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BBEJIEHUE

JucrunmHa XvuMus TpeIHa3HavYeHa )1 TTOJATOTOBKH KOHKYPEHTOCTIOCO0-
HOTO CHEIUaIMCTa Ha PhIHKE TpyJa, 00JaJarouiero 3HaHUSMH, MO3BOJISIONIUMU
MCIIOJIb30BaTh CBOMCTBA HEOPTraHWYECKUX BEIIECTB ISl ONTUMHU3AIMU TEXHOJIOTH-
YECKOro MpoIlecca, 3aKOHOMEPHO OIPEEsITh U TPUMEHSITh METOJIbl XUMUUECKOTO
aHajau3a JJig OCYILECTBICHUS KOHTPOJSI KAa4eCTBA ChIpbs. BXoaHbIe 3HaHUS, yMe-
HUS U KOMIIETEHLIUU, HEOOXOIMMBIE JUIsl U3YUYEHUs IaHHOTO Kypca, GOpMUPYIOTCS
B [IPOLIECCE U3YUYECHUS LIUKIIA.

[Ipu u3ydyeHun JaHHOW TUCHUILIMHBI, 00yYaronIrecs HOKHBI OBJIAJIETh TEO-
PETUYECKUMU 3HAHUSIMU U TTPAKTUYECKUMHU YMEHUSIMU B COOTBETCTBUU C TOCydap-
CTBEHHBIMHU TPEOOBaHMUSIMU K MUHHUMYMY COJIEP>KaHUS U YPOBHIO MOJTOTOBKH BbI-
MTyCKHUKOB.

Jliist peanuzamnuy mporpaMMbl IPUMEHSFOTCST HATJISITHBIC TTOCOOUST: TaOJINIIbI,
TJTAKAThI MPOBOJISTCS JTAOOPAaTOPHBIE U MpaKTHIecKue padoThl. CoaepkaHue mpo-
TpaMM JOBOJIUTCS B BUJE JIEKIMHA C MPOOJIEMHBIM U3J0)keHneM. KoHTpoapHas pa-
00Ta BBIMOJIHAETCS MO COACPKAHUIO BCEX TeM MporpamMsbl. TeopeTuueckuit mate-
puan o0yyaroIrecss U3y4aroT CaMOCTOSTENIbHO, a TAaKXKE B MEpUOJ] J1a00paToOpHO-
HK3aMEHAI[MOHHOMN CeCCHM Ha OO30PHBIX U YCTAHOBOUHBIX 3aHATHUSIX IO PYKOBOJ-
CTBOM IIPEINOJABATEIIS.

[Iporpamma u MeTOAMYECKUE yKa3aHUS ISl BBITIOJHEHUSI KOHTPOJIBHOU pado-
ThI IO y4eOHOU qucHUIUIMHE XUMUS pa3paboTaHbl B COOTBETCTBUU C TPeOOBaHMSI-
Mu DefepanbHOTO TOCYAAPCTBEHHOTO0 00pa30BaTEIbHOIO.

Ilens u 3a1a9y U3y4E€HUS AUCHUIIAHEL

[lenp M3yueHus MUCHMIUIMHBI — JaTh 00y4aromuMcs HEOOXOIUMbBIH MHHH-
MyM 3HAaHUA HEOPTaHMYECKOW XUMHUHU, KOTOPBIH CHOCOOCTBOBal OBl yYCBOCHHIO
IpOQUINPYIOIINX JUCUUIUIMH, a B MIPAKTUYECKON paboTe oOecneurBal MMOHUMA-
HUIO XUMUYECKHUX aCTIEKTOB MEPOIPUSATHM.

3amaun JUCIUILINHEL:

B pesynbrare uzydeHus TUCUUIUIMHBI 00yYarOUTUiCs T0HKEH:

- 3HaTh OCHOBHBIE 3aKOHBI U KOHLEMIIMU XUMHUH, COBPEMEHHbIC MPE/ICTaB-
JICHUS O CTPOCHUU BEIECTBa, OCHOBHBIC 3aKOHOMEPHOCTU XUMUUYECKHUX MPOILIEC-
COB, CBOMCTBa XUMHMUYECKHX 3JEMEHTOB (M MX COEAMHEHUH), UX OMOJIOTMYECKYIO
pOJib;

- YMeThb BBIIIOJHATh HOATOTOBUTEIBHBIE U OCHOBHBIE ONEPALIMU IPU IIPOBE-
JIEHUH DKCIIEPUMEHTa, HaOJI0/1aTh, TEOPETHUYSCKH 0000IIaTh pe3ysbTaThl pado-
ThI, HAYYHO OOOCHOBBIBATh PE3YJIHTATHI SKCIIEPUMEHTOB, OMUPAsCh HA COBPEMEH-
HOE IIPEACTABJIEHUE O BEIIECTBAX U MEXAHU3ME UX MPEBPAILCHUSI.

OOyuaromuiics J0KEH UMETh HaBBIKH

- BBITIOJTHEHUS JIA0OPATOPHBIX PabOT, YMEHUS paboTaTh ¢ XUMHUYECKUMU
KUJKOCTSIMU;

- CaMOCTOSITEIPHOW PabOThl C XWMHUYECKOW JIMTEpaTypol: yMEHUS BECTH
MOUCK U MPEBpaIlaTh NPOYUTAHHOE B CPEACTBO VISl pelIeHUs MPOodheCCHOHATBHBIX
3a/1a4.



OO6mue TpeboBaHUs K BEIIOJTHEHUIO KOHTPOJIBHEIX paboT

- Kaxnpiii oOyyaromuiicsi u3ydaeT NepCcOHaIbHbIM BapUaHT KOHTPOJIbHOTO
3a/1aHMs, KOTOPOE BKJIFOYAET 18 BOIIPOCOB.

- PaboTa mpexacrasisieTcsi B e4aTHOM BHJIE, JIUCTHI (popmaTa A4 JOHKHBI
OBITh CKpEIJICHBI U IPOHYMEPOBAHBI.

- TutryneHbIl TUCT 0OdopmisieTcs 1o hopme (cM. obpaszer).

- JIns meyaTHOro BapuaHTa HEOOXOAMMO COONIOAATH ClenyIolue TpeboBa-
Hus: mpudt Times New Roman 12-14, monyTopHBIi HHTEPBA, OTCTYN KpacHOU
CTpokH 1,25 cM, BEIpaBHUBAHUE TEKCTA 110 IIUPUHE, 3ar0JIOBKOB — 110 LIEHTPY.

- O6s13aTenbHO IPUBOJATCS HOMEP, TEKCT BOIPOCa U 3aJlaHusl.

- He nomyckaeTcst BOJIBHOE COKpAICHUE CIIOB.

- Kaxxnprit oTBeT, pasnen, HOBasik MBICIb BBIACTSIOTCS OTIEIBHBIM ab3alem,
HayuHas ¢ KPaCHOM CTPOKH.

- B xoH11€ paOOTHI MPUBOAUTCS CHUCOK MCIOJb3YEMOM JIUTEPATYPBHI.

- YKa3bIBalOTCs 1aTa OTHPABKU, CTABUTCS MOANUCH O0y4arOIIerocs.

IIpumeyanue:

1. BoinonHeHHbIE PabOTHI MPEACTABISAIOTCA Ha Kadeapy.

2. Ilpy MOBTOPHOM BBITIOJIHEHUH WJIM UCIPaBICHUU KOHTPOJILHOW pabOThI
Ha TUTYJBHOM JIMCTE JOJDKHA ObITh MmoMeTka ‘“PabGoTa BBIMONHSIETCS MOBTOPHO™
win “VicripaBiieHHs ¥ JOTOJHEHUS K KOHTPOJILHON paboTte”.

3. BeinmonHenHas paboTa OIEHUBAETCS, UCXOJA M3 pa3pabOTaHHBIX Ha Ka-
dbenpe KpuTepueB.

OTBeT OlIeHUBAETCS HA “OTIMYHO’’ MPHU YCIOBHUU MOJHOTO UCUEPIIBIBAIOIIIE-
ro OTBETA Ha BCE BOMPOCHI KOHTPOJbHOU pabOTHI.

OTBeT oneHuBaeTcd Ha “XOpPOMIO™, €Ciu 00yYaroluiics, OTBETUB Ha BCE BO-
MPOCHI, ONKCAJl MaTeprall HEJOCTATOUYHO MOJIHO, HE MPUBEN MPUMEDPHI.

OTBeT oueHuBaeTCsd Ha “yAOBIETBOPUTENBHO”, €CIM OOydYarolIMiics He
CMOT OTBETUTh Ha KaKOW-TMOO BOMPOC pabOThI UM TTOKa3al MOBEPXHOCTHHIE 3HA-
HUSL.

OTBeT olleHMBAeTCs Ha “HEYAOBIETBOPHUTENHHO, €Clid OOyYaIOIIMICS He
CMOT OTBETHUTH Ha JiBa U 00Jiee BONPOCOB pabOTHI WIIM OTBETHI HEMPABUIbHBIE.

B ciydae Hey0BieTBOPUTEIBHOM OLIEHKH KOHTpPOJbHAs paboTa BO3Bpalla-
eTcsi oOydJaroniemMycs i 10padOTKH, MOCIE Yero MOBTOPHO JOJDKHA OBITH MpE/I-
CTaBJICHA HA MPOBEPKY.

4. OOy4aromuecs, He BBITOJHUBIINE KOHTPOJIBHYIO pa0OTy WIM TMOJIYYHB-
II1e 3a Hee HEeYAOBIETBOPUTENIBHYIO OLIEHKY, HE JOMYCKAIOTCS K 3a4eTy.

5. Onpeznenenue BapuanTa KOHTPOJbHOU paboTel. HoMep BapuaHTa omnpee-
asieTes nmocieauen nudpoit Homepa 3a4ETHON KHIKKHU.

6. Ilpy BO3HUKHOBEHHH BOIPOCOB I10 BBIMIOJHEHUIO KOHTPOJIBHBIX padOT
oOyuyaroimuecss MOTYT 00palarhes 3a KoHcybTanuen Ha kadheapy OUuEH/I.



BapnaHTH KOHTPOJbHBIX 3aJaHUMI

HoMmep BapumanTa ompenensercss mnociaeaHeit mnudpoit HoMmepa 3auéTHOMU
KHUKKH

Bapmant Ne 1: 1, 11, 21, 31, 41, 51, 61, 71, 81, 91, 101, 111, 121, 131, 141,
151, 161, 171;

Bapuant Ne 2: 2, 12, 22, 32, 42, 52, 62, 72, 82, 92, 102, 112, 122, 132, 142,
152,162, 172;

Bapmant Ne 3: 3, 13, 23, 33, 43, 53, 63, 73, 83, 93, 103, 113, 123, 133, 143,
153, 163, 173;

Bapumant Ne 4: 4, 14,24, 34, 44, 54, 64, 74, 84, 94, 104, 114, 124, 134, 144,
154, 164, 174;

Bapmant Ne 5: 5, 15, 25, 35, 45, 55, 65, 75, 85, 95, 105, 115, 125, 135, 145,
155, 165, 175;

Bapuant Ne 6: 6, 16, 26, 36, 46, 56, 66, 76, 86, 96, 106, 116, 126, 136, 146,
156, 166, 176;

Bapmant Ne 7: 7, 17, 27, 37, 47, 57, 67, 77, 87, 97, 107, 117, 127, 137, 147,
157,167, 177;

Bapuant Ne 8: 8, 18, 28, 38, 48, 58, 68, 78, 88, 98, 108, 118, 128, 138, 148,
158, 168, 178;

Bapmant Ne 9: 9, 19, 29, 39, 49, 59, 69, 79, 89, 99, 109, 119, 129, 139, 149,
159, 169, 179;

Bapuant Ne 10: 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140,
150, 160, 170, 180.
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POCCUUCKOU ®ENEPAIIUNA
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OCHOBHBLIE KNIACCBI HEOPI'AHUYECKUX

COE/IHHEHUU

TEOPETHYECKAA 9YACTD.
Bce BemecTBa AensITCA Ha MPOCThIE U ClIOkKHBIE. CIOXKHBIE Bellle-
CTBa MOJPA3ACISIOTCS Ha KJIACChl: OKCUIBI, KUCIOThI, OCHOBAHUS, COJIH.
OKCHIBI - 3TO CJIOKHBIE BEIIIECTBA, COCTOSIINE U3 JBYX JIEMEHTOB,
OJTHUM M3 KOTOPHBIX SIBISETCS KUCIOPO B CTCIICHU OKUCJICHHUS -2.
Knaccugurkayun oxkcuoog

I'pynnut okcuoos

Dopmynvt 0Kcuoos

Coneobpa3yroniue:

a) OCHOBHBIC
0) KUCITOTHBIE
B) ambOTepHbIE

NaxO, CaO, CuO, CrO
SO, COz, S102, CrOs
7Zn0, BeO, Al2O3, Cr203

Heconeobpasyroiue

N20, NO, CO, SiO

Xumuueckue ceoiicmea 0Kcuooe

OcHoeéHble

Amepomepnoie

Kucnomnoie

PearupyroT ¢ u30bIT-
KOM KHCJIOTHI ¢ 00pa-
30BaHUEM COJIH U BO-
n6l. OCHOBHBIM OKCH-
JlaM COOTBETCTBYIOT
OCHOBAaHUSI.

1. B3aumopeincTBue ¢
BOJIOM (OKCHIBI IIIE-
JIOYHBIX U IIEJIO-
YHO3EMEJILHBIX METaJI-
JIOB)

CaO +H,0 =Ca(0OH),

2. C kucioraMu

CaO +2HCI=CaCl, +H,0
3. C KUCIOTHBEIMU OK-

cuagamMu
CaO + S0, =CaS0,

4. C amdorepHbIMU
OKCHJIaMU

tO
Li,O + ALO, — 2LiAlO,

[TposBIsIIOT CBOM-
CTBa OCHOBHBIX U
KHCJIOTHBIX OKCHJIOB
1. B3aumoaencTByo
KaK C KUCJIOTaMH,
TaK U C OCHOBAaHUSI-
MM

ZnO + 2HCI = ZnCl, +H,0
ZnO +2NaOH+H,0 =
Na,[Zn(OH),]

2. Pearupytor ¢ oc-
HOBHBIMH U KUCJIOT-
HbIMU OKCUJaMU

tU
Zn0O + Ca0 — CaZn0O,

0

t
ZnO +CO, — ZnCO,

Pearupytot ¢ U30bITKOM I11€-
JIOYM ¢ 00Opa30BaHUEM COJIU
" BOJbI. KNCIIOTHBIM OK-
CHJIaM 4aCTO COOTBETCTBY-
FOT KHCJIOTEL.

1. BopIMMHCTBO B3aMO-
JTEUCTBYIOT C BOAOM (MCKII.
SlOz) SO, +H,0=H,S0O,

2. Co menoyaMu

NaOH + SiO, =Na,SiO, +H,0
3. C 0OCHOBHBIMH OKCH/Ia-

tO
vy P20s +3Ba0 — Bay(PO,),

4. C am(poTepHBIMU OKCH-
aamMu

0

t
ALO, +3S0, — AlL(SO,),




OnHuM W3 CMOCOOOB TOJYUYEHHS OKCHIOB SIBIIICTCS B3aUMOJCH-
CTBHE MPOCTHIX BEIIECTB C KUCIOPOIOM:

Ca+ O =2CaO0;

C+02=C0..

KucnoTel — c0KHBIE BEIIECTBA, COCTOSIIME M3 aTOMOB BOJIOPO/A,

CIIOCOOHBIX 3aMeEIIaThbCs KaTHOHOM MeTajla, M KHUCJIOTHOIO OCTAaTKa
(HNOs3, HCI, H2SO4, H3POs).

Knaccugurkayusa kuciom

Ilpusnaxku Kaac- I'pynnut kuciom Ilpumepot
cuguxauuu
Hanuune xucnopoaa B | a) KUCIOPOJHBIE H3PO4, HNO3
KHCJIOTHOM OCTaTKe 0) OECKHUCIOPOAHBIC H»S, HCI, HBr
OCHOBHOCTh a) OJIHOOCHOBHBIE HCI, HNO3
0) IBYXOCHOBHBIE H>S, H2SOq4
B) TPEXOCHOBHBIC H3POq4
PacTtBOopuMBIE B BOJIE | @) pACTBOPUMBIE H>S, H2SO4, HNO3
0) HEpaCTBOPUMBIE H2S103
JleTyuecThb a) JIeTy4ne H>S, HCI, HNO3
0) HeneTy4uue H>SO4, H2S103, H3PO4
CreneHb  DIJICKTPOJIU- | ) CHIIbHBIC H>SO4, HCI, HNO3
THYECKOM JHccorua- | 0) ciradpie H>S, H>SO3, H2CO3
015051
CTaOMIIbHOCTD a) cTaOMIIbHBIC H2>SO4, HCI, H3PO4
0) HECTaOUIIbHBIC H>S0O3,H>CO3, HaS103
Xumuueckue ceolucmea Kuciom:
1. Kucnora + OCHOBHBIM OKCHUIT = COJIbL + BOJa

2HNO; + CuO = Cu(NOs3)2 + H20
3H2S04 + Fe2O3 = Fea(SO4)3 + 3H20
2. Kucnota + amdoTepHbIit OKCUA = COJIb + BoAa
3H2SO4 + Cr203 = Cr2(SO4)3 + 3H20
2HBr + ZnO = ZnBr2 + H20
3. Kwucnora + ocHOBaHue = coJib + Boja
H>Si103 + 2KOH = K»S103 + 2H20
2HBr + Ni(OH); = NiBr; + 2H>0O
4. Kucnota + amdoTepHbIi THAPOKCHU]T = COJIb + BOJIA
3HCl + Cr(OH)3 = CrCl; + 3H20
2HNOs3 + Zn(OH)2 = Zn(NO3)2 + 2H20
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5. CunpHas KucjoTa + cojb ¢l1aboi KHCIOThI = cl1adast KUCIoTa
+ COJIb CHJILHOM KHUCJIOTHI
2HBr + CaCOs = CaBr; + H20 + CO>
H>S + K2S103 = K»S + H2S103

6. Kucnota + meTam (HaXOoAIIUICS B psiIy HANPSIAKECHUI JIeBee
BOJIOPOJIa) = COJIb + BOJOPOJ
2HCI + Zn = ZnCl> + H>
H>SO4 (pa36.) + Fe = FeSO4 + H»

Baxno: kucnotel-okucnurenu (HNO3, konmn. H2SO4) pearnpyroT ¢
MeTaJIaMH TIO-APYromy.

OIHUM U3 cI0COOO0B MOIYYEHHUS KUCIIOT SBJISETCS B3aUMOACHCTBUE
KHCJIOTHOT'O OKCH/JIa C BOJOM:

P>0Os + 3H>0 = 2H3POa4.

OcHoBaHUs — CJIOKHBIEC BEIIECTBA, COCTOSAIIME U3 aTOMOB MeTaJjlia,

CBSI3aHHBIX C OJHOW WJIM HECKOJbKMMH rujapokcorpymnmnamu (NaOH,
Cu(OH)., Fe(OH)3).

Knaccuguxkauun ocnosanuii

Ipusnaxku  knaccu- | I pynnot ocnosanuit | Ilpumepuot

¢uxkauuu

PactBopumsble B Boge | pactBopuMsbie (1ieno- | NaOH,KOH, Ca(OH):
9n)
HE PACTBOPHUMBIC Cu(OH)2, Fe(OH)2

Kucnornocts OJTHOKHCJIOTHBIC NaOH, KOH
JIBYXKHUCIIOTHBIC Ca(OH),, Fe(OH).
TPEXOCHOBHBIC Fe(OH)s

Xumuueckue ceoiicmea 0CHOBAHUIL:

1. BzauMmopeiicTBrE ¢ KHCIIOTaMH C 00pa30BaHUEM COJIM U BOJIBI:

NaOH + H2SO4 = NaxSO4 + 2H»0.

2. BzaumojeicTBUE C KUCIOTHBIMM M aM(POTEPHBIMU OKCHUAAMU C
00pa30BaHUEM COJIM U BOJIBL:

KOH + N20s5 = 2KNOs + H20;

2NaOH + Al,O3 + 3H20 = 2Na[Al(OH)4];

2NaOH + Al,Os ——— 2NaAlO: + H,O.

3. B3aumojeicTBHE ¢ COIsIMU ¢ 00pa30BaHUEM HOBOM COJIM M HOBO-
0 OCHOBaHMUSI:

NaOH + MgCl, = Mg(OH)2| + 2NaCl.

PactBopuMbIe B BOjie OCHOBaHHUS (I11€JI0YM) MOJIy4aroT B3aUMOICH-
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CTBHUEM aKTHUBHBIX METAJIJIOB WJIM UX OKCHUJIOB C BOJIOM:

Na + 2 H,O = 2NaOH + H»1;

Ba+ H>,0O = Ba(OH)z.

HepactBopuMblie B BOjIe OCHOBAHMS TOJIYUYalOT peakiueid ooMeHa:

Fex(S04)3 + 6KOH = 2Fe(OH)3| + 3K2SOa.

Conu - 3TO MPOAYKTHI MOJHOTO WM YaCTUYHOTO 3aMeEIIeHUs aTo-
MOB BOJIOPOJIa B MOJICKYJIE€ KMCJIOThl aTOMaMU METaJljla WU TPOIAYKThI
MOJHOTO WJIM YACTUYHOTO 3aMEIEHUSI TUJIPOKCOTPYIIT B MOJIEKYJE OC-
HOBaHUSI KUCJTIOTHBIMH OCTaTKaAMHU.

Cpennue conmu (K2SO4, NazPOys) - 3T0 TpOayKThI MOJHOTO 3aMellle-
HUSI BOJOPOJIa B KUCJIOTE HA METAJT WJIM TUIPOKCOTPYNI B OCHOBAHUU
Ha KUCJIOTHBIE OCTaTKHU:

H2SO4 + 2KOH = K2SO4+ 2H>0;

Mg(OH): + 2HCI1 = MgCl; + 2H>0.

Kucasie comu (Ca(HCO3)2, Na2HPOs) - 3T0 npoayKThl HEMOJIHOTO
3aMelIeHHs BOJOPO/ia B KUCJIOTE Ha METaJLI:

KOH+ H2S04 = KHSO4 + H20.

Kucneie conu 06pa3ytoT TOJIBKO MHOTOOCHOBHBIE KHUCIIOTHI, HAIIPH-
mep H2SO4, H3PO4, H2CO3, HaS.

Ocnogusle conu (CuOHNO3, AIOHCI,) - 3To npoIyKThl HEMTOJTHOTO
3aMeNIeHUs! TUAPOKCOTPYII B OCHOBAHUHU Ha KUCJIOTHBIE OCTaTKHU:

Fe(OH)3 + HNO3 = Fe(OH)2NOs + 2H>0;

Fe(OH); + 2HNO3; = FeEOH(NO3)2 + 2H-0.

OcHOBHBIE COJIM OOpPa3yIOT TOJBKO MHOTOKHUCIOTHBIE OCHOBaHMS,
Harpumep Cu(OH)2, Fe(OH)3, Mg(OH)..

IIPUMEPBI PEIIIEHUA 34][AY9

Ilpumep 1. CocTaBUTh YPaBHEHUS PEAKLIHMI, MPU MOMOIIHA KOTOPBIX
MO>KHO OCYIIIECTBUTH CJICAYIOIINE MTPEBPALICHHUS:

Na — NaOH — NaHS — Na;S — Na>SO4 — NaCl.

Peuwenue. NaOH (rugpokcus HaTpusi) - ocHoBaHue (1ienous). [le-
JIOYM MOYKHO MOJIYYUTh B3aUMOJICUCTBHEM aKTHBHOTO MeTasuia (B JaH-
HOM MPUMEPE HATPHS) C BOJIOM:

Na + 2H>0 = 2NaOH + H>f1.

NaHS (rugpocynbdun HaTpus) - kucaas coib. Kucibie coiu mnomy-
YAIOTCA MPU B3aUMOJICICTBUM MHOTOOCHOBHBIX KHCJIOT C OCHOBAaHHUSIMH
B TEX CIy4YasiX, KOrJla KOJWYECTBO B3ATOrO OCHOBAHUS HEJOCTATOYHO
1151 00pa30BaHUs CPETHEN COJIN:

H>S + NaOH = NaHS.

11



NazS (cynbua HaTpus) - cpenauss coib. O0pa3yercs npu 1eUCTBUU
M30bITKA MIETOYN Ha KUCITYIO COJIb:

NaHS + NaOH = NaxS + H20.

NaxSOg4 (cynbdart natpus), NaCl (xsopug HaTpusi) - CpeIHUE COJIU.
Cpennue cou MOKHO MOJTYYUTh B3aUMOJICHCTBUEM KUCIIOTHI U COJIH:

H>SO4 + NaxS = NaxSO4 + HaS1,

NaCl - B3aumopeicTBUEM JIBYX COJICH:

Na2SO4 + CaClz = 2NaCl + CaSOy4|.

Ilpumep 2. C xakuMH 13 YKa3aHHBIX HIDKE BEIICCTB OYIET B3aUMO-
nerictBoBath H2SO4: CO2; NaOH; BaCl; HCI; Fe2Os3. Hanucars ypas-
HEHUSI COOTBETCTBYIOIIUX PEAKITUH.

Pewenue. OnpenenseM, K KaKUM KJlacCaM OTHOCSTCS yKa3aHHBIS
coequHenusi: CO; - kucnotHsii okcua, NaOH - ocHoBaHue (1enoyn),
BaCl; - conb, HCI — xucnora, Fe2O3 - ocHoBHO# okcua. CepHas KUCIIO-
Ta OyJIeT B3aMMOJICCTBOBATh C OCHOBAHUEM, OCHOBHBIM OKCHOM U CO-
ap10: HoSO4 + 2NaOH = NaxSO4 + 2H20;

3 H2SO4 + Fe203 = Fex(S04)3 + 3H20;

H>SO4 + BaCl; = BaSO4| + 2HCI

3AJAYN U YITPAXKHEHUA JUUIA CAMOCTOSATEJIBHOI'O PEINEHU A
1. a) Hanncatpe ypaBHEHHUS peakyid, IPU MOMOIIHA KOTOPBIX MOXKHO
OCYILIECTBUTH CHEAYIOIINE MPEBPALCHHUS:

Na28n02
Sn —> SnClL—> Sn(OH)2<
Sn(NO;),.

0) Kakue U3 mpuBEAEHHBIX BEIIECTB OyAyT B3aMMOJIEHCTBOBATH
mexay coboit: Ca(OH)> u NaOH; Pb(OH)> u KOH; H>SO4 u H>SOs;
HCI1 u Na;S; HNO3 u MgO? Hanucate ypaBHEHUSI COOTBETCTBYIOIIUX
PEAKIIUN.

