MUHUCTEPCTBO OBPA30OBAHUS U HAYKH POCCUMCKOM ®EJEPALIMA
OEJNEPAJIBHOE 'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA30BATEJIbBHOE YUPEXJ/IEHVE
BBICIIHET'O OBPA3OBAHUS

«MYPMAHCKHI TOCYJAPCTBEHHBII TEXHHYECKAI YHUBEPCUTET»
(®TAOY BO «MI'TY»)

Kagenpa _xumun

Ha3BaHHUeE Kapeapbl

MeToauyeckue yKkasaHusl
K BBINIOJHEHNI0 KOHTPOJIbHBIX Pa00T CTy/IeHTOB

110 JUCIUAILINHE: OO01ast Xumust
Ha3BaHUC AUCLUIIIIMHBI

ISl HalPaBJICHHSI TOJTOTOBKH (CTICIIAaIbHOCTH )
16.03.03

KO HalnpaBJICHUA IOATOTOBKHU

XOJ'[OI{I/IJ'[I)Haﬂ, KPHOIr¢HHaf TEXHUKA H CUCTEMbI JKn3HeoOecreyeHus
HaUMEHOBaHUE HAIPABJICHUs IOJTOTOBKU

XOJ'IOI[I/IJ'II)Hafl TE€XHHUKA U TEXHOJIOI'Us

(ouHas / 3a0uyHag hopMa 0OydeHus)
(hopma oOydeHus

Mypmanck
2020



CocTaBUTEID: bepecrosa ['annna MIBaHOBHA, OMKHOCTH — JOLIEHT

MeToaudeckue yKa3aHusl K BBITOJTHEHUIO KOHTPOJIBHBIX padOT pacCMOTPEHBI U 0JI00pEHBI Ha 3ace/1a-
HUHU Kadeapel-pazpaboTynka
XUMHU

22.10.2020 mpotokoi Ne 2.

nata

Peniensent — IlerpoBa JI.A., yueHast CTeIIeHb - K.T.H., 3BaHHUE - JIOIICHT, JOJDKHOCTH - TIpodeccop



3

1. MeTtoanueckue yKa3aHUsl K BBIMOJIHEHUIO KOHTPOJIBHBIX Pa0OT COCTABJICHBI B COOTBETCTBUHU C
denepanbHbIM TOCYAApCTBEHHBIM 00pa30BaTEIbHBIM CTAHJAPTOM BBICIIErO 0Opa30BaHUsS 0 Halpas-
JIEHUIO TOAroToBKM (crnenuanbHocTn) 16.03.03 XononunbHasi, KpUOT€HHAs TEXHUKA U CUCTEMBI JKU3-
HeoOecneueHus, HallpaBIeHHOCTH (mpoduito)/crienuann3anuy XolI0AuIbHAas TEXHUKA M TE€XHOJOTHUS
(YpoBeHb «DakayiaBp»), YTBEPXKACHHBIM TpuKa3oM Munuctpa obpasoBanus u Hayku PO Ne 198 ot
12.03.2015 r., yueOHBIM TUTaHOM, 0/100peHHBIM YueHbIM coBeToM @I'BOY BO «MI'TY» (mmpotokosn Ne
8 ot 27.03.2020 r.) 1 yTBEpKICHHBIM PEKTOPOM.

B cooTBercTBUY C y4eOHBIM IUIaHOM HAIPABJIEHUS MOATOTOBKU, YTBEPKIEHHBIM YUEHBIM COBETOM
®I'bOY BO «MI'TVY», npu u3ydyeHUH AUCHUILIMHBI «OOIIas XUMHUSA» CTYACHTHl OYHOU (POPMBI
00y4YeHHs TOJDKHBI BBIIIOJIHUTB 2 KOHTPOJIbHBIE PA0OTHI, CTYAEHTHI 3a04HOM (popMbl 00yueHus — 1 KOH-
TPOJIBHYIO paboTy.

Henpto muctumuuabl «OO0IIas XUMUs» SBISIETCS MOJATOTOBKA OakajlaBpOB B COOTBETCTBUHU C
KBAJTM(UKALIMOHHON XapaKTEepUCTUKON creluaiucTa U pabouyuM ydyeOHBIM IUIAHOM JUCLMILIMHBI AJIS
HanpasiyieHus: noarotoBku 16.03.03 XosonniabHas, KpUOT€HHAs TEXHUKA M CUCTEMBI XKU3HeoOecneue-
HUS.

3a1auu U30KEHUS U U3YYEHUS TUCUUIUIMHBI «O0Ias XUMHUsA» — JaTh HEOOXOJUMbIE TEOPETH-
YEeCKUE 3HAHMSI, IPAKTUYECKUE YMEHMS U HAaBBIKU 10 OCHOBaM OOIIEH XMMHH, IO3BOJISIOLINE YCIIECITHO
UCIOJIb30BATh X B MPO(ECCHOHAIBHOM eI TEIbHOCTH.

[Tponiecc m3ydenus: nuctuuinabl «OO0MIass XUMUS» HampapieH Ha (GOPMHUPOBAHUE JIEMEHTOB CIEIYIO-
mux kommerenuuii B coorsercteuu ¢ ®I'OC BO:

Ne Kon
ConepxaHue KOMIIETCHITUH
n/n KOMIIETEHITUHA
1. OIIK-6 CITOCOOHOCTBIO MCIIOJIB30BaTh B MPO(ECCHOHAILHON JIEATEILHOCTH MTPHUH-

IIUTIBI COBPEMECHHBIX POMBIIUICHHBIX TEXHOJOTHH, CBEJICHUS O MaTepHa-
JaxX ¥ crnocobax ux MoJydeHus: 1 00paboTKu

2. I1K-3 TOTOBHOCTBIO BBINOJHATh PAacYETHO-3KCIEPUMEHTaIbHbIE PadOTHl U pe-
II1aTh HAYYHO-TEXHUYECKHE 3a7audl B 00JaCTU XOJIOIUIbHOM, KpHOT€HHON
TEXHUKHU U CUCTEM KU3HEOOECIIeUeHNs] Ha OCHOBE JOCTHKEHUN TEXHUKHU U
TEXHOJIOTUH, KJIaCCHYECKUX U TEXHUUYECKUX TEOpUH U METO/O0B, TEIIO(u-
3UYECKUX, MAaTeMaTHYECKMX U KOMIIBIOTEPHBIX MOJeNel, 00Jagaronmx
BBICOKOH CTEIIEHbIO aJICKBATHOCTU peajbHBIM IIPOLECCaM, MAIIMHAM U all-
raparam

B pesynbrare usyueHus QUCHUIUIMHBL —OakanaBp HampaBieHus nojaroroBku 16.03.03 Xodo-
JWIIbHAs, KpUOTEHHAsI TEXHUKA U CUCTEMBI )KU3HEOOECTICUSHHSI IOJKEH:
3HaTh.

- [leppoanyeckuii 3aKOH U €ro UCIOJIb30BAHUE B IIPEACKA3aHUU CBOMCTB 3JIEMEHTOB COCIUHe-
HUM, XUMHUYECKHE CBOMCTBA AJIIEMEHTOB psijia TPYII, BUAbl XUMUYECKOW CBSI3M B PA3UYHBIX THUIIAX
COEMHEHU, METOJbl ONMCAHUI XMMHUUYECKUX PAaBHOBECHUM B pacTBOpax 3JEKTPOIUTOB, CTPOCHUE U
CBOMCTBa KOMIUIEKCHBIX COECIMHEHUM, CBOMCTBA BaXHEHIIUX KJIACCOB COEAWHEHUW, OCHOBHBIE MPO-
I[ECChI, MPOTEKAIOIME B DIEKTPOXUMHYECKUX CHCTEMax, MPOIECChl KOPPO3UH U METOJbI OOpHOBI ¢
KOpPpO3HEM, CBOMCTBA TUCIIEPCHBIX CUCTEM.
YMeTs:

- OTIPECNISATH OCHOBHBIC (PU3MUECKUE U XUMUUECKUE XapPAKTEPUCTUKH BEIIECTB;
Brnaners:

- OCHOBHBIMU TpreMaMH 00pabOTKHU IKCIIEPUMEHTAIBHBIX JTaHHBIX



IlepeyeHb KOHTPOJILHBIX PadOT
Ounas Gpopma oOyueHHS:
3 cemecTp:
1. Tepmoxumus, KWHETHKA, XUMUYECKOE PABHOBECHE
2. OKHUCIUTETHLHO-BOCCTAHOBUTEIILHBIC peakiuy. JiaekTpoxumusi. Kopposus MeTamios.

3aouHas popma oOydeHHS:
1. OkucnuTenbHO-BOCCTAaHOBUTEIBHBIC peakinu. DiekTpoxumus. Kopposus metanion

KonTpoubnas paGora Ne 1
TepMoxumusi, KHHETHKA, XHMHYeCKOe PaBHOBeCHe

3aganue 1
3anumure ypaBHEHUE peaklMy Ballero BapuaHTa:
1) paccunTaiite cTaHAAPTHYIO SHTAIBIIMIO U CTAHAAPTHYIO SHTPOIUIO XMMUUYECKOM peaklny;
2) nokaxuTe, Kakoi u3 (pakTOpOB Ipolecca, FHTAIBIUUHBIA UM SHTPONUNUHBIN, CIOCOOCTBYET CaMo-
IIPOM3BOJILHOMY MPOTEKAHUIO IIPOLIECca B IPSMOM HAIIPaBJICHUH;
3) onpenenure, B kKakoM HanpasieHuu npu 298 K (npssmom mim oOpatHoM) OyAeT MpOTeKaTh peakuus,
€CJIM BCE €€ YYaCTHUKH HaXOJSATCS B CTAHIAPTHOM COCTOSIHUH;
4) paccuuTaiite Temreparypy, Ipu KOTOpPOil paBHOBEPOSATHBI 00a HampaBieHus peakuuu. [Ipu kakux
TeMIIepaTypax, BBIIIE MM HWKE PACCUNTAHHOH, Oojiee BEpOATHO MPOTEKAHWE YKA3aHHOW pEeakinH B
IPSIMOM HaIlPaBJICHUH.

Howmep BapuanTa YpaBHEHHE peakuu
1 COy(r) + C(x) = 2CO(1)
2 N2(r) + 3H2(1) = 2NHj3(1)
3 CO(r) + Ha(r) = C(x) + HoO(1)
4 SOy(r) + Cly(r) = SO,Cly(r)
3) CHy(r) + HoO(1) = CO2(T) + 3H2(1)
6 2NO(r) + O(r) = 2NOy(1)
7 PCl15(r) = PCl3(1) + Cly(1)
8 2NO,(r) = NoOy(1)
9 FeO(x) + CO(r) = Fe(x) + COy(r)
10 2H,S(1) + SO,(r) = 3S(x) + 2H,0(T)
11 C(kx) + 2H(r) = CHa(r)
12 CHy(r) + 2H,0(r) = CO2(1) + 4H>(T)
13 CO(r) + Ho0(1) = CO2(1) + Ha(T)
14 Fe,03(x) + 3Ha(r) = 2Fe(x) + 3H,0O(T)
15 COx(1) + 4H(r) = CHy(T) + 2H,0(T)
16 CHy(r) + 20,(1) = CO(1) + 2H,0(1)
17 2A1,03(k) + 6SO(1) + 30,(1) = 2A1,(S04)3(k)
18 2CuO(k) + 4NOy(r) + O, = 2Cu(NO3),(k)
19 4ANO,(k) + O(r) + 2H,0(x) = 4HNO3(x)
20 2H,0(x) + 2S0,(1) + O2(1) = 2H,S04(k)

Samanue 2

Hanummre BbIpakeHHe 3aBUCUMOCTH CKOPOCTH MPSIMOIl M 0OpaTHOM peakiMu OT KOHIEHTpalUuu pea-
TUPYIOMIMX BEUIECTB AJIS CIAEAYIOUINX mpoieccoB. Kak M3MEHATCS CKOPOCTH MpsIMON U 0OpaTHOW peak-
LIMH, €CIIU YBEJIUYNUTH JABJICHUE B CUCTEME B 2 pa3a?



% YpaBHeHHUs peakuil % YpaBHeHHUs peakuil

: :

1 H; (1) + Iz (1) <> 2HI(1) 16 FeO(tB) + CO(T) <> Fe(tB) + COx(T)
2 2NO(r) + Cly(r) <> 2NOCI(1) 17 Hy(r) + S(TB) <> H2S(r)
3 CaO(tB) + CO3 (1) > CaCO3(TB) 18 Si(tB)+2H,0(r) <>SiOy(TB)+ 2H,(T)
4 CO(r) + H20(r) <> CO(1) + Ha(1) 19 2NO(r) + Ha(r) <> N2O(r) + H20(r)
S PCls(r) <> P Cl3 (1) +Cly(1) 20 2Hy(1) + O2(r) <> 2H0(1)
6 2S0,(r) + Oz (1) <> SO3(r) 21 Cu,O(1B) + 2HC1(r) «> 2CuCl(tB) + H,O(T)
7 CoHa(r) + Ha (1) <> CoHa(r) 22 C(1B) + CO2(1) <> 2CO(1)
8 2NOy(1) <> N2O4(r) 23 COCly(r) <> Cly(r) + CO(1)
9 2CO(r) + Oo(r) <> 2COx(1) 24 S(1B) + 2COy(r) <> SO(1) + 2CO(1)
10 |SOu(r) + Cla(r) <> SO.Cly(1) 25 Fe,O4(tB) + 3CO(T) <> 2Fe(1B) + 3CO,(T)
11 |4HCI(r) + O(r) <> 2Cly(r) + 2H,O(r) |26 CuzS(1B) + 202(r) <> 2CUO(TB) + SO,(T)
12 |C(1B) + H,0(1) <> CO(1) + Ha(T) 27 2NO(r) + O2(r) <> 2NOy(1)
13 |Fe(tB) + H,S(r) <> Ha(r) + FeS(tB) 28  [2Nyr) +6H,0(r) <> 4NHs(r) + 304(r)
14 INa(r) +3Ha(r) <> 2NHj3(r) 29 2CO(r) + 2H2(r) <> CHa(r) + CO2(1)
15 |Fes04(1B) + Hy(r) <> 3FeO(tB) + H,O(r) |30 Ha(r) + Bro(r) <> 2HBI(r)

3ananue 3

B0 CKOJIBKO pa3 yBEIMYUTCS CKOPOCTh XMMHYECKOM PEaKIiU IpH TIOBBIIEHHH TeMepatypsl ot T1, °C
10 T, °C, eciiv Y MMeeT onpeieeHHoe 3HaYeHune?

Bapuanr T, °C T, °C y Bapuanr T,,°C T, °C y
1 0 50 3 11 40 60 3
2 40 80 2 12 30 60 2
3 70 100 3 13 20 50 2
4 30 70 2 14 40 60 3
5 80 130 2 15 0 20 2
6 20 70 2 16 10 20 2
7 20 80 2 17 30 70 3
8 20 40 2 18 30 60 2
9 0 10 3 19 30 50 3
10 10 40 2 20 40 80 2

Peaxuus npu Temneparype 50°C nporekaer 3a 3 muH. TemrneparypHblii KOOQQHUIIMEHT CKOPOCTH PeaKLMu paBeH 2. 3a Kakoe
BpeMsl 3aKOHYHTCs 5Ta peakiws npu T, °C?

Bapuanr T,°C Bapuanr T,°C
21 30 26 80
22 100 27 90
23 10 28 40
24 70 29 60




20 30 110

3ananue 4

1) ITo 3HaveHHsIM KOHCTAHT CKOpocTei peakuuu Ky u K, mpu ByX Temmneparypax OnpeenTe YHEPTHo
aKTUBALUU U NPEI3KCIIOHECHIUAIBHBIA MHOXKUTE.

2) PaccuunTaiiTe KOHCTaHTy CKOpOCTH IIpu TemnepaTtype Tz. Cnenaiite BbIBOA O BIMSIHUU TEMIIEPATypPbl
Ha CKOPOCTb Balllel PEaKLIUH.

Tadauua HeXoAHBIX JAHHBIX

Homep | T, K ] k) ) - T K & T, K|
BAPHIH- Homep | 13, K & T K & i K
T4 R T EE—N—, e e e et r— “pmH_
1 298 107 e 303 107 ! 308 -T2
2 | s ;’1 ]f’ﬂ;”““ r Eas 13 '1"3} MItE 298 17 | 986 | 672 wimome - sun) | 1165 | 977 nf{mone - wem) | 1053
o 49 MHN 5 - 18 | 953 3,05 107* 918 |6,33. 107 ai(mons - )| 988
3 73| 24641077 wmn 313 5 '.'6 107 ! Ky W{mons - ¢
4 282 | 2,37 afvomn - meot} | 287 | 3,204 nf{mons - muw) | 318 19 | 552 1,02 - 107 593 | 22.10°° wfmone - c) | 688
5 823 25.10% &7 903 1415 10° & BRI G f{mons « ¢}
& 323 18- 10° ¢ 343 32100 ¢! 383 \ 0 | 273 0,0336 303 | 2,125 w(mons - mus) | 288
. z (Mo - WHH)
7| 298 3,20 107 303 | 80107 wftsoae - ||343
| om0 : o 1 2B L1067 318 872107 303
A{monme - ¢) n{Mons - ¢)
- 5 R -1
& 108 : 2,59 - 107 o 323 343107 mun |,' 353-] 33 | 298 0,653 . 107 08 1,663 - 107 313
g 333 l 5,03 107w 353 2100 ! ! || 343 NF{MONL - WHH) nA{MOND - WHH)
_ . . | 23 | 353 0,222 10 403 0,237 - 107 an
10 93 ' 96 . 107 333 1996 - 10 '| 313 | (Mo - MuH) (Momn - MuH)
| a(vons - M) alfom, ) || 21 | 208 | 1609107 308 3,784 - 10 323
11 6665 I 0,256 6986 1.242 553 | MGG - MHH) (MOAE - MEH)
crff(mnnh SE) ch i Mont - ) |- | 15 323 9,166 - 107 358 | 49107 nimons - ¢y | 338
12| 6668 | 15,59 6986 | 67.0 emffmomn-c) | 763 | nf{mors - ¢}
i eMf(neons - c) l | % | 273 4,83 - 107 298 1,73 -10° 285
13 | 333 ) o :rs mmmn, Wy | 353 | 094 wivems-u) 373 af{mons - c) Al{mons - c)
14 497 10t 547 86107 483 || 27 | 298 | 144 nf(mons -mue) | 338 | 200 nimons ) | 318
ml[m.a MHH]} I| MO0 - ) |' 28 | 457 0.942. 10°° 700 0,31 - 10 923
15 550 1,59 102 || 524 26107 SRR (MO - M) TUMOME + MyH)
{Mose - MHu) [ AT - MuE) 29 | 98 0203 - 107 243 0,475 - 107 303
16 | s25 4,76 - 10° I 251 1,07 10° 1423 0 Mi{paone - wine) TAMOS - i)
nf{mMane - MaH) AT - MUEH) 700 1 51 cwif{mom c) | T62 | 46,2 ew'l{more.¢) | BOO
3ananue 5

B cucreme npoucxoaut odpatumMasi peakius. 3aluIInTe BIpaKeHHUE I KOHCTaHThI paBHOBecus. Kak
HaJI0 U3MEHUTH: a) TEMIIEPaTypy, 0) JaBJICHHE, B) KOHIIEHTPAI[UN UCXOIHBIX BEIIECTB, YTOOBI CMECTUTH

aBHOBECHE B CTOPOHY IPOAYKTOB PEAKIIUU?

