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1. Kongykromerpusi

(ot anri. conductivity — 351eKTpOnPOBOIHOCT U Tped. Metreo - u3Mepsro) - CoBO-
KYITHOCTh DJIEKTPOXMMHYECKHX METOJIOB aHalli3a, OCHOBAHHBIX HAa HW3MEPEHUU
3IIEKTPONPOBOTHOCTH (W) B KUAKUX DIICKTPOJIUTAX, KOTOpask MPOTIOPIIMOHATIBHA UX
KOHIIEHTpAaI1H.

KoHmykToMeTpHs Haluia mmupoKoe MPUMEHEHUE JJIsT HCCIICIOBAaHUS PaCcTBO-
POB, PacIIaBOB, TBEPBIX U KUAKUX YUCTHIX BEIIECTB, /ISl KOJIMYECTBEHHOTO aHa-
Ju3a - B aHAJTUTUYCCKON XMMHH, a TAKKe JUIT aBTOMATH3aIlliHd TEXHOJIOTHICCKUX
MIPOIIECCOB C MUCITOJIB30BAaHUEM Pa3HOOOPA3HBIX BAPHAHTOB KOHTYKTOMETPHH.

MeToabl KOHAYKTOMETPUU OBIBAIOT MOCTOSIHHO-TOKOBBIE U IEPEMEHHO-TOKO-
BbIe. [Tocimeaue MOryT ObITh HU3KOYACTOTHBIMH (dacToTa Toka <10° I'y) miu BEI-
cokouacToTHbMU (>10° I'y). Pa3snu4aroT KOHTAKTHYIO M OECKOHTAKTHYIO KOHIYK-
TOMETPHIO B 3aBUCUMOCTH OT HAJIUYMSI WJIM OTCYTCTBUSI KOHTAKTa MEXIY JIEKTPO-
JUTOM M BBIXOJTHBIMH IIETISIMHA U3MEpUTEIbLHOTO Tpubopa. Hanbonee pacnpoctpa-
HEHbI KOHTAKTHBIA HU3KOYACTOTHBINA 1 OECKOHTAKTHBIN BHICOKOYACTOTHBIE METO/IBI.

JlocTonHCTBaMH KOHJIYKTOMETPHH SIBJISFOTCSI: BBICOKAS UyBCTBHUTEIBHOCTH
(HIDKHSS TPAHULA ONPEAENsieMbIX KoHIeHTpanuii ~10+10° M), nocTaTouHo BBICO-
Kasi TOYHOCTh (OTHOCHUTENIbHAS TOrpelHocTh onpeneicuus 0,1-2 %), mpocrora me-
TOAWK, JOCTYITHOCTh aIapaTypbl, BO3MOKHOCTb HCCIEIOBAHUS OKPAIICHHBIX H
MYTHBIX PAaCTBOPOB, a TAKKE BO3MOKHOCTh aBTOMATH3AI[MU aHAJIN3a.

N3mepsieMbIM aHATMTUYECKUM CUTHAJIOM B KOHIYKTOMETPHUH SIBJISICTCS DJICK-
TpUYECKask TPOBOIUMOCTS (JIEKTPOIPOBOHOCTE) PACTBOPOB JICKTPOJIUTOB.

Paznuyaror:

Yoenvuyto 31ekmponposodHocms (&) - SIeKTponpoBoAHOCcTs 1 M° pacTBopa,
3aKJIFOYEHHOrO MEXKTy INIOCKUMU JIEKTPoAaMu IIomanso 1 M? Ha paccrosauu 1 m
apyr ot apyra. Enununeii usmepenus sisnsiercs Cm/M, XOTS Yallle UCTIOIb3YIOTCS U
JIPYTUe eIUHUIIBI n3MepeHus. Hanpumep, nprOopsl, H3MEpSIOINe yIeIbHYIO dJICK-

TPOIPOBOAHOCTH, MPOTPaayUpOBaHbl B MKCM/CM;



IKBUBATICHMHYIO DNIeKMPOonpogooHocms (A) - YICIbHYIO 3IIEKTPOIPOBOI-
HOCTb pacTBOpa, CoAepkaulero 1 Mosb-3KB. BEIMIECTBA, KOTOPYIO PACCUMTHIBAIOT IO
bopmyie:

A=/ CN,
rae Cn — KOHIIEHTpalus pacTBOPa, MOJIb-3KB.

B xonaykroMeTpuu He0OXOAUMO BBIJIEIHUTD PAJI CYIIECTBEHHBIX 3aKOHOMEP-
HOCTEH.

1. DxBUBaJIEHTHAS JEKTPONPOBOAHOCTD NMPU OECKOHEYHO OO0JIBIIIOM pa30aB-
JICHUH, T.€. KOTJ]a KOHIICHTPAIUsl CTAHOBUTCS 0€CKOHEYHO MaJioi, CTPEMHTCS K He-
KOTOPOMY MOCTOSSHHOMY 3HAU€HHIO, HE 3aBUCSIIEMY OT U3MEHEHUS KOHIEHTPaIlUU
AIIEKTPOJIUTA, HO 3aBUCSIIEMY TOJIBKO OT TEMIIEPATyphl U MPUPOJIbI DIEKTPOJIUTA.
OHa Ha3bIBACTCS NPedenbHOU 2IeKMPONPOBOOHOCMbI0 U 0003HAYACTCS Ao WM A
OT0 03HayYaeT, 4TO B pa30ABJICHHBIX PACTBOPAX AJIEKTPOIPOBOJIHOCTH MPSIMO MPO-
MOPIIMOHATBFHA KOJIMYECTBY 3apsKEHHBIX YacTHUIl (MIOHOB).

JIJ1st pacTBOPOB CHIIBHBIX 3JIEKTPOIUTOB 00JACTh MPEAEIBHOIO pa30aBIeHUS
npoctupaetcs A0 konuentpanuu 0,0001 1, a ¢ MeHbIIIeH MOTPENTHOCTHIO TPAHUTIEH
MIPEIEIIbHOTO pa30aBiaeHUs MOKHO cunTaTh KoHIeHTpanuio 0,001 H.

[Ipu ManbIx KOHIICHTPALUSIX 3aBUCUMOCTH 3KBUBAJICHTHOM 3JIEKTPOIPOBO/I-
HOCTH CHUJIHOTO DJIEKTPOJIUTA OT KOHIIEHTpAIMu BeIpaxkaeTcs ¢hopmyroit Komspa-
yllla, HO €€ HEeJb3s1 UCIO0JIb30BaTh JUIsl IPOTHO3a, TOCKOJIBKY OHAa HOCUT 3MITUpUYE-
CKMH XapakTep:

A= — a,/Cy,
rae o — Ko3QPUIUEHT, 3aBUCSIIMN OT TPUPOABI PACTBOPOB.

2. llpenenbHas SKBUBAJIECHTHAS 3JIEKTPONPOBOAHOCTD Ag MOXKET OBITh JKCIIe-
PUMEHTAIBHO ompeeneHa uaTepnosnuei 3aBucumMoctd A — f(CN). Ilpu 6ecko-
HEYHOM pa30aBIICHUHU Ao pacTBOpa 3JIEKTPOJIMTA PAaBHA CYMME€ SKBUBAJICHTHBIX
AIEKTPOIPOBOIHOCTEM (IMOJBUIKHOCTEHM ) KAaTHOHA /1;; U aHUOHa Ay, BXOJAIUX B CO-

CTaB JJICKTPOJIMTA:

Ao = A5+ 25



OpnHako, TPUBEACHHBIC BBIIIE PACUEThl BEPHBI TOJBKO IS pa30aBIICHHBIX
PacTBOPOB CHUITBHBIX AJIEKTPOIUTOB/

3. IIpupoja 351eKTpoJIMTa U PAaCTBOPUTENS OKa3bIBAIOT OOJIBIIIOE BIUSHUE HA
MOABWKHOCTh HOHOB. OKBUBAJICHTHBIC 3JIEKTPOMPOBOJAHOCTH IOJABIISIOUIETO
YuCiIa MOHOB OJIM3KHU IPYT K APYTY MO BEIUYMHE. AHAIN3 SKCIIEPUMEHTAIBHBIX JIaH-
HBIX MOKa3bIBaeT, 4To npu 18 °C mis kKaTuoHOB Ap=5,3+1,9 CMm-M?Momb L, 1uist aHu-
OHOB Ag=5,5+2,7 Cm-M*>Momb . Uckmouenue cocrasisaoT nonsl HY u OH', snek-
TPOIPOBOIHOCTU KOTOPHIX AHOMAJIHHO BBICOKH.

