YupexaeHuie o6pasoBaHun
«Benopycckas rocyaapcrsenHan
opAeHoB OKTAGPLCKOW Pesoniouum
n Tp o Kpa o 3

AT

Kadenpa 6uoJsiornu pacreHuii ¥ XuMuM

XUMUA

Teopernueckuit pazue
Jekuus
O01mme 3aKOHOMEPHOCTH XUMHYECKOI KUHETHUKH



YupexxaeHue o6pasosaHun
«Benopycckas rocyaapcrseHHan
opAeHoB OKTAGPLCKON Pesoniouumn
v Tpyaosoro KpacHoro 3namenu
cenbcKoxosniicTBEHHAn aKageMus»

6.0BIIME 3AKOHOMEPHOCTH XUMUYECKOW KUHETUKHU
6.1. OcHOBHBIE MOHATHSA

Xumnueckue 1 OMOXMMHYECKUE PEaKIMU — 3TO XUMHUUecKas Gopma IBIKEHHS
MaTepuy, KOTopas MposBIISETCS B NMPEBPAIlCHUH OJHUX BEIIECTB B Apyrue. Tep-
MOJIMHAMUKa TIPEJICKa3bIBaET TOJILKO BO3MOKHOCTD 3THX MPEBPALIEHHH C TIO3UIINU
UX SHEpPreTHKu. B Toxke Bpemsi HEOOXOIUMO 3HATh, KaK 3TO IPOUCXOAUT M, Kak
OBICTPO TIPOTEKAIOT ATH NpeBparieHus. /)11 MOHIMaHMs 3aKOHOB, OTIPEIEIITIONINX
MMPOTEKaHHE XUMUYCCKAX W OMOXHMHUYCCKUX PEaKIuii, HEOOXOAMMO paccMaTpH-
BaTh WX C TIO3UINH, KaK TSPMOIUHAMUKH, TaK U XUMHUECKOW KHHETHKH.

C6aaHCHPOBaHHOCTh CKOPOCTEH MHOKECTB XUMHUECKUX PEaKIHH MO3BOJSICT
JKUBBIM OpTaHU3MaM PeryJIipoBaTh METabON3M U HOINEPKUBATh COCTOSHHE TO-
Meocrtasza. HapymeHue cOaqaHCHPOBAHHOCTH CKOPOCTEH OTIENBHBIX IPOIIECCOB
BBI3BIBAIOT Pa3JIMUHbIE [TATOJIOTMYECKUE N3MEHEHHS.

Xumuueckas Kunemuka — 510 00JIaCTh XMMHH, KOTOpas M3y4yaeT MEXaHH3M,
CKOPOCTh M 3aKOHOMEPHOCTHU MPOTEKaHHs XUM. peakuuii Bo Bpemenu. CymiecTBy-
10T 2 THUIA pPeaKIuii:

- 20MO2eHHble — UCXOJTHBIE BEIIECTBA M MTPOAYKThI PEAKI[MH HAXOAATCS B OJTHOM
(hase (HeT MOBEPXHOCTH pasjesia MEXAy peareHTamu). Peakims uaét Bo BCEM 00b-
€M€ CHCTEMBI.

(C2H4)+3(02)=2(CO,)+2(Hz0); 2{NaOH} + {H,SO,}= {Na;SO4}+2{H,0};
o0o3HaueHns (pa3oBeIX cocTostHUM: ( ) —ra3, { } — KHOKOCTh, [ | — TBepmoe
BEIIIECTBO

- 2eemepozeHHble — TIPOUCXOMAT C BEIIECTBAMH B Pa3IMYHBIX (Da30BBIX COCTOS-
Husix. Peaxknwmst unér Ha rpamune pasgena ¢as. 2(Np) + 4{H,0} + (Op) =
2[NH4NO;]

PaznuyaroT sneMeHTapHbIe U CII0KHBIE XMMHUUYECKHE MTPOLIECCHI.

OnemeHTapHble (IIPOCTHIE) peaKklni — POTEKAET B OJHY CTAAUIO M ONUCHIBACT-
cs ofHUM XuM. ypaBHeHHeM. |, — 21 ; H" + OH'— H,0

CroxHast peakiusi — IPOTeKaeT B HECKOJIBKO CTa/IMil M HMEET CTOJIBKO JK€ KOH-
CTaHT cKOpocTH. CKOPOCTH CIIOXKHBIX PEAKIMH 3aBUCUT WM ONPENENACTCS JAUMU-
mupyroweli cmaouei (3T0 peakius, KOTopas MPOTEKaeT C HAUMEHBIICH CKOPO-
CTBIO).

ITo MexaHU3My MPOTEKAHUS PEAKIIUH MOKHO Pa3JICIUTh Ha HECKOJIBKO THIIOB.

IHocnedosamenvubimu peakyusMuHAZBIBAIOT CIIOXKHBIC PEAKIUHU, B KXKIOH W3
KOTOPBIX TPOIMYKT (X;) MEpBOI AIIEMEHTApPHON CTaIuHM BCTYMACT B PEAKIHIO C
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MPOAYKTOM BTOPOIl CTaguu, MPOAYKT (X;) BTOPO# CTaguu BCTyHaeT B TPETHIO U
T.X., IOKa HE 00pa3yeTcsi KOHEUHBIH MPOIYKT:

k, ks Ky
§S—X,—X,— .. > P

I'meS— cy6erpar (ucxomublit pearenrt); Ky, Ko, Ks... —koHcTanTa ckopoctu 1, 2 u
T.JI. CTaIWid peaknu;P— KOHEYHBIA MTPOILYKT.

Cragum TOCNENOBAaTEIbHBIX pPEAKIUH MPOTEKAIOT C paslIudHON CKOpO-
cTpt0.CTagus, KOHCTaHTa CKOPOCTH KOTOPOW MHMHHMMAalbHA, HAa3bIBACTCSA JINMUTH-
pytomeil. OHa ompenensieT KHHETHYECKYI0 3aKOHOMEPHOCTb PEaKIMH B ILEJIOM.
BemectBa, oOpasyromiyecss B MPOMEXYTOYHBIX CTaIusX, Ha3bIBAIOTCAMPOMEXKY-
TOYHBIMHU TIPOAYKTAMHUMIMHHTEPMEINATAMHU,KOTOPBIE SIBIISIOTCS CyOCTpaTaMu I0-
crenyrouux craguid. Eciu naTepMennaT MeaeHHo oOpasyercst 1 ObICTpO pacma-
JaeTcs, TO €ro KOHIIEHTpAalus B TEUECHUE JIUTEIHHOIO BPEeMEHH HEe M3MEHSETCS.
[IpakTHyeckn Bce MpoIecchl MeTaboIM3Ma SIBISIIOTCS MOCIEA0BATEIbHBIMH Peak-
USMU (HaripuMep, MeTaboJI3M TITIOKO3bI).

Tapannenvnvimu peakyusmMyHa3bIBAIOT PEAKIH, UMEIOIIUE OTHU U T€ XKe HC-
XOJIHbIE peareHThl, KOTOPBIM COOTBETCTBYIOT pa3iIHyHbIC MPOIyKThl. CKOpPOCTh
MapaJuleNbHBIX PEaknnui paBHA CyMME CKOPOCTEH OTHENBHBIX pEeakIHil.JTo mpa-
BWJIO IPUMEHHUMO U JUT ONMOJIEKYIISIPHBIX MapajlIeIbHBIX XUMUUECKIX PEAKIIIH.

