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Yuebnoe nocobue «Kparkuit Kypc Jeknuii mo Gu3ndeckoil XMMHUM» COCTABIEHO B COOTBETCTBHUH
¢ OenepalbHBIMH TOCYAApPCTBCHHBIMH 00pa30BaTEIbHBIMU CTaHJApTaMU I10 HANpPaBICHUAM
19.03.02 TIponykTel nuTaHUS W3 pacTUTENbHOro cbipbst U 19.03.03 IlpoxykTel nuTaHUA
KMBOTHOTO INPOMCXOXKJICHNUS B COOTBETCTBHM C YYEOHBIMM IIIaHAMH ITOJATOTOBKHM OakayiaBpa,
yrBepkaeHHBIME Y 4eHbIM coBeToM PI'BOY BO «COI'Y» ot 28.05.2019 r., mpoTtokoun Ne 10.

CocraBuTenb: JOUEHT Kadeapsl o0ImIel u Heopranndeckoil xumud, K.x.H. Heénosa O.B.

[TocoOue mpennHazHadeHo IS CTYACHTOB | M 2 KypcOB HampaBlieHHH OakanaBpuara
19.03.02 IIpoaykTbl mnuUTaHUA W3 pacTUTeNbHOro Chipbsi W 19.03.03 IlpoaykTel mnHUTaHUA
KUBOTHOTO TPOUCXOXKACHHUS JJISi MOATOTOBKU OO0ydaromuxcs K JabopaTopHbIM paboTaM 1o
muciuminie «dusndeckast U KOUIOMAHAS XUMUS», BBIIOJIHEHUIO CaMOCTOSITENIbHON padoThl U
HOJTOTOBKU K PYOEKHBIM aTTECTAUSAM U 3a4eTy 10 AUCIHUILTHHE.

YyebHoe mocobue 0OCYKIEHO M YTBEPXKIACHO Ha 3aceaHuu Kadeapbl oOmel 1 HeOpraHuIeCcKon
xumun (mporokoi Ne 15/18-19 ot «28» utons 2019 r.).

3aB. kadenpoit Ky6anoga JI.M.

Ono6peHo coBeToM (PaKyJIbTeTa XUMUU, OUOJIOTHHA U OMOTEXHOJIOTHH
(mpotoxost Ne 12/18-19 ot «01» uromnst 2019 1.)
[Ipencenarens Araesa @ .A.




Jlexusa Ne 1-2

«OCHOBBI XUMUWYECKOM TEPMOJUHAMUKUA U
TEPMOXUMHUN»

Hayka «repmoauHamuka» wu3ydaeT mepenady TEIUIOTBI M paccMaTpUBACT

MpeBpalleHUs] pa3IMYHbIX (HOPM PHEPTUU B PA3HBIX MPOIIECCAX.

1. OcHOBHBIEC NOHATHS XMMUYECKON TEPMOTUHAMUKHI
1.1. TepMoguHAMHYECKAN CHCTEMA U ee TapaMeTphbl

TepmoanHaMuyeckas cuctemMa (MM MPOCTO CUCTEMA) — 3TO COBOKYIHOCTh
T€J, B3aMMOJICHCTBYIOIIUX MEXAY €000l M O0O0OCOOJEHHBIX OT OKpY’KaoIIEH
Cpebl peaabHOM UiIu BOOOpakaeMoi 00010uKoi (rpaHulei).

PaznuuaroT HEen301MpOBaHHBIE (OTKPBITHIE U 3aKPBITHIC) U M30JIUPOBAHHBIC
CUCTEeMbl. B OTKpBITBIX CHCTEMaX HMMEET MECTO OOMEH C OKpYyXarollel cpenoit
Maccoll U 3Heprued. B 3akphITBIX cucTeMax BO3MOXKEH OOMEH C OKpY’Karolen
cpelnoil mnuiib SHeprued. B M301MpOBaHHBIX CHCTEMaxX HCKIIOYEH OOMEH C
OKPY’KAIOLIEN CPENON U MAaCCOM Y DHEPTHUEM.

BonpmmHCTBO anmapatoB W yCTAHOBOK — OTO OTKPBITHIE CHCTEMBI.
3aKpbIThIE CHCTEMBI — 3TO, HallpUMEp, aMIlysia C JEKapCTBEHHBIM IPEmapaTOM.
W3onmnpoBaHHBIE CHCTEMBI MPAKTUYECKH OTCYTCTBYIOT (K HUM YCJIOBHO MOXKHO
OTHECTH COJEP’KUMOE XOJIOAWIIbHUKA MJIM TEPMOCA), HO MPOLECChl B HUX MOKHO
IPEJICTaBUTh KaK HUJcalIbHbIC.

Cucrembl MOTYT OBITh TOMOT€HHBIMH M TeTeporeHHbLIMHU. ['oMoreHHbIE
CHCTEMBI COCTOSIT U3 OIHOM (ha3bl. I'eTeporeHHble CUCTEMBI COCTOAT U3 IBYX WU
oosiee (pa3, MKy KOTOPHIMH UMEETCS TOBEPXHOCThH pasjiea.

®a3za — 3TO 4acTh CUCTEMbI, OJHOPOJHAS MO (U3UYECKOMY COCTOSHUIO U
XUMHYECKOMY COCTaBy M OTpaHWYCHHAs MOBEPXHOCTHIO pasmena. daza MoxKer
COCTOSITh U3 OJHOT'O MJIM HECKOJIBKUX KOMIIOHEHTOB.

KoMnoHeHT — 3T0 XUMHUYECKH WHAUBUAYAIbHOE BEIIECTBO, KOTOPOE MOKET

OBITH BBIICJICHO U3 CUCTCMBI K CYHICCTBOBATL CAMOCTOATCIIBHO.



TepmoanHamMuueckas cucrema ONHUCHIBACTCS ONPEICIICHHBIMU
TEPMOANHAMUYECKUMU ITapaMETPaAMH.

Pa3nnuaroT 3KCTEHCMBHBIC 1 HHTEHCHBHBIEC TAPAMETPbl. JKCTCHCHBHBIE
napaMeTpsl 3aBUCAT OT OOIIEro KOJMYECTBA BEIIECTBA B CUCTEME: 3TO 00BeM V,
Macca M, KOJIMYECTBO BeIIecTBa N (MOJIb) KOMIIOHEHTOB cucTeMbl. UHTeHCHBHBIE
IIapameTphl HE 3aBUCAT OT KOJIMYECTBA BEUIECTBA B cucTeMe: 310 Temmeparypa T,
JIaBJICHUE P, MOJIBHAS JIOJIS I-T0 KOMIIOHEeHTa crcTeMbl N; 1 1p.

Oxpyxaromasi cpefa, Kak M CHCTEMa, TOXKE 00JIajaeT ONpeeICHHBIMU
CBOMCTBAaMHU M XapaKTEPHU3yeTCs MapaMeTpamMu. DTH apaMeTPhI 10 OTHOIIEHHIO K
cucteMe OynyT BHEIIHUMU. V3 BHEITHUX NapaMeTpOB Yalle APYTuX (PUKCUPYIOTCS

AaBJICHUC U TCMIICPATypa.

1.2. TepmoguHaMuYecKHe MPOLECCHI.

JItoboe uW3MEHEeHHE OJHOTO WM HECKOJbKUX MapamMeTpOB CHUCTEMBI
HA3bIBAIOT TEPMOJMHAMHYECCKHUM TPOIIECCOM. XHUMHYECKAs PEaKIUs TaKKe
SBJIIETCSI  TEPMOJIMHAMUYECKHM  MPOIIECCOM, KOTOPBIM  3aKkiro4aeTcss B
TEPMOIUHAMHYECKOM TMPEBPAIICHUH BEIIECTB.

[Ipotiecchl, Mpu OCYIIECTBIEHUHA KOTOPBIX OCTAETCS HEM3MEHHBIM OJHWH U3
CIICAYIOIIMX TapaMeTpoB, HasbiBaroTcs u3oTepmuyeckumu (T — const),
n3zodapubiMu (P — const), m3oxopubsimu (V — const).

[Ipotiecchl, MPOUCXOAAIINE TPU TMOCTOSHHOW TEeMIeparype, U TpH ITOM
COXpaHsIeTCsl TMOCTOSSHHOE JaBJIEHWE WM O0BEM, Ha3bIBAIOTCA H300apHO-

H30TEPMUIECCKUMMU WK U30XOPHO-H30TEPMUYECCKUMM.

1.3. Temnora u padora
Terora m paboTa XapakTEepHU3YIOT OMNpPEACICHHBIE CIOCOOBI Tepeaadn
SHEPIUH.
DHeprusi — 0011as KayeCTBeHHas Mepa JIB)KCHUSI U B3aUMOJICUCTBUS BCEX

BHU 0B MaTepHﬁ. SHGPFI/IH SIBIISICTCS. HEOTHEMJIEMBIM CBONCTBOM CHCTEMBI.



Pa3nnuaroT KHHETUYECKYIO SHEPTUIO, UJIM SHEPTUIO ABMKEHUS], U NOTEHLIHAJIBHYIO,
WJIM HEPTUIO MOJIOKEHUS M B3AUMOJEHCTBUS YaCTUL CUCTEMBI.

Tensora Q — 3T0 Ha3BaHHE MOJIEKYJISIPHO-MUKPOCKOIMYECKOTO CIOco0a
nepeaadn 3Hepruu. Temnora nepexoauT OT OJHOTO Tella K IPYyromMy Ipu HaJu4duH
pa3HocTH Temmeparyp Mexay Humu. Ilepemaya TemioTel MPOUCXOAWT B
pe3yibTaTe Xa0TUYECKOTO ABUKEHUS MOJIEKYJI.

Padora W, B oTimume OT TEIJIOTHI, XapaKTepu3yeT CIOoco0 Mepenadn
SHEPrur, OOYCIIOBJIEHHBIN NEHCTBUSMHU HaJl MakpoCKonmuuyeckuMu Tenamu. [Ipu
COBEpIICHUH PalOThI SHEPrusl MepeAaeTcs MyTeM YIOPSIOUYECHHOTO JBUKCHHS
MOJIEKYJI IO/ IEHCTBUEM ONPENEIEHHOMN CHUIIBI.

KonuyectBo temnotsl - Q. Egununa msmepenus Jxoyns (k) (paHblie
kasmopust  (xam)). Temnory, KOTOpyH0 NpPUHMMAET CHUCTEMA, CUYHUTAIOT
NoJIOKUTENbHOH, T.e. AQ>0. Ilponecc nosyueHuss cuCTEMON TEMJIOTHI HA3bIBAIOT
ynaoTepmuyecknuM. Ecou AQ<0, To TemioTa BIIEISETCS CUCTEMOM, U MPOLECC
Ha3bIBAIOT IK30TEPMUYECKHM.

B TepMmoauMHaMHMKE MPUHATHI CIEAYIOIIHME YCIOBUSA: KOJIMYECTBO JHEPIHH,
MOJyYEHHOE CHUCTEMOM, CUUTAIOT MOJIOKUTEIBLHON BEIMYMHOU «1», a KOJUYECTBO
SHEPruM, OTJAHHOE CHUCTEMOM, — OTPHULATEIbHON (3HAK «—»), T.€. 3HAK DHEPIUU
paccMaTpuBaeTcs C MO3MUUMM CUCTEMBL. B  TepMOXMMHMM, TA€ 3HAKH
paccMaTpHUBAIOTCS C MO3ULIMH BHEIIHEW CPEibl, OHM MEHSIIOTCS Ha 0OpaTHBIE.

Takum 06pazom, nonoxkurenabHout (AW>0) cunraercs paboTa, mpuHUMaeMast
CUCTEMOM, a OTPULATEIBHON — COBEpIIAEMasi CUCTEMOM HAJl CPEOH, OKPYKAOIIEN

CUCTEMY.

2. DYHKIMHU COCTOSTHUS CHCTEMbI: BHYTPEHHSISI SJHEPIrUsl M SHTAJILITHS
B TepmomuHamMuke IHPOKO HCHOAB3YIOT GyHKIHMKU cocTosHus (PC),
3HAYEHHUS KOTOPBIX 3aBHUCAT TOJBKO OT COCTOSIHUS CUCTEMBI U HE 3aBHUCST OT MyTH
nepexoja CHUCTEMbl M3 HAYaJbHOrO B KOHEYHOE MOJIOXKeHHe. B obmem Bume

n3MeHeHue GyHKIMU coCTOsTHHS cucTeMbl ADC MOXHO BBIPA3UTh:

ADC = (I)CZ - (I)C]_,



rae ®C; — pyHKIHA COCTOSHUS B HAYAJILHOM IOJIOXKEHUU;
®C,— hyHKIUA COCTOSHUS B KOHEUHOM TOJIOXKEHHH.

Takoit mepBod TepMOAMHAMUYECKOM (YHKIIMEH COCTOSHUS CHCTEMBI
SIBIISICTCSl BHYTPEHHSIS SHEPTUs, KoTopas ooo3Havaercs U.

Buytpennsis snepruss U omnpezensier oOuuil 3amac SHEPrUud BCEX YACTHII
CUCTEMBI, BKJIIFOYAIOIIAN SHEPTHUIO MOCTYNATEIbHOIO U BPAIaTEIbHOTIO JBUKECHHUS
MOJIEKYI, MEKMOJIEKYJIIPHOE IPUTSHKECHHE 151 OTTAJIKUBAHUE,
BHYTPUMOJIEKYJSIDHYIO M JIYYUCTYI0. BHYTpeHHsI1 5SHEprus HE BKIIOYAET
NOTCHIUATBHYIO  SHEPrui0, OOYCIOBICHHYIO  IOJOXEHHEM CHCTEMBI B
IIPOCTPAHCTBE, U KNHETUYECKYIO YJHEPTHIO JBUKECHHS CUCTEMBI, KaK LIEJIOTO.

BenuuvHa BHYTpEHHEN DHEPIUU 3aBUCUT OT IPUPOJIBI, MACChl BELIECTBA U
napameTpoB cuctemsl (p, V, T). HyneBoe 3HaueHHe BHYTPEHHEW HHEPruu
HEBO3MOXHO. 110 3TON NpuuyMHE Bcerga paccMaTpuBalOT U3MEHEHUE BHYTPEHHEU
sHeprun AU, T.e. pa3HOCTb BHYTPEHHEW 3HEpPIUM MEXAy ee KoHeuHbiM U, u
HayajabHbIM U; COCTOSITHUSAMM:

AU = U2 — U]_.

AOGCOJIIOTHOTO 3HAYEHHS] BHYTPEHHEN SHEPrUr HE U3BECTHO HU JJIA OJHOIO
BelecTBa. MOXHO U3MEPUTH MIIM PACCUUTATh BEIMYMHY U3MEHEHUs BHYTPEHHEU
sHeprur AU B TepMOAMHAMHUYECKOM MpOIIecce.

PabGota u Temora — He SBISIOTCA (YHKUMSIMU COCTOSIHUSI CUCTEMBI, a
TOJIBKO XapaKTEPU3yIOT pa3Iu4HbIe (POPMBI ITepeiadll SHEPTUU.

JUist XuMUYecKuX M (PU3UKO-XMMHYECKUX MPOLECCOB IMepefavya TEerIoTh
YacTO MPOUCXOJUT MPHU MOCTOSTHHOM AaBieHuH. [103ToMy 0oJibllioe MpakTUYECKoe
3HaYEHHE TI0 CPAaBHEHUIO C BHYTPEHHEW OSHepruen MpuoOpeTaeT BeIWYHUHA,
Ha3blBaeMas JIHTAJbIIMEH, KOTOpas SBISETCS BTOPOM (QYHKUUEH COCTOSHUSA
CUCTEMBI.

Ecniu cucrema oxpyxkeHa ymnpyrod cpeaod (ra3oMm, IKHAKOCTBIO),
JOTIOJTHUTENBHO K BHYTPEHHEN SHEPTrUU OHA 00JIaJlaeT U OINpPEACIICHHBIM 3a11acoM

HOTGHHH&HLHOﬁ OHCPIUH, KOTOpPAad paBHA IIPOU3BCACHNUIO AABJICHHUA B CUCTCMC Ha



ee 00beM: pP-V. [lonHy0 3HEPTHIO TOMOOHONW CHUCTEMBI HA3bIBAIOT DHTAIBIHEH U
obo3HauaroT yepe3 H:
AH = AU + p- AV,

Enununiamun  usmepenuss AU u AH, OTHECEHHBIMH K OJIHOMY MOJIIO
BEIECTBA, ABIAIOTCS J[>k/MOIb min kJ>k/MOJIb.

Pazmuune mexny BenmnunHamu AU u AH cymiecTBEHHO i ra3oB, a JUis
XKHUIKOCTEH U, 0COOEHHO, JIJIs1 TBEPABIX TeN (00hEM MX HE3HAYUTEIIHPHO U3MEHSICTCS
IIPU HArPEBAHUU U OXJIXKJICHHUH ), 3TO Pa3INiKe HECYIIECTBEHHO.

Bemnunny p © AV MOXHO BBIYMCIHUTH IO YPaBHEHHUIO COCTOSIHUS
UJIeaJbHOrO rasa:

p-AV =An-RT,

rae A N — U3MEHEHUE YUCiia MOJIEH BEIIECTB B MPOIIECCE;

R — yHuBepcanibHas ra3oBas nocrosinHas, pasHas 8,314 k/l:xx/moun K.

N3menenue BenmnuuH AU u AH nerko MOXXHO OIpeAeNuTbh B IpoIecce

nepeaadn TCrjIoThI.

3. [lepBoe HAYa10 TEPMOAMHAMHUKH

IlepBoe HayaJl0 TEPMOJWHAMHKHM IO CYIIECTBY €CTh BBIPDAKEHHUE 3aKOHA
COXpPaHEHHUs] DHEPIrMU W YCTAHABIMBAET CBSA3b MEXKIY KOJIMYECTBOM TEILIOTHI,
MOJIYyYEHHOW WJIM OTJAHHOM B mpouecce, pabOTO U HW3MEHEHUEM BHYTPEHHEU
DYHEPIUU CUCTEMBI.

CymectByeT HECKOIbKO (popMynupoBok | Havaa.
1. Pazsble (opMBbl SHEPrUU MEPEXOIAT APYT B Apyra B CTPOTO 3KBHUBAJIEHTHBIX
COOTHOILIECHHUSIX.
B 1100011 n301MpOBaHHOI CHCTEME 3aIac YIHEPTUU OCTAETCS MOCTOSTHHBIM.
HeBo3MokHO ToSTydnuTh paboTy 6€3 3aTpaT SHEPrUH.

Beunslii 1Burareins | poga HEBO3MOKEH.

o bk w D

| Hayaso MMpCACTABIAIOT B BUAC CICAYIOIICTO MATEMATHYCCKOT'O BEIPAXKCHHA:

Q=AU +W



Temsiora, coodmaemasi cucreMe, WiaeT Ha NpUpPalleHHMe BHYTPEHHeWH
JHEPIruU U HA padoTy, COBepIIAeMYI0 CHCTEMOI.
AU =Q-W
T.e. HM3MEHEHHEe BHYTPEHHeil JHEePruH CHCTeMbl SIBJSIETCH CJIeJCTBHEM
nepeaavyy TENJI0ThI M COBEpPIICHUs padoThl.
J1J1st ©30XOPHBIX MPOIECCOB, Korjaa V = const:
Qs = AU
B wu3oxopHo-u30TEepMUUECKHX Mpoleccax Termiora mpouecca Q. BbIpaxkaercs
WU3MEHEHUEM BHYTPEHHEN SHEPTHH CHCTEMBI.
Jlns u300apHBIX YCIOBUH, KOraa p = const:
AQ, =AH
B u300apHO-U30TEpMHUYECKUX IIpoleccax Temiora mponecca AQ, BbIpaxkaercs
VU3MEHEHUEM SHTAJIBIINH.
OTH BBIPAXEHUS IO3BOJSIOT BECTH IPAKTUYECKHE pACUYEThl TEIUIOBBIX

3 PEeKTOB pa3TMUHBIX MTPOIIECCOB.

4. Tepmoxumusi. TermnosBbie 3¢ ekTh XUMHUYECKUX PeaKIUH
Tennory, BBIACHSAEMYI0 WM IIOIVIONIAEMYIO B pPe3yJbTare XWMHYECKON

peaKkiuu, MOKHO OTIPEJIETTUTh PACUETHBIM IMyTeM, He TTprberast K SKCIIEpUMEHTY.

4.1. Tepmoxumuyeckue ypapHenus. 3akon I'ecca

JIrobass xXuMWYEeCKas PpEaKIUs COMPOBOXKIACTCS  IOTJIONMICHHEM WM
BBIZICIICHUEM TETUIOTHI — TEeMJI0BbIM 3¢ dekToM. TepMOXMMHUIECKUMI HA3bIBAIOT
TaKhe YpaBHEHUS XHUMHUYECKOM peakinu, B KOTOPHIX Hapsay ¢ GdopmyiaaMu
BCIIIECTB, YYACTBYIONIUX B PEaKIUH, YKa3bIBAIOTCS arperaTHble COCTOSHUS
BEIIECTB U TEIUIOBOM A (DEKT peakiuu B BUJIC U3MEHEHHS YHTAJIBITNU.

Hanpuwmep:

CeH1206 y — 2CHsOHyy +2CO,; AH=-71,56 xJlx/Mouns,

rne AH — teroBoit addexT peakiuu B u300apHO-U30TEPMUIECKUX YCIOBUSIX.

TeruoBoit 3 (deKT peakiuu onpeaestoT no 3akony I'ecca:



Ilpy mnoCTOSIHHOM JaBJjieHMM WJIN o0beMe TemaoBOH J(ddekr
XHMHYECKOH peakuuy 3aBUCUT TOJbKO OT BHAA U COCTOSIHMS HCXOJHBIX
BellleCTB U MPOJYKTOB PeaKINU, HO He 3aBUCHUT OT IYTH Nepexoa.

Ecnu peakiusi mpoucXoIUT MOpH MOCTOSSHHOM JaBJIECHWU TO TEIUIOBOM
3¢ (dexT BrIpakaloT yepe3 U3MEHEHHE SHTAIBINU:

AH = AH;+ AH,+ AHs;+ ... + AH, .

A ecnu peakius MpoTeKaeT MpU MOCTOSHHOM 00beMe, TO TETUIOBOH 3 dekT

OTOXAECTBIISIIOT C U3BMEHEHHEM BHYTPEHHEN SHEPTHUU:
AU = AU;+ AU, + ...+ ... + AU,

JInst cpaBHEHMS TEIUIOBBIX A(D(PEKTOB pasHBIX peakiuii, HEOOXOAUMO TOUHO
yKa3aTh YCIOBHUS, MPU KOTOPBIX 3THU PEaKIUU MPOTeKaroT. UTOOBI YCTaHOBUTH
HEKOTOPYIO IIKally OTCYETa, BBOJAT MOHSATUE «CTAHJAAPTHOE COCTOSIHHE». 3a
CTaHJApTHOE COCTOSIHME TNPUHUMAIOT CTAaOWJIBHOE COCTOSIHUE BEIECTB IpHU
masrennn 1 atm (1,013-10° Ila) u temmeparype 25°C (298,13K). CumBOIBI
TEPMOJMHAMUYECKUX (DYHKIUA B CTAHIAPTHOM COCTOSHHMM O00O3HAYaloT C
BEPXHHUM HHJIEKCOM «rpaaycy: AU’ AH®.

[Ipumep: oxucnenne C,HsOH B opranmsme 4enoBeka IPOTEKAET B JBE

CTaaum.
CHsOH+% 0, < CH;—COH +H,0;  AH; =- 256 kJ[/MOJIb
CH;~COH + % 0, «—— CH;-COOH; AH, = — 237 xJIx/MoIb

CymMmapHasi peakiysi OKUCICHUS:
—

C,HsOH + O, «— CH3COOH + H,0
AH°= AH;" + AH,° = —256 + (— 237) = — 493 kJ[>/MOb.

4.2. TlepBoe caencrBue u3 3akona I'ecca
TermoBo#t 3¢ ekt mo00oi XUMHUYECKOW PEaKIMi MOXHO OIPENeIUTh 10
Tem10Te O00pa30BaHUsl BEIIECTB, YYACTBYIOIIMX B peakuud. [lns storo

ucnoip3yioT 1 ciaeacrBue u3 3akoHa INecca:



TemoBoilt 3¢ dexkT XUMHMUYECKOH peaKUHUU PaBeH PAa3HOCTH TeIIoT
o0pa3oBaHMsl MNPOAYKTOB peaKIud M TeII0oT 00pa30oBaHUs MCXOAHBIX
BelleCTB, B3ITHIX C Y4€TOM CTeXHOMETPHUYECKUX KO3 PHueHToB.

TensioToii o00pa3oBaHusi HA3BIBAIOT TEIUIOBOM JP(EKT peakmuu
oOpa3oBaHus JAHHOTO COEAMHEHHS U3 MPOCTHIX BemiecTB. CTaHIapTHas TEIioTa
oOpa3zoBanus (WM SHTaNbIUS OOpa3oBaHMs) B pacyeTe Ha 1 MOJIb BelIECTBa
o6o3Hauaercs uepe3 AHg, mmu AH (formation (anri) — obGpasoBanue) u
MPUBOJUTCS B CIPABOYHBIX TaOnuiax. TeminoTel oOpa3oBaHUs MPOCTHIX BEUIECTB,
takux kak H;, O,, npunarsl paBHbiMH 0. AH®,5, 3aBUCUT OT arperaTtHoro
COCTOSIHUS U aJUTOTPOITHON MOJIM(PUKAIINH BEIIIECTB.

[IpeacraBum 1 cnencrBue u3 3akoHa ['ecca st XMMHUYECKOW peakiuu B
00111eEM BHUJIE:

aA+BB —C+dD

TernoBoit 3¢ deKT peakiuu asisi CTaHAAPTHHIX YCIOBHM OyAeT paBeH:

AH®=[c - AH%;, (C)+d - AH%g,(D)] — [ a ‘AH®, (A) + B - AH®, (B)].

TernoBoit 3pdext 0OpaTHOM peakluu paBeH TEIIOBOMY 3G (hEKTy MpsaMon

p€aKunu, B3ATOMY C IIPOTUBOITOJIOKHBIM 3HAKOM.

4.3. Bropoe ciaencreue u3 3akoHa ['ecca

TernoBoi 3pGEeKT XMMUYECKON peaKkIM MOXHO ONPEIEIUTh MO TelJioTe
CrOPaHMs BEIIECTB, YYacTBYIOUIMX B peakuud. s 3TOro HCHoJb3yroT
2 caencTBue u3 3akoHa I'ecca:

TemioBoit 3¢ dexkT XUMHMUYECKOH peaKUUH PaBeH PA3HOCTH TeEIUIOT
CrOPaHMS MCXOJHBIX BeUIECTB M TEIUIOT CropaHMs NPOAYKTOB pPeaKkuuu ¢
Y4eTOM CTeXHOMETPHYEeCKUX KO3 (pPpuuueHTos.

Tensora cropanusi — 370 TemIoBol 3(G(HEKT peakuu OKUCIEHUS TaHHOTO
COEMHEHHSI KUCIOPOAOM BO3IyXa C 0OpPa30BaHUEM BBICIIUX OKCHJIOB 3JIEMEHTOB
WJIM COEAMHEHUN ITUX DJIEMEHTOB.