AHoMaIbHO BBICOKas Mo ABMkHOCTH HoHOB H™ 1 OH™ 00yciaBnuBaercs scra-
(GheTHBIM MEXaHU3MOM TEepeaaun 3apsja ¢ ydacTHEM MOJEKYJ BOJbI, KOT/Ia MOJIo-
JKUTEIIBHO 3apsuKeHHBIN noH ruapokconus H3O" ormaer mporon H' cocemnum Mo-
JIeKyJiaM BOJIbI U T.JI.

4. TemnepaTypa aHAIU3UPYEMOTO PaCTBOPa OKa3bIBACT CYIIECTBEHHOE BIIHS-
HUE Ha BEJIMYHUHY YJCJIBHON 3JIEKTPONPOBOJIHOCTH. B HacTosIee BpeMs He Cyllie-
CTBYET C10c00a yJ0BJIECTBOPUTEIHLHOIO ONMKMCAHUS BIUSHUS TEMIIEPATYPHI HA DJIEK-
TPOTIPOBOJIHOCTD, YTO CBSA3aHO C OOJBIIUM BIMSHUEM WHIUBUIYAIBHOW TPHPOIBI
PacCTBOPCHHBIX BEIIECTB HA TEMIEPATYPHBINA KOIPPHUIIUEHT: MPHU MOBHIIIICHAH TEM-
nepaTypsl Ha OJHMH Tpaayc yAeabHas 3JICKTPOIPOBOAHOCTh PAcTBOPA B CPEIHEM
yBenuuuBaeTcs Ha 1 — 2,5%.

Paznuyaror npsimMyr0 KOHAYKTOMETPHUIO U KOHIAYKTOMETPUYECKOE TUTPOBa-
HHE.

IIpamoii koHOykmomempuueckuti Menoo OCHOBAH Ha 3aBUCUMOCTH 3JIEKTPO-
MPOBOJAHOCTH OT KOHIIGHTpAIlMM HWOHOB. VCHonb3ys CTaHAapTHBIE PacTBOPHI,
cTposT rpadguku 3aBUCUMOCTH A = f(CN), M0 KOTOPHIM 3aT€M HaXOAST UCKOMYIO
KOHIICHTPAITUIO 10 BEJIWYMHE W3MEPEHHON AJIEKTpOnpoBoaHOCTU. OJIHAKO, dJIeK-
TPOTPOBOJHOCTh — BEJIMYHMHA aJTUTUBHAS, T.€. paBHA CyMME BKJIAJIOB BCEX JJICK-
TPOTMPOBOASIINX KOMIIOHEHTOB CUCTEMbI. MeTO 1 MCTIONB3YIOT B AaHATMTUIECKUX J1a-
OopaTopusix JIUIIb JUIsl ONpeeeHNUs] HEKOTOPhIX KOMIIOHEHTOB, HAIpUMep, SO.2.
Yarme n3amepeHue 3IeKTPOIPOBOTHOCTH MMPOBOST IS XapaKTEPUCTUKH OOIIIETO CO-

JECOACPIKAaHUA paCTBOPOB, 4 TAKIKC IJId KOHTPOJIA KadeCTBa ,Z[I/ICTI/IJIJII/IpOBaHHOﬁ
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BOJbL, 1151 KOTOpOM HOpMOM, yctaHoBIeHHOU ["OCTom, siBIsieTCs 3I€KTpONpOBOA-
Hocth He Boime 0,005 MCwm/cM.

Konoykxmomempuueckoe mumposanue — METO/l aHAJIN3a, B KOTOPOM TOUKY
DKBUBAJICHTHOCTHU YCTAHABIIMBAIOT 10 PE3KOMY M3MEHEHHUIO AJIEKTPONPOBOJIHOCTH
npu TUTpoBaHUU. KOHAYKTOMETpHUYECKOE TUTPOBAaHUE 00J1a1aeT OOJIBIIMMU aHAIH-
TUYECKUMHU BO3MOXKHOCTSIMU. IIprMeHeHune TuTpanTa - peareHra, CiocoOHOro B3a-
MMOJICHCTBOBATh TOJIBKO C ONPEAEIEHHBIM HOHOM, MOBBIIIAET CEIEKTUBHOCTh Me-
TOAA. B TUTpOBaHMM MCHOJIB3YIOTCS PEAKIMU HEUTPAIM3aLUU, OCAXKIACHUS, PEXKE
OKHCJIEHHS] — BOCCTAHOBJIEHUS, KOMILJIEKCOOOPa30BaHHUS.

N3meHeHue 37eKTponpoBOAHOCTY MPU TUTPOBAHUU H300paxaroT rpaduye-
CKH B BHJIC KOHyKTOMETPUYECKUX KPUBBIX (puc.l). Bum kpuBoii TUTpOBaHUS 3aBU-
CUT OT NPUPOABI B3AMMOACHCTBYIOIINX 3JIEKTPOJIUTOB U ITOJABUKHOCTA HOHOB B pac-

TBODE.

c Vuff

| |
| L
| M b
I/;JRB V;KB 0 h V;KB/

Pucynok 1 - KoHaykToMeTpru4ecKkoe TUTPOBaHUE LIET0YbI0 CHIIBHOM KHCIIOTHI (@), c1aboi Kuc-

70THI (0) ¥ CMECH CUIBHOM U c1ab0i KUCIIOT (C).

[Ipu HEUTpaNM3aUu CUIILHOU KHUCJIOThI CHJIBHBIM OCHOBAHUEM AJIEKTPOIPO-
BOJIHOCTh PacTBOpa KHCIOTHI OYJET YMEHBIIIATHCS, TaK KaK MOJBUXHBIC HOHBI H*
OyIyT 3aMEHSATHCSI HA MEHEe TTOIBMKHBIE KaTHOHBI OCHOBAHUSI. ¥ MEHBIIICHUE DJICK-
TPOMPOBOJIHOCTU MPOJIOJDKACTCS 10 TEX IMOpP, MOKa He OyJIeT JOCTUTHYTa IMOJHAs

HeWTpanu3aius. B Touke HKBUBAJIGHTHOCTH BJIEKTPOINPOBOJAHOCTH PacTBOpa



HaWMEHbIIAsA, TAK KaK B paCTBOPE MPUCYTCTBYIOT TOJbKO KaTHOHBI IIETIOYN U aHU-
OHBbI KUCHOTHL. [Ipu n06aBieHnN M30BITOUHOTO KOJIUYECTBA IIEJIOYHU IIEKTPOIIPO-
BOJHOCTH Bo3pacTaeT. [lo u3noMy kpuBoi TUTpoBaHUs (cM. puc.la) ompenenstor
TOYKY 3KBUBAJIECHTHOCTH — SKBUBAJIEHTHBIM 00beM Vj; M paccUMTHIBAIOT KOHIICH-
TpaIMIO KUCIIOThI, 3HasI KOHIICHTPALUIO (HOPMaIbHOCTD) 11e049u Ny u 00beM Kuc-
70ThI Vi, B3AThIN 1J11 THTPOBAHMUS:

Ny -V =Ny, -V,

[Ipu ananu3e cMecu CHIIBHOM M CJ1a00i KHUCIOT KpHUBask TUTPOBAHHS HMEET
nBa uzjoma (puc.1s). 1o 3Hadenuro b (ompesox Ob) onpenensatoT KoIMYeCTBO Iiie-
JI0YH, U3PACXOIOBAHHOE HA HEUTPAIH3AIHI0 CHIILHON KUCIIOTHI, a 0 0Tpe3Ky hC —
KOHIIEHTPAIUIO c1ab0i KUCIOThl. OTMETUM, YTO B KOHJTYKTOMETPHUUECKUX U3MEpe-
HUSIX UCHOJIB3YIOT IEPEMEHHBINA TOK, YTO MPEAOTBPAIIAET MPOLECCHI AJIEKTPOIIN3a,
KOTOPBIE MOTYT MPUBECTH K U3MEHEHUIO KOHIIEHTPALIUH 3JIEKTPOJIUTA B IpoLEcce
WU3MEPEHHUN JIEKTPOIPOBOAHOCTH.

[IpeumyiiecTBOM KOHAYKTOMETPUYECKOTO TUTPOBAHUS SIBISETCS TO, 4YTO
ATOT METOJ MOKHO MPUMEHSTH JIJIsi aHAJIN3a HEBOJIHBIX PACTBOPOB, OKPAIIEHHBIX U
MYTHBIX >KHIKOCTEH (CyCHEH3UM U OMYJIbCHI), KOTJa HEBO3MOXXHO MPUMEHSTH
IIBETHBIC WHIANKATOPHI.

