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1. KHHETUKA IIPOCTHIX PEAKIIUH

Xumuueckas KuHemuka U3y4aeT 3aKOHOMEPHOCTU MPOTEKAHUS XU-
MUYECKHUX PEaKlUid BO BPEMEHH M YCTAHABIIMBAET SMIIMPUUYECKYIO CBSI3b
MEXIY CKOPOCTHIO XUMUYECKOHN PEAKIIUU U YCIOBUSIMU €€ TTPOBEICHUSI.

lIpocmas peaxyusi COCTOUT W3 OJTHOTHUITHBIX SJIEMEHTAPHBIX aK-
TOB, peareHThl HEMOCPEACTBEHHO MPEBPAIIAIOTCS B IPOAYKTHI 0€3 00-
pa3oBaHMs MPOMEKYTOUHBIX BEIIECTB. YHUCIO YACTHUIl, YYaCTBYIOIIUX
B JJIECMEHTApPHOU pEaKIMH, HA3BIBAIOT MOJIEKVIAPHOCHbIO PEAKIUU.
CylecTBYIOT TOJIBKO MOHOMOJEKYJIIPHbIC, OMMONEKYJIIPHbIC U TPU-
MOJIEKYJIIPHBIE PEAKIIHNH.

Cxkopocmb MPOCTOM TOMOTEHHOW XMMHUYECKOW PEAKINU OMpEse-
JSI€TCSl U3MEHEHHUEM KOHIIEHTPAINi pearupyrommx BelecTB B €IMHU-
1y BpeMeHu. Eciii B cucTeMe MpoTeKaeT peakius B COOTBETCTBUU CO
CTEXHOMETPUUYECKUM YPAaBHCHUEM

VAA + vgB = vcC + vpD,
TO CKOPOCTb 3TOW pEaKIUH pABHA!
1dC, 1dC; 1dC. 1 dC,
v, dt __VB dt _vc dt _VD dt
3axon Oeticmeus macc. CKOPOCTb XUMUYECKOW PEAKIUU TPSIMO

MPOIMOPIHOHATBHA MPOU3BEACHHUIO KOHICHTPAIUM PEarupyrOIIUX Be-
LIECTB B CTEIEHAX, PABHBIX HEKOTOPBIM YHCIIAM:

W =kChaCle, (1.2)

W =—

(1.1)

rne K — xoncmanma cxopocmu peaxuuu (He 3aBHCHT OT KOHIICHTpA-
Ui); Na, Ng — uacmuble nopsoku peakiuu o Bemectsam A u B co-
OTBETCTBEHHO. B 00111eM cilydae Na # Va, @ TOPSIIOK PEaKIUU MOXKET
OBITH TOJIOKUTEIbHBIM WM OTPULATEIbHBIM, IEIBbIM WU JAPOOHBIM,
CyMMa 4acTHBIX TOPSIIKOB PEAKIIMU M0 BCEM peareHTaM Ha3bIBaeTCs
oOwumM nopsokom peaxkiuu. Jius mpocTor peakuuu oOIUi MOPSA0K
COBIIAJIAET C MOJICKYJISIPHOCTHIO PEAKIINH.

B XxuMHueCcKOoM KMHETUKE pEeIIaroTCs ABa BUAA 3ana4. [Ipsavas 3a-
Odaua — pacyeT CKOPOCTEeH peakiuil U KuHemuyeckux kpusvix (3aBu-
CUMOCTH KOHIICHTPAIIMH pPEearupyrollnx BEIIeCTB OT BpeMmeHH). O0-
pamuas 3a0a4a — OTPEJCIICHUE TIOPSAIKOB PEeaKIMU U KOHCTAHT CKO-
POCTEH MO IKCIEPUMEHTATBHBIM JJAHHBIM O 3aBUCUMOCTH KOHIICHTpA-
UMI pearupyromux BEUeCTB OT BpeMeHU. B Oosee mupokoM cCMBICTE



perieHue oOpaTHOM 3ajladyd COCTOMT B IOCTPOCHHHM KHHETHYECKOMN
CXeMbI 1 00OCHOBAaHWU MEXaHHM3Ma CII0KHOW peaKIid Ha OCHOBAHHH
AKCIIEPUMEHTAILHON KUHETUUECKOM HH(POPMAIIUH,

[Tpu 3amucu u pemennn audpepeHITuaTbHBIX 1 HHTETPATbHBIX KH-
HETHUYECKUX yYPaBHEHUHU HCIOJIBL3YIOT clieayromye o0o3HadeHus. TeKy-
ITYI0 KOHIIEHTpAIMIO peareHTa 0003HavaroT OykBoi C ¢ ykazaHuem WH-
nekca pearcHra (Cp, Cg 1 T. 11.). JI1s peakiuii ¢ OJTHUM pearcHTOM JI0-
MyCKaeTCsl OTCYTCTBHE HMHJEKca. HayanbHyl0 KOHIIEHTpalui 0003Ha-
YalOT aHAJIOTUYHO ¢ HIKHUM HHACKCOM «0» (Cgy, Coa M T. I1.) MIIH MaJIOi
nmatuHCKOM OykBoi andabura (2 BMecto Cga). BykBoli X 0003Ha4aroT
KOHIICHTPAIIHIO ITpopearnposagiiero pemiectsa (X = Co — C).

Peaxyus wmynesoco nopsioka. CKOpPOCTh PEAKIMU HE 3aBUCUT
OT KOHIICHTPAIIUU pPearcHra:

dC
-—=Kk, 1.3
" (1.3)
CO — C =kt. (14)

Bpems nonmynpeBpalieHus Ty, (BpeMs, 32 KOTOPOe KOHIICHTPAITUs
peareHTa YMEHBIIIAeTCs B JIBA pa3a) OMPEICIIICTCS BEIPAKCHUCM

T1/2 :O,SCO (1.5)

Peaxyus nepgoco nopsaoka A — P. CkopocTb peakiuu IpsiMo
POIOPIIMOHATBFHA KOHIIEHTPAIIMK peareHTa;

dc

LS 16
o (1.6)
C - Coe_kt, (1'7)
k=i L2 (1.8)

t C t a-—-x

0,693

Ty == (1.9

Peaxyus emopozo nopsioka A + B — P. CkopocTh peakiuu npo-
MOPIIMOHAJIbHA TPOU3BEACHUIO KOHIICHTPAIIUA peareHTOBR:



dc, dC,
A _T¥B _kC,Ch. 1.10
dt dt A™~B ( )

Eciu HavyalibHbIe KOHIICHTPALUK PEareHTOB PaBHbI
(Con = Cog = Cp) mm peakuus umeeT Bua 2A — P

dC

——~ —kC?, 1.11
" (1.11)
1 1
—=—+Kkt,
cC (1.12)
L1

2 Ty (1.13)

0

Ecnu navanbHbIC KOHLCHTpAIWHU PCarcHTOB pa3JIM4HbI, TCKYIIUC
KOHIICHTpAIlMM pPearcHTOB MOXXHO BBIPa3sHTh YEpe3 X. CA =d—X,

Cg =b—X. Kunernueckre ypaBHEHHs] IMEIOT BUI:

—Z—fzk(a—x)(b—x), (1.14)

1 (a—x)b
= ab) aox)

(1.15)

Bpemena nonympeBpaiienus Beniects A u B ripu 3ToM paziuyHbI.
Peaxyusa npouseonvnozo nopsioka NA — P. Kunetnueckue ypas-
HEHUSI UMEIOT BH/I:

dx

=~ —kC". 1.16
" (1.16)
1 1
= +k(n-Dt,
it (n-1) (1.17)
Ty = 21 (1.18)
Y2 K(n-pep |



Pa3MepHOCTh KOHCTAHThI CKOPOCTH 3aBHCUT OT OOIIEro MOpsIKa
peakmui. [l peakmyy [MepBOro MOpsIKA OHA PaBHA C -, BTOPOrO —
n/(Momb-c), HylaeBoro — MoJjb/(J1-:c). BpeMs B TaHHBIX BBIPaKCHHSIX
MOKET UMETh U JAPYTYIO Pa3MEPHOCTH (MUH, 9).

Ilpumepul pewrenus 3a0au

1. Bpomatan npu 400 °C pacmagaercas Ha 40,5% 3a 10 mMuH
no peakiuu nepsoro nopsaka C,HsBr = C,H,; + HBr. Beruucnure
KOHCTAHTY CKOPOCTH PEaKIMH M BPEMsI MTOTYTIPEBPAIICHHUS.

Pem e Hue. KOHCTaHTY CKOpPOCTH pE€akUUM IEPBOrO MOPSIKa
ompenensieM 1o ypaBHeHuro (1.8), BpeMs momympeBparieHus —
1o ypaBaeHuo (1.9):

0
k:}In S :im 100% =0,0519 mus
t C,—x 10 100%-40,5%
0,693 0,693 133 Mum,

’[ = =
Y2 k70,0519

2. KoHCTaHTa CKOpPOCTH peakIMy MIEIOYHOIO THIPOJIM3a ITHIIA-
nerara pasHa 7 J/(Monb-muH). Berawcnute monro (%) stuiamerara,
KOTOpas Mmpopearupyer 3a 5 MUH, €CJIM a) UCXOJHBIC KOHIICHTPAIUH
miesoun 1 dtuianerata paBHbl 0,05 M; 0) ucxoaHas KOHIIGHTpaIUs
menoun 0,1 M, a stunmanerata — 0,05 M. Onpenennre BpeMeHa 1o-
JTyTIpeBpaIieHus dTUaeTaTa B 000uX ciydasx.

P e w e H u e. JlaHHas peakuuss UMEET BTOPOU NTOPSAIOK.

a) MicxoHbIE KOHIIGHTpAIlMU pPEearcHTOB paBHBL. M3 ypaBHEHUS
(1.12) naxoaum:

c-—— 1 1 =0,018 M;
1/C,+kt 1/0,05+7-5
oca:CO_C-lOO%z0’05_0’018-1OO%=64%;
C, 0,05
L L =2,9 MuH.

T = =
Y27 ke, 70,05
0) McxomHbIC KOHIIGHTpAIlMU peareHToB He paBHBI. O003HAUNM

HaYaJbHYI0 KOHIICHTPAIMIO MISJIoUH @, dTriarerara b. Pacuet npous-
BOJMM 110 ypaBHeHHIO (1.15):



1 (a-x)b.  (a—-x)b

k(a—b)t

k = | , - ;
(a—b)t a(b-x) a(b-x)
(0’1_ X)O’ 05 — (010055 _ 5 75
0,1(0,05— x)
Otcrona: x = 0,045 M.
o, =§-100% = 0.095 46006 = 90%.

BpeMms nmosynpeBpalieHuss 3TAIAETaTa PaCCUUThIBAEM 1O ypaB-

Henuto (1.15), mpunsas X = b/2 = 0,025 M:
1 (a-x)b 1 (0,1-0,025)-0,05

Ty = In = n =1 2 MuH.

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

3aoauu

1. Onpenenure MOJEKYIIPHOCTh, OONIUH TOPSIOK M YACTHHIC
MOPSJIKM II0 pearcHTaM YKa3aHHBIX JJIEMCHTAPHBIX PEaKIUii:
a) Br, — 2Br’; 6) 2NO + Br, — 2NOBtr; B) Br' + H, — HBr + H'.

2. Cxopoctb peakiuu N, + 3H, — 2NHj3, u3MepeHnHast B HEKOTO-
PBIX YCIoBHsIX, cocraiia 2,4-107° mons/(1-c). Onpeaenure CKOPOCTH
pacxoJ0BaHUsl PEarceHTOB M HAKOTUICHHS TPOJYKTa peakiuu. MoKeT
JIM 3Ta peakKIus ObITh DJIEMEHTapHOH (MPOCTOit)?

3. KoncranTa ckopoctu pacnaga ununuatopa AUBH npu 50 °C
paBua 2,2:10° ¢, UYepes kakoe Bpemst ckopocts pacmaga AWBH
yMEHBIIUTCS Ha 5 % Mo CpaBHEHUIO ¢ HAYAJIbHOU? UeMy paBeH mnepu-
OJ1 ToJTypacIiajia UHUIMaTopa?

4. MeTonl paaron30TOITHOTO JTaTUPOBAHHS apXEOJIOTMYECKUX 00-
pa3loB OPraHUYECKOW MPUPOJBLI MPEAToNaracT ONpeneIeHUue Coaep-
KaHUA HW30Toma ~ C, TMepUoj MOojypacmnaaa KOTOPOTO COCTaBIISIET
5730 net. B XMBBIX OpraHM3Max COJEpPKaHHE H30TOIIA 4c noJiiep-
KUBAETCS TIOCTOSIHHBIM, a B YMEPIIUX OH IMOCTENEHHO pacmaaaeTcs.
Omnpeaenute BO3pacT APeBECUHBI, 0OHAPYKEHHOM MPH PACKOIIKaX, €c-
71 coaepkaHue B obpasiie coctanisieT 79 % oT HOpMaIbHOTO.

5. Koncranra ckopoctu peakuuu N,Os = N,O, + 0,50, paBHa
6,6:10™ ¢ mpu 30 °C. Kakoii mporert N,Os paszoXutcst IpH BbI-
JICp)KUBAHKUH €T0 B TEUCHHE Yaca IpH 3TOU Temrepatype? Kakoe Bpe-
Ms otpeOyetcs s paziaoxenus 90 % N,Os?



6. Peaknius ruaponmn3a XJIOPYKCYCHOM KHCIIOTHI ¢ oOpa3oBaHUEM
rimkoiesoit CICH,COOH + H,O — HOCH,COOH + HCI 1pu 601b-
IOM U30BITKE BOJBI SIBISICTCS PEAKLMEN ICEeBIONEPBOro MOPSJIKA.
KuHeTuky peaknum HUCCIeayroT, onpeneisas o0beM IenouH, MOIeI-
e Ha T[OJIHOE TUTPOBAHUE QAJIUKBOTHI PEAKIMOHHOW CMECH.
B HauanbHBIE MOMEHT BPEMEHU Ha TUTPOBAHUE OBLIO M3PACXOJOBAHO
12,9 mi pactBopa NaOH, a gepe3 13 u — 16,4 M. Onpeaenure KOH-
CTaHTy CKOPOCTH PEAKITUU U BpeMs MOJTyIpeBpaIICHUSI.

/. IIpu 20°C 0,005 M pactBop »THNALETaTa THUIPOJIUIYETCS
0,01 M pactBopom NaOH na 80 % 3a 43,2 mun. CKoJIbKO BpeMEHU
MOHAA00UTCS JIJIs1 TOCTHXKEHMS TaKOM K€ TIIyOMHBI TUAPOIN3a dTHIA-
1eTaTa, €Cju KOHLEHTPALIMIO IIEJI0YN YBEIUYUTH B JIBa pasza?

8. [lns mpoBemeHMs] MIEIOYHOTO THAPOIM3a JTHIIANeTaTa OblIa
MPUTOTOBJIEHA peakimoHHas cmech mytem cmerienus 40 ma 0,1 M
pactBopa stuinaterara u 60 mu 0,1 M pactBopa NaOH. Bpemst nomy-
npeBpamenus dtmnanerara npu 20 °C cocraBuio 2,8 muH. Haiigure
BpeMs MOJyHpeBpalieHus meaoun B 3ToM mpoiecce. CKOIbKO Bpe-
MEHH TTOHAJ00MTCSA JIJIs THAPOJIM3a dTHiIareTaTa Ha 95 %7

9. KoHCcTaHTa CKOpPOCTH IHCIPONOPIIMOHUPOBAHUS THIPOIIEPOK-
cugaeix pagukainos 2HO,” — H,0, + O, pasna 1-10° a/(monb-c).
[Ipu paaronuse pacTBopa NEpoOKCUAa BOAOPOJA MPOU3OILIO 00pa3o-
BaHne pagukanoB HO, B xonuentparmu 10~ M. Onpegennts Bpems
nojiHoro (Ha 99,9 %) nucponopIMOHUPOBAHUS PATUKATIOB.