Teruiora cropanus B CTaHAAPTHBIX YCIOBHUSAX B pacyeTe Ha | Mosb (MM

CTaHJapTHas MOJIbHAsl JHTaNbIUs cropanusi) obozHawaetcs AH®, wmm AHC,
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(combustion (anri.) — cropaHue) ¥ IPUBOAUTCS B CIIPABOYHBIX TAOJIHIIAX JIJIS BCEX

BEIIECTB, KOTOPbIE MOTYT Cropath. J{Jisi XUMUYECKOM peaklnu B OOIIeM BHIE:

AH®=[a - AH°; (A) + B - AH’, (B)]—[c - AH’, (C) +d - AH°;. (D)].
3HaueHUE TEIUIOT CTOPaHUs HCIOJB3YIOT IS OMpEACIICHUS] TEIUIOBBIX
3 PEKTOB peakiuii ¢ ydyacTHeM, TJIaBHBIM 00pa3oM, OPraHHMYECKUX COCIUHCHHIA.
Tennora cropanmst okcumoB (CO,, H,O, SO3;) paBHa HymI0, Kak MPOIYKTOB

CTOpaHu:.

5. uTponus

Bce mpouecchl, KOTOpbIE  COBEPIIAIOTCA  CHUCTEMOM, JENAT  Ha
CaMOITPOU3BOJIbHBIC, PABHOBECHBIE W HECAMOIIPOU3BOJIbHBIE. B03MOXKHOCTH
CaMOITPOU3BOJIBHBIX MPOILIECCOB OMPENENACTCS apaMeTpaMd MHTEHCUBHOCTH, HE
3aBUCSIIMMH OT KOJIMYECTBA BEIIECTBA.

CymecTByeT HEKMM KPUTEpPUN, KOTOPBIM ONPENEIAET BO3MOMXKHOCTb,
HaIlpaBJICHUE W MPEIeSl CaMOIPOMU3BOJIBHBIX MPOLECCOB. DTHUM KPUTEPUEM IS
W30JUPOBAHHBIX CUCTEM SIBJIICTCS IHTPONMSA S — TPEThS TEPMOAMHAMHUYCCKAS
(GYHKIHSI COCTOSTHUSI CUCTEMBI.

Bropoe Hayano TepMOAUHAMHUKHM U CBS3aHO C BEJIMYUHOW SHTPONUU U
HUMEET CJICIYIONIYI0 (OPMYITUPOBKY:

B HM30JIMPOBAHHBIX CHCTEMAaX CAMONPOU3BOJBHO MAYT NMPOLECCHI TOJBKO €
BO3pacTaHMEM SHTPONHUHU U 10 TAKOTO COCTOSIHMS, TP KOTOPOM JHTPONHUSA
MaKCHMAJIbHA VIl JAHHBIX YCJIOBHIA.

[Tonsatue «oHTpomnus» BBeN Hemenkuit ¢uzmk Kmaysmyc B 1865 romy (c
rpey. — MpeBpalleHue).

Uto >xe ompeaensieT camonpou3BoiIbHOE TeueHue mpoiecca? CormacHo |
Havyajay TePMOJIMHAMUKH, BHYTPEHHSSI SHEPTHS U30JMPOBAHHONW CUCTEMBI OCTAETCS
MOCTOSTHHOM, TOATOMY HE MOXET CIYKUTh MPUYUHON CaMOINPOU3BOIBLHOTO

INPOTCKAaHUA IIPOICCCOB. O,Z[HaKO MOXCT IIPOHUCXOJUTHL IICPCPaACIHPCACIICHUC
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BHYTPEHHEN 3HEPruu 3a cUeT ee paccesHus. CTeneHpb paccesiHus, T.€. mepexoaa or
NOpsiAKA K 0eCNOpPsiAKY U onpeiesieT SJHTPOMusl.

OHTponus — aJAUTHUBHAS TEPMOJMHAMUYECKass (PYHKIMS COCTOSIHHS; OHa
UMEET TY K€ Pa3MEPHOCTh, YTO U TeI1oeMKOoCTh [JIk/(Mois - K)].

[Ipu nepexone cUCTEMBbI U3 OJIHOTO COCTOSIHUS B JIPYTO€ DHTPOIUIO MOKHO
BBIYHMCIIUTh HA OCHOBAaHUU CTATUCTUYECKUX 3aKOHOB.

Btopoe Hauano TepMOAMHAMUKH B OTJIWYHWE OT TIEPBOTO HOCHT
CTaTUCTUYECKUN XapakTep, T.€. HENPUMEHUMO [IJIi CHUCTEM U3 MaJlor0 4Hcia
yacturr (1 ™onekyna, 1 arom). Takue BeaM4WHBI, Kak TeMIleparypa,
KOHIICHTpAIMs, IUIOTHOCTh, IABJICHUE, a TakKKe M DHTPOIMUS OINPEACIISTIOTCS
MHOKECTBOM YaCTHII.

B pamkax cTaTUCTUYECKOro MOJX0/1a COCTOSIHUE CUCTEMBI ONPEIEISIETCS HE
CaMUMH 3HAUYCHUAMH (PU3UYECKUX BEIUYMH, a BEPOSTHOCTHBIM 3aKOHOM HX
pacnpenenenusa. IlosTtomy HEOOXOAMMO pPACCMOTPETh TEPMOAUHAMUYECKYIO
BeposITHOCTHL W, KOTOpasi paBHA YHCITy MUKPOCOCTOSIHUM, TIPU TIOMOIITH KOTOPBIX
peanu3yeTcsi JaHHOE MaKpPOCOCTOSIHHE CHCTEMBI.

Mexny TepMoarHaMUYecKoi BeposITHOCTRIO W 1 SHTpomnueit S cymiecTByer
COOTHOIIICHHE, UMeHYyeMoe Gopmyoit boabimana (1896 r.):

S=k-InW,
rae K — mocrosiniasi Boabnmana, pasnas 1,38 - 102 JIx/K.

Yem Oonplie TepMOAMHAMHYECKAs BEPOSITHOCTh, TE€M  OOJIbIIIE
HEYTOPSATOYCHHOCTh CHCTEMBI M T€M OOJbBIINEe DHTPOIHUS, a 3HAYHUT, TEM OJFKe
CUCTEMA K PAaBHOBECHOMY COCTOSTHUIO U T€M 0oJiee yCTOMYUBA.

OHTponHsl CBsA3aHA C TEIUIOTOM OOpaTUMOro mpoIrecca CieayonuM
COOTHOIIIEHUEM: AS = Qoopmp. /T

DHTponus ABIACTCS (PYHKIIMEH COCTOSIHUS, OHA OTHOCUTCS K DKCTEHCHBHBIM
napameTpam, T.€. 3aBHCHUT OT KOJIMYECTBA BEIIECTBA B CUCTEME.

B oTimuume oT BHYTpeHHEW JHEPTUU W JSHTAIBIHHM BEJIWYHWHA SHTPOITHH

nMeeT aOCOIIOTHOE 3HA4YeHUE. OHpeI[eJ'H/ITB BCIIMUMHY OHTPOIIMU ITIO3BOJIACT

12



cAenaTh TpeThbe Ha4Yajl0 TEePMOAUHAMMKH, KOTOPOE€ HMEET CIEAYIOUIYIO
(bOopMyITHUPOBKY:

npu  a0COJIIOTHOM  HYyJle TeMIepaTypbl JSHTPONMS TMPABUJIbHO
MOCTPOEHHOI0 KPHUCTAJLIA JIIO00r0 3JIeMEeHTAa WM COeJHUHEHUS B YHUCTOM
COCTOSIHUM PaBHA HYJIIO.

[Ipu abcoMOTHOM HyJE€ CIOCOOHOCTH CHCTEMBl K PACCESTHHUIO SHEPrUU
uccskaeT. Hampumep, y COBEpIIEHHOTO0 KpHCTajula MpH a0CONIIOTHOM HYJIE BCE
aTOMbl (PUKCHUPOBAHBI B y3jJaX KPUCTAUIMYECKOM PEHICTKH W  JIUIICHBI
BO3MOXXHOCTH  COBEpIIATh  Kakoe-MuOo  JBWXeHue. TepMoaumHaMuyecKas
BeposTHOCTH W Takoro coctosiHus paBHa 1, mostomy S = 0.

Jlns BemecTB B cTaHAapTHOM cocTostHuuM npu T = 298,15 K u gaBnenun 1
aTM ONPEACISIIOT CTaHJIAPTHYIO a0COIIOTHYIO DHTPOIHIO, KOTOpas 0003HAvaeTCs
S° orHocutTcs Kk 1 Momb BeliecTBa W IPUBOJIUTCS B CIPABOYHBIX TaOJIHMIIAX.
BenuuuHa SHTpONMM 3aBUCUT OT arperaTHOTO COCTOSIHMSI BEILIECTB M OT COCTaBa
BeliecTB. ['a3bl Hanbosee HEYNOPSAOUCHbI, U UX CTaHAApTHAsE SHTPOIHUS OOBIYHO
BBIIIIE DHTPOIUH KUJIKOCTEH U TBepAbIX Ted. Yem ciioxkHee (hopMyna BeEIIeCTBa,
TeM OO0JIbIIIe BETMYMHA SHTPOIIUHU.

JlJia XuMHYecKOH peakuMu MOXKHO pacCUUTaTh U3MEHECHHE SHTPONUU AS,
3Has CTaHJAPTHBIC BEJIMYUHBI HCXOHBIX BEIIECTB U MPOJTYKTOB PEAKIIUHU:

Asopeakunn = Zsonpon - ZSOI/ICX.B-B'

Bemnmunna A S%eaum SBJISIETCS KPUTEPUEM €€ NPOTEKaHUsA B
M30JIMPOBAHHON cucTeMe. BO3MOXKHBI TPH ciayvasi:

1. Ecmu ASjeaamm > 0, TO 3TO yKa3pIBaeT Ha BO3MOMKHOCTb CaMOIIPOM3BOJIEHOIO
npoiiecca.
2. Ecmn A Speum < 0, TO peakiys TepMOJMHAMUYECKU HEBO3MOXKHA.

3. Ecmu A Speaum = 0, TO 3TO paBHOBECHOE COCTOSTHHE CHCTEMBI.

6. Dueprusi 'n6o6ca u s3neprus I'eabmrosbua
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JIns ompenesieHus] HAMpaBIICHHs MPoIlecca B HEM30JIMPOBAHHBIX CHUCTEMAaxX
HEOOXOMMO paccMaTpHUBaTh HE TOJIBKO CUCTEMY, HO M CPEIy, OKPYKAIOIIYIO 3TY
CUCTEMY.

Ecnu cucrema oTHaeT TEIUIOTY OKpY’KawoUIed cpeie MpU MOCTOSTHHOM
oobeme, To Qy = AU , U B TepMOJMHAMHKE BBOJMTCS €IIe OJHA (YeTBepTas)
(GYHKITUS COCTOSTHUS CUCTEMBI, Ha3biBaeMas JHepruei I'eibmroasua — F.

F= U-T-S, mm AF = AU-T - AS.

Ecau cucrema oTmaeT TEIIOTY OKpYKarolied cpeie MpHU IOCTOSHHOM
nasneHuu, To Qp, = AH, 1 B TepMOAMHAMUKE BBOJUTCS ISITast (PYHKIMSI COCTOSHUS
CHUCTEMBI, Ha3pIBacMas IHeprueii ['mooca — G.

G=H-T:S, mm AG = AH-T - AS.

Oneprust ['ub6ca (unu sHeprusi ['enpMroinbiia) — 3TO 4acThb BHYTPEHHEH
SHEpPruH, KOTOPYIO CHCTEMAa MOKET OTJaTh OKpyxarouied cpene. [loatomy ee
Ha3bIBAIOT «CBOOOAHOM». OcTallbHash 4YacTh BHYTPEHHEM SHEPrUH CHCTEMBI,
OCTAaeTCsl B CUCTEME M HE MOXKET ObITh MCMOJIb30BaHA BHE cUCTeMBbI. [loaToMy ee
Ha3bIBAIOT CBSI3aHHOW SHEPrU€il, OHa KOHTPOJIUPYETCS SHTPONMHUEH CHUCTEMBI —
BEITUIMHON (T - AS).

Ecou AH=T - S uwm AU =T - S, ToO 3T0O OTBeuaeT paBHOBECHOMY
COCTOSIHUIO CUCTEMBI.

Bemmunny AG o8 XMMHYECKOM peakIMM NPU CTAaHAAPTHBIX YCIOBUAX
MOYKHO BBIYHCIIUTh, UCIOJIB3Ysl CHpaBOYHbIe BenuduHBl AG’., U BEIIECTB,
YYaCTBYIOIIUX B PEAKIIUU:

A Gopealcmm = ZGonpon - ZGOI/ICX.B-B'

BemnunHa A G°peauun ABISAETCS KPUTEPUEM NPOTEKAHHS XUMHYECKHX

pEaKINil B HEU30JUPOBAHHBIX cUcTeMax. BO3MOXHbI 3 ciaydast:
1. Ecmn A Gpeaonnn < 0, TO peakuus NpOTEKaeT CaMOIPOU3BOJIBHO B
HEU30JMPOBAHHOMN CHUCTEME.
2. Ecmn A Gpeagunn > 0, TO peaknus TepMOIMHAMUYECKH HEBO3MOKHA B
HEU30JMPOHHOU CUCTEME.

3. Ecmn A Gpeaeuun = 0, TO 3TO paBHOBECHOE COCTOSHHE CHCTEMBI.
14



Jlexnusa Ne 3-4
«XNUMHNYECKOE U PA30BOE PABHOBECHE)

1. XuMu4yeckni NoTeHuuaa — GaKkTop MHTEHCUBHOCTH (PU3HKO-
XHMHUYECKHUX MPOLECcCOB
B xone 110601 XUMHUYECKON PeaKIK KOJUYECTBA PEarnpyoIIuX BEIIECTB U
IIPOJYKTOB pEaKIUU BCE BpeMs HU3MEHATCs. KoaumdecTBo 3THX BELIECTB
OIIpENENAETCSl YUCIOM MoJiel N. B pe3ynpraTe (PU3MKO-XMUMUYECKUX MPOLIECCOB,
CBA3aHHBIX C M3MEHEHUSMHM KOJIMYECTBA YYACTBYIOIIMX B IIPOLECCE BEILECTB,
HEU30€)KHO M3MEHSETCS BHYTPEHHSSI DHEPIUsl CHUCTEMBI, a, CIEIOBATEIbHO, U
npyrue xapakrepuctauueckue pyakuuu: AH, AF, AG.
[Ipy u3MeHeHMH dYuciaa MOJIEW N KOMIIOHEHTOB CHCTEMBI W3MEHEHHUE
sHeprur ['mb0ca B  COOTBETCTBUM € (yHAAMEHTAJIbHBIM  ypaBHEHUEM

TEPMOJVMHAMUKH NPUMET CIIEAYIOIUNA BUJ (10 SW "=0):

dG <-SdT +V -dp+ —aG T,P,n,,n,...ng + _8G T,P,n,---n;..ng +
on, 0,,
oG
+...(an—RjT, P,n,n,, ...--ng,

3HaK «MEHBLIE» OTHOCHUTCS CaMOIIPOM3BOJIBHOMY MpOLIECCY, a 3HaK
PaBEHCTBA — K PABHOBECHOMY.
YacTHble TpoU3BOJHBIE dHEpruM ['mOOca Mo OJAHOMY W3 H3MEHSIOIIMXCS

KOMIIOHEHTOB €CTh XUMUYECKUMN IMOTCHI A L. I[J'IH I-ro KOMIIOHEHTA:

oG
H; :(EJT! P,n, ..n,Ng
i

i=R

dG <—SdT +V -dp+ > s 1,
i=1

XUMHUYECKHM MOTCHIMAI MOXHO BBIPA3UTh HE TOJBKO YEPE3 SHEPTHUI0
I'n66ca dG, HO u yepe3 apyrue xapakrepuctuiyeckue Gyukmnuu, T.¢. dF, dH, dU.
B o0mieM Buae XMMHUYECKHM MOTEHITMAT €CTh YacTHAs IMPOU3BOJAHAS OJHOM

u3 xapakrepuctuueckux Qynkuii (AG, AF, AH, AU), HO U3MEHUTH YKCIIO MOJICH
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OJTHOTO W3 KOMIIOHEHTOB IPU HEM3MEHHOM YHCJIe MOJICH OCTATLHBIX KOMIIOHEHTOB
¥ HEU3MEHHOCTH COOTBETCTBYIOIIMX MapaMeTPOB COCTOSIHUSA. Yale | BBIpaXKaroT
yepes AG.

Jliis m300apHO-U30TepMHUYeCKUX ycioBuii, korma dp=0, dT-0, u ycrmoBwuii
PaBHOBECHOTO W caMoOIpou3BoiibHOrO mporeccoB (AG < 0) u3 mocieaHero

ypaBHEHUS MOJIY4YHM:

i=k
Zy, ', <0 44 = +RTIl, p;- 33BUCUMOCTB W OT T
1=1

3HaK «=» - paBHOBECHBII MpoIiecc.
3HaK «<» - CaMONPOU3BOJIbHBIN TIPOLIECC.
Kak onpenenuts 3HaueHME XUMUYECKOTO IMOTEHIaa?

I[JBI OI[HOKOMHOHGHTHOﬁ CHCTCMBI:

u=—=G;

G
n

rie Gy — MonbHas SHeprus ['mb0ca WM MOJBHBIM TEPMOJIUHAMUYCCKHMA
MMOTEHIIHA.

Gm MOXHO TPHUBECTH K CTaHAApTHBIM ycioBusMm (298,15 K u 1,013-10°

[Ma). Torma x° =G .

2. O0paTuMble U HEOOpPATHMBbIE PeaKIHH

Bce xumunueckue peakiium MOKHO pa3AeiuTh Ha 2 TPYMIbl: HEOOpaTUMbIE U
oOpaTUMBbIE pEAKIIMH.

HeoOpatumble peaknuu NOpOTEKAlOT [0 KOHUA — J0  MOJHOIrO
U3pacxo/I0BaHUsl OJHOTO U3 pearupyromux BemecTB. OOpaTuMble peakiUu He
IPOTEKAIOT A0 KOHIA: HU OJHO M3 PEarupyrolivx BEIIECTB HE pPacXoyeTcs
MOJIHOCTBIO.

HeoOpatumast peakuuss mOpoOTEKaeT TOJIBKO B OJHOM HAIpPaBIICHUU;
oOpaTumasi peakius MPoTeKaeT Kak B MPSIMOM, TaK U B 0OpaTHOM HaIpaBICHUH.

[Tpumep HeoOpaTUMOIl peakumu:

Zn + 4HNO; — Zn(NO3), + 2NO,1 + 2H,0
16



[Ipumep 00OpaTUMOM peaKumu:
N2 + 3H2 <> 2NH3
Ecau s oOparumoil peakimu CKOPOCTH TIPSMOW M OOpaTHOW peakiuu
OJIMHAKOBBI, TO HACTYNAET XMMUYECKOE PABHOBECHE.
KosnuecTBEHHON XapaKTEpUCTUKON XUMHUYECKOTO PABHOBECHUS CIIYKHUT

BCIINYMHA, HAa3bIBaCMasl KOHCTAaHTOM XMMHUYECKOI'O PaBHOBCCH:.

3. KoHcTaHTBI paBHOBeECHSI
PaBHOBECHBII MPOLIECC — 3TO COCTOSIHUE CHUCTEMBI, KOTOPOE HE U3MEHSETCA
BO Bpemenu u AG = 0.
XUMHYECKOE pAaBHOBECUE YUCIICHHO BhIPAXKaeTCd KOHCTAHTAMU PABHOBECHS,
MMOCTOSSHHBIMU JIJI TAHHOM TeMIEPaTyphl BETUUYNHAMMU.
aA+aA XiN+dD
Ecnu BemectBa A, B, C u /| — rassl, To KOHCTaHTa paBHOBECHUS ISl TaHHOM

XUMHYECKOMN PCAKIHM:

f d
K _ DN ' DD
p Pa X P”é
ACTA - JUIA Ta30B.
Kp — KOHCTAaHTa XUMHUUYCCKOI'O PaBHOBCCHA.
Pi — INapouaJIbHOC JAaBJICHUC KOMIIOHCHTOB CMCCH.

Ecmu konuyecTtBa pearupyrolnx BELIECTB BBIPA3UTh YEpPE3 PABHOBECHBIC

KOHIICHTpAIMH, TO KOHCTAHTa paBHOBECHS OyJIeT paBHa:

RE
Ki =—=,—<5 - I paCTBOpPOB
N, Nz

OTH ypaBHEHHUSI BBIPAXKAIOT B pa3IMYHON (hopMe 3aKOH AEHCTBYIOIIMX Mace,
KOTOPBIN (OPMYIHUPYETCS CASAYIOITUM 00pa3oM:
B ycjaoBusX paBHoBecusi, korja AG = 0 (wm AF = 0), npu aaHHOM
TeMIiepaType OTHOIIIEHUE NMPOU3BEIeHUS PABHOBECHBIX KOHIEHTpanuii (Wiu
NApUMAJbHBIX  JaBJIeHMil) TPOAYKTOB Ppeakuu K MPOU3BEICHUI0

KOHIEHTPauuil (W1 NAaPUMAJbHBIX JaBJIEeHUI) HCXOAHBIX BElIECTB, B3SITHIX B
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CTEIEeHAX, PABHBIX CTEXHMOMETPHUYECKHMM KOI((PHUIHUEHTAM, e€CTh BeJHYHHA
nocrositnHas — K. mm K,

Koncranta paBHOBecuss 0OpaTHOW peakIMM €CTh BEJIWYMHA, OOpaTHas
KOHCTaHTE PABHOBECHUS NPSIMOW PEAKLIHH.

He Bce xumuueckue peakiuu NpoTeKarT B TOMOTE€HHOM cpene. PaccmoTpum
KOHCTAHTY PAaBHOBECHUS TE€TEPOTCHHOM XUMHMYECKOW peakuuu. Eciaum BemecTBo
HAaXOJUTCSI B TBEPJAOM WM KUJKOM COCTOSIHUHM, TO €r0 IMaplUHalbHOE J1aBJICHUE
OyJeT BETMYMHOM MOCTOSTHHON M HEM3MEHHOM B X07Ie BCero npoiecca. Hanpumep,
JUISL PEAKIIHAN:

H, +1/21 55 =H,0,,,

.
G 1/2

DHZ ’ Poz

Ectp cjlydau, Korga ToJbKO OJHO BCHICCTBO HAXOAUTCS B ra3oBOi (1)&36:

NaCO,,;, =Ca0y;, +CO,;,

3(M)
EL=B;, - B JTOM cCllyuyac PaBHOBECHOC JaBieHUE Pco, MPH JaHHOM

TEMIIEpaType SIBIISIETCA KOHCTAHTOW paBHOBecHs. Ero eiie Ha3pIBalOT JABICHUEM
JHACCOLMALINY WU YIPYTOCTBIO TUCCOLUALNU.
Koncrantel paBHoBecus K, wu K. cBg3aHbl ¢ TepMOIAMHAMHYECKUMHU
GYHKIUSIMU COCTOSTHUSI CUCTEMBI CIISTYIOIIIMMU COOTHOIIICHUSIMHU:
~AG" =RTInK,;
—~AF° =RTInK,.
4. KoHCTaHTBI PABHOBECHS C YUETOM peajibHbIX YCI0BUH.
DYruTUBHOCTH U AKTUBHOCTD
He Bce xumunueckue peakiu NpoTeKaroT B TOMOT€HHOU cpene. PaccmoTpum
KOHCTaHTY PaBHOBECUS TE€TEPOTCHHOM XMMHMYECKOM peakuuu. Eciu BemecTBo
HAXOJUTCS B TBEPJAOM WM KUJIKOM COCTOSIHMH, TO €r0 MaplUHalbHOE J1aBJICHUE
OyZeT BeTUYMHOM MOCTOSTHHOW M HEM3MEHHOU B X0/ Bcero mpoiiecca. Hampumep,
JUISL PEAKIIAN:

HZ(A)+1/2T 24 =H:04,
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gl- b
o 1/2

DH 2" Poz

Ectp Cliydau, Korja ToJbKO OJHO BC€IICCTBO HAXOAUTCS B ra3oBOM cba3e:

NaCO,,;, =CaQy;, +CO,;,

3(T)

E. =By, - BITOM ciIydae paBHOBECHOE JaBiieHUE Pco, MPHU TaHHOM

TEeMIIepaType SBJIAETCA KOHCTAHTOM paBHOBeCHs. Ero eiie Ha3pIBatOT JaBICHHUEM
JUCCOLMAIIMY WIN YIPYTOCTBIO THCCOLUALINN.

PaccMOTpUM KOHCTaHTBI pABHOBECHS B pEAIbHBIX YCIOBUAX, KOTIA T'a3bl U
pPacTBOPBI OTIMYAIOTCS OT HI€ATBbHBIX.

JIy1s1 peanpHBIX ra30B BMECTO AABJICHUS BBOJAT BEJIUYHMHY, UMEHYEMYIO
(YTUTHUBHOCTBIO WM JIeTy4ecThio f.

f=y,-0

rae ys — 6e3pa3MepHbIil KOAPOUIHEHT (PYTUTUBHOCTH, 3aBUCAILUNA OT p U T.

@DYruTUBHOCTh — 3TO TAKOE AABJICHUE PEAJBHOIO ras3a, Mpu KOTOPOM ras
BesieT cest Kak uaeanbHbid. [Ipu f—p cBoiicTBa pealbHBIX T'a30B MPUOITHKAOTCS K
CBOMCTBAM MJECAIBHOTO rasa, a yi— 1.

[Tpumenenne (YrUTUBHOCTH HCIIOJIB3YETCS Yallle BCEro IpPH BBICOKHX
JABJICHUSAX U HU3KHUX TeMIlepaTypax.

Jlnst peanbHBIX Tra30B KOHCTaHTa paBHOBECHsS OyIET BBbIpaKE€Ha 4Yepe3

(YTrUTUBHOCTHU T'a30B.
Nﬁ =(7f)ﬁN'(7f)(|jJ

f:'ff P (7/f)i\'(7/f)?i\

Jlnst mepexoa OT MACAIBHBIX PAaCTBOPOB K pEaJbHBIM BBEICHO IOHSATHE
aKTUBHOCTHU:

a=y,-C

rae vy, — 6e3pa3MepHsbiil koahuirenT akTuBHOCTH, 3aBucsauil or C u T; C
— KOHLEHTpALUs PeaIbHOIO PacTBOpa.

AKTHUBHOCTb — 3TO Takas KOHUEHTpALMs, MPU HCIOJIb30BAHUH KOTOPOH
peanbHble PacTBOPHI MPUOOPETAIOT TEPMOJAMHAMHYECKUE CBOMCTBA HAEATBHBIX

pPacTBOpPOB. AKTUBHOCTh UMEET PA3MEPHOCTh KOHIEHTPALIUH.
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KoHcTanTy paBHOBECHs Uil PEANBHBIX PACTBOPOB BBIPAXKAIOT YeEpe3

AKTHUBHOCTMU.
NN A d
a~ ra aa i a a
A4 (Va)A'(Va)A
5. XumMuueckasi mepeMeHHAasi H XHMHYECKOE CPeICTBO
XUMHUYECKas MNEPEMCHHAsAA — OTHOHICHHC HM3MCHCHHA YHCJIa MOJIEHN

KOMIIOHEHTa B XUMHUYECKOM PEaKIMH K €T0 CTEXHOMETPUIECKOMY KOA(PDUIIMEHTY,
KOTOPO€ OJMHAKOBO JUIs BCEX KOMIIOHECHTOB U XapaKTEPU3YET IOJHOTY PEaKLUU.

XuMu4eckass nepeMeHHas npuHuMaet 3HadeHus ot 0 go 1.

XHUMHYECKOE CPOACTBO XAPAKTCPU3YCT OTKIIOHCHHUA CUCTCMBI OT COCTOAHUA

XUMHNYCCKOT'O PAaBHOBCCHS — M.

I = (IZ: n; :ui)éﬁﬁ_(l_z N 44 ) isia

[Tpu M>0 peakius A0HKHA UIITU CIIEBA HAIIPaBO.
[Tpu M<0 — B IpOTUBOIIOI0KHOM HAIIPABICHUH.