MertoJ yCHenHo UCOJb3YIOT MPH UCCIEA0BAHNUHU JIEKAPCTBEHHBIX Mpenapa-
TOB, MPEJICTABIISIOMINUX COO0 MHOTOKOMIIOHEHTHBIE CUCTEMBI, HAIIpUMED, BEIIIECTB
KHUCJIOTHOTO Xapakrtepa (henobapobuTana, cyinbhaanumesrnHa), OCHOBHOTO XapaKkTepa
(kodenHa, aMUONIMPHHA) U COJIeH cIabbIX OCHOBaHUM (q1nba301a, manaBepyH TU/I-
poxsyopuaa). Ha ocHOBaHMU M3MEpPEHHUs SJIEKTPOIPOBOIHOCTH ONPENEISIOT U3Me-
HEHHE KOHLIEHTPALINK 3JIEKTPOJIUTOB B CHIBOPOTKE KPOBU IPU MATOJIOTHUUECKUX CO-
cTostHUSX (yZIeTbHas AJIEKTPOIPOBOIHOCTh CHIBOPOTKU KpoBU B HOpMe Tipu 37 °C

pasHa 6-1073 Cm-cmY).



2. [loTeHnuoMeTpust

B ocHoBe nomenyuomempuyeckux U3MEpPEHUN JIEKUT 3aBUCUMOCTb PaBHO-
BECHOI'O MOTEHIMAJa 3JIEKTPOAa OT aKTUBHOCTH (KOHUEHTPALMH) OMPEAEIIIEMOTrO
VUOHA NpaKkmuyecku 6 omcymcmeue moka MEXIYy UHIUKATOPHBIM 3JIEKTPOAOM U
3JIEKTPOJIOM CpaBHEHUS (FaJIbBAHUYECKUHN 3JIEMEHT ), IOIPY>KEHHBIMH B aHAJIU3UPY-
€MBII PacTBOP, IPH 3aMBIKAHUY TAJIbBAHUYECKOM LEIN.

N3mepsieMoe HalpspKEHUE, TAKUM 00pa3oM, paBHO:

E = EI/IH,Z[ - Ecp

BO3HUKHOBEHHE 3IEKTPOAHOTO NMOTEHIMANA CBA3AHO C DJIEKTPOIHBIM IIPO-

1[ECCOM HA IpaHULC UHAUKATOPHBIM JIEKTPOJ - PACTBOP, COAEPIKALIUN OKUCIIU-

TEJIbHO-BOCCTAHOBUTEIBHYIO MAPY:

Red,

0o BOCCTAHOBJICHHYIO (1)0pMy 06paTHMOﬁ OKHCJIUTEIIbHO-BOCCTAaHOBUTEIILHOM

Ox+ne

CHCTCMBI

M"Y +ne M?O

[lpr yCTaHOBIEHWH AMHAMHYECKOTO DPABHOBECHS DJIECKTPOJA MPHOOpETacT
PaBHOBECHBIN MOTEHIHAII. Peakinu, IpoTeKaloIie Ha IPaHuIle pa3aesa dJICKTPOI-
pacTBOp, HA3BIBAIOTCS MOTEHIIHANIONpeaestommMe, a nousl OX, Red - moreniua-
JIONIPEACIIAIONUME HOHAMU. [ToTeHIMan HHAMKATOPHOTO 3JIEKTPOa 3aBUCUT OT aK-

THUBHOCTHU IIOTCHOUAJIOIIPCACILAIOINX NOHOB I10 YPABHCHHIO HepHCTa:

0,059, a
_|_

I 0X

n a

E=E°

red
E° - ctangapTHBIN 3JIEKTPOJIHBIN TOTEHIIHAN, B.

[ToTeHIMOMETPHUIO MPUMEHSIOT KaK JJIsI HEMOCPEACTBEHHOTO OMPEACICHUS
KOHIIEHTpAllMU (aKTMBHOCTH) BEIECTBA, HAXOMAIIET0oCs B pacTBope (npsamyio no-
meHyuomMempuio), Tak U JUIs ONpPeIeICHUs] TOUYKA SKBUBAJICHTHOCTH TIPU TUTPOBa-
HUM (nomenyuomempuyeckoe mumpoganue), u3Mepsisi TOTCHIMAI WHIAUKATOPHOTO

9JICKTPOAa B 3aBUCUMOCTH OT I[O6aBJ'IeHHOF0 TUTPAHTA.



JIJis MOTEeHIMOMETPUYECKUX U3MEPEHUN HCIOJb3YIOT JIBa OCHOBHBIX THIIA
WHANKATOPHBIX JIEKTPOJIOB: METAIITMYECKHE U MeMOpaHHbIE (MOHOCEIEKTUBHEIC)
AIIEKTPO/IBI.

Honocenekmuegnwte 3nekmpoovt (MC3) — 310 ceHCOpPbl (UyBCTBUTEIbHBIE
AJIEMEHTHI, IATYUKH ), TOTEHIIHAJI KOTOPBIX JJMHEHHO 3aBUCHUT OT Joraprudma akTHB-
HOCTH OTPEJEISIEMOTr0 HOHA B PACTBOPE, OHU MO3BOJIAIOT M30UpATENBHO OIpee-
JSITh AKTUBHOCTH OJIHUX MOHOB B MPUCYTCTBUU JPYTHX.

[ToTeHiman MeMOpaHHOTO 3JEKTPOJia BO3HUKAET 3a CUET OOMEHa 3apsKeH-
HBIMH YacTHUI[aMU (MIOHAMU ) MEK]1y paCTBOPOM B MeMOpaHoi aiekTpoja. [lomympo-
HUllaemasi MeMOpaHa OTAeNseT BHYTPEHHIO YacTh DJIEKTpoJa (BHYTPEHHMIA pac-
TBOP) OT AHAJIM3UPYEMOTO (BHEIIHET0) pacTBOpa U 00JaaeT ClIOCOOHOCTHIO MPO-
MyCKaTh MPEMMYIIECTBEHHO MOHBI OJHOTO BUAA. AKTHBHOCTH MOHOB, K KOTOPBIM
MeMOpaHa NpOHHUIIAEMa, BO BHYTPEHHEM PacTBOPE MOCTOSIHHA.

[Tpy MOTEHUMOMETPUUECKUX HM3MEPEHUsAX ¢ ucnonb3doBanuem MCO uzme-

psroT D/C cnenyroment TYEHKH:

OnekTpox cpaB- | Buemnwuii (anamu- MemOpana BuyTpennmii pac- | Onextpox cpas-
HeHus 1 3UpyeMbIil) pac- TBOP HEeHHS 2
TBOP [AT]=a
[AT=a
N— A N i
' Y Y
E1 Ey E>

[Tocne morpykeHus 3JI€KTPO/Ia B aHATU3UPYEMbIN PACTBOP HAYMHAETCS JBU-
KECHHUE NOHA A", MPOHUKAIOIIETO Yepe3 MeMOpaHy, B HalpaBJICHUH €ro OoJiee HU3-
KOW aKTMBHOCTU. Tak Kak MOHBI HECYT 3apsii, TO HU3-3a PA3JIM4YUs aKTHBHOCTEU
HOHOB A" B pacTBOpe U MeMOpaHe Ha 00CHX CTOPOHAX MEMOpaHbl BO3HUKAIOT 2pd-
HUuyHvle nomenyuanvl E1 u E;, NpensaTCTBYIOIIME NATbHEUIIEMY IEPEMEIICHUIO
nOoHOB. C MOMOIIIBIO ABYX 3JIEKTPOJIOB CPABHEHUSI, IOMEIIIEHHBIX BO BHEITHUN U BO
BHYTPEHHHUU PacCTBOPHI MOKHO M3MEPUTh Pa3HOCTh TPAHUYHBIX TOTEHIIUAIOB, WJIH

TaK Ha3bIBaEMbIN MemOpaHnHblll nomenyuan E,,.



E,=E —-E,=0,0591gaq,/a,
Tak kak aKTUBHOCTh HOHOB A" BO BHYTPEHHEM PAaCTBOPE MOCTOSIHHA, TOTSH-

ouall M€M6paHHOI‘O QJICKTpOaa E'M JIMHEHMHO 3aBHCHUT OT JIOFapI/I(i)Ma AKTUBHOCTH

noHa A" B aHaTU3UPYEMOM PaCTBOPE:
E, =const+0,0591g a,

Ecnu pacTBOp KpoMe OINpeaessieMoro HoHa A COAEPKUT MOCTOPOHHUE UOHBI
K, moTeHIMan MOHOCENEKTUBHOTO AJIEKTPOJa ONMUCHIBACTCS ypasHeHuem Hukonb-

cko2o (MoauduIMpoBaHHBIM ypaBHeHHeM HepHcra):

E =const+@lg (a, +kaad ™ +...)