=) =
5 VYpaBHEHHUsI peakuil 5 VYpaBHEHHUs peakiuit
2 2
as) M
1 |Hy(r) + S(x) <> H,S(r), AH =-20,9x]1x 16 [CoHp(r) <> Ha(r) + CoHy(r), AH>0
2 [2CO(1) + Ox(r) «>2CO,(r), AH<O0 17 |3C(1B) + CaO(TB) <> CaCy(tB) + CO(T),
AH >0
3 |Ha(r) + Cly(r) <> 2HCI(r), AH = 184 xk/Ix |18 |H,S(r) <> Hy(r) + S(TB), AH >0
4 [Hy(r) + I, () ©2HI(r), AH >0 19 [2HI(r) <> Io(r) + Ho(r), AH <0
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5 |MgO(tB) + CO,(r) <> MgCOs(1B), AH <0 20 |Ny(r) +3Hy(r) <> 2NHs(r), AH = -92 4k /I
6 |FeO(tB) + Hy(r) <> Fe(ts) + H,O(r), AH > 0 21 |C4Hyo(r) <> C4Hg(r) + Ho(r), AH>0
7 |COu(r) + C(1B) > 2CO(r), AH = 173 ]Ik 22 [Ny(r) + Oa(r) <> 2NO(r), AH >0
8 [2N,(1) + Oa(1) <> 2N,0(r), AH >0 23 |Hy(r) + Bry(r) <> 2HBr(r), AH<0
9 |2C(1B) + Oy(1) <> 2CO(r), AH< 0 24 |C4Hg(r) +Hy(r) <> C4Hyo(r), AH<O0
10 |4NHs(r) +305(r) <> 2Ny(r) + 6H,0(r), AH > 0 25 [N2O4(r) <> 2NOy(r), AH>0
11 [4HCI(r) + Ox(r) <> 2C1x(r) + 2H,0(r), 26 [CSy(x) + 304(r) <> COx(r)+ 2S0,(r), AH <0
AH =-116,4 k][
12 |2804(r) + Oa(r) <> 2S05(x), AH = -384,2 k[l (27 |2Ha(r) + O2(r) «> 2H,O(x), AH <0
13 |CaO(tB) + COy(r) <> CaCOs3(1B), 28 |NHs(r) + HCI(r) <> NH4Cl(t8), AH < 0
AH = —178x/]x
14 |12NO(r) + O4(1) <> 2NOy(r), AH < 0 29 |CaCOs3(1B) <> CaO(tB) + COy(T),
AH =—-178 x/Ix
15 |BaO(1B) + CO,(1) <> BaCO3(1B), AH <0 30 |CsHg(r) +Ha(r) <> Cs3Hg(r), AH <0
Kontpoabsnasi padora Ne 2
OKHCIHUTEJBbHO-BOCCTAHOBUTEIbHBIE peakunu. JiaeKkTpoxumus. Koppo3us meranios
3aganue 1

JUis TaHHOTO OKMCIUTEIbHO-BOCCTAHOBUTEIBLHOIO MPOILECCA: a) COCTaBbTE HMOHHO-3JEKTPOHHBIA Oa-
JIAHC U paccTaBbTe KOIPPUIMEHTHI; 0) YKAKUTE OKUCITUTENb U BOCCTAHOBUTEIb, MPOLIECCHl OKUCIICHUS

1 BOCCTAHOBJICHHA.

Bapuant Peaxnus

1 H,05 + KMnO4 + H,SO4 — MnSO4 + KySO4 + O, + HyO
H,SO3 + Cl, + H,O — H,SO, + ...

2 NaNO, + Nal + H,SO4 — NO + I, + Na,SO4 + H,0
Zn+ KOH + H,O0 > H, + ...

3 Nal + H,SO4 + MnO, —» NaHSO,4 + H,0 + I, + MnSO,4
NazAsOz + KMnO, + KOH — NazAsO, + ...

4 MnSQO,4 + S + K,SO4 + H,O — KMnOy4 + H,S + H,SO4
Pb + HNOg(pa36) — Pb(N03)2 + ...

5 K>SO4 + Cr2(804)3 + Fez(SO4)3 + H,0 — K,Cr,07 + H,SO, + FeSO,
SnCl, + HgC|2 - Hg2C|2+

6 KCI + FEZ(SO4)3 + H,0 — KCIO3 + FeSO,4 + H,SO,4
NaClO; + H,S — H,SO, + ...

7 FeCl; + MnCl, + KCI + H,O — FeCl; + KMnQO4 + HCI
KBr + MnO; + H,SO4 — Bro+ ...

8 K,SO, + Cr2(804)3 + H,0 — K,Cr,07 + H,SO,4 + SO,
Au + HNO3 (xoHT) + HCI —» H[AUC|4] + ...

9 K>Cr,0O7 + H,S + H,SO,4 — CI’Q(SO4)3 + S + Ky,SO4+ H,0O
PHs; + KMnO4 + HCI - H3PO, + ...

10 K2804 + |2 + N02 + Hzo — Kl + HNO3 + H2804
Na,S + KIO3 + H,SO4 — S + ..

11 Fe2(804)3 + NO + H,0 — FeSO, + HNO3 + H,SO,4
S + HNO; (paz6) —> H,SO4 + ...
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MnSQO, + Br, + Na,SO4 + Ko,SO4 + H,O — KMnO,4 + NaBr + H,SO4
Na,SO;3; + K,CroO7 + HoSO4 — Na,SO4+ ...

13 HMnO, + Pb(NO3)2 + H,O — PbO, + Mn(N03)2 + HNO;
H,05 + K,Cr,0O7+ HNO3; — O) + ...
14 KCI + NaCl + H,0 + CO, —» KCIO; + Na,C,0, + HCI
KNO; + KMnO, + H, O — KNO3 + ...
15 Na,C,04 + KMnO4 + H,SO4 — MnSO4 + K,SO4 + Nay,SO3 + H,O + CO,
Fe + HNO; (konm) > FE(N03) + ...
16 KoMnOy4 + O + H,O — KMnO,4 + H,0, + KOH
H;PO3; + KMnO,4 + HySO4 — HiPO4 + ...
17 MnCI, + Cl, + KCI + H,0 — KMnO,4 + HCI
Al + HNO;3; (pas6) —> NHsNO3 + ...
18 HNO, + KMnO4 + H,SO4 — HNO3; + MnSO,4 + K,SO4 + H,0
AS>S3 + HNO; (paz6)  —> H3AsO3 + H,SO4 + ...
19 PbSO, + ZnSO,4 + H,O — PbO, + H,SO4 + Zn
KNO; + KI + H,SO4 — NO + ...
20 A|2(SO4)3 + CI’Q(SO4)3 + K,SO,+ H,0 — Al + K,Cr,07 + H,SO,
H,S + KMnO4 +HCI — S + ...
3aganue 2
Bapuant 3axanme
1
MoxHo nn ucnonb3dosate KMnO, B kayecTBe OKACAUTENSA B crnegylowemM npouecce npu
cTaHgapTHbIX ycnosusx: 2 H,O - 2e — H,0, +2H"
2
Mcxoaa u3 3HadeHnin cTaHAapTHBIX NEeKTPOOHbIX NOTEHUManoB, onpegenute npamas unm
obpaTHasd peakuusi 6ygeT npoTekaTb B 3TOM CUCTEME NPU CTaHAAPTHbIX YCIOBUSAX:
105 + SO” + H" < 1, + SO,% + H,0
3 Hcnone3ys cipaBoYHbIE JaHHBIE, YCTAHOBUTE B KAKOUW cpene (KUCIOW WIH MIEJI0YHON) MMOJIHee Mpo-
TEKACT OKUCIUTECIIbHO-BOCCTAHOBUTE/IbHAS PECAKIINA:
MnO, +SO;”+H" — Mn**+S0,*+H,0 MnO, +SO5” +OH —Mn0O,” +S0,*+H,0
4 VYkaxure HalpaBJICHHUE CaMOIIPOU3BOJILHOI'O IIPOTCKAaHUA PCAKIIUN:
|2 + 2H202 <> 2H|03+ 4H20
5 B xakom HampaBieHuH OyJeT NPOTEKaTh PEAKIIUS:
Mn* + Cl, + H,0 <> MnO, + H" + CI’
6
ByneT nu okncnaTb cepHas KucnoTa xnopucTein sogopog ao Cl,?
7
Byget nn PbO, okUCRATE CONAHYIO KUCINOTY MPpU CTaHAAPTHbBIX YCNOBUSAX?
8
BygoeTt nu okucnaTb nepekucb BOAOpoAa MOHbI xropa? MOXHO NU XpaHuTb pPSaoM nepe-
K1Cb BOOOPOAA U COMSHYIO KUCIOTY?
9
MoXHO N NpUroToBUTL PacTBOP, COAEPXKaLLUN OOHOBPEMEHHO KUCHOoThl H,SeO; 1 HI?
10
YcTonumB Ny pacTeBop cynbduaa HaTpusi Npu NpoayBaHUMM Yepes Hero Bo3ayxa? Hanuwute
YpaBHEHNE COOTBETCTBYHOLLEN peaKLmm.
11

C KakuM ranoreHua-moHoOMm Co* 0o6pasyeT OTHOCUTENBHO yCTOWYMBOE coeanHeHne? Kak




00BbsACHUTL HeycTomumBocTb CoCls , MpeTepneBatoLero pasnoXeHme no peakumm:

ZCOCIZ -2 COC|3 + C|2

12 MOKHO JIM OCYIIECTBUTH PEAKITHIO OKUCIICHUSI (HOCPOPUCTON KUCITOTHI:

H3P03+ |2+ H20 —>HI+ ...

13 MO>KHO JI OCYIIECTBUTH PEAKIHIO OKUCIICHHSI (DOCHOPUCTON KUCIOTHI:

H3P03 + Cd(NO3)2 + HZO —>Cd+ ...

14 MOKHO JIM OCYIIECTBUTH PEAKITHIO OKUCIICHUSI (HOCHOPUCTON KUCIOTHI:

H;PO; + Hg(NO3)2 + H,0O —» Hg + ...

15
MOoXXHO N1 NnepmaHraHaToM Kanusi OKUCNUTb HUTpaT kobanbTa (1) B kncnow cpege?
16
YcTonumB N pacTBoOp CeneHnaa HaTpusi Npu NpoayBaHnn Yepes Hero Bo3ayxa? Hanvwute
ypaBHEeHe npoTekaoLen peakumm.
17
B kakoi cpefe KUCron nnwm weno4yHon coeguHeHmns xenesa (I1) MoXHO oKMcnutTb nogom?
18
MoxHo nu xnopugom onosa (lI) BocctaHoBUTb xnopua xenesa (111)?
19
MoxHo nn BoccTaHoBUTL cynbdaT xenesa (lll) B cynbdart xeneasa (I1) pacteopom H,SO3?
20
Mo>XHO nn nNpu CTaHAApPTHBLIX YCNOBUAX NPUrOTOBUTH PacTBOp, coaepXalluni O4HOBPEMEH-
Ho: KMnO, n Kl
3ananmue 3

CocTaBbTe cxeMy raJIbBAHHYECKOTO JIEMEHTa, 0OPa30BaHHOTO JBYMS JaHHBIMU
pPacTBOPHI

I'pY’KCHHBIMU B

coleir ¢

CTaBbTC JJICKTPOAHBIC PCAKIIHNHU IMOKAKUTE HAIIPABJICHUC IMIEPCX0aa 3JICKTPOHOB

Bapuanr | Merajuisl Conn AKTHBHOCTH HOHOB, MOJIBb/J1
1 Cr,Al  [CrCls, All; a(AI’")=0,01M; a(Cr’*) =0,1M
2 M, Co  |MnCl,, CoCl, a(Mn°") = 0,05M; a(Co”*) = 0,01 M
3 Fe,Cd |FeCl,, CdBr, a(Fe’")=0,1M; a(Cd”") =0,3 M
4 Cu,Ag |CuSO, AgNOs3 a(Cu”") = 0,1M; a(Ag*) =0,01 M
5 Sn, Al [SnBr,. AICI; a(sn“") = 0,1M; a(AI’*) =0,01 M
6 Au, Fe  |AuCls, FeCl, a(Au®) = 0,1M; a(Fe”™) =0,05 M
7 Cd, In  |CdBr,, In(NO3); a(In°") = 0,01M; a(Cd*") =0,02 M
8 Sbh, Co  [ShFs, CoCl, a(Sb®) = 0,12M; a(Co”") =0,2 M
9 Cd, Ni  [CdCly, NiSO, a(Ni") = 0,4M; a(Cd**) =02 M
10 Re,Co |ReCls, Co(NOs), a(Re’") = 0,2M; a(Co°*) =0,05 M
11 Pd,Cd  |PdSO,, Cdl, a(Pd“*) = 0,1M; a(Cd**) = 0,03 M
12 Sh,Cd  |SbCl;, CdSO, a(Sh®") = 0,01M; a(Cd**) =0,1 M
13 Cr,Sn  |CrBrs, SnCl, a(Cr’")=0,05M; a(Sn*") =0,1 M
14 Nd, Mn  |[NdCl;, MnSO, a(Nd®") = 0,1M; a(Mn°*) =0,02 M
15 Sn,Cd  [SnBr,, CdSO, a(Sn°*) = 0,02M; a(Cd“") =0,1 M
16 Ti,Cr  |TiCls, CrCls a(Ti*") = 0,12M; a(Cr’™) =0,2M
17 Mn, In  |[MnSOy, InBr; a(In°") = 0,12M; a(Mn“") =0,01M
18 Pd, Cr  |PdCl,, CrCl; a(Cr’") = 0,25M; a(Pd°*) =0,15 M
19 Ni, Nd  [Ni(NOs),, NdCl; a(Nd®*) = 0,15M; a(Ni*") =0,01 M
20 Re,Cr  |ReCls, Cr(NOs)s a(Re>)=0,2M; a(Cr’*) =0,35 M

MeETaJIaMH,
M3BECTHOM aKTUBHOCTBIO MOHOB; paccuuTtaiite DJIC; co-
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3ananue 4

IIpu anexTpoaun3e pacTBopa JaHHOW cosin MeTaiaa TokoM | (4), Macca kaTtoza Bozpocia Ha m (T). Yuu-
TBIBasI, YTO BBIXOJ MeTaluia 1o ToKy Bj (%0), paccunraiite, kKakoe KOJMYECTBO JIECKTPUUESCTBA U B TEUE-
HHUE KAaKOro BpeMeHHU mponyieHo. CocTaBbTe MONHYIO CXEMY IEKTPOJIN3a BOJHOIO pacTBOpa yKa3aH-
HOM COJIH.

Bapuant dopmyia coim I, A m, r Bj (Me), %
1 AuCl; 0,3 0,92 85
2 FeCl, 0,9 0,77 61
3 SnBr; 2,1 0,84 62
4 CuSOq 0,79 0,62 82
5 AgNO; 1,94 0,31 91
6 CdBr; 3,79 0,88 38
7 MnCl, 1,12 0,94 39
8 CoCl, 1,5 1,12 45
9 CrCls 2,11 1,18 18
10 IN(NO3)3 3,17 0,64 86
11 SbF; 0,99 0,77 71
12 CdCl, 1,77 0,84 65
13 NiSO4 1,1 0,12 62
14 Co(NO3); 0,9 0,2 65
15 ReCl; 1,94 0,91 39
16 ZnCl, 2,03 1,17 64
17 Cdl, 3,11 1,42 76
18 Ru(NO3), 4,0 1,50 84
19 CoSO,4 4.4 1,39 89
20 CrBr3 3,5 1,44 19

3ananue 5

yCTaHOBI/ITC, B Kakou MOCJICAOBATCIIBHOCTU BCPOATHO BOCCTAHOBJICHHUEC HA KATOAC IIPU ISJICKTPOJIN3C
JAaHHBIX HWOHOB, IIOJIB3YACH 3HAYUCHUAMU CTAHAAPTHBIX OJJCKTPOJHBIX IOTCHHOHWAJIOB W IIC€pCHAIPs-
JKEHUIA. O6’BHCHI/ITC, Koraa BO3MOKHO COBMCCTHOC BOCCTAHOBJICHUC MCTAJlJla U BOAOPOJa Ha KaTO/C.
YeMm oTamyaeTcs MOCJICA0OBATCIIBHOCTb JJICKTPOXUMHUYCCKUX pCaKIII/Iﬁ Ha aHoJ€ OT AHAJOTUYHOH IT10-
CJICI0BAaTCIbHOCTH HaA KaTO,[[e?

Bapuant Honbl Honbl
BapuaHm

1 Zn**, Ag*, Pb*, Cr*, H* 16 Nd**, sn*, Cr**, Ni**, H'
2 Mn?®*, Co”*, Fe**, Cd**, H* 17 In*, Fe**, zn*, Pb*™ H*
3 H*, Cu®*, sn™, Au®*, Sb* 18 cr¥*, Mo™, Fe”, Cd**, sn*
4 Re*, Pd**, sn*", H, cu”™* 19 Au**, Re*, sn**, H, cd*
5 H*, Cr**, Ni¥, In*", Fe®* 20 Zn”, Ag', Cr*: Fe** H*
6 H*, Zn**, Pb**, Mn?*, Fe** 21 Au®*, Sb¥, sn**, HF, Fe**
7 Cu®*, H', Au**, Re™, Pb* 22 Fe*, In®, Ni¥*, cr**, HY
8 sn*, Ni“¥, Fe**, H*, cr** 23 sn*, Re**, sb>*, H*, Ni*
9 Zn2+, Cr¥, Fe**, sn”* H* 24 Au®, cu®, cd”, Fe”, H*
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10 Re*, Sn**, In**, Fe*" H* 25 Mn?*, Cr¥*, Pb¥, HY, zn*™
11 Zn“*, Mn“, Cu”*, Re*" H* 26 Ag’, Cd”, Pd**, Fe** H*
12 cr Fe**, HY, zn**, Ag* 27 Zn**, Co**, AU, sn™ H*
13 Pb**, Cr’*, Mn**, Co”*, H* 28 Ag’, Co™, sn”*, Pd**, H"
14 Fe** Cd**, Ccu®, sn**, H* 29 Pb**, Fe**, Au®*, Nd**, H*
15 Au** Sb** Re* Pd*T, HF 30 H* zn**, Mn**, Cu**, Re**
HepeHaHpH)KeHI/IH KaTOIHOI'O BOCCTAaHOBJICHUS HeKOTOpBIX HOHOB
npu 1 = 0,01 Alem®, pH <7, T =298 K
Hon T B Hon T B Hon H' T B Hon H' T B
Zn~* 0,03 Re®* 0,65 Ha Ag 0,47 na Re 0,6
Ag+ 0,18 Pd** 0,48 Ha An 0,24 na Pd 0,3
Pb* 0,04 Sn* 0,35 Ha Zn 0,72 Ha Mn 0,45
cr 0,41 crt 0,22 na Cd 0,98 na Co 0,50
Mn?* 0,5 Ni°* 0,11 Ha Sn 0,86 Ha AU 0,3
Co 0,5 In>* 0,18 na Pb 0,92 ua In 0,26
Fe®* 0,11 Fe>* 0,3 na Cr 0,5 na Sb 0,5
Cd** 0,03 Sn®* 0,01 Ha Fe 0,5
cu®* 0,06 Sb** 0,6 na Ni 0,63
Au®* 0,35 na Cu 0,48
3aganue 6

Z[J'IH mapbl MCTAJLJIOB:

1) ompenenuTte, BO3MOXHA JIM KOPPO3UsI METAJIa U3 JaHHOMU Mapsl B cpesie ¢ 3aAaHHbM pH npu koH-
TaKTe C BO3AYXOM;
2) HanMIIUTE YpaBHEHMs aHOJHOI'O ¥ KaTOJHOTO MPOLIECCOB;
3) npennoxuTe A JAaHHOM Mapbl aHOJHOE U KaTOAHOE MOKpbITHE. MI3MEHATCS M U €ClIu U3MEHSTCH,
TO KaK KOPPO3MOHHBIE MPOLIECCHl TPU HAPYLIEHUH CIIOLIIHOCTU MOKPBITUNA. 3allUIINTEe YpaBHEHUS pe-

aKIUH.
IlIapa ITapa

Bapuant MeTa.JII)JIOB pH Bapuanr MeTaEHOB pH
1 Pb —Sn 12 16 Zn—Cd 7
2 Sn—Cu 6 17 Fe —Sn 5
3 Fe—Co 10 18 Fe — Cd 4
4 Cu—Co 4 19 Zn—Cu 2
5 Fe — Ni 5 20 Fe—Cu 2
6 Sn—Cd 4 21 Fe—Co 4
7 Cd —Cu 12 22 Fe — Ni 8
8 Zn— Ag 10 23 Sn— Ag 10
9 Cd—Pb 6 24 Cd —Cu 7
10 Fe —Cu 5 25 Pb — Cu 12
11 Fe —Pb 3 26 Cd — Ni 4
12 Sn— Ag 4 27 Zn— Ag 11
13 Zn — Ni 5 28 Pb—Sn 4
14 Mg —Ni 10 29 Cu—~27n 2
15 Zn—Sn 8 30 Sn—Cu 9
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Kpurtepuu u mkasna oneHuBaHUSsA

Ouenka Kpumepuu oyenxu

Omauuno KonTponbHast paboTa BBIIOTHEHA MOJHOCTHIO, B PELHICHUH HET OMIMOOK
(BO3MOXkHA O/IHA HETOYHOCTh, OMMCKA, HE SIBJISIOLIASACS CJIE/ICTBUEM He-
MMOHMMAaHMsI MaTepHaa).

Xopowo KonTponpHast paboTa BBIMIOTHEHA MOJHOCTHIO, HO 0OOCHOBAHUS I1aroB
peleHusI HeJOCTATOYHBI, OIYyIeHa OJHa HerpyoOasi ommOKa Wi JBa-
TpHU HECAOYCTA B BBIKJIAAKAX WA rpa(bm(ax, €CJIN 3TU BUBI pa6OTBI HE
SIBJISUTHCH CTICIIMAIBHBIM 00BEKTOM IPOBEPKH.

