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CKOPOCTHh XUMUYECKOU PEAKIIUU

XumMudeckas KHHETHKA — 3TO pasliell XMMHH, B KOTOPOM
M3YYalOT BIMSHHE Pa3MYHBIX (aKTOpPOB Ha CKOPOCTh XUMHYCCKOH
peakllMd M €€ MEXaHH3M. PaccMaTpuBaiOTCs TOJBKO pEaKUHH,
KOTOpEIE TEPMOIMHAMUYECKH paspemensl (AGy < 0).

CKOpOCTbI0 XMMHYECKOH peaKUHH Ha3BBAIOT H3MEHEHUE
KOHIICHTPAIMK pearupyroumx BEILECTB PIJIH IIPOJTYKTOB

peakiun  (AC) B emuuuiy Bpemern V= i"ﬁ? . CxopocThb
peaKlliy H3MepsieTcst B MOJB/JI'C, €Cli OHa H,[[CT BO BCeM OODBEME
cucTeMB! (rOMOreHHas peaklus) U B MOJIB/M?*C, €CIIH peaKuys UIET
Ha rpaHmie pasnena ¢a3 (rereporenHas peakuus). I'omoreHHas
CHCTEMa COCTOMT U3 OIHOU (ha3pl, reTeporeHHass — U3 HECKOJIBKUX
¢as. da3oii cucTeMBl Ha3BIBAIOT €€ YacTh, OTJCIEHHYIO OT NPYIHX
yacTell (u3nyeckod IpaHuLEed W 00najaioulylo BO BCEX TOYKaX
OJIMHaKOBBEIM COCTaBOM M CBOMCTBaMH.
CpenHsis CKOPOCTh peakiuu Vep B HHTepBaHC BpEMEHH OT [/

10 I; ONMpenenseTcs COOTHOomeHueM V= + ﬁ , e AC=Cy- Gy,
At = 15 - t;2 Cyu C — MongpHas (MOJIb/J) KOHIEHTpauus moboro
YYaCTHMKA PEakIMM B MOMCHTBl BPEMEHH [; U [, COOTBETCTBEHHO.
3Hak (-) meped OpOOBIO OTHOCHTCS K HM3MEHEHHIO KOHUCHTpalMi
ucxonuerx Bemects, AC < 0; 3HaK (+) - K H3BMEHEHUIO KOHLEHTPaIHi
npoaykToB peaxuuu, AC > 0.

MrHoOBeHHasT CKOPOCTh — 3TO CKOPOCTH DEaKIid B MOMEHT
Bpemend t. OHa ompenenseTcs MPOM3BOJHON OT KOHIECHTPAaUMHU ITO

dc
pemenn V=% (mone/n-c, Monb/iyac).

Cxopocte peakuuu ad + bB — ¢C + dD 3KcnepHM6HTaan0
MOXXHO OINpeneNnsaTh J60 nmo yObUIM KOHUIEHTPAUMH HCXOIHBIX
BELIECTB, JIMOO M0 YBEJIUYCHHIO KOHIEHTPALUH MPOIYyKTOB PEeaKuiu:

dc(A) _  dc(B) _ de(C) _ dc(D)
dt dt dt dt




ITox MexaHM3MOM XMMHYECKOM pEaKuu NOHMMAIOT
II0CJIEIOBATEIBHOCTE OTAENBHEIX CTAAMH MTPOoLIecca, MPHBOAALIMX K
NpoayKTaM peakuuu. CTanus, UMEoNas HaUMEHBIIYIO CKOPOCTb,
HasplBacTCs  JumuTHpyromed. OHa ompelenser CKOpoCTb
nporecca B LETOM.

OcHOBHBEIMM ~ ()aKTOpamu, BIMSIOIMMH ~HAa  CKOPOCTb
XMMHYECKOH peakuUuHu, SBIAIOTCS: a) INPHpOJa peardpyrolIux
BEIIECTB; 0) KOHLEHTPALHsl pearupylOllUX BEILECTB, B) JaBIEHHUE
(ecnu B peakuM¥l y4acTBYIOT rasbl); I') TEMIIEPATypa; M) HANTHYUE
KaTalu3aTopa; K) IUIOLIAAh IOBEPXHOCTH pasziena (a3 (uia
IETEPOreHHBIX peaKuii).

BJIMSHHUE KOHIHEHTPAIIUU PEATUPYIOIIHUX
BEHIECTB HA CKOPOCTb XUMUYECKOH PEAKIIUUA

BiiusiHMe KOHIIEHTpPAIMK Ha CKOPOCTH XUMHYECKON pEeaKIMy
BBID2XKACTCS 3aKOHOM pedcTBYlOmuMX Mmacc: «[Ipu mocTosHHOM
TEMIIEpaType CKOPOCTh XMMMYECKOH peakIMH NpOIOpLUHOHAIBHA
NPOM3BEJCHHUIO  KOHUEHTpAUMH  pearupyromHuX BELIECTB B
CTENEHAX, PaBHBIX HX CTEXHOMETPHYECKMM KO3((uIHEHTaMY.
3aKoH CripaBe/UTHB TOJILKO 1A 3JIeMEHTAPHBIX PEAKIIHil.

B obuwem Bune s peaxunu ad+ bB = ¢C anamMTHYECKOE
BBIPp@XKCHUE 3aKOHA JEHCTBYIOLIMX MacC OyaeT HMETL BH
V =1k [A1°[B)’, roe a u b — NOPSIKH pEeaKUuu M0 KKIOMY
pEarcHTy, COOTBETCTBYIOLIME  CTEXHOMETPHYECKHM  KO3hu-
IIHEHTaM.

Jinsi KOHKpeTHOU peakuun o + Hz(r) 2 2HI ypaBHeHHE
CKOpOCTH npﬂmoﬁ peaKuHH Oynet k[Iz][H;z] a obOpaTHOIi

peakuun V = k [HI]®. B stux YpaBHEHUSAX k u k — xomcrants!
CKOPOCTH IIpsiMOM U 0OpaTHOM peakuuii. KOHCTaHTa CKOPOCTH —
3TO CKOpPOCTH pEaKLUU INpH KOHUEHTPAlMH pearnpyrolmx
BELIECTB, PaBHBIX eAuHule. TakuM 0Opa3oM, KOHCTAHTY CKOPOCTH
MOXHO PacCMaTpHUBaTh KaK yIEIbHYIO CKOPOCTb.
B cnyuae rereporeHHBIXx mnpomeccoB, korma peakius
MPOTEKACT HA IpaHULE pazjena (a3, B ypaBHEHHE CKOPOCTH
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BXOJAT KOHLIEHTPAIMU TOJBKO ra3o00pasHBIX WJIM pacTBOPEHHBIX
BeliecTB. KOHLEHTpanus TBEpAOro BeLECTBa B MPOLECCE PeaKLUH
OCTaeTCs IIOCTOSSHHOM H B YypaBHEHHE CKOPOCTH peaklluH He
BKJIFOYAETCS.

HarpuMep, U1 reTepOreHHOM peakiu Sis) + Oz = SiOars)

ypaBHEHHE CKOPOCTHU NPSIMOi peakuuu Oyaer V=k [Oa].

MOJIEKYJIIPHOCTD M1 KHHETHYECKHI NNOPSITOK
PEAKIIAU

K snemeHTapHBIM  peakuusM  NPUMEHHMO  IIOHATHE
«MOJIEKYJIIPHOCTE ~ pEakUMH», KOTOPOE XapaKTepu3yeT YHCIIO
YacTHL, YYACTBYIOUIUX B 3JIEMEHTapHOM B3aUMOJICHCTBHH.

Paznuyaror MOHO-, OM- H TpPHMOJEKYISPHBIE pEaklMH, B
KOTOPBIX Y4aCTBYIOT COOTBETCTBEHHO OJHa, JABE H TPH YaCTHLIBL.
PClsiy 2 PClyy + Clyy  (MOHOMONEKYNApHAS) V =k [PCl;]
Loy + Hay 2 2HI (6uMoneKy ISpHast) V =k [L][H,]
INOg+ Clyy 2 2NOCly  (tpumonexynspras) V =k [NOJ*[Cl,]

CTONKHOBEHHE 4YETBIPEX YaCTHI] OJHOBPEMEHHO HEBEPOSITHO.
MakcHUMallbHO BO3MOIKHO CTOJIKHOBEHHE TPEX YaCTHIL.

B ciy4ae CIOXHBIX peakiuid COBOKYNHOCTL 3JIEMEHTapHBIX
CTaAuii COCTaBNSET MEXaHU3M XuUMHYeckod peakuuu. Cragus,
MMEIOIIass HAWMEHBUIYIO CKOPOCTh, SBISETCS ONpelessiolle M
Ha3bIBaCTCS TUMHUTHPYIOIIEH CTalUEH pEeaKLMH.

Iopsimox peakunu onpenenseT XapakTep 3aBUCHMOCTH CKOPOCTH
OT KOHUEHTpauyu. VMCTHHHEBIN NMOpSAOK peakUuH ONpenenseTcs 1o
YPaBHEHHIO, OIHKCHIBAIOLIEMY CKOPOCTH JIMMHUTHPYIOILIEH CTajuu
nporecca, NOJy4YeHHOMY U3 dKCIepuMeHTa. TakuM oOpa3oMm, oOLMi
(cyMMapHBIH) KHHETHYECKHH IOpSNOK peakmuu — CyMmMma
noKaszaTesie CTeleHeH NPH KOHLIEHTPAIUSIX PearHpyromuX BEILECTB
B YpaBHEHHH JHMHTHPYIOUIEH CKOPOCTH pPEaKIWH, OIPENEIIEHHOM
9KCIIEPHUMEHTAIBHO.

Tak, ecnu st peakuun A + B + C — NpPOAYKTHI KuHe-
THYECKOE YPaBHEHHE, ONPEIENIEHHOE IKCIIEPUMEHTAIBHO, UMEET BHJT



V== d;(:) = c(A)"c(B)"2c(C)"™,
TO ny + 1y + n3 = n — OOLIMI KHHETHYECKUH NTOPSAIOK PEeaKLuH; 1y ,
M M3 — NOPSIOK PEaKIMy 110 KaXKIOMY U3 KOMIIOHEHTOB A, B, C;
1y, 73 N3 MOTYT OBITh NENBIMH MM JIPOOHBIMHE YHCIIAMH.
Peakiiuy, cKOpOCTH KOTOPBIX HE 3aBUCHT OT KOHLIEHTpAllMy,
HUMEIOT HYJIEBOH MOPSIOK.

JInst 3neMeHTapHBIX IIPOLIECCOB 2| , Mz, R3 COBIAJalOT CO
CTEXHOMETPHUYECKUMHU KOIQQHLHEHTAMU B YpPaBHEHHMH pEaKUHH,
T.e. MOJIEKYJIIPHOCTh COBIagaeT ¢ OOIMM KHMHETHYECKHUM
HOPSAKOM peakiuu. Eciu ypaBHEHHE peakLMd HEe OTpa)KaeTr ee
MEXaHU3M, INOPSIOK PEeaKLMH HE 3aBHCHT OT CTEXHMOMETPHUYECKHUX
K03 PULIHEeHTOB.

PaccMOTpHUM XUMHUYECKYIO PEaKIHIO:

NOy) + CO¢r) = NOr) + CO2r)

CornacHo ypaBHEHHIO peaKiHH V= E[NOz][CO]. JKcnepu-
MEHTAJBHO YCTAHOBJIEHHOE YPaBHEHHE CKOPOCTH I3TOH peaKLuu
V =k [NO,J[ COI”.

[TocKOnbKY MOPANOK  pEeaKkiMd  HE - COOTBETCTBYET
CTEXHOMETPUYECKUM KO03((HIMeHTaM ee MOJHOIO YpaBHEHHS,
peaxiysi He MOXET IPOTEKATh B OJIHY CTaJIMIO, KOTOpas BIIIIOYana
0p! cTonkHoBeHue Mexay Monekynamu NO; u CO. YcraHosneHo,
YTO 3Ta peaKlyst IPOTEeKaeT B ABe OUMONEKYJIISPHBIC CTAIUK:

1) NOyq) + NOyqy — NOyy + NOsqy  V =k [NO,J?
2) NOs(y+ CO(ry = NOyy + COyy V= k [NO3][CO]

Kaxxnas u3 3Tux craguii HazpIBaeTCs 3JIEMEHTApHON peakIuei.
Ha nepBoif cTaniuu NpPOMCXOAUT CTONKHOBEHHE MABYX MOJICKYII
NO,, B pe3ynpTare 4ero aToM KHUCIOpoJa NEPEXOJUT OT OJHOM U3
moiekyn NO, k npyro#i. Ob6pasoBaBmuiics NOj3 3atem ObicTpo
nepefaeT arom kucinopona moisekyyne CO, B pesynbTare 4ero
nosyyaercs moiiekyia CO, u monekyna NO,.

[lepBast cramus sBasercs numutupyiouiei. OHa ompenenser
ckopocTh npouecca. CyMMmapHEI# NOPSIOK IONHOM peaKuuu
ONIpEAENAETC MOJIEKYISIPHOCTBIO TMMUTHPYIOLIEH CTaIuH.

