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[IpenonaBanne XuMuM, KpOME Kypca JEKIHMHA, BKIIOYAECT IPOBEJICHUE
nabopaTtopHbIX 3aHATHHA. |1 SKOHOMHH BpeMEHU W 0oJjiee TIIyOOKOrO OCMBICTICHUS
7a00paTOPHBIX pabOT HEOOXOJMMa CaMOIIOJAIOTOBKA CTYJEHTOB, OpraHW30BaTh
KOTOPYIO IIOMOTaET IaHHOE METOAMYECKOE ocolue.

B nocobun akTUBU3MPYETCS U 3aKperUisieTcs JIEKIMOHHbIA MaTepuai. [locodue
MIOCTPOCHO M0 NPUHLUILY YHOPABISIOMIETO TUMA. Ero OCHOBHOM CTPYKTYpHOU
CIVHULICH SBISETCS OTAeNbHas Tema. B kaxmoil Teme cdopMynupoBaHa IIEb,
NPUBOJATCS TpPeOOBaHUS K MCXOJHOMY YPOBHIO 3HAaHMM W JIUTEpaTypa, KOTOPYIO
CTYJEHT MOET HCIOJIb30BATh I BOCIIOITHEHUS MPOOETIOB B 3HAHMSIX.

C menpi0 ympaBJICHUS CaMOCTOSITETTbHONH pabOTON CTYIEHTOB HCIHOIB3YeTCs
cucteMa oOydaronux 3anad. Hapsiy ¢ oOyuaromumu 3ajadaMu 1ocoOue COACPKUT
BapUAHTHl KOHTPOJIBHBIX 3a/1a4 I CAMOCTOSITEIBHOTO pemieHust. [IpoBepka creneHu
YCBOEHHSI MaTepraia OCYIIECTBISIETCS C TOMOIIIBIO TECTOB.

YuuTeiBas TO, 4TO B paMKaxX YHHUBEPCUTETCKOW IMPOrPAMMBI I CTYIAEHTOB
MHOTHX CHEIUAIBHOCTCH XUMHUS SBJSETCS 00IMe00pa3oBaTeIbHON JIUCIMILUIMHOM,
aBTOPHI JTAHHOTO METOJUYECKOTO MOCOOMS B psijie CIIydacB CO3HATENILHO IUIM Ha
YIPOILIECHUE U3JIOKEHUS MaTepuaa.

© M.A. 3abenuna, JI.B. fcrokeBuu 2006
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TeopeTnyeckune ceegeHun K saHaTuro Ne 1

1 KuHeruka QpU3MKO-XMMHYECKHX NMPOLECCOB.
XHMHYECKOe pPaBHOBecHE

1.1 3sayuMocCcTh M3y4YaeM Ol TeMBbI

XuMUUecKass KUHETUKAa — pasfesl (U3HMYECKONM XMMHH, YYEHHE O CKOPOCTAX U
MEXaHW3MaxX MpPOTeKaHUs (PU3MKO-XMMUYECKHX MpoleccoB. M3ydeHue KUHETUKHU
NPEBPALIEHU TO3BOJIIET BBIICHUTH PEAIbHBIA MEXaHW3M IPOTEKAaHUs Mpolecca,
OCYILIECTBISATH  €r0  MareMaTHYeCKOo€  MOJEIMPOBAaHWE,  ONTUMHU3AIMIO U
ABTOMATU3ALIMIO, OTKPBIBAET  BO3MOXKHOCTH  YMPaBJATh  (PU3UKO-XMMUYECKUM
IPOLECCOM:

1) ocyIec TRISATH MPOIIECcC ¢ TPEOYyEeMOii CKOPOCTHIO:

— YCKOPSITH (T€XHOJIOTHS MPOU3BOJICTBA HOBBIX MATE€PUAIIOB);
— 3aMeJUISITh (MOBBIILIEHUE KOPPO3UOHHON CTOMKOCTH MaTepHAJIOB);

2) [MoJIy4aTb MAaKCHUMAJIbHOC KOJIMYCCTBO MaATCpuajia C 3adda HHbIMN CBOMCTBAMH C
MHWHHUMAJIBHBIM HCIIOJIb30BAHNCM NCXOAHBIX BCIIC CTB,

3) COKpalllaTh 9HCPro3aTrparbl Ha OCYIICCTBICHUC IIPOLICCCA.

JlaHHas Tema ABISETCS TEOPETUUYECKOW 0azoil AJisl CIenyroIUX pas3lesioB Kypca:
“PacTBOpBI AIEKTPOIUTOR”, “INEKTPOXUMHUUECKUE POLECCHI U SIBICHUS .

1.2 TpeOGoBaHust K HCXOAHOMY YPOBHIO 3HAHMHM U YMCHUH

UYroObl serye ObUIO pa3o0parbcsi B BOMpPOCaX JaHHOM TeMbl, HY)KHO 3HATh
CJIETYIOLIHE BOMPOCHI IKOILHOTO (1) ¥ By30BCKOTO (B) KYPCOB XUMHHU.

1. CkopocTh XHMHUYECKOW pEakIMu. 3aBUCUMOCTb CKOPOCTH OT HPUPOJIbI
pearupyrommx BeUeCTB, KOHLEHTPAllUi, TEMIIEpaTypsl (1i).

2. Karanu3s u katanuzatopsl (Ii).

3. HeoOpaTumMble 1 oOpaTUMble peakiuu. XuMHYECKOE paBHOBECHE (III).

4. TennoBoi 3¢(HeKT XUMUIECKUX peakluid. DK30- U S3HAOTEPMUUECKHE PEAKLIUU
(u).

Ecan mo ogHoMy M3 BONPOCOB HMCXOAHOTO YpoBHSI y Bac mmeercs mpoOer,
3allOJIHUTE €ro, MpopaboTaB COOTBETCTBYIOIIMM pa3len JEKIMOHHOTO MaTepuaia U
ydeOHHKa.

Kysemenko H.E., Epemun B.B., IlonkoB B.A. Hawana xummu.— M.: U3n-Bo
«9K3amen», 1999.

I'muaka HJI. O6masa xumus. — JI.: Xumus, 1988.
Koposun H.B. O6mas xumusi. — M.: Beicii. mik., 2000.

Kypc obmeit xumuu / Ilox pen. H.B. Koposuna. — M.: Beicur. mik., 1981, 1990,
1998.



1.3 Conep:xxkanne Tembl. OCHOBHBbIC MOHATHUS U ONPe/IeeHUSA

B HacrosieM MeTOAMYeCKOM IOCOOMM TPHHAT OOBIYHBIM CHOCO0 HamMcCaHHSs
xumuyeckux dopmyn (H,O, CO, u T.1.), KOTOpPBIE COCTOSIT U3 CUMBOJIOB DJIEMEHTOB U
MOJICTPOYHBIX HMHICKCOB BBIPAYKAIOTCS LEIBIMU YHCIaMU, 0003HAYAIOIIUMU TOJIBKO
ATOMHBIE OTHOIIEHH S 3JIEMEHTOB.

Jlns coeawHEHW € KOBAJCHTHBIM THIIOM CBSI3HM, MMEIOIMIUX MOJICKYJISIPHYIO
CTPYKTYpY, (GopMmysia OTpa)kaeT COCTaB OTACIBbHOW MOJIEKyJbl. B 3ToM ciydae
YHUCJIOBBIE WHICKCHI, CTOSIIME BHH3Y CIIpaBa OT CHMMBOJIA XHMHUYECKOTO JJIEMEHTA,
yKa3bIBAIOT HAa YKCJIO aTOMOB JJAHHOTO 3JIEMEHTA B OJIHOM MOJIEKYIIE.

JIns coenMHEeHnii ¢ MOHHBIM THUIIOM CBSI3U (pOpMyJia yKa3bIBa€T COCTAB MOHOB WU
KOJIMYECTBEHHOE COOTHOIIICHWE MEXIY IMOJOXKUTCILHBIMI ¥ OTPHUIATEIIbHBIMU
nonamu. Tak, opmyna Na,SO, mMOKa3bpIBaeT, UTO B TAHHOM COCIMHEHHH Ha KaKJpIe
J1Ba MOHA HaTpwsi Na' ITPHXOJNTCS OJMH HOH SO,

Hwxe mpuBOAsTCS 3HAUCHHWS COKPAICHHBIX CJIOB, KOTOPBIE MHIINYTCS ITOCTE
dbopmynbl I ykazaHus Ha (Da30BOE€ COCTOSHHME BEIIECTBA WJIM Ha KaKUe-JIHOO
JIOTIOJTHUTEITLHBIC TaHHBIC:

TB.(T) — TBEpJOE;

KPUCT. (K) — KPUCTATUTMYECKOE;

KUIK.(OK ) — KU IKOE;

ras.(r) — razoo0pa3Hoe;

1 aTM. — nipu JaBlIEHUU B OJIHY aTMOChepy.

Tak, 3anuce Oy, 25°, 1 aTM. 03Ha4aeT MOJEKYIAPHBIA Tra3000pa3HbIl KUCIOPO
npu 25°C 1 1aBJeHUN B OJHY aTMOCheEpy.

JIns BBIOJTHEHUSI PACYETOB HAPSIy C CIWHUAIIAMH MAcChl U 00beMa B XUMHU
UCTIONB3YIOT (U3UYECKYIO BEIMUMHY Kouyecmgo eeujecmsea. CrenyeT pasinyaTh
MaccCy ¥ KOJIMYECTBO BemiecTBa. Maccy BelecTBa U3MepSIOT B rpaMMax, a KOJTHYECTBO
BEIIIECTBA B MOJISIX.

KoanuectBo BemecTBa (n) — pazMepHasi (pu3uyueckasi BEJIMYMHA, ONpeessiemMas
YUCJIOM COJICPKAIMXCS B 3TOM BEIIECTBE CTPYKTYPHBIX YACTHIl (aTOMOB, MOJICKYJI,
HOHOB, 3JiekTpoHOB). B CU 3a enquHuily KojiM4ecTBa BEUIeCTBA MPUHST MOJIb.

MoJib — 3TO TaKO€ KOJIMYECTBO BEIIECTBA, B KOTOPOM COIEPIKUTCS YHCIIO YACTHIT
J060r0 BHua (aTOMOB, MOJIGKYJ, HOHOB), paBHoe 4uciay ABorampo Na (6,02-10%).
[Ipn wucnonp30BaHUM TEPMUHA MOJb CIEAYeT YKa3blBaTh YACTUIBI, K KOTOPBIM
OTHOCHUTCS 3TOT TepMHUH. COOTBETCTBEHHO, MOKHO TOBOPUTH «MOJIb MOJIEKYID», «MOJb
aTOMOB», «MOJIb HOHOB» M T.J. Hampumep, MoiIb MOJEKYJI BOJAOPO/A, MOJb aTOMOB
BOJIOPO/]1a, MOJIb MOHOB BOZOPO/IA.

B ypaBHeHUSIX XUMHUUECKHUX peakiuii kKodpPuiinenTs! nepea GopMysiaMu BEIIECTB
(cTrexuoMerpuueckue Ko3(D(PUIMEHTHI) yKa3blBalOT Ha OTHOIIEHWE YHWCIIa MOJEH
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pearupyroimx BeIlecTB.

23

Macca 1 Moy BemiectBa B rpammax, T.e. macca 6,02-10™ wactuil BemiecTsa,
Ha3bIBaeTCs MOJIbHON Maccoii (M) u paBHa OTHOIIEHHIO MaccChl BemiecTBa (m) K
COOTBETCTBYIOILIEMY KOJIMYECTBY BelecTBa (n):

m
M = —, r/MOJIb.
n

MonbHast (MoysipHasi) Macca BeIlleCTBa B TIpaMMax YHCIEHHO paBHA €ro
OTHOCHTEIBHON MOJIEKYJISIPHOM Macce M,;, BBIPaXEHHOM B AaTOMHBIX €IUHHUIIAX

Macchl (a.€.M.). OJTO O3HA4YaeT, 4YTO €ClIM Macca HEKOTOPOM MOJIEKYJbl paBHA,
Hanpumep, 44 a.e.M., TO Macca OJJHOTO MOJISI MOJIEKYI paBHA 44 T, T.K.

M= N4 - m (1 monekynbl) =Ny M, - la.em.=(NA-1laeMm.) M, =M,

IMocrosinnass ABoragpo spusercs Ko03p(OUIMEHTOM MNPONMOPIUOHATBHOCTH,
00ecneynBaroIuM MEepexo], OT MOJIEKYJSIPHBIX COOTHOIIEHWH K MOJISIpHBIM. Bce
YTBEP)KJICHUSI OTHOCHUTEIBHO MOJIEKYJ OCTalOTCA CIPABEAJIMBBIMU Ul  MOJIEH.
Hanpumep, ypaBHeHue peakuu

Ca +H, =CaH,

O3HAUaEeT, YTO OJIMH aTOM KaJIbIIMS pearupyeT ¢ OJHON MOJIEKYJIONW BOJOPO/Ia, WIH, YTO
OJTHO W TO K€, OJJMH MOJIb aTOMOB KaJbI[US PEarupyer C OJHUM MOJIEM MOJIEKYI
BOJIOPO/JIA.

O6beM 1 Moms Ta3a Ha3bIBaETCS MOJISIPHBIM 00beMoM (V) U paBeH OTHOIICHUIO
obbeMa raza (V) k koJIM4ecTBy BeliecTBa (n):

_V
VM—;, JI/MOJIb

MonsipHblii 00beM JTI000T0 Ta3a MpU HOPMANBHBIX YCIOBUSX (COKPALIEHHO H.Y.)
paBeH 224 1. HopManbHbIMU YCIOBMAMM U1 Ta30B CUMTAIOT JABJIECHHE
Po=1arm=101,325 xlla u temneparypy Tp =273 K=0°C (B OyKBEHHBIX 3alucsix
9TH ycJIOBUsI 0003Ha4Yar0TCst HWKHUM uHAEKCOM «O»: Po, Ty, Vo).

o Xumuueckas peaxkyu

B ocHoBe (PHU3MKO-XMMHYECKHX TMPOIECCOB JICKUT XMUMHUYECKOE MpEeBpalieHUe
OJIHMX BEILIECTB B JPyTHE, T.€. XUMUYECKas peaklys. XUMUUYECKON peakueil MOKHO
CUMTATh JII000€ M3MEHEHHE BEIIECTBA, IPH KOTOPOM OOPa3ylOTCs WM Pa3phIBAIOTCS
XUMUUYECKAE CBSI3M MEXKIy aroMaMH. XHMHYECKHE PpEaKIMUd 3allUChIBAIOTCS
HOCPEICTBOM XUMUYECKUX YPABHEHULl W cxeM, COAepxaimux (HOpMyJIbl MCXOIHBIX
BEILLECTB M NPOAYKTOB peaKklMHU. B XMMMUECKHX ypaBHEHHUSX, B OTIMYHUE OT CXEM,
YHUCIIO aTOMOB Ka)KJ0T'0 JIEMEHTA OJAMHAKOBO B JIEBOM M IIPABOM YACTSX, YTO OTPAKAET
3aKOH COXPaHEHUsI MacChl.



e Mexanuszm Xxumuueckou peakyuu

XAMHYECKHE  PEAKIMH  HE  TOPOUCXOIAT  MyTEM  HEMOCPEACTBEHHOrO
B3aUMOJICHCTBUS MCXOAHBIX MOJIEKYJ C TMPSMBIM TEPEXOJOM HMX B MOJICKYJIbI
NPOAYKTOB peakmuu. B OONBIIMHCTBE CIIy4aeB peakiusi MPOTEKAeT B HECKOJIBKO
CTaliil. DTOT CIOKHBIA MyTh OKa3bIBaeTCsl 00Jiee BHIMOAHBIM, T.K. 2JIEMEHTAPHBIN aKT
XUMHUYECKOM pPEakIMyd BO3MOXXEH TMpPU TMOMAapHOM COYJAPEHHHA HEMPEPHIBHO
MEPEMEMIAOIIMXCA MOJEKYN, COYJAapEHUs OJHOBPEMEHHO TPEX 4YacCTULl SIBISETCS
MajlOBEPOATHBIM COOBITHEM.

IIpocThie peakiMu — peakuuH, KOTOPbIE IPOTEKAOT B OJHY CTaAMI0 U HUX
CTEXHMOMETPUUYECKUE YPABHEH WS MIPABIWIBHO OTPaXKaroT peaJibHbIM X0 MpoLecca.

Cil0:)KHbIe peaklMM — pPEAKUIUHM, KOTOpPhIE IMPOTEKAKOT YEpPe3 HECKOJBKO
MPOMEXYTOYHBIX CTaJUMl M HX CTEXHOMETPUYECKHE YPABHEHHS HE OTPaXKarOT
peanpHOro Xoma Mmpolecca, a SBISIOTCS OTPAKEHUEM CYMMAapHOIO pe3yJbTara
HECKOJIBKHUX CTaIUM.

MexaHu3M XMMHYECKOW PpPeaKUuMM — COBOKYIIHOCTb BCEX CTajud, 4Yepe3
KOTOPBIE ITPOU CXOUT IMPEBPAILLEHUE UCXOIHBIX BEILECTB B MPOAYKTHI PEAKIU .

e /icxoOHvle, KOHeUHble U NPOMEINCYMOYUHbIE BeUeChéa

BemectBa, BCTynaromme B NPOLECC XMUMHUUYECKOIO IPEeBpAICHUS, HAa3bIBAIOTCSA
WCXOJIHBIMU BEIIECTBAMM.

BemiectBa, oOpasyronmecss B MpOLECCE XUMHUYECKOI'O TIPEBpAICHUs] U HE
MPETEPIEBAIOIINE B XOJE 3TOT0 MPOIECcCa NATbHEWIINX XUMHUYECKUX HW3MEHEHWH,
Ha3bIBAIOTCS IPOYKTaMU PEAKLIUH.

BemectBa, oOpasymommuecss B OJHHUX CTagusX TpoIlecca XHUMHUUYECKOro
NPEBPAILEHNS U PACXOAYIONIMECS B IPYTUX CTAIUSAX 3TOr0 K€ MPOIECCa, Ha3bIBAKOTCS
MPOMEKYTOUYHBIMU BEIIECTBAMH.

BemectBa, oOpasyrommuecss B OJHMUX CTaausX Ipolecca XHMHUYECKOro
MPEBPALLICHUS U PACXOAYIOIIUECS B IPYTUX CTAAUSAX 3TOTO K€ MPOLECCA, HAa3bIBAKOTCS
NPOMEKYTOUYHBIMU BELIECTBAMMU.

aA +bB = c¢cC+dD

HCXOJIHBIC B-Ba TIPOAYKTBI PEaKIIn 1

pearupytoliue B-Ba

peazenmaol

o [omocennble u cemepoceHHbvle npoyuecc sl

I'oMorenHble Tporecchl MPOTEKAIOT BO BCEM 00BEME, pearupyroliyde BellecTBa
HaxoAdaTcs B OoAHOM (haze. MoseKkysbl BCEX pearupyroliux BEUIECTB HAXOMAATCS B
OJIMHAKOBBIX yCIOBUsX. [IprMepoM MOTYT CITy KU Th peaKI[UU B paCTBOPAX.

da3a — 4yacTh CUCTEMBI, OJTHOPOJHAS BO BCEX TOUKAX MO COCTAaBY U CBOWCTBAM U
OTZEJIEHHAsA OT JPYTUX YacTeW CHCTEMbI IOBEPXHOCTBIO pa3/ieiia, IpHU MEPEXoae Yepes3
KOTOPYIO CBOMCTBA CUCTEMBI PE3KO MEHSFOTCS.



FeTepOI‘eHHBIe IMpOOCCChI IIPOTCKAIOT HaA TI'PaHUIC pPa3aciia (1)213, HaIlpuMcep,
OKHCJICHUC M TpaBJICHUC MCTAVIOB H IIOJYIIPOBOAHHKOB, TOPCHUC TBCPAOIO H
JKHUAKOIO TOIIMBA, XUMUYCCKASA U 3JICKTPOXUMHUYICCKAA KOPPO3UA U T.I. Oco0eHHOCTh
ITHX IMPOUCCCOB — CIIOKHOCTDH U MHOFOCT&I[PIﬁHOCTB.

1.3.1 CkopocTh XUMHYECKO peaKkIuu

XUMHYECKOE B3aMMOJCHCTBUE MEXKAYy 4YacTULAMH BO3HUKAET MpPU B3aUMHOM
BO30YKICHUU 3JIEKTPOHOB, HEOOXOAUMOM JIJIl pa3pylIeHUs] CTapbiX U O0Opa3oBaHUS
HOBBIX CBSI3€H, a 3TO BO3MOKHO JIMIIb MPU HEMOCPEACTBEHHOM KOHTAaKTE, T.€. IPHU
CTOJIKHOBEHMH pearupyronmx 4vactul. CKOpOCTh pEakuuH WM €€ KOJIMYECTBEHHAS
WHTEHCUBHOCTb, paBHA YUCITy aKTOB B3aMMOJCHUCTBUS B €AMHUIYY BPEMEHU B €MHUIIC
PEaKLMOHHOI0 MpocTpaHcTBa. /sl BbIpaKEHHS CKOPOCTM MOKHO HCMOJIb30BATh
NPOMOPLHOHAJIBHBIE YACITY aKTOB B3aMMOICHCTBHS BETUUMHBI, HAIPUMED, U3MEHEHUE
BO BPEMEHHU KOJIMYECTBA PEATUPYIOIIMX BEIIECTB.

CkopocThi0 XMMHYECKOH peaKklIMM — Ha3blBAlOT HM3MEHEHHE KOJIMYECTBa
pearupymoomux BelecTB B €UHUILY BPEMEHH B €IMHUIIEC PEAKIIMOHHOT'O IPOCTPAH CTBA.
PeakimoHHBIM TPOCTPAHCTBOM B TOMOTEHHOW CHCTEME CIy’)KHUT O0bEM cocyla, B
KOTOPOM IPOTEKAET B3aMOIEH CTBUE, B TETEPOr€HHON — MOBEPXHOCTH pasaena (das.

CKopocTh rOMOTreHHbIX peaKkIuil U3MEPSIETCs] KOJIMYECTBOM BEIIECTBA CUCTEMBI,
BCTYIAIOIIETO B PEAKIUIO WM 0Opa3yroIErocss B pe3ysibTaTe PEakUUd B €AUHUILY
BPEMEHM Ha eMHHUIY 00beMa. Tak Kak KOJIMYECTBO BEIIECTBA (MOJIb), OTHECEHHOE K

n
3aHUMAaeMOMY UM O0O0BEMY (V) €CTh MoOJIbHAsi KoHUeHTpauus (C, MOJIB/JT), MOXKHO

OIPEAECIUTh CKOPOCTh TOMOTE€HHOM XHMMHMYECKOM pPEaKUMu KAaK W3MEHEHUE
KOHLEHTPalM X OJHOTO M3 BEUIECTB, YYaCTBYIOUIMX B MPOLIECCE, 3a EANHUILY BPEMEHH.

be3paznnyHo, KOHIIEHTpalMIO KaKOro M3 pearupyrolmX BeIecTB Oparh A
U3MEPEHUSI CKOPOCTH, T.K. KOHIICHTPAllMM BCEX pEAarceHTOB M3MEHSIOTCA B
SKBUBAJIEHTHBIX KOJIMUYECTBaX. V3MepeHHbIE 1O pa3HBIM BEIIECTBAM CKOPOCTH HE
paBHBI, a MPOMOPIIMOHATBHEI OJHA Apyroi. Hampumep, B peakuuu cMHTE3a aMMHUaKa
N, +3H, 22 2NH, na xaxneiii monbe N, pacxomyercs Tpu monsa H, m obpasyercs

nBa Mo NH, . CooTBeTCTBYIOIME MM CKOPOCTH PEAKIMU OTHOCATCA Kak 1 : 3 : 2.

CKopocTh TreTeporeHHbIX PpeakuMii H3MepsieTcs KOJMYECTBOM BEIeCTBa
CHCTEMbI, BCTYMAIOIIETO B PEAKIMIO0 MM OOpa3yIoIerocs 3a €AWMHHUIly BPEMEHHU Ha
€IMHUILY TIOBEPXHOCTH pazzena (a3. Tak Kak mpolecc OCyUIeCTBISIETCS HE B 00bEMe
TBEPIOTO BEIECTBA, a HA MOBEPXHOCTU, KOHIIEHTPAIMS €r0 OCTAeTCs MOCTOSIHHOM,
MIO3TOMY CKOPOCTb F€TEPOr€HHBIX PEAKI I ONPEAEAEeTCS N3MEHEHUEM KOHIICH TPaly
ra3oo0pasHbpIX WJIM JKUAKUX BewlecTB. CKOpPOCTh TETEPOreHHBIX peakMil Mpu
MIOCTOSIHHOM TeMIepaType sBIseTcs ¢ YHKIUEH He TOJIbKO KOHIIEHTPAIlMU BEIIECTB, HO
U TUTOIA/IM PEAKIMOHHOM MOBEPXHOCTH. YeM Oouiblie MOBEPXHOCTh CONTPUKOCHOBEHU S
peareHToB, TeM 0O0JIblIE BEPOSITHOCTh CTOJIKHOBEHHS MOJIEKYJI BEIIECTB, HAXOIA X CS
B pa3HbIX (pazax, TeM O0JIbllIe CKOPOCTh TETEPOT€HHOIO B3aUMOACHCTBHS.

