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1.BCTVYII

1.1. Ilpeamer i 3HaveHHs1 izuaHOI Ximii

XiMivHI SBHINA HAA3BUYANHO PI3HOMAHITHI, OJHAK YC1 BOHH MIIKOPSIOTHCS 3a-
raJlbHUM 3aKOHOMIPHOCTSIM, BUBUEHHS SKHX CKJIajae mpeamMeT (izudnoi ximii. Xi-
MIYHI1 SIBUIA CYIIPOBOIKYIOTECS (DI3MYHUMU MPOIECaMH, TeIIoNepe1aueto, Moriu-
HEHHSM a00 BUIUICHHSM €Heprii Ta iH. 3 iHMOTO OOKy, (DI3WYHHUMHU MpOoIlecCaMu
CIIPUYUHSIOTHCA XIMIUHI siBUINA. Hampukiaa, migBUIEHHs TeMIepatypu abo CBIT-
JIOBE BUIMPOMIHIOBAHHS 30LIbIIy€E 1HTEHCUBHICTh KOJUBAJIBHOTO PYXY YyCepeauHi
MOJIEKYJI, 3B'I30K MK aTOMaMHM MOCTA0JISIEThCS, 0 MOXKE BUKJIMKATH XIMIYHY pea-
KLIO.

®diznyHa XiMisgd BHMBYA€ B3a€EMO3B'SI30K XiMiYHHMX mpoueciB i (i3HYHHX
SIBHIL, 10 iX CYNPOBOMKYIOTh, YCTAHOBJIIOIOTH 3aKOHOMIPHOCTI MIZK XIMIYHUM
CKJIA/IOM, OYI0BOIO PEYOBHH I IX BJaCTHBOCTAMMU.

@di3uyHa XiMisl ICHYEe Ha MEX1 MDK XIMI€IO 1 (D13UKOI0, OCKIJIbKM BOHA BHUBYAE
3aKOHM B3a€EMOIIEPETBOPEHHS XIMIYHUX 1 (hi3udHUX PopM pyxy matepii. Kopuctyio-
YHCh TEOPETUYHUMHU ¥ EKCTIEPUMEHTAILHUMHU METOaMHi 000X HayK, a TaKOX BIlac-
HUMHU METOJIaMH, (pi3UyYHa XIMisl BCTAHOBITIOE 3aKOHHU Mepediry XiMIYHHMX MPOIECIB 1
YMOBH JIOCATHEHHS XIMIYHOi pIBHOBAry.

VY 3B'a3Ky 3 UMM (13UYHA XIMisl BIAITPAE BEUKY POJib Y PO3BUTKY METATypriii-
HOT MPOMUCJIOBOCTI.

1.2. Metoau ¢izuko-XiMiYHOTO TOCJI/IZKEHHS

JlJis TEOPETUYHOTO y3arajdbHEHHsI €KCIIEPUMEHTAILHOTO MaTepiany 1 CTBOpPEH-
HSI CTPYHKOI CUCTEMH ySIB PO BIACTUBOCTI PEUYOBHH 1 3aKOHU XIMIYHUX MPOIIECIB Yy
(G1314UHIi XiMIi BUKOPUCTOBYETHCS TPU HE3AIEKHUX METOAU TEOPETUUHOI (DI3UKU:
KBAaHTOBO-MEXaHIYHHMM, CTATUCTUYHUN 1 TEPMOIUHAMITHHI.

KBaHTOBO-MeXaHIYHMIT METO/ 3aCHOBAHUN Ha KOPITYCKYJIAPHO-XBUJIBOBIH YsBI
npo OyAOBYy matepii., JUCKPETHOCTI €Heprii 1 MHPOKO BUKOPUCTOBYETHCS MPU BU-
BUYCHHI OyJIOBH aTOMIB, MOJEKYJ, XIMIYHOTO 3B'SI3KY, pEaKLIiHOI 3AaTHOCTI pedo-
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CratucTUyHUN METOJA J03BOJISIE PO3PAaxXOBYBATH 3arajbHi (MaKpOCKOIIYHI1)
BJIACTMBOCTI PEYOBMHU HA MIiJCTaBl 3HAHHS MPO BIACTUBOCTI OKPEMHUX MOJIEKYII.
CTaTUCTUYHUN METOJl PO3TJIAJA€ PEYOBUHU SIK CKYIMUEHHS BEIUKOI Oe3miyl MoJie-
KYJI, [0 XaOTUYHO PyXalOThCs, 3aCTOCOBYIOUH JI0 HUX TEOPII0 IMOBIPHOCTEH.

TepMoanHaMiuyHUI METOJ TO3BOJISIE€ KUIBKICHO 3B'A3yBaTH Pi3HI 3arajbHi (Mak-
POCKOITIYHI) BJIACTUBOCTI PEYOBHH 1 Ha TMiJCTaBl OCTaHHIX PO3paxoBYBaTH OJHI 3
[IUX BJIACTUBOCTEH MO EKCIEPUMEHTAIbHUX BEIMYMHAX IHIIUX BJIACTUBOCTEH Oe3
PO3IIIAly MEXaHI3MY MPOLECY.

3a3HaueH1 METOAM TeOPETUYHOI (P13UKH 1 BC1 EKCIIEPUMEHTANbHI JaH1 PO BIa-
CTUBOCTI PEYOBHH, OTPUMAaHI pi3HUMHU (I3UYHUMHU 1 XIMIYHUMH METOJAMH, BUKOPHU-
CTOBYIOTBCS Y (h13WUHINA XIMIi JJIsl TOCATHEHHS OCHOBHOI METH — 3'SICYBaHHS 3aJICK-

HOCTI HamlpsIMKY 1 MEXI1 MPOTIKaHHS XIMIYHUX PEAKI1{ B1Jl 30BHIIIHIX YMOB.

1.3. OcHoBHi po3ainu ¢gizu4dHOI Ximil

®di3u4HI 1 XIMI4HI (OPMH PyXy MaTepii TICHO MOB’sA3aH1 MiXK cOO00, TOMY BHU-
JIeHHS po3ALTB (Pi3uyHOT XiMil 10 JesiKoi Mipu YMOBHO. [IpoTe mpuitHsTO BUI1I5-
TH TakKi po3aUTH (P13UYHOT XiMil.

Bynosa peyoBuHH. Y 1IbOMY PO3/1J1i BUBYAETHCS Oy/1I0Ba aTOMIB 1 MOJIEKYJI, a
TaKOXX arperaTHUil cTaH pedyoBUH. B eKcriepuMEeHTalbHUX AOCHIKEHHSIX OyJ0BU
MOJIEKYJT HalOUIbIe 3aCTOCYBAHHSI Ma€ METOJl MOJIEKYJISIpHOI criekTpockomii. [Ipu
BHBUYCHHI arperaTHoro CTaHy pO3TJIsIal0ThCS B3a€MOJIIT MOJIEKYJT Y ra3ax, piauHax i
KpHUCTaJIax.

XimiyHa TepmMoauHamMika. Ha OCHOBI 3arajibHUX 3aKOHIB TEPMOJMHAMIKA BH-
BYA€ 3aKOHU TEPMOXIMIYHOI piBHOBaru. YacTUHOIO XIMIYHOI TEPMOJMHAMIKH € Tep-
MOXIMisl, Y SIKIf pO3TIISIAAI0THCS TEIJIOB1 €PEKTH XIMIYHUX PEaKIIiil.

BupoOGHUIITBO MeTamypriiiHMX CIUIaBiB PI3HOTO CKJIAAY 3aJ€KHUTh BiJl 0araThox
YUHHUKIB. TOMY 3HaHHS 3aKOHIB Mepediry XiMIYHUX peakiliil Ja€ MOXKIMBICTb MPO-
BOJIUTH IIIECTIPSIMOBAHHIA CHHTE3 METAJICBHUX CIIJIABIB.

da3oBa piBHOBara. 3arajabHi 3aKOHOMIPHOCTI, SIKUM MiJKOPSIOTHCSI PIBHOBA-

HI T€TEPOreHHI CUCTEMH, 10 CKJIAJAt0ThCs 13 OYIb-IKO1 KIJTLKOCT1 PEYOBHUH, YCTa-



HOBJIIOIOTHCS MpaBuiioM ¢a3 ['166ca. Kepyrouncs 1iuM npaBuwioM, Oy1yrTh jaiarpa-
MHU, 110 TO3BOJISIIOTh HAOYHO CTEKUTHU 332 CTAHOM CHUCTEMHM IPH HarpiBaHHI, 0XOJIO-
JUKEHH1 1 TIpW 3MiHI 11 cKJaxy. Y MeTanyprii, KOPUCTYIOUHChH JlarpaMaMu CTaHy,
MO’XKHAa BH3HAYATH ONTHMAaJbHI YMOBH BHUPOOHHIITBA CILIABIB 13 3aJaHUMU BIIACTHU-
BOCTsIMU. BuBueHHs (ha30BUX piBHOBAr J03BOJISIE TPAMOTHO BUPIIIYBaTH MUTaHHS,
3B’s13aH1 3 OYMIIEHHSM 1 JISTYBaHHSAM CIUIaBiB. 3a jomoMoroio (a30BUX Jiarpam
MO>KHA BUPIIIYBAaTH MUTaHHS CyMICHOCTI 1 XIMIYHOI B3a€MO/I1 MK OKPEMHUMH KOM-
MOHEHTAMH CILJIaBiB.

Ximiyna piBHoBara. BuBueHHs yMOB, 110 BIUIMBAIOTh HA CTaH XIMIYHOI PiB-
HOBAar", J1a€ MOKJIMBICTb 3HANTH TaKl YMOBH 3A1MCHEHHS XIMIYHOI peakuii (B TOMY
YUCII 1 METATYPTiMHOro MpoIlecy), Kl 3a0e3Meuyr0Th HAOUIbIINN BUX1/ 1 HalleKO-
HOMIYHUI TEXHOJOTTYHUI peKUM POOOTH MPOMHUCIOBOIO 00JIaJTHAHHS.

Po3uunn. Teopist po3unHIB CTaBUTh METOIO MOSICHEHHS 1 Iepe0aueHHs Biac-
TUBOCTEW PO3YMHIB HA M1JCTaBl 3HAHHS BJIACTUBOCTEH PO3UMHEHOI PEUOBUHHU 1 PO3-
YuHHMUKA. [[71s1 MeTamyprii MaroTh BEJIMKE 3HAUCHHS PO3YMHU Ta30M01I0HUX PEUOBUH
y Meranax. 3akoH posnoauty IllunoBa-HepHcra mMpoko BUKOPUCTOBYETHCS IS
OUMIIEHHS METaIIB BiJl CIpKH 1 pochopy.

Enexrpoximia. OyHaaMeHT €lNeKTPOXIMIYHUX METO[IB aHA3y — KOHIYKTO-
METpisi, MOTEHIIIOMETpis, ToJisiporpadis, amnepmeTpis. Lli MeToan MarTh mIUpoOKe
3aCTOCYBaHHS B AaHAJITUYHOMY KOHTPOJII METAITypriiHOTO BUPOOHHUIITBA.

Kineruka i karajis. [lIBuakicTe XIMIYHMX peakIlii, 3aJeKHICTb IMIBHIKOCTI
peakiii BiJl 30BHINIHIX YMOB, 3B’S30K MIBHJIKOCTI peakuli 3 OyJ0BOIO MOJIEKYJIH,
BILJIMB HA IIBUJIKICTh pEaKIli KaTani3aTopiB — MPEeIMET BUBUEHHS KIHETUKH 1 KaTali-
3y.

BupoOHuIITBO MeTasieBUX CIUIaBiB SBJIsIE COOOK0 OaraTocTaaiitHuii npouec. Bu-
BUCHHSI IIBUAKOCTI TEXHOJIOTTYHUX IMPOIECIB, & TAKOXK BIUIMBH PI3HUX YMHHHUKIB Ha
111 TIPOIIECH, JJO3BOJISIE MIIBUIIUTH €(DEKTUBHICTh METATYPT1AHOTO BUPOOHHIITBA.

®dizuyHa XiMis moBepxHeBUX ABUII. [[0BepXHEBUMHU HA3UBAIOTHCS SIBUILA K1

Bi/I0OYBaIOThCA HA TIOBEPXHI pO3MoLny (a3. ¥ pe3yabTaTi TOBEPXHEBHUX SIBUII 3Mi-



HIOETHCS KOHIIEHTpAIlisl MOJIEKYJ JaHOTO BUAY Ha MOBEPXHI TBEPAOi pa3u B MOPiB-

HSHHI 3 KOHIIEHTpaIliero B 00'eMi (pa3u — BigOyBaeThes mporiec aacoporii.

2. OCHOBHU XIMIYHOI TEPMOJUHAMIKHU

TepMonnHaMika BHHHKIA B mepirii monoBuHi XIX CTOMITTS SIK TeOpeTHUYHA
OCHOBA TEIJIOTEXHIKU. TepMoauHaMiKa SIK JOIMOBHEHHS 10 TEOpli TEIJIOBUX JABUTY-
HIB 1 XOJOJWIBHUX YCTAHOBOK BHUJILJIMIIOCS B TEXHIYHY TepMoauHamiky. OCHOBY Xi-
MIYHOI TEPMOJMHAMIKHU CKJIAJa€ 3aCTOCYBAHHS TEPMOJMHAMIKH JI0 XIMIYHUX SIBUII.
TepmoannamMika 6a3yeThCsi Ha TPHOX 3aKOHAX, K1 IO CBOEI CiTi € mocTynaTamu. Pe-
HITY IMOJIOXKEHB I1€1 HAYKU , CIIMPAIOYUCh HAa TpU 0a30B1 3aKOHU, MOKHA OTPUMATH
EKCIIEPUMEHTAJIbHUM LIUISIXOM.

[lepmmii 3aKk0H TepMOAMHAMIKY O€3MOCEPEIHBO MOB’ A3aHUI 3 3aKOHOM 30€epe-
KEHHs eHeprii. BiH 103Bosisie po3paxyBaTH TEIUIOB1 OalaHCH PI3HOMAHITHUX X1M14-
HUX Ta METANypriiHUX MPOIIECIB.

Jpyruii 3aKk0H TEPMOJIMHAMIKY — 1€ 3aKOH PO MOKJIMBICTh 3J1MCHEHHS Camo-
JOBUTHHUX mporieciB. Ha mifcTaBi Apyroro 3aKoHy TEpMOJIUHAMIKM MOXKHA TIEpe]i-
0aunTH , 32 AKUX 30BHIIIHIX YMOB IMPOLIEC € MOKJIMBUM, B IKOMY HaIllpsIMKY BIH OYy-
1ie B110yBaTHCS.

Tpertiii 3aKk0H TEPMOJIMHAMIKK — 11€ 3aKOH TIPO abCOIIOTHE 3HAYEHHS SHTPOITII,
BIH JIO3BOJISIE OOYMCIIMTY KOHCTAHTY PIBHOBArd XIMIYHOI peakiiiii, a OT>Ke 1 MaKCHu-
MaJIbHO MOYJIMBIN BUX1J MPOAYKTY peakKiiii.

[IpeameToM XiMIYHOI TEPMOJUHAMIKH € 3aCTOCYBAHHS 3aKOHIB KJIACUYHOI Tep-
MOAMHAMIKH A0 XIMIYHHUX 1 (PI3UKO-XIMIYHUX SBUI; BOHA PO3IJISAAaE TEIJIOB1 edek-
TH B XIMIYHUX peaKIlisx, (a30Bi IEPEXOaH 1HANUBITyATbHUX PEYOBHUH 1 CyMIIIIEH, Xi-

MIYH1 pIBHOBAru.

2.1. TepMoauHaMiuHa cMCTEeMA | HABKOJIMIIIHE cepeaoBUIIE

OG6’eKTOM BUBYEHHS B TEPMOJIUHAMILI € TEPMOJAMHAMIYHA CHCTEMA.



CucTeM010 HA3UBAKTH OKpeMe TLIO a00 rpymy B3a€EMOTIKOYMX TiJl,
(pakTHYHO 200 MOAYMKH BilOKPEeMJICHMX Bil HABKOJIUIIHBOIO Ccepeno-
BHUIIA.

OTtouytoue cepemoBHIIe — Ie yCe, 0 0TOYYE CUCTEMY Ta 3HAXOJUTHCS B IPS-
MOMY a00 HETIPSMOMY KOHTaKTI 13 Heto. [IpuiiHATO BBaXaTH, 110 OTOUYIOUE CEPEI0-
BUIIIE MA€ TaKUil BEJIUKHUI po3Mip, IO Biggadya abo OJep>KaHHS HEI0 TEIJIOTH He
3MIHIOIOTH 11 TEMIIEPATypPYy.

B 3anexxHOCTI BiJ XapakTepy B3ae€MOJIii 3 HABKOJIMIIHIM CEPEAOBHUIIEM PO3Pi3-
HSIOTH CUCTEMH BIIKPUTI, 3aKPUTI i 130Jb0BaHi.

Bigkpura cucrema — 11e Taka cUcTeMa, 110 MOXe OOMIHIOBATUCS 3 HABKOJIMIII-
HIM CEpPEJIOBUILIEM CHEPTIEI0 1 PEYOBUHOIO.

3aKpUTOI0 CHCTEMOIO HA3WBAIOTh TaKy CHUCTEMY, II0 HE MOXKE OOMIHIOBATHUCS
PEYOBHHOIO 3 HABKOJIMIIIHIM CEPEIOBUIIEM, ajle MOKE OOMIHIOBATUCS 3 HEIO €HEpri-
€10 1 poOOTOI0.

[30JThOBAaHOIO CUCTEMOIO Ha3UBAETHCS CHCTEMA, 110 HE Ma€ OOMiHY PEYOBUHOIO
€HEepriero 1 poOOTOI0 3 OTOUYIOUHM CEPEIOBUIIIEM.

Cucrema moxxe OyTH TOMOTeHHa 1 rereporenHa. CucreMy Ha3MBalOTh TOMOTEH-
HOIO, SIKIII0 BOHA CKJIaaeThes 3 ofaHiel ¢dazu. CucteMy Ha3MBaIOTh T€TEPOTEHHOTO,
SKIITO BOHA CKJIAJIA€ThCS 3 KUTBKOX (ha3.

da3a — 11e CYKYITHICTh OJTHOPITHUX YaCTUH T€TEPOTCHHOI CUCTEMH, sIKa Xapak-
TEPU3YETHCS TMEBHUM CKJIAJ0M, OJJHAKOBHUMH XIMIYHUMH, (DI3UYHUMHU Ta TEPMOJIU-
HaMIYHUMU BJIACTUBOCTSIMH 1 B1JIOKpEMJICHA BiJl 1HIIINX YaCTUH CUCTEMHU MOBEPXHEIO
posnoainy. OnHodasHi CUCTEMU 3BYThCS TOMOT€HHUMH (TOOTO ogHOpiaHUMU). Cu-
cTemu, B kX (a3 1Bi a0 OuIbIIe, 3BYThCS T€TEPOreHHUMU (TOOTO PI3HOPITHUMH).

CykynHICTh yCIX (DI3UYHUX 1 XIMIYHUX BJIACTUBOCTEW CHCTEMH Ha3UBAIOTh CTa-
HOM cucTeMu. CTaH CUCTEMU XapaKTePU3YIOTh TEPMOJUHAMIYHUMU TTapaMeTPaMH.

[TapameTpoM crcTeMu 3BETHCS BEIWYMHA, KA KUTBKICHO XapaKTEPHU3Y€E CHUCTE-
my. [lapamerpu, 1o miagarTbCsa 0e3MmocepeIHbOMY BUMIPY, HA3MBAaIOTHCSI OCHOB-

HUMH TapaMeTpaMu CTaHy cucteMu. [lapameTpu craHy, 1m0 He MiIar0ThCA Oe3Mo-



cepeHbOMY BUMIPY (BHYTPIIIHS €HEPTis, CHTAJIbIIS, SHTPOIIis, TEPMOJIUHAMIUHI
MOTEHITIAH ), PO3TIISAAAIOTHCS SIK (DYHKITIT OCHOBHUX TTapaMETPiB CTaHY.

[IpoiiecoM 3BeThCs ycsika 3MiHA TTapaMeTPIB CUCTEMH. XapaKTep Mpolecy Mo-
e OyTH pI3HUM B 3aJIEKHOCTI BiJl YMOB Y SIKHX 3[IIHCHIOETHCS TIporiec. Po3pi3Hs0Th
JIEKUJTbKA TaK 3BaHUX 17IeaTbHUX MPOIIECIB:

[30TepMiuHUM 3BETHCS MPOIIEC, KU BIIOYBAETHCS 3a CTAJOK TEMIIEPaTyporO
(T = const).

[30Xx0opHUM 3BeThCS TpolleC, KU BiOyBaeThcs 3a cTaauM o0’emom (V =
const).

[300apH¥M 3BEThCS TPOIICC, IKUI BiIOyBaeThes 3a ctaiuuM TuckoM(P = const).

AniabaTUYHUM 3BEThCA MPOIIEC, KUK B1IOYyBa€eThCs 0€3 TEIUIOOOMIHY 3 OTO-

qyrouuM cepegopuieM (g = 0).

2.2. TepMoauHaMivHi mpouecu: caMoI0Bi/IbHI i HeCaMOI0BiJIbHI,
PiBHOBA’KHI | HEPIBHOBAKHI

SIKII0 B CHCTEMI MPOTATOM JIEIKOTO Yacy 3MIHIOEThCS Xo4ya O OJUH 3 TEPMOU-
HaMIYHUX MapaMeTpiB, TO L€ O3HAYa€ MPOTIKAHHS TEPMOJMHAMIYHOIO MPOLECY.
S0 mpu npoTIKaHHI MPOIIECY CHOCTEPITaeThCs 3MiHA XIMIYHOTO CKJIaay CUCTEMH,
TO TIPOIIEC HA3UBAIOTh XIMIYHOIO PEAKITIEIO.

VYci nporiecu, 10 3yCTPIYalOThCSL B MPUPOJIl, MOXKHA PO3IIJIUTH HA CaMOJOBI-
TpH1 (MPUPOJIHI) 1 HecaMoI0BLIbHI. CaMOOBUIBHI MPOIECH — 1€ TaKi MPOIIECH, IO
HE BUMAararoTh BUTPATU €HEPrii 330BHI (HANPUKJIIAL, NEPEXi] TEIIOTH BiJl OUIbII Ha-
IpITOrO TLIA JO MEHUI HArpiToro Tija). HecaMoqoBUIbHUMU MpOLECaMU HA3UBAIOTh
MPOIIECH, SIK1 TOTPEOYIOTh JIJIsi CBOTO MPOTIKAHHS BUTPATH €HEPrii (HApUKIIaI, Mo-
JIJT CyMIIIT Ta3iB Ha CKJIA0B1 KOMIIOHEHTH).

Sxio caMo0BITEHUM MPOTIEC BIIOYBAETHCS B 130JIbOBaHIN CHCTEMI, TO B TIiI-
CYMKY BiH HEOJIMIHHO MPUBEJIE CUCTEMY JIO CTaHy PIBHOBAaru.

[1ix piBHOBaXHUM PO3YyMiIOTh TaKUW CTaH, 1110 HE 3MIHIOETHCS B Yaci 1 HE MiT-

PUMYETHCS IKUMU-HEOYAb 30BHIIIHIMU (DaKTOPAMHU.
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VY XiMi4HIN TepMOJAMHAMIIll BEJIMKE 3HAYEHHS MalOTh MOHSTTS PIBHOBAXKHUH 1
HEPIBHOBAXHUHN, 000pOTHHI 1 HE0OOpOoTHUH TporecH. 11lo6 po3kpuTH CyTHICTH LIUX
MOHATH, BAPTO PO3TIITHYTH, HAIPHUKIIAJI, PO3IIMPEHHS ra3y B IUIIHAPI 3 TOPIIHEM.

[IpunycTrmo, 110 NOpIIEHb HABAHTAKEHUM YOTUPMA TUPKaMH OJTHAKOBO1 MACH.

P P
M(P1,V1)
P, ——
1
i 2
: 3
P2 _ _{_ _______ N(P2V2)
: i
V1 V> \V/
a
P

Mauonok 2.1. KpuBa nporecy po3IUpeHHs 1 CTUCKYBaHHS ra3iB IpH HepiBHOBArux (a, 0) i

piBHOBaXXHOMY (B) MpoIiecax

3aragbHUN TUCK TMPBOK NOPIBHIOE Ppy. SKImo THCK rasy B mumuapl Py
NOpiBHIOE Py, TO TIOpIIEHD HE pyXaeTbes. lle BUXigHMI pIBHOBAXKHUIM CTaH MO3-
HaueHui Ha MaJl. 2.1a Toukoro M. Ilicns 3HATTS OAHIET TUPBKU P,gp, 3MEHIIUTHCS, A
00’eM razy 30utbinThCA. HoBull piBHOBakHMI cTaH mo3HayeHui Toukoro 1. ITicis

3HATTS IPYroi, TPEThOI 1 YETBEPTOi TUPHOK TUCK 1 00’€M razy OyayTh 3MIHIOBATHUCS
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aHaJIOT14HO. Bi/MoOBiAHI cTaHW piBHOBAru no3HadyeHi Toukamu 2, 3, N. 3miHa THUCKY
i 00’emy ra3y Big Toukd M 10 Touku N 300pa3uThcsi HIKHBOIO JTaMaHOIO JIHIEO
MN. Ilnonia MK Li€O JIHIEO 1 BicClo adcuuc AOPIBHIOE poOOTi posmupeHHs Wy,
OTPUMAHOI B MIPOIIEC] POIMIUPEHHS Ta3y:
Wp :z P3OBHXAVi (21)
ne AV — 3MiHa 00’ eMy TIpH 3HATTI OJIHI€T THPBKH.

Sxmo Tenep MoCTynoBO HaBaHTAXyBaTH MOPIIEHb TUPhKAMHU, TO Ta3 Oy/Ie CTH-
ckyBatucs. [Iporiec cTHCKyBaHHS ra3y 300pa3WThCS BEPXHBOIO JIAMAHOIO JIHIETO.
[Toma Mix Hero 1 Biccro abcuuc nopiBHIOE poooTi ctucky We. Sk Bugno, W, > W,
Pizanng W, — W, 1opiBHIOE 3aIITPUXOBAHOI IUIOII, IO PO3TAIIOBAHA MK BEpPX-
HBOIO 1 HIXKHBOIO JTAMAaHHUMH JIIHISIMH, — poO0Ta, BUTpaueHa Ha Te, 1100 cucTeMa Io-
BEpHYJIacs B MOYATKOBUI CTaH. SIKIIO MpU MPOTIKaHHI MPOLIECY B MPSIMOMY 1 3BOPO-
THOMY HamnpsIMKax y HaBKOJIMIIHIM CEpeOBUIIl a00 B caMiil CUCTEMI BiI0YBalOThCS
sAK1-HeOy b 3MiHM (y naHomy Bunanky W, He nopiBHioe W), To pouec Ha3UBarOTh
HEPIBHOBAXXHUM.

SIK0 4oTUpU TUPHKU 3aMIHUTH Ha BICIM THPHOK 3 Macoro, y JBa pa3ud MEH-
1010, TO MOYATKOBUM 30BHIIIHIN TUCK Psopy HE 3MIHUTHCS. [IpH mocTynmoBoMy 3HSTTI
TUPbOK 3MiHA THUCKY 1 00’€My Tak0X BIJIOOPa3UTHCS HUKHBOIO JIAMAHOIO JIIHIEIO
(man. 2.1, 6), ane mpu 1IbOMY B JIBa pa3H 30LIBIINTHCS KUIBKICTh TOYOK, 110 BiAOBI-
JaroTh piBHOBaXHUM ctaHaMm (M, 1, 2, 3, 4, 5, 6, 7, N). Y npoMy Bumnaaky podora
PO3IIMPEHHSI 30UIBIIYETHCS, @ pOOOTA CTUCKYBAHHSI 3MEHIITYETHCS. 3MEHIIIYETHCS 1
pisauns W, — W,, (3amrpruxoBana mioma). SIkmo nopuieHb HaBaHTaKyBaTH THMPb-
KaMH HECKIHYEHHO Majioi Macu, To Ha miHii MN Buiige HECKIHUCHHO BEIMKa KIJIb-
KICTh TOYOK, IO BIAMOBIIaI0Th MPOMDKHUM PIBHOBKHUM CTaHaM; MPH I[bOMY Jia-
MaH1 JiHIT (BEPXHA 1 HUXKHS) MPAKTUYHO NEPETBOPIOIOTHCA B OJHY IUIABHY JIHIIO
MN (mai. 2.1, B) i cranyTts npubnusno piBauMu W, 1 W, a pisannsg W, — W, Oyne
onu3bka 10 Hyns. [Ipoiiecu CTUCKYBaHHS 1 PO3IIMPEHHS B IIbOMY BUMAAKY MTPOTIKa-
I0Th HECKIHYEHHO MOBUIbHO. Takuii mpoiiec, U0 NpoTiKae HECKIHYEHHO MOBLIBHO 1
MPOXOJIUTh YePe3 HECKIHUEHHO BEJIMKE YMCJIO CTaHIB PIBHOBArv, Ha3MBaIOTh PIBHO-

BaKHHUM.
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PiBHOBa)XHOMY MpoIIeCy BJIACTHBI MaKCHMMajibHa poOoTa 1 JBOOIYHICTH, TOOTO
00OpPOTHICTB.

O0opoTHIM HA3UBAKOTH PIBHOBAKHUI MPOLIEC, 10 MOKE IIOBEPHYTH
CHCTeMY B MOYATKOBUI cTaH 0e3 IKUX-He0yAb eHepreTHYHUX 3MiH y Ha-
BKOJIMIIHIM cepeloBMILI Ta B caMiil cUCTeMi.

[Ipunyctumo, 1o ra3 yTpuMy€eTbCs MOPIIHEM TakK, 110 30BHINIHIN TUCK HA He-
CKIHYEHHO Mally BEJIMYMHY MEHIIE BHYTPIIIHBOTO. ['a3 po3muproeThes. Ko 30B-
HIIIHIA TUCK 30UIBIIUTH 1 BIH Ha HECKIHUCHHO MaJly BEJIUYUHY OyJe OlIbllie BHYT-
pimHboro, raz oyae cruckyBatucs. Lle 1 € TepmoarHaMiuHa OOOPOTHICTh, TOMY IO
HECKIHYEHHO MaJla 3MiHa TUCKY 31MCHIOE 3MIHY HaIIPSIMKY MPOIIECY.

HeobopoTHrM Ha3uBalOTh HEPIBHOBAXHHUM MPOIEC, 10 BiJOYBA€THCS B pe-
3yJbTaTl KIHLIEBUX BIUIMBIB HA CUCTEMY 1 HE 3MIHIOE HANpPSIMKY MiJ BIUIMBOM He-
CKIHYEHHO Masioi cuii. HeobopoTHOMY mpoliecy BIacTHBI HE MakCUMallbHa poOoTa
1 OTHOOIYHICTb.

Cnig 3a3Ha4YMTH, IO TEPMOJUHAMIYHA OOOPOTHICTH BIAPIZHAETHCS Bl XIMIYHOI
000poTHOCTI. XiMiYHa OOOPOTHICTh XapaKTepU3y€e HAIMPSMOK IPOIIECY, a TEPMOIHU-
HaMIyHa — CIoci0 oro mpoBeneHHs. TepMoIUHAMIYHUNA MPOLIEC BUKJIUKAE €HEepre-
TUYHI 3MIHU B CUCTEMI, 10 BUPAXKAIOTHCA Yepe3 3MIHY BU3HAUCHUX BEJIIMYUH: BHYT-

PIITHBOT €Heprii, IHTAIBITII, TETUIOTH, POOOTH.

2.3. BHyTpilIHA eHeprisi, eHTAJbIIIA
Bynp-sika TepMOauHaAMIYHA CHCTEMA CKIIAAEThCs 3 ATOMIB 1 MOJIEKYJI, IO 3Ha-
XOJISIThCS B 0€3ynuHHOMY pyci. KiTbKICHOIO XapaKTEepUCTUKOIO PYXY € €HEpris.

Buyrpimnsa enepris (U) xapakrepu3ye 3arajibHUil 3amac eHeprii

BCIX CKJIAIOBUX YACTHH cucTtemMu. BoHa € cyMo10 Bcix BHAIB eHepril, AKi
MIiCTATBHCA B JaHiil cucTteMi( eHepril MizKMOJIeKYJISIPHOI B3a€MO/ii, eHepril

BCIX pyXiB MOJIEKYJ Ta aTOMiB, €Heprii BCIX eJIeMEHTAPHUX YACTHHOK,
TOII0) 32 BUKJIIOYCHHAM KiHETHYHOI Ta MOTEHUINHOI eHeprii Bei€l cucre-

MH MK LJI0T0.
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3BHYAHO BHYTPIIIHIO €HEPrit0 BIAHOCITH 10 OJTHOTO MOJIIO PEYOBUHU 1 BUpa-
xaroTh 11 B J[koynsax Ha Mok ([x/mMons). BuzHadeHHsI MOBHOTO 3amacy BHYTpIlI-
HBOT €HEepTii PEUOBUHU HEMOKJIMBO, TOMY 1[0 HE MOHA MEPEBECTH CUCTEMY B CTaH
no36aBneHuil eHeprii. ToMmy B TepMOIMHAMII PO3IIAJAIOTH 3MIHY BHYTPIIIHBOI
eneprii AU, 1o siBisie cO000 Pi3HHMINIO KiJIbKOCTI BHYTPIIIHBOI €HEPrii CUCTEMHU B

KIHIIEBOMY 1 IOYaTKOBOMY CTaHaX:

AU = UKiH - Ur[o'i. (22)

BryTtpimHs enepris € GyHKIE CTaHy CHCTEMH.
TepMoanHamMiyHOI0 PYyHKII€I CTaHYy CHCTEMH 3BeThC (PYHKILisl, Be-
JIMYHMHA SIKOI 3aJI€KUTHh TUILKH Bijl CTaAaHy CMCTeMH, TOOTO ii 3MiHa B Oyab-
SIKOMY Mpoueci 3a/1eXKUTh JIMIIe BiJ MOYATKOBOr0 Ta KiHIIEBOI0 CTaHy

CHCTEMH i He 3aJIe:KUTh BiJ mMyTi nmpouecy.

Jlist pyHKINIT cTaHy CUCTEMH MOXKHA 3alKcaTv MOBHUM audepeHiial 1 mo3Ha-
YaTH HECKIHYEHHO Mally KiIbKICTh BHYTPilmHbOI eHeprii dU. OCKiTbKH BHYTPIIIHS

EHEPris 3aJIeKUTh Bl 00’ €My 1 TeMIepaTypH, Ui Hei HOBHUM qudepeHIiian BUrs-

dUz(a—U) dV+(a—U) dT (2.3)
oV ) oT )y,

BuyTpimmHs eHeprisi  xapakTepu3ye TOBHICTIO JIMINE 130XOpHI TPOIEecH

IaTUMeE TaK:

(V=const). B xoxai 1300apHOro mpouecy OKpiM 3MIHM BHYTPILIIHBOI €Heprii Tpeda
Opatu 70 yBaru TakoxX poOOTy po3IMpeHHs (a00 cTUCKaHHS) cucTeMH. [[js 11boro
ICHY€ TepMOJMHAMIYHA (PYHKITiSI €HTAIBIIIS.

H=U+PV (2.4)

EnTanemis, sk 1 BHYTPIIIHS €HEpris, € QyHKIIEI0 CTaHy CUCTEMH, i1 aOCOII0THA

BEJIMYMHA HEBIOMA. 3MiHA €HTaJbIIIT HE 3aJIeKUTh BJ] IUIAXY MPOLECY, a 3aTEHKUTh
TUIBKY BiJl IOYATKOBOTO 1 KIHIIEBOT'O CTaHY CUCTEMHU.

AH =H; - H; = AU - PAV. (2.5)

JInist eHTanbmii, sika € QyHKIIE TUCKY Ta TEMIEPATYPH, MOKHA 3alTMCATH MOB-

HUN audepeHIrian:
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ai=[H) ap [ M) a1 (2.6)
P ). T ),

2.4. Tensiora i podora

[lepenaua eneprii BiJi CUCTEMHU JI0 HABKOJMIIHBOIO CEPENOBUINA 1 HaBIAKH
3MIACHIOETHCS Y BUAL Te1oTH J 1 podotn W. Temnoty MoXHa po3risgaTH K He-
cripsiMoBaHy ¢opMy Tiepefadi eHeprii, B TOM 4yac K podoTa € crupsiMoBaHOO (op-
MOIO Tiepenadi eHeprii Big oAHOI cucTeMu 10 iHMmoi. HeckiHueHHO Maji KUTBKOCTI
Tertotu 8 (eneMeHTapHa Temiora) Ta podotu 8W (eneMeHTapHa poboTa) Ha Bij-
miny Bit dH i dU He € noBHUME nudepeHItiaiaMu, TOMy IO TeIIoTa i podoTa He €
GbyHKIISIMU cTaHy cucTeMUu. KiJTbKICTh TEIJIOTH K 1 poOOTH BUpakaeTbesa B JIkoy-
nsx. Pobora, sIK 1 TEMI0Ta, XapaKTepU3yrTh MPOIIEC 1 HE € BJIACTUBICTIO CUCTEMH.
He mMo’xHa roBoputy npo 3amnac TemioTyu ado 3amac poOOTH B CUCTEMI, BOHU MPOSIB-
JSIOTHCS JIUIIE SIK pe3ybTaT npoiecy. [lopsn 13 mogiOHUMU BIACTUBOCTSIMU TEILIO-
TH 1 poOOTH MK IIUMU MOHATTSAMHU € ICTOTHA pi3HUL. Pi3HUIA TemwtoTH 1 poOoTH
HOJIsiTa€ B TOMY 10 NIepeada TeIUIOTH 31HMCHIOETHCS B pE3ysIbTaTi XaOTUYHOTO PY-
XOB1 MOJIEKYJI, TOJI1 SIK P BUKOHAHHI pOOOTH mepeada eHeprii Bii0yBaeThCs M-

XOM YHOPSJIKOBAHOTO PyXy MOJIEKYJ M1 1€0 MEBHOI CUIIN.

2.5. ®opMyTIOBAHHA NEPUIOT0 3aKOHY TEPMOJAMHAMIKH

[Tepiunii 3aKk0H TEPMOAUHAMIKY Ma€ KijbKa (OPMYJIIOBaHb:

eHeprif i30J1b0BaHOI CHCTEMH € BEJIMYMHOI0 CTAJIOKO.

AxOu eHepris 130JbOBAHOI CUCTEMH MOTJIa 301IbITyBaTUC 0€3 B3a€MO/I1i 3 Ha-
BKOJIUIITHIM CEPEIOBUIIEM, TO MOKHA 0yJI0 O CKOHCTPYIOBATH BIYHUU JBUTYH TEp-
IIOr0 poAy, MiJ SKMM MA€ThCSA Ha yBa3l MallWHa, 110 pOOUTH poOOTy 0€3 BUTpaTH
eneprii. OgHak, BiMOBIIHO 0 1HIIOTO (hOPMYJIFOBAHHS MEPIIIOTO 3aKOHY,

BiYHHUI1 IBUT'YH NEPLIOT0 POAY HEMOKJIMBHUIA.

CrajyicTh eHeprii 130JIbOBaHOI CUCTEMH HE BHUKIIIOYAE MOKIIHUBOCTI MEPEXOTy

OJIHOTO BUJy eHeprii B iHmny. [Ipu Takux mepexojax eHeprisi He BUTPAYAETHCS 1 HE
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CTBOPIOETHCS 3HOBY. 3B1JICH TpeTe (POPMYIIOBAHHS NEPLIOTO 3aKOHY, L0 BUIIJIUBAE
3 3aKOHY 30€peKeHHS EHEepTii:

eHeprisi He 3HMKA€ 0e3CJIIHO | He BUHMKAE 3 HIYOro, mepexia ii 3 0AHOIO
BU/Y B iHIINH BiI0yBa€THCA B CTPOr0 eKBIBAJICHTHHUX KiJIbKOCTSX.

3 3aK0oHY 30€peKEHHS CHEPril BUTIJIMBAE CITiBBIIHOIICHHS

g=AU+W (2.7)

1€ ( — KUIbKICTh TiABeACHOT A0 cuctemu Ternotu; AU — 301IbIIeHHsT BHYTPIII-
HbO1 eneprii; W — cymapHa po0oTa, 1110 BUpOOJIeHa CUCTEMOIO.

PiBusiHHA (2.7) € MaTeMaTHYHUM BHPA30M MEPIIOTO 3aKOHY TEPMOAWHAMIKH. 3
HBOTO BUILJIMBAE, 110 TEIUIOTA, MiABEACHA 10 CUCTEMH, BUTPAYAETHCS HA 3MIHY BHY-

TPIIIHBOI €Heprii 1 Ha poOOTY MPOTHU 30BHIMIHIX CHIL

2.6. 3acToCyBaHHS NEPIIOr0 3aKOHY TEPMOAMHAMIKY /I
i3oTepmMivHOro0, i30XOpHOIO i i300apHOro Mpouecis.
PoGoTa ogHOr0o MoJisl ineajibHOro ra3y
B 13otepMiuHOMY TIpolieci iepeaaya TemIoTH BiA0yBa€ThCs IPH MOCTINHIN Te-
mrepaTypi. SKIo ra3 ijieaqbHUNA, TO BHYTPIIIHSA €HEPris OJHOTO MOJsS Ta3y HE 3a-
JIEKUTH BIJ] 00’€MY 1 TUCKY, a 3aJIe)KUTh TUIbKHU Bij TEMIIepaTypu. 3BIJCH MPHU 130Te-
pMigHOMY Tipotieci, ko U = const, BUpa3 nepuioro 3aKkoHy npuiiMe BUT
oqr = dW=PdV (2.8)
[Ticnst iHTErpyBaHHS OJEPKUMO
or =W = PAV (2.9)
OT1xe, B 130TEPMIYHOMY MPOIIEC] MiIBEICHA A0 CUCTEMI TEIIOTA LIJIKOM IMepe-
TBOPIOETHCS B poOOTY po3mmupeHHs. s 1 Moo razy
P =RT/V. (2.10)
Sxio miacTaBUTH 1ei BUpa3 B popmyiy (2.8), To B pe3yabTaTl IHTErpyBaHHS

OJIEPKUMO BUPA3 I POOOTH 130TEPMIYHOTO MPOIIECY.
v, v,
[ow = [Ppav = IEdV, (2.11)
\%
\A \A
3BIIKU W =RT In (V2/V1) = RT In (P/P,) (2.12)
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B i30xopHoMy mporieci 06’em cuctemu craiuii, dV = 0 1 enemenTapHa podoTa
posmmpenHs cucremMu PdV = 0. Y nipoMy BUNaIKy piBHSHHS MEPIIOTO 3aKOHY Tep-
MOJIMHAMIKUA Ma€ TaKUil BUTJISIL

gy =AU (2.13)

Otxe, ipu V = const ycs KITBKICTh TEIUIOTH, IO MiABEJCHA 10 CHCTEMH, BH-
Tpa4yaeThCs BUKIIOYHO Ha 301IbIIICHHS 11 BHYTPIITHBOT €HEpPrii.

B i300apHOMY TIpoIeci TUCK CHCTEMH CTallui, TOJI MaTeMaTHYHE BHPAKCHHS
NEPILIOro 3aKOHY TEPMOJIMHAMIKY 3aMUIIEThCS TAKUM YHHOM

dqp =dU + d(PV) =d(U + PV) =dH (2.14)

Bcest miaBeneHa 1o cUCTEMH TEIJIOTa B 1300apHOMY IPOLIECI BUTPAYAETHCSA HA

30UIBIICHHST €HTaNbMIi cucTeMu. PoboTa B 1300apHOMY Mpolieci BU3HAYAETHCS 3a

dbopmyIior

\J} vV,
W= [PAV=P [dV =P (V,- V) (2.15)
Vi Vi

st apiabatuyHoro mporecy = 0 1 aHAMITUYHUA BUpPA3 MEPIIOTO 3aKOHY
TepMOAUHAMIKH (2.7) Ma€e BUTIISA

W =-AU, (2.16)

TOOTO BCS poOOTa BUKOHYETHCS CHCTEMOIO 33 PaXyHOK 3MEHIIICHHS BHYTPIII-

HbO1 eHeprii cucteMu. s agiabaTMYHOTrO MPOLECY ICHYIOTh CBOi CITIBBITHOIIEHHS

MDK THCKOM, 00’ €MOM 1 TeMIIepaTypolo:

P]_Vly - Pszy (217)
T,V =TV, (2.18)
T, -T
W= nR(T, -T)) _ (2.19)
y—1

TYT N — yucio MoJiB peuoBuny; Yy = Cp/Cy .

2.7 TenaoemMHicTh
Tenm10€MHICTIO CHCTEMH 3BeThCSl KiJIbKICTh TEIJIOTH, SIKa HEOOXigHa
TSt TOro, a6u miaxBumuTH Temneparypy cucremu Ha 1°C (1 KeabBin).

Po3pi3HSAI0TH eKiIbKa Pi3HOBUAIB TEIIIOEMHOCTI.
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IcTHHA TEIUIOEMHICTH — BIJTHOIIEHHS HECKIHYEHHO MaJIOl KIJIBKOCTI TEIUIOTHA
710 BIJMOBITHOTO MiABUILIEHHS TEMIIEPaTypu

_95q
= AT [ Jx/K] (2.20)
ITo cyTi 11e TEMI0EMHICTh B HECKIHUEHHO MAJIOMy TeMIIEpaTypHOMY 1HTEpBalIi,
TOOTO B MEBHIM TeMIIEpaTypHii TOYII.
CepenHs TEIUIOEMHICTh — TEIJIOEMHICTh Y BiTHOCHO BEITMKOMY TeMIIEpaTypHO-
My 1HTEpBaJl, TOOTO TEIJIOEMHICTD, SIKa BIAMOBIA€ 3MiHI TEMIIEpATypH Ha KOHKpeE-

THY Bennuuny. B nanomy inTepBan T;...T, cepenHs TemnoeMHICTh BBaXKAETbCA CTa-

JIOHO.
C=—3 | K] (2.21)

MounbHOW0 TernoeMHICTIO C 3BEThCS TEIJIOEMHICTh OJHOTO MOJSI PEUYOBHHH,
BOHA BuMipsieTbes B [x/MonbeK.

[IuTOMOIO TEMJIOEMHICTIO € 3BETHCS TEIJIOEMHICTh OJMHMII Macu PEYOBUHU
(x1morpamy abo rpamy), BoHa BuMipsieTbesi B JDx/kreK ado Jx/r*K. Mixk MOJIBHOIO

C, TUTOMOIO € TEIJIOEMHOCTAMH Ta MOJIbHOIO Macoro pedoBHMHH M iCHY€ CIiBBiJI-

HOIIICHHS:
C=cM, (2.22)
SKIIO TUTOMY TETJIOEMHICTH € BUpaKeHO B Jx/T*K;
cM
C= ,
1000 (2.23)

SKIIO TUTOMY TEIJIOEMHICTh ¢ BUpaxkeHo B Jx/kreK.
[30XOpHOIO TEIMJIOEMHICTIO 3BETHCS TEIIOEMHICTH CHUCTEMHU (PEUOBHUHHU), MPHU

130XOpHOMY HarpiBaHHi ( ipu cragomy 00’ emi)

oU
C, =(6—T)V , (2.24)

[300apHOI0 TEMJIOEMHICTIO 3BETHCSl TEIUIOEMHICTh CUCTEMH (PEUOBUHHU), MPHU

1300apHOMY HarpiBaHHi ( IPU CTATIOMY THCKY)
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oH
Cp = (G_T)p . (2.25)

Crnig mam’siTaty, 1O cepe]] MIECTH XapaKTEePUCTUK TeIUTIOEMHOCTI (1ICTHHHA, ce-
peHs, MOJIbHA, TUTOMA, 130X0pHa, 1300apHa) He BCl CIOJY4YeHHs nmpumyctumi. Tak
TEIIOEMHICTh MOXE OyTH:

a00 1CTUHHOIO0, a00 CEPEIHBOIO;

a00 MOJIBHOIO, 00 ITMTOMOIO;

a00 130X0pHOI0, a00 1300apHOIO.

Bci xapakTepuCTHKU TEMIOEMHOCTI B KOXKHOMY KOHKPETHOMY BHUIAJKY BiJo-
OpakeHl B mO3Ha4eHHI, Hanpukinaz, C, —ICTHHHA MOJIbHA 1300apHa TEIUIOEMHICTE;
¢y — CEpeIHs MUTOMA i30XOPHA TETIOEMHICT.

TernoeMHICTh PEUOBUHU 3aJICKUTh BiJ MPUPOIU PEUOBUHU, TEMIIEPATYPH Ta
YMOB HarpiBaHHs. 3aJIeKHICTh TEIJIOEMHOCTI BIJl TEMIEPATYpH BiAoOpakeHa B piB-
HSIHHI

Cp=ap+a;T+2a,T*+a,T?2 (2.26)

Tyt a9, a1, a,, a_, — cTami, sAKi 3a1eXaTh BiJl IPUPOJIU PEUOBUHU, ajle HE 3a-
JeXaTh BiJl TEMIEpATypH B MIEBHOMY MO3HAYEHOMY 1HTepBali Temneparyp. Lli crami
JUTSI TIIAPOKOTO 3arajy PeYOBHH MOXKHA 3HAWTH B TEPMOAMHAMIYHHMX JOBiTHUKAX.
Hanpuxknan, nis razonoaioHoro a3oty B TemMmnepaTrypHoMy iHtepBam 298 — 2500K:

C, = 28,30 + 2,557x107°T + 0,544x10°°T* Jlx/MombeK .

B ¢i3uuniii ximii HalgacTiie BUKOPUCTOBYIOTH MOJIBHY 1300apHY TEIJIOEM-
HicTb C,,. Lle moscHIOETBCA THM, IO 1300apHi MPOLECH B IPUPOJII Ta BUPOOHUIITBI
Habarato MomMpeHinr, HiX 130XopH1. J[o TOoro x, 3Har04M 1300apHY TEIMJIOEMHICTB,
MO>KHa JIETKO 3HaMTH 130XOpHY, TOMY 110 1300apHa TEIIOEMHICTH OLIbIIE 130XOPHOT
Ha PO3Mip poOOTH PO3MUPEHHS cUucTeMu. JIJIst piAMH 1 TBEPAUX T1J1 BHACIIOK MaJIOi
3Mminu 00’emy nipu HarpiBaHHi Cp = Cv; 18 11€aJIbHOTO Ta3y Pi3HUIIA

Cp-Cv=R (2.27)
sBJIsiE CO000 pOOOTY 1300apHOTO PO3MIMPEHHSI | MO0 1/1€abHOTO Ta3y Mpu
MIIBUIIIEHHI TeMIiepaTypu Ha onuH KenbBiH.

Mix ICTUHHOIO Ta CEPEHBOI0 TETUIOEMHOCTSIMU 1CHYE TIPOCTHUI B3a€EMO3B’SI30K
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1 ¢
— | CdT 2.28
n—n{ (2.28)

C=

[Ipu BukOpucTaHHI 1i€l GOPMYNIH MiJ 3HAK IHTErpajiy CIiA MiACTABISATH TeM-

nepaTypHy 3aJICKHICTh ICTUHHOT TETUIOEMHOCTI 3 PiBHSIHHSA (2.26).

2.8. Tepmoximis. 3akon I'ecca

TenmoBuM (eHepreTnunuM) edexroM nporecy Q 3BeThCS KUIBKICTh €HEprii,
0 BHUIUISETHCA a00 TOTIMHAETHCS CUCTEMOIO B Pe3yJbTaTi 3IIWCHEHHS TaHOTO
npouecy. Sk npaBuiio, TEIUIOBU edeKT BUMIpsAETbCA B JXKOymnsXx 1 HOCUTBH 1M’
MpoIIECy, HAMIPUKIIAJ — TEIJIOBUM edeKT peakilii, abo TerioBuil ePpexT po3UMHEHHS.
Peaxuii, siki Bi1OyBarOThCS 3 BUIAIJICHHSIM TEIUIOTH (€HEprii), Ha3UBalOTh €K30TEPMi-
YHUMH, JUIs HEX BBaxkaroTh Q > 0; peaxiiii, ski BiIOyBatOThCS 3 MOTJIMHEHHSM TeTI-
J0TH (€HEepTii), Ha3UBaKOTh CHIOTEepMITHIMHE 11t HUX Q < 0.

Po3nin xiMiyHOT TEpMOAMHAMIKH, TPUCBSIYCHUI BUBUCHHSIM TEIUIOBUX €(DEKTIB
XIMIYHUX pPeakliid, Ha3UBAIOTh TEPMOXIMIEID. 3HAYEHHS TEPMOXiMii B MeETaIyprii
Iy’Ke BEJIMKE, SIKIO BpaxyBaTH, 10 TEIJIOB] €(PEeKTH po3paxoBYIOTh MPU YKJIAJaHHI
TEMJIOBUX OallaHCIB PI3HUX METATYPTiMHHUX MPOIIECIB 1 MPU JOCTIKEHHI XIMIYHHUX
piBHOBar. TeraoBui eeKT peakxiiii 3aJIeKUTh BiJl IPUPOIU PEUOBHUH, IO MpUKMa-
I0Th Y4acTh B peakilii, BiJl TEMIIEpaTypu Ta YMOB MPOBEJACHHS mporiecy. Po3pi3Hs-
10Th 130X0pHUM Qy Ta 1300apHuit Qp Temiosi edekTu. BinmosigHo

Qv =—AU; Qp =—AH. (2.29)

TennoBuid epekT XiMIYHOT peakilii — 11 MaKkCUMaJlbHa KUIbKICTh TEIUIOTH, 1110
BUJIIAETHCS 200 MOTIMHAETHCS B HEOOOPOTHOMY IIPOIIECI TIPH CTajoMy 00’emi abo
TUCKY 1 32 YMOBH, III0 TTPOJYKTH PEAKIIi] 1 BUX1THI PEUOBUHU MAIOTh OJJHAKOBY TE€M-
nepaTypy i BiICYTHI 1HIII BUIU POOIT, KpiM po3mmpeHHs. ToMy B piBHAHH:IX (2.29)
tertoBi edextr Qvi Qp (AU i AH)e ¢yHKIIsIMA cTaHY CUCTEMH, 1 3BIJICH BUILJIMBAE
TEPMOJIMHAMIYHE OOIPYHTYBaHHS 3aKOHY, BCTAHOBJICHOTO CKCIICPUMCHTAJIBLHO B

1836 pomui pociiickkum BueHuM I'. 1. I'eccom:
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TemJI0BUMHA edeKT peakuii He 3aJIeXKUTh BiJ NUIAXY NpPoOLeECy, a BHU-
3HAYA€ThCH TIIbKM NMPHPOAOI0 i CTAHOM NMOYATKOBMX i KiIHIEBHX pedvo-

BHH.
VYsBuMoO co0i mpoIiec IePeTBOPEHHS BUXITHUX PEUOBUH A B IPOAYKTU peaKiii

B pizHuMu nuisixamu:

1) Ge3mocepeIHBO peakiiiero, TeIIoBui edekt sikoi gopiBHioe AHy, 1 2) mociti-
noBHUMH peakilismu A — C — B, TemmoBi edhekTH SKux AOPIBHIOIOTH BiAMOBIIHO

AH; i AH;.

AH;

A 4

B
AH> AH;

C
3akoH ['ecca cTBepKye, 10 3a3HAYEHI TEIJIOBI e(PeKTH 3B'A3aHI MK COOOIO
CITIBBIIHOIIIEHHSIM
AH;= AH, + AH;, (2.30)
TOOTO HE3aJeKHO BiJl HUIIXY OJIEPKaHHS MPOAYKTIB, CyMapHHH TETUIOBHIM
e(deKT 11 BCIX NUISIXIB € OJTHAKOBUM.
PiBHSIHHSA XIMIYHUX peakIlii, B SKMX BKa3aHO HE TUIbKUA (POPMYIIM PEUOBHH, ajie
1 TETIOB1 €PEKTH, 3BYyThCS TEPMOXIMIYHUMU piBHAHHAMH. [Ipukian:
Cipapin T O2¢) — COy(ry +393,5 kL.
AH® 565 = — 393.5 kI
TepMoxiMIuH1 pIBHSIHHS, X04a 1 Iy>K€ CXO0K1 Ha 3BMYaliHI XIMI4HI PIBHSHHI, Bl-
JPI3HSIOTHCS BiJl HUX TAKUMH OCOOJIMBOCTSIMU:
e BKazaHi arperartHi (()a3oBi) CTaHH BCiX PEYOBHH;
® BCi KO€(]IIEHTH MAIOTh PO3MIPHOCTI — MOJIb;
® TMIPUITYCTHMI HEITl KOe(iIll€HTH;
® 3 TEPMOXIMIYHUMH PIBHSIHHIMHU MOXKHA poOuTH apudMeTuyHi 1ii, K 3 anreo-
paiyHUMHM PIBHSIHHAMH — iX MOYKHA CKJIaJIaTH, BIIHIMATH, IIOMHOAaTH Ha YU CIIA.

3 3akoHy ['ecca BUOIraroTh Taki HaCIiIKH:

21



1) TeroBuii eekT 3BOPOTHOI peakilii JOPIBHIOE TEILUIOBOMY €(hEeKTy MPSIMOi
peaxiii, ajie 3 npoTUIEKHUM 3HaKOM : AH, 5, = — AH, yp;

2) cyMapHHM TETUIOBHH €heKT psIy peakilii, MpoBEeICHUX 0 KOy, TOPIBHIOE
HYJIIO;

3) TerioBU# epeKT peakilii MTOPIBHIOE PI3HMII MK CYMOIO €HTANbIINi YTBO-
PEHHS KIHLIEBUX PEYOBHH Ta CYyMOIO €HTAJIbIIN YTBOPEHHS MOYATKOBHX PEUOBHUH 3
ypaxyBaHHSM CTEXIOMETPHUUHUX KOe(]Ili€HTIB B piBHAHHI peakii. Tak, 1id peakiii

aA+bB — cC+dD
moxHa 3anucati:  AH; = XnjAHpog iy — ZNiAH298(m0u) (2.31)
TOOTO
AHr = CAHf(C) +dAHf(D) —( aAHf(A) + bAHf(B) ) (232)

Tyt A, B, C Ta D — hopmynu pevoBuH; a, b, ¢, Ta d — crexiomerpiuni koediri-
€HTH B PIBHAHHI peakilii; N — cyMa crexiomeTpuuHux koedimientiB; AH, — Terio-
Buii epexT (eHTasnbIist) peakiiii; AHf — eHTamnbIii yTBOPEHHS pEYOBUH.

Jlist Toro mo6 MoxHa OyJio MOPIBHIOBATH TEIUIOBI €(PEKTH PI3HUX peakiiil 1
IPOBOJUTH TEPMOXIMIYHI PO3paxyHKH, BBEACHE MOHATTS TEIJIOBOIO €(eKTy mpu
CTaHIapTHUX yMOBaXx.

TemsioBuM edeKTOM NpPH CTAHAAPTHUX YMOBAX HA3MBAKTbh TAKHH
TeIJIOBUi e(eKT, 10 CYNPOBOMKY€E pPeaKlil0 NPH CTAHIAPTHOMY THCKY
P° =101325 I1a i npu crangaprtHiii tTemuneparypi T = 298K.

TemnoBuil edexT Mmpu CTaHAAPTHHUX YMOBAx pO3paxoBYIOTh IO CTaHIAPTHUX
EHTAJbMISAX YTBOPEHHS 1 CLIAIFOBAHHS.

CranaapTHa eHTA/IbIlisi YTBOPEHHS PEYOBHHU YHCEIbHO JOPiBHIOE
TemJI0BoMYy e(dexTy peakuii yrBopeHHs1 1 M0JII0 1aHOI Pe4OBHHH 3 MPOC-
THX PEYOBUH NPH cTaHAapTHUX YyMoBax (Tucky 101325 Ila i remneparypi
298K).

CraHnapTHi eHTanbmii yrBoperHs nosnauaots AH . Bepxwiit ingexc © yka-
3y€ CTaHIAPTHUHM CTaH, a HWKHIW f — TOYaTKOBY JiTepy aHITIMCHKOTO CIIOBA

formation (yTBOopeHHs).
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3a cTaHIApTHUM CTaH YKMCTOI PEYOBHMHHU MPUHUMAIOTh MOr0 HAMOUIbII CTIAKUI
¢i3nunuil cTan npu crangaptHid Temmeparypi 298K i crangaptHomy tucky 101325
[TackaniB. CTaHAapTHI €HTAJIbIIII YTBOPEHHS MPOCTUX PEYOBUH Y CTIMKOMY aJIOTPO-
MTHOMY CTaHl MPHUHHATI 32 HyJdb. EHTaNbmii yTBOpeHHs BIAHOCATH 10 1 MO0 peyo-
BUHHU, BKa3ylO4M ii arperatHuii CTaH 1 BHUMIPSAIOTh B KIJOKOYIAX Ha MOJb
(xIx/MomB).

CTaHAapTHOI eHTAJIbIIEI0 3rOPpsIHHS HAa3UBAIOTh €Heprilo, 10 BHU-
AUISIETHCS NPH 3rOPsiHHI B aTMoc(epi KUCHIO 1 MOJII0 peYOBMHU /10 BHU-
IIUX OKCUIIB B CTAHIAPTHUX YMOBaX.

Sk 1 cTaHAApTHI €HTaNbMIl YTBOPEHHS, CTAHAAPTHI €HTANbIIl 3rOPSHHS B1JIHO-
cath 10 ctanaaptHux ymoB (P =101325 Ila, T = 298K). EnTansnii 3ropstHHs 103Ha-
4yaroTh cuMBojoM AH. (HMXHIH IHAGKC ¢ — MOYaTKOBa JiiTepa ciioBa combustion,
TOOTO 3rOPSIHHSA).

TeroBuii eeKT peakuii TOpiBHIOE PI3HUL MI)K CYMOIO €HTANbII 3rOpsiHHS
[OYaTKOBUX PEYOBHH 1 CYMOIO €HTaJbIiil 3ropsSHHSA KIHLEBUX PEYOBHH, TIOMHOXE-
HUX Ha BIAMOBIAHI CTEX10METPUYHI KOE(PILIEHTH:

AH0r298 =ZniAH0c298(n0q) - ZniAH0c298(KiH) (2.33)

TakuM YUHOM, KOPUCTYIOUUCH TAOIMYHUMHU JaHUMHU MOKHA pOo3paxyBaTH Tel-
J0BUM e€(eKT B CTAHIAPTHUX YMOBAX JJIs peaKiii

aA+bB — cC+dD
AH’ 1208 = ¢AH 120(c) TdAH p208(0) —( aAH pogg() + DAH gy ), (2.34)
AHC 505 = aAHOc298(A) +bAHOc298(B) —( CAHOc298(C) + dAHOc298(D) ). (2.35)

3akoH ['ecca € OCHOBHMM 3aKOHOM TepMoxiMii. 3 piBHsHB (2.5) 1 (2.29) Bu-

TUTUBAE, 10
Qp = Qv —PAV. (2.36)
BiamoBinHo 10 piBHAHHS CTaHy 1eanbHUX ra3iB MenaeneeBa—Knanepona
PV =nRT, (2.37)
3BIIKH PAV = AnRT (2.38)

7e An — 3MiHa 4KCIlia MOJIIB Ta30MOI0HUX YYaCHUKIB PEaKIIii.

An=c+d - (a+d) (2.39)
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SAxmio B peakiiii 6epyTh y4acTb TBEP/Il 1 PIIKI PEUOBUHH, iX KUIBKICTh NMPU 00-
YHCJIEHHI AN B yBary He MpUIMAa€eThCS.
[TincranoBka (2.38) y (2.36) mae piBHSHHS, 110 BUPA)Ka€ CIiBBIIHOIICHHS MiX
1300apHUM 1 130XOPHUM TETUIOBUMU €(PEeKTaMU:
Qp = Qv — AnRT, (2.40)
a00, BiANmOBIIHO 10 (2.29)
AH = AU +AnRT. (2.41)
Axmo An =0, To AH =AU, a Qp = Qv.

2.9. 3aj1e:KHICTD TEIUI0OBOI0 e(peKTy XiMIYHOI peakiil Bil
Temneparypu. PiBusinas Kipxroga

BukopucroByroun 3akoH ['ecca [piBHsiHHS (2.34) 1 (2.35)], MOXHa OOYUCIUTH
TEIJIOBUM e(PEeKT peakilii Mpu cTaHaapTHiN Temrepatypi. YacTie OyBae He0O0X11HO
3HAT1 TEIUIOBUHM e(eKT peakIlii mpu pi3HUX TEMIIepaTypax.

Po3rasiHeMo peakiiito, sika B1AOyBa€eTbCs B 1300apHUX YMOBAx

aA+bB — cC+dD
3MiHa eHTaJIbIii B CUCTEMI OyJie JOPIBHIOBATH TEIIIOBOMY €(EKTy
AH, =H; - H,, (2.42)

ne AH, — temmoBuii edext peakiii; H, ta H,, — eHTanbmii KiIHIIEBUX Ta moYaT-

KOBUX PEUOBHH BIMOBITHO.

[TponudepeHiroemMo 11e€ piBHSIHHS MO TEMIIEPaTypl 32 YMOBHU CTAIOCTI TUCKY:

O(AH (6H oH
oT P\ oT P oT P
[Ipuiimemo 1o yBaru, mo( or ) ) = CP(KiH) ,a [a—T)P =Cp(nou . (2.44)
O(AH
Tom ((G—Tr)) = Cpkin) ~ Crmou) = ACp, (2.45)
P

e ACp — 3miHa TEIUTOEMHOCTI B PE3yJIbTATI peakilii, TOOTO PI3HUIIT MIXK TeT-

JIOEMHOCTSIMM KIHIIEBUX Ta MOYATKOBUX PEYOBHH 3 YpaxXyBaHHSM KOE(DILIEHTIB B pi-
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. .. (O(AH o ..
BHSIHH1 peakiii, (%) — TeMIIepaTypHHUN KOE(IIIEHT TEIIOBOTO €PEKTy peax-
P

mii.
Cnuparounch Ha cmiBBiiHOIEeHHS MK AH, Ta Qp Ta pO3MOBCIOKYIOUN BH-

CHOBKH Ha 130XOpHUH MPOIIEC, MOKEMO 3aITUCATH:

dQp
——=-AC
dT P (2.46)
oAU,))
(—GT jv =ACy (2.47
dQy
=-AC
dT \% (2.48

PiBusiHHA (2.45 — 2.48)1114 1300apHOTO 1 130XOPHOTO MPOLECIB HA3UBAIOTh PIB-
HssHHaMu Kipxroda (qudepeniiaibia Gopma). Bonu € aHamiTHUHUMY BUpa3aMu 3a-
kony Kipxrodga:

TeMIepaTtypHuil koedimieHT TemioBoro edexry XiMiuHOI peakuii
JTOPIBHIOE 3MiHi TEIJIOEMHOCTI CHCTEMH B Pe3yJIbTATY pPeaKiii.

Jnist kopuctyBanHa piBHsIHHAMU Kipxroda tpeda anamitruuno Bupaszutu ACp sk

dynkiiro remneparypu. s peakiii

aA+bB — cC+dD

ACp = XniCpiny — 2MiCpnou) (2.49)

ACp = (¢Cp(c) + dCp(p) ) — (@Cpa) + dCp(p)) (2.50)

a6o0 ACp = AQy+ AT + AQ, T? + AdL,TH, (2.51)
ne  Adp = (cdy) tdAypy ) — (bAge) + adon)); (2.52)
AQ; = (cAyc) +dAyp) ) — (bAye) + adyp)); (2.53)

AQ, = (CAyc) +dAyp) ) — (bAyE) + adyn); (2.54)

Ad.; = (cA ) tdapp) ) — (bAoe) + a8 ow); (2.55)

3 piBHsHb Kipxroda no0pe BUIHO, 110 3 MiABUIIEHHAM TeMIIepaTypH TEIIOBUM
e(eKT MOXKe K 3pOCTaTH, TaK 1 3SMEHIITYBaTHCh:

— ko ACp > 0, To AH, 3011b11Yy€ThCA 3 MIABUILICHHSIM TEMIEPATYPH;
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— sik1io ACp < 0, To AH, 3MEHIITY€eThCS 3 MIABUIIIEHHAM TEMIIEPaTypPH;
— sikmo ACp = 0, To AH, He 3a7neXuTh BiJ TEMIIEpaTypH.

Lle¥i BUCHOBOK LUTIOCTPYETHCSI MATIOHKOM 2.2

AH
ACp>0

ACp:0

ACp<0

MamntoHok 2.2. 3anexXHICTh TEII0BOro eeKTy Bil TeMIepaTypu

3 MpakTUYHOT TOYKU 30PY IS OACPIKAHHS PO3PAXYHKOBOT (OPMYIIH PiBHIHHS
Kupxroda iarerpyroTs y Mexax iHTepBainy Temmeparyp 298 — T. Jlng uporo icHye
KUIbKa M1AXO/IB:

a) SIKIIO TeMIIepaTypHUI THTEpBa HE Ty’K€ BEJIUKUN, a pO3paXyHKH HE MOTpe-

OyIOThb BEJIMKOT TOYHOCT1, MOXHa BBaxkatu, 1110 ACp = const, B 1ibomy BUnmaaky

d(AH,)
—————==ACp = d(AH)=AC_dT
T p = d(AH) p (2.56)
H, T,
I d(AH,)=ACp IdT. (2.57)
H, T
[Ticas interpyBanus onepskumo AH, — AHp; = ACp(T, — T1), (2.58)

ne AHy, Ta AH,; — TerioBi edextu peakiii nmpu temrneparypax T, taT; Biamno-

B1JIHO.
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0) sK110 MOTP1OHI ORI TOYHI PO3PAXyHKHU B BEJIUKOMY TEMIIEPATYPHOMY 1H-
TepBaJli, Cif OpaTu M0 yBaru 3ajJeKHICTh TEIJIOEMHOCTEW BiA TemmepaTypu (piB-
HsaHHA (2.51):

d(AHr)

dT = Aao + AalT + Aasz + Aa_zT_z . (259)

[Ticast po3moiay 3MIHHHX 1 IHTETPYBaHHS OJIEPKUMO:
AH,1 = Aa,T + "20a,T? + 4Aa,T° — Aa_, T +B, (2.60)
ne B — koHCTaHTa iHTErpyBaHHS, AKY JIETKO 3HAWTH, 3HAIOYM TEIUIOBUN €PeKT

IIpU KOHKPETHIH (SK MpaBUJIO CTaHAAPTHIN) TeMmneparypi.

2.10. 3anesxkHicTh BHYTPILIHBOI €HEPril Ta eHTAJbIIII BiA TeMIepaTypu
[linBHILIEHHS TeMIepaTypy 3TiIHO 3 MEPUIUM 3aKOHOM TEPMOJMHAMIKU 3011b-

IIy€ BHYTPIIIHIO €HEPTit0 Ta EHTAJIbIII0 pedoBUHM ( Mal. 2.3)

U(H)

ra3

Tnep Tn.n Tmm
Mauttonok 2.3. 3anexHicTb BHYTPIIIHBOI €Heprii Ta eHTaNbIIii BiJ] TeMIepaTypu

3 BU3HAYEHHS ICTMHHOI TEIIOEMHOCTI (2.20)51eTKO MOKHA JICTaTHCs po3paxy-

HKY 3MIHU BHYTPIIITHBO1 €HEPTii Ta EHTaJbIIT PEUOBUHU BEJl TEMIIEPATYyPH:

T, T,
AUHarp = ICVdT, AH]—[arp = J‘CPdT . (261)
Ty T
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i popmynu nmpumatHi A1l pO3paxyHKIB JIMIIE TO1, KOJIM HarpiBaHHS HE MPU3-
BOJIUTH JIO 3MIHU arperaTHoro ctaHy abo iHIoro (a3oBoro mepexoay — Mpu IbOMY
3MIHIOETBCS XapaKTep 3aJICKHOCTI TEIJIOEMHOCTI Bl TeMIiepatypu. B miacymMKky po-
3paxyHOK €HTaJIbIlii pEeYOBHHU B 1300apHUX yMoBax mpu temrepatypi T 3aiiicHo-

€TbCs TaKUM YHHOM:

TﬂeP Trm Tmm
AHT == ICP(G)dT + AHnep + ICP(B)dT + AHHJ’[ + ICP(plﬂ) +
0 Trep T
T
+ AHBHH + ICP(ra3)dT (262)
Tlmn

AHAQJIOTIYHO B 130XOPHUX YMOBAX MOKHA OOYMCIIMTH BHYTPIIIHIO €HEPrito pe-

YOBUHH.
2.11. Apyruii 3aK0H TepMOAUHAMIKHA

[lepmmii 3aKOH TEPMOJMHAMIKM HE A€ HIAKUX BKa31BOK LIOJI0 HAMNPSIMKY, Y
SIKOMY MOXYTh BIJIOYBaTHUCS CaMOJOBLIBHI MpoliecH B Ipupoji. Jis 1301p0BaHIN
CUCTEMHU, HAIIPUKJIAJ, IEPIINK 3aKOH BUMArae TUIbKH, 100 MPHU BCIX NpoLecax eHe-
prisi CHCTEMHU 3auIaiacs cTajioro. B3arai, Ha mijcTaBl MEpIIOro 3aKOHY HE MOKHA
3’sCcyBaTH, YM OYJyTh B 130JIbOBaHIN CHCTEMI BiIOYBaTHUCS sIKI-HEOYIb MPOIIECH.

Jlpyruii 3aK0H TEPMOJWHAMIKH, HABIAKH, JO3BOJIAE TEpea0avdaTH HAIMPSMOK
CaMOJIOBIJILHUX IPOIIECIB 1 pa30M 3 MEPIIUM 3aKOHOM BCTAHOBIIIOE OE3J11Y TOUYHUX
KUIBKICHUX CIIBBIJHOIIEHbh MK PI3HUMH MaKpPOCKOMIYHUMH MapamMeTpaMH CUCTEM

y CTaHl TEpMOJAMHAMIYHOI PIBHOBArHU.

1 3
d1 2 d2
T]_ T2

\ 4
\ 4

W=q:1-0q

Mamtonok 2.4. Ilpuniun OyJI0BH TEIIOBOI MAalMHU. | — JKepeno TeriaoTy (TerIoBiaaaT-

4HK); 2 — poOoue Tio; 3 — XOJIOAUIBHUK (TEeTUTOnpUiiMaY).
[TepmoBinkprBayeM IpPyroro 3aKoHy TepMmoauHamikyd BBaxkaeTbes C. Kapno,

SIKAWA TOCII)KYBAaB YMOBH MEPETBOPEHHSI TEIJIOTH B poOoTy (1824) 1 3poOUB BUCHO-
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BOK, 1110 B TEIJIOBUX MaIIMHAaX KUIbKICTh TEIJIOTH, SIKAa OJiepKaHa BiJl JKepena Terl-
JIOTH, HE MOKE LIJIKOM TEPEXOJUTH B POOOTY; YacTHHA ii MepPeNaeThCsl XOJIO0MIb-
HUKY.

Sx11o mo3HaYUTH (; TEIUIOTY, OTPUMAaHYy BiJl JKEpesia eHeprii, a (; — TeIIoTy,
BIIJITaHy XOJIOAWJIBHHUKY, TO PI3HUIA (-, SIBISE COOOI0 TEIUIOTY, MEPETBOPEHY B

poboty W. KoediiieHT KOprCHOT Aii TyT MOKHA BUPA3UTH PIBHIHHAIM

- T, -T
n= G-92 _4h~—5 . (2.63)
qd1 T

KoedirmienT xoprcHOi 1ii TEMI0BOI MAIIMHK HE 3aJICKHUTh Bl IPUPOAH POOO-
4Oro Tijla, @ BU3HAYAETHCS TUIBKH 1HTEpBajioM TemrepaTyp (teopema Kapno— Kia-
y3uyca). L{to TeopeMy 3B’s3yI0Th 3 (OPMYJIIOBAaHHIM JAPYTroro 3aKOHY TEPMOJMHA-
MiKkH, 1110 3anponoHoBane P. Knaysuycom (1850):

TEIUIOTA He MOKe CAMOJOBIJILHO MEPeXOJIUTH BiJ OLIbII X0J0JIHOIO
TiJIa 10 OJIbII rapsiv0ro.
®opmymoBanHs B. OcTtBanbaa CTBEpIKYE:
3AilCHEeHHsSI BIYHOIO IBUTYHA APYIOro poay HeMOKJIUBO.

[lix BIYHMM JBUTYHOM JPYTroro pojly MarOTh Ha yBa3l TEIJIOBY MAaIIMHY, IO
MIEPETBOPIOE MOBHICTIO BCIO TEIVIOTY B poOOTY, TOOTO O€3 mepeaadl YaCTUHH i1 XO-
JOIUITBHUKY.

[ToromxeHIicTh ycix (OpMYyIIOBaHb APYTrOro 3aKOHY BKa3zye Ha T€, U0 MOXKHA

BUOpaTH OJIHY 3 HUX SIK TIOCTYJIAT, a 1HII OYyyTh HACIIIKaMH 3 HBOTO.

2.12. ExTpomnis
Anani3z hopmyoBaHb IPYroro 3aKOHY TEPMOJAMHAMIKH TTOKA3ye, M0 yC1 BOHH
XapaKTEepU3yIOTh CHPSIMOBAHICTh 1 MEXKY MPOTIKAHHS CAMOJOBUIBHUX IMPOILIECIB, 110
3MIMCHIOIOTHCS cami co00r0 0e3 BUTpATU €HEprii, HANMPUKIA[ PO3IIUPEHHS Tasy,
OXOJIO/KEHHS Trapsiuoro TuUla J0 TeMMepaTypu HAaBKOJUIIHBOTO CEPEAOBMINA 1 T.II.
BuznaueHHst yMOB, IIpH SIKUX B1AOYBalOTHCS CaMOJIOBLIBHI IPOLIECH YU HACTAE PiB-

HOBAara, SIBJISIE BEJIMKUN TCOPETUIHUH 1 MPAKTUYHUM 1HTEpEC.
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Jpyruii 3aKOH CTBEPKY€E, 10 TEIUIOTY LIJIKOM HE MOYKHA MEPETBOPUTHU B pPO-
00Ty B KpyroBomy mpoiieci. [{e TBepKeHHs BUTUIMBAE 3 IPUPOIHN TETUIOTH 1 poOOTH
IMOBIpHICTB TOTO, 0 XaOTUYHUIN TEIJIOBUM PyX MOJIEKYJ LIJIKOM IEpeiie B cripsi-
MOBaHHI pyX, MizepHO Mana. HaBnpoTH, CipsMOBaHUN PyX MOJEKYJ MOXE L1JIKOM
MEePEHTH B XaOTUYHHM (pOOOTa MOXKE ITITIKOM MEPEHTH B TEIUIOTY). ['a3 caMo10BiIb-
HO PO3IIUPIOETHCS, aJl€ CAMOJOBUIBHO HE CTUCKYETHCS, TOMY 110 IPU CTUCKYBaHHI
MIPUPOJHUM XaOTUYHUN PYX ITOBUHEH IEPETBOPUTHCS B CIIpsAMOBaHUM pyx. [Ipupo-
JHICTh XaOTUYHOI'O PyXy MOJEKYJ € IPUUYMHOIO TOTO, L0 Pi3HI BUAM €HEprii mpar-
HYTb MEPEUTH B TEIJIOTY, a TEIUIOTa MepeaeTbcs MEHII HarpiTuM TiaM. Lli mpoiie-
CH CaMOJOBUIbHI, IPUPOAHI 1 HEOOOPOTHI. TakuM YMHOM, MOXHA 3pOOUTH BHUCHO-
BOK, L0 IPOTIKAHHSA CaMOJOBUIBHHUX IPOLIECIB CYNPOBOJKYETHCS PO3CIFOBAHHSIM
TerioBoi eHeprii. 106 mporec po3citoBaHHS €HEprii XapakTepH3yBaTH KiJIbKICHO,
notpiOHa Oyna TepMoArHaMidHa (QYHKIIIS, sSKa MoKa3zyBaja 0, SIK 3MIHIOEThCS PO3-
CIIOBaHHS €HEPrii MPU MEPEX0/1i CUCTEMH 3 OJTHOTO CTaHy B 1HIIIHMA.

[ro ¢ynkuiro BBiB P. Kiay3uyc (1865), Ha3BaB €HTPOITIEIO 1 TO3HAYUB OYKBOIO

Jli1st 000OpOHHOTO MPOIECY BOHA SIBJIIE COOOIO BIAHOLIEHHS TEIUIOTH MPOLIECY
110 TEMIIEpaTypH, 3a SIKO1 BIIOYBAETHCS MPOIIEC:

o ) .
ds = ?q , 260 B iHTerpanpHOMY BHTIIAM AS = % : (2.64)

Binnomrenns ¢/ T Ha3uBarOTh MPUBEICHOO (3B’ I3aHOKO ) TEIJIOTOKO MPOIIECY.

Ile piBHSHHS € aHATITUYHUM BHUPA30M JPYroro 3aKOHY TEPMOJAMHAMIKHU IS
OyJIb-SIKOTO IOBUTLHOTO OOOPOTHOTO MPOLIECY.

PosrnsHemo mepexis CUCTEeMH 3 MOYaTKOBOTO CTaHy B KIHIICBHM JBOMa IILIS-
XamMu: 000poTHUM 1 HeoOopoTHUM. B 000X mporiecax 3MiHa BHYTPIIIHBOI €HEPTii
NOBUHHA OYTH OJIHAKOBOIO, TOMY 1110 BHYTPIIIIHS €HEPTis € PYHKII€I0 CTaHY.

Binomo, mo npu 060poTHOMY MpoIeci BUKOHAHA CHCTEMOIO poboTa

6‘Kloiiop > 6‘K/neoiiom OTXKE, 6qoﬁop > 6quoﬁop (265)

8qoﬁop 8qneoﬁop 89 06 p
i i ' L 2.66
1 Tomi T ) T 1 dS) T (2.66)
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MaremaTuuHuii BUpa3 AJisl CHTPOIIIi B 3arajlbHOMY BUTJIsIII Oyie
3q
ds> T (2.67)

Jie 3HaK HEPIBHOCTI BITHOCUTBHCS O HEOOOPOTHHUX IMPOIIECIB, & 3HAK PIBHOCTI —
710 00OPOTHOTO.

EnTpomnis, 6e3cyMHIBHO, € (QYHKIII€IO CTaHy, TOMY 110 PO3CIIOBaHHS €Heprii 3a-
JISKUTH BiJ] CTaHYy CHUCTEMH. BigHOIIEHHS KUTBKOCTI TETUIOTH O( IO TEeMIIepaTrypu
nporuecy T, T06T0 8q/T, HA3UBAIOTH €IEMEHTAPHOIO MPUBEICHOIO TETIOTOIO MPOIIe-
Cy, BOHa € TIOBHUM JudepeniianoMm entporii dS. OCKiIbKH SHTPOIis € QYHKIIE0
CTaHy, TO ii 3MiHa AS HE 3aJeXUTh Bl NUIIXY MPOIECY, & BU3HAYAETHCS JIUIIE T10-

YAaTKOBUM 1 KIHIIEBUM CTaHAMH CUCTEMU;

KiHHSq
AS =S i —Stou = I T (2.68)
mo4
EnTpomis € eKCTeHCHBHOIO BIACTUBICTIO CUCTEMH, TOMY, SIKIIIO Macy CHCTEMHU
30UTBIIUTH B N pa3iB MpH JIaHIld TeMIiepaTypi, eIeMeHTapHa KUIbKICTh TEIJIOTH, IijI-
BeJICHA JI0 CUCTEMH, TEX 30UTBIIUTHCS B N pasiB.
Takum YUHOM, EHTPOMISl PEUOBMHU 3AJICKUTH BIJ 11 IPUPOAM 1 MACH, & TAKOXK
BiJl TeMIepatypu. ¥ po3paxyHKax BHUKOPHUCTOBYIOTh a0CONIOTHY CTaHJAPTHY €HT-
pomito 80298.
CTaHIAPTHOIO eHTpomici0 peuoBHHH S’ygs HA3MBAIOTHL AGCOTIOTHY
BeJIMYMHY €HTPOIIl 0JHOT0 MOJIIO JIAHOI PEYOBUHH B CTAHJIAPTHUX YMO-
Bax (P°= 101325 IIa, T = 298 K).
[TincraBnsroun 3Ha4eHHS 0 3 BUpasy (2.64) y (2.8), ogepXuMo piBHIHHS
TdS >dU +PdV; TdS>dU + oW, (2.69)
AKe MOEAHY€E MATEMAaTUYHO MEPIIN 1 Ipyruid 3aKOHU TEPMOANHAMIKH 1 € PyH-
JaMEHTAJIbHUM PIBHSHHSAM TEPMOJMHAMIKU. 3 HbOTO BHUILIMBAE, IO CHTPOMIA S €
¢yHkuiero BHYTpiuHboi eHeprii U ta 00’emy V.
3 piBasiHHS  (2.69) 3HAKAEMO OW
oW < TdS -dU (2.70)
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Bupas (2.70) nokasye, 1mo po6oTta mpoiiecy Oyje MaKCUMaJIbHOO, SKIIO MPO-
niec € oboporauM. BigHomeHHs W/ W5 MOKE OYTH MipOIO0 HEOOOPOTHOCTI IPO-
1ecy.

Temnep 3 piBusHHS (2.69) Bupazumo dU

dU <TdS - PdV (2.71)

CuniBBigHomieHHs (2.71) AeMOHCTpPYE, 110 BHYTPIIIHS €HEPris 3aJeKUTh Bl €H-
TpoIIii Ta 00’ eMy.

3anuieMo piBHSHHS €HTAJIbITII Ta BI3bMEMO BiJl HbOTO MTOBHUM TU(EpeHIIiat:

H=U+PV (2.4)
dH =dU +PdV +VdP. (2.72)

3amicth AU mizcraBuMo Horo Bupas 3 (2.71) 1 ogepumo
dH <TdS + VdP (2.73)

Ile cmiBBiTHOIIIEHHS BKAa3y€e HA Te, 110 EHTABIIIS 3aJIEKUTh Bl €HTPOIIi Ta TH-
cky. Bupasu (2.70, 2.71 Ta 2.73) Ha3uBaroTh 00’ €THAHUMHU PIBHSIHHSIMU MEPIIOTO Ta

JPYroro 3aKOHIB TEPMOJAMHAMIKH.

2.13. 3anexkHicTh eHTpOIl Bia TeMIiepaTypu
SAximio B piBHAHHI (2.64) Ajisi 000POTHOTO MPOIIECY 3aMIHUTU 3HAYEHHS O( Ha
CpdT BignoBigHO a0 piBHsAHHS (2.20), TO 0AEPKUMO

_ CpdT
=

dS

(2.74)

[HTerpyBaHHs ILOTO BUpPA3y BiJl aOCONIOTHOTO HYJIA O TeMIepaTypu | mpu-

BOJIUTH JI0 BUPa3iB

T T T
de:jCPdT ; sT=so+jCPdT, (2.75)
0 0 T 0 T

ne Sp, St. — €HTPOIis PEUOBUHU MpU aOCOIOTHOMY HYJI 1 Temneparypi T Bij-
MOBIIHO.

Busznayatoun eHTporii pedoBUHM Mpu pi3HUX TemmepaTtypax, Hepuer (1906)
MPUHIIIOB O BUCHOBKY, 110 3MiHAa €HTPOIMIii 0araTh0X MpOIECIB MPH TEMIIepaTypax,

OJIM3BKUX J10 a0CONFOTHOTO HYJIS, 3HeBaXXJIMBO Mao. [liznime I[lnank (1912), JIbio-
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uc 1 Pennan (1923) BUCYHYJIM MOCTYJAT MPO Te, 110 MPpU aOCOIIOTHOMY HYJI TEMIIE-
paTyp €HTpOMis So YMCTOT KPUCTATIYHOT PeYOBUHHU 03 JAehEeKTIB Yy KPUCTATIYHHUX
rpatkax nopiBHioe Hymo. Lleit moctynar Ilnanka HaCTUTPKK BaXKJIMBHI, 110 OJEPKaB
HAa3BY TPETHOTO 3aKOHY TepMOauHaMiku. EHTpomito, 3HaliieHy BinHOCHO Sy = 0, Ha-
3UBaIOTh a0COJIIOTHOIO €HTpoMier0. BoHa, mpupoHO, 3aBK 11 MO3UTHUBHA.
P03paxoByIOTh MOJIbHY E€HTPOIII0 PEYOBHHU INPH HE3MIHHOMY arperaTHomy
CTaHi 1 JOBUIbHINA TeMIepaTypl 3 ypaxyBaHHAM 3aJI€KHOCTI TETNIOEMHOCTI BiJl TE€M-

neparypu 3a piBHSIHHAM

T
CpdT
ST =8298+ I ~P=_ (276)
298
fCpdT
a6o ST=_[ P—". (2.77)
3 T

2.14. 3miHa eHTpOii B JeSIKHX MpoLecax

3MiHa eHTporii K (QyHKIII CTaHy HE 3aJIEKUTh Bl TOTO, BIIOYBAETHCS MPOLEC
00OpOTHUM YM HEOOOPOTHUM HUIIXOM. Lle MmosIoKeHHs 1a€ MOXKIIMBICTh OOUHUCIUTU
3MiHY €HTpOMil IpH Oy/Ib-IKOMY peaibHOMY MPOILIEC.

3MmiHa enTpomnii npu ¢a3zoBux neperBopeHHsx. J[o ¢pazoBuUx mepeTBOPEHH Bi-
JTHOCSITh TIPOIIECH TUTABJICHHS, KpUCTaji3allii, BUMIApOBYBaHHS, KOHJEHCAIi 1 T.II.
Taxki mpouecu IpoTIKatOTh NpHU MOCTIHHOMY THCKY 1 OCTIMHIN Temneparypi. 3MiHy
entporii (AS) y mux mpoiiecax MOKHa OOUYHUCIUTH 32 PIBHAHHIM

_ AH(l).rl.

AS ,
T

(2.78)

ne AHgn 1 T — MonbHa Temnora 1 Temmeparypa (a3oBOro NEpETBOPEHHS.
OCKIJIbKY TEIUTOTH TUIaBJICHHS, BUIIAPOBYBaHHs, CyOJiMallli € BeIMUNHAMU MMO3UTH-
BHHMMHU, TO 3 HaBeJEeHO1 (GopMyJn J100pe BUAHO, III0 B HA3BAHUX MPOIECaxX €HTPOMIis
3pOCTae.

3MmiHa eHTpomii B XiMiuHux peakuisix. [Ipu nmpoTikaHHI XIMIYHOI peakIlii 3mi-
HY €HTPOMii pO3paxoBYIOTh 3 BUKOPHUCTAHHSM 3HAUYE€Hb CTAHJAPTHUX EHTPOMIN i

YYaCHUKIB:
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0o _ 0 0
AS 208 = ;S 208kiu — ZNiS 298m0u » (2.79)
0 0 oy :
1€ XNiS 208kin TA LS 298504 — CYMa CTAHAAPTHUX SHTPOIIN KIHIICBUX 1 MMOYAT-
KOBHUX PEUOBHH 3 YpaxyBaHHIM CTEX1OMETPUIHUX KOSDIIIEHTIB.

Taxk, nys peakiii aA +bB — c¢C + dD MoxHa 3anucatu

AS%508 = (€S 2081y + 0S 20810y ) — (2S°208(a) +DS 208) )- (2.80)

2.15. EnTponis ik KpUuTepil MOKJIMBOCTI, HANPAMKY i MesKi IPOTIKAHHA
NpoueciB B i30J1bOBAHINA CHCTEMI
[30;1bOBaHa cUCTEMA HE Ma€ TEIIOOOMIHY 3 HAaBKOJUITHIM cepenosuiiem, =0,
TOMY BHYTPIIITHS €Hepris i 00’eM € cranmumu. Toxi BiamosigHO 10 (2.67)
(dS)uv=0, (AS)yv=0 (2.81)
JUtst 1MrocTpaliii HbOTO MOJIOKEHHS PO3IIITHEMO 130JIb0BaHY CUCTEMY, 110 CKJIa-

nmaeThbes 3 1BoX T A Ta B, tak mo Ta>Tg.

Mautonok 2.5. CaM0oJI0BUIBHUI IIPOIIEC B 130J1b0OBaHIN cHcTEMI

Hexaii Big Tima A no tina B nepeiife Taka KiJIbKICTh TEIUIOTH (, IKa MIPAKTHYHO

He 3MIHUTH TemmepaTyp mux Tt Tomi AS, = —Ti; a ASg = Ti : (2.82)
A B

3MiHa EHTPOIIi CUCTEMHU B PE3yJbTaTl TAKOTO MPOLIECY JTOPIBHIOE

AS = ASA + ASB (283)

As= 4 _ 4 9@y -Tg) (2.84)

Ieit BucHOBOK criBmaaae 3 popmyioro (2.81).
3BiJICM BUILIUBAE, IO B 130JIbOBaHIN cUCTEMI 0€3 HAIXOKEHHS €HEPTii 330BHI

MPOTIKAIOTh TIIBKM TaKl CaMOOBIJIBHI MPOIIECH, Y SIKUX EHTPOIIisS 3pocTae, TOOTO
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Heo0opoTH1 npouecu. PiBHaAHHS (2.81) BCTAaHOBIIOIOTH HAMPSIMOK CaMOJOBIIBHOTO
MIPOIIECY B 130JIbOBAHINM CUCTEMI.

[{iTkoM OYEBUIHO, IO TMPOIIEC MPOTIKAE JOTH, TTIOKU B CUCTEMi HE HACTYNHTh
piBHOBAra, 110 XapaKTEePU3y€e€ThCs MAKCUMAIBHUM CTAJIUM 3HaueHHSAM eHtporii. Ta-
KUM YUHOM, HEOOX1/THOIO 1 JOCTAaTHHOIO YMOBOIO PIBHOBArd B 130JIbOBaHIN CHCTEMI €
MaKCHMyM €HTPOTIii, 0 3 MaTeMaTHYHOI TOYKH 30py MOXE OYTH BHPAKECHO SK PiB-
HICTh HYJIIO TIEPINOT MOX1HOT Ta HETATUBHE 3HAYCHHS JIPYToi MOXiHOT 110 Jacy:

dS = 0; d°S<0 — ue TepMoaMHAMiYHA YMOBa PiBHOBAard, TOOGTO MeXa MPOTi-

KaHHS CaMOJIOBIJILHOTO MPOLIECY B 130JbOBaHIN CHCTEMI.

2.16 EnTpomnis ik Mipa HeBIOPSAKOBAHOCTI B cucTeMi. CTaTHCTHYHMI
XapakTep APYroro 3aKOHy TepMOJIMHAMIKH

Ha npuknanax ¢ga3zoBux neperBopeHb OyiI0 MOKa3aHo, 110 3HAK BEIUYUHU AS
y piBHsHHI (2.78) BU3HAYAETHhCS 3HAKOM TEIUIOTH (ha30BOrO MEPETBOPEHHS. SIKIIO
AH> 0, To 1 AS> (. 30UTbLIEHHSI EHTPOIII B Mpolecax IJIaBJICHHs, BUIAPOBYBAHHS
Ta cyOuiMalii 3B’ s13aHe 3 HOCUJICHHSIM XaOTUYHOTO pyxXy MosieKys. OTxe, 3p0CTaHHS
EHTPOIIIi 3B’513aHO 31 301JIBILIEHHAM HEBIOPSAKOBAHOCTI B cucTteMi. YuM Oublie xa-
0C, TUM O1UJIbIIIE EHTPOMISI.

[IpumycTumo, 1m0 B OJHIM MOJOBHHI MOCYAUHH, 0 MA€ MEPErOPOAKY, 3HAXO-
IUTHCS Ta3. SIKIo neperopojky 3abpartu, To ra3 3aiiMe Bech 00’€M MOCYAUHU B pe-
3yJbTaTl XaOTUYHOTO PyXy Horo moiiekys. HoBuii ctan rasy B mOpiBHSHHI 3 TIEpBiC-
HUM MEHII yNOPSAAKOBAHHWM, TOMY €HTpomis rasy Oyzae Ouibiie. IMOBIpHICTH TOTO,
110 Yepe3 JEIKUNA Yac MOJIEKYJIM Ta3y CaMOJIOBUIBHO 30€pyThCsl B OJIHIM MOJOBUHI
MOCYJIMHU, TOPiBHIOE HYNI0. OTKe, CaMOI0BUTbHE PO3IIUPEHHS Ta3y OUIbII HMOBIp-
HO B MOPIBHSIHHI 3 CAMOJAOBUIBHUM CTUCKAHHAM ra3y. KijgbKiCHUI 3B’SI30K Mk €HT-
pomiero S 1 TepMoaMHAMIYHOI0O IMOBIpHICTIO W, mepeOyBaHHS CUCTEMHU B J1aHOMY
CTaHI BUPaXXalOTh 3a JOIIOMOTO0I0 PIBHSHHS boibiiMana

S=klinWw; (2.85)

ne K — xoncranra Bonpimana.
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3 piBHSHHS (2.85) BUILIUBAE, 110 UMM OUIBIIIE EHTPOIISI CUCTEMU, TUM O1JIbIIIe
IMOBIpHICTh nepeOyBaHHS i1 B JaHOMY cTaHi. [Ipupoana TeHAeHIis] caMOA0BUIbHOT
3MIHU CTaHy CHUCTEMH CIpPSIMOBAHA JI0 CTaHy 3 OUIbII BUCOKOIO €HTPOIII€0. 3011b-
IIEHHSI EHTPOMIl B CAMOJOBUIBHUX IpOLlecax BKa3ye HaWOUIbII MMOBIPHI MUIIXHU 1X-
HBOTO 3/1MCHEHHSA B 130JIbOBaHIN cucTeMi. ToMy Ipyruil 3aKOH TEPMOAMHAMIKA
MO’KHA PO3IJIAJIATH SIK 3aKOH 1IMOBIPHOCTI, 3aCTOCOBAHUN J0 CHCTEM, IO CKJIaja-
IOTBCS 3 BEJIMKOTO YHMCIIa YACTUHOK. Y IIbOMY MOJISITa€ CTATUCTUYHUI XapakTep apy-
roro 3akoHy TepMOAMHaMIKW. TiMbKHM MPH BEJIUKOMY YHCJI1I YaCTUHOK HaWOLIbII
WMOBIpHUIA HAIIPSIMOK TMPOLIECY CTa€ HEMUHYYHM, Y TOH Yac SIK y CUCTEMax 3 MaJloro
YKMCJIa YACTUHOK MO>KJIMBI 1 MEHIII KMOBIPHI MPOLIECH 32 PaXyHOK (PIIyKTYyalii.

3aCTOCOBHICTh JIPYrOro 3aKOHY TIIBKU IO CHCTEM 3 BEJIMKUM YHCIIOM YaCTOK
HE O3Hayae, 110 HOro MoKHa nomuproBaTi Ha BeecBiT. [[pyruil 3akoH TepMouHa-

MIKH MO’KHa 34CTOCOBYBATH JIHUIIC O 130JIbOBAaHUX CUCTEM OOMEKEHHUX 00’ €MIB.

2.17. TepMmoanHaMiyHi MOTEeHIIATH
EnTpomis € ¢pyHKIII€I0, 1110 BU3HAYAE MOKITUBICTD 3/IIHCHEHHS CaMOJIOBLIILHOTO
MPOIIECY B 130JIbOBAHIM CUCTEMI. BUIBIIICTh peaibHUX CUCTEM HE € 130JIbOBAaHUMHU,
TOMY JJI1 HUX HE MOXHA 3aCTOCOBYBATH EHTPOIMIMHHUNA KPUTEPIM CIPSIMOBAHOCTI
nporuecy. JJis 3aKpUTUX CHUCTEM aHAJIOTTYHUMHU (DYHKIISIMU € TEPMOJUHAMIYHI T10-
TeH1anu: eHepriga ['enbmronsia A (130XOpPHO-130T€PMIYHUI MOTEHLIAN) 1 €Hepris
['i66ca G (i1306apHO-130TepMiuHuil ToTeHIian). B ¢i3uuniit ximii enepris ['166ca
Mae OUTbII IIUPOKE 3aCTOCYBAaHHSA, HLK €Hepris I'enbpMrosblia, TOMy MO XIMIYHI
MPOLIECH TMPOTIKAIOTh YaCTINIE MPU MOCTIHHOMY THCKY, a HE MPU MOCTIMHOMY
00’eMi.
Enepris I'enbmronsua it enepris ['m60ca BupaxaroTbesi piBHIHHAMU
A=U-TS, (2.86)
G=H-TS. (2.87)
1106 3po3ymiTu (i3uuHMil 3MicT eHeprii ['enbmromibia, IHTErpyOTh MPU MOC-

TIHHUX 00’eMi 1 Temniepartypi piBHsSHHSA (2.70) 17151 060pOTHOTO TPOIIECY

Wy = TdS — dU (2.70)
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Tyt no3nadenus: 6Wy, 1mo3Hadae eleMEHTaApHY MaKCUMalbHY pPOOOTY 130X0p-
HoTO TIporiecy. [licis iHTerpyBaHHS 0JIEPKUMO

Wy =T(S;-S) - (U, —Uy) =TS, - TS; +U; — U, =

= (U =TS) - (U, —-TSy). (2.88)

ITo3snauumo U — TS sk A, Toxi

Wy=A1-A,=-AA (2.89)

SIx BugHO, eHepris ['embmronbiia A xXapaKTepu3ye Mpane3JaTHICTh CHCTEMH,
TOOTO BHM3HAya€ Ty YaCTHHY BHYTPIIIHBOI €HEPTii, M0 Y 130XOpPHO-130TEPMIYHOMY
mporieci (pu V = const 1 T = const) mepeTBOPIOETHCS B pOOOTY.

Enepris I'enpMrosnbia A € PyHKIIIE€IO CTaHy CUCTEMH, ii 3MIHA HE 3aJICKUTH BiJl
IyTi TIpoliecy, ii abCOMIOTHE 3HAYEHHS HEB1IOME 1 TOMY 3aBXKJU WIEThCA MPO 3MIHY

eHeprii ['enbmromibua

dA =dU -TdS audepenniiina popma, (2.90)

A =U-TS inrerpansaa popma. (2.86)
Bizpmemo noBHuii qudepenuian piBHIHHSA ( 2.86):

dA =dU - TdS - SdT. (2.91)
[TincraBumo 3uauenns dU 3 (2.71) i ogepkuMo

dA <-PdV - SdT. (2.92)

CmiBBinHomieHHs (2.92) Bka3zye Ha Te, 0 eHeprist [ enbMrobiia 3aexuTh Bl
00’emy Ta TemnepaTypu. B i30xopHo-130TepMiuHuX ymoBax (mpu V = const 1 T =
const) dV=0idT =0 i Toxai

dA <0. (2.93)

[le o3Hayae, M0 B 130XOPHO-130TEPMIYHUX YMOBAX MOXJIMBI JIMIIE TaKl caMo-

JOBUTHHI TIPOLIECH, K1 3MEHIITYIOTh eHeprito ['enpmromnbia (AA<0). Mexero niepe0i-

I'y TaKOT'O MPOILIECY € MiHIMaJIbHE 3HAYEHHS eHeprii [ 'enbMrosbIia, 1o 3 MaTeMaTHy-

HOT TOYKH 30py MOXe OyTH BUPAXXEHO K PIBHICTh HYJIIO TIEPIIOi MOX1THOI Ta Hera-
TUBHE 3HAYCHHSI IPYroi MOX1HOI MO Yacy:

dA=0; d°A>0. (2.94)

Jy1st 1300apHO-130TepMIYHIX YMOB aHAJIOT14HI MipKyBaHHS MPUBOJISATH 110 CITiB-

B1THOIIICHHS
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Wp=TS-H, a6oAG =AH -TAS, (2.95)

Jle Wp — makcumanbpHa KopucHa podota, AG — 3MiHa eHeprii ['166ca B pe3yib-
TaTi nporecy. Sk BugHo, eHepris [160ca G xapakTepusye npane3aTHICTh CHCTEMH,
TOOTO BU3HAYA€ Ty YaCTUHY €HTAJbIIIT, 10 y 1300apHO-130TepMidHOMY Tpoliect (Tipu
P = const i T = const) mepeTBOPIOETHCSA B pOOOTY.

Enepris I'i606ca G € pyHKII€IO CTaHy CUCTEMHU, 11 3MiHA HE 3aJICKHUTh BIJl MyTi
npotiecy, ii abcoMoTHEe 3HaYCHHS HEBIAOME 1 TOMY 3aBXKIHM HAEThCA MPO 3MiHY €He-
prii ['il66ca

dG =dH -TdS nmudepenmiitna gpopma , (2.96)
G =H-TS inrterpansaa popma. (2.87)
Bizememo noBHuii qudepenitian piBHsHHSA ( 2.87):
dG =dH - TdS - SdT (2.97)
[TincTaBumo 3nauenus dH 3 (2.73) 1 ogepxumo
dG <VdP - SdT (2.98)

CuisBigHomieHHs (2.98) Bkaszye Ha Te, 0 eHepris ['100ca 3aeKuTh Bl TUCKY
Ta Temreparypu. B i300apHo-i3oTepMiunnx ymoBax (mpu P = const i T = const) dP
=01dT=01Tomi

dG <0 (2.99)

[le o3Hauae, 110 B 1300apHO-130TEPMIYHIX YMOBaX MOXJIMBI JIUIIIE TaKi caMo-

JOBLIIbHI TIPOLIECH, SIKI 3MEHITYI0Th eHeprito ['166ca (AG < 0). Mexero nepebiry Ta-

KO0 TIpoIlecy € MiHIMaJlbHe 3Ha4eHHs eHeprii ['100ca, 1o 3 MareMaTHIHOI TOYKU

30py MOe OyTH BUPa)KEHO SIK PIBHICTh HYJIIO MEPIIOT MOXIJHOI Ta HeTaTUBHE 3Ha-
YEeHHS APYToi MOX1IHOI MO Yacy:

dG=0; d°G>0. (2.100)

Eneprito ['i006ca MoxkHa Bupa3uTu 4epe3 eHeprito ['eapmromnsua. g uporo y
BUpa3 (2.87) miIcTaBIsAIOTh 3HAYEHHS eHTaNbMIl 3 (2.4). OnepXKyroTh

G=U+PV-TS=A+PV. (2.101)

O6uaBa pO3TASHYTUX TEPMOJAMHAMIYHUX MOTEHIIANM € (QYHKIISIMUA CTaHy, 3a-

JeXKaTh BiJ] MPUPOJM PEYOBHH — YUACHUKIB peakilii, iXHbOT KUTLKOCTI 1 TeMIlepaTy-

pu. Kpim Toro, enepris ['166ca 3anexuth BiJ TUCKY, a eHepris ['enpmrosibia — Bij
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00’eMy cucteMu. AOCOJIFOTHI 3HaYEHHS TEPMOJMHAMIYHUX MTOTEHIIIAJIIB HEBIOMI, a
JUIA PO3PaxyHKIB BUKOPHCTOBYIOTh 3BUYANHO 3MIHM MOJBHHX MOTEHLialmiB (AA 1
AG, x/[>x/mMonb). B 1oBiIHMKaxX HaBeJACHI 3HAUCHHS ITUX TEPMOJAUHAMIUYHUX (DYHKITIH
PEYOBHH B CTAaHIAPTHUX YMOBAX.
CranaaprHo eHepriew I'io0ca (I'e1bMrosinia) yreopeHHsi pedo-
BHHM 3BeThCA 3MiHa eHeprii I'i00ca (I'e1bMroJsibia) B peakuii yTBOpeHHsI
1 M0JI10 CKJIATHOT PEYOBHHHU 3 MPOCTUX PEYOBHH B CTAHJIAPTHUX YMOBaX
(P°=101325 Ia, T = 298 K).
AG g | KJI>K/MOJIb,
AA0298 ,KJI>K/MOJIb.
JIJist MpOCTUX PEYOBUH B HANOUIBII CTAOUILHOMY CTaHI B CTAaHIAPTHUX YMOBaX
CTaHAapTHa eHeprii ['100ca 10piBHIOE HYIIIO.
Haiiuacrime B ¢i3uuHii XiMii po3paxoByIOTh CTaHAapTHY eHeprito ['166ca pea-
Ki1ii. 3Bakarouu Ha Te, o AG € QyHKIII€I0 CTaHy CUCTEMH, JIJIS peaKiii
aA+bB — cC+dD
MO>KHA 3aITucaTH
AG0298 =X niAGOZQS(KiHu) -X niAG0298(noq)1 (2-102)
AG® 95 = (€AG295c) + AAG 295(0) ) — (aAG 298(a) + PAG 2955 ). (2.103)

2.18. Xapakrepucruuni pynkuii. Temnoa reopema HepHcera.
Tperiii 3aK0H TePpMOAUHAMIKH

XapakTepucTUYHUMHU (PYHKIISIMH HA3WBAaIOTh Takl (DYHKIII CTaHy CUCTEMH, C
JIOTIOMOTOI0 SIKUX 200 C JOTOMOTOI0 MOXIAHUX BiJ SKUX MOKHA B SBHOMY BHTJISIII
BUPA3UTH TEPMOIMHAMIYHI BJIACTUBOCTI cucTeMH. J[0 yucia XapaKTepUCTUYHUX
GyHKITIH BITHOCATHCS BHYTpilHS eHepris U, entanbmis H, entpomis S, enepris [e-
aeMmrodbiia A ta enepris ['166ca G.

3anuiiemMo 00’elHaHe PIBHSAHHS MEPIIOro Ta APYroro 3aKOHIB TEPMOJIMHAMIKI
JUTs1 00OPOTHOTO TIPOIIECY, 1 MOOAYMMO 110 BHYTPIIIHS €HEPTis 3aJICKUTh Bijl EHTPO-

mnii Ta 00’ emy:
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dU =TdS - PdV.
To6to U = f(S,V).

Otxe nmoBHUI nudepeHIrial BHyTPIIIHBOI eHeprii Oyae MaTh BUTIISI:

&S )y \av)g

3 MOpIBHSAHHS IIUX JIBOX BUPa3iB 1I00pe BUIHO, 1110

B @
as )y v Jg

AHAJIOT1YHO, SIKIIIO BUXOAUTH 3 PiBHAHHSA (2.73), 0J1epKUMO:
dH =TdS + VdP,
to6T0 H = f(S,P).

OTtxe noBHUI nudepeHiian eHTanbiii Oye MaTH BUTIISL:

dH = (a—H) dS + (a—H) dp

oH oH
o (as)P > 8 [aP)S

Jlns eneprii I'enbMrosbpiia 000pOTHOTO MPOIIECY BiIOMO
dA =-PdV -SdT ,
To6TO A = f(V,T).

OTt:xe noBHUI nudepeniian eneprii ['eapmroapua Oy1e MaTH BUTIISIA:

dA=(a—A) dV+(a—A) dT
oV )y or )y

OA OA
i i — | =-P — | =-S
1 TOM1 (GV)T , a (GT)V :

Jlns eneprii '160ca 060poTHOTO MpoIecy
dG =VdP -SdT,
To6T0 G = f(P,T).
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Otxe oM audepentian eneprii ['166ca Oyae MaTu BUTIIS:

dGz(a—G) dP+(a—G) dT, (2.110)
OP ) oT )p
oG oG
: = =V = ==8
TOI1 (6P ]T , a [6T]P . (2.111)

[TincraBumo B piBHsHHS AA = AU —TAS 3nauenns entporrii 3 (2.109) 1 oxep-

KHUMO:

8(AU)
AA = AU + T( T )V, (2.112)

[TincraBumo B piBHsHHA AG = AH —TAS 3Hauenns entpomnii 3 (2.111) 1 one-

PKUMO:

AG=AH+T(6(6A]E})]P. (2.113)

PiBusinnsg (2.117 — 2.118) Ha3uBawTh piBHsIHHsAIMU ['100ca — ['enpMrobiia, Bo-
HU BKa3yloTh, SK 3ajexaTh eHepris 1'100ca ta enepriga ['enbmronbia mnporecy Bif
TEMIEpaTypH.

3 HaBeneHux cmiBBigHOMIEeHb (2.105 — 2.111) noOpe BuaHO, 110 3MiHA OYIb-
AKO1 3 TepMOAMHAMIYHMX (DYHKII MPU3BOAUTH A0 3MIHM BCIX OCTaHHIX (PYHKIIH,
IPUYOMY YaCTKOBI MOX1AHI ITUX (YHKIIIH BUPAKAOTH TaKl BJACTUBOCTI CUCTEMU, K
TeMIiepaTypa, 00’ em, TUCK, CHTPOIIiS.

[IpuanBuMOCH yBaxkHi1Ie 10 piBHAHB (2.90) Ta (2.96)

AA=AU-TAS ta AG=AH-TAS.

