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PA3JIEJIBI KYPCA « XUMMH A »

1. OcHOBbI XMMHMYECKOH TEPMOAUHAMHUKHU. JHEPreTuKa (PU3NMKO-XUMHUYECKUX
MpoLEeCcCOB, HANMPABJIEHUE UX NMPOoTeKaHusl. OCHOBHBIC MOHATHA U ONPEIACICHUS XU-
MUYECKON TEpMOJUHAMUKU. BHyTpeHHss1 sHeprus, TeruioTa, pabota. IlepBwiii 3akoH
TEPMOJIMHAMUKUA W €ro MPUMEHEHHE K PazIUYHbIM (DPU3UKO-XUMHUYECKUM MPOIIECCaM.
TermoBeie 3 dekThl (GU3NKO-XMMHUSCKUX MporeccoB. 3akoHbl ['ecca u JlaByasbe-
Jlanmaca. 3aBUCMMOCTB TEIIOBBIX 3PPEKTOB OT Temneparypbl. Y paBHenue Kupxroda.

BTopoii 3akoH TepMOJUHAMHUKUA. DHTPOIHS U €€ PacyeT B Pa3IUYHBIX TEPMOIU-
HAMUYECKHX Mpoleccax. TepMoauHaMUYecKuii n300apHbIA U U30XOPHBIN MOTEHITHA-
Jbl KaK KPUTEPUU HAMNPABICHHOCTH NPOLECCOB. TepmMoamHamMuyecKkas COBMECTH-
MOCTh MaTepHayioB. XapaKTEepPUCTUUECKHE TepMoauHaMuyeckue (QyHKIUU. OTKpHI-
ThI€ CUCTEMbl. XMMUYECKUN MOTEHIMAT — KPUTEPUN NPOTEKAHUS MPOIIECCOB B OT-

KPBITBIX CUCTeMaxX U (pa30BOTO paBHOBECHS.
TerutoBas Teopema HepHuera. [loctynar [limanka. Tpetuit 3ak0H TEpMOAMHAMUKH.

TepMO)II/IHaMI/IKa XUMHNYCCKOTO PABHOBCCHA. TepMO,ZII/IHaMI/I‘ICCKI/Iﬁ BBIBOJl KOH-

CTaHThI paBHOBECHS. Y PaBHEHUS U30TEPMBbI, H300aphl, U30XOPHI.

2. ®a3oBble paBHOBecHusi. DU3MKO-XUMHYECKUI aHanau3. Imarpammsbl co-
CTOSIHUSI OJIHO- M JIBYXKOMIIOHEHTHBIX cHCTeM. TepMoIMHaMUuecKue yciaoBus Qa-
30Boro pasHoBecusi. Da3zoBble mepexonbl MEPBOrO U BTOPOTO pPoja. YpaBHEHUE
Knaysuyca-Knaneiipona u npuMenenne ero k (a3oBbIM MepexojaM MEepBOro Poja.
3akon pacnpenenenuss Hepucra-Ilunosa. Koadpuuuent pacnpenenenus u koshdu-
LUEHT Cerperaiuuu. JKCTPaKIUs.

KommiekcHbIf (PU3NKO-XUMUYECKUM aHAJIN3, €r0 OCHOBHBIC MPUHIIUIIEL. [IpaBuio
(a3 'nb06ca. P — t quarpamMMbl 0THOKOMIIOHEHTHBIX CUCTEM.

Tepmorpaduuecknii ananm3. OCHOBHBIC BHJIBI JHArpaMM ILIaBKOCTH. Jlmarpam-
MBI COCTOSTHUSI OMHApHBIX CHCTEM C MPOCTON IBTEKTHUKOM, MpaBWio phluara. Jlua-
IPaMMBbI [JIABKOCTU C JUCTEKTUKOU, NEPUTEKTUKON. IBTEKTUUECKUE U MTEPUTECKTUYE-

CKHEC auarpamMmel C o01acTIMHU TBEPABIX paCTBOPOB. I[I/Ial“paMMBI IIJIaBKOCTH C 06pa-



30BaHHEM TBEPJbIX PACTBOPOB HEOIPAHWYECHHOM pPAaCTBOPUMOCTHU. [narpammel co-

CTOSAHUA ITOJTYIIPOBOAHHUKOBLIX CUCTEM, 0COOEHHOCTH UX IMOCTPOCHUA.

3. Ku"eTuka U TepMOAMHAMMKA JIEKTPOXUMHYECKHUX NpoueccoB. CylHOCTh
ANEKTPOXUMHUYECKUX MPOLIECCOB M YCIOBUS UX MPOTEKAaHMS. DIEKTPOJHBIE MOTEH-
nuanel. Kiaccuduxanus 31eKTpoJoB U pacdyeT UX MOTEHIMaNoB, ypaBHeHHe HepH-
cra. ['anbBaHMYECKHE 3JIEMEHTHI, IPUHLUI IEUCTBUS U OCHOBHBIC XapaKTEPUCTHUKH.
XUMHUUYECKHE U KOHIICHTPALIMOHHBIE TAIIbBAHUYECKUE 3JIEMEHTHI. SIBIEHUS MOJISIPU-
3alMU U IETOJISIPU3AlMU B TAJIbBAHUYECKUX DJIIEMEHTAX.

DIIEKTPOIU3 BOAHBIX PACTBOPOB U PACIIABOB AJICKTPOJIUTOB HA MHEPTHBIX U aK-
THUBHBIX 3JIEKTpoJax. CKOPOCTh MPOTEKAHUS MPOLECCOB IEKTPOJIN3A, MOIAPU3ALU
Y TIEPEHAIPSKEHUE TIPU 3JIEKTPOJIN3€E. 3aKOHBI SJIEKTPOIIU3a.

XHUMHUYECKAS U DIEKTPOXUMHUUYECKAsA KOPPO3Us, MEXaHU3M UX POTEKaHUs. AKTH-
BAaTOpPbl U MUHTUOUTOPHI KOoppo3uu. CrocoObl 3allUThl OT KOPPO3UM: JETHPOBAHUE,
MOKPBITUSA, DIEKTPOXUMUYECKAE METOBI.

[IpumeHeHne ANEKTPOXUMHUYECKHX MPOLIECCOB B TEXHUKE. XUMHUUYECKUE UCTOUYHUKHU
TOKA: IEPBUYHBIC, AKKYMYJIATOPBI, TOIUIMBHBIE 3JIEMEHTHI. [loydeHne ralbBaHOMOKPHI-
TUH, AIEKTpOpaPUHUPOBAHNE, AHOTUPOBAHKE, KATOTHOE M aHOTHOE TPaBJICHHUE.

4. XuMusi KOHCTPYKIMOHHBIX MaTepuaaoB. MeTaiuibl, Kiaccupukauus Uux 1o
nepuoanyeckoi Tabnuie. OCOOEHHOCTH CTPYKTYPHBI, THUITBI KPUCTALTUISCKUX pelie-
TOK, n3omMopusm u nonmumopdusm. O0mue puznueckne U XUMHUYECKHE CBOMCTBA.
Jlerkue u TsKENbIE KOHCTPYKIMOHHBIE METAJUIBI, UX IPUMEHECHUE B TEXHUKE.

DneMEeHTapHBIE W CIIOKHBIC MOTYIIPOBOJIHUKH, UX KIACCU(PUKAIMS TI0 TTEPUOIH-
yeckoi Tabsmie. XUMHUYECKasl CBSI3b B DJIEMEHTAPHBIX U CIIOKHBIX MOJYIPOBOIHU-
kax. KpeMHH#1 1 repMaHuil, iX HaxXO0XJICHHUE B MpUpoe. MeToabl MoJy4yeHus: repma-
HUSL U1 KPEMHUS BBICOKON YUCTOTHI. DU3NYECKME U OCHOBHBIE XUMHYECKUE CBOWCTBA
KpPEMHHUS, TE€pPMaHUs, HUX COCAUHCHUN U TNPUMEHEHHE B TeXHUKE. DHU3UKO-
XUMHUYECKUE METOJbl 00pa0OTKH IMOBEPXHOCTU MOMYHIPOBOAHUKOB. XUMHUYECKOE

TpaBJICHUE.



TEMBI IPAKTHYECKHX 3AHATHH

1. TermoBsie 3¢ eKTbl HPU3UKO-XUMHUECKUX MPOIIECCOB.
2. DHTpPOIUS U €€ U3MEHEHHE B PA3IMUHBIX (PU3UKO-XUMHUYECKUX MPOIIECcCax.

3. HanpaBneHHOCTh MpOTeKaHUsI PU3NKO-XUMUYECKUX TpoueccoB. [Ipenen u riy-

OHMHA UX MMPOTEKAHMS.

4. ®dazoBeie paBHOBecHs. [locTpoeHue auarpaMM COCTOSIHUSI ABYXKOMIIOHEHTHBIX

cucrem. [Ipasuiio a3z I'n66ca.
5. DnekTpoaHble MOTeHIUaNb!. ["anpBaHNYECKNE SJIEMEHTHI.
6. DNeKTPOJIN3 BOJHBIX PACTBOPOB M PACIIIIABOB AJIEKTPOIUTOB. 3aKkoHbl Dapases.

7. Koppo3ust MeTasioB 1 METOABI 3a1IUTHI OT KOPPO3HUH.

HAUMEHOBAHHUA IABOPATOPHbBIX PABOT

1. Onpenenenue TEmIOBBIX 3PPEKTOB PUINKO-XUMUUYECKUX MTPOLIECCOB PaCTBOpE-

HUS COJIEH.
2. ®azoBbie paBHOBecHs. [locTpoeHre quarpaMm IJIaBKOCTH OMHAPHBIX CHCTEM.
3. DIEKTPOXUMHUYECKUE TIPOIIECCHI U SIBJICHUS.

4, QHGKTPOXI/IMI/I‘IGCKEIH KOppOo3u:A MCTAJUIOB U MCTOJbI 3allTAUTBI OT KOPPO3HUHU.



TABAHLA BAPHAHTOB
HHITHBHIYAIbHBIX 3AJAHHH

No Ttembl
No BapuanTa
1 2 3 4 5 6 7 8 9
1 8 21 | 60 | 71 81 120 140 150 161
2 7 35 | 46 | 74 82 119 139 151 179
3 4 34 | 53 | 68 83 115 138 152 166
4 15 | 32 | 43 | 67 84 101 137 153 172
5 17 | 30 | 48 | 75 85 105 136 154 165
6 13 | 27 | 55 | 62 86 108 135 155 177
7 S 40 | 47 | 70 87 109 134 156 164
8 6 36 | 42 | 72 88 117 133 157 168
9 12 | 28 | 44 | 73 89 101 132 160 171
10 11 | 25 | 49 | 80 90 102 131 158 170
11 1 29 | 50 | 63 91 103 130 159 176
12 2 31 | 52 | 79 92 104 129 155 163
13 18 | 26 | 58 | 66 93 105 128 160 169
14 19 | 22 | 54 | 78 94 106 127 154 167
15 9 38 | 57 | 61 95 107 126 157 175
16 14 | 33 | 45 | 77 96 108 125 147 162
17 20 | 37 | 51 | 64 97 109 124 155 178
18 3 23 | 56 | 76 98 110 123 152 173
19 10 | 24 | 59 | 65 99 111 122 151 174
20 16 | 39 | 41 | 69 100 112 121 160 180
21 13 | 21 | 60 | 70 85 113 133 150 163
22 1 34 | 48 | 75 89 114 140 149 168
23 9 39 | 58 | 61 87 115 130 148 165
24 12 | 25 | 43 | 71 84 116 128 147 178
25 10 | 40 | 52 | 80 86 117 137 146 180
26 19 | 32 | 53 | 79 87 118 135 145 161
27 20 | 21 | 50 | 66 94 119 127 144 162
28 4 25 1 49 | 72 93 120 126 143 179
29 6 27 | 51 | 80 99 113 136 142 175
30 8 23 | 57 | 79 91 102 139 141 167




1. llepBblii 3aK0H TepMoaMHAMUKHU. TenaoBbie 3¢ PeKTHI
GU3UMKO-XMMHYECKHUX NMPOLECCOB

[Iporekanue GU3NKO-XMMHUYECKUX MPOLIECCOB COMPOBOXKAAETCS, KaK MPaBUIIO, U3-
MEHEHUEM BHYTPEHHEU SHEPTuu.

BuyTtpennsist s3neprus (U) Birodaetr oOIIUil 3armac SHEPTUU CUCTEMBI, KOTOPBIM
CKJIQ/IbIBAETCSl U3 KUHETUYECKOW M IMOTEHLHAJIbHOW 3HEPIMHM BCEX YACTHUL, COCTAB-
JSIOMUX cucteMy. AOCONIOTHOE 3HAYeHHE BHYTPEHHEW HHEPIUU OIPENeIUTh He
IIPEJICTABIISIETCS. BO3MOXKHBIM, HO MOXHO BBIYMCIUTH €€ u3meHenue (AU ) npu nepe-
xone cucremsl u3 cocrosHus 1 (U,) B cocrosnue 2 (U,): AU=U, —U,. IIpu srom

AU He 3aBHCHUT OT MyTH U crnocoba mepexoja, T.e. sBisiercd QyHKUUEH COCTOSHUS.
W3MeHeHre BHYTPEHHEW SHEPTUHA MOXKET OCYIIECTBIIATHCSA KaK B BUJE TEIUIOTHI, TaK U
B BUJIE paOOTHI.

Temutora (Q) — Mepa nepenayn HEPruM OT OoJiee HArpeToro Tejaa K MeHee Ha-
IpETOMY 3a CYeT pasHocTh Temreparyp. Padora (A) — Mepa mepenadu SHEpruu 3a
CUET IEpEMEILIEHUS] MacC MO/ IEHCTBUEM KakuX-I10o cui. Termiora u paboTa 3aBUCST
OT crioco0a MpoBeAECHUS Mpoliecca, CIIe0BAaTENbHO, HE SBISIOTCS (PYHKLIUSMHU COCTOSI-
HUSL.

BHYTpEHHIOIO 3HEPIUI0, TEIJIOTY M padOTy BBIpAXAOT B JKOYIsIX ([Ixk), kuio-
moxoyisx (kJx).

B3aumocBs3b Mex 1y BHYTPEHHEN SHEPrUeil, TEIJIOTON U pabOTON yCTaHABIUBAET-
Csl EPBBIM 32KOHOM TEPMOAMHAMHUKH: MOJABOAMMAs K CHCTEMe TelI0Ta PacXoay-
eTcsl Ha u3MeHeHue BHyTpeHHell sHeprun (AU) U Ha coBeplIeHHe cUCTeMOH pado-
el (Al +PAV).

max

!’
Q=AU+A, +PAV, (1.1)
rae PAV __ pa60Ta IIPOTHUB CHUJI BHCIIHCT'O AABJICHUA,
A’ ., — MaKCHMaJbHO HOJIe3Has paboTa, KOTOPYIO MOXKET COBEPILINTH CUCTEMA

IpU MIPOTEKAHNUHU B HEM CAaMOITPOM3BOJIBHBIX MPOIIECCOB.

JIJis XUMUYECKUX B3aMMOJECHCTBUI Hambosee xapakTepHa padoTa MpOTHB BHEI-
HETO JIaBlieHus, Toria BeipaxkeHue (1.1) MoxHO 3amucath B BUIE

Q=AU+PAV. (1.2)

TenoBbIM 3¢ eKTOM HA3bIBACTCS TEIUIOTA, BBIJICIISIEMAs WIIH TTOTJIONIAEMAast TIPU
NPOTEKaHUU (PU3UKO-XUMHUUECKUX MPOLIECCOB, MPU YCIOBUH, YTO MPOIECC MPOTEKAET
HEOOpaTUMO TP MOCTOSHHOM 00BbEME WM JaBJICHUU M €MHCTBEHHBIM BHIAOM pabo-
THI SIBJISIETCS pabOTa MPOTUB BHEIIHETO 1aBJICHUS.

CootHomienue (1.2) mo3BoJieT onpeAessaTh TemIoBble 3(Q(EKTh pa3InYHBIX MPO-
LIECCOB: MPHU MOCTOSHHOM oOBbeme (V =const ) OH paBeH U3MEHEHHIO BHYTpPEHHeM
yneprum (AU ):



Qy =AU, (1.3)
P MOCTOSTHHOM JAaByieHuH ( P = const ) — u3menenuto snTajabnuu (AH ).
Qp =AH, (1.4)

rnie AH=AU+PAV.

IuTaabnusa (H) — remnocoaep:kaHue MM MOJMHAS JHEPrus PACIIMpPEHHOH
cucTeMbl — SBIAETCA (QYHKUIUEH COCTOSIHUS, UMEET Pa3MEPHOCTh SHEPTUU, OTHECEH-
HoM k 1 Mmoo BemecTBa (JIx/Monb; kJ[>/MoIIb).

B TepMoxumuu A ornpeneneHus: TEIIoBbIX 3P(GEKTOB MOIb3YIOTCS CUMBOJIAMHU
Qv, Qp, B TepmomnHamuke — AU, AH. X 4yucileHHbIE 3HAa4Y€HUs PaBHBI, HO IPOTH-
BOITOJIOXKHBI 10 3HAKY.

[Iponeccel, mpoTeKaromuye ¢ BBIACICHHEM TEIUIOTHI, HA3bIBAKOTCSA IK3OTEPMHUYE-
ckumu AU (AH) < 0, a ¢ nornomennem — 3uaorepmudecknmu AU (AH) > 0.

JI1si KOHAEHCMPOBAHHBIX CHUCTEM (KHUAKOE M TBEPJIOE COCTOSHUE) U3MEHEHHUE
o0beMa HeBelMKo, cienoBarenbHo, AH ~ AU, 1i1g ra3000pa3HbIX CUCTEM

AH =AU + An RT, (1.5)
rie An — W3MEHEHHE YHCIIa MOJIeH ra3000pa3HbIX BEIIECTB, YUACTBYIOIIMX B JIaH-
HOM TIpOIIecCe, TO eCTb An = Z:n’npoZl - Znﬁcx ;
R — ra3oBas nocrosiauas, 8,31 Jlxx/mMonb K;
T— Temmneparypa nmpoTekanus mporiecca, K.

Tak kak TerIoBoM 3PQPEKT 3aBUCUT OT arperaTHOro u (azoBOro COCTOSHUM, TO B
TEPMOJMHAMUYECKUX YPAaBHEHUAX HCIHOJB3YIOTCS OYyKBEHHBIE MHJIEKCHI JAHHBIX CO-
CTOSIHUI: KPUCTAIUTMYECKOTO (Kp), )KUIKOro () U razoo0pasHoro (T).

TerumoBoit apdext npu crangaptHeix yenoBusix (P =101 klla, T =298 K) 3anuckI-
Baercs B Bune AH),, . CTaHnapTHOM SHTanbIuell (TEMIOTOH 06pa3oBaHus CIIOKHOTO
BELIECTBA) HA3bIBAETCS KOJIMYECTBO TEILIOTHI, BBIAEIAEMOE, JIMOO MOTJIOIAEMOe, IPH
oOpa3oBaHuM 1 MOJISL CIOXKHOTO BEIIECTBA U3 MPOCTHIX BEIIECTB MPHU CTAHJAPTHBIX yC-
noBusIX. J{7s1 OOJIBIIMHCTBA CIIOKHBIX BEUIECTB CTAHAAPTHBIE TEIUIOThI 00pa3oBaHUs
MPUBEICHBI B CIPABOYHBIX TaOnumax (mpwi., Tabdia. 1), a ans npocthix BemecTB (O,
Ny, H, ¥ T.11.) — yCIIOBHO IPUHSTHI paBHBIMU HYJIIO.

Pacuerts! TemnoBbix 2 heKTOB OCHOBAHBI HA JIBYX 3aKOHAX:

1. 3akon JlaBya3be-Jlamiiaca — Temjiora o0pa30oBaHUsSl CJIOKHOTO BeleCcTBa
PaBHa 10 a0COJIIOTHON BeJIMYMHE M 00PATHA 110 3HAKY TEIJIOTE ero pPa3jioKeHus.

2. 3akoH I'ecca — Temi0BOI 3pPeKkT Mpouecca He 3aBUCUT OT IYTH €ro Mpo-
TEeKAHMUS U YHCJIA ero CTA[AUIl, a 3aBUCUT OT HAYAJIbHOI0 U KOHEYHOI'0 COCTOSTHUS
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CHCTEMBI, WM CyMMapHbIil TeIUIOBON 3¢ ekt MHOrocTaamiiHoro npouecca (AH,,, )

paBeH aredpanyecKkoi CyMMe TEIUIOBBIX 3G PEKTOB oTAebHbIX cTaguil (AH,), T.e.
AH,,, =2 AH;- (1.6)

N3 3akona ['ecca cnenyer, 4To CyMMapHbIi TemJI0BOH 3PPeKT XMMUYECKOH pe-
AKLIMHU NPH CTAHAAPTHBIX YCJIOBHAX PABEH PA3HOCTH MEXKAY CYMMOH TEIJIoT 00-
Pa30BaHMs NMPOAYKTOB PEAKUHUH U CYMMO# TelIoT 00pa3oBaHUs MCXOJAHBIX Be-
IIECTB € Y4€TOM CTeXHOMETPUYECKHX KO0I(Q(PUIHEHTOB, CTOSIIUX B YPABHCHUH
peakuumn

0o _ ’ 0 1" 0
AHz98 _Z(H AHf,298 )(Hpozt)_z(n AHf,298 )(HCX)’ (1-7)
rne n"un" — CTECXMOMETPHUUCCKHUE Koa(b(bI/IuI/IeHTLI, CTOSIIIIME B YpaBHCHHUU peak-
uu;
AH(f) 203 — CTAHAAPTHBIC JHTAJIBIINHU 06pa30BaHH$I KOHEYHBIX U UCXOIHBIX BE-

mecTB, KJIK/MOIb.

UucneHHoe 3HauYeHue TEIUIOBOro 3p¢ekra 3aBUCUT OT NMPUPOJIbI BEIIECTB, UX ar-
pPEraTHOro COCTOSIHUS, TEMIIEPATYPHI U YHCIIa MOJIEH BEIIECTB, YYAaCTBYIOIIHUX B PeakK-
1017178

3aBucuMOCTh TEmJI0BOro 3¢ dexra oT TeMepaTypbl BIPAKAETCH YPABHEHH-
eM Kupxroga:

AHY = AHYgq + ACY 505 (T —298), (1.8)
rae ACp 295 = (0 Cp 298 Japon) = (0" Cp 298 Jnex) (1.9)

0
Cp 293 — MOIApHBIE H300apHBIE TEIUIOEMKOCTH KOHEYHBIX M MCXOIHBIX BEILECTB,
U3MEpEHHbIC MIPU CTaHAAPTHBIX ycIoBusX, Jx/mMone K (Tabn. 1, mpunoxenue).
IIpn pacuere W3MEHEHHsI TEIUIOEMKOCTH XHMHYECKOW pPEaKIUU (AC(I),) YCJIOBHO

IPUHSATO, YTO TEIJIOEMKOCTh BELIECTB HE 3aBUCHUT OT Temmneparypsl (Cp # (T) ).

lpnmep

Paccunrare TeruioBoit 3(PQeKT peakmum, TPOTEKAIOMEH 10 ypPaBHCHUIO
4HCl 1)+ Oy = 2H,01y+2Clyry ipu Temmnepatype 500 K u nocrostHHoM nanenun. 13-
MEHHUTCS JIM YUCICHHOE 3HAYCHHUE TEIIOBOro 3 deKTa, ecliid PeakIuio MIPOBOIUTH MPHU
noctostHHOM 0o0BbeMe (V =const ) u T =500 K ?
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PeweHune

Ternnooit adpdext peakiuu pu T =500 K paccuntaem no ypasuenuto (1.8), npu
ATOM 3aBUCHMOCTBIO TEIUIOEMKOCTH OT TEMIIEPATyphI IIpeHeOperaeM.

AHJ,, = AH),, + AC} 0o (500 — 298) -

Ucnonb3ys Beipaxenue (1.7) u gannHpie u3 npui., Taba. 1, paccuntaem TemioBon -
dext npu 298 K:

AH?

298

— AH? =

f,298 0,

—4AH?

f, 298 HCI

+2AH?

f,298Cl,

=2AH"

f,298 H,0
=2.(=241,8)+0—4-(-92,3)—0=—114,38 kT .

0
N3menenne termtoemkoctd AC,,,, paccuutaeM 1o ypasHeHuto (1.9) ¢ yderom

JAHHBIX U3 MpUII., Ta0m. 1:

)+ 2C?

P 298 Cl,(

AC} s = 2C)

0 0 _
P 298 H,0(r 4CP 298 HC(r CP 2980, —

=2-33,61+ 2-33,93 —4'29,14—29,37 = —10,85 Jhx / K.

Tornma:

AHJ,, =—114380+(-10,85)- (500 —298) = —116,57 k]I .

Ecan peakuuro mpoBOAXTH NIPH NOCTOSSHHOM 00beMe ( V = const ), To HEOOXOUMO
0
paccuntate AU, . ITonp3yscek BeipaxkenueM (1.5), 3anumem

AU}, = AHY,, —An RT

OnpenenuM W3MEHEHHE 4YHCIAa MOJIEH Ta3000pa3HBIX BEIIECTB B PEAKIUH:
An=4-5=-1. Torna AUy, =-116,57 - ( 1)-8,31-10‘3 500 =-112,42 xJIx .

Orser:

AHJ,, =—116,57 ]I . Ecin peakuuio pOBOJUTE TIPH MOCTOSHHOM OOBEME, TO

TeroBoi s(dext craner papubiv AUY, =—112,42 kJ[x.

MHAMBMAya/\beIe 3aAaHuA

1. BerancnuTe cTaHAapTHYIO SHTAJIBINIO OOpa3oBaHus cynbduma muHKa (ZnS),
WCTIOJNIB3YS CTaH/IAPTHBIE SHTAIBIINKM 00pa30BaHMUs BEIIECTB, €CIIM U3BECTHO, YTO TEIl-
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noBoit ekt (AH),, ) peakiuu
ZZHS(KP)+3 Oz(r) = 2ZHO(KP)+2802(F)

paBeH MuUHYyC 855,86 k/[x .
2. Paccuuraiite TeruioBoit apdext oOpazoBanusi AlF; U3 mpocThIX BEmIECTB MpH
temneparype 500 K n nocrosunom nasnenun. B unrepsane 298 — 500 K C, = f (T) :

3. Beruucnure CTaHIApTHYHO SHTAJIbINIO 00pa30BaHMs Ia3000pa3HOr0 aMMHaKa
(NH;), ucnonb3ysi cTaHmapTHbIE SHTAIBIMU OOpa30BaHUS BEILECTB, €CIM U3BECTHO,
yro  TemnoBod  opdekr  peakuun  4NHj3y1t3051) = 2Ny +6H,Ofy  paBen
AH; | =—-1327,04 k]I .

4.Tlo craHmapTHBIM SHTANBNUSAM OOPa30BaHUsS BELIECTB BBIYMCIUTE TEMIOBON
apdext peakun CaO )3 Cp) = CaCouptCO(ry, MpoTEKaromeil mpu cTaHIapTHBIX
YCIJIOBHSIX.

5. Kakoe cootnomenne AH’ = AU’, AH’ < AU°, AH’ > AU° cnpaBenmmBo s
Ka)KJI0U U3 IPUBEICHHBIX PEAKIUM:

4NH3(1-)+302(F) = 2N2(r)+6H20(F),
Cipt2Ha(r) = CHy,
2SOQ(F)+02(F) = 2803(1-).

OTBeT HEOOX0MMO 000CHOBaTh. JIjIst TocetHel peakyuu paccuutaiite AH),, .

6. Paccuuraiite  temmoBoii  adpdexkr mpu  T=1000 K  mnsm peakuuun
HzS(r)“‘?)/zOz(r) = HzO(r)‘I‘SOz(r). B HHTCPBAJIC 298 — 1000 K CP z f(T) . MoxHo 1
BBIYUCIIUTH TETJI0BOM 3(dekT gannoi peakmmu mpu T = 2000 K ?

7. Peakuus BoccranoBienus Fe,O; amoMUHEEM BbIPaXKaeTcsl ypaBHEHHUEM

F6203(Kp)+2A1(Kp) = A1203(Kp)+2FC(Kp).

Bbraucnure TemnoBoi 3G GeKT peakiuu Mpyu CTaHAapPTHBIX YCIOBHSIX, €CJIM Ha BOCCTa-
HOBJIeHHE TToTpedoBasioch 250 r Al

8. Berunciute temnoBoil a¢dext peakuyun 4HBry+Oy ) = 2H,0 1y +2Bryr, mpore-
Karonieit nmpu noctostHHoM naBiieHuu (P=const) u T=600 K. B unrepsane 298 — 1000 K
C, #f(T).

9. Paccuuraiite TemnoBoil 3¢ ekt peakuun COgyt3Hyr = CHypntHO) mpore-
Karomei mpu nocrostHHoM nasieHuu (P =101klla)u T=800K (C, # f(T) ).

10. Paccuuraiite TemioBoit adpdext peakiuu Cp,+CO,q) = 2CO(p, npoTeKaromen
npu nocrostHHoM oobeMe u T =1000 K. B untepsane 298 — 1000 K C, # (T) :
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11. Peakumst BoccraHoBieHusi Fe,O; aatOMUHHEM BbIpaKaeTcsi ypaBHEHUEM
Fe,03+2Al ) = ALOsp)t2Fe(yp). TIpu B3aumoneiicteun 1 mosst aromoB Al ¢ Fe,Os
BeiIensieTcss 426,74 xJ[x TeruoTel. Beunciante cTaHAapTHYIO SHTAJBINIO 00pa3oBa-
ausa Al,Os.

12. Paccuuraiite TemioBo 3GdeKT peakuuu 27nSp)+t30sr = 2Zn0 )28y,
npoTekaroei npu nocrosaaoM asiernu (P =101kIla)u T=998 K. (C, #f(T)).

13. Paccunraiite KONMMYECTBO TEIUIOTHI, KOTOPOE BBIACINUTCS MPHU B3aAUMOICHCTBUH
25 1 Na,O ¢ BOJI0i npu CTaHIAPTHBIX YCIOBUAX. Peakius npoTekaeT Mo ypaBHEHHIO
NaQO(Kp)+H20(>K) = 2NaOH(Kp).

14. PaccumnTaiiTe KOJIMYECTBO TEIUIOTHI, KOTOpOE OYyJET MOIJIOIIEHO MPH BOCCTa-
HOBJIEHMH | KT OKCHJIa IUHKA TpapUTOM, IPOUCXOASIIEM IPU CTAHJAPTHBIX YCIOBUAX
110 ypaBHEHHUIO ZNO 1) tCxp) = ZN sy FCOry.

15. Paccuwmraiite TtemioBo 3ddekr peakuun 4NH;r+305c) = 2Noryt6H,O ),
npotekatomeid mpu crangaptHoMm gaBinenud (P=101klla) u T=323 K. Temnoem-

KOCTb BellecTs B nurepsane 298 — 323 K ocraercs nocrosHoii — C, # f(T).

16. Paccumnraiite, monp3ysch CIpaBOYHBIMU JaHHBIMU (TIPWIL., Ta0. 1), TEMI0BOM
apdext peakumu 2Cly+2H,0q) = 4HCl 1 +Oy ), mpotekaromeit npu 798 K u cran-
JTAPTHOM JIABJICHWUH, CUUTAs, YTO TEIJIOEMKOCTH BCEX BEIIECTB B MHTEpBae 298 —
798 K He 3aBHUCAT OT TEMIIEPATYPBHI.

17. Ilpu coequuenun 2,1 r xene3a ¢ cepoit Beaeamiioch 3,77 kJx temwiotsl. Pac-
CUMTAKNTE CTaHJIAPTHYIO TEIUIOTY 00pa3oBaHus cyyibduia xenesa (FeS).

18. IIpu Boccranosnenuun 12,7 r CuO yriem (c obpazoBanuem CO) mornomniaercs

8,24 kJIx. Paccuuraiite AHY,, o6pasosanust CuO.

19. Haiigute Maccy MeTaHa, Ipy MOJIHOM CTOPaHWU KOTOPOI'O BBIAEISIETCS TEIUIO-
Ta, noctarounas st HarpeBadus 100 T Bogasr oT 20 1o 30° C. MonbsHy0 n300apHYIO
TEIJIOEMKOCTh BOJIbI MPUHSTH paBHOU 75,3 [x/Monb K. Peakuus nmporekaer no ypas-
HEHUIO: CH4(F)+202(F) = 2H20()K)+C02(F).