[TockonbKy CKOPOCTh pEaKUMU — (PYHKIIUS BPEMEHHU, B XMMHUYECKONW KUHETHKE
8



pa3IMYaOT CPEAHIO W HCTUHHYK (MTHOBEHHYIO) CKOpOCTh peakuuu. CpemHss
CKOPOCTb PEAKIIMU XapaKTepU3yeT MPOLECC 32 KAKOW-TO MPOMEKYTOK BpeMeHH At:

N AC .
D= —— ’ .
rie AC= C,-C, ; C, u C; —KOHIEHTpalMsl PEarupyronero BEIIECTBA B MOMEHT
BpEMEHU b, U ty;

At= t, —t,. I3mepsieTcsa CKOpOCTh: MOJIB/IIC; MoJIB/M €.

Ecimu At—0, To B npeaene cpenHsasi CKOPOCTb CTAHOBUTCSI CKOPOCTBIO B JaHHBIN
MOMEHT BPEMEHU WJIM UICTUHHOUN CKOPOCTHIO:

L= irE (1.2)
dt

CxopocTth (pU3MKO — XUMHYECKOTO MpOLiecca BCEra BEIMYHMHA MOJIO0XKUTEbHAS,
HOATOMY Tepel APOObI0 CTaBIT 3HAK «+» : 3HAK «» Ul ONpPENeNIEHUs CKOPOCTH
pPEaKLMHU 110 HAKOIUICHMIO NMPOAYKTa PEaKIMH, 3HAK «—» Il ONPENEJICHUS CKOPOCTH
peaKuuu o yObUld UCXOAHOTO BEUIECTBA.

CKOpOCTh XUMUYECKOHN PEAKIINM 3aBUCUT OT:

1) npupoaBl pearupyromux BelecTB;

2) yCIIOBUM TPOTEKAaHUsl PEAKUMU — KOHIEHTPALMid PEAreHTOB, TEMIIEPATYPHI,
JaBJICHUS (1)1 Ta30B);

3) mpHUCYTCTBHS KaTaIU3aTOPOB.
® Brusnue KoHyeHmpayuu peazupyiowmux 8eulecimae

Ha cKopocmb peakuyuu

[Ipu 3a7aHHBIX BHEIIHUX YCIOBUSX (TEMIIEPATYpa, NaBICHUE) CKOPOCTh SIBISETCS
(GyHKIMEH KOHIEHTpAalMK pPEearupyroluX BEIIECTB. JTOT IOCTYJIAT BBITEKAET U3
(U3MUECKH OYEBUIHOIO TMPEAINOJIOKEHHS, YTO PEArupylOT T€ MOJIEKYJIbI, KOTOpPbIE
CTAIIKMBAIOTCSl.  BepoATHOCTH  CTOJIKHOBEHMs,  CIENOBATEIbHO, BEPOATHOCTHb
B3aMMOJEHUCTBHS, MPONOPLMOHAIbHA KOHLIEHTPALMsIM PEareHToB. JTa 3aBUCUMOCTh
BBIPAKAETCS OCHOBHBIM 3aKOHOM XUMHYECKOW KUHETUKH — 3aKOHOM OeUCmEYIoujux
macc (3[M), moydMBIINM CBOE Ha3BaHHE OT TEPMHUHA <JICHCTBYIOLIAs Macca» —
CUHOHMMA COBPEMEHHOTO MOHATHUS «KOHLICH TPALI D).

3aKkoH JEeHCTBYIOIMX MACC— CKOPOCTh TOMOTI'€HHOM XMUMMYECKON peakUuy Mpu
NIOCTOSIHHOM TEMIIEpAType MPsSMO MPONOPLUOHAIBHA NPOU3BEICHHUI0 KOHLICHTpALMi
pearupyromux BEHIECTB, B3ATBIX B CTENEHSAX, PABHBIX CTEXMOMETPUYECKUM
Ko3(p(UIMEeHTaM B ypaBHEHUH PEAKIUML.

s peakiium aA + BB — cC + dD maremarnueckoe BeipakeHue 3/IM nmMeer By
v=k-C\ -Cp (1.3)

r1€ L — CKOPOCTb PEaKIUH;



k — KOHCTaHTa CKOPOCTH;
Cau Cg — KOHIICHTpau peareHToB A 1 B, MoJb/m;
a, B— cTexuoMeTpudeckre Ko3hPUIMeHThl B ypaBHEHUN PEAKIUU.

VYpasnaenue (1.3) npencrapnser coboit auddepeHinaTbHoe ypaBHEHHE CKOPOCTU
XUMHYECKON peakiu, 3allMCaHHOE B YCJIOBHOU (hopme. 3aKOH JEHCTBYIOIIMX MAacc
CIIpaBEJIUB TOJBKO YISl IPOCThIX peakiwid. g cmoxubix peakimid 3/IM cnipaBennvs
IUI KaXIOW OTHEIBbHOM CTaJAud, HO HE Ui BCEro Iporecca B ILEJIOM. Tak Kak
CKOpPOCTh CJIO)KHOM XHUMHUYECKOM peaklMu OMpeessieTCsi CKOPOCTBIO  CaMOM
MEJJICHHOW (JIMMUTHUpPYIOIIE) cTaauu, TO Marematuueckas 3amuch 3/IM camoii
MEJUICHHOM CTaJluM MNPWIOKHUMAa KO BCEH peakuuu, NpeaAcTapisisi coOO JUIb
MaTeMaTUYECKYIO0 MOJEJIb 3TOT0 MpoIiiecca.

B ra3oBoii cMecu mapuuanbHOE JaBIEHUE KaXJ0T0 ra3za NponopLUrOHAIBHO YUCTY
MOJIEKYJl 93TOr0 rasa, couepamuxcs B JaHHOM oObeme. (CrenoBaTenbHO,
napiuajibHbIC JABJICHUS Ta30B SBJISIFOTCS MEPaMU MX KOHLEHTPAIMM U B BBIPAKEHUU
3/IM mnpuMEHUTENBHO K Ta30BBIM pEaKIMAM BMECTO KOHIIGHTPAlM MOTYT OBITh
yKa3aHbl apLUUAJIbHBIC JIABJICHUSI TA30B

v=k-P!-P) (1.4)

Ipumensis 3/IM K rereporeHHbIM MPOLECCaM, YUUTHIBAIOT, YTO KOHLIEHTPALMU
TBEPABIX BEIIECTB IOCTOSHHBI M BKJIFOUEHBI B KOHCTAaHTY CKOPOCTH, IO3TOMY B
ypaBHeHue 3/IM BXOJSAT TOIBKO KOHIIEHTPAIMH Ta3000pa3HbIX WIH KUKUX BEIIECTB.
Hanpumep, s peakpn C ) +0,,, =CO,,, 3M 3amuiiercs B CIEAYIOLIEM BUJIE:

U=kC02,I/IJII/IU=kPOZ.

KoncranTa ckopoctu. Muoxurens k B ypaBuenusix (1.3) u (1.4) Ha3bBaeTCs
KOHCTAHTOM CKOPOCTHM XHMHYECKOI'O IMpolecca. UYUCIIO pearupyromux MOJIEKYN U
YHUCJIO UX CTOJIKHOBEHHWM HE OJHO W TO €, MOATOMY B BbIpaxkeHHu 3/IM CKOpoOCTb
peakiy He paBHA, 3 NPONOPUUOHAJbHA (K) TpON3BEIECHHIO KOHLICHTPAIM K.

Dusnyeckuil ¢cMbICH K: KOHCTaHTa CKOPOCTH IOKAa3bIBAET, ¢ KAKOM CKOPOCTBIO
UIET XUMHUYECKU TpolecCc MPU KOHUEHTPAUMAX PEeardpyrolMX BEUIECTB, PaBHBIX
1 monb/n. CnenoBarenbHO, K HE 3aBUCUT OT KOHIIGHTPAIMU U XapaKTePU3YeT BIUSHUEC
NPU PO I PEArMPYIOLIMX BEILIECTB HA CKOPOCTh UX B3aUMO EUCTBUS IPYT C IPYTOM.

XumMudeckuil ¢cMbICa K: KOHCTaHTa CKOPOCTH SIBISIETCSA KOJIMYECTBEHHOW MEPOU
PEaKIMOHHON CHOCOOHOCTH MOJIEKYJ. 3HaueHHe K sl pa3muuHBbIX peakiuid Mpu
OJIHOM ¥ TOH K€ TeMmIepaType JaeT CPAaBHUTEIbHYIO XapaKTePUCTHUKY CHOCOOHOCTH
UCXOIHBIX BEILIECTB K B3aUMOJCHCTBUIO IIPU 3TOM TemnepaType. B ciydyae HUYITOKHO
MaibIX 3HaueHUW k J11000€ BO3MOKHOE TMOBBIIICHUE KOHIIGHTPAIMHA pearupyrommx
BEIIIECTB HE JIEJIACT CKOPOCTh PEAKLIMU 3aMETHOM.

KoHcTaHTa CKOpOCTH XHMHUYECKOHM pPEaknuu K ompeaensercs IMpHpOaoH
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pearupyromux BCIICCTB, 3dBUCUT OT TCMIICPATYPLI, IIPUCYTCTBHUA KAaTaIU3aTOPOB, HO
HC 3aBHUCHUT OT KOHICHTpPAITUN (I[&BHCHI/IH) BCIICCTB, YIYACTBYIOIIHUX B PCAKITUH.

® Brusinue memnepamypbsl U npUpoosvl peazupyrouux 6eujecmas Ha
CKOpPOCMb XUMUYECKOU PeaKyuu

CKOpOCTh XMMMYECKOM PEAKIMM 3aBUCUT OT TEMIIEPaTyphbl, NPUYEM IIpHU
NOBBILIEHWN TEMIIEPATYPhl CKOPOCTh PEAKLMM YBEJIMYMBAECTCS. Tak Kak CKOPOCThb
peaKkuMy MPONMOPLUMOHATIbHA YAaCTOTE CTOJKHOBEHWM, TO, HA TEPBBIM B3LJISAI, 3TO
MOXXHO OOBSICHUTH Y4YalllEHUEM COYAAPEHHH pearupyronux 4actun. OmHaKko 3To
NPEIITOJI0KEHUE HE MO TBEPKIAETCS — CKOPOCTh JABIKEHHU I YaCTUL IPY HATPEBAHU U
Ha 10°C yBemmumBaercs Bcero Ha 1 — 2 %. OcCHOBBIBasCh Ha OIPOMHOM pa3pbiBE
MEXIy 4YHCIOM CTOJKHOBEHHMHM M YHCIOM pEarMpylollMX YacTHL, a TaKXe Ha
XapakTepe W3MEHEHUs] CKOPOCTM pEakUHd C TeMIEparypod, AppeHuyc s
OOBSICHEHHSI 3aBUCHUMOCTHM CKOPOCTH pEaKIUi OT TeMIlepaTypbl MPeaokKul
ypaBHEHUE

o E
k=Ae®T wm Ink=InA-—2
RT

(1.5)

rae A — MpeadKCIIOHEH IMAIbHBI MHOKUTENb (ITOCTOSIHHASL BeJMUYMHA YIS JaHHOU
peaKluu, XapaKTepu3yer oOliee 4YHUCIO CTOJIKHOBEHHMH C  OJIaronmpusiTHOU
OpHEHTAIIMEH, HE 3aBUCHUT OT TEMIIEPaTyphl);

E., kJ[x/MOIIb — 5HEprus akTUBALMK Peakuu B KJk/MoIb;

R — yHuBepcanbHas ra3oBas nocrosiHHas, papHas 8,314 Jlx/mouns K.

(!) U3 ypaBHenus (1.5) criemqyer, yTo NMpu yBETUUYEHHUU TeMIIEpaTypbl KOHCTaHTa
CKOPOCTH PacTeT, U TeM CHIbHEE, YeM OO0JIbllie SHEPTUS aKTH BALIU .

JHeprusi AKTUBAIUM — MHUHUMAaJbHAs JOTNOJIHUTEIbHAS SHEPrUs, KOTOPYIO
HY>KHO COOOIIMTH CPETHEHM SHEPTUH YACTHIL, YTOO bI TPOU30IILIO B3aUMOIeH CTBHUE.

I[To Teopum AppeHunyca HE KaxJI0€ CTOJKHOBEHME 4YaCTUIl NPUBOAUT K
XUMHUUYECKOMY  B3aUMOACUCTBUIO.  Pe3yNbTaTUBHBIMU ~ OKAa3bIBAIOTCS  TOJBKO
CTOJIKHOBEHUSI aKTHBHBIX MOJICKYJ, T.€. MOJIEKYJ, 3alac 3HEPruu KOTOPhIX > E. .

I’II/ICJ'IO TAKHUX MOHeKy.TI HpeI[CTaBJI}IeT MaHYIO JOJIHO O6H_[€FO Yy cCjia 4aCTHIl U 110 3aKOHy
—Ea

BosbliMaHa BeIpaXXaeTcsl 4epe3 SJHEPIUIO0 aKTUBALMU MHOXKUTeNeM € RT . YMeHbleHne
CTEIIECHM € IpU TOBBILEHUM TEMIEpaTypbl  SBJSETCS  MaTEMAaTHYECKUM
NOJATBEPKICHUEM YBEIIMYEHUSI 3HAYEHHUS SKCIOHEHIMAILHOTO MHOXKHUTENS, T.€.
MOBBIIIEHUE TEMIIEPATyphl BbI3bIBAET PE3KOE YBEIMUYEHUE YHMCIIA aKTUBHBIX MOJIEKYIL
CrnenoBarenbHO, BO3pACTAET MO IKCIIOHEHTE 10711 3D (PEKTUBHBIX COyJapEeHUN YaCTHII,
OOBSICHSIA DKCIOHEHLIMAIBHYIO 3aBUCHMOCTb POCTa CKOPOCTH XMUMMYECKOW pEeaKIyu
npyu HarpeBaHuM. YToObl MOKa3aTh, KaK 3aBUCUT YHUCIO AKTUBHBIX MOJEKYJd OT
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TEMIIepaTyphbl, AOMYCTUM, YTO FHEPTH aKTUBAIMU JJIsl yeloBHOUM peakumu mpu 300 K

100483
$314- -40 -18
paBHa 100,483 k/]x/Monb. Torma e '3 =¢® =41-10"°, 1e. 4 akTuBHBIC
MoneKynbl mpuxogates Ha 10'® momexyn. Takas peakius npoTekaeT MenieHHo. Ecmm

noBbIcuTh Temmeparypy Ha 10 K u momycrturs, 4to Juisi HEOOJbIIMX HHTEPBAJIOB

100483

8314310 _ 387 _ -18
TEMIIEpaTyp SHEPTHUsl aKTUBALIUM MIOCTOSIHHA, TO € =¢ " =16:10 ", T.e. wucno

aKTHBHBIX MOJIEKyJI BO3pacTaeT B 4 pasa. Mx crasoBurcs 16 Ha Te xe 10" mMomexyi,
CPEIHUI K€ 3aIiac YHEPIUM MOJIEKYJ Bo3pacTaeT Bcero Ha 3 — 4%.

VYpaBHeHue AppeHuyca TO3BOJISIET PACCUUTaTh KOHCTAHThl CKOPOCTH (U
CKOPOCTH ) PEaKI Ui PU PA3TUUHBIX TEMIEepaTypax

sz Ea Tz _T1

1 —
*k, 23R TT, (1.6
NI
k _
1nki:Ea-—(T2 L), (1.7)
. ROLL
d TAKKC SHCPIUIO aKTUBAIIUN PCAKITUHN
R- T-T k
=== (1.8)

a = n
(Tz _Tl) le
3H€p2u}l akmueayuu HGO6XOI[I/IM21 JUJISL ocJla0JIEHUsT XUMHUYECKHX CBSI3€l B
HNCXOAHBIX BCIICCTBAX W I MPCOAOJICHUA OTTAJIKMBAHHA MCKAY JJICKTPOHAMU ITPU
COMMKEHNM MOJIEKYJT M aTOMOB B3aMMOJCHUCTBYIOIIMX BEIIECTB, TaKUM O0pa3oMm,
3HAUYCHHC Ea 3aBUCUT OT IPOYHOCTHU XHUMHYICCKUX CBS3E. 3Hepr1/m dAKTHUBAIlIlU A

ABISETCA TEM (PAKTOPOM, MOCPEICTBOM KOTOPOIO CKAa3bIBAETCS BIUSHHUE IMPUPOIbBI
pearupyrommx BeIECTB Ha CKOPOCTh peakiuu. CylecTBOBAHNE YHEPT UM aKTUBAIlUH —
XapakTepHas 4epTa XMMUUYECKHX IpeBpaieHuii. Yem Ooiibliie 3HEprusi akTHUBAIWH,
TEM MEHbIlIe (IPHU MPOYUX PABHBIX YCIOBHSIX) CKOPOCTh peakimu. [Ipu ymeHs1eHu
E, ckopocTh Bo3pacraer, a npu E, =0 peakuus mporekaeT MrHOBeHHO. Monekyna
Ar000ro BeHIecTBa IOTOMY M CYIIECTBYET, 4YTO IPOU3BOJIBHBIE W3MEHEHUS €€
COCTOSIHUS CBSI3aHBI C IPEOAOJIEHUEM DHEPTETHUECKOTO Oapbepa.

JHepreTHdeckuii Oapbep peaKIMU — DHEPICTUUECKUN YPOBEHb pEaKIUH,
KOTOpbIM CO3JaeTCsl B pe3yJibTare B3aMMHOIO OTTAJIKMBAHHUA XMMHUYECKH HE
COEMHEHHBIX aTOMOB. [l0 MyTW W3 HCXOAHOTO COCTOSHUS B KOHEYHOE CHCTeMa
JOJDKHA TIPEOAOJIETh dHepreruueckuil Oapbep. TOJIBKO aKTHMBHBIE MOJEKYJIBI,
o0nasarnye B MOMEHT CTOJIKHOBEHUS HEOOXOAUMBIM M30BITKOM 3HEPIUH, PaBHBIM
E,, MOTYT IpE€0/I0JIETH 3TOT Oapbep U BCTYNUTh B XUMHUYECKOE B3aUMOCHCTBHE.
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Harnsimnoe mnpencrapieHne 00 >HEPreTUUECKOM Oapbepe peakiui U dHEPrHu
aKTUBALIMKU JaeT rpaduyuecKoe HU300paKEHUE SHEPreTHKU XHUMUUYECKUX pPEaKImi
(Puc. 1.1). B xadectBe aOcmycchl B 3THX JAuarpaMmax HCIOJB3YyeTCs KOOpIUHATa
peakimu — 000K mapaMeTp Tpoliecca, KOTOPhI U3MeHseTcsl B xonae peakmun. [1o
OCH OpIMHAT OTKJIAIbIBAC TCS TOTCHITHAIbHAsI YHEPT Sl BCEH CHCTEMBI.

W3 puarpaMMm BHAHO, 4YTO Pa3HOCTh MEXAYy CpEIHEW DJHEeprueil MOneKyl
npoAykToB peakunu E, u cpeaHeil sHeprueil MoleKyl HCXOAHBIX BemectB E;
ompeensier TerioBoi dpdexr peakimu (AH).

AH — U3MEHEHUE DHTAJILIIUU W TEIJIOCOAEPKAHUE CHUCTEMEL
TepMoauHaMuyeckuid TEMIOBOM A(@PEKT peakiMu TOKa3bIBACT JHEPreTHUECKHUE
W3MEHEHU S CAMOM CUCTEMBI B CBSI3U C NPOTEKAOIIEN pEaKIIHEN.

Q— Tepmoxumuueckuit TerwioBod 3¢dext. I[lokazpiBaeT >HEpPTreTUUECKHE
DHepreTHYeCKuil 6apbep peakiuu DHepreTuvecKkuil Oapbep peakiuu
% """"""""""" %““3& """""""""" b
e~ o =
) S E 5] 2 E S N
= = = = = =
o £ g o o, X s g
= S = E S QX
S = L O
O 2 < F o o O
jas) o T 88 L &
5 C+D B A+B o
S ] —— N T
= = —
5 5 v
5 S £
= 5 yartb | oy o Sy =l E, y y C+D
Koopaunara peaknuu Koopaunata peakimu

Puc. 1.1 DHepreruyeckue auarpammsbl 115 peakuuii A + B= C + D:
a) SHJA0TEePMUYECKOH; b) 3K30TepMuIeC Kol
U3MEHEHHUS B OKPYKAIOIIEH cpeie B Pe3yIbTaTe PEaKIMU.

AH=-Q (1.9)

Ecmm E,>E;, mnpomecc mNpoTeKaeT ¢ MNONIOMIEHUEM TEMJIOBOW HDHEPIUU
(Q <0, AH > 0), peakuus snoomepmuueckas Puc.1.1(a). Ecnu E, < E,, npouecc
nporekaer ¢ BeigenienneMm Temwna (Q> 0,AH<0), peaxuusi sx30mepmuieckas
Puc.1.1(b).
e [Ipasuno Baum-I'oghga

Ecmu E, =50 — 100 x/[x/mMonb, TO U3 ypaBHEHUs] AppeHuyca CIeAyeT, YTO MpU
W3MEHEHUHU TeMIlepaTyphl peakimu Ha 10 rpaycoB €€ CKOPOCTb U3MEHHUTCSA B 2 —
4 paza. D10 paBWIIO ObUTO SMIUPUYECKH YcTaHOBJIeHO BanT-T"'oddom.

IIpaBuiao Bant-T'odda: npu mnoBsnueHuu Ttemneparypsl Ha 10 Tpagycos
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CKOPOCTH OOJIBIITMHCTBA peaKIiiil yBenruuuBaeTcs B 2 — 4 pasza:
AT

UT :UT .7/10’ (110)

2 1

Y4uureiBasi, 4TO MpHU KOHIICHTPAITUSIX PEArupyoNuX BEMECTB 1| MOJB/JI, CKOPOCTh
peaKIy YMCICHHO paBHA KOHCTaHTe ckopoctu Kk, ypaBHenue (1.10) MoxHO 3ammcarh
TaK:

AT

ke =Ky 7, (1.11)

Tae g, sz MU, , k, — ckopocTH M KOHCTaHTBl CKOPOCTEH peakuuid Mmpu

T
temneparypax T, u Ty;
AT=T,-Ty;;y— TemnepaTypHblil KOOQOUIMEHT CKOPOCTH PEaAKITUHN.
VYpaBuenue (1.11) moka3bIBaeT, 4TO KOHCTAHTa CKOPOCTHU 3aBUCUT OT TEMIIEPATYPbI
TakK ke, KaK U CKOPOCTh MpOLECCa.
N3 ypaBuenus (1.10) u (1.11) cnemyer, 4to TemmeparypHblii KO3pPuLMEHT
ckopoctu peakuun npu AT = 10K paBen

o ke Y (1.12)

@u3nYecKuii CMBICI Y: TeMIIEpaTypHbI KOA()(DHUITHEHT MOKa3bIBaeT, BO CKOJIBKO
pa3 yBEIMYMBACTCS CKOPOCTh PEAKIMK TIPH TOBBIIICHHM TeMmIiepaTypel Ha 10
rpaaycoB. UncieHHOe 3HaUEHHUE Y OTMPEeNsIeTCs PUPOION pearupyromuxX BEIIecTB,
Ipd OSTOM €ro 3HA4YCHWE i1 DHAOTEPMHUYECKONW pPEaKuHM BBINIE, YeM I
AK30TEPMHUUYECKON (Youn™> Vors)- 1lOJICTABHMB 3HaueHue (1.12) B ypaBHeHue AppeHuyca
(1.5) mpu ycnoBuu AT = 10K, momyunm 3aBUCUMOCTh TEMIIEpaTypHOTo ko3 duimenTa
OT SHEPIUHU aKTUBAIMN PEaAKIUU

Ea T2 _Tl
lgy = : :
23R T[T,

(1.13)

Hpumeuanue. [Ipu pemieHuu 3amay JaHHOM TEMBI HCIIOJIB30BAHUE B pacueTax

ypaBaenus (1.13) onpaBgaHo Tonbko (1) A7 M3MEHEHUs TEMIIEPATYPbl B UHTEpBAJIC
AT = 10K.

1.3.2 HeoOpaTtumble 1 o0OpaTruMble peaKI M.
XuMH4YeCKOe paBHOBecCHEe
XUMHUUECKHE PEAKIMHU, B Pe3yJbTaTe KOTOPBIX MCXOIHBIE BELIECTBA ITOJIHOCTHIO
NpEBpaIaloTCs B TMPOAYKTHl PEaKIUH, HA3bIBAIOTCS HEoOpaTUMbIMU. Peaxium,
HAYIMHUC OAHOBPCMCHHO B [ABYX IIPOTHBOIIOJIOKHBIX HAIIPpABICHUAX, HA3bIBAIOT
oOpatuMbiMU. KX 0OCOOEHHOCTH COCTOMT B TOM, YTO B CHCTEME HHU OJHO U3
pearupyommx BeIecTB He pacxoyeTcs MOoNHOCThI0. K unciay oOpaTuMbIX OTHOCSTCS,
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HaIpUMep, CIEAYIOIIUE B3auMOICHC TBHS :
H,+J, &= 2H]J;
3H,+N, 2 2NH,;

Peakiio, mpoTekaronlyo cieBa HamnpaBo (— ), Ha3bIBAIOT NpsAMOM (KOHCTaHTa
CKOpOCTH TIpsiMoM peakiuu ki), a crpaBa HaieBo (<« )— oOpaTHOW (KOHCTaHTa
CKOpOCTH 00paTHOM peakiuu k).

