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1. KHHETUKA IIPOCTHIX PEAKIIUH

Xumuueckas KuHemuka U3y4aeT 3aKOHOMEPHOCTU MPOTEKAHUS XU-
MUYECKHUX PEaKlUid BO BPEMEHH M YCTAHABIIMBAET SMIIMPUUYECKYIO CBSI3b
MEXIY CKOPOCTBhIO XUMUYECKOM PEAKIIMU U YCIOBUSIMU €€ MPOBEICHU.

llIpocmas peakyusi COCTOUT W3 OJHOTHUITHBIX SJIEMEHTAPHBIX aK-
TOB, peareHThl HEMOCPEICTBEHHO MPEBPAIIAIOTCS B IPOAYKTHI 0€3 00-
pa3oBaHMs MPOMEKYTOUHBIX BEIIECTB. YHUCIO YACTHUI, yYaCTBYIOIIUX
B JJIEMEHTAPHOW pEaKIUU, HA3BIBAIOT MOJIEKVIAPHOCHbIO PEAKIUU.
CylecTBYIOT TOJIBKO MOHOMOJEKYJIIPHbIC, OMMOJIEKYJIIPHbIE U TPH-
MOJIEKYJIIPHBIEC PEAKIIHH.

Ckopocmb POCTOM TOMOTEHHOW XWMHUYECKOW PEAKINU OMpPEIe-
JSI€TCSl U3MEHEHHUEM KOHIIEHTpAINi pearupyroimx BelecTB B €IMHU-
1y BpeMeHH. Eciii B cucTeMe MpOTEKaeT Peakius B COOTBETCTBUU CO
CTEXUOMETPUUECKUM YPAaBHCHUEM

VoA + vgB = vcC + vpD,
TO CKOPOCTb 3TOM pEaKIUH pABHA!

y__ 1dC, _ 1dC, 1 dCc_ 1 dcG,

v, dt vg dt v dt vy dt (1.1

3axon Oeticmeus macc: CKOPOCTb XUMHUYECKOW PEAKIUU TPSIMO

IPONOPLHMOHATIbHA ITPOU3BEACHUIO KOHIIEHTPALMA pearupyromux Be-
IIECTB B CTENEHIX, PABHBIX HEKOTOPHIM YHCIIAM:

W =kCinCl® (1.2)

rie k — Koncmanma ckopocmu peakuuu (He 3aBUCUT OT KOHIEHTpa-
UUI); np, Ny — YACMHble NOPAOKYU PEAKLIMM 110 BenlectBaM A u B co-
OTBETCTBEHHO. B 00111eM citydae np # v, @ TOPSIIOK PEaKIIUU MOXKET
OBITH TOJIOKUTEIBHBIM WM OTPULATEIbHBIM, IEIbIM WUIU JAPOOHBIM.
CyMMma 4acCTHBIX IMOPSAIKOB PEAKLMHU 10 BCEM peareHTaM Ha3bIBACTCS
00wum nopsiokom peakuuu. Jns mpocToil peakuuu oOIMid TOPsAI0K
COBIIAJAET C MOJIEKYJISIPHOCTBIO PEAKIIUU.

B XuMH4eCKOM KMHETUKE PEIIAKOTCs 1Ba BUAA 3a1a4. [Ipsavas 3a-
0aua — pacyeT CKOPOCTEN peakUMil U KuHemuuyeckux kpueolx (3aBu-
CUMOCTH KOHIIEHTpalMii pearupyrouux BelecTB OT BpemeHu). Oo-
pamuas 3a0a4a — ONPEACIICHUE MOPSIAKOB PEAKIUH U KOHCTAHT CKO-
POCTEH IO SKCIIEPUMEHTAIBHBIM JTAHHBIM O 3aBUCUMOCTH KOHILIEHTpa-
U pearupyromrx BEUIECTB OT BpeMeHU. B 0osee mMupoKoM CMBICTE



perieHue OOpaTHOM 3a/ladyd COCTOMT B IOCTPOSHHHM KHHETHYECKOMN
CXeMbI 1 00OCHOBAaHWU MEXaHHM3Ma CII0KHOW peaKkIid Ha OCHOBAHHHU
AKCIIEPUMEHTAILHON KUHETUUECKON HH(POPMAIIUH.

[Tpu 3amucu u pemennn auddepeHImanbHbBIX ¥ HHTETPAITBHBIX KH-
HETHMYECKHX yYPaBHEHUN HCIOJIL3YIOT clieayromuye o0o3HadeHus. Teky-
Y10 KOHIICHTPAIMIO peareHTa 000o3HavyaroT OykBoil C ¢ yKa3aHUEM HH-
nekca pearenta (Cy, Cg U T. 11.). 1)1 peakuuii ¢ OJJHUM peareHToOM J10-
MyCKaeTCcsl OTCYTCTBHE MHJIEKca. HayaibHyI0 KOHIIEHTparuio 0003Ha-
YarOT aHAJIOTUYHO ¢ HIKHUM HHIEKCOM «0» (Cy, Coa ¥ T. T1.) WIIA MAJIOM
naTuHCKOM OykBoil anaButa (a BMecTo Cya). BykBOit x 0003HaUaIOT
KOHIIEHTpALUIO Mpopearupoasiiero Beniectsa (x = Cy — C).

Peaxyus Hyneeoco nopsaoxa. CKOpPOCTb pEaKIMU HE 3aBUCUT
OT KOHIICHTpAIIMX pearcHTa:

dc
~— =k, 1.3
” (1.3)
Co—C=kt. (1.4)

Bpewmst nonyrnpeBpaiieHus Ty, (BpeMsl, 32 KOTOPOE KOHIIEHTPALIHS
peareHTa yMEHBIIAETCS B JIBa pa3a) ONPeIesAeTCs BEIPAKEHUEM:

1., =0,5C,. (1.5)

Peaxyus nepgoco nopsaoka A — P. CkopocTb peakiuu IpsiMo
IPONOPIIMOHATIbHA KOHIICHTPALIUU PEAreHTAa:

dC
——=kC, 1.6
dt (16)
C=Ce™, (1.7)
p=lmSoly @ (1.8)
t C t a—-x
0,693
T2 = P (1.9)

Peakxyus emopozo nopsioka A + B — P. CkopocTh peakiiuu mnpo-
MOPIMOHAJIbHA TPOU3BEACHUIO KOHIICHTPAIIUM peareHTOoR:



dc,  dc,
s Y (KN 1.10
” ” ACh (1.10)

Ecnm HavanbHBIE KOHIICHTPAIIMHA PEAareHTOB PaBHBI
(Coa = Cop = Cp) nu peakuus umeet Buja 2A — P:

dC
——=kC?, (1.11)
dt
1 1
—=—+kt,
c ¢ (1.12)
fp = 1.1

Ecnu nauanbHbIC KOHLCHTpAIWHU PCarcHTOB pa3JINYHbI, TCKYIIUC
KOHLHCHTpAIHH PpCarCHTOB MOKHO BbIPA3UTL YCPC3 X: CA =ad—Xx,

Cy = b —x. Kunernueckue ypaBHEHHUS UMEIOT BUI:

dC
—E:k(a—x)(b—x), (1.14)

1 (a—x)b
k = In : 1.15
(a—b) " a(b—x) (1.15)

Bpemena nosynpeBpanieHus BemecTs A U B mpu 3TOM pa3inyHBL.
Peaxyus npouzeonvrnoco nopsioka nA — P. Kunernueckue ypas-
HEHUS UMEIOT BU/I:

dx
= —kCn. 1.16
7 (1.16)
L_ 1 +k(n—1)t 1.17
Cn—l C(I)’l—l ? ( )
f, 2] (1.18)
2 km-nert '



Pa3MepHOCTh KOHCTAHTBI CKOPOCTH 3aBUCHUT OT OOIIETO MOpsIKa
peakuuu. g peakuuu nepBoro nopsjaka OHa paBHa c_l, BTOPOTO —
71/(MOJIB-C), HYJIEBOTO — MOJL/(1°c). BpeMs B JaHHBIX BBIpaKEHUSIX
MOET UMETh U JPYTYIO0 Pa3MEPHOCTh (MUH, Y).

Ipumepul pewrenus 3a0au

1. bpomatran npu 400 °C pacnagaercs Ha 40,5 % 3a 10 MuH
no peakuuu nepsoro nopsanka C,HsBr = C,H, + HBr. Beruucnure
KOHCTaHTY CKOPOCTH PEAKLIUU U BPEMsI TIOTYIIPEBPALCHUS.

Pem e Hue. KOHCTaHTY CKOpPOCTHM pe€akUM IEPBOrO MOPSIKa
ompenensieM 1o ypaBHeHuto (1.8), Bpemsi monynpeBpaiieHuss —
1o ypaBHenuto (1.9):

LG _ 1, 100%

k=-In =—In =0,0519 mun ';
t Cy—x 10 100%—40,5%
- _ 0,693 0,693 -
kK 0,0519

2. KoHCTaHTa CKOPOCTH PEAKIMU IIEJIOYHOTO THUPOIv3a STHIIA-
nerata paBHa 7 Jyi/(Mojib-MuH). Beraucnuts pomto (%) sTunanerara,
KOTOpas MpOpearupyeT 3a 5 MUH, €CIIM a) UCXOJHbIE KOHIIEHTPAllUH
miejoun U stuiaierara paBHbl 0,05 M; 06) ucxoHas KOHILIEHTpaIus
utesioun 0,1 M, a stunanerara — 0,05 M. Onpenenure BpemMeHa Io-
JTyTpEeBpAIlICHUS dTHIAlleTaTa B 000UX CiTydasx.

P e w e H u e. JlaHHas peakuus UMeET BTOPOM MTOPSAIOK.

a) cxonHble KOHIIEHTpPAllUM peareHTOB paBHBI. M3 ypaBHEHHs

(1.12) maxoaum:
1 1

C= — =0,018 M;
1/Cy+kt 1/0,05+7-5
o, = €0=C 100%= 0.05=0.018 1 5304, — 649
C, 0,05
Ty = 1 = : =2,9 MuH.
kC, 7-0,05

0) McxoaHple KOHIIEHTpAIllUM peareHTOB He paBHBI. O003HAUYMM
HavyaJbHYI0 KOHUEHTPALMIO MIEJI0UH @, dTuianerara b. Pacuer npous-
BOJIMM 10 ypaBHeHuto (1.15):



. 1 " (a—x)b; (a—x)b:ek(a_b)t;

(a—b)t a(b—x) a(b—x)

(O’I_X)O’OS _ o7(0.1-0,05):5
0,1(0,05— x)

Otcroma: x = 0,045 M.
o, ==-100% =
b

=35,75.

0,045

-100% =90% .
Bpems monymnpeBpalieHus dTUIaleraTa pacCUnThIBaeM 110 ypaB-
Henwuto (1.15), mpunss x = /2 = 0,025 M:

= 1 ln(a—x)b: 1 1n(0’1_0’025)'0’05:1,2MHH.

(a—b)k a(b-x) (0,1-0,05)-7 0,1-(0,05-0,025)

3aoauu

1. Onpenenute MOJIEKYJISIPHOCTb, OOIIMI MOPSAIOK U YaCTHBIC
MOPSIAKM TI0 peareHTaM YKa3aHHBIX JJIEMEHTAPHBIX PEaKIUid:
a) Br, — 2Br’; 6) 2NO + Br, — 2NOBr; B) Br + H, - HBr + H'.

2. Ckopoctb peakuun N, + 3H, — 2NHj;, uamepenHast B HEKOTO-
DBIX YCIOBHSIX, cocTaBmia 2,410~ mMois/(1-¢). OnpenenuTe CKOpOCTH
pacXoJ0BaHMs PEareHTOB M HAKOIUICHUS MPOJyKTa peakiuu. MoxeT
JIM ATa peaKkiys ObITh dJIeMEHTapHOM (ITPOCTOit)?

3. Koncranra ckopoctu pacnana mannuaropa AUBH mpu 50 °C
paBra 2,2:10° ¢'. Yepes xaxoe Bpemst ckopoctb pacmaga AVBH
YMEHBIIUTCA Ha 5 % MO CpaBHEHUIO C Ha4YalIbHOU? UeMy paBeH nepu-
0J1 OJIypacnajia “HUuImaropa?

4. Meton paarMonU30TOIHOTO JaTUPOBAHHUS apX€OJOTHYEeCKUX 00-
Pa3IoB OPTaHUYECKON MPHUPOJBI IpEIoaaraeT ompeaeaeHue coaep-
KaHus u3orona C, mepuoj moJiypachaja KOTOPOro COCTaBJIsET
5730 net. B KHUBBIX OpraHu3Max COJEp>KaHUE HU30TOMNa c oJIIep-
YKWBAETCS MOCTOSHHBIM, a B YMEPIIMX OH IOCTENEHHO pachagaeTcs.
Ornpenenute BO3pacT APEBECUHBI, 00HAPYKEHHON MPU PACKOIMKaAX, €C-
JIM coJiepkaHue B 00pasiie coctaBisieT 79 % oT HOpMabHOTO.

5. Koncranra ckopoctu peakuuu N,Os = N,O4 + 0,50, paBHa
6,6:10° ¢! npu 30 °C. Kakou npoueHT N,Os pa3noxkuTCsa MpU BbI-
JICp’)KUBAHUU €r0 B TEUCHUE Yaca Ipu 3Tou temmneparype? Kakoe Bpe-
M3 oTpedyetcst ais pasznoxeHus 90 % N,Os?



6. Peakius ruaposivza XJIOPYKCYCHOM KHUCJIOTBI C 0Opa3oBaHUEM
rimukoneot CICH,COOH + H,0O - HOCH,COOH + HCI npu 601b-
IOM U30BITKE BOJBI SIBISETCS PEaKIMEil MCEeBAONEPBOro MOPSIKa.
KuneTuky peakuuu HCCIEAYIOT, Oonpeaesisisi 00beM IIeIoUur, MOoIIe-
e Ha TI[IOJIHOE TUTPOBAHUE QAJIUKBOTHI PEAKUUOHHOW CMECH.
B HauanbHBIE MOMEHT BPEMEHU Ha TUTPOBAHUE OBLIO M3PACXOJOBAHO
12,9 mn pactBopa NaOH, a wepe3 13 v — 16,4 mur. Onipenienure KoH-
CTAHTY CKOPOCTH PEAKIIMHU U BPEMsI TTOJTYTIPEBPAICHUS.

7.1Ipu 20 °C 0,005 M pactBOop 3THianeTaTa THUIAPOJIU3YETCS
0,01 M pactBopom NaOH na 80 % 3a 43,2 muH. CKOJIBKO BPEMEHU
MOHAIO0UTCS JIJIsi JOCTUKEHUS TAKOW ke TIIyOMHBI THAPOIU3a 3TUIIA-
L[€TaTa, €CJIM KOHLIEHTPALWIO IIEJI0YH YBEJIUYUTH B JIBa pa3a?

8. Jlnsa mpoBeleHMs IIEJIOYHOIO THAPOJIM3a JTUialerara Obuia
IIPUTOTOBJIEHA pE€aKkIMOHHasA cMech myteM cMmemenus 40 mu 0,1 M
pactBopa stunanerata u 60 mi 0,1 M pactBopa NaOH. Bpems nomy-
npeBpamieHus 3tuianerara npu 20 °C cocraBuino 2,8 muH. Halinure
BpeMs MOJYNpeBpallCHUs IIEI0UYn B 3TOM mpouecce. CKOIbKO Bpe-
MEHH TTOHAJ00MTCS JIJIsl TUAPOJIM3a dTUianeTara Ha 95 %?

9. KoHcTanTa CKOpPOCTH IUCHPONOPUHOHUPOBAHUS THUAPONEPOK-
cuaHex pagukainos 2HO,” — H,0, + O, pasna 1-10% 71/(MOJIB-C).
[Ipu paaronuse pacTBopa MepoKcUaa BOJIOPOJia MPOU3OILIO 00pa3o-
BaHue pagukanoB HO, B xomientpauun 10~ M. Onpenenuts Bpems
noHOTOo (Ha 99,9 %) AucnponopuOHUPOBAHUS PAJUKAIIOB.