20. Paccumraiire TemnoBoil d3QQPekr peakuuu TiO;p)t2C rpagur) = Tiapyt2CO),
npotekaromei npu crangaptHoM naasieHuu (P =101klla) u T =1000 K. Tennoem-
KocTh BenlecTB B uHTepBase 298 — 1000 K ocraercs noctostHHOM. MOXKHO 1M BBIYMC-
auTh TeroBoi addext mpu 2500 K?
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2. Bropoii 3aK0OH TEpMOJAMHAMHUKHU.
DHTPONMUS CHCTEMBbI U €¢ U3MEHEHHEe NPU NPOTEKAHUM
pU3UKO-XMMHYECKUX IPOLECCOB

Bropoii 3aKk0H TepMOAMHAMHKY, KaK W MEPBBIM, ObUT OTKPHIT IMyTeM OOOOIICHHMS
OMBITHBIX JIAHHBIX, CBA3AHHBIX C TEIUIOBBIMU Iporeccamu. OH yCTaHABIMBAET BO3-
MO>KHOCTb, HalpaBJIEHUE U TIIIyOMHY NPOTEKAaHUS CAMOIPOM3BOJBHBIX IPOLIECCOB.
Cy1iecTByeT HECKOJIBKO Pa3IMYHbIX, HO 3KBUBAJIEHTHBIX (POPMYJIMPOBOK BTOPOrO 3a-
KOHA TEPMOAUHAMMKH:

— OBICTPO WJIM MEIJIEHHO, HO BCSIKAasl CHCTEMA CTPEMHUTCH K COCTOSIHUIO PABHO-
BeCHsl;

—  TeIIoTa He MOKeT CAMONPOM3BOJIbLHO NEPEXOIUTh OT MEHee HArPeToro TeJia K
0oJiee HarpeToMmy;

— HEBO3MO’KEH NepHOAHYECKHIl PoLece, eIMHCTBEHHBIM Pe3yJIbTaTOM KOTOPO-
ro siBJISIeTCH NMpeBPallleHNe TeMJIOThI B padoTy.

MHOro4rcjaeHHbIMU HAaOMIOACHUAMH HaJl pealbHBIMU O0BEKTaMU ObLIO yCTaHOB-
JICHO, YTO BCSKAasl CUCTEMa CTPEMUTCS K MEPEeXo/ly B Haubosee BEPOSITHOE COCTOSHUE,
IIPU KOTOPOM YACTHIIbI, COCTABJIAIOIINE CUCTEMY, PACIIOJIOKEHBI B POCTPAHCTBE HaU-
Oonee GecrniopsimouHo. st onucanus MOJTOOHBIX MPOLIECCOB BBeACHA (YyHKIUSI CO-
cTOsIHUSI — JHTponMs (S), eauHULICH H3MepeHus KoTtopou sBisercs Jx/mons K
(xIx/moib-K).

DHTPONHS SBISETCS KOJIMYSCTBEHHOM MEPOU CTEIEHH HEYNOopsaouYeHHOCTH (Oec-
nopsijika) B cucreme. Bee mpoiiecchl, CBA3aHHBIE C MJIaBICHUEM, HCTIapeHueM, nuddy-
3Uel U T.1., BEAYT K yBEJIMYEHUIO 3HTponuu. 1, Hao00poT, pu KOHJAEHCAIUH, TOJIU-
MEpH3alUH U T.JI. SHTPONUS YMEHbIIAeTcs. B (pu3nko-xuMUueckux nporeccax ¢ yda-
CTHEM Ta3000pa3HbIX BEIIECTB MOXKHO OLEHUTh U3MEHEeHUE oobeMa. [Ipu yBennyeHuu
o0beMa CHCTEMbI SHTPOIUS YBEJIWYUBAETCS, U HAOOOPOT, HAIPUMEpP, B PEAKIUU
Ny t3Hor = 2NHj3() 00beM ymenbmaercs (AV < 0), cnenosarensno AS < 0.

TemoTa, NOIOIIEHHAS WM BbIIEJICHHAs! CUCTEMOW B 00OpaTUMOM Ipoliecce, CBsl-
3aHa C U3MEHEHUEM SHTPONHUHU U TEMIIEPATYpPOH COOTHOIICHHUEM, KOTOPOE BhIPAXKAECT
MATeMAaTHYEeCKYI0 3alIMCh BTOPOIr0 3aKOHA TEPMOJIMHAMMKH:

Q=TAS wum AS=%. (2.1)

DuU3HYECKUN CMBIC] HTPONMH — KOJMYECTBO PACCEIHHOW JHEPIrHuH, OTHe-
ceHHOIl Kk enumuuue Ttemmneparypsl (1 K). B ornuune oT sHTaNbNuM U BHYTpPEHHEH
SHEPrUu JIJIsi OOJIBIIMHCTBA BEIIECTB OMpEIeSieHbl a0COMIOTHBIC 3HAYCHHS SHTPOIIUH.
[Ipy 3TOM CleayeT ydecTb, UTO SHTPOMNMS MPOCTHIX BEUIECTB HE paBHA Hymto. [Ipu

CTaHJAPTHBIX yCIOBHSX SHTPOMHUS 0003HaYaeTCs So, .

N3meHeHne SHTPONMU B XMMUYECKHX PEAKIMSIX MPU CTAaHAAPTHBIX YCIOBUSX
MO>KHO PacCUMTATh AHAJTIOTMYHO U3MEHEHHIO dHTaNbnu (1.7):
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AS398 = Zn’ SgOH - Zl’l” SI(/)ICX > (22)

rie n’, n" — KO3 PHUIMEHTBI, CTOSIINE B YPABHCHUHU PEaKIUH;

nex —— OHTPOIIMHA IPOAYKTOB PCAKIMKU W MCXOAHBIX BCIICCTB IIpH CTAH-

JTAPTHBIX YCIOBUSAX (MpHUJI., Ta0m. 1).
[Tpu ¢a30BbIX MpeBpaIEHUSIX IS OJTHOTO MOJISI BEIIECTBA M3MEHEHHE YHTPOIHH
paBHO:

AH
AS = —_1PeEP | (2.3)
TnpeBp
rae AHHpeBp — W3MEHEHHWE DHTAJBIINY MpeBpaleHus, KJ>k/MoJb;
Topesp —  TEMIEpATYypa ¢dazoBoro npesparienus, K.

YucaeHHOE 3HAYCHHUE SHTPOIINH 3aBHUCUT OT IMPHUPOAbI BCIICCTB, UX aAIrpCraTHOIO
COCTOAHUA, TCEMIICPATYPbI W YHCJIA MOJIeH BCIICCTB, YYACTBYIOIIUX B (1)I/IBI/IKO—
XUMHYCCKHUX IIPpOoHecCCax.

3aBHCHMOCTDH JHTPOIIHH OT TEMIIEPATYPLI B Pa3/IMYHLIX IPpoHeccax BbIparka-

€TCsl NPUBECACHHBIMH HUKE COOTHOIICHUAMM:
HN306apubie mpoueccol (P = const): abcomoTHOE 3HAUCHUE YSHTPONUH TSI 1 MO
BEIIIECTBA:
0 _ a0 , 0 T,
St, =St +CpoogIn—, (2.4)
1

a €€ UIBMCHCHHUC

T
AS=C" ., %, (2.5)

1

H3MeHeHue S3HTPONUM B XMMHYECKHX pPeaKIUsiX IpH 000N TemnepaType, oT-
auyaroleics ot crangaptHoit (298 K), B n300apHbIX nmpoueccax BbIYMCISETCS M0
YPABHEHHIO

T
AS? = AS% + ACY o (2.6)

HN3MeHeHHe TeII0eMKOCTH B XUMUYecKuX peakuusix (ACp) pacCUnTBIBAETCS 110
BbIpakeHuo (1.9).

N3oxopHbie mpoueccsl (V = const): aOCOMIOTHOE 3HAYCHUE SHTPOIUU TS 1 MO
BEIIICCTBA:

T
S% = SOTl +CY 205 ln?z ) (2.7)

1
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a €€ U3BMCHCHUC

T
AST = Cygp In 2. (2.8)

1

H3MeHeHne S HTpONMH B (PU3HKO-XMMHYECKUX MpoIeccax Ipu 00l Temmepa-
Type, OTIMYAOIIEHCS] OT CTaHJAPTHOH, B M30XOPHBIX MPOIECCaAX BHIYHCIAETCHA MO
YPaBHEHHIO

T
AS% = Asgos + AC(\)/ 298 lnﬁ > (2.9)

0 0
e G, B Cy 0 — HM300apHAs U U30XOPHAs TEIUIOEMKOCTHU IIPU CTAHAAPTHBIX yC-
nosusx, Jx/mons K (C, u C,, # f(T)).

3 5
s ogHoaromHoro rasa C,, = ER, nByxaromtoro C,, = ER . G, u C, m raso-

06p33HI>IX CHUCTCM CBsA3aHBI COOTHOIICHHUECM

C,-C,=R. (2.10)

N3orepmuueckne npoueccol (T = const)
AS:RlnL:Rlnilen&, (2.11)

Vl P2 2

rnre V,,V,; P, P;C,C, — o0beMbl, napuuagbHble J[aBICHUS, KOHLEHTPALUU
BEIIICCTB B COCTOSHUAX 1 M 2 COOTBETCTBEHHO.

Mpumep 1
Bruruncnuth u3MeHeHHE OHTPOIINU IIPpU IINIaBJICHUHA 54T cepe6pa, €CJIM U3BCCTHO,

yTO Temmeparypa IulaBieHusi cepedpa 960 °C, a »dHTaIBNUS IJIABJICHUS
104,5 xJI»x/Momb.

PelweHrne

[Tpu mnaBiaeHNH OECTIOPSAAOK B PACIOI0KEHUH OTACIBHBIX YaCTHIl yBEIIMINUBACTCS,
CJIEZIOBATENbHO, SHTpOIUsA OyAeT Takke yBenuduBaThes. [lonb3ysick BbIpakeHHEM
(2.3), paccuuTaeM W3MEHEHHE OSHTPONUHM Tpu (HA30BOM TMPEBpAIICHUN IS
54/108 moneii cepebdpa:

AsmznAHm, AS, . = >4-104500 =42,2 JIx/K .
T 108-(960 +273)




17

OrBer:
AS,, =42,2 Jlx/K.

lMpumep 2
BeruucnnTe M3MEHEHHE SHTPONMU AJs PEAKLUM, NPOTEKAIOEH MO ypaBHEHHIO
2H,S(1305) = 28054y +2H,0) mpu  cranmaptHoM pgasineHun ( P=101klla ) wu
T=500K.

PeweHune

Jlns pacyeTa MI3BMEHEHHUS SHTPOITUU BOCTIOJIb3yEMCSI COOTHOIIIEHHEM (2.6)

500
AS? =AS° +ACY . In=—.
500 298 P 298 298

0
Paccuntaem AS,,,, IOIB3ysICh BbIpaxkeHUueEM (2.2)

0 _ ~Qo 0 0 0
A8298 - 28298 SO, + 28298 H,O0 28298 H,S 38298 0,

I[loacTaBuM 3HAYEHUS CTAHJAPTHBIX SHTPONUA BewmecTB ( Sy, ), MCXOAS W3 IIPHIL,

Tabm. 1

AS),, =2-248,07+2-69,95-2-205,7—3-205,04 = -390,28 JIx /K.

PaccuntaeM n3MeHeHHE TEIIOEMKOCTH, TIOJIb3YsICh BhipaxkeHueM (1.9) u cnpaBou-
HBIMH JAHHBIMU (TIpWJL., TA0M. 1).

AC% 298 — 2C% 29850, T ch 298 H,0 () —2C(1§ 298 H,S _3Cg 2980, —
=2-39,87+2-75,30-2-33,44-3-29,37 =74,95 I /K.

Torma ASY,, =-300,28 + 74,95 ln(%j =-351,5 Ix/K.

OrBer:
N3menenne suTponmu npu S00K  gus gaHHOM — peaknMu — paBHO

ASY, =-351,5 JIx/K.
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UHAUBUAYaAbHbIE 3aAaHNA

21. PaccuuTaiiTe u3MEHEHHE DHTPOIIMU B XOJIe peakiuu pasnoxkenus S0 r xkapOo-
Hata Kanpuua CaCOs, mpoTekaronieil Npyu CTaHJaPTHBIX YCIOBUAX MO YPABHEHUIO

CaCO3(Kp) = CaO(Kp)+C02(r).

22. PaccumnTaiiTe N”3MEHEHHUE SHTPOIIHMH JIJIS CJICTYIONINX PEeaKITuii:

MgO(Kp)+H2(F) = HZO()K)+Mg(Kp)’
CipyTCOs) = 2COyy,

MPOTEKAIOIIUX MPU CTAHJAPTHBIX YCIOBUSX.
23. PaccumuTaiiTe CTaHAapTHOE U3MEHEHUE SHTPOITUHU IS CIICTYIONTUX PEaKIIHii:

2SOQ(F)+02(F) = 2803(1-),
FeO(Kp)+CO(r) = Fe(Kp)+COZ(I‘)9

MIPOTEKAOIINX MPU CTAHIAPTHBIX YCIIOBHUSX.

24. Paccunraiite U3MEHEHNE SHTPOIHH IS peakuun
AL O3y 3803 = AL(SO4)3(p), MPOTEKAIOIIEN TP CTAHAAPTHOM JABJICHUU U TEMIIE-
parype 798 K. B unrepsane 298 — 798 K C, = (T).

25. He mpoBOAs PAaCUYCTOB, OIPCACIINTC N3SMCHCHHUC SHTPOIIMU B XOAC CICAYIOIINX
IMponucCCoOB:

Stpy >SSy
2P(Kp)+5/202(r) = PZOS(Kp))
C(Kp)+CO2(r) = 2CO(F).

OtBet HeoOxoauMoO 000cHOBaTh. [ mocneaHel peakiuu paccuuTaiTe u3MeHe-
HUE DHTPOIINHU IIPU CTAHAAPTHBIX YCIOBHSX.

26. Ilonp3ysch CIpaBOYHBIMU JaHHBIMU (TIpWIL., Tabi. 1), onmpenenure u3MeHEHHE
sHTpONMH B X01€ peakiuu AlyOsqT3COy = 2Al (1) +3COxy IpH CTAaHAAPTHBIX YCIIO-
BUSIX.

27. PaccunTaiite craHgapTHOe 3HadeHue 3HTponuH Fe,O;, mcronp3ys craHmapr-
HBIE DHTPOIIMU BEILECTB, €CJIU U3BECTHO, YTO CTAHJAPTHOE U3MEHEHHE YHTPOIUU UL
Bcel peakimu FeyOs g3 Howy = 2Fe ) t3H20( paBno -213,8 JIx/K.

28. PaccunraiiTe M3MEHEHHE SHTPONMM B XOJl€ peakiuu oOpa3oBaHUs | MOJb
HCly n3 npocTsIxX BemecTs, nporekatomed mpu T =298 K, P=101kIIa.

29. Paccuuraiite U3MEHEHHE SHTPOIUHU TUTS peakiuu
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270SpyF30,y=2Zn0 1) 12505y, IpOTEKAOMEW IPH  IOCTOSHHOM  JIaBJICHUM
(P=101xkIla) u T=998 K. Ilpu pacuerax mpuHsThH, 4YTO B HHTepBaie 298 — 998 K
C, #f(T).

30. PaccunraiiTe NU3MEHEHUE DHTPOIMH IIPU CTAHAAPTHBIX YCIOBUAX IPU BOCCTa-
HOBJICHUH | KI OKCHJa LIMHKA TPa(UTOM I10 YPABHEHUIO

Z0Oqy+Coip) = Z0apy FCO .

31. Beruncaure usmenenue sHrponuu ains peakuuu 4HBr;)+Oyr) = 2H,04y)+2Br,
npotekatoiei npu noctostHHoM nasieHuu (P =101klla) u T =600 K. B unrepaie

298-600K C, =f(T).
32. Peakmus BoccranoBiieHus Fe,O3; altoMUHUEM POTEKAET M0 YPAaBHEHHIO

F6203(Kp)+2A1(Kp) —)A1203(Kp)+2F€(Kp) .

Bobluucnure ctaHaapTHOE U3MEHEHUE SHTPOIIUHU, €CIIM Ha BOCCTAHOBJICHUE OKCHJIA JKe-
ne3a (IIT) norpedoBasiocs 250 r Al

33. Ilonb3ysich CHpPaBOYHBIMU JAaHHBIMH (MIpwIL., Ta0md. 1), paccunTtaiite abCOIOT-
Hyto ’HTpormio 1 kr Boabl nipu 200 °C u gaBnennu 101 xlla. TemmoemkocTs razo00-
pasHoit Bojbl paBHa 34,4 J[x/monb K.

34. YuutbiBas, 4TO SHTAIBNNUSA NapooOpazoBanus Boabl 43,89 k/[x/Monb, paccuu-
TaliTe U3MEHEHHE SHTponuu npu npespamennu 5 Kr HyO ) B map.

35. PaccuuTaiite abcomoTHYI0 3HTponuio 1 Mot Boabl npu 473 K u ctanmapTHOM
JIABJIEHWH, €CJIA TEIJIOEMKOCTh Ta3000pa3Hoil Bo bl paBHa 34,4 JIx/mMoib K.

36. PaccunraiiTe U3MEHEHUE SHTPONUU NpH H30TepMUuyeckoM cxatuu 22 r CO, B
HIeaIbHOM ra3000pasHoM coctosiann ot 10° 1o 10° ITa mpu 1000 K.

37. Ilpu n3ob0apuveckoM HarpeBaHuUU 6 MOJIe OJJHOATOMHOIO ra3a B HICAJTIbHOM
COCTOSIHMH Temneparypa nosbimanack ot T 1o T,; B ApyroM ciryyae nmpu u3oxopuye-
ckoM HarpeBannu 10 Moseil OJHOATOMHOTO ra3a TeMIlepaTypa TaKXKe MOBBIIANACH OT
T, no T,. CpaBHUTE U3BMEHEHUE SHTPOIIUU B ITUX IMPOLIECCAX.

38. 3MeHeHue SHTPONUH MPU CTAHJIAPTHBIX YCIOBUSX JIJISl peaKluu

2HZS(r)+3 Oz(r) = 2SOZ(F)+2H20(>K)

paBHo munyc 390,28 /[x/K. Beruuciaute cranaaptayto sHTponuo H,S.

39. B kakoM U3 0OpaTHUMBIX MPOIECCOB C 1 MOJIeM HACAIbHOTO Ta3a M3MEHEHHUE
SHTpoNHH OyaeT HauboIbIIMUM: a) Tpu u3odapudeckom Harpese oT 300 mo 400 K; 0)
npu nzoxopuueckoM Harpese ot 300 mo 400 K; B) npu U30TepMUUECKOM PACIIUPEHUN
ot 300 10 400 M*?

40. BeruucnuTe U3MEHEHHE SHTPOIHU B PEAKIUH Spous (xp)T2C 021y = SO21y+2CO0,
MpoTeKarolel Mpu cTaHaapTHBIX ycinoBusiX. [Ipu pacyeTax BoCOIb3yHTECh TaHHBIMU
U3 IpwJL., Tad. 1.
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3. N300apHOo-N30TepMHUYECKHUN MOTEHUNAJ UJIHU CBOOOAHANA
3Heprus I'm606ca. OnpeneseHue HANPABJIEHHOCTH
NPOTEKAHUS MPOIECCOB

Hampapnenue, B KOTOPOM CaMOMPOM3BOJIBHO MPOTEKAIOT (HU3HKO-XUMHUYECKHE
MIPOIIECCHI, OMPEAEISETCS COBMECTHBIM JIEHCTBUEM JIBYX MPOTHUBOMOJIOXKHBIX (HaKTO-
pOB:

— CTpeMJ/ICHHE CHCTEeMbI K IepexoAy B Hau0oJsiee yNOpPSJI0YECHHOE COCTOSIHHE
(0ObeMHEHNE aTOMOB B MOJIEKYJIBL, T.€. UX YKPYIIHEHUE, arperaiuys 1 T.1.), KOTO-
poe xapakTepu3yercsi HAaUMeHbled BHYTPEHHeH JHeprueu, a B cjy4dae U30-
O0apHBIX NMPOLECCOB — HAMMEHbIIIEH IHTAJIbIINENH (AHTAJBNMIHBIA (PaKTOP);

— CTpeMJIeHHEe CHUCTeMbl K JOCTH:KEHHI0 Han0oJiee BEepPOSITHOTO COCTOSIHHA, T.e.
COCTOSIHUSI ¢ OOJBIIUM OecnopsiiIKoM (pa3beIMHEHUE YACTHUIl, UX JAPOOJICHUE),
XapakTepu3ymuMcs HAauOo/bIIel JHTPponMeld (AHTPONMiHbIN daKkTop).
OyHKIMEH COCTOSIHUS, OJHOBPEMEHHO YUYUTHIBAIOIIEH BIIMSHUE OOOUX YIOMSHY-

THIX BbIIIE€ (DAKTOPOB HA HAIpPaBJICHHUE MPOTEKAHMS MPOIECCOB, CIYKHUT HM300apHO-

H30TEPMUYECKHUIT MOTEHIHAJ, WK ¢cBOOOaAHAs SHeprusi 'mo06ca (G). Ee uzmenenue
JUIs poueccoB, nporekaromux npu P, T = const, paBHO

AG=AH-T AS, (3.1)

rie AH — wn3MeHeHHe SHTAJIBIIUY WM ITOJHOM SHEPIUH PACIIMPEHHON CUCTEMBI (CM.

pasn. 1);
T — abcomoTHas Temieparypa, K;
AS — W3MeHeHHEe PHTPOIHH;

Takum obpazom, T AS — cBsizaHHasi SHEPTHUsA, KOTOpas HE MOXKET OBITH MpeBpa-

IICHA B MOJIE3HYI0 paboTy (MIIET Ha HarpeBaHUE, yBEINYECHHUE KMHETUYECKON IHEPTUU
YaCTHII, COCTABJISIONIMX CUCTEMY, Ha YBEIMUEHUE OecropsiiKa U T.11.)

[Tpu cTanmapTHBIX yCIOBHUSX M3MEHEHUE CBOOOAHOU sHeprun ['mbOca ob6o3Haua-
ercst AG),,, enmnunIa usmepenust — Jlx/Monb (KJk/MoJs).

[Ipu camornpou3BOILHOM TPOTEKAHUHU (HU3UKO-XMMHUYECKHUX IPOIIECCOB CHUCTEMA
COBEpIIIAaeT MOJIe3HYI0 paboTy, KOTOpasi paBHa

Al =—AG. (3.2)

max

IIpu moCTOSAHCTBE TeMIIEPATYPbI U IaABJIEHUS BCe MPOLECCHl MOTYT NMPOTEKATH
CaMONPOM3BOJILHO B TAKOM HAaNpaBJeHUHM, NPH KOTOpoM JHeprusa I['mGOca
YMEHbIIAeTCs

AG <0, (3.3)
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HepaBenctBo AG <0 onpenesisieT NPUHIUINMHAIBHYI0 BO3MOKHOCTH CAMOIIPOM3-
BOJILHOIO MPOTEeKaHUsl (PU3MKO-XUMHYECKHX MPOLECCOB B NMPSAMOM HampasJie-
Hum, ecmu AG >0, To nporekaHue (U3NKO-XUMHUYECKOTO Ipoliecca B MPSMOM Ha-
MIpaBJICHUU HEBO3MOXKHO.

N3 ypaBHenus (3.1) ciemyer, 4YTO MpU MOBBIMIEHHBIX TEMIEpPATypax ONpPEAeIIsio-
UM SBJIE€TCS SHTPONUUHBIN (PAKTOp, a MPU MOHUKEHHBIX — SHTAIBITUAHBII.

YuurteiBas pojib SHTAIBIUHHOIO U SHTPONMUUHOTO (HaKTOPOB, TEMIIEPATYPHI B OII-
peleNeHN BeIMYMHBI H300apHO-U30TEPMUYECKOT0 MOTEHIMANa B HEH30JIMPOBAH-
HBIX CHCTEMaX, MOYKHO BBIJICIIUTD CJEAYIOIINE TUIIBI PEAKIIUN, pa3Inyaroluecs ycio-
BUSIMU TIPOTEKAHUS:

1. VI3MeHeHre SHTaIbIUN U SHTPOIUH OJIarONpUsATCTBYET NMPOTEKAHUIO MpoLiecca,
T.e. AH <0, AS >0, Torga npu mo0bix Temneparypax AG <0.

2. VI3MeHeHue »HTaNIBINU CIOCOOCTBYET MpoTekaHuto nporecca (AH <0), a us-
MEHEHHE PHTPOIUU HEe crocoOcTByeT ero mnpotekanuto (AS<0), torma AG <0 npu
ycnoBuu, uto |AH|>|TAS|, 3T0 BO3MOXHO TIpH MOHMKEHHBIX TEMIIEpaTypax.

3. I3MeHeHue 3HTanbIuK MPEensITCTByeT npoTekanuto npouecca (AH >0), a u3-
MEHEHHE HTPONHH crocoOcTBYeT ero nporekanuto (AS>0), torna AG <0 npu yc-
noBuH, 4To |[TAS|>|AH|, 3T0 BO3MOXHO MMPH MOBBIIICHHBIX TEMIIEPATypaXx.

4. I3MeHeHHe DHHTAJBIMU M SHTPONUHU MPENSTCTBYET NPOTEKAHUIO Mpouecca
(AH >0 u AS<0), Torga npu mo0bix Temneparypax AG > 0.

B n3oimpoBannbix cucremMax AH =0, Toraa Beipaxkenue (3.1) mpumeT Bu
AG=-TAS, (3.4)

CIIeZIOBATENIbHO, MTPOTEKAHHE Mpoliecca 00YCIOBICHO YHTPONUIHBIM (hakTopoMm. Toraa
AG < 0 npu ycnoBun, uto AS > 0.

Jlia mponeccoB, MPOTEKAIOUMX MpPU CTaHJAPTHBIX YCIOBHSIX, BbIpakeHue (3.1)
MO’KHO 3aIlMcaTh B BUJIE

AGY, = AH), —298ASY,. . (3.5)

Ecnu nporiecchl mpoTeKaroT NPy IPYTUX YCIOBUSAX, OTIMYAIOIIUXCSA OT CTaHJapT-
HBIX, TOrJa BeIpaxkeHue (3.1) umeer Bua

AG] =AH] —T AS] . (3.6)

AH), u AH} onpenenstor mo Beipaxkenusm (1.7) u (1.8); AS),, m ASY — mo
ypaBHeHUsM (2.2) u (2.6).
[Ipu cocTosiHMU paBHOBeCHS N3MEHEHUE CBOOOIHOM SHEPTUU PABHO HYJTIO

AG =0, (3.7)
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[IpeneOperas 3aBucumoctbio AH 1 AS oT TeMmeparypbl, MOKHO OIpPEAETUTh TeM-
nepaTrypy HacTyIJICHUsI PABHOBECHS:

— AHg98

TaBH_ . 3.8
" A, o

CocTosiHME paBHOBECHUS XapaKTEPU3YETCs OINPEIEICHHBIM COOTHOLIEHHEM KOH-
LEHTpalui (MapUualbHbIX JABICHUI) MPOAYKTOB PEAKUMHM M UCXOIHBIX BEILIECTB U
BBIPAKACTCS KOHCTAHTOM paBHoBecus (K., mm K,).

B oOmem cinywae mnsg noboi oOpatumoit peakiuu aA +bB &= ¢cC+dD moxHO

3aIMCaTh:
KCZ%’ WITH KP:IIZ(S%E%. (3.9)
A B A B
Bemnuuner K n K, cBA3aHBI COOTHOIIEHUEM:
K, =K (RT)™, (3.10)
rae An— W3MEHEHHE YMCNIa MOJIEH ra3000pasHBIX BELIECTB B YPABHEHMU PEAKIMH

(re. c+d—(a+b)).

@usnyecknit cMeicn K. (K, ): KoHCcTaHTa paBHOBecHsi BbIpaxkaeT IIyOHMHY

(mpeneJs) mpoTeKaHus NMpouecca B BBIOPAHHOM HanpasJieHuu. KoHcTaHTa paBHO-
BeCHs 3aBMCHUT OT NPHUPOABLI BELIECTB, YYACTBYIOLIMX B Ipolecce, 4 0T TeMIiepa-

TYPBbL.
3aBUCUMOCTh KOHCTAHTBl PABHOBECHS OT TEMIIEPaTyphbl BHIPAKACTCS YPABHEHHEM
u300apbl

dlnK, AH°
dT  RT?’

(3.11)

N3 xoroporo cienyer, uto B 3HAOTepMUYeckux peakuusax (AH >0) remnepartyp-

. dinK,
HbIH KOY(P(PUIHEHT KOHCTAHTHI PABHOBECHS d—T>0, CJIEI0BATENbLHO, € IO-

BBIIICHUEM TEMIIEPATYPbI 3HAYCHHUEC KOHCTAHTBI PABHOBECUA YBCJIUINBACTCH. B

dinK,
IK30TepMuYecKkux peakmusax (AH<O0) ar <0, ciregoBaTeabHO, 3HAYEHHUE

KOHCTAHTBI PABHOBECHS C MOBbILIEHHEM TeMIIEePaTypPbl YyMEHbIACTCH.
Ecnu npuHsTH, 9TO TerioBoi 3P¢eKT He 3aBUCUT OT TEMIIEpaTypbl B MHTEpBAJIC
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Ti— T, (AH #£(T)), To mocne urTerpupoBatus Beipaxkerue (3.11) npumer i

K K
R T (3.12)
Ky RAT T, Kpr, 23R(T, T,
rae Kpr, Kpp — KoHCTaHTBI paBHOBecHs npu Temrepatypax T, u T,

W3menenune cBoOoHOM 3Heprun ['m60ca (AG) u koHcTaHTa paBHOBecus (K, ) cBs-
3aHbI COOTHOIIICHHEM, KOTOPOE BBIPAKACT YPaBHEHHE H30TEPMBbI:

AG’ =-RT InK, (3.13)

um AG’ =2, 3RT IgK,. (3.14)

Ecmu AG® <0, Torma K, >1 — peakuus nmpoTekaeT B IPIMOM HAIPABJICHUU U B
CUCTEME MTPE00IIaat0T IPOAYKTHI PEAKIIHH;

ecn AG’ >0, torna K, <1 — peakuus mpoTeKaeT IIPeHMyYIIECTBEHHO B 0Opart-
HOM HalpaBJIeHUH, B CUCTEME Ipe00IaJaloT UCXOHbIE BEILIECTBA,

ecn AG’ =0, Torna K, =1 — cocTosiHHE paBHOBECHS.

Mpumep 1

Ornpenenure HaNpaBiIeHUE NPOTEKAHUS PEAKIIUU

ALO33pyt3S05() = AL(SO4)3xp)
npu ctanaaptHoM nasienuu (P =101klla)u T=798 K.

PelwieHne

HamnpaBnenue npoTekaHus peakiuu onpeaeseTcss 3MEHEHHEM CBOOOTHOM dHEp-
run ['nboca (AG).

Hcnonb3ys cooTHolieHue (3.6), 3anuiieM:
AGYy = AH, — 798 AS), .
CornacuHo cootHoteHusim (1.7) u (2.6)
AHY, = AH,, + AC),0, (798 —298);

798
ASS. =AS). +ACY . In—,
798 298 P298 298
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MIPU 3TOM 3aBUCUMOCTBIO TEIIOEMKOCTH OT TEMIIEPaTyphl IPpEeHEeOperaeM.
Ucnonw3ys nanHeie U3 npui., Tadn. 1, u coornomenus (1.7), (1.9) u (2.2), Bbryuc-
0 0 0 .
M AH g, , AC 0 B ASS.:

AH298 = AH(f), 298 Al, (SO,); _AH(f), 298 Al O, _3AH(f), 20850,
=—-3441,8—(—-1675,6) —3(—395,8) = -578,8 k Ik ;

—~3C 0550, =—259,41-79,04 -3-50,09 = 49,8 Jlc/K ;

Acgm = C(I)’ 298 AL, (SO,); ng% ALO,
Asggg = Sggg AL(S0,); Sggg ALO, 38298 so, =239,2-50,92-3-256,69 = —581,8 Ik /K.

0 0
Beruncnum AH 1 ASSo,

AHY, =—578,8+49,8-107 - 500 = —553,9 k]I ;

AS’,, =—581,8+49,8- ln% = -532,99 Tx/K.

Toraa AGy, =—553900—798(—532,99) = —128,57 kI .

Orser:
Tak kak AG <0, o ipu T =798 K u cTaHAapTHOM JaBICHUU PEAKIMs TPOTEKAECT
CaMOIIPOU3BOJILHO B CTOPOHY 00pa3oBaHus Cyb(haTa aTFOMUHUS.

Mpumep 2

HOJ’II)B}UICI) CIIpaBOYHBIMHU JAHHBIMH, pacchTai/’ITe KOHCTAHTY PaBHOBCCHUA IJIA pC-
AKII1un

1 1 1
HClyy+—Oypy = — Clyyt—HaO,
() 4 2(r) 2 2(r) 5 2M(r)

MpoTeKaroled MpU CTaHAAPTHBIX yCioBHsIX. Kak M3MEHUTCS YKMCIIEHHOE 3HaueHue
KOHCTaHThI paBHOBecHs nipu 125 °C (1okazaTh pacueTom)?

PeluexHne
Jlia pacdera KOHCTaHTBI paBHOBecHs Npu cTaHaapTHbIX yciaoBusx (T =298 K)
BOCITOJIB3yeMCsl YpaBHEHHEM U30TepMbl (3.14)

AG(2)98 =-2,3RTIgK} p-
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W3sMmenenune cBoboHo# sHeprun 'no6ca AGS,, paccuuraeM mo cooTHomeH o (3.5):
AGY, = AH), —298 ASY,. .

