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OBIIUE METOAUYECKHUE YKA3ZAHUA

OCHOBHOM BUJ] 3aHATHI CTYZAEHTOB-3a04HHKOB — CAMOCTOSITEIbHAs paboTa Haj
yueOHbIM MarepuasioM. [Ipu NoAroToBKe K 3aHATHSIM W PEIIEHUHM KOHTPOJIBHOU
paboThl CTyJIGHTaM pPEKOMEHAYETCS U3Y4YUTh TEOPETUYECKU MaTepual B
COOTBETCTBUM C JIMTEPAaTypHbIM HCTOYHHUKAMH, IIPUBEICHHBIMHU B IIEPEUHE
JUTEpaTypbl B KOHIE NocoOus. KpaTko H3/I0’)KEHHbIE TEOPETUYECKHE BBEJICHUS B
Ka)XJIOW TJIaBE HAIPaBJIEHBI HA MIOBTOPEHUE N3YyUYEHHOI'O TEOPETUYECKOT0 MaTepuaia
Y TIOMOT'YT CTYACHTAM IIPU ITOATOTOBKE K BBIITOJIHEHUIO KOHTPOJIBHBIX 33{aHUM.

Kaxaplii pasmen comepXuT NMpUMEpPHl perieHuss U oQOpMIICHHUs 3aJaHuil, C
MOAPOOHBIMU OOBSICHEHUSMH HAauOOJIEe CI0KHBIX MOMEHTOB, C KOTOPBIMU CTYAEHTHI
CTAJIKMBAIOTCS MPU BBIMOJIHEHUHU KOHTPOJIBHON paOOTHI.

Homep BapuaHTa 3amaHus KOHTPOJIBHOW pPaOOTHI™ N0 KaXIOMy pasaeny
COOTBETCTBYET HOCA€OHUM O08YM yugpam HOMepa 3a4e€THONM KHUXKUA (WIn

CTYJICHYECKOIo OujeTa):

Bapuant Ne BapuanTa Bapuant Ne BapuaHTa

3aJaHuA 3alaHus
1 01, 31, 61, 91 16 16, 46, 76
2 02, 32, 62, 92 17 17,47, 77
3 03, 33, 63, 93 18 18, 48, 78
4 04, 34, 64, %94 19 19, 49, 79
5 05, 35, 65, 95 20 20, 50, 80
6 06, 36, 66, 96 21 21, 51, 81
7 07, 37, 67, 97 22 22, 52, 82
8 08, 38, 68, 98 23 23, 53, 83
9 09, 39, 69, 99 24 24, 54, 84
10 10, 40, 70, 00 25 25, 55, 85
11 11,41, 71 26 26, 56, 86
12 12,42, 72 27 27, 57, 87
13 13, 43, 73 28 28, 58, 88
14 14, 44, 74 29 29, 59, 89
15 15, 45, 75 30 30, 60, 90




* KoHTponbHyt0 palbOTy CTyAEHTbl OGOPMIISIIOT B TETpaaud M CHAOT MJs
peructpauuu B AekaHat. Ha TuTyapHOM srcTe HE0OX0IUMO yKa3aTh (haMuInio, uMs,
OTYECTBO, HOMEp TIpYIIbl, HOMEpP BapUaHTa, Ha3BaHUE cHeuuaibHoCcTH. llpu
opopMieHUn  00s3aTeIbHO  NPHUBOIATCA  ycioBuUs — 3adanuii. B mepuon
HK3aMEHALMOHHOM CECCUM CTYJEHTHI MOCEUIAIOT JEKIHUH, BBITOIHSIOT J1a00paTOPHBIMA
OPaKTUKYyM, CHAlOT 3adeT Wik oJk3amedH. K mabopatropHoMy MNpakTUKyMy
JIOMYCKAIOTCSL CTYJIEHTHI, CAABIIME OMAIIHIOI KOHTPOJBHYIO palOTy (nociedHull

cpok coauu 1 dexabps).



1. CTPOEHHUE ATOMA

1.1. COBPEMEHHBIE ITPEJICTABJIEHUSI O CTPOEHUU ATOMA

Amom — HauMeHbIIIasi YaCTUIa XUMUYECKOTO JIEMEHTa, COXPAHAIOIIast BCE €ro
XMMHUYECKUE CBOMCTBA.

ATOM COCTOMT W3 TMOJOXHUTEIbHO 3apsHXKEHHOTO fApa W OTPHUIATEIBHO
3apsOKEHHBIX AJIEKTPOHOB. B cocTaB siipa BXOAAT TOJOKUTENBHO 3apsKEHHBIC
MIPOTOHHI (P) M HEHTPATBHBIC YACTHIIB — HEHTPOHBI (N).

ATOM 3JIEKTpOHEUTpaJIeH, a ero Macca MpakTHYECKH paBHa Macce sipa, T. €.
CyMME Macc MPOTOHOB U HEUTPOHOB.

CBolicTBa sapa OIpPENENsIOTCs €ro COCTaBOM — YHCIOM MPOTOHOB U
HEUTPOHOB. UMCIIO IPOTOHOB B sIpe XapaKTEPU3yeT €ro 3apsii U NPUHAIIEHKHOCTh
aToOMa JaHHOMY XMMHUYECKOMY 3JIEMEHTY.

Xumuueckum 3j1emeHmom HA3BIBAIOT COBOKYMHOCTh aTOMOB C OJMHAKOBHIM
3apsAoM spa.

MaccoBoe uncio aroma (4) paBHO KOJUYECTBY NPOTOHOB Z U HEUTPOHOB N,
BXOJISIINX B COCTaB fAIpa:

A=Z+N.
MaccoBoe uncio W 3apsij siipa aTOMOB B €IMHHUIIAX DJIEMEHTApHOTO 3apsijia

0003HAa4YaOT COOTBETCTBEHHO BEPXHUM M HIKHHUM HHJIEKCAMHU CJIEBA y CHUMBOJIA
A 23
XMMHYECKOTO JJIEMEHTa, ), Hampumep, 77Na. ATOMBI C OAMHAKOBBIM YHCIOM

HpOTOHOB, HO paSHBIM KOJIMYECTBOM HGfITpOHOB Ha3bIBAOT uzomonamul. HpHMep:
0Ca (20p, 20n) u 55Ca (20p, 22n).

XI/IMI/ILICCKI/IC CBOﬁCTBa DJICMCHTOB OHpeI[eJ'IﬂIOTCH KOJINYCCTBOM U COCTOSIHHNECM
AJIEKTPOHOB B atome. KoJIM4ecTBO 3JIEKTPOHOB B aTOME PABHO 3apsay sapa.

HOH}ITHG COCTOSAHHUC BHGKTPOHa O3HaA4YacT 1o 3HepFI/I}O Hn MCCTOIIOJIOXKCHUC.
COFJ’IaCHO KB&HTOBO-MGX&HH‘IGCKOM}’ HOI[XOI[y K OIINCAHHUIO COCTOSHUA
MI/IKpO‘IaCTI/IH IJId1 HHUX HCEBO3MOXKHO OJIHOBpeMCHHO OHpCJICJ'II/ITB CKOpOCTB nu
ITIOJIOKCHUC. KBaHTOBaSI MEXaHHUKa 3aMCHIACT KJIACCHUHUCCKOC IIOHJATHUC TOYHOI'O
HaAXOXICHUA MI/IKpO‘IaCTI/ILIBI, B TOM 4YUCJIC 3H€KTpOHa, IIOHATHUCM CTaTHCTquCKOfI

BEPOATHOCTH HAXOXKICHUA B I[&HHOIZ TOYKE IIPOCTPAHCTBA.



OO6snacTd MPOCTPAHCTBA, B KOTOPBIX BEPOSTHOCTh NpPEObIBaHUS DJIEKTPOHA
Han0oJiee BBICOKA, HA3bIBAIOT aTOMHBIMH opOuTaasiMu (AO).

Kaxx1oi1 aTOMHOI OpOUTaIM COOTBETCTBYET ONpPEAECICHHAs YHEPTUs. DHEPIrUs
AO — 53TO »3Heprus DdJEKTPOHA, HAXOMMAIIETocs Ha 3TOH opOuTanu. ATOMHBIE

OopOHUTaANIH XapaKTEPU3yIOT HAOOPOM TPEX KBAHTOBBIX YHCET.

1.2. KBAHTOBBIE YU CJIA

Inasnoe xeammosoe wuucio (N) XapakTepusyeT OSHEPTUI0 OpOUTAIM B
3aBHCHMOCTH OT PACCTOSIHHSI JIO SIIpa.

['maBHOE KBAaHTOBOE YHCIIO MPUHUMAET IEIOYHCICHHbIC 3HaueHus: N =1, 2, 3,
4, ... DIEKTPOHBI, UMEIOIIIME OJIMHAKOBOE 3HAUYEHUE N, COCTABIIAIOT SHEPreTUUECKUIM
ypoBeHb. Uem 0osIbIIe N, TEM BBILLIE SHEPTUS OPOUTAIIH.

Opbumanvhoe keanmosoe uucio (1) xapakrepusyet GopMy opOUTAIIH.

OpOuTanpHOe KBAHTOBOE YUCIIO MPHHUMACT IIeIOYUClieHHbIe 3HaueHus | =0,
1, 2, 3,....., (n—1). Kaxaplif SHEPreTUYeCKH YPOBEHb COCTOUT M3 IOJYyPOBHEH C
OJIMHAKOBBIM 3HAUE€HUEM OPOUTAIHLHOTO KBAHTOBOI'O YHCJIA.

[ToxypoBHU UMEIOT OYKBEHHbIE 0003HAYEHUS.

OpOuTanbHOE KBAHTOBOE YHCIIO | 0 1 2 3

O0603HaYCHHE TTOTyPOBHS S p d f

Kaxmomy moaypoBHIO COOTBETCTBYET oOmpeneieHHas (opma aTOMHBIX

opOuTasei.

=0 =1 =2
S-opOHUTAIIb p-opOuTAIHL d-opOuTaib
Huciio mogypoBHEN B KaXKIO0M U3 IIEPBBIX YETHIPEX SHEPIreTUUECKUX YPOBHEN U

UX YCJIOBHBbIE 0003HAaYEHUsI IPUBE/ICHBI B Ta0IUIIE.
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['maBHOE KBaHTOBOE OpOuranbHoe
O603HaueHue MOAYPOBHS
YHCII0 N KBaHTOBOE 4uCIIO |
1 0 1s
2 0,1 2s, 2p
3 0,1,2 3s, 3p, 3d
4 0,123 4s, 4p, 4d, 4f

KonuyecTBO »HEpreTHYecKUX MOAYPOBHEH paBHO HOMEPY SHEPreTHUYECKOTro
YPOBHSI.
MaruuTHoe KBaHTOBOE 4HMCIO (M) XapaKTepusyeT OpPUEHTAIUI0 OpOUTAId B
MIPOCTPAHCTBE.
MaruuTHO€ KBaHTOBOE YUCJIO PUHUMAET LETOUNCICHHBIE 3HAYEHUS OT

—I J0 |, BKJIFO4Yas HOJIb, U OIIPCACIIACT YUCIIO Op6HTaH€ﬁ OIIPpCACICHHOI'O IIOYPOBH:I.

OpOuTanbHOE KBAHTOBOE YHUCIIO | MarautHoe KBaHTOBOE YHCIIO M)
0 0 (oaHO 3HAYEHUE)
1 -1, 0, 1 (Tpu 3HaUEHUS)
2 -2,-1,0, 1, 2 (1ATh 3HAYCHUIA)
3 -3,-2,-1,0, 1, 2, 3 (cemb 3HAUCHUI)

B cooTBeTcTBHUM ¢ ynciioM 3HaueHHi M B s-moxypoBHe (I = 0) umeercs ogHa
opobutans, B p-nogyposue (I = 1) — tpu, B d-nogypoBHe — msth, B f-moaypoBHe —
CEMb, T. €. YUCJIO OpOUTAJICH B MOaypoBHE (C JaHHBIM 3HaueHueM |) pasuo (21 + 1).

VY ¢a0BHO aToMHBIE OpOUTANU N300pa’KatOT B BU/I€ KBAHTOBBIX SIYEEK:

IUISL S-TIOAYPOBHS OJTHA KBAHTOBAS sTUCiKa ]

IUTSL p-TIOTYPOBHSI — TPU [T 1]

JJIIsL d'HOI[YPOBHH — IIATb U T. A. | | | | | |

Tpu KBaHTOBBIX YHMCIa OJHO3HAYHO XapPaKTEPU3YIOT aTOMHYIO OpOHTAIIb.
Kaxaplii »lEKTpOH TaKke XapaKTepHU3yeTCs CHUHOBBIM KBAHTOBBIM YHCIOM M;
(ciMHOM), CBSI3aHHBIM C COOCTBEHHBIM MOMEHTOM JIBIDKCHHSI AJIEKTpoHA. OHO MOXKET

NpUHUMATh TOJBKO JBa 3HaueHus: +1/2 m —1/2. DIeKTpoHBI C pPa3HBIMH



(aHTI/IHapaJ'IJ'IeJIBHBIMI/I NI HpOTI/IBOHOJIO}KHBIMI/I) CIIMHAMH 0003HAYaroT CTpCJIKaMUu,
HaIpaBJICHHBIMU B Pa3HbIC CTOPOHBI: T )41 \L

Cocrosinue QJICKTPOHAa B 4aTOMC IIOJIHOCTBIO XaApPAKTCPUIYCTCA UYCTBIPbM:A

KBAaHTOBBIMU 4YUCJIAMU: N, |, m| U Ms.

1.3. OCHOBHBIE 3AKOHOMEPHOCTH PACIPEJAEJEHMSI SJIEKTPOHOB B ATOME

3amnoJHEHUE SHEPreTHUYECKUX YPOBHEM  DJIEKTPOHAMHU IMPOUCXOJUT B
COOTBETCTBHUM C MPHUHIIMIIOM HAMMEHBIIEH YHEPTUH, NpuHUMIIoM [laynn u npasuiom
I'ynna.

Ipunyun Ilaynu: B aToMe HE MOXET OBITh JABYX 3JEKTPOHOB C OJMHAKOBBIM
Ha0OpOM BCEX YETHIPEX KBAHTOBBIX YHCEIL.

W3 npunnuna Ilaynu crnegyer, yTo Kaxkaash aToMHas OpOUTanb MOXET OBITh
3aHATa He OoJiee, YeM ABYMsI 3JIEKTPOHAMU C aHTUIAPAJIJIEIbHBIMU CIIMHAMMU.

CBsi3p  MEXIy KBaHTOBBIMH YHCJIaMH, YHCIOM AaTOMHBIX oOpOuTaiei,
MAaKCHMAJIBHBIM YHCJIOM 3JIEKTPOHOB Ha IOLYPOBHAX M JHEPreTUYECKUX YPOBHAX

IIpCaACTaBJICHA B BUIC Ta6JII/II_II>II

MaxkcuMaiabHO€E YUCIIO
nl m Yneno AO O0o3Hauenne SJICKTPOHOB
AO Ha SHEPT. Ha dHEpT.
MOypPOBHE YPOBHE
10 0 1 1s 2 2
0 0 1 2S 2
2 8
1 ~1;0; +1 3 2p 6
0 0 1 3s 2
3|1 -1;0; +1 3 3p 6 18
2 —2:-1;0; +1; +2 5 3d 10
0 0 1 4s 2
1 -1;0; +1 3 4p 6
4 32
2 —2:-1:0; +1; +2 5 4d 10
3|-3;:-2:-1:0; +1; +2;: +3 7 Af 14




MakcuManbHOE YUCIIO JIEKTPOHOB HA SHEPTreTHYECKOM YPOBHE OIPEICIIICTCS
1o popmyiie Nmax = 2n2.

Ipunyun naumenvuieli sHepauu. IEKTPOHBI 3aMOJHIIOT aTOMHBIC OPOUTAIU B
TIOPSIJIKE TTOBBIIIICHUS SHEPTUU OpOUTAJICH.

PacnosioxeHne aTOMHBIX OpOUTAJICH B IOPS/IKE MOBBIIIICHUS YJHEPTUN UMEET BHUI:
1s<25<2p<3s<3p<4s<3d<d4p<bs<4d<b5p<6s<bd~4af<op...
[TocnenoBaTeIbHOCTh 3aIOJHCHUS ATOMHBIX OpOMTANCH AJIEKTPOHAMH TOAYHHSICTCS

npasuny Kieukosckoeo.

3aroTHeHWEe TOYPOBHEH DJICKTPOHAMH TPOMCXOJHUT B IMOPSJIKE BO3pPACTaHUS
cymm (n+1). Ecmm ans nByx moaypoBued cymma (N + ) oguHakoBa, TO MEpBBIM
3aITOJTHACTCS MTOTyPOBEHb C MCHBIIIMM 3HAYCHHEM .

3HaYeHUs CyMM TJIABHOTO W OPOWTAIBHOTO KBAaHTOBBIX YHCEN JUIA psja

MOJYPOBHEN NPUBEACHBI B TAOJIHIIE.

3HayeHus O6o03HavYeHNEe MOTYPOBHS
KBaHTOBBIX
1s 23 2p 3s 3p 3d 4s 4p 4d 4f
qucen
n 1 2 2 3 3 3 4 4 4 4
| 0 0 1 0 1 2 0 1 2 3
N+l 1 2 3 3 4 5 4 5 6 7

[Topsimok 3amoiHEHWs aTOMHBIX OpOWTaledl JAaHHOTO MOAYPOBHS 3JICKTPOHAMHU
nouuHseTcs npasuny I ynoa.

B mpenenax ompenereHHOro MOMYpPOBHS SJEKTPOHBI PACHOJIAralOTCS TaKUM
00pa3oMm, 4TOOBI CyMMapHbBIM CIIMH ObLJT MAKCUMAJIBHBIM.

NHbIMU clTOBaMHM, 3allOJHCHHE aTOMHBIX OpOWTajJed JaHHOTO TIOIyPOBHSI
HAYMHACTCS OJMHOYHBIMU 3JIEKTPOHAMH C OJIMHAKOBBIMH cnimHamu. [locie Toro, kak
OJIMHOYHBIC JJICKTPOHBI 3aMyT BCE OpOWTAIM JaHHOTO IOAYPOBHS, OpOHWTAIN

3aIIOJIHAIOTCA BTOPBIMH 3JICKTPOHAMM C ITPOTUBOIIOJIO0KHBIMHA CITMHAMM. Ha cxeme

A A A A A A
\ 4

P’ p’

MPUBEJICH MPUMEDP PACIIPEICIICHUS TPEX U YETHIPEX 3JIEKTPOHOB HA P-TIOyPOBHE.
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1.4. IIEPUOIAYECKH 3AKOH Y MIEPHOTAYECKASI CHCTEMA XUMWUYECKHX

3JEMEHTOB /I. U. MEHJIEJIEEBA

Cospemennas chopmynuposxa Ilepuoouueckoeo 3axona /]. U. Menoeneesa:
CBOMCTBA AJIEMEHTOB U UX COCIMHEHUN HAXOJATCS B MEPUOANYECKON 3aBUCUMOCTH
OT 3apsJIOB sJI€P ATOMOB AJIIEMEHTOB.

[lepuoanueckas cuctemMa 3JIEMEHTOB SBISIETCS TpaUUECKUM BBIPAKCHHUEM
[lepuonuueckoro 3akoHa. XMMHUYECKUE JIEMEHTHI PACIOJIOKEHbI B CEMHU MEepUoaax
(Tpu W3 HUX MaJble, YeThIpe — OOJNbIINE) U BOCKMU rpynmnax. [ pynmsl pa3ieneHsl Ha
NOATPYNIBL: 2nasHvle (A), 00pa30BaHHBIC AIEMEHTAMHU MAJIbIX U OOJIBIINX MEPUOOB,
1 noboynsie (b), B KOTOpbIE BXOJAT TOJIBKO 3JIE€MEHTHI OOJIBIIUX MEPUOIOB.

Pacnpenenenne 3J€KTPOHOB B aTOME [0 3HEPreTHUYECKUM  YPOBHSM,
MOJAYPOBHSM U OPOUTAIIAM HA3BIBAIOT AJIEKTPOHHOM CTPYKTYpOMl aToma »JIeMEHTA.
[Ipu cocTaBieHMH SJIEKTPOHHBIX (OPMYJ aTOMOB YUYHUTHIBAIOT IOJOKEHUE
37eMEHTOB B llepuoanueckon cucreme:
® [IOPSIIKOBBIM HOMEP 3JIEMEHTA PaBeH OOLIEMY YHCITY 3JEKTPOHOB B ATOME;
® HOMED MEPUO/A PABEH YUCITY SHEPTETUYECKUX YPOBHEW;
® HOMED IPYIIbI, 32 PEAKAUMU UCKITIOUCHHUSIMU, PABEH YUCITY BAJICHTHBIX DJIEKTPOHOB

(2JIEKTPOHOB, KOTOPHIE MOTYT Y4aCTBOBAaTh B 00Pa30BAHUU XUMUYECKOU CBSI3H).

1.5. [IPUMEPBI PELIEHHS U1 O®OPMJIEHUS 3ATAHUI

Ilpumep 1. YKaxuTe 3HAYEHUS TJIIABHOTO M OPOMTAIHLHOTO KBAaHTOBBIX YHCET
3aJaHHBIX TOAYPOBHEW, PACCUMTAUTE IIOCIEIOBATEIbHOCTh HMX 3aIlOJHCHUS B

COOTBETCTBHHM C npaBuiiamMu KiieukoBckoro: Sp 7p 7.

op m 7s

3HaveHue N 3) 7 7

3nauenmue | 1 1 0

Cymma (n+l) 6 8 7

[TocnenoBarenbHOCTH 3aMOHEHUS: OP; 7S; 7P.
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Ilpumep 2. JIJ1s1 XUMHUYECKUX DJIEMEHTOB:
— HaIUIIUTE SJIEKTPOHHYIO POPMYITy aTOMa;

—pacipcaAcInTC BAJICHTHBIC 3JICKTPOHBI IT0 KBAHTOBBIM sTYeHKaM.

26F€ — 4-it mepuog, VI rpynna, mobounas noarpymnmna:
seFe 15%2s22p%3s23p®3d°4s2

BasieHTHBIE 2J1€KTPOHBI: 3d° 4s?

ssBa — 6-if mepuox, |l rpymma, raBHas moArpymnma.
soBa 1522522p°®3s23p°®3d'1%4524p®4d105525p°65>
BaneHTHbIC 2JIEKTPOHBI: 6s?

TV

IIpumep 3. Hanumure snekTpoHHble GOpMyIIsl HOHOB  F ~, Sn?*,

[Ipu oOpa3oBaHuM OTPULIATENILHO 3apsHKEHHOTO HOHA HEUTpabHBIM aTtom
5JIEMEHTA IPUHUMAET DIICKTPOHBI:
Fo+1le = F ~;
>IeKTpoHHas GpopMyia atoma  oF 1522522p°;
>7eKkTpoHHas GpopMyiaa mona  F ~1s%2s22p°.
I[Ipu 06pa30BaHUK MOJIOKUTENILHO 3aPSHKEHHOTO HOHA, HEUTPAILHBIN aTOM SJIEMEHTA
OTJAET SJIEKTPOHBIL:
Sn® —2¢ = Sn®*;
>IeKTpoHHas popMyna atoma 505N 1522522p53s23p® 3d1°4524pP4d105s%5p? ;

>aexTponHas popMyna mona  Sn*t 1s%2s22p°3s?3p° 3d1%45%4p°4d195s25p°,

IIpumep 4. Tlo paclpeleleHHIO BaJEHTHBIX 31eKTpoHOB  3d°4s?  ompenenute
AJIEMEHT U HAMUIIUTE €ro AIEKTPOHHYIO (popMyITy.

DOneMeHT HaxoauTcs B 4-m niepuoze, VIl rpynne, mo6ounoit (B) moarpymre.

sMn  1522522p53523p%3d°4s2,
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1.6. KOHTPOJIbHBIE 3AJAHUS

1. VYkaxure 3HAYEHHUS TJIABHOTO U Op6I/ITaJ'IBHOFO KBAaHTOBbBIX 4YHCCJI AdaHHBIX
HO,Z[ypOBHefI paCCQHTaﬁTC HoCJaACAOBATCIIbHOCTE HMX 3aIlOJHCHHA B COOTBCTCTBHH C

npaBwiioM KiedkoBcKoro.

1 3d; 4s; 4d 11 6p; 5d; 5f 21 3s; 4p; 4f
2 6s; 4f; 3p 12 6s; 4d; 7s 22 1s; 4p; 3s
3 5s; 4f; 2p 13 6p; 5p; 4d 23 7s; 5f; 3d
4 5s; 3d; 6p 14 5f; 7p; 5d 24 4s; 6p; 4d
5 4d; 1s; 5p 15 3d; 5p; 4d 25 2s; 6p; 3p
6 3p; 4s; 4d 16 7s; 3s; 4f 26 7s; bp; 5f
7 6d; 5d; 7p 17 5p; 7p; 3d 27 2p; 5s; 7s
8 2p; 3d; 4s 18 4f; 6p; 4d 28 4f; 5s; 6d
9 4f; 6p; 4d 19 5f; 6p; 2s 29 2p; 4s; 3p
10 5s; 4s; 2p 20 2p; 5s; 3d 30 2s; 3d; 5

2. Hamummre mnoaHbIE 3JIEKTPOHHBIE (QOPMYJIBI ATOMOB 3JIEMEHTOB, OTMETHTE
BAJICHTHBIE 3JIEKTPOHBI U COCTABBTE JJIEKTPOHHO-TPA(UUYECKYIO CXEMY 3alOJIHEHUS

AJIIEKTPOHAMH BAJICHTHBIX OpOUTasIeH.

1 3; 83 11 17;51 21 27; 38
2 5; 50 12 14; 45 22 26; 37
3 9; 48 13 12; 77 23 21; 56
4 7,73 14 11; 53 24 28; 34
5 6; 75 15 10; 24 25 36; 80
6 16; 72 16 18; 40 26 30; 54
7 4; 74 17 2; 82 27 29; 81
8 13; 76 18 22; 43 28 31; 51
9 23; 39 19 20; 52 29 14; 52
10 15; 49 20 19; 55 30 6; 73
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3. Hanuiure nosiHbie 37€KTPOHHBIE (POPMYIIBI HOHOB.

1 Ni2* 11 CIr 21 Hg?*
2 Cu® 12 Sn%t 22 Ba%
3 Zn?* 13 Pbh2* 23 Rb*
4 Bid* 14 N 24 N3
5 Fe3* 15 Co% 25 V3t
6 I- 16 Br- 26 Pt
7 Cd?* 17 In3* 27 Mo?*
8 Sr2t 18 V2* 28 Fe2*
9 Cs* 19 W3 29 Sn**
10 Cr3t 20 Ag* 30 Cut

4. Tlo pacupeaciCHUIO BAJICHTHBIX J3JICKTPOHOB OIPCACIMUTE JJICMCHT W HAIIMIIUTC

MTOJTHYTO AJIEKTPOHHYIO (popMyTy.

1 5525p2 11 3d74s? 21 4s%4pt
2 3d%4s? 12 3d84s? 22 3d4s?
3 3d34s? 13 4d°5s2 23 5d*6s?
4 4s%4p? 14 3d°4s? 24 3d*04s!
5 5s%5p! 15 4s24p° 25 3s%3p?
6 3d104s2 16 5s%5p° 26 4s24p?
7 40'5s? 17 3d'4s? 27 3s23p*
8 4d?5s? 18 4s?4ps 28 4524p°
9 4(195g? 19 4195s! 29 5s%5p3
10 5s25p° 20 5d%6s? 30 5d%6s?
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2.0CHOBBbI XUMHUYECKOH TEPMOJUHAMUKHU

2.1. OCHOBHBIE NOHSTUSI XUMHUYECKOI TEPMOJUHAMUKU

Xumuueckas mepmoouHamurxa — Hayka, u3ydarolas sHepretruueckue 3¢ HeKTot
XUMHUYECKUX PEAKIUH.
O6bekTamu U3y4EHUs XUMHYECKON TEPMOANHAMUKH SBIISAIOTCA
Pa3HOOOpa3HbIC CUCTEMEI.
Cucmema — 4acTh IPOCTPAHCTBA, COJIEPKALIAs OJTHO MJIM HECKOJIBKO BELIECTB,
OTJICJICHHAs OT BHEIIHEHN Cpeibl peajbHOW MIIM BOOOpakaeMOol rpaHULIEH.
[To xapakTepy B3aMMOJCHCTBUS C BHEIIHEH CPEIOM BBIICIAIOT TPHU THUIIA
CUCTEM:
® OomKpulmas — CUCTEMa, JUIsl KOTOPOM BO3MOKEH OOMEH BEILIECTBOM M IHEpPIHEl ¢
BHEIIHEW CPEAOi;
® 3aKpblmas — CUCTEMa, JJIl KOTOPOM HCKIIOYEH OOMEH BEIECTBOM M BO3MOXKEH
0OMEH PHEPTHeH ¢ BHEITHEH Cpeoi;
® U307UPOBAHHAS — CUCTEMA, JIUISI KOTOPOM UCKIIIOYEH OOMEH BEILIECTBOM U dHEpruei
C BHEILIHEW CPENION.
B TepmonMHaMMKe U1 ONMCAHMS COCTOSIHUSL CHCTEM HCIOJB3YIOT Psij
TepMoauHamMuuecknx ¢GyHkiuii: U — BHyTpeHHsiss »Heprus; H — sHTamenus; S —

suTponus; G — sneprust [ m60ca.

2.2. BHYTPEHHSSA SHEPIUs. IIEPBOE HAYAJIO TEPMOJUHAMUKHU

Buympennsisi snepeuss (U) — cymMMa KHHETHYECKOW HSHEPTUM JBIDKCHHS U
MOTEHI[MATBHOW SHEPTUU B3aUMOJICUCTBUS CTPYKTYPHBIX €AMHHUI] (MOJIEKYJI, aTOMOB,
A71ep, HIEKTPOHOB U JIp.) B CUCTEME.

BO BHYTPEHHIOHO DSHEpPrHMI0 CHCTEMBI HE BXONIAT KHHETHYECKas U
MOTEHIMAbHAS YHEPTUSI CUCTEMBI B LIEJIOM.

BHyTpeHHSsT 3HEprusi CHUCTEMBl 3aBUCUT OT €€ NPHUPOABI, arperaTHoro
COCTOSIHMSI M Macchl OOpa3yIolMX CHCTEMY BEIeCTB, TeMmiepaTypbl. EnuHuna

nsMepeHus — KJx.
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Omnpenenenne aOCOIIOTHOTO 3HAUYEHHUS BHYTPEHHEW OSHEPruu CUCTEMBbI
HEBO3MOYKHO, TaK KaK HEBO3MOXEH KOJMYECTBEHHBIN y4eT BCEX COCTaBJIAIOLMX. B
X0J1€ XUMUYECKUX PEAKIUN IPOUCXOIUT U3MEHEHNE BHYTPEHHEW DHEPIUU CUCTEMBI.
Ero MOXHO onpenennuTh, NOIb3YSICh NEPEbIM HAUANI0M MePMOOUHAMUKU.

W3MeHeHne BHYTPEHHEHM OHEPIMM  3aKPBITOM CHCTEMBI  OINPENEIACTCS
KOJIMYECTBOM TEPEIaHHON TEIUIOTH M COBEPIICHHON pabOTOM.

CooTBeTCTBYIOIIEE MATEMATUYECKOE BBIPAKEHNE NMEET BUT

AU =Q—A,
rae AU — n3mMeHeHre BHyTpEHHEHN dHepruu;
Q — Temiora;

A — pabora.

2.3. TENJIOBBIE Y®PEKTHl XUMUYECKHUX PEAKIIUI. DHTAJAbBNHUS

B xo1e XuMHUECKOM peaKIuy 3a CUeT U3MECHEHHUS BHYTPEHHEH SHEPTUM MOXKET
BBIJICTISATHCS WUTH TIOTJIONIATRCS TEIJIOTa M COBEPIIAThCs padoTa.
KonuuecTBO TEMIOTHI, KOTOPOE BBIAEISETCS WM TMOTJIONIACTCS B Pe3yibTaTe
XUMHUYECKOM peaKIiu, Ha3bIBAIOT €€ TEIIIOBBIM (P (HEKTOM.
Enununa uamepenust TemioBbix 3QPekToB — KJK.
B cooTBeTCTBUM € MEPBBIM HAYAJIOM TEPMOJUHAMUKU
Q=AU+ A
B OonbmMHCTBE XMMHMYECKUX PEAKUUM €IUHCTBEHHBIM BHJIOM pPabOTHI, KOTOpas
COBEPIIIAETCS CUCTEMOM, SBIIsICTCS paboTa pacIIupeHus
A = pAV,
rie p — NaBJICHUE;
AV — n3MeHeHne 00beMa CUCTEMEL.
Torma KoIM4ecTBO TEIIOTHI
Q = AU + pAV.
JI7151 M30XOPHBIX TMPOIECCOB (IIPOTEKAOIIMX ITPU ITOCTOSHHOM 00BheMe)
AV =0, A =pAV =0,
QV =AU
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TennoBoit a3pdexT nzoxopHoro mnpoiecca (Qv) paBeH U3MEHEHNUIO BHYTPEHHEH

SHEPTUU CUCTEMBI.
J111s n3006apHBIX IPOIECCOB (MPOTEKAIOIIUX MTPH MOCTOSHHOM J1aBIICHUH )
Qp = AU + pAV.

[Ipn mepexone cucTeMBl B XOAE€ XUMHUYECKOM PEAKIMU W3 COCTOSHUA | B

COCTOSIHUE 2
AU =U; - Uy, AV =V; -V,
Qp =y -Uy) + p(V, -Vy) = (U, + pVy) - (U + pVy).

B tepmoannamuike BBeAeHa PyHKIMSA cOCTOSIHUS H — SHTaNbINsA, CBA3aHHAS C
BHYTpPEHHEH 3Hepruel u napaMeTpamMu CUCTEMBI.
MaremaTtrueckoe ornpeieIeHIe SHTAIbINN:

H=U+pV.
Takum obpazom,
Qp = H2 - H 1= AH .

TeroBolt »ddekr peakumu mnpu mocrosHHOM gaeinenuu (Qp) paBeH
M3MEHEHUIO SHTAJIBIINU.

BoNbIIMHCTBO XMMHUYECKUX PEAKIMA TPOXOAWT B YCIOBUSX TOCTOSHCTBA
JaBJICHUS, TEIUIOBbIe A(M(PEKTh BhIpaXKalOT BeMMUYUHONW AH , KOTOPYHO Ha3bIBAIOT

SHTAIBIINEN XUMUYECKON PEAKIINH.

2.4. OCHOBBI TEPMOXUMHUU. TEPMOXUMHUYECKHUE YPABHEHU S

Tepmoxumusi — pa3fen XUMUYECKON TEPMOJIUHAMUKH, U3YUaIOIIUI TETIOBbIC
3 PEeKThl XUMUUECKUX PEAKITUH.

B cooTBeTcTBUU ¢ TemnoBbIMU 3P (HEKTaMHU PEaKIIMU MOKHO pa3AeiUTh Ha JBE
TPYIIIIB:
® sK30mMepmuieckue — UAYT ¢ BbiAeneHueM Termiotsl (AH <0);
® sndomepmuyeckue — UayT ¢ norioneHrueM Terotel (AH >0).

YpaBHEHUST XUMHUYECKUX PpEaKIHUM, 3aldCaHHbIE C YKa3aHUEM 3Ha4YeHUs
sHTanbuu AH (k/[X) 1 arperaTHOro COCTOSIHUSI y4aCTBYIOIIUX B PEAKIIMH BEIIECTB,

HAa3bIBAIOT MePMOXUMULECKUMU YPABHEHUAMU.
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Kak mpaBuio, 3HaYeHHWE SHTAIBIINNM XUMHUYECKOW pEaKlu YKa3bIBaIOT IS
CTaHJIaPTHBIX YCIOBUH.
Cmanoapmmule yCcno8usi.

¢ YyJaCTBYIOHIMC B pCAaKIIMU BCIICCTBA YUCTBIC,

temneparypa 298 K,
® [aplHAIbHBIC IABJICHUS Ta30B WM aTMOC(EPHOE JTaBICHUE 1,013-10° I1a,
® KOHIIEHTpAIIMs YaCTHII JI peakIuii B pacTBopax 1 MoJIb/J.

TepMOI(I/IHaMI/I‘IeCKI/IC BCIIMYMHBI, OIMMPCACICHHBIC JJISI CTaAaHIAaPTHBIX YCHOBHﬁ,

OTMEYAIOT HaACTPOYHBIM MHIeKkcoM "% (Hanpumep, AH 0).

[TpuMepb! TEPMOXMMUYECKUX YPAaBHEHUI:
snnorepmuueckas peakuus CaCOs) = CaO¢q + COyry, AH 0= 178 kJlx;
sKk3oTepmuueckas peakuus Nory + 3Har = 2NHsr), AH 0="_92 kJIx.

B cnpaBouHblXx Ta0nMuax TEPMOJMHAMHUYECKMX BEJIUYMH IPHUBOLAT HE
HHTAJIBIIMU KOHKPETHBIX PEaKIHii, a CTaHAapPTHbIE SHTAJIBINKM 00pPa30BaHUS BEILECTB.

OHTanpnued o0Opa3oBaHUS BEIECTBA HA3bIBAIOT SHTAIBIMIO  pPEaKLUU
o0Opa3oBaHus | MOJb JaHHOTO BEHIECTBA M3 IPOCTBIX BELIECTB, YCTOMUYUBBIX B
CTaHJAPTHBIX YCIOBUSX.

W3 onpeneneHus clenyeT, YTO SHMAIbNUU 00PA306AHUL NPOCIbIX 6EUieCmE

pasHul Hyno. B 0003HaYeHMM SHTAIBIUKA OOpa30BaHUs BEIIECTBA, KaK IPABUIIO,

AH 0 I/I 173 6 [t}
YKaSBIBa}OT cro Q)OpMYJIy, HaHpI/IMep O6p NH3(F) HICKC (0) p MO>XHO HC

0
sanmceBath: AH NHag)

Hcnonb3ys cripaBoYHbIC 3HAYCHUS SHTAIBITNN 00pa30BaHuUs BEIIECTB, MOKHO

paccurTaTh SHTAIBIUIO OO0 XMMUUECKOM peakliui Ha OCHOBaHUU 3aKoHa ['ecca.

2.5. TEPMOXUMUWYECKHUE PACUETHI. 3AKOH 'ECCA

OcHoBHoI 3ak0H TepMoxuMuu ycranosiieH I'. U. I'eccom (1840).
DHTaNbIUM PEAKIH, MPOTEKAIOMIMX MPU IMOCTOSTHHOM JAaBJICHUM WM TIPH

MIOCTOSSHHOM O0BbeMe, HE 3aBUCAT OT IMYTH MNpPOTEeKaHUs mpoiiecca (TO €CTh OT
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XapaKTepa W Yuciia IPOMEXYTOUHBIX CTaIUii), a ONPEAeNstOTCs JUIIb Ha4YalbHbIM U
KOHEYHBIM COCTOSIHUSIMU CHUCTEMBI.
[TpowmmmocTpupoBaTh 3aK0H ['ecca MOXHO Ha MPUMEPE PeaKIuu 00pa30BaHUS
okcuaa yriaepoaa (1V):
C(K) + Oz(r) = COQ(F), AHlo =-394 KI[)K
OTa Ke peakiusi MOXKET OCYLIECTBIATHCA APYIHMM IyTEeM, C OOpa3oBaHUEM

IPOMEXKYTOYHOTO MpoaykTa — okcuza yriepoza (11):

Cgo + 1/20549 = COp), AHI=-111 JIx;
COry + 1/205) = COx, AHZ=- 283 kJIx.
CxemMa XMMUYECKUX pEeaKIun
AHY
Cw " v COny
AHN ﬂH 30
COp

AH? = AHJ + AHS =-111- 283 = -394 kJIx,
T. €. SHTAJBITNS PEAKIINH, TPOTEKAIOMIEH Pa3HBIMH MY TSIMH, OJMHAKOBA.
[Ipu mnpoBeaeHUU TEPMOXMMHYECKUX PACUETOB TOJB3YIOTCS CIEJICTBUSAMHU
3akoHa ['ecca.
Cneocmeue 1. DHTanpnusg peakiMy paBHA PA3HOCTH CyMM DHTaJIbIUN
oOpa3oBaHMsI TPOAYKTOB  pEaKIMM W  HMCXOJHBIX  BEIIECTB C  YYETOM
CTEXHMOMETPUYECKUX KOIP(DUIIUCHTOB.