IlocnedosamenvHo-napanienbHbIMy peakyusMUHa3bIBAIOT PEAKINN, NMEIOIIC
OJTHM W T€ K€ MCXOJHBIE PeareHThl, KOTOPble MOTYT PearupoBaTh 110 JBYM ITyTSIM
(MexaHM3MaM) M Oosee, B TOM YHCIIC C Pa3HBIM KOJMYECTBOM IIPOMEKYTOUYHBIX
craguii. JlaHHBIN ciTydail JeXHUT B OCHOBE SIBICHUSIKAMAau3d,KOT/1a HHTEPMEIHaT
OJIHOTO U3 MyTeH OyAeT ClIocOOCTBOBATh YBEITHUEHHIO CKOPOCTH APYTUX MyTeH.

Kounxypupyrowumu peakyusamuHa3bIBalOT CI0XXHBIE PEAKINH, B KOTOPBIX OJHO
U TOXE BEIIECTBOAOIHOBPEMEHHO B3aWMOJICHCTBYET C OXHUM WM HECKOJIbKUMHU
peareHtamuB;, ByM T.A., Y4acTBYeT B OJHOBPEMEHHO IPOTEKAIOIINX PEaKITH-
ax:4+B1— X1;4+B—X,.9Tu peakiun KOHKYpHPYIOT APYT C IPYTOM 3a PEareHTA.

Conpsiicennbimu peakyusMuHa3bIBalOT CIIOKHBIE PEaKINH, B KOTOPBIX OJHA
peakysi MPOTEeKaeT TOJBKO B NMPHUCYTCTBHU JPYroil. B CONPSDKEHHBIX peakiusix
MIPOMEXYTOYHOE BEIIECTBO CIY)KUT CBA3BIBAIOIINM 3BEHOM MEXIy NEPBHYHBIM U
BTOPHUYHBIM IIPOLIECCAMHU M 00YCIIOBIMBACT MPOTEKaHNE 000HX.

JKuBas knerka Ay CBOEro CyIIECTBOBAHUS HYXIA€TCAd B JHEPIHU. Y HUBEP-
CallbHBIM HMCTOYHMKOM OSHEPrMM B JKMBBIX OpraHM3Max SBISieTCS — aje-
Ho3uHTpu(ochopHas kucinota (ATD). D10 coenwHEeHHE BBHINOIHAECT (DYHKIIHIO
AKKyMYJIITOpa SHEPTHH, TaK KaK IIPH €r0 B3aNMOACHCTBHH C BOIOH, T.€. THAPOIH-
3e, oOpazyrotcs anenosunaudpocopHas (AJlD) u pochopnas (P) KUCIOTH U BBI-
nensietcs sHeprus. [loatomy AT® Ha3wIBaeTCAMAKpOIpeUYECKUM COEOUHEHUEeM,a
paspeIBaromasicss mnpW ero ruaponmse cBs3p  P-O-P - maxposprude-
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DS |
CKOM.Makpoopeureckoii c6éa3b10HA3BIBACTCS XUMHUUECKasl CBA3b, MPH Pa3phIBE KO-
TOPO¥ B Pe3yJIbTaTe PEaKIUK THAPOJIHN3a BBIICISCTCS 3HAUNTENbHAS SHEPTHS:

ATD + L0 > AID + D, AG" = —30.5 K)Lx/MOb.

Al'D = 211,00 5 AMD + @ + @, AG™= —61.0 K/ LK/ M0,

Kak m3BecTHO, pa3prIB 1000 CBS3H (B TOM YHCIIE B MAKPOIPTHUECKON) Beerna
TpeOyeT 3aTpaThl SHepruu. B ciydae xe ruaponmsa AT®, kpome mporecca pas-
pBIBa CBSI3UM MeXAy QocdaTHEIMEH Tpymmamu, aias Kotoporo AG>0, mpoucxomsart
MIPOLECCHl THAPATALNH, M30MEPH3ALUN U HEHTpalu3aluu MPOLYKTOB, 00pa3yro-
MIUXCS TIPU THApoJHM3e. B pe3ynpraTe BcexX 3THUX MPOIECCOB CyMMapHOE M3MEHe-
Hue sHeprun ['mdOca umeeT orpuuarenbHoe3HaueHue. CienoBaTenbHO, MaKpodIp-
THYECKUM SIBJISIETCSI HE Pa3phIB CBS3H, & SHEPTETHYECKUI PE3YJIbTAT €€ TUAPOIIN3a.

Just Toro 4toObl B JKMBBIX CHCTEMax IPOTEKAIH DHIIPrOHUUECKHE pPEaKIHu
(AG >0), Heo6x0anUMO, 4TOOBI OHH OBLIH COMPSKEHBI C IK3IPTOHHYESCKUMH PEak-
musmi (AG <0). Takoe compspKeHHE BO3MOXKHO, €CITH 00€ peakIuy NMEI0T KaKoe-
100 obIiee MPOMEKYTOUHOE COCIMHEHNE, U Ha BCEX CTaAUSIX CONPSDKCHHBIX pe-
aKIMi CyMMapHBIH TMPOIECC XapaKTepH3yeTcss OTPUIATEIILHBIM 3HAYEHHEM H3Me-
HeHus sHeprunm I'mooca (P AGeon,,<0). Hampumep, cuHTE3 caxapossl sABISAETCS
SHIIPPTOHNYECKON peaKkIuel 1 CaMONPON3BOIBHO IPOUCXOJUTH HE MOXKET:

Inokosa + ®pykrosa — Caxaposa + H,0, AG = 209 kv,

OnHaKko CONPSDKEHHE 3TOW PEaKIMU C HK33PTOHMYECKON peakIiel THApoIn3a
AT®, conpoBosknatomeecss 00pazoBaHHEM OOIIET0 MPOMEKYTOYHOTO COCIUHEHHMS
TII0K030-1-ocdara, MPUBOIUT K TOMY, 9TO CyMMapHEIH mporecc umeet y AG <0:

AT + Trmokosa + @pykroza —» Caxaposa + AJID — O,
AG — 292 kI MOun,

Lennvimu peaxyusmuHa3bIBAIOT XUMHUYECKHE U SAEPHbIC PEAKIMH, B KOTOPBIX
MOSIBJICHHE aKTUBHOM 4acTUIbI (CBOOOIHOTO pajyKajia MM aToMa B XUMUYECKHX,
HEUTpPOHa B SIAEPHBIX MPOIECCAX) BBI3BIBAECT OOJBINOE YHCIO (IETb) IOCIEA0Ba-
TENBHBIX MPEBpalleHNH HEaKTHBHBIX MOJIEKYN WM sijep. LlenHble peakiuu pac-
NpOCTpaHeHbl B XUMUH. [lo LEMHOMY MeXaHW3My MPOTEKAIOT MHOTHE (POTOXUMHU-
YeCKHE PEeaKIiy, NMPOIEeCChl OKUCICHMS (TOpEeHHUEe, B3PHIB), MOIMMEPH3ALUH, Kpe-
kuHra. Teopust memHbIX peaknuii pazpadortana akagemukomM H.H. CemeHoBBIM,
C.H. XunmeneBynom (Anrmus) u ap. OCHOBHBIMH CTaJHSMU IICTTHBIX PEaKIHiA
SBJISIIOTCS: 3apOXJIeHNe (MHULMALKS), IPOJOIDKeHUE (JJIOHTAIMs) U OOpBIB LETH
(TepmuHanys). PaznuyaroT aBa THIIA HETHBIX PEAKIMH: pEaKInul ¢ HEPa3BETBIICH-
HBIMH M C Pa3BETBJICHHBIMHU HemsiMH. OCOOEHHOCTh LIEMHBIX PEaKIUi COCTOUT B
TOM, 4TO OJIMH MEPBUYHBIN aKT aKTUBALWH IIPUBOJUT K MPEBPAILECHUI0 OTPOMHOIO
YHcia MOJIEKYJ HCXOAHBIX BELIECTB. DBHOXMMHYECKHE peakliu CBOOOIHO-
PaMKaIbHOTO OKUCIICHHUS SIBIISIFOTCS LIETHBIMU.
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Iepuoouyeckumu (asmokonebamenvHbviMu) peaKyusMyHA3BIBAIOT CIOXKHEBIE
MHOT'OCTAIUIHbIE aBTOKATAJUTHYCCKHE PEAKIHMH C Y4acTHEM HECKOJIBKHX Be-
LIECTB, B KOTOPBIX IPOMCXOIHUT MEPHOIUYECKOE KOoJIeOaHUEe KOHLGHTPAaLUi OKHC-
JICHHOW M BoccTaHoBiIeHHOU (opm. KomebarensHpie peakiym oTKpeITH b.I1. Be-
J0ycoBBIM, HccaenoBanbl A.M. JKaboturcknMm u ap. YactoTa u hopma konedaHuit
3aBUCAT OT KOHIEHTPALMi HMCXOIHBIX BEHIECTB, KHCJIOTHOCTH, TEMIIEPATYpHI.
[IpumepoM Takux peaknuil MOXET SBISTHCS B3aUMOAEHCTBHE OPOMMAaJIOHOBOM
KUCJIOTBHI C OPOMAaTOM Kallusi B KUCJION Cpejie, KaTalu3aTOpPOM CIIY)KUT COJIb LiepHUs
(I). Tlepuoanueckne peakiuy UMEIOT OONBIIOE 3HAYCHHE IS GHOIOTUYECKUX
00BEKTOB, I'/Ie peaKknK MOJOOHOI0 pojia MIMPOKO PAaCIIPOCTPAHEHBI.

Knaccubukanust cIoxKHbIX peakiuii:

- mapaJIebHbIe PeaKLHH;

B
A <
C

tk  2KCl+Op

6KCIO; "——gKCIO, + KCI

- MOCJIEN0OBATENIbHBIE PEAKIUKU — MPOTEKAIOT Yepe3 psili IOCIe0BaTEIbHBIX
CTaJui;

A—B—C—D

(CeH1005), +nH,0 — nCeH1,06

C6H1205 — 2CzH5OH+ 2CO2

- COTPSDKEHHBIE PEaKI[HU — BCET/Ia MPOTEKAIOT OJHOBPEMEHHO;

A+b—-C

A+I—->M

- obpaTUMBIC peaKkUU — ONPEICIAIOTCA PAa3HOCTHIO CKOPOCTEH MpsAMOil U 00-
paTHOM peakuuu

A+B«C

- [ICTTHbIE PEaKIHH.

MexaHu3M peakiii — COBOKYIMHOCTh MOCIIEOBATEIFHBIX OTACIBHBIX JIICMEH-
TApHBIX CTA/MI, U3 KOTOPBIX CKIIAJBIBACTCS Mporecc. MeXaHU3M Peakiliy B CIO0XK-
HBIX MPOIIECCAX CUUTACTCS CAMBIM TPYIOEMKHM.

CKOpOCTh XUMHYECKOH Peakiny OpeaessieTCs K3MCHEHHEM KOHIICHTPAIIHH.

CpenHsist CKOPOCTh TOMOT€HHOW PEaKIuy — 3TO M3MEHEHHE KOHIICHTPAIIH pea-
THPYIOLIMX BEIIECTB B CIMHHUIY BPEMEHH NPH HEU3MEHHOM O0BEME CHCTEMBI.
OOBIYHO KOHLICHTPALIMIO BBIPAKAIOT B MOJB/JN, a BpeMs B CEKyHAaX WIH
MuHyTax:V = £(C, — Cy)/(t; — t;) =£AC/At, monb/(i1-C).

CpenHsisi CKOPOCTb TeTEPOreHHOW PEaKHU — TO W3MEHEHHE KOHIICHTpPALMU
(XMMHYECKOTr0 KOJMYECTBA) PearipyroLInX BEIICCTB B SAUHUILY BPEMEHU Ha e/IH-
HUILY TUTOIA]TH.
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Bonee TOUHO XMMHYECKYIO PEAKIUIO XapaKTEPU3yeT MTHOBEHHAs WJIM MCTHH-
Hasl CKOPOCTh, KOTOpasi OMpEJENIeTCs] KaK TAaHTeHC yIJla HAaKJIOHAa KacaTeIbHOW B
0001 TOYKEe KPHBOH CKOPOCTH peakuud. VICTHHHYIO CKOPOCTh PEaKIHH MOXKHO
OTIPEZEINTh I'paUIeCKu, MPOBEII KacaTelbHYI0 K KHHETHUECKOH KpHBOH (pHC.
6.1):

+0c/0t = tga

: »-
Puc. 6.1 I'papnueckoe onpenenenne Vucr.

6.2.3aK0H AeiicTBYIONIUX MacC M KHHETHYECKOe YPaBHeHHE

CKOpPOCTh peakIiy OIpeeNsIeTCs] KOHIICHTPAIUEeH 1 MPUPOIOH pearnpyroIiX
BEIIIECTB, KOTOPhIC HAXOATCS B BUJIC pacTBopa. Ha 0OCHOBE OOMIMPHOTO 3KCIEpHU-
MEHTAJILHOTO MaTepuaia chOpMyIMPOBaH OCHOBHON 3aKOH XUMHUYECKOW KHHETUKU
— 3aKOH JICCTBYIOIUX MacC, YCTaHABIMBAIOIINMA 3aBUCUMOCTh CKOPOCTH PEaKIIMH
OT KOHIIGHTPAIIMH PEAarupyroNIuX BEUIECTB: CKOPOCTh XMMHUECKON peakIuu Mpo-
MOpUHOHATbHA MPOU3BEJACHHUIO KOHIIEHTPAIUN PEarupylomux BEIIECTB C yue-
TOM UX KO3()(HIIMEHTOB B BU/IE CTETICHU.

B o6mem Buae ckopocts peakiuun aA + bB +cC + ... =fF + ... mo 3akony
JENCTBYIOIMX MAcC XapaKTEPU3YETCs KUHETUYECKMM ypaBHEHHEM v = K« C%j «
CbB* C°c, tie K - ko3¢ duIMenT NponopurMOHaILHOCTH, HA3bIBAEMBI KOHCTAHTON
CKOpPOCTH PEAKIIHH.

W3 mocnenHero ypaBHEHUsI YCTAHOBICH (PH3MUYCCKUI CMBICT KOHCTAHTHI CKO-
poctH K: OHa YHCIIEHHO paBHA CKOPOCTH PEAKIMH, KOTJIa KOHIEHTPAL[MH KaXI0T0O
W3 PEarupyoNIiX BEIIECTB COCTABISAIOT 1 MOJB/N WIM KOTJAa WX HPOHU3BEICHHE
paBHo 1. KoHCTaHTa CKOPOCTH pEaKIMU 3aBUCHUT OT MPUPOJBI PEATHPYIOIINX Be-
MIECTB, TEMIIEPATYPhI, KaTaIM3aTopa, HO HE 3aBUCUT OT MX KOHIICHTPAIWA U JaBJie-
Husl. KuHeTnueckoe ypaBHEHHE ONMUCHIBAET CKOPOCTh KOHKPETHOUW PEakIuu U JJIs
KOHKPETHBIX BEIIIECTB.