3 nux piBHAHB J0Ope BUIHO, 1110 ipu Temnepatypi T = 0,

AAy=AU; Ta AG(= AH,. (2.114)

ITpu T = 0 moxxna BBaxkatH, mo AHy = AUy, Tomi

AAy = AUy= AGy = AH,. (2.115)

Lle € Bupa3zom TemnoBoi Teopemu HepHcera:

NPU HAOJIHMKEHHI 10 TeMIepaTypu adCoII0THOrO Hy s 3HaYeHHs AH

Ta AG B3a€MHO HAOIMAKAKTHCH, IPUYOMY CHUIbHA JOTHYHA A0 KPUBHX
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3ase:kHocTi AH Ta AG Big Temmeparypu € napaJjejibHOIO 10 Bici Temme-

paryp.
MartemMaTu4aHo IIC ITOJIOKCHHA MOJKHA BUPA3UTH TaAKUM YHHOM
. O(AH) . O(AG)
li — | =l | =0
My_y or ), Myr_y o ), : (2.116)

I'padiuno TemoBa Teopema UIIOCTPYETHCS MATIOHKOM 2.6.

AG, AH

AG

AH

T

Mamonok 2.6. TemmneparypHa 3aiexHiCTh eHTalbIii Ta eHeprii ['1006ca peakuii B o0nacti

HU3BKUX TEMIIepaTyp

3 BHUIIIECKA3aHOI'0 OCTAIOTH TaKl HACIIIIKHU:
— NpH HAOJIMIKEHHI 10 TeMIlepaTypu a0COJI0THOIO HYJs BeJIHMYMHH
TEMJIOEMHOCTEN BCIiX TiJ1 HAOJIHMAKAOTHCS 10 HYJIS;
— HEMOKJIMBO JOCATITH TeMIlepaTypu a0COJI0THOIO HYJIA;
— npH A0COJIIOTHOMY HYJII0 TeMIIEPATYP €HTPOIis i1eaJbHOro Kpuc-
TajJla B YUCTOMY CTaHI JIOPiBHIOE HYJIIO.
Bci Bumienaseneni GpopmyintoBanHs € GOpMYTIOBAaHHSIMU TaK 3BAHOTO TPETHOTO
3aKOHY TEPMOIMHAMIKH.
3HaI0YM B3a€MO3B’SI30K MK BHYTPIITHBOIO €HEPTI€I0, CHTAJBITIEI0, CHEPTiEr0

I'enbmronbiia Ta eHepriero 1'160ca:

AH = AU + PAV (2.5)
AA = AU - TAS (2.90)
AG = AH - TAS (2.96)
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MoxHa rpadidyHO BiIOOpa3UTH CHIBBIJHOIIEHHS MK IUMU (PyHKIisIMU (Ma-

JIIOHOK 2.7).

P AH S

AU PAV
< >l< >

TAS I AA I PAV
< D€ D€ >
p TAS sle AG S
< 21 rg

Masmtonok 2.7 CriBBiJHOIIEHHS MK XapaKTEPUCTHIHUMHU (YHKITISIMHU

2.19. Ximiynunii morenuiaa. Kpurepii MOXKJIMBOCTI IPOTIKAHHSA
CaMO/JOBIJILHUX XiMiYHMX peakuii y BiIKPUTHX CHCTEMAX
3 momepeHbOro BiIOMI KPUTEPIi HAMPSAMKY Ta MEXI1 Mepediry caMmo10BUTbHUX
MPOIIECIB
— B 130JIbOBaHil cucteMi: Hampsmok: dS >0;
mexa: dS = 0; d?S<0; (2.81)
— B 3aMKHeHIl cuctemi: : Harpsmok: dG <0 a6o dA<0;
mexa: dG =0,d°G>0 dA =0, d°A >0 (2.99, 2.100)
[Ipu npoTikaHH1 XIMIYHUX peakulii y BIAKPUTUX CUCTEMaX CKJIaja 1 Maca KOX-
HOTO KOMITOHEHTa 3MIHIOIOTHCS, 110 BIUIMBA€ HA €HEPTETUYHHUNA CTaH KOXHOTO yya-
CHHKA 1 BCi€i cuctemu B 1iioMy. Tomy Tepmoaunamivni moteHmianm (A i G) amns Bi-
JKPUTUX CUCTEM 3aJI€KaTh HE TUIbKH B1J] 30BHIIIHIX MTapaMeTpiB, ajie 1 BiJ KIJIbKOCTI

KOXHOTO y4aCHUKa, TOOTO

A =1(T,V,ny;ny;N35...5m)), (2.117)
G =1(T,P,ny;ny;N35...5m), (2.118)
1e Ng; Ny; ...; Nj— 9UCIIO MOJTIB KOYKHOTO YYaCHUKA PEaKIIii.

Hexail npu neskux cTavx 3HAYEHHSX THUCKY, TEMIIEpaTypH Ta KUIBKOCTI (duc-
Jla MOJIiB) BCIX YYaCHHKIB PeaKilii, OKpiM i-TOT0 KOMIOHEHTY KIJIbKICTh i-TOTO KOM-

MOHEHTY 3MiHIOI0ThCs Ha dN;. Lle mpu3BoauTh 10 3MiHU eHeprii ['100ca Ha
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_[ oG
Hi = a : (2.119)

T,P,nl,nz,...ﬁni
Benuuuny |l ,AKa € YaCTHHHOIO MOXiJHOK TEPMOAMHAMIYHOTO MOTEHIATy

BCi€1 CUCTEMH TIPH 3MiHiI BMICTY I-T0 y4acCHHMKA Ha OJMH MOJb 1 IPH YMOBI CTaJIOCTi
BMICTY BCIX 1HIIMX YYaCHHKIB 1 30BHIIIHIX MapaMmeTpiB, Ha3UBaIOTh MapIliaIbHUM
MOJISIPHAM TIOTEHITIAJIOM JJAHOTO I-TO YYaCHUKA peaKilii 0o XiMIYHUM TOTEHITIaIOM.
XiMIYHUN TIOTEHIIAI MOXE OyTH BUpPaXEHUN depe3 Oyab-sAKy XapaKTepUCTHUHY

dynkmio — U, H, A, G:

4 aU\
wo=| & : (2.120)
\on; V,S,ny,0,...20;
(aH\
wo=| & : (2.121)
\5ni /8,P,ny,n,,...&n;
’ oA )
I i _ (2.122)
ani )T’V,nl,nz,...ﬁni

Ingexcu P, V, S, T, n; 03Ha4aroTh CTaICTh TUCKY, 00’ €My, TeMIIEpaTypH, €HT-
porii 1 4ncia MoJIiB BCIX YYaCHUKIB, KPIM OJTHOTO.

00 3po3ymiTH (i3MYHUI 3MICT XIMIYHOTO NOTEHLIATy M BapTO PO3IISAaTH
KO’KEH BHUJI CHEPrii AK 100yTOK ABOX BeNWYMH: 1) GpakTopa iIHTECHCMBHOCTI (IHTCHCH-
BHOT BJIACTHBOCTI) 1 2) (haKTOpH €MHOCTI (€KCTCHCHUBHOI BIacTUBOCTI). Tak, MexaHi-
YHa eHepris Bu3HavaeThes BenmunHO Fdl, ToOTO m00yTKOM cvitn Ha 301NTbIIICHHS
nsixy; «o0'emaa» enepris PAV — no0yTkoM THCKY Ha 3MiHY 00’e€My. AHAJIOTIYHO

[bOMY XiMiuHa eHepris MdN BH3HAYAETHCS JOOYTKOM XIMIYHOTO MOTEHI[iATy Ha

3MIHY KUIBKOCTI pe4OBUHH. TakuM UMHOM, [l € YUHHUKOM 1HTEHCUBHOCTI XIMIYHOI
eHeprii. Koau 181 cucTeMu 3 pi3HUMU MOTEHIIaJaMU BCTYMAIOTh Y B3a€EMOJIII0, BlJI-
OyBa€TbCsl BUPIBHIOBAHHS MOTEHITIATIB 32 paXyHOK 3MiHH (haKTopa EMHOCTI (KLITHKO-
CTl PEUYOBHH), TOOTO XIMIYHUI MOTEHITIAT CIYKUTh PYIIIHHOIO CUIIOIO TTPU TIEPEXO/Ii

MacH 3 OJHIET YaCTUHU CUCTEMH B 1HIIY, 110 IPUBOJUTH /10 BCTAHOBJICHHS PIBHOBA-
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ru. BignoBigHo no piBHsHB (2.92) Ta (2.98), noBH1 audepeHIiiaid TepMOIuHaMIY-

HUX TIOTEHIIIAJIIB JIJISl BIAKPUTHUX CUCTEM HaOYyBarOTh BUIY

dA < —PdV-SdT + ¥ pdn, (2.123)

1

dG < VAP - SdT + 3 pdn; (2.124)

JInis XIMIYHHX peakiliid, o mpoTikaioTh npu V = const i T = const uu P = const

i T = const. piBasans (2.123) 1 (2.124) cupornyoThes:

dA <3 dn;, (2.125)
1

dG <3 wdn. (2.126)
1

3MiHy 4HCiIa MOJIeH yJyacHHKA peakiii dnj, MOXHa BUPA3UTH Yepe3 HOro CTexi-
OMETPUYHUI KOE(DILIEHT 1 CTYIIHb MPOTIKAHHA peakii &, ToOTo

dni = nidgi (2127)
smizen  dA <Y wndg ; dG<Y pinjdt; (2.128)
1 1

Skio peakiiisi cCaMOIOBUIbHO BIIOYBA€THCS B MPSIMOMY HAIpsIMKY, TO, aHaJO-

riuno (2.93) i (2.99),
i
Z Minid(:i<0 (2129)
1
Ockinbku BenmmuuHa dE y JaHOMY BUIIQIKy HE MOKE OyTH MEHIIIEC HYJIS YU J10-
PIBHIOBATH HYJIIO, TO MOXJIMBICTH 1 M€Xa MPOTIKAHHS pPeakiliii BU3HAYAIOThCS CITiB-
B1THOIIIEHHSIM
i
Z uini<0. (2130)
1
[Tpu mpoTikaHH1 XIMIYHOI peaKIlii KOHIIEHTPAIlis OJHUX PEUYOBUH 3MEHIIYETh-

i
csl, KOHLICHTPALlisl 1HIINX — POCTE, TOMY 3arajibHy CyMy ». WiNj. BapTO NMPEJCTaBIIs-
1
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TH K PI3HMIIO BIAMOBIIHUX BEJIWYUH JJIS IPOJAYKTIB PEaKIlii 1 BUXIIHUX PEYOBHH,

TOOTO
AG = Z uing = Z (niui)miﬂu - Z (niui)noq. (2131)
1 1 1

Hampuknan, s peaxirii
2CH;0H = C,H, +2H,0,
110 MpOoTiKae B ra3oBii ¢azi npu P = const 1 T = const

AG = 2m20 + Me2na — 2UcH30H: (2.132)

Jlana peakitis e camo1oBiIbHO, K0 AG < 0.

2.20. XiMiyHMid IOTEeHIIAJ iZeaJbHOTrO i peajibHOIO rasy.
@OYruTUBHICTH | AKTUBHICTH

Bupas (2.131) nokasye, 1110 XiMIiYHHH MMOTEHIIIAT XapaKTepU3ye eHePreTHIHHMA
CTaH PEYOBHMHU B 0AraTOKOMIOHEHTHIM CHCTEMI Ha BIAMIHY BiJ TEPMOAMHAMIUHUX
noteHuianiB (A ta G), Mo XapakTepu3yrTh €HEPreTUUYHUN CTaH 1HAMBIAYyaIbHOT
peyoBrHU. BenmnurHa XiMIYHOTO TOTEHIIATY 3aJICKUTh Bl MIPUPOIU PEUOBUHU, TH-
CKY, TeMIIepaTypHu 1 KOHIeHTpalii. JIJisi IHIUBIyaIbHUX PEYOBUH MOHSTTS MOJBHO-
ro TEPMOAMHAMIYHOTO i XiMIYHOTO MOTEHIaNiB iAeHTHYHi, To0To Wi = Gj i dW; =
dG;. Bupa3 mas XiMiYHOTO HOTEHIIIATY 1ICalbHOIO ra3y B iHAMBIAyallbHOMY CTaHi
MOJKHA ojiepkaTH 3 piBHsHHS (2.98), mo npu T = const IepeTBOPIOETHCS B

dG < VdP. (2.133)
BimnosinHo 1o piBHsHHS MeneneeBa -Knanetipona, V = RT/P, tomy
[HTETpYyBaHHS IIPH MOCTIHHIN TeMIepaTypi IPUBOAUTH 10 BUPaA3y

Wi = RT In P;+ const (2.135)

Benuuuna const (ocTiifHa 1HTErpyBaHHS) 3aJICKUTH BiJl BUOOPY CTaHIAPTHOTO

CTaHy. 3araJbHONPUHHATO BBOKATH CTAHIAPTHUM CTAHOM TaKHH CTaH, IPH SKOMY
0 : 0
P"= 101325 Ila, Tomi const = W', a

wi=p% +RTInP; (2.136)
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ne P; — TUCK 1HIUBIyaJIbHOTO Ta3y; uoi — CTaHJIApPTHUM XIMIYHHUI TOTEHITIAJ.
Bupas 11g XiMiYHOTrO OTEHIIaTy PeaqbHOro ra3y B 1IHAMBIAyaIbHOMY CTaH1
Wi =p’+RTInf (2.137)
BKITIT0Ya€ QyruTuBHICTH f; 3aMicTh THCKY. DYTUTUBHICTH SBIISIE COOOIO TUCK pe-
aJIBLHOTO Trasy, 10 MPHU MiACTAHOBII B PIBHAHHSA I 17€aIbHOTO ra3y poOuUTh 11 PiB-
HSTHHSI TIPUJAATHAM JJIsI ONTUCY TTOBOKCHHSI peabHUX Ta3iB. OyrUTUBHICTh MA€ PO-
3MIpPHICTH THCKY 1 IIPH JaH1i TeMIiepaTypi NpomnopiiiitHa TUCKY:
f=yP (2.138)
KoedirmienT mpomnopiiiiiHocTi Y Ha3uBaOTh KoedimieHToM ¢yrutuBHocTi. [lpu
P — 0y — 1. CTOCOBHO /10 pO3UMHIB YaCTIIIE€ 3aCTOCOBYIOTh 3aMiCTh ()yTUTUBHOC-
T1 aKTUBHICTb a:, 1110 3B’513aHa 3 KOHIIEHTPAIlI€IO CI1BBIAHOIICHHSIM
a=yC, (2.139)
ne Y — Koe(iIieHT aKTUBHOCTI.
VY 1upoMy BUIMAJIKY BHpa3 JJIs XIMIYHOTO MOTEHINATY PEaJbHOTO PO3UYMHY Ma€

BHTJISIT
wi =’ +RT Ina, (2.140)
ne p’i — crangapTHUi XiMidHHi moTenmian 1t a = 1 moms/miTp. KoedimienT
aKTUBHOCTI JI03BOJISIE BPaXxOBYBAaTH BIIXWJICHHS BJIACTUBOCTEH PEANbHOTO PO3UMHY
BIJl BIACTUBOCTEH 1IbOT0 PO3YMHY B 11€AJIbHOMY CTaHi.

XIMIYHUM TTOTEHIIAT XapaKTEPU3y€E 31aTHICTh JAHOTO KOMIIOHEHTY 1 10 BUXO-
1y 3 JaHo1 (pa3u nuIsIXoM BUMApOBYBaHHs, NU(Py31i, BUIIJIEHHS OCay, XIMIUYHOI B3a-
emonii, Tomo. KomnoneHT nepexoauts 3 dasu I 1o dasu II, axiro

Ria > Riany, (2.1412)

TOOTO CaMOJIOBITLHUHN TPOIEC Y BIAKPUTIA CUCTEMI MPU3BOAUTH O 3PIBHIHHS

BEJIMYMHM XIMIYHOTO MOTEHI[IaTy B YCIX YaCTUHAX CUCTEMHU.

3. PIBHOBAT A
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PiBHOBaromw 3BeTbCsl TAKUil CTAH MAKPOCKOMIYHOI (PI3MYHOI CHC-

TeMH, B KMl BOHA NMPHUXOJUTH CAMOJ0OBIJILHO, SIKIIO NepedyBa€ B He-

3MIiHHMX 30BHIIIHIX YMOBaX a00 € i30J1b0BaHOI0.

O3Hakol0 pIBHOBAru € HE3MIHHICTh B Yacl BCIX MmapameTpiB cucteMu. PiBHO-
Bara € HalOUIbII CTA0ITLHUM CTAHOM CHCTEMH, JI0 SIKOTO CHCTEMa MPUXOIUTh CaMO-
NOBLIBHO. Lleli cTaH € quHaMiYHUM, TOOTO BiH € pe3yJIbTaTOM JIii MPOTUJICKHO Ha-
MpaBJICHUX MPOIECIB, HAPUKIIAI; BUTIAPOBYBAHHS — KOHJICHCAIIIS; TIPsIMa Ta 3BOPO-
THa peakIlii TOIIO.

Po3spiznstoTh piBHOBaru ¢a3osi Ta XimMivyHi. ®a30BOI0 pIBHOBATOIO 3BETHCA Pi-
BHOBara B reTepOreHHIN CHCTEMI, B SIKid HE BIJIOYBA€THCS XIMIUYHOI B3a€MOIII MIXK
KOMITOHEHTaMH, a MaloTh MicIle Jiuiie (pa3oBi MepEeTBOPEHHS, TOOTO MPOIECH Tepe-
X0J1y KOMIIOHEHTIB 3 OJIHi€1 (ha3u 0 1HIIIOI.

IMpuknan: H;0pin S HoOwapa

XiMIYHOIO PIBHOBAarolo 3BEThCS pIBHOBAra, sKa BCTAHOBIIOETHCS BHACIIIOK
PIBHOCTEH MIBUAKOCTEH TBOX MPOTHUIICKHO CIIPSIMOBAHUX PEAKIIil.

[puknamm:  Hypy + Ly S 2HI rOMOI'€HHA PIBHOBAra,

FeOup) + COwy S Feqyp) + COyy TeTeporeHHa piBHOBara.

3.1 ®da3oBi piBHOBarn
PedoBuHH, 110 BXOJATh y TEPMOANHAMIUHY CUCTEMY, MOXKYTh 3HAXOAUTHCS B
PI3HHX arperaTHUX CTaHaX: ra3ono/iiOHOMY , PIIKOMY 1 TBEPAOMY, TOOTO YTBOPHUTH
OJIHy uu KuibKa (pa3. CucteMy, 10 CKIAJAETHCA 3 ACKIIbKOX (pa3, HA3UBAIOThH reTe-
POTEHHOI0, a PIBHOBAr'Y, III0 BCTAHOBJIIOETHCS B TaKiil CUCTEMI, — Fr€TE€POre€HHOI0 Y1
¢dazoBoro.
3.1.1 OCHOBHI NOHATTHA
@Pa3010 3BeTHCHA CYKYIHICTh TOTOXKHHMX 32 XIMIYHHUM CKJIagoMm, ¢i-
3UYHMMM Ta TePMOAMHAMIYHMMM BJIACTUBOCTSMH YACTHH CHCTEMH, Bi-
JOKPEMJICHHUX BiJl iHIIMX YACTHH CHCTEMH MOBepXHer po3noairy. Koxna
¢aza romoreHHa, ajie He Oe3nepepBHa, TOOTO MOXKe CKJIAAATUCH 3 OKpe-

MHX KPHCTAJIB.
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Cucrema MOXe CKIAAATHCS 3 OJTHOTO UM KIJIbKOX KOMIIOHEHTIB.
KoMnoHeHTOM Ha3MBalOTh CKJIAJ0BY YACTHHY CHCTEMHU, IO SIBJISIE
c00010 iHIUBIAyaJIbHY XiMiYHY pEe4OBHMHY, KA MOKe OyTH BHIJIeHA 3 CH-

CTeMH i ICHyBaTH caMOCTIiiiHO.

[Tpukiazn: B 000pOTHIN peakinii

FeOup) + COuy S Feuq) + COyq
€ 4 xomnonentu: FeO, CO, CO, ta Fe. Bce 1e iHauBiayanbHi peUOBUHH, SIKI MO-
KYTb iICHyBaTH caMocTiiiHo. B posuuni NaCl okpim Boau icHytoTs ionu Na* ta CI,
ayne B Iiil cuctemi He 3, a juire 2 KOMIOHEHTH: 10HA HE MOXXYTh ICHYBaTH CaMOC-
TIMHO.

Yucnom He3anexxHUX KoMrnoHeHTiB K Ha3KuBaoTh HaliMEHILE YUCIIO 1HAUBITY-
ANbHUX XIMIYHHUX PEYOBHMH, HEOOXIJHE IJsl YTBOPEHHS yCiX (a3 TepMOIUHAMIYHOL
cucteMu Yucao He3aneKHUX KOMIIOHEHTIB TOPIBHIOE 3arajJbHOMY YUCIIY KOMIIOHE-
HTiB cucteMu (K;) MiHyC 4MCIIO XIMIYHUX B3aEMO/IIA Y CUCTEMI.

K=K,—-x (3.1)

Tax, st cucremun FeOgy) + COy 5 Feyyp) + COy¢y Maemo 3 HezanexHi
KOMITOHEHTH:

K=K,-x =4-1=3.

Hanani mig BupazoM “‘duciio KOMIIOHEHTIB” OyJIeMO MaTy Ha yBa3i YMCJIO He-
3QJIEKHUX KOMITOHEHTIB.

CraH cucTeMu XapakTepHU3yIOTh YHCIOM CTYTEHIB CBOOO U (BapiaHTHICTIO).

Yuci10 cTyneHiB ¢cB00OAH — e YMCJI0 TEPMOAUHAMIYHUX ITapaMeT-
PiB, SIKi MOKHA J0BiJIbHO 3MiHIOBATH (He3a/1e:KHO OJMH BiJ iHIIOro) 0e3
3MiHM yucia pa3 y cucremi.

Jlo Takux mapaMeTpiB BIJTHOCSATHCS 30BHIILIHI (pakTOpH (Temmeparypa, TUCK
Ta 1HII) 1 BHYTPIilIHI ( KOHIICHTpAaIlisi KOMIOHEHTIB). Hanpuknan, mpu ctaioMy THC-
Ky HACUYCHHI PO3YHMH COJII MA€ OJUH CTYIiHb cBOOO M. KOXKHiil JOBUIBHO 0OpaHiit

TEeMIIepaTypl BiJINOBIA€ CTPOrO BU3HAYEHA KOHIIEHTPALlisl HICHYEHOTO PO3UYHHY.
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3.1.2 IIpasuio ¢a3 I'io6ca

[Tpu 3mini 30BHIMHIX napameTpiB (P, T) piBHOBara B cucTemi MOPYyIIyETHCS;
IpU 1IbOMY 3MIHIOIOTHCS KOHIIEHTpaIlli KOMIIOHEHTIB YH 3HHUKAIOTh cTapi 1
3’IBIISIIOTHCA HOBI (pa3u. 3MiHU B cHCTEMI BiIOYBaIOThCS 10 BCTAHOBIIEHHS HOBOI pi-
BHOBaru. Po3paxyHOK 4yucia CTyNeHiB CBOOOIM B CHCTEMI B 3aJIeXKHOCTI BiJ YucCia
KOMITOHEHTIB 1 B1JI 3MiHU 30BHIIIHIX MMapaMeTpiB poOJIATh 3a JOTIOMOTO IpaBUiia
¢a3 I'i66ca (1876).

Posrisitnemo cucremy, mo ckiagaerbes 3 K kommnonenTis, @ ¢asz, npuuomy
KOXHHI 3 KOMIIOHEHTIB MPHUCYTHIH B ycix (a3ax. Crucrema 3HaXOUTHCS B PiIBHOBA31
1 Ha 1i CTaH BIUIMBAIOTH J[BA 30BHINIHIX NTapaMeTpu — TUCK Ta TeMIepaTrypa. 3Haiie-
MO YHCJIO CTYIIEHIB CBOOOIM JJAHOT CUCTEMU SIK PI3HUIIO MK 3arajbHOI0 KIJIBKICTIO
napametpiB Il Ta yncioM piBHOBAr X:

C=II-x (3.2)

[TigpaxyemMo KUTbKICTh BHYTPIIIHIX MapameTpiB. s KoxkHOi (a3u Tpeda BKa-
3atu KoHieHTpalii (K — 1) koMrnonenTiB, Bcroro st cuctemMu — (K — 1) koHIeHT-
paiit. Jlonamo mie 2 3oBHimHIX mapamerpa (P ta T), Toxi:

nN=K-1)P +2. (3.3)
[Timpaxyemo KiTbKICTh piBHOBAT. /{7151 KOKHOTO KOMIOHEHTY icHye (D — 1) pi-
BHOBar, oTxe i1 K KOMIOHEHTIB 3arajibHa KUIbKICTh PIBHOBAT CKJIAJaTHME
x=(®-1)K. (3.4)
Toni C=M-x=K-1D)P+2—-(®P-1DK=K-® +2,
abo C+®=K+2. (3.5)

B 3aransHOMY BUNIQAKY MOKe OyTH N 30BHIIIHIX ()aKTOPIB 1 PIBHAHHS MPUK-

Ma€ BUTJIS]T
C+®=K+n. 3.6)

[e cniBBIAHOILIEHHS € aHATITUYHUM BUpa3oM npasuiia ['160ca:

Cyma 4ucia cryneHiB cBo0oau i uncia ¢a3 piBHOBaKHOI cCHCTEMH

JOPIBHIOE CyMi 4MCJIa KOMIIOHEHTIB i YHCJIa 30BHIIIHIX dakTopiB (mapa-

MeTpiB).
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3 1poro mpaBmia q00pe BUIHO, IO CUCTEMa Ma€ MaKCUMaJIbHE YHCIIO CTyIIe-
HIB CBOOO/IHM, SKIIIO BOHA roMoreHHa (@ = 1):
Cix=K-®+2=K +1. (3.7)
MinimanbHe yncio crymneHiB ceodoan C = 0, B IbOMy BUIIAAKY 4uCI0 (a3 €
MaKCUMaJTbHUM
D,.,=K-C+2=K+2, (3.8)
ToOTo cucTteMa He Ma€ CTyIEHIB CBOOOIH, SKINO YUCio (a3 Ha 2 OiIbIIe, HIXK
YHCII0O KOMITOHECHTIB.
JIy1st KOHZIGHCOBAHUX CHUCTEM (JI0 CKJIaay SIKUX HE BXOIATH Ta30Moi0HI pedo-
BHHH) TUCK MPAKTHYHO HE BIUTMBAE HA CTaH cuctemMu, N =11
C+d=K+I. (3.9)
[Ile pa3 3ayBaxkumo, 110 mpaBuiio (a3 ['i00ca npuaaTHe auUlIe 7151 PIBHOBAX-

HHUX CUCTCM..

3.1.3 Knacudikauis cucrem
Cucremn MOXHa KJIacU(DIKyBaTH MO KIIBKOM O3HAKaM:
1) Mo ynciay KOMIOHEHTIB CUCTEMU MOIISIOTHCS HAO
® OJHOKOMIIOHCHTHI,
e JIBOXKOMIIOHEHTHI,
® TPHLOXKOMIIOHEHTHI,
e (araTOKOMIIOHCHTHI;
2) no unciy ga3 cucTeMu NOAUISIIOTHCS Ha:
e oaHO(a3HI,
e 1BOX(a3Hi,
e TpbhoX(a3Hi,
® YOTUPHOX(a3Hi.
3) 1o uncay CTyneHiB CBOOOIM CUCTEMHU MOAUISIIOTHCS Ha:
e inBapianTHi (C = 0),
e wMonoBapianTHi (C = 1),

e nBoBapianTHi (C = 2),
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e moJi BapiadTHi (C > 2).
[IpaBuno a3 ['i606ca MHUPOKO 3aCTOCOBYETHCS NSl aHAMI3y (a30BOrO CTaHy

CHCTCMMU.

3.1.4 3acrocyBanns npaBuia ¢a3 ['i00ca 10 0AHOKOMIIOHEHTHUX CHCTEM.

3arajJbHUH NPUHIIAI TOOYI0BH Alarpam

J1Ji1 OMTHOKOMIIOHEHTHUX CUCTEM mpaBuiio ¢a3 (3.6) npuitmae BUTIIST

C=K-®o+2=1-®+2=3-D. (3.10)

k1o MiHiMallbHE Yuciio cTyneHiB cBo0oau (Cnin) AOPIBHIOE HYIIO (CUCTEMA

1HBapiaHTHA), TO, 3TiAHO 3 (3.6), yucino a3z ® = 3. YV piBHOBaXHI 0OJJHOKOMITOHEH-

THIA CHUCTEM1 MOXKYTh CITIBICHYBaTH MakKCUMaJIbHO TpH (a3 (T, p, T). MakcumainbHe

qucio cTyneHiB cBo00u (Cmax) CUCTEMA Ma€ MPU MiHIMAILHOMY Yuciy ¢a3, 1o He

Moxke OyTu mentne oguHuIll. OTke, Cha=1— 1 +2 =2, [lumu cTyneHsIMu cBoOOIn
€ THUCK 1 TEMIIEpaTypa.

['pacdiune 300pakenHs 3anexxHocti Tucky P Big temmnepatypu T (uu P Bix
cknany 1 T Big ckiaay) HA3MBAIOTH JlIarpamMoro0 CTaHy. AHalli3 JiarpaM CTaHy JJ03BO-
JIsi€ BU3HAYUTH YUCIO (a3, MEX1 IXHhOTO 1CHYBAaHHSI, XapaKTep B3a€MOJIii KOMIIOHE-
HTIB, HASIBHICTh 3HOBY YTBOPEHHMX XIMIYHUX CIOJIYK 1 iXHii cknaf. Jliarpamu 103B0O-
JSIOTH MPOBOIUTH aHal13 0e3 BUAUICHHS 1HAUBIAYaTbHUX KOMIOHEHTIB.

Takuii Meto (i3MKO-XIMIYHOTO aHaji3y 0araTOKOMIIOHEHTHUX CHCTeM OyB
sanpononoBanuii H. C. KypnakoBum (1912—1914). B ocHoBI aHaii3y aiarpam cra-
Hy, gk nokazaB H. C. KypHakoB, nexath /1Ba 3arajibHUX MOJIOKEHHS: IPUHIMN 0e3-
MEePEPBHOCTI 1 MPUHLUIN BIAMOBIIHOCTI. BiAMOBIAHO 10 MpUHIUITY O€3MEePEPBHOCTI,
npu Oe3yNmuHHINM 3MiHI TTapaMeTPiB BIACTUBOCTI OKpeMHUX (a3 3MIHIOIOTHCS TaKOXK
0e3ynuHHO. BiacTuBOCTI cucTeMu B LIJIOMY 3MIHIOIOTHCSI O€3YMTUHHO JOTH, TOKU HE
3MIHUTBCS YMCJIO YU OpuUpona ¢asz, Mmiclig YOro BIACTUBOCTI CUCTEMH 3MIHIOIOTHCS
cTpuOKOMoAiI0HO. BiAMOBIAHO O MPUHIIUITY BiJMOBIIHOCTI, Ha Jiarpami CTaHy KO-
KHIM (pa3i BIJTOBIIa€ YacTUHA TUIOIIMHMU, 1110 HAa3UBarOTh mnojeM (azu. [Tone dazu
300pakye 00sacTh icHyBaHHs ¢da3u y BU3HAYCHOMY cTaHi (T, p, T). JliHIl nmepeTu-

HAHHS TUTONIWH XapaKTepU3YyIOTh PIBHOBAXHUN CTaH T S p; p S ;7 5 1. Touka Ha
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niarpami ctady ((¢iryparuBHa TO4YKa) MOKa3ye 3HAYCHHS MapaMeTpiB, MO0 XapaKTe-

PU3YIOTh JaHUW CTaH CUCTEMHU.
3.1.5 [diarpama crany Boau
-

P,

TB

613,311af ————

273,16K T,

Mamonok 3.1. Jliarpama ctany Boau

Ha man. 4.1 npuBeneHna giarpama cTaHy BOAM, Ha SIKIM MarOTbCS TPU MOJIS:
avony (T), piauau (p) 1 mapu (). Y Mexax KO>KHOTO TOJIsSi MOKHA JIOBUTBHO 3MiHIO-
BaTU TEMIIEpaTypy 1 TUCK 0e3 3MiHM uncia ¢a3, Tomy mo npu @ = 1 yncio cTyneHiB
ceobomu C =1 -1+ 2 =2. Kpusi, OA, OB 1 OC xapakrepusytoTth Ti 3HaueHHs P 1
T, npu gxux y cucremi MarOThCcs B piBHOBa31 JB1 ¢a3u. KokHa 3 KpUBUX MOKa3zye
3QJICKHICTh TeMIlepaTypu (pa3oBOro mepexoay BijJ 30BHIMIHBOrO TUCKY. JliHis OA
MOKa3ye 3aJICKHICTh TEMIIEPATYPH 3aMep3aHHs BOJU BiJ 30BHIIIHHOTO TUCKY. JIiHis
OB noka3ye 3aneXHICTh TeEMIIEpaTypy KUITIHHSA BOAM Bl 30BHIIIHBOTO TUCKY. JIiHis
OC mnoxka3zye 3aJIeXxKHICTh TeMIIepaTypH cyOJiMallli b0y BiJl 30BHIIIHBOTO TUCKY.

Cucrema, 3aaHa TOYKOIO Ha Oy/b-sKOi KpHMBOi, MOHOBapiaHTHA, TOOTO Mae
oauH ctyminb cBoooau (C =3 — 2 = 1). OTxe, 10BUILHO MOKHA 3MIHIOBaTH YH THUCK,
gu Temrepatypy. dpyruit mapamerp 3MIHIOETBHCS B 3aJIeKHOCTI Bija mepioro. Ha-

NpuKIIaj, Ipu oOpaHiit Temneparypi T, (man. 3.1) piBHOBara x S 1 MO)ke iCHyBaTH
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TiIBKY Tpu TUCKY P (Touka b). Skiro npu T, 10BIIBHO 3MIHMTH THUCK, TO CUCTEMA 3
nBoxda3Hoi nepeiiie B ogqHodasHy.

Touka O Ha Jiarpami BiINOBIJIa€ CUCTEMI, B AKii ICHYIOTh TpHU (aszu (T, p, ).
VY npomy Bumnagky C = 1 — 3 + 2 = 0 (cuctema iHBapiaHTHa). Y TaKOMY CTaHI CHUCTE-
Ma Moke 3HaxomuTucs npu T = 273,16 K i tucky P = 613,3 Ila. Touky O Ha3uBa-
I0Th MOTPIAHOIO TOYKOIO BOAU. HaBiTh HECKIHYEHHO Majia 3MiHa OJIHOTO 3 MapaMeT-

piB IOPYIITy€e piBHOBAry 1 MPUBOAUTH A0 3HUKHEHHS OJIHI€T UM 1BOX (ha3.

3.1.6 PiBusannsa Kinaneiipona — Knay3iyca

Benukuil npakTUYHUN 1HTEpEC NMPEICTAaBIAIOTh OJHOKOMIIOHEHTHI ABOX(a3Hi
cucreMu. Taki cucTeMH YTBOPIOIOTHCS NpU IUIaBIEHHI (TSp), BUIApOBYBaHHI
(pSm), cyomimarii (T5m), To06TO pH Pa3oBUX Mepexoax (MepeTBOPECHHSX).

®da30B1 HEpexoau XapaKTEPU3YIOThCS 3aJEKHICTIO TeMIieparypu (pa3zoBoro
NEPETBOPEHHS B1Jl 30BHIIIHBOTO TUCKY (UM TUCKY HACMUEHOI NIApU BiJ TeMIIEpaTypu
cucteMu). PiBHSIHHS, 1110 XapaKTepHU3ye Takl 3aJ€KHOCTI, 3anpornoHoBano Knaneii-
poroM (1834) 1 miznime moaudikoano P. Kimaysiycom (1836).

PosriissHeMo piBHOBary B CMCTeMi Bojia S mapa, TOOTO MpoIleC Mepexoay Bo-
au B mapy 1 Hazan: H,Oq) S HyO. Ilapa, ska 3HaX0IUThCS B PiBHOBA31 3 KOHJECH-
coBaHol (a3or0 (TBepAor abo PIAKOI) 3BETHCS HACHYCHOIO Mapor. 3TIHO 3
(2.98), 3mina eneprii ['100ca s Boau B KOXKHIU (pa3i 31 3MIHOKO TeMIEpaTypH 1 THC-

Ky BUPAXXAETHCS PIBHIHHAMHU

p = p p
dGY, , =—S§, odT+ V] ,dP,

(3.11)
n __Qn n
dGHZO = SHZOdT+VH20dP ,
(3.12)
ne VII_)IZO i VII'IIZO — MOJIBHI 06’ €MH pinKoi Ta mapoBoi dasu; SI})IZO i Sh,0 —
MOJIbHI €HTPOMI1 y BIAMOBIAHUX (azax.

[pu piBHOBA3I dG%ZO =dG} - (3.13)
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Orxe, -SP +Vf120dP=—Sn +Vh dP, (3.14)

H,0 H,0 " YH,0
abo ( I11120 _S%ZO)dT=(VIIi20 _Vﬁzo)dp’
(3.15)
. dP Sho ~Sho AS¢m
3BIAKH =2 2 = (3.16)

dT y» _vyP  AVpm
Vi,0 ~ Vh,0 q’
3MmiHa eHTpomii B X0l (pa3oBOro nepexojy OJHOIO MOJIO PEYOBUHU IO3HA-

4aloTh AS¢.,. 1 BUPaXKalOTh Yepe3 MOJIBHY €HTalbmio (aszoBoro nepexony AHg, 1

Temueparypy ¢asosoro neperBopenns T (2.78)

AH
b
AS(]).H. =—1= :

ITpn mincranoBui ASy, . B (3.16) onepxyrots piBHsaHHA Knaneipona — Kiaysi-

yca
dP AHg,.
dT  TAV,, ' (3.17)
dT T AVg..
abo dP= AH,, - (3.18)

[le piBHSHHS TpuaaTHE 10 YCiX (a30BUX MEPEXOIiB OJHOKOMIIOHEHTHHUX
IBOX(a3HUX CUCTEM, II0 3HAXOnAThcs B cTaHi piBHOBard. [loxigna dP/dT (3anex-
HICTh THCKY HAaCHYEHOI MMapu Bij TEMIIepaTypH) JIJIsl MPOIECIiB BUMIAPOBYBAHHS 1 CY-
OJsimMarlii mokasye, sik 3MIHIOETHCSI THCK HACHMYEHOI MMapy MpU 3MiHI TeMIIepaTypy Ha
omunuito. Benmnunna dT/dP (3anexHicTh TemmepaTypu ($a3oBOro MepeTBOPEHHS
BiJI TUCKY) JJI MPOIECIB TUIABJIEHHS, KpUCTami3alii 1 momMopPHUX NepeTBOPEHb
MOKa3ye, SIK 3MIHIOEThCA TemIeparypa (pazoBoro nepeTBOPEHHs IPHU 3MiHI TUCKY Ha
OJIMHHULIIO.

[To piBHsiHHAX (3.17) Ta (3.18) HalluacTimie TPUXOAUTHCA 3HAXOAUTH TeMIle-
paTypy pa3oBuUX NEpeTBOPEHb MPHU PI3HUX THUCKAX, TOMY IIO 1I€ Ma€ BaXXJIMBE MpaK-

THUYHEC 3HAUYCHHI.
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3.1.7 3acrocyBanns piBHsiHHs Kinaneiipona — Kiay3siyca niist mpouecy
IJIABJICHHSA
V piBasaHI (3.18) 11 npoliecy MmiIaBaCHHS
ar _ 1V, - V)
dp AHg .

AHgn 1 T > 0. Otxe, 3Hax dP/dT npum npouecax NiaBiIeHHS BU3HAYAE€THCS
3HaKOM AV . =V, — V. [l 6insmocti pedoBud Vy > V,, 10010 AV, > 01
dT/dP > 0. Lle o3navae, o TemMmeparypa miIaBIeHHS 30UTBIIYETHCS 3 ITiIBUIIICHHSIM
THUCKY, aJle B He3HAYHIM Mipi (MOJIBHUN 00’eM piaKoi 1 TBepoi (a3u mano Biapi3-
HAIOTBCA). AJIE ICHYIOTh PIIKICHI BUHATKHU (BOJA, YaByH, BICMYT), A AKHX V<V,
TOMY TEeMIepaTypa TUIaBJIICHHS JJI1 HUX 3MEHIIYETHCS 3 POCTOM THUCKY. SIK BHUJIHO,
3Hak 1 BennuuHa ToXiAHOI dT/dP BH3HaualOTh HAXWI 1 KPYTICTh 3aJICKHOCTEH

P=f(T) na mamonky Tumy (3.1).

3.1.8 3acrocyBanus piBHsaHHa Kinaneiipona — Kiay3siyca ais mpouecy
BHIIAPOBYBAHHS

Bupasumo 3 piBasuus Knanetipona — Knaysiyca Teroty BUnapoByBaHHS:

AH g, = T(Vn - P)g_; (3.19)

st po3paxynkiB noxigHoi dP/dT no piBusiHHIO (3.18) HE0OX1HO 3HATH MO-
JbH1 00’ eMU peyoBUH. Y 3B’3Ky 3 UM Kinaysiyc Buo3MinuB piBHsAHHA (3.19) nns
MPOILIECIB BUMIAPOBYBaHHS, KOHAEHcallll 1 cyonimanii. Bin npumycTtus, mo:

a) mapa MiJKOPSIETHCS 3aKOHY 17€aJIbHUX Ta3iB;

0) MOJIBHUMH 00’€MaMu piJIMH 1 TBEPAUX PEUOBUH MOKHA 3HEXTYBATHU, TOMY
1110 BOHM Jy>K€ MaJjll B IOPIBHAHHI 3 MOJIBHUM 00’ eMoM napu. Toxi V, = V.

B) AHy ;. HE 3a/1€XKUTH B1J TEMIEpaTypHu.

Bupasusium 00’em napu 3a 10momMororo piBHsHHS MenpaeneeBa — Knanelipona
V,, = RT/P i niacraBuBmu 3Hauenus V, y (3.19), Knaysiyc ojnepxaB piBHSIHHS

E _ PAH;y

i (3.20)
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AH gy ﬂ

. . . dP
360 mcj po3annoalry SMIHHUX & ——=
R T2

(3.21)

Ile piBHsSHHS BigoMme 3a Ha3Boro piBHSHHS Kmameipona — Knaysuyca. Bono
IPHOJIU3HO ONMHKCYE Mpolieck (a30BHX MEPETBOPEHD, Y SAKUX OJHOIO 3 PIBHOBAKHUX
¢a3 € mapa. Benmnunna AH € BiAMOBIZHO MOJIBHOIO TEIJIOTOI BUIIAPOBYBAHHS, UM
cybmimarrii, yu kKoHaeHcarii. 3a piBHsAHHIM (3.21) HaitgacTime 3HaxoasaTh AH uu
sanexHicth P = f(T). Jlnsg boro eKcriepruMeHTaaIbHO 3HAXOAATh THCK HACHYCHOI ITa-
pH TIpH JBOX Ppi3HUX TeMreparypax. [HTerpytoun piBHsHHS (3.21) B Mexkax Big Ty 10

T,, 0IEPKYIOTh

dP _AHg,, ¢ dT
I 5="%"] 6.22)
Py 1
P, AH_,(1 1) AH_,(T,-T
In—2=""man) - Do (I — 1) (3.23)
P, R (T, T, RT, T,
3B1IKH
RTszlnP—z
AH,, = 1
pu T (3.24)

3.1.9 JIBOKOMIIOHEHTHi CHCTEeMH
Ski1o cucteMa CKIagaeThes 3 IBOX KOMIIOHEHTIB, a HA CTaH PIBHOBAru BILIH-
BalOTh TaKi 30BHIIIHI ()aKTOPH, K TEMIIepaTypa 1 TUCK, TO npaBujio (a3 ['i60ca Bu-
paxaroTh PIBHSIHHSIM
C=2-®+2=4-0. (3.25)
[Tpu C = 0 uucno paz @ = 4. OTKe, y TBOXKOMIOHEHTHIN CUCTEMI YUCIIO
¢a3, 110 0THOYACHO 3HAXOATHCS B PIBHOBA31 HE MOXKe OyTH OijIbIlie YOTUPHOX. Ma-
KCUMaJIbHE YKCJIO CTYNEHIB CBOOOJM B TOMOTeHHIN cucTeMi (pu @ = 1) nopiBHIOE
TPHOM.
JIst METaNneBUX CHCTEM THCK NIPAKTUYHO HE MA€ iCTOTHOTO BILTUBY Ha (a30By
pIBHOBAary, TOMy JJIisI TAKUX CUCTEM KUTHKICTh 30BHIMIHIX TTapaMeTpiB N = 1 1 mpaBu-

70 (a3 I'i60ca 3anmumieTbcs B TAKOMY BUTJISIAL:
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C=2-®+1=3-. (3.26)

Takum 9UHOM JIJ1s1 TBOKOMIIOHEHTHHUX METAJIEBHX CUCTEM MAaKCUMAJIbHE YK C-
70 (a3 AOpIBHIOE TPHOM, a MAaKCUMaJIbHE YUCJIO CTYIEHIB CBOOOJIM B TOMOT'CHHIN
cucteMi (mpu @ = 1) TOpPiBHIOE ABOM.

Jliarpamu cTaHy JTBOKOMITOHEHTHUX CHCTEM 3 TBEpIuUMH (a3zamMu OJCPKYIOTh
€KCIIEpUMEHTAJILHO METOJOM TEPMIYHOTO aHajli3y, TOMY iX Ha3WBAIOTh JiarpaMamMu
MJIaBKOCTI. PO3ristHEMO NiesKi 3 TaKuX Jiarpam.

3.1.10 Cucremu 3 HeOOMEKEHOK PO3YNHHICTIO KOMIIOHEHTIB y PiAKOMY
i B3a€EMHOI0 HEPO3YHHHICTIO Y TBEPAOMY CTaHI

[TpukiagaMu cucTeM Takoro tumy € ciiaBu Pb — As, Cd — Bi, Au — Si. Tuno-

Ba JiiarpaMa JijIsi TaKUX CHCTEM MpeJicCTaBlieHa Ha MaltoHKY (3.2), Ha sIKOMY IO Oci

OpJIMHAT BIJKIIAIA€ThCS TEMIIEPATypa, a Ha 0C1 a0CIHUC — CKJIaJ CUCTEMHU.

T 4 P=Const

Te

®

A

I I
0 2(1) 46 60 80 100
Macosi yactku B,%

Mamonok 3.2. Jliarpama cTaHy JBOXKOMIIOHEHTHOI METaJIeBO1 CUCTEMHU
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Touku T, i T BixmoBifaroTs TeMIepaTypam KpucTaTizauii (IIaBICHHS) Y-
cTux KoMnoHeHTiB A u B. [Ipu nux temnepartypax cucrema inBapiantia (C = 1—2
+1=0).

[Ipn Temneparypax BHUILE T, i T g YMCTI KOMIIOHEHTH 3HAXOIATHCS B po3n-
masi (C=1—1+ 1 = 1), npu Temneparypax amxue T, i T’s — y TBepmOMy crani (C
=1-1+1=1). Sxuo 10 KOMIIOHEHTY A J0JaBaTH KOMIOHEHT B, To Temneparypu
IOYATKY KPUCTATi3allii KOMIIOHEHTa A 3 po3iuiaBy 6ymyTs Hikue T . AHamoriumHo,
JI0JIaBaHHsI KOMIIOHEHTa A JT0 KOMIIOHEHTY B mpuBOAWTH 10 3HUKEHHS TeMIIepaTy-
pH MOYaTKy KpucTamizalii komrnoHeHTa B 3 posmnaBy. @irypatuBHi TOUKH, IO Je-
XKaThb HA KPUBUX T°s E u T E, Bixmoigarors nBo(dazHUM cucteMaM (KpUCTaIu
YUCTUX KOMIOHEHTIB A uu B 1 Hacuuenu#t po3mias). Lli cuctemu € MOHOBapiaHT-
HuMHu (C =2 — 2 + 1 = 1),T00TO KOXKHI! TemMIepaTypi BiAMOBIIA€ TIEBHUMA CKJIa]l Ha-
cuaenoro posmiany. Kpusy T’y E T%; HasuBaroTh IiHi€to TikBigycy (Bif JaTHHCH-
koro liquor — pinuHa). Bumie miHii JTKBiIyCy CUCTEMa 3HAXOJIUTHCS B PIAKOMY CTa-
HI(C =2 -1+ 1 =2) y BUrmsiai HeHacCHUeHOTO po3muiaBy. CucTeMa JBOBapiaHTHA,
TOOTO MOKHA HE3QJIEKHO 3MIHIOBATHU 1 TEMIIEPATYPY 1 CKIIA/I.

[Ipu oxonomkeHHI cucteM 3afaHux ckiaaiB (touku M u K) kpucranizyerses
koMIoHeHT A (mpu Temneparypi T;) 1 B (mpu temneparypi T,), 1110 BUKIIUKAE Mi]I-
BUIIEHHSI KOHIIGHTpAIli 1HIIIOTO KOMIIOHEHTA, 1110 He KpucTali3yeThcs. Tomy (iry-
patueni Toukn M u K mepemimarorsest mo minisix TAE i T’%E 1o Touku E (muB.
HaAnpsAMOK cTpiiok). Komu Temneparypa kpucramizailii crane nopiBHioBaTH Tg, po3-
J1aB HACUYYETHCA Y BITHOIIEHHI 000X KOMIIOHEHTIB, KPUCTANI3yIOThCS OJJTHOYACHO 1
A 1 B 1 uyncno piBHOBaXHHX (ha3 301IbIIYETHCS JO TPHOX, @ YUCIIO CTYNEHIB CBOOOIU
3MEHIIY€ETHCS A0 HYJIS.

TeMneparypy, npu SIKii KPUCTaI3yIOThCSI OJHOYACHO OOMJBAa KOMIIOHEHTH,
Ha3WBAIOTh €BTEKTUYHOIO Temmeparypoto. Jliniro CD, mo BiAmoBiiae eBTEKTUYHIN
TeMIIepaTypl, HA3UBAIOTh COJiayC (Bix maTuHChKOTO solid — TBepauit). B touri E B
PIBHOBA31 3HAXOJATHCS OAHOYACHO TpHU (a3u: KpUCTAIM 000X KOMIIOHEHTIB Ta pO3-
miaB (C =2 -3 + 1 =0), cuctema inBapianTHa. 3MiHa OY/Ib-IKOTO TIapaMeTpa Mpu3-

BOJUTH JI0 BTpaTu Xo4a Ou oaHiei (a3u. Ll Touka 3BeThCS TOUKOI €BTEKTHKH, 11
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BIJIMOBIAAIOTH TEBHI KOOPJIMHATH Ha Jlarpami — eBTEKTUYHMI CKJaJ Ta €BTEKTUYHA
temneparypa Tg.

JIiHii miKBIIYCY 1 COMAYCY MOAUIAIOTH AlarpamMy Ha KiJibka oOjactei: 1 — He-
HACHMYEHHUHN pO3IIaB KOMIIOHEHTIB A 1 B; 2 — po3rmiaB komrnoHeHTiB A 1 B 1 kpucra-
J1 KOMITOHEHTa A; 3 — po3IIaB KOMIIOHEHTIB A 1 B 1 kpuctanu kommonenTta B; 4 —
KpUCTaAJIM KOMIIOHEHTIB A 1 B — MexaHiuHa cyMimi 1BoxX ¢has.

PosrnsineMo, siki 3MiHH OyayTh BiIOYBaTUCS B CUCTEMI IIPU 3MiHI TapaMeTpiB,
110 BU3HAYAIOTh i1 cTaH. [IpocTexumMo 3a nepemitieHHsM ¢irypatuBHoi Touku K i
9Jac 0X0Jo/DKyBaHHS. [Ipn modaTKoBiil TeMIiepaTypi cUcTeMa SBJsiE COO0I0 HEHACH-
YeHUH po3IuIaB, o MicTuTh 75% B Ta 25% A. Ilpu 0X0JI0[KeHH]1 10 TeMIlepaTypu
T3 cran cuctemMu BU3HA4YaeThCsl TOUKOIO a. CrucTreMa cTaHe PiBHOBAXKHOIO, KOJIA B
HIA BHUJLIUTHCA NMEBHA Maca KpucrtainiB B. /{1 BuU3HAUEHHS CKIIaly PIBHOBaKHHX
¢a3 yepe3 TOUKy a IPOBOSATH 130T€PMY J10 IEPETUHAHHS 3 JIHISIMH, 110 0OMEXYIOTh
nany ob6nactb (Touku L,N). Cknag piBHOBaKHOTO CIUIaBY BU3HAYAETHCS TOUKOIO L
(TOMy 110 BOHA JICXKUTH Ha JIHII JIKBITYCY), CKJIaa TBepaoi (pa3u — toukoro N. Bin-
OyBaeTbCsl BIIHOCHA 3MiHA Mac PIAKUX 1 TBepauX (a3, siky MOXKHA OOYUCIHMTH 3a
MPaBUJIOM BaXKEJIs: BITHOIICHHS Mac PIBHOBAXKHUX (pa3 00EpHEHO MPOMOPLINHO Bi-
JTHOIIIEHHIO BIJIPI3KIB, 110 BIJPI3atOTHCS HA 130TE€PM1 OPAMHATOIO 3arajbHOTO CKIaay

CHCTCMM.

mp _aN
al.’

(3.27)

m,,
1€ My Ta My, — Macy po3IIaBy Ta KpucTaiiB BianosigHo; aN Ta al nosxunu Biapi-
3kiB 130Tepmu NL.
3.1.11 Tepmiunuii anaJi3
Jiarpamu cTaHy JyIsl pI3HUX CUCTEM OyIyIOTh €KCIIEPUMEHTAIBHO 32 JOIOMO-
TOI0 METOJTy TEPMIUHOTO aHamni3y, po3pobaeHoro H.C. KypHakoBbim.
TepmiyHAM aHATI30M HA3UBAKOTH (Qi3MKO-XIMIYHUI MeTOX aHAJII-

3y AOCJII:KEHHSI PIBHOBArM B 0araTOKOMIIOHEHTHHX CHCTEMAaX, 3aCHO-

BAaHM HAa BUMIPHOBAHHI 3MiHM TeMIIepAaTYpU B 3aJIeXKHOCTI BiJ uacy.
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et anaxi3 103BoJIsIE POOMTH BMCHOBKHU NPO 3MiHM B CHUCTeMIi HpH ii
0X0JI0/IKeHHi a00 HarpiBaHHi.

B 0CcHOBI TepMIYHOTO aHaJi3y JIEKHUThH CIIOCTEPEKEHHS 32 MIBUIKICTIO 0XOJIO0-
JDKEHHS 200 3a IIBUKICTIO HArpiBaHHS YUCTHX PEUOBHH 1 PO3IUIABIB PI3HUX CKJIa-
7B, a TaKOXK MOOY/10Ba KPUBUX OXOJIOKEHHS B KOOpJAMHATaX Temreparypa — dac. B
3aJIEKHOCT1 BiJl MIPUPOIU CUCTEMH, ii CKJIaAy, KPUBI OXOJIOPKCHHS MAlOTh PI3HUMN
BUrsA. [l moOymoBH AiarpamMu CTaHy MEPEHOCATH YC1 TOUKH 371aMiB 1 TeMIepaTy-
PHUX 3YINUHOK 3 KPUBHX OXOJIOJPKEHHS Ha KOOpPJWHATHY CITKY TeMIieparypa —
CKJIaJI, a TIOTIM 3’ €IHYIOTh OTPUMAaH1 TOUKH.

Po3rissHeMo yTBOpEHHSI KPUBUX OXOJIOKEHHS ISl HAMMPOCTINIOT JBOKOMITO-
HEHTHOI METaJIEBOi CUCTEMH, sIKa CKJIAJA€ThCsl 3 KOMIIOHEHTIB A Ta B, 1o He po3-
YMHHI B TBepAOMY cTaHi (MamoHOK 3.3). KpHBi 0XOJOIKEHHS Ta BIJIMOBIIHI iM
CKJIQJIM 3pa3KiB mo3HaueHi puMcbkumu nudpamu 1, I, 111, IV, V, V1. Yci 3pa3ku o1-
HAKOBI1 MO0 Macl, ajie pi3Hi MO KOHIIEHTPAIlli KOMIIOHEHTIB, X MOYaTKOBUI CTaH M03-

HA4YE€HO TOUYKaMHU 1.

100
Macosa yactka B, %

a 0

Mamonok 3.3. [To6ynoBa giarpamu ctany(0) o KpUBUX OXOJIOKEHHS (a)
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[Ipu oxonomkeHHi ckiaay | (TOOTO YMCTOrO KOMITIOHEHTY A) MOYHMHAOYH 3
TOuYKH | TeMmepaTypa MOHOTOHHO 3MeHIIyeThes 0 Temmeparypn T, (mimsnka 1 —
3 Ha kpuBiit oxonokeHHs [). TyT B Toulll 3 mMOYMHAETHCS 130TepMiYHA KpHCTaTi3a-
IisT KOMIIOHEHTY A 1 IeIKui 9ac (10 TOUkH 4) TeMIiepaTypa JHUIIAE€ThCS CTAIOK —
BUTPATH TEIUIOTH KOMIICHCYIOTBCS TEIUIOTOI0 KpucTamizailii. Taka 3ynmuHKa (ropu-
30HTaJbHA JUISTHKA 3 — 4 Ha KpuBii oxonopkeHHs [) TpuBae 10 MOBHOT KpucTaii3a-
1ii. [Toganpine 0Xoa0KEHHS TBEPOTO KOMIIOHEHTY A BIIIOBITA€ TTOXUIIN JTiTSHIT
4 — 5 Ha kpuBIii oxojokeHHSA. KpuBa oxonomkeHHs 1t ckiaany VI (uuctuit kKom-
NoHEHT B) ifeHTHYHa pO3TsHyTIH KpUBid uia ckiafy | 3 Tiero pi3HUIIEI0, IO TOPH-
30HTAIbHA JUTSHKA 5 — 6 posrarmoBana mpu temmeparypi T.

Oxonomxenns ckiaany 1l , skuit BMminnye oounsa komrnoHeHtu — A(80%) ta B
(20%)n0 Touku 2 BiAOYBa€ThCA MPAKTUYHO PIBHOMIPHO. B Toull 2, sika po3ramoBa-
Ha Ha JIHIT JIKBIJIYC, CIUIAB CTa€ HACHMYCHHM IO BIJIHOIIEHHIO JI0 KOMIIOHEHTa A,
MOYMHAETHCA KpUCTaIi3aIisd A 1 MPOIeC OXOJIOMKEHHs YIOBUIbHIOEThCS. e mosic-
HIOETBCSI THIM, 1110 3 OJHOTO OOKY BTPATH TEIJIOTH YACTKOBO KOMITCHCYIOTHCS TETLIO-
TOIO KpHCTaJI3aIlli, 3 IHIIOro OOKY B PE3yJbTaTy KpHUCTali3allii BMICT A B pO3ILIaBi,
a OTXe 1 TeMmIepaTypa KpucTaiizallii, 3MEHIIYIOThCSA. 3 1€l TPUYMHU HA KPHUBIii
oxojokeHHs II B Toulli 2 crnocTepiraeThes 3J1aM — pi3ka 3MiHA HAXHITY.

[Ticnst mocsirHeHHsT Temmepatypu Kpuctanizaiii eBTekTuku Tg (Touka 3) i30-
TEpMiYHA KPUCTaTi3allisi EBTEKTHYHOTO CKJIaTy IPU3BOIUTH 0 TIOSIBU TOPH30HTAITb-
HOT JinsiHKU 3 — 4 Ha kpuBiid oxonomkeHHs Il (ctana TemmepaTypa yTpuMyeThbes 3a
paxyHOK TeruioTu Kpucrtamizaiii). Ilicns nporo BimOyBaeThCcsi Mailke piBHOMIPHE
OXOJIOJKEHHS TBEpAOTro cruiaBy (auasiHka 4 — 5). Jns ckimanis 11 ta V kpuBi oxono-
JOKCHHS aHAJIOTTYHI 1 BIZIPI3HAETHCS JIUIIIE MOJI0KEHHAM TOYKH 3J1aMy 2.

Cxknan IV — eBTeKTHUHMM, BIH KpUCTANI3YEThCA MpHU cTaliid TemmepaTtypl Tg.
Ha xpuBiit 0X010KeHHS TSI IILOTO CKJIAy € TOPU30HTANIbHA MIIsHKA 3 — 4, aje Bi-
JCYTHSI TOYKA 3J1aMy 2.

Opep>kaHi B pe3yJibTaTl €KCIIEPUMEHTY KPHUBI OXOJIO/DKeHHS (Man..3.3a) BU-
KOPUCTOBYIOTh JUIsl TOOYZIOBU JiarpamMu cTaHy (Mai..3.3B) TaKMM YHMHOM: Ha Jliar-

paMi cTaHy NPOBOASATh BEPTUKAJbHI JiHI, K1 BIANOBIAAIOTh KOKHOMY CKJIaay, 1110
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BUBYaBCS (MyHKTHUPHI JiHIT Ha Ma. 3.3B). 3 BIAMOBIIHOT KPUBOI OXOJIOJKEHHS Ha
JHIT CKJIaay MEepeHOCITh TOUKH 371aMy 2 Ta TOYKM KpUCTali3auii eBTeKTHKHU 3 — 4.
3’€eQHYIOUM TIPOEKIi] TOYOK 2, ofepxkyioTh minito miksigyc T’y — Ty — T’%. Yepes
mpoeKIrii Todok 3 (abo 4) mpoBosTh diHit0 commyc CD.
3.1.12 CucreMu 3 COJyKaMMU, 10 IVIABJIATHCS KOHTPYEHTHO
TA IHKOHTPYEHTHO

SIK1o KOMMOHEHTH A U B MOXyTh yTBOPUTH TBEpAY XIMIUHY criofyky AB, 1o
IUTABUTHCA 0€3 po3KIIaay, TOOTO KOHIPYEHTHO, TO Ha Jiiarpami CTaHy, IPUBEICHOI Ha
Mmai. (3.4), kpuBa JIKBIAYCYy YTBOPHTh MakCUMyM y Touil C, KOJH CKJIaJ KPUCTATi-
yHOT (ha3u 301raeThbes 31 CKIAJA0M PIIKOL Pasu.

VY 3aranbHOMY BUNAAKY CKJIaJ TBEPAOI XIMIYHOI CIONYKU AnBy. g npoctotu
BiH no3HauaeThesi AB. [1o 06uaBl croponu Bia Touku C 3HAXOIATHCS €BTEKTUKU E 1
Ei. Axmo ckimag cucteMu 3HaAXOAUTHCS MIK YUCTUM KOMIIOHEHTOM A M XIMIYHOIO
cnoyiykoro AB, To ipu eBTekTHUHIN Temmnepatypi Tg po3iiaB ckiaay Yy CHIBICHYE
3 KpucTanamu A U AB. SIkiio ckiiaj CUCTEMU JEXKHUTh Mk XIMIYHOIO CIIOJIyKOI0 AB
1 KoMrnoHeHToM B, To mpu Temneparypi, 0 BIANOBIAA€ eBTEKTUYHIN TouIl Ej, po3-
aaB ckiany Ypgp chiBicHye 3 kpuctaiamu AB 1 B. Takum uuHOM, pO3TJIIHYTa jAiar-

pamMa cTaHy sBJIsie COOOI0 CIIOJIyYEHHS JABOX JlarpaMm CTaHy 3 €BTEKTHKOIO A — AB i

AB - B.

T oM Ts

T
£ e,
r _ A+p {
ElF LE G |
% A+AB ‘| AB+B
B {
A Ye | Y Ye, V-4

8, i (rac.)

Mautonok 3.4. Jliarpama cTaHy CUCTEMH 3 XIMIYHOIO CITOJTYKOIO, 110 IJIABUTHCS KOHTPYEHTHO
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PosrnsHemMo mporec OXOJIOMKEHHSI pO3IUIaBy, 3aaHOT0 (HIrypaTUBHOIO TOY-
ko0 M 110 BiJMOBiAa€ CKIIaay XiMidHOI crioyku AB, sika MIaBUTHCS KOHTPYCHTHO.
JIJIst TIbOTO CKJTIAAy YMCIIO HE3aJCKHUX KOMITOHEHTIB JOPIBHIOE OJUHUII, TOMY IO
cucTemMa Moxe OyTu yTBopeHa 3 oAHiei xiMiuHoi cionyku AB. IIpu temneparypi T,
13 po3muiaBy BunaaawTk kpuctamu AB (® = 2) i uucno cryneniB ceoooau C = K —

®+1=1-2++1=0, TobTo cucTemMa iHBapiaHTHA 1 KPUCTATI3YETHCS 32 CTAIOIO

TEMIICPATYPOIO.
K T,K
1356
300
1100 10970
1005 G224
f00 = MJ\/
é‘ 824 g 748
70 00 16,1 5 1435
40 60 &0 fag,
Cu Mg, % (rac) g

Mamntonok 3.5. Jliarpama ctaHy CUCTEMH Mi/ib —MarHii

TBepaa xiMiyHa CIOTyKa CTajoro CKiamy — 1e oaHa (asza, €quHa KpucTalliuyHa
rpaTka, y sKiii yacTUHKA A 1 B mpaBUIbHO 4epryroThCs, MPUUOMY CIiBBIAHOILIEHHS
MK KOMITIOHEHTaMH B KPUCTAIIUHIN IpaTIll BCIOJM TE€ K came.

Ha man. 3.5 nmpuBenena aiarpama cTaHy CUCTEMH MarHiil — Mijib 13 ABOMa CIO-
JTyKamH, 10 TJIABJISTHCSI KOHTPYEHTHO, Ha Kl MarOThCS IBa MAKCUMYMHU Ha KPUBIH
nikBinycy. Makcumym nipu 843 K BianmoBimae crnonyi CuMg,, a MakcuMyM mnpu
1070 K — cnonyui Cu,Mg. Jliarpamy Iii€i CUCTEMH MOKHA YSIBUTH Yy BUIJISIIL J11ar-
paM cTaHy 3 €BTeKTHKOIO 1y Tphox cuctem: Cu — Cu,Mg; Cu,Mg — CuMg,; CuMg,
— Mg.
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Jliarpama cTaHy JBOKOMIIOHEHTHOI CUCTEMHM, Ha sIKiii KOMIIOHEHTH A u B mo-
KyTh YTBOPUTHU CTIOAYKYy AB, 10 TIaBUThCS 1HKOHTPYEHTHO, TOOTO 3 PO3KJIa/IaH-

HAM, IpUBEJICHA Ha Mall. 3.6.
I

e e e i ] e i o —— — —

MamtoHok 3.6. Jliarpama cTaHy CUCTEMH 3 XIMIUHOIO CIIOIYKOIO, 1110 TUIABUTHCSA 1HKOHTPYEHTHO

XiMmiuHa crionyka AB, 110 MIaBUTHCS] IHKOHTPYEHTHO, € CTIMKOIO TUIBKU HUKYE
temriepatypu Te. Tomy mpu HaliMeHIIOMY MiABUIIECHHI TEMIIEpaTypu ISl TBEpHa
CIOJIyKa PO3KJIaJJa€ThCS 1 YTBOPIOIOTHCS /1Bl (ha3u: KpUCTaIu KoMIoHeHTa B u po3i-
naB ckiany Y (touka C). Ilpu oxonomkeHHi po3miaBy ckianxy M B TodIll ag, 110
3HaXOAMUTHCS Ha JiHIi JikBiAycy CB, moyHeThCs BUIIJIEHHS KPUCTAIIB KOMIIOHEHTY
B. B inTepBaii TemnepaTtyp Mixk TOYKaMmu a, 1 b, cucrema € 1Box(}a3HOI0 i MOHOBa-
piantHOlO: C=K-®+1= 2-2+1=1

B Touni by npu remmepatypi T, MOYMHAETHCS 1 IPOAOBKYETHCS KPUCTAII3aLlis
cnosiyku AB, ckian sxoi Binnosigae Yo(touka D). IIpu 1nibomy B piBHOBa31 3HaXO-
IThCs TpH (asu: posiuiaB, kpuctau AB 1 kpuctanmu B; npuyomy 9uciio CTymneHiB
cB000M nopiBHIOE HYNMO: C = 2 — 3 + 1 = 0, 10 BKa3ye Ha CTAJIICTh TEMIIEpaTypu

T., cknany po3unny Y (touka C) i ckiaay XiMIYHOT CITOTYKH Yo(Touka D).
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[I{o6 cknaa po3riaBy HE 3MIHIOBABCS, OJHOYACHO 3 KpucTaiizaiiero AB kpuc-
tanu B, 1m0 panime BuUmany, MOBUHHI PO3UYMHATUCA, MIATPUMYIOUM CTAJIUM BMICT
koMrioHeHTy B B posmaBi. Touka C Ha3uBaeTbcsd MEPUTEKTUKOIO (200 mepexij-
HOI0), Temneparypa T. — IEPUTEKTUYHOIO TEMIEPATYPOIO 1 PO3IUIAB MEPUTEKTHY-
HUM PO3IUIaBOM. B mepuTeKTHYHIN TOUlll, TaK caMo K 1 B €BTEeKTHYHIN, y piBHOBA31
3HAXOAATHCS PO3ILIaB 1 AB1 TBep/l ga3u. OJIHaK MPOLIeCH IPU OXOJOKEHH] Tpuda-
3HOI CHCTEMH ICTOTHO PO3PI3HSIOTHCA. B €BTEKTHYHIN TOUIlI OHOYACHO BHUIIAIAI0Th
1Bl TBep/l da3u, a B MEPUTESKTUYHIN TOYIl OJHA TBepAa (a3za BUMaaae, a HIIA PO3-
YUHSAETHCA. Ha KpuBiil 0XOJOKEHHS TP NEPUTEKTUYHIN TeMITepaTypi CrocTepira-
€ThCSI TOPU30HTANIBHA AiIsgHKa (J1iHis bb' Ha mait. (3.6, 0).

[Tporec oxonomkeHHss B Toumi Dy (Man. 3.6, a) 3aKiHUYeThCS PO3YMHEHHSAM
ycix kpuctaiiB B, mo panime Bunanu. 3anuiiaerbes aBogda3Ha cucrema, no cKia-
Ja€ThCs 3 po3IiaBy 1 kpuctaniBs AB. Yucno cryneniB ceobommn C =2 -2 +1 = 1.
TemnepaTtypa npu 0xoJo/KeHHI 1BO(pA3HOT CUCTEMHU 3HUKYETHCS 1 3 pO3IUIABY BU-
najgaTb kpuctaiu AB. [Ipu npoMy KOXHIM TeMIiepaTypl BIANOBIIA€ IEBHUM CKIIAL
posmnaBy (kpuBa CE). IToganeiie oxonomkeHHs po3iaBy (irypatusHi Touku fo,
do, €0) onucyeThes aiarpaMoro ctany A — AB 3 eBTEKTHKOIO.

Jiarpama cTaHy J03BOJII€ HE TIIbKM BU3HAYUTHU YKCIIO PIBHOBAXHHUX (a3 1 ix
CKJIaJ], ajie 1 CMIBBIIHOIICHHS MK MacamH pi3HUX (a3 3a JOMOMOTOI0 MpaBujia Ba-
xens. DiryparuBHii Toumi fy Bimosinae cucrema, mo MicTuTh Yo% (Mac.) KOMIIO-
HeHty B. Lls cucrema ckianaerses 3 18ox ¢a3: kpuctainiB AB (Touka f,) i posmiaBy
(touka fy), y skux BMicT KoMIoHeHTY B ckiagae BiamoBimHO Y, 1 Y1, % (Mac.). 3ara-
JBHUN MaTepianbHUi OaaHC MOXKHA MOAATH Y BUTJISIIL PIBHSHHS

Mo = My+m; (3.28)
7e My — Maca BCi€l cucTeMu; My 1 M, —po3IiaBy 1 Macu KpuctaniB AB Biamno-
BIiJTHO.

MarepianpHuii 6amaHc KOMIOHEHTY B MokHa omrcaT piBHSIHHSM

Yo Y1 Y2
m, >——=my; — +m, —=—. 3.29
%1000 ‘100 2100 (3.29)

Buxmouatoun Mg 3 piBastHE (3.28) 1 (3.29), onepkyeMo CHiBBIIHOIICHHS
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m; _Yo—¥1 (330)

my ¥y2 =Yoo ’
Ockinbku Yo — Y1 gopiBHIo€ Biapi3ky Ty fy 1Y, — Yo mopiBHIoe Binpisky fy o, mpa-

BHJIO BAXKCJIAI MO’KHA 3aIlMCAaTH TaK:

m; _ffy (3.31)

my fyf, ’
Bupimyroun crinbHO piBHSHHS (3.28) 1 (3.30), MOXXKHA 3HAWTH JIB1 HEBIIOMI
BEJTMYUHU My 1 M, K10 3aaaH1 Mo, Y1 1 Ys.
[IpukimagoM aiarpamMu CTaHy 3 XIMIYHOIO CIOJIYKOIO, IO IJIABUTHCS 1HKOHT-

PYEHTHO, MOKE CITy’)KHTH Jiarpama ctany Na,SO4 — H,O (mam. 3.7).

T
J0
F J05.5
Joo V54,7
¥/ G 2974
NI I —r
290 7330 ||5.10
= |
_x
= = |
280 - =
=
gl g
270 2 |
___-'_-—...__:
i y } L
0 20 40 60
H, 0 Na,S0,, % (Mac)

Mamnronok 3.7. Jliarpama ctany CUCTEMH BoJla — CyJIb(at HATPirO

KpuBa E;B xapakrepusye 3aneXHICTh PO3YMHHOCTI KpPHUCTAJIOT1IpaTy
Na,SO4°10H,O Big Ttemneparypu. 3 wMan. (3.7) BWAHO, IO PO3ZYUHHICTH
Na,S04°10H,0 y Boai 3 MiABUIIEHHSIM TEMIEPATYPHU POCTE IO MEPUTEKTUYHOT TEM-
nepatypu 305,5 K, npu sikuii aexarigpar cyibdary HaTpil0 pO3KIada€EThCs 3a PiB-

HAHHAM
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Na,SO410H,O0 S Na,SO,4 + 10H,0.

[Ticas po3kinagaHHs AeKaripatry B piBHOBa31 3HAXOAATHCS O€3BOIHUN Cynbdar
HATPIiIO 1 HacM4YeHu po3uuH. [Ipu noganbiIoMy MiABUIIEHH] TEMIIEPATypU KOHIICH-
tparis Na,SO, y po3unHi 3MeHITyeThes BiamoBimHo 10 kpuBoi BC. Ile mosicHIo€Th-
cs ThM, O po3unHeHHs Na,SO, y BOJI CYNMPOBOIKYETHCS BHIIJICHHSIM TEIJIOTH.
Tomy 3 3pocTaHHsIM TeMIepaTypu WOro pO3UUHHICTh BIAMOBIIHO /10 MPUHIIUIY PY-
xnmBoi piBHoBaru Jle lllatenbe — bpayHa 3MeHIIyeThCs.

Kpusa E,;D omnucye 3aiexHICTh PO3YMHHOCTI HECTIMKOTO TenTariapary
Na,SO4¢7H,0, mo Moxe icHyBaTH B 00acTi TemmepaTyp Bix 269,6 no 297,4 K. I'e-
nTariipar 3a ycix TeMIeparyp € MeracTtadiibHOw (pa3oro. BiH yTBOproeThes B pe-
3yJIbTaTl MEPECUUYCHHS PO3YMHIB 1 JIETKO MEPEeXOauTh y cTiiiki dazu Na,SO4+10H20
a00 Na,SO,.

VY monekynax Na,;SO410H,O mictutbes 44,1% Na,SO,4, y BIAIMIUICHINA Ke
BoAi mipu 305,5 K moxe Oytu He Ouibin 33 % Na,SO,4, ToOTO B Hill HE MOXKE pO3UHU-
HuTHCS Bech Na,SOy, 110 YTBOPHBCS TIPH PO3KIAJaHHI JeKariipaTy, TOMy MpU pO3-
kiaai Na,SO410H,0 yTBOpIOIOTHCS KpUCTaIM HEPO3UnHEHOT coili Na,SOy.

Ha man. (3.8) 300pakena ¢a3oBa jiarpama CUCTEMU XJIOPUJ HATPIIO — BOJQ, Y
AKii Moxke yTBoproBatucsa crnonyka NaCleH,O, mo miaBUTbCS 1HKOHTPYEHTHO.

3’sCyeMO CEHC TOYOK, JIiHIH 1 TUIONIKMH Ha Jiiarpami.

TK.
310 F '
4
Pl il N
- ™
290 | e { M
4 i
y I
g 273, 3 D
270
26,3, <,
=
o
251,9 Jay =
250 = L 2
é: 22’ 4 % I =
Hy0 20 %0 60

NacCt, °/ (mac) |

Mauonok 3.8. Jliarpama cTaHy CUCTEMH BOJIa — XJIOPU HATPIIO
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Kpucranorigpar NaCl*2H,O ytBoproeTscs nipu temmepatypi Huxde 273,3 K;
BiH BIJTHOCUTKCS JI0 CIIOJNYK, IO TUIABJIATHCS 3 Po3KIaaanasM. Lle moB’s3aHo 3 THM,
10 JIBOX MOJIEH PiAKOi BOJM, OTPUMAHOI IpH 1uiaBieHH1 ogHoro mojisg NaCle2H,0,
HEJIOCTATHHO JIJIS1 IOBHOTO po3unHeHHs ogHoro Mot NaCl, ToMy gacTuHa XJI0puay
HATPIIO 3aJUIIAETHCS B KPUCTATIYHOMY CTaHI B PIBHOBa3l 3 HACMUYEHUM PO3UMHOM
NaCl. (B kpucranorigpari NaCl*2H,0 mictutsesa 62% NaCl, y HacuueHoMy X po3-
guHi HIKYe 273,3 K Moke Mictutucs makcumym 26,8 % NaCl).

Touka O — temneparypa 3amep3anns Boau 273,15 K npu P = 101325 Ila. Tou-
ka E — eBTeKTHKa, 0 CKIAMAE€ThCS 3 KpUCTaTiB Jhoy, KpuctaniB NaCI*2H,0 i Ha-
CHYEHOTO PO3UMHY XJopuay Hatpito 3 22,4% NaCl; eBrekTtnuna temneparypa 251,9
K.

Touka C — neputektuuna touka (273,3 K; 26,3% NaCl); ue Touka modaTtky
4acTKOBOTO TutaBiieHHs Kpuctanoriapary NaCle2H,0.

SxOu kpucrtanoriipaT MaB KOHTPYEHTHI BJIACTUBOCTI (AuB. Mai. 3.4), TO MOBHE
maBiieHHs kpuctainiB NaCle2H,O noBunHo Oyno 6 BigOytucs B touii D'. I{poro
Hacmpasi He Bi0yBaeTbes, Tomy JiHist CD'M Hanecena myHKTHpOM.

B iHTepBani TemrepaTyp MiK €BTEKTHUHOIO TOUKOI E 1 MepUTeKTUYHOIO TOY-
koto C nacuuenuit pozunH NaCl ycepeauni miomuan ECD'G 3HaX0auThCs B piB-
HoBasi 3 kpuctasiamu NaCle2H,0, saxi npu 273,3 K mmaBisiThcsi IHKOHTPYEHTHO,
T0OTO 3 po3kiaganHsM Ha kpuctanu NaCl 1 HacuueHuil po3urH XJIOpUIY HATPIIO.

Pozunnnicts NaCl 3 miaBUIIEHHSIM TeMIIepaTypy 3MIHIOETHCS Ay’KE MaJIO: MPU
273,3 K Bona cknanae 26,3 %, a mpu 303,1 K — 26,6 %.

B posrnsiHyTIii cucTemMl B pIBHOBa3l CHIBICHYIOTH Tpu (a3u: JiJ, KpUCTAIH
NaCl*2H;0 1 nacuuenuii pozunn NaCl npu eBTektuuHiii Temmepatypi 251,9 K i
ckJani po3unny 3 22,4% NaCl. BiagnoBigHo 10 piBHAHHS 3.9 171 TaKOi CUCTEMU YHU-
cio cryneHiB ceobommn C=2-3+1=0.

[Toxu B cuctemi MaroThes Tpu (pa3u, y piIBHOBKHIN CyMillll CaMOJIOBIIILHO TIi-
TpUMy€eThCs Temneparypa 251,9 K.

Ha npomy npunImmm 3acHOBaHe 3100yBaHHS YaCTO 3aCTOCOBYBAHOT XOJIOAMIIb-

HOI cyMillll 3 1oAYy 1 KpucTaniB coiii NaCl.
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[Ipu 3mimryBaHHI COJi 3 JIbOJIOM HEPIBHOBaKHA cucTema jia — kpuctaiu NaCl
OyzZe mparHyTu MEpelTH B PIBHOBAXHUI TpudaszHUil CTaH, 0 CIPUYMHUTH 3a CO-

6010 3HMKEHHS TemnepaTypu a0 251,9 K (- 21,2°C).

3.1.13 CucreMu 3 TBepAMMH PO3YHHAMHU, KOMIIOHEHTH AKHUX B32€MHO
HEOOMEKEeHO i 00MeKeHO PO3UMHHI

TBepauMu po3uynHaAMH HA3UBAIOTh OJHOPIIHI TBEP/l CUCTEMH 3MIHHOTO CKJa-
1y, IO CKJIQJAIOThCS 3 JIBOX 1 OUIbII KOMIIOHEHTIB. PO3pi3HAIOTE TBEP/AI PO3YMHU
JIBOX THIIIB: BKpAIUJICHHS 1 3aMilIeHHA. B TBepAuX po3yrHaX BKpAIICHHS YaCTHHKU
(aTOMH, MOJIEKYJIM UM 10HH) OJHOTO KOMIIOHEHTY PO3MIIIAIOTHCS MIXK BY3JIaMH KpHU-
CTaJIIYHOI TpaTKU 1HIIOIO KOMIIOHEHTa. PO3UMHU BKpamieHHS yTBOPIOIOTHCA, Ha-
MPUKJIAJ, IPU PO3YMHEHHI B METajaxX HEMETAJIIB — OOpa, BYTJIEL0, BOJIHIO, a30Ty. B
TBEPAUX PO3UYMHAX 3aMIIICHHS YACTMHKHU (ATOMU YM 10HH) OJIHOTO KOMIIOHEHTY 3a-
MIIIAI0Th Yy BY3JIaX KPUCTAIIYHOI I'PATKM YAaCTUHKU 1HIIOIO KOMIIOHEHTa ( SBUILE
13oMopdizmy).

B TBepux po3unHax 3aMillleHHS TUII IPATKU 1 YUCJIO aTOMIB 30epiratoTbcs, aje
3MIHIOIOTBCS iX 00°€M 1 rycTuHA. J{7s yTBOpEHHS TBEPAMX PO3YMHIB 3aMIILIEHHS He-
00x17JHE BUKOHAHHA psAay yMoB. Hanpukmian, 1uist CloayK 3 10HHUMU KPUCTaTIYHUMU
rpaTKaMu, MOTPiOHA aHAIOTis XIMIYHOI Oy0BH KOMITOHEHTIB, PIBHICTh 3HAKIB 3apsi-
IiB 10HIB, MOXKJIMBA OJIM3bKICTh PaJilyCiB 10HIB, MOJIOHICTh CUMETPIi 1 pO3MIpIB KPHU-
CTAMYHUX sYeHOK. YaCTUHKHU JBOX 130MOP(PHUX KOMIIOHEHTIB 3aMiIlIal0Th OJIUH O/I-
HOTO y By3JIaX KPUCTAIIYHHUX I'PATOK 30BCIM XaOTUYHO.

TBepal po3uMHU MOXKYTh YTBOPIOBATHCS SIK 3 XIMIYHUX CIOJYK (HalpuUKIA,
K»,SO, 1 RbySO,4; KMnO, 1 KC10,), Tak 1 3 mpoctux pedoBuH (Hampukiag, Cu i Au;
Ag 1 Pt). Jlo TBepaAMX pO3UMHIB BIAHOCITHCA OEpPTOMIAM, KPUCTaJIyHA CTPYKTypa
SKUX BIAPI3HAETHCA BiJl KPUCTATIYHUX CTPYKTYP BUXITHUX KOMIIOHEHTIB.

beproninamu Ha3uBaroTh TBEpAL (Ha3u 3MIHHOTO CKJIAay, IO XapaKTEPU3YHOTh-
Csl MAKCUMYMOM (4M MIHIMyMOM) Ha JIHISIX JIKBIAYCY 1 coJijyca, 10 HE BIJIOBI-

JIAI0Th MEeBHIN XIMIYHIN CIOMYII 31 CTEXIOMETPUYHHUM BiJHOIIEHHSM KOMITOHEHTIB.
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Jliarpama cTaHy 3 HEOOMEKEHOI PO3UHMHHICTIO KOMIOHEHTIB A u B y pinkomy 1
TBEPAOMY CTaHax MpejcTaBieHa Ha Mai. 3.9. Humxue minii comigyca TacoTg 3Hax0-
JTUTHCST 00J1aCTh ICHYBAaHHS TBEPJWX PO3YMHIB; BUIIE JiHIT JiKBiaycy Taci Tg pos-
TaloBaHa 00JacTh ICHYBaHHS PIIKUAX PO3YMHIB, MK JIHISIMHU cojdiayca 1 JIKBIAyCy
3HAaXOJIUTHCS 00JACTh PIBHOBAKHOTO CHIBICHYBaHHS PIAKUX 1 TBEPAUX PO3UYHHIB.
Po3srisineMo 0X0JI0KeHHS pO3ILIaBy, o3HaYeHOro ¢GirypatuBHo0 Toukoo M. [1pu
temreparypi T, B TOUIl 8y MOYMHAETHCS KPHUCTai3allisl TBEPIOTO PO3UMHY M YTBO-
pUThCS 1BOX(a3HA CHCTEMa, 1110 CKIAJAEThCS 3 PO3ILIABY CKIAAY Yo, 110 3HAXOAUTh-
csl B pIBHOBA31 3 TBEPJUM PO3UMHOM CKIIaTy ys. B iHTepBami temnepatryp Big T, 10
T uucno crymneniB cBo6oau nopiBHioe oquHuIl (C =2 —2 + 1 = 1) 1 KOXHIH TemIie-
paTypl BIANOBIAAIOTH MEBHI CKJIAJIA P1IKOTO 1 TBEpIOTO po3unHiB. Hanpuknan, cuc-
TeMa CKIaay Yoy GirypatuBHii TodIi Dy ckiaamaeTses 3 ABOX (a3: piIkOro po3YrHY
ckiaay y; (Touka b;) i TBepaoro po3unHy ckiaay y, (Touka b,).

BianosinHo no npasuiia Baxkens [auB. piBHsHHA (3.30)] nnst ¢irypaTuBHOI TO-

yku by
m, _ Y2—Yo (3 32)
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Maumtonok 3.9. [liarpama cTaHy cUCTEMH 3 HEOOMEXEHOI PO3YHHHIC- 8
TIO KOMIIOHEHTIB B TBEPAOMY CTaH1
Mamonok 3.10. Jliarpama cTany cucTeMu 3 HEOOMEKEHOIO0 PO3UNH- :
HICTIO B TBEPJIOMY CTaHi 3 EKCTPEeMaTbHUMHU TOYKAMU: 3 MAKCUMY- Crunaz &
MoM (a) 1 MiHIMyMOM (0) ¢
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7e My 1 My — Macu po3IJiaBy 1 TBEPAOro po3uuny. [loBHe 3aTBepaAiHHS po3Iia-
BY BiI0yaeThCs mipu Temnepatypi Tc; mpu 1ipoMy ckiiaj Yo TBEpAOTo po3YUHY (TOU-
Ka Cp) BIJIMOBIJIA€ CKIIAy Yy, BUXIIHOTO po3IiaBy dp. OCKUIBKM Ha JAiarpami CTaHy
HEMa€ TOYOK, B IKMX y PIBHOBA31 3HAXOIWIKCS O Tpu (a3u 1 9UCI0 CTYNEeHIB CBOOO-
I TOpiBHIOBAJIO O HYJIIO, TO HA KPUBINA 0XONOKEeHHA (Mand. 3.9, 6) Hemae ropu30H-
TaJbHUX AUIAHOK. [1yTh KpucTamizaiii 300paxkyeTbes diHiero Magh:Cy.

Ha man. 3.10, a 1 6 npencTaBieHuit 1HIIWM TUI JiarpaMH CTaHy 3 HeoOMexe-
HOIO PO3YMHHICTIO Yy TBEpPAOMY cTaHl. B ekcTpemanbHIA TOYIll CKJIAIu PIIKOrO 1
TBEPAOTO PO3UMHIB 301rAIOThCSI.

Po3pi3HsOTh AiarpamMu cTaHy 3 OOMEKEHOI PO3UYMHHICTIO MEPIIOTO Ta IPYyTo-
ro tumiB. CucTeMH 3 JBOMa TBEPAUMH PO3YMHAMH, CTIMKUMHU TIPU BCIX TEeMIEpaTy-
pax, MOKHa ONHUCATU AlarpamamMu ctany nepuioro tuny (man. 3.11). Kpusi TLRE 1
TgE (i1iHii 1iKBiTyCY) 300paXkyt0Th CKJIaj pO3ILJIABIB, 1110 3HAXOAATHCS B PIBHOBA31 3
tBepauMu po3urHamu. Kpusi TaD 1 TgC (niHii comimyca) BKa3yloTh CKJIaa TBEPAUX
PO3YMHIB, III0 3HAXOAATHCS B PIBHOBA31 3 BIANOBIIHUMU po3iiaBamu. [lnoma TaADF
BijMoBiiae TBepaoMy po3unHy o i mmoma TgCG — TBepaomy po3uuny B. Kpusi

DF 1 CG Bka3ytoTh CKJIaJ iy ABOX PIBHOBAXHUX TBEPJIUX PO3UHHIB.

r

B,%mMmac

Mamonok 3.11. Jliarpama ctany cuctemMu 3 00MeXEeHOI PO3UMHHICTIO B TBEPAOMY CTaHi (mepinii

THII).
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PosrnsHemMo mpoiiec 0XOJIOMKEHHSI pO3IIaBy, IO XapaKTepHu3yeThecs ¢irypa-
TUBHOIO TO4Yko0 M Ha man. 3.11. B inTepBam temmepatyp Big T, mo Tg maemo
nBodasni MmoHoBapiantHi cuctemu (C =2 — 2 + 1 = 1). Hanpuxknan, y piryparuBHii
Toulli by y piBHOBa31 3HAXOAATHCS PO3IUIAB CKIany Yi(Touka b;) 1 TBepamii po3unH
ckiany Y, (touka by). IIpu temmneparypi Tg y diryparusHiii Toumi dg y piBHOBa3i
3HAXOMATHCS TBepAM po3unH B ckiany yc (Touka C) i po3minaB ckiany Ye(Todka
E), 3 sIKOTO MOYMHAETHCS 1 MPU OXOJIOKEHHI TPOJOBKYETHCS KPUCTATI3AIlIS €BTEK-
TUYHOI CYMIIIli 3 IBOX TBEPAUX PO3UHHIB @ 1 B, ckiany yp 1 Yc (touku D i C). Yucno
CTyIIEHIB cBOOOAM y (irypatuBHii Touri dy mopiBHIOE Hym0 (C =2 -3+ 1=0)1
TOMY BC1 YMOBH (Temmeparypa 1 ckjiaa Tphox (a3) 3aJIMIIAI0ThCs CTATUMU, TIOKU B
piBHOBa31 3HaxonATbcs TpU ¢asu. Ilicns 3acTUraHHs poO3IUIaBy 3aJUIIAIOTHCA JBa
PIBHOBKHUX TBepAUX po3unHH (o 1 ) 1 TemnepaTypa 3HWKYeThesa (C =2 -2+ 1=
1). IIpu tremneparypi T, dirypatuBHiil Toulll €y BIAMOBIIAE PIBHOBAra TBEPAOTo po-
34nHY O (TOYKa €1) 1 TBEpAOTro po3unHy B (Touka €,). llnax kpucrami3aiiii 300paxy-
eThcst kKpuBoto Magh,E.

JIyist cucteM 3 JliarpamMoro CTaHy 2-TO THUITY OJIUH 13 TBEPAUX PO3IUUHIB CTIHKHIA
TUIBKHU 710 BU3HAUYEHOI TemnepaTypu (Mai. 3.12).

[Ipu oxonomxeHHi po3miaBy (Mai. 3.12), mo xapaktepu3yerbesi GirypaTvB-
HOIO Toukoro Mj, 10 Temnepatypu T, (Touka ag) 3 HHOTO MOYHYTH BUIIISATUCS KPHC-
TaJdu TBEpAOro po3uuHy B (Touka a,). [Ipu momanbimioMy OXOJIOJKEHHI CHCTEMHU
CKJIaJl TBEPOTO PO3UMHY 3MIHIOETHCS IO KpUBOI ayxF, a ckitaj po3iiaBy — o KpUBO1
aoC. ITpu temnepatrypi Tc (1 HUXKYE) TBEpIAUM PO3YMH O CKJIAAY Y, CTA€ CTIMKUM
(touka H). Tomy npu OXOJOJPKEHHI CUCTEMH JI0 TeMIepaTypu ¢ MOYMHAIOTH BU-
najaTy KpUCTaIW TBEPAOrO po3uuHy o.. Yuciio cTyneHiB cBo0oau B TpudasHiil cuc-
teMi nopiBHIoe Hymio (@ = 3, C = 0); remneparypa T¢ 1 cknag Tpbox $a3 yc, Yu, Yr
noBuHHI 3anumarucs ctanmumu (touku C, H, F). Jlns miaTpuMku crajgocTti ckiamy

yYc PpO3IUIaBy B MpOIIECI KpHCTaIi3aIli TBEPAOro pO3UMHY O (CKJIaa y) KpHCTaIu
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TBEPAOTO po3unHy P (CKiaa y) 110 BUIMANU paHilie, MOBUHHI po3uuHsaTucs. [Ipsima

CF — neputexTUyHa JiHIs; TeMIiepatypa | c — MepUTEKTUYHA TeMIepaTypa.

B,% mac.

Mamtonok 3.12. Jliarpama cTaHy cHUCTeMH 3 OOMEXKEHOI0 PO3UMHHICTIO Y TBEPAOMY CTaH1
(mpyruii Tum)

[Iporuec 3akingyeThest 3HUKHEHHSIM P—KpuctaniB (O = 2; C = 1). [Ipu noxans-
IOMY OXOJIO/KEHHI JBO(a3HOI cUCTeMH (PO3IUIaB 1 TBEPAUM PO3UYMH Q) MPOJOB-
KYIOTBCSl 3HUKEHHSI TEMIIEPAaTypH 1 KpUCTali3allisl TBepaoro po3unHy o. Ckiaj po-
31J1aBy MIHA€ThCA MO KpuBoi Cgp 1 CKIIaa TBEPAOTO po3urHy a — 1o KpuBoi Hgy. ¥V
TOYII Jo BECh PO3IUIAB 3aKpUCTaNi3yeThes. [lai Bix Touku go 10 Touku Ko BigOyBa-
€THCSI OXOJIOKEHHS TBepaoro pozuuny (® = 1; C= 2). byas-sika ¢dirypatuBHa To4-
ka B aunsHIl IHFL xapaktepusye criBicHyBaHHSI ABOX PIBHOBAXHUX TBEPIUX PO3-
yuHiB. Hanpukian, Touka My pu temneparypi [, BIAMIOBIIa€ CUCTEMI, 1110 CKJIaaa-
€THCSI 3 TBEPJOTO PO3UMHY @ (TOUKAa M;) 1 TBEpAOro po3unHy [ (Touka My). 31 3HH-
KEHHSIM TEMIIEpaTypH CKJIaJl JBOX PIBHOBOXHHUX TBEPAMX PO3UMHIB 3MIHIOETHCS T10
kpuBux HI 1 EL.

K110 0XOJIO/KYBAaTH PO3IUIAB, 110 BiAmoBigae ¢irypatuBHik kpamnii M;, To

npu Temmeparypi Tc (touka d’p) B—KpucTaiv NEPETBOPIOIOTHCS B OL—KPUCTAIIU
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(®=3; C = 0) Tak camo, sk y Toulli do, asme pizka ¢asza 3HHUKHE paHillle, HK pO3UYH-
HAThCs KpucTanu . Hmwkue kpanku d’p cucteMa CKIamaeThes 3 IBOX PIBHOBAKHHUX

TBEPANX PO3UUHIB.

3.1.14 [diarpaMu cTaHy TPHUKOMIIOHEHTHUX CHCTEM
I'padiune npeacraBieHHs cKJIaay NOTPIiHUX CHCTEM

VY TPUKOMIIOHEHTHIM CHUCTEMI 3MIHHUMH BEJIMYMHAMU € THUCK, TeMIlepaTypa i
JIB1 KOHIIEHTpallii. 3BUYaifHO JOCTIIKEHHSI TPUKOMIIOHEHTHUX KOHJIEHCOBAHUX CHC-
TE€M BEAYTh IPU MOCTIMHOMY THUCKY. 3aJI€KHICTh BIACTUBOCTEH CHCTEMH BiJ TPHOX
3MIHHUX MO>KHa 300pa3uTv y BUJI MPOCTOPOBOI Jllarpamu, IO SIBJIsIE€ COOOI0 TpH-
IpaHHY NPSIMOKYTHY Hpu3My. OCHOBOIO IPU3MHU CIYXUTh PIBHOCTOPOHHIN TPUKYT-
HUK, 110 XapaKTepU3ye CKIIaJ MOTPIHHOI CUCTEMH, a BUCOTOIO — Temneparypa. Bep-
IIMHU PIBHOCTOPOHHBOT'O TPUKYTHUKA BIAMOBIIAIOTh YUCTUM peduoBuHaMm A, B u C
(man. 3.13). Yci ToukH, po3TalloBaHl ycepeauHl TPUKYTHUKA, BUPAKAIOTh CKJIAAH
TPUKOMIIOHEHTHUX CUCTEM. [IpOIEHTHHI BMICT KOYKHOTO 3 KOMIIOHEHTIB y CUCTEMI
TUM OUIbIIIe, HIXK OJIMK4e po3TallioBaHa JaHa TOYKa J0 BIAMOBIIHOI BEPIIUHH.

&L 100%

A AANAN
AN AU VAV
NWAYAVAVAS, \VAVZ.NH

\VAVAVYAVAVAN

: 8
W0 —3""20 306 40 50 60 70 80 90 100%

MamtoHok 3.13. PiBHOCTOpOHHIHM TPUKYTHUK KOHIIEHTpAIiil

Mautonok 3.14. Jliarpama ctaHy HOTpiiHOI piaAKOi CH-
CTEMH: a) MPOCTOpOBA Aiarpama; 0) i30TepMivHa MPO-
exuis npu temneparypi T
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Jlis BU3HAUEHHS CKJIAAy 3a JOMOMOIOI0 TPUKYTHHMKA KOHIIGHTpAIliil 3 JaHOi
TOYKH HAa KOXHY 31 CTOPIH TPUKYTHUKA OMYCKAIOTh MEPHEHAUKYJSAPU (TPUKYTHUK
['i66ca). Lle# cmoci6 3ampomonoBanuii ['106coM. Bin 3acHOBaHMiA Ha TOMY, IO CyMa
JOBXKUH TEPIICHANKYIISAPIB, OMYIIEHUX 3 OyAb-IKOi TOUKH yCepeauHl piBHOCTOPOH-
HBOTO TPUKYTHUKA HA HOTO CTOPOHH, € BEJIMYMHA CTajla, BOHA JIOPIBHIOE BHUCOTI
TPUKYTHUKA, Ky npuitmarots 3a 100%. Tak, Hanpuknaza, Touka P tpukyTtauka ['uo-
Oca Bianosigae ckiaaxy A 50%, B 20%, C 30%.

3a crmocobom Pozebyma ckiaa MOTPIMHOI CHUCTEMH, MPEACTABICHHUN SKOIOCH
TOYKOIO YCEpEeIHHI TPUKYTHUKA KOHLUEHTpaIlli, BU3HAYal0Th N0 TPHOX BIApI3Kax Ha
OJIHIH 3 oro cTopiH (TpUKyTHUK Po3ebyma). [Iis 1iboro uepes aHy Kparky IpoBO-
ISTh TpsiMi, TIapajielbHl ABOM CTOPOHaM TpUKyTHHKA. [Ipu 1ipomMy TpeTs cTopoHa
TPUKYTHUKA PO30MBAETHCSA HA TPU BIAPI3KU, MO JOBKHUHI SIKUX CYIATh IPO CKIIAJ
TPUKOMIIOHEHTHOI CHUCTEMHU B JaHId Toull. /IOBXXHHY CTOpPOHM PiIBHOCTOPOHHBOTO
TPUKyTHHUKA NpuiiMaroth 3a 100%. Hanpuknan, s kpanku P Ha man. 3.13 Bigpizku
AM, MN 1 NB na croponi AB naroTh BianoBigHO BMicTH KOMITIOHEHTIB B, C 1 A, siki
nopiBHIOI0TH 20, 30 1 50 %.

Jam nig 300paxeHHs cKiaay TPUKOMIIOHEHTHOI CUCTEMHU Oy1eMO BUKOPHUCTO-
ByBaTu TpUKyTHUK Po3eOyma. KoxkHa Touka Ha CTOpOHI TpUKyTHHKa Po3ebyma Biji-
MOBIJA€ CKJIaTy ABOXKOMIIOHEHTHOI cucTeMH. DirypaTUBHI TOYKH Ha O14HIN CTOpPO-
HI TIpu3MHu (ITPOCTOPOBOI JlarpaMu) XapaKTEPU3YIOTh JBOXKOMIIOHEHTHY Jliarpamy.
He3Baxaroun Ha HaOYHICTh, IPOCTOPOBI JllarpaMy MaJI0 MPUAATHI JJIsl MPAKTHYHUX
uiei. ToMy KOpUCTalOThCS 130TEPMIYHUMHU MPOEKLISIMU MPOCTOPOBOI JAlarpaMu
CTaHy Ha OCHOBY IIPU3MHU MPU Pi3HUX TEMIEPATypax.

BigzHaunmo Tpu BIAaCTUBOCTI JiHIN (MpoeKIii) ycepeauHi TpukyTHuka Po3se-
Oyma. Bynp-sika mpsima, 110 POXOJUTH Yepe3 OJHY 3 BEPIIMH TPUKYTHUKA, MA€E Ty
BJIACTUBICTD, IO BCI 11 TOUKH BIAMOBIJAIOTH CTAJIOMY CITIBBITHOIIEHHIO BMICTY KOM-
MIOHEHTIB, SIKI XapakTepHU3YyIOThCA JBOMA IHIIMMHU BEpIIMHAMH TPHUKYTHUKA. Tak,
npsima CN BiAmoBigae oqHaKOBOMY BMiCTy KOMITIOHEHTIB A 1 B, a mpsima CL — criB-

BIJIHOILIIEHHIO KOMIMOHEHTIB A 1 B, piBHOMY 3:7.
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[Tpsima, 110 MPOXOAUTH MApaeNbHO OJHIET 31 CTOPiIH TPUKYyTHHKA Po3ebyma,
Ma€ Ty BIIACTUBICTb, IO BCl ii TOYKM BIAMOBIAAIOTH CTAJIOMY BMICTY KOMITOHEHTA,
KU XapaKTepU3YEThCS BEPIIMHOI TPUKYTHHKA MPOTH Ii€i croporu. Tak, Hampu-
knaa, Toukn P u E, po3ramosani Ha npsmiit FD, mapanenbHiil OCHOBI TPUKYTHHKA
AB, BinmoBinamTh ogHaKOBOMY BMicTy KommoHeHTa C, piBHOMy 30%. Skmio aBi
pPIBHOBaXHI (pa3y XapaKTEepU3YIOThCA Ha TPUKYTHUKY KOHIleHTpalliid ToukamMu S 1 T,
TO (pirypaTtuBHa Touka R posramoBana 3aBXau Ha MpsAMOI (KOHO1), IO 3’ €AHYE i
touku. Jlo Touok R, T i S MokHa 3aCTOCOBYBATH MPaBUJIO BaXKEIs [JMUB. PIBHIHHS
(3.32)]:

m; RT
—A=——;m;+m, =m,, 3.33
m, RS 1 tmy =m, (3.33)

7e My 1 M, — KUTBKICTh criofydyeHuX (a3 y Toukax Si T; My — KIJIbKICTh BUXI-

JTHOT cucTeMu B Toulll R.

3.1.15 TpuxomMmnoHeHTHI piAKi cucTeMH

PosrisHeMo noTpiiiHy cucTeMy, 110 CKIAJA€ThCS 3 TPhOX PIIKUX KOMIIOHEHTIB
A, B 1 C. Hexaii kxommoneHT A 1 C, a Takoxx B 1 C HeoOOMEXEeHO pO34YMHHI OJIUH B
OJIHOMY; KOMITIOHEHTH A 1 B MaroTh 00MeKeHy B3aEMHY PO3YMHHICTb. SIKIIO 3MillIa-
TH KOMIIOHEHTH A 1 B, TO npu BU3HAYEHUX iX CKJIaAaX YTBOPATHCS JBa PIIAKHUX Ila-
pu. Cxiiagu nux mapis npu temmneparypi Ti, 300pakyt0oTh Ha 130T€pPMIUHINA MPOEKIIIi
Toukamu a i b Ha ctoponi AB TpukyTtHuKa Po3edyma (mai. 3.14,0).

Komnonent C, sikuil 10o1a€ThCs A0 II€T IBOKOMIIOHEHTHOI CUCTEMHM, PO3MOII-
JSETHCA MK JIBOMA LIapaMH, y pe3yibTaTl 4OrO YTBOPIOIOTHCS JBa PIBHOBAXKHUX
CIIOJIYYCHUX TPUKOMIIOHEHTHUX po34rHU. J[ogaroun pi3Hi KUTbKOCTI KoMoHeHTy C,
MO>KHA OJIEP’KATU PSAJ MOTPIMHUX CHOIYYEHUX POZUMHIB. 3’ €IHYIOUM TUIABHOIO JiHI-
€10 TOYKH TPUKYTHOI Jlarpamu, 110 BIJAMOBIIAIOTH CKJIaJaM CIOJYyYeHUX PO3UMHIB,
onepxxumMo OiHomanbHy kpuBy ak'b. s kpuBa noainse TpukyTHuk Po3eOyma Ha ro-
MOTEHHY 1 reTeporeHny oobinacti. bynp-ka cymimn TpboX KOMMIOHEHTIB A, B, C,
CKJIaJ] SIKOI TPEICTABISAETHCSA (PITYPATUBHOIO TOYKOIO X YCepearHI TeTepOreHHOI 00-

JIACTi, PO3MAAAETHCS HA JBA PIBHOBAKHUX CIOJIYYCHHUX MOTPIHHUX PO3ZUHHH, CKIIAIH
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SKHX 300paxkyroThcst Toukamu a' i b'. Ilpu nomaBanui kommnoHenty C 3pocrae B3ae-
MHa PO3YMHHICTH KOMIIOHEHTIB A U B. V pe3ynbTari 11bOro CKJIaau MOTPIHHUX CIO-
JY4eHUX PO3YMHIB yCe MEHIIE BIJIPI3HAIOTHCS OJWH BiJl OJTHOTO 1 B OCTAHHBOMY ITiJI-
CYMKY MOke OyTH JocsrHyTa Touka K', y skiii ckiaan 000X po34MHIB CTalOTh OJTHA-
KOBHMU; Touka K' Ha3MBA€ThCS KPUTUIHOIO TOYKOIO.

Cknan cnomydyeHux (asz, 0 BIAMOBIAAIOTH (PIrypaTUBHIA TOYIl X yCepeauHi
01HOZAIbHOT KPUBOi, MOX€E OyTH MPUONU3HO BU3HAYCHHM 3a MpaBUIOM TapaceHKo-
Ba, sIKE BCTAHOBIIIOE, 1110 MPOJOBKEHHS BCIX KOHOJ MEPETUHAIOTHCS MPAKTUYHO B
onuid toumi D (muB. man. 3.14,6). lle mpaBmio no3Bosse rpadidyHO BU3HAYUTH
cknan da3. Touka mepeTnHaHHs KOHOJA D nmnst AESIKUX CHCTEM HE BUTPUMYETHCS.
[MpogiBmiu 3 Touku D Ha man. 3.14,6 notuuny a0 OiHomanbpHOT KpuBoi aa'b'b, oxe-
PKYEMO KpUTHYHY TOUKy K'.

[Ipu nonmaBaHHI TPETHOIO KOMIIOHEHTA JI0 CyMIIIl JBOX PIJIMH, SIKI 0OMEXKEHO
3MINIYIOTBCS, 3aBXKAH CIIOCTEPIra€ThCs MIABUIICHHS B3a€EMHOI PO3YMHHOCTI IUX
nBox piauH. [Ipy migBUIIEHHI TeMIEpaTypH B3a€MHA PO3YHMHHICTH KOMIIOHEHTIB
3MIHIOETBCS 1 TIPU JIOCSITHEHHI KPUTHYHOI Temreparypu K'' cucrema ctae TOMOreH-

HOIO ITpH OyAb-siKOMy ckiaal (Man. 3.14,a).

MamtoHok 3.15. [3oTepmiuHa mpoeKiis MOTPIHHOT pIIKOT CUCTEMHU: a — 13 IBOMA IMapaMu PiJInH, SKi
00MeKEeHO 3MIITYIOThCS; 0 — 13 TpbOMa Mapamu piJvH, Ki 0OMEXEHO 3MILTYIOThCS

VY mnoBHI Jaiarpami cTaHy TPUKOMIIOHEHTHOI P1KOI CHCTEMU IOMOTEHHaA 1 re-
TeporeHHa OO0JACTI PO3AUISIOTHCS IOJIOMOIOMAIOHOI0 OIHOJATBLHOI TOBEPXHEIO.
Kpusa KK'K" sBiisie co00r0 TreoMeTpryHe MiCIle KPUTUYHUX TOYOK JIEKUTBKOX 130-

TEpPM JUIsl PI3HUX TEMIIepaTyp.
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Y TPUKOMIOHEHTHIH PiJIKiA CHCTEM1 OOMEKEHa B3a€EMHA PO3YMHHICTH MOXKE
CIIOCTEpIraTUCS B ABOX MMapax KOMITOHEHTIB. Tak, Hanpukiam, Ha mai. 3.15, a mpen-
CTaBJICHA 130T€pMIUHA MPOEKIlIS JlarpaMH CTaHy TPUKOMIIOHEHTHOI CHCTEMH 3 00-
MEXEHOI0 PO3UMHHICTIO KOMIOHEHTIB i ABox map piauH: A —C 1 B — C; xommo-
HeHTH A u B 3MimyroTeest Mik co0oro HeoOMexeHo. Ha i3oTepmiuHiil mpoekiii
croctepiralotbes ABi OiHomanbHi KpuBi akiC i ¢'Kob' i3 1BOMa KpUTHYHMMH TOYKA-
M Kj 1 K.

Ha man. 3.15,6 npuBeaeHa 130TepMidHa MPOEKIlis JiarpaMu CTaHy 3 TphOMa

rapamu piivH, Ki 0OMEKEHO 3MIITyIOThCA.

3.1.16 TpukoMIOHEHTHI CHCTEMH 3 MOTPIHHOK0 €BTEKTHKOI)
JInst TpUKOMIIOHEHTHOI KoHAeHcoBaHoi cuctemu (K = 3) ocHoBHU 3akoH ¢a-
30BO1 pIBHOBAru Mpu pi3HUX TEMIEpaTypax BUPAKAETbCs PIBHAHHAM

C=3-®d+1=4-1, (3.34)
3a cranoro temneparyporo C =3 — @. (3.35)
[TpuxnanomM HaWMPOCTIIOI TPUKOMIIOHEHTHOI CUCTEMH 3 PIIKUMHM 1 TBEPIAUMHU
¢dazamu 1 OTPIHHOK EBTEKTHKOI MOXKE CIyXutu cuctrema Bi — Sn — Pb (mau.

3.16,a). Temneparypu miIaBJIeHHS YUCTUX METAIIIB BIAKIAACHI HA pedpax MPU3MHU.

