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BBEAEHUE

PoAb XvMumn B pa3BUTUM COBPEMEHHOMN TEXHUKM

XuMug —aBASETCs OOHOM H3 (PyHAAMEHTAABHBIX €CTECTBEHHBIX HayK,
3HaHHE KOTOPOM HEOOXOMHUMO OAS IAOMOTBOPHOM TBOPYECKOHW AEATEABHOCTH
COBPEMEHHOTO CIIEIIMAAHCTA AIOOOH CIIEITHaAbHOCTH.

B mpakTu4ecKoM XKHU3HU YE€AOBEKA XUMHHI HUI'PAET HCKAIOYHUTEABHO BaXK-
Hy!0 poAb. HeT HU onHOM oTpacAu IPOU3BOACTBA, HE CBA3aHHOU C IIpUMEHe-
HueM XuMHH. OCOOEHHO BeAMKaA €€ POAb B Pa3BUTUU MHKPOIAEKTPOHUKMU,
SAEKTPO— U PAAHOTEXHUKM, aBTOMATHKU U TEAEMEXaHUKU, BEIYHUCAUTEABHOMN
TEXHUKH, KOCMHUYECKONH TEXHUKH, CHCTEM CBHA3H, TEXHOAOTHH IIPOU3BOACTBA
PaaNOSAEKTPOHHBIX U 3A€KTPOHHO-BBIYUCAUTEABHBIX CUCTeM. HTEpeChl 3TUX
oTpacAaell TPebyIoT OT XUMHUYECKON HayKH HOBBIX KOHCTPYKIIMOHHBIX MaTe-
pPHaAOB, BBICOKOKAQUECTBEHHBIX MOUIAEKTPHUKOB, IIPEIIM3NOHHBIX CIIAABOB,
CBEPXTBEPABIX, CBEPXYUCTBIX, CBEPXIIPOBOALIIINX MaTEPHAAOB C KOMIIAEKCOM
OIIPEeIEAEHHBIX TTOPOM YHUKAABHBIX (PU3UKO-XUMUYECKUX U IAEKTpOodU3nUe-
CKHUX CBOMCTB, KOTOPBIMH He 00Aa1aI0T IIPUPOIHBIE BEIIlECTBA.

Hass coBpemenHoro pa3dButud POC u BT xapakTepHa HellpepbIBHAd CMEHa
nnokoaeHut POC u OBC, kotopad TpeOyeT COBEPILEHCTBOBAHUSA CYIIIECTBYIO-
IUX U CO3JaHUs IIPUHIUIIHNAABHO HOBBIX TEXHOAOTHMYECKUX METO0B, Goaee
COBEPIIEHHBIX YCTPONCTB, B OCHOBE KOTOPBIX A€XKaT (PU3UKO-XUMUYECKUE
IIPOLIECCHI U 3aKOHOMEPHOCTH, TPYAHOCTH BBIIBACHHHA KOTOPBIX, HAPALy C
JOPYTHYIMH, CBA3aHbI C HEAOCTATOYHBIM YPOBHEM 3HAHUM O CTEIIEHU UX BAUS-
HUY Ha KadecTBO BBIIIyCKaeMbIX IIPHUOOpPoB. B To ke BpeMs cTaGUABHOCTH
XapaKTEPUCTUK IIPHUOOPOB U UX KAa4eCTBO 3aBUCAT HE TOABKO OT ITPaBUABHOTO
BbIOOpa MaTepHaA0B M HUX TEPMOOUHAMUYECKOH COBMECTHMOCTH, HO OT Xa-
pakTepa B3aUMOAEHUCTBUS UX C OKpYy=Kalolled cpenod, IIpuponbl (PHU3UKO-
XUMHUYECKUX IBACHUU U IIPOILIECCOB MPOTEKAIOIINX Ha UX IIOBEPXHOCTH.

[as pelieHUs YKa3aHHBIX BBIIIIE IPOOAEM COBPEMEHHBIH UHIKEHEP OOA-
KeH 00AamaTh (PyHIaMEHTAABHBIMH 3HAHUAMU B 00AAQCTU XUMUH, I103BO-
ASIIOIITUMHU €My CaMOCTOSTEABHO OPUEHTUPOBATHCSI U pazobpaThCd B CHEIlU-
aABHBIX BOIIPOCAaX, a TaKKe, HCIIOAb3ysl HOBEHIINe NOCTUKEHHs B obaacTu
CMEXKHBIX HayK, 'PAMOTHO CTaBUTh I€pe APYTUMU CIEIIMAAUCTaMU OIIpee-
A€HHBIE TEXHUYECKHE 3a0a4H.

NuTeHncudukays [ITPOU3BOACTBEHHON MOEATEABHOCTH BBIABUTAET P/
nmpobAeM, CBA3aHHBIX M C OXPaHOM OKpYyzKaIoIIeH cpenbl, C COOAIOEeHUEM
9KOAOTUYECKHUX TpeboBaHUM, pelleHHe KOTOPbIX HEBO3MOXKHO 0e3 ITOHUMa-
HUA XUMHUYECKHUX 3aKOHOB U ITPOLIECCOB.

[IpenaaraemMbIst Kypc A€KIIMM CONEPKUT CBEAEHUS 00 OCHOBHBIX KMHETU-
YEeCKHUX U TEPMOAMHAMHYECKHX 3aKOHOMEPHOCTSX IIPOTEKaHUd (PU3IUKO-
XUMHWYECKHUX ITPOIIECCOB; SAEKTPOXMMHYECKHUX IIPOILleccaxX U yCTPOHUCTBaxX, UX
IIPAKTUYECKOM IIPUMEHEHUU; O KOPPO3UU METAAAOB M METOoAaxX 3allUThl OT
KOPPO3UH.



OCHOBHbIE XMMMWNYECKUE MOHATUA U ONPEAENEHUS

XuMHS — HayKa O BEIECTBaxX U UX IIPEBPAIEHUSIX, COIIPOBOXIAFOIIX-
cs U3MEeHEeHUEeM UX (PU3NYEeCKUX U XUMHYECKHUX CBOUCTB.

[Iporiecc mpeBpallieHUd OAHUX BEIECTB B APYTUe€ HA3bIBAETCd XUMUYE-
CKOoMl pearnumed. [Ipym XUMHUYECKOM B3aUMOIEHCTBUH IIPOUCXOOUT OOMEH
aToMaMMU MEXAY B3aUMOAEUCTBYIOIIMMHU BEIIECTBAMH, [IE€EPEPACIIPEIECACHUE
9AEKTPOHOB MEXKAY aTOMaMH, Pas3pblB XUMHUYECKHUX CBA3€U B HUCXOOHBIX Be-
IecTBax M obpa3oBaHME HOBBIX CBs3€M B HpoAyKTax peakiinu. [Ipu stom
XUMHYECKas [IPpUpPoaa aTOMOB OCTaETCS HEM3MEHHOM. B pesyarrare peakiyi
BO3HHUKAIOT HOBBIE BEILIECTBA C HOBBIMU XUMHWYECKUMU CBOMCTBaAMHU.

TeopeTHYeCcKyio OCHOBY COBPEMEHHOM XHUMHH COCTaBASE€T aTOMHO-
MOAEKyAsipHOe ydueHue. OOBEKTOM HU3Y4YEHHs B XUMUU SBASIOTCH ITPOCTBIE U
CAOZKHBIE BEIIIECTBA, COCTOMAINHME N3 XUMHUYECKHUX 3SAEMEHTOB. XUMHWYECKUM
9AEMEHTOM HAa3bIBAlOT BUI aTOMOB C OAWHAKOBBLIM 3apdaoM daep. ATOM —
HaWMEHbIIIasd YacTUIla XUMHUYECKOIO0 3AEMEHTA, COXPAHAIOTCA BCE €r0 XUMU-
4YEeCKHE CBOMCTBA.

B 3aBUCHMOCTH OT IIPHUPOABI YACTHULL, U3 KOTOPBIX IIOCTPOEHO BEIIECT-
BO, Pa3AHYalOT BEIIECTBA C MOAEKYASIPHOM U HEMOAEKYAIPHOM CTPYKTYPOH.
[IpakTH4YeCKH BCE OPraHUYECKHE BEIIECTBA COCTOST M3 MOAeKyA. Cpeau He-
OPraHUYECKHUX COEOUHEHUUN MOAEKYASIPHOE CTPOEHHE HUMEIOT IIPUMEPHO 5%.
Moaekyaa — HauMeHbIIIas YacTHlla BEIIecTBa, CIIocoOHAas CyIecTBOBaThH ca-
MOCTOSITEABHO U 00AaiaroIas ero OCHOBHBIMU CBOMCTBAaMHU.

[Ipy OOGBIYHBIX YCAOBHUSIX BEIIECTBA C MOAEKYASIPHOM CTPYKTYpPOH MOTYT
HaXOOUTBHCHA B TBEPOAOM, KHIKOM HAU ra3zoobpaszHOM cocTosHuu. BemlecTBa c
HEMOAEKYAIPHON CTPYKTYPOM HaXOoAATCAd TOABKO B TBEPAOM COCTOAHUHU B
dopme KpucTasrroB. HocuteaaMy UX XUMHUYECKUX CBOPCTB SIBASIIOTCS KOMOU-
HAIIMU aTOMOB HMAW HOHOB, KOTOPBIE 00pa3yIOT JaHHOE BEIECTBO.

CuMBoAnYecKas 3allUCh IIPOCTEUIIIET0 XUMHUYECKOI0 COOTHOIIIEHUSI, B B
KOTOPOM aTOMBI 3AEMEHTOB 00Pa3yI0T XUMHUYECKOE COeNHMHEHNEe, Ha3bIBaETCs
dopmyaoii. PopMyaa BhIpazkaeT KadeCTBEHHBIM M KOAMYECTBEHHBIHM COCTaB
BEILIECTBA.

=27
Macchl ATOMOB XHMHYECKHX 3AeMeHToB cocrapasior ot 107 10 I
=25
427107 k1 B xumuw IIOAB3YIOTCSI HE UX aOCOAIOTHBIMU, & OTHOCUTEABHBIMH
3HadyeHuaMH. OTHOCHUTEABHOM MacCOM XMMHYECKOrO 2AeMeHTa (Ar) Has3bIBa-

1

€TCd OTHOIIIEHHE MaACChl €0 aToMa K 12 MacCChel aroMa H30TOoIla Yraepoaga

o

12
C, KoTopas mpuHSITA 33 ATOMHYIO €IHHHILy MAcChl (a.e.M.). OTHOCHTEABHAS
MoA€eKyAsspHas Macca (Mr) BeliecTBa ITIOKa3bIBA€T BO CKOABKO pa3 Macca 1

1

MOAEKyABI BellecTBa 6oablie 12 maccel aToma mzoromna “C. Mr - 510 Macca
MOAEKYABI BEIIECTBA, BBIPAXKEHHAad B QTOMHBIX €QUHUIIAX MaccChbl. Moaeky-
AIpHas Macca XMMHYECKOrO COEAMHEHUS paBHa CyMME aTOMHBIX MacC BCEX
aTOMOB, COCTABASAIOIINX MOAEKYAY.

Hapany ¢ Maccoil B XUMHUHU HCIIOAB3YETCd TaK¥Ke IIOHATHE «(KOAUYECTBO
BellleCTBa». ENMHUIIEN H3MEPEHHS KOAMYECTBA BEIIECTBA ABAGETCH MOAB.
MoAb — 3TO KOAMYECTBO BEILECTBA, COAEPIKAIIEE CTOABKO CTPYKTYPHBIX €IM1-



)
HUIL (ATOMOB, MOAEKYA, HOHOB, 9A€KTPOHOB...), CKOABKO COIAEPKHUTCS aTOMOB

12
B 12 r msoroma yraepoma C. Yucao aToMoB Nigi2r yrAepoza MOZKHO
23 ~
OIIPENEAUTD, 3Had MacCy aToMa yraepoaa (1’993 10 a);
r
12
N, =—MOb___602-10*momb """
1,993-10"r
OTa BeAMYHMHA HA3bIBAE€TCH IIOCTOSHHOM ABOTaApO M paBHA YUCAY
CTPYKTYPHBIX eOUHUIL B 1 MoAb Aroboro BemlecTBa. Macca 1 moag BellecTBa
r

Ha3bIBAETCHA MOAIPHOM (MOABHOM) MacCoO¥ U U3MEPSETCS B .
MOJIb

[Ipu HUCIIOAB30BAaHUU TEPMHUHA «MOAB» CAEAYET YKa3blBaTh HYaCTHUIIBI, K
KOTOPBIM OH OTHOCHUTCS: «MOAB MOAEKYA», «<MOAb aTOMOB» HAH MOABb IOPYTHUX
YaCTHII.

YucaeHHOe 3Ha4Y€HHE MOASPHOM (MOABHOM) Macchl ( ) coBriamaet

MOJIb
OTHOCUTEABHONM aTOMHOM HAU MOAEKYASPHOM MAacCOM MOaHHOI'O BeEIECTBA(B
a.e.M.). Hanmpumep, oTrHocuTeabHasa atroMHad macca H paBHa 1 a.e.Mm., a Mo-

. OTHOCUTEABLHAS aTOMHAaa Macca

AeKyAdpHad Macca aroMoB H pasHa 1
MOJIb

O paBHa 32 a.e.M., a MoAeKyadpHas macca aroMoB O paBHa 32
MOJIb

CoraacHO 3aKOHY ABOTaZipo OIHO M TO K€ YHCAO MOAEKYA AIOOOTO rasa
IIPU OOUHAKOBBIX YCAOBUSX 3aHUMAaET OOUH U TOT ke 00béM. Tak Kak I10 OIl-
peneaeHr0 1 MOAB BellecTBa (B T.I.B razo00pa3HOM COCTOSTHHH) COLEPIKUT
OAMHAKOBOE YHCAO YaCTHIL (MOAEKYA), TO 1 MOAB pa3AMYHBIX I'a30B 3aHHUMAET
OOUH U TOT ke 00bEM. [Ipu HopMaabpHBIX ycaoBuax (101,352 kIla u 00C) mo-
ASIPHBIN 00BEM ATOOOTO raza paBeH 22,4A.

Pazmea xummnu, u3ydarolyii KOAWYECTBEHHBbIE (MaccoBble, OOBEMHEIE)
COOTHOIIIEHUY MEXKY PearupyolIMH BEIIeCTBAMH Ha3bIBAETCH CTEXUOMET-
puel. PacyéTbl TaKNX COOTHOIIIEHUMN MEXAY AA€MEHTaMH B COEOAWHEHUAX U
MEXKy BEIECTBAMHU B YPaBHEHUSIX XUMHUYECKHUX peaKINii Ha3bIBAIOTCH CTe-
xuoMmetrpudeckuMu pacuéramMu. KoaduiieHTl B ypaBHEHUAX peakIlni,
OTpazkarolllie YCAOBHS MaTEPHUAABHOTO OasaHca MeXAy BelleCTBaMU IIPU HUX
B3aUMOJEHCTBUH, HA3bIBAETCH CTEXHNOMETPHUIECKIMHU.

CoOTHOIIIEHHSI MEXIy MacCaMH SA€MEHTOB B 00pa3yeMbIX UMU CO€IUHE-
HUSX YCTAHABAHBAIOTCS C IIOMOIIBIO OCHOBHBIX KOAWYECTBEHHBIX 3aKOHOB
XUMHH, IOAYIUBIINX Ha3BaHUE 3aKOHOB CTEXHOMETPUH.

CrexuoMeTpHell Ha3bIBA€TCs COBOKYIIHOCTBH PACYETOB C HCIIOAB30BaHUEM
XUMHYECKUX (POPMYA M YpaBHEHHH XUMHUYeCcKUx peaknuil. KoadpduimmeHTs!,
CTOSIIIIIE B ypaBHEHHUAX, OTPaKalolINX YCAOBUSI MaTepHuasbHOro bOasaHca,
HAa3bIBAIOTCS CTEXHOMETPUYECKUMHU KO3 (PUITEeHTaMHU.

OCHOBHbIE 3aKOHbI XMMUWU

3axoH COXpPaHEHHSI MAaCChl H S9HEPrHH. OI[HI/IM K3 IIEPBBIX U OCHOBHBIX
3aKOHOB XHMMHMH, CCI)OpMyAI/IpOBaHH.BIX 1 3KCIIEPHMEHTAABHO 000CHOBaHHBIX
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M.B. AomoHOCOBEIM (1756 — 1759 rT.), 9BAGETCS 3aKOH COXpPaHEHUS MacCChl
BellecTtBa: Macca BCex BeIeCTB, BCTYMNAaIOUIHX B XHMHYECKYIO peak-
IIHIO, paBHA MacCe IIPOAYKTOB pPEaKI[HH.

A.B. AaBya3be — (QppaHIy3CKUH y4eHbIH, u3ydad IIPOLIECChl TOPEeHHd U
COCTaB PAa3AWYHBIX BEILECTB, IIOATBEPAHA OTKPBITBHIN /AOMOHOCOBBIM 3aKOH
COXpaHEHHd Macchl. IIpy 3TOM OH MPHUIIEA €Ile K OAHOMY O4YEHB Ba*KHOMY
BBIBOY: IIPU XUMHUYECKHUX PEAKIIUSIX OCTAETCs IOCTOSHHON He TOABKO O0IIas
Macca, HO U Macca KaX[I0T0 M3 SAEMEHTOB, BXOAMIIUX B COCTaB BEILECTB.
CaenmoBaTeAbHO, IIPU XUMHUYECKHX PEAKIIMIX 3AEMEHTBHI HE IIpeBpalllaioTCs
ApPyT B Apyra.

B 1905 r. A. OUHIITEWH IOKAa3aa, 4TO MEXOAYy Maccod Teaa (m) U €ro
sHeprued (E) cymecTByeT cBs3b, BbIpaxkaemasi cooTHouieHueM E = mc2, raoe
C — CKOPOCTBh cBeTa B BakyyMe, paBHas 300000 km/c. Ilo aToMy 3akoHYy, ec-
AU B T€A€ MAU B CUCTEME BO3HHKAET U3MEHEHHeE dHepruu AE, To B ToM XkKe Te-
A€ IIPOUCXOAUT SKBHUBaA€HTHOE U3MeHeHue Macchl Am=AE /c2.

3aKOH COXpaHEHUd MacChl IIOAHOCTBIO CIIPABEAAMUB TOABKO OAS XUMHYE-
CKHUX PeaKIINH, COIIPOBOXKIAIONINXCS HEOOABIIINM BbIIEAEHHEM dHepruu. Ec-
AU K€ IIPOIIECCHI IIPOTEKAIOT C BBIAEACHHEM 3HAYHUTEABHOM SHEPruu (aaep-
HbIE PeakIlNH), TO 3TOT 3aKOH COOAIO/IA€TCS HETOYHO U TpelOyeT MOIOAHEHU I,
T.€. B 9TOM CAy4Yae HeOOXOIHMMO ITOAB30BATHCS 3aKOHOM COXPAaHEHMs MacChl U
SHEPTUU BEIIECTBA.

B ob1ieM Bume 3TOT 3aKOH (POPMYAHPYETCS CAEOYIOIIMM 00pa3oM: CyM-
MapHBI€ MAacChl H HEPrHsI BelleCTB, BCTYIHBIIHX B pPeaKIlHIO, BCeraa
PaBHBI CYMMAapHbBIM MacCe H SHEPTrHH NPOAYKTOB pPEeaKIIHH.

3aKOH IMOCTOSTHCTBaA cocTaBa. BTOPBIM II0 3HAYMMOCTH 3aKOHOM SIBASI-
€TCsI 3aKOH ITOCTOSTHCTBa cocTaBa, chopMyArupoBaHHBIN [IpycTom (ppanirys-
ckuii yuyeHnlii, 1801 — 1808 rr.). Kazxxmoe XHMHYECKH YHCTOE CO€AHHEHHE
HEe3aBHCHMO OT CIIOCODa ero IoAy4YeHHSI HMEET BIIOAHE ONpPEAEACHHBIH
cocTas.

Hanpumep, H20 (Boxa). Kakum 6b1 cmocoOoM He Oblaa OHA TIOAyYeHA: IPU
TOPEHUH AU Bogaopoaa, Aubo pasasoxkeHuem Ca(OH), — oTHoIlleHHEe Macchl
BOAOPOOA K MacCe KHUCAOPOAA BCETra OCTaeTcd paBHBIM 1:8.

OTOT 3aKOH yTBEPKIAACS B PE3yAbTATE CEMUAETHEU ITOAEMUYECKOU OOPb-
6n1 IIpycra u Beproase. Ilocaemuuil yrBepKaaA, 4TO COCTaB COENHHEHUS 3a-
BHCUT OT YCAOBHM ero moaydeHud. B 1912- 1913 rr. akazemuk
H.C. KypHakoB mokasaa, 4ToO CIpaBeaAuBBI B3ragansl u [lpycra, u Beproaae,
T.€. CYLIECTBYIOT KaK COEIMHEHUS IIOCTOSIHHOI'O COCTaBa (0aAbTOHUBI), TaK U
IIepeMeHHOro cocTaBa (0epToAUIbI).

3aKOoHy IOCTOSHCTBA COCTaBa IIOAYUHSIOTCH TOABKO COEAWHEHUH C MOAE-
KYASIPHOM CTPYKTYpPOH (rasbl), AETKOIIAaBKUE TBepAble Teaa (aex, TB. CO2, op-
raHu4YecKue CoeINHEeHUs — caxap, HapTaAWH U 1p.).

CoenuHeHUs, UMEIOIIHE aTOMHYIO AU HOHHYIO CTPYKTYpPY, UMEIOT IIepe-
MEHHBIN COCTaB U HE MOAYHUHSIOTCS 3aKOHY ITIOCTOSHCTBA COCTaBa.

3aKOH KpaTHBIX OTHOLIEHHH. OIILITHI ITOKA3aAH, UTO HEKOTOPBIE
SAEMEHTBI, B3aUMOJIEHCTBYsSI MeEKIy CO0OM, MOryT 0oO0pa3oBbIBATh He-
CKOABKO Pa3AWYHBbIX COEAUHEHUMN



CoenuHeHHe
N-O NO N2O3 NO> N2Os
Ha 1r N> mpuxoaurcsa Oz 0,57 1,14 1,71 2,28 2,85

4TO COOTBETCTBYET OTHoIIeHUIo 1 : 2 :3:4: 5.

B 1803 r. anramiickum ydeHbIM [l. [laabTOHOM OBIA CPOPMYyAUPOBAH 3a-
KOH KPaTHBIX OTHOILIEHUN:

EcAM aABa 3A€MEHTa OOpa3ylOT APYr C APYroM HECKOABKO XHMH4Ye-
CKHX COE€AHHEHHH, TO Ha OZHY H Ty XK€ MacCy OAHOro H3 HHX HPHXO-
ASATCA TaKHe MacChl APYyroro, KOTOpble OTHOCATCS MEXAYy co0oii, Kak
IIPOCTBIE LIEABIE YHCAA.

N3 3aK0OHa KpaTHBIX OTHOIIEHHUM CTaAO SICHO, YTO HAMMEHbINIad Macca
5AEMEHTA, BCTYIAIIETIO B XUMHUYECKYIO PEAKIIHUIO — 3TO aTOM, & B MOAEKYAY
COEUHEHHS MOXKET BXOAUTH TOABKO IIEAO€ YHCAO aTOMOB. 3aKOH KpPAaTHBIX
OTHOIIIEHHUN TakK¥Xe€ KaK M 3aKOH IIOCTOSHCTBA COCTaBa CIPaBEIAUB TOABKO
JASI COEUHEHUN C MOAEKYAIPHBIM CTpoeHHeM. llpu arom [laabTOH IIPHUHSA,
YTO BCE aTOMBbl KaXK/IOTO XHUMUYECKOTO 3A€MEHTa OJQWHAKOBBEI U 00AaIaIoT
CTPOTO OIIpeNeAeHHON Maccoil. 3a eqUHUILy aTOMHOM Macchl npuHsTa 1/12
MacChl aToMa CaMOr'o AETKOIo u3oTora yraepoaa 2C.

HUrak, aToMHass Macca — 3TO YHCAO, KOTOPOE€ IOKa3bIBAET, BO CKOABKO
pa3 macca oxmHoro aroma 6oaslre 1/12 maccel nzorona yraepoaa 12C, BwIpa-
JKE€HHas B YCAOBHBIX €IUHUIIAX.

MoaekyagpHad Macca — 3TO YUCAO, KOTOPOE IIOKAa3bIBA€T BO CKOABKO Pa3
Macca 1 MoaeKyabl 6oabliie 1/12 macch! n3orona 12C, BbIpaskeHHas B YCAOB-
HbIX €IVHUIIAaX.

CoOTBETCTBEHHO MOXKHO BBIBECTU OIIPEAEAECHUE MOAEKYAIPHON MacCChI CO-
enrHeHUN. MoaeKyAadpHad Macca COeOWHEHUH paBHA CyMME aTOMHBIX Macc
BCEX aTOMOB, COCTaBALIOIINX MOAEKYAY.

Hapsany ¢ maccamMu u 00BbEMOM B XUMHH [OAB3YIOTCS TaKiKe equHUIleH
KOAMYECTBA BEILECTBA, KOTOpad HA3bIBAETCd MOA€M. MoAb — KOAHYECTBO
BeIlleCTBa, cCozepikallleeé CTOABKO MOAEKYA, aTOMOB, HOHOB, 3A€KTpPO-
HOB HAH ZAPYTrHX CTPYKTYPHBIX €AHHHIL, CKOABKO COZAEPHXKHTCS aTOMOB
B 12 r u3oromna yraepoza Cl12. B Hacrodlllee BpeMd YHUCAO CTPYKTYPHBIX
€QUHULL, COAECPKAIINXCI B 1 MOA€ BEIIECTBA, OIPEAECACHO JOCTATOYHO TOYHO
U COCTaBASIET YHCAO ABoraapo (6,02-1023). Macca 1 moag BemiecTBa Ha3bIBa-
€TCsI MOABHOH (MOASIDHOHM) MAaCCOH U BBIPazkaeTCd B I'/ MOAB.

Caenyet pazangathk 1 moab aToMoB H, 1 moab Mmoaekya Ha. MoaekyasapHaga
Macca aToMOB BoAopoza paBHa 1 a.e.M., a MoAbHas mMacca 1 moasg aromoB H
paBHal r/MOAB.

MoaekyasapHasa mMacca MoAeKyAabl Ha paBHa 2 a.e.M., a MoABHag Macca Mo-
aekyAbl Hp paBHaA 2 r/MOAB.

MoaekyaapHaa wmacca MoaeKyabl Oz paBHa 32 a.e.M., a MOABHad —
32 r/MOAB.

3aKOH 3KBHBaA€HTOB. OHOBPEMEHHO C 3aKOHOM KpPAaTHBIX OTHOILIEHUH
ObIA OKOHYATEABHO CPOPMYAHPOBAH B pe3yabTare pabor Puxrepa, JaavToHa,
BoaaacToHa 3akoH 3KBuUBaseHTOB (1804 — 1814 r.r.):



8

BeiecTBa B3aHMOZAEHCTBYIOT APYr C APYyroM B KOAHYECTBaX, IIPO-
NMOPILHOHAABHBIX HX 9KBHBAaA€HTaM.

[Ipu pereHuu 3aa4 ynoOHee IMOAB30BATHCH APYyrodl (PpopMyAUPOBKOU 3a-
KOHAa 9KBHUBaAAEHTOB:

Maccsl (00’b€eMBI) pearHpyrolHX APYr C APYromM BEIIECTB IPOINOp-
IIHOHAABHbBI HX 3KBHBaA€HTHBIM MaccaM (00'bemam)

m _3 (1.1)
m, 9,

roe mi, mo U J1, D2 — Macchl U 9KBHUBAAEHTHBIE MacCChl peardpyOIIUX
BEIIIECTB.

IKBHBaA€HTOM (J) XUMHUYECKOTO SA€MEHTa Ha3bIBAIOT TAKOE €r0 KOAU-
1 .
4EeCTBO, KOTOPOE COEAUHSETCS C 1 MoAeéM aTOMOB BOAOPOAA HAM 3 MOAEH

aTOMOB KHUCAOPOJA. DKBUBAAECHT BBIPAKAETCS B MOASX HAH I'/ MOAL. OKBHUBaA-
A€HT, BBIPasKEHHBIH B I'/ MOAbL Ha3bIBaeTCd 3KBHBAA€HTHOH MaccoH (Macca
1 3KBUBaAEHTA).

Tak, Bogopoa B CBOHUX COEAWHEHHIX, KaK IIPaBHUAO, OJHOBAAEHTEH U €TO
1
5KBUBaA€HT paBeH 1 Moab atromMoB H mnau ) MoAd MoOA€KyAbl Ho, a 3KBUBa-
A€HTHas Macca paBHa 1 I'/MOAb.

1
Kucaopon AByXBaA€HTEH, €r0 3KBUBAACHT PaBEH > MoAd aTtoMoB O HAH

1
Z MOAAd MOAEKYADBI 02, a 3KBHBAA€CHTHad MacCcCa paBHa 8 F/MOAB.

XUMHYECKHUN 5KBHBAACHT 9AEMEHTA MOXKHO BBIYUCAHUTH HUCXOAd N3 MOAb-
HOM Maccel ero aromoB (M) u BaaeHTHOCTH (B):

D=—. (1.2)

9, = 27 _ 9 r/moab uau 1/3 mMoasa aTomoB Al.
3

V3 cootHomieHud (1.2) caemyeT, 4TO SAEMEHT, IIPOSABALIOIINN B COEAHHE-
HUSAX IIEPEMEHHYI0O BAAEHTHOCTDh, UMEET HECKOABKO 3HAUYEHUMN 3KBHUBAAECHTOB.

Tak, manpumep, B coeaunennu CuO O, =%=32I‘/MOAB WAU % MOAB

64
aromoB Cu, a B coemuHeHun Cu20 O, =T=641"/M0Ab WAM 1 MOAB

aTomoB Cu.

[loHaTus «3KBUBaAE€HT» U «3KBHUBAA€HTHAasI Macca» PaCIIPpOCTpPaHAIOTCAd U
Ha CAOZXHBIE COEAMHEHHUA: OKCHObI, KICAOTBI, OCHOBAaHHA, COAH.

OKBHBaAEHT OKCHIA OIIPEACAAETCA N3 COOTHOIIIECHHA



D=—. (1.3)

rae M — MoapHasg Macca OKCHOa, B — BaA€HTHOCTb dAeMeHTa (MAW KH-
CAOPOMIa), N — YHCAO aTOMOB 3TOT0 A€MEHTA (MAM KHCAOPOAA) B COETUHEHHUH.

OKBHBAaAEHT OKCHIA MOXKHO PaCCYHTATh UCXOAS U3 CYMMbI 5KBHBAACHTOB
5AEMEHTA €ro 00pa3yIoLIEro U KUCAOPOAA:

Qe =9, +8. (1.4)
M
Hampumep: 3, , = = MO ;02 =17 r /Mmoab
INRR N ‘
27

HAE O, o =9y +8:?+8=17 I / MOAB

OKBHBaA€HT KHCAOTHI (OCHOBaHHS{) paBEH MOABHOM Macce, AEA€HHOM Ha
YHCAO aTOMOB BOZOPO/A, 3aMEILIEHHBIX B JaHHOM peakIIMM Ha MeTaaA (Ha
YHCAO BCTYIIAIOINX B PEAKIIMIO THUAPOKCHUABHBIX TPYII). OKBUBAAEHT COAU
paBeH YacTHOMY OT OEA€HHS MOABHOM MAacChl COAHW Ha IIPOU3BEAEHUE Ba-
AEHTHOCTU METaAAa U YUCAA €T0 aTOMOB B MOAEKYAE.

BripaxkeHuss nas pacueTa SKBHUBAAEHTOB KHCAOTBI, OCHOBAaHUS, COAU
HMEIOT BULL

M M M
) — K—ThI , c) :ﬂ, G :¢, (]_5)

coAru

n n By Ny

rae Mxre; Mocn.; Mcoau — MOABHBIE MAacCChl COOTBETCTBEHHO KHCAOTBI, OC-
HOBAaHUS, COAH;

n . — YHCAO aTOMOB BOLOPO/JA, 3aMEIIEHHBIX B JaHHON peakluy Ha Me-
TaAA,;
n__ — YHCAO BCTYIAIOIIMX B PEAKIMIO THAPOKCHUABHBIX Tpynil; Bye —

OH™
BaACHTHOCTBb METaAAQ,
Ny — 9HCAO aTOMOB M€TaAAa B MOAEKYAE€ COAH.