Na
rae CONst — KOHCTaHTa, 3aBHCAINAS OT 3HAYEHHM CTaHIAPTHBIX MOTEHIHATIOB FE°
BHYTPEHHETO U BHEIIHETO AJIEKTPOJOB CPABHEHUS U OT NPUPOIBI MEMOPaHBI JIEK-

Tpoaa, ada U Na, ak U NK — aKTUBHOCTHU U 3apsiibl OCHOBHOT'O (HOTCHHI/IEUIOHPGILGJI}I-

0T

IOIIIET0) U TOCTOPOHHETO MOHOB COOTBETCTBEHHO; Kp /K — MOTEHIIMOMETPUYECCKUM

K02 (PUITMEHT CeIEKTUBHOCTH JICKTPO/Ia IO OTHOIICHUIO K TTOTCHITHAIONPEICIISIO-
meMy noHy A B npucyrctBum nmocroponHero nona K. Koadduiment cenekrupHo-
CTH MOKHO OTIPECIIATH DKCIIEPUMEHTAIBLHO, UM MEHBIIIE €T0 BEJTMYHHA, TEM 0oJiee
CEJICKTUBEH 3JICKTPO/I TIO OTHOIICHHIO K OMPEIeNIIeMOMY HOHY.

B cooTBeTcTBUM ¢ MpUpOION aKTUBHOTO MaTepuaia MEMOpPaHbI pa3inyaloT:
nepguunvle ICO - a) 3IEKTPOJIbI C KECTKOU MATPULIEH — CTEKJISIHHBIC; 0) 3JIEKTPOIbI
¢ TBepaoii MeMOpaHnoit; MCD ¢ noodsudcnvimu Hocumensimu - SASKTPOABI C KUIKUMU
MeMOpaHaMHu Ha OCHOBE HOHOOOMEHHUKOB M HEUTPaIbHBIX IMEPEHOCUUKOB; CEHCU-
ounuzuposanusvie (aKTUBUPOBAHHBIE) — Ta304YBCTBUTEIIbHBIC, (DEPMEHTHBIC DJICK-
Tposbl. [Ipu 3TOM KiTaccuueckue 3JIEKTPOAbl ¢ BHYTPEHHUM PACTBOPOM H DJIEKTPO-
JIOM CPaBHCHHUS SBIIIOTCS JICKTPOJaMH TIEPBOTO TTOKOJICHHUS, a DJICKTPOJIBI C TBEP-
JIBIM TOKOOTBOJIOM (TBEPAOTEIBHBIC) — DJIEKTPOAAMH BTOPOTO TTOKOJICHHUS

Inexkmpoowt ¢ scecmrou mampuyetl. Cmexuaunvii 31ekmpoo. CaMbIM U3-
BECTHBIM MPUMEPOM CTEKJISTHHOTO 3JEKTPOJIa SABISIETCS AJIEKTPOJ sl U3MEPEHUs

pH pactBOpoB. OH COCTOUT U3 CTEKJIIHHOIO IIAPUKA, KOTOPBIN ABIISIETCS TOHKOM
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pH-uyBCTBUTENBbHON MeMOpaHO, M3rOTOBIEHHOW M3 CTEKJIa 0COOOro COCTaBa.
Hampumep, cTEKII0 MapKu «KOPHHHT» HMeeT caeayromuii coctaB: 22% NayO, 6%

CaO, 72% SiO,.

_——

il Pucynok 2 - CTexJIsIHHBIHN 31eKTpo s u3mepenus pH:

11 1 — creknsaunas pH-uyBcTBUTEIBHAS MeMOpana; 2 — 0.1 M
al pactBop HCI, nacermennsiiit AgCl; 3 — cepebpsinas mpoBo-
-

|

|
1A
H.l |
5‘;{\ J04Ka; 4 — CTeKJISTHHAS TPYOKa; 5 — H30Is1Us; 6 — TOKOOTBO/T
.lh'-
Z “w-;.,'_.__"'l

[}

BHYTpeHHUM pPacTBOPOM CITY’KUT PACTBOP COJSTHON KHUCIIOTHI C OTPEIeIICH-
HeIM 3HaueHuem pH (oO6wsruno 0,1 M HCI), HachimeHHBIH XIOpUIOM cepedpa.
BuayTpb nomeniaercs cepeOpsiHasi MpoOBOJIOUYKa, 00pa3ys XJI0pUICEepeOpsHBIN dIeK-
Tpoa cpaBHEeHHS (pHC. 2). UyBCTBUTEIBHOCTHIO K HFOHAM BOJIOPO/Ia 00J1a7aeT TOJIbKO
XOpOIIIO BEIMOYEHHAsI MEMOpaHa.

HNonooOMeHHast peakiusi CBOIUTCS K 0OMEHY HOHAMH BOJIOPOJIa MEXKTY

BHEIIHUM pacTBopoM u crekiioM (NaGl):

H*+ Na'GlI" == Na" + H'GI”
pacTBOp  TB. pacTBOp  TB.
[TockobKy aKTUBHOCTH HOHOB BOZIOPO/Ia BO BHYTPEHHEM PacTBOPE MOCTOSIHHA, T10-
TEHIIUAJ CTEKJITHHOTO AJIEKTPO/Ia CTAHOBUTCS MEPOM aKTUBHOCTH MOHOB BOJOPO/Ia
BO BHEIIIHEM PACTBOPE, T.€. 21eKMpoo 00aadaem 8000pOOHOU (hYHKYUELL:

E = const +0,059Ig a,,. = const +0,0591g [H i ] = const — 0,059 pH

B BCIIMYHNHY const BXO/JAT MOTCHIMAJIbI BHCITHCTO U BHYTPCHHCTO JJICKTPO-
A0B CpaBHCHHUA U TAK Ha3bIBACMbIN IMOTCHOMAJl ACUMMCTPHH, BOSHHK&IOHII/II\/'I B pe-

3YJIbTATC PA3JIMYHBIX MCXAHHYCCKNX U XUMHUYCCKHUX BOSHCﬁCTBHﬁ Ha BHCIIHIOIO U
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BHYTPEHHIOIO TIOBEPXHOCTh MEMOPAHBI, BEJIMYMHA €T0 MEHSETCS B MPOIECCe IKC-
TUTyaTanuu deKTposa. [IpaBuiabHbIE pe3yabTaThl MOKHO MOTYYUTh TIPH PETYIIsip-
HOM TpalyMpOBKe CTEKIISIHHOTO JIEKTPO/1a 10 CTaHIapTHBIM Oy(hepHBIM PaCTBOPAM.
J11st TOYHBIX U3MEPEHNH HEOOXO0IMMO TPalyHPOBATh MJIEKTPO/I ITO IBYM PACTBOPAM.

W3mensisi coctaB cTekia, MOXKHO MOJTYYUTh MEMOpaHbl, 00J1aaolue MoHU-
KCHHOM CEJIGKTUBHOCTBIO K MOHaM H' M BBICOKOW CEJICKTHMBHOCTBHIO K JAPYTHUM
noHaMm. Co3aHbl SJEKTPOIBI AJI ONIPEICIICHNS NOHOB HATPUSI, KIS U JIP.

Teepovie rnekmpoowt. B xauecTBe MeMOpaH B TBEPABIX AJIEKTPOAAX UCIONb-
3ytoTcst MOHOKpucTautbl (LaFs, Ag:S) m MeMOpaHBbI, TTOTyYSHHBIE PECCOBAHUEM
WIH TUTABJICHUEM TIOPOIIKOOOPa3HBIX COSAMHCHHMI Wik uX cMeced (Ag2S , AgeS -
AgCl, Ag.S - CuS), ¢ HOHHO# TPOBOAMMOCTBIO 110 KATHOHY WJIM aHHOHY. J{J1s Kpu-
CTALTHYECKAX MEMOpaH XapaKTepHa BBICOKas CHEIU(DUIHOCTH, OO0YCIOBICHHAS
TeM, 4TO pa3Mep, popMa u pacrpesesieHre 3apsijia BAaKaHCUU PEIIETKH MO3BOJISIET
3aHITh 3TO MECTO TOJIBKO OINpEJeICHHOMY MOABMXKHOMY HOHY. Hambomnee cosep-
IIICHHBIM JICKTPOOM C KPUCTAJUTMUECKOW MEMOPaHOH SBISICTCS (DTOPHI-CETICKTHB-
HBIM JIEKTPOJ], IIMPOKOE PACIPOCTPAHEHUE MOTYUYUI CyIb(uacepeOpsiHbIi IIeK-
TPOJI IS OTpEAeNICHUsT HOHOB cepebpa u cynbdua-noHoB. B HacTosmiee Bpems
CpEeIlU STIEKTPOJIOB C KPUCTAUTMYECKUMH MEMOPaHAMH PACTIPOCTPAHEHHE TTOJTYIHIIN
meepoomeinvhvie INeKmpoobl (31eKmpoobl ¢ MEePObIM KOHMAKNOM), N3TOTOBJICH-
Hble 0€3 BHYTPEHHETO pacTBOpA.