10. BemectBo A cMmemmaHo ¢ BelleCTBOM B B OJIMHAKOBBIX KOH-
HEeHTpalusax, paBHbix 1 M. Bpems nosymnpeBpallieHus BemiecTBa A
coctaBisier 10 mun. Ckonbko BemectBa A (%) ocraHercst yepes
20 MuH, €CJIM peakiis UMeeT OOIui a) HyJIeBOi; 0) MepBhIi; B) BTO-
pOil; T) TpeTuil MOpsIAOK?

11. ITpu 504 °C u P, = 1,013- 10° ITa aueron pasnaraercs B peakTo-
pe nocrosinHoro oowsema 1o peakiuu CH;COCH; — C,Hy + CO + H,
¢ KoHCTaHTO! cropoctd 4,27-107 ¢! Ompenenure mapuuambHOE HaB-
JICHHE alleToHa U o0IIee JaBJIeHHUE ra30Boil cMecu uepe3 20 MUH 1mociie
HayaJla PeaKlnu.



2. METO/IbI ONPEJEJEHMS
MOPSIIKA PEAKLIUU

Jlnst onpeenieHust oOIIero mopsijika peakiiuu Bce peareHThl 0epyT
B CTEXHOMETPUYECKOM COOTHOUIIEHUHU. [[1s1 ompenesnieHus: 4acTHOTrO
NopsiJIKa PEaKkMi OCTaJIbHbIC peareHThl OepyT B OOJBIIOM H3O0BITKE.
Hanpumep, 4to0bl onpeaenuTs nopaaok peakiuuu A + B — P o Be-
niectBy A, nmpoBogAT 3kcnepuMeHT npu Cog >> Cpa. B 3TOM cityuae
pacxogoBaHueM BellecTBa B MoxHo npenedpeus (Cyg = const), a Ku-
HETHUYECKOE YPAaBHEHUE MMPUMET BH/I:

W =kClECin = k' Cir (2.1)

rae k'=kCy8 — >pdexTuBHas KOHCTaHTa ckopocTd. Ecim paccmar-

pYBaeMasi peakiusi UMEeeT OO BTOPON MOPSIOK, MPU U30OBITKE Be-
mectBa B HaOmromaeTcss mepBbIN MOPSIAOK pEaKIMU (1nces0onepabiil
nops0ok). Jlns onpeneneHus Kak oOIIEro, Tak U YaCTHBIX MOPSIAKOB
MOKHO MPUMEHSTH JTIOObIE OMMMCAHHBIE HUXKE METO/IBI.

Memoo nuneapuzayuu NCNONIBb3YETCS JJI TPOBEPKU COOIIIOACHUS
NEepPBOrO0 WM BTOPOTO MOpsiAka peakuuu. YpaBHenue (1.8) moxer
OBITH IPEACTABIICHO B BUJIE:

InC=1n Cy— kt, (2.2)
CJIEIOBATEINIBHO, JJISl PEaKLIMK EPBOTO MOPSIAKA JOJKHA COOMI0IAThCS
JMHEWHAs: 3aBUCUMOCTh B KoopauHaTtax In C — ¢, a 1Jjisi peakuuu BTO-
poro mnopsiika — B koopauHatax 1/C — ¢ (B COOTBETCTBUHU C ypaBHE-
Huem (1.12)). B o0oux ciydasx TaHT€HC yTJia HaKJIOHA MPSIMBIX
10 MOJIYJIIO PABEH KOHCTAHTE CKOPOCTH K.

B metonie nuHeapu3alid BMECTO KOHIEHTpAIMM peareHTa MoryT
OBITh UCIOJIB30BAHBI JIO0bIE MPONOPLUUOHATBHBIEC €1 BETUYUHBL: 00bEM
TUTpaHTa, JaBJieHUe, aOCcopOIs, 3ICKTPONPOBOJAHOCTD, ILIOMIATH
xpomarorpaduueckoro nuka U T. 1. B oOmem ciaydae npu IMOJTHOM
MPOTEKAHUM pEaKIMU BeIWYMHA CUTHaia A He Tajgaer A0 HYyJ,
a MPUHUMAET HEKOTOopoe (OHOBOE 3HAUCHHUE A.. [Ipu 3TOM BBIMOIHS-
ercst cootHoueHue C = P(4 — A,,), rne P — ko3 PuiueHT nponopuu-
OHAJIBHOCTH MeXIy KoHIeHTpanuen C u curHasioM 4. B xone peakiuu
CUTHAJI MOXKET BO3pacTath (00yCIOBICH 00pa30BaHUEM MIPOTYKTOB pe-
akiuu), B 3ToM cinydae C= P(A4, — A). JIuneapuzaiuio 3KCIeprUMEH-
TaJbHBIX JAHHBIX MPOBOJAT, ToAcTaBsia (4 — A,,) unu (A, — A) BMecTo



KOHIIEHTpaIuu peareHTa B ypaBHeHus (2.2) u (1.12). B cinyuae nepso-
ro MOpsJIKa TAHT'€HC YIJla HAKJIOHA MPSMOM 0 MOJYJIIO paBeH k, a BTO-
poro nopsiaka — Pk.

Memoo Ocmeanvoa — Hoiuteca. Ecniu u3Meputh BpeMs MpeBpa-
IIEHHNS ¢, HA ONPEJIEIICHHYIO TIyOUHY B CEpHH DKCIIEPUMEHTOB C pas-
JUYHBIMU HaYaJIbHBIMU KOHIEHTpauusmMu pearera Cj, IOPSIOK pe-
aKIIUU 1 MOXKHO OIPEACIIUTh U3 YPaBHEHUS:

In(z,/t,)
n=
In(Cy, / Cy, )

(2.3)

Memoo Banm-I'o¢¢ha. 3anvmem 3akoH aeiictsus Mmacc W= kC"
B JIOTapu(PMUIECKOM BUJIE:

InW=Ink+nInC. (2.4)

Ecmu n3MepuTh HadabHBIE CKOPOCTH peakuuu W, mpu pasiind-
HBIX HAYaJbHBIX KOHIEHTpamusax peareHta Cj, TOPANOK pEAKIUHU
MOYKHO ONIPEAEIUTH [0 YPABHEHUIO:

in(, /%)
n= :
ln(Coz/Cm)

BmecTo ckopocTH peakimu MOTYT OBbITh MCIOJIB30BaHbl MPOIOP-
MOHAJIbHBIE €l BEJIMYHMHBI (CKOPOCTH HU3MEHEHHUS aHAJIUTUYECKOIO
curnana). Bo3smoxkeH Takke TrpaduuecKuid METOJi ONpEeeNICHUs TO-
psAaKa MyTeM JIMHEAPU3AIMU 3aBUCUMOCTH CKOPOCTH PEAKIIMHU OT KOH-
HeHTpanuu B koopauHatax In W — In C. B cooTBeTCTBUYU ¢ YpaBHEHU-
eM (2.4) TaHreHC yrila HaKJIoHa IMOJIYYCHHON MPSMOM paBeH MOPSIKY
peakuuu. [Ipu aTom B KauectBe 3HaueHnl W npu paznudHbix C MOTYT
BBICTYIIaTh KAaK HAYaJIbHbIE CKOPOCTH PEAaKIUH B IKCIEPUMEHTaX
c paznuuHbiMu (), TaKk U TEKylIHe (CpeIHHUE) CKOPOCTH PEaKIUH
B IIpeJieax OJHOTO AKCIEPUMEHTA.

(2.5)

Ipumepul pewrenus 3a0au

1. PactBop N,Os5 B CCly paznaraercsa nipu 40 °C c BblAeeHUEM
kuciopoa. [lo mpeacTaBieHHBIM KUHETUYECKUM JTaHHBIM OTIPEIeITH-
TE€ TMOPANOK peakuuu MerojgamMu JuHeapuzaiuu U Baut-TI'odda,
a TaK)Ke KOHCTaHTY CKOPOCTH.

Bpewms, mun | 10 20 | 30 | 40 | 60 | 80 | 100 00
V02,CM3 5,8 | 10,8 | 14,9 | 18,3 | 23,5 | 27,2 | 29,5 | 34,75
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Pe e Hue. a) Ucnonb3dyeM MeTo inHeapusaiuu. [1ocKosbKy
B YCJIOBUH JIaH 00bEM Ira3000pa3HOTO MPOJIYKTa B Pa3IMYHbIE MOMEH-
Tbl BPEMEHM, TO I KOHIIEHTPAlMM PEarcéHTa MOXKHO 3alucaTh:

Co~Vy; C~(V,—V). B coorBercTBuu ¢ ypaBHeHusimu (2.2) u (1.12)
noctponm 3asucumocti In (Vo — V) 1 (Voo — V) ' OT BpeMeHH.

{, MUH 10 20 30 40 60 80 100
In(V,-V) | 3,37 | 3,18 | 299 | 2,80 | 242 | 2,02 | 1,66
(V,— V)" 10,035]0,042 | 0,050 | 0,061 | 0,089 | 0,132 | 0,190

In(V, - V) (V.- V)"
(o]
3 -
- 0,15
y =-0,018x + 3,48
5 R2=0,99
- 0,10
(o]
1 - 0]
o o) - 0,05
(o]
0 . | 0,00
0 50 100

t, MUH

Puc. 1. 3aBucumocty In (V.. — V) u (Vo— V) ~ ot Bpemenn

N3 puc. 1 BunHo, uto 3aBucuMocts In (V,,— V) oT ¢ (cruiomiHbie
TOYKH) TIPEACTaBIsACT co00M mpsimyto nuHuio. CrienoBaTenbHO, peak-
ISl UMEET MEPBBIN MOPSAJ0K, a €€ KOHCTAaHTa CKOPOCTH paBHA IO MO-
JyJII0 TAHTGHCY yrila HakJIoHa mpsiMoit: k= 0,018 MUH .

0) Ucnonb3yem meron Baut-I'odda. Haitnem cpennue ckopoctu
peakiuu W U cpeaHNe KOHIIEHTpaluu peareHTa C Ha OTPE3Kax Bpe-
MEHHU, YKa3aHHBIX B YCIOBHMU. BMecTO KOHIIEHTpaluii peareHra uc-
MOJIb3YEM ITPONOPIIMOHATBHBIE UM BeIU4YuHbI (V,, — V).

_Cz _Cl _ (Voo _Vz)—(Voo _Vl) _ Vz _Vl :
L=t L= L=t

m:(Vw_I/l)'i_(Voo_VvZ).
2 2
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Untepsan, mut | 10-20 | 20-30 | 30-40 | 40-60 | 60-80 | 80—100
vV, —V),em | 265 | 21,9 | 182 | 13,9 | 94 6,4
W,em/mur | 05 | 0,41 | 0,34 | 0,26 | 0,185 | 0,115
In(V,-V) | 328 | 3,09 | 290 | 2,63 | 224 | 1,86
In W 0,69 | —0,89 | —1,08 | —1,35 | —1,69 | 2,16
[TocTpoum rpaduk B koopauHaTax ypaBHeHus (2.4).
In(V-V,)
1,50 2,00 2,50 3,00 3,50
-0,50 | | | '
-1,00 -
y=1,0125x - 4,0076
1.50 R?=0,9973
-2,00 -
250 - InW

Puc. 2. Onpenenenue nopsiaka peaxuuu metoaom Baut-I'odda

[Topsimok peakuuy paBeH TaHTE€HCY yria HakiioHa mpsimoid (1,01),
T. €. pEakuHusT HUMEET MNEPBbIM MNOpAnoK. OTcedeHrne NOIYyUYECHHOU
npsIMOM Ha ocH opJuHAT paBHO In &, T.e. k = 0,018. PazmepHocTts k
OIPENIEIAETCS] COOTHOILIEHUEM

[k]:|:W:|_CM3/MI/IH

-1
—|= = MUH
C

cM’ ’

T. €. UCTOJb30BaHue BMecTo W u C nponopiuoHalibHBIX UM BEIUYUH
HE BJIMSET Ha Pa3MEPHOCTh PAaCCUUTHIBAEMOW KOHCTAHTBI CKOPOCTH
peakiuu neporo nopsiaka. O6a UCIoJIb30BaHHBIX METO/Ia AAOT OJIU-
HAKOBBIEC 3HAUEHUS MOPSAIKA PEAKIIMU U KOHCTAHTBI CKOPOCTH.

2.1Ipu 298 K B3aUMOAECHUCTBYIOT paBHBIC KOJHAYECTBA HOJA
u HaTpueBor conu QenunnponuHoBoil kuciaotrel CH;C=CCOONa
10 YPABHEHUIO

CcHs;C=CCOONa + I, - CcHsCI=CICOONa.

12



3a X0JIOM peakiuu CICAWIN MO YOBIBAHUIO KOHIIEHTPAIIUU HOJa,
OTTUTPOBBIBAsI €ro MEPUOAUYECKH PACTBOPOM THOCYJIb(haTra HATpPHS.
Onpenenute NOPSIAOK PEAKIIUH IO MPEACTABICHHBIM PE3YJIbTATAM.

Omrit 1 OmpIT 2
Bpewms, ¢ 0 29 0 34,5

O0wem Na,S,0;, H3pac3XOILOBaHHI>IP31 24.96 | 832 | 21,00 | 7,00

Ha TuTpoBaHue 250 cm™ mpoOkl, cM

P ew e Hue. [lockonbKy peakius NpoTeKajia MEXAY PaBHBIMU
KOJIMYECTBAMHM MCXOJHBIX BEIIECTB M K KOHI[y OOOHUX OIIBITOB
KOHIIEHTpAlMs HMOJIa YMEHBIIWIACh POBHO B 3 pa3a, MOPSAOK 3TOU
peakuuu MOXHO onpeneauts 1o merony OctBanbga — Hoiteca
(ypaBHenue (2.3)). [loacraBnsist B 3TO ypaBHEHUE YKCIIOBbIE 3HAYCHUS
(BMECTO KOHIICHTPAIIUX UCTIOJIb3yeM 00BheM TUTPAHTA), TIOTyYaeM:

o In(z,/t,) 1 In34,5/29)
In(Vy, /Vy)  In(24,96/21)

Peakuust nmeeT BTOPOH MOPSIOK.

3. B npouecce OKUCIEHUS METUJUIMHOJIEATA TIPOUCXOIUT TIOTJIO-
IIEHUE MOJICKYJISIPHOTO KUCIOPOAa, CKOPOCTh MOTJIOMIEHUS KOTOPOTO
ONPEAEIAIOT IO CKOPOCTH NOABEMA KUJAKOCTH B KAMUJUISIPE BOJIFOMO-
Merpa (B Mm/MuH). Ornpenenure TOPSAOK PEAKIUH OKHCICHUS
o nauuaTopy AMVN 1o npeacTaBieHHbIM JaHHBIM.

C(AMVN), M | 0,005 | 0,05
W, MM/MUH 8,2 | 26,8

Pemenune. Ilopanok peakuum  MOXKHO  OINPEACIUTH
1o ypaBHeHu1o (2.5). CkopocTh nmogbemMa >XKUAKOCTH B KaNWLUIAPE BO-
JTIOMOMETpA MPOMOPIMOHANIBHA CKOpOCTH peakiuu. [TorTomy:

In(W, | W.
o n (W, 2): In(26,8/8,2) _0.51~0.5.
In(C,/C,) In(0,05/0,005)

+1=2,01=2.