OOpatuMbie peakiid B 3aKpbITOM CHCTEME MPU TOCTOSIHHOM TemmepaTrype u
JABJICHUM UJTYT A0 COCTOSIHUS PAaBHOBECHSI.

XuMuyeckoe paBHOBECHE — COCTOSIHUE OOpaTMMOro Ipoliecca, Mpu KOTOPOM
CKOpPOCTH TpsAMOM M OOpaTHOM peakimu paBHBL KOHIEHTpalMKU pearupyrommx
BCINECTB, YCTAaHOBUBIIMECS K MOMEHTY HACTYIUICHUS pPaBHOBECHs, Ha3bIBAIOT
PaBHOBECHBIMH, OHHM OCTAlOTCAd TOCTOSHHBIMM JIO HAaPYIICHUS XUMUYECKOro
paBHOBecHUs. XUMHYECKOE PABHOBECHUE SIBISIETCS TUHAMUYECKUM, WJM TOJIBUKHBIM.
OTO O3HAYaeT, YTO B CHUCTEME HENPEPHIBHO TNPOTEKAIOT JBE MPOTHBOMOIOKHO
HAMpPAaBJICHHBIE PEAKIIMHU U TTO3TOMY BUIMMBIX U3MEHEHHUI B CUCTEME HE MPOUCXOIUT.

B o0mieM cirydae 111 00paTMoi peakiyu, MpOoTeKaroIell B roMOTeHHON CUCTEME,

k
elA-FbBﬁl cC+dD;
ky
B COCTOSIHUM PABHOBECHUSI CKOPOCTh MPsIMOM peakuuu ( L, ) paBHA CKOpPOCTHU

obOpatHo# (U, ) — KUHETHYECKOE YCIOBHE PABHOBECHS :
k,-Ci-Ch=k,-C.-C (1.14)

Bripaxenue (1.14) moxHO nepenucath Tak, 4toObl k; m k, okazanuce B neBoi
YacTH ypaBHEHU ], @ BCE KOHIIEHTPALlMK PEAreHTOB — B MPABOIA:

k _Cc-Cp
kz C?'CE

HOCKOHBKY KOHCTAaHTbI CKOPOCTH k1 )51 kz HC HU3BMCHAIOTCA IIpU JAaHHBIX

(1.15)

TEeMIlepaType W JaBICHUHU, TO HMX COOTHOIIEHHE TaKXe€ SBISCTCS IMOCTOSHHON
BeJMUMHON U o0o3Havaercs Ke nmpu yciaoBum, 4ro KOHIIEHTPAIMK BEIIECTB BbIPA)KEH bl
B Moib/lI. TakuM oOpa3oM, Mbl MOJy4yaeM MareMaTuueckyro 3anuch 3/IM s
00paTUMBbIX peaKIIvii:

k. C&.cd
K.=—L1=—t_"D —const=0¢(T 1.1
C kz C?Cf o (P( ) ( 6)

XUMHYECKasi PEaKIUs HaXOJUTCS B COCTOSIHMM PaBHOBECHS, €CJIM OTHOIIECHHUE
MPOW3BE ICHU Sl KOHIIEHTpaI[Ui MIPOTYKTOB K MPOU3BEICHUIO KOHIIEHTPAI[Ui PeareHToB,
IJIe KOHIICHTpallud BO3BEICHBI B CTEIEHH, COOTBETCTBYIOIIUE CTEXUOMETPUYECKUM
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KodpduimenTaM B ypaBHEHUM pEAKIMH, JOCTUTAET TIOCTOSHHOTO 3HAYCHUs,
XapakTEPHOI'0 I 3TOW PEAKLIMK IIPU JaHHOM TeMIIeparype.
B Beipaxkennu 3/IM NnpUMEHUTENBHO K Fa30BbIM PEAKIMSAM BMECTO KOHLIEH TPAIUiA
MOTYT OBITh YKa3aHbI MapIlaIbHbIC JaBICHUS
_PR-Py
P PaA . PbB

VYuuteiBass TOT (akT, 4TO B 3aKPBHITBIX cucTeMax npu T =const MOJSpHBIE

(1.17)

KOHUEHTPAIMK Ta30B MNPONOPLMOHALHEI MX NapruanbHbiM pasienusM, K. =K, .
Mexny koHctantamu paBHOBecusi K. u K, cymectByer cieayromiee cOOTHOIIEHUE,
BBIBEJICHHOE U3 YPaBHEHUS COCTOSHU S U I€ATTBHOTO ra3a:

K, = K (RT)™ (1.18)

rae An— W3MEHEHHE YHClia MOJIEH ra3000pa3HbIX peareHTOB;
An = XAn; 50, — AN
JIJ1s1 Te TEpOTEHHBIX PEAKLIUI B BBIPAXKEHHE 11 KOHCTAHThI PABHOBECHUSI HE BXOJISAT

KOHILICHTPAMU TBEPABIX BEIIECTB. Kak MOCTOSHHBIE BEJIMYMHBI OHU YUYHTBIBAKOTCS B
3HAYEHUSIX COOTBETCTBYIOIIMX KOHCTAaHT. Hanpumep, miid peakuyu

CrTCO,, 222C0,
2 2
K. = Ceo wm K, = Feo .
e Peo,

co,

®usnyecknii  cmbica  K: KoHCTaHTa paBHOBecHsl OmpeneisieT TIIyOuHY
NPOTEKaHUsA NPOLECca K MOMEHTY JOCTKEHUSI CUCTEMON PAaBHOBECHOI'O COCTOSIHUA.
Yewm Oosibiie yuciaeHHoe 3HaueHue K, Tem 0oJbliie CTeneHb NPeBpalleH s NCXOTHbIX
BELIECTB B IPONYKTBHI PEaKLUU U, CIENOBATEIBHO, TEM C OOJBIIEH CKOPOCTBIO 10
JNOCTHIKECHUS PABHOBECH S UIET IIPsMasi pEaKLIusl.

KoHcTraHTa paBHOBECHs 3aBUCHUT OT TEMIEpAaTypbl U IPUPOABI PEATUPYIOLMX
BCIIECTB M HE 3aBUCHUT OT KOHUEHTPAUMW W JaBJICHUS PEArMPYOUMX BELIECTB,

k
NPUCYTCTBUS KaTaJM3aTopa. BBeneHue kaTanusaTopa B CHCTEMY HeE BIUSET Ha —-, T.€.

2
Ha K: oaMHaKoBO yMeHbIIAETCS 3HEPIUsl aKTUBAIMM M YBEJIMYMBAETCA KOHCTaHTa
CKOPOCTH KaK MPAMOIA, TaK 1 00paTHOHN peaKIyH.

N3 oueprernueckux guarpamm (Puc. 1.1) BugHO, 4YTO pasHOCTb SHEPrHii
aKTUBALIMK TPSAMOM W OOpaTHOM peakiMil ecTh TemwIoBod 3(dekT npouecca
|AH| = |[Ea,, - Eay,|. YBenuueHne wiay yMEHbIIEHUE KOHCTAHTBI PAaBHOBECHUsS IPH
U3MEHEHUH TEMIIepaTypbl OMPEACTSETCS COOTHOIICHHUEM MEXIY OHEPTUAMHU
aKTHBALIMU IIPSIMOI 1 0OpaTHOM peaKIuH.

Ecnu oHeprust axkTuBamuu TpsSMON peakimu OOJbIe SHEPTUU AKTHBALIUU
oOpaTHOM, YTO XapakTepHO s dHaoTepmuyeckoil peakipu (H>0, Q<0,), To ¢
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YBEJIMYEHUEM TEMIIEpaTypbl CKOPOCTh MPSIMON PEaKIUM YBEJIUUUTCSA OOJIbIIE, YEM
ckopocth oOpatHoM  (Tk;>Tk, — cnenctBue u3 ypaBHeHuss AppeHuyca).
CrnenoBaTenbHO, MOBBIIIEHHE TEMIIEPATYyphl YBEJIMYMBAECT KOHCTAHTY PaBHOBECHUS

. k
OHAOTCPMHUUCCKOU PCAKIINHU, T. K. YBCIIMIHUBACTCA OTHOIICHUC —L,
2

Ecam sHeprust akTHBaIMHM TPSIMON pEaKIMM MEHBIIEC HHEPTUU aKTHBAIlHA
0o0paTHOM, YTO XapakTepHO M sK30TepMudyeckor peakiuu (H<0, Q>0,), To ¢
YBEJIMUEHHUEM TEeMITepaTyphbl CKOPOCTbh 0OPaTHOM peakiiuk yBETUUUTCS OOJIbIle, YeM
ckopocTh npsmont (Tk,>1k; — crnencrBue u3 ypaBHenust Appenuyca). CiaenoBaTebHO,
MOBBIILICHUE TEMIIEPATYPhl YMEHBIIAET KOHCTAHTY PABHOBECHSI 3K30TEPMHUUECKOM

k
pCaKkiun, T.K. OTHOIICHUC k_l YMCHbLIIACTCA.
2

® Brusnue uzmenenus 6HeuHux yCJZOGMZZ HA noJjiooicerue

xumuueckozo pasnosecus. Ilpunyun Jle-Illamenve
XUMHAYECKOe PaBHOBECHUC ABJISICTCA HaI/IGOJ'Iee YCTOﬁqHBbIM COCTOAHUEM CHUCTCMbI
npu 3aJaHHbIX ycioBusAX. M3menenne ycnoBuit (C, P, T), mpu KOTOphIX cHucTeMa

HAXOJIUTCS B COCTOSHUM paBHOBecHs (U] = L,) BBI3bIBAET HAPYLIEHUE PABHOBECUS B
pe3yJibTaTe HEOJMHAKOBOT'O W3MEHEHHsS CKOPOCTEW MpsIMOW U OOpaTHOW peakuuid
(L] #Vy). ITlepexog w3 OJHOrO PABHOBECHOT'O COCTOSSHHS B JIPYyroe Has3bIBACTCS
CIABHIOM WIH CMelleHreM T0JI0KeHUsl paBHOBecHsl. EClii CKOpOCTh MpsSIMOiA peakimu
CTaHOBUTCS OO0JIBIIIE CKOPOCTH 00paTHOM peakimu (V) > L,'), paBHOBECHE CMEIACTCS
BIIPaBO, €CIM CKOPOCTh MPSIMOW PEAKIMU CTAHOBUTCS MEHBINE, YeM CKOPOCTh
obpatHoit (L' <v,'), TO paBHOBecHe cmemmaercs BieBo. C TEeUCHHEM BPEMEHH B
CUCTEME  YCTAaHAaBJIMBAETCS  HOBOE  XUMHUYECKOE  paBHOBECHE,  KOTOpPOE
XapaKkTepU3yeTCsl PaBEeHCTBOM  cKopocTed (v;” =v,”) U HOBBIMH PaBHOBECHBIMU
KOHLIEH TPALMIMHU BCEX BELIECTB B CUCTEME.

Hamnpapnenne cmemenust papHoBecus onpenensiercs npuauunom Jle-Illarenne:
€CJIM Ha CUCTEMY, HaXO/ISIIyI0Cs B PABHOBEC UM, OKa3bIBACTCSI BHEIITHEE BO3JICH CTBUE,
TO PABHOBECHE CMEMIACTCS B HAIPABJICHWHM TOW PEAKIUH, KOTOpas OCIal0sIeT 3TO
BO3/CHCTBUE.

[TppMeHUTENBHO K TPEM OCHOBHBIM THITaM BHEIIHETO BO3JCHCTBHS — U3MCHEHHUIO
KOHI[GHTpAIWy, JaBjeHus W Ttemrepatypbl — npurnun Jle-lllatense TpakTyercs
CIIEYIOIIIUM 00pa3oM.

1.I1lpu yBenWYeHUM KOHIIEHTPALIMKM OJIHOTO M3 PEArupyrolux BEIIEeCTB
paBHOBECHE CMENIAETCS B HAMNpaBICHUM TOW peakiuu, MO0 KOTOPOM 3TO BEUIECTBO
pacxoayeTcs; P YMEHBIIEHUM KOHLEHTPAIIMK OJHOTO W3 PearupyrolinX BEIIECTB
paBHOBECHE CMEIIACTCsI B CTOPOHY 0Opa30BaHUsI 3TOTO BEIISCTRA.

2.llpu w3MeHeHMHM TeMIepaTypbl M3MEHSIIOTCS KakK TpsMasi, Tak W oOpaTHas
peakuuu, HO B pasHOM ctTenenu. ClieOBaTeNbHO, JUIsl BBISICHEHUS BIIUSIHUS
TEMIIEpaTypbl Ha XUMHUYECKOE paBHOBECHE HEOOXOAMMO 3HATh 3HAK TEIJIOBOTO
adpdexta peakimu. [lpy NOBBILIEHUM TeMmepaTypbl pPaBHOBECHE CMEIIACTCSd B
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CTOPOHY JHJOTEPMHUUYECKON PEAKLMH, IPU MOHWKEHUU TEMIEPATYPbl — B CTOPOHY
AK30TEPMUYECKOM.

3. Ilpu yBenuuYeHUH JABJICHUS] PABHOBECHE CMEIAECTCA B CTOPOHY yMEHbIILIEHUS
YyyClla MOJIEKYJ ras3a, T.6. B CTOPOHY IIOHM)XCHUS [aBJICHUS, NPU YMEHBLICHUN
JABJICHUSI PABHO BECHUSI CMELIAETCS B CTOPOHY BO3PACTaHUs YMCila MOJIEKYJI Ta30B, T.€.
B CTOPOHY yBelIMYEeHHUS AaBieHus. Eciu peakiusi npoTekaeT 0€3 U3MEHEHUs 4yuciia
MOJIEKYJl Ta3000pa3HbIX BEUIECTB, TO JaBJIECHHE HE BIMUIET HAa IMOJOXKECHUE
PaBHOBECHSI B 3TOU CHCTEME.

1.3.3 Karaaus

KaTami3om Ha3bIBarOT M3MEHEHHE CKOPOCTH XUMHUYECKON PEeaKIMK B TIPHCYTCTBUN
BCINIECTB, KOTOPHIE CaMH IIOCTE PEAKIMHA OCTAIOTCS XWMHWYECKH HEM3MECHHBIMH.
OOBIYHO KaTaTU3aTOPaMH HA3bIBAIOT YCKOPUTENN PEAKIIHH.

JlelicTBUe KATAJAM3ATOPOB: |)HE M3MEHsET TEIIOBOro 3(deKra peaximu;
2) CHUKAeT PHEPTHI0 aKTUBAIlUM KaK MPSIMOM, TaK U 0OpaTHOW peakiMy Ha OJHY U Ty
K€ BEIMYMHY, MOITOMY HE CMEIIaeT pPaBHOBECHS; 3) yBelWUWBas B OJUHAKOBOMN
CTETICHH CKOPOCTh MPSAMON W OOpaTHOW pEaKINH, COKPAIIAaeT BPEMS TOCTYDKEHUS
paBHOBecus; 4) ABISETCS ~ M30MpaTeNbHBIM, UYTO  OMpEHeisieTcs  MPUpOIon
KaTaJIn3aTopa U yCIOBUSIMH €TO TIPUMEH CHUS.

MexaHu3M Karajau3a COCTOWT B TOM, YTO TPH YYaCTUH KaTajau3aTopa peakIilus
UIeT dYepe3 Pl MPOMEKYTOUYHBIX CTaJlUi, JHEPTHS aKTHBAIUM KOTOPBHIX HIDKE.
AKTHBHBIMU CTAHOBSITCSI MOJIEKYNIBI, SHEPrUsl KOTOPBHIX ObLia HeJOoCTaTOYHA s
OCYIIIECTBICHUSI pPEeakIMi B OTCYTCTBHE KaTanu3aropa. B pesymbprare obiiee 4yucio
AKTUBHBIX MOJIEKYJI BO3PACTaeT, KaTaju3aTop OCTAeTCS HEW3MEHHBIM, CKOPOCTh
peaKlMy yBEIUINBACTCS .
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1.4 IllpuMepsbl pelieHUA TUNMOBBIX 32124

3agayva 1. Hamucarh BeIpakeHHUE 3aKOHA JICUCTBYIOIIMX MAcC JIJIs1 PeaKIuid
a) 2NOm + Clzm — 2NOC1(F);

6) CaCO,,, — Ca0,, +CO

2(r)*

Pemenue: a) v=k -C},, -Cq,

0) MOCKOJIbKY KapOOHAT KaJbI[Us — TBEPJIOE BEIIECTBO, KOHIIEHTpAI[Us KOTOPOro
HC M3MCHACTCA B XOAC PpCaKIIN, HCKOMOC BBIPAKCHUC 6y,IIGT HUMCETh BUJ. U = k , T.C. B
JaHHOM CJIy4acC CKOPOCTb PCAKIIUM ITPpr OHpG,IIGJIGHHOﬁ TEMIICPATYpPC IMOCTOSTHHA.
— 2NO

3amada 2. Kak m3menurcst ckopocts peakimn 2NO, + 0O €CIIHU:

2(r) 2(r)?
a) YBEJIMYUTH JaBJICHUE B CUCTEME B 3 pa3a;
0) yMEHbLIIUTH 00BEM CUCTEMBI B 3 pa3a;
B) MOBBICUTH KOHIIeHTpaimio NO B 3 paza?
Pemienne. Jlo uM3MeHeHHsI N1aBJieHUS, O0ObEMA CHCTEMBI M KOHLEHTpauuu NO
CKOPOCTb PeaKkIuM BbIpaskanach coriacHo 3/IM (1.16)

v,=k-C3,C, »

2

rae Cyo # Cy — HavasbHBIC KOHI[CHTPALUH PEareHTOB;

a) BCJIC[ICTBUE YBEIMUCHU S IaBJICHHS B CUCTEME B 3 paza KOHLEHTPAILUS KaXI0ro
U3 pearupyrommx BEecTB BO3pacTeT Toxke B 3 pasa. [l pacueTa CKOPOCTH peaKkiuu
B BblpakeHue (1.16) NOACTaBIAIOT HAJIMYHBIE HA JAaHHBIM MOMEHT BpPEMEHU
KOHIICHTPAIM U BEILIECTB, TOTOMY

0,=k(3C%,)?3C, =27k - C, - C,..

VYBemueHrne CKOpPOCTH PEAKIMHU [0 OTHOIIEHUIO K IEPBOHAYAIbHON ONpeienseTcs
cooTHowerHEM U, /Uy =27(k -Cyo - Co, ) (k- Cyg -Co, ) =27,

0) yMeHbllIeHHe 00hEMa CUCTEMBI B 3 pa3a SKBHBAJICHTHO YBEJTMUCHHUIO JABJICHHS B
cucTeMe B 3 pa3a, ClieJ0BaTeIbHO, CKOPOCTh PEaKLMU TOXKE BO3pacTaeT B 27 pas;

B) Npu NoBhIieHn U KoHIleHTpaiu NO B 3 pa3za CKOPOCTh peaKklMK CTAaHET paBHA
0,=k(3C,) C,, =9k - Cy, -C,, . CpaBHUBas BEIpAKEHHS ISl U, U U, , HAXOJHM, HUTO
CKOPOCTb peaKIlny Bo3pacTaeT B 9 pas.

OtBert: a) u 0) Bo3pacraeT B 27 pa3; B) Bo3pacraeT B 9 pas.

3agaua 3. Ilpu 353 K peakiius 3akanunBaercs 3a 20 ¢. CKOJIBKO BpeMEHH JUTUTCS
peakuys npu 293 K, ecnuy = 2,5.

Pemienne. Mexay CKOpPOCTBIO TIPOTEKaHWS XHWMHYECKHX PpEAKIUd U HX
NPOJIOJDKUTETIPHOCTBIO  CYIIIECTBYET OOpaTHO MPONOPLHOHATBHAS — 3aBHUCHMOCTD
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vy /vy =7,/7,,T0€ T, U T, — BpeMsl IPOTCKAHNUS PEAKI[MU NIpU Temrepatypax T, u T, .
[TpaBuno Baur-I'odda B qaHHOM Cllydae MOKET 3aMUCaTHCS B BUJIE
/1, =y otkyna 1, =7,y " =20.2,5%7V1 =20.2,5°%
lgr, =1g20+61g2,5=1,3+6-0,3979=3,6884; v, = 4879¢=1 429 mun 19 c.
Otser: npu Temneparype 293 K peakuus 3akanunBaercs 3a 14 21 mun 19c.

3amaya 4. BeMUACIMTH KOHCTAHTY PAaBHOBECHS PEAKLIMU
2NO, +0,,, 2 2NO

2(r) 2(r)?

0 0
€CJIM U3BECTHBI HAYalIbHbIE KOHIEHTpalK peareHToB (Momb/n): Cyo =4; Cp =2,

d K MOMCHTY HACTYIIJICHHA PABHOBCCHA B CMCCH OCTAJIOCh 20% IISPBOHAYAIIBHOT'O
kommuectBa NO. KakoBo JaBJICHHC ra3oBoil cMecHu IIpHU PaBHOBCCHU, CCIIN PCAKIUSA
IMPpOTCKACT B 3aMKHYTOM COCYyAC IIPpH IIOCTOSIHHOM TEMIICPATYPE HU OTABJICHUU

P =2,026-10"Ta?

Pemienne. K MOMEHTy paBHOBECHsT KOHIIEHTPAallUM pPEarecHTOB ITOHU3ATCS, a
KOHIICHTpAI s MPOYKTa peakiny yBenuuuTcs. [1o ypaBHEHHIO peakiu Ha Kaxable 2
Mot NO pacxomyercs 1 momp O, m oOpasyercs 2 moas NO, , mostomy, ecim

NOHIKEHNE KOHLEHTpAalMi HMCXOJHBIX BemiecTB o00o03Hauuth AC,, M AC, , a

YBEJIIMYEHUE KOHIIEHTPALIMK NpoAyKra peakimu AC TO

NO, *
ACyo :AC, :ACy, =2:1:2 (1.19)

Ecnm u3BecTHO M3MEHEHWE KOHIICHTPAIMHM XOTS ObI OJHOTO W3 PEarupyrorimmx
BEILIECTB, CooTHOIIEeHUE (1.16) mo3BoJAeT paccunTarh UCXOJHBIE WM PABHOBECHBIEC
(KOHEYHbIE) KOHIIEHTPAIIUK BCEX BEIIECTB.

Tak, mo ycnoBuro 3amaun B peaknuo Bcetynwio 80%, t.e. 3,2 momss NO ,
CJIeI0BATEIIBHO, ACyo =3,2 MOJb/T; AC,, =1/2ACy =1,6 moib/i;

AC,., =3,2 Moub/x;

NO,
Otcro1a paBHOBECHBIE KOHIIEHTPAIMU PEArupyroMX Belle CTB:
Cro =Clo —ACy, =4-3,2=0,8 Mmons/I;
ng = ng —ACO2 =2-1,6=0,4 moan/1;
Clo, =Clo, +ACy, =0+3,2=3,2 Mo/
OnpenernseM KOHCTaHTY paBHOBecus K, 310l peakumun

_ Gt 32
©Ch (CL,)? 0,87-0,4

B 3aKpBITOM COCYAC IIPH IMOCTOSIHH OM TEMIICPATYpPC MHaBJICHHC ra3oBOM CMeCH
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MPOMOPIIMOHAIILHO 00IIeMy KOJUYECTBY COCTABISIOIMMX €€ Ta3oB (00IIeMy YHCITY
MOJIe )

P=C, R-T (1.20)

rae C,, — MOJbHask KOHLEHTPAIKs, MOJIb/JI.

Tak Kak HayanbHOe MAaBleHMe wu3BectHO P =2,026-10°=(4+2)RT ,

cnenoBarensHo T=2,026-10°/6R . Jlanenue ra3oBoii cMecH IpH paBHOBE CUU

P =(0,8+0,4+3,2)R-2,026-10°/6R=1,49-10°IIa.

paBH.

Otser: K, =40;P, . =1,49-10"Ia.

5~ paBH.

3amaua 5. Kakoe ob1iee gapieHue JTOJDKHO MOAJACPKUBATHCS B 3aKPHITOM COCYIE,

rae ycranosusoce pasHosecue PCly &2 PCl, +Cl, , 4r0o0bl mapuuansHoe JaBlIeHHE

2
IATUXJIOPUCTOTO  (pochopa P B COCTOSHUM DPABHOBECHS CTalO pPaBHBIM 1 atm?

Koncranra paBHOBecHs 71 JaHHOTO nporecca K, =1,78.
Pemienue. 3anmiiieM BbIpaXXeHU € )11 KOHCTAHTHI PAaBHOBEC UsI
Ky =Ppy Py, / Poy, =1,78.
ITo ypasuenuto peakumu PCl, u Cl, 0o0pa3syloTcd B OIMHAKOBBIX KOJMYECTBAX

(OI[I/IHaKOBoe qHUCIIO MOHeﬁ), CJIICAOBATCIIbHO HMX IIapOraJIbHbIC JaBJICHHS PAaBHbI
— 2
PPC13 _PCIz : HOSIOMY KP = L, /1= 1a78 , OTKya Pc12 = 1,333TM .