2. a) CocTaBUTh YpaBHEHHS PEAKIIUMA, TPU TTOMOIIU KOTOPBIX MOX-
HO OCYIIIECTBUTH CIEAYIOIINAE MPEBPALICHUS:

FeCl, — Fe(OH), — Fe(OH)3 — FexO3 — Fex(SO4)s.

0) Kakue u3 npuBeleHHBIX OKCUAOB OymyT pearupoBarh ¢ HCI:
N20s; SO3; AlO3; Cl207; ZnO; K>,O? Hanucatrs ypaBHEHHS COOTBET-
CTBYIOILLIUX PEAKIUU.

3. a) CocTaBUTh ypaBHEHUS PEAKIUU, TPU TOMOIIU KOTOPBIX MOXK-

HO OCYILIECTBUTH CJIEIYIOIINE IPEBPALICHMS:
P — P20s5 — H3PO4 — Na3;POs — Ca3(POs)..
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0) 3aKOHYUTH ypaBHEHUS PEAKIUH, T0Ka3bIBAIOIINX aM(POTEPHOCTD
okcuna ceuHila (I1): ocnoBHbie cBolictBa PbO + HNO; — ...;

KUCIIOTHBIE cBoiicTBa PbO + KOH ——— ...

4. a) Hanmucatb ypaBHEHUS peakiivii, Py MOMOIIN KOTOPBIX MOXKHO
OCYIIECTBUTH CJIECAYIOIINE MPEBPALLICHHUS:

N2 — NH3; — (NH4)2SO4 — NH4Cl — NH3; — NH4NOs.

0) Kakue u3 mpuBeneHHBIX OKCHAOB pearupyroT ¢ NaOH: MgO;
CLO; Na20; CrOs; CaO; CO2? CocTtaBUTh ypaBHEHHUSI COOTBETCTBYIO-
IIAX PEAKIUM.

5. a) CocTaBUTh YpaBHEHHS peakiUi, TP MOMOIIU KOTOPBIX MOXK-
HO OCYIIECTBUTH CJICIYIONINE MPEBPAILICHHUS:

S1 — S102 — K»S103 — H2S103 — Si0s.

0) Kakue u3 yka3zaHHBIX HUXKE BEIIECTB MOTYT B3aUMOJCHCTBOBATH
¢ pactBopoM KOH: HI; CuClz; SO2; Ba(OH)2; SnO? Hanucats ypaBHe-
HUSI COOTBETCTBYIOIIUX PEAKITUH.

6. a) CocTaBUTh YpaBHEHHS pEeakIUi, TP MOMOIIU KOTOPBIX MOXK-
HO OCYIIECTBUTH CJICIYIOIINE MPEBPAILICHHUS:

SO3; «— SOz «— S — FeS — H>S — KHS.

0) CocTtaBuUTh YpaBHEHUS PEAKIMN MEXKy KUCIOTaMU U OCHOBAaHU-
SIMH, IIPUBOJIAIINX K oOpa3oBanmio coneii: NaxS; Fea(SO4)3; KzPOas.

7. a) Hanmucatb ypaBHEHUS peaKiiyii, IPYU MOMOIIHN KOTOPBIX MOXHO
OCYILIECTBUTH CIEAYIOLINE MPEBPALCHUS:

Ca — Ca(OH)> — CaCO3 — CaCly; — Ca3z(POa)>.

0) CocTaBUTh YpaBHEHHUS PEAKIIMI MEXKIYy KUCIOTAMH U OCHOBAHU-
SIMH, IPUBOIAIINX K oOpa3zoBanuto coneit: NaNOsz; CaHPO4; CuOHCIL.

8. a) Hanmcatp ypaBHEHHS peakiuid, IPU MOMOIIM KOTOPBIX MOXKHO
OCYIIIECTBUTH CIEAYIOLINUE MPEBPAICHUS:

Cu — CuO — Cu(NOs3)2 — Cu(OH)2 — CuCl.

0) Mexay KakuMHu U3 MPUBEJACHHBIX Map BEUIECTB BO3MOXKHA peak-
nus: CO2 u SOz; LiOH u COz; P2Os u CaO; NaOH u KOH; Li20 u
Zn0O; L120 u Na;0O? CoctaBuTh ypaBHEHUSI COOTBETCTBYIOIIUX PEAKIIUA.

9. a) Hanncath ypaBHEHHS peakiuid, IPU MOMOIIM KOTOPBIX MOYKHO
OCYILIECTBUTH CIEAYIOLINE MPEBPAICHUS:

Cd — CdO — Cd(NOs3)2 — Cd(OH)2 — CdSOa.

0) C KakMMU U3 yKa3aHHBIX HUKE BEIIECTB MOXKET B3aUMOJICHCTBO-
BaTh cepHas kuciota: HCI; BaCly; MgO; CO2; NaOH; ZnO? CocTaBuTh
YpPaBHEHUS COOTBETCTBYIOIIUX PEAKIIUH.

10. a) CocrtaBUTh ypaBHEHHMS pPEaKlMil, NpH MOMOIIMA KOTOPBIX
MOYHO OCYIIECTBUTH CIEAYIOIINE MPEBPAICHHUS:

13



Zn — ZnCly — Zn(OH)2 — ZnO — K2ZnO0:.

0) Hanmucate ypaBHeHMs peakiuii oOpazoBaHusi cojei: NaxSOs;
Fe2(SO4)3; Ba(NO3)2 B pe3yabpTare B3aUMOJICHCTBHUSI OCHOBAHUS U KHUC-
JIOTHOTO OKCHU/IA.

11. a) CocraBUTh ypaBHEHHSI pEAKIUWA, MPU MOMOIIU KOTOPBIX
MOYHO OCYIIECTBUTH CIEAYIOIINE MPEBPALICHHUS:

S — SO2 — SO3 — H>SO4 — KHSO4 — KoSOs.

0) CocraButh ypaBHEHUs peakuuil oOpazoBanus coiseit: CaCOs;
Alx(SO4)3; NasPO4 B pesynbrare B3aUMOJICHCTBHS OCHOBHOTO U KHC-
JIOTHOTO OKCHJIOB.

12. a) Hanucate ypaBHEHUsI peakiuid, TPy HOMOIIN KOTOPHIX MOX-
HO OCYIIIECTBUTH CIEAYIOIINE NPEBPALICHHUS:

Al — Alx(SO4); — AI(OH)3 — Al2O3 — KAIO..

0) 3aKOHYUTH ypaBHEHUS PEAKIM, JOKA3bIBAIOIIUX aM(POTEPHOCTh
okcupa osioBa (II): ocaoBHsie cBoiicTBa SnO + HCl — .. .;

KUCIOTHBIE cBoiicTBa SnO + KOH —— > ...

13. a) CocTtaBUTb ypaBHEHHS pPEaKlMi, MPU MOMOIIU KOTOPBIX
MOYHO OCYIIIECTBUTH CJIEAYIOIINE MPEBPAICHUS:

Ba — BaO — Ba(OH), — Ba(NO3), — BaCO3; — BaCl..

0) Kakue u3 mpuBeneHHBIX OKCHAOB B3aumojaeicTByroT ¢ KOH:
Naz0O; CO2; Ga;03; MgO; CuO; Mn2O7? Hanucath ypaBHEHUS COOTBET-
CTBYIOIINX PEAKIIUHN.

14. a) CocTtaBUTh ypaBHEHHMS pPEaKlMil, MpH MOMOIIUA KOTOPBIX
MOYHO OCYIIIECTBUTH CJIEAYIOIINE MPEBPAICHHUS:

Fe(NO3);s — Fe(OH); — FexO3 — FeO — FeCl, — FeS.

0) Kakue BemiecTBa MOTYT OBITh MOJYYEHBI MIPU B3aUMOACHCTBUU
KUCJIOTHI ¢ coibto? Kucnotel ¢ ocHoBanneM? Comnu ¢ conbro? [IpuBectu
MPUMEPBI COOTBETCTBYIOIINX PEAKIIUH.

15. a) Hanncath ypaBHEHMSI PEaKIUil, IPU HOMOIINA KOTOPBIX MOXK-
HO OCYIIIECTBUTH CJIEAYIOIINE NPEBPAICHHUS:

Mg — MgSO4 — Mg(OH)2 — MgOHNO3; — Mg(NO3)..

0) CocTaBUTh YpaBHEHUS PEaKIMii, MPU MOMOIIU KOTOPBIX, UCXOS
U3 YEThIPEX MPOCTHIX BELIECTB - Kalausi, CEpbl, BOJOPOJA U KUCIOPOa,
MOHO ToTyuuTh runpokcun kamuss KOH; cynasdun xkamusa KoS; cepo-
Bosopoa HoS.

16. a) CoctaBUTh ypaBHEHUS pEAKIUWA, MPU MOMOIIU KOTOPBIX
MOYHO OCYIIIECTBUTH CIEAYIOIINE NPEBPALICHHUS:

/nS04 «— ZnO «— ZnS — ZnCl, — Zn(OH)2 — Na2ZnO:.

0) Hanucath ypaBHEHUsI HE MEHEE YEThIPEX PEAKIIUM, TP TTOMOIIU
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KOTOPBIX MOXKHO MOJIy4uTh KapOoHaT Kanbiius CaCO:s.

17. a) CoctaBUTh ypaBHEHHSI PEAKIUW, MPU MOMOIIU KOTOPBIX
MOYHO OCYIIECTBUTH CIEAYIOIINE MPEBPALICHHUS:

Cu(OH); «— CuSO4 «— Cu — CuO — CuCl..

0) Hanucats ypaBHeHus peakiuii oopazopanus KoCrOs, Mg(NO3).,
BaSO4, Ca(ClO), B pe3yabpTaTe B3aUMOJCUCTBUS OCHOBAHHS W KHCIIOT-
HOT'O OKCH/IA.

18. a) Hanucate ypaBHEHUsI peakiuii, Ipyu HOMOIIN KOTOPHIX MOX-
HO OCYIIIECTBUTH CIEAYIOIINE MPEBPALICHUS:

Fe — FeSO4 — Fe(OH)2 — Fe(OH)3 — Fe20O3 — FeCls.

0) MoryT 11 HaxoAUThCs coBMecTHO B pacTBope: Ba(OH): u FeCls;
HC1 u H2S; NaOH u HBr; NaOH u KOH; HC] u Na,CO3? Jlate 0060c-
HOBAHHBIN OTBET U MPUBECTH YPABHEHUS COOTBETCTBYIOIINX PEAKITHH.

19. a) Hanucate ypaBHEHUsI peakiuid, TPy HOMOIIMN KOTOPHIX MOX-
HO OCYIIIECTBUTH CIEAYIOIINE NPEBPALCHHUS:

Al — Al,O3 — AICIz — AI(OH); — NaAlO..

0) Kak, ucnonb3ys BaO, FeClz, H>SO4, H>O, CuO, MoXHO 10JY-
YuTh: TUApoKcua Oapus; ruapokcun xeinesa (II); cynbdar meau (11)?
CocTaBUTh YpaBHEHHS] COOTBETCTBYIOIIMX PEAKIIUM.

20. a) HanucaTh ypaBHEHHS pEaKIMil, MPU MOMOIIUA KOTOPBIX MOXK-
HO OCYIIECTBUTH CJICAYIOIINE MPEBPAIICHUS:

Pb — PbS — PbO — Pb(NO3)2 — Pb(OH)2 — K2PbOs.

0) CocTaBUTh ypaBHEHUS YETHIPEX PEAKIIUMA, B PE3YIbTATEe KOTOPHIX
obpazyetcs Opomui HaTpusi NaBr.

CKOPOCTh XHMHYECKOHWH PEAKIIHH

TEOPETHYECKOE BBEJ[EHUE

CKOpOCTBIO peaKIMU Ha3bIBACTCS M3MECHEHHE KOHIICHTPAIIMU KaKoO-
ro-mu00 U3 BEIIECTB, BCTYMAIOMIETO B PEAKIIUI0 WM O0Opa3yIOIIerocs
IIPU PEAKIINH, 32 CAMHUILY BPEMEHHU.

CKOpOCTh XMMHUYECKHUX PEAKIIMA 3aBHCUT OT MPHUPOJBI Pearupyro-
X BEIISCTB, UX KOHIICHTPAIIMH, TEMIICPaTypbl, IPUCYTCTBUS KaTajIu-
3aTOPOB.

3aBHUCUMOCTb CKOPOCTH PEaKIIMU OT KOHIICHTPAIIUH PEarupyromnx
BEIIIECTB BBIPAXKAETCS 3aKOHOM JICHCTBHS MacC: MPU MOCTOSHHON TEeM-
nepaTrype CKOPOCTh XHMHYECKOW PEaKIUHh IPSMO IPOIOPIIMOHAIbHA
MPOM3BEICHUIO KOHIICHTPAIIMI pearupyromux BemecTB. B obmem ciy-
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qae JUIsl peakuuu
nA + mB = pAB
3aBUCUMOCTb CKOPOCTHM PEaKIMU OT KOHIIEHTPALMUA BBIPAXKACTCS
YPaBHEHUEM:

V=k-Cl.-CP

riae k - koncranTa ckopoctu peakiuu; Ca u Cp - KOHIIEHTpaIuu pe-
arupyrolyx BeIecTB; N U m - KO3(PhUIIMEHTHI TIepe]] BellecTBaMU A U
B.

3aBUCUMOCTh CKOPOCTH PEAaKUMU OT TEMIEPaTyphbl BBIPAKAECTCS
npaBuiioM Bant-I'odda: B romoreHHol cucteme Ipu MOBBIIICHUH TEM-
neparypsl Ha Kaxzaele 10 rpamycoB CKOPOCTh XMMHYECKOW PEAKIUU

yBenuuuBaercs B 2—4 paza:

bt
Vy=Vi-vy ¥
rae V2 u Vi - CKOPOCTh peakMu IIpu TeMIieparypax t2 u ti; y - Tem-
nepaTypHblid KO3(PPUIHUEHT CKOPOCTU PEAKIIUH.

IIPUMEPBI PEIIIEHUA 34][AY9

Ilpumep 1. Kak U3MEHUTCS CKOPOCTh PEAKIINU KAXKION U3 PEAKLINN:

NOq) + Clary = 2NOCl, (1); CaOx) + CO2r) = CaCOs3x), (2), ecnu B
KaXJIOM CUCTEME YBEIIMYUTH JIABJICHUE B 3 pa3a?

Pewenue. Peakuus (1) roMoreHHas M, COTJIaCHO 3aKOHY JI€MCTBUS

= . 2 .
V'=k-CyoCa, ; peakuus (2)

V=k-Ceo,

MacCC, HadaJIbHasA CKOPOCTb PCAKIIUU paBHA

TrETEPOreHHasl, U €€ CKOPOCTb BBIPAXKACTCA YPABHECHUEM
KoHrmeHTpanus BemecTB, HAXOAAIMMUXCs B TBEpAou (a3e (B maHHOU pe-
akiuu CaQ), HEe U3MEHSETCS B XOJ€ PEaKIMu, TO3TOMY HE BKIIFOYAETCSI
B YPAaBHECHUE 3aKOHA JICVICTBUS MAcCC.

YBenuueHue AaBICHHS B KaXJ0M M3 CUCTEM B 3 pasza MPUBEIET K
YMEHBIIEHUIO 00bMa CUCTEMbI B 3 paza U YBEIMUYEHUIO KOHIEHTPAIIUU
KKJIOT0 M3 pearupyromux razoo0pa3Hbix BemecTB B 3 pasa. [Ipu Ho-
BBIX KOHIETPAIMAX CKOPOCTH PEAKIIUM pacCUUTHIBAIOTCS 1O (hOpMYyJiam:

V'=k-(3Cyp)* -3Cq, =27k-C}, Ca, (1) u V'=k-3Cc, (2).

CpaBHHUBasi BBIpOXEHUSA U1 CKopocTer V u V', HaXoauM, 4TO CKO-
pocTh peakuuu (1) Bo3pacrtaer B 27 pa3, a peakunu (2) - B 3 paza.

Ilpumep 2. Peakuusa mexnay BemectBaMu A U B Bepaxaercs ypas-
HeHneM A + B = D. HavayibHble KOHIIEHTpPAlIMM COCTABJISIIOT (MOJIB/N):
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Ca =5, Cg = 3,5. Koncranra ckopoctu paBHa 0,4. Berauciauth cko-
POCTh pEaKIMu B HaYaJIbHBIII MOMEHT U B TOT MOMEHT, KOT/Ia B PEaKIIU-
OHHOM cMecu ocTtaHeTrcs 60 % BemecTBa A.

ey . 2 . o
Pewenue. 110 3ak0OHYy NEHUCTBUS Macc V=k-Cy-Cs B navanbmwiit

MOMEHT cKopocTh Vi = 0,4x52x3.5 = 35. [Io WCTeYEeHUH HEKOTOPOIo

BPEMEHU B PEaKIMOHHOU cMecH ocTaHercs 60 % BemecTBa A, T. €. KOH-

LIEHTpalus BelecTBa A craHeT paBHOW 5%0,6 = 3 MoJib/n. 3Ha4YUT, KOH-

IeHTpanus A ymeHbImmiach Ha 5—3 = 2 monb/i. Tak kak A u B B3aumo-

JEHCTBYIOT MEXKIy COOOI B COOTHOIIEHUU 2:1, TO KOHIIEHTpalus Beule-

ctBa B ymensimmnaces Ha 1 Monb 1 cTana paBHo 3,5 - 1 = 2,5 moub/n.
CnenosatensHo, V2 = 0,4x 32 x2,5=9,

Ilpumep 3. Uepe3 HEKOTOpPOE BpeMsl mociie Havana peakuuu 2NO +
O2 = 2NO2 KOHIIEHTpAllMM BEIIECTB COCTABIISUIN (MOJIB/J): Cro= 0,006;

Co, = 0,12; Cro, = 0,216. Haiitu ucxoansie konueHTpauuu NO u Ox.

Pewenue. icxonneie koHneHtpauuu NO 1 Oz HaxXoIuM Ha OCHOBE
ypaBHEHHUsI pPEaKIuu, COTIIACHO KOTOpOoMy Ha oOpaszoBaHue 2 Mojb NO>
pacxonyerca 2 monb NO. Ilo ycnmoBuwo 3amauum obOpaszoBanoch 0,216
MoJib NO2, Ha 4TO M3pacxooBaiock 0,216 mons NO. 3HauuT, HCXOAHAS
koHueHTpauus NO paBHa

Cxo = 0,06 + 0,216 = 0,276 mMoxb/1.
ITo ypaBHeHuUIO peakiiuu Ha oOpazoBanue 2 Mojb NO2 HEOOXOUMO
1 momp Oz, a g momyuenust 0,216 moms NO2 Tpebyerca 0,216/2 =

0,108 mosb O2. Mcxoanas koHueHTpanus Oz paBHa Co, = 0,12+ 0,108 =
0,228 monb/m.
Takum 00pa3oM, HCXOHBIC KOHIIEHTPAIIMH COCTABIISUIH:

Cro= 0,276 Moib/m; Co, = 0,228 MoJB/1.

llpumep 4. Ilpn 323 K HekoTopas peakuus 3akaHuubaercs 3a 30 c.
OnpenenuTh, KaK U3MEHUTCSI CKOPOCTh PEAKIIMK U BpeMs €€ MPOTEeKaHUs
npu 283 K, ecniu TemnepaTypHbIil KO3 PUIIUEHT CKOPOCTH PEaKIIUM pa-
BCH 2.

Pewenue. 1lo npaBuiny Bant-I'odhda HaX0auM, BO CKOJIBKO pa3 U3-

MCHUTCA CKOPOCTH pCaAKIIUHU:
T,-T, 283-323

V2=V1'Y 10 =9 10 _—o4_
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CkopocTh peakiuun yMenbiiaercs B 16 pa3. CkopocTh peakuuu u
BpeMsi €€ TPOTEKAHUs CBA3aHbl OOPATHO MPONMOPIUOHAIBHON 3aBUCUMO-
cTho. ClienoBaTenbHO, BpeMs MIPOTEKaHUS TAHHOW PEaKIMy YBEIHYHT-
csa B 16 pa3 u coctaBut 30x16 =480 ¢ = 8§ MuH.

3AJJAUYN U YITPAXKHEHUSA J151 CAMOCTOSATEJIBHOI'O PEINEHM A

21. Peakuus nporekaet no ypaBuenuto 3H> + CO = CH4 + H2O0.
HauanbHble KOHIICHTpAIlUM pPEarupyrolidx BeEIIECTB ObUIA (MOJIB/M):
Cu2= 0,8; Cco = 0,6. Kak U3MEHHUTCS CKOPOCTh PEAKIIUM, €CIU KOHIICH-
TpaIuio BOAOPOAa YBEIUYHUTH 10 1,2 , a KOHIIEHTPALMIO OKCUAA YTIEPO-
na 10 0,9 monw/n? (OTBeT: yBenIUUUTCS B 5 pas).

22. Peaknums pasznoxenus N2O uaer no ypaBHeHuto 2N20 = 2N, +
O». Koncranra ckopoctu peakuuu pasHa 5x107*. HauanbHas KOHIEH-

Tpauus Cno = 0,32 moab/n. OnpenenuTb CKOPOCTh PEAKIIMA B HaYallb-
HbIE MOMEHT U B TOT MOMEHT, korjaa pazynoxurcs 50 % N20. (Otser:
5,12x107; 1,28%107).

23. Peakuus Mexay BemiectBamMu A U B BbIpakaeTcs ypaBHEHHEM
A + 2B = D. Hauvanbnasie koHnenTpamnuu (Moiw/n): Ca = 0,3 u Cg = 0,4.
Koncranra ckopoctu paBHa 0,8. BelunciauTh Ha4allbHYIO CKOPOCThH pe-
aKI[UU U ONPEJEIUTh, KAK U3MEHWIACh CKOPOCTh PEAKIIUH IO UCTCUYEHUU
HEKOTOPOr'0 BPEMEHHM, KOT'/Ia KOHIICHTpAIUs BEIIECTBA A YMEHBIIWIACH
Ha 0,1 monk. (OtBer: 3,84%1072; ymeHbIIMIACE B 6 pa3).

24. Yemy paBeH TemIiepaTypHbIii KOA)PUIIUEHT CKOPOCTH PEaKIIUH,
€CJIM Npu NoHWkeHnHu Temnepatypsl Ha 30 °C, Bpems MPOTEKaHUs Peak-
1M YBEJIMYMIIOCH B 64 paza? (OTBeT: 4).

25. BeIynciInTh, IPpU KAaKOW TEMIIEpaType peakivs 3aKOHUMUTCS 3a
45 mun, ecau npu 20 °C Ha 310 oTpedyerca 3 4. TemnepaTypHbIi KO-
a¢burmenT ckopoctu peakiuu paseH 3. (Oteet: 33 °C).

26. Kak m3menurcs ckopocth peaknuun CO + Cl, = COCly, eciau mo-
BBICUTH JIaBJICHUE B 3 paza U OJJHOBPEMEHHO MOBBICUTH TEMIIEpaTypy Ha
30 °C (y=2)? (OTBeT: yBenuuuTcs B 72 paza).

27. Peaknuu npotekaroT 1o ypaBHEHUAM: Cq) + O20)= CO2r) (1) ;
COq) + O2t)=2C0O2r) (2). Kak usmenurcs ckopocts (1) u (2) peaknuid,
€CJIM B KaXJOW CUCTEME: a) YMEHBIIUTh JaBiieHue B 3 pasza; 0) yBemu-
YUTh 00BbEM cocyza B 3 pasza; B) MOBBICUTh KOHIIEHTPAIMIO KUCIOPOa B
3 paza? (OtBet: a) ymenbmutcs B (1) B 3, Bo (2) B 27 pa3; 6) yMeHb-
mmtes B (1) B 3, Bo (2) B 27 pa3; B) yBenuuutcs B (1) u (2) B 3 paza).

28. Peakuus uner no ypasHenuto Hx + I> = 2HI. Koncranra ckopo-

ctu paBHa 0,16. Mcxoaneie koHneHTpaunu Ho u [> cooTBETCTBEHHO paB-
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HbI 0,04 1 0,05 Monb/1. BRIUUCINTL HAYAIBHYIO CKOPOCTh PEAKIIUH U €€
CKOpOCTb, Korjaa KoHreHntpanus Hz cranet paBnoit 0,03 mosb/n. (OTBeT:
3,2x10%; 1,9x10%).

29. OxucIiieHue cephl U €€ JUOKCUIA IMTPOTEKAET MO YPABHEHUSIM
S T O2t)= SO2¢r) (1) ; SO2(r) + O2¢r) = 2S03(r) (2). Kak uzmenurcs cko-
pocth (1) u (2) peakuuii, eciau B KaXKJI0H CUCTEME: a) YBEIUYUTD JaBJIC-
HUe B 4 pa3a; 0) yMEHbIINTL 00BEM CcOCyJia B 4 pa3a; B) MOBBICUTh KOH-
HeHTpaluio kuciopoaa B 4 paza? (OtsetT: a) yBenuuutcs B (1) B 4, BO
(2) — B 64 paza; 6) ysenuuutcs B (1) B 4, Bo (2) — B 64 pa3a; B) yBenu-
qutcs B (1) u (2) B 4 paza.

30. Koncranrta ckopoctu peakuuu 2A + B = D pasna 0,8. Hauanb-
Hble KoHUeHTpaluu (Monb/n): Ca = 2,5 u Cg = 1,5. B pe3ynbTaTe peak-
UM KoHIeHTpalus BeilectBa Cp okazanack paBHou 0,6 mosib/n. Bbi-
YUCIIUTh, 4eMy cTtana paBHa Ca U ckopocTh peakiuu. (OtBet: 0,7
Moaw/1T; 0,235).

31. Peakmus nporekaet no ypaBHenuto HCl + Oz = 2H>0 + 2Cl..

Uepesz HEKOTOpOE BpeMs MOCJE€ Hayajlla peakiuyd KOHIICHTpaluu

Y4aCTBYIOIIUX B HEH BEIIECTB CTaIH (MOJIB/J): Char = 0,85; Co, = 0,44;

Cor, = 0,30. Beraucaute HavaiabHble KoHHeHTparuu HCl u Oz, (OTBerT:

Chci= 1,45; Co, = 0,59 Momw/m).
32. HauaneHbple KOHIEHTpaluu BemiecTB B peakiuu CO + HyO «»

CO; + H; 6sutn paBubl (MoJib/i): Cco = 0,5; Cio= 0,6; Ceo, = 0.4; Cu,
0,2. BerauciuTh KOHIIEHTPAIIMH BCEX YUACTBYIOIMMX B PEAKITUN BEIICCTB

rociie Toro, kak npopearuponaiio 60 % H>O. (OtBet: Cco = 0,14; Cho=

0,24; Cco.=0,76; “1.= 0,56 monn/r).