T

Pb

d

Mautonok 3.16. Jliarpama cTaHy CUCTEMH OJIOBO — BICMYT — CBUHEI[b 3 OTPIMHOIO €BTEKTH-

KOIO: a — IPOCTOPOBA Aiarpama; 0 — i30TepMidHI IPOEKIil MPH Pi3HUX TeEMIepaTypax
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Ha 6iuHMX cTOpoHax Mpu3MU MPECTaBIICH] JBOKOMIIOHEHTHI JlarpaMu CTaHy 3
eBTeKTUKOI0: Bi — SN, Sn — Pb 1 Bi — Pb. ¥V po3rasuyTiii TpUKOMIOHEHTHIN cUCTEMI1
Ma€ThCs TAaKOXK MOTpiitHA eBTeKTHKa E,4, sika BIMOBiMAE CKIaAy HAWMOUIBI JIETKOII-
naBkoro craBy. [loBepxri ycepenuni npusm TgE3sE.EL, TppEoEE; 1 T E1E4E,
ABIISIIOTH COOOI0 MOBEPXHI JIKBIIyCY, @ YACTHHHU IPOCTOPY, PO3TAIIOBAHI1 ITiJl HUMH,
—nBo(da3HI CUCTEMH, 10 CKJIAJIAIOTHCS 3 PO3ILIABIB 1 KPUCTAIIB BiJMOBIIHOTO METa-
ny. Poscikatoun 00’eMHy JiarpaMmy rOpU30HTaIbHUMHU IUTOMIMHAMY MIPH KIJIBKOX Te-
MiJCTaBY MPU3MH, OJICPKUMO PSI 130TEPMIYHUX TPOESKIIiH, 0 JO3BOJIIOTH CYIUTH
po penbed NOBEPXHI JIKBIAYCY 1 BUBYATH MPOILEC BUIIECHHS PI3HUX (a3 IpH KpHU-
cramizanii posmiasis (Man. 3.16,6). Touku E°, E%, E% xapakTepu3yoTs CKIaau Bi-
JITOBiAHEX mozBifiHIX eBTekTHK. Touka E’, BimmoBinae ckimamy moTpiiiHOi eBTEKTH-
KU.

[Tpu oxomnomkenH1 posmiaBy Bi — Sn — Pb, sikuit xapaktepu3yeTbcsi Ha 130Tep-
MIYHIA Tpoekiii @iryparuBHO0 Toukoo My (man. 3.16,0), mOYHYTh BUAUIATHCS
kpuctanu Bi. [Ipu noganbmomy oxosio1KeHH1 po3IiaBy Horo ckjiaja 0yJie 3MiHIOBa-
TUCSA 10 nIpsAMid MoAo; TP I[bOMY CITIBBIJTHOIIEHHS KOHUEHTpaliil Sn 1 Pb y Hbomy
Oyne crasuMm. Y Toulll Ag 3 po3IUIaBy Mopsij 13 Kpuctaiamu Bi BUAUISIOTBCS KpuUC-
tanu Sn (® = 3). Yucno cryneniB cBoboau gopiBaioe oaunauili (C =4 — 3 = 1). Ko-
HIM TeMIlepaTypl BIANOBIIAa€ po3IUIaB BU3ZHAYEHOIro ckiany. Jlami myTh Kpucrtai-
3amii mige mo minii AgE’. ¥ motpiiinmit erextuui E%, criBicHyIoTh KpHCTamm BCix
TPHOX KOMITIOHEHTIB 1 po3iiaB. CUCTEMA CKIIAJAETHCS 3 HOTUPHOX (a3 1 € IHBapIaHT-
HO1O (C=4 — 4 = 0). Yci dakropy, 1110 BU3HAYAIOTh CTAH CUCTEMH (TeMIiepaTypa i
ckian ¢az), 3aUIIAIThCS CTaJIUMH JOTH, IOKU MaroThes 4oThpu ¢asu. Komu Bech
pO3IUIaB 3aKPUCTANIZYETHCA 1 3AIMILIATHCA TPU TBEpAl Pa3u, Temneparypa CUCTEMU
3HOBY 6y1e 3HmKyBatrcs. LImsix kpucramizauii MoAoE’, 3akinuyerses B Touni E,.

Posrasiuemo ¢a3oBy piBHOBary B TPUKOMIIOHEHTHIN CHUCTEMI BOJa — Bl COJIL.

SKk1110 B 1BOX COJISIX KaTIOHU M aHIOHHU Pi13Hi, TO CUCTEMA YOTUPHOXKOMITOHEHTHA.
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Mauronok 3.17. JliarpaMu po34UHHOCTI B BOJI TIBOX COJICH 3 OJTHOMMEHHHUM 10HOM: a — 130-
TEpMiYHA MPOEKIIisi HA TPUKYTHHUK CKianiB Po3enbayma; © — i30TepMidHa MPOEKIiS B MPSIMOKYT-

HHUX KOOpAMWHATax

Comi PX 1 QY M0oXyTh 0OMiHIOBAaTHCS 10HAMH
PX+ QY =PY + QX (@)
3arajibHe YMCJI0 KOMIIOHEHTIB — I’SITh (BOJIa 1 YOTHPHU coJii). Mixk 4oTHUpMa CO-
JSIMU 1CHY€E piBHOBara (a), 1 YMCJI0 He3aJeKHUX KOMIIOHEHTIB JOPIBHIOE YOTHUPHOM.
JItst po3rIIsIly Takoi CHCTeMH Tpeda 3aCTOCyBaTH JiarpaMmy 3 I siThMa KOOpJIWHATA-
MH, a II€ Ha IUJIONIMHI € HEMOXKJIUBUM. 3 I1€1 TPUIUHU OOMEXKUMOCS PO3IIISAaHHIM
CUCTEMH BOJA — JB1 COJI1 3 OJHOMMEHHUM 10HOM.

Ha man. 3.17,a npeacraBieHa 130TepMiduHa IPOEKIIis AlarpaMu CTaHy CUCTEMH
BOJA — JB1 coui 3 ofHOMMeHHUM aHioHOM X. CoJli He yTBOPIOIOTH 3 BOJIOIO T1IpaTiB
1 MOABIWHUX COJIeH, KOMIUIEKCHUX CIIOJIYK YU TBEPAUX PO3YMHIB. Bepmnu TpukyT-
Huka Po3zeOyma BignoBigaroTh yuctuM komnoHeHTaM H,O, PX 1 QX. Touka A mo-
Ka3ye KOHIIeHTparlito con PX y HacuueHOMy BOJASHOMY pO34HHI, a Touka B — koH-
neHTpaiiro coii QX y HaCMUeHOMY BOJSHOMY po3uuHi 11i€i kK comi. Kpua AC xa-
pakTepusye po3uuHHICTh colil PX y BoasHuX po3unHax coiii QX pi3HOro ckiany, a
kpuBa BC — pozuunnicts com QX y BogsHux pozunHax coiii PX. ¥V toumi C po3unn

HacM4YeHuil oboma cossiMu (€BTOHIKA). byab-sika Touka Ha IUISHII MK BEpUIMHOIO
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H,0 u xpuBoro ACB BiIOBI/Ia€ HEHACUUYEHUM PO3YMHAM CoJie. byab-aka Touka
Ha twionli AC(PX) sBnsie coboro aBoda3Hy CUCTEMY, IO CKIATAETHCS 3 PO3UUHY
IBOX coJjeit 1 TBepaoi comi PX. Byap-ska touka Ha miomi CB(QX) — cucrema, 1o
CKIIQZIAEThCS 3 PO3YMHY IBOX cojieit 1 TBepaoi comi QX. [Tnoma (PX) C (QX) Biamo-
BiJlae Tpu(a3HUM CHCTEMaM: Yy Hiil CIIBICHYIOTh HACHUEHHUI 000Ma COJISIMH PO3YUH
ckiany C 1 kpucranu PX 1 QX. ko B3sSTH HEHaCUUYCHHWI PO3YMH, 10 BiANOBIIAE
¢irypartuBHiit Touri M, 1 HOCTyIIOBO BUIIAPOBYBATH BOAY, TO B Mipy BUAAJICHHS BO-
U KUIbKICHE CIIIBBIJHOIIEHHS MDK COJSIMA B CHCTEMI 3aJIHIIUTLCSI CTAIUM. Y
3B’SI3Ky 3 UM (IrypaTWBHI TOYKH, IO BIATMOBIMAIOTH CKJIaJaM CHCTEM Yy IpOIeci
BUIApIOBaHHs, OyAyTh jJexarn Ha npsmoi (H,O)E. ¥V Tounl a noyHyTh BUILIATUCS
kpuctaiu coyii PX. Jlns Bu3HaueHHs CKJIaay po34yuHy, 10 BiAMOBiAa€e (irypaTuBHii
Toulli b, MpoBOIMMO KOHOY Uepe3 BepIIMHY TPUKYTHHKA PX 1 Touky b 1o mepern-
HaHHSA 3 Toukoro b; Ha kpuBuit AC.

Y ¢irypaTtuBHiii Touli d po3urH cTa€ HACHYECHUM BITHOCHO 000X COJICH; CKIIa
Or0 PO34YMHY 300paxkyeTbest Toukoro C. HacTynHe BUMapoByBaHHS BOJU BUKIIH-
Kae kpucrtam3zaiiro apyroi comi QX. Ckiaa po3duHy 3aJIMIIAETHCS CTAIUM (TOYKa
C), TomMy 10 MpU HASIBHOCTI TPhOX (Pa3 4MCIO CTYNEHIB CBOOOIM Ha 130TEPMIUHIi
npoekiii nopiBaioE Hym0 (P =3; C=K-® =3 -3 =0). Y Tou1li e cuctema ckia-
naeThes 3 po3unHy ckiany C u cymimi kpucrtaiiB PX 1 QX. Ilicna moBHOro Buma-
JeHHs BoAM B Toulll E BuxoauTs cymim cyxux cosieit PX 1 QX, mpudyomMy cmiBBij-
HOIIIGHHSI MAaCOBUX KIJbKOCTEH IMX COJIeH JOPIBHIOE CITIBBIJHOIICHHIO BIAPI3KiB
(QX) Eu (PX) E.

Kopucrarounch TpUKyTHOIO JliarpamMor0, MOKHA pO3paxyBaTH CKJIATU CHCTEM,
0 BIAMOBIAOTh YCIM (DIrypaTMBHUM TOUYKaM 1 ckiagam crionydeHux (asz. Kpim
TOTO0, MOXHa OOYMCIMTH Macy BOJAM, IO BUIapyBaiacs, 1 Macy KpPHUCTaJIB COJIEH,
10 BUJUTHITUCS, Y KOKHIN (DIrypaTUBHIN TOYIII.

Jiarpama cTaHy po34dHY JBOX COJIEH 3 €BTOHIKOIO 1 OJHOMMEHHUM 10HOM
MOXke OyTH TaKOX IMpeJICTaBIeHa B MPSIMOKYTHIN cucTeMi koopauHat (Mai. 3.17,0).
[To ocsix KOOpAMHAT BIAKIAJAIOTHCS BIAHOCHI KUIBKOCTI KOMIOHEHTIB. [Ipu Takomy

croco01 300pakeHHS CKJIaay TOUYKH, 110 BIJMOBIAAIOTh YUCTUM KOMIIOHEHTaM PX 1
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QX, nexatb y HeckiHueHHOCTI. B Touri C po3unH HacCHMYEHHI OJHOYacHO oOoma
COJISIMH.

PosrisitHemMo BUTapoBYBaHHS BOAM MpPH CTallid TeMmepaTrypi 3 HEHACHYEHOTO
PO3YMHY JTBOX COJICH, SKUU XapaKTepU3yeThCS Ha JiarpaMi cTaHy Toukoro M (mad.
3.17,0). dirypatuBHa Touka Oyae mepemimarucs no npsmiii OMe, ToMy 10 CIiB-
BIJIHOIIIEHHsSI Mac 000X COJiel y CHUCTeM1 He 3MIHIOEThCS. Y TOYIll a TMOYUHAETHCS
kpucrtamizaiis coni PX; y Toumi b y piBHOBa3i 3 kpucranamu PX 3HaX0IUTHCS PO3-
yuH cKjiaamy bi; y Touni d moumHaeThes kpucTamizaiis apyroi coai QX (@ = 3) i
CKJIaJ] PO3YHMHY XapakTepu3yeThcsi Toukor C. Ilpu momambeiiomMmy BUTIApOBYBaHHI
PO3UYMHY TMPOJOBKYETHCS BUIMAJAHHS KPUCTaliB JABOX cojei. Ckiaa po3duuHy HE
3MIHIOETBCS, TOMY 1[0 YHMCIIO CTYIEHIB CBOOOU BIJMOBITHO 10 OCHOBHOTO 3aKOHY
piBHoBaru (a3 gopiBHIO€ HyIo (C=K-® =3 -3 =0).

S0 cosi yTBOPIOIOTH 3 BOJIOIO TIAPATH YW MOJABIMHI COJIi, KOMIUIEKCHI CITO-
JYKW YU TBEP/I1 PO3YUHU, TO MOTPIiHI JlarpaMu pO3YMHIB IBOX COJIEH y BOJIl MalOTh

OUIBII CKJIQJHUU BUTJISI.

3.2. XimiyHa piBHOBara
3.2.1 3akoH airouux mac. Koncranra piBHoBaru

VYci xiMiuHI peakIlii 0JHOYaCHO MPOTIKAIOTh Y JBOX HAMpsSIMKax: BOIK yTBOPEH-
HS IIPOJYKTIB peakuii (BIpaBo — npsiMa peakilisi) 1 BOIK MepeTBOPEHHS MPOAYKTIB Y
BUXIJHI pEUOBUHU (BJIIBO — 3BOPOTHA peakilis). BHacHimok XiMi4HOI 000pPOTHOCTI
peakiii He 10XOoATh A0 KiHI. OCKUIbKY MBUAKICTh PEAKIli MPOMopIiliiHa KOHIICH-
Tpallii pearyrouux pe4yoBUH, TO 3 YaCOM IIBUIKICTh MPAMOI peakiiii Oye 3MeHIyBa-
THUCS, a MIBUIKICTh 3BOPOTHOI 3pocTaTu. Komu oOuaBI MBUAKOCTI 3piBHSIOTHCS, Ha-
CTYNUTh XIMIYHA PIBHOBAra.

XiMiYHOI0 PiBHOBAroI0 3BeThCsl TEPMOJAMHAMIYHA PiBHOBara, sika
BCTAHOBMJIACH BHACJIAOK PiBHOCTI IIBHAKOCTEH ABOX NMPOTHJIEKHHUX 32
HANIPSIMKOM XIMIYHMX peakuii.

XiMivyHa piBHOBara € HaWOUIBII CTINKUM CTAHOM XIMIYHOI CHCTEMH, JIO0 SIKOTO

BOHA MparHe CaMoJ0BUIbHO. XiMIUHA piBHOBara — JWHaMi4Ha, BOHA XapaKTepPU3y-
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€THCS CTATICTIO PIBHOBAKHUX KOHIIEHTpAIll (4K mapiiiaJbHUX TUCKIB) BCIX YYaCHHU-
KIB peaKIIii MpH CTaJOCTi 30BHIIIHIX YMOB 1 MiHIMaJabHOMY 3Ha4ueHH1 eHeprii ['160ca
gy eHeprii [ 'enpmrosblia.
Hanpuxmnan, nis peakiii cMHTe3y HOIUay BOIHIO
Hytl, $ 2HI

IIIBUJIKOCT1 IPsIMOT 1 3BOPOTHOT peakirii
— . — 2
Unp - kCH2 CIZ ’ Uy = k3BCHI (3.36)
IPU PIBHOBA31 Uyp = Uspep, @ KOHLEHTPALlT CTAHOBIATHCS PIBHOBaKHUMU. Toi

2
kﬂp — CHI
k3B CHZ XCIZ ’

(3.37)

ne Kyp T2 K,y — KOHCTAHTH IIBUIKOCTI MPSAMOI Ta 3BOPOTHOI peakilii BiamoBi-
HO.

Ili BenmuuMHM HE 3alieXxaTh BiJl KOHLEHTpALlll 1 TPU MOCTIMHIN TemmepaTypi €
ctanmumu. ToMy iX BITHOIIECHHS € nesika crajia BenuunHa K, il Ha3uBaroTh KOHCTaH-

TOIO XIMIYHOI PIBHOBAary, sika BUpa)xeHa 4epe3 KOHIEHTPaLli:

Kk, C?

Ke=—t=—"-7™ (3.38)
k3B CH2 )(CI2

B 3araapHOMy BUTIISI AT peaKiiii

aA+bB 8§ cC+dD
ct xcd

Ke=——1 (3.39)
Ci xCg

ne C,,Cg,Cc,Cp — piBHOBaXXHI KOHIICHTpaIlii yJacHUKiB peakiiii. Korcranty
K¢ Ha3uBaoTh KIACHYHOIO (BHPAKEHOIO Yepe3 PIBHOBAXHI KOHIIEHTpAIlii)i 3acTo-
COBYIOTh JIISI XapaKTEPUCTUKH PIBHOBArW 3 yYacTIO 1ICAIbBHUX PO3YMHIB. Y BUIAIKY

peabHUX PO3YMHIB KOHLEHTpPAIlli 3aMIHSAIOTh Ha PIBHOBaXKH1 aKTUBHOCTI a:

at xal
Ky=—"—" (3.40)

a’ xaj
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ne K, —xoHcTaHTa XIMIYHOI piBHOBAru, BUpakeHa yepe3 akTuBHOCTI. KoHcran-

TH XIMIYHO1 pIBHOBAru, BUPaXeH1 uepe3 pIBHOBAXKHI mapiiiaabHi TUCKH P uu piBHO-

BakHi QyriTuBHOCTI T ydaCHUKIB peakiii, MarOTh BUIJIS

PS x P4

Kp=—S—2 (3.41)
P\ xPj
& x4

Ke=-"—0. (3.42)
fi xfg

Koucranty piBHoBaru Kp BUKOPUCTOBYIOTH JIJIsl OMUCY PIBHOBArd MIX 1/1€ajIb-
HUMM razamu, KOHCTaHTy Ky — /i piBHOBaru Mix peajlbHUMHU ra3aMu.

PiBustaus (3.39) — (3.42) € MaTeMaTHYHUM BHPA30M 3aKOHY JIIFOUMX Mac:

Bi/JTHOILIEHHSI AO00YTKY PIBHOBAa)KHUX AKTHBHOCTEH (KOHULEHTPAaLii)

NMPOAYKTIB peakiii, y3siTUX y CTYNeHsIX, PIBHUX IX CTeXiOMETPUYHUM KO-

einienTamM, 10 TAKOrO K A00YTKY aKTUBHOCTEeH (KOHUEHTpauii) moyar-

KOBHUX PEYOBHMH IPH JaHiil TeMIepaTypi € BeIHYHHOI CTAJION, Ky Ha-

3UBAKOTHh KOHCTAHTOK XIMIYHOI PiBHOBaru.

I3 3akoHy Aitounx Mac 100pe BUIHO, 10 MPHU 3MiHI KOHIIEHTpalii Oyb-IKOTO
y4acCHHMKA Peakilii B CHUCTeMi BIIOYIyThCS TakKi 3MIHH, SIKI CAaMOJIOBUILHO 3MIHSTh
KOHLIEHTpALli peareHTiB TAKUM YMHOM, a0u iX CITIBBIJHOIICHHS BIJNOBIAAIN YUCE-
JbHOMY 3HAUEHHIO KOHCTAHTH PIBHOBAru.

CraH piBHOBaru IpH BiJICYTHOCTI 30BHIIIHBOTO BITUBY MOXKE 30epiratucs
HECKIHYEHHO JIOBro, ajie Tpeba 3aBkAMu NaM’ siITaTH, 110 XIMIYHA piBHOBAra € CTaHOM
TUHAMIYHUM. SIKIII0 3MIHUTH SIKAKCH 3 TTapaMeTPiB CUCTEMHU, TO PiBHOBAra mopyury-
€THCS 1 TO/1 B PE3yJIbTATI MPOILECIB, IO BiAOYBAIOTHCS B CUCTEMI, HACTYIIA€ HOBA Pi-
BHOBara, B SIKO1 CITIBBIIHOIIICHHS MK SIKUMHUCh YaCTMHAMU CUCTEMHU OyJie BKeE 1H-
muM. HanpsiMok 3MmiteHHs] piBHOBAaru MOXHa MepeadadnTy 3 TOMOMOTOI0 MPUHITH-
ny Jle Illarenspe:

Axmo Ha cucremy, sika nepedyBa€e B CTaHi TEPMOJAMHAMIYHOI PiB-

HOBAru, 3AiCHUTH 30BHI SIKMii-He0yIb BILIMB, TO BHACJIJOK NpPOIECiB,
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SIKi BiZI0yBalOTHCSH B CHCTEeMI, PIBHOBAra 3MiCTUTHCS TaK, 100 MPOTHTisI-
TH 30BHIIIHbOMY BILTUBY.
PosrasineMo 3acrocyBanus npuHiuny Jle [llatenbe Ha KOHKPETHOMY TTPUKIIAT]
000pOTHOT peaKIlii CHHTE3Y amiaky:
N, + 3H, s 2NH; + Q
301bIIeHHS KOHIIEHTpaIlil (200 mapIiaibHOTO TUCKY) a30Ty 30UIbIIY€E IMIBUI-
KICTh IIPSIMOI peaxilii, KOHIIEHTpallli MOYaTKOBUX PEYOBUH MOYMHAIOTH 3MEHIIYBa-
TUCh, KOHIIEHTpAIllsl aMiaKy — 301JIbIITYBaTHUCh, TTOKHU LIeH MPOIIEC HE MPUBEIE CUCTE-
My J10 HOBOi piBHOBaru. B pe3ynbTaTi BiTHOCHA KUIBKICTh amMiaKy 30UIBIIUTHCS — Pi-
BHOBara 3MICTUTBCS BIIPaBo. B 3araibHOMY BHMAJKy 3MiHa KOHILIEHTpAIlli /i€ Ha pi-
BHOBAary TakuM YHHOM:
30L1bIIEHHS] KOHIEHTPauii 0yIb-1K0I pe4OBUHHU 3Millly€ PiBHOBA-
Iy B CTOPOHY il BUTPaTH; 3MEHIICHHS] KOHIEHTPAaLil pe4OBUHU — B CTO-
POHY 1i YTBOpPEHHHI.
30UTbIIIEHHS 3aralIbHOTO TUCKY B CUCTEMI, 110 CKJIAJIA€THCS 3 Ta30MOIOHUX pe-
YOBUH, MPHU 3BOJAUTH 10 TAKOTO K 301JIbIIEHHS KOHIIEHTpallid. OCKUIbKU ISl IPSIMOL
peakxiiii CHHTE3y aMiaKy IIBUAKICTh NPONOPLIHA KOHIEHTPALIsIM PEYOBHH B YETBE-

pPTOMY CTYTEHI, a [l 3BOPOTHOI JIUIIIE B IPYTOMY '

— k3 . — 2
u11p _kCHZCN29 Vg _k3BCNH3,

TO 30UTBLIEHHS! TUCKY OCWINTD IIBUAKICTh MPAMOI peakiii OuIbIIe, HiXK 3BO-
POTHOI 1 piIBHOBAra 3MiCTUThCS BIIPaBo. . B 3arajgbHOMY BUMAAKy 3MiHA TUCKY JI€ Ha
pPIBHOBary TakumM 4YMHOM:

MIABUIIECHHS THUCKY 3Millly€ PIBHOBArY B Ty CTOPOHY, A€ KiJIbKiCTh
MOJIIB ra30noAi0HNUX peYOBMH MEHIIIE, 3MEHIIEHH — B Ty CTOPOHY, Je
KiJIBKICTh MOJIIB ra3onoiOHMX pe40BUH OLIbIIIE.
[Ti3Hime Oyzae noka3aHo, IO TeMIlepaTypa BIUIMBA€ Ha MOJOKEHHS XIMIYHOI
pPIBHOBaru TakuM YHHOM:
HigBuieHHss TeMnepaTypu 3Milly€ PiBHOBAry B HANPSMKY €H/10-
TePMiYHOI peakiii, 3MEHILIEHHsI TeMIIEPAaTYPpH — B HANPSMKY eK30Tep-

MIiYHOI peakuil.
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KoHcraHTa piBHOBaru Mae BeJIMKE MPAKTUYHE 3HAYEHHS — 3HAIOYH ii BETMYUHY,
MOKHa OOUYMCIMTU BHX1J NPOAYKTIB PEaKilii: 4YuM OiJbllle KOHCTaHTa PIBHOBArw,
TUM O1JIbIIE CTYIIHBb IMEPETBOPECHHS MOYATKOBUX PEUOBHUH B KiHIIEBI. BBaxkaeThbcs,
110 PeaKliisi, sIka Mae KOHCTAaHTY piBHOBarH Ginbure Hix 10™°, BinGyBaeThcs mpaxTH-
YHO HEOGOPOTHO B NPSAMOMY HANPAMKY; SIKImI0 Memine, Hik 10 '°, BinbyBaeThes
NPAKTUYHO HEOOOPOTHO B 3BOPOTHOMY HampsMKy. KoHCTaHTH piBHOBaru 3ajexarhb
BiJl IPUPOJH PEaryruux PevyoBHH, TEMIIEPATypH 1 HE 3aleKaTh BiJl KOHIIEHTpAIlil
(K¢), aktuBHOCTI (K,), THCKY (Kp) 1 dyriTuBHOCTH (Kf). KOHCTaHTH piBHOBarm 0e3-
PO3MIpHI TUIBKH JJIS PEaKIlii, 10 WAyTh 6€3 3MIHM YKciia MOJieH Tra30IoI0HNX y4a-
cHukiB. B iHmux Bunaakax Kp Mae po3aMipHicTh TUCKY, a K¢ — pO3MIpHICTh KOHIIECH-
Tparii B CTYIEeHIX An:

An=(c+d)-(a+b) (3.43)
[Kp] = [trck]*" i [Kc] = [Momspricts]*", ne AN — anre6paiuna cyma crexiome-

TPUYHUX KOSDIIIEHTIB.

3.2.2 CuiBBignomennsa Mick K¢ 1a Kp
SIkmo y ¢opmyni (3.41) piBHOBaXKHI TapIiaJibHI THCKH BHPA3UTH 3a JIOTIOMO-

roro piBHsHHS MeneneeBa — Knanepona, sik

P =nRT/V = CRT, (3.44)

TO ojiepkuMo criBBigHoEeHHS Mix Kp 1 K¢
Kp = Kc(RT)™, (3.45)
a6o K¢ = Kp(RT)™" (3.46)

3.2.3 PiBHOBara B rereporeHHuX cMCTeMax
VY Bumajgky rereporeHHUX peakiii y BHUpa3 KOHCTAHTU XIMIYHOi piBHOBaru
BXOJIATH TMapIliajgbHl TUCKU (UM KOHIIGHTpAIlli) TUThKU Ta30mo1i0HNX (a00 po3unHe-
HUX) y4acHUKIB peakiii. [lapiianbHi THCKK 1 KOHIICHTpAIlli 1HANBITYyIbHIX PEUO-
BUH Y TBEPJIOMY 1 PIAKOMY CTaHaX HE MPUIMaIOTh 0 YBaru, TOMY 110 iXHI KOHIIEH-
Tparlii (aKTUBHOCTI) € CTaTUMU 3a JaHOoi Temneparypu. Hanpukiman, as peakiii

CaCO3(1) & CaO(1) + COL(T)
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Kp = Pcoa.

3.2.4 PiBHsiHHS i30TepMH XiMiuHOI peakirii

Sx Bka3yBajocs BHINE, XIMIYHA PEAKIlis BiOYBAa€TbCsS 1O BCTAHOBJICHHS PiB-
HOBard. Y 3aJIeKHOCTI BiJl BUXIJTHOTO CKJIaJy pearyrouux peuoBUH MEPEBAXKHO UTH-
Me a0o mpsiMa, ado 3BOPOTHA peakiis. 3B’s3aTH MOXJIMBUN HAMPSAMOK peakxiiii 3 BU-
X1IHAM CKJIQJIOM PEaryrounx pedOBHH JJO3BOJISIE PIBHIHHS 130TEPMHU.

[I{o6u BUBeCTH PIBHSHHS 130TEPMHU, PO3TIITHEMO PEAKIIIIO

aA+BB S cC+dD,

AKa BiIOyBa€eThCSA B Ta30Bid (a3l B 1300apHO-130T€PMIYHUX YMOBax (IIpH CTa-
JUX TUCKY 1 TeMIlepaTypi) 1 B yMOBax, BIIMIHHUX Bij piBHOBakHUX. [Ipumycrumo,
110 B JaHUH MOMEHT peakiii MaloThCs BCl YHACHUKH PEAKIli y TAKMX HEBEJIHMKUX Ki-
JBKOCTSAX, IO B PE3YJIbTATI 3MEHILEHHS Np 1 Ng MOJIb BUXIAHUX PEYOBUH YTBOPHUIIO-
cs Nc 1 Np MoJb MpoayKTiB. CKJIaJ 1 3arajJlbHUM THCK CUCTEMHU HE 3MIHUJIUCA. 3MiHa

eHeprii ['i00ca B xomi peakiii Bu3HadaeThcs Bupazom (2.131), a 3 ypaxyBaHHSM

(2.136)
AG = Z (N3 siven — Z (Niki)nou =(cpc +dpp — apa —bpp) =
1 1

= (cp’c +dp’s — ap’s — bp’p) + RT(cInP'c + dInP’s — alnP’s — bInP’s).  (3.47)
Tyt P’; — HepiBHOBaXXH1 TUCKU KOMITOHEHTIB. SIKIIIO cHUCTeMa MpHiiie 10 CTaHy
pIBHOBaru, To BCl HEpiBHOBaxH1 TUCKHU P’; cTanyTh piBHOBaxkHuMH P; , AG = 0, 1
Bupa3 (3.47) nepeTBOPUTHCS Ha PIBHSIHHS
(ep’c +dp’p — ap’s — bp’p) = — RT(cInPc + dInPp — alnPA — bInPg). (3.48)
[IpaBa yacTtuHa sBisIE COOOIO

PEXPY

~RTIn———"=-RTInK, (3.49)
Py xPg

[TixcraBnsatoun 1ie 3HaueHHS B (3.47), ogepKuUMO

PE x Py

AG =RT] In
Py xP{;b

~InK, (3.50)
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AHAJIOTIYHUM CITIOCOOOM MOXKHA OJIepKaTu BUpa3 3MiHMU eHeprii [ eapmrobiia
I TIPOLIECIB, IO MPOTIKAIOTh MPH CTAIUX 00’ €Mi 1 TeMIIeparTypi:
rc rd
CC X CD

AA =RT| In 5
2 xCl

—1nK, (3.51)

PiBustaast (3.50) 1 (3.51) Ha3uBalOTh PIBHAHHAMHU 130TE€PMH XIMIUHOI peakiii
abo piBasHHAME Bant-T'odda (1886). Born mokasyoTs 3ajeKHICTh MK 3MIiHOIO
tepMoanHaMidHOTO moTeHIiany (AG a6o AA), koHcTaHTOO XiMidHOI piBHOBaru (Kp
g K¢) 1 ymoBamu mipoBeieHHsl peakiii. OCTaHHI XapaKTepU3YIOThCS MEPITUM HJIe-
HOM Yy JIy’KKaxX. Y HbOTO BXOJIATh HEPIBHOBAXKHI MapliiajibHl TUCKU (KOHIEHTpAIlii)
YYACHHKIB pEaKIil y BUXIJHOMY CTaHl, IO 3a/al0ThCsl JAOBUIbHO. Jpyruii uieH y
ayxkax (In Kp un In K¢) MicTUTh i BeJIMYMHHA B PIBHOBa)XHOMY cTaHi. [Ipu 3ama-
HuX 30BHIIHIX nmapamerpax (P 1 T) BoHu € BemnunHaMu MOCTIHHUMU.

[lo piBHSIHHIO 130TE€PMH XIMIYHOI peakili MOXHa PO3paxyBaTH 3MIHY €HEpIii
['i66ca 1 'enpMrospa mpu BIAMOBIAHUX yYMOBaX, TOOTO BHU3HAUUTH MOKIIMBICTD,
HaIpsIMOK 1 MEXKY MPOTIKAHHS CAMOJIOBLIILHOTO MPOLECY.

1106 caMOAOBUIBHO 3/1HCHIOBANACS MPsIMA PEaKIlis, 3MiHAa TEPMOJUHAMIYHOTO

notenniany (AG) nopuaHa 0ytn HeratuBHOO (2.100), a 116 MOKIIUBO 3a YMOBH

PIC xPId
C—Db <InKp. (3.52)
P\ x Pg
PE x P!
HK]_]_IO IHW b anP (353)
A B

TO CAaMOJIOBUIIBHO ITi/i€ 3BOpOTHA peakuis. [Ipu BcTaHOBJIEHHI pIBHOBAaru
d

PE x Py

D
ra rb = anP (354)
Py xPg

3.2.5 Enepris I'i00ca i eneprisi 'eibMrosibua B CTaHIapTHUX YMOBaX.
XiMiuHa cnopiiHeHiCcTH

XIMIYHOIO CIOPIAHEHICTIO HA3UBAETHCS 3AATHICTh PEUYOBUH BCTYHAaTH B XIMid-

HY B3a€MOJIi10 0JIHa 3 0JIHOK. KiIbKiICHOIO MIpOI0 XIMIYHOI CIIOP1THEHOCT1 € TEPMO-
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TuHaMi4H1 ToTeHiany peakiii AA ta AG. YUuMm OUIbIll HETATUBHUM € 3HAY€HHS BiJI-
MOBIAHOTO MOTEHIlialy, TUM OLbIIe BIPOTiAHA aHa peakiis, TOOTO TUM OibIIIe Xi-
MIYHY CIIOPITHEHICTh MAIOTh MOYaTKOB1 pedoBuHU. [IpoTe, ik MOokHA OaYUTH 3 PiB-
HSIHB 130T€PMH XIMIYHOI peakilii, BeInyuHa XiMiuHoi cropigHeHocTi AA a6o AG 3a-
JICKUTDH BiJI MOTOYHUX KOHILIEHTpAIii (MapiiaJibHUX THCKIB) pearyluux pPeuyoBHUH 1
TeMrneparypu. TomMy sl TOPIBHAHHS XIMIYHOI CIIOPITHEHOCTI PI3HUX PEYOBHH He-
00x17HO BHOpaTH CTaHAAPTHI 3HAYCHHS KOHIICHTPAIlI (TUCKIB).
3a cTaHAApTHUN CTaH YUCTUX PEUOBUH MPUWMAIOTh CTaH YHMCTOI PEYOBUHU B
piakomy abo TBEpIOMY CTaHi.
JUist peakimii MDK 17€albHUMU PO3YMHAMHM B SIKOCTI CTAHIAPTHOIO CTaHy
IPUUMAIOTh
C',=C'g=C'c=C'p =1 monp/mtp.
Toni piBHSAHHS 130T€pPMU MA€ BUTIIS
AA® = - RTInK, (3.55)
JUtst peakiiii MiXK 11€ajIbHUMHU Fa3aMHy 3a CTAHJIAPTHUM CTaH NPUUMAIOTh
P',=Pg=P'c=P'p=101325Ila.
Toni piBHSHHS 130T€pPMU MA€ BUTIISI
AG = RT(An In101325 — InKp), (3.56)
7€ An — 3MiHa YKCJIa MOJIIB Ta30MOIOHUX PEYOBHUH B pe3yJIbTaTl PeaKiii
An = (c+d) — (a+b). (3.43)
Axmo nigcraButu R = 8,314 JIx/Monbs-K, Ta In101325 =9,2423, To onepKumo
AG =9,59x10°AnT - InKp. (3.57)
Sxmo B peakitii An =0, To

AG = — RTINKs. (3.58)

3.2.6 CnopiaHeHIiCTh eJIeMEHTIB /10 KUCHIO
3/1aTHICTh €JIEMEHTIB pearyBaT 3 KUCHEM BIJIIrpae Ay»e 3HAYHY pojib B MeTa-
nypriitaux mpoiecax. KinbKiCHO CIIOPITHEHICTh €JIEMEHTIB 10 KUCHIO XapaKTepu3y-
€ThCS 3MIHOIO eHeprii ['100ca peakiii OKUCIEHHS PEYOBUHU OJIHUM MOJIEM KHCHIO.

Yuwm OibIll HETATUBHUM € 3MiHa eHeprii [160ca Takoi peakirii, THM OXouillle pearye
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pEUYOBHHA 3 KMCHEM, TUM OLJIbIlIa XIMiYHA CIIOPIIHEHICTh 10 KHUCHIO. HaBegemo Ki-

JIbKa MIPUKIIAIB.

Taomung 3.1
CHopigHEeHICTh AESIKUX €JIEMEHTIB JI0 KHCHIO

Peaxkiis —AG, xJI>k/MOJIb KUCHIO

1000 K 1600 K

4Cu+ O, — 2Cu,0 190,33 203,08

W+ 0, —» WO, 395,69 292,41

2Fe + O, — 2FeO 393,30 313,13

C+0;, — CO; 397,75 337,75

2Mg + O, — 2MgO 1017,39 894,85

B mertanyprii Bci e1leMeHTH MOAUIAIOThH Ha JIB1 TPYIIN:

1) eneMeHTH, y SIKMX XiMIYHA CHOPIJHEHICTh OUIBII MO3UTHBHA, HIK Yy 3aJIi3a.
Ili XiMi4HI €JE€MEHTH HE OKHCIIOITHCS B CTAJICBHUX BaHHAX (31130 OKHUCIIOETHCS
KHCHEM paHillie), HUIMH MO>KHa JIeryBaTu 3aii30. [Ipuknag — Mijb.

2) elIeMEHTH, y SKUX XIMIYHA CHOPIJHEHICTh OLIbII HEraTWBHA, HIK Yy 3aii3a.
BoHnu B craneBux BaHHAX OKUCIIOIOTHCS paHillle 3alli3a, HUIMU MOXHa PO3KHUCISATH
3aimi3H1 crutaBu. [pukinan — marsii.

[Ipu migBUIIEHH] TeMIIepaTypu XIMIYHA CIOPITHEHICTh A0 KUCHIO 3MEHIIYETh-

Ci.

3.2.7 Tuck (mpy:kHicThb)aucouianii kapoOoOHATIB Ta OKCH/IIB

Kap6onatu meranis (CaCO3z, MgCO; Ta 1H.) 3aCTOCOBYIOTHCA B METaNyprii sk
darocu Ta BorHeTpuBKi Martepianu. [1iq yac HarpiBaHHs kapOoHaTH O0araTbox MeTa-
JIB PO3KIIAAI0OTHCS 3T1THO 3 PEAKIII€l0

MeCO; S MeO + CO..
3actocyemo o i€l peakiii mpaBmio ¢as:
C=K-®+2,
C=2-3+2=1.
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Ile o3nauae, mo Oyab-sAKO1 TeMreparypi Oyjae BIANOBIAATH MEBHUM Mapiliaib-
Hu# THCK Byriaekucioro razy CO,. KoHcranTa piBHOBaru Takoi CUCTEMU 3aIUCy€Th-
cst yepe3 napuianbauii Tuck CO;
Kp =Pco,. (3.59)
Mapuiansauii Tuck CO,, M0 3HAXOAUTHCHA Yy PiBHOBa3i 3 KapOoOHa-
TOM, 3B€ThCS TUCKOM (IPYKHICTIO) AUconianili KapOoHaTy.
Le#t THCK BU3HAYa€ TEPMIUHY CTIHKICTH (CTaOLIBHICTH) KapOoHaTy. UuM BiH

OlIbIIIe, TUM HUXKYE CTAO1IBbHICTh KapOOHATY 3a AaHoi Temiiepatypu. [Ipuknamu:

Taomung 3.2
Tuck nucomianii geskux kapoonartis npu 1000 K
KapOonar SrCO; CaCO, MgCO;
Pco,, ITackans 505 9200 42200

JloOpe BUIHO, 1110 HANO1IBII CTaOUIBHUM 3 HaBEJICHUX KapOOHATIB € KapOOHAT
CTPOHIIIO.

3 MiIBUILEHHSIM TEMIEPATYPHU TEPMIUHA CTAOUIbHICTh 3MEHIIY€ETHCS.

Ta6muns 3.3
Tuck mucomiariii kapoonary kamnbilito (CaCO3) B 3alIeKHOCTI Bl TEMIEpaTypH
T, KeasBuH 800 1073 1171
Pcoo, [ackans 133,3 24398 101325

Temmeparypa, pu sikoi Tuck aucoriaiii csarae 1 atmocdepu (101325 Ilacka-
JIiB) HA3UBAEThLCA TeMIepaTyporo po3kiaay kapoonary. s CaCO3 s Temmneparypa
nopisHioe 1171 K.
Oxcuau TeX NpH HarpiBaHHI MOKYTh 0OOPOTHO PO3KIAAATHCS (IUCOIIFOBATH):
2MeO S 2Me + O,.
J11st IIbOTO TPOTIECY KOHCTAHTA PIBHOBArU MAa€ BUTJIA
Kp = Po2. (3.60)
I[HapuianbHUI THCK KMCHIO, IO 3HAXOAUTHCH Y PiBHOBA3i 3 OKCHI0OM,

3BeThCH THCKOM (IMPYKHICTIO) JUCOialil OKCHY.
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UuMm meHIe TucK aucouianii okcuay P, , THM OuIbIle TepMiuyHa CTaOUIBHICTD

OKCHJLY.
Taomurg 3.4
Tuck mucomiarii gesikux oxcuaiB mpu 2000 K
Peakris qucormiartii okcumy Tuck nucomariii Pg,, ITackamnis
TiO, S Ti+ 0, 3x10°®
2MgO S 2Mg + O, 6,4x107
2MnO S 2Mn + O, 3,2x10°"
2Fe0 S 2Fe + 0, 1,2x10°
2Cu,0 S 4Cu+ 0, 2,54x10°

Temneparypa, npu sKid TUCK Jucolialli OKCHUAY JOpiBHIOE 1 aTmocdepi
(101325 Ila), 3BeThCst TEMIIEPATYPOIO PO3KIAAY OKCHUY.

BpaxoByroun BMICT KUCHIO B atMocdepi (21%), napuiaibHUil TUCK KUCHIO B
noBITpl ckiamgae P'o, = 2 1x10* Tackauis. Tomy OKHCIIIOBATHCS KHCHEM ITOBITPS
3r1IHO 3 PIBHSHHAM 1300apy IPUMOXKYTh JIMIIE T1 METaIH, JUIsl AKUX TUCK TUCOIia-
111 OKCHAY MEHIIIE, HK HapIiiaJbHUi TUCK KHCHIO B TIOBITPI:

Pormeo) < Plos - (3.61)

SAxmo

Poxmeo) > Ploz, (3.62)

TO TaKUW METaj B3araji He OKHUCIIOEThCS KUCHEM TIOBITPS MIPH JaHiid TeMIiepa-

Typi. [Ipuknaam Takux MeTaiB: 30JI0TO , TUTATHHA.

3.2.8 3as1e:KHICTh KOHCTAHTH XiMiYHOI PIBHOBArH BiJl TeMIepaTypu.
PiBHsiHHA i30X0pH Ta i300apu XiMIYHOI peakuii
XiMiYHa piBHOBara 3ajJeKUTh Bl TEMIIEPATypH 1 MOXKE 3MILIATUCS MPHU 3MiH1
TeMIIepaTypHu, TOOTO € AMHAMIYHOIO, 1110 BUPAXKAETHCS B 3MiHI KOHCTaHTH XIMIYHO1
piBHOBaru. PiBHSHHS, IO MOKa3y€e 3aJIKHICTh KOHCTAHTH PIBHOBArd BiJ TeMIiepa-
TYpH, OACPKYIOTh 3 piBHSAHHSA 130TepMu Bant-I'odda 1 piBHsiHHa ['166ca — ['enbmro-

nbra. Po3risiHeMo XiMigHY peakIlito MK Ta30moI0HUMU pEYOBUHAMHU, SKa BIIOY-
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Ba€ThCS B 1300apHUX yMOBax Ipu (PiKCOBaHUX MapliaibHUX TUCKax P'; BCiX ydac-
HUKIB peaxitii
aA+bB — cC+dD
[Ipomudepeniroemo piBHsHHA 130Tepmu (3.50) mo Temmeparypi 3 ypaxyBaH-

HsM BHIIICCKA3aHOI'O

p'e Pfd
AG=RT In-C =D K, (3.50)
Py xPg
pP'c Prd InK
9(AG) :Rlnu_RmKP_RTd“—P_ (3.63)
6T P P’AaXP]’;b dT

B piBasnns ['160ca — ['enpmronsia

~ A(AG)
AG—AH+'I‘( - ]P (2.113)

nijictaBuMo 3HaueHHs AG 3 piBHaHHS (3.50) Ta (%} 3 piBHsIHHA (3.63) 1
P

OJIEPKUMO
P x P PE x Py , dInKp
RTIn—=—="- —RTInKp =AH + RTIn—~—=- - RTInKp — RT , (3.64)
P2 x PgP P2 x Pj
BIJIK1JISI TIICIIS CKOPOYEHB
dInK AH
P=—r0, (3.65)
dT  RT

PiBHsiHHSA (3.65) Ha3uBalOTHh PIBHAHHIM 1300apH XIMIYHOI peakiii. AHAJIOTTYHO
OJIEPKYIOTh PIBHSHHS M30XOPHU JUIS 130XOPHUX MPOIIECIB:

danC _ AU
dT RT?

(3.66)

VY piBasiaHsx (3.65) 1 (3.66) BenmunHM dinK

Ha3UBAIOTh TEMIIEPATYPHUMU KO-

edimieHTamMu JorapupMa KOHCTAHTH XiMiYHOI piBHOBarw, To0TO 3MiHOWO INKp i
INK¢ 31 3MiHOIO TeMITepaTypy Ha OJAWHUINO. Y TPaBy YaCTHHY IIUX PIBHSHb BXOIAHWTH
TEIJIOBUM (KT XIMIUHOI peakiiii. 3BIJICH BUILIMBAE, IO 3aJIEKHICTh KOHCTAHTH Pi-

BHOBaru BiJl TEMIIEpATypH BU3HAYAETHCS 3HAKOM 1 BEJIIMUMHOIO TEIUIOBOTO e(eKTy
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peakmii. Akmo peakimiss HE CympoBOKYeThbesl TemtoBuM edektom, To AH =0,
AH/RT? = 0 i Kp He 3anexuth Bijg Temmeparypu (man. 3.18). Skiio peakiiist Bin6y-
Ba€ThCA 3 MOTJIMHAHHAM TeTUIoTH (eHaoTepmiudo), To AH > 0, AH/ RT? >0. OueBus-
HO, 10 13 3POCTaHHSIM Temreparypu Oyae 30UTbITyBaTHCS KOHCTAHTA PIBHOBArHW.
Ex3otepMiuHi peakiiii mpoTikaroTh 3 BuAUIeHHAM TeruioTy; s anx AH <0, AH/RT

<0 1 Kp 3MeHIIy€eThCs TIpH 30LIBIICHH] TEMIIEpaTypH.
InKp Kp

AH>0
AH<0

AH=0 \ AH=0

AH>0 AH<0

1T T

Mauttonok 3.18 3asiexxHicTh KOHCTAaHTH PIBHOBAru Bijl TeMIepaTypu

Takum unHoM, piBHsAHHS (3.65) 1 (3.66) M03BOJSIOTH AKICHO OLIHUTH 3aJI€¥K-
HICTh KOHCTAaHTH PIBHOBAru BiJ Temneparypu. JlJig KUIbKICHOT OLIHKH BIUIUBY T€M-
neparypu Ha KOHCTaHTY PIBHOBArv PiBHSHHS 1300apu (130XOpH) HEOOXITHO 1HTET-
pyBaTH B IeBHOMY iHTepBam temneparyp Ti —To.

JI71s1 tHTerpyBaHHS MEpIie 3a BCE PO3ALITUMO 3MiHHI

dinKp = AH gy (3.67)

RT?

JIyist iHTerpyBaHHS HEOOX1HO 3HATH 3AJICKHICTh TETUIOBOTO €PEeKTy (€HTambIIii
peakiii) AH Bix Temreparypu. Lls 3ayexHICTh, K BiJOMO, BiIOOpakeHa B 3aKOHI
Kipxroda

d(AH)=AC,dT (2.45)

B 3anexHOCTI BiJ] BETUYMHU TEMIIEPATYPHOTO 1HTEpPBay Ta OaKaHOI MPOCTOTH

Ta TOYHOCTI pO3PaXyHKIB MOXJIMBI TaKl BaplaHTH:
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1) sik1Io TeMIiepaTypHuil IHTEpBal HEBEJMKUH, a BeJIMKA TOYHICTh PO3paxyHKIB
HE0OO0B’SI3KOBA, TO MOKHA 3HEXTYBAaTH TEMIIEPATYypHOIO 3aJI€KHICTIO TEIIOEMHOCTI

BiJl Temnepatypu, To0To BBaxkaTu ACp = 0. B ipomy BUnaaxy 3riiHo 3 (2.45)
M:O:AH:const.
dT

[TincraBumo 11e B (3.67) 1 0A€p>)KUMO

dinK, =— | — (3.68)

(3.69)

o Kp, AH(I 1) AH(T, - T;)
MCJIA IHTCTPYBAHHSA Ma€EMO In =— == -<

Kp, R(T, T, RT, T,

ne Kp; 1 Kp; — koHCTaHTH piBHOBaru npu temneparypax T, 1 T; BiamnoBiaHo.

2) Skmio Tpeda MiABUIIUTH TOUYHICTh PO3PAXYHKIB, MOKHA BBAXATH (3 MEBHOIO
norpintHicTio), o ACp = const. Toxi piBusuus Kipxroda (2.45) micns iHTerpyBaH-
HSI BUTJISIIATHME

AH = AC,T +By, (3.70)
ne B; — koHcTaHTa iHTerpyBaHHs. AOU 3HalTH BeIWMYMHY B;, miacTaBuMoO B L€
piBasiHE T =0, Tomi AHy =By 1
AH = AHj + AC»T. (3.71)
Tyt AHp — TenoBuii eext npu remneparypi 0 K.

[TincraBumo onepxanuii Bupas (3.71) B piBHsIHHS 1300apu (3.67)

dinKp =(AH;’ + ACPJdT, (3.72)
RT RT

II0 MICTIsl IHTETPYyBaHHS 1aCTh
InKp =—ﬂ+ﬁlnT+B2 , (3.73)
RT R
ne B, — KOHCTaHTa IHTErpyBaHHS; il MOXHA 3HAWTH, AKIIO 3HATH BEIMYUHY
KOHCTaHTH PIBHOBArU MpH SAKiH-HEOYy b TEMIIEpaTypi.
3) HaWOLIBII TOYHI PO3PAXYHKHA MOXKHA OJIEPXKATH, SKIIO MPUAMATH 0 yBaru
3QJIEKHICTh 3MIHU TEIUIOEMHOCTEH B Pe3yJbTaTi peakilii BiJl TEMIIEpaTypH 3TiTHO 3

piBHsIHHSM (2.51)
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ACp = AQp+ AT + AQ, T2+ A, T2 (2. 51)
[TincraBumo 11eii Bupas B (2.45)
dAH = (A3, + Aa,T + AQ, T? + Aa_, T dT. (3.74)
[Ticist iHTerpyBaHHs
AH = AH, + AQyT + %A, T? + 4AQ,T° — AdL,T . (3.75)

[TincraBumo oxeprxanuit Bupas (3.75) B piBHsHHS 1300apu (3.67)

dink, =20 A% Ay Ad T Aa, ), (3.76)
RT? RT 2R 3R RT3
10 MICJIS IHTErPYBaHHS 1aCTh
AH, Aa Aa,T Aa,T? Aa_, T
InKp =— RT" + =T+ =+ 2— 4772 4B, (3.77)

6R 2R ’
ne B; — KOHCTaHTa IHTeTpyBaHHs, i1 3HAYEHHS 3HAXOJATh, SIKIIO BIIOMa BEIIH-

YiHA KOHCTAaHTH PIBHOBATU MpH Oy/b-sAKil TeMmeparypi.

3.2.9 Bu3dHa4eHHSI KOHCTAHTH PiBHOBaru
3HaHHSA KOHCTAHTH PIBHOBArd QY€ BAKJIUBO 3 MPAKTHYHOI TOYKH 30Py — BOHO
Ja€ 3MOTY BU3HAYCHHS ONTHMAJLHUX TapaMETPiB TEXHOJIOTIYHOTO Tporecy. Tak,
HaIPUKIIQJ, SKIIO0 KOHCTaHTa PIBHOBAaru Ay>KE€ MaJjia, TO BUXiJ KIHIICBUX PEUOBHH
TeX Majauil ( peakuis B NpsIMOMY HAaNpSIMKYy IMPAKTUYHO HE BIAOYBAETHCS) 1 HEMAE
CEHCY IIyKaTH KaTai3aTop 1 po3poOJsiTU TEXHOJOTII0 MPOMHUCIOBOTO 3A1MCHEHHS
peaxiii.
[cHYIOTH 1Ba METOIM 3HAXO/PKCHHSI KOHCTAHTH PIBHOBArU:
1 TepmoauHaMiuHUNA MeTO/ (METOJ PO3pPaxXyHKIB);
2 METOJ CKCIIEPUMEHTAIBHOTO BU3HAUCHHS.
Meroa excriepuMeHTaATHbHOTO BUSHAYCHHSI BUMAarae BeJIMKUX MaTeplaJbHUX BH-
Tpat, 3abupae 6araTo 4acy 1 4acTO € MPOCTO HEMOXKJIUBUM, Xoua € (PyHIaMEHTaIb-
HUM 1 HeoOXimHUM. Tomy ocoOJiMBe 3HAUYCHHS Mae TepMoauHamMiuyHui meton. Llei

METOJI BIJIHOCHO TPOCTHI, JIETKO KOMII IOTEPU3YETHCS, A€ TOCUTH HEMOTaHl pe-
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3yJbTaTH, SKIIO € HaJIHA JOBIIKOBa 0a3za. YacTiiie BChOro el METOJ| CIUPAEThCS

Ha PIBHSIHHS 130T€PMH XIMIYHOI peakiii. B 1ipoMy Bunaaxy

AG’; = AnRT In101325 - RT InKp (3.56)
, AnRTIn101325-AGY
3BIJKH InKp = RT (3.78)

ne AG%; — eneprist I'i66ca mpu Temmepatypi T.
3amavya MONIyKy KOHCTaHTH PIBHOBAarM TaKMM YHWHOM 3BOAMTHCA IO TOIIYKY
BeTMUMHH eHeprii [106ca peakii amst temmeparypu T. 3uaiitn AG'r MokHA TakuMu
crnocobamu:
1) 3a eneprisimu ['1606ca pe4OBUH-yYYaCHUKIB peaKIlii
AG’; = (eAG ) + dAG 1) ) — (AAG 14y + DAG 1) ). (2.103)
Yacrime BChOro 1€ piBHAHHA BUKOPUCTOBYIOTH JJIi OOUMCIEHHSI CTaHJapTHOI
eneprii [166ca AG s, 3 ypaxyBaHHSM TOT0, II0 CTAHIApTHI eHeprii ['i66ca mpoc-
TUX PEYOBUH JOPIBHIOIOTH HYIIIO.
2) 3a enepriamu ['100ca KiTbKOX CTail peakilii:
AG’r = AG 1) + AG%p) + AG 13 +... AG'rg), (3.79)
ne AGOT(D — eHepris ['160ca i-Toi craii peakitii.
3) 3a TeruioBUMH e(heKTaMu 1 EHTPOIISIMU PEYOBUH-YYACHUKIB PEAKIIii B CTaH-

JapTHUX YMOBaXx:

AG’r = AH; — T AS’; . (2.96)
3Harouu 3 piBHAHG (2.45) Ta (2.76), 1m0
T
AHY = AHYoq + J' AC,dT (2.45)
298
T AC
Ta AST =AS%y + [ —"dT, (2.76)
298 T

M1JCTaBUMO I1i BUpa3u B (2.96) 1 ogepxKuMo

0 0 i 0 T‘IA(:P
AGY =AH3gq + [AC,dT—TASSg T | —dT. (3.80)

298 298

Tyt AH’; — TerumoBumii ebexT (eHTanbIis) peakii npu Temmepatypi T;
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AH%g — TermnoBwHit edext (eHTanbIis) peakuii mpu Temmeparypi 298 K;

AS’; — enrrporis peaxuii mpu Temnepatypi T;

AS’; — enrpormis peaxtii pu Temmepatypi 298 K;

ACp — 3MiHa TETJIOEMHOCTI B PE3yJIbTATI PeaKIlii.

3) 3a meronnom Tromkina — [1IBapiumana

AGOT = AH0298 -T AS0298 - T(M()Aao + M]_Aal +M gAaz + M_zAa 2 ), (381)

ne My, M, My, M _, — cTaumi, Kl He 3aJeXaTh BiJ MPUPOIU PEUOBHUH, alie 3a-
JeXaTh Bl TEMIIEPATYPH, iX 3HAUYEHHS HaBEJICHI B IOBITHUKAX 3 TEPMOJIMHAMIKH;

Aay, Aaj, Aay, Aa _, — 3MiHa Koe(IIiEHTIB B pIBHSHHI 3aJIEKHOCTI TETIJIOEMHOC-
Ti BiJ TemriepaTypu (nuB piBHSIHHS (2.52) — (2.55)).

4) KoHcTaHTy piBHOBaru HaOJMKEHO MOXKHA 3HANTH 3a MeToj0M Bonogumu-

poBa

ne AM Tta AN — crani peakuii, Kl OOYHCIIIOIOTh 32 PIBHIHHAMU
AM = (cM¢ + dMp) — (aMa + bMp),
AN = (CNC + dND) — (aNA + bNB)

Cram M; ta N; nns pedoun A, B, C, D HaBeneHO B JOBITHUKAX; CTEX1OMET-
puuHi KoedimienTu a, b, C, Ta d 6epyTh 3 PIBHIHHS PEAKIIii.

[CHYIOTB TaKOX 1HILII METOAN PO3PAXYHKIB KOHCTAHTH PIBHOBArv peakiiii.

Cepen KUIBKOX €KCIIEPUMEHTAIbHUX METO/IIB BU3HAYEHHS! KOHCTAHTH PIBHOBA-
T'Y peakiiii BiJI3HAYMMO JIBa:

1) Merop enexkTpopyiiiiHoi cuiar. MeTos 3acHoBaHO Ha BumiptoBanHi EPC ra-

JTHBAHIYHOTO €JIEMEHTY, SIKa 3B’s3aHa 3 KOHCTAHTOIO PIBHOBATH CITiBBITHOIICHHSIM

ZE
nga =ﬁ’ (382)

ne E enexrpopymiiina cuna, F — koncranta @apanes, Z — KiJIbKICTh €IEKTPO-
HIB, 10 MPUHUMAIOTh Y4acTh B €JIEKTPOJHOMY Tipoiieci, R — yHiBepcaiibHa razoBa

ctana, I —abCoJIFoTHA TeMIIepaTypa.
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2) Meton BU3HAYEHHS CKJIaly pIBHOBaXKHOI cyMmilil. Bu3HaueHi TakuM YHMHOM
PIBHOBa)XHI KOHIEHTpalli abo mapiiiaibHi TUCKUA MiACTaBIAIOTH B (opmynu (3.39
a60 3.41). Lle meTox npsimMuii, HaAUOLIBII OaXKaHUM, ajie MPAKTUIHO JyXKe CKIIAJHHUM 1

3 0araThOX MPUYHUH HE 3aBKIU MOMIIHBIH.

4 PO3YUHU
4.1 Po3unHM HeeJIeKTPOJIITIB
4.1.1 3araabpHa XapaKTepHCTHKA PO3YHHIB
Po3unHaMy Ha3MBalThL IOMOrEeHHI TEPMOJAMHAMIYHO CTiiiki cuc-
TeMH, 0 CKJIAJATHCH 3 ABOX I OLIBIIOIO YHUC/Ia KOMIIOHEHTIB, CKJIA/
SIKMX MOKe 3MiHIOBATUCS B MeKaX, MNPUILYCTUMHX PO3YUHHICTIO.

Po3pi13Hs10Th razonoaiOHi, piaKi 1 TBEpAl po3uuHU. ["a30m0110H1 pO3UHHM — 11e
cyminm rasiB. Piki po3unHu — 1ie cyMii piguH (4 PO3UYUHU TBEPAUX PEUYOBHH 1
ra3iB y piiuHax). TBepl po3uuHU SBJISIOTH CO00I0 TBEp/i ¢asu, siKi YyTBOPIOIOTHCS

MIPU OXOJIOMXKEHHI PIIKUX PO3ILIABIB.
Ha nmpakrtuiri B MeTanyprii HaiOLIbII YacTO MPUXOIUTHCA 3yCTpidaTUCs 3 pij-
KUMH 1 TBEPAUMH PO3UMHAMU. Y PO3UMHI 3BUYANHO PO3PI3HAIOTH PO3YMHHUK 1 pO3-
YUHEHY PEYOBUHY, X04a 3 TOUYKH 30py TEPMOJUHAMIKHM BCl CKJIAJ0Bl PO3UMHY OJHA-
KOBi. PO3UMHHUKOM MPUWHATO BBAXKATH Ty PEYOBHUHY, III0 MAETHCA B PO3YUHI B Oi-
JBIINA KUTBKOCTI. ¥YMOBHUMOCS, 10 HaJajl MmapaMmeTpu po3dMHHUKA OyaemMo MO3Ha-
YaTH 1HAEKCOM A, a po3urHeHuX pedyoBuH — B, C u 1.1. |11 yTBOpEHHS P1IKOTO PO-
3UMHY SIK PO3YMHHHUK 3aCTOCOBYIOTh UM BOJAY PI3HI OpPraHiuHl PO3UMHHUKH: CIIUPTH,
KETOHU, KUCIOTH, edipu. BaximMBor XapaKTepUCTUKOI PO3YMHY € HOro Ckiai i

KOHIIEHTpAI[isi KOMIIOHEHTIB.
4.1.2 Cnoco0u BUpasKeHHsI KOHLEHTPALii pO34HHIB

a) MacoBa 4acTka ; — BiJHOIIIEHHS Macy KOMITOHEHTA, III0 MICTUTHCS B CHC-

TeMi, JI0 3arajibHOi MacHu po3unHy (0e3po3MipHa BETUYNHA)

@ = (4.1)

1 Zmi

Cyma MacoBUX 4aCTOK KOMITOHEHTIB PO3YMHY JIOPIBHIOE OJIMHHUII
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20 =1.

0) MacoBuii BiICOTOK % ®; — BIJICOTKOBE BIJTHOIIICHHSI Macu KOMIIOHEHTA, 1110

MICTUTBCS B CUCTEMI, JI0 3arajibHOI MacH pO3YUHY:
m;

Zmi

B) MoJbHa YacTKa X; — BIIHOIICHHS KUUIBKOCTI PEYOBHHU KOMITOHEHTA, 10 Mi-

%w; =100

(%). (4.2)

CTUTBCS B JaHIA CHUCTEMI, J0 3arajbHOI0 YKCJIa MOJIB cucTeMHu (0€3po3MipHa BeJH-

YU HA)

n.
— 1
Zni

CyMa MOJBHHX YaCTOK KOMIIOHEHTIB PO3UMHY TOPiBHIOE OfmHMI D X; =1.

r) MosibHUH BiICOTOK %X; — B1JICOTKOBE BIJIHOIICHHS KUIBKOCTI PEYOBHUHU
KOMIIOHEHTA, 1110 MICTUTBLCS B JaHIA CUCTEMI, JI0 3arajJbHOI0 YKCJIa MOJIIB CUCTEMU

n;

Zni

1) O0'emMHa yacTKa @; — BIJHONIIEHHSA 00’€My KOMIIOHEHTA, IO MICTHUTHLCS B
b

Y%x; = (%). (4.4)

CUCTEMI, JI0 3arajibHOro 00’eMy cucteMHu (0e3po3MipHa BEJIMUUHA)

A 45
®i= (4.5)

e) Monsipua koHueHtpartis (260 MossipHicTb) C — BIIHOIIEHHS KIJTBKOCTI MO-
JIB PO3YMHEHOI pe4oBUHU B 10 00’ eMy po3unny

_Npg _ Mg
V. MgV

B (MoJTB/M). (4.6)

ne Ng, Mg, Mg, — 9UCIIO MOJIIB, Maca Ta MOJIbHAa Maca PO3YMHEHOI PEUOBHHH;
V — 00’eM po3uunHYy.

Hampukiaz, sSKIo roBopsTh, MO PO3YWH JIBOMOJIIPHUN, T€ i IUM PO3yMi-
I0Th PO3YUH, IKHUA MICTUTH 2 MOJIS PO3YMHEHOI pe4oBUHHM B 1 miTpi po3unHy. YacTo,
0COOJIMBO Ha €TUKETKaX TUIAIIOK 3 PO3YMHAMH, MOJIAPHICTh TIO3HAYAIOTh CKOPOYCHO

takuM unHoM: 2M H,SO, — iineTbest mpo MTBOMOJISIPHHM PO3YUH CipUaHOi KUCIOTH.
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€) MonsinibHa KoHIeHTpalis (60 MossuibHICTE) Cp, — 4HCIIO MOJIEH KOMITOHE-

Hta B 1 kr (1000 r)po3unHHUKA:

_ 1000 Ng _ 1000 Mg (MOHB/KF p03T-II/IHHI/IKa). (47)
mA MBmA

C

ne Ng, Mg, Mg, — 4KUCIIO MOJIIB, Maca Ta MOJIbHA Maca PO3UYMHEHOI PEYOBUHHU;
M4 — Maca pO3UYMHHMKA B rpaMax.
Hampukiaz, Ko roBopsTh, M0 PO3YHH OJHOMOJISIILHUHN, T€ MM IIUM PO3Y-
MIIOTh PO3YUH, YTBOPEHUN PO3UMHEHHSIM | MOJIb pEYOBUHU B 1 KT pO3YMHHUKA.
) HopmanpHa konmentparitis (HopManbHicTh) C,, — BIIHOMIEHHS KUIBKOCTI
€KBIBaJICHTIB PO3YMHEHOI pe4OBHHU B 110 00’emMy po3unHy
n

__ep _ My

= €KB/1). 4.8
"=y EBV(KBJI) (4.8)

ne Neg, Mg, Eg, — uuCI0 €KkBiBaJEHTIB, Maca Ta €KBIBaJICHTHA Maca pO3UYHUHE-
HO1 pedoBuHH; V — 00°eM po3unHy. Ciij 3a3HAYUTH, 110 Ha3Ba “‘HOPMAJIBHICTL 3a-
cTapiia, Xoua 1 BUKOPUCTOBYEThCS YACTO; B Cy4acHIA TEPMIHOJIOTII CJIiJl HA3UBATU
III0 KOHIIEHTPAIIIO ‘“MOJIbHA KOHIIEHTpaIlisi eKBiBaJeHTIB”. CKOpOYEHE MO3HAYCHHS:
(mampukiian) 0,581 KOH — iinetrscs npo 0,5-Hopmansauii pozund KOH. s koHueH-
Tparis Ay»e 4acTO BUKOPUCTOBYETHCS B aHAIITHUYHIN XiMii, 0COOJIMBO B 00’ €MHOMY
aHami3l.

ExBiBajieHTa Maca pe4OBUHU — 1€ Maca XIMIYHOTO €KBiBaJIeHTa 111€1 peuyOBHU-
HH, BOHA JIOPiBHIOE T0OYTKY (hakTOpa eKBiBajIeHTHOCTI fem HAa MOMBHY Macy M pe-
yoBuHU. Hanpuknan, ekBiBanenTHa Mmaca KMnQO,4 B KHCIIOMY CEpeAOBHII, BiIIOBI-
nHO 1o peaktii MnO, + 8H+ +5e — Mn? + 4H,0, 3anuierscs Tak:

1 158
EKMHO4 - feKBMKMn04 = g KMHO4 = ? = 31,6 F/MOJI]) .

®dakTop eKBIBaJICHTHOCTI fep — 1€ YMCII0, [0 MMO3HAYAE, SIKA YaCTKa MOJbHOI
Macu peyoBHHHM B ekBiBaJleHTHa OJHOMY 10HY BOJHIO B JaHIi KHUCIOTHO-OCHOBHIN
peaxIlii Y1 OJJHOMY €JICKTPOHY B JaH1i OKUCIIOBAIBHO-BITHOBHIN peaKIlii. Moro po-
3paxoBYIOTh Ha MIJICTaBl CTEX10METpii JaHoi peakuii. Hanpuknaz, y BuilieHaBeAeH1 1

peakiii 0epyTh y4acTh I’ SITh €JIEKTPOHIB, TOMY f = 1/5.

CKB(KMnO,)
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B Mertanyprii po34rMHHICTh Ta3y B MeTajll MOYKHA BU3HAYUTH KiJIBKICTIO JIITPIB
raszy, nmpuBeaeHoro 10 HopmaiabHux ymoB (P = 101325 [1a 1 T = 273 K), po3unHeHo-

ro B 100 kr merainy:

V=100 (4.9)
m

1

e V; — posunnnicts rasy B 100 kr metany, mr-100 “kr; V, — po3uuHHiCTS

ra3zy iy m Kr Meraiy.

4.1.3 CyuacHi ysiBJIeHHSI IPO NPUPOAY PO3YMHIB i MeXaHi3M PO3YNHEHHSA

Pinki po3urHM 1O MPUPOJL 1 BIACTUBOCTSM JyKE€ PI3HOMAHITHI, ¥ 3B’SI3KY 3
YUM Ba)XKO CTBOPUTHU €IMHY KUIBKICHY TE€OPIiIO, IO OMHUCY€E MOBEIIHKY PI3HUX PO3-
YUHIB. Y XOJ1 pO3BUTKY HayKH OYJM BHUCIJIOBJICHI JIBl TOUKHU 30py HA MPUPOAY PO3-
YuHiB: (Pi3UyHA 1 XIMIYHA.

Bignosigno no ¢gizuunoi teopii (C. Appeniyc, B. OctBanba, . Baut-T'odd),
MPOLIEC PO3UYMHEHHS PO3IJISAAOTh SIK PIBHOMIPHUN PO3MOAUI YaCTOK PO3YMHEHOI
PEUYOBUHU 10 BCbOMY 00’€My PO3UMHHUKA. PO3UMHHUK NpUKMaroTh 3a IHAU(PEPEHT-
HE CEpEeIOBHILIE.

Ximiuna Teopis (. I. Mennenees, I. A. Kabnykis, M. C. KypHakoB) po3risi-
Jla€ PO3YMHHU SIK CUCTEMH, YTBOPEHI YACTMHKaMHU PO3YMHHHUKA, POZYMHEHOI'O Pedo-
BUHU 1 HECTIMKHUX XIMIYHHMX CIOJIYK, III0 YTBOPIOKOTHCS M1 HHUMH 32 PaXyHOK BO/JI-
HEBOTO 3B’SI3KY UM €JIEKTPOCTATUUHUX CUJI B3aEMO/III.

CydacHa Teopisi pO34uHIB, MOEAHYIOUN (I3UYHY 1 XIMIYHY TOYKU 30Dy, PO3T-
JS7a€ TIPOIIEC POIYMHEHHS SIK B3a€EMO/IIF0 MK YaCTUHKaMU pi3HOi nosisipHOCTi. [lo-
JSIPHICTH MOJIEKYJT BUPAKAETHCS B TiM, 1110 B CHIIy HEPIBHOMIPHOTO PO3MOLTY €JIeK-
TPUYHUX 3aPSAAIB B OHIN YAaCTHHI MOJIEKYJU MOXYTh MEPEBAKATH MO3UTUBHI 3apsi-
71, a B 1HIIH — HeraTtuBHi. [1oJIpHICTE MOJNEKYIN KUTHKICHO XapaKTEPU3yIOTh EICK-
TPUYHUM MOMEHTOM JTUTIONISI.

[TonsipHUMH 1 HENOJIIPHUMHU MOKYTh OYTH PO3YMHHHUKH 1 PO3UUHEHI PEYOBU-
Hy. [lonspHUMH PO3YMHHHKAMH € KHUCJIOTH, CIIUPTH, eipu, KeToHH, 1 iH. Hal6inb-

U MOMEHT AUMOJIS Ma€e Boja (U = 0,61-10_29 KiMm) 1 B cuity 11b0T0 BOfIa € 10OpUM
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PO3YMHHUKOM Pi3HUX MOJSIPHUX CHOJYK. BCTaHOBIEHO, 1110 HEMOJIAPHI PEUYOBUHU B
MOJISIPHUX PO3YMHHUKAX PO3UYMHSIIOTHCS MOTAHO, & B HEMOJSAPHUX (BYTIEBOAHI, Cip-
koByrienb, CCly) nodpe.

MexaHi3M po34yMHEHHS TBEPANX PEYOBHH Y PiAMHAX MOXKHA YSIBUTH Y BHTIISIL
TPHOX CTamii: 1) opieHTalis MOJAPHUX MOJIEKYJ PO3YMHHHKA HABKOJIO YaCTUHOK
PO3YMHEHOI PEUOBUHM, YTBOPEHHS 10H-IUIOIBHOTO 3B’SI3KY; 2) PO3pUB 3B’SI3KIB Y
PEYOBHHI, IO POIYMHSAETHCS, TOOTO PyWHYBAaHHS KPUCTAJIIYHOI IpaTKH; 3) CObBa-
Tallisl 10HIB B PO3UMHI, TOOTO YTBOPEHHSI CHOJIYK MK PO3YMHHUKOM 1 PO3UYMHEHOIO
PEUYOBHHOIO.

Ha nepuiiii 1 1pyrii ctaaisgx po3YMHEHHS €HEPrisl BUTPAYAETHCS, HA TPETHOT —
BUJIIAETHCS. Bi1 CIIIBBIAHOIICHHS BEJIMUMH €HEPrii 3a3HAaYCHUX MPOIIECIB 3aJICKUTh
CyMapHa TerioTa po3duHeHHs. [Ipoiiec po3urMHEHHS MOXKe OYTHU SIK €K30TEPMIYHUM,

TaK 1 €HIOTEPMIYHHUM.

4.1.4 TepMoauHaMiYHA i MOJIEKYJISPHO-KIHETUYHA YMOBHU YTBOPEHHS PO3YHHY
YTBOpEHHSI PO3UMHY 3 KOMIIOHEHTIB SIBJIsIE COOOI0 CaMOIOBUIBHUN HpOIEC,
AKUW BIIOYBAETHCS Y BIAKPUTIN CHCTEMI MiJ BIUIMBOM JIBOX 30BHILIHIX (PAKTOPIB
(Thcky 1 TeMmnepaTypu). Takuii mpouec CynpoBOIKYETHCS 3MEHIIEHHAM eHeprii ['1-
060ca. 3mina eneprii ['i00ca mpu yTBOpPEHHI 17€aIbHOTO PO3YMHY BUPAXKAIOTh PiB-
HSHHSIM
AGyTB = nRT(XA InXA + Xp InXB), (410)
B SIKOMY MOJIbHI YaCTKHU Xa 1 Xp MeHIIe ogunuLi. OTxe, INXa, INXg Ta AGyyy —
HeraTtuBHI Ben4uHH. 3HaK AGy,, BKa3y€ Ha TEPMOJAMHAMIYHY MOKIUBICTH CAMOJO-
BIJILHOTO YTBOPEHHS PO3UYUHY.
3MiHa €HTPOIIIi IPU YTBOPEHHI 17I€aIbHOr0 PO3YMHY BUPAXKAIOTh PIBHSIHHAM
ASyrs = — R(Xa InXa + Xg INXg), (4.11)
Ockinbku BenmuuuHa INX HeratuBHA, TO ASyy, — MO3UTHBHA BenuduHa. Lle ro-
BOPUTH MPO T€, IO 3MIIIAaHHS PEUYOBUH NPHU YTBOPEHHI PO3YUHY CYINPOBOKYETHCS

3pOCTaHHSM HEBIMOPSAKOBAHOCTI (XaOTUYHOCT1).
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TakuM 4HMHOM, TEPMOJUHAMIYHUMH YMOBaMHU YTBOPEHHS PO3UYMHIB € 3MEH-
meHHst eneprii ['160ca 1 301IbIIeHHS €HTPOTT].

MouiekynsipHO-KIHETUYHA YyMOBA YTBOPEHHSI PO3UYMHY BU3HAYAETHCS MPOIIE-
coM au(y3ii YaCTUHOK PO3YMHEHOI PEYOBHMHHU B PO3UMHI, 3MIHOIO CTPYKTYpPH PO3-
YHHHUKA 1 MDKMOJIEKYJISIpHOIO B3aemoziero. [lporec audysii oOymoBieHuit pizHu-
IIeI0 KOHIICHTpAIllill PEYOBUH y PI3HMX YacTHUHaAX 00’eMy po3uuny. Judysis Bin0y-
Ba€THCS JOTH, TIOKH HE 3PIBHAETHCS KOHIICHTPAIIiSI IO BCboMY 00’ eMy po3unHy. Ca-
MOBUIBHUHN MPOIEC PO3ZUMHEHHS BiI0YBA€ThCA O YTBOPEHHSI HACUUEHOTO PO3UYUHY.
VY HacuueHOMY pO34YWHI BCTAHOBIIIOETHCS PIBHOBAra, B KM XIMIYHUHN MOTEHITIAN 1H-
JIUBITyaJIbHOI PEYOBHHM, 110 PO3UMUHSAETHCS, JOPIBHIOE XIMIYHOMY MOTEHLIANY III€]
PEUYOBHHU B PO34MHI. 3 MOJIEKYJISIPHO-KIHETUYHOI TOUKH 30py, PO3UHH CTAa€ Hacuye-
HUM, KOJIM IIBUJIKICTh, 3 IKOK0 YACTUHKH BIIPUBAIOTHCS BiJl MOBEPXHI TBEPOI pedo-
BUHU 1 NIEPEXOJATh B PO3UMH, TOPIBHIOE MIBUAKOCTI OCIJaHHS YacTOK 3 PO3UMHY Ha
Til 5ke ToBepxHi. [Ipu yTBOpEeHHI OYyIb-IKOTO PIIKOTO PO3UYUHY 3MIHIOETHCS CTPYK-
Typa pO3YMHHHKA, 3 SBISAE€THCS HOBA CTPYKTypa 3 IHIIUM PO3TAIIyBaHHSM YacTH-
HOK. Y 3B 513Ky 3 IIUM 3MIHIOIOTBCS 1 CHJIM MIXKMOJIEKYJISIPHOI B3a€MO/III.

3amava 3arajibHOI TEOpIi PO3UMHIB MOJIATAE Y BCTAHOBJIEHHI KiJIbKICHUX 3ajie-
KHOCTEH BJIACTUBOCTEW PO3YMHIB BIJ CKJAAy 1 BJACTUBOCTEH HOr0 KOMIIOHEHTIB.
OpHuM 3 HANOUIBII BaXKJIMBUX PIBHSIHB, 10 MOKA3yIOTh HAABHICTh TAKUX 3aJI€KHOC-

Tel, € piBHsIHHS ['160ca — [rorema.

4.1.5 IlapuiaabHi MoJIbHI BesiuyuHM. PiBHsinas 1'i00ca — rorema

BriacTuBOCTI pO34nHIB, K 1 IHIIUX CUCTEM, MOJUISAIOTh HA IHTCHCUBHI (HE 3a-
JISKHI BiJ] MacH) 1 €KCTEHCHBHI (3aJIe)KH1 BiJl MacH). SIKIII0 Macu BCIX KOMIIOHEHTIB
PO34YMHY (PO3YMHHUKA 1 PO3UMHEHHUX PEUYOBHH) 30UIBIIUTH B N pa3 MpHU CTAIUX TEM-
nepaTypi 1 TUCKY, TO IHTEHCHBHI BJIACTUBOCTI PO34YMHY (KOHIICHTpAIlis, TYCTHHA,
B’SI3KICTh) HE 3MIHIOIOTHCS, & €EKCTEHCUBHI BJIACTUBOCTI (00’ €M, TETJIOEMHICTh, BHY-
TPIIIHS €HEPTisl, eHTAJIbIIIS) 3pOCTYTh TAKOXK Y N pa3. SAKIo cuctemMa CKIalaeThes 3
OJIHOTO KOMIIOHEHTY, TOOTO € 1HIMBIIyaTbHOIO PEUOBHHOIO, TO MOTO CTaH XapaKTe-

PU3YIOTb MOJIbHUMHU BCIIMYMHAMHU CKCTCHCUBHUX BJIACTUBOCTEHU (MOJ'IBHI/IM O6’€MOM,
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MOJIBHOIO TEINIOEMHICTIO, MOJIbHOIO BHYTPIIIHBOKO €HEPTi€rO 1 T.1.), SIK1 HE 3aJIeXkaTh
BiJl MacH. SIKIIO cucTeMa CKIAAaeThes 3 ABOX (1 OUTbINE) KOMIIOHEHTIB (HAPUKIIA,
PO34YUH), TO MOJIbHI BETMYMHU €KCTEHCUBHHUX BJIACTUBOCTEH KOKHOTO KOMIIOHEHTA
3anekaTh Bl Macu BCiX KOMIIOHEHTIB, TOOTO BiJ CKJIaay po3uuHy. Tomy Uit Xapak-
TEPUCTUKH CTaHy 0araTOKOMIIOHEHTHHX CHCTEM 3aCTOCOBYIOTH MapIliaibHI MOJBHI
BennyrHU. [1[06 po3KpHUTH iX CyTh, IPUITYCTUMO, IO PO3YHH CKIAAETHCA 3 Ng, Np,*
N; 4rclia MOJIB OKPEMHUX KOMIIOHEHTIB (3arajbHE YHMCIO KOMIOHEHTIB i). SIKiio B
TaKuil po34rH BBECTH | MOJIb MEPIIOT0 KOMIIOHEHTA MPH CTAIUX TeMIepaTypi 1 Tuc-
Ky, TO

€KCTCHCHBHA BJIACTUBICTH (Z) 3MIHUTHCS HA BETUUUHY

oz -
- =7Zi, 4.12
ey z (4.12)

1P, Tong,.ng_y

Jie zZi — napifiajbHa MOJIbHA BEIMYMHA €KCTEHCUBHOI BIACTUBOCTI (B SIKOCTI Z
MoxyTh Oyt G, A, H, U, V 1 i1.), n—1 o3Ha4ae cTaymicTh Yncia MOJIEH YCiX KOMITO-
HEHTIB, KpIM OJTHOTO, TOOTO CTaJIICTh CKJIadYy.

CkJaJ MO’KHA BBa)KaTU CTAJIUM, KOJIHU JIOJAETHCSA 1 MOJIb OJJHOIO KOMITOHEHTA
710 Ty>K€ BEJIUKOI KIJIbKOCTI PO3UHHY.

Sk BuaHO, TapIliajJibHa MOJbHA BEJIMUYMHA €KCTEHCHBHOI BJIACTUBOCTI (i-TO
KOMITOHEHTY — II€ 3MiHa €KCTEHCHUBHOI BJIACTUBOCTI BCI€i CUCTEMH IIPH 3MiHI BMICTY
1-TO KOMITOHEHTa Ha 1 MOJIb 32 YMOBHM CTJIOCTI 30BHIIMIHIX (DaKTOPIB 1 BMICTY BCIX
IHIIMX KOMIIOHEHTIB. Hampuknan, mapuialbHUMH MOJISIPHUMHM BEIMYMHAMHU 1-TO

KOMITOHEHT MOXYTb OyTH

aG =(_;il a_H :ﬁi1 aV

aT on; 6T

i /P,T,ny,ny 1/P,T,ny,ni_y) /P, Ton,ngy)

= Vi 1T.1.

(4.13)

[IpunycTumo, 10 B CUCTEMY 3 BEJIMKOIO MAacO BBOJAATH HECKIHUEHHO Malll

KUJTBKOCTI KO’KHOTO KoMmoHeHTa dny, dn,,-+ dn;. Ilpu Takiit yMOBi CKiaj i mapiiia-
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JIbH1 MOJIbH1 BEJIMYMHU €KCTEHCUBHUX BJIACTUBOCTEH (Hampukia, G;) 3anuiiaroTbCs

CTaJIMMH, OJTHAK 3arajibHa BJIACTHUBICTh BCi€l CHCTEMU 3MIHIOEThCA. ToMy
dG =G dn; +G2dn, +..Gidn, . (4.14)
[aTerpyBaHHs IbOTO PIBHSHHS BiJl HYJIS J0 N aae piBHsAHHS ['100ca — Jlrorema:
G =G, +Gan, +..Gin, , (4.15)
abo G =p,dn; +p,dn, +...u;dn; . (4.16)

3HaueHHs napiiaibHOI MOJLHOI eHeprii ['100ca uu ['enbMroibiia ((_} 9u K) €
OJIHOYACHO XIMIYHUM ToTeHIiasoM p. CIiji 3a3Ha4uTH, 110 TapiiiajibHa MOJIbHA Be-
JUYMHA € HE BJIACTUBICTIO PO3YMHY, a 3MIHOIO BIACTUBOCTI B pE3yJIbTaTI JI0JaBaHHS
710 HBOTO 1 MOJIb KOMITOHEHTA IIPU CTAJTUX TUCKY, TEMIIEpaTypi 1 CKIIA/II.

3 piBHsiHH#A ['100ca — J[rorema (4.15) BuriuBae, 10 €KCTEHCUBHA BIACTUBICTh
YChOT'0 PO3YMHY CKJIAJAETHCSA 3 TOOYTKIB MapliaJbHUX MOJISIPHUX BEJIUYHH LI1€1 Bia-

CTHBOCTI OKpPCMHX KOMITOHCHTIB Ha YUCJIO MOJIIB KOJKHOTO KOMIIOHEHTA PO3YHHY.

4.1.6 IneanbHi po3unHHU. 3aKOHHM ileaIbHUX PO3UHMHIB
IneaslbHMMH Ha3MBAlOTh PO3YHUHH, YTBOPEHi KOMIIOHEHTAMH, Y
SIKUX CHJIM B3a€EMOAIl MK OAHOPIAHMMHU i PI3HOPIAHMMH MOJIEKYJIAMHU
OIHAKOBI.

Hanpuknaz, y po3uuHi, 010 CKIaAA€ThCsl 3 KOMIIOHEHTIB A U B, cuiu B3aemo-

nii Mixk MmoJiekysiamu A — A, B— B 1 A — B ogHakoBi.
B ineanbHUX po3urHAX BIACTUBOCTI OKPEMUX KOMIIOHEHTIB HE BIJIPI3HSIOTHCS
B1Jl iXHIX BJIACTUBOCTEH y YUCTOMY 1HAMBITyaJIbHOMY BUTJISA/Il, TOMY MIpUpOJa 1/1€a-
JBHUX PO3UMHIB JOCHTH MPOCTA. IX MOBEJIHKY TOYHO ONMHUCYIOTh 3aKOHM BaHT-

I'odda 1 Payns, sxi Ha3uBaOTh 3aKOHAMMU 17I€aTbHUX PO3YUHIB.

4.1.6.1 Ocmoc i ocMoTuuHui THCK. 3akoH BanT-T'odda
Sk Oyno 3a3HaueHo BHIIIE, Mpoliec AUQy3ii YaCTUHOK PO3UMHEHOI PEUOBUHU B
PO3YMHI € MOJICKYJISIPHO-KIHETUYHOI YMOBOIO YTBOPEHHS PO3YMHY. 3 MPOIIECOM

mudy3ii 3B’ s13aHE SIBUIIIE OCMOCY.
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SIKI10 MoCyIMHY PO3IIIMTH Ha JBa BiJICHHS HaIiBIPOHUKHOIO MIEPETOPOI-
KO0, SIKa TIPOITYCKA€ MOJICKYJ PO3YMHHUKA 1 HE MPOITYCKAE MOJICKYJIU PO3YUHEHOT
PEYOBHHHU, a TMOTIM B OJIHE BIIJIJICHHS HAJUTU PO3YMH, & B IHIIUK — YUCTHH PO3-
YUHHUK YU PO3YMH 3 MCHIIIOI0 KOHIICHTPAIlI€I0, TO PO3UYMHHUK Oye MEePEexXOIUuTH 3
BIIJTIJICHHS 3 MEHIIIOIO KOHIICHTPAITIEIO Y BIJIUICHHS 3 OUTBIITOI0 KOHIICHTPAITIETO.

[Tporec ogHOOIUHOT MU]Y31i pO3UMHHUKA Yepe3 HaAIlIBIPOHUKHY MEPETropoIKY
BiJl PO3YMHY 3 MEHIIIOI0 KOHIICHTPAI[IE€I0 PO3UMHEHOI PEUOBHUHU JI0 PO3YUHY 3 O1Tb-
100 KOHIICHTPAI[I€I0 HA3UBAIOTh OCMOCOM.

JIy1st BUBUEHHS TIPOIECY OCMOCY 3aCTOCOBYIOThH NMPHJIad, 300pakeHUI Ha pU-

CyHKy 4.1.

[ - . Pucynox 4.1 Ocmomerp: 1 — 30BHIIIHS
P NOCYyJIMHA; 2 — PO3YMHHUK YU PO3BEIe-
i HUHN pO34YMH; 3 — BHYTPILIHS MOCYINHA;
- - 4 — KOHIICHTPOBAHUI PO3UMH; 5 — HAMIB-

__________________ IPOHHUKHA N1€PEropoKa

30BHIIIHIO TOCYAUHY | 3alOBHIOIOTH BOJOK 2, BHYTPIIIHIO 3 — PO3YMHOM
AK0i-HeOyb peuoBUHU 4. JIHO BHYTPIITHBOI OCYAMHU 3 TPYOKOIO POOJISTH 3 HAIliB-
MPOHUKHOI MEMOpaHU 5, y SIKOCTI SIKOI MOXE€ CIYKUTU LenodaH, BICKO3a 1 pi3HI
TUTIBKM 3 BUCOKOMOJIEKYJISIPHUX PEYOBHH. MOJIEKYTH PO3YMHHHUKA MOXYTh IEPEX0-
JUTH Yepe3 MeMOpaHy B 000X HaIpsiMKaxX, OJHAK MEPEBAKHO CIOCTEPITAETHCS Tie-
pexia (audy3is) 13 30BHINIHBOI MOCYAMHHU Y BHYTPIIIHIO, TOMY PIBEHb PIIUHU B
TpyOILl MOCTYNOBO MiABUINY€EThCA. Lle mpu3BoAUTH 10 301JIbLICHHS T1APOCTATUYHOTO
TUCKY Ha PO3YUH y BHYTPIIIHINA MOCYIMHI, 110 301IbIIY€E MIBUJKICTh IEPEXOY BOJIU
3 BHYTPIIIHBOI OCYIMHU B 30BHiIIHIO. HapemTi, mpu geskiit BucoTi (h) croBma po-
34MHY B TpyOLIl MBUAKOCTI 1U(y3ii BOJU 3 30BHIIIHBOI MOCYAWHU y BHYTPIIIHIO 1

Ha3aJl 3pIBHAIOTHCA 1 MIIHOM PIIMHUA B TPYOILl MPUITUHUTHCS.
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Tuck, sxe noTpiOHO MPUKJIACTH B MPOIIEC OCMOCY JI0 PO3YMHY, 100 MpHUBEC-
TH OTO PiBEHB J0 PIBHS YUCTOTO PO3ZYNHHUKA, HA3UBAIOTh OCMOTUYHUM THCKOM.

OCMOTHYHMI THCK HE 3aJICKUTH BiJ IPUPOAN MEMOpPAH 1 pEUOBUHH, a 3alie-
KUTh BiJI KOHIIEHTpAII1 PO34HHY 1 MOke OyTH BenukuM. Hampukiaza, po3uuH myKpy
npu Temnepatypi 293 K xonuentpamuii 6 % mae ocmoTHuHmii THCK 4,36-10° Ila,
MOpChbKa BoAa — 2,83-106 [Ta. V xmiTkax TBapuH OCMOTHYHHUN THCK nocsarae 300
klla. SIBumie ocMocy Mae Benude3He 3HAYEHHS JUIS JKUTTEAISUTBHOCTI TBAPUHHUX 1
POCIIMHHUX OpraHi3MiB.

AHani3yroun pe3yabTaTH BUBUEHHS OCMOTUYHOTO THUCKY PI3HUX PO3UHHIB, f.
Bant-T'opd (1887) npuiiioB 10 BUCHOBKY, IO PO3YMHEHA PEYOBHHA B JAYKE PO3-
BEJICHOMY PO34YMHI MOBOJUTHCS MOJIOHO TOMY, SIK SKOM BOHA 3HAXOJIUJIACH B ra3o-
MoAI0OHOMY CTaHI 32 TUX CaMUX YMOB. 3BIJICM BUIUIMBAE, IO 10 PO3BEICHUX PO3UHU-
HIB MO’HA 3aCTOCYBATH PIBHSHHS CTaHy 1/1eabHUX Ta3iB. CTOCOBHO JI0 PO3YMHIB 1€
PIBHSIHHSI Ma€ BUTJISA

aV =nRT, (4.17)

7€ T — OCMOTUYHHUN TUCK; V— 00’€M PO3BEACHOI0 PO3UUHY; N — YUCIIO MOJIB

PO3UMHEHOI peuoBUHM; R — yHiBepcalibHa ra3oBa ctaja; | — a0CoI0THA TemIepa-
Typa.

Po3B’si3aBim piBHsAHHS (4.17) BimHOCHO 7 1 3aminuBIM N/V Ha C, omepxy-

I0Th BUpa3, SIKUM Ha3uBaoTh 3akoHOM Bant-T'odda:

= CRT, (4.18)
ne C — KOHLEHTpAIlisl pO3UMHEHOT PEYOBUHU, ( JUISl IyKE PO3BEJCHUX PO3UU-
HiB MoJIsipHa KoHIeHTpalis C Moxe OyTH 3aMiHeHa Ha MOJsUTbHY Cy).
Ax BuAHO 3 piBHSIHHSA (4.18), OCMOTUYHUIN TUCK 3HAXOAUTHCSA B MPSMOIHIN-
HIM 3aJIGKHOCTI BiJl KOHIeHTparii. Jliniiaa 3anexHicts 1 = f(C) nusa 6inpmocti po-

. .. . . )
3UMHIB HECJIICKTPOIITIB JOTPUMYETHCS TIPU KOHIICHTpAIliAx MeHIne HixK 10" Mo/
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4.1.6.2 3axon Payasn
AHani3youn pe3ylbTaTd BUMIPIB THCKY HACUYEHOT apy PO3YMHIB HEJIETYUUX
peuoBuH, @. M. Payns (1848) 3HalillI0B BAXKJIUBY 3aKOHOMIPHICTh:
THCK HACHYEHOI Mapu JaHOr0 KOMIIOHEHTA HAJ PO34YHUHOM JO0PiB-
HIOE THCKY HACHYEHOI MapH I[bOT0 KOMIIOHEHTA B YHCTOMY CTaHi, MOM-
HOKEHOMY HA 0ro MOJIbHY YaCTKY B PO3YHHi:
P, =P{x;, (4.19)
e P; —THCK HAacHYCHOT IapH JaHOTO KOMIIOHEHTa Hax po3umuoM; P% — ek
HACHYEHOI Mapy IbOTO KOMIIOHEHTAa B YHUCTOMY CTaHI; X; — MOJIbHA JOJIA JTAHOTO
KOMITOHEHTA B po3uuHi. L5 3ayie’kHICTh 3BeThCs 3aKOHOM Payrsi.
3akoH Payns MokHa MOSICHUTH B Takuid croci6. Hexall pinvHa mpu neakii
TemmepaTypi Mae THCK Hachdenoi mapu P%. Ilpn posunmHeHHi B Hiif pedoBuHH B
TUCK MapH MPH TiH e TeMIepaTrypl MIOHU3UTKCS 1 cTaHe piBHUM P;,. 3MeHIlIeHHs TH-
CKY Tapu 3B’S3aHO 31 3MEHIIECHHSIM MOJIbHOT YacCTKU piAuHU A (pO3uMHHMKA) Bijg 1
710 Xj, 1[0 MPU3BOJIUTH J0 3MEHIIECHHS KUIBKOCTI MOJIEKYI A, IO MEPEXOAaTh y Ha-
py. Ockinbku cuin B3aeMoii Mmojekya A — A, B — B 1 A — B ognakoBi, TO 4uciio
MOJICKYJI, IO TIEPEXOAATh Y Tapy, 3MEHITUTLCS MPOMOPIIHHO 3HMKEHHIO MOJBHOT
YaCTKU PEYOBUHU A B PO3UHHI.
SAxIo igeanbHUN PO3UUH CKIANAETHCS 3 JBOX JICTYYMX KOMIIOHEHTIB, TO 3a-
KoH Payns Oyne cnipaBenyiMuBHiA K /TSI PO3YMHHMKA, TaK 1 TSI PO3YMHEHOI PEUOBH-
HU. SIKI10 mapa Mae BIACTUBOCTI 11€aIbHOTO a3y, TO
P, =P%x,; Pg =Phxz. (4.20)
3 UMX pIBHSHB BUIUIMBAE, M0 MapIliaIbHUN TUCK Mapy KOXKHOTO KOMITOHEHTA
HaJ[ 17IcaIbHUM PIJAKUM PO3YMHOM € JIIHIMHOK (YHKIIIE0 HOTO MOJIbHOI YacTKU B
pO34MHI. 3arajJpHUN TUCK Mapy HAJ 11€aTbHUM PO3YMHOM JOPIBHIOE CyMi Hapiiiaib-
HUX THUCKIB OKpEMHMX KOMIOHEHTIB. /{11 G1HapHOTO pOo3unHYy, 3a 3akoHOM [lanpToHa,
P=P,+ Py (4.21)

[Ticns mipctanoBku B (4.21) Benmmuun Py + Py 13 (4.20), ogepxyemo

P=Pix, +Ppxg, (4.22)
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a00 3 ypaxyBaHHSIM TOTO, 110 X, + Xg = 1,
P=P)(1-xp)+P3xg. (4.23)
[licyis HEBENMKUX MTEPETBOPEHD OJCPKUMO
P=P) +xg(Ps —P)). (4.24)
3a cranoi Temreparypy TUCK Mapy HaJ 11€albHUM PiIKUM PO3UMHOM € JiHiH-
HOIO (DYHKIII€I0 KOHIIEHTpAIll pO34YHMHY. 3aJIeKHICTh 3arajlbHOTO TUCKY MapH 1 map-

IIaJIbHUX THUCKIB IMaph OKPEMUX KOMIIOHEHTIB BiJ CKJIQly 1J€aJIbHOTO PO3YHHY

MpeICTaBlIeHa HA PUCYHKY 4.2.

Pucynok 4.2 3anexHicTh 3arajlbHOr0
1 MapuiaJbHOro TUCKY Hapu KOMIIO-
HEHTIB BIiJl CKJIaJly 17€aJIbHOTO pPO3-
YHHY

X r

0 0,2 0,4 0,6 0,8 1,0
MoJabHa yacTtka B

4.1.6.3 I'pannuHoO po3BeneHi po3unnu. 3akoH I'enpi
['pann4HO pO3BEACHUMHU HA3UBAIOTh TaKl PO3UMHM, Y SKUX MOJIbHA YacTKa Po-
3unHeHO1 pedoBrHU X<(0,005, 0T)Ke, MOJbHA YacTKa PO3YMHHHUKA X, OJIM3bKa JI0
ONUMHMUIN. Y 3B’SI3KYy 3 IIUM CHJIH, 1[0 YTPUMYIOTh MOJICKYJIM PO3YMHHUKA B PO3UYMHI,
MaJjio BiIPI3HSAIOTHCSA BiJl TUX K€ CUJI Y YUCTOMY PO3YHMHHHUKY. 3aK0oH Payss B bomy

BUIIAJIKY 3aCTOCYEMO JI0 PO3YMHHUKA 1 BUPA3UMO PiBHIHHSIM
_po
[TapriianpbHUN TUCK HACHYEHO! MapW PO3YMHHUKA HAJ PO3YMHOM JIOPIBHIOE

TUCKY HACHMYEHOI Mapyu YMCTOIO PO3UYMHHHUKA IMPHU TiH Ke TeMIepaTypl, TOMHOXE-

HOMY Ha MOJIbHY YacTKy PO3UYMHHHMKA B po3uuHi. OJHAK MOBOKEHHS PO3YMHEHOT
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PEUYOBHMHHU B TPAHUYHO PO3BEJCHOMY PO3YMHI HE MiIKOPsAEThCs 3akoHy Payns (1 1H-
UM 3aKOHaM iJleabHUX po3unHiB). lle BupakaeTrbcs B TiM, IO TUCK HACHYEHOT
napu JiHIHHO 3aJeKHUTh BiJ KOHIIEHTpAllli pO3YMHEHOI PEYOBUHU, ajie MpsMa JIHisA
He 30iraeThes 3 JHIEO, MO BiAMOBIAa€ 3akoHy Payins. Truck mapu po3uynHEHOT pedo-
BUHU TAKOPA€ETHCS 3akoHy ['eHpi

PB = KBXB , (426)

Jie Xg _ MOJIbHA YacTKa po3uyuHEeHOi pedoBuHM; Ky —KOHCTaHTa 3 pO3MIpHICTIO
THUCKY, Ha3uBaHa koedimieHToM (KoHcTaHTor) ['eHpi. s dhopmyna € aHamiTHIHUM
BHpa3oM 3akoHy ['eHpi:

napuiaJJbHU| THCK NAapPH PO3YUHEHOI PEYOBMHU NMPONOPUIMHUH i
MOJIBHIH YacTui.

3akoH ['eHpi AJid 1/1eaJTbHUX PO3YMHIB BUKOHYETHCS MPU BCiX KOHLIEHTPALIAX 1
Ma€ BUTJISI:

Py =Pix, (4.20)

TOOTO JIs 17IealIbHOTO po3uuHy KoediieHT ['eHpi JOpiBHIOE TUCKY TTApH YK C-
TOro KoMIoHeHTa. Jlist rpaHHYHO posBencHux posunHis Ky #P°g i BusHauaerses 3
JTOCIITHUX JaHMUX IUIIXOM JOCTIIKEeHHS 3anekHocTI Pg = f(Xg).

['pannyHO pO3BEACHI PO3YMHU MAIOTh BHHSITKOBO BAXKJIMBE 3HAYEHHS B PO3-
BUTKY Teopii po3unHiB. OCHOBHI 3aKOHOMIPHOCTI 1/I€albHUX PO3YUHIB OyJId BIAKPHU-
Tl pU poOOTI 3 TPAHUYHO PO3BEAECHUMHU pO3UMHAMU. [ paHUYHO PO3BEJEHI PO3UMHU
MalOTh KOJIUTATUBHI BIIACTUBOCTI, 110 ITMPOKO BUKOPUCTOBYIOTHCS B MPAKTHILI.

[Ipu onucy siBUIIA OCMOCY 1 PIBHOBAr y CHUCTeMIi piuHa — napa O0yJo BiJ3Ha-
YEHO, 110 OCMOTHUYHHUI THUCK 1 3HWKEHHS THUCKY HACHUYEHOI Mapu PO3YMHHUKA HaJ
PO3YMHOM HE 3aJIe)KaTh BiJ MPUPOIN POZUNHHUKA i PO3YMHEHOT PEUOBHHH, a BU3HA-
YaIOThCS TIIKU KOHILICHTPAIIIETO.

BnactuBOCTI po3unHIB, IO HE 3aJIekKATh Bl MPUPOIU POZUYNHEHOI PEUOBUHH,
a BU3HAYAIOTHCSI YUCIIOM YAaCTHHOK y PO3YMHI, HA3WBAIOTHCA KOJIMTAaTUBHUMH BIIac-
TUBOCTSIMU. J[0 KOJMTAaTUBHUX BIIACTUBOCTEH BITHOCSITH OCMOTHYHUN THUCK, 3HHU-
KEHHSI TUCKY HACHYCHOI Mapu PO3UYMHHUKA HAJ PO3YMHOM, & TAKOX IIJBUIICHHS

TEeMIIepaTypy KUITIHHS 1 3HUKEHHS TEMIIepaTypH 3aMep3aHHs PO3UHHIB.
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4.1.7 3HuKeHHS TUCKY HACHYEHOI MapPH PO3YMHHHUKA
Jlyis po3unHy 3 1BOX KOMIOHEHTIB A U B cyma MOJSIpHUX 4acTOK X4 + Xg = 1.

Otxe, X5 = 1 — xg. [lizcraBuBiu 11ei BUpas B (4.25), o1epKUMO

P ——A =xg abo = =xp (4.27)

BimHOCHE 3HMKEHHS THCKY —OPHaCquHo'f napu po3dyMHHUKA HaJ poO3Bele-
Py
HUM PO3YMHOM HEJIETYy4Ol pEYOBUHU JIOPIBHIOE MOJIAPHINA YaCTIll PO3YMHEHOI peyuo-
BUHU.

Bupa3z (4.27) yacto Ha3uBarOTh JIpyroro Gopmoro 3akoHy Payis.

O6uaBi (hopmMH 3aKOHY BKa3yIOTh Ha T€, 1110 3HIKEHHSI TUCKY HACHYEHOI mapu
PO3YMHHUKA HAJ] PO3YMHOM HE 3QJICKUThH BiJl IPUPOJH POIUYMHHHUKA 1 PO3UNHEHOT
PEUYOBHHHU, a BU3HAYAETHCS JIMIIIE KOHIIEHTPAII€0 OCTAHHBOTO.

4.1.8 IlinBUIIIEHHA TeMIIePATYPH KUIIHHA PO3YHUHIB

3akoH Payins cripaBeyiuBuil 11 Oy 1b-SIKOT TEMIIEPATYPH.

p
101325 / / 7/

Pucynok 4.3 3anexHicTb TUCKY
HACHYEHOI Tapy pO3YMHHUKA BiJT
TeMIIepaTypu JJIsl PO3UMHIB Pi3HUX
KOHULEeHTpauii: 1,2,3 — Hax piIKoro
(dazoro; 4 — Hag TBEpAOIO (Pa3oro.

Ha man. 5.3 npeacrasieHi TemneparypHi 3ajeXHOCTI TUCKY HACHYEHOI mapu
PO3YMHHUKA HAJl PO3UMHHUKOM (KpHBa 1) 1 TUCK HacCH4YEHOI Mapu PO3UYMHHUKA HaJ
po34MHaMU Pi3HUX KOHUEHTpalii (kpusi 2 1 3). Ilpu uboMy Xp > X's > x"a, X' < X"B.
VY Bcix Bumajakax pijnka (paza 3HaXOIUTHCA B pIBHOBa31 3 mapoBoio ¢aszor. Kuminus
HACTa€ KOJM TUCK HAaCMYEHOI Mapu HaJl PIIMHOKO JOPIBHIOE 30BHINTHROMY (aTMOC-
dbepHomy) Tucky. llo6 3HaMTH TemmepaTypu KUIIHHS YUCTOTO PO3UYMHHHUKA 1 PO3-

4MHIB, JOCHTb 3HAMTH TOUKH IIepPeTHHAHHS 1306apu mpu P°= 101325 I1a 3 kpuBuMH
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1,2, 3 1 onyCTUTH NMEPIECHIUKYJISIPU Ha Bich abciuc. 3HalIeH1 TeMIepaTypH KUITiH-
0 ' " : 9
HA T o Ty T ''xun BKQ3YIOTh HA T€, O PO3YUH KUIIUTH TIPH OLIBIIT BUCOKINA TEM-
o . 0

nepatypi, HiK 9ucTHi po3uMHHUK (T g < Tam < T )

Pi3HuIs TeMiiepaTyp KHUITIHHS PO3YMHY 1 PO3YMHHUKA HA3WBAIOTh IT1/IBUILCH-

. _ 0 .

HaM temreparypu KUIiHHS pO3UUHY ATy = Typn =T xun- UUM BUIIE KOHLIEHTpALIIS
po3unny (Cy,), TUM O11bIIE AT 1y

Kinekicue criBBigHOmEHHS MK ATy, 1 MOJISITBHICTIO OJEPKYIOTh 3 PIBHSH-
Hs Knanetipona — Kiaysiyca (3.21). Po3aunsitoTs 3MiHHI PIBHSHHS 1 3aMIHSIOTh TEM-

. 0 . . .

nepatypy T Ha Temneparypy KUMmHHS po3dyuHHUKA T 1y, HECKIHUEHHO MalTi 3MiHU
temneparypu dT i Trcky dP — Ha xinnesi Benmmanan AT 1 AP. Otpumyrots

AP _ AHuw Ay (4.28)

Py R(TY.)’

1

3 ypaxyBaHHsIM (4.27) MOKHA 3alicaTH

%AT , (4.29)

= R(T® )2

KHII

Xp

. T?
smigkn AT, == B (4.30)

BUII

Jl1st my»e po3BEICHUX PO3UMHIB

_1000C,,,

M, (4.31)

Xp

[TincraBusmm (4.31) B (4.30), Mmaemo

_RTo)'M, . _ R(T,,)"

AT, = = ,
1000 AH,,, ™ 1000L,,, ™

(4.32)

1€ Lgyn= AHyun/My — IUTOMA TEIIOTA BUMTAPOBYBAHHS PO3YMHHUKA.

Bennuuny

0 2
Roun)™ _ g _ (4.33)
1000L,,

HA3MBaIOTh €0yI10CKOMIYHOIO CTAJIO PO3YMHHUKA. 3 ypaxyBaHHAM (4.33) pi-

BHAHHS (4.22) 3100yBa€e BUTIISIA
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ATKI/IH = Iceﬁ'cm . (434)

Sxmo Cn=1, 10 K¢ = AT uns -

EGymiockomniyHa cTana po3YMHHUKA YHCEJIBHO JOPIBHIOE IMTIABUIIEHHIO TEM-
nepaTypyu KUIIHHSA PO3YHHY, AKHH MICTUTH | Monb po3uumHeHoi peyoBuHHu B 1000
rpaMax po3YMHHHKA, 32 YMOBH, 1[0 PO3YUH 1€l KOHIICHTpAIlli Mae BIACTHUBOCTI 1]1€-
aJILHOTO 1 PO3YMHEHA PEYOBHMHA HE JIUCOLIIIOE 1 HE aCOIIIIOE.

4.1.9 3unKeHHs TeMIepaTypH 3aMepP3aHHS PO3YUHIB

TemnepaTyporo 3amMep3aHHsl PIAMHY € Taka TeMmIeparypa, Ipu SKid TUCK Ha-
CHYEHOI MapH HaJa KpHUCTajlaMu TBepAoi (as3u 1 Haj piAuHOI0 ogHakoBuil. Lle piB-
HICTh THUCKIB B1JJ0Opa)kae IOCATHYTUM CHCTEMOIO CTaH PIBHOBaru, B SKOMY TBepJa
daza, pivHa 1 Tapa MOXKYTh CIIBICHYBaTH HecKiHueHHHM yac. [1[o0 Bu3HaunTu Te-
MIIEpaTypH 3aMep3anHs qnctoro posunanmka (T%,) i pozunnis (T’ ,T ), He0bXimHO
3HAWTU TOYKH MEPETUHAHHS KPUBOI 3aJI€KHOCTI TUCKY HACUUYEHOI IMapu PO3UMHHHUKA
HaJ TBEPJ010 (pa3010 4 13 KPUBUMH 3aJIEKHOCTI TUCKY HAaCUYEHOI Mapu pO3YMHHUKA
HaJl piivHO01, 2, 3 1 OMyCTUTH NEpIEeHIUKYJIsIp Ha Bick adcuuc (puc. 4.3). [lepexin
TBepaoi (a3u B Mapy XapaKTepU3YETHCS MOJIBHOIO TeIioToro cybmimanii (AHcys).
Bona Oinb1ie MOJIBHOT TEIJIOTH BUIIAPOBYBAHHS. 3HAMICH]I TeMIEpaTypy 3aMep3aH-
HS BKa3ylOTh Ha Te, 1110 PO3YMH 3aMep3ae MpH OUIbII HU3BKIM TeMneparypi, HIX Yd-
CTUH pO3UMHHUK. Temmneparypa 3aMep3aHHs PO3UUHY TUM HIDKYE, YUM OUTbIIE HOTo
KOHIICHTpAITis (TO3 >T,>T, ).