€
OKBUBaA€HT OCHOBaHUS MOXKHO IIPEACTABUTH KaK CyMMYy 3KBHUBAAE€HTOB

MeTarAa U THUAPOKCUABHOM T'PYIIIBI; 9KBUBAAEHT KHCAOTBI (COAH) — KaK CyM-

My SKBUBaA€HTOB BOAOpPOZAa (MeTaara) M KUCAOTHOI'O OCTaTKa. OKBUBAAEHT

KHCAOTHOT'O OCTaTKa PaCCUNUTBIBAETCS AEA€HHEM MOABHOM MaccChl Ha €ro 3a-

pan.

Msto4 _ 98

Hampumep: Oy 40, = =49r/MoAb HAM

H+
Oy s0, =y + =1+%=49I‘/MOAB;

H* Slorm
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9 :ﬂ:%:?ﬁr/moz\b UAU

40 17
=—+

QCa(OH)2 =9 2 T3, — =371 /MO0AB;

M
_ a0, 342 57 r/MOoAb HAU

A(S%)s B, .n, 32

—2—7+%=571“/M0AB

i Q.. +9

A12(SO4)3 Al Slora -

OKBHBAAEHTBI CAOXKHBIX BEIIECTB MOIYT HUMETh pPa3AWYHBbIE 3HAYEHUS B
3aBHCHMOCTH OT TOT'0, B KaKyl0 PeaKIlHio oOOMeHa OHH BCTYIIAIOT:

H>SO4 + NaOH = NaHSO4 + HO,

H2SO4 + 2NaOH = NaxS0O4 + 2H20.

OkBuBaseHT HoSO4 B mepBo#l peakiiuu paBeH 98 r/mMoab, BO BTOPOU —
49 r/MOAB.

Ecau ogHO M3 pearupyrollnx BeIIeCTB MAW oba HaxoAsTcs B raszoodpas-
HOM COCTOSIHUHY, 3aKOH 9KBHUBAACHTOB 3aIIHChIBAETCS B BU/IE:

Y
m_3 g o (1.6)
v, V32 V, V92

rae Vi, Vo — o0beMbl B3aUMOAEHCTBYIOIMX Ta3000pa3HbIX BELIECTB MIPU
H.Y.;

V51, Va2 — 3KBHBaA€HTHBIE 0O0BbEMBI 3THX BEIIECTB IIPU H.Yy., T.€. 00bEMEI,
3aHUMaeMble OMHUM 3KBUBAA€HTOM 3THX BEIIECTB.

OKBUBaAEHTHBIN 00beM BOAOPOZA PACCUUTBHIBAETCS UCXOAS U3 MOABHOTO
obbeMa, PaBHOTO Al AIOOOTO raza mpu H.y. 22,4 A. Tak Kak 3KBUBaA€HTHAas
Macca Bomopoza (1 r/moab) B 2 paza MeHBbIIE MOABHOM (2 r/MOAB), TO B
1 mone moaekyabl Ho comepzkutca 2 5KBHUBAA€HTa, CA€NOBATEABHO, SKBHBA-
AEHTHBIH o0BbeM Bomopoda paBeH 22,4 :2 = 11,2 A. DKBUBaAeHTHas Macca
KHcaopoga (8 r/Moan) B 4 pa3za MeHbIlle MOABHOM (32 r/moab), To B 1 Moae
MoAeKyAbl Oz comepskUTcda 4 9KBUBaA€HTa, 9KBUBAAEHTHBIN 00BEM KHCAOPO-
na paseH 24,4 : 4 = 5,6 A.

OKBUBaAEHTHI BELIECTB OOBIYHO YCTAHABAUBAIOT 110 JAaHHBIM aHaAWU3a CO-
€IUHEHUN XUMHYECKUM (METO IPSMOIO OIIPEAEACHHS, METOJ BbITE€CHEHUS
BOOPOJA, aHAAUTUYECKHUH METOM) UAH SACKTPOXUMHUYECKUM IIyTEM.

3aK0OH O0'’b€EMHBIX OTHOWIEHHH. /[As peakIiuii MeEXKIY ra3000pasHbIMU
BEIlleCTBaMU JEUCTBYeT He TOABKO 3aKOH 9KBHUBAAEHTOB, HO U 3aKOH 00BEM-
HbIX oTHoIeHu# ['eii-Aroccaka (1805 r.):

O0BbeMBI BCTYHAIOUIHX B PEaKIHIO ra30B OTHOCSTCS APYT K APYTY
KaK HeOOABIIIHE LIeABbIEe YHCAA

2H> + O = 2H20
N3 2 ooremoB Hz u 1 o6bema Oz moaydarorcd 2 oobema HoO.

3aK0H 0OBEMHBIX OTHOIIEHUH CIIPABEIAHB TOABKO OAS UOEAABHBIX I'a30B.
M oeaAabHBIM Ha3bIBAETCH TAaKOE COCTOSTHHE, KOTZla MOXKHO ITpeHeOpedb MesK-
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MOAEKYAAPHBIM B3aHUMOJIEeUCTBHEM U COOCTBEHHBIM 00HEMOM MOAEKYABI.

3akoH ABorazpo. B 1811 r. uraapsgHckuit pu3uK ABoraapo chopMyAHn-
pOBaA 3aKOH, COTAACHO KOTOPOMY PaBHBIE 00BE€MBI ra3oB IPH OAHHAKO-
BOH TeMIepaType H JaBA€HHH, COAEPKAT OAHHAKOBOE YHCAO MOAEKYA.

CoraacHO 3aKOHY ABOrafpo, OOHO U TO K€ YHCAO MOAEKYA AIOOOro rasa
IIPU OOUHAKOBBIX YCAOBHUSX, 3aHMMAIOT OOUH U TOT ke obobeM. U, c mpyroit
CTOPOHBI, MOAb AIOOOTO rasza (10 OIIPEeAeACHHUIO) COAEPKUT OOUHAKOBOE YHCAO
vyactuil. CaetoBaTeAbHO, 1 MOABL AIOOOTO BeIlleCTBa B ra3000pa3HOM COCTOS-
HUU 3aHUMAaeT OOUH U TOT 3Ke 00BeM.

HerpynHo paccuuTaTh Kakodl 00beM 3aHHMaeT 1 MOAb rasa IIpU HOP-
MaABbHBIX yCAOBHAX (760 MM. pT. cT. uan 101,325 klla u O°C).

OKCIIEPUMEHTAABPHO YCTAHOBAEHO: 4YTO Macca 1 A Kucaopoma IpHU HOP-
MaABHBIX ycAOBHsX paBHa 1,43 1. CaemoBaTeabHO O00BEM, 3aHHUMAaEMbIH
1 moaem kucaopoza (32 r) cocraBurt 32 : 1,43 = 22,4 a.

O4HH MOAB AIOOOro rasa NIpH HOPpMaABHBIX YCAOBHSX 3aHHMAaeT 00'b-
emMm 22,4 A.

[TeproanyecKUM 3aKOHOM MOXKHO ITOAB30BaTBhCS [IAS OIIpeneAeHUus (PU3U-
KO-XUMHUYECKUX CBOMCTB COeNMHEHUN, OCHOBAHHBIX Ha COIIOCTABA€HUU H3-
BECTHBIX BEAWYHH, [IAd PEIIeHUd 3a0a4d CHHTe3a BEIIECTB C 3aJaHHBIMU
cBolicTBaMU; pa3paboTKe HOBBIX MaTEPHAAOB, B YACTHOCTH, IIOAYITPOBOIHU-
KOBBIX, U T.I.
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1. ObWHNE SAKOHOMEPHOCTU NMPOTEKAHUA OU3UNKO-
XMMUYECKUX NPOLECCOB

1.1. KWHETUKA ®USNKO-XUMUYECKUX MPOLLECCOB.
XUMHUYECKOE PABHOBECUE

1.1.1. CKopoCTb PUIUKO-XUMUUECKUX NPOLIECCOB

Paznea xuMum, u3ydarolyii CKOPOCTb U MeXaHU3M IPOTeKaHUS (PU3UKO-
XUMHUYECKUX MPOIIECCOB, HA3LIBAETCS XHMHYECKOH KHHETHKOH. l3yuyeHue
KHWHETUKU IIpeBpalleHu faeT BO3MOKHOCTD BbIICHUTH PeaAbHBIH MeXaHU3M
IIPOTEKAHUd IIPOIlecca, IIO3BOASIET YIIPABAITH UM, OCYLIECTBAITHL MaTeMaTH-
4eCKOe€ MOIEAMPOBaHME, pPellaTh 3a4a4y I10 €ro OIITUMHU3AIluU U aBTOMaTH-
3alIui.

B xumMmnyeckoll KUHETHKE pa3AN4Yal0T TOMOI€HHBIE H IeTepOreHHbIE
npouecchl. loMoreHHsle MpPoLUECChI IIPOTEKAIOT BO BCEM 00BEMe, U pearu-
pyIOLIIMe BelllecTBa HaxondaTcd B onHOU dase. B aToM caydyae MOA€KyABI BCEX
pearupyromx BeIlIeCTB HaXOASITCd B OJAWHAKOBBIX ycaoBUsX. 'eTeporeH-
HbI€ IIPOILleCcChl IIPOTEKAIOT Ha I'paHUlle paznesa ¢as3. OHU IIIUPOKO IIpHUMe-
HSIIOTCH B IPHUOOPOCTPOEHNM: OKHCAEHHE U TPABAEHHE METAAAOB U IIOAYIIPO-
BOJHUKOB, ITIOAYY€HHE 3alllUTHBIX TOKPHITUH U T.[.

B ocHoBe (PU3NKO-XUMHUYECKHX ITPOIIECCOB AEKHUT XUMUYECKOe IIpeBpa-
IIIeHHe OJHUX BEIECTB B ApPyTHe, T.€. XUMH4YecKas peakiiyda. Cae10BaTEABHO,
Takue (PU3UKO-XUMHUYECKHEe B3aUMOAEeHCTBUS MOXKHO XapaKTepUu30BaTh CKO-
POCTEBIO.

CropocThI0O (PU3UKO-XHUMHUYECKOI'0 IIpollecca HasbIBaeTCs H3MEHeHUe
KOAMYECTBa pPearupyrolrx BEIIECTB B €AMHUIy BPEMEHU B €AMHUIIE peak-
IITMOHHOTO ITPOCTPAaHCTBA. PeaKIITMOHHBIM IIPOCTPAHCTBOM B I'OMOT€HHOM CHC-
TE€ME CAYKUT 00beM CcocyZla, B KOTOPOM IIPOUCXOAUT B3aUMOJEHCTBHUE, B Ie-
TEePOTe€HHOM — ITOBEPXHOCTH pasnesa as.

BrrpakeHue aada cpegHel CKOPOCTU FTOMOT'€HHOTO IIpollecca UMeeT BU

An

=+
V-At

(4.1)

roM

rme An =ng-—ni, At =12- T1;
Nni ¥ N2 — KOAHUYECTBO MOAEU U3MEHHIOIIETOCS B PEAKIIUU BELIECTBA
B MOMEHTBI BPEMEHU T1 U T2;
V — 06beM peakIIMOHHOTO MTPOCTPAHCTBA, A.

CkopocTh (PHU3UKO-XHUMHUYECKOI'O IIPOIlecCa BCEra BEAMYHHA IIOAOXKH-
TeAbHas, II03TOMY Iepel Apobbio cTaBdaAT 3HaK “+”. M3MepsieTcss CKOpPOCThH B
MOAB / A-C.

KoanyecTBo BelllecTBa (MOAB), OTHECEHHOE K 3aHHMaeMOMy UM OOBEMY
(n/V), ectb MoABHasg KoHIleHTpalud (c). [loaToMy CKOpPOCTH TOMOI'€HHOH
PeaKIIHH MOXKHO OIIPENEAUTh KaK U3MEHEHHNE KOHIIEHTPAIMH OJHOI'0 U3 pea-
TUPYIONIUX BELUIECTB B €AUHUILy BpeMeHH. EcAl B MOMEHTBI BpEMEHU T1 U T2
KOHIIEHTPAIINS PEarupyroIlero BelllecTBa OblAa COOTBETCTBEHHO Ci U C2, TO
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OTHOIIIEHHUE
Vi =t 2L =32, (4.2)

BBIpazKa€T CPEAHIOIO CKOPOCTh I'OMOI'€HHOTI'O ITpOIIECCa.

Peakiinu B reTeporeHHBIX CHUCTEMaX, KakK IIPABHAO, OTAUYAIOTCS CAOXKHO-
CTBIO U ITPOTEKAIOT IO CTAIUSIM:
1. mpoillecc repeHoca UCXOMHBIX BENMIECTB K ITOBEPXHOCTHU pasaesa ¢as;

a/IcCoOpOIIMsa MCXOAHBIX BEIIECTB Ha IpaHUlle pasaesa gas;
HEIoCpPeACTBEHHO caMa XUMHUYeCcKas peakIls;
JecopOIusa IPOAYKTOB PEeaKIINH,

e

OTBO/, IPOAYKTOB peakIINU OT ITIOBEPXHOCTU pa3aesa ¢as.

BBugy TOro, 4ro 3TH CTAQOUH IIPOTEKAIOT IIOCA€OOBATEABHO, CKOPOCTH
IIpollecca OIIPEAEASIETCd CcaMOM MEOAEHHOU cTaaueir (AUMUTHpPYIOIei). Bel-
pazkeHHe OA9 CPEAHEN CKOPOCTH I'e€TE€POr€HHOIO IIPoIlecca UMEET BU:

An
Vierep = S AL’ (4.3)
re S — MHOAOIIAAb MeK(a3HOM IIOBEPXHOCTH.

H3mepsgaeTcsa CKOPOCTh T€TEPOTeHHOM peaKIli MOAb/ M2-C.

CKOpPOCTh peakIMy 3aBUCUT OT IPUPOAbl PEATUPYIOIMX BEIIECTB, HX
KOHIIEHTpPAIIH, TEMIIEPATYPhI, JABACHUS (OAS peakIMii ¢ ydacTHEM Tra3oB),
IIPUCYTCTBUSI B CHUCTEME KaTaAu3aTOPOB, OT IOBEPXHOCTH B3aUMOAEUCTBULA
pearupyoimx BEIIECTB (B CAydae reTEPOreHHOM peakIiliy) U T.[.

1.1.2. 3aBUCUMOCTb CKOPOCTU peaKkLuuu
OT KOHLUEHTPaUWUN pearnpytoLiMx BewecTB

HeoOxoAMMBIM YCAOBUEM OCYIIECTBACHUS XMMHYECKOI'0 B3aUMOAeHCTBUS
SIBASIETCSI CTOAKHOBEHHE pearupyronmx yactull. CTOAKHOBEHHUE UX B HEKOTO-
POM pEaKIIMOHHOM MPOCTPAHCTBE IPH 33JaHHON TeMIlepaType ITPOUCXOIUT
TeM 4alre, yeM 6oabllle 3Tux dacTull. [Io3ToMy CKOPOCTh XMMUYECKOH peak-
MU 3aBHUCUT OT KOHIIEHTpPAIIUU pearupyronmx BelecTB. U 9Ta 3aBUCHMOCTD
BbIPaAYKaEeTCsl OCHOBHBIM 3aKOHOM XUMHYECKOH KHHETHKU — 3aKOHOM HOeH-
CTBYIOIIIMX MACC: CKOPOCTH I'OMOI€HHOH XHMHYECKOH peaKIHH IIpH
IIOCTOAHHOH TeMIIepaType IIPsAMO IPONMOPLHOHAABHA IIPOH3BEAEHHIO
KOHIIEHTPAllHH pearHpyIOIIHX BeEleCTB, B3ATHIX B CTENEHAX, paBHBIX
CTEXHOMETPHYECKHM Ko3(ddHIIHEeHTAaM B YPABHEHHH PEaKIIHH.

Hasa peakuu aA + bB = cC + dD
VI‘OM = kc; Cg’ (44)

TZI€ Vion — CKOPOCTBH PEAKIIUY;
k — K03(pPUIHEHT ITPOIOPIIMOHAABHOCTH, Ha3bIBAE€MbIN KOHCTAHTOMU
CKOPOCTH XUMUYECKOU peaKkIlniy;
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Ca 1 Cp — KOHIIEHTpPAIINN PEarupyrolixX BEIEeCTB, MOAL/A;
a, b — crexuomerpudeckrue Ko3ppUIIUEeHThI B ypaBHEHUHN PeaKIIUU.

®u3ndyecKUd CMBICA KOHCTaAHTBI CKOpocTH (K): oHa Immokas3bIBaeT, ¢ KakoH
CKOPOCTBIO IIPOTEKAET peaKIus MHPHU KOHIIEHTPAIINIX B3aUMOAEHCTBYIOIIMX
BEILIECTB, PABHBIX 1 MOAB/A.

k=v Ca=Cg=1 moab/A. (4.5)

Ecan PE€arupyroIIue BEIIECTBA HAXOOAATCA B Fa3006paSHOM COCTOdHHH, TO
BMECTO KOHL[CHTpaL[I/Iﬁ B 3aKOHE MOEUCTBHHA MAaCC MOXKHO HCIIOAB30BATh HX
ITapInruaAbHBIC JaBACHHULA.

VI‘OM = k ) pi ) pg ° (46)

KoHcTaHTa CKOpPOCTH K 3aBHCHUT OT HPHUPOALI PEarupyrolIuX BeEIEeCTB,
TeMIIepaTypbl, IPUCYTCTBUS KaTaAHM3aTopa, HO He 3aBHCHT OT KOHIEHTpa-
IIUH PEearupylolMx BELIECTB U MapIllMaAbHBIX JaBA€HHM, €CAU BellleCTBa Ha-
XOASTCA B ra3000pa3Hoi dase.

B cay4dae reTeporeHHbIX IIPOIIECCOB B 3aKOH AEHCTBUS MacC BXOOAT KOH-
HEHTPAIIUU TOABKO TE€X BEIIECTB, KOTOPhle HAXOMATCA B ra3oBoM dase HUAH
pactBope. KoHIIeHTpaliuu BEUIECTB, HAXOOAIIMXCS B TBepAoHd ¢ase, 0OBITHO
IIOCTOSHHBI U BXOOAT B KOHCTAHTY CKOPOCTH.

Cip) T Oor) =COs1y5 Vir =k-Cp mam v, =k-pg ,

(r)

(xp)

Zn,, +2HCl . =ZnCl, ., +H, v, =k -Cl.

(xp) () () (r)’

Tak KakK reTeporeHHbIE ITPOIIECChHI MTPOTEKAIOT Ha TpaHUIle paszmesa das,
TO 4eM OOABIIle MOBEPXHOCTb B3aUMOAEUCTBHLA, TeM OOAbIIEe BEepPOATHOCTH
CTOAKHOBEHUS B3aUMOAEHCTBYIOINIUX YACTUL], HAXOASIINXCSI B Pa3HBIX (a-

3axX, U, CA€JOBATEABHO, OOABIITE CKOPOCTh NeTEPOTre€HHOM pPEeaKITHH.

3aKOoH IEHCTBUS MAacC CIPaBEOAUB TOABKO OAS HAWOOAEE ITPOCTBIX peak-
UM, IPOTEKAIOIMX B rasaxX HMAM pa30aBAEHHBIX pacTBopax. A CAOIKHBIX
FOMOT€HHBIX PEaKIUM, MNPEACTABASIOIIMX COBOKYIITHOCTH IapPaAA€ABHO HAHU
IIOCA€IOBATEABPHO MPOTEKAIOIIUX IIPOLIECCOB, 3aKOH IIPUMEHUM A KasKIOU
OTAEABHOM CTAQOUU, HO HE IOAd BCEH peakiluU B IIEAOM. B reTeporeHHsbIX I1po-
[eccax 3aKOH AEUCTBUA MacC IPUMEHUM AUIIL TOrAa, KOTa AUMUTHUPYIOIIEH
CTaAUEN IBAIETCH HEIIOCPEACTBEHHO XUMUYECKasd PeaKIUd.

1.1.3. 3aBUCUMOCTb CKOPOCTU peaKkuun oT TemnepaTypbl

3aBHUCUMOCTE CKOPOCTH (PU3HUKO-XUMUYECKOI0 ITPOIlecca OT TeMIIepaTypPhl
OPUOAMIKEHHO BbIpakaeTcsd IpaBuaoM Baut-T'odda: mpu yBeAndeHUU TeM-
nepatypbl Ha Kaxaple 10°C CKOPOCTh XHUMHYECKOM pPEaKIMU BO3pacTaeT
IIpUMEPHO B 2 — 4 pasa. MaremaTH4eCcKU 3Ta 3aBUCHUMOCTDH BbIparkKaeTcsd CO-
OTHOIIIEHUEM:
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-t

Vi, =V Y 10, (4.7)

rae v, UV, — CKOPOCTH PEAaKIHH COOTBETCTBEHHO IpH t1 u tz Temie-
patypax;

Yy — TeMIepaTypHBIH KO3((PHIHEHT CKOPOCTH (3HAYECHUS HU3Me-
HAI0TCA OT 2 10 4), HOKa3bIBaIOIIMI, BO CKOABKO Pa3 YBEAUYUTCH CKOPOCTH
peaxiy C NoBbIlIeHHEeM TeMIlepaTypbl Ha 10°C.

YucaeHHOE 3Ha4Y€HHE Y 3aBHCHUT OT HIPUPOABl PearupylolIUX BEIIECTB U
[A9 JaHHOU peakilvy €CTh BEAMYHNHA IIOCTOsTHHAas.

YuuThiBad, 4TO HPHU KOHIEHTPAIUSIX PearupyrolInx BeEIIeCTB 1 MOoAb/A
CKOPOCTBb pPeakiIMyi YUCAEHHO paBHA KOHCTaHTE CKOpOocTH k BeIpaxkeHue (4.7)
MOKHO IIPECTaBUTL B BULIE

-t

k, =k, -y O (4.8)

ty

rae k, , k, — KOHCTaHTBI CKOPOCTEH PeaKIyii Py TeMIieparypax t u to.

N3 ypaBHeHuti (4.7), (4.8) caenyer, 4To TeMIIEPHBIN KO3(PPUITMEHT CKOPO-
CTH peakluuu Ipu pasHuile to — t1 = 10°C paBen

=—*=y, (4.9)

YBeAndeHNEe CKOPOCTU XUMUYECKON peakIUU C IOBBIIIIEHUEM TeMIlepaTy-
PBI CBS3aHO C BO3PACTAHUEM 4YHCAA MOAEKYA, O0AQAIONIUX H30BITOYHOM
sHeprueii. [Iasa Toro, 4ToOBI ITPOH30INAA PEAKIIHL, T.€. YTOObI 00pa30BaAUCH
HOBBIE MOAEKYABI HEOOXOIMMO BHA4YaAe pa3opBaTh HAU OCAAOUTH CBSI3U MEXK-
Iy aToMaMU HCXOMHBIX BemlecTB. Ha 3To Heob6XoauMo 3aTpaTUTh OIIpPEeNeAeH-
HyI0 3Hepruio. Ecan craskuBaromnuecs 4acTUllbl OyayT obaaiaTh TaKOU 3HEP-
rHel, YTO CTOAKHOBEHME X MOIKET IIPUBECTHU K IIEPECTPOHKe aTOMOB U K 00-
Pa30BaHHIO MOAEKYA HOBOTO BEIIIECTBA.

M30bITOuHaa SHEpPryud, KOTOPOH MOAXKHBI 00Aa1aTh MOAEKYABI, YTOOBI
CTOAKHOBEHUE ObIAO 3(PPEKTUBHBIM, HA3BIBAETCs JHEPrHed aKTHBAIHH
(Ea), a wacTunpl, obragaroiet Tako sHepryeld, Ha3bIBalOTCd aKTHBHBIMH.
C moBBILIIEHHEM TeMIIEpPATypPhl BO3PACTAET OOAT aKTUBHBIX YaCTHII.

Ha puc. 1.1 npencraBaeHO rpadHUuecKU U3MEHEHUE SHEPTHM pearupyio-
IIIIX BEIIECTB B XO/I€ PEaKIINH.

Oneprusa E; xapakTepusyeT UCXOAHBIE BELIECTBa, Ko — IpoayKThI peak-
uu. B xone peakiinu sHeprua Bo3pacrtaeT A0 3HadeHu# E (Touka K), a 3atem
yMeHbIIaeTca 0 3HadeHud KE,. Paznuna szepruii E - E; — 3HepreTHde-
CKHH Oapbep, KOTOPBIM MOAKHBI IIPEOJOAETH YACTHUIIbI, YTOOBI COYyAapPEHMU
ObIAM 5(PPEKTUBHBIMU HUAU 10 APYIrOMy 3Heprusi akTuBauuu (E.). aa ops-
MOU peakIIUH OHa paBHAa pasHocTH E — Ei, masa oOpatHoit E — Eos.

Ha mpencraBaeHHOM cxeMe cpenHds 3Heprusd (Eq.) mpoaykToB peakiiyu



MeHbllle 3Hepruu (Ei) wuc-
XOAHBIX BEIIECTB, CAE€IOBa-
TEABHO PEaKIIHs IIPOTEKAET C
BBIJEA€HUEM TEIIAOTHI (3K30-
TepMHYeCKad peakiys,
AH < 0). CpemHsa 5sHeprud
IIPOAYKTOB peakiuu E,; Mmo-
KeT ObITh OoAbllle cpemHel
sHepruu E1 HCxomHBIX Be-
IIECTB, TOTJAa peakllud IIpo-
TEKAaeT C IIOTAOIIEHUEM TeIl-
AoThl (AH > O, sgoTepmuye-
CKad peakliys).
DYHKIIMOHAABHYIO 3aBU-
CHUMOCTB CKOPOCTH pPEaKIIuU

16

SHEPrus

WCXOJIHBIE Y
BEIeCTBa

E

—_

IIPOYKTHI
E, peakuuu

-

XOJl peaKIuu

Puc. 1.1. DHepreTmndeckas guarpaMMa
IJIS 9K30TepMUYECKOV peakm

OT TeMIIepaTyphl BhIpakaeT ypaBHeHHEe AppeHHyca:

k=A-e RT,

E

; (4.10)

rae k — KOHCTaHTa CKOPOCTH;
E. — sHeprus akTuBallvu, K/3K/MOAb;
R — yHuBepcasbHadg razoBad roctosiHHasi, 8,314 I3k /Moab- K;

T — abcoaroTHas TeMmneparypa, K;
€ — OCHOBaHHE HATYPaAbHOIO AOTapUdMa;
A — TpPemsKCIIOHEHIIMAABHBIH MHOXKHUTEAL (IIOCTOSHHAsI BEAMYHHA

JAS JaHHOU peakilvuu).

A=ZP, (4.11)

rae Z — 4HCAO COyLapeHUU;
P — crepuyeckrii MHOXUTEADb, YIUTBIBAIOIINUN OPHUEHTAIIHUIO YaCTHUIL
B PE€aKIMOHHOM IIPOCTpPaHCTBE. YHucaeHHOe 3HadeHne P HaxoguTca B mpene-

Aax 1099 -1.

Buas k, u Kk, , MOXKHO BBIYUCAUTH Ei U3 COOTHOLIICHS

mEZQ.
k, R

1 1) E, T,-T

T, T,] R T, T (4.12)

TakuMm obpazom 3Heprust akTuBauuu (E.) sSBAseTcss ogHUM U3 OCHOBHBIX
HapaMeTpPoB, XapaKTepU3YIOIINX 3aBUCUMOCTh CKOPOCTU PEaAKIIUU OT TeMIIe-
parypbl. YrucaeHHoe 3HadeHHe E, 3aBHCUT OT IIPHUPOABI PEarupylolrxX Be-
IIeECTB B OT KaTtaau3aTopa. OHa HeoOxomauMa A OCAAOAEHUS XUMHYECKHUX
CBsI3eH B HUCXOOHBIX BEIIIECTBAX U [AL IIPEOJOACHUS CHUA OTTAAKUBAHUS MEXK-
[y 9AEKTPOHHBIMH 0DOAOYKAMM ITPU COAMIKEHHUH MOAEKYA M aTOMOB B3aUMO-
JEUCTBYIONMX BelecTB. YeM Ooabiue 3HadeHue E,, TeM MeHbIe CKO-
POCTH XHMHYECKOH pEaKIHH.
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1.1.4. 3aBUCUMOCTb CKOPOCTU peaKLUn OT KaTaau3aTopa

OxHuM u3 Hauboaee PaCIpPOCTPAHEHHBIX B IIPAKTHKE CIIOCOOOB HM3MEHEe-
HUSA CKOPOCTH IIPOLIECCOB dBASIETCA KaTaAH3. KaTaAnTHYeCKMMH Ha3bIBaIOT-
Cd PeaklMM, IIPOTEKAIOIIHE C yYaCTHEM KaTaAHU3aTOPOB — BEILECTB, KOTO-
pbl€, y4acTByd B PE€aKIIMU U BAUAS Ha €€ CKOPOCTb, CaMHU K KOHILy €€ ocTa-
IOTCS XUMHWYECKH HEW3MEHHBIMH. JTO CIeln(UyUecKue BelecTBa, KOTOpPbIE
MOTYyT KaK YCKOPATBh PEAKIIHIO (TOT/Ia OHU SIBASIIOTCHA KaTaAHu3aTopaMH), Tak U
3aMeIASITh €€ (B 9TOM CAyYae OHHM Ha3bIBAIOTCH MHTUOUTOPAMMU).

OCHOBHBIM IIOAOKEHHEM TEOPUH KATAAUTHYECKUX PEaKIUH SIBASIETCS
IIpeacraBAeHue 00 06pa3z0BaHUU ITPOMEXKYTOYHBIX COEOIUHEHUN KaTaAu3aTo-
pa C pearupyoIMMHU BELIECTBAMHU C IIOCACAYIOIIMM PAaCIagoM 3THX COEIU-
HEeHUU U pereHeparmeii kataanszaropa. CxeMaTH4eCKH 3TOT IPOIIECC MOXKHO
IIPECTaBUTh:

A+ B _E_) AB , (cymmapHas pHaKIUs);
A+K =AK , (l-agcragus);

AK+B=AB+K, (2 cragus).

XUMH4YecKoe B3auMoOIel-
CTBHE KaTaAHu3aTopa C HCXOM-
HbIMHU BEILECTBAMH COIIPOBO-
XKOAETCd H3MEHEHHUEM JHEp-
ruu akruBauuu E.. B npucyr-
CTBHH aKTUBaTOpa CKOPOCTb
peakiiy yBeAWYHBaeTCd, T.K.
E. ymenbI1aeTcd, B IPUCYTCT-
BUM HHTHUOUTOpa (3aMenAuTe- A+B
AsT) CKOPOCTbD peaknmu
yMeEHBIIaeTCd, T.K. Ea yBeau- A+B+K N
yuBaeTcd. BausgHue kaTasusa- X0 peaKupm’
TOpa Ha CKOPOCTh pPEaKIIUHU
IIpeaCTaBACHO Ha puc. 1.2.

L
>

\ A
AE,

SHEPIruid

E, v
\/¢\\ AB
AK AB + K

Puc. 1.2. DHepreTnyeckas auarpaMMa BIIVISTHVS
KaTaJIM3aTopa Ha CKOpPOCTh peakiym: 1 —
V3MeHeHVe SHepIruy peaklyivi B OTCYTCTBIe
KaTaJIn3aTopa, 2 — M3MeHeHVe SHepriy peakiun
B IIPUCYTCTBUM KaTaIn3aTopa

1.1.5. PaBHOBecue B PUIUKO-XUMUUYECKUX NpoLECCAX.
MpuHuun Ae LlaTteAbe
[To mpuHIUITY 0OpPaTUMOCTH BCe (PU3UKO-XUMHUYECKHE IPOIECChl MOXKHO
pPasoeAnuTbs Ha O6paTI/IMBIe, HUAYyIIYE OAHOBPEMEHHO B [ABYX IIPOTHBOIIOAOZK-
HBIX HalIpaBA€HHUAX, U H606paTI/IMBIe, HNAYIIHE 10 KOHIIa B JAaHHOM HaIlIpaB-
ACHHU.
CocrosiHHE TIpoliecca, IIPU KOTOPOM CKOPOCTH IPsIMOH U oOpaTHOM peak-
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TN PaBHbI, HASBIBACTCA XUMUUECKUM paeHOo8ecCuem

Vnp = V06p :

(4.13)

YNCAEHHO XUMHUYECKOE PaBHOBECHE XapaKTepPHU3yeTCd BEANYUHON KOH-
CTaHTBl paBHOBecus. B obimem caydae pgagd oOpaTuMol peakiiiu
aA+bBcC+dD wnmeem:

Vip =1 CLCas v =k, - CLrCh Vi = Vg
kl CE'CdD

rae Kc — KOHCTaHTa paBHOBECHS;
Cc, Cp, Ca, Cg — paBHOBECHBIE KOHIIEHTPAIIUH BEIIIECTB, MOAB/A.