Yactuua NOjy spnseTcs HHTEpMEaNaTOM (IPOMEXYTOUHBIM
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IPOYKTOM) TIOCKOJBKY OHA HE BXOAMT HH B YKCJIO PeareHTOB, HY B
YHCNO MPOAYKTOB, a JUIUE oOpasyeTcs B OMHOH 3JIEMEHTApHOM
peakiuuMd ¥ [OrJoLiaeTcs B crheaymoumei. B 3Tol  peakuuu
MOKa3aTeNd CTENEeHM IpH KOHUEHTpAaUWsIX peareHToB (nBa Uid
JUOKCHIA a3zoTa ¥ HyJIb U1 MOHOOKCHIA yrjiepoja) co
CTEXHOMETPUYECKUMH K03 duLueHTaMy He coBrnaaaroT. OHu
OTPaXAKT MOJIEKYISPHOCT (M CTEXHOMETPHIO) JHMMUTUPYIOIIECH
craguu (1) ¥ OTCYTCTBHE BIMSHHS YYacTHHKOB BTOPOH OBICTPOM
CTaJlMU Ha CKOPOCTb PEAKLUH B LIENIOM. DHEPreTHYECKas JuarpaMma
3TOrO Ipoliecca peJicTaBIeHa Ha puc. 1.

A

I1C1

NO +CO;

KOOpJMHATA PEaKIIHH

Puc.1.OHepreTryeckas auarpamma AByXCTaAMHHOM peakLnu
NOy) + COqry = NOgy + COxy

E, — oHeprus akTUBaUMM NepBoOil (JIMMHTUPYIOLLEH) CTaAuW peakLuH,

—+

E, - oHeprus akrtuBauMu BTOpod (OBICTpOH) cTaauM peakuuH;
[IC1 u IIC2 — nepexoaHbie COCTOSHHS.
7



BJIVSIHUE TEMITIEPATYPHI HA CKOPOCTbH
XUMHNYECKOW PEAKIIUA

OneitHeEIM nyTeM Bant-T'odd ycraHoBui, 9TO CKOPOCTH
GONBIIMHCTBA XUMHYECKMX peakUuii yBenMuuBaeTcs B 2-4 pasa
Tp¥ MOBBILICHHH Temmeparypel Ha 10 rpaxycos. 310 mpaBUHIIO
HOCHT €ro MMsl ¥ BBIPaXKaeTCs ypaBHEHHEM

=T
VZ = Vl )4 10 7
rne V;u Vo — CKOPOCTH peakuuy npu Temmneparypax 1) u I
COOTBETCTBEHHO; 7 - TEMIIEPATYPHBIH KO3 (HIMENT, paBHEIH 2-4.
Smnupuueckoe npasmio Bant-Todda He 0OBACHACT MEXaHH3IM
BIMSHUSA TEMIIEpaTyphl Ha CKOPOCTh pEaKLMH U HE OXBaThIBACT
Bceit COBOKYMHOCTH HaOJI0aeMbIX 3aKOHOMEPHOCTEH.

YckopeHHe XHMHYECKOH peaKkLMH ¢ POCTOM TEMIIEpaTypbl,
Ka3ajoch Obl, MOXHO OOBSCHMTH  yBEIMYCHHEM  4YHCIa
CTOJIKHOBEHHI pearupyommx yactiu. OJHaKO [aleKo HE KaXIoe
CTOJIKHOBEHME NPUBOIUT K aKTY XMMHYECKOH peakuuu. st TOrO,
4yTOOBI CTOJIKHOBEHHE CTaT0 J3QQEKTUBHEIM, pearupyromue
YaCTHIIGI JO/DKHEI HE TONBKO 00/1aaTh JOCTAaTOYHOM JHEprueH, Ho
M MMETh NPOCTpaHCTBEHHOE cooTBeTcTBHE. KOMMUYeCTBEHHOH
XapaKTEPUCTUKOH - DHEPIreTHYECKOr0  COOTBETCTBUA  SABISCTCSH
BEJIMYHHA, Ha3blBaeMas JHeprus akTusanuu (Ey).

[Ton sHeprueil aKTUBALMK TOHHMAIOT HEKOTOPOE H30BITOYHOE
KOJIMYECTBO 3HEPTMH 10 CPAaBHEHHIO CO CPEIHEW ee BEIMYHHOH,
KOTOpLIM JIOJ/DKHA 00NafaTh MOJIEKy/la B MOMEHT CTOJIKHOBCHHS,
yTOOKl MPOHM30LILIA PEaKLHs. OJHEPrHs ‘aKTHBAUKKM H3MEPSETCS B
kJDKx/MOTb ¥ AN OOJBIIMHCTBA PEaKLMi U3MEHseTCs B Npejeax
ot 50 no 250 x/x/monp. CydTaercs, 4TO pEaKUHH, Y KOTOPBIX
E,>150 xJx/MOJB, OpH CTAaHAAPTHHIX YCIIOBHSIX MPAKTHYECKH HE
MPOTEKAIOT. DHEPrusi aKTHBALMM PacXOAyeTCs Ha NPEOMOJICHHE
OTTANKWBAHUS MEXIYy 4YaCTHUUaMH U Ha ociabjieHHe XHMHYECKHX
cBsi3eH Y MCXOIHBIX BelIecTB. Takum 06pasoM, IHEPrUs aKTHBALKK
KOCBEHHO XapakTepu3yeT NPHPOJIy pEardpyrolifx BELICCTB, Tak
KaK OTpaXxaeT MPOYHOCTH XMMHUYECKOH CBS3H B HUX.

8

BnusHue TeMmeparypbl U NPHPOJBI pEAarupyrolHX BEUIECTB Ha
CKOPOCTH XMMMYECKOH peaKkuuH OINHCHLIBAETCS  YpPaBHEHHEM
AppeHunyca, KOTOpOe CBSI3BIBaCT KOHCTAHTY XMMUYECKOH PEaKLUH C
3HEpruel akTUBALMK U TEMIIEpaTypOH:

_Ea
_ kZAge RT
rne A, — NPEI3KCIOHEHIHANbHBIH MHOXHTENb; £, — 2Heprus
aKTHBallM¥; R —  yHuUBepcalbHasg  rasoBas  ITOCTOSIHHas

(8,314 Ix/monp-K); T — abconroTHas Temneparypa.
Muoxurens A, ABIJCTCS ITOCTOSHHOM HJIM OYCHb Majlo

- 3aBHCALIEH 0T TeMIepaTyphl BENHYHHON (JUIs JaHHOH peakumu). A,

OTpakaeT 00INee YUCIO0 CTOJKHOBEHUH YaCTUI B €IMHHILY BPEMEHH,

a TaxKkxke BCpOHTHOCTE pacnaﬂa TaK Ha3kIBacMoro <(aKTHBHpOBaHl-IOI'O
Ea

KOMIIIEKCa» Ha MCXOAHBIC BelecTBa. MHOXuUTEN:, e RT
XapaKTepu3yeT JOJIO YacTHll, 00aMaloliX SHEPrueH, J0CTaTOHHOM
IUISL BCTYIUICHHUS B PEaKLMIO (IOJII0 aKTUBHBIX MOJIEKYJT).

V3 ypaBHcHHS AppeHuyca ClenyeT, YTO HpPH IOCTOSHHOH
TeMmreparype KOHCTAHTA CKOPOCTH OIpENeNseTcss BEIWYHHOM
JHCPruM akTuBanmd. Yem Bbile F, TeM MEHbLIE B pEaKUHOHHOM
CMECH aKTHBHBIX MOJIEKYJI, TEM MEHBIlIe KOHCTaHTa CKOPOCTH U caMma
CKOpOCTb  XuMu4eckoif  peaxkuuu. CoOrlacHO  COBPEMEHHBIM
BO33pEHUSM, JIEMEHTApPHAS CTANUs XUMUYECKON peaKiUy BKIIOYACT
oOpa3oBaHue “AKTUBHPOBAHHOI'O KOMIUJIEKCA”
(nepexonnoro cocrogHus IIC). 310 mpoMexyTOUYHOE COCTOSHHE,
KOrJa XMMHYECKHE CBS3H B HMCXOJHBIX BEILECTBAX YaCTHYHO YXKe
pa3opBaHbl, a HOBBIE CBs3W (T.e. MPOAYKTHl peaklMu) elue He
00pa3oBaiuch. BpeMs JXHU3HU TaKOTO COCTOSIHHS U3MEPSIETCsl BEJIU-
gusoit mopsimka  107°-10"°cexynmpl.  Mcxomsoe M KoHedHOE
COCTOSIHUSL PEaKIMOHHOH CHCTEMBI OTHENEeHBl [pyr OT Jpyra
9HEpreTH4eCcKuM OapbepoM, BBICOTA KOTOPOrO paBHa SHepruu
aKTHBallMKM JaHHOro mnponecca. CoCTOSHHE aKTHBHPOBAHHOIO
KOMIUIEKCA JHEPreTHYECKH COOTBETCTBYET MAKCUMYMY 3TOrO
Oappepa. UeM MeHBIIE BeNHYHHA 3TOTO IHEPreTHYECKOro Oapbepa,
TeM OBICTpee IPOTEKaeT XHUMHYECKas PpeaKLUs. ODHepreTuueckue
JMarpamMMbl SK30TEPMHUECKON U 3HAOTEPMHUECKOMR peakumii obulero Buaa

A + B =C + D npencrasneHbl Ha puc.2.
9



A+B

Y

KoOpauHaTa pCakKIHH

a) Eq—E;=AH,,<0 6) E,—E,=AH,, >0
Puc.2 Duepreruueckue  auarpammbl a) 3K30TEepMHYECKOH H
6) sHpoTepMuuecKkor peakuuii obwero sunpa A+ B=C + D

E, — aHeprus akTuBaumMu npaMOi peakuuu, E, - 3Heprus akTHBaLMH
obparHo# peakuum; [1C — nepexoaHoe cocTosHUe

BJIUSIHUE KATAJIM3ATOPOB HA CKOPOCTD
XUMUYECKUX PEAKIIUI

KaranuszaTtopamu Ha3bIBalOT BELIECTBA, CIIOCOOHEBIE YCKOPSTH
XMMHYECKYIO Ppeakuuio, I[pH 3TOM CaMH KaTajJu3aropel B
XUMHYECKOl peakiud He pacXOAyKTca. YCTaHOBJIECHO, YTO
KaTajJy3aTophl M3MEHSIOT MEXaHH3M XHMH4Yeckod peakumu. [lpu
3TOM BO3HHKAIOT JApYyrde, HOBBIE, IEPEXOMHBIE COCTOSHUSA,
XapaKTepu3yeMBle MEHBIICH BBICOTOM 3JHEPreTHYecKoro Oapsepa.
Takum 06pa3zoM, Mo AeHCTBUEM KaTalH3aTopa CHIKAETCS
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3HEPrus aKTHBalMU npouecca (puc.3). Berynas B pasnuyHoro poaa
B3aHMOJICHCTBUS C NPOMEXYTOYHBIMH YaCTHLIAMH, KaTalu3aTopkl
0 OKOHYAaHWM pEeaKkIMH OCTAIOTCI B HEHU3MEHHOM  KOJIMYECTBE.
KaranuzaTopbl OKasLblBalOT J[JEHCTBHE TONBKO Ha TEPMOJMHAMHU-
YEeCKHM paspelleHHble peakiuuy. Karanusarop HE MOXET BbI3BaTh
peaKuHIo, TaK KaK He BIMsET Ha ee OBIOKyIIHe cuiibl. Katammusarop
HE BJIMSET HAa KOHCTaHTY XMMHYECKOTO PAaBHOBECHS, T.K. B PABHON
CTENIEHW yMEHbLIAeT 3HEPrui0 aKTUBAUWH U IPsAMOH, B 0OpaTHOH
peaxIuH.

r 3

AB+K

.
|

MyTh peaKInu

Puc.3. Onepretuveckas auarpamma xoja peakumn A + B = AB
a) Ge3 karanusaropa ¥ 0) B MPUCYTCTBUM KaTtanu3atopa. Ea - 3Heprus
aKTHMBAUMM HEKATAMTHYECKOH peakunu; Fa, u Ea, - 3HEprus akTUBaLMH
KaTanWTH4eCKOH peakuuu; AK — npoMexxyTouHoe peakuHOHHOCNOCOOHoe
COeIMHEHHE KaTanusatopa ¢ ogHuM u3 pearcHtoB; A...K, AK...B -
aKTUBUPOBaHHble KOMIUIEKChl KaTalWTU4YeckoW peakuuu; A..B -
AKTUBUPOBAHHBIH KOMIUIEKC HEKATaMTUYECKOW  peakunH; ALy,
CHH)KEHHME SHEPriu aKTHBALMH MO BIMAHUEM KaTajiu3aTopa

11



Pa3muyaroT roMOreHHEIH U reTeporeHHbId KaTanu3. B nepeom
clly4yae KaTalu3aTop HaXOAMTCS B OJHOMN (ase ¢ pearcHTaMu, a BO
BTOPOM - KaTalM3aTOpOM SBJSIETCS TBEPAOE BEUIECTBO, HA
IOBEPXHOCTH KOTOPOrO HAET XUMHYeCcKas peakuus Mexny
peareHTaMu.