Yooenemeopumenvno B xonTtponbHOI pabote momyiieHo 0ojee oJHOM rpy0oi OmmOKH HiIn
Oosiee IBYX-TpeX HeloueTa B BBIKIAJAKAX WM rpadukax, HO oOydaro-
IIMIACS BIIaJIeeT 0053aTEIbHBIMUA YMEHHSIMH T10 TTPOBEPSEMON TEME.

Heyoosnemeopumenvro | B KOHTpOIbHOH paboTe MOKa3aHO IMOJHOE OTCYTCTBHE 0053aTEIbHBIX
3HAHUU U YMEHUH 110 TPOBEPSIEMO TEME.

3aBucumocts 6amnoB B bPC yHuBepcurera 3a KOHTPOJIbHYIO pPabOTy OT OLIEHKH B TPAJAULIMOHHOMN IIKa-
JIe «OTJIMYHO-XOPOIIIO-YI0BIETBOPUTEIbHO-HEYI0BIETBOPUTEIIHHO

Ol(el-ll('a OMJiIU4YHO xopouio ydoeﬂemeopumeﬂbno Heydoeﬂemeopumeﬂbno

banner B BPC 5 4 3 0

CIIMCOK PEKOMEHJIYEMOM JIUTEPATYPBI
Ocnoenaa numepamypa
1. T'munxka, H. JI. 3agaun u ynpaxHeHnus no o0mield xumui : yue6. mocodue s By3os / H. JI. ['mun-
ka; moa pen. B. A. Pabunosuua, X. M. PyOunoii. - U3x. crep. ; U3n. ucnp. - Mocksa : MaTterpain-
Ipecc, 2011, 2008, 2003, 2006, 2005, 2004, 2002, 2001. - 240 c. (580 3k3.)
2.  KopoBun, H. B. O6mias xumus : yueOuuk 11st By3oB / H. B. KopoBuH. - 2-e u3n., ucmp. u gor. ; 3-
e u3l., ucnp. - Mockasa : Beicur. mk., 2002, 2000. - 558 c. (91 3k3.)
3. Hepkau, C. P. Ilpaktukym no o0uieit xumuu : yue6. nocobue i By3oB / C.P. [lepkay, I'.1. be-
pecroBa, K. B. Peyt; M-Bo cein. xo3-Ba Poc. ®enepaunu, @enep. areHTCTBO 10 pbIO0IOBCTBY, MypMaH.
roc. TexH. yH-T. - Mypmanck : Uza-so MI'TY, 2006. - 125 c. (489 3k3.)
Jononnumenvnan r1umepamypa
1. Xomuenko, 1. I'. O6mas xumus / U. I'. Xomuenko. - Mocksa : Xumus, 1987. - 464 ¢. (72 3x3.)
2. [TpakTukym no xumuu : yue6. nocodue / C. P. [lepkau [u np.]; M-Bo cen. xo3-Ba Poc. denepa-
un, dezep. areHTCTBO MO prI0OJIOBCTBY, MypMaH. roc. TexH. yH-T. - Mypmanck : MI'TY, 2005, 2000.
- 156 c. (771 k3.)
3. Hsaxuna, T. A. CnenuanbHble Bonpockl Xumud : yued. nocodue / T. A. sxuna, K. B. 3otoa, 1.
H. Konosainosa; ®@exnep. areHTcTBO 110 pb106070BCTBY, PI'OY BIIO "MypmaH. roc. Texs. yH-T". - Myp-
MaHcK : M3n-Bo MI'TY, 2010. - 147 c. (91 3k3.)

COJAEPKAHUE U METOAUYECKHUE YKA3AHUSA
K BBIITIOJIHEHHUIO KOHTPOJIBHbBIX PABOT

Kontpoabnas padora Ne 1
TepMoxumusi, KHHETHKA, XHMHYeCKOe PaBHOBeCHe
Tema 3. DneMeHTHl XUMHUECKOW TepMonuHamukH. [Ipenmer m 3amaum TepmoanHaMUKU. OCHOBHBIE
XapaKTePUCTUKU TEPMOJUMHAMHUYECKON cucTembl. DHTanbnus. TermioBoil ¢ ¢ekr. Temnora obpazoa-

HUs BemecTBa. JHTponus. CBoOoHas sHeprust [ m66ca. HampaBneHHOCTh XUMUYECKHX MPOIIECCOB. 3a-
koH ['ecca.
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IleneBasi ycranoBKa. V3y4nB 1aHHYIO TEMY, KYPCAHT JODKEH 3HATh: DJIEMEHTBI XUMUUECKON TEPMO-
nuHaMUKH. OCHOBHBIE XapaKTEPUCTUKHA TEPMOJIMHAMUYECKON CHCTEMBbI. DHTANBNHA. TermioBoi 2¢-
¢ext. Terora o6pazoBanus Beuiectsa. JHTponus. CBoboaHast sHeprust [ m66ca. HampaBneHHOCTH XU-
MHYECKHX IporeccoB. 3akoH ['ecca.

KoHnTpoJibHbIe BONpOCHI

Onranenus. Temnosoit a¢dexr. Ternnora 0OpazoBaHus BEIIECTBA.

Outponus. CBodoanHas Heprust [ mdoca.

3akoH ['ecca u ciecTBUS U3 HETO.

VYMeHbIIaeTCsl WM YBEITHYUBACTCS SHTPOMHS TPH MEPEX0ax; a) BOoJbI B nap; 0) rpadura B an-
Ma3‘7 [Touemy? Berauciaute AS®gg i Kaxaoro npespamieHus. Craenaite BBIBOA O KOJTHYECTBEHHOM
W3MEHEHHHU DHTPOIUH MTPH (Ha30BBIX U AITIOTPOITHUYECKUX MPEBPALICHHSIX.

5. Ha ocHOBaHMM CTaHIAPTHBIX TETUIOT 00pa30BaHUS M a0COJMIOTHBIX CTAHJAPTHBIX YHTPOIHH CO-
OTBETCTBYIOIIMX BemeCTB BEIIUCIUTE AG g8 pEAKINH, IPOTEKAIOIICH 110 YPABHECHHIO

4NH3 (1) + 505 (1) =4NO (1) + 6H>0 (1) Bo3MoXHa Ji1 3Ta peakius nNpy CTaHAAPTHBIX YCIOBHIX?

Awnh e

Tema 4. OCHOBHBIE IIOJIOKEHUS U OIIPENEICHHUS] XUMUYECKOU KUHETUKU. CKOPOCTh XMMHUYECKUX peak-
uui. 3akoH JedcTBUS Macc. BnusHue temmeparypbl Ha CKOPOCTh pEaKLUMU. DHEPrusl aKTUBALUH.
VYpaBHeHue AppeHnyca. ' OMOreHHBIN U Fe€TEepOreHHbIM KaTaaus.

LeneBast ycranoBka. M3yuuB nanHyro TeMy, KypCaHT JIOJDKEH 3HaTh: CKOPOCTh U MEXaHU3M XUMUYE-
CKUX IporeccoB. OCHOBHBIE MOJOXKEHHUS U ONPECIICHUs XMMUYECKON KMHETUKU. BnusHue temnepa-
TYpbl Ha CKOPOCTh pPEaKLUU. DHEPrusl aKTUBALMKU. Y paBHeHHE AppeHunyca. ['OMOreHHbIi U reToporeH-
HBII KaTajaus.

KonTpoJbHbIE BONPOCHI

1. CxopocTh XMMMUYECKHX peakLuil. 3aKOH AeWCTBUS Macc

BnusiHue TemnepaTypsl Ha CKOPOCTb peaKLUu.

OHeprus akTUBallMU. Y paBHEHHE AppeHuyca.

I'OMOreHHBIN U FeTOPOTeHHBIN KaTalln3.

Bo cxonbko pa3 yBeIMUUTCS KOHCTAHTa CKOPOCTH PEAKIIMU, €CIIH MOBBICUTH TemIiepaTypy ot 20
10 SOOC a ’Heprus akTuBauuu peakuuu pasHa 80 k/[x/mMorb.
6. Kak M3MEHHUTBCS CKOPOCTh peakiiy, MpoTeKarollel B ra3oBoil ¢ase, Mpy MOBBIILIEHUH TeM- Ie-
parypsl Ha 50 C°, ecni TemnepaTypHbIi KO3 GUIMEHT CKOPOCTH JaHHOM peakimn 27

gRwN

Tema 5. Xumnueckoe papHoBecue. KoOHCTaHTa XMMHUYECKOIO PAaBHOBECHS U €€ CBA3b C TEPMOJAMHAMU-
yeckuMu GpyHKuusaMu. CMmenieHrne xumuueckoro pasHosecus. [Ipunnun Jle-Illarense.

HeneBas ycranoBKa. VI3ydnB TaHHYIO TEMY, KYpPCaHT JOJDKEH 3HATh: XUMHUYECKOe paBHOBecue. KoH-
CTaHTa XUMHUYECKOTO PABHOBECHS U €€ CBA3b C TEPMOJMHAMUYECKUMHU QYHKIUAMHU. CMelIeHne XuMu-
yeckoro paBHoBecus. [Ipunnun Jle-Ilarense.

KonTpoJsbHbIe BOPOCHI

1. KoHcTaHTa XMMHYECKOTO paBHOBECHS M €€ CBSI3b C TEPMOJINHAMHUYECKUMH (DYHKIIUSIMH.
2. Cwmemenne xumuueckoro pasHosecus. [Ipuanun Jle-Illarense.
3. Koncranta ckopoctu peakuuu pasnoxkerus N,O, mpoTekaromell 1o  ypaBHEHUIO

2N,0 =2N, +0,, pasna 5-107*. Hauanbnas konnenrpanust N,O = 6.0 mons/s1. Beruucnure Hauanb-
HYIO CKOPOCTB PEaKIiy 1 €€ CKopocTh, Koraa pasnoxutses 50% N,O.
4, KoncranTa paBHOBecus romorenHoi cucremsl N, +3H, <> 2NH; npu HexoTopoii Temnepary-

pe paBHa 0,]1. PaBHOBECHBIE KOHIEHTPALIMK BOJAOPOJA M aMMHaKa COOTBETCTBEHHO paBHbI 0,2 m 0,08
MOJIb/J1. BBIUMCIUTE PAaBHOBECHYIO M UCXOHYIO KOHIIEHTPAIMIO a30Ta.
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Ocnosnble noHAMUA MEPMOOUHAMUKU

TepMoguHaMMKa U3y4aeT 3aKOHBI OOMEHA PHEPruel MEXIy CHCTEMOW M OKpYXKaIoIleh cpe-
hi(0)7 8

TepmoauHamMuyeckasi cucTeMa — TEJIO WIM TPYIIa Tell, HaXOIAUIMXCS BO B3aUMOJCIHCTBUH,
MBICIIEHHO WMJIU PeaTbHO 000COOJECHHBIC OT OKpY’KaoIIeh cpeasl (10 B3aUMOJICHCTBUEM MOIpa3yMe-
BAeTCsl OOMEH SHEPTUei U BEIIECTBOM).

Paznmuuaror Tpu THMAa TEPMOJMHAMHYECKHX CHCTEM B 3aBHCHMOCTH OT MX BO3MOXXHOCTH OOMe-
HUBAThCS C OKpYyKarolled cpeioi BemecTBOM U sHepruedl. Cucrema, KoTopas He OOMEHHBAeTCs ¢
OKpY>Kalolllel cpe ol HU BEIIECTBOM, HU SHEPrueil — H30JJUPOBAHHAs cucTeMa. 3akpbITas cUCTeMa
— CHCTeMa, KOoTopas OOMEHMBAeTCS C OKpYKalollled cpelloil sHeprueil, Ho He OOMeHHBaeTcsl Belle-
ctBoM. OTKpBITasi CUCTEMA — CHCTEMA, KOTOpasi OOMEHUBAETCS C OKPYKAIOIICH CPEION U BEIECTBOM,
Y DHEPTHUEH.

I'omorennasi cucremMa — cuctemMa, BHyTPH KOTOPOW HET MOBEPXHOCTEH, pa3AesatoINX OTInYa-
IOLIMECs 10 CBOMCTBaM 4acTu cucteMbl ((a3bl). I'eTeporeHnasi cucremMa — cucremMa, BHyTpH KOTOPOM
MPUCYTCTBYIOT MOBEPXHOCTH, PA3JCISIONINE OTIUYAIOIIUECS MO CBOMCTBaM 4acTu cucTtembl. daza —
COBOKYITHOCTb TOMOT€HHBIX YacTel reTepOreHHOM CUCTEMbI, OJJUHAKOBBIX MO (PU3UUYECKUM U XHUMUYE-
CKHMM CBOMCTBaM, OTJEJICHHAs OT JIPYTUX YacTel CUCTEMbl BUJIMMBIMU MTOBEPXHOCTSIMHU pa3jiena.

ITapaMeTpbl COCTOSIHMS — BEJIMYMHBI, XapaKTEPU3YIOIIME KaKOE-THOO MaKpPOCKOIMUYECKOe
CBOMCTBO paccMaTpPUBAEMON CHCTEMBI, IMO3BOJISIOIINE OINPEICIUTh COCTOSHHE CHUCTEMBI HEMOCpe.l-
CTBEHHBIM M3MEPEHHEM ITHX BEIHUYMH. Pa3nuyaroT sxcmerncusHvle napamempuvl COCTOSIHUS, MPOIIOP-
[MOHAJIbHBIC KOJHYECTBY BEIIECTBA CUCTeMbI (Macca, 00beM, BHYTPCHHSS SHEPIHs), U UHMEHCUBHbLE
napamempsl COCTOSIHUS, HE 3aBUCSIIUEC OT KOJMYECTBA BEIIECTBA CHCTEMbI (IaBJICHHE, TEMIIEpaTypa,
BSI3KOCTB).

CocTosiHME CHUCTEMBI OMpeessieTcsl pa3IuYHbIMU (DYHKUIMSAMU, HA3bIBAEMBIMU (PYHKIIMSIMHU CO-
crosiHus. DYHKIUS COCTOSIHUSI — (DYHKIIMS HE3aBUCHMBIX NTapaMETPOB CHCTEMbI, U3MCHCHHE KOTOPOI
HE 3aBHCUT OT IYTU MEPEeX0/ia CUCTEMbI U3 HAYAILHOTO COCTOSIHMSI B KOHEYHOE, a 3aBUCUT TOJBKO OT
COCTOSIHUSI CUCTEMBI B 3TUX TOYKaX. /{71 yHKIIUU COCTOSHUS MOKHO U3MEPHUTH WIIM PACCUUTATh JIUIIh
ee u3MeHeHue (A). Miamenenue GyHKIIMN COCTOSIHUSI pacCCMaTPUBAETCS KaK Pa3HOCTh €€ 3HaYeHH B KO-
HEYHOM WM HCXOJHOM COCTOSHUSIX CHCTEMBI, H3MEHEHHUS (PYHKIMIA COCTOSHHUS MOTYT NMPUHUMATh Kak
MOJIOKUTEJIbHBIC, TAK M OTPULIATEIbHBIC 3HAYCHUS.

TepMoanHaMu4YecKHii mpouece — BCSIKOE M3MEHEHHUE (XOTs ObI OJJHOTO MMapaMeTpa) TePMO -
HaMHUYECKOT'O0 COCTOSIHUSI CUCTEMBI.

OOpaTtumblii pouecc — TMPOIECC, TOMYCKAIOIINI BO3MOKHOCTh BO3BpAIIIEHUSI CUCTEMBI B HUC-
XOJTHOE COCTOsTHUE 0e3 TOTo, YTOOBI B OKPYXKAIOIIEH cpe/ie OCTaINCh KaKue-T1u00 H3MEHEHUS.

PaBHoOBecHBIIi poiecc — mpoliecc, Mpu KOTOPOM CUCTEMA MPOXOIAUT Yepe3 HEMPEPHIBHBIN PsijT
COCTOSIHUI, 0ECKOHEYHO OJM3KHUX K COCTOSIHUIO paBHOBECHS. XapaKTepHble 0COOEHHOCTH PaBHOBECHO-
ro mpolecca:

1) OeckOHEYHO Majasi Pa3HOCTh JCHCTBYIOIMX U MPOTHBOACHCTBYIOIIMX CHJT,

2) COBepIlIEHUE CUCTEMOI B MPSIMOM MPOIIECCE MAKCUMAIIbHOM PabOThI;

3) OeckOHEYHO MEIJCHHOE TEUeHHE MpOoIlecca, CBA3aHHOE ¢ OECKOHEYHO MAllOW Pa3HOCTBHIO JIEH-
CTBYIOIIUX CHJI U O€CKOHEYHO OOJIBIIIMM YHCIIOM MPOMEKYTOUHBIX COCTOSTHHIA.
Camonpou3BoJiIbLHBII Mpouece — TMPOLECC, KOTOPBIA MOXKET MPOTeKaTh 0e3 3aTpaThl pabOThI

W3BHE, IPUYEM B pe3yJbTaTe MOXKET ObITh MOJIydeHa padoTa B KOJMYECTBE, MPOTOPIIMOHATIEHOM TIPO-
U30IMIeIIeMYy U3MEHEHHIO COCTOSIHHSI CUCTeMbl. CaMOINPOU3BONIBHBIN MPOIECC MOXKET MPOTEKaTh 00-
pamumo Ui Heoopamumo.

Hecamonpou3BoibHBIN MpoLece — TMpolecc, sl MPOTeKaHus KOTOporo Tpedyercs 3aTpara
paboTHI U3BHE B KOJIMYECTBE, MPOTIOPIIUOHATFHOM MPOU3BOIUMOMY U3MEHEHHUIO COCTOSIHHS CUCTEMBI.

CraHaapTHble BeJIMYHHbI — BEIMYMUHBI, ONPEACIICHHbBIE IS BEIIECTB, HaXOMASIIMUXCSA B CTaH-
JAPTHOM COCTOSHHH (0BO3HAYAIOTCS HAZACTPOYHBIM HHIEKCOM °). OIHO U3 BO3MOXKHBIX CTAHIAPTHBIX
COCTOSIHMM XapaKTepHU3yeTCsl CTAaHAAPTHBIMU YCIOBUSIMU: JaBICHUEM (po), COCTaBOM (MoOJIsIpHasi KOH-
LIEHTpaLus CO), TeMIIepaTypoi t° TO):

p’= 101325 Ia = 1 arm; C°= 1 moms/i; t°=25°C (298,15 K)
CraHgapTHBIC BETUYHHBI ISl BEIIECTB MPUBOJATCS B CIPABOYHHUKAX.
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Tenaora (Q) — dopma mepenaun SHEPruM MyTeM HEYMOPSIOYCHHOTO JBIKCHUS OOpPa3yIOLIMX
TE€J0 YacTHIl (MOJIEKYJ, aTOMOB U T. [.). KonndecTBeHHOI Mepoil TEIIOTHI CIY>KUT KOJIMYECTBO TEII0-
ThI, T.€. KOJIMYECTBO SHEPTHUH, moydaemoit (+ Q) miu otaaBaemoii cuctemoit (— Q) mpu TermmooOMeHe.
Tennora usmepsiercs B eaquHuax sueprun: Jx, xan (1 xan = 4,184 Jx).

PaGora (A) — ¢opma mepenayu SHEPrUM IyTEM YIOPSJAOYCHHOTO JBM)KCHHS 4YacTUI] (Mak-
POCKOIUYECKUX MAcC) MOJI IeUCTBUEM KaKux-Inbo cuil. — A paboTa, COBEpIICHHAs CUCTEMOMN MPOTUB
BHEIIHHUX CHJI;, + A paboTa, COBEepIICHHAs BHCUIHUMH CHIaMU HaJ cuctemoit ([orc). Best pabota nenut-
Csl Ha MexaHuueckyro pabomy paclIupeHus (WU CKaTHs) U POUYre BUIBI pabOTHI (IoJe3Hast padoTa).
Mexanunueckasi paboTa MpeacTaBIseTCs MPOU3BEIEHUEM CHUJIbl Ha MepeMeleHne. DIeKTpryecKas pa-
00oTa paccMaTpuBaeTCsl Kak NMPOM3BEACHHME 3apsiia Ha Pa3HOCTh MOTeHIManoB. Pabora pacmupeHus
UCaTBHOTO Ta3a paBHA MPOM3BEACHUIO JaBIICHHU Ha M3MeHeHue oobeMa. Terora U paboTa SBISIOTCS
SKBHUBAJIEHTHBIMU (DOpMaMU Mepelauul SHEPTUH.

Ilepebtii 3aKkon mepmoouHamurku

IlepBoe Haya 0 (3aKOH) TePMOJAMHAMHKH YCTaHABIMBACT COOTHOLICHHE MEXAY TerioTo Q,
paboToii A 1 U3MeHeHHeM BHYTpeHHeH sHeprun cucteMbl AU: ecnu gewecmay unu cosoxynnocmu e-
wecme (cucmeme) coobuums uzeHe suepeuto Q, mo sma snepaus 6yoem pacxo008amvcs Ha UsMEHeHUe
sHympenHeti snepauu cucmemvl AU u Ha cosepuieHue pabomsl cucmemor npomus eueuwHux cun: Q =
AU+ A.