10. BemectBo A cMmemano ¢ BemecrtsoM B B 0MHAKOBBIX KOH-
IeHTpanusax, paBHeix 1 M. Bpems momymnpeBpamieHust BemectBa A
cocrapisier 10 muu. Ckonpko BemectBa A (%) ocraneTcs depes
20 MuH, eciu peakiys UMeeT oOIui a) HyJIeBOH; 0) MmepBhIi; B) BTO-
pOH; T) TPETH TOPSIOK?

11. IIpu 504 °C u Py = 1,013-10° [a aneroH pasmaraercsi B peakTo-
pe nocrosinHoro oowsema 1o peakiuu CH3COCH; — C,H, + CO + H,
¢ koHcTaHTOl cropoctd 4,27-107 ¢ ™. Ompenenure mapuuambHOE HaB-
JICHHE alleToHa U o0IIee JaBJieHHe ra3oBoil cMecu yepe3 20 MuH mocie
Hayvaja peakiyu.



2. METO/IbI ONPEJEJEHMS
MOPSIIKA PEAKLIUU

Jlns onpeienenyst oO1Iero mopsijaka peakiiui Bce peareHThl 0epyT
B CTEXHOMETPUYECKOM COOTHOUIIEHWHU. [[s1 ompenesneHus: 4acTHOTO
MOpsJIKa PeakIuy OCTAIbHbIE peareHThl OepyT B OOJIBIIIOM H3OBITKE.
Hanpumep, 4to0bl onpeaenuTs nopaaok peakiuu A + B — P 1o Be-
niectBy A, npoBoasT skcnepuMeHT npu Cog >> Cpa. B 3TOM ciyuae
pacxogoBaHueM BemiecTBa B moxxHO mpeneOpeus (Cog = CONSt), a ku-
HETUYECKOE YpaBHEHHUE MPUMET BUJI;

W =kCg8Cp» =k'C, (2.1)
rae k'=kCg8 — abdexruBHas koHCTaHTa cKopocTH. Ecnu paccmar-

prBaeMasi peakiiusi UMEeeT OO BTOPOI MOPSIO0K, MPU U30OBITKE Be-
niectBa B HaOmromaercst mepBbId MOPSAOK peaknuu (ncesdonepeswill
nops0ok). Jlns onpeneneHus Kak oOIIero, TaK W YaCTHBIX TOPSIKOB
MOYHO MTPUMEHSITH JIFOOBIE OMIMCAHHBIC HUKE METO/IbI.

Memoo nuneapuzayuu NCNIONB3YETCS JJIS TPOBEPKU COOIIIOACHUS
IICPBOrO HWJIM BTOPOro mopsaka peaknuu. YpaBHenue (1.8) moxker
OBITh IPEACTABIICHO B BUJIE:

InC =1In Cy,—kt, (2.2)
CJICJIOBATEIBHO, JUIS PEaKIIMH IIEPBOTO MOPSAAKA JOKHA COOIIOAATHCS
JTWHEHHas 3aBUCUMOCTh B KoopauHatax In C —t, a ms peakiuu BTO-
poro nopsaka — B koopauHatax 1/C — t (B COOTBETCTBHH C ypaBHE-
aueM (1.12)). B oboux ciayyasx TaHIEHC yrja HAaKJIOHA IPSAMBIX
10 MOJIYJIFO paBEH KOHCTaHTE CKOPOCTH K.

B Merojie nMHeapHU3aluyd BMECTO KOHIICHTPAITUHM pearcHTa MOTYT
OBITh MCIIOJIH30BaHbI JIFOOBIC MPOTIOPIIMOHATIBHBIC € BEIMYMHBL: 00BEM
TUTPaHTa, JdaBlieHue, aOCcopOIus, SJIEKTPONPOBOTHOCTD, IUIOMIAb
xpomartorpauueckoro nmuka U T. 1. B oOimiem ciaydae mpu IMOJHOM
NPOTCKAaHWW peaklM{d BEIMYMHA CUTHAJA A HE magaer J0 Hy,
a MpUHUMaET HekoTopoe (GoHoBoe 3HaueHue A,. [Ipu 3TOM BBITOITHS-
ercst cootHomenue C = P(A-A,), rae P — ko3dGUIMEHT MpOormopIy-
OHAJIBLHOCTH MeX Iy KoHIeHTparueil C u curaaiom A. B xoze peakiuun
CHTHAJI MOJKET Bo3pacTaTh (00YyCJIOBICH 00pa30BaHUEM IPOIYKTOB pe-
akiuu), B 3ToM ciydae C = P(A, —A). Jluneapuzaruio >KCIIEPHUMEH-
TaJbHBIX JaHHBIX MPOBOIAT, moacTaBiss (A — A,) win (A, — A) BMecTO



KOHIICHTpaIuu peareHra B ypaBHenus (2.2) u (1.12). B ciayuae mepBo-
'O MOPSJIKAa TAHTCHC yTJIa HAKJIOHA MPSMOM 110 MOJIYJIIO paBeH K, a BTO-
poro nopsaka — PK.

Memoo Ocmeanvoa — Hoiuteca. Ecnu u3Meputh BpeMs IMpeBpa-
meHus t, Ha ONpeNeNICHHYIO TITyOuHY B CEpPHH DKCIEPMMEHTOB C pas-
JUYHBIMU HaYaJIbHBIMU KOHIIEHTparusaMu pearenta Cp, IOPSAIOK pe-
aKIIMM N MOYKHO OTPEJICTUTh U3 YPaBHCHUS.

o In(t, /t,) .
In(Cqy, / Cyy)

(2.3)

Memoo Banm-TI'o¢pgpa. 3anuiem 3akoH neiicreus macc W = kC"
B JIOTapu(PMUIECKOM BUJIC:

InW=Ink+n-InC. (2.4)

Ecnu u3meputh HauanbHble ckopocTH peakiuu Wy nipu pasnuy-
HBIX HAYaJbHBIX KOHIEHTpamusax peareHTta Cp, TMOPANOK pEaKIUU
MOYKHO ONIPEAEIUTH N0 YPABHEHUIO:

o In(W, /W,)
IN(Cy, /Co1)

BMecTo CKOpOCTH peakiuyd MOTYT OBITh HCIIOIb30BaHBI IPOIOP-
IIUOHAJIbHBIC €l BEIMYMHBI (CKOPOCTH W3MCHCHHS aHAJTMTHYCCKOTO
curHaia). Bo3moxkeH Takxke rpaduuecKuil METOJ| ONPEICIICHUS I10-
psiiKa IyTeM JUHEeapu3aliy 3aBUCHMOCTH CKOPOCTH PEAKIMH OT KOH-
neHTpaiuu B koopaunatax In W — In C. B cooTBercTBUY ¢ ypaBHEHU-
eM (2.4) TaHTeHC yTila HaKJIOHA IMOTYYCHHON MPSIMOHN paBEeH MOPSIKY
peakiun. [Ipu sToM B kauecTBe 3HaueHuil W npu pasnuuubsix C MoryT
BBICTYIIaTh KaK HadaJbHBIC CKOPOCTH PEAKIMH B DKCIICPUMCHTAX
¢ pasnmuuHbIMH Cp, TaKk W TeKylue (CpelHHE) CKOPOCTH PEaKITHH
B TIpejiesiaX OJTHOTO IKCIIEPUMEHTA.

(2.5)

Ipumepol pewrenus 3a0au

1. PactBop N,Os B CCl, paznaraercs npu 40 °C C BbIICICHHEM
kuciopoa. [lo mpeacTaBieHHBIM KUHETUYECKUM JaHHBIM OTpeIeITH-
TE€ TOPANOK peakuuu MerojgamMu JmHeapuzanuu U Baut-I'odda,
a TaKKe KOHCTaHTY CKOPOCTH.

Bpewms, mun | 10 20 | 30 | 40 | 60 | 80 | 100 | =
VQZ,CM3 58 10,8 14,9 |18,3|235|27,2| 29,5 | 34,75

10



Pem e uHue. a) Ucmonb3yem meton nuHEeapu3aiuu. [1ockombKy
B YCJIOBUH JIaH 00bEM ra3000pa3HOro MPOAYyKTa B PA3IMYHBIE MOMEH-
Tl BPEMEHM, TO i1 KOHIIEHTpPALlMM pearcHTa MOKHO 3aIucarh.

Co~ Vs, C~(V,—V). B coorBercTBum ¢ ypaBHeHHsIMH (2.2) u (1.12)
noctpoum 3asucumocti In (Vo — V) 1 (V. — V)™ o BpemeHm.

t, MUH 10 20 30 40 60 80 100
In(V.,-V) | 337 | 318 | 299 | 280 | 242 | 2,02 | 1,66
(V.—V)™" 10,035 | 0,042 | 0,050 | 0,061 | 0,089 | 0,132 | 0,190

In(V,, — V) Vo=V
o
3 -
- 0,15
y =-0,018x + 3,48
5 Rz = 0,99
- 0,10
o
i 0]
1 5 © - 0,05
o
0 . —L 0,00
0 50 100

t, MUH

Puc. 1. 3aBucumocty In (V.. — V) u (V.— V) ™ oT BpemeHn

13 puc. 1 BuaHo, uto 3aBucumocTh In (V,, — V) ot t (cruionHeie
TOYKH) TIPEJCTABISACT cO00H npsmytro auHuio. ClieToBaTeIbHO, peak-
IIAsI UMEET TIEPBBIN MOPAJIOK, a €€ KOHCTaHTa CKOPOCTH PaBHA TI0 MO-
JIYIIIO TAHTEHCY YIJIa HAKJIOHa mpsiMoit: K = 0,018 mus .

0) Hcnonwszyem meton Bant-I'odda. Halinem cpeanue ckopoctu
peakun W 1 cpelHME KOHIIEHTpAIUU peareHTa C Ha OTpe3Kax Bpe-
MEHH, YKa3aHHBIX B yCJIOBUU. BMECTO KOHIICHTpalMii peareHra Hc-

II0JIB3yEeM MIPONOPIHOHAIbHEIE UM BeImuuHbI (V. — V).
i ComCi_ M-V =MV, -V V-V

tZ_tl tZ_tl t2_t1 ’
6: Cl—iZ_CZ (\/OO _V) — (\/oo _Vl)—iz_(\/oo _VZ) .
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Wutepsan, mun | 10-20 | 20-30 | 3040 | 40-60 | 60-80 | 80-100
V., -V),em® | 265 | 21,9 | 182 | 139 | 94 6,4
W , cm’/muH 0,5 041 | 0,34 | 0,26 | 0,185 | 0,115

In(v, —-V) 328 | 309 | 290 | 263 | 2,24 1,86
InW -0,69 | -0,89 | -1,08 | -1,35 | -1,69 | -2,16
[Toctponm rpaduk B KoopanHaTaxX 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
150 | R2=0,9973
-2,00 -
250 - InW

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

[TopsioK peakIuu paBeH TaHTCHCY yriia HakioHa npsmoi (1,01),
T. €. pEakUuusT HWMEET MEpPBbIM MNOpAnoK. OTcedeHrue NOIYyUYECHHOU
npssMoit Ha ocu opauHAT paBHo In K, T. e. k = 0,018. PazmeprocTs Kk
OTIPEETSETCS] COOTHOIIICHHEM

[k] :[W }: cm® / MuH -

c" cm®

T. €. ucnoisibzopanue smecto W u C nponopIrimoHaaIbHbIX UM BEJIUYUH
HE BJIMSET HAa PAa3MEPHOCTh PACCUUTHIBAEMOUW KOHCTaHTBhI CKOPOCTH
peakiuu nepporo nopsaka. O0a UCIoIb30BaHHBIX METOIa AAOT OJIU-
HAKOBBIE 3HAYEHUS TIOPAJIKA PEAKIIMH U KOHCTAHTBI CKOPOCTH.

2.1lpu 298 K B3auMoAeHCTBYIOT paBHBIC KOJWUYECTBA HOJa
u HaTpueBor conu ¢enunnponuHoBoil kuciaotrel CgHsC=CCOONa
10 YpaBHEHUIO

CsHsC=CCOONa + |, »> C¢HsCI=CICOONa.

12



3a X0JIOM peakiuy CICAWIN MO YObIBAHUIO KOHIICHTPAIIUU HOa,
OTTUTPOBBIBAsI €ro MEPUOAUYECKH PACTBOPOM THOCYJIbhaTra HaTpPHS.
Onpenenute NOPSIAOK PEAKIIMH O MPEACTABICHHBIM PE3YJIbTaTaM.

OmriT 1 OrmrpiT 2
Bpewms, ¢ 0 29 0 [345

O0wem Na,S,03, HBp&C;(OI[OBaHHBIIéI 2496 | 8.32 | 21.00 | 7.00

Ha TuTpoBaHue 250 cM™ mpoOkl, cM

Pem e Hue. [TockombKy peakiiusi mpoTeKaga MEXIy PaBHBIMU
KOJIMYECTBAMH HMCXOJHBIX BEIIECTB M K KOHI[y OOOUX OIIBITOB
KOHIIGHTPALlMs HMOJia YMEHBIIWIACh POBHO B 3 pasa, MOPSIOK ITOM
peakuru MOXHO onpenenuts 1mo Mmerony OctBaibga — Hoiteca
(ypaBHenue (2.3)). [TogcraBiss B 3T0 ypaBHEHHE YUCIIOBBIC 3HAUCHUS
(BMECTO KOHIIEHTPALIUHU KCIIOJIb3yeM 00beM THTPAHTA), MOJyYacM:

o In(t, /t,) 1o In(34,5/ 29)
In (Vo /Vp,) In(24,96 / 21)

Peakuyst umeeT BTOpoU HOPSIOK.

3. B mporecce oOKuCIeHUS METHWIUIMHOJIEATa MPOUCXOIUT TOTII0-
HICHUE MOJICKYJISIPHOTO KUCIOPOJId, CKOPOCTh MOTJIOMIEHUSI KOTOPOTO
OMPEACIISIIOT 110 CKOPOCTH MOAbEMA KUJIKOCTH B KAMUILISPE BOJTOMO-
metpa (B Mm/MuH). OnpeneiauTre IOPSJIOK PEAKIMH OKHCICHUS
o nauratopy AMVN no npeacTaBieHHBIM JaHHBIM.

C(AMVN), M | 0,005 | 0,05
W, mm/MuH 8,2 | 26,8

Pemenune. Ilopanok peakuum  MOXKHO  OINPEACIUTH
1o ypaBHeHH10 (2.5). CKopocTh IoabeMa KHUJAKOCTH B KaIMILIAPE BO-
JIOMOMETpA MPONOPIMOHATIBHA CKOPOCTH peakuuu. [Toaromy:

n—'n(W1/W2)— In(26,8/8,2)
In(C,/C,) In(0,05/0,005)

+1=2,01~2.