XUMHNYECKOE PABHOBECHE

XuMUYeCKHe peakiuy MPUHATO NOAPa3AeIaTh Ha 0OpaTHMBbIE
1 HeoOpatumble. HeoOpaTtumple XUMHUYECKHE PEaKLIMU IPOTEKAOT
[0 TIOJIHOTO pacXoJOBaHUs XOTs OBl OMHOMO U3 HCXOIHBIX
BELIECTB, T.€. NPOJYKTHl pEaKIMM MM COBCEM HE BCTYNAIOT BO
B3aUMOJICHCTBHE JIpYyr C JpyroM, HIH 00pasyloT BeLIecTBa,
OTJIMYHBIE OT HCXOAHBIX. Takux peakuuit oueHsr Mayo. Hampumep:

2K.C103 (t8) — ZKCI ("m)+ 302(r}

B pacTeopax 3JIEKTPOJIMTOB IIPAKTHYECKH HeOGpaTHMBIMH'

CUMTAIOTCS PEaKLyH, WIyLIHe ¢ 0Opa3oBaHHEM OCaJKOB, I'a30B U
cJiabbIX 3JIEKTPOJIUTOB (BOJA, KOMIIJIEKCHBIE COCIHHEHHU).

BOJIBLIMHCTBO XUMUYECKUX PEaKiHi ABNAI0TCA OOPaTUMLIMH,
T.€. OHU MIYT KaK B PSIMOM, TaK U B 0OPaTHOM HaIllpaBJICHUH. ITO
CTAaHOBHTCS BO3MOXXHBIM, KOIJa 3HCPIUM aKTHBALMM IPSAMOIro |
00paTHOro MPOLECCOB OTIUYAIOTCS APYT OT JApYra HE3HAYHTENBHO,
a MpOLYKTHl peaKuMH CIOCOOHBI IpeBpalarhbcs B HCXOIHBIE
BerlectBa. Hampumep, peakuust cunrteza HI sBisercs TUIHYHO
00paTHMOU peaKuei:

Ha(ry + I @ 2HI

3aKOH JEHCTBYIOIMX Mace (BhIPaXXKEHHE CKOPOCTH PEaKILUH)
IUIsL IPSIMOTO W 0OPaTHOTO MPOIECCOB COOTBETCTBEHHO OyNeT
UMETh BUJI

— o — . — _ — 2

V=k[H][L] V=Ek[MHI]
B kakoi-TO MOMEHT BpEeMEHM HACTYIaeT COCTOSHHE, KOTJa
CKOPOCTH MpAMOM M OOpaTHON peakuMii CTAHOBATCS paBHBIMH

V=V (puc.4). .
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Puc.4, U3smeHeHue ckopocTed mnpsamon (V) u obpaTHoM (V) peakuuii ¢
TEeYEeHHEM Bpemem»s { _

DTO COCTOSIHHE HA3BIBAETCS XHMHYECKUM paBHOBecHeM. OHO HOCHUT
JUHAMHYECCKUM (IMOABMIKHBIN) XapaKTEp M MOXET CJABHMIATHCS B TY
WIM JPYIYI0O CTOPOHY B 3aBHCHMOCTH OT W3MEHCHHS BHEINHHX
ycnoBuit. HauwmHas ¢ MOMEHTa paBHOBECHS, IPH HEM3MEHHBIX
BHEIIHUX YCNOBUSX KOHLEHTpPAlMM HCXOHOHBIX BELUECTB M
NPOAYKTOB pEaKIMH He W3MEHSIOTCS C TEUCHHEM BPEMEHU.
KoHneHnTpauu peareHToB, OTBEYAIOUIME COCTOSHUIO PaBHOBECHS,
Ha3bIBAIOTCS paBHOBeCHbIMH. JIns ornpeneneHuss pPaBHOBECHOM
KOHIICHTPAllMM  peareHTra HeoOXOOMMO M3 €ro HayaJlbHOM
KOHLIEHTPallMH BBIYECTH KOJIMYECTBO BEWIECTBA, IpOpearupo-
BaBIIEr0 K MOMEHTY HaCTYIUICHWsI pPaBHOBECHOI'O COCTOSHUS:
Cpaon = Cuex — Copopearnp  KOAHYECTBO peareHTOB, BCTYNMBIIMX B
peakuuilo U 0Opa3oBaBILUXCS M3 HHUX K MOMEHTY pPaBHOBECHS
IIPOJYKTOB, MPONOPIHOHAIBLHEL CTEXHOMETPUYECKUM
K03 QUIIUEHTAaM B YpPaBHEHUH pEaKLyH.

CocTosiHuE paBHOBECHS IIPH HEM3MECHHBIX BHEILHHX ycnosﬂﬂx
MOXET CyHIeCTBOBAaTh CKOJIb YrOJHO nonro. B cocTosHuH
P2BHOBECHUS

k [H] [I] = k [[HI}%, otkyma k/k [=[HI¥ [H] [L].

ITpy MoOCTOSHHOI TeMItepaType KOHCTaHThl CKOPOCTEH MPSIMOro
1 oOpaTHOro npoiecca SBASIOTCS BEIMYHHAMU [TOCTOSHHBIMH.
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OTHOLUEHHE NBYX KOHCTAHT SBJIETCS TaKkKe BeIHUHHOMN

nocrosHHo K = k / Kk ¥ HOCHT Ha3BaHHe KOHCTAHTA
XHMH4YeCKOoro papHoBecHs. OHa MOXET OBITh BhIpaXKeHa
(H1]?

b0 yepe3 KOHIEHTpaUMH peareHTos K, = , b0 yepes

[Hz](Iz]
_ P

X INapuManbHbBle = JQaBneHus K, = PHZ_Plz CCTH  peaKius

IIPOTEKAET C YYaCTHEM I'a30B.

B obmmem cinyyae st peakuuu ad + bB+ ... 2 ¢C +dD + ...
KOHCTAaHTA XHMHYECKOr0 pPAaBHOBeCHsI pAaBHA OTHOIUCHHIO
NPOH3BEAEHMSI KOHUCHTPAUMA MNPOOYKTOB peakuuH K
NMPOU3BEeIEHHI0 KOHUEHTPAUMH HCXOAHBIX BEIIECTB B CTECNEHSX,
PaBHBIX X CTEXHMOMETPHYECKHUM K03 PuumeHTam.

K = [C]€ [D]¢ ...
¢ [Aa]e[B]P ..

KoncranTa XMMYYECKOrO paBHOBECHsS HE 3aBHCHT OT IYTH
NPOTEKAaHUs Mpolecca U ONpEHeNseT IMyOHHY ero NMpOTeKaHHs K
MOMEHTY AOCTHXXEHHSI paBHOBECHOI'O COCTOsIHHA. YeM Oonplue 3Ta
BeNIHYKHa, TeM OONbIUE CTENEeHb IPEBpAlEHUs pPEAareHTOB B
MIPOJYKTEL.

KoHcTaHTa XHMHYECKOrO paBHOBECHS, TaK e , Kak u
KOHCTaHTBl CKOPOCTEH peakLuH, sgBideTcs (QYHKUMSIMU TOJNBKO
TEMIIEPATYphl U MPUPOIB] PEArHPYIOLIMX BEUIECTB M HE 3aBUCHT OT
HX KOHUEHTPallUHU.

JUlsi  reTeporeHHBIX NpOLECCOB KOHUEHTPAUMs TBEPHBIX
BEUIECTB B BBIPAKEHHE CKOPOCTU pPEaKLMH M KOHCTAHTHI XMMHU-
4ECKOI'0 paBHOBECHsI HE BKIIIOYAECTCS, TAK KaK peakUHs NPOTEKaeT
Ha IIOBEPXHOCTH TBEPAOH (a3pl, KOHLEHTpaKs KOTOPOH OCTAeTCs
BO BPEMEHHU NOCTOSAHHOHN. Hanpumep, nns peakuuu:

BBIpaXKEHHE KOHCTAHTHl paBHOBECHs OYIET MMETh BUIL:

— [CO;]
[CO]

Pco,

K
¢ Pco

» Kp =

14

K, wm K. cBasagpl cooTHoweHueM K, = K(RT)™, rme
AN = X Wnpon - = 2 Mycx.pemecrs — U3MEHEHHE YHCIIA MOJIEHl ra3oodpas-
HBIX BeLIEeCTB B xone peaxkuuu. g nannoit peaknuu K, = K, Tak
KaKk An razoo0pa3sHbIX BEHIECTB PABHO HYIIIO.

BJIUSIHUE U3SMEHEHUS BHEINHUX YCJIOBUI
HA COCTOSIHUE XUMUYECKOI'O PABHOBECHUSI

I[Tocne H3MEHEHUS BHEIIHUX YCIOBHI COCTOSHHE XHUMHYECKOTO
PaBHOBECHsI HapyllaeTcs, TaKk KaK CKOpPOCTH IpsiIMOH U oOpaTHOM
peakuMd B pa3sHOM CTENEHH 3aBHCIAT OT OJTHX M3MEHEHHI.
[IpouCXOANUT cOBUI paBHOBECHS B CTOPOHY IMpsMOM (BIpaBo) MM
obpaTHOH (BNEBO) peakLMM, MOCIE Yero B CHUCTEME YCTAHOBHTCS
HOBO€ COCTOSIHHE paBHOBECHUS, I[IpU KOTOPOM pPaBHOBECHBIE
KOHUEHTPALUH PeareHTOB OYAYT OTIUYHEBI OT NPEIbIAYIIHX.

B xagecTBeHHOH ¢Qopme HarpaBleHHE CMEIICHHS PaBHOBECHS,
MOXHO OINpeaeNuTh, Nonk3ysach npuHuunoM Jle arenne: «Ecnu
Ha CHCTeMY (pEaKLMIO), HaXOUAILIYIOCS B COCTOSHHH DaBHOBECHS,
OKa3aThb ~Kakoe-mubO BHELIHee BO3JEHCTBHE, TO paBHOBECHE
CMECTUTCS B TOM HaIlpaBJICHUU, IPH KOTOPOM 3TO BO3JIEHCTBHE
yMeHbluaeTcs». MHBIMH clloBaMM paBHOBECHAs CHCTEMa CTPEMMTCS
COXPaHHUTEL CTapOe€ COCTOSHUE PABHOBECHUS W TNPOTHBOJECHCTBYET
BHEIIHEMY BO3AEHCTBHIO.

K naubonee oueBunHBIM (akTopaM, CIOCOOHBIM MOBJIHMATL Ha
COCTOSIHHE XHMMUYECKOIO PAaBHOBECHS, OTHOCSTCS TeMIeparypa M
KOHLIEHTpauus peareHToB. [ peakuui, IPOTeKAIOIUX ¢ YYaCTHEM -
ra3oB IPU MOCTOSAHHOM TEMIIEpaType, JOMOIHUTENbHBIM (PakTOpOM
SBJISETCS JaBJIEHHE, T.K. €r0 U3MEHEHHE IPHUBOJUT K H3MEHEHMUIO
o0beMa M, CIEeNOBaTeNbHO, K M3MEHEHUIO KOHLEHTpPALUH rasoBbIX
peareHToB, NPHYEM B PasHOH CTENEHH JUIS HCXOMHBIX BELIECTB U
NPONYKTOB peakuuu. PaccMoTpuM BnusHHE 3TUX (aKTOpoB Ha
CMEIIIEHUE PABHOBECUS B CHCTEME:

NZ(r) + 3H2(r} g 2NH3U—} , AHx_p< 0 (D
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1. BauaHue naBjieHHA

[lpy mnOBBIIEHUH JABJIEHUS pABHOBECHE B  CHUCTEME
cMelaeTcs B CTOPOHY  MEHBIIEro  KOJHYecTBa  MOJIEH
razoo0pa3HbiX BeleCTB. B JaHHOW cHCTeMe IpPOU3OHIET
CMEIIEHHEe PaBHOBECHUS BIIPABO, T.€. B CTOPOHY NPSAMOI peaKLHH.

M HaoGopoT, mnpu YMEHBLICHHHM HaBJICHHS pABHOBECHUE B
CHCTEME CMeUacTcss B CTOPOHY OOJBIIEro KOJNMYecTBa MOJIEH
razoo0pasHpIX BelleCTB. B JaHHOW CHCTEME NPOU30HIET
CMellleHHEe PABHOBECHS BJICBO, T.€. B CTOPOHY 00paTHOU peakuuu.

[lpy M3MEHEHWH JaBJIEHUS B CHCTEME HE IIPOM3OHIET
CMeUICHHsS DPaBHOBECHS, €CNIM KOJIMYECTBO MOJB ra3000pasHbIX
BEIIECTB B XOJI€ PEAKIIHK HE U3MEHSETCS.

2. BimsiHHe KOHUEHTPALMHA peareHToB

V3MeHeHHe  KOHIIGHTpallMM ONHONO MM  HECKOJBKHX
. peareHTOB B pPaBHOBECHOH CMeCH INpHBENET K CMEIEHHMIO
PaBHOBECHs, TpHYEM YBEJIHYEHHE KOHILIEHTPAlMM MCXOJHBIX
BEIECTB C/IBUraeT paBHOBECHE BIIPABO, YTO YBEIHMYHUBAET BBIXOX
nponykToB. K Takomy e 3¢exTy NpUBOAUT OTBOJA HPOAYKTOB U3
PaBHOBECHOH cMmecH (HalpUMEp, CXIDKEHHUE aMMHaKa H OTKadka
ero U3 peakTopa). YBeJluyeHHe KOHUEHTPAUUHU IPOAYKTOB PeaKuy
WIH YMEHBIIEHHWE KOHIIEHTPAIUH HMCXOMHBEIX BEWIECTB BLI3BIBAET
CMEUIEHUE PAaBHOBECHUS BJIEBO, T.€. B CTOPOHY HCXOJHBIX BEILECTB.