CornacHo 3aKOHY ]_—[aJIBTOHa, O6HI€C JABJICHUC PABHO CYMMC IapIUaJIbHBIX
I[aBJ'ICHI/Iﬁ OTACJIBHBIX COCTABIIAIOIIMNX ra3oBOM CMECH

P, =Prci #Prc, P =10 +1,33+3,66am.

o6mr. PCl;
OtBet: P =3,66aTM™m.
ool

3anaya 6. Kak OyeT BIusiTh yBeJIMUEHHE TEMITEpATyphl U IaBICHHS HA COCTOSIHUE
paBHOBecHss B  ciueaymomux — peaknusix: a) 2CO, = 2CO0+0,-Q;
0) CO+ HOp) = CO,+H, +Q? Haiimure Kp m Kc ana peaknum (a), ecim
paBHOBecue yctaHoBwioch mpu 2000°C m cienyromux NaplyaIbHBIX J1aBICHU X
rasoB: Py, = 8,63-104 Ila; Pco= 1,0-104 IIa; Poz = O,5~104 ITa. Kak wusMeHwHTCS

YUCJICHHOE 3HAaYeHWE KOHCTAaHThl PABHOBECHS pEaklMHU (a) NpU  yBEJIUYECHHUU
TEMIIEPATYPHI?

Pemenne. a) B ypaBHeHnn oOparuMoi peakiiMd MPHUHSATO YKa3biBaTh TEMJIOBOM
abdexkT aAns mpsAMON peakuMy, MOSTOMY B JA@HHOM Clly4yae MpsMas peakius
SHIOTEPMHUYECKAass M HarpeBaHWE CHOCOOCTBYET MpPsIMOM pEaKIMH, pPaBHOBECHE
CMECTHUTCS B CTOPOHY MPOJYKTOB peakiuu. B xo/ie mp sMoit peakiuu yBeInIUBaeTCs
YUCIO MOJIEKYJl rasa, IMO3TOMY JaBJI€HUE CIOCOOCTBYET OOpaTHOW peakuuu, U
pPaBHOBECHE CMEIIAETCS B CTOPOHY UCX O HBIX BEIIECTB.
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P Py, _(1,0-10)-0,5-10°
P, (8,63-10°)

Bsanmocsase mexay Kp n K¢ ycranapnusaercs paBeHCTBOM Kp = Kc-ﬂ{T)An, rue
An — pa3HOCTh MEXJIY 4YHCJOM MOJIeH Ta3000pa3HbIX MPOAYKTOB pEAKIUU U
razoo0pasHbIX HMCXOAHBIX BemiecTB. s nmanHod peakmmu An=3-2=1. Torma
Kc=Kp/RT =67,1/8,31:2273 =3,6:10°.

[loBpuieHHEe TeMmepaTypbl CMEMIAET PAaBHOBECHE B 3TOM CHUCTEME B CTOPOHY
NpSIMOW pEakIMK, CIECA0BATEIbHO, YUCIECHHOE 3HAUYEHUE KOHCTAHTHl PABHOBECHS
YBEJIMUUTCS.

0) B nanHoM cimydae mpsiMasi peakius dK30TepPMUUECKasi, TO3TOMY TPY HAaTpEeBaHUU
paBHOBECHME CMECTUTCSI B CTOPOHY OOpaTHOM peakuuu. JlapieHue He BIMSET Ha
MOJIO)KEHHUE PABHOBECH S, T.K. B XOJI€ PEAKIIMH YUCIIO MOJIEKYJI ra3a HE U3MEHSETCSI.

Koncranra pasHoBecus paBHa: K, = =67,11la

1.5 KoHTpPOJb YyCBOCHUA TEeMbl

[Tocne n3yueHust TEMBI CTYJEHT JIOMKEH:

- YM€Th OOBSICHUTH CMBICII TEPMHHOB “KMHETHKA’, ‘“CKOPOCTh peakiuu’ U
“KOHCTaHTa CKOPOCTH

- 3HaTh (DAKTOPBI, OKA3bIBAIOIIME BIMSHHE HAa CKOPOCTh PEAKLUMU, M MPUIHHBI
BIMSHASL KKJIOTO M3 HUX Ha CKOPOCTb PEAKL MM, NPUBECTU COOTBETCTBYIOLIME
IIPUMEDBI;

- yMeTh (pOpMyYIUPOBATh 3aKOH JIEHCTBUS Macc;

- OOBACHUTH CMBICH TOHSTUM ‘“‘AaKTHUBHBIE MOJIEKYJIBI , ‘‘SHEprus akTHBaIuu
“IHepreTuyecKuil 0aphep peakum’;

- ICMOJIb30BaTh ypaBHeHUEe AppeHuyca u npaswio Bant-I'odpda nns npoBenenus
COOTBETCTBYIOILIIUX PACUYETOB;

- 3HaTh KNHETUUYECKOE YCIOBUE PaBHOBECHSI 00paTUMON CUCTEMBI;

- BBIYUCIIUTH KOHCTAHTy PaBHOBECHS;

- IPOTHO3MPOBATh BIMSHUE HA TOJIOXKEHHE PAaBHOBECHS CleAyroUuX (haKTOPOB:
a) I3MEHEHUsI KOHLEHTPAllMM pearupyrolux BEMECTB M NPOAYKTOB PpEaKIHW;
0) I3MEHEeHHsI BHEIIHETO MaBJCHUs; B) U3MEHEHUS TEMIIepaTypbl; T) MPUCYTCTBUE
KaTajau3aTopa.

1.5.1 UaaguBuayajbHbie 3a1aHUS

Ecnu Bel He cMOKeTe pelnTh Kakyro-JIM00 13 MpeiaraéMbIx 3a1a4, 00paTuTech K
pazneny 1.4 JaHHOTO METOAMYECKOTO MOCOOU L.

BapuaHr 1

1. Hanmunmte BoipaskeHune 3akoHa AeictBus macc (3AM) ansa peakimu:
MnO, ,+4HCl , - MnCl, +Cl, ,+2H,0,

2(k) 2(x) 2(r)
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U OIIPEJICNINTE, KaK U3MEHUTCS CKOPOCTh XUMHUUYECKON PEaKIMu, eCIi 00bEM CHUCTEMbI
YMEHBIIUTH B 2 pa3za.

2. Kakosa ckopocts peakuuu N,O, . —2NO,  mpu 27°C u KOHLEHTpalUH

4(n) 2(1)

N,O, pasnoii 0,0139 ™onw/n, ecnm  M3BECTHBI  DSHEPrHs  aKTHBAlMU
E, = 58,52 kJ[K/MOJIb 1 TIPEIDKCIIOH EHITHAIBHBIM MHOKUTENL A =107,

3. Koucranra pasHoecust peakipm PCl , &2 PClLy ,+Cl, , mpn Temmeparype

400K paBna 7,62-10"" . Boruuenure K. peaxunmn mpu 500K, ecnm paBHOBecHbIE
KOHIICHTpaIlM1 BemiecTB paBHbl (Mosb/n): 0,46 (PCly); 0,54 (PCl;); 0,54 (Cl,) n
YCTAaHOBUTE: a)HANpPaBICHUE CMEUICHHS PAaBHOBECHS MPU MOBBILIEHUN TEMIIEPATYPHI,

0) 3Hak AH mnpsiMOii peakiuy; B) COOTHOIICHUE SHEPT Uil akThBatmi npsamoit (E, ) u

obparroii (E, , ) peakiwiu B qaHHOi cucteMe (1711 000CHOBAHMSI OTBETA MCTIONB3YUTE

a obp
SHEPreTUYECKYIO TUarpaMMy peaKiuin).
BapunaHTt 2

. Hammnmre Boipaskenns 3[IM 11 peakiuii:
a)Zn , +H,0, — ZnO,+ H,.);
0)2H,S,,, +30,,, = 280, + 2H,0,,.
Kaxk m3meHuTCst cKopocTh peakiuu (0) pyu yMEeHbILIEHHH 00bEMa CUCTEMBI B 2pa3a
Y OJHOBPEMEHHOM MOBbIIeHnH TemrepaTypsl Ha 20°C (y=2). OTBeT noaTBepAUTE
pacueTamMmu.

2. BeanciauTe sHEpruio akTuBalmu, eciy nmpu 15 C peakiys NpoxXoauT 10 KOHIlA
3a 60c, anpu 25°C 3a 30c.

3. KoncranTa ckopoctu k, st peakimu 2NO, +Oz(r)#>2NOZ(r) mpu 600K

pasia 6,63-10°, a mpu 645K—6,52-10° . Jns oOparHo# peakiwu K, mist 9THX
TeMIeparyp paBHa cOOTBETCTBEHHO 83,9 um 407. Bpluvciure KOHCTaHThl PaBHOBECUS
st atux temneparyp. Kakas 3T1o peakuus 5k30 — win 3HIoTtepmuueckas? Kak
MOBJIMSIET MOBBIIICHUE JAaBJCHUS HA CMEIICHME PAaBHOBECUS U YMCICHHOE 3HAYECHHE
K.?

BapuaHt 3

1. Hammume Boipaxenue 3/IM s peakimu:

25, + 2H,0,) = Oy, + 2H,S,,

U ONpENIEIUTEe KaK M3MEHUTCA CKOPOCTh XMUMHUYECKOW pPEaKlWH, €CIu JIaBICHUE B
CUCTEME YMEHBIIIUTH B 2 pa3a.

2. Jlns peakmuu H,,, + Bry,, — 2HBr,, xoHcranta ckopoctu npu 497K pasha
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0,036-107 n/(Mons'mMuH), a npu 575K — 8,56-107 n/(MonbMuH). Beruciure

SHEPIUI0 AKTUBALIMK 3TOW peaklMK U MPOBEPHTE YISl TaHHOTO IPpUMepa Ha OCHOBAHU U
COOTBETCTBYIOLLIUX PACYETOB MPUMEHUMOCTh NipaBuia Bant-I'odda.

3. B KakoM  HampaBleHMM  CMECTUTCS  DPaBHOBECHME B  CHUCTEME
2NO, +Cl,, &22NOCl , , ecnmu oOuee AaBleHHe IOHM3UTH B 4 pasa W

OJIHOBPEMEHHO TMOBBICUTH Temmeparypy Ha 40°C (temmeparypHblie Ko3(h(HIIHEHTHI
npsiMOM U OOpaTHOM peakIMy COOTBETCTBEHHO paBHBI 2 U 5). I KakoW peakiuu
(mpsiMOi MM OOpaTHOM ) HEPIUs aKTUBALMU UMEET Oosbliee 3HaueHne? OnpenemTe
3Hak AH nipsimoint peakuuu.

BapuaHrt 4
1. Harmmmmre Beipaxenus 3/IM st peakiiuii:
a)2AgCl,, > Ag, +Cly.);
0)H,, + 1., = 2HI,,.
Kak u3MeHuTcst CkopocTh peakiiuy (0) nmpu yBeTUYeHUH 00beMa CUCTEMBI B 2pa3a

¥ OJHOBpPEMEHHOM MoBbImieHnn Temreparypsl Ha 20°C (y=2). OTBeT moaTBepaAuUTe

pacueTamu.
2. BO CKOJIBKO pa3 U3MEHUTCS KOHCTAHTA CKOPOCTH PEAKIIHI:
N,O,,, — 2NO,,, E, = 58,52k /I / Mok
N,O;,, = N,0,, +1/20,, E, =102x/x / Monb

[Tpu yBennmuenun temneparypsl ot 303 1o 323K. B cimydae kakoi U3 yKka3aHHBIX
peaxkuMii KOHCTaHTa CKOPOCTH U3MEHUTCS B OOJIBIIIEH CTENEHN U IoYeMy?

3. 3amnme Beipakenue 1 K. u K, peaknmm:
k
2708, +30,, <T—2)2ZHO(K) +250,,,,

3nas, uro k, > k,, onpenenure 3Hak AH npsimoii peakuun. B kakoM HarpaBjieHUH
CMECTHJIOCHh PAaBHOBECHE €CIIU: a) YBEIMYUTh TeMrieparypy (P=const); 6) yMeHb I TH
nasnenue (T=const); B) yBennuurs koHIeHTpanuio O, .
BapuaHr 5
. Hanmnnmte BoIpaskeHUE 3aKOHA ACHCTBUS MACC JUIsl PEAKIIUA:
Fe 0, +3C,, = 2Fe, +3CO

Zn(K) + HzO(r) - ZnO(K) + Hz(r).

2(r);

U OIPEJICNNTE B CIIy4ae KaKOW U3 IBYX pEaKlMil M3MEHUTHCS CKOPOCTh U BO CKOJIBKO
pas, eciy J1aBJIEHUE B CHCTEME YBEIUYMUTH B 3 pasza.

2. Kakosa ckopocts peakwm FO,  —F, +1/20,  mpn 250°C wu
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xkoHueHTpaimu FO, ,paBHoil 0,012 Monw/n? DHeprus akTUBALMM PEAKIMU paBHA

o 14
163 x/[x/MoJib, TIpe IPKCITOHEHITHA b HBI MHOKUTENh A =10 .
3. KoHcTaHTa paBHOBECHS PEAKIINU:

k
1
Hy )+ Ly e22HI,

npu Temreparype 450°C pasna 50,0 . PaccuuTaiire 3Hauenue K310l peakuyu npu
509°C ,ecnm k, =0,16 , k,=0,00047 u ycTaHOBHTE HaIpaBIEHUE CMELICHUS

paBHOBECHUsl TMPH YBEIMYEHHM TeMmIiiepaTypbl. Kakasg 3TO peakims 53K30— HWIH
SHJIOTEPMHUYECKAsi, KAKOBO COOTHOIIEHUE SHEPTHi aKTUBALMU MPSIMON U 0oOpaTHOMU
peakiu B JaHHOW cucremMe. OTBeT 00OCHOBATH, HCHOJB3YSl SHEPIETUUECKYIO
qarpaMmy peaKLuu.
BapuaHr 6
1. Hammumte Boipaxenus 3AM s peakiiuid:
a)Fe,0,, +CO, —3FeQ,, +CO

6)2NO,, +Cl,,, —>2NOCI,.

4(x) 2(r)?

2(r) 2(r)
Kak wm3MeHuTCS WX CKOpPOCTh, €CJM: JJIs peakiuu (a) MOBBICHUTH TEMIIEpAaTypy Ha
40K (y=2); nns peakuyu (0) yBennIuTh 00beM CUCTEMBI B 3 paza?

2. Jas peaxwmn H, +1, , —>2HI  xoncranta ckopoctn mnpu 599K

k, =0,146-10" n/(momb-c), a mpn 672K k; =5,68-10" m/(monb-c). Brrancmre
DHEPIMI0 aKTUBAllMM W MPOBEPhTE Uil JAHHOTO MpPUMEpa Ha OCHOBAHHUH
COOTBETCTBYIOILIUX PACYETOB MPUMEHUMOCTh NpaBuia Bant—Todda.

3. [IpuBeauTe SHEPTETHUYECKYIO JUArpaMMy JUIsl peaKIIvu:

k
Ly
CaCOB(K) (Tcao(x) + COZ(r)’

€CIM U3BECTHO, uTo k|, <k, .Onpenemure 3sak AH npsimoii peakimn. B kaxom
HAIPABJICHUN CMECTUTCSI paBHOBECHE, €CITH: a) YBEINUUTh Temmeparypy (P=const); 6)
yBennuuTh aapieHue (T=const).

BapuaHr 7

1. Ckopocte peakmuu 2Al,, +3Cl, ) — 2AICl,,, yenuunnace B 8 pas. Mcxons

3 3/AIM paccunraiiTe, BO CKOJIBKO pa3 YBEIMYMJACH KOHIEHTpALMs U KaKoro
pearupyromero BenecTsa o CPABHEHHIO C ITEPBOHAYAIIBHOM.
2. Bbluucaure DSHEPIWI0 AKTUBAUMM M KOHCTAHTY CKOPOCTH  pEakUUu

Cco,,, +H,0,,—>CO,,+H, , npu 303K, ecian KOHCTaHTbI CKOPOCTH 3TOH PEaKLHUHU
pu 288 u 313K coorsercTBenno pasubl 3,1-107* u 8,15-107 n/(Monb-MuR).

3. KoncranTa pasaosecust peakuuu 2NO, + O,,, &2 2NO,,, npu Temieparype
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494K pasHa 2,2 . Paccuwmraiire 3nauenme K. otoM peaknum npu 650K, ecnm
PAaBHOBECHBIE KOHIEHTPAIMKM BeIeCTB paBHBI (Mosk/x): 0,06( NO, ); 0,24( NO );
0,12( O, ) m ycTaHOBUTE HaIpaBJICHUWE CMEIICHUSI pPAaBHOBECUS B CHCTEME NpHU

HOBBIIIEHUN Temmeparypbl. [[ns kakoil peakuuu (mpsiMON WM OOpaTHOM) SHEPIUs
aKTUBAIMM UMeeT Oosbliee 3HaueHne? Onpenemite 3Hak AH mpsiMoit peakuuu.
BapuaHt 8

1. Hammume Boipaxenue 3/IM s peakimu:

2NO,, +0,,, = 2NO

2(r) 2(r)

U ONpEeNUTe BO CKOJIBKO pa3 CIeAyeT YBEeIMYUTh KOHIeHTpanuio O, , 9ToObl mpu

2>
yMeHblIeHnM KoHneHTpauuu NO B 4 pa3a CKOPOCTb PEAKIMH HE N3MEHMIACH?
2. BO CKOJIBKO pa3 U3MEHUTCS KOHCTAHTa CKOPOCTH PEAKIIMIA:
EO, = By, +1/20,, E, =163k /x/Momnb
N,O0,,, = 2NO,, +1/20,, E, =58,52k ]I/ moib
npu yBennueHuu temreparypsl ot 30 1o 50°C.B ciaydae kakoil U3 ykazaHHBIX
peaxkuuii KOHCTaHTa CKOPOCTH U3MEHUTC S B OOJIBIIIEH CTENEH! U oYeMy ?

3. 3anmmmte Beipaskenue i K. u K, peaknmm:
k
1 )

3Hag, uro k, >k,, onpenenure 3Hak AH npsamoi peakiun. B kakom HanmpaBlneHnH

CMECTHUTCSI pABHOBECHE, €CJIN: a) YMEHBIIUTb TeMnepaTtypy (P=const); 0) yBenTuInTh
naByieHue (T=const); B) yMeHbIIUTH KOHIIeHTparuo CO.

BapunaHTt 9

1. Harmmmmre Beipaxenus 3/IM aiist peakiiuid:
2Fe,) 05y > 4Fe, +30,,;
2Ag,, +Cly,, — 2AgCl,.

U OIpENIeNINTE B CiIydae KaKOW U3 BYX peaKIid M3MEHHUTCS CKOPOCTh U BO CKOJIBKO
pas, eciii 00BEM CUCTEMBI YBEIUUUTH B 4 pasa.

+1/20

koHneHTpaimu N,O; , paBHoi 0,016 MOJb/1, eciy W3BECTHBI DHEPTHs AKTHUBAIMU

2. KaxoBa ckopocte peakumn N,O, ,— N,O npu 30°C wu

5(r) 4(r) 2(r)

E, =102 x/[/M0mb 1 IIPEI3KCIIOH EHIMAIbHBIM MHOXUTEND A = 107 .

3. B KakoM HampaBlIEHUH CMECTUTCS paBHOBecue B cucreme A +B = 2ABnpu
NIOHKEHUHN JIaBJICHUS B 2 pa3a U OJHOBPEMEHHOM IIOHIKEHUM TEMIIEpAaTypbl Ha

20°C , ecnu TemmepaTypHbli KOd(DPHUIMEHT mpsiMOM U O0paTHOW peaKIuii
COOTBETCTBEHHO paBHbI 3 u 2? JIjst Kakoil peakiwu (MpsMON Wi 0OpaTHOM) SHEpTUs
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aKTHBaIMU uMeeT Oosbinee 3HaueHue? Onpenemite 3Hak AH npsimoit peakimm.
BapuaHnt 10

| Hammmure Beipaskenust 3IM 11 peakimid ;
a)ZS(K) + 2H20m - Ozm +2H,S
6)2NOC1(F) — 2NO(F) +Cl1

(r)?
2(r)°
Kak M3MEHUTCS UX CKOPOCTb, €CIIH: IS peaKiiu (a) YBeTHIHTh 00beM B 2 pasa;

tst peakiuu (0) moBeIcHTh Temtiepatypy Ha 20K (y =5)?
2. lna peakuuu SO,Cl, ) — SO, ,, +Cl,,, koncranra ckopoctu npu 552K pasna

0,6 10" w(moms-c), a mpu 593K— 13,2-10™ n/(Mosb-c). Berumcnure sHepruro
AKTUBAIIMM OTOW PEaKUM W TPOBEPHTE IS JAHHOTO TPUMEpPa HAa OCHOBAHWU
COOTBETCTBYIOIIIUX PACYETOB MPUMEHUMOCTh TipaBmia Baut-I'odda.

3. [IpuBenuTe SHEPreTUUECKYIO JUarpamMMmy JJIsl PEaKI[Uu
C, +CO —552C0

207 &, 2(r)°
ecyu u3BecTHO, uTo k; < k,. Onpenenute 3Hak AH mnipsimoii peakiinu. Kak uamenurcs
koHneHTpauusa CO B ciaydae: a) HoBbIIIeHUs Temiepatypsl (P=const);

0) ymenbieHus aapiaeHus (T=const). B kakom ciyuae u kak u3MeHUTCS (YMEHBITUTCS
WY YBEJTMUUTCS ) 3HAYC HUE KOHCTAHTHI PAaBHOBECHSI ?

Bapuanr 11
. Hammnmre Bopaskenne 3[IM nis peakumii:
CaO,,, +3C, — CaC,, +CO,;
4Fe , +3CO,,, — 2Fe, 0, .
U ONpeleNIuTe KaK HaJo M3MEHHUTh JaBJCHHME U B KaKOW cucTeMe, 4ToObl CKOPOCTb
peakiMu B HEl yBENTMUMIIach B 27 pa3s.
2. Bo cKkoJIbKO pa3 U3MEHUTCA KOHCTAHTa CKOPOCTH PEaKIIUil:
N,O,,, = 2NO,,,, E, = 58,52/ / Mmonb
C,HBr,, »C,H,,, +HBr,,, E,=217x][x/Monb
npu yBenuueHuu remnepatypsl oT 303 1o 323K. B ciyyae kakoi U3 yKa3aHHBIX

peaxkuuii KOHCTaHTa CKOPOCTH U3MEHUTC S B OOJIBIIIEH CTENEHN U IoYeMy ?

3. Koncraura papaosecwst peaxunn CO ,+H,0,, =CO,,, +H,, mnpn

temneparype 927°C pasna 0,74 . Paccuuraiite 3Hadenne K. oT0i peaknuu npu
727°C, ecin paBHOBECHBIE KOHLIEHTPALMKM BellecTB paBHbI (Mouw/n): 0,64 (H,O);
0,16 (CO,); 0,16 (H,) u ycTaHOBUTE HallpaBJICHUE CMEILIEHUSI PAaBHOBECUS B CICTEME
Npu TOHIKEHUH Temreparypsl. Kakas 3To peakims 5K30 — WIM dHIOTEpMHYECKas,
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KaKOBO COOTHOIIEHHE PHEPTHH aKTUBALMK MPSMON M OOpaTHOW peakiMu B JaHHOMN
cucteMe (711 OOOCHOBAHUSI OTBETAa KCIOMB3YWTE DSHEPreTHUECKYIO AHarpaMmmy
peaKkImm).

BapuaHtr 12

1. Hammnmre Bopaskenns 3[IM i peakiuii:
2MgO, > Mg, +O,,);
3Siy + 2Ny = SNy .
U OIPEJCMTE KaK HaJl0 UI3SMEHUTh 0O0BEM M KAKOH CUCTEMBI, YTOO bl CKOPOCTh PEAKLIUU
B HEW yBeMumiach B 16 pas.

2. Kakosa ckopocts peakunu C,HBr , —CH,  +HBr  nmpu 400°C wu
koHueHtpauuu C,H,Br , paBnoit 0,001 mons/n? Oneprus axtuBanuu E, =217
K J[K/MOJIb ¥ TIPEISKCIIOHEH M 0ANbHBIH MHOXKHTENb A =7,2-10".