Ucnons3ys cootHomenus (1.7) u (2.2), a Takxe JaHHBIE U3 TPWIL., Ta0J. 1, BEIUUCIUM
u3MeHeHust SHTaIbIun AH)., 1 sHTpOruu AS), MPU CTaHIAPTHBIX YCIOBUSX:

0 1 0

AH>,, = EAH

298 f,298Cl,

1 1
+—AH] — AH? -=
2 f,298 HCI 4

f,298 H,0

AH? =

£,2980, —

= 0+%(—241,81)—(—92,31)—0: 28,62 k]I ;

1 1 1
0 _ 0 0 0 0 _
Asz% - 58298 Cl, + _8298 H,0 S298 HCl _8298 0, —

2 4

:%222,98—%%188,72—186,79—%205,04= —32,09 I /K .

Breruuciaum nzmenenue cBodoaHom sneprun ['u6oca

AGY,, =—28620—298 (~32,09) = —19052 JIx

Y KOHCTaHTY PaBHOBECHS

19052
1 K p— f—
S P29 38 31.208

3,3390

Kp s = 2183.

[Ipu noBbIIEHUH TEMITEPaTypbl KOHCTAHTa PABHOBECHUS] YMEHBIIUTCS, MTOCKOJIbKY
AH<O0. Boruncnum ee unciiennoe 3nadenue mnpu 398 K (125+273 K), ucnons3ys ypas-

HeHue n3o0apsl (3.12).

1 K 2o _ AH( 11 j

Kpys 2,3R\298 398

Kpios _ —28620-100
Kpys 2,3-8,31-298-398

WJIM, TIOCJIC TOJICTAHOBKH, g
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18K, 0s =2,076 K, 5, =119

Orser:

Kp,es =2183. IIpu nossimennn temnepatypst 10 125 °C 3nauenue Kp ymensia-
ercst 1 paBHo 119.

UHAUBUAYaAbHbIE 3aAaHNA

41. Tlonmp3ysiCh CHpPaBOYHBIMU JIAHHBIMH, PACCUUTANUTE H3MEHEHHE CBOOOIHOM
sHeprun ['nO6ca u onpeenure, Kakas U3 MPUBEICHHBIX PEAKIIUN TEPMOIMHAMUYECKH
MPEANOYTUTENBHEN ITPU CTAHIAPTHBIX YCIOBUSIX

2HZS(r)+3 02(1-) = 2H20(F)+2SOZ(F),
2st(r)+02(r) = 2H2O(r)+2s(1<p)-

42. Tlonp3ysch CHPaBOYHBIMHU JAHHBIMH, OINPEICIIUTE HANPABICHHUE MPOTECKAHUS
peakuuu

ZSOQ(F)+02(F) = 2803(1-)

IIpY CTaHJAPTHOM JAaBieHuH u teMueparype 798 K, C, #f (T) :

43, OHpG,Z[CJII/ITC TCPMOINHAMHNYICCKYIO BOBMOKHOCTD ITPOTCKAHUA PCAKITNHN

MgOpytHaor) = Mg tH20

IIpU CTAH/IapTHOM JaBieHuu u remneparype 998 K, C, #f (T) :

44. PaccunTaiiTe TEPMOJMHAMUYECKYIO BO3MOXHOCTh BOCCTAHOBJICHHMS KENe3a U3
€ro OKCHJAa BOJOPOAOM IMpHU CTAHAAPTHBIX YCIOBUSX, €CIIM pPEaKLUUs MPOTEKAET IO
YPaBHEHHUIO

F6203(Kp)+3H2(r) = ZFC(KP)+3H20(F).

Ornpenenure TeMiiepaTypy HACTYILJIEHUSI PABHOBECHUS B 3TOU CHCTEME.

45. PaccunraiiTe TEpMOJMHAMUYECKYI0 BO3MOKHOCTbh NMPOTEKAHUS PEAKLUU IPH
CTaHJAPTHBIX YCIOBHSIX

F€3O4(Kp)+4CO(r) = 3Fe(1<p)+4C02(r)-

H3menutcs au HaIIpaBJICHUC €C IIPOTCKAHM:A, CCIM IIOBBICUTH TCMIICPATYpPy A0
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1000K, C,#f(T)?

46. Ha ocHOBaHUU TEPMOJMHAMHUYECKHX PACUETOB ONPEICIIUTE TEMIEpATypy Ha-
CTYIUUICHHS] PABHOBECHS B CICTEME

4HC1(F)+02(F) = 2H20(r)+2C12(r).

XJ10p UK KUCIIOPOJL, SABJIETCS 00Jiee CHIIbHBIM OKHCIIUTENIEM, U TIPU KaKUX TeMIIe-
patypax?

47. Vcnionb3ysl ClipaBOYHbBIE JaHHBIE, OMPEACIUTE HAIlpaBICHUE MPOTEKaHUS pe-
aKIuu

2HZS(F)+3 Oz(r) = 2H20(r)+2802(r)

Ipu cTaHzapTHOM jaBieHuu u remneparype 300 °C, C, #f (T) :

48. PaccunraiiTe U3MEHEHHE SHTaIbINH, SHTPOIMHU, CBOOOAHON 3Hepruu ['nboca
npoiiecca aucconanuu kapoonarta kanbims (CaCO;) nHa CaO u CO, nipu cTtangapt-
HBIX YCJIOBUSIX

C&COg(Kp)—)CaO(Kp)+C02(r).

Onpenenure TemrepaTtypy, npu kotopoit nasinenne CO, nang CaCO; cocraBuT
1 atm.

49. Ilpn xaKkoi Temueparype BEpOATHOCTh IpoTeKanus peakiuii NoOyiry = 2NOypy
1 2NOy ) = NyOyry Oyaer oguHakoBa?
50. Onpenenure TEPMOIUHAMUYECKYIO BO3MOKHOCTh ITPOTEKAHUS PEAKIIUN

Hyy+COxr) = COrtHLOy

IIpru CTAaHAAPTHBIX YCIIOBUSAX. Kak noBnusieT MOBBIIICHUE TCMIICPATYPbI HA TCPMOOU-
HaAMHWYCCKYIO BCPOATHOCTD ITPOTCKAHHNA HpOHGCCEl?

51. Berunciure KOHCTaHTy paBHOBecHs npu 25 °C 1 CTaHAAPTHOM AABICHUM IS
peakuuu

F6203(Kp)+3 CO(F) = 2Fe(Kp)+3 COQ(F)-
Kak m3MeHuTCS 4uCiIeHHOE 3HAQUE€HHE KOHCTAHTHI PAaBHOBCCH:A IIPU ITOBBIICHUUA

temriepatypsbl 10 125 °C (mokaxxute pacueTom)?

52. Ilonp3ysiCh CHPABOYHBIMHU JIaHHBIMH, BBIYMCIIUTE HAIPABICHUE U TIIyOHHY
IIPOTEKAHUS PEAKLIUN

PC15(1-) =P Cl3(r)+C12(F)

IpU CTaHAAPTHBIX ycioBusaX. Caenaiite BBIBOA O TEPMOJMHAMUYIECKON YCTONYNBOCTH
PCls B Takux ycinoBusx.
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53. BO3MOXHO JI1 CaMOITPOU3BOJIBHOE IMTPOTEKAHUE PEAKIIUN

SIOZ(KP)+2CO(F) Sl(Kp)+2C02(r)

IIPU CTaHAAPTHBIX ycJIoBUSAX? OnpeaenuTe TeMrepaTypy HACTyIUIEHUsT PaBHOBECHS B
JIAHHOM CHUCTEME.

54. Koncranra paBHOBecus peakuny H,Oq+CO ) = COypy+Hy iy ipu 1000 °C pas-
Ha 1,36. Beruncnure n3aMeHeHrne M300apHO-U30TEPMHUUECKOTO TMOTEHITMANA TIPH ITUX
YCIIOBUSIX M YKQKUTE HANpaBJIEHUE peakinuu. Beruucnure koHcTaHTy paBHOBecHs Kp u

AG pu 25 °C.
55. Ilpu kakol TeMrieparype BEpOSATHOCTh MPOTEKAHUS PEAKIIUN

F 6203(Kp)+3H2(r) = 2F6(Kp)+3H20(r)

B 00OMX HampaBleHHsIX onuHakoBa? Berauciaure koHcTanty paBHoBecusi (Kp) mpu
ATOM TEMIIEpATypeE.

56. Beruncnure u3sMeHeHHEe M300apHO-U30TEPMUYECKOTO TIOTEHITMANIA U KOHCTAHTY
paBHOBECHSI JIJIsl peaKlIUn

3F€203(Kp)+CO(F):2F€3O4(Kp)+C02(r)

MIPU CTAaHAAPTHBIX yciaoBUsX. Cenaite BbIBOJ O HAMPABICHUH U ITyOMHE MPOTEKaHUs
pEeaKIMK NMPY JaHHBIX YCIOBHUSIX.

57. Aus peakunu COytHOr) = COypytHy ), naymelt B razosoit ¢dasze npu 298 K,
AHg98 —41,2 xk/[>x . MOXHO 71 NpH MOBBIIMICHUH TEMMEPaTypbl YBEIWYUTh BBIXO/I
Boioposa? OTBET HEOOXOJUMO J1aTh Ha OCHOBAHMM TEPMOJUHAMUYECKUX PacCykIie-
HUI U PACUETOB.

58. Boccranornenue Fe;O4 okcumom yriepoaa (II) uaer mo ypaBHeHHIO

FG3O4(KP)+CO(F) = 3F€O(Kp)+C02(r).

BeruniciuTe M3MEHEHHE SHTaIbIINM, SHTPOIHUH, ONPEIEIUTE HAMPABICHUE U TIIy-
OMHY NPOTEKAaHUs PEAKLMU ITPU CTaHAAPTHOM JaBieHuH u temneparype 125°C.

59. Jna peakumn Ny tOrn=2NOp KOHCTAHTHI PABHOBECHA NDH TEMIEPATypax
2300 u 2600 K cootBerctBeHHO paBHbl 1,69:10° 1 5,03:107. BbIducinTe TEMmIoBoil
s dexT rToit peakiuu. [Touemy cunrtes okcuaoB azota (NO) u3 npoctsix BemecTB (N;
1 O,) BO3MOKEH TOJIBKO MPHU BBICOKUX TeMmImeparypax?

60. Ilonp3ysick CIpaBOYHBIMU TAHHBIMH, YCTAHOBUTE, BO3MOKHO JIM IPU TEMIIEpaA-
Type 298 K Boccranonenue TiO, 10 CBOOOHOTO TUTAHA MO PEAKIIUN

Ti02p) F2C iy~ Tiap) F2CO0.

VYcraHoBuTe Temmeparypy, NMpu KOTOPOM Takas peakuus BO3MOXKHA. 3aBUCHUMO-
cteio AH 1 AS ot Temneparypsl npeHeOpeyb.
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4. ®a3zoBbie paBHOBecHs. /[MarpaMMbl COCTOSIHU A
ABYXKOMINOHEHTHBIX (DMHAPHBIX) CHCTEM

PaBHOBecue B cucTeme, COCTOAIIEH U3 JBYX WM HECKOIBKUX (Pa3, HA3bIBACTCS re-
TeporeHHbIM, Wi ¢a3oBbIM. BeriecTBa, KOTOPhIE MOTYT OBITh BBIJICICHBI U3 CUCTE-
MBI U CYILLIECTBOBATb CAMOCTOSITEIILHO BHE HEE, HA3bIBAKOTCS KOMIIOHEHTAMU, UJIU CO-
CTABJAIIUMU. ECIIM B pPABHOBECHOM CUCTEME OTCYTCTBYET XUMHUYECKOE B3aUMO/ICH-
CTBUE MEXKIY COCTABJISAIOIIMMHU, TO YACIO KOMIIOHEHTOB PABHO YUCITY COCTABIISAIOLINX,
a €CIIM B PAaBHOBECHOM CHUCTEME MPOTEKAIOT XUMHUUYECKHUE PEAKIIUU, TO YHCIO KOMIIO-
HEHTOB PAaBHO YMCIY COCTABJISIOIINX, MUHYC YHCJIO YPABHEHUMN pEAKIMi B3aUMOJCH-
CTBUS, CBSA3BIBAIOIINX UX KOHUECHTPALUH [IPU PAaBHOBECHH.

HanmenbIiee 4rciio COCTaBISIONIMX BEIIECTB, YEPE3 KOTOPOE BHIPAXKACTCS COCTAB
0001 (haspl, HA3bIBACTCS HE3ABUCMMbBIMH KOMITOHEHTAMM.

B3aumocBs3p Mexay uncioMm He3aBUCUMBIX KoMnoHeHTOB (K), uncimom a3 (D) u
YKCJIOM BHEIIIHUX MapaMeTpoB (n), ONpeAessonux (ga3zoBoe COOTHOIICHUE B CUCTEME,
ycTaHaBnuBaeTcs npasujiom ¢a3 ['mdoca:

C=K-®+n, (4.1)

rie C— uyucio creneHe cBoOOAbl (BapMAaHTHOCTh) CUCTEMBI, T.€. YHCJIO TEX Iie-
pPEMEHHBIX (TEeMIEpaTypa, AaBJIEHUE, KOHIIEHTpAIMsl), KOTOpPbIE MOKHO
U3MEHSATh MPOU3BOJIBHO B ONPEJEICHHBIX Mpeaenax 0e3 M3MEHEHUs KO-
JIu4decTBa u Buaa das.

Boipaxkenue (4.1) BbIpaxaeT 0CHOBHOI 3aK0H ()a30BOTr0 paBHOBECHSI.

Uucno creneHeil cBOOOIBI Beera BenuunHa nojoxkurenbHas (C>0). Makcumalns-
HOEe 4ucio (a3, HaxOJAIIMXCS B PAaBHOBECUH IPHU JAHHBIX YCIIOBHSX, ONpeAesseTcs
MHUHHUMAaJIbHBIM 9HMCIIOM cTerneHeii cBo0o bl (C = 0).

[To uncny xommnoHeHTOB (¢a3) cUCTeMbl ObIBAIOT OJHO-, ABYX-, TPEXKOMIIOHEHT-
Hble (Tpexdasnbie) u T.14.; CoctosHue cuctemsl npu C =0 Ha3pIBa€TCs MHBApUAHT-
HbIM, IIpH C = 1 — MOHO- WM OAHOBapHUaHTHBIM, npu C =2 — nu- WIK ABYXBapHU-
AHTHBIM U T.J.

XapakTep B3aUMOJICHCTBUSI MEXKIYy KOMIOHEHTaMHU B T'€T€POTr€HHOW CHUCTEME, XU-
MUYECKHI COCTaB U I'PaHUIIbI CYIIECTBOBAaHUS (a3 MOKHO M3y4yaTh C MOMOIIBIO KOM-
IUIEKCHOTO (PM3UKO-XMMHUYECKOTO aHaIM3a, OCHOBHOM 1I€JIbI0 KOTOPOI'O SIBISIETCS yC-
TaHOBJICHHE (DYHKIIMOHAJIBHOW 3aBUCHMOCTH CBOMCTB BEIIECTBA OT €r0 XUMHUYECKOTO
u (azoBoro cocrtaBa. Kak mpaBuiio, Takue 3aBUCUMOCTH U300paxaroT rpaduyuecku B
BUJIC AUATPAMM COCTOSIHMA. JJI1 IBYXKOMITIOHEHTHON CHCTEMBI IO OCH aOCLUCC OT-
KJIJBIBAIOT COCTAB, IT0 OCU OPJIMHAT — CBOMCTBO.

Ilo xapakrepy B3aMMOZIEHCTBHS KOMIIOHEHTOB pa3jIM4arOT TP OCHOBHBIX BUZA
JrarpamMm COCTOSIHUS:

1. luarpaMmma cOCTOSIHUSI C MPOCTOM IBTEKTHUKON — KOMIIOHEHTHI Pa3jinyaroT-
Cs MO CTPYKTYpE W CBOMCTBaM, B TBEPJOM COCTOSHUU OOpa3ylOT MEXaHHYECKYIO
CMECh, COCTOSIIYIO U3 KPUCTAIIIIOB 000uX KoMroHeHTOB (Cu — Ag, Au — Si).
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2. lmarpaMMa COCTOSIHMSI ¢ 00pa30oBaHHEM TBepPAbIX PACTBOPOB HEOrPaHHU-
YEHHO! ¥ OrPAHMYEHHON PACTBOPUMOCTH KOMIIOHEHTOB JAPYr B aApyre. Eciu kom-
MOHEHTHI OJM3KH 10 CBOWCTBAM, BETMYMHE aTOMHBIX PAJMyCOB, UMEIOT OJMHAKOBBIM
TUT KPUCTAITUIECKON PEIIETKH U TIPU OXJIAXKICHUHU 00pa3yloT TBEpP/Ible PACTBOPHI 3a-
MEIICHHS], — JUATPAMMA COCTOSIHUSI C HEOrPAHUYEHHOH PacTBOPUMOCTHIO (Au —
Ag, Ge — Si u np.). Ecu xoTst Obl OIHO U3 BBINIEYKAa3aHHBIX YCIOBHUI HE BBITIOIHSCT-
csi, TOTJ]a 00pa3yroTCsS TBEP/bIE PACTBOPHI C OTPAHHUUEHHOW PACTBOPUMOCTBIO OJHOTO
KOMITOHEHTa B JIPyTOM — JAWMArpaMMa COCTOSIHUSI ¢ OTPAHUYEHHOW PacTBOPUMO-
cTbi0 (Pb — Sn, Co — Niu np.).

3. IlmarpaMmma COCTOSIHMA C 00pa30BaHUEM XHMHUYECKHMX COCAUHEHMH — KOM-
MIOHEHTHI PE3KO OTJIMYAIOTCS 10 CBOMCTBAM, MPH OXJIKICHUH BCTYMAIOT B XUMHYE-
CKOE B3aWMOJICHCTBHE M OOpPa3ylOT XMMHYECKHE COCAMHCHUS, KPUCTAIUIMUECKAs pe-
IIeTKa KOTOPBIX OTIIMYAETCS OT KPUCTALTUYCCKUX PEIICTOK UCXOAHBIX KOMIIOHEHTOB
(Pb — Mg, Pb — Sb). Xumuueckue coeiMHEHUS], 00pa3yIolrecs B TaKUX CUCTEMaX, 00-
JaIal0T Pa3IMYHON CTENeHbl0 ycTounBOoCTH. Ecian XxuMudeckoe coelMHEHHE yCTOM-
YHBO NP BCEX TeMIlepaTypax, BIUIOTh O TEMIIEpATyphl IUIaBJICHUS, U TIPH IUIABJICHUU
COCTaBbI JKUJKON (pa3bl U XMMHUYECKOTO COECIMHEHUSI TOXKIACCTBEHHBI, TOT/Ia COeTUHE-
HUE UMEET KOHIPYIHTHYI0 TOUYKY IIaBJeHud (T.€. IIaBuTcs 0e3 pasznoxxenus). Eciu
e XUMUYECKOE COCTMHEHNE YCTOMUMBO JIMIIb JI0 OMPEIeJICHHON TeMIepaTyphl U MpH
TUTABJIEHUU COCTABbI UCXOAHOM TBEP10H (a3bl ¥ MOTYyYEHHON KUAKOHU (pa3bl HE COBMa-
JIAI0T, TOT'/1a COCIMHEHUE UMEET MHKOHTPYIHTHYI0 TOUYKY IUIaBJIeHHU (T.€. IJIaBUTCS
C pa3JIOKEHUEM).

Bce tumnpl quarpamm 6ostee moapoO6HO paccMoTpeHsl B [4] u [13].

YacTHBIM clTydaeM KOMIUIEKCHOTO (DM3MKO-XMMHYECKOTO aHalli3a SIBIISIETCS Tep-
MorpadudecKkuii aHaIn3, B OCHOBE KOTOPOTO JIGKHUT YCTaHOBJICHHUE TeMIepatyp (azo-
BBIX TIPEBpAICHUA TPH MEUICHHOM OXJIQXICHUN HM3ydaeMbIX cocTaBoB. [ paduue-
CKYIO 3aBUCUMOCTbH TEMITepaTyphbl CHCTEMBI OT BPEMEHH TIPU €€ MEJICHHOM OXJIaXKIe-
HUU Ha3bIBalOT KPUBOil oxuiaxkaenus. Kaxnomy ¢ga3zoBoMy npeBpalieHH0 Ha KPUBOM
OXJIAKJICHUS] COOTBETCTBYET OIpE/IEICHHBI reOMeTpuieckuil 00pa3: Touka neperuoa,
TEeMIepaTypHas MI0LIaIKa.

[Ipn oxnaxxneHU OJHOKOMIIOHEHTHOW CUCTEMBI HAXOJMSIIEHCS B PACIUIABIEHHOM
cocrosiHud, (@ =1, C=1-1+1=1), nnaBHbId X0A KPUBOH OXJIAXKIACHUS B TOUKE 2
(puc. 4.1, a) pepbiBaeTcst U o0pa3yeTcs TeMIepaTypHas IUIOIIa/iKa, 00yCIIOBICHHAS
MPOLIECCOM KPUCTAJUTM3AIMKN, KOTOPBIA COMPOBOKIAETCS BBIICIECHUEM CKPBITON TeIl-
70Tel. B pe3ynbrare Temieparypa B TEUEHUE HEKOTOPOTO BPEMEHHU OCTAETCSI TOCTOSIH-
Hoit (O =2,C=1-2+1=0). Korna Bech paciuiaB 3aKpHCTAIUIM3yeTCs (3aTBEpieeT)
OTIATH HabIIoaeTes TaBHOe cHinkeHne Temmepatypsl (O =1,C=1-1+1=1).

[Ipu oxnakaeHUH IBYXKOMIIOHEHTHOM crcTeMsl (puc. 4.1, 0) Touka 2 Takke COoOT-
BETCTBYET Hayaly BBIJICJICHUS U3 pacIlylaBa KPUCTAIIOB OJHOTO U3 KOMIIOHEHTOB. BbI-
JEJAI0IIAsAcs TeII0Ta 3aMeAJISIET MPOLIECC OXJIAXKICHN U HAa KPUBOM OXJIaKIEHUS Ha-
omomaem neperu6 B Touke 2. Ha yuactke 2— 3 cucrema aByxdasnas (D=2,
C=2-2+1=1), ogHako 1O Mepe OXJKJECHUS pacIljlaB 00O0raniaeTcsi BTOPbIM KOM-
noneHtoM. [Ipu HexkoTOpoi TemmnepaType (Touka 3) cocTaB KUAKOHN (ha3bl CTAHOBUTCS
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HACBHIIIEHHBIM OTHOCUTEJILHO 00OMX KOMIIOHEHTOB M MPOUCXOJAUT UX OJHOBPEMEHHAsI
kpuctaymmm3anus. CocraB, COOTBETCTBYIOIIMII OHOBPEMEHHON KPHCTAJLIH3ALUH
000MX KOMIIOHEHTOB HA3bIBAETCH IBTEKTHYECKHM, a TeMIIePaTypa, Npu KOTOPOH
KPHUCTAJIM3YETCS 3TOT COCTAB HA3bIBAaeTCs IBTEKTHYECKOM. B 3TOM cityyae B paB-
HOBECUU HAXOJATCS TpU (pa3bl: paciyiaB U KpUCTaIbl 000MX KOMIIOHEHTOB, YTO COOT-
BETCTBYET MHBapuaHTHOMY cocTosiHnio (P=3, C=2-3+1=0). 3nauenue C=0
yKa3bIBaeT Ha TO, YTO TP (ha3bl MOTYT HAXOAUTCS B PAaBHOBECUH TP BIIOJIHE OTIpeie-
JIEHHBIX YCJIOBHSIX: TEMIIEpPATypa paBHA 3BTEKTUYECKOM, a COCTaB pacIljiaBa COOTBET-
CTBYET 3BTEKTHUECKOMY. [Ipn oxJiaxaeHuu paciiaBa 3BTEKTHUECKOIO COCTaBa KpH-
cTaJM3anusl 000MX KOMIIOHEHTOB MPOUCXOAUT OJHOBPEMEHHO M Ha KPUBOM OXJIaX-
JeHusi o0pa3yeTcsi TeMiiepaTypHas 1uiomanaka (ydactok 3 — 4). Ilocne 3aBepiieHust
KpHUCTaTU3aUH (y4acToK 4 — 5) cucteMa COCTOUT U3 JIByX TBEpAbIX (a3 (cMech KpH-
CTAJUIOB  JIByX KOMIIOHEHTOB) M  SIBIsieTCA ~ ofgHOBapuaHtHou ( D=2
C=2-2+1=1), 9TO COOTBETCTBYET IUIABHOMY M3MEHEHHIO XOJa KPUBOU OXJIaxKIe-
HUSL.

Ecnu B cucreme 00pa3yroTcsi TBEpAbIE PACTBOPBI OJHOIO KOMIIOHEHTA B JIPYTOM,
TO Ha KpUBOW oxuytaxaeHus (puc. 4.1, B) HabmogaroTcs Ba nepernda, COOTBETCTBYIO-
e TemrepaTypaM Hadaja (Touka 2) M KOHIa Kpuctayumsauuu (touka 3). OTcyTeT-
BUE TOPU30HTAJILHOIO Y4aCTKa HAa KPUBOW OXJIAXKJIEHHsI O0YCJIOBJIEHO TEM, YTO COCTaB
KUJIKOM (pa3bl CUCTEMBI IIPU OXJIAXKIECHUHU HE COBIA/IAET C COCTABOM TBEPJOIO PACTBO-
pa.

IIo KpuBBIM OXJIXICHUA, KaXaass U3 KOTOPBIX COOTBETCTBYET OIPEIEICHHON
KOHLIEHTpAlMy KOMIIOHEHTOB, CTPOAT IUarpamMmy cOoCcTosHMs. Ha koopauHaTHyro ceT-
Ky «COCTaB — TEMIIEpaTypay» HAHOCAT BCE TEMIIEPATypPHbIE OCTAHOBKU WU IEPErHOBbl,
MMEIOLIMECS HAa KPUBBIX OXJaxeHus. COeMHUB TOUYKH Havajla KPUCTAJUIM3ALNH, T10-
JyYUM JIMHUIO JIMKBUAYC, BBIIIE KOTOPOW CHCTEMA HAXOAMTCS B PACIUIABIEHHOM CO-

crosnd. CoOelIWHMB TOYKH KOHIIA
KPUCTAJUIM3aLMU, TOJYyYUM JIMHHUIO
COJIMAYC, HIKE OTOW TEeMIEpaTypsl
crcTeMa HaxOAHUTCsA B TBEpAO(ha3HOM
COCTOSIHMHA. MexXay NUHUSAMU JINKBH-
OyC U COJIMAYC HaxoAuTcs IByX(as-
Hasi o0nacTe, B KOTOPOW COCYIIECT-
3 BYIOT >KHMJIKasl U TBepaas (asbl.

JIro6ast Touka Ha aUarpamme, of-
pelensomas cocTaB U TEMIIEpaTypy

CMECH, HA3bIBACTCA (PUIYPATUBHOI.

B) 4 Jlns ompepeneHuss coctaBa (a3 B
> ABYX(a3Ho# 00J1acTH 4Yepe3 TOUKY,
Bpemst 3amaroniyro COCTaB CMECH, IIPOBOJIAT
M30TEPMY 10 IIEPECEUYECHHUs] C JIMHUEU
JIMKBUAYC C OJHOM CTOPOHBI U C Op-
JMHATOU C Apyrou ctopoHsl. [Ipoek-

a)

Puc. 4.1. KpuBble oxnaxaeHus
OJHOKOMIIOHEHTHOM CHUCTEMHI (a)
U JIBYXKOMITOHEHTHOM (0, B)



32

U] TOYKH TIepeceueHms] H30TEPMBbI C JIMHUEH JTMKBUYC HA OCh a0CLHCC MO3BOJIMT OII-
pEeNeTUTh COCTaB KUJIKOM (ha3bl, a C OPAMHATON — COCTaB TBEpOH (ha3bl.

B onnodasznoii o6mactu coctaB (hazbl ONpeaensercs NpoeKIel TOUKY, 3a1aromei
COCTaB, Ha OCH a0CIIHCC.

OTHOCUTENBHOE KOJIMYECTBO KUAKOU U TBEPIOH (pa3bl B CMECH MOKHO PACCUUTATh
[0 MPABHJIYy PbIYara: OTHOIICHHE MACC PABHOBECHBIX (pa3 00paTHO OTHOLLICHUIO
O0TPEe3KOB, 0TCEKAEMbIX HAa H30TepMe OPAUHATOM 00111ero COCTaBa CHCTEMBI.

lpnmep
[Toctpoiite quarpammy coctosinusi cuicteMmbl Pb — Mg 1o cieyronum 1aHHbIM:
coaepxxanue Mg, mac. % 0 3 19 32,5 70 100
conepxkanue Pb, mac. % 100 97 81 67,5 30 0
t wau. ps “C 323 250 550 460 590 650

t coma kp> *C 323 250 550 460 460 650

[IpuBenuTe MOJHOE HA3BaHHWE IUArPaMMbI, pacCuuTaiTe HOPMYIy XUMHUECKOTO
coeMHEeHMsI U 0003HaubTe (hazoBbie Mos. [locTpoiiTe KpUBYIO OXJaKICHUS JJIs CO-
craBa ¢ 20 mac. % Pb, onpenenure uncio a3 U YMCIIO CTEIICHEH CBOOOIBI Ha KAXKIOM
Y4acTKe KPUBOHM OXJIAKICHUS, TIPU dTOM YKaKHUTE, KaK M3MEHSIOTCS COCTaBHI (a3 B
nporecce kpuctaumsauuu. Jiig ykazanHoro cocraBa mpu t=3530°C onpenenure:

a) Macchl KUAKOW U TBepAOoH (a3, HAXOMAUIMXCS B PaBHOBECHM, €CIH OOIIas macca
crutaBa coctaBwia 1 kr; 06) maccel Pb u Mg, Haxopasmiuecs B sxuakout gase.

PelweHrne

JlJis mocTpoeHUs quarpaMMbl cocTosHUS (puc. 4.2) Ha ocu abCIUCC OTIOXKUM OT-
pe3ok AB, mnuny kotoporo npumem 3a 100 mac. %. Paznennm otpe3ok Ha 10 paBHBIX
yacredd. Kpaitnue Touku A u B coorBerctBytotr 100 mac. % Pb u 100 mac. % Mg. Ha
OpJMHAaTaX, MPOBEJACHHBIX B TOUKax A u B, oTMeTuM TemriepaTypbl KpUCTaIU3AI[UU
yucThix MeTauioB 323 u 650 °C. XapakTepHble TOUKM Hayajda U KOHIA KpUCTAILINA3a-
LMY U1 Pa3IM4HbIX CMECEU MEPEHECEM B COOTBETCTBHUU C COCTABOM HAa KOOPJIMHAT-
Hy10 ceTKy. COeIMHUM TeMnepaTypbl Hayana KpUCTAIUIM3AllMU YHUCTHIX METAJUIOB U UX
crutaBoB. Jluaua t, E, D E, t; aBnasgerca nunuen JukBuayc. IIposenem yepes ToUku

E, u E, npsmsle, napauienbHble OCH a0CLUCC, 10 MEPECEUYEHUs] C OpIUHATAMU YHC-

THIX METAJVIOB U1 XUMUYECKOT'O COECIMHEHHS U MOTYYUM JIUHUIO COJUAYC, COCTOAILYIO
u3 AByx otpe3koB pq u ks. [loctpoennas auarpamma (puc. 4.2) Ha3bIBaeTcs aua-
rpamMMoii COCTOSIHUSI OMHAPHOM CHUCTeMbI ¢ 00pa30BaHUEM XMMHYECKOI0 COeIM-
HEHUsl, IJIABSANIErocs 0e3 pa3ioxkeHHs: (KOHrpy3HTHO). Touka D Ha3bIBaeTcs TOY-
KOW JMCTEKTHMKH U COOTBETCTBYET TEMIEpPAType KpHUCTAJUIM3aluuu (TUTABJICHUS) XU-
muueckoro coeauHenus. Jluavs DC onpenesisieT cocTaB XMMHYECKOT0 COCUHEHMS.
Toukn E, n E, Ha3bpIBaeTCs 3BTEKTHMYECKUMH, COOTBETCTBYIOLUIMMHM PAaBHOBECHOMY

cyliecTBoBaHMIO Tpex (a3: xuakoi dasel (L), kpuctamioB Pb u kpucramioB xumuye-
ckoro coequHenus (touka E,) u sxuaxoit ¢a3zel (L), kprcTaiioB XMMHYECKOro coeu-
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3
C B

100 % Pb 2l0 40 60 80 100 % Mg
mac. %

Puc. 4.2. JIluarpamma cocrosinust cuctrembl Mg — Pb
HEHM U KpucTaiioB Mg (touka E,).