3. BausitHue TemMnepaTypbl

[To orHomeHuro K o0OpaTHMBIM XHMHYECKHM IIpolleccaM
OBBILICHHE TEMIIEPATyPhl BHI3BIBACT CABUI PABHOBECUSI B CTOPOHY
peakLMM, IPOTEKAIOLIEH ¢ IMOIVIOIEHUEM TeIlia (JHIOTEPMU-
YeCKOW peaKI[uH ), OHIKEHHE TeEMIIEPaTyphbl — B CTOPOHY PEaKLHH,
POTEKAIOWIEH ¢ BBIICTEHUEM Tellia (IK30TePMHUYECKOM PeaKIuu).

KoHcTaHTa paBHOBECHS peakLMH CBSI3aHAa CO CTaHIAapTHBIM
u3MeHeHueM cBoOoHOM 3Heprun ['ub6ca cOOTHOLIEHHEM
AGox_p =-RT InkK,, a ﬁGox_p = AHox,p - T‘ASOX‘,,_ Torpma
T-ASQ,— AH, _AS% é_h’_,?_p

RT ’ Ink, R RT

Ink, =
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s peakumu (I), nporexaroliel ¢ BBUIEJIEHHEM TeIUla
(AHyp<0), yBenu4eHye TeMIepaTypel NPUBENET K YMEHBIIEHUIO K.
JTO 3HAYUT, YTO KOJUYECTBO MPOAYKTOB peaKUHMH YMEHBUIMTCH, a
KOJIMYECTBO MCXOOHBIX BELIECTB YBEIMYMTCS, T.€. PaBHOBECHE
CMECTHUTCS BIIEBO, TaK Kak OﬁpaTH&H peakiua IIPpOTCKacT C
norjoiieHueM Temna. ¥ Haobopot, AN peaKkuuH, NPOTEKAIOLIEH ¢
noryomenueM Temna (AHy > 0), npu yBenuyeHuu temnepatypbl K,
YBEIMYHUTCS, T.€. PABHOBECHE CMECTHTCS BIpPaBO (B CTOPOHY
SHIOTEPMHYECKO# peaKiuy).

TakuMm o00pa3oM, Ipu YBEJIMYEHHH TEMIIEPATYpbl KOHCTaHTa
paBHOBECHS SHIOTEpMHYECKOH peakiyu (AHy,> 0) yBenuuuBaercs,
a 3K30TepMHYecKoi peakuuu (AH, < 0) — yMEHbIIAETCS.

IIPUMEPBI PEIUEHUSI TUIIOBBIX 3AJIAY

3apavya 1

Kax wu3menuTca ckopocTh npsmod peakuuu (T=const)
2SOy + Oy & 2SO3() NpH yBeNWYECHUH OOIIEro JaBlNCHHS B
PEAKIHOHHOM COCYZAE B TpH pasa?

Pemenue. U3 ypaBrenuss Knanelfipona—MeHzneneesa clenyer, 4ro
p = n/VRT = CRT, rae C - xoHuenTpauus B Mojb/ji. CorjacHo
3aKOHY JEHCTBYIOIUMX MacC CKOPOCTh HNpPSMOH  peakLHH [0

TOBBINIEHUS HaBlenus V = E[SOz]z[Oz]. ITocne noBblIeHUS
JaBneHHs B 3 pa3za KOHIEHTpaUWs BCEX Ta30BBIX KOMIIOHEHTOB
BO3pAcTeT TakXe B 3 pa3a, IIPH 3TOM KOHCTAHTa CKOPOCTU PEaKIUU
OCTaHETCs HEM3MEHHOM, TaK KaK OHa He 3aBHCHT OT KOHLEHTpallUH
pearupyIomuX BEIECTB.

YpaBHeHHE CKOPOCTH NpsSMOM peakuuu OyHeT UMETH CleTyIOUIuH
Bug: Vy = k[3S04)4[30,] = 27k[SO,J*[05]. | ‘
Takum 06pa3oM, CKOPOCTE NPSIMOH peakIUy Bo3pacTeT B 27 pas.
3agava 2

Hnst peakuuu 2NOypy 2 2NO(y + Oy KOHCTaHTa CKOPOCTH
npsimoit peakuuu npu 600K pasua 83,9 n/mone-c, a npu 645K ona
cocrapnsier 4071n/Monb-c. PaccyuTarh 3HEPruI0 aKTHBALMM 3TOrO
npouecca. e i
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Pemrenue. Koncranta CKOpPOCTH peEaklHM CBA3aHa C BHCpPHCﬁ

aKTHBallMM YpaBHEHHEM AppeHuyca
Ea

k= Ageu RT ,
B KOTOPOM MPEI3KCIOHEHUHANBHBIA MHOXHUTENS Ag U 3HEPrus
aKTHBAlMK £, CYATAIOTCS HE3ABUCHMBIMHM OT TeMIepaTyphl.
[Tepeiing k npecaTHYHBIM JorapudmaM H nponorapu¢pMUpOBaB
Eq
2,303RT
ypaBHEHME I ABYX TEMIIEPATY]:
E, 1 E, 1
lghy = ————+1gA¢; lghhy=———+IgA,.
8 T o 303rT, | 800 18R T Saap T, T B0
BeryuTas U3 BTOPOro ypaBHEHHS II€pBOE U pelias OTHOCH-
2,303RT1Ty , k3
et L g P
(T2—-Ty) k1
[TomcTaBnsist YMCIEHHBIE 3HA4YECHUS BENMYMH B 3TO YPAaBHEHME,

2,303 -8,314 645 -600 407
nonyquMm E,= — - 1 = 113,2 xJ[>/MoJb.
Y 2 (645~600) €539 <

ypaBHEHHE, NoinydyuM gk = lgA¢. 3amumem 310

TEJIBEHO 3HEPrHM axKTHBAlHH, ITOIYYHM Ea =

3apaya 3

IMpu 500°C paesoBecue peaximu Nag + 3Har 2 2NHsg
YCT@HOBMJIOCH IpH  CJICAYIOINMX KOHIEHTpaiusax (Monb/i)
pearenToB: [Nj] = 1,8; [Hy] = 7.4; [NH;3] = 0,4. Onpenenurs:
a) HCXOJHbIe KOHLCHTPAMHM a30Ta W BOmopopa; 6) [aBiCHHE B
PEaKLHOHHOM COCYJ€ B HayalbHbLIA MOMEHT U B MOMEHT
HaCTYIUICHUS PaBHOBECHSL.
Pemerne. OGo3HauuM HCXONHBIE KOHIICHTPALMH BELIECTB Kak
[Noluexs [Haluex, KOMHYECTBO MCXOOHBIX BEIIECTB, IIpOpearupo-
BaBUIMX K MOMEHTY HACTYIICHHUs paBHOBECHS, KaK [Nalusp, [Halusp,
a paBHOBecHBbie KOHLEHTpauuu KakK [Nalpass, [Hzlpasss [NH3]pasu-
B HavanpHBI MOMEHT BpEMEHH B PEaKIHOHHOH CMecU
NPHCYTCTBYIOT ~TOJNLKO @30T M  BONOPOX B  HavyalbHBIX
KOHIEHTpauusaX: B mpomecce peakuwu HX KOHICHTPALMU
yOBIBaIOT, a KOHLEHTpalMs aMMHuaka yeenuuusaercsa. Ilocne
YCTaQHOBJICHHsI paBHOBECHs (KOIJla CKOPOCTH NpsSMOH U 0OpaTHOM
peakuMi paBHBI) B pPaBHOBECHOM CMECH [MPUCYTCTBYIOT He
yCIIeBILKE POPearupoBaTh a30T H BOJOPOA U YCIEeBIIH
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o0pa3oBaTbcsi aMMHaK, TakuM o0O0pa3oM paBHOBECHBIE KOHIEH-
TpallM¥ HCXONHBIX BELIECTB OYAYT paBHBI pPa3HOCTH MEXAY HX
HCXONHBIMH KOHUEHTpAlMSIMH H TEM KOJMYECTBOM, KOTOpPOE
NpOpearupoBao K MOMEHTY PaBHOBECHS _

[N'Z]pami: [N2Juex - [N2]||3p; [HZ]paau = [HaJuex - [H:’.]mp-
PaBHOBeCHBIC KOHLCHTPALMM BCEX BEIIECTB MaHBI B YCJIOBUH
3alayd, OCTaeTCs OIpEeNeNHTh KOJMYeCTBa a30Ta M BOJOpoAa
IpOpearupoBaBIIMX K MOMEHTY paBHOBecHs. U3 ypaBHeHuUs
pPEaKUUH CIEQyeT, 4YTO Ha Kaxaple 2 Moyis 0o0pa3oBaBIIErocs
aMMuaka 3aTpaduBacTcs | MOnb a3ora u TpH Mo Boxopoxaa. [lo
YCIOBHIO 3aJa4il K MOMEHTY paBHOBecHs ycreno obpazosarkes 0,4
Monsi aMMuaka. st 3Toro notpetoBanock:

u3 3 moneit Hj obpasyerca 2 mons NHj, a

u3 X monei Hy o6pasyercs 0,4 mons NHs,
-3-0,4 '
oTkynma X = — T 0,6 Mo = [HaJusp.

AHaNOrM4YHO  HAXOAHMM, YTO K MOMEHTY pPaBHOBECHS
1-04
U3pacxoa0Balioch [Nao]isp = T 0,2 mons.

PaccyntaeM HCXOJHBIE KOHIEHTPALMKH BELIECTB
[NZ]ch = [NZ]paBH + mﬂusp = 1,8 + 0,2 = 2,0 ™Monb/n;
[Hzluex = [Halpasn + [Holusp = 7,4 + 0,6 = 8,0 Monw/it.
JIns pemenus 3ToM 3a1a49X YAO0OHO COCTABHTE CXEMY:
Noiy + 3H2{,-) 22NH;
Cux 2,0 8,0 0

Cpas 1,8 7,4 0,4

C moMOIIBIO 3TOM CXEMBI MOXKHO CJIeNarh JIIOOBIE pPacyeThl,
YUUTBIBAS YCIIOBHS 3aJ1a4M;

0) cornacuo ycnmosuro, 7 = 500 + 273 = 773K, V= 1n. UcxonHoe
YUCIIO MOJIEH PEareHTOB Myay = MyuayNy + MyagH, = 2 + 8 = 10 Moneit.
B cocrosHME paBHOBECHS YHCIIO . MOJIeM ra3oB OYHET paBHO
Ppasn = Mpagn Ha + FpaguNy + HpagNH; = 7,4 + 1,8 + 0,4 = 9,6 Mons.
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IToncrapnsist mony4yeHHBIe 3HAYEHUS B ypasHenue ( P = CRT),
paccyuTaeM [aBlICHUE ra3oBOH CMECH B HaYaJIbHBIH MOMEHT U B
MOMEHT paBHOBecus (R=8,3 1 Ix/mMons-K=0,082 JI-aTM/MOIb Tpa).

Py = 10-0,082-773 = 633,86 aTm; '

. Ppasy = 9,6:0,082-773 = 608,5 atm.