CTaHI[apTHaH OHTAJIBIIUA PCAKIIUHN

0 0 0
AH"™ = Z nnpoz[AH 00p.1pox Z Nyrex AH 00p.uex !

AH® AH?® 6
rae 06p. HeX 1 06p.mpox — CTAHIAPTHBIE SHTAJILIIMK 00Pa30BaHMs HCXOIHBIX

BEII[ECTB U MPOIyKTOB PEAKIINU;
Nipos Nuex — CTEXMOMETpHUECKHE KO (HULIUEHTHI

(k03¢ GUIIMEHTHI B YPABHCHUH PEAKIIHH).
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Takum 00pa3oM, CTaHAAPTHYIO DSHTAIBIHUIO JHO00M pPEaKIuH MOYKHO
pacCunuTaTb 110 NMCHOIIINMCA B Ta6HI/IHaX TEPMOINHAMUYCCKUX BCJIMYMH
CTaHIAaPTHBIM SHTAJIBIIUAM 06p330BaHH5[ BCUICCTB.

Creocmeue 2. DHTanbIUs INPAMOM peakUuM paBHA [0 MOAYII0 H
ITPOTHUBOIIOJIOKHA 110 3HAKY SHTAJIBIINH 06paTHOI>'I PCaKIM.

K npumepy, TEPMOXUMHYECKOE yPABHEHUE PEAKIIUN Pa3JIOKEHHs KapOoHaTa
KaJIbIUS

CaCO3(K) = CaO(K) + CO2(F), AHO = 178 kI x.

OOpaTHOM peakuuu COOTBETCTBYET TEPMOXUMUYECKOE YPABHEHHE

CaOy + COxry = CaCOs, AH' = -178 ]Ik

2.6. DHTPONIUSA

OnHUM 13 OCHOBHBIX BOIPOCOB IIPU U3YYEHUM 3aKOHOMEPHOCTEW XUMHUUYECKHUX
IIPOLIECCOB SABJISIETCSI BOIPOC O HAIIPABJIECHUU CaMOIPOU3BOJIBHBIX PEAKIIHM.

BOnpIIMHCTBO peakuuii B MPUPOJIE — IK30TEPMHUYECKHUE: TOPEHUE, KOPPO3Hs
METaJUIOB U JApyrue. Tem He MeHee, UCIONIb30BaTh BelMuuHy AH 11 OUEHKH
BO3MOYKHOCTH TPOXOXKICHUS pPEAKUMU Helab3sd. V3BECTHbI CaMOIPOU3BOJIbHBIC
SHAOTEPMUYECKUE TMPOLECChl (PEaKIMM PpacTBOPEHUS MHOTUX BEIIECTB) WU
MPOIIECChI, HE COMPOBOXKIAIOIIUECS TEIIOBBIMU AP dekTaMu (CMEIIEHUE Ta30B).
JIBMKyIIEel CUIION TakuX MPOIECCOB ABIISIETCS CTPEMIIEHUE CUCTEMBI JOCTUYBL OoJee
HEYHOPSAIOYEHHOTO COCTOSIHUSI.

Mepa HeynopsiA0YEHHOCTH CUCTEMBI — SHTPOTHS.

OHTponusi — (QYHKUHUSA, U3MEHEHHE KOTOPOH PaBHO OTHOIICHUIO TEMJIOTHI,

TIOTJIONIEHHON CHCTEMOM, K aOCOJIIOTHOM TeMIiepaType:
=2,
T

rae Q — KOMYeCTBO TEIUIOTHI, MOTyYaeMOe CUCTEMOM Mpu Temneparype 1.
Ortcrona cieayer, 4TO MOJABEACHHAS MPU MOCTOSHHOW TeMmIiepaType TeruioTa
pacxoayeTcsl Ha YBEJIMYCHUE SHTPOITHH.

Ourponuio u3mepsitoT B JIx/(Monb-K). DHTponmusi 3aBUCUT OT TPHUPOABI

BCHICCTB, arperaTtHoro CoOCTOAHWA, TCEMIICPATYpPbI, HdABJIICHU:. B Ta6J'II/II_IaX
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TEPMOJAVUHAMUYECKUX BEJIMYMH IIPUBOIAT 3HAYEHUs CTAHIAPTHBIX DHTPOIIUH BEIIECTB
(umu S°). Cmanodapmnasn sumponus npocmvix éewjecme 1e pasna Hymo.

DOHTponUs BO3pacTaeT NpHU HarpeBaHUU, TUIABJICHUH, CYOIMMALINH, UCTIAPEHNUH,
peaKlMsIX C YBEJIUYECHUEM KOJIMYECTBA Ta3000pa3HbIX BEILIECTB, PACTBOPECHUU
BEILIECTB U JAPYTUX IPOLECCAX, COMPOBOKIAOIIMXCSI POCTOM HEYNOPSIOYEHHOCTH.
IIponiecchl, CBA3aHHBIE C YBEIWYEHHEM YIOPSAAOYEHHOCTH — OXJAXACHUE,
KpUCTaJUIM3alvs, KOHIEHCAIUs, pPEakKuUuh C  yMEHBUICHHWEM  KOJMYECTBA
ra3000pa3HbIX BEIIECTB XapaKTEPU3YIOTCSI YMEHBIIEHUEM SHTPOIIUH.

N3MeHeHue OHTPOIIMU B XOJC XUMHYECKOU PCAKONHU B CTAHIAPTHBIX YCIIOBHUAX

AS® paccuntsiBaroT aHasorndHo 3HadeHno AHC:
0_ 0 0
AS” = Z nnpoa Snpozl - Z Nyex Sncx !

0 0
rae  Syex Sppon — CTAHIAPTHBIE SHTPOIHH HCXOIHBIX BELIECTB 1

MIPOAYKTOB PEAKIINH;

Nipos Nuex — CTEXMOMETPHUECKHUE KOA(D(DULIUEHTHI.

2.7. JHEPTUA 'MBBCA. TEPMOJUHAMUWYECKAS BO3MOXKHOCTH

MPOXOXJAEHUA XUMHUYECKOW PEAKIIUH

Ocy1ecTBIIEHNE XUMUYECKUX PEAKIUI ONPEIEISIETCS] COBMECTHBIM JIEHCTBHEM
IBYX (aKTOpOB: CTPEMJICHUSI CUCTEMbl K CHI)KEHHMIO DHEPIUUM U K BO3PACTAHUIO
sHTponuH. [Insi MX OLIEHKM HCHodb3yroT BenmuuuHel AH u AS, koropeie B
TEPMOJIMHAMUKE CBSI3aHbI COOTHOLLIEHUEM

AG =AH -TAS npu p,T=const .
Benuunna G —osuepruss [u60ca, TepmomuHamudeckas (yHKIWSA, WMEIOIIas
MaTeMaTUYECKOE ONpPEEICHHE:
G=H-TS mpu p,T=const.

Benuunny AG uWCHONB3yIOT UIsi OLIGHKH BO3MOXKHOCTH CaMOIPOU3BOJIBHOTO

MPOXO0XKAEHUSI XUMUYECKUX PEAKLIUM.
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B 3akppITOil cucTtemMe npu MOCTOSIHHOM TEMIEPAType W JABJIEHUU BO3MOXKHbI
TOJIBKO TaKH€ CaMOIIPOM3BOJIbHBIE IPOLECCHI, B XOAE€ KOTOpBIX »Heprus ['nbbca
ymenbImaercs (AG <0).

[Tponeccrl, otBeuatone ycrosuio AG <0, HasbIBalOT mepmoouHamMuyecKu
803MONCHBIMU. 3HaueHue AG >0, COOTBETCTBYET  TEPMOJMHAMUYECKU
HEBO3MOKHBIM IIPOLIECCaM.

st o6pamumbix XUMHYECKHUX TPOLIECCOB:
eciin AG <0 — BO3MOXKHA CaMOIIPOU3BOJIbHAS IIPsIMasl peakLus;
ecii AG >0 — BO3MOXKHA CaMOTIPOU3BOJIbHAS 00OpaTHAas peaKIIus;
3HaueHne AG =0 cOOTBETCTBYET COCTOSHUIO XUMHUYECKOI'O PABHOBECHSI.

Oco0OeHHOCTH TEPMHUHOJIOTUU TaKOBBI, 4TO BenuuuHy AG — u3MEHEHue
sHepruu ['mb0ca B X0/1€ XMMUYECKON peakluy — Yallle Ha3bIBalOT dHepeuetli 1 ubbca
xumuyeckou peaxkyuu. BemuunmHa AG 3aBUCUT OT MNPUPOABI U arperaTHOro
COCTOSIHHMS YYAaCTBYIOIIMX B PEAKLMM BEIIECTB, JaBJICHUS, TeMmeparypbl. EnuHuia
m3mepenust AG — kJIx.

B Ta6JII/I]_IaX TCpMOIII/IHaMI/I‘-ICCKI/IX BCJIMYUH HpI/IBOI[HT 3HAUYCHUA BHepFI/II/I
I'u66ca 06 AG?
U cao paSOBaHI/IH XUMHUYCCKHUX BCUICCTB B CTaHIIapTHBIX YCJ'IOBI/ISIX O6p .

Oneprueii ['mb60ca oOpa3oBaHMsl Ha3bIBaIOT dHepruto [mbbca peakuuu
oOpa3oBaHMsi | MOJIb JAHHOTO BEIIECTBA W3 MPOCTHIX BEIIECTB, YCTOMYMBBIX B
CTaHJIAPTHBIX yCIIOBUSX.

Oueprun ['n66ca 06pa3oBaHus MPOCTHIX BEIIECTB paBHbI HYIIO. CTaHIAPTHYIO

0
sHepruto ['m66ca peakuun AG™ 10 CripaBOYHBIM JaHHBIM MOKHO PacCUUTATh JBYMS

criocooammu.

0
Cnoco6 1. 3nauenne AG™ paccunTHIBAIOT MO CTaHIAPTHBIM dHEpTUsM [ nOOca

O6pa3OBaHI/I$I XUMHNYCCKUX BCIICCTB.
0_ 0 0
AG™ = Z nnpoz[AGo6p.npoz[ B z Nyex AG06p.1/10x 1

0 0
rae AGgep uex » AGosp. mpon— CTaHmapTHBIE SHepriu ['H66ca 06pazoBaHHs

HNCXOOHLBIX BCIICCTB UITPOAYKTOB PCAKIIUHU,

Niposy Nuex — CTEXHOMETpUUECKHE KOA(D(DUIIMEHTHI.
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0
Cnoco6 2. 3uauenrie AG™ paccYMTHIBAIOT 10 3HAYECHHSIM CTaHIAPTHBIX
i AHJ i 0
DHTAJIBIHIA 00pPa30BaHUS o6p U CTAH/IAPTHBIX SHTPONMH BEIIECTB S°.
CrannapTHasi SHTAIBIINS PEAKLIUU:

0 0 0
AH™ = Z nnpoz[AH 06p.1pos Z Nyex AH

00p.ucx

CTaHapTHOE NU3MEHEHHUE SHTPOIIHH:
AS® = 2 Nipon Sl?po;:[ -2 Nysex Slgcx -
CranmaptHyio sHepruro ['mO0Gca peakiMu HaXxOIAT IMOJCTAHOBKON BEJIWYHH
AH?, AS® u T=298K ypaBHEHHUE
AG? = AH? -TAS®.

0 .
PacueTHOC 3HAUeHME AG IMO3BOJIACT CACIIATH BHIBOJ O TCPMOAMHAMUYICCKOU

BO3MOJKHOCTH IIpOoLECCCa 6 cmaHdapmezx YCnosusx.
L AGO <0 - peaknus TCPMOINMHAMHWYCCKHU BO3MOKHA,

AGO >0 — peakuus TCPMOIMHAMHNYCCKHU HCBO3MOKHA.

2.8. BIUSTHUE TEMIIEPATYPbI HA HAITPABJIEHUE XUMHWYECKOM PEAKIIUU

[Ipoananusupyem 3aBUCUMOCTb dHEpruu [ modca XMMHUUECKON peakliuu OT
temnepatypsl, AG = f(T).

JInst npon3BOJIBHOM TeMInepaTrypbl T MOKHO 3aIMCaTh BBIPAKEHHE

AG; =AH; -TASy,
B KOTOpO€ BXOJAT 3HaueHHs (QyHKuuWA mpu temmeparype 7. Ecnu mpeneOpedn
3aBUCHUMOCTSIMU BelmuuH AH 1 AS 0T TemmepaTypsl, ypaBHEHHE TPUHUMAET BU]I
AGy = AH -TAS

U SIBIISIETCS ypaBHEHHEM Npsimoii B koopauHatax (T - AGy).

Bo03MOXkHBI 4eThbIpe BapuaHTa PACIOIOKEHUS MPSMON M0 OTHOILICHHUIO K OCSIM

KOOPJIMHAT B 3aBUCUMOCTH OT 3HaKOB AH u AS .
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AGr, xIx I 3

v

T,K

. AH <0, AS <0. DK30TepMUYECKHIE PEAKITUH, COTPOBOKIAIOIINECS YMEHBIIICHUEM
SHTPOIUU, TEPMOJAMHAMUYECKH BO3MOXKHBI TPU HU3KUX TeMmIeparypax, Mpu
BBICOKHX TeMIIEpaTypax BO3MOKHBI OOpaTHBIC PEaKIIUN.

[Tpumep peaxiuu: Nz + 3H, = 2NHa.

. AH >0, AS >0. DHmoTepMHUYECKHE PEAKIIMHU, COMPOBOKIAIOIINECS YBEITUICHUEM
SHTPOIUH, TEPMOJMHAMHYECCKH BO3MOXKHBI TIPH BBICOKHX TeMIIepaTypax, NpHu
HU3KUX TEMIIEpaTypax BO3ZMOXHBI OOpaTHBIE PEaAKIUH.

[Tpumep peakmuu: CaCO3z = CaO + CO,.

. AH >0,AS<0. 3nauemme AG>0 BO BcemM uama3oHe TeMmeparyp, T .C.
SHAOTEPMUYECKUE PEAKIIUU, COMPOBOXKIAIOIMIUECS YMEHBIIEHUEM YHTPOIUH, MPU
TMOOBIX TeMIIepaTypax TePMOANHAMUYECKHA HEBO3MOKHBI.

[Tpumep peakmuu: N + 20, = 2NO,.

. AH <0, AS >0. 3nauemme AG <0 BO BceM Juama3oHe TeMIeparyp, T. €.
AK30TEPMUUYECKHE PEAKIIMH, COMPOBOXKIAIONIUECS YBEIMYCHHEM OSHTPOMHH, MPHU
TOOBIX TEMITepaTypax TePMOIUHAMUYICCKH BO3MOIKHBI.

[Tpumep peakmuu: 2C + O, = 2CO.
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2.9. IIPUMEPBI PELIEHUS 3ATAHUI

[Ipenebperass TemmneparypHOl 3aBUCUMOCTBIO, BBIYUCIUTH CTaHAAPTHBIC

M3MEHEHUs SHTAJIBIINY, SHTPOIUH, dHepruu [ nb6ca B peakiuu

CO2(r) +C (rpadur) — 2CO(F)

OnpenenuTh TEMIEpaTypy, Ipu KOTOPOH YCTaHABIMBACTCS XUMHUYECKOE PAaBHOBECHE
peakuMu, W CcjAelaTh BBIBOJ O TEPMOJUHAMUYECKOW BO3MOKHOCTH MPOTECKAHMS
pPEAKINU B MPSIMOM HANPABICHUHU.

Pewenue.

1. HpOPI?»BGI[GM pacucT CTAaHAAPTHOT'O U3MCHCHUS SHTAJIBIIMHA PCAKIIUN:

A[{X P.— Z nAH06p npoo. Z mAH o0op.ucx. —
—2.AHY, (CO)—(AHY,, (CO,) +AH, (C)) =
= 2.(~110,5) - (~393,5+0) =172,5 k][

AH Qp >0 — peakuus SHI0TEPMHUIECKAS.

oop.

2. CTaHIIapTHOG HU3MCHCHHUC SHTPOIINU PCAKIIMH PABHO!:

AS)?. =2 nsnpoa 2 mSz?cx. =
=2-8°%(co)-(s°(Co,) +s°(C)) =
=2-(197,5)—(213,7+5,7) =176,5{oc | K =176,5 -10_3KI[>K/K.

AS% p> 0 — GecropsI0K B CHCTEME BO3PACTAET.
3. CranmaptHoe u3MeHeHue sHepruu [' mb0ca peakiuu cocTaBisieT:
AGx.p_ =AH .p. —TASx.p_ =172,5-298-176,5-10"° =120,2 KJ[x

AGQP >0, npu T =298 K npsiMas peakius HEBO3MOKHA, IPOLIECC IPOTEKAET

CaMOMPOU3BOJILHO B 00PAaTHOM HampaBJICHUH.

4. Omnpenenum TeMmIeparypy, HpH KOTOPOM YCTaHABIMBAETCS XHMHUYECKOE
paBHOBECHE.

Ecnun npenebpeus 3aBucumMoctsiMu AHxp U ASxp OT TeMIiepaTypbl U CUUTATh
UX TIOCTOSIHHBIMH, MOKHO paccuuMTarh BHeprutro ['nbOca mnpu HeECTaHIapTHOU
temreparype 1.
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AGyp =AHyp -TASxp =0
AH,, 1725

T= = =082 K
103 :
AS,p, 175610
5. [Toctpoum rpaduk 3aBucumoct AGyp ot 7.
200
% 150
=
= 100
S 50
@)
=0
50 1] 200 400 600 800 1000 B6—_ 1400 1600

T,K
I'padux 3aBucumoctu AGyp or T
N3 rpaduxa BumHo, yto B umHTepBaie Temmeparyp 0 — 982K AGyxpr > 0,
CJIeIoBaTeNbHO, MpsiMas peakius HeBo3MoxkHa; Beime 982 K AGyp < 0, T. e.

CaMOIIPOU3BOJILHO IMPOTCKACT IIpAMad pCaKIus.

2.10. KOHTPOJIBHBIE 3AIAHUS

3aoanue. llpeneOperas  TemMmepaTypHOM  3aBHCHUMOCTHIO,  BBIYUCIIHTH
CTaHJApPTHbIE  W3MEHEHUS  DHTAJbIIUMU, OHHTponuu, dHeprun ['ubdbca B
COOTBETCTBYIOIIEH  peakumu. Onpenenutrs  TeMmMIeparypy, IMpud  KOTOPOH
YCTaHABJIMBACTCS ~XMMHUYECKOE€ PABHOBECHE  PEaKIMH, TMOCTPOUTHh  rpadukx
3aBUCUMOCTH AGyp OT T ¥ clenaTh BBIBOA O BO3MOKHOCTH MPOTEKAHUS PEAKIIUU B

IIPSIMOM HAIPABJIEHUU.

Bapuant YpaBHEHHE pEAKLINU
1 Cu + CO2 y = 2CO
2 FeoO3 + 3Hory = 3H2O() + 2Fe
3 Now + 3 Hary = 2NH3(
4 COqy + Hary = Cy + H2Oqy
3) CHyqry + H2Oy = 3Hyq) + COyy
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6 2NO + Oz = 2NO; ()

7 PClsqy = PClsqry + Clyg

8 FeOw) + COw = Feq + COy

9 2H2S + SOz = 3S¢ + 2H20(y
10 Cuo + 2Hay = CHyp

11 CaCOs = CaOg + COz

12 CHauwr +2H20) = COyy + 4Ho(y
13 H20( + CO¢y = COypy + Ha
14 CHug + 2051 = COyry + 2H20(r
15 CaO) +HoOpy = Ca(OH)aw
16 2AI(S0n)3 9 = 2A1,03 + 65020 + 30,
17 FeOw) + Hawy = Few + HoOn

18 2Cx + Oy = 2COy

19 2H,Sq + 3020 = 2H:00 + 25050
20 4HCly) + Oxy = 2H,0 + 2Chq)
21 Clyy + 2Hl) = |y + 2HC,
22 20y + H2S(ry = 2HIry + S

23 Ca(OH)yw = CaOgg + H20 ()
24 H,0() + 2Fes0u = 3F€:030 + Hagy
25 2HI i = Homy + b

26 BaO + COyry = BaCOs

27 Hym + Clyy = 2HCl

28 2NO> = 2NO () + Oy

29 SOs3¢) + COw) = SOy + COy)
30 CUOg + COw = Clg + COs)
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3. XUMHNYECKAS KHHETUKA

3.1. CKOPOCTb PEAKIIUI

Xumuueckas KuHemuxa W3y4aeT CKOPOCTH M MEXaHU3Mbl XUMHUYECKUX
MIPOLIECCOB, a TaKke (PaKTOPHI, BIUSIIOLINE Ha HUX.

Ckopocmb peakyuu paBHA YUCIY 3JIEMEHTApPHBIX AaKTOB B3aWMOJIEHCTBUI,
HNPOUCXOJAIINX 3a €AMHUILYy BPEMEHH B EIUHMIIE PEaKIHMOHHOTO MPOCTPAHCTBA.
OnemenmapHulM aKmom Ha3bIBAIOT KaX/10€ HENOCPEJICTBEHHOE B3aUMOJICHCTBHE
YaCTUIl, IPUBOASIIEE K U3MEHEHUIO NX XUMUYECKOTO CTPOCHHUSL.

B romoreHssIx cucreMax B3aMMOJECHCTBHE KOMIIOHEHTOB MOXKET MPOUCXOIUTh
B 100011 Touke oObeMa. CpeqHIO CKOPOCTh PEAKIUMU B 3aMKHYTOW CUCTEME MpH
MOCTOSSHHOM 00BbeMe HU3MEPSIOT M3MEHEHHUEM KOJMYECTBA BELIECTBA B EIUHUILY
BPEMEHU B €MHUIIE 0O0BbeMa:

L. -+4V _,AC

VAT AT’
rae GFOM — CpeHss CKOPOCTh PEakIy B HHTEpBaie BpemeHn AT;
AV — u3MeHeHre KOJIMYeCTBa BEIICCTRA;
C — KOHIEHTpALMs BEIIECTBA, MOJIb/JI.
CKOpOCTb peaKIMi MOXKHO ONPEAEIATh 0 U3MEHEHNIO KOHLEHTPALUHU JTF000Tr0
KOMITOHEHTa. BrIpaxkeHne UCHoab3yI0T €O 3HAKOM ( — ), €CJIM CKOPOCTh OMPEACIISIOT

0 M3MEHEHMIO KOHIeHTpamuu onHoro u3 pearupytomux Bemects (AC <0), co

3HAKOM (+), €CJIM CKOPOCTh OMPENENSI0T 0 U3MEHEHUIO0 KOHIEHTPALMK OJHOTO U3

npoxykroB peakumun (AC >0). PasmepHOCTh CKOPOCTH PEaKiMH B FOMOTEHHBIX

cUCTEMax — MOJb/(J1-¢c).

B rereporeHHbIX cHcTeMax B3aUMOJICHCTBHE KOMIIOHEHTOB MPOUCXOJIUT Ha
MMOBEPXHOCTH pazjeinia ¢a3, MOITOMY B BBIPOKCHHS ISl CPEAHEH CKOPOCTH BXOJIHT
2\

UIOIIAIb MOBEPXHOCTH pasjena a3 S (m°):

P iAV

UFGTGp = S AT

Pa3zMepHOCTh CKOPOCTH pEaKUK B TETEPOTEHHBIX CUCTEMAX — MOJ'IB/(M2 -C).

27



3.2. BIUSAHUE PA3JIMYHBIX ®PAKTOPOB HA CKOPOCTHh XUMHUUYECKUX PEAKIIA

Ha ckopocTh XMMHYECKHX pEaKIui BIUSAIOT MPUPOAA M KOHIICHTPAIHS
pearupyIonmx BEIIECTB, JaBJIEHNE, TeMIEpaTypa, MPUCYTCTBUE KaTaau3aTropa, s
TeTePOTreHHBIX PEaKIMiA — TAKXKE COCTOSIHHE MMOBEPXHOCTH TBEPAOH (has3bl, CKOPOCTh
muddy3un u psaa apyrux GakTopoB.

Brusnue xonyenmpayuu. MateMaTHndecKyro 3aBUCHMOCTh CKOPOCTU PEaKIUH

or konneHtpammu U= f(C) Ha3pBalOT Kunemuyeckum ypasuenuem. Jlys

HEMHOTOYMCIICHHBIX PEAKIUN, MPOTEKAIOUUX B OJHY CTaauio (371eMeHmAapHbIx),
3aBUCHUMOCTb CKOPOCTH XMMHUYECKON pEakUHWHd OT KOHLIEHTPALHUU BBIPAXKAET 3AKOH
Oelicmsyrowux macc, chopmyiupoBansbiii ['ynba0eprom u Baare.

CkopocTh  2emMeHmapHol ~ XUMHUYECKOM  peakuuu  MpPONOpPUHUOHAIBHA
MPOU3BEACHUIO KOHIEHTPALUM pearupyronux BeEIIEeCTB, BO3BEICHHBIX B CTEICHH,
pPaBHBIE CTEXUOMETPUUYECKUM KOd(DPUITECHTaM.

CornacHO 3aKOHYy NEHCTBYIOIIMX Macc, dyneMeHTapHou peakmmun A + B = C
COOTBETCTBYET KUHETHUECKOE YPABHEHUE

L =kC,Cg,
aneMmeHTapHo# peakiuu 2A + B = D — kuHeTnueckoe ypaBHEHHE
V=kC;Cs .
rie K — ko3¢ GuIMeHT nponopuroOHaILHOCTH;
C4, Cp — KOHIICHTpAIIUU BEILIECTB, MOJIb/JI.

BoJIbIIMHCTBO XMMHMYECKUX PEAKIMKA COCTOST W3 PsAlla CTaaul. YpaBHEHUE
XUMUYECKON pEeaKlUh HE OTPa)XKaeT €€ MEXaHU3Ma — MOCJIEIOBATEIIbHOCTH U BUJA
MIPOMEXYTOUHBIX  cTaguii. KuHETH4Yeckoe  ypaBHEHHE  CIIOKHOM  peaKkuuu
YCTaHABJIMBAIOT JKCHepUMeHTaIbHO. Koadduiument nponopuuoHaisHOCTH K B
KMHETUYECKUX YPABHEHUSX Ha3bIBAIOT KOHCMAHMOU CKOPOCMU XUMHUYECKOM
peakuuu. KoHCTaHTa CKOPOCTH 3aBUCUT OT MPHUPOJbl PEarupyroumx BELIECTB U
TeMIEepaTypbl, HO HE 3aBHCUT OT KOHIICHTpAIlMW pearupyromux BemecTtB. [lpu
PaBEHCTBE €MHUIIC BCEX KOHIICHTPAIMM, BXOJAIIMX B KHHETHUUYECKOE YpaBHEHHE,

KOHCTaHTa CKOPOCTHU paBHA CKOPOCTH PCAKIIUU.
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Bruanue oaenenus. JlaBneHue BIMSET TOJBKO Ha CKOPOCTh PEaKIUM ¢
y4acTHUeM Tra3000pa3HbIX BEHIECTB, TaK KakK MPONOPUUOHAIBHO AaBICHUIO MpU
HEU3MEHHOW TEMIIEPATYPE MEHSAECTCSA KOHUECHTPAUS PEAreHTOB.

Hanpumep, nns peakiuun

ZNO(F) + 2H2(r) = Nz(r) + 2H20(r)
KMHETUYECKOE YPAaBHEHUE UMEET BU]I
U =KC{oChy, -

[Ipu yBenuueHnu NaBJIEHHS B TPU pa3a KOHCTAHTA CKOPOCTH HE U3MEHMTCS, a

KOHILICHTPALIMM  pEarupyrolmux BEIIECTB yBeJIW4Yarcss B TpuU pasa, T.€.

COOTBETCTBYIOIIEE 3HAYCHUE CKOPOCTH
U, =k(3Cy0)*3CH, =27kC{oCh, =27V);.
Taxum o6pa3om, CKOpOCTh yBeIUuUBaeTcs B 27 pas.
Bruanue memnepamypul. CKOpPOCTb XMMHYECKHX PEAKIUN IIPU ITOBBIIEHUN
TEeMIIEPATypbl BO3PACTAET.
Ilpasuno Banm-lI'ogpgha: Tpu TOBBIILIEHUH TEMIEPATypbl Ha KaXIble JECATh
IpayCoOB CKOPOCTh OOJBIIMHCTBA PEAKIMI yBEIHUMUBaeTCs B 2+4 pa3a.

CoOTBETCTBYIOLIEE MATEMATUYECKOE BhIPAKEHUE!
_ (T,-T,)/10
Up, =gy,
rae Ur u Uy, — cropocTs peakuun npyu temmneparypax Tz u 71 (T2>Ty);
Y — TeMneparypHbIi KOO(QOUIUEHT CKOPOCTH, PaBHBIA 24,

Hanpumep, npu noseimenun temueparypsl ¢ 20 g0 50 °C cxopocts peakuuu
('Y = 2) yBenuuurcs B 8 pas:

50-20

Y o0 _pg
L

1

XUMHYECKOE B3aUMOJICHCTBUE OCYIIECTBIISIETCS MPU CTOJKHOBEHUM YacCTHII.
Ecom Obl kaxkmoe coynmapeHue MPUBOAWIO K XHUMHYECKOMY B3aUMOJICHCTBUIO,

CKOPOCTH  peakuui Obuini  Obl  OrpomMHbl. IIpy  CTOJKHOBEHMM  MOTYT
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B3aMMOJIEUCTBOBATh TOJBKO YAaCTUIIBI, OOJIAJAIOUEe OMNpPEIEEHHBIM 3amacoM
SHEPTHUHU.

MuHUMaNTbHY0 U30BITOYHYIO 3HEPTUI0 YACTHI[ [0 CPABHEHHIO CO CPEIHUM
ypOBHEM, HEOOXOIUMYIO JJII IPOTEKAHUS PEAKIIMK, HA3bIBAIOT SHepauell aKkmusayuu

(E, ), a yacTuupl, 3HEpruss KOTOPBHIX HPEBBILIAET CPEAHUN ypPOBEHb Ha 3HAUEHUE
E >E, — axmuenbivu yacTuaMu.

C moBbIIIEHHEM TEMIEPATYPbl BO3PACTAET YUCIIO aKTUBHBIX YAaCTHUII, OOJBIIIAs
IO NI CTOJIKHOBEHHUU IMPUBOJIUT K BBaHMOHeﬁCTBHIO, BCJICACTBHC YCTO YBCIIMIMNBACTCA
CKOPOCTb PEaKIIHiA.

Bnusnue  kamanuszamopos. KaTajiusaTopaMHd Ha3bIBAlOT  BELLECTBA,
M3MeHSUMe CKOPOCTh PeaKLlMU U OCTallUecs B KOHIE peaKui XUMHUYeCKHU
HEW3MEeHHBIMU.

HOI[ BJIIMSIHUCM  KaTajn3aTopa XHMHYCCKOC IIPCBpPAIICHUC IIPOXOAHUT B
HECKOJIbKO CTaJui, C MEHBIITUMHU SHEPTUSIMHU aKTUBAIINH, CJIEIOBATEIBHO, C OOJIbIIICH
CKOPOCTBIO.

PaccmoTpuMm  yCIIOBHYHO  CXeMy  KaTAIMTHYECKOW  peakiuu. Mexay
BelecTBaMu A ¥ B BO3M0XKHO B3aMMOJIEICTBUE

A +B=AB, AG <0,

HO OHO MJET C MaJIOW CKOPOCTBIO BCJIEJCTBUE BHICOKOM PHEPIUU akTuBauu £ 5 . B

npucytcTBum katanmuszatopa (Kt) mporecc pazbuBaercs Ha 6osee ObICTpBhIE CTATUU C

sHeprusimu aktuBamu E; wu  E[ . Karanmzarop BcTymaer B XuMHuecKoe

B3aMMOJICHCTBME C  HCXOAHBIMH  BEIIECTBAaMH, 00pa3ys  HECTaOMIbHOE
MPOMEXKYTOUHOE coeauHeHne AKT, HO K KOHIly pEakIuuh BBIACISACTCS Kak

HHAWBUIYaJIbHOE COCIUHCHHE:
A+Kr=AKr, E,<E, ;
AKT+B=AB+Krt, E]<E, .
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4, XUMHNYECKOE PABHOBECHE

4.1. OCHOBHBIE IIOHSATHUA

Bce caMOnpon3BOJIBHO NPOTEKAIOIIME PEAKIMM MOXHO pPa3leluTh Ha JBE
rpynnbsl: 00paTUMbIE U HEOOpaTHUMBbIE.

Heobpamumvle peakiiuy MPOXOJAT TOJIBKO B OJJHOM HallpaBJIEHUH, 1O KOHIIA,
T.€. 10 TIOJIHOTO IPEBPALIECHUAS OAHOTO HJIM BCEX MCXOAHBIX BEUIECTB B IPOIYKTHI
peakuuu. [Ipumep:

2KCIO; = 2KClI + 30..

Obpamumbie peakiiui UAyT B MPOTUBOIIOJIOKHBIX HAMTPABICHUAX, HE IPOXOSAT

710 KOHIIA, UCXOIHBIE BEIIECTBA IIOJHOCTBIO HE pacxonyrorcs. [Ipumep:
H,+ 1, — 2HI.

B xone 00paTuMBIX peakifil HACTYNAET COCMOAHUE XUMULECKO20 PABHOBECUSL.

CocTostHUE CUCTEMBI, XapaKTEPHU3YIOUIEECS PABHBIMH CKOPOCTSAMHU IPSMOM U
0oOpaTHOM peaklnii, Ha3bIBalOT COCTOSIHUEM XUMHUYECKOI'O PAaBHOBECHS.

XUMHUYECKOE PABHOBECHME HMEET JIMHAMUYECKMM Xapakrtep. B  ycioBusax
XUMHUYECKOTO PaBHOBECHUSI KOJIMYECTBO JHOOOr0 BELIECTBA, PACXOAYIOLIETOCS B XOJI€
IPSIMOM PEAKLUMH, PABHO €0 KOJWYECTBY, OOPA3yIOIIEMYCsl B pe3yJIbTaTe 0OPATHOM
peakuuu. KoHueHTpanuy Bcex BENIECTB B CUCTEME HE U3MEHSAIOTCS CO BPEMEHEM, UX
HAa3bIBAIOT PAGHOBECHbIMU KOHYEeHmpayusmu. PaBHOBECHbIE KOHLEHTpPALUH, B
OTJIMYME OT TEKYIIHUX 3HAYEHUI KOHIIEHTpaluuid, 0003HaYal0T CUMBOJIOM BEILECTBA B

KBaJpaTHbIX ckoOkax: [Hz], [I2], [HI] u T.m.

4.2. 3AKOH JEMCTBYIOIUX MACC

B 3akpeITOl cuCTEME B COCTOSIHUM PABHOBECHS IIPHU MMOCTOSIHHOW TEMIIEPAType
OTHOILIECHUE MPOU3BEICHUM KOHUEHTpPALUd MPOAYKTOB pPEAKIMM U HCXOIHBIX
BEILIECTB B CTEMEHAX, PABHBIX CTEXMOMETPUUECKUM KOA(P(DULIMEHTAM, SBISETCS
IIOCTOSIHHOW BEJIMYMHOW U HA3BIBACTCS KOHCIMAHMA XUMUYECKO20 PABHOBECUS.

B 3akpsiToii cucteme 11t 00paTUMON peakiiuu

aA+bB — cC+dD
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ypaBHEHUE

c d
Kc = mZ const mpu T =const

[AT[B]°
IPEICTABISLET COOOM MamemamuuecKkoe 6bipaicenue 3aKona OelUcmeyouux Macc.
I[HH TOMOI'CHHBIX XHWMHUYCCKUX paBHOBeCI/Iﬁ B T'a30BbBIX CMECAX KOHCTAHTa
paBHOBECHs MOXKET OBITH BBIPaXKEHA KaK 4epe3 paBHOBeCHbIe KoHueHtpauuu (K.),
TaK M 4epe3 PaBHOBECHBIE NaplHaibHbIe qaBnenus (K)).
Hanpumep, [U1sl peakiuy CHHTE3a aMMHaKa
Nz(r) + 3H2(r) — 2NH3(F)
MATCMAaTHYCCKOC BBIPAXKCHUC 3aKOHA HeﬁCTBYIOIHHX MacCC UMCCT BU]L
_ [NH3]?
[N,1[H]°

c

nin
2
K = PNH;
p 3 !
PN 2 sz
rac p — PaBHOBCCHBLIC ITapIUAJIBbHBIC JABJICHUA BCIICCTB.

B ICTCPOICHHBIX CHCTCMAX KOHIOCHTpAOWK TBCPAbIX BCIICCTB CYUHTAIOT

IMOCTOSAHHBIMU U B YPABHCHHC IJIsI KOHCTAHTBI PAaBHOBCCHA HEC BKIIIOYAIOT.

Hanpuwmep,
[COT”
+ : K=t
COZ(F) C(rpa(bHT) = ZCO(F) [COZ]
BaSOux) - Ba?" + SO,* K =[Ba 2+][SOf_] .

3Ha4YC€HUE KOHCTAHThI PABHOBECHUS MO3BOJISIET CYJUTh O TTOJTHOTE MPOXO0KIACHUS
peakiuu: yeM Ooibiiie 3HaueHue K, TeMm 0oJibllle KOHIIEHTPAIMU TTPOIyKTOB PEAKIUH,
TeM C OOJIBIIIEH TTOTHOTON MPOXOAUT MPsMast PEaAKIIHSL.

Koncranta paBHOBeEcHs, TaKk K€ KaK M KOHCTaHTa CKOPOCTH, 3aBUCUT OT
MPUPOJBI BEIIECTB, OOpa3yIOIIUX CUCTEMY, OT TEMIIEpaTypbl, HO HE 3aBUCHUT OT

KOHIEHTPAIMK BELIECTB.
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4.3. BIMSIHUE PA3JIMYHBIX ®PAKTOPOB HA COCTOSIHUE XUMHUYECKOI'O

PABHOBECHS. ITPnHIIMI JIE IIIATEJIBE

BremHee Bo3A€iCTBHE HA CHCTEMY MPUBOIUT K CMEIICHHUIO PaBHOBECHS, T.€.
U3MEHEHUIO PABHOBECHBIX KOHIICHTpAIlMH MCXOJHBIX BEIIECTB W TMPOJIYKTOB
peaKIuu.

OOt TpUHLIKIT CMEUICHUs] XUMUYECKOTO paBHOBecusi copmymnuponan Jle
[IIaTenbe.

Ecnim Ha cuctemMy, HaxomsdmIylocs B pPAaBHOBECHH, OKa3aTh BHEITHEE
BO3JICHICTBHE, PABHOBECHE CMECTHTCS B HaIPaBICHUHU, OCIAOJSIIONIEM  ATO
BO3JICHCTBHE.

