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IHPEJNCJIOBUE

DJIEKTPOXUMHUYECKUE METO/IbI AHAJIN3a OCHOBAHbI HA JIEKTPOXUMHUUYECKUX
Ipoleccax, NPOTEKAIINX B JIEKTPOXUMHUECKOH suelike. B kauecTBe aHAIUTH-
YECKOr'0 CUTHAaJIa B TAKUX METOAAaX UCIIOIb3YIOT IAPAMETPHI, CBA3aHHBIE C COAEP-
KAHUEM OIIPEIENSIEMOr0 BEIIECTBA WJIM CO CBOMCTBAMHU 3JIEKTPOXMUMHYECKOM
SYEHKH: CUJIa TOKA, TOTEHIMAII 3JIEKTPO/1A, KOJIMYECTBO IIEKTPUIECTBA, JIEKTPO-
IIPOBOJHOCTb U [JIP.

C noMoIIBIO 3JEKTPOXUMHUYECKUX METO/I0B MOXKHO PEIaTh pa3indHbIC 3a-
a4l XUMHAYECKOoro aHanu3a. OHY MO3BOJIAIOT ONPENENIATh KaK HEOPraHUYECKUE,
TaK 1 OPraHUYECKHE BEIIECTBA C BBICOKOW YyBCTBUTEIBLHOCTHIO (KYJIOHOMETPHS,
BOJIbTAMIIEPOMETPUSI), U30UPATEIBHOCTHIO M AKCHPECCHOCTHIO (MOHOMETPUSI,
anexkTporpaBuMeTpusi). [IpocToTa BeINMOIHEHUS! M HEBBICOKAsI CTOUMOCTH arlnapa-
TYpBbI, a TAKKE JIEFKOCTh aBTOMATU3alUH aHAJTMTUYECKOTO IUKJIA TTO3BOJISIIOT UC-
M0JIb30BaTh JIEKTPOXUMHUYECKUE METOJIbI JIJIsl ICTEKTUPOBAHUS BEIIECTB B MIOTO-
KaX >KUIKOCTEMN.

B nacTosiiiemM nocoOuu u3noKeHbl TEOPETUUECKUE OCHOBBI DJIEKTPOXUMHU-
YECKUX METO/IOB aHAJIN3a, TOKA3aHbl UX aHATMTUYECKHUE BO3MOXKHOCTH U 00J1aCTH
ucnoib3oBanusi. Oco60e BHUMaHUE yI€JIC€HO MPUMEHEHUIO 3JIEKTPOXUMHUECKUX
METOJI0B B (papMalieBTUUECKOM, B TOM 4HCIIe (papMaKkoneitHOM, aHaIu3e, BCIIeI-
CTBHUE YE€ro JaHHOE MOcoOre MOXKET ObITh MOJIE3HBIM IIPU U3YYEHHH HE TOJIBKO
AHAIUTUYECKOU, HO U (PapMaIeBTUIECKON XUMUMU.

ABTOpBI BBIPAXKAIOT MPU3HATEIBHOCTh COTPYAHUKAM (hapMareBTHUECKOTO
¢akynpTeTa BITMY 3a nomouips, 0ka3aHHYIO NpU HaMCaHUU JAHHOTO IOCOOMs,
3a BCe KPUTHUECKHE 3aMEYaHus U TOXKEJIaHUs, BRICKa3aHHbBIE TP €T0 00Cy X 1e-
HUU.

ABTOpPBI UICKPEHHE NMPU3HATENIbHBI PELIEH3EHTaM 3a LIEHHbIE PEKOMEHJallun
U 3aMEYaHus, CACIaHHbIE TPU PELIEH3UPOBAHUH YUEOHOIO MOCOOHUS.



I'maBa 1

OBIIMUE MPUHITATBI
YJIEKTPOXUMHUUYECKHUX
METOJ0OB AHAJIU3A

1.1. OCHOBHBIC MOHATHS

Inexmpoxumuyeckumy Ha3bIBAalOT METOJIbl aHAIM3a, OCHOBAHHBIE HA MC-
MOJIb30BAHUU ITPOLIECCOB, IPOUCXOISALIUX B AIEKTPOXUMUYECKON sTUeiiKe.

Onexmpoxumuyeckas A4euka — CUCTEMA, COCTOAIIAs U3 AJIEKTPOAOB M
AJIEKTPOJINTA, KOHTAKTUPYIOIINX MEXKTYy COOOM.

Anexmpooom Ha3bIBAETCA TPaHUIIA pa3jielia, Ha KOTOPOH AJIEKTPOHHbBIN Me-
XaHU3M TIepeHoca 3apsijia (HampaBiIeHHOE JABUXKEHHE DJICKTPOHOB) MEHSETCS Ha
WMOHHBIN (HaMpaBJICHHOE JABUKEHHE MOHOB). B MeHee cTporoM cMbICie MO Tep-
MHHOM <QJIEKTPOJI» YacTO MOAPA3yMEBAIOT MPOBOJHUK JIEKTPUUECKOTO TOKA C
AIIEKTPOHHON IPOBOIUMOCTBIO.

[lon snekmporumom MOHUMAIOT CPeNy, B KOTOPOW MPOUCXOAUT MEPEHOC
3apsiia B pe3yJbTaTe HAIPaBJICHHOTO IBUKEHUS HOHOB. DJIEKTPOIUT T0JKEH XO-
POIIO PaCTBOPATH ONPEAEIAEMbIE BEIIECTBA, XUMUYECKH HE B3aUMOJECHCTBOBATh
¢ HUMH. OH JOJKEH UMETh BBICOKYIO 3JIEKTPOIPOBOJHOCTh U HU3KYIO BSI3KOCTb.
B kadecTBe AJIEKTPOIUTOB B AIEKTPOXUMUYECKUX METOaX aHalin3a OOBIYHO UC-
MOJIB3YIOT PACTBOPBI COJIEH, UMEIOIINX BBICOKYIO MOABUKHOCTb HOHOB, U COJIEP-
KalUX YCTONYUBBIEC K OKUCJICHUIO aHUOHBI (IIepXJIOpaThl, HUTPAThI) U KATUOHBI
HIEJIOYHBIX U METOYHO3EMEIBHBIX METAIIOB, aMMOHUs U Jp. [Ipumenstor 0,01—
0,1 MOIB/1 pacTBOPHI XJIOPUAOB KaJWs, HATPHUS, JINTHS, a TAK)KE arieTaTHbIe (poc-
¢datHbIe, O0opaTHbIE) OydepHble pacTBOPbl. B OCHOBHOM B KayecTBE 3JIEKTPOJIH-
TOB IIPUMEHSIOTCS] BOJIHBIE PACTBOPHI. B cilyuae ananm3a HEpaCTBOPUMBIX B BOJE
OPraHUYECKUX COCIMHEHUHN MCIOJIb3YIOT HEBOJIHbIE MPOTOHHBIE (CIIUPTHI, Opra-
HUYECKHE U HEOPTaHMUYECKHE KUCIIOThI, aMMUAK) U allPOTOHHBIC (ALE€TOHUTPUII,
TUMETUICYIb(OKCH I, TETparuapodypaH) paCTBOPUTEIIH.

DNEeKTPOXUMHUYECKUE SYEHKH OOBIYHO M3TOTaBIMBAIOT W3 XHUMHYECKHU
CTOMKOTO MaTepuaia, HalpuMep, KBapiia Uid TePMOCTOMKOTO cTekia (TUpeKc).
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Hcnonp30BaHne XUMUUECKH UHEPTHOTO ToJIuMepa (Te(JIOH) MO3BOISET Onpeie-
JSTh MUKPOKOJIMYECTBA METANIOB M OPTaHUYECKHX COCIMHCHUM, TaK KaK OHHU
PAKTUYECKU HE aJCOpOUPYIOTCS Ha TeIioHE.

DNEeKTpOo/bl, BXOMSIIME B COCTAB AJIEKTPOXUMHUYECKON SUYEUKH, MOTYT
HAXOJUTHCA B OJTHOM pacTBOpE JUOO B pa3HBIX pacTBOpax, KOHTAKTUPYIOUIUX
JIpYyr C IPYroM C MOMOIIBIO COJEBOIO MOCTHMKA WIIM YEPE3 MOPUCTYIO MEpPEero-
ponky (puc. 1.1). Slueliku IepBOTO THUIIA HAZBIBAIOTCS AYeUKAMU Oe3 HCUOKOCHI-
H020 COeOUHeHUsl, BTOPOTO TUTIA — AUYEUKAMU C HCUOKOCMHBIM COeOUHEHUEM.

BHEILHSAA
L[EMb BHEIIIHAS
Lenb
KCl

(1 2)

Puc. 1.1. Dnexkrpoxumudeckas siueika ¢ >KUJKOCTHBIM coeiuHeHneM (1)
1 0€3 KHUIKOCTHOTO coeTuHEeHMUS (2)

B cocTaB 3I€KTpOXMMHUYECKOW SYEHMKH MIOJDKHO BXOJWTH, MO KpaWHEW
Mepe, JBa JIEKTPO/1a: MHAUKATOPHBIN U 3JIEKTPO CpaBHEHUS. B HEKOTOPHIX Ciy-
YasiX B COCTaB AJIEKTPOXUMHUUYECKOU STYEUKH MOXKET BXOJIUTH €IIE U TPETUU DIICK-
TPOJ1, Ha3bIBAEMbIN 8cnomocamenbhbim (IPOTUBOIIEKTPON). DTOT IIAEKTPOJ CITy-
KUT UCTOYHUKOM 3JIEKTPOHOB JTM00, HA000POT, UTPAET POIIH CTOKA AIEKTPOHOB U
TEM CaMbIM 00€CIIEUYNBAET BO3ZMOXXHOCTh MPOTEKAHUS DJICKTPUUECKOTO TOKA Ue-
pe3 aueiiky. Kak npaBuiio, Hu cuiia TOKa, HU MTOTEHI[MAall BCIIOMOTaTEeIbHOTO AJIEK-
TpoJa HE U3MEPSAIOTCA. BecrioMorarenbHbIN 3JIE€KTPO]I U3TOTABIUMBAIOT U3 UHEPT-
HOI'0 MaTepuaa.

HHoukamopHvim HA3BIBACTCS DJIEKTPOJ, HA KOTOPOM IMPOUCXOJST DJICK-
TPOXUMHYECKUE MPOLIECCHI, MPUBOSAIIME K BO3HUKHOBEHHUIO aHAUTHUYECKOTO
CUTHaJa.

YCTpONCTBO MHAMKATOPHOI'O 3JIEKTPOJA U MaTepuall, U3 KOTOPOro OH M3-
FOTOBJIEH, 3aBUCAT OT METOJIa aHAJIM3a U BEIIECTB, OMPEACIISAEMBbIX C €ro OMO-
1IbI0. DJIEKTPOAbl U3 XUMUUYECKHU MUHEPTHBIX MaTepUaioB (IJIATHUHBI, YTIEPOAa)
YyBCTBUTEJIbHBI KO BCEM OKHCIHMTEIbHO-BOCCTAHOBUTEIbHBIM peakiusaMm. K



O6HII/IC MMPUHIHUIIBI SJICKTPOXUMHUYCCKUX MCTOJOB aHa/In3a

MOHAM WIM K 4aCTULAM, KOTOPBIE IPUCOCIUHSIIOT HOHBI, YyBCTBUTEIIbHBI JJICK-
TPOAbI C HOHHOM MPOBOJAMMOCTBIO. B BosibTaMIepomMeTprn, B Ka4€CTBE UHNKA-
TOPHBIX IIUPOKO HUCHOJIB3YKOTCA PTYTHBIE JIEKTPOAbl. OCHOBHOE JOCTOMHCTBO
TAKUX KUIKUX 3JIEKTPOJOB — XOPOLIO BOCIPOU3BOAMMAS OBEPXHOCTh, TAK KAK
M3TOTOBJIEHUE TBEPJIBIX AJIEKTPOJOB C OJMHAKOBBIMM CBOMCTBAMHU Pa3IUUYHBIX
YYaCTKOB IIOBEPXHOCTH SIBJISICTCS TPYIHOU 3a1aueil. [IpuMeHsroT cTaiimoHapHbie
Y HECTAllMOHAPHBIE PTYTHBIE JIEKTPOIbI (PTYTHBIM Kanaromuil anekrpon). Cra-
LMOHAPHBIN PTYTHBIN 3JEKTPOJ UMEET BUJ BUCSUYEH KaIlJIM WIM TOHKOW IJIEHKH
PTYTH, HAaHECEHHOM Ha METAJTMYECKYylO (30J10TO, cepedpo) uiu rpaduTOBYIO
MOJIOKKY. PTyTHBIN Kanaromui 3J1eKTPOI IPeACTaBIseT COO0N CTEKIISTHHBIHN Ka-
AP, KOTOPBIM COEIMHSAETCS C pe3epBYyapoM pTyTHu. 1101 1aBieHremM BBICOKOTO
cTOJI0a PTYTH PTYTh BBITEKAET U3 KAaTWJLUIAPA.

NHaukaTOpHBIN 3JE€KTPOA, KOTOPBIM 3a BpEMsI U3MEPEHHS OKa3bIBACT 3HA-
YUTEJIBHOE BIMSIHUE HA COCTaB aHAJIM3UPYEMOTO PACTBOPA, HA3BIBACTCS pAOOUUM.
Hanpumep, pTyTHBIN 37€KTPO B BOJIBTAMIIEPOMETPHUH SIBIISIETCA HHAUKATOPHBIM
AJIEKTPOJOM, a B KYJIOHOMETPUU — pabOUYuM, TaK KakK MPU KYJIOHOMETPUUECKHUX
M3MEPEHUSIX COCTAB PACTBOPA U3MEHSETCHL.

DTaloH, OTHOCUTEIBHO KOTOPOrO0 HM3MEPSETCS MOTEHUHAT HWHAUKATOP-
HOT'O JJIEKTPOJa, HA3bIBAETCS 371€KMpOoO0oM cpaeHeHus. 1loTeHuuman snekrpoaa
CpPaBHEHMS JIOJDKEH OBITh XOPOIIIO BOCIPOU3BOJUMBIM; HE U3MEHATHCS BO Bpe-
MEHH; HE 3aBHCETh OT COCTABA aHAJIU3UPYEMOI0 pacTBOpa, ACHUCTBHS DJICKTpUYE-
cKoro Toka. Ha mpakTuke B KauecTBE 3JIEKTPOJIOB CPAaBHEHHMS Yallle BCETO MPUMe-
HSIOT XJIOPUACEPEOPSHBIN U KaJOMEIbHBIN 3JIEKTPOIbI.

Xnopuocepebpanviii 21exkmpod NPENCTABIAET cO00i cepeOpsiHyI0 TTPOBO-
JIOKY, TIOKPBITYIO XJIOPHJIOM cepedpa u MOMENIEHHYIO B paCTBOP XJIOPH/Ia KaJIHs
(puc. 1.2). B 1anHOM 351€KTpO/ie MPOTEKAET PEAKIIUS:

AgCN +e 2 Agl +CI.
[ToTenuman xuopuacepeOpsHOro 3IEKTPOIa 3aBUCUT OT aKTUBHOCTHU XJIO-
pUA-UOHOB BO BHYTPEHHEM pacTBOpE:

E=E° ~0,0591ga

AgCl/Ag,Cl™ clr

[Tpu ucnons3oBanuu HaceimeHHoOro pactBopa KCl moTenmnuan xjaopuace-
pebpsiHoro snektposaa npu Temmeparype 25 °C pasen +0,2223 B.
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Puc. 1.2. HaceimeHHsbIi XopuacepeOpsiHbIi 1eKTPOI.
1 — cepeOpsiHas mpoBosoka, mokpeiTast AgCl; 2 — BHyTpeHHHIA HachimeHHbIH pacTBop KCl; 3
— BHelIHMH HacbleHHbIH pacTBop KCl; 4 — acGecToBO€ BOJIOKHO

Kanomenvuwiii anekmpoo cOCTOUT U3 PTYTH, OKPBITOM MAacToM, coaepxa-
et HgoCly (kanmomens), 1 KOHTAaKTUPYIOIIEH ¢ HachllieHHbIM pacTBopoM KCl.
VYpaBHeHHE MNOTEHUMANONPEACIAIONIEro mpoluecca sl AaHHOTO 3JIEKTpoAa
UMeEEeT BUJ:

Hg,Cl, +2& 2 2Hg! +2CI".

[ToTeHnan HACHIIIEHHOTO KaJllOMeNbHOro 3jiekTpoaa npu 25 °C paBeH
+0,2438 B.

Ecnu B 251eKTpOXMMUYECKON sTUEHKE MPOTEKAIOT JIEKTPOXUMHUUYECKUE pe-
aKIMU, TO B 3aBUCMMOCTH OT peKHMa pabOThl OHA MOKET MPEACTaBIATh COOOM
raJIbBAHUYECKUH AJIEMEHT JIMOO0 AIIEKTPOIUTHYECKYIO siueiky (puc. 1.3). B cansb-
B8AHUYECKOM dJleMeHme TMPOUCXOUT MPEBPAIICHUE YHEPTUH XUMUYECKOW peak-
IIUU B DJIEKTPUUECKYI0. B TakoM pexxume 3IeKTpOXUMUYECcKasl siueiika paboraer
IIpU NOTEHIMOMETPUUYECKUX U3MEpEHUsIX. B anexmponumuueckori siueiike 3nek-
TpUUYecKasi SHEPTHs, IepenaBaeMasi u3BHe, peodpaszyercs B XuMu4eckyto. [lan-
HbII BapUaHT STYEUKHU HCTOJB3YETCS B KYJOHOMETPHUH, IEKTPOTPABUMETPUU U
BOJIbTAMIIEPOMETPUU



OO01Ire MPUHIUIIBI JIEKTPOXUMUYECKUX METO/IOB aHAIN3a

1) (2)
Puc. 1.3. 'anpBanudeckuii aneMeHT (1) u snekTponuTryeckas saeika (2)

Ecnu BO BHEIIHEN LleNM HE NMPOTEKAET IJIEKTPUUECKUN TOK, TO OTEHIMAT
MHIMKAaTOPHOIO 3JIEKTpOAa IMOAUYMHAETCS ypaBHeHMI0 HepHcra u HasblBaeTcs
pasnogecHviM. Hannune 3J1eKTpUYecKOoro ToKa B ENU MPUBOAUT K OTKIOHEHHIO
BEJIMYMHBI OTEHLIMAIA 3JIEKTPOJAa OT PACCUUTAHHOM MO ypaBHeHHIO HepHcTa.
Taxoe siBiieHHE Ha3bIBACTCSA nOIApU3AYUEl, & TEKTPOA (MU DIIEKTPOXUMUYECKas
suerka) — noaapuszosanrvim. [IpuarMHON MOAspU3aUUK MOTYT OBITh KaK XUMUYE-
CKHE, TaK U (PU3NYECKHE W3MEHEHUS JIEKTPOAOB MPHU MPOXOKIACHUU YEpe3 HUX
IEKTPUYECKOr0 TOKA, MEJUIEHHAs] CKOPOCTh IIEPEHOCA BEIIECTBA K DJIEKTPOAY U
ap. PaznuuaroT 1Ba BUAA NOISAPU3ALUN: KOHIEHTPALUOHHYI0 M KHHETUYECKYIO.

Konyenmpayuonnas nonsapuzayus (Mc), WK nepeHanpsdiceHue BOSHUKAET
BCJIE/ICTBHE MEUICHHOH Au(dy3un BemiecTBa U3 00bEMa pacTBopa K MOBEPXHO-
CTH 3JIEKTPO/Ia ¥ MPUBOJUT K YMEHBUIEHUIO IOTEHIIMAIa 3JieKTpoaa. KonueHnrpa-
HMOHHAs MOJISIpU3aIMsl 3aBUCUT OT KOHLIEHTPALlMHU 3JIEKTPOAKTUBHOIO BEIIECTBA
U JIEKTPOJINTA, CKOPOCTH IEpEMELIMBAHUS PACTBOpA U pa3Mmepa djiekTpoaa. B
TOM ClTy4dae, KOTJla U3MEPSIOT BETMYMHY PABHOBECHOT'O MOTEHIMaja, KOHLIEHTpa-
LIMOHHAs MOJISIPU3ALUs ABJISIETCSI HEXKEJATEIBHBIM IIPOLIECCOM, U €€ CTPEMATCS
CBECTU K MUHUMYMY. [[151 €€ ycTpaHeHus, aHaIM3UPYEMBIM PACTBOP MOCTOSHHO
NIEPEMEIINBAIOT U, KPOME TOr0, INIOTHOCTh TOKA HA MHAUKATOPHOM JJIEKTPOAE
JI0JKHA OBITh HE3HAYUTENbHOM. B BoJIbTaMIepoMeTpuyecKux METoAax aHajau3a
KOHIICHTpAllMOHHAs NOJspU3alus, Ha00opoT, HeobxonuMa. B Takux meTogax us-
MEpEeHUE MPOBOJIAT B Pa30aBIEHHBIX HEIIEPEMEILINBAEMbIX PACTBOPAX, UCTIOJIb3Ys
AIIEKTPOJIbI ¢ OOJBIION TUIOTHOCTHIO TOKA.

Kunemuueckas nonspuzayus, Wi akmusayuonHoe nepenanpsicenue (1)
00yCJIOBJIEHa MEAJIEHHBIM IEPEHOCOM 3JIEKTPOHOB Ha MOBEPXHOCTHU AJIEKTPOJIOB.

9
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Kunernueckas moasipu3anus YMEHBIIACTCS C MIOHMKEHUEM CHJIBI TOKA ¥ TTOBHI-
IICHUEM TeMIIepaTypbl. BeauyrHa KHHETHYECKOH MOJISPU3allii 3aBUCUT TAKKE
OT TIPUPOJBI OKHCIUTEIBHO-BOCCTAHOBUTEILHOW CUCTEMBI U MaTepuaja dJICK-
tpoaa (tabm. 1.1).

Tabnuya 1.1

Iorenumnansl Beigeaenus (25 °C) Hr uz 1 M H2SO4 nas
Pa3HBIX 3JIEKTPOAOB U NPHU PA3JIUYHOH BeJIUYHHE IVIOTHOCTH TOKA

DIeKTpon Hotenuuan (B) npu miotHocty Toka (A/cM?)
0,001 0,01 0,1 1,0 5,0
Ag 0,097 0,13 0,3 0,48 0,69
Cu - - 0,35 0,48 0,55
rpadur 0,002 - 0,32 0,60 0,73
Hg 0,8 0,93 1,03 1,07 -
Ni 0,14 0,3 - 0,56 0,71
Pt (rmagkas) 0,0000 0,16 0,29 0,68 -
Pt (mmatuHUpOBaHHAS) 0,0000 0,030 0,041 0,048 0,051

1.2. Knaccupurxanmus

N3BecTHO HECKOIBKO CIIOCOOOB KilacCU(UKAIIUU JIEKTPOXUMUYECKUX Me-
TOJOB aHaJIM3a.

Coraacno IUPAC pa3nuuaroT Tpy Irpynibl JIEKTPOXUMHUUYECKUX METOA0B
aHaJin3a:

B METO/Ibl, B KOTOPBIX HE JOJKHBI IPUHUMATHCSI BO BHUMAHUE HU JBOW-
HOM DJICKTPUYCCKHM CIION, HU KaKHe-IMOO0 DJICKTPOIHBIC PEaKIUU;

B METO/bl, CBA3aHHBIE C SIBJICHUSIMH B IBOMHOM 3JICKTPUYECKOM CJIO€, HO
JUT KOTOPBIX HE JIOJPKHBI IPUHUMATHCSI BO BHUMAHUE HUKAKHUE 3JIEKTPOJHBIE pe-
aKINU,

B METO/bl, CBSI3aHHBIE C JJIEKTPOJHBIMH PEAKIIUSMM.

K mepBoii rpynne MeToA0B OTHOCHUTCS, HAIPUMED, KOHIYKTOMETPHSI; BTO-
POl — METOJi aHAJIN3a, OCHOBAHHBIA HA UCIIOJb30BAHUN 3aBUCUMOCTU IOBEPX-
HOCTHOTO HATSXKEHUS HA TPAHUIIE «DJIEKTPOJ — PACTBOP» OT KOHLIEHTPALUH Be-
niecTBa B pactBope. [IpenactaBUTensiMu TPEThEM TPYNIbl JIEKTPOXUMHUYECKUX
METOJIOB aHAJIN3a SIBIIAIOTCS: JIEKTPOTPABUMETPUS, KYJIOHOMETPHUSI, TOTCHINO-
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O6HII/IC MMPUHIHUIIBI SJICKTPOXUMHUYCCKUX MCTOJOB aHa/In3a

MeTpus (METObI C IPUMEHEHUEM IIOCTOSTHHBIX (PAaKTOPOB BO30YKI€HUS) U BOJIb-
TamnepomMeTpus (METOJbl C MPUMEHEHUEM MEPEMEHHBIX (PaKTOPOB BO30YXkjie-
HUS).

B 3aBMCHMOCTH OT HAJIHYHUA IIEKTPUYECKOI0 TOKA B LENHU DIJICKTPOXHU-
MHYECKUE METOBI IEIIAT HA IBE TPYIIbIL:

B CTaTUYECKHUE,
B 1uHaMHUYECKHE.

B ciiywae cmamuueckux memooos cuna Toka B Lienu paBHa Hymo. K aToi
IPYIIIE OTHOCSTCS NOTEHIMOMETPUUYECKUE METO/IBI, B KOTOPBIX UCIIOIb3YETCS 3a-
BUCHUMOCTbH BEJIMYMHBI AJIEKTPOJHOTO MOTEHIMANa OT aKTUBHOCTU (KOHIIEHTpa-
IIM1) BEIIECTBA B pacTBope. B dunamuyeckux memooax B 1IeTIA MPOTEKAET DJICK-
Tpruueckuii ToK. K TaHHOM rpynmne 3JeKTPOXUMHAYECKUX METOA0B aHAIM3a OTHO-
CATCS KOHAYKTOMETPUS, KYJIOHOMETPUS, DJIEKTPOTrPABUMETPHUs, BOJIbTAMIIEPO-
METpHUS.

AHQIATHYECKNN CUTHAJI B DJICKTPOXUMHYECKUX METOJAX aHAJIN3a 3aBUCUT
OT pa3au4HbIX (PU3NYECKUX MapaMETPOB: AIEKTPOIPOBOIHOCTH pacTBopa, IJC
raJbBaHUYECKOTO DJIEMEHTA, CHJIBI TOKA AJIEKTPOJIN3a WIH KOJIUYECTBA DIIEKTPU-
YecTBa, MOLIEAIIEro Ha Hero u Ap. B Tabn. 1.2 npuBenena kinaccudukanus oc-
HOBHBIX JJIEKTPOXMMHUYECKUX METOJIOB aHAjJu3a B 3aBHCHMOCTH OT H3Mepsie-
MOI'0 mapamerpa.

Tabnuya 1.2

Kaaccudukanust 0CHOBHBIX JIEKTPOXHMHYECKHX METOI0B aHAJIN3A
o u3MepsieMOMY apamMeTpy

Meron N3mepsiemblii mapaMeTp Ycnosus
U3MEpEHUS
Konaykromerpus Y aenbHas 3JIEKTPONPOBOTHOCTD — K, [lepeMeHnHbI# TOK
Cm-cm’! (~1000 I'm)
[ToTenmmomeTpust [Torenmman snexrpoaa (DJC sueiikn) I1=0
-E,B
Kynonomerpus KonmnuectBo anektpuyecta — Q, Kn I = const unu
E = const
OnexkTporpaBuMeTpust | MI3aMeHneHune maccel 35iekTpoaa — m, T I = const unu
E = const
Bonwsramnepomerpust/ | Cuna Toka — I, MKA I = f(Enanox)
noJssiporpadus

B 3aBucHMOCTH OT WeJM AJIEKTPOXHUMUYECKHE METOIbl aHaINu3a MOTYT
OBITh MPAMBIMU ¥ KOCBEHHBIMH. B npsmwvix mMemooax uctionb3yeTcst 3aBUCUMOCTD
AIIEKTPUYECKOTr0 MapaMeTpa OT KOHLUEHTpalKK (aKTUBHOCTH) BenlecTBa. Hampu-
Mep, METOJOM MPSMOW KOHIYKTOMETPHUM IO BEIUYUHE HJIEKTPONPOBOJAHOCTU
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T'maBa 1

OMpeENs0T CYMMapHYI0 KOHLIEHTPALMIO Pa3JInYHbIX HOHOB B pacTBope. B koc-
BEHHBIX Memooax U3MEHEHHUE BEJINYMHBI dJIEKTPUUECKOT0 MTapaMeTpa UCIOJIb3Y-
eTcs 1J11 OOHapyKEeHHsI KOHEYHON TOUKM TUTpoBaHus. Hanpumep, B MeTo/ie KOH-
TYKTOMETPUUYECKOTO TUTPOBAHUS OOHApYKEHUE KOHEUHOM TOUYKM TUTPOBAHUS
IPOBOJST 110 I'pa)UKy 3aBUCUMOCTH IEKTPOIPOBOIHOCTH OT KOJIMUYECTBA J00aB-
JIEHHOTO TUTPAHTA.

BoNbIIMHCTBO ANEKTPOXUMUYECKUX METOJOB aHAlIU3a MOABUIOCH B IEp-
Bol noJsioBuHE XX BeKa. 3HAUUTENIbHBIM BKJIaJ B Pa3BUTUE TAHHOW I'PYIIbI Me-
toaoB aHanu3a BHEC .M. Konbrrod.

Konstrop — oamua u3 Beaymmux XUMHUKOB-
ananutukoB XX Beka. Poauiics B 1. Anbmeno (Hu-
nepianael). Ilocie oxkoH4YaHWS CpeIHEN IIKOJIbI
U3-3a TOT'0, YTO JIJISl U3YUEHUSl KYUCTBIX» HAYK Tpe-
OOBaJIOCH 3HAHUE JATUHCKOTO U IPEYECKOTO SI3bI-
KOB, ObUI BBIHYXKJICH MOCTYIIUTh Ha (papMalleBTH-
yeckuil pakyapTeT YTPEXTCKOro yHUBepcurtera. B
1915 r. monyunn numiom «anrtekaps». B 1918 r.
3aIIUTHII JUCCEPTALUI0 Ha COUCKAHUE CTEIECHU
noktopa (unocopuu («OCHOBBI HMOJIOMETPHUNY).
[Tocne 3ammThl quccepTanuu padoTan B Y TpexT-
N CKOM YHUBEPCUTETE, B TOM unciie B 1923-1927 r.r.

W MpUBAT-IOUEHTOM MO0 3iekTpoxumun. C 1927 r.
Koabtrog (Kolthoff) xwun u padoran B CIIA (1927-1962 r.r. npodec-
I/I(cl?gﬁ_l\gg;“ COp aHAJIMTUYECKON XMMHUH B YHUBEpcUuTeTe MuH-
HecoThl). [Tocne Boixoaa B 1962 r. Ha neHcuio npo-

JI0JIKaJl 3aHUMAThCA HAyYHOU paboToM.