33. Kak m3menurcs ckopocth peakiun 2CO + Oz = CO., ecnu: a)
00bEM PEaKIIMOHHOTO COCYJla YBEIUYUTh 3 pa3a; 0) yBEJIMYUTh KOHIICH-
tpauuto CO B 3 paza; B) noBsicuTh Temmepatypy Ha 40 °C (y = 2)? (Or-
BET: a) YMEHBIIUTCS B 27 pa3; 0) yBeauuuTcs B 9 pas; B) YBEIUUUTCS B
16 pa3).

34. IIpu 10 °C peakums 3akanunBaetcs 3a 20 muH. CKOJIBKO BpeMe-
HU OyJeT JJIUTHCS peakius NpH MoBbiieHUH Temrnepatrypsl go 40 °C,
ecau TemnepaTtypHbii kodduureHt pased 3? (OtBer: 44,4 ).

35. Bo ckoJsibko pa3 clienyer yBeIWuuTh a) KoHneHTpauuio CO B
cucteme 2CO = CO; + C, 4T0OBI CKOPOCTh peakiuu Bo3pocia B 4 paza?
0) KOHIIEHTpaIMio Bojiopoja B cucteMe N2 + 3H, = 2NH3, 4T0o0BI CKO-
pocTh peakiuu Bo3pocia B 100 paz? B) maBienue B cucteme 2NO + O
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= 2NO2, 4T00bI cKkOopocTh oO6pa3zoBanusi NO2 Bo3pocia B 103 paz? (Ot-
BeT: 2 pasa; 4,64 paza; 10 pa3).

36. Cxopocts peakuuu A + 2B=AB; ipu Ca=0,15 u Cg=0,4 Monb/m1
pasHa 2,4-1073. OnpenenuTs KOHCTAHTY CKOPOCTU M CKOPOCTh PEAKIHH,
xorja konuenTpanus B craner 0,2 mons/n. (Otset: 0,1; 2x1074).

37. Kak n3menntcsa ckopocth peakuuu 2A + B = A2B, eciin Kon-
LCHTPALMIO BEIIECTBA A YBEIUYUTh B 3 pa3a, KOHLECHTPALWIO BENIECTBA
B ymenbmnTh B 2 pasa, a remnepatypy noBeicuth Ha 40°C (y = 2)? (Or-
BET: YBEJIMYUTCS B 72 paza).

38. Peaknus uaer no ypaBaenuro 2H:S + 302 = 2S0; + 2H0. Ye-
pe3 HEKOTOpOe BpeMsl IMOCJe Hayalda peakiud KOHIICHTpAallUh y4acTBY-

IOIUMX B HEH BEIIECTB cTalu (MOJIb/J): Cuis = 0, 009; Co, = 0,02; Cso, =
0,003. BeluncauTh: a) KOHIIEHTPAILIMIO BOJISTHOTO Mapa B ’TOT MOMEHT; 0)

C
HCXOIHBIE KOHIIEHTPALMKM CEepOBOJOpoa u kuciopoaa. (Orer: M0 =

0,003; s =0,012; “0.=0,0245 moms/n).

39. JIBe peakiuu npoTekaroT npu 25 °C ¢ 0OIMHAKOBOW CKOPOCTBIO.
TemnepaTypubiii K03GOUIIMEHT CKOPOCTH IMEPBOM PEAKIUU pPaBEH 2,
BTOpOoit - 3. Halitu oTHomeHue 3tux ckopocreit mpu 75 °C. (OtBert:
V2/V1=17,59).

40. Peakuns nner no ypasuenuto N2 + 3Hz = 2NHs. Uepes HekoTto-
poe BpeMsl MOCJe Hayajla PEeaklUd KOHIICHTPAIMU PEarupyroliux Be-

C C C
mecTB ObIM (MOJIb/m): No=(,8; “H=1,5; "N=(),]. BeIUMCIUTh KOH-
LICHTpPAllMM BEIIECTB B MOMEHT, Korja KoHIeHTpamus Nz crama 0,5

MoJib/1. (OTBET: Cu, = 0,6 ; Cri, = 0,7 monb/m).

KATAJIU3

TEOPETHUYECKOE BBEJEHHUE

KaranuzaTopamu Ha3bIBAalOTCS BEIIECTBA, YBEIWYHUBAIOIIUE CKO-
POCTh XUMUYECKUX PEAKIUM, HO CAMHU OCTAIOLIMECS MOCIIE HEE XUMUYE-
CKM HEU3MEHHBIMU. fIBIIEHME U3MEHEHUs CKOPOCTH PEAKUMU MOJ BO3-
JNCVCTBUEM KaTAIM3aTOPOB HA3BIBACTCS KATAJIMU30M.

KartanuzaTop ObIBaeT rOMOTE€HHBIN U rereporeHHbid. Ecnu katanu-
3aTOp M pearupyromire BEIIeCTBa HAXOAATCS B OJHOM (pa30BOM COCTOSI-
HUM, TO KaTaJIu3 HA3bIBAKOT TOMOIE€HHBIM. MeXaHu3M IOMOTE€HHOTO Ka-
Talii3a OOBSICHSAETCS BOZHUKHOBEHHMEM IPH YYaCTHM KaTajilu3aTropa He-
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CTOMKHUX MPOMEKYTOUHBIX COeAMHEHUM. [Ipu 3TOM SHEPrus akTUBALMU
MMOHM>KACTCSI U AKTUBHBIMH CTAHOBSITCS MOJIEKYJIBI, SHEPTUSI KOTOPBIX
OblJIa HEIOCTAaTOYHA JIsl OCYIIECTBJICHHUS peakiuu 0e3 KaTaau3aropa.
Hampumep, peakuus

SO2r) + O2¢r) = 2S03(r)

MPOTEKAET C MaJOM CKOPOCTBIO. [[JIs yBEIWUYECHUSI CKOPOCTH PEaK-
A0 TTPOBOJIST B MPUCYTCTBUH KaTanmu3aropa NO, KOTOPBIM C OJTHUM U3
peareHToB, a UMEHHO ¢ O2, 00pa3yeT HECTOMKOE MPOMEKYTOYHOE CO-
ennHeHne NO»2, B3aMMOJEHUCTBYIONIEEC B CBOIO OUYEPENb C APYTUM pea-
reHToM SOq:

O2r) + 2NO¢) — 2NO2()

NOzr) + 2S502¢r) — 2S03(r) + 2NO(r

O2r) + 2SO02(¢r) — 2803(r).

Kak BuauMm, B CyMMapHO€ ypaBHECHHME PEaKIMUA KaTalu3aTop HE
BXOJIUT, T.€. B PE3YyJIbTATE PEAKIMHA OH HE HCHBITHIBAET XUMHYECKOE
MpEBpAaIICHUE.

Ecnu xatanuszaTtop v B3aMMOJCHCTBYIOIIAE BEIIECTBA HAXOASATCS B
pa3HbIX (Pa30BBIX COCTOSIHUSX, T. €. MMEIOT TpaHUIly pas3jeia, TO Kara-
JIU3 Ha3bIBAIOT FeTePOreHHbIM. B 3TOM ciydae kaTaauzaTopamMu OOBIYHO
ABJISIFOTCSI TBEPABIE BEIIECTBA, HAa IMOBEPXHOCTH KOTOPBIX PEArUPYIOT
KUJIKOCTH WM Ta3bl. CyMMapHas CKOPOCTh PEAaKIMHA HA TBEPAOM KaTa-
JIM3aTOPE 3aBUCUT OT IUIOMIAJX €r0 MOBEPXHOCTH, O3ITOMY JIJISI YCKOpE-
HUSl PEAKIUM MPUMEHSIOT KaTaJIM3aTOpPbl C PAa3BUTOM MOBEPXHOCTHIO:
TOHKO WM3MEJbYCHHBIE MOPOIIKH WJIW MOJIOKKHU (MIOPUCTBIEC YTIIN, CUJIU-
KaThl) C HAHECEHHBIM TOHKHMM CJIOEM KaTajiu3aropa. ['ereporeHHbie Ka-
TAIMTUYECKUE PEAKIMU HAYMHAIOTCS CO CTaJuU aJcoOpOIuu, B pe3yb-
TaTe KOTOPOI pa3phIBAIOTCS WU OCIA0JISAIOTCA XUMUUECKHE CBSI3U B MO-
JIEKyJiaX pearupyrommx BEeIIECTB, U MOJICKYJIbl CTAHOBSTCSI aKTUBHBIMH.

ITPUMEPHI PEILIEHW A 3AJTIAY

Ilpumep 1. IlpoMplliiieHHas yCTaHOBKa, paboTaroiias Ha BaHaOuUeC-
BoM Katanuzatope (V20s), npousBoaut B cytku 30000 kr MmoHOTHApaTa
H>SO4. O6veM kaTanmsatopa B ycranoBke 0,7 m°. Paccuwmrars akTus-
HOCTb KaTajii3aTopa.

Pewenue. Mepori akTUBHOCTH KaTajn3aTOpa sBISETCA U3MEHEHUE
CKOPOCTH XMMHWYECKOU pEaKIMu B pe3yJibTaTe BBEJCHUS B CUCTEMY Ka-
TanuzaTtopa. KonumdyecTBEHHO aKTMBHOCTH KaTajau3aTopa OICHMBAETCS
MPOU3BOAUTEILHOCTHIO KaTanuzaTopa (Ak). Iloxg mpousBoaUTEILHO-
CTBIO KaTajiu3aTopa MoJipa3yMeBalOT KOJUYECTBO BEIIECTBA, MOJyYaro-
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nieecss B €IUMHHUIYY BPEMEHHU C €AMHUIBI IUlomanu mnoBepxHoctu (Sk),
Macchl (mk) nimm oobema (Vk) karanuzaropa. [Ipou3BoaUTEILHOCTD Ka-

TAJIN3aTOpPA paBHA
m
A, =——
Ve
M
ric m — Macca nonyqaeMoro BEIIECTBaA, T — BpeMH HpOTeKaHI/IH
npoiiecca.
st onpeneneHus NMPOU3BOAUTEIIBHOCTA KaTalv3aropa BbIPa3UM
BpeMs B Hacax:

30000
Ak =24-0.7 = 17857 kr/(m3-uac).
Taxum 006pa3oM, aKTHMBHOCTh BAHAJMEBOIO KaTalu3aTopa IpH II0-
ydennn Monoruaparta H2SO4 pasna 1785,7 kr/(m*-uac).

Ilpumep 2. DHeprus akTUBALUU HEKOTOPOUW peakiuu 0e3 KaTaau3a-
Topa paBHa 75,24 xJ[x/Monb, a ¢ katanuzaTtopoM - 50,14 kJx/Monb. Bo
CKOJIBKO pa3 BO3pacTET CKOPOCTh PEaKLMKM B MPUCYTCTBUU KaTalau3aTo-
pa, ecnu peakuus nporekaer npu 25 °C?

Pewenue. O003HaUUM SHEPIUIO0 aKTUBALUK PEAKIMKU O€3 KaTaau3a-
Topa depe3 Ea, a ¢ katanuzatopoM - yepe3 Ea’, COOTBETCTBYIOIME KOH-
CTaHTBl CKOPOCTH peakiuu 006o3Haunm depes k u k’. J{ns pemienus 3a-

Ja4d UCIOJIb3yeM MpeoOpa3oBaHHOE ypaBHEHUE AppPeHHYyCa:
k' E,—E!

lg—=

k  23RT

[loncraBnsiga B 3TO ypaBHEHHE JaHHBIE 3aJa4M, BbIpaxkash HEPTUIO
AKTUBALIMM B JUKOYJISIX U yunuThIBas, yTo T = 298 K, monyunm
g - (7524-5014). 10° _ 251-10°
k 2,3-8314-298 2,3-8314-298

OxkonuvatenpHo HaxoauM k’/k = 2,5-104. Takum oOpazom, CHUKE-
HUE SHEPruM akThBauu Ha 25,1 kJ[)X MpUBENIO K YBETUUYESHUIO CKOPOCTH
peakuuu B 25 ThICSY pas3.

b

3AJAYN U YITPAXKHEHUA U1 CAMOCTOSATEJIBHOI'O PEILIIEHUA

41. Ilpu oxucnenun NH3; Ha MIaTMHOBOM KaTaJlu3aTope OBLIO TO-
aydeHo B TeueHue cyTtok 1440 kr HNOs. [Ins okucienus: ObU1o HCOJIb-
30BaHo 0,064 kr karammu3aropa. Paccuurars akTHBHOCTH KaTaJIM3aTOopA.
(Otser: 937,5 kr/(m>-4ac)).

42. 3aBHACUT JY 3HAYCHUE DHEPTUM AKTHUBALIMU PEAKIMU B CIIy4dae
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rETEPOreHHOTO KaTajau3a OT IUIOMAN MMOBEPXHOCTH KaTaIu3aTopa U OT
€ro CTpyKTypbI?

43. Bo CKOJIBKO pa3 yBEIUYUTCS CKOPOCTh PEAKIMH, MPOTEKAOIIECH
npu 298 K, eciu 3HEpPruto0 aKTUBALMKM €€ YMEHBIITUTh Ha 4 KJ[>K/MoJb?
(OtBeT: B 5 pa3).

44. Yemy paBHaA >HEPrUsl aKTUBALMU PEAKIINU, €CIY HPH MOBBIIIE-
Hun temnepatypsl oT 290 K no 300 K ckopocts ee yBenuuurcs B 2 pa-
3a? (OtBet: 49,9 kJ[>/M0Ib).

45. KakoBO 3Ha4Y€HHWE PHEPIUM AKTUBALUM PEAKIINU, CKOPOCTh KO-
toporr ipu 300 K B 10 pa3 Gosbuie, uem mpu 280 K? (Otser: 80,3
KJI[>K/MOJIB).

46. 3a 12 u 6p110 cuHTe3upoBaHo 45 000 kr NH3z. O6bem ucmosib-
30BaHHOrO Kartaiausartopa 1,2 M>. OnpenenuTs Npou3BOIUTENLHOCTh Ka-
tammsaropa. (Otser: 3125 xr/(m3-4ac)).

47. Haittn o6bem katanmzaTopa ajis cuHTe3a NHi, ecnu nmpousso-
IUTENIbHOCTH ycTaHOBKH 5000 M> aMMHaKa B 4yac. [Tpou3BOIUTEIBHOCTD
ucroab3yemoro karamusaropa 2000 kr/(m3-gac). (Otset: 1,9 M?).

48. VI3MEHUTCS M 3HAYECHHE KOHCTAHTBhI CKOPOCTH PEAKUUU IpHU
3aMEHE OJTHOTO KaTaJIn3aTopa JApyrum?

49. KakoB MEXaHU3M y4acCTHS B XMMHUYECKOM ITPOIECCE BEIIECTB,
3aMEISIOIINX CKOPOCTh XUMUYECKON PEAKIIMU U Ha3bIBAEMbBIX OTpPHILA-
TEJIbHBIMHU KaTaJN3aTOpaMu U UHTHOUTOpaMU?

50. OnuH KaTanu3atop CHXKaeT 3Hepruro aktuBanuu npu 300 K Ha
20 xJIx/monb, a npyroi Ha 40 kJ[>/monb. Kakoi katanuzarop 3¢ dex-
TuBHEE? BO CKOJBKO pa3 BO3PACTET CKOPOCTh PEAKLUUH IIPU HUCHOJIB30-
BaHMM TOro WM wuHOro Karamusaropa? (Otser: BTOpOM; 3,1-10°%;
9,4-10°).

51. Kupsl u yrieBoabl OKUCISIOTCS B JKMBBIX OpraHu3Max IpU
temreparype okoio 37 °C, a BHE KHUBBIX OPTaHU3MOB OKHCJIEHHE IPO-
ucxoaut npu 450 - 500 °C. OOBSICHUTH MPUUUHBI ITOTO SIBJICHHUSI.

52. [lpuBecTn mpUMEPHl KATUIMTHYECKUX peakuuil. MOXHO JH, C
MOMOUIBI0 KAaTaJIU3aTOPOB, CMECTUTh XUMHUYECKOe paBHOBecue? Kakosa
pOJIb KaTaau3aTopa B 00paTUMbBIX PEaKIUsIX?

53. DHeprus akTUBAIIUK HEKOTOPOUM peakiuv B OTCYTCTBHUE KaTajlu-
3aropa paBHa 32,3 k/[>k/MoJib, @ B MPUCYTCTBUM KaTajlu3aTopa OHA paB-
Ha 20,9 x/[x/Monb. Bo ckoibKO pa3 BO3pacTeT CKOPOCTh 3TOM peakiuu
B NpUCyTCTBUM KaTanuzaropa npu 25 °C? (Otset: B 100 pa3).

54. CTeHKH peakMOHHOI0 COCYJIa YaCTO OKa3bIBAIOT OOJIBIIIOE BIIU-
SHUE HAa CKOPOCTh XMMHUYECKUX MPOLECCOB, YCKOPSA WM 3aMEJISIS UX.
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[IpruBecTH BO3MOKHBIE IPUYHHBI 3TOTO SIBIICHUS.

55. K kakuM moclieicTBUSIM MOXET NPUBECTH CMEIIICHUE PaBHOBE-
CHs TI0J1 ICUCTBUEM KaTanu3aropa’?

56. [Touemy BOJia B TJIIMHSIHOM COCY/I€ HE pacTBOPSAET KPEMHUM, a B
CTEKJITHHOM pactBopsieT? Kak mpoBepuTh NpesioxKeHHOE 00bsICHEHNE?

57. KakoBo BIMSIHUE TPUPOIBI pACTBOPUTENS (TMOJAPHOCTH) HA CKO-
pocTh peakiuu? MoKHO JIU CUUTATh, YTO PACTBOPUTEIIb B 3aBUCUMOCTH
OT MPUPOJIBI 00TaJAET KATATUTUUYECKUM WJIM UHTMOUPYIOMINM JICHCTBU-
em?

58. OObIUHO, YeM TOJISIPHEE PACTBOPUTENb, TEM CHUJIbHEE OCIa0IIs-
IOTCSl CBSI3U B PEArMpyrominxX MOJIEKYJaX M TEM BbIIIE CTAHOBUTCS UX
pEaKIMOHHAs CIIOCOOHOCTh. B KakoM pacTBOpuUTEle peaklUui NPOXOIST
owicTpee? MIMeroTcst I UCKITFOYEHUSI U3 ATOr0 IpaBuiia?

59. IlepeyucnuTh NPUYMHBI YCKOPEHUS PEAKIIMU TE€TEPOTCHHBIM Ka-
TaIU3aTOPOM.

60. CriocoOCTBYET N TOBBIIICHUE TEMIEPATYPhl MEPBOMY ITaIy
TEeTEPOTeHHOTO KaTajin3a - afcopOIu MOJIEKYJI Pearupyronux BEIeCTB
Ha IMOBEPXHOCTH TBEPJIOr0 KaTanuzaropa’?

XUMHYECKOE PABHOBECHE

TEOPETHUYECKOE BBEJIEHUE

XUMHYECKUM PABHOBECHEM HA3bIBACTCSI TAKOE COCTOSIHHE Pearuv-
PYIOIIEH CUCTEMBI, IIPU KOTOPOM CKOPOCTH MPSIMOU pEaKIMU paBHA CKO-
pocTH 00paTHOM peakiuu. 3aKOH ACHCTBUS Macc JUIsi OOpaTUMBIX IPO-
IIECCOB: B COCTOSHUUA XMMHYECKOTO PABHOBECHSI MPHU MOCTOSTHHON TEM-
MepaType OTHOUICHUE MPOU3BEICHUS KOHIICHTPAIIMKA MPOJYKTOB PEaK-
AU K MTPOU3BEACHUIO KOHIEHTPAUM UCXOAHBIX BEIIECTB €CTh BEJINYU-
Ha noctossHHas. OHa Ha3bIBAE€TCS KOHCTAaHTON paBHOBeCHsI M 0003HaAYa-
ercsa Kc. /s peaknuu nA + mB =2 pC + gD kxoHcTaHTa paBHOBeECHUS
MMEET BUJT

[T -[oF
“Tlal B

rae [A], [B], [C], [D] - paBHOBECHBIE KOHIICHTPALIMK PEArUPYIOIINX
BEIIIECTB; N, M, P, q - KoapduimenTs nepen Bemectsamu A, B, C, D.

XUMHYECKOE PABHOBECUE OCTAECTCA HEM3MEHHBIM JI0 TE€X MOp, MOKa
YCJIOBUSI paBHOBECHS (KOHLIEHTpalus, TeMIepaTypa, JaBji€HUE), IpU
KOTOPBIX OHO YCTAaHOBHWJIOCH, COXPAHSAIOTCS MOCTOSSHHBIMM. lIpu n3me-
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HEHUM YCIJIOBHI pAaBHOBECHE HapyuiaeTcsa. Uepe3 HEKOTOpoe BpeMs B
CHCTEME BHOBb HACTYNAET PABHOBECHUE, XAPAKTECPU3YIOIIEECS HOBBIM
PaBEHCTBOM CKOpPOCTEH MPSIMOM U 0OpaTHOM peakivii 1 HOBBIMU PaBHO-
BECHBIMHU KOHIIEHTpalMsAMHU BCeX BemecTB. [lepexon cucteMsl U3 ogHO-
IO PaBHOBECHOTO COCTOSHUA B JIPYrO€ HA3bIBACTCS CMEIICHUEM PaBHO-
BECH.

IIpn yBenmyeHUM KOHIEHTPAIMA UCXOJHBIX BEIIECTB M YMEHBIIIE-
HUW KOHIIEHTPAIMU MPOJYKTOB PEAKIIMU PABHOBECUE CMEIIAETCS B CTO-
poHy mpsiMmoi peakumu. [Ipu yBenIWYeHUM KOHIIEHTpAUHMi MPOIYKTOB
PEAKINU ¥ TTOHWKEHUM KOHIICHTPAIIMKA UCXOJIHBIX BEIIECTB PABHOBECHUE
CMeIIaeTcs B CTOPOHY oOpaTtHO# peakuuu. Hampumep, B peakiinu

CO + 02= 2CO2

yBenuuenne kKoHueHtpauuii CO, Oz (MCXOJHBIE BEIIECTBA) WU
yMeHbIieHrne koHneHtpauu CO2 (MpoAYKT peakiuu) IPUBOJIUT K CMe-
IICHUIO PABHOBECHS BIIPABO. Y BeJlMueHUE KoHIeHTpaunu CO; wim mo-
HIDKEHHUE KOHIIEHTpauui ucxoaubix BemectB CO, Oz cMmemaer paBHO-
BECHE BJIEBO.

IIpyu moBBIIEHNH TEMIEPATYPHI PABHOBECUE CMEIIACTCA B HAIIPaB-
JICHUU 3HJIOTEPMHUYECKOM, TIPU MOHM>KEHUU - B HAIIPABJICHUM 3K30TEp-
MHUYECKOU peakunu. Hanpumep, B paBHOBECHOU CUCTEME

N2 + Oz = 2NO, AHx.p. = 180,5 kI,

npsMas peakiysl SHJIOTEPMHUYECKAs], TTOATOMY MOBBIIICHUE TEMIIE-
paTypbl NMPUBOAUT K CMENICHUI0O XMMHUYECKOTO PABHOBECUSA B CTOPOHY
MPSIMOM pEaKIMK, a TOHWKEHHE TEMIIEpaTyphl - B CTOPOHY OOpaTHOM
pEaKInu.

ITPUMEPHI PELLIEHW A 3AJTIAY

IIpumep 1. Ilpu HexoTOpo# Temmneparype B cucteme Nor) + 3Hor) =
2NH3(r) paBHOBECHBIC KOHIICHTpAIIMU COCTaBIsn (Monb/n): [N2] = 1,5;
[H2] = 1,7; [NH3] = 2,6. BblunCIuTh KOHCTAaHTY PAaBHOBECHS 3TOM PEaAK-
U1 ¥ UCXOJIHBbIE KOHIIEHTPAIIUU a30Ta U BOJOPO/IA.

Pewenue. KoHcranta paBHOBeCHs HAHHOW PEAaKLMU BBIPAXKAETCS
ypaBHEHUEM

2
KC [NH3 ]

= 3
[N2]' [HZ] . [loxcrasiisisi naHHbBIE 3aa41, TOTyYaeM
_ e
“15-0,7)°

b

HCXOI{HBIG KOHOCHTpPAIWHU a30Ta U BOAOPOJa HAXOIUM Ha OCHOBC
25



ypaBHeHUsI peakiuu. CorjlacHO YpaBHEHHIO peakluu Ha oOpa3oBaHue 2
Moib NH3 pacxoayercst 1 monb Ne. ITo ycinoBuio 3aiaun o6pa3oBanoch
2,6 mosib NH3, Ha 4TO M3pacxomoBanoch 1,3 Mosb N2, YuuTheiBas paBHO-
BECHYIO KOHLICHTPAIMIO a30Ta, HAXOIUM €r0 UCXOJHYI KOHUEHTPALHUIO:

Cn, = 1,5+ 1,3 =2,8 Moab/I.
[To ypaBHeHUIO peakiiuu Ha oOpazoBanue 2 Moiab NH3 HeoOXxoaumMo
3 moap Hz, a g momyuenns 2,6 mons NH3 tpebyercs 3%2,6/2 = 3,9

moJsib Hz. McxomHast KOHUEHTpanus BOAOpOaA Cu, = 1,7+ 3,9 = 5,6
Moaw/1. Takum obOpazom, KC = 0,92; ucxoaHbsle KOHIICHTpAIIUU Cn,=
2,8, Cu, = 5,6 MOJIB/II.

Ilpumep 2. Peakums mporekaer no ypasHenuro A + B = D + F.
OnpenenuTe paBHOBECHBIE KOHIICHTPAIIMU PEarupyrommx BEIIECTB, €C-
JI1 UCXOJHBIE KOHLIEHTpaluu BemecTB A u B, COOTBETCTBEHHO, PaBHBI 2
u 1,2 Monw/1, a koHCTaHTa paBHOBecHs peakiiuu KC = 1.

Pewenue. Tak Kak Bce BEIIECTBA B JAaHHON PEAKLIMU PEarupyrorT B
OJIMHAKOBBIX COOTHOIIEHHUSIX, 00O3HAYUM HW3MEHEHUE KOHIICHTPALUU
BCEX PEATMPYIOMINX BEHIECTB uepe3 X. K MOMEHTy ycTaHOBIIEHUs paB-
HOBeCHs1 00pa3oBaioch X MoJib D 1 X MoJib F u cootBeTcTBEeHHO [D] = X;
[F] = x. [1o ypaBHEHHIO peakIuy Ha CTOJIBKO K€ YMEHBIIWINCH KOHIICH-
Tpauuu A u B, 1. e. [A] =2 - x; [B] = 1,2 - x. [loacTaBuM paBHOBECHBIE
KOHIICHTPAIlUH B BBIPAKEHUE KOHCTAHThHI PABHOBECHS:

pI[F] , xx
c=ra 1 =
[Al[B] . @-0)-(1.2-x) .y =075

OTtcrona paBHOBECHbIE KOHIIEHTpanuu paBHbl: [D] = 0,75 monb/m;
[F]=0,75 mons/m;

[A]=2-0,75=1,25 mons/1; [B] = 1,2 - 0,75 = 0,45 monb/11.

llpumep 3. Peakuus npotekaeT no ypaBHeHHI0 2SO0z + Oz = 2S0:s.
B kakoMm HampaBJICHUH CMECTHTCS XMMHUYECKOE PaBHOBECHUE, €CIIM 00b-
€M CUCTEMBbI YMEHBIINTH B 3 pa3a’?