0,51~0,5.
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3aoauu

1.3a X0A0M XHMMHUYECKOHM PEaKIHH B3aWMOJCHCTBHSA H30BITKA
menkoaucnepcHoro nuaka ¢ 0,1 M pactsopom HCI crenunm mo us-
MEHEHHIO 00beMa BBIJICJICHHOTO Bojopoaa. Onpenennure mopsIoK pe-
akuu o HCl 1 koHCTaHTy CKOPOCTH IO IPEACTABICHHBIM JaHHBIM,
MO>KHO MPUHSTH, YTO IO IIUHKY PEaKIUs UMEET HyJICBOM MOPSIIOK.,

t, C 0| 10 25 50 75 100 150 0

3

VH2 , CM 0| 45 | 96 | 158 | 19 | 215 23,7 24,8

2. Peakmuto menounoro ruapoausa stunamerara 0,01 M pactBo-
pom NaOH wuccnenoBanu B u30bITKE dPupa M0 U3MEHEHHUIO AJIEKTPO-
MIPOBOJIHOCTH PEAKIIMOHHOM cMecu. OmpenennTe 4yacTHbIE U OOIIui
MOPSJKU PEAKIUH U CPEAHEE 3HAUEHUE KOHCTAHTHI CKOPOCTH T10 MpHU-
BEJICHHBIM pe3yJibTaTaM JIByX OJKCIEPUMEHTOB TIPU Pa3TUUYHBIX
HaYaJIbHBIX KOHIIEHTpaIusax dTmanerara Co.

t, C 0 50 | 100 | 150 | 200 | 250 | 300 |

Co=0,1M |6,73|534|4,39|3,69|3,29|3,00 280|243

L, MCMm

Co=0,2M |6,58 4,27 3,20|2,76 | 2,53 |245|2,39]| 2,35

3. Peakuyto 1UCTIPONIOPIIMOHUPOBAHNS HUTPOKCHIIBHBIX PAIUKAIOB

B cpeste 15 %-it ceproii kucaorsl 2>NO° —"—5 >N*= 0 + >NOH uc-
cienoBamu  npu 298 K merogom  cmektpockormu  OIIP
o pacxogosanuio >NO'. I1o npeacTaBIeHHBIM KMHETUYECKUM JaHHBIM
OTIPEICITUTE MOPSIIOK PEAKITUH H KOHCTAHTY CKOPOCTH IpoIiecca.

t, 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. Peaknuio COMpONOpIHMOHUPOBAHNS OKCOAMMOHHEBOT0 KaTHOHA

U THUIPOKCHIIAMHUHA >N*=0 + >NOH — 2>NO" + H" uccinenosanm

npu PH 3,0 u 298 K metogom cnekrpockonuu 1P nmo HakormieHuto

>NO". IIpu [>N*=0], = 2,8:10°* M u [>NOH], = 3,0-10° M 6Gsumt
MTOJTYYCHBI CIICIYIOIINE PE3YIIbTATHI.

t, MUH 440 785|11,3|14,7| 18,2 | 23,9 | 29,7 | 36,6

[>NO']-1O4, M |098 160|213 ]|2,62]|3,01|3,60]4,04 4,43

Onpenenute nopsagok peaknun no >N'=0, a Taxke KOHCTaHTY
CKOPOCTH mpoliecca (peakius umeeT rmepsbiid mopsaaok mo >NOH).
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5. Ipn mpoTekaHWM peakIuu pachajga METHJIaMHHA B Ta30BOU
daze CH3NH, — HCN + 2H, oOmiee maBieHne B CHCTEME H3MCHS-
JIOCh CEIYIOIHNM 00pa3oM:

t, MUH 0 125130354045 |50 55|60

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

Onpenenute MOPAIOK PEAKIMU, KOHCTAHTY CKOPOCTH M BpeMs
TIOJTYTIPEBPAIICHHUSI.

6. Boccranosienne okcuma asora (Il) Bomopomom mnpoTekaeT
no ypasuenuto 2NO + 2H, — N, + 2H,0. Ecnu ucxoansie rassl B3s-
Thl B OKBUBAJICHTHBIX KOJMYECTBAX MPHU 4,54-104 IIa, To ux maBnenue
yMeHbIIUIOCh BABoe 3a 102 ¢, ecnu e HadaibHOE JaBJIEHHE ObLIO
3,84-104 I1a, To oHo ymenbmmioch BaBoe B TeueHue 140 c. Omnpene-
JIUTE TIOPSIIOK PEAKITUH.

/. 3ydanach KMHETHKA U30MEPHU3AIMHU [IMaHaTa aMMOHHUSI B MO-
geprHy: NH4,CNO — (NH;),CO. B aByx ombiTax OBUIM IMOJYYCHEI
CJICTYIOIIHE Pe3yJIbTATHI:

Omeir 1 | OrmbiT 2
t, MuH O |101| O |[163
m(NH,CNO),r [29,6| 7,4 |18,4| 4,6

OnpenenuTe MOPSAIOK PEAKIIUM U PACCUUTAUTE KOHCTAHTY CKO-
pOCTH.

8. Ilpu uccnenoBanuu peakuuu pasnoxkeHuss ammuaka npu 900 °C
Ha BoJib(ppaMoBoit mpoBoJioke 1o peakuuu 2NHz; — N, + 3H, 6b111 no-
Jy4YeHbl CIEAYIONIME JaHHBbIC 3aBUCUMOCTH MEpHoja Tojypacrnazga OT
HAYaJIbHOTO JIABJICHUS MTApOB aMMHAKA.

Py-107° Tla 3,33 5,33 10,66 18,63 33,00

11,-107 ¢ 09 | 162 | 336 7,50 10,8

Onpenenure MOpSAOK pEAKIMA W PACCUUTAUTE CPEOHIOK0 KOH-
CTAHTY CKOPOCTH JIaHHOM pPEaKIIUHu.

9. M3BecTHO, YTO HEKOTOpask peakids UMeeT APOOHBIN MOPSIOK
no peareHty A. Ilo mpencTtaBieHHBIM KMHETHYECKUM JIAHHBIM OIpe-
JETUTE MOPANOK PEAKIMH, UCHOJIb3YsI 3aBUCUMOCTh TEKYIIEH CKOPO-
CTH PEaKIMy OT KOHIICHTPAIIMHU BemecTBa A (ipyrue peareHThbI B3SThI
B M30BITKE).

t, MUH 0 9) 10 20 30 40
[Al, M 0,723 | 0,641 | 0,563 | 0,421 | 0,303 | 0,205
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10. B mpoiiecce OKUCICHUSI CTUPOJIA MPOUCXOIUT MOTJIOIICHUE
MOJIEKYJISIPHOTO KMCJIOPOAA, CKOPOCTh KOTOPOTO OMPEAEISIOT MO CKO-
POCTH TOABEMA YKUAKOCTH B KamWJUIIpe BotoMomerpa (B MM/MUH).
Bbb110 TTpOBEIEHO HECKOJIBKO OMBITOB MPU PA3TUYHBIX KOHIICHTPAILIUIX
nanaropa AUBH. Onpenenure mopsaok peakuuu OKUCICHUS I10
AWBH, ncnons3ys npecTaBlIeHHbIEC PE3YIbTATHI.

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

11. Peakuust TepMuueckoro pacrnana nauokcana npu 504 °C npote-
kaeT no ypasuenuo O(CH,CH,),0 — 2CO + H, + C,Hg. ITapimanstoe
JaBJICHUE JUOKCaHAa MEHSJIOCh BO BPEMEHHU CJICIYIONTUM 00pa3oM:

t, MUH 0O /1020|3040 |50 60| 70 | 80 |90 | 100

P-10™ ITa | 10,5/6,6 /|4,7/35(2,8]2,2(1,8]151]1,29|1,1| 0,94

Onpenenure NOPsSIAOK PEAKIIUA U PACCUUTANTE 3HAYEHUE CPEIHEN
KOHCTaHTBI CKOPOCTH.

3. KHHETHUKA CJIO)KHBIX PEAKIIUIA

CIioKHBIE pPEAKIUA COCTOST M3 HECKOJIBKMX IMPOCTBHIX PEaKIIMiA,
CBSI3aHHBIX JPYT C JIPYrOM OMPEJEICHHBIM 00pa3oM 4Yepe3 HCXOIHbIC
BEILIECTBA U MPOMEKYTOUHbIE MPOAYKThL. COINIACHO npuHyuny He3asu-
CUMOCMU XUMUYECKUX peaKyull, €CIIA B CUCTEME MPOTEKAET HECKOJIBKO
MPOCTBIX PEAKIM, TO KaKJas U3 HUX MOAUYUHSIETCS 3aKOHY JEHCTBUS
MacC HE3aBHUCHUMO OT APYTruX peakiuil. OCHOBHBIE THUIbI CIOXHBIX pe-
aKIIMM pacCMOTPEHBI HA TIPUMEPE PEAKIIUN TTEPBOTO MOPSIKA.

Obpamumbie peakyuu nepeozo nopsoKd.

A (kk:> B
dx
E:kl(a—x)—k_l(b+x), (3.1)
1 X
k.+k , ==In—=—,

e =gin = (32)
rne X, — paBHOBGCHaH CTCIICHb HpeBpaH_IeHI/IH, OHp@I[GJ'ISICMaSI
U3 YpaBHECHUS.

k B b+ X
K = 1 :[ ]oo _ 0 (33)

k, [Al, a-x,

o0
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llapannenvhvie peakyuu nepeoco nopsaoKa

ki » B
A
k2 C
[IprmMeM, 4TO HaYaIbHbIEC KOHIICHTPALIMK MPOYKTOB PaBHBI HYJIIO.
dx
E:kl(a—x)Jrkz(a—x). (3.4)
1 a
kK, +k, ==In——. 3.5
Lt =TI = (35

PacxonoBaHue peareHTa ONUChIBACTCS KHHETHYECKUM ypaBHEHHU-
€M PEAKIMHU TEPBOTr0 MOpsiKa C CyMMapHOW KOHCTAaHTOM CKOPOCTH.
B 110601 MOMEHT BpPEMEHHM OTHOIIEHUE KOHIICHTpAlMM MPOIAYKTOB
MIOCTOSIHHO U OMNPEACISEeTCS OTHOIIEHUEM KOHCTAHT CKOPOCTEH 3Jie-
MEHTAPHBIX CTAJWM:

C 2

KonuenTpanuu Bcex BEIIECTB B CUCTEME CBS3aHbl YpaBHCHUEM

MaTepuagbHOro OajaHca:

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

[IpuBeieHHbIC YPABHEHUS CIPABEIMBBI JJIsI TI000T0 KOJIUYECTBA
napasieiabHbIX peakiuuid. OHU Tak)Ke OMUCHIBAIOT KUHETUKY KOHKYpPH-
PYIOIIUX PpEaKIMi, MPOTEKAIIMIMX IMPU CYIIECTBEHHOM HEIOCTATKE
peareHTa A B peXHUMeE MCEBIONEPBOTO MOPSIKA!

A+rX—f 5B
A+Y— 5C

B stom ciyuae B ypaBHenus (3.4) — (3.6) Bmecto Ky, K, moacraBistoT
ux 3 dexruBnble 3HaUeHU: K;' = K1Cox, ko' = kCoy.

Ilocnedosamenvhvie peakyuu nepeoeo nopsioKa
k k
A——>B——C
Byaem cuntarh, 4TO B HAyaJbHBII MOMEHT BPEMEHU B CHCTEME
OPUCYTCTBYET TOAbKO BemiectBO A. Cucrema nuddepeHunanbHbIX
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ypaBHEHUM, OINMCHIBAIOIIUX W3MEHEHUE KOHIICHTpaIlMu BelecTB A
u B, umeer Bun:

(dC,
= —k,.C
< dt 1>~A
dC
k dtB = kch - kZCB

PacxomoBanue BemiecTBa A OIMUCHIBACTCS KMHCTHUYECKUMU ypaB-
HeHusMu neporo nopsaka (1.7), (1.8). M3meHeHne KOHIICHTpALUH
IPOMEKYTOUHOTO MpoayKTa B onpexaensercs ypaBHEHHEM:

ak
Cp=— 1 (et —g7t),
= —kl( ) (3.8)

Koopannatsel MakcuMyMa KOHIIEHTpaluu BemiectBa B onpenens-

IOTCS BBIPaXKCHUSIMU .
I(2

Ky —ky
b)) o a[ﬁj | (3.9)

max y
k2 - kl 1

Ilpumepul pewienua 3adau

1. Peaknuro BzaumojieiictBus 1,0 M yKCYCHOM KHCIIOTBI ¢ ATUIIO-
BbIM crniupToM mpoBoawiu B cpene 40 %-ro crnupra. OOpa3zoBaHUIO
ATUIAIETaTa COOTBETCTBYET YpaBHEHUE PEAKIINU:

CHsCOOH + C,HsOH (kk:> CH5COOC,Hs + H,0.
-1

Kunetuky 3Toi peakiuu u3ydaiau, TUTPYs NpoOy peakiMOHHOMN
cmecu o6bemoM 1,00 cm® 0,0612 M pactopom NaOH. Paccunraiite
KOHCTaHTY PaBHOBECHUS U KOHCTAHTBI CKOPOCTEH MpsiMON U 0OpaTHOM
PEAKINH, UCTIOJIB3YSI TPEJICTABIICHHBIE PE3YJIbTATHI.

t, MuH 0 44 108 148 384 442 o0

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

Pemenwue. Ilockonbky peakmusi mpotekaeT B cpeae 40 %-ro
cnupta, C,HsOH 1 Bosia mpucyTCTBYIOT B OOJBIIIOM H30BITKE, IOATOMY
npsiMasi 1 oOpaTHasl peakiysi UMEIOT MICEBIONEPBhI NopsAaoK. B moboi
MOMEHT BPEMEHHM KOJIMYECTBO  OOpa30BaBILIErOCsS  ATUialleTaTa
X~ (Vo—V), Torma X, ~ (Vo —V,), a (X, — X) ~ (V- V,). B coorBeTcTBUNI
¢ ypaBHeHneM (3.2) moctpoum 3aBucumocts In (V —V,) ot t. Drta 3aBu-
CUMOCTbh UMEET JIMHEUHBIN Xapakrep. V3 TaHreHca yria HakJIoOHa Orpe-
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nensem, uro (k; + k) = 4.80-107% mur. OTHOIIEHNE KOHCTAHT CKOpO-
CTH HaXOJuUM TI0 ypaBHEeHHIO (3.3):
K — kk b+x, V-V, V-V, 24,37-12,68

k, a-x, V,—(V,-V,)) V 12,68

o0

=0,922.

Pemas cucremy M3 IBYX ypaBHEHHH OTHOCHUTEILHO Ki M K_;, 10-
nyaaeM: Ky = 2,30-107 mun, k4 = 2,50-10™ 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 BpemeHu

2. Peakiuss pasyiokeHUsT H3OMPOMUIOBOTO CIUPTa IPOTEKAET
B MIPUCYTCTBUM KaTajau3zaTopa Tpuokcuaa Banaaus mpu 988 K mo tpem
pa3JIMYHBIM HAITPABIICHUSIM

C3H7OH —> C3H60 + H2 kl
C3H7OH —> C3H6 + Hzo k2
C3H7OH —> C3H80 + 0,502 k3

KoHIeHTpanuu BemecTB peakiiuu, u3MepeHHbie yepe3 4,3 ¢ 1o-
clie Hadaja ombiTa, coctaBmwiyd (Mmoie/n): 27,4 (C3H,OH);
7,5 (C3HgO); 8,1 (C3Hg); 1,7 (CsHg). Onpenenure KOHCTAHTY CKOPO-
CTU KQXKJOW peakiuu. B HayallbHbIA MOMEHT B CUCTEME IIPUCYTCTBO-
BaJ Toabko C;H;OH.