3a Bpems cBoeil HayuHOUl kapwsepbl KonbTrod omybmsukoBain okono 950
HAyYHBIX TPY/AOB, KACAIOIIMXCS PA3IUYHBIX ACTEKTOB AHAIMUTHUYECKON XUMUM:
AJEKTPOXUMUYECKUE METO/Ibl AaHAIN3A, IPOTOJIUTUYECKUE U OKUCIUTEIBLHO-BOC-
CTaHOBUTEJIbHBIE PEAKIINH, TEOPETUUECKOE 000CHOBAHUE TUTPUMETPUUECKUX Me-
TOJ/IOB aHaju3a, 00pa30BaHMUE U CBOMCTBA OCA/IKOB, XUMHUS HEBOJHBIX PACTBOPOB,
KMHETHUYECKHE METOJIbI aHanu3a 1 Jap. OH Hamucal psijl MOMYJISIPHBIX Y4€OHUKOB
10 aHAJTUTUYECKOW XMMHH U CO3JaJl HAYUHYIO IIKOIY.
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I'mraBa 2

KOHAYKTOMETPUA

2.1. TeopeTuueckue 0OCHOBBI U KJIaccupuramus

Konoykmomempusi — 3T0 COBOKYIHOCTbH 3JIEKTPOXMMUYECKUX METOOB
aHaJIu3a, OCHOBAHHBIX HA U3MEPEHUU YJIETIbHOU AJIEKTPONPOBOJIHOCTH (MU CO-
POTUBIICHHUS) PACTBOPOB AJIEKTPOIUTOB.

KonaykromeTpus kak mMeToj aHanu3a npeajioxeH B 1903 r. nemeukumu
yuéasimu Opunpuxom Kroctepom (Kuster) u M. I'prorepcom (Gruters). B 1923
r. .M. Konbtrod nanucan nepByro MOHOTpaduio, MOCBIIMEHHYIO TaHHOMY Me-
tony aHanu3a. B 1946 r. nezaBucumo apyr ot apyra k. @opman (Foreman) u
J1. Kpucn (Krisp), a taxxe . Mencen (Jensen) u A. Iappax (Parrack) mpemio-
YKUJTU BBICOKOYACTOTHOE KOHYKTOMETPUUYECKOE TUTPOBAHUE.

Onexkmponposoonocms pacmeopa (K — «kamnma») — 3T0 Beau4yuHa, 00-
paTHO POMOPITMOHATIFHAS €T0 CONMPOTUBICHUIO (R).

DJIEKTPUUYECKOE COMPOTUBIICHUE W IJIEKTPOIPOBOTHOCTh PacTBOpa dJICK-
TPOJIMTA, HAXOSIIETOCS MEX Ty ABYMS dJIEKTPOIaMHU, TUTOIIA b TOBEPXHOCTH KO-
TOPBIX paBHA S, U PACCTOSHHE MEXy KOTOPBIMH PABHO /, pACCUYUTHIBAIOTCS TIO
cienyromuM hopmynam:

/
R = ) 2.1 K=
P (2.1)

1 = KE , (2.2)
p [
r7ie K — YIeNbHas AIEKTPONPOBOIHOCTH PACTBOPA.

B ananuTHYecKux 1ensX 3JIeKTPOIPOBOIHOCTh HE MCTIONB3YETCs, TaK KakK
OHa 3aBHCHT OT Pa3MepoB U (OPMBI MPOBOJHHKA. YENbHAsK 3JIEKTPOIPOBO/I-
HOCTb, XapaKTePHU3YIOIash JHUIIb TOKOMPOBOISAIIYIO CPeAy, HE 3aBUCUT OT ITHUX
napaMeTpoB.

Pa3mepHOCTh 3JEKTPUYECKOTO COMpOTUBICHUST — OM, 3JIEKTPOTPOBOIHO-
ctu — Cm (cumenc) = Om™!, K — Om-cm (B CU Om:m), k — Cm-em! (B CU Cmem Y.
Yoenvnas snexkmponposoonocms (CM-cM™') 4HMCIIEHHO PaBHA SIEKTPOIIPOBOIHO-
CTH CJIOSI pacTBOpa JUTMHOM 1 M, HAXOSIIETOCS MEXK Ty AJIEKTPOJaMH ILIOIIA B0
1 em?.
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T's1aBa 2

Y aenpHas AIEKTPONPOBOIHOCTH CBSI3aHA C MOJISIPHON KOHIIEHTpAIlMEH K-
BHUBaJICHTA BellleCTBa (MOJIb/J1) PopMyIIoii:

K=he,, 107, (2.3)

rje A — SKBHBAJICHTHAS DJIEKTPONPOBOAHOCTE (CMm-cMm?-Momb ™).

IKeusaneHmuas I1ekmponpogoonocms (L) MpenCcTaBIseT COO0M IEKTPO-
IPOBOJHOCTh 00BEMA pacTBOpa, cojepkaiiero 1 MoJjib SKBMBAJIEHTA BEIIECTBA
(pakTOp PKBUBAJICHTHOCTH paBeH 1/z, TIie z — 3aps] WOHA), IPU YCIOBUH, YTO
AJIEKTPOAbl HAXOJATCS HAa PACCTOSIHUU | cM JIpyr OT Apyra. AHaJIOrM4Hasi BEJIH-
YHHA, OTHOCSINASACS HE K SKBUBAJIIEHTaM, a K () OPMYJIbHBIM €IUHUIIAM BEIIECTB,
HAa3bIBAETCS MOJISIPHOM AJIEKTPOIPOBOIHOCTHIO (A).

[Tpu mManbIx U CpeHUX KOHIICHTPANUAX (10 2—4 MOJIb/) yAeIbHAS DJICK-
TPOMPOBOJIHOCTh PacTBOpa MPSIMO MPONOPIIMOHATIbHA KOHIEHTPALUU 3JIEKTPO-
JUTa B pacTBOpE, T.€. YUCIy HOHOB B pacTBope (puc. 2.1).

1000

1
[

K, MCM- cm
()
[
[—)
]

0,1 +

0,01

0’001 L] | L] L] ] L] n

0,00001 0,0001 0,001 0,01 0,1 1 10 100
C, MOJIB/J

Puc. 2.1. 3aBUCUMOCTH yI€TbHOM 351eKTporipoBogHOCTH (25 °C)
OT MOJIIPHOM KOHIIEHTPALIMU BEIeCTBa B pacTBOpE.
1 — H,SO4; 2 — HCI; 3 — NaOH; 4 — NaCl; 5 — CH;COOH; 6 — NHs.

[Ipu GoNBIIMX KOHIIEHTPALUAX 3aBUCHUMOCTbH YJIEIBHOM AJIEKTPOIPOBOI-
HOCTH OT KOHIEHTpAIMU OTKJIOHSETCS OT MPSMOJMHEIHOM, a MpU KOHIIEHTpa-
usax Oosbie 8—10 MoJb/1 yaenbHas 3JeKTPONPOBOJHOCTh PACTBOPAa HAUMHAET
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Konnyxromerpus

YMEHBIIATHCS. ITO 00YCIOBICHO TEM, YTO HOHOB B PaCTBOPE CTAHOBUTCS OUYCHD
MHOT'0, MEXHOHHBIC B3aUMOJCHCTBUSI YBEIUUYUBAIOTCS, PACCTOSHUS MEKIY
MOHAMU YMEHBIIIAIOTCA, YTO MPUBOAUT K YMEHBIICHUIO CKOPOCTH JBUKEHUS
MOHOB. /{7151 cTaOBIX AIEKTPOIUTOB HATMYHNE MAKCUMyMa Ha KPUBOM 3aBUCUMOCTH
YACIBHOM 3JEKTPONPOBOJTHOCTH OT KOHIICHTPAIIMU CBSI3aHO C TE€M, YTO C yBEJU-
YEHHEM KOHIICHTPAIIMU YMEHbIIIACTCS CTETIEHb TUCCOLUAIINH, U TPU TOCTUKECHUN
ONPEICIICHHOM KOHIIEHTpAIMd YHUCJIO MOHOB B PAcTBOPE HAUYMHAET YBEIUYH-
BaTbCad MeJjieHHee, yeM KoHueHTpauus. [Ipu 6eckoHedHoM pa3baBieHUH pac-
TBOpA BEJIMUMHA yACIIbHON 3JIEKTPOIPOBOIHOCTH CTPEMUTCS K HYJIIO.

DKBUBAJICHTHAS 3JIEKTPONPOBOAHOCTD PAaBHA NMPOU3BEICHUIO A0COTIOTHOM
CKOpOCTH ABUKEHHMS MOHA (1) Ha mocTosiHHyto Dapanes:

A =u,F. (2.4)

B naeanbHOM pacTBOpe SKBUBAJIEHTHAS 3JIEKTPOIPOBOJHOCTh HE 3aBUCHUT
OT KOHLEHTpauuu. B peanpHbIX pacTBOpax MpU Pa3IMYHBIX KOHUEHTPALMIX
ANIEKTPOJIUTA BEIMYMHBI A MOTYT paznnyaThes. [Ipyu yMeHbllIeHUH KOHUEHTpaIuu
Y HOHHOM CUJIBI CKOPOCTH JBHYKEHUS MOHOB BO3PACTAIOT, II03TOMY SKBUBAJICHT-
Hasl 3JIEKTPOIIPOBOJHOCTh yBEINYUBAETCS (pHC. 2.2).

1

2

300 +

A, CM -emM2/mMoutb

200

0,001 0,01 0,1 1 10
Cykrs MOJIB/JI

Puc. 2.2. 3aBUCHMOCTB SKBUBAJICHTHOU 371eKTponpoBogHOCTH (18 °C)
OT MOJIAPHOM KOHIIEHTPALIUU YKBUBAJICHTA:
1 — HCI; 2 — H,SO4; 3 — NaOH; 4 — NaCl; 5 — CH;COOH; 6 — NHs.
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T's1aBa 2

[Ipu GeckoHeyHOM pa30aBICHUU MOJSIPHAs JIEKTPONPOBOIHOCTh JOCTH-
raeT HEKOTOPOIro MPeAeIbHOTO (HEHYJIEBOT0) 3HAUCHUSI, HA3bIBAEMOTO MPe/Ieib-
HOM DKBMBAJIEHTHOH snekTpornpoBogaocThio A’. CormacHo zaxony Koaspaywa
(2.5) sxBUBaJIEHTHAs JEKTPONPOBOAHOCTD JEKTPOJIUTA PABHA CYMME MPEJEIb-
HBIX IKBHUBAJICHTHBIX 3JEKTPONPOBOAHOCTE HMOHOB, OOpa3yIOIIMXCA MPH €ro
JIUCCOLMALINN:

20 =20 420 (2.5)

Koaspaym (Kohlrausch) ®puapux Buabsreasm I'eopr (1840-1910) —
HeMelKuid ¢u3uk u GU3MKOXUMHUK. OCHOBHBIE pabOTHI B 001acTu (HU3NUYECKOM
XUMHUH OBUTN MOCBSIIEHB U3YUYEHUIO PACTBOPOB 3JieKTposuToB. B 1879 r. ycra-
HOBUJI 3aKOH a/IJIATUBHOCTH 3JIEKTPONPOBOAHOCTHU MPU OECKOHEYHOM pa3daBJie-
HUU DJIEKTPOIUTOB.

3uauenus A’ Ui HEKOTOPHIX HOHOB IPHUBEIEHBI B Ta0II. 2.1.

Tabnuya 2.1
3navenus )’ 115 HEKOTOPBLIX KATHOHOB M aHHOHOB (25 °C)
Kartunon A0, CM-cM?/MoITB AHnon A0, Cm-cM?/MOITB
H;O" 350,1 OH~ 197,6
1/2Pb* 71 1/4[Fe(CN)s]* 110,4
1/3Fe** 69 1/3[Fe(CN)s]* 100,9
1/3Cr3* 67 CrO4> 85
1/2Fe?* 53,5 1/2804* 80,0
NH4" 73,7 Br 78,1

K* 73,5 I 76,8

Ag’ 61,9 Cl 76,3
1/2Co?* 53 1/2C204* 74,1
1/2Ca** 59,5 NOs3~ 71,4
1/2Ba** 63,9 1/2C0O3*" 69,3
1/3 AP 61 1/3PO4*" 69,0
1/2Mg** 53,1 ClOs 67,3
1/2Cu** 56,6 SCN~ 66,5
1/2Mn?* 53,5 ClOs~ 64,6

Na* 50,1 F 55,4
1/2Zn* 52,8 HCOO~ 54,6
1/2Ni** 50 CH3;COO~ 41

Li* 38,7 CeHsCOO™ 32,4
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Konnyxromerpus

Camy1o BBICOKYIO MPEIETbHY0 MOJISIPHYIO 3JIEKTPOIPOBOAHOCTH CPEAU Ka-
THOHOB MMEET KaTUOH TUAPOKCOHUS, & CPEId aHMOHOB — TMAPOKCUA-HOH. ITO
CBSI3aHO C MX CLIOCOOHOCTBIO MEPEAaBaTh CBOM 3apsi Yepe3 MOJIEKYJIbl paCTBOPH-
TeNs IO 0c0OOMY «dAcTapeTHOMY» MEXaHW3MY, Ha YTO 3aTpadyMBacTCsl 3HAUYH-
TEJLHO MEHbIIIE BPEMEHHU, YEeM JIJI1 HEMOCPEICTBEHHOTO MEPEMEIICHUS K DJICeK-
TPOLY.

Ha ynenbHyro 1 MOJISIPHYIO 3JIEKTPOIIPOBOIHOCTH BIIMAET MPUPOIA PACTBO-
puTest. OTO BIUSHHUE CBI3aHO C BSI3KOCTHIO PACTBOPUTENICH U UX JUAJIEKTpUYe-
CKOM MPOHMUIIAEMOCTBIO. Y CTAaHOBJICHO, YTO YEM MEHBIIE AUDIICKTPUYECKAsl MPO-
HUIIAEMOCTh, TEM HUXE AJIEKTPOIPOBOJHOCTh. B pacTBOpuTENsIX ¢ HU3KOU Ju-
AIEKTPUYECKON MMPOHULAEMOCThIO YMEHBINAIOTCS KOHCTAHTBI AUCCOLMALUU
AJIEKTPOJIUTOB.

DJIEKTPOIPOBOJHOCTH PACTBOPA 3aBUCUT OT TEMIIEPATYPbI, C YBEIUUECHUEM
temmneparypsl Ha 1 °C ona nossimaercs Ha 1,5-2,5 %. IIpu noBeiieHUn Temie-
paTypbl YMEHBIIIAIOTCS BSI3KOCTh PACTBOPOB U COJIbBATAIIUSI HOHOB, UTO COOTBET-
CTBEHHO CKa3bIBA€TCS HA CKOPOCTH JBWXKEHUS MOHOB. [loaToMy Temmeparypy
npu padbote ciaeayeT NoAIePKUBATH TOCTOSIHHOMA.

Knaccudpukanus KOHIYKTOMETPUYECKUX MeTOA0B. B 3aBUCUMOCTH OT
HaJUYUsl KOHTAKTa MEXTY JJIEKTPOJIMTOM U JIEKTPOJaMU KOHAYKTOMETPUUECKUE
U3MEPEHUS MOTYT ObITh KOHMAKMHbIMU U OeCKOHMAaKmubiMu. B 3aBUCUMOCTH OT
UCIIOJIb3yEeMOT0 TOKa Pa3juvaloT nepeMeHHOMOKO8YI0 U HOCMOSAHHOMOKOBYIO
(MCTIONB3YETCS 3HAUUTENBHO PEke) KOHIYKTOMETpUIO. [lepeMeHHOTOKOBAasI KOH-
JTYKTOMETPUS, B CBOIO OY€pe/lb, OBIBACT HU3KOUACmMOmMHOU (4acTOTa UCTIOIb3Yye-
moro Toka Menbie 0,1 MI'n) u eévicoxouacmommuoii (6onpiie 0,1 MI't). B 3aBu-
CUMOCTH OT MPUMEHEHUSI KOHAYKTOMETPHUS MOXET OBITh npsAmMOu U KOCBEHHOL
(KoHOyKmomempuyeckoe mumposanue).

2.2. U3MepeHHne aHAJIUTHYECKOI0 CUTHAJIA

KoHTakTHBIE KOHAYKTOMETPUYECKUE U3MEPEHUS NMPOBOIAT B SYEUKE JUIS
U3MEPEHUS IIEKTPOIIPOBOIHOCTH.

[Ipocreiimas KOHIyKTOMETpHUECKasi sYeHKa MpEeACTaBiIsieT coO0N CTEK-
JITHHBIN COCYJ C IBYMsI 3aKPEIUVIEHHBIMU IUIOCKONIAPAIIIIEbHBIMY INIATHHOBBIMHU
annekTpogamu (puc. 2.3). JIns yMeHbIIEHUs] KOHUEHTPALMOHHON MOJIAPU3ALNU
UCIOJIB3YIOT IUIATHHUPOBAHHYIO (IIOKPBITYIO IUIATUHOBOM YEpPHBIO) IUIATUHY,
UMEIOIYI0 OOJIBIITYIO TIOMAAb TOBEPXHOCTH. PacTBOp, HAXOAsAMICS B sTUEHKe,
IIOCTOSIHHO NEpEMEIINBACTCS. SUEKy MOAKIIOYAOT K HCTOYHUKY IEPEMEHHOTO
TOKa, umeroniero yactoty okosio 1000 I'n. ITpu nmpoXokieHun 3MEKTPUIECKOTO
TOKA 4€pe3 pacTBOP DJIIEKTPOJIUTA BO3MOXKHO IPOTEKAHUE DIIEKTPOXUMUUYECKUX
peakumii ¥ MosApU3aLus JIEKTPOAOB. JTHU SIBJICHUS MEHEE BBIPAKEHBI B CIIy4ae
IIEPEMEHHOI0 TOKa.
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T's1aBa 2

__| |_ -
1) ()

Puc. 2.3. Sueiiku 1)1 n3MepeHus 3JE€KTPOIIPOBOJHOCTH:
1 — ¢ )€CcTKO (PUKCUPOBAHHBIMU MIIEKTPOAAMH; 2 — IJIsT KOHAYKTOMETPHIECKOTO THTPOBAHUS.

N3BeCTHO HECKOJILKO TUMOB KOHAYKTOMETPHUYECKUX SYECK: STUYCUKH C 3a-
KPEIUICHHBIMH B COCY/I€ DJIEKTPOIaMHU, KOTOPBIE COJEpKaT OIIPEICIICHHBIN 00beM
pacTBOpPA; JKECTKO 3aKPEIUIEHHBIE 3JIEKTPObI, KOTOPHIE TOMEIIAIOTCS B paCTBOP
nepes; U3MEPEHUEM SJIEKTPONPOBOJHOCTH (SIUEUKHU JJ1s1 KOHAYKTOMETPUUYECKOTO
TUTPOBAHMUS); TYSHKHU MPOTOYHOTO THUIIA.

HenocpencTteeHHO n3mepsseMol BEIMUMHON B KOHIYKTOMETPHUH SIBJIIETCS
cornpotuBiicHUuEe. COMPOTUBIICHUE PACTBOPA MOKHO U3MEPSTH C MTOMOILBIO MOCTA
Yurcrona. MocThl IEPEMEHHOTO TOKa MOT'YT ObITh YPABHOBEIIEHHBIMU U HEYPaB-
HOBEIIIEHHBIMU. B cllyyae ypaBHOBEIIEHHOTO MOcTa (puc. 2.4) BEIUYUHBI CONPO-
TUBJICHUH Ri, R> 1 R3 JOJKHBI ObITh TAKUMU, YTOOBI MOCT IIPUIIEN B COCTOSIHUE
paBHOBECHS, IPU KOTOPOM CHJIA TOKA B U3MEPUTEIIbHON IUArOHAIM PaBHA HYJIIO
(w11 UMeeT MUHUMAaJIbHOE 3HAUYCHHE).

Puc. 2.4. Moct YUTCTOHA, HCTIONIB3YEMBIN B KOHIyKTOMETPHUU:
1- mepeMeHHOEe 3TAJIOHHOE COMTPOTUBJIEHUE, 2 — KOHIYKTOMETpUUecKas suenka.

18



Konnyxromerpus

Bennunnbl U3MeEpsAEMOro COPOTUBIIEHUS U YIEIBHOU JJIEKTPOIPOBOIHO-
CTH PaBHBI:

BESL , (2.6) K :RLS. (2.7)

1 X

R

X

N3meputsb ¢ yAOBIETBOPUTENBHONU TOYHOCTHIO BEJIMUMHBI / U S TPYyIHO, TIO-
ATOMY BHA4aje U3MEPSIOT CONPOTUBIIEHUE PACTBOPA, YAEIbHAS 3JIEKTPOIIPOBOI-
HOCTb KOTOPOTO TOYHO M3BECTHA. B KauecTBe TAKOro CTaHAAPTa UCIOJIb3YETCs
pactBop KCI. B crpaBouHO# nuTepaType MOXXHO HAWTH BEIMYUHBI YICIbHBIX
AJIIEKTPOIPOBOIHOCTEN JIJIs1 PACTBOPOB C Pa3HOU MOJIAPHOW KOHIIEHTpaluen (mMo-
JSTBHOCTBIO, MAacCOBOM J0JIel) XJIopuaa Kallusl Mpu pa3Hoil Temmeparype. B
Tab1. 2.2 B KaueCcTBE MpUMepa MPUBEICHBI 3HAYEHUS YIEIbHBIX 3JIEKTPOIPOBO/I-
HOCTEH BOJHBIX PACTBOPOB XJIOpHUIA Kallus cortacHo ['ocymapcTBeHHOM hapma-
koree PecriyOonuku benapych.

Tabnuya 2.2
3Ha4veHus yaeabHbIX dJeKkTponpoBoaHocTeil pacteopos KCl (20 °C)
Conepxanne KCl, K, MKCM-cm™!
/1000 r pactBOpa
0,7455 1330
0,0746 133,0
0,0149 26,6

Otnomenne [/ S = k Ha3pIBaeTCA nOCMOsAHHOU (KoHcmanumotl) sauetiku. [pn
WCIIOJIb30BAHUU JTAHHOW BENMYMHBI (popMmylia s pacuéra yIeIabHOU JJIEKTPO-
MIPOBOTHOCTH MPUOOPETAET CICTYIONIUI BU/I:

k Ry

K, =—=K
KCl1
Y R R

X X

(2.8)

2.3. IlIpakTu4eckoe NnpuMeHeHH e
2.3.1. IIpssMasi KOHAYKTOMETPHUSA

Merton npsiMol KOHAYKTOMETPUU OCHOBAH Ha CYILECTBOBAHUH (B 00J1acTU
pa30aBICHHBIX U YMEPEHHO KOHIICHTPUPOBAHHBIX PACTBOPOB) MPSMOIUHEHHON
3aBHCUMOCTH MEXAY YACTbHOU 3JIEKTPONPOBOJHOCTHIO U KOHIEHTpauuei. [1o-
CKOJIBKY RJIEKTPOIIPOBOIHOCTh PACTBOPA SIBJISICTCS A IMTUBHON BETMYUHOMN, TIPSI-
Masi KOHIYKTOMETpusi 00JanaeT Mayoil M30MpaTeIbHOCTHIO W HCHOJIB3YETCs
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JMIIb B T€X CIIy4asiX, KOTrJa JIOCTATOYHO 3HATh OOIIYI0 KOHIEHTPALMIO HOHOB B
pacTBoOpe, HapUMeEDP, IPU KOHTPOJIE KaYECTBA BOBI, ONPEAEIEHUA CYMMapHOTO
CoJiepKaHUs COJIEH B IPUPOJHBIX BOAAX.

Bo MHoOrux ¢gapmaxonesx KOHAYKTOMETpHUS IPUMEHSETCS AJIs
KOHTPOJISL COAEpKaHUs cojiel B oOpa3nax BOJbl, KOTOPasi UCIOIb3Y-
eTcsl JUIsl U3TOTOBJICHUS JIEKapCTBEHHBIX cpeacTB. B Tabm. 2.3 npuse-
JICHbl MAaKCHUMAJIbHbIE BEJIMYMHBI YIEIBHOM 3JIEKTPOIPOBOJHOCTH,
JOIYCTUMBIE JIJIS1 BOJIBI OUMIIEHHOU (TaKOM pacTBOPUTEID UCIIONIb3Y-
eTcs JUIs MIPUTOTOBJICHUSI HECTEPUIIbHBIX JIEKAPCTBEHHBIX CPEICTB) U BOJBI JUIS
MHBEKLNN PU pa3InuHbIX TeMneparypax. /st cpaBHeHUs B JaHHOU TabauLe mo-
Ka3aHbl BEJINYMHBI YIEIbHON 3EKTPOINPOBOJTHOCTH A0COIIOTHO YHCTON BOABI.

Tabnruya 2.3
JonycTuMble BeJIMYMHBbI YAeJIbHOM 3JIEKTPONPOBOAHOCTH BOAbI
Temneparypa, VaenbHas 3IeKTPOHPOBOAHOCTE, MKCM-cM™!
°C BO/IA BOJIA a0COTIOTHO
OUHIICHHAS JUIsl UHBEKUIUN qrcTas BoAa
0 2,4 0,6 0,01161
10 3,6 0,9 0,02315
20 4,3 1,1 0,04205
25 5,1 1,3 0,05508
30 5.4 1,4 0,07096
40 6,5 1,7 0,1127
50 7,1 1,9 0,1702
60 8,1 2,2 0,2457
70 9,1 2,5 0,3416
80 9,7 2,7 0,4593
90 9,7 2,7 0,5977
100 10,2 3,1 0,7569

Hwxe paccmoTpeH npuMep pacuéra cojiepKaHus CoJieil B BOJIE ¢ UCIIOJIb-
30BaHUEM JIaHHBIX, IPUBEJICHHBIX B Ta0. 2.3.

IIpumep 2.1. PaccuuraiiTe MakCHUMalabHO AOMYCTUMYIO KOHIICHTPALIHIO
conu (B pacu€re Ha XJIOpUJ HATpHs, MI/J) B 00pasiie BOJbI OUUIIEHHOH pu 20
°C
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MakcumanbHO JOMyCTUMas BEJIMYMHA YJIETBHON SJIEKTPONPOBOIHOCTH
BOJIbI ounieHHo npu 20 °C cocrasnser 4,3- 10 Cm-cm™!. DTa BenmnumHa OuTH
B 100 pa3 nmpeBsbIlIaeT 3IeKTPONPOBOAHOCTD a0COMIOTHO YMUCTON BOJIBI MIPH JaH-
HOM Temmeparype, MO3TOMY BEJIWYUHY K PACTBOPUTENSI MOKHO HE YUUTHIBATh.
[TockonbKy KOHIIEHTpAlUsS HOHOB B pACTBOPE Majia, TO SKBUBAJIICHTHBIE DJIEKTPO-
MIPOBOTHOCTH MOHOB MOKHO MPUHATH PABHBIMU UX TIPEIETbHBIM SYKBUBAJICHTHBIM
AIIEKTPOITPOBOTHOCTSIM.

CornacHo gopmyiie (2.5) u Tabm. 2.3 npenenbHas dKBUBAJICHTHASI AJIEKTPO-
npoBogHocTh NaCl paBHa:

20 =501+76,3=126,4 Cm-cm?-momp .
B cootBetcTBUM ¢ (2.3) koHneHTparus NaCl B pacTBope paBHa:

C_K-103 _43-107°-10°
A 126,4

=3,4- 107 monb/n (wmm 2,0 mr/m).

[IpssmMasi KOHAYKTOMETPUS NPUMEHSETCS TAKXKE ISl ONPENEIEHUs COMEp-
YKaHUS COJIel B OMOJIOrMYECKUX )KUIKOCTSIX (ChIBOPOTKA KPOBH, JKEITUb, )KEITyA0U-
HBII COK, CIIIOHA), a TAKXKE IIPHU aHAJIU3€ COKOB, BUH, HAMUTKOB U Ap. KoHaykro-
METPHUYECKUI JETEKTOP Uctoib3yeTca B BOXKX.

[IpsiMyt0 KOHTYKTOMETPHUIO UCTIOIB3YIOT JJIsl ONpeaeNieHUs] PU3UKO-XUMHU-
YECKUX XapaKTEPUCTUK BEUIECTBA (KOHCTAHTHI KUCIOTHOCTH, IPOU3BEICHHUS pac-
TBOPUMOCTH U Ap.). Pacuér npousBeneHnsi pacCTBOPUMOCTBI0, OCHOBAaHHOI'O Ha
pe3yapTaTax KOHIYKTOMETPUYECKUX U3MEPEHUH, TOKa3aH B IpumMepe 2.2.

Ipumep 2.2. YaenbHasi 3J€KTPONPOBOAHOCTb HACHIIMIEHHOTO PacTBOpa
xjopua cepedpa mpu 20 °C okazanack paBuoi 2,9-10° Cm-cml. V nenbnas smex-
TPOIPOBOJHOCTh UCIIOJIB3YEMOT0 B KAUECTBE PACTBOPUTENS oOpa3La BOAbI MPU
sToi ke Temneparype — 1,0:10° Cm-cm™!. PaccunraiiTe 1o 5TMM JaHHBIM BEJIU-
yuHy npoussenenus pactsopumoctu AgCl npu 20 °C.

Bnauarne, kak u B npumepe 2.1, HEOOX0JUMO paccUUTaTh MOJIIPHYIO KOH-
nentpamuio AgCl B ero HackimeHHOM pacTBope. [10CKONIbKY BEIMYUHBI YIETb-
HBIX AJIEKTPOIPOBOIHOCTEN PaCTBOPA U PACTBOPUTEIISI COU3MEPUMBI ITPU paCUETEe
HEO0OXOMMO YUYUTHIBATH IEKTPOIPOBOTHOCTD BOJIBI.

2’ (AgCl) = 61,9 + 76,3 = 138,2 Cm-cm>Moib.

(2,9-10°°-1,0-10%)-10°
138,2

c(AgCl) = =1,3-10"° mous/m.
K (AgCl) =[Ag"][CI1=(1,3-10)* =1,7-107"°.
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2.3.2. KonaykroMeTpuyeckoe THTPOBaHUe

Konoykxmomempuueckum mumposanuem Ha3bIBalOT METOJ aHAJIN3a, OCHO-
BaHHBIM Ha M3MEPEHUU U3MEHEHHUS yJI€IbHON 3JIEKTPOIIPOBOJHOCTH PacTBOpa B
3aBHCHMOCTH OT KOJIMYECTBA J00aBICHHOTO TUTpaHTa. Yallie Bcero B KOHIYKTO-
METPUYECKOM TUTPOBAHUM HCIIOJIB3YIOTCS MPOTOJUTUYECKHE PEAKLUHU, PEXKE
BCEr0 — OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIE. DIEKTPOIPOBOJHOCTD UCXOIHOTO
pacTBOpa IOJKHA 3aMETHO OTJIMYATHCS OT 3JIEKTPOIPOBOJHOCTH PEareHTa Wi
IpoayKTa peakiuu. KoHCTaHTy s4eldKH TPU KOHTYKTOMETPHYECKOM TUTPOBAHUH
3HATh HE 00513aTENBHO, TOCKOJIbKY OIPEIEIISIOT HE A0COIIOTHOE 3HAUECHUE Y EIIb-
HOM 3JIEKTPONIPOBOJHOCTH, a €€ U3MEHEHUE B MPOLECCe TUTPOBaHU. | naBHOE,
YTOOBI B IPOLECCE TUTPOBAHMS KOHCTAHTA SIYEUKH OCTaBAJIaCh MMOCTOSTHHOM.