2{NaOH} + {H,S0,} = {Na,S0,}+2{H,0} v = k » [NaOH]? - [H,SO.]
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B reTeporeHHbIX NpOLECCax B KAHETMYECKOM YPaBHEHHH HE YKA3bIBAETCS KOH-
nenTpanus TBépaoro semectsa. [C] + (Oy) — (CO,) v =k« [O,]

6.3.KuHernueckas Kiaccupukanmusa XUMHYECKUX peaKkIuii

MoneKyIsIpHOCTD PEAKINU — OTIPEIENIACTCS YHCIOM MOJIEKYJ, KOTOPBIE OA-
HOBPEMEHHO B3aMMOJICHCTBYIOT. MEXIY COOOH B 3JIEMEHTAPHOMN CTa/IHU.

MOHOMOJIEKYISIPHBIC PEaKIMK — YIACTBYET OJHMH BUJ MOJICKYJL.

A—B momepust; A—B +C pasnoxerusv = k-C

BumonexysipHbIe peakiuy — BEAETCA B3aUMOACHCTBHE 2-X YaCTHII.

A + B — C peakiuu coequnenus, mumepusamuny = kK- C1-C,

TpuMoneKyIsIpHBIC PEAKIIUHN — YYACTBYIOT Cpa3y TPU MOJICKYJIbI, XapaKTECPHBI
Jutst ra3000pasHbix BemectB. A+ B+ C — v =k C;-CyCs

Kunernueckuil nopsiok peakiiuii — onpeAesisieTcs CyMMOM MoKa3arteneil cre-
TIEHN KOHIICHTPALIUH PEaKIIHA.

[Mopsinok ameMeHTapHOM CTaIuH paBeH e€ MOJICKYIISIPHOCTH.

Peakunu 1 mopsaka pacCYUTHIBAIOTCS [0 YPABHEHHIO:

k =(2,303/7) -lg(a/(a-x))

nepro nosypacnana t = 0,693/k

Peaxuuu 2 mopsiaka — mo ypasuenuto: K =(2,303/t(a-b)) -1g((a-x) -b/(b-x)-a)

6.4.q)aKTOp])I, BJIMAIOIIIHE HA CKOPOCTDH PCaKIIMH

CKOpOoCTh XUMUYECKOH PEeaKIUH 3aBUCUT OT IPHPOIbl PEarnpyonux BEeIecTB
W YCIOBHH MNPOTEKaHMs PEAKIMH: KOHLEHTPAILMH, TEMIEpaTypbl, IPHUCYTCTBUS
KaTallM3aTopoB, a TakkKe OT HEKOTOPBIX NPYrHX (akTopoB (HApHMeEp, OT JaBIIe-
HUSI - 17151 Ta30BBIX PEAKIUH, OT CTETIEHN N3MENIbUEHHS - U TBEPABIX BELIECTB, OT
PaAMOaKTHBHOTO OOTYYICHUS).

@DakTOpHI, BIUIONINE HA CKOPOCTh PEAKIIHH:

- KOHICHTpAlMsl PEarupyrolux BeIIeCTB (COIJaCHO 3aKOHY AEHCTBYIOLIMX
Macc C MOBBIILICHHEM KOHIEHTPALUK PearupyloluX BEIIECTB, CKOPOCTh peaKlInu
YBEJIMYHUBACTC);

- IJaBJICHHE — C TIOBBIIICHUEM JaBJICHUS B Ta3000pa3HON CHCTEME, CKOPOCTh pe-
aKIUK YBEIMYHMBACTCS: BO CKOJBKO Pa3 yBEINYMBACTCS JABJICHHE, BO CTOJIBKO XKe
pa3 yBeIM4YMBaeTCS M KOHIIEHTPALHS Ta3000pa3HOro BEIIECTBA.

- IPUPOJIa BEIIECTB;

- TemIeparypa (B peakiuio Mexay coO00H BCTYHAeT TOJIBKO aKTUBHbBIE MOJIEKY-
JIbI, KOTOpBIE 00J1aAaI0T JIONIOJIHNTEIBHON SHEPTHell — SHEpruel akTHBalLNK).

Jist Toro 9ToOBI COBEpUIMIICS JIEMEHTAPHBIH aKT XMMHYECKOTO B3aHMMOJICH-
CTBHSI, pearnpyronie YacTUIbl JOIDKHBI CTOJIKHYThCS ApYr ¢ apyrom. OnHako He
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KaXJI0€ CTOJIKHOBEHHE NPHBOANT K XMMHUYECKOMY B3ammozecTsuio. [locnenHee
MIPOMCXOIUT B TOM CIydae, KOT[a YacTHIbI MPHONIKAIOTCS HA PACCTOSHUS, NPU
KOTOPBIX BO3MOJKHO IIEpepaclpeieieHHe IEKTPOHHOH INIOTHOCTU U BO3HHKHOBE-
HHE HOBBIX XHMHYECKHX CBs3eil. B3ammoneHcTByrome 4acTUIbl JOJKHBI 00a-
JlaTh SHEPTUCH, JOCTATOYHOH IS MPEOIONICHNUS CHJI OTTATIKUBAHNS, BO3HUKAIOIINX
MEXIY UX 3JICKTPOHHBIMU 000JI0UKaMH.

Onepeusi akmusayuu — SHEPTUs, KOTOpas He0OX0AUMa ISl IPEOJOJICHHS YHEP-
reTuyeckoro Oapwepa, T.e. Ul MEpPeXoAa YacTHIBl B aKTUBHOE COCTOSHHE; OHa
paccUMTHIBAETCS KaK Pa3HOCTh MEXJIY HaHMMEHBLIMM H30BITKOM DHEPrHu (aKTHB-
HBIX MOJIEKYJ]) M SHeprueil MOJeKyJlbl B CTAl[HOHAPHOM COCTOSIHUU.AKTUBHBIE
MOJIEKYyJIBl Au Bolipy CTONKHOBEHMH OOBEAMHAIOTCS B IPOMEKYTOUYHBINH aKTHB-
HBIA KOMITIEKC A,...Boc ocnmabieHnem, a 3ateM u pa3peiBoM cBszeld A-A u B-B u
YOpOUYHEHUEM CBsizel A-B.

Haua.mioe cocrostine  Tlepexosuioe cocrosiime Koncuroe cocrosiue
2 o PRl
A, 7 N\
/ \ 1\B AB
l 4
’
S b o e et s ot wn
B, AKTHBILIH KOMILICKE A

Peakinn xapakTepu3yloTCs PpazIHMYHBIMH BEIMYMHAMU SHEPTHHM aKTHUBALUU
(Eaxr)- B OOnbIIMHCTBE CllydyaeB SHEPrHsl aKTUBALUK XUMUYECKUX PEAKIHMHA MEXIY
HEHTpaTbHBIMU MOJIeKyIamMu cocTaBisieT oT 80 1o 240 kJx/mMonb. J{ias Gnoxumu-
YEeCKHX IMpoleccoB 3HaueHus E,3adactyro Hmke — 10 20 xJk/Momb. 310 00BsiC-
HSIETCSI TEM, YTO aOCOIFOTHOE OOJIBIIMHCTBO OMOXMMHUYECKUX MPOLECCOB MPOTEKa-
eT 4epe3 cTaguio (epMEeHT-CYyOCTPaTHBIX KOMIIIEKCOB. JHEpPreTHIecKue Oapbhephl
OTPAaHWYMBAIOT NIPOTEKAHWE peakuuy. braromaps 3ToMy B MPUHIUIE BO3MOKHBIE
peaKkuuy IpaKkTHYECKH BCErJia He MPOTEKaOTHIIN 3aMeuIsitoTes. Peakuu ¢ sHep-
ruei aktuBanuu Boime 120 k/>k/MOITb HACTONEKO MEIUICHHBI, 9YTO UX TPOTEKaHUE
TPYAHO 3aMeTHUTH.JJIT OCYIIECTBICHUS PEAKIMH MOJEKYJBl NPH CTOJIKHOBEHUH
JIOJDKHBI OBITH OIpEeIeNIEHHBIM 00pa30M OPHEHTHPOBAHBI M 00J1a1aTh TOCTaTOYHON
3HEpruei.