Pemenwue. O003HAaUMM Uepe3 X KOJIUYECTBO MPOpearupoBaB-
mero C3H;OH, a X3, Xp, X3 — KoJM4ecTBa NpOAYKTOB B COOTBETCTBY-
IOIUX peakiuax. OnpeaenuM HayajdbHYI0 KOHIEHTPAILMIO W30IPOITH-
JIOBOTO CIMPTa a U3 YCIOBUS MaTepUalibHOTO OanaHca.

a=Cpo+ X +Xo+X3=27,4+75+8,1+1,7=44,7 mmons/in.
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I[To ypaBaenuto (3.5) Haxomum:

o+ k, kg =i = L 24T 194t
t a-x 43 27,4
B cootBeTcTBUU ¢ ypaBHeHHEM (3.6):
K X% 81 j0g kX% _L17_ 4507
ki, x 7,5 ke % 7,5

Pemenne moay4eHHOW CHUCTEMBI M3 TPEX YPABHEHUW MO3BOJISET
onpeneruts: k; = 0,0493 ¢, k, = 0,0533 ¢, ky = 0,0112 ¢
3. Obpazen paguoaktuBHOro ypana maccoir 100 r pacmamaercs
0 CXEME:
239 U 11 =23,5 MUH N 239Np 15 =2,35 cyT N 239Pu .

Paccuuraiite Maccel HenTyHus W IUTyToHHs depe3 20 MuH
u 20 nHeli nmocie Havana pacnaaa. OnpenennTe MaKCUMaJIbHYIO Maccy
HENTYHUs, KOTOpas MOKET ObITh MOJy4eHa U3 AaHHOTO o0Opasia ypa-
Ha, U BpeMs €€ JOCTHUKECHUS.

Pem e nue. HalgeM KOHCTaHTBI CKOPOCTH IEPBOM W BTOPOU
peakuuii u3 ypaBaenus (1.9):

k= 2093 _0.698 5 o5 1072 yumt:
¢ 235 ’

0,693 0,693
T, 2,35-24-60
Onpenennm Macchl ypaHa U HenTyHus yepe3 20 MUH nociie Haya-

na pacraga no ypaBHeHusM (1.7) u (3.8), ucmoab3yss Maccel BMECTO
KOHIICHTPALIAM.

m, =mge X =100-e72%10° % _55 441
C oMKy ke kot
Mo i)
_ 100 3, 95-107 _ ( 295107220 _ e—2,05-104-20) _ 44,46 1.
2,05-10™ —-2,95-10

Maccy miyToHuS HaxXOJIWM MO YPaBHEHUIO MaTepUalbHOro Oa-
JIaHCA:

Mpy = Mg — My — My, =100 55,44~ 44,46 =0,10 r.

Amnanornyno a1 20 nHeit momyvyaeM: My, = 0,28 T, my, = 99,72 .

K, =2,05-10"" mu "

20



MakcuMalIbHyl0 Maccy HENTYHHS W COOTBETCTBYIOIIEE BpeMs
ornpezenseM u3 ypaBHenwui (3.9):

_In(k, /k) In(2,05-10/2,95-10%)

o - —— =169, 7 muH;
k, —k; 2,05-107 -2,95-10
ko 2,0510*
k, ok 2 05-107* )2,95102-2,05107
NpmaX 0( 1J (2’9510—2}
3aoauu

1. KuneTtuka peakiuu dTepuduKalud 3TaHoja MypaBbUHOU KHUC-

. k
notoit HCOOH + C,HsOH ——— HCOOC,Hs + H,0 npu 6omnbuiom

-1
M30BITKE DTAaHOJIA W BOJBI SBIISETCA PEAKIMEH IEPBOTO TMOpsIKa
B 00oux HampasieHusx. [Ipu temmneparype 25 °C KOHCTaHTBI CKOPO-
o . _ -3 -1 _ -3 -1
cTi peaknuii paBubl. K; = 1,85-10™ mun -, k, = 1,76-10" mun .
HavanbHasg KoHUEHTpauus MypaBbuHOM KuciioTel paBHa 0,1 M. Pac-
CUMTAlTE MPOICHTHOE COJepKaHue dTWi(opMuara mpu JOCTHKECHUH
PaBHOBECHSI U BBIUUCIUTE BpEMs, HEOOXOIUMOE ISl TIPOTEKAHUS pe-
akiuu stepudukaruu Ha 80 % oT paBHOBECHOTO COCTOSHHUS.
) kl
2. B oOpatumMoii peakuuu TEpPBOTO MOpPSAJKa A<_k—> B
-1

3a 25 mun pearupyet 40 % BemectBa A, a B paBHOBECHON CMECTH CO-
nepxutcs 16 % BemectBa A OT MCXOJHOTO KOJHW4YecTBa. B Hadab-
HBIII MOMEHT BPEMEHH B CHCTEME MPHUCYTCTBOBAJIO TOJIHKO BEIIECTBO
A. PaccuuTaiiTe KOHCTaHTBhI CKOPOCTEU MPSIMOIN U 0OpATHOM peaKIuil.

3. IIpeBparienue pojgaHuga aMMOHHUS B THOMOYEBUHY — 00Opa-

I(l
tuMasi peaknmsi mepBoro mopsaka: NH;SCN (k:> (NH,),CS.
-1

OkcnepuMmenTanbao onpenensum goawo NH;SCN (o), mpopearupo-
BaBIIEro K MOMEHTY BpeMmeHH 1. PaccumTailiTe KOHCTaHTBI CKOPOCTH
IPSMOM 1 0OpaTHOM peaKITUH.

t, MUH 0 19 38 48 60 00
o, % 2,0 6,9 10,4 12,3 13,6 23,2
4. B napamienpHbIX peakuusx nepsoro nopsiaka A — B; A —» C

BbIXO/I BellecTBa B paBen 72 %, a Bpems nipeBpatienust A Ha 25 % pas-
HO 3 MuH. OnpeieInTe KOHCTAaHThI CKOPOCTH MapAIUICIbHBIX PEaKIni.
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5. MypaBbHHasl KHCJIOTAa Ha KaTaJlu3aTope paszjaraercs B COOT-
BETCTBHHU CO CXEMOMU.

HCOOH — CO, + H, K4
HCOOH — CO + H,0O K,
B omnom u3 ombitoB 3a 15,4 ¢ BeiIxom CO, cocrtaBuin 77,5 %
ot Teopetndeckoro, a CO — 2,6 %. Bprunciaure KOHCTAHTBI CKOPO-

CTEH JAeTHApaTalK B ICTUIPUPOBAHUS MyPaBBUHOM KUCIIOTHI.
6. Paznoxxenne okucu azota npu 1300 K npoTekaer mo nBym mna-
pajIeIbHBIM PEAKITUSIM:
2NO — N2 + 02 kl
2NO — Nzo + 0,502 k2
Hauanbnas konmentpauus NO paBHa 4 M. Ckonbko N, u N,O
obOpaszyercsa udepe3 0,1 ¢, eciim KOHCTAHTBhl CKOPOCTH MapaUiebHBIX
peaknmii UMeroT 3HadeHus: K, = 25,7 a/(moms-c); k, = 18,3 n/(Monb-c).
/. ITpu n3ydyeHnu nmociae10BaTeIbHON PEeaKIMK IIEPBOTO MOpsAKa
A B 2 ,C
OoOHapy’>KEeHO, YTO MaKCMMallbHasi KOHILIEHTpalus BellectBa B mocru-
raeTcsi B MOMEHT BpeMeHU 2/ MUH, MPU 3TOM KOHIIEHTpalus Belle-
ctBa A coctaBiusieT 42 % ot ucxonnou. OnpeaenuTb KOHCTAHThI CKO-
poctu K; u Ky, a Takke BBIX0J KOHEUHOTO TpoaykTa C uepes 45 muH
MOCJIe Havajia peakiiuu.

8. Pagnousoron °Cd ucnbrTsiBaet MIPEBPAIICHUS 110 CXEME
U8cq —u=S0wm , 18y _ m=ddwm , 18g1 (craGuien).

Cuuras, 4yTO B HaYaJIbHBIA MOMEHT mpemnapaT coxaepxan 0,1 r
TOJILKO MEPBOr0 PaIMOU30TOIA, ONPEAETUTE MacCy CTAOMIIBHOTO U30-
Torna 4vepe3 1 4, a Takyke MakCUMaJbHYIO Maccy M30TONa 18, obOpa-
3YIOIIYIOCS B MPOIECCE pacnaja.

9. [lns1 mocneoBaTeNbHOM PeaKIiuy MepBoro mopsiaKa

A B2,C

KOHCTaHTBI CKOpOoCTH cocTaBiistioT K, = 0,025 ¢t k, = 0,0082 ¢! Pac-
cUMTaiiTe, K KAKOMy MOMEHTY BPEMEHM KOHIIEHTpalus BeliecTBa B
Ooyner makcumanbHa. KakoBel OyayT kKoHIEeHTpamuu BemecTB A u C
K 9TOMY MOMEHTY?
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4. BIMSAHUE TEMIIEPATYPbBI
HA CKOPOCTb XUMMWYECKHX PEAKIIUA

3aBUCUMOCTbh CKOPOCTH PEaKLUU OT TEMIEPATYPhI TPHUOIMKEHHO
BbIpakaeTcs mpaBuiiom Bant-T'odda:
T,-Th

—==7 . (4.1)

rie Ki, K, — KOHCTaHTBI CKOpOCTH TpU Temmeparypax 71 u Tp; v —
TEeMIIepaTypHBIN KOIPOUITMEHT CKOPOCTH PEAKIIUU, OOBIYHO ¥ = 2 + 4.
bonee TOYHO 3aBHCHMOCTh KOHCTAHTHI CKOPOCTH pEaKIIUU

OT TEMIIEPATYPhI ONPEACISIETCA YPABHEHNEM AppeHuyca:
E

__—a

k =Ae RT,

rae E; — sHeprus akTtuBanum peakuuu, A — TpeadIKCIOHEHIHATb-
HbIH MHOKUTEJb.

DHEPrur aKkTHUBALlMM MOYKHO OMNPEAEIUTh AHATUTUYECKHUM CIIO-
cOOOM MO 3HAYEHUSIM KOHCTAHT CKOPOCTH TMPHU JIBYX Pa3IMUYHBIX TEM-

nepaTrypax:
k, E/ (1 1
n—==—|———1|. 4.3

Ky R[Tl sz (43)

win rpaguyeckuM crnocoOOM W3 TaHTeHCa yrIia HaKJIOHA MPSIMOM
B koopauHatax In k — 1/T B cooTBeTCTBHY ¢ ypaBHEHHEM AppeHHYycCa
B Jjorapudmuyeckoi popme:

(4.2)

B 1

Ink =In A— 4.4
- (4.4)

Jlnst oOpaTUMOM peakIuii PHEPTUU aKTUBAIUM TIPSIMOM U oOpart-
HOM PEaKIUu CBSI3aHbI COOTHOIIICHHUEM:

Enp — Eosp = AH. (4.5)
riae AH — u3MeHeHue YHTaIbINKU PEaKIuu.
Ilpumepot pewienusn 3a0au

1. JlaHa 3aBUCUMOCTb KOHCTaHThI cKopocTH peakimu 2HI — Hy + 1,
oT Temneparypsl. Omnpenenure napaMmeTpbl ypaBHEHUS AppeHHyca
a) aHATUTHYECKAM METOJIOM IT0 KPaifHUM TOYKaM JHara3oHa, 0) rpadu-
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4eckuM  MeTojioM. Ompegenure TeMmmneparypHbld KO3 UIIMEHT
Bant-I'odda. Paccumraiite KOHCTaHTY CKOPOCTH NIpH TemIepaTrype
600 K.

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

Pemrenue. a) HaxoquM SHEpPrui0 akTHBAI[MU U3 YpPaBHEHUS

(4.3):

-1 _3 1
Ealenﬁ[i—ij =8,31-In 2,5-10 (1 1) -

k (T, T, 3,52.107 (556 716

=183,4-10° Jx/mons = 183,4 xJIx/MoIb.

HpCHBKCHOHCHHHaJIBHBIfI MHOXHUTCJIb HaXOAUM H3 YPAaBHCHHA

(4.2):

E, 183,4-10°
A=keRT =25.103.¢83716 _g1.10Y a/(moib - ¢).
TemnepaTypHbli KO3(QUIMEHT CKOPOCTH PEAKIUM OIpeesseM

u3 ypaBHenus (4.1):
10

10
T,-T, 1073 \716-556
- ﬁ U 2,5107 _174.
Ky 3,52-10

3HadYeHHE Y HECKOJbKO HIKE, YeM IPEIyCMOTPEHO IPaBUIOM
Bant-T'odda (2 + 4).

0) Jyig onpeiesicHus SHEPTUX aKTHBAIMK IPaQUUESCKUM METOI0M
IIOCTPOMM 3aBHCHMOCTD B koopauHarax In k — 1/T (puc. 4).

1T, K™ 1,8 1,74 159 | 155 | 146 | 143 | 14

In k -149 | -136 | -104 | 94 | -7/6 | -6,8 | 6,0

B cooTtBercTBHU ¢ ypaBHeHueM (4.4) U3 mapaMeTpoB MOJTYYCHHOU
IpSAMOK HAXOJIUM: E/R = 22031; In A=2471. Orcrona:
E = 183,1 x/I)x/monb, A= 5.4.10% a/(monb-c). JlaHHBIC 3HAYCHUS
OJM3KK K pe3yibTaTaM MPEIbIIYIICTro pacuera, HO SBISIOTCS Ooliee
TOYHBIMH, TIOCKOJIbKY YYHUTHIBAIOT BCE SKCIIEPUMEHTAIbHBIC JaHHBIC.

Koncranty ckopoctu mpu Temmepatype 600 K paccuuteiBaem
1o ypaBHeHuto (4.2):

E 183,110°

k=Ae RT =5,4.10".¢ 83160 —§1.10° n/(mons-c).
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0,0013 0,0014 0,0015 0,0016 0,0017 0,0018
-5,0 T | | ; |

1T, K1

-7,0

y=-22031x + 24,71

9.0 R2= 0,999

-11,0

-13,0

-15,0 In k

Puc. 4. 3aBucumMocTh B KOOpAMHATaX ypaBHeHUS Appenuyca (4.4)

3aoauu

1. Jlana 3aBUCMMOCTb KOHCTaHThl CKOPOCTH pEaKIM{ pacraja
naunuaropa AUBH ot temneparypsl. Onpenenure SHEPTru0 aKTHBA-
AU Y OPEAIKCIIOHCHIUAIBHBIA MHOXHUTEND MPOLIECCA, a TAKKE TEM-
neparypy, npu Kkotopoit nepuoa noaypacmnana AUBH cocrasut 10 u.

T, °C 30 40 50 60 70 80
k-10°, ¢ 0,095 049 | 22 | 97 | 371 133

2.1Tpu 20°C 0,005 M pactBOp »STHIAIETaTa THAPOIU3YETCS
0,00 M pactBopom NaOH na 50% 3a 16 mun, a nmpu 25°C —
3a 12,4 mun. Onpenienute mapaMeTpbl ypaBHEHUST AppeHryca U TeMIie-
patypHbiii ko3 uument Bant-I'opda. [Ipu kakoit TemnepaType peak-
1ust OyeT MpoTeKaTh Ha JaHHYo TyouHy 3a 10 Mun?