[Ast Ta3000pa3HBIX CHCTEM MOXKHO HCIIOAB30BAaTh PABHOBECHBIE MAPIIH-
aAbHBIE MaBAE€HHs ra3oB. Torma

c d
K,=Pc P, (4.16)
Pa " Pg

C ydeToMm TOrO, 4TO B ra3oBbIxX cucreMax P = CRT,
K, = K (RT)™, (4.17)

TIe AN = X Nppox - 2Nucx — HU3MEHEHHE YHCAA MOAEM Ta3000pas3HbIX Be-
IIIECTB B pe3yAbTaTe PEAKIIHH.

B KoHOeHCHUpPOBaHHBIX CHCTeEMax (oTcyTcTBHe raszoBod ¢aspl) Kp=Kc
(An=0).

B reTeporeHHBIX CHCTEMaxX B BBIPaKE€HUsSI KOHCTAHThI paBHoBecus (4.15,
4.16) BXOOAT TOABKO KOHIIEHTPAIIUU KUIAKUX U ra3000pa3HbIX BEIIECTB UAU
HapluasbHble TaBACHHUS (Oas ra3oB). Hanpumep, 1ad paBHOBECHON CHUCTEMBI

CaCO,, ,Cal ., +CO,

(xp) (xp) (r)

Ko =Cco, mam Ky =peo, -

dusuyeckuii cMbIcA Kc (Kp): KOHCTaHTa paBHOBECHS OIPENEASIET IIPENEA
(rayOuHY) mpoTeKaHUs IIpollecca B BBIOPpAHHOM HaIpPaBAEHWH, ITOKa3bIBad,
KaKue BellecTBa (MCXOAHbIE HMAU IIPOAYKTHI peakIluy) mnpeobranaioT B paB-
HOoBecHOU cucreMme. Ecau K > 1, paBHOBecHe CMEIIEHO BIIpaBo, T. €. B PaBHO-
BECHOM cHucTeMe IpeodAaiatoT MPOAYKThI peakIuu, U HaobopoTt, rmpu K < 1 —
paBHOBECHE CMEIIEHO BA€BO, IPe00AaIatOT UCXOAHbBIE BEIIeCTBA.
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YucaenHoe 3HadeHue Kc (Kp) 3aBUCHT OT mpupoAbl pearupyrolnmx Be-
LIECTB, TEMIIEPATYPhl U HE 3aBUCUT OT KOHIIEHTPALUH (MapliiaAbHBIX JaBAE-
HUM) U OIPUCYTCTBULI KaTaau3aTopa.

3aBHCHUMOCTh KOHCTAHTBI PABHOBECHUS OT TEMIEPATypPhl BbIPAXKAETCS
ypaBHeHueM n3obapsrl (nag P, T = const).

olnK, AH
oT R-T?

— ypaBHEHUE HU300apsl, (4.18)

C moBblIlIEHHUEM TeMIlIEpaTypbl KOHCTAHTA PaBHOBECUSI YBEAUUYHNBAETCS B
SHIOTEPMUYECKHUX PEAKIIUIX U YMEHBIIAETCH B 9K30TEPMUYECKUX PEAKIIUSIX.

3Hag KOHCTaHTYy paBHOBecus IpHu TeMmreparypax T1 u Te MoxKHO paccuu-
TaTh BEAUYHHY TelAoBoro adpdekra, rmpu P = const.

ln&—ﬁ. i_i 4.20
K: R (T, T,) (4.20)

CocrosiHHE XHMHYECKOI'O PABHOBECHA CYIIECTBYET IIPU CTPOrO OIIpee-
AEHHBIX YCAOBUSIX: KOHILEHTpPAIlHH, TeMIlepaType, JaBA€HHH. [Ipu nsme-
HEHHWU OLHOIO M3 3TUX YCAOBHUH paBHOBECHE HAPYIIIAETCH.

HampaBaeHne cMenieHHd XUMHUYECKOTO PaBHOBECHS IIPH U3MEHEHUU yC-
AOBUM onpenesdercd npHHIHNIOM Ae IIlaTeAbe: eCAH Ha CHCTEMYy, Haxo-
OSIIYIOCSI B COCTOSIHHH PAaBHOBECHSI, OKa3bIBaeTCHA BO3AeHCTBHe (H3-
MEHSAIOTCHA KOHIEHTpallHs, TeMIlepaTypa, AaBA€HHE), TO OHO Oaaro-
MPHSITCTBYET TOH H3 ABYX NPOTHBOIIOAOXKHBIX peaKIHH, KOTOpas OC-
AabAsIeT 3TO BO3AEHCTBHE.

IIpr yBeAMYeHHH KOHIIEHTPAILIMH HCXOAHBIX BEILECTB PAaBHOBECHE CMe-
IIIA€TCS B CTOPOHY IPOAYKTOB PEaKIINU 1 HA00OPOT.

[Ipy IOBBIIEHUN OABACHUS PaBHOBECHE CMENIAETCS B CTOPOHY TOM pe-
aKIMH, KOTOPas COIIPOBOXKIAETCS YMEHBIIIEHHUEM JABAE€HHUL, T. €. B CTOPOHY
ob6pa3zoBaHUsI MEHBIIIETO YHCAA MOAEH ra3000pa3HbIX BelllecTB. Ecan peakius
unetr 60e3 M3MeHeHUs 060beMa, TO U3MEHEHHE IaBA€HHs He BbI3bIBAET CMellle-
HUSI XUMHUYECKOI'0 PABHOBECHSI.

[ToBpIllIeHHE TEMIIEpPATypPhl CMEIaeT paBHOBECHE B CTOPOHY ITPOTEKaAHUS
SHAOoTepMUYecKoro mpoiiecca (AH > 0), a nmoHH:keHHe — B CTOPOHY 3K30TeEP-
mudeckod peakmuu (AH <0). Tak, B 53K30TepMHYECKON peEaKIUHU
2H2(r) + OQ(F)QHQO ,  AH < O moBblllleHHEe TeMIIepaTypbl CIIocoOCTByeT oOpart-

HOMy IIpoiieccy pasaoxkeHuda H-oO, uayiieMy C IOTAOIIIEHHEM TEIIAOTHI, T. €.
pPaBHOBECHE CMECTHUTCS B CTOPOHY MCXOAHBIX BEIECTB. B sHOoTepMuyeckoi
peaknuu 2N2(r) +OQ(F)2NO, AH > 0 moBbIllIEHHE TeMIIepaTyphbl CIIOCOOCT-

ByeT Ipolieccy oOpazoBaHud NO, T.e. paBHOBECHE CMECTHUTCH B CTOPOHY
IIPOOYKTOB PEAKIIUH.
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1.2. OCHOBHbIE NOHATUA N ONPEAEAEHWUA
XUMUYECKOU TEPMOAUHAMUKH

OOBeKTOM HU3Yy4ICHHUA TEPMOOUMHAMUKH ABAACTCA CHUCTEMA.

TepMOAHMHAMHYECKOH CHCTEMOH HA3LIBAIOT TEAO HAM COBOKYIIHOCTH
B3aMMOZEUCTBYIOIINX TE€A, PEAABHO UAWU MBICAEHHO BBIZIEAEHHBIE B ITPOCTPaH-
CTBE€ U CIIOCOOHBIE OOMEHHMBATHCS C OKPYKAIOIIEH Cpeod MAU MeKIy CcOOOMH
9Hepruey u (MAH) BEILIECTBOM.

B 3aBHCHMOCTH OT XapakTepa oOMeHa C OKpYKaIoIlel Cpeiod pa3AndaroT
TPU TUIIA CUCTEM (Taba. 1.1).

Pa3HOBHIHOCTBIO H30AMPOBAHHOH CHCTEMBI SIBAGETCH aauabaTUIeCKU
U30AHMPOBaHHAS CUCTEMAa, KOTopas He UMeeT TOABKO TeIIA00OMeHa C BHeITHeH
CPEIOM.

YacThk cUCTEMBI, OTHOPOAHAsI BO BCEX TOYKaAX II0 COCTaBYy, PU3HIYECKUM H
XUMHYECKHMM CBOMCTBaAM M OTIOEA€HHAsl OT APYTUX YacTed CUCTEMBI ITOBEpPX-
HOCTBIO, Ha3bIBaeTcs (pa3oH.

B 3aBucmMmocTH OT uyncaa (a3 pazAudaroT OMOI'€HHBIE CHCTEMBI, CO-
cTosIIIMEe U3 OAHOM (pa3bl, U reTeporeHHbIe — U3 IBYX AU HECKOABKHUX (pas.

COBOKYTIHOCTh (PU3UYECKHUX U XUMUYECKUX CBOMCTB, XapaKTePHUIYIOIIHIX
JAHHYIO CUCTEMY, Ha3bIBAECTCH COCTOSITHHEM CHCTEMBI.

OmHa U Ta XXe CHCTEMa MOXKET HAaXOAUTHhCSI B PA3AHMYHBIX COCTOSHUSIX.
Kaskrmoe cocCTosiHHME CHUCTEMBblI XapaKTepH3yeTCsd TepMOAHHAMHYECKHMH
nmapaMeTpaMH, KOTOPbI€ MOXKHO Pa3AeANUTh Ha BE T'PYIIIbI:

e 3KCTEHCHBHBIE, ITPOIIOPIIMOHAABHBIE KOAWUYECTBY BEIIECTBA HAM Macce
cucTeMbl (00bEM, TETIAOEMKOCTh, BHYTPEHHSS HEPTUsl, SHTPOIIUS U OP.);

e HHTEHCHBHBIE, HE 3aBHUCHIIME OT MAaCChl, a OIpeaeAdeMble TOABKO ITPH-
pomoii CHUCTEMEI (TeMmepaTtypa, JaBA€HHE, KOHIIEHTPAIUs U yAeAbHbIE Be-
AWYHUHBI — MOASIPHAs TEIIAOEMKOCTDb, MOASIPHBIN 00BEM U IIP.).
OKCTEHCHUBHOE CBOHUCTBO CTAHOBUTCH WHTEHCHUBHBIM, €CAU €TI0 OTHECTH K

eqUHUIlE KOAMYECTBa BelllecTBa. Tak, Macca U O0OBEM SKCTEHCHUBHBI, HO
TIAOTHOCTH U yIAEABHBIH 00b€M — HUHTEHCHUBHBIE CBOMCTBA BENIECTBA UAU CHC-
TE€MBI.

Aroboe u3MeHeHHe B CUCTEME, CBA3aHHOE C U3MEHEHHEM XOTsI Obl OTHOTO
U3 TEPMOAMHAMHUYECKHX IIapaMeTPOB, HA3bIBAETCH TE€PMOAHHAMHYECKHM
npoueccom. Ecar Ipu IIpoTeKaHUU IIpoliecca HabAOgaeTCd U3MEHEeHNe XU-
MHYECKOI0 COCTaBa CHUCTEMBI, TO ITPOIIECC HA3hIBAIOT XHMHYECKOH peaKIlH-
eH.

TepMmoguHaMU4YeECKHE rnapa-
METpPbI, U3MEHEHHE KOTOPBIX 3aBU- Tabmma 1.1
CHUT TOABKO OT Ha4YaAbHOIO U KO- Kitaccudpmkars TepMoiHaMUIecKmx
HEYHOI'0 COCTOSIHUS CUCTEMBI U He CHICTEM IO XapaKTepy oOMeHa
3aBUCHUT OT IIyTH Ipollecca, Ha3bl- C OKPY>KaIOIIeVt Cpeaom
BaioTCs (PyHKIIHAMH COCTOSIHHS. OGaen OGaen
DdyHKRIMH COCTOSIHUSL  SIBASTIOTCS Tumn cucremsr sHeprueil | BemecTsoM
OKCTEHCHBHBIMU CBOHCTBAMH, MO~ [ om0 o .
9TOMY UX 3HAQ4Y€HUd OOBIYHO OTHO-

3akpelTada EcTb Het

CAT K €QUHUIIE KOAUYECTBA BEIIlE-
N3oanpoBanHasa Het Het
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crBa. [lapameTpnl, 3HAaUYEHUS KOTOPBIX 3aBUCSIT OT IIyTH MIE€PEX0[a CHUCTEMbI
M3 OZTHOT'O COCTOSTHUS B Pyroe, Ha3bIBalOTCs (GPYHKIHAMH IIPOILIecca.
B 3aBHUCHUMOCTU OT YCAOBUHU Iepexofia CUCTEeMbI U3 OOHOT'O0 COCTOSHUS B
APyTroe pa3sAudaloT CAEIYIOIIHE IPOIIECChI:
e H30TEepPMHYECKHE, I[IPOTEKAIIHe MIPU IIOCTOSHHOM TeMIlepaType

(T = const);
e H300apuYecKHe (HM300apHBIE) — TIIPpM  [IOCTOSSHHOM JIABA€HUU
(P = const);

¢ H30XOpPHYECKHE (H30XOpPHBbIE) — IIPU ITIOCTOIHHOM oO0BeMe (V = const);
e ammabaTHYECKHE — IIPU OTCYTCTBHUH TEIIAOOOMEHA C OKpPYKaIoIlel cpe-
noi (Q = const).

[Tporiecchl, KOTOpPBIE COBEPLIAIOTCS B CHCTeMe 0e3 3aTpaTbl S3HEPrUU U3-
BHe, Ha3bIBAlOTCS CaMONIIPOH3BOABHBIMH. [IprMepaMu TaKHX IIPOIIECCOB
MOTYT CAY2KUTB IIEPEXOJ] TEIAOTHI OT FOPSYUEro TeAa K XOAOLHOMY, pPacTBOpe-
HHE COAU B BOJIe, CMeEIIIeHHE ABYX I'a30B, OKUCAUTEABHO-BOCCTAHOBUTEABHBIE
PEeaKkIMi B XUMHYECKUX UCTOYHHKAX TOKa U Ap. [Iporiiecchl, Tpebyrolnue aas
CBOEro ITPOTEKAaHUsd 3aTpaT SHEePruu H3BHE, Ha3bIBAIOTCSI HECaMOIIPOH3-
BOABHBIMH. Harpumep, mepexos TEHAOTBI OT XOAOLHOI'O Te€Aa K TOpSUeEMY,
Iepexo/l BellecTBa U3 00AaCTH MEHBIIEH KOHIIEHTPAIIMU B 00AaCTh OOABILIEH
KOHIIEHTPAIIUH, BBIZIEACHHE IIPOAYKTOB PEaKIIMU IIPH 3AEKTPOAH3€E 3a CHET
3aTpaThl IAEKTPUYECKOU SHEPTUU U Op.

B pesyabTaTe caMOIpOMU3BOABHOIO IIPOIIECCa CHUCTeMAa IIEPEXOIUT B TaKOe
COCTOsSIHUE, KOT/la ee CBOHMCTBa O0oAbIlle U3MEHAThCS He OyaAyT, T. €. B CUCTEME
yCTaHABAUBAETCs paBHOBecHe. I3 paBHOBECHOIO COCTOSHHS CHCTeMa 0e3
BMeEIIIATEeAbCTBA HU3BHE BBIUTH He MokeT. TakuMm o6pa3oM, paBHOBECHBIM
Ha3bIBAETCS TAKOE COCTOSIHUE CHCTEMBI, IIPU KOTOPOM TEPMOANMHaAMUYECKHE
mapaMeTpbl BO BCEX €€ TOYKaX IOCTOSHHBI U He U3MEHSIIOTCS CaMOIIPOU3-
BOABHO, a 9HEPIrUsd CHCTEMbI MUHHMaABHA.

PazanyaioT HeoOpaTHMBIE 11 oOpaTHMBIEe I1pollecchl. HeoOpaTuMBIMH
HA3BbIBAIOTCS MPOIIECCHI, TIOCAE TTPOTEKAHHS KOTOPBIX CUCTEMY H OKPYZKalo-
IIYIO Cpeay OMHOBPEMEHHO HEAb3sl BEPHYTH B IIpexKHee cocrosiHue. [Ipu Ta-
KHX MIPOIIECCAaX CUCTEMY MOXKHO BEPHYTHh K HAYaALHOMY COCTOSIHUIO, HO IIPHU
5TOM B OKPYZKAaIOLIEH Cpe/ie OCTAHyTCs HEKOTOphble M3MEHEHUS (HalpuMep,
M3MEHUTCS SHEPTUS TEA OKpyzKarolleil cpenpl). OOpaTHMBIMH HAa3HIBAIOTCS
IIPOIIECCHI, TIOCAE KOTOPBIX MOXKHO BEPHYTH CUCTEMY B IIPEXKHEE COCTOSTHUE.
B ob6paTmuMoM mporecce CUCTeEMa IMIPOXOAUT Yepe3 Te Ke IPOMEKyTOYHBIEe CO-
CTOSIHHSI, YTO W B IIPSIMOM IIpPOIlECCE, HO B obpaTHOM Tmopsake. HeobGpartu-
MOCTh U OOpPaTUMOCTH IIPOIIECCA ONPENEATIOTCH YCAOBUSAMH, CIIOCOOOM €ro
IpoBeAeHUd. XUMUYECKasl PeakIlUus B3aUMOJEUCTBUSA BOAOPOZA C KUCAOPO-
oM OymeT HeoOpaTHMO, eCAU ee MPOBECTH, B30pPBaB cMeCh UCKpoii. Ho ata
peakius OyzmeT obpaTUMOM, €CAU IIPOBOAUTL €e B oOpaTuMo paboTaroieM
raAbBAHHUYECKOM 9AEMEHTE.

O6paTUMble TPOLECCHI SIBAFIOTCS HACAAH3AIIUEN PEAABHBIX ITPOIIECCOB.
OmHaKO UCIIOAB30BaHUE TTOHSTHS OOPATHMOTO MPOIIECCA MTO3BOASET PeIlaTh
P BayKHBIX ITPaKTUYECKUX 3a7ad. Pabora, coBeplIiaemass IpH 00paTHMOM
Ipoliecce, HauboAbIlIasd, OHA Ha3bIBAETCd MaKCHMaAbHOM pabotToii. YeM OAm-
JK€ CHCTeMa K PaABHOBECHIO, TEM OOABIIYIO paboTy MOXKHO MHOAY4YUTH. Cpas-
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HUBad peaAbHBIN ITPOIlecC C oOpaTUMBIM, MOXKHO CYIUTBH O €To 9PPEeKTUBHO-
CTU B IIPIMOM M OOpaTHOM HampaBAeHHUsaX. Kpome ToOro, BeIOHpasi TPaHHUIIbI
CHCTEMBI TakK, YTOOBI He OBIAO OOABIITUX IEPEIaioB TEMIIEPATYP, JaBACHUH U
KOHIIEHTpAIIUi, peaAbHBIH MPOIEeCC (HAIPUMEP, XHUMHYECKYIO PEaKIIHIO)
MOZKHO ITPE/ICTABUTH ITPOTEKAIOIIUM OECKOHEYHO MEIAECHHO B 00paTuMo. 3TO
TI03BOASIET PACCUUTATH U3MEHEHUS TEPMOUHAMUYECKUX CBOHUCTB CUCTEMEI.

1.2.1. BHYTpPEHHAA 3Heprus, TenaoTa, pabora.
MepBbl 3aKOH TEPMOANUHAMUKK, IHTAALNUA

B olmiem caydae moAHasi 9HEPTHs CUCTEMBI €CTb CyMMa KHHETUYEeCKOH
SHEPTHUH OBUIKYIIEHCH CHUCTEMBI, IIOTEHIIMAaABHON 3HEPruH, 00YyCAOBAEHHOM
B3aUMOEHUCTBHEM CUCTEMBI C CHUAOBBIMU IIOAIMH, U BHYTPEHHEN SHEPIHUU.
[Ipr u3y4eHUH XUMHUYECKHX IIPOIIECCOB C TOYKH 3PEHHd TEePMOANHAMHUKH
OOBIYHO OTPAaHUYUBAIOTCH CUCTEMaMM, HAXOAAIMMUCA B OTHOCUTEABHOM IIO-
Koe, U IpeHeOperaroT Ae¥cTBHEM Ha HUX CHAOBBIX moaeidi. Torma roaHas
SHEPTrHUd TEPMOAMHAMHYECKON CHCTEMBl IIPHMEPHO pPaBHA €€ BHYTPEHHEH
sHepruu (E = U).

BHyTpeHHeH 3Hepruen (U) cucreMbl Ha3bIBAETCS CyMMa KHHETHYECKOMH
SHEPIUU [ABUXKEHHS COCTABALIOIIMX €€ YacTUIl (MOAEKYA, aTOMOB, HOHOB,
SAEKTPOHOB U [Ip.) U NOTEHIIMAABHON SHEPTHUU UX B3auMoaeicTBus. Beanyu-
Ha BHYTPEHHEH SHEPruM 3aBUCHT OT IIPUPOABLI BEIECTBA, €r0 MacChl U OT
IIapaMeTPOB COCTOSHHUA cCUCTeMBbl. C yBEAMYEHHEM MacCChl CUCTEMBI IIPOIIOP-
IIMOHAABHO €M BO3pacTaeT W BHYTPEHHAd JHEPrHs, TaK KaK OHa SBASETCS
9KCTEHCUBHBIM CBOMCTBOM cHCTeMBI. [Ipu TepMoguUHaAMHYECKHX pacdeTax
BHYTPEHHIOIO SHEPTHUIO OTHOCAT K 1 MOAB BEIECTBA U BBIPAXKAIOT B [ZKOYASX
([I>K) mAM KHUAOMKOYAIX (KIIK).

ADcoaloTHOE 3HAYeHMHE BHYTPEHHEH 3HEPTUU OIIPENEANUTH HEBO3MOXKHO.
OmHaKO MOXKHO C JOCTATOYHOM TOYHOCTBIO OIIPENEANTH U3MEHEHHE BHYTPEH-
Hel sHeprum (AU) mpu mepexone CUCTEMBbI M3 OJHOIO COCTOSHHS B APYroe:
AU=U, -U,, rme U, u U, — BHYTPEHHSA SHEPTHA CUCTEMELI B HAYaAbHOM U

KOHEYHOM COCTOdHHUAX COOTBETCTBEHHO. BeamdnHa AU cuuTaercd II0OAOXKU-
TEABHOM, €CAU BHYTPEHHSS SHEPTUsS CUCTEMBI IIPU NPOTEKAHUU B HEH IIpo-
1[ecca BO3pacTaeT, U OTPULATEABHON, eCAU yObIBaeT.

TakuM obOpasoM, BHYTPEHHSS SHEPTHUSA ABAGETCH (PYHKIIHEH COCTOSTHUS.
OTO IOAOXKEHHE CAEOyET M3 3aKOHA COXPaHEHHSI 3HEPruH, COTAACHO KOTOPO-
My SHEPTHd He HCYe3aeT U He BO3HHUKAET BHOBBb M3 HUYETO IIPU IPOTEKAHUU
IIpollecca, a AHLIbL MOXKET IEPEeXOAUTh U3 OLHOM (POPMBI B APYTYIO B CTPOTO
9KBHUBAACHTHBIX COOTHOINEHUaX. M3 3akoHa, B 4aCTHOCTH, CAEOYET, YTO B
H30AUPOBAHHON CHCTEME BHYTPEHHAS OHEPTHUd OCTAE€TCSI IIOCTOSHHOHU
(U = const) HE3aBUCHUMO OT TOrO, ITPOTEKAET AM B HeEH KaKOMH-AHOO IIPOIlecc
HAU HET.

B HemzoampoBaHHOU cucreMe A000H (PHU3HUKO-XUMHYECKHH IIPOIIECC CO-
IIPOBOKIAETCH JHEPTeTHYeCKUM 3(P(EKTOM, IIPU KOTOPOM CHUCTEMA MOIKET
oOMEHUBATLCH C BHEILIHEH Cpelodl WAW C APYTUMH CHUCTeMaMH JHeprued B
dopme TenaoTsl (Q) u padoTsI (A).

TemnmAoToH Ha3bIBAETCH HEYHIOpPsAOYeHHas (popMma Iepenadd SHEPTHH 3a
CUYeT XaOTHYECKOI'O0 CTOAKHOBEHHS MOAeKyA. [lepeHoca BellecTBa IpH 3TOM
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He IIpoucxonuT. Mepa mepemaHHON TakKUM o0Opa3oM 3HEPTUU €CTh KOAHYe-
CTBO TEIAOTBI.

PaboTa siBAsSIeTCsT MepPOil YIIOPSIIOYEHHOM (POPMBbI IIEPEXO1a SHEPTUU IIPU
IepeMEeNIeHUN MacC, COCTOLAIIMNX N3 OOABIIOrO YHCAA YaCTUL], IO AeHCTBUEM
KaKHX-AH0O CHA.

B xuMmuyeckol TepMOAUHAMHUKE IIOTAOIIIaeMasi CUCTEMOU TEIIAOTa CUUTa-
eTcsl IIOAOKUTEABHOM, a BbleAdeMasi — OTPHUIIATEeABHON; paboTa cuuTaeTcd
IIOAOXKUTEABHOM, €CA OHa COBEPIIAETCH CHUCTEMOH IIPOTUB BHEIIIHUX CHA, U
OTPULIATEABHOM, €CAM OHA ITPOU3BOAUTCHA BHEIIHUMU CHUAAMU HAJ CHUCTEMOMH.
Takum o00pazoM, BHYTPEHHSS SHEPTHsS CHCTEMBI OYIEeT YBEAUYUBATBHCHA MPU
IIOTAOIIIEHUM TEIIAOTHI M paboTe BHENIHUX CHA U YMEHBUIATHCS IIPU BBIZIEAE-
HUU TETIAOTHI U COBEPIICHUH CUCTEMOU paboThI.

Tenaoty u paboTy BBIPAXKAIOT B MIKOYAIX ([I3K) MAM KUAOMZKOYAIX (KIIK).

B oranune oT BHYTpPEHHEH 3HEPrUH TermAoTa M paboTa He SIBASIOTCS
PYHKIIUSIMU COCTOSHUS CUCTeMbI. B 0b111eM caydyae MX BEAMYUHBI 3aBUCST OT
criocoba mepexosia CUCTEMbI M3 OJHOT'O COCTOSIHUSI B APYTO€, T. €. TEIAOTa U
pabora — (PyHKIIMU IIpoliecca.

BzaumocBs3b MeKAy BHYTPEHHEH SHEpPrHei, TernaoTod m paboToil ycra-
HaBAUBAECTCd NMEPBBIM 3aKOHOM TE€PMOZHHAMHKH: TEIIAOTA, IIOABEACHHAd
K cucreme (Q), pacxomyeTcd Ha yBeAUYe€HUE €€ BHyTpPeHHeU sHepruu (AU) u
Ha COBEPILIEHUEe CUCTEMOH paboThI (A):

Q=AU+A. (1.7)

YpaBHeHue (1.7) — MaTeMaTU4eCKOe BbIpaKe€HUE IIEPBOTO 3aKOHA TEPMO-
AUHAMUKHU.

B obuiem caygae pabota (A) MoKeT ObITH CyMMOU:

A=PAV+A__. (1.8)
rne P - BHEIIIHEE aBACHUE;
AV —  u3MeHeHHe O0beMa CUCTEMBI IIPU IIEPEXOE U3 COCTOSHUS 1

B cocrogHue 2 (AV =V, -V|); nad XUMHYECKHMX B3aUMOACHCTBHI: V|, —
00bEM HMCXOAHBIX BELIECTB, V, — 00BEM NPOAYKTOB PEaKIINH;

A'___ — Bce BHIOBI paboThl, KpoMe PabOThl PACIIUPEHUS (TaK Ha3bI-

max
BaeMmad Imoae3Hasa paborta).
Torma c yuerom (1.8) ypaBHeHue (1.7) MOKHO 3ammcaTh Kak

Q=AU +PAV + A . (1.9)

[Ipr ycaoBuH, 4YTO €OHMHCTBEHHOH paboToH Impollecca sBAseTcs paboTa
IIPOTHUB BHeEIIHero AaBaeHUs (A' = 0), BeIpakeHHE IIEPBOT0 3aKOHA TEPMOIU-
HaMUKHU IPHUMET BU
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Q=AU +PAV. (1.10)

[IpMEHUTEABHO K 3TOMY CAyYalO0 paCCMOTPHM ABa BHOA IIPOILIECCOB: U30-
XOPHBIA U U300aPHBIHN.

[Tpu m3oxopHOM 1ipoiiecce (V = const) n3mMeHeHHe obbeMa HeE IIPOUCXO-
out, pabora paciuperust PAV = 0, coraacHo ypaBHeHUIo (1.10), umeeMm

Qy=U,-U, =AU (1.11)
(mHOekc “v” yKa3pIBaeT Ha yCAOBUE IIOCTOSIHCTBA o0beMa).

YpaBHeHue (1.11) gaeT BO3MOIKHOCTBH OIPENEAUTH U3MEHEHUE BHYTPEH-
Hel 3Hepruu IIpU pasAUYHBIX ITpolleccax. ECAM TenAOTy U3MepaTh B KaAOPH-
METpPE C MOCTOSHHBIM OOBEMOM, TO MOKHO OIIPENEAUTH IIpUpallleHHe (MAU
yObIAb) BHYTpPEHHEN 3HEPTUU CUCTEMBI.

Peak1iiuu nipu V = const MOryT ObITH OCYIIIECTBAEHBI:

® B 3aKpPBITOM COCyZe€ (AaBTOKAABE);
® MEXIY TBEPAbIMU T€AAMHU AU JKHUIKOCTSIMHU 0e3 BbIIEACHHS Ia3a;
e MeXOy ra3daMM, €CAU YUCAO MOAEKYA OCTaeTCs IIOCTOSSHHBIM, HaIlpHUMep,

H>(r) + Clo(r) = 2HCI(1).

[ast m306apHOro mpoiiecca (P = const) ypaBuenue (1.10) MOXHO Mpe-
CTaBUTDb B CAEAYIOIIIEM BUIIE:

Qp = (UQ —U1)+P(V2 _Vl) = (UQ +PV2)—(U1 +PV1) (1.12)

(MHOeKC “pP” yKa3pIBaeT Ha IIOCTOSTHCTBO JABAECHUS).

Tak kak P u V — napameTps! cocrosiaus, a U — (PYHKIIUS COCTOSIHUSI, TO
u cymma U+ PV Takke sBasercsa (PyHKIIMEN cocCTOosiHUsd, obo3HadaeTcss H,
HMeeT Pa3sMEpPHOCTH SHEPTHU U HA3BIBAETCs SHTAABIIHEH HAU TEIAOCOAEp-
KaHHUEM CUCTEMBL.

Takum o6pasoM, SHTaABINA IIpPeACTaBAdeT CcOO0OH CyMMy BHYyTPEHHEN
SHEPTrUU CUCTEMEBI U PaboThl, KOTOPYIO OHA IIPOU3BOAUT IIPOTUB CHUABI BHEIII-
HETO MAaBACHUS, UAU OHTAABIINS €CTh IIOAHAS SHEPIHd PACIIMPEHHOMN CHCTe-
MBI:

H=U+PV. (1.13)
V3 ypaBHeHui (1.12) u (1.13) noaygaem
Qp =H, -H, = AH. (1.14)

XUMHUYecKHe peakIIuU OOBIYHO IIPOTEKAIOT IIPU IIOCTOSTHHOM OOBEMEe UAU
IIPU IIOCTOSTHHOM aaBAeHUU. CaeoBaTeAbHO, SHepreTudeckre 3P@eKThbl XU-
MHYECKHX PEaKIINU OHIPENEASdIOTC HN3MEHEHUEM B CHCTEME BHYTPEHHEU
SHEPTUU UAU SHTAABIINU. [IAd peakiiyii, IIPOTEKAIOIMX C IIOTAOIIEHUEM HAU
BBIJEA€HUEM TEIIAOTBEI COOTBETCTBEHHO, CIIPABEIAUBBI CAEAYIOIIHE COOTHO-
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IIIEeHUSI:

® DSHIOTEPMUYECKHE PEAKITNH
V = const, AU > O;
P = const, AH > O;

® DOK30TEPMUYECKHE PEaKIINU
V = const, AU < O;
P = const, AH < 0.