3aBHCHMOCTh CKOPOCTH PEaKIMH OT TEMIepaTypbl ONpeneiseTcsl MPaBHIOM
Banr-T'odda: mpu moBsennu Temneparyps! Ha Kaxapie 10° ckopocTs 60IBIIMH-
CTBa peakIiii yBennaupaercs B 2-4 tIpa3a MareMaTHYECKH 3Ta 3aBHCUMOCTH BBI-
pakaeTcsl COOTHOIIEHUEM V, = V1Y . TJAE V1 U Vy— CKOPOCTU PEaKIUH COOTBET-
CTBEHHO NpH HaudayibHOH (i) M KoHeuHOlt (f;) TemMmeparypax; y— TeMIepaTypHbIi
K03((HUIIMEHT CKOPOCTH peakIHH, KOTOPHIH MOKa3bIBAET, BO CKOJBKO Pa3 yBEIH-
YUBAETCS CKOPOCTh pPEaKUUM C MOBBIINIEHHEM TEMIEpaTypbl Pearupyrolux Be-
mectB Ha 10°C.IIpaBuino Bant-I'odda sBisiercss mpuOIMKeHHBIM U NIPUMEHUMO
JIMIIb JUI OPUEHTHPOBOYHOW OIEHKH BIMSHUS TEMIIEPAaTyphl HA CKOPOCTHh peak-
HH.
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3amaua:/{ns HekoTOpoO# peakiuu y=3. Ha cKONBKO IpagycoB Haao MOBBICHTH
TeMIlepaTypy, YTOObl YBEIUMIUTH CKOPOCTH peakiuu B 81 pa3?

Pemenne. CornacHo mpaBwiy Bant-I'odda, ckopocTs peakiun 3aBUCHT OT
TEMIIePATYPHI 110 YPaBHEHHIO 1, = D1+ Y . Haiiném v,/ v,= y*"%; 81 = 3°"1°, A/10
=4;At=10-4=40C.

Otset: Ha 40 rpagycoB Hamo MOBBICHTE TEMIEPATYPy, YTOOBI YBEIHMYUTH CKO-
pocTh peakiwu B 81 pas.

3amaya: Kak yBennuuTCs CKOPOCTh pPeakiyy IPH MOBHIILIEHUH TEMIEPaTyphl C
10°C mo 70°C, ecnm y=2?

Pemenne. Cornacuo mnpaBuiny Bant-T'odda, ckopocTs peakiuu 3aBHCHUT OT
TEMIEPATYPHI 10 YPABHEHHIO 1y = Vyx 770

ITo ycnosuto 3amaun At=70° - 10° = 60 ° u y=2. Torma. v,/ V1=
64

Orser. [Ipu nosbineHnn Temieparypsl Ha 60°C CKOPOCTh peaKIUK yBEIHMIUT-
cs B 64 paza.

CuiibHOE M3MEHEHHE CKOPOCTH PEaKkIUH ¢ M3MEHEHHEM TeMIlepaTypbl 00bsc-
HET Teopus akThBalH. CKOPOCTh peaknny HEMOCPEACTBEHHO 3aBUCHUT OT 3Haue-
HUSI SHEPTUHU aKTHBAIMH, €CII OHO MaJlo, TO 32 ONPEEIICHHOE BPEMs POTCKaHUS
peaKIiy YHEPTreTHIECKUH Oapbhep MPpeoaoeeT OOIBIIOE YHCIIO YaCTHIl U CKOPOCTh
peaknuu OyAeT BBHICOKOH, HO €CIIM SHEPTUS aKTUBAlMHU BEIHMKAa, TO PEAKLUS HAET
MeIEHHO. DHEPrus, KOTOPYIO HaJ0 COOOLIMTh MOJIEKYJIaM (YacTHILIaM) pearupy-
IOLIMX BEIIECTB, YTOOBI MPEBPATHTh UX B aKTHBHBIC, HA3bIBACTCS] SHEPTUEH aKTH-
BallMK. 3aBHCUMOCTb CKOPOCTH PEaKLHH OT TEMIIEPaTypbl U SHEPTUH aKTHBAIUU
BeIpaxactcst ypasnenuem Appenuycak = C - e =" RT 310 ypapuenue mwis tem-
nepatryp T; u T, MoxeT OBITh 3amrcaHo B yI00HOH dopme

E= 2,3 R (T]_Tz)/ (T1T2) EgKT]_/ KT2-

UYem BbIlIE TeMIiepaTypa, TeM OBICTPEE MOJIEKYJbI JOCTHIalOT aKTHBHOTO CO-
CTOSIHMS. Peakiiy He MOTYT HATH CaMOINIPOM3BOJIEHO IIPU HOPMAJIBHBIX YCIOBUSIX,
eci E,; 6ombie 150 k/Ik, HO CKOPOCTh pEAKIH MOYXKHO OIIPEICITUTh U U3MEHSTh
TaKoKe MpH HU3KKX T.

Karanuszarop — BemecTBo, KOTOPOE YCKOPSIET XUMHYECKYIO PEakIHio, HO caMo
He n3Mensiercst. KatanuzaTop rocie pa3pymeHns: akTHBUPOBAaHHOTO KOMIUIEKCa He
BXOJIUT B COCTaB IPOIYKTOB PEaKIMH, I03TOMY 00lllee ypaBHEHHE Mpolecca 0cTa-
eTcs mpexHuM. KaTtanus — peakiusi ¢ y4acTueM KaTajlu3aropa.

Oco0eHHOCTH KaTanu3aropa:

- UCTIOJIB3YIOTCS HEOOIbIIIIE KOJHMYECTRA;

- crenu()UIHOCTB;

- BHE OPraHUYeCKUX PeakIUsxX KaTalu3aTop BCer/a OCTa&Tcs HEM3MEHHBIM, a B
OMOXMMHUYECKUX PEaKIMIX YACTUUHO Pa3pyIIaeTcs.

AY10 — 260/10 -
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CyIIHOCT KaTalu3aTopa: KaTalh3aTop C BEUIECTBOM 00pa3yeT KOMIUIEKC HITH
cucTeMy, KoTopas obnmanaer MeHblel E,,, B pe3yabTaTe 4ero W yBEIMIMBACTCA
YHCIIO aKTUBHBIX MoJiekyn. Ecnu peakunst B + A — AB mpoTekaer ¢ Majol cko-
POCTBIO, TO MOXKHO NOA00paTs BemiecTBoO K, KOTOpoe ¢ OMHUM U3 peareHToB oOpa-
3yeT aKTHUBUPOBAaHHBIM KOMILIEKC, B3aUMOJEHCTBYIOIUNA B CBOIO OYepeab C ApY-
THIM pEareHToM.