Pi3Huust temmneparyp 3aMep3aHHs pPO3YMHHHMKA 1 PO3YMHY Ha3UBAIOTh 3HU-
KEHHSIM TeMIIepaTypH 3aMep3aHHs po3urHy. KidbKICHY 3aJI€KHICTh 3HHUIKEHHS TEM-
nepatypu 3amep3anHs (AT,) Bix MonsibHOT KOHUEHTpallli po3unHy (Cp,) MoXHa Ta-
KOX ofiepxaTH 3 piBHsHHs Knanelipona — Kiay3siyca. AHanoriyti 3a3Ha4eHUM BHILE
MEePETBOPEHHS MPUBOJISATH JI0 CITIBBIIHOIIECHHSI

AT, =K,;,Cpy, . (4.35)

3HIKEHHS] TEMIIEpPaTypH 3aMep3aHHs PO3UUHY MPSMO MPOMOPLIMHO MOJISIIb-

HOCTI po3unny. KoedilieHT mponopiiitHoCTi (KpiOCKOIIYHA CTaia)
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_ R(T})’

= ——~3) 4.36
o 1000L,, (4.30)

3aJIeKUTD BiJl MPUPOIU POIUYMHHUKA 1 HE 3AJTE€KUTH Bl MPUPOAH PO3UMHEHOT
pedoBrHH. BOHA BH3HAYAETHCS TEMIIEPATYpOIO 3aMep3anus posdnuauka (TC), Mo-
JspHOIO TemtoToro tuiaBiieHHsS (AH,,) ux muTomoro temiororo miaBiaeHHS (L)
TBEpA0i (ha3u PO3UMHHHKA, MOJISIPHOIO Macoto pozunHHuKa (My). Akmo Cp =1, To
K., = AT,

KpiockoriyHa cTana 9iuCcenbHO TOPIBHIOE 3HMKEHHIO TEMIIEPATyPH 3aMep3aH-
HSl OJTHOMOJISZTILHOTO PO3YMHY 32 YMOBH, IO BiH 3aJMIIAETHCA 17]€aIbHUM, & PO3UHU-
HEHA PEYOBHMHA HE aCOIIO€ 1 HE aucolitoe. KpiocKomiyHl cTam JeIKUX PO3YMHHU-
KiB IIpeCTaBlieH] B Tabumii 4. 1.

Tabnuusg 4.1. KpiockormiuHi ctami ajs AesIKUX PO3UMHHUKIB

Po3unnHuk T03, K Ky Po3unnHuk TO3, K Kip

Bona 273,16 1,86 Hitpo6enzon 278,8 6,90

JliokcaH 278,9 4,71 denon 313,2 7,80
Benzon 245,8 5,10 Kamdopa 451,2 49

4.1.10 Bu3HaYeHHS MOJISIPHOI MACH PO3YHHEHOI PeYOBHHHU KPiOCKOMiY-
HHMM, €0YJIIOCKOIIIYHUM Y4 OCMOTHYHHUM METOA0M

CuiBBigHomienss (4.18), (4.34), (4.35) BUKOPUCTOBYIOTh /111 BUSHAYECHHS MO-
JSPHOI Macu po3uuHeHoi peuoBuHU (Mp). yis Takoro BHU3HAUEHHS BUOHMPAIOTH
MPUAATHUN PO3ZYMHHUK 3 BIJOMOIO KPIOCKOIITYHOIO 200 €0yJ110CKONMIYHOI0 CTANIOK0. 3
Macu PO3UYMHHUKA Mp 1 PO3UMHEHOT PEUOBMHU Mg TFOTYIOTh PO3BEACHHUM PO3UYMH 1
TOYHO BUMIPIOIOTH AT, (3HMKEeHHS TemriepaTypu 3aMmep3ants), AT, (MIBULIEHHS
TEMIIEpaTypy KUIMIHHA) 4d T (OCMOTHYHUN THUCK). HalfyacTilie BHUKOpPHUCTOBYIOTh
KP1OCKOMIYHUIN METOJ], TOMY IO JIETKO BUMIPUTU TOUHY BenuuuHy AT,.

Po3paxyHOK MOJIIpHOT Macu Mpy BUKOPUCTAHHI KPIOCKOMIYHOTO METOAY pOO-
TSTh 32 (hopMyIIorO

1000 m

Mg =K, mAT
3

(4.37)
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Ky OJIepKYyHOTh 3aMiHOI0 Cp, B (4.35) Ha

1000 m

C. =
Mpm ,

(4.38)

m

Bumiprotoun T, posunny i T, posunmmuka, sHaxomats AT, = T% —T, i pospa-
XOBYIOTh M.

OCMOTHYHMI METOJ 3aCTOCOBYIOTH B OCHOBHOMY JIJIsl BUBHAUYEHHSI MOJISIPHUX
Mac BUCOKOMOJIEKYJISIPHUX CTONYK (O1IKiB, mojicaxapuiB 1 iH.). JIJI IIbOTO JOCUTH
BUMIPUTHA OCMOTUYHUN TUCK PO3YMHY B1JIOMOT KOHIIEHTpAIIii.

4.1.11 HeineasnbHi po3unHu. XiMiYHUI OTEeHLiaJl KOMIIOHEHTY B iaeajib-

HOMY i peajibHOMY PO34YMHI

HeineanbHumu (peajbHUMHU) Ha3WBAIOTHCS PO3UYMHU, YTBOPEHI KOMIIOHEHTA-
MU (A u B), 1ns SkuX CUIM B3a€MOJIT MK OJHOPITHUMH 1 PI3HOPIAHUMH MOJIEKY-
namu (A — A, B—B 1 A — B) HeoiHaKOBI.

PeanpHi po3unHU HE MIIKOPSIOTHCS 3aKOHAM 171ealbHUX pO3UMHIB. BinxuieH-
HS MOXYTh OYTH SIK TIO3UTUBHHUMH, TaK i HETATUBHUMH. SIKIO THUCK MMapy HaJ pea-
JHHUM PO3YMHOM OlNIbIlIe, HIJK HAJl 11€alTbHUM PO3YMHOM TOTO K CKIIay, BiIXHIICH-
HS BiJ 3aKOHY Payis Ha3uBaroTh MO3UTUBHKM, a SKIIO MEHIIIE — HETaTHBHUM.

Ha man. 4.4 npuBeaeHi CUCTEMH 3 MO3UTUBHUMU 1 HETATUBHUMU BiIXUJICHH SI-

MU Bij 3akoHY Payis.

P P 5
a POB
P=P,+Pp —
- = P=P,+Py
o e / P° N —
AN —~—— 0
AN / N P
~ 7/ N -
AN -
/y\\ S<”
/ ~N -
// \\ // ~
7 N -~ JN
Ve N -~ N
7 -
1 1 1 1 A= 1 1 1
0 0,2 0,4 06 0,8 1,0 0 0,2 04 0,6 0,8 1,0
MoJabnHa yactka B MoJuanHa yacTtka B

Pucynok 4.4. Cuctemu 3 TO3UTHUBHUMH () 1 HEeTaTUBHUMH (0) BiIXMIICHHSAMH BiJl 3aKoHY Payrs
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3HaK 1 BeJIMUYMHA BIAXUJICHHS 3aJI€KaTh Bl MPUPOAN POZUYUHHHUKA 1 PO3UMHE-
HOi pe4oBHUHU. [103UTHBHI BIAXWUJICHHS BUHUKAIOTh Y TOMY BUIAJAKY, KOJIM €HEPTis
B3a€MO/I1 pi3HOWMEHHUX Mojekyn (A—B) menme, Hix ogHoliMeHHUX (A—A, B-B).
VY 11poMy BUTIQAKY CHJIa B3a€MOJII MK MOJIEKYJIaMH B PO3YHHI MEHIIIE 1 BOHH JIETTIIe
NEPEXOJATh y Napy. YTBOPEHHS TAaKOI'O PO3UMHY CYNPOBOKYETHCS MOTIMHAHHIM
TEIUIOTH Ta 301IbIIeHHAM 00’ eMy. [Ipukmnanom moxe OyTu cucTeMa rekcaH — CIupT
HeratuBH1 BiIXWUJIEHHS CIIOCTEPIralOThCSA TO1, KOJIM €HEPTisl B3a€MO/Iii pi3HONMEH-
HUX MOJIEKYJ Oljbllle, HIX €HEpris B3a€EMOJIi OJHONMEHHUX MOJIEKYJ. Y TBOPEHHS
TaKOTO PO3UMHY CYIPOBOKYETHCS BUIUICHHSIM TEIUIOTH Ta 3MEHIICHHSIM 00’€eMmy.
[Tpuknan — cucrema edip — xsaopodopm.

CTOCOBHO 10 HElJ€aIbHUX PO3YMHIB 3aJUIIAETHCS BIPHUM (PakT, IO MPHU
yTBOpeHHI po3unHy AG 3MeHIIyeThes, a S 301IbInyeThes (auB. piBHAHHS (4.10) 1
(4.11). Onnak 3anexHicTh AG 1 S BiJ TUCKY 1 TEMIIEpaTypHy U CKIaAy OUIbII CKIIaJI-
Ha, HDK Yy BUIAJIKY 1/I€ajbHUX PO34MHIB. HelneanbHl pO3UMHHA YTBOPIOOTHCS 3 BU1-
JICHHSIM YU MOTJIMHAHHAM TEIJIOTH, 3MIHOK0 00’€My 1 TEIUIOEMHOCTI, TOMY JUIsl Hel-
neanbHuX po3unHiB AHy, # 0, AVyy, # 0. Pisaung Mk QyHKIIAMU 3MINTyBaHHA
17IealIbHUX 1 HElJIeaJbHUX PO3YMHIB HA3UBAIOTh HAJIMILIKOBUMHU (QYHKLISIMU. Y BU-
NajKy 17IeaTbHOTO PO3UHUHY K PO3YMHHHK, TaK 1 pO3YMHEHA PEUOBUHA IMiIKOPSIOTh-
csl 3akoHy Payiis 1 mpH BCIX KOHILIEHTpALIAX TaKOro PO3YMHY MOXKYTh OYTH 3aCTOCO-
BaHI1 PIBHSHHS I XIMIYHOTO TTOTCHITIATY

pa =p’s +RT InXa ; ps = p%s +RT InXg (4.38)

1€ Xa 1 Xp — MOJIbHA YaCTKa BIJMOBIIHO PO3UYMHHUKA 1 PO3YMHEHOI PEUOBUHY;

pOA 1 uOB — CTaHJAPTHUMA XIMIYHHM TOTEHINAJ, 10 XapaKTepUu3y€e BIAMOBIAHO PO3-

YUHHUK 1 PO3YMHEHY PEYOBUHY B 1HAMBIAYaJbHOMY (CTaHAAPTHOMY) CTaHl (TIpU Xa
=11ixg =1).

VY BuUMajKy HEJEAbHOTO PO3YMHY 1 PO3YMHHHK, 1 PO3YMHEHA PEYOBUHA HE
HiIKOPSIIOThCA 3aKUHY Payns 1 10 TakuX po34MHIB 3aCTOCOBYIOTh BUPA3U JJIsl XIMI14-

HOTO TIOTEHITIATy PO3YMHHUKA 1 PO3YNHEHOT pEYOBUHU B Takii popmi
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P
Ma =HA +RTIn—2 =pi +RTIna, =pj +RTInx, +RTIny,, (4.40)
1)A

P,
g =pp +RTIn—2 =pp + RTInag =pg + RTInxg +RTInyg,  (441)
Py
0 :pod . :
ne P, 1 P'g — THCKM HacuueHoi apu HaJ peyoBuHamu A 1 B B ctannaptHomy
ctani; P, 1 Pg — THCKM HacuueHol mapu pedoBuH A 1 B Hax po3unHOM; a, 1 ap — ak-
TUBHOCTI peuoBUH A 1 B , K1 JOpIBHIOIOTH PA/POA 1 PB/POB; Ya 1 Yp — KoedilieHTH
aKTUBHOCTI.
JlJis po3uyMHHHUKA B SIKOCTI CTAHAAPTHOTO CTaHy 3BHYAMHO MPUIMAIOTh CTaH
YHICTOI PEYOBUHU, TOOTO BBAaXalOTh, 10 X5 = a4 = 1. B SKOCTI cTaHAapTHOTO CTaHy
PO3YMHEHOI PEYOBMHHU MPUHMAIOTh CTaH B HECKIHUEHHO PO3BEICHOMY PO3UYHUHi, KO-

JIM aKTUBHICTh PO3YMHEHOT PEUOBUHU JOPIBHIOE OJMHUII: ag = 1.

4.2 TpeTriii KOMIIOHEHT y CHCTeMi 3 IBOX B3a€MHO HEPO3UYMHHHUX PiINH
4.2.1 3akoH po3noaiiry

Axo B cuctemy, IO CKIAJAETHCA 3 JBOX B3a€EMHO HEPO3YMHHUX PIIUH, J10-

JIaTU TPETIA KOMIIOHEHT, TO BiH PO3MOJUIMTHCS B HUX y NMEBHOMY PIBHOBAXKHOMY

CHIBBIJIHOIIEHHI. Hanpuknaz, Ko B NOCYIUHY, 1[0 MICTUTh BOJSHUH 1 XJI0podo-

PMHUH IIapH, TOAATH O, T€ BIH Oy/1e PO3UMHATHUCS y BOJI 1 XJI0podhopmi A0TH, TIO-

KM HE YCTAaHOBUTHCS JMHAMIUHA piBHOBara Mix (azamu. [Ipu cranocti temneparypu

1 TUCKY YMOBOI BCTAaHOBJICHHSI pIBHOBaru OyJ/ie PIBHICTh XIMIYHMX MOTEHIIiaJIB
TPEeTHhOro (1-ro) KOMIIOHEHTa B 000X (azax:

H1= Mo (4.42)

Axmo miacraBuTH B (4.42) Bupakenss (4.40) niust XIMIYHOTO MOTEHITIATY, TO

BUIJIE PIBHICTD

' +RTIna; = p,° + RT Ina,, (4.43)
BIJIK1JIA lna—1 Hz Hl (4.44)
a, RT

7€ a; 1 2 — aKTUBHOCTI TPEThOI0 KOMIIOHEHTA B MEPIIi 1 Ipyrii (azax.
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OCKiIbKM CTAHZAPTHI XiMiYHI MOTEHIaIN TPETHOr0 KOMIOHEHTY Py i p’s €
CTaJIMMH, TO CTAJIUM € 1 BIJIHOIIEHHS aKTUBHOCTEW TPETHOTO KOMIIOHEHTA y (pa3ax,
TOOTO

Liop (4.45)
1,
PiBusiHHS (4.45) € 3aranbHUM BUPAKCHHSIM 3aKOHY PO3MOJILTY:
3a CTAJIOI TeMIepaTyp BiJHOLIEHHSI PiIBHOBAKHUX AKTHBHOCTE
TPETHOI0 KOMIIOHEHTA B JBOX B3a€MHO HEPO3YMHHMX PillMHAX € BeJIH-
YHMHA CTAJIa, BOHA HA3UBAETHCS TEPMOJANHAMIYHOI0 KOHCTAHTOIO PO3MO-
aiy.

KoncranTa posnoauty D 3anmexuts Bif TemmepaTypu 1 IPUPOJIU BCIX pedo-

BUH, 10 YTBOPIOIOTh PIBHOBXKHY CUCTEMY, aje HE 3aJIEKUTh B1J KOHIICHTpAIlli pe-

YOBUHM, 110 PO3MOAUISIETHCS.

3aKkoH pO3MOATY BUpaXKAEThCA 1 1IHIIUMU opmyiamu. Hanpukian,

oG T (4.46)
a, Gy, Y2

1€ Y1, Y2 — KOe(DILIEHTH aKTUBHOCTI TPETHOI'O KOMIIOHEHTA Y BIAMOBIAHUX (a-
3ax.

BigHomeHHs! piBHOBaXXHUX KOHIIEHTpAIliil TPETHOTO KOMIIOHEHTA B JIBOX B3a-
€MHO HEPO3UMHHMX PIJIMHAX MPHU MOCTIHHIN TeMIiepaTypl Ha3UBAEThCS KOeQill€H-
toMm posnoauty. Koeditient posnoainty Kp Ha BigMiHy Biff TEPMOAMHAMIYHOI KOHC-
TaHTU pO3NoALTy D 3ai1eXuTh HE TIIBKU BiJl TEMIEPATYPH 1 IPUPOIU KOMIIOHEHTIB
CUCTEMH, aJie 1 BiJ I0HHOI CUJIM PO3YMHY, TOMY IO BiJl OCTaHHBOI 3ajexXaTh Koedi-
I[IEHTU aKTUBHOCTI Y; Ta Y. g po3Benenux po3unHiB C — 0, y1— Ly, — 1, a Kp
— D.

YMOBHO IPUHHATO BHpPaKaTH KOEDIIMIEHT PO3MOALTY BITHOIICHHSIM PiBHOBA-
’HOI KOHLIEHTpAIlii pEeYOBUHH, 1[0 pO3NOAUISIETHCS, B OH1N (a3l (Cy) 10 HOro KoH-
neHTpariii y apyrii dasi (C,):

e

Kp=—". 4.47
p=¢, (4.47)
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B. Hepuer 1 M. O. IlIwioB ycTaHOBWJIM, 110 3aKOH PO3NOJALTY y (Gopmyrax
(4.45) — (4.47) MoXHA 3aCTOCOBYBATH B THUX BHIIQJIKaX, PEYOBHHA, IO PO3MOIIIS-
€TBCS, Y KOXKHIN 3 PIBHOBAKHUX (ha3 3HAXOJUTHCS B OJHAKOBOMY MOJIEKYJISIPHOMY
ctani. [Ipu nucomiamii yu acoriaiii pe4oBUHH, U0 PO3MOALISETHCS, YCTAHOBIIOETh-
Csl CKJIaJHA piBHOBAra MikK MPOCTHMH M acOIIMOBAHMMH MOJICKYJaMU YU 10HAMH B
Mexax KoxkHoi ¢dasu. [ nux BUNaaKiB 3aKOH PO3MOILTY NPUOIU3HO MOXKHA BHpa-
3UTU PIBHIHHSIM

_Gd-oy)

, 4.48
C,(1-a,) 449

D

Jie O, O, — CTYIIEHI JUCOITiallii M acoliallli peuoBHHH, 10 PO3IMOIISIETHCS,
B KOKHI! 3 (pa3 BI1AMOBIJIHO.

BuByaroun BiIXWICHHS BiJ 3aKOHY PO3IOALITY 1 BAKOPUCTOBYIOUH BUPAKECHHS
(4.46) 1 (4.48), MoxHA BU3HAYATH KOE(DIIIEHTH aKTUBHOCTI, CTYIIHb JAMCOIHAII] Yn
acolriaiii peuoBUHM, 1110 PO3MOAIIAETHCA.

4.2.2 ExkcTpakuist
ExcTpaknico Ha3uBaTh NMpPoiec BUTATY PeYOBHHH, PO3YHHEHOI
B OJJHOMY PO3YMHHMKY, IHIIMM PO3YMHHUKOM (€KCTPareHToM), 0 He
3MIlIY€ThCS 3 MEPIINM i Kpalle Po3YMHI€ PEYOBUHY, 110 BUTATA€THCS.

ExcTpakiito mupoKo 3aCTOCOBYIOTh Y METANYPrii AJi1 BUAAICHHS CIpKU 1 (o-
chopy 3 piakoro Metainy. EkcTpakiiis 3acHOBaHa Ha 3aKOHI PO3MOJUTY: BUTAT peyo-
BUHU THM IOBHIIIE, YUM OLIbIIe KOE(DILIEHT HOTro pO3MOALLY BIAPI3HAETHCA BIJ
oaunuIll. ExcTpakiiss Moxe OyTH OJHOKPATHOIO, KOJUW EKCTpareHT JO0JA€ThCs B
OJIUH TPUNOM, 1 APOOHOIO — JIOAABAHHS €KCTpareHTa MPOBOJIUTHCS MOPIISMU B Ki-
npka npuiioMiB. Ilicns momaBaHHsS eKCTpareHTa, MepeMilllyBaHHS 1 BIACTOIOBAaHHS
MPOBOAATH MOALT (a3 1 BU3HAYAIOTh Macy BUTSITHYTOI pEYOBHHM SIKUM-HEOYb aHa-
TTAUYHUM 49U (PI3UKO-XIMIYHUM METOJOM. J[JI OILIHKK CTyNEHS BUTATY HEOOXiTHO
MOPIBHATH Macy BUTATHYTOI pEYOBUHU 3 TEOPETUYHO MOKIUBOIO. [IpurrycTumo, 1o
y po3unHi, 06’eM sIKOro Vi M°, MICTHTBCS My KI' PEYOBHHH, IO BUTSTAETHCS OJHOK-

3 .
paTHO eKcTpareHToM, 00’eM sikoro V, M". Ilicas mepexoay B €KCTpareHT Macu M,
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PEUOBHHH BCTAaHOBIIIOETHCS PIBHOBAra 3 BiIMOBITHUMHU PiBHOBaKHUMH KOHIICHTpA-
LISIMU y TBOX piAKHUX (ha3zax:

c,=", ¢, =2 _ (m, _ml),
Vi v, v,

Je M; — Maca PEYOBHHH, IO 3ATUIIMIACS HE €KCTParoBaHOKO B Pe3yJbTaTi
OJTHOKpaTHOI eKcTpakiii. [TpuiiMaroun koedillieHTH aKTUBHOCTI B 000X (hazax piB-
HUMH OJWHMIII, 33 3aKOHOM po3noainy (4.47) oaep>XKuMo

C, (myg—m,)V,

K = =
P ¢ m,V,
BIJIK1JIA
Vv
KpV, +V,
AHaNOTIYHO OJIEPKYIOTh PIBHSIHHS JJI IPOOHOT €KCTPaKIIii:
V n
m,=my| ——— |, (4.50)
KpV, +V,

e My — Maca He eKCTparoBaHOI PEYOBMHU IMCIS N eKCTpakiiid; V, — 00’ eM
KOKHOT MOPIIi eKCTpareHTa; N — Yucao eKCTPAKIIH.

3a nonomoroto piBHAHB (4.49) 1 (4.50) po3paxoOBYIOTh TEOPETUUHO MOKIIUBY
Macy PEYOBHMHH, 110 €KCTPAryeThCs, IK My — My 1 My — My, . CTyMiHb €KCTPaKIii

IIPU OJTHOKPATHIN €KCTpaKIii
p=——2—, (4.51)
pu IpoOHIA eKCTPaKIIii

B=——°—, (4.52)

e M, 1 m', — eKCrepuMeHTaIbHO 3HalIeHa Maca eKCTParoBaHoOi PEYOBHHH
MIpU OJTHOKPATHiM 1 6araTopa3oBiit (ApoOHiiT) eKCTPaKIIil BIMOBITHO.

[Ticnst nepetBopeHHs piBHIHHS (4.50) 0J1epKYIOTh PIBHSHHS
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n
m, =m,|1- N/ : (4.53)
KpV,+V;

sSIKE JTI03BOJISIE BU3HAUNUTHU YHMCIIO EKCTPAKLIM N, HEOOX1AHE ISl 3aaH0i TOBHO-
TH BUTSTY PEUYOBUHHU, KA EKCTPAry€eThCS a TAKOXK OLIIHUTU CTYIIHb €KCTPaKLii Npu
oOpaHOMY YHCITI €KCTPAKITIH.

[TopiBusinas piBHSAHB (4.49) 1 (4.50) mpuBOAUTH A0 BUCHOBKY, IIO My> My,
TOMY L0 BUPaKEHHS B JIy’)KKaX — MPaBUWJIbHUMN JIpi0, a 1 — nmo3utuBHE uucio. OTxe,
Mo — My > My — My TOOTO. ApoOHa (6araToKkpaTHa) €KCTPAKIlisS BUTIIHIIIE OHOKPAT-
HO1. OHaK 1pHu ApOOH1N eKCTpakKiii BUTpAavyaeThbCsl OLIbIIE Yyacy ¥ eHeprii, ToMy He

CJIIJT CTBEPJIKYBATH, 10 IPOOHA EKCTPAKIIIS 3aBXKIU e(DEKTUBHIIIIE.

4.3 Po34uHM eJICEKTPOJIITIB 1 IOHHI piBHOBaru
Enexrpositamn Ha3MBaKOTh pPeYOBMHM, IKIi B PO34MHI 200 po3I-
JIaBi IMCOUIIIOTH (PO3MAJATHCH) HA iOHM | 00YMOBJIIOKOTH €JIEKTPOI-
POBIIHICTH PO3YHHIB.

KisbKicTh 10HIB KOKHOTO 3HAKYy BU3HAYAETHCS CTEXIOMETPIYHUMH KoedirieH-
TaMu y opmyiii enekTpomity. OCKUIBKM MOJEKYJa eJeKTPOHEHTpallbHa, cyMa IO-
3UTHBHUX 3aps/IiB 3aBX1IU NOpiBHIOE cyMi HeratuBHuX. Hampuxmnan, CaCl, posma-
naetbes Ha ion Ca®* i nBa ionm xmopy: CaCl, — Ca”*+2Cl. Po3umn 3a/IHIIaeThes
EJIEKTPOHEUTPpATBHUM. SKIIO MpU AKMCOIIaIi eEeKTPOIIITY YTBOPIOIOTHCS JIUIIE OJ1-
HO3apsAH1 10HU, TO €1eKTPoJIT Ha3uBatoTh 1,1-Banentaum (NaCl, KCI 1 T.1.), skmo
YTBOPIOIOTHCA BO3apsiiHi i0HU —2,2-BajieHTHUM (ZnSQO,, CuSO, 1 1.11.). Enexpo-
JIT, IACOLIalis SKOTO MPU3BOJIUTH A0 YTBOPEHHS JIUIIE OAHOTO KaTiOHA Ta OJTHOTO
aHi1OHA, Ha3UBAIOTh O1HAPHUM €JIEKTPOJIITOM.

B 3ayie’)kHOCTI Bijf CTYNEHIO JUCOINAIli €JIEKTPOTIITH YMOBHO MOAUIAIOTH HA
CWJIbHI 1 cfla0Ki. JI0 CHIIBHUX €JNEKTPOJITIB BIAHOCITh PEUOBUHU, 10 MPAKTUYHO I11-
JKOM pO3MAaJaloThcsl Ha 10HU. 3BUYAHO iXHI Ipatku moOymoadi 3 ioHiB (NaCl,
KC1, BaCl;, i T.m.). Io ciabKkux eJICKTPOJITIB BiIHOCSATh PEUOBHHH, IO po3Maja-

10Thcsl Ha 1oHM Jiniie yactkoBo (NH4,OH, CH3;COOH, HCOOH 1 T1.11.). Ile ronoBHuM
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YMHOM PEYOBUHH 3 KOBAJICHTHUM HOJSIPHUM 3B’s13k0oM. CTyMiHb IUCOLIaIii eleKT-
POJITY 3aJIeXKUTh B PO3UMHHUKA, TEMIEPATypH, KOHIEHTpallil. Tak, eIeKTpomiT,

CUJIbHI Y BOJI, SIK MPABUJIO, IUCOIIIOIOTh Y HEBOJIHUX PO3UYMHHHUKAX HE IIJIKOM.

4.3.1 Cnaoki enexrpoJiru. Teopia C. Appeniyca

Teopis enexktponitTuunoi qucotiartiii C. Appeniyca (1883) € nepioro HaykoBO
OOIpYHTOBAHOIO TEOPi€I0 pO3UUHIB. BinmoBigHO 110 1i€l Teopii, mporiec po3naiay pe-
YOBHH y pO3YMHI HA 10HU HA3UBAIOTh EJEKTPOJITUYHOIO TUCOITIAIIIETO.

3rimHo 3 AppeHiycoM, KUCIOTaMU € PEYOBUHH, SIKI JUCOIIIOIOTH HAa 10H BOJI-
HIO ¥ aHIOH, @ OCHOBAaMH — CIIOJYKH, 1[0 JUCOIIIOIOTh HA T1IPOKCUJI-10H 1 KaTiOH.
ITporecoM HeMTpaizallii Ha3UBAIOTh PEAKIiI0 3’ €THAHHS H" i OH ', mo mae Moie-
Kyau Boau. CUUTI0O HA3UWBAIOTh CIHOJYKH, SIKI IUCOLIIOIOTH 3 YTBOPEHHSM KaTiOHA
MeTasa i aHiOHA KHCIOTHOTO 3aJIMIIIKY.

3araJibHOIO BJIACTHBICTIO Mai’ke BCiX COJICH € iXHS IOBHA JUCOIIIAINS Y BOJII.
Ha npotuBary cosisiM KUCIOTH 1 OCHOBU JHUCOLIIOIOTh HE LUIKOM. Y pe3ynbTaTi IH-
cotfialii B po34rHi BCTAHOBJIIOIOTHCS PIBHOBAKHI KOHIIEHTpAIIIl 10HIB 1 MOJIEKYJI, SIKi
IpU CTAJIMX YMOBAaX HE 3MIHIOIOThCS B 4aci. Hanpuknan, y cucremi Bojia — OLITOBA
KHCJIOTa BCTAHOBJIIOETHCS PiBHOBAra

CH3;COOH S H'+CH3CO0O~

KisIbKiCTh MOJIEKYI, IO PO3NAIUCS HA 10HU B OJMHHUIIIO Yacy, TOPIBHIOE YHC-
JTy MOJIEKYI, IO YTBOPUIIHCS 3a paxyHoK 3’ eananns ionis H' i CH;COO .

Mo peaxiiii qucorrialii 3acTOCyeMO 3aKOH Jir0unx mac. KoHcTaHTy piBHOBaru
peakiiii aucoriaiii Ha3MBalOTh KOHCTAHTOW aucolianii. Hanpuknan, BupaxeHHs

JUTST KOHCTAHTH AUCOLAaIil O[TOBOI KUCIIOTH Ma€ BUTJIIS

X
K _ CH+ CCH3C00‘ 454
CH;COOH = C ) (4.54)
CH;COOH
e CH+ i C CH,CO0™ 1 —pIBHOBa@)XXH1 KOHIIEHTpAIlll BIAMOBIIHUX 10HIB,

MOub/I; Coyycoon — PIBHOB@XHA KOHLCHTpAL[Sl HEAMCOLIMOBAHUX MOJICKYI KHC-

JIOTH, MOJIB/J.
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Amnanoriuno, y cuctemi H,O — NH4OH BcTanoBm0€ThCS piBHOBara
NH,OH & NH, +OH"

CNH; X COH_

Knu,00 = (4.55)

Cxn,om

Koncrantu mucormiarii, mo BUpakaroThes piBHAHHAMU (4.54) i (4.55), Hazu-
BaIOTh KJIACHYHUMH (UM KOHIIEHTPAIlIMHMMH) KOHCTaHTaMH 1 To3HavarTh K, (Ha Bi-
AMIHY BiJl TEPMOJMHAMIYHUX KOHCTAHT, 110 MO3Ha4YaloTh K,). Y 3aragpHOMY BUTIIA-

ni s kucnotd HA 1 ocaoBu BOH (1,1-BaneHTHUX €IEKTPOJIITIB)

C .., xC _
Kena = % (4.56)
HA
C.,.xC _ _
Kepon=—"r ' (4.57)
BOH

B piBusiHHsX (4.56) 1 (4.56) xoHIIEHTpaIlil KaTiOHIB Ta aHIOHIB MOMAPHO PiBHI,
TOMY 110 3 1 MOJIE KUCJIOTH (OCHOBH) BUXOJUTh HAPIBHO MO3UTUBHUX 1 HETATUBHUX
10H1B. PiBHOBa)kH1 KOHIICHTpAIlli HEIUCOLIMOBAaHUX MOJICKYJ BIJMOBIIHO JIOPIBHIO-
IOTb Cya = COHA — Cy+, Cpon = COBOH — Con, 1€ Cy+1 Coy_ — KOHIIEHTpAITT IUCO-
LIMOBaHUX MOJIEKYJI, MOJIb/JI; COHA 1 COBOH — BUX1/IH1 (TTIOYAaTKOB1) KOHIIEHTpAIli KU-

. . 0 . 0
citot 1 ocHOBH, MOJIb/TTI. OCKUIBKU Chy << C a1 Con- << C gomn, TO

C c
I<cHA = (I){ 5 KcBOH = % , 3BIJIKLJIA
CHA BOH
1 1
CH+ = 1/KcHAC%A (pH = EchHA - ElchA)’ (4.58)
0 1 1
Corr = \/ KponCeon (POH= EchBOH - ElchOH)’ (4.59)

Bennunnn xorcrant aucoriamnii Keya 1 Kegon B piBHstHHSX (4.56) 1 (4.57) 3a-
JIeXKaTh BiJI IPUPOAM PO3UYMHHUKA, IPUPOIN €IEKTPOIIITY, TEMIIEPATYPH, aJie HE 3a-
nexaTh BiJl KOHIEHTpallli enekTpomity. Keya 1 Kegoy MOXYTH 110 €sIKOT MipU 3Mi-
HIOBATHCS B 3B 53Ky 3 €JIEKTPOCTATUYHOIO B3a€EMOJIIEI0 10HIB Y po3uuHi. Ha mportu-
Bary KOHCTaHTI JUCOIlIAIl] CTYIIHb JUCOIIAIT €JIEKTPOIITY 3aJICKUTh BiJl KOHIIEHT-

partii.
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CryneHeM eJIeKTPOJITHYHOI auconianii (0) HA3WMBAKOTh BiIHO-

HICHHA 4YMCJIa MOJICKYJI, IO PO3NAJIUCH Ha iOHI/I, a0 BI/IXiIlHOI‘O qucja

MOJIEKYJI:
__ KUIBKICTH MOJIEKYJI, III0 PO3NAJIMCA HA iOHHM (4.60)
MOYATKOBA KiJbKIiCTh MOJIEKYJ €JIEKTPOJIITY
B 3aranpHoMy BUTISA1 1151 O1HAPHUX €JIEKTPOJIITIB
C. . C_
a=—1" a60o q=—2H, (4.61)
Cua Cgon

Sxmo B piBHsHHA (4.56) miacTaBUTH 3HAYCHHS PIBHOBAKHUX KOHICHTpAIlii

10HIB CH+ =C A- = Ca 1 HegucomnitoBanaux Mojekyia C — Ca = C(1 —a), TO oje-

PKYIOTb PIBHSHHS

2
Ca
K=", (4.62)
1-a
AK€, HA3UBAIOTh 3aKOHOM po3BeAeHHs OcTBaIbA.
[Ipu HEBENMKUX 3HAYCHHSX O, MOXKHA BBakaTu, Mo 1 —a =1 1
K
a=._—°<. (4.63)
C

Sk BUAHO, CTYMHiHb AUCOIlALIi 3pocTae 00EPHEHO MPOMOPIINHO KOPEHIO KBa-
JPaTHOMY 3 KOHIIEHTpallii eJaekTposity. Hanpukian, npu 3MeHIeHH KOHIIEHTpaIlii
B 100 pasiB cryninb nucomiaiiii 3poctae B 10 pasis.

CryniHp aucorianii eneKTPoIIITy 3aJIeKUTh He TUTbKH BiJl KOHLIEHTpallli, aje 1
BiJl IPUPOAN PO3UYMHHHUKA, EIEKTPOIIITY 1 TEMIIEPATypH.

Teopist eneKkTpoMTHYHOI Aucouianii AppeHiyca Majna BUHSATKOBO Ba)KJIUBE
3HAYCHHS ]ISl PO3BUTKY TEOpii claOkux enekTpomiTiB. Jlo mouatky XX B. Ha ii oc-
HOBI OyJIM MOSICHEH1 YMCJICHH] JaHl MO0 KOJUTAaTUBHUX BJIACTUBOCTSIX po3uuHiB. [Ipu
BUKOPHUCTaHHI 3aKOHY po3BefeHHs B. OcTBanbaa OyB IIMPOKO BUBYEHUM CTYIIHb
JUCOIIIAIil eIEKTPOJIITIB y BOASHUX po3unHax. OHaK Hamall CTalo BiJIOMO, IO TE-

opis C. AppeHiyca Mae 0OMEeXEHE 3aCTOCYBaHHS.
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CaMuM cepiO3HUM HENIOJIKOM Teopii AppeHiyca € Te, 1110 BOHA HE MOSICHIOE
MPUYHMHY JUCOINAIli eJIeKTPOJIiTIB Ha 10HH. Ponb po3unHHMKA Mpu aucomiarii Ap-
pEeHlyCOM He po3rJisjiajacs.

He 30BciM BipHUMHU BHSIBWJINCA BHU3HAYEHHS TMOHSATH KHUCIOTH 1 OCHOBH. 3
MPaKTUKH BiJJOMO, III0 Oarato opraHigyHUX CIONYK, (peHobapoburan, cyabhanume3uH
1 1H.), IpHM JUCOIlIalll]l He BUJLIAIOTH 10Ha BOJIHIO, ajie BUSBIISIOTh KUCJIOTHI BJIACTH-
BocTi. Takox BimomMo, 110 6arato pe4oBWH (aMiHHM) HE MAIOTh y CBOEMY CKJIAJI T1]I-
POKCHJIBHUX TPYI 1 HE BUAUISIOTH T1IAPOKCUI-I0HY MPH JUCOIliallii, OJHAK € THIIO-
BUMH OCHOBaMH.

OckunbkH Teopis AppeHiyca He po3riisifaia B3a€MO/IIi 10HIB 3 PO3ZYMHHUKOM,
BOHA HE MOTJIa repeadadaT TOTO, M0 10H BOJHIO ICHYE B COJIBBATOBAHOMY CTaHI.
Sk BUSBHIIOCS HaJaI, Y 3B’ 513Ky 3 BEJIMKOIO TYCTHHOIO 3apsiIy B aTOMi BOJHIO, Y 10-
Ha H' BusBNseTbCA BeNMKa aKTUBHICTh, TOMY BiH COJIBBATYEThCS PO3YUHHUKOM. Y
BOJi BiH 3HAXOAUTBCS Y BUMMIAML i0HY rifipokconito HzO' B erunosomy crupti — y
BUIIAAI ioHy eTokcoHilo CoHsOH,' i T.1.

Hes’scoBHo 3 morunsny Teopii AppeHiyca i Te, o 6arato pedyoBUH, Oyay4du
HEUTpaJIbHUMH Y BOJ1, Y JIbOASHINA OLUTOBIA KUCIOTI BUSIBJISIOTH OCHOBHI BJIACTUBO-
CTl, a B PIIKOMY aMiaKy — KUCJIOTHI. 3a3Ha4yeH1 (paKkTH CBIAYaTh MPO TE, 10 10HU HE
IPOCTO MEXaHIYHO PO3MOJJICHI B PO3UMHHUKY, @ MK PO3UMHHUKOM 1 PO3YHHEHOIO
PEUYOBHHOIO Ma€ MICIIE B3a€EMO/IIs, 1 MPUPOIa POZUMHHUKA MPU IbOMY HeOaiayxa.

Henmomnikom teopii AppeHiyca € 1 Te, 10 BOHA HE3aCTOCOBHA JUIS MOSICHEHHS

MOBOJ/I’)KEHHSI PO3YMHIB CUJIbHUX E€JIEKTPOJITIB.

4.3.2 TIporonna Teopisi kucjaot i ocHoB bpencrena — Jloypi
Ockisibku Teopist AppeHiyca He BpaxOBYyBaJla pojib PO3UYMHHUKA 1 B3a€EMOZIT 3
HUM PO3YMHEHOI PEUOBMHU, BOHA HE MOIJIa MOSICHUTU 0arato eKCrepruMEeHTaIbHUX
JAHUX TIO €JIEKTPUYHIN MPOBIAHOCTI, IO 3aJICKHOCTI CTYTEHS AUCOIIAIlT eIEeKTPOITi-
TIB BIJl KOHLEHTpALii 1 T.1. Y 3B 53Ky 3 [IUM y NepIii nojgoBuH1 XX cropiuus Oyio
3aMpONOHOBAHO 0araro 1HIIMX TEOPii, 3 AKUX HAWOIIBII BU3HAHOI BUSBUIIACS MPO-

ToHHa Teopis bpercrena — Jloypi (1923).
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BianoBigHO 10 MpOTOHHOI TEOpii, KUCIOTa — 1€ peYOBUHA, 3/1aTHA BijiaBaTu
10H BOJHIO (TIPOTOH); OCHOBA — PEUOBUHA, 37]aTHA MPUETHYBATH MPOTOH. BTpavaro-
YU MPOTOH, KHUCIOTA MEPETBOPIOETHCS B OCHOBY, IO € MOTCHIIMHUM aKICITOPOM
mpoTtoHa. Taky OCHOBY Ha3MBAIOTh CIIOJYYEHOIO 3 BHXITHOIO KucioTor. Hampwm-
KJIaJl, B pEeaKirii

HCl + H,0 & H3()+ + CI”

kucnoral  gcuopall xkucimorall OcHoBal

Cl™-ion € cnomyuenoro ocHoBolo 3 kucinotoro HCI, a ion H;O" — cnonydenoro
KHCIOTOIO0 3 0cHOBOIO H,0. BaxxnmuBo miAKpecIuTH, 110 KUCIOTHI BIACTHBOCTI SKOi-
HEOY/Ib PEUOBUHU MPOSIBISIOTHCS TUIBKH B MPUCYTHOCTI aKIENTOpa MPOTOHA, a OC-
HOBHI1 BJIACTUBOCTI — Y MPUCYTHOCTI JJOHOpA MpoToHa. Peakiiiro HeHTpaizaIi MOX-
Ha BUPA3HUTH PiBHIHHIM

kuciota [ + ocHoBa Il S ocHoBa I + kuciora |l

Lleit mporiec caMmoA0BUIBHO BiAOYBAETHCSI B HANIPSIMKY YTBOPEHHS OUIBII clia-
OKOi KHCIIOTH 1 OLIbII C1a0KOT OCHOBH. SIKIIO PO3UYMHHHMK (TTO3HAYMMO Horo sk HS)
BUCTYIIA€ B POJII JIOHOpA MPOTOHY, TO peakiii aucomiaimii ocHoBu (B) 1 kucmoTu
(HA) moxHa BUpa3uTH piBHSIHHAMU (y 3arajJbHOMY BH/I1)

B+HS S BH™+S HA+HS S SH,"+A~

S BUJIHO, KUCJIOTH 1 OCHOBH MOXXYTh OYyTH aHIOHAMH, KaTIOHAMU 1 €JIEKTPO-
HEUTPAIIbBHUMU MOJIEKYJIaMU.

V BOI OAHAKOBO MOYKJIMBI JMCOLAIS 1 KUCJIOT 1 OCHOB:

CH3COOH + H,0 S H30" + CH3COO;
NH; + H,0 S NH," + OH".

B mepmriii peakiiii Bojja BUKOHYE pOJb OCHOBHU, & B JIPYTHUH — POJIb KUCIOTH.
Po3urHHUKH, 10 MaIOTh 1 KUCJIOTHI, 1 OCHOBHI BJIACTMBOCTI, Ha3UBalOTh amMpinpo-
TOOHHHUMH.

CryniHp B3a€MOJIi PO3UYMHEHOI KHUCIOTH (OCHOBM) 3 PO3UYMHHHUKOM ICTOTHO
3QJICKHUTH BiJl HOTO 3AaTHOCTI BijjaBaTu 4u npuiimaty mpoToH. Hanpukian, HC10y,
HCI, HBr 1 iH. y BOASHUX PO3YMHAX € CHUIBHUMH KHUCIOTaMH. SKIO 3aMicTh BOJIU

K PO3YMHHUK B3ATU JbOJISHY OLITOBY KUCIOTY — OLIbII CIA0KUN aKIenTop NpoTo-
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HIB, TO JIMIIIE XJIOpHA KHUCJIOTA 3ajuiiaeTbes cuiabHO0. Kucmotru HCI, HBr 1 1.1, y
JHOMSIHINA ONTOBIM KHUCJIOTI JyXKe cladKi 1 peakmii aucomiamii (HampuKIiIa,
HCI+CH3;COOH S CH3;COOH,+C17) 3mimmeni BiiBo. Po3unHHuKHM, y KX y 6i-
JBIIOMY CTYTI€HI BUpa)X€Ha 3/IaTHICTh O BUAUICHHS MPOTOHA, YUM J0 MOTO MPHUE-
HaHHS, HA3WBAIOTh MPOTOTCHHUMH. B Taknx poO3YMHHHMKAX yTPYAHIETHCS TUCOITia-
11151 KUCJIOT, aJie MOJIETIIYETHCS TUCOLIaIlisl OCHOB:

(CH3);N+CH3sCOOH S (CH3)sNH™+CH;COO"™.

Jucorrialiisi KUCIOT BUKIMKAETHCS CHOPITHEHICTIO PO3YMHHUKA JI0 MPOTOHA
KUCJIOTH. UM OLIIbITE 115 CIIOPIAHEHICTh, TUM JICTIIE JUCOIII0E KUCIoTa. Po3unH-
HUKH, Y IKUX MEPEeBaKa€ CIOPIAHEHICTh A0 MPOTOHA, Ha3UBAIOTh MPOTO(PIILHUMMU.
VY npoTodiibHOMY PO3YMHHUKY (HANPUKIIA, PIAKOMY amiaky) Tye ciadka KUCJIIO-
ta HCN € cunbHo0. PiBHoBara peakuii HCN+NH; S NH,"+CN™ 3cynyTa Brpago.
[Ipu nucomiarnii KMCIOT YTBOPIOIOTHCS 10HU JIIOHHUIO (H3O+, NH,", y 3arajbHOMY
Buzi SH,"). Tlpu nucomnianii ocHoB yTBOproroThea ionu giary (OH-, CH;COO, y 3a-
raJlbHOMY BUTJIAAL S ). [oHM J1OHUIO 1 10HM J1aTy € HAOUTbII CHMIIBHUMH KUCJIOTa-

MH 1 OCHOBAMH B JaHOMY PO3YHMHHHUKY.

4.3.3 Teopis esaexrpouiris I'. JIbwica
Binpmn 3aranpHy TOUKY 30py Ha NMPUPOAY KHUCIOT Ta OCHOB 3amporoHyBas I
JIptoic. BiH BU3HAUMB KUCIOTY SIK aKLIENTOP, @ OCHOBY — SIK JOHOP MapH €JIEeKTPOHIB.

Hamnpukiaz, Xjgopuj alfoMiHIIO € TUTIOBOIO KUCIIOTOO JIboica, a aMmiak — OCHOBOIO:

Cl H
cl:Al[] H @ N[]
Cl H

Teopis JIstoica HEe MPOTUPIUNTH Teopli bpeHcTena, BOHA PO3IIUPIOE KOJIO KU-
CJIOTHO-OCHOBHHUX B3a€MOJIIH 1 Iy’Ke KOPHCHA Ui MOSICHEHHSI MeXaH13My Oaratbox

OpraHiYHMX PEeaKIlii.
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4.3.4 I30ToHiYHM KOedimieHT

Bant-T'od¢, BUBUatOYM OCMOTHYHUN THUCK PO3UMHIB €JIEKTPOJITIB, 3’ 5ICYBaB,
10 B TAKMX PO3YMHAX OCMOTHYHHUHN THCK OibIlle TEOPETUYHOTO (TOOTO po3paxoBa-
HOTO 32 (hopmyroro (4.18) B 1 pa3iB. B 3B’s13Ky 3 1M IS €IEKTPOJIITIB JOBEIOCS

BBECTH JIOAATKOBUN MHOKHHK, SIKHM Ha3BaHO 130TOHIYHUM KOC(IIIEHTOM 1 :
n =iCRT (4.64)
[30TOHIYHMIT KOEQIlIEHT BKa3ye B CKIIbKU pPa3iB 3aBASKU AUCOINAI] 30171b-
ITY€ThCS KUTBKICTh (KOHIIEHTPAIIis1) YaCTUHOK B PO3YMHI €JIEKTPOJITY. SAKOU qucorri-
aIfiro Oyna MOBHOIO, TO 130TOHIYHUI KOe(]ilieHT criBMagaB OU 3 KUIBKICTIO 10HIB B
MoJiekymi enekTpority v ( st NaCl v = 2; nis FeClz v = 4). Mix BelIMuuHAMU KOH-
nentpatii C, CTyneHIo AUCoLialii @, 130TOHIYHUM KOE(IIIEHTOM 1 Ta KIJIBKICTIO 10-

HIB B MOJIEKYJI1 €JIEKTPOJIITY V ICHY€E MPOCTUH 3B’ A30K

i=1+a(v-1), (4.65)
a6 =1L (4.66)
v—-1

30UTbIIEHHSI YACTUHOK B PO3YMHI €JIEKTPOJITY MPHU3BOAUTH 10 30UIbLICHHS

Benu4H AT, Ta AT, B dhopmynax (4.34) Ta (4.35). B uux popmynax nus po3uu-
HIB €JICKTPOJIITIB TE€XK JOBOJAUTHCA BBOAUTH 130TOHIYHUM KOE(IIIIEHT:

AT =1Ke5'Cry - (4.67)

AT, =1 Ky Crp . (4.68)

4.3.5 AKTUBHICTb, KOE]IIIEHT aKTUBHOCTI

KoHncrantu nucoriaiiii enexkTpoditis (4.56) Ta (4.57)0BUHHI HE 3MIHIOBATUCS
31 3MIHOIO KOHIIEHTpAIIil pO34YMHY, ajie B BUNAJKy 3HAYHOTO MiABUILIECHHS KOHIIEHT-
partii (6ipmre HixK 0,001 MOJIb Ha JTP) KUTBKICTh 10HIB B PO3UKHI 301UIBIIYETHCS Ha-
CTIJIbKH, 110 CHJIa B3a€EMOJIIM 10HIB MK COOOI0 Ta 3 YaCTMHKaMM PO3YMHHUKA CTa€
BEJIMKOIO, 1[0 MPU3BOIUTH J0 MEBHOI 3MiHM B KOHCTaHTI aucortiamii. I{e sBure xi-
JBKICHO YPaXxOBYEThCS MapaMETPOM, SIKHUI Ha3UBAETHCS aKTUBHICTIO a.

AKTHUBHICTIO 3BEThCS BEJIWYHWHA, IMIJCTAHOBKA SKOI 3aMICTh KOHIIGHTpallii B

TEPMOJIMHAMIYHI PIBHSHHS IS 1/1€aJbHUX PO3YMHIB POOUTH Il PIBHSIHHS MPUIAT-
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HUMH JIJIs1 KIJIbKICHOTO OMHUCY pEeIbHUX PO3UMHIB.

TakuM YMHOM aKTUBHICTH 3aMIHIOE COOOI0 KOHIICHTPAIIIO IIPH OIKUCY BJIACTH-
BOCTEH peajbHUX PO3YMHIB, B TOMY YMCII JIJII PO3YMHIB €JIEeKTpoJiiTiB. BoHa mae
PO3MIPHOCTI Ta BJIACTUBOCTI KOHIIEHTparii. Mi>k aKTUBHICTIO Ta KOHIICHTPAIII€IO 1C-
HY€ MPOCTHI 3B 30K

ag = ’YBCB (469)

Jie ag — aKTUBHICTh pe4oBUHU B, Moib Ha niTp; Cp — KOHIEHTpAIlisl PpEUOBUHU
B, mMonp Ha miTp; Yg — MOJIbHUH KOe(IIllEHT aKTUBHOCTI, 0e3po3MipHa BEJIWYUHA.
Crin 3a3HaYUTH, 10 MTOHATTS aKTUBHOCTI 3aCTOCOBYETHCS IS JIIOOMX peaTbHUX PO-
3UMHIB — JJISl €JIEKTPOJIITIB, HECICKTPOJIITIB, Ta3iB, HE3AICKHO BiJ MPUPOIU PO3-
YUHHUKIB.

KoeditieHT akTUBHOCTI 1 aKTUBHICTh 3MIHIOIOTHCS 31 3MIHOIO KOHIICHTpAIii
TaKUM YUHOM, IIO MiJICTaHOBKA a 3aMicTh C B BUpa3 JJisi KOHCTAHTH JUCOIAIll] a€e
3aBXK/IM CTANTy BEIMUUHY YUCEIBHOTO 3HAYEHHSI KOHCTAaHTU. TaKUM YMHOM PIBHSIHHS
(4.56) nepeTBOPIOETHCA HA
C

a x C

a _
K H A _
a

H' YH+

ata K, T ¥a (4.70)
AHA CHAYHA YHA

ne K, — TepMoanHaMiuHa KOHCTaHTa AMCOIiaIlli, BOHA HE 3MIHIOEThCS 31 3Mi-
HOIO KOHIICHTpAIlli pO3YHHY.

B nyxe po3BeneHuX po3unHax KOehiIiEHTH aKTUBHOCTI JOPIBHIOIOTH OJIMHHU-
11, TOOTO aKTUBHICTh JOPIBHIOE KOHIIEHTpaIlii. SKIIO0 KOHIIEHTpAIlil0 301JbITyBATH,
TO 3HAYEHHS KOCPIIIEHTY aKTUBHOCTI BIAXUIISIOTHCS BiJl OAUHUIN ( B OUTBIIIOCTI BU-
MaJKiB 3MEHIIYIOThCS, X04a JIJIs y’K€ KOHUEHTPOBAHUX PO3YUHIB MOXKYTh OyTH O1-
Jple oauHuIN). JJ1s eneKkTposiTiB KoedIiieHT aKTUBHOCTI MailKe He 3aJIeKUTh Bijl
MPUPOIU EJEKTPOJIITY 1 B 3HAYHOI Mipi 3aJIKHUTh BiJl KOHIICHTPAIIii, TOUHIIIE KaXKy-
YU BiJl I0HHOI CHUJIM PO3YHUHY.

lonHa cuia po3urHy — 11€ BEJIMYMHA, sIKa XapaKTePU3Ye CHUITY €JIEKTPOCTaTHY-
HOI B3a€MOJI1 10HIB B PO3YMHI €JIEKTPOJIiTIB. BOHa BU3HAYAETHCS KOHIEHTPALIEIO

10HIB Ta X 3apsAA0M:
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I= %Zcizf , (4.71)

ne | — ionHa cuna enekrpoiity; C; — KOHIIEHTpallisl 1-TOTO 10HY; Z; — 3apsj 1-
TOTO 10HY.

O0unCIIOIYY 10HHY CHITY €JIEKTPOJIITY, CITiI OpaTh 0 yBard Imo KOHIEHTpa-
i 10HY JOpIBHIOE JOOYTKY KOHIIEHTpallli €JIEKTPOJITY Ha CTYIiHb JIUCOIlIAIii.

[Tpuknanu BennuuH KoedilieHTIB aKTUBHOCTEW HaBeeH1 B Ta0muili 4.2.
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Tabmums 4.2 OpieHTOBHI 3HAYCHHS KOC(IIIEHTIB aKTUBHOCTI JIESKUX 10HIB B

BOJHHX pO34YHNHAX

KoedoimieHT akTHBHOCTI Y
Ionna cuna
OJTHO3APSTHI JTBO3APSTHI TpHOX3apsi-
po3uuny |
10HH 10HH JTH1 10HA

0 1,00 1,00 1,00
0,001 0,97 0,87 0,73
0,002 0,95 0,82 0,64
0,005 0,93 0,74 0,51
0,01 0,90 0,66 0,39
0,05 0,81 0,44 0,15
0,1 0,76 0,33 0,08

4.3.6 Oco0IMBOCTI CHIIBHUX €JEKTPOJIITIB

€ Oararo J0Ka3iB TOTO, IO CUJIBHI €IEKTPOJITH AUCOLIIIOTH B BOJHUX PO3-
YHHAX MPAKTHYHO IIUTKOM, TOOTO B PO3UMHAX TAaKUX PEYOBHH KOHIIEHTpAILisl HEH-
COI[IIIOBaHUX MOJIEKYJ IPAKTUYHO HYJIboBa. He muBisiunch Ha 11 (hakTH, epeKTUBHA
(aKTMBHA) KOHUEHTpAISl IX PO3UYHMHIB YACTO € HUKYE 3arajbHOl (aHAJITUYHOI) KOH-
uentpaiii. iga noscHeHHs 1pOro (hakTy iCHye eiaekTpoctaTuuHa teopis Jlabas i1
Xrokkensa. BoHa onucye BIUTMB €IEKTPOCTATUYHOI B3a€MO/III MIDK 10HAMHU Ha PI3HO-
MaHITHI BJACTUBOCTI PO3YMHIB 1 MOSICHIOE MPUYMHY 3MEHILIEHHS aKTUBHOI KOHLIEHT-
parii enexTpomiTy. ['oJoBHa ies Teopii mojisirae B HaASBHOCTI HABKPYTH KOXKHOTO
10Hy Tak 3BaHOi 10HHOI atMocepu. Mixk i0HaMu 3aBISKH IXHIM 3apsiaM iCHYIOTh
CWJIM TSDKIHHS M CWUIM BIAIITOBXYBAaHHS, 3aBJISIKM YOMY KOXEH 10H OTOYEHHI 10HaMH
MPOTUJICKHOTO 3HaKy. [oHHa aTMocdepa BMIIye 10HA PI3HUX 3HAKIB, aje B Cepeli-
HbOMY HABKPYTU MO3UTUBHOIO 10HI MA€THCS HAJJIMIIIOK HETaTUBHUX 10HIB 1 HaBMa-
ku. ['ycTuHa 10HHOI atMocepu MakcUMallbHa OIS LIEHTPAJbHOTO 10HY 1 B MIpY
BiJITaICHHS 3MEHIITyeThCsl. Ha meBHOT BifICTaHi, SIKY MOKHA BBa)KaTU MEXKEIO 10HHOT

atMoc(depu, KUIbKICTh PI3HOMMEHHUX 10HIB CTa€ OJHAKOBOIO. TOBIIMHA 10HHOT aT-
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mocdepu (1/y) BBilinuia B BUpa3 ajisa koedilieHTa akTUBHOCTI

e2
2ekT \ 1000ekT

Igy, = —[ZKZA] (4.72)

7€ Y+ — CepeaHid KOoedillieHT aKTUBHOCTI; € — OJMHUYHUN CIIEKTPUYHUHN 3a-
psia, TOOTO 3aps] €JICKTPOHA; € — JAICIIEKTPUYHA MPOHUKHICTh PO3UNHHUKA, KA BKa-
3y€, Yy CKUTbKM pa3iB TsDKIHHS a00 BIAIMITOBXYBAHHS MK 10HAMH MEHIIE B PO3YWH-
HUKY, HK B BakyyMmi; k — koncTanTa bonsiiMana; Na — cTaia ABoranpo; zx Ta Za —
3apsiIv KaTiOHY Ta aHIOHY €JIEKTPOIITY; | — 10HHA chjla pO3UYHUHY.

ToBmmHA 10HHOT aTMOChEpH

100(2)8kT (4.73)
8me”N L1

3MEHIIIYETHCS 31 3POCTAHHAM KOHIIEHTpaIlii 10HIB, TOOTO 13 3pOCTaHHSIM 10HHOI
cwin po3uuny l. 3poctanns temmneparypu T npu3BOIUTH 10 30UIBLICHHS TOBLUIMHU
10HHO1 aTMOC(epH, aje IpHU UbOMY 3MEHILIYETHCS 1€IEKTPUYHA TPOHUKHICTD €, 1110
nae npotwiexHui edekrt. Jloope BumHo 3 piBHsIHB (4.72) Ta (4.73), M0 TOBIIMHA
10HHOi atMocdepu 3aleXUTh BIJI TUX K€ (PAKTOPIB, IO 1 KOEPILIEHT aKTHBHOCTI
(TemmeparypH, MieIeKTPUYHOI MPOHUKHOCTI, 3apsi/iiB 10HIB, 10HHOI CHJI PO3YHHY).

Teopisa Jlebas 1 Xtokkenss BUBOJIUTH TaKUil BUpa3 JJIsl KoedilieHTa akTUBHOCTI 10HY

lgy, =—Azgz 1. (4.74)

Le piBHsAHHS BiAOME IK TpaHUYHMI 3aKoH Jlebas. B Hpomy koedimieHT A

2 1
Ao ] 27N ,py [ € |3 _1,8245-10°p3 (4.75)
2,303\ 1000 | ekT 3
(ST)Z

HA3WBAIOTh TPAHUYHUM KOE(iIIEHTOM a00 KOeDIIEHTOM TPAHUIHOTO 3aKOHY

Hebast. pp — rycTuHa po3unHHUKA. /{51 1,1-BaieHTHOTO €IeKTPOJIITY 10HHA cuila 10-

pierroe kornenTpatii (I = C), zk = Za = 1. IIpniimaroun 1o yBaru, o €y, = 78,5,
otpumyroTh A = 0,508. 3Biacu
lgy, =—0,508/C. (4.76)
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B npyromy naGauxenHi teopis [ebas-Xrokens Ayt koedimieHTa aKTUBHOCTI
Ja€ BUpa3s:

AZKZA\/i

1+Bavl @.77)

gy, =-

Jie a — eMITIpUYHa KOHCTaHTa, sika BiqoOpakye po3Mip 10HIB, BOHA BUOMPAETh-
Cs TaKUM YMHOM, abu po3paxoBaHi 3a PIBHSAHHAM (4.77) KoedilieHTH aKTUBHOCTI
CHIBMAAANIU 3 JOCIHITHUMH. 3a BEIMYMHOIO KOHCTaHTa a OJM3bKa J0 PO3MiIpy 10HIB

(=10-8 c™m). Koedirient B po3paxoByroTh 3a pIBHSIHHIM

2
SmeNa ;12 —50,289.10% [P0 (4.78)
1000k T eT

Jlotst Bomu ripu 25 °C B = 0,3287-10° i Masno 3MiHIOETBCS 3 TEMIIEPATYpPOIO.

PiBusinusa (4.78) nnst BOZHUX PO3YMHIB MOXE OYTH 3aCTOCOBAaHO JO 10HHOI
cunu ~0,1. Jlyig 611blI MHPOKOT 007aCTl KOHIIEHTPALI €JIEKTPOJITY 3aCTOCOBYETh-
Csl pIBHSIHHS, SIKE 3BEThCSI TPETIM HaOMmkeHHsM JleOas

1
Azyzy1 b, (4.79)
1+ Ba\/i

ne bl xapakrepusye niniiiny 3anexHictb Igys = f(1). Koedinient b Busnavarots 3 ekcre-

gy, =-—

PUMEHTAIBHUX JTAHUX [0 3aJIeXHOCTI Igy+ BiA koHueHTpauii. B piBHsHHSX (4.76) (4.79) v+ — ce-
penHii 10HHUI Koe]ilieHT aKTUBHOCTI, BiH SIBJII€ COOOI0 CEpEHE T€OMETPUYHE KOEPIIIEHTIB aK-

TUBHOCTI, SIKE XapaKTepu3ye AaHUM eNeKTpouiT 3arajgoM. [lis 1,1-BajJeHTHOTO eNeKTpoIiTy

Y+ =Y+ FY-

JI71st eeKTpOoITY, 10 PO3MAJAETHCSA B PO3YMHI HA V4 MTO3UTUBHUX 1 V_HETaTUBHUX 10HIB,

cepe/iHill 10HHUH Koe(iliEHT aKTUBHOCTI O0UMCITIOIOTH 33 (HOPMYIIOI0

Y =NV XYy | (4.80)

KoedirieHT akTMUBHOCTI 10HIB B PO3UMHI CUJIBHOTO €JIEKTPOJIITY, SIK 1 CTAOKOT0 eNeKTPOTi-

Jev=v:+v_.

Ty, IOKa3ye Mipy BIAXUJIEHHS BIIACTUBOCTEN PEATLHOTO PO3UYHMHY BiJl BIACTUBOCTEHN 171€alIbHOTO
pPO34YUHY, IO 3HAXOAUTHCSA B CTAaHAAPTHOMY CTaHi. J[Jig pO3YMHIB CUIILHUX €JIEKTPOJITIB K CTaH-
JapTHUHA CTaH MPUMMAIOTh HE YMCTHUI CTaH AaHOI PEUOBMHH, a CTAH PO3UYMHY MIPH MOBHIN AUCOILLi-

aIlii eNeKTPOIITY 1 IPU BIICYTHOCTI €JIEKTPOCTATHUHOI B3a€EMO1ii MK 10HAMHU.
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I'pannuHuil 3aKOH BCTAHOBIIIOE JiHiNHY 3anexHicTs 187y, Bin \/i , JIe JIiHIHHA 3aJIeXK-

HICTB CIIOCTEPIraeThCs JIMIIE IS BY3bKOi 00JIaCTi KOHLEHTpaIlii (CUIIbHO po30aBIeHUX PO3YHHIB).
['paHMYHMIA 3aKOH CIIPaBeIMBHIA TIUTLKH JI PO3YMHIB 3 10HHOIO criioko I < 0,05 mous/n. Ille Hu-
KY€ KOHUEHTpaLIHHUN KOPJIOH 3aCTOCOBHOCTI IPAHUYHOTO 3aKOHY /711 HEBOJIHUX PO3YMHIB 3 HU-
3bKOIO J1€TIEKTPUYHOIO TIPOHUKHICTIO.

OOMe)eHICTh 3aCTOCYBaHHS TPAHUYHOTO 3aKOHY Jlebas MOsSCHIOETHCS CIIPOITYIOUUMHU
MIPUITYIICHHSIMH, sIKI OyJId 3p0o0JICH] MpH MaTeMaTHYHOMY BHUBEJICHHI piBHSIHBL. BKka3aHi npuiy-
IIEHHS MTOJISITAI0Th B TOMY, I110: 1) 3aMiCTh B3a€MO/I11 10HIB PO3IIISIAETHCS B3aEMO/IiSl 10HY 3 OTO-
9YI0UOK0 OTr0 10HHOI aTtMocdeporo; 2) 3aMiCTh 3apsiAiB OKPEMHUX 10HIB PO3TIISIA€ThCS Oe3nepep-
BHE EJICKTPUYHE N0JIe; 3) mependadaeThes, Mo PO3MOILT I0HIB B 10HHIM aTMOcdepi TiAKOPSETbCS
KJIACUYHIM CTATUCTHIIL; 4) 3 YCIX BUAIB B3a€MO/IIi M’ 10HAMHU BPaxXOBY€ETHCS TUIBKHU €IEKTPOCTa-
TUYHA B3a€EMO/Iis1; 5) HE BPaxXOBYIOThCS COJbBATALlisl 1 acoIialis 10HiB, 1 T. 1.

OnHak, He3BaKalOYM HA OOMEKEHICTh 3aCTOCYBAaHHS IPaHUYHOTO 3aKOHY, BiH Ma€ BEJIHKE
TEOPETUYHE 3HAUCHHS, OCKUTLKH BiH OOTPYHTYBAB iICHYIOUY 1 BUSBJICHY €KCIIEPUMEHTAIBHO 3aJjie-
kHicTb Igys = f(VI). 3 rpaHIYHOro 3aKOHY MOXHA 3HaHTH KoediuienT aktuBHOCTI. Koedimientn
aKTUBHOCTI BU3HAYAIOTh TAKOXK MO 10HHIN CHJII PO3YHMHY 1 EKCIIEPUMEHTAIBHO €0yI1i0CKOTIYHUM,
KP1OCKOIIYHUM 200 OCMOTHYHUM MeT0/10M, MeToioM EPC ab0 1o 3HMKEHHIO TUCKY HACUYEHOT
napy po3YMHHUKA HaJl PO3YMHOM. 3HAIOYU KOE(II[IEHT aKTUBHOCTI, MOYKHA BU3HAYHUTH 1HIIII BJIac-

THUBOCTI PO3YMHY, B TOMY YHUCIII 1 aKTUBHICTD:
a, =C,vy;y, (4.81)

ne ay, Cy — cepenHi i0HHI aKTHBHICTD 1 MOJISIPHICTD, MOJIB/JT; Y+ —CEpEaHIN KOS(II[iEHT aK-
THUBHOCTI.
Cepennst ioHHa MOJISIPHICTD Ci € CepeIHBOI0 TEOMETPUYHOIO 1 MOJISIPHOCTEH BIMTOBITHUX

10HIB €JIEKTPOJIITY 1 XapaKT€pPU3y€e BIACTUBOCTI PO3UMHY €IEKTPOIITY 3arajiom:

1
ey = (erVchJrV+ v_ e ' )/V (4.82)

JeV=v++ 0.
Jlnst HecKiHueHHO po36aBnenoro posunny v+ = 1, a, = C_ . [To Mipi mifBUIIEHHS KOH-

[EHTpAallii Y+ CMOYATKy 3MEHIIYETHCS, a MOTIM 3POCTAE, aje 3IUIIAETHCS MEPEBAKHO MEHIIIE
onuHuIl. Jlumie y BUHATKOBUX BUIAJKaX KOe(IliEHT aKTUBHOCT1 MOXe OyTH OUIBIIUM OJIUHUILLL.
J171s KiHIIeBUX KOHIIEHTpAIliil pO3UUHIB CHIIbHUX eneKTpodiTiB a < C. Teopis Jlebas 1 Xtokkens
MOSICHIOE 11eH (DaKT THUM, IO B3a€MHE TsDKIHHSI 10HIB TOCHITFOETHCS 3 TABUIIEHHSIM KOHIIEHTpAIlii

pPO34YMHY BHACIIIJIOK 3MEHIIIEHHS CEPEeIHBOI BiACTaH1 Mk 10HaMHu. [locueHHsT B3aEMHOTO TSHKIHHS
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10HIB MTPU3BOAUTH J0 3MiHH BJIACTUBOCTEW B TOMY HAIpsIMi, K Jis70 O yacTKOBE 00'€THaHHS 10-

HIB B MOJICKYJIH, TOOTO 3MEHIICHHS CTYIEHIO JUCOIIIaIlii.

4.3.7 OcHOBHI NOHATTH Teopii acowiauii ioHiB

Teopis ebas i XroKKems MosicHuiIa 0araTo BIaCTUBOCTEH PO3UMHIB CHIILHHUX €JIEKTPOITi-
TiB. OHAK 32 JIOMOMOTOIO 11i€1 TEOPil HEMOMIIMBO TOSICHUTH HAsBHICTh aHOMAJIbHOI €JICKTPHYHOT
poBiAHOCTI, Briepie BusiBieHoi I. A. Kabaykosuwm (1870) nmpu mocnimkeHH] pO3UMHIB B aMiJio-
BOMY CIHPTi. 3BUYaHO TUTOMA €JICKTPUYHA MPOBIIHICTh KOHIICHTPOBAHUX PO3YHHIB 3MEHIITY-
€THCS 3 IOJIAHHAM eJIeKTpoiiTy. KaObiykoB BUSBUB (akT 301UIBIICHHS TUTOMOI €JIEKTPOIPOBIIHO-
cTi 3 moganbmuM 3poctanasaM KoHreHTpanii HCL TlogiOHa KoHIIeHTpaIiifHa 3aIeKHICTh MUTOMOT
€JIEKTPONPOBIAHOCTI OyIta 3r0/I0OM BUSIBJICHA B IHIIUX HEBOJHUX 1 BOAHHUX po3unHax. CydacHi Teo-
pii pO3UMHIB EIEKTPOIIITIB MOSCHIOIOTh AaHOMAJIbHY €JEKTPUYHY MPOBIAHICTh YTBOPEHHSIM 10HHUX
acoriaTis. Y meBHili 061acTi KOHIIEHTpAIliil B po34mHi yTBOPATHCA ioHHi mapu Tumy K'A™, ki
3MEHIIYIOTh €JIEKTPONPOBiAHICTh. [Ipu 301MbIICHH] KOHIIGHTpALii 10 10HHOT Tapu TPUETHYETHCS
Tperiii ion. YTBopsaTses Tpitiauku Tumy KTATK" a60 AT K A™, sxi MaloTh eneKTpuuHuii 3aps i
3J1aTHI TIEPEHOCUTH CTPYM. Y 3B’S3KY 3 IIUM ITUTOMA €JICKTPOIPOBIIHICTh 3POCTAE.

Teopis yrBopeHHs 10HHHX acoliaTiB Brepiie 3anpononoBana B. K. Cemenuenxo (1924), a

MoTiM JieTasibHO po3risiHyTa H. Beeppymom (1926). B teopii ioHHOT acorrialtii JoBeIeHO, 10 10HHA

. . . .o -10
YTBOPIOKOTH aCON1aT, AKIIO 3HAXOAATHCA Ha B1ICTAH1, MCHIIIO1 HI’K 3,57 . 10 . ZKZA . Konc-

tauTa acomiamnii K, moB’si3aHa 3 KOHCTAaHTOI AUcoIialil CIIiBBIJHOIIEHHIM
Kaee = . (4.83)

4.3.8 TlonsiTTs conbBaTauii (rizparamii) ionis
loHu B3a€EMOAIIOTH HE TUIBKU OJIMH 3 OJTHUM, aJle 1 3 MOJIEKYJIaMU pO3YMHHUKA. XapaKTep
IIUX B3a€MO/JIIH € PI3HUM 1 3aJI€XKUTh BiJ TUITY 10HIB 1 IPUPOJH CHII, JIFOYMX MK HUMH (KOPOTKO-
JIIOYHX 1 Talieko1irouuX ). B3aeMoaii Mixk 4acTUHKaMU B PO3YMHI 3aBASKA KOPOTKOIIIOYUM CHJIaM
MOXKYTb OyTH CUJIBHUMH 1 CTAOKUMH.
CuIibHI XIMIYHI B3a€EMOJIT CIIOCTEPIratoThCcs MK 10HAMHU 1 MOJIEKYJIaMU PO3YMHHUKA 1 CY-
IIPOBOJIKYIOThCS y3arajlbHEHHM eJ1eKTpoHiB. [IpuKIagamMu MOxyTh 6yTu B3aeMoii iona H i

H,0, ioniB MeTany i BoH, IO IPH3BOAATH 0 YTBOPEHHS i0HY Tifpokconis H30", akBakommiex-
. 3+
CiB THITY Cr(H20)6 :

Cnabxki XiMI4H1 B3a€EMO/I1i CIIOCTEPIraloThCsl MK MOJIEKYJIaMH 1 10HAMHM, MIPHU I[bOMY YTBO-

prOrOThCSA KoMIUTekeu Ty HA:-—A™.
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IMix conpBaTamico (rigparanicw) po3ymilOTh CyKyNHICTh eHEPreTHYHUX i
CTPYKTYPHHX 3MiH, 10 BiI0OYBAalOTHCA B PO34YHHi NP B3a€MO/II YACTHHOK PO3YMHe-
HOI PEYOBHHH 3 MOJIEKYJIAMH PO3YMHHHUKA (BOIH).
3riiHO 3 TEOPi€r0 cobBaTAallli, HABKOJIO YACTUHKU PO3UMHEHOI pEYOBHMHHU PO3TAIIOBaH1 JBI
COJIbBATHI OOOJIOHKHU: TIEpBUHHA 1 BTOpUHHA. B mepBUHHY COJIbBaTHY 000JIOHKY BXOJSATH MOJICKY-
JIM PO3UYMHHHMKA, IO 3A1MCHIOIOTH PyXU B PO3UMHI pa30M 3 YACTUHKOIO PEUOBHHH. YUCIIO MOJIEKYT
PO3YMHHUKA B IEPBUHHIN COJIbBATHII 00OJIOHII HA3UBAIOTh KOOPAUHALIIMHAM YHCIIOM COJIbBATa-
uii. 3HaueHHs HOoro 3aJeXUTh Bl MPUPOAN PO3UUHEHOI PEUOBHUHU 1 pO3YMHHUKA. Y BTOPUHHY CO-
JBBATHY O0OJIOHKY BXOJSITh MOJIEKYJIM PO3YMHHMKA, 110 3HAXOAATHCA B/l YACTKH PO3YMHEHOI pe-
YOBMHU Ha BeJMKii BifgcTtani. CobBaTallisl CHIIBHO BUSBIISETHCS Yy BOJHUX PO3YMHAX E€JIEKTPOIITIB
3a paXxyHOK B3a€MOIii i0HIB 3 TIOJIIPHUMH MOJIEKyJaMu Boju (rixparaitis). TepmoauHamidna
CTIHKICTh COJIbBATIB BU3HAYAETHCS BeIMUMHOIO eHeprii ['100ca (AGeon). OCKITBKH AGeony = AHcon
—TAS¢on, TO uuM MeHIe AGeoyn, TUM CTiHiKINIE KOMIUIEKC. OCHOBHMM BHECOK Y BeTHUUHY AGion
BHOCHUTH CHTaJbIIIS colibBaTaiii AHc,,, SKY 3HAXOASATH 3 CITIBBIIHOIICHHS
AHiur = AHp + AHcy, (4.84)
ne AH;yy — miepiia iHTerpajibHa TerioTa pO3YMHEHHS PEYOBUHU B IaHOMY PO3UHMHHUKY;

AH rp — CHEPris KPUCTATIYHOI IPATKH PO3YHHEHOT PEIOBHHH.

AHcon = AHK crp + AHA coJny (485)
ne AHx crp Ta AH4 con — €HTaIBMIT CONBBATALT KaTIOHY Ta aHIOHY BIANOBIAHO. EHEpriro
KPUCTAIIYHOI TPaTKH PO3PAXOBYIOTh, @ €HTAJBIII1 POZUYMHEHHS PEYOBUH BHUMIPSIOTH 3 IOTIOMOTOIO

KaJIOpUMETDY.

5 EJIEKTPOXIMIA

5.1 EnekTponpoBiIHICTh PO3YHHIB
5.1.1 Pyx ioniB B e1ekTpuuHomy noJi. [Ilutoma enekrponposignicTs
eJIeKTPOJIITIB

Po3pi3HAIOTH 1BI IpyNH MPOBIAHUKIB €JIEKTPUYHOTIO CTPYMY: IPOBITHUKH MEPILIOTO POAY, EIEKT-
pHUYHA MPOBIIHICTh SKUX 00YMOBJIEHA €JIEKTPOHAMH, 1 IPOBIIHUKHU APYrOro poy, 10 MalOTh 10H-
HY IPOBIAHICTB. [ 0JIOBHY pOJIb B €IEKTPOXiMil BIIIrPAIOTh MPOBIAHUKHU JAPYTOTr0 POy — PO3UMHU 1
pO3IJIaBU €JEKTPOIIITIB. B po3unHax eaeKTpoJIiTiB COMbBATOBAHI 10HW 3HAXOATHCS B O€371aTHOMY
pyci. Ilpu HakagaHHi €IEKTPUYHOTO MOJIsl BAHUKAE BIOPSIAKOBAHUM PYX 10HIB 10 MPOTUIIEKHO
3apsKEHNX eNeKTpoaiB. IIIBUAKICTD pyXy 10HIB 301IBIIYETHCS il A1€10 €IEKTPUYHOI HAPYTH,

OJTHaK OJTHOYACHO 30UIBIIYEThCS IEKTPUUHUH omip cepepoBuina. Tomy uepes AesiKuil yac MBU-
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KiCTh pyXy 10HIB cTabimizyerses. LLIBUIKICTE pyXy 10HA B €IEKTPUYHOMY IOJIi BU3HAYAETHCS J10-
OyTKOM 3apsily i0Ha Ha TpaJi€HT MOTEHIliany 1o, i pakTopoM R, 110 XapakTepu3sye orip cepe-
JOBUIIIA 1 3aJICKHUTH BiJ] TEMIIEPATYPH, IPUPOIH 10HA 1 POZUMHHHKA:
AUez
u=—-,
Rl

Je U — IMBHJIKICTh PyXy 10HA; € — eIEMEHTApHUI SICKTPUIHME 3aps; Z — 3apsia ioHa; AU — pi3Hu-

(5.1)

1151 TIOTCHITIATIB MK eJIeKTpoaamMu; | — BijicTaHb MiX elekTpoaamMu; R — ejekTpudHuii omip.
OcCKiNbKH IIBUJKICTH PyXY 10HA 3aJIKUTH BiJ TpanieHTy notenuiany (Bignomenns AU/), To mo-
PIBHSHHS IIBUIKOCTEH PyXy PI3HUX BHJIIB 10HIB POOJISITH MPH TPaJI€HTI MOTeHIiany mojis 1 Boabt
Ha metp. [IIBuaKicTh pyXy 10HIB B IUX YMOBaX Ha3UBalOTh a0COIIOTHOIO HIBUJKICTIO, IO3HAYAIOTh
OYKBOIO V 1 BUPAXKAIOTh y MHa BounbTr-cexynay). AGcontoTHaA IBUAKICT PyXy 10Ha — II€ BiICTaHb
y MeTpax, 0 MPOXOUTh 10H 3a | CeKyHIy IpH TPaTieHT] MOTSHIIATY (HAPYKEHOCTI €IeKTPOC-
tatuyHoro noito E = AU/I) 1 BoabT Ha MeTp:

~ez_u_ul
"R E AU’

EnextponpoBigHicTs G — 11 3/aTHICTh PEYOBUH MPOBOAUTH EIEKTPUYHHUMI CTPYM Mif €0 30BHI-

v (5.2)

IIHBOTO CIICKTPUYHOI'O ITOJIA. Bona gBisge co60r0 BCJIIMYNHY, 3BOPOTHY CICKTPUIHOMY OIIOPY R.

Bizomo, mo
1
R=p— 5.3
p S (5.3)
TOMY
1 1S S
===y, (5.4)
R pl 1

ne p — nutomuii omip, OMM ; %, = 1/p — mutomMa enexTponpoBiaHicTb, CM/M; S — epeTHH MPOBiJI-
HUKa; | — TOBXMHA IPOBITHHKA.
Mpu | =1wmiS=1m° nuromuii omip p = R.
IuTomuii onip — e onmip NpoBiAHNKA, 0 Ma€ A0BKUHY 1 M i monepeyHnii nepepis
1M
3aranpHa eJeKTPOINPOBIIHICTh € HECTAHIAPTHOIO BETMYUHOIO, TOMY IPAaKTUYHO BUKOPUCTOBYIOTh
MIUTOMY €JIEKTPUYHY MPOBIIHICTb.
IInToMa ejieKTPUYHA NPOBIAHICTH 1€ NPOBIIHICTH CTOBNYNKA PO3YMHY, IOMillleHO-
r0 MiK eJIEKTPOJAaMHU, PO3TAIIOBAHMMMU Ha Biacrani 1 m, i miiomero 1 MZ, TOOTO 11€
eJIeKTPHYHA NMPOBiaHiCTH 1 M PO34HUHY.

[TincranoBkoro 3HaueHHs R 3 (5.3) y 3akon Oma
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U
[=— 5.5
. (5.5)

OJIEPXKYIOTh
(2 US _xus .
pl 1
Axkmo S=1Im?% 1=1m, U=1B, 10
I =1/p=1x. (10.7)
®i3u4HUH 3MICT TUTOMOI €JIEKTPHUYHOI TPOBIAHOCTI MOJIATAE B TiM, 110 BOHA YHCEIHHO JOPIBHIOE
ctpymy I, cTBOproBaHOTO i0HaMHu, B |BYS pO34uHYy, Yepe3 IUIOLUHY B 1M npu Hanpysi 1B.
Aximo enekTporit 1,1-BaneHTHU 1 B 1 JIITp1 pO3UMHY MICTUTHCS OAMH CKBIBAJICHT PEYOBUHH, TO
CyMapHHii 3apsi]l 10HIB, 110 MIiCTAThCA B 1 miTpi po3unny, nopiBHIOE Nae, e Na — KoHIIeHTpalis
10HIB (cTara ABOTazipo), a € — 3aps/] OJJHOTO 10HA, IOPIBHIOE 3apsTy €ICKTPOHA. KO eIeKTPOIIiT
2,2-BaJICHTHHUIA, TO 3apsil i0Ha JOPiBHIOE 2e, KOHLeHTpallis i0HIB Na/2, a cymapHuii 3apsi i0HIB
Nae. Takum 9uHOM, AJ1s1 OYAb-SIKOTO PO3YMHY CyMapHHUii 3apan ioHiB nopiBHIOE Na€. SAkmio B 1 mi-
Tpi MicTUThCs Cyy €KBIBAJICHTIB, a CTYIIHB IMCOLIAII] PEYOBUHH O, TO CyMapHUil 3apsij ioHIB B 1
KybiaHOMy Metpi nopiBHIoe CoNae-10°. B enexTpuasoMy 1o1i KaTioHH pyXaroThCst 10 KATO/Ia, a
aHIOHM — J10 aHoAa. SIK110 a0CONIF0THA MIBUAKICTh PYXY KaTIOHA Vy, @ a0COIOTHA MIBUAKICTH PYyXY
aHIOHA V,, TO BEIMYMHU CTPYMY, CTBOPIOBaHI KaTiOHAMHU i aHIOHaMU BiJIIOBIIHO, IOPIBHIOIOTh
i, =10°C aN,ev,; i, =10°C aN ,ev, . (5.8)
CymapHuii CTpyM AOPIBHIOE CyMi CTPYMiB, CTBOPIOBAaHUX KaTioHamu i aHioHamu. [TizcraHoBKa
(5.8) y (5.7) nae BupaxeHHs 1S
| =i + ia= 5= 10°C,aNae (Vi + Vy). (5.9)
Ockinbku Nae = F (crana @apanes, Kynon Ha Moib), TO
7 = 10°C, oF (g + vy), (5.10)
ne Fo, = A 1 Fo, = A, — 10HHI €KBIBaJIEHTHI €JEKTPONPOBIIHOCTI (PyXJIMBOCTI 10HIB). 3BIJICH
7 = 10° Cy (A + Aa). (5.11)
I[luTtoMa eeKTPONPOBIAHICTH 32JI€KUTH Bil MPUPOAH €JIEKTPOJIITY, NPUPOAH
PO3YMHHHUKA, TEMIIEPATYPH I KOHUEHTPaWil iOHiB y po34yuHi. Biime npupoau
€JIEKTPOJIITY HA NMUTOMY €JEKTPOINPOBIHICTL 00YMOBJIKOETHCS Pi3HOK IIBU/I-

KICTIO PyXY iOHIB I cTyneHeM aucouiamii.
[Ipuposa po3unHHMKA BIIMBA€E Ha MIBUAKICTh PyXY 10HIB, a OTXKe, 1 Ha BEIMYUHY ITUTOMOI €JIeKT-

POTIPOBIAHOCTI, OCKUIBKH MIBUAKICTh PyXY 10HIB 3aJI€XKHUTh BiJl B’I3KOCT1 PO3UMHHUKA 1 HOTO COJIb-

BaTYIO4O1 3IaTHOCTI (IieTCKTPHUYHOT MPOHUKHOCTI €).
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BB TemnepaTypu Ha €JIeKTPONPOBIIHICTD OB’ A3aHUH 31 3MIHOIO B’SI3KOCT1 PO3ZYMHHUKA MIPU
3MiHI TeMIepaTypu. 3 MiABUIIECHHSIM TeMIepaTypH B’ S3KICTh PO3YMHHUKA 3MEHIITY€EThCSI, A ILIBU -
KICTBh PyXY 10HIB 1 MUTOMA €JIEKTPOINPOBITHICTH 3pocTatoTh. [Ipu Temmepatypi T»
X=nll+a(T-Ty), (5.12)
JIe 0, — TeMIIepaTypPHHUI KOSQIIEHT eIEKTPONPOBIIHOCTI. 7 CUIIBHUX KHUCIIOT BiH JOPIBHIOE
0,016; nns cunbHUX ocHOB 0,019; mus coneit 0,022. [TinBumennas Temmneparypu Ha 1°C BUKIHMKa€e
301IBIIEHHS IEKTPOIIPOBIAHOCTI Ha 2 — 2,5 %. ToMy /Ui TOYHUX BUMIpiB €JIEKTPONPOBIAHOCTI
HEOOX1JHO TePMOCTATUPYBAHHS PO3UMHIB. 3aJICKHICTh MUTOMOI €JIEKTPONPOBITHOCTI PO3UHHIB

JeSKUX JICKTPOJIITIB BiJl KOHIICHTpAIlli IpeAcTaBieHa Ha puc. S5.1.

141



x

Hy'5D,

e\
N\

Pucynk 5.1 3anexxHicTh TUTOMOI €JIEKTPOTPO-
CHyCIOH BIAHOCTI PO3UMHIB IESKHX ENEKTPONIITIB Bil
e ——— KOHIEHTpaIlii

MOgfA  HOpMasbHicTh Cy

Yoo oA nenlodeasents af

B posBenenux po3unnax cuibHUX enektponitiB (HoSO4, HCI, KOH, NaOH) 3poctanns enextpo-
MIPOBIIHOCTI 3 KOHIIEHTPALI€I0 00YMOBIICHO 301IbIIIEHHSAM KiTbKOCTI1 10HIB. OlHAaK B 00J1aCTi KOH-
LEHTPOBAHUX PO3UYMHIB OJHOYACHO 3 POCTOM KOHLIEHTpAIlii 10HIB 301IbIIYIOTHCS 1 CHIIN €JIeKTPOC-
TATHYHOTO MPUTSDKIHHS MK 10HaAMH, 110 TPUBOAMTS JI0 3MEHIIICHHS MIBHIKOCTI pyXy i0HIB. [Ipu
MIEBHOMY 3HAa4YC€HHI KOHIICHTpALlii BIUIMB 3MEHIICHHS IIBUAKOCTI pyXy 10HIB TOYMHAE TIEPEBAXKATH
HaJ| BIUIMBOM 10HHOT KOHIICHTpAIIi1, [0 30UIBIIYETHCS. Y pe3yiIbTarTi bOTO ) 3MEHINY€EThCs. B po-
3unHax ciabkux enekTpoinitie (CH3COOH) y 3B’s13Ky 3 Major KOHLIEHTPALI€I0 10HIB CUIIH €J1eKT-
pocTaTu4HOiI B3aeMoii He3HauHi. [IIBUIKiCTh pyXy 10HIB IPAKTUYHO HE 3aJI€KaTh BiJ KOHIIEHTpa-
wii. Tomy, 3rigHo (5.11), enekTponpoBiAHICTh BU3HAYAETHC PakTUIHO 100yTKOM Cya. B obmacti
PO3BEACHHUX PO3UUHIB, KOJIU ¢ OJIU3bKa /10 1, HEBEJIMKE 3pOCTaHHSI MIUTOMOI €JIEKTPOIPOBIIHOCTI
00YMOBITIOETHCS 301IbIIEHHSAM KOHIIEHTpaLlii e1eKTPOIITy. Y KOHLIEHTPOBAHUX PO3UMHAX CTYIiHb
aucolianii o 3MeHIyeThCsl. BIIMB 3MEHIIEHHS CTYNEHs! JUCOLallil MOYHHAE NepeBaXaTu Hal
BIUTMBOM KOHLIEHTpAIIii €JIeKTPOJITY, 0 30UIBIIYETHCS, 1 PICT MUTOMOI €JIEKTPOIPOBIIHOCTI CIIO-
BUIBbHIOEThCS. [Ipy Manux 3Ha4eHHAX 0 TUTOMA €JIEKTPONPOBIAHICTh MOKE 3AJUIIATUCS CTAJIOI0

YU TPOXH 3MEHIIYBaTHUCH.

5.1.2 ExBiBaJIeHTHA eJICKTPONPOBIAHICTH

EnexTponpoBiHICTh PO3UMHY XapaKTePU3YyIOTh HE TUIBKU TUTOMOIO €JICKT-
POTPOBIIHICTIO, aJie i €KBIBAJICHTHOIO, SIKY BITHOCATH JI0 OJTHOTO €KBIBAJICHTA.

ExBiBanieHTHa €JIEKTPONMPOBIAHICTh A SIBJsIE COOOIO MPOBIIHICTh PO3YUHY, PO-
3MIIIEHOr0 MK OJHAKOBMMH €JIEKTPOJIaMHU, PO3TAILIOBAHUMH Ha BiACTaHl 1 M; mpu
[[OMY ILJIOIIA €JIEKTPO/IIB TOBUHHA OYTH TaKolo, 100 B 00’€Mi pO3YMHY MK HUMHU

MICTUBCS OJIUH €KBIBAJICHT PEUOBHHH.
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MiX TUTOMOIO i €KBIBaJICHTHOIO €JIEKTPOIPOBITHOCTSIMUA MA€ThCS TIEBHUM 3B 30K. SIKIIO MiX
3 . . .
CIIEKTPOJAMHU PO3TAIIOBAHO V M~ PO3YMHY, 10 MICTUTh OJJMH €KBIBAJICHT, a CIEKTPOIIPOBIAHICTS |

M° PO3UHHY — IIe IITOMA EICKTPOIIPOBIAHICTD, TO
A=yV=—==, (5.13)

ne C, — HopMasbHa KOHIIEHTpaIlis, MOJ'IB/M3, V — po3Be/ieHHS, SIKE TOPIBHIOE 1073/ C, M>/MOJIB.
Po3Benenns V nokasye 00’eM po3unuHy (M3), y SIKOMY PO3YMHEHO OJIMH eKBiBajeHT. [licis miacra-
HOBKH (5.11) y (5.13) onepxyroTh

A=a (A + Ay). (5.14)
EKBiBaJICHTHA eJIEKTPONPOBIAHICTE Mae posmipicTs Cv-M*/Moinb. EXBiBaNeHTHA eIeKTPONIPOBI/-
HICTb, SIK 1 TUTOMA EJIEKTPOIIPOBITHICTD, 3AJICKHUTD BiJ] IPUPOIU SIEKTPOIIITY i IPUPOAH POZUHH-
HUKa, BiJl TeMIIepaTypH, KOHLIEHTpaLii 1 CTyneHs Aucolianii. MexaHi3M BILUTUBY 3a3HAYeHUX (ak-
TOpIB Ha Y, 1 A OHAKOBHIA.
3ayIe)KHICTh EKBIBAJICHTHOI €JICKTPOIPOBIIHOCTI BiJl KOHIIEHTpAITii JUIsl CHJIBHHX 1 CITAOKHX CJICKT-

POJIITIB IIpe/ICTaBIICHa HA PUC. 5.2.

A

Pucynok 5.2 3anexHiCTh €KBiBaJICHTHOI
€JICKTPOIPOBITHOCTI A B1Jl KOHIIEHTpAIIii
3 s cunbHux (1-KCl; 2— ZnS0y) i cnabkux

3i 36ijIbIICHHSM PO3BE/ICHHS eKBiBaneHTHA enekTponpoEBmick6ldOHe ¢HeEBRadITosBe 1eHIX
C

H
PO3YMHIB IMPArdHe A0 rPaHUYHOTO 3HAUYCHHA A.w.

['pannyHa eKkBiBaJICHTHA €JIEKTPUYHA MTPOBIIHICT Ao — 1€ €IEKTPOIIPOBITHICTD TIMIOTETUIHOTO
HECKIHYEHHO PO3BEJICHOTO PO3YHHY, IO XapaKTEPU3YETHCS TTOBHOIO AMCOIAIIEI0 €IEKTPOITY 1
BIJICYTHICTIO CHJI €NIEKTPOCTATUYHO1 B3aeMoii Mixk ioHamu. 3rifgHo (5.10) 1 (5.14), exBiBasieHTHA
€JIEKTPONPOBIHICTh HECKIHUEHHO PO3BEIECHOr0 PO3UMHY (O = 1) BUpa)kaeTbCs PIBHAHHAM

7\400 = F(UooK + DwA) . (515)
Jo0yTKH Fugk 1 Fga MO3HAYAIOTE CHMBOJIAMH Axk 1 Awa 1 HA3UBAIOTh TPAHUYHUMHU €KBIBAICHT-

HUMH €JIEKTPOIIPOBITHOCTSIMH 10HIB YU TPAHUYHUMH PYXJIMBOCTSIMU 10HIB. [ paHMYHA PYXITUBICTD
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10Ha — 1€ KUIBKICTh €NIEKTPUKH, TIEPEHECCHA OTHIM €KBIBAJICHTOM 10HA 3a CEKyHIY. BiamosinHo
710 I[bOTO
A=Ak + AcA - (5.16)

Bennuuna rpaHMYHOI €KBIBaJIEHTHOI €IEKTPONPOBITHOCTI HECKIHUEHHO PO3BEICHOTO PO3YHHY
EJICKTPOJIITY SBJISIE COOOK0 CyMy HE3aJIC)KHUX BEIMYMH TPAHUYHUX PYXJIMBOCTEH 10HIB. CHiBBij-
HoreHHs (5.16) Ha3MBaIOTh 3aKOHOM HE3aJISKHOTO PyXY 10HIB:
B HECKIHUEHHO PO3BEJCHOMY PO34MHI I0HU PYXaIOThCS HE3aJIEKHO OJIMH BiJI 1HIIOTO.
Leit 3axon O6yB ycranoBinenuit @. Kombpaymem. I'pannyHa pyxJIuBiCTh 10HIB € cienn(ivyHOIO Be-
JMYUHOIO ISl TAHOTO BHJLY 10HIB, TOOTO 3QJICXKHTH Bijl IPUPOIHU 10HA, & TAKOXK MTPUPOIN PO3UNH-
HHUKa 1 TEMIEPATYPH 1 HE 3aJICKUThH Bijl MPUPOIU IHIIOTO i0HA B JAHOMY €JICKTPOJIITI. 3HAYCHHS
JESIKNX TPAaHUYHHUX PYXJIMBOCTEH 10HIB HaBeACHO B Tabmumi 5.1.

Tabmuus 5.1 ['pannuni pyxauBocTi gestkux ioHiB mpu 25°C

Karion Pyxausicthb A, Cwm-m’/Moab | Amion Pyxsausicthb A, Cm-M°/Moab
H' 349,8 OH” 199,2

K’ 73,5 S04~ 79,8

Ag’ 69,1 ClI- 76,3

Na"* 50,3 CHsCOO™ | 40,9

Kopucraouuch BitloMUMH PYyXJIMBOCTAMM iOHIB, MOKHA 00YMCJINTH €KBiBaJie-

HTHY €JIEKTPONPOBIAHICTDH €JIEKTPOJITY NIPH HECKIHYEHHOMY PO3Be/IeHHI.
OCKUIbKY €KBIBaJIEHTHA EJIEKTPOIPOBITHICTh €JIEKTPOJIITY IPU HECKIHYUEHHOMY PO3BE/ICHHI CKJIa-

JAEThCS 3 PYXJIMBOCTEH aHIOHA 1 KaTiOHA, TO, 3HAIOUH Ay JUIS JCSIKUX €IEKTPOJIITIB, MOXHA po3pa-
XYBATH Ao JUIS JAHOTO EJIEKTPOJIITY, SKIIO BiH CKIAIAETHCS 3 THX )K€ 10HIB.

[Momimuemm (5.14) Ha (5.16) ogepKyrOTh

A
— =0 (5.17)
Moo
CrinsHe po3B’si3anng (5.17) Ta piBHaHHS OcTBanbaa
Co’
K, = (4.62)
1-a

Jla€ MPAaKTUYHO BAXKJIMBE CIIBBIHOIIEHHS MK €KBIBAJIEHTHOIO €JIEKTPONPOBIAHICTIO, PYXJIH-
BOCTSIMH 10HIB Ha KOHCTAHTOO Jucoriarii
2
C,A
K.=———1. (5.18)
}“oo (}"oo - }\')

Ile piBHSIHHS IMPOKO BUKOPUCTOBYETHCSA JJI MPAKTUYHOIO BUBHAYEHHS] KOHCTAHT JUCOLIAIi

€JIEKTPOJIITIB.
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5.1.3 AHomajbHA PyXJMBICTh iOHIB riIPOKCOHIIO i rixpoxcuy
SIx BHHO 3 maHKX Ta6u. 5.1, ionn H' i OH MaroTh Ha#GiIbII BHCOKi (AHOMAJIBHI) PYXJIMBOCTI.
['paHnYHI pyXJIUBOCTI 10HIB BOAHIO 1 TIAPOKCHITY TOPiBHIOOTH 349,8 1 199,2, a pyxIMBOCTI 1HIIMX
ioHiB 3HAXOMATHCS B Mexax 40 — 80 Cv-Mm*/moub. Lle n03BoIsIE MIPHUITYCKATH, 10 PyX 10HY TiIPOK-
conito H3O" y Bozii miji BIVIMBOM €eKTPUYHOTO TI0Js BiI0YBAETHCA ABOMA MUIAXAMU: 32 PAXYHOK
Mirpartii (ToOTo pyXy B HAPSIMKY IOJISI Pa30M 31 CBOEIO TiAPAaTHOK 00OJOHKOI0) 1 IEPECKOKOM BiJg

OJIHI€T1 MOJIEKYJIM BOJIM JIO 1HIIIOI B TIM K€ HAIPSMKY 32 CXEMOIO
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+ Hanpsimok pyxy H3O4 1 Hs

v

Hanpsamoxk noms

7T
H—O--H  0—H

H H Pucynok 5.3 Ilepeckok ioHi BOAHIO

IoH BOAHIO NMPHUTATA€ETHCH KHUCHEM MOJIEKYJHM BOJAH, HA SIKOMY 30CepeldKeHa
€JIEKTPOHHA IUIbHICTh, BOAHEBHi 3B’A30K B iOHi Ti/IPOKCOHII0 PO3PUBAETHCS.
Mepeckok H' 10 MoJieKy/ 11 BoJH NIPUBOAMTD 10 YTBOPEHHsI HOBOI'0 i0OHA Tipo-
KCOHil0, 1110 HEe OPi€HTOBAHMH II0JA0 HEraTUBHOIO ejeKkrpoaa. Ha HacTymHin
craail Bit0yBa€TbCH Opi€HTALisA i0OHA, 110 YTBOPHUBCH, A AaJli yce MOBTOPIOETH-
cs. Takum YMHOM, IPOTOH NMeEePeCKAKY€E Bil OAHI€I MOJIEKYJIN A0 iHIIOIL.

Ipu Takomy Mexanizmi pyxmusicts H3O'(H") BusBnseThcs 3Ha9HO GLIBINON0, Hi’K KOJIH i0H TIepe-

MIIIAETHCS TITBKU MITpaIliero. AHAIOTIYHUM 00pa30M MOSICHIOIOTH MiABUILEHY PYXJIMBICTh 10HA
T1IPOKCUITY .

3HMKHEHHS YH T105Ba aHOMATbHO BUCOKOPYXuBuX ioHiB H3O' i OH BuK/IHKae pizKy 3MiHY 1H-
TOMO] eJIeKTpornpoBiHOCTI. Takuii mporec BiI0OyBaeThCS MPH KOHAYKTOMETPUYHOMY KHACIOTHO-
OCHOBHOMY THTPYBaHHi, KOJIM TOYKY €KBIBaJICHTHOCTI (DIKCYIOTh, BUMIPSIFOUX €JIEKTPOIPOBIAHICTH

(abo eneKTpUUHUIL OMip) PO3UUHY.

5.2 PiBHOBa:kHi eJIEKTPO/IHI MPOLECH i eJIeKTPOPYUIiiiHI CHJIN
5.2.1 EnekrTpo, eJeKTpoaHui moTeHuiaJu i eaekrpopyuiiina cuia (EPC)

€JIEKTPOXIMIYHOIO JIAHIIOT A

EjexkTpoaoM Ha3MBaKOTh €JEKTPOHONPOBOAHY (a3y (Merana ado
HANMIBNPOBIAHUK) KOHTAKTYHO4YY 3 iOHHHUM IPOBIAHHUKOM (€JIEeKTPOJIi-

TOM).
EnextpoaHi mporecu SIBISIOTH COOOI0 OKHCITIOBAJIBHO-BITHOBHI peakilii sKi
BiI0OYBaIOThCA Ha €NeKTpoaax. B 1mux peakiisx BiIOyBa€eThCs MEPEXia €ICKTPHUIHUX
3apAiB 3 O/HI€T (Da3u B 1HIY, B Pe3yJIbTaTi YOO Ha MOBEPXHI OJIHIET da3u 30cepe-

JUKYIOThCSI HETaTHBHI 3apsiiyd, Ha MOBEpPXHI 1HIIOI — MO3UTHBHI, a B MIJICYMKY Ha
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MEX1 pO3MOoLay (a3 CTBOPIOETHCS MOABIMHUM €IEKTPUYHUH 11ap, SIKOMY BiANOBIIA€
BHU3HAUEHUHN CKAYOK MMOTEHIIIATYy.

Enextpononporigna daza (Merain, Byriuis, rpadiT 1 iH.) pa3oM 3 PO3YMHOM
M PO3IJIABOM €JIEKTPOJITY YTBOPUTH HAMIBEJIEMEHT. 3 JIBOX HAIIBEJIEMEHTIB CKJla-
JAI0Th CJICKTPOXIMIYHUI JaHITIOT( TaJIbBAaHIYHUNA €JIEMEHT). SIK BUIHO, B €IEKTPOXi-
MIYHHX JIAHITIOTaX MarOThbCs TBepAl (a3 ( JIiBUM 1 TpaBUM eIEKTPOaM) 1 piaKi dha3u
(po3unHH, B SKi 3aHYpEHI €IeKTpoarn). MoXyTh OyTH TakoX 1 ra3oBi ¢asu, sKi Me-
KYIOTb PO3UYMHOM 1 €JIeKTpoJiaMU. Pi3HUIIM MOTEHIIIaIiB MK JBOMA TOYKaMHU BU3HA-
4aeTbcs poOOTOI0, AKY HEOOX1THO BUKOHATH, 100 TIEPEHECTH eIEMEHTapHY YaCTHUH-
Ky €JIEKTPUKU 3 OJHIET TOUKU B 1HIIY. SKIO OOMABI TOYKH 3HAXOASATHCS B OJAHIN 1
Ti# ke (asi, To podoTa MepeHocy 3apsiay Oye eNeKTPUYHOIO 1 PI3HULIIO MOTEHITIa-
JiB MK OOpaHMMH TOYKaAMHU MOYKHA BUMIPUTH YU OOYUCIHUTH. SIKIIO TOYKH JI€XKATh
y ABOX pi3HUX (hazax, TO MEPEHOC EJIEMEHTAPHOI YACTUHKU EJIEKTPUKH Oy/e
OB’ sI3aHUM HE TUTBKHU 3 €JIEKTPUYHOI0 POOOTOI0, alie 1 3 XIMIYHOIO, OCKUIBKU XIM14-
HI MOTEHLIATM II€] YaCTUHKH B pi3HUX (ha3ax HeoJHaKoBl. TomMy eHepreTuyHui
CTaH 3aps/HKEHOI YaCTUHKHU XapaKTePU3YEThCA CYMOIO XIMIYHOTO MOTEHINaTy 1 ii

€JIEKTPUYHOI €Heprii B JaHii dasi:

K; =n; +z;Fop , (5.19)

e ﬁi — EJIEKTPOXIMIYHHMI MOTEHI[IaN; W — XIMIYHUN MOTEHUIAN; Zj — 3apsij

yacTUHKH; F — ctama ®apajes; ¢ — pi3HUIIL MOTEHIATIB MK TOUKOK BCEpEIUHI
¢a3u 1 HECKIHYEHHO Bi/IJIaJICHOIO TOYKOIO Y BaKyyMi.

YMOBOIO piBHOBAru Jis 3apsKeHoi yacTUHKU B ABoX (azax I 1 II Oyze pis-

HICTb €JIEKTPOXIMIYHUX MOTEHIIIAJIB:
—I _ —I
Hi =Hi (5.20)
a poOoTa mepeHeceHHs 3apskeHoi yactuHku 3 (asu 1y daszy Il mopiBHioE
PI3HMIII 1 €JIEKTPOXIMIYHUX MOTEHIIAIB y KX (ha3ax:

;il —LTiH _ ui] _“iH +ZiF(pI —ZiF(pH. (5.21)
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[Ipu piBHOBa31 111 poOOTA IOPIBHIOE HYIIIO.

VY peanbHOMY TIpOIIeCi IEPEHOCY €IEeMEHTAPHOTO 3apsny 3 oaHiel ¢a3u B iH-
1y Bi0YyBarOThCS OJHOYACHO XIMIUHA M eJIeKTpoxiMiuHa poOOoTa, TOMYy MOKHA BH-
3HAYUTH JIMIIE 3arajJbHUI eHePreTUYHUN ePEeKT OB’ A3aHMI 3 NEKTPOXIMIYHUM I10-
TEHI[1a]IOM, ajie He OKpeMi Horo ckianoBi. 3 Ii€i MpUYMHU aOCOJIOTHY PI3HUIIIO
€JIEKTPUYHUX IMOTEHINadiB, TOOTO CTpUOOK MOTEHIIAy MK JBOMa pizHUMH (a3a-
MU, BU3HAUUTU HE BJIAETHCS. MOKHA JIUIIE eKCTIEPUMEHTAIBHO BUMIPUTH €JIEKTPO-
pyurniitny cuny (EPC) enekTpoxiMIgyHOTO JIAaHITIOTa, 110 BIJAMOBIAA€ PI3HMIN MTOTEHIII-
aJiB MK JBOMa TOYKaMH PO3TAIIOBAaHMMHU B OJHIN 1 Tiel x (a3i. [lumu Toukamu
MOXXYTb OyTH TOYKH, pO3TAILIOBaHI B TOMY CAMOMY M€Tajll UM pO3TalllOBaHl y BaKy-
yMi MOOJIM3y MOBEPXHI METaly. 3BMYAalHO TaKl TOYKH PO3TAIIOBYIOTHCS B METall,
10 3HAXOAUTHCA HA JIBOX KIHISX €JEKTPOXIMIYHOTO JIaHIora. Ko Ha ABOX KiH-
51X JIAHITIOTa 3HAXOAUTHCS OJHAKOBUI METall, TO TaKUM JIAHIIOT Ha3UBAIOTh MPaBU-
JBHO PO3IMKHYTHM JIaHIIOTOM (puc.5.4). B enekTpoxiMiYHOMY JIaHII031 CKAYKU MO-
TEHLIAJIIB BUHUKAIOTh HA TPaHULl OyAb-SKHX (a3, sIKI 3yCTPIYAIOTHCS HAa LUIAXY
IPOXOKEHHS CTPYMY.

PosrisitHeMo nmpupo/ly BUHHMKAIOYMX CTPUOKIB Ha MPHUKJIAJl JIaHIora 300pa-

*eHoi Ha (puc.5.4). O6uaBa 2BI/IXOJII/I BoJIbTMETpa V 3p00JIieHI 3 TOTO CAMOT'0 METay.

Ms M;

M1 MZ

Pucynok 5.4 Cxema BipHO pO3IMKHYTOT'O
eJIEKTPOXIMIYHOTO JIAHITIOTa

L,

L1

BucokooMHU BOJBTMETP BUMIPIOE PI3HUINIO MOTEHITIANIB MIX JBOMAa MeETa-
neBuMU enekTpogamu M; 1 M, onyieHumu BiAnoBiaHO B po3unHu L; 1 L, Yepes
BOJIBTMETD #I€ Mi3epHO Majiii CTpyM (OCKUIBKH OTIP BOJIBTMETPA HECKIHYECHHO BE-

JUKHIA), TOMY MOKHA MPUITYCTUTH 110 MK KjeMaMu 1 1 2 3HaXOAuThCsl BakyyM. Bi-

148



IroBiiHO A0 3akoHy Kipxroda, cyma BCiX cTpUOKIB MOTEHIIAY B 3aMKHYTOMY Jia-
HITI031 JOPIBHIOE HYJIIO:
Qv-mzt Omzmzt OmrL1t QLi-2t QLom2t Ovzmzt OmavtE=0 (5.22)
ne E — pi3Huis noreHmiamisa (eaeKTpopyuIiiiHa cuia), oOMiproBaHa BOJIBTMET-
POM a IHII CKJIAJ0BI1 SIBISIOTH COO0I0 CTPUOKHM TOTeHIiary Ha Mexi (a3. Ctpubku
HOTEHIlIady Ha MeXi (a3 Bakyym — meTtan Mz 1 Metan Mz — BakyyM (Qv_m3 1 Qma-v)
HA3WBAIOTh MMOBEPXHEBUMHU. BOHM 0THAKOBI 32 BEJIMUMHOIO 1 TPOTHUIICKHI 32 3HAKOM,
TOMY B3a€EMHO KOMITEHCYIOThCA. CymMa CTpUOKIB MOTEHINATY Opz M3 U Omz m1 AOPI-
BHIOE Oz v1- OCTaHHIN HA3WBAIOTh KOHTAKTHUM TOTEHIaoM. CTpuOKH MOTEHITia-
7y Ha Tpa”ulll Metan 1— po3uuH 1 1 po3unH 2 — MeTal 2 (P 11 U QL2 m2) € €IIEKT-
POJHUMHM TIOTEHIlIAIaMH @1 1 @, (TalbBaHi-MOTEHIIaaMu). BoHr HeoTHAaKOBI 3a Be-
JUYUHOIO 1 MPOTHIIEKHI 32 3HAaKOM. CTpUOOK MOTEHI1ay Ha MEX1 JIBOX PO3UHMHIB
(L1 12) HA3UBAIOTh PIAMHHUM (AUQy31HHUM ) oTeHIiaaoM . KonTaktHui 1 nudy-
31HUI MMOTEHIIAIN IO CBOIN MPUPOJII MOXKYTh OyTH MO3UTUBHUMH 1 HETATUBHUMH .
3 ypaxyBaHHsIM 3p00JICHMX BU3HAYEHb CTPUOKIB 1 IXHIX 3HAKIB piBHSAHHS (5.22) Mo-
’KHA 3arucatu y gopmi
E = @1 + 02 £ Quomt Quupo (5.23)
EnexrpopymiiifHa cuia eIeKTpOXiMIYHOTO JIAHIIOra JOPIBHIOE alreOpaidHii

CyMi CTpUOKIB MOTEHL1AJIIB, 1[0 BUHUKAIOTh HA MEXax ycix (as.

5.2.2 Teopii BUHMKHEHHSI CTPUOKA MOTEHUIAJLY HA MEKi MeTaJI — PO3YHH

OcMoTHYHA Teopisl eIeKTPOIHOTO MoTeHiany Oyina 3anpornoHoBada B. Hepn-
ctoMm y 1890 pori. Bona 3acHoBaHa Ha TPbOX MOJIOKECHHSIX .