B xauectBe mprumepa Ha puc. 2.5 nokazaHa KpuBas TUTPOBAHMS PacTBOPa
HCI1 pactBopom NaOH.

KpHUBasi TATPOBAHUS

0 0,5 1 1,5 f

Puc. 2.5. Kpusas turpoBanust HCI pacrBopom NaOH ¢ ykazanuem
BKJIQJIOB OT/ICJIBHBIX HOHOB (0€3 yuéTa pa30aBiieHUs pacTBOPA)

Brauane BenuuuHa yJIEIbHOM 3JIEKTPONPOBOJHOCTH PacTBOpPa YMEHbIIA-
€TCs1 BCJICAICTBUE TOTO, UTO HOHBI H30™ 3aMEHSIOTCSI MEHEE MO IBUKHBIMUA HOHAMH
Na'. TTocne TOYKM SKBUBAJICHTHOCTH B PACTBOPE MOSIBIISICTCS U30BITOK MOJIBUXK-
HbIX OH™ HOHOB, YTO BHOBb NPUBOJAMT K 3HAYUTEILHOMY YBEJIMUYEHUIO 3JIEKTPO-
npoBOJHOCTH. KOHEUHON TOUKE TUTPOBAHMS COOTBETCTBYET TOUKA NIEPECEUCHHUS
HUCXOJAIIEN U BOCXOIAIIEH BETBEU KPUBOU TUTPOBAHUS.
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Konaykromerpuueckoe TUTPOBAHHE MOKET OBbITh HCIIOJIB30BAHO B TEX
ClIy4asix, KOIrja TPyAHO MPOBECTH BU3yaJdbHOE OOHApPYKEHHE KOHEYHOU TOUYKH
TUTPOBAHUS, HAIIPUMED, IIPHU aHAIM3E MYTHBIX M OKpAIIEHHbIX pacTBOpPoB. Oco-
O0eHHO S()(PEKTUBHO KHUCIOTHO-OCHOBHOE KOHIYKTOMETPHUYECKOE THTPOBAHHE
JUIsl aHallu3a CUJIbHO pa30aBlIEHHBIX PAacCTBOPOB KHCIOT U OCHOBaHUM, cMeceil
CUJIBHBIX M CITa0bIX KUCJIOT, CUJIBHBIX M clla0bIx ocHOBaHui. Ha puc. 2.6 npen-
CTaBJI€HA KpUBas TUTPOBAHUS CMECU CUIIBHOW U c1a00N KUCIIOT.

KTT, KTT, \%
Puc. 2.6. Kpuas TuTpoBaHuUs CMECH KUCIIOT

[Ipu TUTpOBaHUU CMECH CUIILHOM U CNTa00M KUCIOT HAa KPUBOM TUTPOBAHUS
MMEETCS IB€ KOHEUHbIE TOYKH TUTpoBaHUs. CHadalla TUTPYETCsS CUJIbHASI KHC-
J0Ta. DIEKTPONPOBOIHOCTh PACTBOPA MPHU 3TOM yMEHbIIAETCs. MUHUMAJIbHYIO
AIEKTPONPOBOJHOCTE UMEET PACTBOP, COAEPKAIIUN COJIb CUIBHOW KUCIIOTHI U
cnabyro KUCIOoTy. 3aTeM TUTpyeTcs ciabas kuciota. [locie BTopoit KoHEUHOM
TOYKHU TUTPOBAHUS IICKTPOIIPOBOJHOCTH PE3KO BO3PACTAELT.

KoHgykTomeTprueckoe TUTPOBAHUE TIPUMEHSETCS IS ompeencHus de-
HOJIOB, OPTaHUYECKHUX KUCJIOT (CaTUIIUIOBOM, 111aBEJIEBOM, BUHHOM, MUHIAJIBHOM
U 1p.), ankanouaoB. [Ipu ucnonap30BaHUM B KAYECTBE TUTPAHTA MUKPOJIOHOBOM
KMCJIOThl BO3MOXHO KOHJIYKTOMETPUYECKOE TUTPOBAHWE CTPUXHUHA, KOKaWHAa,
Mop(uHa, aTPONUHA.

KongykromeTpuueckoe TUTPOBAaHUE C UCTIOJIB30BAHUEM PEAKIIMN OCAXKIE-
HUSI IPOBOJIMTCS PEXKE, TAK KaK PE3YJIbTAThI ONPEICIICHUS 3aBUCST OT MOABHKHO-
CTH MOHOB TUTPAHTA U OCAXKJAEMbIX HOHOB, PACTBOPHUMOCTH U TIOCTOSIHCTBA CO-
cTaBa ocajaka. B ciabomienouHoi cpene B MPUCYTCTBUM 3TaHONA MPOBOAUTCS
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KOHYKTOMETPUUYECKHA aHaN3 cMecH (PTOpHUI-, XJIOPUI- U MOAUI-HOHOB. THT-
poBaHue GTOPHUI-MOHOB IMPOBOJIST AIETATOM KaJIBIHSA, & XJIOPHI- U HOTU-HOHBI
nuddepeHIIUPOBaHHO TUTPYIOTCS pacTBOpoM HuTpata pTyTH (I).

B xayecTBe TUTpaHTa NpU KOHIYKTOMETPUYECKOM TUTPOBAHUM HA OCHOBE
peakuuii kommiekcooopazoBanus vaiie npumensitor IJ(TA. B xone TuTpoBanus
YBEJIMYMBACTCS KOHIIEHTPAIMS MOHOB BOJOPOA, YTO MPUBOIUT K YBEIHMUCHUIO
AJIEKTPOIIPOBOIHOCTH PACTBOPOB J0 TOUYKH HKBHUBAJICHTHOCTU. 3aTE€M DIIEKTPO-
IIPOBOTHOCTH YMEHBIIIAETCS BCJICICTBUE B3aUMOICHCTBUS BBIJICITUBIIINXCS HOHOB
BoJiopoja ¢ annoHamu D[ TA.

[Tpu pacuerax pe3yIbTaTOB KOHIYKTOMETPHYECKOTO TUTPOBAHUS HEOOXO-
JTUMO BBOJIUTH TIOTIPABKy Ha pa30aBieHUE, TaK KaK JICKTPOIPOBOIHOCTH pac-
TBOpA JIMHEWHO 3aBUCUT OT CTETICHH pa3daBieHus. [lorpentHocTh KOHIYKTOMET-
PUYECKOTO OTMpEEICHUS 3HAYUTEIBHO CHIIKASTCS, €CIM KOHIICHTPAIUS THT-
paHTa IPEBBIIIAET KOHIIEHTPAIMIO TUTPYEMOTO BEIIECTBA B JIECATH U OoJiee pas.

K oCHOBHOMY M HEMpPEOI0IMMOMY HEIOCTATKy KOHIYKTOMETPHUU OTHO-
CHUTCS TO, YTO IEKTPOIPOBOIHOCTD SIBIISIETCS HECEIEKTUBHON XapaKTEPUCTUKOM
U 3aBUCUT OT BCEX MPUCYTCTBYIOLIUX MOHOB B pacTBope. [103TOMy 3HAYMMOCTD
ATOT0 METOJIa CHMUYKAETCS.

2.3.3. BbIcOKOYACTOTHASE KOHAYKTOMETPHUSA

B ewvicokouacmommnou xonoyxmomempuu (ocyuniomempuu), TPUMEHsIE-
MOl OOBIYHO B BUJE 8bICOKOUACMOMHO20 MUMPOBAHUSL, UCTIONb3YETCS IIEKTPH-
YECKHUU TOK BBICOKOM YacCTOTHI (Merarepiibl). DIEeKTPObl B AUelKax ISl BBICOKO-
YaCTOTHOI'O TUTPOBAHUS HE COMPUKACAIOTCA C aHAJIU3UPYEMBbIM pacTBopoMm. Cy-
LIECTBYET JIBa TUIIA TAKUX SYEEK: EMKOCTHAsA U MHAYKTUBHAA. [Ipu ucnons3osa-
HUU eMKOCMHbIX Auyeek (MPUMEHSIOT 4alle) SAYEHKYy C pacTBOPOM IOMEIAIOT
MEXAY IBYMsI METAJUIMUECKUMU 0OKIaIKaMu KOHIeHcaTopa. 3mMepsroT u3meHe-
HUE YacCTOThl FeHepaTopa B Ipolecce TUTPOBaHUA. MHOyKmusHas siuetika nome-
IIAETCSA BHYTPb 3JIEKTPOMArHUTHON KaTymku. [Ipu THTpOBaHUYM TPOUCXOIUT U3~
MEHEHHUE BEJIMYMHBI UHAYKTUBHOCTH. EMKOCTHBIE STYEMKHU MCIOJIB3YIOT MpU pa-
00Te ¢ pacTBOpaMH, UMEIOUTUMHI OTHOCUTENBHO HU3KYIO 3JIEKTPOIPOBOIHOCTD, a
VHIYKTUBHBIE SYENKU — 111 U3MEPEHUI B paCTBOPAX C BBICOKOU JIEKTPOIIPOBO-
HOCTBIO.

BpICOKOYAaCTOTHOE TUTPOBAHKE MTPOBOAAT B BOAHBIX M HEBOJAHBIX PACTBO-
pax (JleasHast ykCycHasi KUCIIOTa, JUMEeTHI(HOpMaMu], CMECH alleTOH-BOJIa, JIU-
OKCaH-BOJA U Jp.). B neasHoil yKCyCHOM KHUCI0TE MOYKHO ONPEIEIATh XJIOPHYIO
KHCJIOTY B TPUCYTCTBUM a30THOM KHCIIOTBI, @ TAKKE AJIKAIIOUbI, aHTUOMOTHUKH U
JIpYTHE JIEKapCTBEHHBIE BEILIECTBA.
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K mpeumyrmiectBamM BBICOKOYACTOTHOM KOHAYKTOMETPUU OTHOCHUTCSI BO3-
MO>KHOCTh aHAJIM3a PACTBOPOB KAaK C OUYEHb MAJIOH, TaK U C OYCHb OOJIBIION JJICK-
TPOMPOBOAHOCTHIO. DICKTPOABI HAXOASITCS BHE PACTBOPA, IOATOMY HE IIPOUCXO-
JUT UX MOJIApU3aluu. MeTo MoKeT OBITh MCIIOJIB30BaH ISl aHAIN3a arpecCuB-
HBIX CpeJl, a TAK)KE PacTBOPOB, HAXOSIINXCS B 3aMKHYTBIX COCy1ax (HampuMep,
B TpyOompoBojax). OCHOBHOW HEIOCTATOK BBICOKOYACTOTHOTO THUTPOBAHUS IO
CPaBHEHUIO C OOBIYHON KOHJIYKTOMETpHE — 0oJiee BBICOKasi CTOUMOCTh 000py-
JIOBaHUS.
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IHOTEHIHHUOMETPUA

3.1. TeopeTuyeckue OCHOBBI M KJIaccupuKamus

Tlomenyuomempuueckumuy Ha3BIBAIOT METOJBI aHAJIM3a, OCHOBAaHHBIC HA
WU3MEPCHHUH 3aBUCUMOCTH PaBHOBECHOTO AJICKTPOIHOTO IMOTEHITHAIA OT aKTUBHO-
CTH OIpeACIIIEeMOro HoHa. [IpH MOTEHIIMOMETPHUECKUX U3MEPECHHSIX JICKTPOXH-
MUYECKas CUCTEMa HAaXOJHMTCS B COCTOSHUM PAaBHOBECHS, TaK KaK CYyMMapHBIH
TOK, MPOTEKAIOMINN MEXTy MICKTPOXUMUICCKON CHUCTEMON 1 BHEIIIHEH U3MEpH-
TEJILHOM IETbI0, pPaBEH HYJIIO MIIH 01M30K K HeMy. [IpoBenenue nzmepenuit 3/[C
AICKTPOXMUMHUYCCKHX IIETICH HE OKa3bIBAST BIMSHUS Ha PABHOBECHSI.

[ToTenmmomeTprUyecKre METOIbI aHATM3a BOZHUKIIN Ha pyoeke XIX n XX
BeKoB. IlepBoe moreHunomerpuueckoe TurpoBanue Hurpata prytu (II) xmopu-
oM Kaymst Osu10 poBezieHo B 1893 1. HemenkuMm xumukoM PoGeptom bepenmom
(Behrend) (1856—1926). B 1920 r. 1.M. KoasTrod npeaioxut TEpMUH «ITOTCH-
HUOMETPUYECKOE TUTPOBAaHUEY, a B 1923 r. HeMenkuil yu€Hslii DpHCT Mromiep
(Miiller) (1843—1928) ony6iurkoBai MOHOTpaduio, MOCBAMIEHHYIO TOMY METOIY
aHaau3a.

B noTteHimomMeTprun UCNoib3yeTcs ANEKTPOXUMUYECKas ssueika, paboTaro-
1asi B PeKUME rajJbBaHUUYECKOro dJIEMEHTa. B cocTaB SYEHKH BXOAUT WHIMKA-
TOPHBIN JIEKTPOJL, IOTEHIIMAT KOTOPOr'O 3aBUCUT OT aKTUBHOCTH OIIPEEIISIEMOTO
MOHA WM OT aKTUBHOCTH XOTs ObI OIHOTO U3 KOMIIOHEHTOB ITPOTEKAIOIIEH XUMU-
YEeCKOM peaklMy, U 3JIEKTPO] CPaBHEHUs (Yalle BCEro XJIOpHUaAcepeOpsHblii), Be-
JMYMHA IOTEHIMAIa KOTOPOr'o MOCTOSTHHA U HE 3aBUCHUT OT IIPOTEKAHUSA XUMUYE-
CKOW peakLMM B aHAJIU3UPYEMOM pacTBOpe. BennunHa noTeHuumana MHAuKaTop-
HOTO DJIEKTPOJA CBS3aHA C AKTUBHOCTBIO OIPEIEIAEMOr0 MOHA YPaBHEHUEM
Hepucra, koTopoe ams ciayyasi, Korjaa KodhGUIMeHTh B ypaBHEHUH AIEKTPOTHON
peaxIuu nepes OKUCICHHOW U BOCCTAHOBJICHHON (hopMaMu paBHBI 1, UMeeT BUJ
(mnst ynoOcTBa B ypaBHEHUH UCTIONb30BaH JECITUYHbIN, a HE HATYpaJIbHBIN JIOTa-

pudm):
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2303RT | aoy 3.1

0
EI/IH,H = EI/IH,H +
nF ARred

1€ Eung — BEITMUYMHA PEATBHOTO MOTEHIHMAA UHIUKATOPHOIO AJIEKTPO/Ia; Elin—
BEJIMYMHA CTAaHAAPTHOrO MOTEHIIMAla MHANKATOPHOTO 3JIEKTpoaa; R — yHUBEp-
calibHasl Ta30Basi MOCTOSIHHAS, 7 — YUCJIO DJIEKTPOHOB, YYACTBYIOIIMNX B MOJype-
akuuu; I’ — ynucno Papanes; aox U dred — AKTUBHOCTU OKHUCJIEHHON U BOCCTAHOB-
JIEHHOH ()OPM COOTBETCTBEHHO.

I/1C canveanuueckoeo snemeHma — 3TO CyMMa Pa3HOCTU MEXy OTEHIIH-
aJlaMu MHIUKATOPHOI'O JJIEKTPOJa M DJIEKTpoJa CpaBHECHHS W TU(PHy3MOHHBIM
MMOTEHIIHNAJIOM:

E=(Eyy~Eep) + Enugys (3.2)

HH/]T

raie E — DJIC raibBaHMYECKOTO 2JIEMEHTA, Fuuwy — MOTEHIIMAT UHIUKATOPHOIO
NEKTPOJA, Ecp— MOTEHIIMAN AJIEKTPOJa CpaBHEHUS, Eyup — 1 dy3nOHHBIN 110-
TEHIIMAJI, WY MOTEHIHAIT )KUJIKOCTHOTO COCTMHEHUS.

Jughghy3uonnviii nomenyuan BO3HHKAET B PE3yJIbTaTe HEPABHOMEPHOTO
pacripeielieHuss KaTHOHOB M aHMOHOB BJI0JIb TPaHULIBI pa3jieia pacTBOPOB JIBYX
Pa3HBIX AJIEKTPOJIMTOB WJIM PACTBOPOB Pa3HOU KOHIICHTPAIMU OJHOTO DJIEKTPO-
auta. Cxopocth nuddy3un HOHOB uepe3 MOBEPXHOCTh pasjielia 3aBUCHUT OT ITIO-
JBIKHOCTH MOHOB U TpajiieHTa KoHleHTpanuu. Ha Benuuuny nuddy3noHHOro
MOTEHIIMAJIa BIUAIOT 3apsij U MOJBUKHOCTh MOHOB, KOHIIEHTPAIMsl BEIIECTBA B
pacTtBope, mpupozaa pactBopurens u ap. C uenbio ycrpaneHus AU y3uoHHOTO
NOTEHIIMaJIa MPUMEHSIOT PACTBOP AJIEKTPOIUTA (COJIEeBOM MOCTHK). B kauecTBe
ANEKTPOJINTA UCTIOJIB3YIOT HackleHHbIe pacTBOpbl KCI, KNO;, NH4NOs.

Ecnu moacraButh Beipaxkenue (3.1) B (3.2) u MOCTOSHHBIE IJIsi TaHHOTO

0
HH] °

cranty (K), To Beipaxkerue miga DJIC raapBaHMYECKOr0 JIeMEeHTa OyJeT UMETh
TaKOW BUJI:

raJibBAHUYECKOT0 AsieMeHTa BenuuuHbl ( E . ., Ecp, Exup) OOBEAMHUTH B OJJHY KOH-

L 2303RT | ao, 33)

E=K )
nkF ARed

Benuuuny K onpenenstor ¢ mOMOIIbIO CTAaHAAPTHBIX PACTBOPOB, aKTUBHO-
CTH OTIPEJIETSAEMbIX BEUIECTB B KOTOPBIX U3BECTHBI. ECu n3MepeHus mpoBOAATCS
IIPU MOCTOSIHHOW MOHHOMW CHJIE, TO aKTUBHOCTHU B BbIpakeHuH (11.3) MoxxHO 3a-
MEHHUTbh KOHLECHTPALUSIMU:

L2303RT o, (3.4)

E=K )
nF CRed
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Paznmuuarot aBa Buaa MOTECHIIMOMETPUUYECKUX U3MEPEHUMN: TIPSIMbIC M KOC-
BeHHbIE. B ciyuae npsamou nomenyuomempuu (<AOHOMETPUNY ) U3MEPSIIOT BEIH-
yuHy OJIC u 1o Hel HaXoJsIT aKTUBHOCThH (KOHILIEHTPAIMIO) OIMpPEIENsieMOro
MOHA. DIEKTPOAHAS PEaKItsl, UCIIOJIb3yeMasl B PSIMOM MOTEHIIMOMETPUH, 00s13a-
TeJLHO J0JKHA ObITh 0OpaTtumoit. B ciiyuae koceenroti nomenyuomempuu («1o-
TEHIIMOMETPUYECKOTO TUTPOBAHUS») U3MepAtoT Bennunny IJC, koTopas uzme-
HSIETCS B X0JI€ XUMHUECKOU PEAKIIUU MEXKTy ONpEeIeTieMbIM BEIIEeCTBOM U TUT-
panToM. B maHHOM MeTOJie JKenaTeabHO, YTOOBI XOTSI ObI OJIHA U3 TOTypeaKIuit
ObL1a 0OPATUMON.

3.2. U3mMepeHMre aHAJIUTHYECKOT0 CUTHAJIA

N3mepenne 3/1C ranpBaHUYECKOr0 AIEMEHTA IPOBOJAT B YCIOBHSX, KOTO-
pbie OJIM3KH K TEPMOJAMHAMUYECKUM: CUJIa TOKA, IPOTEKAIOIIETO yepe3 SUehKy,
noJkHA ObITh paBHa (; BpeMs, B T€UEHHE KOTOPOro MPOBOAMUTCS H3MEpPEHUE,
JIOJIKHO OBITH TOCTATOYHBIM JJIs TOCTH X eHUs paBHOBecus. [Ipu uzmepenuu 9/1C
B TAKUX YCJOBHUSAX MOYKHO CUMTATh, YTO BEJIMYMHA COOTHOIICHUS aKTUBHOCTEU
OKHCJICHHOM M BOCCTaHOBJICHHOW (JOpM BeIeCTBa y MOBEPXHOCTH JJIEKTPOAA
paBHa BEJIMYMHE 3TOT0 COOTHOLIEHHUS B PaCTBOPE.

N3BectHO nBa MeTo1a u3Mepenust DJ1C raapBaHMYECKOro JIEMEHTA: KOM-
MEHCAIIMOHHBIN U HeKOMIeHCallMOHHBINA. [Ipu komnencayuonnom memooe IJC
HCCIIEIyEMOTO 3JIEMEHTA KOMIIEHCUPYETCSI BHEIIHUM UCTOYHUKOM HaIPSIKEHHUS,
B JJICKTPOXUMHUYECKOW CUCTEME HE MPOUCXOIAT XUMUYECKAE U KOHIIEHTPALIMOH-
HBIC U3BMEHEHUS 32 CUET eKTpoaunsa. B atom merone nma msmepenus I/1C uc-
noJsib3yercst nomenyuomemp llocenoopgha. Ha puc. 3.1 npencrasiena cxema mo-
TEHIIMOMETPUUECKON YCTAaHOBKU, COCTOSIIIEH W3 JBYX KOHTYpPOB (BEpPXHEro M
HUKHETO0). BepxHuil KOHTYp BKIIFOUAET UCTOYHUK MOCTOSTHHOTO HAIIPSIKEHUS, JTH-
HEWHOE COMPOTUBJIEHUE AB, mepeMeHHoe conpoTuBicHue R. B HUKHUI KOHTYP
BXOJSAT JIMHEMHOE CONPOTHUBIIEHUE AB, NMOABWKHBIA KOHTaKT C, kimrou K aiid
BKJIFOUEHHS cTaHaapTHOTO (Ec¢r) mimm uccneayemoro (Ex) siaemeHTa B IEMb |
Kitoua Ko 11 KpaTKOBPEMEHHOTO 3aMbIKaHUs 11enu. B Havane paboThl JBOHBIM
JBYXITOJIFOCHBIM KJTF0UOM K| BBOJSAT CTAaHAAPTHBIN AJIEMEHT B LIETb U C TOMOUIBIO
MOABUYKHOTO KOHTakTa C 1 COMPOTUBIICHUS R yCTaHABIUBAIOT HYJIEBOE 3HAUYCHUE
TOKA. 3aTeM BBOJIAT B IIEIb UCCIIEYEMbIN 3JIEMEHT U IIPU KPATKOBPEMEHHOM 3a-
MBIKaHUU KiIto4ya K> mepeMenaroT MOABUKHBIA KOHTAKT 0 HYJIEBOTO 3HAYEHUS
TOKa B HIDKHEM KOHTYpe. [1o 1mikasne TuHeHOro COMPOTUBIICHUS, KATMOPOBaHHOM
B BOJIbTAX, 3aMIUCHIBAIOT BEIUYUHY F.
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Puc. 3.1. [Torenmometp Ilorenaopda

+"E.
xh’

B ciyuae nexomnencayuonnozo memooa nns namepenus IJC ucnonb3y-
€TCsl DJIEKTPOHHBIM BOJLTMETP C OYEHb OOJIBIIUM BXOJHBIM CONPOTHBICHUEM
(10" Om), Tak Kak BHYTPEHHEE CONPOTHBJIEHHE TalbBAHUYECKUX DIEMEHTOB
OYEHb BEJIUKO.

[TpuGopHI, MO3BOJIAIONINE ONPEACISITH BETUYHHY pX (OTPUIIATEIHHOTO JIO-
rapudma akTUBHOCTH MOHA X B PacTBOPE), B KOMIUIEKTE C COOTBETCTBYIOIIUMHU
MOHOCEJIEKTUBHBIMU 3JICKTPOAAMH, HA3bIBAIOTCS uoHomepamu. Eciu mpubop
npeAHa3HaueH Il U3BMEPEHUSI aKTUBHOCTU TOJIbKO KaTMOHOB BOJIOPOJIa, TO €r0
Ha3bIBAKOT pH-mempom.

3.3. UHAuKaTOPHBIE 3JIEKTPOAbI

B kayecTBe MHIMKATOPHBIX B MOTEHIMOMETPUH HCIOJIB3YIOT METaInye-
CKH€ U MOHOCEJIEKTHBHBIE JJIEKTPOAbl. MeTalTu4ecKue AIeKTPOIbI 00Ia1atoT
AJIEKTPOHHOMN ITPOBOAMMOCTBIO, MOHOCEJIEKTUBHBIE — HOHHOM.

3.3.1. Metajuinyeckue 3JIeKTPOIbI

MerTaumdecKie 3IeKTPOALI MOTYT ObITh MHEPTHBIMU M aKTHBHBIMU. J{71s
M3TOTOBJICHUS UHEPMHbIX METAJUIMIECKHUX DIICKTPOJOB MCIIOIb3yIOT XUMUYECKH
CTOMKHE MeTaJUIbl (TUIaTHHA, 30JI0TO, UpUAUN U 1ap.). [IpuMepoM Takoro 3Jek-
Tpojia ABJAETCS IUIATUHOBAS IUIACTHHA, IIOMENIEHHAS B PACTBOP, COAEpPIKaLIMIA
nonsl Fe** u Fe?* (06o3nauenue snekrpona — Fe*”, Fe?!| Pt). [ToTeHumans HHEPT-
HBIX DJIEKTPOIOB («PETOKC-DIIEKTPOIBI») 3aBUCAT OT COOTHOIICHUS aKTUBHOCTEH
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BOCCTAHOBJICHHOUW U OKUCIICHHOU (POpM, MEXKy KOTOPBIMU IIPOUCXOIUT IEPEHOC
AJIEKTPOHOB.

HNHuTtepBan uzMepsieMbIX AIEKTPOAHBIX MOTEHIIMATIOB 3aBUCUT OT MaTepH-
aja, U3 KOTOPOTO U3TOTOBJICH JIEKTPO/I: JIJIs TFIATUHOBBIX AJIEKTpoaoB — oT —0,1
1o +0,9 B, mis 3010Th1X — 0T —1,0 10 +0,3 B. CocTosiHME TOBEPXHOCTH METAIIIU-
YECKUX AJIEKTPOJIOB CO BPEMEHEM U3MEHSIETCS U MOATOMY MpU pabOTe C TAKUMHU
AJIEKTPOAAMHU PE3yJIbTAThI IJI0OX0 BOCTIPOU3BOATCS. [IpH MCTIOIB30BaHUH aMalTh-
raMbl MeTajuia (aMajlbraMHBIC JJIEKTPOJbI) BOCIPOU3BOJAUMOCTH HECKOJBKO
yiydiiaercs. B o0CHOBHOM MeTalIMuecKre 3JICKTPOIbl MPUMEHSIOTCS IPH TTOTCH-
UOMETPUYECKOM TUTPOBAHUH, OCHOBAHHOM Ha OKUCIUTEIbHO-BOCCTAHOBUTEb-
HBIX PEAKITUSX.

Axmuensie 21eKkmpoosbl U3TOTOBIICHBI U3 MeTaja, 00pa3yoIIero BoccTa-
HOBJICHHYIO (DOPMY OKHMCIUTEIHHO-BOCCTAHOBUTENIbHOM Naphl. Ha moBepxHoCcTH
TaKuX 3JEKTPOJOB YCTAaHABIMBAETCS MOTEHIINAN, BEIMYMHA KOTOPOTO 3aBUCUT OT
AKTUBHOCTH COOTBETCTBYIOIIETO MOHA. AKTUBHBIE METALUIMYECKUE DJICKTPOIBI
UCIIOIB3YIOT MPU aHAJIN3€ PaCTBOPOB, B KOTOPHIX OHU HE YYACTBYIOT B XUMHUYE-
CKHMX PEaKIUAX C PAaCTBOPUTEIISIMU WU JIEKTPOIUTOM (hOHA.

Paznuyaror akTUBHBIC 21eKMpoObl nepeo2o pooa, OTEHINA KOTOPBIX 3a-
BUCHUT OT aKTHUBHOCTH KaTHOHOB MeTajlla, U aKTHUBHBIC 21eKMPOoObl 8MOPO2O
pooa, TOTCHITNAI KOTOPBIX 3aBUCHUT OT aKTUBHOCTH aHHOHA, 00pa3yromero ¢ Ka-
THOHOM MeTaJljla MajJopacTBOPUMOE COCIMHEHHUE JIMOO YCTONYMBBIN KOMILJIEKC.
[IpuMepoM 3J€KTpOJIa MEPBOTO POJAa MOMKET CIYXKUTh CEPEOPSIHBIN AIEKTPO
(Ag'|Ag), moTeHIMAT KOTOPOTO 3aBUCHUT OT aKTHBHOCTH KaTHOHOB cepedpa B pac-
TBOpE. DJIEKTPOJaMU BTOPOTO POJIa ABJISIIOTCS, HAIIPUMED, XJIOpUICepEeOPSHBIN 1
KaJIOMEJIbHBINA 3JIEKTPO/IbI, TOTCHITUATIBI KOTOPHIX 3aBUCAT OT aKTUBHOCTH XJIO-
PUI-UOHOB (CM. TJI. 1). DIEKTPOaABI BTOPOTO pojia MPUMEHSIOT B KAUECTBE DJICK-
TPOJIOB CPaBHEHHMS, TaK KaK OHHM 00JIaJ]al0T yCTOMYMBBIM BO BPEMEHH M BOCIIPO-
H3BOJAUMBIM MTOTEHIIMAIOM. VMI3BECTHBI Tak)Ke aKTUBHBIC 271€KMPOObl MPembeco
pooa, TTIOTSHIIHAIIBI KOTOPBIX KOCBEHHO CBSI3aHBI C aKTUBHOCTBIO OTIPEICIIIEMOTO
BemiecTBa. Hampumep, moreHmuan okcamatHoro osnekrpoxa (Ca*(Bogm),
CaCy04(tB), AgrCr04(TB)|Ag) 3aBUCUT OT aKTUBHOCTH MOHOB KajbllUsl B pac-
tBOpe. DaKTHUYECKHU JaHHBIH DJIEKTPOJ] pearupyeT Ha akTHBHOCTh HOHOB Ag’, KO-
TOpas CBsi3aHa C aKTUBHOCTBIO OKCAJaT-HOHOB, KOTOpas, B CBOIO OYepe/ib, 3aBU-
CHT OT aKTUBHOCTH HOHOB Ca’*,

3.3.2. MoHoOCe/IeKTUBHBIE 3JIEKTPObI
Honocenexmugnule snexkmpoowt (cornmacio IUPAC) — 310 ceHcopsl (4yB-

CTBUTEJIBHBIE JIEMEHTBI, JATUYMUKH ), TOTEHIIHAJIBI KOTOPBIX JIMHEWHO 3aBUCAT OT
Joraprdma akTUBHOCTH OIPEIEIsIEMOr0 HOHA B pacTBOpE.
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B cocraB GonbiinHCTBa HOHOCENEKTUBHBIX 3J1eKTpo10B (MCD) Bxoaut no-
JyNpoHULaeMasi MeMOpaHa, MpeACTaBIsomas co00l CUTONOAOOHYIO CTPYKTYPY
U3 MOAXOAIIero Marepuana. MemOpaHbsl ObIBaIOT TBEPABIMU U KUAKUMU. TBEp-
npie MeMOpaHbl B UCD MOryT ObITh MOHOKPUCTAJUIMYECKUMU WIIA TOJIMKPHCTAII-
mnueckuMu. [locaeanue noyvaroT MyTéM MpPeccOBaHUs MOPOIIKOOOPa3HbIX Be-
niectB. JKuakue MeMOpaHsbl MPEACTABISIOT COO0K pacTBOP HOHOOOMEHHHKA WIIH
MOHO(Opa B OPraHUYECKOM PACTBOPUTENE, KOTOPHIM YIEPKUBAECTCS MOPUCTOU
NEeperopoiKoi 100 BBEAEH B MHEPTHYIO NOJUMEpPHYIO MaTpuily. [Ipomexyrou-
HOE TOJIOKEHUE MEXKIY 3JIEKTPOAAMHU C TBEPABIMU U KUAKUMHU MEMOpaHaMH 3a-
HumaroT CO co crexiisHHON MemOpaHamu. Ha moBepXxHOCTH Takux mMeMmOpaH
00pa3yroTcs CIIOU relisd, B KOTOPBIX IPOUCXOASIT HOHOOOMEHHBIE MPOIIECCHI.

