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CropocTh XMMHMYECKHX peakuuil. XuMHYeCKOe PaBHOBeCHE:!
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MoryT ObITh MCITOJIB30BAHbI ISl TIOATOTOBKHU K BBITIOJIHEHHUIO Jia-
OopaTopHON pabOTHI, @ TAKXKE JJISI CAMOCTOATEILHOM PabOTHl MO TEME
MeToInuecKoro ykazanusa. Coaep)kaT onmucaHue 1abopaTtopHoOi padoTHI,
TEOPETUYECKU MaTepuas, BOMPOCHl /IS CAMOMNPOBEPKH U WHIWBHUIY-
aJIbHBIC 3aJIaHUS.

MeTtoaudeckue yka3zaHus IpeIHa3HA4YE€HBI JIJI9 CTYJICHTOB TEXHHU-
YeCKUX (HEXMMHUYECKHUX) HAIIPaBJICHUI TOATOTOBKHU.

TekcT neyaraercs B aBTOPCKOU PENAKIIUN

[Toanmucano B mevyaTh . ®opmar 60*84 1/16.
Ycen.neu. . . Ya.-usa. . . Tupax 100 5k3. 3akas . beciatHo.
FOro-3anannbiii rocy1apCTBEHHBIN YHUBEPCUTET.
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BBenenue

JlaHHbIE METOIMYECKUE yKa3aHUs MpeAHa3HAUYCHbI ISl TTOJITOTOB-
K1 K JlabopaTopHOil paboTe «CKOPOCTh XUMHUYECKUX PEaKIuid. XUMU-
YECKOE€ PABHOBECHE» WM BBINOJHEHUSI CAMOCTOSTENIBHOW Pa0dOThI MO Te-
MECTYACHTAMUTEXHUYECKNX (HEXMMHUUYECKUX) HAIpaBICHUN MOATOTOB-
k. Mertoauueckue yKazaHUsi COJAEp)KaT TEOPETHYECKUM MaTepual,
OMHUCaHue Ja0opaTOPHOU pabOThI, BKIIOUEHHOW B J1a0OpATOPHBINA MpaK-
TUKYM AUCHUIUIMHBI «XUMUD», TPEOOBAaHUA K OTUETY, BOMPOCHI JJIsI Ca-
MOITOJTOTOBKH, a TAK)KE€ UHAUBUIyaIbHbIC 3a1aHU.

B ykazanmsx pa3Oupaercss TEOpeTHMUECKUH Marepuana 1Mo TeMe
«CKOpOCTh XHMMHUYECKMX pEaKklHnil. XHUMHUYECKOE paBHOBecHe». Pac-
CMaTPHUBAIOTCS MPUMEPHI 3a/laHnii. Bce 9TO MO3BOJISET CTyIEHTaM MOJI-
HOIIEHHO OCBOMThH MaTe€pUal TEMbI U MOJITOTOBUTHCS K 3aHSITHIO.

Mertoandeckre yka3aHus MO3BOJISIIOT MOATOTOBUTHCS K BBITIOTHE-
HUIO JJabopaTopHON paboTe, MPOU3BECTH TpeOyembie pacdE€Thl U 0 op-
MHTb OTYET.

B Meromuueckux ykazaHUSIX MPUBOISTCS 3aJaHUs, PEKOMEHIYe-
MBIE JIJII CAMOCTOSITEIbHOTO BBIITOJHEHUS MIOCTIE U3YYEHUs TEOpeTHYe-
CKOr'0 MaTepuaia mo TeMe. BrInoHeHne TaHHBIX 3a/laHui TT03BOJIUT 3a-
KpeNuTh u3ydaemblii matepuan. [IpuBOIUTCS CIHCOK PEKOMEHIyeMOM
JUTEPaATYPHI.

K nabopaTopHOMY 3aHATHUIO CTYJEHTHI TOTOBSTCS 3apaHee, u3ydas
TEOPETUUYECKUI MaTepuaj, METOJIUKY BBITIOJHEHUS HKCIEPUMEHTA U
TpeOOBaHUS K OTUETY.

CKOPOCTh XUMUWYECKHUX PEAKIIUIA. 3ABUCUMOCTb
CKOPOCTH PEAKIIMMU OT PA3/INYHBIX ®AKTOPOB

KuHeTtnka — ydeHHe 0 CKOPOCTH Pa3JIMYHBLIX IIPOIIECCOB, B TOM
qUCJIe XUMHUYECKUX peakiuii. OMHUM U3 OCHOBHBIX MOHSITHH B XUMHUYE-
CKOM KHHETHKE SIBJISICTCSI CKOPOCTH PeaKI[UHu.

CKopocmbio XUMUYECKOU peakyuu Ha3bl8aomusMeHeHue Koauue-
cmea peazupyroweco eewecmeaunlu NpooyKkma peaxkyuu 3a eOuHuyy
8pemMeHU 8 eOUHUYE PeaKYUOHHO20 NPOCMPAHCMEA.
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B romMoreHHoOW cucTémMe PEeaKUMOHHBIM IMPOCTPAHCTBOM CITYXKHUT
0o0beM coCy/a, B KOTOPOM IMPOTEKAET B3aUMOJEHCTBHE, & KOJIMYECTBO
BEIIeCTBA B equHUIC 00béMa HazbiBaeTcs kouyenmpayusi(C) v BeIpaKa-

€TCsl B MOJIb/].
n (BellecTBa)

"~V (cucreMsl) (1)

[TosToMy B cilydae rOMOT€HHOIO MPOLECCa, MPOTEKAIOLIETO MPHU
MOCTOSITHHOM 00BEME, CKOPOCHb 20MO2SEHHOU XUMUUECKOU peaKyuu us-
Mepsaemcsl UsMeHeHueM KOHYEeHmpayuu Kako2co-1ubo u3 peasupyrouux
geujecme 3a eOUHUYy 8pemMeHuU.

(2)

3Hak "+" cTaBUTCA JUIsl TOrO, YTOOBI IPU pacyeTax 3HAUYECHHUE CKO-
POCTH Bcerjia ObLJIO BEIMYMHON MOJIOKUTEILHOM.

EnvHnner peakinOHHOTO MPOCTPAHCTBA B T€TEPOTEHHBIX PEAKIIU-
AX CIYKUT €AUHULA TUIOIAIH PEAKIMOHHON ITOBEPXHOCTH.

OOBIYHO BpEMSI T BBIPAKAETCS B CEK, O3ITOMY Pa3MEPHOCTh CKO-
POCTH pPEaKIUM KaK IpPaBUIIO, MOab/1'ceK. B XUMHYECKON KHHETUKE
Pa3JIMYAOT CPEHIO W UCTUHHYIO (MJIM MTHOBEHHYIO) CKOPOCTh peakK-
[WH.

HcTrHHAsE CKOPOCTh XUMUUYECKON PEAKLUU OINPEAEIAETC Hpele-
J0M, K KoTopoMy ctpemutcs otHomenne AC/At nipu T — 0, TO ecTh
MIPOU3BOJHON KOHIEHTPALIUHU 110 BPEMEHU:

(3)

CKOpOCTh peakluH 3aBUCHUT OT psaa (PaKTOpOB, B TOM YHUCIE OT
MPUPOJBI PEATHPYIONINX BEIIECTB, UX KOHIEHTPAIUH, TEMIEPATYpHI,
IUIOIIA/IN PEAKIIMOHHON MOBEPXHOCTH (IJ1s1 TETEPOTCHHBIX PEAKIUIA),

3aBMCHMMOCTb CKOPOCTH PeaKIMU OT KOHIEHTPAIMU PeareHToB

Heo0xoauMbIM yCIIOBHEM 71 OCYILIECTBICHHUS aKTa XUMHUYECKOTO
B3aUMOJICHCTBUS MEXKIy MOJIEKYJIaMU JOJIKHO OBITh UX CTOJKHOBEHHE.
CTOJNKHOBEHHE MOJIEKYJI B HEKOTOPOM PEAKIIMOHHOM MPOCTPAHCTBE MPH
3aIaHHON TeMmIepaType MPOUCXOIAT TeM dYalle, 4eM OOJIbIle ITUX MO-
neKys. [loaTomy CKOpOCTh XMMHUYECKOW PEaKIMU 3aBUCUT OT KOHILICH-
Tpaluu pearupyromnmx BemecTs. [lo Mmepe yMeHbIIIEHUS KOHIIEHTPAaIUK
MCXOJHBIX BEUIECTB BO BPEMEHU CKOPOCTh PEAKILIUH MMaJacT.



Kojm4ecTBeHHO 3aBHCHMMOCTbh CKOPOCTH PEaKIUU OT KOHICHTpa-
UU PEArvpyIolMX BEIICCTB BBIPAKACTCI 3AKOHOM OCUCMEYIOUJUX
macc, KOTOPBIA B COBPEMEHHOM (hOPMYIHMPOBKE BBITJISIIUT TaK:

npU NOCMOSHHOU MemMnepamype CKOpoCmb XUMUYECKOU peaKyuu
APAMO NPONOPUUOHANILHA NPOU3EEOCHUIO KOHUCHMPAYUL PEazupyroujux
gewecms, 635MblX 6 CIMEeNeHsx, PAGHbIX CMeXuoMempui4eckum Kod3ppu-
YUEHMAM 8 YPABHEHUU PeaKYUU.

Jist peakyn aA +bB — mM + nN
MATEMATHYECKOE BBIPAXKCHHUE 3aKOHA JEHCTBYIOIIMX MACC UMEET BUI:

V = kC,*Cg® (4)

rae V — ckopocth peakiun; C,u Cg— KOHIIGHTpAIlUM PeareHToB A U
B; a, b — crexuomerpuueckre k03 (QHUIIMEHTH B YPaBHCHHH PEAKIUU;
k— ko3 duimesT npornopuroHaIbHOCTH, Ha3bIBAGMbI KOHCTAHTOM
CKOPOCTH XMMHUYECKON peakiuuu. Pa3MepHOCTh KOHCTAHThI CKOPOCTHU
OIPECIACTCS BEIMYMHAMH CTEXUOMETPUUICCKUX KO3 UIIMEHTOB au D
M OCTaeTCsl TaKOW, 9TOOBI CKOPOCTh V mMelia pa3sMEpPHOCTh MOJIb/1"CeK.
Ecili HEeT TOYHBIX JaHHBIX, pa3MepHOCTh K mpuauMarotcex . Tlpu C,
= Cg= 1 monv/1K urcieHHO PaBHACKOPOCTH.

Breipakenne (4) Ha3bIBAIOT TaKXKEe KUHEMUUECKUM YPAGHEHUEM
peaxyuu.

Koncmanma cxopocmu XUMUYECKOW peakUuK ONpEEseTcs] npu-
POION pearupyromux BemecTB U 3aBUCUT OT TeMIepaTypbl, OT MPUCYT-
CTBHSI KaTajau3aTopa, HO HE 3aBUCHUT OT KOHUEHTPAIIMU BEIIECTB, y4acT-
BYIOIIUX B PEaKIINH.

Ilpumep 1. B peakiimonHslii cocyn oobemom 2 11 nomenieHsl 0,06
monb BemectBa A u 0,02 monp BemectBa B. Ilpu onpeneneHHon Tem-
neparype npotekaet peakiua A + 2B = AB, Halitn 3HaueHne KoHCTaH-
Thl CKOPOCTHU PEAKIHUM MHPU ITOM TeMIleparype, €Ciau TMpHU 3aJaHHBIX
KOHIIGHTPAIUAX BEIecTB A M B CKOpocTh peakiuu paBHa 6-107'
MO/ (T1°ceK).

Peuwienue: 3Has KOJIMYECTBA PEAruPyIOUIMX BEIIECTB U O0BEM
CHUCTEMBI, HaiIeM MOJISIpHBIE KOHIICHTPAIlMU PeareHTOB:

C,=0,06/2=0.03 =310 2moaw/n; Cg=0,02/2=0.01 =10 *morv/n



3anuiiem BBIPAKCHUC KUHCTUYICCKOT'O YPABHCHUA, CBA3BIBAOIICTI'O CKO-
POCTb PEAKIMHU C KOHLIEHTPALMAMH PEATUPYIOIIUX BEILECTB!
U:kCA’CBZ.