3. laHbl KOHCTAaHTBHI CKOpOCTH HHBepcuu caxapo3sl B 0,1 H.
H,SO, npu paznuunbix temneparypax. Onpenenutre 3HEprur0 aKTu-
BallMM IIPOIIECCA, a TAKKE TEMIEPATYpy, IPU KOTOPOMl peakuus OyaeT
npotekaTh Ha 90 % 3a 5 MuH.

T,°C | 20 | 30 | 50
k-10° ¢t 4,43 |18,3|229

4. Peakuus 1-ro mopsiaka npu temnepatype 25 °C 3aBepiiaercs
Ha 20 % 3a 10 mun. Ilpu kakoi Temreparype peakius 3aBEpIIUTCS
Ha 50 % 3a 20 muH, ecu 3Heprus akTuBamuu paBHa 35 kJk/MoOJb?
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k
5. Hnst peakumu H, + 1 <_k—1> 2H| n3MepeHbl KOHCTaHTBI CKOPO-
1

CTH MPSAMOI ¥ 00paTHOM peakimii B nuanazone temneparyp 600-800 K.
HalimuTe mapameTpsl ypaBHeHUs1 AppeHuyca Jjisi IpsiMO U 0OpaTHOM
pEaKIni, a TaKXKe Ter1oBo# 3¢ deKT mporiecca.

T, K 600 650 | 700 | 750 | 800
ky-10°, 11/(Mo1B-C) 0,025 | 0,35 | 3,38 | 236 | 132
k_1-10%, n/(Momb-c) 0,031 | 053 | 596 | 48,6 | 305

6. Peakius paznoskeHus IEPOKCHAA BOJIOPO/Ia MTPOTEKAET C IHEPTHU-
eil aktuBaiuu 75,4 kJ[>x/Moib, a B IPUCYTCTBUH MOHA |~ Kak Karanm3a-
TOpa — C dHepruel axktuBaiuu 56,5 kJ[k/Moms. Cumras mpeadKCIo-
HEHIIMAJIbHBIE MHOXXMUTEM OOE€UX peakluid paBHBIMU, OMPEICTUTE,
IIPY KaKOW TeMIiepaType HeKaTaJIuTHUIECKas peakius OyAeT IMpOoTeKaTh
C TOM € KOHCTAaHTOW CKOPOCTH, YTO U KaTtamuTudeckas rpu 25 °C.,

/. OTHOIIEHWE KOHCTAaHT CKOPOCTEW B3aMMOJICUCTBUS aToma
Opoma ¢ BropuuHoit u nepBuuHor CH-cBszsimu B ankanax Ko/K; co-
crasisier 170 nmpu 130 °C u 93 npu 200 °C. Haiigute pa3HOCTb 3HEP-
Ui aKTUBALMM U OTHOIICHUE MPEAIKCIOHEHIIUAIBHBIX MHOXKUTEIICH
JUIS1 9TUX MPOIECCOB.

8. ns peakuuu paznoxenus docpuna 4PH; — P, + 6H, 3aBu-
CUMOCTh KOHCTAHTBI CKOPOCTH OT TEMIIEPATYPhl UMEET BU/I:

lgk =—18953 +2IgT +12,130.

HailiguTe BUII 3aBUCHUMOCTH SHEPIHH aKTUBALIMKM OT TEMIEPATYPHI
u sHepruto aktusanuu npu 800 K.

26



5. MPUBJINKEHHBIE METO/IbI
XUMHUYECKOU KUHETUKHA

JI71s1 GONIBIIMHCTBA CIOXKHBIX PEAKIINM, BKIFOYAIOIINX HECKOJIBKO
AJIEMEHTAPHBIX CTaAUN, KHHETUUYECKUE YPABHEHUSI OOBIYHO HACTOIBKO
CJIOKHBI, YTO UX MOKHO TOYHO PEIIUTh TOJbKO YHUCICHHBIM UHTErPU-
poBanreM. OJHAKO €CIIM B PEAKUWU MPUHUMAIOT YYACTHE AKTHUBHBIE
qacTHIBI (aTOMBI, paJuKalbl, HOH-PAJUKAIIbI, HOHHBIC KOMILICKCHI),
OHU HE MOTYT HaKaIlJIUBaThCs B cUCTeME. B 3TOM cllyyae ux KOHIIECH-
Tpalid MOKHO CUUTaTh CTAIMOHAPHBIMU, T. €. CKOPOCTh U3MEHECHUS
UX KOHIleHTpanuu npuHuMaercs pasHoi Hynro (dC/dt=0). B atom
COCTOUT Memoo K8A3UCMAYUOHAPHBIX KOHYEHMPAYULL.

Ecnu mpoTekaHuio MeIJIEHHOW HEOOpaTMMOMN peakIuu Mpeiiie-
CTBYET OBICTpasi 0OpaTuMasi, MOKHO MCIIOJIb30BaTh K8A3UPABHOBECHOE
npubaudicerue, COrIaCHO KOTOPOMY MPOTEKaHWE MEIJICHHBIX PeaKIuit
B CHCTEME NPAKTUYECKU HE HApyIIae€T yCTAHOBUBIIEECS COCTOSHUE
pPaBHOBECHSI.

JIyist ynporieHus 3anuc KUHETHYECKUX YPaBHEHUM MOXKHO 000-
3HA4YaTh KOHIEHTpAIMd PEareHTOB KBaJpPaTHBIMU CKOOKaMHU, HaIpu-
mep [A], 4TO Mo3BOJIsAET M30EKATh OOJBIIOr0 KOJIMYECTBA HUKHHX
UHJIeKCOB. [Ipu 3TOM HY>KHO MTOMHHTB, YTO 3TO TEKYIIIHE KOHLEHTpa-
UM PEAreHTOB, & HE PABHOBECHBIE.

PaccMOTpuM CIIOKHYIO PEAKINIO, TPOTEKAIOILYIO MO CXEME!

A+B kk<:>1 c—2,D.
-1

Ecnu C sBisieTcs akTUBHBIM MHTEPMEIUATOM, MOKHO HCIIOJIb30-

BaTh METOJ KBa3UCTAIlMOHAPHBIX KOHIICHTPAIUH.

dgtC] k [AI[B]-k_,[C]-k,[C]=0,
d[b] _
W == ~lelCl=1— _1+ [A][B]. (5.1)
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Peakuusa vimeeT mepBbli YaCTHBIN NOPSAOK 1o peareHtam A u B
(oOmIMii BTOpPO# MOPSAAOK) U HpoTeKaeT ¢ 3P(HEKTUBHOM KOHCTAHTOU
kik,
Kk, +k,
Ecaun B mepBoil cTaauu OBICTPO yCTaHABIMBAETCS PaBHOBECHE,

a cragus oOpaszoBanus npoaykra memicHHas (K, << k_;), MoxHO wc-
0JIb30BaTh KBa3UPaBHOBECHOE MPHOIMKECHHE.

CKOPOCTH

. ~TAE] [C]=K[A][B],
W :kZ[C]=k2K[A][B]=%[A][B]- (5.2)
-1

[Tockonbky K, << K_;, ypaBHenus (5.1) u (5.2) cormacyrorcs apyr
C IPYTOM.

Ilpumepul pewrenus 3a0au

1. Peaknust B3aumoselicteusa 6poma u Bojgopoaa H, + Br, — 2HBr
MIPOTEKAET MO CIEAYIOIIEMY MEXaHU3MY.

Br, —» 2Br’ kl
Br'+H2—>HBI’+H' k2
H" + Br, - HBr + Br’ Ks
H + HBr - H, + Br Ky
2Br' — Br, k5

Hcnome3yst MeTo/T KBa3UCTAIIMOHAPHOTO TIPHOJIMIKCHUS, HalIuTe
BBIpa)KEHHE JJIs1 CKOpOCTH oOpa3zoBanus HBT.

Pem e Hue. 3anuimiemM BhIpaXCHHUS 11 CKOPOCTH HU3MEHCHUS
[H] u [Br'] u npumenum k HUM yclioBHE KBa3UCTALMOHAPHOCTH

@ =2k [Br,]-k,[Br ][H,]+ ks [H'][Br, ]+ k,[H ][HBr] - 2k5[BI"]2 =0,
S ko[BI, 1 - o[ 1B, 1~ K [ 11HBH = 0.
CnoxuB 00a ypaBHEHHS, TTOJYUYUM:
2k,[Br,]-2k;[Br']>=0, [Bri]= @.

5
N3 BTOpOrO ypaBHEHHS HAXOIUM:
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K,[Bril[H,]=k;[H][Br,]+k,[H ][HBr],
k2[H2] kl[BrZ]

[H']= K[Bril[H,] Ks
ks[Br,]+k,[HBr] k;[Br,]+k,[HBr]

Cxopoctb 00pazoBanust HBr onpezensieTcst BeIpakKeHUEM:

d[:tBr] = k,[Br1[H,1+ ks[H'1[Br,] - k,[H"1[HBr] = 2k;[H'1[Br,] =
0,5
O[H,] kl[kBrz] 2k, [::1) [HZ][BI‘Z]O'5
= 2k,[Br ] ky[Br,]+k,[HBr] . ki [HBI]

ks [Br,]

Peakuust mmeeT nepBbIi NOPSAOK 1O Bogopoay. CKoOpocTh mpo-
1ecca CIIOKHBIM 00pa3zoM 3aBucHuT OT [Br,]. Eciu Ks[Bry] >> ks[HBTr],
peakius umeeT nopsnok 0,5 mo Br,. Ecim Ks[Bry] << k4[HBr], peak-
s uMeeT nopsaok 1,5 mo Bry m oTpuniaTenbHbI NEPBBIM NOPSII0K
no HBr (ssasercss marnOutopom mporecca). M3MeHeHHe TOpsaKa
MOJKET TIPOUCXOAMTD IT0 MEpe MPOTEKAHUS PeakIuu (MIPH HAKOILICHUH
HBr u pacxomoBanuu Br»).

2. [Ipontecc maTHMOMpOBanHOrO0 (enonamu (PhOH) okucnenus
opranndeckux coeauHeHuii (RH) MonekyasapHbIM KHCIOPOIOM TpH
BBICOKMX TapIUalbHBIX naBieHUsX O, OMUCHIBAETCS OCHOBHBIMU
peaKIUsIMHU.

| (uauumarop) — R’ W,
R + 0, - RO, kq
RO, + RH - ROOH + R’ K,
2ROZ. — ROOR + 02 k6
RO,  + PhOH — ROOH + PhO’ ks
RO," + PhO" — mpoaykTsl Kg

Wcnonp3yss MeToJT KBa3HCTAI[AOHAPHOTO NPUOIMKCHUS, HAWIUTE
BBIpQKCHUE JIISA. a) CKOPOCTH HEHMHTHOMpOBaHHOTO OKucieHus W,
0) ckopocT MHIHOUpOBaHHOTO OKHCIeHUs W), B YCIOBUSAX JIMHEHHOTO
oOpkbIBa 1ereli. OnpeenuTe MOPSIKA PEaKIIK 110 BCEM BEILIECTBAM.

Pemenne. a) HemHrnOnpoBaHHOE OKMCIICHUE OIMMCHIBACTCS PEak-
M (i), (1), (2), (6). 3anuiiem BeIpakeHUs JUII CKOPOCTH U3MCHEHUS
[R] u [RO,] u npumMeHnM K HEM yCIOBHE KBa3HCTAIHOHAPHOCTH:
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S8, - KR I0,1+ K,[RO, TIRH] =0,

22 R 110,1- K, [RO, TIRH] - 2K RO, T =0
W, — 2k,[RO,’]* =0, [RO,]= %
6

w, = 4IRH]

— k,[RO,"J[RH] = JZZT [RHI W, .
6

Peakimss umeer mepBeiii mopsaok mo RH, HyneBoit mopsigok
0 KHUCJIOPOay u mopsiok 0,5 rmo uHUImaTopy.

0) B pexxnMe TUHEHHOTO OOphIBa Iienell Ha WHIHOUTOpPE CKOPO-
CThIO peakiuu (6) MOXHO MpeHeOpedh, a MEXaHU3M IIPOIIeCcCa OTKCHI-
Baercsa peakmusamu (1), (1), (2), (7), (8). 3amumem BbIpakeHUs
nis ckopoctu m3Menenus [R'], [RO,], [PhO’] u nmpumenum x HuM
yCJIOBUE KBa3UCTAIIMOHAPHOCTH:

d[R’
%:Wi —k,[R'1[0,]+k,[RO, J[RH] =0,
d[F;??] = k[R'][0,] - k,[RO, T[RH] — k; [RO, JPhOH] — k,[RO, J[PhO"] =0,
d[PdhtO'] — k,[RO, J[PhOH] - k;[RO,"J[PhO"] = 0,
W.
o . _ RO."1= i
W, —2k,[RO," ][PhOH] =0, [RO,’] 2k.[PhOH]’
w, =—9RAL 4 rro, JRH] = JRAM:
it 2k, [PhOH]

Peakuusi umeer mnepBbiii nopsaok no RH, HyneBoil mopsigok
M0 KUCIOPOy, TEPBbIN MOPSAIOK MO MHUIMATOPY U MHUHYC TEPBBIN
nopsiIok 1o uHruouTopy PhOH.

3aoauu

1. BeiBeMTe BBIp@KEHUE JJISI CKOPOCTH PEAKIIMU XJIOPHPOBAHWSI
metana CH, + Cl, » CH3Cl + HCI, nporekarorieii mo MexaHU3MY:
Cl, —» 2Cr Ky
Cl' + CH4 — HCI + CH3. k2
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CHj3" + Cl, — CH3Cl + CI° Ks

2CH3. —> C2H6 k4

2. JlaHa KUHETHYECKas CXeMa Pa3lIOKEHHs alleTalbIeru/a;
CH3;CHO — CH3 + CHO Ky
CH3. + CH3CHO —> CH4 + CHZCHO. k2
CH,CHO" — CO + CHj5’ Ks
CH3. + CH3. —> C2H6 k4

BreiBemuTe BBIpaKCHHS JUISI CKOPOCTH OOpa3oBaHUS METaHA
Y CKOPOCTH PacXO0JIOBaHUS alleTallbACTH/IA.

3. MexaHu3M MHUpOJIM3a METaHa MOXHO TpeacTaBuTh B Buje (M
— WHEpTHAs YaCTHIIA):

CH, — CHy + H' ke
CH4 + CHg. —> C2H6 +H k2
CH4 +H —> CH3. + H2 k3
CHyYy +H'+M->CH,+ M Ky

BriBeauTe ypaBHEHUE I CKOPOCTH JTAHHOM PEaKITUH,

4. MexaHu3M OKHCJCHUS 3GUPOB JuHOJIEBOH KuciaoThl (LH), nH-
ruOupoBanHOTO TUApoXxuHOHOM (QH,), py OTCYyTCTBHHM KBajapaTHY-
HOTO OOpBIBA LIETICH OMKUCHIBACTCS YIPOIIEHHONW CXEMOM:

| O fH - W,
L'+ O, > RO, K4
LO,” + LH - LOOH + L’ K,
LOZ. + QH2 — LOOH + QH. k7
QH +QH - QH, + Q Ko

BriBeuTe KMHETHUECKOE YpaBHEHHUE JUIsl CKOPOCTH IMPoIiecca 1H-
ruOUpPOBAaHHOTO OKHCIeHUs. OmnpeneauTe MOPsAKUH Peakiuu Mo cyo-
CTpatry, TMAPOXUHOHY, KUCIOPOAY U HUHULIUATOPY .