3. Kakoe 3Hauenue MMEIOT KOHCTaHThl paBHOBecHsa K. u K, peakiumu:

2HI(r) = H2(r) + I2(r) -Q
npu 448°C, ecnu napuyanbHbIe paBHOBECHBIC JABJICHMS Ia30B IIPU 3TOM TEMIIEparype
cocrapisitor: P(HI) =4,05-10° ITa; P(H,)=7,52-10* IIa; P(I,)=4,36-10" I1a? Kak
NOBJIMSET HA BbIXOJ MOJAa B CHUCTEME: a) MOBBIIIEHHE TEMIIEPATYpPbl; 0) YMEHBIICHUS
JaBJICHUS; B) BBeIEHMs Kataym3atopa? B kakom ciiydyae W Kak (yMEHBIUMTCS WJIU

YBEJIIMYUTCS ) 3HAUEHUE KOHCTAHThI PABHOBECHS?

Bapuanr 13
1. Hammumte Boipaxkenus 3AM st peakiiuid:
1)MnO, ot 4HCI = MnCl

2) CO(F) + HZO(F) - CO2(F) + Hz(r)

o T Clzm + 2H20m;

Kakx Hamo W3MEHUTH MaBJICHWE B CHCTEMax, YTOOBI CKOPOCTh TMEPBOM pEaKIMu
yBeIM4miach B 16 pas, a ckopocts BTOpoii — B 36 pa3?

2. nma peaxuymu 2N, O, — 2N,0, , +0O,, xoHcTanta ckopoctu mnpu 288K

4(r) 2(r)
paBHa 0,475-107 n/(Mone-MuH), a npu 298K— 0,203-10% 11/(Monb - MuH).BbraucmTe
SHEPTHI0 AKTUBALIUU 3TOW pEaKIMU U MPOBEPHTE JJIA TaHHOTO MPUMEPA HA OCHOBAHUHU
COOTBETCTBYIOIIIUX PACYETOB MPUMEHUMOCTh TipaBuia Bant-I'odda.

3. B xakoM HampaBJeHUH CMECTUTCS paBHOBecue B cucteme 2A =2 2A +B, ecim
YBEJIIMYUTH JIaBJICHUE B CUCTEME B 2 paza U OJHOBPEMEHHO IMOHU3UTH TEMIIEpaTypy Ha
300C , ecnum TemmeparypHblii  KodhPUIMEHT TpsMOW HW 0OpaTHOM PpeaKIuii
COOTBETCTBeHHO paBeH 2,7 u 3,3? Jlna kakoit peakuuu (MpsMON WJM OOpaTHOM)
SHEprusi aKTUBAaMU uMeeT Oousbluee 3HaueHue? Onpepenure 3Hak AH mpsimoit
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peakuuu.
BapuaHr 14

1. Harmume Boipaxenus 3IM s peakimid:
a)Fe,O, . + 3C(K) — 2Fe(K) + 3CO(F);
6)2NO,,, = 2NO, + O

3(x)
2(r) 2(r)°
Kak namo w3menuts mna peakumu (a) temmeparypy ( y=3), mis peakimu (0)

JaBJieHUE, YTOOBI CKOPOCTh 3THX peakiuii yBenmmumiachk B 9 pa3. OTBeT moaATBepAUTe
pacyeramu.

2. BO CKOJIBKO pa3 U3MEHUTCS KOHCTAHTa CKOPOCTH PEAKIIHI:
N,Os,, = N,0,,, +1/20,, E, =102k x/Monb
C,Hl,, —»C,H,,, +HCI,,, E, =246,62x/x / Moib
ITpu yBennuennu temneparypol oT 303 1o 323K. B cinydae kakoil u3 ykazaHHbIX
peaxkiuii KOHCTaHTa CKOPOCTH U3MEHUTCS B OOJIBIIIEH CTENEHN U IoYeMy?

3. 3amume Beipakenue 1 K. u K, peaknum:
k
1 )

3Has, uro k, <k, , ompememure 3mak AH mnpsmoin peakmmm. Kak m3menuTes

xkoHueHtpamma Cl, , ecmu: a)noBeicuTh Temmeparypy (P=const); 0) yMeHbIINTH
naBneHue (T=const)? B kakoM ciydyae W Kak HM3MEHUTHCA (YMEHBLIUTCS WJHU
YBEJIMYHUTCS ) 3HAUCHHE KOHCTaHThI PaBHOBECHS?

Bapuanr 15

1. Cxopocre peakunu C,H, , +H, , —>CH,  ymenpumiace B 9 pas. Mcxons us

4(r)
3/IM paccuuTaiire, BO CKOJIBKO Pa3 YMEHBIIMJACh KOHI[EHTpAIlMs pearupyrommx
BEILECTB 10 CPABHEHHIO C IIEPBOHAYAIBHOM.

2. JIns HeKOTOpO#i peakiyu KoHcranTa ckopoctd npu 10°C pasna 1,08-107 ¢, a

mpu 60°C — 5,484 -107c™ . BpMHCIMTE SHEPIMIO AKTHBALUU DJTOH pEAKIMM U
NpOBEPHTE [UI1 JAHHOTO MPUMEpPA HA OCHOBAHMHM COOTBETCTBYIOIIMX pPacyeToB
npruMeHMMOCTh TipaBwia Baut-T'odda.

3. [IpuBenuTe SHEPreTUUECKYIO AUarpamMMmy JJIsl PEaKI[Uu
k
1
27nS ;) + 30y, —><T 27n0,, + 280y,
€CM U3BECTHO, uTo k|, > k, .Onpenenure 3sak AH npsiMoit peakiyn. 3animmre
BoIpakeHUe 1151 K. Kak noBimsier noBelieHne TeMIIEpaTyphl U AABICHUS Ha

CMCHICHU A PABHOBCCHUA N YUCIICHHOC 3HAUYCHUC KC .
BapuaHt 16
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1. Hammumte Boipaxenus 3AM s peakiiuid:
a)Mg ., + Oy, > 2MgO,,;
0)2NO,,, +Cl, ) = 2NOCl,.
Kak Hamo u3mMeHUTH A5 peakuuu (a) 00beM CHUCTEMBI, JJisl peakuuu (0) TeMneparypy
(Yy=2), 94TOOBI CKOPOCTh TUX peakiyil yBeaumuuiach B 8§ pa3.0TBET MOATBEPAUTE
pacueramu.
2. Kakoa cxopocts peakiuu N,O,., = 2NO,, npu 250°C u KOHLEHTpaluu
N,O, , pasuoit 0,025 wmomwp/n, eciu  W3BECTHBI SHEPTrUsl  aKTHBAIMU
E, = 58,52 kJlK/MOMb ¥ MPeI9KCIIOH CHIIMATBHEIN MHOXHTEb A =10 .

3. OnpenenmTe YU CIEHHOE 3HaYEHNE KOHCTAHThI paBHOBecus K, miid peakunu
2708, + 30, 2 2Zn0,, + 250y,
eciii o0l1ee TaBJIEHUE B CUCTEME 1aTM, a napuuaibHOE JaBICHUE KUCIOPOaa
P02 = 0,26 arM. Kakas 310 peakuus 5K30 — UJIM S3HJOTEPMUYECKAS], €CIIH C

TIOBBIIIIEHUEM TeMIiepaTypbl 3HaueHne K, ymensimmioch. Kakue ycnosus Oyayr
CIoc00CTBOBATH OonbIIeMy BeIxoay SO, 110 3T0M peakimu. OTBET 0OOCHOBATS.

1.5.2 Bonpocsl aJ11 TeCTOBOI0 KOHTPOJIS 3HAHUHI
A . BOHpOCBI C OJHUM IIpaBUJIbHBIM OTBECTOM

Bei6epure o1vH NpaBUIbHBIA OTBET WIU 3aKOHYMTE YTBEPHKICHUE.
1. Kakas BenumumHa B BhIpakeHMH 3/IM yka3piBaeT Ha 3aBHUCUMOCTb CKOPOCTH
pEeaKMy OT MPUPOJIbI PEArUPYIOIINX BEIIECTB?

a) KOHIIEHTPAIIUN UCXOHBIX BEIIECTB;

0) KOHCTaHTa CKOPOCTH;

B) KOHIICHTPALIMH ITPOTyKTOB PEAKIMH;

T') CTEXHOMETPUIE CKUI KOIPDHUITACHT.
2. Kakas U3 cucteM SBIsETCS TETePOreHHOMN?

a) 2NO+ O, 22 2NO,.

0) N,O, 2 2NO,,

B) 2H,0 2 2H, +0,.

r) CaCO, 22 CaO+CO,.
3. Ilpn kakux KOHLEHTpalMsaX (MOJIb/JI) BOAOPOJA M KUCIOPOJA CKOPOCTh MPAMOIl
peakiyu 2H, + 0, &2 2H,0 4uciaenHo paBHa KOHCTaHTE CKOPOCTH?

a) 0,5u 4.
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6)0,2ul.

B) lul.

r)0,5u 2.
4. CKOpOCTh KaKHUX PeaKIUi yBETUUMBAETCS C POCTOM TEMIIEPATYPhI?

a) J0OBIX;

0) PK30TEPMHUUYECKHUX;

B) SHJIOTEPMHUYECKUX;

r) ¢ OoJblliel PHEPrUel aKTUBAIIUHL.
5. YBenuueHue CKOPOCTH PEAKIINU C TTOBBIILIEHNEM TEMIIE PaTyphbl BbI3bIBAETCHL.. .

a) YBEJIMUYEHUEM CPEAHEN KWHETUYECKON SHEPIUU MOJIEKYJT;

0) BO3pacTaHMeM YK CIIa aKTUBHBIX MOJIEKYT;

B) POCTOM YHCJIa CTOJIKHOBEHH If;

I') ©3MEHEHU €M NIPOCTPAH CTBE HHOM OPUEHTALIU H.
6. Ecom xoHcTanta ckopoctu oaHoi peakimu (k') Oosbllle KOHCTaHTBHI CKOPOCTHU
BTOpoil peakimu (k"), TO Kakoe COOTHOIICHHE MEXTYy DHEPTHUSIMU aKTHUBAIMUA JTHX
peaKIMi MPaBUIIBHO?

a) E,">E_";

6) E,'=E,"

B) E,'<E,"

T') HEJIb351 ONIPEIEIIHTh.
7. Kak m3menuntcs ckopocts peakimn 2NO +0, — 2NO,, eciin 00beM peakimOHHOT O
COCyJla YBEJIMYUTH B 2 pa3a?

a) yMeHpIIMTCS B4 pasa;

0) yMEeHbLIUTCA B 8 pas;

B) BO3pacTeT B 4 paza;

B) BO3pacTeT B 8 pas.

8. ITpu 20°C koHCTaHTa CKOPOCTH HEKOTOPOH peakiy pasHa 10~ mun™ | a mpu 50°C —

8-10*mun" . UeMy paBeH TeMIepaTypHbIil KO3QMUIHMEHT CKOPOCTH peaKiun?
a)2;
0) 3;
B) 4,
r)S.
9. Kakoe yTBep:kJeHHE cripaBeJBo 171 obparuMoii peakiu 2NO + O, 22 2NO, B

MOMCHT YCTaHOBJICHWA paBH oBecHs?
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B) Bcerna 2Cy, =Co ;

r) Beerma Cy, =Cy .

10. B xakom cimydae paBHOBECHbBIE KOHLIEHTPAILIMM MCXOJIHBIX BEIIECTB MUHUMAJbHBI,
ecm  cucrtema 250, +0, 2 250, MOXKET XapakTepu30BATHCA  CIEAYIOMMMU
KOHCTaHTaMU PaBHOBECHS :

a) 0,5;

0) 1;

B) 2;

r) 4.
11. Koucranra paBHoBecust peakiuu 4HCl+O, &2 2H,0+2Cl, npu HekoTopoii
temneparype pasHa 0,3. Kak MOKHO U3MEHUTh YMCIIEHHOE 3HAYCHUE KOHCTAHTHI ?

a) U3MEHUTH TEMIIEPATypy;

0) U3MEHUTH UCXOAHYIO KOHLIEHTPAIMIO KUCIOPO/Ia;

B) U3MEHUTh PABHOBECHYIO KOHLIEHTPAIIUIO XJIOPA;

') I3MEHUTh PABHOBECHbIE KOHIIEHTPAIMU M CXO/IHBIX BEIIIECTB.
12. Juokcun a3zora NO, okpamieH B Oypwiii 1Ber, ero amMep N,O, OecrBeTeH.
[Ipenckaxure, kak OyneT MEHSATBCA OKpacka CMECH Ta3oB IMPU OJHOBPEMEHHOM
TIOBBITICHU T TEMIIEPaTypPhbI u MTOHMKEH U1 JTABIICHU S B cucreme
2NO, 22 N,0,, AH<O0:

a) OKpacKa yCUIIMTCS;

0) cMech Ta30B 00ECIBETUTCS,

B) OKpacKka He U3MEHMUTCS,;

') OKpacka CTaHET MEHEe MHTEHCHUBHOM.
13. C pocrom TemmepaTypbl 3HAUYE€HHE KOHCTAHTHI PABHOBECUS PEAKIUHU
2H,0 2 2H, + O, Bo3spacraeT. KakoBo 3HaueHne AH 5TOM peakuun?

a) AH<O0;

06) AH=0;

B) AH>O0.

T') HEJIb35 ONIPEJICIIUTh.
14. O6patumas peakiys MPOTeKaeT B Ta30BOU (Da3e U B ypaBHEHUH IMPSAMOM peakIu
CyMMa CTEXHMOMETPUYECKHUX KOA(DPHUIIMEHTOB OOJbIIE, YEM B YpaBHEHUH OOpaTHOM.
Kak Oynet BT Ha paBHOBECHE B ATOM CHCTEME MOBBIIIICHUE JTaBJICHHS ?

a) PaBHOBCCHUC CMCIIACTCS BJICBO,
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0) paBHOBECHE HE HApPYIIAETCS;
B) PaBHOBECHE CMEIIACTCS BIIPABO;
T') HEJIb35 ONIPEJICIIUTh.

15. Cmemaercs nu papHoBecue peakuuu 250,

MOBBIIICHU Y TEMIIEPATYPhI?
a) paBHOBECUE HE HAPYIIACTCS;
0) cMmerIaercs BIEBO;
B) CMEIACTCS BIIPABO;
T') HEJIb35 ONIPEJICIIUTh.

+0, &2 2S0,, AH’ =192k npu

16. B BomnoMm pactBope xiopuaa mem (1) umeer mMecto paBHOBeC e
Cu* +3Cl" 2 [CuCl] .

royOas

3CJICHAsA OKpaCKa

[lonoxenue paBHOBeCHsl MPU HU3KOM KOHIeHTpanuu HoHOB Cl° COOTBETCTBYET
00J1acTH CyI1€CTBOBaHMS UCXOAHBIX BEIIECTB; PACTBOP OKpallleH B royooil nser. Kak
U3MEHUTCA OKpacKa pacTBOpa IMpH BBEACHUH coystHOM kucimoTel HC1?

a) pacTBOp CTaHET 3€JICHBIM;

0) MHTEHCHUBHOCTH T0JTy00# OKpaCKU yBETUUHUTCS;

B) pPacTBOp HE M3MEHHT OKPACKH;
I') pacTBOp OOECIBETUTCSI.

b . Bonpockl ¢ MHOKECTBEHHBIMU OTBETAMH ‘‘BEPHO-HEBEPHO™

Jl1d KaXkJIoro BOIpoca WM HE3aKOHYCHHOIO VTBEpP)KJCHMS jJacTcs 4 oTBeTa, M3

KOTOPBIX MOTYT OBITh MPABUILHBIMHU OJIMH, JIBA, TPU WIH BCE.

1. CkOpOCTh XUMHYECKUX PEAKIIMI 3aBUCHUT OT:

a) TeMIIepaTyphbl;
0) IpUPOJIBI pEATUPYIOIIMX BEILECTB;

B) KOHIICHTPAIIWH;
I') IPUCYTCTBUSI KaTaIIM3aTOPA.

2. Maremarunyeckoe Beipaxenue 3/IM s peakuun

MnO, , +4HCl, - MnCl,  +CL,
a) b =kCj;

0) v :kCMnOZC?{Cl;

B) 0=kP;

r)v=k.

3. Kakue M3 MmepeurciiCHHBIX BO3ACUCTBUM

HNMCCT BHU .

NPpUBCAYT K HN3MCHCHHIO KOHCTAHTBI
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CKOPOCTH peaKI1n?
a) UI3MEHEHUE JIaBJICHUS
0) U3MEHEHHE TEMIIEPATYPhI;
B) I3MEHEHHE 00beMa PEaKIMOHHOTO COCY/a;
I') BBEJICHUE B CHCTEMY KaTallu3aropa.
4. Yem o0ObsACHsETCS TOBBIIIEHHE CKOPOCTH PEAKIMU TpH BBEICHUH B CHUCTEMY
Karanuzaropa’?
a) YMEHBIIICHUEM SHEPTHH aKTUBAIWH;
0) yBeIMUEHHEM CpEeTHEH KMHETUYECKON SHE Pruy MOJICKYIT;
B) BO3pacTaHWEM YHKCIIa CTOJIKHOBEHUIL;
') POCTOM YHCIIa aKTUBHBIX MOJICKYIL

5. Kakoit ¢opmynoii Belpakaercs mnpaBuiio Banr-I'odda, omnpenemnsromniee
3aBUCUMOCTb CKOPOCTH PEAKIMU OT TEMIIEPATYPbI?

k L
_ %10 _ P10 .
a) y =<to = U 3,
kv,
AT/10
0) U, =Ug Y 5

_ (T,-T))/10,
B) sz _le'}/ 2

AT/10 __ sz UTz

r)y
6. DHeprus akTUBaIMy HE0OX0AMMa MOJIEKYJIaM JIJIS:

a) MPEOJI0JICHUS YHEPTEeTHYE CKOTO Oapbepa peakIuii;

0) ocmabiaeHuss XUMHICCKHUX CBS3CH ;

B) MPEOJIOJICHU S OTTAIKUBAHUSI MEKIY DJICKTPOHAMH TP COIMKEHUH YaCTHIL;

I') I3MEHEHU sl IPOCTPAHCTBEHHOM OpUEHTAITUH.

7. Kakue W3 TpPUBEICHHBIX BBIPAXKEHUU COOTBETCTBYIOT MATEMATHUYECKOW 3aIliCH
ypaBHeHUs AppeHuyca’?

a) Ink=InA-E_/RT;

k E T,-T
6) lg T, _ a 2 1;
k, 23R TT,
B) k=A -e™'"';
.R.T . k
F) Ea — 233 R T2 Tl lg T, .
T2'T1 le

8. OOpaTuMble peakiui — 3TO PEaKIIUU
a) UIYIINE C BBIICJIC HIEM SHEPT UM,
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0) uymie OJHOBPEMEHHO B JIByX MPOTHUBOMOJIOKHBIX HAIIPABJICHUSX;
B) JIOOBIE;
T') WAYIIUE C TIOTJIOMICHUEM YHEPTHH.
9. Kakoe yTBepIeHHUE CIIPABEUTMBO JIJIs1 00 paTUMOM Pe aKIUH
=
FeO(K) +CO, &= Fe,, +CO

2(r)
B MOMEHT YCTaHOBJICHUS PAaBHOBECHU !
a) U = Ugs =0;
0) K= Ccoz /Cco
B) Upy =Uy5 # 0;
r) K, = PCOZ /P,
10. KoHcraHnTa paBHOBECHS HE 3aBUCHUT OT:
a) TeMIepaTyphbl;
0) KOHIIEHTpAIlMK Pearupyrolux BEIIECTB;
B) MPUCYTCTBUS KAaTaIu3aTopa,
T') IaBJICHUS.

I1. Tlo 3HaYEHWIO KOHCTAaHT pPABHOBECUS IS TMEPECUUCIICHHBIX HUXKE CHCTEM
oTIpeNieTuTe, B KAKOM CITydae peaKius MpoTeKaeT HanboJiee MoJTHO.

a) CO,, +Cl,,, & COCL,,, (K=50);
6) 2SOy, +0,) 22 250,,, (K=0,5);
B) Cd* +S* = CdS, (K=7-10%);
r) H + HS 2 H,S, (K=1-10°).

12. VkaxuTe NpsAMYyI0 pEaKUUI0, CKOPOCTh KOTOPOW YBEIWYHUTCS C MOBBIICHUEM
TEMIIEpaTypbl B MEHbIIIEH CTETIEHU M0 CPABHEHHUIO C OOPaTHOM.

a) COy, + H,,, 2CO, + H,0, AH=-0,8 xJIx;
6) C,, +CO,, =2 2CO,, AH=130 & J]x;
B) 4HC1() +02( = = 2H O +2C12( ) +117,2x]J1x;

r) H,, +J,, & 2H]  +Q.

13. B xakux ciydasix MOKHO OJTHO3HAYHO CKa3aTh, B KAKOM HAIlPABJICHUU CMEIACTCS
paBHOBECHE B CJICIYIOIIMX CUCTEMAaX MPHU OJTHOBPEMEHHOM YBEJIMUEHUU TEMITEPATYPhI
1 JaBICHUA?

a) CO+ Hzo(r) = CO, +H, AH<O0;

6) N,0, = 2NO,, AH>0;
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B) 2N,+O0, 22 2N.0 AH>0;

r) 3NO,,, +H,0,, &2 2HNO, , +NO_,  AH>0.
14. Eciu 00beM 3aKpbITOIO PEAKIIMOHHOIO COCY/Ja, B KOTOPOM YCTaHOBUJIOCH
pasnosecue 250, + 0, 2 250, , yMeHpUMTh B 2 pa3a, TO:

a) CKOPOCTHU NPSIMOM ¥ 00paTHOM peakIMii OCTaHYTCSl OJIMHAKOBBIMHU;

0) CKOPOCTh MPSIMOM peaKIMK CTaHET B 2 pasza 00JIbllle CKOPOCTH OOPaTHOM;

B) PAaBHOBECUE HE CMECTUTCS;

I') paBHOBECHE CMECTUTCS BIIPaBo.
15. B xakux cirydasix MOKHO OJTHO3HAYHO CKa3aTh, B KAKOM HAIIPABJICHUHA CMEIAECTCS
paBHOBECHME B CIEAYIOIMIMX CUCTEMaX IIPU OJHOBPEMEHHOM YMEHBIICHUU
TEMIIEPaTypbl ¥ TIOBBILLIE HUN AABJICHUA?

a) 2CO+0, = 2C0, AH<O0;
6) 2C,,+0, &2CO AH<0;
B) 2N,+0, 22N 0 AH>0);

r) 4HCl +0, = 2H,0,, +2CL,  AH<O.

2(r)
16. B xakux mporieccax, JUisl KOTOPbIX YKa3aHO HallpaBJICHUE CMEIICHUSI PAaBHOBECHS
npu u3MeHeHun Temneparypsl, AH > 0?

a) 2HCI ) - H,, +Cl,, (t° moBbIIAETCA );
6) 2H,0,, — 2H,, + 0, (t° moHmxkaercs);
B) CaCO,,, > Ca0 , +CO,, (t° noHmxaeTcs);
r) 2SO0, + Oy — 2SO0y, (t° monmskaercs).
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TeopeTnyeckune ceBegeHus K 3aHATUIO N2 2

2 PacTBOpPBI 3JIEKTPOJHUTOB U UX OCHOBHBbIE
XAPAKTEPUCTUKH

2.1 3HayuMOCTh U3y4YaeMOil TeMbl

PactBopbl wurparor OOJBLIYIO POJIb B KU3HU U MPAKTUYECKOM JEATEIbHOCTU
yenoBeka. OHM HaXOAT caMoe pa3HOOOpa3HOe MPUMEHEHHUE B TEXHOJIOTHH TOTyYe HUS
NOJYNPOBOJHMKOB U TOJIYIPOBOJHUKOBBIX  MPHUOOPOB, B OYUCTKE BEIIECTB, B
raJbBAHUYECKUX MPOIleCcCax MOJydeHHUS METAIJIOB, B pa00Te XMMUYECKUX UCTOYHHUKOB
TOKa, B poIieccax TPaBICHUs] METAJIOB U MOJIYTTPOBOTHUKOB.

[Ipy wm3yyeHMH CTyJAEHTaMH MaTepualia JaHHOTO Kypca 3HAHUE 3TOM TEMBbI
MO3BOJISIET JIYULIE MOHSTh:

- (pU3MKO-XMMHMYECKHE TPOIIECCHI, UIYIINE Ha rpaHUlle pasznena a3 ¢ ydacTUeM
3apsIKEHHBIX YacTHIl (MOHOB U DJIEKTPOHOB );

- BXXHEHIIINE MOJI0KEHUS MIOHHON TEOPUU AIICKTPOIH3a;

- IPOTHO3UPOBATH OCYIIIECTBUMOCTh OKHC M TEIbHO-BOC CTAHOBUTEIIBHBIX PEAKIUH.

2.2 TpeGoBaHusA K HCXOJHOMY YPOBHIO 3HAHUN M YMEeHHUH

Yro6sl Bam ObU10 Jerde pa3zoOparbcsi B BOIPOCAX TEOPUM JAHHOW TEMbI, HY>KHO
3HaTh CJIEIYIOIIME BOTIPOCHI MIKOJILHOTO (III) ¥ By30BCKOTO (B) KYPCOB XUMMHU.