Brusnue konyenwmpayuii KomMnoneHmos cucmemsi. BBeeHIE B PaBHOBECHYIO
CHUCTEMY JOTMOJHUTEIBbHBIX KOJIMYECTB KaKOTO-IHOO pearcHTa BBI3BIBACT CMEIICHHUE
pPaBHOBECHS B HAMPABJICHUN PEAKIINH, KOTOPAsi YMEHBIIAET €r0 KOHIICHTPAITHIO:

e  yBEJIMYCHUE KOHIICHTPAIIMH MCXOIHBIX BEIIECTB WJIM CHHKEHHE KOHIIEHTPAIUU
MPOJYKTOB PEaKI[MU BBI3IBACT CMEIIEHUE PABHOBECHS B CTOPOHY MPSIMOM
peaKIuu;

®  yBEJIMYCHHUE KOHIICHTPAIMH MPOIYKTOB PEAKIIMU WM CHIKCHHE KOHIICHTpAIUU
HCXOJHBIX BEIIECTB IMPUBOJIUT K CMEIICHHUIO PABHOBECHS B CTOPOHY OOpaTHOM
peaKIuu.

Hanpumep, B cucreme

2 SOy + Oy —= 2 SO5(

CMEIICHUIO PaBHOBECHUS B CTOPOHY TMIPAMOM peakmuu OyJaeT CrnocoOCTBOBATH

yBenudeHue KoHueHTpanmuun SOz, O, u CHWKEHHE KOHICHTpAIWH (OTBEICHUE W3

peakionHo# cdepsl) SOs.

Brusnue memnepamypwoi. HanpaBieHne cMeIICHUS paBHOBECHS B pe3yJIbTaTe
M3MEHEHUS TEMIIEPATYPhI ONIPENeIsIeTCS 3HAKOM TEIIoBOro dddexra peakiuu:
®  HarpeBaHWC BBI3BIBACT CMEIIICHNUE PAaBHOBECHS B CTOPOHY IpoIiecca, MPOTeKaHNe

KOTOPOTO  CONPOBOXIACTCSA  TOTJIOIMICHWEM TEIUIOThl, T.€. B  CTOPOHY

SHIOTEpMUYECKOTO mpouecca (A4H > 0);
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® TIOHWXEHUE TeMIlepaTypbl MPHUBOJAUT K CMELICHUIO PABHOBECUS B CTOPOHY
MPOIIECCA, COMPOBOXKIAIOIIETOCA BBIACIEHUEM TEIUIOThI, WHA4€ TOBOPS, B
CTOPOHY 3K30TepMuIecKoro npoiecca (AH < 0).
Peaknus cunTe3a ammuaka
N, +3 H, — 2NHj3, AHOXP=—92 K[k
SABIISIETCA ~ DK30TEPMHUUECKOM, TOAITOMY TNPU TOHUKEHUH TEMIIEpPaTyphl
PaBHOBECHE B CHCTEME CMEIIAETCS B CTOPOHY NIPSMOM pEaklMH, TaK KaK 3TOT
IpPOLECC UAET C BBIAECIEHUEM TEILIOTHI.

Brusnue obwezo oasnenus 6 cucmeme:.

® TOBBIIICHUE JIABJICHUS B CUCTEME CMENIAECT PABHOBECHUE B HAMPABICHUU PEAKIINH,
KOTOpas HUIET C YMEHBIICHUEM KOJMYECTBAa Ta3000pa3HbIX BEIIECTB, T.€. C
YMEHBILICHUEM JIABJICHUS;
® YMCHBIIICHUE JABJIEHUS CIOCOOCTBYET CMEIICHUI0 XMMHYECKOTO PABHOBECHUS B
CTOPOHY pEaklMM, MPOTEKAIoUeHd C YBEJIWYEHUEM KOJIMYECTBA Tra3000pa3HbIX
BEIIECTB, T.€. C YBEIIMUYCHUEM JIABJICHHUS.
Hanpumep, B peakiuu
Nory + 3Hory == 2NHj3(p
. J \ Y_j

-~
4 MOJIb 2 MOJIb

YBCIMYCHUC MOaBJICHUA IIPHUBCACT K CMCIOCHHIO PABHOBCCHA B CTOPOHY HpHMOﬁ

peaKkIuu.
B peakiuun

N FEO(K)‘i‘CO@ 2\C02(1~) + Fe(K)J
~ ~

1 monb 1 Mmomb
KOJIMYECTBA MOJIb T'a30B B MPABOM U JIEBOM YaCTH YPABHEHUS PEAaKLUUHU PABHBI
peakius mpoTeKaeT 0e3 M3MEHEeHHs 00bheMa, CeoBaTeIbHO, U3MEHEHHUE JTaBJICHUS
Ha PAaBHOBECUE CUCTEMBI HE TTOBJIUSET.
Bruanue kamanuzamopos.
[IpucyTCTBHE KAaTAIM3aTOPOB HE CMEIIACT XMMHUYECKOE PAaBHOBECHUE, TaK Kak
OHM M3MEHSIIOT CKOPOCTH TIpPSIMOM W OOpaTHOW peakiuii B PaBHOW CTEIICHHU.

KaTaJ'II/ISaTOpBI YBCINMYNUBAIOT CKOPOCTb AOCTUKCHUA PAaBHOBECHUA.
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4.4. IIPUMEPHI PEILIEHUS 3AJIAHUI

Jl11s oOpaTUMON peakiuu
2 SOz(F) + Oz(r) . 2 SO3(F), AHy p = —196 xJIx

® HANUIIUTE MAaTEeMaTUYECKOE BHIPAXKEHUE KOHCTAHTHI XMMUYECKOTO PaBHOBECHS,
® YKa)XUTE HaAIlPaBJICHHE CMEIIECHUS PABHOBECHUS MPU U3MEHEHUU YCIIOBHIA:

a) YMEHBIIEHUU KOHIIEHTPAIlMU OJHOTO U3 ra3000pa3HbIX MPOIYKTOB;

0) MOHMKEHUU JaBJICHUS B CUCTEME;

B) MOBBIIIIEHUU TEMIEPATYPhI B CUCTEME.

_ [O,)
[Soz] i [Oz]

a) CHIDKCHHE KOHIIEHTpAIMK IpoaykTa peakiuu (SO3) MPUBOANT K CMEIIEHUTO

paBHOBECHsI B CTOPOHY PEAKIMH, CIOCOOCTBYIOIIEH YBEIMUYCHUIO KOHIICHTPAIMH
SOs3, B TaHHOU cHCTEME — B CTOPOHY MPSMOM peakiuu (—);

0) TpY TIOHMKCHHUH JABJICHUS PAaBHOBECHE CMEIIACTCS B CTOPOHY yBEIMUYCHUSI
KOJIMYECTBA Ta3000pa3HBIX BEIIECTB, B JAHHOM CiIy4ac — B CTOPOHY OOpaTHOM
peakiuu («—);

B) TpH TIOBBIIIGHUH TEMIEPAaTypbl pPaBHOBECHE CMEMIACTCI B CTOPOHY

AHAOTEPMUYECKON PEAKIH, B JAHHOM CIlIydyae — B CTOPOHY OOpaTHOM peakiuu («—).

4.5. KOHTPOJIBHBIE 3AJIAHUSI

Jns mpemjoxkeHHOM — oOpatumoii  peakumuu  (Tabn. 1)  HanumuTe
MaTEeMaTHYeCKOE BBIPAKEHUE KOHCTAHThl XHMMHUYECKOTO PABHOBECHUS M YKaXKHUTE
HaIpaBJICHUE CMEILEHUSI PaBHOBECHUS IPU U3MEHEHUHU YCIIOBHIA:

a) YMEHBIIIEHUN KOHIICHTPAIMH OJHOTO U3 Ta3000pa3HBIX MPOIYKTOB;

0) MOHMXEHUU JIaBJICHUS B CUCTEME;

B) NOBBILLIEHUN TEMIIEPATYPhI B CUCTEME.

Bapuant YpaBHEHHE peakIuu
1 SO;¢ + Hay == SOy + H2O(y, AH <0
2 2Hoq) + Oy == 2 H20(), AH<O
3 FeOw + COn) == Few + COyr), AH>0
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4 2N20ry + Ozy == 4NO(y, AH >0

5 2NOy) == Nyp + Oy, AH<O

6 NH4Clw == NHj¢) + HCly, AH>0

7 2CH4r + 30, == 2CO(y + 4H20(y, AH <0
8 H2O) + COry == COy + Hy, AH<O

9 2A1(SO4)3 ) == 2Al054 + 6SOs¢y + 3051y, AH >0
10 ZnSO4x) == ZNO(y + SO3, AH >0

11 2N2030) == 2NO + N2Oygry, AH >0

12 2H,S + 3020y == 2H20(y + 2SOy, AH <0
13 S + Hawy == H2Si), AH<O0

14 COyr)+ Ciy == 2CO(r), AH>0

15 CHym + HoOqy == 3Hyp + COqy, AH>0

16 PClsqy == PClsry + Clyry, AH>0

17 FesO4n) + COry == 3FeOy + COxry, AH>0
18 N2O3¢) == NOgy + NOyry, AH >0

19 Oy == COy), AH<O

20 2AICl30) == 2Aly) + 3Clyyy, AH >0

21 2CO() + Oyry == 2C0Oxyy, AH<O0

22 2NH;31) = Nagy + 3Hyp, AH>0

23 Hy + ooy = 2HIp, AH>0

24 BaCOsx == BaOgy + COsr, AH>0

25 4ANO + 6H2O0¢) == 4NH;) + 50,4, AH >0
26 2MQClyg + Opry == 2MgOy + 2Clyy, AH >0
27 Ca(OH),w) == CaOgy + HoO(y, AH>0

28 No@ + Ozry = 2NO(p, AH>0

29 NO() + NOyyy == N203¢), AH <0

30 3FeOuy + COyry == Fe304¢9 + CO(y, AH <O
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5. PACTBOPBI
5.1. OCHOBHBIE NOHATHS. KIIACCU®UKALIUSI PACTBOPOB

PacTBOp — MHOIrOKOMIIOHEHTHAs TOMOTE€HHAsl CUCTEMA MIEPEMEHHOTO COCTaBa.

PacTBOp COIEPKUT pacTBOPUTENIL M OJHO WM HECKOJIBKO PAaCTBOPEHHBIX
BeniecTB. OOBIYHO PACTBOPUTEIEM CUUTAIOT KOMIIOHEHT, HAaXOJSALIUICS B TOM XK€
arperaTHOM COCTOSIHUM, 4YTO W oOpasyrwomuiics pacTtBop. Eciu KOMIIOHEHTHI,
oOpasyrolue pacTBOp, HaXOJATCS B OJJHOM arperaTHOM COCTOSIHUM, PaCTBOPUTENIEM
B 3TOM CJIy4yae Yalle CYMTAIOT KOJIMYECTBEHHO MpeoOanaromuii KoMmoHeHT. Eciu
BOJAa SBJSETCA OJHMM M3 BEUIECTB pPACTBOpA, €€, KakK IMPaBWIO, CUYUTAIOT
PacTBOPUTEIIEM.

[lo arperaTHOMY COCTOSIHMIO PacTBOPbI MOKHO pa3/eiuTh Ha ra3o00pa3HbIE,
KUakue U TBepaple. HauOonblee mNpakTUYecKoe 3HAYEHUE HMEIOT OKUJIKHE
pPacTBOPBI.

CocrossHME pacTBOpa ONpENENsAeTCs TEMIEpaTypod M KOHUEHTpauueu
PacTBOPEHHOI'O BEILIECTBA.

IIpu pactBOpeHnn maHHoro BemniecTBa (T = CONSt) KOHILEHTpauus pacTBOpa
YBEJIUYMBAECTCS O JOCTH>KEHHMSI ONPEIEIICHHOIO 3HAaUEHM I, KOTOPOE HE U3MEHSETCS C
TEYEHHEM BpeMEHU. DTO NPU3HAK HACTYIUIEHUS ()a30BOr0 paBHOBECHUS

pacTBOPSIEMOE BEIIECTBO —> PAacCTBOP.

PactBop, Haxonsuwmiics B (ha30BOM PaBHOBECHH C PACTBOPSEMBIM BELLIECTBOM,
HAa3bIBAKOT HACLIUWEHHbIM, a KOHLICHTPALIUIO TaKOr'O PacTBOPA — pACMmEOPUMOCHIbIO
BEIIECTBA MTPU JAHHOU TEMIEpaType.

PacTBOp, B KOTOPOM COJI€pKAaHUE PACTBOPEHHOI'O BEILIECTBA MEHBIIE, YEM B
HACBIIICHHOM pacTBOPE — HeHACblueHHvll. B TakoM pacTBOpe BO3MOXKHO
JaNbHENIIee pAaCTBOPEHHE TAHHOTO BEILIECTBA.

B onpeneneHHbIX yCIOBUSX MOTYT 00pa30BaThCs nepeculiyyerHble pacmeopul, B
KOTOPBIX COJIEpKAaHUE PACTBOPEHHOrO BeIleCTBa OOJIbLIE, YEM B HACHIIICHHOM
pacTBOpPE ITOro K€ BEUIECTBA NPU JaHHOW TemriiepaType. IlepechliieHHbie pacTBOPHI

HEYCTOWYMBBI M TMpPHU JIIOOOM BHEIIHEM BO3JEUCTBUU (KOHTAKTE C PACTBOPEHHBIM

37



BCIIECTBOM, BCTpS[XI/IBaHI/II/I) NepexXoJAT B HACBIMICHHLBIC, BbBIACIIAA U30BITOK

PAaCTBOPCHHOI'O BEIIICCTBA.

5.2. OCHOBHBIE CITIOCOBbI BBIPA’)KEHUSI KOHIIEHTPALIAA PACTBOPOB

Konyenmpayusa — eenuuuna, onpedensaowas KOAUYECMEEHHbIL COCMAB
pacmeopa. OCHOBHBIMM CIIOCOOaMH  BBIP@XEHUS KOHIIEHTPALUU PacTBOPOB

SBJISIFOTCS CJIEIYIOIIHE.
Maccosass oonss pacmeopennoco eewjecmgéa ((0) — OTHOIICHHE MAaCCHI

pPacTBOPEHHOTO BEIIECTBA K Macce pacTBopa

(D:—’ Q):—’
m pV

pip
r7ie M — Macca paCTBOPEHHOTO BEIIECTBA, T;
m, — Macca pacTBopa, T;
pp — IJIOTHOCTH pacTBoOpa, I/Mi;
Vp — 00beM pacTBOpa, Mil.
MaccoBas 0711 — BeIM4rHA Oe3pa3mMepHast.
llpoyenmnoe cooepowcanue pacmeopeHHo2o 6eujecmed— OTHOIIEHHE MacCChl
PAcCTBOPEHHOIO BEILIECTBA K MACCE PACTBOPA, BBIPAKEHHOE B IPOLICHTAX.
m m

«100; C=
m, PpVp

C= =100.

Pasmepnocts C — %.
Monapras konyenmpayus BemecTBa (MOJISPHOCTh) — OTHOIICHWE KOJIMYECTBA
PACTBOPEHHOIO BEIIECTBA K 00BEMY PacTBOPA, BHIPAKEHHOMY B JIUTPAX.
A%

Cy=—,

VP

r7ie V— KOJIWYECTBO PACTBOPEHHOTO BEIIECTBA, MOJIb;
V, — 00beM pacTBopa, .
Pa3mepHOCTh  MOJSIpHOM  KOHUEHTpaluu  (MOJSIPHOCTH) —  MOJIB/JI,
cCokpaiieHHoe obo3Hauenue M. Hampumep, pacTBOp ¢ KOHIEHTpamuei 1 Moub/n

00o3HauaroT 1 M (0THOMOJIIPHBIIT) pacTBOP.

38



C yuetom TOrO, 4To

v=—1oy),
M

pInIb: | MOHﬂpHOﬁ KOHIOCHTPAINH MOKHO 3allMCAaTb BBIPAKCHHUC

m
Cp=—
"My,

rac m—macca paCTBOPCHHOI'O BEIICCTBA, T,

M — MOJIIpHaA MacCa paCTBOPCHHOT'O BCIICCTBA, F/MOHL;

V, — 00beM pacTBopa, .

5.3. [IPUMEPBI PELIEHU S 3AJIAHUM

Ilpumep I. KakoBa MoJIsIpHas KOHIIEHTpAIUS pacTBOpa Cyjbhara aJTtOMUHHS C

MaccoBoii noseit 10 % u miaotaoctsio 1,105 r/em3?

Cal,(s0,), = 10% |+ Macca 1 1 pacTBopa paBHa

pp=1,105 r/mi m, = p, -V, =1105-1000=1105 r
Cu—? » Paccunraem maccy Aly(SO4)s B 1105 T pacTBOpa, uexos
u3 popmysl (1):
my -C 1105-10
My Lo, _
mA|2(So4)3 = 10(2) 13 — 100 —110,5 T

*  Momapuass macca My o,y =342 /MONB,  cremoBaTenbHO,  MOISIPHAS
KOHLIEHTpaus cysib(ara amoMUHUS UCX0s U3 popMyiibl (4):

Cy = Maiso,); 1105

— = =0,32 momp/n
MA|2(304)3Vp 342 -1

Ilpumep 2. Yemy paBHa maccoBas moisi 0,2 M pactBopa (NH4),SOs4 c

m1oTHocThIO 1,015 r/™Mn?
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CM :0,2 M

pp=1,015 r/mn

* Macca 1 i1 pactBOpa paBHa

m, = p, -V, =1015-1000 =1015 r

C(NH4)2SO4 =7

ucnonb3ys popmyny (4) (momsipaas macca M Al (SO

» Paccunraem maccy (NH4),SOs B 1 1 pactBopa,

=132 r/momb):

4)3

m(NH4)2804 :CM . M(NH4)ZSO4 Vp :0,21321: 26,4 r

* MaccoBas o515 cysbdaTa aJloMUHUS B pacTBope 1o hopmye (1) :

C(NH,),50, =

m
MNHL)2504 160 05 = 254 10006 = 2.6 %
1015

Mp

Ipumep 3. Cmemamu 50 mut 10 %-ro pacTBOpa CEpHONM KUCIOTHI TNIOTHOCTBIO

1,069 r/ma u 150 mu 30 %-ro pacTBOpa TOM K€ KUCIOTHI, MIOTHOCThIO 1,224 1/Ml.

quy PpaBHa MacCoBas O0JIs1 KHUCJIIOTbI B KOHCYHOM paCTBope?

VYcnoBHas cxema NpUroToBIEHUS KOHEYHOTO pacTBOpa:

pactBop 1 (10 %) + pactBop 2 (30 %) = pactBop 3 (? %)

Cp] == 10%

pp1=1,069 r/mn

Vp1= 50 ma
sz = 30%

pp2=1,224 r/mn

Vp2= 150 mu

C

—-70
2%

* MaccoBas 107151 CepHOM KUCIOThI, ucxoas u3 (1):

C 3 =—22.100%

® I/ICXO,Z[H N3 TOIro, 4T0 MacCa KOHCYHOI'O paCTBOpPa CKIAAbIBACTCA

13 Macc UCXOJHBIX PACTBOPOB, @ MAacca PaCTBOPEHHOM B HEM
KHUCJIOTBI — U3 MAacC KUCIOThI B UCXOJIHBIX PACTBOPAX, MOITYUYAEM:

=M " Mp2 100 94

Cp3
M, +m,

p

* Hcnonb3ys 3Ha4€HUs INIOTHOCTEN pacTBOPOB U BbipaxkeHue (1),

HalJEM MAaCChl UCXOAHBIX PACTBOPOB M PACTBOPEHHOW B HUX CEPHOU KHUCIJIOTHI:
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My 'Cpl _ 53,45-10

Mm.=p V. =1069-50=5345 r My = _ 5345
Pt = Pp1 Vpy bR T g 100 '
m,-C,, 186330
— . — . — _ p2 P2 _ y _
My = Ppa Vp, =L224-150=1836 1 my =—P2 P2 S0 5508 ¢

* Haiinem MaccoByIO JOJIFO CEPHOM KHCIIOTBI B KOHEYHOM PacTBOPE:

~ 5,345+55,08

3= D729 27.100 %=25,49 %.
7% 5345+1836

Ilpumep 4. Kaxoit o6bem 40 %-ro pacTBopa a30THON KHCJIOTHI TJIOTHOCTBIO
1,251 r/mn u Boawl motpedyerca ans npurotoBiieHus 500 mi 20 %-oi KUCIOTHI

IIOTHOCTHIO 1,119 1/™Mi1?

YcioBHAs cxeMa IMPUTOTOBIICHHUST PacTBOpA:
pactBop 1 (40 %) + Boma = pactBop 2 (20 %)

C,1 =40 % * HeoOxoiuMblii 00b€M HCXOAHOIO pacTBOPA KUCIOTHI BhIpa3uM u3 (2):
My, so

pp1=1,251 r/mn Vpp==<—"—-100 %
C pl” Pp1

C,r=20% * B noay4eHHOM BBIpQXCHUU HEM3BECTHA Macca KUCIIOTHI, HO MPH

pp2=1,119 /™M1 | pa3baBiIeHNH UCXOJHOTO PACTBOpA BOJON Macca pacTBOPEHHOI

Vp2= 500 mu KHUCJIOThI HE U3MEHSIETCSI, TOATOMY €€ MOKHO BBIBECTH U3
Vpi— ? M BBIPAKEHUS MAaCCOBOM J10JIM pacTBOpa 2:
m C,o- -V 20-1119-500
Cpy=—125% 100 05 my, g0, = L2102 P2 _ 1 =1119 r
* Paccuutaem 00BbeM HCXOAHOTO pacTBOpa:
1119
1= -100=2236 M
40-1,251

* Hcxons u3 cxeMbl MOMyYEHUs] KOHEUHOTO PacTBOpa:

Vii,0 =Vpy —Vpy =500 - 2236 = 2764w

Ilpumep 5. Kaxoit oobem 10 %-ro pactBopa KOH mnotnocthio 1,082 r/mn

noTpeOyeTcs mist nmpurotosienus 2 1 1 M pactBopa?

41



YcioBHas cxema IIPHUIrOTOBJICHUA pacCTBOpaA:

pactBop 1 (10 %) + Boxa = pactBop 2 (1 M)

C,1=10 %  HeoOxonumblit 00beM HCXOIHOTO pacTBOPA KUCIOTHI BBIPA3UM U3 (2):
m
pp1=1,082 r/mn Vi = —KOH_.100%

C pl " Pp1
Cy p2=1M |+ B nosny4eHHOM BBIp)KCHNN HEM3BECTHA MAcCa LIEJIOYH, HO NP

V=21 paz0aBlIeHUU UCXOJTHOTO PacTBOpa BOAOW Macca pacTBOPEHHOM

Vpi— 7 M 1IEJI0YU HE U3MEHSIETCS, IOATOMY €€ MOKHO BBIBECTH U3

BBIPAKECHUS MOJISIPHOM KOHIIEHTPAILIMU PacTBOpa 2:

mKOH
Mp2 — ;
3 M ](OHVpZ ’

* Paccuntaem 00beM UCXOTHOTO PacTBOPA:

112

Vi = ———-100=1035 wmn
10-1,082

5.4. KOHTPOJIbHBIE 3AJIAHUS

1. a) K 500 mn pactBopa cosstHOM KucaoThl (p = 1,10 /M) npubaBunu 2,5 1 BOJbI,
nociae dyero pactBop cran 4%-aeiM. OnpenenuTe MPOIEHTHOE COAEpKAHUE
PAcCTBOPEHHOIO BEILIECTBA B UICXOAHOM PacTBOPE.

0) Onpenenute MossipHYyI0 KOHIIeHTparuio 10%-HOro pacTBOpa a30THOW KUCIIOTHI (p
= 1,06 r/mn).

2. a) Onpenenure MOJSIPHYIO KOHIIEHTpAIMIO pacTBopa cyibdara kamus, B 200 mi
KOTOPOTO CoepXUTCA 1,74 T paCTBOPEHHOTO BEIIECTBA.

0) Omnpenenure MPOLICHTHOE COJIEPKaHUE PACTBOPEHHOTO BellecTBa 1 M pacTBopa
nutpata aukess(l1), miotaocTs kKoToporo 1,08 r/m.

3. a) Onpenenute MOJISIpHYIO KOHIEHTpanuio 10%-Horo pactBopa CEpHON KHUCIOTHI
(p = 1,07 r/mn).

0) Ckonpko M1 BOAbI ciemyeT mpubaButh kK 100 ma 20%-HOro pactBopa cepHOM

kucioThl (p = 1,14 r/mi) qis nosyuenus 5%-Horo pactBopa?
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4. a) B kakoMm oObeme BojbI cienyeT pactBopuTh 32,2 T NapSO4-10H,0, uToObI
nosrydnTh 5%-HbIi pacTBOp cynbdara HATpUs?

0) Onpenenure NPOLEHTHOE Co/epKaHue pacTBopeHHoro Bemectsa 0,9 M pactBopa
HsPO4 (p = 1,05 r/™m).

5. a) Ckonpko TpaMMoB MemgHOTO Kymopoca CuSO4-5H,0O m  Boawl TpeOyeTcs ms
npurotosieHus 150 r 8%-Horo pacTBopa B pacuere Ha OE3BOJHYIO COJIb?

0) Onpenenute MOJISPHYIO KOHIIEHTpaluio 27%-HOro pacTBOpa COJISTHOM KUCIIOTHI

(p = 1,14 v/™mm).

6. a) [lo xakoro obbema ciemnyer pazbaButh 1,5 1 20%-HOro pacTBOpa XJIOpHAA
amMmonus (p = 1,06 r/mit), uro6s! moyuuth 10%-He1it pactBop (p = 1,03 r/mi)?

0) Ckonpko MummiUTpoB 70%-HOro pactBopa HutTparta Kamus (p = 1,16 r/mn)
Tpedyercs st npurotosienus 0,5 1 0,2 M pactBopa?

7. a) Ckonbko rpaMMoB kpuctayuindeckor coapl NapCOs3-10H,O namo B3sATH s
npurotosieHus 2 1 0,2 M pactBopa Na,CO3?

0) Ckonbko MHIILTAIUTPOB 36%-HOTO pacTBOpa COJSIHOW KHUCHOTHI (p = 1,18 r/mn)
Tpedyercs st npurotosiienus 4 11 0,5 M pactBopa?

8. a) K 1 1 20%-Ho0r0 pactBopa rugpokcuaa Hatpus (p = 1,22 r/mi) npubaBuiu

10 1 Boawl. Ompenenure NpPOLIEHTHOE COJIEP)KAHUE PACTBOPEHHOIO BEIIECTBA B
MOJIy4Y€HHOM PacTBOPE.

0) Onpenenute MOJSIPHYIO KOHUEHTpaIuio 8§%-HOro pacTBopa cyibdara HaTpus (p =
1,08 r/mm).

9. a) Cxonpko MULTHIUTPOB 10%-Horo pactBopa Na,COs (p = 1,10r/mi) cinemyer
npuoaButh K 1 1 2%-Horo pactBopa (p = 1,02 r/mi), yToObl MONXYYUTH 3%-HBIii
pacTBOp 3TOi conu?

0) OnpeznenuTe MPOLIEHTHOE COJEpKaHUE PACTBOPEHHOIO BeliecTsa B 2 M pacTBope
ruapokcuaa Hatpus (p = 1,08 r/mm).

10. a) CkOIbKO MUJUTHIIUTPOB BOJIBI CiienyeT mpubaBuTh K 25 M 40%-Horo pacTBopa
KOH (p =1,40 r/mi), 4T0oOBI IOAY4IHUTh 2%-HBbIi PacTBOp?

6) Ckonbko MULTAIUTPOB 96 % -HOTO pacTtBOpa cepHoM KUCIoThl (p = 1,84 /M)

Tpedyercs myst mpurorosienus 300 miu 0,5 M pactBopa?
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11. a) Cxonbko rpammoB meaHoro kKynopoca CuSOg4-5H20 cnenyer nobaButh k 150
MJI BOJIBI, 9TOOBI TOJTYIHTh 5%-HbIH pacTBOp CuSO4?

0) Cxonbko MILTUIUTPOB 30%-HOTO pacTBopa a30THOM KHUCIOTHL (p = 1,84 r/mun)
Tpedyercs 11t npurotosienus 250 mu 0,5 M pactBopa?

12 a) Ompenenute TPOILEHTHOE COJACpKaHWE pacTBOpeHHOTo BemectBa B 0,25 M
pactBope ruapokcuaa HaTtpus (p = 1,01 r/m).

6) Cxonpko mummuntpos 0,1 M pactsopa HCl mosxno npurotosuts u3 20 mi 0,5 M
pacTBOpa ATOM KUCIOTHI?

13. a) Omnpegenure MoysipHYI0 KoHILEHTpanuio 10%-HOro pactBopa COJISTHOM
KUCIOTHI (p = 1,05 r/mn).

0) Cxonbko MILTHIUTPOB 30%-HOM a30THOM KuciaoThl C p= 1,18 r/mn Tpebyercs
st nipurotoBiieHus 250 mu 11%-Horo pactBopa

(p = 1,07 v/mm)?

14. a) Cxonbko muuuautpoB 30%-Horo pactBopa KOH (p = 1,29 r/min) tpebyercs
st npurotosiienus 300 mo 0,1 M pactBopa?

6) K 760 mn 20%-noro pactBopa NaOH (p = 1,22 r/mn) npubaBunu 140 ma 10%-
Horo pactBopa NaOH (p = 1,11 r/mn). Onpenennte NpPOUEHTHOE COAEpPKaHUE
PacTBOPEHHOTO BEIIECTBA.

15. a) K 50 mu 96%-Horo pactBopa cepHoit Kuciotsl (p = 1,84 r/mn) npubaBuiu
50 mn Bogpl. OmnpenenuTe MPOUECHTHOE COAEPKAHHE PACTBOPEHHOTO BEIIECTBA B
MOJIyYEHHOM PacTBOPE.

0) OnpenenuTe MOJSIPHYIO KOHIICHTpaIuio 72%-HOro pacTBopa a30THOM KHUCIIOTHI (p
= 1,43 r/mn).

16. a) Onpenenute MOJSPHYIO KOHIEHTpaluio 6%-Horo pactBopa (hochopHON Kuc-
70Tl (p = 1,03 r/mn).

6) OrmpenenuTte NPOIEHTHOE COJEPKaHUE PACTBOPEHHOI'O BEIIECTBA PACTBOPA,
noiayuyeHHoro cmemenueM 10 min 96%-Horo pacTtBopa a30THOM  KHUCJIOTBI
(p=1,50r/m) u 20mi 48%-noro pacteopa HNO;3 (p = 1,30 r/mu).

17. a) Jlo kakoro oobema cienayer pazdaButh S00 mur 20%-HOTO pacTBOpa XJIopuaa

Hatpus (p = 1,15 r/mi), uToOb! ostyunTh 4,5%-He1it pactBop (p = 1,03 r/mmn)?
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0) Onpenenure MOJSPHYIO KOHUEHTpanuioo 50%-HOro pactBopa a30THOM KHCIIOTHI

(p = 1,31 r/mn).

18. a) Onpenenure MOJSPHYIO KOHIIEHTpaluio 60%-HOTro pacTBOpa CEpHON KHCIIOTHI

(p = 1,50 r/mn).

0) Cxonmbko MIULTHIUTPOB 32%-HOTO pacTBOpa a30THOW KHCIOTHI (p = 1,19 r/mm)

tpedyetcs 1t mpurorosienust 300 mu 0,75 M pactBopa?

19. a) Cxonbko MumumunutpoB 0,2 M pacTBopa a30THOM KHUCIOTHI HEOOXOIUMO IS

Heltpanuzanuu 80 miu 0,6 M pactBopa NaOH?

0) OmpenenuTe NPOLEHTHOE COJIEpKaHUE PACTBOPEHHOro BemectBa B 1,5 M

pactBope KOH (p = 1,07 r/mn).

20 a) Omnpenenure MOJSpHYIO KoHIeHTpanuio 10%-Horo pactBopa kapOoHaTa

Hatpus (p = 1,10r/mn).

0) Ckoapko MunmaTpoB 30%-Horo pactBopa NH4OH (p = 0,90 r/mur) TpeOyercs

st nomydenust 400 mut 2 M pactBopa?

21. a) Kakoi#t 06bem 20 %-ro pacTBopa cojistHOM KUCIOTHI (p = 1,1 1/mMi) Tpebyercs

IUTsl IpUroToBIieHus 2 11 5 %-To pacTBopa Toi e KucaoTsl (p = 1,02 r/mu)?

0) OnpenenuTb MOJSIPHYIO KOHIICHTPALMIO KOHIIEHTPUPOBAHHOM COJISTHON KUCIOTHI
(p = 1,183 r/mi), conepxarieii 36 % XJI10poBOIOPOIA.

22. a) Kakoii ooseM 50 %-ro pactBopa KOH (p = 1,538 r/mi) tpebyercs st

npurotoBieHus 3 1 10 %-ro pactBopa (p = 1,082 r/mi)?

0) Ilnotocts 32 %-ro pactBopa KOH paBna 1,31 r/mu. Ckonabko mosnr KOH

HaxoJuTcs B 3 J1 pacTBOpa?

23. a) Kakoii o6bem 28 %-ro pactBopa cepHoit kucioTsl (p = 1,21 /M) MOXKHO

npurotoBuTh U3 100 r 92 %-ro pactBopa?

0) K 1 1 6 %-ro pactBopa cepHoii kuciotsl (p = 1,04 r/mn) mo6aBunu 1 71 BOJBL

BbIauciuTh MOJISIPHYIO KOHIIEHTPALMIO TTOJTyYSeHHOTO pacTBOpA.

24) a) Kakoii o0ovem 50 %-ro pactBopa H,SO4 (p = 1,4 r/mn) Ttpebyercs s

npurotoByienus 2 1 1 M pactBopa?

0) Cmemanun 50 mu 20 %-ro pactBopa comsiHoM kuciaotel (p = 1,1 r/mm) u 150

mit 30 %-ro pactBopa To¥ ke kucaoThl (p = 1,152 r/mi). Kakosa maccosas mosist HCI
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B MIOJIy4Y€HHOM pacTBope?

25. a) Ckonpko rpammoB K;SO4 HeoOxomumo st npurotornenus 500 mu 0,1 M
pactBopa?

0) Kakoii 06bem 20 %-ro pactBopa NaOH mnotHocThio 1,225 /M notpedyercs ams
npurotoByienus 1 12 M pactBopa?

26. a) Cmemamu 500 r 10 %-ro pactBopa u 300 r 30 %-ro pacrBopa H,SO,. KakoBa
MPOLIEHTHAs KOHIIEHTPAIK MTOJy4YE€HHOTO pacTBopa?

6) Kakoii o6sem 1 M pactBopa xyopujga HaTpus MOKHO NPUTOTOBUTH U3 20 T
6e3Boauoro NaCl?

27. a) Cmemanu 50 M 30 %-ro pacTBOpa a30THON KUCIOTHI TVIOTHOCTHIO 1,286 /Mt
n 50 mu 50 %-ro pacTBOpa TOW K€ KUCIOTHI TNIOTHOCTBIO 1,316 r/mii. Yemy paBHa
MaccoBas J10JIsI KUCJIOThI B KOHEYHOM pacTBOpe?

0) Kakoit o0bem 50 %-ro pactBopa a3oTHOM KucHOTHl (p = 1,316 /M) HEOOXOAUM
n1st npurotosiienus 3 1 1,5 M pacteopa?

28.a) K 1110 %-ro pactBopa NaOH (p = 1,115 r/mn) npubaBuinu 3 i1 Bojbl. KakoBa
MPOLIEHTHA KOHIIEHTPAIHS TTOJIyYeHHOTO pacTBopa?

0) Kakas macca cynbdata HaTpus Tpedyertcs s npurotosienus 500 ma 0,2 M
pactBopa?

29. a) 100 mn 2 M pactBopa pazbaBunu Bojmou g0 400 mi. KakoBa MorspHas
KOHIIEHTpaIus pacTBopa’?

0) U3 600 r 5 %-ro pactBopa cozasl (Na,COs3) BeimapuBanuem yaanuiau 100 T BObI.
KakoBa maccoBas nons Na;COs B mosrydyeHHOM pacTBope?

30. a) Beruuciurs 0obem 10 %-ro pactBopa NaOH (p = 1,115 1/mut), KoTOpHIit
Tpedyercs s npurotosiieHud 1 1 1 M pactBopa.

6) Cmemanu 20 mut 20 %-ro pactBopa a30THOM KUCHOTHI (p = 1,119 r/mn) u 100 mn
30 %-ro pactBopa ToH ke KHUCIOTHI (p = 1,184 r/mi). BbluMCIUTh MPOLIEHTHYIO

KOHLIEHTPAIUIO MOJYYEHHOTO pacTBOpa.
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6. KIACCUOPUKAIIUA U PEAKIIMOHHAS CIIOCOBHOCTD
HEOPI'AHUYECKHUX BEIIECTB

6.1. IIPOCTBIE M CJOKHBIE BEIIIECTBA

Heoprannueckue BeliecTBa MOXKHO Pa3feiuTh Ha JIBE TPYHIbl — npocmuvle U
CTIOJICHYIE.

[Ipocthie BemecTBa 00pa3oBaHbl aTOMaMU OJHOIO XMMHUYECKOIO 3JIEMEHTA.
OHU BKIIIOYAIOT Memanibl U HeMemaibl.

K meramnam oTHOcuTcs 0OJIbIIAs YacTh 3JIeMEHTOB [lepuonnueckoi cucTeMbl
(cm. Taba I1.1).

Hemeramnamu ssistrorest F, Cl, Br, At, O, S, Se, Te, B, N, P, As, C, Si, H, a
TaKxe 0JaropoJIHbIE rasbl.

CrnoxHble BElECTBA (XUMUYECKUE COECIMHEHHSI) 00pa30BaHbl aTOMaMH Pa3HbIX
AJIIEMEHTOB. B COOTBETCTBMM C€ COCTaBOM U CBOMCTBAMH MOXKHO BBIJCIHUTD

cieayromme KjiiaCCbl HCOPraHM4ICCKUX CO€I[I/IH€HHI>12 OKCHJbI, THAPOKCHUABI, COJIHN.

6.2. OKCHUIbI

Oxcudvbt — CIIOKHBIC BEIIECTBA, COCTOSIIME M3 KAKOTO-JIHOO JJEMEHTAa W

kuciopoaa: ImOn. CTeneHb OKUCICHHS KUCIOPOIa B OKCHIaX paBHA —2.

Paznuuarot okcupb:

e coiseoOpasyromue (CuO, Al,O3, SOz, N2Os u ap.);

e HecoseoOpasyromme, win 0espaznuunbie (CO, NO, N,O). HeconeoOpasyrorue
OKCHJIbI HE B3aUMOJICHCTBYIOT C JPYTUMH OKCHIAMH, BOJOH W HE 00Opa3yroT
COJIEH.

ConeoOpa3ytolue OKCHABI, B CBOIO OuY€peib, MOAPA3ACISIIOT HAa OCHOBHbIE,

KUciomuvle U amgomepmbwie:

®  OCHOBHBIC OKCHJIbI 00pa3ylOT METAJIbI B HU3KUX CTEHEHSIX OKUCIeHHs +1, +2;
narpumep, MnO, CaO, K,0;

e  KHCJIOTHbIe — OKcuibl HemeramtoB (Hampumep, CO,, Cl,0;) u meramioB B

BBICOKHX CTEMEHSX OKuciaeHus +5, +6, +7, nanpumep, V20s, CrOs, Mn,0Oy;
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e  amdoTepHbIE — OKCHIBI HEKOTOPBHIX METAJIJIOB B CTEMEHAX OKUCIICHUS:
* +2-BeO, Zn0O, SnO, PbO u np.;
* +3 - Al,03, Ga;0s3, Cr,03, Fe;03 u mp.;
* 44 —-5n0,, PbO,, MnO; u ap.

OTH OKCHJBI TPOABJIAOT 1 OCHOBHBIC U KUCJIOTHBIC CBOMCTBA.