DTOT 3aKOH IpeCTaBisieT co0oi oaHy U3 (popm 3akoHa coxpaHeHus sHepruu. Ecnu B pesynbrare
XUMHAYECKON peaKkIuy CUCTeMa TOTJIOTHIIA KOJIMYECTBO TEIoThl Q u coBepmmiia paboTy A, TO U3Me-
HEHUE BHYTPEHHEW SHepruu omnpeaensercs ypapHenuem: AU = Q — A.

Ecnu B X0oz1€ peakuyu npu nocmosnunom oaenenuu (P=CONSt, uzobapmwiii npoyecc) coBepuiaeTcs
TOJBbKO pabora paciupenus, To A = pAV (AV=V2-V1). Tornza AU = Q, - pAV umn Qp = AU +pAV =
(U2 — Uy) + p(V2 — Vy). I'pynmupyst uineHs! npaBoii 4acTu paBeHcTBa, noirydaem: Qp, = (Uz + pVs) — (U
+pV1).

Benuuuny U + pV Ha3bIBaloT 9Hmanwvnueil (meniocooepxcanuem) i 0003Ha4ar0T cuMBosioMm H:
H=U+pV.
Tennosoti 3¢hghexm uzobaproco npoyecca (peaxyuu, npomexaiowjeli. Npu NOCMOSHHOM 0déjie-
HUU) paseH U3MeHeHUI0 SHMATbNUU CUCTEMDL.
Qp=Hx-Hi=AH.

Ecnu peakuusi nmpotekaer npu nocmosunom ooveme (AV=0, uzoxopuwiit npoyecc), To padbora

pacmupenust A=pAV=0, toraa

Qv =AU,
T.€. Menn08ou dghgexm peaxyuu, npomexarouwiel npu NOCMOSAHHOM 00beme, PaBeH USMEHEHUI0 6HYMI-
DpeHHell IHePUlL.

Teny10eMKOCTh — KOJIMYECTBO TEIUIOTHI, ITOIVIONIAEMOE TEJIOM NP HArPEBAHUH HA 1°C wmm 1 K.
TennoeMKOCTh €IMHUIIBI MACChl BEIIECTBA HA3BIBAIOT yoenvnoi menaoemkocmoto [J1x/xr-K]. Temno-
€MKOCTb | MoJIs BelecTBa — MOJIsIpHast (MOJIbHAs) TerioeMKocTh [ lx/moinb: K].

JK30TepMHYeCKHe DPEaKLUU MPOTEKaIoT C BbiAeneHueM teruia (+Q), nus uux AH < 0.

DHI0TEePMUYECKHE PEaKINK TPOTEKArOT ¢ moromieHreM Teria (—Q), wis uux AH > 0.

VYpaBHEHUS peakiyii, B KOTOPbIX yKa3bIBAaeTCs 3HAYCHHME TEIIOBOTrO 3(PdeKTa, Ha3bIBAIOTCS Tep-
MOXHMHUYECKHMMHU. B Takux ypaBHEHUSX 00s3aTeNIbHO YKA3bIBAIOTCSl arperaTHbIE COCTOSIHUS BEIIECTB.
Hanpumep, peakiius ropeHus 3TaHa BbIpaKaeTcs TEPMOXUMHUYECKUM YPaBHEHUEM:

C,H 6 T 3,50, = 2C02(r) + 3H20()K), AH =-1559,84 x/Ix.

CraHapTHasi YHTAIBINS 00pa3oBaHus xumuueckoro coequuennsi (AHgs) — crammaprroe
M3MEHEHHE SHTAIBIINH B PE3yJbTaTe Peakiuu oOpa3oBaHUs | MOJSI 3TOTO BEMIECTBAa M3 MPOCTHIX BE-
IIECTB, B3ATHIX B TOM arperaTHOM COCTOSIHHH, B KOTOPOM OHU HaXOJISATCS MPHU CTaHAAPTHBIX YCIOBHSIX
U aHHOM Temneparype [k/Ix/mMoinb].

Cmanoapmuule snmanvnuu 06pa308anuuss NPOCMbLX 8eujeCms NPUHUMAIOMCA pagHbiMu Hyato (pac-
CMAaTPUBAIOTCS AJUTOTPOIHBIE (JOPMBI, YCTONYMBBIC TIPU CTaHIAPTHBIX ycioBusax U T=0 K).

3akon I'ecca: mennosoil s¢hpexm xumuueckou peaxyuu Ui QU3UKO-XUMULECKO20 Npoyecca He
3asucum om nymu nepexooa CUCmemsl U3 HaA4aIbHO20 COCMOAHUSA 8 KOHEUHOe, d ONpedensemcs moabKo
npUpPoOOll U COCMOAHUEM UCXOOHBIX U KOHEUHbIX eUjeCmE.
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C+ O, =C0O,, AH=-393,5 x/[>)x/mMo1B,

C+ 1% 0, =CO0, AH;=-110,5 xJI>x/Mo0nb,

CO + %2 Oy = COz, AHo= -283,0 x/I>x/Mo11b,

AH = AH; + AH,=-110,5+(-283,0) = -393,5 xJI:x/MOJIb.

Cneocmeusn u3 3axona I'ecca:

1. TeruioBoit 3 dekT peakiuu paBeH pa3sHOCTH MEXAY CYMMOM CTaHJApTHBIX SHTAIBINUNA 00pa3o-
BaHUS MPOJIYKTOB PEaKIUH U CyMMOW CTaHJAPTHBIX SHTAIbIHMHA 00pa30BaHUS MCXOIHBIX BEIIECTB C
y4eToM KO3(pPHUIIMEHTOB PEaKIIUH.

AHOp-m,= i AfHozgg(KOHeqH.npon.) - > JAH 0298(I/ICX0)1H.B-B);

quist peakuuu A + bB = cC + dD:

AH .y = (CATH 208(C) +dAH 208(D)) — (@AH205(A) + bAH 205(B)).

2. TermoBoi 3 deKT NpsIMOii peakIu paBeH TEIIOBOMY 3P (HEKTy 00paTHOM peakIuu, B3ITOMY C
OOpaTHBIM 3HAKOM.

3. Ecnu B pesynbTaTe psaa mocieqoBaTelbHbIX peakluid CUCTeMa MepPeXOoAUT B COCTOSTHUE, MOJ-
HOCTBIO COBIIAJIAIONIEE C UCXOIHBIM, TO CYMMa TETUIOBBIX 3((EKTOB ITOTO psifia PEaKkInii paBHA HYIIO.

A—B, AH;. B—C, AH;. C—A, AHs.

AH; + AH, + AH3; = 0.

Bmopoii 3akon mepmoounamuxu

OrpaHn4eHHOCTh IEPBOT0 Hayana TEPMOJUHAMUKY 3aKJIFOUAETCSI B TOM, UTO OHO HE ONpeesieT
HampaBlieHUs 0OMEHa TeIIOBOM dHeprueil Mexay tenamu. [lepBoe Hayaio He 3ampeniaeT nepexo Tem-
J1a OT MEHEee HarpeToro K 0osyiee HarpeToMy Teny. BTopoil 3akoH TepMOJUHAMUKYU onpeoensiem Hanpas-
JIeHUe camonpous8oIbHO20 NPOMEKAaHUsl NPOYeCccos, B TOM YUCIIEe U XUMHUECKUX PEaKIIUi.

Jiist 0ObsICHEHUS IPOTEKAHMSI TAKUX MTPOIECCOB MPUMEHsETCs IHTponus (S).

HuTeprnpeTupoBaTh SHTPOMHIO MOKHO KaK ¢ TOUKH 3pEHUS] MAKPOCKOIIMYECKOTO COCTOSIHUS CH-
CTEMbI, TaK U C TOYKH 3PEHHUS MHUKPOCKOIHUYECKOT0. DHTPOMHIO MOXHO paccMaTpuBaTh Kak Mepy
Heynops0oYeHHOCMY YacTUll, COCTaBISIIOIINX cucteMy. PasmepHocts suTponuu [S] = x/mons K.

Bropoii 3akoH (Hayaa0) TEPMOAUHAMHUKH. 6 U30IUPOBAHHOU CUCmeMe CAMONPOU3BONbHO
npomeKaom moJibKo me npoyeccyl, KOMopbvie CONPOBOAHCOAIOMCS Y8eudeHuemM SHMPONuuU.

B camonpoussonsHOM mporecce AS>0; B paBHOBecHOM miporiecce AS=0; B HeCaMOIIPOU3BOJIb-
HoM miporecce AS<0.

3nauenue snmponuu 015 npocmulx ewgecma He pasno Hyato. C MOBBIILIEHUEM TEMIIepaTyphbl HH-
Tpomusl Bcerja Bo3pacTaeT. Bo3pacraeT oHa B mpoleccax IJIaBlI€HUs, UCHApeHHs], CyOIuMaluu U
YMEHbIIIAeTCsl B Ipoleccax KOHACHCALNUN U KPUCTAUIU3alMi. DHTPOIUS BO3PACTAET NMPU YBEIUYEHUU
qrciIa MOJIEKYJI Ta3000pa3HbIX BEIIECTB M MOHMKAETCS MPH UX YMEHbBIICHUU.

Tpemuii 3aKk0H MepmMOOUHAMUKU

Tperbe Hayaj0 (32KOH) TEPMOAMHAMUKM. SHMPONUs 1100020 UHOUBUOYANTLHO20 Beuecmsad,
cyujecmsyroue2o 8 uoe UoeaibHo20 KpUCmaia npu memnepamype, paeHol aOCoIIOMHOMY HYIIO, PA6-
Ha HYTIO.

TakuMm oOpa3oMm, SHTPONHS SBISIETCA €AMHCTBEHHON (QYHKIIMEN COCTOSIHMSL, /ISl KOTOPOIl MOXKHO
paccuuTaTh aOCOTIOTHOE 3HAUCHHE.

Pacuer AS peakuum: >HTpOMHUS ABIsETCS (PYHKIMEH COCTOSHUS, IOITOMY €€ U3MEHEeHHE He 3a-
BHUCHUT OT IIyTH MEPEX0Ja CUCTEMBI U3 OAHOIO COCTOSIHMSI B IPYro€, a ONPEAEISAETCS TOJIBKO 3HAYEHU S~
MU SHTPONHUU CUCTEMBI B UICXOJHOM M KOHEYHOM COCTOSTHUSIX:

ASOP.““ = ZiAsoggg(KOHe‘lH.HPOH.) -y jAsozgg(I/ICXOI[H.B-B).

TakuM 00pazoMm, BEPOATHOCTH MPOTEKAHHUs MPOLECcCa B U30JIMPOBAHHON CUCTEME OIPEAEISIOT
1Ba (akTopa: SHTAIBIUHHBINA U SHTPONUIHBIN. CaMONPOU3BOIILHOMY TE€UEHHIO PEAKLIUU CIIOCOOCTBYET
noHmxkenue suTanbnuu (AH<0) u noBerenue saTporuu (AS>0).

Onepeusa I'uooca

Jl71st OLIeHKH caMONPOU3BOJIBHOCTH IMPOLIecca, MPOTEKAIOIIEro MPH MOCTOSHHOM TemMIepaType U
JaBJICHUH, UCIOJIB3YIOT TEPMOJUHAMUYECKYIO (YHKIIHIO, Ha3bIBAEMYI0 M300apHO-H30TePMUYECKHM
NOTEeHINAJIOM ik dHeprueii ['uooca (G):

AG= AH-TAS.

N3menenue sHeprun ['n06ca yunThiBaeT Kak SHTAIBIUIHBIN, TaK U SHTPONUNHHBIN (pakTOpHI pe-

aKLWU M, KpOME TOT0, BIUSHUE TeMIlepaTypsl. Vcrnonbp30BaTh JaHHYIO (DYHKIHMIO MOXKHO KakK 074 U30-



17

MUPOBAHHBIX, TAK U JJIS 3AKPLIMbIX CUCHEM, HO €CIIN MPOLIECC NIPOTEKAET NMPU NOCMOAHHBIX MeMnepa-
mype u 0asieHuu.

B 3akpvimuix cucmemax npu noCMOAHHbIX MeMnepamype u 0aéieHuu Camonpu38oibHO MOy
npomeKams moabKO me Hpoyeccol, KOMopwle CONPOBOHCOAOMcs ymMeHvueHuem snepeuu [ uboca cu-
cmemwl (AG<0).

Eciu AG=0, To cucreMa HaXOAUTCA B COCTOSIHUU paBHOBecHs. M3 HECKOJIBKUX peakiuii, uMme-
IOUINX OTpUIaTenbHble 3HaueHus: AG, HanOosee npeanovYTUTeNbHA Ta, A KOTOpoi 3Hayenue AG mu-
HUMAJbHO.

Pacuem AG peaxkyuu: >ueprus I'ub6ca sBnserca GyHKIHMEH COCTOSHUS M PACCUUTHIBACTCS IO
dhopmyire:

AGOP-““ = ZiAGozgg(KOHe‘lH. npoa.) - Y jAGozgg(I/ICXOHH. B-B).

AG umeeT pazmepHOCTh KJK/Monb. /[[ns npocmuix eeuwgecme c60b600Has snepeus 1 uboca pasna
HYTIIO.

PaccMoTpuM BO3MOXHOCTh CaMOIIPOU3BOJILHOTO MPOTEKAHUS XUMUYECKON peakuu B 3aBUCHUMO-
CTH OT 3HaKa SHTAIBIUIHOTO U SHTPONMUKHHOTO WICHOB B BHIPAXXCHUH M3MEHEHUS! CBOOOIHON SHEPTHH.
Bo3MoxkHBI ueThIpe cirydas.

a) korna AH<0, a AS>0, To n3menenue cBOOOHOI sHeprun Beeraa orpunarenbno AG<0; Takue
peaKuu caMmoIIPOU3BOJIBHO MPOTEKAIOT B MIPSIMOM HAIPABJICHUH;

0) xkorma AH>0, a AS<0; Takue peakuuu B MPSMOM HAIIPABICHUH CAaMOIPOU3BOJILHO HE WYT,
CaMOIIPOU3BOJILHO MPOTEKAaeT 0OpaTHas peaKus;

B) korna kak AH<0, Tak u AS<0; B 3TOM citydae HalpaBICHUE CaMOIIPOU3BOIILHOIO IPOTCKAHHUS
mpolecca onpeAemnsieTcss TEMIEepaTypoil: Tpu HU3KOM TeMIepaType caMOIIPOU3BOIBHO UAET MpsimMasi pe-
aKIMs, TaK KaK 10 a0COJTIOTHON BeTMYMHE H3MEHEHUE SHTAIBITUH OO0JIBIIE TPOU3BEACHHUS TEMIIEPATYPHI
Ha U3MEHEHHUE SHTPOIUU; MPU PABHOBECUU M3MEHEHHE CBOOOHOM »HEpruu paBHO Hymo (AG = 0), a
TeMIeparypa, pu KOTOPOW CUCTeMa HaXOJUTCs B paBHOBecHH, paBHa: | = AH/AS;

r) xoraa usmenenne AH>0 u AS>0 HanpaBiieHHe peaKIK TAKKE 3aBUCUT OT TEMIIEPATyphl: IPU
HU3KOW TeMIIepaType CaMOIPOM3BOJIBHO OyJEeT MpoTeKaTh OOpaTHas peakius, a IpU BBICOKOW — Mps-
Masl.

D10 xapakTepHo s peaknuid quccormanuu, Hanpumep: N20,=2NO,. Jlns maHHON peaknuu
AH0298: 57,3 kJIx; A80298=176,6 JIx/K; A60298:4,7 k/[x. Temnepatypa, npu KOTOpOH yCTaHAaBINBAET-
csi cocrostHue paBHoBecus 324,5 K, Huxke 3Toil TeMieparypbl caMOIIPOU3BOJIbHO MPOTEKAET peaKlus
JUMEPU3allii, a BBIIIE — PEAKIIHS TUCCOIMAIINU.

OcHogHble nOHAMUA XUMUYECKOTU KUHEMUKU

XumMHYecKasi KHHETHKA — Pa3ieNl XUMUU, KOTOPBIA U3ydaeT CKOPOCTh XUMUUYECKUX PEaKIuid U
€€ 3aBUCUMOCTb OT Pa3IN4HbIX (DAaKTOPOB.

CKOpOCTh XMMMUYECKHX pPEaKLUUH OmpenenseTcss U3MEHEHHUEM KOHIEHTpallud OJHOI0 U3 Be-
IIECTB, YYaCTBYIONIUX B PEAKIINH, B CIMHUILY BPEMEHHU:

0 op=FAC/At (momb /11 - ),
TIE U ¢p — CpeaHss ckopocTh; C — MonsgpHas KOHLEHTpAalus BEIleCTBa; A — 3HAK pa3sHOCTH; t —
BpeMs.

3Hak (+) O6epercs B TOM CiIy4ae, €ClId CKOPOCTh OMpPEAeIAeTCs M0 U3MEHEHUIO KOHIICHTpAIluU
HPOJYKTOB PEAKIMH; 3HAK (—) — €CJIM CKOPOCTh OMPEACISACTCS 10 M3MEHEHHIO KOHIICHTPALMH UCXO]I-
HBIX BEIECTB.

[ToHsITHE «KOHIIEHTpAIUS» MPUMEHUMO JUIIb K 20MO2eHHOU cucmeme, TIOITOMY TPUBEIEHHOE
BBIIIIE€ OTPEAENIEHUE CKOPOCTH MOKET OBITh JJAHO TOJIBKO JJIi TOMOTE€HHBIX peaKlMii: ra3o(a3zHblX HIN
MPOTEKAOIINX B PACTBOPAX.

B cemepozennvix peaxyusax B3aumoieicTBUE MPOTEKAET HA TPaHULIE pa3jiena AByX ¢a3. [ng ta-
KHUX peaKkluil CKOPOCTh OIpeeNIIeTCsl K3MEHEHNEM KOJIMYECTBA BEIIECTBA B €AMHUILY BPEMEHHU Ha e/l1-
HUIIE TTOBEPXHOCTHU paszfena ¢as:

v==An/At-S (momb/c - M),
rJIe N — KOJM4ecTBO BemecTBa; At — mpomMexxyTok BpeMeHu ot 1 110 ty; S — moBepxHOCTH paszaena ¢as.

M3MeHeHne KOTM4ecTBa BEIIECTBA, 10 KOTOPOMY OIPENESIOT CKOPOCTh XUMUYECKON peaKIui,
— 3T0 BHEWHMH (pakTop, HaOMr0naeMblit uccaenoBarenem. [1o cyTH, Bce mpoIecchl OCYIIECTBISIOTCS Ha
MHUKpOYpOBHE. J{J1s1 TOTO YTOOBI YaCTHIIBI TIPOPEarupoBaIv, OHU, K&K MUHUMYM, JIOJDKHBI CTOJIKHYTHCS,
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MIPUYEM CTOJIKHYThCS 3(PPEKTHUBHO: YTOOBI B HUX Pa3pyIIMIMCh MU OCIa0IH CYIIECTBYIOIINE CBA3H U
cMoriu o0pa3oBaThCsl HOBBIE. J[JIs1 3TOr0O pearupyrolue YacTHIbl JTOJDKHBI 00JaiaTh JTOCTaTOYHOMN
SHEPIrUEH.

MuHuManbHbI U30BITOK HEPTHH, KOTOPBIM JIOJKHBI 00J1a/laTh YACTHIIbl UCXOJHBIX BEIIECTB
[0 CPABHEHUIO CO CPEJHEH dHEPrueil MOJIEKYI, YTOOBI TPOU3OILIO UX PE3YJIbTATUBHOE CTOJIKHOBEHUE,
HA3BIBAIOT HHEprueil aktuBanuu. Takum oOpa3oM, Ha MYTH BCEX YACTHI], BCTYHAIOMIMX B PEAKIUIO,
MMEeTCsl SHEPreTUYecKuii Oaprep, paBHbIN dHeprun aktuBauuu E,. Ecou Gaprep HeBenHK, TO 00Jb-
IIMHCTBO YaCTHIl MOXET €r0 IMPEOA0JETh, IOATOMY CKOPOCTh PEeaKIIMH BBICOKAs; €CIIM SHEPTUsl aKTUBa-
UM 3HAYUTEIbHA, PEAKIUs IPOTEKAET MEAJICHHO.

Dakmopbul, enuauue HA CKOPOCMb XUMUYECKUX PEAKUUTL
CKOpOCTh peaklnu 3aBUCUT OT MPUPOBI M KOHLIEHTPAIIMH PEarupyIOUINX BEIIECTB, TEMIIEpa-
TYpBbI, AaBJICHUs, IPUCYTCTBUS KaTalIU3aToOpa U €ro CBOMCTB, CTEIIEHU M3MENIbYEHUS TBEpAOH (a3bl, OT
o0JIydeHHs] KBAaHTaMH CBETa M JPYTUX (PaKTOpOB.