XHUMHYECKOE CpCaACTBO MOKHO BBIPA3UTh B CTAHAAPTHLIX YCIIOBUAX!

I “=—AG"=RTInK,
I *=-AF"=RTInK,
Orcrona
K, = AG n K;,= ARLT

6. YpaBHeHnus u300apbl M H30X0Pbl XHMHUYECKHUX PeaKIUii
3aBUCHUMOCTh KOHCTAHTBbl PABHOBECHS OT TEMIIEPATYPhl KOJWYECTBEHHO

XapaKTepU3yeTcsl ypaBHEHHEM U300apbl U U30XOPbl XUMHUUECKUX PEAKIIHM.

oln Kp AH .
o = RTZ ypaBHEHHE M300apbl XMMHYECKOW pEakiuu B
p

nuddepennupoBanHoOi hopme.
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olnK,) AU .
oT = RTZ - YpPaBHCHUC HN30XO0pbI XUMHUYCCKON pE€aKuuun B

nuddepeHpoBaHHON hopMme.
WHTerprpoBaHue 3THX YpaBHEHUH MIPOBOJIAT MIPH YCIOBHSIX:
- AH =const;
- AH<O0:;
- AH>O0.

7. OnpeneseHyne HANPaBJICHUS IPOTEKAHUS PeaAKINU
Ecnu KOHIIEHTpaluy BEIIECTB, YYACTBYIOIIMX B PEAKIIMH, HE PABHOBECHBIE,
a Kakue-1mbo Ipyrue, ToO MOKHO paccuuTarh Bennuuny Il — crexmomerpuyeckoe
IIPOU3BEACHUE KOHIEHTPALUil BELIECTB, YYaCTBYIOLIUX B PEAKI[UHU IIPH 3aJaHHBIX

YCIIOBHUSAX:

=

> |0

pral

pral
bt

I
> o |22

Benmnuuna AGpequn IPU JaHHBIX ycIOBUsX cBsizaHa ¢ K, u Il cnenyromum
COOTHOIIICHUEM:
AGpeaun = RT - In II/ K. — ypaBHeHHe H30TepMbI
peaKuum.
[To sTomMy ypaBHEHHIO MOXHO OIPEACIUTh HANpPaBICHHE IPOTEKAHUS
XUMHUYECKON PEaKLUy MPH 3aIaHHBIX KOHIICHTPAIIUAX BEIIECTB.
Bo3MoxHBI Tpu citydasi:

Ecmu II/ K, <1, To peakuus uAeT B NpsAMOM HanpaBleHUU, T.K. AGpepamn <

. Ecmn I1/ K. > 1, To peakuus uznet B 00paTHOM HanpabiieHuH, T.K. AGpeuaum >

w o N o

. Ecm I1/ K, =1, T0 AGyeaan = 0, AIMEET MECTO PABHOBECHE B CUCTEME.

8. Cmemenue pasHoBecusi — npuniun Jle HlaTtenbe-bpayna

®opmynupoBka npunuumna (1884 r.):
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eC/IM HAa CHCTeMY, HAXOAAIIYIOCA B COCTOSIHUM IIOABMKHOIO pPaBHOBeCHS,
OKa3bIBaeTcsl BHEIIHee BO3JeiicTBHE, TO MOJ0KEHHEe PABHOBECUS! CMeIaeTCs
B CTOPOHY, HPOTHBOJACHCTBYIOLIYI0 J3TOMY BO3JACHCTBUIO (NPHHIMI
NPOTUBOACHCTBHA).

JUIsL  DK30TEpMHUYECKOM pEaKUU IIOBBIIICHUE TEMIIEPAaTypbl CMECTHT
PAaBHOBECHE B CTOPOHY HCXOJHBIX BEIIECTB, a Uil SHAOTEPMUYECKON PEaKLIU — B
CTOPOHY IIPOJYKTOB PEAKLINH.

IIpy NOBBIIEHMM KOHUEHTPALIMM HCXOJHBIX BEIIECTB PAaBHOBECHUE
CMECTHTCS B CTOpPOHY TPOAYKTOB peakuuu. M HaoOOpoT: yBenuyeHHUE
KOHIICHTPALUU NMPOAYKTOB PEAKIUH CMECTUT PABHOBECHE B CTOPOHY HCXOIHBIX
BEILIECTB.

CmenieHue paBHOBECHS] NPU W3MEHEHHWM JABIICHHS Ui PEAaKLHM, KOraa
BELIECTBA HAXOATCS B ra3000pa3HOM COCTOSIHUH, 3aBUCUT OT MU3MEHEHHs 4HClia
MOJIEH B Tpoliecce peakuuu: An = N, — Ny, rae Ny U N; COOTBETCTBEHHO CYMMAapHOe
YHUCJIO MOJIEW UCXOJHBIX ra3000pa3HbIX BEUIECTB U MPOJYKTOB PEAKIUU.

Ecmm An=0, TO cMelmeHne paBHOBECHS NP HW3MEHEHHH JIABJICHHUS
HEBO3MOXHO.

Ecnu An<0, paBHOBecue OyAeT CMeEIaThCsl B CTOPOHY MEHBIIErO MapluaibHOIO
JIABJICHMS, TO €CTh B CTOPOHY IIPSIMOM PEaKLIMK, HAIIPUMED:
N,+3H, <>2NH,

Ecnu An>0, To paBHOBECHE CMEUIAETCS B CTOPOHY OOpAaTHON pEeaKUu.

9. ®a3zoBoe pasHoBecue. [IpaBuiio a3 'm66ca
da3zoBoe  paBHOBECME — O3TO  OJHOBPEMEHHOE  CYIIECTBOBAaHHUE
TEPMOJMHAMUYECKA PABHOBECHBIX (a3 B TETEPOrCHHON CHUCTEMe, Hampumep,
YKUJIKOCTH CO CBOMM HACHIIIEHHBIM MapoM (I1ap-Bojia), )KUJIKOCTH U TBEPJOTO Teja
(Boma-nienn), AByX HECMENIUBAIOIIUXCS KUIKOCTEH (KUJIKOCTh-KUAKOCTB).
[Tepexoa ogHOTO XOTs ObI KOMIIOHEHTA CUCTEMbI U3 OJHOMN (ha3bl B IPYTyIO
NpU HM3MEHEHUU OJIHOIO0 WM HECKOJbKHX MapaMeTpOB CHUCTEMbBI HAa3bIBAIOT

(a3oBBIM MEpexoaoM.
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PaznuyaroT mecTh BUI0OB (ha30BbIX MEPEXOIO0B:

1 —3aTBepaeBaHue; 2 — IUIABIICHUE;

3 — UcnapeHue; 4 — kapaHJaImy;

5 — cyOnumarus; 6 — necyonmmarusi.

Bo3moxkHocTs  (a3oBoro - mepexoja  ONpeAeNsIeTcsl — XUMHYECKUM
noreHuaaoM. CaMoNpou3BOJIbHBIN Mepexo KomnoHeHTa | u3 ¢asel L B dasy P
MIPOU30UAET IIPU YCIOBUH:

uf dn — i dn. <0

WM w >l

®a30BO€ pAaBHOBECHE  XapaKTEpU3yeTCs PABEHCTBOM  XHMHYECKOTO
TIOTCHIIMAIA I-TO KOMIIOHEHTa B 00euX (azax:

7 ::uiﬁ

T u P — mapameTtpsl, Biaustoiye Ha (a3oBoe paBHOBECHE.

BnusHue BHemHMX mapamMeTpoB Ha (a3oBoe paBHOBecHE U (pa30BbIC
nepexoisl onpeensercs npasuioM (a3 ['nbdoca:

Jlig XapakTepucTuku (pa30BOr0 COCTOSTHUSI CUCTEMBbI BBEACHO IOHSTHE O
YHCIIe CTeneHer CBOOOIEL.

Yucno creneHeid cBoOObI PaBHOBECHOM TEPMOJMHAMUYECKOM CUCTEMBI —
ATO 4YHUCJIO mMapaMmeTpoB (Hampumep, T, P, KoHIeHTparus), KOTOpbIE MOKHO
MPOU3BOJIBHO MEHATH 0€3 U3MEHEHUs Yucia U Buja (as.

[IpaBuno a3 ycranosneno ['n66com B 1876 rony:

Yucno creneneir cBo0oabsl C paBHOBECHON TEPMOJIUHAMHYECKOW CHUCTEMBI,
Ha KOTOPYIO M3 BHEIIHUX (PaKTOPOB BIIMSAIOT TOJBKO TEMIIEpaTypa WU JIaBJICHUE,
pPaBHO YHCITy HE3aBUCUMBIX KOMIIOHEHTOB CHCTEMbI MUHYC YUCIIO (a3 IITIOC JIBA.

N=E-0+2,

rae K — 41cio KOMIIOHEHTOB;

@ — yucno ¢asz;

2 — yncino HezaBucuMbix nmapametpos (T u P).

Ecnu oquH n3 mapamMeTpoB MOCTOSIHEH, TO
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N=E-O+1

[IpaBuno ¢a3z I'mG6ca pacmpocTpaHseTcsl HA CHUCTEMBI C OTPAaHUYEHHBIM
yrciIioM (a3 ¥ KOMIIOHEHTOB. Pa3nnyaror oHo-, ABYX- U Tpexdazusie (O =1, 2, 3)
CUCTEMBI U OJHO-, IBYX- U TpexkoMioHeHTHbIe (K = 1, 2, 3) cucTtemsl.

Uucno creneHedt cBOOOIBI OMpenesieT BApUAHTHOCTh CUCTeMbl. CHCTEMBI
MOTYT OBbITh MOHO-, 1M U TpuBapuaHTHbIMU. Eciiu C = (0, TO Takue CHCTEMbI
HA3bIBAIOT MHBAPHUAHTHBIMH.

®da30B0O€ COCTOSTHUE CHUCTEMBI B 3aBUCMMOCTH OT BHEIIHUX YCJIOBHH H
COCTaBa CUCTEMBI OIPEIESAETCS IPU MOMOIIU JUarpaMM COCTOSHUS WIIH (a30BbIX
nuarpamMm. PaccmoTrpum  guarpammy coctosiHus  H,O  (ogHOKOMIIOHEHTHasI

CUCTEMA), Ha KOTOPYIO U3 YKClia BHEITHUX (akTopoB nercTBytoT T u P.

218
&TM

Puc. 4.1, $asoBas JHATPAaMMa BOIEI

B o6nactu, rme Boma HaxomuTcs B OMHOM W3 ¢a3, B COOTBETCTBUH C
npaBuiioM (a3 ['nb6ca:
C=1-1+2=2,
TO €CTh CHMCTEMa JWBapHAHTHA, TO €CThb MOXXHO M3MeHATh U T u P, He u3MmeHss
BUJIa 1 yncia das.
KpuBeie OA, OB u OC xapakrepu3ylOT PaBHOBECHOE COCTOSIHUE
nByxdazHoi cuctemsl. J[Byxdasznsie cuctemsr: C = 1 — 2 + 2 = | uMer0T oaHy

CTCIICHb CBO6OIIBI, TO €CTb MOHOBAapHWAHTHLI. He wm3menss uumcna u BUIa (1)213,
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MOXHO B M3BECTHBIX IPEAENax IPOU3BOJBHO MEHATb WIH TEMIEPATYpy, WU
JlaBJIEHUE, HO HE OHOBPEMEHHO 00a 3TU MapameTpa.

B oOmem ciydae ajis OJTHOKOMIIOHEHTHOM CHCTEMBI, KOTJa B PaBHOBECUU
HaxoAsaTcs ABe (a3bl, a YHCIO CTENeHeW CBOOOABI paBHO 1, MOXHO W3MEHUTH
JIABJICHUE TIPU OIIPENEIICHHON TeMIIepaType WIN TEMIIEPATYPY MPU ONPEACICHHOM
JABJICHUU.

Touka O Ha3pIBaeTcd TPOMHOM — TpexdaszHas CUCTEMA CTAaHOBUTCS
uHBapuaHTHO: C =1 — 3 + 2 = 0. CymiecTByeT TOJBKO €IMHCTBEHHOE COYETAHUE
T m P, npu xoTtopom Bce Tpu (a3bl BOJAbI HAXOIATCA B PaBHOBECUU. ITO
T=273,16 K (0,01 °C), P =610,48 IIa (4,58 MM pT. CT.).

Kpusas OB, xapakrepusyomas Nepexo] KUIKOCTb-Iap» OOpbIBAETCS B
kputnueckon touke K. Kpurtnueckas Touka OTpakaeT COCTOSIHUE PaBHOBECHOU
CUCTEMBI, B KOTOPOM BCE TEPMOJAMHAMUYECKUE CBOMCTBA TOXKICCTBEHHBI, a cama

CHUCTEMa CTaHOBUTCA ycJIOBHO MHBapuaHTHOU. Touka K mist Boger T = 645,35 K, P

=221,2-10° Ia.
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Jlekus Ne 5

«YUYEHUE O PACTBOPAX. KOJIJINTATUBHBIE CBOMCTBA
PACTBOPOB»

Hekotopsle cBoiicTBa pacTBOPOB OOYCIOBICHBI MPUPOION PACTBOPUTEIS U
KOHIICHTpAIlUE€ll pacTBOPEHHOI'O BEIIECTBA H HE 3aBHUCIT OT CBOICTB
pacTBOPEHHOro BemiecTBa. MX MOpHUHATO Ha3bIBaTh KOJUIEKTUBHBIMM  WIIH
KOJUIMTaTUBHBIMU. DTO CIIEIYIOIINE CBOMCTBA:

1. TloHwxeHue AaBIEHUA MMapa HAJl PACTBOPOM.
2. lloBbllieHne TeMmrepaTypbl KWIEHHUS U TIOHIDKEHHE TeMIepaTyphbl
3aMep3aHus KUIKUX PACTBOPOB.

3. OcMOC ¥ OCMOTHYECKOE JaBJICHUC.

1. XapakTepucTHKA U CBOIICTBA PACTBOPOB

PacTBOp — 3T0 TEepMOAMHAMMYECKUN YCTOMYMBAsI TOMOIC€HHAsl CUCTEMA
IepPeMEeHHOr0 COCTaBa, 00pPa30BaHHAA M3 ABYX MJIH 00J1ee KOMIIOHECHTOB.
PactBOop — MeHee ynopsiioYeHHasi CUCTEMA, YEM PACTBOPHUTENIb U PACTBOPEHHOE
BEIIECTBO 1O  OTAeNbHOCTH. IlodToMy  pacTBOpeHHE  CONPOBOMKIAETCS
3HAYUTENbHBIM YBEIMUYCHUEM DHEPTHH.

AG <0, Tak kak AS > ( mpu pacTBOPEHHUH, T.€. ITO TUITUIHO CAMOIIPOU3BOJILHBIH
npouecc. Hacto mpouecc pacTBOPEHUS COINPOBOXKIAETCS BBIACICHUEM TEIJIOTHI
(AH <0), HO 1 B 3TOM CJIydae SHTPOIUNHBIN (PaKTOP MPEBBIIIACT YHTAIBITUAHBIN,
U mporecc pactBopeHus Oyaer takxke camornpousBoiibHbIM (KNOj, NH4NO; u
ap.). IloaToMy B mpupo/ie YnCThIie BEUIECTBA MPAKTUYECKU HE BCTPEUAIOTCSL.
PacTBOpbI MOTYT OBITh: JKUJKAMU, TBEPIBIMUA U Ta3000pa3HBIMH.

Teepabie pacTBOpbl — 3TO CHCTEMBI, COCTOSIIME W3 TBEPABIX KOMIIOHEHTOB.
I'a30Bble pacTBOPBI — 3TO PACTBOPHI I'A30B, KUJKOCTEH U TBEPJBIX TEJ B raszax.
Haubonbiiee pacnpocTpaHEHUE MOJYUYUIM KUAKHE W, B YAaCTHOCTH, BOJHbBIC
pacTBOphbl. B ciyuae pacTBOpOB <«GKUAKOCTb — ra3y, « JKUJIKOCTb — TBEPJOE TEIIO»
PacTBOPUTENIEM IPUHSATO CUUTATH )KUIKOCTb.
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vy pacTBOPOB <«GKUAKOCTb — JKHUAKOCTB» PACTBOPUTCIICM CUYHUTAOT KOMIIOHCHT,
KOTOpBIﬁ HaXoOguTCia B M30BITKE II0 CPaBHCHHIO C JPYTMMHW KOMIIOHCHTAMM,

HMCHYCMBIMHU «PACTBOPCHHBIMH BCIICCTBAMMUD).

B 3daBUCUMOCTH OT CBOﬁCTB paCTBOpeHHOFO BCIIIECCTBA pa3HanIOT KHUAKHUC
PaCTBOPBI HCIJICKTPOIIUTOB, 3JICKTPOJIMTOB M BBICOKOMOJICKYJISAPHBIX COC,ZII/IHGHI/Iﬁ
(BMC).

Coz[epncaHI/Ie PaCTBOPCHHOT'O KOMIIOHCHTA B pacTBOpC OLICHUBAKOT

KOHIICHTPAILIMECH. MaKCI/IMaJ'II)HYI-O PaBHOBCCHYIKD KOHLCHTPALIMIO HA3BIBAIOT

PacTBOPUMOCTHIO.
KoHueHTpanus pacTBopa BbIPa)kaercs:

1) Maccosas noist N, (nmm w)
— Mi : .
N, = — ATO OTHOIIIEHHE Macchl KoMmroHeHTa MI k o01ieit macce Bcex
D Mi
i*1
KOMIIOHCHTOB pacTBopa X Mi (sBisieTcst Oe3pa3MepHON BETUIUHOM ).

2) MonbHas noas N; - 3TO OTHOIIEHHS YKCIIa MOJICH N; OJHOr0 KOMIIOHCHTA K

- _ ni .
NI = — CyMME€ 4YHCiia MOJIEW BCEX KOMIIOHEHTOB pacTBOpA.

> ni
i*1
CyMMa MOJIBHBIX JJ0JIE BCEX KOMIIOHEHTOB pacTBOpa paBHa 1.

3) MomsipHas koHIeHTpanuss C — 3TO YHCIIO MOJICH BEIIeCTBa, PACTBOPEHHOTO

n
B | nqutpe pactBopa. Ex. uzmep. — [Mob/i| C= v
4) MounsnbpHast koHneHtpamuss Cp, — 3TO YHCIIO MOJISW N PacTBOPEHHOI'O

BEIIIECTBA, COJepiKaleecss B 1 K pacTBOPHUTEINS;, BhIpakaeTcsl — [MOJIb/KT]

n
My — Macca pacTBOPUTEIS Cn= m

PactBOpBI mompa3aenstoTcs Takke Ha HacalibHbIE, IPEIeTbHO pa30aBICHHBIC
Y KOHIICHTPUPOBAHHEIE.

NneanbHble pacTBOPbI — 3TO CUCTEMBI, B MpoIllecce 00pa30BaHUS KOTOPHIX
OTCYTCTBYIOT TeIIOBble M oObeMmHBIE 3¢Qdektsl (T.e. AH, = 0, AV, = 0).

NneanbHble pacTBOpPHl HE CYIIECTBYIOT B JIEMCTBUTEIBHOCTH, OJAHAKO K HUM
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Om3kyn  pa30aBlICHHBIE PAcTBOPHI, a TOYHEE TMPENeIbHO pa30aBIICHHBIEC.
Konnentparusi pacTBOPEHHOTO BEIIECTBA B Pa30aBICHHOM PacTBOpe OECKOHEUHO
MaJio, MO3TOMY B3aMMOJICHCTBHEM MEXIY €r0 MOJICKYJIaMH MOKHO MpeHeOpedb.
DOTH  pacTBOPHI  OMHCHIBAIOTCS  3aKOHOMEPHOCTSIMH, CHPABEIJIMBBIMU IS
UJICATLHBIX PaCTBOPOB.

HeunneaabHble pacTBOPBI HE TIOJYUHSAIOTCS 3aKOHOMEPHOCTSIM HJICATBHBIX U
npefenbHo  pa3daBieHHbIX. OIHAKO, BBEIS BCIOMOTATENIbHBIE BEJIMYUHBI,
CBOMCTBA HEUCATBHBIX PACTBOPOB TOKE MOKHO BBIPA3UTh YePE3 3aKOHOMEPHOCTH

HNACAJIBHBIX PACTBOPOB.

2. KoanuratuBHbIe CBOICTBA PAaCTBOPOB TBEPIAbBIX BEIIECTB B KHIKOCTHX

2.1. JlaBjieHHe HACHIIIEHHOIO Mapa Ha/l pacTBOPOM

O
PaccMoTprM [aBieHHE HACBHIIEHHOIO MMapa Hal YUCTHIM PaCTBOPHUTEIEM P,
1 HajJ pacTBOpoM P,

.
o
.
e
L]

D.=N, P - 3axon Payus.

JlaBneHne  HACBHIIEHHOTO Tapa pacTBOPUTENS HaJ  PacTBOPOM  PaBHO
NPOM3BEJCHHOTO €ro JABJICHHS HAJl YHUCTHIM PACTBOPHUTEIEM Ha €ro MOJBHYIO

JIOJIIO.
(0]

Ng = 1-N, , Torma LOPA): N
P,

O
Pasnocts ( P, - P,) — XapakTepusyeT MOHUKEHUE JABJIEHHS HACBILIEHHOTO Hapa

(P’ —OPA)

HaJ paCTBOPOM, a OTHOIICHUC —————— - OTHOCHUTCJIIbHOC ITIOHMKCHUC JaBJICHUA
P,

HACBIIEHHOTO Tapa.
3akoH Payns MoxHO eé chopMyaIupoBaTh Tak:

OTHoCHTE/IbHOE TOHHUKEHHE AABJCHUSI HACBIIICHHOI0 I1apa Hal

PACTBOPOM PAaBHO MOJILHOI J10J1€ PACTBOPEHHOT0 BellleCTBa B PacTBoOpe.
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2.2. IloBbllIeHHE TeMIIEPATYPbI KHIICHUA U NOHUKCHHUE TEMIICPATYPbI
3aMep3aHuda pacTBoOpoB

W3 omnbiTa HN3BCCTHO, YTO TCMIICpATypa 3aMCp3aHUA pPacTBOPA HHIKC, YCM
YUCTOI'O PaCTBOPUTCIIA (COJ'IB Ha JIbAy — J'IéI[ TaCT), TAKIKC U TCMIICpATypa KUIICHHA
PaCTBOpPOB BbBINIC, YCM YHCTOI'O PACTBOPHUTCIIA. PaSHI/IHy 9THUX TCEMIICPATYP
0003HAUYUM: A T3 — IIOHHUIKCHHUC TCMIICPATYPhI 3aMCP3aHUA,
A TKHH — IHHOBBINICHUC TCMIICPATYPbI KUIICHMA.
ATKI/IH = AT pKI/Il‘I - A TKI/IH
AT,=-AT,-AT",,

rae Ty, T — st pactBoputens; AT P AT, — muist pacTBOpa

® ¢ o0 _ —_ -

r [ H —
.o.AO.oo -_AB
= = / #
- — Pl d //

H — =T A

A4B — I Gy it

= T ’os
- - Ll

[lo cpaBHEHMI0O ¢ 4YHCTBIM pacTBOPUTEIEM Yy pacTBoOpa HabOIroAaeTCs
MOBBIIIEHUE TeMIeparypbl KuneHuss AT, ¥ TOHWKEHUE TEMIIEpaTyphbl
3amep3anus AT,.

[TonmwxeHue TeMIepaTypbl 3aMep3aHus pPacTBOpa OOBSACHIETCS TEM, UTO
PAaCTBOPEHHOE BEIIECTBO NPEMSATCTBYET KPUCTAJUIM3ALMKU PACTBOPUTEINS, T.€.
Mepexo/1y U3 JKUJIKOTO B TBEP/IOE COCTOSHUE.

[ToBblllIeHHE TemMmIepaTypbl KUIEHUS MPOUCXOJUT BCIEACTBUE MPUCYTCTBUS B
pacTBOpE HEJETY4YEro pPacCTBOPEHHOrO BELIECTBA, KOTOPOE MOHMKAECT JaBJICHUE
napa pactBoputenis. [loaTroMy naBiieHre mapa HajJ pacTBOPOM OyAET JOCTUTHYTO
npu Oojiee BBICOKOW TeMIiepaType, 4eM MpH TeMIEeparype KHUIICHUS YHCTOTO

pacTBOPUTEIIS.

_RTZ . .
ATgn = —o1 ,-im

—

Tyun — TEMIIEpATYpA KUIIEHUS PACTBOPUTEIIS;
A H, — MOJIbHAsl SHTAJIBIIUS UCIIAPEHUS] PACTBOPUTEILS;
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M4 — MonsipHast Macca pacTBOPHUTELS;
Cmn — MOJIsUIIbHAS. KOHLEHTPALMS paCTBOPEHHOTO BEIIECTBA.

RTé?z‘l’ |

Ale
E — 36VJII/IOCKOHI/I‘—IGCKa$I IIOCTOSAHHAA AJIsI JaHHOTI'O paCTBOpI/ITeJ'ISI, HC 3aBUCHUT OT

A

MIPUPOJIBI PACTBOPEHHOTO BEIIECTBA.
Um ATg=E- C, ; E 10 = 0,52 K-xr/moi1p
E 6eson = 5,12 K-xr/mM071B
Pasmepnocts E: K- kr/moib
JIs MOHMKEHUs TeMIepaTypsbl 3aMEp3aHUs PacTBOPA:

2

AT, = sy *cm
AH3
—

AT, — Temneparypa 3amep3aHus pacTBOPHUTEIS
A H, — MoIibHast SHTaNbIMA 3aMep3aHus (TUIaBJICHUS) PACTBOPUTEIIS;
Ch - MOJIsUIIBHAS KOHLEHTPALMS pACTBOPEHHOTO BEIIECTBA.

RT?
= E?—-I 4 - kprockonuyeckas mocrosiuaas  [K-kr/mounb|

K 1.0 = 1,86 K-kr/monn
K penon = 7,27 K-xr/mMonb

AT,=K-C,

Ha ocHoBe »Tux 3aBUcCMMOCTEN pa3zpaboTaHbl (HU3UKO-XUMHUYECKUE METOIbI
MCCIIEIOBAHUSI COCTaBa U CBOMCTB PAacTBOPOB HEJIETYYUX BEHIECTB. DTH METOMbI

MOJYYUJIM Ha3BaHuWe: 20ywmumockonus (o usMepeHuro Ty,) U Kpuockonus

(m3mepenue T,).

PaccMoTpuM  ompeneneHHE OATUMH  METOAAMH  MOJICKYJSIDHOH — MacChl
PacTBOPEHHOTO BEIIECTBA.
MomsuibHOCT,  pactBopa Cn, Ompemensercs YHUCIOM MOJIEH PacTBOPEHHOTO
BemiectBa B 1000 r pactBopuTes.
O003HaUYMM § — Macca pacTBOPEHHOTO BEIIECTBA,
G — Macca pacTBOPHTEIIS.

1000g / M-G — 4ucno mMoJiei paCTBOPEHHOTO BelecTBa, coaepxarieecs B 1000 r
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pacTBOPUTEIIA.

M — 1000-E -g . M = 1000'51_9
G-ATg¢ G - AOéei
K u E — «kpuockommueckas ¥  30YJIHMOCKONWYECKass  MOCTOSTHHAS.

OKCIEpUMEHTAIIBHO JIETYE ONPEENSITh TEMIEPATYPy 3aMep3aHusi PACTBOPOB.