ITo ¢a3oBoMy B3aNMOAEHCTBHUIO KaTaIM3aTopa U cyOcTpaTa pa3InyaroT:

- TOMOTeHHBIH — UAET BO BCEM 00BEME CHUCTEMBI; TEOPHUS IIPOMEKYTOUHBIX
CTaMii;

- reTeporeHHbIi — UIET Ha rpaHule (a3 WiIKM Ha aKTHUBHBIX IEHTPax KaTain3a-
TOpa; 0OBIYHO MCIOJIB3YIOT TBEPABIEC KATAIN3ATOPBI.

Mexanusm Oeticmeusa kamanu3amopa 06vacHAem:

aocopdoyuoHHas meopus: MOJIEKYIbl CTYIIAIOTCS Ha MOBEPXHOCTH KaTaau3aTo-
pa, ¥ B 3TOM MecTe CO3IaéTcs MOBBIIICHHOE AAaBICHHUE U MOJ ICHCTBHEM TEIIOBO-
rO JIBIDKCHHS MOJIEKYJ, MOJIEKYJbl PAacHafaloTCsl Ha aKTHBHBIC YacTHIBI;, 00s3a-
TENIBHO JIOJKHBI IIPUCYTCTBOBATH AKTUBHBIE IIEHTPHI KaTAIN3aToOPA.

MYIbMUnIemHas meopusi. aTOMbl Ha TOBEPXHOCTH KaTalM3aTopa pacroJiara-
JOTCSI B ONPEEeNEHHOM T'€OMETPHYECKOM COOTBETCTBHH. B IleHTpe reomerpude-
CKOT'O COOTBETCTBHS MAET MOBBIIICHUE TEMIIEPATYPHI, B PE3yIbTaTe Yero MOJICKY-
JIBI JIETKO PaclafaloTcs Ha aKTHBHBIC YaCTHIIBL.

WHruOuTOpsl — 3TO BEIECTBA, 3aMEJISIONIIE CKOPOCTh PEaKLUH, y4acTBYIOT B
OTpULATENILHOM KaTallu3e.

[Ipomaropsl — BeliecTBa, yly4laoiye IeiicTBIe KaTaau3aTopa.

ITo xapakTepy XMMHYECKOTO B3aUMOJECHCTBUS PAa3IHNUYaIOT 2 OCHOBHBIE I'PYTIIIBI
KaTall3aToOpOB:

- KHCJIOTHO-OCHOBHEIE;

- OKHCJIMTENIbHO-BOCCTAHOBHUTEIBHBIE.

Depmenmvl — OMOJIOTHYECKHE KaTaJM3aTOPhl OEJIKOBOM IPUPOJBI, KOTOpHIE
MIPUCYTCTBYIOT BO BCEX XKMBBIX KJIETKax. /i1 HUX XapaKTepHO BBICOKHE CKOPOCTH,
BBICOKasl CIIEIIM(UIHOCTD, Y3KUI HHTEPBAJI TEMIIEPaTypHOTO JICHCTBHUSI.

B opranuzme aist peryisinyu (epMEHTaTUBHBIX MTPOIIECCOB MCIIOJIB3YIOTCS aK-
mueamopvl U uneubUmopsvl. AKTUBaTOpaMu (EpMEHTOB 4acTO OBIBAIOT KAaTHOHBI
meramios: Mg®, Mn*, Zn?*, Co®*, K*, a nrorza - annon C1°, koTopsle, pearupyst
C MOHU3WPOBAHHBIMHU Tpynmnamu (epmeHTa, o0nerdaroT oOpazoBaHue (hepMeHT-
CcyOCTPaTHOTO KOMILIEKCA.

BaxHyo poiib B IGHCTBHU (hepMEHTA UIPACT ANIOCTEPUUECKasi PEryisilus ero
aKTMBHOCTH. B ocHOBe ee jexxuT B3aumopeicTBue (hepMeHTa ¢ MOJIEKYJIOi orpe-
JISTICHHOTO BELIECTBA, B PE3yJIbTaTe N3MEHAETCS CTPYKTYpa (hepMeHTa, YTO MPUBO-
JIUT K YBEJIMYECHUIO JIMOO CHIDKEHUIO KaTAJIMTHYECKOH aKTUBHOCTH (epmeHTa. NH-
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THOUTOPBI TOPMO3ST NeficTBHE PEPMEHTOB, TIPH ATOM CIIEAYeT pa3indaTh 00paTH-
Moe U HeoOpaTnMoe HHrHOnpoBaHue (hepMEHTa.

Ob6parumoe HHrHONpoBaHUE (PEPMEHTOB HAOIIONACTCS TIPH B3aUMOJICHCTBIH C
KaTHOHaMH MeTasio-Tokcnkantos: Hg?', Pb?*, Cd*, As*" wmm ¢ unruéuropamu
0eTKOBOH TIPHUPOBI, KOTOPHIE 3a CUET OEJOK-OCNKOBBIX B3aUMOJCHCTBUI 3aKpHI-
BAafOT WJIM WHAKTHBUPYIOT aKTHBHBIA LEHTP depMeHToB. [Ipn oOpaTiMoM MHTHOHU-
pOBaHMM HMHTMOMTOP HAaXOIMTCS B PAaBHOBECHH C (EPMEHTOM U €ro JeicTBHE
MOJKHO YCTPaHHTH C TIOMOIIbIO aHTHIOTOB WK U30bITKa cyOcTpaTa. [Ipu HeoOpa-
TUMOM TOPMOXXEHHHM MHTUOWUTOp, 001anatomuii CTPYKTYPHBIM CXOJICTBOM C CYO-
cTpaTtoM, OJIOKHPYET aKTHBHBINA LIEHTp (pepMeHTa, HaJ0JIr0 BBIBOJS €ro U3 CTPOS.
K takum BCHICCTBAM OTHOCATCSA MHOI'ME€ MHCCKTULHAbI HOTPABJIAIOIINEC BCHICCTBA.
B opraHm3Me BMeCTO HMHAKTHBHPOBAaHHBIX MOJEKYN (DEpMEHTa CHHTE3HPYHOTCS
HOBBIE MOJICKYJIBI. 32 CHET DTOrO OPTaHW3M peajM3yeT elle OAHY BO3MOXKHOCTb
perynupoBaHus Xo1a pepMEHTaTHBHBIX POLIECCOB.

MexanusM (QepMEHTaTHBHBIX peaklMil BKIIOYAeT, 10 KpaiHed Mepe, ABe cTa-
IMHU, @ UX CKOPOCTb NPHU JaHHOW TEeMIEpPaType W KHCIOTHOCTH CPEIbl 3aBHCHUT OT
KOHIICHTPALMK 1 cyOcTpara, U GepMeHTa, IpUYeM HpH 33JaHHON KOHLCHTpPALUH
(epMeHTa CKOPOCTh Peaklyy JOCTUTAET COOTBETCTBYIOIIETO MPEAEIbHOIO 3HaYe-
Husg. Kpome Toro, Ha CKOpPOCTh (pepMEHTATHBHBIX pEaKlUil BIHSAET HNPHUCYTCTBHE
aKTHBAaTOPOB W MHTHOMTOPOB NaHHOTrO (epmeHta. KuHeTnueckue uccienoBaHus
HeO6XO[[I/IMI>I JJIA TIOHUMaHuA MpoUeCcCOB, pa3sBUBAIOMINXCSA BO BPEMEHHU U ITPOUC-
XOJIAIINX B PAa3IMUYHBIX JKUBBIX CHCTEMaxX, a TaKkke B OKpYyXKawlleh cpeae. ITH
Hucciaea0BaHUsA I1O3BOJISIT HaWTH MPUYUHBI 1 MEXaHU3MBI TaKHUX MPOLECCOB, 4 B TCX
CITy4asix, KOrJia OHH BPEIHBI, H3bICKATh METOIBI HX IPEIYIPEkKICHHS.