1.2.2. TepMOXUMUA. PacuyeT aHepreTuyeckux adppeKToB
XUMUUYECKUX NpoLeccoB

TepMOXHMHA — pa3/icA XMMHUYECKOH TepMOANHAMUKYN, U3y4alONUui Tell-
AOBBIe 3(P(PEKTHI PA3AUYHBIX (PHU3UKO-XUMHYECKUX ITPOIIECCOB: XUMHYECKUX
peakiui, (pa30BbIX IIEPEXOA0B, IIPOIIECCOB KPUCTAAAN3AIINN, PACTBOPEHUI U
T. II. [IAS TIPakKTUKH OOABIION HHTEPEC IIPEACTABAIIOT TEPMOXHUMUYECKHE
pacdeTbl TENAOBBIX 3(PPEKTOB XUMUUECKUX peakiuid. [Ipu mporekaHUM Xu-
MHUYECKHX ITPOLIECCOB IMIPOUCXOMAUT Pa3pbIB OAHUX U OOpazoBaHUE OPYTUX
XUMHYECKHX CBd3€el, [T03TOMY OHH COIIPOBOXKIAIOTCH HU3MEHEHHEM SHEpPryuu
CHUCTEMBI UAU SHEPTETUYIECKUM 3PPEKTOM.

TenAoBbIM 3¢ (PeKTOM (TEIMAOTOH) XMMUYECKOU pPEaKIIUU Ha3bIBAETCH
TEIAOBasl 3HEPryd, KOTopasl BbIAEASETCH HAM IIOTAOIIIAEeTCS IIpH HeoOpaTH-
MOM B3aUMOAEUCTBUM BEIIECTB B KOAMYECTBaX, COOTBETCTBYIOIINX ypaBHEe-
HUIO peaklnu. [Ipu 3ToM HCXOOHBIE BEIECTBA U HNPOAYKTHI PEAKIIUM IOAXK-
HBI UMETb OAMHAKOBYIO TEMIIEpPaTypy, & CUCTeMa MOXKET COBepIIaTh paboTy
TOABKO IIPOTUB CHABI BHEIITHETO ABACHUSI.

B coorBercTBUU C ypaBHeHuaMH (1.11) u (1.14) TenaoBbie 3(pPEKTHI pe-
akii opu V = const u P = const coOoTBETCTBEHHO pPaBHBL:

Q, =AU; Q, =AH. (1.15)

N3 (1.13) mag mpolecca, mmpoTekaroniero npu P = const, caegyer cooTHO-
II€HUE:

AH = AU + PAV. (1.16)

YpaBHeHusd (1.15) u (1.16) mokaspIBaIOT, YTO dHEpPreTudeckue 3¢peKThI
Qp 1 Q, oTAaMYaroTCca Ha BeAUduHy PAV.

[Ipr B3aMMOAEHCTBHM BENIECTB B KOHIAEHCHPOBAHHBIX (TBEPAOM HAU
KHUJKOM) COCTOSTHUSX U3MeHeHUda ooremMa (AV) OObIYHO OY€Hb HEBEAUKH U Be-
anynHa PAV maaa B cpaBHeHuHU ¢ AH, caemoBareasHo, AH = AU, a Qp = Q5.

[agq peakiii MeXAy HUAE€aAbHBIMH ra3aMH C Yy4eTOM ypaBHEHHS COCTOSI-
Husa Kaanetipona — MenneaeeBa (PAV = AnRT) ypaBHenue (1.16) MOKHO
peACTaBUTH B BUE

AH = AU + AnRT, (1.17)

rae R - YHUBEpPCaAbHad rasoBad IIOCTOdAHHAad, paBHad
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8,314 [Ixx/Moab-K;
An = Z(n’) (ponm) - Z(n")(ucx) — Pa3HOCTb MEXKIY KOAHYECTBOM

06pa30BaBIINXCS MPOAYKTOB U KOAWYECTBOM HMCXOMHBIX ra3000pa3HBIX Be-
IIIECTB B COOTBETCTBUH CO CTEXHOMETPUUECKHM YPaBHEHUEM PEAKIINH.

Hamnpuwmep, [AS peaknuu Na(r) + 3Haz(r) = 2NH3(1)
An =2 - (1 + 3) = -2 (M0AB).

CootHoienue (1.17) cnpaBedANBO U JIAS PEAABHBIX I'a30BbIX cMeced IIpu
HEBBICOKHUX TaBACHULIX.

Ecau B peakiuu Hapgay C radaMH{ y4acTBYIOT TakK:Ke TBEPAbIE HMAU KH[I-
KM€ BeIlleCTBa, IIPH BBIYHCAEHHU An B ypaBHeHUHU (1.17) HeoOxomuMo y4u-
TBIBATh U3MEHEHHE YMCAQ MOAEH TOABKO IAS ra3000pa3HbIX BeNIecTB. Tax,
aaa peaknuu C(t) + CO(r) = 2CO(r) An=n'CO-n"CO, =2-1= 1(MOAB). B
cAydae peakiinii, B KoTopbix An = 0, HanpumMmep Hs(r) + Clx(r) = 2HCI(r), crpa-
BeanBo AH =AU (Qp = Qy).

YpaBHeHue (1.17) 1103BOASIET BBIYUCAATEH TEMNAOBOM 3(pdekT peakumu AH,
€CAU u3BecTHO 3HaueHre AU, 1 HaoOopoT.

BOABIIIMHCTBO XUMHUYECKUX PEAKIIHUM ITPOUCXOAUT IIPU ITOCTOSIHHOM [aB-
aeHuu. [loaToMy B maabHeHIlIeM paccMaTpUBAIOTCS 3aKOHOMEPHOCTH, Ka-
caroyecsd UMEeHHO N300apHbBIX IPOIIECCOB.

YpaBHEHUS XUMHUYECKUX peakIui, B KOTOPBIX YKa3aHbl COOTBETCTBYIO-
IIIUE 3TUM pPEaKIUdgM TelAoBble 3(PpdeKThbl, HA3bIBAIOTCd TEPMOXHMHYE-
CKHMH.

CymrecTByIOT ABe (popMbl 0003HAYEHHS TEMAOBBIX 3(PPEKTOB B TEPMOXHU-
MHUYECKHUX YPaBHEHUSIX:

e TepMOAHHAMHYECKad, KOI/la B IIpaBOM 4YaCTH ypaBHEHUS IIPUBOIUTCS
3HaueHue AH, mokasbiBarolllee 3HepreTHdecKre H3MEeHEHUs BHYTPU ca-
MOM CHCTEMBI;

e TepMOXHMHYeECKasi, KOT/[la B YPaBHEHUU yKa3bIBa€TCHd KOANYECTBO TEIl-
AOTBI Q, COOTBETCTBYIOIIlEE SHEPTETUYECKHM H3MEHEHUIM, ITPOUCXOd-
IIIUM B pPe3yAbTaTe peaklilii B OKpyzKarollel cpene.

Harmpumep, paBHOLIEHHBIMU SIBASIFOTCS 3aIIHCHU:

2S04(r) + Oa(r) = 2S0s(r), AH = - 192 kI,
2S0s(r) + Oa(r) = 2S0s(r) + 192 K.

XUMHUYECKHUE PEaKIUU, IIPU IIPOTEKAHUU KOTOPBIX IPOUCXOAUT YMEHBb-
I1eHue SHTaAbBIUU cucTeMbl (AH < 0) 1 BO BHELTHIOIO CPEY BBIAEASIETCS TEIl-
aota (Q > 0), Ha3pIBAIOTCH K30TepMHYECKHMH. Peakiiny, B pe3yabTaTe KO-
TOPBIX SHTAABIIUS CHCTeMBbI Bo3pacrtaeT (AH > 0) u cucrema moraoifaer Ter-
Aoty u3BHe (Q < 0), Ha3bIBAIOTCS IHAOTEPMHYECKHMH.

B TepMoOXHMHYECKHX YpPaBHEHUSX YKa3bIBAIOTCS TaKKe (pa3oBble€ COCTOS-
HUSI U aAAOTPOIIHbIE MOAM(PUKAIINN Pearupyrolix BellecTB: (I) — ra3oBoe,
(*k) — xxunkoe, (T) — TBepOoe, (K) — Kpucrasandeckoe, C(rpadpur), C(aamas)
u T. 1. CrexuomerpHuyeckue Ko3(P(PUIIMEHTHI B TEPMOXUMHUYECKOM ypaBHe-
HUU [IOKa3bIBAIOT HE IIPOCTO COOTHOIIIEHHE KOAWMYECTBA MOAEKYA HCXOOHBIX
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BEIIECTB U IPOAYKTOB pPEakIlM, HO OTPaxkaloT peaAbHble KOAWYECTBa Be-
IIIECTB B MOASIX UAM KHAOMOASX, IT03TOMY KO3((PHUIIMEHTbI B YPABHEHUSIX MO-
T'yT OBITH U APOOHBIMU.

[asg Toro 4ToOBbI MOXKHO OBIAO CpaBHHBATh JHepreTudeckue 3¢p¢eKTbhI
Pa3AMYHBIX IIPOIIECCOB, TEPMOXHMHUYECKHUE pacdeTbl OTHOCAT K YCAOBUSIM,
IPUHATEIM 3a craHmaptTHble: gaBaeHuo 101,325 klla (1 atm) u TeMiiepatype
298,15 K (25° C), a TakKe HCHOAB3YIOT IIOHSTHE CTAHAAPTHOM SHTAABIINU
(TeriaoThI) 06pazoBaHMA.

CTraHAapTHOH 3HTAABIIMEH (TENAOTOH) OOpa3soOBaHHSI COEIUHEHUS Ha-
3bIBA€TCS U3MEHEHUE SHTAABIIUU (TeAOBOH 3(eKT) peaKIluu oOpa3oBaHUs
1 moab aToro coemuuHeHud npu P = 101 klla u T =298 K u3 mpocTeIx Be-
IIIECTB, HAXOMOAIIMXCA B CTAHZAPTHOM COCTOSHHH. J[laHHAsT BeAMYHHA
obosHavaerca A Hy,, U BBIpaKaeTcsd B KHAOMKOYASIX HA MOAB (KII3K/MOAB).

“07?

BepxHuuii uHIEKC O3HA4aeT CTaHAAPTHOE COCTOSIHHE, HUXKHUE — TeMIle-
patypy (298 K), f— ot aura. formation (o6pazoBanue). UHorma mHAOEKc “f
OIlyCKaeTcsd. 3a cTaHOapTHOE COCTOSIHUE IIPHUHUMAIOT arperaTHble COCTOSHUS
U MOAU(MUKAIIMM YUCTBIX BELIECTB, KOTOPbIE SBASIOTCA Hauboaee

YCTOHYMBBIMH IIPH CTaHAAPTHBIX ycAoBHAX. Hampumep, cranzapTHad
SHTaAbIIHA o6pasoBaHMa razoobpasHoro CO> AHJ, = —396K/IK / MOAB
IIpeCTaBASIET cobot HM3MEHEHHE SHTAABITHH peakIu

C(rpaduT) + O2(r) — CO2(r), mporerkaroiet mpu P = 101 klla u T =298 K.
OHTaABIIMM 00pa30BaHHUsS MPOCTBIX BEHIECTB B CTAHAAPTHOM COCTOSTHHUH
IPUHUMAIOTCS PABHBIMH HYAIO, T. €. A;HSy, (C(rpacur)) = 0; A Hoys (O2) = O.

CranmapTHasg SHTAABIINMA 00pa30BaHUs 3aBHUCUT OT IPHUPOALI BEIIECTBA,
ero pa3oBOr0 COCTOSIHUS U SIBASIETCSI MEPOM €ro TepMOAUHAMUYECKON yCTOM-
YUBOCTH, IIPOYHOCTH, KOAMYECTBEHHBIM BBIPA’KEHUEM OSHEPreTUYECKUX
cBoiicTB. Hampumep, TepMOXHMHYECKOe ypaBHeHHE oOpa3oBaHUS 1 MOAB
JKUMKON BOABI UMEET BHLL

Ha(r) + ¥%02(r) = H2O(k), A;HYog = —286 KK .

OHTaabIug 00pa3oBaHUs ra3zo00pa3HOM BOAbI IIPU TeX K€ CTaHAAPTHBIX
YCAOBUSIX YK€ MHAas:

Ha(r) + ¥%0x(r) = H20(r), A;HYog = —242 KK .

Ecau 3Hauenue AHj,, OTPHIIATEABHO, TO COEMUHEHHE GOAEE YCTOMYIHUBO,

YyeM IIPOCThbI€ BEIIECTBa, M3 KOTOPBIX OHO 0Opa30BaHO; €CAU 3TO 3HAUEHUE
IIOAOKUTEABHO, TO COEIWHEHHE MeHee yCTOMYHWBO, YeM 00pa3oBaBIIUE €ro
IIPOCThIE BellecTBa. Hampumep, B pgaay OOHOTUIIHBIX COEOWHEHHM, 4YeM
MEHBIIle CTaHAAPTHAS SHTAABIIHS 00pa30BaHUS, TE€M OOABIIIE TepMHUYECKasl
YCTOWYHUBOCTh COEOUHEHHI OTHOCHTEABHO Pa3A0XKEHHS Ha IIPOCThbIE€ BEIIECT-
Ba. Tak, B psay OKCHUIOB 3A€MEHTOB IIOATPYIIILI [IMHKA (Taba. 1.2) ycroiiuyu-
BOCTBb COeIUHEHUI yObIBAET.
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3uauenus AH),, NpPENCTABAEHBI B ITPHAOKE- Tabmmia 1.2
HUH. CranmapTHBIE 9HTAABIINU

Nas HekoTopeix BemecTB (COz, HCl, H2O o6pasosamusa AH,
cpeacTBeHHO. [lad OOABIIMHCTBA COEOHUHEHUH OATPYIIIEI IIUHKA

IIPSAMOM CHHTE3 U3 MPOCTBIX BEIIECTB B KAAOPH- 5
MeTpe HEOCYIIECTBUM, U SHTAABIIUU 00Pa30BAHUS | CoemuHeHMe AiHypos 5
BBIYUCASIFOTCSI KOCBEHHBIM IIYTEM. K[>k / MOAB
TepMOXUMHYECKHE pacCUeThl MHpoBoasaTcsa Ha | ZnO - 350,6
OCHOBE 3aKOHOB TEPMOXUMHUH, KOTOPBIE IBAIIOTCSI | CdO - 260,0
CACICTBUSIMH [IEPBOTO 3aKOHA TEPMOAMHAMHUKHU | Ho( + 90,9

IIPUMEHUTEABHO K XUMHUYECKHUM IIPOIIECCAM.

3akoH AaBya3be — Aamaaca: TEIAOTa, KOTopasl BBIAEATETCS IPU 00pa3o-
BaHUU XUMHUYECKOTO COENUHEHUs, paBHA TEIIAOTE, IIOTAOIIIAeMOH IHpPH €ero
Pa3A0KEHUM Ha HCXOMHBIE BEIIeCTBa (TENAOBOM 3(p(eKT HpsSIMOM peaKInu
paBeH U IPOTUBOIOAOXKEH II0 3HAKy TemAOBoMYy 3deKTy obpaTHOH peak-
1iy). Hanmpumep, 2As(k) + 3S(r) = As2S3(k), AH, = -146k/Ix .

B obpaTHOM mIpoliecce u3aMeHeHue 3HTasbnmu AH, = -146k/1XK .

3akoH I'ecca (0CHOBHOM 3aKOH TEPMOXHUMUH): TEMAOBOH 3PPeKT (U3Me-
HEHUEe SHTAABIIMH) XUMUYECKOH peakIMU He 3aBUCHUT OT IIyTH IIpoliecca, a
OTIPEZIEASIETCSI TOABKO HAYaABHBIM W KOHEYHBIM COCTOSTHHEM CHUCTeMbl. Ha-
npumep, guokcun azora NOz MOXKHO MOAYYUTH ABYMSI ITyTSAMU:

1) IpsMBIM IIyT€M — HEIIOCPEACTBEHHO U3 IIPOCTHIX BEILIECTB

5Na(r) + O2(r) = NO2(r), AH, = 33,85k/Ix ; (a)

2) KOCBEHHBIM IIyTeM — C oOpa3oBaHUEM ITPOMEKYTOYHOI'O MHMPOAYyKTa —
MoOHookcHaa azora NO:

“2Na(r) + 7202(r) = NO(r), AH, =90,37 g/IX; (0)
NO(r) + ¥202(r) = NO2(r), AH, = -56,52K/IXK . (B)

[Tocae aareOpamydeckoro CyMMUpPOBaHUsI ypaBHEHUH (0) 1 (B) 1 cokpallle-
HUSI OQUHAKOBBIX CAAQraeMbIX IIOAYYUM BbIPaKE€HHE A TEIIAOBOro 3¢pderra
peaxknuu (a) AH = AH, + AH, = AH, .

PaccMmoTpeHHbBIE COOTHOLIEHUS MOXKHO IIPEACTABUTH B BUAE TE€PMOXUMU-
YEeCKOM CXEMBI,
n300pazkeH-

> AH
HOM Ha | ANo(r)+ Oa(T) > NO2(r)
puc. 1.3.

CaemoBa- AH ) AH 3

TEABHO,  CO +120 +120
TAQCHO 3aKOHY 2 NO (F) 2

l'ecca, Temnao-

BOM  adderT Puc. 1.3. Tepmoxmmmdeckast cxema
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OPSIMOI0 CHHTE3a BEIIECTBA PaBE€H CYMME TEIAOBBIX 3(PPEeKTOB peakIUil C
y4acTUEeM MIPOMEXKYTOYHBIX ITPOAYKTOB. EcAM u3BecTeH OOLIUH TEINAOBOH
3pPEKT peakIuU U TEMAOBON 3PGEeKT OMHON M3 ABYX ITPOMEKYTOYHBIX CTa-
OUY, TO MOXKHO BBIYUCAUTH T€HAOBOU 3dpdekT (X) apyro¥ craguu, T. €. €CAR
AH, = AH, + AH, (AH2 = X), To X = AH, = AH;.

N3 3akoHa ['ecca caenyer, 94To SHTAABIINA (TeraoTa) o6pa3oBaHUS COEOU-
HEHUd [IPU JaHHBIX TEMIIEpaType U JaBA€HHUH €CTh BEAUYNHA [IOCTOSTHHAL.

3aKOH M03BOALAET PACCUUTHIBATDH TEIIAOBBIE 3(PPEKTHI PEAKIIHUN U TEAOTHI
ob6pa3oBaHUsI BEIECTB, 9KCIIEPUMEHTAABHOE OIIpeNeAeHHEe KOTOPBIX HEBO3-
MO3KHO HMAM 3aTpyAHeHOo. OOBIYHO C 3TOM HEABIO PEIal0T CHUCTEMY TE€PMOXU-
MHWYECKUX YPABHEHUMN.

TerinoBo# 3(pPeKT AI0OOH XMMHUYECKOH PEeakKIIMH MOXKHO PacCYHuTaTh IO
M3BECTHBIM TEIAOTaM 00pa30BaHMs BEIECTB, YIACTBYIOIIMX B peaKIINU, HC-
[I0AB3yd CAeACTBHe H3 3aKoHa I'ecca: TernaoBoil 3(pdeKT (M3MEeHEeHUEe H-
TAABIINY) PEeaKIIMU pPaBe€H Pa3HOCTH MEXKAY CYMMOU SHTaABIUN 00pa3oBaHUd
IIPOAYKTOB PEaKIIMU U CYMMOM SHTAABIIMH 00pa30BaHUSA UCXOAHBIX BEIIECTB
(c yueToM cTeXuoMeTPHUYECKUX KO3(P(PHUIINEHTOB B YPaBHEHUU PEAKIINH).

OOBIYHO OHPENEATIOT HN3MEHEHHE JSHTAABIIMU pPeakIMU B CTaHAAPTHBIX
YCAOBUSIX 110 CTAHAAPTHBIM SHTAABIIUSIM 00pa30BaHUSI.

B maTemaTruyeckoit hopMe CAEACTBHE U3 3aKOHA ['ecca nuMeeT BUL

AHj, (peakumu) = Z(n 'AHY o, ) (pox) - Z(n "Ang%)(ch) , (1.18)

rme n'mn' -  crexuoMeTpudecKue KO3(PPUIIUEHTHI IIPOAYKTOB pe-
aKIIMH U UCXOMHBIX BEIIIECTB COOTBETCTBEHHO.

[asa peaknuu B obmieM Buze aA + bB = cC + dD:
AHj,q (peakuyn) = [C AHogs (C) + d AHjgq (D)} —~ [a AHoog (A) + bAH g, (B)] :

TerinoBoM 3(pPEeKT peakKIuu SIBASIETCS SHEPTeTHUYECKUM 3(P(PEKTOM ITPO-
11ecca, rmporekatorero mpu T = const.

OHTaABIIHA SIBASETCS (PYHKIUEH TeMIlepaTyphl, HEIPEPLIBHAS B 00AACTH
U3MEHEHHs TIOCAeHEN. 3aBHCHUMOCTh H3MEHEHUS SHTAABITUHM XUMHUYECKOMN
PEeaKIIMH OT TeMIIepaTyphbl BhIpazxkaeTcs ypaBHeHrueM Kupxroda

dAH

—— = AC,, 1.19

o = ACk (1.19)
rne C, — MoadgpHad H300apHas TENAOEMKOCTh, [I3k/Moab-K (Koamde-

CTBO TENAOTHI, HEOOXOOHMOE A HarpeBaHUsT 1 Moab BelrlectBa Ha 1 K mpm
P = const).

N3 ypaBHeHus (1.19) caemyer, 4To TeMIepaTypHbIN KOO(PPUIIUEHT TEIIAO-
Boro apderra peaknmu (dpaszoBoro rnepexona u T. A.) dAH/dT paBeH u3me-
HEHUIO TEIIAOEMKOCTHU B pPe3yAbTaTe IIPOTEKaHHs 3TOr0 IIpollecca.
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Ecau n3aMeHeHUe TEIAOEMKOCTHU ITOAOKHUTEABHO, TO U TEIAOBOM 3pdeKT C
POCTOM TeMIIEPATYPhI CTAHOBUTCS O0OAEE TTOAOKHUTEABHBIM:

dAH
npu AC, >0 ———>0, 1.20
P P dT ( )
U, HaoboporT, npu AC, <0 dal <0. (1.21)

EcAan TemnaoeMKOCTh BO BpeMs IIpollecca HE MEHIeTCd, TO, COTAACHO
(1.19), TernaoBoit apdeKT mpoliecca He 3aBUCUT OT TEMIIEPATYPHI:

npu AC, =0 ({dA—TH:O U AH = const.

Jlast BBIMMCAEHUS U3MEHEHUS SHTaABIIMU IIpoliecca AH,, mpu TeMmepary-
pe T,, ecam u3BecTHo 3HadeHue AH; mnpm Temneparype T, ypaBHeHmue
Kupxrodua (1.19) HyzKHO IPOUHTETPHUPOBATE:

Ty
AHy, = AHy, + [ AC,dT. (1.22)

T

[as pacyera TenaoBoro 3cdpdeKkTa 1o ypaBHeHuro (1.22) Hy>kKHO 3HaATh 3a-
BUCHUMOCTDb AC, oT TEMIIEPATYPHI. Cuuraga OPUOAUIKEHHO

AC, = const = ACE.}298 B uHTepBaae teMmiieparyp ot T, =298K mo T, =T, us
(1.22) moaygaem

AHY = AHQyg + ACp 50 (T —298), (1.23)

IIPU 5TOM
Acg,z% = Z(n ’Cg,298>(np011) - Z(n ”Cg,298>(HCX) (1.24)

(13MeHeHNe n306apHOM TEIAOEMKOCTH B XOI€ XMMHUUYEKON peakIiny).
3HaUYEHNs MOASPHBIX U306aPHBIX TEMAOeMKOCTeH Cp .o BEIIECTB ITPEM-
CTaBAEHBI B IIPUAOKEHUU.

1.2.3. SQHTpOoNUA. BTopon 3aKOH TEpMOANHAMUKHU

[Ipu nM3ydyeHUU XUMUYECKHX B3aMMOAEUCTBUU BaXXKHO PELIUTH BOIIPOC O
BO3MOXKHOCTH HMAU HEBO3MOIKHOCTU UX CAMOIIPOU3BOABHOTO ITPOTEKAHUS ITPHU
3a/JaHHBIX YCAOBUAX. Heobxonum KpuUTepUuil, ONpeaeAdIonIUud ITPUHIIUIINAAD-
HYIO OCYILIECTBHUMOCTH, HallpaBAEHUE U TIPENEAbl CaMOITPOU3BOABHOTO Tede-
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HUS peaxkiliy [IPU T€X UAM UHBIX TEMIlepaTypax U AaBA€HUIX. [lepBblIii 3aKOH
TEPMOAVHAMUKH TAKOTO KPUTEPHUL HE A€ET.

OnbIT IOKa3bIBAET, UTO CYILIECTBYIOT OBE TE€HAEHIINU [IAS IIPOIECCA B AIO-
Ooii cucremMe, B TOM YHCA€ U B XuUMHYecKoil. C OmHO¥M CTOPOHBI, CHCTEMa
CTPEMUTCH CHU3UTH TEMAOCOAEp3KaHUEe U MepedTH B 6oaee YCTOMYHBOE CO-
CTOSSHHE C MUHHMAaABbHOM SHeprueirl. Ty TEHAECHIIUIO XapaKTEpU3yeT H3Me-
HeHHe OSHTaAbllMH. CoraacHO IIPHUHIUILY CAaMOIIPOU3BOABHOCTH PEaKIIUMI
(mpuHIMD BepTao): XMMHU4YECKHE IIPOLIECCHI UAYT CAMOIIPOM3BOABHO TOABKO
IIPU BBIAEAEHUHN TE€HAOTBI. OZHAKO KPUTEPHUH 3K30TEPMHUYHOCTH IIpoliecca He
ABAGETCHd yHHUBEPCAABHBIM M OJHO3HAYHBIM. CaMOIIPOM3BOABHBIMH MOTYT
OBITH U HAOTEPMHYECKHE peakIuu. Kpome Toro, peakius, UAyllias B OaH-
HBIX YCAOBHUEX (HaAIpUMEp, IPU AAHHOU TeMIlepaType) C BBIAEAEHUEM TeIlAa
(mpaMaga peakiiys), B APYTUX YCAOBULGX (IPU APYToM TeMIepaTrype) UOET C II0-
TAOIIIEHHUEM TeTlAa (OOpaTHasa peakIlusi).

Bropas TeHaeHIUS AIOOOTO IIpoliecca — CTPeMAEHUE IIEPEBECTU CHUCTEMY
B HauboAee BEPOSITHOE COCTOSIHHE, KOT/la YaCTUIIbI, COCTaBASIIOIIHNE CUCTEMY,
pacrnoAokeHbl Hauboaee GecriopsmouHo. Hampumep, mmporecc ucriapeHus: Bo-
ael HoO(x) — H2O(r) noer camonpousBoabHo Ipu T <« T, . BepogaTHocTs co-

CTOSTHHSI OIIEHUBaeTCsl 0co00# PYHKIIHEH COCTOSTHUS — HTPONHEH (S).
CoraacHo ypaBHeHUIO boabprimMaHa:

S =kIn(W), (1.25)
rme k- rocrosHHAasg BoablMana, pasHasa 1,38 107 Ix /K ;
W -  TepMoAMHAMMYECKAs BEPOSTHOCTH COCTOSIHUS CHCTEMBI,

Y CAO MHKpOCOCTOHHHfI, KOTOPBEIM MOZKHO p€aAu30BaTb AJaHHOE MaKpPOCO-
CTOAHHE.

MI/IKpOCOCTOHHI/Ie 3a1a€TCd YKa3aHHUEM MTIHOBEHHBIX KOOpAHHAT Kask 10U
qacTHLbI (Xi’yi7zi) Hu CKOpOCTefI €€ IIEPEMELICHUA II0 TPEM HAIIPABACHHAM

(in’vyi7vzi) :

MaxkpococTogHUE CHUCTEMBI TeM 0OoAee BEPOSITHO, YeM OOABIIHMM YHCAOM
MUKPOCOCTOSIHUM OHO OCyIIecTBAseTCS. Takum ob6pa3oM, 3HTPOIUS €CTb Me-
pa HEYyIOPsAAOUYEeHHOCTH CUCTeMBbI. YeM OoAbllle OecrmopsaKka B PACIIOAOKEHUHU
U OBUXKEHHUH 4acTHIl, TeM OOABIIIe SHTPOMHS CHCTEMBI. B TO XXe Bpems, CO-
raacHo mpuHIUIy KapHo, Teraora, roaydaeMast paboduM TEAOM (CHCTEMOH),
HE MOKET ITOAHOCTBIO IIEPEXOAUTH B IOA€3HYIO paboTy. HacThb TENAOTHI pac-
xoayercss 0e3 MOAB3bI, HAET Ha HarpeBaHUEe, YBEAWYEHHE KUHETUYEeCKOM
SHEPTHUH YaCTHUIl, COCTABASIONINX CHUCTEMY, T. €. Ha yBeAMdYeHUe Oecriopsaka
B cucteMe. OTa SHEpPrusd Has3bIBaeTCs CBA3aHHON. Mepol CBs3aHHOM JHEpP-
T'uH, OTHECEHHOM K 1 K, aBageTcd SHTPOIINS:

as=2. (1.26)
T

Enuauiel uamepeHud oSHTponuu [[3kK/moab-K. OHTpomus — BeAMdHHa
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QKCTECHCHBHAadAd U IIPHU pacde€Tax OTHOCHUTCA K 1 moab BeEIIIECTBA.

YpaBHeHUe (1.26) ecTb MaTeMaTHUECKOE BBIpaskK€HHE BTOPOTO 3aKOHa
TEPMOOUHAMUKU [IASI TIPOLIECCOB, ITpoTeKarolmx obpatrumo npu T = const.
Cy111eCcTBYET HECKOABKO PA3AMYHBIX, HO 9KBUBAAE€HTHBIX (DOPMYAHNPOBOK BTO-
pOro 3aKoHa TEPMOAVHAMUKH.

ITocTyaaT Kaay3Hnyca: T€Ia0Ta HE MOXKET CAMOIIPOU3BOABHO II€PEXOAUTD
OT MEHee HarpeToro Teaa K 6oaee HarpeTomy.

PopmyanpoBka KeabBuHa-IIAaHKa: HEBO3MOXKEH IIEPUOAUIECKUN IIPO-
IIECC, €AUHCTBEHHBIM PE3YABTATOM KOTOPOIO ABASETCS IIPEBPALLEHHE TEIIAO-
TbI B pabory.

CoraacHO BTOPOMY Ha4daAy TEPMOOUHAMUKH, B U30AHPOBAHHBIX CHCTEMax
SHTPOIIUA CaMOIIPOM3BOABHO IIPOTEKAIOIIET0 IIPOLlECCa BO3PaCTaeT, T. €.
AS > 0. B cayyae HEHM30AMPOBAHHBIX CHCTEM SHTPOIIHS B XO€E IIPOIlEcca MO-
KeT KaK YBEAUYHUBATBLCH, TaK U YMEHBIIIATHCH.

IIpomeccel, nasg KOTOpeIX AS > O:
pacIIupeHne ra3os;

e JazoBble mpeBpalleHud (1) — (XK) — (T);
PacTBOPEHNE KPUCTAAANYECKHX BEIIECTB.

[Ipomeccrl, aasg KOTOphIX AS < O:
e (CIKaTue rasos;

e KOHAEHCAIIUd U KPUCTAAAM3AIIUs BEUIECTB (r) — (k) — (T).
B xone XxuMHuecKHxX peaklinit 06 N3MeHEeHUH SHTPOIINH MOXKHO CyIUTh I10
U3MEHEHHIO o0beMa cCUcTeMbl. Harmpumep, oad peakIiivii:

C(rpadur) + CO2(r) — 2CO(r) AV > 0O, caemoBaTeabHO AS > O;
3Ha(r) + N2o(r) — 2NHs(r) AV < O, caemoBaTteabHO AS < 0.