2.3. OcMoc ¥ 0OCMOTHYECKOE JaBJICHHE.

B cocyn, pa3nenéHHblii MOMYyNpPOHHUIIAEMOK Iieperopoakoi (MemoOpanoii) [3]
IOMEIEHbI pacTBOp [2], a ¢ Apyroit CTOPOHBI - YHUCTHIA pacTBopuTeNb [1].
MeMOpana MOXET MPOMyCKaTh MOJIEKYJbl PACTBOPUTENA U  3aJIePKUBATh
MOJIEKYJIbI pacTBOpeHHOro BemiectBa. (Bmepsoie B 1748 r. A. Homne naGmroman
3TO SIBJICHUE).

s -

yucmoitl pacmeopumens [1], pacmeop [2], membpana [3]
Konnentpanus pactBoputensi mo 06e cTropoHsl Oyaetr HeoauHakoBa. C, <Cj .

[TorTomMy pacTtBOpUTeNb W3 007acTU Oo0Jjiee BBICOKOW KOHIEHTpaluu OyaeT
CaMOIIPOU3BOJILHO TIEpEMENIAaThCsl B 00JacTh MEHBIIEH KOHIICHTpAIuu. ITO
MEPEMEILICHHE PACTBOPUTEIISI HA PUCYHKE TTOKA3aHO CTPEIIKAMH.

OcMoc — 3TO caMONpPOM3BOJIbHBIN TMpollecC Tepexoaa PacTBOPHUTEsI
yepe3 MNOJYNPOHULAEMYIO TepPeropoaxky (MeMOpaHy) M3 pacTBOpUTeNsl B
pacTBOp MJIM W3 MeHee KOHIECHTPUPOBAHHOIO pacTBopa B 0OoJee
KOHLIEHTPUPOBAHHBIM.

Pa3zHocTh MexIly YpOBHSIMU KUAKOCTEH | U 2, mpu KOTOPOMl mpekpamiaeTcs

Mepexo/1 paCTBOPUTEIS, ONPEACIISICT BETUYMHY OCMOTHYECKOTO 1aBJICHUS.
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@DakTOpOM MHTEHCUBHOCTH OCMOCA SBJISIETCSI TMPEBBIILICHUE XUMHUYECKOTO
NOTEHIIMAIa PaCTBOPHUTENS B oOyacTi [1] Haj ero XMMUYECKUM TOTEHIIHAJIOM B
pacTtBope B obactu [2].

OcMoTnueckoe aaBieHHe 0003Ha4yarloT m W BbipaxkarT: 7wV = N'R-T —

ypaBHenue Bant -['odda (Bnepsrie nuzmepmi T Hemenkuit puznosor [deddep).

Ecnu konnentpauus C = —, TO ypaBHEHUE IPUMET BUIL:

n
Y,
7 =NRT,

rac C —MOJIIpHAaA KOHOCHTpAaOUsa paCTBOPCHHOI'O BCIICCTBA B paCTBOPC.

BoiBoa: ypaBuenue Bant-T'odda mnokaspiBaer, 4TO OCMOC M BBI3BAHHOE UM

OCMOTHYCCKOC JAaBJICHHC 3aBUCAT TOJIBKO OT KoJjaudecmedad pacmeoOpPerHHO20

geujecmea, a He OT €r0 IPUPOJIBI.

OTO ypaBHEHHE TMO3BOJISIET PACCUNATATh OCMOTHYECKOE JaBiieHue. OHO
YUCJIEHHO PABHO M30BITOYHOMY BHEIIHEMY JaBJIEHUIO, KOTOpOE CIEAyeT
OPUJIOKUTh K PpacTBOpPY, UYTOOBI MPEAOTBPAaTUTbh OCMOC M BOCCTAHOBUTH
OJIMHAKOBBIN YPOBEHb )KUJAKOCTU PAaCTBOPA U PACTBOPUTENS, PA3ICIEHHBIX MEXKIY

co00# NMOJYNPOHUIIAEMOM IEPETOPOIKOM.

3. HeupeanbHble pacTBOPbl. AKTUBHOCTD.

BonbIIMHCTBO peaibHBIX KHUAKUX PACTBOPOB HE 001alal0T CBONCTBAMHU
UJCAIBHBIX. Y HEWJCAIbHBIX PACTBOPOB KOHIEHTpALUS IEPECTAET aAEKBATHO
OTpaXkaTb  COCTOSIHME cUCTeMBl. [loaTOMy  NpEemnoKeHO  KOHLEHTPALMIO
HEWJICATbHBIX PACTBOPOB 3aAMEHATH HA AKTUBHOCTb.

AKTHMBHOCTH (TIpaBUJIbHEE TEPMOJMHAMUYECKAS] aKTUBHOCTh) — 3TO YCJIOBHAs
b dexTUBHAS KOHIIEHTPALKs, KOTOpasi MO3BOJISIET YPaBHEHUS, XapaKTEPU3YIOIIHe
TEPMOJIMHAMUYECKUE CBOMCTBA HJICAJIBHBIX PAaCTBOPOB, HCIOJB30BaTh IS
peanbHBIX PAcTBOPOB. s pacTBOpPOB, HEIIEKTPOJIUTOB aKTUBHOCTH (POPMaIbHO
YUYUTBIBAET B3aUMOJCUCTBUE MEXKIY MOJIEKYJIAMU PACTBOPUTEINSI U PACTBOPEHHOTO

BEILIECTBA, a Takke JApyrue QakTopbl MO KOTOPbIM peajbHbIE PACTBOPHI
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OTJIMYAIOTCA OT MJEaJbHBIX (HAIpUMEp, COJIbBATALMIO, ACCOLMALMI0 MOJIEKYII).
Bce (hakTopbl yYuTHIBaIOTCSI B AKTUBHOCTH CYMMapHO.
AKTUBHOCTb pPacTBOpa OIpPEACIAECTCS NPUPOAOH KOMIIOHEHTOB M HX
KOHIIEHTpALMEeN 1 3aBUCHT OT T U p.
AKTHUBHOCTH CBSI3aHa C KOHIIEHTpaIen yepe3 Ko3(pPUIMEHT aKTUBHOCTH:
a=1yp,°C
o — akmusnocmbs, C- MOJNAPHAA KOHYeHmMpayus pacmeopd, 7y, — Kosghduyuenm

aAKmueHocmu.

W = mo + RT-InC;+ RT:In yp4 - XUMUYECKUM MOTEHIA PEaIbHOTO

pacTBopa.

KoaddummenT akTUBHOCTH  COOTBETCTBYET  JIONOJIHUTEIBLHON  paborte,
KOTOPYI0 HeoO0Xoaumo 3arpaTtuth npu p, T = const i mpeonoieHus
B3aMMOJICHCTBHUS MEXIy YaCTHUIIAMH pacTBOpa IpH mepeHoce 1 MoJisi KOMIIOHEHTa
HJIeaTbHOI0 PACTBOpA B peaibHBIN PACTBOP TOM K€ KOHIIEHTPAIIUH.

KoadduureHT akTUBHOCTH MOXKET OBbITh Kak OoJibllie, Tak W MeHbIIe 1, a,
CJEJIOBATEIbHO, AKTHBHOCTH MOXET OBITh KaK MeEHbIIEe, TaK W OOJIbIIC

KOHOCHTPAIWH.

4. Oco0eHHOCTH BOJHBIX PACTBOPOB JIEKTPOJIUTOB

DJIEKTPOJIUTHI — 3TO BEIIECTBA, KOTOPBIE B AKUJKOM PACTBOPE MOJBEPrarOTCs
Py B3aUMOJICUCTBUM C PACTBOPUTEIIEM 91eKMPOIUMUYECKOU OUCCOYUaAYUU —
pacmaqy Ha DJJEKTPUYECKH 3apshKEHHbIE YacTUIbl (MOHBI), CHOCOOHBIE K
CaMOCTOSITETIbHOMY CYIIIECTBOBAHMUIO.

Jucconmanus 31eKTPOIUTOB HAOIIOAAETCS B MOJSIPHBIX PACTBOPUTENSX U 3aBUCHUT

OT WX JHWAJIEKTpU4eckoil nponumaemoctd & . Uem Bemme £, TeM moiHEe

Jucconuanms. OcHOBHBIC TCOPCTUYCCKUC  IIOJTOKCHUA BHCKTpOHHTquCKOﬁ

JUCCOIMAINU pa3padoTaHbl APPEHUYCOM.
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IIpn pacTBOpeHHHM HE BCE MOJIEKYJBI DJEKTPOJIUTOB PACHaJarOTCsl HA HMOHBI.
Jonss  Monexkyn, pacnajaromuxcs Ha  WOHBI, OLIEHUBAETCS  CTEIEHbBIO

3J'ICKTp0J'IPITPI‘I€CKOﬁ Jucconuanmumy o

o = YHCJI0 MOJIEKYJI, PACTIABIIMXCSI HA NOHBI
o01ee YMCJI0 MOJIEKYJI PACTBOPEHHOT0 BellleCTBA

0L BEIPKAIOT B JOJIAX WK %. 3HAUCHHUE 0, 3aBUCUT OT IMPUPOJIBI PACTBOPUTEISA
U OJeKTposuTa. B OONBIIMHCTBE CIydaeB, Ye€M BBIIIE IUIJICKTPUYECKAs
MIPOHUIIAEMOCTh PACTBOPUTEJIS, TEM OOJIBIIIE CTEIICHD JTUCCOIHAIUH.

[To cTeneHn AMCCONMAIIMKA BCE DJICKTPOJIMTHI JACIIATCS Ha CHIBHBIC M CIIa0bIC.
[IpyHATO CYHWTATh CHIBHBIMH DJJICKTPOIHTAMH T€, y KOTOPBIX CTENEHb
nucconuanuu 6ompire 0,3 (o >0,3), a cimadbeimu, koraa o <0,03.

Ecmm 0,3< a <0,03 , To 3TO 37IE€KTPOUTHI CPETHEH CHJIBI.

B pesynbTaTre SaeKTPOIUTHYECKOW JUCCOIMAIMM YBEIMYHBACTCS YHCIIO
YJaCTHII, T.K. U3 OJHOM MOJIEKYJIbl 00pa3yroTcs aBa noHa. Eciou o =1, To B pacTBOpe
OyIyT HaXOIUTHCS OHU MOHEHI.

Uucno wyacTuil B PacTBOPE YYHMTBHIBAETCS TMPU IOMOIIMM H30TOHHYECKOTO

Ko3puIueHTa i, KOTOpPbIH paBeH OTHOLUEHUIO 4YHCla YacTUll XN (MOHOB U

: n
MOJIEKYJ) B pacTBOPE K YUCILY PACTBOPEHHBIX MOJEKYJI N, i==

nl)

i=1+a- (B-1)

rze f - 4McI0 NOHOB, HA KOTOPBIE TUCCOLMUPYET MIEKTPOJINT.

N3otonnuecknii koddduuuent Bcerma Oombime 1 (i >1). Tlpm monHO#M
JUccoLpauu OuHapHoro siaekrpoiaura (o = 1, B = 2), i = 2. OgHako 3TO
HaOJIF01aeTCs TOJILKO JUTSl UACATBHBIX PAcTBOPOB. JIJIsh BCEX pealibHbIX PaCTBOPOB

I < 2 . B pactBopax ciaObIX 3JCKTPOJIMTOB i HE3HAYUTEIHHO TMPEBBIMIACT 1,

Hanpumep, it CH3COOH i = 1,004, T.e. i onpeaenser 3¢pGEeKTUBHOE YHCIIO

YacCcTHUIl B paCTBOPC JJICKTPOJIUTA U XaPAKTCPU3YCT TAKHC KOJIJICKTHBHBIC CBOMCTBA
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pPacTBOPOB 3JIEKTPOJUTOB, Kak MOBbIIEHUE Ty, MOHMKEHUE T,, OCMOTHYECKOE
JIABJICHHE U IaBJICHUE Mapa PaCTBOPUTENS HAJ[ pACTBOPOM.

J11s1 pacTBOPOB BJIEKTPOJIMTOB:

ATc=1-E-Cp u T,=i-K-Cy,
rne Cp — MOJSUTBHOCTB pacTBOpa
0
a=i-c¢c-RT; b.-b, =i.N , - 3axoH Payns 1t pacTtBopoB
-DO B
A

QJICKTPOJIUTOB.

C pasbaBiieHHEM PACTBOPOB AJICKTPOIUTOB 0L U | MOTYT YBEJIIMYMBATHCS.
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JIEKLIUS Ne 6

QJIEKTPOIIPOBOJHOCTDb PACTBOPOB 2JIEKTPOJIMTOB

PaCTBOpLI QJICKTPOJIUTOB CITOCOOHBI IIPpOBOJAUTH 3JICKTpI/I"IeCKI/Iﬁ ToK. OHH

XAPAKTCPHU3YIOTCA OHpe,HCJ'IéHHBIM YACJIBbHBIM 3JICKTPUYCCKUM COIIPOTHUBJICHUEM L

. 2
(o -3TO0 cOnpOTHBIICHHE TPOBOAHMKA JTMHON 1 M C TIONIEPEUHBIM CeYCHHEM 1M°).

Beauuunna OﬁpaTHaﬂ YACJABbHOMY 3JIEKTPUYIECCKOMY COIIPOTUBJ/ICHUIO, €CTH

yaeJibHasi 3JIEKTPONPOBOHOCTH PACTBOPOB JJIEKTPOJIUTOB K (Kamma):

K= % WM G (MHOTAA TOBOPAT «9IEKMPUYECKAsL NPOBOOUMOCHIbY)

YaeabHasi 3JIeKTPONPOBOAHOCTh K XapaKTepu3yeT 3JIEKTPONPOBOIHOCTH
pacrBopa »3jeKkrpoJura odbemom 1 M°, 3aKII0YEeHHOro MEXIAY ABYMS
3JIEKTPOIaMH, KOTOPbIe PACIOJIOKEHbI HA PACCTOSIHUM 1M M UMEIOT IJIOIIAIb
1m°.

VYaenbHOE CONPOTUBIIEHHE JIIOOOrO MPOBOJHHMKA, B TOM YHCIE M pPacTBOpa

QJICKTPOJIUTA, OIIPCACIIACTCA:

_ RB
P—T -

R — o01ee conpoTuBiieHre MpoBoHKUKa, OM
B — monepeuHoe ceuenue, M’
| — muHa, M

[TosToMy enuHUICH W3MEpPEHUs YIENBHOTO conpoTuBieHus — [Om-M], a
YIeIBHOMN 2IEKTPOIPOBOgHOCTH — [OM ™" M.
Enunniy oopatnyro Omy, Ha3biBaroT cumenc [Cum].
Torna ynenbHas 31€KTPOIPOBOIHOCTE OyaeT uamepsaThes B [Cm/m].

B 1M’ pacTBOpa pasHBIX OSNEKTPOIMTOB MPH ONPEIETCHHH YIeIbHOI
AIIEKTPOINPOBOIHOCTH  COJACPKHUTCS  Pa3IUYHOE KOJIMYECTBO PACTBOPEHHOIO
BEIIECTBA, YTO HE  NO3BOJSET  CONOCTABIATH  3HAYEHUS  YACIBHOMU

AIIEKTPOIPOBOJIHOCTH PACTBOPOB Pa3HbIX ANEKTpoJauToB. [loaToMy BBeaeHO

TIOHSITHE MOJIBHOM 3JIEKTPOIPOBOXHOCTH A: 3TO SIEKTPONPOBOAHOCTH | MoIs
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pacTBOpa  JJIEKTPOJIMTA,  3aKJIOYEHHOIO  MEXAy  ABYMs  IUIACTUHAMM.
pPacnoJIOKEHHBIMA Ha PACCTOSTHUM 1M. 3HaY€HUsI MOJIBHOM 3JEKTPONPOBOAHOCTH
Pa3HBIX DJIEKTPOIUTOB YK€ MOKHO COIIOCTABIIATD.

Mexay MOJIBHOM U YAEIBbHOW 3JIEKTPOIPOBOTHOCTBIO CYIIECTBYET CBSA3b:

L= X
N

A — m3mepsiercs B [CMM?/MOIB].

DNEeKTPONPOBOAHOCTh 3aBUCUT OT TEMIIEpaTyphl M KOHIEHTpAIMU pacTBOpa
aekTpoauTa. [Ipy MOBBIICHHH TEMIIEPaTyPhl YBEIIMUNBACTCSI CKOPOCTh JBHMKCHUS
MOHOB M BO3PACTaET AJIEKTPOINPOBOJHOCTh. C MOBBIIICHUEM KOHIICHTPALUU JIJIS
CHJIBHBIX  JJICKTPOJIMTOB Y. JJCKTPOIPOBOMHOCTH TOBBIMIACTCSA, HO [0
omnpenenéHHoro mpenena (~5 MoJb/JI), a 3aTeéM HauMHAeT YMEHbIIaTbes. Jls
Ca0bIX DJIEKTPOJIMTOB PE3KOM 3aBUCUMOCTH YJ. AJIEKTPONPOBOAHOCTU OT
KOHIICHTpAIIMU He HAOJI01aeTCs, T.K. HOHOB B pacTBOPE MaJIo.

MosbHasi AJEKTPOINPOBOJHOCT, B  OTJIMYME OT VYACIBHOH C POCTOM
KOHIICHTPAIIUU CHJIBHBIX JJICKTPOJUTOB W3MEHSETCS HE3HAYHMTEIbHO, OJIHAKO B
pacTBOpax CIa0bIX AJICKTPOIUTOB ITH H3MEHEHHUS JOBOJIBHO CYIICCTBCHHBI.

MoubHast 37IeKTPOIPOBOTHOCTH MPU OECKOHEYHOM pa30aBlieHUH 0003HAYAETCS:
A 0. Benuuuny pa30aBieHUs] MOKHO MPECTaBUTh BEIMUMHOMN 1/c
A — Aoompu l/c—> ©

A

¢ 1- cnabble 371eKTPOIIUTHI;
2- CUIILHEIE QJICKTPOJIHUTEI
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e Ao - TpeAcibHAS ~— MHHHMaJbHas
AIIEKTPONPOBOTHOCTE. OHA XapaKTepHa IS MPEeNIbHO pa30aBICHHBIX PACTBOPOB

Ca0BIX U CHUJIBLHBIX QJICKTPOJIUTOB.

Aoo=Aoo + Ao - 3akon Kosbpaymia.
IToABHKHOCTH HOHOB M YHCJIA IIEpeHoca

MornbHast 3JIEKTPOIIPOBOIHOCTE ONPECISETCS] HOHAMU, KOTOpbIEe 00pa3yroTcs
B pPacTBOpE DIEKTPOJIUTOB, U CKJIAIBIBACTCS M3 MOJIBHBIX TIPOBOAMMOCTEH
KaTHOHOB A ¥ aHHOHOB A .

OTH BeJIMYMHBI HA3bIBAIOT TaKXKe MOJABM)KHOCTHIO HWOHOB WM HOHHOU
AIIEKTPOMPOBOIUMOCTBIO.

[ToBUKHOCTH MOHOB TPOMOPIUOHATBPHA a0COFOTHOW CKOPOCTH JIBUKCHUS
KATHOHOB V' M aHMOHOB _ »_ (UX eIlé Ha3bIBAIOT abCOJIOTHOH MOJBUKHOCTBIO
HOHOB).

A=a-F@ +v),
rIe A — MOJbHAs dJIEKTPONPOBOJHOCTH, O — CTENeHb Auccommanuu; F —
noctosinHast @apanes (F = 96485 Ki/mons).

AOGcCooTHAS TTOJIBUKHOCTh HOHOB XapaKTEPU3yeT CKOPOCTh JBHKEHHSI HOHOB
1OJ] JICHCTBHEM BHEIIHETO OJIIEKTPUYECKOTO TIOJS B pacyeTe Ha eIAUHUILY
HATPSHKEHHOCTH 9TOTO mous 1 m3mepsiercs [M> B ¢ ] wm [M7/B- c].

[Tpu 6eckoHeYHOM pa30aBIECHUH AIICKTPOJIUTA:

Lo=F®,+v,), Tk a=1

V', , U - AOCONMIOTHBIE TTOABHKHOCTH HOHOB MPH OECKOHEYHOM Pa30aBIeHNH.
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AM=Fv" ,N=Fv ,rmeA’ u)A HOHHBIE 3JIEKTPONPOBOIHOCTH.

CKopocTh IBUKEHUSI MOHOB 3aBHCUT OT pa3MepoOB HOHOB U OKPY:KaloLIe
HOHBI COJILBATHOM 00010ukn. C pocTOoM pa3MepoB HOHOB H IO Mepe
NOBBIIIEHUS] CTENEHHM MX COJbBATANMH IOABH/KHOCTH HOHOB CHHIKAETCH.
IMoaABM:KHOCTH MHOIOBAJIEHTHBIX HOHOB 3aBHCUT OT HX BAJIEHTHOCTH; €€
OTHOCST K eINHNIE BAJIEHTHOCTH.

Nonst H" (H;0") 1 OH™ - UMEIOT OTHOCHTENBHO BBICOKYIO TTOJJBUKHOCT.
A=a (A" +1)
B npenensHO paz0aBieHHBIX pacTBopax: o—> 1
Loo=2%roo +Aho — 3axkoH Koibpayla umm 3aKoH HE3aBHUCUMOCTH
JBUKEHUSI HOHOB IPU OECKOHEYHOM pa30aBIICHUU.
A0 MA® - MOABMKHOCTH KATHOHOB M AHHOHOB pu OECKOHEYHOM
pa30aBIICHUH.

B cBA3M ¢ pa3HOH CKOpPOCTBIO JIBM)KEHHMSI HOHOB JIOJS JJIEKTPUYECTBA,
nepeHocuMasi UMM, OyAeT pa3au4yHOW. DTy JOJI0 M HA3BIBAIOT YUCIOM NepeHocd
(t, t)

Yuciao mepeHoca — 3TO OTHOILIEHHWE aOCOJIOTHOW CKOPOCTH JIBHIKECHHS

KaTnoOHa MJIM aHHMOHA K CYMMapHOﬁ CKOPOCTH ABMKCHHA KaTHOHA 1 aHHOHA , T.C.:

+ _ V+ - - V_ + l“’ - — /1_
t - — u t = —— Wik t - — u t - —
vi+v vi+v A+ A A+ A
Wik t+: ﬁ’—wzé uts= L
loo—'_ﬂ/oo 2’00 ﬂ/oo

CymmapHasi A0Ji1 DJEKTPUYECTBa, MEPEHOCHMAsi JJIEKTPOJUTOM, OCTAeTCs
Heu3MeHHoM: t™ +t =1
CunbHbIe U cJ1a0ble 3JIEKTPOJINTHI

Jnisg  cnabbIX AJIEKTPOJUTOB CTENEHb JUCCOLMALKMK paBHA OTHOIICHUIO
MOJIBHOM  JJIEKTPOIIPOBOJHOCTU IIPM  JAaHHOM KOHLEHTpPAlMM K MOJIbHOU

AIIEKTPONIPOBOTHOCTH MPU OECKOHEYHOM pa30aBIICHUH:
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a =
Aoo
o c2c > ) yc
Cnaopiid anexTpoaut KA: KA. k++4
g EA
_ .2 | Kouc
Ecm a << 1,10 K 1)c =7°C 0= =5 -3aKoH pa3zbaBnenus OcBaiipaa

( ¢ yMEHBIIIEHUEM KOHIIEHTPAIIUU SJIEKTPOIUTA 0 YBETUUUBACTCS).

]_IJ'ISI ca0BIX QJICKTPOJIUTOB (O MOXHO BbIPAa3UTb 4YCPC3 MOJIBHYRO

A2

—. [To 3naveHuro
A0

AIEKTPONPOBOAUMOCTh.  Torma: Koe

3JIEKTPONPOBOJTHOCTA MOKHO OIPENETUTh KOHCTAHTY JUCCOLIMALMU CJIa0BIX
AIEKTPOJIUTOB.

IloBeneHue CHUIBHBIX JJIEKTPOJIMTOB B PACTBOpPE pPE3KO OTIAYAETCS OT
NOBEECHUSI CJIa0bIX AJEKTPOJIUTOB. B  pacTBOpax CHUIIBHBIX 3JIEKTPOIUTOB
oOpa3zyercss MHOro HOHOB. Il03TOMy BO3HHKAaeT B3aMMOJIEUCTBHE MEXIY
IIPOTUBOIIOJIOKHO 3aPsPKEHHBIMU MOHAMU 3a CUET DJIEKTPOCTATUYECKUX CHUIL.
Kaxnpli WOH B pacTBOpPE OKPYKEH HOHAMHM NPOTHUBOINOJIOKHOTO 3HAKA.
OAHOBPEMEHHO HMOHBI COJBBATUPYIOTCS (TUAPATHPYIOTCS B BOAHBIX PACTBOPAX)
MOJIEKYJIaMU pacTBOpuUTENl. B pacTBopax € BBICOKOW KOHLIEHTPALUEHM MOXKET
MIPOUCXOJNUTHh AaCCOLUMAMSA HOHOB. MOJbHAs BIEKTPONPOBOAHOCTh CHIIBHBIX
AIIEKTPOJIMTOB MEIJIEHHO U3MEHSETCA C U3MEHEHUEM KOHILEHTPALUU JIEKTPOJIATA,
T.K. 3TO BBI3BAHO TOPMOXCHUEM HOHOB BO BHEIIHEM DJIEKTPUYECKOM IIOJIE,
BCJIEJICTBUE JJIEKTPOCTATUYECKOTO B3aUMOJACHCTBHS HOHOB.

PacTBOpBI CUJIBHBIX 3JIEKTPOJIUTOB OOJIBIIE OTIUYAIOTCS OT MACATbHBIX
pPacTBOPOB, YEM PACTBOPHI HEIJEKTPOJIUTOB U PACTBOPHI CIAOBIX JIEKTPOIUTOB.

AKTUBHOCTb 3JIEKTPOIUTOB OIpPEENsIeTcs aKTHBHOCTBIO HOHOB @ U @

+ o+ - - -
a =y N 151 a =y N°,
rzae Q/: : 7/; - K03 (HULMEHTHI aKTUBHOCTH /151 KATHOHOB M aHUOHOB;

+ -
C,C - MOJIPHBIC KOHOCHTPAINHX KATHOHOB 1 aHNOHOB.
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+
AKTHBHOCTb PACTBOpA JNEKTPOIUTA: a+ =y - c.

[24

i s
Cpennnii KO3pPUUMEHT AKTUBHOCTH ¥ MOKHO ONpee/THTh 10 HOHHOH cHile
a

pactBopa |. Cpeannii ko3pPuuueHT aKTUBHOCTH 3JIEKTPOJIUTA B
pa30aBJIeHHBIX PACTBOPAX 3aBUCUT OT MOHHOM CHJIbI PACTBOPAa U He 3aBHCHT
OT NPUPO/bI HOHOB B pacTBoOpe.

Honnast cuna | cmecu QJICKTPOJIMTOB pPaBHA IIOJIYCYMMC IIPOU3BCIACHUA

KOHIIEHTpAI[MU Ha KBaJpaT 3apsiaa Z uoHoB: | = %Z Ci-Z?

+
DTa 3aBHCHUMOCTH MCIKIAY ?/ u | CO6JHOI[8,€TC5I AOBOJIBHO TOYHO IIpHU
a

KoHreHTparuu s1exrposmrta 0,01-0,02 mosb/i.
ITo Teopun JleOas-Xrokkens: |g 7/2 =-[ZZ1- AVI

A = 0,509 s pazbaBIeHHOT0 BOJHOTO pacTBopa mpu 25°C

Konaykromerpus

BemectBa, ciocoOHbIE MPOBOJIUTH AJIEKTPUUECKHUI TOK, MPUHATO JEIUTH HA
JIB€ TPYNIbI: MPOBOJHUKHU MEPBOro poaa (MeTaulbl U MX CIUIaBbI), B KOTOPBIX
HOCHUTEJISIMA  DJICKTPUUYECKUX 3apsSfoB CIyKaT OJJIEKTPOHbI, W MPOBOAHUKH
BTOPOro pojaa (pacTBOPHl M PACIUIABBI AJIEKTPOJUTOB), B KOTOPBIX MEPEHOC
AIEKTPUYECKUX 3aPSAI0B OCYIIECTBISIETCS HOHaMU. K MIPOBOIHMKAM BTOPOro pojia
OTHOCSATCS, B YaCTHOCTH, PA3JIMYHBIE BOJHBIC PACTBOPHI AIEKTPOIUTOB, UMEIOIINE
OMOJOTHYECKOE 3HAYCHUE.