Paccunraem popmyny xumudeckoro coequHerusi. O603HaYMM 4ncIo aToMoB Pb u
Mg B popmyne XUMHUYECKOTO COEAMHEHUS Yepe3 X M Y COOTBETCTBEHHO. ATOMHBIC
Macchl 3THX 31emMeHToB paBHbl 207 1 24. Torna Macchl CBUHIIA U MAarHUs B XUMHYE-
CKOM coeAMHEHUM OTHOocsATCA Kak 207x :24y. Tak kak XUMHUYECKOE COCAMHEHHE CO-

nepxut 81% Pb u 19% Mg, Torna
207x:24y =81:19,

OTKyJa

81 19
X:y=—:— wm Xx:y=0,4:0,8 mubo x:y=1:2,
¥ 7207 24 Y Y

Taxum oOpazom, mpocteiiiias Gpopmyna XuMUIecKoro coeanHenus PbMg,.

Ha nonyuennoi#t auarpamMmme nmeetcs 7 obmnacteit (Ppa3oBbIX moseit). Boie nuauu
mukBuayc (oomacts [) Pb u Mg HaxoasTcst B KuAKOM (pacIuiaBJI€HHOM) COCTOSIHUU.
O6uacts | oTBevaeT ogHopogHOMy oaHOo(azHoMy coctosiHuto (D =1). O6nactu 11, 11,
IV, V, VI, VII oTBe4yatoT HEOAHOPOIHBIM IBYX(Pa3HbIM COCTOSHUSAM cUCTEMBI (D =2):
Il — TBepnas ¢aza (kpucramuisl) Pb u xuakas ¢aza pacrasa Pb u Mg; 111, IV —
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TBepaas (aza xuMmuueckoro coequHeHus PbMg, u xxuakas dasza pacruiaBa Pb u Mg;
V — kpucramel Mg u xuakas dasza pacruiaBa Pb u Mg; VI — nBe TBepabie dasbr:
kpuctaiuibl Pb u kpucramnst PbMg,, VII — kpucramisl Mg 1 KpucTauibl XUMHUYECKO-
ro coeuHeHUs: PbMg,.

PaccmoTpuM mporiecchl KpUCTaJUIM3alMU cOocTaBa, coiepxkariero 20 mac. % Pb
(Touka M), ¥ MOCTPOMM KpPUBYIO OXJIQXJIEHUS B KOOpAMHATaX «TemIeparypa— Bpe-
Ms». B Touke M cuctema HaxoauTcst B KUAKOM coctossHud (O =1, C=2-2+1=1),
cocTtaB xujikon (azel coorBeTcTBYET 20 % Pb 11 80 % Mg.

[Ipu TemnepaTtype, COOTBETCTBYIOIIEH TOUKE 1, U3 pacmiiaBa HAYMHAIOT BBLACISATh-
csl KpucTaJibl Mg, cuctema craHoButcs aByxgaznon @ =2, C=2-2+1=1. Cocras
xuakon daszel coorBercTByeT 20 % Pb 1 80 % Mg, TBepaoit — kpuctammam Mg. Ilo
Mepe CHUKCHHsSI TEMIIEPAaTyphl B PACIUIaBE YBEIMYUBACTCS KOJMYECTBO KPUCTAJLIIHYE-
ckoil (a3pl Oe3 m3MeHeHus: ee cocraBa. JKuakas ¢aza oboraimaercss CBUHIIOM, a CO-
CTaB ee N3MeHsieTCH MO0 JUHUH JUKBUAYC. Beienstonascs Teriora mpyu KpucTaiu-
3alliy 3aMeNJISIET MPOIECC OXJIAKIACHHS M Y4acTOK | — 2 Ha KpUBOM OXJIaKIEHUSI UMe-
eT 0oJiee MOJIOTHil HaKJIOH.

[Ipu Temmneparype, COOTBETCTBYIOIIEH TOUKE 2, B paBHOBECUM HAXOAATCA TpU (a-
3bl: JKUJIKas (cocTaB ee cooTBeTCTBYET Touke E, 32,5 % Mg u 67,5 % Pb), kpuctasuisl
PbMg, (coctaB 19 % Mg, 81 % Pb) u xpucramisl Mg. Cucrema nnBapuantia (O =3,
C=2-3+1=0), Ha KpUBOI OXJAXKJACHHUSI 00pazyeTcs TemMIeparypHas romaka (2 —
2).

[Tpu nanpHEWIIEM OXJIAXKICHUN PACIIIaB KPUCTALTU3YETCS MOJTHOCTBIO M CUCTEMA
COCTOUT M3 JBYX TBEpIbIX (a3 — kpuctaiwioB Mg u kpucramioB PbMg, (O =2,
C=2-2+1=1). ®a30BbIX NpeBpaLLEHUI B UHTEPBAJIE 2 — 3 HE NPOUCXOAUT U KpUBas
OXJIQXKJICHUS UMeeT IUIaBHbIi Xoa. M — 1 — E, — nyTs kpucrammmsanun.

Jlnst pacdera macc cootBeTcTByromux (a3 npu t=530°C (Ttouka H) mposenem
yepe3 Hee U30TepMY, MapalieNIbHy0 OCH abCLUCC, 10 EPECEUEHUs C TMHUEN JTUKBU-
nyc (To4ka n) ¥ OpAUHATON t; (TOYKa m).

CornacHo npaBuly pbluara, 3auiiemM

m mH

P —

m = nH
O603HaunM Maccy kuakoit ¢assl B Touke H kak X, Toraa macca tBepaoi ¢assl (Kpu-
ctauiel Mg) — 1—x . Jliunsl orpeskoB mH u nH onpeaenum mo nponeHTHBIM COOT-
HomeHusM: mH =100 % —80 % =20%; nH =80 % —50% =30 %. Torna:

2 :§ x=0,4kr.
30

1-x

CrnenoBarenbHO, Macca )Kuakou ¢asbl cocrasisier 0,4 kr, a Macca KpuctauioB Mg
paBHa 1,0-0,4=0,6 kr.

Paccuntaem maccel Pb u Mg, conmepkamumecst B xuakoi ¢asze. Tak kKak cocTaB
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xuakoi ¢assl B Touke H cootBerctByet 50 mac. % Pb u 50 mac. % Mg, To

0,4-50 ~0,4-50

mg,, = 100 0,2kr, my, = 100 =0,2 kr.

MHAMBMAya/\beIe 3aAaHuA

61. [locTpoiiTe AnarpamMmy IUIAaBKOCTH cUcTeMbl Mg — Sb, yuuThiBasi, 4To B HEl
o0Opa3yercss XUMHUYECKOe COeIMHEeHue, coaepxariee 77 mac. % Sb u 1uiaBsimeecs mpu
940 °C; t |, =660°C, t o =630°C. KoopauHaTsl u Temiieparypa IUIaBICHHUs 3B~

Ttektuk: E, — 40mac. % Sb u t =600°C; E, — 95mac.%Sb u t_ =620°C.

O6o3HaubTe (Pa3oBbIe TOJS, MPUBEAUTE IMOJIHOE HA3BaHHE YKA3aHHOW UarpaMMbl.
g cocraBa, coneprkaiero 60 mac. % Sb, mocTpoiTe KPUBYIO OXJIAXACHUS, PacCUu-
TaWTe YHUCIIO CTENEeHEH CBOOOIbI Ha KAXKIOM YYaCTKE KPUBOM OXJIXKICHHS U YKAKUTE,
Kak OyayT U3MEHSTHCSI COCTaBbI KUKOM U TBEPIOH (a3 B X0Oe KPUCTAIITU3ALINH.

62. IlocTpoiiTe nuarpaMmy IJIaBKOCTH cUCTeMbl Si— Au, ecmu t o =1412°C,
tioa, =1063°C, t
nuarpamma? O6o03HaubTe (Pa3zoBbIe MOJSI, TOCTPOUTE KPUBYIO OXJIXKICHUS ISl COCTa-
Ba, coaepxkariero 80 ar.% Si, paccunTaiiTe YUCIO CTEIIEHEH CBOOOIbI Ha KaXKIOM yda-
CTKE KPUBOM OXJIAXKACHUS. YKKUTE, KaKk OyayT U3MEHSATHCS COCTABbI KHUIKOW U TBEP-
nou (a3 B X0J1e KpUCTAJUTH3AIIH.

63. Iloctpoitite auarpamMmmy miaBkocTH cucteMbl Cu— Ag B KOOpAHMHATaXx

«TeMmepaTypa — COCTaB» 10 CIEAYIONINM JaHHBIM:
coaepxkanue Cu, mac. % 100 80 70 60 40 28 20 0

=370°C u cootBerctByeT 31 at. % Si. Kak Ha3biBaeTcs Takas

m1 E

coaepxkanue Ag, mac. % 0 20 30 40 60 72 80 100
t yau kps C 1083 960 930 880 800 778 820 962
t corma xps ~C 1083 778 778 778 778 778 778 962

K kakoMy Tumy aumarpaMM OTHOCUTCS yKa3aHHas auarpamma? O6o3HaubTe (pazo-
BblE TMOJSI M YKaXUTE WHBApUAHTHbIE TOYKUA. [l cocraBa, coaepKamiero
60 mac. % Cu, MOCTPONTE KPUBYIO OXJIAXKICHUS U YKAKUTE, KAK U3MEHSIOTCSI COCTaBbI
(a3 B X0l KpUCTAIUIM3ALUH, PACCUUTANTE YUCIIO CTENEHEN CBOOOIbI HA KAXKJIOM yYa-
CTKE KpHUBOM OXJIaKJIEeHUS. PaccumTaiTe i yKa3aHHOTO COCTaBa KOJWYECTBO MEIU U
cepebpa B xuaKoi ¢aze mpu 800 °C, eciu ol1ias Macca CMECH COCTaBuIIa 2 KT.

64. B cucreme Cu — Ni oOpa3yeTcs HenpepbIBHBIN Pl TBEPIBIX PACTBOPOB HEOT-
paHUuYEHHOU pacTBOpuMOCTH. HauepTuTe auarpaMmy MiiaBKOCTH YKa3aHHOM CUCTEMBI,
ecnu t,, ., =1083°C, t  , =1450°C. O6o3HaubTe (ha30BbIC MO HA AUATPaMMeE U

WHBapHaHTHBIE TOYKH. J[71s1 cocTaBa, comepikariero 65 mac. % Ni, onpeaenure: a) TeM-
neparypy Hadajga KpHCTaUIM3alMK PaciiaBa; 0) MpH KaKoi TeMIepaType 3aKpucTall-
JIU3YETCSl TOJIHOCTBIO; B) COCTaB MEPBBIX BBHINABIIMX KPHUCTAILJIOB; I') COCTAB MOCIE-
HEW Karuli paciuiaBa; 1) HOCTPONTE KPUBYIO OXJIAXKIICHUS M PACCUMUTAWTE YUCIO CTe-
neHel cBOOOIbI Ha KKIIOM €€ yJacTKe.
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65. Hauepture quarpaMmy COCTOSIHUS BOJIbI TPU HU3KUX JAaBieHUSIX B P —t — ko-
opauHarax. OObsICHUTE 3HAYCHHE BCEX JIMHUN M (Da30BBIX TOJIeH Ha auarpamme. Pac-
CUHMTANTE YUCIIO CTereHel cBO0OIbI B 0JIHO(A3HBIX 00JACTAX M HA JUHUAX JABYX(Da3-
HbIX PAaBHOBECHI; YCTAHOBUTE HWHBAPUAHTHYIO TOUKy Ha auarpamme. Hcnomnb3ys
ypaBHenue Knaneiipona — Kiaysuyca, 00bsICHUTE HaKJIOH KPUBBIX TUIABJICHUS U UCTIA-
pEeHUsL.

66. Hapucyiite quarpammy cocTtosiHusi cepbl (puc. 4.3) u onpenenure, kKakue (assi,
MX KOJIMYECTBO HAXOJATCS B paBHOBeCHM B Toukax a, b, H, B, G, C, na nuausx AB,
BC, CD, BG, GF, CG u paccuuTaiiTe Jjisi HUX YUCJIO CTENEeHe cBOOObl. MoryT jin B
JTAHHOW CHCTEME B PAaBHOBECHH HaXOAWTHCS 4eThIpe ¢a3bl? OTBET HEOOX0AUMO 000C-
HOBATb.

67. Iloctpoiite nuarpammy coctosiHusi cuctembl Cd — Bi B koopauHaTax «CoCTaB-
TEMIEPATYPay» MO CICTYIOIIUM JaHHBIM:

cozaepkanue Bi, mac. % 0 20 40 60 80 100
conepxkanue Cd, mac. % 100 80 60 40 20 0
t au. xps °C 320 290 240 145 190 270

320 145 145 145 145 270

o
t KOHIIA Kp.» C

[IpuBenuTe MoOIHOE Ha3BaHHWE JUArpaMMbl, 0003HAUYbTE (Ha30BBIC MOJS. Y KAKHUTE
ABTEKTUYECKUN COCTAB M BTEKTHYECKYIO Temneparypy. st coctaBa, COOTBETCTBYIO-
IIETO IBTEKTUYECKOMY, IIOCTPOUTE KPUBYIO OXJIAKICHUSA U YKAXKUTE, KAK U3MEHSIOTCA
cocTaBhl (a3 B X0JI¢ OXJIaKJIeHUs. PaccunTaiiTe unciio creneneld cB0OO bl Ha KaXKI0OM
Y4aCTKE KPUBOW OXJIAXKICHMUS.

68. Haueptute naua- A 151 °C
128,8 MIla

rpamMmMmy coctosiHus Ge —
Si (puc.4.4) u omnpene-
JUTE: a) K KaKOMYy THUITY
OHa OTHOCHTCS,
0) KOMMYECTBO, TIPUPOIY
u coctaB a3 B TOUYKAX
a,b,c,d,e. Tlocrporite
KPUBYIO  OXJIQXKJICHUS
s coctaBa d U paccum-
TaTe YHCIO CTENEHEH
cBOOOJBI Ha KaXXIIOM €€
y4acTKe.

P, MIla

69. Haueptute nua-
rpamMmy COCTOSIHUS,
TIPUBEICHHYIO Ha
puc. 4.5 m ykaxwure, K
KaKoMy THITy JUarpaMm
OHA OTHOCHUTCS. YcCTaHO- t,o’C
BUTE Ha HeH o0jacTu

Puc. 4.3. [IlnarpaMma COCTOSHUS CEPBI



JIBYX-, OJIHO- U WHBapUaHTHOI'O CO-
CTOSIHMI, yKa3aB IMPU ATOM KaKHe
($a3pl U UX YUCJIO HAXOMSITCS B paB-
HoBecuu. Onpenenure MPOLEHTHBIN
COCTaB XHMHYECKOTO COCAUHCHUS.
Paccuuraiite 4ucio CTENEHEH CBO-
6o1p1 B Toukax 1, 2, 3, 4, 5, ykazaB
YUCIIO HE3aBHCHMbBIX KOMIIOHCHTOB
u gnucio ¢a3. Jns Touku 3 paccuu-
TaTE BECOBBIE KOJUYECTBA TBEPAOU
W KuaKou asbl, ecau obmas macca
CMECH COCTaBUJIA 2 KT.

70. Haueptute nmarpamMmmy co-
cTostHUS (CM. puc. 4.5) U onpenenu-
TE€: a) TUN Auarpammbl; 0) Ha3BaHUs
Y 3HA4YEHHs BCEX JIMHUHN U (a30BbIX
noJiel; B) yKaxxuTe, Kakas (asza Oy-
JET BBIACNATHCA MEPBOM MpU OXJa-

940
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1
100 % Ge 20

1
40 80 100 % Si

]
at. % 60

Puc. 4.4. Ilnarpamma coOCTOSIHUA

cucrtembl Ge — Si

KICHUU cocTaBoB, coxaepxammx 20, 40, 55 mac. % xomnoHeHTa B, u temmneparypy

O Mo oM ¢ Havana M KOHLA UX IUIABJICHMS.
cj_? : 2 ln Paccuuraiite popmyny xumuue-
1200 > CKOI'O COEJIMHEHHUSI, €CJIH aTOM-
Hasi Macca KOMIIOHEHTa A paB-
°2 1 10 Ha 27, a aTOMHasi Macca KOMIIO-

800 [ HeHTa B — 197.
*3 6 71. Hapucyiite auarpammy
17 coctosiHus (cM. puc. 4.5) u npu-
400 4 9 8 i BEJUTE €€ IIOJIHOE Ha3BaHUE.
VKaXuTe TOYKH OHBTEKTHKU H
RN R TR SR R L1 NepuUTEeKTUKU. B Toukax 6, 7, 8,
100 % A~ 20 4OMac %60 80  100% B 9, 10 paccunraiite uncmno cremne-

Puc. 4.5. luarpamMmma coctosiHusi cuctemsl A — B

Hell cBOOOJbI, yKa3aB MpHU 3TOM
YHCII0 KOMIIOHEHTOB, KOJINYECT-

BO M COCTaB paBHOBECHBIX (pa3. Jima Toyek M, 1 M, OCTpoiiTe KpUBBIE OXJIAKICHUS

U YKaXUTE, KaK U3MEHSIOTCSI COCTaBbI XKUAKON U TBEP10# (ha3 Mpu KpUCTALIU3ZAIIH.

72. IlocTpoiiTe auarpamMMy COCTOSIHHSI CUCTEMbl Mg — Zn 1o CleayrolluM AaH-

HBIM:
Conepxanue Zn, mac. % 0
Conepxanue Mg, mac. % 100
t s xp.» °C 650
t KOHIIA Kp.> °C 650

20
80
580
410

40 60 70 90 100
60 40 30 10 0
410 550 575 430 480
410 410 575 430 480
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Kak nHasbiBaetcs Takas auarpamma? O0o3HaubTe (a3oBble MOMSL. YKaXKHUTE TOUKY
JVCTEKTHKH, COCTaB XMMHYECKOTO0 COeMHEHHUs. [10CTpoiTe KpUBYIO OXJIKACHUS IS
COCTaBa, COOTBETCTBYIOLEIO TOYKE JUCTEKTUKH, PACCUUTAUTE YUCIO CTEIIEHEH CBO-
00/1bl Ha Ka)X/OM YYacTKe KPHBOW OXJIQXJEHUS, yKa3aB KOJIWYECTBO KOMIIOHEHTOB,
YKCIIO U COCTaBbI (ha3 Ha KaXJIOM y4acTKe KpUBOM oxJjaxeHus. Paccuuraiite hopmy-
JIy XUMHUYECKOTO COETMHEHMUS.

73. IlocTpoitTe nuarpaMMmy COCTOsIHUA Mg — Zn 10 JaHHBIM, YKa3aHHBIM B 3a7a4€
Ne72. Vkaxure THUNO TNOCTpPOCHHOW Auarpammbl. J[isi cocTaBa, COAEpPIKAILEro
10 mac. % Zn, mocTpoiTe KPUBYIO OXJIAXKICHUS, PACCUUTANUTE YUCIIO CTETNICHEeH CBOOO-
JIbl HAa KaKJIOM y4acTKe (yKa3aB KOJMYECTBO KOMIIOHEHTOB U YHCIO (a3), onpeaenure,
KaKoi MeTaul OyJIeT HaXOJAUThCA B BUJIC BKPAIUICHUHN B ABTEKTUKY. [l yKazaHHOTO
cocrasa 1pu temmnepatype 500 °C paccuuTaiite Maccy KHUIKOW U TBepAoH ¢az, eciu
oOmrast Macca cMecH paBHa | Kr.

74. Iloctpoitte quarpammy coctostHus cucteMbl Cd — Bi 1o cireyromyMm TaHHbBIM:
t g =320°C, t L =270°C, t  osBrektuku 145 °C u coorsercrByer 60 mac % Bi.

VYkaxuTe, K KAaKOMy THIy AuarpaMMm oHa oTHocutcs. O0o3HaubTe (pa3oBbie MOJS U
paccuuTaiTe Yucio cTeneHei cBo0o bl B HUX. Onpeenure, Kakoi U3 METaJJIOB U MPU
KaKOM TeMIiepaType Ha4HET BBIJCIATHCS TEPBBIM MPU OXJIAKIECHUN KUIKUX CILJIABOB,
comepkamnmx a) 20 mac.% Bi, 6) 60 mac. % Bi, B) 70 mac. % Bi. Iloctpoiite kpuByto
OXJIAXJICHUSI I cocTaBa, cojepxkaiiero 60 mac. % Bi, u ykaxure, Kak U3MEHSIOTCS
cocTaBhbl (a3.

w1 Bi

75. Hapucyiite nuarpammy coctosiHus Pb— Sn (cM. puc. 4.6) u omnpeaenure:
a) TUI IMarpaMMbl COCTOSTHUS; 0) HA3BaHME Y 3HAYEHUE BCEX JTMHUM U (Pa30BBIX MOJIEH
Ha MarpaMme COCTOsiHMsI. PaccumnTaiite yuciio creneneid cBo0oAbl B Toukax 1, 2, 3, 4,
5, yKa3aB IpH 3TOM KOJIMYECTBO KOMIIOHEHTOB, 4yuciio ¢a3. [l cocraBa, COOTBETCT-
BYIOILIETO (pUrypaTHBHOM Touke M |, IOCTPONTE KPUBYIO OXJIAXKAECHUS U YKaXKUTE, KaK

O v O U3MCHSIOTCS TIPU  KPHUCTAJLIH3a-
[ ] [ ] [ ]
o 1 M N IIUM COCTaBHI (pas.
300

76. Hapucyiite = auarpamMmy
coctosiausi Pb — Sn (puc. 4.6), no-
CTPOMTE KPUBYIO OXJIQXKICHUS IS
COCTaBa, COOTBETCTBYIOIIETO (hu-
rypatuBHOM Touke M, . Paccum-

TaWTE€ YUCIO CTEIEHEH CBOOOIBI
Ha KaXJOM Y4YacTKe KPUBOM OX-
JaXICHMS, yKa3aB MPU ATOM, Kak
OyIyT U3MEHSTHCA COCTaBbI KU/I-
KOl u TBepaou ¢a3. [ns cocrasa
100 % Pb 20 40 60 80 100 % Sn TOYKH 2 pacCUUTAUTE KOJUYECTBO

Mac. % CBHHIIA M OJIOBA B HUJIKOW H
Puc. 4.6. Ilnarpamma coctosiHus cucteMbl Pb — Sn

100
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TBEp/AOH (azax, eciu 0011as Macca CMeCH paBHa 2 KT.
77. Hapucyiite nuarpammy coctosinusi Pb — Sn (puc. 4.6), moctpoiite KpuByro 0X-
JaXIEHUs AJIsl COCTaBa, 3aJaHHOro (UrypaTuBHOW TOukod M ,. Paccuumraiite uncno

CTETeHEN CBOOOBI HA KAXK/IOM YYacTKe KPUBOW OXJIKICHMS, yKa3aB MPU ITOM, Kak
OyIyT U3MEHSTHCSI COCTABBI KUAKOU U TBEPOH (a3. YKaKUTE MyTh KPUCTAIUTH3AIIH.
Jliia Touku 8 paccuMTaiTe mMacchl TBEPAbIX (a3, HAXOASIIMXCS B PABHOBECUH, €CIH
oOuras Macca cMecH paBHa | Kr.

78. Hapucyiite nuarpammy coctosinus Pb — Sn (cwm. puc. 4.6) u paccunraite quc-
70 cTeneHer cBoOo bl B Toukax 6, 7, 8, 9, 10, ykazaB npu 3TOM YKHCIIO KOMIIOHEHTOB,
YHCIIO ¥ COCTaBbl (pa3. YKKUTE TEMIEpaTypy Hadalla U KOHIIA TUIABIICHUSI COCTaBa,
COOTBETCTBYIOIIEro Touke 8. O003HaubTe Ha quarpamme (pazobie mossd. Onpeaenure,
K KaKOMY THUITY OTHOCUTCS YKa3aHHas JuarpaMma, v pUBEIUTE €€ MOJTHOE Ha3BaHUE.

79. IlocTpoiiTe nuarpamMmy COCTOSTHHS CUCTeMbl Au— Sb, y4uThIBas, 4To B HeW
oOpa3yeTcss KOHTPYIHTHO TUTaBsIIeecs coequHeHne AuSb,, KOTOpoe CMEIMBAECTCs B
JFOOBIX COOTHOIIIEHUSX C YUCTHIMU KOMIIOHEHTaMH B paciijiaBe, HO He 00pa3yeT C Hu-
MH TBepAbIX pactBopoB. Ilpm »3TOM t =1064 °C t g =631°C

w1 Au H
t o aush, = 460°C . OBrextnka Au— AuSb, miasurcs npu 360 °C u cooTBercTByeT

35 mac. % Sb, sBTekTHKa AuSb, — Sb cooTtBercTByeT 72 mac. % Sb u mnaBuTca npu
456 °C. PaccumraiiTe NPOLEHTHBIM COCTaB XMMHUYECKOro coenuHeHus. IlpuBenure
MOJIHOE Ha3BaHHUE JTUarpaMmbl, 0003HaubTe (ha30BbIE IMOJIS, YCTAHOBUTE OOJIACTU WH-
BapUAaHTHOT'O COCTOSIHUSI.

80. Hapucyiite nuarpaMmy cocTosiHus OUHapHOU cucteMbl A — B ¢ 06pa3oBanuemM
TBEP/BIX PACTBOPOB OIPAaHUYCHHOW PACTBOPUMOCTH MepuTekThdeckoro tuma. O6o-
3HauybTe (ha30BbIE MOJIs, ONPEACTUTE HA3BaHUS U 3HAYCHUS BCEX JIMHUM Ha AUarpaMme
COCTOSIHUSI. YKaXHUTE JIBYX-, OJJHO- U UHBAPUAHTHBIC COCTOSIHUS. YKaXXUTE TOUKY Tie-
PUTEKTUKHU U JJI1 3TOTO COCTaBa, MOCTPOUTE KPUBYIO OXJIAXKICHHUS, YKa3aB, KaKk OyAyT
HU3MEHSTHCS COCTaBBI JKUJIKOW 1 TBepAoH (as.



40

5. lN'aabBaHuYecKHEe DJIEMEHTHI

DIEKTPOXUMHUYECKUE CUCTEMBI, B KOTOPBIX XUMHUYECKasl IHEPTUS IPEBPAILACTCS B
AIIEKTPUUYECKYI0, HA3bIBAIOTCS FAJIbBAHMYECKUMH dj1eMeHTaMu. B ocHOBe X paboThI
JeKAT IJIEKTPOXMMHYECKHE IMPOLeCChl — I'€TEPOreHHbIE OKUCIMTEIbHO-BOCCTAHO-
BUTEJIbHBIE PEAKINH, UAYILIHE Ha FpaHulle pasjena (as: 3JeKTPO — pacTBOP JIEKTPO-
JIUTA.

CKOpOCTb 3MEKTPOXUMHYECKUX MPOLECCOB 3aBUCUT KaK OT MPUPOABI JIEKTPOJIUTA,
€ro MOJIIPHOM KOHIICHTpalluu, BeIU4YnHbI pH, BHEIIHUX yCIOBUH (TeMiieparypa, AaB-
JICHUE, HAIMYUS KaTalu3aTopa), TaK U OT MPUPObI AJIEKTPOJIOB.

Haubonee yacTto B rajJlbBAHMYECKUX 3JIEMEHTaX HUCHOJB3YIOTCS METATUNYECKHUE
AJIEKTPO/IbI, IOTPYKEHHBIE B PACTBOPBI JIEKTPOIUTOB, COACPKAIIUX MOHBI 3TUX Me-
TtayuioB. Ha rpanuie smekTpon — pacTBOp AJIEKTPOJIMTA BO3HHMKAET PA3HOCTH IOTEH-
[[MAJIOB BCJIE/ICTBHE MOHU3ALMMU MMOBEPXHOCTHBIX AaTOMOB METAIa U MOCIEIYIOIIETO
IIEPEX0/1a €ro KaTHOHOB B PACTBOP AJIEKTPOJINTA, (IOBEPXHOCTh METAJIA 3aPSKACTCS
OTPULATENLHO, PACTBOP — MOJIOXKUTEIBHO) WIN MEePexoja MOHOB METaljla U3 pacTBO-
pa 3JIEKTPOJIUTa Ha TOBEPXHOCTh MeTaiia (TOBEPXHOCTh METalljia 3apsHKaeTcs IMoJio-
YKUTEJIBHO, PaCTBOP — OTPHULATENBLHO). DTU NPOLECCHI SBISAIOTCA 00OPATUMBIMU U UAYT
JI0 YCTAHOBJIEHUS PABHOBECUS. 3aps/l, BO3HUKAIOIININ HA METATIMYECKOM JIEKTPOJE B
COCTOSIHUM PAaBHOBECHS, HA3BIBAETCS PABHOBECHBIM JJIEKTPOAHBIM MOTEHIIHAIOM

(¢®, B). lyia akTuBHBIX MeTauioB (Zn, Cr, Fe, Cd u np.) oH oTpHuIatesieH, st MaJio-
akTuBHBIX MeTawioB (Cu, Ag, Hg u ap.) — nonoxuTesneH. JJeKTpoabl, 0OpaTUMBbIE
OTHOCUTEILHO COOCTBEHHBIX MOHOB B PAacTBOPAX JJICKTPOJIUTOB, HA3BIBAIOTCS IJIEK-
Tpoaamu 1-ro poma. Hapsiny ¢ MeTauiMuecCKUMU K HUM OTHOCSITCSI U Ta30BbIE: BOO-
POIHBINA M KHCJIOPOJHBIN 3JIEKTPOAbI.

CxemMaTHYeCKH OHHU 3alUCHIBAIOTCS B MOJIEKYJIAPHOW WJIM MOHHOW (hopmax, Ha-
IPUMED:

Ni |NiSO, H,O wmwm Ni|Ni*';

Ag|AgNO;, H,0 mmAg|Ag;

Pt, H, | H,SO,, H,O wmm Pt H,|2H;
Pt, 0, | 2KOH, H,O wmm Pt,O,|20H .

BepTtukanpHas yepra 0003Ha4aeT TpaHUIly pasziena MexAay AByMs (aszamMu U oOpaTu-
: — -2+ +
MOCTh Mexay BoccTaHoBJaeHHbIMM (Ni, Ag, Hy, OH ) u oxkucaennbimu (Ni°', Ag,
+
2H", O,) ¢popmamu 3JIEKTPOIOB, UTO MOYKHO BBIPA3UTh YPABHEHUSIMU COOTBETCTBYIO-
IIMX 3JIEKTPOJIHBIX PEAKIIMIA:
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. )
Ni—2e=Ni"" — peaKLusl OKUCIICHUS;

Ag'+le=Ag — peakuus BOCCTAHOBICHHUS;

H, - 2e=2H — PEAKLMS OKUCIICHUS;
1/20,+H,0+2e<=20H ~— peakiius BOCCTaHOBJICHHS.

UucrieHHbIe 3HAYEHUS PAaBHOBECHBIX AJIEKTPOJIHBIX IMOTEHIIMATIOB 3aBUCST OT MPH-
POJIBI BJIEKTPOAOB, KOHIIEHTPALIUU U PACCUUTHIBAIOTCS MO ypaBHeHUI0 HepHcera:

P 0 0,059
Prer me = Pmem /Me

1gC, . 5.1
leCy (5.1

0,059
p — o ’ 2 _ 0 .
Ponfu, = o, T lgCL =@y, +0,0591gC (5.2)
0,059
p _ 0 > 2 0
90, /201 =90, /200 T 75 18C0ou- = o, non- ~0:0918C0, - (53)
U3 ypasrenuii (5.1), (5.2) u (5.3) caenyer, uro mpu C, .., Cpv, Cp -, paBHBIX

1 momb/11, @° = ¢”. OTCIOa MOTeHNHAJ, BOSHHKAIOMIMI HA 7J1eKTPoax NPH CTAH-

AapTHBIX yCaoBHUSIX (C,ouos=1 Moab/1; T=298 K, P=1 arm = 101 kIla), Ha3pIBaeTcs
CTAHJAAPTHBLIM YJIEKTPOIAHBIM MOTEHIHAIOM, a IEKTPOJA — CTAHIAPTHBIM 3JIeK-

Tpoxom. Jlitst BOZOPOHOTO 3m1ekTpoga ¢ ... .. =0. JUIs BceX OCTaIbHBIX JIEKTPOIOB
2H*/H,

0
SHA4YCHHUA ¢ OINpPCACICHBI OTHOCUTCIIbHO CTAHAAPTHOTO BOAOPOAHOIO J3JICKTpOAA U

CBE/ICHBI B JJIEKTPOXUMHUYECKHUE PSAIbI AKTUBHOCTEH (U1 METAJUTMYECKUX AIIEKTPO-
JIOB — P/l HANIPSIZKEHHUIi METAJJIOB), UTO MTOKAa3aHO B MPUIL., Ta0II. 2.