OueBnIHO, YTO JaBleHME K MOMEHTY pPaBHOBECHS YMEHb-
UIAIIOCh, TaK KaK Peakius UIET ¢ yObIILIO YhCNa MOJIeH ra3oB.
3agaya 4 '

[pu 25°C ans peaxumn 1) SOyp + 12055 2 SOy

Ky = 1,7-10". PaccuuTats Ky v K. npu 31Ol Temmeparype mis
peakuuu 2) 2803([-) pad 2SOz{r] + OZ{r)

Pewenue. Cornacso 3akoHy neHcTByrolmx Mace s peakuuy 1)
BBIDDKCHHE KOHCTAHTBI XUMHYECKOrO DAaBHOBECHS OYIET HMeTh
BUJ

' 2
Pso, P§o,Po,
K, = ———7, a nns peaxuuu 2) K, = Herpynuo
P1 Pso, Po;/z P ) D2 P5203 Y

yCTaHOBUTb, 4TO Mexay K, wu K, cymiecTByeT cBs3b B BHIE

2
sz = (;(_) . Ioncrasnsas YHUCJIEHHBIC 3HAYeHUs, ITOJIYUHM:
P1

_ N ase. 24
pz——muo,.ﬂﬁ 1077,
M3ssectHo, uto a) K, = K. (RT)™, rue An = 2 Minpon. = 2 Mycx sewects —

M3MEHCHHE YHCTIa MOJIEH ra3000pa3sHbIX BELIECTB B XOMie PeaKiliH.
Hnst peaxtuu 2) An = (2+1) — 2 =1mons. [TogcTapnss B YpaBHEHHE
a) T'=298K, R = 0,082 n-atm/monb-K, IIOJIYYUM

345-107%4
= = 1,410,

0,082 -298

<

3apaua 5
Hnst peaxumu COqpy + Clyy 2@ COCly(py BeraucnuTs KOHCTAHTY
paBHOBecus K, HCHONB3ys TaGNMYHblE 3HAYEHMS TePMO-
JAMHAMUYECKHX (QYHKUMH NpH CTAHIAPTHBIX YCNOBHAX. Ilo
3HAYCHUIO BEJIMYUHEI K}, OTBETUTH Ha BONPOC: HCXONHEIE BELIECTRA
HJIK TTPOAYKTH] PEAKLUH NMPeobnataloT B PaBHOBECHOH cMecH?
20
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Pewenne. KoHCTauTa paBHOBecMS  peakUMM  CBS3aHA  CO
CTaHOApTHRIM ~ HM3MEHCHHeM  CcBOOOJHOH  3Hepruu  ['uG6ca
COOTHOIUIEHHEM AGO,(‘,, = - 2,303RT 1gK, (1). B cBoro ouepens,
AGOX_D (XMMHUYECKOH pEeaKIMK) MOXXHO PACCUHTAaTh IO U3MEHEHHIO
CTaHJApPTHBIX BEHYHH 3HTAIBITHM H SHTPOIIUH B XOJE 3TON peakuyu
AGox‘p = AHox_p - TA.S'O,C_p-lO‘3 (2). 3uaueHus &Hox_p " ASOX_,,
BEIYHMCIIAIOT II0 NIEPBOMY CIIEJCTBHIO M3 3aKkoHa [ecca, MCronb3ys
TaONMYHBIE 3HAYEHHs CTAaHNAPTHBIX OJHTAILNME 00pa3oBaHHs U
sutponmit Bemects AH'x, = Y(AH'ioghon - L(AH208)uex W
AS’p = 2(S%08)on = XS 208)ucx. 3Havenus AH5 1 S0 Bewmects,
YYaCTBYIOWIMX B pEaKLMHy, IPUBENEHE! B TabIUILE.

BeuiectBo AH s, 08, Jhi/Mosb-K
kJDi/Mone
COm 10,6 197,7
Chp 0 222.9
COCl, 2203 283,9

AH’ = AH 395 (COCLy) - AF205(Cly) - AH" 208(CO) =
=-220,3 - 0 (-110,6) = -109,7x T
AS'sp = $%9s(COCL) - §%05(Cly) - $%05(CO) =
=283,9-222,9-197,7=-136,7 /K
AG = -109,7 - 298 +(-136,7)-10" = - 69,3 xJIx¢
W3 ypasuenus (1) cnenyer

_ AG%xp -69,3-103
ek = = 33 RT T 23038314295
Kak Kp >> 1, o npu T = 298K B paBHOBecHOH cMecH Oynyr
npeobnajnark NPOAYKTEI peaklHH.
3apgaua 6

Ilpu HEKOTOpOM TeMrepaType KOHCTAHTA PaBHOBECHS peaKLyM
Hoyy + Iy @ 2HI  paBHa 50. Paccunrtats paBHOBeCHbIE
KOHUCHTPaHK BEIIECTB, €CIId MCXOJHBIE KOHIEHTPAlUH BOAOpOa
u Mona Oputu coorBeTcTBEHHO 0,6 1 0,8 MONB/II.
Pemwenue. Ilpeamonoxum, dYTO K  MOMEHTY  pPaBHOBECHS
[IpOpearupoBajio x MOJIEH BOOOPOAA U, 3HAYMT, X MOJielt ioa.
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Torna ux pPaBHOBECHDLIE KOHLICHTpaLuu Oynyt
Ci, (pasw) = 0,6 - x moms/n ,  Cy, (papw) = 0,8 - x MonB/1, a
pPaBHOBECHAss KOHLIEHTpauMs HOOMCTOrO BOAOpOHa COCTABHT
Cuy (pasn) = 2X MOJB/JI. BripaxeHHe KOHCTAHThI PaBHOBECHS JUIA

2
. c
3T0ii peakuuu 6yner K. = ——
. Ch,y ¢y
Y2
IloncTaBngs B HEro COOTBETCTBYIOLLME BEIPAXKEHHUS, [TOJIYYHUM
(2x)?
50 = , OTKyza x> - 1,52x + 0,52 =0,

(0,6—x)-(0,8—x)
x12=0,76 £ 0,24, x1=1,x,=0,52.

[leppoe 3Ha4yeHME HE MOAXOOHT IO CMBICIy, TaK Kak
YMEHBIIEHHE KOHIIEHTpallMd He MoxerT ObITH Oonblie, 4YeM
HCXOMHbIe KOHLEHTpalMu Bojopona u Hona. Iloatomy Hckomoe
3HaueHue X coctapnsaeT 0,52monb/n. CnenoBaTelbHO, paBHOBECHEIE

KOHUEHTpaluy BemecTs 6ynyT pasHbl Cy, (pagw) = 0,6 - 0,52 =

= 0,08 mon/n, Cy, (pagu)= 0,8 - 0,52 = 0,28 mons/m, Cuy (pasn) =
=20,52 = 1,04 mons/1.
3apaya 7

,HHH peakipd  CaCOjg) 2 CaOmy + COz2 () 1pH 600°C u
700°C paBHOBeCHBIE Mapruanbhbie naBieHus CO; cOOTBETCTBEHHO
paBHel 0,0024 arm u 0,029 arm. Onpemenuth: 1) KOHCTAHTEHI

paBHOBecus K, Ui NAHHBIX Temnepatyp; 2) Temnosod sddext

peakuuy npy P = const cYyMTas ero IOCTOSHHEIM JUIS HHTepBala
temmnepartyp 600- 700°C.

Pemenne. 1) peakuuss TepMHYECKOro pasloXeHHs KapOoHaTa
KalbLlUsl SIBJISIETCS TETEPOreHHBIM IpOLECCOM. BbrIpaxeHue
KOHCTaHThl paBHOBecust Oyner K,= Pco,. CnenoparenbHO, npu
yKa3aHHbIX TeMIlepaTypaX KOHCTaHThI paBHOBecHs OymyT HMETh
cnepyrouue sHauenus: K, = 0,0024 u K, = 0,029.

2) Temnomoit addext npu P,T = const paBeH H3MEHEHMIO
SHTAJILIHHM XHMHYECKOH peakLuu AHUX_p. s pacyera Af[ox_p
MOYHO BOCIIONb30BATHCS CIEAYIOLIMM YPAaBHEHUEM:
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o _ 2303RTT, Kp, ~ 2303-8314:873:973 I 0,029
xp =

(T2—T1) ngl - 973-873 €00024
= 176,65 xJIx.
KOHTPOJIBHBIE 3AJTAYH

1. Bo CKONBKO pa3 M3MEHMTCS CKOPOCTH MNPsIMOil peaKuHu
(peakumro CYuTaTh IEMEHTApHOH) NMpH W3MEHEHHM JaBIEHUS B 7
pas?

a) 2C) + Hyn 2 CoHy(n

0) ZCO(.-} + Op_(r) 2 2C02(r)
B) 2C(-m} + Oy 2 ZCO(F)

I‘) ZNO(r) + Clz(;—} 2NOC1(1~)
n) COqy + HoOm 2 Hary + COxy
e) C(TB) + 2H2(r) a2 CH4(r)

7K) PCIS(F] = PC13{F) + Clz(r)
3)SO,Clyry 2 SO + Clyn
I/l) N204{r] 2 2N02(|-)

K) 2CO2( 2 Ox(ry +2C0(n
a) COry + MgOqrs) @ COx(r) + Mgm)

2.B0o CKONBKO pa3 HallO YBEIMYMTH NABICHHE B COCYIE, YTOOBI
ckopocts peakuuu  Hy + I = 2Hl() Bo3pocna B 100 pa3?

3. Peakuus uner no ypasHenuto 2NOgy + Oy @ 2NOyy
HavanbHble KOHIEHTpalUuu pearupyrounx BemecTs Oputn [NOJ =
= 0,8 momp/t;  [O2] = 0,6 monn/n. Kak H3MEHHTCS CKOPOCTB
PEaKILMH, €C/IM KOHLEHTPAMIO KHCIopoaa yBenuyuTh 10 0,9 Mons/1,
a KOHIIEHTPalKIO OKcuia a3ota 1o 1,2 mons/n (7= const)?

4. Cxopocts peakumnu Hyp + Iy 2 2HIy npu [Hy] = 0,5Momnb/1
u [[,] = 0,3 Mmons/n pasna 0,018 monb/ n-MUH. PaCC‘-IHTaTB KOHCTaH-
TY CKOPOCTH NPSAMOM peaKLMH.

5. Cxopocts peakumu 2NOy + Oy 2 2N02(r) npH [NO]
= 0,3momnp/1; - [Oz] = 0,15 mons/n paBHa 1,2 10" monw/n-c. Paccun-
TaTh KOHCTAHTY CKOPOCTH.

6. KorcranTa ckopocTy peakuuu obpasopanus HI u3 npocTeix
semects npu 781K pasna 0,16. Uemy paBHa CKOpOCTH peakuMu B
HayaJbHBIII MOMEHT BPEMEHH, KOraa:
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M) COynt Hyy @ COp + HO0
H) Nz(r) + Oz(r] 2 2NO{F)

0) Ham + Ion @ 2HIy

n) 2NO( + Oy 2 2NOyn

p) 2HI) 2 Haw + Lo

€) Gy + 02y @ COx

T) COClz(r} pd CO(r) + Clz(l-)

y) 2802 *+ Oan 2 2S05;)

¢) Hagry + 17202y 2 H2On

X) 2NO{[-) + Oz(r) = N204m



a) [1,] = 0,05 monw/n;  [Hy] = 0,09 mone/n; [HI] = 0 mons/x,

6) xorna ycneno obpazosarscs 0,04 mons/n HI

7. KoHcTaHTa CKOPOCTH peaKIuy ZNO{F) + 02(.—) 2 NyOgp
[pH HEKOTOpOi Temneparype pasua 0,5-107 n” /mon*-c. Paccuutars
CKOPOCTBb PEaKLMHU:

a) mpu [NO] = 0,8 mons/n, [O,] = 0,6 mons/n; [N204] = 0 mon/n
6) yepe3 HEKOTOPBIH IIPOMEXYTOK BPEMEHH, 3a KOTOPBIH Mpopea-
rupoBano 0,2 MO/ KHCIOPOJa.

8. Pasnoxenne N>O Ha MOBEpXHOCTU 30JI0Ta MIPU BBICOKHX
TeMIlepaTypax MpOTeKaeT [0 YPaBHEHUIO 2N20(r) 2 2N2(r) + Oy,
KoHCTaHTa CKOpOCTH NaHHOM peaKiyu paBHa 5- 107 -moms™' - MuH’
mpu 1173K. Havansnas xoHuentpamms [N2O] = 3,2 Monb/m.
OnpenenuTe CKOPOCTh peaKIMU ITpU 33JaHHOH Temieparype B
HayallbHBIi MOMEHT BPEMEHH M B TOT MOMEHT, KOIJIa Pa3JIoXUTCs
25% N,0.

9. Bo ckoibko pa3s Mmeﬂmcs; CKOPOCTh PEeakUUH IIpY ITOBbI-
meHuu Temnepatypsl ¢ 20 go 100 OC, ecu y =22

10. CKOpoCTh HEKOTOPOH peakiMy MpH OXIaxaeHuH ¢ 60 no
30°C ymenbmnach B 8 pas. Paccuurats y.

11. Paccuurare TeMIepaTypHbBIA I{03(1J{1)HLII/I€HT pEeaKIuH,
eciu ee cxopoc*rb npu 120°C cocmﬁnsma 5,88 -10™ monb/m-MuH, 2
npu 170 OC ona 6bia pasua 6,70 107 MOJIB/ 1" MHE.

12. [Tpu yBenuueHUU TEMIIEPATYpPHI Ha 60° ckopocTh peakuuu
Bo3pocna B 150 pas. Paccqn'ra'rb TeMnepaTypHbIid K03 duuHeHT.

13. Ilpu Temnepatype 20°C B pe3ynpTare HEKOTOPOH PEaKIKH

yepe3 lyac HAKOMHUIIOCH OIpENEIEHHOE KOJIMYECTBO IPOJMYKTA.
[Ipu kaxoii TemmepaType ClefyeT BECTH IIPOLECcC, YTOObI TO e
KOJIMYECTBO MPOAYKTa HaKonuiIock 3a 10 MuryT? v = 2,4.

14. Ha ckonpkO rpafycoB HYXHO IOBBICUTE TEMIIEPATYPY,
uyT0OBl CKOPOCTh peakuuu Bospocna B 90 pa3? TemmeparypHbIi
ko3¢ duiment pasen 2,7. '

15. Bo cKoOIBKO pa3 YBENHUYHUTCS CKOPOCTH pPacTBOPEHMS
xenesa B 5%-woit HCl npu moBEIIIEHHH TeMIiepaTypsl Ha 32°, eciu
TeMrneparypHbii K03QPHIMEHT CKOPOCTH PacTBOPEHHS paseH 2,87
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16. Onpenenute TeMreparypHblii KOI(QQUUMEHT CKOPOCTH
peaKiUd, eCM NpH NOHMXKEHHH TeMIepaTypbl Ha 45° peakuus
3aMeIuIack B 25 pas.