Konaykromerpusi — 310 (PU3MKO-XUMHYECKUI METOA HCCJIeI0BAHMS
Pa3JIMYHBIX CHCTEM, OCHOBAHHBIH Ha HX 3JJIEKTPUYECKONl NPOBOAMMOCTH.
KonayktomMeTpusi HaXOJUT NMPUMEHEHHWE B OMOXUMHUUYECKUX, (PU3UOJIOTHYECKUX,
CAHUTAPHO-TUTUEHUYECKUX M KIMHUYECKHUX MCCIEAOBAHUAX. OITOT METO]
WCITIOJIB3YIOT IS OTIPEJICTICHHS OOIIEro COAEP>KaHUsI M COCTOSIHUS DJIEKTPOJIUTOB B
Pa3IMYHBIX OMOJIOTMYECKUX OOBEKTaX: IIa3Me M CHIBOPOTKE KPOBH, YKEIYJOUHOM
COKE, MOYe, TKAHEBOW >XUAKOCTH. KOHIYKTOMETPUYECKOE TUTPOBAHUE LIUPOKO

MNPUMCHAIOT OJIA KOJIMYCCTBCHHOI'O OIIPCACIICHHUA KHUCIIOT, OCHOBaHUM MU COJICH B
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Pa3MUYHBIX JKUJIKOCTSAX, B TOM 4YHCIE W OHOJOTUYECKOTO TPOUCXOXKICHUS.
KoHnykTomeTpusi sBIsSIETCA OJHMM W3 HaWOOJEe TOYHBIX METOJIOB H3MEPEHUS
KOHCTaHT JUCCOIIHAITU busnoIornyecKu BaYKHBIX AJIEKTPOJIUTOB,
M302JICKTPUIECKUX TOYCK aMUHOKHUCIIOT, TIETITHIOB U OCIIKOB.

CymHoCTh BCeX KOHAYKTOMETPHYECKMX METOJAOB CBOAMTCH K
N3MeEPEHHUI0 yIeJbHON JIEeKTPHYECKOH MPOBOAMMOCTH K (Kamia) pacTBOpPOB
3JIEKTPOJIMTOB ¢ MOMOIIbI0 MPUOOPA, HA3LIBAEMOT0 KOHAYKTOMETPOM.

DneKkTpuyecKkas MPOBOAUMOCTh pPAacTBOpa OJIHOTO M TOTO K€ BEIECTBa
3aBUCHUT OT €0 KOHIIEHTpamuu B pacTBope. [loaTomMy 115t cpaBHEHUS CITOCOOHOCTH
Pa3TUYHBIX JJICKTPOJIUTOB MPOBOJNUTH EKTPUICCKUN TOK UCIIOIB3YIOT MOJISIPHYIO
AIEKTPUUECKYIO MPOBOAUMOCTD A (J1IMOJ1a), KOTOpasi paBHa:

K

N —
1000-C

rae A — MOJISIpHAs 3JIEKTPUYECKas MPOBOJAUMOCTb, CM-M*/MOJIB;
K — yZIeJIbHAas 3JIEKTpUUecKasi MpoBOIUMOCTb, CM/M;
C — MossipHasi KOHLIEHTpAlKs BEIECTBA, MOJIb/JI.

C poctoM pa3z0aBieHUs BJEKTPOJUTA  MOJISIpHAS  BJIEKTpUYECcKas
IIPOBOJMMOCTh YBEJIMYMBAETCSI M CTPEMUTCA K MAKCUMaJbHOMY 3HA4YCHMIO,
Ha3bIBAEMOMY IPEJIEIBbHON JJIEKTPUUECKON MPOBOJUMOCTBIO Ay, , KOTOPYIO MOKHO
paccuuTats 1o 3aKkoHy Konppaymia:

Ao = ho + Ay,
rme A, ¥ A, — IpeleibHbIE MOISPHBIE MNOJBMKHOCTH KATHOHA M

COOTBCTCTBCHHO daHHMOHA, KOTOPLBIC IIPUBOAATCA B CIIPABOYHBIX Ta6n1/1uax.
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Jlekmusa Ne 7

DJIEKTPOAHBbIC MPOLECCHI U
3JIEKTPOABHKYIIAS CHJIA

[lpy KoHTakTe IBYX KOHJACHCUPOBAHHBIX TE€JI, B TOM YHCJIE PacTBOPOB
AJIEKTPOJIUTOB, C METAUIUYECKOW MOBEPXHOCTHIO BO3HHMKACT JJICKTPUUECKUN
NOTEHLMAN Ha TpaHule pas3ziena ¢a3. DTOT NOTEHLUAT XapaKTEPU3yeT BEIUYUHY
anektpoaskymed cuwibl (DJC). 3nas 3/C, MoxHO onpenenuTs padoTy

TaJIbBAHWUYCCKOT'O 3JICMCHTA 1 YMCHBIINTDH IIPUYHNHY KOPPO3HMOHHBIX ITPOLUCCCOB.

1. MexaHnu3M BO3HUKHOBEHHUS AIEKTPUIECCKOI0 MoTeHIuaJja.

[ToTeHumanbl AENST HA KOHTAKTHBIE, JIEKTPOIHbIE U TU(Py3HOHHBIE.

KonrtaktHbie moTeHuuansl (E;) BO3HUKAIOT Ha TpaHULEC

My M

+ | - COTNPUKOCHOBEHHMSI JIBYX T€Jl B pPE3yJbTaTe Iepexojia CBOOOTHBIX

=+ -

+ - AJIEKTPOHOB M3 OJHOrO Tena B Jpyroe. Hampumep, mpu KOHTaKTe

+ | -

T JIBYX MeTaiuioB Mj; u M, 3leKTpOHBI MeTajula ¢ MEHbIIEeH padoTon

+ | -

4+ Bbixofla E (KOJIMYECTBO »SHEpruu, HEOOXOIUMOE g BBIBOAA

. .
G AJIEKTPOHA M3 BEIIECTBA) OYIyT MEPEXOAUTh K META/LTy C OOJIbIIEH

Ey

= By paboroit Beixonaa. [Ipu s3ToM MeTas, U3 KOTOPOro BHIOBLT DJIEKTPOH,
3apsiKaeTcs MOJIOKUTEIBHO, a IPYToi — OTPHUIIATEIHHO.

Onextponnbie noteHnuanbl (E,) BO3HHMKAOT Ha TpaHWIE MeTauia ¢
PacTBOPOM DJICKTPOJIHUTA.

[Tpu morpyxeHnn MeTajuia B pacTBOP AJIEKTPOJIMTA, Yallle BCErO0 B PacTBOP
COJIM ATOr0 MeETajula, TMPOUCXOJUT TEPEeX0J HOHOB B PAcCTBOpP W HAOOOPOT.
Bo3HukaeT pa3HOCTh TOTEHIHMATIOB MEXKIY DOJEKTPOJOM H  PacTBOPOM

AIEKTPOIIUTA.
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MM pacteopa I pacTeOpa
SINEETROIHTA SNEKTROIHTA

1
++ ++ ++ ++
11 ++ ++ + 4+ +
1
1

|

— @

O6pazyerca nBoiiHOW »nektpuueckuid cimoit (JIDC), cocrosimuit u3 cios
MOHOB Ha IIOBEPXHOCTH METaUIa M CJIOS IMPOTUBOMOHOB, HAaXOMSIIErocs B
pacTBOpPE y NOBEPXHOCTH METAILIA.

Juddysuonnsiii norenuuan (E;) BO3HMKaeT Ha rpaHMIlE CONPUKOCHOBEHUS
pPa3HbBIX DJIEKTPOJUTOB WM JABYX pacTBOPOB, COJIEPXKAIIUX OJUH MU TOT K€
AIEKTPOJUT pa3HOU KOHIEHTpauuu. [loTeHman Bo3HUKaeT BeieacTeue audPy3nu
MOHOB M3 0oJiee KOHLIEHTPUPOBAHHOIO B MEHEE KOHILIEHTPUPOBAHHBIA pPacTBOP.
Huddy3Hble mOoTEeHIHAIBI OOBIYHO HEBEJIMKH (HE MPEBBIMIAIOT COTHIX JOJIEH

BOJIbTA).

2. YCTpPOHCTBO M padoTa rajibBaHMYECKOr0 3JIeMeHTA
I'anbBaHMYECKHIl 3JIEMEHT — 3TO YCTPOMCTBO, B KOTOPOM XHUMHUYECKAs SHEPIrusi
MpeBpalaercss B 3JeKTpuueckyro. OH  SBIAETCS HUCTOYHUKOM MOJIYYEHUS
AJIEKTPUUYECKOTr0 ToKa. PaboTa rajibBaHUYECKOTO JJIEMEHTa KOJUYECTBEHHO
onpeaensiercs eKTpoaBukymed cuiioii (3/1C) 1 3aBUCUT OT MOTECHIIMAJIOB Ha
rpa”ulie pasaena das.

["anpBaHMUYECKHI JIEMEHT COCTOUT U3 ABYX 3JIEKTPOJOB: aHOJa U Karojaa. Ero
YCTPOMCTBO W MPHUHIHUI PabOThl PACCMOTPUM Ha MpuUMepe 3ieMeHTa Skodu —

Jlauuas.
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B 3TOM 351eMEHTE MCHONB3YIOT MEIHBIM M IMHKOBBIN 3IEKTpOoAbl. Kakmbii
AJIEKTPO/]I MOMEIIEH B paCTBOP CBOECH coi. EMKOCTH pa3ienieHbl IeperopoaKo.

[Ipu 3aMbIKaHUU 1IENU TFAILBAHUYECKOIO JIEMEHTA MPOUCXOMST CIEAYIOIIUE
peaKIuu.

Ha nmuakoBOM 3J1€KTpO/IE: Zn’ - 28 — Zn*

Ha mexHoM s1exTpose: Cu®* + 28 — Cu'.

HMoHbl nMHKA W3 2JIEKTPOaa IMEpPeXoasT B PAcTBOP, Ha 3JIEKTPOJE H30BITOK
AJIEKTPOHOB, TMOATOMY IIMHKOBAasl IUJIACTUHKA 3apsiKaeTcs OTPUIATEIbHO U
aBysieTcs aHoAoM. MIOHBI MeIM M3 pacTBOpa OCaXAAIOTCS HA MEAHOM DJICKTPOJE,
KOTOPBIM MPUOOPETAST MOJOKUTEIBHBIN 3apsil U SIBJISCTCS KaTOAOM.

OKHUCIUTEIBLHO — BOCCTAHOBUTEIIbHAS peaKIus, MPOTEKAIoIas B AJIEMEHTE
SAxobu — Jlanuas:

Zn" +Cu* — zZn** +Cu’.

Mexy AByMs pacTBOpaMH — CyJibpaTa MEIH U CyJib(aTa IMHKA — HAXOAUTCS
COJICBOM MOCTHK.

XapakTepHoil 0COOCHHOCTBIO JIIOOOTO TaTbBAHUYECKOTO IJIEMEHTA SIBISIETCS
oOpa3oBaHUE IEKTPOXUMHUUECKON IETH — TOCIE0BATEIIbHON COBOKYITHOCTH BCEX
CKAYKOB TIIOTCHIIMAJIOB Ha Pa3WYHBIX IOBEPXHOCTSAX pasleiia, OTBEYAOIIUX

JaHHOMY raJiIbBAHUYCCKOMY OJICMCHTY.

Zn** cu®*

-Zn | (ZnSO,4) H,0 || (CuSO,) H,O [ Cu () |1 Zn
E, E, E”, E,
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E, uE", — BJICKTPOJIHBIE TTOTCHUIUAIIBI;

E, — nuddy3nonnslii noreHuua;

E, — KOHTaKTHBIN NOTEHIIHAI.

ConeBoit MOCTHK MO3BOJISIET YCTPAHUTh AU(PPY3HOHHBIN MOTEHIIHAI.

Baxnenmen XapakTEepUCTUKOM TaJbBAHUYECKOIO DJIEMEHTA  SBIIETCS
anexkTpoasxkymas cuna (3C). 9J1C — ato npenenbHas pa3HOCTh MOTEHIIMAJIOB,
BO3HMKAOIAsl HAa TPAaHUILIE pa3ziena (a3 B pa3OMKHYTON LEMU JIEMEHTA.

OC pa3oMKHYTOr0 TalbBAHMYECKOTO 3JIEMEHTA paBHA alredpanyecKkon
CyMMe CKayKOB TIOTEHIIMAJIOB Ha TpaHUIle pa3aena das:

E=|E, +E,+E",+E_]|

JHudpdy3nOHHBIM TOTEHUIMAIOM MpPU HAJUYUU COJIEBOIO MOCTHKA MOKHO

npeHeOpeyb. KoHTakTHBIN NOoTeHIHa He3HauuTeseH. [loatomy:

E=|E, +E*,|wmm E=|E",-E,

O/IC sBngeTcss KOTUYECTBEHHON XapaKTEPUCTUKON pabOThl raiIbBAHUYECKOTO
AJIIEMEHTAa, OHA MTOKA3bIBAET, HACKOJBKO MOJIHO OCYHIECTBIISIETCS MPOLIECC Mepexoa
XUMUYECKOW PHEpPTHHM B 3IeKTpuuecKkyro. lIpunaro cuurats, yto I3/C Bcerma
MOJIOKUTEIIbHA.

[Tpu paboTe rabBaHUUECKOTO JIEMEHTA Ha KaXKI0OM DJIEKTPOJI€ PaCTBOPSICTCS
WA BBLACISAECTCA N MOJIEM BEWIECTBA, a MO 3akoHy Dapajiess BO BHEIIHEW LENH
npoTekaet NF KyJlIoHOB AiekTpuuecTBa, rae F = 96500 K/ Mosb.

JIiss  paBHOBECHOTO  OOpaTMMOTO W CaMONPOM3BOJILHOTO  Ipoliecca,
MPOTEKAIONIEr0 B TajJbBaHUYECKOM DJJIEMEHTE TIPU TMOCTOSIHHBIX T u P,
yMeHblIeHue 3Hepruu ['nbdca paBHO MakCUMallbHO MOJIE3HOM paboTe. JTa padbora
HKBUBAJICHTHA AJIEKTPUYECKON »HEpruu, paBHou N-F-E, momyuaemoil mpu padote
rajJjbBaHUYECKOro 3jemMeHTa. [loatomy:

-AG =W, =n-FE

Fo. AG
nF
-AG = RT-InKp
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K, - KoHCTaHTa paBHOBECHS XHUMHUYECKOM peakUud IpU IEPEXone

XUMHYECKOMN OHCPI'UU B JICKTPUICCKYIO.

JInst  OKUCIUTENBHO-BOCCTAHOBHUTEIBHOW  PEAKIUU, MPOTEKAoEed B
rajJlbBaHUYECKOM 3JIEMEHTE B OOLIEM BHUJIE:
aA+bB <= cC+dD
3aBucumMocTth DJIC ragpBaHMYECKOrO 3JEMEHTA OT KOHIEHTPALMH BELIECTB,

YYacCTBYIOIIMX B pEakinu, onpeiensieTcss ypaBHeHrueM HepHera:

RT n (aA)a ' (aB)b
nF @)° - (ap)’

rje:

aa,ap , ac, ap — AKTUBHOCTH BelecTB A, B, C, D;

E° - cranmaptHas 3/1C raqbBaHMYECKOTO JIEMEHTA MPU aa-ag = ac= ap = 1
MOJIB/JI;

R — yauBepcanbHas ra3oBas MOCTOSIHHAS;

T — remnepartypa, K;

N — YKCJIO AIEKTPOHOB, YUACTBYIOUIUX B MPOIIECCE;

F — moctosiaaas dapanes.

Jnst 298 K MOKHO 3anmucaTh 3TO BBIPAKEHUE:

a,)? - (ay)°
o, 0:059 9 (@ - (ap)

nF @) - (a)’

OJIC raapbBaHMYECKOTO DJJIEMEHTAa H3MEHSETCS B  3aBUCHUMOCTH  OT
TeMIepaTypbl. DTO U3MEHECHHE XapaKTePHU3yIOT TEMIIEPATYPHBIM KO3 PHUITMeHTOM

OJC: dE/ dT mu AE/ AT.

dE
AH=AG+TAS= -IIFE+1]FT—~EIT
dE
AS=nF.——
drT
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dE )

AH=0F (T E)
dr
dE . .
Eciu T =, TO AH =0 , raibBaHHYECKHI 3JIEMEHT pabOTaeT C
C
MOTJIONIEHUEM TETIIOTHI, a MPOIECC OYAET SHIOTEPMHUUCCKUM.
dE .
Eciu T <0 ,170 AH < 0 , ragpBaHMYECKHI 3JIEMEHT pabOTaeT C
C

BBIACJICHUCM TCILIOTHI, U ITPOLCCC 6YILGT OK30TCPMHUUYCCKHUM.

3. CtaHaapTHbIE 3JIEKTPOAHbIE MOTEHIHAJIbI

OnexktpoaHbli noteHuuMan E, omnpenensercss pa3sHOCTBIO 3JIEKTPUUYECKOTO
MOTEHIMANIa MEXKAY AJIEKTPOJOM M HAXOIAIIMMCS C HUM B KOHTaKT€ PacTBOPOM
AJIEKTPOJIUTA.

AOCONIIOTHBIE ~ 3HAYEHUA  JJEKTPOJHOTO  TOTEHLMANA  ONPEHEIIHTh
HEeBO3MOXKHO. HeoOxomumo BbIOpaTh TOYKY OTCYETa, T.€. BBIOpAaTh TaKoOU
AJIEKTPOI, KOTOPBIM Oy/IeT CYUTATHCS CTAHAAPTHBIM HIIH 3JEKTPOJIOM CPaBHEHUSI.

Takum o00pa3om, UIsi U3MEpPEHHUs BJIEKTPOJHOIO MOTEHIMana Jiro0oro
AJIEKTPOJA €ro COCOUHSIOT C JAPYTMM CTaHAAPTHBIM JJIEKTPOAOM, MOTEHLIHAI
KOTOpPOT'O MPUHAT 32 HYJIb.

B kadecTtBe Takoro 3JeKTpoja CpaBHEHUS
IPUHAT BOJOPOJHBINA 37eKTpoa. OH COCTOUT U3
IJATUHOBOM IUIACTUHKHU, TOKPBITOM CJIOEM
BBICOKOJIUCTIEPCHON  TUIATUHBI  («IJIATUHOBOM
YEPHBIO»), MOTPYKEHHOW B pPACTBOP CEPHOMU

KUCIIOTBI ¢ ayg = 1 wmomb/in. K T1umacTuHke

oJaeTCsl Ta3000pa3HbIA OCYIICHHBIM BOJIOPO/T

npu gasnernn 1 atv =1, 013 - 10° ITa.

pacteop H, 50,

CxemMaTU4HO BOJOPOIHBIN SJIEKTPO/I;
Pt,H, | H"
Ha moBepxHocTu pazzaena (a3 mpoTekaer ciaeayrommas peakius:
H"+&— % H,

DJIeKTPOJIHBIN MTOTEHIIUAT BOJOPOIHOTO AJIEKTPOIa PaBEH:
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aH"
1/2

PH2

Ey=E} + 0.0591g

rae Ecl} - CTAHJIAPTHBIN NOTEHLHAT BOAOPOIHOTO AJIEKTPOIA.

Ef_r =0 npu akTuBHOCTU HoHOB H | paBHoif 1, u Py, = 1 arm. ipu T = 298 °K
(25°C).

JUi ycioBui, OTIIMYHBIX OT CTaHIAPTHBIX

anq*
1/2
H2

E = 0.059 Ig

CranpapTHble TNOTEHIMANbl BCEX JJIeKTpoaoB E° paccmarpuBarorcs 1o
OTHOILICHHIO K CTAaHAAPTHOMY MOTEHIIMAITY BOJOPOIHOIO JIEKTPOA, T.€. BEIUUMHA E(|)_|+
JJIeKTpPoAHbIe NMOTEeHIHAJBLI onpeneasaor nmo JI/AC rajibBaHH4YeCKOro
3JIEMEHTA, COCTABJIEHHOI0 U3 JIAHHOT0 3JIEKTPOAA U BOJAOPOIHOI0 JIEKTPO/A.
CraHmapTHBIA BIEKTPOAHBIA NOTEHIMAA JAaHHOTO DJJEKTPOJa pPaBEH €ro
MOTEHIUAy TI0 OTHOIICHUI0O K TMOTEHIHATy CTaHAapPTHOTO BOJOPOIHOTO
anektpoAaa. IIpu 3ToM 351eKTpOAHOMY MOTEHIMATY PUITUCHIBAETCS 3HAK 3apsi/ia Mo

OTHOILICHHIO K MOTEHIIMATY BOJIOPOIHOTO 3JIEKTPO/IA.
3HauyeHUsT CTAHJAPTHBIX SJEKTPOJHBIX IMOTECHIMAJIOB IO OTHOIICHUIO K
CTAaHJAPTHOMY TMOTEHUHUAy BOJOPOJHOrO 3JEKTPOAA, PACIOJIOKEHHbIE B

OIPEEICHHON MOCIEI0BATEILHOCTH, 00Pa3yIOT sl HAPSHKEHUM .

@parmeHr psaaa:
T + 2
Li Na Mg * AIEJ’ 702t Fet g C.‘112+A_f__{+ An =
- "2 -1 0 +1 +2 +3 E°B.

Smextpor: Lit/Li - APFY/Al  Zn*/zn H'/H, Cu®*’/Cu FIF,
E, B -3.04 -166 -0.763 0 +0.337  +2.87
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CrangaptHas DJIC rampBanmdeckoro snemeHTa fxobu — Janusns Oynet
paBHa:
E =E cvicu - E 20120 = 0,337 — (- 0,763) = 1,100 B
JUi 3IEKTPO/I0B, PACHOJIOKEHHBIX JIEBEE BOAOPOJHOTO B PsAY HaNpsKEHU,
XapaKTepHA peaKius OKUCIEHUs. ECiii 31eKTpol pacIuiokKEH IPaBee BOAOPOIHOTO

QJICKTpOda B psAay H&Hpﬂ)KGHHﬁ, HNACT pCaKIuA BOCCTAHOBJIICHHA.

4. IeKTPOAbI, JIEKTPOXUMHYECKHUE IeNU U XUMUYeCKHe HCTOYHUKH TOKA

DNEKTPOBI, U3 KOTOPBIX (DOPMUPYIOT TaJbBAaHUYECKHE DJIEMEHTHI, YCIOBHO
KJIaCCU(DHUIUPYIOT HA DIIEKTPOIBI I, I, Il poma. Takxke emnie paznnyaroT
OKHUCJTUTEIIBHO — BOCCTAHOBHUTEILHBIE WA PEAOKC — JICKTPO/IBI.

K »snektpomam mepBoro pojia OTHOCSATCS METallbl W HEMETaJlIbI,
MIOTPY’KCHHBIE B PACTBOP, KOTOPBIN COJICPKUT UX UOHBI:

M?*/M — MeTa, mOrpy>KeHHBIH B pacTBOp cBoeit comu Cu**/Cu

A”|A — Hemeraint, Harpumep, Se”/Se.

Peakuust Ha TpaHuIle pasiena MeTai-pacTBoOp:

M*+78 ==M

0.059

_ O
Evem = Evemt =5 19a e

DNEKTPOAbl IEPBOTO POa MOTYT ObITH OOPATUMBIMH OTHOCHUTEIILHO KATHOHOB
Y aHUOHOB.

DNeKTpoAbl BTOPOTO pofa — 3TO CUCTEMBI, B KOTOPBIX METAJI 3JEKTPOJa
MOKPBIT CIOEM €ro MaJIOpaCTBOPUMOIO COEAWHEHUS M TMOTPYXKEH B PacTBOp
XOpPOLIO PACTBOPUMOM COJIM, COAEPKAINN TOT K€ aHUOH.

Hampumep: kanoMenbHbIN U XJIOPCEPEOPSHBIN JIEKTPOIbI. XIT0pcepeOpsTHbIN
3JIEKTPOJl COCTOMT W3 cepedpa, MOKPHITOro manopactBopumoit cosbio AgCl, B
cpene pacteopa KCI.

Cxewma anexktposa: CI'/AgCI, Ag

Peakmus: AgCl+& == Ag+CI
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Ecnn wmcnone3yercst HaAChILIEHHBIM pPAcTBOP XJjopuaa Kamusa, To E 3Toro
sanextponaa paseH 0,22 B npu 25°C.

K snexTpomam TpeThero poja OTHOCSTCS CHCTEMBI M3 MeETallia, KOTOPBIM
KOHTAKTUPYET C JBYMSI MAJOPACTBOPHUMBIMHU COJSIMH. B pe3ynbraTe XUMHUECKOM
peakiuy MeHee pacTBOpUMasi COJIb TIpeBpalaeTcs B 6ojee pacCTBOPUMYIO.

Hanpumep, CBUHIIOBBIA D3JEKTPOJ,, HAXOMSIIMHCA B KOHTAKTE C JIByMS
MaJIOPACTBOPHUMBIMH COJISIMU:

PbCl, u AgCI.

Cxema sextpoma: Ph?*/ PbCl,, AgCl.

Peaxuust: 2 AgCl + 28 + Pb** == 2Ag + PbCl,.

Xnopun cepebpa B XOA€ XUMHUYECKOW peakIMM IpeBpamaercs B 0Oojee
pactBopuMyto coiib POCl,.

B 0co0yI0 rpyImiy BBIJICIISIFOT AIIEKTPO/IHI, y KOTOPBIX
NOTEHINATI000pa3yIoNe PEeakuu MPOXOoAAT 0e3 ydacTHsl Marepuana camoro
DIIEKTPOAA, TO €CTh OKHCIUTEIIBHO — BOCCTAHOBHUTEIbHAS pEaKIus WACT B
pacTBope AIEKTpoIHTa 0e3 yJyacTHsi MeTayia. DJIEeKTPOIbI TOJIBKO OCYIIECTBIISIOT
nepefady dJIEKTPOHOB. Takue 9IeKTpOAbl  HAa3bIBAIOT  OKHCIUTEIBHO —
BOCCTAHOBHUTEJIBHBIMA WJIM PEAOKC — OJJIEKTpoJaMH. B KadecTBe dIIeKTpoja
UCTIOJNIB3YIOT MHEPTHBIA MaTepHall, HaIpuMep TUIATHHY.

Cxema anextpoaa: Oy, O,/ Pt.

Peakims: O,+z8 == O,

Hanpumep: Fe**, Fe*/ Pt.

aFe3*

Fe+& == Fe”. E= EX .+0.059lg

aFe2+

OnemeHT SkoOu — J[aHWdMsA, pacCMOTPEHHBIM paHee, SIBISETCS TPUMEPOM
AIEKTPOXUMHUYECKHUX LIECTEH.

Paznuuaror nBa BUaa Hene: XMMUYEeCKUE U KOHIIEHTPALIMOHHBIE.

XUMHYECKHE TIEMU COCTOST W3 DJEKTPOJIOB, MOTCHIIMAIOOpA3YIOIIHE

XUMHUYECKHE PEaKUU KOTOPbIX pa3yinyHbl, a ux JJ1C onpenensiercs paBeHCTBOM:
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XUMUYECKUE 1€MW PEaTu3yloTCsli B Pa3IMYHBIX MCTOYHUKAX TOKa (
raJIbBAaHUYECKUE AJIEMEHTBI U aKKyMYJISITOPHI ).