C y4eToMm BBIIIECKAa3aHHOTO, MCIIOJB3Ys TaOJUIHOE 3HAYCHUE (pOO o +0,41 B
u, npuHnMas Bo BHuMmanue, 4ro —IgC  =pH, —1gC_ =pOH u pH+pOH =14,
ypaBHeHus (5.2) u (5.3) OyayT UMeTh CIEAYIONINI BU/L:

Oy, = 0,059 pH; (5.4)
p — _
9% s =123- 0,059 pH. (5.5)

Suadenns ¢ @° YMCICHHO XapaKTEPU3YIOT BOCCTAHOBHTENBHYIO CIIOCOOHOCTH aTOMOB
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MeTaiuioB U H, 1 oKMCINTENBbHYIO CHOCOOHOCTh MX MOHOB U O,. UeM MeHbIIe 3HAYEHHE
¢" 1 @P, Tem sIp4e BHIpPaKEHBbI BOCCTAHOBHTEIbLHbIE CBOWCTBA (CIIOCOGHOCT OKFIC-

JSThCS ). YeM GoibIle UX 3HAYEHHUsI, TEM sipUe BbIPaKeHbl OKUCJIUTEIbHbIE CBOMCT-
Ba (COCOOHOCTh BOCCTAHABIMBATHCS). YCJIOBUEM IMPOTEKAHUS  OKHUCIUTEIHLHO-
BOCCTAaHOBHUTEJIBHBIX PEAKINIA B BOJHBIX PACTBOPAX JICKTPOJIUTOB SBJISICTCS] HEPABEHCTBO

(POK > (PBOC * (56)

3aBUCHMOCTh BEJIMYUH DJICKTPOIHBIX TMOTCHIIMAJIOB OT MPHUPOIBI IJIEKTPOJIOB H
KOHLIEHTPallMl TOTEHIHAIIONPEAEISAIONINX HOHOB B pacTBope anekrposuta ((5.1),
(5.2), (5.3)) o0OycioBIMBaEeT BO3MOKHOCTb CO3/IaHUSI XMMUYECKUX U KOHIIEHTPALH-
OHHBbIX I'aJIbBAHUYECKUX IJIEMEHTOB.

XMMHUYECKHM TAIbBAHUYECKAM 3JIEMEHTOM HA3bIBACTCA 3aMKHYTAs SJIEKTPOXU-
MHYECKasi CHCTEMA, COCTOSIIAS W3 JJIEKTPOJIOB PA3JIMYHON XUMHYECKOW MTPUPOIBI.
Onu ObIBaroT ABYX TUIOB — JlaHuauas-SIkoou 1 BoJabTa.

dueMenTsl THNA J{aHMIIsA-AAKO0M COCTOAT M3 JIBYX 3JIEKTPOJIOB 1-ro poja, T.e.
KOKJIBII U3 3JIEKTPOJIOB OOpAaTUM OTHOCUTEIBHO COOCTBEHHBIX HOHOB B pPacTBOpE

SJICKTPOJIATA. BHCKTPOH ¢ MEHbBIIMM 3HAQYCHUECM (p0 NN ([)6 Ha3bIBACTCA aHOAOM,

Ha HCM HAYT IPOLCCChI OKUCIICHUAA. SHCKTpOI[ ¢ 00JBIINM 3HAYCHHEM ([)0 NJIn (p6
Ha3bIBACTCS KATOAOM, HA HEM HAYT MPOLIECCHl BOCCTAHOBIICHUS. CXeMy TaKoro sJje-
MCHTA MOXXHO 3aIIiuCaThb B BUJIC
Cd | Cd(NO;), || PB(NOs), |Pb wm  Cd|Cd*" || Pb™ | Pb
0,01 M 1M 107 1
MOJB/1 ~ MOJIB/J
JIBoliHas yepTa B CXEME MOKA3bIBAET, YTO JIBA JICKTPOJUTA MPOCTPAHCTBEHHO pa3ie-
JICHBI. x 065[321TGJ'II>HO COCIUHAIOT IIPOBOAHUKOM BTOPOIro poJga — HMOHHBIM IIPOBOI-
HHUKOM (BJ]eKTpOJII/ITI/I‘IeCKI/IM MOCTI/IKOM). Bo BHenmen LEIKU SJICKTPOAbl COCAUHAIOT
METAJIJIINUECCKUM HpOBOI[HI/IKOM.

J_—[Hﬂ OIIpCACIICHMA aHOJa M KaroJa 3allMIICM (PO H pacCyuTacm (Pp QJICKTPOIOB.

Tak kak C_,. =1wmomup/1, t0 QP =(pgbz+ /Pb:—0,126B (cM. mpwit., Tab. 2).

Pb>* Pb>"/Pb

VYuuteiBas, uto C =107 MOJIb/JI , paccudTaeM 3HAYEHUE (pg UCIIONb3YS

Cd2+ d2+/Cd ’

ypaBHenue Hepucra (5.1) u npuit., Tabi. 2:

0 0,059

0,059
p _ s
Pejca = Pearjoa T4 lgC

=—0,403 + 1g107% =—0,462 B

Cd2+

p
cd*/cd

KaToaO0M. YPaBHeHI/ISI AHOJHO-KAaTOJHBIX ITPOICCCOB UMCIOT BHU !

Tak kak ¢ < (pgb2+ Jpb> KaJIMUEBBIN 3JIEKTPOJ OyAeT aHOIOM, CBUHIIOBBIN —
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A: Cd-2e=Cd*, ¢,=-0,462B,
K: Pb* +2e=Pb’, ¢, =-0,126B.
CyMMapHOe ypaBHEHHE TOKOOOPa3yIOIIe peakiuu:
Cd+Pb*" =Cd*" +Pb

WM B MOJIEKYJISIpHOU popme

Cd + Pb(NO,), = Cd(NO,), +Pb.

KomaectBeHHO TOKOOOpa3yrolas peakiys XapaKTepH3yeTCsl Pa3HOCTBIO MIOTEHITUANIOB,
T.€. BeMUuHOM snekrpoasxytiei cuisl (3/1C) ransBanndeckoro nemMenTa, & , B

0
E=0,~9,= Pova- ey ~ (Pgd“/cci =-0,126+0,462=0,336 B.

B pesynbrare caMOmpou3BOIBHO MPOTEKAIONINX AHOAHO-KAaTOAHBIX MPOIIECCOB
crcrema (raJlbBaHMUECKUH 3JIEMEHT) COBEpIIAET MOoJe3HyI0 padoty A'y, paBHYIO

’
AM = nFé‘ ) (5.7)
rae nF — KOIM4ecTBO MEPEHOCUMOTO lIeKTpuuecTBa, Kir;
F— nocrosnnas ®@apanes, pasaas 96500 Ko;
Nn—  YHUCJO 3JIEKTPOHOB — YYACTHUKOB JIAaHHOM 3JEKTPOAHON PEAKIIUH.

C npyroii croponsl, ipu obparumoM mporecce (P = const, T = const) coBepmaemas
cucTeMoi paboTa paBHa yObUIH CBOOOHOM sHeprun ' ub0ca aneKTpOXuMHUYECKOU pe-
akuu, AG:

A! =-AG =-RTInK,, (5.8)

rne K, = K. —KoHcTaHTa paBHOBeCHs (CUCTeMa KOHIEHCUPOBAHHASA).

ComnocraBmsist ypaBHeHust (5.7) u (5.8), umeem

AG =-nF¢; (5.9)

nF&=RTInK =2,3RTIgK ; (5.10)
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B nF¢& _ né&
" 2,3RT 0,059’

2,3-8,314-298
96500 '

DJIEKTPOXMMHUYECKAasi CHCTeMA U3 JBYX 3JIEKTPOI0B Pa3/M4YHOW NMPUPOALI B
OJHOM M TOM 3Ke JJIEKTPOJINTE HA3bIBACTCS XMMHUYECKUM TaJIbBAHUYECKUM 3JIEMEH-
toM THIIa BosibTa. HanpuMmep, cxeMy Takoro 3jieMeHTa MOYKHO 3aIlMCcaTh B BUJIE

U3 IIpHJI., Tabm. 2 HaxoJuM 3HAUCHUS CTAHAAPTHBIX IMOTCHHHUAJIOB J3JICKTPOIOB!:

rae 0,059 =

()
mV
N/ Ni
NaCl, Oz, Hzo
pH=7

0 _ .0 _ . o )
P02 fzn = 0,76 B; Pz i = 0,25 B. Otcroga IMHKOBBII 3JEKTPOJ — aHOJ, HUKE

/n

JeBbIi — KaTo. [Ipu okKMcaeHHH Zn 3JEKTPOHBI IIEPEMEINAIOTCS K HUKEJIEBOMY KaTo-
Iy W TEPEXOJAT K OKHCIUTCIIIO 3JICKTPOJIMTA, B JJAHHOM ciaydae uX mpuHuMaeT O,,
pPacTBOPCHHBIA B XJIOPHJE HATpHs. BbIlllecka3aHHOE MOXKHO BBIPA3HTh COOTBETCT-
BYIOIIIUMH YPaBHECHUSAMHU aHOJHO-KATOJHBIX IPOIIECCOB M CYMMAapHBIM YPaBHCHHEM
TOKOOOpa3yroIel peakiinm:

A: Zn—-2e=7n"", 0, =(pgn2+/2n =—0,76 B;

K:1/20,+H,0+2e=20H", ¢, =, Jao- — 0,059 pH=1,23-0,059-7=0,82 B
2

WJIM CYMMApPHO:

Zn+1/20, +H,0=Zn*" +20H" — unounas Gopma;

Zn+1/20, + H,0+2NaCl = ZnCl, + 2NaOH — mosnekysipHas Gpopma,;

échx—(pa:(ppO/ZOH,—(pO =0,82+0,76=1,58 B.

Zn**/Zn

3aMKHYyTBIEe JIEKTPOXMMHUYECKHE CHCTEMBbI U3 JJIEeKTPOAOB 1-ro poaa oguHa-
KOBOW XMMHMYECKO! MPUPOALI B JICKTPOJUTAX € PA3JIUYHON KOHIEHTPAUUen 1mo-
TEeHIHAJIONPeIeJIAI0IUX HOHOB HA3BIBAKTCH KOHIEHTPANMOHHBIMM TaJbBAHU-
YeCKHUMH JIeMEeHTAMHU, HallpuMep:
Ni|NiSO, |NiSO4|Ni  mmm  Ni|Ni*" || Ni*"Ni .

0.0lM 0,1M 107 10"
MOJIB/TT  MOJIB/T

DNEeKTpOJ B pacTBOPE JIEKTPOJIUTA C MEHbIIEH KOHLEHTPALUEeH HOHOB — aHO/I, C
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OoJIbITIeHt — KaToA. AHOHO-KATOIHBIN MPOIIECC MIPOTEKACT IO CXEME:

0,059
A: Ni—2e=Ni* , Pa= (P;i”/Ni - (P(I)\Ii“/Ni +

1g1072.

K: Ni** +2e=Ni’ =P =" +O’059
PNITH2e= N0 0 = Py T P

1g10™

BOBHHKaIOHlaSI IIpHu 5TOM SI[C 3aBUCHUT TOJIbKO OT COOTHOIICHUA KOHHCHTpaI_II/Iﬁ H OII-
peacICTCA 110 YPaBHCHULO!

_ 0,059 10"

—0,0285 B
T B0

E=9,—0

WIN B O0IIIEM BHUIIE

_0,0%9, C, 1
e (5.12)

<

rre C,>C,.

Cnenyer 3aMeTUTh, YTO NpU NpoxoxacHUU Toka DJ[C snemMeHTa yMEeHBIIAETCs
BCJIEZICTBUE MU3MEHEHHUS BEJIMYUH 3JIEKTPOJHBIX MOTEHUMANoB. [Ipyn 3TOM moreHunan
aHOJ1a PacTET 3a CUET €r0 OKUCIICHUS U YBEIUYECHUS B IMPUAIEKTPOIHOM I10JI€ KOHIEH-
Tpaluy NOTCHIHAIONPEIEISAIOMNX HOHOB, a MOTEHIUAN KaTOAa YMEHbBIIAETCS BCIEA-
CTBUE NPOLIECCA BOCCTAHOBJIEHUS M YMEHBIICHUS B MPUAIEKTPOJHOM IIOJI€ KOHUEH-
TpalMi MOHOB WJIM 3a CYET BBIJCICHUS HA €ro MOBEPXHOCTH MPOAYKTOB PEAKLMH U
M3MEHEHUS PUPOBI JIEKTPOAA, a CIECA0BATENBHO, U €0 MOTEHIMaNA. SIBIeHHE cMe-
HIEHUS BEJIMYUH AJIEKTPOJHBIX MOTEHIMAIOB OT UX PABHOBECHBIX 3HAYEHUI HA3bIBACT-
CA MOJIAPU3ALMed 3JIEKTPOAOB. KOHUECHTPAIMOHHOM U XUMMYECKOM COOTBETCT-
BEHHO. /{11 ee yMEHbIIECHUS MCIOJIb3YIOTCS JeNoJApU3aTopbl: pusndeckue (mepe-
MEILIMBAHNE JIEKTPOJINTA, MEXAHUYECKOE YAAICHHE NPOAYKTOB PEAKLIUU, B YACTHOCTH
my3bIpbKOB H, ¢ MoBepXHOCTH KaTroja) U XUMHMYECKHe (XMMHYECKHE BEIEeCTBa, JO-
OaBIIIeMbIE B DJIEKTPOJIUT M CBSI3BIBAIOIINE M30BITOYHBIE HOHBI B CIa00OPAaCTBOPUMBIE
VI MaJIOAUCCOLMUPYIOIINE COCAUHEHUS, a4 TAKKE CUIIbHBIE OKUCIIUTEN, OKUCIISIO-
IITMe BOCCTAHOBJICHHBIN Ha kKatoze H,).

bonee moapoOHO BOIPOCH TEOPUM U MPUMEPHI PEIICHUS 3a/1ay PAaCCMOTPEHBI B
MEeTOIn4YecKoM nocoduu [12].

UHAnBHUAYaAbHbIE 3aAaHNA

81. CocraBpTe CXE€My raJbBaHHUYECKOIO AJIEMEHTA, B KOTOPOM CaMONPOU3BOJIBHO
NPOTEKAET PEeaKLUs

3anuinTe ypaBHEHHsI aHOJIHO-KaTOAHBIX IpolieccoB. OnpenennTe KOHIEHTPAIUIO

Sn**+Pb=Sn+Pb*".
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pactBopa Pb(NO;),, ecitu pactBop SnSO4 1 M, a 3/1C snementa paBaa 108 MB. Pac-
cuntainTe AG 2JIEKTPOXMMHYECKON PEAKIIMU U KOHCTaHTy paBHOBecHs K,

82. [IpuBeanTe cxeMy KOHILIEHTPAILMOHHOTO TaJlbBAHHMYECKOIO 3JIEMEHTa U3 JABYX
KHUCTIOPOJIHBIX 3JIEKTPo10B, moMerieHHbIX B 0,001 M pactBopst KOH (oaun u3 HUX) u
NH,OH (apyroii). Paccunraiite DJC snemenra, A'y u K,. 3amummre ypaBHEHUs
aHOJTHO-KATOAHBIX MPOLIECCOB.

83. CocTaBbTe CXEMbI JIByX TaJIbBAHMYECKUX D3JIEMEHTOB, B OJIHOM U3 KOTOPBIX
CTaHJAPTHBIA HUKENEBBIN 3JIEKTPOJ — aHOJ, B JPYIrOM — KaTOJ. 3aluIINTe ypaBHE-
HUSl aHOJTHO-KATO/HBIX MPOIIECCOB U CyMMAapHbIE YPaBHEHUS TOKOOOPA3YIOIIUX peakK-
uuid. Paccuuraiite nuis nepsoro ciaydas &, A'y, K.

84. CocTaBbTe CXeMy rajbBaHHYECKOI'O 3JIE€MEHTa U3 CTaHAApTHOTO CBHHIIOBOTO
JIEKTPOJIa U BOAOPOJHOro B 3nekTponute ¢ pH =4. 3anummure ypaBHEHUS aHOIHO-
KaTOJHBIX MPOIIECCOB U CyMMapHOE ypaBHEHHE TOKooOpa3zyroriei peakmnuu. Paccuu-
taiite &€, Ay, AG un K,. Kak uzmensarcs npoueccsl, ecau 06a 31ekrpoja OyayT cTaH-
JApTHBIMA?

85. CocTaBbTe CXeMy TallbBAHUYECKOTO AJIEMEHTa, B KOTOPOM CaMOMPOU3BOJILHO
MPOTEKAET PEaAKLIMS

Zn+CdSO4<=ZnSO4+Cd.

3anummre ypaBHEHHs aHOJIHO-KATOIHBIX MPoIieccoB U paccuntaite &, A'y, AG u
K,, ecnu KagMueBbli DJIEKTPOJ CTaHAAPTHLIN, a pacTtBop ZnSO4 0,01 M. Kaxoii Buz
MOJISIpU3aIlMd UMEET MECTO Mpu pabore naHHOro snemeHTa? HazoBurte crnocoObl ee
YMEHBILIEHUSI.

86. CocTaBbTe CXEMy TallbBAHUUECKOTO AyieMeHTa BojbTa U3 HUKEIEBOTO U MEJ-
HOT'O 3JIEKTPOOB, eciv pH 31neKTponauTa paBeH IBYM. 3alUIINTE YPABHEHUS aHOIHO-
KAaTOJHBIX MPOIECCOB, CYMMapHOE ypaBHEHHE TOKOOOpa3yIOIIel peakiuu U paccuu-
taiite &, A'y. Kak usmeHsTcs nporecchl U 3HaueHue & , €Clid YKa3aHHbIe DJIEKTPOIbI
3aMEHUTH Ha CTaHAAPTHBIC SJIEKTPOIbI 1-ro poaa?

87. CocTaBbTe CXeMy rajibBaHUYECKOIO 3jeMeHTa Tuma Jlanudsa-Akoou u3 craH-
JTAPTHOTO CBHUHIIOBOT'O 3JIEKTPOJIa U BOJAOPOAHOrO B anektponute ¢ pH = 10. 3anumm-
T€ ypaBHEHUsI aHOIHO-KATOJHBIX MPOIECCOB, CYMMapHOE ypaBHEHUE TOKOOOpa3yro-
1Iel peakuuu, paccunraire AG >JEKTPOXMMUYECKOM peakuy U 3HaYeHue K.

88. CocTaBbTe CXEMy rajJbBaHMYECKOIO AJIEMEHTAa, B KOTOPOM CaMOITPOU3BOJILHO
MPOTEKAET PEAKIUS

Cd+FeSO,=CdSO4+Fe.

Omnpenenure koHIeHTpauio pactBopa CdSO,, eciu xene3Hbli 3JIEKTPOT — CTaH-
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naptHbiid, a OJIC snementa pasHa 80 MB. 3anuiunTe u paccunraiite 3Hauenue K,

89. Kakue 311eKTpobl Ha3bIBAIOTCS AeKTpoaaMu 1-ro poxa? IlpuBenure npume-
pbl, @ TAKXKE CXEMYy KHCJIOPOJHOrO 3JIEKTPOAa U ypaBHEHUE JJIEKTPOJHON peakluu.
OnuHakoBbI 1M OyyT 3HAUEHUS UX JIEKTPOJAHBIX OTEHIIMAJIOB, €CIM UX IIOMECTUTH B
pactBopsl KOH u NH,OH onunakoBoil koHueHtpanuu, paBHou 0,001 M? Otser
000CHOBAThH pacyETaMH.

90. CocTtaBbTe CXE€My TaJIbBAHUYECKOTO 3JIEMEHTA, B KOTOPOM CaMOIIPOU3BOJIBHO
MPOTEKAET peaKIus

H,+SnSO,<H,SO4+Sn.

Onpenenure pH pacTBopa 351€KTpOIMTa BOJOPOJHOIO 3JIEKTPOJIA, €CIU OJIOBSH-
HBIN 2J1eKTpoa — cTaHaapTHhIN, a DJIC snemenTa paBHa 159 MB. 3anummure ypaBHe-
HUS aHOJHO-KATOJIHBIX MPOIECCOB U paccuntainte AG 3MeKTPOXUMHUYECKON peaKkIuu U
3Hayenue K,

91. Ykaxure, Ipy KaKUX YCJIOBUAX MOKHO CO3/1aTh TaJIbBAHUYECKUHN AIIEMEHT U3
JIBYX 3JIEKTPOJIOB 1-ro pona oAMHAKOBON XMMHUYECKOW mpuposl. [IpuBenure npumep
TaKOIo 3JEMEHTA, YPaBHEHUSI aHOAHO-KaTOAHBIX IpoueccoB U paccuntante DJC, AG
uA,.

92. CocTaBpTe CXE€My rallbBAaHUYECKOTO 3JIEMEHTA TUIa BosbTa W3 HUKENEBOTO U
MEIHOIO JIEKTPOJIOB U 3alMIINTE YPAaBHEHUS aHOJHO-KATOAHBIX IpoueccoB. Kak us-
MEHSATCA TPOLECCHI, €CIU U3 3THX 3JIEKTPOJOB COCTABUThH AJIEMEHT Tuma JlaHudms-
Sxo0u. CocraBbTe ero cxeMy u paccumraiire 3Hauenus &, A'y, AG u K.

93. CocTtaBbTe CXEMY TaJIbBAHUYECKOTO 3JIEMEHTA, B KOTOPOM CaMOIIPOU3BOJIBHO
MIPOTEKAET PEaKIUs

Pb(NO3)2+H2 = Pb+2HNO3 .

Omnpenenure pH pacTtBopa 3J€KTpoNHTa BOJOPOAHOTO 3JEKTPOAA, €CIU CBUHIO-
BbIW 3JIEKTpOoJ — cTranaaptHbeid, a DJC snemenrta paBHa 110 mB. 3anummre ypaBHe-
HUSI aHOJHO—KAaTOJHBIX MPOIECCOB U paccuntante AG 3JEKTPOXUMHUYECKON peaKuu
u 3Ha4yenue K.

94. CocTaBbTe CXeMy rajlbBaHMYECKOIO AJIEMEHTA U3 AJIEKTPOAOB 1-TO poja, oJuH
13 KOTOPBIX — CTAHJIAPTHBIA HUKEIJIEBBIN 3JEKTPOM, APYTOMl — MEIHBIN B JEKTPOIH-
Te ¢ KoHIeHtparueir noHoB Memau 0,01 monp/im. 3anummre ypaBHEHUS aHOIHO-
KaTOJHBIX MPOIIECCOB, CYMMapHOE YPaBHEHHE TOKOOOpa3yrollel peakiuu U paccuu-
Taiite 3HaueHus &, A'y, AGu K.

95. I[aﬁTe OIIpCACIICHUC XUMHNYCCKOI'0O I'aJIbBAHNYCCKOI'O 3JICMCHTA. Ot uero 3aBu-
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cut 3Hauenue ero DJC? [Ipeanoxxure 31EKTPOXUMHUYECKUNA CTIOCOO BBHITECHEHMS Ag
n3 pactBopa AgNO; Menplo, UCKIIOYAIOIIMK MOTPYKEHUE MOCJIEAHEN B PAacTBOP
AgNOQOj;. 3anuinre ypaBHEHUS! TPOTEKAIOIIUX PEAKIIHIA.

96. CocTaBpTe CXEMYy KOHILEHTPALIMOHHOTO TaJIbBAHUYECKOTO 3JIEMEHTA M3 BOJIO-
POJIHBIX AJIEKTPOJIOB, ompenenuB pH pacTBopa aleKTpoiuTa, B KOTOPHIH MOMEIIEH
anog, ecu @) =—0,118 B, a DJIC snemenTa paBHa 472 MB. 3anuumire ypaBHEHHS
AHOJHO-KaTOAHBIX MpoueccoB. Paccunraiite 3Hauenus A'y, AG u K,

97. CocTtaBbTe CX€My rajbBaHUYECKOI'O 3JEMEHTAa, B KOTOPOM CAMOIPOU3BOJIBHO
MPOTEKAET PEaAKLIMS

Ni*"+H,+20H =Ni+2H,0.

Onpenenure pH pactBopa 3leKTpOaUTa BOAOPOIHOIO AJIEKTPOJA, €CIM HHUKENE-
BBIN 3JIEKTpoJ — cTaHaapTHeIi, a DJIC snementa paBna 340 MB. 3anummre ypaBHe-
HHsl aHOZHO-KaTOIHBIX IIPOLIECCOB U paccunTaire 3Hayenus A'y, AG u K,,.

98. Ipy KaKoil KOHIGHTPAIMK HOHOB Pb>" CBHHIIOBBII 31EKTPO GY/IET CIIyXKHTh
aHOJIOM B TaJIbBAHUYECKOM 3JIEMEHTE C HUKEJIEBBIM CTaHIAPTHBIM 3JieKTpoaom? Co-
CTaBbTE CXEMY D3JIEMEHTA, YPABHEHHsI aHOJHO-KATOJHBIX IPOLIECCOB U CYMMAapHOE
ypaBHEHHE TOKooOpasyroeil peakuun. Paccunraiite 3Hauenus &, A'y, AG n K.

99. CoctaBbTe CXEMY rajbBaHUYECKOIO 3JIEMEHTA U3 CTAaHIAPTHBIX CEPEOPSHOIO U
KHCJIOPOJIHOTO 3JIEKTPOAOB. 3alUIIUTE YPAaBHEHHS aHOJIHO-KaTOAHBIX IPOLIECCOB M
CYMMAapHO€ YpaBHEHHE TOKOOOpasyrollel peakuuu. Paccunraiite 3HaUYE€HUS! BEJTMYUH
¢, A, AGuK,.

100. Onpenenure pH snexkTponuTa BOJOPOJHOrO AJIEKTPOAA B TaIbBAHUYECKOM
AJIIEMEHTE CO CTAHJAPTHBIM OJIOBSHHBIM 3JeKTpoaoM, ecimu OJIC ayeMeHTa paBHA
159 mB. CocraBpTe cXeMy 3JEMEHTA, YPAaBHEHHUS AHOAHO-KATOIHBIX IPOLIECCOB H
CyMMapHO€ ypaBHEHHUE 3JIEKTPOXMMHUYECKON peakiuu. Paccunraiite 3HaueHus A'y,
AG n K,.
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6. IIpouecchl JIeKTPOIAN3A

JJIEKTPOXMMHUYECKHE CHCTEMbl, B KOTOPBIX JJIEKTPHUYECKAsi JHEPrus Ipe-
BpallaeTcd B XHMHUYECKYI0, HA3BIBAKOTCH 3JIeKTPOJIM3HbIMH. [Ipocrelimas anek-
TPOJU3HAA CUCTEMA COCTOUT M3 BJIEKTPOJIOB, AJICKTPOJIUTA U UCTOYHHUKA TTOCTOSTHHOTO
TOKa. DJIEKTPObI ObIBAIOT HHEPTHBIE (TpadUTOBbIC WM TUIATUHOBHIC) U1 AKTHUBHbIE
(13 Mr0O0ro Meramia, KpoMe OJIaropoJHOr0). JJAEKTPOJIUTHI — BOJAHBbIE PACTBOPHI
coJieil, KNCJI0T, OCHOBAHUI WJIH PACILIABbI YKA3AHHBIX COCIMHEHHUM, a TAKKe OK-
CH/JI0B, TWIPHUIOB M JPYIrHMX CO€IMHEHHMH C MOHHBIM XaPaKTEePOM XHMMHYECKOM
CBSI3H.

DIIeKTPO/1, MOAKIIOUECHHBIA K OTPUIIATEILHOMY IOJIOCY UCTOYHUKA TOKA, HA3bIBA-
€TCSl KATOAOM, K TTOJIOKUTEIIBHOMY — AHOOM.

KomnmuecTtBo BCIICCTB, BBIIACIMBIONNXCSA Ha 3J3JICKTPOAAX, PaA3JIOKUBIINXCS WA
BHOBb 06p3.30BaBH_II/IXC$I B OJICKTPOJUTE, paCCUUTBIBACTCS 110 3aKOHaAM CDapaI[eﬂ.

1-i1 3axon Papanes:

m =kQ =klt umn V =klr, (6.1)
rie k—  ko3hdUUHMEHT NpONOpIUOHATBHOCTH, pU 3TOM k=m, eciiu Q=1K1;
I— cunaTtoka, A;
T—  BpeMs NPOXOXKIACHUS TOKA, C;

m (V) — maccsl (00beMbl) BEIIECTB, IPETEPNEBIINUX MpeBpalieHus, T (J1).
2-ii 3akoH Papajesi: OMHAKOBBIE KOJIMYECTBA AIEKTPUUECTBA NMPEOOPA3YIOT K-
BHBAJICHTHBIE KOJINYECTBA BEILIECTB:

€ \AR'A
& —_1 700051 —10 = —:3(1) R (62)
m, 3 2 Vz Va(z)
rae mp um, (Vlo u V2° ) — Macchl (0OBEMBI, H.y.) BEIIECTB, MPETEPHEBAIOIINX
IIPEBPAITCHHSI,
D,u0, (VBO(I) U Vao(z))— SKBHBAJIEHTHBIE MACChI (0OBEMBI, H.y.) BELLECTB.
N3 2-ro 3akona @apanes cienyer
Q=F=96500A-¢=26,8A-u, m=2 mm V’'=V], (6.3)
Orcrona
0
k=2 wm k=22, (6.4)
F F

rne k—  aiexkTpoxuMuueckui s3kBuBasieHT, /Ko wm 1/Ki.



50

VYpasHenue, oobeaunsitoniee 1-it u 2-it 3akonsl Dapanes OyaeT UMETh BU/T

3 0
m=—It wm V°= LIT. (6.5)
F F

Ciiemyer 3aMeTHTh, YTO MACChl BELIECTB, PAKTHYCCKU MOIYyYEHHBIX (M, ), BCeraa
MEHBIIIE PACCYMTAHHBIX 10 3akoHaM Dapajes (M, ) WIK KOJIMIECTBO JICKTPHICCTBA,
paccuntannoe (Q_), MEHbIIEe NPAKTHYECKH HEOOXOAUMMOro it snekrponmsa (Q, ),

YTO KOJIMYECTBEHHO XapaKTEPU3yeTCsl BEJIMYMHOW BbIX0Aa 1O TOKY (B, ), npu stom
B <I:

ml‘[
B =—2 wum B =—2£. (6.6)

C yderoMm BbIXOJa M0 TOKY ypaBHeHus (6.5) OyayT UMETh BUI:

0
m:%IIBT 1810 VO:%IIBT. (6.7)

OpnHoll U3 BaKHEWIIMX MPUYMH CHIKEHHUS BBIXOJA IO TOKY SIBJISETCS MOJIAPH3a-
M JJIEKTPOAOB IIPU NPOXOKIAECHUU TOKa. HakomieHne Ha HUX IPOIYKTOB DJIEKTPO-
JIM3a U3MEHSIET UX NMPUPOAY M BEJIMYMHY AJIEKTPOIHBIX MOTEHUHMAIOB. BHyTpH 3i1ek-
TPOJIN3HOW CHUCTEMBI BO3HUKAET BHYTPEHHHH rajbBaHu4ecKkui djieMeHT, J/AC Ko-
TOPOr0 HANpaBJeHa MNPOTHBONOJI0XKHO BHemHed JI/AC, TOpMO3UT aHOAHO-

KaToJHbIe mporecchl U HasbiBaercs IAC monspmzamun (E, ;). [t npeononeHus

MOJISIpU3AIMU HEOOXOAMMO I0MOJTHUTEIbHOE HATIPSIZKeHNe — TePeHanpsiKkeHue Ha
Karoae (1) U Ha aHojae (1),). YucieHHoe 3Ha4YeHHE 1] 3aBUCUT OT MIPUPOJBI IIEKTPO-
JIOB, TPUPOJBI BEIECTB, OCAXKIAAEMBIX HAa HX TOBEPXHOCTH, OT ILJIOTHOCTH TOKa
(i=1/S) u xpyrux daxropos. [Ipu sT0M

Ny, 22 MMe>  No, >~ Nay, - (6.8)
C yuerom Beimreckasanaoro JJIC pasnoxenust snexrponura (E ., ) pasHa
Epa3n = Enonﬂp TNk T Ma- (69)

XapaKTep N CKOPOCTBH IPOHCCCOB JJICKTPOJIMU3a (BOCCTaHOBHeHHﬂ Ha KaToae MU
OKHCJ/ICHHUA HA aHOI[e) 3aBUCAT.
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1) oT AKTHBHOCTH YACTHI[ B 3JIEKTPOJIHUTE, YHUCICHHO ONpenessieMoil BeJInyn-
Hoii ¢’ mam ¢°. Yem GosibIe 3HAUEHHE (), TeM ObICTpee HAeT Mpolece BOCCTa-
HOBJICHUSI HA KaTo/le; 4eM MeHbIIe ¢, TeM ObICTpee UAeT MPouecc OKUCICHUS Ha
aHoje;

2) OT KOHIEHTPAUMHU YACTHIL B DJICKTPOJIUTE;

3) oT BeJIMUEHBI NIePEeHANPSIKEHHS ).

KaTtoanbie mpouecchl

C yderoMm Ha3BaHHBIX (AKTOPOB (IIPU CONMOCTABUMOMN KOHIICHTPAIIMH) Psii HAMpsI-
KEHHUI METaJJIOB TI0 BOCCTAHOBHUTEIHHOM CITIOCOOHOCTH UX MOHOB YCJIOBHO JEIUTCS Ha

TPU TPYIIIIBL:
1) HOHBI MeTa/lJIOB NOBBINIEHHON XuMHYecKkoil akTuBHocTH oT Li no Al

BRKIIIOYUTEC/IBHO U3 BOAHBLIX PaCTBOPOB HE BOCCTAaHABJIUBAKOTCH, a4 BOCCTaAHABJ/IN-
BaeTCHd Hz o YpaBHCHHUSIM

2H"+2e=H, (pH<7) wm 2H,0+2e=H,+20H (pH=>7);
B, (Me)=0.