5. MexaHnu3m OKuCIeHUs 2PUPOB JInHOJIeBON KucioTsl (LH), nH-
rUOMPOBAHHOTO  CTAOMJIBHBIMU  HUTPOKCHJIBHBIMU  paJuKaiaMu
(>NO"), B pexnMe ITUHEHHOro OOpBHIBA IIENEH OMMCHIBAETCS YIIPO-
IIEHHOMN CXEMOM:

| Q2 H - W,
L'+ O, > RO, k4
LO,” + LH — LOOH + L' k,
L+ >NO" - >NOL Ks
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BrIBeIMTe KHHETHUECKOE YpaBHEHHUE JUISI CKOPOCTH IPOIIeCcca MH-
THOUPOBAHHOTO OKHCIIeHU. OmnpeneanuTe MOPSAKH peakiuy Mo cyo-
CTpaTy, HUTPOKCHIBHOMY PaJHKaITy, KHCIOPOY U MHUIIHATOPY.

6. Xumuueckas peakuus N,O — N, + 1/20, npotekaer mo ciie-
nyromemMy Mexanusmy (M — uHepTHas yacTuIa):

N,O + M — N,O* + M Ky
N20*+M—)N20+M k2
Nzo* —> N2 +0” k3
Nzo +0" > N2 + 02 k4

Cunmras konuentpauu N,O* u O cranuoHapHBIMH, HalguTe
BBEIpakeHue s ckopocTu pacmama N,O.

7. Peakmust obpaszoBanus ¢ocrena CO + Cl, —» COCI, moxer
IIPOTEKATh I10 CICAYIOIMIEMY MEXaHU3MY.

Cl, —» 2CrI’ Ky
2CI' > C|2 k2
CO + CI' - cocCr Ks
COCI'—> COo+CI Ky
COCI' + Cl, -» COClI, + CI’ Ks

Hcrons3yss METO CTallMOHAPHBIX KOHIICHTpAIMid, HaWIUTE BHI-
pakeHue ISl CKOpOCTH 00pa3oBaHMs (pocreHa.

8. lnsa tpumonexynsipuoit peakiuu 2NO + O, — 2NO, npensio-
YKEH CIIEAYIOIIUNA MEXAHU3M:

2NO k<L_l> (NO),

(NO), +0, —<2— 2NO,.
BriBenure BbIpaxxeHHUE JIsI CKOPOCTH MpoLiecca, NpeArnoaaras, 4ro

niepBasi cTajaus ObICTpasi, a BTopasi MeJICHHas (MCIONBb3YyHTe KBa3HUpaB-
HOBecHOe npuommkerne). OnpeaenuTe mopsa0K CyMMapHOU PEaKITHH.

32



6. KHHETUKA TOMOTI'EHHOI'O
N ®EPMEHTATUBHOI'O KATAJIN3A

Kamanuzamopwsr — BelllecTBa, yCKOPSIOMIUE XUMHUYECKYIO pEaK-
LIMI0, HO HEe pacxoayrowmuecs B Hed. KaramuszaTtopsl BCTyIarOT BO
B3aMMOJICCTBHUE C peareHTaMM, BCIEACTBUE YETrO pEeaKlus MpOTEeKa-
€T TI0 JpyroMy NyTH ¢ Oojiee HU3KOW PHEpPrueu akTuBaiuu. 1'oMo-
TE€HHBIC KaTaJIM3aTOPhl HaXOMSATCS B OAHOM (a3ze ¢ pearupyromumu
BeIlleCTBAMHU.

Kucnomno-ocnosnoti kamanuz. Eciin peakiiysi MOXKET YCKOPSITHCS
u wonamu H', u monamu OH™ (crrennrdecKuii KHCIIOTHO-OCHOBHOM
katam3), 3pPEKTHBHAS KOHCTAHTa CKOPOCTH CBs3aHa ¢ KOHCTAHTaMU
CKOPOCTH HEKATaJIMTHUECKOW peaKIuu Ko M KaTaTUTHUYECKUX PEeaKIuil
kH+, kOH_ COOTHOIIIEHUEM:

K.k
Ko =Ko + kH+[H+]+%. (6.1)

Jlis peakiiuii, YCKOpPSEMBIX KHUCIOTaMH WA OCHOBaHUSMH (00-
MM KUCJIOTHBIA MM OCHOBHOW KaTaliM3), BBIMOJIHSACTCS KOPPEIISIIH-
OHHOE COOTHOIIIEHNE bpeHcrena:

kya =A-KS kg =B-K}, (6.2)

rie Kya ¥ Kg — KOHCTaHTBI CKOPOCTH KMCIIOTHOTO M OCHOBHOT'O KaTa-
an3a; Ky m Ky — KOHCTaHTBI HOHU3AIINH KUCJIOT 1 OCHOBHOCTH OCHO-
BaHuii; A, B, o, f — koHcTaHTHI (0OBIYHO Ol U [3 MEHBIIIE SAMHHIBI).
Depmenmamusnslil kamaniu3. B Hanbonee MpocToM ciiyyae mpe-
BpallleHue cyOcTtpara S B npoaykt P mox neiictBuem ¢epmenta E
OITHCHIBACTCS CXEMOM:
Ky k
E+S—><k_ES—2>P+E.
-1
HauanpHast CKOpOCTh TAaHHOTO TIpoIiecca OMUCHIBACTCS VPAGHEHU-
em Muxasnuca — Menmen:

_d[P]_ WISl
dt Km +IS]o ’

rae Ky = (kg + ko)/ky — xkonemanma Muxasnuca, Wi = Ko[E]lg —
MAKCUMATbHASL cCKopocmb HEPMEHTATUBHOMN PEaKIIHH.

Wo (6.3)
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Jlist onpenenenust napameTpoB Ky v Wia HCTIONB3YIOT HECKOIBKO
CIOCOOOB JIMHeapu3aluu ypaBHeHus: Muxasnrca — MeHTeH, Hauboliee
MPOCTHIM M3 KOTOPBIX SIBJISIETCS Memoo Jlatinyueepa — bepxka:

1 1 Ky 1

= + , (6.4)
WO Wmax Wmax [S]O

B COOTBETCTBUHU C KOTOPBHIM CTPOsAT 3aBUcUMOCTh 1/Wy ot 1/[S],. Tan-
I'CHC yTjla HakJIoHa npsMoit paBeH Ky/Wp .y, a oTceueHre Ha oCH Op-
auHAT paBHO 1/Wp,y.

Hneubuposanue gpepmenmamusHulx npoyecco8 MOKET MPOTEKATh
10 pa3HbIM MeXaHu3MaM. KoukypermHvle uneuOUmMopsl CBI3bIBAIOTCS
C aKTUBHBIM IIEHTPOM:

E + | —=E| (meaxTtuBHbIi KOMILIEKC).

_[EIM y
Koncranty K, = [El Ha3bIBAIOT KOHCTAHTOM MHTHMOUPOBAHMUS.
B sTOM cnydae kuHeTHKa mpolecca OMUChIBaeTCsl ypaBHeHHEeM Muxa-
amca — MenteH (6.3), B kotopoM W, OCTaeTcs HEM3MECHHOH, a
BMecTo Ky ucnonb3yercs ee 3¢ (peKTuBHOE 3HAUCHHUE !
[1]
_ 0
Kmoap = Km |1+ < | (6.5)
|

Hexoukypenmmuvie uneubumopwvl NpUCOEAUHSIIOTCS K JPYrod 4acTu
MOJIeKYyJIbl hepmenTa E m xommiekca ES, oOpa3ys HeaKTHBHBIE KOM-
riekcel Bunaa El u ESI. B atoMm ciyuae kuHeTuka npoiiecca OnmchiBaeT-
csl ypaBHeHHeM Muxasnuca — MenrteH (6.3), B kotopoM Ky ocTaercs
HeM3MeHHOM, a BMeCTO Wy, ucionib3yercs e€ 3¢ (HEeKTUBHOE 3HaUEHUE:!

W
maxsd — nf?i( : (6.6)
1++--0 '
Kl

W

beckonxypenmuvie uHeuGUMOpsbl CBSA3BIBAIOTCS TOJIBKO C KOM-
miekcamu ES, oOpasys HeakTuBHBIE KOMIUIEKCH ESI. B aTOoM cityuae
KMHETHKA Ipoliecca OMUCHIBACTCA ypaBHEHHEeM Muxasmuca — MeH-
TteH (6.3), B koTopoM 3¢dekTnBHOe 3HaAUCHHE Wiy ONpeaensercs
ypaBHeHHeM (6.6), a apdekrrBHOE 3HaueHHE Ky — ypaBHEHUEM:
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K

M .
1+%
K,

JIyist omipenienieHUs TUTa W KOHCTAHT WHTUOWPOBAHUS SKCIEPH-
MEHTaJIbHbIC JTaHHBIC 00pabaThIBAIOT B KOOpPAMHATAX ypaBHeHUs (6.4)
u cpaBHuBaroT 3HaueHUsI Ky u Wy, ¢ aHAJOTMYHBIMH 3HAYCHUSIMHU
JIJ1s1 HCUHTMOMPOBAHHOTO MpoIlecca.

K —
Mg (6.7)

Ipumepwt pewienus 3a0au

1. B BogHOM pacTBOpe IpeBpaIlieHre O-TITFOKO3bI B B-TI0K03y (pe-
aKIys MyTapOTaIl¥) TMPOTEKAeT B MPUCYTCTBUM KaK KHCIOT, TaK
Y OCHOBaHUI. DKCIEPUMEHTAIbHO HaiJIeHO, Kak MeHseTcsl d3(PpPpeKTuB-
Has KOHCTAHTA CKOPOCTU OT KOHIeHTpaiyy noHoB H' 1 nonos OH™;

C(H"), M 0,01 | 0,05 | 0,10 | 0,20 | 0,30 | 0,40
Kog, € 0,012 | 0,023 | 0,036 | 0,061 | 0,087 | 0,113
C(OH)-10>M | 0,10 | 050 | 10 | 20 | 3,0 4,0
Kog € 0,019 | 0,057 0,11 | 0,21 | 0,30 | 0,40

B xucnoit cpene MOXHO mpeHeOpeub cojepkanueM noHoB OH,
B I1eno4yHoit — nonoB H'. CocTaBbTe 06IIiee ypaBHEHNE 3aBHCHMOCTH
Ko = Ko + Kpe [H'] + kop_[OHT] utst peakumm MyTapoTaimm riroKO3sL.

Pemenue. Iloctpoum 3aBUCUMOCTH kacp OT KOHIICHTpAalluU
noHoB H' (@) 1 OH™ (6). U3 ypaBHeHHIi MOTyYEHHBIX TPAMBIX OIpe-
JIEAEM, UTO kH+ = 0,258 n/(Moab-c), a kOH_ =9.75-10° 1/(moib-c).

[H*], M
0 0,2 04 0,6
0,12 L 1 0,5
a
0.1 | Y=02577x +0,0098
R2= 0,9999 6 04
0,08 - o
k b C_l - s
(H+) 0,06 - Koy L
- 02 (OH)
0,04 - y = 9746,8x + 0,0105 :
R2=0,9996
0,02 - - 01
0 : , 0
0 0,00002 0,00004
[OH], M

Puc. 5. 3aBucumoctu K.y, ot koruenTparmu nonos H' (a) u OH™ (6)
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B kaudectBe Ky mpaBuiibHEE HUCIIONIB30BaTh YCPEIHCHHOE 3HAYCHHE
oTceueHuit obenx mpsaMsIx: Ko = 0,0102 ¢,

2. I3 mpuBEeACHHBIX JAHHBIX MJis (PEPMEHTATHBHOW pPEaKInH,
MOIUUHSAIOLIEHCS cxemMe Muxasnuca — MEHTEH, ONPENEIUTE CXEMY
neficTBrsT MHrHOUTOpa HpH ero konuenTpauuu [|]o = 6,0-10° M. Bsr-
yuciute 3HadeHusa Ky, Ky 1 Wy

[S]0-103, M 2,0 3,0 4,0 10,0 15,0
Wy, Mkr/(11-4) 139 179 213 313 370
W, Mkr/(11-9) 88 121 149 257 313

Pem e nwue. Onpegenum napametpbl Ky U Wy 011 HEUHTHU-
OMPOBAHHOI'O M HHTMOMPOBAHHOI'O IIPOIIECCOB IO crocoOy Jlaii-
HyuBepa — bepka. Jlng storo paccumrtaem 3Hauenus 1/W, (1/W)
u 1/[S]y n mocTponM 3aBUCHMOCTh B KOOpAMHATAX ypaBHEeHMS (6.4).

1/[S]o-107%, n/moun 5,00 3.33 250 1,00 | 0,67
1/Wy-10°, n1-a/mMkr 7.19 5,59 4.69 319 | 2,70
1/W,-10°, m-u/mxr 11,4 8,26 6,71 3,80 | 3,19

W3 mapameTpoB ypaBHEHHUS! NPSIMOM @ NJii HEMHTHOWPOBAHHOIO
MPOIIECCa HAXOIUM:

1 1
W, = = ——.10° = 475 mxr/(n-4),
/W 2,11
= Kian W _ 1027 -2 =4,87-10° M.
1/ W o 2,11
B mnpuBeneHHBIX BBIPAXKECHHUAX 10° u 107 — KO3 PUIUEHTHI

i yaera nopsaka Besmaud 1/\Wy u 1/[S]g, ucnoap30BaHHBIX TIPH T10-
cTpoeHuu rpaduka (puc. 6).

AHaJOrMYHbIM 00pa3oM JIi MHIHOMPOBAHHOTO Impoiiecca (mpsi-
mast 6) ompenersieM. Wax = 504 mxr/(i1-9), Ky = 9,47-10° M. Cpas-
HUBas 3HAYCHUS ISl HCMHTMOMPOBAHHOTO M WHTHOWPOBAHHOTO IPO-
IIECCOB, MOKHO YBHUAETD, YTO Wy oy IPAKTHUECKH HE M3MEHHUIIACH, B TO
BpeMs kak Ky B TPHCYTCTBUHM HWHTHOUTOpA CYIISCTBEHHO BBIIIC
(T. €. aBsgercs > pexTuBHON BenuunHOK). CleqoBaTeIbHO, HHTHOH-
TOp sIBIIETCS KOHKYypeHTHbIM. KoHcTanTy murubuposanus K, Bbipa-
*aem u3 ypaBHeHus (6.5):

I 610~
I

_ - —~ ——=6,36-10" M.
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1/W,-103
10,00

y=1027x + 2,11
R2=0,998

8,00

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. 3aBucumocTu B KoopauHaTax ypaBHeHus (6.4)
JUTS HCUHTHOMPOBAHHOTO (@) M HHTHOMPOBaHHOTO (0) IIPOILIECCOB

3aoauu

1. IIpn u3ydeHnn KaTanauTUUECKON peakuuu pacnaga AB — A + B
OBLIIO OOHAPY’KEHO, YTO CKOPOCTh PEAKIIMK YMEHBIIAETCS TPU YBEIUYe-
HUU KOHIIeHTpaluu BemiectBa B. Kakol u3 mpeacTaBieHHbIX CXeM MO-
KET OMUCHIBATHCS MEXaHU3M JIAaHHOTO TpoIiecca?