17. Kaxo#t nomxHa OBITE 3HEPrUs aKTUBALMH, YTOOBI CKOPOCTh
peakiMy yBeJIHYusIach B 3 pasa Mpu BO3PACTaHUHM TeMIIEpaTyphl OT
300 mo 310K?

18. Dueprust aKTUBAIMK IIPOLIECCa TEPMUYECKOT0 pa3jioiKeHMs
fiommcroro Bonopona pasHa 198 kJli/mons. Kaxas nomst Moseky
oGnagaer JNOCTaTOYHOH JHEprue, 4rodbl BCTYNHUTH B 3TY PEAKLHIO
npu temMneparype S00K?

19. Onpenenuts 3HEPTHUI0 AKTHBALMH peaKuin
C ]7_H220|] + HgO 2C6H1206, eclIi KOHCTaHTa CKOPOCTH MpH 21 Ko
paBHa 4,42:10™, a mpu 41°C = 7,35 107,

20. Jlns peakuuun COClyyy @ COy + Clyy KOHCTAHTEI
cxopocm npu 665K u 745K coorBercTBeHHO paBHbI 0,53 1072
76,6-107. BEIMHCIUTE SHEPIHIO AKTHBALHH.

21. Koncranrta ckopoctu peakumu Hyp + Iy @ 2Hl) mpu
781K pasua 0,16. DOHeprus aKTuUBalMW IIpoliecca paBHa
166,3 xJbx/mMonb. PaccuuTarh KOHCTAHTY CKOPOCTH 3TOH peaKlHH
npu 900K. IlpensKCcrOHEeHUHANBHBIH MHOXMTENb CYATaTh HE3aBU-
CSIIMM OT TEMIIEPATyPBI. ‘

22. lna peakumu SOy + 1/2 Oy 2 SO3y 2HEprus aKTHBA-
uuu paBHa 249,9 xJDHx/Monb. B npHCyTCTBMM NJIATHHOBOIO KaTall-
3aTOpa SHEpPrus akTHBauuy cHmwxaercs 1o 62,4 xlhi/mons. Bo
CKONIEKO pa3  M3MEHMTCA CKOpOCTh peaKuudy B HPUCYTCTBUH
karanuzaropa npu temnepatype 400 OC. TpenaKcrmoHeHIMATLHbIN
MHOYHTEIb CYUTATh HE3aBUCAIIUM OT TEMITEPATYPHIL.

23.OHeprus akTHBANUM IpsMoro npouecca Hywr + oy @ 2HIy
paBHa 166,3x/[x/mMone, a nans oOpatHod peakumu L, =
=182.9x]I)/Monk. Paccuurars AH® xumuygeckoii peaxiyu.

24. Bo CKONLKO pa3 YBEJMYUTCS CKOPOCTh PeaKUMH, eCly Mpu
temnepatype SO0K  ee sHeprus axkTUMBalMHM, 3a CUET BBEJICHHUA B
PEaKLHOHHYIO Cpelly KaTanu3aropa, yMEHbIIUTCS Ha a) 4 KJx/Monb;
6) 8xJlx/monb; B) 12k Dk/Mone; r) 16k x/Monb; a) 20k Dx/MONb;
¢) 30K x/Moib; %) 35k x/Monb; 3) 40k u/Monk; M) 45k]DK/MOIb.
25



25. Jlns cnenyromux 06paTuMbIX IIPOLECCOB:
a) Ny + 3Hy(y @ 2NH;z(
0) Hyn+Clhy(p2 2HCI(;}
B) N204(r] pad 2N02{,-)
r) CO + HyO 2 Hyr + COyy
a) CH4(F)+ 202(,-) = COz(r)‘i‘ 2H20(|—)
e) Cpy T Oz 2 COxpy
}K) CO(,—] +N02(r) =2 COz(r) + NO(.—)
3) FeO(TB)+ CO(I—) 2 Fem)+ COZ(,—]
H) 2NO(,-) + Clz(r) i 2NOCI(,‘)
K) COCIZ{r) pmd CO(.-) + Clz(r)
1) 4HCl ;) + Oy 2 2H2O(py + 2Cly
M) QC{TB] + Oz(r) pd ZCO(,-}
H)3CO, + 2H,0) 2 CH30H(y + 2COyr)
0) SO2(r] a S(pomﬁ) +O0y()
n) CO{;—) + Clg(r) 2 COCl 2r)
p) CO(F} + 31‘[2(,-) a2 HZO{r] + CH‘;(,‘)
¢) Fe;O3s)t3Hy ) 2 2Fe(myt 3H,0(n
T) 2C) + Hogy 2 ColHy(y

1) 3anucaTh MaTeMaTHYeCKHE BBIPAXKEHHMS KOHCTAHT PAaBHOBECHS

K.uKy,

2) BBIYHCIIUTE cOOTHOIIeHue Mexay K. u K, npu 25°C;

3) ucrmone3yst TaONMMLGI TEPMOAWHAMUYECKHMX BEJIMYMH, HAWTU

3HayeHue K, -

26. ,[[Jm peaKuHH N3Oy @ 2NOyry K, = 0,141 mpu 25°C u
K, = 1,34 npu 60°C. Ha OCHOBaHMHM 3THX AAHHBIX ONPENEIHTH
3HaK AH peaxuuu (AH > 0 unu AH < 0).

27. [Ins peakuuu SO:J_U] + 1/202[r) 2 SOz K, = 2,043- 110
npu 900°C u K, = 1,062 107 mpu 950°C. Ha ocHoBaHum 3THX
J@aHHBIX onpenenuTs 3HaKk AH peaxiun. (AH>0 umn AH<0).

28. Ilo naHHBIM 3HAYEHHUAM KOHCTAHT PABHOBECHS HAWTH
3paueHns AG’ XHMHYECKHX PEaKIHIL.
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Ne IMpouecc T, K K,

1 Cers) + Oy 2 COyy 1300 4,17-10"
2 N;Ou¢r) 2 2NOy 298 0.141
3 Nag + 3Hae 2 2NHs(g 298 6.3-10°
4 SOy + 1/204 2 SOy 298 1.7-107
5 Ha + Dy 2 2HD 670 3,78

6 2C0y 2 Oy +2CO 1393 1,410
7 | CHayp+ 2HS(y @ CSyny+ 4Hy 298 2,05-10°
8 COgpyt Hyy 2 COy + HyOy | 1023 0,77

9 2HIy 2 Haw + Ly 698 1,83-10°
10 | 4HCly + Oy 2 2H,0 + 2Cly,) 703 40,33
I HyO(ry @ Hagy + 1/205 1600 6,53-10°
12 CoHery @ CoHagry + Hay 900 5,02:10°

29. Jns peaxni N + Oy 2 2NOyy) K, =4,0810" npu
2000K u K,=3,60- 107 npu 2500K. Ha 0CHOBaHHM 3THX JAHHBIX
onpenenuth 3HaK AH peaxuuu. (AH>0 wnu AH<O0).

30. I[nﬁ peakuuy Hy @ 2Hpy K, = 1,52 107 npu 1800K u
K,=3,10- 10 mpu 2000K. Ha 0CHOBaHHHK STHX JTAHHBIX OIPENETHTE
3HaK AH peakuuu. (AH>0 unu AH<O0).

31. Koxcranta paBHOBecust K, peakuuu
2SOy + Oy 2 2SO03(y npu 950K pasra 1,062-10° 2 . Brruucnure
K, nns 3TOM peakuuu.

32. TIlpu 873K xoHcranTta paBHOBecHs K, peakluu
COy + Clyy 2 COCly paBna 12,12. Beruncnure K, peakuuu npu
3TOM TeMIneparype.

33. AGUQ_Qg obpaszopanus NH; pasra  -16,64 xJDx/Mok.
Beraucnute K, peakumu Nyyy + 3Hyp @ 2NHjz() ans nanHOH
TEMIIepaTyphl.

34. Peakuus XJIOpPHPOBaHWS MOHOOKCHJIA YTJiepoja IPOTeKaeT
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no cxeme COyy + Clyry 2 COClyyy. Mexonnrie konnenTpauuu CO
u Cl, 6bum, cootBercrBeHHO, 0,5 w 0,2 Monw/n. BeMHCIHTH
KOHIIEHTPAllUK BCEX BELIECTB B MOMEHT BpEMEHH, Koria
KOHLIeHTpauus xJjopa crana 0,1 Mons/i.

35. KoHueHTpauuyd BEWECTB B  peaKUuu
COy + HoOy 2 Haypy + COoy cocrapmsanu: [CO] = 0,2 mons/n,
[H,O] = 0,4 monw/n, [CO,] = 0,3 mome/n, [Hy] = 0,1 mons/n.
BBIMHCIHTD KOHLIEHTPALIMKM BCEX BELIECTB B MOMEHT, KOrja
npopearupoaino 40% CO.

36. McxonHbple KOHLIEHTpalMd MOHOOKCHZA a30Ta M XJIopa B
cucreme 2NOy) + Clyy @ 2NOCI cocTaBIsoT COOTBETCTBEHHO
0,4 moae/n 1 0,3 mons/n. Beraucnute K. ecnu npu 3Toif TeMnepa-
Type K MOMEHTY paBHoBecus npopearupopaio 20% NO. Paccuu-
TaTh, KaK IPH 9TOM U3MEHHUTCS IaBIIeHHE B peaKLIMOHHOM cocyne?

37. Paccuyutare KOHCTaH1y paBHOBecus K. peaxuuu
N2O4 (n @ 2NOyy), eciu ucxonHas KoHueHtpauus N,O4 paBHa
0,02 MOnB/1 ¥ K MOMEHTY paBHOBecHS npopearuporaio 60% 3toro
KOJIMYeCTBa.

38. MoaucThiit BOIOPOX MpPH HarpeBaHUH THCCOIMHUPYET IO
ypasienuto 2HI ) 2 Hyy + Ly . Ilpu HEKOTOpON Temmepatype
K. = 1,64. Paccuurary xonuuectso HI (B mpouenTax), momsepr-
mleecss JUCCOLMALMM IIpH  JaHHOM TemIlepaType, €clid €ro
MCX0/1Has KOHLIEHTpaLMs COCTaBIsAna 4 MOJB/J.

39. KoncranTa paBHoBecus: peakiuu Hyr) + Iy 2 2HI ) npu
HexkoTopoil Temneparype paBHa 50. Cxonpko Moyed Honuctoro
BOJOpOJA IONYYMTCS, €Cid HarpeTh OO0 3TOH TeMIepaTypbl B
3aMKHYTOM cocyne obvemom lin 0,5 monei Bomopona u 1 Monb
uona?

40. Tpu Temneparype 494°C B cucreme
2NO(y + Oy) 2 2NOyr) B MOMEHT pPaBHOBECHS KOHUEHTpALUs
kucinopoma crana 0,1 Mone/n, a  KOHUEHTpauus JBYOKHCH
azorta — 0,25 monp/i. OnpenenuTs HCXOMHYI) KOHLIEHTPALHIO
MOHOOKCH A a30Ta, €CJId JUIsi JaHHOH Temnepatyphl K. = 2,2.

41. ITpu narpeBanuu cmecu CO, u Hy B 3aKphiTOM cocyne
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ycrasoBmiock paBHoBecue CO3 y+ Ha y @ COqy + HaOpy. Tlpu 7=
=1123K K. = 1. CxoibKO MOJIEH TUOKCHIA yriiepoia Halo B3ATh Ha
1 Monb Bomopoaa, utoOsl 70% mociequero npeBpaTuiloch B Boay?

42. BBIYMCIUTD CTENEHb AMCCOIHauMU (0)  MOJEKYJISPHOIO
xnopa Ha atomsl Clyy) @ 2Cl, ecmu K = 4,2:10*, a ucxonnas
KOHIEHTpAIIis MOJEKYISPHOro xjiopa cocrapisna 0,5 Mosb/IL.

43. Ilpu 250°C ans mpomecca PCls (v @ PClyyy + Clyn
K. = 0,041. Cxonbko Moneit PCls npu 3Toif Temmeparype OBLIO
[IOMEIEHO B JHTPOBBI COCYH, €CIIH B MOMEHT paBHOBECHS
KOHLeHTpaLys xjopa 6su1a 0,1 Mob/.

44. Koucranra paBHosecus peaxumu Ha) + Ip 2 2HI () npu
445°C passa 50. Cxombko Mmoneit H, Hamo B3ath Ha 1 Momb I,
yTo6B1 90% Hoxa npepatunock B HI?

45. O6uee pnasnenue rasop B cucreMe 1 arm. Onpenenurs
00BEMHBIN IPOLEHT CONEPXKaHHss MOHOOKCHIA yriepoja B MOMCHT
PaBHOBECHS JJISI PEaKLUU FeOps) + CO(ry @ Fe() + COxypy, ecin
npu 7= 1273K K, =0,4. |

46.VlcxonHble KOHILIEHTpallMM a30Ta M BOJOpOJA B CHCTEME
N3 1y + 3Hz (1) @ 2NHs() Gbum [N2] = 2 mMons/11, [Hp]= 8 moms/n. K
MOMEHTY HACTYIUIEHHsS paBHOBecHsl Tpopearnposano  10%
HCXOHOTO KOJIMYECTBa a30Ta. BLIYHCIIUTE JaBlIeHHe ra30BOH CMECH
B MOMEHT PaBHOBECHS ITPH 500°C.