1 EnexTpoaHuii moTeH11ad BUBHAYAETHCA CTPUOKOM MOTEHIIATy Ha MEX1 Me-
TaJa-pO3YMH.

2 EnexTpoaHuii MOTEHIIIal BAHUKAE TUIBKU B PE3YJIbTaTi OOMIHY 10HAMHU MiX
METaJIOM 1 PO3YHUHOM.

3. PymiiiHuMu cunamMu 0OMiHYy 10HAMH € OCMOTHYHUIN THUCK PO3YMHEHOI pedo-

BUHHM 1 €JIGKTPOXIMiUHA MPYXKHICTh po3urHEHHs MeTaty (P).
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BianogigHo g0 teopii HepHcTa, mpu 3aHypeHHI METaly B pO34MH, 110 MICTUTh
HOro 10HH, BiJIpa3y * MOYMHAETHCS OOMIH 10HAMHU MK METaJIOM 1 po34yuHOM. B 3a-
JIEKHOCTI B1JI MPUPOJM METAIy 1 CKJIaJy PO3YMHY MOKIIUBI TPH BUMAIKH: 1) ocMO-
TUYHUAN THCK 7t OUTBIIE MPYXHOCTI po3unHeHHs metany P; 2) a <P i3)n=P. V
MEepIINX JIBOX BUMAJAKaX B1IOYBA€ThCS MEPEBAXKHUI MEpeXiJl 10HIB YU 3 PO3UMHY B
metan (7 > P), un 3 MeTany B po3uuH (7 < P). OCKiJIbKY 10HU MeTaly 3apsKEHI Mo-
3UTHUBHO, TO 1X MEPEBaKHUH Mepexil y AKy-HeOyAb CTOPOHY O/pa3y MPUBOAUTH /0
MOSIBU B Hill MIO3UTUBHOTO 3apsily, Y TOM Yac sK iHIIA ¢a3a 3apsauThbCsl HETaTUBHO.
Piznutsg moteHmiame Oyae MPUCKOPIOBATH MOBUTBHUN MPOIIEC 1 TAIbMYBATH IITBHU/I-
kuil. Yepes SKuiich (qy’ke Maiuil) TpOMDKOK 4acy CTpUOOK MOTEHLIATy BHPIBHSIE
MIBUAKOCTI 0OMiHY B 000X Hampsimkax. Hanmani mortenmian He Oyje 3MiHIOBaTHUCS.
Horo crae 3HAYCHHS BiIOBiTae PiBHOBA3i MiXK METAJIOM i PO3YMHOM i € Mipoio
3MiHU BUIbHOI eHeprii ['160ca , 110 BiJIMOBiIa€ €IEKTPOIHUN peakilii. B mux ymoBax

ocmoTtudHa podota W= RTIn(P/m) Oyzae BpiBHOBaKYBaTUCS €ICKTPUIHOIO POOOTOIO

Z,, TOOTO
P
RT In— = zFo, (5.24)
T
3BIJIKH
(pz—&lnz. (5.25)
zF =

Ockisbku B Teopii HepHceTa rajgpBaHI-MOTEHIIaN OTOTOKHIOETHCS 3 €JIEKTPO-
JTHUM ITOTCHIIaJIOM, TO

0, =— L2 (5.26)
- zZF =

PiBHsHHS MOKa3ye, 1m0 npu 7t > P MeTan 3apsKaeTbCsl MO3UTUBHO, a PO3YUH
— HETAaTHUBHO 1 BEJIMYMHA €JIEKTPOIHOTO MOTEHIIATy () TOBUHHA OYTH TO3UTHUBHOIO.
Axmo n< P, enexkTpoaHuil moTeHIlian € HeraTuBHUM. SIkiio =P, cTpuOOK MOTEHIIi-
ay JOpiBHIOE HYN0. HepHCT BBaXkaB, 1110 10 PO3YMHIB €JIEKTPOJIITIB MOYKHA 3aCTO-
CyBaTH 3aKOHHM 17I€albHUX Ta31B, TOMy OCMOTHYHUN THCK PO3YMHY MOKHA BUPA3UTHU

yepes KOHIEHTpalliio BiamoBiiHuX 10HIB: T = RTC, 3BiaKku
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RT, P RT

=———In—+ nC : 5.27
PTTF RT R M 221
Sk110 KOHIIEHTpaIlis Crert = ImMounb/i , TO
RT P 0
— " Iln— =¢°, 5.28
F "RT P+ (5.28)

ne (p?_r — HOpMaJbHHUM MoTeHIian. ToMy MOXKHA HamucaTH Takud BHpa3 JJs

€JIEKTPOTHOTO TIOTCHITIAITY:
RT
¢ = (pg + ElnCMez-'- . (529)

Ile piBusaHHs HepHcTa HE BIIPI3HAETHCS BiJl 3arajJbHOr0 TEPMOJAMHAMIYHOIO
PIBHSIHHS JIJI €JIEKTPOIHOIO MOTEHINany. SIKIIo 3aMicTh KOHIIEHTpAIli MiJICTaBUTH
aKTUBHICTh, TO HOpMaJbHUU moTeHU1an HepHcTa OyAe TOTOXHUM 31 CTaHIAPTHUM
MOTEHIIAJIOM.

Teopis HepHcTa mpuBOAWTH /10 MOMHJIKOBOTO BHCHOBKY PO HE3JICKHICTD
CTaHAAPTHOTO €JIEKTPOAHOrO MOTEHLIady BIJl MPUPOAH PO3UMHHHMKA, OCKUIBKU Be-
muunHa P He € dyHKIi€o BiacTuBocTel po3uMHHUKA. He MokHa Takoxk BBakKaTH
MPaBUJILHUM IE€pUIE MOJIOKEHHS T€OPii, OCKIIBKUA CTPUOOK MOTEHIIATy Ha MEXI1 Me-
Taj - pO34YMH He 301raeThCsl 3 €IEKTPOIHUM MOTEHIIIANIOM, a € JIUIIIE HOT0 YaCTUHOIO.
B enexTpoaHuii moTeHIiad BXOAATh JACSIKI BETUYHHH, K1 XapaKTepU3YyIOTh CIEIU-
¢1yny agcopOLio 10HIB HAa TOBEPXHI METaly, a TAKOX POoOOTY BUXOAY 10HA 3 JAHOTO
metainy. Hemonikom Teopii HepHcTa € 1 Te, 1110 MOHATTS MPO €IEKTPOIITUYHY TPy K-
HICTh PO3YMHEHHS METATy HE Ma€ BU3HAYECHOTO (hiI3MYHOTO 3MICTY. YCe 1€ MPUBEIIO
710 HEOOX1THOCTI NEPETrsiay TeOpii BAHUKHEHHS €JIEKTPOAHOTO MOTEHLIATY.

ConpBaraliiiiHa Teopisi eIeKTPOJTHOTO MOTEHIIay Oyjia BIEpIe 3ampornoHo-
Bana JI. B. ITucapxecokum (1912 — 1914). BiamosigHo a0 i€l Teopii, mij yac BH-
HUKHEHHI €JIEKTPOJIHOTO MOTEHIIiaTy TOJIOBHUMU IMPOIIECAMH €

1 ioHi3aIis eNIeKTPOAHOTO METANy 3 MOSIBOIO B HHOMY 10HIB 1 BIJIbHUX €JICKT-
POHIB

M S M* +ze”
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2 B3a€MO/Ii PO3YMHHMKA 3 10HAMHM METajy, 0 3HAXOAAThCS B KPUCTATIYHUX

rpaTkax
M*+nL § M*"-nL

[Nepuuii mporec He CynepeynTh Cy4YaCHUM YSIBICHHSM PO MPUPOIY MeTale-
BOTO CTaHy, BIAMOBITHO 0 SKUX y By3JlaX KPUCTaJIIUHUX I'pAT METaly PO3TAIlIOBY-
I0TbCSI MOTO 10HHU, 0 3HAXOJATHCA B PIBHOBA3l 3 YCYCHIJIbHEHMMH BaJCHTHUMU
enexkTpoHamu. Jlpyruii mporec € pe3yabTaToOM B3aeMOIii 10HIB METalIy 3 MOJICKYJia-
MU PO3YMHHHUKA, & HE PE3YJIbTaTOM €JIEKTPOJITUYHOI MPYKHOCTI po3unHEeHHs. Bia-
CTHBOCTI COJIbBATOBAHUX 10HIB 3aJIeKaTh BiJl IPUPOIU POZYUHHHKA.

[lomanpiuii pO3BUTOK COJbBATallliHA TEOPisE BUHUKHEHHS €JIEKTPOAHOTO IO-
TEHI[lany ojeprkaia B npaisx P. A. I3rapumesa .

[To H. A. I3rapumieBy, y 3B€pHEHOI JI0 PO3UYHHY MOBEPXHI METANTy 3HAXOASATh-
cs i conbBaToBaHi ioHn Metany M?*nL i agcop6oBani Monekynu posunHHuKa. Co-
JbBATOBAHI 10HU METALy MOKYTh IIEPEXOUTH 3 PO3UMHY B METaJl, BTpayalouu CBOIO
COJIbBATHY OOOJIOHKY 1 BXOJASYM J0 CKJIaTy KpUCTAIIUYHUX Ipat. B ToM ke yac mouie-
KyJIM PO3YMHHHMKA MOKYTh B3a€MOJIIATH 3 ioHamMu MeTany M?*' i BupuBatu ix 3 Mera-
JeBUX TIpaT. 3BiACH BUIUIMBAE, 10 BEIMYMHA €JIEKTPOIHOTO MOTEHINATY 3aJeKHUTh
BIJl MILIHOCTI 3B’SI3KYy 10HIB Y M€TaJji 1 eHeprii coibBaraiii ioHiB. L1 icTOTHI mono-
xeHHs1 Oynu po3BuTi Y. ['epni (1932), skuil mokasas, 110 IMOBIPHICTh IEPEXOIY CO-
JHBATOBAHOTO METAJICBOTO 10HA 3 PO3UYMHY HAa METall MPOTOPIiifHa YUCITY MeTaie-
BUX 10HIB, 110 KOHTAaKTYIOTh 3 OOKY PO3YMHY 3 MOBEPXHEIO0 METajly, a IMOBIPHICTh
3BOPOTHHUX MEPEXOAiB MPOMOPIIiiiHA YUCITy MOJIEKYJ PO3UMHHUKA, IO 3HAXOIATHCS
Ha noBepxHi MeTany. OCKIJIbKA €HEepreTUYHUI pIBEHb 10HA B PO3YHMHI 1 B METaJll He-
OJIHaKOBHH, TO 3MIHM €HEPrii B mpolieci 0OMiHy 10HIB MOXKYTh OyTH OIIIHEHI 3a J10-
MTOMOTOO JllarpamH.

[Toennyroun pesynbratu gociimkens B. Hepucra, H.A. I3rapumesa it V. I'e-
pHI, MOXHAa PEMPE3CHTYBATU COJIbBATAIlIfHY TEOPIF0 BUHUKHEHHS EJIEKTPOJIHOTO
NOTEHIllaly TAKUM YMHOM. 3a paXyHOK 10Hi3allli €JeKTPOIHOTO METaly 1 COlbBaTa-
1111 10H1B, 110, YTBOPIOIOTHCS, TOOTO 32 paXyHOK CyMapHOi peakinii

M+nL 8§ M -nL+ze
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BUHUKA€E CTPHOOK MOTEHINIaly Ha MEXi po3unH-MeTan. KoxkHa 3 3a3Ha4eHHnx
peaKIii XxapakTepu3yeThCsl TIEBHOIO €HEPTicr0. [oHI3aIis eNeKTPOJHOTO METAITy Xa-
PaKTEPU3YEThCS CHEPTi€l0 PYWHYBaHHS KPUCTAJIIYHUX IpaT, IO JOPIBHIOE POOOTI
BHUXx0Jy i0oHa 3 MetaieBux rpar (U,). CosbBaraliis XapakTepu3y€eThCs SHEPTIEI0 CO-
apBaTarlii (Ue,,). CriBBigaomenas U,/U,,,, BA3HaYae HAPSMOK CyMapHOI peakiiii,

a TaKOXK 3HAK 1 BCIIMUYNHY HOTGHHiaHy.

J

Meran

A \ =
b’ =
=]
[
+ v
> A b
s — |+
— |+
v v v
X Bi/ICTaHb Bil MeXKi PO34UH — MeTaJ X
< b I

Pucynok 5.5 EHepreTnuHa XapakTepUCTHKA MPOLIECY BUHUKHEHHS CTpUOKa IMOTEeHLIaly Ha

MEXi1 MCTAJI-PO3YHH.

[Tpunyctumo, mo meran M 3aHypeHHI Y PO34HH, 1110 MICTUTh HOTO COJIbBa-
ToBani ioan M?"-nL (puc. 5.5). Ionu mMetany M** 3HaX0aAThCsl B KPUCTaTiYHUX IPa-
Tax MeTany i y po3umsi. [lozHaunmo eHepriio iona metary M*" posramosanoro Ha
MOBEPXHI MeTaJly i YMOBHO IpEJCTaBICHOr0 Toukoro a, yepe3 Ua. Skimio namaratu-
Csl TIEpeMIIaTH 10H yriu0 MeTaly, Horo eHepris 0yie 3pocTaTd, TOMY 110 BUTpaya-
€THCSI EHEPT1s Ha MOJ0JIaHHS CUJI BIIIITOBXYBAaHHS 1HIIMX KaTIOHIB, IO pO3TalIOBa-
HI y By3JaxX KpuctaimiyHux rpar. Ha puc. 5.5 ueii nporec 300paxeHuii KpuBoro aa’.
Jlist BiApuBY 10HA Bif MeTaily noTpiOHO BUTpaTtuTu eHeprio U,. EHepris ioHa npu
IIbOMY 30UJIBIIIYETHCS, 1110 YMOBHO IMOKa3aHO KPUBOIO aa’’. BinauieHuii BiJl MOBEPXHI

10H y pO3UMHI COJIbBAaTYeThCsI, TIPU IIbOMY BUIIISETHCSA €HEpTis combBaTarlli U,
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ConpBatoBanuii ioH M*"nL, sKuii PO3TaIllOBAHO, HANpPUKIAaA, Ha BIJACTaHI X, BiJ
MeX1 po3uuH - MeTai (Touka b), mae enepriro Uy, mo menmre eneprii U,. 3MeHIIeH-
Hs eHeprii ioHa moka3aHo KpuBoo a''b. [lepemimeHHsT COIpBATOBAHOTO 10HA 3 TOY-
ku b Oixde 1o MeTanmy 9M J1aji BiJ HbOTO OB’ S3aHO 3 BUTPATOIO CHEPTii Ha T0J0-
JIaHHS CWJI BIAIITOBXYBaHHS 3 OOKY 1HIIMX 10HIB po34unHy. EHepris 10Hy npu HbOMY
3poctae no kpuBux bb'i bb'. Enepris Uy y Toukax K i1 K' sBiisie coboro enepreTuy-
HUMl Oap’ep mpoliiecy nepexo1y 10Hy 3 MeTaly B po34uH 1 Hazaq. PoboTa Buxomy io-
Ha 3 METaJy 1 eHepris HOro cojibBaTallli 0OYMCITIOIOTHCS 10 CITIBBIIHOIIESHHSIX
UM: Uk - Ua; Ucon = Uk - Ub- (530)
Axo Ugp, > U, , TO 10HU MeTay OyyTh IEPEXOAUTH B PO3YUH, TOMY IO BCi
npolecu MayTh BOIK 3MEHIIIEHHS eHeprii. B MeTani cTBOpIO€ThCS HAUIUIIIOK €JIEKT-
POHIB, TOMY BIH 3apsKAETHCS HETATUBHO. B pO34MHI CTBOPIOETHCS HAIUIIOK TO-
3UTUBHUX 3apsiB (10HIB). kim0 U, < U, , To Oyae cnoctepiraTucs nepexija 10HiB
3 PO34MHY B ME€Tajl, MPU LIbOMY BOHHM BTPayaloTh COJbBATHY OOOJIOHKY. MeTas Ha-
OyBa€e O3UTHBHOTO 3apsiy, @ PO3YHH — HETATUBHOTO.
3apsKEeHHS MEeTally 1 PO3UMHY CYHpPOBODKYEThCs 3MiHOI0 U, Ta Uy, [Ipumnyc-
TUMO, 110 U, > Uy, 10 BianoBigae puc. 5.5. HeratuBuuii 3aps, 1mo oaepxKye Me-
Taj, IPUBOJUTH JI0 3HWKEHHSI €HEPrii 10HIB HAa METAaJIl 1 TOYKa a, a pa3oM 3 HEIO BCS
KpHBa 000 TIePEeMilaloThCst BHU3 (KPHBA 0y 010 ). IIO3UTHBHHMIA 3apsi, IO Ofep-
JKye PO3UHH, TTiABUIILYE CHEPTi0 i0HIB y po3umHi ToMy Touka b i Bcst kpuBa bbb’
nepemimaroTsest Bropy (kpusa b1bib;’). ExextpocraTidma B3aeMoxis Mixk MeTanom
Ta 10HAMU PO3YMHY NEPEIIKOKAE OE3MEKHOMY NIEPEXOAY 10HIB B OJJHOMY HalpsiM-
Ky. Y miacyMmky, ko U, = Uy, y cuctemi MeTas — po34rH YCTAHOBIIOETHCS PYyXJIH-
Ba piBHOBara. Ha Mexi 1Box ¢a3 popMyeThcsi TOABINHUIN €IEKTPUUHUN MIAp, IKOMY
BIJIMOBIAAa€ TIeBHE 3HAYEHHS MOTEHIliany. Sk OyJio 3a3HAYEHO BUIIIE, YMOBOIO PIBHO-

Baru B CHCTEMax 13 3aps/PKEHUMU YaCTUHKAMHU, € PIBHICTD €IEKTPOXIMIYHHUX IMOTEH-

[iajgiB J; KOXKHOIO COPTY YACTHHOK Y KOHTakTyrouux (paszax 11 2. Ockunbku

. =u. +2z.F
“’l u’l+Z1 (p (531)

a TIpu piBHOBA31
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—I _ —II
Hi =14 ’ (532)

TO pi +z,Fo' =p!' +z,Fo"" . (5.33)

3Bi7CU CTPUOOK MOTEHIATY Mk (ha3aMu BUPA3UTHCS PIBHAHHAIM

1.
Aop=Hi"Hi (5.34)
z;F

XiMIYHUHN TOTEHIaN 10Hy B MeTall (uiH) MO’KHa BB@)XaTU CTaJIHMM, a XiMi4-

HUM TOTEHIlIaM 10HY B PO3UMHI BUPAKAETHCS PIBHSIHHIM

ui =p! +RTIna; . (5.35)
Toni
.
Ap= Hi =Hi | RT Ina; = Ag’ +Elnai : (5.36)
z;F z;F z;F

ne Aq)0 — CTaHAAPTHUI MOTEHIIaN eJIeKTpoAy Ipu a; = 1, a A@ = @. Bupas qis
MOTEHI[IaTy €JIEKTPo/ia MPUitMae BUTIIS
RT
(p=(p0+—lnai. (5.37)
z;F

[le piBHAHHS HE BIAPI3HAETHCS Bill piBHAHHS HepHcra.

5.2.3 In¢ysiiinunii norenuiaja. JIaHoru 3 nepeHocom i 6e3 nepeHocy ioHiB

AOGU 3p03yMITH CYTHICTh AU(PY31HHOTO MOTEHINATy, TPUITYCTUMO, 110 B JIaH-
11031 MEKYIOTh J1Ba po3unHu L 1 L, Toro x camoro enektpoiitu KA pi3HHX KOHIIE-
HTpaiiil. ¥ mpoMy BUNIQAKY BiOyBaeThesa Audy3id 10HIB 3 po3unHy L, O1IbII KOH-
LIEHTPOBAHOTO0, Y po34uuH L, Oubil po3BeaeHui. Ko MBUAKICTE AU(Y3is KaTIOHIB
Oinbllie, HIXK aHIOHIB, TO 3a SKMHCh Yac 3 MEPILIOro PO3UMHy B JIpyruil nepeiiae Oi-
JBITIE KaTIOHIB, HIXK aHIOHIB. B pe3ynbrarti 11eit po3und L, Oyae MICTUTH HaIUIIIOK
MO3UTUBHHUX 3apsi/iiB, a po3urH L; — HeratTuBHux. KoxkeHn po3uun matume 3apsii. Pi-
3HMIIS TOTEHINAJIB, [0 BCTAHOBWJIACS MDK PO3YMHAMU, BIANOBiAae nudysiitHOMy

noTeHiiany. Beanunna audys3iitHOTo MOTEHINANY 3aJIKUTh Bl TeMIepaTypH, KOH-
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neHTpanii i pyxmsocreit K™ i A7, a B inomy Bijt ioHHOrO ckiany posunHis Ly i L.
3BHUYaifHO BOHA HE MEPEBUIILYE IECATKIB MUIIBOJIBTIB.

Bianosigno go piBHsHHS (5.23) EPC enekTpoXiMi4HOTO JaHIIOTa BKIIIOYAE
audysiitauil norenmian. OnHaK po3paxyHOK 1 eKCIIEpUMEHTAbHE BU3HAYCHHS M-
(y3iiiHOro NOTEHIIany YyTPyIHEH], TOMY @uupp HAMATAIOTHCS 3BECTH 0 MiHIMAallb-
HO1 BeNWYUHU. J[JI1 1IbOTO 3aMOBHIOIOTH €JEKTPOIITUYHUNA (COIBOBUIM) MICTOK, IO
npeactasisie coboro Il - momiOHy TpyOKy, HACHYEHUM PO3YHHOM EIEKTPOJITY 3
OJIM3BKUMH PYXJIUBOCTSAMHU 10HIB (yacTime Bchoro KC1). EnexTpomiTuuamii MicTok
PO3TaIIOBYIOTh MK PO3YMHAMH, TOMY 3aMICTh OJHI€T PIAMHHOI MEXI BUHUKAIOTH
nBi. OCKUIBKM KOHIIEHTPALllsl 10HIB Y PO3YMHI €JIEKTPOTITUYHOIO MICTKA BHILE, HIK
y po3uMHAX, TO Yepe3 PiAMHHI TpaHuLi JU(PYHIYIOTh NPAKTUYHO Tinbky ionn K i
Cl". Ha 0060x MekaXx BHHUKAIOTh MaJji i MPOTHIICKHI 3a 3HAKOM JU(Dy3iiHI TOTEHITi-
QM SIK1 B3aEMHO KOMIIEHCYIOThCS. JIaHIIOTH, ¥ SIKMX MAIOThCS MEX1 piauHa-piIMHa,
HA3MBAIOTh JIAHIIOTAMU MEPEHOCOM 10HIB. JIaHITIOTH, 110 HE MAIOTh PIAMHHUX MEX,

Ha3UBaIOTh JIAHIIOraMU 0€3 MEePEeHOCy 10HIB .

5.2.4 I'anbBaHiuYHUi ejieMeHT. XiMiYHi | KOHIEHTpaliiHi raJbBaHIYHi
eJleMeHTH

B enexTpoxiMiyHOMY JIaHIF031 PO3PI3HSIOTH 30BHINIHIN 1 BHYTPINITHINA JIAHITIO-
rv. 30BHIIIHIN JaHIIOT — L€ KJIeMU enekTpoaiB 1 npunaf jist Bumipy EPC. Baytpi-
IITHIH JIAHIIOT ABJISIE COOO0 TajIbBaHIYHUN €JIEMEHT .

XiMIYHUM TrajbBAHIYHUM €JIEMEHTOM HAa3UBalOTh NPUCTPIN i3
JABOX €JIEKTPOAiB, B IKOMY XiMIiYHA €Heprisi MepeTBOPIOETLCH B €JICKT-
PUYHY .

Mix po3uMHaMU OKPEMHX €JIEKTPOJIIB YCTAHOBIIOIOTH KOHTAKT 3a JOMOMO-
rOI0 €JIEKTPOJIITUYHOIO MICTKa, 3alI0OBHEHOTO HacuueHuM po3unHoM KC1. Enekrpo-
TITUYHUN MICTOK 3a0e3reuye eIeKTPONPOBIIHICTh MK PO3UMHAMH, aJi€ TIEPEIIKO-
JoKa€e IXHbO1 B3a€EMHOI Tu(y3ii.

B ranbBaHiyHOMY €JIeMEHTI caMi TI0 c001 PIBHOBAXH1 €JIEKTPOAN YTBOPIOIOTH

HEPIBHOBaXHY cucTemMy. [[pHunHOI0 HEPIBHOBAXKHOCTI € PI3HULIS TYCTUHU €JIEKTPO-
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HIB B MeTajax 1 OTKe iX MparHeHHs MepexXOoJAUTH BiJl OJHOTO METaly JO IHIIOIO IO
30BHIIIHBOMY JaHIIOry. OJJHOYaCHO Y BHYTPIIIHbOMY JIaHII031 B1IOyBa€ThCA Tepe-

Xiy 10HIB. Hanpukiaza sSKimo B 30BHINTHbOMY JIaHII031 (pUC. 5.4) €IEKTPOHU MepeMi-

)
() (+)

+ + + + +

- HNazn? .

ZnS0, <> Zn** + SO CuS0, <> Cu

— S0

. 2+ 0

cu*+zn® - cu’+zn*

Pucynok 5.6 CxemaTndHe 300pakeHHS raJIbBaHIuHOTO eneMeHTy Jlaniens — ko061
HIYIOThCS JIIBOPYY MPaBOPYY, TO HA JIIBOMY €JIEKTPOJIi BIIOYBAETHCS PEAKIisi OKHUC-
moBaHHa M; — Mi”" + z€, a Ha npaBoMy — peak1lis BiaHOBIeHHS M,"" + &~ — M.,
Enextpon, Ha sikoMy BiiOyBa€ThCsl MPOLIEC OKUCIEHHS, B €JIEKTPOXIMil Ha3UBaIOTh
aHOJIOM, €JIEKTPOJI, Ha SIKOMY BiJIOYBA€THCS MPOIEC BITHOBJICHHS, HA3UBAIOTh KAaTO-
oM. KaTioHu y BHYTpIIIHBOMY JIaHI}031 pyXaroThes Big M; 10 M,. Ilepenoc kario-
HIB BiJIOYBA€THCS JIOTH, TIOKA HE CTBOPIOETHCA TIEBHE (PIBHOBAXKHE) JJIsI KOKHOI Te-
MIIEpaTypH CIIBBIIHOIICHHS KOHIICHTpAIill (AKTUBHOCTEW) €JIEKTPOJIITIB y ABOX PO-
3unHax. [Ipuknanom moxxke OyTu raapBaHiuHul enemeHT Janiens — SAxko01 (puc. 5.6).
Po3iMKHYTHIT €JeMEHT 3HAaXOAUTHCS B 3arajilbMOBAHOMY HEPIBHOBAXXHOMY CTaHI 1
MOXke rnepe0yBaTH B [IbOMY CTaHI SIK 3aBFOJIHO JIOBTO. 3aMUKaHHSI €JIEKTPOIIB METa-
JIEBUM TIPOBITHUKOM 3HIMA€E rajgbMyBaHHs. Ha UHKOBOMY €eKTpoi (€1eKTpoXiMmi-
9YHO OUIBIII AKTUBHOMY) BIZIOYBAETHCSI TEPMOJIMHAMUYHO HEOOOPOTHHM MTPOIIEC OKHU-
CJICHHSI METaJIeBOr0 IIMHKY, HA MIAHOMY €JIEKTPOJll — TEPMOJIMHAMUYHO HEOOOPOT-
HUM MPOIIEC BIAHOBJICHHS 10HIB MIJIl.

CymapHuil CTpyMOYTBOPIOIOUH MPOIIEC BUPAKAETHCS PIBHIHHAM

Zn° + Cu®* — Zn*" + CU°.
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B 3aranpHOMYy BUTAAKy aHOJOM B TajbBaHIYHOMY €JIEMEHTI € 3aBXKIU TOU
€JIEKTPO/I, TOTEHIIIAJ IKOTO MeHIIe (01T HEraTUBHUH ).

Ha nmpakTuiii iHO/1 3aCTOCOBYIOTh KOHIIGHTpAIlIiHI TaJIbBaHIUHI €JIEMEHTH, 5Kl
CKJIQZIAIOThCS 3 IBOX OJTHAKOBHUX €JIEKTPOIIB (HAMPHUKIIAT CPIOHNX) 3aHYPEHUX B PO-
34MHHA TOTO CaMOTo eJeKTpodiTy (Hampukmamx AgNQOs3), ane pi3HUX KOHIICHTpPAIIH.
JI>kepernoM eNeKTPUYHOTO CTPYMYy B TaKOMY €JIEMEHTI CIIy>KUTh poOOTa MepeHocy
€JIEKTPOJIITY 3 OLIbIII KOHLIEHTPOBAHOTO B OLIBIN PO3BEACHMI po3unH. B Takomy ra-
JIbBAaHIYHOMY €JIEMEHTI €JIEKTPOJ] 3 MCHIIIOI KOHIIEHTPAIII€0 €IEKTPOJITY Biairpae

POJIb aHOMY, @ €JIEKTPO/T 3 OLIBIIIOI0 KOHIICHTPAITIE€I0 — POJTh KaTOMdY.

5.2.5 CxemaTu4He 300paKeHHs €JCKTPOIIB i raIbBAHIYHOI0 eJIeMEHTA.
YMoBHI IO3HAYEHHS
XiMIYHUM rajgbBaHIYHUN €JEeMEHT NPUUHATO MO3HAYATH CXEMOIO
(—)Ml | M]_Z+ | | M22+ | M2(+)

CylUIbHUMU BEPTUKAJILHUMHM JIIHISIMHU TTO3HAYalOTh MOBEPXHI po3noauty a3
T—T1T— P, LITPUXOBUMH — IMIOBEPXHI PO3MOJILITY JIBOX PO3UMHIB (TIOJIOKEHHS €JIeK-
TPOJITUYHOTO MICTKa) . ENeKTpo pa3oM 3 pO3UMHOM, B SIKMI BIH 3aHYpEHHIA, HA3H-
BalOTh HamiBeaeMeHToM. HamiBeneMeHTH 300paxytoTh TAKUM YHHOM:

M| M5 M| M, Zn°| ZnSOy; Cu’|CuSO, irm

[Ipu 3amukaHHi rajgbBaHiyHOTO eneMeHTa BuHukae EPC, piBHa pi3HuIll note-
HIT1aJIiB HAIIBEJIEMEHTIB: 3 MOTEHIlIATy HaIliBEeJIIEMEHTa, Ha IKOMY B1J0OYBA€ThCS Bi-
JTHOBJICHHS (TIpaBOpYY, MO3UTHUBHUMN €JEKTPOJI, KaTo/), BIIHIMAIOTh MOTEHLIAN Ha-
MIBEJIEMEHTA, HAa SIKOMY BIJIOYBA€THCS OKUCIIOBAHHS (JI1BOPYY, HETATUBHUI €JEKT-
poxn, anoxn). [Ipu takomy 3amuci EPC nanitora 0yne mo3uTuBHOK0. ToMy piBHSIHHS
CyMapHOI peakilii 3amucyroTh Tak, 100 y JiBid yacTUHI OyB MeTajl HETaTUBHOTO
enextpony (Hampukiag, Zn’+Cu”—Zn**+Cu’). KonnenTpauiiinuii ranpBaHiqHumii
€JIEeMEHT, M0 CKJIAJA€ThCs 3 JABOX CPIOHUX ENEKTPOMIB, 3aHYPEHUX y PO3UMHH
AgNO; pi3HUX KOHIIEHTpALlii, 300paKyI0Th TAKUM YHHOM:

(-) Ag’ | AgNO3(Cy) | | AgNO3(C,) | Ag’ (+)
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Axmo C; < C,, To Ha JIBOMY €JIeKTPO/Ii (aHOI1) MeTaeBe Cpi00 OKUCITIOETh-
. + . o e + .
csl, MOCWJIAI04M B po3urHM 10HU Ag . Ha nmpaBomy enekTpoai (karoxl) 10HU Ag BiJI-
HOBJIIOIOTHCSI, IOB1IOMJISIFOYH €JIEKTPOY MMO3UTUBHUH 3apsil.
SAxIo enexTpos He OOMIHIOETHCS 10HAMH 3 PO3YHMHOM, TO HOTO CHMBOJI PO3-
MIIIAIOTh B qy’KKax. Hampukiaz, enekTpos 13 IIaTiHU, HAaCHUEHOI BOJTHEM, 3aHype-

HUA B PO3YMH CipYyaHOi KHUCIOTH (BOJHEBUH €JIEKTpPoa), No3HaudarTh (Pt)

H2 | HZSO4.

5.2.6 TepMoauHaMiKa raJibBaHi4YHOTO e€JIEMEHTY

B ranbBaHiuHuX eneMeHTax (puc. 5.4 1 5.6 ) XiMiuHI peakiiii Ha eJIeKTPoJax
BiJI0YBaIOTHCS TUM IOBUIbHIIIE, YAM OUIBIIUN OIIp Ma€ 30BHINIHIN JIAHIIOT (CII0-
KUBa4 CTPyMY, BOJbTMETp). [[pHHIIMTIOBO MOXHA 3aMKHYTH €JICKTPOIM TPOBITHH-
KOM HECKIHYEHHO BEJIMKOI0 OIOopYy, 1 peakiis Oy/ie NTH HECKIHUEHHO MOBUIBHO, TaK
10 B KO’KEH MOMEHT Oyjie ICHYBaTH piBHOBAara Mix €JeKTpoJilaMu 1 po3uynHaMu. Ta-
KM CTaH PeaKIlii € 000pOTHUM. Y BHUMAJKy TEPMOJIUHAMIYHO OOOPOTHOTO IMPOLIECY
OJIEPKYIOTh MaKCUMAaJIbHY eJeKTpuuHy poOoTy. Bona nopisaioe EPC enementa E,
MMOMHOKEHOI Ha MEepeHeCeHur 3apsan. Skio mia yac peakiii BiAOyAEThCS BIJHOB-
JICHHSI 1 OKUCJICHHSI Z MOJIB OJHO3apsIHUX 10HIB, TO, 3a 3akoHOM M. Dapanes, ne-
peHecenuit 3apsia nopiBHioe ZF, ne F — uncno dapanes. Enekrpuyna podora B 130-

0apHO-130TEPMIYHOMY MPOLEC] BIAOYBAETHCS 3a PaxXyHOK 3MEHIIeHHs eHeprii ['100-

ca , TOMy
—AG = zFE. (5.38)
[TincraBuBiM 11e¥ Bupas B piBHsAHHS ['100ca-I"eapMronbia (2.95), oaepKyrOTh
—zFE = AH — TAS. (5.39)

Bignogsiguo a0 (2.111) 1 AG =-zFE
AS=—%=ZFE. (5.40)

dT dT
3B1JCH

—zFE = AH—TZF%, (5.41)
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AH = —ZF(E _ T@). (5.42)
aT

[Moxinny dE/dT na3zuBatote TemneparypHum koedinientom EPC. B 3anexHo-
CTi BiJl IPUPOJU TAITBBAHIYHOTO €JIEMEHTA BiH MOXKe OyTH MO3UTHBHHUM 1 HETaTHB-
HUM.

PiBastaas (5.42)103BOJIsI€ OOUUCTUTH TEIIOBUH e(eKT peakilii, mo BigOyBa-
€TbCSI B TallbBaHIYHOMY elieMeHT1, nuisixoM BuMipy EPC 1 ii TemnepaTtypHOro koe-
dimienTa. [{ns BU3HaueHHS] KOHCTAHTH PIBHOBArU 1ii€i peakilii BUKOPUCTOBYIOTh Pi-

BHSTHHS
AG" =—RTInK, . (3.58)
bepyuu no ysaru, mo
AG® =—zFE'’
e E° — cranmapria EPC mpu akTHBHOCTSIX BCIX 10HIB y PO3YHHI, PIBHHX OJ[H-
HULl, 3 BUpa3y (3.58) BumiuBae:

0 0
mK, =2 gk, = 2YE
RT 2,3RT

(5.43)

5.2.7 3araabumii Bupa3 1st EPC rajbBaHivHOro ejieMeHTa i moreHuiaxry

OKpPEMOT0 €JICKTpPOaa
SIK110 aKTUBHOCTI 10HIB, 110 OEPYTh Y4acTh B €JIEKTPOXIMIUHIN peakilii, He JOPIBHIOIOTh
OJIMHMIII, TO JIJIs OL[IHKM 3MEHIIeHHs eHeprii [106ca 3amicTb piBHAHHA (3.58) 3aCTOCOBYIOTH PiB-
HsHHSA 130Tepmu (3.50). Hampuknan, ans peakiii

aA+BB & cC+dD,

rc_rq rc_rgd

dca aca
AG =RT|In=-"2-_InK, |=-RTInK, + RTIn———2 (3.50)
ayap ayap

3 ypaxyBanusm (3.58)1 (5.38) piBusinus (3.50) 3m100yBae Bua

1c_rd

—2FE = —2FE’ + RTIn €™ (5.44)
Axap

3Bijicu BUIUIMBAE 3araibHuil Bupas niis EPC ranpBaHiuHOrO eeMeHTa
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1c_rq
_RT,| 3% (5.45)

]

E=E'

ne E° — cranmapraa EPC manmrora.
XiMIYHY peakKIlito, 0 BiIOyBa€ThCsA B €JIEMEHTI, MOXHa PO30OUTH Ha JBI CIIO-
Jy4eHi peakilii, o MPOXOITh B OKPEMHUX HaIliBeJIeMEHTaX:
aA —ze_. 5cC i
bB +ze” 5 dD
BinnoBifnHO 1 BUpaXKEHHS Ul MOTEHLIATIB OKPEMHUX €JIEKTPOIIB ( @1 1 @y

MOXKYTh OyTH OTpHUMaHi 3a JJOTIOMOTOI0 PIBHSIHHSI 130T€PMH:

RT al¢

¢, =¢) ———In Ca , (5.46)
zF a'A
rd

92 =00~ "X p D (5.47)
zF a;gb

Ie (pf i(pg — CTaHJIapTH1 MOTEHIIAIH €JIEKTPO/IIB.
Ha MeTaneBux enekTpoaax 3BUYaiiHO B1IOYBaIOThCS PEAKIi TUITY
M* +ze~ § M.
BianoBigHo 10 11i€i peakiiii, a TaKoX 3 ypaxXyBaHHSM TOTO, II0 aKTUBHICTh
TBEPJI01 PEUOBMHU (METaTy) MPHU JaHIl TeMIepaTypl € CTAIO 1 JTOPIBHIOE OJUHUIIL,
OJIEPKYIOTh BUPA3 JJIsl OTEHIIAy OKPEMOTO €JIeKTPO/ia, 00OPOTHOTO IIOA0 KaTio-

Ha MeTany:

RT a
(O =(P2 ———In-—M
zF

_ o, RT
=0, + = Ina ., . (5.48)
MZ+
Ski10 B mOTEHITIaIBU3HAYAOUOMY Mpolieci OepyTh y4acTh aHIOHH, TO, BIJAIO-
BimHO 110 peakuii A+ze — A", 01epKyIOTh BHPa3 AJIg NOTEHIIATy OKPEMOTO EIEKT-

poaa, 000POTHOIO MO0 aHIOHA:

O_=0¢_ ———Ina - - (549)
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(AKTHBHICTH OKHCJIEHOT (DOpMHU aHIOHA IPUINMAIOTh 3a OJIMHMIIO.) Bupas pis

MOTEHLIaTy eJIeKTPoAa B 3arajbHiil popmi

0 + RT Ao ke 0 + 23303 RT lgaomlc.ﬂ

In =Q F

5.50
zF a ( )

¢ =0

BigH Aginn

oyno BuBeneHo Hepucrom. B oMy piBusiHHI MHOXKHUK 2,303RT/(zF) mpu T

2,303-8,314-298  0,0591
96500 z z

= 298K nmopiBHIO€E . PiBasans Hepucra (5.50) mokasye,

10 MOTEHIaJl eJEeKTPoJa @ 3aJEKUTh BiA Horo mpupoau (IIpUpoja XapakTepusy-
€THCS BETHUMHOIO CTAHAAPTHOTO MOTEHIiamy @°), TEMIIepPaTypH i aKTHBHOCTI iOHIB B
JaHOMY po3uuHi. BinmoBigHo n0 3aranbHux BupasiB(5.45)i (5.50) piBHSHHS s
EPC enemenra [laniens—Sko01, B SIKOMY BIIOYBAa€ThCS peaKIis

Zn’+Cu* —Zn**+Cu’,

MO>KHA MPEJICTABUTH B PO3TOPHYTOMY BUTJISII:

0 0,0591 0 0,0591
E =Pcurcn® TPm2im® T Pout/cy lgaCu2+ ~ P2 zn ——lgah2+
a +
- E=g' - 9091 Ao (5.51)
2 acu2+
e E' =) —0) =00 2,00 — P20 0 (5.52)

VY Bupa3z gist EPC koHLIEHTpaIiitHOTO eJ1eMeHTa He BXOJUTh 3HAUYCHHS CTaH-
naptHoi EPC E°, ToMy 1m0 o0uaBa eiaekTpoau 1 iXH1 CTaHAapTHI IMOTEHINaIN OJHa-
KoB1. Hampukian, 1y1s eiemMeHTa, mpuBeIeHOro B po3aiii 5.2.5,

0,0591, a,
n_
z a;

E= (5.53)

5.2.8 CranaapTHuii noTeHmiaui.
BoaHeBa mikasa cTaHIAPTHUX NMOTEHUIATIB
CraHzapTHHI moTeHmian @° 3aIeKUTh B IPUPOIU CIEKTPOLY i XapaKTepu-
3y€ WOTO €JNEKTPOXIMIYHY aKTUBHICTH. JJis JaHOTO PO3UYMHHMKA 1 TAHOI TEMIEepaTy-
DY BETHYMHA CTAHAAPTHOTO MOTEHIANY € CTAI0K. AGCOMIOTHE 3HAYCHHS (° BH3HA-

YUTH HEMOXKJIMBO, TOMY III0 32 JOIIOMOTOIO0 BOJBTMETPA BUMIPIOIOTH TUTBKH Pi13HU-
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. . . 0 .
IO MOTEHIIATIB JBOX €JIeKTpoaiB. ToMy naJisi BUMIPY @  CKJIaJalOTh €JIEMEHTH 31
cTanaapTHOro BogHeBoro enektpoaa (CBE), moreHIian Sskoro yMOBHO MPUHMAIOTh
3a HYJIb TIPU OYyJIb-SIKIM TeMIlepaTypi, 1 CTaHIaPTHOTO JIOCIKYBAaHOTO €JIEKTPO/A.

CBE 300paxeHuii Ha pUCyHKY 5.7.

<

°l o
L —o|o —
A ~J
o d
1 °°
o 09

o

\/ — e _ _
m/ < H,, P=101325 Il1a

2H"+2e S H,

Pucynok 5.7 BynoBa cTaHIapTHOrO BOAHEBOIO €JIEKTPOLY

BiH ckilajjaeThes 3 MIIATUHOBOI IJIACTUHKH, 3aHYPEHOI B PO3YUH CipYaHOl KU-
CJIOTH 3 aKTHBHICTIO 10HIB BOJHIO, PiBHIM oxuHwuil. [lnaTnHOBa miiacTUHKa 3HAXO-
JOUTHCS M1 CTPYMOM Ta3onoAiOHOro BOJHIO, mojaaBaHoro mijx TuckoM 101325 Ila
(latm) mipu ctaumiii crannapTHii Temmnepatypi 298K (611b11 JOKIaAHO PO BOTHEBHIMA
CJIEKTPOJI TUB. po3ia 5.2.8).

@Di3UYHUN 3MICT CTAaHAAPTHOIO MOTEHLIATy MOXHA BCTAHOBUTH 3a JIOIIOMO-

0

S 0, ro EPC enemen-
2

roto piBHAHHS (5.23). SIKIO B IbOMY PIBHSHHI @, = @

Ta JOPIBHIOE CTAHIAPTHOMY MOTEHIIATY €IeKTPOa:

E= (P;) T Qronr T (pzm(]) ¢ (554)

[le 3HauUMUTh, 110 CTAaHAAPTHUN MOTEHINAT €JIEKTPOJIa MICTUTh KOHTAaKTHUH 1
HEBpaxOBaHUM TU]y31HHUNA TOTEHIIIA, TOOTO MICTUTh HEBUMIPHI BEJIMYUHU 1 TOMY
He € abcomoTHUM. OJHaK BiH TOYHO BH3HAYa€ NPH CTaHAApTHHX ymoBax (P =
101325 ITa 1 T = 298K) crannaptHy eneprito ['i66ca Ti€l OKHCITIOBaIbHO-BITHOBHOI

peaxirii, o Bi0yBa€TbCs HA €NEKTPO/Il. TaKuM YHHOM
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3a CTAHJAAPTHUI MOTEHUiaJ NMPUIIMAOTH MOTEHUIiaJ eJleKTpoaa 3
AKTHBHICTIO iOHIB, PiBHI/l OAMHUII, IPH CTAHAAPTHUX YMOBaX, BUMipH-

HUI BiTHOCHO CTAHJAPTHOI'0 BOJAHEBOI'0 eJIEeKTPOA.
Bumipusum B crangaptaux ymoBax EPC enementa 31 CBE 1 cranmaptHoro
JIOCTTI/KYBAHOTO €JIEKTPO/IA, ONEPKYIOTh @° JOCTIKYBAHOTO ENEKTPOa y BOIHE-

BiM mkani. Hampukian, 9J1C enemenTa
()| . =1)[H*(a,, = 1)‘ H, (Pt)(+)

B IKOMY B1JIOYBA€THCS PEAKIIS

Zn’ + 2H" < Zn*" + H,,

JOP1BHIOE (p(;npr/zno =—0,762B . CrangapTHUll NMOTEHIIAJI MAa€ HEraTUBHUM 3HAK,

SKIIO eJIEKTpo 1 HeraTuBHUM cTocoBHO CBE, 1 Mae mo3uTUBHUM 3HAK, SKIIO €JIEKT-
pon no3utuBHUM ctocoBHO CBE.

Po3ramoBaHi y nmeBHOMY NOPSAJKY CTaHAAPTHI MOTEHLIadd YTBOPIOIOTH Pl
Hanpyr (BOJHEBY IIKaly). 3HAYEHHS CTAaHAAPTHUX MOTEHINANIB JIEIKUX €JIEKTPOIIB
10 BOJIHEBIH IIKaJIi MpeCcTaBjIeH] B Tabi. 5.2.

Ski10 3 HaMmiBEJIEMEHTIB, B sIKI BXOJSAThH J[Ba PI3HUX METaJIU, CKJIACTH rajbBa-
HIYHUI €JIEMEHT, TO BHIIEC PO3TAIIOBAHUN B Ta0d. 5.2 MeTall y MOPIBHIHHI 3 HUXKYE
po3TamoBaHuM Oy/ie MaTH HEraTUBHUI MOTEHIiad 1 Oyje BiAirpaBaTd B TAKOMY Tra-
JHBAHIYHOMY €JIEMEHTI poJib aHoja. [Ipu BigHIMaHHI 3 OUTBIIT MO3UTUBHOTO MOTEH-
1iary O1IbII HETaTUBHOT'O HE3aJICXKHO BiJl 3HAKIB IMOTCHITIANIB 3aBXKIH BUXOIUTD I10-
sutuBHE 3HaueHHs EPC. IHmumu cioBamu, nis po3paxyHky EPC ranbBaHiuHOTO
€JIEMEHTa CJIIJT KOPUCTYBATUCS (hOPMYJIIOIO

E= O — Qa. (555)
3Har0uYM CTaHJAPTHI €JIEKTPO/IHI MOTEHIIAIN, MOYXHA, KOPUCTYIOUUCH PopMy-
noro Heprcra (5.50),00uncnuTi MOTEHIIATN HAIBEJIEMEHTIB MPU OYb-IKUX aKTH-

BHOCTSX ITOTEHIIAJIBU3HAYAOYMX 10HIB.
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Tabnumg 5.2 CtangapTHi €IeKTPOHI MOTEHIIAIN Y BOJASHOMY CEpEeIOBHIII

pu 298 K.
Enekrpon EnexkTponnuii npouec (po, B
Li*/Li° Li*te S Li° -3,24
Zn*[zn° Zn*+2e 5 Zn° -0,762
Fe®*/Fe’ Fe?*+2e 5 Fe’ -0,441
Cd**/Cd’ Cd**+2e" 5 Cd° -0,403
Sn*/sn° Sn*+2e" 5 Sn° -0,140
2H*/H, 2H'+2e" S H, 0,000
AgCl/Ag, CI- AgCl+e” 5 Ag’+Cl” +0,199
cu®/cu’ Cu*+2e’ 5 CU° +0,345
H3AsO,/HzAsO5,2H* HsAsO,+2H"+2e” S5 HAsO,+2H,0 +0,560
Hg"\Hg" Hg,’*+2e S 2Hg +0,789
Fe**/Fe?*(Pt) Fe¥'+e 5 Fe** +0,771
Ag'IAQ° Ag'+e S Ag° +0,799
Cl,/CI'(Pt) Cl,+2e' S 2CI +1,36
MnO, /Mn?** MnO, +8H"+5e S Mn?*+4H,0 +1,51
ce*/Ce* Ce*'+e 5 Ce* +1,44
2F /F,(Pt) 2F+2e S5 F, +2,87

5.2.9 O060opoTHI i HEOOOPOTHI ejIeKTPOAU

OOGOpOTHI €JIEKTPOJIU 1 CKIAJEHI 3 HUX OOOPOTHI €JIEMEHTU MOXKYTh OyTH PO3-
IJISHYT1 B TEPMOJAMHAMIYHO OOOPOTHOMY (PIBHOBa)XKHOMY )CTaHi. Sk yke BKazyBa-
JI0CsI BUIIE, YMOBOIO, 1110 BU3HAYAE TEPMOJUHAMIYHY OOOPOTHICTH €JIEMEHTA, € TIPO-
TIKaHHS Yepe3 HhOTO0 HECKIHYEHHO MaJIoro CTpyMy .SIKIIO yepe3 eIeMEeHT MpOXo-
JUTH BUMIPHUH CTPYM, TO BIH TIepecTae OyTH TEPMOJUHAMIYHO OOOPOTHUM 1 Mepe-
XOJIUTh UM Y XIMIUHE JIDKEPEJIO CTPYMY, UM B €JICKTPOITI3EP.

OOOpOTHO TpALIOIOYl €JIEeMEHTH — 1€ TaKl €JIEMEHTH, Y SKMX MICIs pO3MH-

KaHHS JIAHIIOTa Ha KOXHIM €JIEKTPOJII BCTAHOBIIOETHCS piBHOBara. B o6opoTHOMY

165



€JIEMEHT] pPeaxiil0 MOKHA MPUITMHUTH, MPUETHABIIN O HHOTO 30BHIIIHE JIKEPEIIO
CTpyMy 3 TakuM xe 3HadeHHsM EPC, ane npoTunexHoro HampsMky. SIKIio 3011b-
mmt EPC 30BHIIIHBOTO JpKepena cTpyMy Ha Mally BEJIMYMHY, TO peakiis MiJe B
3BOPOTHOMY HAIPSIMKY.

SIK110 micns po3MUKaHHSA JIAHIIOTa MPOIEC Ha eNEKTPOaxX MPOJIOBKY€EThCS, a
P 3MiHI HAIPSAMKY €JICKTPUYHOTO CTPYMY BiI0YBarOThCS 1HIII peakilii, He 3BOPOT-
HI OJTHA OJHIN, TO eJeMeHT € HeoOopoTHUM. [IpuKiTamomM 0OOPOTHOTO €lIeMEeHTa €
po3rIsHyTUH paHimie eiaeMeHT [laniens - fAko0i, B SKOMy HpH 3MiHI HampsSMKy
cTpymy peakmis Zn+Cu®" 5 Zn?*+Cu® sminroe manpsmox. Enexrpox Cu’ | CuSOq, €
0GOPOTHIM, TOMY 1[0 TIPH 3MiHi HAIPAMKY CTPyMy BinOyBarothcst peaxii Cu®* + 2¢”
— Cu’ i Cu’— 2e— Cu?". [To BIACTHBOCTSIX PEYOBHH, IO GEPYTh YYACTh Y IIOTCH-
[1JIBU3HAYAIOYMX Tpoliecax, a TaKoXK Mo OyaoBi BCi 0OOPOTHI €IEKTPOAU MOLIIS-
I0Th Ha TaKl TPYIU: €IEKTPOIH MEPILIOTO 1 IPYTrOTO POJY; OKUCTIOBAIBHO - BITHOBHI
1 10HCEJIEKTHBHI.

Enextpoau mepmoro pony. BonneBuit razoeuit enektpop. Jlo enexTpojiiB
MEPIIOro poAy BIIHOCATH METaJEeBl €ICKTPOIH, 0OOPOTHI 11010 KaTiOHIB, 1 HEMETa-
neBi, 000pOTHI 1100 aHiOHIB. OOOPOTHICTH €JIEKTPOAA MO0 TUX YW 1HIIMX 10HIB
03HAYa€ 3aJIeKHICTh WOr0 MOTEHIlialy BlJ KOHUEHTpalil (AKTUBHOCTI) IaHUX 10HIB.
[Ipuknagamu MeTalleBUX €JIEKTPOIiB TUITY M | M*" € posrisiayTi panime Zn’ | Zn”";
cu’ | cu®; A’ | Ag" ta in. EnekTpoHuii moTeHmian ix BU3HAYAETHCA PiBHAHHAM
Hepncra (5.50) 1 3aneXuTh TUTBKH BiJl KOHIIEHTpAIlil (aKTUBHOCT1) OJTHOTO BUIY 10-
HIB MeTtany. Jns enekTpoiiB, 00OpOTHMX WIOJAO aHIOHIB, 3aCTOCOBHE pPIBHSIHHS
(5.49). IlpukiamoM MeETaJIOiAHOTO €JEeKTPoJa, OOOPOTHOIO IIOJ0 aHIOHA, MOXE
CIIY’KUTH CEJICHOBUH €JEKTpoa Se | Se” .

Jlo eNeKTpOIIB MEPIIOro Poay BITHOCATH TaKOXX Ta30Bl €JIEKTPOJH, SKI MO-
’KyTh OyTH 0OOPOTHI LIOJ0 KAaTIOHY UM aHIOHY. X CTBOPIOIOTE 3a CXeMOI0: (MeTan) —
ra3z — po3urnH. Merajn B ra3oBUX €JIEKTpOoJax HEOOXIAHUI SK NMEPEHOCHUK €JIEKTPO-
HIB 1 JIJIs1 CTBOPEHHSI IOBEPXHI, Ha SIKi BiAOyBaeThcs peakilisi. MeTas nmoBUHEH OyTH
IHEPTHUM IIIOZI0 PEYOBHH, IO 3HAXOJUTHCA B PO3UMHI. THUMOBUM TPHUKIAJIOM Ta30-

BOT'O €JIEKTPOaY € BoaHeBui enektpon (Pt)H, | H'. Panime (nuB. puc. 5.7) 6yB pos-
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[JISHYTUWA CTAaHJAPTHUWA BOJHEBUU €IIEKTPOJI. BOIHEBUI €IIEKTPO/I, 3aCTOCOBYBAHUI

Ha npaktui, (C, aH+ # 1) moxe mMaTu pisHy Oya0By. MexaHi3M BUHUKHEHHS T10-

TEHIlialy Ha BOJTHEBOMY €JIEKTPO/II MPAKTUIHO HE BIPI3HIETHCS BiJ PO3TISHYTOIO
paHiIie: MOJIEKYJISIPHUIN BOJICHb afCcOpOY€EThCS MIATHHOIO, PO3MAIA€THCSI HA aTOMH,
IO OKUCHSAIOTHCA. [0HM, 110 yTBOPWIMCS, TiAPaTyIOTHCS MOJIEKYJIaMH BOMIM, TIepe-
XOJISITh Y PO3YHH TMOII0HO TOMY, SIK BOHU MIEPEXOATh 13 KPUCTATIYHUX TPaT METaly;
10HM BOJHIO MOXYTh TaKOXK MEPEXOJIUTH 3 PO3UMHY Ha TIOBEPXHIO TUIATUHH, YTBO-
PIOIOYH MOJBIMHUN €ICKTPUYHUH 1Iap 3 BIAMOBITHUM CTpHUOKOM noTteHmiany. [lore-
HITIaJT BOAHEBOTO E€JICKTPOY 3aJCKHUTh BIJ TEMIIEpaTypH, KOHIIEHTpAIlii 10HIB BOJI-
HIO B PO3UHMHI 1 TUCKY BOJHIO Ha MOBEPXHI eIeKTpoa. SKII0 Ha eNeKTpol BiI0yBa-
eTbes peakiis 2H+2e” S Hy, To
0

a_ . Py

[P +
2H" /H P
: IIZ

. o . 0
e PH2 — mapuialbHUM THCK BOJHIO Ha TOBEPXHI enektpoay, P, — cran-

; P, =P°
JTAPTHUW TUCK BOJHIO. SKIIO H, =%y, TO

Porrt/m, = 0,0591 Iga . =—0,0591pH . (5.57)

OTxe, BUMIPSIBIIM BEJIUYMHY TMOTEHIIaTy BOJHEBOTO EJIEKTPOAY B OYIb-
AKOMY PO34YHHI, MO’KHA BCTaHOBUTHU ioro pH. BoaHeBuil enekTpoa ga€e BiATBOPEHi
3Ha4YCHHS MOTeHIiaaiB. Hegomikom Horo € BeMKa 4yTJIMBICTh O YMOB pOOOTH: He-
0OX1THUM BUCOKHI CTYIHb YUCTOTHU BOJIHIO, aKTUBHHI CTaH MOBEPXHI MJIATHHH, Bi-
JCYTHICTh OKHCIIFOBAYiB 1 BIJIHOBHUKIB y JIOCIII)KYBAHOMY PO3UHHI.

Enextponu npyroro pomy. Kamomenbuwii 1 xiopcpiOnuii enektpoau. EmekTt-
pPOIIU IPYTOr0 POAY CKJIAMAIOTHCS 3 METaly, BAXKKO PO3YMHHOI COJIi IIBOTO METAIY 1
JPYToi CIOJYKHU, 100pe PO3YMHHOI 1 3 TUM K€ aHIOHOM, 1110 1 TIepIia Crojayka. ¥ Mo-

BHA TO3HAYKa TaKUX €JIEKTpoaiB M | MA | A”. TIpeacTaBHUKAMU €IEKTPOMIB JIpy-
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roro pojy € XJOPCPIOHMM 1 KaJIOMENbHUHN eNeKTPOoau. 3aBASKU MPOCTOTI BUTOTOB-

N
N

—

| Pucynok 5.8. XnopcpiOuuit enexkrpon: 1 — cpiOumii apit; 2

7 map AgCl; 3 — pozunn KCI; 4 — MikpooTBip.

JICHHS 1 #

BIJIMIHHOI BIJITBOPIOBAHOCTI MOTEHIIANY iX IIMPOKO 3aCTOCOBYIOThH SIK €JIEKTPOIU
MOPIBHSHHA MPU CKJIAJaHHI PI3HOMAHITHUX T'ajJbBAHIYHUX €JIEMEHTIB, a TAaKOX 3a-
MicTh CBE mipu BU3Ha4Y€HHI MOTEHIIIATIB IHIIUX €JIEKTPOIIB.

Xnopepiouuit enexkrpon AglAgClKCl (puc.5.8) siBnsie coboro cpiOHMI ApiT,
nokputuil mapom AgCl, 3anypennii B Hacuuenuit po3und KCl , 110 3HaxoauThCS B
MOCYJIMHI 3 MIKPOOTBOPOM JJIsI KOHTAKTY 3 JOCIHIKYBaHUM pO34uHOM. OCHOBHOMY

XIMIYHOMY TIPOIIECY

Ag'+e 5 Ag (a)
€ CYITYTHBOIO PeaKilisi pO3YMHEHHS un ocapkeHHs coi AgCl:

AgCl 5 Ag" +CI". (©)
CyMapHuii nporec:

AgCl+e 5 Ag’ +CI (B)

BU3HAYA€E BUJ PIBHSHHS JIJIS PO3PAXYHKY MOTEHIlANy €1eKTPOo1y, 000OpPOTHOTO

[10JI0 aHIOHA:

0 —0,05911ga

Pagarag’icr =P agciagscr (5.58)

cr -

o6 3’sicyBaTh (pi3WyHUN 3MICT CTAaHAAPTHOTO MOTEHINATY XJIOPCPIOHOTO
€JIEKTPO/1a, HEOOX1THO PO3MIIHYTH LIEH €JIeKTPOJ APYroro poay siK eIeKTpoi mep-
IOro0 pojly, OOOPOTHUI 1100 KATIOHIB, TOOTO SIK CPIOHUI €NeKTpoa, 0OOPOTHHIA

110710 10H1B cpibia. B nbomy Bumaaky
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1 ag
PR g PR SR
Ag'/Ag 1 aAgO Ag/

(pAg+/Ag0 =Q Ag’ + 0,0591 lgaAg+ :

(5.59)

e a Ago=1. OCKITPKHA aKTUBHOCTI KaTIOHIB 1 aHIOHIB BaXXKKOPO3UMHHOI COJIi

AgCl y HacuyeHOMY pO34MHI OB’ A3aH1 JOOYTKOM PO3UYUHHOCTI
a ‘a__ =
A da I[PAgCl (5.60)
TO 3MiHAa aKTUBHOCTI KaTiOHIB CIIPUYMHSE 3MIHY aKTUBHOCTI aHIOHIB. SIKIIO

: : : AP
a ., . B piBHsAHHI (5.59) 3amiHuUTH Ha £ AsCl

Ag 3 (5.60), TOo onepkUMO BUpA3 IS

AagCl

MOTEHITIATY €JIEKTPO/1, 000POTHOIO MIOAO 10HA XJIOPY :

0
O pgtrag = (pAg+/Ag0 +0,05911g AP , ., — 0,05911ga (5.61)

Ockuibku  a BU3HAYEHO 3 JIBOX piBHOBar (a)i (0), TO MOTEHIiaIN

Ag+
(pAg+/Ag0 3(5.61)1 (pAgClAgo/Cl_?. (5.58) ongnakosi. IlopiBHsHHS BupasiB (5.58) 1

(5.61) nmokasye, 110

0 _ 0
(pAgCl,AgO or (PAg+ A +0,05911g 1P 5 ¢ (5.62)

3BiJicH BUILIMBAE, M0 10 BIOMINA BEIMYMHI TMOTSHIIAY €JIEKTPOaa, 000pOT-
HOTO 11010 KaTioHa, 3Har04H /[P Ba)KKOPO3YMHHOI CIIOTYKH METally, MOYKHA PO3pa-
XYBaTH MOTEHIIIAJ €JIEKTPO/1a, 000OPOTHOTO 11010 aHiOHA 1 HaBMaku. PiBHsaHHS (5.61)
1 (5.62) moka3yroTh, 10 3a CTAHJAPTHUU MOTEHIA] XJIOPCPIOHOTO eneKTpoja

MpUKUMAarOTh MOTEHINaN elekTpoaa 3 a . = 1. XyopcpiOHui enekTpo]; € 000pOTHUM

cr
0JI0 XJIOpHUA-iOHA. B mMpuCyTHOCTI 3HAYHOI KITBKOCTI XJIOPUJ -10HIB, OTPUMAHHUX
npu aucouianii KCI, piBHoBara (0) cUiIbHO 3MillI€HA BJIIBO, KOHIIEHTpAllid 10HIB Ag

CTa€ AyXe MaJioro, a KoHIeHTpaiito ioHiB Cl” MokHa BBa)KaTH OJHAKOBOIO 3 KOHIIE-
HTpariero pozunHeHoro KCI. TToreniian xJiopcpiOHOTO eleKTpoia 3 HACUUYEHUM PO-

3unHoM KCI nopisuioe +0,222 B npu25 C.
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KanomenbHuit enexrpox (Pt)Hg" | Hg,Cl, | KClI (puc.5.9) sBnse co6oro cymirn
pinkoi pryti Hg’ i kamomeni Hg,Cl,, momimeHy B mocyauHy, 0 AHA SKOi 3aHYPEHO

MJIATHHOBUM JIPIT, TPUBAPESHUM J10 M1THOTO MPOBITHUKA.

153
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3 1¢ Pucynok 5.9 KanomensHuii enexkrpon: 1 — ratuna;
EE%EQ |- 2 — migHuit apit; 3 — ckisiHa TpyOka; 4 — po3unn KCI;
FrEX — 5 — macra Hg,Cly; 6 — pTyTh; 7 — eneKkTpoiTHYHUI
\_6 MICTOK

3 MEeTOI0 130JI111T HAa MIAHHUM JIpIT HAIATAIOTh CKIISIHY TPYOOUKY, Y SIKAN APIT
3aKpIIUTIOI0Th HEpyXoMo. [lnatnHa B KalOMeNbHOMY €JIEKTPOi CIYKHTh IMEePEHOC-
HUKOM €JIEKTPOHIB. B mocyauHy HamMBaOTh PTYTh Tak, 00 MaTuHa Oysa HEro Mo-
kputa. Ha pTyTh MOMIIIAIOTh MacTy, OTpUMaHy PO3TUPAHHSIM PTYTI 3 KAJIOMENBIO Y
HacuueHomy po3unHi KCl, a notim Hacuuenuii po3unH KCl. Ilocyauny 3akpuBaroTh
POOKOIO.

VY BiAMOBIAHOCTI A0 MOTEHIIATYTBOPIOIOYOTO MPOIIECY

Hg,Cl, +2e & 2Hg® + 2CI°

BHpa3 IJIsd HOTCHHiaJ'Iy KaJIOMCJIBHOTI'O CJICKTPOJAa Ma€ BUTIIAA

— o) _
Prg,cn g’ cr = Phg,cnpg’ o T 0,0591 Iga . (5.63)

MipkyBaHHS 110/10 (PI3UIHOTO 3MICTY (pgIg 1 1 3aJIEY)KHOCTI OTEHIII-
2%-12

JHg'/cr
ay eNeKTpoJa BiJl KOHIIEHTPAIIl] XJIOPUA-10HIB aHAJIOTIYHI MIPKYBaHHSIM JIJIsl XJIOP-
CpiOHOIO €NeKTPOoa.

[ToTeHmian KaJIOMEIIBHOTO elleKTpojia 3 HacuueHuM po3unHoM KCl mopiBHIOE

+0,242 B npu 25 C.
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OKUCTIOBAJIBHO - BIJIHOBHI €JEKTPOaH (peaoKc - enekTponu). OCKiIbKH BCl
MOTEHL1aTyTBOPIOIOY1 MPOLIeCH BiOYBAIOTHCA 33 YYaCTIO €JIEKTPOHIB, KOXKEH €JIeK-
TPOJ MOKe OyTH Ha3BaHHU OKHUCIIOBAIBHO - BIIHOBHUM. OJHAK OKUCIIOBAJIBHO -
BIJIHOBHUMH YMOBWJIMCSI Ha3MBATH TaKi €IEKTPOIM, METAJ SIKUX HE MPUHAMAE y4acTi
B OKHCITIOBAJIBHO - BITHOBHIN peaxilii, a € TUIbKU TEPEHOCHUKOM €JIEKTPOHIB, TPO-
11eC J)K€ OKHCIIIOBAHHS - BIAHOBJICHHS BII0OYBA€THCS MK 10HAMU , 110 3HAXOASATHCS B
po3unHi. CxeMy eleKTpoja i PIBHSHHS MOTCHIIATYTBOPIOIOYOTO MPOIECY 3aruCy-
I0Th Y BUTJISAI

(Pt) | Ox, Red; Ox +ze S Red,

ne Ox 1 Red — yMOBHI O3HaY€HHSI OKHUCIICHOI 1 BIIHOBJIEHO1 (DOPM PEUOBHHHU
(Fe3+ i Fe’": Sn*™i Sn2+). 3BijcH 3’sSIBUJIACS Ha3Ba PEIOKC - eleKTpoau. Haibinbim
HIMPOKO 3aCTOCOBYBAHUM PEIOKC - €JIEKTPOJIOM € XIHT1IPOHHUN E€JIEKTPO/I.

XiHTiapoHHHNA enekTpoy Pt | CgH40,, CgH4(OH),, H' un (Pt) | X, HoX, H*
CKJIQJIA€EThCS 3 TUIATUHOBOI TUIACTUHKU (YU JPOTY), 3aHYPEHOT B HACUUYECHUM PO3UMH
xiHrigpony. OcTaHHIA SBIsE€ COOOI0 KOMIUIEKCHY CIIOIYKY, YTBOPEHY 3 XIHOHY
CeH40, (X) 1 #toro BigHoBieHI dhopmu CgH, (OH), (HoX) — rimpoxinony. Ilpu nuco-
1iauii XIHCAPOHY

HX-X § HX+X

YTBOPIOETHCS €KBIMOJIEKYJISIPHA CYMIINI XIHOHY 1 T1APOXiHOHY. XiHT1JIPOH
BaYKKO PO3YMHSIETHCS B BOJI 1 Y KUCIUX PO3YMHAX, TOMY JIETKO YTBOPIOETHCS HACH-
yeHuit po3unH. locuts gqomatu 0,1 — 0,2 mr Ha 20 MJI OCIIKYBAaHOTO PO3YHHY.

Ha xiHrigpoHoMy eneKkTpo/ii Bii0YBa€eThCs peaKilis

CeH,O, + 2H" +2e 5 CgH,(OH),,

SKOT BIJMOBIAA€ BUPA3 JIJIsl MOTCHITIATY

2
aya. .,
0,051 Axdy:

_.0
Py, x.ut = Px.H,x,H 2 (5.64)

ag,x
Axio mpuitHATH, M0 KOe(IIEHTH aKTUBHOCTI XIHOHY 1 T1IAPOXIHOHY OJHAKO-
Bl, TO aKTUBHOCTI X1HOHY 1 T1IpPOXIHOHY OyIyTh OAHAKOBI. Y 3B’SA3KY 3 IIUM PIBHSH-

H4 (5.64) cripolryeTbes:
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. +0,0591Iga —0,0591pH  (5.65)

—? — 0
(pX,HZX,H+ - (pX,HZX,H HY — (pX,HZX,H+

. . 0
CrangapTHUM MOTEHIIAIIOM XIHT1IPOHHOTO €JIEKTPOY ((pX HoX H+) Ha3uBa-
oL Ay
IOTh IIOTEHIIAN CCKTPOAY 3 Ay =aAy,x =A 4 = 1.

CrangapTHUIl MOTEHIIal XIHTAPOHHOTO enekTpoay nopiBHioe 0,699 B mpu

25°C. B KHCIIOMY CEpEIOBHMII PEaKIlis BiIHOBJICHHs XiHOHY 3MIIYETHCS BIPABO i

(0} Mae€ MO3UTUBHUM 3HAK. B IIy>)kHOMY cepe/loBUIII 3a3HAUYEeHA peaKiis e

X,H,X,H*

B 3BOPOTHOMY HAIpPSMKY 1 @ Mae HeraTuBHUM 3HaK. [Ipu pH > 8 xinriza-

X,H,X,H*
POHHHI €JEeKTPOJI 3aCTOCOBYBATH HEMOKJIMBO YE€pe3 HAABHICTh MOOIYHOI peaxiii
CsH4(OH), + 20H S C6H402*2 +2H,0, mo mopyIye eKBIMOJEKYISAPHICTb MIXK
H.X 1 X.

XIHTIIPOHHUN €JNEKTPOJ Jy>K€ 3pYYHUN y 3aCTOCYBaHHI 3aBJSIKM MPOCTOTI
OyJI0BH 1 CTIMKOCTI MOTEHIIIATy, OJTHAK BIH Ma€ HEIOJIK: HOTO HE MOKHA 3aCTOCOBY-
BaTU IS JAOCTIPKEHHSI JTy>)KHUX PO3YUHIB 1 B MPUCYTHOCTI CTOPOHHIX OKHCIIOBAUiB
1 BITHOBHUKIB.

IonooOminH1 enektpoau. CkisgHMNA enekTpof. 1o 10HOOOMIHHUX BITHOCSTh
Taki €JIeKTPOJIU, 10 CKIAJAI0ThCSA 3 ABOX (pa3: 10HITY 1 pO3UMHY, a MOTEHIa] Ha
MEXK1 po3aiTy a3 BUHUKAE 3a PaXyHOK 10HOOOMIHHOTO MPOIECY, B PE3yIbTaTI KO-
ro TIOBEPXHI 10HITY 1 pO3YMHY 3/100YBAIOTh €JIEKTPUYHI 3apsiu MPOTHICKHOTO 3HA-
Ky.

loHiTH BOJIOAIIOTH MiABUIIIEHOIO BUOOPUOIO 3IaTHICTIO CTOCOBHO MEBHOTO BU-
7y 10HIB, 110 3HAXOJIATHCS B PO3UMHI, TOMY €JIEKTPOJU HA3UBAIOTh TAKOXK 10HCEJICK-
TUBHUMU . Bi7joMi1 10HCEJIEKTHUBHI €JIEKTPOIU, OOOPOTHI IIOAO0 10HIB HATPIIO, KaJito,

KaJbIliIo, 1 1H.
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Pucynok 5.10 Ckusinuii enexrpon: 1 — BHyTpimHii
eNeKTpoI; 2 — BHYTpilIHI#M po3unH — 0,1 M po3unH
HCI; 3 — cknissna MmemOpaHa; 4 — mocyiuHa 3 po34u-
HOM, 10 JOCTIIKYEThCS

CxustHuit enektpoy (puc. 5.10)
Ag | AgCl | HCI (C = 0,1 moan/a) | ckmo | H'

€ HaBaXJMBIIIUM TPEACTABHUKOM 10HOOOMIHHMX (10HCEJIEKTUBHHUX) E€JIEKTPOJIIB.
Bin siBisie 00010 TOHKOCTIHHY KYJIBKY 31 CIEI[IaJbHOTO COPTY CTPYMOIPOBITHOTO
ckJia, sika HanoBHeHa po3unHoM HCI xonnentpartii 0,1 mons/n. B po3unn HCI 3a-
HYPEHHI JOMOMIKHHUIA XJIOPCPIOHUN €JEKTPOJI, BIH CIYXHUTh 30BHIIIHIM BHBOJIOM
710 OJTHOMY 3 TOJIFOCIB MpWIIaLy /Ul BUMIipy noTeHIiany. CKISTHUN eIeKTpos 3aHy-
PIOIOTh Y JOCHIIKYBaHUN PO3YMH 3 HEBIJOMOKO KOHIICHTpAIlI€I0 TIEBHUX 10HIB, B
AKUN 3aHYPIOIOTh TAKOX €JEKTPOJ MOPIBHAHHS (XJOPCPIOHUI 4K KaJOMEJIbHH).
EnexTpon mopiBHSHHSA MPHUEIHYIOTH 1O IHIIOTO MOJIIOCY Mpuiany. TakuM 4HMHOM,
rajJbBaHIYHUIN €TIEMEHT, B SIKOMY OJIMH 3 €JIEKTPOIB CKIISIHH, BKIIOYA€E ABA €TEKT-
pOJIY MOPIBHSAHHA (BHYTPIIIHIN 1 30BHIIIHI).

3acToCcyBaHHS CKJISTHOTO €JIEKTpOJa 3aCHOBaHE Ha TiM, IO KaTIOHHU K*, Na’,
Li*, mo MicTATbCS B CTPYKTYpi CKIIa, MOXKYTh OOMIHIOBATHCS 3 KATIOHAMH PO3UMHY
(H+), B TO¥t yac sik aHiOHH, 1110 CKJIaJal0Th MIIIHY OCHOBY CKJIa, B OOMiHi 3 aHIOHAMH
pO34uMHY OpaTu y4acTh He MOXyTh. OOMIH KaTiOHIB MK CKJIOM 1 pO3YMHOM BIJ0Y-
BA€THCA BIAMOBIAHO 10 PIBHOBAKHUX BIJIHOCHH TXHIX KOHIIEHTpALIN Yy CKJI1 1 pO34H-
Hi, 1[0 XapaKTepU3yrThCs KoedilieHTaMu po3noaiury. Hampukian, skimo oomiHio-
eTbes i0H Na' ckina Ha ion H' posuuny , To koedinienTn posnosiny ionis H' i Na*

BIJIMIOBIHO JIOPiBHIOIOTH

aH+ aN +
KH+ = 1 KN + - —a. (5-66)
ac a ac
H* Na*
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[Ipyn BcTaHOBIICHIM PIBHOBA31 OOMIHHOTO IMOTEHIIAIYTBOPIOIOYOTO MPOLECY

KOHCTaHTa OOMiHY

p c
K a . xag .
_ HY _ HY Na
Kos=1 =« _p (5.67)
X
Na' aH+ aNa+

[Ticns HEBEMMKUX MaTEMaTUYHUX ITEPETBOPCHB

K _.aP c
00 + ag .
K. a¢, xaP?  =a’ xa¢ , = Na’ _ Na 5.68
00 H Nat Ht Na' ap ac ( )
HY H*

Jonaroun 10 000X YaCTUH PIBHSHHS IO OJUHUIIL, OJEPKHUMO:

K, " ., at .,

_ %% Nat TNt g (5.69)
P C
a a_,
H* H

HpI/IBOIUILII/I J0 3araJJbHOI'o 3HaMCHHHKaA:

P p c c
K, 52 ta ., a ., +a

+ +
Na — a - H ’ (570)
a‘;l+ ar,
OJIEPKYIOTh
(Koﬁaga+ + a'}’I+ )aiI+ = (acNa+ +ag, )ai:I+ : (5.71)
3BIJIKH
P P P
a . Koﬁa + +a +
H — Na H . (572)
ac

¢ P
H* ANat +aH+

OCKUJIBKM CyMa aKTUBHOCTEH KaTIOHIB y CKJIl CTasia, TO

P p p
a K -a +a
+ 00 + +
e (5.73)
a:ﬁ const

BigHomenus a‘I’{+ / a‘;’r € MIpOI0 HEOJTHAKOBOTO PO3MOJIUTY 10HIB BOJIHIO M1k

CKJIOM 1 PO3YHMHOM, TOMY KUIBKICHO XapaKTepU3y€ BEJIMYMHY CTPUOKA MOTEHLIATY

Ha MEX1 pO3MOJLIy (a3 CKIO — PO3UHH:
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aP
Per = Py +0,0591 1g—1— (5.74)

al

A€ (P(C)K — YMOBHAa BCJIMYMWHA, SIKY HC MOXHa OTOTOXHIOBATH 31 CTaHAAPTHUM

MOTEHLI1aJIOM EJIEKTPOJIy, alie siIka XapakTepusye crenrdiuyHi BIaCTUBOCTI CKISTHOTO

€JIEKTpOja, BUTOTOBJIEHOIO 3 JaHOTO copTy ckia. IlixcraBmstoun (5.73) B (5.74) 1

3aMIHSAIOYN (pgK —0,05911gconst Ha CcONSt (OCKUIBKH Il BEIMYMHHU € CTATUMHM JIJIS
JAHOTO EIEKTPOAY ), OJICPKYIOTh

Q. = const + 0,0591 lg(al;rr + Koﬁa;aJr ) (5.75)

Koncrauta obminy K, — gyxe mama semmumua (10° — 10™%), tomy

airr >>K0621‘1:Ia+ . 3BIJICH BUILIMBAE OCTATOYHUI BHpa3 Ul MOTEHLIATY CKISHOTO

CIIEKTPO.TY
¢ =const+0,0591 lgaH+ : (5.76)

SIK BUJIHO, MOTEHI[IAJI CKJISIHOTO €JIEKTPOa OJHO3HAUYHO 3aJIeKUTh BiJl KOHIIE-
HTpaIlii 10HIB BOAHIO B PO3YHHI, 110 TOCHIIKYETHCS.

[[lo6u ckio enexkTpona GyHKIIOHYBaIO0 Kk pH-enexkTpo1 , BOHO OBUHHO OY-
TU TifgparoBaHe. [igpaTyBaHHs 3IHCHIOIOTH NUISXOM BUTPUMYBAHHS €JIEKTPOIY
MPOTArOM KIJIBKOX TOJMH y BOAl, a noTiM y 0,1M pozuuni HCI. Ilix wac rigpararii
azicopOyerbest 6m3bko 50 Mr Boxw Ha 1 cM® ckia. [Tpy HACTYITHOMY BUTPHMYBaHHI
enektpona B po3unHi HCI rigparoBane ckiio JieTkKo OOMIHIOE OJHO3apSAIHI KaTIOHH
Ha 10HM BOAHIO. B mificyMKy Ha 30BHIIIHIN MOBEPXHI CKJISIHOI KYJIbKHA CTBOPIOETHCS
HACUYCHH 1ap aJcopOOBAHMX 10HIB BOJHIO, III0 CTBOPIOIOTH MEBHUM 1 CTAJIUI 3a-
psin. Floro MoskHa BUMIpATH 3aBISKM HASBHOCTI €NEKTPo/a NMopiBHAHHA. [Tpu 3aHy-
PEHH1 CKJISIHOTO €JIEKTPOAY B AOCTII)KYBaHUM pO3YMH, IO MICTUTh 10HU BOJAHIO, J0-
CUTh IMBUIKO (MPOTIToM | — 2 XBUJIMHU) BCTAHOBIIOETHCSI PIBHOBAXHUN CTPUOOK

NOTEHIllay. YMOBOIO PIBHOBAard Mi>k 10HAaMU BOJIHIO Ha MOBEPXHI CKJIa 1 y PO3YMHI

€ PiBHICTh XiMiUHMX ITOTEHIiaIiB “;ﬁ i HII)F .
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3BUYANHUN CKIISTHUW €JIEKTPOJ] 3 TOBIIMHOK CKJIAHOI Kyabku 0,03 — 0,1 mmM.
Mae Benukuit omip (7o 500 MOwm), ToMy 1110 CKJI0 — MaJIONpOBiAHUI MaTepian. Tomy
SIKIO OJIMH 3 €JICKTPOJIIB CKIISIHUHM, TO Jyis BuMipy EPC 3acToCcOoBYIOTH criermiaibHi
PH-MeTpu 3 BEeIMKUM BHYTPIIIHIM OMOPOM, IO JO3BOJISIE MPAKTUYHO ITUJIKOM BU-
KItouuTH 3 BuMiptoBanoi EPC maninnsa Hanpyru B ckii. HeoOxiiHICTh 3acTOCYBaH-
HS cHeliaibHuX PH-MeTpiB € OJHUM 3 HENIOJIKIB CKISHOrO enekTpoay. o uucia

THIITMX HEJIOTIKIB BITHOCUTHCSI OOMEXEHHS B 3aCTOCYBAaHHI CKIITHOTO €IEKTPOa IS

JOCTIKEHHSI CHIIBHONTY>)KHUX po34uHiB. [Ipu oMy 100yTOK KoﬁaiI . Y piBHSHHI
a

(5.75) crae Ounble HIXK ai’rr 1 €JIEKTPOJI cTa€ OOOPOTHUM IIOJ0 KATIOHIB HATPIIO.

Meska 3acTOCyBaHHS CKJISIHOTO €JEKTpojAa, TOOTO MPsMOJIiHIMHA 3aJIeKHICTh MOTEH-
miany BiJ pH po3unHy, 3aJIeKUTh BiJ] COPTY CKJIa, TOMY IIO BiJ] HHOTO 3aJICKUTh BE-
nuunHa K. 3BUYaHO CKIISTHUN €JeKTPOJ 3aCTOCOBYIOTh JJI JOCHTIIKEHHSI PO3YH-
HiB, 1110 MarOTh 1HTepBaJ 3HayeHb pH Big 1 10 12. HegomikoM CKISTHOTO €l1eKTpojia
€ 1 Te, 0 JJIA OJIepP>KaHHs TOUHHUX 1 MPABWIBHUX PE3YJIbTATIB HEOOX1IHE HOro KaJli-
OpyBaHH4 110 Oy(epHUX po3UMHax 3 BIIOMUMU 3HaUYeHHAMH pH.

[lepeBaru CKJISTHOTO €JIEKTPOAY MOJSATAIOTH B TOMY, IO MPU BUMIPI PO3YHHIB
HE BBOJSATHCS CTOPOHHI PEYOBHHM (BOJEHb UM XIHT1JPOH), MOTEHLIAT HE 3aJIEKUTh
BiJl MPUCYTHOCTI OKUCJIIOBAYiB YU BIJHOBHMKIB, PIBHOBOKHHUM MOTEHIl1a]l BCTAHOB-
JOETHCS MIBUJKO, €JIEKTPOJ HE OTPYIOIOETHCS 1 MPUIATHUHN I JOCIIJKEHHS MYT-

HUX 1 noapOoBaHUX POZUMHIB.

5.2.10 Knacugikauiss 000pOTHHX eJICKTPOIB 32 IPUHLIUIIOM
IXHBOI'0 32CTOCYBaHHA
3a MPUHITMIIOM 3aCTOCYBAHHS €JIEKTPOAM MOAUISIOTh Ha 1HAUKATOPHI 1 eJeK-
TPOJW TOPIBHSAHHSA. [HINKATOPHUMHU HA3UBAIOTh CJICKTPOJIHU, MOTEHITIA SKUX OJIHO-
3HAYHO MIHSIETHCS 31 3MIHOIO KOHIIEHTpAIlli 00YMOBJIEHUX 10HIB (HAPUKIIAJ, €ICKT-
pomu Ag’ | Ag"; Cu®|Cu®; zn°|Zn®*; (PH,|H"; Pt|X, HoX, H'iin.). Enex-
TpPOJIaMH MOPIBHSHHS HA3WBAIOTh TaKl €JIEKTPOAM, MOTEHINAN IKUX BITOMUNA, TOUHO

BiJITBOPIOBAHMI 1 HE 3aJICKUTH BiJ] KOHIIEHTpAIli 00yMOBJICHHX 10HIB, TOOTO 3aJU-
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MIAETHCS CTAJIUM Mij] yac BUMIpIB. [0 €eKTpo/IiB MOPIBHIHHS BIIHOCATH CTaHIapT-
HUM BOJTHEBUH €JIEKTPOJI, XJIOPCPIOHUH 1 KaTOMEIbHHUM €TIEKTPOIH.
5.2.11 BumiproBanus EPC rajbBaHiYHHMX eJ1eMEHTIB

BuwmiproBanns EPC ranpBaniuHOTO efeMeHTa pOOISITh 32 YMOBH BiJICYyTHOCTI
CTpyMY B JIaHI[031. SIKIIO T03BOJIUTH TOKY MPOXOJUTH Yepe3 30BHIMIHIN JAHIIIOT, TO
ycepeauHi ejemMeHTa O0y/ie MPOXOIUTH PeaKilis, B pe3yJabTaTi AKO1 KOHIIEHTpaIllii 10-
HIB 3MiHIOIOThCS, a ToMY 3MiHIOeTbes EPC. OTxe, EPC enemenTta noBuHHA BUMIpS-
THCS TIPU CTATIOMY CKJIal po3unHy. s 11 BUMIpY BUKOPUCTOBYIOTh BUCOKOOMHUM
BOJIBTMETD (IuB. puc. 5.4). 3aBISKN BEIUKOMY BHYTPIIITHBOMY OIIOPY BOJBTMETpa
4yepe3 HbOTO MPOXOIUTH MI3€PHO Majlil CTpyM, TOMY CHCTEMa MPAKTHYHO HE 3Mi-
HIOETHCA 1 3HAXOJIUTHCA B TEPMOJUHAMIUHIN piBHOBa31. OHAK HAMOUIbIIE 3aCTOCY-
BaHHS Ha MPAKTHUL 3HANIIOB KoMmneHcaliitnui meton Bumipy EPC. Bin 3acHoBaHui
Ha BKJIIOUYEHHI B 30BHIIIHIA JAHIIOT JKEpesia CTPyMy, IO MOXKE 3PIBHOBAKHUTH

(xomnencyBatu) EPC nocinimxyBaHOTO €1eMeHTa.

1
1
A B
EH \‘\?_-~ \i\\“‘
H = 3 o Pucynok 5.11 KommneHcariiiiHa cxema BUMipo-
— ' BaHHa EPC: 1 — akymynsaTop; 2 — pyXxomMuil KoH-
L +] = 4 TakT; 3 — nepeMukay; 4 — raJJbBaHOMETP
E«

[TpuHunoBa koMmieHcauitHa cxema Bumipy EPC npencraBineHa Ha pUCYHKY
5.11. Ilpunmyctumo, 1o Bia akymysstopa 1 Ha peoxopa AB 3 BelMKHUM OMOpoM mo-
naroTh Hanpyry (2 — 4 B). PyxnuBuii KoHTakT 2 103BOJIsiE OpaTy BiJ aKymyJssiTopa
pI3H1 3HAYEHHS HANpPYrd. 3a JIOMOMOTOI MepeMuKaya cTpymy (Kiwd 3) B JIAHIIOT
BMHKAIOTh HOpMaJIbHHH eeMeHT BecTona 3 Bimomum 3HaueHHsM EPC (E, = 1,018
B nipu 298 K). Moro migxiio4aioTh TaKUM 4MHOM, 00 CTPYM Bix enemenTta Becto-
Ha WIIOB HA3yCTpPid CTPyMY aKyMyJsiTOpa, TOOTO oJHOMMEeHHUMU nontocamu. [lepe-
CYBaIOUM KOHTaKT 2 peoxopaa AB, 3HaX0JTh TaKe MOJOKEHHS, IPU STKOMY MaJ{iHHS

Hanpyru Ha auisHUl AC popiBaioe EPC enemenrta Becrona. [lpu oMy ctpisika ra-
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JbBAHOMETpA 4 HE NMOBUHHA BIAXUJIATUCS Bl HyJs. B TakoMy IOJIOKEHHI CTPyMY y
JIAHITI031 HEMa, K 1 IPU PO3IMKHYTUX KOHTakTax. OHaK Mpu pO3IMKHYTHX KOHTAaK-
Tax CHCTEMa JajieKa BiJl pIBHOBaru, a B OMMCAHOMY CTaHI €JIE€MEHT 3HAaXOIUTHCS B
piBHOBA31 BHACIIJOK PIBHOCTI HANPYTHd aKyMyJIATOpa MPOTHIICKHO CIPSIMOBAHOMY
naAiHHio Harpyru Ha auisHil AC. B crani piBHOBaru nmaJiHHs HaNpyrd Ha TIISHII
AC nopisntoe EPC enementa Becrona. Lle 103Bossi€ BUBHAUUTH LIHY MOJUIKH PEO-
xopaa: E,/AC (B/m). ITotim 3a qomoMoror mepeMukava 3 3aMmicTh eleMeHTa Bec-
TOHa BMHUKAIOTh B Takuil ke crnocid gocnimpkyBanuii enement, EPC sikoro (Ey) He-
o0xigHo BuMipuTH. [lepecyBaroTh KOHTAKT 2 1 3HAXOAATh IMOJIOKCHHS, TIPU STKOMY
najiiHHs Hanpyru Ha AustHIl AD nopiBHioe E,. [Ipu oMy cTpisika rajibpBaHOMETpa
TaKO>X HE MOBUHHUM BIIXWIATUCA BiJ HyJA. B 1IbOMy IOJIOKEHHI €IEMEHT 3HaXO-
JUTHCS B PIBHOBA31 BHACHIIOK PIBHOCTI HAMPYTH aKyMYJSITOpA MPOTHIIEKHO CIPS-

MOBAHOMY CIaJIaHHIO HanpyTu Ha OUIsHI AD. YV 3a3HaueHOMy cTaH1 piBHOBaru

E, = i—gAD. (5.77)

Komnencamiitna cxema BuMipy EPC 5ieknuTh B OCHOBI BUCOKOOMHUX MOTEHII1-
omeTpiB Tuny P-307, mo Bunyckatotbest mpomuciosictio. st sumipy EPC enemen-
TIB, Y SIKMX OJIHUM 3 €JEKTPOJIB € CKJISIHUI €JIeKTPOJ, 3aCTOCOBYIOTh €JIEKTPOHHI
MOTEHIIIOMETPH, 10 oJiepkaiii Ha3By pH-MeTpiB (Hanpukian, pH-meTp — MUTiBOJIb-

t™eTp pH-121: pH-340, pH-673M Ta iH.).

Pucynok 5.12 HopmaneHuii enemMeHT Bectona:
1 — amanbrama Kaamiio; 2 — HaCHYEHUN PO3UYUH
CdSOQOy; 3 — kpucranu CdSO4+8/3H,0; 4 — nacra
+ 3 pTyTi Ta HY2SO,

Enement BectoHa, cxema sikoro
(-)(Hg) Cd | CdS0O,8/3H,0, CdSO, (mac.) | Hg,SO, | Hg(+) (puc. 5.12) sB-

nsie co00r0 TajdbBaHIYHUN €JIEMEHT, IO CKIIAJAE€ThCSA 3 JIBOX EJIEKTPOJIIB JIPYroro
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poay 3 TouHo BijoMuM 3HaueHHsIM EPC (E,= 1,018 B npu 25°C). HeraTtuBnuii ene-
KTPOJ CKJIQJA€ThCs 3 aMajbraMu KaaMilo (pO3YMHY KaaMil0 B PTYTi), IO 3HAXO-
IuThCs B HacuueHoMy posuuHi CdSO, y sSKOMYy MICTUTHCS KpHUCTAaJIOTiApaT
CdS0O48/3H,0.. [To3UTHBHUM €JIEKTPOJIOM € PTYTHOCYJIb(ATHHUIA €IEKTPOJI, T01i0-
HUH 70 KaJJOMENBHOTO eNeKTpoja. BiH sBisie co60r0 macty 3 pTyTi 1 MAJTOPO3UUHHOL
com Hg,SO,, Han sxoro 3HaxonaThest kpuctamu CdSOy4e 8/3H,0.

Jlst 3a0e3meueHHs KOHTAKTy 3 BBOJIOM IIiJ TTAaCTOIO PO30OMIMIAIOTH PTyTh. Ha
HETraTUBHOMY 1 IO3UTUBHOMY €JIEKTPOaX BIOYBAIOTHCS PeaKIlii

Cd’ & Cd* +2e” > +2¢” < 2Hg"

Cymapnuii nporiec B enemMeHTi BecToHa npecTaBiseTbes piBHIHHIM:

Hg,SO,4 + Cd + 8/3H,0 § CdSO,+8/3H,0 + 2Hg.

OCKUIBKM PTYTh 3HAXOJUTHCS B KOHTAKTI 31 CBOEK) MAJIOPO3UYMHHOK CULIIO
Hg,SO, (P = 6,3:10°"), a kammiit — 3 kpuctanamu CdSO,+8/3H,0, To moTeHIiaH
€JIEKTPOIB MMijJ Yac poOOTH €JIEMEHTY MPaKTUYHO HE 3MiHIOIOThCS. Lle 3abe3neuye
ctabuibHicTh EPC enementa. Bona 30epiraerbes TpuBajiuii yac, sIKIO €IEMEHT BU-

KOPHUCTOBYIOTH TUIBKHA AJI KOPOTKOYACHHUX BHMlplB

5.3 HepiBHOBaXXHI €IEKTPOIHI MPOIECU
SIKIIO B €IEKTPOXIMIYHOMY JIAHI[H031 MPOTIKA€E EIEKTPUUHUI CTPYM, TO CUCTEMA
3HAXOAMUTHCS B HEPIBHOBAXKHOMY CTaHi. B nmaHI031 iijie enekTpoximMidHa peakilis 3
KIHI[EBOIO IIBUKICTIO B OJTHOMY IIEBHOMY HAIPSIMKY. Y HEPIBHOBaXXHUX YMOBAX
BJIACTUBOCTI €JICKTPOXIMIYHUX CUCTEM BIAPI3HSIIOTHCS BiJ] BJIACTUBOCTEH BIAMOBII-
HUX PIBHOBOKHUX CUCTEM. BIIMIHHOCTI OJIATAIOTh B TAKOMY.
1. [IBuAKiCTh €NEKTPOXIMIYHOI PeakKilii B aHOJHOMY 1 KATOJHOMY HaIlpsiMKax He
OJTHAKOBA.
2. Maca enexkTpoiB 1 CKJIaJ pO3UHUHIB MOOJIN3Y X 3MIHIOIOThLCS B MIOPIBHSHHI 31 CTa-
HOM pIBHOBArHU.
3. [loTeH1ian enekTpoaa @ MiJ CTPyMOM HE JIOPIBHIOE PIBHOBAKHOMY €JIEKTPOIHO-

My MOTEHIially, a TOMY 1 3HaU€HHS HanpyrH Biapi3HseTbes Bif 3HaueHHs EPC. Be-
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anuuHd @ 1 E 3anexats He TIIKU BiJ IPUPOIN CUCTEMHU, 11 TEMIIEPATypH 1 TUCKY,
ajie 1 BiJl BEIMYUHM CTpyMy. Takum 4MHOM, JIJI1 HEPIBHOBAYKHOTO €JIEKTPOXIMIYHOTO

JIAHITIOTa MOBUHEH 1CHYBATH MEBHUI 3B’ 130K MIXK CTpyMoM 1 3HaueHHs M EPC.

5.3.1 3akonu ®apagesi. EjnekTpoxiMiuHi eKBiBaJeHTH
3MiHa MacH €JIEKTPOIiB 1 CKJIaTy PO3YMHIB MOOIM3Y iX i TI€I0 SIEKTPUIHOTO
CTPYMY CBIYUTH IIPO HASIBHICTH XIMIYHUX MEepeTBOPeHb. OTKe, TOBUHHA ICHYBATH
MeBHA 3AJICKHICTh MK KUTBKICTIO €JIEKTPUKH 1 MAaCOI0 PEYOBHH, III0 TIpOpearyBaiy.
L5 3anexxHICTh BUpaXkaeThes 3akoHamMu Dapages (1833—1834).
Ilepmuii 3aK0H:Maca pe40BHHH, AAKI 32a3HAIM XIMIYHUX NEPETBO-
PeHb IiJ JI€10 eJIEKTPUYHOI0 CTPYMY, IPONOPUiHHA KIIbKOCTI BUTPA-
YEeHOI eJICKTPUKMU:
m=K,q, (5.78)
ne K¢ — e1eKTpoXiMIYHUN €KBIBAJIEHT, 1110 TOPIBHIOE MACl IEPETBOPEHOI PEYOBUHU
IIpY MPOTIKaHHI OJUHUII KUTbKOCTI enekTpuku (r/Kit).
JApyrum 3aKoH: IPU NPOXOJKEHHI Yepe3 pi3Hi eJIeKTPOJIiTH 0HA-
KOBOI KiJIbKOCTI €JIEKTPUKH MACH Pi3HMX PE4YOBHH, 110 0epPyTh Y4acTh B
CJICKTPOHUX PeaKUisiX, MPOIOPIIiitHi iXHiM XiMiuyHuM exkBiBasienTam E:
mi:my,:.m;=E;:E,: E, (5.79)
3 Ipyroro 3aKOHYy BHUILIMBAE, 1110 JIJIS €IEKTPOXIMIYHOTO EPETBOPEHHSI OJHOIO €K-
BIBAJICHTA OYy1b-IKO1 pEYOBUHU MOTPIOHO OJHAKOBA KUIBbKICTh €1eKTpUKH. Lle Kiib-

KICTh €JIEKTPUKH JOPIBHIOE yuciy F, sike Ha3uBaloTh cranoro Papajes:

F= 96485 (~ 96500) K.1/exp.

5.3.2 Buxia peuoBUHU 32 CTPYMOM
3akonu dapases € 3arabHIMH 1 TOUHUMH 3aKOHAMH eJIeKTpoximii. OgHaK y O11b-
IIOCT1 BUIAJIKIB €JIEKTPOXIMIUHIN 3MiHI MIIJAETHCS MEHIIIA Maca JaHOT PEYOBUHU B
MOPIBHSIHHI 3 TOIO, SIKy MOXHa yekatu 3a 3akoHoM Dapanes. Takuil ysaBHMIA BiACTYT
B1J1 3aKOHIB Dapajiesi MOSICHIOETLCS TUM, 1110 IEPETBOPEHHIO MiAAAETHCSA HE OHA

pEUOBHHA, a KUJIbKa pe4oBUH. TOMy Ha JJaHy pe4YOBHHY IPUXOJIUTHCS YaCTKa €KBIBa-
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nenTa. [1[o0 BpaxyBaTu BIUITMB MOOTYHUX peaKIliid, OyJIO BBEJCHE MOHATTS BUXOIY 3a
CTPYMOM.
Buxix 3a cTpyMoM — 1e YaCTMHA BUTPAYE€HOI KJIBKOCTI eJIeKTPH-
KM, 1[0 MPUXOJAUTHCS HA IaHY eJIEKTPOXiMiuHy peakiiio:

A, = qu B % A, =100—qi (5.80)

_ 4
l 2.4; ’ l 2.4; |
1€ (j — KUIBKICTh €JIEKTPHKH, 110 BUTPAYAETHCS HA JaHY PEaKIIio;
X.(; — 3araJibHa KiTbKICTh BUTPAYECHOT ENEKTPUKH.
SIKIIO 3 AeKIIbKOX MOKIIMBHUX MPOILIECIB OakaHU TITBKU OJIUH, TO BUXIJ 32 CTPY-
MOM MOBUHHUY OyTH BenukuM. CHCTEMH, B SIKHUX BECh CTPYM BUTPAYA€THCS TUIBKH
Ha OJ[HY €JIEKTPOXIMIUHY PEaKliilo, BAKOPUCTOBYIOTHCS B IPUIIAAaX — KYJIOHOMET-

pax; iX 3aCTOCOBYIOTH JUIsl BAMIPY KUIBKOCTI €JIEKTPHKH.

5.3.3 IIBUAKICTH €JIEKTPOXIMIiYHHUX IPOLECiB
IBUAKICTB €1EKTPOXIMIYHOTO NPOLECY MOKHA BU3HAYUTH KIIBKICTIO PEYOBUHU,
1110 3MIHUJIACh 3@ OJMHMUIIIO Yacy:

dm
v=t—. (5.81)
dt
OCKUIBKM M1 MacOI0 pearyro4oi pe4oBUHU 1 KUIbKICTIO BUTPAYEHOI €JIEKTPUKH 1C-
HYE€ TIpsiMa MPOTOPIIHHICT, TO, BAKOPUCTOBYIOYH PiBHSHHSA (5.78), MO>KHA Hamuca-

™

d
u=Ked—‘t1=KeI, (5.82)

TOOTO MIBUAKICTH €JIEKTPOXIMIYHOT peaKIii mpornopiiiiina ctpymy l.
Bci enextpoximMiuHi peakilii BiIOyBarOThCS HA MEXK1 PO3IMOAiTY €EeKTPOJI — €IEKTPO-
JIT, @ TOMY 1X MIBUJKICTH 3aJICKHUTh Bl BEIMUYMHUA MEX1 PO3NoaLny S. BigHomeHHs

CTPyMY J0 MEeXI1 pO3IMOALTY Ha3UBalOTh TYCTHHOIO CTPYMY:

= (5.83)

PO3MIpHICTE TYCTHHE CTPYMy A/M°.
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5.3.4 I1oHATTA NPO €JIEKTPOAHY MOJISIPU3ALII0
[TpumycTumo, 1o poboumii enexkTpo] 3aHypEHUI B OKHCIIOBAILHO-BITHOBHY CHC-
TeMy. Uepes aeskuii yac Ha eJIeKTPOl YCTaHOBUTHCS PIBHOBAKHUIM MOTEHITIAT,
oOymoBinieHui piBHIHHAM (5.50). SKkio nmogatu Hanmpyry, TO MOTEHIIANI POOOYOTO
€JIEKTPOy 3MIHUTHCS. P13HUIISA MK TOTEHITIAJIOM €JIEKTPO/IA IiJl CTPYMOM @y, TOOTO
IPU HAKJIJICHIM Hanpy3i, 1 pPIBHOBAXXHUM MOTEHI[IAJIOM () HA3UBAIOTh €JIEKTPOIHOIO

MOJIAPU3ALIEIO:

APp=01- 0 (5.84)
Bomna € dyHkii€ero ctpyMmy: 4uM BUIIE TyCTUHA CTPYMY, THM OLIbIlIe 3HAYEHHS MO-
nspur3altii. SIKio noTeHIian ctae 61IbII HETraTUBHUM, MOJISIPU3AIlii0 HA3UBAIOTh Ka-
TOJHOIO, SIKIIO OUIBII MO3UTUBHUM — aHOAHOK. BUHMKHEHHS NoJspu3aLii 00yMOB-
JIEHE YMOBUIBHEHHSIM €JIEKTPOIHOTO Mpoliecy. Mo)kHa BBaKaTH BCTAHOBJICHUM TOU
(axT, 1110 B OCHOBI 3anexxHocTel @p -1 1 AQ-1 nexarb KIHETHUHI 3aKOHOMIPHOCTI,
XapaKTEepHI JIJIs JaHOI €JIEKTPOIHOI peakilii. MeToau BUBYEHHS! 0COOIMBOCTEH MO-
JSPU3AMIMHNX KPUBHUX MOTEHITIAT — TYCTHHA CTPYMY Ha3WBAIOTh BOJIHTAMIIEPOMET-
pieto. KoxxHuit enekTpoiHui poliec sBiise€ COO0I0 CKIaIHy FeTEPOr€HHY PEeakKliiio,
10 CKJIAAAETHCA 3 pAay nmocaigoBHux ctafii. [IIBuakicTs 6ararocramiitHoi peaxiii
BU3HAYAETHCS MIBUAKICTIO HAMOUIBII MOBUIBHOI cTaail. Le ysBiIeHHs € cipaBeiu-
BUM 1 JIJI €JIEKTPOXIMIYHOI peakilii. BUHUKHEHHS eJIeKTPOIHOI MO pr3arii
OB’ 3aH0, O€3MOCePEHBO 3 TIEID CTAAIEI0, IO BU3HAYAE MIBUIAKICTh YCHOTO MPOIIe-
Ccy. SIKu10 3MIHUTH XiJ Mpo1iecy, ToOTO 30UIBIIUTH MOT0 IIBUIKICTD, TO 1 HAIPYTa,
110 HAKJIAJAETHCS, MOYKE 3MEHIITUTHCS 1 CTATH MEHIIIe 000OPOTHOTO MTOTEHITIAITY.
3MEHIIEHHS €JICKTPOIHOTO MOTEHIlIaTy B OPIBHSHHI 3 000POTHUM 1 MPOIIEC, IO
00yMOBITIOE 10T0, HA3UBAIOTH JICTIONSAPHU3AIlI€0. 3HAYCHHS MOJISPU3AIIMHNX 1 JIeTIO-
JSPU3ALIMHUX SBUIL TPU MPAKTUYHOMY BUKOPUCTAHH1 HEPIBHOBAKHUX €IIEKTPOXi-
MIYHHUX CUCTEM € BeJUKUM. [loTeHITiamu moysipu30BaHuX €JeKTPO/I1B BU3HAYAIOTh
HaAIpPYTy €JIEKTPOXIMIYHOTO JIAHI[IOTa, @ OTXKeE, 1 HAIPYTy Ha KJIeMax XIMIYHOTO JIXkKe-
pena cTpyMmy, TOOTO BU3HAYAIOTh €HEPreTUUH1 BUTpaTH. ToMy 0COOJIMBO BaXTUBUM

BUOIp ONTUMAJILHUX YMOB TIPOBEACHHS €IEKTPOXIMIYHOTO TPOIIECY.
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5.3.5 KoHueHTpaiiiitHa 1 XiMiuHa MoJsipu3ariis

[Tpupona 1 yucno cTaniii eneKTPOXIMIYHOT peakiii 3anexarp Bij ii xapakTepy,
OJIHAK y HIA MOKHA BUJUIUTH CTali, IO CIIOCTEPIraloThCS MPH MPOTIKaHHI Oyh-
SKOTO €JIEKTPOIHOTO MpoLecy. 3aralbHIUMH CTAIISIMU €:

1) nocTaBka BUXITHUX PEYOBHUH JI0 TIOBEPXHI €ICKTPOY;
2) BUJAJICHHS BiJ MIOBEPXHI €JICKTPO]Ia MPOAYKTIB peaKiiii;
3) mpoTikaHHS €IEKTPOXIMIYHOI peakilii 6e3mocepeTHhO Ha TOBEPXHI EIEKTPOY.
JlocTaBKa BUXIJTHUX PEUYOBHUH J0 IMOBEPXHI €JIEKTPOTY 1 BIJIB1J MPOIYKTIB peaKiiii
MOXKYTb 3IIMCHIOBATHUCS TPhOMA IIITXaMHU: MITPAIIIEI0, MOJIEKYIIAPHOIO nudy3i€ro 1
KOHBEKI1€10. Mirpariis siBjisie coO0I0 MepecyBaHHs 10HIB M1 A1€10 TPaJleHTa eJIEeKT-
PUYHOTO TOJIs, 1110 BUHUKAE B €JIEKTPOIIITI MPU MIPOXOKEHHI CTpyMy. MoutekyJisip-
Ha nudy3is gaBisie cOO0I0 MEPEMIIIEHHS YaCTUHOK i TI€I0 TpajlieHTa KOHIIEHTpa-
1111, 1110 BUHUKAE B PO3YUHI MPU HOT0 SAKICHIN M KIJTBKICHIM HeoqHOpiaHOCTI. KOH-
BEKIIis SIBJIsIE COOOIO MEPEHECEHHSI YaCTUHOK PO3UYMHEHOT PEUOBUHHU Pa3oM 3 MOTO-
KOM PIAMHM, 1[0 PyXA€ThCs, HAMPUKIIA] IIPH MepeMIITyBaHH1. BiIXuIeHHs NOTeHLI-
ay TiJ CTpPyMOM BiJ] piIBHOBaXHOTO 3HAYEHHSI, BUKJIMKAHE CTIOBUILHEHICTIO I0CTaB-
KM 1 BIIBOJIy YYAaCHUKIB peakKilii, HA3UBalOTh KOHLIEHTPALIMHOIO MOJISPU3ALIELO.
KoHneHTpariiiina moysipusariisi Ma€ BaXJIMBE 3HAYCHHS 1)1 OKUCITIOBAIBHO-
BIJTHOBHUX MPOIIECIB 1 MEHIIIE 3HAYCHHS JJIsl pO3PSY MPOCTUX METaJEBUX 10HIB.
KonrenTpariiina nojsipusaiiis He €lMHA MPUYMHA BIAXWJICHHS MOTEHIIAY €JICKT-
poay IIiJI CTPYMOM BiJl HOT'O pIBHOBAYKHOTO 3HAUCHHS. 3BUUYaliHa 3MiHA MMOTCHITIATY
MIpU HAKJIaJCHHI CTPyMY BHUSBIISETHCS OlIbIIIE, HI)K KOHLUEHTpAL[iiHA TOJIApU3aLlis.
Lle € HacmiIKOM rajabMyBaHHS Ha CTafll NpUeIHAHHA Bijayl 4 enekTpoHiB. [os-
pu3allisi, BAKJIMKaHA CIIOBUTLHEHICTIO PO3PSLy UM 10HI3ali{ MPY MPOTIKAHH1 €JIEKT-
POXIMIYHOT peakxilii, HA3UBAETHCS XIMIYHOI MOJIsIpU3aliicto. XiMIuHY MO pU3aIlio
Ha3WBAIOTh TAKOXK MEPEHAPYTOIO.

5.3.6 EnexrpoJis. Hanpyra po3kiaany
Enexrpo.izom 3ByThCH XiMi4YHI IEPETBOPEHHS B €JIEKTPOXIMIYHOMY
JIAHII03i IPH NPONYIIEHHI Yepe3 HbOI0 eJIEKTPUYHOI0 CTPYMY Bi/l 30B-

HILIHBOT 0 JIZKepesia CTPyMY.
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[Insx0oM eNeKTpoIIizy MOKHA TIPOBECTH MPOIECH, CAMOJIOBITbHE MPOTIKAaHHS
SKUX, BIAMOBITHO O 3aKOHIB TepMOAMHAMIKH, HEMOXXIWBO. Hampukian, poskia-
nanHst HCI Ha eneMeHTH CyNpOBOKYETHCS 3pOocTaHHsAM eHeprii ['160ca 1 He Moxke
MPOTIKATH CaMOAOBUIBHO, OJTHAK T JI€I0 ECKTPUIHOTO CTPYMY IIEH TPOIIecC JIETKO

3I1HCHIOETHCS.