6.5.XumMu4yeckoe paBHOBecHe

Peakmyn, KOTOpBIE MPOTEKAIOT TOJBKO B OJHOM HAIPaBICHUH ¥ 3aBEPLIAIOTCS
MOJHBIM TPEBPALICHHEM HCXOMHBIX PEarupyIOIINX BEIISCTB B KOHEUHbIC Belle-
CTBA, HA3bIBAKOTCA HeOGpaTI/IMI)IMI/I.CpeI[I/I HHUX BBIACIAIOT HCCKOJIBKO THUIIOB!

1.Peakuunu 1BoitHOro oO6MeHa ¢ 00pa3oBaHHEM MallOPACTBOPUMOIO BELIECTBA

NaCl +AgNOz; — NaNO; + AgCl|
Cl +Ag" — AgCl|
2.Peakuun ¢ 06pazoBaHHEM Ta3000pa3HBIX BEIIECTB
Na,CO;3 + 2HCI — 2NaCl + H,0O + CO,?1
COs* + 2H'— H,0 + CO,t
3.Peakunu ¢ 06pa3oBaHnEM MalIOAUCCOLMUPYIOLINX BEIIECTB
HNO; +KOH—KNO; + H,0
H"+ OH = H,0
4.VoHHbBIEe peaKIK OKNUCICHHS — BOCCTAHOBJICHHS

11
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Zn + 2H" - Zn*? + H,1

5.Peaxmin, mpuBoasAIIKe K 00pa30BaHNIO KOMITJICKCHBIX COSIMHEHIH

CuSO, + 4NH,OH = [Cu(NH3)4]SO, + 4H,0

Cu** + 4NH,OH = [Cu(NHs),]?* + 4H,0
6.Peaku, CONIPOBOKAAONTIECS BRIICIICHIEM OOBIIIOT0 KOJMYECTBA YHEPTUH
CeH1206 + 60, — 6CO, + 6H,0 A H'= -2867x/ /Mo
IIprMepsl COBEPIICHHO HEOOPATUMBIX MPOIIECCOB:

2KCIO; — 2KCI + 30,

Pb(N3)2—> Pb + 3N2

OO0paTuMBbIe peakIiy He TOXOMAT A0 KOHIA M 3aKaHYMBAIOTCS YCTaHOBIICHHEM
XUMHUYECKOI'0 paBHOBECHS. XMUMHYECKOE PABHOBECUE MOXKHO OINPENEIUTh KakK Ta-
KO€ COCTOSIHHE CHCTEMbI PEarupyOLINX BEILECTB, TP KOTOPOM CKOPOCTH HPSIMOMN
¥ 00paTHOM peakIiy PaBHBI MEXITy COOOM.

XuMHUUECKUEPEaKIIH 3aKITF0IA0TCS BO B3aUMOACHCTBHI PEareHTOB ¢ 00pa3o-
BaHUEM MPOJYKTOB PEaKIUHI0. B NeHCTBUTENLHOCTH, XUMUUECKUE PEAKIIUU TPO-
TEKalOT U B MPSIMOM, U B OOPaTHOM HaIpaBJICHUSIX:

Peazenmoi«—IIpodykmoi
[Tpumeps! 00paTUMBIX PEAKIIUIA:
N2 + 3H2<—> 2N H3
C + COy 2CO
Nz + Oz<—> 2NO
PCl; & PCIl;+ Cl,
CO + Cl,«COCl, (¢ocren)
2NO + O, < 2NO
{CH3;COOH} + {C,H5s0H} <~ {CH;COOC,Hs} + {H,O}-

BcexnMuieckuepeakny, BIPUHIAIE, 0OpaTUMBL.ITO 03HAYAET, YTO B Peak-
LMOHHON cMecH MpPOTEKaeT KaK B3aWMOJICHCTBHE PEareHTOB, TaK U B3aUMOJIEi-
CTBHE MPOAYKTOB. B 3TOM cMbICie pa3zinyue MeXAy pearecHTaMu U MPOAYKTaMu
YCJIOBHOE.

Bo Bcex 00paTUMBIX peaklusx CKOPOCTh MPSMOU peaKIi YMEHbIIAeTCs, CKO-
POCTb 0OpaTHOW peakIuy BO3pacTaeT A0 TeX IMOop, MOoKa 00e CKOPOCTH HE CTaHyT
PABHBIMH H HE YCTAHOBHTCS COCTOSHIE PaBHOBecHs(pHC.6.2).

12
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¥

p
Puc.6.2. 3aBHCHMOCTB CKOPOCTeli MpsiMOii HOOpaTHOIpeaKI il 0T BpeMeHHUT.

st peakiuu B oduiem Buge MA + nNB < pC + gD ckopocrtu npsimoii 1 06-

paTHOM peakuil OMUCHIBAIOTCS CIAEAYIOIIMMYU KUHETUYECKUMU YPaBHEHUSIMU
v =k [A]" - [B]"
v; = ky [C]7 - [D]°®

KoHnenTpanuu pearupyroomux BelECTB, KOTOPbIE YCTaHABIUBAIOTCSA TPU XHU-
MH9EeCKOM PAaBHOBECHH, HA3BIBAIOTCS PABHOBECHbIMU, 0003HAYAIOTCS TPU TOMOIIN
KBaJIpaTHBIX CKOOOK, B OTJIMYMU OT HEPABHOBECHBIX. B COCTOSHIY JHHAMUYECKOTO
paBHOBECHUSAV; = V— KMHETHYECKasl KOHLENIUs paBHOBecusa. C TeUEHUEM BpPEMEHU
V1 YMEHBILIAETCS, a V- yBEJIWYUBAETCS. B HEKOTOPBHIH MOMEHT OHU CTAHOBATCS
paBHBIMH.

ki - [A]™ [B]"= ko [C]” D]
paszaenus 00e yacTu ypaBHeHUst Ha K,, moaydnm
K. =ki/k, = [C]°- [D]Y [A]" - [B]"

OTUM BBIpaXEHHEM OTPEJIENIIeTCs Kilacchueckas KOHCTaHTa paBHoBecus K.
obpaTUMOro mporecca, OHa paBHA OTHOIICHHWIO KOHCTAaHT MPSIMOW M OOpaTHOM
peakumit K. = Ky/k,

KoncranTa K., oTpaxaromas COOTHOIIEHHE KOHIIEHTPAIMi KOMIOHEHTOB 00-
paTuMoil peakuu B COCTOSSHUM JUHAMHYECKOI'O PAaBHOBECHS HA3bIBAECTCS KOH-
CTAaHTOIl paBHOBeCHSI.