V 6.10~’
Orcrona: k = =
C. - Cg 3-1072 (1072)?

3aKOH I[GIZCTBYIOHH/IX Macc CHpaBeI[J'II/IB TOJIBKO JJId Han6onee
IMPOCTBHIX MO CBOEMY MEXAHW3MY B3aMMOJEHUCTBHUM, NPOTEKAOIIMNX B Ia-
3axX HUJIN B p336aBJIeHHBIX paCTBOan. CJIO)KHBIG peaKHI/IH MOFYT 6BITB
COBOKYHHOCTI)IO HapaJIJICJIBHO I I10CJIICOA0BATCIIBHO HpOTeKaIOIlII/IX
MPOLECCOB. 3aKOH JACHUCTBYIOIIMX MAacC COPABEJIMB ISl KaXKIOM OT-
IIGJIBHOﬁ craanuu peaKHHI/I, HO HEC OJIsI BCCTIO BSaHMOHeﬁCTBHﬂ B LICJIIOM.
Ta craaus HpOH@CC&, CKOpOCTB KOTOpOﬁ MHWHHMMAJIbHA, JII/IMHTI/IpyeT
CKOpPOCTh peakiuu B o60meM. [loaTomy MaremaTHdecKoe BBIPAKCHHE
3aKOHA JICMCTBYIONIMX MacC, 3alUCaHHOE JIJIsi CaMOil MEJIJICHHOU (JINMU-
TUPYIOILIEH) CTaluM MpOoliecca, NPUIOKUMO OJHOBPEMEHHO M KO BCEM
PEAKIIUU B LIEJIOM.

Ecnu B peakiiuu y4acTBYIOT JiBa WK 00Jiee BELIECTB, TO CKOPOCTh
peaKHI/II/I MOXECT 3daBUCCTH OT KOHHGHTpa]_II/II/I TOJIBKO OJHOT'O M3 HHUX,
yqaCTBYIOHIeI‘O B CaMOfI MeI[JIeHHOP’I craanuu Hpouecca N HC 3aBUCCTH OT
KOHIICHTpAllUM IPYTHUX.

= 0,2 1%/(mow)*cex

CKopOCTb reTepoOreHHbIX XUMHUYECKUX peaKkIuid

MHorrne XUMHYECKHE MPOIECCHI, UMEIOITNE OOJIBINTOe 3HAUCHUE B
TEXHUKE, OTHOCATCS K YHCIy T€TePOreHHBIX peakiui. OauH Wi He-
CKOJIbKO KOMIIOHEHTOB TIpPOIlecCa HaXOJATCA B KOHJACHCHPOBAHHOM,
00b19HO TBepaoi (pase. KOHIIGHTpAIlMKM TBEPABIX BEIIECTB HE 3aIHCHI-
BAIOTCSd B KMHETHMYECKOE ypaBHECHHE (3aKOH ACHCTBYIOIIMX Macc). Yc-
JIOBHO 3THU KOH]_ICHTpaI_II/II/I HpHHHMaIOT IIOCTOAHHBIMU H paBHbIMI/I 1
DTO nepsas OCOOEHHOCTb T'€TEPOTCHHBIX peakiuid. OHM UOyT Ha MO-
BEpXHOCTU pazjena (a3, KoTopas U SBISIETCS UX PEAKIIMOHHBIM IPO-
cTpaHCcTBOM. IloaToMy 6émopoti 0COOEHHOCTBIO KMHETHKH 3THUX pPEak-
I_[I/Iﬁ ABJICTCA BIIMAHUC ITLJIOHIAAN peaKHI/IOHHOﬁ HOBCpXHOCTH Ha CKO-
pOCTh peakuuu. Tak i peakiuu:




F€203(K) + 3C0(F) — 2Fe + 3C02(1‘)

KHHETHYECKOE YPaBHEHUE MOXKET OBbITh 3alIMCaHo B BUjaC: V = k-C3CO~S,
rae Cco — MoOIspHas KOHLEHTpanus MOHookcuaa yraepona COp,
€MHCTBEHHOT'O Ta3000pa3HOr0 KOMIIOHEHTa B PEarupyroiux HCXOJ-
HBIX BEIIIECTBAX, S — IUIONIAb MOBEPXHOCTH, HAa KOTOPOH UJET peak-
uus. TBepnoe BemecTBo Fey0zp ) B KNHETUYECKOE ypPaBHEHHE HE 3allu-
ceiBaeTcsi. CKOPOCTH TETEPOTEHHBIX XUMUYECKUX PEAKIM UMEIOT pas-
MEPHOCTb MOIb/TI"CEK M.

Opnnako B OOJBIIMHCTBE CIIyYaeB IJIONIAAb PEAKIIMOHHOMN MOBEPX-
HOCTH MPAKTUYECKH HEBO3MOXKHO U3MEPUTH U OHA HETOCPEICTBEHHO HE
burypupyeT B KHHETUYECKOM YPaBHEHHH (3aKOHE JIEUCTBYIOIIUX Macc).
Omna "3anpsiTeiBaeTcss" B KOHCTAHTY CKOPOCTH K M 3TO YYMTHIBAETCS B
Pa3MEpPHOCTU KOHCTAHThI CKOPOCTH.

Ipumep 2. Nna peaxuuu:Sigg + 2H,0p— SiOyrp +
2HyHaNMIIATE BBIPAKEHUE U1 KUHETHYECKOTO yPaBHEHMS.

Peuwienue: Jlannas peakiusi reTeporeHHasi, mpoTeKaeT Ha TPaHUlIle
pasznena (a3. M3 pearupyronmx BEMIECTB BOJIa YYaCTBYET B PEAKIIMHU B
razoo0pasHoit opme, nepea Hel KOADPUIIUEHT B YpaBHEHUH PaBeH 2
(...7 2H,0 ). Kpemuuii (Sirg) — TBepJoe BeIIECTBO, IO3TOMY €ro
KOHIICHTPAILIUIO HE YYUTHIBAEM B KMHETHYECKOM ypaBHeHHH. CiemoBa-
TEJbHO, KMHETUYECKOE YpaBHEHHE (3aKOH JEHCTBYIOIIMX Macc) IS
JTAHHOW PEaKIUM MOXKET UMETh BUAI: V = k- C?ny0. Pa3zmepHOCTh KOH-
CTaHTbI CKOPOCTHU B 3TOM CITy4ae Ji/MOJb CeK-MP.

B mporecce peakiiuu yMeHbIIA€TCsl KOHIIEHTpAIIMS peareHTa B 30-
He peakiuu Cg 1o CpaBHEHUIO C €r0 KOHIleHTpalueld B oobeme Cy u3-
3a pacxojia peareHta. I[loaToMy ckopocmb cemepoceHHOU XUMU4ecKkotu
peaxkyuu 3a8ucum om CKOpoCmu noo8oodd peazeHmos 8 30H) Xumuue-
CKOU peakyuu,4to ABISETCS mpembell 0COOEHHOCThIO 3TUX PEaKITUH.

Hawnbonbliiee n3MEHEHNE KOHIUEHTPAIIMU peareHTa MPOUCXOAUT B
TOHKOM CJIO€ OKOJIO PEaKIIMOHHOM MOBEPXHOCTH, Ha3bIBAEMOM Ouggy-
3uoHHbIM croem. TlepeHoc BellecTBa 3/1eCh MPOUCXOIUT B OCHOBHOM 3a
cuet nuddys3uu.

Ecmu ckopocts nuddy3un MHOro OObIIE CKOPOCTH PEaKIUU
(Vg>>V), To pearentsl 0e3 mpobieM MOAAIOTCA B PEAKLUOHHOE IIPO-
CTPaHCTBO, K TOBEPXHOCTHU, BCE 3aKOHBI BJIMSHUS KOHIICHTPAIIUU Ha
CKOpPOCTb, OMMCAaHHbIC BbIIIE, cOOMOAat0oTCs. [ Takux ciaydaeB €cTh



BBIPAKEHUE «KUHEMUUECKUl KOHmMpOoIb peakyuuy. Ecnu ckopoctu Xu-
MUYECKON peakiuu u AudPy3un conocTaBUMbI, UMEET MECTO CMeUlaH-
Hblli KOoHmpoab. VI, HaKoHell, Koraa CKOpocTh AU (Py3uu MHOTO MEHBIIIE
ckopoctu peakuuu (V<< V) 10 roBopAr o 1u¢p¢y3noHHOM KOHTPOJIE
peaKIuu.

B sToM cnydae MOKeT HaOIIOAThCsl HYJIEBOM MOPSAIOK PEaKIUU
M0 BCEM peareHTram. JTO 3HA4YuT, 4TO B KoopauHatax V — C CKOpoOCTh
HE 3aBUCHUT OT KOHIICHTpAIlUi PEareHTOB, a 3aBUCUT OT CKOPOCTH JU-
¢Gy3un, BETUYUHBI TOBEPXHOCTH U TEMIIEpaTyphl, KOTOPHIE HE BXOMST B
KMHETUYECKOE ypaBHEHUE. Takoe SIBJICHUE MOKET UMETh MECTO MPHU pe-
aKIIMM Ha TBEPAOWN MOBEPXHOCTH B KHUJIKUX CpelaxX C BBICOKOW BSI3KO-
cThi0. OIHAKO OOJIBIIMHCTBO T€TEPOTCHHBIX PEAKIUii UMEET MOPSJIOK,
OTJIMYAIOIIUKCS OT HYJIEBOTO.

3aBHCHMOCTb CKOPOCTH PeaKIuii OT JaBJIeHUsI B CUCTEMe

B Tex ciydasix, Korja cpey pearupyommux BeMECTB UMEIOTCSA Ta-
3bl, CKOPOCTh PEAKIIMI 3aBUCUT OT JABJICHUS B cucTteme. lIpu nossiie-
HUW JIaBJICHHUS 3a CUET CHKATUSI CUCTEMBbI MPONOPIMOHAIIBHO BO3PACTAET
YUCJI0 MOJIEKYJ Ta3a B €WHUIIE 00heMa, YTO SKBUBAJIECHTHO MOBBIIIIE-
HUIO KOHIEHTPAMH TAHHOTO Ta3a.

Ilpumep 3. Kak uameHutcs ckopocts peakiuu 2NO + 0, — 2NO,
IpU YMEHBIIICHUU 00beMa 3aMKHYTOM CHUCTEMBI B JiBa pasza IMpH MOCTO-
STHHOW Temneparype?

Pewienue.YMenbliieHne 00beMa B 3aMKHYTOW CHUCTEME SKBHBa-
JICHTHO TPONOPIUOHAIBHOMY YBEJIUYEHHIO JIABJICHHUS.

Kunetnueckoe ypaBHEHHE TAHHOW PEAKIIMY UMEECT BU/L:

V= kCZN()'COZ_

[Ipu yMeHblIeHHH O0BEMa CUCTEMBI B JIBA pa3a M CBSI3aHHBIM C
ATHUM MOBBIIIEHUH JABJICHUS B J[Ba pa3a KOHIICHTPAIMU pearupyrommx
BEIIIECTB TOXE MOBBIMIAIOTCS B JiBa pasza: C'yg = 2CnoC'o, = 2Co0;

Hogast ckopocTh peakuuu:

V' = kC'no? C'0, = K(2Cno)?*(2C0;,) = 8KCno* Co, = 8V

Otcroga, Mpy yMEHBIIIEHUH 00BEMa 3aMKHYTOM CHCTEMBI B JIBa
pa3a npu IMOCTOSHHOM TEMIIEPATYpE CKOPOCTh JAHHOW PEAKIMUU ITOBbI-
maercs B 8 pas.
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3aBMCHMMOCTh KOHCTAHTHI CKOPOCTH PeaKIUU OT TeMIIEPaTypbl
BOJIBIIMHCTBO peakiui yCKOPSETCA IPU HarpeBaHuu. 1Temriepary-
pa JEUCTBYET HEMOCPEICTBEHHO HA KOHCTaHTy ckopoctu.llycts V; —
CKOpPOCTB peakiuu npu remieparype Ty, a V, — CKOpPOCTb 3TOU XKeE pe-
akuuu npu temreparype T,. B TakoM ciyyae uMeeT MeCTO 3MIUpHUYE-
ckoe npaBuiio Baut-I'odda.