Pucynok 5.13 Cxema enexrtpomnizepa: 1— gaueii-
Ka JUISL €JIEKTPOJIi3Y; 2 — JONOMDKHUIH eJIeKT-
pox; 3 — mopucTa neperopojka; 4 — JKepeo
CTpyMy; 5 — peocTar; 6 — BOIBTMETp; 7 — aM-
nepMeTp; 8 — MOTEHIIOMETp; 9 — eneKTpos
nopiBHsHHS; 10 — poGoumii enekTpos

JInst mpoBeneHHsT €JIEKTPOJII3y 3aCTOCOBYIOTh YCTAaHOBKY, IO MPE/CTaBIE€HA Ha
puc. 5.13. B sueiiky 1, po3nisieHy Ha JBa BIJIUICHHS TOPUCTOIO MIEPETOPOIKOIO 3,
110 BUKJIIOYAE TIEPEMIIIYBaHHSI PO3UYMHY, aj€ HE MepPelKoKadoi qudy3ii 10HIB,
MOMIIIAIOTh TUIATHHOBI enekTpoau 10 1 2. OguH 3 HUX KaToi, 1HIUNA — aHoA. Bin
JoKepena cTpyMy 4 moAaroTh Hampyry, IO PEryJiol0Th 3a JIOIMOMOTOK0 peocTarty 5.
Hanpyra Ha enekTpojax BUMIPIOIOTh BOJBTMETPOM 6, a CTPYM — aMIIepMETpoM 7
(Mui- yn Mikpoamnepmetpom). [loteriianu enexktpoais 2 4 10 BUMIPIOIOTH 3a J0-
MIOMOTO0 TIOTEHITIOMETpa § BITHOCHO €JIEKTPO/Ia MOPIBHAHHS 9. ¥V SKOCTI OCTaHHBO-
ro BUKOPUCTOBYIOTh KaJOMENbHUU 4M XJIOpcpiOHuM enektpoa. Enexktpon 10, Ha
SAKOMY BiJI0OYBA€ThCS €JIEKTPOXIMIUHA peakilis, Ha3UBalOTh POOOUUM EJIEKTPOIOM.
Hpyruii enekrpoa 4 Ha3UBaIOTh TONOMIKHUM. 3MIHIOIOYH MOJSIPHICTH, MOKHA 3PO-
OuTH poOOYMH eJIEKTPO KaTOJO0M Y1 aHOJIOM.

Hamnpyra U, nonaBana Ha eneKTpoau, pO3NOAUIIETHCA MK TOTEHIIATIOM aHOJa P4 1

MOTEHII1aJIOM KaToJa Qg , TOMY

U=0qs— 0k (5.85)
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HalimeHiia Hampyra, Ipu SKOi CTa€ MOXJIMBUM €JIEKTPOJIi3, HA3UBAIOTh HAMPYT OO
pO3KJIay.

[Tpu enekTposIi3i Ha HEraTUBHO 3apsKEHOMY eJIeKTPpo/I1 (KaTo/11) Bi10YBaIOTHCS
MIPOIIECH BiHOBIICHHS, HAITPUKJIIA] M% + ze~ — M°. Ha nmo3utusHO 3apsAIKEHOMY
ENEeKTPO/I1 (aHO 1) IPOXOIATH PEAKIIii OKUCIICHHS, XapaKTep SIKUX 3aJICKUTh BIJ] TO-
ro, Y 3JaTHUI pO3YMHATUCA (OKUCITIOBATHUCS ) METAJIEBUM aHOJ Y KOHKPETHUX YMO-
Bax €JIEKTPOJII3y BiH UM 3HAXOJUTHCS B iIHEpTHOMY cTaHi. [yt po3unHHOTO aHoAa
TUTIOBA peakiiis M — M*" +ze, 1u1sl iHepTHOTO — PO3pA/ AHIOHIB 1 1HII OKHCITIOBA-
JTHLHO-BIHOBHI TPOIECH, HATIPHUKIIA]T MnO,> — MnO, +e . Jlo iHepTHUX aHOIB
BIIHOCSATHCS 3aJ113H1 1 HIKEJIEB1 B JIy)KHOMY CE€PEJIOBHILII, IIATHHOBI 1 rpadiToBl B O1-
JIBIITOCTI CePEOBHIII.

S0 B po3uuHIi € KiJTbKa PEYOBHH, 3AATHIX OKUCISATUCS UM BiTHOBITIOBATHCS, TO B
nepiy yepry 0yJie OKUCISATUCS Ha aHO/I1 PEYOBUHA 3 HAWMEHIITUM OKHUCIIIOBAJIBHO-
BIJIHOBHUM ITOTEHIIIAJIOM, a Ha KaToJI1 Oy/e BITHOBIIIOBATHCS PEUYOBUHA 3 HAWO11b-
UM MOTEHIlaIoM. Bu3HaueHHs! 4eproBoOCTI peakiiiii poOJaTh 3a JOMOMOTOIO IIKa-
JIY CTaHJAApTHUX MOTEHIIAJIB 3 YpaXyBaHHIM KOHKPETHUX YMOB €JIEKTPOJI3Y, IS
4Oro BUKOPUCTOBYIOTH (popmyny Heprcta (5.50).

[Ipu enexTpo:i3i KUIbKICHOIO XapaKTEPUCTUKOIO EIEKTPOXIMIYHOI PEaKIii € ¢
CTPYM, 110 TIPOTIKA€E B JIaHIIO31. [{J1s1 OKHCIIIOBaHHS CTaOKOTO BITHOBHUKA HEOOX11-
HO CTBOPUTH Ha aHOJIi BEJIUKY HAIPYTY, a OTXKE BEIUKUN CTPYM, 1 HaBmaku. Tomy
EJICKTPOIHI TTPOLIECH XaAPAKTEPHUIYIOTh MOJIAPU3AIIHHUMU KPUBUMH CTPYM — HAIpy-
ra. IX oiepyIoTh eKcreprMEeHTaNbHO: 3aal0Th Pi3Hi 3HAYEHHS TIOTEHIIaTy po6o-
YOro eJIEKTPOAY 1 PEECTPYIOTh CTPYM B JIAHII031; BIIKJIAIal0Th 3HAYEHHS NTOTEHII1a-
7y Ha 0C1 aOCIMC TaKUM YMHOM, 1100 MO3UTHBHI 3HAYEHHS 3HAXOUIIUCS JT1BOPYY, a
HEraTHBHI IPABOPYY; 3HAUEHHS CTPYM BIJKJIAJAl0Th Ha OCl OpJMHAT TaK, 1100 KaTo-
naul cTpyM |l (CTpyM BiHOBIJICHHSI) OyB BHUIIE OC1 a0CITUC, @ aHOTHUHN CTPYM |5
(cTpym okucitoBaHHs ) — HUK4Ye. Katoguuit 1 aHOIHUN CTPYM MarOTh 3BOPOTHHM Ha-
npsiMok. KaTogHMM Ha3WBarOTh TAaKUH CTPYM, KOJIM €JICKTPOHHU BiJI JDKEpelia CTpyMy
PYXarThCS 10 POOOUYOTO EIEKTPO/Ia, Ha IKOMY MPOXOIUTH BITHOBJICHHS, TIOTIM JI0

JOTIOM1KHOTO, @ B1Jl TOMMOMI>KHOTO €JIEKTPO/ia J0 JKepesa cTpyMmy. SKio Ha po0o-
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4OMY €JIEKTPO/Ii MaE Miclle OKUCITIOBAaHHS, TO HAMPSIMOK PyXy €JIeKTPOHIB Oyie
MPOTWIICKHUM 1 CTPYM Ha3UBAIOTh AHOHUM.

[Tpumnyctrumo, 1110 Ha poOoUOMY €IEKTPOIl (aHO1) BIAOYBAETHCS PEaKIlisi OKUCIICH-
HS: BIJIHOBHHK — Z€ — OKUCHUK. [Ipy 301IbIIIEHH] HAIPYTH CTPYM CIIOYATKY BiJICY-

THI|, a TOTIM MoYnHae 3poctatu (puc 5.14).

Lr 7 A —3 OK. — BIJH.
OK. — BiaH.
I 0% -
Pow
-F
iy ';alnr.r:m

0 ﬁ:m:mr BiIH. — OK.

fa .
facom BiTH. — OK.

{s Ig

Pucynok 5.14 Ilonspu3zauiiidi KpuBi: a) — 111 HEOOOPOTHUX CUCTEM; 0) Ju1sl 000po-

THHUX CUCTCM.

[ToTenttian enekTpoay, IpH SIKOMY IMTOYMHAETHCS 3POCTAHHS AHOTHOTO CTPyMYy, Ha-
3UBAIOTh MOTEHI1AJIOM OKUCIIFOBAHHS Q. AHATIOTIUHE SBUIIE CIIOCTEPITAETHCS Y
BUITAJIKY BiTHOBJICHHS OKMCIIOBada. [ToTeHITian enekrpoaa, mpu SKOMY MOYHHAETh-
Cs1 3pOCTaHHS KaTOJHOTO CTPYMY, HA3MBAIOTh MOTEHITIAJIOM BiTHOBIICHHS Qgi;. SKIIO
B PO3YMHI 3HAXOUTHCS CIIOy4YeHa Mapa OKUCHUKA 1 BITHOBHUKA, TO JIJIST HUX MOXK-
Ha onepxatu kpuBi | = f(@) (puc.5.140). Hanpuxiaa, mpu moTeHmiamm ¢ OKHUCITIO-
Bay BITHOBIIIOETHCS TIPH cTpyMmi |1 , a BITHOBHUK OKUCITIOETHCS TipH cTpywmi |, . Tlo-
TeHuian, npu sikomy l; + 1, = 0, € piBHOBaXkHUM. [IpH 11bOMY NTOTEHITIAM1 MBUIKICTh
OKHUCJICHHS JTOPIBHIOE MIBUJIKOCTI BITHOBIIEHHA. Ha KpuBiii, 110 BUpaXkae 3ajexKHICTh
CYMapHOTO CTPYMY BiJl HANIpyTH (CYILJIbHA JIiHIA), YITKO BU3HAYAETHCS TTOJIOKEHHS
Qpisn- KpHB1 TaKOro THITY BIANOB1Aa0Th 000poTHUM cucTemaM. Ha puc 5.14a pos-
TanryBaHHs KpuBHX | = (@) Take, 110 TOUHE BU3HAUCHHS Qpipy HEMOXKINBO. Taxi

KpHBI BIIMOBIAaI0Th HECOOOPOTHUM cHUCTeMaM. SIKIIO cucTeMa HeoOOpOTHA, TO JIJIs
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OKHUCJICHHS BITHOBHUKA HEOOX1THO TIABUIIUTH MOTEHITIAJ 0 3HAYCHHS Py, CHIHHO
HEPEBUIILYIOYOTO Ppigy. PISHULA Qpiny — @iz HA3UBAIOTH AHOHOIO IIEPEHANIPYTOXO.
Pi3HHMIIA @pigy — Qox HA3UBAIOTH KATOAHOIO IIEPEHANPYTO10. SKI1I0 cucTemMa 060poT-
Ha, TO MepeHanpyra MPakKTUYHO BIICYTHS. BeTn4unHN MOTEHIT1aIiB OKUCITIOBaHHS 1
BiJTHOBJICHHSI 3aJIe)KaTh HE TUIBKH BiJl TPUPOIN OKUCITIOBAIBHO-BITHOBHUX CHCTEM.
BoHu MiHSIIOTBCS 31 3MIHOIO MaTepiaiy eJIeKTpOo/Ia, 10 BIUIUBAE HA BEIMUUHY TTepe-
HaIpyTH, 31 3MIHOIO KOHIIEHTpaIlli OKMCHUKA UM BIJHOBHHUKA, a TaKoX pH, Bi mpu-
CYTHOCTI B PO34MHI KOMIUIEKCOYTBOPIOBAaYiB 1 Oca/pKyBadiB. BennunHa excriepume-
HTAJILHO BUMIPIOBAHOTO MOTEHIIIAy PO3KJIaJaHHA 3aJIe)KUTh BiJl YyTJIMBOCTI MpHJIa-
7y, IO BUMIPIOE CTPYM, YU BiJl 00paHOro Macitady mpu no0y10Bi MOIsIpU3aIiiHol

KpUBOI.

5.3.7 IlpakTH4YHE 32CTOCYBAHHA €JEKTPOJIi3y
[Tponecu, 110 BiOYBaIOTHCS MPHU EJIEKTPOITI31, MOKHA PO3OUTH HA TPU TPYIIH:
1) enexTpoii3, 1O CYMPOBOIKYETHCS MEXAHIYHUM PO3KIIaJJaHHIM eNeKTpotiTy. Ha-
PUKJIIAJ, TIPU €JIEKTPOII31 PO3UMHY COJISTHOI KUCJIOTH 3 BUKOPUCTAHHSIM 1HEPTHOTO
aHoJa e 11 pO3KJIaJaHHs:
KaTOJIHA PeaKIlis 2H"+2e" —> H,
anonHa peakis 2C1- — Cl, + 2e-
3aranbHa peakiis 2HC1 — H, + Cl,
2) eNeKTpoJIi3, 10 HE CYMIPOBOKYETHCS XIMIYHUMU TMIepeTBOpeHHssMU. Hanpukiian,
MIPU KaTOJTHOMY OCaPKEHH1 MiJll 3 BUKOPUCTAHHSM MIJHOTO aHOJA, KOJIM KaTOHUM 1
aQHOJHUM BHX1JI 32 CTPYMOM OJTHAKOBI;
3) enekTpoi3, y SIKOMy O0epyTh y4acTh KOMIIOHEHTH €JICKTPOJIITY 1 PO3YMHHUK.
[TpukmagoM MOXe CITY)KUTH €JICKTPOJIi3 BOASHUX PO3YNHIB KHCHEBMICHHX KHCIIOT
(manpuxnan, H,SO, ), mpu sikomy BinOyBaeThcs po3KIIaaHHS BOIU:
katosHa peakiis 2H" + 2e” — H,
aHoxHa peakiis H,O — 0,5 O, +2H" +2¢”

3aranbHa peakiigs H,O — H; + 0,5 O,
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Enextposi3 € mpakTUYHO €TMHUM CIIOCOOOM BUPOOHUIITBA HAWBAKIIMBIIIIUX METaJIiB
(Al, Mg). IcroTHe 3HaueHHs Mae enexTpodiiz po3unny NaCl 3 onepxaHHSIM XJIODY,
BOJIHIO 1 JIYTY, @ TAaKOX €JIEKTpOITHUHUM crioci6 BupooHunTea KMn0,, NaCIO, op-
raHiyHuX (TOPIOXIAHUX 1 0araTboX IHIIUX PEUOBUH. [[yke BaXIIMBUM € TPOIIEC
EIEKTPOTITUIHOTO padiHyBaHHSI METANIB (€JIEKTPOIIi3 3 PO3YMHHUM aHOI0M). Enek-
TPOJIITUYHE HAHECEHHS METaJICBUX MOKPUTTIB (XpOMYBaHHsI, HIKSJIFOBaHHS 1 1H.) Mae

BEJIMKE 3HAYCHHS JIJIS 3aXUCTY METATIB BiJl KOPO3ii.

6 KIHETUKA XIMIYHUX ITPOLIECIB I KATAJII3

[IpuHIMIIOBY MOXJIMBICTH Ti€l a00 1HINOI peakuli nependayae xiMiyHa Tep-
moauHaMika (AG < 0). [Ipote maneko He 3aBXKIU TEPMOJIUHAMIYHO MOXKIIUBI PEaKIii
3MIMCHIOIOTHCS peanbHo. Hanpukiaa, ycl opraHiyHi peYOBHHHM, BIANOBIAHO 0
NPUHIIUIIB TEPMOJUHAMIKH, TOBUHHI OYyJIM O IOCUTH MIBUIKO OKUCISTUCS Y BYTJIe-
KHCIIOTY 1 BOJAY MOJICKYJSIPHHM KHCHEM TOBITPS, TOMY IO LIeH MpOIeC CYMpPOBO-
JOKYBaBCsi O 3HAYHMM 3MEHIIECHHSM eHeprii ['mG0ca. IcHyBaHHS pOCIMH, TBapuH,
MOKJIa/11B BYTULIsA, HA(TH 1 T.1. 3000B’A3aHO TUM, 110 PEAKIIisl OKUCICHHS B JIIMCHOC-
Tl MPOTIKA€ BUHATKOBO MOBUIbHO. TepMoIuHaMIuHy YMOBY TIpoTikaHHs peakiii (AG
<0) mpu MOCTIMHUX THUCKY 1 TeMIeparypi MOXKHa MPUUHATH SIK TEPMOIUHAMIYHUI
KpUTEpi peakuiiHOl 3JaTHOCTI XIMIYHOI cucTeMd 10 B3aemoxii. Lls ymoBa €
000B’S13K0BOIO, aJie HE TOCTaTHROIO. Lle Bkasye Ha Te, 110 € 1Ie AKICh PaKkTopH, Kl
MPUCKOPIOIOTHh XIMIYHUUM MPOLEC 1 TUM CaMHUM JIal0Th MOXJIMBICTh 32 BIJHOCHO Ma-
T BIAPI30K Yacy peasibHO BUSIBUTU XIMIUHY CHOPIAHEHICTb, UM, HABMAKH, YTPY/-
HIOIOTh PEAKIII0, 1 TEPMOAMHAMIYHI MOKJIMBOCTI HE peai3yroThes . HallOinbi 3a-
raJIbHUM KIHETUYHUM KPUTEPIEM PEAKLIMHOI 31aTHOCTI XIMIYHOI CUCTEMH € IIBH/]I-
KicTh peakiii. [loTpebu nmpakThKu TakoX BUMAararoTh 3HAHHS YMHHUKIB, 110 BU3HA-
YaloTh MPOTIKAHHS XIMIYHUX MPOIIECIB y Yaci, 11e HeoOX1THO JJis pO3pOOKH METO/IIB
iHTeHCH(DIKAIlli MPOIIECIB Y MPOMHUCIIOBHUX arperarax a TaKoX Croco0iB iXHbOI aBTO-

Marm3aiii. Tak, HampuKiIaa, BCTAHOBJICHHS MaTeMATHYHUX 3aJIeKHOCTEH, IO OIH-
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CYIOTh IIBUJIKICTh OKHUCIIIOBaHHSI BYTJICIIO B PO3IUIABICHOMY 3adi3l 1 BUIAJIEHHS 3
HBOTO IIKIJIMBUX JOMIIIOK, ICTOTHO JIJIsl PO3B’s3aHHS 3a/1a4l aBTOMATHYHOTO KEPY-
BaHHS MAapTEHIBCHKUMH [1€4aMU 1 KOHBEpTEpaMHu.

XiMiyHa KiHETHKa BCTAHOBIIIOE 3aKOHM, 1[0 BU3HAYAIOTh IIBUIKICTh XIMIYHHUX
MPOLIECIB, 3’ICOBYE POJIb PI3HUX YMHHUKIB, 110 BIUTMBAIOTH HA IIBUIKICTH 1 MeXa-
HI3M peakiiil. [IpakTrnuHe 3HaYeHHS KIHETUKHU PEakiiii OYeBHIHO, TOMY IO TUIBKH
3HAIOYM 3aKOHHM KIHETUKH 1 MEXaHi3M peakilii MoXHa €(peKTUBHO yMPaBIATH XiMid-
HUMH TIporiecaMu. Bij MIBHAKOCTI XIMIYHOI peakiiii 3aJeXUTh BUXIJ MPOIYKTIB,
TOOTO MPOTYKTUBHICTH Mpalli i anapaTypu.

XiMiyHa KIHETUKA CKIAJAETHCS 3 JBOX PO3JILIIB:

1 ¢dopmanbHa KiHETHKA, SIKa Ja€ MATEMAaTUYHUI OMKC MIBUIKOCTI peakilii 6e3
ypaxyBaHHS MEXaHI3My CaMOi peakxliii;

2 MOJEKYJISIpHA KIHETUKA — HAaBYaHHS PO MEXaH13M XIMIYHO1 B3a€MO/III.

6.1 ®opmanbHa KIHETHKA

Sxmo peakiiisi BiAOyBaeThCs B OJHY CTaJil0, i HA3MBAIOTh €JIEMEHTApHOIO
XIMIYHOIO peakili€ro. Po3riisiHeMo ejleMeHTapHy peakilito, 10 iae B 3aKpUTIH cuc-
TeMi:

aA +bB — cC +dD,

ne a ,b — crexiomerpuuni kKoediieHTH BUXigHUX peyoBwH A Ta B; ¢, d —
cTexioMeTpuyHi KoedilieHTH mpoaykTiB peakii C ta D.

Ha npakTuill mBHUAKICTh peakiii 4acTo BUPAKAIOTh YEPE3 IIBUIKICTh 3MIHU
KOHIIEHTpAIlli OAHIET 3 BUXITHUX PEUOBHUH a00 MPOAYKTIB PEaKIlii.

baxano, mo0Ou MOHSATTS IIBUJIKOCTI PeaKIlli He 3ajekKano BiJl KUIBKOCTI peak-
1HHOI MacHu. 3 II€}0 METOIO MIBUAKICTH TOMOTE€HHOI peakili (ska Bi0yBaeThCs MO
BCbOMY 00’€MY) BIAHOCSITH IO OAMHUII 00’€MY, a IIBUIKICTh T€TEPOTEHHOT peaKIlii
(sika BimOYBa€ThCSl HA TIOBEPXHI PO3MOALTY (a3) BITHOCATH 10 OAWMHUII TMOBEPXHI.
Kinetrka roMoreHHUX peaxiiii BUTIISIA€e O1IBII TPOCTOO JJIsl OMTUCY, TOMY PO3MOY-

HEMO 3 IBUIKOCTI CaMe TOMOTEHHHUX PEaKIIiii.
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HIBUAKICTIO TOMOTeHHOI peakiil HA3MBaKWTh 3MiHY KIJIBKOCTI pe-

YOBHMHH B OIMHHUIIO Yacy B OAUHHUI 00’ eMy.
Marouu Ha yBa3si, 1110 B X011 peakKilii KUIbKICTh TOYaTKOBUX PEYOBHUH 3MEHIIY-
€THCSI, @ KUIBKICTh KIHIIEBUX PEYOBHH 3POCTA€, 3HAIOUM, IO KUIBKICTh PEYOBHHU B
OJIMHUII 00’ €My € KOHIIEHTpAIIis, ISl HECKIHYCHHO Majoro MPOMIKKY 4acy MOXHa

3alIucaTu

v=t—=+— (6.1)

Tyt © — MuTTEBa (ICTUHHA) MBUAKICTH PEAKIIii, N — YUCIO MOJIEH PEUYOBUHU-
yuacHuka peakiii; C konunentparis; t — gac; V — 00’eMm. 3HaK “Iuitoc” 3aCTOCOBY-
I0Th, AKIIO MIEThCA MPO KOHUEHTpAIli KIHIEBUX PEYOBHH (BOHHM 301JIBLIYIOTHCSH),
3HAaK “MIHYC” — JUIsl KOHLUEHTpAIlil MOYaTKOBUX PEYOBUH (BOHU 3MEHIYIOThCS). B
TOMY pa3i, KOJU MIeThCS MpO MEBHUM KIHIIEBUI MPOMIXKOK 4Yacy, BUKOPUCTOBYIOTb
TaK 3BaHy CEpEIHIO IIBUJIKICTh pEaKIIii

An AC + C, -C4

v=t——=t""=%
VAt T At Tty -ty

(6.2)

VY 3aranpHOMY BUIIQAKY TOBOPSTH MPO ICTUHHY IIBUJIKICTh PEaKIii, BUPAXKEHY
yepe3 KOHIIEHTpAIlli MOYaTKOBUX PEYOBHMH, TOMY Kpallle BU3HAYaATH ii SK BIJ €MHY
MOX1/IHY BIJ KOHLEHTpalii MOYaTKOBOI PEYOBUHH, 32 YACOM IIPU CTAIOMY 00’eMi

CHCTCMM.

v=- (6.3)

3aragbHONPUMHATO BUMIPIOBATH MIBUAKICTH pEaKIlli B MOJAX Ha JITP-
CeKyH1y (MOJIB/JI*C), X04a MPUITYCTUMI 1 1HII OJAMHHULIL Yacy.

[IBUAKICT peakiii 3aJeXUTh BiJl IPUPOJIU Pearyrouux peuyoBUH, iX KOHILIEHT-
pariii, TemrepaTypd, HAsBHOCTI KaTali3aTopa, B MPUPOAU PO3YUHHUKA (SKIIO

HWIEThCS PO peakiiii B pO3UuunHi).

6.1.1 3anexkHicTh LIBUAKOCTI peakuii BiJl KOHIEHTPALIil peareHTiB.

3akoH aii Mmac
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B pesynbrari peakiiii KOHIEHTpaIlii MOYaTKOBUX PEUYOBHUH IOCTIMHO 3MEH-
IIYIOTBCS, a KOHIIEHTpAIl KIHIIEBUX PEYOBHUH 30UIbIIYIOThCS. CaMma MBHUIKICTh TEX

HE 3aJIMIIAETHCS HE3MIHHOIO (PHCYHOK 6.1)
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a 1] Yac

Pucynok 6.1 a — 3anexHICTh KOHIEHTpALIN Bl Yacy: JJIs MOYaTKOBUX pedoBuH (1) 1 mis

KIHIIEBUX PeuoBHH (2); O — 3aNeXHICTh MIBUAKOCTI PeaKiii BijJ yacy

3MeHIIeHHS MBUAKOCTI peakuil 3 4acoM MOSICHIEThCS JYyKe MPOCTO — YUM MEHIle 3a/IUIIH-
JIOCh MOJIEKYJI OYATKOBMX PEYOBHH, THM MEHIIA KiIbKICTh IX 3iTKHEHb 32 OJUHHUIIO YaCy,
TOOTO 3MeHIIIEHHS KOHIIEeHTPAaIliii peareHTiB NPUBOJANTD 10 3MEHIIIEHHS MBUAKOCTI peakiii.

B 1867 poui I'yabadepr i Baare chopmyinoBaiu npaBmiio, sike 0J€ep:Kajo HA3BY 3aKOHY il

mac:
3a crasioi TemIeparypu HIBHJKICTh TOMOTE€HHOI peakiii mpornopiiiiHa 100yTKy KOHIIEHT-

palliif pearyrounx peyoBHMH y CTYINEHSX, K1 JJOPIBHIOIOTh CTEXIOMETPIYHUM KoedillieHTaM IUX pe-

YOBMH B PIBHSIHHI PeaKIii.

BignoBigHo 10 3aKOHY Aii Mac, MBHUAKICTh XIMIYHOT peakiii

aA +bB — c¢C +dD,
BU3HAYAETHCS PIBHIHHIM
U= kCaACbB (64)

ne Ca 1 Cg — KOHIIGHTpAIlli pearyrounx pedyoBHH; K — KOHCTaHTa MIBUIAKOCTI
peaxiii.

Bupas (6.4) Ha3uBarOTh OCHOBHUM IMOCTYJIATOM XIMIYHO1 KIHETHKH.

®i3uyHMIA 3MICT KOHCTAHTH IIBUIKOCTI K MOYKHA BCTAHOBWTH, SIKIIIO MTPHIAHS-
TH BC1 KOHIICHTpAIlli piBHUMH O7[l0MY MOJTIO Ha JiTp. Tomi

v =k (6.5)
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KoncTanTa mBHAKOCTI XIMIYHOI peakilii JOPIBHIOE MIBHUAKOCTI PeaKIlii MpH
KOHIICHTPAIlISIX pearyr4nxX peyoBHH, PiBHUX oauHuIl. KOHCTaHTa MIBUIKOCTI, SIK 1
IMIBUKICTD, 3aJICKUATH BiJl TPUPOJH pEaryrunX PEYOBHH, TEMIIEPATYpPH, HAIBHOCTI

KaTajizaTopa, ajie He 3aJIeKHUTh B KOHIIEHTpALIii.

6.1.2 MoJjiekyJISIpHICTD i MOPSAA0K XIMIYHOI peakiii

MosteKyIapHICTh XIMIYHOT peakIlii BU3HAYAE€THCS YUCIIOM MOJIEKYN (4acTOK),
10 OepyTh y4acTh B €JIEMEHTAPHOMY aKTi pPEaKiiii.

Po3pi3HAIOTE OTHOMOJICKYJISIPHI, JTBOMOJICKYJISIPHI 1 TPUMOJEKYJSIpHI peakitii. J{o
OJTHOMOJIEKYJIIpHUX peakiid tuny A — B abo A — B + C BigHOCSATBCS TIpoliecU
pO3Maay MOJIEKYJ Ha OUIBII MPOCTI CKJIa0B1 YACTUHU, HATIPUKJIIA]

CHgCOCHg — C2H4 + H2 + CO.

JIBOMOJIEKYISIpHUMU Ha3uBaroThes peakuli Tuny A + B — C abo 2A — B,
HATIPUKIIA]T

H,+ 1,—> 2HI.

3HAYHO piJUIe 3yCTPIYAIOThCS TPUMONIEKYJIsIpHI peakuii A + 2B —C abo

3A— B, Hanpukian
2NO + O,— 2NO..

[Topsimok peaxiiii BU3HAYAETHCS CYMOIO MOKA3HUKIB CTYINEHIB MPU KOHIICHT-
panuisx, o BXOJATh y KIHETUYHE PIBHSAHHS IIBUJIKOCTI XIMIYHOI peaKIii .

Peaxii MmoxyTs Oytu nepmoro U = KC,

apyroro L = kC?

Tpetboro U= kC?,

a TaKOX HYJBOBOTO 1 IpiOHOTO MOpsAAKy. JpiOHUI MOPSAOK XapaKTepHUM TS
CKJIQJIHUX PEakKiliid, 1Mo MPOTIKAIOTh Yepe3 NMpOoMDKHI cTaaii. HymboBuii mopsimok
CIIOCTEPITAEThCA B TaKUX TeTEPOTCHHUX PEAKIISX, Y AKUX IIBUIKICTH IiJBEICHHS
PEYOBHHM O1IBIIE MIBUAKOCTI HOTO BUTPATH. Y PEAKIIsIX HYJILOBOTO MOPSAKY IITBH-
JKICTh Ma€ MOCTIHHY BEJTMYMHY 1 HE 3aJIS)KUTh B KOHIICHTpaiii (U = K = const).

6.1.3 IIpu4yuHM po30iZKHOCTI MOPAAKY i MOJIEKYJISAPHOCTI peakuii
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[Topsimok 1 MOJIEKYJISIPHICTh 301ralOThCs JIMIIE JIJIT TIPOCTHX OJHOCTAIIMHUX
peaxiiii. MoxHa Ha3BaTH JIB1 MPUUMHU PO301KHOCTI TOPSAAKY 1 MOJIEKYISIPHOCTI:

a) CTaJlICTh KOHIIGHTpAIlli 0JHOTO ab0 JCKUIbKOX yYacHHMKIB peakilii. Hampu-
KJIaJ, y peakiiii oMuneHHs edipy

C,HsCOOCH; + H,O —» C,HsOH + CH;COOH
KOHIICHTpAIlisS BOJAW MPAKTUYHO CTaja (BOHA OOMEXYEThCS HEBEIHUKOKO PO3-
YUHHICTIO BOJU B €(ipi), TOMY BUpa3 JJIsl MIBUIAKOCTI pPeaKIii
L= kCeq)ipyCBO)m = k/Ceq)ipy- (66)
Peakris 6iMosieKymsipHa, ajie epIioro MopsaKy;
0)ctyniHyacTuil (OararocrafiiHuil) xapakrep peakuii. Hanpukinazn, 0imoneky-
JISIpHA PeAKIlisl XJIOPYBAHHS OKCUAY 30Ty
2NO + Cl, = 2NOCI
CKJIQJIAETHCS 3 IBOX CTAIM:
1) NO + Cl, - NOCI,,
2) NOClI, + NO — 2NOCI.

[lepma cragis BiAOyBaeTbCA IIBUIKO, YTBOPIOETHCS HECTIMKUNA TPOIYKT
NOCI,. [Ipyra crazist moBijbHA i JiMiTye 3araabHui nporec. CyMapHa MIBUAKICTD
peakxiii 3aJIeXUTh JIUMIIE BiJ IIBHUJIKOCTI MOBUIBHOI APYTOi CTA/li 1 BUPAKAETHCS PiB-
HSTHHSIM

U = kCnoci2Cno (6.7)

Peaxkrtist TpuMornekysipHa, aje APYyroro MmopsaKy.

TakuMm YUHOM,

SIKIIO INIBUAKOCTI OKpPeMHMX CTadiii CHJIBLHO PO3PI3HAITHCHA, TO

IIBUAKICTh peakuil B WijioMy i il MOPSIA0OK BU3HAYAKOTHCH MIBMAKICTIO |

NMOPSIAKOM CaMoOI MOBLIBLHOI CTaii.
6.1.4 KineTuka peaxiiii B CTATUHYHUX YMOBax

Y nmanomy po3aiil po3rIANAOTHCS KIHETUYHI 3aKOHOMIPHOCTI HEOOOPOTHUX

peaKIi.
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Peakii 3BUYaifHO XapaKTepU3YIOTh KIHETUYHHM DIBHSHHSAM, IO O3BOJISIE
po3paxyBaTy KOHCTAHTY MIBUIKOCTI B Oy/Ib-IKUH MOMEHT 4acy BiJ ii modaTky, 1 4ya-
COM HAITiBIEPETBOPEHHS 11/, 110 BU3HAYAE Yac, 3a KWW MOYATKOBA KOHIICHTpAITis
pearyrodoi pe4OBUHH 3MEHIITYETHCS BIIBIYI.

Peakuiss Hy;1b0BOTr0 nopsiAky. Kinetnune piBHAHHS JJI PeaKIlii HyJIbOBOTO
MOPSIIKY MOKHA OJIepKaTu, MpupiBHABIIHU (6.3) 1 (6.5):

—dC/dt =k. (6.8)
IHTEerpyBaHHsl OTPUMAHOI0 BHpa3y NPHUBOAUTHL 10 PiB-

HAHHSA
C = -kt + const. (6.9)
Crany iHTerpyBaHHS 3HaXOMSTh 3 TOYATKOBOI YMOBH:
mpu t=01C = Cy, ne Cy — moyaTkoBa KOHIICHTPAITiS.
Toni const = Cy 1 piBHsiHHA (6.9) MokHa 3anucaT y hopmi
C=Cy—kt. (6.10)
BoHo Bupakae JHIMHY 3aJ1€XHICTh KOHILIEHTpalli BiJ yacy (Man. 6.2) 1 go-
3BOJIsIE BU3HAYMTH KOHCTAHTY IIBHIKOCTI sk K = tgar.

C
Co

PucyHnok 6.2 3ajie:xkHicTh KOHLIEH-

Tpauii Bix yacy aJsi peakuiii Hy-

o i JIBOBOI'0 MOPAIKY

3 piBHsiHHS (6.13) BHpakar0Th KOHCTAHTY IIBUIKOCTI JUIsl PEAKIN HYJIHOBO-
'O MOPSIIKY:

_Cy—C
— .

k (6.11)

PosmipaicTs Ky — Mome/(11-C).
3a piBHsiHHAM (6.11), 3Ha0UM BENIMYMHY KOHCTAHTH IIBUIKOCTI, MOKHA PO3-

paxyBaTu 4ac 3aKkiH4eHHs peakiii (t,):
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mput=t, 1 C=0
t. = Col/k. (6.12)
Sxmo C = Cy/2, 10, BianosiaHo 10 (6.11), Bupa3 ajis yacy HamiBIepETBOPEHHS
peaxirii HyJIbOBOTO TIOPSIKY Ma€ BUTIIST
ti, = Col2k (6.13)
Yac HamiBmepeTBOPEHHS A PEakilii HyJbOBOTO TOPSAKY MPOMOPIIHHAN

MOYATKOBIN KITBKOCTI PEYOBHUHHU.

Peakuis nepmoro nopsiaky. IlIBuakicTs peakiii mepuoro mopsaky

L =-dC/dt=kC. (6.14)
Po3ainnuBum 3minHi B piBHsAHHI (6.14), onep:kumo
— dC/C =kdt. (6.15)
[IpoinTerpyemo 1eit Bupas:
—InC =Kk t + const. (6.16)
[Mpu t = 0 (peakuist He mouanacs) C = Cy, a const = — INnCy. Toxi
—InC=kt-1nCy, (6.17)
C
ro6ro In—2 =Kkt (6.18)
C
ao C=Cye Xt (6.19)
Bupas KOHCTaHTH MIBUIKOCTI JIJISl PEAKITiH TEPIIOTO MOPSIKY
1. C
k=-In—2 (6.20)
t C

ne K — KOHCTaHTa MIBUAKOCTI peakiiii mepiioro mopsaky; Co — KOHIICHTpaIlist
MOYAaTKOBOI PEUOBUHH B MTOYATKOBHIT MOMEHT; C — KOHIIEHTpaIlis BUXITHOI pEUOBHU-
HU B MOMEHT yacy 1 BiJ mouaTky peakiii. PO3MIpHICTh KOHCTAHTH IIBUAKOCTI Mep-
moro mopsiaky K ckmamae gac ', Posmip K He 3amexuts Bif crmocoGy BHpaeHHS
KOHIICHTpAIIii.

Ha mpaxTuiil BaxJIMBO 3HATH 3MEHIIICHHS KOHIICHTpaIlii 3a meBHui yac. [1o3-
HauyMMO 3MeHIIeHHS KoHneHTparii sk Cy, Tomi Cy = Cy — C; a6o C = Cy — C,. Ilin-

CTaBUMO 11 B piBHsHHSA (6.18) 3amicTh C
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In = kt, (6.21)

3BiIKH k=-In Co (6.22)

t C,-Cy
Sxmo nmodyaysatu rpadik 3anexnocti InC Big t (pucynok 6.3), TO BiAMOBIA-
HO J10 piBHSAHHSA ( 6.18)

tgo = K (6.23)

InC

Pucynoxk 6.3. 3anexHicts torapudgmy
KOHIIEHTpAIlii BiJl 4acy AJisl peakiii
NEPIIOTO MOPSIIKY

JUisi BUpa)K€HHs 4Yacy HallBIEPETBOPEHHS B piBHSAHHA (6.22)m1s peakiii
nepioro nopsiaky miacrtaBumo Cy = 0,5C, 1 BUpa3suMo vac
1 Co In2

t  =—1In el 6.24
"2k 05C, kK (6:24)

OcTaHHe piBHSHHA BKa3ye, IO JJIs peakiii Nepmoro NopsaaKy yac HamiBrepe-
TBOPEHHSI HE 3aJIeKUTh BiJ TOYATKOBOI KOHIIEHTpAIlli pearyrdoi peuoBUHU. SIKy O
MIOYaTKOBY KOHIICHTpAIli}0 HE B35TH, MIOJIOBUHA 1i TIpopearye 3a OJHaAKOBUH Yac.

Peakuia apyroro nopsiaky. LlIBuakicTe peakiiii Apyroro nopsaKy BU3Ha4Ya-
€THCS PIBHSHHAM

L = —dC/dt = kC,Cgp, (6.25)
ne C, 1 Cg — koHIIeHTpalil pearytounx pedoBuH A 1 B y momeHT uacy t. Sk-

1o 11 KoHueHtpaiii ogHakoBi (C, = Cg = C), T

— dC/dt = kC?. (6.26)

Po3ninuMo 3MiHHI 1 TPOTHTETPYEMO PIBHSHHS :
—[ dC/C? = K[dt, (6.27)
1/C =k t + const, (6.28)
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npu t =0; C=Cy iconst =1/Cy. Toni

1/C - 1/Cp=k t, (6.29)
Cc, —C
abo —2—— =Kt, (6.30)
C,C
1 C,-C
3Bimkn kK =—-—2 . (6.31)
t C,C

[To3Haunmo 3MeHIIeHHs KoHneHTpailii sk Cy, Toa1 C; = Cy— C; a6o C = Cp -
C,. IlincraBumo 1ie B piBHsIHHSA (6.30 ) 3amicTh C 1 0epKUMO

Cx

=kt (6.32)
Co (CO - Cx)
3HailiieMo yac HamiBOnepeTBOpeHHs, mijacraBuBii B (6.32) C = 0,5C,:
0,5C
9 =kt,,,, (6.33)
Co(Cy —0,5C,)
: 1
micis ckopoueHHs — =kt ,. (6.34)
0
Takum YUHOM Yac HaIIBIEPETBOPEHHS ISl PEAKIIil IPYTOro MOPSIKY
1
t,,=—, 6.35
1/2 kCO ( )
a KOHCTaHTa IIIBUIKOCTI
k=1 (6.36)
COtl /2

3 piBHsAHHS (6.36) 10Ope BUAHO, 110 JUIs PEaKIlii pyroro MopsaKy yac HariB-
NEPETBOPEHHS OOEPHEHO MPOMOPIIHHUN MOYATKOBIA KOHIICHTpAIlll pearyrunx pe-
qoBUH. UnMm OuTbIlle MOYaTKOBAa KOHIIGHTpAIlis, TUM 32 MEHIIHM 4ac BUTPATHTHCS
MOJIOBMHA MOYATKOBOI KIJIbKOCTI PEUOBUHHU.

SIKII0 MOYaTKOBI KOHILEHTpalli pearyrounx peuoBuH, Coa 1 Cyp, pi3HIi, TO
KOHCTaHTY IIBUAKOCTI peakiii Apyroro nopsiAKy 3HaXoAsTh IHTErPyBaHHAM PIBHSIH-
Hs Uy (6.25), y akomy C, 1 Cp — KOHILIEHTpallli BIAMOBIIHO peyoBUH A 1 B y Mo-

MEHT 4acy 1 BiJ] MOYaTKy peaxiiii.
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OnepxyoTh BUpa3

C, gC
kt=— L jao0BTA (6.37)
Co,A —Co,B  Co,ACB
C, gC
60 k= L In—%B"A (6.38)

t(CO,A _CO,B) Co,ACB
Sxmro BBectH B piBHAHHS (6.41) 3menmenHs konnentparii Cy, = Co — C, oxe-

PKUMO BUPA3

C -C C
1 In 0,A X +In 0,B

= (6.39)
t(Co,A —Co,B) Co,p —Cx Co,A

PiBusinHA (6.39) Ha3UBaIOTh KIHETUYHUM PIBHSHHSIM PEAKIIIl IPYroro mopsiji-
Ky. PO3MipHiCTh KOHCTAHTH IIBHIKOCTI peakiiii apyroro nmopsaky K — ii/(momb-c).
[Ipuknagom peaxiii Ipyroro NOpsSAKY MOXKE CIYKUTH OMHJIEHHA edipy B Iy-
KHOMY PO3YMHI:
CH3;COOC;Hs+ NaOH — CH3;COONa+ C,HsOH
BianoinHo no (6.28) siHIMHA 3aJI€KHICT AJIA PEakUiid Jpyroro MOpsAKy

criocrepiraeTbcs B koopauHarax 1/C — t (pucyHok. 6.4). TaHreHC KyTa HaxwiIy o

JOPIBHIOE KOHCTAHTI MIBUAKOCTI K.
1/C

Pucynok 6.4 3anexHicTh 00epHEHOI
KOHIIEHTpalii BiJ 4Yacy /Uil peakiii

Oro MOpAJIK
1/Co ApYyT PAAKY

Peakuii Tperboro nmopsiaky. LIBuakicTe peakiiii TpeThOro MOPSAKY BH3HA-
YaEThCS PIBHAHHAM
L =—-dC/dt = kC,CgCp, (6.40)

ne Ca Cpg ta Cp — KOHIIEHTpaIlli pearyrounx peuoBUH y MOMEHT Jacy 1.
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JI1st oTHAKOBHUX KOHIIEHTpAIlIA pearyrounx PeYOBUH PIBHSIHHS IS IITBUJIKOCTI
MpUMaE BUJ

_9€ 3 (6.41)
dt

Po3ainmumo 3MiHHI 1 poiHTerpyeMo piBHsHHSA (6.41):
- % =k_[dt = % =kt + const. (6.42)
C 2C

Crany iHTerpyBaHHsl 3Haxoaumo 3 nodarkoBoi ymoBu: mpu t = 0, C = Cy;

const = Lz . Toni

2C,
L2=kt+L2 abo %—L=kt. (6.43)
2C 2C, 2C*  2C,
c2-c?
OcranH1{ BUpa3 3py4HillIe 3aIUcaTH SK % = kt. (6.44)
2C,C
1 Cc2-c?
Mo>KHa BUPa3UTU KOHCTAHTy MIBUAKOCTI K =—+—%—— (6.45)
22
2C,C

SAxio BecTd MOHATTA 3MeHIIeHHs1 KoHeHTpatii Cy = Cy — C, oiepKUMO BU-
pa3
2 2
Co— (Co — Cx) —
2
2Co (Co - Cx)

kt. (6.46)

3HaiiieMo 9ac HamiBnepeTBOpeHHS Uy, 1utst woro BizbMeMo Cy = 0,5C,:

3 3

—2=kt1/2 :>t1/2=—2. (647)
2C; 2kCy

PiBusinHs (6.43) € KIHETUYHHM PIBHSHHSM peakilii TpeTboro mopsaky. Taki
peakIii 3ycTpiyaroThes pijiko. [IpukiiaioM Moxke CIy>KUTH PeaKilisi TOPIHHSI OKCUIY

Byrieio: 2CO+ O, — 2CO,.

2¢2
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Koncranta K s peaxiii TpeThOro MOpPSAKY Mae po3MipHicTh [dac™ —
KOHueHTpauiﬂ'z]. BignoBigHo no piBHSAHHA (6.43) NiHIMHA 3aJIGKHICTD IJI PEaKIii
TPETHOrO MOPSIKY CIOCTEPiraeThes B KoopauHarax 1/¢® — t (pucyrok 6.5). TanreHc
KyTa HaxXuily NpsAMOi J0 OCl a0CUUC OPIBHIOE KOHCTAHTI MIBUAKOCTI peakuii. J{is
peaxiiil TpeTbOro NOPsAKY Yac HaIliBIIEPETBOPEHHS 0OEPHEHO MPONOPLIMHNAN KBa-

paTy Mo4aTKOBO1 KOHIEHTpAILlll pearyrounux pe4oBHH.

6.1.5 Mertoau BU3HAYEHHS IOPSAJIKY XIMIYHUX pEaKIii
BuzHaueHHs1 MOpSAAKY peakiii crnpuse 3’ sICYBaHHIO il MEXaHI3MY 1 JI03BOJISIE
BUBECTH KIHETUYHE PIBHSIHHS PeaKilii a0y KUIbKICHO OTMCATH 3aJICKHICTh IIBUIKOC-
Tl BIJ] KOHIIEHTpaLli peareHTiB. PO3pI3HAIOTh YACTUHHUI 1 3aralbHUM MOPSAOK pea-
Kiii. YaCTUHHUM Ha3WBA€THCS MOPSIOK, [0 XapaKTEPU3Y€ETHCS 3MIHOIO KOHIIEHTpPA-
11T O/IHI€T 3 PEUOBUH, 110 BCTYMNAOTh Yy peakiito. [1[00 BU3HAYNTH MOPSAIOK MO TaHii
PEYOBHHI, HEOOXITHO CTBOPUTHU TakKl YMOBH, 1100 y MpPOIIECI peakiiii 3MiHIOBaJIacs
KOHIIEHTpAIiSl TUTbKK JaHOi pedoBUHH. {7151 1IbOTO KOHIIEHTpAIlii BCIX IHIIUX ydac-
HUKIB TOBUHHI OYTH B35T1 y BEIMKOMY Ha/UIMIIKY. CyMa 4YaCTUHHUX MOPSAKIB A€
3arajJbHUM NOpAIOK peakuii. [ peakuii B 3araabHOMY BUTIISIL
aA+bB — cC+dD,
V= kCaACbB (64)

a € YaCTHHHUM TIOPSIIKOM PeaKIlii o pedoBuHi A; D € YaCTUHHUM TOPSIIKOM
peakiiii mo pedoBuHi B; cyma N = a+b € 3araibHUM MOPSIKOM JaHOT peaxiiii.
Jljis BU3HAUEHHS TOPSAKY peakiiii BUKOPUCTOBYIOTh B OCHOBHOMY JIB1 TPyIU

METO/I1B: IHTErpaJibHI ¥ AudepeHIiaIbHI.
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6.1.6 InTerpanbHi MeTOAH

Merton niactaHoBKkU. BiH nossirae B eKCriepuMEHTaIbHOMY BU3HAUYE€HHI KOH-
[EHTpallli PeYOBHHHM B Pi3HI MOMEHTH 4acy Bij modatky peakuii. [To orpumanum
JaHUM POOJIATH PO3PAaXyHOK KOHCTAHT HIBUIKOCTEH, BUKOPHUCTOBYIOUM PiBHSIHHS
NepIIOro, IPYyroro, TPEThOro Mopsaaky, Tooto (6.20), (6.31) 1 (6.45). PiBHsHHSA, siKe
Ja€ MPAKTUYHO CTANIUNA PO3MIp KOHCTAHTH 3 HEBEIMKUMHU MPUITYCTUMHMH BIIXHU-
JICHHSIMH PI3HUX 3HAKIB +A, BU3HAUYA€E MOPSIOK JOCTIIKYBAaHOI peaKiiii.

I'padiunmii meton. ExcneprMeHTanbHO BUMIPSBIIN KOHILIEHTpAlii peYOBHHU
B pi3HI IHTEPBAJIM Yacy BiJl MOYATKY peakilii, OyaytoTh rpadiku, 0 BUPAXKAIOTh 3a-
nexuocri InC; 1/C; 1/C? Bix wacy:InC = f(t); 1/C = f(t); 1/C? = f(t). Peaxuis Gymxe
TOTO MOPSIZIKY, /1€ 3a3HaU€Ha 3aJIeKHICTh NPSIMOJIIHIIHA.

BusHaueHHs1 mopsAaKy peakiii o yacy HamiBIEpEeTBOPEHHs. Sk BIIOMO, AJis
peaKkIiii Mmepuoro MopsAKY 4ac HaIiBIEPETBOPEHHS HE 3aJ€KHUTh BiJl MOYATKOBOL
KOHIIEHTpalli pearyro4yoi pedyoBUHH, AJI pEaKlid APYroro mnopsaky — oOEepHEHO
MPOTOPIIAHO MOYATKOBOI KOHILIEHTpAIlli, sl peaKkUiii TPeTbOro NOpsAAKy — 0OepHe-
HO MPOMOPIIIHO KBaJpaTy MOYaTKOBOi KOHIEHTpauii. JlJis BU3HAYECHHS MHOPSAKY
peaxiiii HeoOX1JHO €KCIEPUMEHTATIbHO BU3HAYUTH Yac HAIMIBIEPETBOPEHHS IS Ki-
JBKOX MOYAaTKOBUX KOHIIEHTPALI 1 BCTAHOBUTH, SIKa 3aJI€KHICTh 1ICHYE MK HUMHU.
Hanpuknan skimo BCTaHOBJIEHO :

t'1, JUIs1 TOYATKOBO1 KOHIIEHTpaIlii C'g Ta

t"'1, 171 TOYaTKOBOI KOHIEHTpallli C",TO MOPSAOK peakilii N MokHa o04uc-
JIUTH 32 PIBHAHHIM
th,

t;'/ 2
n=—t2 1, (6.48)

0

’
0

6.1.7 Indepennianbui MeToau
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Merton Bant-I'odda. dudepenmianpuuii Meron, 3ampornoHoBaHuii BauTt-
o dom, nonsirae B HacTynmHOMY. SIKIIIO BiTOYBA€THCS SKACh PEAKIIisl N-r0 MOPSAKY,

TO IIBUIKICTB ii B 3aJI€KHOCTI B1Jl KOHIICHTpAIlli MOYKe OyTH BUpaK€Ha PIBHIHHIM

v =kC". (6.49)
JlorapupmyBaHHS HbOT0 PiBHSIHHSA AA€
In=Ink+nlInC. (6.50)

Bu3zHayaroTh MIBUAKICTH peakiiii Mpu pi3HUX KOHIEHTPALISIX pearyruux pe-
YOBHH 1 OyAyI0Th Tpadik 3aJIeXKHOCTI JiorapudMa IMBHIKOCTI peakiii BiJ Jorapud-
Ma KOHIIeHTpalii. Bu3HayatoTh Haxuia OTpUMaHOI MPsAMOi, 1110 OyJie SBIATH COOOI0
MOPSAJIOK PeakKIlii M0/I0 PEUOBUHU, KOHIICHTpAIlis SIKOro 3MiHIOBanacs. Binpi3ok, 1mo
BiATHHAETHCA Ha oci In U, gopisioe In K, a n = tga, (pucyHok 6.6B).

Lleli MmeTon MOXXHA 3aCTOCOBYBaTH B JIBOX BapiaHTax. Y MEpIIOMY BapiaHTI
BU3HAYAIOTh MIBUAKICTH peakii sk noxigay dC/dt mpu pi3HMX OYaTKOBUX KOHIICH-
Tpauisx. [[poBoaaTh JOTHYHI O KPUBUX HA cCaMOMY TOYaTKy peakiii (pUCyHOK 6.6,
a). B npyroMmy BapiaHTi POBOASATH TUIBKU OAWH JOCIIJI, 10 MOJISITA€ Y BUMIP1 HaXH-
JB JOTUYHUX JI0 KPHUBOi B Pi3HI MOMEHTH 4Yacy (pucyHok 6.5, 0). Pesynbraru,
OTpUMMaH1 B TOMY ¥ 1HIIOMY BapiaHTi, BAKOPUCTOBYIOTbCS Jisi TOOYA0BH Jorapudg-

MIYHOI 3QJIE)KHOCTI IMBUAKOCTEH BiJ] KOHIICHTpAIIil peareHTiB (PUCYHOK 6.5, B).
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Inv

Yac Yac InC

Pucynok 6.5 BuzHauyeHHsI MOPSAKY peakmii: a — 3aJe:KHICTh KOHIEHTPAaIlil peareHTiB Bij
yacy NpH pPi3HUX BUXiIHMX KOHIIEHTPAaUifAX, O — JOTHYHI 10 KPUBOI 32J1€5KHOCTi KOHIIEHTPAa-
uii peareHTiB Bil Yacy B pi3Hi MOMEHTH 4acy, B — 3aJIesKHICTh JiorapugMiB IBHIKOCTEH pe-
akuii Big Jorapu¢miB KOHIEHTPaIii

[Topsimok peaxiii, 3HalEHUH 10 MEPIIOMY BaplaHTy, Ha3UBaIOTh KOHLIEHTpa-
M. BiH BU3HaUYeHMid y HAHOUIBII MPOCTOMY BUIAJIKY, KOJIM Ha MOYATKY peaKIlii
MPUCYTHI B OCHOBHOMY BHUXIJHI p€UOBHHU. B Mipy MpOTiKaHHA peakilii yTBOPIOIOTh-
Csl MPOMDXKHI TPOIYKTH, AKI MOXKYTh CIIOTBOPUTH X1 peakiiii. ToMmy mopsok peak-
11i, 3HANIEHNI 10 JPYroMy BapiaHTy 1 HA3UBaHUI TUMYACOBHM, MOXE BIJIPI3HATUCS
B1Jl KOHILIEHTPAILIHHOTO. SIKIII0O TUMYACOBHUM MOPSJIOK BUILE KOHIEHTPALINHOTO, TO
1€ 03Havae, M0 MIBUAKICTh PEAKIIii Majae MIBUIIIE, YUM MOKHA OyJI0 OUYiKyBaTH Ha
MIJCTaBl KOHIIEHTPAUIHHOTO Mopsiaky. CuiibHE MaaiHHs IIBUAKOCTI BKa3ye Ha Te,
IO PEAKI[iI0 1HTI0IPYIOTh TPOMIXKHI MTPOYKTH. SIKIIO, HABMAaKW, TUMYACOBUN TIOPSI-
JIOK MEHIIIE KOHIIEHTPAIIITHOT0, TO PEaKIII0 aBTOKATaTI3yIOTh TPOMIXKHI TTPOTYKTH.
Sk BUHO, HASBHICTD JIBOX MOPSIKIB JO3BOJISE 3pOOUTH JE€SIKI BUCHOBKH IIOJI0 XOTY

XIMIYHOT peakiiii.

6.2 3anexHICTh MBUAKOCTI peakiii BiJl TeMIEpaTypu

[IBuaKicTh (1 KOHCTAHTa MIBUIKOCTI) XIMIYHOI peaKilii 3aJeXuTh Bl TEMIEpa-
Typu. SIK NpaBuio, IpH MiJBUILEHHI TEMIIEPATypH MIBUIKICTH 3pocTae. BukitoueH-
HS CKJIQIAl0Th JESAK1 peakilii TpeTboro mopsaky. OpieHTOBaHY 3aJ€KHICTh KOHCTAH-

TH MIBUAKOCTI BiJ] TEMIIEPATYPH BUPKAIOTH eMIIpUYHUM TipaBmiioM Bant-T'odda:
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niiBUIEeHHs Temnepatypu Ha 10° 30iiblIye MBHAKICTH peakiril

(KOHCTAaHTY IIBUAKOCTI peakuii) B 2 ... 4 pa3u.

22_%2_y 10 _y 10 (6.51)

ne U; Ta U, — mBUAKOCTI peakmii mpu temmeparypax Tp ta T, (t; Ta ty); k; Ta
K, — BIAMOBITHI KOHCTAHTH MIBUAKOCTI; Y — TEMIIEPATYPHUH KOSQIIi€HT IMIBUIKOCTI
peaxInii, sKui JeKUTh B MeXKax 2...4.

Ile mpaBu0 HE BUKOHYETHCS MPU BUCOKUX TEMIIEpATypax, KOJIU TEMIIEPATYp-

HUH KOe(IIIEHT MIBUIKOCTI Y EpecTae OyTH CTAIUM, HAOIMKYIHOUUCh O OJUHUILL].
Binbim TouHy 3a5e’KHICTh KOHCTAHTH IIBUAKOCTI Peakilii BiJ TeMIepaTtypu BigoOpa-
*ae piBHsiHHS Appeniyca (1889)

Ink =B-2 (6.52)
T

ne K — xoHcTaHTa MBUAKOCTI XiMIYHOT peakiii; A, B — iHauBiaya pHI emii-
pUYHI KOHCTAHTH, XapaKTepHI i AaHoi peakiiii (pi3uuHuii 3MICT iX Oyae naHui
Hwkue). Po3mipu A u B MoxxyTh OyTH 3HaiineHi 3a rpadikom In k = f(1/T) (pucynok

6.7). Ink

Pucynok 6.6 I'padiunuii Mmeton BU3HaueHHs Koe(illieHTIB PIBHAHHSA AppeHiyca 3a JO0CIHijI-

HHUMHU JaHUMHU

Bingpizok, mo BigTrHae npsimMa Ha oci opaunat npu 1/T = O, mopisHioe B, a

TAHI€HC KyTa HaXWIIy IIPSAMOi
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tg o =-A. (6.53)
PiBHsiHHS AppeHiyca IpeACcTaBisaioTh y hopmi
_Ea
k =ze RT, (6.54)
Benuuuny Z Ha3uBaOTh MPEACKCIIOHCHITINHUM MHOXHHUKOM: € — OCHOBa Ha-
TypasibHOTO Jorapudma; E, — eHepris akruBanii; R — yHiBepcalibHa ra3oBa ctana; |

— abcooTHA TeMIiepaTypa.

6.3 CknagHi peakiii
CriagHUMH Ha3MBAKTh peakilil, 0 CKJIAJAThCA 3 1BOX 200 0i-

JIBILIOT'0 YMCJIA IPOCTUX PeaKuii.

KineTuka ckiaiHUX peaxiiiid 3a1eKuTh BiJ (OpMHU 3B’ 3Ky MIXK IPOCTUMH pe-
aKIIsIMU, BiJl CIIBBIIHOIIEHHS IXHIX IMIBUJIKOCTEW 1 IPYHTYETHCS HA MPUHIUII HE3a-
JISKHOCTI IPOCTUX peakiliil. BiAMoBiiHO [0 IIbOTO MPUHIIUITY, SKIIO B CUCTEMI Bij-
OyBalOThCSl OJHOYACHO KUJIbKA PEakiliii, TO KOXKHA 3 HUX He3aJeKHa B 1HIIUX 1 ii

IIBUJKICTh BU3HAYAETHCS KIHETUUHUMHU PIBHSHHSIMHU IPOCTUX PEAKIIN

6.3.1 O6opoTHi peakuii
O0opoTHUMH HA3MBAKOTh pPeakuii, 0 MPOTIKATHL O0JHOYACHO B
JABOX NMPOTHJICKHUX HANIPSIMKAX.
[IBuAKICTE 0OOPOTHOI peakilii JOPIBHIOE PI3HULI MIBUAKOCTEN MPSIMOIi 1 3BO-

POTHOI peaKiii.

Po3riisHeM0 000POTHY peakuio mepuioro NOpsAAKYy THUILY

Ky

v

A B

A

ka

B pesynbTaTi mpsimMoi peakilii KOHIIEHTpallis pe4oBUHU B 3pocTae, y pe3yiib-
TaTi 3BOPOTHOI — 3MEHINYEThCS. SIKIIO BUpAa3UTH MIBUJIKICTh CYMapHOI peakIlii uepes

KOHIIEHTpAI[lI0 pe4oBUHU B, oxepxumo
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dCy
dt

= Dl - 02 ) (655)

ae U; Ta Uy — MBUAKICTh NPAMOT 1 3BOPOTHOI peakiliid BiAMOBIAHO. 3 ypaxy-
BaHHSIM 3aJIEKHOCTI IIBUJIKOCTI peakilii rmepuioro nopsaky (6.14) Bix KoHIEHTpaIril
piBHsHHSA (6.55) mepexoauTs y

dCy
dt

=k1(C0,A _CB)_kZCB’ (6.56)

ne (Coa — Cp) Ta Cg — KOHUEHTpawii pedoBrH A Ta B B gany Muth, Coa —
MMOYAaTKOBA KOHIIEHTPAIISl pSUOBUHU A.

CraH piBHOBary, 10 XapaKTEPU3YEThCS PIBHICTIO MIBUAKOCTEN MPSAMOI 1 3BO-
POTHOI peaxiiiif, 0y/ie BU3HAYaTUCs PIBHIHHSIM
Ky

Ke=-1. 6.57
<=1, (6.57)

3Ha104M MOYaTKOBY KOHIIEHTpaIito pedoBUHU A (Cy,4), BASHAYUBIIN KOHIICHTPAIIIO
peuoBuan B (Cg) B MOMeHT Yacy ti B cTaHi piBHOBaru, po3B’si3aBIId CUCTEMY PiB-
HSHB (6.56), (6.57), MO>KHA po3paxyBaTh KOHCTAHTHU IIBUIKOCTI MPSIMOT 1 3BOPOTHOT

peakiii K; Ta K.

6.3.2 [locnigoBHiI peakiii
IMocainoBHUMM 3BYTHCS peakilii, sIKi CKJIAJATHCH 3 KIJIBKOX CTa-

Hiil, 0 BiI0yBalOTHCS OJHA 32 OJIHOIO.

k110 gKack cTafdis 3 KUIbKOX MOCIIIOBHUX BIIOYBA€THCS 3HAUYHO MOBUIBHIIIE
IHIIUX, TO 11 MBUIKICTH 1 MOPSAOK BU3HAYAIOTh MIBUJKICTh 1 MOPSAJOK YCHOTO JIaH-
mory peakiiil. Ils oGctaBuHa € OfHIET 3 MPUYUH TOTO, IO E€KCIEPUMEHTAIBHO
3HaANIEHUN TOPSIOK MOCTIAOBHOI Peakilii 4acTo He 301raeThCs 3 1i MOJICKYJISIPHICTIO
1 MOKe OyTH HELLTUM.

JIB1 MOCI1I0BHI peakiiii Nepioro NopsaKy MO>KHA NPEICTaBUTH CXEMATUYHO:

A—<1 ,p K

SKI1110 MBUAKOCTI CTaAIN HE TyKe PI3HATHCA, TO JUIsl BUSHAUYCHHS 3aJI€KHOCTI

KOHIIEHTpAI[li peYOBUH BiJl 4acy HEOOXI1JTHO CIOYAaTKy HAMMCcAaTH KIHETUYHI PIBHSH-
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Hs JUIS KOXKHOI CTaJii, a MOTIM BUPIIIUTH OJIEpKaHy CUCTEMY Tu(epeHIliaIbHuX pi-
BHSIHb. BUBEJCHHS IIUX 3aJICKHOCTEH CKIaAHI 1 TYyT HE JIOBOIATHCA. SIKiCHAa 3MiHa

BMICTY BCIX YYaCHHMKIB peakilii HaBeJIeHa Ha pUCYHKY 6.8.

Pucynok 6.7 3MiHa KOHIIEHTpAIlill pearylouux peuyoBHH AJIS TIOCHITOBHOT peaKiii mepIoro
MOpAIKY.

KonrenTpaiiis peuoBUHM A €KCIIOHEHIIMHO majae 3 yacoMm. KoHueHTpailis
pedoBuHN B mounHaroun Bif HYJIS MPOXOIUTH Ye€pe3 MAKCUMYM 1 3HOBY Maga€ 0
HYJIs, TOMY 110 peuoBuHa B 11iikom neperBoproeThesi B peuoBuny D. IIBuukicTh
yTBOpeHHs D y Oynb-sikuii MOMEHT 4acy mpomnopiiiiina koHueHtpaiii B. Cnouatky
KOHIIEHTpariss D AopiBHIOE HYIO, TOTIM IIBHUIKO 3pOCTa€, KOJIM KOHIIEHTpaiis B
MaKCHMaJibHa, a HAMPHUKIHIN peakilii HapoCTaHHs KOHIeHTpalii D 3HOBYy HaOmmka-
eTbcsl A0 Hyns. KpuBi Tumy KpuBOi 3MiHM KOHIeHTpauii D B yaci Ha3uBaroTh S-
noniOuumu. Ha 111€i KpuBOi € «IHAYKIIIHHUN Tep1oa», MPOTITOM SKOTO HE BiIOyBa-
€ThCsl yTBOpeHHs D. IcHyBaHHS Takoro mepioy BKa3ye HA Te€, 10 MPOIYKT YTBOPIO-
€THCS Yepe3 MPOMIKHY CITOIYKY.

HaiiGinpmma KinbKiCTh TPOMIKHOT peuoBHUHU B 3a5euTh HE Bl aOCOTIOTHHUX
IIBUJIKOCTEH 000X peakiliif, a BiJ IXHBOrO BiJHOIIEHHS. YnuM Oiiblle 3HAYCHHS
criBBigHOmIeHHs Ki/K,,TuM Oinbiie opauHata Makcumymy kpuBoi Cg = f(t) 1 Tem
oM K4e 1e MakcuMyM J10 movatky peakiii. Kpusa Cp =f(t), mo xapakrepusye Ha-
IPOMaJDKCHHS KiHIIEBOTO MPOoAYyKTy D y wacy, Mae Touky neperuny. [Ipotsarom 1e-

SKOTO Yacy, KU 3BEThCS MEPI0IOM 1HIYKINIT, MPOMYKT PEaKIlii MPaKTUIHO HE BUSIB-
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nsetbest (kpuBa Cp =f(t) iime cmovyarky maiibke 3IMBalOUYnCh 3 Biccio abciuc) . Pos-
pPaxyHKH TOKa3yIOTh, 110 YAM MeHIIe BigHomeHHs Ki/K;, Tum Oinbire nepiox ivmy-

K.

6.3.3 [lapanenbHi peakuii
Peakuii Ha3uBawThH NMapajieIbHUMHU, IKIIO BUXiJHIi peYOBUHHU OJ1-
HOYACHO PearylTh y IeKLIbKOX HANPSMKAX.

J1J1st MOHOMOJIEKYJISIpHUX MapajieIbHUX Peakiliil TUITy

MOBHA IMIBUAKICTh NEPETBOPEHHS BUXIJTHOI PEYOBUHU A JTIOPIBHIOE CyMi JIBOX

IIIBUJIKOCTEH, TOOTO

dx _dx;  dxp , (6.58)
dt dt dt
abo
dx
at = K1(Coa =x1) +K2(Co,a =x2) =Ky +K32(C0,4 =), (6.59)

ne Cya — mOYaTKOBa KOHIEHTpalis pedyoBuHu A, Kj, K, — KoHCTaHTH IBUI-
KOCTEH MepIIoi 1 IPYyroi peakiliil; X — KUIbKICTh pEYOBMHU A, 1110 Mpopearysajia 1o
JBOX peakiiisnx (X = X;+Xy).
PiBHsiHHA (6.59) TOTOKHO KiHETHYHOMY PiBHSIHHIO peaKilii epiuioro mopsiaky i micis iHrer-
PYBaHHSA O0A€PIKYEMO
CO,A

Con—x (6.60)

1
kl +k2 =;ln

B napasienpHuxX peakuisix HNepuioro MopsiaKy BIIHOIICHHS KUIBKOCTEH pedo-
BUHU , IO NMPOpEearyBajiy B KOXKHIN 3 peakiiil y Oyab-sIKUii MOMEHT 4acy, € CTaJIuM 1
JOPIBHIOE BITHOIIICHHIO KOHCTAHT IIBUJIKOCTEH ITUX PEaKIIii:
dx; _ kl(CO,A —x) _kg
dx; ky(Coa-x) ki

(6.61)
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OTtxe,
LSS Iy (6.62)
dx; kj
Takum 4MHOM , BU3HAYMB 3MEHIICHHS KOHIIEHTpAIlll BUXITHOT PEUOBUHU, 3a
piBHSAHHAM (6.60) po3paxoByIOTh CyMy KOHCTAHT IIBUIKOCTEH MapanelbHUX peak-
11i/; BA3HAYAIOUX BITHOIICHHS KOHIICHTpPAIlli MPOAYKTIB , IO YTBOPHIIKHCS, PO3PaX0-
BYIOTh BIJIHONIEHHS KOHCTaHT IIBUAKOCTEH 3a piBHAHHIM (6.62). ChiabHe

po3B’s3aHHs piBHAHB (6.60), (6.62) m03BONSIE PO3PaXOBYBATH BETUYMHU KOHCTAHT

IIBUJIKOCTEH OKPEMUX PEAKIIii.

6.3.4 Cnosryyeni peakuii
CnonyyeHuMH Ha3uBaloTh peakuii Tunmy A+B — M, A+C-D, i3
SIKMX, O/THA, HAIIPUKJIA]] APYra, NPOTIKA€ JHIe CHiJIbHO 3 MEePUIOIO.
B Takux peakiisix pedoBuHa B cinykuth 1HAYKTOpOM apyroi peakiii. Pedo-
BUHY C Ha3MBaIOTh aKIENTOPOM. 3arajibHe Il 000X peakiliii peuoBrHa A ojAepKa-
7a Ha3By akTopa. [Ipukiamom Takux peakiiii MOXKe CIYKUTH CYMICHE OKHCIICHHS
cynbdary 3amza FeSO, 1 iogoBoguto HI nepokcuaom Bomuo H,O,. Cynbdat 3aiti-
32 OKHUCIIIOETHCSI MEPOKCUIOM HE3aJIEKHO Bl MPHUCYTHOCTI HOMOBOAHIO, aje HOM0-
BOJICHb NEPOKCUIOM HE OKUCIIOEThCs. OJIHAK MPU OJHOYACHOMY OKMCIIEHHI CYJib-
daTy 3amiza BiH OKHCISETHCA pa3oM 3 HUM. ¥ 1 peakiii H,O, — aktop, FeSO, —
iHaykTop, HI — aknenrop.
B GaraTthox croigyueHUX peakiisx 1HIYKTOp BUCTYMA€E SIK KaTali3aTop 1 Mpo-
1I€C MPOTIKAE 3 YTBOPEHHSIM HECTIMKMX XIMIYHUX CIOIYK. BUBUEHHS BIIHOIIEHHSI, B
SKOMY aKTOp PO3MOJAUIAETHCS MK 1HAYKTOPOM 1 aKIENTOPOM, JTO3BOJISIE 3’ ACyBaTU
XapakTep CIOMYYCHHs TaHUX PEaKiliid.
@OopMyITIOIOYHM MOHATTS PO CHOJIYYEHI peakiii B 3arajibHiid (opmi K B3a€EM-
HUW BIUTUB JBOX PEakiliid, M0 MPOTIKalOTh B oJgHOMY cepenoBuii, H. A. [llumos
(1905 p.) po3ainuB croy4eHi peaxilii Ha TpU TPyHHU MO 3aJIEKHOCTI KOHUEHTpallii

IHAYKTOpPY B 4Yaci: 1) KOHIIEHTpaIlis 1HIYKTOpa I 4ac Peaxilli 3MEHIIYEThCS; 2)
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KOHIICHTpAIlisl 1HIYKTOpa HE 3MIHIOEThCS (KaTaliTU4YHI peakilii); 3) KOHIEHTparlis
1HAYKTOpPA 3pOCTa€ (aBTOKATOMITUYHI peaKilii).

KineTrka crory4eHux peakiii qyke CKIaJHa W y JaHOMY Kypci HE pO3Iiis-
naetbes. CimiJl 3a3HAYUTH, 10 MK 1HAYKTOPOM 1 KaTalxi3aTOPOM € MPUHIIUMIIOBA BiJI-

MIHHICTB: IHAYKTOpP Ha IPOTUBAry BiJ] KaTajli3aTOPY B PEaKilii BUTPAUAETHCS.

6.3.5 Jlanirorosi peakuii
JIaHIIOTOBUMM HA3MBAKTH XiMiuHI peakiii, 10 NMPOTIKAKTH 4Ye-
pe3 ps peryJsipHO NMOBTOPIOBAHUX eJ1eMEHTAPHMX peakuiil 3a y4acTio
paaukaJiB, aToMiB 200 iOHIB.
Jlo HUX BITHOCSTH peakilii TOpiHHS, MOoJIMepHu3alii 1 KOHACHcaIlll, po3nary
anep, PoToXIMIYHI peakuli Ta 1HIl.
MexaHi3M JaHIIOTOBUX PEakKiliid MoJIArae B TOMY, IO BUIbHI PAJUKAIH 1 aTO-
MU, 110 XapaKTePU3yIOThCS HASBHICTIO HECMAPEHUX €JIEKTPOHIB, MAIOTh BUCOKY Xi-
MIYHY aKTUBHICTh. BOHU JIErKO BCTYNalOTh Y B3a€EMOJIIO 31 CTIMKMUMU MOJIEKYJIAMH 1
NPUBOJSATH X B aKTUBHUM cTaH. Lli Mosiekymu, y CBOIO uepry, Aat0Th MPOIYKTU pea-
KIi 1 HOBI aKTHUBHI YAaCTUHKH 1 T.J., TOOTO BUHHUKAE JAHITIOT ITOJAIBIINX CTaJii.
BuHHKHYBIIHM, JTaHIIOTOBA PEaKIlis MPOIOBXKYETHCS JOTH, NTOKKM HE MpOpearye ycs
pedyoBUHA a00 MOKHU HE 3HUKHYTh aKTHBHI YACTHHKHU.
JIJis TaHIIOTOBUX peakilii XapaKTepHi TPU €Tamu: 3apOoHKCHHS JIAHIIoTa, Po-
3BUTOK JIAHIIFOra ab0 Horo pict, OOpHUB JIAHIIOTA.
3apoKEeHHSI JIAHLIOTa TOYMHAETHCS 3 €JIEMEHTAPHOTO XIMIYHOIO aKTy, y pe-
3ylbTaTi SIKOTO YTBOPIOETHhCS aKTHBHA YacTWHKA. Lleil mpoliec BMMarae BUTpaTu
eHeprii 1 Moke BiI0yBaTUCS IIPU HArpiBaHHI pEYOBUHU, MPU ONIPOMIHEHHI ii CBITIIOM
1 T.II.
Tax mpu KpekiHry eTaHy BiJOYBa€ThCsl pO3Maj] HOro MOJEKYJId Ha METHIIbHI
paauKamn
CzHe - 2CH3* )
fe iHAeKC ~O03HAaYae aKTUBHY YacTKy. YTBOPEHHS aKTHBHHX YAaCTHHOK MOK-

JIMBO TMPH 3ITKHEHH1 MOJIEKYJIM 31 CTIHKOIO MOCYAMHM a00 Ha MOBEPXHI Karaji3aro-
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py. Hampukmnan, aromapHuii BOJCHh MOXHa OJIEp’KaTH Ha MOBEPXHI I'y0YarToi ruia-
TUHU a00 TpH J0JIaBaHHI O PEAKIIMHOI CyMIll MaJOCTINKUX PEYOBUH, Ha3UBAHUX
iHimaTopamu. [Ipu B3aeMoii BOAHIO 3 rajoreHamMu B Ta30Bii (a3i iHIIIATOpPOM €
napu HaTpito:

Cl, + Nag) = NaCl»*+Cl.

Po3BuTOK sMaHIIora siBisie o000 MEepiognyHe TOBTOPEHHS CTafii peakilii 3a
y4acTIO aKTUBHHUX YaCTHMHOK, HA3MBAHMX JIAHKAMHU JIaHItora. J[oBXK1Ha JIaHIIora BH-
3HAYAETHCS YHUCIIOM MOJICKYJI BHXIHOI PEYOBHHH, IO MpOpearyBaiv B pe3yabTaTi
OJTHOTO aKTy 3apO/KEHHS JIAHITIOTa JI0 HOTO 0OpHUBY.

[To ocobnMBOCTSIX CTaAil pO3BUTKY JIAHIIOTOBI peakilii MOIISIOTh Ha HEPO3-
TaIy>KeHi, KOJIM B MPOIIECI PO3BUTKY JAHITIOTA YHMCI0 aKTHBHUX YaCTOK 3aJTHIIAETh-
Csl HE3MIHHUM, 1 pO3Tally>KeH1, KOJIU BUTpATa OJIHI€T AKTUBHOI YaCTUHKH MTPUBOJIUTD
JI0 YTBOPEHHS BEJIMKOTO YHMCJa TaKUX YacTUHOK. Hukde mpuBepeHa cxema posra-

JY’KEHOI peakuii sl BUNAJKy YTBOPEHHS ABOX YACTOK 3 OJIHIET:

/W\ <\/\

OOGpwuB naHIIOra BIANOBIAA€ 3HUKHEHHIO aKTUBHUX YaCTUHOK. BTpaTa akTuB-
HOCT1 YaCTMHKaMH MOXE BiOyBaTUCA MpU aacopOilii 4acTOK CTIHKAMH TOCYIUHH,
MIPH 31TKHEHHI JIBOX aKTUBHUX YaCTUHOK 3 TPETHOIO (1HT1OITOPOM), SIKIi aKTUBHI Ya-
CTHUHKH BIJIJIAI0Th HAJIMIIKOBY €HEprito. Tomy sl JTaHIIOTOBUX PEaKIliil XapakTe-
pHA 3aJIeKHICTh IXHBOT MIBUAKOCTI BiJl po3MipiB, PopMu 1 MaTepiany peakIliiHoi mo-
CYJIMHHU; BiJl HaIBHOCTI CTOPOHHIX 1HEPTHUX PEUOBHUH, BIJ TUCKY a00 KOHUEHTpaLlii
pearyrounx pevyoBHH, TEMIEpaTypu i 1HIMUX YHHHUKIB. [IIBUIKICTH JaHITIOTOBUX
peaKIliii BU3HAYAETHCS IBHJKICTIO HAHOUIBII MOBUIBHOI CTajii, TOOTO IIBHIKICTIO
3apOJIKEHHS JaHIora. J{Jis Hepo3raqy)KeHHX JIAHITIOTIB, Y SKUX KO)KHA aKTHBHA 4Ya-
CTKa JIa€ TIOYATOK OJHOTO JIAHITIOTA, 3AJIMINAIOTHCS CIPABEITMBUMU 3BUYANHI PiB-
HSIHHS XIMIYHOI KIHETUKH 3 KOHCTAHTOK IIBUJIKOCTI, 30LIbIIEHOI B V pasiB (V-

JIOBXKMHA JIAHIIIOTa).
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Posrany:xeHi XiMi4H1 peakiiii MOXYyTh IPOTIKATH MO CKJIAJITHOMY KIHETUYHOMY
3aKOHY 1 HE MaTH BU3HAYEHOTO MOPSAKY. Y PO3TalyXKeHHX XIMIUHUX peaklifix pa-
IVKan (aKTHBHA YaCTHHKA) MOKEe OpaTH ydacTh y TPhOX MPOIIecax: MPOJIOBKCHHI,
o0OpwuBi 1 po3raimyxeHHi jaHiora. OOpUB MPUBOIUTH IO 3MEHIIICHHS YMCIIa PaIuKa-
JIB, pO3TaTy’KeHHS — JI0 1X 301IbIIEHHS.

BukopucroByroun Teopito iIMOBIPHOCTI, TO3HAYMMO 6 — IMOBIPHICTb po3ra-
Jy>KEHHS JIaHIIora; B— IMOBIpHICTh 00pUBY JaHIora; Q — iIMOBIpHICTH MPOIOBKEH-

Hs JaHIora. E¢ekTuBHa iIMOBIPHICTh OOPUBY JOPIBHIOE B — &, a TOBXKHMHA JIAHITIOTa

V= Q. _ (6.63)
B—0o
Toal MBUAKICTH PO3TATYKEHOT JAHIIOTOBOI peaKiiii
V=V V= (6.64)

-5 "

ne Vo — NIBUJKICTH 3apOJIKEHHS JaHItora. Lle piBHSHHS MOKa3ye, M0 MIBU/I-
KICTh PO3TaTy’>KEHOI XIMIYHOI peaKIlii 3aJIeKUTh BlJ CIIBBIIHOIICHHS IIBUIKOCTEH
oOpuBY 1 po3rany>KeHHs JaHiora. Bennuunu  u 0 3anexarb BiJl TUCKY 1 TeMIIepa-
Typu. IIBHIAKICT peakIlii 3pocTae B Mipy 3MEHIICHHs PI3HUIN B — & 1 cTa€ HECKIH-
YEHHO BEJIMKOIO mpH B = §. SKI10 MoBa iijie Mpo ra3oBy Cymill, To npu f =& BOHa
BHUOYyXae€.

[Ipu BUBUYEHHI KIHETHKH JIAHIIOTOBUX PEakKiliii BUHUKAE HEOOXIAHICTh Y PO3-
poOIIl METO/IIB BUSIBJICHHSI aTOMIB 1 paJyKaiB 1 OI[IHKHU iXHbOI KOHIEHTpali. Js
I1l€T METU 3aCTOCOBYIOTHCS XIMIUHI 1 (PI3UKO-XIMIUHI METOJU (CMEKTPaIbHI, €IEKT-
POHHUN MapamMarHiTHUNA pe30HaHC, KoJiopuMmeTpis iH.). Ilicig Toro, sik HasBHICTH
aTOMIB 1 paJiKalIiB y pPEaKIiiHIi CUCTEMI TOBEIEHO, HEOOX1THO BUIUCATH €IIEMEH-
TapH1 peaKilii, Mo MPUOJU3HO MPOTIKAIOTH Y CUCTEMI, & TTOTIM TOKa3aTH, 10 KiHe-
THKa BCI€T peakiii T1MCHO OMUCYETHCS 3a JOTIOMOTOIO ITUX €JIEMEHTAPHUX PEAKIIIi.

Sk mpuKkia; po3rIISTHEMO PEAKIliI0 TEPMIYHOTO PO3KIIAAy €TaHy, sIKy BBaKa-
I0Th PEaKli€lo Nepioro nopsaky. I[poMi>KHUMU MPOJyKTaMU 1I1€i peakiiii € aTOMU

BOJHIO, METWJIbHI 1 €TWJIbHI paJuKaiu. 3alpoONOHYEMO TaKHil MEXaHI3M peakiiii,
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SAKUW BKJIIOYAE peakiili BUIIEHA3BAHUX PAUKAIIIB 1 MOSICHIOE MiANOPSIKYBaHHS pea-
KIIi1 3aKOHY TIEPIIIOTO TOPSJIKY.
3B’S130K BYTJIEIb — BYIJICIb CAMUM HEMILHUNA B MOJIEKYJIi eTaHy. MoKHa o4i-

KyBaTH, 110 PO3MaJ] MOYHETHCS 3 PeaKIlii

C,Hs —1 5 2CH,". (a)

Jlani mizge peakiiist BiIpUBY aTOMIB BOJHIO BiJl €TaHy METWJIBHUMH paJvKasia-

MU
CH,™+ CoHs —2 5 CH, + C,Hs". (6)
ETunbHuUil panukan, mo yTBOPIOETHCSA, PO3NAAAETHCS HA €THIIEH 1 aTOM BO/I-
HIO:
CoHs —3 5CHA+H.  (m)
ATOMU BOJHIO, SIK 1 METUJIBHI PaJiMKald, MOXKYTh BIIpUBAaTH BOJHEBI aTOMU
BiJI €TaHY:

* k *
H +C2H6 —4) H2+C2H5 . (F)
Jlati 3aMucyrOTh PeaKiiiro, 1Mo sKii paguKaid 3HUKAIOTh 3 CHCTEMH. B 1anomy

BUIMAJIKY MOX€E BIJIOYBaTHCS MPOIIEC

2C;Hs L) C4Hyo. ()

3anporoHoBaHa cXeMa peakilli CKIaaeThCsl 3 M'AThOX €JIEMEHTAPHUX CTaaiil.
Peakuito (a) Ha3uBalOTH 1HILIIOIOYOIO cTajlero, peakuii (0), (B) 1 (T) — peakuisiMu
IIPOJIOBKEHHS JIAHITIOTA, PEAKIIII0 (J1) — peakiliero OOpUBY JIAHIIIOTA.

o6 MOSICHUTH MHepui MOPSIOK YChOTO MPOILECY, 3 OIVISIAY Ha BCl II'SITh
eJIeMEHTapHUX PEeakKIliii, 3aCTOCOBYIOTh METO/I CTAlllOHAPHUX KOHIIEHTpaIlii. Meron
3aCHOBAHMM Ha TPUIYIICHHI, [0 KOHIIEHTPAIlll aTOMIB 1 BUIBHUX paJUKaliB, IO
3HAXOJATHCS B CHCTEMI B HE3HAUHMX KUIBKOCTSX, HE 3MIHIOIOTHCS B XOJl PEAKIIii.
KoHnnentpariii ix Ha mo4aTtky peaxiiii JOpiBHIOIOTh HYIIIO, ajie BXKE Yepe3 JeKiIbKa
CEKYH/I IOCATal0Th cTajioro 3HadeHHs. CTajiio peakilii, KoJu KOHIIEHTpAIlis 1 IIBU/I-

KICTh CTaOLTI3YIOTHCS 1 HE 3MIHIOIOTHCS MIPOTATOM JIESIKOTO 4acy, Ha3MBaIOTh CTalli-

OHapHOIO cTajiero. Ha 1iii ctaaii Mo)kHa 3amucaTH Takl BUPA3H:
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kICC2H6 _kZCCH;CCZHG - 0, (665)

k3C _k4CH*CC2H6 - 0, (6.66)

C,Hj5

kZCCH;CCZHG —k3C * +k4CH*CC2H6 —ks(CZZH5)2=O. (667)

C,Hs
VY miicyMKy OTpUMaHi TpU PIBHAHHS 3 TpboMa HeBigomMumu C CH. C, 1
3
C C.H: ,SIK1 MOKHA po3B’s13at. Hanmpukian, 13 (6.66) 3HaX01MMO
2455
k
C..=—1Ccy.. .
cn =, Cen 669
CxkuaaBmmnu (6.66) i (6.67), onepKyeMo
* 2
kZCCH;CC2H6 _kS(CCZHS) = 0 (669)
[TincraBuBIIM B 11€¥ BUpa3 piBHSAHHSA (6.71), 01€pKYyeEMO PIBHSAHHS
k1C2C2H6 _kS(CZZHs )2= 0 , (670)
3BIIKU
1
# k; |2
CC2H5 = (k—J CC2H6- (671)
2
PiBHSIHHSI U1 IIBUAKOCTI peakuil
dCc g k, |2
— 24 _ — i
L= dt —k3CC2H§ _k3(k2 CCsz' (6.72)

Takum ymHOM, OOpaHa cxema peakxiiii MIHCHO MPUBOJIUTH 10 BHUCHOBKY, IO

peaxiis HiAKOPSEThCS MEePUIOMY TOPSIIIKY.

6.4 MosexkyasipHa KiHeTHKA
[IpenMeToM MOJEKYJISPHOI KIHETUKH € BUBUEHHS 1 MOSICHEHHS MEXaHI3My Xi-
MIYHUX peakiliid. ['0JI0BHI HAMPSIMKK PO3BUTKY MOJICKYJISPHOI KIHETHKH OB’ s3aHi 3

BHBUYEHHSIM 3aKOHOMIPHOCTEH MPOTIKAHHS €IEMEHTAPHOTO aKTy.
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EnemMenTapHuM XiMiYHUM aKTOM 3BeThCSl OJAMHUYHMI AKT B3ae-
MoOAii 200 mepeTBOPEHHS] YaCTHHOK (MOJIEKYJ, PaaMKaJjiB, i0HIB, aTo-
MiB), Y pe3yJIbTaTi IKOT0 YTBOPIOIOTHCSI HOBI YACTHUHKHU NMPOAYKTIB pe-

aKuii 200 MPOMIKHUX CIOJIYK.
VY mporieci eneMeHTapHOTO XIMIYHOTO aKTy BiJI0YBA€THCS 3MiHA PO3TAIlyBaHHS
siIep aTOMIB 1 €JICKTPOHHOT TYCTUHM B YaCTHHKAX, Y Pe3yJIbTaTl YOTO PBYThCS CTapi 1

BUHHMKAIOTh HOB1 XIMiUHI 3B’ SI3KH.

Oco0IMBOCTI KOXKHOTO €JIEMEHTapPHOIO aKTy BHU3HAYAIOTHCA YHCIOM MOJie-
KyJ, MO OepyTh ydacTb y HbOMY, IXHBOIO OYyJOBOIO 1 XapaKTepOM PEaKI[IHHUX
1eHTpiB. [IpuitHATO BBa)KaTH, IO TPUBATICTh CIEMEHTAPHOTO aKTy BH3HAYAETHCS
4acoM, MPOTATOM SIKOT'O MOYMHAETHCS 1 3aBEPIIYEThCS Mepedy0Ba MOJIEKYISIPHUX
opGiTaneil B MOJIEKyIIax, o pearyioTs , (=% 10 72...10™" cexyny). Besikuii enemen-
TapHUI aKT B1IOYBA€ThCS uepe3 NepexigHuil ctad. JlJis yTBOpPEHHS MEpexiTHOTO
CTaHy MOJIEKYJIU, 0 pearyioTh, TOBUHHI MaTH CyMapHy €HEpriio, piBHY abo mepe-
BUILYIOUY BEJIMYMHY €HepreTuyHoro Oap’epy. Kpim Toro, HeoOXiAHO CHPHUSATIMBE
pO3TaIlyBaHHS aTOMIB y PEAKIIHHUX IEHTPaX MOJEKYJ, [0 pearyrTh. 3BIJCH BU-
IJIMBA€E, M0 TEOPis €IEMEHTApPHOr0 XIMIYHOTO aKTy MOBHMHHA JaBaTH MOKJIUBICTH
PO3paxyHKy pO3MIpy €HEPreTUUHOro 0ap’epy, M0 HEOOX1THO MepedopoTH pearyro-
YUM MOJIEKYJIaM, 1 IMOBIPHOCTI YTBOPEHHS MEPEXiTHOTO CTaHy, BUXOISYH 3 OYJTOBU

1 BJACTUBOCTEHN pearyrounux MOJEKYII.
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6.4.1 Teopiss aKTUBHUX 3iTKHEHDb
OpHMM 13 MEepIIMX HAMpPSIMKIB Y PO3BUTKY TEOPIi €IEeMEHTAapHUX PEaKIiiil € Te-
Opisi aKTUBHHUX 31TKHEHb. [loyaTok po3BUTKY JaHOi Teopii nokiaagaeHo C. AppeHiy-
coM. BiH BHCIOBHB €10 TIpO Te, IO €eMEHTapHa XIMIYHA peakilis BiOyBa€eThCs
4yepe3 YTBOPEHHS aKTHUBHUX MOJeKyl. CyTHICTh Teopii poO3IJITHEMO Ha MpPUKIIAIl
OJIHOCTOPOHHBOI PEaKIIii APYroro MopsaKy, 10 BiI0OyBA€TbCA B PO3UMHI IIPU CTAJIO-
My 00’emi:

A + B — npoayKTu peakIii.

HIBuakicTs 1mi€el peakiii U = KCACsg.

AppeHiyc NpUITyCTUB, IO peakiis BiJOYBAETHCS 32 CXEMOIO JBOXCTAIMHOIO
MOCJTIIOBHOTO TIPOIIECY
A+B S A*+B* — [poayKTH peaxuii.

Ha nmepmniii cranii (BUCOKOMIBUAKICHIN) MoJieKyau A u B cTukatotbes 3 1H-
IMMHU MOJICKYJIaMH 1 IEPEXO/IATh Y €HepreTUYHO 30y KkeHuid cran A* 1 B*. [lIBun-
KICTh peakuii Ha ApYrid cTajli BIJHOCHO HEBEJMKA 1 JIMITY€E 3arajibHy IIBHJIKICTh
nporecy. Konnenrpariii akTHBHUX MoJIeKys Maii, Tooto C,>>C*,, 1 C,>>C, Ha
CTaJil aKTUBHOCTI BCTAHOBJIFOETHCS PIBHOBAra, 110 BU3HAYAETHCSI KOHCTAHTOIO PiB-
HOBaru K*C:

. CuCp k

= =P v
¢ CACB k3B (6 3)

[IBUAKICTH APYTOi CTaAll BUPAKAETHCS Yepe3 KOHIIEHTpAIlli aKTUBHUX MOJie-
Ky
v= k*CA*CB* . (6.74)
I3 (6.73) 1 (6.74) BurniuBae
v=k K.C,Cg. (6.75)
Ockinbkn v = KCACp, 10 KCACg = K K cCaCg i k = K'K¢, a60

X = InK . (6.76)

*_

HudepenttitopanusaM (6.76) 1 3 ypaxyBaHHSAM PIBHSHHS 130X0pH
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dinK¢  AH™
dT RT?2'

(6.77)

dinKc AH® _ E,

OJICPIKYEMO =
PRy dT RT2 RT?

, (6.78)

ne AH — temora nporiecy aktuailii; E, — epexrrBHa eHepris aktuBariii. Pi-
BHAHHA (6.90) Ha3uBaOTh PiBHAHHAM AppeHiyca B nudepeHmiitniil ¢popmi. [Ipwmii-
Mmatouu E, HeszanexxHoio Bif KOHIEHTpauii i iHTerpyoun (6.78), ogepX yiTh piB-
HSHHS AppeHiyca B iHTerpanbHii GpopMi (1uB. po3ain 6.2 ):
_Ea
k =ze RT (6.79)
Sx BumHO, eexTUBHA eHepris akTuBalli E, OTOTOXHIOETHCS 3 TEIMJIOTOIO
polecy aKTUBallii AH . [IpenexcrnoHeHIIHHNNA MHOKHHUK Z BUPAKAETHCA B TUX KE
OJIMHUIIAX, 10 1 KOHCTAHTa IIBUIKOCTI peakiiii, TOOTO B ¢t JUISL peaKiliii mepioro
NOpANKY 1 JI/(MOJIb-C) JIs peakiiid Apyroro nmopsnaky. EHepris akTuBailii BUpaxka-
€ThCS B KJK/MOJIb.
BuciioBuBIIH 11€10 PO POJIb AKTUBHOTO CTaHY MOJIEKYJ, AppeHiyC He Miii-
IIOB JI0 MOHSTTS MEPEXiTHOTO cTaHy. [lomampmm po3BUTKOM MOIISIIIB AppeHiyca
Oyna po3poOka Teopli aKTUBHHMX 31TKHEHb Ha 0a3l MOJIEKYJSPHO-KIHETUUHHUX YSIB-
neHb. byrno 3ampornoHoBaHO BBa)KaTW aKTUBHUMHU TaKi 31TKHEHHS, Y SKHMX CyMapHa
eHepris 30ymkeHnx Mojekya A* 1 B*, mo ctukarorbcs, gopiBHioe abo Oiibine E,.
[Ipu 31TKHEHH1 MOJIEKYJU 30JUXKal0ThCS A0 BIJICTaHI, 1110 HA3UBAETHCS €(DEKTUBHUM
NiaMeTpPOM 3ITKHEHb Uep 1 IPU SKUH €TEKTPOHU i aTOMH OAHi€T MOJIEKYIH ITOTpall-
JS0Th y CepeloBUIIE All €EKTPUYHUX MOJ1B, 30y)KYBaHUX YaCTKaMU 1HIIOI MOJie-
Kynu. TiTbKH 3a TaKMX YMOB MOJKE BIIOYTHUCS PO3PHUB 3B’SI3KIB Y BUXIAHUX PEUOBHU-
HaXx 1 yTBOPEHHS HOBUX MOJIEKYJI. Y MepIIoMy HaOIMKEHH]

_dA +dB

dep =22 (6.80)

Ha man. 6.10 mogana 3miHa eHeprii mij1 yac eK30TepMIYHOI peaKilii.
Pieens I Bignosigae cepennii eHeprii no4aTkoBUX pedOBHH (E (pn). PiBeHB

IT — cepennii eneprii nponykTiB peakiii (Ecep.x.). 3BMYaliHO CEpENHS €HEPris MOJe-
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Ea.SB

Y A 4 Xinx peakuii

Pucynok 6.8 3miHa eHeprii mij] yac eK30TepMIuHOl peaKilii

KyJ BUXIJIHUX PEYOBUH 1 MPOJYKTIB pPEaKilii, MATPUMYyBaHa IXHIMHU 31TKHEHHSIMHU,
3HAYHO HIKYe eHeprii akTuBauii npsamoi (E,qp) 1 3B0poTHOI (E, 55) peakmiid, ToO0TO
Ecepr<Eanp 1 Ecepi< Easp. 3 YCIX MOJNEKYI TIIBKM HEBEJIMKA IX YaCTHHA Ma€ €Hep-
rito, OUTBIIY HIK €Hepris akThBalii. 3 i€l MPUYUHHM JIUIIE HEBEJIMKA YACTUHA MOJIE-
KyJ 3/1aTHa 10 peakiiii. Boioairoun BeTUKOK KIHETHYHOIO CHEPri€ro, Il MOJICKYIN
CTUKAIOThCS, IEPEOOPIOIOTh EHEPreTUUHUN 0ap’ep, B3a€EMOAIIOTH 1 Jal0Th MPOIYKTH
peaxkiii. EHepris, 1m0 BUAUISIETHCS TIPU IBOMY, TIEPEAAETHCS 1HITUM MOJIEKyJaMm, i-
JBULIYIOYM IXHIO €HEpriio J0 €Heprii akTtupaiii 1 T.4. JogaTkoBa eHepris MOJeKy-
JaMu MOXKe OyTHM OTpHMMaHa 1 330BHI, HAMPUKJIA] 32 PaXyHOK HarpiBaHHg a0o mor-
JUHAHHS €Heprii BUIPOMIHIOBaHHs. TakuM YMHOM, Y XOJ1 pPeakilii eHepris CUCTEMU
CIIOYaTKy 3pOCTa€ JI0 PIBHS €HEPreTUYHOro Oap’epy, 1o Biamnosigae tour K, a mo-
TIM 3MeHIIyeThes 10 piBHs 1.
Enepriero akruBanii (ado enepreruunum 0ap’epom) E, HazuBa-
0Th HAAJIMIIOK eHeprii B MOPiBHAHHI i3 CepeIHbOI0 EHEPri€l0 PpeYOBHH,
10 PearylThb, IKU HEOOXiIHO MaTH MOJIEKYJaM VISl TOro, mod 3iTk-

HEeHHs 0yJIU pe3yJIbTATHBHUMM.
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Eneprist aktuBaiiii 3anexXuTh BiJl IPUPOJU PEUYOBHH , 110 PearyroThb, aje He
3aNIeKUTh BiJl TEMIIEPATypH.
Pi3auns E, ;5 — E, ;p ZOpIBHIOE TEIIIOBOMY €(DEKTY XIMIYHOI pEaKIii:
AH = Ea.sB - Ea.rlp (681)
VYsBIEHHS MpO €HepreTUYHU 6ap’ep 1 MpoO «aKTUBHI» MOJEKyJax ao0pe mo-
SICHIOIOTB PsiJl (DaKTiB.
1 XimiuHa peaxiiisi 3aBXI1 BiIOYBA€THCSA 3 HE3PIBHIHHO MEHIIOKO IIBHJIKIC-
TIO, YUM II€ BIAMOBI/Ia€ PO3PAXYHKY 3 MPUITYIICHHSAM Pe3yJbTaTUBHOCTI KOXKHOTO
sitkaennst. Hanpukazn, npu Temmepatypi 550 K mume oxme 3 3-10" sitkHens Bee
no peakiii 2HI — Hy+I,.
2 s cxoxkux peakiiid 2N,O — 2N+ O, 1 2Cl,0 — 2Cl;, +O, npu ogHaKO-
BHUX TEMIIEpATypax 1 KOHIEHTPALISIX YUCIO 3ITKHEHb MPUOIU3HO OAHAKOBO, & IIBHU-
JIKICTh TEPIIOT peakilii B AECITKU TUCSAY pa3iB MEHIIE HIXK JAPYToi.
3 llIBuakicTh peaxirii nponopiiiHa koHueHTpariiii (VU = KC). OgHak i3 3MiHOIO
KOHLIEHTpali B 5 pa3iB WIBUAKICTh MOXE 3MIHIOBATUCA B = 45 pa3iB.
4 KibKiCTh 31TKHEHb 13 3MIHOIO TemmepaTtypu Ha 10 rpaayciB 3MiHIOETHCS Ha

2—3%, 0JTHaK MIBHIKICTh PEaKIlii 3MIHIOEThCS B 2 — 4 pa3u (nuB. po3main 6.2).

6.4.2 PiBHAHHS /151 LIBUIKOCTI XiMiYHOI peakilii 3 Teopii AKTUBHUX 3iTK-
HeHb. Di3n4YHM 3MicT KoedilicHTIB PiBHAHHS AppeHiyca.
CTepuyHHUil YNHHHUK
[To3HaunMo MIBUAKICTH OIMOJIEKYJISIPHOI peakiii yepe3 U, a 3arajibHe YHUCIIO
MOABIMHUX 31TKHEHb Yy HIM — uepe3 Zp. BucioBumMo oOuJIB1 BEIMUYMHU B OJTHAKOBHUX
CaMUX OJUHUIIX — MOJB/(Ji'c). 32 YMOBH, IO KOKHE 3ITKHEHHS Bele J0 peakilii
U=2y. Ha npakrtuii jiuiie geska 4acTHHA LMX 3ITKHEHb MPUBOJIUTH 10 PEakKIii.
OcKinbKY 31TKHEHHS 0€3J1aHi, TO 10 HUX MOKe OyTH 3aCTOCOBAaHUM CTaTUCTUYHHIM

3aKOH PO3MOJILTY MOJIeKyn 3a eHeprisimu JI. bonsimana. BignosigHo no 3akony bo-

E
JNbIIMaHa, YaCHHA MOJIEKYJI, IO MaloTh eHeprito E, nopisaioe € RT . Taxa x vactu-
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Ha (B1J 3arajpHOI0 YMCJIA 31ITKHEHb) aKTUBHUX 31TKHEHb Z, 110 MAaIOTh €HEPTii0 HE
MeHIIe eHeprii aktuaiii E,. Tomy

_Ea

v=z=z,¢ RT (6.82)

SIKIIIO MPOBOJIUTH PEAKINiI0 TPU OAMHUYHUX KOHIICHTPAIlISX Pearyrunx pe-

40BUH, TO U = K 1 KiHETUYHE PiBHSIHHSA JJI1 KOHCTAHTH IBUIKOCTI 3 TEOPii aKTUBHUX

3ITKHEHb MPUIMAE BUTIIST

_FEa

k=z,e RT (6.83)

3a monomororo piBHSAHHA (6.83) nerko nmokazatu Hi3uYHUIN 3MICT KOoe]ilieH-

TiB A 1 B y piBHsiHHI AppeHiyca (6.52). Jlorapudpmyroun piBHsHHSA (6.83), ogepxky-

I0Th

Ea
Ink =1Inz, ~RT. (6.82)

[TopiBHsiHHA (6.84) 3 (6.52) nokasye, mo koedimieHT B 1opiBHIOE ToTapudmy
3araiibHOTO 4rcha 3iTkHeHb (B = In Zg) B ogHOMY miTpi 3a 1 cexynny. Koedimient A
JIOPIBHIOE BIHOIIEHHIO €HEepril akTUBaIlii 10 ra3opoi cranoi (A = E,/R) i BuzHnauae
YaCTKYy aKTUBHUX 31TKHEHb Z. Kopuctyrouuch Gpopmynamu (6.82), (6.83), moxxkHa po-
3paxyBaTH YMCJIOBI 3HAYEHHS MIBUAKOCTEHN peakiiil. s mpocTux peakiiil crocre-
piraeThcs 3aI0BUTbHUN 301T pe3yJbTaTiB AOCBIAY 1 po3paxyHKy. OHaK y OUTBIIOCTI
BUIIAJIKIB CIIOCTEPITatOThCS 3HaYH1 BIAXWICHHS, I ypaxyBaHHS SIKUX BBEICHO €M-
HNipUYHUN MHOXKHUK P, Ha3BaHUM CTEPUYHUM YMHHHUKOM. 3 ypaxXyBaHHSIM CTEPUUYHO-

'O YMHHHMKA BUpPa3 AJIsI KOHCTAHTHU H_IBI/II[KOCTi HpI/II>'IMa€ BUTI'JIAL,

Ea
k=pzge RT, (6.85)

CrepuyHUil YMHHUK P OJepkaB Take (izuyHe MoscHeHHs. (s mpoTikaHHS
peaxiii HeOCTaTHBO, 00 Y MOMEHT 3ITKHEHHSI MOJIEKYJIM MaJjH JIMIIe MOTp1OHUMN
3amac eHeprii. BayxImBo TakoX 1 T€, IK MOJIEKYJIM OPIEHTOBAaHI B TPOCTOP1 B MOMEHT
3yCTpil, SIKHUWA 4ac BOHU 3HAXOJATHCS B 3ITKHEHHI, SIK1 BUJIU B3a€MO/IIi M1’K MOJIEKY-

JaMU TIEPEeBaXKAIOTh (CUJIM MPUTSTAHHS a00 BiMIITOBXYyBaHHs ). [Ipu HecnipusTinBii
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Opi€HTAIlli MOJICKYJI TIO BiTHOIIEHHIO OJHA JI0 OAHOI P < 1, mpu CHIPUATIUBIN — p =
1. Ane B IeSIKUX peakIlisix 3HAYCHHS P MOKe OyTH OiIbIIIe OJAWHMII, IO 3 MO3UITII
JTaHO1 TEeOPii HE3PO3YMLJIO.
6.4.3 MeToau BU3HAYEHHS eHePrii akTuBauii

ExcriepuMeHTanbHO €HEprilo akTUBallli MOYKHA BHU3HAUMUTH, Oyaylouu rpadik
3QJIEKHOCTI Joraprudma KOHCTAHTH IIBHUIKOCTI Peakilii BiJl 3BOPOTHOI aOCOJIFOTHOT
temriepatypu (auB. Mai. 6.7). TaHTeHC KyTa HaXwWiy MPSMOi TOPIBHIOE €HEPTii ak-
TUBAIII] 3 TPOTUJICKHUM 3HAKOM, MO/IJICHUN HA YHIBEpCAJIbHY Ta30By cTaiy R.

Enepriro aktmBaIiii MOXHa TaKOX 3HAWTH 3a TOMOMOTOI0 PiBHSHHS (6.96).
JIJI 1IbOTO eKCIEPUMEHTAIBHO BU3HAYAIOTh KOHCTAHTH IIBUAKOCTI peakiiit K i Kj

IIpU JIBOX pi3HUX Temreparypax 111 T, CrijibHe pillieHHS ABOX PIBHSHD

E

T, RT,

nae GopMyITy ISl pO3paxyHKY €Heprii akTUBaIlii

k,
RT1T2 In =
kq

E. =
a T,-T, (6.87)

6.4.4 TlosicHEeHHS 3aJIeKHOCTI MIBUAKOCTI XIMIYHOT peaKIii BiJl IPUPOIH pea-
T'YIOUUX PEYOBUH 1 TEMIIEpaTypH 3a JOMOMOT OO

TEOpii aKTUBHUX 31TKHEHb

Sk Oyno 3a3Hay€HO BHILE, HABITH JJISI CXOKUX PEAKIIN MpU OJHAKOBUX KOH-

LEHTpaIisfX 1 TeMIepaTypax WBUIKOCTI peaklii MOXYTh CHJIBHO PO3PI3HATUCA. 3a
JIOTIOMOTOX0 T€OpP1i aKTUBHUX 3ITKHEHB 110 PI3HUII0O MOXKHA TMOSICHUTH BEIMYUHOIO
eHeprii aktuBaiii. BignosigHo 10 (6.94) yuMm Oiblle eHepris akTUBAallli, TUM MEH-
1€ MBUIKICTh peakiii. [Hakie kaky4yu, YyuM BUIIE eHepreTuuHuil 06ap’ep, THM Me-
HIIIa KUIBKICTh MOJIEKYJ 31aTHa Horo 310satu. Lo 3a1eXHiCTh HA0YHO MOJKHA 110-
Ka3aTu rpadiyHo 3 BUKOPUCTAHHIM 3aKOHY PO3MOALTY MOJIEKYJ MO eHeprisix boib-

mMana. Ha man. 6.11 momana 3ay1ekHiCTh BIITHOCHOT KUTBKOCTI MOJICKYJI
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1 dN
N dE

AK1 MarOTh KiIHeTH4HOIO eHeprieto B Mexxax E +dE, Bin eneprii.

E

Pucynok 6.9 a) BruiuB BenMuMHM eHeprii akTuBallii Ha BITHOCHY KUIbKICTh AaKTUBHUX MOJIEKYJI
npu Temiieparypi T1; 0) BITHOCHA KUIbKICTh aKTUBHHUX MOJIEKYJI B 3aJI€KHOCTI BiJ TEMIIEPATYpPH.

Ak BUAHO, BEJIMKA YACTUHA MOJIEKYJ Ma€ €HEPrito, 110 HE BiPI3HAETHCS CHU-
AbHO BiJ cepennboi BenmuuuHu Eg,. OnHak 3aBXKau ICHYIOTb MOJEKYJ, K1 MaroTh
BEJIMKY €HEpTrito. YMOBHO 3ajamocs eHeprisiMmu aktuBailii E,; 1 E,, 111 n1Box pis-
HUX peakuid npu Temneparypi Ti. Yci MolieKynau, 0 MalOTh €HEprito, piBHy abo
OUIbLIY HK €HEepris akTUBAIlil, 3aTHI 10 PE3yJIbTaTUBHOTO 31TKHEHHS(aKTUBHI MO-
nekynu). I'padiuHO BITHOCHE YMCIIO TAaKMX MOJIEKYJ BIOOpa)xaeThCs MIIOLICHO, sIKa
po3TanioBaHa mnpasiliie Bij BepTukanbHoi JiHii E, Ha man. 6.11a. I3 mantoHka BUAHO,
o yuM MeHie E,, TuM O1bilie yacTka MOJIEKYJI, 3JaTHUX O aKTUBHUX 31TKHEHbD 1
TeM OuyIbllie MBUAKICTE peakii. ko E, < 40 x/[x/Mo0ib, TO peakiiis Wae MUTTERO,

ako E, = 40...120 x/>x/Moib, TO peakilis iae 3 BUMIPHOIO MIBUAKICTIO; Ipu E, >
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120 xJI>x/Moyib MIBUAKICTH peakiii ayxe majna. Ciij 3a3Ha4MTH, 110 3 3pOCTaHHIM
temneparypu T3> T,> T; KpuBi po3moaiLy pO3MIUPIOIOTECS BIPaBO, MAKCUMYM iX
3HUKYETHCS, TOOTO 301IBIITYETHCS BIIHOCHUM BMICT MOJICKYIN , SIKI MalOTh €HEPIiio
axktuBarlii (Man.6.1106). OckinbKY BeMMYMHA €HEPrii aKTUBAIlIl 3 3POCTAHHIM TEMIIE-
paTypu HEe 3MIHIOETHCS, TO TUIONIA MiJ KPUBOIO MOMITHO 3pOCTa€, a I BKa3zye Ha

3pOCTaHHS IIBUIKOCTI PEAKIIii.

6.4.5 Teopis nepexiTHOro cTaHy 200 aAKTHBOBAHOI'0 KOMILIIEKCY

BBenenns B piBHSAHHS U MIBUAKOCTI peakiiii (6.97) cTepruyHOro YuHHUKA P,
AKUHN SIKICHO BPaxOBY€ I'€OMETPII0 31TKHEHb MOJEKYJ, HE PO3B’sA3aJI0 HasiBHI IMpPO-
OyieMH B Teopii aKTUBHUX 31TKHEHb. [IprurHa nossArae y BiZICYTHOCTI IIPSIMOi KOpe-
JSALIT MK IMOBIPHICHUMY YHHHUKAMH U IMOBIPHICTIO TOTO, 1110 Pearyr4l MOJIEKYJIn
3IITOBXHYTHCS] BU3HAYEHUMHU YaCTUHAMH. TOMy MIBUAKOCTI 0araTboX peakiii, po3-
paxoBaHi Ha OCHOBI TEOpii aKTUBHHUX 31TKHEHb, YK€ BIJIPI3HIIOTHCA BiJ €KCIIEpH-
MEHTAJIbHUX.