AB+K:<i>ABK* AB+K¢>AK*+B
—1 -1
ABK —% sA+B+K AKX ALK

JIJist oTBeTa Ha BOINPOC BBIBEAUTE KUHETHYECKHE ypaBHEHUS 3a-
BUCHUMOCTH CKOPOCTH PEAKIIUU OT TEKYIIMX KOHIICHTpAI[Ui BEIIECTB,
UCIIONB3Ysl YCJIOBHE KBA3HCTAIMOHAPHOCTH 110 KaTATHUTHYECKOMY
koMIuiekcy. Kakoit mopsimok umeet peakuus 1o pearenty AB u kata-
JIu3aTopy?

2. Peakist  ruaposivza  AMA30yKCYyCHOTO 3dupa mpoTeKaer
0 CXeMe!

N,CHCOOC;H5;q + H,O — HOCH,COOC;Hs(5q) + Na.

KaTtanuzatopoMm JaHHOIrO mpoliecca SIBJISIIOTCS HOHBI BOJOPOJA.
DddhexTuBHas KOHCTaHTa CKOPOCTHU Mpoliecca U3MEHSETCS ¢ KOHIICH-
Tpalueil HIOHOB BOJIOPOa CICAYIOUIUM 00pa3oMm:

C(H")-10°, M 0,46 0,87 1,58 3,23
Ko10%, 11/(MOIIB-C) 1,68 3,20 5,78 11,48
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Onpenenure rpadUueCKUM METOJOM KOHCTAHTY CKOPOCTU KaTa-
JM3a peaKuuyu HOHAMHU BOJIOPOJIA.

3. MyTtaporalniysi TJI0KO3bl KaTaIM3UPYETCsl KUCIOTaMU U OCHOBA-
HUSIMA U MMEET TEPBBIA MOPSJIOK MO KOHIEHTPAlUU TIOKO3bl. KOH-
CTaHTa CKOPOCTH IPOLECCa B BOJIHOM PacTBOPE OMPEIEISIETCS IMIUPU-
qeckuM ypasHeHmeM (B ¢ ): Kk =0,0096 + 0,258[H*] + 9750[OH].
Onpenenure 3HadeHue PH, npu KOTOPOM CKOPOCTh MyTapOTalMy MU-
HUMAaJIbHA, a TaK)KE€ BPEMSI MOITYIIPEBPAIICHUS TJIFOKO3bI B 3THX YCJIOBH-
ax. [Ipu kakux 3HaueHUsIX PH KOHCTaHTa CKOPOCTH MYTapoTalluu yBe-
JMYUTCS B 2 pa3a Mo CPABHEHUIO C MUHUMAJIbHOM?

4. Peakuyto MOAMPOBAHMS ALIETOHA MPOBOAAT B MPUCYTCTBUU Op-
raHUYECKUX KUCJIOT KaK KaTaau3aTopoB:

CH3;COCH; + I, —H—— CH3COCHS,l + HI.

[Ipy cTeXnOMETPUUYECKHX COOTHOIICHHSIX PEareHTOB CKOPOCTH
pPCaKIuu He 3aBUCUT OT KOHIIEHTpanuu uoja. HaGmomaercs GpyHKim-
OHaJIbHAsI 3aBHCHMOCTHh Mexay HaOmogaeMoit (3¢(eKTuBHOI) KOH-
CTaHTOW CKOPOCTH U 3HAYCHWEM KOHCTAHTHI TUCCOITUAITNN KHCIIOTHI:

Kucnora-karanm3aTop Ka K, 108, 11/(Mo11B-C)
JluxnopykcycHas 5,7-107 220
JluGpommponnoHoBast 6,7-107 63
XJI0pyKCyCHast 1,41.10°° 34
Tnukonesast 1,54-10™ 8,4
B-XnopnponroHoBas 1,01.10™" 5,9
YkcycHas 1,75-10_5 2,4
[TponroHoBas 1,34- 107 1,9
TpUMETHIIYKCYCHAsl 9,10-10°° 1,7

[IpencraBbre 3TH pe3ynbTaThl rpadUuecKud TaKUM 00pa3oM, 4To-
ObI MOKa3aTh MPUMEHUMOCTh COOTHOIIIEHUS bpeHcTrena, u onpeaenuTe
KOHCTAHTBI ATOTO ypaBHEHHUSI.

5. Onpenenuth 3HaUYeHHS KHHeTHUeCKUX mapameTpoB (Ky, Wiax
u ky) ruaposnnsza metmiioBoro 3¢upa N-arerwi-1-BanuHa, KaTaau3u-
PYEMOT0 0-XEMOTPHUIICHHOM, UCXOS M3 MPHUBEIACHHBIX HUKE JTaHHBIX.
Hauanbrast koHIEeHTpauus GepMenTa pasHa 3,8-10 M.

[S]o, M 0,20 | 0,124 | 0,091 | 0,071 | 0,060
W,-10°, mons/(-c) | 4,57 | 3,83 | 3531 | 293 | 274
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6. OnpenenuTe U3 NPHUBEASCHHBIX HIDKE JAHHBIX THUI WHTHOHPO-
BaHUS TIyTaMaTACTHAPOreHa3bl CAIHUIMIATOM, KOHIIEHTpAIUsI KOTO-
poro coctapsieT 0,040 M u moaaepxuBaeTcsi MOCTOSSTHHOU. Brruwc-
JIUTE KOHCTAaHTY MHTHOUPOBaHUSI.

[S]o-10°, M 15 | 20 | 30 | 40 | 80 | 16
W,-10°, r/(n-mun) | 0,21 | 0,25 | 0,28 | 0,33 | 0,44 | 0,47
W,-10°, r/(n-mum) | 0,08 | 0,10 | 0,12 | 0,13 | 0,16 | 0,18

/. Onpenenutb TUI HMHTUOUPOBAHMs, KOHCTAHTYy Muxasmuca,
KOHCTAHTY MHTMOWMPOBAHUS U BEJIMYUHY MPEETbHON CKOPOCTH B pe-

AKIINH OKHCJICHHUA

N-meTuiriyramara,
N-MeTHarmyTaMaTAeTuApPOreHa3oi B

_ -3 :
a-kerorayTapata ([I]o = 3-10™ M) no cieayromuM JaHHBIM:

MIPUCYTCTBUU

KaTaJIM3UPyEMOM

UHTHOUTOpA

[S]o:10%, M 1,00 | 0,625 | 0,500 | 0,417 | 0,264
W,-10°, momw/(n-mum) | 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/(-mun) | 1,56 | 1,00 | 0,77 | 057 | 0,45

8. Ilpu noGaBieHWrM HMHTUOMTOpAa B (PEPMEHTATHUBHYIO CHUCTEMY,
MOTYMHSIONIYIOCS cxeMe Muxasnnca — MEHTeH, MakCuMajbHasi CKO-
POCTh peakIuy yMEHbIIMIach B S pa3, a Ky, He nm3meHnunach. [Ipensio-
JKUTE CXeMy MHrHOupoBanus u paccunraiire K, eci [I]o = 4-10™ M.

9. ®epmenraruBHas peakuus (Ky = 2,7-10° M) momasmsercs
KOHKYpeHTHbIM nHrnouropoM (K, = 3,1-10™ M). KoxuenTpauus cyo-
crpata paBra 5,0-10™ M. Kaxasi KOHIIGHTpALHs HHIHOUTOPA MOHAO0-
outcs g nojasieHus peakiuu Ha 50 %? Bo ckonbko pa3 Haao 10-
BBICUTh KOHIIEHTpAIMi0 cyOcTpara, yToObl YMEHBIIUTh CTENEHb IO0-
nasiieHusa 10 30 %?

10. B HekoTOpBIX cCllydasx KHHETHUYECKHE HCCieaoBaHus ¢ep-
MEHTATUBHBIX PEaKIUN MPOBOASIT B YCJIOBUSX HM30BITKA (epMeHTa.
Brisenure ypaBHeHue Muxasnuca — MeHTEH, ONUCHIBAIOIIEE 3aBU-
cumocTh Wy OT HavanbHBIX KOHIIGHTpallui (epMeHTa U cyOcTpata
IpU YCJIOBUM, YTO KOHUEHTpalus GepMeHTa HaMHOro OOJbIIE KOH-
LEHTpaluu cyocTpara.
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/. KOMIIBIOTEPHOE MOJIEJIMPOBAHUE
KUHETUKHU XUMHNYECKHUX ITPOLUECCOB

B ocHOBe MeTOna JNEKUT PELIEHUE YUCIECHHBIMUA METOJNAMHU CH-
cteMbl AU PepeHINATBHBIX YPaBHEHUHN, ONMMCHIBAIOIIUX M3MEHEHUE
KOHLEHTPAlMM BELIECTB B XOJ€ peakuuu. [Ipumensercsa B ciydasx,
KOT/Ia COOTBETCTBYIOIIAsA CUCTEMa YpPaBHEHUN HE MOXET OBITh pele-
Ha aHajnuTUYeCKUMHU MmeromamMu. CocTaBiieHHe cucteM AuddepeHiu-
aJbHBIX YPABHEHUM U UX YHUCJIECHHOE PEIICHUE XOPOIIO MOANAFKTCS
dbopmanuzauy U peau3yroTcs Ha KoMmIibioTepe. [Ipumepom MoxkeT
CIYXUTh Tiporpamma «KuHetruka». OHa MO3BOJSET peliaTh MPSIMYIO
KUHETUYECKYIO 3a/1a4y I 3aJaHHOW KMHETUYECKOW cXeMbl. [ 1aBHOE
OKHO TIpOrpaMMBbI MIPEACTaBICHO Ha puc. /. OHO COIEPKUT JBa 00s13a-
TENBHBIX OKHA — «TekceT cxeMbl» U «CBOMCTBA CXEMbI», OCTaJb-
HbIE OKHA MOT'YT CO31aBaThCs MOJIb30BATEIIEM.

Puc. 7. Bug rmaBHOro okHa nporpaMmbl «KuHeTrnka»

Jl1s mpoBesieHusT MOACIMPOBaHUS HEOOXOJIUMO CO3/1aTh MPOEKT
KHOINKOW , B OKHE «TeKCT cXeMbI» HaXaTh KHOIIKY «A3MeHUuTHL
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cxeMy» U BBeCTU cxeMy. I[Ipu 3amucu BeecTB MOXHO MCIIOIb30BaTh
BEPXHUM WU HWXKHUM peructp. Jlesas M mpaBas 4acTb YpPaBHEHUSA
J0JKHA OBITh pasliefieHa 3HaKoM «=» wiu «—». Homep peakiuu
JOJDKEH OBITh 3aKIIOYEH 3HAKaMM «/», TIepe]] HOMEPOM pPEaKIMH I10-
cTaBUTh OykBYy, Hampumep «/Ki/». Ecian xakoi-mubo pearcHT NMpHHH-
MaeT y4yacTue€ B pPeaklu, HO TPHU 3TOM HE PaCXOJyeTcs, €ro MOXKHO
3aKJIIOYUTh B KPYyTJIble CKOOKH. Jlaee HYXHO COXpPaHUTh CXEMY
KHONKOW = B OKHE «TekeT cxemMbI», ocie 4ero B okHe «CBOMCTBA
cXeMbI» Ha BKJaJKe «PeareHTbI» MOSBISAETCS CIHMCOK BCEX pearcH-
TOB M TPOAYKTOB pEAKIUM, KOTOphIE OBUIM B CO3JaHHON CXEMe.
Heo0XoauMo BBECTH HadajdbHbIC KOHIICHTPAIIMHA PEarcHToB (MMEIOT
pPa3sMEpPHOCTh «MOJIB/II»). 3HAUECHUS MOYKHO BBOJUTH B DKCIIOHCHIIH-
anpHOM (hopMate, Hampumep «5.2¢-3» Bmecto 5,2-107°, Pasgenurernem
1[eJI0M U IPOOHOM yacTel SBIsSETCS mouka. 3HAYOK ' HalpOTUB KaxK-
JIOTO peareHTa TMO3BOJSET BBECTH HKCIEPUMEHTAIbHBIEC JaHHbIC
JU1s1 KOHIleHTpauuu BerectBa. Gnaxkok M mo3Bonsier 3apUKCUPOBATH
KOHIIEHTPALIMIO PEareHTa, €Clii OHA B SKCIIEPUMEHTE SIBJISIETCS MOCTO-
sHHOU. Takxke HeoOX0aAMMO 3aJaTh KOHCTAHTBI CKOPOCTH BCEX peak-
M Ha BKIaJKe «KOHCTAHTBI» M yKa3aTh 00Iee BpeMs MOJICIUPO-
BaHus («Bpemsi:» B okHe «CBOMCTBA CXeMbI») W IIIar BBIBOJA pe-
3yJIBTATOB WM KOJMYECTBO IMIaroB (Ha MMaHEIW WHCTPYMEHTOB TJIaB-
HOTO OKHa). BpeMst MoeT OBITh 33JIaHO B CEKyHAaX, MUHYyTaX, Yacax.

Jls BBIBOJIa PE3yJIbTATOB pacueTa HEOOXOAMMO Ha)KaTh KHOIKY

«Co31aTh OKHO» Ha MaHEJIM WHCTPYMEHTOB, BbIOpATh peareHTHI,
BUJI BBIBOAA PE3yJbTaTOB (KOHIIEHTpAIUS WM CKOPOCTh) M HaKaTh
kHONIKY «Co3path rpagpuk» wim «Co3aars Ta0JMIy» B COOTBET-
CTBHH C XejJaeMou (hopMoi mpeacTaBieHus. MoXHO co3daBaTh Jito-
00€ KOJIMUECTBO OKOH, U3MEHSTh UX Pa3Mephbl U B3aMMHOE PaCIOJiO-
xenue. [lociae 3Toro HEOOXOAMMO MPOBECTH MOJICTUPOBAHUE HaXKa-
THEM KHONKM  «BBINOJHUTB», B PE3YJIbTATE MPOU30UAET MEPECUET
pEe3yJIbTAaTOB BO BCEX CO3JaHHBIX OKHaxX. I'paduky WM 4YUCIICHHBIC
JTaHHBIC W3 TaOJHII MOKHO CKOITMPOBATh B Oydep oOMeHa coueTaHueM
kinasum Ctrl + C,

JI1st coxpaHeHus MPOEKTa HEOOXOAUMO HaXKaTh KHOINKY  Ha Ta-
HEJIM WHCTPYMEHTOB, NMPU 3TOM OyIyT COXpaHEHbl cxema, €€ CBOM-
CTBa, MapaMeTpbl BPEMEHH, PACIOJIOKEHHUE BCEX CO3JaHHBIX OKOH.
CoxpaHEHHBIN paHee MTPOCKT MOKHO OTKPBITh C MMOMOIIbIO KHOIKHU
Ha [MaHEJIN UHCTPYMEHTOB.
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Ilpumepol pewrenus 3a0au

1. bumonekynapHas peakuusi Bemects A u B mporekaer yepes
oOpa3oBanue unrepmeauara C no cieayrouen cxeme:

k k. k
A+B—><E;CL>D+E; Co=—21C,Cq (I); kK'=—22— (1)
2 2 TK3 2 K

CorjacHO METOJIy KBa3WUCTAI[MOHAPHBIX KOHIICHTpAIUH KOHIICH-
Tpanus uHTepMeauata C onpenensercs ypasaenueM (), a pacxomo-
BaHue BemiecTB A u B (npu yclioBuM paBHBIX HadajdbHbIX KOHIICH-
TpAIMii) ONMUCHIBACTCS KHHETHYCCKUM YpaBHEHHUEM BTOPOTO MOPSIKa
(1.12) ¢ a3 dekTUBHON KOHCTAHTOW CKOPOCTH peakiuu K', ompeaens-
emoii o ypaBaerwuio (I1). [IpoBenure KuHETHYECKOE MOICITUPOBAHIE
Ha OCHOBAHMHM NPEUIOKCHHOM CXEMBI U IPEJICTaBbTC KPUBBIC M3Me-
HCHUS KOHIICHTpAIlMii BCEX BEIICCTB — YYAaCTHUKOB PEaKIUH
npu cienyromux ycioBusax: k; = 0,01 m/(monw-c), k, = 0,1 ¢t
ks=0,3c™, Cao = Cgo = 0,08 M. Ilpumenumo mu ypasuerue (1)
JUIS OTIpeielieHus] KOHIeHTparuu BemiecTtBa C? Onpeneiaute Bpems
BbIX0za KoHueHTpaiuu C Ha KBasHcTannoHapHYyo. [logunHsercs jau
KMHETHKA pacxooBaHus BemecTBa A ypaBHenuto (1.12)?