K.=[C]” - [D]¥ [A]"- [B]"-

st mo0oii 00paTUMO peakIiy MOXKHO 3aIHCaTh KHHETHIECKOE YpaBHCHUE
110 3aKOHY JeicTByromux Macc. CorjaacHo 3aKOHY JEHCTBYIOIIMX MAacC COCTOSIHUE
PaBHOBECHS], KOJIMYECTBEHHO XapaKTEPU3YETCsl KOHCTAHTOH paBHOBECHUS Ky,
KoncTanTsl paBHOBECHS 15 CIEAYOIIUX MPOIECCOB:

[Pcl,]
[pcL,]-[c1,]

6) 3[Fe] + 4(H,0) <> [Fe;04] + 4(H,)K= [Hz]

[H.0f

a) (PCly) + (Cl,)<> (PCls)K=

13
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KoHcTaHTa XMMHUYECKOTO PaBHOBECHS 3aBHCHUT OT IPHPOJBI BEIIECTB M arpe-
TaTHOTO COCTOSIHHS, HO HE 3aBHCHUT OT KOHIICHTPALIWH, JABICHUS W KaTaln3aTopa
(cBsi3ana ¢ sueprueii ['n66ca G = - 2,303R+T+IgK ux).-

HanpasieHne cMemeHus: XUMIYIECKOTO PAaBHOBECHS NPU M3MEHEHMSIX KOHIICH-
TpPallM¥ PEarHpYIOMINX BEIIECTB, TEMIIEPAaTypPhl W JaBJICHHUS (B CIydae Ta30BBIX
peakuii) onpenenseTcs oOMKUM TOJI0KEHHEM, W3BECTHBIM II0/T Ha3BaHUEM IPHUH-
uuna Jle-llatense: ecnu Ha cucTeMy, HaXOJSIIYIOCS B XHMHUECKOM PaBHOBECHUH,
MPOU3BOJUTH KaKOe-IMOO BHEIIHEEC BO3JCUCTBUC (M3MEHICTCS KOHIICHTPAIHS,
TeMmIneparypa, aaBieHue, pH), To paBHOBECHE CMEIIAETCS B CTOPOHY YMEHBIICHUS
JIAHHOTO BO3JIEHCTBUS (MIPOTUBOIOJIOKHYIO).

Oc00eHHOCTH XMMHYECKOTO PABHOBECHS:

- TUHAMHIYIECKHUN XapaKTep;

- IOCTOSTHCTBO BO BPEMCHU;

- IIOJIBH3KHOCTb,

- paBHOBECHE MOKET yCTaHABIUBATHCS KaK 33 CUET MPOTYKTOB PEAKIHHU, TaK U
3a CYET MCXOMHBIX BEIICCTB.

K. moxa3siBaeT BO CKOJBKO pa3 CKOPOCTH MPSIMON peakIiu OOJNbIIe CKOPOCTH
0o0paTHOM, eciIM KOHLEHTPAIMM Ka)IO0ro0 W3 Pearupyrollux BEIeCTB PaBHbI 1
MOJIB/J1. B 3TOM (hr3nveckuii CMBICI KOHCTAHTBI PABHOBECHSL.

3HaueHue KOHCTAHThI PABHOBECHSI XapaKTePU3YIOT HAMIPABIEHHOCTD Mpoliecca.

K> 1 — B Gounbliei creneHu UAET NpsMast peaxius;

K< 1 — B Oombineit crerenu UAET 0OpaTHAs pEaKIlus;

K =1 — cuctema B paBHOBECHH.

XuMHUecKoe paBHOBECHE HE YCTOHUYMBO W JIETKO HapymaeTcs. CMemeHne uaeét
o npuHImy Jle-IllaTense: ecnu Ha cHCTEMY, HAXOSAIIYIOCS B XUMHUIECKOM PaB-
HOBECHH, TIPOM3BOJUTE KaKOe-IIMOO BHEIIHEE BO3ACHCTBHE (M3MEHSICTCS KOHIICH-
Tpamusi, TeMIeparypa, JaBlieHHe, PEakius Cpedbl), TO PAaBHOBECHE CMEMIACTCs B
CTOPOHY YMEHBIIICHUSI JAHHOTO BO3JCHCTBUS.

®DaKTOpEI, BIUAIONINE HA CMEIICHHUE!

- KOHYEeHmpayus peazupyrowmux éewyecma: ¢ TOBBIIIEHUEM KOHIICHTPAIMi pea-
TUPYIOUINX BEIIECTB— PABHOBECHE CMEIIAETCS BIIPABO;

- Oaenenue:. ecnu peakuuu uAET 0e3 n3MeHeHHs oObEMa B ra3o00pasHoil cH-
CTEMe, TO U3MEHEHHUE JIaBJICHUS] HE BIMSIET HA CMEUIEHUE PAaBHOBECHS; €CIIH PeaK-
1ust UIET ¢ YMEHbIIEHHEM 00bEMa B Ta3000pa3HON CUCTEME, TO TIOBBIIIICHHUE J1aB-
JIEHUS] CMELLAeT paBHOBECHUE BIPABO;

- memnepamypa: ¢ TOBBIIICHUEM TEMIIEPATyphl B IK30TEPMHUUECKUX PEAKLUAX
paBHOBECHE CMEIAETCSl BJIEBO, a C HOHMKEHHEM — BIIPABO;

- Kamaauzamop, He BIIUSET Ha CMEIEHUE PABHOBECHS, T.K. YCKOPSAET KakK Mps-
My, Tak U oOparHyr peakiur. COKpamiaeT BpeMs HACTYIUICHHS COCTOSHUS
paBHoBecust (puc. 6.2.).
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Puc. 6. 2. Bausinue KaTaju3aTopa Ha XUMHYECKOe paBHOBeCHE.

[Ipn GnoXMMHUUYECKHUX MPOLECCaX B KIETKE OTHOBPEMEHHO NPOTEKAET MHOXKE-
CTBO XMMHYECKHX PEaKUUil, MPUYEM HAXOA[AIUECS B CHCTEME BELIECTBA ABIAIOTCA
peareHTaMu MM NpOAYyKTaMU HE OJHOH, a HECKOIBKUX peakuuil. B sTHx cmydasx
TOBOPAT O CONMPSKEHHBIX PEaKIUIX.

[IpumenuTensHo K 6nocnctemam npuniun Jle Illarense raacur, 9to B GHoCcH-
CTeMe Ha Kakaoe AeicTBue (GOPMHPYETCS TaKOE XKe 10 CHIIE M XapaKTepy IPOTH-
BOJICHCTBHE, KOTOPOE YPaBHOBEIINBAET OHOJIOTHUECKHE PETYJISTOPHBIE MPOLIECCHI
U peakuuu U GOpMHUPYET CONPSHKEHHBIH YPOBEHb MX HEPAaBHOBECHOCTH.

IIpy maTonoruyeckux Mpoleccax CYLIECTBYIOMAs 3aMKHYTOCTb CHCTEMBI
HapymaeTcs. B 3aBUCHMOCTH OT ypOBHS HEPaBHOBECHOCTH H3MEHSETCS KaueCTBO
MEKCHUCTEMHBIX U MEKOPT'aHHBIX OTHOIICHUH, OHU PUOOPETAIOT BCe OoJiee HEMU-
HelHbIl xapakrep. CTpyKTypy M crenu(uKy 3THX B3aHMOOTHOILICHHUI MOATBEp-
JKIAeT aHallM3 3aBUCHMOCTH MEXAy MOKa3aTeIsIMH CHCTEMBI IMEPEKUCHOTO OKHC-
JIEHHs JIMIUJIOB U YPOBHEM aHTHOKCHJIAHTOB, MEXJy TapMOHHUYECKUMH MOKa3aTe-
JSIMM B YCIIOBHAX aJaNTallid W MATOJOTWU. J[aHHBIE CHCTEMBI Y4aCTBYIOT B MOJ-
JI€pKAHUU AaHTUOKHUCIIUTENBHOTO FOMEOCTa3a.
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