6.2.1. OCHOBHBIE OKCH/IbI

CriocoObl OJTyYEeHHUS:
® OKHCJIEHUE METAJIOB KUCIOPOJIOM —
2 Mg + O, =2 MgO 2Cu+0;=2Cu0O
® OKHUCJIUTEIbHBIN 00KUT CONeH —
2CuS+30,=2Cu0O + 2 S0,

4 FeS; +11 O, =2 Fe,03 + 8 SO

® TEPMHUYECKOE PA3I0KEHUE HEPACTBOPUMBIX THAPOKCH]IOB —
Cu(OH); = CuO + H,0
®  TEPMHUUYECKOE pa3JIOKEHUE COJEM KHUCIOpOACOAEpKAIIUX KHUCIOT (HUTPATOB,
KapOOHATOB U Ap.) —
BaCO; = BaO + CO,

2 Pb(NOs); =2 PbO + 4 NO; + Oy

®  OKHCIICHHME WJIM BOCCTAHOBJIEHUE IPYTUX OKCUJIOB:
4CrO+0,;=2Cr,03
Fe,O3 + H, =2 FeO + H,0
OCHOBHBIE OKCHJIBI PEATUPYIOT:
®  C KUCJOTHBIMHU U aM(OTEPHBIMU OKCHJIAMHU —
BaO + CO; = BaCOs3; K20 + Al,O3 = 2 KAIO,
o C KUCTIOTaMH —
CuO + 2 HCI = CuCl; + H,0

e Cc BOAOW (OKCHIBI WICJOYHBIX H IIEJTOYHO-3€MENIbHBIX METalIOB) C

00pa3oBaHUEM IIIEeJIOUYEH —

K,0 + H,0 = 2 KOH CaO + H,0 = Ca(OH)..

48



6.2.2. KHC/TOTHBIE OKCH/IbI

KucrnotHeie OKcHIBI MOTYT OBITh TIOJYYEHBI METOJIaMH, AHAJOTHYHBIMH
METO/IaM TTOJTyUY€HHUSI OCHOBHBIX OKCHJIOB:
®  OKHCJICHHE MPOCTHIX BEIIECTB —
4P+50,=2P,05
®  pa3lioKEHUWE NPU HArPEBAaHUU WIIM OKUCICHHE CIOXXKHBIX COCIMHEHUH, B TOM
YHUCJIEC IPYTUX OKCUIOB —
CaCO; = CaO + CO,
2H,S+30,=2H,0+ 23S0,
2NO +0,=2NO0;
®  B3aHMMOJICHCTBHUE COJIeH ¢ 60JIee CUILHBIMU KUCIIOTaMHU —
2 KMnQO,4 + H,SO4 = Mn,0O7 + K,SO4 + H0O
KucnoTHbie OKCUIBI B3aUMOICUCTBYIOT:
®  C OCHOBHBIMU U aM(OTEPHBIMH OKCHUIAMHU —
SO, + BaO = BaS0O;
P,Os + Al,O3 = 2 AIPO,
®  C OCHOBaHMSIMHU U aM(POTEPHBIMH THIPOKCUIAMH —
CO; + Ca(OH), = CaCO3; + H,0
SO; + Zn(OH); = ZnSO,4 + H,0
e  C BOJOU ¢ oOpa3oBaHueM KUCIOT (kpome SiO;) —
SO3; + H,O = H,SO,
P,0s + 3 H,0 = 2 H3PO,.

6.2.3. AM®OTEPHBIE OKCH/IbI

Crocob6br  mosydeHus: aM(OTEPHBIX OKCHUIOB aHAJIOTHYHBI  CIOco0am
MOJTyYSHUS] KUCTIOTHBIX M OCHOBHBIX OKCHIOB.

AmboTepHbie  OKCHABI 00JIalal0T  JIBOMCTBEHHOW MPUPOJONH — OHH
OJTHOBPEMEHHO CIMOCOOHBI K PEaKIMsIM, B KOTOPBIE BCTYMAOT KaK OCHOBHBIC, TaK U

KHCJIOTHBIC OKCHUBI:
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L4 OCHOBHBIN XapaKTCp OHHU IPOABIIAKOT IIpU B3aHMOHeﬁCTBHH C KHUCJIOTHBIMU

OKCHJaMHU U KUCJIOTaMHU —

Zn0O + SO3; = ZnS0O,
ZnO + 2 HCI = ZnCl, + H,0

L4 KHCJIOTHEIE CBOMCTBA I[IPpOABJIAIOT  IIPH B3aHMOI[eﬁCTBHH C OCHOBHBIMHU

OKCHUJaMHU U IICJI0YaMi —

Al,O3 + Na,O = 2 NaAIO,
Al;O3; + 2 NaOH = 2 NaAIO, + H,0.

6.3. F'uapoxcuab

['uapokcuapl B 3aBUCHMOCTH OT UX XUMUYECKUX CBOMCTB JICTISAT HA OCHOBHbLE
(ocHOBaHUs), Kuciomuvie (KUCIOPOJCOACPIKAIINE KHUCIOTHI) U amgpomepHvie. B

COCTaB T'HJPOKCUAA HE3ABUCUMO OT €r0 CBOMCTB BXOJSAT THIPOKCOTPYIIIBIL.

6.3.1. OCHOBAHUA

OcHo6anusi — CJIOXKHBIE COCIMHEHHUS, COCTOSAIIME M3 HMOHA MeTramia (Wiu
aMMOHMSI) ¥ OJTHON MJIM HECKOJIbKUX TUJIPOKCOTPYIIIL.
I'mapokcuabsl  MIETOYHBIX M IIEJTOYHO3EMEIBHBIX  METAUIOB  XOPOIIIO
PacTBOPUMBI B BOJIE, MX HA3BIBAIOT LIETOYaMH.
CnocoObl OJTyYeHHUS:
®  [IEJOYM TMOJYYarT B3aUMOJCHCTBUEM IIECJIOYHBIX U MIEJIOYHO3EMETbHBIX
METAaJJIOB UJIM UX OKCUIOB C BOJIOM —
2LI+2H,0=2LIiOH+ H,
SrO + H,0 = Sr(OH),
®  TIPOMBIIUICHHBIM CIOCOOOM TIOTYYCHHUSI IIET0UCH SBISIETCS DJIEKTPOJIH3 BOIHBIX
PacTBOPOB XJIOPHUJIOB —
2 NaCl + 2 H,O =2 NaOH + H, + Clz
®  OCHOBaHMSI MOTYT OBITH IMOJYYEHBI B XOJI€ PEAKIIMM MOHHOTO OOMEHa MEXIy

COJIBIO U IICJI0OYBIO —
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K2CO; + Ba(OH), = 2 KOH + BaCOs3
OcHOBaHHUS B3aMMOJICHCTBYIOT:
®  C KHCIIOTaMHU U KUCIOTHBIMH OKCHIAMH —
Cu(OH); + H,SO,4 = CuSO4 + 2H,0
2 NaOH + CO; = Na,CO3 + H,0
e ¢ aM(pOTepHBIMH OKCHIAMH U THAPOKCUIAMH C 00pa30BaHUEM COJIM U BOJIBI —
2NaOH + Zn(OH),; = Na;Zn0O; + 2H,0
2NaOH + ZnO = NayZn0O; + H,0
® ¢ COSIMH, €CIM B pe3yibTare peakuuud oOpaszyeTcss TpPyAHOPACTBOPHMOE
coeauHeHue (cM. Tad. I11.2) unu cnadwiil 25IeKTPOSIUT —
2NaOH + CuSO4 = Cu(OH),| + Na;SO4

NaOH + NH,4CI = NaCl + NH,OH
(cy1adpIil 3EKTPOIINT)

®  HCPACTBOPUMBIC B BOJIC OCHOBaHUS IIPU HArpeBaHUU pa3jararoTcs C
00pa3oBaHUEM OKCHJIOB —

Cu(OH), = CuO + H,0.

6.3.2. KHC/IOTBI

Kucnomvl — cnoXHbIE XUMHUYECKHE COCIMHEHHS, COCTOSIINE W3 HOHOB
BOJIOPO/Ia M KHCIIOTHBIX OCTAaTKOB (aHMOHOB). KHWCIOTHBIE OCTaTKM B peaKIHIX
oOMEHa MepeXoIsAT B COCTAB APYTOr0 COSAMHCHUS 0€3 N3MCHCHHSI.

UroOwl HamucaTh GOpMyTy KHUCIOTHI TO €€ OKCHAY, CIEAYeT K OKCHIY
n00aBuTh OJHY (ZIBE) MOJeKynbl Boawl. Hampumep, mo okcumam CrOsz, Mny0Oy
coctaBuM (HOPMYJIbI KHCIIOT:

CrO3z + H,O = H,CrOq4
Mn,O; + H,0 = (HgMﬂzOg) =2 HMnO,

Crioco0OblI oTy4eHus: KUCIIOT:
®  pAacTBOpPEHHUE B BOJE KUCIOTHBIX OKCHJIOB —

SO3 + H,0O = H,SO,
N,Os + H,0O = 2HNO;
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cnabble WM JIETy4Yre KHUCIOTHI 00pa3yroTCs MPH B3aUMOJCHCTBUU HMX COJIEH C
0oJ1ee CUITLHBIMU KUCIOTAMH —
NaySiO3 + H,SO4 = NaSO4 + H,Si03]
OECKHUCIIOPOIHBIE KHUCJIOTHI TMOJIy4alOT PAcTBOPEHHUEM B BOJIE BOJOPOIHBIX
COCTMHEHHH, KOTOPbIE MOXKHO TOJYYUTh MPSMBIM  B3aUMOJCHCTBHEM
HEMETAJJIOB U BOAOPOJA —
H, + Cl, =2 HCI.
Kucnotel B3auMoIEHCTBYIOT:
C METaJUTaMH —
Mg + 2 HCI = MgCl, + H,
OCHOBHBIMHU U aM(DOTEPHBIMHA OKCHIAMH —
2 HNO; + BaO = Ba(NO3); + H,0
2 HCI + ZnO = ZnCl, + H,O
OCHOBaHMAMH ¥ aM(OTEPHBIMU THAPOKCHIAMHI —
HNO3; + NaOH = NaNO; + H,0
3 HCI + AI(OH)3 = AICI;3 + 3 H,0O
COJISIMH, €CIIM B pe3yJibTaTe peakiuu oOpasyrorcs Oosiee ciabasi KUCIOTa,
MaJlOpacTBOPUMOE WJIH JIETy4Yee COSTUHEHUE —
HCI + CH3COONa = NaCl + CH3COOH (cnab6as kucinora)
H,SO, + Ba(NO3), = BaSO,4| +2 HNO;
2 HCI + K,CO3 = 2 KCI + H,CO3 (H20 + CO21).

6.3.3. AM®@OTEPHBIE 'H/IPOKCH/IbI

AM@oTepHbIE THAPOKCUIBI CIHOCOOHBI TPOSBISITH KAaK OCHOBHBIE, TakK U

KHCJIOTHBIC CBOfICTBa, OHH, KaK IIpaBUJI0, HCPACTBOPUMEBI B BOJC.

AM@oTepHble THAPOKCHUIIBI 3alUCHIBAIOT B (OpMe OCHOBaHUA U B (opme

KuCI0ThI, HanpuMep, Be(OH), moxHo npeacraButh kak H,BeOs.

CnocoObl monydyeHus aM@OTEpPHBIX THUJIPOKCUIOB AHAJIIOTMYHBI CIOCOOaM

MOJTy4YE€HUs] OCHOBAHUM.
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XHWMHAYECKHUE CBOMCTBA:
®  OCHOBHBIE CBOWCTBa amM(pOTEPHBIX THUAPOKCHIIOB TPOSBIISIOTCS B PEAKIUAX C
KHCJIOTHBIMHM OKCHJIAMH U KMCJIOTaMH —
Sn(OH), + SO3; = SnSO,4 + H,O
Sn(OH); + 2ZHNO3; = Sn(NO3); + 2 H,0O
®  KHCJIOTHBIE CBOMCTBA MPOSIBISIIOTCS B PEAKLIMSAX C OCHOBHBIMM OKCHUIAMHU U
IeJI0YaMu —
H,Zn0O; + K;,0 = KyZn0O, + H,0
H,PbO, + 2 NaOH = Na,PbO, + 2 H,0.
6.4. Coim

Conu — 3TO NPOIYKTHI 3aMEUIEHUS MOHOB BOJOPOJa B KUCJIOTE HA KAaTHOHBI
METAJJIOB WJIM aMMOHUS, WIM MPOAYKTHI 3aMEIIECHUS] TUIPOKCOTPYIINT Y OCHOBAHUI
(w1 aM(OTEPHBIX THUIPOKCUIOB) HA KUCJIOTHBIE OCTATKH.

I1o cocTaBy BBIAEISAIOT COJIU:
®  CpelHHE — MPOAYKTHI MMOJHOTO 3aMEICHUS] HOHOB BOJI0poa B kKucioTe — KaSOy,
CI’C|3, A|2(SO4)3;
®  KHCJBIC — 3TO MPOIYKTHI HEMOJIHOTO 3aMEIIEHUS HOHOB BOJIOPOJIa B KHUCIIOTE Ha
katroH Metauia (ammonus) — NaHCOs, Ca(HSO3)2, NH4H2POy;
®  OCHOBHBIC — MPOIYKTHI HEMOJHOTO 3aMEIECHUS THUAPOKCOTPYII B OCHOBAHUU

kucaoTHeIM ocTatkoM — (FEOH),SO4, AIOHCI,;, CoOHNO:;.

6.4.1. CPEJHME COJIN

CriocoObI IOJTy4eHHs — B3aUMOJICUCTBHE:
®  TIPOCTHIX BEIIECTB —
Mg + Cl, = MgCl; Fe +S =FeS
®  JIBYX OKCHJOB Pa3HOTO XapakTepa —

Ca0O + CO, = CaCOs

° MeTajuia ¢ KUCJIOTOM —
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Zn + H2SO4(pass) = ZNSO4 + Hy
e  okcuaa (OCHOBHOTO WM aM(OTEpHOT0) C KUCIOTOM —
CuO + H,SO4 = CuSO4 + HO Zn0O + H3S0,4 = ZnS0O,4 + H,0
®  OCHOBaHHMA WM aM(POTEPHOIO TUIPOKCHUIA C KUCIOTON —
Cu(OH); + H,SO,4 = CuSO4 + 2H,0 Zn(OH); + H,SO4 = ZnSO, + 2H,0
e  B3aUMOJICHCTBUE OCHOBHOIO MM aM(OTEPHOrO TUAPOKCUAA C KHUCIOTHBIM
OKCHJIOM —
Ca(OH); + CO, = CaCO3] + H,O;  Zn(OH); + SO3 = ZnSO4 + H,0
e  MeTajia C COJIbIO —
Fe + CuSO, = FeSO4 + Cu
®  KHCIJIOTHI C COJIBIO —
H2SO4 + Pb(NOs), = PbSO4| + 2 HNO3
®  IIEJIOYH C COJIBIO —
Ba(OH); + Na;SO4 = BaSO,4| + 2 NaOH.
° JIBYX COJIEU —
BaCl, + 2AgNO; =2 AgCl| + Ba(NOs),.
[Tocneanue Tpu crocoba MOMY4YeHHUS BO3MOXKHBI, €CJIM B KaueCTBE MPOAYKTa
peakuuu TMOJIy4aroTCsl OCaaoK, Tra3 WM cjalbbii anekTposuT. OHU  Takke

XapaKTEepU3yT XUMAYECKUE CBOWCTBA COJIEH.

6.4.2. KHUCJIBIE COJIU

Kucneie conu 00pa3ytoT TOIBKO cllabble MHOIOOCHOBHBIE KUCTOTHI. [TouTn BCe
KHUCJIBIE COJIM XOPOILIO PACTBOPUMBI B BOJIE.

B ¢dopMynax kuciplx cojed 3amMchiBalOT CHayajga HOHBI MeTajla WJIu
aMMOHHMs, 3atreM H' W WOHBI KHCIOTHOro ocrtatka. IIpu cocraBieHUH (GopMyl
clenyeT TOMHHTH, YTO MOJIEKyJa JOJDKHA OBITh JJIEKTPOHEHUTPAIbHOM, TO €CTh
CyMMa 3apsi/I0B HOHOB JI0JKHA ObITh paBHA HYJ0. Ecii cymMMa He paBHA HYJIIO, TO B
dbopmysie T0HKHBI OBITh HH]IEKCHI.

[Topsimok Hamcanusi GOpMyIIbl KHCIION COJTU CBOJUTCS K CIIEIYIONIEMY:
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Ca?*, H*, COs> Ca(HCOs) Ca2*(HCO3) Ca(HCOs),

IPOCTABJISIFOT B CKOOKH CUHTAOT 3aMHCHIBAIOT
3apsiIbl HOHOB, 3aKJTFOYAIOT UOHBI CyMMapHbId 3apsas  GOpMyITy COJIH,
CUHTAIOT UX H™ 1 kuciaoTHOTO MOHA B CKOOKax UCTIONB3YS
CyMMy OCTaTKa 1-2=-1 HHJIEKCBI

2+1-2+#0

Hazpanue kucnoit conu o0pa3yroT 100aBI€HUEM K aHUOHY IPUCTaBKH "TUApO"
C yKa3aHHEM YHCJIa aTOMOB BOJIOpoAa B KMUCIOTHOM ocTatke. Hanpumep: Na,HPO, —
runpodocdat Hatpus, NaH,PO4 — muruapodocdar narpus.
Crioco0blI OJTy4eHuUs1 — B3aUMOJICHCTBUE:
®  KHCJOTHI U HEOCTATKA OCHOBAaHHUS —
NaOH + H,CO3 = NaHCO3; + H,0
®  KHCJOTHOTO OKCHJIA C HEOCTATKOM OCHOBAHUS —
NaOH + CO, = NaHCO;
4NaOH + P05 = 2Na;HPO, + H,0
®  KHCJOTHI U HEJJOCTATKA OCHOBHOT'O OKCHA —
CaO + 2H,CO3 = Ca(HCOs3), + H,0O
®  CpEIHEH COJIM C OMHOUMEHHOM KHUCIOTOM —
BaCO; + H,CO3 = Ba(HCO3),
®  cpeaHel cosiu C HEA0CTATKOM 0oJiee CUIIbHOM KUCIIOThI —
2BaCO; + H,SO,4 = BaSO4| + Ba(HCO3)s.
Kucnyto conb MOKHO IEPEBECTH B CPEAHIOO, €CIIU J00ABUTh K HEHl OCHOBAHME
(1mennoyn):
Ba(HCOs), + Ba(OH), = 2 BaCO3| +2 H,0
Ba(HCOs3), + 2 NaOH = BaCOg3|+ Na,COs3 + 2 H,0.

6.4.3. OCHOBHBIE COJIU

OcHoBHBIE cOJIU 00pa3ylOT OCHOBaHUsI (CalOble SJEKTPOJIUTHI), COJIEpPIKAIINE

JABEC U 0oJbIIIee YHUCIIO TMAPOKCOrPYyIIIl. OcHoBHBIE COJIM, KaK U COOTBCTCTBYIOIIUC
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OCHOBAHUS, MAJIOPACTBOPUMBI B BOJIE.
B ¢opmynax OCHOBHBIX COJEM 3alMCBIBAlOT CHayajla MOHBI METajlla, 3aTeM
THJIPOKCOTPYIITY U Jlajee — UOHBI KHUCIOTHOTO octatka. [Ipu cocraBienun dopmyi

OCHOBHBIX COJICH YYUTBIBAIOT 3HCKTpOHeﬁTpaHBHOCTB MOJICKYJI.

Cu?*, OH", SO4* (CuOH)SO4 (CuOH)*SO4* (CuOH),SO4
MIPOCTABJISIFOT B CKOOKH CUUTAIOT 3aMyUCHIBAIOT
3apsiIbl HOHOB, 3aKJTFOYAIOT UOHBI CYMMAapHBIH 3apsisi  (HopMyITy COm,
CUHUTAIOT UX metamia u OH™ MOHA B CKOOKax UCIIONIb3YS

CyMMy 2-1=+1 WHJIEKCBI
2-1-2%#0

Ha3Banue ocCHOBHOI coiin 00pa3yroT 100aBICHHEM K AHHOHY IPUCTAaBKU
"THapOKCO" ¢ yKazaHWeM KoyimdectBa ruapokcorpymmn. Hampumep: FeOHCl, —
runpokcoxiiopun xxenesa (111), Fe(OH),Cl — nuruapoxcoxiopun xkenesa (111).

Crioco0ObI ToSTy4eHus: — B3aUMO,ICHCTBHE:
®  OCHOBAHHMS C HEAOCTATKOM KHCIIOTHI —

2 Cu(OH),| + H2SO4 = (CuOH),S04|+ 2 H,0O
®  KHCIIOTHOTO OKCHJA C H30BITKOM OCHOBAHHUS —
CO; + 2 Cu(OH);| = (CuOH),CO3| + H,O
e  HOPMAaJbHOMW COJIM U OCHOBAHHUS —
NiSO,4 + Ni(OH)2| = (NiOH),SO4|
2 NiSO4 + 2 NaOH = (NiOH),S04] + NaySO..

OCHOBHYIO COJIb MOXHO TEPEBECTH B CPENIHION0, €CIIU MOJEHCTBOBAaTh Ha HeEe
KHUCJIOTOM:

(NiOH),S04] + H2S04 = 2 NiSO4 + 2H,0
(NiOH),SO4| + 2 HCl = NiSO4 + NiCl; + 2H,0.

6.5. IIPUMEPBI PEILIEHU S 3ATAHUI

Ilpumep 1. VYxaxute xapaktep (KUCIOTHBIH, OCHOBHBIM, amM(pOTEPHBIN)

okcuaoB: Ca0; SO, Al,Oz: CrO3; ZnO.
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CaO — 0CHOBHBIN OKCUJ] — OKCHJI ME€TaJlIa B HU3KOW CTENEHU OKUCIeHUS (+2).

SO, — KHCIOTHBINA OKCHUJI — OKCHJ HEMETAJLIA.

Al;O3 — amdoTepHBIil OKCHT — OKCHI METAJlIa B CTETICHU OKHUCICHUS (+3).

CrO3 — KHCIIOTHBIM OKCHJT — OKCHJI METaJljla B BBICOKOM CTENeHU OKUciaeHus (+6).

ZnO — aMdoTepHBIA OKCHI — OKCHJ METala B CTENECHU OKHUcieHus (+2) —
OJHO U3 UCKIIFOYCHHM.

Ilpumep 2. Hanummre ypaBHEHHS BO3MOXKHBIX PEaKIM B3aUMOIEHCTBUS
npeIoKeHHBIX OKcHI0B ¢ Bogoi: Ca0; SO,; Al,Os; Li,O; Mn,0Oy.

CaO — ocHOBHOM OKCHJI, OKCHJI IIeouHo3eMenbHoro Meramia (Il rpymma A
MO/TPYIINA), B3aUMOJICUCTBYET C BOJIOM 00pa30BaHHEM OCHOBaHUS (IIEJI0UM):

CaO + Hz0 = Ca(OH).

SO, — KHCIOTHBIM OKCHJ, B3aMMOJIEUCTBYET C BOJOM ¢ oOOpa3oBaHUEM

KHCJIOTBI:
SO, + H,O = H,SO;

Al;O3 — amboTepHbIii OKCHI, C BOIOH HE B3aMMOCHCTBYET.

Li,O — OCHOBHOH OKCHJI, OKCHJI IICIIOYHOTO MeETallla, B3aUMOJICHCTBYET C
BOJIOM 00pa30BaHUEM OCHOBAHMSI:

Li,O + H,O =2 LiOH

Mn;O; — KHCIOTHBIM OKCHJ, B3aMMOJICHCTBYET C BOJOW ¢ oOpa3oBaHHEM

KHCIIOTHI
Mn,O; + H,0O = (H2Mﬂ208) =2 HMnO,

Ipumep 3. Hanmummte ypaBHenus peakiuii B3anmopaeiictsus NaOH u HySO4 ¢
npemioxeHasiMu okcuaamu: SOs, NiO, Al,Os

[Tpu HanmucaHuy ypaBHEHUHN PEAKIIUU CIACAYET yI€CTh, UTO KUCIOTHBIE OKCHIBI
B3aUMOJICCTBYIOT C OCHOBaHHUSIMH, a OCHOBHBIE OKCHIBI — C KHUCIOTaMH,
aM(OTEpHBIC OKCHABI B3aMMOJICHCTBYIOT W C KHCIOTaMHU (MPOSBIISISI OCHOBHBIC
CBOMCTBA) ¥ C OCHOBAaHUAMH (ITPOSIBIISISI KUCTOTHBIE CBOMCTBA).

SO3 — KHUCJHOTHBIA OKCHA — C KHCIOTaMH HE B3UMOJCHUCTBYET,

B3aUMOJIEMCTBYET C OCHOBAHUSIMU:

+S03 + 2 NaOH = Na,SO,4 + H,0O
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H,O /
o)
(npu HanucaHuu (QOPMYJNBI COJM, Uil ONPENETIEHUS KHUCIOTHOTO OCTaTKa
CJIEYET COCTaBUTh (DOPMYITY KUCIOThI, COOTBETCTBYIOIIEH KUCIOTHOMY OKCUAY).
NiO — OCHOBHBIH OKCHJ — C OCHOBaHHSIMH HE B3aUMOJICHCTBYET,
B3aUMOJICHCTBYET C KHCIIOTAMU:
NiO + 2 HNO; = Ni(NOs), + H,0
Al;O3 — amboTpeHbIit OKCHI, B3aUMOJICHCTBYET C KUCIIOTAMHU:
Al,O; + 6 HNO3; =2 Al(NO3)3 + 3 H,0
U C OCHOBaHUSMHU (TIpU HANUCAHUU (QOPMYJIBI COJM, JUIsI ONPENCIICHUS
KHCIIOTHOTO OCTaTKa TaKXe€ COCTaBUM (OpPMYIly KHUCIOTbI, COOTBETCTBYIOIICH
aMm(oTepHOMY OKCHTY):
+Al,O3 + 2 NaOH = NaAlO; + H,0

H,O /
H,ALO, - H

Ilpumep 4. Hanummte ypaBHEHHS BO3MOXXHBIX PEAKIUNA B3aUMOACHCTBUS
HNO3, Cd(OH),, Sn(OH), ¢ H,SO4 u NaOH.
HNO; — kucnora: ¢ KHUCIOTaMH HE B3aWMOJICHCTBYET, pearupyer cC
OCHOBAHUSIMU, C 00pa30BaHUEM COJIU U BOJIbI:
HNO; + NaOH = NaNO; + H,0O
Cd(OH), — ocHOBaHME: C OCHOBaHUSIMH HE  B3aUMOJICHCTBYET,
B3aMMO/ICHCTBYET C KUCIOTaMU, MTPOAYKTAMHU PEAKIINU SBIIAIOTCSA COJIb U BOJA!
Cd(OH); + H,SO, = CdSO4 + 2 H,0O
Sn(OH); — amdoTepHbIi TUAPOKCUA pearupyeT ¢ KHCIOTaMH, IPOSIBIISS
OCHOBHBIN XapaKTep:
Sn(OH); + H,SO4 = SnSO,4 + 2 H,0
U C OCHOBAHUSMM, TIPOSIBIISISE KUCIOTHBIN XapakTep (1711 HanmucaHus GopMyJibl

MOJIYYEHHOM COJTH YZ00HO 3amucatbh aM(POTEePHBIN TUAPOKCUI B POPME KHCIIOTHI):

Sn(OH); + 2 NaOH = NaSn0, + 2 H,0
HEO.
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Ilpumep 5. Hanummte ypaBHEHHUsS] BO3MOXKHBIX pEaKIUHA B3aUMOJCHCTBUS
cojien FeC|3, K3PO4, NaHC03, (CUOH)ZSO4 ¢ NaOH u H,S0O.,.

Conm cnocoOHBI B3aMMOIEUCTBOBATh C KUCJIOTAMU U OCHOBAaHUSAMM, BCTYyINas B
peakiMy HMOHHOTO0 OOMEHa, MPOTEKAaHHWE KOTOPHIX BO3MOXKHO, €CJIIM B KadecTBe
MPOIyKTa PEAKITUU 00pa3yeTcsl MaIOPACTBOPUMOE COSAMHEHHUE, CIA0BIA DIIEKTPOITHUT
WJI Ta3:

FeCl; + 3 NaOH = Fe(OH); |+ 3 NaCl

Peakuust Bo3MOXHa, Tak Kak oOpa3yeTcsi MaJlOpacTBOPUMOE COCIMHEHUE
Fe(OH)s.

FeCl; + H,SO, #

Peakuusi HEBO3MOXKHA, TaK KaK B pe3yJbTaT€ €€ MOXKHO ObUIO O0XHAATh
obpasoBanne Fe,(SO4); u HCI: 06a BerectBa pacTBOPUMBI U SIBISIOTCS CHIbLHBIMU
AIEKTPOIUTAMHU.

K3PO4 + NaOH #

Peakiusi HEBO3MOXHA, TaK KaK B pe3yJbTaTe €€ MOXHO OBbLIO OXKHIATh
oopazoBanne KOH u NazPOs: 06a BemiecTBa pacTBOPUMBI U SIBISIFOTCSI CUIIBHBIMU
ANEKTPOIUTAMHU.

NaHCO; + NaOH = Na,CO3; + H,0O

Peakimsa B3amMOAEMCTBUS KHMCJIOM COJM M OCHOBaHHS BO3MOJKHA, OHa
MIPUBOJUT K 00OPA30BAaHUIO CPEHEN COMU M BOJIBI (CJIa0BIM SJIEKTPOJIUT).

2 NaHCOj3; + H,SO4 = Na,SO4 + 2 H,CO4 (Hzo + COz)

Peakius B3auMOIEMCTBUS KUCIIOW COJIM U KUCJIOTBI BO3MOXHA, OHA MPUBOAUT
K 00pazoBaHuto cinaboi, HeyctonunBoil kuciaotel HCO3 u cpenneit conu.

(CUOH)2804 + 2 NaOH =2 CU(OH)2 l+ Na,SO4

Peakiust B3auMOCMCTBUSI OCHOBHOM COJIM U OCHOBaHMUSI (I111€JI04M) BO3MOKHA,
OHa TPHUBOIUT K oOpa3zoBaHuio HepacTBopuMoro ocHoBanus CU(OH); u cpeaneit
COJIH.

(CuOH),SO4 + H,SO4 = 2 CuSO4 + 2 H,0O
Peakunss B3aMMOJIEMCTBUST OCHOBHOM COJIM M KHUCJIOTBI BO3MOXHA, OHAa

MIPUBOJINUT K 00Pa30BaHUIO CPEHEN COJM U BOJBI (CIIA0BIN SJIEKTPOJIUT).
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Ilpumep 6. CoctaBbTe ypaBHEHHs pPEaKIHi, C MOMOIIBI0 KOTOPHIX MOYKHO
OCYIIECTBUTH MPEJIOKEHHBIC TIPEBPAIICHHUS.
JIns Kakaoro sTama MpEeBpaIlleHUs CIeAyeT MoAoOpaTh peareHT Tak, YTOObI
peaxIusi COOTBETCTBOBAJIA YCIOBHSIM MPOTEKAHUSI OOMEHHBIX PEaKITHI.
[Tpu 3TOM CcleayeT yunuThIBATS:
e 4rOOBl BBECTH B cocTaB Npoaykra woHbl OH™, Hampumep, /is mpeBpalieHus
ZnSQO4 — Zn(OH),, caenyet nodasuts mienous (NaOH, KOH wmu np.);
e uyroOBI BBECTH B COCTaB Npojaykta WOHBI HY, Hampumep, Juisi mpeBpalieHus
NaHCO3; — H,COs, cienyer nobasuts kuciory (HCIl, HNOs, H,SO,4 wum ap.);
e s cCBs3bIBaHUS (ynaieHus) wuoHOB HY, Hampumep, s TNpeBpaIieHUs
H,CO3 — NayCO3 kK HCX0HOMY BEIIECTBY CIIEAYyeT 100aBUTH I1EJI0Yb;
e i cBs3biBaHus (ynanenus)) uwoHoB OH™, wampumep, sl mnpeBpaileHus
(ZnOH),S0O4 — ZnSO4 K UCXOAHOMY BEIIIECTBY CJCIyET J00aBUTh KUCIIOTY;
e amMdoTepHbIe THAPOKCHIBI MOKHO 3alUCHIBATh B KUCJIOTHOM opMe, HarIpuMep,
Zn(OH); (H2ZnO;) — NaxZnO; (w1 nmaHHOTO TMpeBpalicHUs TpedyeTcs
n00aBJICHHE IICIIOYH, JIJIS CBA3BIBaHUSA HOHOB H™).

(ZnOH)ZSO4 — ZnS0,; > Zn(OH)2 — Na,ZnO,

(ZnOH)2804 + H,SO, =2 ZnS0O4 + 2 H,0
ZnS0O,4 + 2 NaOH = Zn(OH)z l+ Na,SO4

Zn(OH), + 2NaOH = Na,Zn0O; + 2 H,0
H».ZnO,

N&HCOg —> H2C03 —> N&zCOg

NaHCO; + HCI = NaCl + H,CO;

(cmabas kucnora)

H,CO3; + 2 NaOH = Na,CO; + 2 H,0O
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7. PACTBOPBI DJIEKTPOJIUTOB

7.1. DJEKTPOJIUTUYECKAS JUCCOILAALIUS

Inexmponumsl — BEUIECTBA, PACTBOPHI (MM PACIUIABBI) KOTOPBIX MPOBOMSIT
AJIEKTPUYECKUH TOK.

[TprurHOI 3IEKTPONPOBOJHOCTH PACTBOPOB JICKTPOJIUTOB SIBJIACTCS HATUUUE
B HUX 3apSDKEHHBIX YaCTHUI] — HOHOB.

Inexmpoaumuyeckas ouccoyuayus — MPOLECC CaMOIPOU3BOJIBLHOIO pacmaja
PaCTBOPEHHOIO BEIIECTBA HA MOHBI (MOJIOKUTEIbHBIE — KATUOHBI U OTPUIIATEIIbHBIC —
AQHHUOHBI).

KonmnuecTBeHHO  MpolecC  IUCCOUMALMM  XapaKTepU3yKOT  CTEIEHBIO
JCCOLIMALIAH.

Cmenenv  Ouccoyuayuu () — OTHOIICHHE KOJMYECTBA  BEIICCTBA,
pacraBIIerocsi Ha MOHbI, K 00IIEMY KOJIMYECTBY PACTBOPEHHOTO BEIIIECTRA.

BeipaxkatoT creneHp AMCCOLMAMU B JIOJISIX €IWHHUIBI WM B IIPOLICHTAX.
CreneHb JUCCOLMAIMM  3aBUCUT OT MPHUPOJBI  PACTBOPEHHOIO BEIIECTBA U
PACTBOPUTEIIA, OT TEMIIEPATYPHI U KOHIIECHTPAILIUU PACTBOPA.

Jucconpanuss OOJBIIMHCTBA COCIMHEHUN — DSHIOTEPMHUUYECKUN IpoIece,
MO3TOMY C TOBBIIICHUEM TeMIepaTypsl corjacHo npuniuiy Jle [larense creneHb
JTUCCOLMAIINM, KaK TTPABUJIO, YBEIIMYUBACTCS.

Crenenp auccoualvy TaKKe BO3PACTaeT NpHU pa30aBICHUH pacTBOpA.
Hanpumep, npu NMOHMKEHUM KOHILIEHTPALMU pacTBOpPa YKCYCHOM KucioTel oT 0,1M

10 0,001M crenens nuccouuanuu yeennuuBaercs ot 1,4 no 12,4%.

7.2. CHJIBHBIE M CJIABBIE SJIEKTPOJIUTHI

B 3aBucHMMOCTM OT CTENEHU JUCCOLMAIIMM B BOJHOM PacTBOPE BCE
AIIEKTPOJIUTHI YCIOBHO ACJISIT Ha IBE TPYIIIBI — CUJIBHBIE U Clla0bIe.
K cunvnvivm snekmpoarumam omuocam

e OOJIBIIMHCTBO COJIEH;
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e MmHorue Heopranudeckue kuciaotel: HNO3, H,SO4, HCI, HBr, HI, HMnO,4, HCIO,
U JIpyTHE;

® OCHOBAaHUS — THJIPOKCHIBI IEJIOYHBIX U MICIOYHO3EMETBHBIX METAJUIOB (IICIIOYH):
LiOH, NaOH, KOH, RbOH, CsOH, Ca(OH),, Sr(OH),, Ba(OH)..

K cnabvim anexmporumam omuocsam

® HCKOTOpPBIC HEOPraHWYECKHEe M OOJIBIIMHCTBO opraHndyeckux KucioT — H,COg,
H,Si03, HNO;, H3PO4, H2SO3, HoS, HF, HCN, CH3;COOH u npyrue;

® OCHOBaHUS (KpoMe Ienoyeit) 1 aMm(poTepHbIe THIPOKCHUIBI.

7.3. JUCCOUMALIUS CUIbHBIX JIEKTPOJIMTOB

CuisibHBIE 3JIEKTPOJIUTBI B BOJHOM pPAacTBOPE MPAKTUYECKU HOJHOCHBIO
JTMCCOIMUPOBAHbl HAa MOHBI. B ypaBHEHMSIX AMCCOIMAIIUU CUJIBHBIX AJIEKTPOJIUTOB
MUIIYT 3HaK PAaBEHCTBA.

e KuCJIOTHI TUCCOIMUPYIOT B BOJHBIX PACTBOpax ¢ oOpa3oBaHueM KaTnoHOB H™:
HNO; = H" + NOs".
e (OcHOBaHHS JUCCOLMUPYIOT, 00pa3ys B kauecTBe aHHOHOB OH™
NaOH = Na* + OH~
Ba(OH), = Ba** + 2 OH".
e Jluccoumanusi CpeaHUX COJIEH COMPOBOXKIaeTcsi oOpa3oBaHHEM KaTHOHOB

MCTAJIJIOB NI aMMOHUA U KUCJIOTHBIX OCTATKOB.
NaCl = Na* + CI-
Fez(SO4)3 =2 Fe% +3 8042_.

7.4. INCCOUMALIMS CAABBIX DJIEKTPOJIUTOB. KOHCTAHTA JUCCOLUALIMU

B oTinune OT CHIBHBIX AJIEKTPOJIMTOB, CJIaObI€ JJIEKTPOJUTHI B BOJHOM
pacTBOpPE TOJIBKO YAaCTHUYHO JHUCCOLMMPOBAHBI Ha WOHBI. Y CTAaHABIMBAECTCSA
paBHOBECUE MEXAY HOHAMU U HEAUCCOLIMMPOBAHHBIMU MOJIEKYJIaMH, YCIOBHO:

AB - A"+B".
COOTBETCTBYIOIIYI0 KOHCTAHTY PABHOBECUSI HA3BIBAIOT KOHCHMAHMOU OUCCOYUAYUU

(K) . CoracHo 3aKOHY JICHCTBYIOIIMX MACC Ui XMMHUYECKOTO PAaBHOBECHS
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< AT
[AB]

rae [A*], [B"] - paBHOBeCHBIE KOHLIEHTPALIUK HOHOB, MOJIb/II;
[AB] - paBHOBecHas KOHIICHTpALIUS
HEAMCCOIMUPOBAHHBIX MOJIEKYJI, MOJIB/I.

KoHcranTa auccomnuanuu, Tak e Kak U CTENEHb JAWCCOLMUAINH, 3aBUCUT OT
IPUPOJIBI PACTBOPEHHOTO BEIIECTBA M PACTBOPUTENs, OT Temmneparypbl. KoHcTanTa
JAUCCOIMAINH, KaK U JII00ass KOHCTaHTa PAaBHOBECHS, HE 3aBHCHUT OT KOHILIEHTPALUU
pactBopa. Yem criabee DIEKTPOJIUT, TEM MEHBIIE 3HAYCHHE KOHCTAHTBHI
JUCCOLMAIMK. 3HaYEHUsI KOHCTAHT MCCOLMAMU ClIa0bIX 3JIeKTpoiuToB npu 298 K
IIPUBENICHBI B CIIPABOYHBIX TaOIUIIaX.