[Tpu paboTe HOHOCENEKTUBHBIX 3JIEKTPOIOB HE MPOTEKAIOT OKUCIUTEIBHO-
BOCCTAHOBUTEJIbHBIE PEAKLIMU. 3aBUCUMOCTh IOTEHIIMAIA TAKUX 3JIEKTPOJIOB OT
COCTaBa aHAJIM3UPYEMOI'0 pacTBOpa O0YCIOBIIEHA PAaBHOBECHUSIMU HOHHOIO 00-
MEHA, paclpeeNeHHs] BEIIECTB MEXIY JABYMsS HECMEIIMBAIOIIUMUCA KUIKO-
CTSIMH, 00pa30BaHus U PaCTBOPEHHUS OCAJIKOB, KOMIUIEKCOOOpa30BaHUsI.

I1epBblil HOHOCENEKTUBHBIN 31EKTPO. (CTEKIAHHBIN pH-4yBCTBUTEIBHBIN)
o1 mpeuiockeH B 1909 1. Hemenkum xumukom Opunem ['abepom (Haber)
(1868-1934) wu  monbCkUM  XUMHUKOM  3urmMyHiaoMmM  KieMmeHceBuuem
(Klemensiewicz) (1886—1963), x0Ts €ero NpakTUYECKOE UCIOIb30BaHUE JJISI U3-
mepenuss pH Hadamoce nmumpb B 1920-x rogax. B 1937 r. U.M. Konbtrod
(Kolthoff) u H.L. Sanders pa3paboTtanu nepBbiii JUCKOBBIM JICKTPOJ HA OCHOBE
raJIoreHUI0B cepedpa.

«ITpopbIB» B CO3/IaHNM HOHOCEIEKTUBHBIX AIEKTPOAOB Mpou3omen B 1960-
x ronax. B nHawane 1960-x ronoB BeHrepckuid xumuk OpHo IlyHrop (Pungor)
(1923-2007) ¢ coTp. omyOIMKOBAJI IEPBYIO CTAThIO, MOCBAIMIEHHYIO JIEKTPOIaM
Ha ocHOBe Agl W momy4us1 MaTeHT Ha reTepOreHHbIE MOHOCEJICKTUBHBIE MEM-
opanbl. Corpyaauku dupmel «Orion» (James Ross, Martin Frant) pa3zpabortanm
MOHOCENIEKTUBHEIN 3J1eKTpoA 1711 HoHOB Ca’’ Ha OCHOBE KalbIUEBOM CONIM TUII-
rexkcun@ochopHOi KUCIOTH U C MpUMEHeHueM AuokTuiadeHmidochonara B Ka-
YECTBE PACTBOPUTENIA, a 3aTeM U (DTOPUICEICKTUBHBIN JICKTPOJI, COACPIKAIIMIA
mMonokpuctamn LaFs ¢ npumecsamu coemunenuii Eu?’. B 1964 r. Cyril Moore u
Berton C. Pressman oOHapy>XWin, 4TO HEKOTOPhIE AHTUOMOTUKU YBEIIMUYUBAIOT
MIPOHUKHOBEHUE NOHOB uepe3 MmeMOpany. [lIBeiapckuit xumuk Wilhelm Simon
HCIIOJIB30BAJI SKCTPAKT IPUOKOB, COAEpKAIUMN aHTUOMOTUK BAJIMHOMUIIMH, IS
MOJTyYeHUs )KUJIKOW MOoHOCceNIeKTuBHOM MeMOpanbl. B 1967 1. Rene Bloch, Adam
Shatkay m H.A. Sharoff BEIABHHYIH HIICI0 BBECTH BCE KOMIIOHEHTHI >KHIKOMN
MOHOOOMEHHOW MeMOpaHbl B OJMBUHIIXJIOPUAHYIO MaTpuity. B 1970 r. moiny-
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YeH MEPBBIN AJIEKTPO TaKOTO THUIIA, TPUTOIHBIN JJIsI MPAKTUYECKOTO MpUMEHe-
Hug (J.D. Ron Thomas u Gwylm J. Moody). B 1970-e roasi pazpaboTanbl Takxe
NepBbI€ ra304yBCTBUTEIBHBIE U (DEPMEHTHBIE DJIEKTPOJIBI.

3HauuTeNbHAs POJIb B Pa3pabOTKe TEOPUHU U MPAKTUKH MOHOCEIEKTUBHBIX
AIEKTPOAOB NPUHAJIEKUT OTECUECTBEHHBIM YUYEHBIM — COTPYJIHHKAM XHMHYE-
ckoro (akynerera bemopycckoro rocynapcrsenHoro yuusepcurera (E.M. Pax-
MaHbko, B.B. EropoB u np.).

Ha puc. 3.2 noka3zan oOmui MPUHININ YCTPOMCTBA MOHOCEIEKTUBHOTO
AIIEKTPOJA.

1 3
2 mememsmemesmeeeeeeg-- '
BHEITHU I BHYTPEHHU U :
pacTBoOp pacTBoOp :
a;(A)=? a,(A) = const '
A A
AL A :
E, E, :
T J
Y
neC?

Puc. 3.2. YCTpoNCTBO HOHOCENEKTUBHOTO JIEKTPOA:
1 — BHETTHU 2IIEKTPOJT CPaBHEHUS; 2 — MEMOpaHa;
3 — BHYTPEHHUH 3JIEKTPOJ CPAaBHEHUS.

B cocras UCD Bxoaar MemOpaHa, BHYTPEHHH pacTBOp C U3BECTHOM aK-
TUBHOCTBIO OIPEAEISIEMOr0 BEIMIECTBA W BHYTPEHHHU 3JIEKTPOJ CPaBHEHMUS.
Memb6pana oTaensieT BHyTPEHHUM pacTBOpP OT BHEUIHETO (aHAIU3UPYEMOTO) U
crocoOHa MPOIYCKaTh MPEUMYIIIECTBEHHO HOHBI TOJIBKO 0JHOTO BHUaa. [Ipu KoH-
TaKTe MEMOpPaHBI C BHEITHUM U BHYTPEHHUM PACTBOPAMU, COJACPKAIAMU HOHbI
BEIECTBA A C aKTUBHOCTSIMU a1 U d2, HA 00EMX CTOPOHAX MEMOPAHBI MPOUCXOIUT
obmeH noHamu. KoHIIEHTpalusi HOHOB MO Pa3HbIE€ CTOPOHBI MEMOpPaHbI CTaHO-
BHUTCSI HEOJIMHAKOBOM U HA TPAHUILE Pa3/iesia BOZHUKAET PAa3HOCTh MOTCHIUAJIOB
E1 u E>, KOTOPYIO Ha3bIBAIOT MEMOPAHHLIM NOMeHYuaniom Ey.

Benuunna MmeMOpaHHOTO MOTEHIIMAA paBHA!

4

2,303RT 1g %L (3.5)

2
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IJI€ Z — 3aps]l MOHA.
[TockonbKy aKTHBHOCTH BEIIECTBA A BO BHYTPEHHEM pPacTBOPE SIBISETCS
NOCTOSIHHOW BETMYMHON, (hopmyJry (3.5) MOKHO ITPEACTABUTH TaK:

E,=K+Slga,, (3.6)

rae S — KpyTU3Ha 3JIEKTPOIHON QYHKIIUU.

Takum 0OpazoM, BeTMYMHA TOTEHIMAIA HOHOCEIEKTUBHOTO JIEKTPO/Ia 3a-
BHUCHUT OT aKTUBHOCTHU OIIPEJIETIEMOr0 BelllecTBa B pacTBope. Bennunna S B BbI-
paxenuu (3.6) 3aBUCUT OT TeMIepaTypsl U 3apsaa nona. Hanpumep, mpu 25 °C
oHa paBHa 59,16 MB s oqHO3apAIHBIX HOHOB U 29,58 MB — i1 1By X3aps/IHbIX.

OCHOBHBIEC XapPAKTEPUCTHUKH HOHOCEJEKTHBHBIX J1eKTpPoaoB. K Bax-
HEHIINM XapaKTEPUCTHUKAM HOHOCEIEKTUBHBIX JIEKTPOJOB OTHOCATCS: MHTEPBAI
BBITIOJIHEHUS M KPYTHU3HA 3JEKTPOJHON (PYHKIMU, CEIEKTUBHOCTh U BpPEMs OT-
KITUKA.

Hnumepesan evinonnenus 21exkmpooHol (hyHKyuy TPeICcTaBiIseT coboil 00-
J1IaCTh aKTMBHOCTEH onpeenseMoro semectsa (00brauo 10'-10° M), B KoTOpBIX
MOTEHITMAJI AJIEKTPOAA JIMHEHHO 3aBUCHUT OT 1ga (puc. 3.3).

E, mB .

HHTEpBAJI
BbINIOJIHEHU I
3JIEKTPOIHOM
d byHkumnu

7 5 3 1

npezae;a 00HaApyKeHUs!

Puc. 3.3. TunuuHas rpagynpoBoyHasi KpuBasi 111 HOHOCEJIEKTUBHOTO 3JIEKTPOa
HGpGCG‘ICHI/IG ABYX OJOKCTPAIIOJIMPOBAHHBIX IIPAMBIX, COOTBCTCTBYIOIIHX

IIPSMOJIMHEWHBIM y4aCTKaM T'PaJyUpPOBOYHOU KPUBOW ISl MOHOCEJIIEKTUBHOIO
AJIEKTPOJIa COOTBETCTBYET MpeieNy OOHAPYKEHUS NOHA-aHAIIUTA.
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Kpymusnua epaoyupoeounoti ¢pynxyuu (yrioBoit Ko3QpQGUIIMEHT rpagyrupo-
BOYHOM (PYHKIIUM) TIpeACTaBIsieT cCOO0M BeMMUKHY S B BhIpakeHuu (3.6). Beiie
y>Ke ObLJIM MPUBEJICHBI TEOPETUUECKUE BETUYUHBI S Il OJJTHO- U JBYX3aPSAHBIX
noHoB 1pu Temmneparype 25 °C. OObIYHO Ha MPaKTUKE KPYTHU3HA TPaayrupoBOY-
HOU dyHKIMH cocTaBiseT S0-60 MB mns ogHO3apsaabix u 25-30 MB 11st nByx-
3apsIHBIX UOHOB.

Cenexmugnocmu. VIneaibHbIM HOHOCEIIEKTUBHBIM 3JIEKTPOJIOM CUUTAETCS
TOT, KOTOPBIN 001a1aeT cuenudUUecKuM OTKJIMKOM Ha omnpezaensieMblit noH. O-
HaKO OOJIBIIIMHCTBO MOHOCEJIEKTUBHBIX AJIEKTPOJOB pEarupyroT Ha U3MEHEHHE
KOHIICHTPAIIUU HE TOJBKO OMPENESIIeMOr0 UOHA, HO U JAPYTUX MOHOB, MPUCYT-
CTBYIOLIUX B pacTBOpe. BiusHMe MOCTOPOHHUX MOHOB HA BEJIMYUHY MOTEHIMAIA
HMOHOCENIEKTUBHOTO 3JIEKTPOJIa OIMUCHIBACTCS ypasHeHuem Hukonbckoeo-Jiizen-
MAHHQ:

E=E+ Slg(a,. I ) (3.7)

I7i€ | — NOH-aHAUT (aKTUBHOCTb — i, 3apsi — Z;); j — MEIIAIOIIMI NOH (aKTHUB-
HOCTb — @, 3apsif — Zj).

Huxoabckuii bopuc IerpoBuu (1900-1990) — coBerckuil PpuznKoXu-
muk, akagemMuk AH CCCP. Paboran B Jlenunrpajackom yHuBepcutere. OCHOB-
Hbl€ Hay4Hble paOOThI CBA3aHBI C MPOLECCAMU MOHHOIO OOMEHa MEXIy TBEp-
JBIMH CUCTEMAaMH U PACTBOPAMH.

[Ipr OTCYTCTBMHU B PACTBOPE MEMIAIONIMX HOHOB ypaBHenue (3.7) mpespa-
maercs B (3.6). Koadpdurment K/ °" (uHOT7a ero 0603HauaIoT Kak Kap) B ypaB-

HeHuu (3.7) Ha3bIBACTCS NOMEHYUOMEMPUYECKUM KOIDDuyuenmom ceiekmues-
Hocmu (K03 PUITMEHTOM MOTEHIIMOMETPUIECKOMN CEIEKTUBHOCTH ) HOHA-aHATUTA
M0 OTHONICHHIO K MemaromeMy uoHy. Huskue 3HaueHus 3toro kosdduimeHTa
YKa3bIBAIOT Ha BBICOKYIO CEJIEKTUBHOCTD AJIEKTPO/IA TIO OTHOIIIEHHUIO K OTIPEIeIs-
eMoMy WOHY. Hampumep, ecnu s KadWii-CEIGKTUBHOTO  3JEKTPOJA

K Ifzof Nt = 1-107™*, T0 570 3HAumT, YTO HAHHBIHA dIeKTpox B 10* pas Gomee uyB-
Na

cTBHUTEJICH K HOoHY K 1o cpaBHeHuIo ¢ noHOM Na™.
Jlns onpenenenns Ko3pPUIMEHTa CEICKTUBHOCTH M3MEPSIOT MOTEHIIMA
3JIEKTPO/Ia B PACTBOPAX C MOCTOSIHHOM aKTUBHOCTBIO MEIIAOIIET0 HOHA () U TIe-

PEMEHHOW aKTMBHOCTBIO OIPENECIAEMOro MOHa-aHaauTa (a;). 3HaueHHE Klfor

pPacCcUUTHIBAIOT 1O hopMyIIe:
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Zi/Zj

_ pot .
a; —Kij a; ,

(3.8)

I7I€ ai — aKTUBHOCTh MOHA-aHAJIUTA B TOYKE, I7e HAOII0aeTCsd OTKIOHEHHE I0-
TEHIIMaja OT HEPHCTOBCKOMN (yHKIIUU.

Bpemsa omkiuka — NpoMeKyTOK BPEMEHH, 32 KOTOPOE MOTEHLHAN 3JIEK-
TpOJla JOCTUTAET MOCTOSTHHOTO 3HaYeHUs (00b14HO 90% OT MakCUMaIbHOU BEIH-
4yuHbl). YeM MeHbIIIe BpeMs OTKIIMKA, TEM JIYYIII€ SJIEKTPO/I.

Knaccupukanua UCI u ycrpoiicteo UCI pazauunbix Tunos. Co-
riacHo [UPAC pa3nuyaror Tpu rpymibl HOHOCEIEKTUBHBIX 3JIEKTPOJIOB:

B NEepBUYHBIE HOHOCEIEKTUBHBIE 3JIEKTPOJIbI — 3JEKTPOIbl C KPUCTAIIIN-
YECKUMH MEMOpaHaMU U AJIEKTPOJIbI C )KECTKONU MaTpULEH (CTEKISTHHBIC);

B 3JIEKTPO/Ibl C MOJABUKHBIMU HOCUTEIISIMU — TOJOKHUTEIIBHO U OTPUIIA-
TEIBHO 3apsHKEHHBIMU, a TaKKe HEUTPaAIbHBIMU MTEPEHOCUNKAMU;

B CeHCUOMIM3UPOBAaHHbIE (AKTUBUPOBAHHBIE) 3JIEKTPOAbI — (PEPMEHTHBIE,
ra304yBCTBUTEIIbHbIE.

Ha puc. 3.4 nokaszaHa cxeMa 21ekmpooa ¢ KpUcmaiiuieckou MemopaHoll.
HwxHMil KOHEI T1acTMacCcoBOM TPYOKH 3akphIT MeMOpaHoil. B TpyOke Haxo-
JTUTCS. BHYTPEHHUN pPAcTBOP M BCIOMOTATENIbHBINA 3JEKTpOo] (Hampumep, XJIo-
puacepeOpsiHbIif). J{71s U3TrOTOBIEHUS ANEKTPOI0B C KPUCTALTUNYECKUMU MEMOpa-
HaMH IPUMEHSIOT BEHIECTBA (MOHOKPHUCTAJUIBI WIIM MTOJYYEHHbIE TYTEM MIPECCO-
BaHUS MOPOUIKOB), UMEIOLIME NTPU KOMHATHOW TEMIEPAType MOHHYIO MPOBOIU-
MOCTb. BbICOKasi CEIEKTUBHOCTD TaAKUX 3JIEKTPOJIOB 00YCIIOBJIEHA TEM, YTO B KpU-
CTaJUIbl HE MOTYT BOWTH IOCTOPOHHUE MOHBI. B KauecTBe MallopacTBOPUMBIX
MOHHBIX COEIMHEHUN OOBIYHO UCTOJB3YIOTCS TalIOTeHUIbl cepedpa, Cyab(uabl
cepebpa, cBUHIIA, KaaMus, Gpropun nantana u ap. OCHOBHBIE XapaKTEPUCTHKU
Han0oJIee YacTO UCIOIb3YEMBIX IEKTPOJIOB C KPUCTATUNIMYECKUMHU MEMOpPaHAMHU
nokaszaHbl B Ta0:. 3.1.

BricoKkoii ceTeKTUBHOCTHIO IO OTHOIIEHUIO K HOHaM (pTopa obnanaet ¢pro-
PHUIHBINA 3IEKTPOJ], MEMOpaHa KOTOPOIO0 COCTOUT M3 KPUCTAIIIOB (pTOpHUIa JIaH-
tana (LaF3), aktuBupoBanHoro ¢gropunamu OGapust wiu eBponusi. Ha rpanune
MeMOpaHbl ¢ BHYTPEHHUM M BHEIIIHUM PAacTBOpPaMU B TAKOM DJIEKTPOJIE YCTaHAB-
JIMBAETCS] PABHOBECHE:

LaF; 2 LaF," + F.

[Torenuman gropuanoro snekrpoaa (25 °C, mB) 3aBUCHUT OT aKTUBHOCTH
(bTOPUA-MOHOB:

Ey =K -59,161ga(F7) = K +59,16pF . (3.9)

[Tpu yBenuueHNUM aKTUBHOCTH (PTOPHUI-MOHOB B pacTBope (yMEHbBIICHUHU
pF) norenuman GTopuaHOro 31€KTPoia CTAHOBUTCS 00JIe€ OTPULIATEIbHBIM.
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Puc. 3.4. Cxema UCD ¢ kpuctamimaeckoi MeMmOpaHo¥:
1 — xopmyc; 2 — BHYTpPEHHUH pacTBOp; 3 — BHYTPEHHUH 31eKTpos; 4 —MeMOpaHa.

Tabnuya 3.1
OcHOBHBIE XapaKTepUCTUKU HeKoTOpbIX UCI
¢ KPUCTANINYECKOi MeMOpaHOi
Omnpenensiemslit MemOpana HHurepBan pH Memaromue
HNOH BBIITIOJTHEHUA BCIICCTBA
AIEKTPOIHOU
bynkmu, M
F LaF3 10-10¢ 4,5-8,0 OH"
Ag" wmm S* AgS 1-107 2-9 (Ag") Hg?*
13-14 ($*)
Cl AgCl-Ag:S 1-5-10°° 0-14 Br, I, S*, CN,
NH3
Br AgBr-Ag:S 1-5-10° 2-12 I, S*, CN,
NH3
I Agl-AgS 1-2-107 3-12 S*, CN™
PbZ* PbS-Ag>S 1-107 4-7 Ag, Hg*", Cu*

MemMmb6pana cynbbuacepeOpsHOTO 3JIEKTpoAa COCTOUT U3 MOHOKPUCTAIIIOB
cynbduaa cepedbpa WM CIPECCOBAHHOTO MOPOIIKA JTAHHOTO BemlecTBa. Takoii
AJIEKTPOJ] PUMEHSIOT JIJISl OTIpe/ieNIieHUss HOHOB cepedpa U cyinbGua-unoHoB. Pa-
Ooumit MUamna3oH CyJabPuACEPeOPSTHOTO IEKTPOIa COOTBETCTBYET MIUPOKOM 00-
JIACTH KOHLIEHTpAauu — oT 1 Moss/1 10 107 monk/n. TToTeHnuan 31eKTpoa 3aBy-
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cuT oT npucytctBus noHos ptytu (II) B pacTBOpe, KOTOpHIE 00PA3YIOT C CYJIb-
bua-noHaMH MalOpPaCTBOPUMOE COEIMHEHHE, OCaKIaIoeecs] Ha MOBEPXHOCTH
5J1eKTpoIa. DTO SBJIEHHE UHOTIA UCIIOIb3YETCs Ul OOHapyKeHus nonoB Hg?",

Ecnu memOpaHa 31eKkTpoia U3roTOBJIEHA U3 MEXaHUYECKOU cMecH AgrS n
JIpYrUX MajaopacTBOpuUMbIX coeuHeHul cepedpa (AgCl, AgBr, Agl, AgSCN), To
TaKye JJIEKTPOJIbI MOXKHO HCIIONB30BAaTh ISl OMPECICHUs COOTBETCTBYIOIINX
aHMOHOB, BXOJSIINX B COCTaB JaHHBIX coeqnHeHuii. Ha ocHoBe memOpaH, u3ro-
TOBJIEHHBIX U3 cMecH Ag>S U CyIb(UA0B MEAU, CBUHIIA, KaJIMUS, CO3/1aHbl HOHO-
CEJICKTUBHBIE AJICKTPOIBI JJIsl ONPECIICHHS] KATUOHOB JIaHHBIX METAJIJIOB.

DNexmpoovl ¢ AHcECmKoU mampuyell IMEIOT CTEKIITHHYI0 MeMOpaHy, o01a-
JAIOIIYI0 CEJIEKTUBHOCTHIO 110 OTHOIIECHHUIO K OIpeeIéHHOMY HOHY. Pasnnyator
HECKOJIBKO THUIIOB TaKHUX 3JIEKTPOJIOB:

B siexTpoabl it u3MepeHus pH (CenekTUBHOCTD 1O OTHOIIEHUIO K pa3-
JIMYHBIM MOHAM yMeHbInaercs B paxy HY >>>Na" > K*, Rb*, Cs*... >> Ca?");

B KaTHOH-YyBCTBHUTENbHBIC 3ekTpoasl (H™ > K" > Na"™ > NHy4", Li" >>
Ca*);

B HaTpuii-4yBCTBUTEIbHBIC IeKTpoabl (Ag" > H™ > Na™ >> K', Li" >>
Ca?").

CrexnstHHBIN 351ekTpoA 1yt u3mepenust pH (puc. 3.5) umeer Tonkyto pH-
YyBCTBHUTEIHHYIO MEMOpPaHy, U3TOTOBICHHYIO M3 CIEIUAIBHOTO CTEKIIa, COep-
xarrero 22% NaxO, 6% CaO u 72% Si0,. BHyTpu snexkrpoaa naxoautcs 0,1 M
HCI, naceleHHbIi XJT0pUI0M cepedpa, U XJI0pUACEpeOPSHBIN 3JEKTPO]I CpaBHE-
Hus. [lepen Hauamom pabOThI AIEKTPOJI, XPAHUBIIUICS B CyXOM BHU/JIE, BHIMAayu-
BaroT B 0,1 M HCI. [{ns Toro yTo0sI 37eKTpo] paboTaj, Ha BHYTPEHHEH U BHEIII-
HEll CTOpoHax MeMOpaHbI T0JKHA 00pa30BaThCsl TOHKAS IJIEHKA TUAPATUPOBAH-
Horo rens. Moust H momkHBI BBITECHUTH HOHBI Na™ U3 MyCTOT Ha MOBEPXHOCTH
CTEKJIa.

B ocHoBe pabOTHI CTEKJIIHHOTO 3JEKTpoja IUisi u3Mmepenus pH nexur
MOHOOOMEHHOE PaBHOBECHE:

+ + + +
H pacTBoOp + Na CTCKIJIO (_—) H CTCKJIO + Na pacTBOp-

Bennunna norennuana nanHoro snekrpona (25 °C, MB) onpenensiercs Bbl-
paKeHHeM:

Ey =K +59,161ga(H") = K —59,16pH.. (3.10)

[Ipu yBennmueHn akTUBHOCTA MOHOB BOJIOPOa B pacTBOPE (YMEHbIIIEHUN
pH) BenmunHa nmoTeHIIMaNa CTEKISHHOTO 3JIEKTPOa YBEITNINBACTCA.

KoncranTa B Bbipaxkennu (3.10) yuuThIBa€T MOTEHUIHUAJIBI BHYTPEHHETO U
BHEIIIHETO 3JIEKTPOJIOB CPABHEHUSI, @ TAKKE MOTEHIINAI aCUMMETPHUH, U3MEHSIO-
HIMICS B MpoLecCe 3KCIUTyaTalluu 3JeKkTpoaa. [lomenyuan acummempuu npes-
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CTaBJIIET COOOM Pa3HOCTh MOTEHIIMAJIOB MEK/1y BHYTPEHHEU U HApYKHOM CTOPO-
HAMHU CTEKJISTHHOM MeMOpaHbl, BO3HHUKAlOIlas [0 MPUYUHE HECOBMAJCHUS
CBOMCTB pa3HbIX CTOPOH MEMOpaHHI.

Puc. 3.5. CrexyissHHBIN 21€eKTpoA 11 usmepenus pH:
1 — BHyTpEHHUH XJIOPHUICEPEOPSHBIN 2IIeKTpoa; 2 — cepeOpsiHas mpoBojodka, mokpeitas AgCl,
3 — 0,1 M HCI, naceimennsiii AgCl; 4 — creknsanas pH-uyBcTBUTEIbHAS MEMOpaHa

[lepen HauaaoM pabOTHI CTEKIISTHHBIHN IEKTPOA Ut u3Mepenus pH rpamy-
UPYIOT TI0 CTaHAApTHBIM OydepHbIM pacTBopaM. C MOMOIIBIO TaHHOTO SJICK-
TpoJa U3MEPSIOT OTHOCUTENBbHYIO BennduHy pH, koTopas cBs3ana ¢ pH cran-
JTapTHOTO Oy(EepHOro pacTBOPA BHIPAKECHUEM

s B La) (3.11)

H. =pH
PHx = Pler 2,303RT

JIist TpayMpOBKH UCIOJIb3YIOT CTaHAAPTHBIE OypepHbIE pacTBOPHI (TAOII.
11.2), pazpabotanubie B CIIIA HannroHalibHBIM UHCTUTYTOM CTaHIApPTOB U TEX-
Hosioruu (The National Institure of Standards and Technology — NIST, no 1988
r. — HanmonaneHoe 6ropo crangaptoB), npuHsateie IUPAC u ucnosb3yeMbie B
KAaueCcTBE OCHOBBI I YCIOBHOM mKaibel pH.
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T'maBa 3

WcxonHble BellecTBa AJi NPUTOTOBIIEHUS CTaHAAPTHBIX Oy(depHbIX pac-
TBOPOB BBIIYCKAIOTCA B MOPOLIKOOOpa3Hoi popme, pachacoBaHHBIMU B CTEKJISH-
HbIe aMITyJibl. ['OTOBAT cTaHIapTHBIE PACTBOPHI 10 METOJUKE C UCIOIB30BAHUEM
JTUCTUJUTMPOBAHHON BOJIBI (YI€JIbHAs 3JIEKTPOIIPOBOJHOCTD He O6osee S MKCM:-cM
1), He comeprxamIell KUCIOTHBIX WM OCHOBHBIX IpUMecei. PacTBopsl rugpodra-
JaTa KaJIAs U THAPOKCHUIA KaJblUs SIBIAIOTCS HachblIeHHbIMU. [lepen Havanom
pabOThl UMEIOIIMIICS B HUX OCAJIOK, HAXOJSAUIUICS B PAaBHOBECUH C PACTBOPOM,
CIEAYET yAAIUTh.

Cpox XxpaHeHHUs CTaHAApTHBIX Oy(pEepHBIX paCTBOPOB COCTABISET OOBIYHO
He 6osnee 1 Mecsma. PactBopel ¢ pH > 6 XpaHAT B IJIaCTUKOBBIX KOHTEWHEpax,
3amumas ot aercteua CO,. B xadectBe koHcepBaHTa B Oy(epHble pacTBOPHI
MO’KHO JT0OaBUTh KPUCTAJIIIMK TUMOJIA.

CranapTHbIE pacTBOPHI ISl IPalyUPOBKH CTEKJITHHOTO JIEKTPOJA pasie-
JSA0T HAa NEPBUYHBIE W BTOpUYHBIE. [lepBHYHBIE CTaHAAPTHI NPUTOAHBI IS
HacTporiku B oonactu pH 3,5-9,2. [Iposepka pabotsl pH-mMeTpoB 3a npeaenamu
3TOM 00JIaCTH MPOBOJIUTCS C UCIIOJIB30BAaHNEM BTOPUYHBIX CTaHIAPTHBIX PacTBO-
POB (pacTBOPBI TETPAOKCAIATA KAJIUA U TUAPOKCH]IA KAJIBLIHS).