Hanani Teopist enemeHTapHUX peakxiliii po3BUBasiacsa Ha 0a3i 3aKOHIB KJIACUYHOT
1 kBaHTOBOI MexaHiku (I'. Diipiar, M. OBanc, M. TlonsHi, 1935). HoBuit HanpsiMok y
PO3BUTKY TeOpli KIHETUKU HA3BaJId TEOPI€H0 aOCOTIOTHUX IIBUIKOCTEM XIMIUHHMX
peaxiniii. ['ol0BHE MOJOKEHHS Teopli aOCOMIOTHUX MIBUAKOCTEH XIMIYHUX PEAKIlIn
MOJISITa€ B TOMY, 110 BCSKUN €IE€MEHTAapHUI XIMIYHHUIA aKT B1IOYBA€ThCS 4Yepe3 Ie-
peximHuii cTaH (aKTUBOBAHMM KOMILIEKC), KOJIM B CHCTEMi, IO pearye, 3HUKAITh
OKpeMmi 3B’SI3KM B MOYATKOBHUX MOJIEKYJIaX 1 BUHUKAIOTh HOBI 3B’SI3KHM, XapaKTEpHI
JUTSL IPOAYKTIB peakuii. Y Teopii abCOMOTHUX IIBUAKOCTEH PO3B’SA3YIOTHCS /IBa 3a-
BJIAHHS: PO3PaXyHOK TMOBEPXHI MOTEHIIIHHOI €Heprii eIeMEeHTapHOro aKTy 1 po3pa-
XYHOK IMOBIPHOCTI YTBOPEHHS 1 Yacy ICHYBaHHSI IEPEX1HOTO CTaHY.

[lepmie 3aBmaHHs 3B’s13aHE 3 PO3B’SA3aHHSAM KBAaHTOBO-MEXAHIYHOTO PIBHSHHS
Ipeninrepa sl CUCTEMU YACTUHOK, IO YTBOPIOIOTH aKTUBOBaHWM KoMruiekc. Ls
npoOJjieMa ayXe CKJIaJHa 1 BUPILMIYEThCA JMIE MPpUOIU3HO 3a gomomororo EOM.

Tomy B OCHOBHOMY T€OpisSl PO3BUBAETHCS B MOITYKaX METO/IIB OLIIHKK €HEPTii i eHT-
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porii yTBOPEHHSI aKTHUBOBAHOI'O KOMILJIEKCY BUXOJSIYM 3 BJIACTUBOCTEH pearyroumnx
MOJICKYL.

Posrnsaemo nporec B3aemoii atomy C 3 mosiekynoro AB 3rigHo 3 peakiiiero

A-B+C — (A-B+C) — A +BC.

CroyaTKy y4acHUKH PEaKIlii po3TalloBaHi JOCUTh JAJIEKO OJIWH BiJl OJHOTO i
MK HUMH BIJICYTH1 CUJIM B3aeMojii. B mipy 30mkennst mix aromamu B u C BuHu-
Ka€ 3B’530K, 110 TTOCTYITOBO MiJCHITIOETHCS, a Mik aTomamMu A u B 38’5130k crabmiae.
Hacrae takuit MomeHT, koiu Mojekyiau A—B nedopmoBani 1 HecTaOlIbHI, a MoJie-
kymu B—C me ne chopmosani. Lleit MomeHT € nepexinnuM. CucteMy MOXxHa po3T-
JAJATU SIK TaKy, 0 CKIAJA€EThCS 3 TPhOX CIA0KO 3B’sA3aHUX MiX CO00I0 aTOMIB A—
B—C (axtuBoBanmii komruiekc). Ha 30mmkenns atoma C 3 moinekysoro A—B 1 Ha po-
3puB 3B’s13Ky A—B BUTpadaeTbcs JiesKa €Hepris, 10 JOPIBHIOE €HEprii akTUBAIlli.
[Ipotsirom peakiiii 3miHIOIOTHCA BijcTaHi Mk A 1 B 1 B 1 C, a BignmoBigHO A0 IIHOTO
3MIHIOEThCA TOTEHIIITHA eHepris cucteMu (ananoriyno main. 17.8). Touka K Biamo-
BiJIa€ YTBOPECHHIO aKTHBOBAHOT'O KOMIUIEKCY. OCKIJTbKA aKTUBOBAHUNA KOMIUIEKC Ma€
MaKCHUMYM TOTEHIIIIHOI eHeprii, TO BiH € HecTaOlIpHUM. Yac Horo iCHyBaHHS CKJia-
mae ~ 102 - 10 cekyHu. Tomy BiH po3mafaeThCcsi HA MPOIYKTH peakilii abo mo-
YaTKOBI PEYOBHHH.

binbir ToyHO omMcaTH NUISIX XIMIYHOI peakilii MOKHa 3a JIOMOMOTOI0 METOTY
MOTEHLIMHUX MOBEPXOHb. AKTHBOBaHUN KoMILIeKC (A—B--C)*, mo ckiagaeTbes 3 n
aToMiB, Ma€ 3n CTYIEHIB cBOOOU pyxy. JJisi HENMHIMHOT MOJIEKYJIH 6 CTYIIEHIB CBO-
0011 TOBOJUTHCS HA MOCTYMaIbHUI 1 00epTaIbHUI PyX CHCTEMH B IIJIOMY, a 3n—6
CTYIIHIB CBOOOAM XapaKTepHU3ye KONUBaIbHUM pyX y cucteMl. [loTeHuiiiHa enepris
AKTUBOBAHOTO KOMILIEKCY € QYHKIIIE€0 3n—6 KOOPAMHAT X3, X7, X3'**X3n_6, K1 BH3HA-
YaroTh PO3TAIIYBaHHS SACP Y MPOCTOPI:

EI'IOT = f(xla X2, XC’;"'X3n—6) (688)

PiBusinas (6.100) Ha3uBarOTH PIBHIHHSAM MOBEPXHI MOTEHINIHHOI eneprii. [1o-
TEHL1HA €Heprisi NePEeX1THOTO CTaHy B OYJb-IKUH MOMEHT 4acy XapaKTepU3YEThCS
TOYKOIO Ha MOBEPXHI MOTEHINIHOI eHeprii B 6ararToMipHOMY MPOCTOpPi. Y csiKa 3MiHA

CUCTEMHU 1 PO3BUTOK €JIEMEHTAPHOT0 XIMIYHOIO aKTy OIHUCYETHCS PYXOM TOYKH,
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o6yMmoBiieHOi piBHAHHAM (6.100), Ha MOBEPXHI MOTEHIIMHOI €HEeprii Mo HUIAXY Mi-
HIMaJIbHUX €HEPreTUYHHX BUTpAT. JIiHIIO, SIKy OMHUCY€E ISl TOYKA, HA3UBAIOTh ILIfA-
XOM peaxiiii ab0 KOOPAMHATOIO PeaKIlii.

HInsx peakuii B 6araToMipHOMY MPOCTOPi HE MOKHA MPEICTABUTH PEAIbHOIO
¢Gi3udHOI0 MOAEIUTIO. SIKIIO BijoMa 3aJiekKHICTh, IO BUPAKAETHCA PIBHSIHHIM
(6.100), To MOXXHa 3HAWTH MiHIMaJIbHE 3HAYEHHS CHEPrii MepexiHOTO CTaHy, IO
BH3HAYAE PO3Mip eHepreTudHoro O6ap’epa. [lo3HaumMo BifCTaHL MK IIEHTpaMU A U
B d4epes ra gy, BiacTanp Mik HeHTpamu B u C — yepes 1g c. IloTeHniiina eneprisa
cuctemu A, B u C Oyzae Bupaxatucs QyHKII€IO BiJ Ia g 1 g ¢ 1 KyTa (@ MK HUMHU.
[Ipu pikcoBaHOMY 3HAUEHHI () = T €HEPrisd CUCTEMHU Oyi€ 3aJI€KaTU TIIIBKU BIJ I'a g 1
lBc:

E="f(ras, s—) (6.89)

3anexHicth (6.101) Moxxe OyTu nmonana rpadiqyHO B TPHOXMIPHOMY IIPOCTOPI

a00 y BUIJISI 130€HEPTeTUYHUX JIHINA Y JBOMIpHIN CHCTEMI KOOPAHUHAT T'a g 1 I'g ¢

(puc. 6.12). CyuinsHUMH JTIHIAMH BiJ3HAu4€H1 piBHI ojHaKkoBoi eHeprii. [ludpu Ha

PUCYHKY TT03HAYal0Th €HEprito, aKy maioTh cucteMu A—B + C u A+ B—C B 3anex-
HOCTI B1J BIJICTaHl Ia g 11 .

[IpuitmeMo 3a BUXIAHHI CTaH CUCTEMHU TaKUM CTaH, KU Ha puc. 6.10 no3Ha-
yeHo Toukoo H. V mpoMy cTaHl 3HaU€HHS I'g ¢ BEJIHUKE, TOOTO MAaeEMO MOJIEKYIH
A-B, mo He B3aemoitoTh 3 atomoM C. Ilpu Habnmxkenni atoma C 10 Monekyiu A—
B nmonaroThcst cuiy BIAIITOBXYBAHHS MK OJHOMMEHHO 3aps/KEHUMU SJPAMH aTO-
MiB B u C. BHyTpilHs eHeprisi CUCTEMU IpHU LIbOMY 3pocTae. Touka, mo xapakre-
pHU3Y€E CTaH CUCTEMH, OyJie pyXaTHUCs MO JiHIi MIHIMAJIbHUX €HEPTreTUYHUX TpajieH-

TiB, siKa 300pakeHa Ha puc. 6.10 MyHKTHPOM.
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I'g.c,HM
0,18

0,16 4

014 1

0,12 4

0,10 +

0,08 |

0,06 1T

| | | | ]
0,08 0,10 0,12 0,14 0,16 0,18 0,20 ra.g,HM

Pucynoxk 6.10 3MiHa MOTEHIIMHOT €HEprii B 3aJIEKHOCTI BiJl BiICTaHEH A g 1 I ¢

Konu BigcTanb ra g Benuka, To MmaeMo Mojekyiny B—C i1 atom A (Touka K).
Touka K BiAmoBifae KiHIIEBOMY CTaHy, SKUW TaK0X XapaKTEPU3YETbCS MiHIMallb-
HOtO eHepriero. B inTepBam mix Toukamu H 1 K cucrema 3Haxonutbes Ha niepeBai,
10 POo3’€JHy€E MTOYATKOBUH 1 KiHIIEBUI cTaHW. Ha BepinHi eHepreTuyHoro o6ap’epy
B Toulll D nipu ra_g = I'e_c.atromu A u C eHepreTu4HoO TOoTOXHI. CHcTeMa 3HaXOUTh-
Csl B MEPEXIAHOMY CTaHi, YTBOPIOEThCS akTUBOBaHUU KoMmIuieke (A—B--C)*. Cucre-
Ma Ma€ MAaKCHMMaJbHY MOTEHLIMHY €Heprito. SIKIo eHepris MOCTYyNalbHOIO PyXy
mouiekynu A—B 1 aroma C Oyjie BesmKa, TO CUCTeMa JTOCSTHE MePeBaly 1 CIIyCTUTHCS
70 KIHIEBOIO CTaHy. Y MPOTUBHOMY BHUIIQJIKy CHUCTEMa, HE JOCATHYBIIH PO3MIPY
E€HEPreTUYHOTO 0ap’€py, CKOTUTHCS BHU3 JI0 MOYATKOBOTO CTaHy. Pi3HUIM MiX eHe-
Pri€ro aKTUBOBAHOTO KOMIUIEKCY E* 1 eHepriero BUXiTHUX PEUOBUH , 110 PEaryroTh ,
Jla€ 1CTUHHY €HEPrilo aKTUBAIlli peakii

Ea=E* - (EA—B + Ec) (690)
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SIK1o BifioMa eHepris akTHBAIlil, TO MOXHa PO3paxyBaTH KOHCTAHTY IIBHU/I-
KOCTI €JIEMEHTapHO1 pPeaKilii yepe3 BIACTUBOCTI MOJEKYJ , 1[0 PearyoTh , 1 aKTUBO-
BAHOTO KOMITJIEKCY.

Jlpyre 3aBianHs Teopii aOCOMOTHUX MIBUIKOCTEH XIMIYHUX PEakKIliii — OlliHKa
eHeprii i eHTpomii yTBOPEHHS aKTUBOBAHOT'O KOMIUJIEKCY 1 pO3paxXyHOK IIBUIKOCTEH
peakiIiiii — BUPIIIYIOThCS OUIBIN YCHIITHO, HI’K BU3HAUYCHHS €HEprii akTUBAIlll CKJIaI-
HUX pPEaKIiii.

['omoBHE piBHAHHS JUIsi KOHCTAaHTH IIBUJIKOCTI peakiiii B Teopii MepexiHOTo

CTaHy

k=yx (6.91)

N, h

AKe TYT IPUBEJEHO 0€3 BUCHOBKY, BKiItouae ctaiy ABoragapo N, cramy Ilna-
Hka h, crany Boibsivmana k, yHiBepcaabHy ra3oBy crainy R, abCcoiIroTHY Temiepary-

As”
py T, eHTpOmniiHUI MHOKHHUK € R mo BijloOpaxka€e iIMOBIPHICTh YTBOPEHHS TIEepe-
X1JTHOTO CTaHy, a TaK0XX TPAHCMICIMHHUI KOEQILIEHT 7, 10 BPaXOBYE MOKIIUBICTbH
po3Mmaay aKTUBOBAHOTO KOMILUIEKCY Ha MOJICKYJIM BHXIJIHUX PEYOBHH. Y OIIBIIOCTI
XIMIYHUX peaKIiil KOe(iIe€HT Y OIU3bKUI 10 OJUHUILII.

[TopiBusiug piBHsHB (6.103) 1 (6.97) moka3ye, o crepuyHuii GakTop p BH-
3HAYA€THCSI B OCHOBHOMY EHTPOINIEI0 YTBOPEHHS aKTMBOBAHOTO KOMILIEKCY AS¥.
3naueHHs1 AS* Moke OyTH OIbIIIE, TOPIBHIOBATH 200 MEHIIIE HYJIS.

Takum 4MHOM, TEOpisl MEPEXITHOTO CTaHy MOSICHIOE MOXJIMBICTh 3HAUYCHHS
p>1, 1o 6ys10 HE3pO3yM1JIO B TEOPIi AKTUBHUX 31TKHEHb.

3a 3HaueHHAM AS* peakuii auIsThCA Ha Tpu rpynu. IIpu AS*>>0, p > 1
(mBuaki peakii), npu AS* =0 — p=1 (HopmanbHi peakiiii), mpu AS*<<0 p<1 (mmoBi-
JBHI peakxii).

Jlokas y Teopii mepexigHoro crana Toro (paxTy, 1o MBUAKICT PEAKINii 3aje-

KUTh HE TUTLKH B1J] €HEPTii aKTUBAIIii, aJie 1 BiJ] €HTPOIIli aKTUBAIIii, JI03BOJISIE TIOSIC-
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HUTHU PI3HULIIO Y MIBUIKOCTIX PEAKIIN 3 OJU3bKUMHU BEJIMUMHAMH €HEPrii aKTUBAIIii.

HIBuakicTe Oy/ae BUILE B TI€T peakilii, eHTPOIis aKTUBALlli AKOi OlbIIIe.

6.5 KineTnka rereporeHHMX npouecis
['eTeporeHHMMH HA3WMBAIOTHCS PEakilii, siki BiAOYBAIOTHCS MK PEUOBHHAMH,
110 3HAXO/ATHCS B PI3HUX JNOTHYHUX (azax. Taki peakiiii Haa3BUYAHHO MOMIMPEH] B
MIPUPOII 1 TEXHIII.
VYci XiMIuHI peakiiii, 110 BiI0YBaOTHCA 11T Yac BUPOOHHUIITBA METaJIB 1 CIlIa-

BiB, @ TAKOX II1J] 4ac X TEPMIYHOT 1 MEXaHIYHOT OOPOOKHU, € TETEPOTCHHUMHU.

Mo:kHa HaBeCcTH 0araro l'lpI/IK.]'IaIliB reTeporcHHuXx pealcuiifl, sIKi MalOTh 3HAYEHHS B

MeTaJypriiiHoMy BUPOOHHITBI:

® TOpIHHS TBEPJOTO 1 PIIKOro NaJIUBa;

® BIJHOBJICHHS TBEPJIUX OKHUCIIB Ta3aMH Y BYTJICIIEM;

® PO3MOJLUI PEUOBHUH MDXK PIAKUMU (ha3zaMu (MeTas — IIIaK, MEeTall — IITEHH);

® [IPOIIECH PO3YMHEHHS 1 BUJIIJICHHS Ta31B 3 METANIY 1 IIUIAKY;

® [IPOLIECH PO3UMHEHHS TBEPJUX T y plaAuHaxX (HaNpukian, pyTepoBKU cTalie-

MUTABWIIBHUX TI€UYeH y IITaKax);

e KpucTaji3allis piiuH (HampUKJIaa, TBEPAIHHS CTAJICBUX 3IUTKIB);

e moiiMop(dHI MEpEeTBOPEHHS y TBEPUX METaJlax 1 CriaBax.

BiaMiHHOIO PHCOIO BCIX T€TEPOTCHHMX MPOILIECIB € iXHS CKJIAIHICTh 1 OaraToc-

TaJ1iHICTh. 3BUYAHO T€TEPOTCHHA peaklis CKIalaeThCs, IMIOHAWMEHIE, 13 TPhOX

cTajii.

PedoBuHa A (ra3)

PeuoBuna B (TB)

A * 2 A+B —

Pucynok 6.11 Tpu mocnifioBHi cTajii reTeporeHHol peakiii Ha MpUKIaal B3aeMoIii razy A
3 TBEPJOIO peyoBHHOIO B;1 — minxiag MoyieKyn ra3y A0 MOBEpPXHI PO3MOAUTY; 2 — XiMiUHA B3a€EMO-

Iist; 3 — BABEIEHHS MPOAYKTY peaKilii Bi MOBEPXHI POMOALTY.
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[lepmra cramist siBisie COOOI0 MEPEHECEHHS Pearyrunx PEYOBHH 10 TTOBEPXHI
posnoainy ¢a3z (10 peakiiiHoi 30Hu).

Jlpyroro cTaji€ro € BIaCHO TeTeporeHHa XiMidHa peakiis (HampuKIaj, OKHUC-
moBaHHS (hochopy, PO3UMHEHOTO B PIAKINA CTalli, KUCHEM IO MPOMYBAETHCA Yepes3
Hei a00 BIJTHOBJICHHS OKCH/IIB METaJIiB BOJIHEM).

Hapemti, TpeTst cramis mossira€ y BiABOAI MPOAYKTIB peakiii 3 peakuiiHol
30HU. OCKITBKH MIBUAKOCTI MPOIIECIB Y BCIX CTaAISX MPOIMOPIIiitHI BEJIUYUHI OBEP-
XHi, TO MBUAKICTh TETEPOTCHHUX PEAKIN MOBUHHI 3aJI€KAaTH BiJl BIIHOIICHHS MiX
BEJIMUMHAMU MOBEPXHI po3noany $a3 1 00’emy. Ctajiero, 10 BU3HAYAE MBUAKICTD
BCHOTO TIpoliecy (KOHTPOJIIOIOYOI0 CTAJIIEI0), € HalOUIbi oBUIbHA. [Iporiecu nepe-
HOCY pearyr4ux peyoBHH, 1110 3/1ACHIOIOTHCS Ha MEPIIii 1 TpeTik cTaaisx, Ha3uBa-
IOTHCSl MacoIlepeiayelo.

VY mporiecax Macomnepenayl po3pi3HAIOTh 30BHILIHIO 1 BHYTPIIIHIO Macomnepe-
navy. Sk mpUKIIaa mpoLecy, y SIKOMY B 3aJIKHOCTI BiJI YMOB IIBUJIKICTb MOXE BHU-
3HaYaTrucs ab0 30BHINIHBOI, a00 BHYTPIINIHBOIO Macomepenadyero, MOKHA HaBECTH
BIJIHOBJICHHSI OKCHU/IIB 3ai3a. [lepelir mporo mpoiiecy, 0 PO3BUBAETHCS Y BEPXHIX
1mapax IIaxTd JOMEHHOT Medi, BIUIMBAE HA THTEHCUBHICTD i1 poOOTH. Y 1IbOMY MHpPO-
neci qudy3isi TOBUHHA BiIOYyBaTUCS SK y Ta30BOMY IOTOIIl, TaK 1 B Macl YaCTKOBO
BIJTHOBJICHOTO IIMAaTKa 3aii3Hoi pyau. llepumii mpoluec Ha3MBAa€eTHCS 30BHIIIHBOIO
Macorepeayero, a APyruil — BHyTPIIIHBbOI0. BiracHe XiMiuHe epeTBOPEHHS OKCHUIIB
3aJ1i3a B METal CKIAJAEThCA 3 KUIBKOX MPOIECIB, OMUCYBAHUX CYMapHOIO PEAKIIIEI0

FeO(T) + CO(F) — Fe(T) + COz(r)

BuyTpimns audysis sBisie co00r0 psii NPOLECIB, 110 BII0YBaOThCA Mapae-
neHO. [lepmmii — 3Buyaitna nudy3is ra3iB Mo Kanusipax MOPIBHSHO BEIMKOTO paaly-
cy. Jpyruit — xanuisipHa aAudyy3is 1Mo BYy3bKUX Kamiispax. SIKIo J0BXHHA BUIBHOTO
npoOiry OuIblle AilamMeTpy Kamiiaspa, To qudy3iiiHe OJIykaHHS MOJICKYJI BU3HAYAETh-
Cs HE 3ITKHCHHSIMH MDK CO0OI0, a 3ITKHEHHSIMH 31 CTiHKamMu. TpeTiM mporiecoM €

noBepxHeBa AU(y3is, 10 3THCHIOETHCS aacOpOOBAHUMHU MOJIEKYJIAMHU MO CTIHKax
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kanuspiB. Kpim mporo, moxkimBa audy3is yepes 1map NpoayKTy peakiili, 1o yTBO-
PUBCHL.

CymapHa MIBHJKICTh T€TEPOTEHHOIO MPOIECY BU3HAYAETHCA HIBUIKOCTIMU
OKpEeMHUX HOro JaHOK 4M cTaid. SIk BKazyBanocs BUIIE, SKIIO MIBUIKICTb OJIHIET 3
MOCIIJOBHUX CTa/ii Mpoliecy 3HaYHO MEHIIIE 1HIINX, TO CyMapHa IIBHUJIKICTh BU3HA-
Ya€ThCS MIBUJIKICTIO 111€1 HAMOUIBII MTOBUIBHOI cTafli. SKIO K MBUIKOCTI OKPEMHX
CTajlii MaJlo BIJPI3HAIOTBCS MiX CO00I0, TO CyMapHa IIBUIKICTh PEaKIli He
000B’SI3KOBO MOBHHHA JIOPIBHIOBATH IBHIKOCTI caMOi MOBLIBHOI CTaaii, TOMY IO
BCi cTajli B3aeMHO ToB’s13aH1. [IpoTikaHHs OUTBII MIBUAKUX CTallid MOXE BILUTUBATH
Ha MIBUAKICTH MOBUIBHOI CTal].

* 0
II [h;

B
>

Cy Pucynox 6.12 Cxema craiioHapHoi 1u-
by3ii

HANPSIMOK TU(y3ii

\ 4 Co

Ski10 HaOUIBII MOBUIHLHOKO CTAJIIEI0 MPOLIECY € MiJIBEACHHS pearyrdux pe-
YOBHH JI0 30HM peakuii Yu BiABIJ 3 HEI MPOAYKTIB pEaKIlii, TO KIHETUKAa CYMapHOTO
Jporiecy Oyne nudysiHor. [Ipo Taki mpolecu TakoK TOBOPATH SK PO MPOIIECH,
110 BiI0OYBalOThCs B AN Y31iiHINA 001acTi. Y BUNAAKY, SKIIO MOBUIbHA CTAIsl MPOLIe-
Cy MOJISTa€E B XIMIYHOMY 4d (DI3UYHOMY TIEPETBOPEHHI, TO IIBUJKICTH MPOIECY BHU-
3HAYAETHCA IBUJIKICTIO PEaKlli, 1 Mpolec BiA0YBAETHCSA Y KIHETUYHINA 00J1aCTI.

[Tpu NOpIBHHHUX IBUIKOCTAX AUQY31i 1 XIMIYHOTO IEPETBOPEHHS MA€ MICIIE
mpoMixkHa o0JacTh peakiiil. CkazaHe CIpaBenMBO JUIsl CKIAQTHUX TPOIECIB, IO
CKJIaJIAlOThCA 3 KUTBKOX TOCHIIOBHUX CTaii. Y BUIAJKY, SKIIO T€TePOreHHUN Mpo-
IIeC CKIAMAEThCS 3 PAMY MapajebHUX MPOIIECIB, MO BiAOYBAIOTHCS OJHOYACHO, SIK,
HaIPUKJIIA, PY BHYTPIlIHIA qudy3ii, Te BU3HAYATHHUM € HAUIIIBUIIITUHN TIPOIIEC.

Sk mpuKITa; MOCIIOBHOTO MPOIIECY PO3MITHEMO BUIAAO0K CTAIliOHAPHOI JTH-
¢y3ii mig gac nmepeHocy peuoBuHu depes nBi gazu | 1 11, mo mMaroTe pi3HI TPOHUK-

HOCTI 1 pi3H1 TOBIIMHMU. L{el mpouec cxeMaTuyHo npeAcTaBieHuil Ha puc. 6.12. by-
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JeMO TIATPUMYBATH Ha 30BHIIIHIN moBepxHi ¢ga3u | crany koHunentpaiio Cy, a Ha
30BHIIIHIN NoBepxHi pa3u || — HynbOBY KOHIIEHTpAIiI0O PEYOBUHH, 110 AUPYHIYE.
[Tpu npomy Ha MeXi Mk (DazaMu BUHHMKAE HE 3ajieKHa BiJ 4acy (crarioHapHa) KOH-
nenrpamist Cy. Hexait h; i hy — ToBmmaN (a3. Bimzraaunmo, mo B crarfioHapHOMY
PEXHUMI PO3MOJILT KOHIICHTPAIlll peUOBUHH, 1110 AUPYHIYE, y CEpETOBUIII, B SIKil Bi-
n0yBaeThCsa quy3is, HE 3aJeKUTh B Yacy, TOOTO, Y KOXKHINA TOYIIl IIbOTO CEpeIo-
BHIIIA KOHIIEHTpAIIis 30epiraeThcs ctanoro. Kpim Toro, konmentpariiss C npu oMy
000B’sI3KOBO TTOBUHHA JITHIMHO 3aJie’KaTH BiJ BijicTaHi X. [{ilicHO, 3 piBHAHHS Tudy-

311

2
p2€_9C (6.92)
ox ot
. 8°C oC
BurIMBaE, mo mpuy — =0 i —— =0 T0OTO — € CTaN0I0 BETUYHUHOIO.
ot axz ox

Takum 4MHOM, 3aJIe)KHICTh KOHIIGHTpAIIlii BiJl BIICTaH1 BIIOOPAXKYETHCS PIBHIHHAIM
C=ax+Dh, (6.93)

ne a Ta b — xkoHCcTaHTH.

Takuit po3moIiJT KOHIIEHTpaIli 31 CHIOETHCS, HAIIPUKIIaA, B Tiporeci audysii
rasiB yepe3 giadparmu.

SkuM yuHOM y TOAIOHUX BUIAJKaX BIUIMBAIOTh HA MIBUJKICTH MPOLECY, IO
CKJIQJIa€ 3 TMOCIIJOBHHUX JIAHOK, BeMWYMHU Audy3iiHux omnopi? [loTik pedoBuHU
(IT)) uepe3 dazy I BU3HAUAETHCS PIBHSIHHSAM

C,-C

II, =D, > = [—”’1((30 -Cy), (6.94)

1

ne D; — koedimient mudysii y dasi |, a BigHomenus B = h—‘ Ha3UBacTHCS
i
Koe(illieHTOM Maconepeaayl 1 Mae pO3MIPHICTh CM/CEK.
YacTto koedimieHT macomnepenadi po3paxoBYyIOTh 3 BEJIMYMHHM IOTOKY HE Ha
OJIUH KBaJIpaTHUN CAHTUMETp, a HA OAWH KyOIYHUN CAaHTHUMETP 00’ €My, 3alTOBHEHO-

ro 3epHUCTUM MarepiagoMm P. OCKUIbKM MOBEpPXHS Marepiagy B OAUHUII 00’eMy
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BI

00epHEHO TporopIiiiiHa AiameTpy yacTuHku d, To B = " 1, OT)Ke, Ma€ PO3MIPHICTh

cM/c. B3arami, Benmuunnan ' XapakTepH3ylOTh Macornepeiady He TUTbKU Y BHIAIKY
MOJIEKYJIsIpHOT Audy3ii, aje 1 npu OyJIb-IKOMY 1HIIIOMY PI3HOBHUJ MEPEHOCY pedo-
BHHH.
[ToTik pevoBunM y (a3i I ckimanae
C, -0

II, =D, h =[3'2C
2

.. (6.95)

BenuuuHa 3araibHOr0 MOTOKY BU3HAYAETHCS CITIBBITHOIICHHIM
I =p’'C,. (6.96)
B ymoBax cranioHapHocTi
Im, =11, =11, (6.97)
OCKUJIBKM PEYOBHUHA HE MOXKE HAKOMUYYBATUCSA B OYIb-IKOMY MICIIl CEpelo-
BHUIIIA.

SIxuit 38’130k icHye Mk BennuuHamu B'y,B', ,i B’ ?

3 piBHsAHHSA (6.97) BUILIMBAE, 110

B’l (CO _Cx) = B’ZCX (698)
3BIJICH KOHIIEHTpAIIis Ha MeXi (a3
’
C
c. = P1Co (6.99)

T OBI+B:
3 oryAay Ha 1€, BeJIMYMHY 3arajbHoro notoky Il mMoxHa BigoOpa3uTu piB-
HSHHSM
Q!
C
n =, =p,c, = PP2Co. (6.100)
P1 + B2
CriBcTaBist0uM OTIEPETHI PIBHSIHHS , 0a4MMO, 110
BiB>

B1+B2

abo 1/’ =1/p', + 1/p',. (6.102)

B’ = (6.101)
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1 :
Bemnuuna —  3BeThesa omopoM. Takum uuHOM, 3 piBHAHHA (6.102) Bumm-

. . .1 . :
Ba€, 110 B IIOCIIAOBHHUX IIpOoHCCax 3arajJbHHUU OIIIP - AOPIBHIOE CYyM1 YaCTHHHHX

OTIOPiB.
PosrissHeMo fiesiki BUTIAAKH, 1[0 MOXKYTh MaTH MICIIe MPH MOCIiOBHHUX MPO-
necax. Hexaii, Hanpuxknan, omip ¢aszu |l 3Hauno Outbmumid, HiX ¢a3u | (oueBumIHO,

CHIBBITHOIIEHHSI MK MPOBIAHOCTAMU Oyzae 3BopoTHUM P',<< B’;, TOOTO 11€ 103BO-

1 . :
JIsi€ 3HEXTYBATU JIOJ@AHKOM —- B piBHAHHI (6.99), oTke, y npoMy Bunaaky 1/’ =
1

1/p’,.

Axmo nposiaHicts Gazu I 1/p’y 3Hauno Oinbiie, Hixk 1/B'; To, 3HEBakarOun
OCTaHHBOIO BEJIMUMHOIO, B piBHSAHHI (6.102) 6auumo, mo C, = Cy T06TO, 10 Ipaji-
€HT KOHIeHTpatlil y ¢a3i I BimcyTHi. [le Bkasye, 1110 NIBUAKICTH MPOIIECY, 110 CKIIa-
J1a€ 3 TOCIIOBHUX CTaiM, SIKi JyXe CHUIBHO BIJIPI3HSIOTHCA CBOIMH OIOpaMH, 3a-
JEKUTh TUIBKHU BIJI CTAli 3 HAHOUIBIIMM OMOPOM. Y METadypriiiHiid MpakTHlll 3y-
CTPIYaIOThCSl BUIAJKU, KOJIH MPOIIEC JIMITYEThCS TU(DY31€10 pEYOBUHU JI0 TIOBEPX-
Hi, Ha K1 BOHA BCTYMNa€ B XIMIUHY PEAKIIIO.

[ToTik nudysii nponopiiitHui, K 1€ 0yJI0 MOKa3aHO, PI3HUIIl KOHIICHTpAIliH.
[Tokakemo, 10 MBHUAKICTh XIMIYHOI peakilii Mepioro MopsAKy MpOIopIiiiiHa pi3-
HULI (PAKTUYHOI 1 PIBHOBAKHOT KOHIEHTPALIIH.

Hexait y cuctemi, Jie BinOyBaeThes peakiisi A 5 B, peyosurn A u B maroth
koHneHTparii C, 1 Cg. Tomi

v =Kk;Cp — kyCp. (6.103)
Konnentparisi Cy, mo BignmoBiganta 6u piBHoBa3i 3 B (To6to mpu v = 0), Bu-
3HAYAETHCA PIBHSIHHIM
kiCPA = kyCp. (6.104)
TakuM YHMHOM
v =Kk (Ca—CPy), (6.105)

ne CP — piBHOBa)KHA KOHIICHTPALIiSI PEYOBHHH A.
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SIkmo cucTema janeka Bija piBHoBaru, To v = K;Ca. (6.106)
Sk mpukiax HakiIageHHs AUQPY3IHHOrO 1 XIMIYHOTO MPOLECY PO3TISTHEMO

3HEBYIJICIICBAHHS ITOBEPXHEBOTO IIApy CTaIl MpH i HArpiBaHHI y BIAHOBHIM aTMOC-

depi, Hanpukiaaa y BoaHi. TyT Byriens nudyHIye 10 TOBEPXHI METaTy, Ha SIKOT Bi-
N0YBa€THCS peaKiis
C + 2H;,) — CHyy
JIyist ManmuX MTPOMIKKIB 4acy MOYKHA BBaYKATH KOHIICHTPAIIIO BYTJICIIO yCepe-
nuH1 Metany cranoro (Cp). bynemo BBaxkaTu mpoiiec cramioHapauM. Hexail Ha mo-
BEpPXHI CTajJl BCTAHOBIIOETHCS KOHIEHTparis Byriemio, C,:, M0 3aIAIAEThCSI CTa-
JIOI0 MPOTSITOM YChOT'O MPOIECY, OCKUIBKHU 11 30UIbIIICHHSI BHACTIIOK AU(Y3ii KOM-
MIEHCYETHCS] BUATKOM Y PE3yJIbTaTi XIMIYHOI peakilii. Judy3iiHuii MoTiK 10 MOBep-
XH1 METaJly CKJIaJiae
I =p'(Co - C.). (6.107)
[TpuitmeMo 1J1s1 MPOCTOTH, 110 XIMIYHA PeakKilis Ma€e NEPIIUNA MOPSIOK 3 KOHC-
TAHTOO MBUAKOCTI K 1 [0 cucTeMa Jjaeka Bija piBHoBard. Toi IBHIKICTH peakiii

v =KkC,. (6.108)

3 YMOBH CTAl[iOHAPHOCTI BUILIMBAE, 1110

B'(Co—Cy) =kC, 1 C,=p'Co/(P'+K). (6.109)
3B1CH
o= ¢ (6.110)
B'+k
. kB’
SIKIO MO3HAYMTH BIJHOIIEHHS — AK B'cym ,TO
B +k
v = B’eym Co. (6.111)
Od4eBUIHO, M)k BEITMYUHAMH CyMapHOTO onopy B’eyw B’ i K 10 icHye cniBBiz-
HOILICHHSI
,1 =l,+l. (6.112)
Pow Bk

Taxkum 94rMHOM, CyMapHUI OMip CKIAAAE€ThCs 3 AUQY3iiHOTO 1 XiMiuHuX. [Ipu-

MyCTUMO crovaTky, 1o B’ << k. Ile o3Haudae, 1110 B piBHSAHHI __ , MOXKHA 3HEXTYBaTH
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BeauunHOIO 1/K B mopiBHAHHI 3 1/ B’ 1 B'eyw = P’, TOOTO mporec BinOyBa€eThCs B AU-
by3HOMY pexumi.

VY uboMy BHUMAJIKY, SIK BUILUIUBAE 3 piBHAHHSA (6.109), C,, HabaraTo MeHIIe Hik
Cy (mpar"e 10 HyJsA), TOOTO Mae MICIle TPaII€HT KOHIIEHTpAIlil BYTJICIIO B METaJi.
Sxmo x, HaBmaku B’ >> K, To cymapHa MIBUIKICTh BU3HAYAETHCS MIBUIKICTIO X1Mi-
4yHOi peakilii. B nuboMy Bumnaaky 3 piBHsHHS (6.109) Bumubae, mo C,= Cy 1, 0TXe,
IPaJIIEHT KOHIIEHTpAIIil BYTJIEIIO BIACYTHIMN.

Po3rassuemo CHiBBi}IHOIIIeHHH MIK CyYMapHMMH YaCTUHHUMHU OllOpaMu l'li)I qJac npoie-
ciB 3 mapaJjieJJbHUMH cTagiiMu. CXeMaTHYHO NMPUKJIA] TAKOT0 Mpolecy 3 TPHOMa napaJieib-

HMMH CTaJisIMH NpeAcTaBjJeHo Ha puc 6.13. O4yeBUAHO, Y HILOMY BHIIAJIKy CYMAapHUH MOTIK

BU3HAYAECTHCHA piBHﬂHHﬂM
I =p"1Co + B'2Co + P'3C, (6.113)
1, OTXKeE:
B'CyM = B'l + B'Z + B'B- (6114)
TakyM 4UHOM, y IIpoliecax 3 NapajelbHUMM CTaisMU 3arajbHa IPOBiIHICTH

JIOPIBHIOE CYMi MPOBIAHOCTEN OKPEMUX CTaIH.

C=Co

I 11 111

Pucynok 6.13 Cxema napanenbHo-
ro mporecy

A 4 A C=0

Axo Benmuuuau 'y, B’2, B’s CHIIBHO BIAPIZHAIOTHCS OAHA BiJl OJJHOI, TO IIBU-
JKICTh Mpo1iecy OyJ/ie BU3HAYATUCS HAOUIbII MIBUAKOIO CTAAIEID TPOLIECY.
31 cka3aHOTO BUILIMBAE, IO MEpIIa 3a/1aya MPU BUBYCHHI KIHETUKU CKJIATHUX

IPOLIECIB — BUSIBJICHHS JIIMITYIOUMX CTafll.

6.5.1 30BHINIHA Maconepeaada B AESIKUX KOHKPETHUX MPO-

necax

VY MertanypriiHoMy BUPOOHHUIITBI BEJUKY POJIb BIIITPAIOTh MPOLIECH, B SIKUX
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O0epyTh ydacTh pijiki ¢azu. Sk nmpukiag MOXXyTh OyTH HaBeJI€HI TaKi MPOIECH: PO3-
YHMHEHHS CKpaly y piAKOMY YaByHi; pO3UMHEHHS BalHa Y PYAH B PIAKOMY IIJIAKy;
PO3YMHEHHS 1 BUJILJICHHSI Ta3iB 3 PIJIKOI CTalll; MepexiJi KOMIOHEHTIB 3 PIAKOTO Me-
Tajy B IIIJIAK 1] 9ac MpoIieciB padiHyBaHHS.

Hait61b11 mpocTUM BUIIAJKOM € PO3UMHEHHS TBEPAUX TiNl y pinuHax. Ha min-
CTaBl BEJIIMKOTO eKcrepuMmeHTaabHoro matepiany A. H. Illykape y 1891 pori
3HAWIIIOB 3arajlbHUN 3aKOH, 1[0 BUPAKAE MIBUIAKICTH IIBOTO MPOIIECY:

Q =k(C, - Cy)S, (6.115)

ne Q — KUIbKICTh pEYOBHHH, IO PO3UMHSAETHCS B OJMHHUINIO Yacy; S — BETUYH-

Ha MOBEPXHI PO3NOALTY TBepAE Ti0 — piauHa; C, — KOHIIEHTpaIlisi HACUYEHOTO PO3-

ynHy; Cy — KOHIIEHTpAIlisl PEYOBUHH, 10 PO3UYMHSIETHCS, B JAHUH MOMEHT 4acy B
00’emi po3urHY; K — KOHCTaHTa MIBUIKOCTI.

[Tiznime B. Hepucrom Oyna BUCYHyTa Teopisl, BIMOBIIHO /10 SAKOi IMIBUAKICT
nporiecy Ha Mexi (a3 (BIacHO PO3UMHEHHS) 3HAYHO TMEPEBEPIIyE MBUIKICTh TUDY-
31{HOTO MEPEHOCY PEYOBUHU B 00’ €M po3unHy. Tomy Ha Mexi (a3 yTBOPIOETHCS Ha-
CUYCHHUM PO3YUH 1 CyMapHa MIBUAKICTH MPOIIECY BU3HAYAETHCS MOJICKYJISPHOIO JU-
dy3iero yepes map po3duHy, 10 MPUIIATAE 0 MOBEPXHI TBEpAOro Tina. B mpomy
mapi konueHntpauis nmaaae Big Cy 1o Co. Konnenrpariist B 06’emi pozunny Cy miar-

PUMYETHCS OJHOPIAHOIO 3aBASKA TrapHOMY mnepeminryBaHHiO. CriBCTaBICHHS PiB-
: : D
HsHHA (6.115) 3 piBHsHHAM Dika nokasye, o k = X ne A — nuiax audysii. Takum

gyuHOM, piBHSIHHS (6.115) Moke OyTu nepenucane y BUTIISII

_D(C, —Cy)S
A .

Q (6.116)

HepucT BBaXkaB, 110 B 11api, 10 MPUISTAE 10 MMOBEPXHI TBEPAOTO Tijia TOB-
MIMHOIO A, piAvHa BIAPI3HAETHCA 3MIHEHUMHU B MOPIBHSHHI 3 YCi€lO ii Macoio (i3u-
KO-XIMIYHMMH BJIACTUBOCTSIMU 1 MEPEHOC PEUOBMHU Yepe3 Lei map 341HCHIOEThCS
TUIBKM LUISIXOM MOJIEKYJsipHOT nudy3ii. L1 ysaBiaeHHS 3HAWIUM SKICHE MIATBEp-
mxeHHs B pochigax A. I'. Camapuesa. [1InsxomM onTHYHUX BUMIPIB BIH 3HANIIIOB, 1110

y BOJAHUX pO3UMHAX MOOIU3Y MOBEPXHI TBEPAOTO TiJIa MIMCHO iICHY€E TOHKUMN mIap pi-
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JIMHU, B IKOMY Ma€ThCsl 3HayHa 3MiHa KoHIeHTpaiii. [IpoTe Teopis HepHcTa nuie
dbopManbHO OMHCYE MpoIieC. 3HANIEH] 3 EKCIIEPUMEHTATLHUX BU3HAYCHD 1 00UuCIIe-
Hi 3a piBHsHHSM (6.116) Benmumbn A BusiBiH mopsinok 102 — 107 em. Ockinbku
po3Mip MoIeKyl Mae mopsimok 10°° cm, To mrap A 3a3HadeHOi TOBIIMHM BiAMOBigae
10°— 10° MoJTeKyIAPHEX LIApiB.

OdeBuHO, AP PIAUHU TaKOi TOBIIMHU HE MOXKe, sIK 1e BBaxaB B. HepHcr,
YTPUMYBATHCS] B HEPYXOMOMY CTaH1 Ha MOBEPXH1 TBEPAOTO Tijia CUIAMH MOJIEKYIs-
pHOI B3aeMOJIIi MK TBEPJIMM TUIOM 1 piinHOW. SIK BiA3HAudagocs BUINIE, A € JUIIE
BEJTMYMHOIO €(hEKTHUBHOTO MIIAXY AUY3ii.

[IBUAKICT MEepeXory KOMIOHEHTY 3 OJIHIEI PIIMHU B 1HILY, [0 HE 3MIIITY€ETh-
sl 3 HElo (HaMpUKIIad, 31 CTajl B IIJIAK), YaCTO BU3HAYAETHCS BEIMYNHOK KOHBEKTHU-
BHOTO MEpeMIlTyBaHHsS B 000X (azax, 110 BUHUKAE SIK PE3YyJIbTaT PI3HUII TeMIlepa-
Typ, BUJUICHHs Oynap0amiok razy Ta iH. B Takux BUIajakax po3moOJiia HIBUIKOCTEH
Teuli 1 KOHIIEHTpaIll Ha MEXI1 ABOX PIAUH YSBISETHCS OLIBIN CKIATHUM; HDK I
Yyac pyxy pIAMHU BIIHOCHO TBEPAOIO TUIA. Y 3B’SI3KY 3 UM BUKJIAJEHI BUILE MIPKY-
BaHHS MPO MPUKOPJIOHHUH Iap MOXKYTh OyTH BUKOPUCTAHI JIMIIIE JJIS SIKICHOTO PO3-
II1y KIHETUKHU PEAKIIN y CUCTEMI, 10 CKJIaJA€ThCS IBOX PIiJIUH.

PadinyBanHs cTanm, sike Mossirae B epexo/i WKIUMBUX goMimok (S, P, O) 3
MeTaly B IIJIAKOBUN PO3IUIAaB, CKIATAEThCS, IMIOHAWMEHIIE, 3 TPHOX MOCIHIIOBHUX
CTaJii: a) MJABEJICHHs] pearylourux peuoBHUH 3 00’ €My MeTaly A0 MOro MEXi po3Io-
JTy 31 MUTakoM; 0) XIMIYHOI peakilii Ha MeXi po3noAuty (a3; B) BiIBOAY MPOAYKTIB
peakIiii B 00’ €M ILIAKY.

3a TeMrieparyp cTajeriaBuibHOro BUpoOHUITBA (mopsaaky 1500 — 1600 °C)
KOHCTaHTHU MIBUAKOCTEH XIMIYHUX PEaKIliil 3BUYaifHO 3HAYHO MEPEBUIIYIOTH BIJIO-
BiJIHI BEJIMYMHHU, 1110 XapaKTepHU3YIOTh Maconepeaady. ToMy PUPOIHO MPUITYCTHUTH,
[0 CyMapHa MIBUIKICTH MPoIieciB padiHyBaHHS BU3HAYAETHCS BETUYHMHOIO KOHBEK-
TUBHOI Mu(y3ii y B3aeMOAIIOYNX PIAKUX (ha3ax. 3BUUAHHO METAJICBUH 1 ITUTAKOBUI
PO3ILIaBH 1HTEHCUBHO MEPEMIIIYIOTHCS, OCOOJIMBO B MEPI0J] «KUMTIHHS, BUKJIUKAHO-

ro BuaIeHHSIM OynbOamok CO, KUl yTBOPIOETHCS B PE3yIbTaTI OKUCIIEHHS BYyTJIe-
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ITI0, 10 MIiCTUThCA B cTaji. Omip mepeHoCcy peYOBHHH OMHUCYETHCS B IIUX BHITAIKAX
TaKOX 32 JOTIOMOTOIO MOHATTS €(PEKTUBHOTO NULIXY AUQY3ii.

Po3riissHeMo KiHETHKY BiTHOCHO MTPOCTOTO MPOIIECY MEePEXOAY CIpKU 3 METaIly
B nuiak. [IpuiiMmemo, o nporec audysii € CTalioHapHUM 1 KOHIIEHTpAIlisl CIpKH Ha
nusAxy audysii B MPUKOPAOHHUX IIapax JIIHIHHO 3MIHIOETHCS B 3aJICKHOCTI BiJl BijI-
CTaHl BiJl TTOBEPXHI PO3MOALTY. 3HaAlAEMO MOTOKHM CIipku B oauHuI0 vacy Il 3
00’eMy MeTaly 0 TMOBEPXHI PO3MOILTYy 1 Bif i€l moBepxHi B 00’eM mutaky I,

LSIKIIIO BEJIMYMHA MOBEPXHI PO3MOLTY MK (hazaMu JOPIBHIOE S:

*

m,=D, Cu=Cug . (6.117)
AM

nm, =D, Cu=Cug (6.118)
A].I.l

ne D, 1 Dy, — koedimientu audysii cipku B metani 1 nutaky; C'y 1 C , — KOH-
LEHTpallil CIpKi B 00’eMi MeTaly 1 Ha Mexi 31 nutakom BianosigHo; C , 1 C'y —
KOHIICHTpAITii CIpKH B IIJTAKy Ha MEX1 3 METaJIOM 1 B 00’ €Mi IITaKy BiAMOBIAHO; Ay, 1

A, — nursixu 1udy3ii cipku B MeTal 1 IUIaKy.

BBoasun koedirientu maconepenadi B, =—2" i B, =— 1 BUpakawdn

A

M 111
MOTOKH CIPKH y BUIJISAI MOXIAHUX, SIKI TOKA3YIOTh KUIBKICTh PEYOBHHH, IO MEepei-

IIUTa, B OJIMHMITIO Yacy, OJICPKUMO 3aMicTh piBHSIHB (6.117) ta (6.118)

B, —CL)s (6.119)
dt
Ta ;ﬂ =B (C'm—C.)S. (6.120)
T

JI1st ciiibHOCTI MIpKYBaHb MPUITYCTHMO; 110 XIMIYHA CTadis MpoIiecy — mnepe-
TBOPEHHS CIpKH Ha rpaHuii (Ba3 (HAIPHUKIAM, 3a peakiiero S, — S° + 26) — Takox
MOke OyTH JIIMITYIOUOIO 1 M0 11 MBUAKICTh OMUCYETHCS PIBHSIHHSAM JUIsl PEaKIlin
nepioro nopsaky. Paxime O0yno mokaszaHo, 110 IIBHUJIKICTh XIMIYHOT peakilii mnep-
[IOr0 MOPSIAKY MPONOpIiHA pi3HUII (PAaKTHUYHOI 1 pIBHOBaXXHOI KOHLIEHTpalii. To-

My KUTBKICTH CIpKH, SIKa TpopearyBaja, MpONopIliiHa PI3HUIN MK ii (PaKTHIHOIO
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KOHIICHTpAIli€I0 B MeTajll Ha Mexi 31 miakoMm C , 1 11 KOHIIEHTpaIli€l0 B MeTalll, 1110
BiamoBigae pisHoBasi 3i uwiakom CPy,

@=kx(c; —CP)S | (6.121)
dt

ne Ky — KoHcTaHTa MIBUIKOCTI XIMIYHOT peaKilii.

Bemuuuna CP,, Moxe OyTu 3HaiiieHa 3i CrpaBeIIMBOTO JUIS CTaHy PiBHOBAru

criBBigHomeHHs Ky = —'I’,‘ , ne Kp xoedimient posnoainy cipku, T06T0 CP = Cu
M D
[TincraBnstoun 1€ B piBHIHHSA (6.121), ogepxumo
dn . G,
dn _ o~ Cmg. (6.122)
dt (G K D)

OueBHUIHO, SKIO KOHCTaHTa Ky TOCHTH BEJMKA 1 XiMiUuHA PeaKiiis He JIMITye

PO3BUTKY MPOIIECY, TO KOHLUEHTpAIsl CIpKU Ha Mex1 (a3 OyJie BiANOBIIaTH pPIBHOBA-

*

: C
31, TOOTO C, = —m
" K
D
VY BUNAAKy CTallOHAPHOTO MPOTIKAHHS MPOLECY Ha MexXi (a3 He BIIOYBAETh-

Csl HAKONIMYYBaHHS CIpku. ToMy MOBHMHHA JOTPUMYBATUCS PIBHICTb

*

* * * C
Bl (Ch =~ CL)S =By (Cu —C})S =k (C = S (6.123)
D
[IBMAKICTE CyMapHOTO MPOILECY MOBHMHHA OyTH MPOMOPIIHHA PIZHUII MIX
KOHIIEHTPAIIIEIO CIPKK B 00’ €M1 CTalll 1 KOHIIEHTPAIIIEIO, 1110 BIJMOBIAA€ PIBHOBA31 3
C!
yciero macoro maky C,, = —"*:
Kp

dn C,
— =B, (C,,——=)S, 6.124
ar =P ™) (6:124)

ne B’ — cymapauii KoedilieHT Macorepeaayi.
Pozainumo mounenHo piBHsHHS (6.119), (6.120) 1 (6.122) BiAnoBigHO HA J10-
oyTkH B'yS, B'wS 1 KyS. Kpim Toro, po3aianmo o0uaBi yacTuHu piBHsSHHS (6.120) Ha

Kp:
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dn 1 «
— =(C,-C,); 6.125

M

dn 1 Cu GC,.

n - , (6.126)
&t BLKyS Ky Kp

n 1 _gr _Cwm (6.127)
dr kK ,S K,

[TowneHHe MiCYMOBYBaHHS 1IUX PIBHIHB Ja€

tan(1 1 1 _cy, =S (6.128)
S dt\ B, PB.Kp k

X
CmiBcTaBleHHS I[LOTO PIBHSHHA 3 PIBHSAHHAM (6.124) mpuBOAUTH 10 BaXKITH-
BOT'O CIIiBBIJHOILIEHHS:
1 1 1 1
—+— +—=—. (6.129)
BM BmKD kx ﬁ

TakuMm 4MHOM, 3BOPOTHA BEIMYMHA CyMapHOro koeilieHTa macolepeaaul,

BIZMOBIHO 10 piBHsAHHSA (6.102), MOpiBHIOE CyMi 3BOPOTHUX BenuyuH 'y, Ky 1 10-
oytky B'wKp. 3a ymoBu, mo Ky nHabararo Gimbme, Hix B’y 1 f'wKp , cymapha
MIBUKICTh TPOIECY BU3HAYAETHCS TUIBKM Macollepefadero B MeTali 1 Huiaky. Y

bOMY BUIIAAKY, TOPIBHIOIOYH piBHIHHSA (6.119) 1 (6.120), 3Haiinemo

BMS(Chi —Cm) =BuS(Cr —Cl). (6.130)

*

BpaxoByroun 110

*

1 =Ky 1 BuKItOUaroun Oe3rmocepeIHbO HEBU3HAUYBaHI

M
% . ® .
BeauunH C; 1 C,,, 0OepKUMO MICIs IEPETBOPEHD
’ ’
KDCM — Cm
’ r
BM + KDBm

OCKUIbKH IIJIAK € OUTBIN B’SI3KUM, HIDK METaJl, TO IPHU HEBEIIMKUX BEIUIMHAX

o _pB.S (6.131)
dt

Kb MokHa 3HexTyBatu 100yTkoM Kpf'y, B mopiBusizHi 3 B’y .Y 1IbOMY BUNIAAKY 3 pi-
BHsIHH# (6.131) BunmBae

E=[.’>;HS(KDC;w -C), (6.132)
T
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TOOTO MIBUAKICTH MPOLIECY BU3HAUAETHCA Macolepeaucto y muiaky. Y BHMa-
IKy, Ko BenuynHa Kp J0CUTH BellMKa, MOXKYTh peani3yBaTHCS YMOBH, MIPH SIKHX

MO>KHa 3HEXTyBaTu BeanunHoto B’y B mopiBHsiHHI 3 Kpf',, y piBHsHHI (6.131), Toai

dn C

— =B, C,, ——2 |, 6.133

3o~ S| Cu K, (6.133)
TOOTO IMIBHJKICTH MPOIIECY JIMITYEThCS Macorepenaueio y metani. [Ipu Benukmx

l

BCJINYHMHAX KD MOJXKHA 3HCXTYBATU BCINYHNHOIO K—m (OCO6JII/IBO B IIOYATKOBMH II€-
D

pion), 1 Toxi 3 piBHsHHS (6.133) BUIUIMBaE
dng scr (6.134)
dt

VY 1poMy BHUIMAJKy KIHETHUKA Aecyabdyparlii, K 11e 0yJI0 MOKa3aHO JOCIHITHUM
LUISIXOM, T1JKOPSIETHCS PIBHAHHIO JJIS PEAKI[ii MEPIIOro MOPSAKY. 31 CKa3aHOro BHU-
JHO, 110 KIHETHKA IMPOLIECY B PO3IISTHYTOMY BUIIAJKy 3aJ€KUTh HE TUIbKU BlJ] Be-
JUYUH Koe]iIleHTIB Macomepeaayi, ajie 1 BiJi TepMOJUHAMIYHOTO (hakTopy, 00ymo-
BJIEHOTO BEJIMYMHOI0 Koe(imieHTy po3noaiuty Kp. HaBeaeHl KiHETHYHI pIBHSHHS
JUISL TIpOIIeCy Jecyibdypalrii MmoKa3yTh, M0 30UIBIICHHS IHTCHCUBHOCTI TEpeMi-
IIyBaHHS MOBUHHO MPUBECTU JI0 MPUCKOPEHHs mpolecy. KilbKiCHI XapaKTepucTu-
KM, 1110 JAa0Th 3B’S30K MK IIBUIKICTIO Aecyiab(dypallii i yMoBaMu MepeMilryBaHHS,
MOXXYTh OYTH OTpUMaHi 3 BUKOPUCTAHHSIM 0€3p03MIPHUX KOMIIJIEKCIB.

Caipg 3a3Ha4uMTH, 1O 3 PIBHIHHA (6.124) 111 CyMapHOTO MpolLiecy JErko 3Haii-

TH 3MIHY KOHIIEHTpAIlli CIpKH B METaJl B 3aJI€KHOCTI BiJ] 4acy. SKiio macy metaie-

. dn ' . )
BO1 BaHHM To3HaunTH G,, TO, 3 orsaay Ha, mo— = dC 3HAUJIEMO INBUJIKICTh

M °
M

3MEHIIICHHS KOHIIEHTPAIIi] CIpKU B MeTal
’ [
_dC,, _ S C Cu

B’ "TK, ) (6.135)

dt G

M
3BIZICKM BUJHO, IO MIBUIKICTH PEakilii 3a 1HIIMX PIBHUX YMOB MPOMOPIIIHHA
NOBEPXHI po3noALty (a3 1 06epHeHO nponopiiiiHa Maci meTtany (abo riaubuH1 MeTa-

JIeBO1 BaHHM). 3a/1a4a, MoAI0Ha pO3TIISIHYTINM BUIIE, BAHUKAE 111 Yac aHaJI3y Mmpolie-
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CIB PO3YMHEHHS Ta3iB y piguHax. JIOCBIIHI JaHl PO PO3YMHEHHS Ta3iB y piauHax
BKa3yIOTh, 1[0 Oe3mocepeqHh0 Ha MeXi (a3 BCTAHOBIIOETHLCS PIBHOBAra BHACIIIOK
TOTO, [0 XIMIYHA B3a€MO/IIS BIIOYBAETHCSA 3HAYHO IIBHIIIE, HIXK MPOIIECH Macolie-
penadi.

KinbKicTh pe4oBUHM, TIEPEHECEHOI 3 O/IHI€T (ha3u B 1HITY B OAWHUITIO Yacy de-
pe3 OJMHHUIII0 TOBEPXHI PO3MOAUTY B CTaIlIOHAPHOMY PEKHUMI BHU3HAYAETHCS CITIB-
BITHOIIIEHHSIM

1 dn ' r_p*y_ ! el
sl g | =B =P =B -0, (6.136)

ne B'r 1B’y — xoedinieHTH Maconepenaul B rasi 1 pigusi; P' 1 P’ — nmapuianbHi
THCKH PEYOBHHH, IO PO3UMHSIETHCS, B 00°€Mi ra3oBoi hasu i Ha Mesxi 3 pigunoro; C
1 C' — BIANOBIIHO KOHLEHTpALi 1[1€1 pEYOBUHM HA MMOBEPXHI PIJIMHI 1 B i1 00’ €Mi.

CxeMaTH4YHO PO3MOJII THCKY 1 KOHIIEHTpAIlll B 3aJIe)KHOCTI BIJ BIACTaHI BIJ
MeX1 po3nonaury ¢a3 mokaszaHi Ha puc. 6.14 1 6.15 nnsa 1o0pe 1 moraHo PO3YMHHUX

rasis.
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P'

/

*

e

P>

pi A A
111Ha I'as Pinuna
Pucynok 6.14 Po3noain Tucky 1 KOH- Pucynok 6.15 Po3nozin Tucky i KoHIie-
[EHTpaIlii y BUMAAKy J00pe pO3UHH- HTpaIii y BUMAIKy TOTaHO POZYUHHOTO

HOTO razy razy

VY Bunagky 100pe po3uMHHMX Ta3iB y pLAKIA (a3l KOHUEHTpalis pi3Ko majaae
Ipy BIJQJICHHI BiJl MOBEPXHI PO3MOLTy. ToMy pedyoBHHA, IO POIYUHIETHCS (Ta3)
Oyze LIBHAKO BiJBOJUTHCS B 06’€M PiMHH TAK, IO BelHYMHA P MiATpUMyeThes
nyke manoro. Takuid BUIIaJOK peasizyeThesl, Hanpukia, npu pozunHenHl HC1 abo

NH3 y Boji. Y noaiOHUX BUIMaJAKax B PiBHIHHI

1 dn *
—-|— =B (P'—P 6.137
()= i
MOYKHA 3HEXTYBATH BennuuHoio P~y mopisusuHi 3 P' i BoHO Oye MaTH BH-
IS
1 dn
— || — [=BLP’. 6.138
s)lge )P (6.138)

B pinkux Meranax po3uMHHICTB Ta3iB Majia. B 11bOMy BUIIQJKy KOHIICHTpAIisS
B P1JIMHI Majo 3MEHIIYEThCS 3 BIJICTAHHIO 1 BIJIB1J Ta3y BiJl MOBEPXHI pPO3MOALITY Bi-
N0yBa€eThbCs MOBUTHHO. BiAMOBIIHO MaM € MaiHHS TUCKY PEUYOBUHU, IO POZUNHS-
€ThCS, Y Ta30BiH (a3i. BHacHiIOK 1IbOrO KOHIIEHTpAIlisl Ha MOBEPXHI PiIMHU BiJAIMO-
BiJIa€ pIBHOBA31 3 ra30BOI0 (ha3010 (C*piBH) Tpy THCKY P, 110 Maso Bigpi3HA€ThCS Bix
P'. Takum ymHOM, Macomepeaaya B ra3oBiit (a3l BiOyBa€TbCs JOCUTH IIBUAKO 1 HE

JIMITY€E MIBUAKOCTI MPOIIECY, 1 KiIHETUUHE piBHAHHS (6.138) npuiiMae BUrIsA
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1) (dn) ., .«
(g).(d_rj=[3p(c -C". (6.139)

JIns po3urHIB JBOXATOMHHUX Ta3iB y MeTajaxX, MK MaplialbHUM THCKOM 1
KOHIIeHTparli€to icHye criBBigHomeHHs C=Kk,/p .

[Tpuiimarouu 11e 0 yBaru, nepenuiiemMo piBHsHH (6.139)

1 dn , ’ '
(5) | [d_r) = Bpk(|Ppiny = VP') = &\ Pyipy =VP'),  (6.140)

ne Ppisy — DapiianbHUi THCK, IO BIATIOBIIA€ PIBHOBAXKHOI KOHLEHTpAIli Ha
noBepxHi pianHU; P' — mapiiaabHUi THUCK, 110 BIJAMOBiAa€ piBHOBA31 3 (haKTUUHOIO
KOHLIEHTpALI€0 B 00’ €MI pIJIUHHU.
PoznimuBmmm o6unBi wactuaM piBHAHHS (6.139) Ha Macy piguan (MeTany) G,,
0JIEPKUMO
ac'_Bys

- Cc. —-C". 6.141
d‘c G ( plBl—[ ) ( )

M
Takum 4MHOM, MPU CTATUX TEMIIEPATypl 1 TUCKY JUIsl JaHOI Macu METally 3Mi-

Ha KOHLEHTpAIlli ra3y B pIIMHI B Yacl NEPEIae€ThCs PIBHAHHIM

In— "% =kt (6.142)

B,S
e k=——.
G,

[TomiOHa 3aneXHICTh CIIOCTEPIra€ThCs, HAMPUKIIAJ, TP POIYMHEHH] a30Ty B

plAKOMY 3ai3l.

6.5.2 TomoxiMiuHi peakirii
YTBOpeHHs 1 aucoliiaiis KapOOHATIB, BIIHOBIEHHS OKCUIIB YU CYJIb(]iAiB €
CKJIQJIHUMU TE€TEPOreHHUMHU MPOIECaMM, sIKI Jy>K€ IMOLIMPEHI B METadypriiHOMY
BUPOOHUITBI (BUIMAJ BAaIHSAKY, JOJIOMITY, BiJHOBIEHHS Pya). IX 0cOOIMBICTH MOIS-

rae B TOMy, 110 XiMi4Ha CTaJisl MPOLIECY CYIPOBOJIKYETHCS IEPETBOPEHHSIM Y TBEP-
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JIOMY CTaHi, KOJIA PEYOBHHA 3 OJJHOIO KPUCTAJIIYHOIO CTPYKTYPOIO 3HUKAE 1 YTBOPIO-
€bCSI MPOJIYKT 3 1HIIOK CTPYKTYPOIO.

[le dapaneit ciocTepiras, M0 KPUCTAIOTIAPATA HE BTPAUalOTh BOJY Ha MOBI-
TP, MOKU 1X MOBEPXHS HE MOPYUIYETHCS HAHECEHHSIM MOIPSIIMHM, MICIs 4YOTO BUBIT-
PIOBaHHS MOIIMPIOETHCS HA BECh KpUCTal. Taki COCTEpEKEHHS MIPUBENIU 10 BUCHO-
BKY, 1110 MO10H1 peakiIlii BiIOYBalOThCS Ha MeXI1 IBOX TBepaux (a3. HaitmpocTimum
MIPUKIIAIOM TaKOi peakilii € TepMiuHa JUCOLIallisl KapOOHATY KaJbIiI0:

CaCO; — CaO + CO..

Y posrmsayToMmy Bunanaky aucouianii CaCOjz pyiiHyBaHHS MOYaTKOBOI (a3u

3BOJAUTHCSA JI0 BIIPUBY 10HA 0+ B1JI aHIOHA Cngf 3 yrBopeHHAM COy:
COy” — 0" +CO,.

[Tpu npomy Ha Mexi (a3 yrBoproeThes nepecudeHuil pozunn CaO B CaCOs.
Po3najg nporo po3urHy nNpUBOIUTH 10 YTBOPEHHs 1 pocty 3apojakiB CaO. YTBopeH-
HSl TAaKKX 3apOJIKIB HOBOI (pa3u 4yepes3 iX BEJIMKY MUTOMY MTOBEPXHIO MOB’S3aHO 3 110-
JOJIaHHSM TIEBHOTO eHepreTuyHoro Oap’epy. Lleir Oap’ep Oyae MeHIIUM, SIKIIO BHU-
HUKaroua (pa3a xapakTepu3yeTbcs NapaMeTpamMu KpUCTAIIYHOI IPAaTKH, OJU3bKUMU
710 TapaMeTpiB MOYATKOBOI (a3u.

[Ti3Hile HAa TPUKIIA/IL SBUIA KPUCTATi3allii Oy IyTh PO3TJISHYTI OCHOBU KiHE-
TUKH TPOIIECIB YTBOPEHHS HOBUX (pa3. 3apa3 ke 3BEpHEMO yBary TIJIbKHU Ha Ty 00-
CTaBHHY, 110 peakilis B 00’emi ctapoi ¢azu (CaCO3z) moBUHHA MOYUHATHUCS B JISSIKUX
AKTUBHUX IIEHTPaX. 3apOJKH MOXXYThb YTBOPUTHCS, HANPUKIIAJ, MOOINU3Y JAePEKTIB
KPUCTAIIYHOI CTPYKTYPH.

Takum yMHOM, y nepiuid (IHIYKUIMHUI) Mepio peakuii yTBOPIOIOTHCS MiK-
POCKOTIYHI 3apOJIKH HOBOI (ha3u (peakiriss MOXKe UTH 3 MI3epHO MAJIOO MIBUAKICTIO).
YTBOpEHHS 3apOJIKiB Y CBOIO UepTy BUKIUKAE AeQOPMYBaHHS MaTEPUHCHKOI IPATKH,
SKE CIIPHUsi€ BUHUKHEHHIO HOBUX 3apojiKiB. [Ipu 3pocTanHHi 3apoJiKiB MOBEPXHS KOXK-
HOTO 3 HUX 30LIBIIYETHCS, 1[0 TaKOX MIABHILYE MBUAKICTh peakuii. Lleit nepiox €
ABTOKATaJITUYHUM, OCKIJIbKH YTBOPEHHS MPOJYKTY peakxilii, 10 TPU3BOAUTH 10 301-

JBIICHHST TTOBEPXHI po3moauTy (a3, BUKIMKAE 3pOCTaHHs MBHAKOCTI. [lo3HaunMo
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00’eM c(epu HABKOJIO 3pOCTAKOYOro 3apojika uepes X, a ii moBepxHio yepe3 S. Toi

IIBUKICTH 11 3pOCTAHHS B MOYATKOBUM TTEPI10]T

X _ ks, (6.143)
dt
. %
Ockinbku S ® X ,TO
X3, (6.144)
dt

Axmo maetses N 3apoakiB, TO 00’€M pedOBHHH, IO TIpOpearyBajia 0 AesKO-
ro MOMEHTY 4Yacy ckiaae X = NX 1 MBHIKICTh pPeakiiii BiAMOBIAHO JO PIBHIHHS
(6.144)

2 2

X KXIN3 (6.145)

dt

OTxe, y Mipy 3pOCTaHHS KUIBKOCTI MPOJYKTY PEaKIlii 301IbIIYETHCS IIBHU-
kicTh peakiii. C. 3. PoriHcbkuil 31 CiBpOOITHUKaAMU MIMCHO 3HAWIUIM, IO IIBUI-
KICTh TEpMIUHOI aucoriaiii nopomky KMnO, 301ab11y€eThes TpOMOpIiiHO KITBKOC-
Ti npoaykty peakuii (MnO,) y ctyneni 2/3. [lami, y Mipy 3TUTTSI OKpeMux cdep, 1110
CYNPOBOXKYETHCSI 3MEHILIEHHSIM MOBEPXHI pO3NOALTY (pa3, MBUAKICTh peakiii 3HU-
KyeTbes. TakuM 4MHOM, HMIBUIKICTH Peakilii, JOCSTIIM MaKCHMAaJIbHOTO 3HAYEHHS,
3MCHIITYEThCSI.

[TpupoaHo, 1110 onMcaHa cxeMa XIMIYHOTO TIEPETBOPEHHS B PEalbHUX YMOBAX
y PSAJll BUMAJKIB € JIMIIIE CTaI€l0 OLIBII CKIATHOTO MPOIIECY, 110 BKIFOYAE 30BHIIII-
HIO 1 BHYTPIIHIO JU(y3110, a1copOLito 1 1ecopOIIito ra30no1I0HUX PEYOBHUH.

[TpakTUYHO BaXXJIMBUM BHUITQJIKOM TOMOXIMIYHUX PEaKIli € BiJIHOBJICHHS OK-
CHUJIIB METaJIiB ra3amMu 4u Byrienem. [1o1i0H1 mporecu MUPOKO MOMUPEH] B HOPHIH
1 KOJIbOPOBIM MeTanyprii. BoHu gy»e ckiajiHi 1 MICTATh BeJIMKE Yucio ctafaii. Oco-
OJIMBO CKJIAJIHUMH € TIPOIICCH BIIHOBJICHHS OKCHJIIB 3ai3a, 1o, 1Mo Teopii A. A.
BaiikoBa, xapakTepu3yrOThCs IEBHOIO MOCTIOBHICTIO MIEPETBOPEHD BUIITUX OKCHUJIIB

y HIDKYI 1 TOTIM y METaJl.
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[IpoTsirom TpuBajoro 4acy NpuITyCKajau, 10 BIJHOBJICHHS OKCUIIB BiOyBa-

€ThCs B ABI cTafii. [lepma cragis — mucortiaiis OKCHIY:
MeO — Me + 0,50,;

Jpyra — CHOJyYeHHs! KUCHIO 3 BiIHOBHMKOM B (Hampukian, Byrienem, CO
a00 BOJIHEM):

0,50, + B — BO.

TakuM 4MHOM, MPHUITYCKaIH, 0 OKCHJ 3aBXIU 3HAXOJUTHCS B PIBHOBa3l 3
METaJIOM 1 KHCHEM 1 pOJib BITHOBHUKA 3BOJUTHCS /10 MIATPUMKU THUCKY KUCHIO Y pe-
aKIHIN 30H1 HIDKYE BIAMOBITHOTO 3HAYCHHS MPYXKHOCTI JUCOIIAIil OKCHIY. 3 Ta-
KHUX ySIBJICHb BUILIMBAJIO, IO MIBUIKICTh PEaKIil MOBHHHA 3aJI€KATH BiJl BETUUYNHU
IPYXHOCTI Aucotiarii okcuy. L1 ysiBIeHHs, 0JlHaK, Cylepeyii eKCIIepUMEHTab-
HuUM gaHuM. Tak, Oyno 3HaineHo, mo npu BigHoBIeHHI CuO 1 CuyO BogHEM HIBUA-
KOCTI BUJAJICHHS KUCHIO 3 OJMHUII MOBEPXHI LUX OKCHAIB MPUOJIU3HO OJHAKOBI,
xoua nmpyxHuicth aucorianii Cu,0 B 107 pasis mene, Hix CuO.

byno 3naiineHo, mo BigHoBIeHHS Ag,0 BigOyBaeThes mpu S0°C. 31 3HAUHOIO
MIBUKICTIO TIPU aTMOC(PEPHOMY THUCKY CYMIIIIIIO, 10 ckianaerbes 3 50% H; 1 50%
O,, xoua npy>xkHicTh aucoriiamii Ag,0 cknagae 230 I1a.

I'. I. YydapoBum Oyiia BUCYHYTa i €KCIEPUMEHTAIBHO MIATBEPIXKEHA a/ICOP-
O1iiiHO-aBTOKATAIITUYHA TEOPisl BITHOBJICHHS OKCHIIB. 3a II€I0 TEOPIE0 XiMiYHA
CTaJisl MpOLECy MOYMHAETHCA 3 aACOpOILil ra3y-BIAHOBHUKA HA MOBEPXHI OKCHIY.
[ToTiM BiOyBa€ThCS BiIPUB aTOMIB KHMCHIO BiJl METay 1 Mepexi MPoAyKTy peakilii
B afcopOuiiiHui map. L cTaais, mo cynpoBOIKY€EThCS KPUCTATIOXIMIYHUM TE€PET-
BOPEHHSIM I'PaTKU OKCHUJly B IPAaTKy METajly, € aBTOKATAIITUYHOIO 1 3aKIHUY€EThCS J1e-
copOiriero razonoaioHoro mpoaykry peakiiii (CO, abo H,0).

Po3risa KIHEeTUKY BiIHOBJIEHHS IIMATOYKIB pyAu (IMiciig 3aBEpIICHHS aBTOKa-
TATITUYHOTO TIEPIOy, IKUM Y pealbHUX YMOBaX MOYXHA 3HEXTYBAaTH) HE 3BOJUTHCS
70 ypaxyBaHHS OJHOYAcHOI nuy3ii 1 XIMIYHOI peakilii BiAMOBITHO JO PIBHSIHHS
(XVTTI-49). ITpu BUBenEHHI LOTO PIBHAHHS HE BPaXOBAHO, 10 B XOJI1 PEAKIIil 11JI-
KOM BIJIHOBITIOETBCS JICAKUI IIap MaTepiainy. Y pe3ysbTaTi I[bOTO 30HA PEaKIli me-

pecyBaeThCs ycepeauny mmartka. TakuM YHHOM, OIUC IIBUIKOCTI OOPOOKHU IMIMaTKa
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PYAH BITHOCUTBCS CKOpIIIe J0 3aja4y AMHAMIKW, HDK KiHeTUku. L{g 3amagya po3riis-
nanacs C. T. PocroBueBum, Bike Ta iH. B MOMEHT, KOJIM 3€pHO YaCTKOBO BIJHOBIIE-
HE, Ta3 MOBUHEH AUGPYHAYBATU Kpi3b LIAp SIK METaly, Tak 1 pyJd, OJJTHOYACHO pea-
T'YIOUH 3 pynoio XiMiuyHo. Takum unHOM, ra3-BigHOBHUK (CO) mepeboproe 1Ba moc-
nigoBHUX qudy3iHuX onopu. Ilpu cramioHapHOMY IPOTIKaHHI MPOIIECy, K yKa3y-
BaJIOCS Ha TOYATKY I1i€l TJ1aBu, AUQY31iHI OMOPH CKIIaaroThes. B 11l riaBi po3riis-
HYTO TaKOXX BUITAJIOK, B SKOMY CKJIQJIaJIMCS OTIOPH 30BHIMIHBO1 1 BHYTPIIITHLOT TU]Y-
311 B yMOBax OJJHOYACHOT'O MPOTIKAHHS XIMIYHOI peaKilii.

Crmin, oxgHak, BpaxyBaTH, IO BUBEICHE pAHINIC PIBHSHHS IS 3aJICKHOCTI
KOHIIEHTpaIlli ra3y-BITHOBHUKA BiJl TIMOMHU HE MOXHA 3aCTOCOBYBATH y HAIIIOMY
BUIIAJIKY, TOMY III0 BOHO OYJI0 0JiepKaHO JJi IIapy HeCKIHYEHHOI INIMOWHU 1 CTalli-
OHaApHOro nporecy. Po3risg npoliecy BITHOBJICHHS IIMAaTKa PYJIX KiHIIEBOI TOBIIH-
Hu h 3 ypaxyBanusaM audys3ii 1 ximiunoi peakiiii npusiB C. T. PocToBiieBa 10 HacTy-
HOT HaOJIMKEeHOT (hopMyIH JiJist yacy 1, 1110 Bi/IMOBIIa€ TIMOWHI BIIHOBJIEHOTO IIapy

rh:

K
_Yqco| 1, gh (rh)z (6.146)

AP | k \f \f

ne (co — KUIBKICTB Ta3y, sKka HeoOXiIHa JIs BITHOBJICHHS 1 oM’ pyau; AP —

PI3HMIIS MIX HaplialbHUM THCKOM okcuay Byriernto CO B rasi, 110 HAAXOAUTb, 1 pi-
BHOB2)XHUM THCKOM B PEaKIIii
FeO(T) + CO(F) — Fe(T) + COZ(F).

[H111 Mo3HaueHHs 301ratoThCs 3 MPUHHATUMU paHIlIe B I[iH TJIaBI.

TomnoximiuH1 peakiii MOXXyTh BigOyBaTHCs 1 6€3 ydacTi ra3oBoi ¢asu. [Jo Ta-
KHX pEeaKIliil BITHOCATHCSA 0araTo Ba)XIMBUX MPOIIECIB, 10 B1IOYBAIOTHCS B METaIax
1 CIJIaBax, Taki, K peKpuUcTajizallis, moximMopgHi mepeTBOPEHHs (30KpeMa MapTeH-
CUTHI1), CTapIHHS Ta iH.

3arajibHa XapakTepHa puca IUX MPOLECIB — MEPETBOPEHHS TEPMOIUHAMIYHO
HecTIWkuX (a3 y cTiiiki, mpudoMy HOBa ¢aza BUHHUKAE BcepeauHi ctapoi. TyT mpo-

IIECH TAKOX TIOYMHAIOTHCS 3 YTBOPEHHS 3apOJKIB 3 IXHIM HACTYITHUM 3POCTaHHSM.
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[Ticns mmactTuaHOi nedopmariii MeTairy B Moro o0’eMi 3alUIIAIOTBCS 00J1acTi
PEUOBHHHU, IO 3HAXOATHCS B HANpPYKEHOMY cTaHi. Taki obnacti uu 3epHa 3 Aedo-
PMOBaHUMH 1 IEPEKPYUEHUMH KPUCTATIYHUMU IPAaTKaMU MalOTh BEJIMKY €HEpriio B
MOPIBHSIHHI 3 HEHanpykeHuMu. [Ipu HacTymHOMY Bifgmaini, SIKIIO TeMIepaTypa J0-
CUTh BHCOKA, BUHUKAIOTh 3aPOJIKU 3€PEH, B IKUX BiJCYTHI HampyTH, i Oyje BinOyBa-
THUCS 3pOCTaHHS 3€PEH 1€l HeHanpykeHoi ¢a3u. Takuil mpolec Ha3UBAETHCS PEKPHU-
CTalli3alli€lo, a TeMIepaTrypa, BUIIE SKOI 1€l MpoIec Bi0YBAETHCA 3 MOMITHOIO
HIBUKICTIO, HA3UBAETHCSA TEMIIEPATYPOIO PEKPUCTATI3aLli].

Sk ycTaHOBIIEHO, a0COIFOTHA TeMIIepaTypa PEeKpUCTaTi3allii MeTaliB CKIIaaae
npuban3zHo 0,4 Bij aOCOMIOTHOI TeMIlepaTypH iXHbOTO IJIaBlieHHS. Temmeparypa
peKpucTaiizalii iCTOTHO 3aJIeKUTh BiJl CTYIEHIO MOMEPENHbOI AeopMallii MeTalry B
XO0JIONHOMY cTaHl. HaBiTh Ay’ke Maii KUIBKOCTI JOMIIIOK y METajl MOXYTh PI3KO
CHOBUIBHUTH TIpoliec pekpuctatizaiii. lle moscHIOEThCS B OCHOBHOMY aJICOPOIII€I0
JTOMIIIOK. JIOMIIIKH, III0 KOHIIEHTPYIOTHCS Ha MOBEPXHI JiepopMOBaHUX 3epeH, 30i-
JBIIYIOTH iX CTIAKICTh, TOOTO MIABUIIYIOTH TEMIIEpaTypy pekpucrtanmizaiii. [Ipu pe-
KpUCTaTi3allii JOMINIKKA ITOBUHHI 3aJUIITUTH TIOBEPXHIO 3€PeH, 1 IIeH mpoIiec y Bijio-
MHX YMOBaX MOKE€ BU3HAYUTH CyMapHY IIBUAKICTb.

HerouHo gymaru, o pyx aToMiB IpU peKpUCTaIi3alii CX0XKHUI Ha X pyX MpU
camoaudysii. [lepeMilieHHs aTOMIB IIPU peKpUCTai3ailii BiI0yBalOThCS HA Malli Bi-
AcTaHi (B MOPIBHSHHI 3 PO3MIpaMi CaMUX aTOMIB) 1 TOMY HE € pe3yJIbTaTOM BEIUKOI
KUTbKOCT1 Osiykanb. KpiMm Toro, Ha BiAMIHY BiJ camonudy3ii 1i mepeMilieHHs] HO-
CSITh KOOTIEPATUBHUIN XapakTep, TOMY IO B HUX OEpyTh y4acTb BiJpa3y TPYyMH aTo-
MiB. BapTo BpaxyBaTu, 0 IpH peKpHUCTaIi3alli IEPEMIIIEHHsS] aTOMIB BIIOYBaIOTh-
Cs1 TI1JT BIUTMBOM TIOJISI HAMPYT. Y Ci 11l 0COOIMBOCTI JO3BOJISIIOTH MOPIBHIOBATH aTOM-
HUW MEXaHI3M peKpucTatizauii K 13 camoaudys3i€ro, Tak 1 3 MIACTUYHOIO TEUIEIO,
10 TIOB’S3aHO 3 PYXOM JMCIIOKAIli 1 MApTEeHCUTHUM miepeTBopeHHsM. Ciill 3a3Ha-
YUTH, IO Pi3HI PaKTOpH, M0 MPUCKOPIOIOTH caMOAN(y31t0, 3HIKYIOTh TAKOXK TEM-

nepaTypy peKpucTaizaii.
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HaykoBi ocHOBM TepMiuHOi 0OpoOKM cTaji 3’sicoBaHi 1mie B cepeauHi XIX
ctopiuus B npaisix Jl. K UepHoBa, skuil BCTaHOBHUB 3B 30K MK TEMIEpaTyporO Ha-
IpiBaHHS CTadi 1 11 CTaHOM.

[Tomanpmi gOCHiIKEHHS MOKa3aiu, 0 IPU BUCOKUX TeMmIepaTypax yTBOPIO-
€THCSI TBEPAWA PO3UYMH BYTJICIIO B TamMMa-3aiisi. [Ipu 0X0momKeHH] IIhOTO CTIHKHAX
Opy BUCOKUX TeMIIepaTypax PO3UYMHY MOBHUHHO BiIOYTHCS MOJIMOp(HE MepeTBO-
PEHHS KPUCTANIIYHOI I'PaTKU ramMmma-3aji3a B IpaTKy aibga-3aniza. OqHaK npu IIBH-
JKOMY OXOJIOJIKEHHI (3arapTyBaHHI) Mpolec MOTIMOP(GHOTO MEPETBOPEHHS BiIpi3-
HSIETHCS JyXKE BaXKJIMBOIO 0co0MUBIcTIO. BOoHa mossirae B TiM, 110 KOHIICHTpAIS BY-
JICIIIO, 10 Majacs B TaMMa-poO34yuHI, HE 3MIHIOETHCS, X04a, SIK BIJOMO, PO3YMHHICTh
BYTJICIIO B anb(da-3aii3i ayxe mMana. Y pe3yiabTaTi YTBOPUTHCS NEPECUUCHHM TBEp-
U PO3YMH BYTJICILIO B alib(a-3ami3i (MapTEeHCUT). Y TBOPEHHS MAPTEHCUTY, 1110 Ma€e
JIy>’K€ BEITUKY TBEPAICTh, CKJIaJa€ CYTHICTh MIPOLIECY 3arapTyBaHHS CTAJIH.

I'. B. KyparomoB nokasas, 110 Taki IEpETBOPEHHS, 10 HA3UBAIOTHCS MapTEH-
CUTHUMM, XapaKTEPHI HE TIIbKH JJIsl CTall, aje 1 SBJISI0Th CO00I0 0COOIMBHIH 1 IIH-
pokuit kiac (pazoBUX MEPETBOPEHB Y TBEpIOMY cTaHi. Ha mijicTaBi UncieHHUX peHT-
TEHOCTPYKTYPHHUX JOCIIIKEHb, a TAKOXK TOCIIIKEHb, BAKOHAHUX P13HOMaHITHUMU
¢13uunuMu Metonamu, . B. KyparomoBuMm Oyiia cTBOpeHa 3arajibHONpPUIHATA B
JaHUM Yac Teopis MApTEHCUTHUX MIEPETBOPEHD 1 pO3KpHUTA (h13MUHA MPUPOJIA MAPTE-
Heuty. OCKUIBKY 11€ IEPETBOPEHHS SIBJIsIE CO0010 (pa30BU Mepexi, TO BOHO MOBUH-
HO B1A0yBaTHCS MUISIXOM YTBOPEHHS 3aPOJIKIB 1 IXHHOTO MOJANIBIIIOTO 3POCTAHHS.

Ak nokazas I'. B. KypitoM0OB, CBO€PIIHICTb MPOIIECY NMEPETBOPEHHS ayCTEHI-
Ty (y-Fe) y mapTeHcHuT mnossirae B TOMy, IO KpPUCTaJIW HOBOI (Da3u YTBOPIOIOTHCS
IIUISIXOM OJTHOYACHOTO (KOOTIEPAaTUBHOTO) 3CYBY aTOMIB — OCHOBH CTapoi (a3u (Ha-
npukiaj, y-Fe) BiTHOCHO OJMH OJHOrO Ha Jy’Ke MaJjl BIACTaHI, SKI HE TEPEBUIILY-
I0Th TIEPIOy KPUCTAIIYHOI IpaTKu. Takuii 3CyB aTOMIB y JESIKHX 00JacTSIX CTapoi
(a3 MpUBOIUTH A0 MIKPOCKOITYHUX 3MiH, 1110 BUPAKAETHCS B YTBOPEHHI KPUCTAIIIB
HOBOI (pa3u, 3pyLICHUX HIOJ0 CYCITHIX KPUCTAIB.

Bracniiok Toro, 1o npu MapTeHCUTHOMY TIEPETBOPEHHI BiIOYBAaIOTHCS MOTO-

JOKEH1 MEepeMIIICHHS aTOMIB 3aJli3a Ha MaJll BIJICTaHi, 110 HE BUMAararTh 1udy3iiHo-
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ro MepeHocy, 3apoJKh HOBOi (pa3u YTBOPIOIOTHCS 3 BEIMKOIO IIBHUJKICTIO. 3 €T
MPUYMHM 3aPOJIKH MAPTEHCUTY MOXYTh BUHUKATH 1 TIPU TAKUX HU3BKUX TEMIIEPATY-
pax, Mpu SKUX MBUAKOCTI AUQY3ii MizepHO Maji. HaciaigkoMm BeNMKOi IMIBUIKOCTI
MapTEHCUTHOTO TIEPETBOPEHHS €, SIK 3raJlyBajoCs BHILE, 1 T€, 110 MPH 3arapTyBaHHI
CTaJIM aTOMH BYTJICLIO HE BCTUTAIOTh BUIUISATHUCS 3 TBEPJOTO Y-PO3UHUHY 1 KOHIIEHT-
partis ByTJeio B anb(a-3aiisi, Mo YTBOPWIOCS, MEPEBUIYE BEIUIUHY POIYMHHOC-
T1, IHIIMMHU CJIOBaMH, YTBOPHUTHCS MEPECHUCHUN PO3uuH (MapTEHCHUT), ToOTO (pa3za,
HECTIiIKa CTOCOBHO 0-3aji3a 1 KapOimy 3amiza. 3pocTaHHS 3apOJKIB MapTEHCHUTHUX
KPHUCTAJIIB, IO MPEICTaBISIIOTh COOOI0 MIIACTUHKH, 3A1MCHIOETHCSA HMUIAXOM 3aKOHO-
MIPHOTO 3CYBY aTOMIB 3aJi3a 1 nepe0y/1I0BU IPaTKU Yy MPUIISATAI0Uiil 10 3apOJIKy CyTI-
PSOKEHOI 3 HUM 00JacTi ctapoi ¢azu. XapakTepHOI PUCOI0 MPOoIleCy 30UIbIICHHS
HOBOI (ha3u € Te, 10 NIBUIKO 3POCTAIOUUNA KPUCTAT MAPTEHCUTY BUKIIMKAE HAIPYTH
B HaBKOJIMIIIHIM CEpPEOBHII, 10 TOYMHAIOTH TAIbMYBaTH Horo pict. Take raapsmy-
BaHHs cnocrepiraiocs I'. B. KypaioMoBum 31 cniiBpoOITHUKaMHU, HapUKIAA, MPU
130TepMIYHOMY pO3Maji ayCTeHITY, MIBUIKICTh KOO BH3HAUYaIacs MUISIXOM MarHi-
TOMETPUYHOTO BU3HAYCHHS KiJTbKOCTI MAPTEHCHTY, 1110 YTBOPHUBCS.

Posman nepecuyeHnX TBEpAUX PO3UYMHIB 1 3B’sA3aH1 3 HUM TPOIECH CTapiHHS
METaJIiB 1 CIIaBiB MAIOTh BelIMUe3HEe TeXHIUHE 3HaueHHs. [le o0ymMoBiIeHO THM, 110
HaJIJTUIIKOBA TBepAa (aza, sika 4acTO BUIAUISETHCS MPU PO3MaJll PO3UYUHY B ApiOHO-
JTUCIIEPCHOMY CTaHi, 3MilHIOE MeTajl. [IpukiagoM Takoro 3MIIIHEHHS € BUAUICHHS
NizAl y xapoMIIHUX CIIaBaX THIYy «HIMOHHK». Y HIMPOKO 3aCTOCOBYBAaHOMY B
aBiallii cCruiaBl — JIOPANIOMIHII MPU CTapiHHI BUAUISIOTBCS JpIOHI KPUCTAIUKH
CuAl,. Kinetnka po3mnaay TBEpAUX METAICBUX PO3UYMHIB BUZHAYAETHCS B 3AJICKHO-
CT1 BIJl IPUPOJM CIUIABY PI3HUMU (hakTOpaMu. 3arajbHOI PUCOI0 TaKUX MPOLECIB,
SK 1 B pO3TJISTHYTUX BUIIE BUIAJIKaX, € YTBOPEHHS 1 PICT 3apojAKiB HOBOI (a3u. 3BU-
YailHO MpPU HU3BKUX TEMIEpaTypax MIBHUJKICTh MPOIIECY BU3HAYAETHCS MIBUIKICTIO
YTBOPEHHS 3apOJAKIB HOBO1 (pa3u, a MpU BUCOKOMY — POCTOM 3apOJIKIB IUIAXOM JIU-
dys3ii.

VY psiail BUNAQJKIB CIIOCTEPITa€ThCsl «IHKYOAIIHHUMY TIepio, KOJIu po3naa Bij-

OyBa€eThCS 3 HE3MIPHO MaJO0 MIBUAKICTIO 1 BIIOYBA€THCS JIMIIE MiATOTOBKA MPOLIE-
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cy — 30upaHHs aTomiB (a3u, 10 BUALIAEThCS. [1icis Takoro mepioay HacTae IMIBUI-
K€ TIEPETBOPEHHS, MPOTIATOM SKOTO BHUIULSIIOTHCA JPIOHOIMCIIEPCHI «KOJIOiTHI»
yTBOpeHHs. BinnmosigHo 10 ysaBieHs C. T. KoHOOEEBCHKOTO, 111 «KOJIOITHI» KpUCTa-
JMKW, IO MAalOTh MiJBUIIEHY MMOBEPXHEBY C€HEPrilo, MOBUHHI OyTH HECTIMKUMU 1
MPOTATOM HACTYITHOTO MEPIOy CTapiHHS YKPYMHIOIOTHCS, MPUHMalOUu pPiBHOBAXKHI
dbopmu. BaxkxamBo MmiKpecIuTH, M0 OJepKaHHS HAMKpalluX eKCIUTyaTaliiHuX Bia-
CTHUBOCTEH CIUJIaBIB BHMAarae i pi3HOTO CTyINeHs cTapiHHS. PerynboBane crapiHHsS
IIPHU PI3HUX BHUJIaX TEPMOOOPOOKH HA3UBAETHCS IITYYHUM — Ha BIAMIHY Bij IPUPOJI-
HOTO CTapiHHS, 10 B1I0YBA€THCSA B yMOBaX €KCIUTyaTallii MaTepiaiiB.

Inomi edpexrt crapiHHS CIUIaBIB YITKO MO3HAYaBCS HA 3MiHI iX BJIACTUBOCTEH,
HANPUKJIa] Ha 30UIbIIEHHI TBEPAOCTI, HE3BAXAIOUM Ha BIJICYTHICTH SIKUX-HEOYIh
(dha30BUX MEPETBOPEHD, 10 CHOCTEpiratoThes Metasorpadiuno. Lle sBumie Oyno mo-
SICHEHO JIOKAJIbHUM T1JBUIIEHHAM KOHIIEHTpAIlli OJTHOTO 3 KOMIIOHEHTIB CILIaBy B

MIKPO30HaX, IO € K OU IMIITOTOBYOI0 CTAIIEI0 Mepea BUAIICHHSIM HOBOI (ha3u.

6.6 Kinetuka kpucTamizaii

[IuTaHHA KIHETUKHM KpUCTadi3alii MaloTh JJI1 METAIYprii BEJIUKE MPAKTHYHE
3HaYeHHA. Tak, HampHKIaa, SKICTh CTAJIEBUX 3JIUTKIB 1 BATOTOBJICHOI 3 HUX TIPOTYK-
Iii B 3HAYHIA Mipl BU3HAYAETHCSH XAPaKTEPOM 1 MIBUIKICTIO KpHCTaIi3aIlii piaKoi
ctajii. Po3ristHeMo JTOKJIaHIIIe MPOIeC KpUCTaIi3allii, XapaKTepHOIO PUCOI0 SIKOTO,
SK 1 B PSAJI1 MPOIIECIB, ONMMCAHUX Y MONEPEIHBOMY PO3LTi, € YTBOPEHHS 1 PICT 3apo-
JIKiB HOBOI (ha3u.

[Ipu 3HMKEHHI TEMIEPATYPH PIAMHHA HUXKYE TOUKM IJIABJIEHHS ii MOJIbHA €He-
pris ['i60ca cTae Oinbple, HiXK BiNMOBIIHA BENHMYMHA JUIS TBepaAoi ¢aszu. BHacmimok
I[LOT'O MIOBUHHA MTOYAaTUCS CaMOJIOBUIbHA KPUCTaJIi3allisl.

Kpucranizaiisi € okpeMuM BUTIAIKOM TpolieciB (a30BUX MEPETBOPEHb. 3ara-
JBHA TEOpisd TakKuX MpolieciB Oyna Broepie po3podieHa B. ['166coM 1 moTiM po3BH-
Hyta M. ®onbsmepom. Y CPCP Bona mtigHo po3BuBaniacs f. I dpenkeneM. 3rigHo 3
II€10 TEOPI€I0, Y 3BUYAHNX YMOBaxX 3apOJKH HOBO1 (ha3u (Kparuti piiMHHA B TIEPECH-

YeH1W mapi, KpUCTAJIUK Yy pIIMHHU, OynbOaliku mapu B piAuHI 1 T.N.) CTAlOTh 4Yepe3
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BEJIMKY MUTOMY TIOBEPXHIO CTIHKMMU TIJTbKU MICIsl JOCATHEHHS HUMU MEBHOTO KpHU-
TUYHOTO po3Mipy. [Toku 3apogok HE JOCIT KPUTUIHOTO PO3MIPY, HOTO PICT CympO-
BOJUKY€EThCS 301IbIIeHHSIM eHeprii ['106ca. Takuil mporiec MOXIMBUN 3aBASKH (PIry-
KTyallissM. 301IbIIICHHS BUIBHOI €HEeprii 00yMOBJIEHE TUM, 1110 ITi]T YaC BUHUKHECHHS 1
POCTY 3apOJIKa BUTPAYA€ThCS poOOTa HA CTBOPEHHS MIOBEPXHI PO3MOIIITY Mi>K HOBOIO
1 craporo (dazamu. Hexalt monbHa enepris ['1060ca piguau G;, a tBepaoi dazu G..
O06’eM KpUCTANIYHOTO 3apojJKa MO3HAYMMO V, a WOro MOBEpXHsS O 1 MOBEPXHEBUHN
HATAT Ha rpaHulll ¢a3 o. 3MiHa eHeprii ['100ca npu yTBOpeHHI 3apojiKa CKIaAa€ThCs
3 IBOX YaCTHH.

[lepmia yactTuHa 0OYMOBJIEHA BJIACHO (ha30BUM IMEPETBOPECHHSM, a Apyra —

BUHUKHEHHSIM HOBOI ITOBEPXHI PO3/ILIY:
AG=V%(G2 ~G,)+ac, (6.147)

ne p1 M — ryctuHa i MOJIsIpHAa Maca Pe4OBHHHM, IO KPUCTAII3Y€eThCs. SAKIIO

3apoJI0K sBJIsiE o000 cdepy 3 paaiycom I, TO
AG=§nr3ﬁ(G2—Gl)+4nrzc. (6.148)

[Ipu Temneparypax Buile temnepatypu asieHss (Ty,), G, > G; ToOTO Be-
mmarHa AG mo3uTuBHA 1 HEOOMEXKEHO 3pocTae 31 30unbmieHHsM I. [lpu 3HWKEHHI
temneparypu piauan pizauns (G, — G;) 3MeHIIyeThCs 1 IPU TemrmepaTypax, MEH-
mux Ty, CTa€ HETaTUBHOIO. 3aB/ASIKU LIbOMY B NIEPEOXOJIOKEHIH 10 MEBHOI TeMIIe-
paTypH pIOVHU IpPU JESIKOMY KPUTHYHOMY 3Ha4eHHI I = I, BenmunHa AG gocsrae
MaKCHUMajbHOro 3HadeHHs. [lonanbiie 3011bIIeHHS ' B)K€ PUBOAUTD J0 3MEHIIICH-
Ha AG, sk 11e BugHO 3 6.16, 1 KpHBI, 110 HiAIHMAaOTHCS, BITHOCITHCS 10 TEMIIepa-
Typ Bulle T,. s Kprucraga MakpOCKOIIYHUX PO3MIPIB, OCKUIBKHU I Iparue 10 He-
CKiHYeHHOCTI, BenuunHa AG mparae 10 MiHyC HECKiHYeHHOCTI. Paiiyc KpUTHIHOTO

OAG
or

=0. Takum 4yu-

3apojika MOKe OyTH 3HAIEHUN 3 YMOBH, 1[0 B MaKCHUMYyMI

HOM, 3 piBHSHHSA (6.138) moXoauTh
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dmr2 ﬁ((}2 ~G,)+8mr,0=0, (6.149)

K

20 M

rp=—""T——. (6.150)
* G-G, p

3BIIKHA

AG

Pucynok 6.16 3anexuicts AG Bifg paziy-
r Cy 3apojiKa.

Tep \
[le piBHSIHHA 30Ira€ThCsl 3 PIBHSAHHAM, 11O OMKCYE PIBHOBAry MaJICHbKOT Kpa-
LT 3 TIEPECUUCHOIO MapOoI0, TOMY IO 3aPOJIOK 3HAXOIUTHCS B TEPMOJAMHAMIYHIN Pi-
BHOBa3i 3 cepenosuiieM. Benmnunaa G, — G; Moxke OyTH BuUpakeHa depe3 TeIIoTy

maBieHHs 1 Ty, 32 T0MOMOT0r0 BiIOMOTo TepMoaAuHaMivyHOTo piBHAHHSI AG = AH —

KpPHCT

TAS. Ilpu temneparypi mnaBinenus AG = G, — G; =01 AS = T s

KpHCT —
I

OyIb-sIKOi TeMIiepaTypu

AH
AG = AH — T —_*puer (6.151)

KpHCT
[Ipuiimarouy, O NpH BIAHOCHO HEBEIHMKHUX NEPEOXONIOMKEHHAX AHypuer HE
3QJICKUTH BiJl TEMIIEPATYPH, 3HANAEMO

AH
G2 _ G1 _ KpPHCT (T

AHK HUCT
L —T)=—_SET AT, (6.152)
T T

1 J10) §
[TinctaBumo onepskanuid Bupa3 B (6.150) 1 3Haiinemo, npuiiMarouu 0 yBar,
10 AG =—- (Gl - Gz)

26T, M
M =M. (6.153)
AH ATp
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Lleit Bupa3 crnpaBeIUBUH 1 U1 3apojika KyO1uHoi ¢opmu. {1 3HAXOIKEHHS
npupocty eneprii ['100ca npu yTBOpeHH1 KpUTUYHOTO 3apOJIKa BpaxyeMo, 1o 1 A7
ceprudHOTO 1 I KyOIYHOTO KpHCTaliB (I0BXKHHA pedpa kyda 2r) V = Yi(ra).

[Tpuitmatoun 11e 10 yBaru, nepemnuiiemo Gopmyiny (6.147):

1 p
AG=a|-r—\G, -G, )+0c|. 6.154
[3 M( »—Gy) ] ( )
ITincraBuMo B 11l BUpa3 Iy 3 (6.153):
2 1
AG,, =0, (0'—30)= gakpc. (6.155)

JInst po3BUTKY Teopii KpucTamizalii piiuH, B TOMY YHUCHI 1 PIAKUX METaliB,
BEJIMKE 3HAYEHHS Malld €KCIIepUMEHTabH1 nociimkeHHs B. 1. JlanunoBa 1 #ioro
cniBpoOiTHHKIB. 1o B. 1. JlanunoBy, mo po3BuBaB ysBieHHs B. ['100ca i f. 1. ®pe-
HKeJIsl, OCHOBU KIHETHUKM KpHUCTali3allii 3BOAAThCS A0 Noaaibinoro. KoHueHTparlis
3apojikiB (C,) BU3HAYAETHCS CHIBBIIHOIICHHSIM

Ap

C,=Be RT (6.156)

ne B — crana; Ay, — poOoTa yTBOPEHHs 3apOjKa, IO BUPAKAETbCSA CIIBBIJ-
HomeHHAM (6.155). 11006 3B’s3aTH YKMCIIO BUHUKAIOUYUX B OJIMHUIIIO Yacy 3apOJKIB 3
iXHBOIO KOHIICHTPALIEI0 i IMOBIPHICTIO YTBOPEHHS, PO3IJSHEMO CTaH, II0 BCTAHO-
BUTHCS, SIKITO MIBUAKICTh BAHUKHEHHSI 3apPOJIKIB V (IIBUIKICTh 3apOKCHHS IIEHTPIB
KpHcTa3aii) (L. 3. 1. K.) JOPIBHIOE IBUAKOCTI IXHBOTO PO3NALY (Vpgsn) TOOTO ¥ =
Vposn -

Yucno 3apoiKiB, 10 PO3MAJAIOTHCA B OAUHUIIIO Yacy, MIOBUHHO OyTH IPOIO-
pUIHO iXHIM KOHILIEHTpalli 1 IBUAKOCTI TPAHCIOPTY MOJIEKYJ Bl 3apojka 10 pi-
JTUHU U, TOMY

Awp

v=Mue RT, (6.157)

ne M — craina.

OCKUJIbKHM TPAHCIIOPT € aKTUBAI[IHHUM MTPOLIECOM, TO

E
u=ke RT (6.158)
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ne E — eHepris akTuBarii nmporecy Tpancnopry; K — crana.

[TincraBnstoun  (6.158) B (6.157), omepxkumo

E _ A](p

v=ke RTe RT (6.159)

TakuM yuHOM, BUpa3 IS MIBUJKOCTI 3apOXKEHHS IEHTPIB KpUCTaTi3allii Mic-
TUTh JIBa €KCIIOHEHTHUX MHOKHHUKHU: OJWH 3 HUX XapaKTepU3ye IMOBIPHICTH YTBO-
PEHHS 3apojika HOBOT (ha3u, a APYTUil — MBUAKICTH MOJIEKYJISIPHOTO OOMIHY MIX 3a-
poakoM 1 (pa3zoro.

Ax BummBae 3 (6.155), poboTa yTBOPEHHS KPUTHYHOTO 3apOJIKYy JOPIBHIOE
OJIHI€l TpeTuH1 eHeprii ['100ca floro moBepxHi. 3 ypaxyBaHHSIM piBHsAHHA (6.154)

JUTst KyO14HOTO 3apojiKa 3Hal1eMo

2 2
A =32(M) c° Tﬂg R . (6.160)
P AH;, (AT)

BunHo, mo Ay, 3MEHIIYEThCA OOCPHEHO NPONOPLINHO KBaJIpaTy IEPEOX0JI0-

mxeHHs. liacraBnsroun e 3Ha4eHHA Ay, B Gopmyity (6.159),3naiinemo

E _ Bo®
v=ke RT.e T@AT)" (6.161)
2 2
ne B = 32(M) o L (6.162)
p) aui, R

E
Ha puc. (6.17) cxemaruuHo moka3aHa 3ajexHicte Benuund € RT 1a

Bo®

2
ke T(aT) B1J1 BeJIMYMHU TIepeoxoiaokeHHs AT, a TakoK J0OYTOK IIMX BEJIMYUH U

2 Pucynok 6.17 3anexHicTh BEJIUYHH,
10 BU3HAYAIOTh MBHUJIKICTH KPUCTAITI-
3alii Bijl IEPEOXO0JIOKEHHS :

E _ BO'3
1_e RT 5_ ke TATY
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3pocTaHHs MIBUAKOCTI B 00JIACTI MaluX MEPEOXOIOIKEHb 00yMOBIEHO 30i-

JBIIEHHSAM JIPYrOoro €KCIIOHEHTHOTO MHOKHUKA € IPpU 3HIKEHHI TeMIlepa-
Typu. Lleit MHOXXHUK sIBJIsiE COOOI0 IMOBIPHICTh YTBOPEHHS IIEHTPIB KpHCTaTi3allli,
10 30UIBIIYETHCS B MIPY POCTY IepeoxoiokeHHs. [lomanpiie 30UIbIIeHHS Mepeo-
xoJopkeHns (Ouibiue F, nuB. puc.6.17), ogHak, IpUBOJUTH HE 10 3pOCTAHHS IIBU/I-

KOCTI, a 710 ii nagiHHs. e mosCHIOEThCS 3MEHIIEHHSIM PYXJIMBOCTI YaCTOK MPU 3HU-

JKEHHI1 TEMIICpATypHu 1LIO0 Biz[06pa>1<ae 3M1Hy BCIIMYUMHU IICPHIOTO CKCIIOHCHTHOI'O

_E
MmHOxHUKa € RT,

Caipg 3a3Ha4UTH, IO JUIsl PEYOBUH, Oy0Ba SIKUX 3HAYHOIO MIPOIO OOYMOBIIEHO
CHPSMOBAaHMUMHU I/l IEBHUM KYTOM Y IIPOCTOP1 TOMEOTIOJISIPHUMU 3B’ sI3KaMHU, €Heprii
axktuBalli E € Benukumu (nudysiiiHa pyxJiHMBICTh MOJIEKYJI Majia) 1 TOMY BIJIHOCHO
JIETKO JIOCATAEThCS TaKa TeMIlepaTypa, MpH sIKii IPaKTUYHO HEMOXJIMBA KpUCTai-
3arfis. Y 1bOMY BUMAAKY PiAMHA NEPEXOUTh Y CKIIOMOAIOHUMN CTaH.

B piakux Meranax aToMu MarTh BEJIHMKY PYyXJIMBICTh, a eHepris aktuBauii E
Majla B IOPIBHSAHHI 3 A,p. LlUM HOSACHIOETBCS Te, MO0 METad BAXKKO IEPEOXO0JIO-
JUKYIOTBCS 1 HE NIEPEXOAATh Y CKIONOMIOHUI cTaH. Y 3B 43Ky 3 UM IPHU KpUCTai-
3ar1ii MeTaliB CIIOCTEPITAETHCS JIMIIE YaCTHHA KPUBOT 3amexHocTi U Bix AT.

Mu po3rasiHynM MIBHUIKICTH 3apOJKEHHS LEHTpiB Kpucrtamizamii. [Iponec
KpucTaiizaiii MICTUTh y coOl 1 3pOCTaHHS IUX IEHTPIB. 3POCTaHHS 3apOJKIB HE
MO>K€ 31MCHIOBATUCS UISIXOM MPUEAHAHHS A0 IXHIX I'PaHEe OKPEMHX aTOMIB, TOMY
10 Yepe3 Majle KOOpJMHALIHE YUCIIO EHepris B3a€EMOJIIl TAKOro aromMa 3 KpHUCTalli-
YHOIO I'PATKO0 MaJa.

3pocTaHHs KpUcTaja BiJIOYBA€TbCS BHACIIOK TOTO, IO Ha TPaHSAX 3apojKa

YTBOPSITHCS JBOMIPHI KPUCTAJIIYHI 3apOJIKH, IO PO3POCTAIOTHCS IO BCIM TpaHi,
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CTBOPIOIOYM HOBHM mmap. MipKyBaHHS, MOAIOHI TUM, II0 BUKOPUCTOBYBAIKUCH MPHU
BuBeeHH] (6.161), MPUBOASTH 10 PIBHSHHS JUTsl JIIHIMHOT MIBUKOCTI KPUCTATI3aIii:
_L ¢
v, =Ce RTe TAT (6.163)

ne L — eneprisa aktuparii; C u D — aeski ctani; y — Mbk(a3HUI HATAT Ha MEX1
JBOMIpPHOTO 3apOJIKY.

PiBusnHS (6.163) nae 3ayiekHICTD JIHIHHOI MIBUAKOCTI KpUCTaIi3allii BiJl Tie-
PEOXOJIOKEHHSI, aHAJIOT1YHY Ti, 110 OMHUCYETHCS PIBHAHHAM (6.161).

OpHak TpHUCKOPIOI0YA i IEPEOXOJIOKECHHSI TIiJ] Yac 3apOKEHHS KPUCTAJIIB
Jli€ CUJIBHIIIE, HIXK MPHU IXHbOMY 3pocTaHHi. lle BUsBIs€ThCA B TiM, 110 BEJIMYMHA
AT Bxoauts y piBHsHHA (6.161) y kBaaparti, a B piBHAHHS (6.163) y nepmomy cTy-
neHl. Tomy, K 1€ MOKa3aHO Ha cxeMaTuyHoMmy rpadiky (quB. puc 6.18), MakcuMym
MIBUKOCTI 3apOKEHHSI IIEHTPIB KpUCTAJi3alliil. 3CYHYTUI Y MOPIBHSIHHI 3 JITHIHHOIO

IIBUJIKICTIO KpUCTali3alii BOIK OLIBIINX IEPEOXOTIO0IKEHb.
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Pucynox 6.18 3anexHicTh JiHIHHOT
MIBUAKOCTI KpucTamizamii (1) Ta mBu-

1 2 KOCTI 3apOPKCHHS IICHTPIB KPUCTaIi3a-
1ii (2) B MepeoX o0 KEHHS

AT

31aTHICTh PIIUHU J0 MEPEOXOOHKEHHS 3aJIeKUTh BiJl TOTO; HACKUIBKU PO3-
cyHyTi i Makcumymu. SIkmo o6iacts AT, y sikiii oOuBa IpoIecH MPOTIKAIOTH 3
JIOCTaTHIMH IIBUIKOCTSIMH BIJICYTHS , PIMHA HE MOXE 3aKpUCTAJi3yBaTUCS.