13



3aoauu

1. 3a X0JIoM XUMHMYECKON peakIud B3aUMOACHCTBUS H30BITKA
MmenkoaucnepcHoro nuaka ¢ 0,1 M pacrBopom HCI craegunu mo us-
MEHEHHUIO 00beMa BBIICJICHHOTO BOJIopoaa. OnpeaenuTe nopsiioK pe-
akiuu o HCl 1 KOHCTaHTY CKOPOCTH MO MPEJACTABICHHBIM JIaHHBIM.
MOHO TIPUHSTH, YTO MO IIUHKY PeaKIUs UMEET HYJICBOU MOPSIOK.

f, C 0 10 25 50 75 100 150 00

3

Voo | 0 | 45 | 96 | 158 | 19 | 21,5 | 23,7 | 248

2. Peaknuro menovnoro rugponusa stunanerara 0,01 M pacto-
pom NaOH wuccnenoBanu B u30bITKE d(pupa M0 U3MEHEHUIO JICKTPO-
MIPOBOJIHOCTH pPEaKIIMOHHOM cMecu. OnpenennTe 4yacTHbIe U OOIIui
MOPSAJIKYA PEAKLIUU U CPEIHEE 3HAYEHNE KOHCTAHTBI CKOPOCTH MO TPHU-
BCJICHHBIM pe3yJbTaTaM JIByX OJKCIEPUMEHTOB TPU PA3JTUYHBIX
HAaYaAJIbHBIX KOHIEHTpanusXx 3Tunanerara Cy.

f, C 0 50 | 100 | 150 | 200 | 250 | 300 | oo

Co=0,1M | 6,73 |5,34|439]3,69|3,29|3,00|2,80]243
L, MmCm

Co=02M | 6,58 4,27 3,20[2,76 | 2,53 12,45 |2,39]2,35

3. Peakuuto 1ucnponopuyMOHUPOBAaHNS] HUTPOKCWIBHBIX PAIMKAJIOB

B cpeste 15 Y%-it cepHoii kucaotsl 2>NO™ —L 5 >N'= 0 +>NOH nc-
cienopayii npu 298 K meromom  cnektpockormu  OIIP
o pacxogosanuto >NO'. ITo npeacraBIeHHBIM KMHETHYECKAM JaHHBIM
OTIPEJICITUTE MOPSIAOK PEAKIIMU U KOHCTAHTY CKOPOCTH Tpoliecca.

{, MUH 0 [34] 68 |102] 17 | 23,8 | 30,6 | 37,4

[>NO']-10°, M [2,00| 1,50 | 1,20 | 1,00 | 0,75 | 0,60 | 0,50 | 0,43

4. Peak1iyio conponopIimoHUpOBaHUs OKCOAMMOHHUEBOIO KaTHOHA

Y TUAPOKCUIIAMUHA >N"=0 + >NOH — 2>NO" + H' wuccienoBanu

npu pH 3,0 u 298 K merogom cnekrpockonuu IIIP no HakorieHuto

>NO'". IIpu [>N"=0], = 2,8-10* M u [>NOH], = 3,0-10° M 6butn
MOJIYYEHBI CIICIYIOIIUE PE3YIIbTATHI.

{, MUH 4,40 | 7,85 | 11,3 | 14,7 | 18,2 | 23,9 | 29,7 | 36,6

[>NO]-10*, M | 0,98 | 1,60 | 2,13 | 2,62 | 3,01 | 3,60 | 4,04 | 4,43

+
Onpenenure nopsiaok peakuuu no >N =0, a TakKe KOHCTaHTY
CKOPOCTH IIpoliecca (peakuusi uMeeT nepBbiid nopsaok mo >NOH).
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5. IIpu nporexkaHuu peakuuu pacnaja METWIAMUHA B Ta30BOM
daze CH;NH, — HCN + 2H, oOmiee naBjieHHe B CUCTEME HM3MEHS-
JIOCh CEIYIOIINM 00pa3oM:

{, MUH 0O |25 130135140145 ]50]55 60

P-10" Ta| 3,57 | 5,80 | 6,15 6,50 | 6,77 | 7,08 | 7,35 | 7,58 | 7,80

Onpenenure NOpsSAOK PEaKUUU, KOHCTAHTY CKOPOCTH U BpEMs
MOy ITPEBPACHUS.

6. BoccranoBnenue oxcuga azora (II) Bomopomom mporekaet
o ypaBHenuto 2NO + 2H, — N, + 2H,0. Eciu nucxoansie ra3bl B3si-
Thl B 3KBUBAJICHTHBIX KOJIMYECTBaxX npu 4,54 10* ITa, To MX maBiICHHUE
yMEHBIIUIIOCH BABOE 3a 102 ¢, ecnu e HadaJIbHOE JaBJICHHE ObLIO
3,84- 10* [Ta, TO OHO ymMeHbIIUIOCH BABOE B TeueHue 140 c. Onpene-
JIUTE NOPSJOK PEAKIIUU.

7. 3yuyanach KMHETHMKA MU30MEpU3AllUM [IMAaHATA AMMOHHUS B MO-
yesuHy: NH,CNO — (NH,),CO. B aByx omnbITax ObUIM TOJTYyYEHBI
CHEIYIONIINE PE3YIbTATHI:

OmnbiT 1 OnrpiT 2
{, MUH 0O |101] O |[163
m(NH4,CNO), T [29,6| 7,4 |18,4| 4,6

Onpenenute MOPSANOK PEAKIIUM U PACCUUTAUTE KOHCTAHTY CKO-
pPOCTH.

8. [Ipu nccnenoBanum peakuuu pasioxeHuss ammuaka npu 900 °C
Ha BoJIb(ppaMoBoit mpoBoJioke 1o peakiuu 2NH; — N, + 3H, 6b111 no-
Jy4YeHbl CIEAYIOIIME JaHHBbIC 3aBUCUMOCTH IEpHoja Tojypacrnaga OT
HAYaJILHOTO JIABJICHUS MMAPOB aMMHAKa!

Py 107, TTa 3,33 5,33 10,66 18,63 33,00

110107, ¢ 0,9 1,62 3,36 7,50 10,8

Onpenenure NOPSAOK PEAKIMA M PACCUATAUTE CPEOHIOK0 KOH-
CTAHTY CKOPOCTH JJaHHOM pEeaKIuHu.

9. N3BeCTHO, YTO HEKOTOpasi peakiusi UMEET TPOOHBIN MOPSI0K
no peareHTy A. Ilo mpeacTtaBiaeHHBIM KMHETHYECKUM JIAHHBIM OIpe-
JEUTE TOPSIAOK PEAKIMK, UCTOJIb3Ysl 3aBUCUMOCTh TEKYIIEH CKOpO-
CTH PEAKLIMU OT KOHIEHTPAIIMU BEIIECTBA A (Apyrue peareHThbl B3SThl
B N30BITKE).

{, MUH 0 5 10 20 30 40
[A], M 0,723 | 0,641 | 0,563 | 0,421 | 0,303 | 0,205
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10. B mpouecce OKUCIECHHUSI CTUPOJIA MPOUCXOJUT IMOTJIOIICHUE
MOJIEKYJIIPHOTO KHCIIOPO/Ia, CKOPOCTh KOTOPOTO OINPENEIIAIOT IO CKO-
POCTH MOJIbEMA KUJKOCTH B KalWJUISIPE BOJIOMOMETpa (B MM/MHH).
bbUI0 MpOBEIEHO HECKOJIBKO OIBITOB MPY PA3TUYHBIX KOHIICHTPALUAX
naunaropa AVBH. Onpenenvre mopsigok peakuu OKUCIEHUS IO
AWBH, ncnons3ys npencTaBlIeHHbIC PEe3yIbTaThI.

[AUBH], M 0,005 10,01 10,02 10,05
W, Mm/MuH 7 10 | 15 | 23

11. Peakuusa tepmudeckoro pacmana auokcana npu 504 °C npore-
kaet no ypasHenuto O(CH,CH,),0 — 2CO + H, + C,Hg. [Tapuuansnoe
JaBJICHUE JUOKCAaHAa MEHSJIOCh BO BPEMEHHU CJIETYIOITIM 00pa3oM:

{, MUH O [ 10/20]30][40 5060 | 70 | 80 |90 | 100

P10, TIa | 10,5]6,6 4,7 /3,5/2,8(22|1,8]1,51[1,29]1,1]0,94

Onpenenure NOpsSIAOK PEAKIIUA U PACCUMTANTE 3HAUEHUE CPEIHEN
KOHCTaHTbI CKOPOCTH.

3. KHUHETHUKA CJIOXKHbIX PEAKIIUIA

Cno)kHple pPEaKIMu COCTOST W3 HECKOJBKHX IPOCTBIX PEaKIUH,
CBSI3aHHBIX JPYT C JPYrOM OMpEeICHHBIM 00pa3oM dYepe3 MCXOIHBIC
BEIIECTBA U MPOMEKYTOUHBIC MPOAYKThI. COIJIACHO npuHyuny He3asu-
CUMOCMU XUMUYECKUX peaKyuil, €CIIA B CUCTEME ITPOTEKAaeT HECKOJIBKO
IIPOCTHIX PEaKIMiA, TO KaKIas M3 HUX MOAYMHSICTCS 3aKOHY JCHCTBHS
Macc HE3aBHCHUMO OT APYTruX peaknuil. OCHOBHBIC THIIBI CIOKHBIX pe-
aKIMH pacCMOTPEHBI Ha IPUMEPE PEaKIIMA TIEPBOTO MOPSIJIKA.

Obpamumvie peakyuu nepeo2o nopsioKd.

A # B
d
E —k(a-x)—k (b+x), (3.1)
dt
ko+k =i 32
Py X, —x (3:2)
TI€ X, — paBHOBeCHaH CTCIICHB HpeBpaH_ICHI/Iﬂ, OHpGI[eJ'IHCMaH
U3 ypaBHEHUS:
k B b+x
K: 1 :[ ]oo: oo. (33)
k—l [A]oo a— xoo



llapannenvhvie peakyuu nepeoco nopsaoKa

ki B
A
k2 C
[TprmeMm, 4TO HaYaIbHBIE KOHLIEHTPAIMK MPOTYKTOB PaBHBI HYJIIO.
d.
—xzkl(a—x)+k2(a—x). (3.4)
dt
1 a
k,+k,=-In (3.5)
I a—x

PacxomoBaHue peareHTa ONMUCHIBACTCS KHHETUYECKUM yPaBHECHU-
€M PEAKIMHU TEPBOTrO MOpsAKa C CyMMapHOW KOHCTAaHTOM CKOPOCTH.
B 110601 MOMEHT BpPEMEHHM OTHOIIEHHUE KOHIICHTpAlUM MPOAYKTOB
MIOCTOSIHHO U ONPEJENISECTCS OTHOIUICHUEM KOHCTAaHT CKOPOCTEH 3Jie-
MEHTAPHBIX CTAIWMN:

Cy Kk
B 1
- =7 (3.6)
Ce K
KoHueHTpaimm Bcex BELIECTB B CUCTEME CBSA3aHbl ypaBHEHUEM
MaTepHuaIbHOro OajaHca:

Cy,+Cg+C-=a. (3.7)

[IpuBeieHHbIC YPABHEHUS CIIPABEJIUBBI 1JI JIFOOOTO KOJUYECTBA
napajuieJbHbIX peakuuil. OHU TaKXe ONMUCHIBAIOT KHHETUKY KOHKYPH-
PYIOIIMX pPEAKIUi, MPOTEKAIIUX MPU CYIIECTBEHHOM HEIOCTATKE
peareHTa A B peXUME IICEBAONEPBOTO MOPSJIKA!

A+X—" 5B
A+Y—" 5C

B stom ciaydae B ypaBHeHus (3.4) — (3.6) Bmecto k, k) IOACTaBISAIOT
ux 3 dexruBnHbIe 3HaUeHU: k' = k1 Cox, ko' = khCoy.

Ilocnedosamenvhvie peakyuu nepeo2o nopsioKa
ki k
A——>SB—=25C
By,ZLGM cyuTatrb, 4TO B HaanBHbeI MOMCHT BpeMeHI/I B CUCTCMC
OPUCYTCTBYET TOJBKO BemiectBO A. Cucrema nuddepeHunanbHbIX
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YPaBHEHHM, ONUCHIBAIOIINX W3MEHEHHE KOHIICHTPAIIMU BEIIECTB A
u B, umeet Bun:

(dC,

= —k,C
<df 1~A
dCy,

= kC, —k,C
kdl‘ 1~A 2~B

PacxonoBanue BemiecTBa A OMUCHIBACTCS KMHETUYECKUMH ypaB-
HeHusiMu TiepBoro mopsaka (1.7), (1.8). 3MeHeHne KOHIICHTpaIluu
IIPOMEXKYTOYHOTO TIPOIyKTa B onpenensercs: ypaBHEHUEM:

ak
C, = L_(eht —ght),
f @—h( ) (3.8)

KoopauHaTel MakcuMyMa KOHLUEHTPAUM BelecTBa B ompenens-

FOTCS BBIPAXKCHUSAMMU:
ky

:EQEL&L(%mM:a[&J“%{ (3.9)

4
max k2 _ kl |

Ipumepwr pewienus 3a0au

1. Peakmuto Bzaumonencteus 1,0 M yKCyCHOM KHCJIOTBI C 3THJIO-
BbIM crniupToMm TpoBoawiu B cpene 40 %-ro crnupra. OOpa3oBaHUIO
ATUJIALIETATA COOTBETCTBYET YPABHEHUE PEAKIIUU:

(}hCOOH+%LH4H{z;?:2(}hCOOCJh+}bO.

Kunetuky 3ToM peakiuu u3ydaiau, TUTPYs NpoOy peakiMOHHOMN
cmecu o6bemom 1,00 cm® 0,0612 M pacreopom NaOH. Paccunraiite
KOHCTaHTY PaBHOBECHUS U KOHCTAHTBI CKOPOCTEH MpsIMON U 0OpaTHOM
PEAKIMH, UCTIOJIB3YSI TPEJICTABIICHHBIE PE3YJIbTATHI.

1, MUH 0 44 108 148 | 384 | 442 00

V(NaOH), cm” | 24,37 | 22,20 | 19,50 | 18,29 | 14,50 | 14,09 | 12,68

Pemenue. Ilockonbky peakiusi nporekaeT B cpenae 40 %-ro
cnupta, C;HsOH u Bosa mpucyTcTBYIOT B OOJBIIIOM H30BITKE, TIO3TOMY
npsiMasi 1 oOpaTHas peakiysi UMEIOT TICEBIONEPBbIN MopsAoK. B moboit
MOMEHT BPEMEHM KOJIMYECTBO  OOpa30BaBILIErOCs  ATUiAlleTaTa
x~Vo—=V), ornax,~Vo—Vy,), a(xe,—x)~(V-"V,). BcoorBercTBUN1
¢ ypaBHeHueM (3.2) moctpouM 3aBUCUMOCTh In (V' — V) ot t. J1a 3aBu-
CUMOCTbh UMEET JIMHEUHBIN Xapakrep. V3 TaHreHca yria HakJIoHa Orpe-
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nemnsieM, uro (ky + k) = 4,80- 10 mMun . OTHOLIEHWE KOHCTAHT CKOpO-
CTH HaXOJIUM Mo ypaBHeHHIO (3.3):
K ko b+x, V-V, V,-V, 24,37-12,68

k, a-x, V,—(V,-V,) V. 12,68

o0

=0,922.

Pemras cucteMy u3 ABYX ypaBHEHUM OTHOCUTENBHO ki W k_j, TIO-
ay4daeMm: k; = 2,30- 10° MI/IHfl, k_,=2,50- 107 mun .

In(V-V,)

1 y =-0,00480x + 2,45
R2=0,9997
0 T T T T
0 100 200 300 400

t, MUH

Puc. 3. 3aBucumocts In (V' — V) oT Bpemenu

2. Peakiuss pas3noxeHUsT H3OMNPOIMIOBOTO CIUPTA MPOTEKAET
B IPUCYTCTBUH KaTanu3aTopa TpUuokcuaa BaHaaus npu 5388 K mo tpem
Pa3IMYHBIM HAINPABJICHUSAM:

C3H7OH —> C3H6O + H, k1
C3H7OH —> C3H6 + HzO k2
C3H7OH —> C3Hgo + 0,502 k3

KoHneHTpanum BemecTB peakluu, U3MEpeHHbIe yepe3 4,3 ¢ mo-
cie Hayajga ombiTa, coctaBuiad (Mmoine/n): 27,4 (C3H,OH);
7,5 (C3HgO); 8,1 (CsHg); 1,7 (C3Hg). Onpenenute KOHCTAHTY CKOPO-
CTU KQXKIOM peakiuu. B HayallbHbIA MOMEHT B CUCTEME IIPUCYTCTBO-
BaJ1 ToJibko C;H,OH.