Juccoyuayus cnabvix kuciom. KuCIOTBI JUCCOIMUUPYIOT ¢ 0Opa3oOBaHHEM
HMOHOB BOJIOPOJia. Y paBHEHHUE TUCCOLUAIMU YKCYCHOM KHCIIOTHI:

CH;COOH —- H"+ CH3COO~,

 crscoor _ [HTT[CH3CO0 ] _18.10°5.
[CH,COOH]

MHOIrOOCHOBHBIE KHUCJIOTHI JUCCOLUMUPYIOT CTyneHdaro. Yucno cryneHei
JUCCOLMAlIMM PAaBHO OCHOBHOCTH KHCIOTHL. Hampumep, mpoiecc Auccouuanuu
JIBYXOCHOBHO# CEPOBOIOPOIHON KUCIOTHI XapaKTEPU3YIOT ABYMS CTYIICHIMU.

[TepByto CTyneHb TUCCOIMAIIMY ONMKUCHIBAIOT YPABHECHUEM

H.,S — H"+ HS,
KOHCTaHTa AUCCOIMAIIMH 10 IEPBOM CTYyNIEHU

K"'zszm

) =8,9-107°,
[H2S]

YpaBHEHHE AUCCOUMALMA 10 BTOPOU CTYIIEHU
HS_ o H+ + SZ_,
KOHCTaHTa AUCCOLMALMHU 110 BTOPOU CTYIIEHU
H*1[S%” ]
K128 _HST T g 343,
[HS
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Juccouuanus Mo nepBod CTYNEHU MPOXOJUT B OOJIbLIEH CTENEeHHU, YeM IO
BTOpOi, NOH OT HEeHTpasbHON YacTUIlbl (MOJICKYJIBI) MPU JUCCOIMALIMM T10 TEPBOM
CTYIIEHU OTPBIBACTCS JIeTYE, YE€M OT IMPOTUBOIOJIOKHO 3aPSIKEHHBIX HOHOB MpHU
JTUCCOLMALIMY M0 MOCIEAYIOIUM CTYIICHSIM.

OO6pa3zoBaHueM TMpU JUCCOLMAIMM MHOTOOCHOBHBIX KHCJIOT KHUCJIOTHBIX
OCTaTKOB, COJIEpKalllUX HMOHBI BOJAOPOJAA, OOBSICHSAETCS CYIIECTBOBAHUE KHCIIBIX
costert (NaHS, KHCO3;, CaHPO4 u np.).

Juccoyuayus crabvix ocnosanuti. OCHOBaHUS JUCCOLMUPYIOT C 00pa30BaHUEM
rupokcua-uoHoB. Crnadbie ocHoBanuss Me(OH), coxeprxariue N THAPOKCUI-UOHOB,
JMCCOIIMUPYIOT MO N CTyHeHsM, Hampumep, aucconmaius Fe(OH), mpoxomut 1o
JIBYM CTYIICHSIM.

IlepBast cTyneHsb:
Fe(OH); — FeOH"+ OH-,
B [FEOH"][OH ]
Y [Fe(OH)]

-6,2-107.

Bropas crynens:
FeOH* — Fe?" + OH-,

[Fe?*][OH ]
K,=
[FEOH™]

=28-107°,

Huccounanusa aMm(pOTEpHBIX TUAPOKCHIOB IPOTEKAET IO OCHOBHOMY:
Zn(OH); — ZnOH" + OH"
ZnOH* — Zn** + OH-
U KUCJIIOTHOMY TUILY
H,ZnO, - H"+ HZnO,
HZnO; —= H'+Zn0.%.

7.5. IMCCOUAIIMS KUCJBIX 1 OCHOBHBIX COJIEN

Jucconuanus KUCIbIX U OCHOBHBIX COJIEH MMEET HEKOTOPhIe OCOOCHHOCTH.

[To mepBol CTymeHH AUCCOUMALMSA ITUX COCIAMHEHUW NPOTEKAET MO MpPaBUIAM
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CHUJIBHBIX JJICKTPOJIMTOB, a4 JaJICC AUCCOLNHALMA IIPOTCKACT IO IIpaBUJIaM CIIa0bIX

AJIEKTPOJIUTOB (CTYyIEHYATO U 00OPaTUMO):

KH,PO, = K" + H,PO,4
H,POs — H'+ HPO4*
HPO,/# — H'+ PO
CuOHCI = CuOH* + CI-

CuOH* —= Cu?** +OH-.

7.6. PEAKIIMM OBMEHA B PACTBOPAX JJIEKTPOJINTOB

Peaxyusmu obmena Ha3bpIBAIOT peakUUy B PAaCTBOPAX AIIEKTPOJIUTOB, B XOJE
KOTOPBIX HE U3MEHSIOTCS] CTETICHU OKUCIICHUS YJIEMEHTOB.

CyIIHOCTh MPOUCXOASAIIMX B PACTBOPE IMPOLECCOB BBIPAXKAIOT HOHHBIMU
ypaBHEHUSMH. B MOHHBIX ypaBHEHHSX, B OTJIMUHAEC OT MOJICKYJISIPHBIX, YYUTHIBAIOT
pPacTBOPUMOCTD U XapaKTep AUCCOLUALUY SIIEKTPOJIUTOB.

IIpu cocTaBiieHMM NOHHBIX YPABHEHUN pPEAKIIUM:
®  CWIbHBIC PACTBOPUMBIE DJIEKTPOJIUTHI 3aMKMCHIBAIOT B BUJIE HOHOB;

e  ciabble IEKTPOJIUTHI, MAJIOPACTBOPUMBIC (OCAIKH) U Ta3000pa3HbIe BEIIECTBA
3aIlMChIBAIOT B MOJIEKYJIIpHOU (hopMme.

Peakunu noHHOTO OOMEHA IPOTEKAIOT MPH BHITIOTHEHUH OJTHOTO M3 VCI08ULL: B
KauecTBEe MPOAYKTa PEaKIHMH JOJDKEH TOJYYUThCS OCaJI0K, Ta3 WIH CIa0bli
AJIEKTPOJIUT.

[Ipumepsl peakuuii FOHHOTO OOMEHa:

e c o0Opa3oBaHuEM CIa0bIX HJIEKTPOJIUTOB
HCI + NaOH = NaCl + H,0O
H*+ ClI-+ Na"+ OH =Na" + ClI" + H,0
H*+ OH = H->0
CH3;COONa + HCI = NaCl + CH;COOH
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CH3;COO™ + Na* + H" + CI- = Na* + CI- + CH3COOH
CH3;COO + H* = CH3;COOH
e C 00pa3oBaHHEM MaJOPACTBOPHMBIX BEIIECTB
AgNO; + NaCl = AgCIl + NaNO3
Ag*+NO; + Na'+ Cl- = AgCl + Na* + NOs~
Ag* + ClI-= AgCl
e C oOpazoBanmeM ra3000pa3Hpix BemecTB (OOpa3oBaHHIO Ta3000pa3HOTO
BEIIECTBA, KaK MpaBWJIO, B pacTBOpE MPEAMIECTBYeT O0pa3oBaHHE CIab0ro
ANIEKTPOJIUTA, HAMPUMEp, TPH B3aUMOJICHCTBUM KapOOHAaTa HATPUS W CEPHOU
KUCIIOTHI 00pa3yercs ciabasi yrojbpHas KHCJIOTa, KOTOpas pasjlaraercs Ha
ra3oo0pasnbiii okcun yriepona (1V) u Boay)
Na,CO3 + HzSO4 = NaSO4 + H0 + CO21
2Na* + COz% + 2H" + SO4# = 2Na* + SO,> + H,0 + CO,?
CO3* + 2H* = H,0 + CO,1.

7.7. IIPUMEPBI PEIIEHU S 3ATAHUI

Ilpumep 1. Hamummre  ypaBHEHHS  JMCCOIMAIMK  MPEIJIOKCHHBIX
3JICKTPOJIMTOB!: H3803, HC|O4, CO(OH)Z, Sf(OH)z, Sn(OH)z, N&zSO4, C&(HCOg)z.

I[J'DI cI1a0BIX OJICKTPOJIHUTOB COCTABBTC BBIPAKCHUA KOHCTAHT JUCCOIUAIINN.

IIpu cocraBneHnn ypaBHEHHUM JUCCOLMALIMM CIIEAYET YYECTh, YTO CYMMAapHbIN
3apsii B 00€UX YacTAX ypaBHEHHUS JOJKEH ObITh OJIMHAKOB.

HsBOs; sBnsercs crmaboli KHCIOTOH, IMO3TOMY JHCCOIMAIIAS IMPOTEKAET
CTynmeHuaro (B TpWU CTyHeHHM) © O0OpaTUMO, TpPU OTIICTUICHUH KaXKJIOTO
nocieayromero nona H* 3apsa oOpa3oBaBielicss YaCTHIBI CTAHOBHTCS HA €IUHUILY
MEHBIIIE YeM UCXOTHOM:

H:BO; — H'+ H,BO;3
H,BO; — H* + HBOQ,%
HBOs> = H*+BOs*
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I[J'IH cinaboro QJICKTPOJINTa COCTABUM BLIPAKCHNEC KOHCTAHTBI AUCCOIMANN — B
YUCIIMTCIIC YKa3bIBACM IIPOU3BCICHUC KOHHCHTpaHI/Iﬁ MMpOAYKTOB AUCCOLIMAIINU, a4 B

3HaAaMCHATCJIC — UCXOJHBIX YaCTHII:

_[H"1[H,BO; ] _[H'1[HBO;] _[H*1[BOS]
ol — - K()II - - Kam - 2-
[H,B0; ] [H,BO; ] [HBO;']
HCIOs — cumbHas KuciIOTa, TUCCOIMHPYET MPAKTHYECKH, B YpPaBHCHUHU

JUCCOLMALIMY CTABAT 3HAK PABEHCTBA!
HCIOs =H" + CIO4

JInst  CUIBHOTO 3JIEKTPOJMTA BBIPAKEHUWE KOHCTAHTHI JUCCOLMAIIMM  HE
COCTABJISIIOT.

Co(OH), — cmaboe ocHOBaHHE, IUCCOIMUPYET OOPATHMO M CTYICHYATO
OTIIEIUISIE HAa KaXIOW CTYIIEHH II0 OAHOM THIPOKCOrPYIIE, 3apsl OCTaBIIEHCS
YAaCTHULIBI IPU 3TOM CTAHOBUTCS HA €UHUILY OOJIbIIIE UCXOJHON

Co(OH); == CoOH"+ OH-
CoOH* - Co?" + OH-
JUisg crnaboro 3JIEKTPOJUTa COCTaBUM BBIPAKEHHE KOHCTAHTHI JUCCOLMALMU — B

YUCIINTCIIC YKa3bIBACM IIPOU3BCICHUC KOHHCHTpaI_[I/Iﬁ IMPOAYKTOB AMCCOOMAIINH, a4 B

3HaAMCHATCJIC — UCXOJHBIX YaCTHII:

_[CoOH "][OH ] _[Co**][OH ]
all [CO(O[‘[)Z] all [COOH+] '
Sr(OH); — cunbpHOe ocHOBaHWe (IEI0Yb), AMCCOIMUPYET MPAKTHUCCKU

MOJHOCTBI0 B OJHY CTYIE€Hb, OTIHICIUISISE 00€ THAPOKCOTPYIbI, B ypaBHCHHH
JMCCOIMAIINH CTABAT 3HAK PABEHCTBA:
Sr(OH), = Sr** + 2 OH-
JInst CHIBHOTO DIIEKTPOJIMTA BBIPAKEHHE KOHCTAHTHI AMCCOLMAIMN  HE
COCTaBJISIOT.
Sn(OH), — amdoTepHbIii THAPOKCHI, CIAOBIH 3JICKTPOIUT, IUCCOLMHUPYET

CTYNEHYaTO U o0patuMo (B ypaBHEHHHM CTaBIT 3HAK OOpaTUMOCTH), aM(DOTEpHBIN
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THJIPOKCH]I TaKKe MOXKHO 3amucath B (opme kuciaotel HpSnO,, nuccoumanus ee
TaKXe MPOTEKAET IO MpaBUiIaM CIa0bIX 3JEKTPOIUTOB:
Sn(OH), == SnOH*+OH" | mo Tumy ocCHOBaHUS
SnOH* — Sn?* + OH-
H,SnO; —= H*+HSNO,; ) 10 TUITY KUCIIOTHI

HSnO, —= H'+Sn0»%.

P

Ji KaXKI0W peakiuy COCTABISIOT BhIPAKEHNE KOHCTAHTHI TUCCOLIUAIINY.
Na;SOs — conb, CHIBHBIA DJIEKTPOJIUT KAaK M BCE COJHU, TUCCOLUUPYET
NPAaKTHYECKU MOJHOCTHIO B OJIHY CTYIIE€Hb, B YPAaBHEHUH JHUCCOIMAIIMUA CTABAT 3HAK
paBeHCTBA:
Na,SO, =2 Na* + 80427
Ca(HCOs3), — kwucnast coyib, KaK U BCE COJIM — CHIIBHBIA 3JIEKTPOJIHT, B
YPaBHEHUHU JUCCOIUAIINH 110 TIEPBOM CTYIIEHHU CTaBST 3HAK PABEHCTBA:
Ca(HCOs3), = Ca?* + 2 HCO3~
Non HCO3™ siBnsieTcst ocTaTKOM CJ1a00i KUCIOTHI, IUCCOIMUPYET 0 TIpaBUiIaM
cnalObIX ANEKTPOIUTOB (KO3(hUIMEHT 2 W3 MpeAblaylIero ypaBHEHUs OpaTh HE
CJIeyeT — TOCTATOYHO MOKa3aTh IMCCOIMAIINIO OJTHOTO MOHA):
HCO; — H*+ CO3*
(CuOH),SO4 — ocHOBHast COJIb, KaK M BCE COJM — CHJIBHBIA JJICKTPOJIHT, B
YPaBHEHUU AMCCOIUAIINH 110 TIEPBOI CTYIIEHH CTABAT 3HAK PABEHCTBA!
(CuOH),S0, = 2 CuOH* + SO,
Houn CuOH" sBasercss octaTkoM caab0ro OCHOBAaHHUS, IUCCOLMUPYET II0

npaBuiaM ciaadbIX AIIEKTPOIUTOB (KO3PPUUMEHT 2 W3 NpPEenbLAyLIEro ypaBHEHUS

6paTb HC CJICAYCT — JO0CTATOYHO IMMOKa3aTh JUCCOHUAIIUIO OTHOTO I/IOHa)I

CuOH* -~ Cu?*" +OH-.

Ilpumep 2. Hanuiure ypaBHEHUs peakUuid B MOJIEKYJISIPHOW M MOHHOM popmax st
CIEAYIOIINX NPEBPALICHUM:

NiO — NiSO4 — Ni(NO3), - NiOHNO;
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[Ipu HanucaHUM MOHHBIX YPAaBHEHUI peaklMii Ha MOHBI PACIUCBIBAIOT TOJIBKO

CHJIbHBIE PACTBOPUMBIE IEKTPOIIUTHI.
NiO + H,SO, = NiSO, + H,0O
NiO — okcun, Heanexmpoaum, He CIIOCOOSH pacmafaThCsl Ha HOHBI, He PACHUCHIBAIOM
Ha MOHBI,
H.SOs — kucnora CUIBHBIM  PACTBOPUMBINA  3JEKTPOJMUT, 3alHCHIBAIOT B
JUCCOLMUPOBAHHOM BH/JIE;
NiSO, — pacTBOpuMas collb, CHIBHBIH  OJIEKTPOJIUT, 3alHMCHIBAIOT B
JTUCCOLMUPOBAHHOM BH/JIE;
H20 — cnalblif 57€KTpOINT, HE PACTTUCHIBAIOT HA HOHBI;
NiO + 2H* + SO42 = Ni?* + SO4* + H,0
NiO + 2H* = Ni?* + H,0

NiSO, + B&(NOg)z = BaSO4i + Ni(NOg)z
NiSO; — pactBopumas COJlb, CHJIBHBIH  DJICKTPOJIUT, 3alKMCHIBAIOT B
JMCCOIIMAPOBAHHOM BUJIC;
Ba(NOs), — pactBopuMas COJIb, CHJIBHBIA JJICKTPOJIUT, 3alKMCHIBAIOT B
JMCCOIIMAPOBAHHOM BUJIC;
BaSO, — mepacTBOpuMas COb, CUIILHBIN AJIEKTPOJIUT, HE PACIHCHIBAIOT HA HOHBI,
Ni(NO3), — pactBopumas COjb, CHJIBHBIH 3JCKTPOJIUT, 3alKChIBAIOT B
JMCCOIIMAPOBAHHOM BUJIC;

Ni%* +S0O4% + Ba?* +2 NO3 = BaSOy| + Ni?* + 2 NO3~
SO,* + Ba** = BaSQy),

Ni(NO3), + NaOH = NiOHNO3| + NaNOs
NiSO; — cpenmHss coib, pPacTBOPHMAs, CHIIBHBIA 3JCKTPOJUT, 3alKMCHIBAIOT B
IMCCOIIMAPOBAHHOM BUJIE;
NaOH — pactBopuMoe OCHOBaHHWE, IIEI0Yb, 3ANKCHIBAIOT B JHUCCOIUHUPOBAHHOM
BU/IE;
NiIOHNO; — ocHOBHast COJIb, CHWJIBHBIH DIICGKTPOJIUT, Hepacmeopuma (KaKk U

OOJILITMHCTBO OCHOBHBIX COJIEH ), HE PACIHUCHIBAIOT HA MOHBI;
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NaNOs; — pactBopuMas Ccojb, CHUJBHBI  DJEKTPOJIUT, 3alKMCHIBAIOT B

AUCCOOMHUPOBAHHOM BHUJC,
Ni2* + 2 NOs~ + Na* + OH- = NiOHNOs| + Na* + NO5~
Ni2* + NOg~ + OH = NiOHNO3]

NazPOs — H3POs — NapHPO4

NasPO,4 + 3HCI = H3PO,4 + 3 NaCl
NasPOs — cpemssisi conb, pacTBOpUMAsi, CHJIBHBIA JJICKTPOJHT, 3alKCHIBAIOT B
JTUCCOIIMMPOBAHHOM BUJIE;
HCl — xwuciora CWIBHBIH  pacTBOPUMBIA  JJICKTPOJIMT,  3allMCHIBAIOT B
JTUCCOIIMMPOBAHHOM BUJIE;
H3sPO4 — xucnora crabuiil S1eKTpOIUT, pACTBOPUMAs, HE PACITUCHIBAIOT HA HOHBI;
NaCl — cpenmnss cosib, pacTBOpuMasi, CHIIBHBIA 3JICKTPOJIMT, 3alHCHIBAIOT B

AUCCOTUHUPOBAHHOM BHC,
3 Na*+ PO, + 3 H"+ 3ClI- = H;PO, + 3 Na* + 3CI-
PO437 + 3 H" = H3PO,

HsPO, + 2 NaOH = Nay;HPO, + 2H,0
H3sPO4 — kucnora crabuiil SIEKTPOIAT, PACTBOPUMAsS, HE PACITUCHIBAIOT HA HOHBI;
NaOH — mienous, CUIBHBIN AJIEKTPOJINT, 3aIIMCHIBAIOT B INCCOIIMUPOBAHHOM BHUJIE;
Na;HPO,4 — xucnast coilb CUIIBHBIN 3JIEKTPOIIUAT, pAcmEopumda KaK U BCE KUCIbIE COJIH,
CJIeIyeT pacnucams Ha UOHBI, HO TOJBKO 10 NEp8ol CMyneHu,
H,O Boma, cralpblit 2JICKTPOJIUT, HE PACTIMCHIBAIOT HA HOHBI;
H:POs+2Na*+20OH =2 Na* + HPO427 + 2H,0
H3PO,4 + 2 OH = HPO4* + 2H,0.

Ilpumep 3. Tlo 3amaHHOMY HWOHHOMY YpPaBHCHHIO HAIUIIUTE COOTBETCTBYIOIICE
monekyisipaoe ypasaenue: Ni2* + S~ = NiS,

[Ipu pemennn gaHHOTO 3a7aHUs CIEAYET MOJ00paTh COSTMHEHUS TaK, YTOOBI
MOHAM B TMPEIOKEHHOM COKpAIEHHOM YpPaBHEHHWHW COOTBETCTBOBAIA CHJIHHBIC
pPacTBOpPUMBIC DJIEKTPOJIUTHI — PACTBOPUMBIC COJHM, CHJIbHBIC KHUCJIOTHI WJIU

OCHOBAaHUA.
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Ni(NOs); + Na,S = NiS + 2 NaNOs

CocTtaBUM MOJHOE M 3aTeM COKpPAalmCHHOC HMOHHOC YpPAaBHCHHC, CCJIM OHO

COBITAJCT C 3adaHHBIM, TO 3adHHUC BBIITIOJIHCHO KOPPCKTHO!

Ni?*+2NO3; +2 Na*+ S =NiS+2Na"+ 2 NO5;~
Ni%* + S = NiS.

Ecan B COKpAIlICHHOM HMOHHOM YPAaBHCHHU HddHbI TPHU YaCTHIbI, TO CIICAYCT

COCTaBUTH U3 IBYX (HOPMYITy CHIBHOTO PACTBOPUMOTO JIEKTPOJIUTA:

Cu® + OH+ CI- = CuOHCI
CuCl, + NaOH = CuOHCI + NaCl
Cu?* + 2CI- + Na* + OH = CuOHCI + Na* + CI

Cu?*+ OH+ CI- = CuOHCI.

7.8. KOHTPO.JIbHBIE 3AJTAHUS

1. Jlng mpemsioKeHHBIX COEJUHEHUN YKaXuTe WX Kiacc. Hamummre ypaBHEHUs
B03MOJMCHBIX PEAKIM (B MOJEKYJISPHOH M HMOHHOM (opmax) B3aUMOJEHUCTBUS C
H,SO, m NaOH. Jlns »37eKTpoJWTOB HAIMMWIIUTE YpPaBHEHHS AUCCOIMAIMH (IS

cia0BIX QJICKTPOJIIUTOB COCTBLTC BBIPAKCHUA KOHCTAHT I[I/ICCOI_II/IaI_[I/II/I).

P,0Os, Zn(OH)z, Fez(SO4)3, AlOHSO4, HNO;

CaO, KHSO3, Be(OH),, AICIs, HCI

FG(OH)zCl, SiOz, NI(NOg)z, HzSO4, Al(OH)3

Li,0, Cf(NOg)g, HMnQ,, CaHPQ,, Pb(OH)z

MgOHCI, ZnO, Na,SOs, HsPOs, Ca(OH),

NaH.,PO., Pb(OH),, FeO, ZnCl,, H,CO3

SnOHCI, Se0,, Zn(NOs),, H2S03, Sr(OH),

(NiOH),SO4, Al,O3, H3POs, Li,COs, KOH

O O N| o O & W N|

SOs3, C&(HSO3)2, A|2(SO4)3, HBr, CT(OH)3
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10 Cr(OH);NO3, CuO, Na;S03, H,SO4, AI(OH)3
11 CdO, Zn(OH),, NazPO4, (MNOH),S04, H2SiO3
12 Mg(NO3),, HCI, NaHS, ZnO, Mn(OH);
13 CuOHNOs3, Ca(OH),, Na,SiO3, Al,O3, HF
14 Sr(HCOs3),, MgCl,, HCN, NiO, Cr(OH)s
15 FeOH(NOs3),, N2Os, BaBr;, H3PO4, SN(OH);
16 Fe,O3, LIOH, K;HASO4, Na,COs3, H,SO3
17 Co0, HBr, Mn(OH),, AIOH(NO3),, Cr(OH);
18 Al;,03, Cu(OH),, K;SO4, CoOOHNO3, H,SiO3
19 Co(OH),, Cr,03, NaHSe, NiCl,, H,CO3
20 Fe2(SO4)s, H3PO4, CrOHSO,4, NaOH, BeO
21 Sn0O, K;SO3, Ba(HCO3),, HNO,, Mg(OH);
22 Na,O, K,CO3, SnOHCI, HCN, Be(OH),
23 CO,, Ca(NO3),, K;HPO,, HF, Fe(OH)3

24 Al(OH),NOs3, Ba(OH),, FeCls, H,CO3, Al,O3
25 SO,, Bi(OH)3, Sr(NOs),, HNO3, Ba(HSO3),
26 Sn(OH),, CuO, K3S0s3, (ZNOH),S0O4, H,SiO3
27 Be(OH),, Ni(OH)2, NiSOy4, (SNOH),SO,4, HBr
28 (FEOH),S04, P05, Sn(OH),, Ba(NO3),, H3PO,
29 Na,HPO,, BeO, MnCl,, H3PO,4, Ba(OH),
30 CO,, K3SiO3, HPO3, Zn(OH),, AIOHSO,

2. Hanumwure ypaBHEHHs peakUHMil B MOJIEKYJAPHOM M HMOHHOW (opmax mms

CIEQYIOINX NPEBPALICHUMN:

Ca(OH), —» Ca(HCO3); —» CaCO3 — Ca(HCO:s);

Na,ZnO; —» Zn(OH)z — ZnOHCI —» ZnC|2 —> Zn(N03)2

KOH — K,S - KHS — K,S — FeS
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Cu(OH); —» CuSO4 — CuCl; - CuOHCI — Cu(OH);

° H,SO3 — NaHSO3; — Na;SO3 — HySO3 — NapSOs
Pb(OH), — Na,PbO, — Pb(OH),; — PbOHNO; — Pb(NO3),
* K3AsO4 — H3AsO4 — KoHASO4 — H3ASOs — K3ASO4
Cr(OH).Cl — CrCl3 — Cr(NOgs); — Cr(OH);NO3; — Cr(NOs3)3
> BaCO; —» Ba(HCO3), —» BaCO3; —» H,CO3; — NaHCO3
Co(NOs); - CoOHNO3; — Co(OH), -»Co0SO4 —CoCl;
° K2SO; — H,SO; - KHSO; — H,SO3; — K;SO3
AICl; — AI(NO3); »> AIOH(NO3); — AI(OH); — NaAIO;
! MgCO; — H,CO3; — K,CO; - KHCO; — K,COs
Fe(OH); — Fex(S04); — FeCl; — Fe(OH).Cl — FeCl;
| H,S — Na,S — NaHS — H,S — NaHS
MnSO4 — (MnOH),SO4 — MnSO4 — Mn(NOgs); - MNnOHNO;
’ H3PO4 — K;HPO4 — H3PO4 — K3PO4 — H3PO4
K2SnO; — Sn(OH),; — SnCl; —» SnOHCI — SnCl;
0 CaSO; — H,SO; — Ca(HSO3); —» CaSO; — Ca(HSOs3),
Cu(NO3); » CuOHNO3; — Cu(OH), —»CuCl; ->Cu(NO3),
H CaCO3; —» Ca(HCO3); —» H,CO3 - KHCO3 -»K;,CO3
(ZnOH),SO4 —2Zn(OH),; — K2Zn0O; — Zn(OH); —»Zn(NOs),
e Na,S — H,S — NaHS — Na,S — NaCl
Ni(NO3)2, — Ni(OH), — NiOHCI — NiCl; - Ni(NOs),
s KHSO;3; - K;SO3 — H,SO3 — K;SO3 — H,SO3
PbOHNO3; — Pb(OH), — PbOHNO3; — Pb(NO3), — Na,PbO;
14

SrCOz;— Sr(HC03)2 — H,CO3 > NaHCO3; — Na,COs3
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Cr(OH); — Cr,(S04)3 —» CrOHSO4 — Cr(OH); — NaCrO,

+ Na,Se — H,Se — NaHSe — Na,Se — NaCl
Fe(NOs3); —» FEOH(NO3), — Fe(NO3); — Fe(OH); — NaFeO,
0 HsPO4 — Na;HPO4 — NazPOs — NaH,PO, —Na,SO4
CuSO4 — CuCl, — Cu(OH), — CUOHCI — Cu(OH),
Y H3PO, — NasPO, — Cas(PO4), —Ca(HoPO,), —H3PO,
CoCl, — Co(OH), — COOHCI — CoCl, — Co(NO3),
o KHSe — H;Se - KHSe — K;Se — KCI
MnCl, — MnOHCI — MnCl, — Mn(NO3), — Mn(OH),
H NaOH — NaHSO3; — H,SO3 — Na,SO3; — SrSO;
CuCl; —>Cu(NOs), — Cu(OH); — Cu(NO3), — CUOHNO;
20 Na;S — H,S - NaHS— Na,S — FeS
AI(OH); — Aly(SO4)3 — AIOHSO4 — Aly(SO4)3 — AICI;
o Na,CO3; — H,CO3 ->NaHCO3; — Na;CO3 —-NaHCO3
SnOHCI — SnCl; —» SnOHCI — Sn(OH),; — K3;SnO,
* H3AsO4 — Na;HAsO4 — NazAsO4 — NaH,AsO4 — H3zAsO4
FeEOHSO, — Fey(S04); — Fe(OH)3; — Fey(S04); — FeCls
2 BaSO; —» Ba(HSO3); — H,SO3 — Na,SO3 — NaHSO;
Ni(OH); —(NiOH),SO4 — NiSO; — Ni(NOs3); —>NiOHNO3
> Na,HPO; — H3PO4 — NaH,PO4 — NasPO, — H3PO4
H,S0,4 — ZnS04 — (ZNOH),S0, — Zn(OH); —> K2ZnO;
2 Ca(OH); —» Ca(HCO3); —> H,CO3 —> K,CO3 — H,CO3
MnSO; — (MnOH),SO; - MnSO4 — MnCl, ->Mn(OH),
20 K2S - KHS — HS — KoS — H,S
. Cry(S04); — CrClz — Cr(OH),Cl — Cr(OH); — KCrO,

H,SO; —» BaS0O; —» Ba(H803)2 — H,SO; —» B&(HSOg)z
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Mg(OH), — MgCl, > MgOHCI — Mg(OH), - MgOHNO3
28 Ca3(PO4)2 »> H3PO4 — NaH,PO4 — H3PO4 — Na;HPO,
Zn(OH); - NaZnO,; — Zn(OH), —» ZnSO4 —ZnCl,
2 NaHSe — Na,Se — H,Se — NaHSe — H,Se
NiSOs — Ni(NOs), — NiOHNO; — Ni(OH), — NiSO,
% NasPOs — H3PO, — Ca(H2PO4), — H3PO4 — Na;HPO,

3.Ilo 3aJaHHBIM MOHHBIM YPABHCHHAM HAIIMIIUTC COOTBCTCTBYIOIINC MOJICKYJISIPHBIC

ypaBHEHUSI.
1 |Sn* +40H =Sn0,* + 2H,0 16 | Cd** + OH + Br~ = CdOHBr
2 | Cr¥*+OH +2CI- =CrOHCI, 17 | Zn** + 40H = Zn0,* + 2H,0
3 | Cu?" + 20H = Cu(OH), 18 | Hg?*" + S* = HgS
4 |Ag'+Br =AgBr 19 | HSO3 + OH =S03* + H,0
5 | Co?" + COs?> = CoCO3 20 | Zn?** + CO3* = ZnCO3
6 | Co? +S?> =CoS 21 |H"+ CO3> = HCOs"
7 | AP+ 30H = Al(OH); 22 | 2H" + PO = H,PO4~
8 |Be?" +40H =Be0O,* + 2H,0 23 | NiOHCI +H* =Ni?* +H,0+ ClI -
9 |2H" +SO#? = H,S0; 24 | Cu?* + 20H = Cu(OH),
10 | Ca?* + SO3% = CaSOs 25 | Sr** + Si03% = SrSiO;
11 | Co?" + OH + NOs = CoOHNOs | 26 |Ba?" + SO4* = BaSO4
12 | Pb?* + 20H" = Pb(OH), 27 | Bi®* + 30H = Bi(OH);
13 | 3Cu?* + 2P0O4* = Cu3(PO4)2 28 |H"+S> =HS
14 | 2H" + SiOs* = H,Si0Os 29 | Mg? + SO3%> = MgSOs3
15 | Fe?** + Cl —+ OH = FeOHCI 30 | Co? + OH+ Cl- = CoOHCI
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7.9. UOHHOE POMU3BEIEHUE BOJBI. BOJIOPOTHBII TOKA3ATEJD

Bona siBnsiercst ci1abbIM IEKTPOIUTOM. Y paBHEHHUE TUCCOIHAITIT
H,O — H*+ OH-,
KOHCTaHTAa JUCCOLIMAIIMN BOJIBI

« —[H"1IOH ] =1,8-10"% (1pu 298 K).
[H20]

[IponsBeneHne paBHOBECHBIX KOHILIEHTPALIMM HMOHOB BOJOPOAA M THUIAPOKCHUI-
HOHOB HA3bBIBAIOT MOHHBIM IMPOU3BCACHUCM BOJbI (KW) Kaxk CICAYCT U3 BBIPpAKCHUA
KOHCTAHThI JUCCOMaliuu,

K,, = K[H,Ol.
[IpeneOperass mpOIUCCOLMUPOBABIIEH YAaCThIO MOJEKYJ BOJABL, MOXHO TMPHUHSTH
paBHOBECHYI0 KOHIeHTpauuio Mojekya [H2O] paBHOH 00mieMy KOJUYECTBY

BC€IICCTBA BOJIbI B OAHOM JIUTPC, T.C.

[H,0]= % = 55,56 mMob/1.

Torga mpu 298 K (25 °C)
K, =1,8-10%°.5556 =10,

HNonHoe nmpou3BeieHHE BObI

K,, =[H*][OH 1=10" (pn T =298 K).

[Ipy maHHOW TEeMIlEpaType HOHHOE POU3BENECHUE BOJIBI ABISETCA TOCTOSIHHON
BEJIMUMHOMN ISl JIIOOBIX pa30aBlIEHHBIX BOJHBIX PAacCTBOPOB. 3Has KOHLEHTPALUIO
noHoB H*, MoxxHO paccunTaTh KOHIeHTparuo OH™, 1 Ha000poT.

[TockonpKy CTEneHHBIE BBIpAKEHUS HEYTOOHBI B KOJMYECTBEHHBIX pacuerax, hx
3aMEHAIOT  JIOTapUPMUYECKUMHU  (QYHKIUSAMH,  UMEIONIUMH  CHEIHaTbHBIC

o003HaueHus M Ha3BaHUs. [ XapaKTEpPUCTHKU CpeJibl, KaK MPABUIIO, UCIIONB3YIOT

8000POOHDIL NOKA3AMEb.
pH =-Ig[H"].

B netimpanvroii cpeoe
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[H*]=[OH 1=v10" =107 moms/n, pH =-Ig[H*]=-1g107 =7.
B xucnoti cpeoe
[H]>107 moms/n, -lg[H*]>1g107, -Ig[H"]<7,1.e. pH <7.
B wenounoii cpeoe
[H*]1<107 moms/n, -lg[H*]<1g10", -Ig[H*]>7,1.e. pH >7.
3naucHus KoHieHTpaiuid noHoB H' mmm OH™, a rtaxke mokazatens pH

ABJISIIOTCS ~ KOJIMYECTBEHHOW  XapaKTepUCTUKOW  cpenbl  pacTtBopa  (KHUCIIOM,

HEUTPaIbHOM, IIETIOYHOM).

KonnuectBennas Cpena pacteopa
XapaKTEepUCTUKA Kucnas HenrtpanpHas [llenounas
pH <7 = >7
[H*], Mmoas/n >10~" 10”7 <10~
[OH], Mons/n <10’ 107 >10~7

7.10. I'mapoOJIN3 COJIEN

T'uoponusz coneit — B3auMOJEHCTBUE HOHOB COJIM C MOHAMHU BOJIbI, IPUBOSIIECE
K CMEIIICHUIO HOHHOTO PaBHOBECHS BOJBI M M3MEeHEHHIO pH cpenbl.

B peakumsax ruaposnsza y4acTBYIOT MOHBI CJAOBIX AJIEKTPOJIUTOB: KAaTHOHBI
cnabbIX OCHOBAaHUN M AHUOHBI CIA0OBIX KUCIOT. B Xome ruaposvza o0pa3yroTcs
c1ab0ANCCOIIMUPOBAHHBIE WM  TPYAHOPACTBOpUMBbIC MPOAYKThL. CrencTBrem
TUIPOJIN3A SBIISIETCS HAPYIIIEHUE PABHOBECHUS B CUCTEME

Hzo = H + OHf,
B pe3yJIbTaTe cpesia CTaHOBUTCS b0 kucioi (pH < 7), nmubo menounoit (pH > 7).
1. 'unponus conu, 06pa3oBaHHOM Ci1a00 KUCTOTON U CUIIbHBIM OCHOBAHUEM —

TUAPOJIN3 TIO aHUOHY (MTPOTEKAET MPEUMYLIECTBEHHO MO MEPBOM CTYIIEHN):

Na,CO; = 2Na* + COs*
NaOH H2C03
(cunbH.) (cmab.)
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COz* + HOH =— HCO;3 + OH-
Na,CO3 + H,O — NaHCO;z; + NaOH.
Peakuust compoBoxmaercs oOpazoBanunem nmoHoB OH™. PactBop kapOonarta
HATPUSA XapaKTEPU3YETCs IEIOUYHOU cpenon, pH > 7.
2. 'upponus conu, oOpa3oBaHHOM C1a0bIM OCHOBaHUEM U CHIIBHOU KUCJIOTOM —
THJIPOJIN3 IO KATHOHY (MIPOTEKAET MPEUMYIIECTBEHHO 110 TIEPBOM CTYIICHH):
AI(NO3); = AI¥* + 3 NO;~
Al(OH); HNO;
(cmab.) (cuibH.)
APR*+ HOH — AIOH? + H*
AI(NO3); + H,O — AIOH(NO3), + HNO3
Peaknus compoBokiaercss oOpazoBanmem HoHOB H'. PactBop cynbdara
nukens (I1) xapakrepusyetcst kucioi cpeaou, pH < 7.

3. Comnp, oOpa3oBaHHasi cJaObIM OCHOBaHHMEM M CJIa0OW  KHCIOTOMN

IMOoABCPIracTCA IIPAKTHUYICCKH IIOJIHOMY, H€06paTI/IMOMy TUAPOIIN3Y:
Aly(SO3)s = 2A1* + 3 SO

Al(OH); H,S0;
(cma0.) (cmad.)

2AI%* + 3504% + 6HOH = 2AI(OH)3 + 3H,50;
Al>(SO3); + 6H,0 = 2Al(OH);3 + 3H,S0s3.

B manHOM cilyuae rMAPOJIN3 UAET U [0 KaTHOHY, M [0 aHHOHY ¢ 00pa30oBaHHEM
cpasy IABYX Cia0bIX 5jeKTpoauToB. Cpela 3aBHCUT OT OTHOCUTEILHOU CHIIBI
00pasyroIuXcs B Pe3yabTaTe THAPOIN3a KMCIOTHLI U OCHOBAHMS.

4. COBMECTHOMY TMAPOIM3Y IOABEPIarOTCsA JIBE COIM, OIHA M3 KOTOPBIX
oOpa3oBaHa CJIa0bIM OCHOBAaHMEM | CHJIbHON KHCJIOTOH, Apyras — CHJIbHBIM

OCHOBAHHMEM H CJIA00¥ KHUCJIOTOM:

FeCl; + Na,CO3; + H,O = ...

Na,CO; = 2 Na* + COz*

NaOH HzCOg
(cumpH.)  (cab.)
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FeCl; = Fe* + 3 CI-
Fe(OH); HCI

(c1a0.) (cuibH.)
2 Fe3* + 3 CO3% + 6HOH = 2 Fe(OH)3 + 3 H,CO3
2 FeClz; + 3 Na,CO3; + 6 H,O =2 Fe(OH)3 + 3 H,CO3 + 6 NaCl.