KoHIIeHTpalmoOHHbIE 3JIEKTPOXUMHUYECKHUE ILIEMU COCTOSIT U3 3JIEKTPOJIOB C
OJIMHAKOBBIMU TOTEHIIMAIO0PA3YIOIMMU PEAKIUSIMHU, KOTOPBIE OTIMYAOTCS APYT
OT Jpyra AakTUBHOCTSMH pacTBOpoB. KOHUEHTpAaMOHHBIE LENH MOTYT
o0pa3oBaThcsl TMPU KOHTAKTE JIBYX pAcCTBOPOB OJIIEKTPOJIUTOB C Pa3IMYHOM
aKTUBHOCTBIO HOHOB, YTO OOYCJIOBJIEHO BO3HHUKHOBEHUEM JU(PHY3NOHHOTO
MOTEHIIMAJIa Ha TPAHUIIE JABYX AJIEKTPOIUTOB. Kpome TOro, B KOHIEHTPAILIMOHHBIX
AIEKTPOXUMHUYECKUX IIEMAX HCIOJB3YIOT OJIMH DJIEKTPOJUT, HO pa3IUYHbIC
AIEKTPOBI.

lManpBaHMUYECKHE PJIEMEHTBI U AKKYMYJATOPHI — 3TO XUMHUYECKUE UCTOUHUKHU
Toka ( XUT ). OcoOOeHHOCThIO TalbBAHUUECKOTO AJIEMEHTA SIBJISIETCS OJHOKPATHOE
WCIIOJb30BAaHUE  BEIIECTB,  YYaCTBYIOIIMX B  XUMUYECKOM  pEaKIuu.
PaboToCrioCOOHOCTh aKKyMYJIITOPOB MOKET OBITh BOCCTAaHOBJIEHA MyTEM HUX
3apSIIKU.

OddextuBHOoCcTh paboThl XWT 3aBUCUT OT 3HAYEHHUS DJIEKTPOJHBIX
MOTEHIMAIOB Taphl. [IpenenbHas pa3HOCTh MOTEHIMATIOB ( MPUOIU3UTENHHO SB )
umeer napa Li — F. B Beimyckaembix mpombinuieHHOCThI0 XUT okuciaurensmMu

ciryxar vame PbO,, MnO,, a Boccranosutensmu — Zn, Pb, Cd, Li, Fe.

5. HanmpagJ/ieHHe OKUCIUTEIbHO-BOCCTAHOBUTEIBHOI0 MPOLECCa
B03MO0XHOCTh CaMOMPOU3BOJILHOTO MPOTEKAHUS JIFOOOTO Mpollecca MOXKHO
npeacKazaTh, pacCUMTaB 3HAYeHUE M3MeHeHus sHeprun ['udbca. B cnyuae OBP
3HaueHue AE u AG cBs3anbl HopMyIioii:
AG=-z-F-AE
DJIC mo60ro ralbBaHHYSCKOTO 3JIEMEHTA IOJIOKHTEIbHA, TaK KaKk B HEM
UJET CaMOIIPOM3BOJIBHBIM TMpolecc, a, cieAoBaTeabHO, »SHeprus ['nbOca

OTpHULATCIIbHA.
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B caygae ecniu DJIC > 0, sueprus ['mb60ca mpuHHMAaeT OTpULIATEIbHOE
3HAYEHWE, M BO3MOXXHO CaMONPOMU3BOJBHOE MPOTEKAHHE OKUCIUTEIBHO-
BoccTaHoBUTEeNbHOM peakuuu. Ecnmu 3C < 0, npomecc HEBO3MOXEH, U
CaMOTIPOU3BOJILHO OyneT uaTu obOpartHas peakmus, DJIC koTopoil OymeT UMeETh

PaBHOC 110 BEJIMYHNHC U 06paTHOC I10 3HAKY 3HAYCHUC.

6. [loTreHUOMeTpUS

N3mepenne DJIC raibBaHMUECKOTO 3JIEMEHTa MOXHO HCIOIb30BaTh s
OTpeJIeIeHUs] aKTUBHOCTU (KOHIIGHTpAllMM) HMOHOB B pacTBope. Ha mpaxTtuke
HIMPOKO IPUMEHSAETCS METOJ aHAIN3a, OCHOBaHHbBIN Ha n3Mepennu DJC, KOTophbIii
HAa3bIBACTCSA MOTEHLUMOMETPHEH.

IMoreHuuoMeTpus — 3T0 (PUMKO-XUMHUYECKUN METOX AaHaAJIu3a,
OCHOBaHHbIM Ha u3MepeHuu J/IC rajJbBaAaHHYECKOr0 3JIEMEHTA, COCTOSIIICTO
U3 JJIEKTPOJAa CPABHEHHS] M HHAMKATOPHOIO JJIEKTPOAa, NMOTPY:KEHHbLIX B
HCCJIelyeMblil pacTBOp.

JJIEKTPOAOM CPaBHEHHMSI HA3bIBACTCH JJIEKTPOA, MOTEHIHAT KOTOPOIo
NPAKTHYECKH MOCTOAHEH, JIErKO BOCIPOU3BOAMM W He 3aBHCUT OT
NPOTeKaHUs NMOOOYHBIX peakuuil. B kauecTBe 3JIEKTpoAa CpPaBHEHHUS MOKHO
MCIOJIb30BaTh CTAHJAPTHBIA BOJOPOIHBINA JIEKTPOI, MOTECHIUAT KOTOPOTO MPUHST
3a HOJb Mpu J000# Temneparype. OMHAKO ATOT AJEKTPO] HEyao0eH B pabore,
MOATOMY Yallle UCTIOIB3YIOT XJIOPCEPEOPSIHBIN U KaJIOMETbHBIN AJEKTPOIbI.

XJopcepeOpsHBIA JICKTPOJT IPEACTABISECT COO0H cepeOpsiHyI0 MPOBOJIOKY,
HOKPBITYIO CJIOEM MayiopacTBopumoro xjopuna cepedopa AgCl u omymeHnnyro B
HachIeHHBIH pacTBop XxJjopuaa kanuss KCIl. KoHTakt BHyTpeHHEro pactBopa ¢
UCCIIeNyeMbIM O00eCreynBaeTCss COJIeBBIM MOCTHKOM. Ha mexdaznoit rpanuie
YCTaHaBJIMBAETCS] PABHOBECHUE:

AgCl + ¢ 2 Ag + CI.

[Ipy mOCTOSIHOM  KOHIEHTpAllUM XJIOPUI-aHUOHOB (HAmpumep, Ipu

UCTOIb30BaHUU  HackimeHHoro pactBopa KCIl) paBHOBeCHBIH —MOTEHIIHA

XJIOPCEPEOPSHOTO DJICKTPOJIa UMEET MOCTOSHHOE 3HAYCHHE W TPU TEMIIepaType
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25°C cocrasnser +0,197 B.

NuankaTopHbIMmu IJIEKTPOIAMH, Kak paBuJIo, CIy’Kat
HOHOCEJIEKTHBHbIE  JJIEKTPOAbI, /JAeHCTBHE KOTOPbIX OCHOBAHO Ha
BO3HMKHOBEHHM MEMOPAHHOI0 MOTEHIMAJA Ha MeMmOpaHe, o0JgagaroIe
U30MPaATEJIbHOM CEeJIEKTHBHOCTBHIO K ONpeAeseMoMy MOHY. Takue 3leKTpoibl
COZIep’KaT pPacTBOP C TMOCTOSSHHOW AaKTUBHOCTBIO ONPEACNIIEMOr0 HMOHA U
BHYTPEHHUI AJIEKTPO]] CpaBHEHUS (0OBIUHO XJIOpcepeOpsiHbIit AnekTpo). KoHTakT
TOrO  PacTBOpa C  HCCIEAYEMBbIM  pPACTBOPOM  OCYIIECTBIISIETCS  4Ye€pe3
MOHOCENIEKTUBHYI0 MeMOpaHy. BosHukaronme Ha 00eHWx CTOpOHAX MeMOpaHbI
MOTEHUHAJNIBI, COTJIACHO YypaBHEHUIO HepHcra, mnOpsMo NPONOPLHUOHAIBHBI
JorapumMy aKTUBHOCTH aHAJIM3UPYEMOI'O0 MOHA BO BHYTPEHHEM U HCCIIEAYEMOM
pacTBopax.

NHaMKaTOPHBIM  3JIEKTPOJAOM  HA3bIBAETCHA JJIEKTPOJ, MOTEHUHAJ
KOTOPOr0 3aBHCUT TOJbKO 0T AKTUBHOCTH (KOHIEHTPAIMU) AHAJIU3UPYEMBIX
noHoB. Hampumep, BOJOPOIHBIN 3JIEKTPO MOKHO UCIIOIb30BATH JJIs1 H3MEPEHHUS
pH. Haubonee 4acto UCHOIB3YyEeMbIM HOHOCEIEKTUBHBIM 3JICKTPOJOM SIBISETCA
CTeKJSIHHBIH 3JiekTpoa. OH mpencraBisier cobod TpyOKy, 3aKaHUMBAIOIIYIOCS
TOHKOCTEHHOM  CTEKJIIHHOW MeMmMOpaHoW B Bujue Iiapuka. MemOpana
YyBCTBUTEJIbHA K OINpEICICHHOMY BUJY HOHOB. BHyTpu TpyOKHM HaxomguTcCs
pacTBOp, COAEPXkALUIMKM JAHHBIM BHJ HMOHOB, B KOTOPBIM MHOTPYKEH BHYTPEHHUU
AIIEKTPOJ CPABHEHUSI.

Yame Bcero HCHOIb3YETCs CTEKISHHBIA DJIJIEKTPOX, CEJIEKTHBHBIN IO
oTHomeHHIO kK noHaM H'; ¢ ero momomisto onpenensior pH pactBopa. Ha kaxmoit
IpaHULIEe pa3zielia «CTEKIIO — PACTBOP» MPOUCXOAUT OOMEH KaTHOHAMU ILIETIOYHOTO
MeTaJljla ¥ BOJOPO/Ia:

Me"(crexno) + H' (pactBop) @ H'(ctekno) + Me'(pactBop)

Pa3zHocTh MOTEHIIMAJIOB HA TOBEPXHOCTSAX MEMOpaHbl 3aBUCHUT OT

akTUBHOCTH MoHOB H' B HcceyeMoM pacTBope, T.K. BHYTPEHHUH PacTBOP MMEET

MOCTOSAHHYIO aKTUBHOCTD O9THUX MOHOB.
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[TpuOops! 1s n3mepenust BenuurHbl pH Ha3bIBaroTCs HOHOMepaMu 1 pH-
METpamMH, KOTOpblE C BBICOKOM TOYHOCTBIO u3MepsitoTr JJ[C  mosrydeHHOU
rajJbBaHUYECKOM LIeNU U npeoOpa3yroT ee 3HaueHue B mkairy pH.

B Hacrosimee Bpemsi pa3paOOTaHbI 3JIEKTPO/IbI, CEJICKTUBHBIE K Pa3InIHBIM
KaTMoHaM ¥ aHuoHaM. C KX TIOMOILIBIO ONPEIEICHUE KOHICHTPalUU

COOTBCTCTBYIOIINX MOHOB B PACTBOPC IIPOU3BOAUTCA 6I>ICTpO N TOYHO.
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Jlekus Ne 8

OCHOBBI XUMUWYECKOW KMHETUKHU

XUMHYECKas KHHETHKA HN3y4aCT CKOPOCTb W MCXAHHU3M XHMHUUYCCKUX U

OMOXMMHYECKUX npoueCCoOB M HUX 3aBUCHMOCTb OT Pa3JIMYHBIX (I)aKTOpOB,

IMMO3BOJIAIOIMINX YCKOPHUTD HIIK 3aMCIJINTD XO/0 peaKHHﬁ.

1. OcHoBHBIE npeacraBjJacHUsA XMMHYECKOH KHHETUKH

B xome XuMHUYECKOW peaklMy HCXOJHBIE BEIIECTBA MNPEBPAIIAIOTCS B
MPOJIYKTHl peakiuu. XUMHYECKHE PEAKIMU YacTO OBIBAIOT CIIOXHBIMU U
COCTOST M3 HECKOJIbKUX CTAaaUM.

2NO + O, — 2NO; — crmokHas peakItusi.

PeaKI_[I/IH IMPOTCKACT B ABC CTaAUHU:

NO + NO » N2O,
<« PO CThIE HITH
N2O, + O, — 2NO, STeMeHTAPHBIE P eaAKLIHH.

N,O, — mpomMexyTO4HOE BEIECTBO.

Jrobast xumudeckas peakius OyAeT MNpoTeKaTh MpPH YCIOBUM, 4YTO
B3aUMOJICHCTBYIOIIIUE MOJICKYJIBI PEAKIIMOHHOCTIOCOOHBI,  T.e. 0O0JagarT
OTIPE/ICJICHHBIM 3aI1aCOM YHEPTHUHU.

B 3aBucumocty 0T (OpMBI SHEpPruu, HEOOXOAUMOW sl aKTHUBALUU
MOJICKYJ, pPa3IdyalT TepMHUUYECKHEe, (POTOXHUMHYECKUE W PaJUAMOHHO —
XUMUYECKUE Peakinu (UCIOJIB3YIOT JIJIsi aKTUBAIIMK MOJIEKYJ TEIUIO, CBETOBOE
U3JIyYCHUE WK 00JIydeHHE PaJuOaKTUBHBIMU YaCTHIIAMH ).

Kpome TOro, pasnnuaroT TOMOT€HHBIE M TE€TEPOTreHHBbIE XHWMHUYECKHE
peakiuu. ['oMoreHHble peakiuu — MPOTEKAOT B OJAHOM ¢ase; reTeporeHHbIe —
Harpanuie T — I, T — K, T — T, )K — I, )K — XK. CkopocTh U MeXaHU3M

FETEPOrE€HHBIX  PEAKLIMN  ONPENENSIIOTCS  HE  TOJBKO  PEaKIHMOHHOU
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CIIOCOOHOCTBIO BCUICCTB, HO U MPOLHCCCAMH, KOTOPBIC IIPOTCKAOT HA I'PAHUIIC

pasnena ¢as.

2. CkopocTh XMMHUYECKHUX PeaKknui.

CkopocTh XMMHYECKHX peakuuil (V) — 3TO KOJIMYECTBO BEILIECTBA,
IIPOPEArupoBaBIIETO 33 €AUHUILY BPEMEHH B €IUHUIIE 00BEMA.
1 dn

"'_"r:— "

A d1

rac dn — u3MeHeHne KOINYECTBA BCIICCTBA,
dt — u3Mmenenue BPCMCHH,

V — 00bEM CHCTEMBI.
dc

TK. N/V=C,T0 wv=
dt

CKOpOCTB TOMOT'€HHOM pCaKnuu, Hnymeﬁ IIpHU IIOCTOAHHOM O6’beMe, CCTh

HN3MCHCHHC KOHIOCHTPAIWN KOMIIOHCHTA B CAMHHUIY BPCMCHU. dc

Enunnna u3mepenus: v [Monb/a-cl. dt
Ecnu KOHIIEHTpanys co BpEMEHEM YMEHBIIAETCS, TO IPOU3BOIHAS
Oeperca CO 3HAKOM MHHYC (-) U HA00OpOT, TaK KaK CKOPOCTb NPUHATO BCEra
CUNTaTh MOJIOKUTEIbHOW BeTUUUHOU. [1loaTOMYy:

_|_dc

v=—
dt

3. MoJieKkyJsIpHOCTh U KHHETHYECKHE YPABHEHUSI XUMHYECKUX PeaKIuii.
Mopsnok peakuuu
XYUMHUUYECKHUE PEAKITUU KIACCUDUIMPYIOT MO MOJICKYJISIPHOCTH U TOPSIKY
pEeaKIMH.
MOoeKkyasIpHOCTh XUMHYECKONW PEAKIMU OMPENEIIeTCS YUCIOM YaCTHUIl
(MoJieKys, aTOMOB, pPaJAMKaJIOB, WOHOB), OJHOBPEMEHHO YYacCTBYIOIIHUX B
AJIEeMEHTapHOM  XHMHMYECKOM  akTe.  MOJIeKYyIsIpHOCTh  ONpeaensieT

OIHOBPCMCHHOC YYaCTHC YaCTHI] B XUMHUUYECKOMN PCaKIu. Ee wHenp3s
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OTOXACCTBISITh CO  CTEXHOMETPUYECKUMH  KO3(DPUIMEHTAaMU  CIOKHOU
XUMUYECKOH peakiuu. PaznmuyaroT MOHO-, OH-, U TPUMOJIEKYIISIPHBIC PEAKIIUU.
TpuMonekyssipHbIE  peakIMu  BCTPEUAIOTCS KpaiHEe peaKo, T.K.
BEPOSITHOCTh OJHOBPEMEHHOTO CTOJKHOBEHHS M B3aWMOJCHCTBHS TpEX
Mosiekyn cimmkoM Maja. [Tpumep: 2NO + H, = N,O + H,0
B MOHOMOJNEKYISPHBIX pEeaKIUIX y4aCTBYET OJHA YaCTHIIA — OTO PEaKIuu

M30MEpHU3aliK U pasnoxenus. Hanpumep:

H H H Cl
;C.‘ = C.‘i — ;(:_‘ = Ci
Cl Cl Cl H
LIHC- TpaHc-
JICITOPSTeH JICIIOPSTeH

B OuMonexyIsipHON peakuuy y4acTBYIOT JBE YaCTHIII.

Jns. mpOCTBIX TOMOTE€HHBIX PEAKUU 3aBUCUMOCTh MEXAY CKOPOCTBIO
XMMHUYECKOW PEaKUMU U KOHLUEHTPAUMEW PEarupyrolnX BELIECTB BbIPAXKACTCs
Opyd TIOMOIIM 3aKOHA JIEWCTBYIOIIUX Macc (YCTAHOBJEH HOPBEKCKUMU
yueHbiMu ['ynmpa0eprom u Bare (1864-1867):

IPU MOCTOSHHON TeMIIepaType CKOPOCTb IPOCTHIX TI'OMOICHHBIX
peaxkuui NPSIMO  MPONOPUMOHAIBLHA KOHUEHTPAIMU Pearupyrouux
BELIECTB B CTENEHH, PABHOM CTEXHOMETPUYECKOMY KOIQPHULUEHTY.

B o0miem Buae 111 XUMHYECKON PEaKIINM:

aA + bB + dD — npoaykThl peakuun

v=kects P, o8
Ca* Cg* Cp

r7e K — KOHCTaHTa CKOPOCTH pEaKIny.

DTO ypaBHEHUE NMPUMEHUMO JJIs UJCaTbHBIX U pa30aBICHHBIX PACTBOPOB.
JIns peanbHBIX PacTBOPOB BMECTO KOHUEHTPAUWU HCIIOIB3YIOT AKTUBHOCTD.
Torna,

v=Lk. a;- al

(Boﬂg
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YpaBHEHUSI 3aBUCHUMOCTH © OT ¢ U 0¥ OT @ Ha3bIBAalOT KMHETHYECKHMHU
ypaBHeHUsIMH. BenuunHa K sIBIsieTCs MOCTOSIHHOW IMPH JaHHOW TeMIlepaTtype.
Ecnu KoOHIICHTpalmy pearupyronmx BemecTB paBHbl 1, To v = K. KoHcTanTa
CKOPOCTH XHMUYECKOM peaKIMU MOKa3bIBAET OO OT OOIIETO YKciia MOJIEKY,
BCTYIIUBIINX B PEAKIIUIO 32 OMPEAECICHHOE BpEMS IPHU JAHHOM TEMIIEpaType, U
YUCJIEHHO PaBHA CKOPOCTHU PEAKIMHU, KOT/1a KOHLIEHTPALIMU BCEX PEarupyromnx
BEILIECTB PaBHHI 1.

PaznuyaroT yacTHBIN U OOIIMI TOPSJIKH.

YacTHBIN NOPANOK pEeaKIUU Ny — MOKA3aTENb CTENIEHU NPU KOHLIEHTPALIUT
B KHHETHUYECKOM YPAaBHEHUH OJHOTO M3 MCXOIHBIX BEIIECTB, YUYACTBYIOIIUX B
peakuuu. it TOMOT€HHOM IIPOCTOM PEaKIUKU MOPSIOK [0 JaHHOMY BEILLECTBY
€CTh CTEXMOMETPHYECKHI KO3(PPUUMEHT 3TOro BEIIECTBA B YpPaBHEHHUH
peaKkuuu.

OO1uit TOpAAOK peaklMi — CyMMa MOKa3aTesiell CTENEeHN BCEX UCXOAHbIX

BEILIECTB B KHHETUYECKOM YPAaBHEHUMU.
Jliig peakuuy, 3aMCaHHON B 00IIEM BUJIE, OH PaBEH:
n=a+b+d.

Paznuyaror peakuuu epBoro, BTOpOro U TPEThEro MOpsAKa.

1. Peakmuu nepBoro nopsiaka N = 1:
A — TPOAYKTHI V=K Ca.

2. Peakmuu BTOpOTroO nopsiaka N = 2:

A +B — npoaykTtbl V=K Cy - Cg.

WIIH 2A — TPOIYKTHI v=Kk ci

3. Peakuuu tperbero nopsiaka N = 3:

d

A +B+ D — npoaykrtsl l‘zli-ui-cgth

nwmn 2A +B — nponyktel v =k . -::i €y

i 3A — NPOIYKTHI V=, el
SRR
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KOHCTaHTBI CKOPOCTH XUMHYECKUX PEAKUUN PA3TUYHOTO MOPSAIKA UMEIOT
pasHyio pasmepHocTh: N = 1, o [¢']; n = 2, To [w/momsc]; n = 3, To
[7%/momB?-c].

JI1s1 CIOKHBIX peakiuii (MHOTOCTaJAMIHBIX) OOLIMKA TOPSIOK PEAKIINU HE
OTIPE/ICTISAETCS CYMMOM CTEXHOMETPHUUECKUX KO PHUIIEHTOB.

MonekyasspHOCTh ¥ THOPSAOK PEAKIWH MOTYT COBHaAaTh, HO MOTYT H
paznuyathes. OHU HE COBIAAAIOT B CIEAYIOIIUX CIy4asiX:

1. Jns CIOKHBIX PeaKIIHil.
2. Jlns reTeporeHHBIX peaKIivil.
3. ns peakiuii ¢ M30BITKOM OJTHOTO W3 PEaruPYOIINX BEIIECTB.

CylecTBYIOT peaklUd HYJIEBOTO MOPSAKA, JJISI KOTOPBIX CKOPOCTh HE
3aBUCUT OT KOHIIEHTPAIMM PEarupyromux BEHIECTB, KOTOpas COXPaHSIETCS
IOCTOSIHHOIT B TeUeHHe Beeil peakuuu. Kunernaeckoe ypasHenue: v = K - ¢

wm v = K.

4. Knunernyeckue YPAaBHCHUA peaKum‘i PA3JINIHOIO MOpPAIKaA

Kunernueckoe ypaBHEHUE PeaKIIMU NIEPBOTO MOPSAIKA:

_ o de
U= Tdr TR
o

TJI€ Cop — HaYaJbHasl KOHIICHTPAIHSI;
C — TeKyIIasi KOHIIEHTPAIIH.
Bpewms, B TeueHrne KOTOpOro nepBOHAYAIbHASA KOHUECHTPAIUA UCXOIHOTO
BCILIECTBA CHIKACTCS HAIOJIOBUHY — C = Co/2, Ha3bIBAlOT BPEMEHEM WM

NEPUOO0M MOJYNPEBpPALIEHUS U 0003HAYAIOT Ty -

JIns peakuuu nepBoro nopsiaka = 2 _ 0.693
T U
0,693

T -
152
I
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JUig peakuuu NEepBOTrO MOpsAKa BpPEMs MOIYNPEBPALLEHUS HE 3aBUCUT OT
HAYaJbHOW KOHIIEHTPAIMM KCXOJHOTO BEHIECTBA U OOPATHO MPOMOPIHOHAIBHO
KOHCTaHTE CKOPOCTHU PEAKIINU.

Ecnu HeoOxoaumo onpenenuTts yOblTb KOHIICHTPAIIUH X 33 BpeMsI T, TO

c=c,-xuk:

k= 1 In i

T Co- X

JIma  mpocTol peakuuM BTOPOTO IMOpsiAKAa B CIIydae, KOIJa PEarupyror
OJNMHAKOBBIC MOJ'ICKyJ'IBI, KHUHCTHYCCKOC ypaBHeHI/Ie BBITJIAONUT:

-de/dt=k - ¢

(co-C)/co-c=k-71

T1yp=1 /k- Co

k=1/k-t 1/2

I[JI?I PCAaKOIHUHU BTOPOro IIOpAAKA BpPCM:A IIOJIYIIPCBPAIOCHHA W KOHCTAHTA
CKOPOCTH pEakiMu OOpaTHO MPOMOPIUOHANIBHE HAYaJIbHOW KOHIICHTPALIMU

HCXOAHOI'O BCIICCTBA Cop.

Ecnu pearupyrot 1Ba pa3auyHbIX BELIECTBA, TO

k = g 02 T

U (egy ¥ egy)

X — yObUIb KOHIICHTPAIIMH.
5. MexaHM3M XMMHU4YECKHX peaKluii. JHePprus aKTHBAUMHU

MexaHu3M peaknu — 3TO COBOKYIMHOCTb 3JIEMEHTAPHBIX CTAUN, U3 KOTOPBIX
CKJIQIBIBAETCS MTPOLECC MPEBPAILICHUS UCXOIHBIX BEIIECTB B MIPOAYKTHI PEAKIIUH.

DJIEMEHTapHON CTaauell Ha3bIBAIOT IMPEBPALICHUE OJIHOW WJIM HECKOJbKHX
HaXOJAIINXCS B KOHTAKTE YaCTUL[ B IPYTUE YACTHIIBI.

Pearupyrompe dacTuibl B MPOIECCE PEAKIMU HCHOJB3YIOT TOJBKO TY
SHEPIrUI0, KOTOPOM OHU PACMOJIATAOT.
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YacTuupl, KOTOpbIE CHOCOOHBI yYacTBOBATh B JJIEMEHTAPHOM  aKTe
XUMUYECKOTO B3aWMOJICHCTBHSI, JOJKHBI 00JaaTh HEKOTOPOW JSHEPTUCH,
HMEHYEMOM IHeprueii akTHBaIMU U 0003HaYaeMOn E".

JHeprusi AaKTHBAIUM — HTO U30BITOYHOE KOJUYECTBO HSHEPTrUU IO
CPaBHCHHMIO C HEKOTOPOW CpEIHEW BEIWYMHON, KOTOPBIM JOJDKHA 001a1aTh
pearupyrolias 4acTuila, 4To0bl OCYIIECTBUTh XUMHUYECKYIO PEAKIIHIO.

DHeprus akKTUBAIIMU HE SIBISIETCS KaKON-TN00 0c000i hopMoit sHepTUr. ITO

M30bITOK BHYTPEHHEH SHEPIMM CUCTEMBI 3a CUET MOBBIIICHHOWM KHUHETHUYECKOU
DHEPIrUM TMOCTYNATENbHOTO  JBMKEHUS  MOJIEKYJ, IOBBIIIEHHOW 3HEPruu
BpallaTeIbHOTO M KOJe0ATEeNbHOTO JBHKEHHUS aTOMOB B MOJIEKYJIE, a TaKXKe
DHEPIUU JIEKTPOHOB B aTOME, HOHE, PaJUKAaJIE.

Mexly KOHCTaHTOM CKOPOCTH PEAKLWH U DHEPrUEH aKTUBALMU CYLIECTBYET
onpenesieHHass cBsi3b. Eme B 1889 romy AppeHuyc ycTaHOBUII 3aBUCHMOCTh

CKOPOCTH U KOHCTAHTBI CKOPOCTH PCaKIIMK OT TCMIICPATYPHI:

Ink=%+B WA k=B -e""

rae A, B — koadpunrieHTs!I.