2) HOHBI METAJUIOB cpelHell xumMuyeckoii akruBHoctd oT Mn 10 H Boccra-
HABJIMBAIOTCS BCIEACTBHE OosbuIoro nepenanpsukenus Hy (n, >>mn,,, ). Yactuy-

HOC€ BBIACICHHUC Hz CHMIKACT BBIXO/ IIO TOKY 3THUX MCTAJIJIOB. SHCKTPOI[HBIC pCaknunu
HUMCIOT B

Me"™ +ne = Me — OCHOBHasI peaKIys,
2H" +2e=H, (pH < 7) — nobo4Has peakuysl,
B.(Me) <100 % ;

3) HOHBI MAJIOAKTHUBHBIX METAJJIOB, CTOSIIIIME B PAAY HAaNpsiKkeHuil mociae H,
BOCCTAHABJIMBAKTCA 0€3 y4acTHS BOAOPO/A 10 YPABHEHHIO

Me™ +ne = Me,
B, (Me) =100 %.

AHOJHBIE PO ECCHI

XapaKTep AHOAHBIX IIPOHECCOB 3aBUCUT OT ITPHUPOALI SJICKTPOAOB.
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B ciyyac mHepTHBIX (HEpacTBOPMMBIX) 3JIEKTPOAOB (rpaduToBbLIX U IJIATH-
HOBBIX):

1) caoxkHbIe, KHcJIopoxocoaepxame annonsl (SO,-, NOy, COs” u ap.) u
3JieMeHTapPHbII HOH F~ U3 BOAHBIX pacTBOPOB He OKUCIAITCH, a okuciasiercs O,
10 YPaBHEHUAM

2H,0-4e=0,+4H" (pH<7) mm 40H —4e=0,+2H,0 (pH>7);

2) anemenTapHbie anuonbl (S, I, Br™ )okucasiorcs 6e3 yyactus O, Tem

ObICTpee, 4eM MeHblIe 3HA4YeHne ¢’ , 110 ypaBHeHHSAM
2" —2e=1, wm 2Br —-2e=Br,;

3) anmon Cl™ okuciasieTcsl U3 BOJAHBIX PACTBOPOB BCJeICTBHE 00JIbIIETO Iie-
peHanpsizkeHusi O, Mo ypaBHEHH IO

2CI" -2e=Cl, (g, <<Ng,)-

B ciyyae akTHBHBIX (PACTBOPMMBIX) aHO0B OKHMCJISETCH JJIEKTPOA aHoAa (a
He YaCTHLBI JJIEKTPOJIHUTA) [10 YPABHEHUIO

Me —ne=Me"".

HpI/I QJICKTPOJIMN3C PACIINIABOB JJICKTPOJIMTOB PCAKIUU, CBA3AHHBIC C PA3JIOKCHUCM
BOAbI, HCKIKOYAKOTCA. HOCJIGI[OB&T@J]BHOCTB N CKOPOCTb paspsaa 4YaCTull 3aBHCAT
TOJIBKO OT aKTUBHOCTH 9YaCTHUII U UX KOHIOCHTPAIIHUH.

Mpumep 1
CocraButh cxemy anektponusza 1 M pacrBopa NaCl (pH =7) Ha rpaduToBbIX

AJIEKTpO/ax. 3anucarh ypaBHEHUS 3JIEKTPOJHBIX PEaKIIMii, BTOPUYHBIX MPOILIECCOB U
CYMMAapHO€ YpaBHEHHE 3JIeKTpoiu3a. PaccumTtaTh KoJMYecTBa BEIIECTB IO Macce W
o0beMy (H.y.), ecau B Teuenue 10 4 mpoxoaui Tok cuioi 2,68 A. Beixop 1o Toky pa-
BeH 70 %.

PeweHune

CocraBum CXEMY JJICKTPOJIN3a
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K(-) C NaCl, H,O C (HA
, pH=7
Na“",H,O Cl,H,0
K: 2H,O0+2e=H, +20H" A: 2ClI -2e=Cl,

B o6Beme pacTBOpa
2Na' +20H =2NaQH — BTOpHUYHas peaKIusl.

CyMMHpy$ 3JIEKTPOJHBIE U BTOPUYHBIE PEAKINU (B pacTBOPE) 3aMUIIEM CymMMap-
HOE YpaBHEHHUE JIEKTPOJIN3a B MOJIEKYIISIpHOI popme:

2NaCl+2H,0—L2 5 H, +Cl, +2NaOH.

PaccuutaeM KOJIHMYECTBO BCEX BCIICCTB, IMOJIYUCHHLIX W PA3JIOKHUBIIUXCA IIPU

AJIEKTPOJIN3E, UCTIOJB3Yys BTOpoi 3akoH dapazes (6.2). PaccunraeM KOJIMYECTBO MpO-
HIE/IIET0 3JEKTPUYECTBA, UCXOS U3 YCIOBUS 3a1a4H:

Q=It=2,68 -10=26,8 A ‘4.

Takkak Q=F, a B _=0,7,

0 my =3y, "B =1-0,7=0,7r;
Vi, = Vo, B, =11,2:0,7=7,84 1;
mg, =3¢ B, =355-0,7=24,85r;
VCO12 :Vg(cm-BT =11,2-0,7=7,84 1;
=40-0,7=28r.

Macca pa3ioxKUBLICHCS BOJBI paBHa My, , = Iy " B

My,on = 9NaOH ‘B

T

=9-0,7=6,3r.

T

OrBer:

my, =0,7r ; Vg =7,84m ; my =24,85r ; Vg =7,841 ; my, =28T ;
my,=6,3r.

MNpumep 2

CocraButh cxemy anekTposmsa paciiaBa KOH Ha rpaduToBbIX 35ieKTpoiax u om-

pENENUTh KAKOE KOJIMYECTBO 3JIEKTPUUECTBAa MOTpeOyeTcs i pasziiokeHus 1121
KOH, ecnu Beixoz no Toky pases 70 %.
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PeweHune

Cxema 2JIeKTpoJIn3a UMEET BUJT

K(-) C t, °C C HA
KOH
K+ K OH OH—_
K: 4K'+de=4K,,, A: 40H —4e=0,+2H,0,,

CyMMapHOe ypaBHEHHE AJIEKTPOJIN3a;
LA

4KOH —:-—4K ,, + O, +2H, 0, .

Macca KOH, paBnas 112, cocraBiser 2M KOH wmu 23 KOH, tak kak
Ovon = Moy - CrnenosarensHo, aiis pasznoxenus Maccsl KOH, paBHOI 1ByM 5KBHBa-
JIEHTHBIM MaccaM, MoTpeOoBajgoch Obl, corjacHo (6.3), KOJUYECTBO JJICKTPUUECTBA,
paBHoe 2 F.

Tak kak MO YCIIOBUIO 3aJ1aud Ab =70% , TO Q=2-F/0,7:(2 '26,8)/0,7:
=76,57 Aa.

OrBer:
Q=76,57T Au=275652 A-c.

UHAnBUAYaAbHbIE 3aAaHMNA

101. CocraBbTe cxemy anekrtponuza 1 M pacrBopa CuCl, Ha rpaduTOBBIX 3J€K-
TpPOJax, YpaBHEHMs AJIEKTPOJHBIX PEAKIMA M CyMMapHOE ypaBHEHHE SJIEKTPOJIM3a.
Paccuwnraiite, kKaKk yBenTu4MIach Macca KaTo/a, €Clid Ha aHOJIE BBIICIUIOCH 5,0 J1 Ta3a
(B, =100 % ). Ompenennure KOMMYECTBO MPOUIEIIETO 3IEKTPUYECTBA U MACCy pasiio-
YKUBILIEUCS COJIU.

102. Yepe3 cepeOpsiHbIi KyJIOHOMETP MPOITYCKAIHU TOK B T€YEHHE 3 4. AMIIEpMETP
noka3eiBall cuity Toka 0,9 A. Onpenenure NPOUEHT MOTPENTHOCTH aMIIEPMETPA, €CIIH
Macca katona yennumiachk Ha 12,32 r. CocTaBbTe CXEMY JJIEKTPOJIM3a HA DJIEKTPOAAX
u3 Pt, yautsiBas, uTo Ha aHoje BelaenuTcs O,, U onpeaenure ero oobem (H.y.).

103. Paccuunraiite, npyu KakOM HaIpsHKEHWA MOXKHO BbIACIUTH MeTayiel Zn u Cd
npu snekrpoimse 1 M pacteopos ZnCl, u CdSO4 (ux cmecn), ecnu M, = 0,3 B;

No,pe = 0,45 B (1, =0). CocTaBbTe CXEMYy IJIEKTPOIIN3A, YPABHCHUS BCEX MPOLEC-

COB, POTEKAOIIHMX Ha 3JIeKTpoax u3 Pt u B pacTBopax, eciu 3HaueHue pH pacTBopos
NPUHSATH PABHBIM TISITH.

104. Yepes pactBop AgNO;3 1 pacTBOp XJIOpHAA, COJICPHKAIIETO KATUOHBI 30J10Ta,
MIPOITYCKAJIA OJHO M TOXE KOJUYECTBO JICKTPUUYECTBA, B PE3yJIbTaTe Yero Ha AJIEKTPO-
ne Beiaenuiioch 1,643 r Ag u 1 r Au. Onpenenure 3apsi KaTHOHA 30JI0Ta U KOJIUYECT-
BO Mpolieanero ekrpuyectBa. CocTaBbTe CXEMbI JICKTPOJIM3A, YPABHEHUS DJICK-
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TPOAHBIX PEAKIIMN U CYMMApPHBIEC YPABHEHHUS JJIEKTPOJINA3A.

105. Tok cunoii 2,68 A B Teuenue | u mpomyckanu yepe3 1 M pactBop K,SO,
(pH =7). CocraBbTe cxeMy 3JIEKTpoJiM3a Ha TPa(UTOBBIX SJIEKTPOAAX, YPABHEHUS
MIEPBUYHBIX ¥ BTOPUYHBIX MTPOIIECCOB U CYMMapHOE YpaBHEHHE dJIeKTposm3a. Paccuu-
TalTe KOJMYECTBO PA3IOKUBIIETOCS BEIIECTBA, MAacChl U OOBEMBI TIOJYYCHHBIX Be-
mecTB, ecau B, =70 % . Kak nmpu aToM u3meHnTcst KoHneHTpanus pactsopa K,SO4?

106. CocraBbTe cxemy a3ekrposmsa 1 M pactBopa CuSO, (pH =5) Ha rpaduto-
BBIX 3JIEKTPOaX, YPaBHEHHUS JIEKTPOIHBIX PEAKIINM, CyMMapHOE ypaBHEHUE AJIEKTPO-
mu3a. Onpenenure BBIXOA 1O TOKY (B.), ecnu mpu MpoxoKIEHUU KOJIMUYECTBA JIEK-

TpUYeCTBa, paBHOTO 26,8 A 4, Macca katoja yBennumiachk Ha 30 r. Kakoit o0bem raza
(H.y.) BBIIETIUTCS Ha aHOJIE?

107. IIpyn NOTHOM 3JEKTPOIUTUYECKOM pazioxkeHuu 33,3 T XJIopuaa HEKOTOPOIo
JBYXBaJICHTHOTO MeTayuia Beimenmwioch 6,72 1 Cl, (H.y.). Onpenenure, collb Kakoro
MeTaJjla TIOJIBEpPrajach JJIEKTpoiu3y. MmeeT v 3HaueHue AJiA pEelIeHUs 3aJadu —
PacTBOp WJIM pacIjiaB COJM MCHOJB30BAIM JJISl AJEKTPOoSu3a? 3aluilInuTe ypaBHEHUS
aHOJTHO-KATOHBIX MPOIIECCOB Ha AJICKTpoaax u3 Pt.

108. CocraBbTe cxemy aiekTposinza 1 M pactBopa AgNO; Ha HUHEPTHBIX AIEKTPO-
JlaX ¥ paccuuTaiTe BeIXoa o Toky (B;), ecrmu 3a 25 mun nipu cuie Toka 3 A macca Ka-
ToAa yBenuuuiachk Ha 4,8 r. Kakoe BeIecTBo U CKOJIBKO €ro Mo Macce U 00bemy (H.y.)
BBIZICIUIIOCH Ha aHoje? OTBET MOATBEPAUTE, 3aMKCaB YPABHCHHUE AJICKTPOJIHBIX peak-
M U CyMMapHOE ypaBHEHHUE AJIEKTposu3a. Onpenenure eKTPOXUMUISCKUNA dKBH-
BaJICHT MeTaJlIa.

109. Tok cunoii 4 A nporryckanu yepe3 3JIEKTpoJuT B TeueHue 15 mun 5 c. Ha ka-
TOJ/I€ BBIACIUIICS CBUHEL Maccoil 4,14 r u3 paciiaBa OJTHOTO U3 €ro coeAuHeHui. Or-
peleNnnTe BaJEHTHOCTh CBUHIA B 3TOM COEJWHEHUHU. 3AMUIINTE YPABHEHHS] aHOHO-
KAaTOJHBIX MPOLECCOB, €CIU U3BECTHO, YTO HA aHOJE BBIICIHICA XJIOpP, PAaCCUUTANTE
ero oobeM (H.y.).

110. Tlpu snexTposiv3e pacTBopa OpoMuIa OJTHOBAJIEHTHOTO METalia, CojieprKale-
ro 41,2 r aToii comnu, BeiAenuiock 4,48 11 Bomoposaa (H.y.). Onpeaenure, OpoMu1 Kako-
ro MeTajla B3AT IS AJEKTPOJIM3a; PACTBOP WM PACIUIAB 3TOW COJM MOABEPrajcs
anekTponu3y? CocTaBbTe€ ypaBHEHUS aHOIHO-KATOAHBIX MPOLECCOB M CYMMAapHOE
ypaBHEHHUE AJEKTPOJIM3a HA TPAPUTOBBIX 3JeKTpofax. Onpenenure KoJIu4ecTBO Ipo-
LIEIIIETO MPU 3TOM JIEKTPUUECTBA.

111. Kakue BemniecTBa U B KAKOM KOJUYECTBE MO Macce U 00beMy (H.Y.) BBIACIATCA
Ha JJIeKTpoaax u3 Pt m paznoxarcs B 3JeKTposuTe npH 3JekTpoiuse 1 M pactBopa
KOH, ecnu yepe3 Hero mporyuieH Tok, cuioi 10 A B Teuenue 2,68 u? Beixoa no Toky
(B,) paBen 70%. CocTtaBbTe CXEMy IEKTPOJIM3a, YPAaBHEHHUS aHOJHO-KATOAHBIX IPO-
LIECCOB U CYMMAapHO€ YPABHEHHE JIEKTPOIIN3A.

112. IIpuBeauTte cxemy 3JEKTPOIM3a pacTBOPA AIEKTpoJMTa s nonydenus H, u
O,. Kakoe KOIMYEeCTBO AJEKTPHUUECTBA HEOOXOAMMO MPOIYCTUTH, YTOOBI MOJIYYHUTH
112 1 H, (n.y.), ecmu B, =70 % ? Kakoii 06vem O, Beigenutes (H.y.)? Kakoe Bemiect-
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BO TIOJIBEPraeTcsl pa3ioKEHUIO B 3JIEKTPOJIUTE U KaKOBa €ro Macca? 3anuiinTe ypas-
HEHUS aHOJTHO-KaTOIHBIX MTPOILIECCOB U CyMMapHOE YPaBHEHHE JIEKTPOIIH3A.

113. CocraBbTe cxeMy snekrponu3a | M pactsopa NiCl, (pH =5) Ha rpaguToBbIX
AIIEKTpOIax. 3alUIINTe YPAaBHEHUSI AaHOAHO-KAaTOIHBIX MPOIIECCOB U CYMMApHOE ypaB-
HEHUE AJIeKTposin3a. PaccunTaiite, Ha CKOJIBKO YBEJIMYWIIACh Macca KaToJa, €CIM Ha
aHoze Bbienniaoch 112 1 raza. Kakoil Cuiibl TOK NPOXOJIWI YEPE3 CUCTEMY B TEUEHHE
10 4, ecu BbIxoA o TOKy coctaBui 100%?

114. CocraBbeTe cxemy anekrponmsa 1 M pactBopa NiSO, (pH =5) Ha crambHOM
KaTO/I€ U HHUKEJIEBOM aHOJE. 3alUIINTE YPAaBHEHUS aHOJHO-KATOAHBIX MPOLIECCOB H
paccuMTaiiTe, Ha CKOJIbKO YMEHBIIUTCS Macca aHO/a, €CJIM B TEUEHHE 5 U MPOIMYCKaTh
TOK cujiod 5,36 A. Kak 1 Ha CKOJILKO M3MEHHUTCS Macca kaToja?

115. Kakoe KOTUYECTBO AJIEKTPUYECTBA CIIEAYET MPOMyCTUTh yepe3 1 M pacTBop
ZnSO, (pH =5), uToObI Macca kaToja yBenuuuiach Ha 65 r, eciu B, =80 % ? Kakoe

BEILIECTBO U KaKOM ero o0beM (H.y.) BbienuTcs Ha aHojae? CocTaBbTe CXeMy AJIEKTPO-
7M3a Ha TPa(hUTOBBIX AIEKTPOAAX U 3AMHINNTE YPABHEHUS aHOAHO—KATOIHBIX MPOIeC-
COB.

116. [TpuBenute cxeMy 3JIEKTPOIUZHON CUCTEMBI ISl OTYYEHHS] METAIUTMYECKOTO
KaJIbLIMS. 3alyIIUTE YPAaBHEHUS 3JEKTPOJHBIX PEAKIUi U PaCCUUTANTE KOJIUYECTBO
AIIEKTPUYECTBA, HEOOXOIUMOE JUISl MOTyYeHUsT | MOJISt KabLIMsl.

117. CoctaBbTe cxemy aiekTponu3a 1 M pactBopa KI Ha rpaduToBBIX 371€KTpO-
Jax. 3aluilnuTe ypaBHEHHUS aHOJHO-KATOMHBIX IMPOILIECCOB M CyMMapHOE ypaBHEHHUE
anekTposm3a. Onpenenure, Kakas Macca BEIIECTBA BBIIEIUTCS HA aHOJE, €CIIM Ha Ka-
TOJIe BBIIEIWIOCH 5,6 11 Ta3a (H.y.). Kakoe KOJIM4YecTBO 3JIEKTPUIECTBA MPOIILIO Yepe3
3IIEKTPOIHT, ecau B, =80 % ?

118. IIpu anextponuse Ha TpaduToBBIX AMekTpoaax 1 M pactBopa CuSO, Ha aHo-
ne Beiemwiock 0,56 1 raza (H.y.). Ha ckonbko yBenMuuTCcs Macca Karojaa, €ciu
B, =100 % ? Kakoe KOIM4YECTBO 3JIEKTPUYECTBA CIETYET MPOIYCTUTh Yepe3 DIEKTPO-
TUT? 3anuIliTe YpaBHEHUS aHOJAHO-KATOIHBIX MPOILIECCOB U CYMMAapHOE YpaBHEHUE
AJIEKTPOJIN3A.

119. CocraBbTe cXxeMy 3JIEKTPOJIM3HON CUCTEMBI JIJIs MOMy4YeHus Ha aHoae H,. 3a-
MUIINTE YPAaBHEHUSI aHOTHO-KATOAHBIX MPOIIECCOB M PACCUUTANTE, KAKOE KOJIHMYECTBO
AIIEKTpUYECTBa NoTpedyercs i noiyuenus 112 o H,, eciun B, =70 % ? Ha ckonbko
IIPU 3TOM YBEJIMYUTCA Macca Katoa’?

120. CocrtaBbTe CXEMY AJIEKTPOJIU3a PaCTBOpA IEKTPOJIUTA, YTOOBI HA KATOJE TO-
nyunth H,, nHa anoge — Cl, o6semom 112 1 (H.y.). CkonbKO BpeMeHH MOTpedyeTcs
JUI ATOTO, €CJIA CWJIa TOKa paBHa 2,68 A, a B_ =70 % ? 3anumuTe ypaBHEHUs aHOJI-

HO-KAaTOJHBIX ITPOLICCCOB.
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7. DAeKTpoXUMHUYECKAsi KOPPO3USA MeTAaJIJIOB
U MeTOAbI 3aAIIMTHI OT KOPPO3HUHU

JJIEKTPOXUMHUYECKASI KOPPO3USI — 3TO CaMOITPOU3BOJIbHBINA MPOLECC OKUCITICHUS
METAJIJIOB TI0J] BO3/IECTBUEM OKPY’KAOIIEH CPEJIbl, MPOTEKAOIINI C BOSHUKHOBEHUEM
aJIeKTpudeckoro Toka. OnaHoW M3 Haubosiee pacHpOCTPAHEHHBIX PAa3HOBUIHOCTEH
AJIEKTPOXUMHUYECKON KOPPO3UM SIBIISIETCS TAJIbBAHOKOPPO3Msl, BO3HUKAIONIAS B pe-
3yJbTaT€ KOHTAKTA METAJJIOB PA3JIMYHBIX MO MPHUPO/E, HEOXHOPOAHOCTH TEXHH-
YeCKHX METAJJIOB M0 XUMHYeCKOMY M (pa30BOMY COCTABaAM, HAJTMYUIO HAPYILIEH-
HBIX OKCHIHBIX, METAJUINYECKHUX M JPYIrUX IUVICHOK HA UX MOBEPXHOCTH. B pe3ynb-
TaTre B MPUCYTCTBUM AJIEKTPOJIUTA BOSHUKAIOT KOPOTKO3aMKHYTHIE MAKPO— U MHUKPO-
raJIbBAHUYECKHUE DJIIEMEHTBI, B KOTOPBIX IIPOTEKAIOT CONPSKEHHbIE AHOIHO-
KaToaHble mpouecchl. [Ipy 3ToM aHomOM sBisieTcsl Oojee aKkTUBHBIM MeTan (cC
MEHBIINM 3HAYEHUEM (), KATOJOM — MEHEe aKTHUBHBIA METal JIMOO MpUMECHBIE
HEHTPBI ¢ OOJBIIMM 3HAYEHUEM (P, BBITIOJIHAIONINE POJIb KATOAHBIX y4acTKoB. Cieno-
BaTEJIbHO, TAJ1bBAHOKOPPO3UsSi — ITO aHOJHOE OKHMCJICHHE MeTAJIA C KATOAHBIM
BOCCTAHOBJICHHEM OKHCJIHWTENsl OKpY:Kawomeil cpeabl. B pesynbraTe OKUCIECHHS
aHOZIa DJIEKTPOHBI MEPEMEIIAIOTCS K KaTOJHBIM Y4YacTKaM W MOJSIPU3YIOT UX, T.€.
YMEHbIIAKT UX MOTeHHHaa. YacTHUILIbl OKUCIIUTENS, CBSI3bIBAIOIINE 3TH JIEKTPOHBI,
Ha3BIBAIOTCA Jenossipuzatopavu. Ecim oxucanrean — wonbl H', To kopposns
MIPOTEKAET C BOJOPOAHOI Aenojisipu3aumeii. B Hanbonee mpocToM Bujie 3TH mpoliec-
Cbhl MOYKHO BBIPA3UTh YPAaBHEHUSIMH:

A: Me—-ne=Me", o, =(p§/[en+/Me;
K: 2H"+2e=H,, (pH<7), o, :(ng*/H =—0,059 pH ; (7.1)
K: 2H,0+2e=H,+20H", (pH>7), (pK:(pgm/H =—0,059 pH.

Kak npaBwiio, ¢ BOZOpoaHOM JenoJsipu3anueil KOppoaAUPyOT METAJIbI BbICO-
KOl XMMHMYeCKO aKTHBHOCTH, TaK KaK YCIOBHEM MPOTEKAHUS DJIEKTPOXUMUUYECKON
KOPPO3UU SIBJISIETCSI HEPABEHCTBO:

o.>¢, wmwm &E>0. (7.2)

Eciu okmceauresiem siBasiercss O,, TO KOppo3us MIPOTEKAET C KUCJIOPOIHOM J1e-
noJsipu3anueil U BoIpakaeTcsl ypaBHEHUSIMU:

A: Me_ne:Men+9 (Pa :(P(]i/[em/Me;
K: O,+4H" +4e=2H,0, (pH<7), o, :(ppOZ/OH, =1,23-0,059 pH ; (7.3)
K: 0,+2H,0+4e=40H", (pH27), ¢, =¢', . =123-0,059pH.

C KHCJIOpOI[HOﬁ HCHOJIHpMC%ﬂHHGﬁ KOppoaAMpyrOT BCE€ METAJNJbI, 3@ HCKIIOYC-
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HUEM OJIarOpOHBIX WU MACCUBUPYIOITUXCA.
CKopocTh JIEKTPOXMMHYECKOH KOPPO3UM 3aBUCUT OT aKTHBHOCTH METAJLIA,
BesimunHbl pH 3JiekTpoJiuTa, npucyTcrBusi akTuBaropos koppo3uu (O,, ClI™ u

1p.), TeMnepaTyphl, NPUPOIAbI BTOPUYHBIX MPOAYKTOB KOpPpo3uu. CKOPOCTh KOP-
PO3UH C BOJAOPOIHOI JenoJisipu3amnueid MOXeT ObITh 3aMeJJIeHa TTOCPEICTBOM YBe-
nuaenuess pH cpesbl, yMEHBIIICHHS] TEMIIEPATYPbI, OUUCTKA METAIIIOB OT MpPUMECEH,
karanusupytomux Beigenenue H, (Co, Ni, Pt u np.). Ilpn kucaopognoi nenossipu-
3alMU CKOPOCTh KOPPO3UM 3aMeJUISIeTCS MPU yMEHbIIeHUU KoHueHtparmu O, (e-
asparusi), CHUKEHHH €ro MapiuaaIbHOTO JTABICHMS.

AxTuBHpYyOHIee aeiictBue noHoB Cl™ (cosieHble TTOYBBI, MOPCKasi BOJa U Jp.)
00yCJIOBJIIEHO MX BBICOKOM a/IcOpOMPYEMOCTbIO Ha MOBEPXHOCTH METAJIOB, pa3pylie-
HUEM OKCHUJIHBIX IMaCCUBUPYIOIIMX IUIEHOK. Kpome Toro, Bce MeTalljibl, 32 UCKIIOYEHU-
em Ag, Pb, 00pa3yroT Xopouio pacTBOpUMBIE XJIOPUABL, YTO TAKKE CIOCOOCTBYET KOP-
pO3UH.

N HaobopoT, BTOPUYHBbIE peaKUMH, MPUBOASIIIME K 00pa30BaHHUIO TPYIHO pac-
TBOPUMBIX OCHOBHBIX THJIpokcuaoB, HanpuMep Fe(OH), mwim Fe(OH); Topmo3sst xop-
PO3HOHHBIE MIPOLIECCHI B HEUTPAIBHBIX U LIECJIIOYHBIX cpeaax. 'mapokcuasl xe amgo-
TepHbIX MeTauioB (Zn, Cr, Al, Sn u 1p.) HepacTBOPUMBI TOJILKO B HEHTPAIbHBIX
cpeaax, I03TOMY JIJIsl HUX OINACHBI KaK KUCiasi, TaK U IIEJI0YHAs cpefa.

Bb100p cnoco60B 3a1MTBI METAJLUIOB OT KOPPO3HH 3aBUCUT OT MPHUPOALI Me-
TaJUIa, BUIa U radapuTroB u3aeuii uiu 000py10BaHMs, YCJIOBUI MX IKCILTyaTa-
MU, TPUPOABLI KOPPO3UOHHOM cpeabl U T.1. OCTaHOBUMCSI HA HEKOTOPBIX U3 HUX:
3alllUTHBIE MOKPBITUS (HEMETAUIMYECKUE U METAUTMYECKUE), JTEKTPOXMMUYECKAs
3a1MTAa (IPOTEKTOPHAS U DJIEKTPO3AIINTA).

HemeTtaymmueckue MoKpeITUS JIEISATCS HA OPraHu4YecKue (JaKu, KpacKu, CMOJIBI,
MOJIMMEPHBIE TJICHKH U JIp.) 1 HeOPpraHuvyeckue (3Malid, CoeuHeHus xpoma, pocdo-
pa, OKCUHbBIC TUICHKH).

OxcuaupoBanue — 00pa3oBaHKE HA MTOBEPXHOCTU METalIa MACCUBUPYIOMINX OK-
CUJIHBIX TUTCHOK. [[71s1 ToITy4eHns N30IMpYIONMX IJICHOK Ha TaKUX MeTalax, Kak Al,
Nb, Ta, Ti u zp., mpUMEHAEMBIX B OKCUAHBIX (IJEKTPOTUTHUCCKHUX ) KOHACHCATOPAX U
JPYTUX YCTPOMCTBAX, HAPAY C XMMHUYECKHMM HCHOJb3YETCA IJIEKTPOXUMHYECKOe
OKCHIMPOBAHUE UM AHOAMPOBAHHE.

MeTta/sinyeckue MOKPBITUS JCISITCS Ha aHOAHbIE — METAJLJI MOKPBITUS OoJiee
aKTUBHBIM, YEM 3aIIUIIAEMbIA, U KATOAHbIC — METAJJI MTOKPBITHS MEHEE AKTUBHBIN.
BoJiee Haie:kHO aHOAHOE MOKPBITHE, TAK KaK B CIIy4ae HAPYIIEHUS €r0 HEIOCTHOCTH
B 00pa3yrolieMcss MakporajaibBaHUYECKOM 3JIEMEHTE METaul MOKPBITHS CIY>KUT aHO-
JIOM U pazpyuiaerca. B ciaydae moBpexaeHusl KATOAHOI0 NOKPBITHS KOPPO3Usl Me-
TaJUIMYECKOTO U3JENHS yCUJIAMBAETCS, TAK KaK MU3EJHE SIBISETCS aHOJAOM U OKHCIISET-
csl (KOppOUPYET).

JIJig 3ammMThl KPYNMHOTa0apUTHBIX U3eauil (000pyJoBaHUs), HAXOMSIIUXCS B
XOpOoII0 MPOBOAsIIIEH Cpe/ie, UCIOJIb3YETCS MPOTEKTOPHASI 3allUTA — I0JCOEIU-
HEHUE K M3/C/INI0 BCIOMOIraTeJbHOI0 JIEKTPOJAA, 3HAUUTEIIbHO aKTUBHEE MeETaia
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uznenus. B o6pasyroniemMcs MaKporajibBaHHYeCKOM 3JIeMeHTe MPOTEKTOP CJAYKUT
AHOJOM U KOPPOJUPYET, a HA 3aIMIIAEMOM H3AEJIMU — KaToAe UAYT IIPOLIECCHl BOC-
CTaHOBJICHUS] OKUCIIUTEIIS CPEJIBI.

B ycnoBusx mijioxo mpoBojsilei cpelibl HCIONb3YIOT JIEKTPO3AIMTY (KaTo.-
HYIO 3aIIUTy) — MOJACOEANHEHNUE 3AIMINAEeMO KOHCTPYKIUM K OTPULATEIHLHOMY
MOJIIOCY MCTOYHMKA MTOCTOSTHHOTO TOKA, a K IMOJIOKUTEJbLHOMY IOJII0CY — BCIOMO-
raTeJJbHOr0 3JEeKTPOo/Aa, JII000ro Mo aKTUBHOCTH. [Ipu 3TOM co3faercs 3JIeKTPOoJIn3-
Hasl CHCTeMAa, B KOTOPOW 3aluiiaeMasi KOHCTPYKIHUS CJIY:KHUT KATOIOM, a Ha I0-
JIOKUTEIBHOM BCIOMOIaTeJIbHOM 3JIEKTPOe — aHO/e UIYT NPOLIECCHl OKHCJICHUS:
caMoro aHojaa (JIEKTPOJ PacTBOPHUMBIN) WM BOCCTAHOBHUTEJISI OKPYsKalOLIel cpe-
AbI (JIEKTPOJT UHEPTHBIN).

Mpumep 1
OnpenenuTh, Kakas cpefa sBISETCS HanOoJiee OMACHOW Ui M3AENUil U3 OJIoBa:
kucnas (pH =3) 6e3 noctyna O, wiu HewrpanbHast (pH =7) ¢ moctynom O,. OtBer

HE00X0UMMO 000CHOBATH MPUBEJIEHUEM COOTBETCTBYIOIIUX ANEKTPOXUMHUUYECKUX CHUC-
TEM, YpaBHEHUN MEPBUYHBIX (AaHOTHO-KATOJHBIX) U BTOPUYHBIX MPOIECCOB, a TaKKe
pacyeTaMi.

PeweHune

PaCCMOTpI/IM MpeAIIojaaracMaIC SJICKTPOXUMUYCCKHUEC CUCTCMbI, BOZHUKAIOIIHC IIPpH
KOPPO3UH OJIOBAHHBIX I/IBILGHI/Iﬁ BCJICACTBHUC HAJINYKA B MCTAJJIC HpHMeCGﬁ, MCHCC aK-
THUBHBIX, YCM OJIOBO.