1. Ilpupona pearupyrommx BemecTB. [lon mpupomoil pearupyromux BeHIECTB MOHUMAIOT
MPUPOJy XUMHUYECKOH CBSI3M B MOJIEKYJIAX PEareHTOB M €€ MPOYHOCTh. Pa3priB cBsizell u 0Opa3oBaHue
HOBBIX CBSI3€H OIpPENEeNsAOT BEIMYMHY KOHCTAHThI CKOPOCTH, U, TEM CaMbIM, BIHUSIOT Ha MPOLECC MPO-
TEKaHUS PEaKIuH.

BennunHa sHEpruu akTUBAIMU SBISETCS TeM (PaKTOPOM, MOCPEICTBOM KOTOPOTO CKa3bIBAETCS
BIIMSTHHE TIPUPOABI PEarupyrolnuX BEIIECTB HAa CKOPOCTh PEAKIMH: €CIH YHEPrus aKTUBAIlMHM MaJa, TO
CKOPOCTh TaKOW peakiuu 0oJibliiasi, HalpuMep, Bce PeakIii HOHHOTO 0OMEHA MPOTEKAIOT MPAKTUYECKH
MT'HOBEHHO, OYECHb BEJTMKU CKOPOCTU PEAKIMU C YUYaCTHEM PaJWKAaJIOB; €CIIH SHEPTUsl aKTUBALUHU BEJIH-
Ka, TO CKOPOCTh TaKOH peakIMu MaJia, HallpuMep, 3TO MHOTHE PEaKlMyd MEeXIy BEUIeCTBaMH C KOBa-
JICHTHBIMU XUMHYECKUMHU CBSI35IMH, MEXy T'a3000pa3HBIMH BEUIECTBAMH.

2. Konuenrpanusi pearupyromux BeuiecTB. Kolmn4ecTBeHHYIO XapaKTEPUCTUKY 3aBUCUMOCTHU
CKOPOCTH PEaKIMU OT KOHLIEHTPAIIMH YCTAHABIUBACT 3aKOH Oelicmeytouux macc (I'ynpabepr u Baare,
1867r.): cropocmb xumuueckou peakyuu NPImMoO NPONOPYUUOHATLHA KOHYEHMPAYUU peasupyroumux Ge-
wecme, 8036€0€HHbIX 6 CHENeHU, PABHble CIeXUOMempuieckum Kodgouyuenmam 6 ypasHeHuu peax-
yuu.

Hus peakiuu aA + bB =cC + dD maremarnyeckoe BhIpaKEHHE 3aKOHA JCHCTBYIOIIHUX MAacc
UMEeT BUI:

v=k-[A]* [ B]° wm ov=k-C,*-Cg" ,
rae V — ckopocTh xumuueckoit peakimu; [A], [B] win Ca, Cp — MOISIpHBIC KOHIIGHTPALUH Pearupyro-
IIMX BEIIECTB; a, b — crexuoMerprueckue KOdPPUIMEHTHI pearupyromux Bemiects; K — koaddurpent
PONOPLUOHATILHOCTH.

[TomoOHBIE BBIpaKEHUS! HA3BIBAIOT KUHemuuecKumu ypaenenuamu peaxyuii. KodpdumnmeHt
HPOMOPLUUOHATBHOCTH K B KHHETHYECKOM YpaBHCHUH HA3bIBAIOT KOHCMAHMOoU ckopocmu. KoHcTaHTa
CKOpPOCTH YHCIIEHHO paBHA CKOPOCTH PEAKIMH MPU KOHIEHTPAIMIX pearupyromnx BenecTs 1 Mob/m;
K 3aBHCHT OT MpHPOJBI PEarupyroIIUX BEIIECTB, TEMIIEPATypPbl, ClOcO0a BHIPAKEHHS KOHIICHTpPAIIWH,
HO HE 3aBUCHT OT BEJIMYMHBI KOHIICHTPALIMU Pearupyrominx BEemecTB.

Jns eemepocennvix peakyuti KoHyewmpayuu meepobix 6eujecms 8 YpasHeHue CKOpPOCmU He
8KII0YArOMCcs, TaK Kak peakius UIeT TOJIBKO Ha MOBEPXHOCTH pazzaena ¢a3. Hampumep, kuHeTndeckoe
ypaBHenwue peakiu roperns yrisi C(tB)+0,(r)=CO,(r) Oyaet umets Bua : v =K-[O5].

CymMa rokasateneil cTerneHeil KOHIIEHTPAIuii PeareHTOB B KWHETHYECKOM YPaBHEHUH PEaKIuu
HAa3bIBACTCS HOPAOKOM Xumuueckou peaxyuu. ITopsaok Mo JaHHOMY BEUIECTBY (YacmHblil ROPAOOK)
OTIpeIeIsIeTCs KaK IMoKa3aTellb CTETIeH! NP KOHIIEHTPAIMK 3TOTro BenlecTBa. Hanpumep, o0muit mopsi-
1ok peakuuu: Hy + 1 = 2HI paBen aBymMm, 4acTHBIE MOPSAIKHU MO BOJOPOY M IO MOAY PaBHBI €AMHMUIIE,
T.K. v=K - [Hg] - [I2].

3. TemnepaTtypa. 3aBUCUMOCTb CKOPOCTH PEAKLIUU OT TEMIEPATyphl BBIPAKACTCS MPAGUIOM
Banm-T'oghgpa (1884r.): npu nosvluenuu memnepamypvl Ha Kaxcovle 0ecsimsb 2padyco8 CKOpoCmb pe-
axkyuu gospacmaem npumepho 8 2 - 4 paza. MaremaTnueckoe BelpaxkxeHue npasuia Baut-I'odda:

D=0y V10
II€ 01 U 22— CKOPOCTh peakiuu mpH t u tp; At = tp — t3; v — TemmepatypHbiii K03QHUITMEHT, TOKa3bI-
BAIOIIMIA, BO CKOJIBKO pa3 YBEJIMUMBACTCSA CKOPOCTh PEAKLIMHU MPH MOBBIIIEHUN Temiiepatypsl Ha 10 °C.
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3aBHUCHMOCTh KOHCTaHTBI CKOPOCTH PEAKIIUU OT TeMIIePaTyphl BEIPAXKAETCS ypaBHEHUEM Appe-

Huyca (1889r.):

k=A-e ERT
rae E — sHeprus aktuBanuu, Kain/mMoib; J[»/MoJb; € — OCHOBaHHE HATypajbHOTO jJorapupma; A — mo-
CTOSTHHAsI, HE 3aBHCALIAst OT TeMIepaTypbl; R — razoBas mocTosiHHAs.

Bnusinue temmeparypbl Ha CKOPOCTh PEAKIMH OOBACHSAETCS TEM, YTO MPH MOBBIIICHUU TEMIIe-
patypsl pe3Ko (B TeOMETPHUYECKON POTPECCUH ) BO3PACTAET YHCIIO AaKTHBHBIX MOJIEKYJ.

4. [loBepXHOCTH pearupyouux BelecTB U AaBjeHue. B cemepocennvix peakyusx B3auMoaei-
CTBHE BEUIECTB MPOUCXOAUT Ha TMOBEPXHOCTH pazzena ¢a3, U uyem Ooavbuie niouadd Mo no8epxXHo-
cmu, mem @vlule CKOpocmb peakyuu. B TaHHOM ciyyae yBeJIMYEHHE MOBEPXHOCTH COIPHUKOCHOBEHUS
COOTBETCTBYET YBEIMUCHHUIO KOHIICHTPAIINH PEarupyromuX BEeIeCTB.

Ha ckopocTh peakumii ¢ ydacTHEM 2a3000pasubix 6eujecms, BIHUSIET HU3MEHEHHE OdgleHUs.
YMeHBIIICHHE WM YBEIIMYCHUE JIaBJICHUS MPUBOJUT K COOTBETCTBYIOIIMM U3MEHEHUsM o0beMa, a To-
CKOJIBKY KOJIMYECTBA BEIIECTB IIPHU ATOM HE M3MEHSIOTCA, OyAYyT U3MEHSATHCS KOHIIEHTPAIMHU pearupy-
IOLINX BEILECTB.

5. Karanu3. OHUM U3 METO/I0OB YCKOPEHUSI XMMUYECKOM peakliuu SBISIETCS KaTajan3, KOTOPBIN
OCYILECTBISICTCS MPH MOMOIIM BBEICHHUS KaTaJu3aTOPOB, YBEIUYMBAIOUINX CKOPOCTh PEAKIMU, HO HE
pacxoayrouxcs B pe3yiabTaTe ee MNpoTeKaHus. MexaHu3M JeMCTBUS KaTalu3aropa CBOJIUTCS K
YMEHBIICHUIO PHEPTUN aKTHBALMU PEAKIMH, T.€. K YMEHBIICHUIO Pa3HOCTH MEXIY CpeAHEH dHepruei
aKTUBHBIX MOJIEKYJ M CPEIHEN SHEeprueil MOJEKysl UCXOTHBIX BemiecTB. CKOPOCTh XUMUYECKON peak-
[IUH TIPU TOM yBenn4uBaercs. Kak nmpaBuiio, TEpMUH «Kamaauzamopy» NPUMEHSIOT K TEM BELIeCTBaM,
KOTOpBIE YBEJIMYUBAIOT CKOPOCTh XMMHUYECKOW peakiuu. BelecTBa, KOTOpble YMEHBIIAIOT CKOPOCTh
peaxkiuy, Ha3blBAIOT UHZUOUMOPAMU.

KaranuzaTopsl NpUHUMAIOT caMOe HEMOCPEACTBEHHOE y4acTHe B MpOIEcce, HO M0 OKOHYAHUU
€ro MOTYT OBITh BBIJICJIICHBI U3 PEAKIIMOHHON CMECH B MCXOJIHOM KoyimdecTBe. [l KaTaau3aTopoB Xa-
paKkTepHa CeleKmueHOCHb, T.€. CIIOCOOHOCTh BIMATH Ha MPOXOXKJICHHUE PEaKIUU B ONpeAeNEHHOM
HaINpaBJICHUH, MOATOMY M3 OJHHX M TEX € HMCXOJHBIX BEIIECTB MOTYT OBITh TMOJYYCHBI Pa3INIHBIC
MPOJYKTHI B 3aBUCUMOCTH OT MCIIOJIb3YEMOT0 KaTalnu3aTopa.

Oco0oe MecTo 3aHMMAIOT OMOKATATM3aTOPBI — ¢hepmeHnmbl, TPEICTABIIAIOMNE COOON OCIKH.
@DepMeHThI 0Ka3bIBAIOT BIUSHUE HAa CKOPOCTU CTPOTO OMPEIENIEHHBIX PEaKIuii, T. €. 00IagaroT OYeHb
BBICOKOW CEIIEKTHBHOCTBIO. DEepMEHTHI YCKOPSIIOT PEeakiid B MULTHAP/IBI U TPUJLUIHOHBI Pa3 MPU KOM-
HaTHOM Temreparype. [Ipu MoBbIIIEHHON TemMmepaType OHH TepPSIOT CBOK aKTUBHOCTbH, TaK Kak MPOHUC-
XOJIUT JIEHATypaIus OeIKOB.

PasnuyaroT nBa TUMA KaTalu3a: 20MO2eHHbLI KAMAau3, KOrjaa KaTanu3aTop U UCXOIHbIE Bellle-
CTBa HaXOJATCs B OJIHOM (aze, U cemepozenHblil, KOTAA KaTalIU3aTop U UCXOJHbIE BEIIECTBA HAXOAT-
csl B pasHbIX (hazax, T.e. peaklMu MPOTEKaI0T Ha MOBEPXHOCTH Karaiu3aTopa. Karanuzarop He BiuseT
Ha COCTOSTHUE PAaBHOBECHS B CHCTEME, a JIMIIh U3MEHIET CKOPOCTh, C KOTOPOH TOCTUTAETCS 3TO COCTOS-
HUE. DTO cleayeT U3 TOTO, YTO PABHOBECHIO OTBEUAET MUHHUMYM H300apHO-HU30TEPMUYECKOTO MOTEH-
nuana (oHeprum ['m66ca), 1 KOHCTAHTA PaBHOBECHS UMEET OJIMHAKOBOE 3HAUYCHHE, KaK B MPUCYTCTBUHU
KaTajan3aTopa, Tak u 0e3 Hero.

Xumuueckoe pagnogecue

Bce xuMudeckue peakiuu ¢ TOUYKH 3pEHHsS] OOPaTUMOCTH MOKHO Pa3lAeNuTh HA OOpaTHUMbIE U
HeoOpaTumble. OOpaTHMBIMHM Ha3BIBAIOTCS PEAKIUH, TPOTEKAOIINE OJHOBPEMEHHO B JIBYX MPOTHBO-
MOJIOXKHBIX HANPaBIICHUSX; HEOOPATUMBIMH — PEAKIIMH, TIPOTEKAIOIINE MPAKTUYECKH 0 KOHIA B OJ-
HOM HaIpaBJICHUU.

[TpusHakaMu npakmuyeckou Heobpamumocmu Peakui IBISIOTCS:

1) Beimenenue raza: Na,CO3; + 2HCI = 2NaCl + H,0 + CO,71;

2) Beimagenue ocazaka: BaCl, + Na,SO4 = BaSO,4| [1+ 2NaCl,;

3) obpazoBaHHE MaJIO JUCCOIMUPYIOIIETO BEIIECTBA (CI1a00T0 DIIEKTPOIUTA):
NaOH + HCI = NaCl + H,0;

4) BbIENIEHNE OOJIBLIOTO KOJMYECTBA SHEPTHU:

H, + Cl, = 2HCI |, + Q (peakiust mpoTeKaeT co B3PHIBOM).

BoNBIIMHCTBO XUMUYECKUX TPOIIECCOB SBISIOTCS OOPATUMBIMH, T.€. IPU OJJHUX U TE€X XKE YCIO-
BUSIX MPOTEKAIOT MpsiMasi M oOpatHas peakiuu. CocTossHUE 00paTUMOro mpoliecca, P KOTOPOM CKO-
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POCTH TPsSMON U 0OpaTHOM peakiuil paBHBI, HA3bIBAIOT XUMHUYECKHM paBHOBecHeM. HeoOXxoanMeiM
MPHU3HAKOM XHMHUYECKOTO (TEPMOJMHAMHYECKOTO) PaBHOBECHS CHUCTEMBI SIBIISIETCSI HEU3MEHHOCTH €€
COCTOSIHUSI BO BPEMEHH IPU 33JaHHBIX BHEITHUX YCIOBHIX. XMMHUYECKOE PaBHOBECHE HOCUT JUHAMH-
YEeCKHI XapaKTep: KaKoe KOJIMYECTBO HCXOTHBIX BEIIECTB BCTYIAET B PEAKIIMIO, TAKOE ke 00pa3yercs B
pe3ynbrate oOpatHoi peakmmu. CucTeMa CTPEMUTCS K MHHHMYMY CBOOOJHOW 3HEpPTUH, KOTOPBIH
HaOJTIOaeTCsl B COCTOSTHUM PaBHOBECHs. XUMHUYECKHE PAaBHOBECHS Yallle BCETO M3YYaAIOTCS MPH TMOCTO-
STHHOM JIaBJICHUU W TEMIIEpaType.

Kaxmoe moaBmKHOE XMMUYECKOE PABHOBECHE XapaKTEPU3YEeTCsS CBOCH KOHCTAHTON — KOHCTAH-
Toii paBHoBecus K,,. [lns cucrems! aA+bB < cC+dD
CKOPOCTB IIPSIMOM PEAKIMU: Dy =K1 [A] ] B]b ;

CKOPOCTb 0OPATHOM PEAKLUH: 0,5, =Ko [C] [ D]d :

[TpuMeHss 3aKOH JCHCTBYIONIMX MAaccC K MPSIMON M 00OpaTHOW peaklusM OOpaTHMOTO Ipolecca

MOJIYYalOT BEIPAXKEHUE JIJIS pacyeTa KOHCTAHTHl XUMUYECKOTO PaBHOBECHSI:

Kp = ki/ko = [C]* [ D]/ [A]* *[ B]°,
rae K, — KOoHCTaHTa XMMHUYECKOTO PaBHOBECHS (3aBUCHT OT MPHUPOJIBI BEUIECTB, TEMIIEPATYpPhl U J1aB-
nenns); [A],[B],[M],[D] — paBHOBecHbIe MOJSPHBIE KOHIICHTPAIIMK PEATHPYIONIUX BEIIECTB, MOJIL/T; 4,
b, ¢, d — crexuomerpuueckre K03()(HUIMEHTHI PEarupyrOIIUX BEIIECTB.

B cocmosinuu pasnosecusi omuoulenue npouzsederust KOHYeHmpayuii npooyKmoe8 peakyuu K
NPoU3BEOCeHUI0 KOHYEHMPAayUull UCXOOHBIX 8eUjeCma NOCMOSAHHO, NPUYeM KOHYEHMPAayus Kaxcooz2o ee-
wecmea 63sma 6 CmeneHu, PasHoU YUCy Moaell 8ewecmsa, Y4acmsyloumux 8 peaKyuu.

Bennuraa KOHCTaHTBHI XUMHUYECKOTO PAaBHOBECHUS XapaKTEPHU3YyeT MOJHOTY POTEKaHUs 00paTh-
Moii peakiuu. Yem Oobine BenmdyrHa Kp, TeM rTy0xke MPOTeKaeT peakiiys, T. €. TeM O0JIbIle 00pa3yer-
Csl TIPOYKTOB PEAKIIHH.

Hampumep, mis cucremsl 2NO + O, «» 2NO, KOHCTaHTBI XUMHUYECKOTO paBHOBecHs paBHa: Kp
= [NO2]% [NOJ[O3].

B cnyuae cemepocennvix peaxyuii B BBIpOXCHHE JJISI KOHCTAHTHI PABHOBECHS BXOJST TOJBKO
KOHIICHTpAIlUU T€X BEIIECTB, KOTOPbIE HaXOAATCs B ra3oBoil daze. Hanpumep, mis peakiuu CO, + C
— 2CO koHcranTa paBHOBecus umeet Bux: Kp = [CO]Y/[COs].

JIist peaknuid, MPOTEKAIONIMX MEXKIY ra3000pa3HbIMH BEIIECTBAMH, KOHCTAHTA PAaBHOBECHS MO-
eT ObITh BhIPOKEHA U Yepe3 MaplHaibHbIe JaBJICHUS PEarupyroIuX BelecTB. B o0mem ciyvyae KoH-
cranTa paBHoBecusi Kp OMmKHA OBITH BRIpaKEHA YEPe3 aKmMueHOCMU a PEAaTHpYIONINX BemecTB. Jls
UOeanIbHbIX PACTBOPOB KOA(DGUIIMEHTHI AKTUBHOCTH PAaBHBI IMHUIIC, aKTUBHOCTU OYAYT paBHBI MOJISIP-
HBIM KOHIIeHTpanusM. KorcranTa paBHOBecHs Kp XMMHUYECKO# peakIuu CBsi3aHa CO CTaHIAPTHBIM H3-
MeHeHueM sHepruu ['n66ca ypaBHeHHEM:

AG’r = — RTInK,= - 2,3RTIgKp,.

dakTOopbl, BIUAIIAE HA KOHCTAHTY PaBHOBECHsI: OCHOBHBIM (DaKTOpOM, BIIMSIONIMM Ha
KOHCTaHTy PaBHOBECHSI, SIBIISIETCS NPUPOOAd peasupyiouux euecms, IpOIYHOCTh XUMUIECKHUX CBS3CH B
coeMHEHUsX. [IpyruM (GpakTopoM, ONPEIEeIIIONIM 3HAaUeHIUEe KOHCTAHThI PABHOBECHS, CITYXKUT memne-
pamypa. 3asucumocms KOHCTAHTHI PAaBHOBECHS OT TEMIIEPaTYPhl BBIPAKACTCS YPaBHECHHEM:

InKp = -AH/RT + AS/R

KoHcTaHTa paBHOBECHS HE 3aBUCHUT OT MAPIIUATBHBIX JaBICHUA U KOHIICHTPAIIMHA Pearupyronmx
BemecTB. X U3MeHeHHe BIUSET TOJIBKO Ha CMEIICHHE MOJIOKEHUs PABHOBECHUS U CTEIEHb MpeBpallie-
HUs BemecTB. Cmenens npeepaujenus BENIECTBA — OTHOIICHUE KOJMYECTBA BEUIECTBA B PABHOBECHOM
CMECH K HCXOJIHOMY KOJIMYECTBY STOTO BEIECTBA.