Pe e nwue. O003HAUUM Uepe3 X KOJIUYECTBO MPOpPEarupoBaB-
mero C;H;OH, a x;, x,, X3 — KoJn4ecTBa NPOAYKTOB B COOTBETCTBY-
IOIUX peakiuax. OnpeaenuM HayajdbHYI0 KOHIIEHTPAILMIO W30IPOITH-
JIOBOTO CIIUPTa @ U3 YCAOBUSI MaTepUAJIbHOTO OajiaHca:

a=Cpyt+x;+tx+x3=274+7,5+8,1 +1,7=44,7 Mmmoib/.
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[To ypaBHeHwuto (3.5) HaxoaAUM:
1 a 1 0 44,7

k,+k,+k,=-In =—1 =0,114 ¢
t a-x 43 27,4
B cooTBeTcTBUU ¢ ypaBHEeHHEM (3.6):
oo 81 1o Bom_LT_ 9
ko x 7,5 ko x 7,5

Pemenne moay4eHHOW CHUCTEMBI M3 TPEX YPABHEHUW MO3BOJISET
ompenenuts: ky = 0,0493 ¢, k» =0,0533 ¢, k3 =0,0112 ¢
3. O6pazen; paguoakTuBHOrO ypaHa maccoit 100 r pacmamaercs

Paccuuraiite Macchl HeNTyHUsT W TMUIyTOHUS uepe3 20 MuH
u 20 gHe nocne Havana pacnaga. Onpenenure MaKkCUMalIbHY0 MacCy
HEMNTYHUS, KOTOpas MOXKET ObITh MOJy4eHa U3 AaHHOTO o0Opasia ypa-
Ha, ¥ BpeMs €€ TOCTUKCHUS.

Pem e nue. HaigeM KOHCTaHTBI CKOPOCTH MEPBOM U BTOPOU
peakiuii u3 ypaBHenus (1.9):
K = 0,693 _ 0,693

T 23,5

0,693 0,693

T, 2,35-24-60

OnpenenuM Maccel ypaHa U HENTYHUs yepe3 20 MUH MOCJIe Hava-
Ja pacriaga no ypaBHeHusM (1.7) u (3.8), Hcnonb3yst MacCbl BMECTO
KOHLICHTPAIIAM.

my = moe_kt = 100-8_2’95'1072.20 =55,44r;
. mokl —kit i —kyt | _
IR _—kz_k1 (e e )—
_ 100-2,95-107 (6—2,95-102-20 _ 8—2,05-104-20) —44.46 T
2,05-107% -2,95-1072 ’

Maccy miIyToHUs HaXOJWM MO YPaBHEHUIO MaTepUallbHOrO Oa-

JaHca:
My, = my —my —my, =100-55,44-44,46=0,10r.

Amnanornyno ais 20 guen nomydaeM: my, = 0,28 T, my, = 99,72 1.

=2,95-10% mun"';

=2,05-10"" mun'.

k,
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MakcuManabHyI0 MacCy HENTYHHS M COOTBETCTBYIOIIEE BpeMs
omnpejesnseM u3 ypaBHeHuit (3.9):

_In(k, / k) _In(2,05-107/2,95-107)

i " -—=169,7 muH;
k, -k, 2,05-107 =2,95-10"
ky 2,05-107
k. Yo —k 2.05-107* )2,95102-2,05.10
My = Mo | —= " _100. o= =96,58 .
k, 2,95-10
3aoauu

1. KuneTtuka peakiuu dTepuduKaiuy 3TaHojIa MypaBbUHOM KHC-

. k
aoroir HCOOH + C2H5OH (%’ HCOOC2H5 + Hzo npu 0O0JIBIIOM

-1
U30BITKE DTaHOJAa U BOJBI SBJSETCS PEAKIHUEH MMEepPBOTO MOpsAKa
B 00oux HamnpasieHusix. [Ipu temneparype 25 °C KOHCTaHTBI CKOPO-
o -3 -1 3 -1
CTU peakiuid paBHbl: k; = 1,85:10° mun , k, = 1,76-10° mun .
Hauanpnast koHUOEHTpanus MypaBbMHOM KucioTel paBHa 0,1 M. Pac-
CUMTAWTE MPOILICHTHOE COJIepKaHue HTuadopMuaTa Mpu JTOCTHKECHUU
PAaBHOBECHS U BBIUMCIUTE BpeMsi, HEOOXOAUMOE sl TPOTEKAHUS pe-
akuuu 3repudukanuu Ha 80 % OT paBHOBECHOTO COCTOSIHUSI.
. 3
2. B oOpatuMoii peakuuu TEpPBOrO TMOPAJKA A<_k—l>B
-1

3a 25 muH pearupyet 40 % BemecTtBa A, a B paBHOBECHOM CMECTH CO-
nepxkutcs 16 % BemectBa A OT UCXOJHOTO Koju4ecTBa. B Hauasb-
HbIA MOMEHT BPEMEHHM B CUCTEME MPUCYTCTBOBAIO TOJILKO BEIIECTBO
A. PaccuuTaiiTe KOHCTaHThI CKOPOCTEN MPSAMOI U 0OPATHOU peakiiuii.

3. [IpeBparnienre pogaHuga aMMOHHUSI B THOMOYEBUHY — 00pa-

k
TuMas peakuus nepBoro mopsaka: NHySCN <_k—1> (NH,),CS.
-1

DkcnepumenTalnbHo onpeaensuin goarwo NH4SCN (o), mpopearupo-
BABIIIETO K MOMEHTY BpEMEHHU f. PaccunTanTe KOHCTAHTBI CKOPOCTH
IPSIMOI U 0OpaTHOM peaKITUH.

{, MUH 0 19 38 48 60 00
o, % 2,0 6,9 10,4 12,3 13,6 23,2
4. B mapamienpHbIX peakuusax nepBoro nopsiaka A — B; A — C

BbIXOJ1 BeniecTBa B paBen 72 %, a Bpems ipeBpanienus A Ha 25 % pas-
HO 3 MuH. OnIpeIeInTe KOHCTAHTBI CKOPOCTHU NAPAIIIEIBHBIX PEAKIIUN.
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5. MypaBprHas KHUCJIOTa HA KaTajlu3aToOpe pasilaraercs B COOT-
BETCTBUU CO CXEMOU:

HCOOH — CO, + H, ki
HCOOH — CO + H,0 ky
B omnom u3 omwiToB 3a 15,4 ¢ Beixomg CO, cocraBun 77,5 %
ot Teoperndeckoro, a CO — 2,6 %. Bpluucinure KOHCTaHTBI CKOPO-

CTEW JeTuIpaTalvi U JAETUAPUPOBAHUSI MyPaBbUHOMN KUCIIOTHI.
6. Pasnoxenne okucu azora npu 1300 K mporekaer no nBym ma-
paJUIENbHBIM PEAKIUSIM:
2NO —> N, + 02 k1
2NO —> NzO + 0,502 k2
HauvansHas xonnentpamnuss NO paBHa 4 M. Ckonbko N, u N,O
obOpaszyercsa depe3 0,1 ¢, eciiu KOHCTAHTBhl CKOPOCTH MapaJlieIbHBIX
peakuuii UMEIOT 3HaueHus: k; = 25,7 1/(Mmonb-c); k, = 18,3 1/(Mob-¢).
7. Ilpu n3ydeHuu nociae0BaTeIbHON PEAKIIMU MIEPBOTO MOPSIKA
AL BB 5C
OOHapy’KEeHO, YTO MaKCMMallbHasl KOHIIEHTpalus BeilecTBa B noctu-
racTcd B MOMEHT BPEMEHMU 27 MHUH, IIPU 3TOM KOHLEHTpALUs BEIlle-
ctBa A cocraBiuseT 42 % ot ucxoaHou. OnpeaenuTb KOHCTaHTbI CKO-
poctu ki u kp, a Takke BbIxoJ KoHeuHOro npoaykra C uepe3 45 Mun
MOCJIE Hayaja Peakuu.

11
8. Pagnonsoron ' 'Cd HCIIBITHIBACT IPEBPALLICHHS 110 CXEME
118Cd 1, =30 MuH N 11811,1 1, =4,5 MuH

> ''%Sn (crabuien).

Cuurasg, 4TO B Ha4dallbHbIM MOMEHT npenapar coxaepxan 0,1 r
TOJILKO MEPBOr0 PaMOU30TOIA, ONPEAETUTE MACCY CTAOMIIBHOTO U30-
Toma 4epe3 | 4, a Takke MaKCUMAJIBHYIO MacCy M30Tona 18T, o0Opa-
3YIOLIYIOCS B ITpOLIECCE pacnaja.

9. JI)1s1 mocneioBaTeIbHOM PEAKIIMKU TIEPBOTO MOPSIAKa

AL BB 5C
KOHCTaHTBI CKOPOCTH COCTaBIIAIOT ky = 0,025 c_l, k, = 0,0082 ¢ . Pac-
CUMTAWTE, K KAKOMY MOMEHTY BPEMEHU KOHIEHTpalusl BemiecTtsa B
Oyner makcumanbHa. KakoBbl OyayT KoHLeHTpauuu BemectB A u C
K 3TOMY MOMEHTY?
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4. BIMAHUE TEMIIEPATYPbI
HA CKOPOCTb XUMMWYECKUX PEAKIIUHA

3aBUCUMOCTh CKOPOCTH PEAKIIMU OT TEMIIEPATYPhl MPUOIMKEHHO
BbIpakaeTcs mpaBuiiom Bant-T'odda:
LT
Ky =y 10, 4.1)
ky
rae ky, k, — KOHCTaHTBI CKOPOCTHU Nipu Temneparypax 17 u T vy —
TEeMIIEPaTypPHBIN KOIPOUITMEHT CKOPOCTH PEAKIIUU, OOBIYHO ¥ = 2 + 4.
Bonee TOYHO 3aBUCUMOCTb KOHCTAaHThl CKOPOCTH peakluu
OT TeMIIEPATYPHI ONPEIEAETCA YpaBHEHHEM AppeHHyca:
_Ea
k=Ae RT,
rae E, — 2Heprusi akTUBAIMKM peakiuu, A — TMPEIIKCIIOHEHIUATb-
HBI MHOXHUTEb.
DHEpruio akTUBALMU MOXKHO OINPEICTUTh AHAIMTHUYECKHUM CIIO-
cOOOM M0 3HAYEHUSIM KOHCTAHT CKOPOCTHU MPU JABYX Pa3IUUYHBIX TEM-

neparypax:

k, E (1 1

In—2==2| ———|. (4.3)
k R\T, T,

win rpaduueckuM CrocoOOM W3 TaHIeHca yTjia HaKJIOHA MPsSMOM
B KoopainHaTax In k — 1/T B COOTBETCTBHM C YpaBHEHHEM AppeHuyca
B Jjorapudmuyeckoi hopme:

4.2)

lnkzlnA—é-l. (4.4)
R T

Jlnst oOpaTUMOM peakiuii PHEPTUU aKTUBAIIUM TIPSIMOM U o0Opart-
HOM pEaKIUu CBS3aHbI COOTHOIICHUEM:

E.p— Eosp = AH. 4.5)
riae AH — U3MEHEHUE SHTAJBIINU PEAKIUH.
Ilpumepol pewrenus 3a0au

1. Jlana 3aBUCMMOCTb KOHCTaHTHI cCKkOpocTH peakuuu 2HI — H, + 1,
oT Temmneparypbl. Omnpenenure napaMmMeTpbl ypaBHEHUS AppeHHyca
a) aHAJTMTUYECKUM METOJIOM IO KpallHUM TOYKaM Jihara3oHa, 0) rpadu-
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yeckuM  MetojoM. Ompenenure TeMIEpaTypHbi  KO3(PGUIUEHT

Bant-I'oda. Paccumraiite KOHCTaHTY CKOPOCTH TIpU TeMIepaTrype
600 K.

7, K 556 575 | 629 | 647 | 683 | 700 | 716
k-10°, n/(momnb-c) | 0,0352 | 0,122 | 3,02 | 8,59 | 51,2 | 116 | 250

Pemenwue. a) Haxonum sHepruro akTUBAIMU U3 YPaBHEHHS

(4.3):
-1 3 _1
Ea:Rlnk—Z 1 11 g3 2210 7( L1 j =
5 T 3,52-107\ 556 716

=183,4-10° Ix/moib = 183,4 kJ[/MOJIb.
HpCHBKCHOHCHHI/IaHBHBIfI MHOXUTCJIb HAXOIHUM U3 ypaBHeHI/IH

(4.2):

E, 183,4-10°
A=keRT =2,5-107 33716 =6,1.10" 1/(momb-C).
TemneparypHbli KO3(PUIMEHT CKOPOCTH PEAKIUM OIpeesseM
u3 ypaBHeHus (4.1):

10 10

-1, 2.5.107 \716-556
y= ﬁ 274 _ ’5—07 =1,74.
k, 3,52-10°

3HAYEHUE Y HECKOJIbKO HHUXE, YeM MPEayCMOTPEHO MPABUIOM
Bant-T'odda (2 + 4).

0) Jlns onpeienieHust SHEPrUU aKTUBALMK TpaPUIECKUM METOI0M
MOCTPOUM 3aBUCUMOCTb B KoopauHatax In k — 1/T (puc. 4).

UT,KT | 1.8 1,74 | 159 [ 155 1,46 | 1,43 [ 1,4

In k -149 | -13,6 | -104 | 94 | 7,6 | —6,8 | —6,0

B cootBeTcTBUU ¢ ypaBHEHUEM (4.4) U3 TapaMEeTPOB MOTYyUYEHHOMN
OpsIMOM  HAXOJUM: E/R=22031; In4=24,71. Ortcropa:
E=183,1 xk/Ixx/mMonb, A= 5,4-10" a/(Monb-c). JlaHHBIE 3HAYCHUS
OJIM3KU K pe3yjbTaraMm MPEeIbIAYIIero pacuera, HO SIBIAIOTCS OoJiee
TOYHBIMH, MIOCKOJIBKY YUHUTHIBAIOT BCE AKCIIEPUMEHTATIbHBIE JaHHBIC.

Koncranty ckopoctu mpu temmeparype 600 K paccuuTbiBacMm
1o ypaBHeHwuto (4.2):

E 183,110

k= Ae RT =5,4.10".¢ 33160 — 6 1.10 /(mos-c).
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0,0013 0,0014 0,0015 0,0016 0,0017 0,0018

-5,0 . . . . .
1/T, K1
7,0
90 y = -22031x + 24,71
! R2= 0,999
-11,0
-13,0
15,0 'Ink

Puc. 4. 3aBucuMOCTb B KOOpJIMHAaTaX ypaBHeHUs AppeHuyca (4.4)

3aoauu

1. laHa 3aBUCMMOCTh KOHCTAHTBl CKOPOCTH pEaKIMU pacliajia
nannaropa AUBH ot temneparypsl. Onpenenure 3HEPrur0 aKTHBa-
MU U TPEIIKCIOHEHIIMATBHBIA MHOXKHUTEND MPOIecca, a TaAKKE TEM-
neparypy, npu koropou nepuop nonypacnaaa AUBH cocrasut 10 u.

T, °C 30 40 50 60 70 80
k10°, ¢! 0,095 049 | 22 | 9,7 | 371 133

2.1Ipu 20°C 0,005 M pactBop »sTHnanerata THAPOIU3YETCA
0,01 M pactBopom NaOH nHa 50% 3a 16 mun, a npu 25°C —
3a 12,4 mun. Onpenenute mapaMeTpsl ypaBHEHUsI AppeHHyca U TeMIIe-
parypublii ko3ppuuuent Bant-I'odpda. [Ipu xakoit TemnepaType peak-
s OyJIeT MPOTEeKaTh HAa JJAHHYIO TIyOuHy 3a 10 MuH?