Pewenue. JIo nameHeHnss o0beMa CKOPOCTH TPSAMOM U 0OpaTHOM
peaKkIuil BEIpaKaJIMCh YPaBHCHHUSIMU:

Vip. =Ky ’Cszoz‘ Co, : Voop. =2 'Cszo3.

[Ipu ymeHsblieHnr o0beMa B 3 pa3za KOHIEHTPAIUS KaXI0T0 U3 pea-
TUPYIOLIMX BEIECTB yBeAUUYUTCs B 3 paza. [lociie yBennueHus: KOHIICH-
TpalHuK CKOPOCTh MPSAMOUN peakluu cTaja
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Vip. =k *(3Cs0,)" -3C0, =k-9C50,-3Co, =27k o, Co, , T. €. BO3pocia B

. Vi, =k, -(3Cy, )2 =9k, C2
27 pa3; a CKOPOCTh OOpaTHO# - ° 2 (3Cs0,) 2 7% 1. e. BO3-

pocina B 9 pa3. CienoBaresibHO, PABHOBECHE CMECTUTCSI B CTOPOHY TIPsi-
MOM peakIiuu (BIpaBo).

Ilpumep 4. B Kakyr0 CTOPOHY CMECTUTCA XHUMUYECKOE PABHOBECUE
peakuuu A + B = D, ecniu noBsicuth Temneparypy Ha 30 °C? Temnepa-
TypHbIE KO3(DPUIMESHTHI CKOPOCTH MPsAMOM (Y1) U 0OpaTHOH (y2) peak-
MU PaBHbI COOTBETCTBEHHO 2 U 3.

Pewenue. Ilpu noBeimennu temnepatypsl Ha 30° CKOpPOCTh MPSAMOM

pPC€aKiun BO3pPaCTCT B
AT

V. AT
2np. :'}/10 :23:8

Vi, a3, a CKOpOCTbh 0OpaTHOH B
pas, P p
V. AT
—1/2061)' — 'Yzlo = 33 = 27
1006p. paB.

Tak kak CkOpOCTb OOpaTHOM peakiuu Bo3pocia B 27 pas, a CKo-
pPOCTh MpAMOI B 8 pa3, TO paBHOBECUE ITOM PEAKIIUM MPHU TMOBBIIICHUU
TeMIIepaTypbl CMECTUTCS B CTOPOHY 0OpaTHOM peakiuu (BJIEBO).

Ilpumep 5. Kak U3BMEHATCA CKOPOCTU MPSIMOI M 0OpaTHOM peaklnH,
eciii B cucteMe 2NOr) + Ozr) 2 2NO2r) YMEHBIINUTD JIaBJICHUE B 2 pa3a?
[IpouzoiaeT a1 npu 3TOM CMelIeHrne paBHOBecUsA? Ecin 1a, TO B KaKyro
CTOpPOHY?

Pewenue. J1o yMEHbIIECHUS NABICHUS BBIPAXKEHUS i1 CKOPOCTHU

v [ VH :kl .CI%IO.CO .
npssMOl M OOpaTHOM peaknmWu HUMEId  BHJ P 2

_ 2
Vo6p. - k2 ’ C1N02

[Ipn ymeHbIIEHUH JABICHUS B 2 pa3a KOHLEHTPAUUU KaXAOro M3
pearupyrommx BeIIeCTB YMEHbIIIAIOTCS B 2 pa3a, Tak Kak 00Ul 00bem

CHUCTEMBI YBEIMYMBAETCS B 2 pasza. Torma

1 1 1
Vp. =k, '(ECNO )2 'ECOZ :gkl‘ CI%IO' Coz

1 1
Vo6p. =k, '(EcNoz)2 :Zkz' CI%IOZ

B pe3ynprare yMEHbLIICHUS aBJICHUS CKOPOCTh MPAMOM PEAKIUU
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YMEHBIIIWJIACh B 8 pa3, a CKOPOCTh 00paTHOH - B 4 pa3a. Takum oOGpazom,
CKOPOCTh 00paTHOM peakiuu OyJieT B 2 pasza OOJIbIlIe, YeM MHPSIMOM, U
CMEIIEHNUE PaBHOBECHUS TTPOU3OMIET B CTOPOHY OOpAaTHOM peakiuu, T. €.
B CTOPOHY pazioxeHus NOo.

Ilpumep 6. B xakoM HanpaBICHUN CMECTUTCSA PABHOBECHUE PEAKIIAN

COClLz < CO + Clz, AH®x.p. =+112,5 x/Ix

a) TIpY MOBBIIIEHUM JIaBJICHUS; 0) C MOHMXEHUEM TEMIIEPATYpPHI; B)
NP YMEHBUIEHUH KOHIIEHTPAIUU XJIopa?

Pewenue. a). Ilpu NoOBBIIEHWN JAaBICHUS PABHOBECHE CMEUIAETCS B
CTOPOHY pEaKLMH, UIYIIEH C YMEHBIIECHUEM YHMCIa MOJIEKYJ Ta3a, MpH
MOHWKEHNUU JABJIEHUS - B CTOPOHY PEaKUUH, UAYILIEH C YBEJIMYEHUEM
yucaa MOJIEKYJI ra3a. B j1eBoil yacTu npuBeeHHON peakunu | monekyna
(COCL), a B mpagoii - 2 (1 CO u 1 Cb), mosToMy npu OBBIIICHUH JaB-
JIeHUsS] pAaBHOBECHE CMEIAETCS B CTOPOHY OOpaTHOW peaKkluu.

0). IIpu moHMXkeHUHU TeMIlepaTypbl paBHOBECHE CMEIAETCS B CTO-
POHY SK30T€pPMHYECKOW PEAKIUU, NPU IOBBIILICHUU TEMIIEPATYyphl - B
CTOPOHY JHJIOTEPMHUUYECKOM. B HameMm npumepe npsiMasi peakuusi dHI0-
tepmuueckas (AH°x.p. > 0), a oOpaTHasi - 3K30TepMHUUECKasi, CJIeI0Ba-
TEJIbHO, NPU MOHWKEHUU TEMIIEPaTypbl PABHOBECHE CMECTHUTCS B CTO-
poHy oOpaTHOW peakuuu. B). [Ipy yBeTWYEeHHM KOHLIEHTpALMU HCXO-
HBIX BEIIECTB M YMEHbBIICHUN KOHUEHTPALUU MPOAYKTOB PEAKIIMU PaB-
HOBECHE CMEIIAETCS B CTOPOHY NPOAYKTOB peakuuu. [Ipu ymeHpmeHnnu
KOHIIEHTPAaLMM XJIOpa (MPOAYKTa PEaKiMu) PABHOBECHE CMECTUTCS B
CTOPOHY HPSIMOM peakiuu, T.€. B CTOPOHY 0Opa30BaHUS MPOIYKTOB pe-
aKIUU.

SAAYN U YITPAXKHEHUA U CAMOCTOATEJIBHOI'O PEILIIEHU A

61. [Ipu HarpeBaHUU JUOKCH]IA a30Ta B 3aKPBHITOM COCYJI€ JI0 HEKO-
TOpOM TemiepaTyphl paBHOBecue peakiuu 2NO2 = 2NO + O; ycraHo-
BUJIOCH TIPH CIAEAYIONIUX KOHIEHTpanuax (Moaw/n): [NOz2] = 0,4; [NO] =
1; [O2] = 0,5. Beruncnnuth KOHCTAHTY PaBHOBECHS ISl 3TOW TEMIEpaTy-
pbl U HMCXOJIHYIO KOHIIEHTpallMio auokcuaa azora. (Oteer: 3,125; 1.4
MOJIB/M).

62. Peakums nporekaet no ypasHenuto AB = A + B. Ilpu Hekoro-
pou temreparype u3 1 Mone AB, HaxomdImerocs B 3aKpbITOM COCYAE
eMkocTero 20 1, paznaraercs 0,6 mons AB. Onpenenutb KOHCTAHTY
paBHoBecus. (OtBet: 0,045).

63. Koncranrta paBHoBecus peakiuu N2O4 = 2NO2 paBna 0,16 nipu
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375 K. PaBHoBecHas koHrenTpauus NO2 paBHa 0,09 mMonw/n. Berawuc-
JUTh paBHOBECHYIO KOHLEHTpaunio N2O4. (OtBet: 0,051 monb/n).

64. PaccunraTte paBHOBECHYIO0 KOHIEHTpauni0 O3 U KOHCTAHTY paB-
HoBecus B peakiuu 302r) = 203, eciau HavaiabHas macca Oz paBHa 24
r, a paBHOBecHas KoHieHTpauusi Oz paBHa 0,6 monw/n. (OtBet: 0,1
Mow/11; 0,046).

65. Hcnonb3yst cmpaBouHble jaaHHble Taou. b. 1, paccuurarh
AH®X.p. peakuuu, nportekaromieii mo ypaBHeHUIO 2NOzr) = 2NO¢) +
Oz U ompenenuTh, B KaKyl0 CTOPOHY CMECTUTCS PAaBHOBECHE MPH
OXJIQXKJICHUU CUCTEMBI.

66. Paccuutarh paBHOBECHBIE KOHIICHTpAIlUM Tra3000pa3HbIX Be-
necTB B rereporeHHon cucreme FeOw) + COr) = Few) + COz2r), ecnu
HavajibHas kKoHieHTpalus CO coctaBisiia 2 MOJIb/J, KOHCTaHTa paBHO-
Becus KC = 0,6. (OtBert: 1,25; 0,75 monb/1.).

67. IIpu cocrosnuu paBHoBecus B cucteme N2 + 3Hz = 2NH3 koH-
HeHTpanuu BemiecTB ObLn (Moab/1): [N2] = 0,3; [H2] = 0,9; [NH3] = 0,4.
PaccunTaTh, KaKk U3MEHATCS CKOPOCTH MPSIMON M OOpaTHON peaxiud,
€CJIM KOHIIEHTPALMH BCEX YYACTBYIOIIMX B PEAKIIUH BEIIECTB YBEIUYUTh
B 4 pa3a. B xakom HampaBineHuu cmectutcsi paBHoBecue? (OtBet: 256;
16).

68. BeIunCINTh KOHCTAaHTY PABHOBECHS JIJISI TOMOT€HHOU CUCTEMBI
COq) + H20¢) = COzr) + Hor), €ciii paBHOBECHBIE KOHIICHTpAILIMU pea-
rupyromux Bemects (Moaw/n): [CO] = 0,004; [H2O] = 0,064; [CO2] =
0,016, [H2] = 0,016. Uemy paBHBI MCXOJHBIE KOHIEHTPALIMU BOJIBI U
CO? (Otser: 1; 0,08 moaw/i; 0,02 MOJIB/M).

69. B nauanbHbiii MOMeHT mpoTekaHus peakuuu NiOw) + Hor) =

Niw) + H2O() KOoHIIEHTpanuu ObLIN paBHBI (MOJIB/J): Cu, — 0,5; Cho —
1,7. PaccunuTtaTh paBHOBECHbBIE KOHIIEHTPALIUM Ta3000pa3HbIX BEILECTB,
eciu KC = 5,66. (Oter: 0,33; 1,87 Monb/n).

70. B peaktope npu HEKOTOPON TEMIIEPATYPE MPOTEKAET PEAKLIHS
CO2 + H2 = CO + H:;0. Onpenennutb KOHCTaHTY PAaBHOBECHSI, €CIIH B

HaYaJIbHBIA MOMEHT Cu, = 2,15 mons/n, Ceo, = 1,25 Monb/1, a K MOMEH-
Ty paBHOBecusi mpopearupoBaino 60 % HadampHOro KonmyecrBa COo.
(OtBert: 0,8).

71. OnpenenuTp, B KaKyl0 CTOPOHY ITPOU30MIET CMEIICHUE PABHO-
Becus peakiuu COzr) + 4Hor = CHar) + 2H20w), AH®x.p. = -165 x]Ix
IIPU CIIEIYIONIUX BO3JEUCTBUSAX: a) YBEIUUCHUH JaBJICHUS; O) MOBBIIIE-
Huu KoHIeHTparuu CO2; B) MOHM)XEHUU TEMIIEPATYPHI.
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72. B roMOTreHHO# cucTeMe yCTaHOBWIOCH paBHOBecue 2H2S + 30,
= 2SO0, + 2H>0. Koucranra pasaosecuss KC = 3-10°. Mcxoanble Bele-
CTBa WU MPOAYKTHI peakiuu OyayT mpeolaagaTh B paBHOBECHON CMeCH
BeIlleCTB? BBIUKMCINTL PABHOBECHYIO KOHIICHTPALMIO JAUOKCUIA CEPBHI,
€CJIM PAaBHOBECHBIC KOHIICHTPAIIMU BEIIECTB, YYACTBYIOIIUX B PEAKIIUH,
paBHbl (Moiw/n): [H2S] = 0,02; [O2] = 0,30; [H20] = 0,40. (OtBeT: 4,5
MOJIb/).

73. Paccuurats KC peakuuu PClsi) = PClyr) + Clar) ipu 500 K, ec-
JU K MOMEHTY paBHOBecus pasznoxuiock 54 % PCls, a ucxogHast KoH-
nenrpanus PCls Obu1a paBHa 1 mosb/i. (OtBet: 0,634).

74. Ilocne cmemmBanms razoB A u B B cucteme Ay + By = C
+D(r) ycTaHaBIMBAaETCA PABHOBECUE MPHU CICAYIONIUX KOHIEHTPALMIX:
[B] = 0,5 monp/nn; [C] = 0,2 monw/n. KoHcTaHTa paBHOBECHUSI peaKIMu
paBHa 4x102, HaiiTu ucxomdble KOHIEHTpanuu Bemectsa A u B. (O1-
BeT: 2,2; 0,7 Momn/1).

75. Cucrema Capapur)y T CO2r) # 2COw), DHx.p. = 172,5 x/lx
HaXOJUTCA B COCTOSIHMM paBHOBecHs. Kak MoBiusieT Ha paBHOBECUE CH-
CTEMBI: a) TOBBIIIICHUE TEMIEPATyphl; 0) MOHMKEHUE JaBJICHUS; B) TO-
HIKkeHue KoHreHTpauu CO2?

76. IIpu HEKOTOpPOM TEMIEpPAType PABHOBECHBIE KOHIICHTPAlMU B
CUCTEME

SO + Oz =2 2503 cocrapmsmm (Moie/n): [SO2] = 0,04; [O2] = 0,06;
[SO3] = 0,02. Onpenenuth KOHCTAHTY PABHOBECHS U MCXOJHBIC KOHIICH-
tpauuu SOz u Oz. (OtBer: 4,17; 0,06 Mmoaw/m; 0,07 MoJb/).

77. Peakuus nipotekaet 1o ypaBHeHuto NO + Clo =2 NOClz, DH < 0.

Kakue n3MeHeHus a) TeMneparypsl; 0) 1aBlI€HUS; B) KOHLIICHTpAIUl
Y4acTBYIOIMX B PEAKIIUH BEUIECTB CIOCOOCTBYIOT YBEIUUYEHUIO BBIXO/Ia
IPOAYKTa peakuuu?

78. Koncranta paBHoBecus peakiuu FeOw) + COqr) 2 Few) + COx(r)
IIpU HEKOTOpOMl Temrmeparype paBHa 0,5. HaliTu paBHOBECHBIE KOHIICH-
tpaunu CO u CO2, ecnu HadaJbHBIE KOHLIEHTPALMHA 3THUX BEIIECTB CO-

CTaBJISIIA (MOJIB/I): Ceo = 0,08; Ceo, = 0,02. (OtBet: 0,67; 0,33
MOJIB/IT).
79. Cuctema No) + 3Hor) 2 2NH3r); DHX.p. = - 92,4 x]J[x
HAaXOAUTCSA B COCTOSHUM paBHOBecusa. OrmpenennuTtb, B KaKOM
HaMpaBJICHUH CMECTUTCS PaBHOBECHE: a) C POCTOM TEMIIEpaTyphl; O)
TP TIOBBIIICHUH JIABJICHUS; B) PH MMOHKSHUH KOHIeHTparun NHs.

80. Haiitu koHcTanTy paBHOBecus peakiuu 204 = 2NO2, eciu
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HavajibHas KoHIeHTpauus N>O4 cocraBisina 0,08 Moib/i1, a K MOMEHTY
HaCTyIUIeHHS paBHOBecHs pa3iiokuiIoch 50 % N2Oas. (Oteert: 0,16).

PEAKIIHH B PACTBOPAX 3JIEKTPOJIHTOB

TEOPETHUYECKOE BBEJ/[EHUE

DNeKTpoIUTaMU Ha3bIBAIOT BelllecTBa (KUCIOTHI, OCHOBaHUS, COJIN),
KOTOpPBIC B pacTBOpax WJIM paciuiaBax JUCCOIMUPYIOT HA MOHBI U MPO-
BOJISIT DJIEKTPUYECKUM TOK.

DNEKTPOIUTUYECKAST JUCCOIMALUS - pachaj MOJIEKYJ PacTBOPEH-
HOTO BEIIECTBA Ha MOHBI MOJI ISUCTBUEM TMOJISPHBIX MOJIEKYJ pacTBOPH-
TeJIsl.

KuCHOTHI - 37I€KTPOJUTHI, JUCCOLMUPYIONIME B pacTBopax ¢ obOpa-
30BaHUEM MOHOB BOJIOpOJA:

HNO; = H" + NO>™.

OcHOBaHMUS - BJIEKTPOJUTHI, TUCCOLIMUPYIOIINE B pacTBOpax ¢ oopa-
30BaHUEM THAPOKCUI-HOHOB:

NH4OH = NH4* + OH™.

CymIecTBYIOT 3JIEKTPOJIUTHI, KOTOPhIE MOTYT JUCCOIIMMPOBATHh Kak
KHCJIOTHI U KaK OCHOBaHMs. Takue 3JeKTPOUTHI Ha3bIBatOTCA aMdoTep-
HeiMu. K HuM otHOcarcs Be(OH):, Zn(OH)., Pb(OH)2, Sn(OH).,
Al(OH)3, Ga(OH)3, Cr(OH)s.

Juccounanuio pacTBOpUMON YacTu aM(pOTEPHOIO BIEKTPOIUTA
MOYKHO MPEACTABUTH CIEAYIOIIEN CXEMOM:

H* + BeO>?* = Be(OH), = Be?" +20H".

Comnu - PIEKTPOJIUTHI, KOTOPhIE TIPH PACTBOPEHUU B BOJIE JUCCOIIH-
UPYIOT, OTHICTUISS MOJOKUTENIbHBIC HOHBI, OTJIUYHBIE OT HOHOB BOJIOPO-
1a, ¥ OTPUIIATEIIbHBIE HOHBI, OTJIUYHBIC OT THAPOKCHI-HOHOB:

Al (SO4)3 — 2AI* +3S04%;

CpEaHss COJb

NaHCOs;— Na*+ HCOs*

KHUCHasi COb

CuOHCl = CuOH" + CI".

OCHOBHasl COJIb

Bce ameKkTposuThl AeNSIT Ha CUIbHBIC U ciia0bie. CUIIbHBIE JIEKTPO-
JIUTHI - 3TO BELIECTBA, KOTOPHIE B BOJHBIX PACTBOPAX MPAKTUYECKU MOJI-
HOCTBIO JIUCCOLIMHMPYIOT Ha MOHBL. CHUIBHBIMHU AJICKTPOJIMTAMH SIBIISFOT-
cs: Bce Xopollo pactBopumbie coiid, kuciotel (H2SOs, HNOs, HCI,
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HBr, HI, HCIO4), memoun (LiOH, NaOH, KOH, RbOH, CsOH,
Ca(OH)2, Sr(OH)2, Ba(OH)>).

Crnalpble JIeKTPOJIUTHI - 3TO BEIIECTBA, KOTOPHIE B BOJAHBIX PACTBO-
pax He MOJHOCThIO JUCCOLMUPYIOT Ha MOHBI. K claObiM 3JIeKTpOIUTaM
otHocatcsa: HoO, NH4OH; nekoropsie conu; kuciaorel CH;COOH, HF,
HNO,, HCN, HCIO, H>SOs, H2COs, H2S, H3PO4; Bce HepacTBOpUMEIC B
BoJie ocHoBaHus, HanpuMep Mg(OH)2, Fe(OH)3, Cu(OH)..

Peakiiuu B pacTBOpax 2JIEKTPOJIUTOB MPOTEKAIOT MEXIYy HOHAMHU.
OOBIYHO Takue peakuu U300paKalTCs TMpPU TMOMOIIM HOHHO-
MOJICKYJISIPHBIX YpaBHEHUH, TOPSJIOK COCTaBICHHS] KOTOPBIX CIEIYFO-
IINH:

a) 3aMKCBIBAIOT MOJICKYJIIPHOE YPaBHEHUE PEAKIIUU M B 00EUX 4Ya-
CTSX YpPaBHEHHS MOIYEPKUBAIOT BEIIECTBA, KOTOPhIE HE OyAyT IOJIHO-
CTBIO JIUCCOIMUPOBATh HAa WOHBI (HEPACTBOPHMMBIC BEIIECTBA, ClIa0bIe
AIEKTPOJIUTHI, T'a3bl):

AgNOs3 + KCl = AgCl| + KNO3;

0) COCTaBIISIIOT MOJIHOE MOHHOE ypaBHEHHE peakiuu. Ocaaku, ras3bl
U cra0bie DJIEKTPOJUTHI MOJHOCTbIO HAa MOHBI HE JTUCCOIUUPYIOT, TO-
ATOMY B MOHHBIX YPAaBHEHHUSX 3aITUCHIBAIOTCS B MOJICKYJIIPHOM BU/IE:

Ag"+NO; + K"+ CI = AgCl| + K" +NOs;

B) COCTaBJISIIOT KPaTKOE€ MOHHOE YpaBHEHHE, COKpaIllasi OJMHAKOBBIC
HOHBI C 00€UX CTOPOH:

Ag"+ CI"=AgCl|.

Peakiimu oOMeHa B pacTBOpax CHIIBHBIX AJIEKTPOJIUTOB MPOTEKAIOT
710 KOHIIa

WM TPaKTUYECKU HEoOpaTUMO, KOTJIa MOHBI, COCIUHSISCH NPYT C
JIPYroM, 00pa3yroT BEIIeCTRA:

- HepacTBopuMbie (|):

3CaClz + 2Na3PO4 = Ca3(POa4)2| + 6NaCl

3Ca*" + 6CI” + 6Na" + 2PO4>~ = Ca3(PO4)2| + 6Na* + 6CI”

3Ca*" + 2P04* = Ca3(POs)2];

- razoo0pa3Hsie (1):

2HCI + NazS = H2S1 + 2NaCl

2H" + 2CI" + 2Na" + S~ = H,S?1 + 2Na* +2CI”

2H' + S?7 = H,S1;

- MaJIoJUCCONUUpYoine (cadblie dJEKTPOIUTHI):

H2SO4 + 2KNO; = 2HNO:? + K2SO4

2H" + SO4* + 2K" + 2NO2 = 2HNO; + 2K* + SO4*".

B Tex ciywasx, korja HET HMOHOB, KOTOpPHIE MOTYT CBSI3bIBAThCS
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MEXIy coO0M ¢ 0Opa3oBaHHEM OCaJiKa, Ta3a, CJadoro AJIEKTPOJIUTA, pe-
aKIM1 OOMEHa He MPOTEKaloT.

Hepenko BcTpeyaroTcst MpoOIECChl, B yPaBHEHUSIX KOTOPBIX C OJHOM
CTOPOHBI PAaBEHCTBA MMEETCS MaJIOpaCTBOPUMOE COEJIMHEHHE, a C APY-
roil - cnadbIil eKTpoauT. Takue peakiuu IpoTEKaroT 00paTUMO, Ipu-
YeM paBHOBECHE CMEIIAETCS B CTOPOHY HAaUMEHEE IHUCCOLMUPOBAAHBIX
BelecTB. Tak, paBHOBECHE B CUCTEME

Mg(OH)2| + 2HCI = MgCl, + 2H>0

Mg(OH)z| + 2H* + 2CI” = Mg** + 2CI~ + 2H»0

Mg(OH),| + 2H" = Mg?" + 2H,0

CMEIEHO BMPAaBO, B CTOPOHY MAaJIOAUCCOIMUPOBAHHBIX MOJICKYI
BOJIBI.

I[TPUMEPHI PEIHEHW A 3AJTAY

Ilpumep 1. CocTaBUTHh MOJICKYJISIPHBIE YPABHEHUS PEAKIIUH, KOTO-
PBIM COOTBETCTBYIOT CJIEAYIOIIME HOHHO-MOJICKYJISIPHBIE YPABHEHUS:

Fe(OH); + 3H" = Fe** + 3H20;

H3;POs + 30H = PO+ + 3H:0;

H>CO;3; + OH™ = COs%” + H,O.

Pewenue. B n1eBOil 4aCTU NaHHBIX MOHHO-MOJIEKYJISIPHBIX YpaBHE-
HUM yKa3aHbl MOHBI, KOTOPbhIE 00Pa3yIOTCS MPU JUCCOLMAIIUN CUIBHBIX
AIEKTPOJUTOB, CIEAOBATEIBHO, IPU COCTABICHUHN MOJIEKYJISIPHBIX ypaB-
HEHUI CIEyEeT UCXOIUTh U3 COOTBETCTBYIOIINX PACTBOPUMBIX CUIBHBIX
3JIEKTPOIUTOB. Hampumep:

Fe(OH); + 3HCI = FeCls + 3H20;

H3PO4 + 3NaOH = Na3;POs + 3H20;

H>COs+ KOH = K>COs + H20.

Ilpumep 2. CocCTaBUTh MOJICKYJISIPHBIE M HOHHO-MOJICKYJISIPHBIC
ypaBHEHHUS PEaKIHii, MOATBEp KIaroue amM(OTEepHBIA XapakTep THI-
POKCHa CBHHIIA.