1. DNEeKTPOIMTHI ¥ HEINIEKTPOIHUTHI (1II).

2. DNeKTpoJMTHUIECKast Juccoruanus (1u).

3. YpaBHEHHUS U CCOLM ALY KUCTIOT, IIeT04el 1 comelt (11).

4.3aKkoH JEUCTBYIOIIMX Macc g OOpaTUMbIX XMMHYECKHUX TIPOIECCOB U
KOHCTaHTa XMMHYECKOTO paBHOBecHs (B).

5. X¥MHYECKOE PaBHOBECUE U YCIIOBUSI €r0 CMELIECHUS (B).

6. Crioco0bl BBIPAKEHUS KOJMYECTBEHHOIO COCTaBa PacTBOPOB - MAaccoBasi JI0JIs,
MOJIIpHAsi KOHIIEHTpauus (I).

7. YMeHHE BBIIOJHSTH PAacueThl C HCTIONB30BAHHEM STHUX KOJIMYECTBEHHBIX Xa-
PaKTEPUCTUK PaCTBOPOB (III).

Ecin mo ogHoMy M3 BOMpPOCOB HMCXOAHOTO YpoBHSI y Bac mmeercs mpoOer,
3allOJHUTE €ro, MpopadoTaB COOTBETCTBYIOUIMM pa3len JEKIIMOHHOIO MaTepuaia u
y4eOHHUKa:

Kyspmenko H.E., Epemun B.B., ITonkoB B.A. Hawana xumuu. — M.: U3n-Bo
«9k3ameny», 1999.

I'nnuka H.JI. O6mas xumus. — JI.: Xumus, 1988.

Koporun H.B. O6mas xumus. — M.: Beicri. mik., 2000.
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2.3 Conepxanue TeMbl. OCHOBHbIC NOHSATHUSA U ONpeAeIeHU S

B TexHOIIOTMYeCKON NpAaKTUKE 4Yalle HMEKT JEJI0 HEe C HWHAUBUAYaJbHBIMU
BEILIECTBAMH, & C T€TEPOTC€HHBIMU UJIM TOMOTEHHBIMUA CMECSIMU BelIeCTB. [ OMOTreHHbIE
CMECH TIEPEMEHHOI0 COCTaBa JByX W 0oJiee BEIIECTB HA3bIBAIOTCS PACTBOPAMH.
KomrmoneHnt pactBopa, KOHIIEHTpAllMs KOTOPOTO BBIIIE JPYTHMX KOMIIOHEHTOB,
SBIIIETCSL pacTBopuTeneM. PacTBopuTtens coxpaHsier cBoe (Pa3oBO€ COCTOSHUE MU
oOpa3oBaHMu  pacTBopa. PasnuuaroT ra3oBble, KUAKHE M TBEPJIbIE PACTBOPHL
Haubonbiiee pacnpoctpaHeHre v MpUMEeHEHH € UMEIOT JKUIKKE (BOJHBIE) PACTBOPHI.

2.3.1 PacTBopHI 2J1eKTPOJIUTOB. OCHOBBI TEOPUH
JEKTPOTUTHYECKON AUCCONHALUH

[Io snekTpuyeckoil NPOBOAMMOCTH PACTBOPBHI JENAT HAa JBa BUJA: PacTBOPHI
HedIeKmponumos, He CIOCOOHbIE NPOBOAUTH MIEKTPUUECKUM TOK, U PacTBOPHI
NEeKMPOUMOE,  TPOBOIAIINE  DJIEKTPUUECKMHA  TOK.  OJIEKTPOJMT  MPOBOAMT
AJIEKTPUYECKUII TOK B pe3yJbTaTe HAIpPABJICHHOIO MEPEMEUICHUsI €ro HOHOB,
CO3JAIOUIMX IMOTOK DJJEKTPUYECKUX 3apsmoB. TakuM o00pa3oM, NpOIyCKaHHUE
AJIEKTPUUYECKOTO TOKa Yepe3 AJIEKTPOJIUT CONPOBOXKAAETCS IMEPEHOCOM BEIIECTBA.
PacnmaBbl M pacTBOpPBI 3JEKTPOJIMTOB OTHOCSTCS K IPOBOJHMKAM BTOPOIO poja.
DJEKTPONPOBOAHOCTh JJIEKTPOJIUTOB B JECATKM W COTHM ThICSY pPa3 MEHBIIE
AJIEKTPOIPOBOIHOCTH METAIIOB (IIPOBOJHUKOB IIEPBOI'O POAa), HO HAMHOTO ITOPSI IKOB
OO0JIbILIE 3JIEKTPOIPOBOJHOCTU TUIMYHBIX IUANEKTpUKOB. Tak, mpu 18°C ynenbHas
MEKTPOIPOBOAHOCTS cepedpa 6,15-10°, 1M pacteopa KCI 9,8:107, mapapuma 10

18 1

- -1
OM ‘CM .

DNEeKTPONPOBOAHOCTh BOAHBIX PACTBOPOB AJICKTPOJIMTOB OOBICHSETCS Teopuei
AIEKTPOTUTUIECKON JUCCOIIMALIU M.
e OCHOBHbLE NOJIOJICEHUS. MeOPUU INEKMPOIUMULECKOU OUCCOYUAYUU

1.PacTBOpeHHEe—CIIOKHBIN (HU3UKO-XMMUYECKHI MPOLIECC, B PE3YJIbTaTe KOTOPOro
YacTUI[bl PACTBOPEHHOTO BEILIECTBA B3aMMOJICHCTBYIOT C MOJIEKYJIAMH PACTBOPHUTEISL.

[Ipu pacTBOpEeHUM Hed1eKmpoIumos MPOUCXOAUT XHUMUYECKOE B3aHMMOJEHCTBHE
MEXIy MoJeKylamMu pacTtBopseMoro BemectBa AB u (n+m) monekynamu H,O ¢
oOpa3oBaHHeM rufipaTupoBanHoi Mosekyinsl AB(n+m)H,O:

AB+(n+m)H,0 2 AB(n+m)H,0O (cuopamayus)
Ota cucremMa XapakTepu3yeTcsi OTCYyTCTBUEM MOHOB B PACTBOPE M COOTBETCTBEHHO

He 00JajaeT HWOHHOW JJIEKTpUYECKOW mpoBoguMocThio. [Ipumepamu pacTBOpOB
HEDJICKTPOJIUTOB MOTYT CJIY>KUTh PACTBOPBI KUCIIOPO/Ia, caxapa, TJIMIEpUHA B BOJIE.

HpI/I PACTBOPCHUM 2JIeKmp oJiumoa MPoueccCcC IPOTCKACT B ABC CTA/IUMN
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AB+(n+m)H,O 22 AB(n+m)H,O (cudpamayus);

AB(n+tm)H,0 22 A" (nH,0) + B (mH,0) (271eKmponumuye ckas
KaTHOH aHUOH ouccoyuayus).
DJIeKTPOJNTHYECKAST  JMCCOUMANUA —  TPOIECC  pacmaga  MOJEKYJ

PaCTBOPEHHOT'O BEIIECTBA TMOJ JCHCTBHEM MOJIEKYJI PACTBOPUTENSI Ha HOHBI.
VYpaBHEeHHS DJIEKTPOJIUTUUECKON JUCCOLUMANKA OOBIYHO 3allMCHIBAIOT B YIPOIICHHON
dbopme 6€3 ykazaHus TUIPATHON 0OOJIOUKH.

ABZ= A" +B'.

2. HeoOxomuMpIM  ycIOBHEM, ONPEACISIONIMM  BO3MOXKHOCTH  Mpolecca
JIEKTPOJIUTUYECKONM JTMCCOIMAIINM, SIBJISIETCS HAJTMYME B PACTBOPSIEMOM BEIIECTBE
WOHHBIX WJM TOJIAPHBIX CBsI3e€H, a TakKe JOcTaTOYHAas TMOJSIPHOCTh CaMOro
PaCTBOPUTEIIS, KOTOPasi OLIEHWBAETCS BETMYMHON JUAIEKTPUUYESCKON MPOHUIIAEMOCTU
€. Bosa MeeT BBICOKYIO TURIIEKTPUUECKYIO MTPOHUIIAEMOCTS (€ = 81), uTo nenaer ee
CHJIbHBIM HOHU3UPYIOIIUM PACTBOPUTEIIEM.

3. CymecTByIOT [JBa MEXaHW3Ma, MO0 KOTOPhIM OCYUIECTBJSIETCS pacmnaj
AJIEKTPOJINTA HA MOHBL DTO OMPEIENSIET CTPYKTYypa PacTBOPSIONIIETOCs BEIIECTBA B
0€3BOJHOM COCTOSIHUM:

a) I CcCoLMalvs paCTBOPSIOIIMXCS COJIEH, T.€. KPUCTAJUIOB C MOHHOM CTPYKTYpOH
(NaCl,...);

0) muccormanusi nossipHbx Mosekya (HCI, HNOs,...).

[Iponieccy nmucconuany B JTAHHOM Clydae TMPEAIIECTBYET HWOHM3AIMA —
PacX0JCHUE TIOIIOCOB B MOJIEKYJIE AJIEKT POJIUTA MO ACUCTBUEM MOJIEKYI BO/IBL.

4. Hospl oOTIMYAOTCI OT AaTOMOB, MX OO0OpasyloluX, MOPUCYTCTBUEM
aNeKTpruuecKoro 3apsiga. Monbel oOpasyloTcss B pacTBOpe JIIEKTPOJIMTa B TaKOM
KOJIMYECTBE, YTO WX CYMMAapHBIE 3apsiibl MOIY4alOTCS OJMHAKOBBIMH, BCIICICTBUE
Yero BECh PAcTBOpP B IIEJIOM OCTaeTCs JJICKTPOHEUTpadbHbIM. MOHBI MOTyT OBITH
"mpocThiMH" — 00pa30BaHHBIE OJHUM ATOMOM HJIH '"CIOXKHBIMU" — 0Opa3oBaHHBIC
HECKOJIBKMMH aTOMaMU (SO42', NOs', MnQy, ...).

Hamu6oJ1ee pacnipocTpaHeHHbIE 3JIEKTPOJIUTHI — KUCJIO0ThI, 0CHOBAHMS, COJIH.

Kucaorbl — 35ekTponuthl  (COEAMHEHUsI), AUCCOLMUPYIOIIME B  BOJHBIX
pacTBOpax ¢ 00pa3oBaHUEM U3 KATHOHOB TOJIBKO KATUOHOB BOJIOPOJA.

VYrporieHHbIe CXeMbI 3JIEKTPOIUTHYEC KON AUCCOLIUALINUA KUCIIOT:

HNO; —» H'+NO*;  H,SO; —2H"+SO,”;  HCl —H' +CI.

OcHoBaHMSI — DJEKTPOJIUTHI (COCAMHEHUs), IUCCOUMMPYIOIIME B BOJHBIX
pacTBOpax ¢ 00pa3oBaHMEM aHHUOHOB TOJIBKO OJHOTO BUIA — THAPOKCHU/I-UOHOB.

YponieHHbIE CXEMBbI JIEKTPOIUTUUEC KON TUCCOIMAIIMN OCHOBAHUI:

NaOH — Na'+ OH KOH — K" + OH"; Ba(OH), — Ba’" +20H..
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Coan — QJICKTPOJIUTLI (COG,ZII/IHCHI/IH), AU CCOMMNPYIOIMNC HA KATUOHBI MCTAJIJIOB U
OAHOATOMHBIC JI00 MHOT'0aTOMHBIC a HHOHBI KMCJIOTHOTO OCTaTKa.

prOHIeHHaH MOACIb AMUCCOoIHalnmn coJiei npeanojIaractT AUCCONHUAIUIO HNX B
OJHY CTAaIUIO U MOKCT OBITh IIpCACTaBJICHA CXCMAMM :

NaCl — Na“ + CI';  CuSO, — Cu™ +S0,;  Aly(SOyu); — 2ALI" +3S04”

2.3.2 OCHOBHBIE XapPaKTEePUCTUKH PACTBOPOB
3JIEKTPOJIHMTOB

e Konyenmpayus pacmeopos. Cnocooul 8bipadicenusi KOHYeHmpayuu

OcHOBHOI KOJIMYECTBEHH OU XapaKTePUCTUKON pacTBOpPOB SIBIIIETC S
KOHLIEHTpaIM s, KOTOpasi OTPaXaeT COACPKAHUE PACTBOPEHHOTO BEIECTBA B €ANHUIIE
MaccChl, €IUHUIIE 00beMa pacTBOpa WU pacTBopuress. Haubonee yacto ynorpedistor
CJIEYIOIIHE CTIOCOOBI BBIPAXKEHUSI KOHIIEHTPAI[HH:

a) MaccoBasi 10Jis1 () — OTHOIIIEHUE MACChl PACTBOPEHHOTO BEIIECTBA K OOIIeH
Macce pactBopa. MaccoBas A0Jisi pacTBOPEHHOTO BEIIECTBA BBIPAKAECTCS B JIOJISIX

€V HULIBI UJIA B IPOLICHTAX:
A
o= m(A) (monmu) wmu = m(A) 100 (mpoueHTHI), (2.1)
m(A) + m(B) m(A) + m(B)

rae m (A) u m (B) — Macca pacTBOpeHHOTO BelllecTBa A U Macca pactBoputens B.

MaccoBasi 10Jis1 pacTBOPEHHOTO BEUIECTBA, BBIpaKeHHas B % — 3TO Macca
pactBopenHoro BemiectBa B 100 r pactBopa. Hampumep, ecim HW3BECTHO, 4YTO
ucnons3yerca 10%-Hp1ii pacTBOp BemiecTBa A, TO 3TO 03HaydaeT, uto B 100r Takoro
pactBopa coaepxurcsi 10r pacTBOPEHHOT0 BEILIECTBA;

0) MmossipHasi konuentpanus (C,) — 4uCIIO MOJIE paCTBOPEHHOIO BelecTBa B 1
JIUTPE pacTBoOpa:

m(A) n
L = ———=—,M0Jb/ I (2.2)
M-V V
rae M — MoJbpHasi Macca pacCTBOPEHHOIO BEIIECTBA, I'/MOJIb;
V — 00bem pacTBopa, 1;
_m(a)
M

(!) MonsipHasi KOHIIEHTpalUsi PacTBOpa 3aNMCHIBACTCS CIEAYIOIIUM 00pazoMm:
Cy (HC1) = 0,1 monw/n. O6o3nauenue 0,1 M HCI 3xkBUBaneHTHO Npe IbITYyILEH 3alcH.

n — KOJIMYCCTBO BCIICCTBA, MOJIb.

[lpu pazdaBiIeHHMM pPAacTBOpPa KOJWYECTBO PACTBOPEHHOTO BEIIECTBA OCTAETCS
OJTHUM U TEM e, TO3TOMY CIIPaBEIJIMBO CIIEAYIOIIEe COOTHOIIICHHUE :
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= (2.3)

rne Cy, Vi u C,, V, — KoHueHTpanusi 1 00beM pacTBOpa 10 U MOCIE paz0aBJICHUS
COOTBETCTBEHHO;

B) HOpPMAJILHASI KOHIEHTpamusa uid HopMmaabHocTh  (C,) — yucio
AKBHUBAJICHTOB PAaCTBOPEHHOTO BEIIeCcTBa B | TUTpe pacTBOpa:

m(A) n
L= ————=—>,M01b/ 1, (2.4)
2:V. 'V

rie D — DKBUBAJEHTHAs Macca PacTBOPEHHOr'O BEIIECTBA, I/MOJb; N, = M(A)/I —
KOJIMYECTBO BEIIECTBA SKBUBAJICHTA WX YKCIIO SKBUBAJIEHTOB, MOJIb.

JKBHBAJIEHT 3JIeMeHTa (D) — TaKoe €ro KOJIWYeCTBO, KOTOPOE coenuHsieTcs ¢ |
MOJIb aTOMOB BOJIOPOJia UM 1/2 MOJIb aTOMOB KHUCIIOPOJA B XUMHUYECKHX PEaAKIUAX.
OKBUBAICHT BBIPAYKAETCS B MOJISIX.

JxBHUBaJleHTHasi Macca (D)—macca OJHOIO DKBHBAJICHTAa BEIIECTBA,
BbIpa)KEHHAs B TpaMMax.

JKBUBAJIEHT BOAOPOJA DPaBEH €ro MOJIO aTOMOB, a ASKBUBAJEHTHAas Macca
BOJIOpoAa paBHa 1 1/MOJb.

JKBUBAJIEHT KUCJIOPOAa paBeH 1/2 ero mMojsi aToOMOB, a SKBUBAJIEHTHAsI Macca
KHCJIOPOJ1a paBHA § T/MOJIb.

JKBUBAJIEHTHBIM 00BEMOM Ha3bIBACTCS OOBEM, 3aHMMAEMbId TPU JAHHBIX
yCIoOBUAX | SKBUBAJIEHTOM razoo0OpasHoro BemiectBa. [Ipu HOpMaJbHBIX YCIOBHUSIX
(H.y.) PKBUBAJICHTHBIN 00bEM HAXOJST UCXOJS U3 MOJILHOTO 00beMa ra3oB, PaBHOIO
22,4 n. Tak kak KBUBaJIeHTHast Macca BojopoJa (1 r/mMonp) B 2 paza MeHbIIIe MOJIbHOMN
(2 r/™momb), To B 1 wmose wmonekyaspHoro Bomopona (H,) comepxkurcs 2 ero
SKBHUBAJICHTA, CJIeJOBATENIbHO, SKBUBAJICHTHBIN 00beM BOAOPOJa paBeH 1/2 MOJIBbHOro
obbeMa, T.e. 11,2 1. DKBUBaIEHTHAs Macca Kuciopoza (8 r/Moib) B 4 pa3a MeHbIIIe
MoJbHOU (32 r/MoOJib), TakuM 00pa3zoM B 1 MoJe mosekyssipHoro kuciopoaa (O,)
coJiepKUTCs 4 SKBUBAJICHTa, SKBUBAJICHTHBI 00beM KUCIIOpoia paBeH 22,4/4=5,6 1.

Oy, =1monb aTomMoB 9, =1/2monb aTOMOB
3H2 = Ir/mMonb 902 = 8r/MoJ1b
VB(HZ) =11,21/Monb Va(oz) =15,671/M0Ib

OKBHUBAJICHTHYI0O MAacCy IPOCTOTO BEIIECTBA MOXKHO BBIYMCIUTH HCXOHS U3
MOJILHOM Macchl ero atoMoB (A) u BaieHTHOCTH (B):

D =A/B. (2.5)

Hanpumep: 94 =27/3 = 9 v/mons unu 1/3 mMomnst atomoB Al.
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[Tonstusa "skBUBaneHT" © '"SKBUBAJEHTHas Macca' paclpoCTpaHSIOTCS U Ha
CIIOKHBIE BEIIECTBA: KHUCJIOTHI, OCHOBAHMUS, COJU. DBbIpaxkeHus s pacuera
SKBUBAJIEHTHBIX MAacC KHUCJIOTbI, OCHOBAHU S, COJIM UMEIOT BUJL:
=M, /n ;93

K—TBbI OCH. = MOCH/HOH’ ) 9com/1 = MCO.TII/I /BMe ) nMe’ (26)

M M — MOJIBHBIEC MAaCChbl COOTBCTCTBCHHO KHUCJIOTBI, OCHOBAaHUI,

OCH % comm

rne M

K—Tbl 2

COJIH;

n , — 49MuCJI0 aTOMOB BOJOPO/J1a, 3aMCIICHHLIX B I[&HHOﬁ pCaKkumm,

H

l.’lm_r — YHCJIO BCTYIMAOMNX B PCAKITHUIO THAPOKCHUIIBHBIX I'PYIIIL;
BMe — BAJICHTHOCTB MCTaJllla,

n,,, — 4HUCJIO aTOMOB MCTaJllIa B MOJICKYJIC COJIA.

(!) HopmanpHass KOHIIEHTpAIusi pacTBOpa 3alMCHIBACTCS CIEAYIONIUM O0pa3oM:
Cy (HCI) = 0,1 monw/n. O603navenue 0,1 1 HCl skBUBanieHTHO NpeAbAyIIe 3aHCH.

[Ipumep pacuera. Berumciaure: a) MaccoByro 0710 (B MPOLEHTAX); O) MOJISPHYIO
(Cy); B)HOpMmanbHyl (C,) kxoHueHTpammu pactBopa H;PO,4, momydeHHoro mnpu
pacTBopernHt 18 T KucoThl B 282 cM® BOJIBI, €CITH IIIOTHOCTH ero 1,031 r/em’ .

Penrenre: a) Tak Kak Maccy 282 cM’ BOIBI MOXKHO IPHHSATH paBHOH 282 T, TO
Macca ToJydeHHOro pactBopa paBHa 18+282=300 r. Ucnommiys ypaBHeHue (2.1),
HOJTy4aeM:

0] =£-100 =6%;
300

3
0) Tak Kak IWIOTHOCTh pacTBopa paBHa 1,031 r/cm” , To Macca 1 11 pacTBOpa paBHa
1031 r. OTcroa HaX0QUM Maccy KHCIOTHI B INTPE pacTBOpA:

300 18
1031 x

MonsipHOCTh pacTBOpa MOJNYYHM JICJICHHEM YKClia TpaMMOB B 1 JI pacTBopa Ha
MosbHY10 Maccy H3POy4 (97, 99 r/mons): Cy = 61,86/97,99 = 0,63 Mmonb/1;

B) HOPMAaJIbHOCTh pAacTBOpa IOJYYHMM JISICHHEM 4YHCIa TpaMMOB B 1 JuTpe
pactBopa Ha skBuBaneHTHyI0 Maccy HizPOs (O ,, =M/n,=97,99/3=32,66

r/moib): C, = 61,86 /32,66 = 1,89 moib/11.
[pumeuanve. [Ipu mepecuere HOPMATBHON KOHIICHTPAIMH HA MOJIIPHYIO OHOTO

,  x=1031-18/300=61,86r.

U TOTO € pacTBopa (M Hao0OpOT) CIeAYeT MOMHHUTh, UTO ATHU CHOCOOBI BHIpAKEHUS
KOHILIEHTpAMU MO0 paBHBI (HApuMep, OJHOOCHOBHBIE KHUCJOTHI), JTUOO MOJSpHAS
KOHIEHTpAalMsl MEHbIIE HOPMaJIbHOW BO CTOJIBKO pa3, BO CKOJBKO MOJISIpHas Macca
BEILECTBA OOJIbIIE SKBUBAJIEHTHON MACCHL
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e Cmenenv ouccoyuayuu. CunbHble U clladvle 21eKmpoaunbl
KonuuecTBeHHO  mpoliecc  AMCCOIMAIMUA  DJICKTPOJUTOB  XapaKTepHU3yeTcs
CTEMEHBIO JIEKTPOM THYECKON JTUCCOLIUAITUH.
OtHomenue uncina mosiekyn (N), pacmaBiIuxcs Ha HOHBL, K OOIIEMY YHCITY
pacTBOpeHHBIX MOJIeKYJT (N,) Ha3bIBAETCSl CTEMEHb IO TUCCOIMAIH (QL):

o =—,
N, (2.7)

T7I€ OL BEIPKAIOT B JOJISIX SIUHHUIIBI MJTH ITPOIICHTAX.

UYucrneHHOe 3HAuY€HWE CTENEeHW  JIMCCOLMAIlMM  3aBUCUT  OT  TMPUPOIBI
PacTBOPEHHOT'O BEINECTBA (XapakTep CBS3EH, MOJSApU3YIOIIee ACHCTBHE KATHOHA U
np.), OT TEeMIEepaTyphl, KOHIIEHTPAIUU PAaCTBOPA, YBEIMUNBASICh C €T0 pa30aBIICHUEM.
[To 3HaueHMIO (0) PJIEKTPOJIUTHI YCIOBHO NENSAT Ha CuibHble (o —> 1) u crnalbie
(ax1l).

K cuibHBIM 3JIEKTPOJIUTAM MPUHAAIEKAT XOPOIIO PACTBOPUMBIE COJIM, KUCIOTHI:
ranorenosogopoansie (kpome HF), H,SO,, HNO;, HC1O; HC1O4, HMnO,4, H,CrO,, ,
pPacTBOpHMBIE OCHOBAHUS IIEJIOYHBIX U IIETOYHO3eMENbHbIX MeTamioB — LiOH,
NaOH, KOH, RbOH, CsOH, Ca(OH),, Sr(OH),, Ba(OH),.

CuJibHBI€ 3JIEKTPOJIUTHI IUCCOLIUUPYIOT HEOOPATUMO, HATIPUMED,
H,S0, —» 2H" +SO; .

K cmabpiM 3IeKTpOaUTaM OTHOCSTCS TIOYTH BCE OPraHWYECKUE KHCJOTHI,
HeKoTopble MuHepanbHbie kuciotel (H,COs, H,S, HCN, HF, HCIO, HNO,, H,SO;,
H;PO,,...), MHOTHE ocHOBanus MetasuioB, NH,OH u Boja.

[Iponecc nucconmarim ¢aadbIX 3JCKTPOJIUTOB IIPOTEKAET 00OPAaTUMO, HAITPUMED,

NH,OH = NH; + OH".