Koadduruent A cBsizan ¢ sHeprueit akTuBalluy U paBeH:
A =-E* /R, rae R — yHuBepcabHas Ta30Basi IOCTOSTHHASL.
Ink=(-E*/RT)+InB wm k=B

rne B=InB

['padprueckn MOKHO MPEICTABUTH 3TU 3aBUCUMOCTH:

C pocTom TeMIEPaTypbl

v YBCINMYHNBAOTCA CKOPOCTH H KOHCTAHTa

CKOPOCTH XUMHUYECKON PEAKIIHHU.
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PocT Temneparypsl criocoOCTBYET YCKOPEHUIO XUMHUUECKOU PEAKIIUH.
CymiecTByeT npuOIN3UTEILHOE SMITMPUIECKOE TTPaBmIIo (mpaBujio Baur-
T'ogda): npu noBeiieHN Temnepatypsl Ha Kaxasie 10°C ckopocTh peakuuu

YABAUBACTCA:

) 2
1T+1|:I 'I_"IIE - ...

1L T v,

VYBennueHne CKOPOCTH XUMHUUYECKON peakiuu OOYCIOBIEHO POCTOM JOJIU
AKTUBHBIX YACTHI] U YHCJIA CTOJKHOBEHUN MEXK1Yy HUMH.

DHeprusi akTUBALUUA DJIEMEHTAPHBIX XUMHUYECKHX pEaKIui KoJjieOneTcs B
npeaenax 80 — 240 xJx/Momb, a peakiuii ¢ y4acTUeM aTOMOB M PaJUKaioB — OT
HeCKOJbKUX eauHull 10 60 kJ[>/momnb. Kak npaBuio, peakiuu ¢ E*< 20 x/[x/mMoinb
MIPOTEKAIOT OUYEHb OBICTPO.

Ecnu sueprus yactun E Gonbine unu paBHa 3Heprun aktuanuu (E > E*), To
xummudeckas peakuus npousongaer. Ecim E < E* | To xuMuueckast peakiusi He
MIOW/JIET.

He Bce yacTuiipl, HaxoagIIMecs B peaKMOHHON cpejie, 001alatoT 3HEPrUeil,
paBHOM wiKM OOJBIIEH HSHEPrUM AaKTUBAMK. Te€ 4YacTUIbI, IHEPTUs KOTOPHIX
0O0JIbIIIEC UK PaBHA SHEPTUU aKTUBAIIMH, HA3bIBAIOT AKTUBHBIMH.

C mNOBBIIEHUEM TEMIEPATYpPbl PacTeT AO0JisI AaKTUBHBIX YacTHll. Yucio
akTUBHBIX yactull N* onpenensiercs pacnpenenenueM bosbiMana:

E*
. _EY
N* _ o RT
|
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910 YPaBHCHHUC IMOKA3bIBACT PACIIPCACICHHUC YaCTHUIl I10 SHCPIruiM, KOTOPOC

Jam-

MO3BOJIIET  ONPENEIUTh JOJIO AKTUBHBIX YacTHUIl,- HAa PHUCYHKE 3TO
3allITPUXOBAHHAS 00J1aCTh.

IIpu Ttemnepatrype T; 1071 aKTUBHBIX YacTHUIl, CTOJKHOBEHUE MEXIY
KOTOPBIMH BEJIET K peaIn3alluy JJIEMEHTAPHOTO aKTa XMMUYECKOTO MIpeBpaleHuUsl,
He3HauuTenbHa. C pocToM Temmnepatypsl 10 T, yBeTUUMBACTCS YHEPTUS YACTHI] U
pacTeT OIS aKTHBHBIX YaCTHII. YBEITMYCHHE JOJM aKTUBHBIX YACTHUI] TIPUBOJIUT K
pOCTY 4YHCIa AKTHUBHBIX CTOJKHOBEHHUW M COOTBETCTBEHHO K YBEIWYECHUIO
KOHCTAHTBI CKOPOCTHU U CKOPOCTU XUMHUYECKON PEaKiIvu.

JloJi1 akTUBHBIX MOJIEKYJl HE3HAYUTEIbHA U OOBIYHO KOJIEOTETCsS B Mpeaenax
or 10™ mo 10 . Korma moms akTuBHBIX Monekyn Menbmre 1072°, ckopocts
peakiuu OueHb Maja, M peakius npaktuuecku He maeT. Ecomu N*/N mpeBbimaer
10", To peakiys AT MTHOBEHHO, HO HE BCETIA.

BbIBOZ: TOJNBKO T€ YACTHI[BI MOTYT yYacTBOBaTh B AJIEMEHTApPHOM aKTe
XUMHUUYECKON peakiuu, KOTOphie 00JIafaloT JAOCTAaTOUYHBIM 3alacoM JHEPTUH,
COOTBETCTBYIOIIUM SHEPTUH AKTUBAIIUH.

Jns ompenesieHUs PHEPTUM AKTUBAIMM HEOOXOJMMO 3HATh KOHCTAHTY
ckopoctr K;  mpu Temneparype T; u, coorBerctBenHo, K, — T,. Torma, mo

YpaBHEHUIO AppeHuyca:

*
E* 1.8 Ink, = - EX 1.g
R T]_ R T2

Ink, = -

BbluuTas nepBoe ypaBHEHUE U3 BTOPOTO, MOTYUUM:
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k E*
In——= L1
K, R T, T,
2N205 —4 N02 + 02

E* =103.3 klIxx/mons. Tlpu T =298 °K (25 °C)

N*/N = exp [103300/(8.314 - 298)] = exp [-41.67] =8 - 10" mpu T = 398 °K
(125 °C).

N*/N = exp [103300/(8.314 - 398)] = exp [-31.2] = 2.8 - 107

E* -tak MoxHO paccuutaTh K03 dunmeHT B.
RT

B=Ink+

DHEpruro akTUBAI[MU MOKHO CBSA3aTh C TEIUIOBBIM 3 ekToM peakunu AH.
Ha pucyHnke noka3aHo U3MEHEHHUE MOTEHIMAIBHON YHEPTUU CUCTEMBI B XOJI€

9JICMCHTAPHOI'0 aKTa XUMHUYECKOM peaKuum.

SK30TepMITIecKasd SHIO0TepMITIecKas
pearinia P eaKiAa
[To ocm abcmumcc OTIOKEHA KOOpJAWHATA, XapPaKTEPU3YIOIIas COCTOSHUE
CHUCTEMBI, HAIIPUMEP, XUMUUYECKAsI IEPEMEHHASL.
DOHeprusi peaklUMOHHOW CHUCTEMbl JIOJDKHA MPOUTH 4Yepe3 MaKCUMyM —
MOTEHIIMANBHBIA  (9HEepreTuueckuii) Oapbep. B  xome »sneMeHTapHOTO aKTa
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XUMUYECKON peakimu CUCTEMa MPEeoa0JIeBaeT 3TOT Oaphep. Benmmumna Gapbepa
COOTBETCTBYeT JHepruu axktuBammu. Ecmm dyepes E*; m E*, o00o3naunth
COOTBETCTBEHHO YHEPTUU aKTHUBAIIUU MPSMON U 0OpaTHOM peakIiuid, TO TEIJIOBOM
3¢ (dEeKT peakiuu paBeH:
AH =E* 1" E*g

Jlns ax3otepmuueckoit peakuun E*; < E*, u AH < 0, s sHpotrepmudeckon
peaxkuuu E*; > E*, w AH > 0.

Ha ocHoBanumM mipeACTaBIeHUM O TIOTEHIHAIBHOM Oapbepe YTOUYHUM
OMpeIeJICHUE PHEPTUU AKTUBAIUU:

DHeprusi aKTUBAIMU — 3TO M30BITOYHOE KOJUYECTBO HHEPTHH, KOTOPHIM
JOJDKHA 00a7aTh pearupyromas 4YacTuiia JUIS MPEOJ0JICHHS MOTCHIIMAIbHOIO

Oapbepa, pa3AemsIoNIero UCXOIHOE U KOHEYHOE COCTOSTHUE CUCTEMEI.

6. AKTHBHPOBAHHBII KOMILICKC U cTepruuecknid GpakTop

Hanmvuue axkTUBHBIX MOJEKYJ, OOJIaaloNuX »HHEPrUeil, paBHOU WU
MPEBBIMIAIONICH OSHEPIHI0 AKTUBAIIMHU, SBJISETCS HEOOXOJAMMBIM, HO HE
JIOCTATOYHBIM YCJIOBHEM IIPOBEJCHUS XUMHUUYECKON peaknuu. TpeOyercs eiie
COyIapeHUEe AaKTHBHBIX MOJIEKYJ M HX OIPEICICHHOE PAaCIOJIOKEHUE JPYT
OTHOCHUTEIIBHO JIPYyTa.

Ot ¢akTopbl OyaeM paccMaTpuBaThb B paMKax TeopuH aOCOMIOTHBIX
CKOPOCTEN XMMHUUYECKUX PEAKLINMI, B OCHOBE KOTOPOU JICKUT IPEACTABIECHUE O TOM,
YTO peakius HAET uepe3 o0pa3oBaHUE AaKTUBUPOBAHHOTO KOMILIEKca (WM
MEPEXOTHOTO COCTOSIHUSA).

Ha pucynke Obul moOKa3zaH TMyTh pEakMH B BHJIEC KPHUBOW JIMHUH,
XapaKTEePU3YIOLIECH MOTCHIMAIIBHYIO SHEPTUIO CUCTEMBI B TCUCHHUE AJIEMEHTAPHOTO
aKkTa TMepexoJa OT HCXOJHBIX BEIIECTB K MNPOAYKTaM peakuuu. Beicora
MOTEHIIMAIBHOTO  Oaphepa ompenensiercss Toukod K, cooTBercTBytromien
HPHEPreTUYECKOMY YpPOBHIO Ha MyTH peakuuu, korga E = E*. Huxke stolt Touku
DHEPTUs YacTHUI] MeHbIe sHeprun aktuBanuu E < E*) u peakius HeBO3MOXKHA.

Peaxuus npousoiiaer, ecnu E wactui > E*.
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CocTosiHME CHCTEMBI, COOTBETCTBYIOIIEe TOouke K, Ha3bIBaIOT MEpEeXOHBIM
COCTOSIHUEM WUJIM aKTUBUPOBAHHBIM KOMITJIEKCOM.

PaccmoTpum B3aumopaeiicTBre 1ByXaToMHOM MoJieKyisl AB ¢ atromom D:

AB+ D— A+BD

JIns  OCyIEeCTBIEHUST OSTOM pPEaKIUU CUCTEMA JOJDKHA IIPOUTH 4epe3
NEePEXOAHOE COCTOSTHUE, KOT/Ia pacCTOSIHUSA MEeXly aTomaMu A u B OynyT Toro xe
nopsiaka, uto u mexay aromamu B u D. Ha commkenue atoma D ¢ monekynoit AB
JOJDKHA OBITH 3aTpadyeHa JHEprus, HeoOXoaumas Jisi OcialJieHus, a 3aTeM u
paspeiBa cBsizu AB. B mponecce peakuuu cBa3b AB ocnaGepaet, a cBsizp BD
ycunuBaetcs. B pesynbrare atom A ynansieTcsi OT BHOBb 00pa30BaHHON MOJIEKYJIbI
BD, u ucxoaHble BellecTBa MPEBPANIAIOTCA B MPOAYKTHI PEAKIIMHU. DTOT MPOIIECC
MOKHO MPEICTABUTH CICIYIOMIEH CXEMOM:

AB+D =— [ABD]* - A +BD,

rae [ABD]* - nepexonHoe cOCTOSIHUE WIIM AKTHBHPOBAHHBIN KOMILJIEKC.

AKTHUBHPOBAHHBII KOMIUIEKC HE SBJISIETCS pPEaJbHBIM MPOMEKYTOYHBIM
coenuHenueM. OH mpeJcTaBisgeT co00M MOJIEKYITy B IIPOLIecCe pa3pbiBa CTAPBIX U
0o0pa30BaHUsI HOBBIX CBSI3EH.

Bpemsi Ku3HM aKTUBHPOBAHHOTO KOMILJIEKCA OMNPENENIeTCs 3HAYCHUEM
(kT/h)*, rae k- mocrostamas bossimana

h — mocrosiaaas [Tnanka u cocrasmser ~ 10 ¢, T.e. COU3MEPUMO CO

BPEMEHEM  JJIEMEHTAPHOTO  aKTa XUMHUYECKOW  peakiuu. BO3MOXHOCTH
oOpa30BaHUs aKTUBHPOBAHHOTO KOMIUIEKCA OMPEEISAETCS YHUCIOM COYIapeHHM
(CTOJIKHOBEHUI) MEXTY YaCTUIIAMHU.

Cranus peakiuu 00pa3oBaHusl aKTHBUPOBAHHOTO KOMILIEKCa o0OpaThUMa, a ero
paspyliieHust — HeoopaTuma.

He Bcsikoe CTOJIKHOBEHHE MPUBOAMUT K AJIEMEHTAPHOMY aKTy XHMHYECKOIO
npeBpamieHus. TolbKo A(PGEeKTUBHBIC CTOJKHOBEHHSI CIIOCOOHBI  BBI3BATh

XUMHUYCCKYIO PCAKIHIO.
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D¢} dexTuBHBIMA HA3BIBAIOT TAKUE CTOJIKHOBEHMSI, IPH KOTOPHIX HOpMaJbHAS
COCTaBIISAIONIAs KMHETUYECKOW SHEPrUU KOHTAKTUPYIONIUMX YaCTHI[ JIOCTAaTOYHA
JUTSl IPEOAO0JIEHUS TOTEHIIUAIBHOTO Oaphepa.

Kpome nocraTouHoil 1 MpeofosieHUs TOTEHIMAIBHOIO Oapbepa 3HEpIruu,
YacTUIbl JOJDKHBI OBITh OPUEHTUPOBAHBI  OINPEJCICHHBIM 00pa3oM Jpyr
OTHOCUTEIBHO  Jpyra. BeposSTHOCTb MOAOOHON  OpUEHTAIMU  OTPaAXKaeT
crepuueckuii paktop. Kpome Toro, crepudeckuii (pakTop onpenensieTcs BpeMeHEM
CONIMKEHUsT MOJIEKYJ, MOJSPHOCTBHIO CBSI3€ BHYTPU MOJIEKYJI M HaJU4YHEM
HECKOMITIEHCUPOBAHHBIX JJIEKTPHUYECKHUX 3apsJI0B.

VYcranoBieHo, uto 3HaueHue koddduimenta B' B ypaBHeHUM AppeHuyca
MOYHO TPEJICTaBUTD:

'=P-Z,

rne P — crepuueckuit daxtop; Z — uuciao 3¢pEHEKTUBHBIX CTOJKHOBEHHI
MEXIy YacTHUI[aMHU.

Torna ypaBHeHue AppeHuyca OyjeT:

K=p-z-g®"

Crepuueckuii GpakTop, KaKk BEpOATHOCTHAS BEJIIMUYMHA, U3MEHSETCS JI0BOJBLHO
B IIMPOKUX Tmpedenax. [Ins peakuwii aTOMOB M OJHOPOJHBIX MOJIEKYJ €ro
3HaueHue Onmm3ko K 1. B peakmusix, CBA3aHHBIX C B3aUMOJCHCTBHUEM CIIOMKHBIX
MOJIEKYJI U paJIMKAJIOB, CTEPUUECKUN (PaKTOP JIKUT B UHTEPBAJIE 10° - 107 Ects
peaKIyHy, I KOTOPBIX 3HAYCHHE cTepraeckoro dakropa pasruo 1070 — 107,

Teopusi aKTUBHPOBAHHOIO KOMIUJIEKCAa MNPUMEHUMA JIMIIb [JIs  Peakiui
UJeaJbHbIX Ta30B, KOrJa HCXOJIHbIE YaCTUIbI WU AKTUBUPOBAHHBIM KOMILIEKC
MOYHO paccMaTpPUBATh U30JIMPOBAHHO OT OKPYKAIOIIEH CPeIbl.

B pactBopax 00pa3oBaHHEe aKTHBUPOBAHHOIO KOMILJIEKCA COIMPOBOXKIAETCA
B3aMMO/JICHCTBUEM PEATUPYIOMIUX YacTUI] (MOJEKYJI MU MOHOB) C MOJIEKYJIaMH U
MOHAMH PACTBOPUTENS. B 3leMEeHTapHOM akTe XUMHYECKOW peakluu B pacTBOpE
Y4acTBYET U PACTBOPUTEIIb, TOATOMY CKOPOCTh XUMUYECKON PEaklUi U KOHCTAHTa
OyaqyT 3aBHCETh OT CBONCTB pacTBOPHUTENSA, B KOTOPOM OCYIIECTBIISIETCS

XUMHUYCCKas peaKIysl.
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[losTOMYy IpM PaCCMOTPEHNH KMHETUKH PEAKLIUH B PACTBOPAX HYKHO Y4ECTh
MEKMOJIEKYJIPHOE M JIpyrue€ BHIABl B3aUMOACUCTBHM MEXKIYy MCXOAHBIMU
BELIECTBAMH M OOPA3yIOLIErocs aKTUBUPOBAHHOTO KOMIUIEKCA C MOJIEKYJaMu U
uoHamu pactBoputena. OOBIUHO 3TO JENAI0T, MCIONb3ySd MPEACTaBICHUS 00

AKTHUBHOCTH.
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Jlekus Ne 9

KATAJIM3

1. KaTaﬂmaTopm H KaTAaJUTHYECCKUE PeaKIuu

Karanmu3 — 310 mpouecc W3MEHEHUsI CKOPOCTH XUMHUYECKON PEaKIUU IO
JICHCTBUEM BEILIECTB, HA3bIBAEMBIX KaTaln3aTOpPAMH, KOTOpBIE, YYacTBYysS B
MpOoILECCE, K KOHIY PEAaKUMHU OCTAIOTCS HEM3MEHHBIMH. Peakuuu B MPUCYTCTBUU
KaTaJn3aTOPOB HA3BIBAIOT KATAJTUTHYECKUMM.

Karanuzatop cmocoOeH MHOTOKpaTHO Y4YacTBOBaTb B  XUMHUYECKUX
peakIusix, MpPU OSTOM OTHOCUTEIBHO HEOOJBIIOE KOJUYECTBO KaTaln3aTopa
CIIOCOOHO BBI3BATh IMPEBpAIlCHUs] 3HAYUTENbHBIX Macc BemectBa (1 dYacThb
katanm3aropa Ha 10 —10° 4. BemiecTBa).

Karanus, yBenmuyuBarommil CKOPOCTh XHUMHUYECKOW pPEAKIMH, HA3bIBACTCA
MOJIOKUTEJbHBIM  KaTallu30M, a 3aMEUISIOMHNA  —  OTPHUATEIbHBIM.
OTpunaTenbHblii KaTaJIn3 HA3bIBAIOT TAKKE MHIMOMPOBAHUEM, a BEIIECCTBA, €rO
BBI3BIBAIOIIINE, - HHTUOUTOPAMMU.

Kartanuzatopsl He U3MEHSIIOT COCTOSIHME PABHOBECHSI B CUCTEME, a JIMIIb
00JieryaroT ero J0CTUKEeHHE (MPU MOJ0KUTEITLHOM KaTalluze).

B npucyrcTBHM Katanu3aTOpa M3MEHSETCS TOJIBKO BpEMsl HACTYIUJICHUSA
paBHOBecHusi B cucteme. Karaaum3aTop He HM3MeHsieT KOHCTAHTY PaBHOBECHUA
XUMHYeCKOH peaknum. M3menenue sHepruu ['mb06ca mjisi HEKaTATUTUYECKOU U
KaTaJIMTUYECKON peaKkIuu OyJIeT OJTHUM U TEM Ke:

AG=-R-T-InKp

BbiBO/A: B pe3ynbTare Karajausa yckopsercs (WIM 3aMeljisieTCsi) MPOIECC
JIOCTUKEHUSI PAaBHOBECHBIX KOHIIEHTPALMM MCXOJHBIX BEHIECTB U MPOJAYKTOB
peakiuy, HO He 00EeCIeUnBaeTCsl MOJyYeHUE CBEPX PAaBHOBECHBIX KOHIIEHTpAIIUMA

MPOJYKTOB pPEaKIIUHU.
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Kartanuzatrop MOXET OJIHOBPEMEHHO YCKOpSTh KaK TMpsIMyl0, TaK U
oOpaTHyto peakiuu, HO mpu 3ToM Kp He m3menserca. Kartammzatop Hemb3s
WCIIOJIB30BaTh ISl CABUTA PABHOBECHS.

Karamu3 MoxeT OBITh TOMOTEHHBIM M TE€TepOTCHHBIM. B  ciydae
TOMOT€HHOI'0 KaTraju3a KaTajli3aToOp U PEearupyrolue BEIIeCTBA HAXOHSTCS B
oJlHOM (paze — xuakol wiu razoBoil. Hanpumep, peakuus ruiposinsa yriieBoJ0B B
BOJTHOM pPacTBOpPE B MPHUCYTCTBUU KUCIOT B Ka4eCTBE KaTall3aToOpa — B JKUJKOU
dbaze.

Peakrum okucnenus B ra3oBoit (ase:

Ho0 napu) NO

2C0+0, — 2CO; 250,+0, — 280,

[Ipy rereporeHHOM KaTajmM3e pEarupyrollyMe BEIIeCTBA M KaTaIM3aTop
HaxoJATca B pa3HbIX (azax. Haunbonee pacnpocTpaHeH T'eTepOTreHHbIM KaTajau3 C
TBEPABIM KaTalM3aTOPOM, KOT/Ia PEarupyrollre BEIIECTBA HAXOIATCS B Ta30BOM
win kuakou  ¢daze. Peakius ocyliecTBIsSieTCS Ha TIOBEPXHOCTH  TBEPJIOTO

karanusaropa. Hanmpumep, okucienne NH, Ha TOBEPXHOCTH TUIATHHBI.

Bo3MokeH U 2emepozeHHO-20MO2eHHbII  KAmMAaau3, KOTJAA PEaKIus
HAYMHACTCS HAa TIOBEPXHOCTH TBEPAOTO Tella KaTalnu3aropa, a MpOJ0JDKaeTCs B
o0BeMe PeaKIMOHHOMN CPEeIbI.

Karanurnueckne peakiMH, YCKOPEHHE KOTOPBIX JTOCTHUTACTCS 3a CYeT
KOHEYHBIX WM TPOMEKYTOYHBIX MPOJYKTOB CaMOH pEaKIMH, Ha3bIBAIOT

aBTOKaraauTH4eckuMu. Hanpumep, B peakumu:

2KMnQO, +5H.,C.0, + 3H,SO, — 2MnSO, +10CO, + KSO, +8H,0
KaTaJIM3aTOPOM SIBJISIFOTCS. HOHBI MN*, 00pa3yromiuecs B pe3ysibTaTe peaKiliH.
2. Kuaaccudukanus npoueccoB Karajamsa
B 3aBUCHMOCTH OT MEXaHM3Ma KATAIMTUYECKOTO IPOLECCA PA3INYAIOT
KHCJIOTHO-OCHOBHOM, OKUCITUTEIBHO-BOCCTAHOBUTEIbHBIN, (PEpMEHTATUBHBIN U

JIp. BUJIBL.
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KaranuzaropamMy KHCJIOTHO-OCHOBHOI'0 KaTajM3a SBISIIOTCA BELIECTBA,

+
crocoOHbIE TepefaBaTh WM MpUHUMATh MpoToH (H') wnm umeroniue akuenTop
JJIEKTPOHHOM Iaphl, HAIIPUMEP, aTOM AJIIOMUHMS B €r0 COCIMHEHUAX. TUIIMYHBIE

KMCJIOTHO-OCHOBHBIE KaTanu3aTopbl: npoTonHkle kucnotel H,SO,, CH.COOH, HF;

docdatsl, cynbdhaTel, amoMOCHIUKATHL. [1o 3TOMy MeXaHu3My UAYT CIEAYIOLINE
peaKIuu: KPEeKUHT, TUApaTauus, JAETHApaTanus, TUIPOJIN3, HEKOTOPhIE peaKIuu
NOJMMEPHU3AIH U M30MEpU3alnu.

YckopeHue peakiuii, B KOTOPBIX U3MEHSAETCS CTETEeHb OKHCICHUS aTOMOB,
BXOJSIIMX B MOJIEKYJIBI PEarupyroliux BEUIECTB, OTHOCUTCS K OKHMCJINTEJbHO-
BOCCTAHOBHUTEJIBLHOMY KaTaiau3y. B KkauecTBe KaTanm3aTOpOB MPUMEHSIOT

IEPEXOHBIE METALIBI M UX coeauuenus: V,0,, MnO,, Cr,0O,, CuCr,0,, MosS,,
MoO,, Fe,O,, WS,, T.e. Bemecrsa, CmocOOHbIE OTAaBaTh WIIM IPUHUMAThH

MEeKTpoHbl. WX  BbICOKasg  KaTraquTUYecKas  aKTUBHOCTb  OOYyCJIOBJIEHA
CIIOCOOHOCTBIO aTOMOB TEPEXOJHBIX METAJJIOB MPUHUMATh Pa3JIMYHbIE CTEIEHU
okucienus. [Ipm 3TOM mepexon 3SJIEKTPOHOB OT peareHTa K KaTaau3aTopy
OCYILECTBIISIETCS JIEr4e, YEM OT BOCCTAHOBUTENS K OKHCIHTENIO B peakuuu. K
TAKAM PEAKIMUSIM OTHOCSTCA: OKHCIICHUE-BOCCTAHOBIICHUE, TUIAPUPOBAHUE U
JNETUAPUPOBAHUE, PA3T0KEHUE HEKOTOPBIX KUCIOPOAOCOIEPKAINUX COETUHEHN.
B ¢depMeHTATHBHOM KaTajiu3e, UMEIOIIEM OOJIBIIIOE 3HAYCHHUE B MUIIEBOMN
MIPOMBIILJIEHHOCTH, UCTIONB3YIOTCS OMOJIOTUUECKUE KaTauu3aTopsl — hepMeHThI.
3HAYUTEIBHYI0 YacTh NMPUMEHSEMBIX B MPOMBIIUICHHOCTH KaTaau3aTOpOB
noabupanu sMmnupuuecku. lloatomy cdhopmynupyem TpedoOBaHHMs, KOTOPHIM

JOJIDKCH OTBCUYATh KaTaJIn3aTop:

OH JIOJDKEH 0071a1aTh KaTAIIMTUYECKON aKTUBHOCTBIO;

OBITh CICIIU(PUYHBIM WJIA CEJICKTUBHBIM;

OBITh MEXaHUYECKH TTPOYHBIM, TEPMOCTOUKHIM;

OBITH CITOCOOHBIM K PEeTeHEepaIuu.
KaTanuTnyeckasi akTHBHOCTb XapaKTepHU3yeT CIIOCOOHOCTh KaTam3aTopa

YCKOPATh XHUMHYCCKYIO PCAKIIUIO. KonuuectBeHHO KaTaJIMTUICCKYIO aKTHUBHOCTDH
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ONpENENSIIOT HAa OCHOBAHMM KUHETUYECKHMX HJKcrepumeHToB. HMHorma ee
IPOTHO3UPYIOT TEOPETUYECKH. Karanutrnueckas AKTUBHOCTD cMecH
KATAJIU3aTOPOB, KaK MPAaBUJIO, HE AJJUTHBHA, U YacCTO MOXKET 3HAYUTEIbHO
IPEBOCXOAUTh AKTHBHOCTh OTJEIBHO B3STHIX KaTaJIM3aTOPOB. YBEJINYEHUE
KAaTaJIMTUYECKON aKTUBHOCTH HAOMIOJaeTcs Mpu J00aBIEHUU K KaTajau3aTropy
HEKOTOPBIX BEILECTB, BIUAIOIIUX HA CTPYKTYPY ITOBEPXHOCTU KaTaau3aTopa U TEM
CaMbIM CIOCOOCTBYIOIIUX YCKOPEHUIO KaTATUTUYECKON peakiuu. Takue m1o0aBKH
Ha3bIBAIOTCS MpOMOTOpamMu. Hampumep, CKOPOCTh KaTaJIMTUYECKON peakuuu

okucinenus SO, yBEIMYUBAETCA B COTHU pa3, Korma K Karaimmsaropy V,0,

N00aBJIAIOT HEOOJIBIIOE KOJMYECTBO IPOMOTOpa — CYJb(ATOB IIETOYHBIX
MeTauioB. Takoil KaTau3aTOp HA3bIBAIOT CMENIAHHBIM WM MPOMOTHPOBAHHBIM.
WX mHAPOKO NMPUMEHSIOT Ha IPAKTHKE.