Pewenue. AmpoTepHbIE 2JIEKTPOIUTHI MOTYT JUCCOIMUPOBATH I10
TUIy KHUCJIOTBI M OCHOBaHUs, mo3tomy Pb(OH)> moxker pacTBOpsThCS
KaK B KHUCIIOTE, IIPOSIBJISAS CBOMCTBO OCHOBAHUS, TaK U B IICJIIOYH, IIPOSIB-
JISIs1 CBOMCTBA KUCJIOTHI.

Kak ocroBanme: Pb(OH), + 2HNO3 = Pb(NO3)2 + 2H,0

Pb(OH), + 2H* = Pb** + 2H,0.

Kak kucnora: Pb(OH), + 2NaOH = Nax[Pb(OH)4]

Pb(OH), + 20H™ = [Pb(OH)4]*~
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Cxema aucconuanuu Pb(OH):
2H" + [Pb(OH)4]*" 2 Pb(OH); + 2H>0 = [Pb(H20)2]** +20H".

3AIAYN U YITPAXXKHEHU A U1 CAMOCTOSATEJIBHOI'O PEIHEHU A

81. CocTaBUTh MOJIEKYJIAPHBIE 1 HIOHHO-MOJICKYJISIPHBIE YPABHEHUS
peakiuii B3aumojeicTBusi B pactBopax mexnay: a) KoS u CuSOs; 0)
AgNOs u NH4Cl; B) Na2S103 u H2SO4; 1) CaCO3 u HNO:s.

82. CocTtaBuTh MO /1Ba MOJEKYJSPHBIX yYpaBHEHUS peaklHii, KOTO-
phI€ BRIPAYKAIOTCS HOHHO-MOJICKYJISPHBIMUA YPaBHCHHUSIMU:

a) Fe’* + 30H™ = Fe(OH)3; 6) H" + OH™ = H,0; B) Cu*" + S* = CusS.

83. M0>HO 711 MPUTOTOBUTH PACTBOP, COACPIKAIINN OJJHOBPEMEHHO
caexyromue napsl BemecTB: a) KOH u Ba(NO3)2; 6) NiSO4 1 (NHa4)2S;
B) Pb(NO:3)2 u KCI; r) CuClz n NaxS? IlpencraButs BO3MOXKHBIE peak-
[[MY B MOJIEKYJIIPHOM U MOHHO-MOJIEKYJIIPHOM BHJIE.

84. CmemmBaroT momapHo pacTBopsl: a) KOH m Mg (NOs3)2; 0)
Li2CO3 u HCI; B) Fe(NO3); u KOH; r) NH4Cl u NaOH. B kakux ciyuya-
X peaKlu MpaKkTUYeCKu MONAYT 10 KoHua? IIpeacTaBuTh ux B MoJie-
KYJISIPHOM ¥ MOHHO-MOJIEKYJIIPHOM BHUJIC.

85. CocTaBUTh MOJIEKYJIIPHBIE 1 MIOHHO-MOJICKYJISIPHBIE YPaBHEHUS
peakiuii B3auMoJiecTBUs B pacTBopax mexay: a) BaCOs; u HNOs; 0)
Fe2(SO4); 1 KOH; B) HCI u K»S; 1) CH3COOK u HCI.

86. CocTaBUThH MOJIEKYJIIPHBIE 1 HIOHHO-MOJICKYJISIPHBIE YPaBHEHUS
peakiuii B3aMMOJCHCTBUS B pacTtBopax Mexnay: a) Mg(OH): wu
CH3COOH; 6) NHsNOs; u KOH; B) Ca(NOs3)2 u K>CrOg4; 1) AICIz n
Ba(OH)s..

87. CmemmuBarot nonapHo pactBopsl: a) KoSO3; u HCI; 6) NaxSO4 u
KCl; B) CH3COONa u HNOs; 1) Al2(SO4)3 1 u3ositok KOH. B kakux
U3 TMPUBEJACHHBIX CIy4YaeB peaKkIuy MPaKTUUEeCKH MOWAYT 0 KOHIa?
CocraBuUTh UIsI JTHX YpPaBHCHWH MOJIGKYJSIPHBIE W HMOHHO-
MOJIEKYJISIPHBIE PEAKLIUH.

88. Kakue u3 BemiecTB OyayT B3aMMOJECUCTBOBATH C THAPOKCHUIOM
kanusi: a) Ba(OH)z; 6) Sn(OH):2; B) NiSOs; 1) H3PO4? Beipasuts 3TH pe-
aKIIMM MOJICKYJISPHBIMUA U HOHHO-MOJICKYJISIPHBIMH YPAaBHCHUSIMU.

89. CoctaBuTh MO JBa MOJIEKYJISIPHBIX YpaBHEHUs, KOTOpbIE BbIpa-
KAKOTCSI HOHHO-MOJIEKYJISIpHBIMU ypaBHeHusmu: a) OH™ + HS™ = H20 +
S?7; 6) CO3* + 2H" = H,0 + CO»; B) OH™ + NH4+" = NH4+OH.

90. CocTaBUTH MOJIEKYJISIPHBIE 1 HOHHO-MOJIEKYJISIPHBIE YPABHEHHUS
peakiuii B3aumMoAeHcTBUs B pacTBopax Mexay: a) NaxSO3 u H2SOy4; 0)
CH3COOH u KOH; B) Na2HPO4 1 NaOH; r) Be(OH)2 u KOH.
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91. CmemmBaror nomapHo pacTBopbl: a) Cu(NO3)2 m NaxSOs; 0)
BaCl; u K>SO4; B8) NaHCOs; u NaOH; r) Cd(OH), u HCI. B kakux u3
MIPUBEJICHHBIX CIYy4YacB PEaKkUMH NPaKTUYEeCKH nmouayT Ao koHma? Co-
CTaBUTh JUIsI ATUX PEAKIMH MOJEKYJSIPHbIE U HOHHO-MOJEKYJSPHBIC
ypaBHEHUS.

92. CocTaBUTh MOJIEKYJISIPHBIE 1 MOHHO-MOJIEKYJIAPHBIE YPABHEHUS
peakuuii B3aumozeiicTBus B pacTBopax Mmexay: a) KoS u HCI; 0)
KHCO3 u H2SOg4; B) MgSO4 u BaClz; r) Ba(OH)2 1 H2SOa.

93. Hanucath MOJIEKYJISIpPHBIE U MOHHO-MOJIEKYJISIPHBIC YpaBHEHUS
peakinii, COOTBETCTBYIOILIME CIAEAYIOUIUM MTPEBPALICHUSIM:

a) CO3*” — CaCO3; — Ca*" — CaSOs ; 6) S>” — FeS — Fe?*™

94. Hanucath MOJICKYJISIPHBIE U MOHHO-MOJIEKYJISIPHBIC YpaBHEHUS
peakiuii B3aumoiercTBus B pactBopax Mexay: a) Hg(NOs)2 u NazS; 0)
L12SOs u HCI; B) Ca(HCO3)2 u Ca(OH)s.

95. CoctaBuTh MO JBa MOJIEKYJSIPHBIX YPAaBHEHUSI, KOTOPHIE COOT-
BETCTBYIOT CJICAYIOIIUM COKPAIICHHBIM HOHHO-MOJIEKYJISIPHBIM YpaBHE-
auaM: a) CH3COO™ + H = CH3COOH; 6) Ba?" + CrO4?> = BaCrOg;

B) Agh +1 = Agl

96. CocTaBUTH MOJIEKYJISIPHBIE 1 HOHHO-MOJIEKYJISIPHBIE YPABHEHHUS
peakiuii, IpOTEKAIOIIKUX B PACTBOpPaX MEXAY: a) TUOKCUAOM YIJIepoaa 1
TUAPOKCUJIOM Oapus; 0) CHIMKATOM HATPHUS U XJIOPOBOIOPOJIHOU KHC-
noToii; B) cynbdumom xene3a (II) u cepHoOi KUCTOTOI; T') HOUIOM Ka-
JIYs U HUTPATOM CBUHIIA.

97. 3aKOHUUTHh MOJICKYJISIPHBIE U COCTaBUTh MOHHO-MOJIEKYJISIPHBIC
YpaBHEHUS CICIYIONINX PEAKIIHI:

a) Fex(SOs)3 + K3POs = ...; 0) Ba(NO3), + NaxCOs3 = ...; B)
Cu(NO3)2 +K2S=....

98. 3aKOHYNTH MOJNEKYJSIPHBIE U COCTABUTh MOHHO-MOJIEKYJISIPHBIE
ypaBHEHUS CICIYIONINX PEAKIIHI:

a) Pb(NO3)2 + HoSO4 = ...; 6) CaCl, + AgNOs; = .. ;

B) SnCl2 + NaOH = ...; 1) KOH + HNO; = ....

99. Vcxons U3 COKpallleHHOW MOHHO-MOJIEKYISIpHOW (hOpMBI ypaB-
HEHUS, COCTaBUThH 110 JIBa MOJICKYJISIpHBIX ypaBHeHus: a) CaCOsz + 2H" =
Ca** + H20 + CO»; 6) Ba** + SO4*~ = BaSO4; B) Cu(OH), + 2H* = Cu**
+ 2H>0.

100. Hanucath MOJIEKYJIAPHBIE U HOHHO-MOJICYJIIPHBIE YPaBHECHUS
peakiuii B3auMoJIecTBUs B pacTBopax Mexay: a) Hg(NOs): u Nal; 0)
MgCOs u HCI; B) CuSO4 u H»S.
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THJIPOJTH3 COJIEH

TEOPETHUYECKOE BBEJ/[EHUE

I'maponu3om coJii HA3bIBAETCS B3aUMOJIEMCTBUE HOHOB COJU C
WOHAMH BOJIbI, TPUBOJIAIIECE K OOpPa30BaHUIO CIA0OTO JJICKTPOJIHUTA H
n3MeHeHuro pH cpenpi.

['maponusy noaBeprarTCs COMM, B COCTAB KOTOPBIX BXOIAT KATHO-
HBI CJ1a0bIX OCHOBAHUM, UM @HUOHBI CIA0BIX KUCJIOTHI, WM T€ U APYTUe
OJTHOBPEMEHHO. DTH MOHBI CBs3bIBatoTCs ¢ nonamu H™ wim OH™ u3 Bo-
1Bl ¢ 00pa3oBaHUEM CJ1abOro AJIEKTPOJIUTA, B PE3yIbTaTe Yero Hapyla-
€TCsI PABHOBECHE DJIEKTPOMTHYCCKON auccorranuu Boasl HoO < H +
OH™. B pactBope HakarmmmBaroTcss nonsl H™ maum OH™, cooOmias emy
KHUCIIYI0 WIH TIeNouHyto peakiuto. Comau, o0pa3oBaHHbBIE CUIIBHBIM OC-
HoBaHueM U cuiabHOU kuciaoTor (NaCl, NaNOs, K2SO4, BaClz, LiNO3),
TUJPOJN3Y HE MOJABEpraroTcs. B 3ToM ciaydyae HU KaTHOH, HU aHUOH CO-
Ju He OyAyT CBSI3BIBaTh MOHBI BOABI B MaJlOJMCCOILIMUPOBAHHBIE IPO-
IOYKTBHI, TO3TOMY PaBHOBECHE IHMCCOLMALIMU BOABI HE Hapymaercs. Pe-
aKLHKs Cpeabl B paCTBOPAX TAKUX COJIEU HEeWTpasbHas, pH~7

MOHO BBIIETUTH TPU TUIA TUAPOJIN3A!

l.I'magponu3 Mo aHMUOHY IPOUCXOJUT B PACTBOPAX COJIEH,
COCTOSIIIIUX U3 aHHMOHOB CIA0bIX KUCJIOT U KaTHOHOB CUJIbHBIX OCHOBa-
Huii (CH3COOK, KNO2, Na2COs3, Cs3PO4). B aToM cinydae aHuoH cia-
00l KHMCIIOTHI CBs3bIBaeTCsA ¢ MOHBIMU H' 13 BOJbI ¢ 00pa3oBaHueM ciia-
0O0ro AJIEKTPOIHUTA.

B kauectBe mpumMepa paccMOTpum ruiponn3 Hutputa kanus KNO:.
Ota cosib o0pa3oBaHa cwibHBIM ocHOBaHMeM KOH u cnmaboit kuciaoToit
HNO:. ITpu pactBopenuu B Boje KNO> MOJHOCTBIO JIUCCOIUMUPYET Ha
nonsl K™ 1 NO;~. Katuonsl K™ He mMoryT cBs3siBaTh HOHBI OH™ BOJIBI,
Tak kKak KOH - cunpHblid 351eKTponuT. AHUOHBI k€ NO2~ CBA3BIBAIOT
noHbl H™ BOJbI, B pe3ysbTare 4ero B pacTBOPE MOSBISIOTCS MOJICKYJIbI
cinaboit kucinotrel HNO2 u ruapokcua-uonst OH™.

[Topsiiok cocTraBiieHUE YPABHEHUN TUAPOIIM3a CIIEAYOIIUN:

a) 3aMKUChIBAIOT YPABHEHUE JUCCOIMAIIMU COJIM U TMOJIYEPKUBAIOT
WOH, KOTOPBII MokeT oOpa3oBaTh ¢ noHamu Boubl (H™ wimm OH™) cna-
OBII DJIEKTPOJIUT:

KNO,; =K"+NO;;

0) COCTaBIJISIIOT KpaTKOE€ MOHHOE ypaBHEHHME U yKa3biBaloT pH cpe-
I

NO2” + HOH=HNO2 +OH™ pH>7;
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B) COCTaBJISIIOT TIOJIHO€ HMOHHOE ypaBHEHHE peakiuu. st 3Toro
NpUOABIISIIOT K JIEBOM M MPABOM 4YaCTSIM KPaTKOTO MOHHOTO YpPaBHEHUS
VOHBI, HE MIPETEPIICBAIOIINE B PE3YJIbTATE TUAPOJIN3A HUKAKUX U3MEHE-
HUM. B paccMaTtpuBaeMoM npuMepe - 3TO KaTUOHBI Kaus:

K"+ NO; + H,O =2 HNO, + K"+ OH~;

I') COCTaBJISIIOT MOJIEKYJISIPHOE YpaBHEHHE rujponusa. [ns sToro
VOHBI U3 MOJIHOTO MOHHOTO YPABHECHUS COCAUHSIOT B MOJICKYJIbI:

KNO: + H2O = HNO> + KOH.

[IpoaykTsl TuAponu3a - cnadas kucinota HNO: u ruapokcua kanus
KOH.

Coun, 00pa3oBaHHbIC CWIBHBIM OCHOBAHMEM U CJIA00H MHOIO-
OCHOBHOW KHCJIOTOM, THAPOJU3YIOTCH cTyneH4aro. ['maposau3 mpo-
TeKaeT B 3HAYMTEJIbHO O0O0JblIEH Mepe MO MEePBOM CTYNEHH, YTO
NMPUBOAUT K 00Pa30BAHUI0 KUCJBIX COJICH:

Na;S =2Na*+S> + HOH=HS +OH~ pH>7

Na® + S* + H20 = Na® + HS™ + Na* + OH'S + H0 = NaHS +
NaOH.

IIpomykramu runponusa sBisieTcs kucias cosib NaHS u rugpokcuy
Hatpust NaOH.

2.I'uagponn3 Mo KaTHOHY OPOUCXOAUT B PaCTBOPaX COJIEH,
COCTOSIIIIMX M3 KaTHOHOB CIA0bIX OCHOBAHWM M aHUOHOB CUJIBHBIX KHUC-
0T (NH4Cl, CuSOs4, FeClz, AlICl3, Pb(NO3)2, ZnSOs). B sToM ciyudae
KaTHUOH CJ1ab0ro OCHOBaHUsI CBsA3bIBaeTcsi ¢ noHamMmu OH™ u3 BojbI ¢ 00-
pazoBaHUEM claboro siekTponuTa. Tak, ruaposu3 cybdara IUHKA MO-
KET OBbITh MPEJICTABICH YPAaBHECHUSIMU:

ZnSO4 = Zn** + SO4*~

Zn*" + HOH = ZnOH" + H* pH <7

27n*" +2S04% + 2H20 = 2ZnOH" + SO4*~ + 2H" + SO4*~

27ZnS04 + 2H>0 = (ZnOH)2SO4 + H2SO4.

[TpoxykTamu ruaponm3a SBISIOTCA ocHOBHas coiib (ZnOH)2SO4 u
cepHas kucsiorta HoSOs.

3.'ugponr3 N0 aHUOHY MU KAaTH O HY OJHOBPEMEHHO
POUCXOJUT B PaCTBOpaXx coJieid, 00pa30BaHHBIX CJIA0BIMUA OCHOBAaHUSIMU
u cinadpiMu kuciaotamMu (NH4NO», AlSs, Fe(CH3COO)3, NH4sCH3COO,
NH4CN). B aToM ciydae ¢ BoIOM B3aMMOJEUCTBYET Kak KaTHOH Ca0o-
r0 OCHOBaHMsI, TAK U aHUOH CJ1a00M KUCIIOTHI, HAIPUMED:

NH4CH3COO = NH4" + CH3;COO~ + HOH = NHsOH + H'+
CH3;COO™ + HOH = CH3COOH + OH + + CH3COO™ + H>O = NH4OH
+ CH3:COOHCH3COO + H>0 = NH4OH + CH3COOH.
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[Ipoayktamu rugponmsa sBisioTes ciadas kucimora CH3COOH u
cnaboe ocHoBanue NH4OH. Cpena mnocne rugponmza Onu3Ka K
HeuTpansHOU, pH ~ 7.

Kak mpaBwmiio, ruaponus - oOpaTUMbIA Tporiecc. B mepBhIX NBYyX
CJIy4yasiX PaBHOBECHE CUJIBHO CMEIIECHO BJIEBO - B CTOPOHY MaJIOJUCCO-
IIMAPOBAHHBIX MOJIEKYJI BOJIbI, B TPETHEM - BIIPABO, B CTOPOHY 00Opa3o-
BaHUS NMPOAYKTOB THIPOIN3A - IBYX CJIA0BIX 3JIEKTPOJIUTOB.

[IpakTrueckn HEOOPATUMO THUIPOJIU3YIOTCS TOJIBKO T€ COJH, MPO-
IYKThI TUIPOJIN3a KOTOPBIX YXOIST U3 pacTBOPa B BUJE HEPACTBOPUMBIX
WM ra3o000pa3Hbix coenrHeHuil. HeoOpaTuMo ruapoiu3yromuecs coau
HEBO3MOXXHO TMOJIYYUTh B pE3YyJIbTaTe€ pPeakliMi OOMEHa B BOJHBIX pac-
TBOpax. Hampumep, Bmecto oxumaemoro Cr2S3 mpu CMEIIMBaHUU pac-
TBOpOB CrCls m NazS o6paszyercs ocagok Cr(OH)s u BblaensieTcs raszo-
o0pa3HbIil HoS:

2CrCl3 + 3NazS + 6H20 = 6NaCl + 2Cr(OH)3| + 3H2S1.

Ha paBHOBecue rujiposinza BIUSAIOT TEMIEpaTypa U KOHLICHTPALIUS.
CMelieHue paBHOBECHUS TUAPOJM3a MPOUCXOJUT B COOTBETCTBUU C
npuniunoM Jle llatense. I'uaponus - 3To peakius, oOpatHas HEWTpa-
JIU3alK, a HeUTpanu3anus - 3K30TePMHUUECKUIN MTPOLIECC, CIIEI0BATEIb-
HO, TUJIPOJIN3 - dHJIO0TepMUUeckuil. [loaTOMy yBenUUueHHE TeMIEepaTyphl
YCUJIMBAET THAPOIU3 (T.€. CMEIIaeT paBHOBecue BIpaBo). Ilpu mocro-
SHHOM TeMImepaType paBHOBECHE THIPOJIM3a MOKHO CMECTUTh BIPABO
(yewnuTh TUAPOW3), pa3daBiisisi pacTBOP BOJOM M yJaJisisi HMPOIYKTHI
ruaponu3a. ['uaponus mojasisercs (paBHOBECHE CMEIAETCSl BIIEBO),
€CJIM YBEJIMYUTh KOHUEHTPAIMIO MPOYKTOB TUAPOIIU3A.

[TPUMEPHI PEINEHW A 3AZTAY

Ilpumep 1. Kakue nmpoayKThl OJTy4YaTcsl P CMEIIMBAHUM PACTBO-
poB AICI3 u NaxS? CocTtaBUTh HOHHO-MOJIEKYJISIPHBIE U MOJIEKYJISIPHOE
YpPaBHEHUE PEAKIINH.

Pewenue. Conp AICI3 ruaponuszyercs 1o kKatuoHy, a NaxS - 1o
AHUOHY:

AP + H2O < AIOH?*" + H';

S* + H20 <> HS™ + OH".

['uaponn3 NpUBEACHHBIX COJIEHM OOBIYHO OrPaHUYMBAIOTCS TEPBOM
cTyneHbpio. [Ipu cMeImMBaHuU pacTBOPOB 3TUX cosield noHsl H™ m OH™
CBSI3BIBAIOTCS B MOJIEKYJIBI ciiaboro anektponuta H2O, cnpuras rumapo-
JUTAYECKOE PABHOBECHE BIIPABO. JTO MPUBOJUT K TOMY, UTO YCHUJIUBA-
€TCSl TUIPOJIN3 KakIoi u3 cojelt 1o oopazoanus Al(OH)s u HoS. Non-
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HO-MOJIEKYJISIPHBIE M MOJIEKYJISIPHOE YPaBHEHHS HMEIOT CIEAYIOIINN
BU/L:
2AI1CI3 + 3NazS + 6H20 = 2A1(OH);| + 3H2S1T + 6NaCl.
2AP* + 6C1™ + 6Na* +3S?” + 6H,0 = 2A1(OH)3| + 3H2ST + 6Na* +
6Cl™

2AP" +38* + 6H20 = 2A1(OH)3| + 3H2S1

Takum oOpazom, nmpoaykramu ruaponusa asistores Al(OH)s u HaS.

Ipumep 2. K pactBopy NaxCOs3 106aBuian cieayrollue BellecTBa:
a) HCl; 6) NaOH; B) Cu(NO3)2; 1) K2S. B kakux ciaydasx THAPOJIU3
kapoonata Hartpus ycuiaurca? Ilouemy?  CocTaBUTh  MOHHO-
MOJIEKYJIAPHBIE YPABHEHUS THAPOIIU3a COOTBETCTBYIOIINX COJIEH.

Pewenue. Kapbonat Hatpus NaxCOs3 - conp cnaOoil KUCIOTHI U
CHJIBHOTO OCHOBAaHMs ruaponusyerca no amuony: COs* + H,O =
HCOs;™ +OH (1)

YtoOBbl YCWINTH THAPOJIU3 COJU, HY>KHO yJanuTh noHel OH™ u Tta-
KUM 00pa3oM CMeCTuTh paBHoBecue (1) BIpaBo. ITOr0 MOXKHO JOCTHT-
HyTh n00aBieHueM B pactBop NaxCOs3 BemiecTB, pacTBOPHI KOTOPBIX CO-
nepxat nousl H'. Moubt H' cBsixyT nonst OH™ u3 (1) B MOJIEKyJIBI Cl1a-
ooro snekrponuta H2O, B pesynbrare yero paBHoBecue (1) cmecutcs
BIIPABO U TUPOJIM3 yCWIMTCS. B Haiiei 3ajaye TakMMH BelIECTBaAMU
sBistores kuciaota HCl (HC1 — H + CI7) u conp Cu(NO3)2, comepixa-
mas nwonsl H™ BcnmencTBue ee ruaponmsa no xatuony Cu?t + HoO =
CuOH" + H".

3AJIAYN U YITPAXKHEHUA 1JISA CAMOCTOATEJIBHOI'O PEHIEHM A

101. Kakne u3 nmepeyucI€HHbIX HUKE COJIEH MOJABEPTratOTCs THIPO-
mu3y: NaCN, KNOs3, CuClz, ZnSO4? CocTaBuTh HOHHO-MOJICKYIISIPHBIC
Y MOJICKYJISIpPHBIE YpaBHEHUS peakiiui, yka3zatb pH cpenpi.

102. K pactBopy Cr2(SOs); nmo6aBuwiu pactBop KzS. OOBSICHUTH
NpUYMHY oOpa3oBaHUsl Ocajka M BbifeneHus raza. CoCcTaBUTh MOJICK-
JIIPHOE Y MIOHHO-MOJICKYJISIPHBIE YPABHEHUS PEAKITUU.

103. Kakue u3 coneit: NaxSOs, K2SO3, NH4sCN, LiCl, Fex(SOs)3
noaBepratoTcs ruapoan3y? CocTaBUTh MOHHO-MOJICKYJISIPHBIE U MOJIe-
KyJISIpHBbIE YpaBHEHHMS rUaposin3a 3Tux colieid. Kakoe 3nauenue pH (> 7
<) UMEIOT PACTBOPHI ATUX COJICH?

104. CoctraBuTh MOJEKYJISIPHBIE U HMOHHO-MOJICKYJISIDHBIE ypaBHE-
HUSI COBMECTHOTO THAPOJIN3a, TMIPOUCXOJSIIEIO MPU CIUBAHUM PACTBO-
poB: a) Fe(NO3); u Na2COs; 6) CuClz u K2CO:s.
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105. ITogoOpath 1o JABa YpaBHEHHS B MOJICKYJISIPHOM BHJE K KaXK-
JIOMy M3 TpeX HOHHO-MOJIEKYJSPHBIX ypaBHeHuii: a) AI+H,O =
AIOH?>*+H*; 6) S* + H,O = HS™ + OH~; B) CH;COO™ + H,O =
CH3;COOH +OH".

106. ITonoOpathk 10 JIBa YpaBHEHHUS B MOJIEKYJSIPHOM BHJE K KaXK-
JIOMy M3 TPEX HMOHHO-MOJEKYISAPHBIX ypaBHeHuii: a) Fe3* + 2H,O =
Fe(OH):" + 2H"; 6) COs*>~ + H,0 = HCOs™ + OH™; B) NH4" + H20 =
NH4OH + H™.

107. CocTaBUTh MOHHO-MOJEKYJISIPHBIE U MOJIEKYJIAPHBIE ypaBHE-
HUSI peakluil NI cojei, MOABEPraroimmxcsi THAPOIU3Y, yKa3aTh peak-
uuto cpeanl: K2SO3, Cr(NO3)3, NaNO2, NiSOs.

108. B kakoii 1iBeT Oy/neT OKpalleH JaKMyC B BOJHBIX pacTBOpax:
K>S, (NH4):SO4, NaxCOs;, LixSO4? OtBer 000CHOBATH HOHHO-
MOJIEKYJIIPHBIMU U MOJIEKYJISIPHBIMU YPAaBHEHUSIMU PEAKIIUN THAPOIU3a
COJIEH.