['uaponu3, Kak U B MpEABIAYIIEM cllydae, HIeT U 10 KaTHOHY, U TI0 aHHOHY C
oOpa3oBaHHWEM cpa3y JABYX CJIa0bIX J3JeKTpoauToB. Cpeda 3aBUCUT OT CHJIBI
00pa3yroIUXCs B pe3ybTaTe THIPOIN3a KUCIOTHI U OCHOBAHHUSI.

5. Counb, oOpa3oBaHHasi CHJIBHOW KHCIOTOM M CHJIBHBIM OCHOBAaHHEM, HE
THIPOJTU3YETCS

KNO; =K* + NOs~
KOH HNO;
(cunpH.) (CHIIbH.)
KNO3;+H,0 #

Conb ruaponusy He noasepraercs, pH = 7.

7.11. CTENEHb ' IPOJIN3A U EE 3ABUCAMOCTD OT PA3JIUYHBIX ®PAKTOPOB

'maponu3 oOpaTtuMm, paBHOBECHE B CHCTEME CMCIICHO B HAlpaBJICHUH
oOpa3oBaHus Oosiee c1abOro 3JIEKTPOJUTAa — BOJBI, T. €. B HANpaBIECHUU OOpaTHOM
peakumu. [myOMHY  NPOXOXKACHUS  THAPOIM3a  MOXHO  KOJHMYCCTBEHHO
0XapaKTEepPH30BaTh CTCIICHBIO THIPOJIN3A.

Cmenenv eudponusza (N) — OTHOIIEHWE KOJWUYECTBAa BellecTBa (COJN),
HIOJIBEPTIIETOCS TUAPOIIH3Y, K O0IIEMY KOJIUYECTBY PACTBOPEHHOT'O BEUICCTRA.

3HaueHre h BBIpaXKAlOT B JOJSX EAWHHIGI WiM TporeHTax. CrerneHb
THAPOJIM3a 3aBUCHT OT MPHPOJIBI COJHM, KOHIIGHTPAI[MM pacTBOpa COJMH H
TEMIIEPATYPBHI.

e CreneHb TUAPOJIM3a COJIM TEM OOJblle, YyeM ciiabee OCHOBAaHME WM KHCJIOTa,

o0pasyroIue coib.
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o [loBblillleHKE TEMIIEPATYPhI MPUBOAUT K YBEJIIMUECHHUIO CTETIEHU THAPOIN3A, TAK KaK
TUAPOIIU3 — SHAOTEPMUYECKHM MPOLIECC.
e CreneHb TUAPOIM3a YBEITUUYUBACTCS MpU pa3daBICHUM pPacTBOpa (YMEHbILIEHUU
KOHIICHTpAIIUN).
JloGaBiieHHE KHUCIOTHI MPUBOJUT K CMEILEHUIO PABHOBECHUS THPOJIM3A COJHU
AB 1o kaTuony
A"+ HOH — AOH +H"
BJIEBO, T.€. K YMEHBIICHHMIO CTENEHU THUJIPOJiM3a, a J00aBJIIEHHE WIEIOYH — K
YBEIUYCHUIO CTENEHU THUIPOJU3a, OCIA0UTh THIPOJIU3 MOXKHO T00aBJICHHEM
KHUCJIOTHI.
PaBHOBecHe ruIposin3a COJM MO aHUOHY,
B "+ HOH — HB+OH-,
npu JA00aBJIICHUU KHUCIOTHI CMEIIAETCSl BIPABO, THAPOJIU3 YCHIMBAETCS, OCIA0UTh

I'uapoJIn3 MOXHO I[O63BJI€HHCM IcjI04u.
7.12. IIPUMEPBI PELLIEHUSI 3AIAHUI

Ilpumep 1. Paccuutaiite konumentpamuo wonoB H*, OH™ u pH B pactBope
NaOH ¢ konrnentpanueii 0,1 Mosb/.

CocraBum ypaBHenue aucconuanmu NaOH:

NaOH =Na"+ OH-

W3 ypaBHeHus BuaHO, uto Tipu auccormanuu 1 monmp NaOH B pactBope
nosiBisieTcss 1 Mo monoB OH™, ciemoBarensHO, ecau B 1 JUTpe pacTBOpa
conepxutcs 0,1 mons NaOH, torma xonmentpanus OH™ B 3ToM pacTBOpe Takke
Oyner paBHa 0,1 MoJb/m.

[OH] =0,1 moab/n

W3 ypaBHEHMsSI MOHHOTO MPOM3BEICHUS BOJIBI PACCUUTHIBAIOT KOHIIEHTPAIIHIO
noHoB H™:

Kw=[H"][OH] =10

-14
[H+]= S 1= 10 1 =10"° mons/n
lor |~ 10
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PaccuutsiBror pH pactBopa:
pH=—Ig[H*] =- 1910 =13
Ilpumep 2. Hammmmre ypaBHeHus peakiuii ruaposnmsza NiSOs, NaHCOs.
VYkaxure obsnacte 3HaueHuid pH pactBopos (>, =, < 7).
IIpn paccMOTpeHnH rUAPOIIN3a COJIEU CIIETYET IOMHUTD:
® TUAPOJIH3 IO KATUOHY WJIM 10 aHUOHY — peakius oopatumMasi (B ypaBHEHUHU CTaBAT
3HAK ——~ );
® B pacTBOpPE MPUCYTCTBYeT HE3HAYMTENIbHOE KojaudecTBO uoHoB H™ u OH-,
BO3HUKIIIMX 32 CUET AUCCOIMAIIUN BOJIBI:
H,O - H'"+OH"
VpaHenue peaknuu ruaposnsa NiSOy (1o nepBoii CTyneHn).
1. YpaBHeHHE qUCCOLUAIUHN COMH:
NiSO4 = Ni?* + SO,
2. VYKa3plBalOT KaTMOHOM KakKOro OCHOBaHHS (CHJIBHOTO WM cJaboro) u
AHHOHOM KaKOH KHMCJIOTHI (CHUIBHOM MIIH ¢J1aboii) oOpa3oBaHa COJIb:
NiSO, = N_i2+ + 80427

Ni(OH), H,SO,
(cmab.) (cumbH.)

3. Tuaponusy noaBepraeTcst HoH caboro anexrponuta - Ni*,

4. B xoze nepBoii cTynenu ruaponnsa nod Ni%* caseisaeT u3 Boasl non OH —
WOH TIPOTHUBOTIOJIOXKHOTO 3apsiaa (TOJIbKO OJWH), B pe3yibrare oopaszyercs NIOH™.
OcraBmmecs ot Bojbl HOHBI H' co31aroT B pacTBope kuciyro cpeny pH < 7:

Ni?* + HOH _. NiOH*+H*

5. MounekynsipHO€ ypaBHEHHE:
B JIeBO# yacTu 3anuchiBatoT popmyiay coiu (NiSO,), 100aBisioT Boay;
B [IPaBOM YaCTH — MPaABYIO YaCTh KPATKOTO MOHHOTO YPABHEHMUSL:

NiSO,4 + H,O NiOH" + H".

K KaXION 3apsjiceHHOol YacTHUIE TPUIUCHIBAIOT HOH IMPOTHUBOIOJIOKHOTO 3apsijia
(MOH CHIIBHOTO 31eKTpoanTa) — SO42

NiSOs+H,0  NiQHISOZ 4 H!SOs

COCTaBJIAIOT (POPMYJILI B COOTBETCTBUH C 3aPSIAMH.
NiSO,; + H,0O (NlOH)ZSO4 + H,SO,
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6. PaccTaBnsroT kKodppuIMeHTHI.
2 NiSO; +2H,O _- (NIOH)zSO4 + H,SO,4
VYpasuenue peaxiuu ruaposnza NaHCO:s.

1. YpaBHeHHe qucconuanuy COu:

NaHCO; = Na" + HCO3~

2. VYKa3pIBalOT KaTMOHOM KaKOro OCHOBaHMS (CHJIBHOTO WM C€J1aboro) u

AHHOHOM KaKOHW KHMCJIOTHI (CHUIbHOM Wi cJ1aboi) oOpa3oBaHa COJIb:

NaHCO; = Na* + HCO5

NaOH H,CO;
(cunbH.) (cmab.)

3. M'mapomusy noasepraercst uoH ciabdoro anekrponauta — HCO3™.

4. B xome ruapommsza moH HCOs cBsa3piBaeT W3 Boabl HMOH H' — woH
MIPOTUBOIIOJIOKHOTO 3apsa, B pe3yibrare oopasyercs Ho,CO; — snexrponeiTpanbHas
mosekyna. OctaBmmecss ot Boasl HOHEI OH™ co3maioT B pacTBOpe MIETOYHYIO Cpeay
pH>T7:

HCOs; + HOH — H,CO3 + OH"

5. MounekynsipHO€ ypaBHEHHE:

B JIeBO# yacTu 3amuchiBatoT popmyy coiau (NaHCO3), 1o0aBisiroT BoaYy;

B [IPABOM YaCTH — MPABYIO YaCTh KPATKOTO HOHHOTO YPABHEHHS:

NaHCO; + H,0O H,CO; + OH".

K KaXION 3apsoiceHHOol YaCcTHIE TPUMHUCHIBAIOT HOH IMPOTHUBOMOJIOKHOTO 3apsijia
+.
(mon cunbHoro snekrponura) — Na'; k HyCOs; mpoTMBOMOH HE MPUIKCHIBAIOT

(2NIeKTpOHENTpaIbHAS YACTHUIIA).

NaHCO; + H,0O H,CO3; + Na*OH-

MPOBEPSIIOT MPABMWIBHOCTH (POPMYJI B COOTBETCTBUU C 3apsigaMu.

NaHCO; + H,O — H,CO3; + NaOH

6. Koaddunmentsl 6 darHom ciyuae He TpeOYIOTCH.
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7.13. KOHTPOJIbHBIE 3ATAHUSI

C YKa3aHHOM KOHILIECHTPALUEH.

1. PaccuuTaiite konnenTpaiuio nonoB H, OH™ u pH B pacTBOpe siekTposnTa

Ne Suexrponur | KOHICHTPAIML, | No Duexrponur | KOHIEHTpaus,
MOJIB/JT MOJIB/JT

1 HCI 1 16 KOH 0,001

2 NaOH 0,1 17 HNO3 1

3 KOH 0,01 18 HCI 0,001

4 HNO; 1 19 NaOH 0,1

5 HCI 0,001 20 KOH 0,001

6 NaOH 0,1 21 HNO; 0,1

7 KOH 0,001 22 HCI 0,01

8 HNO; 0,1 23 NaOH 0,1

9 HCI 0,01 24 KOH 0,01

10 NaOH 1 25 HNO; 1

11 KOH 0,01 26 HCI 0,001

12 HNO3 1 27 NaOH 0,1

13 NaOH 0,001 28 KOH 0,01

14 KOH 0,1 29 HNO; 1

15 HNO; 0,001 30 NaOH 0,01

obnacte 3HaueHuit pH pactBopoB (>,

2. PaccMoTpuTe BO3MOXHOCTH MPOTEKAHWS TUIAPOJIM3a COJEH, YKaKHUTe

=, < 7), OTBET MOATBEPJIUTE YpaBHECHUIMHU

pEaKIuu.

Ne DopMyIIbl COJIEH No DopMyIIbl COJIEH
1 ZnSO4, NaCN, KNO3; 16 NiClz, B&(NOz)z, Na,SO4
2 CUC|2, N&zSOg, Li2504 17 COSO4, KzSOg, KN03
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3 NaCl, Na;COs, Fe(NOs)s 18 | KCHsCOO, CrCls, Ca(NOs),
4 NaF, FeSO., NaNO3 19 Zn(NOs),, NaNOs, Na;Se
5 Na,SO,, AICIs, KNO; 20 NaCl, Na;HPO4, Ni(NOs),
6 | MnSO, NaCHsCOO, KNO; | 21 NaHS, NHsNOs, KBr

7 KNO3, CoCly, NasPO, 22 BaCl,, KCN, MgSO4

8 NH.CI, K;COs, Na;SO4 23 Na,SO4, AI(NOs)s, NaHSe
9 KCIOy4, Cra(SO4)s, NaHS 24 KHCOs, FeCls, Ca(NOs),
10 C0SO4, KCI, Li»SO3 25 | NaNOs, Cu(NO3),, Sr(NO>),
11 Pb(NO3),, KHSOs, Nal 26 MnCl,, Ba(NO3),, K;HPO,
12 NaNOjs, SnCl,, Ba(NO,), 27 KI, ZnCl,, KHCO;3

13 Li,COs, Al,(SO4)s, KCI 28 K2S04, (NH,)2SO4, KHSe
14 | Cry(SO4)s, KsPOs, NaClO, | 29 Cr(NOs)s, K»S, Nal

15 NazS, SnSO., CaCl; 30 KNO3, AlBrs, Ca(NO,),
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8. OKUCJ/IUTEJIBHO-BOCCTAHOBUTEJ/IBHBIE ITPOLHECCHI
8.1. OCHOBHBIE ONPEJEJIEHUS

Cmenenwv okucienus — YCHOBHBIﬁ 3apsa aroMa B COCAMHCHUM, paCCqHTaHHBIﬁ

NCXOIA U3 MPCAIIOJIOKCHUA, YTO XapaKTCP XUMHUYICCKUX CBSI3€H — HOHHBIM.

1.

CrerneHb OKHCIICHUS aTOMa AJIEMEHTa B IIPOCTOM BelIeCcTBe, Hanpumep, B Ha, Ny,
U T. 1. paBHa HyJ110. CTENEeHb OKUCIECHUS METAJUIOB B 3JIEMEHTAPHOM COCTOSIHUU
TaK)Ke MPUHUMAETCS PAaBHOM HYJIIO.

CreneHb OKHCJICHHUS aToMa B BHJIC ITPOCTOI0 MOHA B COCAWMHCHUHN, NMCIOIICM

+ - 2+ —

HOHHOE CTPOCHHE, paBHa 3apsuy AaHHOro mona, Hanmpumep Nal, MgCl..

B coenuHEHMSIX ¢ KOBaJE€HTHBIMH TOJIIPHBIMHU CBSI3SIMH OTPHIIATEIBHBIA 3apsij
OTHOCAT K Oojiee SJEeKTPOOTPHUIATSILHOMY D3JIEMEHTY, NpHUYEM MPHUHUMAIOT
CIIEIYIOIINE CTETIEHN OKUCIICHUS:
CTEIEeHb OKUCIICHUS (PTOpa B COCIMHEHUAX paBHA —1;
aTOMBI KHCJIOPO/Ia B OOJBIITMHCTBE COSAMHEHUH TTPOSBIISIIOT CTEIIEHb OKMCICHUS
paBuyio —2. MHckmouenus cocrapiasiior nepokcuabl (H20;), rme cremens
okuciienuss kuciopona —1, Hammepokcuasl (KO), creneHb OKHCICHHS paBHA
~1/,, o3omumsl (KO3) crenens oxucnenus —/3, Bo propokucnopone OF, crenens
OKHCJICHHUSI KACIIOpOJa paBHA +2;
CTEIICHb OKMCJICHHS aTOMOB BOJIOpPOJia B COCIMHEHHUSAX +1, 3a HCKIIOYEHHEM
THIPHIOB METaJIOB, Hanpumep LiH, rae crenens okucaeHus aroma Boaopoaa —1;
IICJIOYHBIC U MET0YHO3EMETbHBIC METAIUTBI TIPOSBIISIOT B COCTMHCHHSIX CTCTICHD
okuciaeHus +1 m +2 COOTBETCTBEHHO.

AnreOpandeckas CyMMma CTEICHEW OKHCIEHHUS aTOMOB JJIEMEHTOB B COCTaBe

YacTUIIbl paBHA 3apsay 3TOM dYacTUubl. JUJIsS ompenesieHusl CTEIEHU OKHUCIICHUS

aTOMOB  DJIEMEHTOB COCTABIIAIOT IPOCTEHIIME anreOpandyeckue ypaBHEHHS.

Hampumep, B SO, , K;SO,4 cTenenp okuciaeHus cepsl (X):

SO, x+2:(=2)=0 X =+4
KySOs  2-(+1) +x+4-(2)=0 X = +6

3apsn voHA paBeH anreOpandecKkod CymMMe CTeleHeW OKHCICHUS aTOMOB
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OJICMCHTOB, BXOJAIINX B €0 COCTaB:

NO;3~ X +3(-2)=-1 X =+5
SO  x+3(2)=2 x = +4
Cr,0;2% 2x +7-(-2)=-2 X =+6

AHaJTOTUYHBIM CITOCOOOM MOYKHO OIPEACIUTh CTENEHb OKHUCICHUS aTOMOB
AJIEMEHTOB B JIFOOBIX COCTMHEHUSX.

OxkucaumenvHo-eoccmanosumenvuvle peakyuu (OBP) — peakuuu, B XOJ€
KOTOPBIX MPOUCXOIUT H3MECHECHUE CTEIICHEH OKHUCIICHUSI aTOMOB JIEMEHTOB.

Hampumep, peakius

+2 +6 -2 +1-1 +1 -1 +1 +6-2
2CuS0O4+ 4K I =2Cul + I2+2K2804

ABJISACTCA OKI/ICJ'II/ITeJ'IBHO-BOCCT&HOBHTCJ’IBHOﬁ, TaK KaK H3MCHJACTCA CTCIICHb

OKHUCJICHHUA aTOMOB MCIH U fIOI[El.

[Ipouecc moTepy yacTHUIEH 3JEKTPOHOB HA3BIBAETCSA OKUCIEHUEM, a TPOLECC
MIPUCOEIUHEHHNS DIIEKTPOHOB — 80CCMAHOBIEHUEM.

Okucnumens — B XOAE PEAKIMU MPUCOCIUHSET AIEKTPOHBI, TOHUKAS CBOIO
CTEICHb OKHCJICHMUS.

Boccmanosumens — 0TIAET BIEKTPOHBI, €TI0 CTEIICHb OKUCIICHUS TTOBBIIIACTCS.

CoenuHeHus, B COCTaB KOTOPBIX BXOAST aTOMBI 3JIEMEHTOB B CBOEH BBICIIECH
CTETIEHW OKHCJICHUS (BbICIIAs CTENEHb OKHUCJIEHUsS, KaK MPaBUJIO, paBHA HOMEPY

TPYIIbI) B OKUCIUTEIFHO-BOCCTAHOBUTEILHBIX PEAKIIMSIX MOTYT BBICTYIIATh TOJIBKO B
+7 +5 +6 +6
kauectBe okucnureneil. Hanpumep, KMnO,, NaNOs, K,Cr,07, KoCrO4 1 nip.

CoenvHeHus1, COAEpKAINe aTOMBI AJIEMEHTOB B UX HU3IIEH CTETIEHU OKUCIICHUS
(HU3IIas CTENEHb OKUCTICHUSI HeMeTau1oB paBHa (Nerpypmp — 8), Y METaIOB HUBIIIAS

CTereHb okucaeHus — (), MOTyT BBICTYyIIaTh B pacCMaTpPHUBAEMBbIX MPOIieccax TOIbKO
2 -3 0 o0
B KauecTBe Boccranosutenei. Hanpumep, Na,S, NH3, Zn, Al.

CoenuHenus, coaepxkalue aTOMbl 3JEMEHTOB B IMPOMEXKYTOUYHOW CTEMEHU
OKHUCJICHHSI ~ CIIOCOOHBI  MPOSIBJIATH  KaK  OKUCIUTENIbHBIE  CBOWCTBA  (TIpHU
B3aMMO/ICHCTBUH C 00JIe€ CUIILHBIMU BOCCTAHOBUTESIMHU ), TAK U BOCCTAHOBUTEIIbHbBIC

+3
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(pu B3aumopaeicTBuM ¢ Oosiee cuibHBIMH okucauTensimu). Hampumep, NaNOo,
+4  +4 0

KzSO3, MnOz, C|2 Hu ap.

8.2. COCTABJIEHUE YPABHEHHU OKUCJIUTEJIBbHO-BOCCTAHOBHUTEJIBHBIX
PEAKIIUH

Cy1iecTByeT HECKOJBKO CIIOCOOOB COCTAaBJICHUS YpPaBHEHUN OKHCIUTEIBHO-
BOCCTAHOBUTEJIBHBIX PEAKLIAMN.
g BeIBOJA KOA((UIMEHTOB IPU COCTaBICHUU YPaBHEHHM OKHCIHUTEIbHO-
BOCCTAHOBUTEJIBHBIX PEAKIUIl HEOOXOIUMO COOJIIO/ICHUE:
e  MaTepuajgpbHOro OanaHca (YUCIO aTOMOB 3JEMEHTOB B JIEBOM U MPaBOM YacTaX
JIOJKHO OBITH OJMHAKOBO);
®  JIEKTPOHHOTO OajlaHca: YUCIIO JICKTPOHOB, OTIAAHHBIX BoccTaHoBHTENeM (Red),
JIOJDKHO OBITH PaBHO YHCITY DJIEKTPOHOB, MPUHATHIX okuciuteneM (OX).
IIpn cocraBiieHMM YpaBHEHWN OKHCIHTEIBHO-BOCCTAHOBUTEIBHBIX PEAKIIHM,
IPOTEKAIOIIUX B PACTBOpPAX MCIHOJIb3YIOT METOJl HOHHO-3JIEKTPOHHOr0 OajaHca, npu

ATOM YacTO BO3HUKAET HEOOXOAMMOCTh YUuThIBaTh cpeny (H', OH ™, H,0).

8.2.1. IIPABHJIA COCTABJIEHU S MOJTYPEAKIAN B PASHBIX CPEJIAX

e B xwucioil cpexne HemocTtaTok N aroMoB Kuciopoja ypasHuBaroT N H»O, B
MPOTHBOIOJIOKHON YaCTH aTOMBI BOAOPOAa ypaBHUBarOT 2N H'.

e B menoyHoW cpene HEAOCTAaTOK N Kuciaopoaa ypaBHuBaroT 2n OH-, B
IIPOTUBOION0)KHOM yactu N HO.

e B weiftpansHoil cpene B sieBoit yactu N HyO (N pa3Huila aTOMOB KUCJIOpOJa B
JICBOW M TIpaBOM 4YacTsax), cmpaBa 2N H (ecnu aTombl KUCIIOpOa ypaBHSIIKCH),
i 2n OH™ (ecnu aTOMBI KUCIIOPO/1a HE YPaBHSUIKCH ).

CrieyeT mOMHHUTB, YTO NIPaBUJIA HOCAT PEKOMEHIATENBHBIN XapaKTep.
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8.2.2. OBP B KHCJIOM CPEJE
K103+ Na,SO3 + H,SO, — |y, 5042_.

1. PaccuMThIBalOT CTEIIEHM OKMCJICHHUS TEX aTOMOB 9JICMCHTOB, KOTOPBLIC €C

HU3MCHAIOT, OIIPCACIIAIOT OKUCIINTCIIb, BOCCTAHOBUTCIIb U CPCIY:

+5 +4 0 +6
K103+ Na,SO3 + H,SO, — |y, 5042_.
Ox Red cpena

2. CoCTaBJISIIOT HOHHYIO CXEMY PEaKIUU:

K*+ 105 + 2 Na* +SO327 +2H + 80427 -1, 80427.
3. Pa30uBaroT peakuuio Ha JIBE MOITYPEAKIIUU:
|O37 -1,
80327 —> 80427.
4. VYpaBHMBAIOT KOJIMYECTBO AaTOMOB 3JIEMEHTOB, HU3MEHSIOIINX CTEIECHb
OKHCJICHHMS:
2 |O37 — s
80327 —> 80427
5. IIpr HEOOXOAMMOCTH YPAaBHUBAIOT KOJUYECTBO KHCIOPOAa U BOAOPOAA:
2103 +12H" —> |, + 6H,0
5032_ + H,O —> 8042_ +2H*
6. Ilo U3MEHEHHUIO CTEIICHU OKHUCIICHHUS MMOJICUYUTHIBAIOT KOJIMYCCTBO OTIAHHBIX

NJIn HpI/IHHTBIX BHeKTpOHOBZ
2103 +12H" + 10e — |, + 6H,O
80327 + H,O0-2 > 80427 +2H".
7. I/ICXOI[H U3 TOro, 4r0 KOJIMYECCTBO OTAAHHBIX H HpI/IHHTBIX BHGKTpOHOB

JIOJIKHO OBITh PaBHO, BEIBOAST KO3(PDHUIIUEHTHI, TP HEOOXOAMMOCTH COKPAIIAIOT UX:

8. CoCTaBIsIIOT CyMMapHOE MOHHOE YPABHEHHE PEAKIIUU: CKIIJbIBAIOT JIEBbIE

Y TIpaBble YacTu 00€UX MOJIypeaKUuui, IpeIBapUTEIbHO YMHOKHUB KKIYIO YaCTHUILY
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Ha KOA(PPUIIUEHTHI:

2103 +12H*+10e > I+ 6H,O0 | 2 |1
SOs% + H,0 - 28 — SO.2 +2H* 10 |5

210 +12H* + 58032_ + 5H,0 — |, + 6H,0 + 55042_ + 10H*.

9. Ilpu HeoOXOOUMOCTH HPUBOJAT MOAOOHBIE — COKpAIIAIOT OJMHAKOBBIE
YaCTULBI B JIEBOU U MIPABOU YACTAX YPABHEHHSI.
2 105+ 12H* + 5503% + 5H,0 — I, + 6H,0 + 5S0,* + 10H *
2 105 + 2H* + 5503* — I, + H,O + 550,%.

10. ITpuBoasT k 6anaHcy MPOTUBOUOHBI:

210 +2H" + 580327 — |, + H,O + 580427
2K*  SO.* 10Na* 10Na* 2K* SO.% .

11.  CocraBmror CyMMapHO€  MOJEKYJSIPHOE  YpPaBHEHUE  PEaKINH,

pacCcTaBiISAOT KO3(DPUIUEHTHI:

2K103+ 5Na,SO3; + H,SO, — I, + H,O + 5Na,SO,4 + KoSO4.
12. TIpoBepka MpaBHILHOCTH PACCTAHOBKU KOO()MULIUEHTOB 110 KUCIOPOIY:

2:3+5-3+4=1+5-4+4
Y Y

25 25

8.2.3. OBP B IEJIOYHOM CPEJIE
Cr,03 + KCIO; + KOH — CI'O427, Cl.

1. PaccumThIBalOT CTEIIEHH OKHCJICHHUS TEX aTOMOB 9JICMCHTOB, KOTOPBIC €C

HU3MCHAIOT, OIIPCACIIAIOT OKHCIINTCIIb, BOCCTAHOBHUTCIIb U CPCAY:

+3 +5 +6
Cr,03; + KCIO3 + KOH — CrO,*, CI-.
Red  Ox cpena

2. COCTaBJISIFOT HOHHYIO CXEMY PEAKLUU:

Cr,0; + Kt + ClO; + K"+ OH  — CrO,%, CI-.
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3. Pa3OmBaroT peakiyio Ha JIBE IMOTYPEaKIINH:
Cr,03; = CI’O427
ClO; — CI.
4. ypaBHI/IBaIOT KOJIMYECTBO AaTOMOB DJJICMCHTOB, MH3MCHAIOIIHUX CTCIICHDBb
OKUCJIICHUA.
CI’203 -2 CI’O42_
ClO; —» CI.

5. HpI/I H€O6XOI[I/IMOCTI/I YPaBHUBAIOT KOJIMYCCTBO KHUCJIOPOdAa U BOOOPOOA:

Cr,03 + 100H" — 2 CrO4* + 5H,0

ClO; +3H,O0 - ClI"+6 OH".
6. [1o U3MEHEHNIO CTETIEHN OKUCICHUSI NIOJICYUTHIBAIOT KOJMYECTBO OTIaHHBIX
WM TIPUHSATHIX 3JIEKTPOHOB:

Cr,0;3 + 10 OH —6& — 2 CrO4* + 5 H,0
+5 -

ClOs +3H,O+68 > Cl +60OH".

1

7. HCXOI[?I N3 TOIO, 4YTO KOJHMYCCTBO OTAAHHBLIX W HPHUHATBIX 3JICKTPOHOB

JIOJKHO OBITh PaBHO, BBIBOAST KOA(PPUIIUEHTHI, TP HEOOXOUMOCTH COKPAIIAIOT UX:
Cr,03+ 10 OH —68 — 2 CrO42 +5 6 1
ClOs +3H,O+ 68 > Cl-+ 6 OH 6 1

8. COCTaBISIIOT CYMMapHOE MOHHOE YPABHEHUE PEAKLMU: CKIAIbIBAIOT JICBBIE

Y TIpaBble YacTu 00X MOJIypeaKUui, IpeIBapUTEIbHO YMHOXKHUB KAKIYIO YaCTHUILY

Ha COOTBETCTBYIOIINE KOIPPUIUEHTHI:

6 |1
6 |1

Cr,03 + 10 OH - 68 — 2 CrO4* +5 H,0
ClOs +3 H,0 + 68 > Cl-+ 6 OH

Cr,03+ 10 OH + ClO3 + 3H,0 > 2 CrOs* +5H,0 + Cl- + 6 OH".
9. Ilpn HEOOXOIUMOCTH COKpAIIAIOT OJIMHAKOBBIC YACTHIIHI B JICBOU U MPABOU

qJacTAX MOHHOT'O YPAaBHCHUA!

Cr,0; + 100H" + ClIOs + 3 H,0 — 2 CrO/~ + 5H,0 + Cl"+ 6 OH
Cr,O3+ClO; +40H — 2 CI‘O427 +2 H,0O + CI.
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10. ITpuBoasT k GanaHcy MPOTUBOMOHBI:

Cr,03 + ClO3 +4 OH — 2 CrO4* + 2 H,O + CI-
K* 4 K* 4 K* K" .
11. CocraBisitoT CyMMapHOE€ MOJIEKYJSIDHOE YpaBHEHHE pEaKkUuu C

HalICHHBIMU KO3 unrenTamu:
Cr,03 + KCIO3 + 4 KOH — 2 K,CrO4 + 2H,0 + KCI.
12. TIpoBepka mpaBHIBHOCTH PACCTAHOBKH KOA((UIIMEHTOB MO KUCIOPOIY:

3+3+4=2-4+2

J
Y Y

10 10

8.2.4. OBP B HEUTPAJIbHOM CPEJIE

KMnO,4 + MnSO4+ H,O — MnOs.

1. PaccuMThIBalOT CTEIIEHM OKMCJICHHUS TEX aTOMOB 9JICMCHTOB, KOTOPLIC €C
HU3MCHAIOT, OIIPCACIIAIOT OKHCIINTCIIb, BOCCTAHOBHUTCIIb U CPCAY:

+7 2+ +4

KMnQO4 + MnSO4+ H,0 — MnO..
Ox Red cpena
2. COCTaBIIIOT HOHHYIO CXEMY PEAKIUU:
K* + MnO; + Mn** + SO+ H,0 — MnOs.
3. Pa30uBaroT peakiuio Ha JIB€ MOJypeaKlnu:
Mn#* — MnO,
MnOs — MnO,.

4, YPaBHI/IBaIOT KOJIMYCCTBO aTOMOB 3JICMCHTOB, U3MCHAIOININX CTCIICHDb

OKHUCJICHHUA:

Mn % — MnO;
MnOs~ — MnO..
5. [Ipu HEOOXOIMMOCTH YPABHUBAIOT KOJUYECTBO KUCIOPO/Ia U BOJAOPOIA:
Mn #* + 2H,0 — MnO, + 4H*
MnO4 +2H,0 — MnO, +40H ".

6. Ilo n3MEHEHUIO CTENICHN OKHUCIICHUS INOACYHUTBIBAKOT KOJINYCCTBO OTAaHHBIX
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WJIM IIPUHATBIX 3JICKTPOHOB!:

+2 +4
Mn + 2H; O — 28 - MnO;+ 4H”

+7 +4

MnO,; +2H, 0 + 38 - MnO; +40H .

7. HCXOI{?I U3 TOIO, 4YTO KOJJHMYCCTBO OTAAHHLIX W IPUHATBIX 3JICKTPOHOB

JOJIDKHO OBITH PaBHO, BBIBOIAT KOB(b(i)I/IHI/IeHTBI, IIpu H€06XOI[I/IMOCTI/I COKpalIaroT Ux:

Mn %" + 2H,0 — 2& nO + 3
MnO4 +2H,0 + 38 > MnO; + 40H- 2

8. COCTaBISIOT CyMMapHOE MOHHOE YPABHEHUE PEAKIIMU: CKJIAJIBIBAIOT JIEBBIC

U TIpaBble YacTu 00€UX MOJIypEeaKui, IPeIBapUTEILHO YMHOKHUB KKy YaCTHILY
Ha COOTBETCTBYIOIINE KOIPPUITUEHTHI:

Mn 2*+2H20—26—>Mn02+4H+ 3
MnO4 +2H,0 + 38 - MnO, + 40H" 2

3I\/In2++6H20+2MnO4*+4H20—>3Mn02+2MnOg +80OH +12H".

9. IIpu HEOOXOIUMOCTHU COKPAIIAIOT OJIMHAKOBBIE YACTUIILI B JIEBOU U MpaBOMH
YacTAX MOHHOTO YPaBHEHHUS:
3 Mn 2"+ 6 H,0 +2MnOs + 4 HyO — 3 MnO; +2MnO, + 12 H*+8 OH"
4 H™+8 H,0
3Mn 2% +2MnOs +2 H,O—>5MnO, +4H".

10. ITpuBoasT k 6anaHcy MPOTUBOUOHBI:

3Mn% +2MnOs; +2H,0 —-5MnO, +4H*
3804+ 2K* 2S04+ 2K*+ S04~

I1. CocTaBiasitoT CyMMapHO€ MOJICKYJISIPHOE ypaBHEHUE PEaKUUHU C

HaWJIEHHBIMHU KO3 (HUIIUCHTAMH:

3MnSQO, + 2KMnO,4 + 2H,0 = 5Mn0O, + 2H,S0O,4 + K»,S0O,.

12. TIpoBepka npaBUIBLHOCTH PACCTaHOBKH KO3(P(HULIUEHTOB MO KUCIOPOIY:

3°4+2-442=5-2+2-4+4

Y

22 22
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8.3. IIPUMEPBI PELIEHUS 3ATAHUI

Ilpumep 1. VYxaxute creneHb okuciaeHus (CO) NOAUYEPKHYTHIX AaTOMOB
AJIEMEHTOB B MPEJIOKEHHBIX YaCTUIIAX, a TAKXKE MX BBICHIYI0 M HU3IIYIO CTENEHU
okuciieHusi. OOBSICHUTE, KAKyI0 POJIb MOTYT BBINOJHSITh YKa3aHHBIE YaCTHUIIbI B
OKHUCJIUTEIPHO-BOCCTAHOBUTEIBHBIX PEAKIUAX: TOJBKO OKUCIUTENb (OX), TONBKO
BoccranoButelnb (Red), okuciurens u BocctanoBureas (OX u Red).

Cr0z, CIO4~, Zn, H2S
Cr,03 2x +3-(-2) =0 CO=+3

Xpom — 3nement VI rpynimel, clie10BaTeNbHO, BBICIIAS CTEIIEHb OKUCICHUS €r0
+6, T. K. XpOM SIBIIIETCS METAJLUIOM, TO €r0 HU3IIAs CTeNeHb OokuciaeHus 0. B nanHoM
ClIydyae XpOM MPOSBISIET MPOMEKYTOUHYIO CTEIEHb OKHCIICHHS, CIENOBATEIbHO, B
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIUSAX JaHHAs 4YacTulla MOXET ObITb U
okucauTenaeM u BocctanoButesieM (OX u Red).

ClO4 Xx+4:(-2)=-1 CO=+7

Xnop — snement VI rpynmsl, ciieioBaTeNbHO, BbICIIAS CTEIEHb OKUCIICHUS €ro
+7, XJ0p — HEMETAUI, CIeJ0BATEIbHO HU3IIAs CTeNeHb OKHUcieHus ero 7 - 8 = -1. B
OKHCJIUTEIbHO-BOCCTAHOBUTENBHBIX ~ peaknusax ClOs~  MoxkeT OBITh  TOJBKO
okuciutenem (OX).

Zn CO=0

[unx — snement |l rpynmel, ciegoBaTeIbHO, BBICIIASI CTENIEHb OKUCIICHUS €T0
+2, TWMHK — MeTaUl, Hu3Ias creneHb okucienus 0. B okuciurensHo-
BOCCTAaHOBUTEJIBHBIX peakiusax ZN MOXKeT ObITh TOJIEKO BoccTaHoBHTeIeM (Red).

H,S 2:(-1)+x =0 CO=-2

Cepa — snemenT VI rpyIrbl, 3HaYUT, €r0 BBICIIAS CTENEHb OKHUCICHHS 0,
HU3IIIas CTENEHb OKHCIICHUS cepbl 6 — 8 = -2, cleaoBaTelbHO, B OKHUCIUTEIBHO-
BOCCTaHOBHTENIBHBIX peakiusax HyS MoxkeT ObITh TOJIbKO BoccTaHOBUTEIEM (Red).

Odopmienue:

+
3 BbICIIAg C.0. +6

Cr; 03 Hu3masi ¢.0. 0 Ox u Red
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BBICIIAS C.0. +7

+7
Cl O;l Huzmas c.o. 1 Ox

0 BbICIIAsA C.0. +2
gusmas c.o. 0 Red

BbICIIAs C.0. +6
HZS HHA3MAA C.0. -2 Red

IIpumep 2. CocTaBbTe ypaBHEHHE TIOTypEaKIii B 3aaHHOM cpeje:
Cr,04 = Cr¥*  (xucnas);
Cr,03 — CrO4* (menounas);
Br, - BrO- (HeliTpanbHas);

MnOs — MnO;, (HeilTpanbHas).

AJNTOPUTM COCTABJICHHS YPABHEHHUSI I1OJYPEAKIIVH.
1. PaccunThIBatOT CTENIEHU OKHUCIIEHUSI aTOMOB 3JIEMEHTOB, KOTOPBIE €€ U3MEHSIOT.
2. YpaBHHUBAIOT UX KOJUYECTBO (MPU HEOOXOIUMOCTH).
3. B cooTrBercTBMM € INpaBHJIaMU CPEAbl YPAaBHUBAIOT KOJWYECTBO aTOMOB
KHCJIOPOJIa ¥ BOJIOPOJA.