T, 5)
V, =V, -y *°
T7€ Y — memnepamypHlii Ko3gpuuuenm.

Temnepamypuotii K03¢hpunuenm nNOKA3BIBAET BO CKOJIBKO pPa3
MTOBBICUTCS CKOPOCTh PEAKLIUH IIPU MOBBIIIEHUH TeMIiEpaTypsl Ha 10 °C.
J{71s1 GONBITMHCTBA PeaKIuii IPU TeMrepaTypax, OJU3KUX K KOMHATHOM,
OH COCTaBJISICTBEINYUHY 2-4.

VYpaBaenue Baut-I'odgda mupoko ucnosb3yercs, 0JHAKO ClIeTyeT
MOMHHTB, YTO OHO IMIIUPUYECKOE MPUOIUZUTEIBLHOE, €r0 MOKHO MpU-
MEHSITh TOJIBKO JIJI1 OPUEHTUPOBOYHBIX PACUETOB.

IIpumep 4. Tpu 100 °C HexoTopas peaximst 3axaHnduBaercs 3a 20
MuH. [IpyHruMas TeMnepaTypHbid KOAQPUIIUEHT CKOPOCTU PEAKIIUN Y =
3,5, paccunTanTe, 4epe3 Kakoe BpeMs 3aKOHYUTCS peaknuus mpu 60 °C

Peuwienue. CKOpoCTh peakiluu, Kak U CKOPOCTh BCSIKOTO Ipoliecca,
o0OpaTHO MpOMOpPIMOHANIbHA BPEMEHH MpoBeieHus npoiiecca. Crenoa-
tenbHO, VoIV = 11/1,. Ilycte Ty, ViU T — mapameTpbl MeJICHHOTO
(HM3KOTEMIEpaTypHOro) mpoiecca, a Tp, Vou T, — mapaMeTpsl BHICO-
KoTemnepaTtypHoro mnpouecca. lloactaBiseM uMeromuyecs: JaHHBIE B
ypaBHeHue Bant-I'odda:

V,/V, = 3,510 =610 = (3 5Y = 150. Tak kax V,/V; = 14/, = 150,

T/t =71/20 71,=150-20 = 3000 muu = 50 yacos.

OIHUM U3 METOJ0B YCKOPEHUS XMUMHUYECKOW PEAKIUU SIBIACTCS
Kamanu3, KOTOPbIM OCYIIECTBISETCS NPU MOMOIIU BEIIECTB (KaTaau3a-
TOPOB), YBEJIMYUBAIOIINX CKOPOCTh PEAKIIUM, HO HE PACXOIYIOIINXCS B
pe3ynbTare ee nporekanus. Kak u npu noBBIIEHUN TEMIEPATYPhI, IPU
BBEJICHUU KaTaJIM3aTOpa IMOBBIIACTCS KOHCMAHMA CKOPOCMU DeaKyuu.
MexaHu3m JIEeUCTBUS KaTAIM3aTOPa CBOAUTCS K YMEHBIICHUIO BEJIWYU-
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HbI SJHEPTUU AKTUBALMU PEAKLUH, T.€. K YMEHBIIEHUIO PA3HOCTUA MEXKIY
CpeaHel PHEpPTrueil akTUBHBIX MOJIEKYJT (AKTUBHOTO KOMILJIEKCA) U CPeI-
HEW PHEPruei MOJEKyJ UCXOAHBIX BelecTB. CKOPOCTh XMMUYECKOU pe-
aKIMH IPU 3TOM PE3KO MOBBIIIACTCS

XUMHNYECKOE PABHOBECHE

MHorne XuMU4eCKUe peakiiuyi NPy OJJHUX U TEX KE YCIOBUSIX MO-
I'yT MPOTEKATh OJJTHOBPEMEHHO B JABYX NMPOTUBOIIOJOKHBIX HAIPABJICHU-
sx. Takue mponecchl Ha3bIBAKOTCA 0OPAMUMBIMU.

[Ipumepom 0OpaTUMOil peakliiu MOXKET CITYKUTh B3aUMOJECHCTBUE
BOJIOpoJa ¢ oaom. Eciii mpu KOMHATHOM TeMIIEpaType B 3aKPHITOM CO-
CyJZie CMeNIaTh ra3000pa3HbIil BOJOPO/] C MapaMu 1oj1a, TO BCKOPE MOXK-
HO OOHAPYKUTh 00BOIOPO, OOPA3YIOIIUICS IO PEAKIINH:

H2+|2—> 2HI

C npyroi#t CTOpOHBI, €CIU B 3aKPBITHIN COCYJ] IOMECTUTH T'a3000-
Pa3HbIil M0I0BOIOPOA, TO YEPE3 HEKOTOPOE BpEeMsI B HEM MOXKHO OOHa-
PYXUTh (DUOJIETOBBIEC Mapbl HOJa. DTO CBUACTEILCTBYET O PA3JIOKECHUU
HOJIOBOJOPOJA:

2HI— H2+|2
OOpaTuMblii XapakTep peakiuu 0003Ha4YaeTcsi CTPEIKaMu, HaIlpaB-

JIEHHBEIMU B 00€ CTOPOHBI,
H2 + |2 «— 2HI

B3aumoperncTBue BOIOpOAa C IapaMu HOJa BHA4Yalle UIET CO
CpaBHUTEIBHO 00Jb1I0# ckopocThio (VIIp) B cTopoHy oOpa3zoBanus HI:
Vnp: knp[HZ][IZ]
ITo mepe nakoruienuss HJ Bce ¢ Gosbiieit ckopocthio (VobOp) Ha-
YUHAET NMPOTEeKaTh 00paTHBIN Mponecc — paznoxkenue HI:
_ 2
V06p - ko6p[H|]
B MOMEHT BpeMEHUITH CKOPOCTU CTAHOBSITCA OJITUHAKOBBIMMU:
— _ 2
Vnp - Vo6p , OTCIO0J1a knp[HZ][IZ] - k06p[H|]

XMMHYECKHM PAaBHOBECHEM HAa3bIBACTCS COCTOSHUE CUCTEMBI,
OpyU KOTOPOM CKOPOCTh OOpa3oBaHUsl MPOJIYKTOB PEAKUUU (CKOPOCThH
OpsIMOM peaklMK) paBHa CKOPOCTH UX IPEBpAIICHUS B UCXOJHBIE pea-
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TeHThl (CKOPOCTh OOpaTHOM peakiuu). XMMHUYECKOE PAaBHOBECHE—ATO
pasHosecue OuHamMuyeckoe, IPU KOTOPOM IPOUCXOIUT HEMPEPHIBHOE
oOpa3oBaHue U pa3joKeHHEe MoJieKyJ. KOHIIEHTpaluu peareHTOB MpH
YCTAaHOBUBILIEMCSI PAaBHOBECHM HA3BIBAIOTCA pPABHOGECHbIMU W 00O3HA-
yaroT Cp WK KBaJApaTHBIMU CKOOKamu [].

Ha ocHoBaHuM paBeHCTBA CKOPOCTEHN MPSIMOM U 0OpaTHOW peakIuit
IIPY PAaBHOBECHUH MOHO HAMUCATH:

kop _ [HI]’ (6)
knﬁp [HE] [IE]

Kc

Ha npaktuke danie BCEro KOHCTaHTY PAaBHOBECHUS BBIYMCIISIIOT U3
DKCIIEPUMEHTAIILHO HAWJCHHBIX PAaBHOBECHBIX KOHUEHTpauuu. I[Ipu
ATOM B YHUCIIMTEIIE 3aIUCHIBAIOT MPOU3BEICHUE PABHOBECHBIX KOHIICH-
TpalUi MPOJYKTOB PEAKIMH, & B 3HAMEHATEJIE — IIPOU3BEICHUE PaB-
HOBECHBIX KOHILICHTPAMK UCXOAHBIX peareHToB. [lokazarenu crenenen
PaBHBI COOTBETCTBYIOIIUM CTEXHOMETPUIECKUM KOIDDUITECHTAM.

B o01em ciayuae a1t TOMOI'¢HHOM peakiiy BH/IA -
aAy T BBy <« all (it eEp,
KOHCTAHTAa paBHOBeCHﬂ BLIpa>KaeTC5I paBeHCTBOM—

(A" - [E]° (7)

C = Ta118 rpaB

[A]" - [BY"

DopMYVJIbI AJI5 pacyeTa PABHOBECHBIX KOHIEHTPALMH KCXO]I-
HBIX BEIIECTB U MPOAYKTOB:
- 1 ucxoaHbIX BemecTB: [A] = Cx — AC,; (8)
- g nponyktoB: [[] = Cy + ACy, (9)
rae [A], [[] - paBHOBeCHBbIE KOHIIEHTPAIIMA UCXOJHOTO BEIIECTBA A H
npoaykra B, C,, Cj — uCX0oaHbBIE KOHIICHTPAMY UCXOJIHOIO BELIECTBA
A n nponykra B,AC,, ACj; - u3pacxonoBaHHAs KOHUEHTPALUA UCXO-

HOTO BemiecTBa A, 00pa3oBaBIlIasiCsl KOHIEHTPALMS MPOAYKTa PEAKIIUU
B.

Ecnu B ycnoBuu 3a1aum He yKa3aHbl UCXOAHbBIE KOHLIEHTPALUU
MPOJIYKTOB PEAKIMHU, TO OHU MIPUHUMAIOTCSI PaBHBIMU HYIIIO, a PopMy-
J1a U1 OIIpENIeJIEHUs] PABHOBECHOUW KOHIIEHTPALIUY IPUHUMAET BU:
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] = ACy, (10)
Ilpumep 5.B cucreme A ;) + 2B(;) = JI(;) paBHOBECHBIE KOHIICH-
tpanuu paBHbel: [A] = 0,06 mons/n, [B] = 0,12 mons/n, [[] = 0,216
MOJIb/T. HaliTh KOHCTaHTY paBHOBECHS PEAKIIMU M UCXOJHbIC KOHIICH-
Tpaluu BemecTB A u B.
Pewienue . Koncranta paBHOBECHUS JAHHOW PEAKIIMU BbIPAkKaETCS

YPaBHECHUEM:
[A]
Ke=—"—"—
[A]-[B]
[loacraBnsist B HETO JaHHBIE 33J1a4H, ITOJY4aeM:
0.216

Ke =

L

(0,067-(0,12)°

JIns HaxOXJEHUsI UCXOJHOW KOHIIEHTpAallMyd BEHIECTBA A y4UTEM,
YTO, COTJIACHO YPaBHEHUIO peakiuu, u3 1 Mmosst A obpasyercs 1 mouns /.
[TockonbKy O YCJIOBHIO 3a7]a4dl B KaXKJIOM JINTPE CUCTEMBI 00pa3oBa-
nock 0,216 mouns BemectBa /[, To ipu 3ToM ObLIO M3pacxogoano 0,216
mouist A Takum 00pa3om, UCXOIHAS KOHIIEHTpAIIUs BellecTBa A paBHa:
Ca=[A]+A C,=0,06+ 0,216 = 0,276 moub/m;

JIns HAXOXKJIEHUsI MCXOJHOW KOHUEHTpaluu BeulecTB B, yutem,
YTO COTJIACHO YPaBHEHHUIO peakiuu, u3 2 mojeit B obpazyercs 1 moib
J1. ITocKOJIbKY TIO YCJIOBHIO 3aJja4d B Ka)JIOM JIUTPE CUCTEMBI 00pa3o-
Basiock 0,216 Mons BemectBa [[, TO mpu 3TOM OBLIO M3PAacXOJ0BAHO
0,216 2 = 0,432 mons B. Takum oO6pa3zom, ucxogHas KOHIIEHTpals Be-
mecrsa B pasna:
Cg=[B]+ACg=0,21 + 0,432 = 0,552 mMomb/11.

JlaHHBIE YCIIOBUS 3aJ]a4yi MOXHO O()OPMUTH B BHUJE TAOJUIIBI, C €€
MOMOINIBI0 MOKHO MPOU3BOJIUTH PACUYETHI* (CM. HHXKE).

ChHavayia B TaOJUIly BHOCATCS JIlaHHBIE W3 yCIoBUs. OcTalbHBIC

pacueThbl MPOU3BOISATCS, UCIIOIB3YsI PACYEThl IO YPaBHEHUIO U (HOpMY-
net (8), (9), (10).