Cmeuenue Xumuueckozo pasHo8ecus
CocTosiHMEe XUMHUYECKOTO PAaBHOBECHUSI COXPAHSETCS CKOJb YTOAHO JIOJITO MPU HEM3MEHHBIX YCIIO-
BHSIX — TEMIIEpaType, JaBJICHUH, KOHIIEHTpanuu. JIFo0oe N3MEHEHHE 3TUX YCIIOBHU HAPYIIAeT COCTOS-
HUE XUMUYECKOTO PaBHOBECHUS, TaK KaK HApyIIaeTCs paBEHCTBO CKOPOCTEH MpsMOil U oOpaTHOM peak-
U, HO Yepe3 HEKOTOPBIA MPOMEKYTOK BPEMEHH YCTaHABIMBACTCS HOBOE COCTOSTHUE paBHOBecwHs. [le-
pPEXOA CUCTEMBI M3 OJHOTO PAaBHOBECHOTO COCTOSHUS B JAPYroe B pe3yJbTaTe M3MEHEHUS YCIIOBHMA
HA3bIBACTCS CMeU|eHUEM WU COBUZOM XUMUUECKO20 PAGHOBECUS.

OOImUM TIPUHIIMIIOM CMEIICHUS TOJIOKEHUS PaBHOBECHS B CHCTeMe sBJIseTcs mpuHmun Jle-
Hlartenwe: eciu Ha cucmemy, HAXOOAWYIOCA 8 COCMOSHUU PABHOBECUS, OKA3AMb 6HeulHee 8030eli-
cmeue, mo pasHogecue CMeCmMumcs 6 CIopoHy Mol peakyuu, KOmopas ociabasem 3mo 8030elicmaue.
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Ha cMmeleHue XMMH4Y€CKOr0 paBHOBeCHS BIHSIOT cjieaywomue GakTopsbl:

a) UsMeHeHue KOHYeHmMpayuil peasupyrowux eeujecma. Tpyu TOBBIIICHHH KOHIIEHTPAIIMHA OHOTO
U3 BEUIECTB XMMHUYECKOE PABHOBECHE CMEIIAETCS] B CTOPOHY TOW peakIiH, KOTOpas YMEHbIIAeT KOH-
[EHTPAIMIO TOrO BEIIECTBA, T.C. NPU YBEIMUYCHUHM KOHIICHTPALMU HCXOHBIX BEIIECTB XUMHUYECKOE
paBHOBECHE CMEIACTCS B CTOPOHY 00pa30BaHUs MPOIYKTOB PEaKIH U HA000pOT;

0) usmenenue oasnenus (I peakui B ra3oBoi (aze): Mpu yBEJIWUYCHUU JABJICHHUS XUMUYE-
CKO€ pPaBHOBECHE B CUCTEME CMECTHTCS B CTOPOHY TOW peakluu, B pe3yJabTaTe KOTOPOH yMEHBIIACTCS
00BbEM CHUCTEMBI (JUIsI peaklui, MPOTEKAIUX C YYaCTHEM ra3000pa3HbIX BEIIECTB — B CTOPOHY TOH
peakIuu, KOTopasi BeIeT K 00pa30BaHUI0 MEHBIINX KOINYEeCTB (00bEMOB) Ia3000pa3HBIX BEIIECTB);

B) U3MeEHeHUe meMnepanmypul. TIPU TIOBBIIICHUH TEMIIEpaTypbl XHMUYECKOE paBHOBECHE CMEIIIa-
eTCsl B CTOPOHY 3HIOTePMHYECKOH peakiuu (— Q); npu MOHMKSHUHM TEMIIEPAaTypbl — B CTOPOHY 3K30-
TepMudeckoit peaxiuu (+ Q).

IIpuMepsI pelieHUs1 THMOBBIX 32124

3anaua 1. Beruucaure Teriory cropanus 3tmiioBoro cnupta CoHsOH.

Pewenue. ypaBHEHHE PEaKIMKM TOPEHUS STHIOBOIO CIIUPTA UMEET BHUI:
CszOH(;K) + 302 =2C0O, + 3H20(mg), AH=?
AH, = (2 AH%g5(CO;) + AH95(HyO(ra))) — AH08(C2H5OH);
AH . = 2(-393,51) + 3(—241,84) — (—277,63) = —1234,91 x/Ix/Monb.

3agaua 2. PaccuuTaiite TCIIoBOM 3 (GeKT peakinu OKHCICHUS KPEMHHs, MPOTEKAIOIIHEH 110
ypaBHEHHIO: Sig+2H2030=S10200+2Hy(r), 10 cTaHAAPTHBIM TEIIIOTaM 00pa30BaHUs BEIIECTB.

Pewenue: HaxoUM CTaHIAPTHBIC TEIIOTH 00Pa30BaHHUs BEIIECTB (CM. IPUJIOKEHHUE):
AH%05(Si0509)= — 859,3 kJIx/momb;  AH%g8(H20(0)= — 285,8 K JIk/MOIIb.
TemmoBoii 3¢ ekt peakiun AH%gg paccYMThIBacM 10 YPABHEHHIO MIEPBOTO CIIEICTBUS U3 3aKoHa [ecca:

AHOP_MZ Y i AH 0g(koneun.pon.) — Y. jAH y(ncxo/H.B-B).
Y4uTBIBas, YTO TEIUIOTHl OOpPA30BaHMS MPOCTHIX BEHIECTB PaBHbI HYJIIO, HAXOJUM TEIUIOBOH A eKT
peaKuHH
AH p-HK =AH zgg(SIOZ(k)) ZAH 298(H20()K))— —859 3 —2(— 285 8) —287 7 KI[)K

3agaua 3. Mcxoas w3 TEIUIOTHI 00pa3oBaHUs ra3000pa3HOro TUOKCHAA Yriepoja AH® 208= —
393,5 kJIx/mMonb 1 TepMOXI/IMH‘ICCKOFO YpaBHEHUS:
C (rpagur) + 2N20 1y =CO2 (1 + 2Ny ; AH=— 557 5 xJlx , BeranciuTe TennoTy oopasoBaHus NoO (.

Pemenue. TEII0BOM 3P dexT peaKI_II/II/I AHPgs pEaKIMy paBeH:
AH o w= . | AH 298(KOH€qH npoz[ )— > JAH 298(I/ICXOILH B-B);
AH p = =(AH,44(CO; ) + 2AH %208(N; ™)) (AH 05 C (rpadpur)) F 2AH%05N,0 (r)), OTCIOIA: AH
aw—=AH 298(C02 ®) — 2AH ,65N,0 @), T.K, AH%gs MIPOCTHIX BEIIECTB PaBHBI HYJIIO.
BLIchn;IeM Tel'[J'IOTy obpazoBanus N2O ()
AH%9N,0=(AH 208(CO; (1)) — AH,,,1,)/2=((~ 393,5— (-557,5))/2=82 K J[/MOIIb.

3agaua 4. Boruncaure AG 298 IS peakiuy TpoTekaromei mo ypasHenuo: TiOyx) + 2Cyy =
Tigy+ 2CO(y), ecru U3BECTHO, YTO AH? 20=718 k]I, AS=365 J[)/K. Bo3M0OXHO 7T TIpOTeKaHUE JTAHHOM
peaKIMK B CTAHJAPTHBIX YCIOBHSX?

Pewenue: Viamenenne n300apHO-H30TEPMHUYECKOTO IMOTSHIIMAJIA OTIPEILIISICTCS 110 YPABHCHHUIO:
AG = AH - TAS.
AGOp m=718 — 298-365- 10 3 = 609,2 k/x. 3Hak AG® TOKa3bIBaeT HAIPABICHHE CAMONIPOU3BOJIBHOTO
MPOTEKAHUS PEaKIUu; AG° p-mn > 0, IOOTOMY B CTaHJAPTHBIX YCJIOBUSIX JaHHAs PEaKIUs CaMOIIPOM3-
BOJILHO MPOTEKATh HE OyIeT.

3amaua 5. Onpenenure Temneparypy, Ipu KOTOpoi HaxoauTcst B paBHoBecuu cucrema: NHsz ()
+ HCl (r) < NH4C| (x) -

Pewenue: n3MeHeHne n300apHO-U30TEPMUYECKOTO MOTEHIIMANA OMPEIESETCs 10 YPABHEHHUIO:
AG = AH — TAS , T.K. Ipu paBHOBECHH WU3MEHEHHE CBOOOIHON dHEpruu paBHO HYIIO (AG = 0), TO TeM-
nepaTypa, Ipu KOTOpoil cucTeMa HaxouTcs B paBHOBecHH, paBHa T = AH/AS.

Onpenensem TemiaoBoi 3G(HEeKT B peakiuu o0pa3oBaHUs XJOpUAa aMMOHHS U3 Ta3000pa3HbIX
aMMI/IaKa u xno&mcmro BOJIOpOA no YPaBHEHHUIO HepBoro caeACcTBMS U3 3akoHa ['ecca:

AH® p-mn= AH 208(NH4Cl()) — (AH 208(NH3) +AH 298(HC|(1—))) (craHmapTHBIE TEIJIOTHI 0Opa3oOBaHUs

BEIIIECTB CM. MIPUIIOKEHHUE);
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AH®,.,.;= —315,4-(-92,3) —(—46,2)= —176,9 k]I
OnpenenseM S3HTPOMUIO PEAKIIUH:
AS%yu= AS%298(NH,Cl ) — (AS 208(NH3 ) + AS%98(HCI (1));
AS,.= 94,6-192,5 ~186,7= —284,6 [ mm —284,6-10° xJIx.
Temneparypa, pu KOTOPOM CUCTEMA HAXOAUTCS B PAaBHOBECHH:
T = AH/AS=—176,9 /-284,6-10°= 621,6 K.
3angaya 6. He npon3Bozs BEIUMCIICHUH, ONPENENUTh 3HAK U3MEHEHHUS SHTPOIHUHU B CIIEIYIOIIUX
pCaKIuAX:

NHsNO3 ®) = N,O T 2H20(r) (1),
2H; 1y + 02 (n = 2H20( (2);
2H, @ T O, = 2H20(>K) (3)

Pewenue: B peakuyu (1) 1 Monp BemiecTBa B KPUCTAUIMYECKOM COCTOSIHMM 00OpasyeT 3 Mo
ra3oB, ciefoBarenbHo, AS;> 0. B peaknusax (2) u (3) ymeHbIaeTcs Kak oOIee 4ucio MOJeH, Tak u
YHUCJIO MOJIEH ra3000pa3HbIX BemiecTB, Tak 4To ASy; < 0 u ASz > 0. IIpu atom AS3 umeer Oonee oTpu-
HarenbpHoe 3Ha4yeHue, 4ueM AS; , tak kak AS; (H2Ox) < ASz (H20().

3anaua 7. Onpenenuth 3Hakun  AH, AS, AG nns peakuuu:

AB + Bar) = ABs(), potekaromieit nmpu temmeparype 298 K B npsimom Hanpasnenuu. Kax Oyzaer us-
MeHsAThCs 3HaueHne AG ¢ pocToM TemrepaTypsi?

Pewenue: caMonpon3BOJIBHOE TIPOTEKAHUE PEAKIIUU YKa3bIBaeT Ha TO, 4To s Hee AG < 0. B
pe3ynbTaTe peakiuu OoOIlee YUCIIO YacTHIl B CHUCTEME YMEHbBIIAETCs, MPUUYEeM pacxoayercs ras B, a
oOpa3yercss KpHCTaNIMYECKoe BemecTBo AB3; 3TO 03HAa4YaeT, 4To CHCTeMa MEePEXOANT B COCTOSHHUE C
0osiee BBHICOKOW YIOPSIOUEHHOCTBIO, T. €. i paccMaTpuBaemoid peakiuu AS < 0. Takum oOpaszom, B
ypaBHeHnn AG = AH — TAS Bemnunnaa AG — oTpunarensHa, a BTOPOW WICH MPaBOW YaCTH YPaBHEHUS
(— TAS) nonoxxuteneH. To BO3MOXKHO TOJBKO B TOM ciydyae, eciid AH < 0. C poctoM TeMmepaTypsl
MOJIOKHUTEITbHOE 3HaueHue wieHa — TAS B ypaBHeHHH BO3pacTaeT, Tak 4ro BennunHa AG Oyzaer craHo-
BUTHCS MEHEE OTPULIATEIHHOM.

3agaua 8. Bo CKOIBKO pa3 M3MEHHUTCS CKOPOCTh PEAKIIUH TIPU TIOHIKECHHH Temneparypsl ot 40°
110 20 °C, eciu TeMIepaTypHbIi koddunrent pasex 2,57

Pewenue: ecny HEKOTOpas XMMUYECKasl peaklus UMeeT Yy = 2,5, a TeMIieparypa MEHSETCS OT
40° 10 20 °C, TO M3MEHEHHE CKOPOCTH PEaKIMH MOXKHO PACCUMTATD T10 bopmyne: vy v =y AUIO - o 0y
=2,5%02010 = 2 520-6 95 (CkopocTb peakuun yMeHbIIHTCS B 6,25.

3agaua 9. Bo ckoibKkO pa3 M3MEHHUTCS CKOPOCTh MPSMOM M OOpaTHOM peakiu B CHUCTEME:
2S02(1)+O21y>2S03(y,

a) eci 00beM Ta30BOM CMECH YMEHBIINTD B 4 pasa;
0) ecu TaBJICHHUE B CUCTEME YBEJIMUUTD B 2 pa3a’?

Pewenue: 3anuiieM BbIpaXeHHE 3aKOHA IEHCTBYIONIMX MACC JJIsi CKOPOCTH MPSMOI 1 CKOPOCTH
00paTHOM peaKIuu:

Uiy =Kip[SO2][O2]; Vosp=Kosp[SO3]*.

a) YMeHbllleHne o0bema ra3oBoil cMecu B 4 pa3a paBHOCHIJIBHO YBEIUYCHHUIO KOHIICHTPAIIMH pPe-
areHTOB B 4 pa3a, II03TOMY II0C/IC YMEHBIIECHHS 00beMa CKOPOCTh MPSMOIt (V'yp) B CKOPOCTh 0OpaTHON
(v'osp) peakmmit OyayT paBHEI

V'np=Kip(4[SO2])[402]=64K,,,[SO,]*[O];

V'06p =Kosp(4[SO3])*=16Ko5,[SO3]%;
OTCIOJIA: V'np/ Vyp = 64 M V'ogp/ Vosp= 16, TO €CTH CKOPOCTH NMPAMON pEAKIMK yBEJIUYUTCS B 64 pasa, a
CKOpPOCTb 00paTHOM peakiuy yBEIUUUTCS TOJIBKO B 16 pas.

0) YBenudeHne 1aBleHUs B 2 pa3a paBHOCHIIBHO YBEJIMUYEHUIO KOHIIEHTPAIUU BEIIECTB B 2 pa-

3a:

V'p=Kip(2[SO,])°[202]=8K,,,[SO2]°[O2];

V'os=Koop(2[SOa]) =4k, [SOs;
OTCIOJIa, TIPH YBEIMYEHUU JIaBICHUS B 2 pa3a CKOPOCTh MPSMOM peakIuu yBeIUYuTCs B 8 pas, a CKo-
POCTh OOpaTHOM peakIuy YBETUIUTCS B 4 pasa.

3agauya 10. IIpenckaxure ycCIOBUS, NPH KOTOPHIX paBHOBecHe oOpatmmoil peakmmu: Ca-
CO3(y>Ca0)+COyy ; AH=—-177, 99 xJIk, cMECTUTCS B CTOPOHY NPOTEKAHUS MPSIMOI peakLuu.
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Pewenue: cornacHo npaswiy Jle Illarense, ecian Ha cucTeMy, HaAXOIAUIYIOCS B PaBHOBECHH,
MIPOU3BOJIUTCS KaKoe-JIMOO BHELTHEE BO3IEUCTBUE TyTEM U3MEHEHUS TEPMOAMHAMUYECKUX TapaMeTPOB
(TeMriepaTypbl, 1aBIEHUS, KOHIICHTPAIMH), TO OHO OJIArOMPHUATCTBYET MPOTEKAHUIO TOW U3 JBYX IPO-
THUBOIMOJIOXKHBIX PEaKIii, KOTopas 0ciadiigeT 3TO BO3/CIICTBHE.

PaccmoTpuM BiMsiHHE TEMIIEpaTyphl Ha MOJIOKEHHE PAaBHOBECHUS B JAHHOHN CHCTEME: H3MEHEHUE
SHTAIBIINK JaHHOW cucTeMbl AH>0, cienoBaTenbHO, MpsiMas peakiiys ABJISIETCS YHIOTEPMHUUSCKON (—
Q), MOATOMY MOBHIIIEHHE TEMIIEPATyphl OYJeT criocoOCTBOBATH €€ MPOTEKAHUI0, U PAaBHOBECHE peak-
MU CMECTHUTCS B CTOPOHY pasnoxkenus CaCOs.

JlaBieHue oka3bIBaeT BIUSHUE HA paBHOBECHE OOpaTUMOI peakly B TOM cllydae, Korja B pe-
3yJIbTaTe €€ MPOTEKaHUs U3MEHSETCS YMCIIO MOJIeH ra3000pa3HbIX BEIIECTB. B s1eBoif yacTu ypaBHEHUS
peakiuu razoo0pa3Hble BEIIeCTBa OTCYTCTBYIOT, B mpaBoil yacTu umeercs 1 moib CO;. U3menenue
qrciIa MOJIel Ta3000pa3HbIX BemecTB AN B pe3ysbTaTe MPOTEKaHHUs MPSAMON peakuu paBHO: AN = Ny—
n; = 1- 0 = 1, 310 03HAYaeT, 4ToO mpsAMas peakius MPOTEKAeT C yBEIWYECHUEM 0O0beMa ra3000pa3HbIX
BEIIECTB, IO3TOMY €€ MIPOTEKaHHIO OyeT OJIaronpusTCTBOBAThH MOHIKEHHUE JaBJICHHS B CUCTEME.

BnusiHue KOHLIEHTpalMK pearupyroux BEeUIECTB Ha CKOPOCTh PEaKLUU OMUCHIBACTCS 3aKOHOM
AEHCTBYIOMUX MACC: U p= Kip 5 V o6p = Kogp[CO2].

Konnenrpanuu tBepasix BemectB (CaCO; u Ca0) He BXOAAT B BBIPOKCHHE JJIS pacdyera CKOPOCTEi
psIMOI 1 00paTHOM peaKIyu, TaK KaKk OHU U3MEHSIOTCS HE3HAYUTENBHO, U 3TO M3MEHEHHUE BKIIIOUEHO B
COOTBETCTBYIOIIYIO KOHCTAHTY CKOPOCTH.

Takum 006pa3oM, CMECTUTH PAaBHOBECHE B CTOPOHY MPOTEKAHUS MPSMOU PEaKIIMH MOYKHO TOJIBKO
CHIDKEHHEM CKOPOCTH OOpaTHOM peakiuu, TO ecTh yMeHblleHneM KoHieHTpanuu CO, myreMm BbIBOJA
ero u3 chepsl peakiuu. Karanmsarop B paBHOH CTENEHH U3MEHSET CKOPOCTh 00EUX MPOTHBOIOIOKHBIX
peaxiuii, MOATOMY He OKa3bIBAET BIUSHUS HAa CMEIIEHUE PABHOBECHSI.

3agaua 11. B cucreme Ay+2B(y = C() paBHOBECHbIE KOHUEHTpAUUU PaBHBI: [A]pas= 0,06
MOJB/1; [Blpasn= 0,12 Moab/11; [Clpasn.= 0,216 mMons/n. Haligure KOHCTaHTY paBHOBECUS PEAKLUH U HC-
XOJIHbIe KOHIICHTpalKHu BemecTB A u B.

Pewenue: KOHCTaHTa paBHOBECHS JTaHHOW peakiu BbIpakactcsi ypaBHeHueM: K= [C] / [A]]
B]2 . IToacraBJisist B HEro JaHHBIC 3a/1a4H, IOJIyJYaeM: K=0,216/0,06'(0,12)2 =2,5.

Jlis HaXx ok /IeHUs UCXOAHBIX KOHIIGHTpaIuii BeuiecTB A u B yutem, 4T0, cOracHO ypaBHEHUIO
peakuuu, u3 1 mosst A u 2 moneit B obpasyercst 1 momnb C. [TockonpKy Mo yCIOBHIO 3a/1a4d B KaXK10M
auTpe cuctemsl oopaszoBanock 0,216 mouns BemectBa C, To pu 3ToM Ob110 U3pacxooano 0,216 mons
BemecrBa A u 0,216 - 2 = 0,432 Mo BemecTBa B.

TakuM 00pa3oM, HCKOMBIE UCXOJHBIE KOHIIEHTPAIIUU PABHBI:

[Ao] = 0,06 + 0,216 = 0,276 moas/it; [Bo] = 0,12 + 0,432 = 0,552 mosb/11.