CTeKJISIHHBINA 3JIEKTPOJ UMEET Psii NPEUMYILECTB MO CPABHEHUIO C JPY-
TUMHU 3JIEKTPOIaMH, UCIIOJIb3YEMbIMU /17151 u3MepeHust pH (Bo1opOHBIN, XMHT -
POHHBIH U T.J1.): HE YyBCTBUTENICH K OKUCIUTENSIM U BOCCTAHOBHUTEIISIM; paboTaeT
B PAcTBOpax, COAEPKALIUX KATHOHBI PA3ITMYHBIX METAJIOB; 00JIa/1aeT BBICOKOM
CEJIEKTUBHOCTBIO, TaK KaK PaJnyC TMAPATHPOBAHHOTO NMPOTOHA OTIUYAETCS OT
panuyca Ipyrux MOHOB; UMEET MaJlo€ BpeMs OTKIMKA. CTEKIISTHHBIE DJIEKTPOIbI
MO>KHO HCIIOJIb30BaTh HE TOJBKO B BOJHBIX PACTBOPAX, HO TAK)KE B CMEIIAHHBIX
Y HEBOAHBIX pacTBOpUTENAX. [Ipu BeIcOKOM KoHIIEHTpauu (6onee 50%) opraHu-
4eCKOro pacTBOPUTENS (HAIIpUMEp, 3TaHOJIa) JIMHENHbIE y4acTKU KpuBbiX E — pH
HECKOJIBKO COKpPAIarTCs.

CTekJISIHHBIN 3JIeKTPOJl MOXKET ObITh MCHOJIb30BaH i u3Mepenus pH B
OTpaHMYECHHOM JuarazoHe pH, 3aBucsieM oT copra CTekia, U3 KOTOpOro U3ro-
ToBJIeHa MeMOpaHa. Bogopoanas pyHKIMs CTEKISTHHOTO 3JIEKTPOia HapyIIaeTcs
B CUIBHOLIEIIOYHOM U CHIIBHOKHCIION 00sacTax. Omunbka B u3mepenuu pH B kuc-
JBIX PacTBOpaxX JOCTUTAET 3HAYUTENbHOM BENUYMHBI MpU 3HaueHusx pH, Omus-
KMX K HyJI10. [ IppunHo# 3aBplIeHUs pe3ynbTaToB n3Mepenns pH no cpaBHeHuUIo
C UICTUHHBIMU MOTYT OBITh KaK BO3MOKHOE PACTBOPEHHUE CTEKJIA B CUIIbHOKUCIION
cpele, Tak ¥ BOSHUKHOBEHHUE KOHILIEHTPALIMOHHOMN AYelKU. B xuciaom pactBope ¢
BBICOKOW MOHHOW CHJION aKTUBHOCTH BOJbI MO OOEUM CTOPOHAM CTEKJISTHHOU
MeMOpaHbl HE OcTaeTcss OJuHaKoBoW. [loTeHIan BO3HUKAIOLIEH KOHIIEHTpalu-
OHHOM SYEHKH BXOIUT B U3MEPSAEMYIO PA3HOCTh OTCHIIMAIOB.

ITpu pH > 10 u3-3a KOHKYpEHIIMY IPOTOHOB C KATUOHAMM ILEJIOYHBIX Me-
TaJUIOB U3MEPEHHOE 3HaueHue pH oka3piBaeTcss MEHBIINM, YeM UCTUHHOE. [Ipu
VCIIOJIb30BAHUM CTEKOJI PA3HOI'O COCTAaBA MOYKHO CHU3UTH BEIUYUHY LIEIOYHOU
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omnOku. Hampumep, menouyHas omuOKa JUTHEBBIX CTEKOJ B JECATKU pa3
MEHBIIIE, YeM Yy OOBIUHBIX AJNEKTPOAOB. DICKTPOIbl, H3TOTOBICHHbBIE U3 TaKOTO
CTEKJIa MOXHO HCIOJIb30BaTh mpH padore ¢ 0,1 mons/n pactBopamu KOH unu
NaOH.

Onexkmpoosl ¢ NOOBUNCHLIMU HOCumenAMU. B 3eKTpo1ax Ha OCHOBE MEM-
OpaH ¢ MOABIKHBIMHA HOCUTEIISIMU CIIOM pacTBOPa B OPTaHUYECKOM PACTBOPHUTETIE
PAaKTHYECKH HEPACTBOPUMOIO B BOJIE M XOPOIIO PAacTBOPUMOTO B (haze MeM-
OpaHbl MOHOOOMEHHHKA (KaTMOHOOOMEHHHMKA WM aHMOHOOOMEHHMKA) JHOO0
HEHUTPaAIbHOTO MEPEHOCUYHMKA YAEPKUBACTCS MEXKY aHAIM3UPYEMbIM U CTaHAAPT-

HBIM PACTBOPAMHU C TTOMOIIBI0 TTOPHUCTOTO TUAPO(HOOHOTO MOJIMMEPHOTO JIUCKA
(puc. 3.6).

4
pr——5

Puc. 3.6. Cxema HOHOCENEKTUBHOTO 3JIEKTPOA C MOABMKHBIM HOCHTEIEM
1 — xopmyc; 2 — pacTBOp MOJABUIKHOTO HOCUTENS; 3 — BHYTPEHHHM JIEKTPO CpaBHEHUS; 4 — BHYT-
peHHUI pacTBOp; 5 —MeMOpaHa

KoMmoHeHTHI KuaKoi MeMOpaHbl MOTYT OBITH BBEJIEHBI B MHEPTHYIO IO~
JUMEpPHYI0, Hanpumep, noauBuHWIxIopuaHy (IIBX) matpuiy. Ilomyuaembie
IIPU ATOM IUIEHOYHBIE 3JIEKTPObI 3HAYUTENIBHO Oosiee y100HbI B padbore. [lonu-
BUHWIXJIOpPHUIHAs MeMOpaHa MOXKET ObITh HaHECEHa Ha IUIaTUHOBYIO, cepedpsi-
HYIO WM MEHYIO IPOBOJIOKY. [10100HbBIE 27E€KTPObI, HE COEPIKAIINE BHYTPEH-
HETO0 ’KUJKOCTHOIO JIEKTPO/Ia CPABHEHMSI, HA3BIBAIOTCS MBEePOOKOHMAKMHBIMU.

[TonmumepHast noHOOOMEHHAast MeMOpaHa 0OBIYHO COCTOUT U3 66% MIacTu-
dbukaropa, 33% I[IBX u 1% uonodopa. [Inactudukarop npugaetr meMOpaHe me-
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XaHUYCCKYIO IIPOYHOCTDL U 3JIACTUYHOCTD U ABJISICTCA OJHOBPCMCHHO PACTBOPU-
TCJIEM IIOABHUXKXHOI'O HOCUTCIIA. (DOpMyJ'IBI HCKOTOPBIX BCUICCTB, UCIIOJIB3YyCMbIX B
KaduCCTBC l'IJIaCTI/I(I)I/IKaTOpOB, IMPpUBCACHBI HUIKC!

0)
NO
e CH3 \/\/ 3
2-HUTPOPEHMIOKTUIOBBIN huUp 0)
IuoyTuiagTanar
CHj
Ox© CH; ? o CH;
/
(CH)g H3C O \ CH;4
O O CH3 H3C O CH3
CHj3 CHj
NMOKTHIICEOALMHAT Tpuc(2-3Tunrekcmn)docdar

NoHOOOMEHHUK WM NEPEHOCYUK CMEMIMBAIOT ¢ u3MenbueHHbIM [IBX un
IaCTU(UKATOPOM U PACTBOPAIOT B TeTparuapodypane. PacTBop BbUIMBAIOT TOH-
KHM CJIOEM BHYTPb KOJIbIA, 3AKPEIJIEHHOTO HA CTEKJISHHOM IIacTuHkKe. Terpa-
rupodypaH Mpyu KOMHATHOW TEMIIEpaType MEIJIEHHO UCIApSeTCss — MPU ITOM
oOpasyercst ToHkas miieHka u3 [I1BX, cogeprkaras koMnoHeHTsl MeMOpanbl. U3
ATOM IJIEHKU BBIPE3AI0T KPYKOUKH OMPEICICHHOTO pa3Mepa U 3aKPEIUISIOT UX Ha
TOpLAX KOPITYCOB AJIEKTPO/IA.

B kayecTBe KaTMOHOOOMEHHUKOB B HOHOCEIEKTUBHBIX 3JEKTPOJaX
0OBIYHO MCTIOIB3YIOT COJM BBICHINX CYIh(}O-, ANKUI(POCPOPHBIX KUCIOT, TeTpa-
dbenuibopaTa; aHHOHOOOMEHHUKOB — YETBEPTHUUYHBIC aMMOHHUEBBIE CONTH. B posnu
MOHOOOMEHHHUKOB MOTYT BBICTYIATh TAKXKE€ KOMIUIEKChI METaJJIOB.

B Ta6i. 3.3 npuBeaeHbl OCHOBHBIE XaPAKTEPUCTUKH HEKOTOPBIX 3IEKTPO-
JIOB C KUJKUMH MEMOpaHaMHU.
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Tabnuya 3.3

OcHoBHbIE XapaKTepuCTHKHN HekoTOpbIX UCD
¢ MOJABHKHBIMHM HOCHTEJISIMH

Ormpene- [ToaBuxKHBIII HurtepBan pH | Koaddurumentsr ce-
TISIEMBIiA HOCHTEIh BBITIOJTHEHUS JIEKTUBHOCTH
HOH 3JIEKTPOTHOM
bysakmmn, M
Ca?* (RO2)POO™ 1-10°7 6-8 | 1,6-10° (Na");
1-107 (Mg>);
3,2 (Zn*)
K* BAJIMHOMHIIUH 1-107 3-10 | 1-10*(Li*, Na");
1-107 (Mg>);
1,0 (Cs")
NOs~ - N s 10'-107 3-10 | 6-10* (SO4>);
| R 6-10° (CI);
N~ 6-10 (HCO3);
Ni 2-10 (HCO3Y);
1\1 0,9 (Br)
=
L 3_
ClO4~ r X 12+ 101-10 2-11 | 2-10*(Cl);
| R 6-10* (Br)
N~ 1,5-107 (NO3);
Fe 1,210 (I);
1\1 1,0 (OH)
=
L 3]

Jlyist onipesieNieHnsi HOHOB KaJbIUsl B KAYECTBE MOHOOOMEHHUKOB MPUME-
HSIOT YCTOMUYUBBIE KaJbIIUEBBIE COMU A(UPOB (POCHOPHOI KUCITOTHI, PACTBOPH-
Mble B quoktuiipermndocdare. B aTom ciryuae Ha MOBEpXHOCTH MEMOpPaHBI yCTa-
HABJIMBAETCS PAaBHOBECHE:

[(RO).POO],Ca 2 2(RO),POO" + Ca>".

[Ipu 3amene pactBoputens auokTuwideHundpocdara Ha AeKaHOI-1 drek-
TPOZ TEPSIET CENEKTUBHOCTH MO OTHOIIEHUIO K noHaM Ca’*' u craHoBUTCS 4yB-
CTBUTEJILHBIM MO OTHOIIEHHIO KO BCEM JIBYX3apsA/IHbIM KaThOHaM. Takue aJiek-
TPOJIBI KCTIONB3YIOT JIJISl OTIPEIEIICHHS JKECTKOCTH BOJIBI.

Jyist onipeieNieHrst HOHOB TSKEBIX METAJUIOB IPUMEHSIOT SJICKTPOJIBI, CO-
JieprKaIe NOHOOOMEHHUKHY C aKTUBHBIMHU CEPOCOJICPKAIUMHE TpymmaMu (TIpo-
W3BOJIHBIE THOTJIMKOJICBOW KHCIIOTHI U JP. ).
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HeliTpanbHble NEPEHOCYMKH TPEICTABIAIOT COO0N HE3apSKEHHBIE JTUTIO-
(buIbHBIE OJIMEHTATHBIEC JIUTaH Ibl, CHOCOOHBIE B3aUMOJIEUCTBOBATH C OIpEe-
JICHHBIM MOHOM U TOBBIIIATH €T0 CTENEeHb CBA3aHHOCTU B MeMOpane. [Ipumepom
MaKpOIUKINYECKOTO IEPEHOCYNKA SBISAETCS IIUKINYECKU aHTUOMOTHUK BaJIMHO-
MHILIUH.

[To xuMHuueCcKOU MPUPOAE BAIMHOMULIMH OTHOCUTCS K JOACKAACIICUIIEIITH-
JaM (JIeTICUTIENITHIaMH Ha3bIBAIOT COEIMHEHUS, KOTOPBIE HApsIAY C MENTUIHBIMU,
coJiepKaT Tak)Ke CII0KHOA(DUPHBIE CBSI3M) U BBIPA0ATHIBACTCS CTPEITOMUIIETAMH,
Hampumep, Streptomyces tsusimaensis. MoJiekyJia JaHHOTO BEIIECTBA OCTPOCHA
U3 3 OAMHAKOBBIX ()PAarMEeHTOB, COCTOSIINX U3 OCTAaTKOB D- u L-BanuHa, D-TU-
POKCUBAJIEPHUAHOBOW KUCIIOTHI U L-MOJIOYHOW KHCIIOTHI:

H C\/CH3 H3C
_: CH3
HN
H,C
0 O NH  CH,
O BAJIMHOMMIIUH
0 0 CH,

Illl O

0) "
CH
H;C \T NH // 3
\ o >§/ H3
3C J%/ ::
/—CH
H;C 3

OCO0OEHHOCTBIO CTPYKTYPHl BaIMHOMUIIMHA SIBISIOTCS TUIPOPOOHOCTH
BHEITHEH U THAPOGUIHLHOCTh BHYTPEHHEH chep MOJEKyIbl U CIIOCOOHOCTH CBSI-
3bIBaTh MOHBI KaIHs U MEPEHOCUTH UX Yepe3 MeMOpaHy 10 rpaJueHTy JIEKTPO-
XUMHUYECKOTO MOTEHIMalIa. B BOJHBIX pacTBOpax BAJIMHOMHULIMH HaXxOIWUTCA B
BUJIE OTKPBITON (POpPMBI, HE COJEpKallel BHYTPUMOJIEKYJSIPHBIX BOAOPOIHBIX
CBA35X. B HenmoysipHBIX cpenax (Hampumep, BHyTpU MeMOpaHbl) TaHHBINA aHTH-
OMOTHK UMeEeT KOH(POpMalHi0, CTAOMIM3UPOBAHHYIO IIECTbIO BHYTPUMOJIECKY-
JApHBIMU BOXOpoaHbIMU cBs3siMH C=0O...H-N. M3onponunsHele 1 METUIbHBIE
TPYIIIBI IPU 3TOM OKa3bIBAIOTCS «CHAPYX U» MOJEKyybl. B Takoil koHpopmaimn
BHYTPHU MOJIEKYJIbl BAIMHOMUIIMHA 00pa3yeTcsl NOJ0CTh, pa3Mep KOTOPOH COOT-
BETCTBYET pa3Mepy HecojbBaTUpoBaHHOro voHa Kaius (0,133 uMm). Mon kanus
CBsI3bIBAETCS C mecThio rpynnaMu C=0 MoJeKybl BAIMHOMUIIMHA 33 CYET UOH-
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JIATIOJIbHBIX B3aMMOAEUCTBUN B MPOYHBbIM KOMIUIEKC. IOH HaTpusd uMeeT MEHb-
it pazmep (0,098 HM) 1 O3TOMY yAEpKUBAETCA B MOJIOCTH MOJIEKYJIbI Bajlu-
HOMHUIIMHA ropas3jio ciadee.

Kpome MakponukiIn4eckux aHTUOMOTHKOB B Ka4€CTBE HEUTpAJIbHBIX IIE-
PEHOCUHMKOB B MOHOCEJEKTUBHBIX JJIEKTPOAAX HCIONb3YIOT KpayH-3QUpbI, Ka-
JMKCapeHbl (MAKpOUKINYECKHUE TPOYKThI KOHJIeHcauuu ¢peHona ¢ popmabe-
TUA0M), TOJUA(UPHI, TUaMHUIBI KapOOHOBBIX KHUCJIOT, UMKIOAEKCTPUHBI U JIp.
®opMysbl HEKOTOPBIX U3 TAKUX BEILIECTB PUBEIEHBI HIKE (PsiIoM ¢ (popmyaamu
yKa3aHbl OIPEIEIsIEMbIEC HOHBI):

)
N %
C Qﬁ(o OyNQ

N/ 0 0

H;Co o~ ~_~_-CH
/T \ 3CN CH;
O o)
Y 0
0 0 0

Cencubunuzuposanmsie (akmusupogantvie) 31ekmpoosl. K MOHOCEIEKTUB-
HBIM DJIEKTPOJIaM TaKOTO THIIA OTHOCSITCS Ta309yBCTBUTEIBHBIC U ()EPMECHTHEIC
ANEKTPOIBL. [ azouyscmeumenvhole 31eKmMpoosbl IPECTABISIOT CO00M TaTUnKH,
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COCTOSIINE U3 IBYX AJICKTPOOB, HHAMKATOPHOTO U AJIEKTPO/Ia CPAaBHECHMSI, M pac-
TBOpa 3JIEKTPOJIUTA, HAXOISIIETOCS B MJIACTUKOBOM TpyOke (puc. 3.7). K Hux-
HEMY KOHIy TPYOKH MPHUKPEIUIICTCS W3TOTOBJICHHAS W3 THAPO(GOOHOro mMoiu-
Mepa (TIOTUIPONIIeH, GTOPIIOTUMEPHI U JIp.) Ta30MpoHuIlaeMas MemOpaHa, pas-
JIeNAONIAas BHYTPSHHUNA W aHAJM3UPYEMBIH pacTBOpHl. B Tra304yBCTBHTEIHHBIX
JIEKTPOJaX MPUMEHSIOT MEMOpaHbl BYX THIIOB — FTOMOTE€HHBIE 1 MUKPOTIOPH-
cThie. B MUKponopucThIX MeMOpaHax aHATU3UPYEMBbIi Ta3 TudGyHIUPYET uepes
Opbl MeMOpaHbl, a B TOMOT€HHBIX — PacCTBOPSAETCS B Marepuaje MeMOpaHbl U
mubdynaupyer uepes Hee. uddy3us raza npoaomkaercs 10 TeX Mop, MoKa He
WCYE3HET TPAJMCHT MApIHAIBHBIX JABJICHUHA Ta3a B 00pa3lie ¥ B TOHKOM CIIO€
BHYTPEHHETO PAacTBOPA, HAXOMSIIETOCS MEXIYy MEMOpaHON W WHIWKATOPHBIM
DIIEKTPOIOM.

Puc. 3.7. CxeMa ra3ouyBCTBUTEIBHOTO 3JIEKTPOAA:
1 — Kopmyc 3IIeKTpo/a; 2 — UHAUKATOPHBINA ANEKTPOT; 3 — SIEKTPOJ CPaBHEHUS;
4 — BHYTpPEHHHM pacTBOp; 5 — razonpoHuIiaeMas MeMOopana.

I'a3, monaBmMii BO BHYTPEHHUN PaCTBOpP, BCTYIIAET BO B3AUMOJICUCTBUE C
pacTBOPUTEIIEM WIH C KOMIIOHEHTaMU BHYTPEHHETO pacTBOPA, HAIlPUMED:

CO; + H O 2 HCO;3 + HT,
NH; + H,O 2 NH4" + OH™.

HpOI[YKTBI 9TOI0 BBaI/IMOILGﬁCTBI/I}I OIIPCACTIAIOTCA MHAUKATOPHBIM 3JICK-
TPOIOM. HaanMep, B I'a309YBCTBUTCIIBHBIX JJICKTPOAAX IJIA OIIPCACIICHHUA NH3,
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H>S, CO2, SO, B kauecTBe MHAUKATOPHOTO UCIOIb3YETCs CTEKIsIHHBIN pH 4yB-
CTBUTEJIBHBIN 3JIEKTPOJ, MOCKOJIBKY B3aUMOJEHCTBUE IaHHBIX ra30B C BOJOU
IPUBOJNUT K U3MEHEHHUIO KOHIIEHTPALlMM KaTUOHOB BOJOPOJA B pacTBOPE.

B 1abn. 3.4 npuBegeHbl OCHOBHBIE XapaKTEPUCTHUKU HEKOTOPBIX ra304yB-
CTBUTEJIBHBIX JJIEKTPOIOB.

Tabnuya 3.4
OcHOBHbIE XaPAKTEPUCTUKH HEKOTOPLIX
ra3o4yBCTBHTC/IBHBIX 3JICKTPOA0OB
Onpenens- NHTepBan BeINOJIHEHUS pH Memaromnue BelecTsa
€MBIi1 ra3 IEKTPOAHOH pyHKIMU, M
NH3 1-(5-107) 11-13 Jleryune u pacTBOpPHMBIE
B MeMOpaHe aMHHbI
CO2 (3-102%)-10° <4 Jleryure —OpraHM4ecKue
KHCJIOTBI
NO2 0,02—(5-10%) Hutpatseiii | Jleryune opraHuyeckue
Oydepusiii | kucnotel, SO2, COq,
pacTBop Cr(VID)
SOz 102-108 0-2 Jleryune opranuueckue
kuciaotel, Clz, NO2

Depmenmuvie 21eKmMpoobl — ITO JATYUKU, B KOTOPbIX MCD mOKpHIT MIEH-
KOH, comepkalell (pepMeHT, crIoCOOHBIN BbI3BATh PEAKIIMIO MPEBpalleHus Cy0-
CTpaTa ¢ 00pa30BaHNEM BEIIECTB, HA KOTOPBIE PEarupyeT dJIEKTPOI.

IToreHuuan (pepMEHTHOTO IEKTPOAA U3MEHSIOT pEeakliuy, UIyIue ¢ 00pa-
3oBanneM H>O», NH4", CN™ u mpyrux moHos, ¢ BeiaenenneM NHsz uwinu CO»; co-
npoBOXKJaroluecss u3MeHeHneM pH pactBopa wiam oOpa3oBaHHEM OKHCIIHU-
TEJIbHO-BOCCTAHOBUTEJILHOM Iapbl. B KayecTBe 3JEKTPOXUMUYECKUX JAaTYUKOB
UCTIONB3YIOTCS TpaUTOBBIC, IUTATUHOBBIE, cepeOpsiHbIC, Pa3IMYHbIe HOHOCETICK-
THUBHBIE U Ta309yYBCTBUTEIIBHBIE DIEKTPOBI.

Ha puc. 3.8 B kauecTBe npuMepa nokazaHo yCTpOUCTBO PEPMEHTHOTO AJIEeK-
TPOJAA I ONPENEIEHUs MOUYEBUHBI. [l onpeneneHuss MOYEBUHBI IPUMEHSIOT
CTEKJISIHHBIN 3JIEKTPOJ, YyBCTBUTEIbHBIM K MOHaM aMMoHuA. Cioil ¢pepmeHTa
(ypea3bl) 3aKperuisitoT Ha MOBEPXHOCTH 3JIEKTPO/Ia, KOTOPbII MOMEIIAIOT B pac-
TBOD, coziepKalnii MoueBuHy. MoueBnHa 1udyHIupyeT B caoi hepMeHTa, rae
IIPOTEKAET PeaKLus THIPOJIN3a

peasa

(NH,),CO + H,0+H" 2NH," +HCO;3 .

HNoHoceneKTUBHBIN 3JEKTPOJI pETUCTPUPYET 00PA3yIOIIMECS HOHBI aMMO-
HUSL.
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Puc. 3.8. Cxema ¢hepMEHTHOTO 2IEKTPO/A TSl ONIPEACTICHUS MOYCBUHBI:
1 — BHYTpEHHHUI 3JIEKTPO]I CPABHEHUS; 2 — BHYTPEHHUIN CTaHJapTHBIN pacTBOD;
3 — WoHOCeNeKTUBHAs MeMOpana; 4 — cioit pepMeHTa; S5 — 3aIuTHasE MeMOpaHa.

I[JIH KOHTpPOJIsI COCTaBa KPOBHU IIPUMCHAIOTCA TJIFOKO3HBIC W JIAKTATHBIC
QJICKTPOABI. OHpCIICJICHI/Ie TJIFOKO3bI OCHOBAHO HA PCAKIUAX:

// IIIOKO300KCH1a3a /7

R_C\ + 0, + H,O > R_C\ + H,0,,
H OH
TJIFOKO3a TJIFOKOHOBAas KHCJIO0Ta
Hy0, + 2H" + 21 nepoKcHnaza I, + 2H,0

KonuuectBeHHOE onpeneneHne OCH3WINEHUIUIUIMHA TPOBOAT C MPUME-
HEHUEM MEHULIMJUTMHOBOTO 3JIEKTPOAA, KOTOPBINA MpeAcTaBisieT codoit pH-uys-
CTBUTEJIBHBIN AJIEKTPO/I, MOKPHITHI UMMOOWIN30BAaHHOM MEHUITMILTMHA30M ([3-
JaKTaMa3oi), KaTaIM3UPYIOLIEd PeaklMio THAPOIUTUYECKOrO paculerieHus [3-
JJAKTaMHOTO LIMKJIa B MOJIEKYJI€ aHTUOUOTHKA

; ;
N N
C6H5/\ﬂ/ 5\ /CH3 C6H5/\H/ S CH;
+ HQO -
0 N CH; 0 N—/ “CH,
0) HO @) Ill

COOH COOH

B Tabnuue 3.5 npuBeaeHbl MPUMEPHI PA3NTHYHBIX (EPMEHTHBIX JEKTPO-
JI0B.
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Tabnuya 3.5
@epMeHTHBIE 3JIeKTPOAbI M X XaPpAKTEPUCTHKH
Onpenensemoe DepMeHT CrnenpuIHOCTD HurepBan
BEILECTBO JaTYNKa BBIIIOJIHEHHS
BJIEKTPOTHOM
bysakmmn, M
MoueBuHa VYpeasa NH4" 102107
NH;3 102-10*
CO2 102-10*
[moko3a ['moK030KCcHIa3a H* 10'-107
I 10°3-10*
L- AMHUHOKHCIIOTHI Okcuiaza NH4" 102-10*
L-aMUHOKHCIIOT
AmMurnanua B -I'nroko3uaasza CN- 102107
Hutput-nonst Hurtputpenykrasza NH3 102-10*

KOHCTPYKHI/IH HMOHOCCJICKTUBHLBIX JJICKTPOJ0B ITOCTOAHHO COBCPIICHCTBY-
CTCA. COBI[aHBI HNOHOCCJICKTUBHBIC MHKPOJ3JICKTPOAbI, IMO3BOJIAOIINEC U3MCPATH
AKTUBHOCTHb MOHOB B OTACJIBbHBIX KICTKAX.

3.4. IIpsimasi noTeHIUOMETPUS

B npsMoli mOTEHUMOMETPUM KOHIEHTpALMIO (AaKTUBHOCTH) OMpeiessie-
MOT'0 BEIIECTBAa PaCCUUTHIBAIOT, UCXOJs W3 BeauduHbl J/[C raapBaHUYECKOTrO
ajeMeHTa. Yaiie BCero MHAMKATOPHBIM B MPSMOW MOTEHIIMOMETPUM SIBIISETCS
MOHOCEJICKTUBHBIN 3J1eKTpo/I. [IpsiMble MOTEHIIMOMETPUYECKUE U3MEPEHHUS, B KO-
TOPBIX MCHOJIb3YETCS HOHOCEJIEKTUBHBIN JJIEKTPO/I, HA3BIBAKOTCA UOHOMEMPUEL.
JlaHHBII METOJ aHalu3a XapaKTepU3yeTCs MPOCTOTOM M AKCIPECCHOCTHIO METO-
JIUK, HEJOPOTOM anmnapaTrypou.

OCHOBHBIMH YCIIOBUSIMU MPSIMBIX TOTEHIIUOMETPUUECKUX U3MEPEHUN SB-
JISIFOTCS: TIOCTOSIHCTBO TEMIIEPATYPBI, ONTUMalbHOE 3HaUeHue pH u ontumansb-
HBII COCTaB aHAIM3UPYEMOro pacTBopa. Hampumep, HOHbI HEKOTOPBIX METAJIOB
P BBICOKOW KOHIIEHTPAIIMU THIPOKCUI-MOHOB 00pa3ylOT HEPACTBOPUMBIE TU/I-
pokcunbl. [Toatomy no6asnennem HCI camxator pH pactBopa. C apyroit cro-
POHBI, B CHJILHOKUCIIBIX PAacTBOpaxX Pe3yJbTaThl ONpEEICHUs HATpUs MoJIyda-
IOTCSI 3aBBIIIICHHBIMHU, TaK KaK HATPUN-CENIEKTUBHBIN AJIEKTPOJ YyBCTBUTENICH U K
MOHAaM BOJIOPO/a.

Mertona npsiMoii MOTEHIIMOMETPHUH PaHbIIIE B OCHOBHOM HUCMOJIb30BAIU IS
ONPENEIICHUS] aKTUBHOCTH MOHOB BOJOpOJa. B Hacrosiee BpeMs B CBSI3H C CO-
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3JaHMEM HOHOCEJIEKTUBHBIX JIEKTPOJIOB 3TOT METOJ MPUMEHSIETCS I OIpeae-
JIEHHS psAlla APYrux HOHOB. MccienoBaHWe 3aBUCUMOCTH MEXKIY 3HAUYCHUSMU
AIEKTPOAHBIX MOTEHIUAIOB U AKTUBHOCTSIMU HOHOB IO3BOJISIET HE TOJIBKO OIIpe-
JIEJIUTh KOHIIEHTPALKIO (AKTUBHOCTH) HOHOB, HO M pACCYUTATh TAKUE XapaKTepH-
CTUKH, KaK KOHCTaHTbhl KHCIIOTHOCTH, KOHCTAHThl YCTOWYNBOCTH KOMILUIEKCHBIX
COETMHEHHM, POU3BEICHHS PACTBOPUMOCTH, CTAaHJAPTHBIE U JOPMaTLHBIE JJICK-
TPOJIHBIE MOTEHIIMAJIbI, CTEXHOMETPUIYECKrEe KO (DHUIIMEHTHI B ypaBHEHUSIX XU-
MUYECKUX PEAKLIUIX U JIP.

JIns pacu€ra KOHLEHTpPALMKM BELIECTBA B MPSMOW MOTEHIIMOMETPHUHU HC-
MOJIB3YIOT METO/Ibl HACTPOWKHM MPUOOpa, TPpalyupOBOYHOTO Trpadrika, KOHIICHTPa-
[IMOHHOTO DJIEMEHTA U TO0OABOK.

Meton HacTpoiiku npudopa. Kak yxe ObU10 OTMEUEHO BBILIE, JIJIS1 OTIPE-
nenenust pH pacTBOpoB 0OBIMHO MCHOJIB3YIOT CTEKJISIHHBIM 3JEKTPOJ (CM. pHC.
3.5). Ilepen nayanom paboThl mpuOOP (MOHOMED) TPALYUPYIOT B OOJIHIIIMHCTBE
CJIIy4aeB C MOMOIIBIO JIByX CTAaHAAPTHBIX pacTBOPOB. 3HaueHUs1 pH crangapTHBIX
pPacTBOPOB JOJKHBI OXBAThIBATh IHana3oH pH aHanmm3upyeMsbIX pacTBOPOB.