[asa pearuii, uaymmx 6e3 m3MeHeHHs o0beMa M B KOHAEHCHPOBAHHBIX
cucreMax (AV = 0), u3MeHeHHe SHTPONNN HE3HAYUTEABHO, U UM MOXKHO IIpe-
Hebpeub. OCHOBHBIMHU «HOCUTEASIMI» SHTPOIINH SBASTIOTCS Ta3bl.

B otamune or H u U MOKHO omnpeneadTh abCOAIOTHBIE 3HAYEHUsS S [Ad
BCEX YHCTBIX BEIECTB IIPU AI0OOU TeMmmepatrype. CoraacHO TpeTbeMy 3aKo-
HY TepMOAHHAMHKH, AI000O€ BEIIECTBO UMEET OIPENEACHHYIO ITOAOKUTEAb-
HYIO SHTPOITHUIO, HO IIPU aOCOAIOTHOM HYA€ DHTPOIIHS YUCTBIX BEILECTB, Cy-
IIIECTBYIOIIMUX B BUJE UACAABHBIX KPHUCTAAAOB, PaBHA HyAl0. B coorBeTCcTBUH

c (1.25) mpu Temmeparype, cTpeMmsileiica Kk abcoatorHoMy HyAalo (T — O K),
W =1 (eZrHCTBEHHO BO3MOXKHOE MAaKPOCOCTOSIHHE — UEAABHO ITPAaBUABHO
IIOCTPOEHHBIN Kpuctaas) 1 S = 0. B peaabHBIX KpHUCTassaxX BCETAa MMEIOTCS
AeeKThl CTPYKTYPhI, IIO3TOMY 3HadeHUs S nas Hux gaxe npu 0 K moaskHO
ObITE OoAbIIle HyAsl. PaKTUIECKH 3HAYEHUA S PEaAbHBIX KPHUCTAAAOB HEBEAH-
KU ¥ UMHU UHOTA ITpeHeOperaroT IIpU TePMOAUMHAMUYECKUX pacdeTax. [asbl,
KUOKOCTU, CTeKAOOOpas3Hble pa3bl U PacTBOPHI HE IMOAYUHSIIOTCS TPETHEMY
Ha4daAy TepMOIUHAMUKHU.

CTaH,ZlapTHBIe SQHTPOIIHH YHCTBHIX BEIIIECTB OTHOCAT K 1 moab BelecTBa
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npu P = 101 k[la u T = 298 K u o6o3HayaoT S, (cM. mpusoxkenue). CTaH-

[AapPTHBIE SHTPOIIMH IIPOCTBHIX BEIIECTB HE paBHBI HyAlo. CTaHAapTHasl 3H-
Tponusa o6pasoBaHHA coeAMHEHHsT A S),, PaBHA M3MEHEHUIO HTPOIHH B

X0/le pPeakIuu o0pazoBaHUSA 1 MOAB COEAWHEHHsS B CTAHOIAPTHBIX YCAOBHUAX
U3 IIPOCTHIX BEIIECTB B CTAHAAPTHOM COCTOSHHHU.

B paay ogHOTUNIHBIX COEAUHEHUU SHTPONHNL PACTET 10 MEPE YCAOKHEHUS
aTOMOB, BXOISIIMX B COCTaB
MOAEKYA, & TakKIKe II0 MEpEe ycC- Tabsmma 1.3
AOXKHEHHUS COCTaBa MOAEKYA.

3aBUCIMOCTD SHTPOIINY COETVTHEHM
[IpuMepbl 3TOMYy IIpPUBENEHBI B

OT X COCTaBa

Taba. 1.3.

[TOCKOABKY OHTPOIIHS €CTb BermecrBo HF HCl | HBr
(PYHKIIHSI COCTOSIHHSI, TO ee U3- | Sos ([I3x/MoanK) | 173,5 | 186,4 | 198,1
MEHEHHE AS, COIPOBOXKIAIOIIECE BeIIecTBO FeO FesOs | FesOa
XUMHYECKYIO PEaKIIUI0, MOXKHO o
paccuuTaTb aHAAOTHYHO U3Me- Saos ([LK/MOALK) | 60,8 |87,5 |146,2

HeHUIo S3HTaabnuu (1.18). [dag
XUMHWYECKON peaKIIUU B CTaHAAPTHBIX YCAOBHUIX

AS5ys (peaxiun) = Z(n‘Asggs)(npoA) —~ Z(l’l”Asg%)(HCX) (1.27)

rne n', n" - COOTBETCTBYVIOIIME CTEXHOMETpPUUECKHe KOd(PPUIIeH-
Thl B YPaBHEHUU PEaKIIHH.

OHTpoONHUdA SBAMIETCS BoO3pacTarolleil (PyHKIHEH TeMIlepaTypbl, IIPUYEM
OCOOEHHO Pe3KO0, CKaAYKOoOOpa3HO, SHTPOITNA U3MEHSETCs IIpU TeMIlepaTypax
az0BBIX IEPEeXo0B (IAABAE€HUs, HCHApEeHUs, 00pa3oBaHUA BBICOKOTEMIIE-
paTtypHOi Momudukalmm). Mcroab3ys ypaBHeHUe (1.26), MOKHO paccuuTaThb
U3MEHEHUEe SHTPOITNHU IPHU (Pa30BbIX IPEeBpaIlleHUIX:

AH, .,

¢.o = ’
Ttb.n

AS (1.28)

roe  AH, , —oHTaabnus (Ternaora) pasoBoOro Nepexona;

T, . — abcoAroTHas TeMIiepatrypa pasoBOTro Iepexoaa.

II

B obieMm caydae mag obpartumoro mpoiiecca npu P, T = const, Korma us-
BecTHa BeandnHa AH, uaMeHeHUe SHTPOITHH:

_AH
i

AS (1.29)

N3 ypaBHeHuii (1.29) u (1.19) caenyet, 9yTo BeaAndnHa AS peakiliiy oIpe-
J[EASIETCSI COOTHOIIIEHHUEM
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AC, dT

dAS = (1.30)

Nurerpupy4 (1.30) B unTepBaase TreMmnepatyp ot 298 K no T, moaydum

AC,

T

0 0
ASY = ASSes + |
298

dT. (1.31)

Ecau mpunars C, = const = C) ,,,, TO U3MEHEHHE 3HTPOIHMH B XOIE XH-

MUYECKOM peakllnu IIpU 3aaaHHoU Temneparype T:

T
Asgzm£%+Acg”8m5§§, (1.32)

rme AS),; OIPENEASIOT [0 CTAHAAPTHLIM abCOAIOTHBIM SHTPOMIHAM pea-
TUPYIONIUX BellecTs (1.27);

Cg »98 PACCUHUTBIBAIOT I10 YpaBHEHUIO (1.24).

1.2.4. HanpaBA€HHOCTb CaMONPOU3BOAbHbLIX NpoueccoB. CBoboaHaNA
aHeprua M'bbcea
Kputeprem HallpaBAEHHOCTH CaMOIIPOM3BOABHBIX IIPOILIECCOB IIPHU
P, T = const, y4uUTBIBAIOIIMM SABTAABIIUHMHYI0O U SHTPOIHHHYIO COCTaBASIO-
e OBUIKYIIEH CHUABI IIpOIlecca, SIBASETCS U3MEeHEeHUe TepMOANHAMHUYeCKOH
dyukimu cocrossHus (AG), HasbIBaeEMOM H300apHO-H30TE€PMHYECKHM IIO-
TEeHIIHAAOM HAU CBOOOAHOMN 3Heprueii 'uboca.

IToncraBasia 3HadyeHue Q u3 BbIpaxkeHud (1.26) B ypaBHeHue (1.9), moay-
YyaeM CAeyIolllee YpaBHEHUE:

TAS=AU+PAV+A'__ =AH+A'___, (1.33)

KOTOpOoe OO0BenNHAEeT MaTeMaTHU4YeCKU IEPBBIA U BTOPOH 3aKOHBI TEPMOIU-
HaMUKH.

Hcxons u3 Beipaxkenuda (1.33):
AL =TAS-AH=(TS,-TS,)-(H,-H,)=(H, -TS,)-(H, - TS,). (1.34)

Beanyuna H-TS =G — cBobogHast 9HEPTHUd €CTh Pa3HOCTh MEXKIY ITOA-
HOM 5Hepruey pacHIMpeHHOM CHCTEMBbI U CBA3aHHOU sHepruei. Torma ypas-
HeHue (1.34) npumet BUL

A =G -G, =—(G, - G,) = -AG, (1.35)
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e AG = AH-TAS. (1.36)

CucreMa coBepIIIaeT MaKCHUMAaABLHYIO IIOAE3HYI0 PabOTy IMPU CaMOIIPOU3-
BOABHOM IIPOTEKAaHUM IIpolecca. B To xxe Bpemsa us (1.35) BuaHo, yTo A', .

COBEPIIIaeTCs 3a CYET YMEHBIIEeHUs N300apHO-U30TePMUYECKOTO IIOTEHIIHAAA.
TakuMm o0Opa3oMm, IIPU HOCTOSAHHBIX AABACHUU U TeMIIepaType XUMHUYECKHE
PEeaKIIMU IPOTEKAIT CAMOIIPOU3BOABHO B HAIIPaBA€HHH, KOTOPOMY OTBedaeT
yObIAB CBOOOHOM dHepruu ['mb0ca CUCTEeMBI:

AG <0 wuam AH-TAS<O. (1.37)

HepaBeHnctBa (1.37) onpeneadroT IIPHUHIUIINAABHYIO BO3MOXKHOCTH Tede-
Hus xummndeckod peakuuu npu P, T = const. [Iag peasbHOro OCyIIeCTBAEHUS
poilecca HeoOXOAUMBbI BBIIIOAHEHHE HE TOABKO TE€PMOAMHAMHUYECKUX YCAO-
BUM, HO U y4eT KUHETHUECKUX (PaKTOPOB.

[Iporiecc mpUHIIMIIHAABHO HEeBO3MO3keH, ecau AG > 0. Uem Goaee oTpuna-
TeAbHO 3HaueHUe AG, TeM 0oaee cucTeMa peaKIImOHHOCIIOCOOHA.

N3 BrIpakenusa (1.36) caemyer, 4To U3MEHEHHE H300apHO-U30TEPMHUUEC-
KOTO IIOTE€HIIMaAa OTpPazkKaeT BAUGHHE Ha HallpaBAE€HHE IIPOTEKaHUS IIPOIIEC-
ca sHTaabnuiiHoro (AH) u saTponuiinoro (TAS) dpakTopoB. B 3aBUCHMOCTH OT
TeMIIEpaTypbl BAUSGHHE OQHOIO M3 3THUX (PAKTOPOB Ha 3Ha4YeHHE U 3HaK AG
MOKET OBITH OIIPEAEASIONIUM.

XUMHUYECKHUE peakIlMM MOXKHO KAAaCCU(UIIMPOBATH II0 BO3MOXKHOCTH U
YCAOBUSM IIPOTEKAHHUS B 3aBHCHUMOCTH OT XapakTrepa usmeHeHus AH u AS:

1. B uzoaupoBanunix cucremMax AH = 0, Torma HepaBeHcTBO (1.37) mpu-
HuMaeT Bum: —-TAS < 0. Pa3zBurue A000ro CaMOIIPOHU3BOABHOIO IIpollecca
00yCAOBAEHO TOABKO 3HTPONUUHBIM (pakTopoM AS > 0.

2. B HEN30AMPOBAHHBIX CUCTEMAX:

a) ecau AH <0 u AS > O, HepaBeHcTBa (1.37) BBIIIOAHSIIOTCSH IIPU AIOOBIX
3HaueHUdax T; mporecc BO3MOXKEH ITpU AI0O0H TeMIlepaType;

6) ecau AH > 0 u AS < O, HepaBeHcTBa (1.37) He BBIIIOAHSIOTCH; ITPOLIECC
HEOCYIIECTBUM B IIPSIMOM, HO BO3MOXKEH B 00paTHOM HaIlpaBAE€HUU;

B) ecan AH < 0 u AS < 0, HepaBeHcTBa (1.37) BBIIOAHSIOTCS IIPU YCAOBUH
|AH|>|TAS|, T.e. mas Teuenus peaxiiuu GAATOIIPHATEH HHU3KOTEMIIEPATYD-
HBbIU PEXKUM;

r) ecam AH > 0 u AS > 0, HepaBeHcTBa (1.37) BBIIIOAHAIOTCHA IIPU YCAOBUH
| TAS | > | AH |, 6AaronpusTHBIM [AST IPOTEKAHUS PEAKIIMH SBASETCS BBICOKO-
TEMIIEPATYPHBIN PEKUM.

CaenoBateabHo, AG < 0, ecan AS > 0 (AH > O uau AH < 0). IIpu BBICOKUX
TeMIlepaTypax KpPpUTEPUEM OCYILIECTBUMOCTHU ITPOILlECCa SIBAIETCS U3MEHEHUE
SHTpoINHU (AS > 0). OQHTPOIUNHBIN (PAaKTOP OKA3bIBAET OIPEACATIOIIEE BAUSI-
HUE Ha HallpaBA€HUE IIPOIIECCOB PACTBOPEHUS KPUCTAAANYECKHX BEIIECTB,
UOYyIMX C ToraomieHueM TenaoThl (AH > 0). B manHOM caydae AS >>0 u
| TAS | >> | AH |, caemoBaTeasno, AG ~ -TAS u AG < O.
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[Ipr HU3KHX TeMIlepaTypax OAd PeakIUi cO 3HAYUTEABHBIM TEIIAOBBIM
sdpdexrom | AH|>> | TAS| u AG = AH. CaemoBatearHo, AG < 0, ecau AH < 0
(AS > O mau AS < 0). ITpu HHU3KHX TeMIlepaTypaxXx BO3MOXKHOCTb CaMOIIPOU3-
BOABHOTO IIPOTEKAHUSI PEaKIUH OIPEeNeAseTCs HN3MEHEHHEM SHTAABIINU
(AH < 0).

Jast G0ABIIMHCTBA peakui, UAYIIUX IIPU OOBIYHOM TeMIlepaType U aTMO-
cdheproM maBaenuu | AH | > | TAS |, II03TOMY B 3THX YCAOBHUSIX SHOOTEpPMHUYE-
ckue peakiuu (AH > 0) peako mpoTeKaroT CaMOIIPOU3BOABHO, B OTAWYHE OT
sKk3oTepMudeckux (AH < 0).

M3MmeHeHre n300apHO-U30TEPMHUUECKOTO MTOTEHITHAAA B XO4€ XUMUYECKOH
PEAKITUU OIIPENEASIETCS] CAEAYIOIIHM 00pa30oM:

AG; (peaxnun) = AH; (peakiun ) — TAS, (peakiiuu ) (1.38)

WAW aHaAOTUYHO BbIpaxkeHUIo (1.18) mas AH(peaKu,I/n/I) (rak kak G — pyHK-
IIUsI COCTOSITHUS):

AG (pearimn)=» n' A;G(mpox)-> n" AG (ucx) (1.39)

Ecaun 3Hadyenme AG peakiliM OIPEAEASIOT B CTaHAAPTHBIX YCAOBHUSIX,
ypaBHeHUe (1.39) npuHUMaeT BU

AGjg (pearimn) = Y n'A Gy (pon) — D n"A;Gogs (HCX), (1.40)
0

rne A;G,ys — CTaHAapTHBIA H300apHBIH IIOTEHIIHAA OOpa30oBaHHUA CO-

eTMHEHUs, PABHLIM M3MEHEHUIO M306apHOTO TOTEHIIMAaAa PEAKITUH 06paso-
BaHUS 1 MOAbL 3TOTO COEIMHEHMS TMPU CTAHAAPTHBIX YCAOBUSX U3 ITPOCTBIX
BEIIIECTB B CTAHIAPTHOM COCTOSTHHH.

Ora BeAMuYMHA BbIpaXkaerca B K[k /Moab. [IAfl TIPOCTBIX BEIIECTB
A;Gjes = 0. Buauenne A,G),, ompemeasercs, coraacHo (1.38), kak:

0 0 0
AtGoos = AfHpgg = TA(S;04, (1.41)
rne AH), — CIpaBoYyHas BEAUYMHA,
a A;Ses PACCUHUTBIBAETCS AaHAOTUYIHO ypaBHeHHIO (1.27).

[IpeneaoMm yObiAM cBOOOmHOM sHepruu [mOOca IpU caMOIIPOU3BOALHOM
IIPOTEKAHUM IIpollecca SIBASETCH €€ MUHHMaAbHOe 3HadeHue, OoTBedarollee
COCTOSIHUIO paBHOBecUs. Takoe COCTOSHHE CHCTEMBbI Hauboaee YCTOHYHBO,
BCSIKO€ OTKAOHEHUE OT Hero TpebyeT 3aTpaThl 9HEPTUU.

TepMOLLI/IHaMI/I‘-IeCKI/IM YCAOBHEM COCTOAHHA PABHOBECHA ABAAETCA pPaBE€H-
CTBO
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AG=0 wnam AH-TAS=0. (1.42)

[Ipenebperas 3aBucumMocTbio AH u AS oT TeMmmepartypbl, U3 ypaBHEHUS
(1.42) MoxkHO HPUOAUIKEHHO OMIPEAEAUTH TeMIIEPaTypy HaCTYIIACHUS XUMU-
YEeCKOI'0 PaBHOBECHS:

AHY
Toen = —ASS% : (1.43)
298

B paBHOBECHO! pPEaKIIMOHHOM CMECH MOOCTUTAETCHd OIIPEAEACHHOE COOT-
HOIIIEHHE KOHIIEHTPAlIUi BEIECTB B KUAKOM HAH ra3000pa3HOM COCTOSHUSX
U HaplIHUaAbHBIX JaBA€HHM ra3000pa3HbIX BEIECTB. DTO COOTHOIIIEHHE BBI-
paxkaeTcd BEAUYWHOM KOHCTaHThI paBHoBecud (K. muau K, ). B obiiem caydae

OAsL AT000M obpaTumoi peakiyu aA + bB = cC + dD He3aBUCHMO OT IyTH H
MeXaHH3Ma €€ IPOTEeKaHUI:

ce cd Pc P
K.=—2D pap K, =--D | (1.44)
C Ca Cb P Pa Pb
A B A B
Beanuunrr K. 1 K, cBg93aHbI COOTHOIIIEHHEM
C P
An
K; =K. (RT)™,
rame An (MOAB) — H3MEHEHHE KOAWYECTBa ra3o000pa3HBIX BEIIECTB B XO-
1€ pPEeaKIINY;
R - YHUBEpcaabHad ra3oBad [IOCTOSHHAs.

Ecau An = 0, To K; =K.

KoHcTaHTa paBHOBECHS OIpefeAdeT TAyOMHY IIpOTeKaHHUd IIpoliecca K
MOMEHTY AOCTHUXKEHUS PAaBHOBECHOI'O COCTOSHMsA. YeM Ooablie 3HaueHHe K.
(Kp), TeM Goabllle CcTeleHBb IIPEBPAIIEHUS HCXOAHBIX BELIECTB B IIPOAYKTBI
pEeaKIH.

B3auMoCBs3b MeXIy KOHCTAHTOH pPaBHOBECHS M HM300apHBIM ITOTEHIIHA-
AOM BBIPaZKaeTCs YPABHEHHEM H30TEPMBI XHMHYECKOH peaKIHH

AG, = -RTInK, = -2,3RTIgK,. (1.45)

[aqa nporieccoB, unymux npu T = 298 K, ypaBHeHue (1.45) MOXKHO Hpen-
CTaBUTH B BH/IE

AGggs = —5,718 K} 505 - (1.46)

[as peakuii B XKUAKOU pasze (B caydae pazdaBAEHHBIX PACTBOPOB) MOXK-
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HO HCIIOAB30BATh COOTHOIIIEHME

AGY = -RTInK,. (1.47)

[IpakTudeckas OOpPaTHMOCTh PEAaKIMH oOIpeaessercs 3HadeHueM AGH.
0 . 0
Ecaun AG; =0, 10 K| =1; ecau AG; <0, o K; >1 u npamad peakuyd IIpak-
TUYEeCKHU HeobpaTuma; ecam AGY >0, To K, <1 u obpaTHas peakiius IIpak-
THYECKH HeobpaTuma.

3HadeHNe KOHCTAHTLI PABHOBECHS 3aBHUCUT OT MPHUPOALI PEATHPYIOIIUX
BEILECTB U TeMItepartypbl. 3aBucumocts K, = f(T) mpu P = const Beipazkaer-

Cd YPAaBHECHHEM Haoﬁapu XHMHYECKOH PE€aKIIHH

dInK, AH
dT RT? '

(1.48)

YpaBHeHue (1.48) mo3BoAgET KQYECTBEHHO U KOAWYECTBEHHO OIIEHUBATD
3aBUCHMOCTBb KOHCTAHTbI PAaBHOBECUS OT TEMIIEPATyPhI.

Ecau AH > 0 (peakius sHaoTepMHdecKasl), TO TeMIIepaTypHbIH Koadpdu-

dInK
IIMEHT KOHCTAHTHI PaBHOBECHUS TP >0 U C pOCTOM TeMIIepaTypbl 3HAYE-

Hue K, yBeanumBaeTcd (paBHOBECHE CABHUTA€TCHA BIIPABO, T.€. B CTOPOHY
OpsIMOH peakiivy).
d InK,

dT
HHEM TeMIIEpaTypbl 3HadeHHe K, yMeHBIIaeTcd (PaBHOBECHE CIOBHUIAETCH

Ecau AH <0 (peakmus 3K30Te€pMHUYECKas), TO <0 u c noBbllIe-

BAEBO, T. €. B CTOPOHY OBpPATHOM peakiuy).
Ecanxxe AH=0, 10 K, # f(T).

YTo0OBI OIpeneAnTs U3MEHeHUEe K, IIpu U3MEHEHUM TeMIlepaTyphbl Ha KO-
HEYHYIO BEAUYUHY, ypaBHeHUE (1.48) Hy>KHO IPOMHTErPUPOBATH B IIPEAEAAX
oT Ky mo Ky, mor T, mo T,

EcAu DpUHATE TENAOBOH 3(PQPEKT ITOCTOSTHHBIM U HE 3aBUCHIIMM OT TEM-
repaTypbl, IIOAyIaeM IIPUOAMIKEHHOE YpaBHEHNE N300aphl

h:ﬁ. i_i (1 49)
Ky R (T, T,) '

In

roe Ky, ¥ Ky, — KOHCTaHTEI paBHOBecHd IIpH Temneparypax T, u T,
coorBercTBeHHO (T, > T)).

BripaxkeHue (1.49) 1mo3BoAsieT BBIYHCAUTHL KOHCTAHTY pPaBHOBECUS IIPH
ONHOM W3 TeMIIEPaTyp, €CAU U3BECTHO ee 9KCIepUMeHTaAbHOEe 3Ha4YeHHe ITpU
ApyTrol TeMIiepaType, a TaKxKe TenA0oBoM 3(pdekT peakuu (AH).
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Ecan mu3BecTHBl 3HadeHHUd K, Ipu AByX TeMIlepaTypax, TO ypaBHEHHE
(1.49) maeT BO3MOKHOCTb pacCUUTATh U3MEHEHUE SHTAABIINU PEaKIINH.

1.3. PACTBOPbI SAEKTPOAUTOB

1.3.1. Obwan xapakTepucTnka pactTBOpPOB INEKTPOAUTOB.
Cnocob6bl BbipaXXeHUA KOHLLEHTpaLUK

JAEKTPOAHTAMH HAa3bIBAIOTCH BEIIECTBA, KOTOPhble B pacTBOpPE (MAU B
pacrinaBe) IIOAHOCTBIO MAM YaCTUYHO COCTOSIT M3 MOHOB M CIIOCOOHBI ITPOBO-
OUTH DACKTPUYECKHH TOK. DAEKTPOIPOBOMHOCTH IAEKTPOAUTOB O0yCAOBAEHA
HaIllpaBACHHBIM [IBUXXEHHEM HOHOB B 3ACKTPHUYECKOM IIOAE, IIOOTOMY HX Ha-
3bIBalOT MOHHBIMHU IPOBOAHUKAMHU HUAU IIPOBOAHUKAMHU BToporo poga. K Hum
OTHOCSITCS pPaclAaBbl MHOTHX COA€HM, OKCHUIAOB U THAPOKCHUIOB, THAPHUIOB
S-METaAAOB, a TaKiKe BOJHBbIE PACTBOPBI KHCAOT, THIAPOKCHUIOB U coaed. [la-
Aee OyoyT pacCMOTPEHBI TOABKO BOHBIE PACTBOPHI SIAEKTPOAUTOB.

BaskHoll xXapaKTEepPUCTUKON pPaCTBOPOB 3AEKTPOAUTOB ABAAETCH HUX KOH-
LHeHTpalus — COZEpP3KaHUEe PACTBOPEHHBIX BEILIECTB B OIIPENEA€HHOM KOAU-
YeCcTBE pacTBOpa HWAU PaCTBOpUTEAs. M3BeCTHBI pa3AWYHBIE CIIOCOOBI BBIpa-
KEHHS KOHIIEHTpallui pacTBOPOB, HO HauboAee YacTO UCIOAB3YIOT CAEIYIO-
1Me:

a) MaccoBasi mOAAL (®) — OTHOIIIEHHE MAacChbl PaCTBOPEHHOI'O BEIECTBA
(m', r) K Mmacce pacTBopa (m, I):

®=—, m=m'+m". (5.1)

rage m' — Macca paCTBOPUTEAd, T.

MaccoBag mOoAs pPacTBOPEHHOIO BEIIECTBA, BBIPA’KEHHad B IIPOILIEHTAaX
(mpoleHTHad KOHIIEHTpAallusl), — Macca pacTBopeHHoro BemiectBa B 100
pacTBopa.

Hanpuwmep: 15%-# pactBop NaCl cocrouT u3 15 r KpUCTaAAMYECKONU COAU
NaCl u 85 r Boast B 100 r pacTBOpa;

0) MoAApHass KOHIEHTpPAIHA, HAH MOASIPHOCTH (Cv mam M), — umcao
MOA€H pacTBOPEHHOTI'O BEIIECTBa B 1 A pacTBopa:

1

m n
Cy = —— =—, MOAB/A, (5.2)
M-V V
m 1
e n= oM KOAHWYECTBO BEILIECTBA, MOAB;

M — MoasspHag Macca pacTBOPEHHOI'O BEIIECTBA, I'/ MOAE;
V — ob6Bem pacTBopa, A.
Hampumep: 2 M pactBop H2SO4 comepzkut B 1 A pactBopa 2 moaag HaSOa,
vAn 2:98 = 196 1 (MH2804 = 98 r/MOAb);
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B) 9KBHBAaA€HTHAass KOHIEHTpAaUHsA, HAH HOpMaAbHOCTE (Cy uAHM
H), — YHCAO 9KBUBAA€HTOB PaCTBOPEHHOIO BelllecTBa B 1 A pacTBopa:

'

m n
4 = —— = —2, MOAB-3KB/A, (5.3)
2:-V 'V
rae O — JKBHBAAEHTHAS MAcca PAaCTBOPEHHOTO BEIIECTBA, I'/ MOAD;

Ns — YHUCAO MOAEN SKBHUBAAEHTOB.

[Ipumep: 2 H pactBop H2SO4 comepkut B 1 A pactBopa 2 O HoSO4, nau

2 28 98 r (92—8 — 3KBHUBaAeHTHad Macca H2SOas).

[To KOAMYECTBY PaCTBOPEHHOTO BEIIECTBA PACTBOPBI YCAOBHO EAAT HA
pazbaBAE€HHBIE U KOHIIEHTPUPOBAHHBIE.

1.3.2. IAeKTpoAUTHUECKAA AUCCOLMaLUS

[Ipu pacTBOPEHUH B BOIE UAU APYTHUX PACTBOPHUTEASIX, COCTOSIIMX U3 I10-
ASIDHBIX MOAEKYA, DAEKTPOAUTHI IIOABEPTAIOTCS SAEKTPOAUTHUECKOH I1CCOo-
MUAIlNH, T.€. B OOABIIIEH HMAU MEHBIIEH CTEIIeHW PacIiafaloTCs Ha ITOAOXKH-
TEABHO U OTPUIIATEABHO 3apsi:KE€HHbIE MOHBI — KaTUOHBI U aHHUOHBI. Heobxo-
OUMBIM YVCAOBUEM JACKTPOAUTHYUECKOH MOHCCOIHMAIINN SIBASETCH HaAUYHE B
PacTBOPSIEMOM BEIIIECTBE MOHHBIX HAU IIOASPHBIX CBSI3€M, a TaKiKe IIOAdpP-
HOCTb CaMOT'0 PacTBOPUTEASI, YHCACHHO XapaKTepHu3lyeMas BEeAWYUHOU OTHO-
CUTEABHOH OUIAEKTPUYIECKON MPOHUIIAEMOCTH (g).

[dusaekTprUdecKas MIPOHUIIAEMOCTh BOABI paBHa 81, 4To 00yCAOBAMBAET
€€ BbICOKYIO0 HOHU3UPYIOIIYIO0 CIIOCOOHOCTb.

B 3aBHCHMOCTH OT CTPYKTYpPBbI PACTBOPSEMOIO BeIeCTBa B 0€3BOIHOM
COCTOSTHHUU pa3AnYaloT [ABa MeXaHH3Ma pacliafia SAeKTPOAUTA Ha HMOHBI:

a) AHCCOoIAalIIUsI COAEH, T.€. KPUCTAAAOB ¢ HOHHOM cTpykTypoii (NaCl, KCl
U T. 0.). B 3ToM caygae mMmeeT MeCTO B3aUMOAEHCTBHE MEXKAy MOHaAMH, pac-
IIOAOXKEHHBIMU Ha IMOBEPXHOCTU KPUCTAAAOB, U IOASIPHBIMHU MOAEKYAQMHU BO-
Obl (MOH-AUIIOABHOE B3auMozelicTBue). Hampumep, Korma KpUCTasA COAU —
xnopuga Hatpud NaCl monazaeT B BOAY, TO PacCIOAOKEHHBbIE Ha €ro IIOBEPX-
HOCTU HOHBI IIPUTATHUBAIOT K ceOe IMOAdIpHBbIE MOAEKYABI BOJABI: K MOHaAM Ha-
TPUI MOAEKYABI BOABI IIPUTATUBAIOTCS OTPHUIIATEABHBIMU KOHIIAMHU, K HOHAM
XAOPaA — MIOAOKUTEABHBIMU (puc. 1.4). B Toxke BpeMd Boza C TaKOU XKe CHUAOU
IIPUTATHBaET K cebe MOHBI U HCIIBITHIBAET TOAYKH CO CTOPOHBI APYTUX MOAE-
KyA HaXoASUIUXCHI B pacTBope. B pe3yabTaTre MOHBI OTAEAIIOTCS OT KPUCTaAAd
U IIEPEXONAT B PacTBOP.
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Us), 4TO IIPUBOAUT K pacliaay €€ Ha HOHBI (IUIIOAB—OWUIIOABHOE

H,O

%HCIFOZP H20® ®5 ©®@®®@

W
@@ = @@ @@ @@Q@m

Puc. 1.5. Cxema gucconmanvi IIOJIIPHBIX MOJIEKYJI B pacTBOpe
Ha IIpUIMepe XJIOpOBOAOpOaa

B3anMozelcTBue). CxemMa AHCCOLIMAIIMU IIOAIPHBIX MOAEKYA IIOKa3aHa Ha
puc. 1.5.

CaenmyeT OTMETHUTH, YTO IEpelleAllre B PacTBOP HOHBI HAXOOATCH HE B
CBOOOTHOM COCTOSIHHH, & OCTaIOTCs CBSI3aHHBIMH C MOAEKYyAaMHU BOIBI, T. €.
HaxoOodaTCsd B THAPATUPOBAHHOM COCTOSHHH. B ypaBHEHHAX OAUCCOLIMAIINU
O0OBIYHO BOJY OITyCKAIOT U ITHIIYT TOABKO MOHBEI. OTCIofa B 0O0IllEM BHE IIPO-
IIECC AEKTPOAUTUYECKON AUCCOIIHAIIMH MOXKHO BBIPA3UTh YPABHEHUEM

AB = A+ + B, (5.4)

C TOYKH 3pEHUS TEOPHU DAECKTPOAHUTHUECKOH MQUCCOIUAIINH KHCAOTOH
Ha3bIBAETCH BEIIECTBO, JUCCOIIMUPYIOIEE B BOAHOM pacTBOpeE Ha HOHBI H* u
KUCAOTHBIHM octaToK (H2SO4, HNO3z, HCI, HBr...); ocHOBaHHEM — BIIIECTBO
auccorpupyenme Ha noHbl Metaasa 1 OH-(NaOH, Ba(OH)z...). Coan — Be-
IecTBa, obpasyrolme IpHU AUCCOIMAIINN HOHBI METAAAOB M KHCAOTHBIX OC-
TaTkoB (NaCl, CuSO4, KNOs...); HCKAIOUEHHE COCTaBASIIOT COAHM aMMO-
Hus1(NH4Cl, NH4NOs...).