47. Tlpu 63°C K, = 1,27 nns peakuuu N2Os (n 2 2NOy.
Onpenenuts pPaBHOBECHBIC MNapiMajbHbBIE NaBJIEHUSA TIa30B, €CIM
obluee JaBIeHHe B COCTOSHHM paBHOBECHS ObLIO larM.

48. Kaxk wu3MeHUTCS JaBlieHHMe K MOMEHTY HaCTyIUICHHS
paBHoBecuss B cucreMe NoOupy 2 2NOyy) mpu [OCTOSHHOH
TeMneparype, €cnd ucxojpHas KoHueHTpamus N»Os cocraBnsna
2MONB/M, ¥ K MOMEHTY HaCTYIUIEHHs COCTOSHHS pPaBHOBECUA
npopearupoBano 25% OT NepPBOHAYALHOT0 €ro KOInYecTsa?

49. Tlpu xakoM oOlEM NaBlIE€HUH JO/DKHA HAaXONUTHCA

pPaBHOBECHAsE CHCTEMA PClssy @ PClypy + Clyyy, 49To0ObI
napupansHoe napnesue PCls  mpu 250°C 6puto pasHO latM.
K,=1,78. -

50. s peaxuuu Cgpy+2Hypy @ CHay Kc=21,85 mpu
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1000K. Paccuurars obllee AaBI€HHE B COCTOSHHH DPaBHOBECHI,
korma npu 7' = 1000K B cocyne eMKOCTBIO 1n 0Opa3oBanoch
0,1 monp MeTaHa.

51. BplyMcIuTE pPAaBHOBECHBIE KOHUEHTPAaLMH BEUIECTB B
obparumoit xumuyeckoit peakuun COqy + HyOy @ Hyry + COyp,
st kotopo#t K. =1 (7=850°C), eciti MCXOIHBIE KOHIEHTPALMH
BewecTs coctapnsiny: [COJ] =2 mons/n, [HyO]=3 mons/n.

S52. BbluHCIMTE KOHCTaHTHI paBHoBecus (K),) peakuwuii:
a) Cip) + Oyp @ COyy;  6) C(rp) + COyny 2 2CO(, B KOTOPBIX
napuuanbibie gapiedus CO; B MOMEHT PaBHOBECHS COCTaBILIIOT
0,2 arm, a ofuee naBieHHE ra3oB paBHO | atM (s KaxIoro
cnyyas OTHEJILHO).

§53. B HayaipHBEIH MOMEHT  NPOTEKAHUsS  peakluH
Nyy + 3Hyy 2 2NHj, koHUeHTpauuu OBUIM  paBHEL
[N2] = 1,5 mone/m; [Ha] = 2,5 mone/n; [NH3] = 0 mons/n. Kakoser
KOHLIEHTpaNKH a30Ta ¥ Bogopoxna mpu [NH3] = 0,5 mons/n?,

54. KoHueHTpanuu BelIeCTB B peakIMH

COq + HaOp 2 Hypy + COyp 6pum: [CO] = 0,05 mons/m;
[H20] = 0,06 mons/m; [Hy] = 0,2 mons/i; [CO,] = 0,4 mons/i.
BeluncnuTe KOHILEHTpalWW BCEX YYaCTBYIOLIMX B . PEaKLUH
BEUIECTB ITOCJIE TOro, Kak npopearuposaio 60% H,0.

55. Peaxkuus mnpoTekaeT nO YpPaBHEHHUIO
4HClyy + Oy 2 2H 0y + 2Cly(r. Yepes HexoTOpoe BpemMs Hoce
Hayala peaKkii¥ KOHUEHTPAaLUWH Y4YacTBYIOIUMX B HEH BELIECTB
cranu [HCI] = 0,85 monw/m; [Oz] = 0,44 mons/n; [Cl] =
= 0,30 monp/n. Kakumu 6butu konuerTpauud HCl u O, B Havane
peakuuu?

56. KoncranTa pasHOBecus peakiuu Ny + 3Hypy 2 2 NHz(n
K. = 0,1 npu 673K. PaBHoBecHEBIe KOHIIGHTpaIu{
[H2] = 0,6 mons/n; [NH3] = 0,18 Monbs/n. BEIMUCIUTHS HaYalnbHYIO
U PaBHOBECHYKO KOHLIEHTpPAI[HH a30Ta.

S7. PaBHOBecHBEIe KOHLEHTpallMH Y4YaCTHUKOB pCaKLMH
COpy + HyO (n 2 Hy (9 + CO; () Opumm: [CO] = 0,02 momns/m;
[H,0] = 0,32 mons/n; [Hy] = 0,08 mone/n; [CO,] = 0,08 mons/mn.
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KakuMy CTaHyT paBHOBECHBIE KOHLEHTPAlMM BCEX KOMIIOHEHTOB
foclie  CABHMra  paBHOBECHS,  BBI3BAHHOIO  YBEIMYCHHEM
kouuenTpauuu CO B 2 pa3a?

58. INmeercs cucTeMa, B KOTOpPOH [MpOTEKaeT peaklus
Agzo (tB) = zAg(-m) + 1/202(@ &Hozgg = 32,2 KI[)K Kak ckaxertcs Ha
KOHLUEHTPAllMH KHCIOPOJa Hal I[OBEPXHOCTBIO TBEPHOH (aspr:
a) BBeJEHME IONOJHHUTENbHOro KomudecTsa AgrO; O) MOBEIIEHHE

TeMIIepaType1?
59. Jns peakmun 3Feqs + 4HyOn @ Fe3Osmey + 4Hap
AH's = -148,4xJIx. VYkasath, Kak OydeT CKa3bBaTbCs Ha

KOHLIEHTpAllMK BOJXOpOJa B PABHOBECHOH CMeCH: a) IOBHIICHHE
TeMrepatyphl; 6) yBeluWueHHe OOLIEro NAaBNEHMS; B) YBENHYCHHE
BECOBOTO KOJIMYECTBA JKene3a; I) BBENCHHE IONOJHUTEIBHOIO
KONHYeCTBa BONAHOIO Tapa; M) Kak COOTHOCATCS 3HEPruu
aKTHBALUK IIPIMOro i 0b6paTHOro npouecca?

60. Tana o6parumas peakius:4HCl iyt Oy @ 2H20ry + 2Cly(r
AH505 = -112,24 kJIx. Kak NOBIMAIOT Ha PaBHOBECHYIO KOHIIEH-
TPALMIO XJIOpa CNENYIOLUIHE H3MEHEHHUS:

a) IOBBILEHHE TEMIEpaTypel; ©) yBEJUYEHHE OOLIEro
IaBICHHS; B) YBEJIUYEHHE KOHICHTPaLHU KUCTIOPOa; I') yBEIHYCHHE
06beMa peaKIMOHHOIO COCYa; 1) BBEACHUE KAaTaIM3aTopa.

61. Jlna peaxuuu CaCO3(TB} pd C&O(m) + COZ(,-) Affozgg =
= 176,04 xJ[)x. Yxa3arh, KaK MMOBJIHSIOT Ha PaBHOBECHYIO KOHICH-
TPALMIO JUOKCHJIA YITIepoaa CleyOLHe U3MECHEHHS: &) TOHMKCHHE
TeMIepaTypbl; 0) yBEJIHMYEHHE BECOBOrO KOJNHMYECTBA KapOoHaTa
KaNplMs; ) BBENEHUE KaTalu3aTropa; ) U3MeJbyeHUe UMEIOLIErocs
KONH4YecTBa KapOoHaTa Kanpuus?

62. Jlnas obpatumoit peakumu SOy + 1/20yp) 2 SOs(
AH55 = -95,6 k]I OTBETHTH Ha BOIPOCKHL: a) YTO MOXHO CKa3aThb O
COOTHOIIEHHWM OJHEPrMH  aKTHBaMM MNpsMoro u  o0paTHOro
npoueccoB; 0) Kak CKaXeTCs HAa KOHUEHTpaUUH JUOKCHIA CEPEI
BBEIEHUE NONOIHUTENLHOIO KOJIWYECTBA KUCIOPOa; B) U3MEHUTCH
JI KOHIEHTPAIMsl TPUOKCHIA Cepbl IIPH yBENUYEHHM O0OIero
napneHus (T=const); ) KaKk U3MEHUTCH KOHLIEHTpalMs KUCIOopoJa
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MpU TOBBINIEHHH TEMIepaTypbl; I) B KaKOM HallpaBJI€HUH
CMECTUTCS PaBHOBECHE IIPH YBEJIHYEHHHM 00BEMa pEaKIHMOHHOIO
cocyJia; €) CKaXeTCs JIM Ha pPaBHOBECHOM KOHUEHTPAIMU
TPHOKCH/a Cephbl BBEJICHUE B PEaKIIHOHHYIO CMECh KaTanu3aTopa?
63. B xakoM HanpaBleHUH CMECTHUTCS pPaBHOBECHE IIPU
yBEJIMYEHHH OOIIEero 1aBIeHUs U OYeMy?
a) Hyy + Loy @ 2Hl(y: 6) Ny + 3Har @ 2NHa(p;
B) Ngo.q(r) =2 2N02(r); r) 2C(~m) + Hz(r} a Csz(r}.
64. B xakoM HanpaBlIeHHH CMECTUTCS paBHOBECHE IIPH
MOHM)KEHUH TeMIIEPaTypsl U NoYeMy? ' '
a) SOyry+1/209) 2 SO3(n AHozgg = <95k JIx;
6) Cip) + Oy 2 COxry AH'05 = -393,8x]1x;
B) Nyy+3Hy ) @ 2NH;(p AH0298 = -92x]JIx;
r) CaCOj3 ) 2 CaOgy+CO2ry  AH05= 1761]Tx¢
65. Jlna cunenyromMx peaknMM —pacCyYHTarh AHOX,F, H
ONpeleTuTh, B KAKOM HalpaBJIeHHMM CMECTHUTCS paBHOBECHE IIPH
MOBHIIIEHHH TeMITepaTyphi?
a) CaCOsyp) 2 CaOgypy + CO2y:
0) 2Mg(m) + O2y 2 2MgOw);
B) Ox(r) + Nay @ 2NOp);
r) Noy + 3Hyy 2@ 2NHs(p;
Il) N204(r) pod 2N02(|-)
66. Ilpu KakuX  YCNOBUSX HANO BECTH  PEaKIUIO
Nagy + 3Haq) @ 2NHs), AH 505 = -92,3% ][, 9T06bI IOMYYHTE MaK-
cUManbHBIH BBIXON amMMmuaka? Kak oOBSACHHUTHL, YTO Ha NpPaKTHKE
CHUHTe3 aMMHUaKa BeJlyT IIPH BLICOKOM TeMIeparype (400-500°C)?
67.Mcrions3ys TabnuyHbIe NaHHBIE,  PAcCYUTATh AHﬂzgs
M C y4eToM 3Haka (‘ﬁI‘[Uggg)x_p ONPEIENHUTh, KaK OTpasuTCs Ha
MONIOKEHNUM paBHOBECUsI TOBBIICHHE TeMnepaTypel. B Kaxkom
HanpaBJieHUHd CMECTHTCA paBHOBecHe, €clMH Mpu [=const
YBEJUYUTD BHEIIHEE JaBieHune? |
a) 2802(” + OZU‘] =2 2SO3(F)
6) HZS{r) a HZ(r] + 'Spomﬁ.
B) Hg{r) + Brzm = QHBI‘(F)
1) Cepagr) + 2Hor) @ CHyry
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1) Ca Hyqry 2 Co Hoy + Ho
€) 2C(p) + Han 2 CoHa
m) CO(r) + Clz(r] =2 COClz(r}
3) F8203(-m) + 3C0(r) =2 2Fe(1‘n) + 3C02(|-)
H) Fe304(m)+4Hz(r) 2 3Feqmyt 4H,0
K) CH4(,~) + HzO(r) P CO(F)+ 3H2(r}
a) 2HBr() + Cly (n @ 2HCl iy + Brog
M) PCls ) 2 PClz() + Cly
H) COm"‘ 2H2{r) = CH3OH(;}
0) ZNO(,-) + BI‘Q(r) s ZNOBI'(I—)
n) COw + HoOpry @ Hay + COxny
68. B kaxoM HanpaBicHHH OynerT CMelarbcs paBHOBECHE C
MOBBIIIEHUEM: a) TeMmIlepaTypsl M O) HaBieHus JUIf CICHYIOUIHX
00paTHUMBIX peaKLHii:
2) 2SOy + Oz 2 2803, AH%205=-196,6 kI
0) Oy + Ny @ 2NO(p; AHOggg = +180,7 xJIx:
B) 3SOyry 2 2S03); ' AH0293: +184,6 xJx:
r) 2CO@ + Oy 2 2C0xy;  AH'295=-566 kJIx?

JJABOPATOPHBIE PABOTDI.