Kuokocmmuoie 3nekmpoosbt IMEIOT B KaU4eCTBE MEMOpaHBI pacTBOP MOHOO0-
MEHHHKA WU «HEUTPAJIBHOTO MEPECHOCUYHNKA» B OPTaHMYECKOM PacTBOpPHUTENIEC, HE
CMENIMBAIOIIEMCSI C BOJOM; JKUJIKOCTh MEMOPAHBI yIepKUBACTCS HA TIOPUCTOM TI0-
JUMEPE U CEJICKTUBHO PEarupyeT ¢ ONpeAeIIeMbIM HOHOM. DJIEKTPOJIBI C KUIKUMH
MeMOpaHaMH TI03BOJISIFOT TTPOBOIUTH MPSAMOE MOTCHIIMOMETPUIECKOE OTIPEACIICHHUE
HEKOTOpbIX KatnoHoB: K* Ca?*, cmecu Ca?* u M@?* u T. 1., a TaKkKe pAaa aHUOHOB:
CI7, NOs™, ClO4™ u 1. 1. Paszpabotan psix UCD mist onpeieieH st HOHHBIX MTOBEPX-
HOCTHO-aKTHBHBIX BEIIECTB.

TI'azouyecmeumensuvie IneKkmpoobl UMEIOT Ta30NPOHUIIAEMYI0O MeMOpaHy

N3 IIOPUCTOT'O FPII[pO(bO6HOFO IJIaCTHUKA JJI OTACIICHUSA aHAJIM3UPYEMOI'0 paCTBOpa
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OT TOHKOM IJIEHKH MMPOMEXKYTOYHOTO pacTBOpa deKTponuTa. OH B3aMMOICHCTBYET
C OIpEeneIIeMbIM Ta30M, TIPH STOM HU3MEHSETCS KaKOW-TO MapaMeTp MPOMEKYTOU-
HOTO pacTBopa, HanpuMmep pH, 4To U pUKCUpPyEeT HOHOCENEKTUBHBIN AneKTpo. OT-
KIIMK MOHOCEJICKTUBHOTO 3JIEKTPO/Ia MPOIOPIIMOHANICH MaplIUaIbHOMY JTaBICHUIO
OTIPEEIISIEMOT0 KOMIIOHEHTAa B aHaIM3UpyeMoM rase. M3BeCTHBI 3JEKTPOAbl s
onpenenenus SOz, HyS, CO2, NH;3 . ['a30uyBCcTBUTEIBHBIE 3JIEKTPOIBI HE OTHOCSTCS
K UCTUHHO MEMOPAHHBIM AJIEKTPOJIaM, TIOCKOJIbKY 4epe3 MeMOpaHy He MPOTEKaeT
AIEKTPUUECKHI TOK.

Depmenmmuble INeKmMpPoObl — ITO JTATINKH, B KOTOPHIX MOHOCEICKTHBHBIN
AIEKTPOJ] OKPBIT IJICHKOM, cofepkaiuii (PepMEHT, CHOCOOHBIN BBI3BATh PEAKIUIO
OpraHUYeCcKOr0 WJIM HEOPTaHUYECKOTro BellecTBa (cyocTpara) ¢ 00pa3oBaHHEM Be-
MEeCTB (MOHOB, MOJICKYJT), HA KOTOpPbIE pearupyeT 37eKTpoa. CyIecTBYIOT 3JIeK-
TPOJIbI 17151 OTIPEICICHUS TJIFOKO3bI, MOYEBUHBI U JIP.

Memannuueckue 31ekmpoovl. BO3HUKHOBEHHE MMOTEHIIMAIa METaJTNYe-
CKOTO AJIEKTPO/Ia 00YCIIOBICHO 3JIEKTPOHOOOMEHHBIMH TIpolieccaMu Ha Mexkpas-
HOM rpanurie. Pa3nuyaroT akTUBHBIE U MHEPTHBIC METAJTMUECKUE DIICKTPOJIBI.

Axmuenvie Memannuieckue 31eKmpoosbl U3TOTOBISIOT U3 METAJIOB, 00pasy-
IOIUX BOCCTAHOBJIECHHYIO (POPMY OOpaTUMON OKHCIHTEIbHO-BOCCTAHOBUTEIHHON
cuctemsl (Ag, Pb, Cu, Cd), ato arexkmpoosr nepsoco pooa.

Inexmpoowvt nep8o2o poda NPEACTABISIOT COO0N METAITNYECKYIO IJTACTUHKY
WM TIPOBOJIOKY, TIOTPY>KEHHYIO B PACTBOP XOPOIIIO PACTBOPUMOM COJIM ATOTO Me-
Taja (cepedpo B pacTBOpe HUTpaTa cepedpa, Meab B pacTBope cyibdara Mean).
[ToTeHITMaT TAKOTO AIEKTPO/Ia 3aBUCUT OT aKTUBHOCTH COOCTBEHHBIX MOHOB B pac-
TBOPE, HETIOCPEACTBEHHO YYACTBYIOIIMX B AJIEKTPOHON PEaKIMU MEPEeHOca JIeK-

TPOHOB, HALIPUMED:
0
Agt+e — Ag° E_EAg+/Ag+O’059IgaAg*

Takue QJICKTPOAbI MOKHO HCIIOJIB30BAaTh JIMIIb B TEX paCTBOpaAX, I’IC OHU HEC

YYaCTBYIOT B XUMUYECKUX PEAKIUIX C PACTBOPUTEIIEM WIIU AJIEKTPOIUTOM (hoHa,
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MOATOMY JUJIsI CEJIEKTUBHOTO OIPEEICHUS MOHOB METAIOB UX MCIOJIb3YIOT PEXKeE,
yem NCD.

Hnepmmuvie memannuueckue 21ekmpoobl U3TOTOBISIIOT U3 OJArOpOJIHBIX Me-
tautoB (Pt, Au, Ir u op.). OHM cITy’KaT EPEHOCYHKAMH 3JICKTPOHOB OT BOCCTAHOB-
JICHHOUM ()OPMBI K OKHUCIICHHOM, U UX TOTEHIIMAJIBI SIBJISIOTCS (PYHKIIMENH COOTHOIIIE-
HUS aKTUBHOCTEW OKUCIIEHHON M BOCCTAaHOBJIECHHOUM (POpPM MOTypeakiuu. ITH JIeK-
TPOJbl MPUMEHSIOT B MOTEHIIMOMETPUUECKOM OKHUCIUTEIHHO-BOCCTAHOBUTEIBHOM
TUTPOBAHUMU.

K 21eKTpOoHOOOMEHHBIM AIEKTPOAaM, KpOME METAJUTMYECKUX, OTHOCST BOJIO-
POIHBIA U XUHTUIPOHHBIN DJIEKTPOJIBI.

Annekmpoovt cpasHeHus. INCKTPO CPAaBHEHUS JOJDKEH 00J1a/1aTh MTOCTOSH-
HBIM IMOTEHIINAJIOM, HE 3aBUCSIIIMM OT COCTaBa UCCIIEyeEMOT0 pacTBopa. B kauecTse
AJIEKTPOJIOB CPABHEHHMS Yallle UCTIOIB3YIOT XJIOPHUICEPEOPSIHBINA U HACHIIICHHBIN Ka-
JIOMEJIbHBIN 3JEKTPOJIbl. XJIOPHUACEPEOPSHBIM DJIEKTPOJ COCTOUT U3 CepeOpsHOM
MPOBOJIOYKH, JIEKTPOJIUTHUECKU MOKPBITON CJIOEM XJIOpHAa cepedpa U MorpyKeH-
HOU B pacTBOp xjopuaa kauums. s nmonypeakuuu

AgCl. +& — Ag’ + CI-
3aBUCHUMOCTbH MOTEHIMANA 3JIEKTPOJia OT aKTUBHOCTH XJIOPU-UOHOB OMHCHIBAETCS

YpPaBHEHHEM

E = Edyopga — 005900,

WNHoraa 31eKTpobsl BTOPOro poja UCTIOIb3YIOT B KAUECTBE MHAUKATOPHBIX, C UX T10-
MOIIIBI0 U3MEPSIOT KOHIIEHTPAIIMI0 MOHOB, HE YYAaCTBYIOIIUX HEMOCPEICTBEHHO B
npoliecce rnepeHoca IEeKTPoHa.