BemectBa B ypaBHe- A B i
HUU PEaKINU
Koadduiments! B 1 2 1
ypaBHEHUH
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Cucx

AC

[]

*Cucx - ucxoauble KoHIeHTpaluu BeniecTB; AC - U3pacxo0BaH-
HbIE€ KOHIICHTPAIlMU UCXOJHBIX BEIECTB MM 00pa30BaBIIAsCS KOHIICH-
Tpanys MPOAYKTOB PeakIuy; [| — paBHOBECHBIC KOHIICHTPAIIUY BEIICCTB

B xoHKpeTHOM ciyyae, cHadaJia BOUCHIBAIOTCS PaBHOBECHBIE KOH-
nenTpanuu BemectB A, B, [ (Oeticmsue 1, cm. mabauyy). 3atem, co-
rnacHo ¢opmyne (10)mepeHocuM 3HAUYEHHE PAaBHOBECHOW KOHIIEHTpa-
1y npoaykTa peakuuu B B suetiky AC (oeiicmeue 2, cm. mabauyy).
SAueriku AC g BemiectB A 1 B 3amosiHsieM COTJlaCHO COOTHOILIEHUEO
K03 (OHUIIMEHTOB B ypaBHeHUU peakumu (Oeticmsue 3, cm. madbauyy).
VcxoaHbple KOHIEHTPAIIMU HAXOIUM, UCIONb3ys dhopmyiry (8) (Oeiicm-
sue 4, cm. mabauyy).

BemectBa B ypaBHe- A B I1
HUU PEaKINH
Koaddunnents B 1 2 1
ypaBHEHUU
Cucx 4(4)0,276 | (4)9,552
AC 10,216(3) 10,432(3) <+— 0,216 (2)
[ 0,06 0,12 0,216 (1) N

JI1st peakiuii, IpOTEKAOIINX MEXK]ly Ta3000pa3HbIMU BEILIECTBAMM,
4acTO MPUMEHSIETCA BBIPAKEHUE KOHCTAHTHI PABHOBECUS Yepe3 Mapliu-
aJbHBIC JTABJICHUS

_ p()* -p(E)°
© 7 paTpEth
B BeIpakeHME KOHCTAHTBHI PAaBHOBECHS T€TEPOTreHHOM pPEaKIIuH,
KaK M B BBIp@KEHHE 3aKOHA JCHCTBYIOIIMX MacC, BXOIAT TOJIbKO KOH-
LIEHTpaIlUM BEIIECTB, HAXOAAIIMXCS B )KUAKOW MK ra3o00pa3Hoi (dase,
TaK KaK KOHOCHTpAIHWHU TBCPAbIX BCHICCTB OCTANOTCA ITOCTOAHHBIMU.
[Tmomaas MOBEPXHOCTH TaK)Ke HE BIUSCT HAa 3HAUCHHWE KOHCTAHTHI PaB-
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HOBECHSA B I'€TEPOTEHHOM ITpoliecce, MOTOMY UTO U IpsiMasi, 1 oOpaTHast
peaKIy MPOTEKAIOT Ha OJTHOM MJIOMIAIA TOBEPXHOCTH.
B o6miem cityuae AJisi reTeporeHHOro npolecca’

aAq) t BB = €E) + 1/l

KOHCTaHTa PaBHOBECHS BBIPAXKAETCSI PABEHCTBOM
=
Ko — QM -
4]

YuclieHHOE 3HAaY€HUE KOHCTAHThl PaBHOBECHSI OOBIYHO M3MEHSET-
Cs C U3MEHEHUEM TEMIIEPATyphl. DTO MPOUCXOIUT IOTOMY, YTO CKOPO-
CTU TpsIMOM M OOpaTHOM peakiuii U3MEHSIOTCS C TeMIepaTypou Io-
pasHoMy. [Ipn mOCTOSSHHOM TeMmepaType 3HAaYCHUSI KOHCTAHT PABHOBE-
CHUSl HE 3aBHCST HU OT JABJICHUS, HU OT 00beMa, HU OT KOHILICHTpPAILIHU
PEareHTOB WK IPOAYKTOB PEAKIIUH.

Kartanuzarop nuib ycKkopsieT JOCTUKEHUE PABHOBECHSI, HO TAKXKE
HE BJIMSICT HA 3HAYCHUE KOHCTAHThI PABHOBECHS.

KoHcTaHTa paBHOBECHs — BaKHEWIIAs XapaKTEPUCTUKA XHMHUYE-
CKOI'0 B3aWMOJIEUCTBHS, 110 BEJIMYMHE KOTOPOM MOYKHO CYIUTH O IIOJI-
HOTe npoTekanus peakiuu. U3 ypaBuenus (1) caegyer, 4to yem 00Jib-
I€ KOHCTaHTa XMMHYECKOTO PAaBHOBECHS, TEM OOJIbIIE PAaBHOBECHBIE
KOHLIEHTPALlUU MPOJYKTOB PEAKIMH, T.€. OOJbIIe 2nyOuHa NpeBpalie-
Hus. [Ipu koHcTanTe paBHOBecHs Kc = 1 peakuust Oka3pIBaeTCsA TUMINY-
HO 0OpaTHMOM, TO €CTh B COCTOSIHUM PaBHOBECHS KOHIEHTpAIUU HC-
XOIHBIX BEIIECTB U MPOJYKTOB PEAKIIMUA CPAaBHUMBI 110 BenunHe. Ecim
Kc — oo, To peakius npaktudyecku HeoOpatuma. Ecou Kec — 0, To
npsiMasl peakus MPAKTUYECKU HE UJIET.

[Ipy HEM3MEHHBIX BHEIIHUX YCJIOBHUSAX COCTOSIHHE (TIOJIOKEHUE)
PABHOBECHSI COXPAHAETCS CKOJIb YTOJHO N0Jr0. M3MeHeHus Temiiepary-
pbl, KOHIICHTPALIMM PEAreHTOB (a AJis ra3000pa3HbIX CHCTEM HHOTIA
JABJICHUA) MPUBOJAAT K HAPYILICHHUIO PAaBEHCTBA CKOPOCTEW MPSIMON U
oOpaTHOM peakiui, a, CIeJoBaTEIbHO, U K HAPYIICHUIO PAaBHOBECHS.
OnHako, yepe3 HEKOTOPOE BPEMs ITPH HOBBIX YCIOBUSAX PABEHCTBO CKO-
pocTel peakuuii CHOBa BoccTaHaBiauBaeTcs. (OJIHAKO pPaBHOBECHBIE
KOHIICHTPALlMA PEareHTOB B HOBBIX ycloBHsX apyrue. [lepexon cucre-
MBI M3 OJHOTO PAaBHOBECHOI'O COCTOSIHHMSI K APYTrOMY Ha3bIBa€TCA CMe-
wienuem Ui cO8U2OM pasHOBeCUsl.
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XapakTep CMENICHUS XMMHUYECKOTO PABHOBECHUS TMOJ BIUSHUEM
BHEIIHUX BO3JICMCTBUM MOKHO MPOTHO3WPOBATH, TPUMEHSSA NMPUHIMII
Jle IllaTeanbe:

Ecnu na cucmemy, Haxoosawyrocs 6 cOCMOAHUU XUMUYECKO20 PAB-
HOBecCUsl, 0Ka3amv Kakoe-iubo 6o3oelcmaue, mo 8 cucmeme yCuiusd-
IOMCsl me npoyeccsl, KOmopwvle CMpPEeMAMcs C8eCmu 9mo 8030elcmeue K
MUHUMYMY .

1. [ToBbIlIEHME TEMMIEPATYPHl NPUBOAUT K CMEIICHUIO XH-
MHMYECKOI0 PABHOBECUSI B HAPABJICHUM PEAKIIMU, COMIPOBOXKIAOIICHCS
MOTJIOIIEHUEM TEIUIOTHI, T.€. B CTOPOHY 3HAOTEPMUYECKON PEAKIINY;

2. IToBrIlIcHNE MaBJIEHUS BBI3BIBAET CMEIICHUE XMMHUECKO-
ro paBHOBECHS B HaINPABJICHUU YMEHBIICHUS OOIIEro 4ucia MoJjen ra-
3000pa3HBIX BEIIECTB, T.€. B HANIPABJICHUH, IPUBOAIIEM K IOHUKECHHUIO
JIaBJICHMUS;

3. VYanenue W3 CUCTEMbI OJHOTO M3 MPOAYKTOB pPEAKIUH
BEJIET K CMEIIICHUIO PABHOBECHS B CTOPOHY MPSIMOM PEaKIUU;
4, YMeHbIlIeHHe KOHIICHTpAIllMd OJHOTO W3 MCXOJHBIX Be-

HIECTB MPUBOAUT K CIBUTY XMMHYECKOTO PABHOBECHUS B HAIPaBICHHUU
00paTHOM peaKIHu.

Ilpumep 6. Dun0oTepMHUUECKas PEAKLIUS PA3T0KEHUS TEHTAXIJIOPH-
na ocdopa NpoTeKaeT Mo ypaBHEHUIO

PCIS(F)H PCI3(F)+ Clp_(r)’AH = +92,59 KI[)K
Kak Ha/o u3amMeHuTh: a) Temnepatypy; 0) AaBIECHHE; B) KOHLIEHTPAIHUIO,
4TOOBI CMECTUTh XUMHUECKOE PABHOBECHUE B CTOPOHY MPSMOM pEaKIIUU
— paznoxenust PCls?

Peuwienue.HanpaBiieHre, B KOTOPOM CMEMIAETCSI XUMUYECKOE PaB-
HOBecue, onpenaensaercs no npunuumny Jle [latense (cM. Boiie).

A) Tak kak peakuusi pasznoxenuss PCls sHmorepmuueckas, T.€.
npoTekaer ¢ norjomenueM temia (AH>0), To niua cmenenus: paBHOBe-
CHsl B CTOPOHY MPSIMOM pEeaKIMU HY>KHO MOBBICUTH TEMIIEPATYPY.

b) Tak xak B manHo# cucteme paznoxenue PCls Beger k yBenu-
YEHUIO YHCJIa MOJIEW Ta3000pa3HbIX BEMIECTB (M3 OAHOTO MOJIS rasa 00-
pasyroTcs 1Ba MoJis Ta3000pa3HBIX BEIIECTB), TO JJIsl CMEILIEHUs] PaBHO-
BECHS B CTOPOHY IPSIMOM PEaKIMU HAJI0 YMEHBIIUTD JABJICHUE.
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B) lis Toro 9To0Bl CMECTHTh PaBHOBECHE B CTOPOHY IIPSMOM pe-
akiquu (mpu T u P — const), moxxHo yBenuuuth KoHieHTpanuo PCls
WA YMEHbIINUTH KOHLIEHTpanuto PCl3 umu Cl,.

BOITPOCHI JJIsI CAMOITPOBEPKH

1. YTo Takoe€ CKOpPOCTh XMMHUYECKOW peakuuu? B Kakux enuHUIax oHa
u3MepseTcs?

2. UTO Takoe UCTUHHAS U CPEJIHSISI CKOPOCTh PEAKIIUU?

3. ChopmynupyiiTe 3aK0H ASHCTBYIOIIUX Macc?

4, Kak 3amuchiBaeTCsd KUHETUUECKOE YpaBHEHUE JjIsi TOMOI€HHOM peak-
1un? KakoBbl 0COOCHHOCTH F€TEPOTCHHBIC PEAKIIHI?

5. Uto Takoe kuHETHYEeCKU, AU (PY3HOHHBIA U CMEIIAHHBIA KOHTPOJIb
B F€TEPOTCHHBIX PEAKIIMIX?

6. Kak paccuutarh HM3MEHEHHE CKOPOCTH PEAKIMU TMPU MOBBIINICHUU
(MOHM>KEHUHU ) ABJICHUS B CHCTEME?

/. Kak BnuseT temrieparypa Ha CKOpOCTh XumMuueckoil peakuuu? [Ipu-
Benute ypaBHeHue Bant-T'odda.