JIAsl KOAMYECTBEHHOHN OLIEHKU IIPOLIECCA SAEKTPOAUTHYECKOM AUCCOIHA-
IIUY BBEIAEHO IIOHATHE CTENEeHH AHCCOUHAIHH (o). OTHOILIEHHE YHucAa MO-
AEKYyA, pacnaBinxcsa Ha HoHb!I (N), kK obmiemy yncay moaekya (No) Ha3pIBaeTcs
CTEIEeHBIO AUCCOIHAIUU ()

Qg@

@i)

Puc. 1.4. Cxema ayicconmanmm cov B Bofe Ha IIpuMepe XJIopuaa HaTpus
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a=—. (5.5)

YucaeHHOE 3HAYEHUE (0) 3aBHUCHUT OT IIPHUPOALI pACTBOPEHHOI'O BEIIIECTBA,
TeMIIepaTyphbl, KOHIIEHTPAIlUH pacTBopa W IIPUHHUMAaeT 3Ha4Ye€HHE, MEHBIIIE
HAW paBHOeE equHHUILE (o < 1).

1.3.3. CrAbHbIE U cAabble SIAEKTPOAUTHI

B 3aBHCHMOCTH OT YHMCA€HHOTO 3HAYEHUS (L BCE DAEKTPOAUTHI YCAOBHO [€-
AT Ha cuabHBIE (@ — 1)! u caabele (a << 1). K CHABHBIM 3A€KTPOAHTAM OT-
HOCATCS XOPOIIO PacTBOPHMBIE COAM, OCHOBAHHS IIEAOYHBIX HAU IIIEAOYHO-
3eMeAbHBIX MeTaaroB (NaOH, Ba(OH)2 u ap.), OOABIIMHCTBO MUHEPAABHBIX
kucaoT (H2SO4, HCl, HNO3,HBr, HCIO4 u ap.). K cAaOBIM 3A€KTpOAHTaAM
OTHOCSITC| IIOYTH BCE OpPTaHUYeCKHe KHUCAOThI, HEKOTOpPble MUHEpPaAbHbIE KH-
caotel (H2CO3z, HoS, HCN, HF, HCIO, HNO2, H>SO3 u ap.), MHOTHE OCHOBa-
Hus metasaroB (Cu(OH)2, Fe(OH)2, Ni(OH)2 u aop.), TpyAHOPACTBOPHUMBIE COAHM
(BaS0O4, CaS04, AgCl), rupporcun ammonud (NH4OH) u Boga (H20).

CoraaCHO TEOPHUH SAEKTPOAUTHYECKOH AUCCOITUAIINU CHUABHBIE SACKTPOAU-
ThI IIOAHOCTBIO AYICCOLIMHUPYIOT Ha HMOHBI U IIPOLIECC AUCCOIIHAIINU IIPOTEKAET
HeoOpaTuMmo, Hampumep, H2SO4 — 2H* + SO42-. BcaemcTBue BBICOKOM KOH-
LHIEHTPAIlUU 3apsKEeHHBIX YaCTUI] B pacCTBOPE B 3HAUHUTEABHOU CTEINEHU IIPOo-
SABAGIOTCS CHABI MEXKHOHHOIO B3aUMOJEHCTBHS, KOANYECTBEHHON XapakTe-
PHUCTHUKOM KOTOPBIX gaBadeTcd Ko3ddumHeHT akTHBHOCTH (f). [losToMy
dakTHIecKkasa (AKTHBHas) KOHIEHTPAILHA NOHOB YMEHbIIaeTcsd. AHAAUTH-
YEeCKH MOASpHAas KOHIIEHTpAllld KaTHOHOB U aHUOHOB (C;) cBd3aHa C aKTUB-
HOM KOHIIEHTpAaIlHel (a.) COOTHOIIIEHUEM

ay = fi . Ci- (5.6)

[TpubamzkeHHO KO3(P(PUIINEHT aKTUBHOCTH MOXKHO BBIYHUCAUTH 110 (POPMY-
A€

Igf, =-0,5-2% -1, (5.7)

rae Z — 3apdg UOHOB,;
[ — moHHag cuaa pacTBopa 3AEKTPOANTA, BhIUHCAIeMas 10 PopMyAe

1 n
1:5-201-23. (5.8)
i=1

rae C; — KOHIIEHTpAllUs UOHOB, MOAB/A;
Zi — 3apsm UOHOB.

1 OnpegensemMas Ha onbiTe BeIMYUHA “)° BAA CUAbHBIX 3/1EKTPONUTOB ABNAETCA JINWb “KaxXy-—
wenca’, Tak Kak WMCTUHHAA CTeneHb AMCCOLUMALUKN BN CUIbHbIX 31€KTPOSIMTOB COCTABNA-
eT 100 % (x = 1). lMoaTomy, ecnu B yC/IOBUM 334Q4M He yKa3aHa CTeneHb ANCCoLMALNM CUNbHO-
ro 3NeKTPONUTa, ee cieayeT NPUHATL PpaBHOM 1.
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B KOHIIEHTPUPOBAHHBLIX PACTBOPaX CHABHBIX 2A€KTpoAUTOB f<< 1, a B
paszbaBaeHHBIX f — 1, mAg HUX BbIpazkeHue (2.8) MOKHO 3arrcaThk B BUAE

ar X Ci. (59)

Tak Kak pazdaBA€HHBIE PACTBOPBI UMEIOT OOABIIIEE MPAKTHYECKOE ITPHU-
MEHEHHEe, B JaAbHEHUIIeM BMECTO MOHSITUS “aKTHUBHOCTL  OyOdeM HCIIOAB30-
BaTb IIOHSITHE “KOHIIEHTPAIIUL .

KOHHCHTpaL[I/IIO HOHOB B CHABHOM OJOACKTPOAHTE MOZXKHO pacCCiHTATh,
IIOAB3yACBhb COOTHOIIIEHHUEM

C.=n a Cu, (5.10)

TZIe N — YHUCAO MOHOB JAHHOTO BHA, HA KOTOPhIE PaCIagaeTcs OHAa MO-
AEKyAA.
B pacTBopax cAaOBIX SAEKTPOAUTOB OTHOBPEMEHHO UMEIOTCS MOAEKYABI 1

WOHBI PACTBOPEHHOI'O BEIIECTBA, MPOIIECC AUCCOIHMAIINU ITPOTEKaeT ob0paTHu-
MO U €T0 MOXKHO 3aITHCAaTh B BHU/IE

AmBn s mA* + nB-. (5.11)
[IprMeHUB K ypaBHEHHUIO 3aKOH AEHCTBYIOIINX Macc, 3allHIIIEM BbIpaKe-

HUE A9 KOHCTaHTBhl paBHOBecud (Kc) mau, B HaHHOM caydae, KOHCTAHTBI
aucconuanmuu (Kn):

m n
K.=K =—CA+ CB‘ 5.12
C pi C 4 ( . )
AmBn
roe C,., C, — KOHIEHTPAlMH HOHOB B PACTBOPE IACKTPOAUTA, MOAB/A;
C,p — KOHIIEHTPAIINd HEAUCCOIIMHUPOBAHHBIX MOAEKYA, MOAB/A.

Koucranra aucconmanuu (Kp) 3aBUCHUT OT HNPUPOABI AUCCOIMHUPYIOIIETO
BEIIIECTBAa, PACTBOPUTEASI, TEMIIEPATYPhl U HE 3aBHCUT OT KOHIIEHTPAIIUHU
pactBopa. OHa xXapakKTepu3yeT CIIOCOOHOCTBH SAEKTPOAUTA paclagaTbCs Ha
HOoHBI. YeM OoAbllle YncAeHHOe 3HadeHue K, TeM B OOAbIIIEl CTEIEHH QHUCCO-
MUUPYET DAEKTPOAUT.

[Ipu crymeH4YaTol AUCCOIMAIIMM MHOT'OOCHOBHBIX KHCAOT U MHOTI'OKH-
CAOTHBIX OCHOBaHU# Kj Impu mepexone oT MepBOM K IIOCAEAYIOIIUM CTYIIEHIM
PE3KO YMEHBIIIAETCS:

H,COs = H* + HCOs, K, =4,5:107;

HCOs~ = H* + COs2, K, =4,7-10-11.

Yucaennnle 3HadyeHUs Kp mpu 298 K HEKOTOPBIX CAAOBIX SAEKTPOAHUTOB
[IPUBEAEHBI B CIIPABOYHUKE.
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BzanmocBa3p Mexny Kn m a ycraHaBauBaeTcs 3aKOHOM pa30aBAeHUS
OcTtBaapaa:

2
a”-C
K o= —M (5.13)
1-a
rme Cuv — MoAspHasli KOHIIEHTPAIIUS 9AEKTPOAUTA, MOAB/ A.
[ast cAaOBIX 3AEKTPOAUTOB (A << 1) 3TO BBIpasKeHHE YIIPOIIAETCH:

Kn=a2-Cu, uam a= |2, (5.14)
CM

N3 cootHomieHua (5.14) caemyeT, YTO C YMEHBIIEHHEM KOHIIEHTPAIIUU
pacTBopa (pazbaBaeHHEM) 0 YBEAUYUBAETCS.

KOHIIEHTPAIIMIO KATUOHOB M AHHOHOB B CAA0OM OAEKTPOAUTE MOIKHO
paccuuTaTthb, HOAB3YsSCh CooTHoIIeHueM (5.10), moacTaBUB B HETO 3HAYEHUE O

u3 (5.14):
Ci=a-Cum=Ky-Cy, Moab/A. (5.19)

JAst cAabBIX 3AEKTPOAUTOB, JHUCCOLIMUPYEMBIX CTyIIeH4aTo, n = 1.

[Ipu BBemeHUU B PaCTBOP CAA0OTO 3AEKTPOAUTA OMHOUMEHHBIX HOHOB
(T. €. MIOHOB, OIUHAKOBBIX C OOHUM H3 UMEIOIIUXCS B pe3yAbTaTe AHCCOIHAa-
IIUU SAEKTPOAUTA) paBHOBECHE HapyIIaeTcsd U CMEIIaeTCsd B HallpaBAECHUU
ob6pa3oBaHUs HEAUCCOIIMHUPOBAHHBIX MOAEKYA, B PE3yAbTATe CTENEHb AHCCO-
nualiu yMmeHblIaeTcd. Hampumep, ecan K pacTBOPYy YKCYCHOM KHCAOTBI
CH3COOH pob6aButh ee coab CH3COOK, To paBHOBeCHE CMECTHTCS B CTOPO-
HY YBEAWYEHHS KOAWYECTBA HEOUCCOLMHUPOBAHHBIX MOAEKYA YKCYCHOM KU-
caotel CH3COOH.

1.3.4. UoHHOE npoussepeHUE BOAbI. BOAOPOAHbBIM NOKa3aTeAb
BOILa, ABAALACH CAaGBIM AACKTPOAHUTOM, JHUCCOLITHMHUPYET I10 YPaBHEHHUIO
H>O = H* + OH-.
CoraacHo ypaBHeHUIO (5.12)
_ Cp Con

Ao Cuo
2

HucaenHoe 3HadeHue K, 1pu 298 K onpeneaeHO 9KCIIEPUMEHTAABHO I10
2

JaHHBIM 3ACKTPOIIPOBOAHOCTHU BOABI U paBHO 1,86-10-16. PaBHOBECHasI KOH-
LEHTpaLs HEAUCCOLIMHPOBAHHBIX MOAEKYA BObI CHZO IIPpaKTHUYECKH PaBHA

€€ MOABHOM KOHIIEHTpPalluH CH20= 55,56 moabp/A (1000/18) u aBageTcd 1mo-
CTOSAHHOUN BeAWYHHOU. [IpousBeneHne AByX IIOCTOAHHBIX Kn U CHZO aeT HO-

BYIO IIOCTOSIHHYIO, Ha3bIBAEMYI0O KOHCTAHTOH BOZBI (KHzo) HAW HOHHBIM
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npousBeneHueM Bozpl (C . -C_ )

Kyo =K~ Ciyo = Cppo-Coyy-= 1,86 - 1076 55,56 = 104 (5.16)

H' 0
[last BOABI M BOAHBIX PACTBOPOB IIPU JaHHOM Temmepatype Ky o sBaser-
cd IIOCTOSTHHOM BeandnHoH u ripu 298 K paBua 10-14. Torma
Kg,o 1071 Ki,o 107"
— 2 — . — 2 _
Cy+ = = ; Conu- = = : (5.17)

COH* COH* H* H*

B HeHTpasbHBIX cpemax C. . =C . = 1077 MOAB/A. B KHCABIX —

CH+ > 107" MOAD /A, IOCTUTasi MAKCUMaAbHOTO 3HadeHUsa 1 MoAb/A. B mreaod-

HBIX — C , < 107" MOAB/ A TIPH MUHUMAaALHOM 3Ha4deHUU 10-14 MOAB/A.

Ha npakTuke xapakTep BOOHOH Cpeapbl PacTBOPOB OLIEHHUBAIOT C IIOMO-
IIBI0 BOOOPOMHOIO IToKa3atead pH.

Bomopoaubiii mokasaTeAb (pH) — oTpunaTeAbHBIH AECATUYHBIN AOTa-
pucM MOABHOH KOHLIEHTPAIlMH HOHOB Bomxopoza (C,., MOAB/A) B pacTBODE,

T. €.
pH=-1gC_.. (5.18)

I'HAPOKCHABHBIH moOKa3aTeAb (pOH) — oTpuIlaTeAbHBIH MECATUYHBIH

Aorapr@M MOABHON KOHIEHTPALMK MHAPOKCHA-UOHOB (C_ —, MOAB/A) B pac-

TBODE, T.€.
pOH=-1gC_ . (5.19)

Torga npu 298 K:
pOH = pH =7 — HeliTpaabHad cpena,; (5.20)
O < pH<7 pH — kucaag cpena,; (5.21)
7 > pH > 14 — mieaouHad cpezna. (5.22)

[Tpu artom pH+pOH =14. (5.23)
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2. OSAEKTPOXUMUYECKHUE MPOLUECCHI U ABAEHUSA

IIpoiecchl NMPSIMOro IIPEBpALllEHHSI XHMHYECKOH JHEPTrHH B 3A€K-
TPHYECKYIO HAH SACKTPHYECKOH B XHMHYECKYIO Ha3bIBalOTCS 3AE€KTPO-
XHMHYECKHMH IIPOIlECCAMH. OAEKTPOXUMHYECKHUE CHCTEMBbI, B KOTOPBIX
XUMHUYECKas SHEPTHUs IIPEBpAIaeTCsd B SACKTPHUYECKYIO, Ha3bIBAIOTCS TaAb-
BaHUYECKHMH SA€MEHTaMH; CHCTEMBI, B KOTOPBIX 3ACKTPHUYECKAasd SHEPTHUI
IIpeBpallaeTcd B XUMHUYECKYI0, HA3bIBAIOTCI SA€KTPOAN3HBIMU.

B ocHOBE 3A€KTPOXMMHUYECKHX IIPOLIECCOB A€XKAT T'E€TEPOT€HHBIE OKHCAU-
TEABPHO-BOCCTAHOBUTEABHBIE PEAKIHH, IIPOTEKAIOIMe Ha TpaHUIlE pasaesa
das: 2AeKTPOog — PacTBOP (pacraaB) SAEKTPOAUTA.

CKOpPOCTb SAEKTPOXHUMHYECKUX IIPOLIECCOB 3aBHCUT KaK OT IIPHUPOIbI
SAEKTPOAUTA, €r0 KOHIIEHTpalluH, BeAWYUHBb! pH (OAd9 BOAHBIX pacTBOPOB
S5A€KTPOAUTOB), BHEHIHUX ycaoBuH (T, P), Haamunsa kaTaausaropa, Tak U OT
IPUPOABI SAEKTPOOOB, KOTOpad YHCAEHHO XapaKTEpPHU3YeTCS BEAMYHNHOMN
SAEKTPOJHOIO IIOTEHIIHAAA.

2.1. DAeKTPOAHbIE NOTEHUUAADI

OAEKTPOABI EAITCSI HAa HHEPTHBIE, HE YYaCTBYIOIME B OKUCAUTEABHO-
BOCCTAaHOBHUTEABHOM IIPOIIECCE, HATIPUMEDP, I'PadUTOBbIE UAU IIAATUHOBBIE, U
aKTHBHBIE, BLIIIOAHEHHBIE U3 AIOOOTO MeTasAa, KpoMe OAaropoHOrOo, CIIO-
COOHBIE caMU OKHCAATHCA. Hapsaay ¢ MeTasAm4eCKMMHU K aKTUBHBIM 3AEKTPO-
JIaM OTHOCSITCS U Ta30BbI€, B YaCTHOCTH, BOAOPOAHBIH 11 KHCAOPOAHBIH.

PaccmoTpuMm cucreMy axkTHUBHBIN METAAAMYECKUM 3A€KTPOL — BOIAHBIN
pacrtBop. [lom melicTBUEM MOAIPHBIX MOAEKYA BOABLI MOHBI METaAAa IIOBEPX-
HOCTHOI'O CAOSI B THAPATHUPOBAHHOM COCTOSHHH IEPEXOASIT B pacTBop. B pe-
3yAbTaTE€ Ha IIOBEPXHOCTU METaAAa OCTAETCd HECKOMIIEHCUPOBAHHBIN OTPHU-
IIaTEABHBIN 3apsii, B PacTBOpPe CO3maeTcs HU30BITOYHBIN ITOAOKUTEABHBIH 3a-
PAL C MaKCHUMAaABbHOM IIAOTHOCTBIO B CAO€, IIPUAErarmwIleM K sAekTpony. llo
Mepe IIepexoaa MOHOB MeTasdad B PACTBOP YBEAMYHUBAETCH KaK OTPUILIATEAB-
HBIU 3apdl 3AEKTPOLA, TaK U IIOAOKUTEABHBIN 3apdll pacTBopa, IIPU 3TOM
BBHUIY 00pPaTHMOCTH IIPOIIeCCa MOHBI METasAa M3 pacTBOpa BCE Yallle ITPUTSI-
TUBAIOTCd Ha METAAAUYECKHH 3AeKTpoa. HakoHeI, CKOPOCTH MHPAMOTO B 00-
PaTHOIO IIPOILIECCOB CPABHSIOTCH, T.€. YCTAHOBUTCH XUMHUYECKOE PABHOBECHUE,
KOTOPOE MOXKHO BbIPa3UTh YPABHEHUEM

Me + mH,O s Mer+ - mH20 + ne. (6.1)

CocrogHre paBHOBECHA 3aBHCUT KaK OT aKTHBHOCTH MeTaaaa, Tak U OT
KOHIIEHTPAIlUU €r0 HMOHOB B PaCTBOPE U YHCAEHHO XapaKTEpHU3yeTCsd KOH-
CTAHTOM pPaBHOBECHL, KOTOpad OAd OAHHOMU TIETEPOT€HHOM CHUCTEMBI IIPU
P = const paBHa

K,=K.=C . (6.2)

B caydyae akKTHBHBIX MeTaaaoB (Zn, Fe, Cr u np.) paBHOBecHe (6.1)
cMmeureHo BupaBo (Kp >> 1). [Ipu norpyzkeHHUHN 3A€KTpPoaa U3 YKa3aHHBIX Me-
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TaAAOB B BOIHBIHA PACTBOP €T0 COAHM OAS JOCTHIKEHUS PaBHOBECHOUW KOHIIEH-
Tpaluy HOHBI MeTasAa OyAyT MEepPexXOonuTh B PACTBOP U IIOBEPXHOCTH 3AEK-
Tpoaa 3apsaauTCs OTPULIATEABHO, & PACTBOP SAEKTPOANUTA — IIOAOXKHUTEABHO.

B cayyae maaoakTHBHBIX MeTaaaoB (Cu, Ag, Hg u np.) paBHOBecHe
(6.1) cmewuraeTcss BaeBO (Kp << 1). Ecau 5A€KTpOa U3 TAKOTO MeTasAa IIOTPY-
3UTh B BOJAHBIY pacTBOP €ro COAU, TO MOHBI MeTasAa U3 pacTBopa OyayT Ie-
PEXOANUTH HA MIOBEPXHOCTb METAAAA U IIOBEPXHOCTD SAEKTPOAA 3apaaUTCH II0-
AOXKUTEABHO, & PACTBOP SAEKTPOAUTA — OTPHULIATEABHO.

Taxkum ob6pas3oM, Ha IpaHUIIE IAEKTPO/ — PACTBOP SAEKTPOAUTA BO3HUKA-
€T OBOMHOM 3AEKTPHUYECKHIH CAOH, T.€. PA3HOCTBb ITOTEHIIMAAOB MEXKIY DAEK-
TPOAOM U PACTBOPOM 3AEKTPOAUTA.

[ToTeHIan, BO3HUKAIOIINN Ha METAAAMYECKOM 3ACKTPOE, HAXOAAIIEMCH
B paBHOBECHUHU C COOCTBEHHBLIMHM HMOHAMM B PacTBOPE JAEKTPOANUTA, Ha3bIBa-
€TCSI PaBHOBECHBIM 3A€KTPOAHBIM IOTEHIHaAOM (¢P, B). [Iagd aKTHBHBIX
METAAAOB OH OTPUILIATEACH, AT MAAOAKTUBHBIX [TOAOXKHUTEACH.

CxeMaTH4YeCKU 3A€KTPOAbI 3aIIHUCHIBAIOTCH B MOAEKYASIPHOW HAM HMOHHOM
dopMmax, HAIIpUMeED:

Zn|ZnSO4 wuan Zn| Zn2+,

Cu|CuSO4 AU Cu|Cu2+.

I'azoBBI€ (BOOOPOAHBIN U KHCAOPOAHBIHN) SA€KTPOAbI 3aIINChIBAIOTCS B BU/E

Pt, H2| HoSO4 wmam Pt, Hz| 2H*;

Pt, O2| 2KOH wuau Pt, O2|20H ",

BepTukaabHas yepTa XapaKTepU3yeT [MOBEPXHOCTb pa3aesa MEXAY ABYMSI
drazaMu U MOKa3bIBaeT 00PATUMOCTb MEKIY BOCCTAHOBAEHHBIMU (Zn, Cu, Ha,
OH") u okucaeHHBIMU (Zn?*, Cu?*, 2H*, O2) popMaMu 3A€KTPOAOB, YTO MOK-
HO BBIPA3UTh YPAaBHEHUSIMH COOTBETCTBYIOIINX SACKTPOMAHBIX PEAKIIUINI:

Zn — 2e = Zn?* — peakKUUs OKHUCAEHU;

Cu?t + 2e s Cu® — peakuygd BOCCTAHOBACHUH.

LAd Ta30BBIX SAEKTPOOOB:

H; — 2e = 2H* — peakiiua OKHCAEHUS;

202 + H2O +2e = 20H - peaknyd BOCCTAaHOBAEHUS.

JaerTpOABI, O0PATHMBIE OTHOCHUTEABHO COOCTBEHHBIX MOHOB B PaCTBOpPE
5AEKTPOAUTA, HA3bIBAIOTCA A€KTpOoAaMH 1-ro pozaa.
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YuncaeHHbIE 3HAYEHHS PABHOBECHBIX 3A€KTPOAHBIX IIOTEHIIMAAOB ((F) pac-
CYUTBIBAIOTCA 10 ypaBHEHUIO HepHcra:

RT c?
p _ 0 0K
Oopra = Poppa + E ) lnCT’ : (63)
BOC
rme cpgA_IIa — CTaHAAPTHBIN SAECKTPOAHBIN IIOTEHIUAA, B;
R — yHuBepcasbHaa razoBasi IIOCTOSTHHAS, paBHad
8,314 [Ix/Mmoab-K;

T — remneparypa, K;
F — mnocrogunaa ®apaged, paBHas 96500 Ka;
N — YHCAO 3AEKTPOHOB-YYACTHUKOB B JAaHHOM JAEKTPOIHOM peak-

IIUH (OAS METaAAMYECKHUX 3A€KTPOIOB COBIIANAET C 3apPs/I0M HOHA METAaAAQ);

C? u C?  — KOHIIEHTpAIlMHM OKHCA€HHBIX M BOCCTAHOBAEHHBIX
dOpM SAEKTPOOOB B CTEIEHH CTEXUOMETPUYECKUX KO3(P(PHUIINEHTOB, CTOSI-
IIIUX B YPABHEHUSIX COOTBETCTBYIOIIUX AEKTPOAHBIX PEAKIINH.

[lepexons OoT HATYypaAbBHOIO Aorapudma K AeCITUYHOMY (KO03p(pUIIHEHT
nepeBona 2,3) U HOACTaBASIS YHUCA€HHBIE 3HAYE€HHUd IIOCTOAHHBIX R u F, mpu
T=298 K noayumum:

0,059

0 .
(ply\)/lem/Me - (pMem/Me ' lg (:Men+ ’
(6.4)
Cy. =const =1
0 0,059 . C’.
Porrefi, = Pow, T 18 P:2 ; (6.5)
0 0,059 P02
(ng/QOH’ - (pOQ/QOH’ n g c? (6.6)
OH"

Ilpunumas Py u P, 3a HopmaabHble u paBHble 1 at™ (101 klla), moayunm:

(ng+/H2 - qJZH*/HQ +0,0591g CH+ : (6.7)
0
(pgz/QOH’ =P, jo0n ~ 0,0591g COH’ : (6.8)
13 ypaBuenuii (6.4), (6.7) u (6.8) caenyer, yropu C_ .., C., C ., paBs-

HBIX 1 MOAB/A, @F = 0. OTCloma CTAaHAAPTHBIH IOTEHIHAA J3AE€KTpoOAA
(p°) — 3TO mOTEHIIaA, BO3HUKAIOIINH Ha SA€KTPOAE IIPU CTAaHAAPTHBIX YCAO-
Bugx (T =298 K; P =1 ar™M; Cuonos=1 MOAB/A). [IAsT BOZOPOOHOTO 3AEKTpoOAA
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0

OH YCAOBHO IIPHHAT 3a HYABb, T.C. CPQH*/HQ

= 0. [ass BCEX OCTAABHBIX 3AEKTPO-

0B (@0 OIIpeneA€Hbl OTHOCUTEABHO CTAHOAPTHOT'O BOMOPOMHOTO SAEKTPOAA U
CBElEHbl B JAEKTPOXHUMHUYECKHE PAObl aKTUBHOCTEU (OAST METAAAMYECKHX
SAEKTPOIOB — P HATIPSKEHUH METAAAOB).

C Y49ETOM BBIIIIECKA3aHHOTIO, HCIIOAB3YyA TabAUYHOE SHAQ4YEHHE

@ Joou 0,4B wu rmpuHumMas Bo BHuMaHue, 4ro -1gC , =pH,
-lg COH, = pOH u pH + pOH = 14, noaydyum

(pg}r/HQ =-0,059pH; (6.9)

(pgz/QOH_ =1,23-0,059pH. (6.10)

3HaueHud @° MAM QP YKa3bIBAIOT HA MePy BOCCTAHOBUTEABHOM CIIOCOOHO-
CTH aTOMOB MeETaAAOB M Ho M OKHMCAUTEABHOM CITOCOOHOCTU MX HOHOB H Oo.
YeMm MeHbIIe 3HA4YE€HHE (O, TEM sipue BbIpakeHbl BOCCTAHOBHTEABHBIE
CBOHCTBA (CITOCOOHOCTH OKHCAATHCH). YeM OOABIIIE 3HAYEHHE @, TEM sSpUe
BbIpasKe€HbI OKHCAHTEABHbBIE CBOHCTBA (CIIOCOOHOCTL BOCCTAHABAWBATHCH).
YcaoBHEM TIPOTEKAHHS OKHCAUTEABHO-BOCCTAHOBUTEABHBIX PeakIIUi B BO-
HBIX PACTBOPAaX SACKTPOAUTOB SIBASIETCS HEPABEHCTBO

Pox > Pzoc. (6 1 1)

2.2. TaAbBaHUYECKUE IAEeMEHTbI

3aMKHYTa$I JACKTPOXHMHYECKasds CHCTEMa, cocToAllasd H3 ABYX
SAEKTPOAOB, PASAHYHBIX IIO XHMHYECKOH IIpHpPpOAE, HA3ZBIBAECTCA XHMH-
YE€CKHM IraAbBaHHYECKHM 3A€MEHTOM.

OAEKTpPO C MEHBIIUM 3HaYeHUuEM @0 UAU @F Ha3bpIBaeTCsI aHOAOM, Ha HEM
UOYT NPOLECChI OKHCACHHSA. DAEKTPO/ C OOABIITUM 3HaUYeHUueM (° AU @F Ha-
3bpIBA€TCS KaTOAOM, HA HEM HAYT NPOILLECChl BOCCTAHOBACHHS.

KaaccHYecKUM HNPUMEPOM XUMHYECKOTO TaAbBAHHUYECKOTO SAEMEHTA CAY-
JKUT 3A€MEHT JlaHH3AA-SIKOOH, cCXeMy KOTOPOTO MOXKHO IIPENCTABUTEH B BU-
e

Zn| ZnSO4 || CuSO4| Cu wuam Zn| Zn2+ || Cu2+| Cu.

1 moab/A 1 MoOAB/A 1M 1M

[IBoiiHas depTa B CXE€ME IMOKA3bIBAET, UTO ABa SAEKTPOAUTA ITPOCTPAHCT-
BEHHO pasaeseHbl. OHH COEOUHSAIOTCS IMOCPEACTBOM IPOBOAHHKA BTOPOTO
poaa (3AEKTPOAUTHYECKOI'0O MOCTHKA). Bo BHeIIHEH Ienr 3A€KTPOAbI COEIH-
HEHbI METAAANYECKUM ITPOBOHUKOM IIEPBOTO Poja.

— — P — 0
Tak xak C_, =C = 1MoAB/A, TO Oy 120 = P s

=-0,76 B wu

Cu2+

=+0,34 B.

P _ 0
Py /Cu Py /Cu

HpI/I COEMIHMHEHHH OJAEKTPOJAOB PaBHOBECCHE HapPyLIacTCd BCAECACTBHE IIE-
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pexona SA€KTPOHOB II0 BHENIHEM IIENIH OT IIMHKOBOIO 2A€KTpoAa (aHoma) K
MenHOMY (KaTomy), a aHuoHoB SO. 10 BHYTpeHHeil Ieru B o6paTHOM Ha-

IIPaBAC€HHH. Bo3Hukaer CaMOHpOI/ISBOABHBIf/'I AQHOIHO-KAaTOIHbIN IIponecc II0
CXEeME

A: Zn - 2e = Zn?2+, (pg =-0,76 B;

K: Cu?* +2e = CuO, (p% =+0,34 B.

CYMMI/IPYH aAeKTpOI[HBIe pPe€axKiuu, IIOAYIHUM
Zn + Cu?* = Zn2+ + Cu°, &° =¢% -9, =0,34+0,76=1,1B,

rne £ — craHmapTHad 2AeKTpoABHKyIaa cuaa (J/C) anemenTa, B.

[Ipu yCAOBHSIX, OTAMYHBIX OT CTaHAAPTHBIX, 3HAYEHUd (PP pacCUUTHIBAIOT-
cq 1o ypaBHeHuio HepHcra (6.4).

B pes3yabTaTe CcaMOIIPOM3BOABHBIX ITPOIIECCOB CHCTEMa (raabBaHUYECKUH
SAEMEHT) COBepIIaeT MAaKCHMAaABHO ITOAE3HYIO AEKTPHUYECKYI0 pabdory A'

max ?

PaBHYIO
0
A' . =nFE, (6.12)
rae nF — KoAMYeCcTBO MIPOLIEAIIErO SAEKTPUYECTBa, Ka;
N — YUCAO SAEKTPOHOB — YyYaCTHUKOB [JaHHOW 3AEKTPOXUMUYE-

CKOM pEaKIIUH.