109. CoctraBUTh MOHHO-MOJIEKYJISIPHBIE M MOJICKYJISIDHBIE ypaBHE-
HUS PEAKIUU IS COJIEH, MOJABEPrarOIUXCA TUAPOJIN3Y, YKA3aTh PEaK-
uto cpenbl: KI, Cu(NO3)2, K2Si03, ZnSOs.

110. Kakne u3 NpUBEICHHBIX COJIEM MOABEPTAIOTCS THUAPOJIHU3Y 10
KaTHOHY, 10 aHMOHY, MO KaTHOHYy M aHuoHY: BaS, Mn(NOs)., AlCIs,
Cr2S3? VYkazare pH cpensl 11 BOAHBIX pacTBOpoB coiieil. CocTaBUTH
MOHHO-MOJIEKYJISIPHBIE U MOJICKYJISIPHBIE YPaBHEHUS THUIPOJIN3A.

111. Kakue u3 comneit Nal, CrCl;, NHsNOs3, NHsNO:> nnoaseprarorcs
ruaposin3y? CocTaBUTh MOHHO-MOJIEKYJIIPHBIE U MOJIEKYJISIPHBIE YpaB-
HEHUS TUAPOJIN3a ATUX COJIEH, yKa3aTh PEaKIUI0 CPEIbI.

112. K pactBopy Alx(SOs)3 mobaBwin claeAyroliue BENIECTBA: a)
H2SO4; 6) KOH; B) NaxSOs3; 1) ZnSO4. B kakux ciyyasx rujposius
cynbpara amomuHus ycwinutcs? I[louemy? CocTaBUTH HOHHO-
MOJIEKYJIIPHBIE YPABHEHUSI THAPOJIU3a COOTBETCTBYIOIINX COJIEH.

113. Kakue u3 BemecTtB: NaxCO3, Li2SO3, CuClx, MgSOs, BaS co-
3M1aayT M30BITOK THAPOKCUI-UOHOB B pacTtBope cBoeit conm? Ilouemy?
CocTaBUTh MOHHO-MOJIEKYJIIPHBIE U MOJIEKYJISIPHBIE YPABHEHUS THUIPO-
JIM3a 3TUX COJIEH.

114. TIpu ciuBanuu pactBopoB coseit CrClz u NaxCO3 obpaszyercs
ocanok Cr(OH)s u Beigensierca raz COz. OOBACHUTH TPUYUHY W HAIU-
CaTh MOJICKYJISIPHOE U MOHHO-MOJIEKYJIAPHBIE YPABHEHUSI PEAKIINH.

115. Hanucare ypaBHEHHs peakUWil THUAPOIW3a B HOHHO-
MOJICKYJISIPHOM U MoJjekyiasipHoMm Buze: amertata jgutus CH3COOL;i,
xynopuna amroMuauss NH4Cl, nuanuna ammonust NH4CN, cynsduaa Oa-
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pus BaS.

116. OObBsicHuTb, mouyeMy BoJHBIE pacTBOpbl NaNO2, LixCOs,
Na3POs umeroT menounyro peakiuto. OTBET MOATBEPAUTh YPABHEHMS-
MH PEAKIHUN B MIOHHO-MOJIEKYJIIPHOM U MOJIEKYJISIPHOM BUJIE.

117. K pactBopy FeCl; no6asunu cienytromue Bemectna: a) HCI; 0)
KOH; B) CuClz; 1) Na2COs3. B kakux cinydasx THAPOJIU3 XJIOpHUa Kelie-
3a ycuiurcs? llouemy? CocTaBUTh MOHHO-MOJIEKYJISIDHBIE YPaBHEHUS
TUPOJIA3a COOTBETCTBYIOIINX COJICH.

118. IIpu cmemmBanuu pactBopoB Fex(SO4); m K2S obOpaszyercs
OCaJOK W BblAeNseTCa ra3. HamucaTte MOJEKYJSIpHOE W HOHHO-
MOJIEKYJIIPHBIE YPABHEHUSI COBMECTHOTO THIPOJIN3a COJIEH.

119. CocraBuTh MOHHO-MOJEKYJSIPHBIE U MOJIEKYJIAPHBIE ypaBHE-
Hus ruapomnsa cojieit: NH4CH3COO, Ca(NO2)2, KsPO4, MnCl,.

120. IToueMy nipu g00aBJIeHUU TOpsiYe BOJIBI K BOJHOMY PAacTBOPY
xynopuna xenesa (I11) Bemagaer ocamok? [loarBepauTh 3TO ypaBHEHHUS -
MU PEAKIIUN B MIOHHO-MOJIEKYJIIPHOM M MOJICKYJIIPHOM BHJIE.

OKUHCIUTE/IBHO-BOCCTAHOBUTEJ/IBHBIE PEAKIIUH

TEOPETHUYECKOE BBE/IEHHME

OKHUCIUTETbHO-BOCCTAHOBUTEILHBIMA HA3bIBAIOTCSI PEAKIHH, CO-
IIPOBOJKIAFOIITUECS N3MEHEHUEM CTETICHHU OKHUCIICHUSI SJIEMEHTOB.

OkwucaeHne - mMpoIecc OTAAYH JICKTPOHOB aTOMOM, MOJICKYJION HJIH
HOHOM, COIPOBOK/IAIOITHANCS ITOBBIIICHHUEM CTEIICHW OKHCIICHHS 3Jie-
MeHTa. BoccTaHOBIIEHHE - TPOIECC MPHCOCIUHEHHS JJICKTPOHOB, CO-
TIPOBOXKIAIOITUICS MOHMKEHUEM CTEIICHN OKHUCIICHHUS JICMEHTA.

OkwucaeHne ¥ BOCCTAHOBIICHUE - B3aMMOCBSI3aHHBIC MPOIIECCHI, TPO-
TeKalolre OJHOBPEMEHHO.

OKucauTeIIMHU HA3bIBAIOTCS BEIIECTBA (ATOMBI, HOHBI WA MOJICKY-
JIbI), KOTOPBIE B MPOIIECCE PEAKIINH MPUCOCAUHSIIOT JICKTPOHBI, BOCCTA-
HOBUTEJISIMH - BEIIECTBA, OT/AOIINE JICKTPOHBI. OKUCIUTEISIMUA MOTYT
OBITh aTOMBI TAJIOTEHOB M KHUCIIOPO/I, TIOJIOKUTEIIHHO 3apsKEHHBIC HOHBI
metayos (Fe*t Au*', Hg?", Cu®*!, Ag"), cloXkKHbIE HOHBI U MOJIEKYJIBI,
coJiepiKalllie aToMbl MeTauia B Bbiciiel creneHu okucieHus: (KMnOs,
K2Cr207, NaB103 u ap.), aTOMbl HEMETAJIJIOB B MOJOXUTEIBHON CTeTe-
Hu okucienus (HNOs, konmentpupoBanHas H>SOs4, HCIO, HCIO;,
KClOs3, NaBrO u ap.).

THIUYHBIMA BOCCTAHOBHUTEIISIMU SIBJIISIFOTCS IIOYTH BCE METAJUIBI U
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HEKOTOpbIE HEMETasuibl (YTJIepo, BOJIOPOJ) B CBOOOJHOM COCTOSIHUH,
OTPHULATENLHO 3apsKeHHbIE HOHBI HemeTamnos (S*7, I7, Br™, CI” u ap.),
MOJIOKUTEIBHO 3apsiKEHHbIE HOHBI METAJIJIOB B HUBIIECH CTEIIEHU OKHC-
nenus (Sn%*, Fe**, Cr?*, Mn?**, Cu* u 1p.).

CoenvHeHus, COEpKAIIUE FTEMEHTH B MAKCUMAJIBHOW WJIM MUHU-
MaJIbHOM CTEMEHSAX OKHUCJICHHUS, MOTYT OBbITb COOTBETCTBEHHO WJIU TOJIb-
ko okuciuTeaamMu (KMnO4, K2Cr2O7, HNOs, H2SO4, PbO»), ninm Toasko
BoccranoButersiMu (KI, NaxS, NH3). Ecnu ke BemecTtBo coaepKuT
AJIEMEHT B MPOMEKYTOYHON CTENEHU OKHUCJIEHUS, TO B 3aBUCUMOCTH OT
YCJIOBUM MPOBEJCHUSI PEaKIIMU, OHO MOXKET OBbITh JUOO OKHUCIHUTEIEM,
160 BoccranoBurenem. Hanpumep, nutput kanust KNO2, coaepxatuii
a30T B CTeneHu okucieHus +3, nepokcua Bogopoaa H2Oz, conepxkanuii
KHUCJIOPOJI B CTETIEHU OKUCJICHUS -1, B IPUCYTCTBUU CUIBHBIX OKHCIIUTE-
JIeW TIPOSIBJISIIOT BOCCTAHOBUTEILHBIC CBOMCTBA, a MPU B3aUMOJICHCTBUU
C AKTUBHBIMU BOCCTAHOBUTEIISIMU SIBJISIFOTCSI OKHCIIUTESIMH.

[Ipu cocTaBiieHMU YpaBHEHUM OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIX
peaKIuil pEeKOMEHIyETCSl TPUAEPKUBATHCS CIIETYIOIIETO MOpsIKa:

a) HamucaTh (POpMyJIbl UCXOIHBIX BeliecTB. ONpeaenuTh CTENEHb
OKHUCJICHUSI 3JIEMEHTOB, KOTOPhIE MOTYT €€ WU3MEHUTb, HAUTU OKUCIIH-
TeJIb U BOCCTAHOBUTENb. Hanmucarh NpoIyKThl peakiiuu;

0) COCTaBUTH YpaBHEHUS MPOLECCOB OKUCIICHUSI U BOCCTAHOBJICHHUSI.
[TogoOpaTh MHOXKUTENN (OCHOBHBIE KOA(D(PUIIMEHTHI) TaK, YTOOBI YHCIIO
AJIEKTPOHOB, OTJAABAEMBIX IIPU OKUCIIEHUH, ObLIO PABHO YHCILY 3JIEKTPO-
HOB, IPUHUMAEMBIX IPU BOCCTAHOBIICHUU;

B) pacCcTaBUTh KOA(DPHUIIMEHTHI B ypaBHECHUHN PEAKIIUU

Cr2™07 + 3H2S72 + 4H,S04 = Cr2"3(S04)3 + 38+ K2SO4 + 7H20

S2-28—S° 3 — okucnenue

Cr'®+ 6e — 2Cr"* |1 — BoccraHOBIIEHKE

XapakTep MHOTUX OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIUN 3a-
BUCHUT OT CPEIbI, B KOTOPOM OHM NPOTEKAroT. it CO3maHus KHCION
Cpelbl Yallle BCEro MCIOJIb3YIOT Pa30aBIICHHYIO CEPHYIO KUCIOTY, IJIS
CO3JIaHUS IEJTOYHOM - paCTBOPHI TUIPOKCUAOB HATPHUS WIIH KaJlUsl.

Paznuuaror Tpm THna OBP: MexmonekynsipHble, BHyTPUMOJEKY-
JSIpHBbIE, TUCTPONOPIMOHUPOBAHUS. MEXKMOJEKYISIPHBIE OKUCIUTEh-
HO-BOCCTAHOBUTEJIbHBIE PEAKIINU - ITO PEAKIINH, B KOTOPBIX OKUCIIUTEND
Y BOCCTAHOBUTEIb HAXOAATCA B COCTABE Pa3HbIX BEIIECTB. PaccMoTpen-
Hasl BBIIIE PEAKIMS OTHOCUTCS K 3ToMy TUMy. K BHYTpUMOJIEKYJISIPHBIM
OTHOCSITCSI PEAKI[MU, B KOTOPBIX aTOMBI OKUCIUTENS U BOCCTAHOBUTEIIS
HaxOoJATCS B OJHOM Y TOM € BEIIECTBE.
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2KCI70372 = 2KCI'1 + 307°

ClI™+ 68 — ClI” |2 — BocCcTaHOBIIEHHE

O2-48 >0 |3 — okucnenue

B peakmyuax JUCHpONOPUUMOHMPOBAHUS MOJIEKYJBI OJHOTO U TOTO
K€ BEILECTBA PEArupyIOT APYr C APYrOM KAaK OKUCIMTEIb M KaK BOCCTa-
HOBHTEITb.

3K:Mn*%04 + 2H,0 = 2KMn*’O4 + Mn™O, + 4KOH

Mn*¢ —& — Mn"" |2 —okucnenue

Mn*¢ +2& — Mn™ |l —BoccTaHOBIEHUE

I[TPUMEPHI PEIHEHW A 3AJJAY

Ilpumep 1. OnpenenuTh CTENEHb OKHUCICHUS XpOMa B MOJICKYJIE
K>Cr207 u mone (CrO»)".

ITon creneHbl0 OKUCICHUS (C.0.) IOHUMAIOT 3apsij JIEMEHTa B CO-
€/IMHEHUH, BBIYMUCIICHHBIN, UCXOAS U3 MPEINOI0KEHHUS, YTO COCAUHEHUE
COCTOMT U3 HOHOB.

CreneHb OKHCJICHUS 3JIEMEHTA B MPOCTOM BEILIECTBE, HANPUMED, B
Zn, Ca, Hz, Br2, S, Oz, paBHa Hy10.

OnpeneneHne CTENEHU OKUCIIEHUS 3JIEMEHTa B COCIMHEHUH MPOBO-
JSAT, UCTIOJIB3YS CIIEIYIONINE TTOT0KECHUS:

1. CTeneHb OKUCIIECHUS KUCIOPOJAa B COCIMHEHUSIX OOBIYHO PaBHA -
2. Uckmouenus coctaisior nepokcuanl Ho 1027, Na 'O ™! u gropun
kucinopoga O*2F,.

2. CteneHb OKHUCJICHUS BOJOPO/Ia B OOJIBIIUHCTBE COCAMHEHUI paB-
Ha +1, 32 MCKIII0OYEHHEM COIE00Pa3HBIX TUAPUIOB, HanpuMep, Nat H !,

3. IlocTOSIHHYIO CTENEHb OKHCIICHUS MMEIOT MeTauibl [A rpyniibl
(menounbie Metaibl) (+1); IIA rpynnel (Oepuiivii, MarHui v menoy-
HO3eMeJIbHbIe MeTautbl) (+2); dTop (-1).

4. AnreOpandeckass CyMMa CTEICHEW OKHCICHHUS JJEMEHTOB B
HEUTPAIILHOW MOJICKYJIE paBHA HYJIIO, B CJI0)KHOM HOHE - 3apsAay UOHA.

Pewenue. UYtoOn paccunTaTh CTEIICHh OKHCICHHUS JJIEMEHTAa B MO-
JEKyJe, CIeyerT:

1). [TocTaBuTh CTENEHb OKUCIEHUS HAJ TEMU AJIEMEHTaMu, JJIsl KO-
TOPBIX OHA U3BECTHA, @ UCKOMYIO CTEIIEHb OKUCJICHUSI 0003HAYUTh Yepe3
X. B Hamiem npumepe u3BeCTHa CTENEeHb OKHUCIeHUs Kanus (+1) u kuc-
nopoga (-2): K2''CrX077%;

2). YMHOXUTb UHJEKCHI TIPU JIEMEHTAX HA X CTEIEHU OKUCIICHHUS
U COCTaBUTh aIreOpanveckoe ypaBHEHHUE, IIPUPABHSB MPaBYH YacThb K
HYJIIO:
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K2"'Cr2*0772; 2(+1) +2x +7(-2) = 0; x =+ 6.
3). CreneHb OKHUCJIEHHUS D3JIEMEHTa B HOHE OIPEICTAIOT TaKXKe,
TOJIBKO MPABYIO YaCTh YPABHEHUS TPUPABHUBAIOT K 3apsy UOHA:

(Cr'O2?); x+2(2)=-1; x=+3.

Ilpumep 2. Icxonda w3 CTENEHU OKHCJIEHHS a30Ta B COCIUHEHUAX
NHs, KNO;, KNO3, onpenenutb, Kakoe€ U3 HUX MOXKET ObITh TOJIBKO
BOCCTAHOBHUTEJIEM, TOJIBKO OKHUCIHUTEIEM U KaKO€ M3 HUX MOKET IPOsB-
JISITh ¥ OKUCJIUTEIbHBIC, I BOCCTAHOBUTEILHBIC CBOCTBA.

Pewenue. Bo3aMmokHbIe CTEIIEHN OKHMCIICHHUS a3oTa: -3, -2, -1, 0, +1,
+2, +3, +4, +5. B yka3aHHBIX COCIMHEHUSIX CTEICHU OKHUCICHUS a30Ta
paBHbl: -3 (HU3WIAs), +3 (mpomexyrouHas), +5 (Beicmas). CienoBa-
tenbHO, N-3H3 - Toneko BoccraHoBuTenb, KNWQO, - U OKHCIUTEND U
BoccTaHoBUTENb, KN*O3 - TOJIBKO OKUCIUTEII.

Ilpumep 3. Moryr 1M  NOPOUCXOOUTH  OKHCIUTEIBHO-
BOCCTaHOBUTEJIbHBIE peakiuu Mmexay BemectBamu: a) HBr u HaS; 0)
MnO: u HCI; 8) MnO: u NaBiOs3?

Pewenue. a) 8 HBr c.o. (Br) = -1 (au3mas), 8 HoS c.o. (S) = -2
(au3mias). Tak kak OpoM U cepa HaXOIATCSI B HU3IIEH CTEIEHU OKHCIIC-
HUS, TO MOTYT MPOSIBISATH TOJHKO BOCCTAHOBUTEIbHBIE CBONCTBA, U pe-
aKIUsl MEXIy HUMH HEBO3MOXHA; 0) B MnO: c.0. (Mn) = +4 (mpomexy-
touHas), B HCI c.o. (Cl) = -1 (au3mas). CnenoBaTelbHO, B3aUMOICH-
CTBUE 3THX BEIIECTB BO3MOXKHO, npudeM MnQO: SIBIISIETCS OKUCIUTEIIEM;
B) B MnO; c.0. (Mn) = +4 (npomexytouHasi), B NaBiOs c.o. (B1) = +5
(BbIcIas). B3sThie BemiecTBa MOTYT B3auMoAeHcTBOBaTh. MnO:2 B 3TOM
ciyyae Oy/ieT BOCCTAHOBUTEIEM.

Ilpumep 4. CocTaBuTh YpaBHECHUE OKUCIIUTEIIBHO-
BOCCTAHOBUTEJILHOW PEAKLINU, UAYIIEN IO CXEME

KMnO4+ KNO; + H2SO4 — MnSO4 + KNO3 + K>SO4 + H20.

OnpenenuTh OKUCIUTENIb U BOCCTAaHOBUTENh. Ha oCHOBaHUU 3JieK-
TPOHHBIX YPaBHEHHI pacCTaBUTh KO (PUITMEHTHI.

Pewenue. OnpenensieM CTENEHU OKHUCICHUS TE€X AJIEMEHTOB, KOTO-
pBIE €€ U3MEHSIIOT:
KMn*704+ KN30, + H2SOs — Mn*"2S04+ KN*0s3 + K»SO4 + H>0.

CocraBiisieM DJEKTPOHHBIE YPaBHEHHS IMPOIECCOB OKHUCICHUS H
BOCCTAHOBJICHHUSI, OTIPEJIEIISIEM OKUCIUTENIb U BOCCTAHOBUTEb:

N* -28 - N» |5 okucaeHue
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Mn*7 + 5 — Mn*? |2 BoccTaHOBIICHHUE

VYpaBHHBaeM peakLMI METOAOM 3JIEKTPOHHOTO OajaHca, CyTh KO-
TOPOT0 3aKJII0YAETCS B TOM, YTO OOIIEE YHCIIO AJIEKTPOHOB, OTJAAHHBIX
BOCCTAHOBUTEIIEM, PABHO YHUCIY DJICKTPOHOB, MPUHSATHIX OKUCIUTEIIEM.
Haxonum oOlliee HavMEHbIlIEe KpaTHOE Il OTAAHHBIX U MPUHSATHIX
ANEKTPOHOB. B mpuBenenHor peakuuu oHO paBHO 10. PasgenuB 3T0
qUCJIO0 Ha 5, moydaeM KO3 UITUEHT 2 711 OKUCIUTENS U TPOIYKTa €ro
BOCCTAHOBJIEHUSI, a Ipu AesieHuu 10 Ha 2 monydaeMm Ko3QPUIHMEHT S5 AJist
BOCCTAHOBHTEINISI M MPOAyKTa ero okucieHus. Kosadduumentsr nepen
BEIIIECTBAMH, aTOMbl KOTOPBIX HE MEHSIOT CBOM CTEICHU OKHUCJICHUS,
HaXOJIUM ITOJ00POM.

VYpaBHEeHHE peaknnu OyIeT UMETh CIICTYIOIUI BU/:
2KMnQO4 + 5KNO> + 3H2SO4 = 2MnSO4 + SKNOs3 + K2SO4 + 3H20.

Ilpumep J. CocraBuTh YpaBHEHUS OKHUCIIUTEIIBHO-
BOCCTAHOBHTEIIBHBIX PEAKIIMM, HIYIITUX 110 CXEMaM:

a) Mg + HNO3 (pass.) — Mg(NO3)2 + NH4NO3 + H>O;

0) KC1O3 — KCl + Oy;

B) K2MnO4 + H2O — KMnO4 + MnO; + KOH.

B kaxmoil peakiuu ONpeneluTh OKHCIHUTEIh U BOCCTAHOBUTEID,
paccTaBUTh KOA(DPUIIMEHTHI, YKa3aTh TUI KaXKI0H pEaKIUHu.

Pewenue. CoctaBnsieM ypaBHCHHS PEaKIIHA:

Mg® + 10HN™ O3 = 4Mg"2(NO3)2 + NHsNO3 +3H,0 (1)

Mg? - 28 — Mg*™ |4 okucnenue

N*™ + 88 — N3 |1 BOCCTaHOBIICHHE;

2KCI™052 =2KCI'' +30,° (2)
202 -48 - OY° |3 okucaeHue
CI" + 68 — CI'! |2 BOCCTaHOBIICHHE;

3KoMn 04 + 2H,0 = 2KMn*’04 + Mn*"O; + 4KOH (3)
Mn*¢ -1&¢ -Mn*’ 12 oKHCIIeHUE
Mn*®+2& — Mn™ |1 BoccTaHOBIEHHUE.

Kak BUJIHO U3 MpeCTaBICHHBIX YPAaBHEHUM, B peakuud (1) okuciu-
T€JIb U BOCCTAHOBUTEIIb - PA3HBIE 3JIEMEHTHI B MOJIEKYJaX JIBYX Pa3HbIX
BEIIECTB, 3HAYMT, JIAHHASI PEAKIUS OTHOCUTCS K THUITY MEXMOJEKYJISP-
HBIX OKHCJIMTEIbHO-BOCCTAHOBUTEIBHBIX peakuuii. B peakiuu (2)
OKHUCIUTENH (XJIOP) U BOCCTAHOBUTENH (KUCJIOPOJ) COJEPKATCSA B OTHOM
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MOJIEKYJIE, CJIEIOBATEIIbHO, peaKIus BHYTPUMOJIEKYJIsIpHas. B peakiuu
(3) poap OKHCIUTENS W BOCCTAHOBHUTEJS BBIMOJHIET OJWH U TOT JKE
AJIEMEHT — MapraHell, 3Ha4nT, 3TO PEAKIHs JUCITPOTIOPIIMOHUPOBAHHS.

SAJAYN U YITPAXKHEHUA JIA CAMOCTOSATEJIBHOI'O PEILLIEHUA

121. a). Mcxoas u3 cTeneHu OKUCIEHUs cepbl B BemiecTBax S, HoS,
Na2S0s3, HoSO4, onpeaenuth, Kakoe U3 HUX SBISETCS TOJIBKO OKUCIUTE-
JIeM, TOJIbKO BOCCTAHOBHUTEJIEM U KaKu€ MOTYT OBITh M OKHUCIUTENIEM, U
BoccTaHoButesieM. OTBET 00OCHOBAT.

0). Ha ocHOBaHUM 3JEKTPOHHBIX YpaBHEHUH Mog00paTh ko3P huiim-
€HTHI B YPAaBHECHUHU PEAKIINH, UAYIIIECH MO CXeMe:

Nal + NalOs;+ H2SOs — I+ NaxSO4 + H20. Onpepenuts THI
OKHCITUTEILHO-BOCCTAHOBUTEIILHON PEAKITUH.

122. Peakiiuu BeIPaXarOTCsI CXEMaMU:

Zn + HNOj3 (pass) — Zn(NO3)2 + N2O + H20;

SnClx + KoCr207 + H2SO4 — Sn(SO4)2 + CrClz + K2SO4 + H2O0.
CocTaBUTh 3JEKTPOHHBIE ypaBHEHHUs, TOA0OpaTh KOIPUIIMEHTHI, YKa-
3aTh, KAKOE BEIIECTBO B KXKJIOU PEAKITUU SBIISCTCS OKUCIUTEIEM, KaKOe
BOCCTAHOBUTEJIEM.

123. a). CocTaBuTh 3JIEKTPOHHBIE YpaBHEHUS W YKa3aTh, KakOH
nporiecc (OKHCJICHHE WM BOCCTAHOBJICHHWE) MPOUCXOIUT TPH CIIETYFO-
IIUX MPEBPAIICHUSIX

P3 — P™; N — N3; CI'— (ClO3); (SO4)* — S2.

0). Peakuus BeIpakaeTcsi CXeMoit

KMnO4 + H2S + H2SO4 — MnSO4 + S + KoSO4 + H20.

OnpenenuTh OKUCIUTENh W BOCCTAHOBUTEh, HA CHOBAHHWH 3JICK-
TPOHHBIX YpPaBHEHUH pacCTaBUTh KOX(D(UIIMEHTHI B ypaBHEHUM DPeak-
UM,

124. a). MoryT 11 NpoTeKaTh OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIE
peakiuu Mexay BemectBamu: a) Clo m HoS; 6) KBr u KBrO; B) HI u
NH3? OTBeT 060CHOBATb.

0). Ha ocHOBaHUU 3JE€KTPOHHBIX YpaBHEHUH 1og00paTh K03 huiiu-
€HTBI, OMNPEACIUTh THI OKHUCIUTEIHLHO-BOCCTAHOBUTEIBHON pPEaKIIHH,
UIIYIIEH 110 CXEME

NaCrO; + PbO2 + NaOH — Na»CrO4 + Na,PbO; + H2O.

125. a). Bo3Mo)kHbBIE CTEIIEHU OKHCJCHMS >Kejie3a B COCJIMHECHUSX
+2, +3, +6. Onpenenutb, Kakoe U3 BEIIECTB MOXXET ObITH TOJBKO BOC-
CTAaHOBUTEJIEM, TOJIbKO OKHCIUTEIEM W KaKoe - M OKHUCIUTEJIEM M BOC-
cra"HoButeneM: FeSO4, Fe,03, KoFeOs. OTBET 000CHOBAT.
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0). Ha ocHOBaHUM 3JIEKTPOHHBIX YpaBHEHHH 1TOA00paTh KO3 hUIu-
€HTBI JIJI51 BEILIECTB B YPABHEHUH PEAKIUU, UAYILIEH 10 CXEME

CrCl; + Brz + NaOH — NaxCrOs + NaBr + NaCl + H:O.