L4 PCZCI’I’lGOpbl CUJIbHBIX 2]1EKNIPOIUMoe6

KonuuecTBeHHass TEOpUsS CUIBHBIX JJEKTPOJIMTOB HMCXOAUT U3 JIOIMYIIEHUS
MOJTHOM JTUCCOLMAIIUMM DJIEKTPOJIMTa Ha MOHBL BclencTBre BbICOKOM KOHIEHTpAIMU
3apsKEHHBIX YacTUI[ B PAcTBOpPE, B 3HAUUTEJILHOW CTEMEHU TMPOSBISIIOTCS CHJIBI
MEXHOHHOTO B3auMoaencTBus. [loaToMy akTrueckas, Wik akTUBHAST KOHIICH TPAIHs
MOHOB YMEHBINAETCS, U BCE CBOWCTBA PACTBOPOB, 3aBUCSIINE OT KOHIICHTpaIlWH,
NPOSBISIIOTCS TaK, Kak €clii Obl KOJWYECTBO HMOHOB OBbUIO MEHbIIE, YEM WX B
JEN CTBUTENILHOCTH 00pa3yeTcs MPH MOJTHOU TUCCOIMAIIMN CUIIBHOTO 3JIEKTPOJIUTA.

KonuuecTBeHHON XapaKTEPUCTHKON MEXKHMOHHOTO B3aMMOJICHCTBHUSI B pacTBOpax

CHJIbHBIX DJIEKTPOJMUTOB sBIsAETCS KodhduimieHt akruBHOCTH — f. AHanmuThyeckas
(uctunHast) KoHueHTpanus KatnoHoB(C,) u aHuoHOB(C.) CBs3aHa C WX AaKTHUBHOMU
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KOHILIEHTpanueil (aKTHBHOCTBI0) . COOTHOIIEHUEM
a, = fr 'Ci‘ (2-8)

[TpnbmixkeHHo KOA(P(UIMEHTHI AaKTUBHOCTH HWOHOB MOYXHO BBIYHCIUTh IO
dopmyne

lgf, =—0,57>7, (2.9)

rae Z — 3apsii MOHOB;

J — moHHas cuna pacTBOpa IEKTPOIIUTA, BRIUUCIIIeMas 10 hopMyJie

1 n
I==>C -7, (2.10)

i=l
rae Ci—KOHIIEHTpaIKs KOHOB, MOJIb/JI,
Z; — 3apsiJ1 UOHOB.
B KOHIIEHTpHpPOBAHHBIX pacTBOpax CHIBHBIX JyekTpoautoB f <1 ; B
pazoaBieHHbix — f —>1 , mosToMy nam pa30aBIEHHBIX PACTBOPOB CHIBHBIX
AJIEKTPOJIUTOB JTonyckaercs a, = C..

Jns  omnpeneneHus  KOHIEHTpanmu HMOHOB (. Hago 3HATh ypaBHEHHE
AJIEKTPOIUTUIECKON JUCCOIMAIMY U MOJSIPHYIO KOHIeHTpauuto pactBopa (Cy,
MOJIb/T).

B o0miem ciydae KOHIIGHTpallus HOHOB B PAacTBOPE MOXKET OBITH oImpesesieHa o
dbopmyre

C.=n-a--C,. (2.11)

€ N — YKUCIIO HOHOB JAHHOI'O BUJIA, HA KOTOPOE PacrHaiaeTcs OJIHA MOJIEKYJIA.
(!) BeImonHsst pacyeTsl ¢ UCMOJIb30BAHUEM JTaHHON (OPMYJIbI, CJieyeT TOMHUTb,

YTO OHA MO3BOJSET PACCYUTATH MOJISIPHYIO KOHIIEHTPALMIO HOHOB CaAMOTO BEIIECTBA,
PacTBOPEHHOIO B BOJIE.

[Ipumeyanue. OnpenaenseMas Ha ONbITE BEIMYMHA O JIJIS1 CUIIBHBIX AJIEKTPOJIMTOB
ABJSETCS JIMIb Kaxymeucsa'. Hanpumep, ecim w3 M3MEpeHMM I KaKOTO-TO
anekrponuta oo = 0,7, TO BCE MOJIEKYJbl 3TOr0 3JIEKTPOJIUTA JUCCOIMMPOBAHbI HA
HOHBI, HO CBOOO/IHBI JiHIb 70% MPOIeHTOB HOHOB, OCTaIbHBIE 30% MOHOB «CBSI3aHBDY
AJIEKTPOCTATHYECKUMH B3aMMOJICHCTBUSIMU. VICTMHHAsI CTENEeHb IUCCOLMALUM IS
CWIbHBIX 3MeKTposuToB coctaBisieT 100%. IloatoMy, ecnu B yClIOBUM 3aJaud HE
yKazaHa CTENEHb JIUCCOIMALIMM CUJIBHBIX DJIEKTPOJMTOB, €€ ClIeyeT MHPUHUMATh
paBHOU 1.

e Pasnosecue 6 pacmeopax ciabwlx 31eKmpoiumos
Bakueifieii  XapakTepuCTHUKON cmaboro 3JIEKTPOJIUTa CIYKUT KOHCTaHTa
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muccommannu  (Kp). Ilpomecc aucconmmanmm cinaboro 3JIEKTPOJMTA  MPOTEKAET
0o0paTuMoO M, CJIEIOBATEIbHO, K HEMY MOYET ObITh NMPUMEHEH 3aKOH JCUCTBYIOIINX
macc. PaccMoTpuM paBHOBECHYIO pEAKLIMIO IUCCOLUALMH €1a00ro aekrpoauta A, B

AB, 22 pA”+qB (2.12)

Koncranra paBHoBecus K . aTo# peakimn u ecth K

cr, .ct
— — A" B
KC _KI[ _C—a (213)
ApBq
rae C,., C,. — KOHIIEHTpAIs HOHOB B PACTBOPE JJIEKTPOIIUTA, MOJIB/JI,

C \ppq — KOHLIEHTPAIMSA HEIMCCOLIMUPOBAHHBIX MOJIEKYJI, MOJIB/JI.

KoHcTaHTa AuccorManvu 3aBHCUT OT TPUPOABI JHUCCOIMHUPYIOMIECIO BEIISCTBA,
pacTBOpUTENs, TEMIEeparypbl W HE 3aBUCUT OT KOHIGHTpaimu pactBopa. OmnHa
XapaKTepU3yeT CIOCOOHOCTh JJICKTPOJUTA pACMANaThbCsl HA HMOHBI B JAHHOM
pactBopuTene. Uem Ooblie CioCOOHOCTH SJIEKTPOJIUTA K JIUC COIMATIMN, TEM OOJIbITIE
3HaueHue K.

Jns  cpaBHEHMsI CWJIBl CIIA0BIX 3JEKTPOJIMTOB HEOOXOAMMO HCIOJb30BaTh
CIIPaBOYHBIE TAOJINIIBL, B KOTOPBIX NMPpUBEACHBI 3HaueHns Ky (Tabnuua 1 npunoskenus):

C.-C..

HCIO = H' +CIO K, =—5—09 —5.10°
HCIO

+ - C +'C - -10

HCN = H' +CN Ky=—t—-=7.910""

HCN

N3 conocrasinenus 3HayeHUW Kj NEpeYUCICHHBIX 3JEKTPOIMTOB CIENYET, YTO
xnopuopatuctas kucioTa (K peio = 5-10%) cunbnee cumumbhoit (K ey = 7,9-107°).

PaBHOBecue B pacTBOpax 3JIEKTPOJUTOB, KaK M BCAKOE XUMHUYECKOE pPaBHOBECHE,
COXpaHseTCd HEU3MEHHBIM TIpU OIpPEICJICHHBIX YCIoBUSIX. OCHOBHBIM (DaKTOpOM,
MO3BOJISIFOIIMM CMEIATh MOJIOKEHHUE PABHOBECHS B paCTBOPAX CIAOBIX AJIEKTPOJIUTOB,
SIBJISICTCSI W3MEHEHWE KOHIIGHTPAllMM HOHOB. B  COOTBETCTBUU C MPUHIIUIIOM
Jle-lllaTense BBeJEeHHE B PacTBOp CIAOOTO AJNEKTPOIMUTA OJHOMMEHHBIX MOHOB (T.€.
HMOHOB, OJTMHAKOBBIX C OJHUM M3 MOHOB AJICKTPOJIMTA) CMEIIACT PABHOBECHE B CTOPOHY
HE/IMCCOLIMUPOBAHHBIX  MOJICKYJI, CTENeHb JUCCOLMAlMM yMeHblaercs. [lpu
YMEHBIIIEHUN KOHIIEHTPAIIUU OJHOTO W3 MOHOB JIMCCOITHMAIIMS CIIA00TO DJICKTPOINTA
YCUJIMBAETCS.

JIJisT MHOTOOCHOBHBIX KHMCJIOT W MHOIOKHCJIOTHBIX OCHOBAHMHA XapakTepHa
CTyleH4aras JUCCOLMAIUs C OTPBIBOM OJHOI'O MOHA H" wim OH" Ha kax o CTYIICHU:

H,CO, =2 H" + HCO;, 5 Cu(OH), =2 CuOH" + OH ",
HCO; =2H" +CO7, CuOH" = Cu* +OH".

CornacHo 3akoHy paz0aBienust OcTBajibla, KOHCTAaHTA AHMCCOLIMALIMM CIIA0O0ro
AJIEKTPOJIMTA CBSI3aHA CO CTEMEHBIO U CCOLMALIMN COOTHOILICHUEM:
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2
a -C
K; = M (2.14)
-«
rae Cy— MoJsIpHas KOHIICHTPAIUs pacTBOPA, MOJb/I.
JIns crmabbiX 3JIEKTPOIMTOB, WMEIONMINX HE3HAYUTENIbHBIC BEITUYMUHBI CTETICHU

nuccommanyv (o < 1) 310 Belpakenue ynpou@aercs: K ~ a’-C,,

N3 naHHBIX COOTHOLIEHUM CIEAYET:

OTO TO03BOJISIET 3aKJIIOYNTb, 4YTO CTCIICHBb JHUCCOIHAal NN cnaboro QJICKTPOJIUTA
YBCINYUBACTCA IIpU €Tr0o pas OaBieH mi, TO CCTb YMCHBUOICHHWHW  HA4YaJIbH ou

KOHIICHTPAITN .
3Hasg MOJIAPHYIO KOHIIGHTpamuio pactBopa snektpomta ( C,, ) U CTENeHb

JIVICCOIMAIIMN, MOYKHO pAacCUMTaTh KOHI[EHTPAI[MI0 HOHOB OSTOTO DJIIEKTPOJIMTA B
pacTtBope:

C.=n-a-C, =K,C,, (2.16)

7€ N —YKCIO0 HWOHOB JAaHHOTO BHJIa, HAa KOTOPOE pacmajgaercs OJiHA MOJIEKYJia
AJICKPOJINTA,;

C,—xonnenrpanus katnoHoB(C, ) u annoHoB(C ), MOJIB/J.
e/lonnoe npousgederue 600vl. Booopoonwiii noxazamens (pH)

BaxnHoe 3HaueHne MMeeT AMCCOLMAalMs BOABI, IOCKOJBKY, SIBISSACH CIa0bIM
AJNIEKTPOJIUTOM M OOBIMHBIM PACTBOPUTEJIEM, OHA YYACTBYET B KHUCIOTHO-OCHOBHOM
PaBHOBECHUH PACTBOPEHHBIX B HEN JJIEKTPOJIMTOB.

IIpornecc 3IIEKTPOIUTUYECKON TUCCOLMAIIAN BOIBI B COOTBETCTBUU C YPABHEHUEM

H,0 = H* + OH".
KOJIMYECTBEHHO XapaKTePU3yeTCss KOHCTAHTON PaBHOBECHS:
C. Cor 16
= ——%-=1,8-10"" = const (mpu 298K)
C
H,0

Ilpn crToMb MaJloOW BEIWYMHE KOHCTAHTHI JUCCOLMALMM KOHLEHTpAlUs BObI
OCTaeTCs MPAaKTUYECKA HEU3MEHHON U PaBHOU

_ 1000

H,0 =155,5 Mmoib/1

IlooToMy MOXHO CYMTAaThb IIOCTOSHHBIM IPOU3BEICHUE KOHLEHTpaUUu
BOJIOPOJIHBIX HOHOB Y T'MJPOKCH-MOHOB IPY JaHHOM TEMIIEPATYPE ISl BOJIBI
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Ky -CH20 = const = CH+ ~COH_ (ipu 298K)

UYucneHHass BeIUYMHA MPOU3BEJCHUS MOHOB, HA KOTOPBIE JIMCCOLIMHUPYET BOA,
Ha3bIBAEMOE HOHHBLIM NpOU3BeNeHueM Boabl Ky o paBHa

Ky o=K;-Cyo=C,.-C, =186-10"°-5556=10"
Wi
Ky o=CyCpp =107 (2.17)

Honnoe npoussenenue Boabl (Kpy,0) —BeIMYnMHAa IOCTOSHHAS IIPU JAHHOM
TeMIeparype il BOJbl M paBHA MPOM3BEACHUIO KOHIIEHTPALIMKM MOHOB BOJAOPOJA Ha
KOHLIEHTPAIMIO TUAPOKCHUII-UOHOB. (!) BennynHa MOHHOTO MPOU3BENICHUS OCTAETCS
HOCTOSIHHOW NPY HEW3MEHHOW TeMIIepaType He TOJbKO B YHCTOW BOJIE, HO M B JIFOOOM
BOJIHOM DPAcTBOPE KHMCIOT OCHOBaHWU W condeil. CBsi3aHHBIE MEXKy COO0H HOHHBIM
MIPOM3BE ICHU €M Cy - Coy = 10’14, KOHIICHTpaI s Cy' u Coy SBISIFOTCS BETMYIHMHAME
conpspkeHHbIMU.  ClIeoBaTeNIbHO, €CIM  JI0OABJIEHHEM KHUCIIOTHI  yBEJIWYMBAIOT
KOHIICHTPAIMIO BOJOPOJAHBIX HMOHOB, TO OJHOBPEMEHHO BO CTOJIBKO K€ pa3
YMEHBIIUTCSA KOHIEHTpalMs TUAPOKCUI-MOHOB. B pesynbrare mpou3BecHUE
KOHIICHTpAIMii HOHOB HE MeHsieTCsl. BceiiencTBrie mocTosHCTBA HOHHOTO MTPOU3BEICHHU ST
BOJbl KOHIIEHTPAILMIO OJHOTO M3 MOHOB B PAacTBOPE BBIYUCISIOT MO M3BECTHOM
KOHIIEH TPl U J1PyToro:

KHZO KHzO
CH+ = C—, COH_ = C (2.18)
OH" H
B uwncroii Bone
C.=C,_ = /KHZO =107 Mmonb/ 1. (2.19)

XapakTep BOJHOH Cpelibl paCTBOPOB OIIEHUBACTCS COJIEPIKAaHWEM MOHOB BOAOPOIA
U KOJMUYECTBCHHO BBIPAKACTCS KOHIIEHTpAllMeH (TOYHEe aKTHBHOCTBIO) HMOHOB
BOJIOPOIa B ATHX Cpeiax.
HeiiTpanbHast cpena: XapaKTepU3yeTcsl  PaBEHCTBOM  KOHIICHTpAIWu
C . =C__=10"moms/m
H OH

Kucaas cpena: CH+ >107, mocTHras MAaKCUMaJbHOTO 3HAUYeHUS | MOJb/T;
lesiounas cpena: CH+ <107, qocTurasi MUHAMAJIHHOTO 3HAYCHHU S
C.. =10"" momp/m.

Ha npakTtuke xapaktep BOJHOU cpeibl pacTBOPOB YAOOHEE OLICHNBATh C TIOMOILB IO
BOJIOPOIHOTO nToKa3aress "pH".

Bonopoanslii noka3zaresib — OTPHULATEbHBIA JECITUYHBIN JIOrapu ()M MOJISIPHON
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KOHIOCHTpAIKMU KOHOB BOAOPOJa B paCTBOPC

pH=-1gC .. (2.20)

I'mapokcuiIbHbIA  MOKAa3aTeJIb — OTPUIIATEIBHBIA  JIECATUYHBIA  Jiorapudm
MOJIIPHOM KOHUEHTPAL U THAPOKCOAHNOHOB B PaCTBOpE

pOH =—IgC_ . (2.21)
Ouesmnno, —IgC_ -C_  =-1gl0™" maer

pH +pOH =14. (2.22)
[IIkxana pH u xapakrtep cpemnsl

1 23 4 5 6 7 8 9 10 11 12 13 14

KHuclas cpeia meIo9Has cpefa

HeHrpanbHas cpesa

2.4 Ilpumepsbl pelieHUsI TUMOBBIX 32124

Bajaua 1. Berucnurh KoHIeHTpamuio HoHoB K u SO/ B 0,05 M pacTBope
cysib(ara kammsi.

Pemienne. 3amuchiBaeM MpOLECC SIIEKTPOIUTHYECKON IUCCOLMALMM, 33 CYEeT
KOTOPOTO B PACTBOPE MOSIBIISIOTCS. MOHBI :

K,SO, — 2K +80,”
n=2 n=1

Otmeuaem, uto K,SO,— CWIBHBIM AJIEKTPOJUT, €r0 MUCTUHHAs CTENEHb
nuccormanuu paBHa 1. ComacHo ypaBHeHHMIO auccoumaimu, w3 1 moma K,SO,
obpasyercst 2 Momst noHoB K 1 1 Mons monoB SO4”. U3 ypaprenns (2.11) Haxoaum

Ck'=n-a-Cy(K;SO;)=2-1-0,05=0,1 mMons/m;
Csoi_ =n-a- C(K;SOy)=1-1-0,05=0,05momns/m.

3agauya 2. Omnpenenurh KOHIEHTpaluio HMOHOB Bojoporna B 0,01 M pactBope
xjopHoBaTucToM kucinotel HCIO.

Pemienune. B PacTBOPC B PC3YJIbLTATC C-)JIGKTpOJ]I/ITI/I‘{€CKOﬁ JUCCOIMHUAIINHN KN CJIOTHI
YCTaHaBJIMBACTCA PAaBHOBCCHUC

cnaOblii AIEKTPOIUT UCTIONb3YyeM TabauIy 1 mprioxKeHust
HCIO = H' + ClO Ky=510"
n=1 n=1
H,0 2 H'+ OH" Ki,o =107,

O6a QIICKTPOJIUTA CJIa6BIe, HO K3 CPaBHCHUA KOHCTAHT CJIICAYCT, 4YTO OCHOBHOU
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NpoIeCC, ONpEeACISIONMNA  KOHIIGHTPAI[MIO HOHOB BOJOpoJla B  PacTBOpE, —
JTUCCOIMAITUST CaMOU KUCJIOTBI, MOATOMY, pellias 3ajady, OyJeM YYUThIBaTh TOJBKO
JIVIC COTIMAITUIO KUCTIOTHI (B JAJIbHEUIIEM OyIeM TTOCTYTaTh aHAIOTUYHO ).

KoHI1leHTpalysi HOHOB BOJOPOJa 3aBUCUT OT KOHIIEHTPAI[UU PAcTBOpA U CTENEHU
muccormanuu: Cy: =n - o - Cy(HCIO). Tak kak npu auccormanuu HCIO obpasyercs
OJIMH MOH BoJopojaa, To n = 1. CreneHb AMCCOLMALMU CIIA00T0 3JIEKTpOIUTa (IIpU
ycioBuM o, << 1) ompenensercs: cooTHomeHueM (2.15):

K 5.107°
a=\/ ﬂ=\/ 0 =4/5,0-10°=2,24-10",

C,, 10

Tenepb MOXHO paccUUTaTh KOHI[EHTPALMIO HOHOB BOJIOPOA:
Cue =1-2,24107 0,01 =2,24-10° monb/m.
2-1l BapUaHT pEIIeHUs 3aauH.
s pacuera Cyyw MOXKHO Cpa3y UCIOJIB30BATh BeIpaxkeHue (2.16)
Cie =1 K- Cy =4/5-10™-0,01 =2,24-10 mons/m.
3amaya 3. Bemuucnute pH pacTBOopa THApOKCHAA Kajus, IOJYYEHHOTO IIpU
pactBopenun 0,56r KOH B 1 1 BOIBI.

Pemenue. 3ammiemM ypaBHEHUE JUCCOLM ALY IIET0YH

KOH — K"+ OH (cumbHsIii, o, = 1).

n=1 n=1

W3 ypaBHEHHS AWCCOIMAIIMM BWJIHO, 4YTO i pacueta pH BHawame ciemyer
paccuuTaTh KOHIIGHTpaimio B pactBope OH —moHOB, a 3areM BOCHOJIB30BATHCS
COOTHOIIEHHEM HOHHOIO Mpou3BeneHus: BoAbl (2.17) mist pacueTa KOHIIEHTpAIlUM B
pacTBOpe MOHOB BOJIOPO/IA.

s omnpeneneHus KoHIeHTpanu MoHOB OH™ HeoOXoauMo 3HaTh MOJSIPHYIO
koHueHTpauuto pactsopa KOH. Cuntaem, uto 06bem pactBopa npu BHeceHuu 0,56r
IeJI0UH B 1 J1 BOJBI HE MEHSIETCS:

~ m(KOH) 0,56
CM(KOH) - -
M(KOH)-V  56-1

Torma, ucnons3ys coorHomeHue (2.11), paccuutaem konuenrpauumo OH™ B
pactBope Cop =n-a-C(KOH)=1-1-0,01 =0,01 mMoms/m.

Hcxons w3 HoHHOro mnpousBeseHuss Boabl Ky, , HaxoauM KOHILEHTPALMIO
ronos H :

=0,01moun/1.

Cr' =Ko/ Con = 10"4/107 = 10" moms/1.
Bonopoansiit nokazarens pactsopa KOH pasen
pH=—1g Cy'=—1g 10" =12.
2-1i BapuaHT pelieHus 3a1a49H.

OnpenenuB koHuenrpaiuo woHoB OH B pactBope, nHaiizem pOH, a 3arem
Bocrosb3yemcs cootHoreaneM pH + pOH = 14 qis pacuera pH pactBopa.

pOH =—1g Coy =—1g 102 =2. Otkyma pH= 14— pOH =14 -2 =12.
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3amaya 4. Bo CKOIBKO pa3 YMEHBIIMTCS KOHIIEHTPALMs UOHOB BOAOpOAA (CH+) B

0,2 M pactBope mypassunoit kuciaoresl HCOOH (K, = 1,8-10), ecimt x 1 11 Toro
pactBopa nobaButh 0,1 mons coru HCOONa, cumTas, 4yTo 3Ta COJb IUCCOLMUPYET
MOJIHOCTBIO (00=1)?

Pemenue. 3anuiiemM ypaBHEHHUE JUCCOLM ALY KU CJIOTHI

HCOOH = H' + HCOO™
OnpejenseM UCXOIHYIO KOHIIEHTPAIMI0 HOHOB Bogopoaa Cy .

C,. =nK, C, —1,8-10*-2-10™ =6-10 Mo/ 1 (n =1).

2. OmnpenensieM KOHIICHTPaLMIO H" mnocine nmooGaBmennss comu HCOONa.
Juccoumanms coiu HCOONa BBIPAYKAETCS YPaBHEHUEM

HCOONa 2 Na* + HCOO™ . Konnenrparuo H' nocne no6asnenus comn HCOONa

0003HaunM uepe3 x. Torja KOHIEHTPALMS HEAUCCOIMUPOBAHHBIX MOJICKY KUCIOTbI
oyner paBHa (0,2—x). Konunentpamus nonoB HCOO™ OymeTr ckiagpBaThCSd U3 JIBYX
BCJMYMH: W3 KOHIEHTPAIlMU HWOHOB 3a CUYET JWCCOIMAIMU KHCIOThI, pPaBHOMU

KOHLEHTPAIMXU HOHOB BOJAOpPOJA, T.E. CHCOO, :CH+ =X ; W KOHIECHTpAIlUH,

0OyCIIOBIIEHHON MPHUCYTCTBUEM B pacTBope conn u paBHOM 0,1. Takum oGpazom,
obmast koHueHtpaimsi ioHoB HCOO™ pasna (0,1+x). Ucxons w3 ypaBuenus (2.13),
3aTUIIeM:

_ Cor* Cricoor _x-(0,1+x)
it
Cucoon 0,2-x
ITockonbKky B TpUCYTCTBUM oOjHOMMEHHbIX HOHOB HCOO™ muccoumaims

MYpaBbUHOM KHCJIOTHI OUYEHB Majia, TO 3HadeHneM X 1o cpaBHeHuio ¢ 0,1 u 0,2 MoxHO
npeHeOpeub, 0TCroaa

K

=1,8-107",

18107 = 2% 36.10% moms /.
0,2
3. OnpeznensgeM COOTHOIIEHWE KOHIIEHTPAMU HOHOB BOJAOPOJA.
CpaBuuB uCXOHYI0 KOHIeHTpanuio C . (6-10°) ¢ paccuMTaHHOM MOCIe
no6asnenus comt HCOONa (3,6- 10'4), HaxoquM, uro C . yMeHbImIach B 16,7 pasa.