3agaua 12. B 3akpeiToM cocyne cmemano 8 moneid SO, u 4 monst O,. Peakiust mpotekaet npu
MOCTOSIHHOM Temneparype. K MoMeHTy HacTyIieHusl paBHOBeCHs B peakiuio BcTynaeT 80% nepBoHa-
yanbHOro koiuuecrsa SO,. Ompenenure JaBieHUE I'a30BOM CMeCH NMPH PAaBHOBECHH, €CIIM MCXOIHOE
nasinenue cocrasisuio 300 kl1a.

Pewenue: ypasaenue npotekaromieit peakuuu: 2SO0,y + Ozr)«>2S03ry .

CornacHo yciioBHIO 3a1a4d, B peakiuio Berynmio 80%, 1. e. u3 6,4 mons SO, ocTanock HEH3PACXOI0-
BaHHBIM 1,6 Mo SO;. [To ypaBHenuto peakiuu Ha Kaxabie 2 monst SO, pacxoayercs 1 monb Oz, npu-
gem oopazyercs 2 moist SOs.

CrnenoBarenbHo, Ha 6,4 Mot SO, B peakuuio Betynuiio 3,2 mons Oz u o6pazoBanoch 6,4 Mo
SOg; ocranock HenspacxogpoBaHHbM 4 — 3,2 = 0,8 Mous Oy.

TakuMm o6pazom, obIiee YucIo MOJEH Ta30B COCTABIISLIO 0 MpoTeKaHus peakuuu 8 + 4=12 mo-
JIed, a mocie JocTuxeHus pasHosecus 1,6 + 0,8 + 6,4 = 8,8 mods.

B 3akpbITOM cocy/ie py MOCTOSHHON TeMIlepaType AaBJICHHE Ta30BOM CMECH MPONOPIIMOHAb-
HO 00111eMy KOJIMYECTBY COCTABJISIFOIIMX €€ ra30B.

CnepnoBarenbHo, AasieHue (P) npu paBHOBecun onpenenutes u3 nponopuuu: 12 : 8,8 =300 : P,
otrkyna P = 8,8 - 300/12 = 220 xITa.

3anaua 13. [Ipu HekOTOpPOIl TemIiepaType KOHCTaHTa AUCCOLMAIIMM MOJA0BOI0POA Ha POCThIE
BEIIIECTBA paBHA 6,25-10°2. Kaxoi nporeHT HI quccommupyer mpu 3Toi Temmneparype?

Pewenue: ypasaenue peakuuu nuccounanuu Hl: 2HI—Hy+ 1, OGo3naunM HavanbHYIO KOH-
uentpauuto HIl uepes C (monb/n). Ecniu k MOMEHTY HacTyImieHus: paBHOBecHsI U3 Kaxkapix C mMoreit no-
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JI0BOJIOPO/Ia IUCCOLMUPOBAIIO X MOJIEH, TO MPH 3TOM, COIJIACHO YPAaBHEHHIO peakluH, 00pa3oBaIoch
0,5x mons Hy m 0,5x Mo |o.

Taxkum 006pa3oM, paBHOBECHBIE KOHLIEHTPAIIUH COCTABIISAIOT:
[HI] = (C = x) mounb/x; [Ho] = [12] = 0,5x mounb/m.
[ToncraBuM 3T 3HaYCHHS B BBHIPAKEHHE KOHCTAHTHI PAaBHOBECHUS PEAKIIHH: K= [Hy] [I2]/ [HI]?;
6,25 - 107 =0,5x - 0,5x/(C — x)°.

M3Bnekas u3 006enx yacTteil ypaBHEHUS KBAIPATHBIM KOPEHb, OJIyIUM:
0,25 = 0,5x/(C — x), orkyna x =0, 333C, T.0. K MOMEHTY HAaCTYIUICHHUSI PABHOBECHSI JUCCOIIMUPOBAIIO
33,3% uCX0IHOTO KOJIMYECTBa HOJOBOIOPO/IA.

KontpoabHasi padora Ne 2

OKHCIUTEJIBbHO-BOCCTAHOBUTE/IbHBbIE Peakunu. JaekTpoxumusa. Koppo3us meranios
Tema 7. OKUCIUTENHHO-BOCCTAHOBUTENBHBIE PEAKIMH. DJIEKTPOXUMUYECKUE TMpoiecchl. CyIHOCTh
IIPOLIECCOB OKUCIICHUSA-BOCCTAHOBJIEHUS. BakHellne BOCCTAaHOBUTENIM M OKUCIAUTENH. MeTonabl co-
CTaBJICHUSl YPABHEHUM OKHCIUTEIbHO-BOCCTAHOBUTENIBHBIX peakluil. ['albBaHUYECKUl 2JIEMEHT. DJeK-
Tpoaubie noteHuuanbl. JJIC u ee uamepenue. CTaHAApTHBIM BOAOPOAHBIN 3yekTpona. Bomopoanas
1IKaja noTeHuanos. Y pasuenue Hepucra.. Dnexrponus. 3akon Papanest
HeneBass ycranoBka. V3yunuB JaHHYIO TeMY, KypCaHT JOJKEH 3HATh: BaKHEHIIME BOCCTAHOBUTEIH,
OKHUCIIUTENH. METOIbl COCTABJIEHUS YPaBHEHUN OKHCIWTEIbHO-BOCCTAHOBUTENBHBIX peakuuid. Kiac-
cuuKalrs OKUCIUTEIHHO-BOCCTAHOBUTENBHBIX peakiuil. [ anbBaHHMUECKUN SIEMEHT. DJIEKTPOIHbIC
noteHmansl. J/1C u ee uzmepenue. CtangapTHBIA BOJOPOJHBIN 3JeKTpoa. BomopoaHas mkama mo-
TeHUHasoB. Y paBHeHue HepHcra. Dnekrponus. 3akon Papanes.
KouTtpoJbHbIe BOpochI
Boccranosurenu. Oxuciurenu. Knaccudukanus OKUCIUTENbHO-BOCCTAHOBUTENIBHbBIX PEAKIUI.
["anibBaHUYECKUI ATIEMEHT. DJIEKTPOIHBIE MOTCHIIUAIIBI.
CranmapTHbII BOAOPOIHBIN 351eKTpo. BonopoaHas mikana nOTEHIIMAIOB.
HMoHOCENeKTUBHBIE 3JIEKTPO/BI.
Onektponus. 3akoH Dapajes.
Hcxons 3 crenenn okucneHus Gocdopa B coequnenusx PHsz, H3PO,4, H3PO3, onpenenure, ka-
KO€ U3 HUX SIBIISIETCS TOJIBKO OKHUCIUTEIEM, TOJIHKO BOCCTAHOBUTEJIEM, U KAKOE MOXKET MPOSIBIATH KaK
OKHCJIUTENbHBIC, TAK U BOCCTAHOBUTENIbHBIE CBOMCTBA. [loueMy? Ha ocHOBaHMM 3JIE€KTPOHHBIX ypaBHE-
HUH, paccTaBbTe KOI(PPHUIIMEHTHI B YpPaBHEHUH PEAKIIUH, UIIYIIEH 10 CXeMe:
7. PbS+HNO3; = Pb(NO3),+NO+H,0
8. CocraBbTe CXEMy TaJIbBAHUYECKOTO 3JIEMEHTA, COCTOSILIEr0 M3 IUIACTUH IIMHKA U jKele3a, IMo-
TPYKEHHBIX B paCTBOPHI UX coJiel. Hamummmre 351eKTpOHHbBIE YpaBHEHUS MPOIIECCOB, MPOTEKAOIINX Ha
aHoze W Ha karoze. Kakoi koHIeHTpauu Hajo ObLI0 ObI B3ATh MOHBI kene3a (Moib/n) , uroosr DJC
dJIEeMEHTa CTalla paBHOUW HYJII0, €CITU [Zn2+] = 0,001 momb/n?

SN E

Tema 8. Kopposus. OcHOBHBIE BUIBI KOPPO3UH. METOIBI 3aIIUTHI METAJIOB M CIIABOB OT KOPPO3HH.
[eseBas ycraHoBKa. M3yunB TaHHYIO TEMY, KypCAaHT JOJDKEH 3HAaTh: OCHOBHBIE BU/IbI KOppo3uu. Me-
TOJBI 3AIUTHI METAJIOB U CILJIaBOB OT KOPPO3UHU.

KonTpoJsbHbIe BOPOCHI

1. Koppo3susi. OcHOBHBIE BUABI KOPPO3HUH.
2. MeTobl 3a1UTHl METAJIJIOB U CIUIABOB OT KOPPO3HH.
3. Kenesznoe uznenue MokpbUin HUKeneM. Kakoe 3To mokpbITHE — aHOAHOE Wiu karogHoe? Co-

CTaBbTE JJICKTPOHHBIC YPAaBHEHHS aHOJHOTO W KaTOJHOTO MPOIECCOB KOPPO3WU ITOTO W3JIEIHS MPHU
HapyLIEHUH MOKPBITUS BO BIAKHOM BO3AYXE U B XJIOPOBOJOPOAHOU KHcnoTe. Kakue npoayKTel KOppo-
3uH 00pa3yrOTCs B 000OUX ClTydasx ?

4, CocTaBbTe 2NEKTPOHHBIE YpaBHEHUS aHOJHOTO M KaTOJHOTO MPOIECCOB C KUCIOPOIHON U BO-
JIOPOJTHOM JIenoNpu3alueii mpyu KOppo3uu Nmapbl MarHui — HUKeNb. Kakue mpoaykTel Koppo3uu obpa-
3YIOTCS B TIGPBOM H BO BTOPOM CITyJasix ?
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Peaxkyuu, npomexarowjue ¢ usmeHeHuem CmeneHei OKUCIeHUA XUMUUECKUX ITIeMEHM 08
(oKucaumenbHo-60CcCManOBUmMENbHbIE PEAKUULL).

[TpoTexkaHne XUMUYECKUX PEAKIUN B IIETIOM OOYCIOBICHO OOMEHOM YacTHIIAMU MEXIY pearu-
pyOIKMHU BemiecTBaMu. YacTto 0OMeH COMPOBOXKAAETCS MEPEXO0IOM 3JIEKTPOHOB OT OJHOW YaCTHUIIbI K
npyroi. Tak, mpy BRITECHEHWU IIMHKOM MeJH B pacTBope cynbdara meau (1):

Zn(t) +CuSO4(p)=ZnSO4(p)+Cu(T)
3JIEKTPOHBI OT ATOMOB IIMHKA MEPEXOAT K HOHAM MEJIU:

Zn°= Zn?*+ 2,
Cu** +2e =Cu’,
WU CYyMMapHO: Zn®+ Cu®*= Zn*" + Cu’.

[Iporiecc moTepu SIEKTPOHOB YACTHIICH HA3BIBAIOT OKUC/IEHUEM, a TIPOIECC NMPHOOpETEHUs
3JIEKTPOHOB — goccmanogienuem. OKUCICHUE U BOCCTAHOBJIEHUE IPOTEKAIOT OJJHOBPEMEHHO, IO3TOMY
B3aUMOJICHCTBUS, COITPOBOXKIAIOLINECS ITEPEX0JIOM IEKTPOHOB OT OJHUX YACTHUIL K JPYTUM, HA3bIBAIOT
oKucaumenvbHo-eoccmarosumenvhvimu peaxyuimu (OBP).

s yno6cta onmcanuss OBP HCMONB3yIOT MOHATHE CMeneHu OKUC/IeHUs — BEIIMYUHBI, YHC-
JICHHO paBHOU (hOpMaIbHOMY 3apsily, KOTOPBII MPUOOpPETAeT 3JIEMEHT, UCXOS U3 MPEANOI0KEHUS, UTO
BCE€ AJICKTPOHBI KaXKJIOM U3 €ro CBSI3U IMEpenuid K 0ojiee 3JIEKTPOOTPULIATEIbHOMY aTOMY JIAaHHOTO CO-
eauHenus. [Iporekanue OBP conmpoBoXIaeTcss U3MEHEHHUEM CTENIEHEW OKHUCIICHHS 3JIEMEHTOB y4yacT-
BYIOIIIMX B peaklMM BeulecTB. [Ipr BOCCTAaHOBICHUU CTEIICHb OKUCICHUS DJIEMEHTAa YMEHBIIIACTCS, TIPH
OKHUCJICHUU — yBeJInuuBaeTcs. BelecTBo, B cOCTaB KOTOPOrO0 BXOAUT AJIEMEHT, OHMKAOIIUI CTEIIEHb
OKHCJICHUSI, HA3bIBAIOT OKUCAUMENeM; BEIIECTBO, B COCTaB KOTOPOI'O BXOAUT AJIEMEHT, MOBBIIIAOITII
CTENEHb OKUCIICHUS, HA3bIBAIOT 60CCHMAHOGUM ETIEM..

Cmenenb oxkucieHusi s1emMeHma 6 cOeOUHeHUY onpeoesisiion 8 COOMEEeMCmeUul co cledyiouumu
npasuIamu:

1) creneHb OKHUCIICHHUS 3JIEMEHTA B POCTOM BEIECTBE paBHA HYIIIO;

2) anrebpanyeckas CyMMa BCEX CTEIEHEH OKHMCICHHUsSI aTOMOB B MOJICKYJIe PaBHA HYJIIO;

3) anreOpanueckas cyMMa BCeX CTCIICHEH OKHCIICHHUS aTOMOB B CJIOYKHOM HOHE, & TaK)KE CTEICHb
OKHCJICHUS 3JIEMEHTA B IPOCTOM OJIHOATOMHOM MOHE paBHA 3apsly UOHA;

4) OTpUIATEIbHYIO CTCIICHb OKHUCIICHHUS MPOSBJISIIOT B COCAMHEHHUU ATOMBI 3JIEMEHTA, MMEIOIICTO

HauOOJIBIIYIO JIEKTPOOTPULIATEIBHOCTH;

5) MakcumaibHO BO3MOJKHAsI (ITOJIOXKHUTEIbHAS) CTEIIEHh OKHUCIICHHUS 3JICMEHTa COOTBETCTBYET HO-
Mepy TPYIIIbI, B KOTOPO# pacnonokeH anneMeHT B [lepuoanueckoit Tadnuie .M. Menneneesa.
Psin peMeHTOB B COETMHEHHSIX MPOSIBIISIOT MOCTOSIHHYIO CTETICHb OKU CIICHUS

1) ¢Top, UMErOIIHIT HAUBBICIIYIO CPEIN JIEMEHTOB 3JIEKTPOOTPHUIATEILHOCTh, BO BCEX COCIUHE-
HUSIX UMEET CTENeHb OKUcaeHus —1;

2) BOJOPOJ B COCTUHEHUSX MPOSBIISIET CTENEHb OKUCICHHUS +1, KpoMe THAPHIOB MeTAILIOB (—1);

3) ™etambl |A OATPYIIBI BO BCEX COSAMHEHUSIX UMEIOT CTEIIeHb OKHCICHHS +1;

4) wmertamisl ||A moarpynmel, a Takke [MHK W KaIMHA BO BCEX COCAMHEHHSX HMEIOT CTEINCHb
OKHCIeHHS 12;

5) cremneHb OKHUCIICHHS ATIOMUHHS B COSTHHEHHSX +3;

6) cTemeHb OKUCIICHUS KMCIOPOa B COCIUHCHHUSIX PaBHA —2, 3a UCKJIIOUECHHEM COCIMHEHHM, B KO-
TOPBIX KHCIOPOJ TIPHCYTCTBYET B BHJIE MOJEKYISAPHBIX MOHOB: 02", 0o, 0,%, O3, a TaKxe
dbropunos OxF;.

CreneHu OKUCIICHHS] aTOMOB 3JIEMEHTOB B COCIMHEHHUH 3aIIMCHIBAIOT HAJl CHMBOJIOM JIAHHOTO
3JIeMEHTA, YKa3bIBasi BHAUaJI€ 3HAK CTENIEHU OKUCIIEHUS, a 3aTEM €€ YMCIIEHHOE 3HaUeHue, HalpuMep,
K™Mn*’0,2, B omimame ot 3aps/ia MOHa, KOTOPBIM 3aIMCHIBAIOT CIIPaBa, yKa3biBasi BHAYAJIE 3apsI0BOE
YHCII0, a 3aTEM 3HaK: Fez+, SO42_.

OKHUCIHUTENTBHO-BOCCTAHOBUTEIHHBIE CBOMCTBA aTOMOB PA3JIUYHBIX JIEMEHTOB MPOSBIIIOTCS B
3aBHCHMOCTH OT MHOTUX (DaKTOPOB, BaKHEHIIINE U3 KOTOPHIX — AIEKTPOHHOE CTPOCHHE JIEMEHTa, €r0
CTETNIEHb OKUCIICHUS B BEIIECTBE, XapaKTEP CBOMCTB JAPYTUX YUYaCTHUKOB PEAKITUH.

CoennHeHUs, B COCTaB KOTOPBIX BXOJST aTOMBI SJIEMEHTOB B CBOSH MaKCUMaIbHOU (TIOJIOKHU-
TEILHOMN ) CTETICHN OKHUCIICHHSI, HAIIPUMED, KM n+7O4'2, K2+1Cr+6207'2, H+N+503'2, Pb+402'2, MOTYT
TOJIBKO BOCCTaHABIMBATHCA, BHICTYNAs! B KAUECTBE OKUCIUTEIEH.
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CoenuHEeHHUs, COJIEpIKaIIIe SJICMEHTHI B MIX MUHUMAJIBHON CTETICHN OKUCICHUS, Hanpumep, N
3H3, HZS'Z, Hl'l, MOTYT TOJIbKO OKHCJIATHCS M BBICTYIIATh B KAUECTBE BOCCTAHOBUTEIICH.

BemecTBa, cogepxaiine 3JIeMEHThI B TPOMEKYTOYHBIX CTENCHSIX OKUCIICHUS, HATIPUMeEp
H+N+302, H202'1, SO, ", Cr+3CI3, Mn+402'2, 00JIaIaI0T OKUCIUMENIbHO-80CCIMAHOBUMENIbHOU 0801~
CcmeeHHOCMbio. B 3aBUCUMOCTH OT TIapTHEPA MO PEaKIiy, TAKUE BEIIECTBA CIIOCOOHBI M IPUHUMATh, U
0T/1aBaTh EKTPOHBI. COCTaB MPOAYKTOB BOCCTAHOBIICHUS M OKHCIICHUS TaK)KE 3aBUCUT OT MHOTHX
(hakTOpOB, B TOM YHCIIE CPEIbl, B KOTOPOU MPOTEKAET XUMUYECKasl PEaKIHsl, KOHIIEHTPALUU PEareHTOB,
AKTUBHOCTH IMapTHEPa M0 OKUCIUTEIbHO-BOCCTAHOBUTEIILHOMY Mpolieccy. UToObI COCTaBUTh ypaBHE-
HUE OKHUCIUTEIBHO-BOCCTAHOBUTEIILHOM peaKini, HEOOXOMMO 3HATh, KAaK U3MEHSIOTCS CTEIICHH OKHC-
JICHUS DJIEMEHTOB, B KaKHE IPYrue COCAMHEHUS EPEXOAAT OKUCIUTENb U BOCCTAHOBUTEIIb.

Knaccugpukayun okucnumenvno-eoccmanosumenbhulx peakyuil. Pa3nnyaioT 4eTbIpe TUIA
OKHCJIUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIIUM.

1. MescmonexynapHvie — peakiiuu, B KOTOPBIX OKUCIUTEIb U BOCCTAHOBUTENb — Pa3HbIE Bellle-
cra:  Zn® +Cu*2S0,=Zn*?S0, +CuP.

2. [Ipu TepMUYECKOM PA3JIOKCHHH CJIOKHBIX COSIMHEHHIA, B COCTaB KOTOPBIX BXOJIST OKHCIIH-
TEJIb 1 BOCCTAHOBUTENH B BUJIE aTOMOB Pa3HbBIX DJIEMEHTOB, TPOUCXOAT OKUCITHTEIIBHO-
BOCCTAHOBUTEJIbHBIC PEAKIIUHU, HA3bIBAEMBIC GHYMPUMOJIEKYAAPHLIMU (N'3H4)2Cr+6207: NZOT + Cr+3203
+ 4H,0.

3. Peakuuu oucnponopyuonuposanus MOTYT IPOUCXOAUThH, €CITU COCTUHEHMUS, COJEPIKaIINe
AJIEMEHTHI B IPOMEXKYTOUYHBIX CTEMEHSIX OKUCIICHHUS, TOMAIal0T B YCIOBHSI, IJI€ OHM OKa3bIBAIOTCS He-
YCTOMYMBBIMU (HampuMep, MpH MOBbILIEHHON TeMneparype). CTeneHb OKUCIEHUSI 3TOT0 3JIEMEHTA U
[IOBBIIIAETCA U HOHMUKAETCS: 2H202'1= OOZT +2 H20'2.