3. JlaHbl KOHCTaHTBI CKOPOCTHM WHBepcuu caxapo3sl B 0,1 H.
H,SO, npu paznuunbix Temneparypax. OnpeaenuTe dHEPrUu0 aKTH-
BallMM IIPOIIECCA, a TAKKE TEMIEPATYPy, IPU KOTOPOMl peakuus OyaeT
npotekaTth Ha 90 % 3a 5 MuH.

7,°C | 20 | 30 | 50
k10°, ¢ 4,43 18,3229
4. Peakuusa 1-ro nopsanka mpu temneparype 25 °C 3aBepruaercs

Ha 20 % 3a 10 muH. [Ipn kakoi TemMmepaType peaklus 3aBEpPLINTCA
Ha 50 % 3a 20 MuH, eclii SHEpPrus akTUBalUK paBHa 35 k/[>K/Mob?
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k
5. Jlns peakuyun H, + 1, ———— 2HI u3MepeHbl KOHCTAHTHI CKOPO-
k 1

CTH MPSAMOI M 00paTHOM peakimii B nuamnazone temnepatyp 600-800 K.
Halimute mapametpsl ypaBHeHUs1 AppeHuyca Jjisi IpsiMOid U oOpaTHOM
peakiuii, a Takke TeroBor A ekt mporiecca.

T,K 600 | 650 | 700 | 750 | 800
k- 10%, 1/(mob-¢) 0,025 | 035 | 338 | 23,6 | 132
k1-10°, n/(monb-c) 0,031 | 0,53 | 596 | 48,6 | 305

6. Peakuys pasinokeHus: IEPOKCUAA BOJOPO/IA MMPOTEKAET C DHEPTU-
eil aktuBarmu 75,4 xJ[x/Monb, a B IpUCyTCTBUU MOHA | Kak Karamu3a-
Topa — ¢ 3Heprueit aktuBauu 56,5 k/[x/Monb. Cuuras mpeadKCcIo-
HEHIIMAJIbHBIE MHOXHUTEIN OOEUX peaklMii paBHBIMH, OMPEICIUTE,
NP KaKOW TemrepaType HeKaTaJIuTHUeCKas peakius OyJeT MpoTeKaTh
C TOM € KOHCTaHTOW CKOPOCTH, YTO M KaramuTudeckas rmpu 25 °C.

7. OTHOIIEHNE KOHCTAaHT CKOPOCTEHW B3aMMOJICWCTBHS aToMa
opoma c¢ BTopuuHOU U mepBuyHOM CH-cBsizsimu B ankaHax k/k; co-
crapisier 170 mpu 130 °C u 93 npu 200 °C. Haliaure pa3HOCTh 3HEP-
UM aKTHBallMM U OTHOIIEHUE MPEAIKCIOHEHIUAIBHBIX MHOXHUTEIICH
JUISL OTUX IIPOLECCOB.

8. Jlnsa peakuuu paznoxenus docpuna 4PH; — P, + 6H, 3aBu-
CUMOCTb KOHCTAHTBI CKOPOCTH OT TEMIIEPATYPHI UMEET BU/L:

gk =—18933 o leT+12.130.

Haiinure BUI 3aBUCUMOCTH SHEPIUU aKTUBALMHU OT TEMIIEPATYPHI
v sHepruto aktuBanuu mpu 800 K.
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5. MIPUBJINKEHHBIE METO/IbI
XUMHUYECKOU KUHETUKHA

JI71s1 GOJIBIIMHCTBA CIOXKHBIX PEAKIINM, BKIFOYAIOIIUX HECKOJIBKO
AJIEMEHTAPHBIX CTaAUN, KHHETUUYECKUE YPABHEHUSI OOBIYHO HACTOIBKO
CJIOKHBI, YTO UX MOKHO TOYHO PEIIUTh TOJIbKO YHUCICHHBIM UHTEIPU-
poBanueM. OJHAKO €C/Id B PEAKIMU MPUHUMAIOT yYaCTHE AKTUBHBIC
4acTUIlbl (aTOMBI, paJUKalbl, HOH-PAJIUKAIIbI, HOHHBIE KOMILJIECKCHI),
OHU HE MOTYT HaKaIlJIuBaThCs B cUcTeMe. B 3TOM ciiyyae ux KOHIICH-
TpalMd MOXXHO CUUTAaTh CTAIMOHAPHBIMU, T. €. CKOPOCTh U3MEHECHUS
UX KOHILIEHTpalMu npuHuMaercs paBHoOM Hymto (dC/dt=0). B stom
COCTOUT Memoo K8A3UCMAYUOHAPHBIX KOHYEHMPAYULL.

Ecnu mpoTekaHuio MeIJIEHHOW HEOoOpaTMMOMN peakIuy MpeIiie-
CTBYET ObICTpasi 0OpaTuMasi, MOKHO MCIIOJIb30BaTh K8A3UPABHOBECHOE
npubaudcerue, COrIaCHO KOTOPOMY MPOTEKaHWE MEJICHHBIX PeaKIuit
B CHCTEME NPAKTUUYECKU HE HApYyIIAae€T yCTAHOBUBIIEECS COCTOSHUE
paBHOBECHS.

JIjist ynporieHus 3anuc KUHETHYECKUX YPaBHEHUM MOXKHO 000-
3Ha4YaTh KOHIICHTPAIIMM PEareHTOB KBaJpaTHBIMH CKOOKaMH, HaIlpH-
Mep [A], uyTo Mo3BoJsIeT M30€kKaTh OOJIBIIOTO KOJIMYECTBA HUKHHUX
UHJIeKCOB. [Ipu 3TOM HY>KHO TOMHHTB, YTO 3TO TEKYIIHE KOHLIEHTpA-
1M1 PEAreHTOB, a HE PABHOBECHBIE.

PaccMOTpuM CIIOKHYIO PEAKIINIO, IPOTEKAIONIYIO [0 CXEME:

A+B k"<:>‘ c—% 5D,
-1

Ecnu C siBisieTcs aKTUBHBIM MHTEPMEIUATOM, MOKHO HCIIOJIb30-

BaTh METOJ KBa3UCTAIlMOHAPHBIX KOHIIEHTPAIWM.

%:kl[A][B]—k_l[C]—kz[C]=0>
(C]= 12[A+][f] ’
_d[b] _ __kky
W== k,[C] k_1+k2[A][B]' (5.1)
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Peakuus nMeeT nepBbli 4aCTHBIM MOPSAIOK MO peareHTam A u B
(oOmmit BTOpOM MOPSJIOK) U MpOTEeKaeT ¢ A3(PHEKTUBHOM KOHCTAHTOM
kK
k_,+k,
Ecnum B mepBoil ctaauu OBICTPO yCTaHABIMBAETCS PaBHOBECHE,

a ctanus oOpazoBaHMs Tpoaykta MemieHHas (k, << k_;), MOXXHO HC-
MI0JIP30BaTh KBa3UPaBHOBECHOE MPUOIMKCHUE.

CKOPOCTH

k [C]
K=—L_— , C]=K[A][B],
& [ALE [C]= K[A][B]
kk
W =k,[C] = k,K[A][B] :f[A][B]- (5.2)

-1
[Tockonbky k, << k_;, ypaBHenus (5.1) u (5.2) cormacyrorcs apyr
C IPYTOM.
Ilpumepul pewienus 3aoau

1. Peaxiust B3aumoserictBust 6poma u Bogopona H, + Br, — 2HBr
IIPOTEKAET M0 CIECAYIOIIEMY MEXAaHU3MY:

Br, = 2Br’ ki
Br+H, > HBr+H k>
H + Br, - HBr + Br’ ks
H’ + HBr — H, + Br’ k,
2Br" — Br, ks

Hcnons3ys MeTol KBa3UCTAIMOHAPHOTO MPUOIMKEHUS, HalIUTe
BBIpa)KEHHE JJIsI CKOPOCTH 00pa3zoBanus HBTr.

Pe e Hwue. 3anuiieM BbIPa)KEHUS! i1 CKOPOCTA M3MEHEHHUS
[H] u [Br'] ¥ nppMeHNM K HUM YCIIOBHE KBA3UCTALIMOHAPHOCTH

d [Zr'] = 2k [Br,] — k,[Br [[H, ] + ks [H"1[Br, ]+ k,[H" J[HBr] - 24 [Br'J = 0,
d[H" . . :
] B0, - 8 1B, 1 [ 1B = 0.
CnoxuB 00a ypaBHECHHUS, TTOTYIHM:
2k [Br,]-2k[Br'F =0, [Br']= kl[:’rz] .
5

N3 BTOpOrO ypaBHEHUS HAXOIUM:
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k,[Br'][H,] = k;[H ][Br, ]+ k,[H ][HBr],
k [Br, ]

k[H] 1 2

e RlBrIH] TN A
ky[Br,]+k,[HBr] k;[Br,]+ k,[HBr]

Cxkopoctb 00pazoBanust HBr onpenensieTcs: BeIpakeHUEM:

d[HB
= B J{H, )+ (B ] -, [HU[HBr] = 24, [ [Br, ] -
0,5
) [P o, (’;] [H, )(Br, "
= 2k3[Br2] k3[Br2] 4 k4[HBI'] o 1+ k74 [HBI’]
k; [Br,]

Peakuust umeeT nepBbIi NOPSAOK 1O BoAgopoay. CKOpocTh mpo-
1ecca CJIOXKHBIM 00pa3oM 3aBUCHUT OT [Br,]. Ecnu k3[Br,] >> ky[HBr],
peakuusi umeeT nopsaok 0,5 o Br,. Eciou k;[Br,]| << k4[HBr], peak-
nusi MeeT nopsaok 1,5 mo Br, u oTpuniaTenbHbIN NEPBBIM MOPSIIOK
no HBr (aBnsiercs uHruburopom mnporuecca). M3meHnenue nopsika
MOXET MPOUCXOIUTH MO MEPE MPOTEKAHUS PEAKIHH (ITPU HAKOTUIEHUU
HBr u pacxonoBanuu Br,).

2. [Iponiecc mnrudbuposannoro ¢genosamu (PhOH) okucnenus
oprannueckux coeaunenuil (RH) mMonekynsipHbIM KUCIOPOJIOM IpHU
BBICOKMX MapUUANIBHBIX AaBieHHUSAX O, ONMUCHIBAETCS OCHOBHBIMU
pEaKUHsIMU:

I (uauuarop) — R’ /4
R+ 0, > RO, ki
RO, + RH — ROOH + R’ k>
2R02. — ROOR + 02 k6
RO," + PhOH — ROOH + PhO’ k7
RO, + PhO" — mpomyKTsl kg

Hcrnons3yss MeTo/l KBa3WCTAITMOHAPHOTO TMPHUOMKCHUS, HaWIUTE
BBIpQOKEHUE JIs: a) CKOPOCTH HEWHTHMOWPOBAHHOTO OKHCIeHus W,
0) CKOPOCTH MHTUOMPOBAHHOTO OKUCIIEHUS Wi, B YCIOBUSX JIMHEHWHOTO
oOpsIBa 11eneit. OnpeaenuTe MOPSAKH PEaKIIMK IO BCEM BEIIIECTBAM.

Pemienve. a) HemHruOvpoBaHHOE OKHCJICHUE OMUCHIBAETCSl PEaK-
musimu (1), (1), (2), (6). 3anuiem BeIpaKeHUS 711 CKOPOCTH U3MEHECHMUS
[R'] 1 [RO,] ¥ IprMEHUM K HUM YCIOBHE KBa3HCTAMOHAPHOCTH:
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W, — k[R"][O,]+ k,[RO, ][RH] =0,

dt
d[RO,’ . . :
[ dt 2] = k[R*][0,]-k,[RO," ][RH] - 2k,[RO,]* =0,
2 q= |
W, -2kJRO,'7>=0, [RO,’]= )
2k,

d k
W()z_%zkz[l{oz']mﬂ]: L_[RH]W, .

2k,

Peakumnss mmeer mepBbid mopsaaok 1mo RH, HyneBou nopsiiok
M0 KHUCJOpOay U mopsaaok 0,5 mo uHuImMaTopy.

0) B pexxume nuHelHOTo 0OpbIBa Ieneil Ha WHTUOUTOPE CKOPO-
CTBIO peakuuu (6) MOXKHO IpeHEOpeUb, a MEXaHU3M IPOIeCCa OMUCHI-
BaeTcs peakuusimu (1), (1), (2), (7), (8). 3anumeM BbIpaKeHUS
s ckopoctu m3Mmenenus [R], [RO,], [PhO’] u npumeHnM K HUM
yCJIOBUE KBa3UCTAIIMOHAPHOCTHU:

d[R’ . .
[dt ] =W _kl[R ][Oz]+k2[ROZ J[RH]=0,
d[lz(t)z.] = k,[R"][0,]-k,[RO, [RH] - k;[RO, [PhOH] — k&, [RO, ][PhO"] =0,
% = k;[RO,"][PhOH] - &[RO,"][PhO"] =0,
W.
W, —2k,[RO, J[PhOH]=0, [RO,]= S
RO ] RO, ] 2k,[PhOH]
_d[RH] _ k,[RH,

Wi = k,[RO,"][RH]

dt ~ 2k,[PhOH]’
Peaknusa wmmeer nepsbiii mopsanok no RH, HymeBou nopsigok

10 KUCJIOPOY, MEPBBIM MOPSAIOK MO UHHUIIMATOPY U MUHYC IE€PBBIMA
nops1ok 1mo nuaruourtopy PhOH.

3aoauu

1. BeiBeauTe BBIpaKCHHUE JUISI CKOPOCTH PEAKIIMK XJIOPHPOBAHUS
metana CH, + Cl, —» CH;Cl + HCI, npoTtekarorieii 1o MeXaHu3MYy:
Cl, —» 2CI ki
Cl'+ CH; —» HCI1 + CHj5’ k>
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CH3. + Clz —> CH3C1 + CI' k3

2CH;" — C,Hq k4

2. JlaHa KMHETHYECKas cXeMa Pa3IoKEHHUS alleTaabIeTH/Ia:
CH;CHO — CH;' + CHO’ ki
CH; + CH;CHO — CH, + CH,CHO’ ky
CH,CHO" — CO + CHy’ ks
CH; + CH; — C,Hi k4

BriBequTe BBIpaXXEHUS MJIS CKOPOCTH 00Opa3oBaHUsS MeETaHa
U CKOPOCTH pacXOJ0BaHUS alleTallbACTUIa.

3. MexaHu3M nupoJin3a MeTaHa MOXHO MpeacTaBuTh B Buje (M
— WHEPTHAs 4aCTHUIIA):

CH, > CH; +H ki
CH,+CH; > GH+H k,
CH,+H — CH; +H, ks
CH;y +H+M—>CH,+M k4

BriBeuTe ypaBHEHUE JIJ11 CKOPOCTH JaHHON PEaKIIUHU.

4. MexanuszM okucieHus 3pupoB yrHoJIeBON kucaotsl (LH), un-
ruoupoBaHHOro TUAPOXUHOHOM (QH,), mpu OTCYTCTBUM KBaApaTH4-
HOT'0 OOpBIBA LIETIEH OMUCHIBACTCS YIPOIIIEHHOW CXEMOI:

[ _*0p.tLH o y- W
L + 02 —> ROz. kl
LO, +LH — LOOH + L’ k>
LOZ. + QH2 — LOOH + QH. k7
QH +QH - QH, +Q ko

BriBeuTe KMHETHYECKOE YpaBHEHHUE ISl CKOPOCTH Ipoiiecca UH-
rUOMPOBAHHOTO OKHCIIeHUsd. OnpenenuTe MOPsSAKUA peakiuu Mo cyo-
CTparTy, TUAPOXUHOHY, KUCIOPOAY U UHUIIUATOPY.