OtBer: B 16,7 paza.
3amava 5. Beruucnours pH 0,49%-noro pactBopa (p = 1 r/mi) oprodocdopHoit
KHCJIOTBI, YYUTBIBASI TOJIBKO 1-10 CTYIEHb JUCC OITUAITHH.

Pemenue. Jlns onpenenenust Benmunubl pH pacTBopa HEOOXOIUMO paccUMTaTh
KOHLEHTPALMIO HOHOB BOJOPOJAA. 3aIIMCHIBAEM YPABHEHUE UCCOLMALMU KHUCIOTHI IO
IIEPBOM CTYIICHU:

H,PO, 2 H" + H,PO, (K, =7,5-107)

Jl1s1 ompeneneHusi KOHIIEHTPAIUM HOHOB BOJIOPOJa HEOOXOAMMO 3HATh MOJISIPHYIO
xkoHuenTpanuio pacrsopa H,PO,. Macca 1 1 pacrsopa H,PO, ¢ yyeTrom yka3aHHOH B
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YCJIOBUHM 33/1a4u TOoTHOCTH paBHa 1000 r.
Onpenennm Maccy KACIOTHI B 1 11 pacTBOpa
my o, =@-m . =0,0049-1000=4,9r.
MonsipHasi KOHIIEHTpaI s pacTBOPa COCTABUT

_ m(H,PO,) 4,9
CM(H3PO4) - -
M(H,PO,)-V 981

s pacuera CH+ ucnonszyem Beipaxkenue (2.16)

C, =nyK, -C, = \/7,5-10’3 -0,05=1,9-10” Mmob/1.

pH=-1g C . =-1g1,910%°=1,72.

3amaya 6. Paccumraiite, kak usmenurca pH 0,005M pactsopa NH,OH npu
pazbasinenuu ero B 10 pas.

Pemene. NH,OH — cna6oe ocuosanue (Ky=1,8-107), muccormupyeT o6paTuMo:
NH,OH = NH, + OH™. I3 ypaBHeHUs AMCCOIMALMKM BHIHO, YTO s pacyera pH
BHayajie CJEeAyeT paccuuTarh KOHIEHTpauto B pactBope OH™ — noHOB, a 3arem
BOCIOJIb30BaThCs cooTHomenneM pH = 14 —pOH.

Haiinem cuauana pH 0,005 M pacteopa NH,OH:

o, =K, /C,, =1,8-107/5-107 =6-10;

Cow =0,-Cy, =6- 107%-5-107° =3-10"* Mmonw/;
pOH = —1g Coy = —1g 3:10™ = 3,52. Otkyna pH =14 3,52 = 10,48.
Tenepr  paccumraeM pH  pactBopa, paszbaBienHoro B 10  paz,
Cy, =0,00005 moms/m:

a, =K, /C, =+/1,8-107/5-10% =0,19;
C =a,-C, =1,9-10"-5-10"* =9,5-10" Mmounn/x;
OH 2

pOH = —1g Coy = — Ig 9,510° = 4,0. Otkyna pH=14 — 4,0 =10. Urak,
BCJIe/ICTBUE pa3bannenus pacrBopa pH ymensiuiocs ¢ 10,48 no 10.

= 0,05 Mmonw/11.

2.5 KoHTpOJb YyCBOCHHUSA TEMBI

Ecnu Be1 He cMoXkeTe pemnTh Kakyro-1100 U3 MpeasiaraéMbIx 3a1a4, 00paTuTeCh K
pasneiy 2.4 JaHHOTO METOINYECKOT0 TOCOOU L.

2.5.1 AuauBuayajibHbIE 321aHUS
BapuaHnt 1
1. Beruucnure koHUEHTpaMio HoHOB Bojioposia B 0,01 M pactBopax:
a) HCI; 6) NaOH.
2. Onpenenure pH 0,46%-Horo pactBopa ( p=1r/mMia) MypaBbHUHOM KHCIOTHI

HCOOH.
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3. Ckonpko rpaMmoB ruapokcuaa ammonns NH,OH conepxwurcs B 11 pactBopa,
pH kotoporo pasen 10,627

BapuaHr 2

1.ITpu KaKou MOJISIPHOM KOHIICHTpaI UK pacTtBopa CH,COOH
HEJTUCCOIMUPOBAHHBIMU OocTaHeTcs: a) 50% Mosekyn KUucaoTsl; 6) 90%mMonexyn?

2. Beruuciaure pH 0,01 M LiOH u 0,01 M NH,OH . OObsicaute paziuuue B
3HaueHussX pH 11s 3TUX pacTBOPOB.

3. KakoBa crenenn auccormanmu OpomHoBatuctoi kucjiotel HOBr B ee 2,425%-
HOM pactBope (p =1r/mi), ecim pH pactBopa paseH 2.

BapunaHt 3

1. Berancnure KoHIEHTpauuo ruapookcua—1onoB B 0,01 M pactBopax:

a) HOBr; 6) NH,OH.

2. Ompenenmute pH pactBopa ruapokcuaa kanust KOH , ecnu xoHueHTpamms
noHoB K* B sToM pactBope cocrasisier 10~ MonIb/I.

3. Omnpenenure, ckonpko rpammoB H,SO, comepxutcs B 1a pactBopa, pOH
xotoporo paseH 10. 3anummure ypasaenue auccouuanuu H,SO, , ecmm oo =1.

BapuaHr 4

1. B 100mn pactBopa coaepxutcs 0,745t KCl. BpraucimTe KOHIEHTPALl IO HOHOB
KaJIUsl ¥ XJIOPUA—MOHOB B 3TOM PAaCTBOPE.

2. Onuuaxosel ;M 3HaueHuss pH pacrBopoB KOH u NH,OH onunakoBou

KOHUEeHTpauuu, paBHoi 0,001 M? OTeer 000CHOBATH YpaBHEHUEM U CCOLIM ALY U
pacyeramu.

3. OnpenemTe MOJISIPHYIO KOHIIEHTPAITMIO PACTBOPA YKCYCHOM KHUCIIOTHI
CH,COOH, ecnu pH =5,2 . 3anumure ypaBHEHUE AU CCOLMAIMNA KUCIIOTHI U

BbIPa)KEHUE 17151 KOHCTAHThI IUCCOLIUAIHH.

BapuaHt 5

1. BeranciauTe KOHIIEHTpaluo HOHOB Bojgopoaa B 0,05 M pactBopax:

a) Ba(OH),; 6) H,SO,.

2. Onpenenure pH 1,75%-H0r0 pactBopa ( p =Ir/mia )rupokcuga aMMOHHS
NH,OH.

3. Ckosbko rpamMoB ykcycHoi kucnotel CH;COOH conepxurcs B 11 pacTeopa,
pH xoroporo pasen 2,877 3anumure ypaBHEHUE JUCCOLMALIMM KHUCIOTHI U
BBIPAYKEHUE JIJIs1 KOHCTAHTBI TUCCOIUAIIHH.

BapuaHt 6

1. Onpenemte xoHueHtpauuo noHoB OH™ B pacTtBope, €ciii U3BECTHO, YTO B
500mna ero coxpepxkurcsa 0,098r cepnoi kuciorel H, SO, . Jluccoumanuo KuCIOTHI

CUMUTATH ITOJHOM.
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2. Bpruucimre pH 0,05 M pacrsopa HNO, u 0,05 M pacrsopa CH,COOH .
OObscHUTE pa3uyuue B 3HAUCHHAX.

3. Kakosa crenens auccoupanuu rugpokcuaa ammonns NH,OH B ero 0,175%-
HOM pactBope (p =1r/mir), ecim pH pactBopa pasen 11.

BapuaHt 7

1. Berancnaure koHIEHTpauuo ruapookcu—1onoB B 0,001 M pactBopax:

a) NH,OH; 6) HOCL

2. Onpenenure pH pactBopa runpoxcuna 6apus Ba(OH),, ecnm xoHuIeHTpanms
roHoB Ba®" B 3TOM pactBope cocraBisier 0,05 MOJB/IL.

3. Omnpenenure ckonbko rpamMMoB HNO, comepxurca B 1o pacrtsopa, pH
KOTOpOro paseH 12. 3anummure ypasHeHue aucconuanun HNO,, ecnmn a=1.

BapuaHt 8

1.IIpn xakoi MOJISIPHOM KOHLEHTpALMK pacTBopa MypaBbrnHoM kuciaotel HCOOH
HEJIMCCOLIMUPOBaHHbIMU OocTaHeTcs: a) 50% monekyn Kucinotsr; 6) 90% Monekyn?

2. Ompenemmte pH pactBopa, B 250mn kotoporo coaepxurcs 0,14r KOH.

3. Yemy paBHbl MossipHble KOHUEHTpamuu pactsopoB H,SO, nu Ca(OH),, ecnn
uisi mepBoro pactBopa pH=2 , a ngna Broporo 12?7 3anumure ypaBHEHUS
JIMC COIMAn M, eciam oL =1.

BapuaHt 9

1. Beruucnure koHUEHTpaMio HoHOB Bojioposia B 0,01 M pactBopax:

a) HNO,; 6) KOH

2. Ompenenure pH 0,49%-nOoro pactBopa ( p =Ir/mMi )yKCyCHON KHCIOTHI
CH,COOH.

3. Ckonpko rTpammoB ruapokcuaa ammonua NH,OH u muagpokcnpa Hatpus
NaOH conepxxutcss B 11 ux pactBopoB, eciu 3HaueHus: pH y HHMX OAMHAaKOBBI U

paBubl 11,137 OTBeT NOATBEpAUTH YPABHEHUSI MU I CCOIMALIMU U COOTBETCTBYIOIIMMU
pacyeTramu.

Bapuant 10
. Hus npurotoBienusi 200mn pactBopa ykcycHo kucinotsl CH,;COOH

ucnons3oBanu 0,06r kuciaorel. OnpejaenMTe KOHIEHTPALIMIO HOHOB BOJOPOJA H
alle TaT—MOHOB B MOJIyYEHHOM PAaCTBOPE.

2. Yemy panbl 30auenust pH 0,1 M pactBopoB cuinbHbIX 3nekTpoiutoB HCI u
NaOH ?

3. Ompenenure MOJIPHYIO KOHLEHTPALMIO pacTBopa a3otucror kuciaorel HNO,,
eciim pH=2 . 3anmumre ypaBHEHHE JHWCCOLMALMM KHUCIOTHI U BBIPAKECHUE JUIS

KOHCTAHTHBI JUCCOITM AT .
Bapuant 11
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1. Beraucnure koOHUEHTpawo ruapokcua—roHoB B 0,1 M pacTBopax:

a)CH,COOH; 6) NH,OH

2. Omnpenenure pOH pacrtsopa asornoi kucnorsl HNO, , ecnu KoHuEHTparus
noHoB NO,™ B 3Trom pactBope cocrasuser 0,01 mMous/i.

3. Haiinure maccy Ba(OH),, conepxamerocs B S00M1 BOIHOrO pacTBopa, €Clii
pH storo pactBopa pasen 13.

BapuaHtr 12

1. B 200mn pactBopa copepxkurcsa 1,3r xmopuna mukens NiCl, . Berauciure
KOHIICHTPALIN IO HOHOB HUKEISI U XJIOPUA—MOHOB B PacTBOPE.

2. Borucnure koHueHTpauuio nuanua—roHoB B 0,01 M pactBope CHMHWIBHOU
kuciotel HCN . Kak M3MeHHTCS KOHIIEHTpallusl 3THUX K€ MOHOB, eciiu pH pactBopa

HCN Oyner pasen 3 ?

3. Yemy paBHbl MomApHbIe KOHIEHTpamuu pactBopoB H,SO, m Ca(OH),, ecim
st nmepBoro pactBopa pH=1 , a mua Broporo 13? 3anumure ypaBHEHHS
JINC COLMAIIMH, eCJM oL =1 .

Bapuanr 13

1. Boruucnure KOHIIEHTpaIpio HOHOB Bojiopoa B 0,5 M pacTBopax:

a) Ca(OH),; 6) H,SO,.

2. Onpenenure pH 0,72%-H0r0 pactBopa (p = Ir/™Mia) HOTHOBATUCTON KUCIOTHI
HOI.

3. Hangure maccy H, SO, , pactsopennoii B 200mn pactsopa, eciu pH pacTsopa
paseH 1. 3anvmmure ypapHenus auccoumanuu H, SO, ecnmu oo =1.

BapuaHnt 14

I. Ompenemmre koHueHTpauuto MoHoB OH™ B pactBope, €ciu M3BECTHO, UTO B
250ma ero copepxwurcs 1,225t cepHoit kucnorsl H,SO, . Jluccoumanuio KuaciaoTbl
CUMUTATH ITOJHOM.

2. 3armMIuMTe ypaBHEHHUE TMCCOLMAIMU c1aboro ocHOBaHUS U paccuutaiite pH
pactBop, B 500Ma xoToporo coaepxurcsa 0,175r NH,OH .

3. Omnpenenutre MOJSPHYH KOHIUEHTPAIMIO pacTBOpa MeTabOpHOW KHCIOTHI
HBO,, ecnu pH = 5. 3anummre ypaBHEHUE AUCCOLMALIMU KUCIIOTHI U BBIpaKEHHUE IS

KOHCTAHTBI JUCCOIM Al .
BapuaHt 15

1. Berancnute koHIEHTpaluio ruapokcua—uoHoB B 0,02 M pactBopax:
a) HOIL; 6) NH,OH.

2. Onpenemure pOH pactBopa cepnoii kucnorel H, SO, , ecnu KoHueHTpanums

4 9
nonoB SO,>” B aToM pacteope cocrassier 0,005 MoIb/I1.
3. Cxonpko rpamMmoB ykcycHon kucinotel CH,COOH coxepxwurcs B pacTBOpE,
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ecn 3HadeHuss pH kotoporo paseH 5,27 3anumure yYpaBHEHUE AWCCOIMALMU
KHUCIIOTBI U BBIPAYKEHUE JUIsI KOHCTAHThI U CCOLM AL H.

BapuaHtr 16

1. B 0,05 M pacrope HCN crenens aucconuanuy passa 1,26 -107* . TIpu kakoi
KOHIICHTPAalM U paCTBOPA OHA YBEJIUYUTCA B 5 pa3?

2. Yemy pasusl 3HaueHnss pH 0,05 M pactBopoB cuiibHbIX 3nekTponuroB H,SO,
u Ba(OH), ? Kak u3meHsITCS UX 3Ha4E€HU S ITpU pa30aBieHu pactBopoB B 10 paz?

3. OaguHakoBbl JIM 3HAYEHWs MOJISIPHOWM KOHUEHTpauuu pactBopoB KOH wu
NH,OH , ecom 3nauenus pH pactBopoB oxumHakoBbl W pasHbl 11,137 Otser
NOATBEPANTE YPaBHEHUSIMH I CCOLM AU U COOTBETCTBYIOLIMMU PaCUETAMH.

2.5.2 Bonpochl 1Jisl TECTOBOI0 KOHTPOJISl 3HAHUH
A . Bompocsl ¢ 0HUM NPaBUIBHBIM OTBETOM

Br1Gepure oMH paBWILHBIA OTBET WU 3aKOHUMTE YTBEPIKICHUE.
1. Cxompko OH moHoB copepxurcs B 11 pactBopa, pH kotoporo pasen 127

a) 1,00-10";

6) 3,01-10%;

8) 6,02-10"";

r) 6,02-10°",
2. Kak u3MEHUTCS KOHCTAHTa TUCCOIMAIMM YKCYCHOW KHUCIOTHI MpH pa30aBiICHUU
pactBopa B 4 paza?

a) yBemmuurtcs B 16 pas;

0) yBeimuurcd B 2 pasa;

B) HE UBMEHUTCS;

') YMEHBIIUTCS B 2 pa3a.
3. pOH pactBopa snekrponura paseH 5,0. UeMy paBHa koHueHTpaimsa H' MOHOB B
3TOM pacTBope?

a) 107 Mo/

0) 5 Mmow/7;

B) 9 1/m;

r) 10” mous/1.
4. Kak U3MEHUTCS CTEMEHb JUCCOIMAIIUMKM MPOMTMOHOBOM KUCIIOTHI MPU pa30aBiICHUU
pactBopa B 4 paz?

a) ysermuurcs B 16 pas;

0) yBeMUHTCA B 2 pasa;

B) HE U3MEHUTCS;

') YMEHBILIUTCS B 2 pa3a.
5. MloHHOE npou3BeIcHHE BOJbI KaK KOHCTAHTHI PABHOBECHS 3 BUCHUT JIUIIIb OT:

a) KoHIeHTpauuu noHoB OH;
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+
0) KoHIeHTpaui noHoB H' ;
B) KOHIICHTPAIIUA HOHOB YWICKTPOJINTA,
I') TEMIIePaTyphbL.

6. Kak Hamo M3MEHMTh KOHIIEHTpalnuio oo H' B pactsope, uto6sl pH pacTBopa
YBEJIIMYWICS HA €TUHUITY?

a) yemmuuth B 10 pas;

0) yBesmuuTh Ha 1 MOJIB/II;
B) yMeHbIIUTH B 10 pa3z;

I') YMEHBIITUTh Ha 1 MOJIB/JI.

b . Bonmpocsl ¢ MHOKECTBEHHBIMU OTBETAMH "' BEPHO-HEBEPHO™

]_—[H}I KaXXJI0T'0 BOIIPOCAa WM HC3aKOHYCHHOI'O YTBCPIKIACHUA HACTCA 4 OTBCTAa, U3

KOTOPBIX MOT'YT OBITH MpaBWIbHBIMH OAWH, ABa, TPU WU BCC.

7.

Kakumu  ycroBusMH — ompeienseTcsi  BO3MOXKHOCTh  AJIEKTPOJIMTUYECKOM

JIVC COLTMAIl MU BEIeCTBA?

8.

a) HAIMYUEM B paCTBOPSIEMOM BEIIECTBE MOHHBIX WIIH MOJISIPHBIX CBS3EH;

0) TpOCTPaHCTBEHHOM OPUEHTAIIMEN MOJIEKYJI PACTBOPUTEIIS;

B) pazMepaMy MOJIEKYJI PaCTBOPSIEMOTO BEIIECTBA;

I') HOJSIPHOCTBIO PACTBOPUTEIIS.

Kakue BenumuuHBI SBIAIOTCS KOJMYECTBEHHOW XAapaKTEPUCTHKOW IMpollecca

AIIEKTPOTUTUIECKON JTUCCOIIHAIIU?

a) MOJIIPHAs KOHIICHTPAI[ K,
0) cTeneHb M CCOoLMaIliH
B) MOHHAs CHJIa pacTBOPa;
I') KOHCTaHTa JIU CCOIUAIIHH.

9. Kakue u3 NEPCUN CIICHHBIX BCIICCTB MOKHO OTHCCTHU K CHUJIb HbIM BJICKTpOJ'II/ITaM?

10.

11.

a) H,O;

6) KOH, Ba(OH);

B) H,CO; ,, CH;COOH;

r) H,SO,4, HCL.

KoadduipieHT akTuBHOCTH HOHOB B pacTBOPE 3aBUCHUT OT:

a) MOHHOM CHUJIBI pacTBOPA;

0) Temneparypsi;

B) MOJISIPHOC TU PaC TBOPUTEIS;

I) 3apsja U pajnyca UOHa.

CreneHb IUCCOMAIMU FIEKTPOIUTA MOKA3bIBAET:

a) TOJIF0 MOJIEKYJT 3JIEKTPOJIUTA, IOABEPIIIMXCS U CCOL AL U;
0) 4K CIIO MOJICKYJI, paCMaBIITUXCS HA UOHBI;

B) OTHOIICHWE YKCJIa MOJIEKYJ, pPAaCMaBIIMXCAd HAa HOHBI K  OOIIEMY 4YHCITy

PAaCTBOPCHHBIX MOJICKYJI,
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r) 00I1e€ YHCJI0 PACTBOPEHHBIX MOJIEKYJI.
12. CteneHb AUCCOLM ALY WIEKTPOJIUTA YMEHBIIIACTCS :
a) TIpy HarpeBaHUM;
0) mpu BBEJICHUU B PACTBOP OJHOMMEHHBIX HOHOB;
B) MIPU YBEJIMYE€HUM KOHIIEHTPAIIUK PACTBOPA;
I') Ipu paz0aBICHUM PacTBOPA.
13. CreneHb AUCCOLMALIMN YKCYCHOW KUCJIOTHI B PACTBOPE YBEIMUHUBACTCS:
a) MpY MOBBIIIIEHUU TEMIIEPATYPHI,
0) mpu nobasnennu anerata Harpus CH;COONa;
B) IpU pa30aBJICHUU PACTBOPA;
r) npu nob6asnenun HCI.
14. KoHcTaHTa 1M cCOMAIN 3JIEKTPOJIMTA 3aBUCHUT OT:
a) IPUPOJIBI TUCCOIMUPYIOIIETO BEIIECTBA;
0) KOHIIEHTpaIlHY;
B) TEMIIEpaTyphl,
I') IPUPOJIbI PACTBOPUTEISL.
15. Kakue dakrops! onpenensitor pH pactBopa?
a) TeMIeparypa;
0) crtocoOHOCTh K muccoruarua Hy)O;
B) COOTHOIIEHHE B pacTBope KoHueHTparuii H™ 1 OH™ noHoB;
I') KOHIICHTPAIM S KOHOB AJIEKTPOJIUTA.
B Bonpockl ¢ mo100poM COOTBETCTBYIOIIUX OTBETOB B Maphl "BOIPOC-OTBET '

K mepeuHio mNpoHyMEpOBaHHBIX BOMPOCOB TMPEAJIAracTcsi CIUCOK OTBETOB,
00o3HaYeHHBIX OykBamHu. KaXnoMy NTpOHYMEpPOBAaHHOMY BOIPOCY COOTBETCTBYET
TOJIBKO OJuH OTBeT. HeoOxomumo momoOpaTh COOTBETCTBYIOIIME Tapbl '"BOIPOC-
OTBeT .

Bomnpocel OT1BeThI

Kaxoii koHueHnTparmu noHos H' ( Mosb/1 ) cooTBeTcTBYIOT 3HaueHus pH?
pH Cy

1) 0; a) 1,0-107;

2)5,5; 6)3,1-107

3)7,0; B) 1,0;

4)9.57; r) 1,0-10™;

5) 14,0; 1) 2,7-10™"°

o + -
Kakoe cootHomienue konunenrpanuid H u OH uoHoB ( MOJB/1 ) yIOBIETBOPSIET
BbIPA>K€ HUIO MOHHOTO MPOMU3BEAECHU S BOABI?

CH+ Con™
1)1,0:10°"°; a) 7,4:10™";
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2)1,5-10%; 6) 1,54-107;

3) 1,0-10°>; B) 1,0:10%;
4)6,5:10°%; r)7,14:107;
5)1,4:10%; 1) 1,0-10™"
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NMPUNOXEHUE

Taonuua 1

KoHCTaHTHI TUCCOIMAIY HEKOTOPBIX CJIA0BIX AJIEKTPOIUTOB
B BOJHBIX pacTBopax mpu 298 K

Cuna
HazBanue .
®opmyna | HazBanue conei KHCJIOTHI,
KHCITOTRI 3HaueHue K
A3oTtucras HNO, Hutpurtsl 4.0-10"
OprtobopHas H;BO; OprobopaTsl 58107
MertabopHas HBO, MeTa60paTH 7.5 10_10
bpomMHoBaTucTas HOBr ['umoOpOMUTEI 2.1-107
HonnoBarucras HOI I'mmono 1uThl 2-10"
MypaBbrHas HCOOH DopmMHaThl 1.810"
CeNleH0BOJ10pO IHAS H,Se Cenenu st K, 1.7-10"
K, 1.0-10™"
CepHucras H,SO; Cynb¢utsl K, 1.6'1 0°
K, 6.3-10°
CepoBoaopoHas H,S Cynb pupl K, 6.0-10”
K, 1.0-10™"
Temnypucras H,TeO; Temnypursl K; 3.0-10”
K, 2.010°
VronpHasg H,CO; Kap6 OHATHI K; 4.5 10_7
K, 4.7-10"
VicycHas CH:COOH | Auerarsi 1.810”
X JI0pHOBATHCTAs HOCI "M OXJTOPUTHI 5.0-10°
docdopHas H;PO, Optodocdarsl K, 7.5 107
K, 62-10°
Ky 22107
D TOPOBOAOPOTHAS HF DTOpU 1B 6.6:10™
CuHWwibHas HCN Iyanu b1 7.9-1071°
PomanBogopoanas HCNS Pomannnel 1-10”
I1]aBeneBast H,C,0, OKcanaThl K, 5.4-10°
K, 5.410°
Haspanne dopmyna Cuna ocHoBaHwus, 3HaueHue Ky
OCHOBaHUSA
Awmmonus rugpokcun | NH,OH 1.8:107
Cepebpa ruap oKCHI AgOH 1.1-10™
CBuHIIA THAPOKCHT Pb(OH), K, 9.6:10*
K, 3107
Mapranna rugpokcus | Mn(OH), K, 4-10*
L{MHKA THAPOKCHT Zn(OH), K, 4.410°
K, 15107
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