126. a). CocTaBuTh DJIEKTPOHHBIC YpaBHEHUS W YKa3zaTh, KakOH
npoiecc (OKHCICHUE WA BOCCTAHOBIIEHHE) MPOUCXOIUT MPH CIETYO-
HIUX MPEeBPAICHUSIX:

As" — As™; (CrO4)* — (CrO2); (MnOs) — (MnO4)*; Sit* — Si°.

0). Ha ocHOBaHMM 3JIEKTPOHHBIX YpPaBHEHUM pacCcTaBUTh KOA(DGu-
IIUEHTHI B peakiuu, uayiiei mo cxeme HoS + H.SO3; — S + H2O.

127. Peakuyu BBIpAKAIOTCSI CXEMAMM:

NaNOsz;— NaNO2 + Og;

MnSO4+ KCIO3 + KOH — KoMnO4 + KCI + K2SO4 + H2O.

CocTaBUTh 3JIEKTPOHHBIE YPABHEHHUS, PACCTABUTH KOA(D(PUIIUEHTHI,
ONPENIETUTh OKUCIUTEIh U BOCCTAHOBHUTENb B KaxJ0M peakuuu. K ka-
KOMY THUITY OTHOCUTCS KaXK/1as U3 MPUBEIECHHBIX PEaKIHii?

128. Peakuyu BeIpaKarOTCsl CXEMaMMU:

KBr + KBrOs + H>SO4 — Brz + K2SO4 + H20;

HNOs + HNO3 — N20 + H20.

CocTaBUTh 3JIEKTPOHHBIE YPABHEHHUSI, PACCTaBUTh KOA()(PUIIUEHTHI,
ONPENIETUTh OKUCIUTEIb U BOCCTAHOBHUTENb B KaxJI0M peakuuu. K ka-
KOMY THITYy OTHOCHUTCS KaXKJasl U3 MPUBEJACHHBIX peaKIuii?

129. Peakuyu BBIpaKarOTCSI CXEMAMMU:

H>S + K2Cr207 + H2SO4 — S + Cr2(SO04)3 + K2SO4+ H20;

NaBrO — NaBrOs + NaBr.

CocTaBUTh 3JIEKTPOHHBIE YPABHEHHUSI, PACCTaBUTh KOA()(PUIIUEHTHI,
ONPENIETUTh OKUCIUTEIb U BOCCTAHOBHUTENb B KaxJI0i peakuuu. K ka-
KOMY THITy OTHOCHUTCS KaXKJasl U3 MPUBEIACHHBIX pEeaKIuii?

130. a). Mcxoas u3 CTENEHU OKUCIEHHUS XJIOpa ONPEACIUTh U AaTh
MOTHBHUPOBaHHBIN 0TBET, kakoe u3 coeaunenuii Clo, HCl, HCIO4 siBns-
€TCSl TOJIBKO OKHCIUTEIEM, TOJbKO BOCCTAHOBUTEIEM M KaKO€ M3 HUX
MOKET UMETh (PYHKIIMUIO U OKUCTUTENS, U BOCCTAHOBUTEJIA.

0). Ha ocHOBaHWU AJEKTPOHHBIX ypaBHEHUM paccTaBUTh KOdhdu-
IIMEHTHI B YPAaBHEHUM PEAKIUU, UAYILIEH 110 CXEME

HNOs3 + Bi — NO + Bi(NO3);3 + H2O.

131. Peakiiuu BeIpax)arOTCsI CXEMAMU:

H3AsO3 + KMnOgs + H>SO4 — H3As04 + MnSO4 + K>SO4 + H20;

AgNO3; — Ag + NO; + Oz.

CocTaBUTh 3JIEKTPOHHBIE YPABHEHUS, pACCTaBUTh KOA(DPUIIMEHTHI,
ONPENIETUTh OKUCIUTEIh U BOCCTAHOBUTENb B Kaxk0i peakiuu. K ka-
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KOMY THITy OTHOCHUTCS Ka)KJasl U3 MPUBEJACHHBIX peaKIuii?

132. a). MoryTt R0 MIPOUCXOJIUTh OKHCJIUTEIIbHO-
BOCCTAHOBHUTEJIbHBIC peakinu Mexay BemectBamu: a) H2S u Br; 6) HI
u HIO3; B) KMnO4 1 K2Cr207? OtBeT 000CHOBATS.

0). Ha ocHOBaHMM 3JEKTPOHHBIX YpPaBHEHUN pacCTaBUTh KO3 u-
IIMECHTHI B YPAaBHEHUH PEAKIIUH, UAYIIIECH 110 CXEME

H>02 + KMnOs + H>SO4 — O2 + MnSO4 + K2SO4 + H2O.

133. a). CocTtaBuTh SJIEKTPOHHBIE YpPABHEHUS U yKa3aTh, KaKOU
nporecc (OKMCIEHUE WM BOCCTAHOBIICHHE) MTPOUCXOIUT MPH CIEAYO-
ITUX MPEBPAIICHUIX

(BrO4)" — Brz; Bi — (BiO3); (VO3) —V; Si* — Sit,

0). Ha ocHOBaHUM 3JIEKTPOHHBIX YpaBHEHUH Mog00paTh K03 huiim-
CHTHI B YPAaBHCHUH PEaKIIMH, HIYIIEH IO CXeMe

Al + KMnO4 + H2SO4 — Al2(SO4); + MnSO4 + K2SO4 + H20.

134. Peakiiuu BeIpaX)arOTCs CXEMAMU:

Na>SOs + NazS + HoSO4 — S + NaxSO4 + H20;

KMnO4s—KoMnO4 + MnO> + Oo.

CocTaBUTh 2JIEKTPOHHBIE YPAaBHEHHUSI, PACCTaBUTh KOA(D(PUIIUEHTHI,
OMPEJIETUTh OKUCIUTEIh U BOCCTAHOBUTEINb B KakJ0i peakiuu. K ka-
KOMY THITY OTHOCHUTCS KaXKJasl U3 TMPUBEICHHBIX peaKIuii?

135. a). MoryT nu UATH OKHCIHUTENBHO-BOCCTAHOBUTEIIBHBIE PEAK-
oMd Mexay cienyrouumu BemiectBamu: a) PbO2 u KBiOs; 6) HoS u
H2SO03; B) H2SO3 u HCIO4? OTBeT 000CHOBATS.

0). Ha ocHOBaHuM 5JE€KTPOHHBIX YpaBHEHUU pacCTaBUTh K03 u-
LMEHTHI B YpaBHEHHUH peakuuu, uaymeit mo cxeme S + KOH — KoSOs5 +
K>S + H>O0.

OnpeaenuTs TUI OKUCTUTEIbHO-BOCCTAHOBUTEIBHON PEAKIINH.

136. Peakiiuu BeIpax)arOTCsI CXEMaMU:

(NH4)2Cr207 — N2 + Cr203 + HO;

P4+ HNOs + H2O — H3PO4 + NO.

CocTaBUTh 3JIEKTPOHHBIE YPABHEHHUS, PACCTABUTH KOA(D(DUIIUEHTHI,
ONPENIETTUTh OKUCIUTEIh U BOCCTAHOBUTENb B KaI0i peakiuu. K ka-
KOMY THITy OTHOCHUTCS Ka)KJasl U3 MPUBEIACHHBIX pEeaKIuii?

137. Peakiiuu BeIpa)arOTCsI CXEMaMU:

Ba(OH): + I» — Ba(IO3): + Balz + H20;

MnSOs4 + PbO2 + HNO3; — HMnO4 + Pb(NO3)2 + PbSO4 + H20.

CocTaBUTh 3JIEKTPOHHBIE YPABHEHHUS, PACCTABUTH KOA(D(DUIIMEHTHI,
OMPENIETUTh OKUCIUTEIh U BOCCTAHOBUTENb B Ka0i peakiuu. K ka-
KOMY THITy OTHOCHUTCS KaXKJasl U3 MPUBEJACHHBIX pPEeaKIuii?
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138. Peakiuu BeIpa)arOTCsl CXEMaMU:

AgNOs3+ H2O2 + KOH — Ag + O2 + KNO3 + H20;

Ni(NO3)2 — NiO + NOz + O».

CocTaBUTh JIEKTPOHHBIE YPaBHEHUS, PacCTaBUTh KOI(PPUIUEHTHI,
OMPENIETUTh OKUCIUTEIh U BOCCTAHOBHUTENb B KaxI0M peakuuu. K ka-
KOMY THITYy OTHOCHUTCS Ka)KJasl U3 NPUBEAEHHBIX pEeaKuii?

139. Ha ocHOBaHUU 3JIEKTPOHHBIX YPaBHEHHI paccTaBUTh KO3 dhu-
LMEHTHI B YPAaBHEHUSIX PEAKIUH, UAYIIHUX IO CXeMaM

HNO; — HNOs + NO + H20;

Cr203 + KCI1O3 + KOH — K2CrO4 + KCI + H20.

VYKka3aTh OKUCIUTENb U BOCCTAHOBUTEIb B KaXKJI0M peaklMH, OIpe-
JEJNUTh €€ THUIL.

140. Peakuiuu BBIpaKaroTCsl CXEMaMU:

Si+ Oz + NaOH — NaxSi10s + H20;

NHsNO2 — N2>+ H20.

CocTaBUTh 3JIEKTPOHHBIE YPABHEHHUS, PACCTABUTH KOA(D(PUIIUEHTHI,
ONPENIETUTh OKUCIUTEIb U BOCCTAHOBUTENb B KaxJI0M peakuuu. K ka-
KOMY THITYy OTHOCHUTCS Ka)KJasl U3 NPUBEAEHHBIX peaKuii?

KOMIUVIEKCHBIE COE/IMHEHUA

TEOPETHUYECKOE BBEJ[EHUE

CoenuHeHus, B COCTaB KOTOPBIX BXOJAT KOMIUIEKCHBIE HOHBI, CIIO-
COOHBIE CYIIECTBOBATh KaK B KPUCTaUIaX, TaK U B pacTBOpPaxX, Ha3bIBa-
IOTCSl KOMIUIEKCHBIMU. KOMILJIEKCHBIE COEAUHEHUSI MOTYT OBITh MOJTyYe-
HbI [IPU B3aUMOJICMCTBUU HEUTPAIBHBIX MOJICKYI:

Fe(CN); + 3KCN = K3[Fe(CN)s];

BF3 + KF = K[BF4].

B Moiekyne KOMIUJIEKCHOTO COCAWHEHUS OJWH aTOM WJIM HOH,
OOBIYHO TIOJIOKHUTEIHHO 3apSKCHHBIN, 3aHUMAET IEHTPaJIbHOE MECTO U
Ha3bIBAETCs KOMILJIEKCOOoOpa3oBaresieM. B HenmocpencTBEHHOM OIM30CTH
K HEMY PacCHoOJIOKEHBI WK KOOPJIMHUPOBAHBI MPOTUBOIOJIOXKHO 3apsi-
’KEHHbIE MOHBI WM HEUTPAIbHBIE MOJIEKYJIbI, HA3bIBAEMBIE JINTAHIAMMU.
KommekcooOpazoBaresib U JIMTaHIbl O00pa3yloT BHYTPEHHIOW cdepy
KOMILJICKCHOTO COEIMHEHUS. YUCIIO JINTaHI0B, PACTIONIOKEHHBIX BOKPYT
KOMILIEKCOOOpa30BaTelisi, Ha3bIBA€TCA KOOPAMHAIMOHHBIM  YHCIIOM.
Yamie Bcero KOOpJAWHAIIMOHHOE 4YMCiIO paBHO 6, 4 u 2. B dopmynax
KOMILJICKCHBIX COCJMHEHUM BHYTPEHHIOK chepy 0003Ha4aroT KBajapar-
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HBIMU CKOOKaMu. Bce ocTanbHbIe HOHBI, HE BOIICAININE BO BHYTPEHHIOO
cepy, COCTaBIISAIOT BHEIITHIOW cepy.

[Ipu pacTBOpeHHH B BOJI€ KOMILJIEKCHBIE AJIEKTPOIUTHI JUCCOIHU-
PYIOT Ha BHYTpPEHHIO® U BHemmHi00 chepy: [Ag(NH3z)2]Cl <
[Ag(NH3)2]" + CI". Hapsimy ¢ 3THM IPOMCXOAMT U IPYroM IpoLece, Xo-
TS B 3HAUUTEILHO MCHBIIICH CTETICHU:

[Ag(NH3)2]" < Ag" + 2NHs. 3aech aucconualius nporekaer oopa-
TUMO U PaBHOBECHE PE3KO CABMHYTO BJIeBO. KOHCTaHTa auccoruaiuu
KOMILJICKCHOTO HOHA

K = [Ag+]- [NH3]2_

|_[Ag(NH3)2 ]+ J

Ha3bIBaeTcsi KoHcTaHToW HecTodkocTu (KH). OHa xapaktepusyer
YCTOMYMBOCTh KOMIUICKCA. UeM MEHbIIE€ KOHCTAHTAa HECTOMKOCTH, TEM
MIPOYHEE KOMIIJICKCHBIN HOH B PacTBOPE.

I[TPUMEPHBI PEIHEHW A 3AJTAY

Ilpumep 1. Onpenenuth 3apsij KOMIUIEKCHOIO MOHA, KOOPJWHAIIU-
OHHO€ YHCJIO KOMIUIeKCcooOpa3zoBarens (K.4.) U CTENEeHb OKHUCIICHHUS
KoMmIuiekcooOpaszoBatenss B coeauHeHusx: a) [Cr(H20)4CL]Cl, 0)
K3[Fe(CN)s], B) [Cu(NH3)4]SOs.

Pewenue. 3apsg KOMIIEKCHOTO MOHA PaBEH 3apsiay BHEIIHEH cde-
pbl, HO MPOTHUBOIMOJIOKEH €My Mo 3Haky. KoopauHallMOHHOE 4YHCIIO
KOMIUIEKCOOOpa30BaTeNsl paBHO YUCIY JIMTAHJIOB, KOOPAUHUPYIOIUXCS
BOKpyT Hero. CTemneHb OKUCIICHUSI KOMILJIEKCO0O0pa3oBaTesis onpeaes-
€TCs TaK K€, KaK CTENEeHb OKUCJICHHUS aToMa B JIIOOOM COEIMHEHHH, UC-
XOJIsl U3 TOTO, YTO CyMMa CTETIEHEW OKUCIIEHUS BCEX aTOMOB B MOJICKYJIE
paBHa HYJO. 3apsaasl HelTpanbHbIX Moiekyn (H20O, NH3) paBHbI Hy 1O,
3apsbl KUCIOTHBIX OCTATKOB OMPEACstOT U3 (OpPMYy COOTBETCTBYIO-
mux kucaoT. Orcrona: 3apsa uoHa a) +1, 0) —3, B) +2; KoopAMHALIMOH-
HOE 4KcIio a) 6, 0) 6, B) 4; cTeneHb OKucieHus a) +3, 0) +3, B) +2

Ilpumep 2. Hazate komruiekcHbie coin: [Cu(NH3)4]SOs,
[Co(H20)4(NO2)2]CL,  K4[Fe(CN)s], Naz[Pt(OH)sCl], [Pt(NH3):Cl2],
[Cu(NH3)2(SCN)2].

Pewienue. Ilpu cocTaBIeHUN Ha3BaHUS KOMILICKCHOTO COCJTHHCHHS
IICPBBIM B IMEHUTEIIBHOM ITaJIe)Ke HA3bIBACTCSI aHUOH, B IIOTOM B POJTHU-
TEJIHHOM - KaTHOH, HE3aBUCHMO, KOTOPBIM M3 HHUX SBIISICTCS KOMILICKC-
HBIM.

Comp COACPIKUT Komnaekchovlll kamuon. Ha3zBaHne KOMILIEKCHOTO
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KaTHOHA COCTABIISAIOT CIEAYIONMM 00pa3oM: CHauyaja yKa3bIBalOT YKciia
(mm, Tpu, TETpa, MEHTA, reKca W T.J.) U Ha3BAHUS OTPUIATEIBLHO 3apsi-
KEHHBIX JINTaHI0B ¢ okoHuaHueM «o» (CI™ -xmopo, SO4*~ - cynsdaro,
OH™ - ruapokco, CN™ - muano, SCN™ - pogano, NO2™ - HUTPO U T.IL.);
3aTeM yKa3bIBAIOT YHMCJIa U HA3BaHUS HEUTPAIbHBIX JUTAHIOB, IPUYEM
BOJIa HA3bIBAETCS aKBa, aMMUAK - aMMHUH; MOCJEIHUM Ha3bIBAIOT KOM-
MJIeKcoo0pa3oBaTelib, yKa3biBas €ro CTENEHb OKHUCIICHUSA (B CKOOKax
pUMCKUMHU 1UdpaMyd T1OCJI€ Ha3BaHUS KOMILIEKCOOOpa3oBaTes).
Hampumep, [Cu(NH3)4]SOs - cynsdar Terpaammunamenu  (ID);
[Co(H20)4(NO2)2]Cl - xnopua quautporerpaakBakoodansTa (111).

Conb COACPXKUT KoMHIeKCHblt aHuoH. Ha3BaHHEe KOMIUIEKCHOTO
aHUOHA COCTABJISIOT AHAJIOTMYHO HA3BAHUIO KAaTHOHA W 3aKaHYMBAIOT
cypduxcom «ar». Hampumep, Ks4[Fe(CN)s] — rekcanumanodeppar (II)
kanus; Nax[Pt(OH)sCl] - xnmoponentaruapokcomiatudat (IV) natpus.

HaumeHoBaHue HelmpanbHblx KOMNIEKCO8 00pa3yloT TaK ke, Kak
U KaTHOHOB, HO KOMILIEKCOOOpa3oBaTe/lh HA3bIBAIOT B UMEHUTEIHLHOM
nmajgexe, a €ero CTeneHb OKHCICHHS He YKaspiBatoT. Hampuwmep,
[Pt(NH3)2Cl2] - muxnmopomuammuniuiatiuHa; [Cu(NH3)2(SCN)2] - aupo-
TaHOIMAMMUHME/TH.

3AJAYN U YITPAXKHEHUA JUUIA CAMOCTOSATEJIBHOI'O PEINEHU A

141. Hamicath ¢hopMyJibl CIEAYIOMMUX COSAMHEHUN: a) XJIOPUI U-
opomotetpaammuHIuiaTiabl (IV); 0) terpaponanonuakBaxpomat (III)
Kanusi; B) cyibdar neHtaammuHakBaHukens (II); r) tpuxmoporpuam-
MuHk00anbT (II1). K xakomMy THUIy OTHOCHUTCSI KaX0€ U3 KOMIIJIEKCHBIX
COCIMHEHMH 10 DJIEKTPUUECKOMY 3apsiTy KOMILJIEKCHOT'O HOHA?

142. CocTaBUTh KOOPJAMHAIIMOHHBIE (POPMYINBI CIACIYIOIIUX KOM-
MJIEKCHBIX coeanHeHui matunbl: a) PtCls - 6NH3; 6) PtCls - 4NHs3; B)
PtCls - 2NH3. Koopaunanmonnoe uucio miatuasl (IV) paBno 6. Hamu-
caTh YpaBHEHUS JAUCCOIMAIIMU ATUX COCTUHEHUN B BOJHBIX PACTBOpPax.
Kakoe coennHenue sBiaseTCs] KOMIUIEKCHBIM HERJIEKTPOIUTOM?

143. HamucaThe MOJIEKYJISIpHBIE U MOHHBIC YPaBHEHUS PEaKIMil 00-
MeHa ¢ 00pa30BaHUEM HEPACTBOPUMBIX KOMIUIEKCHBIX COCIMHEHUN:

a) CuSO4 + K4[Fe(CN)s] = ...; 6) KCl + Nay[PtCls] = .. .;

B) AgNO3 + K3[Fe(CN)g] = ...; 1) FeSO4 + Na3;[Co(CN)s] = ....

HazBaTh 00pa3zyromuecs npu peakiusix KOMILUIEKCHBIE COJIU.

144. OnpenenuTh CTENEHb OKUCICHHUS M KOOPJAMHAIMOHHOE YHCIIO
KOMIUIEKCOOOpa3oBaTeis B CICAYIONIUX KOMIUIEKCHBIX HOHAX:

a) [Ni(NH3)sCl1]**; 6) [Co(NH3)2(NO2)4];
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B) [Cr(H20)4Br2]"; 1) [AuCls]™; 1) [CA(CN)4]*".

145. CoctaBUTh KOOpPJWHAIIMOHHBIE (POPMYJIBI CIECAYIONIUX KOM-
IJIEKCHBIX coeauHenuit kobanbTa: a) CoCls - 6NH3; 6) CoCls - SNH3; B)
CoCls - 4NHjs. Koopaunarmmonnoe uuciio kooansta (I11I) paBro 6. Hamu-
caTh YpaBHEHUS IUCCOIMALIMY 3TUX COCAMHEHHI B BOJIHBIX PACTBOpaXx.

146. HanucaTe koOpAuHALMOHHBIE (DOPMYIIBI CIETYIOMIUX KOM-
MJIEKCHBIX COeAMHEHM: a) rekcanuTpokoOanbtat (I11) kanus; 6) xmopua
rekcaammuHHukens (I11); B) TerpaxiopoiuaMMUHIIIATUHA; T) TpUDTOPO-
rupokcoOepuiuiat Mmaraus. K kakoMmy THITYy OTHOCUTCS KaX0€ U3 KOM-
MJIEKCHBIX COCAMHEHUM 10 3apsly KOMIUIEKCHOTO HOHA?

147. U3 coueranus uvactun Cr’*, H,O, CI”, K M0%HO cocTaBUTbH
CEMb KOOPAMHAIMOHHBIX (OPMYJ KOMIUIEKCHBIX COEIWHEHUM Xpoma,
onHo u3 KoTopbix [Cr(H20)6]Cls. CoctaBuTh (opMyJibl Ipyrux MIECTH
COCJMHCHUI W HAMUCaTh YPAaBHEHUSI UX JUCCOLMAIIMU B BOJHBIX pac-
TBOpax.

148. HamuicaThe MOJIEKYJISIpHBIE U MOHHBIC YPaBHEHUS PEAKIHil 00-
MEHa, MPOUCXOISIIMNX MeXay: a) rekcanuanodepparom (II) xamusa wu
CyJib(aToOM MeJu;

0) rekcanuanokoOaneraroM (II) HaTpus u cynedartom sxenesa; B)
rexcanmanodepparom (I11) kanust 1 HUTpaTOM cepedpa; T') reKcaxjaopo-
miatuHatoMm (I1) Hatpust u xsnopugom kanusi. OOpaszyronmecs B pe3yib-
TaTe peaKInil KOMIUIEKCHbIC COCTMHEHNSI HEPACTBOPUMBI B BOJIE.

149. KoHCTaHTBI HECTOMKOCTH KOMILIEKCHBIX MOHOB [Co(CN)4]*,
[Hg(CN)4]*>", [Cd(CN)s]* coorBercTBenHo pasubl 8-1072%; 4-1074!;
1,4-10""7. B kakom pactBope conepxkanue uonos CN~ 6onpme? Hamu-
CaTh BBIPAYKECHUS JJIsl KOHCTAHT HECTOMKOCTH YKa3aHHBIX KOMIUJIEKCHBIX
HMOHOB.

150. Onpenenuthb, 4eMy paBeH 3apsil KOMIUIEKCHBIX HOHOB:

a) [Cr(NH3)sNOz], 0) [PA(NH3)Cls], B) [N1(CN)4], eciiu koMILIEK-
cooOpaszoBarensamu ssistorcs Cr’t, Pd?*, Ni*". Hamucats Qopmyibl
KOMIUIEKCHBIX COCTMHEHUN, COJIEPKAIIUX AT HOHBI.

151. 13 coveranus yactun Co**, NHs, NO2~, K* M0KHO COCTaBHTB
CEMb KOOPJIMHALIMOHHBIX (DOPMYJT KOMILJIEKCHBIX COSTMHEHUI KOOabTa,
oaHO U3 KOTOphIX [Co(NH3)6](NO2)3. CoctaBuTh POpMyJIibl APYTUX IIIE-
CTU COCMHEHMM W HAamUcaTh YPAaBHEHHUS HMX JUCCOIMAIMHA B BOJHBIX
pacTBopax.

152. CocTtaBUTh KOOPAMHAIMOHHBIE (HOPMYIIBI CIEAYIOUIUX KOM-
IJIEKCHBIX coenauHeHui 1uaTuabl (1), koopauHalMOHHOE YHCIIO KOTO-
poit paBuo 4: a) PtCl> - 3NH3s; 6) PtClx - NH; - KCl; B) PtClz - 2NHs.
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Hanucats ypaBHEHUs JUCCOIMALIUUA ATUX COCAMHEHUN B BOJHBIX pac-
TBOopax. Kakoe coenHeHne SIBAsSETCS KOMIUIEKCHBIM HEAJIEKTPOIUTOM?

153. KoHcTanThl HECTOMKOCTH KOoMILIEKCHBIX HoHOB [Co(NH3)s]*",
[Fe(CN)s]*", [Fe(CN)s]*~ coorBercTBeHHO paBHbl 6,2-1073%; 1,0-107%;
1,4-107%*. Kakoii u3 5TMX HOHOB Haubojee nmpounbiii? HamucaTs BeIpa-
KEHUS JJI1 KOHCTAaHT HECTOMKOCTU YKa3aHHBIX KOMIUJIEKCHBIX MOHOB U
MOJIEKYJISIpHBIC (POPMYIIBI COSTUHEHHM, COJEPIKAIINX ITH HOHBI.

154. V3BecTHBI ABE KOMIUIEKCHBIE COJIM KOOaabTa, OTBEYAIOIIHE
oJHOM U ToM ke ammnupudeckon popmyisie CoCISO4-5NH;3. Ogna 3 HUX
B pactBope ¢ BaClx naer ocagox BaSO4, HO He maeT ocanka ¢ AgNOs,
npyrast ¢ AgNOs naet ocanok AgCl, a ¢ BaClz ocanka He naert: a) Hamnu-
caTh (popMyJibl 000MX KOMIUIEKCHBIX COCAUHEHMI; 0) Ha3BaTh ATH KOM-
IJICKCHBIC COCIMHCHHMS W HamucaTh YpPaBHEHHMS WX JIUCCOIMAIINU;, B)
HaIMcaTh MOJICKYJISIPHBIC M WOHHBIC YPaBHEHUS PEaKIMi B3auMOJICH-
CTBUSI KOMIUJIEKCHBIX COCAMHEHUN ¢ 0O0pa30BaHMEM OCAJKa - B OJHOM
cinyuae AgCl, a B apyrom - BaSOa.