5. MexanusMm okucnenus 3¢pupos auHosneBoit kuciaotsl (LH), un-
rUOMPOBAHHOTO  CTAOMJIBHBIMU  HUTPOKCWJIBHBIMU  paJuKajiaMu
(>NO"), B pexnuMe ITHHEHHOr0 OOpHIBA IIENEH OMHCHLIBAECTCS YIIPO-
IIIEHHON CXEMOM:

[ _*0p.tLH  y- W
L + 02 —> ROz. kl
LO, +LH — LOOH + L’ k,
L +>NO"— >NOL ks
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BriBeuTe KUHETHYECKOE YpaBHEHUE JIJIsi CKOPOCTH Ipoliecca UH-
TUOMPOBAHHOTO OKHUCICHUS. Onpenenure MOopsIKu peakiuu mno cyo-
CTpaTy, HUTPOKCUIILHOMY PaJMKay, KUCIOPOAY U UHUIIUATOPY.

6. Xumunueckas peakuus N,O — N, + 1/20, npoTekaer 1o clie-
nytoiemy mexanusmy (M — uHepTHas 4yacTuua):

N,O + M — N,O* + M k,
N,O* + M — N,O + M I
N,O* - N, +O” ks
NzO +0" > N, + 02 k4

Cupmras konuenrtpauu N,O* u O cranuoHapHBIMH, HalIUTE
BBIpaKECHUE 11 CKOPOCTH pacnaga N,O.

7. Peakiusa ob6pazoBanus ¢ocrena CO + Cl, —» COCl, moxet
MPOTEKATh IO CIEAYIOIIEMY MEXaHU3MY:

Cl, —» 2CI’ ki
2ClI'—> Clz k2
CO +CI'» cocCr ks
COCI' > CO +CI' ky
COCI' + Cl, —» COCl, + CI ks

Hcnonb3yss METOH CTAallMOHAPHBIX KOHIICHTpalluid, HAlIUTE BbI-
pakeHue JJisl CKOPOCTU 00pa3oBaHus PoCTeHa.
8. Jliis tpumoniexynapaoit peakuuu 2NO + O, — 2NO, npemo-
YKEH CIIEAYIOIIUNA MEXaHU3M:
ky
2NO —><k_ (NO),
-1
k
BriBenute BbIpakeHHE ISl CKOPOCTH Tpoliecca, Imperoaras, 4ro
niepBasi cTagus ObICTpasi, a BTopasi MeajieHHas (MCIOJIb3YHTEe KBa3UpaB-
HOBECHOE Npudmkenue). OnpenenuTe Nopsiiok CyMMapHOUM peakiuu.
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6. KUHETUKA 'OMOI'EHHOI'O
N ®EPMEHTATUBHOI'O KATAJIN3A

Kamanuzamopwsr — BeliecTBa, yCKOPSIOMIUE XUMHUYECKYIO pEaK-
1[I0, HO HE pacxojayromuecss B Heu. KarammzaTopsl BCTyIarT BO
B3aUMOJICHCTBUE C PEareHTaMu, BCIEJICTBUE YETO PEAKIUs MPOTEeKa-
€T II0 JpyroMy IyTH ¢ Oojiee HU3KOM PHEpPrueu akTuBaruu. I'oMo-
TEHHBIC KaTaJau3aTOpPhl HAXOASATCS B OJHOW (paze ¢ pearupyronuMu
BEIIIECTBAMH.

Kucnomno-ocnoenoti kamanuz. Eciin peakuusi MOXET YCKOPSITHCS
v vonamu H', n nonamu OH™ (cnenmduueckuii KMCIOTHO-OCHOBHOI
KaTanau3), 3 (PEeKTUBHAS KOHCTaHTAa CKOPOCTH CBSI3aHA C KOHCTaHTaMU
CKOPOCTH HEKATaJTUTUUYECKON PEaKINH ky U KaTATUTHYECKUX PEaKIuid
kH+ , k o COOTHOIICHHEM:

K k__
kyy =ko +k . [H*]+%. (6.1)

Jlns peakiyii, yCKOPSEMBIX KHUCJIOTaMH WA OCHOBaHHSAMH (00-
M KUCJIOTHBIA MM OCHOBHOM KaTaJIN3), BBHIMTOJHSIETCS KOPPEIISAIN-
OHHOE COOTHOIIIEHHE bpeHcrena:

kyn=A-K*;  ky=B-K}, (6.2)

r71€ kya M kg — KOHCTAHTBI CKOPOCTH KHUCJIOTHOTO M OCHOBHOTO Karta-
nm3a; K, n K, — KOHCTaHThl MOHU3AIUX KUCJIOT U OCHOBHOCTHU OCHO-
BaHUM; 4, B, o,  — KOHCTaHTHI (0OBIYHO O U 3 MEHBIIIE €UHULIBI).
Depmenmamusnbill kamaau3. B Hanbonee MpocToM ciiyyae mpe-
BpauieHue cybctpara S B npoaykT P mopn neiictBueM ¢epmenta E
OITHMCBHIBACTCS CXEMOM:
ky k
E+Sc——=ES—=—>P+E.
-1
HauanbHasi CKOpOCTh JAHHOTO MPOIECcca ONMUCHIBACTCS YPABHEHU-
em Muxasnuca — Menmen:

_d[P] _ W [Sk

W_ ’
T dr Ky +[S], (6.3)

rne Ky = (ki + k)/ky — xoncmanma Muxasnuca, Wy = kh[Elg —
MAKCUMANbHASL CKOpoCcmb GEPMEHTATUBHOMN PEaKITUH.
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s onpenenenus nmapamerpoB Ky U W, HCTIONB3YHOT HECKOJIBKO
CIOCOOOB JIMHEeapu3aluu ypaBHeHus: Muxasnrca — MeHTeH, HauboJiee
MIPOCTBIM U3 KOTOPBIX SIBIISIETCS Memoo Jlaunyueepa — bepka:

1 1 Ky 1

= + s .
WO W Wmax [S]O (6 4)

max

B COOTBETCTBUU C KOTOPBIM CTPOAT 3aBUCUMOCTb 1/W; ot 1/[S]). Tan-
TeHC yTiia HakJIoHa npsMoi paBeH Ky/W .x, @ OTCEYEeHHUE Ha OCU Op-
TUHAT paBHO /W ..

Hneubuposanue gpepmenmamusHulx npoyeccos MOXKET IPOTEKATh
10 pa3HbIM MeXaHu3MaM. KoukypenmHvle uncuOUmMopsl CBA3BIBAIOTCS
C aKTUBHBIM LIEHTPOM:

E + I—=EI (uecakTuBHBII KOMILICKC).

[E]LT]

Koncranty K, = Ha3bIBAlOT KOHCTAHTOM MHTHMOUPOBAHMUS.

[EI]
B »TOM cilydae KMHETHKA MPOIecca OMUCHIBACTCSl ypaBHEeHUEM Muxa-
anuca — MenteH (6.3), B koTopoM W, ., OCTaeTCd HEU3MEHHOM, a

BMecTO Ky ucrosib3dyercs ee 3G (PeKTUBHOE 3HAUCHHE:!
[1]
_ 0
K
Hexonxypenmuvie uneubumopwvl IPUCOCAUHSIIOTCS K APYTOM 4acTH
Mosekyiabsl ¢pepmenta E u xomiiekca ES, oOpa3ysi HeaKTMBHBIE KOM-
mekchl Buaa EI u ESI. B aToM cityyae kuHeTHKa mporiecca OnrchbiBacT-
csl ypaBHeHHeM Muxasnuca — MeHnteH (6.3), B KoTopoMm Ky ocTaercs
HEU3MEHHOM, a BMECTO W, ucnioyib3yeTcs € 3(hPeKTUBHOE 3HAUYCHHE:

W
/4 ax 3¢ = e

L' (6.6)
I

beckonkypenmusie uneubumopsvl CBS3BIBAIOTCS TOJBKO C KOM-
mwiekcamu ES, oOpa3ys HeakTtuBHble KoMmIuiekchl ESI. B aTom ciyyae
KMHETHKA Tpollecca OMUChIBAaeTCs ypaBHeHHeM Muxasnnca — MeH-
TeH (6.3), B koTopoMm 3ddexkTuBHOE 3HaUeHHE W, ompeaensercs
ypaBHeHuEeM (6.6), a addexTruBHOE 3HAUeHUE Ky — YpaBHEHUEM:
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K

M
Iy 6.7
1 +[ Io (6.7)
I
Jlist omipesienieHUsl TUTA M KOHCTAHT WHTUOWPOBAHUS IKCIEPH-
MEHTaJIbHBIC TaHHBIE 00pabaThIBAIOT B KOOpAMHATAX ypaBHEeHUS (6.4)

U CpaBHUBAIOT 3HaueHUs1 Ky U W, C aHAJOTUYHBIMU 3HAYCHUSIMU
JIJ1s1 HCUHTMOMPOBAHHOT'O MpoIiecca.

KM a0

Ipumepwt pewienus 3a0au

1. B BogHOM pacTBOpE IpeBpallieHHue O-TJII0K03bI B B-TIIHOK03Y (pe-
aKlys MYTapoTallii) MPOTEKAaeT B MPUCYTCTBUM KaK KHUCJIOT, TakK
Y OCHOBaHUI. DKCIEPUMEHTAIBHO HaiJIeHO, Kak MeHseTcsl d3(PPpeKTuB-
Has KOHCTAHTa CKOPOCTH OT KOHIeHTpaiyy noHoB H' 1 nornos OH :

C(H), M 0,00 | 0,05 0,10 [ 0,20 [ 030 | 0,40
kg, C | 0,012 [ 0,023 0,036 | 0,061 | 0,087 | 0,113
C(OH)-10°>M | 0,10 | 0,50 | 1,0 | 2,0 | 3,0 | 40
kg, C | 0,019 | 0,057 | 0,11 | 021 | 0,30 | 040

B kucnoit cpene MoxHO mpeHeOpeub conepskanueM noHoB OH,
B I1eno4Hoii — nonoB H'. CocTaBbTe 06IIee ypaBHEHNE 3aBHCHMOCTH
kg = ko + ki [H'] + kop [OH ] 11 peakiy MyTapOTALHH TIIOKO3BL.

Pemenue. Iloctpoum 3aBUCUMOCTH K,; OT KOHLEHTpalMU
noHoB H' (@) 1 OH™ (6). U3 ypaBHeHUii MOTydEeHHBIX MPAMBIX OIpe-
JeJIsieM, YTO kH+ = 0,258 n/(Monb-c), a koy = 9,75-10° 1/(Mo1B-C).

[H*], M
0 0,2 0,4 0,6
0,12 L . 05
a
01 - y= 0,2577x +0,0098
’ R2=0,9999 6 04
0,08 - .
Kyq, C1 - 0,
(e 006 kg
L 02 (OH')
0,04 - y = 9746,8x + 0,0105 '
R2=0,9996
0,02 - 0,1
0 : , 0
0 0,00002 0,00004
[OH], M

Puc. 5. 3aBucumoctu k,j, OT KOHLIEHTPALlMA HOHOB H' (a) u OH (6)
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B kauectBe kj mpaBwiIbHEE UCIIOIL30BATh YCPEAHEHHOE 3HAUCHUE
oTceueHui 00enx npsaMmbIx: ky = 0,0102 ¢

2. I3 npuBeAeHHBIX AaHHBIX sl (DEpMEHTATUBHOW pPEAKIIUH,
MOTUMHAIONIEHCS cxeme Muxasnuca — MEHTEH, OINPENECIUTE CXEMY
neficTBHS MHrHOuTOpa mpH ero Kounentpauuu [I], = 6,0-10° M. BeI-
yucauTe 3HadeHus Ky, Kiu Woax.

[STo-10°, M 20 | 30 | 40 | 100 | 150
Wy, MKT/(11-4) 139 | 179 | 213 | 313 | 370
Wy, MKT/(71-4) 88 | 121 | 149 | 257 | 313

Pem e nue. Onpenenum napametpsl Ky U W, ISl HEUHTH-
OMPOBAaHHOTO M WHTMOMPOBAHHOTO MPOIECCOB MO crocoOy Jlaii-
HyuBepa — bepka. Jlns storo paccumtaem 3Hauenus 1/W, (1/W))
u 1/[S]p 1 mocTpouM 3aBUCUMOCTh B KOOpJMHATaX ypaBHeHUs (6.4).

1/[S]o-10%, 1/Mou1B 5,00 3,33 2,50 1,00 | 0,67
1/Wy10°, m-u/mKr 7,19 5,59 4,69 3,19 | 2,70
/Wy 10°, m-a/mkr 11,4 8,26 6,71 3,80 | 3,19

W3 nmapameTpoB ypaBHEHHUS! MPSIMOM @ NJii HEMHTHOWPOBAHHOIO

IPOLECCa HAXOIUM:
1 1

W = = :
w211
- Ky I W _ 1,027

/W 2,11

B npuBeneHHBIX BBIPAKECHUAX 10° u 10° — KO3 PUIMEHTHI
TUIs ydeTa nopsaka Beauuun 1/Wy u 1/[S]y, ucrons30BaHHBIX MPH T10-
cTpoeHuu rpaduka (puc. 6).

AHaJIOTMYHBIM 00pa3oM [JIi MHTMOMPOBAHHOTO Mpolecca (mps-
Mast 6) ompenersieM: Wi = 504 Mir/(19), Ky = 9,47-10° M. Cpas-
HUBAasl 3HAYEHUS NJI1 HEMHTMOMPOBAHHOTO M MHTHOMPOBAHHOTO MPO-
IECCOB, MOKHO YBUJIETh, UTO W ,.x IPAKTUYECKU HE U3MEHUIIACh, B TO
BpeMsi Kak Ky B NPUCYTCTBUM HHTHOUTOpPA CYIIECTBEHHO BBIIIIE
(T. e. aBisieTcst 3 dexTuBHONM BenuunHoM). CrieaoBaTebHO, HHTUOU-
TOP SIBJSIETCS KOHKYpEeHTHbIM. KOHCTaHTy MHruOupoBaHus K| BbIpa-
*aem u3 ypaBHeHus (6.5):

[T, - 6-107°
Ko / Ky =1 9,47-107/4,87-107 —1

10° =475 mkr/(1-4),

1072 =4,87-10° M.

=6,36-10" M.

I:
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1/W,-103
10,00

y=1,027x + 2,11

2=
8.00 R?=0,998

6,00

4,00 y=1,880x + 1,99
R2= 0,999

2,00

0,00 . . . . .
0 1 2 3 4 5
1/[S]y-10°2

Puc. 6. 3aBucuMoCTH B KOOp/InHaTaxX ypaBHeHuUs (6.4)
JIJ11 HEUHTHOUPOBAHHOTO (@) M1 MHTUOMPOBAHHOTO (6) TIPOIECCOB

3aoauu

1. [Ipu n3ydeHnn KaTanuTUYECKON peakuuu pacnaga AB — A + B
OBLIIO OOHAPY’KEHO, UTO CKOPOCTh PEAKIIMK YMEHBIIAETCS TPU YBEIUYe-
HUW KOHIIEHTpalnuu BemlecTBa B. Kakol u3 mpeacTaBiIeHHbIX CXEM MO-
YKET OMUCHIBATHCSI MEXAHU3M JIAHHOTO Tporiecca?

AB+K;<i>ABK* AB+K%<;>AK*+B
—1 -1
ABK ' —2 3A +B+K AK—2 3A+K

JIns oTBETa HAa BONMPOC BBIBEJIUTE KUHETUYECKUE YpPaBHEHUS 3a-
BUCHUMOCTH CKOPOCTH PEAKLIUH OT TEKYIIUX KOHIICHTPAIMK BELIECTB,
UCMOJIB3YSl YCJIOBHE KBAa3UCTAIIMOHAPHOCTH II0 KATATUTUYECKOMY
KomIuiekcy. Kakoi nmopsaaok uMeer peakuus mno peareHty AB u kata-
JaU3aTopy?

2. Peakiust ruaposin3a  AMA30yKCyCHOro »dupa MpoTEeKaeT
10 CXEME:

NzCHCOOCzHS(aq) + HQO —> HOCHQCOOC2H5(aq) + N,.