C gpyroit cropoHsl, Ipu ooparumoM mpoitecce (T = const; P = const), co-
BepIllaeMas CHCTEMOM pabora paBHa yOblAu cBoOOmHOM sHeprum [mbOca,
AG®:

A' _=-AG°=RT-InkK,, (6.13)

max

rae Kp = Kc — KOHCTaHTa paBHOBECHS, paBHAd B JAHHOM CAy4dae OTHO-
menuto C_,. /C ey

ComniocraBasig ypaBHeHUd (6.12) u (6.13), umeeM:

AG® =-nF-&°, (6.14)
nF.-€ =RT -InK ,=2,3RT-1InK,, (6.15)

n-F-& n-&°
= = , 6.16
" 23RT 0,059 ( )

lgK

roe 0,059 = 2,3 RT/F (R=8.314/[»x/mone K; T=298K; F=96500Kn).
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[ag paccMaTpuUBaeMoil 3A€KTpoxXMMMYecKod peakmuu &E° =11B wu
lgKp = 2-1,1/0,059 = 37, a Kp = 1097.
3aBUCHMOCTb BEAHUYHHBI 3AEKTPOAHOIO IIOTEHIIMasa OT KOHIIEHTPAIlUU
TTIOTEHITHAAOIIPEIEASIOIINX NOHOB OOYCAOBAMBAET CYIIECTBOBAHHE KOHILEH-
TPaIlHOHHBIX FraAbBAaHHYECKHX A€MEHTOB, HalIpUMeEDP
Ni| NiSO4||NiSO4|Ni wmam Ni| Ni2* || Ni2*| Ni.
Ci < Cg Ci1<Cy
OAeKTpoOA B PACTBOPE OSAEKTPOAHUTA C MEHbUIEH KOHIEHTpaumHeH —

aHoOZ (MeHbIllee 3HaUeHue @F), ¢ OoABIIeH — KaToZ (0oAbliiee 3HaUEeHHE (F).
AHOIHO-KATOAHBIN IIPOIIECC ITPOTEKAET 10 CXEME

A: Ni- 2e = Ni2+,

K: Ni2+ +2e = Ni.

Bosnukarinaga npu 3roM I/1C 3aBUCHUT OT COOTHOIIIEHHS KOHIEHTpAIUN
U OIIPENEASIETCS 110 YPABHEHUIO

- 0.059, C;

n C,
rone Co > Ci.

TakuMm oOpasoMm, rAaBHBIM KPUTEPHUEM BO3MOZKHOCTHU IIPOTEKAHUS DAEK-
TPOXUMHYECKUX MIPOIIECCOB B FaABBAHHUYECKOM SAEMEHTE SIBAGETCS ITOAOXKU-
TeAbHBIN 3HaK J/IC, T.e. HEpaBEHCTBO

E>0 UAU @K > Qa, (6.17)
OTcrona
‘S:(pK_(pA- (6.18)

JAEKTPOXHMHYECKAsA CHCTEMAa H3 ABYX 3A€KTPOIAOB B OZHOM H TOM
3}Ke DAEKTPOAHTE HA3bIBA€TCH XHMHYECKHM IraAbBaHHYECKHM YA€MEH-
ToM THIA BoabTa. OAeMeHT BoAbTa COCTOUT M3 MEIHOIO U ITMHKOBOTO 2AEK-
TPOOOB B PACTBOPE CEPHOM KUCAOThI. CXeMa €ro 3alHChIBAE€TCd B BUIE

2e 2e
Zn | H,SO,ICu mm  Zn! 2H ICu

0 0 .
Tak Kak Oy 170 <Py /cy» AHOAOM OyzmeT IHUHKOBBIM 3A€KTPO, KaTo-

JOM — MEIHBIN 3A€KTPOA. YPaAaBHEHHS aHOOHO-KATOAHBIX IIPOLIECCOB UMEIOT
BH/I,

A: Zn - 2e = Zn?*,

K: 2H* +2e = H»yO.

CyMMUpPys 9AEKTPOAHBIE PEAKIINH, IOAYINM



52

Zn + 2H* = Zn2+* + Ho.

[TepBoHauasbHOe 3HaueHUe J/IC paBHO KOHTAKTHOM Pa3HOCTU CTaHAAPT-
HBIX IIOTE€HIIMAAOB IIMHKOBOTO ¥ MEIHOI'0O 9A€KTPOIOB, T.€.

_ 0 0 _ _
8 - (pcu2+/cu - (pzn2+/zn - 0934 - (_O, 76) - ].,]. B .

C tegyenueMm BpeMeHH J/[C s3aeMeHTa MagaeT, YTO BBI3BAHO U3MEHEHHEM
BEAWYHMH SAEKTPOMAHBIX IIOTEHIIMAAOB KaTo/a U aHola. SIBAeHHEe CMelleHHS
BEAHYHH JACKTPOAHBIX INOTEHIHAAOB OT HX PaBHOBECHBIX 3HAYE€HHH
IIPH NPOXOKAEHHH TOKA Ha3bIBaeTCS IOASIDH3AaIlHEH ZA€KTpPoAoB. B 3a-
BHCHMOCTH OT IIPHUPOAbI BO3BHUKHOBEHUS IIOAIPHU3ALNL ACAUTCI HA XHMHYe-
CKYIO U KOHILEHTPAUHOHHYIO. XUMHUYecKas MOAIpHU3aliigd 00ycAOBA€HA H3-
MEHEHHEM XMMHUYECKON IMPUPOABLI SAEKTPOAOB IIPU BBIAEACHUM Ha HUX IIPO-
OYKTOB 3A€KTPOXMMHYECKOUN peaklinu. Hampumep, B saemeHTe Boavra 110-
TEHIIMaA KaTola (MEOHOTO 3ACKTPOAA) YMEHBIIAETCS 3a CUYET BBLOEACHUA Ha
HeM MOAeKyAsipHOro Bozmopoaa (Ho) 1 pakTuueckoro n3aMeHeHUT XUMHUYeCKOH
HOpUpoabl dAeKTpona. IIpu 3ToM moTeHIHMas Karolda B IIPEAEA€ CTAHOBUTCH
PaBHBIM IIOTEHIAAY BOOOPOAHOIO 2AEKTPOAA, T.€.

Py = cpgw/H2 =-0,059pH.

KOHIIeHTpAallHOHHAsI MOASIPH3aIlHA O0yCAOBA€HA HM3MEHEHHEM KOHIIeH-
Tpaly IIOTEHIIHAAOIIPEAEASIONINX HOHOB B IIPHUIAEKTPOMAHBIX CAOGX IIPH
IPOXOXKAEHUU ToKa. [Ipu 5TOM HOTEHIMaA aHOJa YBEAMYUBAETCS 3a CYET
BO3pacTaHHd KOHIIEHTpPAIlUU ITOAOKUTEABHBIX HOHOB IIPH OKHCAEHUU aHOOA
(HarrpuMep, MOHOB Zn?* B aaeMeHTe Boabra). Takum o6pa3oM, B yKazaHHOM
S5AEMEHTE aHO/ IOASIPU3YETCHd KOHIIEHTPALMOHHO, a KaTO — XUMHUYECKH.

B xummnuyeckux saeMeHTax Tuma /laHusag-9KoOM MMeeT MECTO KOHIIEH-
TpalOHHAada IoAgpusanud. [Ipu 3ToM noTeHnaa aHoga pacTeT 3a CYET yBe-
AVYEHUSI KOHIIEHTPALUU IIOAOKHUTEABHBIX HOHOB IIPU OKHCAEHUHU aHo4a, a
IIOTEHIIMAA KaTola YMEHBIIAeTCd 3a CYeT CHUXKEHHUd KOHIIEHTPAILIUU IIOAO-
JKUTEABHBIX HOHOB IIPU UX BOCCTAHOBACHUU Ha KATO/E.

[Toagpuzanus 3A€KTPOOB HPH pabdoTe raaAbBaHHYECKUX BAEMEHTOB TOP-
MO3HUT ODAEKTPOXUMHYECKHUE IIPOIIECChl U, KaK CAENCTBHE, 00yCAOBAVMBAET
yMeHsbleHue 3/1C 5AeMEHTOB.

slBA€HIE YMEHBIIIEHUS TOAIPU3AITUY HA3bIBAETCS AEIOAIpH3alueH. Me-
XaHUYEeCKOe yoaAeHHe ITy3bIPhKOB ra3a C IIOBEPXHOCTHU SAEKTPOJA VAU IIepe-
MEIINBaHUE ASAEKTPOANTA, CHUIKAIOIEE KOHIIEHTPAIIUIO MOTEHIIMAAOIIpeae-
ASTFOIIIIX MOHOB B IIPUAAEKTPOIHBIX CAOSIX — (PpH3HYECKasa AENMOASIpH3alHuA,
BBE€IEHUE XHUMUYECKHUX COEAWHEHHH — CHABHBIX okucauteaeit (KoCr207,
MnO2, O2 1 ap.) ¥ BEIIECTB, CBA3bIBAIOIINX U30bITOYHBIE HOHBI B TPYIHOPAC-
TBOPHUMBIE HAM MaAOOUCCOLIMUPYEMBIE COEOUHEHUS WA KOMIIAEKCHI — XH-
MH4YECKasi AeNoApH3auua. Hanpumep, Iad YMEHBIIEHHUS XUMHUYECKOU I10-
ASIPU3allUU KaToja B aAeMeHTe BoabTa B KaTOMHOE IIPOCTPAHCTBO M00aBAS-
eTCs HECKOABKO Karieab Omxpomatra Kaaus KoCrpOz. Ilpu 3TOM mporekaeT
OKHUCAUTEABHO-BOCCTAHOBUTEABHASI PEAKIIUsI, HIPUBOASIIAS K OKHCAEHUIO
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BOCCTaHOBACHHOI'O Ha KaTode€ BOAOPOaa Ho:

K2Cr207 + 3H2 + 4H2SO4 = Cra(S0O4)3 + KoSO4 + 7TH20;

1| Cr,02” +14H" + 6e = 2Cr’" + TH,0 — BOCCTaHOBAEHHE
3| H, —2e =2H" — okucaeHue
Cr,02” +3H, + 8H" = 2Cr’" + 7H,0

2.3. Npoueccbl 3NeKTPOAU3a

[Ipocreiiniiass SA€KTPOAH3HAsA CHCTEMAa COCTOUT U3 3AEKTPOAH3Epa
(aAeKTpOAMTHUECKAST BaHHA), ACKTPOAOB (MHEPTHBIX HMAU aKTUBHBIX), SAEK-
TPOAUTA (pacTBOpa UAU pacliaaBa), UCTOYHHKA ITOCTOSHHOTO ToKa. JAEKTPO,
IIOAKAIOYEHHBIH K OTPULIATEABHOMY IIOAIOCY MCTOYHHKA TOKa, Ha3bIBaeTCs
KaTOAOM, K ITIOAOXKUTEAPHOMY — aHOZOM.

3aBHUCHMOCTb MEXKAYy KOAUYECTBOM SAEKTpHUdecTBa (Q), Impoumieaiero ye-
pe3 3AEKTPOAU3EP U MacCOl (00bEMOM) BEILIECTB, MIPETEPIEBIINX IIpeBpallle-
HHE Ha 3AEKTPOJaxX U B SAEKTPOAUTE, BhIparkaeTcd ABYMsl 3aKOHaMH Papa-
Aed, KOTOPble MOXKHO 3allicaTh YpaBHEHUSIMU, IPUBEAEHHBIMU HUXKE

1-# 3axoH Papanesa:

m =kQ =kIt, mam V =kQ =KkKIt,. (6.19)
rae k — Koa(ppUIleHT TPOIOPIIMOHAABHOCTH, IpU 3ToM Kk =m (k =V),
ecau Q = 1 Ka;
m (V) — maccel (06be€MBI) BEIEeCTB, MHPETEPIEBIINX IpPeBpaIleHUs,
T (a);

I — cumaa ToOKa, A;
T — BpeMs ITPOXOKIEHUS TOKA, C.
2-1 3akoH Papanesn (Q = const):

0

0
m VARR'A
1 1 1
—=—, HAH W_ Vol , (620)
m, 2 2 3,
roe 9,, 9, U Vgl , VSQ — XHWMHYECKHE 3KBUBAACHTHI U S9KBUBAACHTHEBIE

00BbEMBI (H.y.) BELIECTB, ITPETEPIIEBAIOIINX IIPEeBPAIIIEHUS.
N3 2-ro 3akoHa Papanea caeayet, 4ro Ipu Q = F = 96500 Ka, m = O uau
V° = V), Trorna
0
k:g’ UAU k:V—S, (6.21)
F F

rme k — SAeKTPOXUMHYECKUU 3KBUBAAEHT BellecTBa, I'/ Ka uam a/Ka.
OTcroma MOXKHO 3alIucaTh ypaBHEHHE, o0beguHSonee 1-i U 2-# 3aKOHBI
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dapages:

Vs

= (6.22)

m = Itg, man VO =
F

CaenyeT 3aMEeTUTDH, YTO KOAHMYECTBA BEILECTB, ITOAYYEHHBIX [IPAKTUYECKH,
BCEerJa MEHBIIIE PAaCCYUTAHHBIX, YTO YUCAEHHO XapaKTEPHU3YETCsd BEANYHHOH
BbIXO4a II0 TOKyY (BT), mpu sTom Bt < 1.

m
Br=—", unau Br= %“p : (6.23)

mp p

rae

CHMzKEHMe BBIXOAA II0 TOKY 00yCAOBAEHO Pa3AHMYHBIMH HNPUYUHAMH, BasK-
HEUIINMU M3 KOTOPBIX SBAAIOTCS IOAIPH3AIHA U IIEepPEeHaNIpsKEeHHEe IIpU
OPOXOKAEHUN ToKa. HakoraeHHe OPOAYKTOB 3AE€KTPOAM3a Ha 3JAEKTPOAAX
U3MEHSIEeT UX IIPUPOAY U BEAUUHNHY SAEKTPOMAHBIX IIOTEHIIMAAOB (XUMUYECKasl
roAsspu3alivs). [Ipu 3ToM B 5AEKTPOAH3E€pPE BO3HUKAET BHYTPEHHHH raAb-
BaHHYECKHH 3AeMeHT, J/[C KOTOpPOTO HAIIpaBA€Ha BCTPEYHO BHEIITHEH
OC u HaspiBaetrca J/IC noagapuzaumu (& ). Jast IpeogoseHUs oAsIpU3a-

I10AID
MU U3BHE Ha 3AEKTPOABI ITofaeTcd HM30bITOYHOE HaNpsKeHHe, Ha3bIBaeMOe
NnepeHanpAXeHHEM (Nx U Na). YUCAEHHOE 3HAYEeHHEe 1| 3aBUCHUT OT IIPUPOALI
BBIZIEASIEMBIX Ha 9AEKTPOAaxX BEIECTB, IIPUPOILI SIAEKTPOIOB U COCTOSHUL UX
IIOBEPXHOCTH, IMAOTHOCTHU ToKa (j =1/S, A/cm?) u gpyrux darkropoB. [Ipu
9TOM Mrasos >> MNMe, & I, > Iy, - Otcioma J/IC pa3r0KeHHUS IAEKTpoAUTa OyneT

paBHa
8pa3A = ((':I'IOAHp + I]K + I]A : (624)

TakuMm o0pa3oM, XapaKTep U CKOPOCTH IIPOIIECCOB IAEKTPOAH3a (BOCCTa-
HOBA€HHA Ha KaToZe 11 OKHCA€EHHA Ha aHOZe) 3aBUCHT:

® OT aKTUBHOCTH YaCTHI] B SAEKTPOAUTE, YUCAEHHO OIIPENEAIeMON BEANYU-
HOM @0 mau @P. YeM 0Goablile 3HAYEHUE (, TEM C OOABIIIEH BEPOSTHOCTBHIO
HUIET IPOIleCC BOCCTAHOBAEHHUS Ha KaTole; UeM MEeHBIIe ¢, TeM ObIcTpee
HIET IIPOLIECC OKHCAEHHS Ha aHOE;

e OT KOHIIEHTPAIIUN YaCTUL] B SAEKTPOAUTE;

® OT BEAHMYUHBI IIepeHapPIKeHUs 1, B.

2.3.1. KaToAHble npouecchl

C yuyeToM Ha3BaHHBLIX DAKTOPOB ITPU COIIOCTABUMOM KOHIIEHTPAIIUH dac-
TUL, PAL HAIPSKEHUH METaAAOB [0 BOCCTAHOBUTEABHOH CIIOCOOHOCTU HX
HOHOB, YCAOBHO pa30uBaeTcs Ha TPU I'PYIIIIbL:

1. MOHBI METAAAOB IIOBBIIIIEHHOM XUMHYECKOH AaKTUBHOCTH oOT Li mo Al
BKAIOYUTEABHO M3 BOJHBIX PACTBOPOB HE BOCCTAHABAUBAIOTCS, a BOCCTa-
HaBAUBaETCd BOAOPO/ 110 YPABHEHUSM
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OH*+2e=H, (pH<7) mam 2H20 + 2e = Hy + 20H- (pH27);

2. HOHBI METAAAOB CpemHEM akTHBHOCTH OT Mn mo H BoccTaHaBaAuBaroTCSd
Hapsay C BOOOPOIOM, TaK Kak 1), >> 1), - JAEKTPOMHBIE PEAKIIUN UMEIOT
2

BH/JL

Men+ + ne = Me?® — oCcHOBHad peakiiyd,

2H* + 2e = Hy (pH < 7) — noboyHasa peakIiius;

3. MOHBI METAAAOB MAaAOAKTHBHBIX, CTOAIINX B PAAY HAIIPsKeHUM rocae H,
BOCCTaHABAMBAIOTCS 0€3 y4acTHus BoAOpoaa 10 YPaBHEHHUIO

Men* + ne = MeO.

2.3.2. AHOAHbIE npouecchl

XapakTep U BU/ aHOAHBIX IIPOIIECCOB 3aBUCAT TAKIKE OT IIPUPOABI aHOAA.
B cay4yae MHEpPTHOro (HEpacTBOPHUMOIO) aHOAA Ha HEM HAYT IIPOLIECCHI OKUC-
A€HUS JaCTHI] SAEKTPOAUTA B TAKOH I10CA€JOBATEABHOCTH:
1. caoxkHBIE KUCAOpPOAcoAepKalme aHuoHbI (SO427, SO32°, NO3z™, NO2™ u ap.)
U S5A€MEHTapHBIN F- 13 BOAHBIX pacTBOPOB HE OKHCALIOTCS, & OKHUCASIETCS
KHCAOPOZ 110 YPaBHEHUSIM

2H20 - 4e = O2 + 4H* (pH < 7),
HAHU

40H- - 4e = O + 2H>O (pH > 7);

2. aneMeHTapHble aHUoHEI (S27, I, Br, ClI” u np.) okucagiorca 6e3 ydacTud
KHCAOpPOZA TeM ObICTpee, YeM MeHblIIe 3HadeHue ¢° (¢F). [Ipu aToMm caemyeT
Y4ECTh, YTO OKMCAEHHE XAOpa ((pg1 Jacrr = 1,36 B) mpoucxoouT 3a CYeET

2

OOABIIIETO  IIEepeHaNpPsisKEHUS KHCAOPoa =1,23-0,059pH).

P
((P02 /20H"
AHOﬂHBIe P€aKIiuu UMEIOT BHU/A, HAITPUMED,

21 —2e =Io uau 2CIl- - 2e =Cl..

B cAydae akTHBHOTO (PacTBOPHMOIO) aHOAA OKHCASIETCS CaM aHOL IIO
YPaBHEHHIO

MeO — ne = Men+.

B CAyYda€ 3ACKTPOAH3A PACIINABOB JACKTPOANTOB pPE€axKlM, CBA3aHHBIE C
Pa3A0ZKEHHUEM BOAbI, UCKAIOIAIOTCHA. HOCACILOB&TCABHOCTB pa3pdaa “OHOB 3a-
BHCHUT OT UX aKTHUBHOCTH U KOHILICHTPAIIUH.

[Tpumep cxembl aaekTpoan3a 1 M pactBopa ZnSO4 (pH = 5): a) Ha rpadu-
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TOBBIX 3A€KTPOZIax; 0) HA IIMHKOBBIX.
a) CocTaBUM CXEMY AEKTPOAU3HOU CUCTEMBI:

K (—) C 1M ZIISO4, Hzo C (+) A
pH=5
Zn* 70"+ SO42'—> SO42'
H H,O
H,O
Zn*" +2e =Zn" 2H,0 — 4e =0, + 4H"
2H +2e=H, B pacTBOpe

4H" + 2S0,* = 2H,S0,

CyMMapHOe ypaBHEHHE 3A€KTPOAH3A!

2ZnS04 + 2H20 = 2Zn +05 + 2H2SO4.

6) CxemMa 3A€KTPOAM3HOM CHCTEMBI U ypaBHEHUS SACKTPOIHBIX IIPOIIEC-
COB:

K () Zn| 1MZnSO4 H,O [Zn +) A
pH=5
Zn*" <~ Zn*" + S0, —— SO~
H" H,O
H,O
Zn*" +2e =Zn" Zn’ — 2e =Zn*"
2H" +2e=H,

[Tpumep 3aekTpoansa pacnaaBa KOH Ha rpadUTOBBIX 2A€KTPOAAX:

K(-) C t°C C (+) A
KOH, pacmuias

K* «— K'+OH —» OH

4K+ e = 4K’ 40H - 4e = 0, + 2H,0,

CmeapHoe YPaBHEHHE IIPOIIECCA DAEKTPOAN3A

4KOH = K@x)+O2 + 2H20¢y.
pacliinaB

2.4. DNEKTPOXUMHUYUYECKAS KOPPO3UA METAANOB
M METOAbI 3allUTbl OT KOPPO3UMU

Koppo3HueH Ha3bIBaeTCs CaAaMOIIPOH3BOABHBIH IPOIlECC pa3pyLIECHHS
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METaAAOB IIOZ BO3AEHCTBHEM OKpyKarolleH cpeabl. Kpurepuem camo-
IIPOU3BOABHOCTH ITPOLIECCOB KOPPO3HU SIBASIETCS TEPMOAHMHAMHYECKasd He-
CTaOHABHOCTH METAAAOB M YMeEHbIIIeHHe cBoOoaHOM aHepruu ['mboca (AG < 0)
IIpU Mepexo/e UX B OKUCAEHHOE COCTOSTHHE.

CKOpPOCTh KOPPO3UU 3aBHCHUT OT aKTUBHOCTU METaAAad, XapakTepa KOppo-
3MOHHOM Cpenpl, YCAOBUM B3aUMOIAEHUCTBHA C HEWM M IIPUPOABI IIPOAYKTOB
KOPPO3UH.

B 3aBHCHMOCTH OT yCAOBUH IPOTEKAHHS KOPPO3Ud AEAUTCI Ha aTMO-
cthepHyr0, IOYBEHHYIO, B Cpele 3AEKTPOAHTA U [IP.

Ilo MexaHH3My IPOTEKaHHSI KOPPO3HOHHBIX IIPOLIECCOB pPa3AU4aroT
XHMHYECKYIO 11 9ACKTPOXHMHYECKYIO KOPPO3HIO.

XuMudyeckass KOPpPo3usd IIPOTeKaeT 0e3 BO3HUKHOBEHUS SAEKTPHUUECKOTO
TOKAa: ra3oBas — B ra3zax HAM Iapax 6e3 KoHJeHcaTa BAard Ha IIOBEPXHOCTU
MmeTasnra (okucaeHue Oz, Clo u T.A. IpU BBICOKUX TeMIlepaTypax); KHUIKOCT-
Had — B PacTBOPaxX HESAEKTPOAUTOB (OPTraHUYECKHE KUIKOCTH).

OcHOBHbIE TPOAYKTHI XUMHUYECKON KOPPO3UH — OKCHOHBbIE IIA€HKH, I1ac-
CUBHPYIOIINE IIOBEPXHOCTb METAAAOB.

OAEKTPOXMMHYECKAsI KOPPO3HS — 3TO OKHCAEHHE METAAAOB B CPEZIE SAEK-
TPOAUTA C BO3HUKHOBEHUEM IAEKTPHUYECKOTO TOKa. [IpHunHON 3A€KTPOXUMU-
YECKON KOPPO3UU SBASIETCSI KOHTAKT METAAAOB, PA3AMYHBIX 10 XUMHUYECKOH
IPUPOJEe, HEOJHOPOLHOCTb METAAAOB I10 XMMHUYECKOMY U (pa30BOMY COCTaBY,
HaAW4Me HapyIIeHHbIX OKCUAHBIX AU APYTHX IIA€HOK, ITpuMeced u ap. B pe-
3yAbTaTE€ B IIPHUCYTCTBHU SA€KTPOAUTA BO3HUKAIOT KOPOTKO3aMKHYTbIE MakK-
PO- HMAW MUKpPOTaAbBaHUYECKHE SAEMEHTBHI, B KOTOPBIX IIPOTEKAIOT COIIPS-
>K€HHbIE aHOAHO-KaToAHble IIpollecchbl. CAeayeT 3aMeTUTh, YTO aHOIAOM BCe-
r1a IABASIETCSI METAAA C MEHBIIINM 3HA4Y€HHEM (; KaTOAHbIE y4acTKU — 3TO
MeTaAA UAU IIPUMECHBIE IIEHTPHI ¢ OOABIINM 3HadYeHUueM ¢. TakuMm obpasoM,
SAEKTPOXUMHYECKAS KOPPO3Ud — ITO aHOAHOE OKUCAEHHE MeTasAd C KaTol-
HBIM BOCCTAQHOBAEHHEM OKHCAHTEAS OKpyzKaromled cpenpl. B pesyabrarte
OKHMCAEHUS aHO/la SAEKTPOHBI IIepeMeNlaloTcd K KaTOAHBIM ydacTKaM U IIo-
ASIPHU3YIOT UX, T.€. YMEHBIIAIOT UX IMOTeHIIMaAbl. OKUCAUTEAD CpeAbl, CBA3BI-
BalOIIUM 3TH 3A€KTPOHBI, Ha3bIBaeTCd AeroadapusaTopoM. Ecau okucanTesem
ABAGIOTCS MOHBI HY, TO KOppo3HUs IIPOTEKAET C BOAOPOIHOU Aerioasspu3aniuei.
B Haunboaee IpocToM BHE OHA MOKET ObITh BhIpaskeHa YpaBHEHUSIMH

0

A: Me -ne = Me, @, = Prren /ne?

2H*+2e=H,, pH<7 (6.25)
K: Qg = cng+/H2 =-0,059pH.
2H20 + 2e = Ho* + 20H-, pH=>7

Kak mpaBHAO, C BOLOPOAHOM [AeIrloAdpU3aliviedl KOPPOAUPYIOT METAAABI
BBICOKOM XUMHYECKOM aKTUBHOCTHU, TaK KaK YCAOBHUEM IIPOTEKAHHUS SAEKTPO-
XUMHUYECKOH KOPPO3UM HIBAFIETCH IMIOAOXKUTEABHBIM 3HaK JC (€ >0) nam
Pk > QA.

Ecan okucanreaeM gaBagercd Oz, TO KOPPO3Ud IPOTEKAET C KUCAOPOLHOU
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Ixenozxﬂpnsaunef/i U BBIpazKa€eTcd YypaBHEHUAMHU

- 0 .
A: Me —ne = Mer*, @, = Prren /e

Oz + 4H* + 4e = 2H2O, pH<7 (6.26)
K: Py = (ng/OH, =1,23-0,059pH.

Oz + 2H20 + 4e =40H-, pH=>7

C KHCAOPOAHOU HETNIOAIPU3AIIUEN KOPPOAUPYIOT BCE METAAABI, 3a HCKAIO-
YeHHeM 0AaTrOpPOIHBIX AU TACCUBUPYIOIIUXCSI.

CKOpPOCTB 2AEKTPOXUMHYECKON KOPPO3UHU 3aBUCUT OT aKTUBHOCTH MeETaA-
A2, BeAMYUHBbI pH 3A€KTpoAMTa, IPUCYTCTBUS aKTHUBATOPOB Koppo3uu (O,
Cl" u gp.), TemnepaTrypsbl, IIPUPOALI KATOAHBIX YVIacTKOB U Ap. Tak, Hapu-
Mep, CKOPOCTh KOPPO3UH C BOMOPOMHOM MAemoAdpH3allviedl MOXKeT ObITh 3a-
MEJIA€HA CHHUIKEHHEM TeMIlepaTypbl, yBeandeHueM pH, o4mcTKOM MeTaaroB
OT HIpuMecel, KaTtasusupyrmonmx BbiaeaeHue Ho (Co, Ni, Pt u gp.). [Ipu ku-
CAOPOMHOMN AEIoAdpU3alli CKOPOCTh KOPPO3UHU 3aMENAIETCS IIPU YMEHBIIIE-
HUuM KoHIeHTpauuu O (measpanysd), CHUXKEHHH €ro napliifiasbHOTO OaBAE-
HU4, BBEIECHUS B SACKTPOAUT BOCCTAHOBUTEAS.

AxTuBupyloiiee aeirictBue HMOoHOB Cl (coaeHble ITOYBBI, MOpPCKasl Bojaa U
ap.) oOBbsICHAETCS MX BBICOKOH aacopOHpyeMOCTBI0O Ha IIOBEPXHOCTHU METaA-
AOB, pa3pylLIEHUEM IIaCCUBHPYIOIINX OKCHAHBIX IIACHOK HAU IIpEeaoTBpallle-
HHEeM uUX obpazoBaHud. OcoO6eHHO 0OABIIIOE BAUSTHHE OKa3bIBatoT HOHBI Cl” Ha
Kopposuio Al, Cr, Fe, Ni 1 HEKOTOPBIX APYTUX.

Kpome TOro, Bce MeTaaAbl, 3a UCKAIOYEHHEM Ag, o0pasyroT XOPOIIO pac-
TBOPHUMBIE XAOPHU/IBI, YTO TAK¥KE CIIOCOOCTBYET KOPPO3UH.

M HaobopoT, BTOpUYHBIE peaklllM, IIpUBOAANME K obpa3oBaHUIO, Ha-
IpHuMep, OCHOBHBIX ruapokcunoB Fe(OH). nau Fe(OH)s, TpyiHOpPacTBOPUMBIX
B HEUTPAABHOM HAU IIEAOYHOM Cpeaax, TOPMO3AT KOPPO3UOHHBIE ITPOLIECCHI.
Funpokcuapl ke aM@oTEPHBIX MeTaAr0B (Zn, Cr, Sn, Al u op.) HepacTBOpPU-
MBI TOABKO B HEUTPAABHBIX CPENaX, IIO3TOMY IASI TAKHX METAAAOB OIlacHA He
TOABKO KHCAasl, HO U ILIEAOYHAS Ccpeaa.

PaccmoTpuM TepMOAMHAMHUYECKYIO BO3MOXKHOCTb KOPPO3UU CTAABHOH Ie-
TaAu C MEOHBIMHU 3aKAETIKaMU B YCAOBULGX BAaskHOM aTMocdepsl (H20, Oo),
pH=7.

B pesyarrare KoHTakTa Fe ¢ Cu BO3HHKAET KOPOTKO3aMKHYTBIM rasbBa-
HUYECKHUH 3AEMEHT II0 CXEME

=

A K(+)
Fe Cu

¢’ =-0,44 B 90’ =0,34B
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A: Fe - 2e =Fe2+ ¢a=-0,44 B.

K: %02 + H20 + 2e = 20H- o¢K=1,23-0,059 -7 =+0,82 B.

Boznukaroiasa rmpu srom I1C paBHa

& =@, -9, =0,82-(-0,44)=1,26B.

a Tak Kak AG = —nF& < 0, To KOppoO3Hsa CTAaABHBIX U30EAUH B TAKUX YCAOBHUIX
TEPMOAMHAMUYECKH BO3MOXKHa. OAHAKO CKOPOCTH KOPPO3HWOHHBIX IIPOLIEC-
COB CHUIKAETCs CO BpeMEHEM BCAEICTBHE BTOPUYHBIX peaklnit obpazoBaHUs
MaAOpPaCTBOPUMBIX B HEUTPAABHOU U IIIEAOYHOM Cpeaax OCHOBHBIX THUIPO-
KCHOB KeAe3a 1 00pa3oBaHUs p:KaBYUHbBL:

Fe2+ + 20H = Fe(OH)2 ; 4Fe(OH)2 + 2H20 + O2 = 4Fe(OH)s;

4Fe (OH)z — 2Fe203 - 6H20 — pxaB4uHAa.