Omnucana Teopis qo3poauia B. I. JlaH1moBY MOSICHUTH psii BaXKITUBUX OCOOIHU-
BOCTEH KIHETUKM KpHUCTaii3allii, 30KpeMa BIUIMB HEPO3YMHHUX 1 PO3ZUYMHHUX JTOMI-
IIOK, SIKI MPUCYTHI y piiuHax. Ko poboTra yTBOpEHHS IEHTpa KpUCTami3alii Ha
YacTI[l HEPO3UYMHHOI JOMIIIKM MEHILE, HIX B 00’€Mi NEPEOXO0I0IKEHOT PIANHH, TO
KpucTaiizaiis Oyjae BiAOyBaTHCA HAa TaKMX YacTKax MPU MEHIIUX MEePEOXOJIO0KEH-
HAX, HDK y 4uCTii piguHi. B.1. JlaH1710B 3HalIIOB, 10 JOMIIIKH, 110 3HAXOJATHCS B
pimvHI B ApiOHOAWCIIEPCHOMY CTaHl, BIUIMBAIOTh HAa IIBHAKICTH 3apOJKCHHS
IEHTPIB KpucTaiizaiii. Ko pereabHo OYUCTUTH PIIMHY B TAKUX JOMIIIOK, Ha-
MPUKJIa/ IPOIYCTUBINY 11 yepe3 CKIIAHI PuIbTpu 3 aiameTpoM Oust 1, TO 30Ha Tie-
PEOXOJIOMKEHHS 3HAYHO PO3LIUPIOEThCS. JlesKl piIMHM MICIs OYHUIIEHHS BiJl 3BaXKe-
HUX JOMIIIOK 30BCIM BTpayaroTh 3[JaTHICTh J0 KpUCTaNi3alli 1 Py BEJIUKUX NEPEo-
XOJIOJPKEHHAX TIEPEXOISITh Y TBEPE CKIOMOAIOHMN cTaH (Hampukiazi, canoi). Pea-
JBHO WIBUJKICTh KpHUCTai3allli BU3HAYAETHCS HE CaMOJOBIILHUM BUHUKHEHHS
LEHTPIB BHACTIAOK (DIyKTYyallid, a iXHIM yTBOPEHHSIM Ha YacToukax AoMimmok. [lpu
bOMY LIEHTPU KpHCTai3alii B MEpIly Yepry BUHUKAIOTh HAa TaKUX CTOPOHHIX J10-
MIIIKAX, SIKI MAalOTh HAWOUIbILY CTPYKTYpPHY MOJIOHICTB 13 3apOJKaMH PEYOBUHH,
0 KpUCTai3yeTbes. [I[pupoaHo 110, mopsi 3 YTBOPEHHSM 3apOJIKIB HA JOMIIIKAX
BIIOYBA€THCSI IXHE MUMOBUIbHE BUHHMKHEHHS B 00’e€Mi piavHHU. Takuil MexaHi3m
KpHUCTami3aiii B YUCTOMY BUTJISAL BAAJIOCS €KCIEPUMEHTAIBHO CIIOCTEpPIraTH Ha Pi-

JUHAX, 3 SKUX Oy MPaKTUYHO IIJTKOM BHJTYY€HI HEPO3UMHHI JOMIMIKY. BUBUCHHS
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CaMOJIOBIJIHOI KpHCTasi3allli Ha OpraHiyHUX PEYOBHHAX 1 JITKOIUIABKMX MeTajlax
JaJI0 MOXJIMBICTh €KCIIEPUMEHTAJILHO MEPEBIPUTH TEOPII0 KpHUCTaizauii 1 3HalTH
PSAZl KOHCTAHT (MIOBEPXHEBUHN HATAT, €HEPTis aKTHBAILIIT), III0 XapaKTEpHU3yIOTh KiHE-
THUKY KpHUCTaJII3aIliil psiy peUYOBHH.

BimoMo 110, HEBENWKi KUIBKOCTI PO3YMHHUX JOMIIIOK (ITOBEPXOBO AKTHBHI
PEYOBUHHM) MOXKYTh 3HAQ4YHO 3MEHIIYBATH MOBEpPXHEBHM HATAT piauH. [lomiOHui
BIUTUB 3[1ACHIOBATH MaJji JOMIIIKK 1 HAa BEIMYMHY MDK(]A3HOrO HATATY Ha MeEXI1
KpucTaid — piauHa. 3 piBHIHHA(6.161) BummMBae, 1Mo 1€ MOBUHHO 30LIBITYBaTH
MIBUIKICTH 3aPOHKEHHS IIEHTPIB KPUCTATI3aIlIi.

JilicHO, eKciepUMEHTaIbHI JOCHIPKEHHS MOKa3aJIM, 110 BBEJCHHS TaKUX Ma-
JMX PO3YMHHUX JIOMIIIOK Pi3KO 3MEHILY€E 30HY IIepeoxonopkeHHs. Hanpuknan, npu
po0OTi 3 YHCTOI PTYTTIO OYJI0 JOCATHYTE Iepeoxonomkenns Ha 18 — 21°C, a mpu
BBeieHHI B Hel 0,05 MosbHUX % Kautiro 18 BeauurHa 3MeHmmiacs 1o 7 — 9°C. Pazom
3 TUM OyJIO 3HAWJIEHO, 110 MaJll KIJTBKOCTI KaJiio 3HIKYIOTh ITOBEPXHEBUN HATAT M1k
KpUCTaJaMU PTYTI 1 PIAKOIO PTYTTIO.

BBeneHHsl pO3YMHHMX JTOMIIIOK Y PIIMHY MOKE MPUBECTU 1 JO 3BOPOTHOTO
edexTy, TOOTO A0 30UTBIICHHS MEPEOX0JIOMKEHH. Takuil BIUIMB 00YMOBJICHUHN TUM,
1[0 JIOMIIIKA KOHIIEHTPYETHCS HA MOBEPXHI BUHUKIIOTO LIEHTPY KpHUCTami3alli BHa-
ciiok abo amcopOiiii abo BHACIHIIOK HEPO3YMHHOCTI B TBEp/id (a3i 1 THM caMUM
CIIOBUIbHIOE OOMIH MOJIEKYJIaMU MiXK 3aPOJIKOM 1 IEPEOXOJIO0IKEHOI0 P1IMHOIO.

TakuM 4YMHOM, HE3HAYHI KIJBKOCTI PO3YMHHHX JOMIIIOK MOXYTh 1CTOTHO
BIUIMHYTH Ha KIHETHKY Kpuctamizamii. Lle BiaKpuBae MOXIIMBICTh CBIIOMO 3MIiHIO-
BaTW BJIACTHBOCTI TBEPAOTO Tijla, IO YTBOPIOETHCA MPU KpUCTami3auli, (BEIUUYUHY
3epeH). BBeeHHS ManuxX pO3YMHHUX JOMIIIOK O3BOJIE€ 3MEHIIUTH BEJIMUUHY I1€-
PEOXOJIOKEHHSI, BHACIIITOK YOT'O KPUCTAIH 3POCTAIOTh HE TiJIbKM HA TOTOBUX TOBE-
PXHSIX, aJie 1 3apOKYIOThCs B 00’ €M1 pinmnHU. Taki po3uyuHHI TOMIIIKH, 33 TIOTIOMO-
TOI0 SKUX MOJXKJIMBE PETYJIIOBAaHHSA KIHETUKH KpHCTali3arlii, Ha3uBaIOTHCS MOAHUQI-
karopami. [Ipuknanom 3actocyBanHs MOIU(DIKATOPIB MOKE OyTH T0JaBaHHS MaJIUX
KUTBKOCTEH JIy>)KHUX METaJIB JI0 CHUIyMiHY, BHACIIIOK YOTO YTBOPIOIOTHCS KPUCTAIIN

OKpyTJI01 (hOpMHU, a HE TIJIACTUHYACTI.
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®di3uyH1 ysABICHHS MPO KiHETUKY Kpuctamizaiii npuBenu B. 1. JlaninoBa Ta-
KOX JI0 IYMKHU MPO BUKOPHUCTAHHS yJIbTPa3BYKOBUX KOJWBAHb JUIsl BIUIMBY Ha TIPO-
1ec Kpucranzaiii. byio moka3aHo, 1o yapTpa3ByKOBa XBUJISA Ha Mkl MK (azaMu
pOOUTH HEOAHOPIAHY AedopMarlliio i, TICOEPryround 3pOCTar0di KPUCTAIH, TepeMi-
I[a€ YaCTOYKH, IO YTBOPWJIMCS MPHU IbOMY, BIUIMO piavHu. Takuil BIUIMB IPUCKO-
PIOE MpoIlec KpUcTami3allii.

HeoOxiaHO BiA3HAYWTH, IO B PEabHUX yYMOBax CTaJeIIaBUILHOTO BHUPOO-
HUITBA IBUJIKICTh KpUCTaIi3allli 3TUTKIB BU3HAYAE€THCS TOJIOBHUM YMHOM YMOBaMH
TEIUIOBIJIBO/LY, 110 Y CBOIO UEPTy 3aJieXkaTh BiA pAAY TakuxX (akTopiB, sIK TOBIIMHA
CTIHOK (hopmH, 11 po3MipH, MaTepiall Ta iH.

Pazom 3 TUM CTpyKTypa 37MUTKIB MOBUHHA BU3HAYATHUCS (PI3UYHUMU (aKTOpa-
MU, BIUIUB SIKHX OINKCY€ BUKJIaJ€HA BUIIE Teopisl KpucTamizaiii. 3a Teopieo B. L.
JlaH1710Ba KpuCTami3aiis cTajl BiIOYBA€ThCS TAKUM YMHOM. BHACHIOK MIBHAKOTO
BIJIBEJICHHS TEIUIa 4epe3 CTIHKK (HOpPMHU MPUWIATaodi JO0 HUX IIapu PiIKOi CTaji
IIBUJIKO TIEPEOXOIOKYIOThCS. [IpupoaHO, 110 B IUX MIapax BUHUKAE BEITUKE YUCIIO
3apOJIKIB SIK HA YaCTKaX HEPOIUYMHHUX JIOMIIIOK, TaK 1 BHACTIIOK (QIIyKTyaIlii.

3aBASKH BEIMKOMY YHCITY 3apOJKiB, II0 KOHKYPYIOTh OJMH 3 OJIHUM TIiJ 4yac
CBOTO 3pOCTaHHS, KPUCTAJH, 1[0 YTBOPIOIOTHCS, HE MOXKYTh JOCATTH 3HAUHUX PO3-
MIpiB 1 B 30BHIIIHIX YaCTUHAX 3JIUTKA YTBOPIOETHCA 30HA JPIOHUX PIBHOOCHUX KPHU-
CTajiB. YHACHIAOK MIBUJIKOI KpUCTaI3allli CTall B IUX IIapax 3BUILHIOETHCS 3HAUHA
KUTBKICTh TEIJIOTH (TeIuIioTa riaBieHHs ). Ll TeruoTa, a Takoxk TemioTa, sika MpuHe-
CEHa MOTOKaMU CTajl 3 BHYTPIILIHIX, OUIBII rapssyux 30H, IPUBOJATH 10 JESIKOTO ITi-
JBULIEHHSI TeMIlepaTypyu Ha (poHTI Kpuctam3zaiii. [Ipy upomMy TpoXH 3HUKYETHCS
MEePEOXO0JIOMHKEHHS 1 BHACIIIOK 3MEHIIICHHS IBHUIKOCTI 3apO/KEHHS IIEHTPIB KpHC-
Taii3alii BiI0YyBa€ThCS 3pOCTAHHS paHillle BAHUKIUX KPUCTAIIB HA BHYTPIIIHIA Me-
Kl «CKOPUHKW», IO YTBOpWJIAcs Ha CTiHKax ¢opmu. Take 3poCTaHHS KpPUCTAJIB
MIPU3BOJUTH 0 BUHUKHEHHS 30HU CTOBITYACTUX KPHUCTAIIB.

Hapemiti, B Mipy 3acTUraHHsl BCl€i Macu METally B LEHTPAJIbHUX YacCTHUHAX

dbopMH TOCATAIOTHCS TaKl BEJIMUYMHU MTEPEOXOJIOHKEHHS, TIPH SKUX MIBUIKICTh 3apo-

262



JOKEHHS IIEHTPI1B KpUCTali3allii JOCUTh BeJMKa, BHACIIIOK YOTO 3HOBY BUHUKAE 30HA

PIBHOOCHUX KPHCTAIB.

6.7 Karani3
6.7.1 3aranbHi MOJIOKEHHS 1 3aKOHOMIPHOCTI KaTajizy
Karagizom Ha3uMBaOTh siBUIIEe 3MiHU IIBUAKOCTI peakiii B MpUcCy-

THOCTI pe4OBHH-KaTAIi3aTOPIB.

Peakiiii, siki Bi1OyBarOThCs 3a y4acTIO KaTajli3aTOpiB, Ha3WBAIOTh KaTaJliTH4-
HUMU.

Karamizatop — 11e pe4yoBHHa, siKa, B3a€EMOMAIIOYM 3 MOJIEKYJIAMH pPEaryrdux
PEYOBHH, 30UTBIIIYE MBUAKICTh XIMIYHOT peakilii 1 BUAUISETHCS HA HACTYITHUX CTali-
AX y XIMIYHO HE3MIHHOMY BUIJISI/L.

SAkio kaTanizaTopoM € OJIUH 13 MPOJYKTIB peakiiii, TO Peaxililo Ha3uBaIOTh

aBTOKaTaJIiTI/I‘-IHOIO, a CaM¢C ABHUIIC — aBTOKaTaJII30M. HaHpHKHaI[, B peaKui'l' OKHC-

nenns Fe” 3a gormomoroio MnOj

5Fe’* + MnO; +8H" = 5Fe** +Mn”" +4H,0

iors Mn®", 110 yTBOPIOIOTBCS, KATATI3yIOTh PEAKIIiIO.

Karanitnuni peakiiii Haa3BUUaiHO MOMIKMPEHi B ipupoi. Karamituyni mpoiie-
CH IIMPOKO BUKOPUCTOBYIOTh Y MPOMMCIOBOCTI. BUPOOHHUIITBO a30THOI 1 CapHOIO
KHUCIIOT, amiaKy, BUPOOHUIITBO CHHTETUYHOTO Kay4yyKy 1 T.J. HEMOKJIUBI 0€3 KaTaJli-
3aropiB. Karanizatopamu MOXXyTh OyTH aTOMHU, MOJIEKYJIH, 10HH.

Huxue HaBeeH1 3aKOHOMIPHOCTI KaTai3y.

1. Karamizatop akTUBHO, 32 paXyHOK XIMIYHUX 3B’SI3KiB (KOBAJICHTHUX, BOJ-
HEBUX) YU €JIEKTPOCTATUYHOI B3aEMOJii, Oepe y4acTh B €JIEMEHTAPHOMY aKTi peak-
1ii. Bin yrBoproe abo npomMixkHy CHOJYKY 3 OJJHUM 3 YYaCHUKIB peakilii (bararocra-
JiWHUN TIporiec), a00 aKTUBOBAHHM KOMIUIEKC 3 yciMa pearylouuMu pedOoBHHAMHU
(omHocTaaiHMit mpotiec). ITicas KO)KHOTro XiMIYHOTO aKTy BiH PEreHepyeThCs 1 MO-

JKC BCTYIIATH Y BSaGMOI[iIO 3 HOBUMH MOJICKYJIaMHU PCATryrOUuX PCUOBHH.
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2. YyacTh Karaji3aTopa B peakiiii He BiJIOMBAETHCA Ha i1 CTEXIOMETPIYHOMY
piBHsiHHI. OIHaK y mepuioMy HaOJIMKEHHI MIBUAKICTH peakiii MpsMoO MpOIopiiiiHa
KUIBKOCTI KaTaaizaTtopy.

3. Karamizatop Mae BHOIpKOBICTh (CemU(piUHICTE) Aii, TOOTO BiH MOXE 3Mi-
HIOBATH IIBUAKICTH OJHIET peakilii 1 He BIUTMBATH HA IMIBUAKICTH 1HIIOI. [le MoxHA
MOSICHUTH TUM, IO JIJI1 BUHUKHEHHSI XIMIYHOT'O 3B’SI3Ky MOTPiOHO BIAMOBIAHICTH
MOJICKYJIIPHUX OpOiTaJIel pearyrounx pedoBHH 1 KarajizaTopa Mo €Heprii i cuMeT-
pii.

4. Jlist katajizaTopa 3BOJUTHCS 10 3HMKEHHS €HEeprii akTUBAIli 1 3MiHI CTepi-
gHOro ¢akropa. OCKUIbKM €HEprisg akTUBalli BXOAUTH y PIBHSAHHSA, 10 BU3HAYAE
MIBUAKICTD peakiii (6.84), y SKOCTI MOKa3HUKA CTYMEHS, TO HEBEJMKA 3MiHA €HEepTii
aKTUBallll TPUBOAUTH O 3HAYHOTO 30UIBIICHHS IIBUIKOCTI peakiii (Ha KiJIbKa IMo-
psankiB). Hanpuknan, TepMidHAA pO3KIa alleTaabIaeriay

CH;CHO — CH, +CO
KaTali3ye€TbCcd NapamMu KWOAY, IO BUKJIMKA€E 3HWKEHHS €Heprii akTuBalii Ha ~55
kJ>k/Monb. 1le 3HKEeHHS BUKJIMKAE 3017bIIEHHS] KOHCTAHTH IIBUIKOCTI IPUOITU3HO
B 10000 pa3is.

5. KaranizaTop He BIUIMBA€E Ha MOJOKEHHS TEPMOJUHAMIYHOI pIBHOBAru, T00-
TO Ha 3HAYEHHS KOHCTAaHTH PIBHOBAru, sika JOPIBHIOE BiJHOIIEHHIO KOHCTAHT IIBU-

JKOCTEH MPsIMOi 1 3BOPOTHOI peaKIliil:

Ke=—" (3.38)

BiH B ogHakoBii Mipi 3MIHIOE KOHCTAHTH HIBUIKOCTI MPSAMOI 1 3BOPOTHOI pea-
KII1H 1 TUTbKY MPUCKOPIOE HACTaHHS PIBHOBArU.

6. Ilpu momaBaHH1 JESKMX PEYOBUH, HA3WBAHUX MPOMOTOpPAMH, aKTUBHICTh
KaTaji3aropa 3pocTae; A0JIaBaHHs K 1HT10ITOPIB 3MEHIITY€E MIBUIAKICTh peakiii (poib
iX 3BOUTHCS 200 70 3MIHM €HEPrii OKpeMHX 3B’S3KIB Y MOJIEKYJIaX pearyrunx pe-
YOBUH, 1110 BBIMIIUIA pa30oM 3 HUMHU B aKTUBHHMI KOMIUIEKC, a00 10 OOpUBY peakiliii-
HOTO JIQHIIIOTA B JIAHITIOTOBUX PEAKITIsX ).

Po3pi3HAI0Th KaTalli3u TOMOT€HHUI 1 TETEPOTeHHUM.
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6.7.2 T'oMoreHHui KaTami3

['oMOreHHNM Ha3WBAIOTh TAKWW KaTali3, KOJU KaTali3aTop 1 BCI pearyrodi pe-
YOBUHM CKJIA/IAI0Th OJIHY 3arajibHy (azy.

["'0710BHUM TOJIO’KEHHSAM TEOpii TOMOT€HHOTO KaTali3y € ySIBJICHHS PO Te, 110
B XO/JIl PeaKIlil yTBOPIOIOTHCS HECTIMKI MPOMIKHI CIIOIyKH KaTajizaTropa 3 pearyio-
YUMHU PEYOBHMHAMH, 1110 TIOTIM PO3MAJAIOTHCS 3 PEreHepalli€ro KaTaai3aropa 3a cxe-
MOIO

A+B+K S (A-B-K)* — D+K.

[IBuakicte 1iel peakii v = k CACgCk mpormopiiiiina KoHIIeHTpalii karasi3a-
Ttopy. KoncranTa mBuakocti k Bupaxaerscst piBHIHHAM (6.91).

Jlana katamiTH4YHa peakilisi MoXKe Bi0yBaTUCA B JIB1 CTa/IIi:

Ky
A+K —’<k— AK, (a) AK+B — D+K. (6)

2

[Tpu 1bOMy MOXKYTH OYTH J1Ba BUMAJIKH. Y TEPIIOMY BUIMAIKY IMIBHAKICTH PO-
3Maay KOMIUIEKCY Ha KaTadi3aTop 1 BUXITHUW MPOAYKT 3HAYHO OLIbINE HMIBUIKOCTI
Apyroi cTafii, y AKiid yTBOPUTHCS KIHLIEBUM MPOaAyKT. TOMy KOHILIEHTpaLlis KOMILIe-
KCiB, SIKl 3BYTbCS IPU TAKOMY THUITy KaTajidy KOMIUIeKcamMu AppeHiyca, maina. B
JIPYrOMY BHUIIAJIKy IIBUIKICTh PO3MAy KOMIUIEKCY MOPIBHSHHA 31 MIBUJKICTIO JIPY-
roi craii. KoHleHTpalisa npoMikKHOro KOMIUIEKCY 3HayHa 1 ctanioHapHa. Kommiek-
CH TaKOTO TUIy Ha3UBalOTh KoMmIuiekcamMu Bant-T'odda.

Jpyruii BUnajoK, sik O11bI1 TUIIOBUMA, PO3TIISIHEMO OUIBII JOKIAIHO.

Ockisibku npomixkHa cnofyka AK 3HaXoAuThCs B pIBHOBA31 3 BUXITHUMU pe-
YOBMHAMHU, TO MIBUIKOCTI MpsMOi (V1) 1 3BOPOTHOT (V,) peakiliii (a) moBUHHI OyTH
OJIHAaKOBUMU. BHUpa3uBIIM MIBUAKOCTI V; 1 V; BiAMOBIAHO 10 (6.14) 1 (6.25), oxep-
AKUMO

kiCa(Ck —Cak) = koCax | (6.164)

ne Cx —Cak — KOHIIGHTpAIlisl KaTaii3aTopa, 110 He BCTYIUB y peakilito; Ca Ta

Cak — PIBHOB&)XHI KOHIICHTpAIlli pEYOBUHHU A U MMPOMIKHOI CITOTYKH BiITOBITHO.

3 (6.164) 3HaiiAeMO KOHIIEHTPALIIFO TPOMIXKHO1 CITOTYKHU:
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k,C,C
CymapHa HIBUIKICTh YChOTO TIpoliecy (V) BU3HAYAETHCS MIBUKICTIO HAUIOBI-

JBHOT CTadii, y JaHOMY BUTIAAKy ApyToi. Toi.

LY =k3CAKCB. (6166)
[TincraBuBmu B (6.166) KOHIIEHTpAIil0 MPOMIDKHOI CIIOIyKH 3 (6.165), onep-
KUMO
k,k
o= K1KsCaCaCx (6.167)
k, +k,C,
PiBusnHS (6.167) BKa3ye Ha iICHYBaHHSI IBOX IPAaHUYHUX BUIIAJIKIB:
1) sxmio K;Ca << Ky ,T0O
kk
=123 C,CpCk ; (6.168)
2
2) saxmio K;Ca >> ko, T0
V= k3CBCK . (669)

B 000x BUnaakax MBUAKICTH peaKIlii MPOMopIiiiHa KOHLEHTpalLli KaTani3aTo-
pa. CymapHuil MopsiIoK peakilli Mo BUXIJHUX PEUYOBUHAX PI3HMI 1 OyJe TOpPIBHIOE
nBoM a0o oaunwmili. [1o3a 3a3HaYeHUMH TPAHUYHUMU BUMAJAKAMU MOPSIOK PEAKIIIT €
npooHuMm (1 <n <2).

Jlo TOMOTeHHOTO KaTaii3y BIHOCATHCS OaraTo peakiii KUCIOTHO-OCHOBHOI
B3a€EMO/II1, peaKilii KOMIUIEKCOYTBOPEHHSI 1 OKHCIIOBAHHS-BITHOBJIECHHS, YUCJIEHHI

peaxiiii ripyBaHHs, Ta 1HIIIL.

6.7.3 T'ereporeHHuii Kkarasi3

Jlo reTeporeHHOro BiAHOCSTHCS KaTaJIITHYHI MPOIECH, MO0 MPOTIKAIOTh Ha
rpa”ulll po3noainy ¢as. 'ereporeHHui KaTaigi3 Mae OUIbIIIE 3aCTOCYBaHHS B POMHU-
CJIOBOCTI, HXK TOMOTe€HHUM KaTami3. Lle mosicHI0eTbCsl TUM, 1110 TeTepOreHHI KaTai-
3aTOPHU MPAKTUYHO OLIBIN 3pY4Hi: iX JIETIIe BiJIOKPEMITIOBATH BiJl Ta30BOi UM PiIKOi

(da3u B O€3yNUHHO AII0YUX pEeaKTopax.
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Sk reTeporeHHi Karajai3aTOpW BUKOPHCTOBYIOTH MEPEXiJHI METalu, METaJu
nepuoi rpymnu, GochopHy KUCIOTY, HAHECEHY Ha HOCIH, 1 1H.

AKTHBHICTb T€TEPOI€HHOI'0 KaTalli3aTopa 3aJIeKUTh Bl TJIOIII MTOBEPXHI pO3-
noauty ¢a3. BaxnuBoro XapaKTepUCTUKOIO KaTajli3aTopa € Horo MUuToMa MOBEPXHSI.
[TuToMOI0 TIOBEpXHEI0 KaTaii3aTopa HAa3WBAIOTh ILIONIY TOBEPXHI pPo3moiny (as,
BIJIHECEHY JI0 OJMHUIII Macu abo 00’eMy KaTajizaTopa:

Suur = S/M (6.170)

e S —moBepxHs KaTatizaTopa, M2 M — Maca KaTagizaTopa, T.

KarajiTuuHy aKTMBHICTbh reTepOreHHOro KarajizaTopa XapakTepu3yloTh KOHCTAHTH
IIBUAKOCTI peakuii, BiiHeceHi 10 0JHOr0 KBaJpaTHOr0 MeTPa MoBePXHi po3noaiay ¢a3 pea-
reHTiB i KaTaJizaTopa, a00 IBUAKICTH peakuii Np¥ BU3HAYeHUX KOHLUEHTPALISIX pearyro4ux
Pe40BHH, BilHECEHY /10 OIMHHU LI IJIOLIi MOBEPXHI.

['ereporenHuii katam3 mae crnenu@iuyHi ocoOnMBOCTI: 1) KaTamizaTtop sBIsE
c00010 CYKYITHICTh BEJIMKOI KUIBKOCT1 MOJIEKYJI 1 aTOMIB, 110 YTBOPATh OKPEMY TBE-
pay da3zy; 2) 3 BeIUMKOi KIJIbKOCTI aTOMIB 1 MOJIEKYJ TUIBKH HEBEJIMKA YacTHHA PO3-
TalloBaHa HAa MOBEPXHI 1 MOKE B3aEMOJIATH 3 MOJEKYJIAaMH PEaryrouux pEeYOBUH;
3) MOJIEKYJIH 1 aTOMH, IO MPUHMAIOTh YYaCTh B €JIEMEHTAPHOMY KaTAIITHYHOMY aK-
T, 30CE€PE/PKEHI Ha MOBEPXHI KaTaiai3aropa B y)Ke MaJoMy 00’eMi B TOPIBHSHHI 3
3araJbHUM 00°’eMOM pinkoi ¢a3u. ToMy B reTeporeHHOMY KaTaii3l BaXJIUBY POJIb
BIJIIFPAIOTH MPOIIECH MACONIEPEHOCY — MiJIBEICHHSI PeareHTIB J0 MOBEPXHI KaTai3a-
TOPY 1 BIABEICHHS MPOIYKTIB pPEaKIIii BiJl HEl.

VY 3B’s3Ky 3 3a3HAYEHUMHU OCOOJIMBOCTSIMH T€TEPOTCHHOT'O KaTali3y MOKHa
BUJIIJTUTH YOTHPU OCHOBHI CTaJli IIbOT0 mporiecy: 1) nudy3is mo4aTkOBUX PEYOBUH
710 TIOBEPXHI KaTayi3aTopy; 2) aacopOiisi BUX1IHUX PEYOBUH HA aKTUBHHUX LIEHTPaxX
32 paxyHOK XIMIYHHUX 1 €JIEKTPOCTATUYHUX CUJI; 3) B3aeMOJis aicOpOOBaHUX PEUO-
BUH 3 YTBOPEHHSM NPOJYKTIB peakiiii; 4) gecopOilisi MpoAyKTiB 3 MOBEpXHi 1 qudy-
3151 B IIMOUHY (azu.

[Ipotiecu mMacomepeHOCy peUOBHHU MIIKOPSIOTHCS 3aKoHaMm Audysii. Amcop-
OwiiiH1 1 aecopOlLiifHI MpoLeCH MaroTh CBOi 3aKOHOMIPHOCTI, 110 OMHUCAaHI HUXKYe

(muB. po3ain. 7).
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AJicopOI1i€r0 Ha3UBaAKOTh MPOIEC CaMOJOBLIBHOI 3MIHM KOHIICHTpAIlil pedo-
BHMHU Ha TPaHUIl po3noaity ¢a3. PeuoBuHy, Ha MOBEpXHIi SKOT BIIOYBA€THCS MPOLIEC
azcopOI1ii, Ha3UBalOTh ajcopOeHToM. PedoBuHy, 110 aacopOyeThCs, Ha3UBAIOTh A/]l-
copOTuBOM. B reTeporeHHOMY KaTaui3i afcOpOCHTOM € KaTai3aTop, a aIcopOTHBOM
— MOJIEKyJIa pearyrodoi pedoBuHH (cyOcTpaty). AmcopOris cyOcTpaTy Ha KaTaiia-
TOP1 MOKE 3/IIMCHIOBATUCS 3a PAXyHOK CHJI MDKMOJICKYJIIPHI B3a€MOJII, 110 BUHH-
KalOTh MK MOJIEKYJIaMH (aTOMaMH) KaTali3aTtopa, ki 3HaXOASIThCs Ha MOBEPXHI, 1
MoJIeKyiIamMu cyocrtpaty (dbizuyHa agcopoOirisi). Mixk MoJieKysiaMu (aToMaMM) KaTali-
3aTopa i MOJIGKYJIaM{ Pearyro4oro peYOBUHH MOXKE MPOTIKATH XiMIYHA B3a€EMOJIsS
(ximiyHa agcopOriist abo xeMocopoIris).

[Ipouiec amcopOiii cybcTpaTy Ha KaTali3aToOpi CYHNPOBOJKYETHCS 3MEHIIICH-
HaM eHeprii ['100ca. YV pesynbTaTi afcopOlii 3pocTae ynopsaKoBaHICTh CUCTEMH 1
€HEPris 3MEHIIYEThCA, IO MOB’S3aHO 3 BUAUICHHSIM €HEprii 1 3MEHIIEHHSIM E€Heprii
akTHBalii. SIKio Mae Micie XeMocopOItis, TO Crneru@IuHICTh KaTaji3y 301IbIIYETh-
csa. B pesynpTari xeMocopOIiii MOJICKYJIM MEPEeXOAsATh B aKTUBOBAHUH 30YyIKEHUIN
CTaH 1 1HOJII PO3MaJAIOThCS Ha aTOMH ab0 pauKaiu, COpOOBaHI MOBEPXHEIO.

JI1st onucy KIHETMKHM MeTepOoreHHO-KaTaTITHYHUX MPOLIECIB 3aCTOCOBHI OCHO-
BHI TMOJIOXKEHHS 1 3aKOHU XIMIYHOI KIHETHKH, @ TaKOX METOJ MEepPEeXiHOro CTaHy,
OJIHaK MAlOThCs MEBHI TPYAHOIII. BOHM MOJSATaIOTh y HEBU3HAYEHOCTI TEPMOIUHA-
MIYHUX (YHKIIA CTaHY PEYOBHH, IO pO3TAalIOBaHI Ha MOBEpXHI TBepAoi (as3u. Pe-
YOBUHM B PO34MHI 1 B a/IcOpOOBAHOMY CTaH1 Ha TBEPiil MOBEPXHI MAIOTh Pi3HI 3HA-
YEeHHS! aKTUBHOCTI, eHeprii ['100ca, enTpomnii 1 T.1.

]_HBI/II[KiCTb FeTepOFeHHO-KaTaHiTI/l‘{HI/IX npoueciB 3aJCKUTD Bi}l TEMIIEPATYPHU, AKIIO0
NPOTiKa€e XeMocopoO1isl, i MPAKTHYHO He 3aJIeKUTH Bil TEeMIIepPaTypH, IKIIO0 Ma€ Micue ¢izu-
yHa agcopOuisa. HIBuakicTs nmpouecy MokHA 301IbIIMTH MiIBUIIEHHAM KATAJTITHYHOI AKTH-
BHOCTI KaTaJjizaropa muisixom: a) 30i1bIIeHHs] MITOMOI MOBEPXHi KaTaJjizaTopa, To00TO Ipo-
0JIEHHSI KaTa/1i3aTopa YM HAHECeHHs HMOro Ha XiMIiYHO iHEePTHY MiAKJIAAKYy 3 BHCOKOPO3BH-
HEHOI0 NOBEPXHEI0, HA3UBAHY TperepoM; 0) 10AaBaHHA A0 KaTajlai3aTopa pe4oBHH, Ha3UBa-
HHUX NPOMOTOPAaMH, 10 He MAKOTh KATAJITHYHY AKTHBHICTb, ajie 3MiHIOIOTh CTPYKTYpPY Ka-

TaJi3aTopa i MiABMINYIOTH HOr0 AKTUBHICTB; B) 3MiHM (i3MYHOro cTaHy KaTajgizaTropa, To0-

TO IIJIAXOM 3aCTOCYBaAHHS, HAIIPUKJIA/, Kpl/lCTa.]Ii‘lHl/IX, a He IIOpOIHKOHO}IiﬁHI/IX MaJI0OAKTH-
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BHHUX KaTaJi3aTopiB; I) oep:KaHHAM KaTali3aTopa B HEPIBHOBAKHHMX YMOBaX, KOJIH BIiH
3HAXOAMThCS B HECTIHKIi, OLIbII aKTHBHIN (OopMi. AKTHBHICTH IreTepOreHHOro KaTaai3aro-
PY Pi3K0 3MeHIIY€ThCS NMPHU OTPY€EHHI Horo orpyramu. Hanpukiaja, mjiaTtuHa jerko oTpyro-
€TbCS CNOJyKaMH cipku, Munr’siky, gocgopy. st oTpyeHHs1 KaTajgizaTopa morpioHo He-
3HAYHA KiJbKICTb O0TPYT. Pi3K0 3HMIKYIOUM KATAJTITHYHY AKTMBHICTH, OTPYTH MAaJI0 3MiHIO-
I0Th NIPU OBOMY ajacopOuiiiHe HacM4ueHHs KatauaizaTopa. lleii ¢gakT ropopursr nmpo te, 1O
NOBEPXHS KaTajli3aTopa HeogHopigHa. BoHa ckiagaerbcsi i3 CyKymHocTi aacopOmiHHX
HEHTPIB i TUIbKM JesIKi 3 HUX € KaTAJITUHYHO AKTUBHUMH. OTPYEHHA KaTai3aTopiB 00ymo-
BJIeHE OJIOKYBAHHSIM KATAJITUYHO AKTMBHHUX IEHTPIB 32 PAXYHOK YTBOPEHHS 3B’SI3KY MikK

MOJIEKYJIAaMH OTPYTH i IOBEpPXHEI0 KaTajizaropa.

6.7.4 Teopii reTepOreHHOro KaTami3y

['00BHUM MpeaMeToM Teopil reTepOreHHOro KaTali3dy € 3°sICyBaHHS 3allexk-
HOCTI KaTaJiTUYHOI A1l B OCOOJMBOCTEW CTPYKTYpPH MOBEPXHI Karajai3aTopa, Bij
MOJIeN1 AKTUBHOTO LIEHTPY.

B ocHOBI Teopii reTeporeHHoro Karajisy JISKUTh YSIBICHHS, 110 PeaKIis BiJ-
OyBa€eThCsl yepe3 yTBOPEHHS MPOMIKHUX CIOJYK 1 HACTYIHE iX pyHHYBaHHS 3 BU[I-
JICHHSIM TIPOJTYKTIB peaKIii.

Konu Oyno BcTaHOBJIEHE 3HAYEHHS aJCOPOLIMHUX SIBULL Y TE€TEPOr€HHOMY
KaTai31, BUHUKJIO MPUMYIIECHHS, 110 KaTaJiTUYHA aKTUBHICTh OOYMOBIIFOETHCS ITijI-
BUILIEHHSM KOHIIEHTpAllli pearyrounx pedoBUH Ha MOBEPXHI po3noAury ¢a3. biibi
MIMOOKE BUBUYEHHS LIBOTO SIBUIIA MMOKA3aJio, 10 B KaTAJTITUYHINA A11 OCHOBHY POJIb
BiJIIrpa€ aacopOIlis pearyrounx peYOBUH Ha HAMOUTBIIT aKTUBHUX IIEHTPaX MOBEPXHI.
[Ipu ubOMy BU3HAaUYEHY POJIb MAIOTh XIMIYHI B3a€MO/Ii, IO CYNPOBOIKYIOThCS 3Mi-
HOIO BJacTUBOCTEH ajacopOoBaHuX Mojekyid. o cTocyeTrbcs mpupoau aKTUBHUX
IIEHTPIB, TO BOHA BMBYaiacs O0araTbMa JOCTiTHUKAMH. Y TIACYMKY OYyJI0 BUCYHYTO
KUIbKa Teopiil. OCHOBHUMHU 3 HUX € MYJIbTUIUIETHA TEOPis, TEOPisl aKTUBHUX aHCAM-
OJIiB 1 €JIEKTPOHHA TEOPis.

Mynbtunnerna teopist (A. A. bamanain, 1917). BignoBigHo mo 1iei Teopii,
aKTUBHUMHU LIEHTpaMH Ha MOBEPXHI KaTalli3aTopa € MyJbTUIUIETH, 10 CKIAJAI0ThCs

3 KITBKOX CHJIOBHX IIEHTPIB IUISHKU KPUCTATIYHUX I'PATOK KaTalli3aTopa, 10 MaroTh
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npaBWIbHY KOH}Iryparito. AncopOilis pearyrounx MOJEKys BiIOyBaeThCs OJHOYA-
CHO TO JEKUIbKOX CHJIOBHMX LIEHTPaX BIAMOBITHO A0 MPHUHIMUIIB F€OMETPUYHOI 1
eHepreTUYHO1 BiANMOBIIHOCTI. CYyTHICTh T€OMETPUYHO1 BIJIIOBITHOCTI TOJISATAE B TO-
My, 1[0 PO3TAIIyBaHHS CHJIOBUX IICHTPIB Y MYJIbTUILJIETI TOBUHHO BiJIMOBIAATH PO3-
TalTyBaHHIO aTOMIB y MoJieKyJsi. bararonienTpoBa amcopOitist MPpUBOAUTH 10 Aehop-
Marlii MOJIEKyJ, 0 OCJIabJIeHHsI 1 pO3PUBY BIJMOBIIHUX 3B’SI3KIB 1 YTBOPEHHS HOBUX
3B’A3KIB B NMPOJIyKTaxX peakiii. Hanmpuknaz, mij yac AeTiApyBaHHS €TaHOIY
C,HsOH — CHCHO + H;

JI0 OJTHOTO LIEHTPY MPUTATAIOTHCS BOJHEBI aTOMH, JI0 1HIIOTO HEHTPY — aTOM
KHCHIO 1 aTOM BYyIJIeLto. Y pe3ynbTaTi BinOyBaeTbest po3puB 3B’ s3kiB C—H 1 O-H 1
yrBOopeHHs 3B's13KiB H-H 1 C—O. BiamnoBigHO 10 IPUHITKMITY €HEPreTHYHOI BIJIMOBII-
HOCTI, ONTUMAJIbHUN CKJIAJl KaTajl3aTopy BIAMNOBIAA€ YMOBI PIBHOCTI €HEPrii yTBO-
pEeHHs 1 pyWHYBaHHS MYJIbTUILUIETHOTO KOMIUIEKCY. 3aHAATO CIa0Ki 1 3aHAATO CUJIb-
H1 B3a€MO/IIT pearyrounx peuyoBUH 3 KaTalli3aToOpoM HebaxkaHi.

MynbTuIIETHA TEOPisl Mae 0OMEXKEHE 3aCTOCYBAHHS, TOMY 110 JJI1 BUPIIICH-
HSl IPAKTUYHUX 337a4 HEOOX1/IHO 3HATU €HEPril 3B SI3Ky OKPEMUX aTOMIB 3 KaTalli3a-
TOpamu, a BOHU HEB1OMI.

Teopis aktuBHux ancam6iiB (H. 1. Ko6ozes, 1939). BianosiaHo 1o 11i€i Teopii
KaTalITUYHUIN MpoIiec BiIOYyBAETHCS HA TPyl aTOMIB, HA3UBAHUX aKTUBHUM aHCaM-
osiem. Ha BigMiHY BiJl MyJIbTUIUIETHOI TEOPIi aTOMU aKTUBHOTO aHCAMOJIIO HE € eJie-
MEHTaMHU KPUCTAJIYHOI IPATKU KaTaldi3aTopy 1 MOXKYTh BUIBHO MITPYBAaTH B MeXax
MEBHOI 30HU MOBEPXHI KaTaai3aTopy, Kl 3ByThcs OjlokaMu Mirpaiii. bioku mirpanii
0oOME’K€eHI MOTEHUIMHUMHU Oap’epamMu, 110 BUHUKAIOTh 33 PAXYHOK MIKPOCKOIIYHUX
TPIITUH, HAIBHOCTI JOMIIIOK, HEOJHOPITHOCTI TBEP10i MOBEepXHi. BHOipKOBICTh Ka-
Taji3y MOSCHIOETHCS MITPAIli€l0 aTOMIB 1 3MIHOKO T€OMETPUYHMX MMapaMeTpiB aHca-
MOJTIO.

Henonikom Teopii akTUBHUX aHCAMOJIIB € Te, 110 BOHA HE BPAXOBYE MPHUPOIY
KaTaji3aTopiB 1 pearyouynux peyoBHUH.

Enextponna teopis karanizy (C.3. Porincekuii, ®. @. Bonpkenmreiin, 1940).

B ocHOBI Teopii JIeXUTh ySIBIEHHS IPO Te, IO Karajai3aTop Ma€ BUIbHI a0o cra-
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003’Bs3aHI €JIEKTPOHHU. TakUMH eJIeKTpOHAMH 3a0e3MeUyThCS BIJIbHI BaJE€HTHOCTI
Ha TIOBEpPXHI KaTalli3aTopa, 3a paXyHOK SIKUX aICOPOYIOTHCS MOJIEKYJU Pearyrunx
PEUYOBHMH 3 YTBOPEHHSM BIJILHUX aTOMIB 1 pajukaiiB. [Ipu B3aemoii BUILHUX aTOMIB
1 paJivKalliB YTBOPIOIOTHCS MPOAYKTH peakilii. Hanpukiaz, 6e3nocepente 3aiiiCHEH-
Hs peakuii 2H, +0, — 2H,0 yTpyaHeHo 4epe3 HACHUEHICTh 3B’A3KIB pearyrounx
pedoBrH. Ha miaTMHOBOMY KaTalli3aTopi BijIbHI €IEKTPOHH MEPEXOATh J0 MOJICKY-
T KUCHIO, YTBOPIOIOTHCS 10HW KHCHIO (20 ). Ha mO3uTHBHO 3apsKeH1d MUIaTHHI
ascopOyeThbes MOJIEKYJIa BOJIHIO, BIJIA0OUN 1 €JICKTPOHU 1 TIEPETBOPIOIOYHCH B TO-
3uTHBHO 3apspkedi ionn (2H™). Ioan H' 1 0, B3aemoitoun Mixk co6010, yTBOPIOIOT
BOJly. EJIEKTPOHHOIO TEOPI€IO JIETKO MOSICHIOETHCS BUCOKI KaTaJITUUHI BIACTUBOCTI

NEePeXiTHUX METAIB, sIKI MalOTh He3aBepiieHy d-000I0HKY.
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7 OIBMYHA XIMIA ITOBEPXHEBUX ABUII]
7.1 CopOutist. AncopOrrist

[ToBepxHEBI MIapy PEUOBUH BIAPI3ZHAIOTHCS CBOIMHU BJIACTUBOCTSIMH BiJl Biac-
THBOCTEM BHYTpIIIHIX IIapiB. Ha moBepxHi po3nosainy dha3 eHepris MOJIeKyJ Biapi3-
HSETBCS B1JI €HEprii MOJIeKYJI, K1 po3TalioBaHi BcepeauHi ¢azu. Lle nmpuzBoauTh 10
CHenu(pIYHOrO MOrJIMHAHHS KOMIIOHEHTIB 0O/Hi€l ¢a3u iHmoro. [Ipouecu norivHaH-
Hs rasziB a0 pO3YMHEHUX PEUYOBHH TBEPAUMH MaTepiaiaMu abo piAMHAMU MOXYTh
BiI0YBaTHCA MO PI3HUX MEXaHI3Max 1 HOCSTh 3arajbHy Ha3By copOuii. PeuyoBunn —
NOTJIMHAYl Ha3UBalOTh COPOEHTAMH; PEYOBHHH, L0 MOTIMHAIOTHCS (Ta3u abo po3-
YUHEH1 pEYOBUHU) — copOaTtaMu abo copOTupaMu. BaxmBimow xapakTepUCTUKOIO
copO1iitHoro nporecy € rpadivyHa 3ajJexHICTh KUUIBKOCTI COPOOBaHOT pEYOBUHU (I10-
3HaYaeTbes K M, A ab6o I') BiJ piIBHOBa)KHOT KOHIIEHTpaIlii a00 TUCKY B 130TepMiy-
HUX yMOBaX, sIKa Ma€ Ha3By 130TepMa copOuii. Ha ManmtoHky 7.2 mpuBeaeH1 Mpukiia-
T TAKUX KPUBUX.

[ToBepxHEBI MpoLiecH BIAINPalOTh 3HAUYHY pOJib Y IPOMHUCIOBOCTI. MoHa 1o-
3HAYUTHU KUIbKA HAIPSIMKIB MPAKTUYHOIO 3aCTOCYBAHHS COPOLIIMHUX SBHILL:

® TIOTJIMHAHHS MIKIJIMBUX JOMIIIOK; TUTIOBUHN MIPUKIIA] — MPOTUTA3, B IKOMY
B SIKOCTI COPOEHTY 3aCTOCOBYIOTh aKTUBOBAHE BYTLILIIS;

e pekynepaiisi — BUI0OyBaHHS LIHHUX PEYOBHH 3 BIAXOIB BUPOOHUUTBA 3
METOI0 X BUKOPHUCTAHHS Ta MIOBEPHEHHS 10 BUPOOHUYOTO LUKITY;

® DO3AUICHHS CyMillei; TUIOBUHN MPUKIA — XpoMarorpadiuai MeToau aHa-
mizy. 11 Meroau 03BOJSIOTH MIBUIKO 1 €(EKTUBHO aHANI3yBaTH CyMilli, sIKI CKJia-
JAIOTHCS 3 IECATKIB KOMIIOHCHTIB;

e (roramiiiHe 30arauyBaHHs pyJ TeX 0a3y€eThCsl Ha MOBEPXHEBUX Mpolecax
3MOYYyBaHHS;

® [IepexiJi pEYOBHH 3 OJHI€T (Pa3u 10 1HIIOT (HAMPUKIIA 3 METaIy JI0 IIAKY)
SK HAaWBKJIMBINTY BKJIIOYAE CTAIII0 IEPETHHY MOBEPXHI po3noAiLTy das, 1mei mpoiec

OTMUCYETHCS HE JIMIIE K AUQY3is, ae 1 Ik cCopOlLIiiiHe ABUILE;
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e (e3mocepeHbO 3 MOBEPXHEBUMH SIBUILIAMH TOB’SI3aHUIN T€TEPOreHHUN Ka-
TaJI3;

e Jy)XK€ MaJlli KUIBKOCTI JIOMIIIOK, aacopOoBaHi Ha MOBEPXHI METAJICBUX 3€-
PEH, MOXKYTb CYTTEBO 3MIHIOBATH BJIACTMBOCTI CIUIABIB — TaK COT1 a00 THUCSYHI 0
MIPOIICHTY OJIOBA AYXKE 3HIKYIOTh MIIHICTH KaPOMIITHUX CIUIABIB MPU BHCOKHUX TE-
MIIepaTypax.

Po3pi3HI0TE YOTHPHU OCHOBHUX COPOIIIHI mporiecu: abcopoOitito, aacopOirito,
KanuIsipHy KOHICHCALIII0, XeMOCOPOIIiIO.
AOcopOii€l0 HA3MBAKOTH NMOTJIMHAHHA ra3zy ado mapu BCiM 00’€MOM TBep/0i pe4OBHUHHU a00
pinunu. lleii npouec mojsirac B NpOHUKHEHHI MOJIEKYJI ra3y B Macy cOpOeHTY i 3aKiHUy€Th-
csl YTBOPEHHSIM TBepA0ro a6o piakoro po3uuny. [lommpeHHs moJieky ra3y y TBepaiii a6o
piakii ¢a3i Big0yBaeTbCcsi roJJI0BHMM YMHOM HLIAXOM AHQY3ii. OCKiTbKH B TBepANX pedo-
BHHAX WBHUAKICTH au(y3ii ayke Maja, To adcopOuiss B HUX Bil0yBa€TbCsl MOBUIBHO i s
BCTAHOBJICHHsSI piBHOBaru norpioeH 3Haunmii yac. [liTBUIEHHSI TeMnepaTypu NPHCKOPIOE
xin abcopOuii. IIpuxinagom aGcopOuii € nmorauMHaHHA rasiB i mapu pisHMMHM MaTepiajaMu
(HanpukJIaa, NOTJIMHAHHSA BOJAHIO NAJLIaieM, adcopOuisi aMiaky BOJ010).

AncopO1iero Ha3UBaIOTh CAMOJOBUIbHE KOHIEHTPYBAHHS Ha TBEPA1N abo pij-
Kiil MOBEpXHI po3nony (a3 peuoBUHH 3 MEHIIMM MTOBEPXHEBUM HATATOM. PeuoBu-
Ha, sIKa aJIcOPOYEThCS, 3BEThCS acopOaToM abo aacopOTUBOM, PEUOBHHA IO aJICO-
pOye, Mae Ha3By afcopOeHTy. AACOpOIIis € YUCTO MOBEPXHEBUM IMPOIECOM, BIH TO-
JsTaEe y B3a€MOJIi MOJIeKyJs1 abo 10HIB ajcopbaty (ra3y abo pO3UMHEHOI PEUOBUHU)
13 TIOBEpXHEI0 aJIcOpOEHTY 3a paxyHOK cuil Bau-gep-Baanbca, BomHEBUX 3B’SI3KiB,
€JEKTPOCTATUYHUX CUJI. ['0JIOBHOIO PYIIIIHOIO CHIIOK afcopOllii € 3MEHIIIEHHS €He-
prii ['160ca (abo 1HIIOT XapaKTepUCTUYHOI (PYHKIIIT) TOBEPXHEBOTO IIaApy PEUOBUHHU.
[IBUKICTH TAKOT'O MPOIIECY € BEIUKOIO, 1 aJCopOIlis BiIOYBAETHCSI MUTTEBO, SIKIIIO
MOBEPXHsI a7ICOPOCHTY JIETKOJOCTYIHA I MOJIEKYJ ajcopbaty. Y MOpUCTUX alco-
pOeHTax azcopOIlis BiOYBAETHCS MOBUIBHINIEC 1 3 TUM MEHIIOI IMIBUAKICTIO, YUM
TOHIIIE Nopu ajacopOenTty. st pizuunoi ancopOLii XapakTepHi Taki 03HAKH, SIK Be-
JIMKA MIBUJKICTh, 000POTHICTh, 3MEHIIIEHHS KUTBKOCTI TOTJIMHEHOTO ajicopOaTty 3 Ii-

JBUIIEHHSIM TEMIIEpaTypH.
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KaminsipHa koHeHcallisl sBIiss€e COOOI0 MpOIeC CKparuieHHs TNapu B Topax
TBepAoro copbenty. Ilapa Moke KOHIIEHCYBAaTHCS JIMIIIE MPU TEMIEPATypl HIDKUYE
KPUTHYHOI. SIKIIIO piguHa, 110 YTBOPIOETHCS, T0OpE 3MOUY€E CTIHKH KaIllJIApiB, TOOTO
MOBEPXHIO COPOCHTY, TO B Kamiigpax yTBOPSATHCS YBITHYTI MEHICKH B PE3yJbTaTi
3IUTTS PIAKUX aICOPOIIMHNAX TIapiB, M0 BUHUKAIOTHh HA CTIHKAX KaluIApiB (Maio-
Hok 7.1). Konu mapa Ham MEHICKOM J0CSATa€ HACHUCHHS, MOYUHAETHCS KOHICHCAITis

1 IOpH aICOPOCHTY 3aMOBHIOIOTHCS P1AUHOIO.

Pucynok 7.1. IlosicHeHHs1 3HM>)KEHHS] TUCKY HAcH-
— YeHOI Mapy HaJl yBIrHYTUM MEHICKOM

Oco0uBICTIO KOHJIEH ALl TTAapy Y Kamisipax € Te, 10 HaJl YBITHYTUM MEHic-
KOM THCK HAaCHMYCHOI MapW 3HIMKCHO B IMOPIBHSHHI 3 TUCKOM HACHMYCHOI Mapy Haj
TUTOCKOIO TTOBEPXHEIO MpU TOM caMiit Temneparypi. Lle Bimome 3 izuku siBuiie npu-
3BOAUTH JIO TOTO, 110 B KaMJisgpax rnapa MNoYUHAE KOHJICHCYBATUCS MPU O1IBII HU3b-
KOMY MOro THUCKY, KOJIM HaJl TUIOCKOIO MOBEPXHEI0 KOHJACHCAIIA IIE HE BIIOYBAETh-
csl.

3B’S130K MK KPUBU3HOIO YBIFTHYTOI'O MEHICKA 1 THCKOM HAaCH4Y€HOI NapH BU-
paxaetncs piBHsSHHAM Y. KenbBina (Tomcona)

. 20V,
RT In(P, / P)

(7.1)

ne I — cepeiHii pajilyc KpUBU3HU MEHICKA; 6 — MTOBEPXHEBUI HATAT PiAVHMU;
Vv — MoJisipauit 00°eM pinnan; R — ra3osa crana; T — temneparypa; Ps — Tuck Ha-
CUYEHOI Mapu pIIMHU HaJ MJIOCKOI MOBEpXHEI; P — THCK HACMYEHOI mapu piauHu

HaJ YBITHYTUM MEHICKOM IIpHU TOM camiil TeMieparypi.
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P(C) P
a 1]

Pucynok 7.2 Tunosgi i3orepmu: a —copOuii; 0 — kanmijisipHoi KoHaeHcauii ( A — BeJIM4M-

Ha copOuii, m — Maca NOrJIMHeHOoi copOeHTOM napu, P — piBHOBaskHMIi THCK MapH)

OCKUIbKY TUCK Mapy HAJl YBITHYTUM MEHICKOM THUM HUXY€, YAM MEHIIIE Pai-
yC Kamijsipa, 3allOBHEHHS PIJIMHOIO MMOYMHAETHCS 3 HAMOUTBII APIOHUX MOp 1 31 301-
JBUIEHHSAM TUCKY IMapu HaJ aJCOpPOEHTOM MOIIMPIOETHCS HA OUIBII BEJIUKI MOPH.
Takum 4uHOM, KamispHa KOHACHCAIlISl € BTOPUHHUM ITPOIIECOM 1 BiIOYBA€ETHCS i
JI€10 HE aJCOPOIIMHUX CUJI, @ CUJI IPUTSHKIHHS MOJIEKYJ AapH J0 MOBEPXHI YBITHY-
TOTO MEHICKa PIIUHM B Topax. KamnijisipHa KOHJIeHcallisl MPOXOAUTh JOCUTH IIBUIKO
1 3aKIHYY€THCA MPOTITOM KUIBKOX CEKYHI.

[3oTepmu copOLii npu KanuisipHiA KOHJEHcalli MarTh S-00pa3Hy QopMmy
(man. 7.2.6). XapakTepHi pUCH TaKUX 130T€PM MOJATAIOTh y TOMY, 110 CIIOYaTKy Ha
KpPUBOI HaMIv4aeThCsl Jeska Mexa aacopOiii (Maixke ropu3oHTalbHA AUISHKA), ajie
MIPU TOCSATHEHHI MEBHOTO TUCKY KPUBaA PI3KO Hje Bropy, IO TOBOPUTH MPO IIBHIKE
3pOCTaHHS KUTBKOCTI MOTJIMHEHOI Mapu B Pe3yJibTaTi KamuisgspHoi koHaeHcarii. [1le
OJIHa OCOOJIUBICTh MOJISITa€ B PO301XKHOCTI 130TepM copO1Iii 1 AecopOiii, ToOTO B Ha-
SBHOCT1 COpOIIiiHOTO TicTepe3ucy. Lle o3navae, 1Mo 0AHOMY 1 TOMY TUCKY Mapy Bij-
MOBIJAIOTH Pi3HI PO3MIPH COPOIIiT B 3aJI€KHOCTI Bl HAMPAMKY TIpoliecy. SIBuiie ric-
TEpPE3UCy TMOSCHIOETHCS TOJIOBHUM YMHOM HASIBHICTIO CJIIJIIB MOBITPS B MOpax, IO
MEePENIKO/KAE TTOBHOMY 3MOYYBAaHHIO 1XHIX CTIHOK, PI3HOMAHITHICTIO PopMU 1 pai-
yCiB KanuisipiB. B kaminasipax BHACTIAOK CKPUBJICHHS MMOBEPXHI PIAMHU BUHHUKAE TaK
3BaHUM KanuisipHUi THCK. BiH JOpIBHIOE Pi3HUILII THCKIB HACUYEHOI Mapy MiX CKpHU-

BJICHOIO 1 TJIOCKOIO TIOBEPXHEI0 piauHu. Haj omykiuM MEHICKOM THCK Tapu OijibIiie,
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HIK HaJl TUIOCKOIO MOBEPXHEI0, 1 KaMUISIPHUNA TUCK € MO3UTUBHUM. i1 yBIrHYTOT
NMOBEpXHI BiH HeraTUBHUM. KaminspHuil THCK BUKIIMKA€E OMyCKaHHS PIBHS PIIUHU B
Kamspax 3 OMyKJIUM MEHICKOM 1 MiTHSATTS PIAMHYU B KalJIIpax 3 YBITHYTUM MEHiC-
KOM Ha BHUCOTY, III0 KOMIIEHCY€ PI3HHUII0 TUCKIB B MOPIBHSHHI 3 MJIOCKOIO MOBEPX-
HEIO PIIMHU.

XemocopOIris — 11e mpoliec aacopoOiIrii, mo BiAOYBAETHCS i II€H0 CHII OCHOB-
HUX BAJCHTHOCTEH, TOMY i1 BITHOCATH 0 XiMIUHOI ajmcopOrtii. [HII po3risHyTi BU-
e BUAM afacopOirii BIAHOCATE 10 (Pi3u4HOI afcopOIlii, o BiAOYBAETHCS i JT1E€H0
cun Ban-nep-Baansca agresionHoro xapaktepy. ®@izudnHa aacopOiis € 000pOTHUM
€K30TepMIYHUM IPOLIECOM; NP MIJBULIEHHI TEMIIEPATypH aACOPOIisl 3MEHILIYEThCS,
a jgecopOris miacuiIoeThes. Terotu (izuyHOi amcopOiii HEBEIMKI 1 3BUYANHO
ckianarTh 8 — 20 k/[>x/mMoib. @i3udHa aacopOIliss HE HOCUTh CIIeU(pIYHOTO CeeK-
TUBHOTO XapakTepy. XemocopOlis, HaBMmaku, crnenudiyHa. BoHa 3anexuTs sK Bif
IpUPOAM aICcOpOEHTY, Tak 1 BiJ mpupoau aacopdaty. EHepris 3B 43Ky aicopOeHT —
azcopOaT AOCUTh BEMKA 1 MPUOJIU3HO JOPIBHIOE TEIJIOTI YTBOPEHHS XIMIYHUX CIIO-
ayk (80 — 800 kIx/Monb). 3 MIABUILCHHSIM TEeMIIEpaTypu XeMOCOpPOIlis 3pOCTae,
MIAMOPSIKOBYIOUHUCHh 3aKOHAM XIMIYHOI KIHETHMKU 1 PIBHOBaru reTeéporeHHUX peak-
1id. XemMocopO1is 4acTo HEOOOPOTHA 1 TPU3BOAUTH 10 YTBOPEHHS MILIHUX MOBEPX-
HEBUX CIOJYK MIXK aJCOPOSHTOM 1 acopOaTom.

[TpukiagoM MOBEPXHEBUX CITONYK MOXYTh CIYXKUTH TaK HA3WBaHI «OKCHUIU

[IunoBay, M0 YTBOPSITHCS IPH B3aEMOJIIT KUCHIO 3 BYTJICIEM:

N =
0

=C=0 O
P —
=C —C=0

OcoOJMBICTIO TaKUX CIOJIYK € T€, 1[0 B HUX aTOMHU BYIJICLIO 30€piraroTh
3B’A30K 3 IHIIMMH aTOMaMH, sIKI YTBOPIOIOTh KPHUCTAJIYHY I'PaTKy Byriemo. Mix
aTOMaMH{ BYTJICHIO M aToMaMH KHUCHIO, IO YTBOPIOIOTh NMOBEPXHEBI CHOJYKH, HE
MO>KHA YCTaHOBUTHU CTEXIOMETPUYHOTO CIiBBigHOMIEHHA. HemoxnBo nposectu Pi-

3UYHY MEXY PO3MOJLITY MK 00’€MOM TBEPJOTO afACOPOCHTY 1 BUHHKIIOK XIMIYHOIO
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CITOJTYKO10. XiMIYHA CITOJIyKa HE YTBOPIOE CaMOCTiiHO1 (ha3u, 1 ii He MOXKHaA oJiepKa-
TH B IHIUBITyaIbHOMY BU/II.

IcHyroTh BUIIaAKH XeMOCOpOILii, KOJIM B Mpoueci 0epyTh y4acTh He TUILKH aTOMHU a00 MoJie-
KYJIM NIOBepPXHi copOeHTy. Peaknisa Moske nmommproBaTucs Ha Becb 00’€M TBepAoro tina. Bu-
HHUKAW04a XiMiYHa CIOJyKa YTBOPIOE SICHO BHpaskeHy HOBY ¢a3y. [Ipukianamu Takoi xemo-

copOmii MOKYTh OyTH B3a€EMOJisi KHCHIO 3 METAJIeBOK0 MiJ/I0, MOTJIMHAHHS BYIJIEKHCJIOT0

razy OKCHJa0M KaJbUIlo i T.II.

7.2 AncopOuisi Ha moBepxHi pinuHu. PiBHsiHHSA i30Tepmu aacopOuii I'i00ca

[Ipu po3urHEHH1 y BOJAl NMOBEpXHEBO-akTHBHI pedoBuHH ([IAB) Hakonmuuy-
I0TbCSI B TIOBEPXHEBOMY Illapi; moBepxHeBO-iHakTUBHI peuoBuHu (I1IB), naBmakwy,
KOHLIEHTPYIOThCS B 00’€MI1 po3urHy. | B TOMY, 1 B 1HILIOMY BHUIIJIKy PO3MOILI PEYO-
BUHHM MIDX IOBEPXHEBUM LIAPOM 1 BHYTPIIIHIM 00 ’€MOM MIAKOPAETHCS MPUHLHUITY
MiHIMyMY eHeprii ['100ca: Ha TOBEpXHI KOHIIEHTPYEThCA Ta PEYOBUHA, IO 3a0e3me-
yy€ HAUMEHILINNM MOBEPXHEBUU HATAT, MOKIIMBUHM 32 JAHUX YMOB. Y MEpPIIOMY BH-
naaky ue monekynu ITAB, y apyromy — monekynu po3unHHUKa (Boau). PizHuns
KOHLIEHTpalli y TOBEPXHEBOMY 1Iapi i 00’ €M1 pO3UMHY MPUBOJUTH JO BUHUKHEHHS
CUJI OCMOTMYHOTO THCKY 1 Mpouecy nudy3ii, 1110 mparHe BUPIBHATH KOHLUEHTpALli MO0
BCbOMY 00’€eMy.

Konu 3MeHIlIeHHsS MOBEpXHEBOI €HEprii, 3B'si3aHe 31 301HIHHAM abo 30ara-
YEHHSIM TIOBEPXHEBOIO 1Iapy PO3UMHEHOK PEUOBUHOIO, Oy/ie YPIBHOBAXKEHO MPOTHU-
JIIOYMMHU CHJIAMU OCMOTHYHOTO THUCKY (200 KOJIM XiIMiYHI MOTEHIIATd PO3YMHEHOT
PEYOBHUHHM 1 PO3UYMHHUKA B MOBEPXHEBOMY IlIapl OyAyTh pIBHI iXHIM XIMIYHUM HOTE-
HITlaJaM B 00’€M1 pO3YUHY), Y CUCTEMI HACTyMae JWHaMIYHa piBHOBAra, 1o xapak-
TEPU3YETHCS MEBHOIO PI3HUIICIO KOHIIEHTPALli MK TOBEPXHEBUM IIapOM 1 00’ €MOM
po3unHy. Hapmumok abo HecTauya po3YMHEHOT PEUOBUHU B IMTOBEPXHEBOMY IIapi, Bi-
JTHECCHHMM 10 OJWHUII TIOBEPXHI, M03Ha4YatoTh Yepe3 I', Ha3uBaroTh ri00COBCKOIO aji-
COPOLIEI0 1 BUPAKAIOTh y MOJIB/M’, KI/M’ 1 T.II.

VY Tux BUMagKax, KOJIM KOHIEHTpAIlis afcOpOTHBY B MMOBEPXHEBOMY Iapi Oi-

JbIIe, HIXK B 00°eMi pozuuny, I' > O — angcopOriis nmo3utuBHa. lle xapakrtepHo st
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po3unHiB ITAB. IIpu Hectaui peyoBuHHM B noBepxHeBomy miapi I' < 0 — agcopOrist
HEraTHBHA, 10 Mae Micue A po3uuHis [11B.

TakuMm 4MHOM, TTO3UTUBHOIO AJICOPOIIIEI0 HA3UBAIOTh AJICOPOIIII0, 110 CYIPO-
BOJDKYETHCSI HAKOIIMUCHHSM PO3YMHEHUX PEYOBHH Yy MOBEpXHEBoMYy Iapi. Heratu-
BHOI HA3WBAIOTh QJICOPOIIiI0, IO CYMPOBOKYETHCS BUTHCHCHHIM PO3YHMHEHOT pe-
YOBUHM 3 MOBEPXHEBOTO IIApy ycepeauny cepenoBuiia. [IpakTuune 3HaYeHHS Mae
TIJIBKY TIO3UTHBHA aJICOPOIIis, TOMY ITiJl TEPMIHOM «ajcopOllish» MalOTh Ha yBas3l ca-
Me el BUIAJI0K.

B i30TepmiuHMX yMOBax 3aJ€KHICTh BETUIMHU ancopOirii [ Big Tucky raszy P
a00 KOHIIEHTpallli po3unHeHoi peuoBUHU C Bi10OpakaloTh KPUBOIO, KA 3BETHCS

130Tepmoto aacopoiii. [lpuknan 13orepmu afcopOIlii HaBeeHO Ha Mall. 7.3.

I',ma/T
A

200 —
i

150

100

0% ok 04 0% 10 Pxl0%Mma
Pucynok 7.3 [3oTepma ancopOiii aMmiaky akTHBOBaHMM BYTiJLIAM TIpu Temreparypi — 23,5 °C
Hagpeneny kpuBy MOXHa MOIJIUTH HA TPU JIISTHKU:
e ninsHka | —Ha Hii amcopOItist MpOMOpITiHA TUCKY Ta3y;
e nuaHka Il — Ha HIM cTyniHb aacopOIii MOCTYOBO 3MEHIIYETHCS, BIACTAIO-
9H BiJ] 3aKOHY TPOMOPIIHHOCTI;
o nuisHka Il — BigMoBizae craHy HACHYEHOCTI, KpUBAa aCUMITOTHYHO Ha-

ONMMKaeTbCA 10 MAaKCUMyMY, CTa€ MPAKTHUYHO HapajesbHOI0 10 Bici adbcuuc. Komu
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HACUYEHHS JOCSTHYTO, MOJabIle MABUIICHHS TUCKY a00 KOHLEHTpAIlli MPAKTUYHO
HE BIUTMBA€E HA BEJIMYHUHY aJCOPOIIii.

Haiibinpiie 1 moctiiiHe 3Ha4YeHHS aacopoiii [ abo A, npu sSIKOMy JOCATAETHCS
HACHYEHHS aJCOPOIIHHOTO Tapy 1 afcopOIis BKe HE 3aJeKHUTh BiJ KOHIIEHTpAIlii,
Ha3MBalOTh I'paHU4YHOIO ajncopbuieto I'y, (Ary). Mexkero mo3UTHBHOI ancopOuii ciry-
KUTh TIOBHE HACHYEHHS MOBEPXHEBOTO IIAPy MOJIEKYJaMU PO3UYMHEHOI PEYOBUHHU.
[Iporiec HaCMYEHHS MOHOIIAPY TaJbMY€EThCSA TEIJIOBUM PYXOM, IO 3aXOIUTIOE Yac-
TUHY MOJIEKYJ aJcOpOOBAaHOT PEYOBUHM 3 MOBEPXHEBOIO IIapy Bcepenuny ¢asu. 3i
3HIDKCHHSIM TEeMIIepaTypy TEIUIOBHM PyX CiIalIiae i MOBEPXHEBUM HAJJIUIIOK MPHU
TI{ K€ KOHIIEHTpalli (TUCKY) pO34nHY 30UIbIIy€eThes. UM MOsSCHIOEThCST TeMIiepa-

TYpHa 3aJISKHICTh acopOiii (MamoHoK 7.4 )

r

P(C)

Pucynok 7.4 3anexHictb agcop0uii Bin Temnepatrypu

Mesxa, 10 SIKOTO MparHe HeraTUBHA afcopOIlisi,— 1€ TOBHE BUTUCHEHHS PO3-
YUHEHO1 peYOBHHM MOJIEKYJIaMH PO3YMHHUKA 3 IIOBEPXHEBOTO 1Iapy.

[TpocTux i JOCTYMHUX METOIIB MPSIMOTr0 BU3HAYCHHS HAJIUIIKY PO3YHMHEHOI
PEYOBHHM B aJICOPOIIMHOMY IIapi HA PYXJIUBUX MOBEPXHSIX PO3MOJLTY IMOKH HE iC-
Hye. OTHaK Ha MOBEPXHSAX PO3MOJIITY PiIMHA — Ta3 1 piliHA — PIIUHA MOXHA TOYHO
BHUMIPIOBAaTH MOBEPXHEBUI HATAT, TOMY JJisi BU3HAYEHHS a/1copOLii 0coOIMBO Bax-
JUBUM € PIBHSHHS 130TepMu anacopOiii ['166ca (1878). [100c BCTaHOBHB 3aIeKHICTh
M1 TOBEPXHEBUM HAJIMIIIKOM aJIcCOPOOBaHOI peyoBUHU [ 1 3M1HOIO MOBEPXHEBOTO

HaTSITY.
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JI1st OMHMIT IO MTOBEPXHI 1 3@ CTAJIOK TEMIIEPATYPOI0 MOXKHA 3alUCcaTh
do =-I'dp (7.2)
ae I' — moBepxHEeBHl HAATUIIOK a7cOpOOBaHOi peuoBUHH; A6 — HECKIHUEHHO
Majia 3MiHa IMOBEPXHEBOro HATATY; dM, — HECKIHYEHHO MaJia 3MiHa XIMIYHOTO MOTe-
HITIaJTy acOpOOBaHOI PEUYOBHUHH.
XiMiyHM# MOTeHIia] pe4YOBHHHU, K BiIOMO, 3B’si3aHUI 3 il KOHIEHTPaLi€l0 (AKTHUBHICTIO)
BHpPa3oM
p=p’+RTIna, (2.140)
3BIJIKU BUILIMBAE
du=RTdIna=RTT- (7.3)

[TincraBumo B (7.2) 3amicth du Bupa3s (7.3) i Bupazumo I

1
[=_ do __.a d_c- (7.4)
RT dIlna RT da

[Ipy Manmux KOHUEHTpALisX PEUYOBHUHHU, IO aJCOPOYETHCSA, AKTUBHICTH MpaK-

TUYHO CITIBMIA/Ia€ 3 KOHIIEHTpalli€to 1 piBHsHHSA (7.4) npuiiMae BUJT

r=_ ¢ ds (7.5)

RT dC

ne C — KOHIIEHTpaIlis MpU PiBHOBA31 aIcoOpOIIMHOTO IIapy i ra30moaioHo01
a00 PO3YMHEHOI PEUOBMHU B CEPENIOBHIII, 3 SIKOTO BiIOYBAETHCS aacopOiris (piBHO-
Ba)KHAa KOHUEHTpawis ancopOtuBy). OTpuMaHe piBHSHHS 7.5 3BEThCA PIBHSHHAM
13otepmu ['106ca.

PiBusinusa [160ca m03BOJIsIE BUBHAYUTH BEJIMYMHY MOBEPXHEBOTO HAJJIUIIKY
M0 3MEHIIEHHIO BEIMYMHH MMOBEPXHEBOTO HATATY, BUKIMKAHOMY 3MiHOIO KOHIICHT-
parii po3unHy. BianoBigno no piBasHHS (7.5), I' siBNIsie OO0 PI3HUITIO MiXK KOH-
LEHTpALisIMU aJICOPOTUBY B TOBEPXHEBOMY 11api il B 00’ eMi po3unHy. Kinnesuii pe-
3yabTaT oouncneHHs I' 3a piBHsSHHAM ['160ca He 3a1€XUTh BiJl CIOCO0Y BUPaKEHHS
koHreHntpaiiii C. Po3MipHICTh 1 BeTUYHHA MOBEPXHEBOTO HAIUIIKY BU3HAYAIOTHCS
PO3MIPHOCTSIMU TOBEPXHEBOTO HATSTY Ta YHiBepCaJbHOI ra3oBoi crajoi R. fAkmro

. . 2
MOBEPXHEBUI HATIT BupaxkeHuil y J>k/m*, a razosa crana — y JIx/(monb-K), To mo-
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o 2 . .
BEPXHEBUN HAUIUILIOK OACPKYIOTh y MoJib/M~. 3 piBHsIHHA [160ca BUIUIMBAE, 110

3HAaK aJcopOIIil BU3HaYaeThes 3HakoM noxigHoi do/dC.

SIkmio amcopOliis MO3MTHBHA, TO, BiamosigHo a0 (7.5), (do/dc) < 0, I' > 0.
[Tpu weratuBHiK aacopouii (do/dc) > 0, I' < 0. 3aiexHIicTh 3HAKY afcopOIii Bif
3Haky do/dc HazuBaroTh mpasuiioM [166ca.
PiBusinHs i30Tepmu aacopOuii I'i00ca 3 ToOYKHM 30py TepMOAUMHAMIKH YHIBEpPCAJbHO I MOKe
O0yTH 3aCTOCOBAHO 10 Mexi po3noainy Oyab-sakux ¢a3. [Ipore o01acTh NPAKTHYHOTO BHKO-
PHUCTAHHS PiBHSAHHA JJIs1 BU3HAYEHHS PO3Mipy ajcopOuii oOMexkeHa CHCTEMaMU, ISl AKUX
eKCIIePUMEHTAJIbHUI BUMIpP MOBEPXHEBOI0 HATATY € MOKJIMBUM, TOOTO CHCTEeMaMM PiuHA
—ra3 i pizmHa — pinnHa. Po3paxoBaHi 1o nboMy piBHSIHHIO 3HAYEHHS BeJIHYUHH aacopouii I’

HaOLIbII 0IM3bKO 30iralThbes 3i 3HAYEHHSIMH, 3HAWIEHUMH iHIIMMHU MeTOJaMHU, B 00J1acTi

PO3BeIeHUX PO3UYMHIB.

7.3 AncopOuist Ha TBepaux aacopoOenrax. Teopii axcopouii
7.3.1 TBepai ancopéeHTH

TBepal ancopOEHTH — 1€ IPUPOJIHI 1 IITYYHI MaTepiaid 3 BEJIUMKOIO 30BHIII-
HBOIO 200 BHYTPILIHBOIO MOBEPXHEIO, Ha sIKIM BiAOyBaeThes ancopOuis 3 ra3iB ado
po3unHiB. Hemopucti agcopberTu (MopoukonoaioHi pedoBUHU) MAIOTh JIUIIE 30B-
HIIIHIO MOBEpXHIO. I MOpUCTUX alcOpOEHTIB (AKTUBOBaHI BYTLJUIS, CHJIIKArell,
QIFOMOT€JI1 1 T.1.) XapaKTepHa BHYTPIIIHS MOBepXHs. HallO11bIl BaXIMBUMU XapakK-
TEPHCTUKAMH TBEPAMX aICOPOCHTIB € PO3MIp MUTOMOI MOBEpXHi Syyy (M7/KT) 1 Xa-
paKkTep pO3MOJILTY Mip MO po3Mipax.

Jlo mporo yacy MexaHi3M ajcopOrlii BUsICHEHO He MoBHIcTIO. OHIE 3 MpHU-
YUH IBOTO € (PI3UYHA HEOJHOPIAHICTh MMOBEPXHI TBEPAUX aJCOPOEHTIB, TOOTO HASIB-
HICTh Ha MTOBEPXHI JIJITHOK 3 PI3HOIO aICOPOIIIHOI0 aKTUBHICTIO.

B 3anexHOCTI Bijf IHTEHCHBHOCTI CHUJIOBOTO TIOJISI HA TIOBEPXHI acOpOCHTY 1
i, BIUIMBOM PI3HUX 30BHILIHIX YMOB MOXYTh YTBOPIOBATHUCS aJCOPOLIiHI MIapu
TOBILMHOIO B OJHY MOJIEKYTY (MOHOMOJIEKYJISIpHA afcopOiis) abo B AeKiIbKa MoJie-
KyJ1 (MOJIIMOJIEKYJISIpHA aIcOpOITis).

KinbkicTs pedoBuHHU, acopOOBaHOT OJTMHUIICIO MAcH aIcCOPOCHTY, HA3UBAIOTh

a0COTIOTHOIO a/IcOpOILIi€lO 1 TO3HAYal0Th A. B 3aragpbHOMYy BUMAIKy po3mip A O11b-

281



e ri66coBcrkoro nmosepxHeBoro HaumMimky I'. Oxnak mns ITAB depes ix BucOky
ascopOLiiHy 31aTHICTh MOXHA 3HEXTYBaTH KOHIEHTpALI€l0 B 00’ €Ml B MOPIBHIHHI
3 Iy’K€ BUCOKOIO KOHIICHTpAITI€I0 B aJCOpOIIHHOMY 11api 1 mpuiiuatu A = T

A
I II III v \Y

CP
PucyHnok 7.5 OcHOBHi THIH i30TepM aacopOIii Ha TBEPAMX aJCOPOEHTAX ' )

Ha meii yac BioMi II’ITh THUIMIB €KCIEPHUMEHTAIBHO OAEP)KYBaHHX 130TepM
¢13u4HOI afgcopOLii mapiB 1 ra3iB Ha TBEPAUX aacopOeHTax (Mai. 7.5).

Tun I — 130Tepma Jy1s1 MOHOMOJIEKYJISIPHOT (OAHOIIAPOBOi) aAcopOIii 1 XemMo-
copOrtii; Tam 11 — S-moiOHa KpuBa, M0 HE JOCITAa€ TPAHUYHOI aIcopOIIii, XapakTep-
Ha JUIs MOMIMOJIeKyJsipHOi aacopOuii; tun III — MOHOTOHHO 3pocTaroya KpuBa 0€3
IIePEruHIB, TUTIOBA JJISI TOBEPXOHB 13 CITA0KO0 aJCOPOIIMHO0 3aTHICTIO; THIH IV 1
V 6mu3eki o 11 1 111, ane maroTh MakcumMyMm azncopOriii, 0OyMOBIEHUN KaNUIIPHOIO
KOHJICHCAITIEI0, BIAHOCATHCS JI0 TTOJIMOJICKYJISIPHOT a1copOITii.

Po3BUTOK Teopii agcopOuii Mae Ha MeTi JaTu yHijikoBa-
He, YHiBepcaabHe piBHsaHHA Ty A = f (P ado C), sike oxomn-
JINE BCI MPUBEAECHI TUIH i30TePM 1 J03BOJISE€ PO3IJIAAATH IX

SIK OKpeMi BUNAAKHU aacopOuii. OgHaK Takol €IUHOI Teopil

IOKM He iCHYE.

7.3.2 ExcriepuMeHTaIbHE BUBYEHHS aJ1cOpPO0Lii 3 po34nHiB

TBEPAUMH aICOPOEHTAMMU
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JUisi eKCepUMEHTaIbHOTO BH3HAYEHHSI BEJIMYMHHM afcopOIii Ha TBEpAOMY
a71copOeHTI 3aroTOBIIOIOTH CEPiI0 MEBHUX HABAXKOK afcopOeHTy. Bru3HaueH1 HaBax-
KM TBEPJOTO aJICOPOEHTY BHOCATH B OJTHAKOB1 00’ €MHU PO3YMHIB Pi13HOT KOHIIEHTpAITii
PEUYOBUHU, aCOPOIIis SIKOT BUBYAETHCA, 1 BATPUMYIOTh MU CTallid TeMIepaTypl A0
BCTAHOBJICHHS aJcopOiitHOi piBHOBaru. Po3mip agcopOuii A 3HaXOAsITh, BU3HAYA-

I0YM KOHIIEHTPAIIII0 PO3UMHY JI0 1 TICTs aicopOIlii (HalpuKIIa ] TUTPYBAHHIM):

(Co = Cricii )V
A=r=>-"0""pia’? (7.6)
m m

ne Co — moyaTKoBa KOHIIEHTpalis po3duHy (Moib/l); Cpisw — PIBHOBaXKHA
KOHIIEHTpAIIisl PO3UYUHY, MOJIb/T; V — 00’ €M po3uuny, Ji; M — Maca afcopOeHTY, KT; X
— KUTBKICTh aICOPOOBAHOI PEYOBUHH, MOJTb.

k110 BijomMa MUTOMa MOBEPXHS acCOPOCHTY, TO pO3Mip afcopOlii BIIHOCATh
o 1 m° MTOBEPXHI.

ITo ekcriepuMEHTaILHO OTPUMAHUX 3HAYEHHAX X 1 Cpipy OyAYIOTH Ipadik 130-
TEPMH aicopOIIii.

[Ipu BUBUYEHHI ajicopOliii Ha TBEpAUX alIcOpPOEHTaX HEOOX1THO BPaXOBYBATH,
110 B pO3uMHaxX ajcopOiliiiHa piBHOBara MO»e€ BCTAHOBJIFOBATHCS JY>K€ IMOBUIBHO,
TOMY 110 HIBUAKICTH MPOIECY JIMITYETHCS HAWOLIBII MOBUTHHOIO CTaAIE0 — TU(y3i-
€10. HaBiTh B ymoBax aacopO1ii 3 nepemMinryBaHHsIM Ha APiOHOMOPUCTUX aJICOPOEH-

Tax ajicopOlLiifHa pIBHOBAra 1HO/1 HACTYIIA€ JIUILIE Yepe3 KiJIbKa J10.

7.3.3 PiBusinua OpeitHaixa
Jlyist Ta3iB, PO3YMHIB HEENEKTPOIIITIB 1 CIIA0KMX €JIEKTPOJITIB KPUBA 130TEPMU
aacopOmii mae Bursia napadonu (auB. mMan. 7.3). Xig Takoi KpUBOT ISl CePeIHIX
TUCKIB a00 KOHILeHTpauii (auasiHka Il )MokHa BHCIIOBUTH €MITIPUYHUM PIBHSHHSM
I'. ®peitamixa
1
X o X o
A=I'=—=KP" a6o A=I'=—=KCn (7.6)
m m

ne K ta n — koncraaTu; P ta C — piBHOBa)KHI THCK 1 KOHIIEHTpAIlis ajcopOa-

Ty. Koncranta K KoIMBaeThCsl B MIUPOKUX MEXKax 1 3aJICKUTh BiJl IPUPOIU aICOP-
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OeHTy i1 ancopOary, a TakoX BiJl TemnepaTypu. Oi3nyHUA 3MICT KOHCTAHTH CTa€E siC-
HuM, ko nokiacta C = 1 moaw/ir a6o P = 1 klla. Tomi K = A, To0T0 KoHCTaHTa
K, sBisie coboro po3Mmip amcopOrlii mpyu THUCKY a00 KOHIIEHTpAIlii, pIBHUX OJUHHUIII.
Koncranta 1/n — aacopOrniiiHuii MOKaXYMK; WOTO 3HAUCHHS 3BUYANHO JICKATh Y
mexax 0,1--1 1 3anexaTs Big NpUpoOAH ajacopdary 1 TemrepaTypu. 3 MiJABUIEHHIM
Temnepatypu koHctanTa K 3MeHIyeTbes, a 1/n 301U1bIIyeThes.

[Tpu norapudmyBanHi piBHAHHSI DpeitHIIIXa IEPEXOAUTD y JIHIHHY QopMmy U

y KoopauHaTax Ig (Xx/m)— lgc 13oTepma mae BUTIISL MpsMoi (Mail. 7.6):

lg X =1gK + L1gC (7.7)
m n

A

lg§
m

v

Pucynok 7.6 I'pagik 1151 BU3BHaYeHHS KOHCTBEJ‘ pPiBHsIHHSA afcopOuii @pelinaiaixa

Jliniiina 130Tepma OpeiiHTixa 103BOJISIE BUBHAUNUTH rpadiyHO KOHCTAHTH Pi-
BHsHHS K 1 1/n. Bigpizok oci opAMHAT, MO BiATHHAETHCS MPSIMOIO, opiBHIoE Ig K.

[To Haxwmyi IPsIMOi MOYKHA OOYMCIUTH KOHCTAHTY 1/N 110 TOPIBHIOE TAaHTEHCY
kyta a. IliacraBuBmm 3HaiaeHi koHctantd K u 1/n 00YKMCITIOIOTH 32 PIBHSIHHAM
(7.6) BenmuuuHM afcopOuii A aJig 3a/1aHoi 00JacTi KOHIEHTpalik. Ko oTpumaHi
TOYKHU JO0OpE YKIAAAIOThCA Ha TpsiMoi (Mait. 7.6), TO MOXKHA 3pOOUTH BUCHOBOK ITPO
NPUAATHICTh PIBHSHHS JI0 JAaHOTO BUJY aJICOPOIIii B JOCTIKYBaHIi 00J1aCTl KOHIIE-

HTpaIiu.
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VY Bunaaxy Majaux i Ay»Ke BUCOKUX THUCKIB a00 koHeHTparii (austaku I ta I11
Ha MamoHKy 7.3) piBHsHHS Dpeitnnnixa HenpuiinaTHe. HalOinpm Onu3pkuii 30ir
EKCIIEpUMEHTAJIBLHUX 1 pO3paXyYHKOBHUX JaHUX MA€ MICIIC JIUIIE TP CePEAHIX THCKAX

ab0 KOHIIEHTpaIlisX aacopoary.

7.3.4 I3oTrepma Jlanrmiwopa

Y 1915 p. L. Jlanrmrop, 6a3yrodynch Ha MOJIEKYJISAPHO-KIHETHUHINA Teopii, 3a-
IIPOTIOHYBAaB TEOPII0 MOHOMOJIEKYJISIPHOI ajcopOIlii. PIBHSHHS 130TepMH aacopOIii
JlanrMiopa € TPUHHATHUM JUIS UIUPOKOTO 1HTEpBady KOHIEHTpALld 1 AN TOBEp-
XOHb PO3MOALLY, IK pyXJUBHX (piAMHA — ra3, piAuHa —piuHa), TaK 1 TBEpAUX (TBEp-
Jie — ras, TBepje — pIaArHA).

BuBeneHHs piBHAHHS 130TepMH ancopOuii JlanrMropa 11st TBepAUX aacopOeH-
TiB 0a3yeThCsl Ha PSAAl BUXITHUX TOJIOKEHB: 1) ajcopOIiiiHi CHJIM TOAIO0HI CHUjIaM
OCHOBHMX BaJICHTHOCTEH 1 JIIOTh Ha MaJIUX BIJCTaHAX; 2) aicopOLiiHy aKTUBHICTh
Ma€ HE BCS MOBEPXHS aICOPOEHTY, a JINIIIE BU3HAYEH1 aKTUBHI [IECHTPH, pO3TalllOBaH1
NepeBaKHO Ha OMYKJIMX JIJITHKAaX MOBEPXHI: BUCTYMAX, pedpax, KyTax; 3) MOJIeKYyIu
azcopOOBaHOTO Ta3y (IKCYIOTHCS Ha aacopOILITHUX IIEHTpaX, HE MEPEMIIIAIOTHCS O
MOBEPXHI aJCOPOCHTY 1 HE B3a€EMO/IIIOTH OJIHA 3 OJHOI0. J[JIsi CIPOIIIEHHS] BUCHOBKY
IpUHMAaIIocs, 10 BCl aJCOPOITIHHI IIEHTPH SHEPreTUYHO PIBHOIIHHI 1 KOKHUN TaKui
LIEHTP MOXE yTPUMAaTH TIILKU OJIHY MOJIEKYJIY ajacopOaTy. Y pe3ysbTari Takoi aj-
copOI1ii yTBOPUTHCSI MOHOMOJICKYJIAPHUN TIap aacopOoBaHUX MOJIeKyJd. OCKUIBKH
OJIHOYACHO 3 aJICOPOIII€I0 MPOTIKAE 3BOPOTHUM 1M mpolec aecopOrii, aacopOoBaHi
MOJICKYJIA Ta3y a00 PO3UYMHEHOI pEUYOBUHU Yepe3 TIEBHUN TIEPioj] Yacy BiIpUBAIOTh-
Csl B1JI TOBEPXHI aICOPOCHTY T AIEI0 MOJICKYISIPHO-KIHETUYHUX cuil. [Ipu piBHOCTI
MIBUJIKOCTEH IUX MpoIeciB (aacopOiiist —aecopOiisi) B CUCTEM1 BCTAHOBIIOETHCS JTH-
HaMmivyHa ajcopOIiitHo-IecopOItiiiHa piBHOBara. KinbKiCHMI BHpa3 Ili€i piBHOBaru
MIPUBOJINTH JI0 PIBHSHHS, SIKE 3BEThCA PIBHSIHHAM (200 130Tepmoro) Jlanrmiopa

A=k (7.8)
1+bP
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ae K ta b — Benuuunm, cram ais gaHoi i3otepmu; P — piBHOBaKHUI mapiria-
JTHHUN TUCK Ta3y, M0 aACOPOYETHCA.

Ile piBHSHHS 100pe BioOpakae eKCrepuMeHTalIbHI (pakTu aacopOiii B o0a-
CTI MaIMX Ta Iyxe Benukux TUCKIB (mutsaku [ Ta I Ha mamonky 7.3).Skmo trck
HEBEJIMKHUH, TO T0OyTOK DP 3HaUYHO MEHIIMI 3a OJMHUITO, OT)KE B 3HAMEHHUKY PiB-
HsiHHA JlanrMiopa iM Mo)kHa 3HexTyBatu 1 BBaxkatu 1+bp = 1. Toxi piBHsaHHS (7.8)
MIPUKMAE BUTIIS

A =KbP=K'P, (7.9)

Opepxane piBHSHHS B1I0Opaxkae MpsiMO MPOMOPIIIHY 3aJIeXHICTh aacopOrii
Bi TUCKY (AutsiHKA | Ha MaitoHKyY 7.3).

B o6macTi BeIMKHX THUCKIB HaBIakH, J00yTOK DP crtae 3Ha4yHO OUIBIIMM 32
OJIMHHULIIO, 1 TOJ1 B 3HAMEHHUKY piBHSAHHSA JlaHrMiopa moxHa BBaxkatu 1+bP = bP. B
[IbOMY BUMAJKY piBHSIHHS (7.8) Mae BUTIISA

A=K. (7.10)

Ile Bka3ye Ha Te, IO KUIBKICTh aJCOPOOBAHOr0 ra3y He 3aJ€KUTh BiJl TUCKY,
1o 100pe onucyeTbes aurstakoro 111 Ha mamonky 7.3 .

[30Tepmu afcopOIli pOZYMHEHUX PEYOBHH 3 PO3UMHY B3arajil aHaJOT14HI 130-
TepMaMm IS ra3iB, 10 HUX TEX MOXKHA 3aCTOCOBYBaTH piBHsAHHs Jlanrmiopa (7.8),
SIKITO B HHOT'O 3aMICTh THCKY I1JICTABUTH KOHIICHTPAIIIIO

bC
1+bC "

(7.11)

[Ipote ancopOiisi 3 pO3UKHIB € SBUILEM OLTBII CKJIAJHUM TOMY IO OKPIM PO-
3UMHEHOI PEUYOBMHU MOXKE BiAOyBaTHCs ancopOLisi camMoro po3YMHHUKA, a 1€ BHU-
KPUBJISIE 3BUMHUNA BUTIISA]T 130 TEPMHU.

B piBusianHi JlanrMiopa b — koHcTaHTa piBHOBaru ajacopOiiii. Bona tum 6inb-
1€, YMM CHJIBHIIIE BUPaXKeHa CIOPIAHEHICTh JTaHOTO ajcopOaTy J0 JTaHOro ajcop-
oenty. Kpim npupoau afacopOeHTy it amxcopbaty Ha po3mip b BIivBae TemiepaTypa.
3 MIABUIICHHSIM TeMIIepaTypH MIJCUIIOETHCS MPOIEC ecopOIlii, TOMYy IO 3pOCTae
KIHETHUYHA SHEpris MOJIEKyJ afacopOaty 1 koHcTanTa b 3Menyersesi. Kpim koHCTa-

T b y piBasaas Jlanrmiopa BxoauTh nocTiiiHa K, sika siBisie co00r0 Mexy aacopo-
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11i abo rpaHUYHYy €MHICTh ajgcopOeHTy. Po3mip K 3anexuTs Big umcia aacopOIiii-
HUX IIEHTPIB HAa OJUHUII MMOBEPXHI a00 MacH afcOpPOCHTY 1 pO3MIPiB MOJIEKYJT aJICO-
p6aty. O4eBUIHO, IO YUM OLIbIIe MOJIEKyJa ajcopOaTy, TUM OLIbIIe IUIoIa, 10
TpUIafae Ha MOJIeKyly B afcopOuiiiHoMy mapi, i Tem menme posmip K. Ii Bupaska-
FOTB YHCIIOM MOJIEiT afcopOaTy Ha OJUHHMIIO ILIONT (MOIb/M?) a60 HA OIMHHUIIO Ma-
cu ajacopoeHTy (Monb/Kr). EkcriepuMeHTallbHE BU3HAUYCHHS KOHCTAHT ajcoporii K
Ta b ,aHanoriuHo 10 TaKoro, MO 3aCTOCOBYBAJIOCH JUIS piBHAHHSA DpeitHmiixa — 3a-
CHOBYIOUHCH Ha €KCTICPUMEHTAIBHUX JTaHUX, OyayIOTh rpadidHy 3ajJekXHICTh ajco-
pOIii Bix THCKY B KoopanHatax 1/A — 1/P 1 3naxoasats Benmunau K ta b o meperu-
HY €KCIIEpUMEHTAIBHOI IIPSAMO] 3 OCSIMU KOOPIUHAT.

PiBusinua JlanrMiopa € HalO1IbIII TOBHUM 1 3arajJbHUM JIJI MOHOMOJIEKYJISP-
HOi ajacopOiii. Skio axcopOiis BiIOYBAETHCS 3 YTBOPEHHSIM MOJIMOJIEKYJISPHOTO
aZcopOIiitHOrO mapy, TO 130TepMa aAcopOIlil BIAPI3HAETHCSA B JTAHTMIOPOBCKOI 1

Ma€ OUIBII CKJIAAHUI BATIIS.

8. JIOJATKHA
OcHoBHi ¢i3zuyHi cTaJi
IToxa3zHuk Cumsou | 3uauends | Omunum CI
[IBuaKICTH CBiTNIA Y BaKyyMi C 2,997925 10°mc”
EnemenTapuuii 3apsin E 1,60210 10 K
Yucno ABorazipo(3a ByIJIeIEBOIO MIKa- N 602252 10% somt
JI010)
Maca crniokoro:
€JIEeKTpOHa Me 9,1091 103 kr
MPOTOHA mp 1,67252 10" kr
HeHTpOHa My 1,67474 10" kr
Yucno dapanes. F 9,64870 10* Kn/exs
Craia [linauka h 6,6256 103 Txec
[TocriitHa PunGepra:
IS Macu R, 1,0973731 10"m*
JUISL 130TOMY BOIHIO Ru 1,09677576 10" m™
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JUIS 130TOIY TEJII0
Marueton bopa
["a3oBa crana (3a ByTieneBoro IKa-

JI010)

Crana bonsiimana

Crana Credana-bonbsiiMana
.l he
Hpyra panianiiia crana "

['paBiTariiiina ctana

Crajia MarHiTHOrO MOMEHTY MOJIEKYT

1

3k

()?
Na

RHes

Us

1,09722267
9,2732

8,3143

1,38054

5,6697

1,43879

6,670

2,62178

10" m*t
107 JixeTor!
10° JIx mous’

1rp an’
10 JIx rpan’

1
10® Brm™
rpazx'ﬂ'
102 m rpan
101 H Mm%/ kr

2

-23.5 0orc. monv
10—

1
2
epao )
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IToka3zuuk CuMBoJI | 3HaUEHHSA Onnuum CI
CraHgapTHE MPUCKOPEHHS CHJIH TS~ )
_ Jdo 9,80665 IMmc
KIHHSA
. 2 5,29171 10™ M
[Tepmuit pagiyc bopa -
m,e
R.C — 3,289847 10%¢
R.hc — 2,17961 107 Ik
e
27 h 1,05445 10 Ik cex
Enextpuuna crana (JienekTpuyHa
P , ( P €0 8,8542 10" d mt
IPOHUKHICTh BaKyyMY)
MarsiTHa ctaya (MartiTHa IpOHUK- 6 L
_ Lo 1,2566 10°Te ™M
HICTb BAKyyMY )
3HavyeHHs ra3oBoi crajoi R
B Pi3HUX OJJMHUISAX
: JIx epr - aTt™M Kaj KT - CM
OnunuI
MoJTb - K MoJibK MoJTb - K MoJib - K MoJTb - K
R 8,3143 8,314310’ 0,082057 1,98725 0,8478
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IlepeBenennst onuHUIb pi3HUX cucTteM B oquHuIi CI

1 atm = 760 mm.pT.cT = 101325 Ila

1 eB (enexktpoH-BOIBLT)= 23,06 KKaI MoJIb L = 96487 JI/MOIIB

I xan =4,184 Ix
I JIx =0,239 kan

1 Kn=3*10" en.cr.on. CGSE
1 e.0.3. =1,6021*%10" Kn
1 D (Jle6ait) = 3,33*10 Kir*m

1 M= 10%A

MHOKHHKH TA NPUCTABKH /IJI1 YTBOPEHHSA
AeCATKOBUX KPATHHUX Ta A0Jb0BUX OUHHUIb

MHOXHUK HaitmenyBaHHs nipuctaBku [To3HaueHHs npucTaBKU
10° rira r
10° Mera M
10° K1JI0 K
10 JIeKa it}
10" e i\
10° caHTi c
10° Mifi M
10° MIKpPO MK
10 HaHO H

[pukmag: 1 MBT (merasar) = 10° Bt = 10° kBt

1 vt (mininitp) = 10nitpa

lem=10%m
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TepMinu, MO3HAYEHHS

Jlitepue mo-
Tepmin AHAYCHHS g

AOCOIOTHA IBHJIKICTD 10HY 1 v; M*/(B c)
AKTHBHICTB a MOJIb/TT
AKTHUBHICTb aHIOHY aa MOJIB/JT
AKTHBHICTh KaTIOHY ak MOJIB/JT
BopoBcrkmii pamiyc ag(ry) M, HM, TIM
Biacranp Mk eneKkTpojaaMu | M
BuyTpimHs eHepris U Jx
BonHeBull moka3sHUK pH ---
I'yctuHa xomMmoneHnta A p Kr/m°
['yctuna ctpymy I AM
JloBkMHA XBUJIl €JIEKTPOMArHiTHOTO BHUIIPOMIi-

A M, CM, HM

HIOBaHHS

EBTekTHuHa TemiepaTypa T, K
ExBiBaneHTHa €JIEKTPONPOBIIHICTD Av CM M?/eKB
ExBiBaneHTHa €JIEeKTPONPOBIAHICTh HECKIHYEH- )

Ao CMm M“/exB

HO PO30aBJIEHOT0 PO3UHHY

Enextpuunuii omip R Om
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Enextpuynuit crpym

Enextponna momnsipuzariist A
—Ha Karoi AQy B
—Ha a”HoIl AQ,
Enextponnuii moTteHIian (0]
—CTaHJIapTHUN ([)0298 B
EnexrponeraTuBHICTh aToMa €JIEMEHTY X EH, ---
EnexkrponpoBignictb G Cm
EnextpopymniiiHa cuia rajabBaHIYHOTO €JIEMEH- .
E
Ty
EGymiockoniyna crana K K kr/mMoib
o k/I>x/MOTIB,
Enepria 1on13amil aroma einemenrta X Eix
eB/aTom
Enepris aktuBamii peaxiii E. kJI>k/MOJIb
Enepris ['1066ca G JIx
—peaxkiiii AG, Jx
—yYTBOPEHHSI PEYOBUHU A AGs () JI>x/mMoIb
—CTaHJIapTHA, YTBOPEHHS PEYOBUHU A AGOZ%f(A) JI>x/mMoib
Enepris I'enpmronbia A Jx
—peakuii AA, JI>K/MOITB
—yTBOPEHHSI PEYOBUHU A AAsp JIx/MOIB
0
—CTaHJapTHA, YTBOPEHHS PEUOBHHU A AA gs1m) JIx/MOIB

Eneprist cropiiHEHOCTI A0 €JIEKTPOHOHY aTo-
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Ma enemenTa X Ecpx kJI>x/MOTIB

Enranenis H Jx
—peaxuii AH; Tk
—YTBOPEHHSI PEYOBUHH A AHqa) JIK/MOTB
—CTaHJapTHA, YTBOPECHHS PEYOBUHU A A|_|0298f(A) JIx/MOIB
—BUMIAPOBYBaHHS, MOJIbHA AHuuna) JIx/MOTb
—IUUIaBJICHHS, MOJIbHA AH, ) JI>x/mMoIb
—KOHEHcAaI[li, MOJIbHA AH con(a) JIx/MOITB
—CcyOiiManii, MoJbHa AH .y Jx/MOITB
—(ha30BOro NepeTBOPEHHS, MOJIbHA AHg ) JIx/mMoIb
—Tifpararlii, MoJbHa AHya) JIx/MOITB
—KpPHUCTANIYHOI TPaTKH, MOJIbHA AHra) JIx/MOTb
—coJbBaTallii, MoOJIbHA AHeoreniay JIx/monb
—3TOpaHHSl PEYOBUHU A JIx/Mob

AH,p )

EnTpomis S Jhx/K
—3MiHa €HTpOINii B peakiii AS; Jx/K
—pedyoBuHU A (aOCOFOTHA) S JIx/(monb K)
—CTaHJapTHA, PEYOBUHU A Sozgs(A) JIx/(monb K)
—(ha30BOro MepeTBOPEHHS, MOJbHA ASyna JIx/(moms K)
—Tiapataii, MoJibHa ASpa) JIx/(monb K)
—CoJIbBaTallii, MOJbHa AS coms a) JIx/(monb K)

3apsin q Km,e.e.3

3apsii €IEKTPOHY e K e.e. 3

30UTbLIECHHSI TEMIEPATYpPH KHUIIIHHS PO3YUHY AT, K

3HWKEHHA TEeMIEpPaTypyu 3aMEpP3aHHS PO3UMHY AT ;an K
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[30TOHIYHUI KOE]illIEHT

[oHi3amiifHUi TOTEHIlal aToMa E€JIEeMEHTy X I B
[onHnit 1OOYTOK BOIM Kw ---
KinpkicTp 10HIB, IO YTBOPIOIOTHCS IPU JTUCO-
M oo V T
iari
KinbKicTh €1eKTpOHIB, 10 MPUIUMAIOTh y4acTh
B EJIEKTPOJHOMY IpOIIeci y ---
KinbkicTh 30BHINIHIX (DAaKTOPIB n ---
KinpkicTh KOMITOHEHTIB K ---
KinbkicTh pedyoBUHU n MOJIb
KinpKicTh peuoBUHM KOMIIOHEHTa A Na MOJIb
Kinbkicte pyxy, IMITyJbC p KI-M/C
Kinbkicte ¢a3 () ---
KBanTOBI umcna: rojoBHE n ---
opOiTanbHe I ---
MarHiTHE m; ---
CITIHOBE M -
KoBanentnuii paniyc aroma X I, X M, HM
KoeiwieHT akTMBHOCTI Y ---
Koedimient I'enpi K *x
o _ JTOJISL OMHUALI
KoedimienT xopucHoi aii n

abo %
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Koedirient posnoxiny Kp ---
Koedimient ¢yrituBHOCTI Y ---
Koedimientn B TeMIiepaTypHOMY psIy TEILIOE-
**
. aO! a11 a21 a-2 T ( )
MHOCTI
Koncranta aucomiamii pedyoBuHu A Ka ---
Koncranra Ilnanka h JIx-c
KoHcTanTa piBHOBArd :
K —
—BHUpa)X€Ha 4Yepe3 PIBHOBAXKH1 MapIiliasibHi
Ko ---
THCKHU
. . cen Kc T
—BHUpaX€Ha 4Yepe3 PIBHOBAXKHI KOHIICHTpAIIii
Ks ---
—BHUpa)X€Ha 4Yepe3 PIBHOBAXHI (yriTUBHOCTI
Ka ---
—BHUpaX€Ha 4Yepe3 pPIBHOBAXKHI AKTUBHOCTI
K ---
—BHUpa)X€Ha 4Yepe3 MOJIbHI YacCTKU
41
Koncranta Punbepra Ry M, CM
KoHcTaHTa MIBUAKOCTI peakiiii k Fkk
Koncrantu B dopmyni Tromkina — [IBapima- | My, My, M,
**
Ha M-z
KpiockomiuHa crana Kp K-kr/mob
Kputnuna temmeparypa po34YMHEHHS Twp K
MakcumanbHEe YUCIO E€JICKTPOHIB Ha EHepre-
' _ ' 2. max,e ---
TUYHOMY PEBH1 (EMHICTH PIBHS )
Maca kommoHeHTa A Ma KT
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Maca cnokoro eneKTpoHa M, KT, a.0.M.
MacoBa yacTtka © —-
Macose uncio A ---
MacoBu# BIACOTOK @ % %
MonbHa 4JacTka X —--
MosbHa yacTka pPedoBUHH A Xa ---
MoapHa Maca KOMIOHEHTa A Ma I/MOJIb
MOoASIBHICTh PO3UMHY Cm MOJIB/KT
MoJsipHICTh PO3UYHHY C MOJIB/JT
Hanpyra po3sknany enekTposiTy U B
HopmanbHiCTh po3uuny Cu MOJIB/JT
O0’em Vv M,
[lepion koIMBaHb T c
[lepeTH po3UMHY EIEKTPOIITY S M’
[lutoma eneKTpOonpoBIAHICTH % cM/M
[Tutomuii omip p OM M
[TopsinkoBUl HOMEp E€IEMEHTY Z ---
ITopsimox peakiii n ---
PoGora w Jox
—MaKCHUMaJbHa Wy Jx
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—MaKCUMaJIbHa KOpHCHA Wp Jx
Po3BeneHHS €MEeKTPOITITY \Y M°/eKB
. A‘ 2
PyxoMicTb CM M°/€KB
—KaTioHa Ak cM M*/eKB
—aHioHa A cM M*/eKB
CepenHsi aKTUBHICTH ay MOJIB/JT
: : . _— JIOIISt OJIMHHIIL,
CtyniHp €IeKTPOJITHYHOI JUCOIialii o
%
Cryninp cBOOOIU CUCTEMHU (TEPMOJMHAMIYHHMA
C —
CTYIIHb CBOOOJAM, BaplaHTHICTh CUCTEMH)
Temneparypa moTpiiiHOT TOYKHU 1S K
Temneparypa:
—a0CoJII0THA T K
—3a mkanow llenncis t C
TernoBuit edexT peakii Q JIx
—130XOpHUI Qv Jx
—1300apHMit Qp JIx
TennoeMHICTh C JIx/K
—ICTUHHA C Jx/K
—cepeHs C Jx/K
—MOJIbHA C JIx/(monb K)
—TUTOMA c JIx/(MoIb KT)
—130X0OpHa Cy JIx/(mons K)
—1300apHa Co Jlx/(monb K)
—pe4oBUHH A, MOJIbHA Ca JLx/(moib K)
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—peyoBUHU A, MOJIbHA 3a CTaHIAPTHUX C0298(A) JIx/(monb K)
YMOB
Tenmora
—TepMOJAMHAMIYHA q Jx
—TepMOXiMiuHa Q JIx
Tunu aroMHux opOiTaiei s,p,d, f ---
Tuck
. _ P Ila
—TapIiaTbHUN PIBHOBAKHUM, KOMITIOHEHTa A
. PA I1a
—TapIiaJIbHIi HEMOBHOBAXKHHM, KOMITIOHEHTA
P’ IIa
A
P, Ia
—HAaCUYCHOI TMapu KOMIOHEHTa A (YHUCTOrO)
. Pa Ila
—HaCHYCHOI TMapu KOMIIOHEHTa A B pPO34HHI
T I1a
—OCMOTHYHHUI
VYHiBepcaibHa ra3oBa craja R Jx/(monb K)
OyYTITUBHICTH f ITa
OyYTriTUBHICTh KOMIIOHEHTa A fa ITa
@yH/ITaMEHTaJIbHI €JIeMEHTapHI YaCTUHKHU:
HEUTPOH n ---
MIPOTOH P ---
CJIICKTPOH e ---
XiMi4HA peakilisi B 3arajJbHOMY BHTJISII
aA+bB =2 cC+dD, xe:
—CcTeXioOMeTpHUUYHI KoedilieHTn a, b, c d MOJIb
—(hopMynu pedyoBUH A B,C,D ---
XIMIYHUHA TOTEHINAT 7] JIx
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XBUJIbOBE YHUCIIO c M, CM
Yac t c
Yac Moj0BUHHOTO MEPETBOPEHHsS (Yac HariB-
. Ty ¢

MIEPETBOPCHHS, Yac HAIMBPO3MaIy)
YacTtoTa €1eKTPOMAarHiTHUX KOJIMBAaHb % ¢t
Hucno nepeHocy

—KaTioHa t -

—aHIOHA ta —
Uucno ®apanes (crana Dapanes ) F Kin/exs
[IBuaKICTE ) M/c, KM/C
IBuaKicTh peaxiiii v MOJIB/(11 C)
IBuaKicTs pyxy 10HY 1 Ui M/c

[TpumiTku: * —HaBeneHi ocHoBH1 ojauuuill cuctemu CI;

** — po3MipHOCTI KOoe(iII€HTIB Pi3HI 1 HE MalOTh IPUHITAIIOBOTO 3HA-

YCHHS;

*** _ pO3MIPHOCTI 3aJIe’KaTh BiJl TUNY KIHETUYHOTO PIBHSHHS.
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4.1.6 IneanbHi pO3YMHN. 3AKOHH IICATBHIX POBUMHIB +++ errteserersessertusessutisuscunien.
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