Metoa rpaayupoBo4YHOro rpaguxka. M3MepsroT MOTEHIMAI 3JIEKTPOaa
IIPU HECKOJIBKMX M3BECTHBIX KOHUEHTPALMIX ONPEAEIIEMOro HOHA U MOCTOSH-
HOW MOHHOM CHJIE pPaCTBOpPA, a 3aTEM IPU HEU3BECTHOW €ro0 KOHIIEHTPALUU U Ta-
KoM ske noHHOM cuJe. [Ipy moCTOSHHON MOHHOW CUIIE ANEKTPOIHAs (HYHKIIHS JTU-
HEelHa B IIMPOKOM JIMaIia30He KOHIIEHTpauui. [ paqyrupoBoUYHbINA rpaguK CTPOST
10 Pe3yJIbTaTaM U3MEPEHUS IEKTPOJHOrO MOTEHIMAIA B CTAHJAPTHBIX PacTBO-
pax. 3aTeM NOMENIal0T UHIUKATOPHBIN AJIEKTPO/I B aHATIM3UPYEMbIA PacTBOP, U3-
MEPSIOT AJIEKTPOIHBIN MOTCHIIMAI U 1O TPAIyUPOBOYHOMY TpaduKy HaAXOMST
KOHIICHTPALUIO ONPEAEIAEMOro HOHa. B aHAIM3upyeMOM pacTBOpE CO3JA0T Ta-
KOH ke cosieBoi (DOH, KaK U B CTAHJIaPTHBIX pacTBopax. OnpeaenseMble HOHbI HE
JOJDKHBI OBITH CBSI3aHBI B KOMIUIEKCHI. MeETOJIOM TpaayupoBOYHOrO rpaduka
OTPEICIISIOT, HapuMep, PTOPUI-HOHBI B TUTHEBOM BOJIE C TOMOIIIbIO (TOpHUACE-
JIEKTUBHOrO »JiekTpoda. [lpu anammze craboMuHepannM30BaHHBIX PaCTBOPOB
JIETKO CO3JaTh OMPEAECICHHOE 3HAUCHNE NOHHOM CHUIIBI.

MeToa KOHIEHTPAUMOHHOI0 3J1eMeHTa. M3MepstoT pa3HOCTh OTEHIINA-
JIOB JBYX OJIMHAKOBBIX 3JIEKTPOAOB, OJAUH U3 KOTOPBIX HAXOAUTCS B PACTBOPE C
M3BECTHOM KOHUEHTPALMEN OINPENEISIEMOr0 HOHA, & BTOPOU — B aHAJIIM3UPYEMOM
pactBope. [Ipu ycioBum, eciii MOHHAs CUJIa U COCTAaB 0OOUX PaCTBOPOB OTJIMYA-
IOTCS. HE3HAYUTENbHO, 3HAaueHue AU(Py3MOHHOrO MOTEHIMATa Majlo U €ro
MOXHO HE€ Yy4uThIBaTh. K03 UIIMEHTH aKTUBHOCTU OMPENEIIEMOTO HMOHA B
00oux pactBopax oauHakoBbl. J/]C Takoro sieMeHTa paBHa:
2,303RT | c

lg =< 3.12
e (3.12)

AE =

X
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MeTtoa cTaHAapTHBIX 100aBOK. B 1aHHOM MeTO/1e U3MEPSAIOT NOTEHIUAT
IIEKTPOJA B aHAIIM3UPYEMOM PACTBOPE A0 U MIOCIIE BBEAECHUS U3BECTHOTO 00bEMA
CTaHJApPTHOTO pacTBopa. KOHIEHTpanuIo ONpeAeIsieMOro BEIECTBA PACCUUTHI-
BaIOT 1O (hopmyJie:

y

or 1
x = Cer )
VCT+VX IOAE/S_ V

X

Ve +V

, (3.13)

C

rae S — npakTuyecKas KpyTH3Ha JIeKTpoaHON (GyHKIU, AE — pa3HOCTh TIOTEH-
IIMAJIOB MEXIY IBYMS U3MEpPEHUAMH (B (HOpMYITy MOACTABIISIIOT a0COIIOTHOE 3HA-
yeHue AE).

Ecnu ucnibITyeMbiil pacTBOp UMEET JOCTATOYHO OOJIBITYIO KOHIICHTPAIUIO
pacTBOPEHHOTO BEIIECTBA, TO y1I00HEE HEOOIBIION er0 00BEM JOOABIIITH K OIpe-
JeNéHHOMY 00BbEMY CTaHAApTHOTO pacTBopa. B aTom ciydae ¢opmyna mist pac-
yeTa cx OyJIeT UMETh BU/I:

Vi Ve

= Cer

107Ers __Fer | (11.14)
Ve +V4

X
X

PaccmoTpum mpumep pacd€ToB Mpu MOTECHIIMOMETPUIECKOM ONPEICICHUN
BEIIIECTBA METOIOM CTaHJAPTHBIX TI00aBOK.

Mpumep 3.1. [Ipu nobasnaenuu k 25,0 Mi1 pacTBopa ¢ HEU3BECTHOM KOH-
uenrpanueit propua-uonos 1,0 M pactsopa, comepxaruero 5,0-102 M NaF, mo-
TEHIMAN PTOPUA-CEIEKTUBHOTO AJIEKTPOo1a yMeHbIICcsA Ha 25 MB. Paccunraiite
Maccy (pTopuaI-uOHOB (MT) B UCCIEAYEMOM PAacTBOPE.

Corunacho (3.13) momnsipHast KOHIIEHTpAIHs PTOPUI-HOHOB B UCCIIETYEMOM
pacTBope paBHa

1,0 1

. =11- 10> Moub/1.
1,0+ 25,0

¢, =50-1072

10% B 25,0
1,0+ 25,0

Macca ¢pTopua-uOHOB COCTaBIISIET
m=c-V-M=11-107-250-107-19,0=52-10"*r = 0,52 mr.

MGTOI[ CTaHIapPTHBIX z[o6a1301< ABJIACTCA OIITUMAJIBHBIM IIPpU aHAJIN3C MHO-
TOKOMITOHCHTHBIX PaCTBOPOB, COACPIKAIIUX 3HAYUTCIBHBIC KOJIMYCCTBA HHHH(b-
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(EpEeHTHBIX 3JCKTPOIHUTOB. JIJIs YMEHBIICHUS MOTPEIIHOCTH ONPEACICHUN HUC-
HOJIL3YIOT pa3jinuHbie MPUEMBIL. [10 METOIy MHOTOKPATHBIX J00AaBOK B aHAIU3H-
PYEMBIil pacTBOP BBOST HECKOJIBKO JT00ABOK, PACCUMTHIBAIOT Cx JUIS KaXJI0I0
3HAYCHHUS Ver, @ 3aTEM IMOYYAIOT CpEHEE 3HAYCHHE Cx. DTOT METOJI OoJIee JITH-
TEJBHBIN, HO 110 TOYHOCTH M BOCIIPOM3BOJAMMOCTH JIyYIlle METOJa OJHOKPATHOM
T00aBKH.

3.5. lloreHIIMOMeETPHYECKOE TUTPOBAHUE

llomenyuomempuyeckum mumposanuem Ha3bIBACTCI METOJ aHANM3a, OC-
HOBAHHBIN HA PErvCTpallMd U3MEHEHHS MOTEHIMANIa MHANKATOPHOIO 3JIEKTPOAa
B IIPOLIECCE XUMUYECKOUN Peakiuu MEeXy OIpeiesieMbIM BELIECTBOM U TUTPaH-
ToM. OOBIYHO B MpOIECCe TUTPOBAHUS H3MEPSIOT MOTEHIMAT HHIUKATOPHOIO
AJIEKTPOJIa MOCTe T00aBICHUS ONPECICHHON MOPIUUA TUTPAHTA K aHAM3HUpYe-
MOMy pacTBopy. O0beM MpUOABISIEMOTO TUTPAHTA 110 MEPE MPUOIUKEHUS K KO-
HEYHOH TOYKE TUTPOBaHUS yMeHbIIaT. CkaukooOpa3HOe N3MEHEHUE TTOTEHIIH-
aJla MHIUKATOPHOTO JIEKTPOJIa MPOUCXOTUT B 00JACTH KOHEUHOM TOYKU TUTPO-
BaHUSI.

K ocHOBHBIM criocO06aM MOTEHIIMOMETPUYECKOTO THUTPOBAHHSI OTHOCSITCS
S- u T-tutrpoBanue (puc. 3.9). OTi cnocoObl pa3IuyarOTCa NPUMEHEHUEM UHAU-
KaTOPHBIX JIEKTPO/IOB, YyBCTBUTENIbHBIX K OMPEAEIIeMOMY BEIIECTBY (S-TUTpO-
BaHMe) Wian K TUTpaHTy (T-tutpoBanue). B o6oux ciaydasx BOJHM3M KOHEYHOM
TOYKU TUTPOBaHMS HAOIIOAETCS PE3KOoe M3MEHEHHE MOTEeHIMana MHIAUKATOp-
HOTO 3JIEKTPOa.

AE 1 AE 2

VT VT

Puc. 3.9. Kpuble NOTEHIIMOMETPUUYECKOTO TUTPOBAHMSL:
1 — S-tutpoBanue; 2 — T-TUTpOBAHUE.
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B ocHOBE MOTEHIMOMETPUUECKOTO TUTPOBAHUS MOTYT JIEKATh PA3JIUYHBIC
XUMHUYECKUE PEAKIMU: MPOTOJUTUUECKUE, OKUCIUTEIbHO-BOCCTAHOBUTEIBHEIE,
OCaIUTEIbHBIE, KOMIUIEKCOOOPa30BaHusI, KOTOPHIE JTOKHBI IPOTEKATh KOJIWYe-
CTBEHHO, CTEXMOMETPUYHO M C BBICOKON CKOpPOCThIO. BBIOOpP MHIMKATOPHOTO
AJIEKTPO/A JJI BBIMOJHEHHUS] MOTECHIMOMETPUYECKOTO TUTPOBAHUS 3aBUCHUT OT
UCIIOIb3YEeMOM peakiuu. B KUCIOTHO-OCHOBHOM M OKHCIUTEIbHO-BOCCTAHOBH-
TETLHOM TUTPOBAaHWUU WHIUKATOPHBIC DJICKTPOJIbI SBIISIOTCS YHUBEPCATHHBIMHU.
HeszaBucumMo OT mpupoIbl KHUCIOT U OCHOBAHUM B KUCIOTHO-OCHOBHOM THUTPOBa-
HUHU B MPOLECCE XUMUYECKOW PEaKIIMM U3MEHSAETCS] KOHIIEHTpalus HOHOB BOJIO-
poJia B pacTBOpeE, MO3TOMY B Ka4eCTBE MHANKATOPHOTO MPUMEHSIOT JIF0O0H UyB-
CTBUTEJIBHBIN K MOHAM BOJI0PO/Ia AIEKTPOo/1. JIro0oit mHEepTHBIN MeTal (TIaTHHA,
30JI0TO | JIp.), SIBJSIOMIUNACA IEPEHOCUYUKOM DJIEKTPOHOB, MOXKET OBITh MHIMKA-
TOPHBIM 3JIEKTPOJIOM B OKUCIUTEIBHO-BOCCTAHOBUTEIHHOM MOTEHIIMOMETpUYE-
CKOM TUTPOBAHUM HE3aBUCUMO OT THUIA OKHCIUTEIbHO-BOCCTAHOBUTEIBHOU pe-
aKIu.

B ocaguTenbHOM M KOMITJIEKCOHOMETPUUECKOM TUTPOBAHUU HEOOXOAUMO
MPUMEHSITh CEJICKTUBHBIE MHANKATOPHBIE 3JIEKTPOJIbl, YyBCTBUTEIbHbBIE K OIpe-
JesieMbIM HOHAM WJIM HOHY-0CAUTENI0 (OCaIUTEILHOE TUTPOBAHNE).

3.5.1. O0HapyKeHHe KOHEYHOU TOYKH TUTPOBAHMS

KoHeunyto TOUKy MOTEHIIMOMETPUYECKOTO TUTPOBAHUS OOHAPYKUBAIOT C
VCIIOJIb30BAHMEM KpUBOM, €€ IMPOU3BOJHBIX, a TaKxKe MeTonoM I 'pana. Ha puc.
3.10 mokazaHbl pa3IU4HbIC BapUaHThl OOHAPYKEHHSI KOHEUHON TOYKHU TUTPOBA-
HUSI CUJIBHOM KHUCIJIOTBI PACTBOPOM IIIEJIOYH.

KoneuHol Touke TUTPOBAHUS HA UCXOJAHOM KPUBOW TUTPOBAHUS COOTBET-
CTBYeT TOYKa MAaKCHMaJIbHOTO HakJIOHa (Touka mepernba) kpuBoil. s ee
HaXOXJCHHS MPOBOJSIT JBE MapajyICIbHbIE KACATEIbHBIE K BEPXHEU U HUKHEU
YacTsM KPUBOW U COEAMHSIOT UX MPSIMOM TaK, YTOOBI TOYKA MEPECEUECHUS €€ C
KPUBOW TUTPOBAHUS AEIUIA 3Ty IPSMYIO Ha JIBE€ PABHBIE YACTH.

KoneuHOl TOYKE TUTPOBAHMUS HA NEPBOM MPOU3BOJHOW KPUBOM TUTPOBA-
HUSL COOTBETCTBYET TOUYKA AKCTpeMyMa (B JAHHOM Cllydyae — TOYKa MAKCUMyMa),
BTOPOM ITPOU3BOJHOM — TOYKA MEPECEUCHUS NIPAMOM, COCIUHSIONIEN JIBE BETBU
KpUBOH, ¢ ockio abciucc. [Ipu ucnonb3zoBanuu metona ['paHa KOHEYHON TOUKe
TUTPOBAHUSI COOTBETCTBYET TOUKA NIEPECEUCHUS MPSIMBIX.
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ApH
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Puc. 3.12. KpuBas noTeHIMOMETPUUECKOT0 TUTpoBaHus (1),
e€ nepBas (2) u BTopast (3) Mpou3BOIHBIE, a TAKXKE OOHAPYKEHUE
KOHEUYHOU TOYKM TUTpOBaHUs MeToaoM ['pana (4).

[IpennoxeHsl U Apyrue crnocodbl 0OHAPYKEHUSI KOHEUHON TOYKM MOTEH-
UOMETPUYECKOr0 TUTpOBaHUs. lIpn aBTOMaTM4ECKOM THUTPOBAHMM IPUMEHS-
eTcs crocod TUTPOBAHUS 10 MOTEHLIMATA TOYKU SKBUBAIEHTHOCTH (Esw). Ilpen-
BapUTEJIBHO PACCUUTHIBAIOT WJIM HAXOAAT SKCIEPUMEHTAIBHO 3HAYECHUE ITOTEH-
[yana, COOTBETCTBYIOIIEE TOUYKE 3KBUBAJICHTHOCTU. TUTpOBaHUE MPOBOASAT 10
JOCTHKEHHSI PACCUMTAHHOTO 3HAUYECHUS MOTEHIUANA (Esxs.) MHAUKATOPHOTO JJIEK-
Tpoaa. Takoi cnoco® oOHapyKeHUsI KOHEUHOM TOUKH TUTPOBAHMSI IIUPOKO TPHU-
MEHSIETCS IMPU MACCOBBIX U IKCIIPECC-aHAIHN3aX.
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3.5.2. lIpakTHyeckoe NpUMEeHEeHHe

Kuci10THO-0CHOBHOE THUTpOBaHMe. B KayecTBe WHIMKATOPHOIO JIIEK-
TpoJa B KHCIOTHO-OCHOBHOM THUTPOBaHWH, KaK YK€ OBUIO OTMEUYEHO BBIIIE,
O0OBIYHO MPUMEHSIOT CTEKISHHBIN A51ekTpo. [lonoxkeHne KOHEUHONW TOYKH THUT-
poBaHUs U (opMa KPUBBIX TUTPOBAHUS 3aBUCSIT OT CHJIBI KUCJIOT U OCHOBaHUMU.
@opma KPpUBBIX NOTEHIMOMETPUYECKOTO KACIOTHO-OCHOBHOTO TUTPOBAHUS aHA-
JIOTUYHA PACYETHBIM KPUBBIM KHUCIOTHO-OCHOBHOI'O TUTPOBAHUS, UTO ITO3BOJISIET
UCIOJIb30BaTh JAHHBIM METOA JUIsl MOAOOpa MHIAMKATOPOB, ONPEIEIECHUS KOH-
CTaHT KUCJIOTHOCTA U OCHOBHOCTH.

IIpy nOTEHIMOMETPUYECKOM TUTPOBAHUU BO3MOKHO Pa3leiIbHOE OIpele-
JIEHUE KUCJIOT (OCHOBAHMI) B CMECH, a TAKXKE aHAJIN3 MHOTOOCHOBHBIX KHCIIOT.
IIpy 5TOM KOHCTAHTBI KMUCIOTHOCTHU JOJIKHBI Pa3jInYaThCsl HE MEHEE YeM Ha Ye-
ThIpe nopsiaKa. Hanpumep, Ipu TUTPOBAHUHU CMECH XJIOPOBOLOPOJHON U YKCYC-
HOM KHUCJIOT IIEPBBIM CKAYOK HAa KPUBOM TUTPOBAHUS COOTBETCTBYET KOHEUYHOU
TOYKE TUTPOBAHUS XJIOPOBOJOPOAHON KHUCIOTHI, @ BTOPOIl CBUAETEILCTBYET 00
OKOHYaHWH TUTPOBAHUS YKCYCHOM KHUCIIOTHI.

[ToTeHIMOMETPUYECKOE KHUCIOTHO-OCHOBHOE THUTPOBAHUE BO3MOYKHO B
HEBOJIHBIX M CMEIIAHHBIX PACTBOPUTENAX B CIIy4asix, KOT/1a BEIIECTBA HE PACTBO-
PAIOTCS B BOJIE WJIM KOHCTAHTHI KUCJIOTHOCTH Pa3JINYarOTCsl MEHEE UEM Ha YEThIPE
nopsiaka. Hanpumep, B mpem-0yTaHONBHOM pacTBOPE BO3MOKHO Pa3AesIbHOE MO~
TEHLIMOMETPUUECKOE OIPEACICHUE CEPHOU U XJIOPOBOJIOPOIHON KUCIIOT.

B ¢apmaxoneliHoM aHaiN3€ KHUCIOTHO-OCHOBHOE IOTEHIIMO-
METPUYECKOE TUTPOBAHUE MCIIOJIB3YETCS I ONPEAEICHNUS MHOI'MX
a30TCOZEpKAIUX JEKApCTBEHHBIX BEIECTB, KATHOHBI KOTOPHIX 00-
JAZAa0T KUCIOTHBIMUA CBOMCTBAaMHU. TUTpOBaHME BELyT B BOJHO-OTa-
HOJIBHBIX pacTBopax. Hampumep, npu onpeneneHnn XJiopnpoMasnHa
THAPOXJIOpHIa B CyOCTaHIIMM HaBECKy BEIECTBAa PAacCTBOPSAIOT B
cmecu 5,0 ma 0,1 M HCl u 50 mn stusnoBoro cnupta u TutpyroT 0,1 M NaOH.
Jnis pacuéroB 6epyT 00bEM TUTpaHTa MeXAY 1-if u 2-if Toukamu neperunda Kpu-
BOW TUTPOBAHMS.

| LI,

N Cl
Cl +NaOH —= +NaCl + H,0 .
+ _CHj N CHs
| “CH “CH
_ H 3 :
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_ —
N B "
L\ 2CI +2NaOH —= U + 2NaCl + 2H,0
N N
| H | H

IToreHIMOMETPUYECKOE TUTPOBAHUE, OCHOBAHHOE HA IIPOTOJUTHYECKUX
peaKIuax, MOKET IPOBOJUTHCS TAKXKE B HEBOAHBIX cpenax. Hanpumep, konuye-
CTBEHHOE OIPEJEIICHNE alpa3oyiaMa B (papMaleBTUYECKON CyOCTaHIIUU ITPOBO-
JAT B cpesie 0€3BOTHOM YKCYCHOM KMCIIOTBHI U YKCYCHOTO aHTHIpUIA, TATPAHTOM
apigercs 0,1 M HCIO4. TutpoBanue BeyT 40 BTOPOIM TOUKH Mepernda Ha Kpu-

BOW TUTPOBAHMUA:
H

H5C N H;C N+

/ \

+2HCIO, —= 2c1o4
/N /N+

B (l)apMaKoneﬁHOM aHaJIM3€ JOCTaTOYHO IIMPOKO MCIOJB3YETCS MOTEH-
HUOMETPUYECKOE TUTPOBAHHUE, B OCHOBE KOTOPOTO JIEKAT PEAKLIUH alluIUMETPH-
YECKOI'0 ONpe/eieHUs] aHUOHOB, BXOJSIIHUX B COCTaB (POPMYJIbHBIX €AMHHUIL Jie-
KapCTBEHHBIX BelecTB. Hanmpumep, onpenenenue canpoyramona cyibdara npo-
BOAUTCS B cpefie 0€3BOJIHBIX YKCYCHOW M MYpPaBbHHOM KHUCIOT U OCHOBAHO Ha
npeBpalleHus cyibdara B THAPOCYIb(aT-HuoH:

- OH H .
N en
3 _
HO A SO; +HCIO, —
HO 3 3
L -2
OH H - OH H ClO;
+ILI/H HSO4 +I|\I/H 4
HO Cls o CH;
s HiC CH H,C CH
HO 3 3 HO 3C 3

OxucaumenvHo-eoccmanosumenvHoe mumpogarue. 1Ipu noreHuuoMeTpu-
YECKOM OKHCIUTENBHO-BOCCTAHOBUTEIIBHOM TUTPOBAHUU NPUMEHSIOT IIJIATUHO-
BBIM DJIEKTPOJ, YYBCTBHUTENIBHBIM K OKHCIUTEIbHO-BOCCTAHOBUTEIBHOM Nape.
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KpuBast OKUCIUTENbHO-BOCCTAHOBUTEIHHOTO TUTPOBAHUS HE 3aBUCUT OT KOHIICH-
TpaIy pearupyromux BEMIeCTB, MOATOMY pa30aBiIeHUE pacTBOpa MPAKTHICCKU
HE BJIMSICT Ha TIOJIOKCHHE TOYKH SKBUBAJICHTHOCTH. BenmnunHa ckauka Ha KpUBOM
TUTPOBAHUS 3aBUCUT OT PA3HOCTH CTAHIAPTHBIX SJIEKTPOTHBIX TOTCHITUAIOB U OT
YHUCJIa DJIEKTPOHOB, YYaCTBYIONIUX B OKHUCIUTEIIBHO-BOCCTAHOBUTEIBHOU PEaK-
1107078

B kadecTBe TUTpaHTOB MPUMEHSIOT KaK OKHUCIUTENH, TaK U BOCCTAHOBH-
tenu. PacTBop auxpomara Kaiusi MCHONB3YIOT IUIsi TUTpoBanus >keinesa (I11),
osioBa (II) u apyrux BoccranoBureneir. PactBopom cynbdara xkemnesa (I1I) Tut-
PYIOT XpOM U BaHAJMUI MOCIIe UX OKUCIEHUS MepcyibpaToM aMMOHUS. APCEHUT
HATPHS UCTIONB3YIOT JIJISl OMpEIeNIeHNs XpoMaTa B IPUCYTCTBUM BaHAJATOB, TaK
KaK BaHaJlaT-uOH HE BOCCTaHaBIuBaeTcsa apceHutoM. I excanmanodeppar (I1I) xa-
st — cnabmiit okueutens (E°= 0,36 B), 01HAKO MM MOKHO OKHUCIHMTH KOOAJILT
(IT) no xo6anpta (I11) B aMmMuauyHOM pacTBOpeE:

[Co(NH3)6]*" + [Fe(CN)s]* = [Co(NH3)s]*" + [Fe(CN)s]*.

OcaauTenbHOe TUTPOBAHME. B MeTOIax OCaXAEHUS B KAYECTBE UHIAUKA-
TOPHBIX IEKTPOJIOB UCIIOIB3YIOT JJIEKTPOIbI, pEarupyronme Ha U3MEHEHUE KOH-
LEHTPALlM MOHOB, O0pa3yIoIINUX MajJopacTBOpuUMBbIe coequHeHus. Ckadok mo-
TEHIMAJIA NPHU TAKOM TUTPOBAHHM 3aBUCUT OT PACTBOPUMOCTH OCAaJKa U OT
HayaJIbHOM KOHUEHTpaluuu TuTpyemoro nona. Ha puc. 3.13 npuBeneHsl KpuBbie
TUTPOBAHUS TAIOTEHUI-MOHOB pacTBOpoM AgNOs.

E 1

Br

3

Cl

Vr

Puc. 3.13. KpuBble TUTpOBaHUS rajJoreHUA-MOHOB pacTBOpoM AgNOs3
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MeTonoM 0CaguTeNbHOrO0 MOTEHIUOMETPUUYECKOTO TUTPOBAHMS MOKHO
MPOBECTU aHAIU3 cMecH TayoreHus10B, Hanpumep, NaCl u Nal. 3naunrtenbHoe
pasnuyue BeInuuH Ks rajJoreHu10B cepedpa mo3BOJISET M0 MEPBOMY CKaUKy THUT-
pOBaHUSI pacCUUTaTh COJACPKAHUE UOAUA-UOHOB, a M0 BTOPOMY — COJCpPIKAHUE
XJIOpUI-MOHOB. B nepBo#t yactu TUTpOBaHMs HAOIIOJaETCsl HEKOTOPHIH mepepac-
XOJl TUTpaHTa, Tak Kak Oojee pactBopumMbiii AgCl yacTMyHO Ocaxaaercss BO
BpeMsi oOpazoBanusi MeHee pactBopumoro Agl. [Tpu ananuze pactBopa, coaep-
JKallero NpuOIM3UTENIbHO PaBHbIE KOJIMYECTBA TajOr€HHUIOB HATPUS, MOTpEl-
HOCTb ONPE/IeNICHUs He TTpeBbIaeT 2%.

B kayecTBe TUTPAHTOB B NOTEHIIHOMETPUUYECKOM OCAIUTEILHOM TUTPOBA-
HUHU MOTYT IIPUMEHSTHCS TAKXKE PACTBOPHI XJIOpUa HATpUs, TeKcalnanodpeppaTa
(IT) xanus1, TuTpoBanus kanus. Hanpumep, HoHbI cepedpa, BUCMYyTa MOXHO THUT-
poBath pactBopoM NaCl. I'excaumanodeppar (I1) kanus UCHOIB3YIOT JJIs OTpe-
JIeJIeHUs] KaTHOHOB M/, INHKA, KaIMHs1, CBUHIIA U JIp.

3ZnCl, + 2K4[Fe(CN)s ] = KaZns[Fe(CN)s ] +6H,O.

[Tpumepom (hapMakoneHbIX METOIUK OCAIUTEIBLHOTO MOTEH-
LUOMETPUYECKOTO TUTPOBAHUS MOXKET CIIYXKUTh OIPEJIEIICHUE CYJIb-
daToB Kanus WU HATPHS, a TaKXKe JICKAPCTBEHHBIX BEILECTB MIpa-
Tporusi OpoMHIa U TPUMETA3UIMHA JTUTHIPOXIIOPUIA.

Kanus cynbdat u HaTpus cyabdar THTPYIOT HUTPATOM CBUHIIA

C CBUHEII-CEJIEKTUBHBIM JIEKTPOJIOM

K2SO4 + Pb(NO3)2 = PbSO4 + 2KNO:.

Unparponus 6pomus tutpyioT 0,1 M pactBopoM HuUTparta cepedpa B mpu-
CYTCTBUU a30THON KHCIOTHIL.

_CH _
Br CHs NO; )Ci‘h
H3C~~ ~CH; H3C~ " ~CH;
ﬁ% + AgNO; —= M + AgBr |
O OH 0 OH
O 0

AHaJIOTUYHBIM 06pa30M OIIPCACIIAIOT U TPUMCTASUANHA JUTUAPOXJIOPUI:
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OCH
H 3 H OCH3
| OCHj | OCH;4
H KN+ +2AgNO;— H fl\”
H: NJ 2CT OCH 3 H: NQ OCH
3 2NO; 3
+2AgCly

Kommiiekcomerprueckoe TUTPOBaHUE. B MOTEHIHMOMETPUUECKOM KOM-
IUIEKCOMETPUUECKOM TUTPOBAHUU UCIOJIB3YIOT PEAKINH, IPOTEKAIOIINEe ¢ 00pa-
30BaHUEM PACTBOPUMBIX KOMILIEKCOB ((hTopuasl, KomIuiekcoHaTsl). Hanbonee
LIMPOKOE NMPUMEHEHHUE HAXOAUT KOMIIEKCOHOMETPUYECKOE TUTPOBAHUE C IIPU-
meHenneM DJ[TA. B kauecTBe MHAMKATOPHBIX 3JEKTPOIOB MPUMEHSIOT IJIaTH-
HOBBIH, cepeOpsAHbIi, pTyTHBINA U aAp. Hanpumep, TutpoBanue nonos prytu (II)
npoBoAT pactBopoM DJITA ¢ pryTHbeIM 351ekTpoaoMm. Ilpu Hammuuum B pacTBOpe
OKHUCIMTEIBHO-BOCCcTaHoBUTENLHOM mapsl (Fe**/Fe?t, Cu*/Cut) npumensroT mia-
TAHOBBIA DJJIEKTPOJA. METOIOM NOTEHIIMOMETPUYECKOTO TUTPOBAHUS MOXKHO
onpeaensth xkene3zo (I1II) B mpucyrcrBuu xenesa (1), nonst menu (I11) B mpucyt-
ctBuu noHoB Mmeau (I). Ecnu peakuus Mexay omnpenenseMbiMd KaTUOHAMH U
OATA mnporekaer MeIJI€HHO, TO MPOBOJAT OOpaTHOE TUTPOBaHUE H3OBITKA
OJITA pactBopom xee3a (I11). [1maTHHOBBIN 2JIEKTPO/I B 3TOM Cllydae pearupyet
Ha MOSIBIICHUE M M3MEHEHHE MOTeHuana napsl Fe’'/Fe?’,

TutpoBanue pactBopoM NaF pacTBOpoB coenuHEHMI aTlOMUHMS, OEpHII-
JIMsl, MarHus TaK’Ke OCHOBAHO Ha peaklusax KOMIUIeKcooOpazoBanus. B atom ciy-
Yyae MPUMEHSIOT HOHOCEJIEKTUBHBIN 3JIEKTPOJ Ha (PTOPUI-MOHBI.

[Ipenmy1ecTBa NOTEHIIMOMETPUIECKOTO TUTPOBAHUS IEPE TUTPOBAHUEM
C BU3YaJIbHBIM OOHApYXKEHHMEM KOHEYHOW TOUKH TUTPOBAHUSA 3aKIIOYAIOTCS B
TOM, YTO: OTCYTCTBYeT CyOBEKTHMBHAs MOTPEIIHOCTh OOHApYKEHUS KOHEUHON
TOYKHA TUTPOBAHUS; ONPEIEIICHUE BEIIECTB MOYKET IIPOBOIUTHCS B OKPALLIEHHBIX
U MYTHBIX pacTBOpax; UMEETCS BO3MOKHOCTh U PEepeHIIMPOBAHHOIO TUTPOBA-
HUSI KOMIIOHEHTOB CMeCH (B OCOO€HHOCTH, ITPU UCIIOJIb30BAHUU HEBOJHOTO TUT-
pOBaHUs); MPOLIECC MOKET ObITH aBTOMaTU3UPOBAH.
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KYJIOHOMETPUA

4.1. O01mast xapakTepuCcTUKA U KJIacCU(PUKAUSA

Kynonomempuueckumu Ha3pIBaIOT dJIEKTPOXUMHUYECKHME METO/IbI AHAJIN3A,
OCHOBAaHHBIE HAa M3MEPEHUU KOJMYECTBA JJIEKTPUYECTBA, IMPOLIEAIIErO 4epes3
AIEKTPOIUTUYECKYIO IUYEUKY IPU IEKTPOXUMUYECKOM OKHCICHUH WJIM BOCCTA-
HOBJICHUH BEIIECTBA HA paboyeM 3JIEKTPOIE.