8. Uto Takoe katanu3? Ha xakue mapameTpsl mpoliecca JACHCTBYeT Ka-
TaImu3aTop?

9.Kakme XxuMHYECKHE MPOIleCcChl Ha3bIBaloTCs HeoOpaTtumbiMu? OOpa-
TuMbIMHU? [lpuBeauTe MpUMEpPHl MPAKTUYECKU HEOOpPATUMBIX U 00-
paTUMBIX MTPOLECCOB.

10. Kakoe cocTosiHue CUCTEMBbI Ha3bIBAIOT «XUMHUYECKUM PAaBHOBECH-
em»?

11. Yto sBasieTcsl TEPMOAMHAMHUYECKUM YCIOBHEM XHMHYECKOTO pPaB-
HOBeCcHsA? KMHETHYECKNM YCIIOBUEM XUMHYECKOTO PABHOBECHS?

12. Kakue ¢akTophl BIUSIOT HA COCTOSTHUE XUMUYECKOTO PaBHOBECHUS?

13. YUto mokaspIBaeT M OT KakuX (PaAaKTOPOB 3aBUCUT KOHCTAHTA XHUMH-
YECKOT0 paBHOBECHS?

14. Yto Ha3bIBA€TCA CMEIICHUEM XHMHUYECKOro paBHoBecusi? Kakwue
(aKTOpBI BIMSIOT HA CMEIIEHUE XUMUYECKOTO PABHOBECHSI?

15.B uem 3akmouaerca npunnun Jle Illatense? Kak oH nmpumensercs
JUIS IPOTHO3UPOBAHMS HAIIPABIICHUS! CMEILICHUS XUMHUYECKOTO paB-
HOBECHS ITPU U3MEHEHUU BHEIIHUX YCIIOBHI1?
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JJABOPATOPHAS PABOTA
OnpiT 1.3aBUCHMOCTHL CKOPOCTH PEAKIMH 0T KOHIEHTPAIIMU pearv-
PVIOIIMX BEIIeCTB

3aBUCUMOCTbh CKOPOCTH PEAKIIMU OT KOHIIEHTPAIUU PEArupyrOInX
BEIIIECTB M3YYalOT Ha MIPUMEPE B3aUMOJICHCTBUS THOCYJIb(aTa HATPHUS C
CCpHOﬁ KHUCJIOTOM: NszgOg + H2S04 = N02S04 + S02 + H20 + Sl

[TIpr3HakoM peaknuu SIBISETCA TIOMYTHEHHE PACTBOPA BCIICICTBUE
BBIJICJICHUS CEPBI.

[IpuroroBbTe AUCT O€NON Oymaru, ¢ HAHECEHHOW Ha HErO XKUPHOM
YEPHOU JINHUEN.

B npoOupky, HE coaepkailyto Ha JHE BOJbI, 100aBbTe 4 Karuiu
THOCyNb(aTa HaTpusl, 8§ Karedb BOJbI U, 3aMETUB BpeMs, | Karuio cep-
HOM KuCIOTHI. Karmio cepHOM KUCIOTHI 100aBJISTh TaK, YTOOBI OHA HE
CTEKaJja Mo CTEHKE, a Majayia npsiMo B PaCTBOP.

3adukcupyiTe BpeMms TMOMYTHEHHS pacTBopa, IPU KOTOPOM
CKBO3b pacTBOp He Oyaer BuAHA yepHas auHusA. [loBTopute omeIT, A0-
OuBasiCh €AMHOOOPA3HON CTENEeHU MOoMYyTHEHUs. [locne Kaxaoro onbita
cpa3y K€ MpOoMbIBalTe MPOOUPKY, TAK KaK aJCOPOUPYIOIIAsACSI HA CTEH-
Kax cepa MOTOM OYE€Hb TPYJHO OTMBIBACTCS.

[IponenaiiTe BTOpOl OMBIT, B34B § Karellb TUOCYIb(para HaTpusl, 4
KaIlJIid BOABI U OJJHY — CEPHOM KUCIIOTHI, & 3aT€M TPETUH OIBIT, B35IB 12
Kareiab TUOCYJIb(aTa HaTpUs U OJHY KaIUII0 CEPHOM KUCIOThL. Pe3yiib-
TaThl ONBITOB 0(hOPMUTE B BUJIC TAOJHUIIBL:

No KonunuectBo ka- OTHOCHT. Bpewms OTHOCUTENBHAS
OITbI TeJIb KOHLIEHTp., | [0 MOo- CKOPOCTb pEaKLuu
Ta NaZSZO3 HZO COTH MYTH., T, VTeop VnpaKT
C
1 4 8 1 1 1
2 8 4 2 2
3 12 — 3 3
Paccunraiite Vypagr U1 BTOPOTO U TPETHETO CIy4acs 10 GhopMyJie:
Vi 1 (13)

V.
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rae Vi— cKopocTh peakiuu B mepBoM ciydae (V1= 1); V,— ckopocTh
peakiuu Bo BTOpoM (Wih V3— B TPEThEM) Cilydae; T;— BpEMs MPOTe-
KaHUsI peaKIiu 10 MIOMYTHEHUS pacTBOpa B MEPBOM CIIydae, To— BpeMs
OPOTEKAHUSI PEAKIMH 1O IOMYTHEHHS pacTBOpa BO BTOPOM (MM
T3—TPETHEM) CIIyYae.

ITocTpolite rpaduk 3aBUCUMOCTH V¢opOT KOHIIEHTPAUH NapS;0s.
Ha sToM ke rpaduke OTMETBTE TOUKAMHU 3HAYEHUS V ppar, MTOJyYECHHBIE
npu BbruuciaeHusix. Hanummre ypaBHEHUE peakIuy U CJIeJIaiiTe BBIBOJ O
3aBUCHMOCTH CKOPOCTH PEAKIMU OT KOHIEHTpanuu Na,S,03 npu aH-
HBIX YCIIOBUSIX.

OmnpiT 2.BansiHHE NOBEPXHOCTH Pa3aesa pearnpyronnx BelecTB

HA CKOPOCTb PEAKIIHH B FeTEPOreHHOM CHCTEMeE

BimsiHre MOBEpXHOCTH pa3jeia pearnupyromux BEMeCTB Ha CKO-
POCTh PEAKIIUM B TETEPOrCHHON CHCTEME M3ydaeTcs Ha IMpUMEpe peak-
U1 KapOOHaTa KaJblHs C COJISIHON KUCIOTOM.

[IpuroroBhTe ABa HEOONMBIIUX MPUOIUUTEIHLHO OJUHAKOBBIX KY-
couka mejna. OIuH U3 HUX Pa30TPUTE MTECTUKOM Ha JINCTE OyMaru M Te-
PECHITNIbTE B KOHMYECKYIO MPOOUPKY, BTOPOH IMTOMECTUTE B IPYTYIO MPO-
oupky. B 00e mpoOupku omaHOBpeMEHHO J00aBbTe mo 15-20 kamenb
20%-HOM COJITHOM KUCJIOTEL.

Hamummre ypaBHeHue peaknmu. OTMEThTe HaAOIOJaeMBIC SIBJIC-
HUS U OOBSICHUTE UX.

OnwiT 3.1’ eTeporeHHbIi KaTaan3

['eTeporeHHbI KaTain3 U3yvaeTcs Ha MPUMEPE KaTATUTHYECKOTO
YCKOPEHHUS PEaKIMU Pa3JIoKEHUs IEPOKCHJIa BOJIOPOJA JUOKCHUIAMH
CBMHIIA UJIM Maprasiia.

Haneiite B mpooupky 5-8 kanenb 30%-Horo (mo macce) pactBopa
nepokcuaa Bogopoaa H,O,. C nmoMoIpio TiIeroIel JydruHbl YOeIuTeCh
B OTCYTCTBHH KHCJI0pOja. BHecUTe B pacTBOp Ha KOHYMKE MHMKPOIIIIa-
Tenst nuokcu ceuHIa PbO, nnm quokcua mapraniia MnO,u Habmrogaii-
T€ BblJIeJICHUE Ta3a. HanmuimuTe ypaBHEHHE pa3ioKEHUs TEPOKCHIa BO-

0po/ia.
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OnbiT 4.BausiHMe KOHIEHTPAIMM HA CMellleHHe XHUMHYECKOIro paB-
HOBeCHSI

B 1aHHOM OIBITE N3y4Yal0T 0OpaTUMYIO PEAKITUIO0 B3aMMOICHCTBUS
xnopuna xene3a(lll)FeClyc pomannmom ammonns NH4;NCS(uu poxa-
augoMm kammss KNCS). Pomanun xeneza Fe(NCS); mpumaer pactBopy
KpacHyto okpacky. ITo m3meHennro nHTeHCHBHOCTH OKpacku Fe(NCS);
MOKHO CYJIHUTh 00 M3MEHEHUU KOHIICHTPAIUH, TO €CTh O CMEIICHUN XHU-
MHUYECKOTO PaBHOBECHUS B TY WUJIM UHYIO CTOPOHY.

B k010y oobemom 100 mn Hanerite 2,5mn pactBopa FeCls u mo-
0aBpre 2,5mu pactBopa NH4CNS (KCNS). IMonyueHHnyro cMmech pas-
0aBpTe AUCTHILUIMpOBAaHHOM Bomoi n0 100 mim (mo MeTku Ha Kojoe).
[IpuroToBieHHBIN PACTBOP pa3MeNIaiTe YHEPTUUHBIM BCTPSIXHUBAHUEM.

[Tunerkoy Ha 10 MJI WM HWIMHIPOM pa3JIEUTE TaHHBIA PACTBOP B
qyeThIpe MpoOupku, mo 10mMi1 B Kaxayro.

B nepByto mnpobupky 100aBbTe U30BITOK pacTBOpa XJIOpHU/A Ke-
ne3za(lll), Bo BTopyro— pojanuaa aMMOHHUS (POJIaHUIA KAJIHS), B TPETHIO
— XJIOpUAa aMMOHHUS (XJIOpHIa Kajaus), YeTBEPTYI0 MPOOHUPKY OCTaBbTE
JUTSI CPaBHEHUAL.

IHIPUMEYAHUE: obvem pacmeopos, Komopwviii HeobX00umo 00-
baesnsamsb 8 NPOOUPKU, YUMOOBL NOJYUUMb U3OBIMOK MO20 ULU UHO20 ped-
2eHma, npenooasameib 3a0aem KOHKPEemHo 08 Kadcool bpueaowl.

JIJIst Ka)KI0T0 M3 MOJYyYEHHBIX PACTBOPOB OINpPEICIUTE 3HAYCHUE
ONTHYECKOM TUIOTHOCTH UCIIONB3Ys (DOTOKOJIOPUMETD.

[Ipu opopmiieHnn pe3yabTaToB OMbITA

1. zanummmTe ypaBHEHHWE pEAKIMA MEXKIY XJOPHJIOM Kele3a
(I1Nu ponaruaoM aMMOHUS (POTAHUIOM KaJTvs);

2. HaIMIINATE BBIPAKCHUE KOHCTAHTHI PAaBHOBECHS JAaHHOW peak-

LK,

3. OTMEThTE M3MEHEHUE MHTEHCUBHOCTU OKPACKU B KaXJOM CIY-
qae, KOT/1a MPUIMBAJIA U30BITOK PacTBOpa TOTO WJIM MHOTO PearcHTa u
3aMUIITUTE IS KaKJI0TO Cllydas 3HaYeHHWEe ONTUYECKOM TIIOTHOCTH pac-
TBOPA;

4. cpenaiiTe BBIBOJ O HAIpPaBJICHUU CMEIICHUS XHUMHUUYECKOTO
paBHOBECHSI U 00 M3MEHEHUW KOHIICHTPAIIMHM Ka)XIOTO KOMIIOHEHTa B
ciyuae goGapienus: a) xmopuma xene3a(lll), 0) pomanmma amMmMoHuUs
(pomanuaa Kanus), B) XJopHaa aMMOHHUS (XJIOpUAa KaJiusl).
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NHANBUYAJIBHBIE 3ATAHUS

Bapuanm 1.(A) 1. B peakiiuu A + B - AB ipu  C, = 0,05 monwv/n u
Cg = 0,01 monwv/n, npu 3T0i Temmeparype ckopocth V = 5-107°
moaw/(n-cex). HaiTh KOHCTaHTY CKOPOCTH K.