[ass GopebOBI C Koppo3ueill paspabaThIBAIOTCA Pa3HOOOpPAa3HbIE CIIOCOOBI
3alUThl, BEIOOP KOTOPBIX 3aBUCHUT OT IIPUPOIBI 3aIIUIIIAEMOT0 MeTasAa, BHUAA
U rabapUTOB H3MIEAHUH HWAU OOOpPYAOBaHUS, YCAOBUH HX SKCHIAyaTallUH, IIPHU-
POabI KOPPO3HOHHOM cpeapl U T.4. Bce MeToap! 3alliiThl yCAOBHO AEAITCS Ha
CAEMyIOLIHE TPYIIILI: a) AETUPOBAaHUE METAAAOB; 0) 3aIUTHBIE TOKPBITUS (He-
METaAAMYECKHE U METAAAMYECKUE); B) SAEKTPOXHUMHUYECKAd 3alluTa (IPOoTeK-
TOpHAad U SAEKTPO3allUTa); I) U3MEHEHUE CBONMCTB KOPPO3UOHHOU Cpeabl.

OcraHoBUMCH noApobHee Ha OTAEABHBIX U3 MEPEUYNCAEHHBIX METOMIOB 3a-
LITUTHI.

HeMmeTasAH4YeCKHE 3alllHTHbBIE€ MOKPBITHA. OHU MOryT OBITH KaK opra-
HUYECKHMU (AaKU, KPAaCKU, CMOABI, IOAMMEPHBIE [TA€HKHU U Ap.), TaK U HEOp-
raHUYEeCKUMH (3MaAU, HEpaCcTBOPUMBIE COeANHEHUd XpoMma, pocdopa u ap.).

OxcHAHpPOBaHHE, XUMUYECKOE U SAEKTPOXUMHUYECKOe (aHOAUPOBaHUE) —
obpazoBaHHEe Ha IOBEPXHOCTH METAAAOB ITACCUBUPYVIONIMX OKCHUAHBIX IIAE-
HOK.

AHomHOE OKCHAHpOBaHHE (AHOAHPOBAHHE) IIIHPOKO HUCIIOAB3YETCS [IAS
MIOBBINIEHUS KOPPO3HMOHHOM CTOMKOCTU TaKMX MeTaaAoB, kKak Al, Ti, Nb, Ta u
ap. Kpome Toro, Takue 3aliTHBIE IIA€EHKU HMEIOT BBICOKHE TBEPAOCTH, SAa-
CTHUYHOCTB, 3AeKTpoconpoTuBaeHue (104 Om-cMm). AHOOUPOBAHHE HCIIOAB3Y-
eTCHd [IAS IIOAYYEHHS HU30AHPYIOIINX CAOEB HA A€HTAX, IPUMEHAEMBIX B 9A€K-
TPUYECKUX KOHZIEHCATOpaxX U APYTHUX YCTPONCTBAaX.

IIpy aHOAWPOBAHUN AAIOMHUHHUS SAEKTPOAUTOM CAYXKAT PacTBOPbI XPOMO-
BOM, CEpHOM, IIaBEA€BOHM MAU AMMOHHOM KHCAOT, a TaKKe CMeCH KHcaoT. Ka-
TOIOM BBIOUPAIOT METaAA, He B3aMMOIAEUCTBYIOIIUM C 3AEKTPOAHUTOM, dallle
BCETO CBUHEILL HAU CTaAb, aHOAOM — 3allHUIaeMOe U3JEANE U3 aAIOMUHUS.
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CxeMy OAd TIOAYYEHHs aHOAWPOBAHHOI'O AAIOMHHUS MOKHO ITPENCTaBUTH
B BUIE

1t ,
KO | yoso, A
H,0 / H,0

H™ <« 2H" +S0,7~> S0,>

K: 12H* + 12e = 6Hy;
A: 6H20 — 12e = 302 + 12H*,

4Al + 305 = 2A1,03.

MeTaAAH4YeCKHE NMOKPBITHSI: AaHOAHBIE — METAAA TIOKPBLITUS Ooaee aK-
THUBHBINU, YeM 3alllUIllaeMblli, U KaTOAHBbIE — MeEHee aKTUBHBIN. boaee Ha-
JEKHBIM ABASIETCH aHOOHOE, TaK KAaK B CAy4Yae HAPYILIEHUA €ro IIEAOCTHOCTHU
BO3HHUKAET FaAbBAHUYECKHUU BAEMEHT, B KOTOPOM aHOIOM CAYXKUT IIOKPBITHE
U KOPPOAUPYET, 3alliyiliasd usaeAve. B caydyae moBpexXaeHUd KaTOMHOIO IIO-
KPBITHUS KOPPO3Us OCHOBHOI'O METAAAA, CAY3KAIIIET0 aHOAOM B 00pa3yIOIIeMCs
raAbBAHUYECKOM SAEMEHTE, YCUAUBAETCA.

OAEKTPOXHMHYECKAAaA 3alllHTa — IIPOTEKTOPHaA H 3AEKTpPO3alIHTA
(kaTomHas). [IporekTopHad 3alUIUTa — 3TO IIPUCOEANHEHUE K 3alllUIaeMOM
KOHCTPYKIIMHU BCIIOMOTATEABHOTO 3AEKTPOA — IIPOTEKTOPA, 3HAYUTEABHO aK-
TUBHEE 3allUIIaeMOro MeTaAra KOHCTPYKIIMH. BceaencrBue obpazoBaHUs
MaKpOTaAbBaHUYECKOI'O 9AEMEHTA IIPOTEKTOP, CAYXKAIIMH aHOOOM, pa3pylla-
eTcd, a Ha 3anuminaeMol KOHCTPYKIINK — KaToAe — HUAYT IIPOILIECChl BOCCTa-
HOBAEHUS OKUCAUTEAS cpenbl. Mcrmoab3yercss [as 3altuThbl KpPyHHOrabaput-
HBIX U3ZIEAWUH B YCAOBHUSIX XOPOIIIO IIPOBOASIIEH Cpeabl.

B ycA0OBUSIX ITAOXO ITPOBOAMAINEN Cpenbl UCIIOAB3YIOT KATOAHYIO 3aIlUTy —
IIOICOEAUHEHNE 3alUIIaeMOd KOHCTPYKIIMM K OTPHULIATEABHOMY IIOAIOCY
BHEIITHETO MCTOYHHKA TOKA, a K IIOAOKUTEABHOMY ITOAIOCY — BCIIOMOTATEABb-
HOTO 3AEKTPO/Ia, AIOOOTO II0 aKTHUBHOCTH. [IpM 3TOM CO3[4aeTCH SAEKTPOAU3-
Had CHUCTeMa, B KOTOPOH 3aluiiaeMasd KOHCTPYKIHUA aBASeTCS KatoaoMm. Ha
IIOAOXKHUTEABHOM 3AEKTPOE HUAYT IIPOILIECChI OKUCAEHHULI: CaMOr0 aHoa (dA€K-
TPO PACTBOPUMBIM) UAU BOCCTAHOBUTEASI CPEbl (IAEKTPOA UHEPTHBIN). Ha-
IpUMeEp, IPUBEAEM CXEMY 3alllUThI IIOA3EMHOI0 CTaAbHOTO OOOpyAOBaHUS B
ycaoBusax HelTpasbHOU mouBkel (H20, Oz, Nat,K* u ap.). CoctaBuUM cxemy Ka-
TOAHOM 3aIlUThl, HCIOAB3yS B KaYE€CTBE BCIIOMOTATEABHBIX 3A€KTPOIOB:
a) oTXompl 3KeAe3a; 0) rpadUTOBBIN CTEPKEHbD:
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a) — |t
|
KE)Fe| 0, 02" Na' K* | Fe (omxom) ((+) A)
H,0 H,0
Oz 02
Na"
K+

K: Oz + 2H20 + 4e = 40H-;

A: Fe — 2e = Fe?2-.

0) -t
| |
KO)Fe| 10 00 Na" k| Cpadur) (H) A)
H,O H,O
02 02
Na’
K+

K: Oz + 2H20 + 4e = 40H-;

A: 2H->0O — 4e = O, + 4H*.

2.5. [paKTMyeckoe NPUMEHEHUE INEKTPOXUMUUYECKNUX CUCTEM

2.5.1. XUMHUYECKNE UCTOYHUKU TOKa

XumMmuyeckue HCTOYHHKU TokKa (XUT) mpemHasHaudeHb! [asl IIpeobpa3oBa-
HUSI XUMHYECKON 3HEPTrUU B 2AEKTPUUECKYI0. K HUM OTHOCSATCS rasbBaHUYe-
CKUE JAEMEHTHI (IIepBHYHBbIE HAM HeoOpaTUMble), aKKyMYASTOPBI (MHOTO-
KpaTHOTO OOpaTHUMOro OeHCTBUs) U TOINAHUBHBIE SAEMEHTHI (HEIPEPHLIBHOTO
OEUCTBUSI) UAU IAEKTpPoXUMUYecKre reHepaTopsl Toka (OXI'T). OHu xapakre-
pusyrorcd BeandynHou J/1C, HaAIpAKEHUEM, MOIIHOCTBIO, EMKOCTBIO U JHEP-
ruert, BeamdnHo# KII/l nasg o6paTHMBIX SA€MEHTOB, CPOKOM CAY3KOBI, CITOCO0-
HOCTBIO ITOAIPHU30BaATHCH.

B nepBUYHBIX (HEOOpPATUMBIX) TAABBAHUYECKHUX AEMEHTaX OKHCAUTEADb U
BOCCTAHOBHUTEAb 3aA0KEHBI HEIIOCPEACTBEHHO B COCTaB TIaAbBaHHUYECKOIO
SAEMEHTa M pacxodyloTcd B IIpoliecce ero paborbl. OCHOBHOM HMX HemocTa-
TOK — OJHOPAa30BOCTh U HEOOPATUMOCTD AEHCTBUSI.

BoccraHoButeaaMu (aHOOaMM) B TAKHUX JAEMEHTAX OOBIYHO SIBASIFOTCS
IMHK W MarHuM, B HOCA€OHHE ToAbl — AUTHUMN. OKHCAUTEAIMH (KaToaaMu)
CAYZKaT OKCHBI METaAAOB (MapraHiia, Meau, pTyTH, cepebpa), XAOPUIbI (Me-
U U CBHHIIAQ), a TaKXK€ KHCAOPO/, BO3ayxa U AP.

[ag muTaHudg paguoarIapaTypbl, annaparypbl CBA3U, MarHUTO(OHOB U
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T.[. 4dallle BCErOo HCIIOAB3YIOTCA CyxXHe aaeMeHThI (Ae KaaHine), B KOTOPBIX
aHOOOM CAYZKHUT Zn, KaToAoM — AuoKcHua MapraHna MnOs ¢ rpadwurom, To-
KOOTBOZIOM — rpaduT. B KadecTBe 2AEKTPOAHUTA HCIOAB3YETCS IIacTa, COo-
crodmias u3 pactBopa xaopuaa ammoHus NH4Cl ¢ mobGaBkoii 3arycrureaseit
(kpaxmana mam MyKH). CxemMa 2AE€MEHTAa, YPaBHEHHA aHOOHO-KATOAHBIX IIPO-
IIECCOB U CyMMapHO€ YPaBHEHHE SACKTPOXUMHUYECKOH pPEeaKIIuU UMEIOT BU/

(A) Zn|NH4Cl|MnOs., C (rpacdur) (K)
A: Zn - 2e = ZnZ?%

K: 2MnO: + 2NH4* +2e = 2MnOOH + 2NH3,
UAU CYMMAapPHO
Zn + 2MnO2 + 2NH4Cl1 = [Zn(NH3)2]Cl> + 2MnOOH.

OAeMEHTBI OTHOCHUTEABHO HENOPOTH, ONHAKO HampsaxeHwe (1,1 - 1,3 B)
3aMETHO IaJaeT BO BPEMEHU C YBEAMYEHHEM Harpy3KH U OCOOEHHO PE3KO
IIPU HU3KUX (OTPHLATEABHBIX) TeMIepaTypax. YAeAbHad SHEPrUs JAEMEHTA
cocraBageT 45 — 60 Bru/Kr, cpok cAyk0bI ot 0,5 10 2 AeT.

B OKCHUOHO-PTYTHBIX SA€MEHTAX aHOAOM CAYKHUT IIMHKOBBIHA 3A€KTPOL,
KaTonoM — okcun ptytu HgO, cmemaHHbI Cc rpauUTOM, TOKOOTBOASIIIHHI
AAEKTPO — T'PadUT, IAEKTPOAHUT — PACTBOP IIEAOYH.

CxeMa 3AeMeHTa U ypaBHEHUS IIPOIIECCOB

(A) Zn|KOH|HgO, C (rpacur) (K)
A: Zn + 20H- - 2e = Zn(OH)z;

K: HgO + H.O + 2e = Hg + 20H;
HAU CyMMapHO
Zn + HgO + H2O = Zn(OH)> + Hg.

Hamnpsxenue aaementa 1,0 — 1,3 B, yneapnas sHeprus 50 — 130 Bru/xkr,
pasMepsl Heboablue, pabodasa Temreparypa n1o 130°C, cpok cAyKObI — He-
CKOABKO AeT. HemocTaTOK — OTHOCHTEABHO BBICOKAsi CTOMMOCTbL W TOKCHUY-
HOCTh KOMIIOHEHTOB. [IpuMeHSI0TCa B IOPTATUBHBIX PaalOIIpUEMHUKAX, I1e-
penaTyukax, KapANOCTUMYASTOPax U Ip.

A yBeAWdYeHUsI HaIPsKEHUSI HCIIOAB3YIOTCS aHOAbl U3 aKTUBHBIX Me-
TAAAOB, HaIlpUMeEp MarHusg. BBHUAY UX BBICOKON aKTUBHOCTU B3aUMOIAEUCT-
BUS C BOZIOH ¢ BblaeaeHUeM Ho, 4TO criocoOCTByeT UX camopaspdany, paspabo-
TaHbl PE3€PBHBbIE 9AEMEHTHI, KOTOphble IIPUBOAAT B pabouee COCTOSTHUE HEIIO-
CPEACTBEHHO IIEPE HAa4uaAOM HX HCIOAB30BaHHA. AHOIOM CAYKHUT Mg, KaTo-
aoM — xaopugd mMenu (I) CuCl, saekTpoanut — cyxodt xaopua MarHus MgClo.
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Hepe/:[ HCIIOAB30BaHHEM B OAEMEHT 3aAHBa€ETCd BOAA.
CxeMma aneMeHTA U YpaBHEHHA ITPOIIECCOB

(A) Mg|MgClz| CuCl, Cu (K)
A: Mg - 2e = Mg2+;

K: 2CuCl + 2e = 2Cu + 2CI-,
UAH CyMMapHO

Mg + 2CuCl = MgCl, + 2Cu.

Hanpsaxenue 1,3 B, yaneabHas sHeprusa 30 — 60 BTy/Kr, eMKOCTb 9A€MEH-
Ta coxpaHsetrcd 1o 10 aer.

AKKYyMyASITOPBI — XUMHW4YECKHE MCTOYHUKHN TOKa 0O0paTUMOro MHOIOpa3o-
BOIO JEUCTBUSI, B KOTOPBIX XUMHUYECKasl SHEPTHs IIPEeBpAalllaeTCsd B SAEKTPU-
4eCKYIO (pas3psin) U 3A€KTpUdecKad (Mo AeMCTBUEM BHEILIHETO II0AS) — B XU-
Mudeckyio (3apsa). [Ipu paszpane akkymMyadaTop paboTaeT KaK TasbBaHUYe-
CKUH DAEMEHT, IIpU 3apsifie — KaK 3AEKTPOAHU3ED.

B mpocrefitiieM BHAe aKKyMyAdTOpP HMEET ABa 3A€KTpoJa (KaTod U aHO.I)
U MOHHBIY IIPOBOAHUK MeXKAy HUMH. Ha aHoze Kak mnpu 3apsane, Tak U IpHU
pa3psiie UAyT IPOIIEeCChl OKUCAEHUSI, Ha KaTO/Ie — BOCCTAHOBAEHUS.

B CBHHIIOBBIX (KHUCAOTHBIX) aKKyMyAdTOpax aHOAOM {BALAETCH CHCTeMa
nepOpPUPOBAHHBIX (C MHOXKECTBOM OTBEPCTHH) CBUHIIOBBIX ITAACTHH, 3aIl0A-
HEHHBIX I'y0YaThbIM CBHHIIOM (OAS YBEAMYEHHsI IIOBEPXHOCTH), KATOOOM CAY-
KUT OUOKCH cBUHIIA PbO2, BIipeccoBaHHBIM B CBHUHIIOBBIE PEHIETKH. DAEK-
TpoAuT — pactBop H2SO4 (32 — 39%; p = 1,24 — 1,3 r/cMm3).

CxeMa CBHHIIOBOIO aKKyMYASITOPA U yPaBHEHUS IIPOIIECCOB pa3psaa

(A (1)) Pb|H2S04|PbO2, Pb (K(+))
A: Pb + SO42- - 2e = PbSOs4;

K: PbO; + SO42- + 4H* + 2e = PbSO4 + 2H-0.
CyMMapHOe ypaBHEHHE pas3paaa
Pb + PbO:> + 2H>S0O4 = 2PbS0O4 + 2H20.

IIpu ymensmieruu 9/1C no 1,7 B akkymMyaASTOp 3apdzKaroT.
CxeMma akKKyMyAdTOpa U YpaBHEHHS IIPOLIECCOB IIPHU 3apsiie

(K (1) Pb, PbSO4|H2SO04| PbSO4, Pb (A (+))
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K: PbSO4 + 2e = Pb + SO4%;

A: PbSO4 + 2H20 — 2e = PbO3 + SO42- + 4H*.

CyMmMapHOe ypaBHEHHE 3apdaa

2PbS0O4 + 2H20 = Pb + PbO2 + 2H2SO0a.

CpenHee HanpaxeHne akkymyadaropa 1,8 — 2,0 B, yneapHaqa sHeprusa 10 —
35 Bru/kr, KIT[I — 80%, crouMocCTh HeBBbICOKas. HemocTaToK — OGOABIIOH
Bec (HM3Kad yaeAbHas 3Heprusd), HeOOABIION CPOK CAyKOBI (2 — S aAeT), crio-
COOHOCTb K camopaspdany. MCIoAb3yloTCs B aBTOMOOMASX U APYTHUX TpPaHC-
HOPTHBIX CPEACTBaxX, Ha 3AECKTPOCTAHIINAX, TeA€(POHHBIX CTAHIIUGX U APYTHUX
00BEKTAX.

K I11eAOYHBIM OTHOCAT ZKEAE€30HUKEAEBBIE, HHUKEAb-KaJIMHEBBIE, IMHK-
cepebpsiHbIe aKKyMyAdTOpPbl. AHOZIOM B HUX cAayxkat Fe, Cd, Zn, kaTomom —
runpokcu HuUKeAad NiOOH, okcun cepebpa AgoO. daexkTpoaut — 20 — 23%-i1
pacTtBop ruapokcuaa kaausa KOH.

CxeMa >KEAE€30HHKEAECBOI'O aKKyMyAdTOpa M YpPaBHEHHS IIPOLIECCOB pPa3-
pana

(A) Fe|KOH|NiOOH, C (K)
A: Fe + 20H- - 2e = Fe(OH)q;

K: 2NiOOH + 2H20 + 2e = 2Ni(OH)2 + 20H-.
CyMmMapHOe ypaBHEHUE paspdana
Fe + 2NiOOH + 2H20 = Fe(OH)2 + 2Ni(OH)a.
[Tpu 3apsne akKyMmyagTopa

K: Fe(OH)2 + 2e = Fe + 20H;

A: 2Ni(OH); + 20H- - 2e = 2NIOOH + 2H,0.

CyMmMapHoOe ypaBHEHHE 3apaaa

Fe(OH), + 2Ni(OH), = Fe + 2NiOOH + 2H;0.

K mpeunmyIinecTBaM KeA€30(KaIMUN)HUKEAEBBIX aKKyMYAITOPOB OTHOCHT-
cs1 OOABIION CPOK CAYKOBI (o 10 AeT), YCTOHYMBOCTL K MEXaHHYECKUM Ha-
rpy3KaMm, HEYyBCTBUTEABHOCTh K CHABHOMY pa3psay, a TakKKe TO, UTO OHU
XOPOILIO IIEPEHOCAT BBICOKHE TeMIeparTypbl. HemocTaTKu — HEBBICOKUE
cpenuee Hampsxkenue (1,2 - 1,3 B) u KIIZ (50 — 55 %). [Ipumendarorca nasa
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IIUTAaHUA SAEKTPOKApOB, almapaTrypbl CPEACTB CBA3U U Pa3AUYHON 5AEK-
TPOHHOH amrnaparypsl.

[as mUTaHUS Pa3AUYHBIX ITPUOOPOB UCIIOAB3YIOTCS MasorabapuTHBIE U C
BbIcOKUM KII/I mMHK-cepebpsiHble aKKYMYAATOPHI

Zn|KOH| Ag20, Ag.

CymMMapHOe ypaBHEHHE IIPOILIECCOB pa3psaaa U 3apsaa

Zn + Ag,0 +H,0————7n(OH), + 2Ag.
3ap4an

TommAMBHBIE 5A€MEHTBI — XHMUYECKHE HCTOYHHKHU TOKa HEMIPEPBIBHOTO
JEUCTBHS, B KOTOPBIX OKUCAUTEAD U BOCCTAHOBUTEAD HE 3aA0XKEHBI 3apaHee B
pabouyio 30Hy, KaK B IIEPBUYHBIX 9A€MEHTAX U aKKyMYASITOpPaxX, a II0Jal0TCs
HEIIPEPBIBHO K 3AEKTPOZIaM, KOTOpbIe BO BpeMsl paboThl TOIIAMBHOTO 9A€MEH-
Ta HE PacCXOAyIOTCH.

OKHCAUTEAD — YHUCTBIM KHCAOPOJZ, HWAW KHCAOPOJA Bo3ayxa, mHorma Cla,
HNOs3 u gp.

BoccraHoBUTEAR — BOIOPOM, IIOAYYEHHBIM XUMHUYECKON KOHBEPCHEHN pa3-
AWYHBIX BOAOPOACOAEPIKAIIMX BEIIECTB: aMMHaKa, METaHOAA, TUAPUIOB Me-
TaAAOB U .

OaekTpoanuT — yartle Bcero 30%-ii pacrsop KOH.

OAeKTpoabl — TpadUTOBBIE HAU ITOPUCTHIE HUKEAEBbIE C Jo0OaBKaMU APY-
TUX METAAAOB, KAaTAAU3UPYIOIINX ITPOIIECCHI.

CxemMa KHCAOPOA-BOAOPOAHOIO TOIIAMBHOI'O JA€MEHTa C IpadUTOBBIMU
SAEKTPOJIaMU U YPaBHEHUI 3ACKTPOLHBIX PEAKIIUHI

(A (9) C (rpadwur), H2| KOH| Oz, C (rpacurr) (K (+))
A: Hz + 20H- - 2e = 2H20;

K: ¥%0s + HoO + 2e = 20H-.
CyMMapHOe ypaBHEHHE IAEKTPOXUMUYECKOH (TOKOoOOpasytolliei) peaKkIinu
Hs + 204 = H50.

B pesyabrare 3TOM peaklUH B LIEIIHM IE€HEPHUPYETCH IIOCTOSHHBIA TOK U

XUMHUYIECKAad OHEPIrud HEIIOCPEACTBEHHO IIPEBpPAILA€TCA B 3ACKTPHUYECKYIO.

3HavyeHne CTaHAAPTHON sHepruu [mb6ca (AGJ.,) DAHHON pPEAKIMH PABHO

Mmunyc 237 k[ /moab. Vcnoab3ys cootHoleHue (6.14), MOXKHO pacCUuTaTh
3HadyeHue J/1C aanemeHTA:

0
€0 __AGyy 237 g/Ix /Moab _1,23B.
n-F 2-96,5 k/Ix / B-moab
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Hamnpsxkenue saemeHTa MeHblle 9/1C, uTo 00ycAOBA€HO B OoAbIlEH cTe-
[IEHU IOoAdIpHU3aIlEer 3AE€KTPOAOB U CHHUIKEHHEM CKOPOCTH 3ACKTPOXUMUYE-
CKHuX nporeccoB. CHUXKEHHE MOASIPU3AIINU JOCTUTAeTCd IIPUMEHEHUEM KaTa-
AH3aTOPOB, YBEAUYEHHEM ITOBEPXHOCTU IAEKTPOAOB (IOPUCTHIE), ITOBBIIIEHHU-
em temneparypsl (500 — 800°C) u maBaenud (20 — 30 at™m). B BrIcOKOTEMIIE-
PaTYPHBIX 3AEMEHTaX HCIIOAB3YIOTCS TBEPAbIE IAEKTPOAUTBHI HAU PaACHAABBI
conett. [Ias yBeAmdeHUsI HaIPsS>KEeHUsS U TOKAa SA€MEHTHI COEIHHSIOT B OaTa-
pen. YcTaHOBKH, cocTodlye M3 OaTapeil TOMNAMBHBIX 3AE€MEHTOB, CHUCTEM
XpaHeHUs, mepepaboTKU, OYMCTKU U moaBoma TorauBa (Hz) u okucauTess
(O2), oTBOAA TPOAYKTOB PEAKIINH, HA3BIBAIOT ACKTPOXUMHUYECKHUMHU IreHepa-
TopaMu TokKa (OXI'T). YoearHas sHeprud ux cocraBasetr 400 — 800 Bru/kr, a
KIT — 60 — 70%. HNcroap3yroTcd Ha KOCMHUYECKHX KOPabAdX, B 3AEKTPOMO-
OHASIX U IPYTUX YCTAHOBKAaX CIIEIIHAABHOTO HA3HAYEHUS.

2.5.2. IpUMeHeHUe INEKTPOAU3A B TEXHUKE

DAEKTPOAU3 — BaKHEHIINIT METOJ, ITOAYYEHHS MHOTOYHCACHHBIX OKHCAH-
teaeit (F,, O,, Cl,), BoccraHoBuTeAe# (MeTasabl, H,), CAOKHBIX coeAMHEHMU

(reaoueit, Kucaot). Ha 3AEKTPOXMMHUYECKHX METOAaX OCHOBAaHO padHUHUPO-
BaHHUe MeaU, aHOAHOE OKCHAWpPOBaHUE (AHOAUPOBAHME) aAlOMUHUS, TaHTAAA,
HUOOUS.

Bo MHOrux obaacTdx TEXHHKHU ITPUMEHSIOTCH MPOIIECCHI AAEKTPOAUTHYE-
CKOTO OCazKIE€HHUS METAAAOB Ha IOBEPXHOCTb METAAAMYECKHX U HEMETAAAU-
JyeCcKUx uzneAuii. laAbBaHOTEXHHKA BKAIOUAET: TAABBAHOCTETHIO — IIOAY-
YeHHE Ha I[IOBEPXHOCTU HU3AEAUN TOHKHUX METAaAAMYECKUX IMOKPBITHH JeKopa-
TUBHOTO U CIEIHMAaABHOTO Ha3HAYEHHd U raAbBaHOIAACTHKY — IIOAVUEHUE
AETKO OTHOEASIOIIMXCSI, OTHOCUTEABHO TOACTBIX TOYHBIX KOIIUM C Pa3AMYHBIX
IPEeIMETOB.

KagecTBO moAydaeMbIX TOKPBITUM 3aBHUCHUT OT MHOTUX (PaKTOPOB, BaiK-
HEUITUMHU U3 KOTOPBIX SIBASIIOTCSI: COCTaB DAEKTPOAUTA W 3HaueHUe pH, mpu-
poia 3AEKTPOLOB, IMAOTHOCTL TOKa, TeMIeparypa. ['aabBaHUYeCKHE ITOKpPbI-
TUSI JOAYKHBI HMETb MEAKOKPUCTAAAMYECKYIO CTPYKTYpPY U PaBHOMEPHYIO
TOALITMHY Ha Pa3AHWYHBIX y4acTKaxX HU3OEeAUH, YTO OYE€Hb Ba’KHO IAT H3AEAUH
CAOXKHOM KOH(PUTYpallH C MHOXKECTBOM OTBepCcTUU. B 3TOM caydae HCIIOABL-
3yIOT 9AEKTPOAUTHI C XOPOILeH pacceuBarolledl CIIOCOOHOCTHIO — KOMIIAEKC-
HbIe COEOUHEHUS HAU IAEKTPOAUTHI Ha OCHOBE ITPOCTBIX COA€HM C mobaBKaMU
IIOBEPXHOCTHO-aKTHUBHBIX BellecTB. Harpumep, MenHeHue, cepedpeHuUe, 30-
AOYEHUE BeNeTcd, KakK ITpaBHAO, IIPU HCIIOAB30BAHUM ITHAHUIHBIX KOMIIAEK-

cos: K[ Cu(CN), |, K| Ag(CN), |, K[ Au(CN), ].

CyIlleCTBEHHYIO POAb UTPAlOT aHOABbI, KOTOPbIE HE MOAXKHBI COAEPKATH
npuMeced. [Ipu 3ToM, OpOIECChl XPOMUPOBAHUS, 30A04Y€HHSI, IIAQTUHHUPOBA-
HUA U Op. IPOTEKAIOT C HEPACTBOPUMBIMM aHOAAaMH N3 METAAAOB, YCTOWYH-
BbIX B JAaHHOM 3AeKTpoAauTe. OueHb BajkHA IPAaBUABHO MOAOOpaHHAad B KaxK-
JIOM CAy4ae IIAOTHOCTBH TOKa. IluTaHue BaHHBI HE IIOCTOSHHBIM, a II€PEMEH-
HbIM aIllepUOOUYHBIM TOKOM (PEBEPC TOKA) CHUMAET IIOAIPHU3AIIMOHHBIE {B-
AEHUSI.

T'aAbBaHOMAACTHKA IITHPOKO KCIIOAB3YEeTCH B IIPHUOOPOCTPOCHUH JIAST TTOAYYE-
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HHsI TOHKOCTEHHBIX U3/IEANH CAOKHOM (POPMBI (BOAHOBOBI, CUAB(POHBI U IP.).

B TEeXHOAOTHU IIOAYYEHUS MTOAYITPOBOJHUKOBBIX IIPUOOPOB BAXKHYIO POAB
UT'PAIOT IIPOLIECCHI, II0 CBOEH MPUPOE SIBASIOUTHECT AEKTPOXUMHUYeCKUMU. K
HUM OTHOCSTCS: aHOOHOE M KaTOQHOE TPaBA€HUE, OCaKAEHHE TOHKUX CAOEB
MeTasAa Ha IIOBEPXHOCTH IIOAYIIPOBOAHUKOB (IIOAYYE€HHE SITUTAKCHAABHBIX
IIA€HOK), H3TOTOBAEHHE IIOBEPXHOCTHO-0APBEPHBIX TPaAH3UCTOPOB (IAEKTPO-
ocaxkaeHue In Ha n-Ge) 1 aAp. DAEKTPOXUMUYECKHUH CIIOCOO TpaBACHUS UMeEeT
P IIPEUMYIIIECTB IIEPEA XUMHUYECKHUM: IIPOILIECC CTAHOBUTCH KOHTPOAHpPYE-
MBIM, CKOPOCTBb TPABAE€HUS YBEAUUNBAETCSI.

2.5.3. IneKTpoxumuueckue npeobpasoBateAm UHGOPMaLIUK

B TexHUKe BCe IIINpe UCIIOAB3YIOTCS SAEKTPOXUMUYECKUE ITpeodpa3oBaTe-
AM  HHQOpMaIlMU — XEMOTPOHHBIe ycTpoiictBa. CpaBHUTEABHO IIPOCTHIE
SAEKTPOXUMHYECKHE SHYEHKU BBIIIOAHAIOT (PYHKIIMH OUOA0B, JATYUKOB aB-
A€HMd, TEeMIIepaTypbl, HHTETPATOPOB, YMHOXKHUTEAEH, 3allOMHUHAIOIINX YCT-
poiicTB u T. A. Cenrnpruiecko 0COGEHHOCTBI0O XEMOTPOHHBIX YCTPOUCTB SB-
ASIETCI WX BBICOKAs YyBCTBUTEABHOCTBH ITI0 HampszkeHUio (103 B) u o TokKy
(106 A), masoe morpebaeHue MoutHocTu (10-3 — 10-8 BT), boaee HU3KHE YPOB-
HU COOCTBEHHBIX IIIYMOB U BbICOKAd HAZIEKHOCTb.
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