B aHanmTHYeCKUX LENSIX KYJIOHOMETPHS CTaja UCHoJib3oBaThes ¢ 1938 1.,
korga BeHrepckue xumuku Jlagucnap Cebemtenu (Czebelledy) u 3. lomonbu
(Somogyi) mpuMeHWIN KYJIOHOMETPHUUECKHE H3MEPEHHS JUIs CTaHJIapTU3aIlluu
PacTBOPOB COJITHOM, CEpHOM KHCIIOT, TUAPOKCHIA HATPHUS M HEKOTOPBIX JIPYTHX
BCIILIECTB.

B 0CHOBE KyJIOHOMETPUYECKUX U3MEPEHMI JIEKAT IPOLECCHI ANEKTPOIIN3A,
T.€. OKHCIIUTEIbHO-BOCCTAHOBHUTEIIbHBIE PEAKIIUH, IPOTEKAIOIINE HA 3IEKTPOIaX
IPU MPOXOKACHUH YEPE3 aHATUZUPYEMBII PACTBOP JIEKTPUUECKOTO TOKA.

Kynonomerpusi — 310 6e33TaioHHBI METOJ aHanu3a. Maccy omnpexernsie-
MOTO BEUIECTBA NPHU KYJIOHOMETPHUUECKUX ONPENEIEHUSAX PACCUUTHIBAIOT HEIO-
CPEICTBEHHO U3 BEJIMYMHBI aHAIUTHYECKOTo curHajia. KonuuecTBeHHbIE pacuéThl
B KYJIOHOMETPUU OCHOBaHBI Ha 3axonax Papaodes 015 snexkmpoausza. MaremaTu-
YECKOe BhIpaykeHHe 00beIuHEHHOT0 3akoHa Dapaiest uMeeT BU

M Mt
m:— :—’ 41
nFQ nF .1

T7ie m — Macca BEIeCTBa, OKUCIECHHOTO (BOCCTAHOBJICHHOTO) B MPOIIECCE DIIEK-
TpoJiu3a B rpamMMmax; M — MoJsipHas Macca BelecTBa (I/MOJb); 7 — YUCIIO AJIEK-
TPOHOB, YYaCTBYIOUIMX B AJIEKTPOAHOM peakuuu; F — nocrosunas ®apanes (F =
96487 Kin/mons = 9,65-10* Kin/moib), O — KonudecTBo sekrpuuectsa, Ki., 1 —
CHWJIa TOKa B aMIiepax, 7— BpeMs DJIEKTPOJIN3a B CEK.
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KonmuecTBeHHBIE 3aKOHBI, ONTMCHIBAIO-
IIMe MPOIECC BJIEKTPOIu3a, CcPHOpMyJIUpo-
BaHbl B Hayaje 1830-X roJoB aHIIIUNCKUM
yu€npiM Matikiiom dapangeem.

AHrUiickuii (QuU3MK, XUMUK U Qu-
3UKO-XUMHUK M.Dapazien aBIaeTCs OTHUM U3
OCHOBOIIOJIO)KHUKOB KOJIMYECTBEHHOM AJIEK-
TpoxuMuu. OH OTKpBUI SIBJICHHE 3JIEKTPO-
MarHuTHOW UHAYKIWH, THaMardHeTu3ma v mna-
paMarHeTu3Ma, BIEpBble OOHAPYXKHII sIBJIE-
HHE BpaIllEHUE IUIOCKOCTH MOJISPU3ALIAN T10-
nspuzanuu ceeta (9ddext dapanes), n3006-
pén BosbTMeETp. [Ipemnoxuin nousTue mnoJs,
BIIEPBBIC YHOTPEOMT TEPMHUH «MArHUTHOE
dapaneii (Fara déy) Maiix nosie». apaneit BBEN B XUMHUIO TaKHE TeEp-

(1791—1867) MMHHBI KaK IIOJBHXXHOCTb, HOH, KaTOJd, aHO/,

AIEKTPO/I, FJIEKTPOJIN3.

[Ipu npoBeaeHNN KyJTOHOMETPUUECKUX ONpeieIeHni HEe00X0IUMO, YTOObI
OTCYTCTBOBAJIM TOOOYHBIE XUMUYECKUE U ITEKTPOXUMUYECKHE MPOIIECCHI, U BbI-
x0J1 1o ToKy ObL1 paBeH 100%; onpeaenseMblid 3JIEMEHT OKUCISIICS (BOCCTaHaB-
JIMBAJICS) TOJIBKO IO OJIHOM TOYHO M3BECTHOM CTENEHU OKUCIICHHUS; ObLT U3BECTEH
croco0 ornpeeneHus KOJIMYeCTBa AJIEKTPUUYECTBA MIIM MOMEHTA 3aBEPILICHUS pe-
akuuu. Otkinonenue ot 100%-BbIxoa 1o TOKY MOXKET ObITh BBI3BAHO PSIIOM IIPH-
YUH: OKUCJIEHUEM WM BOCCTAHOBIIEHHEM IPUMECEH, Pa30KEHUEM BOJIbI, yya-
CTUEM MaTepHalla IEKTPOJIa B ANEKTPOXUMUYECKON PEAKLUH.

B 3aBuCHMMOCTH OT yCJIOBUI M3MEPEHHS aHAJUTUYECKOTO CUTHAJIA PA3JIH-
YalT HOMEHYUOCMAMUYECKYI0 U 2alb8AHOCMAMUYECKYI0 KyloHomempuio. B
NIEPBOM CIIy4ae ONpPEIEJIEHUsI IPOBOJAT IPH IMOCTOSIHHOM IOTEHIMAje, BO BTO-
POM — IIPH ITOCTOSIHHOW CHJIE TOKA.

B 3aBUCMMOCTH OT IPUMEHEHHUSI Pa3IUYAIOT NPAMYIO KYJOHOMETPHIO U KY-
JIOHOMETPUYECKOE TUTPOBaHHE (KOCBEHHas KyJoHoMeTpusi). B ciydae npsamwoti
KYJIOHOMempuy OTPENIETsIeEMOE BEIIECTBO PEarupyeT HEMOCPEACTBEHHO Ha IO-
BEpXHOCTHU 3nekTpoaa. llpu xyronomempuueckom mumposaruu ONpeseasieMoe
BEILIECTBO HEMOCPEICTBEHHO HE YYaCTBYET B AJIEKTPOJHOM PEAKIIMH, HO B3aUMO-
JNEUCTBYET C MPOAYKTOM AJIEKTPOIIU3A.
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4.2. Illpsimas KyJJOHOMETPHS

[IpsiMble KyJTOHOMETPUUECKUE ONPEIETIEHUS 0OBIYHO IPOBOAT ITPH IOCTO-
STHHOM INoTeHnuae. [IpsMast KyJJoHoMeTpus IpyU MMOCTOSSHHOW CUJIE TOKA UCITIONb-
3y€TCs B TEX CIIy4asiX, KOTJ1a ONPEAEIIEMOE BEIIECTBO HAXOAUTCS HA IOBEPXHO-
CTH DJIEKTPOJA WIH NPEIBAPUTEIBHO BBIIEJIICHO HA 3TOM TOBEPXHOCTH.

[IpyHIMNManbHAsA cXeMa YCTAHOBKH IS MOTEHIIMOCTATUYECKUX KYJIOHO-
METPUYECKUX OIIPEACICHUH IT0Ka3aHa Ha puc. 4.1.

NMOTEeHIINOMETP
YCTPOMCTBO AJIs1 *
u3mepenns Q
2
g _::'\\
1{ j 3

Puc. 4.1. [IpunnunuanbHas cXeMa YCTAHOBKH JJIS MOTEHIIUOCTATHYECKUX
KYJIOHOMETPUYECKHUX ONPEIEICHUN:
1) pabGouwnii a1exTpoa; 2) 3MEKTPO CPaBHEHHS; 3) BCIIOMOTATENbHBIHN 3IEKTPOJT

Ecnu na paboueM 31eKkTpoie MpOoTEeKaeT EKTPOXUMHUUECKas peakius ep-
BOT'O MOPSIKA, TO CHJIA TOKA C TCYCHUEM BPEMEHH YMEHBIIACTCS 110 SKCITOHEHIHU-
albHOMY 3aKOHY (puc. 4.2):

I, =TI =1,107" (4.2)

KoncranTa B BelpaskeHuu (4.2) 3aBUCUT OT IUIOLIAU TTOBEPXHOCTHU DJICK-
Tpoaa, kodhduimenta nuddy3un dIEKTPOAKTUBHOIO BellecTBa, 00bEMa pac-
TBOpA B sTYCHKE U TOMIIMHBI JU(D)Y3MOHHOTO CIIOS.

k=2303k =2 (4.3)
Vs
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rjae S — wionaab MOBEPXHOCTH deKkTpoaa, D — koaddumuent quddys3un siex-
TPOAKTUBHOT'O BELIECTBA; V' — 00bEM pacTBOpa B siueiike; O - ToImMHa 1udPpy3u-
OHHOTO CJIOSI.

Iy

to L t
Puc. 4.2. 3aBUCUMOCTb CHIIBI TOKA OT BPEMEHU B OTEHIIMOCTaTUUYECKON KyJIOHOMETPUH

JI71st Toro 4ToOBI SJIEKTPOXMMHUECKAs PEakils Mmpolia 10 KOHIla, Teope-
TUYECKU TpedyeTcst 6eckoHEeUHO OoubIoe BpeMs. [IpakTudecku npu npoBeeHUU
AJIIEKTPOJIM3a BCETJa OCTa&TCsl HEKOTOPBhIH (POHOBBIN TOK (/p), 0OYCIOBICHHBIM
IpPEeBpAIllEHUEM MPUMECEH, MOATOMY OOBIYHO 3JIEKTPOJIU3 CUUTAIOT 3aKOHYECH-
HBbIM, Korjaa cuja Toka ctaneT paBHou 0,01-0,001 oT mepBoHayanpHOrO 3HaYE-
Hus. [lorpemHocTs onpeaeneHus B 3ToM citydae He npesbimaet 0,1%. dns ycko-
peHus Tmpoliecca dIEKTPOoIM3a HEOOX0JUMO CO3/1aTh TaKHe YCJIOBHS, UTOOBI Be-
JUYUHA kK B 3aBUCUMOCTH / OT ¢ ObLTa KaKk MOKHO OoJbIei. [[jst 3TOro Mcroib-
3yIOT pabouuil 3MEKTPO] ¢ OONBIION TMIIOMAAbI0 MOBEPXHOCTH, OEPyT MaIblii
00BEM pacTBOpa M, KpOME TOTO, PACTBOP B AUCHUKE MOCTOSHHO MEPEMEIINBAIOT
(3TO IPHUBOJUT K YMEHBILIEHUIO 0).

TOYHOCTh KYJIOHOMETPUYECKUX OMPEAEIICHUI MPU NOCTOSIHHOM MOTEHIU-
ajie 3aBUCHUT OT TOYHOCTHU ONPEIEIICHHS KOJIMYECTBA JJIEKTPUUECTBA. Pe3ybTaThl
ONpEICIICHUS] KOHLICHTPAIMU BEIIECTBA, MTOIYyUYECHHbIE METOIOM IMOTEHIIMOCTATH-
YECKON KyJIOHOMETPUHU OJIMKE K UCTUHHON KOHIICHTPAIIUU, YEM B METO/IE Tajlb-
BAHUYECKON KYJIOHOMETPHUH. DTO CBSA3aHO C TEM, UTO MIPU OCTOSIHHOM CHUJIE TOKA
TPYAHO MOJACPKUBATh MOTEHIIUAI AIEKTPOAA, YTOOBl UCKIIOUUTH BIHMSIHUE TO-
OOYHBIX pEAKIUH.

KonuuecTBo anekTpuyecTBa, 3aTpauy€HHOE Ha SJIEKTPOXUMHUYECKOE Ipe-
BpallleHUE BEIIECTBA, B MOTCHIIMOCTATUYECKON KYJIOHOMETPUHU PaBHO:

O =0 —0p = | dt—I1. (4.4)

)
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Jlist onpeneneHus KOJIM4ecTBa 3JIEKTPUUECTBA, MPOIISAIEro Yepe3 dIeK-
TPOJUTUYECKYIO SUEHKY, UCIIONB3YIOT 3JEKTPOHHBIE WM XUMUYECKHUE UHTErpa-
TOPBI TOKA («KYJIOHOMETPBI»). KpoMme TOTro, KOJIMYECTBO AJIEKTPUUECTBA MOMKHO
ONpeNeNnTh KaK IJIOWAab MO KPUBOM «cuiia Toka — Bpemsi» (puc. 4.2). Ecnu
CUJIa TOKa BBhIpaKEHA B aMmIiepax, a BpeMsl 7 — CEKYHJIaX, TO KOJIMYECTBO AJICK-
TpudecTBa () pacCUUTHIBACTCA B KyJIOHAX. ODJIEKTPOJIU3 aHAJTU3UPYEMOTro Belle-
CTBa CUMTAIOT 3aBEPIICHHBIM (f), KOTJa TOK JOCTUTAET BEIMYUHBI, HE MPEBbIIIA-
totero 0,1% ot nepBoHavanbHOU cuiibl ToKa (/o).

Kynonomempom Ha3pIBaeTCs 3JIEKTPOIUTHYECKAs sSU€ilKa, TOAKIIOYaeMas
IIOCJICIOBATEBHO ¢ KYJIOHOMETPUYECKON SAYEUKOU, B KOTOPOM IIpU 3aMbIKAaHUU
anextprudeckoi nenu co 100% BBIXOIOM IO TOKY MPOTEKAET MIEKTPOXUMHUUYECKAS
peakius U3BECTHON crexuomeTpun. KyloHOMETpbl MOTyT OBITh TPaBUMETPHYE-
CKMMH, Ta30BbIMU, TUTPALIUOHHBIMU U (POTOMETPUUECKUMHU.

I pasumempuueckue Kyronomempsl COCTOAT W3 IUIATUHOBOTO Karoia U
aHoJla, U3TOTOBJICHHOT0 U3 MeTaslia (cepedpa, Meu U JIp.), HOHBI KOTOPOTO HaX0-
naTcs B pactBope. KoamdecTBO 3JIEKTpUYECTBa ONPEACISIOT MO YBEIMYEHUIO
Macchl IUIaTHHOBOTrO Karofa. g cepeOpsiHoro kyionomerpa 1 Ki snexrpuue-
CTBa COOTBETCTBYET yBEJIUUYCHHUIO MacChl Karoaa Ha 1,118 mr, qjs MegHoro — Ha
0,3295 wmr.

B cazoevix kynronomempax KOJIWYECTBO 3IEKTPUYECTBA OMPEIEISIIOT IO
00BEMY raza, BeIIEIMBLIErOCs MpHU 3JeKTponnse. Hapumep, B BOIOpOIHO-KHUC-
JOPOTHOM Ta30BOM KYJIOHOMETPE MPH JIEKTPOIIH3€E BOIBI 00pa3yeTcs CMeCh KUC-
nopoza u Bogopoaa, mpu 5tom 1 Kit coorsercrsyer 0,1797 cm? (1.y.) 3TOM cMecH.
Ha anone BblaensieTcst KUCIOPO/, @ Ha KaToAe — BOAOPOI:

2H,0 —4e=0,+4H",
2H,O +2e=H>+20H".

OO0beM Ta30BOM cMecH, IPOMOPIHMOHATIBHBIN KOJIUYECTBY dJEKTPUUYECTBA
U3MEPAIOT TpaayrpoBaHHOM OropeTkoi. CxeMa BOJIOPOJHO-KUCIOPOIHOTO (BO-
JITHOTO) KyJIOHOMETpa IMpejcTaBieHa Ha puc. 4.3. B cocyn ¢ Bogoii (3) momernieHa
oropetka (1) ¢ anekrpongamu (2). HuxHsst 4acTh OIOPETKU COEMHEHA C U3MEPH-
TenabHOM OropeTkoii (7). bropeTku 1 u 7 3amoyHSIOT pacTBOPOM CylibdaTa Kajus,
IIPU 5TOM YpOBEHb pacTBopa B OropeTke (1) momxeH 1oxoauth 10 kpana (5). [o-
CJIE€ DJIEKTPOJIN3a YCTAaHABIUBAIOT OJJMHAKOBBIN YPOBEHb PACTBOPOB B 00euX Or0-
peTKax M Mo KATMOPOBAaHHOW OFOPETKE OTCUMTHIBAIOT 00EM BBIICTUBIIICHCS Ta-
30BOM CMECH.
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s\

M 1

Puc. 4.3. Cxema 600siHo20 Kyn1oHoMempa:
1 — OropeTka; 2 — 3MeKTpOIbl; 3 — COCYA C BOIOH; 4 — TepMOMeETp; 5 — KpaH;
6 — Pe3WHOBBIN NTUTAHT; 7 — U3MEPUTENbHAs OI0OpeTKa

B mumpayuonnvix xynonomempax KOIWYECTBO 3JEKTPUUECTBA OIpejie-
JSIFOT My TEM TUTPOBAHMSI IPOAYKTA SIEKTPOAHON peakiiuu. Hanpumep, B nonHOM
KYJIOHOMETpPE U0/, 00pa3yIOIMUNCS MPU OKUCICHUN HOAUI-MOHOB, TUTPYIOT THO-
cynb(haToM HaTpHsL.

B ¢pomomempuueckux xynonomempax KOIM4eCTBO 3JIEKTPUIECTBA ONpeEie-
JISIFOT TI0 OTITUYECKOM MIIOTHOCTH OKPAIIEHHOTO pacTBopa. Hampumep, B nogHOM
(oToMeTpHUECKOM KYJIOHOMETPE HCIIOJIb3YETCS PEAKIMs 0J1a C KPaXMaJIoM.

[Ipsimast KyJTOHOMETpHS UCIIONIb3YEeTCs TSl onpeaeneHus coenunenuit Cu,
Au, Ag, Tl, Sb u apyrux sneMeHToB, a TakKe A7 XHHOHOB M THAPOXUHOHOB,
MHOT'0ATOMHBIX (PEHOJIOB, HUTPO-, HUTPO30- M a30-COETMHEHHIA, TaIOT€HOTIPOU3-
BOJIHBIX M T.1. Hike mokazaH mpuMep MCHOIb30BAHUS MPSIMOM KyJIOHOMETPUHU
IUI OTIpEeJIeNIeHUs] aCKOPOMHOBON KHUCIIOTHI.

IIpumep 4.1. OnpeneneHue aCKOPOMHOBOM KUCIOTHI MPOBOIUIIN KYJIOHO-
METPUYECKUM METOJIOM ITyTEM OKHCIEHHUs e€ 10 AETUAPOACKOPOMHOBON KHC-
J0Thl. PaccumnTaiite Maccy ackopouHoBo# kucinoTel (M = 176,13 r/mMmomb) B pac-
TBOpE, €CIIN 3a BpeMsl, HE0OOX0IUMOe I €€ OKHCIICHUS, B METHOM KYJIOHOMETpe
Macca Karoja yBennuuiach Ha 35,0 Mmr. MossipHy 0 Maccy MeId CUUTaTh PaBHOM
63,55 1/MOIB.

B mporiecce anekTpon3a mpoTeKarT PEaKIum:

Cu?" + 2e = Cu (xaron);
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OH OH
HO HO

O -2¢ — O +2H"

HO OH O @) (aHOM).

KonmuecTBo 35eKkTprdecTBa, MOMIEIINICI0 Ha AICKTPOXUMHUYECKYIO Peak-
U0, PaBHO:

W F_350-107-2.9,65-10*
63,55

o="c¢ ~106 K.

M

u

CrnenoBaTenbHO, Macca aCKOPOMHOBOM KHCIIOTHI B PACTBOPE PaBHA:

MO 176,13-106
n-F 2:9,65-10

=9,70-102r = 97,0 mr.

KonudecTBo 351eKTprYeCcTBa, MPOLIECIUIErO YEPE3 AHATUTUUECKYIO TUEHKY
U KYJIOHOMETp, PaBHO, U B JJIEKTPOXUMHUYECKUX MPOIECCAaX C yYaCTHEM acKOpOu-
HOBOU KHUCJIOTBI U MEIU Y4acTBYET OAMHAKOBOE KOJIMYECTBO 3JIEKTPOHOB, IO-
TOMY Maccy aCKOpOMHOBOM KHUCIOTHI B PACTBOPE MOXKHO PAaCCUUTATh U TaK:

mey - Mug _350:176,13

= 97,0 mr.
M 63,55

Mag =
u

4.3. Kyj1oHOMeTpHUUYeCKOe TUTPOBAHUE

B kynoHOMeTpuueCKOM TUTPOBAaHUU aHATUTUUYECKUM CUTHAJIOM SIBIISETCS
HE 00bEM CTaHIAPTHOTO PAacTBOPA TUTPAHTA, & KOJUYECTBO AJIEKTPUUECTBA, KO-
TOpOe HEOOXOIMMO JIJIsl ero noiydenus. KyjgoHoMerpuueckoe TUTPOBAHUE, B OT-
JMYKUE OT MPSAMON KyJIOHOMETPHUH, UCTIONB3YETCS I ONpeIeIeHUs dJIEKTPOHE-
aKTUBHBIX BellecTB. M3mMepeHus B KyJOHOMETPUYECKOM THUTPOBAHUU OOBIYHO
MPOBOJSITCS IPU MOCTOSHHOM cuiie ToOKa. KOIM4YecTBO 3JIeKTpUYECcTBA MIPU TAKOM

peXHUMe M3MEPCHHS PaBHO IPOU3BEICHHUIO CHUJIBI TOKAa Ha BPEMs JJICKTPOJIM3a
(puc. 4.4).
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t, t
Puc. 4.4. 3aBUCMMOCTb CHJIBI TOKA OT BPEMCHU B rajabBaHOCTAaTUYECKOM KYJIOHOMETpHUU

Cxema YCTAHOBKH I KYJIOHOMCTPHYCCKOI'O TUTPOBAHUA IMPHUBCACHA HaA

puc. 4.5.
)

Puc. 4.5. [IpunuunuanbHas cxeMa yCTaHOBKH ISl KyJIOHOMETPHUUECKOTO TUTPOBAHUS:
1) yCTpOHCTBO I MI3MEPEHUS Pa3HOCTH MTOTCHITHAIIOB; 2) CONPOTHBIICHUE;
3) UCTOYHHK MTOCTOSHHOTO TOKa; 4) XpOHOMETp; 5) paboUmii IMEKTPOI;
6) BCIIOMOTATENBHBIN IEKTPO.T

Pabounii 3neKkTpo U3roTOBJIEH, KaK MPABUIIO, U3 TUIATHHBI, 30J10Ta, PTYTU
(175 KaTOOHBIX TpolieccoB). BemoMorarenbHbIN JIEKTPO] — IIIATUHOBAS IPOBO-
J0Ka, pexe — rpadut. BcnoMorarenbHblil 371EKTPOT OOBIMHO OTAEISAIOT OT pac-
TBOpa AuapparMoii, U3roTOBIEHHON U3 MOPUCTOIO CTEKJIA UM IJIACTMACCHI.

B oCHOBE KyJIOHOMETPHUYECKOTO TUTPOBAHMS MOTYT JIEKATh Pa3jIn4HbIC
THUIIBI XUMUYECKUX peakuuid. Takoe TUTpOBaHHE MPUMEHSETCS KaK IPU aHAIIN3E
HEOPraHWYEeCKUX, TaK U OPraHUYECKUX coequHeHud. Hampumep, B oiinuue ot
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o0bryHoro TutpoBanus Ce (IV) pactBopom conu xenesa (I1) npu kynmoHomerpu-
YECKOM TUTPOBAHHUH pacTBOp couu kenesa (I1) He roToBsT 3apaHee U He TPUOAB-
JSIFOT U3 OIOPETKU K aHAIM3UPYyEeMOMY pacTBopy. [Ipu KyJIoHOMETpHUUECKOM THUT-
poBanuM HOHBI xkene3a (1I) renepupyroTcs B mmpolecce 3JIeKTpoJin3a B pacTBOPE.
JUi1 TUTpOBaHUSI BOCCTAHOBUTENEH (MBIIIbSAKA, CYpPbMBbI, TAJUIMS, KEJIE30) IPHU-
MEHSIOT T€HEpUPOBaHHbIE CBOOOHBIN OpoM, MO U Jipyrue okuciautenu. [lo me-
TOJly OCaKJICHHUS MOYKHO MPOBOJIUTH KYJIOHOMETpUYECKOE TUTpoBaHUE HOHOB ClI™
, Bt wnm ™ renepupoBaHHBIME HOHAMU cepedpa.

[To MmeTony KOMIUIEKCOOOpa30BaHUs KyJIOHOMETPUUECKOE TUTPOBAHUE Ka-
TUOHOB METAJUIOB MPOBOJAT 3JIEKTPOr€HEPUPOBAHHBIMU M3 KOMIUIEKCOHATA
prytu (II) aHnoHamMu 3TUIEHANAMUHTETPAYKCYCHOM KUCIOTHI. Tak onpeaensroT
KAaTHOHBI Kalbl¥s, [IMHKA, CBUHIIA U JP.

Meton KyJTOHOMETPUYECKOTrO TUTPOBAHUS MCIIOJIB3YETCS MPU OINpesesie-
HUU BOJbI B PA3IMYHbBIX MaTepuanax. Eciiu B Kjaccuueckom crocode onpesere-
HUS BOJBI C IpUMEHEHUEM peakTuBa Puiiepa TpeOyeTcs cTaHAapTU3ALUS TUT-
paHTa (M0Ja), TO MPU KYJOHOMETPUUYECKOM TUTPOBAHUU TUTPAHTOM SIBIISETCS
MOJI, TCHEPUPYEMBIN Ha IIJIATUHOBOM JJIEKTPOJIE.

Haubonee mmpokoe npruMeHEeHUE HaXOIUT KyJIOHOMETPUUECKOE TUTPOBA-
HUE TIpPHU OIPEACIICHHH OPraHWYECKHX BEIIECTB. OJIEKTPOr€HEPHUPOBAHHBIMU
MOHAMH BOJOpPOJA MPOBOAAT KYJIOHOMETPHUYECKOE TUTPOBAHHME OPraHUYECKUX
OCHOBaHUH (AMMenpo, KOPEerH, NanaBepruH, HOPCYIb(a3oil U Jp.) B HEBOAHBIX
cpenax.

AHanu3 raJloreHu1-CoAePKAIINX JIEKAPCTBEHHBIX CPEICTB (AMMEAPOI, AH-
0a307 1 Jp.) C IOMOIIBIO 3JIEKTPOreHEPUPOBAHHOTO HO/ja OCHOBAH Ha 00pa3oBa-
HuM ycroiunBbix coenunenuit ICI, IBr. B peaknusix snextpoduabHOTO 3amertie-
Hus ¢ [ B3aMMOJICHCTBYIOT TPOU3BOIHBIC OEH30J1a, COIEPIKAIIUE FTICKTPOHOI0-
HOpHbIE 3aMmecThTeNd. CKOPOCTh peaklMii 3aBUCUT OT CTPOCHHSI MPOU3BOIHBIX
O€H30J1a ¥ YMEHBIIAETCS B PSIAY: KPEe30Jbl, (PEHOJIbI, KCUIIOJBI.

KynonoMerpudeckoe TUTPOBaHUE NMPUMEHSETCS MPU ONPEACICHUHA Opra-
HUYECKHUX COEMHEHUH, CollepKaluX (QyHKIMOHAIbHbBIE IPYHIbl, KOTOPBIE CIIO-
COOHBI K OKHCJIEHUIO WJIM BOCCTaHOBJIEHMIO. K TakMM COeIMHEHUSM OTHOCSTCS
TUAPA30Hbl U TUAPA3UABI, MEPKANTAHBI, APOMATHYECKUE AMUHOCOCIWHEHUS U
IPOU3BOJHBIE CYJb()aMUOB, a30- U HUTPO30COEAUHEHU. J1JI1 OKUCIEHUsI opra-
HUYECKUX COEAMHEHUN HCmoib3yloT renepupoBanHHbie moHbl Cu(ll), Cr(VI),
Ce(IV), I, Brz u p. Peakiun OKUCICHUS TPOTEKAIOT MO-PA3HOMY B 3aBHCUMOCTH
OT MPUPOJBI TUTPAHTA U ONpeeasieMoro Beuectsa. Hanpumep, Mepkantansl U
IPOU3BOHBIC THOMOUYEBHUHBI OKUCIISIFOTCS 10 AUCYIbGUAOB U CYyIb(POKHUCIOT, a
TUAPA3UIbl U THIPA30HbI — 0 a30Ta:

2RSH + 2Cu** — RS-SR + 2Cu" + 2H%;
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Ox
SC—NH—NH, Osc-OH
A . N
| +41" + H0 - || +N, +4H" + 21,
N N/

[Ipu ompeneneHny KUCIOPOJCOIEPKALIUX OPraHUYECKUX COCAMHEHUU B
KauyecTBE TUTPAHTOB MIPUMEHSIOT 3JIeKTporeneprupoBanHbie HOHBI V(V), Ce(1V),
I". Haprimep, MUPOKATEXUH U TUAPOXMHOH OKHCISIOTCS JI0 XMHOHOB, aCKOpOU-
HOBasl KUCJIOTa — JI0 JETUAPOACKOPOMHOBOM KHCIOTHI:

OH OH
HO HO
O O
O+I" — O +I+2H"

HO OH O O

B Tabnune 4.1 ykazaHbl TUTpPaHThI, YCIOBUS OMPEACIICHUS U ONpeesie-
MBbI€ BEIIECTBA METOJIOM KYJIOHOMETPUUYECKOTO TUTPOBAHUSI.