OnpiT 1. BausiHie KOHHEHTPALMH PEArupyommx Bemecrs
HA CKOPOCTH XHMHYECKOH peaKuyu

B HacTOAIEM OIMBITE HCCIEIYETCA BJIMAHHE KOHUEHTpAlMH
peareHTOB Ha CKOPOCTb B3aMMONEHCTBUA THOCYNb(paTa HarTpus C
CEepHOM KHUCJIOTOH

Na,;S,03+ H,SO4 = Na,SO4 + SO, + S+ H,O

O CKOPOCTH PEaKLMK MOXHO CYUTh N0 BPEMEHH, IIPOLIEILCM
OT Hayaja peakuuyd O MOMEHTa MOsBJieHUs B o0beme pacTBOpa
cepsl (KenToBaTas MyTh).

B uyerblpe NmpoOMpKu HamuTh W3 Gropetku mo 6 mun 0,5M
pacTBopa CEpHOM KHCJIOTEL. DB 4YeTsipe IPOHYMEPOBAHHBIX
crakaHuuka (o 50Mi1) HanuTh YyKasaHHoe B Tabj. 1 KONMYECTBO

A
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0,5M pactBopa THOCYNb(hAaTa HATPUS U BOJLL. BEUIUTH B CTAKaHYHK
Nel ormepenHbie 6 MJT CepHOM KHCIOTHI, GEICTPO MepeMemaTh U
HU3MEpPUTL BpeMs (CEKYHABI) IO Hayana ‘TOsBIEHHS B OObEMe

pactBopa MyTH. CKOpOCTB DEAKIHH ONPENEeTHTh KaK BENHYHMHY,

00paTHO MPONOPUHOHATBHYIO HaNHJEeHHOMY BpeMeHH. II0BTOPHTH
OITBIT €O cTakaHyMKaMu Ne2-Nod y nanurple 3aHecTd B Tabu. 1.
Tabnuua 1

Ne O6bem OtHocutenbhas | Bpems | Ckopoctb
CTaKaHa pactBOpa, M KOHLEHTpauus (x), c peakuuH
Na,S,0; V=1/tc"
Na,S;05; | H,O a
a B a+e
1 6 0 1
2 4 2 2/3
3 3 3 1/2
4 2 4 1/3

Pesynbrarel HaOMONEHUH NpeNCTaBUTL B BUae Ipaduka: 1o
OCH abCUUCC OTIIONUTH OTHOCUTEIBHYIO KOHLEHTPALMIO pacTBOpa
THOCYNIb(aTa HATPHs, 110 OCH OPJHHAT — CKOPOCTh PEAKIHH.

Cnenate BBIBOL O 3aBUCHMOCTH CKOPOCTH PpEaKUMH OT
KOHIICHTPALIUU pPEareHTOB.

Oneir 2. BausHHe BeJHYMHbI NOBEPXHOCTH pasfefa
PearupylOuMX  BeWeEeCTB HAa  CKOPOCTh  IeTepOreHHOMH
XHMHYECKOH peaKkuuu

a) HaIUTh B JABE NMpoOMpKH Ha Y% ux obvema 2M pacTBOp
CONAHOH KUCIOTEL. BriOpare nBa onuHakoBeIX Kycouka CaCOsqnm,
(Men, MpamMoOp M T.H.), TOMECTUTH ONMH M3 HUX B (aphopoByO
CTYNIKY M pacTepeTh B nopouok. Ilepecknars MNOpOmoOK Ha THUCTOK
Oymaru. OnHOBpEMEHHO B MEPBYIO TIPOOMPKY OPOCHTH KyCOUeK
Mella, & BO BTOPYIO — mopoulok. Habnionate Beigenenue raza. B
Kako¥ u3 npoOHpok peakuus nporekaer OvicTpee? OOBICHUTEH
HabojaeMoe, 3arucarTh YpaBHEHHE PEAKIIMH.
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6) B cyxoi dapdopoBoit cTynmke cmelaTs HebonbLIOE
xonuyectso cyxux coneit KI u Pb(NOs3), . Ilpoucxomur nu
H3MEHEHME OKpPacKu?

PacTtepeTh cMeCh NIECTHKOM M HabIOAaTh U3MEHCHHE OKPACKHU.
CoCTaBHTh ypaBHEHHE peakuuu. V3 KkanenpHuIBl 100aBUTH
HECKOJILKO Kalellb BOIBI: CMECh MOMEHTAIBHO OKpAalIMBaeTCs B
APKO->KeNTHIH 1BeT. JlaTh 00BsICHEHHE [IPOBEACHHOMY ONBITY.

"Onpir 3. Bumsimue  kaTanu3aTopa Ha  CKOpPOCTH
XMMHYECKOH peaKuuu

a) rereporeHHbId kartanus. B Tpu mpoOHpKH HAIUTL MO Ve
o6rema nepekucy Bogopona. OMHOBPEMEHHO J00aBUTH: B NEPBYIO
npobupky — oxcun mapranua (II) (MnO), Bo-BTOpYIO — OKCHI
kpemuusi (IV) (SiO,), B Tperbio — oxkcun xenesa (II) (FeO).
HabnronaTh peaknuio pasjioxKeHus epeKucu Bojopoaa. Bruienenue
KUCIIOPOAA MOXHO OIpENENUTh, OMYCTHB B NPOOHPKY TICIOUIYIO
ayunHKY. OJMHAKOBO N1 GBICTPO NMPOTEKaeT peakius B npobupkax?
Kakoe BewlecTBO He  SBIsSETCS  KaTalM3aTOpOM  peaKiHu
pasnoxeHus? 3anucarh ypaBHEHUE PEaKLuH.

6) romorenHblii kartaaus. B aBe mpoGupku Ha 1/3 obnema
Hamuts 0,5M pacTBOp CepHO#l KUCIOTHL B Kaxaylo HpoOHpKY
OpoCHTE MO0 KYCOYKy LHMHKa M N00aBUTH IO 5 Karejb pacTBopa
nepmanradara kamust (KMnOg). OpHy nNpoOMpKY OCTaBHTH B
KayecTBe 3TaJOHa, a B APYryl0 — J00aBUTh HECKOJBKO KPHCTAILIOB
gutpata kxams (KNO;) B kauectBe karanusartopa. B kakoi wus3
Mpo6GUpOK  obeclBeUHBaHUE pAcTBOpa IIPOMCXONHT  ObIcTpee?
3anuuIMTe CYMMAapHYIO PeaKLHIoO.

[Tpu B3aUMOJENUCTBHH METAUIMYECKOro LUHKa C pPacTBOPOM
cepHOit KMCIOTHI oOpasyercs aTOMapHBIf BOJOPOJ, KOTOPBIH
pekoMOUHMpYS, Bhlnensercs B Bune rasa Hp. B mepsoit mpoOupke
BOCCTAHOBJICHUE IIepMaHraHata Kaiaus [POMCXOOUT Henocpen-
CTBEHHO aTOMapHbIM BOJOPOJOM (pEakuMs IPOTEKAET JIOBOJBHO
Me/ieHHo). Bo BTopoi mpoOupke aToMapHbBIM BOJOpPOJ BHauaje
BoccTaHaBnuBaeT woH NO;3  no mona NO;, KOTOpPHIA pearupyer c

NEepMaHraHaToOM KaJlus 3HAYUTENILHO OBICTpEE.
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[Tpu 3Tom noH MnO,; BOCCTaHaBIHBAETCA 1O Mn**, a uon NO,
BHOBEL okucisgercs 10 NO;3™.

1) Zn + H,SO4 = ZnSO4 + 2H

2) 2H = H; — pexomOuHanus

3) 5SKNO; + 10H = 5KNO, + 5H,0

4) SKNO; + 2KMnOy4 + 3H,S04 = SKNO; + 2MnSO4 + K804 +
3H,0

Taxkum 00pa3oM, HUTpaT KauMs, y4acTBYs B INPOMEXYTOYHBIX
cTamusX Inpouecca, crnocoOcTByeT Gosee OBICTPOMY MPOTEKAHMIO
peakuyy BocCTaHOBNIEeHus nepmanranara kxanus. Cam xe KNOs B
pe3ybTaTe Peakilii HE pacXOoIyeTcst U OCTAaeTCs B IepPBOHAYAIBHO
B3STOM KOJIUYECTBE.

OnpiT 4. XMMHYECKOE PABHOBECHE H €r0 CMeLueHHe

a) BAMSIHHE H3MEHCHHS KOHIEHTPALUMH Ha CMelleHue
paBHoBecus. KiaccuyeckuMm IpEMepoM OOpaTHMMOHM peakuuH
SIBIIAETCS B3auMojelicTBue Mexay xiopuaoMm xenesa (III) u
pomanuaoM kanusa. OOpasyromuiics B pe3ylibTaTe peakUuy
pacTBOp ponanuza xenesa Fe(CNS); obnanaer KpacHEIM LBETOM,
MHTEHCHMBHOCTH KOTOPOTO 3aBHCHUT OT €ro KOHIEHTpalMH.
CMelleHHe paBHOBECHS JIeTKo HaOMIoaaTh 110 M3MEHEHHUIO OKPaCKU
pacTBOpPOB. '

B crakanuyuk Ha S50MJI HanuTh Ha Y oOBeMa INHCTHILIU-
POBAaHHOM BOABI U JTOGABUTH MO 2 KallIM HACHIIIEHHBIX PACTBOPOB
FeCl; u KCNS. OxpamieHHbI# B KpacHbIH IIBET pacTBOp Pa3iUTh
nopoBHYy B 4 mpoOupku. COoCTaBUTH YpaBHEHUE pEaKUUU H 3allH-
caTh BBIP@KEHHE KOHCTaHThl XUuMHYecKoro pasHoBecHs (Ko).

[TepByro npoOUpKY OCTABUTH B KayeCTBE 3TaJIOHa, BO-BTOPYIO
106aBUTh 10 2 Kariu HacslmeHnoro pactsopa FeCls, B TpeTsio — 2
karuiM HaceimenHoro pactsopa KCNS, a B yerBepryro no6aBuTh
Heckonbko kpuctamwioB KCl CpaBHute uBera o6pa3oBaBIUKXCH
PacTBOPOB U OOBSICHHTH CMEIEHHE PABHOBECH.

6) B pacTteBOopax cojell xpoma (XpoMara M JIHXpOMAaTa)
CYIIECTBYET paBHOBECHE 2CrO4% +2H" 2 Cr,077 +H,O0.
PacTrop, conepxaliui HOHEI CrO4>", UMeeT XKeNTYIO OKPAcKy, a
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PacTBOp HOHOB Cr,0,% - opamieByio. M3MeHeHHe KOHLEHTpALMH
HOHOB Bomopona H' cmeinaer 310 paBHOBecHE B Ty HIH APYIYIO
CTOpOHY. '

B crakaHyuK eMKOCThIO 50Mi HamuTh Ha 1/5 0Obema pacTBop
xpomara kamus (K,CrOy). K atomy pacTBopy 1o KaruisiM J00aBisth
KOHLIEHTPUPOBAHHYIO CEPHYIO KHCJIOTY M Habionarth H3MEHEHHE
OKpacKd. 3areM, K ITOJydeHHOMY pacTBOpY HODOaBHTEH IO KarjiaM
pacTBOp KoHUeHTpupoBanHoit menoyu (NaOH) u crosa #abmoaars
MOSIBIICHHE UCXOJIHOIO 1IBETA.

3anucaTh IOJIHOE YypaBHeHue peakimu. Crenatk BBIBOJ, B
kaKoit cpene (pH) cymecTBYIOT HOHEI XpoMara ¥ AMXpoMara.

B) BIMSIHHE TEMIEpaTyphl HAa XUMHYECKOe paBHoBecue. B '
npo6upky Ha 1/2 obpema manuts 1M pacrsop ammuaxa (NHsOH).
Jobasute 1 xammo denHondrasenHa M HaOMIOIAaTh IOSIBJICHUE
MaJHMHOBON OKpacku. IIpoGupKy Harperh Haj IIAMEHEM IOPENKH.
Oxpacka wucyesaer. IIpy OXJI@KIEHMM pacTBOpa MAIMHOBOE
OKpaluuBaHue BHOBb mospisercd. Cnenath BBIBOX O BIHAHMH
TeMIIepaTypsl Ha CMELICHHE PABHOBECHSI.

BAPUAHTBI JOMAIUHNX 3AJAHUIA

o Ne 3aj1a4 Ne Ne 3aiau
Bap. Bap. '
la, 17, 25a, 34, 58 11 11, 24r, 251, 47, 67(n.¢)
16, 18, 256, 36, 59 12 | 1M, 244, 25Mm, 48, 67(k,3)
1B. 19, 258, 37. 60 13 11, 24e, 254, 51, 67(1.K)
Ir, 20, 25r, 39, 61 14 | lo, 24x, 250, 52, 67(11,M)

1o, 21, 254, 40, 62(a,0,B) 15 111, 243, 251, 53. 67(1H.0)

le, 22, 25¢, 41, 62(r.n.e) 16 1p, 24u, 25p. 55, 68(a,0)

13k, 23, 25%, 43, 63(a.0) 17 | lc, 9, 25c¢, 56, 68(B.r)

13, 24a, 253, 44, 63(B.I) 18 | 11, 10, 251,42, 67(0,1)

1u, 246, 25u, 45, 67(a.6) 19 | 1y, 3,26, 49, 64(a,0)

oo |u|& W=

1x, 248, 25k, 46, 67(B,r) 20 1, 6, 27, 50, 64(B.r)