B pesynbrare BO3HUKAIOT KOPOTKO3aMKHYTHIE MUKPOTAThBAHNYECKHUE SJIEMEHTHI, B
KOTOPBIX ~ TNPUMECHBIC  IIGHTPHI  BBINOJHAIOT  POJb  KAaTOJHBIX  YYacTKOB
0 0
((PSn2+/Sn < (pﬂPHM- . )
B cmydae kucnoit cpeast (pH =3) 6e3 moctyna O, BO3HHUKAIOT 3JEMEHTHI IO
cxeme

Sn H', H,0 [IpumecHbIe
’ LICHTPHI
pH =3
W3 mput., Tabn. 2 HaXoIMM 3HAYEHUE (pgn2+ fon = 0,136 B. Hcxoas u3 ycnoBus 3a-

Jla4u, aHOJIOM OyJIeT CIIYKHUTh Sn, a Ha IPUMECHBIX LIEHTPaxX OyAyT pa3psKaThCsl HOHbI
+ )
H' (oxucnuTens okpyKaromiei cpebl):

. _ 2+ _ 0 _ .
A:Sn—-2e=8Sn", (pa—(p8n2+/5n——0,136B,

K:2H"+2e=H,, (pKZ(ng+/H =-0,059 pH =-0,059-3=-0,177 B.

Tak xak ¢, _<¢,, £=0, —0, <0 u AG=-nF& >0, To KOPPO3UA OJOBSIHHBIX U3-
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JIETIMU ¢ BOJOPOIHOM AEMOJISIPU3alE HEBO3MOXKHA.
B cnyuae neitpanbHoit cpenbl (pH =7) ¢ noctynom O, BO3ZHUKAIOT AJIE€MEHTHI
10 CXeMe

Sn NaCl, H,0, O, [TpumecHebie
LEHTPBI
pH =7
. _ 2+ 0 _ .
A:Sn-2e=Sn"", o, T P fsn = - 0,136 B;

K:1/20,+H,0+2e=20H", ¢, =¢} ,  =1,23-0,059pH =1,23-0,0597=
=0,82B.

CyMMapHOe ypaBHEHHE MPOLIECCOB KOPPO3UU UMEET BUJT

Sn+1/20,+H,0=Sn(OH),, &£=¢, -9, =0,82+0,136=0,956B.

Tak xak & >0, To AG=-—nF& =-2-96500-0,956 =-184,5 x/[>)x. Takum oOpa-

30M, KOPPO3Usl OJIOBSIHHBIX U3/IEIUNA B HEUTPAILHOM Cpeie MPOUCXOAUT C MOTJIOIIEHH-
€M KHCJIOPOAA, TO €CTh C KUCIOPOAHOM Aenonspusanuei. CiieayeTr 3aMeTUTh, 4To 00-
pasyrouuiicst B pe3ysbrate Koppo3uu ruapokcua onosa Sn(OH), (Bropuunsiii mpo-
OYKT KOPpO3WH) Majo pacTBOPUM B HEHTpaibHOU cpene (obmamaer aMdoTepHbIMU
CBOMCTBAMM), UTO BIOCJIEICTBUUA CHUKAET CKOPOCTH KOPPO3UH.

OreBer

B xucneix cpenax npu pH =3 6e3 noctyna O, KOppo3usi OJOBSIHHBIX U3JEIUN He-
Bo3MoOkHa. CrefoBatenibHO, aJisi HUX OoJiee omacHa HeuTpanbHas cpena (pH=7) c
noctynom O,.

lMpumep 2
[TpuBecTn cxeMy KaTOJHOW 3alllUThl CTAIHLHOIO 00OPYJIOBAHMS B YCIOBHSIX COJIe-

HOM (nM30bITOK Cl7), kucnoit (pH =5) mouBbI U pacCTBOPEHHOM KHUCJIOPOJE. 3amucarh

YpaBHEHHUS BCEX MPOLIECCOB U PAaCCUUTATh, HA CKOJBKO yMEHbIIUTCA 3a 3,8 4. Macca
BCIIOMOTaTEJIbHOTO AJIEKTPo/a (M3 OTXOJO0B XKelle3a), €CM CHJIa TOKa, BOZHUKAIOIIAs
npu 5ToM, paBHa 7,06 A. CKOJBKO JUTPOB KHUCJIOPOJa MOTIOTUTCSA (YCIOBUS HOP-

ManbHble)? Kakyto ponb urpatoT nonst Cl™?

PewweHne

ITpu xaToaHOM 3amuTe 000pyNOBaHHUE MOAKIIOUAETCA K OTPULIATENIEHOMY IOJIIOCY
BHEIIIHEr0 UCTOYHHKA TOKA, @ BCIOMOTaTENIbHBIN 1eKTpo (0TX0bl Fe) — Kk nmomoxu-
TEJIbHOMY. B pe3ynbraTe BO3HUKAET JEKTPOJIM3HASA CUCTEMA, DJIIEKTPOJIUTOM B KOTO-
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pOif, X0/ N3 ycIoBHit 3anaun, seisorca H,O, H', C17, O, (pH =5):
— 1+
© K | A®D
+ —
Fe H0,H, CI",0, | g
(oGopyn.) pH=5 |(oTx011B1)

A: Fe—2e=Fe™,
K:1/20,+2H" +2e=H,0.
CyMMapHO€e ypaBHEHHUE DIIEKTPOJIN3A

Fe+1/20, +2HCl = FeCl,+H,O0.

Paccuuraem, ncnonb3ysa ypaBHeHue (6.5), ©3MEHEHHE Macchl aHOAa (BCIIOMOra-
TEJIBLHOTO JIEKTPOA)

9F

[

1256'7’06‘3’8:281

Amg, =
2-26,8

Tax xak u3MEHEHHEe MacChl KeJie3a PaBHO €ro SKBUBAJICHTHOW Macce, TO, COTJIACHO
BTOpOMY 3akoHy Dapaznes (6.2), 00beM MOTJIOIMIEHHOT0 KUCI0opoAa IpH H.y. OyaeT pa-

BEH €ro 3KBUBAJIECHTHOMY 00beMy (5,6 ). Monsl Cl™, o0ianas BHICOKOW MOABHKHO-
CTbIO, O0YCIIOBJIMBAIOT JIOCTATOYHO OOJBIIYIO MPOBOAUMOCTH MOYBHI U O0Pa3yIOT C
MOHAMH JKeJie3a pacTBOpUMBIi xstopuf xkene3a FeCl,, yto OnaronpustcTByeT mpouec-
cam 3alllUThl 000PYIOBaHMSL.

OrBer:
Amg, =281, V, =5,0u1.

UHAnBUAYaAbHbIE 3aAaHMNA

121. XpoM, cniassHHBIA CO CBUHIIOM, HaxoauTcs B kucinote (pH =2) 6e3 moctyma

kuciopojia. CocTaBbTe AIEKTPOXUMUUYECKYIO CXEMY M ypaBHEHHS IMPOIIECCOB KOPPO-
sun. Onpenennure, CKOJIBKO (MO0 Macce) MPOKOPPOAMPYET MeTayla M BOCCTAHOBUTCS
BOZIOpO/Ia 3a 1 4., eciii BO3HUKAET TOK CUJIon 7 A.

122. Menap, okpbITas 0ioBoM, Haxoautcs B kuciore (pH =0) 6e3 moctyma ku-
cinopona. Kakoii 310 Buz 3ammtbl? CoCTaBbTE JIEKTPOXHUMHUYECKYIO CXEMY, YpaBHE-

HUS MPOLECCOB, BOZHUKAIOIIMX MPU HAPYLIEHUU LEITOCTHOCTH MOKPBITUSA, U PACCUU-

TalTe, CKOJIBKO (10 Macce) MPOKOPPOAUpPYEeT MeTaiia 3a 10 4, eciiu BO3HUKAET TOK
cwion 260 MA.
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123. Onpenenute TepMOIUHAMUYECKYI0 BO3MOKHOCTh KOPPO3UU CTAJILHOTO 000-
py/lOBaHHS B ycloBHsX BiaxHoii moussl (H,O, Na', ClI”, H"), pH =4. 3anummre
CXEMY DJIEKTPOXMMHUYECKON CHUCTEMbI, YpaBHEHHMS aHOAHO-KATOJHBIX MPOLECCOB,
CyMMapHO€ ypaBHEHHUE TpolieccoB koppo3uu. Kakywo poinb urpatrot uonsl Cl™? Ilpu-
BEJIUTE CXEMY AJIEKTPO3aLIUThl U COOTBETCTBYIOIINE YPABHEHHUS TP YKAa3aHHBIX BBIIIE
YCIIOBHUSIX.

124. IluHK HaXOAUTCS B KOHTAKTE CO CTAIbHBIMU U3/ICIIUSMH B YCIOBUSAX BIAXKHOM
armocepst (H,O, O,), pH =7. 3a 1 mun. 20 ¢ BoccranoBuiock 0,034 1 O, (1.y.). Ha
CKOJIKO YMEHBIIINJIACh Macca KOPPOJIUPYIOUIEr0 METaIa U YEMY paBHA CUJIa TOKa,
BO3HHKAIOIIETO MpU Koppo3uu? CoCTaBbTE CXEMY 3JIEKTPOXUMHYECKOM CUCTEMBI U
YpaBHEHUS KOPPO3UOHHBIX MPOLIECCOB.

125. Onpenenurte TepMOAMHAMUYECKYIO BO3MOXKHOCTh KOPPO3UU OJIOBSHHBIX W3-
nenuii B ycloBusx: a) kucnoit cpenbl (pH =3) 6e3 gocrymna O,; 0) 1mea04Hoi cpebl
(pH =10) ¢ mocrynom O,. OTBET MOATBEPAUTE COOTBETCTBYIOIIUMH YPAaBHEHUSIMH U
KOJIMYECTBEHHBIMU pPacUETaMHU.

126. IlpuBeaure 2IEKTPOXUMHUUYECKYIO CXEMY IMPOTEKTOPHOM M KaTOIHOM 3alUThI
CTJIbHOW KOHCTPYKIIMU B YCJIOBHSX: a) HeHTpayibHOU mouBkl (O,, H,O), pH=7; 06) B
cpene anekrponuta (pH =3) 6e3 noctyna O,. OTBET NOATBEPAUTE YPABHEHUSIMU CO-
OTBETCTBYIOLIUX MPOIIECCOB U pacyeTaMHu.

127. Onpeaenure TEPMOJUHAMUYECKYIO BO3MOKHOCTh KOPPO3UU CBHUHIIOBOTO Ka-
Oenst B ycnoBusix kuciou moussl (pH =5) u nocryne O,. Onpenenure, Kakoi CHIIBI
TOK BO3HUK IPHU KOPPO3WH, €CIU 3a CYTKH morjotuioch 2,8 1 O, (H.y.). 3anummre
YpaBHEHUS MTPOLIECCOB KOPPO3UHU.

128. Kakoe mokpeiTHe sSBIsSeTCs HanuOoyiee HACKHBIM IS CTANBHBIX H3JICTUNH —
XpPOMHUPOBAaHHOE WM HUKeIUpoBaHHOE? (OTBET NOATBEPIUTE COOTBETCTBYIOUIUMU
CXE€MaMH, YPaBHEHUSIMU KOPPO3HOHHBIX MPOIECCOB U pacYeTaMU B YCIOBUSIX KHCIIOU
cpenbl (pH =2). Onpenenure Ha CKOJIBKO U3MEHUTCS Macca U3JEHs 3a 2 9, €CIId IIPH
9TOM BO3HHKAET TOK cuiioit 1,5 A.

129. Onpenenure TEPMOJMHAMUYECKYIO BO3MOKHOCTh KOPPO3UH U3JCIIUN U3 HU-
kel B kucioit cpene (pH =5) ¢ BogopoaHo# U KuciopoaHou aenosspuzarusimu. Ot-
BET MOJTBEPAUTE YpaBHEHUSIMU aHOJIHO-KATOJHBIX IMPOIIECCOB U pacuetamu. [Ipuse-
JTUTE TPUMEP aHOAHOTO MOKPBITHUS JJI U3ACIIUNA U3 HUKEJIS.

130. Mennoe uznenve noKpeITo 010BoM. Kakoe 310 nmokpeitre? CocTaBbTe CXEMY
ANEKTPOXUMUYECKONW CUCTEMBI, YPaBHEHUS aHOAHO-KATOJHBIX IMPOLIECCOB MPU Hapy-
IIEHUU 1EJI0CTHOCTU MOKpPHITUS B kKucioi cpene (pH =0). Onpenenure ckonbko (1o
Macce) MpOKOPPOIMpYyeT MeTauia u BocctanoButcst Hy (o o6bemy, H.y.) 3a 24 4., ec-
JIM BO3HUKHET TOK cuiion 1,2 A.

131. Onpenenute TEPMOJIMHAMUYECKYIO BO3MOKHOCTh KOPPO3UU MEAHOW TUIATHI C
cepeOpsIHBIMU BBIBOJIAaMU C BOJIOPOHON M KUCIOPOJHON NETOISPU3ALUIMU B KUCION
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cpene (pH =3). CoctaBbTe cXeMbl 00PA3YyIOMIUXCS MAKPOTaIbBAHUYECKUX JIEMEHTOB
Y YPaBHEHUS] COOTBETCTBYIOIIMX MTPOIIECCOB.

132. Ilpu atmMocdepHOoil KOppOo3uH CTaIbHOTrO u3Aenus 3a 1,5 MuH. 00pazoBasIoCh
0,125 r ruapokcuna xene3a Fe(OH),. Onpenenute o6beM O, (H.Y.), MOTJIOIMIEHHOTO
IIPU KOPPO3UH, U KOJIUYECTBO JIEKTPUUECTBA, MPOLIEALIETO YEPE3 CUCTEMY. 3aIHILIN-
T€ YpaBHEHUS IEPBUYHBIX U BTOPUYHBIX MTPOLIECCOB KOPPO3UHU.

133. O0bsicHUTE CYHTHOCTh KaTOJHOM 3alllUThl M KAaTOJHBIX MOKPBHITHH. B Kakumx
ciy4asix OHU npuMeHsitorca? [IpuBenuTe KOHKPETHBIE TPUMEPHI U 3AMUIIUTE YpaBHE-
HUSl COOTBETCTBYIOLMX IMPOLIECCOB B yCJIOBUAX wieno4yHor cpeasl (pH =10) u cBo-
00JTHOM JIOCTYTIE€ KUCIOPO/Ia.

134. O0bsicHUTE CYITHOCTh MPOTEKTOPHOM 3aIIUThI. B Kakux ciiydasix oHa Mmpume-
Hserca? IlpuBeauTe KOHKPETHBIE MPUMEPHI, COCTABUB CXEMY AJIEKTPOXUMUUYECKOU
CUCTEMBbI, YpPaBHEHUS aHOTHO-KATOAHBIX MpoIieccoB. Paccunraiite, Ha CKOJIBKO YMEHb-
IIMTCS Macca IPOTEKTOpa 3a CYTKH, €CIIU [IPU 3TOM BO3HHUKAET TOK cuiion 1,5 A.

135. Marauii HaxoAuTCAd B KOHTAKTE C IIMHKOM B YCIIOBHUSIX IIEIOYHOM CpEibl
(pH =10) u npu cBoboaHOM noctyne O,. 3anummuTe ypaBHEHHS TIPOIIECCOB AIEKTPO-
XUMUYECKON KOPPO3UU U PACCUHUTANTE, HA CKOJIBKO YMEHBIIUTCS Macca aHO/1a, €CIH 3a
2 4. mornotuiiock 0,306 11 O, (H.y.). Yemy paBHa cuja Toka?

136. Onpenenurte, Kakas cpefa SBISETCS OOJiee ONMACHOM ISl CTadbHBIX H3e-
it — kucnaa (pH =2), neitrpansuas wim menounas (pH =10)? Kak Bausitor Ha
CKOPOCTh KOPPO3UH BTOPUYHBIC TIPOAYKTHI KOppo3uu? OTBeT 000CHOBATh COOTBETCT-
BYIOILIMMHU YPABHEHUSIMU U PACUETAMH.

137. Macca MeIHOTO M3/eNus, HAXOMASAIIErocs B YCIOBUSAX BIAXHOW atMocepsl
(H,O, O,) ymenbmmnace 3a 3 4 Ha 9,6 r. Onpenenure CUIy TOKAa, BOSHUKIIYIO MPHU
ATOM, M KOJIMYECTBO (110 00beMy) norsomieHHoro O, (H.y.). 3anuImTe ypaBHEHUS CO-
OTBETCTBYIOLIUX ITPOLIECCOB.

138. IluHK HaXOMUTCS B KOHTAKTE C HHUKEJIEM B YCJIOBUSAX BIIAXHOW aTrMocheps
(H,O, O,). CocraBbTe ypaBHEHUSI MPOLECCOB T'aIbBAHOKOPPO3UU M pacCUMTANTE, Ha
CKOJIbKO YMEHBIIUTCSI Macca aHoJla U 4yeMy OyJeT paBHA CHJia TOKa, €ciau 3a 1 MuH.
20 ¢ BocctanoBuiiock 0,034 11 O, (H.y.).

139. O0bsicHUTE TEPMOIMHAMHYECKYIO CTAaOMIIBHOCTH cepedpa M HeCTaOMIIbHOCTD
Meau B ycioBusx HedTpanbHou cpeasl (H,O, O,). OTBeT noaATrBepauTe ypaBHEHUSIMU
COOTBETCTBYIOILIMX MPOLIECCOB U PACUETAMH.

140. C xakoi aenonsipuzanmeid (BOZOPOJHOW WM KUCIOPOAHOW) KOPPOIUPYIOT
u3nenus u3 ojioBa B kuciou cpezae (pH =3)? OTBet noaTBEpAUTE YPaBHEHUSIMH COOT-
BETCTBYIOIIMX MPOLECCOB U pacueramu. [IpuBeauTe nmpumMepsl aHOHOTO U KaTOJIHOTO
TIOKPBITUH JJIS1 U3JETIMNA U3 0JI0BA.
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8. HpHMeHeHI/Ie INCKTPOXHUMHUIYCCKHUX MPOHECCCOB B TCXHUKCE

Bormnpocel npuMeHeHHs 3IEKTPOXUMUYECKHUX MPOIECCOB PACCMOTPEHBI B YUeOHU-
kax [1, 2, 3, 6, 9], meTomuueckoM nocobuu [12] u B JIEKIUAX, BXOAAIINX B COCTAaB Ha-
CTOSIIIIET0 YI4EOHO-METOAMYECKOT0 KOMIUIEKCA M0 TUCIUTLIAHE « XUMUSD».

UHAUBUAYaAbHbIE 3aAaHNA

141. Dnexrpoxummudeckue reaeparopsbl Toka (DXI'T). [IpuBeaure cxemy TOIUIHMB-
HOT'O BOZOPOJIHO-KUCIOPOJAHOIO 3JIEMEHTA, YPABHEHUS 3JIEKTPOIHBIX PEAKIMA U CyM-
MapHOE YPaBHEHHUE AIIEKTPOXUMHUYECKON PEaKIU. YKaXUTE CIIOCOOBI MOBBIIICHUS UX
KIL.

142. IlepBuunbie (HEOOpAaTUMBIE) UCTOYHUKUA TOKA, WX MPEHMYIIECTBA M HEIIOC-
TaTKH, npuMeHeHue. [IpuBennre cxeMy CyXoro MapraHieBO-LIMHKOBOT'O 3JIEMEHTA,
YpaBHEHHUS AJIEKTPOJHBIX PEaKUMid M CYMMapHO€ YpaBHEHHE AIIEKTPOXMMHUYECKOTO
nporecca.

143. Kak 3JIeKTpOIUTHYECKHU TOTYYUTh LIETOYHbIE MeTAIUIbI? [IpuBeauTe cxemy,
YPaBHEHHSI COOTBETCTBYIOIIMX IPOLECCOB JUIS IMOJYYEHHS METAJIMYECKOro Kajus,
KHCJIOPOJa ¥ BOJISIHBIX MapOB.

144. CBuHILIOBbIE (KHUCIOTHBIE) aKKyMmyJsiTopbl. IIpuBeaute cxembl, ypaBHEHUSA
AJIEKTPOJIHBIX PEAKIMI U CyMMapHbI€ YpaBHEHUS MPOLIECCOB PA3PSAIKU U 3aPSAIKU aK-
KyMYJISITOPa, UX OCHOBHBIE€ XapaKTEPUCTUKHU, IPEUMYIIECTBA U HEIOCTATKH, IPUMEHE-
HUE.

145. TlpuBenure 3IIEKTPOXUMHUYECKYIO CUCTEMY, YPABHEHHs DJIEKTPOIHBIX pPEaK-
M 1 CyMMapHO€ ypaBHEHHUeE Ipornecca A noiaydenus H, u O,. Bo3aMoxHO 11 Bblzie-
nenue H, Ha anoge? OTBeT 000CHOBATH MPUBEACHUEM KOHKPETHBIX IPUMEPOB.

146. XeMOTpOHHBIE YCTPOWCTBA, OCOOCHHOCTH MX Pa0OThI, OCHOBHBIE XapaKTepH-
CTHKH U IPUMEHEHUE. DIIeKTpoxuMuieckue npeodpazonarenu Toka (OXIIT).

147. YKene3o-HuKeneBbie (1IETOUYHbBIE) aKKyMYJIATOPBL: CXeMa, YPaBHEHHS MPOIIeC-
COB IIpU paspsake U 3apsake. OCHOBHBIE XapaKTEPUCTUKHA AKKYMYJISITOPOB, IPEUMY-
IIECTBA U HEJOCTATKH, UX IPUMEHEHUE.

148. l'anbBaHoTeXHKKA. Co34aHUE MPOBOMASIINX, AHTUKOPPO3UOHHBIX M JEKOpa-
TUBHBIX MOKPBITUH. [IpUBEIUTE KOHKPETHBIE CXEMBI U YPABHEHHSI COOTBETCTBYIOIIMX
IIPOLIECCOB.

149. DneKTpOXUMHUYECKHE CUYETYUKU DJIEKTPUYECTBA (KYJIOHOMETpPbI), CXEMbl HX
YCTPOMCTB U MPUHLIMIBI UX paOOThL. [IpuBEeInTE KOHKPETHBIE PUMEDPBI.

150. Pe3epBHBIE ralbBaHUYECKUE JIEMEHTHI: CX€Ma, YPAaBHEHUS MPOLIECCOB, OCO-
OEHHOCTH MX HCIIOJIb30BaHUSL.

151. DnexTpoxuMuueckoe okcuaupoBaHue (aHoauponanue). [IpuBenure cxemy,
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YPaBHCHUA SJICKTPOXUMHUYCCKHUX U XUMHUYICCKHUX peaKum”I IIpu aHOAWPOBAHUU AJTFOMU-
HU.

152. lllenounbie cepeOpsIHO-IIMHKOBBIE AKKYMYJISTOPBI: CXEMa, YpaBHEHUS MpO-
LIECCOB pa3psAAKu U 3apaakd. OCHOBHbIE XapaKTEPUCTHKH, MPEUMYILIECTBA, HEJOCTAT-
KW, IPUMEHEHUE.

153. CocTaBbTe AIIEKTPOXUMUYECKYIO CUCTEMY JUISl TIOJYYEHUS! aHOIHOTO 3alUT-
HOT'O TIOKPBITHSL Ha CTAIbHBIX H3Aenusx. Uem oObsicHseTcs ero Oojiee BBICOKAs Ha-
JE€KHOCTh 110 CPAaBHEHHUIO C KaTOIHBIM?

154. Hu3k0- M BBICOKOTEMIEPATYPHBIE BOJIOPOJHO-KUCIOPOJHBIE TOIUIMBHBIC
AJIEMEHTHI: CXEMa, YPAaBHEHUS IMPOLIECCOB, CIIOCOOBI YBEIIMYEHUS] CKOPOCTH 3JIEKTPO-
xumudeckux peakuii u KIT1J{. OcHOBHBIE XapaKTEpUCTUKH U IPUMEHEHHUE.

155. Tlomy4deHnne 3NEKTPOIUTUYECKA YUCTOW MEIM M3 YEPHOBOM C nmpuMecsamu Fe,
Ni, Pb, Ag. CocTaBbTe cXeMy NEKTPOXUMHUECKON CUCTEMBI U YPaBHEHHUS ITPOLIECCOB,
IPOTEKAIOIINX IIPU AIEKTPOIIU3E.

156. Kak 37€KTpOJIMTUYECKH CO3[aTh KAaTOJAHOE MOKPBITUE HA OJIOBIHHOM W3-
nmuu? [lpuBenure cxeMy, ypaBHEHHsI COOTBETCTBYIOIIMX MPOIeCCOB. YeM 0ObsICHsIeTCS
HEHAJICKHOCTh KATOIHBIX MOKPHITUI?

157. CoctaBbTe cxeMmy Ipolecca EeKTpopaUHUPOBaHMS (OYMCTKH) HHUKEIS, CO-
JIEpKaIlero IPpUMECH LIMHKA, JKEJIe3a, CBUHIA, MEAH. allMIINTE CXEMY JIEKTPOJIN3A U
YPpaBHEHMSI ITPOLIECCOB, MPOTEKAIOIINX Ha aHOJIE U KATOJIE.

158. CoctraBpTe CXEMY AJIEKTPOXUMUYECKOW CHUCTEMBI, MO3BOJIAIOMICH MOTydYaTh
MOKPBITHS U3 IIMHKA HA U3JCMIX U3 CBUHIIA. 3alUIIUTE YpaBHEHHUS MPOIIECCOB, IIPO-
TEKAOIIMX HAa aHOJIE U KaTO/IE.

159. TlpumeHeHne aHOHBIX MPOIIECCOB AJIEKTPOJIM3a B TEXHUKE (OKCUIUPOBAHUE,
aHOJIHOE TPABJICHHE, MOJUPOBKA). [[puBeIuTE KOHKPETHBIE MPUMEPHI, 3AIUIINTE CXE-
MBI 3JIEKTPOJIU3HBIX CUCTEM M YpaBHEHUS MPOIECCOB, MPOTEKAIOIIUX HA aHOJE M Ka-
TOJIE.

160. [IpyumeHeHne KaTOAHBIX MPOIECCOB ANEKTPOJIU3a B TEXHUKE (KaToHOEe 00€e3-
JKUpUBaHUE, MOJydyeHHe MOKpbITUid). [IpuBennTe KOHKPETHBIE MPUMEPHI, 3aMUIINATE
CXEMBbI 3JIEKTPOJIM3HBIX CUCTEM U YPaBHEHHUsS IPOLIECCOB, MPOTEKAIOIMINX HA aHOAE U
KaTojie.
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9. X¥MHU KOHCTPYKIHMOHHBIX MAaTepPHUAaJOB

XHUMHSI METAJJIOB U CIIJIABOB.

Mertamibl U CIUIaBbl SIBJISIIOTCSI OCHOBHBIM KOHCTPYKIITMOHHBIM MaTEpPHAIIOM IS
MaIIMHOCTPOEHUS ¥ MPUOOPOCTPOCHUSI.

Mertannsl 006J1a4a10T PAIOM OOIIUX CBOMCTB. J[J1s1 HMX XapaKTepHbI METAITMYECKast
CBsI3b, METAUIMUECKHI OJIECK, HEMpO3pauyHOCTh, TBEPJOCTh (3a uckitoueHueM Hg),
MJIACTUYHOCTh, BHICOKHE TEIUIO- U 3JIEKTPONPOBOAHOCTh, CIIOCOOHOCTh KPUCTAJLIN30-
BaThCS C 00OpPa30BaHMEM KPHUCTAUIMYECKUX PEIIETOK BBICOKOW CHMMETPHH: 0OBEMHO-
neHTpupoBannbiii kKyo (W, Nb, Ta, Pb, Cr u 1p.), rpaneniearpupoBanHnsiii kyo (Cu, Ni,
Fe, Al, Ag, Au u np.), rekcaroranpHas TIOTHas ynakoBka (Mg, Be, Cd, Zn, Ti, Zr u
ap.). Jlist HEKOTOPBIX METAIIIOB UMEET MECTO SIBIICHHE MoJuMop¢u3mMa (criocoOHOCTh
CYILIECTBOBAaTh B PAa3JIMYHBIX KPUCTAUIMUECKUX MOJUdUKAIUAX, Hanpumep o-Fe u
v-Fe). Ilpu oxnaxaeHun cMeceil METayllIoB, HAXOSMIIMXCS B PACIUIABJICHHOM COCTOSI-
HUHU, 00pa3yloTCsl CIUIaBbl, KOTOPbIE B 3aBUCUMOCTH OT XapakTepa B3auMOJCUCTBUS
MOTYT MPEJCTABISATh COO0N MEXaHUYECKYIO CMECh KPUCTANIOB OTJEIbHBIX METAJLIOB,
TBEPJIbIC PACTBOPHI UM XUMHUECKUE COCTUHEHUS (MHTEPMETAILTUIBI).

B 3aBUCHMOCTH OT IMOJIOKEHHS B MEPUOIUICCKON TaOiwIe (TO €CTh CTCTIICHH 3a-
TIOJTHEHUS JICKTPOHAMH BHEIIIHETO M MPEIBHEITHETO CJIOCB) BCE METAJUIbI JACIATCS Ha
s-, p-, d- u f-meTamb.

XHWMHYECKHE CBOMCTBA META/UIOB BeChbMa Pa3HOOOpa3HbI, OJHAKO OOIIHMM TSI HUX
SIBJIIETCSI TO, YTO OHHM, BCET/1a, OBIBAIOT BOCCTAHOBUTEISIMM — YYaCTHE UX B PEaKIIH-
SIX COMPOBOKIACTCSI OKMCIICHHEM B 00pa30BaHUEM ITOJIOKUTEIIHPHBIX HOHOB.

Me —ne = Me"".

B 10 e Bpems KaXIblid U3 METAIJIOB, B 3aBUCUMOCTH OT OCOOEHHOCTEW CTPOECHHUS €ro
aToMa, MPOSIBISIET CBOU MHAMBUAYATbHbIE XUMHUECKHUE CBOMCTBA, KOTOPHIE 00YCIOB-
JICHbl PA3IMYHOW BETMYMHOM SHEPIMH HMOHU3AIUU, MPOYHOCTHIO KPHUCTAJUIMYECKOM
PEIIETKH, XapaKTepOM Cpelbl U OCOOCHHOCTSIMH B3aUMOJIEUCTBUSL co cpenoit. s
OLICHKM XMMHYECKON aKTHMBHOCTH B BOJIHBIX PAacTBOpAxX MpPH CTaHIAPTHBIX YCIOBUSIX
MOKHO HCIIOJIB30BaTh 3HAYEHHS IEKTPOJHBIX MoTeHnuanos (¢°, B), T.e. pim akTHB-
HOCTH (CM. pa3zen 5 u mpui., TaoI. 2).

MeTtanmuieckie KOHCTPYKITUU TTOCTOSSHHO KOHTAaKTUPYIOT ¢ BO3AYXOM, B KOTOPOM
aKTUBHBIMU KOMIIOHeHTamu sBistioTes O,, Cl,, H,O u T.11.

C kuCJI0poAOM BO31YyXa B3aUMOJACUCTBYIOT NIOUTH BCE METAJLIbI, 32 UCKIIOUYEHU-
€M OJIarOpOJIHBIX, TPUYEM IIETOYHBIC U MIET0YHO3eMEeNIbHbIE — O4YeHb aKTUBHO. Jlpy-
T'M€ METaJUIbl XOTS ¥ B3aUMOJICMCTBYIOT MEHEE aKTHBHO, OJTHAKO OKHCIIEHUE UX BCETAa
TEPMOJMHAMHYECKH BBITOJIHO, TaK KaK COMPOBOXKIAETCS YMEHBIIIEHHEM CBOOOIHOMN
sHeprun ['m66ca (AG<0). Obpa3yromuecs: Mpu STOM OKCHJIBI BO MHOTHX CITyJasix (Ha-
pUMEp, Kak Ha ATFOMUHHUM, TUTAHE, XPOME) MOBHIIIAIOT XUMUYECKYIO YCTOMUHNBOCTh
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u3enui u3 Metaya. Tak, amactuunble U TioTHBIE ToieHKH Al,O; u TiO, npemoxpa-
HSFOT METaJUThl OT KOHTAKTa C BO3AYXOM U 00ECIIEUYNBAIOT UM BBICOKYIO XHMHYECKYIO
naccuBHOCTh. OnmHako 1ieHka Al,Os; He 3amuIaeT MeTaul OT JCUCTBUS pa30aBIICH-
HBIX KUCJIOT U IICI0YCH:

Al,O5+6HCI = 2A1CI;+3H,0;

ALO;+2NaOH+3H,0 = 2Na[Al(OH),].

BonbIIMHCTBO METAJUIOB HEMOCPEACTBEHHO B3aMMO/AelCTBYET C XJIOPOM, 00pa3ys
pacTtBopumMble  xyiopuabl. C  BOAOPOAOM AKTHBHO B3aUMOJICHCTBYIOT TOJIBKO
s-metajuibl [ u Il rpynm, o0pa3ys cosienonoO0HbIe TUIPHIBI C HOHHBIM XapaKTepOM CBsl-
3U.