4. YKa3pIBalOT KOJUUYECTBO OTAaHHBIX WJIM IIPUHATBIX 3JICKTPOHOB.

Cr2072* —> Cr3+

1. Crenens okucaeHus uzmenser xpom: ¢ +6 8 Cr,0,% no +3 B Cré*;

2. YpaBHHBAIOT KOJIMYECTBO aTOMOB XpoMa:

CI’2072_ -2 Cr3t

3. B mpaByr 4acTh Il BOCIOJHEHUS HEIOCTaTKa 7 aTOMOB KHCJIOpOJa

sanumieM 7 HpO; B JieByr0 4acTh JUIs ypaBHUBaHUsI Bogopoaa 3anuiieM 14 H™:
Cr,07# + 14 H* > 2Cr** + 7H,0
4. CreneHb OKHMCIIEHHUS U3MEHAET XpoM ¢ +6 1o +3, npuHumas 3€, yuuTbiBas

YTO B MOJYPEAKIUH YYACTBYET 2 aTOMa XpOMa, IPUHUMAETCS 6€:

Cr2072* +14H"+ 68 >2Cr*+7 H,O
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Cr,03; = CI’O427

1. Crenens okucaeHus uzmenser xpom: ¢ +3 B Cr,03 1o +6 B CrO,*;
2. YpaBHUBAIOT KOJIMYECTBO aTOMOB XpoMa.

Cr,0O3; > 2 CI’O427
3. B neBoit yacTu HEOCTATOK 5 aTOMOB Kuciiopoja, noo6asum 10 OH
B MIPaBYIO 4acTh JUIsl YpaBHUBAHMS BOJOpOa U Kuciaopoa 3anuiieM 5 HoO:

Cr,0O3+100H — 2 CI‘O427 + 5 H,O

4. CteneHb OKUCIICHHS U3MEHSET XpoM C +3 10 +6, oTnaBast 3€, yUuThIBasi, 4TO

B MOJIypeaKiliy y4acTByeT 2 aToMa XpoMa, OTJaercs 6¢:

Cr,0O;+100H -6 —> 2 CI‘O427 + 5 H,O

Br, —» BrO-
1. Crenens okucnenust uamensier opom: ¢ 0 B Bro 1o +1 8 BrO;
2. YpaBHHBAIOT KOJIMYECTBO aTOMOB Opoma:
Br, > 2 BrO—;

3. PazHuma no kuciopogy B obeux dacTax (c yueroM KoddduinmeHTa)
COCTaBJISIET 2 aTOMa, CJEJO0BAaTENIbHO, B JIEBYIO HacTh HeoOxoaumo 3amucath 2 HyO,
Py ATOM KHUCIOPOA B OOEMX YACTIX YpaBHUBAETCS, CJIEIOBATEIbHO, HEOOXOIUMO
ypaBHSATH B IPABOM YacTH BOAOPOI, 100aBuB 4H™:

Br, + 2 H,O — 2 BrO™ + 4H";

4. CreneHp okuclieHHs u3MeHseT opom ¢ 0 mo +1, otmaBas 1€, yuuThiBasi, 9To

B MOJTypEeaKkluM y4acTByeT 2 aToma Opoma, otnaercs 2¢:

Br, + 2 H,O - 28 —»> 2 BrO + 4H";

MnOs — MnO,

1. Ctenens okucieHus u3MeHset Mapraserl: ¢ +7 B MnO4~ o +4 8 MnOy;

2. KonnuecTBo aTOMOB MapraHiia B 00€ux 4acTsX OJMHAKOBO, KO3(PPUIIMEHTHI
HEe TpeOyIoTCS.

3. Pa3znuna no kucinopoy B 00EMX YacTAX COCTaBIsET 2 aTOMA, CIEA0BATEIBHO,
B JIEBYIO YacTh HeoOxoaumo 3amucath 2 HoO, npu 3ToM Kucnopoa B 00enx yacTsax He
YpaBHSUICS, CJIEIOBaTeNIbHO, HEOOXOAMMO YpaBHATH €ro, J0OaBUB B MpaBOW YacTH
4 OH™:

MnO4 + 2 H,O — MnO; + 4 OH7;
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4. CreneHb OKUCIICHUSI U3MEHSET Mapraunel ¢ +7 no +4, npuaumas 3&:

MnO, + 2 H,O + 38 - MnO, + 4 OH";

Ilpumep 2. 3anuimnTe 3JIEKTPOHHO-MOHHBIE YPaBHEHUS MOTypeaklunuid, HOHHOE

M MOJICKYJIAPHOC YpaBHCHUS pCaKIIMH, COOTBCTCTBYIOIICC TaHHOMY IIPCBPALICHUIO.

+5 +4 0 +6
K103+ Na,SO3 + H,SO, — |y, 5042_
Ox Red cpena

K*+ 105 + 2 Na* +SO32_ +2H"+ 5042_ — 1y, 8042_
2103 +12H* + 10 — |, + 6H,O 2 |1
SOs* + H)O -2 —> SO +2H* 10 |5

2105 + 12H* + 5503 + 5H,0 — I, + 6H,0 + 5S0,> + 10H*

210 +2H" + 580327 — |, + H,O + 580427
2K*  SO.* 10Na* 10Na* 2K* SO

2K103+ 5Na,SO3; + H>SO4 — I, + H,O + 5Na,SO4 + KoSO,.

8.4. KOHTPOJILHBIE 3AIAHUS

1.  Paccumraiite u ykaxute crenedb okucieHus (CO) aTomos
MOJYEPKHYTHIX JJIEMEHTOB B MPEIOKEHHBIX uacTuiax. OOBSCHUTE, KaKyH PpOJIb
MOTYT BBITIONHATH TPEJIOKEHHBIE YaCTUIIBI B OKHCIUTEIbHO-BOCCTAHOBHUTEIBHBIX
peakiusax: Toiabko okuciautenb (OX), Toapko BoccTaHoBuTenb (Red), okucaurens u
BoccranoBurenb (OX u Red).

1 | CrOs*, MnO,, PbO,, Cr,07* 16 | P,0Os, CO, AlO;7, NOs~

2 | Cd, AlO;, N2O, NOs~ 17 | Zn, H,S03, HNO;3, CIO4

3 | ALL,Os, MnOy, Br-, CrO4* 18 | VO3, NO,, Mn#, Al

4 | CO,, MnO,, MnO.*, CI 19 | HS, Cl,, SO4*, Cr,07*

5 |NOs, NO, Cr,07, SOs* 20 |SO#,NO;, ClOs, Br-

6 |BrO-, Br-, Cd**, CrO, 21 | CrO;, ReO4, PbO,, CrO4*
7 | Nz, CI', CrO;, BsO+* 22 | NOz", MnO3, NO,, Cu

8 |TiO?", CIO, ClOs, MnO4 23 | SO4*, Clp, Mn?, CIO-
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9 | MnO4*, NOs~, NH,*, ClO3 24 | ClO4, CI5, CrOy, F2

10 | NH4OH, VO#, Clz, VO3 25 | Ca,NOs, BrO, NO;-

11 | NO;, H3POg4, HCI, CrO4* 26 | SO4*, CO, HzS, MnO,*
12 | NOs, ClOs, Mn, §* 27 | CO,, Cr,0+%, BrO, Se04*
13 | Sn**, CH4, SeO4*, ClO3 28 | SeOs*, AlO;, Br-, ClOs
14 | SnO,, N,O, MnO,, SOz* 29 | ClOs, SO4*, TiO*, MnO4
15 | CI,O, Iz, N2O3, Cr,07% 30 |l NO, HzSe, Cr.07*

2. 3anuimTe BJICKTPOHHO-MOHHBIE YpPAaBHEHUs IMOJNypeakluid, HOHHOE U

MOJIEKYJIIPHOE YPABHEHHUS PEAKIMH, COOTBETCTBYIOLIEH JAHHOMY IPEBPAILECHUIO.

KMnO, + Kl + H,SO4 =->Mn?*, 1,

' Na,SeO; + KBrO + H,0 — Br,, Se04%
FeSO, + Bry + H,SO, — Fe®*, Br

2 KMnQO, + KI + H,O — MnOy, |,
KCrO, + Br, + KOH — Br, CrO4*

3 FeCl, + KMnO, + H,SO, — Fe®*, Mn?*
Na,MnO4 + Na,SOs3 + H,O — MnQO,, SO4%

) K,Cr,0O7 + FeSO,4 + H,SO, — Cr¥*, Fed*
KCIOs + KCrO; + NaOH — CI-, CrO4*

> CrOs + HCI — Cl,, Cr¥*
C + HNO3 —» CO,, NO;

° Crz(SO4)3 + NaClO + NaOH — CI-, CrO4*
KCrO, + Cl, + KOH — CrO,*, CI-

! Ni(OH), + NaCIO + H,0 — CI-, Ni(OH)s|
KMnO, + Na,SOz + H,O — SO4%, MnO,

] BiCls; + SnCl, + KOH — SnOs%, Bi
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Cry(SO4)3 + Cl; + KOH — CrO4%, CI-

? I, + Cl; + H,O —1057, CI~
KCIO3z + MnO, + KOH — MnO4%, CI-

10 NazAsOs + K,Cr,07 + H,SO4 — AsO4*, Cr3*
HCIl + HNO3; — Cl,, NO

H KMnO; + Kl + NaOH — MnO4%, 105
I, + Na;SO3 + H,0 — I, SO,*

e FeSO, + KCIOs + H,SO4 —CI-, Fe?*
KCIO;z + I, + H,O —» 1057, CI

13 H,S + HNO; — SO4%, NO,
NasAsOz + I, + H,O — AsO4%, | -

H Mn(NOs), + NaBiOs + HNO; — Bi%*, MnO4~
Kl + HNO3; — NO, I,

o KMnO; + V3(SO4)s + H20 — MnO,, VO
FeCl, + HNO; + HCI —Fe?**, N,O

10 K>S + K;MnO4 + H,O — S, MnO;,
MnSQO, + Cl, + KOH — MnQO4*, CI-

o H,S + K,Cr,07 + H,SO4 — Cr3*, S
K.Cr,07 + Na,SO3 + H,SO4 — Cr3*, SO,

10 MnO, + KNO3 + KOH -MnO4%, NO;
Fe(NOs); + HNO; — Fe¥*, NO,

1 Cl, + FeClz + KOH — CI-, FeO4*
K,Cr,0; + HCI -»Cr¥, Cl,

20 FeCl, + NaBiO3; + NaOH — Fe(OH);, BiO*

" SnCl, + NagAsO; + HCl— Sn**, As

S + KOH— S04, S*
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SO, + NalO3 + H,O — |, 8042_

22
H,S + HNO; — S, NO
KBrO + MnCl, + KOH — Br -, MnO4*
2 K,Cr,07+ FeSO,4 + H,SO4 — Cré* Fe®t
NaCrO, + NaClO + KOH — CrO4*, CI
o4 KMnO; + NaNO; + H,SO4 ->Mn?*, NO3
SnCl; + K,Cr,07 + H,SO4 — Sn**, Cr3*
% Cr;03 + KNO3 + KOH — CrO,%, N,
K>S + KMnQO, + HySO4 — Mn?*, SO42
20 H,S + Cl, + H,0 — SO,*, CI-
HNO;z + Ni = N,O, Ni*
21 MnO, + HCI ->Mn?*, Cl,
FeCl; + Na,;SO3 + H,O — Fe?*, SO,*
28 HCI + Ni(OH); — Ni?*, Cl,
KMnO,4 + NaNO; + H,O — MnO;, NO3~
2 SnCl, +KBrO3z + HCI — Sn*, Br -
” KMnO, + HyS + HySO4 — Mn?*, SO,

(BlO)zSO4 + Br, + NaOH — BiO3, Br
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8.5. BSAUMOJENCTBUE METAJIJIOB C PACTBOPAMM KMCJIOT, IIEJOYE Y BOJIOW

Bce xumuyeckne B3aUMOAECHCTBHS METAJIOB OTHOCSTCA K OKHCIUTEIBHO-
BOCCTaHOBUTEIbHBIM. CTPOEHMEM aTOMOB METAIOB OOYCJIOBIIEHO, YTO METAJUIbI —
TUMWYHBIE BOCCTAHOBUTENH, O] IEUCTBUEM CPENIbl OKUCISIOTCS, B 00pa3yIOIIUXCs
POJYKTaX OKUCIEHUS (OKCUIAX, TUIPOKCUAAX, COMSIX) MPOSBISIOT MOJOKUTEIBHYIO
CTEIIEHb OKUCIICHUS.

DNEeKTPOXUMHUUYECKUN  psAJl  HampshkeHuM  (aKTUBHOCTH,  CTaHAApTHBIX
AJNEKTPOJHBIX MOTEHIMAIOB) METAJUIOB — MOCJIEJ0BATENBHOCTD, B KOTOPO METAJLIIBI
pacIoOKEHbl B MOPSAAKE  YBEJIMYECHHUS  CTAaHJAPTHBIX  OKHUCIIMTENBHO-
BOCCTAaHOBHTENBHBIX NOTeHIIMaOB ap Me""/Me (ocnabieHus: BOCCTAaHOBHTEIBHBIX
CBOMCTB).

EnuHCTBEeHHBIN HeMeTaul B Py HamnpsbKeHUW, BOJOPOA, MMeEeT oOiee ¢
METaJUIaMH CBOMCTBO — CIIOCOOHOCTh OOpAa30BBIBATH MOJOKUTEIBLHO 3apSKEHHBIE
HMOHBI. B COOTBETCTBHM C TOJOKEHUEM B IJIEKTPOXUMUUYECKOM DSy HAIPSIKEHAN

MCTAJJIbI MOKHO YCJIOBHO pa3ACInuTb HA TPH I'PYIIIIBIL:

LiKBaSrCaNaMgAl MnZn Cr FeCd Co Ni SnPb H Cu Ag Hg Pt Au

y2 N £ - N <
< —7 < 7 <

A 4

AKTUBHBIE cpeaHel aKTUBHOCTH MaJIOAKTUBHBIE
3HaUYCHUs CTaHIAPTHBIX OAJICKTPOJHBIX TOTCHIIMAJIOB METAIOB (TOYHEE,
OKHCJIUTEIbHO-BOCCTAHOBUTENIBHBIX TTap Me"/Me) npusenens! B Tabwie [1.

B03M0XXHOCTh OKMCJICHUS METAIJI0B IoJ ,Z[eI\/JICTBHeM BOJbI, paCTBOPOB KHUCJIOT

U 1IEJI04YeH OnpeenseTcsl BBITOJHEHUEM YCIOBUS £ qcnntens = Esoccranosurens

. OKHCIINTENBHO-BOCCTAHOBUTEIBHBIE MTOTEHIHUAIBI HEKOTOPBIX METAJIOB, & TAKKE
BOJZIOPO/Ia, BOJABI U KUCIOpPOAA B PAa3IMUYHBIX Cpelax MpuBeneHbl B Tadmuue 11 6.
PeanbHOE MTpOXOXKIAEHNE pEAKLMK, IOMUMO COOTHOILLIEHHS MOTEHIIMAIOB OKHCIUTEIIS
U BOCCTAHOBHTEIIA, ONpenessseT KWHEeTHuKa Iporecca. IIpomecc oxwucienus B
OTJENBHBIX CIy4yasX TOPMO3UTCS BCJEICTBUE 00pa30BaHMs OKCUIHBIX MM COJIEBBIX
IJIEHOK HAa MOBEPXHOCTH MeTajlia. Takoe sIBJI€HUE Ha3bIBAIOT naccugayueli MeTalla.
ITaccuBanyu MOTYT IOJABEPraThCsl, B 3aBUCUMOCTH OT yCJIIOBUHM, MOTYT OYE€Hb MHOTHE

MeTasuibl (AIFOMUHUN, XPOM, TUTAH, HUKEIb, )KEJI€30, MarHu U JIp.).
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8.5.1. B34AUMOJEHCTBHE META/IVIOB C KHCJIOTAMH

B pacTBOpax KHCIOT OKUCITHTEISIMU MOTYT OBITh:
e wousl Bogopoaa H* (HCI, H,SO,4 pa3basnennas u ap.),
e kucaorHsle octatku (HNO3, H,SO4 koHIIEHTpHpOBaHHAS | JIp.),
® pPaCcTBOPEHHBIN KUCIOPOI.

Ilpumep 1.

B3aunmoneiicTBre MHKa ¢ pa30aBiIeHHON CEPHOM KUCTOTOM.

Zn + HZSO4 paz6 —
BOC-JIb OK-JIb

e 3HauyeHUsI OKUCIUTEIHLHO-BOCCTAHOBUTEIBHBIX MOTEHIIMAIOB (B KUCIION Cpeie):

E, s =Ej o), =—0,76B,

B-JIsl n®*/zZn

_EO _
EOK-J‘ISI - E2H+ /H2 - 0 B1

T.. E

ESH+ I, > E(Z)n% 17 ok > Eg_pqy PEAKINS BO3MOXKHA.
o IIpOMyKThI PEAaKIMM: OKHCICHHS IMHKA — MOHBI Zn®', BOCCTAHOBJIEHUS HOHOB
Bojiopoaa — Ha.
MoJieKyJIIpHO-HOHHAs CXEMa PEAKLUU:
Zn + H,SO, pas6 — 7nt + H,

e VYpaBHEHUS NMONyPEAKLIMM:

Zn —2&=2Zn* — OKHUCJIEHHE

2H"+28=H, — BOCCTaHOBJICHHE
e MoHHOE U MOJIEKYJISIPHOE YPAaBHEHHS:

Zn +2H* = Zn* + H,

Zn + H,SO, pas6 — ZnS0O4 + Hy
Ilpumep 2.

Menpb B pacTBOpE COJNISTHOW KUCIIOTHI.

Cu+ HCl—

BOC-JIb OK-JIb
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e 3Ha4YCHHUS OKMCIIMTEIHLHO-BOCCTAHOBUTEIBHBIX IIOTCHIMAJIOB:

—EO° —
Epns =Egy2r o, =0,34B
Eomn = Ej =0B
OK-JIst 2H" | H, !
EOK—fvz < Eg_m, peakuus HCBO3MOKHA.

Ecnu B pacTBOpe KHCIOTHI MPUCYTCTBYET PACTBOPEHHBIN KHCIOPO, OH MOXKET
OBITh OKUCIIUTEIIEM.
Cu+HCI+0; —
BOC-JIb OK-JIb

e 3Ha4YCHHUS OKHCIIMTEIHLHO-BOCCTAHOBUTEIBHBIX IMIOTCHOHAJIOB.

—EO° —
Epmn = EQz o, =0,34B,

E =EJ, n,0 =1,22B,

OK-JIsA

E >E

ok > Eg_ns» DEAKLIUS BO3MOXKHA.
e IIpoAyKThl peakuu: OKUCIeHus Meay — noHbl Cu?*; BOCCTaHOBIIGHHS KHCIOPOIA —
H,O0.
Cu+HCI+0;, — Cu?t + H,O
e YpaBHEHUs MOITYPEAKLIMIMA:
2 Cu-2e=Cu®* — OKHUCJICHHE

1 O, +4H" + 48 = 2H,0 — BOCCTAHOBJICHUE

e loHHOE U MOJIEKYJIIPHOE YPaBHEHUS:
2Cu+ O, +4H" = 2Cu?t + 2H,0
2Cu + 02 + 4HCI = 2CUC|2 + 2H,0
B a30THOM ¥ KOHUEHTPUPOBAHHOW CEPHOM KUCIIOTAX OKUCIUTEISIMHU SIBIISFOTCS
arnonbl — NO3 1 SO42. [IpoayKThl BOCCTAHOBJICHHS] aHHOHA 3aBUCST OT aKTUBHOCTHU

MeTasuia.
YcnoBHBIE CXEMBI B3aMMOJIEHCTBHSI METAIJIOB C CEPHON (KOHLIEHTPUPOBAHHOM )

1 a30THOM (pa30aBIeHHON U KOHIIEHTPUPOBAHHOM ) KUCIIOTaAMHU:
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Me - akTUBHBIHI

> H,S
Me cpenHeit akTHBHOCTH
Me + HZSO4 KOHIL - Men(so4)m + HZO + > S
Me - Ma10aKTUBHBIN
> SO,

A

Me - akTUBHBIN > NH4NO;

CpeaHEel aKTUBHOCTH

N2, N2O

v

Me + HNO3pasg —> Me(NOz)m + HO +

Me-Mai0aKTUBHBIN

v

NO

B naHHBIX peakuusx oObIYHO 00pa3yercs cMech MPOAYKTOB BOCCTAHOBJICHHS
aHNOHOB. KOHIIEHTPUPOBaHHBIE KUCIIOTHI — CEPHAst, a30THAS, HA HEKOTOPBIE METAJLIIBI
OKa3bIBAIOT MaccuBHUpymomiee aeucteue. K npumepy, ¢ KOHIEHTPUPOBAHHON CEPHOM
KMCJIOTOM IIPU KOMHATHOW TEMIIEPATYpPE HE PEArupyroT JKEJe30, XpPOM, HHKEID,
tutad. IIpu HarpeBaHuM naccuBanusi BO MHOIMX Ciy4asx ycrpassercs. Camebie
MaJIOAKTUBHBIE METAUIbl — 30JI0TO, IIATUHA — C CEPHOM M a30THOM KUCIOTaMU HE
B3aMMOJICHCTBYIOT.

Ilpumep 3.

B3anmoneilicTBre Maruusi ¢ KOHUEHTPUPOBAHHOW CEPHOM KUCIIOTOM.

Mg + HZSO4 KOHI] >

BOC-JIb OK-JIb

Mg — akTUBHBIN MeTaJlJI, COTJIACHO CXEME:

Mg + H»,SO, KoHI — MgSO4 + H,S + H,O

YpaBHEHUS NTONTyPEAKIUA U1 MOHHOE YPABHEHUS:
Mg -2 & = Mg?** 4
SO,* + 10H* + 88 = H,S + 4H,0 1

HNonnoe ypaBHeHue u 6ajianc MPOTUBOUOHOB:
4AMg + SO4* + 10H* = 4Mg** + H,S + 4H,0
4504 4504*

MonexkynspHoe ypaBHEHUE
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AMg + 5H2S04 ko = 4MQSO4 + H,S + 4H,0
8.5.2. B34AUMOJEHCTBHE METAJIJIOB C BOJJOH H PACTBOPAMM ILEJIOYEH

OxucnuTens My Npu AEHCTBUU BOJBI U pACTBOPOB IIEJIOYEH HA METAJIJIbI MOTYT
OBITH BOJIa WJIK PACTBOPEHHBIN B HEW KUCIOPO/I.

[Toypeakiivs BOCCTaHOBJIEHUS BOABI (OKUCIUTEIA):

2H,0 +2e=H,+20H, E =-0,41B.

2H,0/H,

CnenoBarenbHO, pearupoBaTb € BOJOM MOTYT T€ METaulbl, HNOTEHLHUAN
KOTOpeIX (B HeWTpanmpHOU cpene) wmenee —0,41 B. Ilpaktudecku B Boje
PACTBOPSIIOTCS LIEJOYHBIE W HIEJIOYHO3EMENbHBIE METAUIbl, @ TAKUE METAJUIbI, KaK
AIIOMUHUINA, TUHK, XpOM, TUTaH, C BOJON HE pearupyroT U3-3a SBJIEHUS TaCCUBALIHH.

B pacTBOpax HlGJIO‘iGﬁ OKHMCJIUTEIbHAsA CIIOCOOHOCTH BOJAblI YMCHBIIACTCA,

OKHCJIUTEIbHO-BOCCTAHOBUTEIIBHBIN TOTCHIIMA YMEHBILAETCH, ESHZO /m, =—0,83B

mpu pH = 14 (B memnouyHoit cpene). [pyras ocoOEHOCTh B3aMMOJECUCTBUS C
pacTBOpaMH 1IEJI0OYel — B HMX HE IPOUCXOJUT IACCUBAIMU METAIIOB, OKCHJIBI
KOTOPBIX aM(OTEepHBI, YTO 00YCIIOBICHO PaCTBOPEHUEM MACCHBUPYIOIINX IIJICHOK Ha
Metaiax. B pesynprare aqtoOMUHUM, IMHK, OJOBO PACTBOPSIOTCS B IEJIOYaxX JaxKe
MPU OTCYTCTBUU PACTBOPEHHOT'O KUCIOPO/IA.

Ilpumep 4. B3aumoaencTBrEe KajablUs ¢ BOIOM.

Ca + HO —

BOC-JIb OK-JIb

e 3HauyeHHUS OKHUCIUTEILHO-BOCCTAHOBUTCIBLHBIX IIOTCHIIMAJIOB:

_EO -
Euoa =Ec 200, =—2.87B,
Eox-ns = Eonoim, = —0,41B,
E2H20/H2 >E 2 jcqr 7€ Epponn > B4y, PEAKIINS BO3MOKHA.

e TIpomyKThI peakLuu: OKUCIeHHs Kanblus — noHsl Ca®'; BoccTanoBaeHus Bosl — Hy.
MonekynspHO-MOHHAs CXEMA PEAKLINU:

Ca + H,O — Ca* + H,

e YpaBHEHUs NONYPEAKLIUM:
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Ca —2¢e = Ca?* — OKHCIICHHE
2H,0 + 2e = H, + 20H — BOCCTaHOBJICHHE
e lloHHOE 1 MOJIEKYISIPHOE YPABHEHUS:
Ca + 2H,0 = Ca®* + H, + 20H
Ca + 2H,0 = Ca(OH), + H, + 20H
Ilpumep 5. BzaumonencTBrUE aJTrOMUHUS C PACTBOPOM IIETOYMH.

Al + NaOH + H,0 —
BOC-JIb OK-JIb

e 3HaYCHHUS OKHUCIIMTEIHbHO-BOCCTAHOBUTEIBHBIX IIOTCHOMAJIOB (cpezla HIGJ'IO‘IHEUI)I

_E° —_
Eone = EAIOZ’ jm =268,
Eox-ns = Eopy,0/n, =—0.83B,
0
E2H20/H2 > EAIOg/AI’ T.e. £, ., >E, ., peakuus BO3MOXHa.

e Oxcuj amoMuHUs amM(pOTEepeH, MacCHBAlMM MeTayla B pacTBOpE LIEIOYH HE
Habmromaercs. IIpOAyKTBI peakmuu: OKHUCIEHHS amroMuHus — HOHBI AlO; ;
BOCCTaHOBJIEHMsI BOJbI — Ho.

Al + NaOH + H,O — AlO, + Hp

e VYpaBHEHUS NMOMypPEaKIU U UX CYMMHUPOBaHUE:

2 | Al+40H -3&=Al0; +2H,0 OKHCJICHHE
3 |2H,0 + 28 =H;, + 20H BOCCTaHOBJICHUE
2Al + 80H + 6H,0 = 2Al0, + 4H,0 + 3H, + 60H

e lonHOe ypaBHEHHE U OaJIaHC TPOTUBOUOHOB:
2Al + 20H + 2H,0 = 2Al0; + 3H,
2Na* 2Na*
e MouekyIsIpHOE ypaBHEHHUE:
2Al + 2NaOH + 2H,0 = 2NaAlO; + 3H;
Ilpumep 5. B3auMOIENCTBHE LMHKA C PACTBOPOM IIEJIOYM, COAECPKAIIUM

PaCTBOPEHHBIN KHUCIOPOA.

Zn + NaOH + H,O + O, —
BOC-J1b OK-JIb

105



e 3Ha4YCHHUS OKHMCIIMTEIHLHO-BOCCTAHOBUTEIBHBIX IIOTCHIOMAJIOB (cpej:[a IHGJ'IO‘-IH&H)I

_ g0 _
By = EZnOZZ’ /Zn — -1,22B,
E =E =+0,40 B,

OK-111 =0,/ 40H"

E > E? Te. E._>E

0,404 > Eznoz 120 ok > Eg_uzy PEAKLUSA BOBMOXKHA.

e Okcua 1uHKAa am(pOTEpeH, IAacCHBAalMM MeETaula B pacTBOpPE WIEJIOYM HE
Habmromaercs. IIpOMyKTHI pEaKUUH: OKUCIEHHs LMHKa — HOHBI Zn05%,
BOCCTaHOBIIeHHUs kucinopoja — OH .

Zn + NaOH + H,0 + O, — ZnO,% + OH

e YpaBHEHHS MOIYpPEaKIUil U UX CyMMHPOBaHHE:

2 | Zn+40H —2&=7Zn0,* + 2H,0 — OKMCJICHUE
1| 0,+2H,0+48=40H — BOCCTAHOBJICHUE

[ _ _
2Zn + 80H + O, + 2H,0 = 2Zn0,* + 4H,0 + 40H

® I/IOHHOG ypaBHeHI/Ie 51 6aﬂch HpOTI/IBOI/IOHOBI
2Zn + 40H + O, = 2Zn0,% + 2H,0
4Na* 4Na*

e MouekyasspHOE ypaBHEHHUE:

2Zn + 4NaOH + O; = 2NaZn0; + 2H,0

8.6. KOHTPO.IbHBIE 3AJTAHUSI

JlonuimTe MpaByro 4acTh CXEMbI MPEAJIAraeMOro B3aUMOICUCTBUS, UCTIOJIb3Y S
nanubie Tabmn. I1. 5, I1. 6, 3anuimrTe IeKTPOHHO-UOHHBIC YPABHEHHS MOJTYpEaKIIHii,

MOHHOE U MOJIEKYJISIPHOE YPABHEHUS PEAKLIUH.

1 [Be + HNOspass) 16 [Sr+H,0

2 | Be + HNOsonm) 17 | Zn+HCI + 0,

3 | Zn + HNOspass) 18 | Sn + H2SOuxom)

4 | Mg+H0 19 | Al+NaOH + H;0 + O,
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5 | Cu+ HNOjsxonm) 20 | Zn + HySOg4omr)
6 |Sn+HCl+0, 21 | Mn + HNOsgom
7 | Cr+ NaOH + H,O + O, 22 | Zn+ NaOH + H,0 + O,
8 |Ca+H),0 23 | Pb + HNOsoniy)
9 | Sn + HySO4pass) + O2 24 | Cd + HySOupass) + O
10 | Cr + NaOH + H,0 25 | Mg + HNO3pass)
11 | Pb + NaOH + H,0O + O, 26 | Zn+ NaOH + H,0
12 | Cu + HNOsgpass) 27 | Pb + HNOgpazs)
13 | Zn + H;SO0upam) + O 28 | Cu + HzSO0ugomy)
14 | Al + NaOH + H,0 29 |Sn+ NaOH + H,O + O,
15 | Ba + H;O 30 |Al+HCI+0;
8.7. KOPPO3UsI METAJIIOB
Koppo3usi — CcaMONpPOM3BOJILHOE HEXKENATENbHOE paspylleHHe METalla B

pe3yJibTaTe ero B3auMoJICHCTBUS C OKpPY Katolel Cpeou.

[Ipu koppo3um wmetamn (BOCCTAHOBUTENb) OKHCISETCS TMOJ JEHCTBHEM
OKHCIIUTEJNS, SIBJIAIOIIErOCsS KOMIIOHEHTOM CpEJIbl, T.€. KOPPO3UsSI — OKUCIUTEIbHO-
BOCCTAHOBHUTEJIbHBIN MPOIIECC.

[To MexaHu3My POTEKAaHUSI KOPPOZUOHHOTO MPOIECCa BBIIEISIOT XUMUUECK)IO
U INEKMPOXUMUYECKYIO KOPPO3UIO.

Xumuueckas  Kkoppo3us TPOXOOUT B CpeAe€  HEINCKTPOIHUTA IyTeM
HEMOCPEACTBEHHOTO TEpexo/ia JJIEKTPOHOB OT aTOMOB MeTajula K OKHCIHUTEIIO.
Haubonee pacrnpocTpaHeHHbIE BUbl XUMUYECKOM KOPPO3UHM — ra3oBasi KOppo3us U
KOPpPO3Usl B Cpejie HeAneKTpoauTa (OeH31MHa, HeTH, OPraHUYECKUX PaCTBOPUTETIEH ).

["a3oBasi koppo3usi HaOJIOAAETCd B arpecCHBHBIX ra3ax (XJiope, KHCIOpOJe,
OKCHJIax Cepbl, a30Ta) M Mapax 0e3 KOHACHCAIlMU BIIAarM Ha MOBEPXHOCTHU METAJlIa,
OOBIYHO TPH BBICOKHX TeMIeparypax. OTOMYy BHUAY KOPpPO3UHU TIOJBEPraerTcs

PEXKYIIUNA UHCTPYMEHT, JIOTTATKH Ta30BBIX TYPOUH, IETAIN PEAKTUBHBIX JIBUTATEIICH.
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[Ipumep KOoppo3uM B CpPENE HEDJIEKTPOJIUTA — KOPPO3UsSl B KUJIKOM TOILIMBE
(pa3pyuieHue aeranei ABUraresieil BHyTPEHHETO CTOPaHUs U T.1.).
Dnekmpoxumuyeckas Koppo3us MPOXOJUT B CPEAE MIEKTPOIUTA, €€ OTIIMYNE —
pa3zelieHHe B MPOCTPAHCTBE IMPOLECCOB OKUCIEHUS M BOCCTAHOBJICHUS. DTOT THUIL
KOppo3uu 0ojiee pacipoCTpaHEH, € MOABEPTarOTCsl METAUINYECKHE KOHCTPYKIIUU B
IIOYBEHHBIX, PEYHBIX U MOPCKHX BOJaX, B PACTBOpaxX COJIEW, KUCIIOT, IIEJIOYEH, B
aTMocdepe moJi aacopOMpPOBaHHBIMU TJIEHKAMU BIArd M T.JA. DJIEKTPOXUMHUYECKAs
KOppO3Usl OCYLIECTBJISICTCS. TPU HAIWYMM PA3HOCTH IOTEHIIMAJIOB YYaCTKOB
METAIINYECKON MOBEPXHOCTH.
OcHOBHblEe  NpUYUHbL  NIEKMPOXUMUYECKOU  KOppo3uu  (BOSHUKHOBEHMS
Pa3HOCTH MOTEHIUAJIOR)
® KOHTAaKT Pa3HOPOJHBIX METAJIOB,
® MUKPOHAIPSKEHUS] B METAJILTMYECKOM U3JIEIHH,
® HEOJHOPOJHOCTh MEXAaHWYECKON WIM TePMUYECKOM 0OpabOTKH MeTaNInYecKOon
MTOBEPXHOCTH,

® HAIMYME HEMETAUIMYECKUX BKJIIOYEHUW M 3arpsi3HeHuil (rpadura, kapOUIoB,
MSTEH KPACKH Ha MOBEPXHOCTH U T.1I.),

® Pa3HOCTh TEMIIEPATYP YYACTKOB METAJUIMYECKON TOBEPXHOCTH.

CnocoOHOCTh MeTalljla COMPOTUBIISITECS KOPPO3UOHHOMY BO3JICUCTBUIO CPEJIbI
HA3bIBAIOT KOPPO3UOHHOW CTOMKOCTHIO. KOPPO3HMOHHYIO CTOMKOCTH OIPEICIISIOT
Ka4eCTBEHHO W KOJIMYECTBEHHO — CKOPOCThIO KOPPO3UU B JIAHHBIX YCJIOBUSX,
TPyNnoN win OaJyioM CTOMKOCTH TO TPHHATOM ImKane. MeTaisl, o0namaromiue

BBICOKOW KOPPO3HMOHHOW CTOMKOCTBIO, HA3bIBAKOT KOPPO3UOHHO CTOUKHUMH.

8.7.1. AHOJHBIA U KATOHBIN ITPOIECCHI ITPU DJIEKTPOXUMHUYECKOM KOPPO3UH

[Ipy 2MEKTPOXUMHUYECKOW KOPPO3WH BBIACISIIOT JBa B3aUMOCBSI3aHHBIX
MpoIrecca: aHOAHBIA U KaTOAHBIN.
® AHOOHbILI npoyecc — OKHUCICHHE METajlla, MPOXOJUT Ha YydyacTKax H3ACIHUM ¢

MEHBIIMM MOTEHIMAJIOM B JAHHOM cpeie. AHOJIHBIE YUACTKU Pa3pyIIatoTCs.
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e KamooHnwii npoyecc — BOCCTAHOBIIEHUE OKHUCIUTENS, HAXOASAIIETroCs B PacTBOPE
WIM pacIylaBe DJIEKTPOJIUTA, TMPOUCXOAUT HA ydacTKax H3JAENHM C OOJIbIIUM
MOTEHIIMAJIOM B JaHHOU cpene. KatogHble y4yacTKu XUMHUYECKU HE U3MEHSIOTCS.
OHu ciyXaT NPOBOJHUKAMH SJIEKTPOHOB OT aHOJHBIX YYAaCTKOB K OKHUCIIHUTEIIO,
YeM YCWJIMBAIOT KOPPO3UIO aHOAHBIX Yy4dacTKoB. bosiee moapoOHO 3TO Oyner
PacCMOTPEHO Jaliee Ha KOHKPETHBIX IpUMeEpax.

Oxucnumenu npu  KOppo3uu NPUHAMO HA3bIBAMb  O0eNnoJIAPU3AMOPAMU.
Koppo3uto ¢ ydactuem Haubornee  paclpOCTPaHEHHBIX  OKHCIUTENEH  —
PACTBOPEHHOI'0 KMCJIOPOIa U HOHOB BOJIOPOJA (KUCIOTHI WU BOJbI) COOTBETCTBEHHO
Ha3bIBAIOT KOPPO3UEH C KUCIOPOOHOU U 8000POOHOU NEnosipu3aiueii. Y paBHeHUS

KaTOJHBIX ITIPOICCCOB IIPUBCACHLI B Ta6J'H/II_[e.

YPaBHGHI/ISI KaTOAHOI'O IIponLecca Ipu KOPppO3nn

C BOJOPOJHOM AENOISApU3aALUEHT C KMCJIOPOJTHOW JIeNoJIsIpU3anen
(B oTcyTCcTBHE pacTBOpeHHOTO O>) B IIPUCYTCTBUH pacTBOpeHHOTo O7)

KHCas cpena

2H* +28=H, (1) O, +4H* +48 =2H,0 (3)

HEWTpabHas U IIEJI0YHAas cpeia

2H,0+26=H, +20H"~ (2) O, +2H,0+46 =40H ™ (4)

OKHUCIUTEILHO-BOCCTAHOBUTEIIHLHBIC IMOTCHOUAJIBI KHCJIOPOAa W BOJAOpOda B
Pa3INYHbIX CpCaax (TO“IHCC, COOTBCTCTBYIOIIMNX OKHUCIUTCIIbHO-BOCCTAHOBUTCIIBHBIX

nap) ykKasaHbl B TaOJUIIE.

Kucnas cpena Heuntpanbhas cpena [llenounas cpena
(pH = 0) (PH=7) (pH = 14)
Ox/Bc E°, B Ox/Be E% B Ox/Bc E° B
2H*H, 0,00 2H,0/H; -0,41 2H,0/H; —-0,83
0,/2H,0 +1,22 O,/40H- +0,81 O,/40H- +0,40

OxkucIuTenbHbIE CBOMCTBA KUCJIOPOJA BBIIIE OKUCIUTEIBHBIX CBOWCTB MOHA
BoZOpoAa (WM BOJbI). B mNpuUCYyTCTBUM KHCIOpOJa B pPacTBOpE KOpPpoO3us
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HeoOs13aTeNbHO OYAET MPOXOAUTh 32 CUET KHUCIOPOJHOM AENOJIIpU3alMM, TaK Kak
KOHIIEHTpAIMsl pAaCTBOPEHHOTO KUCIOpPOJAa, KaK MpaBUiIO, HEBEJIMKA. Y CTAHOBJICHO,
yto npu pH > 7, T.e. B HEHTpaJIbHBIX U WICTIOYHBIX PACTBOPAX, MPOILECC OOBIYHO
IPOTEKAET C KUCIOPOJIHOW Jenossipu3anueii - ypaBHeHue (4), B KUCIBIX Cpelax —
IPEUMYILECTBEHHO C BOJOPOIHOM Aenoisipu3anueit - ypaBaenue (1).

Koppo3us, kak u 11000i OKUCIUTETbHO-BOCCTAHOBUTENIBHBIN MPOIECC, MOKET
OCYUIECTBISITECS TOJIBKO TPU YCIOBHM, YTO TOTEHLHMANT OKHUCIUTENS OOJbllie

IMOTCHOMAaJIa BOCCTAHOBUTCJIA (MGTaJ'IJ'Ia AHOJHBIX y‘{aCTKOB).

8.7.2. KOPPO3MUsI IIPM KOHTAKTE PA3HOPO/HBIX METAJLJIOB

OmuH W3 pacnupoOCTPAHEHHBIX CIYy4YaeB AIEKTPOXUMUYECKOW KOPpPO3HH -
MIPOLECCHI, MPOUCXOAAIINE IPU HATMYUKN KOHTAKTa JIByX METAJJIOB, HAXOSIIHNXCS B
pactBope 3JekTpoauTa. Takyto napy metamioB (M1 u My) Ha3bIBaIOT eanb8anonapoil
u o0o3HauvaT M1/Ma.