IIpsimasi moreHHMOMeTpPUs (MOHOMETPHS) OCHOBAHA HA HEMOCPEICTBEH-
HOM M3MEPEHUH MOTEHIMala UHANKATOPHOTO DJICKTPOJIa U BHIYMCICHUU aKTUBHO-
CTHU MOTEHIUAJIONPEACIISIIONINX NOHOB 110 ypaBHeHUI0 HepHcra.

MeTos UPOKO MPUMEHSETCS JJIs ONIPEIeICHUS KOHIICHTPALIMK BOIOPOIHBIX

noHoB uiau pH pactBopoB. Co3nanue HaACKHO pabOTAIOIMIMX HMOHOCEIECKTUBHBIX

13



ANEKTPOAOB 3HAYUTEIHHO PACHIMPUIO MPAKTUYECKUE BO3MOMXKHOCTHU MPSIMOTO Me-
tona. [IpAamMoil MOTEHIMOMETPUUECKHAN METOJ YaCTO CTAJIM HA3bIBATh UOHOMEMPU-
YeCKUM Memooom aHallu3a WA UOHOMempuel.

DT0 ymOOHBIM, TPOCTON M IKCIPECCHBIA COBPEMEHHBINH METOJ;: MPOJI0JIKHU-
TEJIBHOCTh aHAJIW3a OIPEACNIICTCS BPEMEHEM MOJTOTOBKH MPOOBI, MOCKOJIBKY,
HEIMOCPEICTBEHHO Ha U3MEpEHUe TpaTUTcs He Oosee 1-2 MuH.

B MmeTone noHoMeTpuu MpeBapUTENIbHO, MOJIL3YACh PACTBOPAMU C U3BECT-
HOM KOHLEHTPALUEN, TPaAyUPYIOT 3JEKTPOJ, T.€. ONBITHBIM ITyTEM ONPEAEIISIOT 3a-
BUCUMOCTD €0 MOTEHIIHAJIa OT KOHIEHTPAIlUU MOTECHIMAI-OMPEALISAIONIEr0 HOHA.
3aTeM U3MEpSIOT NOTEHIMAJ pacTBOPA C HEM3BECTHON KOHIICHTPAIIMEHN onpeerse-
MOTO MOHA U 10 TPATyUPOBOYHOMY TpaUKy HAXOAAT €ro CoJIep KaHue.

HNoHoceneKTUBHBIE AEKTPOAbl MO3BOISIOT U3MEPITh KOHIICHTPAIIMM MOHOB
10 107 M B pactsope. IIpu 3ToM HEOOXOMUMBIIA IS OIIpEeIeH s 00BEM PacTBOPa
cocrasisiet Bcero 0.05-0.1 mu.

IHoTeHnMOMeTpPUYECKOE TUTPOBAHUE OCHOBAHO HA ONPEEICHUN TOUKH K-
BUBAJICHTHOCTU MO M3MEHEHUIO MOTEHIINAIa HHAUKATOPHOTO 3JIEKTPOIA MPHU MPO-
BEJICHUM XUMHUYECKOU PEAKIIUU MEXKAY TUTPAHTOM U ONPEIEIeMbIM BEIIECTBOM.
BOnu3u TOYKHM 3KBUBAJICHTHOCTH MPOUCXOIUT PE3KOE M3MEHEHHE (CKAYOK) MOTEeH-
1[Maja HHAUKATOPHOTO AJIEKTPOIa, €CIIM XOTS ObI OJIUH U3 YIACTHUKOB PEAKIIMH THT-
POBaHUsI SBJISACTCS YYAaCTHUKOM 3JIEKTPOIHOTO TpoIlecca.

Buabl KpUBBIX TUTPOBAaHUS IPUBENCHBI HA PUCYHKE 3.

KpuBbie TUTpOBaHUSI MOTYT OBITh TOCTPOCHBI B KOOPAMHATAX : MOTCHIMA WH-
JTUKATOPHOTO 3JieKkTpoja (E) - oobeM tutpanTa (V) (puc. 3a.). D10 Tak Ha3pIBacMast
UHmMezpanbHas Kpueas nomeHyuomempuiecko2o mumpoganus. Touka neperunda Ha
KPUBOM OTBEYAET TOYKE HKBUBAICHTHOCTH. Ee HaxomsT rpadpuyeckuM MyTeM:
HaxX0>XXJICHUEM CEPEUHBI OTPE3Ka MEXKIY KacaTeIbHBIMU JIBYX BETBEH KPUBOM.

Jlnst Gosiee TOYHOTO HAXOXKIACHUS TOYKH DKBHUBAJCHTHOCTH YacTO CTPOST
ougepenyuanvHyo Kpugyro noOmeHYuoMempuiecKkoeo mumpoeatus B KOOpAUHa-
tax AE [ AV -V (puc. 36). Ha TouKy SKBHBaJICHTHOCTH YKa3bIBA€T MAKCUMYM TIOJTY-

YEeHHOM KPUBOM, a OTCUET MO OCU a0CIUCC, COOTBETCTBYIOIIMM 3TOMY MaKCUMYyMY,
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AacT 00BeM TUTPAHTA, U3PACXOJO0BAHHOI'O HA TUTPOBAHHUC 10 TOUKH 3 KBUBAJICHTHO-

CTH.

Eg =E
_ AV J
.-—"/
T Vea, Van
~E 2V
aV aE \\\ /
\
N
6) r
. e
VT_{, Vll.ﬂ VT.S. V,Il.ﬂ‘

Pucynok 3 - KpuBble NOTEHIIMOMETPUYECKOTO TUTPOBAHUS.
a) UHTerpajibHas KpuBas; 0) nuddepeHunanbHas KpyuBas;

B) KpUBasi TATPOBAHU 110 BTOPOU NMPOU3BOIHOM; I') kpuBast ['paHa.

Ha puc. 3B npencrapineHa KpuBasi IOTCHIIMOMETPHUICCKOTO TUTPOBAHUS B KO-
OpAMHATAX: BTOpas NPOM3BOJAHAS MNOTEHIMANa No o0beMy TuTpanTta A2E /|
A%V - 06BeM tutpanta, V. JIJisi HaXOXKIeHUsI TOUYKH SKBUBAJIEHTHOCTH COEIUHSIOT
KOHIIBI 00CUX BETBEH KPHUBOM.

B memooe ['pana (puc. 3r) TouKa 3KBUBAJICHTHOCTH OMPEESETCs MO Tpa-
¢uky B koopaunarax: AV / AE - V. Ilepen Toukoii SKBHBaJICHTHOCTH | TIOCIIE HEe
kpuBas [ pana nuHeHa. Toyka 3KBUBAJCHTHOCTH HAXOJAUTCS KaK TOUKA Iepeceye-
HUSI ATUX NPAMBIX. JlocTonHCcTBa 1 y100cTBa MeToAa [ paHa 0cOOEHHO 3aMETHBI MPU
aHanm3e pa30aBICHHBIX PACTBOPOB, TTO3BOJISIIONTUX OMPEICTUTh TOUKY SKBUBAJICHT-
HOCTH C JIOCTaTOYHON TOYHOCTHIO BCIICJICTBHE JIMHEHHOCTHU Tpaduka, a TakKe B TEX

ClIydasx, KOorJa KpuBast THTPOBAHHA BbIpAKCHA I1JI0XO.
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B moTeHImoMeTpruecKOM TUTPOBAHUU MOTYT OBITh MCIOJB30BaHBI JIIOObIE
W3BECTHBIE TUIIBI XUMHUYECKUX PEAKIIHA, MPOTEKAIOIIME OBICTPO U KOJTUYECTBEHHO.

Kucnommno-ocnoenoe nomenyuomempuueckoe mumpoganue OCHOBaHO Ha
IIPOTEKAHUM XHUMHUYECKOM PEAKIMM HEUTpalIn3anuu. B kadyecTBe MHAMKATOPHOIO
MPUMEHUM JII000H 3JIEKTPOJI C BOJOPOAHON (yHKIMEN: BOAOPOIHBIN, XUHTHIPOH-
HBIN, CTEKJITHHBIN. Yalie Bcero UCoIb3yeTCsl CHeKIsAHHbII 1eKmpod. MeTo 1 1103-
BOJISIET MPOBECTU KOJIMYECTBEHHOE ONPEEICHUE KOMIIOHEHTOB B CMECH KHCIIOT,
€CJIM KOHCTaHThl MX JHWCCOLUMAIMU PA3IUYAIOTCS HE MEHEE YeM Ha TpU MOpsSAKa
(HanpuMep, B CMECH COJITHOM M YKCYCHOM KMCJIOT); MHOTOOCHOBHBIX KHCIJIOT (OCHO-
BaHMI1), TaK KaK YJAeTCs JOCTHYb pPa3/IeJICHUs] KOHEUHbIX TOYEK MHOTIOCTyIEHYa-
TOTO TUTPOBAHUS (Ha KPUBOM TUTPOBAHUS MPU 3TOM HAOJIIOJAETCsl HECKOJIBKO CKay-
KOB).