155. Onpenenuth 3apsia KOMILIEKCOOOpa3oBaTesisi U Ha3BaThb KOM-
miekcHbie coemuHeHus: a) Cuz[Fe(CN)g]; 6) [Ag(NH3):]JCl; B)
[Co(NH3)3(NO2)3]; 1) Naz[PtCla].

156. HazpaTb kaxjoe u3 cieayromux coeaquaennii: a) Kz[Ni(CN)s];
0) [Cr(NH3)4(SCN)CI|NOs3; B) [Pt(NH3)2(H20)2Br2]Clz; 1) K4[CoFs].

157. U3 pactBopa xomiuiekcHoi conu PtCls - 6NH3 HuTpat cepedpa
OCakJaeT BECh XJIOP B BHJIE XJOopHaa cepedpa, a M3 pacTBOpa COJIH
PtCl4-3NH3 - Toapko Y4 yacTh BXOMSIIETO B €ro cocTaB xjopa. Hamucats
KOOPJAMHAIIMOHHBIE (DOPMYJIBI 3TUX COJIEH, ONPEACTUTh KOOPIUHAIIMOH-
HOE YKCJIO TIJIaTUHBI B KKJION U3 HHX.

158. Koopaunanuonnoe uuciao Os*' u Ir** pasno 6. CoctaButh KO-
OpJVHAIIMOHHBIC (JOPMYJIBI U HAMMKCATh YPaBHEHMSI JUCCOITMAIIUM B pac-
TBOPE CIIECIYIONINX KOMIUIEKCHBIX COEIMHEHUN ATUX METAJLJIOB:

a) 2NaNO2-OsCls; 6)Ir(SO4)2:2KCl; B) OsBrs-Ca(NO3)2; 1) 2RbCI-IrCla.

159. HanucaTte koopAMHAIIMOHHBIE (POPMYJIIBI COCTUHEHUI
a) Co(NO2)3-:3KNOz; 6) Co(NO2);-KNO2-2NH3; B) CoCl3-3NH3, ecnu
KOOPAMHAIMOHHOE Ynciio KobanbTa 6. COCTaBUTh YpaBHEHUS JUCCOIHU-
aIliy ATUX COCTMHCHUH.

160. HmxenpuBeieHHbIE MOJIEKYJIAPHBIE COCTMHEHUS TIPEICTABUTH
B Buje KomruiekcHbiX cosei: a) KCN-AgCN; 6) 2KCN-Cu(CN)z; B)
Co(NO3)3'6NH3; 1) CrCl3-6H20; m) 2KSCN-Co(SCN)2; e) 2KI-Hgls.
Hamnucats ypaBHEHUS JUCCOIMALIUM STUX COJIEH B BOAHBIX pacTBOpax.
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KAYECTBEHHBIE PEAKIIHH HA AHUOHBI

TEOPETHUYECKOE BBEJ[EHHUE

AHHOHBI KJIACCU(PUIUPYIOT MO PACTBOPUMOCTH COJICH, JUOO IO
OKHCITUTEIbHO-BOCCTAHOBUTEIbHBIM CBOMCTBAM. Tak MHOTIME aHUOHBI
(SO4*, SO3*, CO3?%, Si03%, F, PO4*, CrO4>” u 1ap.) UMEIOT IPYIIIIO-
Boi peareHT BaCl: B HelTpanbHON UM CIa0OKUCIION cpefie, T.K. COJU
Oapusi U TUX aHUOHOB MaJO PaCTBOPUMBI B Boje. ['pynmnoBbsIM peareH-
tom Ha nonsl CI-, Br-, I, SCN-, CN, S? u ap. cayxur AgNOs.

Jns anmonoB S, SO327, NO2~, C204%", urparomux poJib BOCCTaHO-
BUTEJICH, TPYNIIOBBIM peareHTOM OyaeT nepManranatr kaius KMnOs B
KUCHIOU cpene. ['pynnoBbIM MPU3HAKOM SIBIISIETCA OOECIIBEYMBAHUE pac-
TBOpA.

OTnenbHbIE HOHBI MOTYT OBITH OOHAPY>KEHBI C TOMOIIBIO TEX WU
WHBIX crienuduueckux peakuuii. Hampumep, npu AeiicTBUM HA aHUOHBI
CO3?” CUIBHOU KUCIIOTHI IPOTEKAET PEAKIIUS C BBIIEIEHUEM I1y3bIPHKOB
muokcuaa yriepoaa COz. Cynbpua-uoH npu ASHCTBUU CUIIBHBIX KUCTIOT
MEPEXOAUT B CEPOBOJOPOIAHYIO KUCIOTY, KOTOpas BBIJEISAETCS U3 pac-
TBOpa B BUJIe ra3000pa3Horo cepoBogopoaa HsS.

I[TPUMEPHBI PEIHEHW A 3AJ1AY

Ilpumep 1. Kakue BemecTBa MOKHO B3SIThb MPU BBINIOJHEHUH CliE-
nyromux peakuuii: H + S = HST; Ag™ + ClI- = AgCl]; Ba* + S04 =
BaS04]?

Pewenue. OOHapy»)eHUE aHUOHOB IPOBOJAT B PAaCTBOPE, CIIEIOBA-
TEJLHO, UCXOHBIC BEIIECTBA JOJKHBI ObITh PACTBOPUMBIMHU CUIBLHBIMU
aNieKTposiuTaMu. B pesynpTare peakiuu oOpasyercs OCaJoK WM Tas3,
3HAYUT, BTOPOE 00pa3yIoIIeecs BEMIECTBO TAKKE JOJKHO OBITh pacTBO-
pPUMBIM CWIBHBIM 3jiekTposnuToM. Hampumep, HCI + NaxS = HoStT +
2NaCl; AgNOs + NaCl = AgCl| + NaNOs; BaClz + NaxSO4 = BaSO4| +
2NaCl.

IIpumep 2. Ilpu neiicTBUM HUTpaATa cepedpa Ha UCCIEAYEMBbI pac-
TBOP BBIMNAJ OCAJ0K KeNToro 1eera. Kakue aHMOHBI MOXKET COJIEpKaTh
HCCIIEAYEMBIA paCcTBOp?

Pewenue. Katuonsl cepedpa oOpa3yroT KeNThle OCaIKH MPU B3au-
MOAENCTBUH C OPOMUL-, HOJUM-, XPOMAT-UOHAMMU.

3AJAUN U YITPAXKHEHUA 1JIA CAMOCTOATEJIBHOI'O PEHIEHU A
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161. HanucaTth MOJICKYJISIpHBIE WU MOHHBIC YPAaBHEHUSI TPEX PEaAK-
1M, TO3BOJISIONINX OOHAPYKHUTh B paCTBOPE HOHEI SO42~.

162. Kakne BeniecTBa MOKHO B3SIThb IIPU BBINIOJHEHUU CIIEAYIOIIUX
peaKIuii:

Ag"+ S = AgS|; Ba** + COs?> = BaCOs|; H' + COs?>” = H,0 + CO»1.

163. Hanmcate MOJEKyISIpPHBIE M HOHHBIE YPABHEHUS TPEX pEAKIUU
o0pa3oBaHus Cyab(aToB Oapus, KaabliUs U CBUHIIA.

164. IIpu ananuse pacTBopa Moj ACMCTBUEM PAaCTBOpPA HUTpATA Ce-
pebpa Beima Oenbiii ocaok. O MPUCYTCTBUU KaKUX aHUOHOB MOXKET 3TO
CBUJETEJILCTBOBATH? [IpuUBECTH MOJIEKYJIApHOE W HOHHOE YpPAaBHEHUS
COOTBETCTBYIOIIEH PEAKIIUM.

165. HammcaTte MOJIEKYJSIpDHBIE WU MOHHBIE YPABHECHUSI TPEX PEAK-
LM, TO3BOJISIONIMX OOHAPYKHUTH B pacTBope HoHbI CO3%".

166. Hanrcats MOJIEKYJISIpHBIC U MOHHBIC YPaBHEHUS PEAKIIUM B3a-
UMOJICHCTBHS pacTBOpa HUTpaTa Oapus ¢ pacCTBOPOM, COACPKAIIUM KO-
el CO32, PO+, SO+

167. Ilox nmeiicTBHEM HUTpaTa cepedOpa Ha UCCIETYyEMbId PacTBOP
oOpasyetcs 4yepHbIi 0caoK. O MPUCYTCTBUU KAKUX aHHOHOB MOYKET 3TO
CBUJETEJILCTBOBATH? [IpuMBECTH MOJIEKYJIApHOE W HMOHHOE YpPAaBHECHUS
COOTBETCTBYIOIIEH PEAKIIUU.

168. Kakue BemiecTBa MOKHO B3SITh IPU BBIMOJIHEHUN CIIETYOIINX
peaKIii:

a) Zn** +S* =7ZnS|; 6)2Ag" + CrO4> = Ag:CrOs];

B) 2H" + SO3*” = SO»21 + H20.

169. [Ipu ananu3e pacTBOpa yCTAHOBJICHO, YTO 00pa3yeTCs KEIThIM
OCaJI0K TO/JT ICCTBUEM U pacTBOpa HUTpaTa Oapusi, U pacTBOpa HUTpATA
cepeOpa. Kakoli aHmOH MOXeT MpUCYTCTBOBaTh B pacTBope? [IpuBectu
MOJICKYJISIPHBIE U1 MOHHBIE YPABHEHUS COOTBETCTBYIOIINX PEAKIIUMN.

170. HanmcaTte MOJICKYJSIPHBIE W MOHHBIC YPABHEHUSI TPEX PEAK-
LM, C TOMOIILI KOTOPBIX MOKHO OTKPBITh HOHBI S%°.

171. Kakve W3 NEpeUrCIICHHBIX PEAaKTUBOB MOHO MCIIOJb30BaTh
JUIsl KQa4eCTBEHHOI'O OIpeJeseHns KapOOoHAT-MOHOB: HUTpaAT cepedpa,
HUTpaT HaTpusi, HUTpAT Oapus? Hamucarh MOJEKYJSpHbIE U HOHHBIE
YPaBHEHHUS PEAKIIHI.

172. KakuM peakTUBOM MOKHO OOHApY>KUTh B pacTBOPE MOHBI XJIO-
pa u 6poma? IIpuBecTH MOJIEKYJISIPHBIE U UOHHBIC YPABHEHUSI COOTBET-
CTBYIOIIINX PEAKIIUHU.

173. Kakol u3 NEpEUUCICHHBIX PEAKTUBOB MOXHO HCIIOJIb30BaTh
JUTsl Ka4€CTBEHHOTO ONpPEACNICHUs CYJIb(UT-UOHOB: HUTPAT KaJusi, HUT-
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paTt Hatpus, HUTpaT Oapus? Hamucatb MOJIEKYJISIpHOE U MOHHOE YpaB-
HEHUS PEAKIUU.

174. IIpu nobGaBieHUU pacTBOpA KUCIOTHI K aHAIM3UPYEMOMY pac-
TBOpPY HaOMIOJaeTca BbIACIeHUE ra3a. Kakue aHMOHBI MOTYT COAEp-
*KaTbcsl B pacTBope? [IpuBecTr ypaBHEHUSI COOTBETCTBYIOIIUX PEaKIIUH.

175. Kakol u3 NEepEeUnCICHHBIX PEAKTUBOB MOXHO HCIIOJIb30BaTh
JUISl KAYECTBEHHOT'O ONpeeeHUs Cyb()aT-uOHOB: HUTPAT Kajaus, HUT-
par HaTpus, HUTpaT Oapusi? HamucaTe MOJEKYJISIpPHOE U MOHHOE ypaB-
HEHHUS PEAKIUU.

176. IIpu aHanu3e pacTBOpa yCTAaHOBJIICHO, YTO IO/ JICICTBUEM pac-
TBOpa HUTpara Oapusi oOpazyercss Oeblii 0CajoK, a MPU B3aUMO/ICH-
CTBHUM pPAacTBOpa C MOJKHUCICHHBIM PAacTBOPOM II€pMaHTraHaTa Kalus
HaOmroMaeTcs ero odeciBeurBanue. Kakue aHMOHBI MOTYT MPUCYTCTBO-
BaTh B pacTtBope? [IpuBecTH ypaBHEHUSI COOTBETCTBYIOIINX PEAKIIHIA.

177. Kakoif U3 mepedyucICHHBIX aHMOHOB MOXXHO OOHApPYXHUTH C
MIOMOIIBI0 TOAKHUCIECHHOTO pacTBOpa I€pMaHraHata Kajus: HUTpAT-,
cynbdar-, kapooHat-, cynbpua-uonbl? Hamucats ypaBHEHUE COOTBET-
CTBYIOIIECHU PEAKIIUHU.

178. Ilpu anamusze pacTBOpa YyCTAaHOBJICHO, YTO MPH B3aWMMOJECH-
CTBHM C HUTPATOM cepedpa 00pa3yeTcst YepHBIM 0Caj0K, a MoJ1 ICHCTBU-
€M TMOAKUCIECHHOIO0 pacTBOpa MepMaHraHara Kajausi HaOnrogaercs obec-
IBEUMBaHUE pacTBOpa. Kakoi aHHMOH MOXET MPUCYTCTBOBAThH B PacTBO-
pe? [IpuBecTr ypaBHEHUS COOTBETCTBYIOIINUX PEAKIIUH.

179. Kakune BeuiecTBa MOKHO B3SIThb IIPU BBINIOJHEHUH CIIEAYIOIIUX
peakiumii: a) Fe’™ + 3SCN™ = Fe(SCN)3; 0) Agt + I" = Agl|; B) Sr*" +
SO4* = SrSO41.

180. Ha Hanmuue Kakoro MOHa yKa3aBaeT BbIJICJICHUE ra3a MpU J10-
OaBJICHMH CHIBHOM KHCIIOTBI B uccienyembiii pactsop: ClI, NO*,
CO327? Hanucath MOJIEKYISPHOE U HOHHOE YPABHEHUS PEAKIIMH.

3AKJIFOYEHUE

Hacrosiee yueOHO-TTpakTHUECKOE OCOOME 0XBATHIBAET OCHOBHBIE
pa3aesnbl HEOPTaHUYECKOW M aHAIIMTUYECKOW XUMHH, IPEAYCMOTPEHHBIE
JAEUCTBYIOIIMMHU y4€OHBIMU MPOTpaMMaMi IO JaHHOW AUCIUIUIMHE, U

56



IIPEJICTABIACT COOOM MPAKTUYECKOE PYKOBOJCTBO K BBIMOTHEHHIO KOH-
TPOJILHBIX paloT.

Marepuan cucTeMaTU3upoBaH M H3J0XKEH B (Gopme, yIA0OHOU is
U3y4deHUs U ycBoeHwms. Vcmosib3oBaHUE Mocobusi B yueOHOM Tpoliecce
OyJeT crocoOCTBOBATh 3aKPEIUICHUIO TEOPETUYECKUX 3HAHUN 00ydaro-
IIMXCS O XMMHUYECKUX BEIECTBaX, MX CBOMCTBAX, MPEBPAILICHUIX, a
TaK)Xe O SBJICHUAX, KOTOPBIMU COTPOBOXKIAIOTCS MPEBPAIICHHUS OTHUX
BEIIIECTB B Apyrue. BeinonHeHue 3a1anuii, TpeOyeT Cephe3HON PabOTHI C
Y4EOHUKOM U CTUMYJIUPYET CAMOCTOATENIbHYIO paboTy 00ydaromerocs.

[TonydeHHbIE B Kypce XHMHH 3HAHUS HEOOXOIMMBI O0yJarOITAMCS
MIPU U3YUYCHHUH TMTOCICAYIOIMINX KYpPCOB, TAKUX KaK CONMPOTUBIIEHNUE MaTe-
pHaJoB, TEOPETUYECKUE OCHOBBI PA3TUYHBIX TEXHOJOTHUYECKUX MPOIIEC-
COB B DJICKTPOTEXHHUKE, YHEPreTHKE, MAIIMHOCTPOSHUU, B CTPOUTEIIb-
CTBE, a TaK)K€ B arpapHbIX CHEIUAIBHOCTAX U JPYTHX HAMPABICHUSIX
MOATOTOBKH 0aKajaaBpOB.
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[TPUJIOXEHHUE

Tabnuya 1
CrangaprHble 3HTaAbIMU 00pa3oBanus (AH®295), suTpOnNM (AS°298) M 3HEp-
ruu I'n606ca oopazoBanus (AG°29s) HekoTOpBIX BenlecTB npu 298 K (25 °C)

BeiecTBo AH®298 AS°®298 AG®298
KK/ M0JIb Jox/monb K KK/ MOJIb
Al (k) - 28,32 -
ALO;s (k) -1676 50,9 -1580
C(rpadur) - 5,7 -
CO (1) -110,5 197.,5 -137,1
COz2 (1) -393,5 213,7 -394 4
CH4 () -74.9 186,2 -50,8
C:Ha (1) 226,8 200,8 209,2
C2H4 (1) 52,3 2194 68,1
CH30H(x) -238,6 126,8 -166,23
C2HsOH(r) -235.3 278 -167.,4
CaCOs (k) -1207,1 92,9 -1128,7
CaO (k) -635,5 39,7 -604.,4
CaC: (k) -62,7 70,3 -67,8
Ca(OH)x (k) -986,2 83,4 -898,5
CuO (k) -162 42,6 -129.4
Fe (k) - 27,2 -
FeO (k) -264,8 58,8 -244.3
Fe20s (k) -822,2 89.9 -740,8
H: (1) - 130,6 -
H20 (1) -241,8 188,7 -228,6
H>O (k) -285,8 70,1 -237,3
H3PO4 (k) -1279,9 110,5 -1119,9
NH; (1) - 46,2 192.,6 -16,7
NH4NOs3(k) -365,7 151,1 -183,9
NO (1) 90,3 210,6 86,7
NO2 (1) 33,5 2404 51,84
N20(1) 82,1 220 104,2
O2 () - 205 -
PCl; (1) -277 311,7 -286,3
PCl;s (1) -369.,4 324.,6 -362,9
P20s (k) -1492 114,5 -1348.8
PbO: (k) -276,6 76,4 -219
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Tabnuya 2

Ils10THOCTH pacTBOpPAa COJISIHOI KNCJ0ThI pu 15 °C

[InoTHOCTH p, T/MI

MaccoBast 101 KHCIOTHI @,

%

1,100 20,01

1,105 20,97

1,110 21,92

1,115 22,86

1,120 23,82

1,125 24,78

1,130 25,75

1,135 26,70

1,140 27,66

1,145 28,61

1,150 29,57

1,155 30,55

1,160 31,52

1,165 32,49

1,170 33,46

1,175 34,42

1,180 35,39

1,185 36,31

1,190 37,23

1,195 38,16

1,200 39,11

Tabruya 3
3HadeHHUA IEKTPOOTPHIATEILHOCTEH BaXKHEHIIUX 2J1EMEHTOB

2
Li Be B C N 0 F
0,98 1,5 2,0 2,5 3,07 3,5 4,0
Na Mg Al Si P S Cl
0,93 1,2 1,6 1,9 2,2 2,6 3,0
K Ca Ga Ge As Se Br
0,91 1,04 1,8 2,0 2,1 2,5 2,8
Rb Sr In Sn Sb Te I
0,89 0,99 1,5 1,7 1,8 2,1 2,6
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Tabnuya 4

CrangapTHble 2JIeKTPOaHbIe NOTeHUHAJBI ((J0) mpu 25 °C u 3j1eKTpoa-

HbIC PCAKIIUA TJIA HEKOTOPLIX METAJLJIOB

Onektpon [Onektpoanas |[lo, B |9nekrpon |[Onektponnas |[Jo, B
peaxknus peaxkmys
Li+/L1 Li++&é=L1 [-3,045 |Cd2+/Cd |Cd2+ +2& = Cd|-0,403
Rb+/Rb |[Rb++&=Rb |-2,925 |Co2+/Co |Co2+ +2& = Co|-0,277
K+/K K++e=K [-2,924 [Ni2+/N1 |Ni2+ + 2& = Ni|-0,250
Cst/Cs |Cst+&=Cs [-2,923 [Sn2+/Sn |Sn2+ +2& =Sn|-0,136
Ba2+/Ba |Ba2+ +2e=Ba|-2,906 [Pb2+/Pb |Pb2+ +2€ =Pb |-0,126
Ca2+/Ca |Ca2+ +28=Cal-2,866 |Fe3+/Fe |Fe3++ 3€=Fe|-0,036
Na+/Na [Nat++&=Na |-2,714 [2H+/H2 |2H++2&=H2|0,000
Mg2+/Mg Mg2++28=Mg|-2,363 Bi3+/Bi1 |Bi3+ + 3¢ = Bi|+0,215
A13+/A1 |Al3++3&=Al|-1,662 |Cu2+/Cu |Cu2+ +2& = Cul+0,337
Ti12+/T1  |Ti2++2e=Ti|-1,628 |Agt/Ag |Agt+¢E=Ag |+0,799
Mn2+/Mn [Mn2++2e8=Mn|-1,180 |Hg2+/Hg |Hg2+ +2¢&= Hg|+0,854
/n2+/Zn |Zn2+ +2&= Zn|-0,763 |Pt2+/Pt  |Pt2++ 28 =Pt |+1,190
Cr3+/Cr |Cr3++3e =Cr|-0,744 |Au3+/Au |[Au3+ +3e= Au|+1,498
Fe2+/Fe |Fe2++2€ =Fe|-0,440 |Au+/Au |Aut++&=Au |[+1,691
Tabnuya 5
KavecTBeHHbIEe peaKIHM HA KATHOHBI M AHHOHBI
Katnon XapakTepHbIE peakuu
Ag*
© AgNOs3 + NaCl = AgCll + NaNOj3
Brimagaet ocanok 6esoro nsera.
2AgNOs3 + Na;CrO4 = AngrO4l + 2NaNO3
Brimagaet ocaok KenToro npera.
Pb2+
Pb(NO3)s + 2KI = Pbl+ + 2KNO;
Brimmagaer ocagok xenToro nBsera.
Ba?*
BaCl, + NaxCrO4 = BaCrO4l+ 2NaCl
Beimagaet ocasok 6e5oro mpeTa HEPaCTBOPUMBIN B YKCYCHOM KHUC-
JI0Te.
Ca2+ o
CaClz + H2C204 HCaCz(Ml + 2HC1
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Beimmazaer ocagok 0eoro nsera.

A13+

Alx(S04)3 + 6NaOH(HenocTatok) = 2A1(OH)31 + 3Na>SO4
Brmamaer ocanok 6enoro nera.
Al(OH)3 +3NaOH(u36s1ToK) = Nas[Al(OH)e]

OC&I[OK PaCTBOPACTCA B U30BITKE pacTBOpa mMCIIOYH.

Na3[Al(OH)s] + NH4Cl(nac.p-p) ® Al(OH)gl + NH; + NaCl +
NaOH

BHOBB BBIIIagacT OCaaOK 0esoro OBCTA.

Zn2+

ZnS0O4 + 2NaOH(negocraTok) = Zn(OH)zl + NaxSOq4

Brmanmaer ocamnok 6enoro nera.

Zn(OH); + 2NaOH(u36s1TOK) = Naz[Zn(OH)4]

Ocanok pacTBopsieTCsl B U30BITKE pacTBOPA MIEIIOYH.

Nay[Zn(OH)4] +4NH4Cl(nac.p-p) = [Zn(NH3)4]Clx+ 2NaCl + 4H>O

He wnaGmiomaercst BbIlIafieHUE Ocajka — ITOW peaKIHMed KaThOH
Zn*" ornmuaercs ot katruona Al**.

CI.3+

CrClz + 3NaOH(uenocratok) = Cr(OH)gl + 3NaCl
Brimamaer ocaiok 3e1eHOTO IIBETA.
Cr(OH)3 + 3NaOH(u36b1ToK) = Na3[Cr(OH)e]

OC&I[OK PaCTBOPACTCA B U30BITKE pacTBOpa mMCIIOYH.

F e2+

FeSO4 + 2NaOH = Fe(OH)zl + Na2SO4
Brimamaet ocanok 6enoro mpera.

4Fe(OH)2 + Oz + 2H20 = 4Fe(OH)3

Ocanok OypeeT Ha BO3yXe€.

FeSO4 + Ks[Fe(CN)g] = KFe[Fe(CN)s] ++ K2SOs

Brmagaetr ocagok CUHETO 1IBETA.

Fe3+

FeCl; + K4[Fe(CN)s] = Kfe[Fe(CN)s] l+ 3KCl

BbmazxaeT 0CaJOK CMHCT'O IIBCTA.
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FeCls + 3NH4CNS = Fe(CNS)s + 3NH4CI

Ponanun xenesa(Ill) — remHO-KpacHOTO 11BETA.

2+
Cu CuSO4 + 4NH4OH = [Cu(NHs)4] SO4 + 4H,0
OO6pa3yercs KOMIUIEKCHAs COJIb (PMOJICTOBOTO IIBETA.
NH4+ f"
NH4Cl + NaOH 4>NH3T + NaCl + H,O
Onrymaercss HENPUATHBIN 3anax.
CO32'
NaxCOsz + 2HCl = COzT + 2NaCl + H,O
SiOs*
Na»S103 + NH4OH = HzSiO3l + NH4Cl1
Breimmagaer B ocaiok reiab KPEMHUEBOU KUCIIOTHI.
Cl
KCl+ AgNO; = AgCll + KNOs
BrinmagaeTr ocagok 0€JIoro 1BeTa.
AgCl + 2NH4OH = [Ag(NH3):]C1 + 2H>0
Ocanok pacTBopsieTcsl B U30BITKE pacTBOpPa aMMHUaKa.
I
2KI + Pb(NO3), = PbIzl + 2KNO;
BrimmagaeT ocagok KeJnToro 1BeTa.
SO42'
NaSO4 + BaCl, = BaSO4l + 2NaCl
BrinagaeTr ocagok 0€JIoro mBeTa.
S?
NasS + 2AgNO; = Ag:St + 2NaNO;
Brimamaer ocaiok uepHOro mpeTa.
CH3;COOr

2CH3COONa + H2SO4 = 2CH3COOH + NaxSOq4

Omuryuraercs 3anax yKCyCHOM KHUCIIOTHI.
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	Классификация оксидов
	Скорость химической реакции
	Соли, образованные сильным основанием и слабой многоосновной кислотой, гидролизуются ступенчато. Гидролиз протекает в значительно большей мере по первой ступени, что приводит к образованию кислых солей:
	Окислительно-восстановительные реакции
	Составляем электронные уравнения процессов окисления и восстановления, определяем окислитель и восстановитель:
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