2. JIBe peakuuu uayt npu 25 °C ¢ oanuHAKOBOH CKOPOCTHIO. Y MepBoit
peakiuu TemneparypHbiii koaddumuent y = 2,0, y Bropoit 2,5. Kak
OTHOCSTCS CKOPOCTH 3THX peakuuii mpu 95 °C?

3. Kak usmenntca ckopocts peakuuu 2NOry + Oyry — 2NOyr), ecnn
YBEJIMYUTH IABJICHUE B CUCTEME B 3 pasza?

4 zmenenuem kakux (axtopoB (P, C, T) MOXHO CMECTUTh XUMHUYE-

CKO€ paBHOBecHe cuctemsl (1) BIpaBo, a CUCTEMBI (2) — BIIEBO:

(1) ZNOZ(F) > N204(F)’ AH = '57KI[)K ;

(Z)Mn(TB) + CO(F) > Mn(TB) + COz(r)?

5.B romorenHoit cucreme A + 2B < C paBHOBECHBIE KOHIICHTpAIlUU

pearupytomux ra3os: [A] = 0,06 monw/m; [B] = 0,12 mons/n; [ C] =

0,216 Monb/n. BbluncanuTe KOHCTAHTY PABHOBECUSI CUCTEMbI U UCXOJI-

HbIE KOHIICHTpaluu BemecTs A u B.

Bapuanm 2.(b) 1. B peakiiuu A + B — AB npu C, = 0,025 mosav/n n
Cg = 0,02 monv/n, ckopocTh TpuU 3TOM Temieparype V =
5-10"monw/(n-cex). Haiitn KoHCTaHTY cKOpocTH K.

2. TIpn 150 °C peaxuus uper 16 mun. IIpuHEMas TeMmepaTypHbIil Ko-
aduueHT peakiuu y = 2,5, paccuyuTaTh, 4epe3 Kakoe BpeMsl 3aKOH-
untest ata peaxuus mpu 200 °C.

3. Kak usmeHutcsa ckopocts peakuuu: 2Ay+Brg+ Di— 2E npu no-
BBHIIIICHUM JAaBJICHUS B CUCTEME B 3 pa3a MpH MOCTOSHHOM TeMIepary-
pe?

4 N3menenneM kakux ¢aktopoB (P, C, T) MOXHO CMECTUTh XUMHUYE-

CKO€ paBHOBecHe cucTtembl (1) BIpaBo, a CUCTEMBI (2) — BIIEBO:

(1) FeO(TB) + CO( r) < FE( ) + COz( s AH=-13,2 KJ[K;

(Z)COQ(F) + C(TB) > 2CO(r )?

5. B romorennoit razopoii cucreme A + B <> C + D paBHOBecue ycra-
HOBHJIOCHh mpw KoHmeHTparnusx: [B] = 0,05 mons/m u [C] = 0,02
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moub/n. KoHcTanta paBHOBecusi cucteMbl paBHa 0,04. Beruuciute
VCXOJIHbIE KOHIICHTpalu Bemects A u B.

Bapuanm 3.(B) 1. B cucteme oopemom 2 1 comepxutcs 0,1 mons Be-
mectBa A u 0,3 mosnw BemectBa B Halitu 3HaueHne KOHCTAaHTBI CKO-
poctu peakiuu A + B — AB, ecin npu 3aaHHONW TEMIIEpAType U
MPUBEJCHHBIX KOHUEHTpalusax BemecTB A U B ckopocTe peakuuu
paBHa 5- 10 moav/(n-cex).

2. UeMy paBeH TeMnepaTypHbii KOd(PGUIIMEHT Y, €CIU NPU YBEIUYECHUU
Temmeparypsl Ha 30 °C CKOPOCTB PEaKInU Bo3pacTaeT B 15,6 paza?

3. Kak m3smenntca ckopocts peakuun 2NOry + Oyry — 2NOyr), ecim
Py TOCTOSIHHOM TeMIlepaType YMEHBIIUTh 00bEM CHUCTEMBI B 3
paza?

4. N3menenueM kakux ¢aktopo (P, C, T) MOXXKHO CMECTUTh XUMHUYE-
CKO€ paBHOBecHe cucteMbl (1) BrpaBo, a cucTemsl (2) — BIEBO:

(1) C(TB) + Hzo(n) > CO(F) + H2(r)1 AH=130 KI[)K,

(2Hyr) + oy & 2HIy?

5.PaBHoBecue romorennoi cucremsl 4HCI ) + O, < 2 HyO (r) + 2Cl;
(r) yCTaHOBWJIOCH NPHU CIEAYIOIIUMX KOHIIEHTPAUUAX PEearupyromux
Bemects: [H,O] = 0,14 monw/m; [Cly] = 0,14 mons/n; [HC1] = 0,20
Moab/it; [Oy] = 0,32 Moab/i1. BeIyuCcIUTE MCXOJHBIE KOHIICHTpAIUU
XJIOPOBOAOPO/Ia U KUCIOPOIA.

Bapuanm 4.(T') 1. B cucreme oobemMoM 5 11 coaepxkurcs 0,2 monv Be-
mectBa A u 0,5 monw BemecTBa B Halith 3HaueHne KOHCTAHTBI CKO-
poctu peakuuu A + B — AB, ecii npu 3aJaHHOW TEMIIEPATYpPE H
NPUBEICHHBIX KOHIIEHTpAIMsAX BemecTB A U B ckopocTe peakuuu
paBHa 4- 10 momv/(n-cex).

2. UeMy paBeH TemIriepaTypHbId KOIPOUIIMEHT Y, €CIU MPU MOHWKEHUU
TemmepaTypbl Ha 30 °C ckopocTs peakiuu magaet B 15,6 pasa?

3. Kak n3menurcs cxopocts peakuuu 2NO ) + Oz — 2NO; ), eciu
IPU OCTOSIHHOM TeMIMepaType YMEHBIIUTh 00bEM CUCTEMBI B 2 pa3a?

4 NzmenenueMm kakux (aktopoB (P, C, T) MOXKHO CMECTUTh XUMHUYE-

CKoe paBHOBecue cuctembl (1) BmpaBo, a cuctemsl (2) — BieBo: (1)
ZCO(F) + O2(r) > 2C02(r ) AH=-569 KJI)K, (2)H2( r) + S(Kp) > HZS(r )?
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5. BblunciuTe KOHCTaHTY paBHOBECHUS JJisl ToMoreHHo# cuctembl CO(T)
+ H,0 (1)>CO,(1) +H; (T) eciiu paBHOBECHBIE KOHIIEHTpAIIUU pearu-
pyronux Bemects: [COJ= 0,004 moins/it; [H,O0]=0,064 momns/i; [CO,]
= 0,016 momns/n; [Hy]= 0,016 mons/a. Paccunraiite McXoaHbIE KOH-
neHTpanuu Boasl 1 CO?

Bapuanm 5.(/]) 1. Jlana peakuus: A + 2B — AB,. HauanbHble KOHIIEH-
tpanuu: [A]o = 0,03 monv/n, [Blg = 0,05 mons/n. Hatitn HavanpHYIO
CKOPOCTh PEaKIIMH, €CJIM KOHCTaHTa CKOPOCTU MPH 3aJaHHOM TeMIle-
patype u ycnoBusix pasna 0,4 1%/(monw)*-cex.

2. Ipu 150°C HEKOTOpas peakuus 3akaHunBaercs 3a 16 mun. [Ipu Tem-
nepaTypHbIM Kod(PHUITMEHTe CKOPOCTH pPEaKIMM PaBHBIM 2,5, pac-
CUMTAaTh, Yepe3 KaKOe BPEMs 3aKOHUMTCS dTa PEaKIus, €CIH MPOBO-
nuth ee mpu 80°C.

3. Kak n3menutcs ckopocts peakuuu 280,y + Oy = 2505, eciin 00b-
€M 3aMKHYTOM cucTeMbl PU Txopct YMEHBITUTE B 3 pa3a’?

4 N3menenneMm kakux ¢aktopoB (P, C, T) MOXHO CMECTUTh XUMHUYE-

ckoe paBHOBecue cucteMsl (1) Brpaso, a cuctemsl (2) — BiaeBo: (1) Ny,

+ 3H2(r) > 2NH3(F)’ AH= -92 x]Ix; (2) 3Fe(TB) + 4H20(n)(_) F9304(TB)+

4H,;?

5. Koncranra paBHoBecusi roMmoreHHoi cucremsl CO(r) + H,O(T) <>
CO, + H; (1) npu HEKOTOpO# TemmnepaType paBHa 1. Berunciure pas-
HOBECHBIC KOHIICHTPAIIMN BCEX PEarupyroluX BEIIECTB, €CIU MCXO/-
Hble KoHueHTpaluu: Cco = 0,10 monb/i1; C 11p0= 0,40 Mouib/m.

Bapuanm 6.(E) 1. Peakuus mexay BemiectBamMu A u B Beipakaercs
ypaBHeHHEM A + 2B — AB,. HauanbHble KOHLIEHTpAaMU COCTaBIISA-
10T: [A]o = 0,03 monw/n, [B]o = 0,05 mons/n. Koncranta cKOpocTH mpu
3a7aHHON Temmeparype U ycioBusx paBHa 0,4 1°/monv’-cex. Haiitn
CKOpPOCTb PEaKIIMU Yepe3 HEKOTOPOE BPEMEHs, KOTrJga KOHIEHTpAILUS
BeliecTBa A yMenbiutcesa Ha 0,01 monw/z.

2. Kak M3MEHHUTCS CKOPOCTh XMMHUYECKOM PEaKIWH TMPU YBEITHUYCHHUH
temmneparyps! Ha 40 °C, eciu TemnepaTypHblii ko3 duiment y = 27?

3. Kak usmenntcs ckopocts peakuun 2COq) + Ozpy — 2CO; ), ecnn
IpU TIOCTOSTHHOW TeMIepaType JaBjeHUE IMOBBICUTH B JiBa pa3a?
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4 Izmenennem kakux ¢aktopoB (P, C, T) MOXHO CMECTUTh XHMHUYE-
ckoe paBHOBecue cuctembl (1) BmpaBo, a cuctembl (2) — BieBo: (1)
PC|5(F) g PC|3(F) + Clz(r )1 AH:92,59 KI[)K, (2) 4H2(r) + F8304(TB) >
3Fe( TB)+ 4H20(H )?

5. Koncranra paBHoBecus romorenHon cuctemsl Ny + 3H, < 2NH; ipu
HEKOTOpou Temneparype paBHa (,1. PaBHOBECHbIE KOHIIEHTpaIIMU BO-
0poJia M1 aMMHaka cooTBeTcTBeHHO paBHBI 0,2 u 0,08 Mons/ 1. BhI-
YUCJIUTE PABHOBECHYIO M UCXOJIHYIO KOHIICHTPAIMIO a30Ta.

Bapuanm 7.(7K) 1. B cucreme o6bemom 3 1 BemiectBa A u B pearn-
pyroT no ypaBHeHuto: A + 2B — AB,. BemecrBa A coaepkutcs B
cucteme 0,03 monw, BemectBa B 0,06 mosns. KoncTanTta ckopocTu pu
3a[aHHOMN Temmeparype U yciaoBusx pasHa 0,4 1°/(vonws)* cex. Haiitu
HAYaJIbHYI0 CKOPOCTh PEAKIIUU.

2. Kak M3MEHHUTCS CKOPOCTh PEAKIIMU MPU YMEHBIICHUU TEMIIEPATYpPhI
na 20 °C, eciu TemmepaTypHblit K03 HUIHEHT CKOPOCTH Y = 37?

3. Kak usmenurcs ckopocts peakuuu H,p + Clyy — 2HCl ), ecnu
nasiieHre (a3e mpu MOCTOSHHOM TeMIIepaType MOBBICUTH B JiBa pa3a?

4 Izmenennem kakux ¢aktopoB (P, C, T) MOXHO CMECTUTh XHMHYE-

CKoe paBHOBecue cuctembl (1) BmpaBo, a cuctembl (2) — BieBo: (1)

COCIz(r) HCO(F) + Clz(r ) AH=113 KI[)K, (2)F€304( B) + 4CO(F) >

3Fe(TB) + 4C02(F)?