[Iupokrie BO3MOXHOCTU aHaJIM3a MHOIOKOMIIOHEHTHBIX cMeceil 0e3 pazfe-
JIEHUSI OTKPBIBAECT IPUMEHEHHNE HEBOJAHBIX pacTBopurenei. Hanpumep, pazaenbHoe
OIpPEJEICHUE COJISIHOM M MOHOXJIOPYKCYCHOM KHCJIOT HEBO3MOXKHO B BOJIHOM pac-
TBOPE U3-3a OTCYTCTBHUS ABYX CKAUKOB TUTPOBAHUS, HO €r0 YAAETCS IPOBECTH B arle-
TOHE.

B okucaumenvno-eoccmanosumenvnom nomeHyuoOMempuuecKom mum-
posanuu HanOoJIbIIIEEe PACTIPOCTPAHEHHUE HALLEI INITATUHOBBIN MHANKATOPHBIN dJI€K-
Tpoll. BennunHa ckauka onpenensieTcss pa3HOCThI0 (POPMaNIbHBIX MOTEHLINATIOB MO-
aypeakiuii. XKenatensHo, 4TOOBI 0JTHA U3 MTOTypeakiiuii Obuta oopaTumoit. [1pu TuT-
pPOBaHUU HE PEKOMEHJIYETCS M3MEpATh MOTEHIMaN 10 J00aBlIEHUs TUTpPAHTa U
BOJIM3U TOYKH SKBUBAJIIEHTHOCTH, T.K. TPUOOPETAEMBI 3JEKTPOJIOM CMEIIaHHBIN
MOTEHIMAJI HEYCTOMYNB, IOATOMY €r0 TPYJIHO U3MEPUTH.

Bce Gombiiiee 3HaueHue NMpUOOpETaeT MPOBEICHUE pPeOOKC-MUMpOBaHUus B
OpraHUYeCcKUX pacTBOpUTENAX. OQHUM U3 TAKUX METOJIOB SIBIIIETCS ONpPENEIECHUE
BOJBI 110 Memoody Duuiepa.

Komnnekconomempuueckoe nomenuyuomempuyeckoe mumpoeanue VcC-

MMOJIB3YCTCA IJId OIIPCACIICHUA KATUOHOB MCTAJJIOB ITPU TUTPOBAHWH WX KOMIIJICK-
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corom (I11) (BATA) ¢ npuMeHeHHEM B Ka4eCTBE WHIMKATOPHOTO COOTBETCTBYIO-
IIEr0 METAJUTMYECKOTO JIEKTPOA: TUTPOBAHUE COJIEH METH C MEAHBIM 3JIEKTPOAOM,
coJiell LMHKa - C IIMHKOBBIM AJIEKTPOJOM M T.lI., @ TAKK€ PTYTHOTO 3JIEKTPOJA.
Taxke WCHOJIB3YIOT HMOHOCEJIEKTUBHBIC AJICKTPOJbI, OOpaTUMBIE OTHOCUTEIHHO
OTIpEIEIISIEMOr0 KOMIIOHEHTAa. B psijie ciayyaeB He0OX0auMO A00aBieHUE B aHAIIU-
3UPYEMBIN pacTBOP HOMEHYUOMEMPUYECKUX UHOUKAMOPOE — TTOTEHITNAIONPEACIIS-
IOIIUX MOHOB, BBOJUMBIX B HEOOJBIIIOM KOJUYECTBE U 00ECTICUMBAIOIINX OTKIUK
WHUKATOPHOI'O 3JIEKTpoJa JUO0 A0, JHO0 Mocie AOCTUKEHUS KOHEYHOM TOYKHU
TUTpOBaHus (Tak, npu TutpoBaHuu xenes3a (L) BBoxsr xenesa(Il) B HeOOmBIIOM
KOJIMYECTBE).

B ocaoumenvnom nomenyuomempuueckom mumposaHuu WNHIANKATOP-
HBIMHU DJICKTPOJAMU CIIYXKaT METAUIMYECKUE WM MEMOpaHHbBIC AJIEKTPOJbI, 4yB-
CTBUTEIIbHBIE K ONPEICIIEMOMY HOHY WUJIU UOHY - OCAJUTEIO.

Hampumep, MmoxHo omnpeaenars ranoreHua-uonsl (Cl7, Br~, I7) Ha cepebps-
HOM 971eKkmpode TUTPOBAaHUEM HUTPATOM cepelpa. J{o TOUKH 3KBUBAJIECHTHOCTH TO-
TEHIIUAJ SJIEKTPO/1a 3aBUCUT OT aKTUBHOCTH TaJIOTEHUI-HOHOB U CEPEOPSIHBIN DIICK-
Tpoa siBisiercs snekTpogaoM |l poga. 3a TOUKOW SKBHUBAJICHTHOCTH TPU M30BITKE
MOHOB cepedpa MOTEHIINAI JIEKTPOJIa 3aBUCUT OT aKTUBHOCTH COOCTBEHHBIX HOHOB
(anextpon | pona). Benmnuuna ckadka 3aBUCUT OT paCTBOPUMOCTH ocajika. MOXKHO
npoBecTd auddepeHIIupOBaHHOE TUTPOBAHUE CMECU XJIOPU[-, OpOMUJI- U UOAU-
HMOHOB.

[To MeTony ocakieHHs MOTYT OBITh TaK)Xe OMpeJIeSIeHbl KaTHOHBI cepedpa,
pPTYTH, INHKA, CBUHIIA U T. 1.

CymiecTByeT HECKOJIBKO BAPUAHTOB MOTCHIIMOMETPUUYECKOTO TUTPOBAHUS B
3aBUCUMOCTH OT UHCTPYMEHTAJIbHBIX 0coOeHHOCTel. C MpUMEHEHHEM HEOJIIPU30-
BaHHBIX JIEKTPOJIOB MOXHO IMPOBECTH TUTPOBAHKE

a) C OJTHUM MHJIUKATOPHBIM JICKTPOJOM U OJHUM DJIEKTPOJOM CPABHCHUS,

0) ¢ AByMS pa3TMYHBIMU WHIUKATOPHBIMHU 3JICKTPOIaAMHU.

BapuaHTbI TUTpOBaHMSI C IPUMEHEHHEM TIOJIIPU30BAHHBIX AJIEKTPOOB (THT-

pOBaHUE MO/ TOKOM):
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a) C OTHUM MHAUKATOPHBIM 3JIEKTPOJIOM U OJHUM JIEKTPOJIOM CPABHEHUS;

0) ¢ AByMs OJIMHAKOBBIMH 3JIEKTPOJIAMH CPABHEHHS.

MeTo MOTEHIMOMETPUYECKOTO TUTPOBAHUS UMEET Psii IPEUMYILECTB MEpea
IpSIMON MOTEHIITMOMETPHUEH U TUTPOBAHUEM C BU3YyaJbHBIMU MHIUKATOPAMU: OTCYT-
CTBHUE MCKa)XEHUS PE3yJIbTATOB 3a cueT AU((y3nOHHOIO MOTEHIIMAa; HET He00X0-
JUMOCTU 3HaTh KOA(P(QUIMEHT AKTUBHOCTU OINPEAENIAEMOI0 HOHA; HCKIIOUYEHHE
CYOBEKTHUBHBIX OMIMOOK 32 CYET MHCTPYMEHTAJIHLHOTO (DPUKCHpPOBAHUS KOHEUHOU
TOUYKH; BO3MOXKHOCTh aHAJIN3a MYTHBIX U OKPAIIECHHBIX PacCTBOPOB; CPABHUTEIHHO
JeTKasi aBTOMATU3aIHs;, BO3MOKHOCTH TU(PPEpEeHITNPOBAHHOTO TUTPOBAHUS KOMIIO-
HEHTOB CMECH, B TOM YHCJIE C MCIIOJIb30BaHNEM HEBOJIHBIX pacTBOpUTENeH. Pe3yib-
TaThl ONpPENEICHUH METOAOM MOTEHIIMOMETPUUECKOIO TUTPOBAaHUS 00Jiee TOYHBI,
9YeM IPH UCIIOJIF30BaHUH MPSMOM MOTEHIIMOMETPHUH, TaK KaK BOJIM3U TOUKH SKBHBA-
JIEHTHOCTH HEOOJIBIIOMY M3MEHEHHMIO KOHLIEHTPALIUA COOTBETCTBYET OOJbILOE U3-
MEHEHHE MOTEHIIMAIa HHIUKATOPHOI'O AJIEKTPOIa.