VYHpolieHHoe ONrUCcaHue KOPPO3MOHHOIO MPOIECCa ¢ yYaCTUEM ralbBaHOMAp
L[EJIECO00PA3HO BBHINOIHATH B CIEAYIOLIEH OCIET0BATEIBHOCTH.

e Brinucarh 3HaueHUS] TOTEHIIMAIOB METAJUIOB B JAHHOU cpejie, ONpPENeIUTh aHO
(MeTam1 — ¢ MEHBIIIMM 3HAY€HUEM MOTEHIMaNa) U KaToJ (MeTaul — ¢ OOJbIINUM
3HAYCHHEM IMMOTCHIMANIA).

e Brinucars 3HaueHHE MOTEHIMAa BO3MOXKHOIO OKUCIUTENS (JIEMOIsIprU3aTOopa).

e OueHUTh BO3MOKHOCTHb MPOLECCA CPABHEHHEM NOTEHIHMAIOB OKHUCIUTENS U
BOCCTAHOBUTEIS.

e Hanucate ypaBHEeHMS OIypEaKIUM:

" AHOJHOM — OKHCIIEHUs MaTepuaia aHO/a;

" KaTOJHOW — BOCCTAHOBJICHUS OKUCIUTEIS.

e CyMMHpOBaTh YypaBHEHHUsI TMOJypeakiui, HAMUcaTb HOHHOE W MOJICKYJISIPHOE
YpPaBHEHUSI OKHUCJIHUTEIHbHO-BOCCTAHOBUTEILHOM pEaKlMK, MPOTEKAIoIIeH Mpu
raJIbBaHOKOPPO3UHU.

e VYKazaTb Ha YCIOBHOW CXE€ME€ rajbBaHOMNapbl HaNpaBJICHUE MEpPEeMEIICHUS

DIIEKTPOHOB.
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Ilpumep 1. PaccMoTpuTe MpOIIECC KOPPO3UH JYKEHOTO (IMTOKPHITOTO OJIOBOM)
KeJle3a TMPU YCIOBUM HApPYUIEHHS CIUIOIIHOCTU TOKPBITUA B KHUCJIOM Cpene B
OTCYTCTBHE PACTBOPEHHOT'O KHUCIOPOAA.

Pewenue.

[Ipu ycnoBum HapymieHHs CIUIOIIHOCTU MOKPBITHUS 00pa3yeTcs rajibBaHOIapa,

€C YCJIOBHAs CXCMa

Fe Sn
HCI
e 3HayeHUs NOTECHIIMATIOB METAJIIOB
0 . . 0 _
E8n2+ 5 = -0,14 B; EFez+ /Fe = -0,44 B.

Fe — anox raneBanonapsl (A) — BOCCTAaHOBUTEIb, OKUCIISIETCS,

Sn — katon ranbpBaHomnapsl (K).

e BO03MOXHBIV OKUCIUTEb — HOHBI BOAOPO/Ia KUCIIOTHI, Eg HY . = 0B.
2

L CpaBHGHI/IG IIOTCHIHAJIOB OKHCJINTCIISI 1 BOCCTAaHOBHTCIIA

0 0
Sheppy H, > Ef2 e T-€. KOPPO3USL 3KEIIe3a BO3MOKHA.

e VYpaBHEHUs NOJIypEaKLIUN

A: Fe — 28 =Fe ?* — OKHCJICHHE

K(Sn): | 2H" +2&8=H; — BOCCTaHOBJICHHE

e lloHHOE 1 MOJIEKYISIPHOE YPAaBHEHUS:
Fe + 2H* = Fe?* + H,
Fe + 2HCI = FeCl, + H,
e Hanpasnenue nepemenieHus: JEKTPOHOB HAa YCIOBHOW CXE€ME TaJibBaHOMAphI (OT

y4daCTKa ¢ MCHBIIHUM IMOTCHOHWAJIOM K YYaCTKYy C OOJIBIITNM HOTCHHH&J’IOM)Z

€
"
Fe |Sn Dé
HCI
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B ranpBaHomape 0JI0BO-)Xelie30 B KHCIION Cpele pas3pyllaeTcsl *kejne3o, Ha
0JIOBE BBIACIISAETCS BOJIOPOI.

Ilpumep 2. PaccMoTpuTE POLIECC KOPPO3UU C KUCIOPOAHON ACTIONSPU3ALUCH
BO BJIQXKHOM BO3/yXe rajibBaHonapsr Mg/Fe.

Pewenue.

YcnoBHas cxema rajibBaHOIIAPhI

Mg | Fe
H,O + O,

e 3HavyeHHs IOTEHIMAJIOB METAIJIOB

Emg(oH), /Mg =—2:38 B, Ere(on),/re =—0,46B.

Mg — aHop rasibBaHonIaphl (A) — BOCCTAHOBUTENb, OKUCTISIETCS.
Fe — xaTon ranpBanomaps (K).

o OxucIuTelb ITpHU KOPPO3HUHU C KHCJ’IOpOI[HOﬁ HGHOHHPH?;&HHGﬁ — KHCJIOPOX,

Eo, jaon- =081B.

E02 jaoH- > EMg(OH), /Mg s KOPPO3HS BO3MOXKHA.

e VYpaBHEHUs MOJTYPEAKIIAN
A: 2 | Mg + 2H,0 — 2& = Mg(OH); + 2H" — OKHCJICHUE
K(Fe): |1 |O,+2H,0+48=40H — BOCCTAHOBJICHHE

2Mg + 4H,0 + O, + 2H,0 = 2Mg(OH), + 4H* + 40H
H_/
4H,0
e MouekynsspHOE ypaBHEHHUE:
2Mg + O, + 2H,0 = 2Mg(OH);

e HamnpagneHue nepeMeleHust 3JeKTPOHOB Ha YCIOBHOW CXEMe TallbBAHOIAPHI:

€
Y
Mg | Fe Dé

H,O + O,
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HpI/I KOHTAKTC Pa3sHOPOAHBIX MCTAJIJIOB 0oJice aKTUBHBINA METAILI noaABCPracTcs
OKHMCJICHHIO, pPa3pylmacTcCs. KoHTakT ¢ MeHee aKTUBHBIM METaJlJIOM YCHIIMBACT
KOPPO3HUI0 Oonee akTuBHOro Metaaia. KoHTakT ¢ 0Oojiee aKTUBHBIM METaJNIOM

3aluIacT MCHCC AKTUBHBIN METaJLII OT KOPPO3HNOHHOI'O pa3pyImCHH:A.

8.8. KOHTPOJIbHBIE 3AJIAHUSI

PaccmoTpuTe KOppo3uio rajgbBaHONaphl, UCIONb3Ys MOTeHIuasl (Tadu. I1. 7):
YKQKWATE aHOJ M KaroJ, HANMIIUTE 3JEKTPOHHO-HOHHBIE YPAaBHEHHs MOJIYpEaKIUil
aHOJHOTO M KaTOJHOTO MPOIIECCOB, CYMMAapHble HOHHOE U MOJIEKYJISIPHOE YpaBHEHUS
OKHUCJIUTEIBHO-BOCCTAHOBUTEIBHOU peakuuu, IPOTEKAIOIEN pu

raJIbBAHOKOPPO3HH, YKAKHUTC HAIIPABJICHUC IICPCMCIICHUA SJICKTPOHOB B CUCTCMC.

Koppo3uonnas cpena
H.O + O, NaOH + H,0 HCl p-p
1. Fel/Zn 11. Fe/Cu 21. Pb/Zn
2. Fel/Ni 12. Zn/Sn 22. Al/Cu
3. Pb/Fe 13. Cd/Cr 23. Al/Ni
4. CulZn 14. Al/Cu 24. Sn/Cu
5 Zn/Fe 15. Fe/Cr 25. Co/Al
6. Zn/Al 16. Al/Fe 26. Cr/Ni
7. Cr/Cu 17. Pb/Cr 27. Al/Fe
8. Cu/Al 18. Cr/Zn 28. Fe /Mg
9. Zn/Sn 19. Mg/Cd 29. Cr/Bi
10. Co/ Mg 20. Zn/Fe 30. Pb/Al

8.9. QJIEKTPOJIN3

Anexmponaus — COBOKYIHOCTb MPOIECCOB, MPOXOAIIMX Ha JIEKTPOAAX MPHU

MPOXO0KJICHUH 3JIEKTPUUECKOT0 TOKA Yepe3 pacTBOP WIIM PACILIAB AJIEKTPOJIUTA.

113



DNEKTPOIN3 TMPOBOAAT B CHEIUAIBHBIX YCTPOMCTBAX — JJIEKTPOJIHM3Epax.
[IpocTeiimmii AIEKTPOIU3EP COCTOUT M3 EMKOCTH, B KOTOPYIO IOMEIIAloT
ANEKTPOIUT, W JIBYX OJEKTPOJOB, TMOAKIIOYAEMBIX K BHEIIHEMY HWCTOYHUKY
MOCTOSIHHOTO TOKa. DJIEKTPOJbl MOTYT ObITh MHEpPTHbIE U aKTHBHbIE. B KauecTBe
WHEPTHBIX JIEKTPOJOB OOBIYHO HCTIOIB3YIOT TPadUT WIH IJIATHHY.

Kamoo snexTponnszepa MOIKIIOYAIOT K ompuyameibHoM) TOMI0CY UCTOUYHUKA
TOKa, HA HEM TPOUCXOJUT TMOIYpPEaKIUs 80CCMAHOGIEHUsT NOHOB WM MOJICKYJ W3
pacTBOpa WM paciuiaBa 3JIEKTPOIUTa (KaToJ — BOCCTAHOBUTEIID).

AHOO 3NeKTposn3epa TMOIKIIOYAIOT K 1OJ0JCUMeNbHOM) TIONIOCY WCTOYHUKA
TOKa, Ha HEM MPOUCXOUT MOJIYPEAKIUS OKUCIeHUs (AaHOJ — OKUCIUTENb). Eciu anox
WHEPTHBIA, OKHUCISAIOTCS HWOHBI WM MOJIEKYJbl W3 pacTBOpa WM paciiiaBa
AIIEKTPOJIUTA, €CJIM aHOJI AKTUBHBIN — MaTepua aHo/a.

Karomnas mosrypeakiiys poXoauT MPH yCIOBUN

EK < EOK/BC’
rae  E, — MOTeHIHMal KaToAa;
Eox/ 5. — NOTEHIIMAT NOTypEeaKLuy,

AHOHASA MOJyPEaKIMs — IPU YCIIOBUU
Ey >EorBes
rae E, — HoTeHnuan; aHoaa.

[Tox nevicTBHEM BHEIIHETO UCTOYHUKA TOKA OTPUIATEIBHO 3aPSIAKCHHBIC HOHBI
(aHHMOHBI) MEPEMEIIAIOTCS K aHOY, MOJOXKHUTEIBHO 3apsyKEHHBIC HOHBI (KaTHOHBI)
— K Karoay. C yBETMUEHUEM M10/IABAEMOTO HA JIEKTPObI HATPSHKEHUS MOTEHIIAAI
KaToJla MOHIKACTCS, a MMOTCHIIMAI aHo/1a noBbIIaeTcs. Korjaa nmoreHmansl Karoga
Y aHOJIa JOCTUTAIOT 3HAYCHU I, HEOOXOAUMBIX JIJIsi OCYIIECTBICHUS KaTOAHOU U

aHOJHOMW IOJIypeaKLMi, HAUMHAETCS HIIEKTPOJIU3.

8.9.1. DJIEKTPOJIM3 PACILIABOB COJIEN

Onextposn3 paciiaBa NaCl ¢ mpuMeHeHHEM HHEPTHBIX 3JIEKTPOJIOB.

B pacmiaBe cosib IUCCOLIMUPYET:
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NaCl = Na* + Cl .

[Ipy mnojgaye Ha DBAEKTPOJbl HANPSHKEHUS MPOUCXOAMT HAIPaBIECHHOE
nepeMelleHre 4YacTUl:; HMoHOB Na* k karomy, a umoHoB Cl — x amoxmy. Ilpu
OTNpEICTICHHOM HAMNps>KEHUH Ha KaTo/e MPOUCXOJUT BOCCTAHOBJIECHHE, Ha aHOJIE -
OKHUCJIEHHE HOHOB.

Cxema anektpoiu3sa pacruiaBa NaCl:

K(-) A (1)
Na®+&=Na 2Cl~ -2e =Cl,

[Ipouecc 3neKkTpon3a paciiaBoB COJIEN UCTIOJIb3YIOT B MPOMBIILUICHHOCTH IS

MOJIYYEHHUS] AKTUBHBIX METAJJIOB: WIEJOYHBIX, IIETOYHO3EMEIbHBIX, MarHus,

AJIIOMHWHUA.

8.9.2. DJIEKTPOJIN3 BOJHBIX PACTBOPOB COJIEN

[Ipouecchl ANEKTPOaM3a BOJHBIX PACTBOPOB COJIEW CYIIECTBEHHO OTIMYAFOTCS
OT IIPOLIECCOB 3JIEKTPOJIM3a PACIUIABOB COJIEH, TaK KaK B JJIEKTPOJHBIX MPOILECCAX
MOXET y4aCTBOBAaTh BOJA.

Kamoouwvie npoyeccvi. YuacTHUKaMU KaTOJHOTO MPOIECCA B pacTBOpax COJIEH
MIOMHUMO KaTHOHOB MeTauioB Me™ MoryT ObITh HOHBI BOJIOpOJIa (CBOOOIHBIC WM B
COCTaB€ MOJIEKYJ] BOJbl). Bo3MOKHBIE KaTOAHBbIE MOJypeakUuu 3aKIIOYaloTCs B

BOCCTAHOBJICHHUU OTHUX YAaCTHII.
Me"" +ne = Me;

2H" + 26 = H, (B kucioii cpene);

2H,0+2e=H, + 20H" (B HellTpaJIbHOM U LIEIOYHON cpeaax).
B 3aBucuMOCTH OT aKTHBHOCTH METAUIOB CYIIECTBYIOT TpPH BapHaHTa
pean3anuu dTUX MPOIECCOB:
® DJICKTPOJIHBIN MOTCHIIMAJI METallla UMEET TMOJIOKHUTEIBHOE 3HAUCHUE (HAaIpHUMeEp,
Melb, cepedpo) — €ro HMOHBI MPAKTHYECKU TOJHOCTHIO BOCCTAHABIMBAIOTCS,

BBIJICJICHUS] BOJIOPOJA HE MPOUCXOIUT;
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® DSJIEKTPOJHBIN MOTEHIMA METaJlJla UMEET OTPULIATENIbHOE 3HAYEHUE, HO HE HUKE
-1 B (mampumep, >kene30, IMHK) — €ro HMOHbI MOTYT BOCCTaHaBIMBATHCA
OJIHOBPEMEHHO C MOHAMHU BOJIOPO/Ia;

® HJIEKTPOJHBIN MOTEHIIMAN MeTallla Huxe —1 B (Hanpumep, amoMUHUI, MarHuii) —
BOCCTAHABJIMBAIOTCS TOJIBKO MOHBI BOJOPOJA.

Ecnu B pacTBOpe HOpPHUCYTCTBYIOT KAaTHOHBI HECKOJIBKMX METAIJIOB, IPHU
MOBBIIIEHUY HAIPSKEHUS B TIEPBYIO 0YEPE/Ib BOCCTAHABIMBAIOTCS MOHBI METAJIOB C
OOJBIINM 3HAYEHUEM AJIEKTPOIHOTO TOTEHIIMAIA.

AHoomnbie npoyeccol. Ha aHolle TIpU 3JEKTPOIN3E BOJHBIX PACTBOPOB MOTYT
MPOTEKATH HECKOJIBKO MPOLECCOB:

o OKHCIICHHE AaHUOHOB COJIEU
Be - ne = Ok,
o OKHUCJIEHUE MOJIEKYJI BOJIbI (B HEUTPAIbHOM M KUCIION cpeaax)
2H,0-4e=0, +40H";"
o TUIPOKCUI-UOHOB (B IIEJIOYHOM Cpeie)
40H" -4e=0, + 2H,0;
® pacCTBOpPEHUE METalIa AIEKTPoa (TIPU JIEKTPOIU3E C aKTUBHBIM aHOJIOM )
Me - né = Me"".

AHHOHBI, BKJIIOYAIOUIAE aTOMbI DJIEMEHTOB B BBICHICH CTENEHU OKUCIICHUS
(SO4% , NO; , COs*, PO4* u mp.), Ha aHOZE HE OKHCIAIOTCA. B MX IPUCYTCTBHH B
pacTBOpE Ha HWHEPTHOM AaHOJIE€ OKHUCISIOTCS MOJIEKYJIBI BOJbI ¢ OOpa3oBaHHEM
KHUCJIOpO/A.

Ecnu B pacTBope NPUCYTCTBYET HECKOJbKO aHHMOHOB, CIIOCOOHBIX K
OKHCIICHHIO, UX pa3psiika MPU MOBBIIICHUU HAMPSIKEHUS MPOUCXOIUT B IMOPSIKE
MOBBIIIIEHUS OKUCIUTEILHO-BOCCTAHOBUTEIHLHOTO MTOTEHIIHAIA.

llepenanpsocenue npu saekmpoausze pacmeopog coneu. llpakrnueckoe
OCYIIECTBJIICHUE KATOJAHOM W aHOAHOMW MOJIyPEAKLHMK BO3MOKHO ITPU ONPEACICHHOU
BEJIMYUHE CMEIICHUsS] TIOTEHIIUAJIOB DJIGKTPOJOB OT pPAaBHOBECHBIX 3HAYCHUH,

KOTOPYIO Ha3bIBaIOT KaTomHbIM ((AE, ) u aHogubM (AE 5 JnepeHanpsKeHneM:
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AEK = EK - EOK/BC’
AEa = Ea - EOK/BC'

KaTtnonnl MeTaIoB B pacTBOpax coJien Pa3psAKarOTCA Ha KaToAC € HEOOJIBIITUM

0
Me"™/Me"

HepeHanpsHKEHNEM, TO €CTh IIPH MMOTEHI[HaIaX OMM3KHX K 3HaUYeHUsIM E
He3naunTenbHO TakKe MEPEHAIPSIKEHUE MIPH Pa3psIKe Ha aHO/IC aHHOHOB
6eckucaopoansix kucior (Cl, Br, I, S%).

Boitee BBICOKOE 3HAUYEHHUE MEPEHAITPSUKEHHS XapaKTEPHO ISl MOJIYPEaKIuii ¢
y4acTHEM BOJIbI. AHAIIN3 XapaKTepa 3JICKTPOIHBIX MPOIECCOB MIPH IEKTPOJIH3E

BOJHLIX paCTBOPOB COJICH MOKHO IMPOBOAUTL C YUCTOM YCPCOAHCHHBIX 3HAYCHUH

IIOTCHIOIMAJIOB HOJ'IpraKI_[I/Iﬁ BBIACIICHHA BOJAOpOJa 1 KUCJIIOPOJa, T.C.

BBIJI - . BBIJI -
B om, #1B: Egjon,0=+18B.

8.10. 3axon Papanes

KonuuecTBeHHbIE COOTHOIIEHHUS TPU DBJIEKTPOJU3€ ObUIM  YCTaHOBJIEHBI
QPapazneem.

3akoHn Papajesi: Macca BEILECTB, KOTOPbIE 00Pa3yIOTCsl UM PACTBOPSIOTCS Ha
AJIEKTPOJIAaX, MPONOPLHOHAIBHA KOJIMYECTBY JJIEKTPUUYECTBA, IMPOLIEAIIEIO 4Yepes
pacTBop.

Ha ocHoBanum 3akoHa moiydeHa (opmyna Al pacdeTa Macchl BEIIECTB,
BBIJICJSIFOLIMXCSI HA JIEKTPOJAX IMPHU MPOIMYCKAaHUU 4Yepe3 PacTBOP JIEKTPHUUECKOIO

TOKaA.

m=M i
nF
rJe M — Macca BEIIECTBA, BIJCIUBIIETOCS Ha IEKTPOJE, T;
M — MonsipHast Macca BEIIECTBa, BBIICTUBIIICTOCS
Ha AJIEKTPOJE, I/MOJIb;
I —cumaToka, A;
t —Bpewms, c;
N — 9UCTIO0 3JEKTPOHOB, YYACTBYIOIIHMX B JIEKTPOIHOMN MOTyPEaAKITNY;

F — moctostaras ®apanes, 96500 Kn/monb.
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OO0beM BBIIETSIOMIUXCS Ta3000pa3HbIX MPOAYKTOB MPU HOPMAJbHBIX YCIOBHSIX
OMPENESIOT 10 popmyie

V :VML ’
nF

rae V — o0beM BBIACISIONIEIOCs rasa, J;

V,, — MOJISIpHBIN 00BbEM I'a3a IPU HOPMAJIBHBIX

YCJIOBUSIX, paBHBIN 22,4 J1/MOJIb.

8.9.4. Ilpumepsl pemienusi 1 opopMIIeHNsI 3aJaHUI

Ilpumep 1. PaccmoTpuTe cxemy dJEKTpoJiM3a pacTBopa cylib(dara kamus c

HHCPTHBIMH 3JICKTPOAAaMHU.

K, SO, =2 K" + 80427

K (=) A (1)

K*, H.0 S0,%, H,0
E°K'K=-293B E O,/2H,0~+1,8B
E2H,0/H,=-1B Cynbbar-uoHbl HE OKUCISIOTCA,

Wonbl kanust He pa3psoKaroTCs, IIPOUCXOJIUT OKUCIICHUE BOBI
MIPOUCXOJIUT BOCCTAHOBJICHUE BOJIbI 2H,O —4e=0;, + 4H"
2H,O +2&=H;,; + 20H"

Ilpumep 2. Paccmotpute cxeMy diekTposinza pactBopa xyopuna meau (1) c
WHEPTHBIMU dJieKTpojaMu. Paccuuraiite Maccy win oObeM (NpU HOPMaJbHBIX
YCJIOBUAX [IJIi Ta30B) MPOAYKTOB, BBIJICISIONIMXCS MPU MPOMYyCKAHUU B TEUCHUE

1 yaca Toka cuioi 3 A.

CuCl, = Cu** + 2CI-

K (=) A (1)

Cu?*, H,0 Cl-, H,0O
E°Cu?/Cu=+0,34B E%2CI/Cl,=+1,36 B
E2H,0/H,=-1B E 0Oy/2H,O0~=+ 1,8 B
Cu?* + 2&=_Cu 2CI--2¢&=Cl,
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Ilpumep 3. PaccMOTpeTh cXxemy 3JeKTposu3a pactBopa xjopuaa Hukens (I1) ¢

HUKCEICBBIM aHOAOM:

NiCl, = Ni* + 2CI-
A (+)—Ni
K () Cl-, H.0
Ni2*, H,0 E°Ni*#*/Ni=-0,25B

E°Ni**/Ni=-0,25B
E 2H20/H2 ~—~1B
Ni?* + 2 & = Ni

E°2CIF/Cl,=+1,36B
E O,/2H,0 = + 1.8 B
Ni—2 &= Ni?

IIponcxoauT pacTBOpEHHE aHO 1A

8.12. KOHTPOJIBHBIE 3AJJAHUSI

PaCCMOTpI/ITe KaTOJAHBIC W AHOJAHBLIC IIPOHCCCHI IIPH JJICKTPOJM3C BOJIHBLIX

pacTBOpoB (OTAEIBHO JBYX pPAacTBOPOB) € MHEPTHBIMHU JJEKTpoAaMu  (IJist

000CHOBaHUS UCTIOJL3YWTE 3HaUEHUsI moTeHIanoB Taou. [1.6, 11.7, I1.8).

Bapuant PactBopsl Bapuant PacTtBopsI
1 LiBr, NiSO4 16 NiSO4, NaCl
2 K3POy4, ZnCl; 17 BeSQO,, CuCl,
3 Ba(NOs),, CuCl; 18 Mg(NOs),, Nal
4 NaCl, Bi(NO3); 19 KOH, ZnS0O,
5 FeBr;, Co(NO3); 20 Caly, H2SO4
6 K2COs, AgF 21 NaOH, NaNO;
7 CoCl,, NaNO3 22 ZnS0q4, MgCl,
8 AgNQOs3, CaCl, 23 Na,COs, FeCl,
9 BaCl,, Pb(NO3); 24 Ba(NO,),, CoCl;
10 Bi(NO3)s, KBr 25 MgCl;, NaNO3
11 Al2(SO4)3, SNCl; 26 CoBr,, Ba(NOs),
12 Ca(NOs),, CdCl; 27 NiSOs, MgCl,
13 K2SO4, NiCl; 28 NaNO;, CuCl;
14 FeBr;, KMnOy 29 Kl, BeSO,
15 Co(NOs3),, ZnCl, 30 CuCly, K3PO4
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IMPUJIOKEHUA

INEPUOJUYECKASI CACTEMA XUMHUYECKHUX JIEMEHTOB /I.A. MEHJEJEEBA

Tabmuna I1. 1

Mepwoms | P | 3 | b | a Il o [ a ll 6 | a IV |a Vs |a VIe |aVIl oia vill b
1 1 H 1 (H) H e 2 ATOMHEIA HOMep
101 f 400 /\
BOAOPOA TEMM
o |2 |Li 3Be “B 5/C SN 7 5F SNe 1|0 . U
594 9,01 10,81 12,01 1401 16,00 19,00 20,18 1800| 123503
TMTVR EEPNAINA BOP YITIEPO]] 307 KMCTIOPOR oToP HEQH - \// o
1 12 13 (G 14 15 16 17 18
3 3 Nan 2298 Mgn 2431 AI : 28,98 SI a 28,09 P 30,97 S 32,06 CI 35,45 Ar 30,95 AToMHaA Macca
HATPH MATHH ATIOMHHA KPEMHY. ©OCOOP CEPA XToP APFOH
A K 19 Ca 20 (21 Sc 22 Tl 23 V 24 Cr 25 Mn 26 Fe 27 CO 28 Ni
38,10 40,00 | 44.96 47.90 0,94 £2.00 54,94 55.85 58,93 58,70
4 KATHA KANBLMA CKAHENA TUTAH BAHALUA XPOM MAPTAHEL] WEAESO KOBASILT HYKEM
5 29 cu 30 Zn Ga 31 Ge 32 As 33 Se 34 Br 35 Kr 36 T 5 ANeMeHTBl T P 3NEMEKRTH
63,56 85,39 69,72 7259 7492 78,96 79,90 83,80 W d ONEMEHTH E f 2NOMOHTS!
MELb LHK |rnin FEPMAHHA MbIlLILAK CENEH EPOM KPMITOH
6 Rb 37 Sr 38 (39 Y 40 Zr 41 Nb 42 Mo 43 Tc 44 Ru 45 Rh 46 Pd
8547 67,62 |08.91 o1 22 9291 95,94 88,91 101,07 102,91 106,42
5 PYEUOMA CTPOHLMAA WTTPUR LMPKOHUA HUCEHA MOMVBLEH TEXHELA PYTEHUA PORVA NATNALAR
47 48 49 50 51 52 53 54
7 e Ag 112,41 Cdn In , e Sn 18,60 Sb 121,75 T 127,60 : 126,00 xe 131,30
CEPESPO KAGMAA [ KM 010BO GYPbMA TEANYP 0 KCEHOH
8 CS 55 Ba 56 |57 a* 72 Hf 73 Ta 74 W 75 Re 76 OS 77 Ir 78 Pt
13291 137,33 | 138,91 178,49 180,95 183,84 186,21 180,23 192,22 195,09
6 =] BAPHT NAHTAH TAGHAR TAHTAR BO/LOPAM PEHHA ocMUn UPHINR MIATHHA
79 80 81 82 |Ri 83 84 85 86
9 |1sser u 200,50 Hg TI , e Pb 27,20 BI 208,08 Po , At [210] Rn 1223
30n010 PT¥Th | TASIAK CBUHEL} BUCMYT NONOHM ACTAT PARGH
7 10 Fr 87 Ra 88(89 Ac"* 104 Db 105 Jl 106 f 107 Bh 108 n 109 Mt 110
(223} (226} | [227} {284 [265] [268]
OPAHLMA PAGVRA AKTHHMR RYGHUA KONMOTHA | PESEPOOPIMA EOPYIR TAHAR MERATHEPHA
"N AHTAHOMNAH
2. Ce[R. Pr/f., Ndgk Pm|%, Sm|%. Eu%, Gd%. Tb|%, Dy%. Ho%. Er%. Tm7. Yb|7, Lu
UEPMR|  MPASEOAWM HEOAUM|  MPOMETWA CAMAPHR EBPOTMA|  rAfomMHAR TEPEWA|  ZMCNPOSHA roflMiA 9PEVR TR WTTEPEMA]  NIOTEUMR
" AKTHWHOMWKADBL
. Thi2l, Pa2, UE Npj2i Puiy Amis CmiZ, Bk® Cfi23 Esiy Fmi' Md\i%? Noii2? Lr
TOPVA | NPOTAKTUHWA YPAH HENTYHAA|  nnyTOHWA|  AMEPVLMR KIOPAH BEPKMA| KATMOOPHWA| 9HLITERHUA OEPMAR|  MEHOENEBUA HOBENAR| _ /IOYPEHCHR
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Taomuma I1. 2

<

193

, OCHOBAHMHU " COJIEA B BOJAE

PACTBOPUMOCTH HEKOTOPBIX KHUCJIOT

KATHOHbI

+NO

+2US

+4d

HH H

H [H
MI[P [P

PlPH[P[M[P [P
PlPHIM[MIP [P

P (P M

PlplPlP[PIP [P

PlplP[P[PIP [P

P
P

P
P

P

H[H|[H [M[H

P

H[H[H [H[MI[HH

19

P

P

HI/H|H|H|H|HH[H[H[HH[H

H [H
P
P

H [H

P

+lV

P

P
P

P
P

M [H [H

HIM[P |[M[H|H|H|H[H[H[H[HH

P

P

PP [P [P

PIM[P|P|P|[P|HIHM|M|P|[P|HM[P|P|P | M[MH[M[HP [H

PIP[P[P[P|H]P

PIP[P[P[P|H]P

PlP[(P|P[P|P|P P[P [P ]P

PIP [P |P [P |H

PP|P|P|P[H[M[M[MH

PIPIP[P[P[M[P|M|H|H]|P

PIP[P[P[P]P

PIP[P[P[P[M[P [P [P P

PIH[P[P|[PIHM[H[H/H|[H/H[H|[H [M[H|[H|H[H[H[H[HH |H

PP[(P|P|P[M|M[H M H

PIP[P[P|P]P

H{P [P |P [P [H

AHHNOHBI

OH "~

Cl-

Br -

S=

SO3*

S04

NO3~
NO2~

POy &

COs >

CH3COO-
SiOsz%

-"'— pasnararoTcst BOJOW WM HE CYIIECTBYIOT

M — manopacTBOpUMBbIE H — nepactBoprMbIe

P — pactBOpuMEBIE

122



Taomumna I1. 3

CTAHIAPTHBIE DHTAJBIINA OGPA30OBAHMS U SHTPOIIUU

HEKOTOPBIX BEIIECTB ITPH P=101325 1A 1 T=298K

0 0
Betmeerso Kﬂiﬁéﬂb I[)K/I\?IO’J]L-K Bemectso Kﬂii{/[oé)ﬂb I[)K/I\?IO’JIL-K
Al;O3 -1676,0 50,9 HsS () =21 205,7
Alx(SO4)3wy | —3434,0 239,2 MgO —601,6 27
BaCOs —1202 112,1 NH;3 ) —-46 192,6
BaO —557,97 70,29 NO¢, +90,3 210,6
CaO () —635,5 38 NO; () +33,9 240
CaCOsy —-1205,0 91,7 N204 (n) +9,2 304,4
Ca(OH) 2 -987 83,7 N20 ¢ +82,01 219,83
CaSOq —1424 106,7 SO: ) —296,0 248,5
CHy —74,9 186,0 SOz —-395,2 256,2
CoHer —-89,7 229,5 ZnS —-210,0 57,7
COy -110,5 197,5 ZnOy —-349,0 43,5
CO; ¢ -393,3 213,7 Al 0 28,3
Cu20¢y -166,5 93 CU 0 33
CusS () -82,0 121 Crpagum) 0 5,7
CuOy —-156 43 Cly 0 223
FeOy —263,8 58,8 Fe 0 27
Fe203(y -822,1 87,5 Han 0 130,5
Fe30u -1117,1 146,2 I2 ) 62,2 260,6
HCl -91,6 186,8 Mg ) 0 32,7
Hip 25,5 206,3 N2 () 0 191,5
H>O( —242 188,7 O2 (n) 0 205
H2O ) —286 70 S (pows) 0 32
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Taoauna I1. 4

HA3BAHMSI HEKOTOPBIX KHCJIOT U KX COJIEN

Kucnora .
TP — Dopmyia HazBanue coinent
A3zoTucTas HNO; Hutputsl
A3oTHas HNO;3 Hurtpatbr
bpomoBongoponnas HBr bpomu bt
JluxpomoBast H.Cr,07 Juxpomatsl
HNonoBogopoanas HI Nonuaer
Kpemuwneras H,Si03 Cunukartbl
Mapranuosas HMnO4 [TepmaHranarsl
CepoBoaopoaHast H.S Cynbbuasi
CepHucras H,SO3 CynbpuTtsl
CepHnas H,SO4 Cynbdatsl
TronnaHoBOOPOAHAS HCNS TuonnaHaTel
YronbHas H,CO3 Kap6onatst
VYkcycHas CH3;COOH AneraTbl
®dochopHas H3PO4 docdatbl
DTOPOBOAOPOAHAS HF dTopuab
XJI0pOBOIOPOIHAS HCI XITOpHIBI
(consinas)
XJIOpHOBATHUCTAS HCIO ['Mnoxa0puThI
Xopucras HCIO, XJOpUTHI
XnopHoBaras HCIOs XnopaTtsl
XnopHas HCIO, [Tepxnopatsl
XpomoBas H,CrO4 XpoMmarsl
[lnanoBogopogHast HCN [nanu b
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Taomuna I1. 5

KOHCTAHTBI JUCCOLMALIMU CJIABBIX SJIEKTPOJIUTOB ITPU 7 =298 K

BemecTBo K, BemecTBo K;
HCOOH K=1,77-10* K.=7,5-1073
CHsCOOH K=1,75-10"° HsPO4 K,=6,23-108

HCN K=7,9-107"2 Ks=2,2-10713
K1=4,31-10"7 HAIO, K=6.10"13
H,CO3
K2=5,61-10_11 K1:5,8'1O_10
HF K=6,61-10* HsBO; K,=1,8-1013
HNO, K=4.10* Ks=1,6-101
K1=1,3-102 HCIO K=5-108
H,SO;
K,=5-10"° HBroO K=2,5-10"°
oo K,=5,7-108 HIO K=2,3-101
2
K,=1,2.10P NH;- H,O K=1,79-10°
Ki=1,3-10 10 Al(OH); Ki=1,38-10°°
H,SiO3
K,=2-10"12 K1=4,4-10"°
Zn(OH)2
Fe(OH), K,=1,3-10" K,=1,5-10"
K2=l,82'10711 Cd(OH)2 K2=5'1073
FG(OH)g
K3=1,35-107? Cr(OH); Kz=1-1071°
Cu(OH); K,=3,4-10"" K1=9,6-10 *
Pb(OH),
Ni(OH)2 K,=2,5-10"° K,=3-10°
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Taomuna I1. 6

CTAHIAPTHBIE OKUCJIUTEJBHO-BOCCTAHOBUTEJIBHBIE HOTEHITAAJIBI

METAJLJIOB

DIEKTPOAHAs PEaKIUs E°, B DIEeKTPOAHAs PEaKIUs E° B
Li*+e=Li 3,045 Ti**+3e = Ti -0,330
Rb*+é=Rb —2,925 Co?*+2&=Co 0,280
K+e=K -2,925 Ni?*+2& = Ni —-0,250
Cs*+e=Cs -2,923 Sn?*+2& = Sn -0,136
Ba?*+2& = Ba —2,906 Pb?*+2&=Pb -0,126
Sr¥*4+2g = Sr —2,890 Fe3*+3e = Fe —0,036
Ca**+2e=Ca —2,866 2H*+2¢ = H, +0,000
Na"+eé = Na -2,714 Sn**+4& = Sn +0,020
MgZ'+2& = Mg 2,363 Sb**+38= Sb +0, 200
Be**+2¢ = Be ~1,847 Cu**+2g=Cu +0,337
APR*+3e= Al -1,662 Cu™+e =Cu +0,520
Ti?*+2e =Ti -1,628 Rh3*+3¢ = Rh +0,760
MnZ"+26 = Mn 1,180 Ag™¢ = Ag +0,799
Zn?*+28 = Zn 0,763 HgZ"+2¢ = Hg +0,854
Cr¥*+3e = Cr —-0,744 Pd?*+2& = Pd +0,987
Fe**+2& = Fe -0,440 Pt?*+2& =Pt +1,19
Cd**+2&e=Cd -0,403 Au®+3e = Au +1,498
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Taomuna I1. 7
OKHUCJIUTEJBbHO-BOCCTAHOBUTEJIBHBIE IMOTEHIHUAJIBI BOJIOPOJA, KHCJIOPOIA

N METAJIUIOB B PA3HBIX CPEJAX

Kucnas cpena (pH = 0) | Heitrpanbnas cpena (pH=7) | llenounas cpena (pH=14)
Ox/Red E% B Ox/Red E% B Ox/Red E° B
2H*/H, 0,00 2H,0/H; —-0,41 2H,0/H; —0,83

0,/2H,0 +1,22 O,/40H" +0,81 O,/40H" +0,40
Mg*/Mg —2,36 Mg(OH)./Mg -2,38 Mg(OH),/Mg —-2,69
APRYAl —1,66 Al(OH)s/Al -1,88 AlO, /Al —2,36
Zn?*Zn 0,76 Zn(OH)o/Zn -0,81 Zn0O,*/Zn 1,22
Cr3*/Cr -0,74 Cr(OH)a/Cr -0,93 CrO,/Cr -1,32
Fe?*/Fe -0,44 Fe(OH)./Fe -0,46 Fe(OH)./Fe -0,87
Cd?*/Cd —0,40 Cd(OH),/Cd -0,41 Cd(OH),/Cd 0,82
Co?*/Co -0,28 Co(OH)./Co -0,32 Co(OH),/Co -0,73
Ni2*/Ni —0,25 Ni(OH)2/Ni -0,30 Ni(OH)2/Ni 0,72
Sn?*'Sn -0,14 Sn(OH),/Sn -0,50 Sn0O,%/Sn -0,91
Pb?*/Pb -0,13 Pb(OH)./Pb -0,14 PbO,*/Pb —0,54
Bi®*/Bi +0,21 BiO*/Bi —-0,04 Bi,03/2Bi —0,45
Cu®/Cu +0,34 Cu(OH)/Cu +0,19 Cu(OH),/Cu 0,22
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Taomuma I1.8

CTAHIAPTHBIE OKUCJIUTEJBHO-BOCCTAHOBUTEJIBHBIE IOTEHIIUAJIBI

B BOJHBIX PACTBOPAX (298 K)

Ox/Red E° B Ox/Red E° B
Au® Au +1,50 [ MnO4 MnO4> +0,56
Au* Au +1,68 | MnO4 MnO, +1,69
Bry(x) Br- +1,09 | MnOs Mn?* +1,51
BrOs~ Br- +0,61 | MnO,* MnO, +1,29
BrO- Br- +0,45 | NOs NO; +0,77
BrO Br; +0,76 | NO3~ NO, +0,84
S Cl +1,36 | PbO, Pb?* +1,45
ClO4 Cl, +1,39 |S S —-0,47
ClOs Cl, +1,47 | SO H,SO03 +0,17
Cr,0:% Cr3* +1,33 | SO,* S +0,36
CrO4* CrO;- 0,16 | SO4* S +0,15
F2 F +2,87 | SO* H,S +0,30
Fe3* Fe —0,04 | PO& P(xpacHslif) -0,13
Fe* Fe -0,44 | Sn* Sn +0,01
Fe3* Fe?* +0,77 | Sn** Sn2* +0,15
FeO,> Fe3* +1,70 | SnOs* Sn +0,84
o - +0,54 | Ti* Tiz* 0,09
10~ I~ +0,49 | TIiO; Ti* —-0,50
104 105~ +1,65 | VO?* V2 +0,34
105~ P +1,19 | V3 2+ -0,25
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