5. Ilpu HexkoTOpOil TemmepaType pPaBHOBECHE TOMOTIE€HHOW CHCTEMBI
2NO + O, «>2NO, ycTaHOBMJIOCH NP CIAEAYIOMINX KOHLEHTPALUIX
pearupyromux Bemects: [NO] =0,2 momns/i; [O,] = 0,1momns/1; [NO,]
= (0,1monb/11. Berauciure KOHCTAaHTY PAaBHOBECHS M MCXOJHBIC KOH-
nentpaiuu NO u O,.

Bapuanm 8.(3) 1. Peakuusa mexnay BemectBamMu A u B Beipaxkaercs
ypaBHeHueM A + 2B — AB,. O6seM cuctemsl 3 1. BemectBa A co-
nepxutcs B cucteme 0,06 monw, Bemecta B 0,09 mons. Koncranra
CKOPOCTH TIPH 3aaHHOM Temmepatype pasHa 0,5 1%/(monw)?-cex. Haii-
TH Ha4yaJIbHYI0 CKOPOCTb PEAKIIUH.

2. Kak M3MEHHTCS CKOPOCTh XMMHUYECKOW PEaKIWH IMPU TOBBIIICHUU

temmepaTypsl Ha 40 °C, ecim TemmeparypHblii KOI(QQUIMEHT Y =
3,27
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3. Kak usmenurcs ckopocts peakuuu NH;o) + HCl )y — NH,CI, ecin
IIpU TTOCTOSIHHOM TeMIIepaType AaBJeHHUE MOBLICUTH B IBa pa3a?

4 zmenenueM kakux (axtopoB (P, C, T) MOXHO CMECTUTh XUMHUE-

ckoe paBHOBecue cucteMsl (1) Bnpaso, a cuctemsl (2) — BieBo: (1) 2H,,

)+ Og(r) > 2H20(H), AH= -572 x]Ix; (2)C02(r) + Fe(TB)H FeO(TB) +

COy?

5. B romorennoii cucteme 2NO + Cl, «<» 2NOCI ucxoanbie KOHIIEHTpa-
M OKCHJA a30Ta W XJIOpA COCTABJISIOT COOTBETCTBEHHO 0,5 m 0,2
MOJIb/J. BBIYMCINTE KOHCTAHTY PaBHOBECHS, €CIIM K MOMEHTY HACTY-
rieHus: paBHoBecust mpopearupoaiio 20% NO.

Bapuanm 9(H). 1. B cucreme 00bEMOM 3 11 mpoTeKaeT peakuus: A +
2B — AB,. BemectBa A coaepxurcsa B cucreme 0,03 mosw, BeliecT-
Ba B 0,06 moss. HaiiTu KOHCTaHTY CKOPOCTH PEAKIIMM MPU 3aJaHHON
TEMIIEpaType U YCIOBUSIX, €CIM HadallbHas CKOPOCTb PEAaKIUHU CO-
crasisiet 4- 10~ monw/(1-cex).

2. TIpy moBbIIEHHN TeMIepaTypbl Ha 50° CKOPOCTh peakiuu BO3pocia
B 1200 pa3. Berauciauts TemnepaTypHbiid KO3()PUIIMEHT CKOPOCTH.

3. Bo ckoibpKO pa3 Ha0 yBETUYUTH JaBlieHHE, YTOObI CKOPOCTh 00pa3o-
Banuss NOono peakuyu 2NOq) + Oy — 2NO,, Bo3pocaa B 1000
paz?

4 NzmenenueM kakux (axtopoB (P, C, T) MOXHO CMECTUTh XUMHUYE-
cKkoe paBHOBecue cuctemsbl (1) BmpaBo, a cuctemsl (2) — BieBo: (1)
PC|5(Kp ) + Hzo(n) HPOCIg(X{) + ZHCI( r)s AH= -111 KH)K, (2) HZ(r)
+Br2(r) —2H Br(r)?

5. B romorennoii cucteme CO + Cl, «» COCI, paBHOBeCHBIC KOHIICH-
Tpanuu pearupyromux BemiectB: [CO] = 0,2 wmomp/im; [Cly] =
0,3momin/1; [COCI,] = 1,2M0ab/1. BhIUuncINTe KOHCTAHTY paBHOBE-
CHSI CHCTEMBI M UCXOJIHbIE KOHIICHTPAIIUH XJI0pa U OKCHJIA a30Ta.

Bapuanm 10(K). 1. Peakuust Mexay BemiectBaMu A u B BeipakaeTcs
ypaBHeHueM A + 2B — C. HavanbHble KOHLIEHTPAIMH COCTABJISIOT
[A]o = 0,03 monw/n, [Blg = 0,05 moawv/n. HaiiTh KOHCTAaHTY CKOPOCTH
pEAKLMU TIPU 3a]aHHOM TEMIIepaType, €CIU HadaibHasi CKOPOCTh pe-
akmu Vo = 310 moav/(1°cex)
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2. Kak M3MEHHUTCS CKOPOCTh PEaKIHMH MPH YMEHBIICHUH TeMIIEpaTypPhl
na 20 °C, eciu TemiepaTypHblil K03 HIUHEHT peakiuu paseH 2,27

3. Kak m3menurcs ckopocts peakuuu 2NO ) + Clyry — 2NOCI, ecim
IIPU ITIOCTOSIHHOM TeMIIepaType 00beM CHCTEMBI IIOBBICUTH B JBa pa3a
2,

4 Nzmenenuem kakux (axtopoB (P, C, T) MOXHO CMECTUTh XUMHUYE-

cKkoe paBHOBecue cucreMbl (1) BmpaBo, a cuctembl (2) — BieBo:(1)

PC|3(>K )+ Clz(r ye> PC|5(TB ), AH= -127 KJ[XK; (2) 3Fe(TB )+ 4C02(F) >

4CO(F) + F6304(TB)?

5. Ilpu cocrossHuu paBHoBecus B cucteme N, + 3H, «» 2NH; konuen-
TpalMM Yy4acTBYIOIIMX BemiecTB paBHb: [N,] = 3 moaw/a; [H,] =
Omonsw/m; [NH3] = 4 Mmoaw/n. OnpeaeanTs UCXOHbIE KOHIIEHTPALMU
BOJIOPOJIa U a30Ta.

Bapuanm 11.(JI)1. Peaknua mexnay BemiectBamMmu A u B BeIpakaeTcs
ypaBHeHueM A + 2B — C. HauanbHbie koHueHTparuu: [A]y =0,04
monv/n, [Blo = 0,05 monw/n. KoHcTanTa CKOPOCTH peaklMU IIPU 3a-
naHHOi Temieparype pasHa 0,4 i%/(mons)?-cex. Haittn ckopocTs pe-
aKIIMU 10 HUCTEUCHHH HEKOTOPOTO BPEMEHM, KOTJa KOHIEHTpAIMs
BelectBa A ymenbiuutces Ha 0,01 monwv/a.

2. Ilpu 150°C peakuus 3akaHunBaercs B 16 muH. TemnepaTypHbIid KO-
sddurment y = 2,2. Kax ckopo 3axoHuutcst 9ta peakius mpu 80°C?

3. Kak m3menurcs ckopocts peakuuu 2NOy + Clyry — 2NOCI, ecin
Py TIOCTOSIHHOM TemIepaType OoObEeM CHUCTEMbl YMEHBIIUTh B JBa
paza?

4 I3menennem kakux ¢aktopoB (P, C, T) MOXHO CMECTUTh XHMHUYE-

cKkoe paBHOBecue cuctembl (1) BopaBo, a cuctembl (2) — BieBo: (1)

2802(F) +02(r) <—>2803(r )s AH= 1231(]_—[)1(, (Z)Mn(TB) +C02(F) HMnO(TB)

+CO(?

5. Koncranra paBHosecus peakuuu FeO + CO « Fe + CO, npu Heko-
Topou temneparype paBHa 0,5. HaliTu paBHOBECHBIE KOHICHTpALIUU
CO u CO,, eciin HayaIbHBIE KOHIEHTPAIUM ATUX BEIIECTB COCTABJISI-
an: Cco = 0,05m01b/11; Ceor = 0,01M0ab/m1.

Bapuanm 12 (M). 1. Peakuusa A + 2B — C npoTekaeT 1pu MOCTOSHHON
temnepatype. Hauanbasie konnentpauuu: [A]y =0,03 mons/n, [Blo=
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0,05 monw/n. CKOpOCTh peakivu MO0 UCTEYEHUH HEKOTOPOTO BPEMEHH,
KOTJla KOHIIEHTpaIus BemiecTBa A yMeHsiuiaack Ha 0,01 moaw/i., co-
crauna 7,2-10° mov/(n-cex). HaiiTu KOHCTAaHTY CKOPOCTH PEaKIIHH
IIPU JaHHOW TEeMIIEpaTypeE.

2IIpu 50°C peakuus 3akanumBaercss B 24. 15 mun. TemmepaTypHslii
kodpdunment y = 3,0. Kak CKOpo 3aKOHUUTCS 3Ta peaKUUs Mpu
100°C.

3. Kak m3menurcsa ckopocts peakuuu 2NOpy + Oy — 2NO,, ecnn
00bEM CHCTEMBI NPU TMOCTOSIHHON TeMIlepaType YMEHBIIUTh B 3
paza?

4 zmenenueMm kakux (axtopoB (P, C, T) MOXHO CMECTUTb XUMHUYE-

ckoe paBHOBecue cuctembl (1) BmpaBo, a cucrembl (2) — BieBo: (1)

4HC|(F) + OZ(r) <—>2H20(H )+2C|2(r), AH=-114 KJ_—[)K, (2)N2(F) + O2(r) >

2NO?

5. PaBHoBecue B cucteme H, + J, «» 2HJ ycranoBusocs nipu cienyto-
KX KoHneHtpausax: [Hy] = 0,025momw/1; [Jo] = 0,005 momas/a; [HI]
= 0,09Mmo01an/1. OnpenenuTh UCXOAHBIC KOHIICHTPAIUM HOJIa U BOJIO-
pona.

Bapuanm 13.(H) 1. Peakuus A + B — AB npotekaer npu noCTOSHHOU
temrepatype. Cp = 0,04 monv/n u Cg = 0,02 monw/n, CKOPOCTh peax-
man V = 2-10 monw/(n-cex). Haiitm KoHCTaHTy ckopocTd K. mpwm
JTAHHOM TeMIIEpaType.

2.V nByx peakuumii ipu 25 °C V; = V,. TemmepaTypHblit ko3hbuiueHT
v1=2,0, a y, = 2,5. Haiitu orrowmenue V, /V; mpu 85 °C.

3. Kak u3menurcs ckopocts peakuuu 2NO )y + Ozy — 2NO; ), ecnu
NpU TTOCTOSTHHOW TeMIIepaType yBEIHUYUThH JaBJICHHE B cucTeMe B 4
paza?

4 N3menenneM kakux ¢aktopoB (P, C, T) MOXHO CMECTUTh XUMHUYE-

cKoe paBHOBecHe cuctemsl (1) BrpaBo, a cucrteMsl (2) — BieBo: (1) Ca-

CO3(Kp ) <—>CaO(TB ) + COQ(TB ), AH:176KH)K, (2)F€SO4(KP )'|'CC)2(F )y

FGCOg(Kp) + SO3(F)?

5. IIpu Hekotopoil Temneparype paBHoBecue B cucreme 2NO, <« 2NO
+ O, ycraHoBwioch mnpH ciaeayromux KoumeHtparusax: [NO,] =
0,006Momw/m; [ NOJ] = 0,024momnb/n. HailTh KOHCTaHTYy paBHOBECHS
peaKkury U UCXOJHYIO KOHIICHTPALIMIO TUOKCHA a30Ta.



28

Bapuanm 14.(0) 1. Peakuusa A + 2B — AB, npoTekaeT npu MocTosiH-
Hoit Temmeparype. C, = 0,02 moaws/m u Cg = 0,01 Moab/11, CKOPOCTH
V = 510" "monw/(n-cex). HaiiTu KOHCTaHTy CKOpPOocTH K. mpm »Toi
TeMmrepaType.

2.IIpu 50 °C peaxiumst 3akanumBaetcs 3a 26 MuH. IIpu TeMrepaTypHOM
K023hPUIIMEHTEe CKOPOCTH Y = 2 KaK CKOPO 3aKOHYHUTCS ATa peaKIius,
eciu mpoBoauTh ee mpu 120 °C?