IIpu B3anmoneiicteuu d-merasuios IV — VIII rpynn ¢ N,, B, C, Si o0pa3yrwrcs
HUTPUABI, 00pUAbI, KAPOMIbI, CHIIMIM/IbI, 00J1a1a0LI1e BEICOKOM TBEPOCTHIO, TY-
rOILIABKOCTBIO, )KAPOCTOUKOCTBIO.

B peanbHbIX yCI0BUSAX BOJHAS Cpeia W3-3a MPUPOIHBIX (PU3UKO-XUMHUYECKUX MPO-
[IECCOB OTIMYAETCS OT HEUTPATILHOM CPelibl U CTAHOBUTCA JTMOO IICIOYHOM, JTHOO K-
cinoTHOM. [odTOMY NpHU OLIEHKE XUMHUYECKOW YCTOMYMBOCTH METALNIMYECKUX KOHCT-
PYKIMI HEOOXOIMMO YYMTHIBaTh B3aumojerctBue metauioB ¢ H,O, pacrBopamm
KHMCJIOT M 11eJI04eii (CII0KHBIE OKUCIIUTENN).

C BoOmOM B3aMMOACHCTBYIOT TE€ METAJUIbL, AJIEKTPOAHBIM IMOTEHLHAT KOTOPBIX
( (piaw e ) menbiie MuHyC 0,41 B (B psiy aKTMBHOCTH PAaCHOJIOKEHBI 10 KaaMUs

BKJTFOUUTENIBHO):

Me+H,0—->MeOH+1/2H,.

MeHee akTHBHBIC METAJTBI BCTYMAOT B PEAKIMIO C BOJOW NIPHU HAarpeBaHWHU, 00pazys
TUAPOKCUIBI WIIH OKCUJIBI:

MC+H20—)MCO+H2.

Metamner Nb, Ta, V, Mn, Ti B3aumopeiictByror ¢ H;O Tonpko B mpuCyTCTBHH
cuiabHBbIX okucautenei (H,O,).

C pas6aBiaennbiMu kuciotamu (tuna HCl, H,SO,) B3auMopeiicTByoT Bce Me-
TaJIbl, CTOSIIHE B PSAy akTUBHOCTel 10 Hy. OKnciuTeneM BbICTyNaOT HoHB H' .

OpnHako oOpa3oBaHuE B psiJie CIydaeB Ha MOBEPXHOCTU MeTallla TPYJHO PacTBO-
puMbIX coeaunenuid (Hampumep, PbSO,, PbCl,) nmpuBoaut mpakTuuecku K MOJTHOMY
IIPEKPALICHUIO PEAKLINH.

H,SO4 xonuenTpupoBanHas, HNO; koHuUeHTpHMpoOBaHHasi U pa3daBJIeHHasi
PacTBOPSIFOT OOJBITUHCTBO METAIOB. OKUCITUTENSIMU B HUX SIBJISIIOTCS MOHBI SO,” u
NOjs'. IIpoyKTbl peakuy 3aBUCAT OT aKTUBHOCTH METAJUIOB M KOHLICHTPALIUHA KHCJIO-
THI:
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3Zn+4H,SO4(xon11.) = 3ZnSO4+S+4H,0;

Cu+4HNO;(kon.) = Cu(NO3),+2NO,+2H,0.

Mertamnst Al, Cr, Fe B H;SOy4(xon11.) 1 HNO3(koHII.) TacCUBUPYIOTCS, MTPOLyKTOM
peaxiuu SBISIOTCS oKcuanble ieHKn Al,O;, Cr,0s, Fe,0s;, 3ammmaronue Metamt oT
BO3JICUCTBUS KUCIIOT:

2CI'+3H2804(KOHI_[.) = CI'203+3 SOz+3H20.

Nb, Ta, Mo, W ycToiuuBBI K JEHCTBHIO MHUHEPAIBLHBIX KHUCIIOT, OJTHAKO PaCTBO-
pstorcest B ropsiueit cmecu HF+HNOj5; Pt, Au, Pd pactBopsitoTcst TobKO B 1apcKOit
Boake (HNO; : 3HCI).

C pacTBOopamMm 11eJI04ell aKTUBHO B3aMMOICHCTBYIOT JIMIIb aM(OTEPHBIC METa-
JIBL:

Al+3NaOH+3H,0 = Na;[Al(OH)]+1,5H,

V, Nb, Ta, Ti, Mo, W B3auMOAEUCTBYIOT CO IIEIOYaMHU TOJHKO B MPUCYTCTBUH
cubHbIX okucautenei (H,O,).

DJjieMeHTApPHbIEe U CJOKHbIE MOJYNPOBOJIHUKH

[TonynpoBOAHUKY TIPEACTABIISIOT OCOOBIN KJ1acC BEMIECTB, KOTOPHIE M0 yIETLHOMY
CONPOTHUBJICHUIO 3aHUMAIOT MPOMEKYTOUHOE MOJIOKEHHE MEXKIYy MeTaulaMyd U JIH-
anekTpukaMu. OHM 001a1at0T crienudUUeCKUMU CBOMCTBAMMU: TIPU MOBBIIIEHUN TEM-
nepaTypbl YBEJIMUUBAIOT JIEKTPOIPOBOIMMOCTD; TIPU TeMIeparype, OJu3Kkoi k abco-
JIOTHOMY HYJIIO, TIPEBPAIIAIOTCS B AUICKTPUKU; UX CBOMCTBA YyBCTBUTEIBHBI K Ha-
JUYUI0 IPUMECE U MOHU3UPYIOIINX U3TYUYECHHU. Y CIOBHO MOJYIPOBOAHUKOBBIE Ma-
TEepHUAJIbI ICJIST Ha 3JIEMEHTAPHBIE U CIIOKHBIEC.

ITo mepuoauueckoit Tabnuine B I u Il rpynmax 3jaeMeHTBbI, 00J1aaaK01Me MOJY-
NPOBOJIHUKOBBIMHM CBOMCTBaMH, OTCYTCTBYIOT, B lII rpyrmme momynpoBoIHUKOBBIE
cBoiictBa nposiBisier 6op (B), B IV rpynmie — C, Si, Ge, Sn (cepoe), B V rpynne —
HekoTopbelie Moaudukanuu P, As, Sb, B VI rpynne — S, Se, Te, B VII — iiox (I).

OOmuM CBOWCTBOM BCEX YyKa3aHHBIX MAaTEPHUAJIOB SIBISICTCS KOBAJICHTHBIA WIIH
OJMM3KHUI K KOBAJCHTHOMY XapakTep CBS3€H, peam3yeMbIX B uX Kpuctammiax. CTpyk-
Typa 2JIEMEHTAPHBIX TOJYIPOBOJHUKOB NoauuHseTcs npaBuiy IOwm-Pozepu («ok-
TETHOE» MPABUJIO), COTTIACHO KOTOPOMY:

K4 =8-n, (9.1)

rie n—  HOMEp IPyNIbl O MEPUOIUUECKON TabIuIIE,
K.4. — KOOPJUHAIIMOHHOE YHUCIIO.

CanoxxHble IMOJYIIPOBOOAHHUKH — COCAUMHCHHUA, COCTOAIIUC U3 JIBYX, TPCX HIIN 00-
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nee atoMoB. K HUM OTHOCSTCS OKCHIBI, CYyJIb(MUIBI, CEICHUIBI, CyIb(oceaecHuapl 1
T.J.

HaunbGonee n3yueHsl: OMHApHBIE COCTUHEHUS A"BY, rie A™— Al Ga, In; BY —
N, P, As, Sb; A"BY, rue A" — Cd, Zn, Hg; B —§, Se, Te; TPOMHbBIE — A'B"C,Y,
rie A' — Cu, Ag; B™ — Al, Ga, In; CY' — S, Se, Te.

OO0acTh IPUMEHEHUS: KBAaHTOBBIC T€HEPATOPBI, (POTOIIEMEHTHI, CBETO(DHUIIBTPHI,
BBITIPSIMATEIIH | T.JI.

JI1sl CTIOKHBIX TTOJTYTIPOBOJIHUKOB HAPSIy ¢ KOBAJICHTHOM CIEIyeT YIUTHIBATh OII-
PEIETICHHYIO JI0JTF0 MOHHOMW CBSI3M, O0YCIIOBIICHHOW Pa3InIMeM B JICKTPOOTPHUIIATEITh-
Hoctu atoMoB. CornacHo nmpaBuiy My3epa-Ilupcona, ciioXHbIe BEIecTBa 00J1a1ar0T
MOJTYTIPOBOTHUKOBBIMHU CBOMCTBAMH, €CJIA BHITIOJHAETCS] COOTHOIICHHUE:

% +b=8§, (9.2)
a
rIe N, — CyYMMapHOE KOJIMYECTBO BAJIEHTHBIX 3JEKTPOHOB, YYAaCTBYIOIIUX B 00pa-
30BaHUY XUMHUUYECKHUX CBSI3EH;
n, — KOJMYECTBO aTOMOB p-d1eMeHTOB IV — VII rpymn;
b—  uucno cBsa3eit, 00pazoBaHHBIX aToMaMu p-aneMeHToB [V — VII rpymm me-

KTy COOOIA.
Huns coequnenus InSb: n =8, n,= 1, b =0; moxcTaBuM 3TH 3HaYECHUS B BBIPAKE-

Hue (9.2), Torna %+O:8;
7
st CdSb: n,.=7, n,=1,b=1, Torna T+1:8;

st CulnS;: n.=16, n,=2,b =0, Toraa %+O:8.

Haubosnee nonHo M3y4eHbl U MPUMEHSIOTCS B MOIYIPOBOIHUKOBON TEXHHUKE Iep-
MaHUM Y KPEeMHHMH — KPUCTAJUIMYECKHUE BEIIECTBA C PEIIETKOM THIIA aiMa3a. XUMH-
YecKasi CBSI3b — KOBAICHTHAsI, IMEET MECTO Sp -rubpuam3ammst. Kaxprii atom Si (Ge)
00a/laeT YeThIPbMS BaJICHTHBIMU AJIEKTPOHAMH M 00pa3zyeT ¢ COCEIHUMU aTOMAaMH
YeThIPE PABHOLIEHHBIE BAJICHTHBIE CBS3HM, KOTOPBIE PACIOJIOKEHBI B BUJAE TETPA’dApa.
KoopannanrionHoe 4nciio paBHo 4, 4To cooTBeTcTBYET npasmiry FOm-Pozepu (9.1).

O6miee coaeprkaHre TepMaHusi B 3eMHOM Kope coctapiisieT okoio 0,0007 %, [Ipo-
M3BOJICTBO TEXHUYECKOTO TepMaHusl 0a3upyercsi Ha OTXOoAax MepepadoTKu Cylbhu-
HBIX TOJUMETAUIMYECKUX Py, U3 KOTOPHIX MYTEM CIOXKHOWU MEepepadOTKH MOTy4aroT
repMaHueBbiil KoHUEHTpaT GeO,. 3aTeM U3 OYMILEHHOIO JTUOKCHJIA T€PMaHUs IyTeM
BOCCTaHOBJIEHUS BoaopoaoM nipu 600 °C mosry4aroT repMaHmii

GeO, +2H, —%°C 5 Ge+2H,0.

B otnnuume ot repmMaHus KpCMHI/Iﬁ ABJBICTCA OJHUM M3 CaMbIX PACHPOCTPAHCHHBIX
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AJIEMEHTOB. 3€MHas Kopa 0oJjiee YeM HaIlOJIOBUHY COCTOUT U3 KpemHesema Si0,, KoTo-
PBIF U CITYUT OCHOBHBIM CBIPbEM JIJISl IOJYyUEHUS] TEXHUYECKOTo KpeMHusl. Ero mosmy-
YaroT BOCCTAHOBJIEHHEM JAUOKcH1a KpeMHUs yriieM npu 1500 °C:

Si0, +C—12%C 58+ CO,.

[losydeHHble TaKUMU criocoOamMu repMaHuil 1 KpeMHHI coaepskat ot 2 10 5 % mpu-
Mecer. JIsi mOoIynpOBOAHUKOBOM TEXHUKH TIE€PMAHUM W KPEMHHU IOABEPIarOTCS
JTanbHEHIIEeH riTyO00KON OUHCTKeE.

Kpemunii u repmanuii TBEpABI, HO XPYIIKH, UX TEMIIEPATYPA TUIABJICHUS COCTABIIS-
eT 1412 u 960 °C COOTBETCTBEHHO, O0OJIAMAIOT METAJUIMYECKUM OJECKOM, CTCIICHB
okucieHus +2, +4. boiiee ycTOMUMBBI COEUHEHMSI CO CTENEHbIO okucaeHus +4. [lpu
BBICOKHMX TEMIIEpaTypax KpEMHUN U T€PMaHUN AKTUBHO B3aUMOJICUCTBYIOT C APYTUMHU
MeTallJIaMH, 00pa3ysl CUIIMLKbI, TEPMAaHUIbl. ATOMBI T€pPMaHUs U KPEMHHUS MOTYT 3a-
MEIIaTh ApYr JIpyra B KPUCTAJUIMYECKON penieTke, o0pazyst HEnpephIBHBIA Psii TBEP-
IBIX PACTBOPOB.

C BOI0OpPOIOM KPEMHMI M F€pMaHUl HETIOCPEACTBEHHO HE B3aMMOACHCTBYIOT, OJ-
HAaKO M3BECTHBI BoJOponHble coeaunenus SiHs, GeHs, koTOpble ncnonb3yroTes uis
MOJTyYEHHUs] YUCTHIX (JJ1s1 TOTYTPOBOIHUKOBOM TEXHUKH) MaTepUAIOB.

C KHCJI0POIOM aKTUBHOE B3aMMOJICUCTBHE ITPOUCXOIUT IIPHU TEMIIEpATypax BbILIE
600 °C, mpoaykramu peakiuii aBistroTcst Si0,, GeO,, KOTOphIE XOPOIIIO PACTBOPSIOTCS
B HF, HCl u pactBopax mienoueit. 91a 0COOEHHOCTh HUCITOJIB3YETCS TIPU COCTABICHHUH
TpaBUTENEN

GCOQ+6HF = HQ[GGF6]+2H20;
GeO,+4HCI = GeCl4+2H,0;
G602+2N30H+2H20 = Nﬁz[(GCOH)d .

IIpu B3aumoaeHCTBUM € rajoreHamu ooOpasyrorcs rajgoreHuabl, Hanpumep SiCly,
SiHCl;, GeCly — mpoMeXyTO4YHbIE COETUHEHUS, KOTOPbIE MCHOJIB3YIOTCS IS MOJY-
YEHUS1 YUCTBIX MOJIyTIPOBOJHUKOB.

C N,, B, C xpemHuii u repmMaHuil npy MOBBIIIEHHBIX TEMIEpaTypax o0pa3yroT
HUTPUJIBI, OOpHIBI, KapOuIbl, 00J1a1at01He CIICIU(PHUUECKUMHU CBOHCTBAMHU.

Ge u Si ¢ BOA0Il U ¢ pacTBOPaAaMHM KHCJIOT IIPU OOBIYHBIX YCIOBUAX HE B3aUMO-
JEUCTBYIOT, TUIaBUKOBAs Kuciora (Bogusli pactBop HF) ¢ Tpyaom ux pactsopsier

Si+4HF = SiF,+2H,;

SiF,+2HF = H,[SiF4].
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HNOs(pa36.) mennenno okucisger Ge u Si 10 00pa3oBaHUs OKCHIOB
Si+4HNO; = Si0,+4NO,+2H,0;

GG+4HNO3 = GCOQ+4NOQ+2H20.

Cmecby HF 1 HNO; akTHBHO JIeHCTBYeT Ha T€pMaHU U KPEMHUI ¢ 00pa3oBaHHEM
xumuaecknx coequHeHnit Hy[SiFg] u Hy[GeFg):

GC+4HNO3+6HF = H2 [G6F6]+4N02+4H20.

B oriinume ot kpeMHHMs J€rKo npoTekaet Tpasiienne repmanus B H,O,. ['epmannii
YCTOWYMB K JACHCTBHIO IIETOUYEH, OJJHAKO PACTBOPEHHUE €ro 00JIeT4aeTcs B MPUCYTCT-
BuM cuibHBIX okuciutenen (H,O,). Kpemuuii, Ha000poT, JIETKO pacTBOPAETCS B Iiie-
Jo4ax

Ge+2NaOH-+2H,0, = Na,[(GeOH)g];

Si+2KOH+H,0 = K,S105+2H,.

B TexHONOrMM M3roTOBIEHUS MOIYNPOBOAHUKOBBIX MPUOOPOB 0c000E BHUMAHUE
yIesseTcs CTpyKType KPUCTAIOB U COCTOSIHUIO X MOBEpXHOCTH. C LIEbI0 T0CTHXKE-
HUS TPEOYEMBIX IEKTPOPHU3NUECKUX CBONCTB KPUCTAIIIBI TIOJBEPTAIOTCS XUMHUECKOM
00paboTke — TpaBJeHHI0. BEIOOp cocTaBa TpaBUTENs ONpenessieTcs 3a1a4aMu TPaB-
JICHUS: OUMCTKA (yAaJIeHHEe) TOBEPXHOCTHOTO CJI0s (TIONUPYIOLINI TPaBUTENh) UIH HC-
CJIEOBaHKE CTPYKTYPBI (CEEKTUBHBIN TPaBUTEIb) U T. 1.

OCHOBHBIEC KOMIIOHEHTHI TPABUTeJICI:
— OKHCIIUTENb, 00pa3ylolMidi Ha MOBEPXHOCTH MOJYNPOBOJHUKA OKCHUIHBIEC TUICHKU

SiOz, GCOQ (HNO3, FCC13, H20, K3[FC(CN)6] u I[p),

— KOMILIEKCOOOpa30BaTe/ib WM PACTBOPUTENb MPOJYKTOB OKHCIEHUS (TUIABUKOBas
kuciora — BoaHbINA pacTBop HF, NaOH, KOH, opranudeckue KuciaoThl);

— WHTHOWTOPHI UM aKTUBATOPHI MPOIIECCca TPABJICHNUS,

— pacTBOpuUTENb s co3nanusi romorenHoi cpeanbl (H,0O, 6e3Boanas CH;COOH, atu-

JICHTJIUKOJIb U T.JI.).

Hanpumep, nonupyromuii TpaButensb st repmanusi conepkut HNOs(konir.), HF,
CH;COOH; nnsa xpemuusi: HNO;(xonir.), HF, CH;COOH, Br, win HNOj(kon1.), HF.
CenextuBHbIN TpaButenb st repmanus cojepxut Ks;[Fe(CN)q], KOH, H,0O; mns
kpemuust — HF, CrO;, H,O.

PaccmotpuM peakiuu, nMpoTEKarOIIUe MPU TPABJICHUU TE€PMAHUS B CEJICKTUBHOM
TpaBUTEJIE, 110 CTATUSIM:

1) okucnenue repMaHus

Get+4K;[Fe(CN)g ][ +4KOH = GeO,+4K4[Fe(CN)g]+2H,0;

2) pactBopenne GeO, ¢ TOBEPXHOCTH Te€pMaHUS
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Ge0,+2KOH+2H,0 = K,[Ge(OH);].

CymmapHoOe ypaBHEHUE PUMET BUI:
Ge+4K;[Fe(CN)g][+6KOH = K;,[Ge(OH)g ]+ 4K4[Fe(CN)g].

MHAMBMAya/\beIe 3aAaHuA

161. OxapakrepusyiTe 3JIEKTPOHHOE CTPOEHHUE aTOMOB p-meTamioB I rpynmsl.
Haxoxzaenue ux B mnpupoje, pU3NYecKue U XMMHUYECKHE CBOWCTBA, MPUMEHEHUE B
KOHCTPYKIIMOHHOM TEXHUKE.

162. DnemeHTapHble TOJYNPOBOJHUKA U UX KiacCUPUKALUS MO MEPUOANUECKOM
tabmure. OCOOEHHOCTH XMMUYECKOW CBSI3U Y AJIEMEHTAPHBIX IMOIYIPOBOAHUKOB [V
rpynisl. [Ipasuio FOM-Pozepu.

163. Kpemuuii, HaxoxaeHue B npupoge. dusnueckre U XMMUYECKUE CBOICTBA,
B3aUMOJICHCTBHE C dJ€MEHTapHbIMU okucauTensimMu O,, N,, C (npuBeaure npumepsl
peakuuii B3aumMonencTBusa). OxapakTepusyuTe Modydaemble MPU ITOM COCTUHEHUS
KPEMHHSI ¥ IPUMEHEHHE UX B TEXHHUKE.

164. O6mue pusnveckre 1 XMMUYECKHE CBOWCTBA METAIIOB MOATPYNIbl BaHAIMSL.
Hanummre ypaBHEHUs peakuuii B3aMMOAECUCTBHS UX C 2JIEMEHTAPHBIMU U CJIOKHBIMU
OKHMCIIUTENSAMU (BOJA, KUCIIOTBHI, IIIEJIOUN).

165. Merannuueckue Kpuctamuibl. OCHOBHBIE THIbI KPUCTAIMYECKUX PEIIETOK
(npuBeauTe UX rpapuyeckoe M300paxkeHHe), KOOPAMHALMOHHBbIE 4YHcia. SIBiIeHue
U30- ¥ ouMop(dr3Ma, MOSICHUTE €ro Ha KOHKPETHBIX MTPUMEpax.

166. KpemHuii, oCHOBHbIE (PU3UUECKHE CBOICTBA, JIEKTPOHHAS (OPMYJIa U XUMHU-
yeckas CBs3b. Hanmimmre ypaBHEHUsI peakunii B3aMMOJICUCTBUS KPEMHHUS CO CIIOXKHBI-
MU OKUCIUTEIISIMHU.

167. Metamnbl noarpynsl TuTaHa. OU3ndyeckre U XMMUYECKUE CBOMCTBA (ypaB-
HEHMS peakluuid B3auMoaeicTBus). [IpuMeHenrne 3TuX METaJIOB B KOHCTPYKIIMOHHOM
TEXHUKE.

168. Knaccudukarus MeTaIoB MO NEPUOIUYECKON Tabmuie. s-, p-, d-MeTallbl,
HX D3JICKTPOHHOE CTPOCHHE. XHMHYECKas CBS3b, THUIIBI KPUCTAUIMYSCKHUX PEIICTOK.
[TpMeHEHHE B KOHCTPYKIIMOHHOW TEXHHUKE.

169. OxapakTepu3yiiTe OCHOBHbIC (PM3NICCKUE U XUMHUYECKHE CBOMCTBA METAJIIOB
noArpynmsl Xxpoma. [lpuBenure npumepsl peakiuii UX B3aUMOJIECHCTBUS C KUCIOTaMHU.
[IpuMeHeHne B KOHCTPYKIIMOHHOM TEXHHUKE.

170. 'epmanuii, HaxoxaeHue B npupoje. OCHOBHbIE (PU3MUECKHE U XMMHUYECKUE
cBoiicTBa. BzaumopeiictBue ¢ anemeHTapHbiMu okucautensimu O,, N,, C (mpuBeaute
ypaBHEeHUs peakuuii). OxapakTepu3yiTe mnoixydaemble MPU 3TOM COEIUHEHUS U TPU-
MEHEHHUE UX B TEXHHUKE.
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171. OxapakTepusyiTe OCHOBHbIC (DM3NYECKUE M XMMUIECKHIE CBOMCTBA METAJIIIOB
NOATpyMNIbI kene3a. Hanummmre ypaBHEHUs peakiuuii B3auMOJACUCTBUS UX C KUCIIOPO-
JIOM, BOJIOM M MUHEpaJbHBIMU KUCIOTaMU. [I[puMeHeHne UX B KOHCTPYKIIMOHHOM TeX-
HUKE.

172. 'epmanuii, ocHOBHbIE (hPU3UUYECKHE CBOMCTBA, AJIEKTPOHHAs (popmyna U Xu-
MUYECKast CBA3b. ONUIINTE XapakTep B3aUMOJECUCTBUS TEPMaHUs C BOJIOM, KHCIOTaMHU
Y 111ej04YamMu (MIPUBEAUTE YPABHEHUS PEAKLUM).

173. Metaisl noarpynibl Meau. OCHOBHBIE (PU3UYECKHE U XMMUYECKHE CBOMCT-
Ba. B3aumoeiicTBie UX ¢ KUCIOPOJIOM, BOJOW U MUHEPAIbHBIMUA KHUCIOTaMu (IIpUBE-
IuTe ypaBHeHUs peakiuil). [[puMeHeHre nx B KOHCTPYKIIMOHHOW TEXHUKE.

174. Yrnepon u ero ayjutoTponuveckue Moaudukanuu: anmas, rpa¢ut u 1.1. Oco-
OCHHOCTH CTPYKTYpbl (KpUCTANTMYECKUX pemeTok). Dusznueckue M XUMHUYECKHE
coiictBa. [Ipumenenue rpadura u ero MoguduKaIii B TEXHUKE.

175. DnemeHTapHbIe TIOTYTPOBOJIHUKHA V TPYIIILI EpHoaudeckor Tadnuibl. Oxa-
pakTepu3yiTe uX (pU3MYecKre W XMMHYECKHE CBOMCTBA M NMPUMEHEHHE B IOJYIIPO-
BOJTHUKOBOM TEXHHKE.

176. CrioxxHble MOMTYIMPOBOAHUKY M UX KJIAacCU(UKAIMS 110 MEPUOJUYECKON Tald-
mue. CoeTMHEeHUS AHBVI, AIHBV, AIBIHCZVl Y NIPUMEHEHHUE UX B MOJYITPOBOJHUKOBOM
TEXHUKE.

177. XuMmu4deckasi CBA3b B CIOKHBIX MOJTYIPOBOJIHUKAX A"BY, A"BY. ITpaBuio
My3sepa-ITupcona jyist OMHAPHBIX U TPOUHBIX MOTYTPOBOJHUKOBBIX COECAMHEHUI.

178. Oxapakrepusynre 3J€MEHTapHbIE NOJIyNpPOBOAHMKHN VI rpymimel nepuoanye-
ckoil Tabmuiel. OCHOBHBIE (DU3MYECKHE, XUMUYECKUE CBOMCTBA U MPUMEHEHUE UX B
MOJIYITPOBOIHUKOBOM TEXHUKE.

179. Xumudeckoe TpaBlieHHE MONYNPOBOAHUKOB. [lonmupyromiee U CeneKTUBHOE
TpaBiaeHue. OCHOBHBIE TPABUTENM JJIs repMaHus U kpemHus. [IpuBenure ypaBHEeHUs
XUMUYECKHUX PEAKIUNA MTPU TPABIICHUU.

180. CiocoObI mosy4eHrs: METAJJIOB U CIUIABOB. JIerkue u Tskenble KOHCTPYKIIH-
OHHBIE METAJUIbI U X IPUMEHEHUE B TEXHUKE.
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IMMPUJNOXKEHUE
Tabmuma 1
TepMoauHaMudecKue XapaKTEPUCTUKU
HEKOTOPBIX MPOCTHIX M CI0KHBIX BEIIECTB
BemecTso AHjg S2os » C(l1 298 5

(cocrostHuE) Kk JI>K/MOJTb Jx/mons-K Jx/mons K
Ag (k) 0,00 42,44 25,44
Al (k) 0,00 28,33 24,35
AlF; (x) -1487,24 66,46 75,10
Agy0 (x) -30,54 121,75 65,86
ALOj3 (x) -1675,69 50,92 79,04
Aly(S04); (k) -3441,80 239,20 259,41
As,0; (K) -656,89 108,32 95,65
As,05 (K) -921,32 105,44 116,52
Br; (k) 30,91 245,37 36,07
BaO (k) -553,54 70,29 46,99
BaCOs; (k) -1210,85 112,13 85,35
C (anmMma3) 1,83 2,37 6,11
C (rpadwur) 0,00 5,74 8,54
CO (1) -110,53 197,55 29,14
CO; (1) -393,51 213,66 37,11
Ca (k) 0,00 41,63 26,36
CaC, (x) -62,7 70,22 57,57
CaCOs (k) -1206,83 91,7,00 83,47
CaO (k) -635,09 39,70 42,05
Ca(OH), (k) -985,12 83,39 87,49
CL (r) 0,00 222,98 33,93
CL1,0 (1) 75,73 266,23 45,44
Cu (k) 0,00 33,14 24,43
CuO (k) -162,00 42,63 42,30
Cu,0 (x) -173,18 92,93 63,64
Cr (k) 0,00 23,64 23,35
Cr,03 () -1140,56 81,17 104,52
CH;0H (1) 201,00 239,76 44,13
CH;0H (k) -238,57 126,69 81,60
CH, (1) -74,85 186,27 35,71
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[Tpomoaskenue Taba. 1

Bemiectso AHjgs, S C) 20>

(cocrostHme) kJ[>x/MoJTb Jx/monp K Jx/monb K
C,H; (1) 226,17 200,97 43,93
C,Hy (1) 52,30 219,45 43,56
C,Hq (1) -84,78 229,65 52,64
C,HsOH (x) -227,12 161,11 111,96
CesHg (k) 49,07 173,38 135,14
CeHs (1) 82,98 269,38 81,67
Fe (x) 0,00 27,15 24,98
FeO (k) -264,85 60,75 49,92
Fe,O5 (x) -822,16 87,45 103,75
Fe;04 (k) -1117,13 146,19 150,79
FeS (k) -95,40 67,36 50,54
H, () 0,00 130,52 28,83
HBr (1) -36,38 198,58 29,14
HCI (1) -92,31 186,79 29,14
HI (1) 26,36 206,48 29,16
H,0 (k) -291,85 3933 | -
H,0 (k) -285,83 69,95 75,30
H,O (1) -241,81 188,72 33,61
H,S (1) -20,60 205,70 33,44
L, (1) 0,00 116,14 54,44

I, (1) 62,43 206,60 36,90
Mg (k) 0,00 32,68 24,89
MgCOs (k) -1095,85 65,10 76,11
MgO (k) -601,49 27,07 37,20
N, (1) 0,00 191,50 29,12
NH; (1) -45,94 192,66 35,10
NO (1) 91,26 210,64 29,85
NO, (1) 34,19 240,06 36,66
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[Tpomoaskenue Taba. 1

Bemiectso AHjgs, S C) 20>
(cocrostHme) kJ[>x/MoJTb Jx/monp K Jx/monb K
N,O (1) 82,01 219,33 68,62
N,Oq4 (T) 11,11 304,35 79,16
Na,O (x) -420,93 71,06 72,43
NaOH (k) -426,00 64,18 59,66
0, (1) 0,00 205,04 29,37
O; (1) 142,26 238,82 39,25
P (Gemnprit) 0,00 41,09 23,82
PCl; (1) -287,02 311,71 71,84
PCl;s (1) -374,89 364,47 112,97
P,0s5 () -1546,6 135,85 204,8
S (pom0.) 0,38 32,55 23,64
S (MOHOKI.) 0,00 31,92 22,68
SO, (1) -296,90 248,07 39,87
SO; (1) -395,85 256,69 50,09
Si (k) 0,00 18,83 19,99
S10; (k) -910,94 41,84 44,43
Sn (k) 0,00 51,55 26,99
SnO (k) -285,98 56,48 44,35
SnO, (x) -580,74 52,30 52,59
Ti 0,00 30,63 25,02
Ti0O, (k) -944,75 50,33 55,04
TiCly (k) -804,16 252,40 145,20
Zn (k) 0,00 41,59 25,48
Zn0O (k) -348,11 43,50 40,25
ZnS (k) -205,18 57,66 45,36
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CTaHI[apTHBIe QAEKTPOAHEIE ITIOTEHIIHAABI METAAAOB

B BOAHBIX pacTBopax npu 298 K

Tabaua 2

ONeKTpoa DNEKTPOHBIE PEAKIIUU Pss B
Li'/Li LittesLi -3,045
K'/K K+esK -2,925
Rb'/Rb Rb'+esRb 2,925
Cs'/Cs Cs'+e=Cs 2,923
Ca*/Ca Ca¥'+2e=Ca -2,866
Na'/Na Na'+e=Na 2,714
Mg’ /Mg Mg> +2e=Mg -2,363
Al/Al AP 4+3es Al -1,662
Mn*/Mn Mn2 +2e = Mn -1,179
Zn*"/Zn 7n2t+2e=7n -0,763
Cr’/Cr Crr+3e=Cr 0,744
Fe*'/Fe FeX+2e=Fe -0,440
cd*/cd Cd+2e=Cd -0,403
Co”"/Co Co+2e=Co 0,277
Ni*'/Ni NiZ+2e = Ni -0,250
Sn*"/Sn Sn2*+2e<Sn -0,136
Pb*"/Pb Pb> +2e S Pb -0,126
H'/ 1/2H, H'+esH 0,000
Bi’"/Bi Bi**+3e s Bi +0,21
Cu*'/Cu Cu2'+2e=Cu +0,337
Hg*'/Hg Heg*"+2esHg +0,788
Ag'/Ag AgtesAg +0,799
Hg’'/Hg Hg? +2e=Hg +0,85
Au’/Au At 3es Au +1,498
Au'/Au AutesAu +1,69
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