BemectBa, KoTOpble MpH J00ABIECHUM K KaTalIU3aTOPy CHHMKAKT €ro
AKTHBHOCTH WJIY NOJHOCTBIO UCKIIFOYAIOT KATAIUTUYECKOE JIEUCTBUE, HAa3bIBAKOT
KaTaauTuyeckumu sigamm. K HuMm otHocsrcs coemunenus Sb, P, Pb, As, Hg,
Cu,0 m gp. MeTammyeckue KaTaau3aTOPbl OTPABISAIOTCA COCAUHEHUAMU
kucnopona u cepet (H,O, CO, CS,, HS u np.). Omm samel o6pasyror c
Kartanu3atopamMu 0Oojiee TPOYHbIE XUMHUYECKHME CBSI3M, YEM pearupyroume
BEILECTBA.

Kaxxnplil kaTaiu3aTop MOXKET M3MEHATh CKOPOCTb TOJBKO ONPEAEICHHBIX
XUMUYECKUX pEaKkUMii, T.€. KaTaJu3aTopbl cHneuupu4Hbl U 0012JaK0T
n3dupareabHbIM JaeiicTBueM. CrnelM(pUYHOCTh KaTalau3aTopa MPOSBISETCS IO
pa3HOMY: OT CIIOCOOHOCTM MpPEBpaIllaTh HECKOJIBKO KJIACCOB COEIWHEHUN 10
OTIEIBHBIX XUMHUYECKHMX  BewlecTB. Hanpumep, KHCIOTBHI SABJISIFOTCS
KaTajqu3aTopaMu JIsl MHOTHX KJIACCOB XUMHUYECKUX COCUHEHUH, a (PEepMEHTHI KaKk
OMONIOTMYeCKUe KaTajlu3aToOpbl  YCKOPSIOT — OMNPECNICHHBIM  OUMOJOTHYEeCKHil
poIIece, T.€. BBICOKOCTICIU(DUIHEI.

Ce/lIeKTMBHOCTH KATAJM3ATOPA — 3TO CIIOCOOHOCTH MPOBEJACHUSI PEAKIIMU

10 KaKOMY-TO OJJHOMY ITIYTH. Ee MoxHO moka3aTh Ha NpuMeEpe pCakn BOASHOI'O
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raza (CO + H,), xoTopast B 3aBUCUMOCTH OT NMPUMEHSIEMOTO KaTallu3aTopa MOXKET
NPUBECTH K 00Pa30BAHUIO PA3IUYHBIX POTYKTOB:

CO+H, — CH,+H,O (nukeneBblil KaTanusarop)
CO +H, 240-260c — CH,OH (mennblil KaTanusaTop)

CeJleKTUBHOCTD O6YCHOBHGH3 HpHpOI[OP'I KaTaJm3atopa U 3aBHCUT OT €TI0

MOPUCTOCTH, Pa3MEPOB 3€PEH U X YIIAKOBKH.

3. MexaHu3M KaTaJIUTHYECKUX pPeaKIuii

VYBennueHne CKOPOCTH KaTaJUTUYECKUX PEaKUUW IPOUCXOIUT 34 CYET
CHI)KCHMS DHEPrMM  aKTUBALMM, YBEJIMYEHHsS OHTPOIMHA  AKTHBAUU WU
OCYILECTBJICHUS LIETHOTO MEXAHU3MA PEAKLIAH.

PaccmoTpyM 3T  [NpHUYMHBI IIPUMEHUTENIBHO K JBYM MeEXaHU3MaM
KATATUTUYECKUX PEAKIUN — CTAAMIHOMY U CJIUTHOMY.

CraguMiHbld  MeXaHM3M  IIPOTEKAHUS  KATAINTHYECKUX  PEAKLIUU
3aKJII0YAETCs B 3aMEHE OJHOM KaTaJUTUYECKOM PEaKkIMu Ha HECKOJIBKO CTaIuil
IIOCJIEN0BATENBHOTO B3aWMOJCUCTBUS HCXOAHBIX BEIIECTB C KaTaJIu3aTOpoOM C
BO3MOYKHBIM 00pa30BaHMEM Ha Ka)KJ0M CTa Iy aKTUBUPOBAHHOI'O KOMILJIEKCA.

MoHoMoueKyIIsIpHas peakuys TUIa:

A — B
IIPU KaTaJIM3€ MOXKET IIPOTEKATh B IBE CTAIUU:
A+K — (AK)* — AK,
AK — B + K,
rae AK — ycToilunBO€ MPOMEKYTOUHOE COETMHEHHE C KaTAIU3aTOPOM;
(AK)* — npoMexyTOUYHbI aKTUBUPOBAHHBIN KOMILIEKC.

Jyst OUMOJIEKYJISIPHOM peaKkIuy TUTA:

A+B — C+D

CTAUMHBIN MEXAHU3M MOXET OCYIIECTBIATHCS T10 CIECAYIOLIEH CXEME:

A+K —- (AK)* —- AK+B — (ABK)* — C+D-+K.
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CorylacHO CJIMTHOMY (ACCOLMATMBHOMY, CHHXPOHHOMY) MEXaHHM3My B
IPOLECCE  PEAaKLUUM  MPOMCXOAUT  OAHOBPEMEHHOE  B3aUMOJECHCTBUE  C
KaTajiu3aToOpoOM  BCEX  HMCXOAHBIX  BEIIECTB U 00pa3oBaHUE  OJHOIO

AKTUBUPOBAHHOI'O KOMILICKCA:

A+B+K > (ABK)* -» C+D +K

B cragmiHbIX KaTaIUTHYECKUX PEAKLHIX 00pa3yeTcs HE MEHbBIIE ABYX
AKTUBUPOBAHHBIX KOMIUIEKCOB, a B CJIMTHBIX HEBO3MOXHO BO3HUKHOBEHHUE OoJiee
OJIHOTO aKTMBUPOBAHHOI'O KOMILJIEKCA.

OHneprus akTuBauuy E ~ kaTanuTHYeCKUX peakuui 3Ha4MTENbHO MeHbIe B
TOM e peakiuu 0e3 Karaanu3aTopa.
E <<E” (00b14HO B ~ 2 pa3a)
>E =E +E, - nngcraguiinoi peakuun
Ecnom ) E < E’, To yBemMyeHHE CKOPOCTH XHMMHUYECKOH peakuuu

MMPpOUCXOAUT 3a CUCT POCTa JOJIU AKTHUBHBLIX MOJICKYII. Ho Tax OpIBaeT He BCCraa.

Bo3moxHBI citydan, korga E, "> E” - cKOpoCcTh peakiiu yBEJIUYMBAETCS 32 CUET

sHTponuiiHOro  ¢akropa. Ilpm  craguiilHOM  MeXaHHU3ME  YMEHbIIAETCS
MOJIEKYJIIPHOCTD COCTABJIIIOIIMX DJEMEHTAPHBIX CTAaJWi, HO pacTeT YHUCIO
CTauM, YTO NPUBOAUT K POCTY DHTPONMUHU BCEX CTANAMMN M MOBBIIEHUIO CKOPOCTH
peakiuu.

VYBenM4eHUE CKOPOCTHM XHMHUYECKOW PEAKIMH MOXKET MPOU3OUTH H
BCJICJICTBUE NPOTEKAHUsI PEAKLIMH IOJ JACUCTBHEM KaTajau3aTopa IO LEIMHOMY
mexann3sMy. Hampumep, npu okucienuun CO B ra3oBoil cpeiae moja JAeHCTBUEM

KaTajiu3aTtopa — I1apoB HZO’ HOeTrHas pCakmuAa UACT C YIACTHEM AKTUBHBIX YaCTHUIL

(panukanoB) H u OH'. A »Heprusi akTUBAIlMU IEMMHOW PEAKIUU 3HAUYUTEIIHHO

MCHBIIC, YEM Y KAaTAJIMTUICCKHUX peaKHHﬁ, HAYHIUX HC 110 CTTHOMY MCXAHU3MY.
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4. CKopocTh U NPUYHUHBI KATAJTUTHYECKUX PeaKIUM
4.1. T'ereporeHHbIil KATAJIN3
O603Ha4YMNM:

V| - CKOpOCTh KaTaJIUTHIECKON PeaKIuHm;
V, - CKOpPOCTb TOH K€ peaknun 0e3 KaTaau3aTopa;

A - KaTaJIuTHYEeCKas aKTUBHOCTh
A=V, -V(l-9).

rae ¢ — 10yl oO0beMa CUCTEMBI, 3aHMMaeMasl KaTaIn3aTopOM H
HEJOCTYITHAS JUISl pearupyIOIIUX BEIISCTB.

KaTaauTnyeckasi akKTHBHOCTb ITOKa3bIBaCT, HACKOJIBKO YBEIMYHBACTCS
CKOPOCTh T€TEPOTEHHON KAaTAIMTHICCKON PEaKIMH 1O CPABHEHHIO CO CKOPOCTHIO
ATOM K€ PEaKIIUM B OTCYTCTBUH KaTaM3aTopa.

Karanmutudaeckyto akKTHBHOCTh OTHOCSAT K MAacce KaTajau3aropa, IMorydas
YAeJbHYI0 KaTAJIUTHYECKYI) AKTHBHOCTB; a TakkKe K ero o0bemMy HWIH K
CIMHMIIC TTOBEPXHOCTH TBEPIOTO KaTaanu3aTropa.

4.2. T'oMOTreHHBII KaTaJIu3.

ITpu romorenHoM katanmuse ¢ — 1, a Benmmuuna V(1 - ¢ ) gacto HeOobIIas,
U €10 MOXKHO npenedpeys. Torma: A =V

1 TOMOreHHOro kKarajus3a YyAedbHAasd KATAJIUTHYeCKas aKTHBHOCTh
ONpeJeNsieTcss B pacyeTe Ha YUCIO MOJIEM KaTaiu3aTopa B €AMHHIE 00bema
KUJIKOU niu Ta3oBoit Gazel — C . Toraa MOXKHO 3anKCaTh:

A = AJC =V, /Cy
CKOpOCTh KaTaIUTUYECKUX PEAKIMM B KUHETUYECKUX YPABHEHMSX
3aBUCUT OT (Da30BOro COCTOSHMS Karajqu3aTopa [0 OTHOILIEHUIO K
pearupyroommuM BelecTBaMm. [[nsg mnpocTedmero TroOMOTE€HHOrO — KaTajunsa,
CKOPOCTh NEPBOil CTAAMM KATAIUTUYECKON PEaKUUU, HIAYLIEN 110 CTAIUIMHOMY
MEXaHHU3MY, paBHa:
V. =k .C, .C,

rie K, — KOHCTaHTa CKOPOCTM MEPBOIf CTafuM PeaKInH;
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CA — KOHOCHTpalusa UCXOJHOI'O BEIICCTBA,

CK — KOHICHTpAaIHrA KaTaJInu3aTopa.

OT0 ypaBHEHHE NPUTOJHO U JIJISl CJIMTHOTO MEXaHU3MA.

Ecnin numutupyromein  Oyner BTOpas craausa, T.€. pacrnaj
IIPOMEKYTOUYHOTO COCIMHEHHs, TO KHUHETUYECKOE YpPaBHEHHE CKOPOCTHU
peakuuu OyJer:

V.= k,.K .C .C,

rae K, — KOHCTaHTa CKOPOCTH BTOPOM CTaluM peaKLy;

K_ — xoHCTaHTa paBHOBECHs IIEPBOW CTaIMH PCAKIIHH:

B o0oux ciay4asix CKOPOCTh KAaTAJMTHYECKOM TOMOT€HHON peaKnuu
NPSMO MPONOPUMOHAJIBbHA KOHUEHTPAUUM PpPearupyroumx BellecTB H
KaTaju3aropa.

[TpuunHbI, BBI3BIBAIONIME KATATUTHUYECKUE PEaKIIMH, MHOTOOOpa3Hbl U HE
NOJAJIAI0TCSI TOYHOMY aHaJIM3y, MOATOMY 1O CHX IOp HE pa3pabOTaHO €IWHON
COBPEMEHHOW TEOPUM KaTaausa.

OcraHoBuMCs Ha crHenu@uke TETEPOreHHOro KaTaiau3a, KOorja peakius
MPOTEKAET HA MOBEPXHOCTU KATAIN3ATOPA. 3/I€Ch HA KATAJTUTUYECKYIO aKTUBHOCTD
KaTajau3aTopa OKa3bIBaIOT BIIMSHUE BEJIMYMHA W CBOWMCTBA IIOBEPXHOCTH, €€
CTPYKTYpa, XUMUYECKUN COCTAB MIOBEPXHOCTHOTO CIIOA.

PaznuuHble TEOpHUM TETEPOTEHHOIO KaTAIM3a OCHOBAHbBI HA IIPEAIIOI0KEHNH,
YTO KATATUTHUYECKHE PEAKIMU MPOUCXOIAT 4Yepe3 00pa3oBaHHE MOBEPXHOCTHBIX
MPOMEKYTOUYHBIX COCIUHECHUMU.

KaraiuTuyeckyro peakuMi MOXKHO PacCMATPUBATh KAaK COBOKYIHOCTH
yepeaylomUXcs Craguid o0pa3oBaHMsl J3THX COeJIMHEHUI U HX
NMOCJEAYIOIIero paspylieHusi ¢ BblAeJIeHHEeM NPOAYKTOB peakuuu. Ilpwm
3TOM B MNpouecce 00pa30BaHUSl NMPOMEKYTOYHBIX COCJMHEHUIl aTOMbI H
HOHBbI IOBEPXHOCTH COXPAHSIIOT CBOM CBSI3M C ATOMAMM M MOHAMHM B 00beMe
KATAJIM3aTOPa, BCJEJCTBHE 4Yero IMOBEPXHOCTHbIE COeJUHEHUs OoJiee

PEaKIUOHHOCIIOCOOHBI.
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CymecTByeT TpH  OCHOBHBIE TEOPUM  TE€TEPOTCHHOTO  KaTaim3a:
MYJIBTUIUICTHAS, aKTUBHBIX aHCAMOJICH U SJICKTPOHHAS.

B mynvmunnemnoii meopuu BBOIUTCS TIOHATUE MYJAbHMIUNIEN — 3TO
OTZICJIbHBIC YYACTKH MTOBEPXHOCTH, COCTOSIINE M3 HECKOJBKIX aTOMOB MJIM HOHOB,
pacroJioKEHHbIE B OINPEJEICHHOM TMopsake. PacronoxeHue MyJIbTUIUIETOB JIs
MPOSIBIICHHUSI KaTaJTuTUYECKON aKTUBHOCTHU JTOJIKHO r€OMETPUYECKU
COOTBETCTBOBATh PACIIOJIOKEHUIO aTOMOB B MOJIEKYJIaX pearupyromnuX BEIIECTB, a
pacCTOsTHUE MEXAY aTOMaMu B MYJIbTUIUIETE — JUIMHE XUMUUYECKOU CBSI3U MEXKIY
aTOMaMH Pearupyromux MOJICKYJI.

MynbTHILIETH TMOBEPXHOCTH KaTaln3aTopa M PEardupyrolie MOJICKYJIbI
00pa3yloT MyJIbTHILIETHBII (TIEPEXOIHBIN) KOMILJIEKC.

C2H4 + H2 — C2H4
H 0,154 M H

H—C————C—H
0,248 am
Ni Ni

IIo Teopum AaKTHBHOCTHM aHcaMOJiell KaTaJIUTHYECKas aKTUBHOCTH
OTIpENEISICTCS  COBOKYIMHOCTBIO ~ CBOOOJHBIX  aTOMOB HAa  ITOBEPXHOCTH
Karaaum3aTopa, HE BXOASIIMX B KPUCTAUIMYECKYIO PEIIETKY M CIOCOOHBIX K
murpanuu. [ToBepXHOCTh KaTaiM3aTOpa COCTOMT M3 OOJBLIOrO yHucia obOjacTei
MUTPAIAH, Pa3eICHHBIX MEXKIY COOOH TeOMETPHUYECKUMH | DHEPTeTHUYCCKUMU
O0appepamu. KaramutrnueckuM AeicTBHEM 00J1aal0T TOJIBKO aKTHBHBIE aHCAMOJIH,
COCTOSIIUE U3 OTPEICTICHHOTO YHCIIa aTOMOB BHYTPH 00JIaCTH MUTPAIIUH.

DJIeKTPOHHAas Teopust reTePOTCHHOTO Karanusa 00BsCHSET
KaTAJIMTUYCCKYI0 aKTHUBHOCTh METAUIOB M ITOJYNPOBOJHUKOB  HAJTMIHUEM
AJICKTPOHOB ~ TPOBOJUMOCTH, KOTOpPbIE MOTYT TIPHHMMATh y4JacTHE B
OKHUCJTUTEIIBHO-BOCCTAHOBUTEIHHBIX MIPEBPAIICHUSIX Ha MTOBEPXHOCTH
Karanu3atopa. Ilepexoa 3JIeKTpOHOB W3 BAJICHTHOW 30HBI B 30HY MPOBOJAMMOCTH

MPUBOAUT K OOpPa30BaHUIO JBIPOK. DTO CIMOCOOCTBYET BO3HUKHOBEHHUIO CBS3U
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MEXIy  aACOPOMPOBAHHBIMH  MOJIEKYJIaMH  pPEarupyloliuX  BEIIECTB U

KaTaJIn3aTOPOM.

5. ®epMeHTATHBHBIN KaTaIu3

Karanus o nelictBueM (pepMEHTOB HA3bIBAIOT (pepMEHTATHBHBIM.

@epMeHTBI — 3TO OHOKAaTAIM3aTOPbl, MPOAYKTHI KU3ZHEAEITEIbHOCTU
KUBBIX OpraHu3MoB. [lo cpaBHEHHIO C HEOPraHMYECKMMHU KaTalH3aTOpaMu
(epMEHTBI UMEIOT 0OJIEE CII0KHOE CTPOCHUE.

Pasnuuaror mpocThle U ca0kHbIe  depmeHThl. [IpocTthie  win
OJIHOKOMITOHEHTHBIE (DEPMEHTBI COCTOST TOJIBKO U3 OENKOBBIX Teil. CloKHbIE
(GepMEeHThl BKIIIOYAIOT OENKOBYIO M HeOenkoByro cocrasisomue. [locnennss
PE3KO YBEIMYMBAET KaTaJUTUUECKYIO0 aKTUBHOCTh (PEpPMEHTA.

OcobenHocTH PepMEHTATUBHOIO KaTajan3a IO CPABHEHUIO C XUMUYECKHM:

- BBICOKas KaTaJIMTUYECKasi aKTUBHOCTD (00JIbIlI€ B MIJIJIMOHBI Pa3);

- crnenu@UIHOCTb;

- TOBBIIICHHOE BIUSHUE OKPYXKAIOIIEH Cpeabl — OYEHb YYBCTBUTEIIBHBI

(epMEeHTHI K MOBBIIICHUIO TeMIeparypbl. PacTutensHble (pepMEeHTHI padOTaIOT B

muamazone 40 - 600C, a skuBormsie 40 — 50°C. TIpu Temmepatype 70-80°C
IPOMCXOJUT HEOOPATUMOE paspyleHue (epPMEHTOB U3-3a I€HATypaluy OelKa.
DepMEHTBI NPOSBISAIOT CBOK AKTHBHOCTH IIPH CTPOrO  ONPENEIECHHOM

3HaueHuu pH cpensl.

depMEHTATUBHBIN KaTATUTUYECKUIN MPOIECC 00YCIIOBIEH CITOCOOHOCTHIO K
B3aMMHBIM CHHXPOHHBIM HU3MEHEHHUSIM CTPYKTyp (epmeHnta u cyOcTpara
(BemiecTBa, Ha KOTOPOE BO3JAEHCTBYET (PEPMEHT). DTU U3MEHEHMS CBSI3aHBI C
KOH(pOopMaIueil B3auMOICHCTBYIOIINUX MaKpOMOJIEKYJI (MIOBOPOTHAs n3oMepusi Oe3
pa3pbiBa XUMHYECKUX CBSI3EH).

Yckopenue GhepMEHTaTUBHON pPEeakIuu MPOUCXOIUT Oiaromaps TOMy, 4TO B

CUCTCMC CO3AK0TCA YCIIOBUS JIsA aBTOKATAJIUTUYCCKOU PCaKInH.
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CnennpuyHocTh B3aUMOACHCTBUN (pepMeHTa U cyOcTpara Ompenensercs
NPUHIMNIOM  KJIW4Y-3aMOK.  [logoOHO  kmrowy,  ¢epMeHT  OKa3bIBaeT
KaTaJIUTUYECKOE JICHCTBUE HAa ONPEJEIICHHBII cyOcTpart.

Taxkas crienupuIHOCTH (hepMEeHTAa BhI3BaHA pa3NUYHbBIMU TpuuuHamMu. OnHa
U3 HUX 3aKJII0YAETCsl B TOM, YTO B OEJIKOBOM MOJIEKYJe epMEHTa KaTaTUTUYECKUE
(YHKIUM BBINOJIHSIIOT ONPECIIEHHbIE HEOOJIBIINE YUYACTKU — AKTHBHBbIE EHTPHI,
IpECTaBISIIONIMEe cOO0M OPHUEHTUPOBAHHBIE B MPOCTPAHCTBE (PYHKIIMOHATHHBIC
rpynmbl 0eiakoBbix Mosekyn (Hampumep, -SH nwucrenna, -COOH riyramuHOBOM
KHCJIOTBI, (DEHONBHBIA TUAPOKCHII TUPO3UHA).

AKTHUBHBIC IIEHTPBhl CHOCOOHBI K M30UpaTeNbHOM aacopOIMu MOJEKYJ, B
pe3ynbrate oO0Opa3yercss €IUWHBIM KOMIUIEKC, BHYTPU KOTOPOTO MPOUCXOIUT
XUMUYECKasd peakluss Mexay ¢gepmeHToM M cyocTtparoM. lIpouecc 3aBepiiaercs
necopOuuel MpoaAyKTOB peaklMd U pereHepalyeil akTuBHbBIX EHTPOB JIJIsl HOBBIX
KaTaJIUTHYECKUX aKTOB.

CKOpoCTh  peaklMil, KaTaJu3upyeMbiX (epMEeHTaMH, 3aBHCUT  OT
KOHLIEHTPaly PEarupyrolInX BEIECTB U YCIOBUN CPEBI.

O603naunm E — pepment, S — cyOctpat, ES — akTUBHUpOBaHHBIN KOMILUIEKC,

pacnafaronuiicss ¢ oopazoBanueM rnpoaykra peakuuu P u E:
kg ks
E+ S — [ES] - P + E,
ke
rae Ky, K, mk, — KOHCTaHTBI CKOPOCTU PEAKIIHIA.,
IIpy HEOONBIIMX 3HAYEHMAX KOHCTAHTHI CKOPOCTH K, KOHLEHTpauus

kommiekca ES npubmmkaerca k paBHoBecHOH. Torma xoncranta paBHoBecHs K

OyneT paBHa:
CES
K= ——,
Ce- GCs

rne C ., C.uC, - paBHOBECHBIE KOHIIEHTPALIUH,

K. - HocuT Ha3BaHue kKoHcTaHTa Muxajiauca.

80



Koncranta Muxajdiauca ciy>KUT MEpOil CpoACTBa MEXAY (EPMEHTOM U
cyOcTpaToM: yeM OOJbIlIe WX CIOCOOHOCTH K 0OpazoBaHMio Komiuiekca ES, tem
menbiie K., u HaoOopoT. 3HaueHune K. 3aBUCHUT OT MPUPOIBI HCCIETyEMOTO
dbepmMeHTa U OT IPUPOABI CyOcTpaTa.

depMeHTaTUBHBIA ~ KaTalmW3  [IUPOKO  HCIONB3YyeTCS B MHUIICBOU

IMPOMBINIJIICHHOCTH.
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mkoJja, 1988. — 400 c.

banesun C.A. Ilpaktukym 1o (Qu3nyeckod M KOJUIOUTHOM Xumuu. — M.:
[Ipocsemenne, 1980. — 278 c.

Kynpsimea, H.C. ®usnueckas xumus: y4eOHMK Juis  OakanaBpoB /
H.C. KyapsimieBa, JLI'. bongapeBa. — MockBa: W3nparensctBo OpaiiT,
2012. — 340 c. — (bakanasp. IIpuknannoit kypc). — ISBN 978-5-9916-1293-
7. —  Tekcr: osnektponneii // OBC  IOpaiitr  [caiiT]. —

URL:https://urait.ru/bcode/360655
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13. ®uznyeckas u xowtouaHas xumus. B 2 4. Yacte 1. dusmdeckas XuMuUs:
yaeOHuk st By3oB/ B.JO. KonioxoB [m gp.]; mom  pemakiuei
B.1O. Kontoxosa, K.W. IlomoBa. — 2-¢ wu3a., ucmp. u jgomn. — Mocksa:
NznarensctBo HOpaiit, 2020. — 259 c.— (Bricmee oOpa3oBanue). —
ISBN 978-5-534-06719-4. — Tekcrt: snexkrponusiii / IbC KOpaiit [caliT]. —
URL:https://urait.ru/bcode/454193

CoBpeMeHHbIe TPo(eccHoOHAILHBbIE 0a3bl JTAHHBIX, HHGOPMaIlHOHHbIE
CIPaBOYHbIE CHCTEMBI, )JIEKTPOHHBbIE 00pa30BaTe/IbHbIe Pecypchl

OObecnieyeH J0CTyn K COBPEMEHHBIM MPO(ECCHOHAIBHBIM 0a3aM JIaHHBIX,
MH()OPMAIIMOHHBIM  CIIPAaBOYHBIM M TOMCKOBBIM  cuUcTeMaM  (Tpedyercs

peructpanus B oubnuoreke COI'Y):

1. Dnektponnas 6ubimoreka aquccepranuu u apropedeparos PI'b (3B/1 PI'b)
(https://dvs.rsl.ru).

2. DBC «YuuBepcuterckas 6ubiarorteka online» (https://biblioclub.ru).

3. DBC «Hayunas snektponHas oubnmmoreka eLibrary.ru» (http://elibrary.ru.)

4. YuusepcaibHas 0a3 nanubix East View (https://dlib.eastview.com). Jlorus:

Khetagurov; ITapons: Khetagurov

5. DBC «KoucyabTanT cryaenta». http://www.studentlibrary.ru

6. OBC «IOpaiiT» - oOpaszoBarenbHas Cpela, BKIIOYAIONMIAsS BUPTYaIbHBIH
YUTAIBHBIN 3aJ1 YYEOHHKOB M Y4€OHBIX MOCOOMI OT aBTOPOB U3 BEIYIIUX
By30B Poccuu mo BceM HampaBJICHUSIM M crieruaibHocTsM (WwWw.biblio-
online.ru)

7. HupopmarmonHo-nipaBoBoit nmoptan «["apant» (http://www.garant.ru/).

8. CmnpaBouHas IIpaBoOBast cucrema Koncynprant [Tmroc

(http://www.consultant.ru/).
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