Pem e nwue. Cozgacm npoekt B nporpamme «KnHETHKa», BBO-
UM U COXPaHSIEM KHHETHUYECKYIO CXEMY, YKa3blBaeM 3HAUYeHHUs KOH-
CTaHT CKOPOCTH M HaYaJIbHbIX KOHIIEHTpanui. O0Inee BpeMs MOICIIH-
poBanus (5000 C) moxbupaeM MeTOAOM MPOO, YTOOBI peaKIUs IMPO-
IJ1a Ha JOCTaTOYHO OOJIBIIYIO MTyOuHy. YKCIO maroB Jjisi 9KOHOMUM
MmecTa B3saT1o paBHbiM 10. Co3znmaem rpaduk (puc. 8 a) s KOHIEHTpa-
MU BCEX BEIIeCTB (B JaHHOM cllydae KpUBBIC Juia peareHToB A u B,
a Taxke npoaykroB D u E coBmamaror).

Puc. 8. Pe3ynbpTaThl KHHETUYECKOTO MOJETUPOBAHUS:
KHHETUYCCKHE KPUBBIC JIJIsl BEIIECTB — YYACTHHKOB peakiuu (a),
HaYaJIbHBIA YYaCTOK KHHETHUECKOM KpuBO# 11 nHTepmeauara C (6)
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Co3nmaem Tabmuity 17151 KoHIeHTparmu BerectB A u C (pe3ynbTaTsl
monenupoBanusa Ca), Ccqy) MPEACTaBICHBI B CTONIONAX 2, 3 IPUBE/ICH-
HOW HIDKe TaOJHIIbI). Pe3ylbTaThl pacueTa KOHIICHTPAIMK HHTEPMEra-
Ta 1o ypaBHeHHIO (l) Cc(,), mpeacTaBiaeHHbIE B cTOOLE 4, COBNALAIOT
c pesynbrataMu MozenupoBaHus Cc,). 3aBucumocts 1/Cpgy (cTON-
Oerr 5) ot BpeMeHu B kKoopauHaTax ypaBHeHHs (1.12) sBiseTcs TUHEH-
HOW C TAHT'CHCOM yTJjla HAaKJIOHA, PaBHBIM 75-10°° 1/(Monb-¢), 4TO TOJI-

HOCTBIO cornacyercs ¢ ypaBaenuem (I1).

BpeMﬂ’ C CA(M)’ M CC(M)! M CC(D)! M 1/CA(M)l M_l

0 0,08 0 1,60-107 12,5
500 0,0615 9,49-10 | 9,46-107 16,25
1000 0,0500 6,27-10° | 6,26-107 19,99
1500 0,0422 4.45.10" | 4,44-107 23,72
2000 0,0364 3,32:10° | 3,32:107 27,46
2500 0,0321 2,57-10 | 2,57-107 31,19
3000 0,0286 2,05-10° | 2,05-107 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™ | 1,18-10™ 46,13

Jliist onpenieneHrss BpEMEHU BbIXoJa KoHieHTpauu C Ha KBas3u-
CTaIlMOHAPHYIO YMEHBIIIUM BPEMs MOJICTUPOBAHUS M YBEIUYHM YHC-
70 maroB. M3 puc. 8 6 BuaHO, 9TO OHO cocTaBisieT mpuMepHo 12 c.
Takum oOpa3oMm, B JaHHOW CHUCTEME OYEHb OBICTPO yCTaHABIMBACTCS
KBa3HCTAIlMOHAPHAsT KOHIICHTpAIlMs MHTEPMEauaTa, a KHUHETHKA MPO-
11ecca MOJHOCTHIO MOYMHACTCS YKa3aHHBIM B YCIIOBUM YPaBHECHUSIM.

3aoauu

1. ABTOKaTAIMTUYECKUMHU HA3bIBAIOT PEAKIMH, B XOJI€ KOTOPBIX
oOpasyeTcsi MPOAYKT, YCKOPSIOIINHN TaHHYI0 peakiuto. OUH U3 Mpo-
CTEMIINX CJy4aeB aBTOKATAIMTUYECKOM PEAKIMU MOMXHO OIMCATh
CXEMOM:

A+B—->C+B Ky
C+D>P+B k2

B stoii cxeme A u D — pearenTsl, P — npoaykr, B — karanmsa-
Top. IIpoBeauTe KNHETUUECKOE MOJECITUPOBAHNE HA OCHOBAHUU TNIPE-
JI0)KEHHOM CXEMBbI M MPEACTaBbTE KPUBBIC N3MEHEHHUSI KOHIIEHTPALIAMA
BCEX BEIIECTB — YYACTHUKOB PEAKIMH MPU CICAYIOUIUX YCIOBUSX:
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k; = 0,01 n/(monb-c), ky = 10 n/(moib-c), Cag = 0,1 M, Cgo = 0,001 M,
Cpo = 0,1 M. Kak u3meHsieTcs BpeMs JOCTIKCHUS MaKCHMaJIbHOU
CKOPOCTH HAKOIUICHHS TpOAykTa P mpu BapbUpOBAaHUU HAYAIbHON
KoHIeHTpaunu B B mpexenax 10°—-10"" M (¢ marom B mOpsiiox)?

2. [1pu npoTtexkanuu OumMonekyssipHoi peakiuu A + B — C B u3-
ObITKe peareHTa B (B peknMe TICEBIONEPBOrO TOPSIKA) KHHETHKA
JaHHOM PEaKIMu MOXET OBITh ONKMCaHa ypaBHEHHEM Buja (2.2), e
KOHCTaHTa CKOPOCTH peakiuu sBisercs 3¢ dextuBHoi (K') u 3aBUCHT
OT HadaJbHOW KOHIICHTparuu b BemectBa B 1o  ypaBHEHHIO
k'=k:-b (I). B obmem ciydae kuHEeTHKAa OWMOJCKYJISIPHOW pPEaKIIHH
ornuckiBacTcs ypaBHenueM (1.15). TlpoBeauTe KHHETHYECKOE MOICITH-
poBaHHE JJIsl YKA3aHHOW PEaKIMy U MPOBEPhTE MPUMEHHUMOCTb ypaB-
Henuit (2.2) u (1) nns pacueTa KOHCTaHTBI CKOPOCTH TIPH Pa3TUIHOM
COOTHOIIIEHNHU KOHIIeHTpanuii BemecTB B u A. Kpurepuem npumenu-
MOCTH YPaBHCHHMI CUMUTAHTE OTHOCHTEILHYIO OIMHMOKY B pacuere K,
a Takke Kod(PpuuueHT R® B YPaBHEHUU COOTBETCTBYIOLIEH aHAMOP-
¢o3bl. [IpoBepbre mpuMeHHMOCTh ypaBHeHus (1.15) mis pacuera K
BO BCeX ciyd4asx. VcxomHele maHHBIE IS MOJAEIHMPOBAHUS:
k = 0,01 n/(moms-c), a = 0,01 M, b =0,03; 0,05; 0,10; 0,20 M.

3. ®epMeHTAaTHBHASA PeaKIMsl MPEeBpaIleHusl cyocTpara S B Mpo-
nykT P mon aeiictBueM depmenta E B mpuCYTCTBHM KOHKYPEHTHOTO
uHruouropa | mpoTekaeT mo cieaymrouie cxeme:

E+S 'k‘<:> ES—% SsP+E
2
E+l tﬁ El
5

3aBUCHMOCTh Ha4yaJdbHOW CKOPOCTU (HDEPMEHTATHUBHON peaKIUU
OT KOHIIGHTpAIlMU S ONMHUCHIBAeTCsA ypaBHEHHEeM Mmuxasnuca — MeH-
TeH (6.3) ¢ addekTuBHON KOHCTaHTOW Muxasiuca, ONnpeacIseMon
ypaBHeHueM (6.5). [IpoBenuTe KHHETHYECKOE MOJICIMPOBAHUE HA OC-
HOBAHUU MPEIJIOKCHHONU CXEMBI U MPEACTaBbTE 3aBUCUMOCTh HAaYaJTb-
HOM CKOPOCTH TpoIiecca oT KoHreHTparuu S. B kauectBe Wy ncmnoss-
3ylWTe MaKCUMajbHOE 3HAYEHHWE CKOPOCTH HAKOIUICHHWS MpoaykTa P
Bo BpemeHnu B TeueHue mepBbix 1000 c. JIuHeapuszupyite moiaydeH-
HYyIO 3aBUCHMOCTb B KOOpJIUHATaxX ypaBHeHus (6.4), onpenenute Ky o
U Wi U CpaBHUTE MX C TEOPETUYECKUMHU 3HA4YCHUsIMU. VIcXomHbIe
naHHble Uit MoaenupoBanus. Ky = 0,5 n/(monb-c), k, = 0,001 ¢t
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ks =0,004 ¢, ks = 1 n/(moms-c), ks = 0,002 ¢, [E], = 0,001 M,
[1]o = 0,005 M, [S], = 0,005; 0,01; 0,02; 0,05; 0,1; 0,2 M.

4, Kucnopon sBIIETCS HHTHOUTOPOM paJuKaabHON MOIMMepr3a-
muu ctupoja (M). C yBenWYeHHEM KOHIICHTPAIIMM KHCJIOPOJaa CKO-
POCTh MOJTUMEPHU3AIMU TaJIaeT, TP ATOM C IOJUMEpHU3aluei KOHKY-
pUPYET MpoliecC OKUCTeHMs. JIaHHBIM MPOIeCC MOXKET ObITh OMHCaH
CJICIYIOIIEH KHUHETUYECKON CXEMOW:

| —M R W, = 1-10~° moms/(11-c)
R+ 0, > RO, ki = 9,5-10" n/(moutb-C)
RO, +M — R’ ko = 99 11/(moib-C)
R+M-—>R ks =190 1/(moib-C)
R"+ R" — mpomykTsl 2k, = 1,6-10° n/(moub-¢)
R"+ RO, — mpoaykTsl ks = 1-10° 11/(Moub-c)
RO," + RO,” — npoayKThl 2ks = 2,7-10" 1/(mouB-C)

Ha ocHOBaHWMH MOJIETMPOBAHUS TAHHON CXEMBI.

1. Uccnenyiite 3aBUCUMOCTh CKopocTH mosmMepu3arun  (Ws)
u ckopoctu okuciienus (W,) ot KoHIICHTpanuu Kuciaopoaa. [lpusenn-
te Tabmuiyy 3aBucumoctu Wz u W, ot [O,], a Takke cooTBeTCTBYIO-
mmii rpapuk (s [O,] mcmone3yiiTe morapuMHUECKYIO IIKAIy).
OueHnuTe KOHIEHTPAIMIO KUCIOPOAa, IPU KOTOPOU CKOPOCTH ITOJIU-
MEpPH3aIliN U OKUCIICHUS PaBHBI.

2. UccnenyiiTe 3aBUCUMOCTb CKOPOCTEH 0OpbIBa IIEMU MO Pa3HbIM
nyTsMm (W,, Ws m W) oT KoHIIeHTpanuu kucioposa. [IpuBenure Tad-
nuuHyio U rpaduueckyro 3aucumoctu Wy, Ws 1 Wy ot [O,] anao-
rugHo 1. 1. Onpenenute ob6aactu npeodiaaganus oOphIBa MEnel Kax-
JIOTO THIIA.

3. [IpoBepbTe MPUMEHUMOCTh KMHETHYECKHX YpaBHEHUH B Tpe-
JETBHBIX CITydasx VTSI CKOPOCTH MOJIMMEPHU3ALIH
(W3 = K/ks" [M]W;>?) 1 ckopoctu oxucnenust (W, = kolks " [M]W;>®).

Konuenrtpamust ctuposia paua 8,7 M. Ilpu MoaenupoBaHuu uc-
noJib3yiTe cienyrone 3Hauenus [O,]: 0, 1-10_6, 2-10_6, 5-10_6, 1-10‘5,
2.10°, 510, 1-107, 2-107*, 5-107, 1,5-107°, 7,5-10° M (koHueHTpa-
ITUFO KMCIIOPOJIa B OIBITE CUNTATh MTOCTOSIHHOH).

5. BBeleHrne B OKUCIISIONTYIOCS JIMHONEBYIO Kuciory (LH) mHru-
outopa (InH) TopMoO3UT mpoIecc OKUCICHHUS, BCICICTBUE YEro Ha KH-
HETHUYECKON KPUBOM MOSBIISCTCS IEPHO UHAYKIUH (T), KOTOPBIH CBS-
3aH C KOHIICHTpallield MHrHOUTOpa U CKOPOCThIO HMHUIIMMPOBAHHUS CO-
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otHommenueM T = 2[InH]/W;. TIpouecc MoxkeT OBITH ONMHCAaH CIEIYIO-
eV KUHETUYECKON CXEMOU:

| %A ¢ W,

LO, + LH —22 5 LOOH + LO, kK, = 70 1/(Monb-c)
LO," + LO,” — npoaykrsl 2ks = 5-10" 1/(Mo11B-C)
LO, + InH — LOOH + In" ks

LO, + In" — LOOIn ks = 1-10° 11/(Mo1B-C)

Ha ocHOBaHWW MOJEITUPOBAHUS TAaHHOW CXEMBI HCCJICIOBAThH 3a-
BHUCUMOCTD OINMOKH, BO3HHKAIOIICH MPH ONpPEICICHUH MEPHOa HH-
JOYKIMKM 110 METOJy KacaTeJIbHOHM, OT CHIIBI MHTHOUTOpa (BEITUYMHBI
k7). Moaemuposanue nposectu mpu [LH] = 3 M, [O,] = 0,0015 M
IUIS Cenyomux 3HadeHuii ky: 1-10°, 2-10°, 5-10°, 1.10° m/(Moms-c)
npu ckopoctsix nanmprpoBanns W; = 1.10° u 1-107" mous/(i1-¢) (uc-
monb3oBathb [INH] = 1:107 1 1-10™ M cootserctBerHo). Crenarhb BbI-
BOJI, IIpH Kakor W JTydiiie MpoBOIUTE U3MEPCHHE TIEPHOIa HHIYKIUH
B DKCIICPUMCHTE.
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