4. Peakumivt KOHmMpHpOnopYuoOHUPOB8aHus — 3TO MPOILIECCH B3aUMOICUCTBUS OKUCITUTENSI U BOC-
CTAaHOBUTEJS, B COCTaB KOTOPBIX BXOJMT OJMH M TOT K€ 3JIEMEHT B Pa3HbBIX CTEICHIX OKHCIIeHHs. B pe-
3yJIbTaTe MPOIYKTOM OKHCIICHHS U MPOIYKTOM BOCCTAHOBIICHUS SIBJISIETCS BEIIECTBO C MPOMEKYTOUHOM
CTENEHBIO OKUCIIEHNS aTOMOB JaHHOI'O JIEMEHTA:

Na,S**03 + 2Na,S? + 6HCI = 35%+ 6NaCl + 3H,0.

Cy11ecTBYIOT TaKXe peakluyd CMEIIaHHOTO Tra. HanpuMep, K BHyTPUMOJIEKYISIPHON peakiuu
KOHTPIIPOIIOPLIUOHMPOBAHUS OTHOCUTCS PEAKLIUS PA3JI0KEHHSI HUTpaTa aMMOHHSL: N*Hs N"03 =
N*%0 + 2H,0.

Cocmaegnenue ypagHeHuil OKUCIUMmMeNAbHO-60CCMAHOBUMENbHBIX pPeaKyuil. J1Jisi COCTaBICHUS
yYpaBHEHUN OKHCIUTETHbHO-BOCCTAHOBUTEIBHBIX pEaKIMii Hanboliee 4acTO HCIOJIB3YIOT METOM DJeK-
TPOHHOTO OajlaHca U METOJI AJIEKTPOHHO-UOHHBIX MOTYPEaKIIHiA.

Memoo rnekmponnozo 6ananca oObIYHO UCTIONB3YIOT JUIsl COCTAaBIICHUS YpPaBHEHHI OKHCITH-
TEIHHO-BOCCTAHOBUTEIIBHBIX PEAKIIHA, MPOTEKAIOIINX MEXKIy ra3aMu, TBEPABIMU BEIIECTBAMU U B pac-
miaBax. [locnenoBaTenbHOCTE Onepaluii cieayronias:

1. 3anuceiBaroT HOpMYIIBI peareHTOB U MPOAYKTOB PEAKIIMH B MOJIEKYISIPHOM BUJIE:

FEC|3 + H,S — FeCl, + S + HCI;

2. OmpenenstoT CTENCHN OKUCICHHUS aTOMOB, MEHSIIOIINX €€ B IIPOIIECCEe PEaKIIHH:

Fe**Cl3 + Hy,S? — Fe?*Cl, + S° + HCI;

3. Tlo U3MEHEHHUIO CTereHEH OKUCIICHUS YCTAaHABIWBAIOT YUCIIO DJIEKTPOHOB, OT/JIaBAEMBIX BOCCTAHO-
BUTEJIEM, U YHCIIO AIEKTPOHOB, TPUHUMAEMBIX OKHCIUTEIEM; COCTABIISIOT dJEKTPOHHBIN OalaHC ¢
Y4eTOM MPUHITUIIA PABEHCTBA YHCIIa OTAABACMBIX M PUHUMACMBIX JICKTPOHOB:

Fe*® +1e = Fe'?| 2
s?-2e=5" |1

4, MHuoxxurenu SJICKTPOHHOI'O 6ancha 3allUCbIBAIOT B YpPaBHCHUC OKHCJIUTEILHO-BOCCTAHOBUTEILHON peaknuu Kak OcC-
HOBHBIE cTexuoMeTpuueckue kod3hurmentsr: 2FeCly + H,S — 2FeCl, + S + HCI.

5. Tlogbuparot crexuomeTpudeckue Kod(OPHUIMEHTHI OCTATBHBIX YYaCTHUKOB PEAKIIUHU

2FeCls + H,S = 2FeCl, + S + 2HCI.

Memoo 3n1eKmpoHHO-UOHHBIX NOYPeaKyuil TPUMEHSIOT TIPU COCTABJICHUN YPaBHEHUN peakuuid, mpo-

TEKAIONUX B BOJHOM PacTBOPE, a TAKKE PEAKITUH C yUaCTHEM BEIECTB, B KOTOPBIX TPYIHO ONPEICTUTh

CTETIEHU OKUCJICHUS d1eMeHTOB. COrIaCHO 3TOMY METOJY BBIACNSIOT CIEAYIOUINE TIaBHBIE ITAIbI CO-

CTaBJICHUS YPAaBHEHUS PEAKITUH:
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1. 3anmceiBalOT OOIIYI0 MOJEKYISIPHYIO CXEMY Ipoliecca C YKa3aHHEM BOCCTAHOBUTEIS, OKUCIUTENS
Y CpeJibl, B KOTOPOH MPOTEKAeT peakius (KUCIOTHAs, HeUTpaabHas Wiy Imesounas ). Hanmpumep:
SO, + K,CrO7 + HZSO4(pa36_) — ..

2. Y4uThIBasl AUCCOIMAIINIO JIEKTPOJIMTOB B BOJHOM PAaCcTBOPE, JAHHYIO CXEMY MPECTABIISIOT B BUJIE
MOJIEKYJIIPHO-MOHHOTO B3auMOJeHCTBUsI. VIOHBI, CTETIEHH OKHUCJICHHS] aTOMOB KOTOPBIX HE U3MEHSIOT-
Csl, B CXEME HE YKa3bIBAIOT, 32 UCKIOUYEHUEM HOHOB H uOH:

SO,+ Cr0/7 +H" — ...
3. Ompenenstor CTENeHN OKUCICHHSI BOCCTAHOBUTENSI M OKHCIUTEINS, a TAK)KE MPOJTYKTOB UX B3aUMO-
JIEUCTBUSL:

OKUCJIEHUE BOCCTAaHOBUTEIIA. BOCCTAHOBJICHHUE OKHUCJIIUTEIIA.
S+4O2 N (S+BO4) 2— (Cr+6207)2_—> 2Cf3+
4. 3aHI/ICLIBaIOT MaTepI/IaJ'IBHHﬁ 6anch HOJ‘IypeaKI_[I/II/I OKHCJIICHHUA 1 BOCCTAHOBJICHUS .
OKHUCJIEHUEC BOCCTAHOBUTEIIA. BOCCTAHOBJICHUEC OKUCIUTECIIA.
SO,+ 2H,0 — 2e — SO,* + 4H* Cr,0; + 14H" + 6e — 2Cr** + 7H,0
5. CyMMHpYIOT OIYpEAKIUH, YUUThIBasl IPUHLUI PABEHCTBA OTJAHHBIX U MPUHATHIX 3JIEKTPOHOB!
SO, + 2H,0 — 2e = SO, % + 4H* |3

Cr,0/* + 14H" +6e = 2Cr** + 7TH,0 | -1
3S0,+ 6H,0 + Cr,07% + 14H" = 380,% + 12H" + 2Cr** + 7H,0
COKpaIlasi OJJHOMMEHHbIE YaCTHUIbI, IOJIYYaIOT 0011ee HOHHO-MOJIEKYJIIPHOE YPABHEHUE:
3S0,+ Cr,07° + 2H" = 380,% + 2Cr*" + H,0.
6. Jlo0aBisIOT MOHBI, HE y4acTBOBABIIME B NPOLIECCE OKUCIICHUSI-BOCCTAHOBIIEHUS, YPAaBHUBAIOT UX
KOJIMYECTBA CJIEBA U CIPABA, 3aIIUCHIBAIOT MOJIEKYJISIPHOE YPABHEHHUE PEAKLIAN:
350, + K»,Cr,07 + H,SO,4 (pa36) — Cr2(804)3 + K»SO,4 + H,0.
[Ipu cocTtaBiieHnn MaTepuanbHOIO OajlaHca MOJIypeaKuil OKUCIEHUS U BOCCTAaHOBJIEHUS, KOTa U3Me-
HSIETCSl YACIIO ATOMOB KHUCJIOPO/1a, BXOIAIINX B COCTaB YaCTULl OKUCIIUTENSI U BOCCTAHOBUTEIS, CIEAYET
YUUTBIBaTh, YTO B BOJAHBIX PACTBOPAX CBS3bIBAHUE WIIM IIPUCOEAMHEHNE KMCIOPO/1a IPOUCXOIUT C yua-
CTHEM MOJIEKYJI BOJIbI U HOHOB CPEJIBI.
B nporuiecce okucieHus Ha OUH aTOM KUCIIOpOAa, MPUCOSANHSIOIIMICS K YaCTHIIE BOCCTAHOBUTEIS, B
KHCIIOTHOM ¥ HeWTpaIbHOM cpefiax pacXoayeTcs oJHa MOJIEKyIa BOIbl 1 0OpasyioTcs aa nona H'; B
LIEJIOYHOM cpesie pacxoayroTes ABa ruapokcua-uona OH ™ u oOpasyercst ojHa MOJIEKyJ1a BOJIBI.
B nponiecce BoccTaHOBIIEHHS [UIsl CBSI3BIBAHMSI OJHOTO aTOMa KHUCJIOPO/a YaCTUIbl OKUCIUTENS B KHUC-
JNIOTHO# cpesie pacxoyloTcs aBa nona H' u o6pasyercs ofHa MONEKyTa BOJbI; B HEHTPAILHOM U Iile-
JIOYHOM cpenax pacxoayercst ogHa Mosiekyina HoO u oOpasyrores n1Ba nona OH .
bananc aTOMOB KMCJIOPOA B OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIHX

YUCJIO aTOMOB KI/ICJ'IOpOILa B cpez[a
HNCXOJHBIX BCHICCTBAX KHuciast HefITpaJ'ILHaH mIeJ04YHasn
M30BITOK 0% + 2H'— H,0 0? +H,0—20H" 0? +H,0—20H"
HEJIOCTATOK H,O— o% +2H" H,0— O” +2H" 20H‘—>OZ*+H20

[Tpu cocTraBieHnn ypaBHEHHH ClieyeT YUUThIBATh, YTO OKUCIUTENb (MM BOCCTAHOBUTEINb) MO-
I'yT PacX0JI0BaThCsl HE TOJIBKO B OCHOBHOM OKHCIIMTEIbHO-BOCCTAHOBUTENBHON PEAKIMH, HO U TIPU CBSI-
3bIBAHMM 0Opa3yIOLINXCS NPOAYKTOB PEAKIMHU, T.€. BBICTYNATh B POJIM CPEIbl U COJE0Opa3oBaTEsl.
IIpumepom, Korga posib Cpelpl UTPaeT OKUCIUTEIND, CIYKUT PEAKIMs OKUCIEHUS METala B a30THOM

KHUCJIOTE:
3CU + 2HNO3(omemmen) + BHNOg(epersy = 3CU(NO3); + 2NO + 4H,0

mwm  3Cu + 8HNO3pa5) = 3CU(NO3), + 2NO + 4H,0.

[Tpumepom, KOor/1a BOCCTAHOBUTEINb SBIISETCS CPEIOH, B KOTOPOU MPOTEKAET PEAKIIHS, CITYKUT
peaKnust OKUCIEHHs COIAHOI KUCTIOThI tuxpomaToM Kaimus:  6HClgocrem) + KoCroO7 + 8HCl ey =
2CrCl3 + 3Cl, +2KCI + 7H,0

wm 14HCI + K,Cr,07 = 2CrCl; + 3Cl, +2KCI + 7H,0.

HpI/I pacyeTe KOJINICCTBCHHBIX, MACCOBLIX U 00BEMHBIX COOTHOIICHUMA Y4aCTHUKOB OKHCIIU-
TCJIIbHO-BOCCTAHOBUTCIIBHBIX peakunﬁ, HCIIOJIB3YIOT OCHOBHBIC CTCXNOMETPHUICCKNE 3aKOHBI XUMHWHU, U,
B 4aCTHOCTHU, 3aKOH 3KBUBAJICHTOB, YYUTbIBAA, UTO YUC/IO IK6UBA/IEHMHOCMU OKUCIIUTCIIS paBHO YUCITY
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AJIEKTPOHOB, KOTOPBIE MPHHUMAET OJIHA (POPMYIIbHAS €IUHUIA OKUCITUTES, & YUCIIO SKBUBAJICHTHOCTH
BOCCTAHOBUTEJISI PABHO YUCILY DJIEKTPOHOB, KOTOPHIE OTAAET OAHA (popMyrbHas €IMHUIA BOCCTAHOBH-
TEJIsl.

IIpumepsl pelleHUs1 TUMOBBIX 3a/1a4

3agaya 1. Onpenenure crencHp okuciacHus xiopa B coeauHenusx NaCl, NaClO, NaClOs,
NaClO,4 u 00bsicHUTE, KaKOE U3 HUX SBISACTCS TOJBKO OKUCIIUTENIEM, TOJILKO BOCCTAHOBUTEIICM, a KaKHue
MOTYT MPOSIBJIATH KaK OKHCIUTENIbHbIE, TAK U BOCCTAHOBUTEIbHBIEC CBOMCTBA.

Pewenue: BoIUMCIAM CTETICHh OKUCIJICHUS XJIOpa B 3TUX COCIUHEHUSX, UCXOMIS U3 dIEKTPOHEH-
TPAJIbHOCTH MOJIEKYJIbI ¥ 3HAsl, YTO CTEIIEHb OKUCIIEHUS KUCIOPO/a paBHa —2, a HaTpus +1:

+1 -1 41 41 2 4145 2 41 47 2
NaCl, NaClO, NaClO3, NaClO,.

BemecTBO BEITIOTHSET TOJBKO BOCCTAHOBUTEIBHYIO (DYHKIIHIO, TO €CTh SIBJISICTCS 0€3yCIOBHBIM
BOCCTAaHOBHUTEJIEM B TOM CITy4yae, KOTJla €ro MoJIeKyJja COJEP>KUT aTOM, HaXOIALIUIICS B HU3IIEH CTere-
HU OKHUCJICHHS, U BO3MOXEH TOJIBKO MPOIECC OTAAYN IEKTPOHOB. [[1s1 HEMeTaioB MUHUMAIhHOE 3Ha-
YeHHE CTENCHU OKHCIIEHUSI COOTBETCTBYET YUCIY JIEKTPOHOB, HEJOCTAIOUINX /IO 3aBEPLICHUS BHEIIIHE-
ro HEPreTUYECKOr0 YpOBHS, cO 3HaKOM «MUHYC»: 8 — N, rae N — Homep Tpymnmbl epruoJu4ecKon cH-
CTeMbI, B KOTOPOIl HaXOJIUTCS 3TOT 3eMeHT. [l XJiopa MUHUMalbHAsl CTETIeHb OKUCIIeHUs paBHA —1,
MIO3TOMY 3TO BEIIECTBO MOXKET MPOSBISTH TOJIBKO BOCCTAHOBHTEIBHBIC CBOMCTBA 3a CUET aTOMa XJIopa.

ATOM 3JIeMEHTa B BBICILIEH CTENEHU OKHUCIIEHUS CIOCOOEH TOJbKO MPUCOCTUHATH SJIEKTPOHBI U
SIBJIICTCSL TOJIBKO OKHUCIIUTENeM. MaKcHUMallbHasl CTETICHb OKHCIICHUSI paBHA O0IIEMY YHCITy BAICHTHBIX
AJIEKTPOHOB CO 3HAKOM «+» HIIH, B 001eM Buae, «+Ny». J[1s1 xnopa 3HaueHHe MaKCUMAaIbHOW CTEEHH
okucaenus coorBercTByeT +7. [Toatomy NaClO4 MoxeT mposBIIsATh TOJBKO OKHCIUTEIbHBIC CBOMCTBA.
Coenunenns NaClOz; u NaClO coaep:kat aToMbl XJIOpa B IPOMEKYTOYHBIX CTEMEHSAX OKUCIEHUS (+5 u
+1 COOTBETCTBEHHO), TIOATOMY B 3aBUCHMOCTH OT YCJIIOBUI OHHM MOTYT IIPOSIBIISATH KaK BOCCTAHOBHUTEIb-
HbIE, TaK U OKHCIUTENbHbIE cBOMCTBA. Hampumep:

NaCl*°03+3H,S03=NaCl*+3H,S0y, (NaClO; — oxuciuTens);

NaCl™05+l,+H,0=NaCl*’0,+2H], (NaClO;— BoccTaHOBHTEID).

3agauya 2. C momomp0 METOIa JEKTPOHHOTO OanaHca paccraBbTe K03(uumeHTs B ypaBHe-
HUU OKHCIIUTEIBHO-BOCCTAHOBUTENILHOM peaKIInu:

sz(SO4)3+C|2+KOH — K,CrO4+KCI+K,S04+H-0.

Onpenenure OKUCIUTENh U BOCCTAHOBUTEIb, 3aIUIINTE MPOIECCHl OKUCICHUS M BOCCTAHOBJIC-
HUSL.

Pewenue: omnpenenuM CTCIICHH OKHCIICHHSI aTOMOB BCEX DJIEMEHTOB, BXOJSIIUX B COCTaB MO-
JIEKYJl pearupyrolux BellecTB; oOpaTHTe BHMMAaHHE, YTO pPEakKIMs MPOTEKaeT B IIEIOYHON cpene
(KOH).

Cr+32(s+60_24)3+C|02+K+1O_2H+l—> K+2CI‘+6O_24+K+1C|_1+K+125+6O_24+H+120_2.
BeimuireM aToMBI 3JIEMEHTOB, M3MEHUBIIIUX CBOW CTEIICHU OKUCJICHHS, U ONIPEICITUM YHCIIO OTJaHHBIX
Y IPUCOETMHEHHBIX AJIEKTPOHOB:
20 —6e—2Cr' |2]|3 - npouecc okucnenus, Cr*® - occranosutens;

C|02+ 2e— 2CIT | 6 | 1 — mporecc BocCTaHOBIIEHUS, C102 — OKUCIIUTED.
[TonyuyeHHble KOA(p(ULIMEHTHI pacCTaBIsieM B YPAaBHEHUU IE€PE] COOTBETCTBYIOIIMMHU MOJEKYyJIaMH, a
octajibHble KOA((PUIIMEHTH Mo0MpaeM OOBIYHBIM CHOCOOOM, UCXOS M3 PaBEHCTBA KOJMYECTBA aTo-
MOB B JIEBOHM M IIPaBOM 4acTsAX. B mocnenHow ouepeas IpoBepsieM YUCI0 aTOMOB KMCIIOPOAA B JIEBOH U
MIPaBOM YACTSAX YPABHEHUS:

Cry(S04)3+3Cly+16KOH=2K,CrO4+6KCI+3K,S0,+8H-0.
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PELHEH3MA

Ha METOJUYCCKHNEC YKa3aHUs K BBIITIOJTHCHHUIO KOHTPOJIBHBIX pa60T

1o pucuuruimbe «O01mas XuMus»
Jutst HanpaBieHus noarotosku 16.03.03

XOJ'IOI[I/IJ'IBHaH, KpHOI€HHasd TEXHHUKA U CUCTEMBL JKM3HEeo0eCcIeueHH

Meronudeckue yka3zaHUsI K BBIOJHEHHUIO KOHTPOJIBHBIX pabOT COCTABICHBI B COOTBETCTBUU C
denepaabHBIM TOCYJAPCTBEHHBIM 00pa30BaTEbHBIM CTAHAAPTOM BBICIIETO OOpa30BaHUS IO HAMpaB-
JIEHUIO MOAroTOBKH (criennanbHocTh) 16.03.03 XonoauiabHas, KpUOTCHHAs] TEXHUKA M CHCTEMBI KH3-
HeoOecrieueHus (YpoBeHb «OakanaBp»), YTBEP)KIACHHBIM NpUKa3oM MUHHCTpa 00pa30BaHUs U HAYKH
P® Ne 198 ot 12.03.2015 1., yueOHBIM I1aHOM, 000peHHBIM YueHbIM coBeToM OT'BOY BO «MI'TY»
(mpotokon Ne 8 ot 27.03.2020 1.) 11 yTBEpKIAECHHBIM PEKTOPOM.

MeTtoauueckue yka3zaHus COJAEpKaT OOIIMe OpPraHMu3alMOHHO-METOJUYECKHE yKa3aHWs, TeMa-
TUYECKUH IJIaH, CMHCOK PEKOMEHAYEeMOU JHUTepaTyphl, BOIPOCH W 3a/JaHUS AJS CaMOMNPOBEPKHU IO

Ka)I(ILOfI TEMC NUCHUILIMHBI U ITPUMCPBI pCIICHUA 3a1a4.

PexkomeH1yt0 METOIMUECKHE YKa3aHUs K MCIIOJIb30BaHMIO NPH BBIIOJIHEHUH KOHTPOJIBHBIX paboT 1o
mucuumnHe «O01mas xumus» i HanpayieHus noarotosku 16.03.03 XonoaunpHas, KpUOreHHAS

TEXHHMKA M CHCTEMBI )KH3HEO0ECICUCHUS.

[Ipodeccop kadenpst xumun ITerpoBa JL.A.