KaranuzaropoMm gaHHOro mpoiiecca SIBJISIOTCS MOHBI BOJOPOJA.
OddexkTuBHAST KOHCTAHTa CKOPOCTH Tpoliecca U3MEHSETCS ¢ KOHIICH-
Tpaleil HOHOB BOJOPO/Ia CIASAYIOIMIUM 00pa3oM:

C(H"-10°, M 0,46 0,87 1,58 3,23
k4107, 11/(MO1IB-C) 1,68 3,20 5,78 11,48
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Onpenenure rpadUueCKUM METOJOM KOHCTAHTY CKOPOCTU KaTa-
7132 peaKMyu HOHAMHU BOJIOPOIa.

3. MyTaporanys TJIFOKO3bl KaTaIu3upyeTcsl KUCIOTaMHA U OCHOBA-
HUSIMA U MMEET TEPBBIA MOPSJIOK MO KOHIEHTpAlUu TI0K03bl. KOH-
CTaHTa CKOPOCTH MPOLECCa B BOJHOM PacTBOPE OMPEIEISIETCS SMIUPH-
qecknM ypaBHeHHeM (B ¢ ') k=0,0096 + 0,258[H"] + 9750[OH ].
Onpenenure 3HaueHre pH, mpu KOTOPOM CKOPOCTh MyTapOTali MU-
HUMAaJIbHA, & TAK)KE BPEMSI MOTYIIPEBPAIICHUS TJIFOKO3bI B 3THX YCJIOBU-
ax. [Ipu kakux 3HadyeHusx pH koHCTaHTa CKOPOCTH MyTapOTalld yBe-
JIMYMTCS B 2 pa3a Mo CPAaBHEHHUIO C MUHUMAJIbHOW?

4. Peakuyio MOIUPOBAHMS ALIETOHA MTPOBOJST B MPUCYTCTBHU Op-
FaHUYECKUX KUCJIOT KaK KaTaJlu3aTOpPOB:

CH;COCH; + I, —— CH;COCH,I + HI.

[Ipr CTEXHMOMETPUYECKUX COOTHOIICHUSIX PEAr€HTOB CKOPOCTh
pEeaKIMu He 3aBUCHUT OT KOHIEHTpauuu noaa. Habmonaercs GyHkuu-
OHaJIbHAsI 3aBUCUMOCTh MEXay HaOmrogaeMor (3¢(exkTUBHON) KOH-
CTaHTON CKOPOCTH U 3HAYECHHUEM KOHCTAHThI TUCCOLUAIINN KUCIOTHI:

Kucnora-karanuzaTop K, ko 10°, 51/(moB-C)
JuxnopykcycHas 5,710 220
JluGpommponnoHoBast 6,7-10 63
XJIOpyKCyCHast 1,41-107 34
[ JIuKosIeBast 1,54-10°* 8,4
B-XnopnponuroHoBas 1,01-10 5,9
YKcycHas 1,75-10° 2,4
[TIponmonoBas 1,34-10 1,9
TpumerunykcycHas 9,10-10° 1,7

[IpencraBbTe 3TH PE3yAbTATHI TPpaPUUECKH TAKUM 00pa3oM, 4TO-
ObI MOKa3aTh MPUMEHUMOCTh COOTHOIIIEHUS bpeHcrena, u onpeaenuTe
KOHCTaHThI 3TOTO YpaBHECHUSI.

5. OnpenenuTh 3HaUY€HUS KMHETHYECKUX MmapaMeTpoB (Ky, Wmax
u ky) runponmsza MeTwiioBoro 3¢upa N-anetwi-1-BanuHa, KaTalu3u-
PYEMOI0 0-XEMOTPHUIICUHOM, UCXO/IsI U3 MPUBEICHHBIX HUXKE JAHHBIX.
HauanpHas koHIieHTpalus GpepMeHTa paBHa 3,8-10° M.

[Slo, M 0,20 | 0,124 | 0,091 | 0,071 | 0,060
Wy 10°, Mmormw/(c) | 4,57 | 3,83 | 3,31 | 2,93 | 274
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6. Onpenenute U3 NPUBEICHHBIX HMXKE JAHHBIX TUI MHTUOUPO-
BaHMS TIyTaMaTAECTUIPOreHa3bl CaIUIUIATOM, KOHLEHTpALHs KOTO-
poro coctapisier 0,040 M u noaaepkuBaeTCa MOCTOSTHHOM. BbIumc-
JUTE KOHCTAHTY UHTMOUPOBAHUA.

[S]o:10°, M 1,5 2,0 3,0 4,0 3,0 16
Wy 10°, o/(a-mus) | 0,21 | 025 | 028 | 0,33 | 0,44 | 047
W;-10°, o/(n-mue) | 0,08 | 0,10 | 0,12 | 0,13 | 0,16 | 0,18

7. Onpenenuth TUN HHTUOMPOBaHMS, KOHCTAaHTY Muxasmuca,
KOHCTAHTY MHTMOMPOBAHUS U BEJIMYMHY MPEIEIbHON CKOPOCTH B pe-

AKII1UH OKHCJICHUA

N-metunriayramara,
N-MeTWITTyTaMaTAETuAPOr€Ha30l B
-3
a-ketoriyTtapata ([I]o = 3-10 ° M) o ciaeayronm JaHHbIM:

MIPUCYTCTBUU

KaTAIU3UPyEMOH

WHTHOUTOpA

[S]o-10%, M 1,00 | 0,625 | 0,500 | 0,417 | 0,264
W,-10°, mons/(emun) | 1,67 | 1,43 | 1,33 | 125 | 1,00
[S]o:10*, M 500 | 1,67 | 1,00 | 0,667 | 0,500
W;-10°, mons/(n-mu) | 1,56 | 1,00 | 0,77 | 057 | 0,45

8. [Ipu poGaBneHnr HMHTUOMTOpAa B (PEPMEHTATHUBHYIO CHCTEMY,
MOJYUHAIOLIYIOCA cxeMe Muxasnuca — MeHTEH, MaKCUMaJllbHas CKO-
POCTh p€akiMyi YMEHBIIWIACH B 5 pa3, a Ky He uamMeHwIach. [Ipemo-
JKUTE CXeMy MHIHOMpOBaHus U paccuuTaiite Ki, ecmu [I]y =4-10" M.

9. depmentatuBHas peakumsi (Ky = 2,7-10° M) momasmsercs
KOHKypeHTHbIM HHruouropom (K; = 3,1-10° M). KoHuenrpawuus cy6-
crpata paBHa 5,0-10* M. Kakasi KOHIIGHTpALHs HHIHOUTOPA MOHAI0-
outcs s nojasiieHus: peakiuu Ha 50 %? Bo ckoabko pa3 Hajgo mo-
BBICUTh KOHIIEHTpAIMi0 cyOcTpaTa, YTOObl YMEHBIIUTh CTETEHB IO0-
nasneraus 10 30 %?

10. B HEeKOTOpBIX chydasix KUHETHYECKUE HcclieioBaHus (ep-
MEHTATUBHBIX PEaKIUi MPOBOAAT B YCJIOBHUSAX HM30BITKA (epMeHTa.
BriBenure ypaBHeHue Muxasnuca — MEHTEH, ONUCHIBAIOLIECE 3aBU-
CUMOCTb W, OT HadalbHBIX KOHIIEHTpallui (epMeHTa U cyOcTpata
IpU YCIOBUM, YTO KOHIUEHTpalus (epMeHTa HaMHOTO OOJbIIE KOH-
LIEHTpaIMU CyOCcTpaTa.

39



7. KOMIIBIOTEPHOE MOJIEJIMPOBAHUE
KUHETUKHU XUMHNYECKHUX ITPOLECCOB

B ocHOBe MeTOna JEKUT PELIEHUE YUCICHHBIMUA METOIAMHU CH-
cTeMbl TudPepeHInaIbHbIX YPABHEHUN, OMKMCHIBAIOIIUX H3MEHEHUE
KOHIICHTpAallUi BElIECTB B Xoxe peakuuu. [Ipumensercsa B ciayyasx,
KOT'Jla COOTBETCTBYIOIIAs CUCTEMa YPABHEHUN HE MOXKET ObITH pelie-
Ha aHanuTHYeCKUMH Metojamu. CocTtaBiieHne cucteMm auddepeHiu-
AJbHBIX YPAaBHEHUUM M UX YHCIIEHHOE PELIEHHUE XOPOLIO IOIJAKTCS
dbopmanuzaluy U peanu3yroTcs Ha KoMmIibioTepe. [Ipumepom MoxkeT
cnyuTh nporpamma «Kunetrnka». OHa MO3BOJISET pelIaTh MPSIMYIO
KUHETUYECKYIO 3a/1a4y I 3aJaHHOW KMHETUYECKOW cXeMbl. [ 1aBHOE
OKHO IIpOrpaMMBbI MIPeACTaBIeHO Ha puc. 7. OHO COEpKUT JBa 00s13a-
TenbHBIX OKHa — «Teker cxembl» U «CBOHCTBA CXEeMbI», OCTalb-
HbIE OKHA MOTYT CO3aBaThCs MOJIb30BATEIIEM.

o KuHeTuka - PhOH -

© @ain  [Jedictema  Oxno Hactpoiikw  Cnpaska o

File ] El soa | {GE _d, Co3aaTh OKHO _ BuinonHWTe | Clwarcw -| [30 =
p2 - = ¥

L o VEmennTs cemy 1 104 62 - Te+003
| R Ko/ g

R'+ 0z — RO2" + p1 fkal

ROz'+RH — ROOH +R" + p2 Ko/ 6+

ROz + ROz" — p6 Ikel 4

ROz + PhOH — ROOH + PhO" + p7 fk7/

ROz" + PhO" — p8 Ikl 2

0 ; . ! ! ! !
0 1000 2000 3000
500 1500 2500
Bpemn, c.

Cronupoeate n3obpaxenne B Bydep: Cirl+ C
Bpema: 3000 | C ~

PeareHThl | KOHCTEHTLI

ko le-6 1/c

ks 1ed n/mons/c | Bpems, c. [p1 | p2 | p7 !‘ |
kz 70 nfMonsc 9,000e+001 3,750e-007 3,6502-007 4,9742-009 H|
k: ggg ﬁ:gﬁ :ﬁg 1,200e4002  3,808e-007 3,7082-007 4,973e-009
ke 1e8 P 1,500e+002  3,868e-007 3,768-007 4,5732-009

1,800e+002 3,936e-007 3,836e-007 4,972e-009

L2 1nNanng

_2 000=_NN0T7 _2 200=_N0T 4 QF1sNNa

CronnpoBaTk BolgeneHHbIA dparmedT & Bydep: Crl+C

Puc. 7. Bua rimaBHOro okHa nporpammsl «Kunetuka»

Jlns ipoBeieHUsT MOJICIMPOBAHUS HEOOXOJUMO CO37aTh MPOEKT
KHOINKOW «, B OKHE «TeKCT cXeMbI» HaXXaTh KHONKY ¢ «U3MeHUTH
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cXeMy» U BBECTU cxemy. [Ipu 3amucu BemecTB MOKHO MCITOJIb30BATh
BEPXHUM WU HWKHUM peructp. Jlesas u 1mpasBas 4acTb YpaBHEHUS
JOJDKHA OBITh pasliefieHa 3HAKoM «=» win «—». Homep peakiuu
JOJDKEH OBITh 3aKJIIOUEH 3HAKaMU «/», TIepe]l HOMEPOM PEeakIuu To-
CTaBUTh OYKBY, Hampumep «/ki/». Ecin kakoil-mubo peareHT MpUHHU-
MaeT y4yacTUE€ B PEaKUWU, HO IIPU 3TOM HE PACXOAYETCS, €r0 MOKHO
3aKJIIOYUTh B KpyIUible CKOOKHU. Jlajiee HY»XHO COXpPaHHUTh CXEMY
kHonkoi =l B okHe «TekeT cxeMbl», mocie 4yero B okHe «CBoOiicTBA
cxeMbD» Ha BKJIaJke «PeareHTbI» MOSBISETCS CIUMCOK BCEX pEarcH-
TOB M TPOAYKTOB pEaKIUi, KOTOphiE OBUIM B CO3JaHHON CXEMe.
Heo6xoauMo BBeCTH HadalibHbIE KOHIIEHTPALIMM PEareHToB (MMEIOT
Pa3MEPHOCTh «MOJIb/J»). 3HAUYCHUS] MOXHO BBOAUTH B SKCIIOHEHIIU-
anbHOM (popmate, Harpumep «S.2e-3» BmecTo 5,2 10°°. Pasgenurenem
1[eJI0M U IPOOHOM yacTel sIBAsSETCS moyka. 3HAYOK ' HAMpPOTUB Kax-
JOTO peareHTa IMO3BOJISIET BBECTU HJKCIEPUMEHTAIBHBIE JIAHHBIC
JU1s1 KOHIleHTpauuu BemectBa. Gnaxkok M mo3Bosser 3apUKCUpPOBATH
KOHILECHTPALUIO PEATEHTA, €CIIM OHA B DKCIIEPUMEHTE SIBIIIETCS MOCTO-
sHHOU. Takxe HeoOX0aMMO 3aaTh KOHCTAHTHI CKOPOCTH BCEX peak-
i Ha BKIaJKe «KOHCTAaHTBIY M yKa3aTh 00Iee BpeMs MOJICIUPO-
BaHus («Bpemsi:» B okHe «CBoO#CTBa CXeMbI») U IIar BbIBOJA pe-
3yJbTAaTOB WJIM KOJIMYECTBO IIaroB (Ha MaHEIM MHCTPYMEHTOB IJIaB-
HOTO OKHa). Bpemsi MokeT OBbITh 33JJaHO B CEKyHJIaX, MUHYTaX, 4yacax.
JIJist BBIBOJIa pE3yJIbTATOB pacyeTa HEOOXOJMMO HaXaTh KHOIIKY
o «Co31aTh OKHO» Ha TaHEIW UHCTPYMEHTOB, BbIOpATh peareHThI,
BHJI BBIBOJIa PE3YJbTATOB (KOHIICHTpAIMsI WU CKOPOCTh) U HAXKaTh
kHonKy «Co3parh rpagpuk» win «Co3mxars TadJUIy» B COOTBET-
CTBHUHM C kenaeMor ¢hopMoi mpeacTaBiieHus. MOXXHO cO3/1aBaTh JIIO-
00€ KOJIMYECTBO OKOH, U3MEHSTh MUX Pa3Mephbl U B3aMMHOE PaCIOJiO-
xenue. [lociae 3Toro HE0OXOAMMO MPOBECTH MOJICTUPOBAHUE Ha)Ka-
THEM KHOINKU » «BBINOJHHUTB), B PE3YJIbTATE MPOU30UAET MEPECUET
pe3yJIbTaTOB BO BCEX CO3JaHHBIX OKHaxX. ['paduky WM 4YHCIICHHBIC
JAHHBIE U3 TaOJUIl MOKHO CKOIMPOBATh B Oydep oOMeHa coueTaHrueEM
xiasui Ctrl + C.