K HemocTaTkaM MOTEHIIMOMETPUYECKOTO TUTPOBAHUS MOXKHO OTHECTH HE

BCCraa 6bICTpOC YCTAHOBJICHHC ITIOTCHIIMAJIA ITIOCJIC I[O6aBJ'I€HI/I$I THUTpAHTA.

3. Ky1ionomerpus

KynoHoMeTpuieckne METO/Ibl OCHOBAaHBI HAa M3MEPEHUU KOJHMYECTBA DJICK-
TPUYECTBA, 3aTPAUYCHHOTO Ha DJIEKTPOINPEBpAICHUE OMNPEEIIEMOTO BEIEeCTBA
(npsimas kKynonomempust) VA Ha TOJTyYEHUE TPOMEKYTOYHOIO peareHTa, KOTOPhIi
KOJMYECTBEHHO PEarnpyeT C OMPEICIIeMbIM BEIIECTBOM (KOC8EHHAS KYJIOHOMEN-
pust).

B ocHOBe KyJIOHOMETPHYECKHX METOJOB aHaIN3a JICKAT 3AKOHbL AJIeKMPO-
auza Papaoes.

1. Konuuecmseo (macca) sewyecmaa, 8bloenuuie20ocsi npu 31eKmpoause, ponop-

YUOHAIbHA KoauYecmeay JleKkmpuvecmed, npomedwezo uepes pacmeop.
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2. Ilpu npoxoorcoenuu uepesz pacmeop 00H020 U MO20 JHce KOIULeCmed IeKmpu-
yecmea, Ha 21eKmpooax 8vl0ensaemcsi 00OHO U MO JHce KOIUUECHmBO IKEUBA-

JeHnma eeujecmaed.

F F
rje M — Macca BEeIIeCTBAa, BBIICIUBIIETOCS MPHU dJIEKTposn3e, T; Q - KOJTMIeCTBO
anekTpuuectsa, Kit; M, - MonsipHas Mmacca SKBUBaJIEHTa, I/MOJIb-3KB; F - ynciio da-
panes: F =96500 Kin/monb-3kB; | - cuna Toka, A; t - BpeMs 3JeKTpoIn3a, C.

OO0s3aTeTbHBIM SBIISIETCS YCIIOBHE, YTO AJICKTPOIPEBpAIICHUE BEIIESCTBA Ha
anexTpoje npoucxoaut co 100%-unow spdexruBHOCTHIO, T.€. cO 100%-HBIM BBIXO-
JIOM TI0 TOKY, YTO BO3MOYXHO TOJIEKO B OTCYTCTBHE ITOOOYHBIX MIPOIIECCOB (pa3ioxKe-
HUE BOJIbl, OKMCJICHHE WU BOCCTAHOBIICHUE MPUMECEH, ydacThue mMaTepuala 3JieK-
TpOJla B AIEKTPOXUMUYECKON PEAKIIUU U JIp.)

DIIEKTPOJINU3 B KYJIOHOMETPUUYECKOU STUeKe MOKHO MTPOBOAUTH JIMOO MPH T0-
CTOSIHHOU CUJI€ TOKa (eanb6aHocmamuyeckas Ky1oHoMempus), 1100 TPHU MOCTOSH-
HOM TIOTEHIHAJE (ROmeHyuocmamu4eckas Kyi0HOMempust).

IIpsimasi KyJ1ioHOMeTpPHUA. MeTON npsimot Kyi1oHoMempuu PUTOACH IS
OTIPEJICIICHHS TOJBKO AJIEKTPOAKTHUBHBIX BEIIECTB, TOCKOJIbKY, B €70 OCHOBE JICKUT
HEIOCPEICTBEHHOE AIICKTPOIIPEBPAIICHIE BEIIeCTBa Ha 3JiekTpoae. [Ipsmele Kyio-
HOMETPUUYECKHE U3MEPEHUSI MOKHO MTPOBOJIUTD, TIOI/IEP>KUBAsI TOCTOSTHHOMN JTHOO0
CUJTy TOKa (HEOOXOAMMO UMETh TrajlbBAaHOCTAT), TMO0 MOTEHIIMAT pab0vero AJeK-
Tpojaa (HEOOXOAUMO UMETh MOTEHIIUOCTAT).

Ecnu a5ekTponu3 npoBOAAT PU HOCMOAHHOU cule moka (TalbBaHOCTATHYE-
CKasi KyJIOHOMETpHsI), TO KOJIMUeCcTBO djiekTpruuectBa (Q) 3a Bpems anekTponusa iy,
MpU OCTOSTHHOM ToKe | paBHO:

Q=1+,
[TorpemHOCTh M3MepeHus Q 3aBUCHUT OT TOYHOCTH U3MEPEHHUS BPEMEHH, IIOCKOIBKY
COBPEMEHHBIC TIPUOOPHI MO3BOJIIOT OYEHH TOYHO U3MEPSTH JIaXKe HEOOIBIIINE TOKH.

[Ipsimas KyJOHOMETpHSI MIPU MOCTOSIHHOM CHUJIe TOKA SIBJISIETCS 00Jiee IPOCThIM, HO
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MEHEE CEJICKTUBHBIM CIIOCOO0M, MTOCKOJIBLKY B OMPEACIICHHBI MOMEHT BPEMEHHU MO-
JKET TIOUTH PEAKITUS C YIACTHEM MEIIAIOIINX BEIECTB, (GOHOBOTO AJICKTPOJIUTA HIIH
PacTBOPUTEIISA, U BBIXOJ IO TOKY HAUMHAET YMEHbIIATHCS MO HKCIIOHEHIIUATILHOMY
3aKOHY.

Yarie npuMEHSIIOT NPSAMYIO KYJIOHOMETPUIO NpU NOCMOAHHOM NOMEHYUde
pabouezco snexkmpooa. IloTeHMaN 37eKTpojia BHIOUPaAIOT B 00JIaCTH MPEAEIbHOTO
TOKQ; B 3TOM CJIy4ae TOK, MPOTEKAIOIIUI Yepe3 SUehKy, OyJIeT yMEHBIIAThCS MO IKC-
MOHEHIIMAIBHOMY 3aKOHY B COOTBETCTBUM C YMEHBIIICHHUEM KOHIIEHTPAIlUU DJICK-
TPOAKTUBHOTO BeliecTBa (puc. 4).

MoOXHO caMONUCIIEM 3almucaTh U3MEHEHHE CHJIbl TOKa Kak (DYHKIUIO Bpe-
MEHH M HAaWTH KOJIMYECTBO JIEKTPUUYECTBA, U3MEPUB IUIOLIA/b [10J] KPUBOU IIJIaHU-
MeTpoM (rpaduueckoe MHTETPUPOBAHUE), OJTHAKO, ITOT MPOCTOM CIIOCOO HE OUYEHB

TOYCH N HC T'OJUTCA JJIA KOITMYCCTBCHHOI'O aHAaJIM3a.

I MA

]

PI/ICYHOK 4 - OnpeﬂeneHI/Ie KOJIMYCCTBA JJICKTPpUUC-

CTBa B METOJC HpHMOﬁ KYJIOHOMCTPUHU

te t, t,mus

MO’HO HCIOIB30BATh XUMHUCCKUE UHTEIPATOPHI (Kyiionomempot). Kynono-
Memp — 3TO IIEKTPOJIUTUYECKAs sTUeiika, B KOTOPOH npu 3aMbikanuu 1ienu co 100%-
HBIM BBIXOJIOM TI0 TOKY MPOTEKAET JJICKTPOXUMHUYECKAs] PEaKIUs W3BECTHOMN CTe-
xuomeTpun. KylIOHOMETp BKIIIOYAIOT MOCJIENIOBATEIFHO C KYJIOHOMETPHUECKOU
STYEHKOI, TOATOMY 32 BpeMsI DJIEKTPOJIN3a uepe3 00e sueikr MpoTeKaeT OJJUHAKOBOE
KOJIMYECTBO AJIeKTprudecTBa. [1o OKOHUaHWU STIEKTPOIIM3a 10 Macce BBIICTCHHOTO B
KYJIOHOMETpPE BEIIECTBA PACCUU