3. Kak m3menurcs ckopocts peakuuu: 2Aqry+Bapt D= 2E npu
Tkonct IpU YMEHbIICHUH 00bEeMa 3aMKHYTON CUCTEMBI B 4 paza?

4 I3menennem kakux ¢aktopoB (P, C, T) MOXHO CMECTUTh XHMHUYE-

cKkoe paBHOBecue cuctembl (1) BopaBo, a cuctembl (2) — BieBo: (1)

NaQO(TB) +H20(>K) > 2NaOH( Kp), AH= - 854KI[)K, (2)A|203(TB ) + 3H2(F)

> ZAI(TB) + 3H20(n )?

5. Ilocne cmemmBanus ra3oB A u B B cucteme A + B < C + ] ycra-
HABJIMBAETCSI PAaBHOBECUE MPHU CIEAYIOMIMX KOHUEHTpamusx: [B] =
0,05momw/11; [C] = 0,02Mo0mb/1. KoHCTaHTa paBHOBECUS PEaKIIUUA PaB-
Ha 0,04. HaiiTu ncxo1HbIe KOHIIEHTpAIMK BEMECTB A 1 B.

Bapuanum 15.(I) 1. B cucteme oobemoM 20 11 conepxkurcs 0,1 monw
BemectBa A u 0,3 monsB. Peakuus A + B — AB npotekaet nipu no-
CTOSAHHOW TemIieparype. HalTu KOHCTaHTy CKOPOCTH IIPU ITOU TEM-
TepaType, eclii CKOpoCTh Peakuy paBHa 5+10™ monv/(1-cex).

2.Ilpu yBenmuenun TemmepaTypbl ¢ 20 1o 60 °C ckopocTh peakiuu
Bo3pociia B 81 pa3. Halitu TemneparypHbiii K03 (PUIMEHT CKOPOCTU
Y.

3. Kak usmenurcs ckopocts peakuyu 2NO ) + Ozy — 2NO; ), ecnn
Py TOCTOSHHOM TEMIIEpaType YMEHBIIUTh OOBEM CUCTEMBI B 3,5
paza?

4 Ismenennem kakux ¢aktopoB (P, C, T) MOXHO CMECTUTh XHMHYE-
CKoe paBHOBecue cuctembl (1) BmpaBo, a cucteMsl (2) — BieBo: (1)
C(TB) + Hzo( m < CO(F) + H2(r)1 AH=130 KJ[K; (2) 3F€203(TB) +H2(r)
<> Fe304(5) + HO)?

5. Haititu xoncranty paBHOBecus peakmuu N,O, < 2NO,, ecnn Ha-
yanpHas koHieHTpamnusi N,O,4 cocraisna 0,08 Momb/11, a K MOMEHTY
HACTyIUIEHHsI paBHOBecHs mpoauccoruupoBaio 50% N,O,.
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Bapuanm 16.(P) 1. B cucteme o6semom 10 11 ecth 0,2 Mo BeliecTBa
A u 0,5 monvB. Peakuusa 2A + B — A;B nporekaer npu noCTOAHHON
temneparype. HaluTu KOHCTaHTy CKOPOCTH IIPU 3TOM TEMIEpAType,
eCJIM CKOPOCTb peakiuu paBHa 410~ % moawv/(n-cex).

2.Yemy paBeH TemmepaTypHbli KOIGOUIIMEHT CKOPOCTU Y, €CIU TpPH
MOHIKeHNH TeMrepaTypbl Ha 40 °C ckopocTh peakiuu magaer B 16
pas?

3. Kak usmenurcsa ckopocts peakuuu 2NO ) + Clyqy — 2NOCI, ecnn
MIPU TTOCTOSIHHOM TeMIIepaType YMEHBIIUTH 00bEM CUCTEMBI B 3 paza’?

4 N3menenneMm kakux ¢aktopoB (P, C, T) MOKHO CMECTUTh XUMHUYE-

ckoe paBHOBecue cucteMsl (1) Bpaso, a cucteMsl (2) — Bieso: (1) 2H,,

)+ 02(1-) > 2H20(H) ) AH=-572 KI[)K, (Z)Nz(r) + 02( r < ZNO(F )?

5. B 3aMKHYTOM cocyzie nmpoTekaer peakuus ABg) <> A + B(y. Kon-
cTaHTa paBHOBecus peakunu paBHa 0,04, a paBHOBeCHass KOHLIEHTPAa-
nusa BemniectBa B coctaBnser 0,02 monw/n. HailTu HadanbHYyrO KOH-
neHtpanuio BemectBa AB. Ckonbko npoueHToB BemiectBa AB pas-
JIOKUIIOCH?

Bapuanm 17.(C) 1. Peakuusi: A + 2B — AB,. uzer npu nocTosHHON
temrnepatype. Havanpubie koHIeHTpanuu: [A]g = 0,03 moawv/n, [B]g =
0,05 monw/n. HaiiTn HadambHYI0 CKOPOCTh PEAKIIMU, €CIIM KOHCTaHTa
CKOPOCTH IPH TaHHO# Temmepatype 0,4 1°/monv’cex.

2.IIpn 50 °C peaknust 3akaHumBaercst 3a 1u 30 mun. Kak ckopo ona 3a-
xoruutest pu 80 °C mpu y = 2,5?

3. Kak usmenntcsa ckopocth peakiuu 2SO0,y + Oy = 2503, ecin npu
MOCTOSTHHOM TeMreparype 00beM CHCTEMbI YBEIUIUTH B TPH pa3a’?

4 zmenenueM kakux (axtopoB (P, C, T) MOXHO CMECTUTh XUMHYE-

ckoe paBHOBecue cuctemsl (1) Brpaso, a cuctemsl (2) — BieBo: (1) Ny

+ 3H2(r) > 2NH3(F), AH=-92 kJIx; (2)F€304( m) T 4CO(F) > 3Fe(TB) +

4C02(F )7

5. [Ipu HEKOTOPOI TeMIiepaType paBHOBECHBIC KOHIICHTPAIIMU B CUCTeE-
Me 2SO, + 0O, <« 2SOz cocCTaBIsIM COOTBETCTBEHHO
[SO,]=004momnb/n1, [O,]=0,06Mmomb/1, [SO3]=0,02M0:1b/1. BeIaucanTs
KOHCTAHTY PaBHOBECHS W HMCXOJHBIC KOHIICHTPAIIMH OKCHJA CEpBI
(1V) u kucnopona.
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Bapuanm 18.(T) 1. Peaknusa mexay BeniectBamu A U B npoxoaut nipu
MOCTOSIHHOW TeMmIiieparype no ypaBHenutio A + 2B — AB,. Hauanb-
Hble KOHIIeHTpaluu coctaBisiior: [A]g = 0,03 monw/n, [B]g = 0,05
monv/n. KoHCTaHTa CKOPOCTH peakIuu TpH JaHHOW TeMIlepaType
pasHa 0,4 1*/monv’-cex. HaiiTh CKOPOCTH PEaKIMH IO HCTCUCHHU He-
KOTOPOT'O BPEMEHHU, KOTJa KOHIIEHTpalKs BEHIECTBA A YMEHBIIUTCSA
Ha 0,02 monwv/n

2.Kak M3MEHUTCA CKOPOCTh XMMHUYECKOM pEaKIuU TMPU YBEIUYEHUU
Temmepatypsl Ha 40 °C, eciu TeMmepaTypHbIi KO3(QGHUIMEHT CKOPO-
CTU pE€aKIUu paBeH 37

3. Kak msmenurcs ckopocth peakmu 2COry + Oy — 2COyr), eciu
JIABJICHUE B ra30BO# (ha3e MOBBICUTH B TPHU paza?

4 3menennem kakux ¢aktopoB (P, C, T) MOXKHO CMECTUTh XHMHUYE-

cKkoe paBHOBecue cuctembl (1) BmpaBo, a cuctembl (2) — BieBo: (1)

COCIE(F) HCO(F) + Clz(r), AH=113 KI[}K, (Z)Hz( r) + S(Kp) > st(r )?

5. Peaknus npotekaeT no ypaBHeHuo 2A < B. McxonHas koHLEHTpa-
1y BemiectBa A paBHa 0,2M01b/11, KOHCTaHTa paBHOBecHus paBHa 0,5.
Briuncinute paBHOBECHBIE KOHLIEHTPAIIMU PEATMPYIOIINUX BEIIECTB.

Bapuanm 19.(Y) 1. Mexny BeniectBaMuA U B mipu MOCTOSAHHON TeM-
nepatype npoTekaeT peakius mo ypaBHeHuo A + 2B — AB,.00bem
cucteMsl S5 1. BemectBa A conepxutcs B cucreme 0,05 MoJib, Belie-
ctBa B 0,1 Mons. KoHCTaHTa CKOPOCTH peakiiUuM MpU TAaHHOUW TeMIie-
parype paBHa 0,4 12/momv*-cex. Haiitu HAYaJIbHYK0 CKOPOCTb PEakK-
WU,

2.Kak M3MEHHTCS CKOPOCTh PEaKIMHU MPU YMEHBIICHUU TeMIEpaTyphl
na 40 °C, eciu TemmepaTypHblit K03O(OHUHEHT CKOPOCTH paBeH 37

3. Kak u3menurcs ckopocts peakuuu Hyry + Clyry — 2HCl ), ecnn nipu
Tkouct AaBlieHUE B ra3oBoi (ha3e MOBLICUTH B TPU pasza?

4 Ismenennem kakux ¢aktopoB (P, C, T) MOXHO CMECTUTh XHMHUYE-
CKO€ paBHOBecHe cuctemMsl (1) BIpaBo, a cUCTEMBI (2) — BIIEBO:

(l) PCIS(Kp)+ HZO(H) HPOCI_Q)()K) + ZHCI(F), AH=-111 KI[)K,

(QHyr) + oy < 2HIy?

5. Ilpu Hekoropoit Temneparype paBHoBecue B cucteme 2NO; <« 2NO
+ O, ycraHoBwioch npu cieayromux KoumeHtparusax: [NO,] =
0,006momw/m; [ NOJ] = 0,024Monb/1. HailTu KOHCTaHTYy paBHOBECHS
pPEaKIMU U UCXOJIHYIO KOHIICHTPAIMIO TUOKCHIa a30Ta.
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Bapuanm 20.(®) 1. Peakuus Mmexny BemectBamu A u B porekaer npu
MOCTOSIHHOW TemIieparype no ypaBHeHuto A + 2B — AB,. O6bem
cuctembl 10 1. BemectBa A coaepxurcst B cucteMme 0,2 MOJib, Bele-
ctBa B 0,3 monb. KoHCTaHTa CKOpPOCTH peaklMu MpH ATOM TeMIiepa-
Type paBHa 0,5. 12/momv*-cex. Haiitn HAYAJIBbHYIO CKOPOCTb PEAKIMH.

2.Kak m3MEHUTCSI CKOPOCTh PEAKIIMU MPH MOBBIIICHUN TeMIepaTyphl Ha
30 °C, ecu TemmepaTypHBIit KOIQGUIHEHT CKOPOCTH paBeH 3,37

3. Kak m3menurcsa cxopoctb peakumu NHsry + HClry — NH4Cl, ecin
JaBJICHHUE B Ta30BOM (ha3e MOBBICUTH B TPHU pa3a?

4 zmenenuem kakux (axtopoB (P, C, T) MOKHO CMECTUTh XHMHUE-

CKO€ paBHOBecHe cuctemsl (1) BrpaBo, a CUCTEMBI (2) — BIIEBO:

(1) ZNOZ(F) > N204(F)’ AH = '57KI[)K ;

(2)C02(r) + Fe(TB)H FeO(TB) + CO(r )?

5. B romorennoii cucteme 2NO + Cl, <> 2NOCI ncxomnbie KOHIIEHTpa-
UM OKCHJA a30Ta WU XJIOpA COCTABJSAIOT COOTBETCTBEHHO 0,5 m 0,2
MOJIb/J. BeIYucInTe KOHCTAaHTY PaBHOBECHS, €CIIM K MOMEHTY HACTY-
rieHus: paBHoBecust mpopearupoaiio 20% NO.
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