JIns cOXpaHEeHUs MPOEKTa HEOOXOAMMO HaKaTh KHONKY =l Ha ma-
HEJIM WHCTPYMEHTOB, MPU 3TOM OyIyT COXpaHEHbl cxema, €€ CBOM-
CTBa, IMApAMETPbl BPEMEHHU, PACIOJIOKEHHE BCEX CO3JAHHBIX OKOH.
CoxpaHEHHBIN paHEE MPOECKT MOXKHO OTKPBITh C MOMOIIBI) KHOIKH
Ha MaHEJIM UHCTPYMEHTOB.
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Ilpumepol pewrenus 3a0au

1. bumonekymapnas peakuus BemectB A u B mporekaer uepes
oOpa3oBanue unrepmenuara C no cieayrouen cxeme:

k ki k
A+B—><£_ICL>D+E; C =T1CACB (1);k'=1—3k(11)
2 2 3 2 3

CornacHo METO/Iy KBa3UCTAI[MOHAPHBIX KOHIICHTPAIIMN KOHIICH-
Tpauusi uatepmenuara C onpenensercs ypaBuenuem (I), a pacxono-
BaHue BeniecTB A U B (nipu ycinoBUM paBHBIX HadyajdbHBIX KOHIICH-
Tpaluil) OMUCHIBAETCSI KHHETUYECKUM YPABHEHUEM BTOPOTO MOPSIAKA
(1.12) ¢ apdbexTUBHOM KOHCTAHTONW CKOPOCTH PEaKIUM k', ompeaess-
emoii o ypaBHeHnuto (II). IIpoBenute kKuHETHUECKOE MOACITUPOBAHUE
Ha OCHOBAHUU MPEJI0KEHHOU CXEMbI U MPEICTABbTE KPUBBIE M3ME-
HEHMSI KOHIIEHTpAlMii BCEX BEIIECTB — YYaCTHHUKOB PEAKIIHUU
npu ciaenyrmomux yciaosusx: k; = 0,01 n/(monb-c), k, = 0,1 cfl,
ks =0,3 c_l, Cao = Cgp = 0,08 M. Ilpumenumo nu ypaBHeHue (I)
IJI ompeiesieHrs] KoHlleHTpanuu BemectBa C? Onpenennrte Bpems
BbIXOJ1a KOoHIIeHTpaluu C Ha KBazucTalnoHapHyto. [loguuHsercs nu
KHMHETHKA pacxoj0BaHus BemlecTBa A ypaBHeHuto (1.12)?

Pem e nwue. Cozgacm npoekt B nporpamme «KnHETHKa», BBO-
UM U COXpaHsSeM KHHETHYECKYI0 CXEMY, YKa3bIBa€M 3HAUCHMS KOH-
CTAHT CKOPOCTH M HayaJbHBIX KOHIIEHTparui. O0111ee BpeMsi MOJIEIIH-
poBanus (5 000 ¢) mogbupaemM MeTOAOM MPOO, YTOOBI peakiius Mpo-
Jia Ha JOCTaTOYHO OOJIBbIIYIO MTyOuHy. YKCIO 1aroB Jjisi 9KOHOMUM
Mmecta B3saTo paBHbIM 10. Co3naem rpaduk (puc. 8 a) s KOHIEHTpa-
I[MM BCEX BEIECTB (B JAaHHOM Ciyyae KpUBBIC JJIsl peareHToB A u B,
a Taxoke mpoayktoB D u E coBnanaror).

104 — A-1es002 21 — C - 1e+D04
B- 1e+002
84 — C-1e+004 15 _— —
— D - 1e+002
6 E- 1e+002 1
4 ..
2_. 0.5-
1) A — 0 I S N
0 2000 4000 a 0 5 10 15 20 &
Epemn, c. Bpemn, c.

Puc. 8. Pe3ynbTaThl KHHETUYECKOTO MOAETUPOBAHNA:
KMHETUYECKUEe KPUBBIE ISl BEIIECTB — YYaCTHUKOB peakiuu (a),
HavyaJIbHBIN y4aCTOK KMHETUYECKOM KpUBOH Jy1st uHTepMenunaTa C (6)
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Coznaem Tabnuity s KoHIEHTpauuu BemectB A u C (pe3yibTaThl
MozenupoBaHus Cy ), Copr TPENCTABIEHBI B CTONOLAX 2, 3 NIPUBE/IEH-
HOW HI>Ke Tabuulibl). Pe3ynpTaTsl pacuera KOHIEHTPALMKM UHTEPMEIra-
Ta 1o ypaBHeHUIO (I) C,), IpencTaBieHHble B CTONONE 4, COBNANAOT
¢ pesyabraramMu  MOAenupoBaHus Ccgy. 3aBUCUMOCTL 1/Chaqy (CTONI-
Oer1 5) oT BpeMeHM B KoopauHaTax ypaBHeHus (1.12) sBisercs nuHEH-
HO#l C TAHIEHCOM YIIIa HAK/IOHA, paBHEIM 7,5+10 7/(MOJB-C), 9TO MOI-

HOCTBIO coracyercs ¢ ypaBHeHueM (II).

Bpewms, ¢ Capny M Ceon, M CeppM | 1/Crpp, M

0 0,08 0 1,60-10°" 12,5
500 0,0615 9,49-10° | 9,46:10° 16,25
1000 0,0500 6,27-10° | 6,26:10 19,99
1500 0,0422 445107 | 4,44-107 23,72
2000 0,0364 3,32:10° | 3,32:10°° 27,46
2500 0,0321 2,57-10° | 2,57-10°° 31,19
3000 0,0286 2,05-10° | 2,05-10° 34,92
3500 0,0259 1,68:10° | 1,67:10° 38,65
4000 0,0236 1,39:-10° | 1,39:10°° 42,39
4500 0,0217 1,18-10° | 1,1810° 46,13

Jlist onpeneneHrss BpEMEHU BbhIXoJa KoHIeHTpanuun C Ha KBa3u-
CTAIlMOHAPHYIO YMEHBIIUM BPEMS MOJCIUPOBAHUS M YBEIUYUM YHC-
70 maroB. M3 puc. 8 6 BuaHO, 9TO OHO COCTaBisEeT MpUMEpHO 12 C.
Takum oOpa3om, B JaHHOW CHUCTEME OYE€Hb OBICTPO yCTAaHABIMBACTCS
KBa3HMCTAIlMOHApHAs KOHIICHTpAIUs MHTEpMEaraTa, a KHHETUKA MPO-
11ecca MOoJHOCTHIO MOJYMHACTCS YKa3aHHBIM B YCIIOBUU YPaBHECHUSIM.

3aoauu

1. ABTOKaTAIMTUYECKAMHU HA3bIBAKOT PEAKIHNHU, B XOJI€ KOTOPBIX
oOpasyeTcsi MPOAYKT, YCKOPSIOIINI TaHHYI0 peakiuto. OIUH U3 Mpo-
CTEMIINX CJIy4a€B aBTOKATAIMTUYECKOM PEAKIIMU MOMXHO OIMCATh
CXEMOW:

A+B—->C+B k1
C+D—>P+B kz

B sToui cxeme A u D — pearentsl, P — nponykr, B — karanusa-
Top. IIpoBeauTe KNHETUUECKOE MOJECIMPOBAHUE HA OCHOBAHUU MPEI-
JIOKEHHOM CXEMBI U MPEACTaBbTE KPUBBIC U3MEHEHUS KOHIEHTPALUU
BCEX BEIIECTB — YYACTHUKOB PEAKIMU MPHU CICAYIONUX YCIOBHSIX:
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ki = 0,01 n/(monb-c), k, = 10 1/(Mmonb-c), Cpo = 0,1 M, Cgo = 0,001 M,
Cpo = 0,1 M. Kak uzMeHsieTcsl BpeMsi JOCTHUKECHUS MAaKCUMAaJIbHOMU
CKOPOCTH HAKOIUIEHHWS mpoAykra P mipu BappHpOBAaHMM HAa4aJIbHOMN
KoHueHTparmu B B npenenax 10°-10"" M (¢ marom B mopsiiox)?

2. Ilpu npotekanuu 6umoekynspaon peakiuu A + B — C B us-
ObITKe peareHTa B (B pekuMe ICEBIOINEPBOro MOPsAKa) KUHETHKA
JAHHOM peaKkIuy MOXKET ObITh ONHMCaHa ypaBHEHUEM Buaa (2.2), rae
KOHCTaHTa CKOPOCTH peakiuu siBysieTcs dPpdextuBHOM (k') 1 3aBUCUT
OT HayaJdbHOMW KOHIIGHTpaluu b BemectBa B 1o ypaBHEHHIO
k'=kb(I). B obmem ciiydyae KUHETHKAa OMMOJICKYJISIPHOW peaKiuu
onuckiBaeTcs ypapHenueMm (1.15). IIpoBenure kuHETUUECKOE MOJICIIH-
POBaHME ISl YKa3aHHOW PEAaKIHUH U MPOBEPHTE NMPUMEHUMOCTh ypPaB-
Henuit (2.2) u (I) nns pacdyera KOHCTaHTHI CKOPOCTU MPU Pa3IUYHOM
COOTHOIIIEHUY KOHIeHTpauuil Bemects B u A. Kpurepuem npumenu-
MOCTH YpPaBHEHMI CUMTaWTE€ OTHOCUTEJIbHYIO OIIMOKY B pacuere £,
a Taloke KOd(QQUIHEHT R® B YPaBHEHHH COOTBETCTBYIOLICH aHAMOP-
¢do3bl. [IpoBeppTe mpumeHuMocTh ypaBHeHust (1.15) nmns pacuera k
BO BceX ciiyyasx. lcxoaHele [OaHHbBIE UII  MOJEIUPOBAHUSA:
k=0,01 n/(monb-c), a=0,01 M, b =0,03; 0,05; 0,10; 0,20 M.

3. ®epMeHTaTUBHAS peakis MpeBpalleHus cyocrtpata S B mpo-
nykT P mon neiictBueM depmenTta E B MpUCYTCTBUM KOHKYPEHTHOTO
uHruouTopa I mporekaer no cieayrouei cxeme:

E+S;%ZHB—JL»P+E
2

E+1e 2FI
5

3aBUCUMOCTh Ha4yaJbHOM CKOPOCTH (PEpPMEHTATUBHOW pPEaKIUU
OT KOHLEHTpAMK S OMNKCHIBAETCS ypaBHEHMEM Muxasnuca — MeH-
TeH (6.3) ¢ ahdexkTuBHON KOHCTaHTOM Muxasiuca, ompeeasieMon
ypaBHeHueM (6.5). IIpoBeaure KMHETHYECKOE MOJICTMPOBAHUE HA OC-
HOBAHUU MPEIIOKEHHON CXEMBI U TTPEJCTABHTE 3aBUCUMOCTh HAYAJIb-
HOW CKOPOCTH MpOoIIecca OT KOHIEHTpauuu S. B kauectBe W ucnosb-
3yWT€ MaKCHUMaJbHOE 3HAYEHUE CKOPOCTH HAKOIUIEHUs MNpoaykra P
BO BpeMeHU B TeueHue nepBbiXx 1000 c. JImHeapusupyuTe MoyyeH-
HYIO 3aBUCMMOCTb B KOOpJIMHATaxX ypaBHeHus (6.4), onpenenute Ky o,
U W U CPAaBHUTE UX C TEOPETHUUYECKUMHU 3HaYeHUsIMU. McxonHbie
JTaHHbIe 1711 MonenupoBaHus: k; = 0,5 a/(monw-c), k, = 0,001 ¢,
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k3 =0,004 ¢!, ks = 1 nw/(monb-c), ks = 0,002 ¢, [E], = 0,001 M,
[I]o = 0,005 M, [S], = 0,005; 0,01; 0,02; 0,05; 0,1; 0,2 M.

4. Kucnopon sBII€TCS HHTHOUTOPOM pauKalbHON MOJIMMEpH3a-
nuu ctuposia (M). C yBenuueHHMEM KOHLEHTpAIlMU KUCIOpoAa CKO-
POCTh MOIUMEPU3ALMH NAJIAECT, TP STOM C MOJUMEPU3ALNEN KOHKY-
pUpYyeT mpoliecc OKUCIeHUs. J[aHHBIN Mpolecc MOXKET OBITh ONMUCAH
CJIECIYIOIIEH KHUHETUYECKON CXEMOW:

[ — 5 R W, =1-10" momb/(;1-¢)
R +0, - RO, ki1 =9,5-10" 1/(mo1b-c)
RO, +M 5> R’ ky, = 99 1/(MOB"C)
R+M—->R k3 = 190 11/(MOI1B"C)
R+ R’ — npoayKrel ks =1,6-10° 1/(Momb-c)
R’ + RO, — mpomyxTsl ks =1-10" 1/(Moub-c)
RO, + RO, — npoaykTsl ke =2,7-10" 1/(Mo1B-C)

Ha ocHoBanuM MoaenvupoBaHus JaHHOW CXEMBL:

1. Uccaenayiite 3aBUCUMOCTh CKOpPOCTH TojauMmepuzanuu (W53)
U CKOpoCTH OKkucieHus (W,) oT KoHIEHTpaluu Kuciaopoja. [Tpusenu-
Te Tabmuity 3aBucumoctu Wi m W, ot [O,], a Takke COOTBETCTBYIO-
mmit rpaduk (st [O,] ucnonb3yite JorapuPMUUYECKyro IIKaly).
OueHnuTe KOHIIEHTPAMIO KUCIOPOAa, IPU KOTOPOU CKOPOCTH ITOJIH-
MEpHU3ALHNA U OKUCIICHUS PABHBI.

2. UccnenyiiTe 3aBUCUMOCTh CKOPOCTEM 00pbIBa IIETH 10 Pa3HBIM
nyTsam (W, Ws u Wg) oT KoHLIleHTpauuu Kuciopoja. [Ilpuseaure tad-
IUYHYI0 U Tpaduueckyro 3aBucumoctu Wy, Ws u Wy ot [O,] anano-
rudHo 1. 1. Onpenenute ob6iacTu mpeodiaganus o0pbiBa 1enen Kax-
JIOTO THIIA.

3. IIpoBepbTE MPUMEHUMOCTh KHUHETUYECKHX YPAaBHEHHUU B IIpe-
JETBHBIX CIIy4asix TUTSt CKOpPOCTH MOJIMMEPU3ALHU
(W5 = k3/k40’5[M] Wio’s ) U cKOpoCTH okucieHus (W, = kz/k60’5 [M] Wio’s).

Konnenrpanus crupona pasna 8,7 M. Ilpu monennpoBaHun Hc-
MOJIB3yHTE cienyromue 3HadeHus [O,]: 0, 1'10_6, 2-10‘6, 5-10‘6, 1-10_5,
2107, 5-10°, 110, 2:10*, 5-107%, 1,5-10, 7,5-10° M (koHIeHTpa-
[MIO KUCIIOPO/Ia B ONBITE CUUTATH OCTOSIHHOW).

5. Beenenue B OKHCIISIONIYIOCS JUHOJIEBYIO Kucioty (LH) unru-
outopa (InH) TopMO3uUT mporiecc OKUCICHUS, BCIAEICTBUE YEero Ha K-
HETUYECKOW KPUBOM MOSBIISIETCS IEPUOA MHAYKIUU (T), KOTOPHINA CBSI-
3aH C KOHIIEHTpAIIMEH UHTUOUTOPA U CKOPOCTHIO UHUIIMUPOBAHUS CO-
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otHomeHreM T = 2[InH]/W,. Ilpouiecc MoxeT ObITh ONMMCaH CIIEAYIO-
el KHHETUUYECKOU CXEMOM:

[ _fOxHH - W
LO, + LH —22 5 LOOH + LO," K, = 70 11/(Mo1b-C)
LO, + LO, — nponyKrsI ke =5-10" n/(Mo1B"C)
LO, +InH — LOOH + In’ k7

LO, +1In"— LOOIn ks = 1-10° 1/(MomB-C)

Ha ocHoBanuu MojenupoBaHus JAHHOW CXEMBI HCCIIEIOBAaTh 3a-
BUCHMOCTb OIIMOKH, BO3HHUKAIOIIEH MPHU OMpEJeeHUN Mepruoaa HH-
TyKIIMU TI0 METOAY KacaTeabHOW, OT CHJIBI MHTHOWTOpa (BEIMYMHBI
k7). MonenupoBanue nposecty npu [LH] = 3 M, [O,] = 0,0015 M
IJIs CJIEAYIOIIMX 3HAYCHUU k7 1-105, 2-105, 5-105, 1-10° 1/(MOJIBC)
npy ckopocTsix naumuupoBanust Wi = 1-10° u 1-1077 momns/(11-¢) (uc-
noJjib30Barth [InH] = 1-110° 1 1-10* M COOTBETCTBEHHO). CrenaTh BhI-
BOJI, IIPU Kakou W; aydiie nNpoBOAUTh U3MEPEHUE TTepHoaa UHAYKIIUN
B DKCIIEpUMEHTE.
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