Tabnuya 4.1
KyJsonomerpuueckoe onpeejieHue HEKOTOPbIX
OpPraHUuYeCcKMX COeJUHEHMU I
Turpant @DOHOBBIN IEKTPOIIUT Omnpenensiemble COEIUHEHUS
Cu(II) JAM®A, 0,5 M NaClOg4 AckopOHUHOBAsi KUCIOTa, THOMOYE-
BHMHA, OCH3MJITHOMOYCBHHA
V(V) CH3COOH, 0,5 M HCIO4 AcKOpOMHOBAs KUCIIOTA, THAPOXHHOH,
MMAPOKATEXWH, PTUBA3H]T
Ce(IV) | CH3COOH, 0,5 M HCI1O4 n-AMuHO(EHOH, HOpCYIb(a3oll,
CYJIBTHH, CYJIb(haHUIIOBAs] KUCIIOTA
Br2 CH3COOH, 0,2 M HCI1O4 AHaJbIruH, METHOHUH, METHIITUOYpa-
AT
CH3CN; 0,2 M HCIO4 [{uknorekcaH, GeHOT
Ch CH3COOH, 0,2 M HCI1O4 Kodenn, reob6pomun
CH3CN; 0,2 M HCIO4 Teodummma
I(1) CH3COOH, 0,2 M HCIlO4 Jubazon, numeapos, BuTamMmuH Bi, na-
TIABEPHH, N30HUA3U]]
BrO” docdarnslii 6ydepHsbIit W3oHuna3uj, HUKOTUHAMU, (Tanas3odn,
pactBop, pH 8,7; 0,2 M KBr CTPENTOLH/I, 3Ta30J1
H' CH3CN; 0,25 M NaClO4 AMUIONIMPUH, T-AMUHOCAJIULIAIIAT
HATpHS
Arnteron, 0,25 moiubs/n1 NaClO4 Jumenpo, kogerH, HOBOKanH
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TutpaHT B KyJTOHOMETPUYECKOM TUTPOBAHUU OOBIYHO TONTYYarOT B DJICK-
TPOJTUTUUYECKOM sTUCHKE B pE3yIbTaTe MIEKTPOXUMUIECKON peaKkiluu, MPOTeKaro-
et Ha paboueM 2IeKTpoae (8HympeHHss cenepayus mumpanma). Ecim 3To 1o
TOM WJIM MHOW MPUYMHE HEBO3MOXKHO, SJIEKTPOT€HEPAIIMI0 TUTPAHTA MTPOBOJIAT B
CHeUaIbHOM YCTPOICTBE, HAXOAAIEMCS BHE SUCHKY (8HEU s 2eHepayusi mum-
panma). BHemHssi reHepars KyJOHOMETPUYECKOTO THUTPAaHTAa MPUMEHSETCS
PEAKo, TaKk KaK B 3TOM CIIocobe HE0OX0IUMO CMEIINBATh PAaCTBOP, COAEpKAILUN
OTIpe/IeNIiEMOE BEILIECTBO, C PACTBOPOM, MOABEPTHYTHIM 3JIEKTPOIHU3Y.

HcrounrkaMu moiydeHuss TUTPAHTA B KyJIOHOMETPUUECKOM THUTPOBAHUU
MOTYT OBITh: paCTBOPUTENb; MaTepual 3JIEKTPOa; BCIIOMOTaTeIbHbIA PEareHrT,
KOTOPBIA J00aBISIIOT K TUTPYEMOMY PacTBOpY B M3OBITKE sl oOecreyeHUs
100%-HOT0 BBIXO/IA IO TOKY.

Paznu4aroT HeCKOIBKO THUIIOB AJIEKTPOTCHEPUPOBAHHBIX THTPAHTOB: TEHE-
pPUpPOBaHHBIE MOHBI U3 COJEH METAJUIOB; MOJYYCHHE TUTPAHTOB B PE3yJbTaTe
aHOJTHOTO PACTBOPEHMS aKTUBHBIX METAJNIOB, TEHEPUPOBAHHBIE TATIOTCHBI U IPY-
r've TUTPAHThl. TUTPAHTHI HA OCHOBE HOHOB METAJUIOB MOJIYYalOT U3 COOTBETCTBY-
IOIUX COJIEH Ha MHEPTHBIX AJIEKTpoax (IaTuHa, 307010, rpadur). Tak renepu-
pytot Ti(IIT) uz Ti(IV), Sn(Il) u3 coneit Sn(I1V). Ilpu anogHOM pacTBOpPEHUH aK-
THUBHBIX METAJUTMUECKHUX DJICKTPOIOB MOIYYatOT HOHBI-TUTPAHTHI, HEYCTOWYUBHIE
B BOJHBIX pacTBopax. [loaToMy, Harpumep, reaepaiuio nouos CrOs> u Cr?* mpo-
BOJIST B JICNITHOW YKCYCHOM KHUCIIOTE, TUMETUI(OpMaMHie U IPYyTruX opraHude-
CKHX PacTBOPHUTEISAX. DIEKTPOreHepalysi TaJOTEHOB UCIOB3YETCs MPHU KYJIOHO-
METPUYECKOM OIPEAEIIEHUHA OPraHNYECKUX COeTMHEHM (Tadun. 4.2).

Tabnuya 4.2
3Ha4YeHHUs JIEKTPOJHBIX OTEHIHAIOB OKHCIUTEIBHO-
BOCCTAHOBUTEJBHBIX CHCTEM HA OCHOBE
rajoreHoB M UX coeAuHeHuil (oTHOcuTebHO Ag, AgCl/Cl")

Cucrema Cpena E,B
3CL/2CI5~ VYkeycHas kucnota, 0,2 M HCIO4 1,03
Anerorntpmi, 0,2 M HCIO4 1,10

3Br2/2Br3” VYkcycnas kucnora, | M CH3COONa 0,82
Anerorutpmi, 0,1 M HCIO4 0,90

31/215 Aueronutpui, 0,5 M HCIO4 0,64
[TponunenkapOonar, 0,5 M LiClO4 0,52

21712 Vkeycnas kuciora, 0,2 M HC1O4 1,29
Ykcycnas kucinora, | M LiCl 0,54

['/C2HsI Vkeycnas kuciora, 0,2 M HC1O4 1,17
['/CsHsl VYkcycHas kucnota, 0,2 M HCIO4 1,43
107/ ®docdatusiii Oydepnsriii pactBop, pH 8,5 0,66
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DNeKTpOAHbIE MOTEHINAIBI MIEKTPOr€HEPUPOBAHHBIX TUTPAHTOB 3aBUCST
OT pUpOAbI pacTBopuTens (Tadu. 4.3). B aHanuTHYecKoi MpakTUKe Yalle Mpu-
MEHSIOT HEBOJHBIE PACTBOPUTEIH: JIECASHYIO YKCYCHYIO KUCIIOTY, AUMETUIPOp-
MaMUJ, TUMETHICYIb()OKCHUII, aleTOHUTpUI. BoaHble pacTBOPHI MPUMEHSIOT
pexe, TaK Kak B HUX MPOTEKAIOT MOOOYHBIE MPOLIECCHI.

Tabnuya 4.3

3HaveHNsI JIEKTPOAHBIX MOTEHIMAJIOB OKHCJINTEILHO-
BOCCTAHOBUTEJIbHBIX CHUCTEM HA OCHOBE
HOHOB MeTaJLUI0B (oTHOCHTEIbHO Ag, AgCl/CI)

Cucrema Cpena E. B
Ce(IV)/Ce(IIl) | YkcycHas kucnota, 0,5 M HCIO4 1,59
Co(IIT)/Co(Il) | YkecycHas kucnota, 0,2 M HCIO4 1,35
Cr(VD)/Cr(Ill) | Aumetundopmamun, 0,2 M HCIO4 0,96

YkcycHas kucnota, 0,5 M HCIO4 1,04
Cu(IT)/Cu(I) VYkcycnas kucnora, 0,5 M NaClOs 0,61
Jumerundopmamu, 0,5 M NaClO4 0,66
Aneronutpmi, 0,1 M NaClO4 0,76
Fe(Ill)/Fe(ll) | Aumerundopmamun, 0,5 M NaClO4 0,44
Sn(IV)/Sn(Il) | Jumerundopmamua, 0,1 M HCI1 0,26
VYkcycnas kucnora, 0,5 M NaClO4 0,38

KoHneuHyio TOUKy KyJOHOMETPUYECKOTO TUTPOBAHUS OOHAPYKUBAIOT TaK
ke, KaK U B JIPYTUX TUTPUMETPUUYECKHUX METOJIaX aHaJIM3a: BU3YaJbHO C MOMO-
IIbI0 MHJIUKATOPA UM UHCTPYMEHTAIBHBIMUA METOJIaMHU (MTOTEHIIMOMETPUUYECKH,
amrnepoMeTpudecku, poromerpuuecku u ap.). Haubonee nmpocroit cnocod obHa-
PY’KEHHSI KOHEYHOW TOUKH TUTPOBAHUS MPEANOIAraeT UCIOJIb30BAHUE LIBETHBIX
uHauKaTopoB. Hampumep, npu KyJIOHOMETPUYECKOM TUTPOBAaHWU BaHaJaT-
MOHOB B pacTBOp MNpUOaBISAOT (PEHWIAHTPAHUIIOBYIO KHUCJIOTY, OKHCIICHHAS
dbopma KOTOpOIl uMeeT (PUOIETOBYIO OKpacKy. B KOHEUHO# TOUKe THUTPOBAaHUS
¢uoneToBasi OKpacka HMCuU€3aeT, TaK KaK BaHaJaT-MOHbI MOJHOCTHIO OTTUTPO-
BaHbl. KMCIIOTHO-OCHOBHBIE MHIUKATOPHI (METUIIOBBIA OpaH>KEBbIN, (heHondTa-
JIeVH) IPUMEHSIOT IIPU TUTPOBAHUU KUCIIOT UM OCHOBAHMI.

[Tpu amnepomeTpudeckoM criocode oOHapyKEeHHUs] KOHEUHOM TOUKHU KyJIO-
HOMETPHYECKOT0 TUTPOBAHUS U3MEPAIOT MOJSIporpaduvecKuii TOK, cujaa KOTo-
pOro MpoNopLHOHAIbHA KOHIIEHTPALUK BElIeCTBa. B KOHEUHOW TOUKE TUTPOBA-
HUS MPEACTIbHBIN MOIAporpa@uuecKuii TOK yMEHBIIAeTCA MPAKTHUECKH 710 HYJIS,
YTO COOTBETCTBYET TOUKE NIEPECEUCHHUS MPSMOM C OChIO abCIIHCC.

HccnepoBanue 3aBUCHUMOCTH AJIEKTPOJHOTO MOTEHIMANA OT KOHIIEHTpa-
LIMU OJTHOTO U3 PEarnupyrouux BEIECTB JIEKUT B OCHOBE MMOTEHIIMOMETPUUECKOTO
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METO/1a MHIMKAIIMYM KOHEYHOU TOYKH KYyJIOHOMETPUUYECKOTO TUTpOoBaHus. Hanpu-
Mep, Npu TUTpoBaHUU MOHOB sxene3a (II) no nonos xeneza (I11) uzmepsroT no-
TEHIMAJI IUIATUHOBOTO JIEKTPOJIa, BETUYHMHA KOTOPOT'O 3aBUCUT OT COOTHOIIECHHUS
KOHLIEHTPALMi MOHOB Fe?" u Fe’'. B xoHe4HOU TOUKe TUTPOBAHUSI, KOTJA BCE
nonsl xkene3a (II) orrurpoBanbl, HaOMIOJAETCA PE3KUN CKAYOK JIEKTPOTHOTO T10-
TEHIIMAaIa.

Ilepen mpoBeacHHUEM TUTPOBAHUS OOBIYHO TIPOBOISAT NPeo8apumenbHoe
mumposanue (peanexTposn3). [Ipru 3ToM reHepupyroT HeOOJIBIIIOE KOJIHIESCTBO
TUTPaHTa, HEOOXOIUMOE ISl JOCTH)KCHUS KOHCYHOM TOYKH THTPOBAaHUS (HOHO-
BOr'0 pactBopa. Llesb mpeaBapuTenbHOr0 TUTPOBAHUS — YAAIEHUE BO3MOMXKHBIX
MIPUMECEN MOCTOPOHHUX BEUIECTB U YCTPAHEHUE MTOTPEITHOCTH, CBA3aHHOM C CO-
CTOSTHUEM MOBEPXHOCTH pabOYero 3IeKTpoa.

B nmpumepe, npuBe1eHHOM HUXKE, TOKA3aHO MPUMEHEHHUE KYJIOHOMETpHUYE-
CKOT'O TUTPOBAHUS JJIs1 ONPEAECICHUS] OPraHMYECKOTO BEIIECTBA.

IIpumep 4.2. Onpenenenue GeHoaa B npoOE CTOUHON BOJABI MIPOBOAMUIU
METO/I0M KYJIOHOMETPHUYECKOT0 TUTPOBAHMS 110 PEAKLIMK 00pa30BaAHMS TPUOPOM-
denoma ¢ 6pomom, reaepupoBanHbiM U3 KBr. Paccunraiite maccy ¢genona (mr),
COJZIep KaBIIEroCs B aHAIU3UPYEMOM ITpo0e, €CIIH SJIEKTPOIU3 TPOBOUIN TOKOM
cusoit 75,0 MA B Teuenue 5 MuHYT 30 CEKyH/I.

[Tpu snexrponuze KBr Boigensercst Brz, KoTopblil B3aumoieicTByeT ¢ (e-
HOJIOM C 00pa3oBaHueM TpuOpompeHona:

2KBr +2H,0 = Br; + 2KOH + Hy;

Br
OH OH
+3Br, —> + 3HBr
Br Br

Macca denona B ananmmsupyeMoi mpooe coriacHo (4.1) paBHa:

94,11-50-107 -330
6-96478

=2,68:-10"°1 =268 wmr.

KynonoMerpuueckoe TUTpOBAaHUME UMEET PsAJl NPEUMYILECTB MEped IpY-
TMMU TUTPUMETPUYECKUMU METOJAMHU aHaJIn3a. TUTPAHTBI HE HY>KHO TOTOBUT,
CTaHJAPTU3UPOBATh M XPaHHTh. MOXHO MONyYaTh THTPAaHThHl (Hampumep, Fe
wiu Clz), KOTOpbIE CI0KHO WJIM HEBO3MOKHO MPUTOTOBUTH OOBIYHBIM CITIOCOOOM.
Tutpant nerue «ao3upyercs» (OTPEryaupoBaTh CUIIY TOKA 3HAYUTENBHO JIETYE,
yeM J100aBUTh TOYHBIN 00BEM TUTpaHTa). PacTBOp B mporecce TUTPOBaHUS HE
pazbaBisieTcd. B mpouecce mpeadnekTpoin3a MOKHO YCTPAHHUTh MEINIAoIee
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BiusiHue npumeceid. OJHY U Ty K€ SYEHKY MOKHO HCIIOJB30BaTh ISl JTHOOOTO
BuJa TuTpoBaHus. [Iporecc ananusa serko apromatusupyetcs. Meron obnanaet
BBICOKOUW TOYHOCTBIO M crienuuaHOCThI0. HemocTaTkoM MeTo1a KyJIOHOMETPH-
YECKOTO TUTPOBAHUS SIBJISIETCS HEOOXOIUMOCTH MUCITOJIH30BAHUS CIIOKHBIX U JI0-
POTOCTOAIIUX TPUOOPOB.
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BOJIBbTAMIIEPOMETPUA

5.1. O0masi XapakTepuCTHKA U KJIACCH(PUKALMS

Bonemamnepomempusi — COBOKYIIHOCTb JJIEKTPOXMMHUYECKUX METOOB
aHaJIM3a, OCHOBAHHBIX HA UCCJIEIOBAHUN 3aBUCUMOCTHU CUJIbI TOKA B DJIEKTPOJIU-
TUYECKOU AYEUKE OT IMOTCHIMAJIA ITIOIPYKEHHOIO B AHAJIM3UPYEMBIN pacTBOP UH-
JUKATOPHOI'0 MUKPOJJIEKTPOAA, HA KOTOPOM IIPOTEKAET DIIEKTPOXUMUUYECKAS pe-
aKLMs C y4aCTUEM OIPEAEIIIEMOTO BEILECTBA.

BnepBble Takoil METOA B aHAIMTUYECKUX ILie-
asx nmpumenun . IeiipoBckuii. PazpaGoTanHbiii UM
METOJ| BOJIBTAMIIEPOMETPUHU C MCIOJIB30BAHUEM
PTYTHOT'O KalaroIlero 3JeKTpoia Obul Ha3BaH MOJIs-
porpadueii. TepMUH «BOIBTAMIEPOMETPUS» TPEI-
noxeH B 1940 r. .M. Konbtrogom.

Yemcknit yuensid 5. ['elipoBCcKuil poawiics B
IIpare. MHTEpEC K TOUHBIM HAYKaM M IKCIIEPUMEHTAM
MIPOSIBWIICS Y HETO B THMHA3UH, TJI€ OH YYUJICS BMECTE
¢ oynymum nucareneM K.Hanexkom B 1909 r. on no-
ctynun B [Ipaxckuii yHuBepcuret, 3arem B 1910 r.
OPOJOJIKUA O0yYeHUE B YHUBEPCUTETCKOM KOJJIE-

Teiipockwmii (Heyrovsky) 7ke B JIoHzoHe. B rozsl yueOst B ynusepcurere I'eii-

sIpocaas POBCKMIA YBIIEKQJICSI MaTEMaTUKOW, (PU3MKOU, Xu-

(1890-1967) mueid. [log pyKOBOJCTBOM HW3BECTHOTO (PHU3UKOXU-

Muka @. JIoHHaHa OH OIpeneIsIeT MOTEHUNAN AJIk0-

MUHHEBOIO 31eKTpoaa. C 3TOro BpeMEHU PTYTHBIN KallaroIlIMil 3JEKTPOJ B €ro

MCCIICIOBAHUSIX 3aHsUI IIEeHTpalibHOE MecTo. B 1918 r. I'eitpoBckuii 3aiuThI IKC-

CEepPTaLMIO 0 AIEKTPOXUMHUU B IIpaKCKOM yHUBEPCHUTETE WM IOJYyYHJI CTEIICHb
nokTopa dumocodum.

B 1923 r. BmMecTe ¢ ssnonckum uccnegosareneM M. Illukaron ['eiipoBckuit
co3/aJ1 aBTOMAaTUYECKHUI MPUOOp, PErUCTPUPYIOLINNA 3aBUCUMOCTh CHJIbI TOKA OT
noTeHuana (noysporpad).

B 1926 r. I'elipoBckuii CTAHOBUTCS AUPEKTOPOM IIEHTpa moJisporpaduye-
ckux uccnenoBanui B IIpaxckom yHuBepcurere. B 1933 r. ero npurnacunu B
74




Boabpramnepomerpus

CIIIA, rne on B TeueHue nonyroaa yutain jekiuu B Kanmudopuuiickom n Cran-
dopackom yauBepcutetax. B 1950 r. ['elipoBckuii 3aHUMAET JOKHOCTH TUPEK-
Topa [lonsporpaduueckoro HHCTUTYTa, B KOTOPOM MPOBOAATCS (yHIaMEHTAIb-
HBIE UCCIIEA0BAHNUs dJIEKTPOAHBIX npoueccoB. B 1959 r. 3a BBeneHue u passurue
noJyisporpauueckoro Meroja aHaiusza emy Oblia mpucyxzaeHa HoOGenesckas
IpeMUs IO XUMUHU.

N3BecTHBI pa3nuuHble cOCOOBI KilacCU(pUKAIMU BOJIbTAMIIEPOMETPUYE-
CKHX METOJIOB.

B 3aBHCHMOCTH OT NPUPOIBLI MHAUKATOPHOI'O 3JIEKTPOAA BOJIbTaMIIEPO-
METPUYECKUE METOJbl aHajJu3a Pa3fessIloT Ha Mossiporpaduio M cOOCTBEHHO
BOJIbTaMIiepoMeTpuio. B monsporpadun B kKauecTBe MHAUKATOPHOTO HUCIIOIb3Y-
I0TCS «Kamarolue dJIEKTPOAb (B «KIACCUYECKON MOIsIporpadumy — pTYTHBIHA
KaImaronyii 2IeKTpo). B cOOCTBEHHO BOJIBTAMIIEPOMETPUN UCTIOIB3YIOTCS APY-
T'UE JIEKTPO/IBI.

B 3aBucMMoOCTH OT YyCJIOBHI MPOBEAEHHUS JIEKTPOJIM3a Pa3IuyaroT ye-
ThIPE OCHOBHbBIE TPYMIIbI METO/IOB BOJIbTAMIIEPOMETPUHU.

K nepBoii rpynmne oTHOCATCA METO/bI (KJIaCCUYECKasi MOCTOSTHHOTOKOBAS
noJisporpadusi, HopMajibHasg UMITYJIbCHAs MOJSIpOrpagust v ap.), B KOTOPBIX B
npolecce MOJyYeHHs BOJIbTAMIIEPOIPAMM MPOUCXOAUT MEPUOJUUYECKOE BO300-
HOBJICHHE HAYaJbHBIX YCIOBUM 3JIEKTPOJIM3a Y UHAUKATOPHOIO 3JIEKTPOIa.

Ko BTOpOI#i rpynmne OTHOCAT METO/IbI ¢ OBICTPHIM JTUHEHHBIM WM JIMHEHHO-
CTYNEHYaThIM MU3MEHEHHEM IOTEeHIMaNa (XpOHOBOJIBTAMIIEPOMETPUUECKUE Me-
TOJBI WK OciiuIorpadudeckas nojsporpadus).

B Tpertbio rpynmny MeToA0B BXOASIT NEPEMEHHO-TOKOBBIE METO/IbI 1-T0 10-
psanka, nuddepeHanbHas UMIyJIbCcHas moysgporpadus. B maHHeIX meTonmax
BO3/ICHCTBYIONINN CUTHAI TIPEJICTABIISIET COO0N KOHTPOIMPYEMBIN TTePEMEHHBIH
noreHuan AE Majiod aMIUIMTYAbl U 33JIaHHOM 4acCTOThI, HAJO)KEHHBIA HA ME-
JIEHHO U3MEHSIOILYIOCS MOCTOSTHHYIO COCTABIISIIONIYIO Ei.

K yeTBepToii rpyIine METO10B OTHOCATCS HEJTUHEHHBIE ePEMEHHO-TOKO-
BbIE METOJIbI 2-Tr0 MOpsiaKa (BBICOKOYACTOTHAsI, MOAYJISIMOHHAS, pa3HOCTHOYA-
CTOTHas BojbTammnepomerpusi). KoHTponupyemspiii MOTEHIIMAI B TAKUX METOJaX
COCTOUT U3 OJTHOM WJIM HECKOJIBKHX TAPMOHUYECKUX COCTABJISIOIINX, HAJIOKEH-
HbIX Ha MEIJICHHO HW3MEHSIOIIYIOCS MOCTOSHHYIO COCTaBiisitollyo En. @opma
CUTHaJa 3TOM IPYMIbl METOJOB COOTBETCTBYET MPOU3BOAHON 2-r0 MOPSAKA OT
noJsiporpauueckoil BOJHBI.

B 3aBucuMoCTH OT yCJ10BHIi H3MEPEHUS AHAJINUTHYECKOT0 CUTHAJIA pa3-
JUYAIOT MOTEHIUOCTAaTUYECKUE (KOHTPOJIHMPYEMOE M3MEHEHUE MOTEHIUaNa) U
raJlbBAaHOCTATHYECKHUE (M3MEPEHUE MOTEHIMANIA 3JIEKTPO/IA PU 3aJaHHOM H3Me-
HEHUHM TOKa) BOJBTAMIEPOMETPUYECKUE METOJbl. B COBpeMEHHBIX MeToaax
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BOJIbTAMIICPOMCTPHUHN Halll€ NUCIIOJIb3YIOT HOTGHHI/IOCTaTI/I‘IeCKI/Iﬁ PEIKHUM U3MEPC-
HH:, OTHanIOHIHﬁCH JYyYIIUMHU METPOJIOTHUCCKHUMHU U SKCILUTYaTallMOHHBIMHU Xa-
PAKTCPUCTUKAMHU

5.2. IlpyHOMI U3MEPEeHNSI AHAJUTHYECKOr0 CUTHAJIA

B BosibTaMniepoMeTpun NPUMEHSIOT JBYX- WM TPEXIIEKTPOIHBIE SUYCUKH
(puc. 5.1). C uenbo TOYHOW pErucTpaluyd NOTEHIMAala WHIUKATOPHOrO 3JIEK-
TPOJA U YMEHBUICHHS BIIASIHAS OMUYECKOTO COMPOTHUBJICHUS Yalle MTPUMEHSIOT
TPEXAJIEKTPOJHBIE TYECUKU. B cOCTaB IBYX3JIEKTPOAHON AYEUKHU BXOIAT UHIUKA-
TOPHBIN JJIEKTPOJ U DJIIEKTPOJ CPAaBHEHUS. B TPEX2IEKTPOAHBIX SUECHKAX UMEETCS
JIOTIOJIHUTEJIbHBIA BCIIOMOTaTEIIbHBIN JIEKTPO.

Ha unaukaTopHOoM MUKPOIJIEKTPOAE IPOUCXOAUT IICKTPOXUMUUECKAS pe-
aKIMs: OKUCIICHHE (Ha aHOJIC) WJIM BOCCTAHOBJICHUE (HA KaTOJIE) ONPEACIISIEMOTO
BemecTBa. MHIMKATOPHBIN AJIEKTPOJI UMEET OUYEHb MAIYIO IUIOMIAAb MOBEPXHO-
CTH, TUIOTHOCTh TOKA HAa HEM OYEHB OO0JIbIIIAs, TOITOMY JICKTPOJI SABJISICTCS TOJISI-
PHU30BaHHBIM: MIPH MPOXOKACHUM JICKTPUUECKOT0 TOKA YEpEe3 TUYEUKY €ro OTEH-
LIMaJI U3MEHSETCSI.

A) +=||=- B) —-||| .

_@_

1 2 2 1 3

Puc. 5.1. YcrpoiicTBo nByX31ekTpoaHOu (A) u TpexanektpoaHoii (b)
A4YEEeK JJIs BOJIbTAaMIIEPOMETPUYECKUX U3MEPEHMI:
1) MHANKATOPHBIN ANIEKTPOJ; 2) 3IEKTPOJ CPaBHEHUS;
3) BcoMoraTebHBbIi 3IEKTPO]

Pmymnoui kanarowuii snexkmpoo, UCoab3yeMblil B KAUeCTBE MHIUKATOP-
HOT'O 3JIEKTPOJa B KJIACCUYECKOHN mojsiporpaduu, IpeacTaBiseT coOoi TOJICTO-
CTEHHBIN CTEKJISIHHBIN KanuJuisip, UMeromuii BHyTpeHHuit nuametp 0,05-0,1 mm,
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CBSI3aHHBIA IIJIAHTOM C pe3epByapoM s pryTu (puc. 5.2). IlpeumyuiectBom
PTYTHOTO KameJIbHOTO 3JIEKTPO/Ia SBISCTCS TO, UTO OJIaroiaps €ro MOCTOSHHOMY
OOHOBJICHUIO, BJEKTPOXUMUUYECKUN MPOIECC BCE BpeMs MPOUCXOAUT HA He3a-
TpSI3HEHHON TPOYKTAMHU PEAKIIUU MOBEPXHOCTH, TTOITOMY JaKE MPHU JJIATEIh-
HOM IIPOBEJIEHUHU MpoIiecca JIEKTPOIN3a MOIyHYatoTCs XOPOIIO BOCIPOU3BOIU-
MBbIC PE3yJIbTaThl. PTYTHBIN Kamaromuii 3JIEKTPO MOXKET ObITh MCITOJIB30BaH B
JOCTaTOYHO MIMPOKOM MHTEPBAJIC TIOTCHIIMAJIOB. [ paHuIla 3 TOT0 HHTEpBaJia B OT-
pHULIATENBHOM 00JIaCTU ONpEeneNsieTCs MOTEHIIMAIOM BOCCTAHOBJICHUS! KATHOHOB
Bosopojia (ot —1 1o —1,5 B) wim kaTHOHOB (POHOBOTO AJIEKTPOIUTA (HAPUMED,
JUTst MOHOB Kauusi ——2 B). B nmonoxxurensHoi 0651acTy rpanuiia o0ycioBjeHa mno-
TeHuuraioM okucienus prytu (+0,4 B B kucinoii cpene u +0,06 B — B ienouHoit).
Takum 00pazoM, MHTEpBaJl MCIOJIb30BAaHUS PTYTHOTO KamMarolIero 3JIEKTpoia
HAXOJUTCS, B OCHOBHOM, B 00JIaCTH OTPUIIATEIBHBIX MMOTEHIUATIOB.

(b) g

< 4

A) 1 —

::Z::::Z:Zi:::::::::::::::::

i

33—

Puc. 5.2. Cxema pryTtHOTO Kanatomero (A) u
nuckoBoro Bpamatomerocst (b) anexkrponos:
1) pesepByap s pTyTH; 2) Kamwuisp; 3) Karis pTyTH;
4) Te)IIOHOBBIHA KOPITYC; 5) METAUTMYECKHI MPOBOTHUK; 6) IMCK

B coOcTBeHHO BOsIbTaMIIEpOMETPUH B KAUECTBE MHAUKATOPHBIX UCIOJIB3Y-
I0TCS 8pawaroujuecsi 31eKmpoobl, U3TOTOBIEHHBIE U3 PA3IMYHBIX METAJIOB (T11a-
THHBI, 30JI0Ta, cepedpa) WK YriIepOoIHbIX MaTepUalioB (TpaduT, CTEKIOYIIIEPO]
U T.J1.). JIUCKOBBII BpallatOUIUICs 3IEKTPOJl UMEET TUaMETP HECKOJIbKO MHJIIM-
METPOB U PACIOIOKEH BHYTPU TE(PIOHOBOTO KOpmyca (cM. puc. 5.2)
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[ToBepXHOCTh BpalaroUIMXcsl 3JIEKTPOJOB HE BO30OHOBIIAETCS, MOAITOMY
nepe perucTpaiueil Kaxx/ 104 HOBOM BOJbTaMIIEporpaMMbl HEOOXOAUMO MPOBO-
JUTh WX OYUCTKY. OUYUCTKA MOXKET OBITh MEXaHMYECKOW (MOJIMPOBKA TOHKOM
HaXJTAYHOU ¥ PUIBTPOBABHOM OyMaroit); xumudeckon (00paboTka KOHIICHTPH-
POBAHHOM a30THOM KHUCIIOTOW MPU HArpeBaHWUM) WM DJIECKTPOXUMHUYECKOU (BO3-
JIeCTBHE B TE€YEHHE HEKOTOPOI'O BPEMEHHU OOJIBLIOrO MOJOKUTEIBHOTO I OT-
pHUIIATEILHOTO MTOTEHIINANA).

B MHBEpCHOHHOI BOJBTAMIIEPOMETPUH NPUMEHSIOT TAKKE CMAYUOHAD-
Hbll (BUCSYAS] PTYTHASI KAILISA) U NIEHOYHBLU PIYMHbIU 2JIeKMPOObL.

[1nomaae NOBEPXHOCTH 3JIEKTPOJAa CPABHEHHS BO MHOTO pa3 0oJIbIIE IJI0-
niaau NOBEPXHOCTH MHIWKATOPHOTO JJIEKTPOJAA, IMOITOMY IIOTHOCTh TOKAa HA
HEM B JIECATKH TBHICAY Pa3 MEHbIIIE, YEM HA MHIAMKATOPHOM J3JIEKTpoxe. MOXKHO
CYUTATh, YTO DJIEKTPOJ CPABHEHUS HE IOJSPU3YETCS, €r0 MOTEHLIHAN IPU MPO-
XOXKIEHUU IEKTPUUECKOTO TOKA Yepe3 s'YEHKy OCTAETCs IMOCTOSHHBIM. B mpo-
cTedIen IBYXJICKTPOAHON sueiKe JJIsl MPOBEICHUS MOJIpOrpaduyecKux onpe-
JIEJICHUH B KAYECTBE AJIEKTPO/1a CpaBHEHUS (M OJHOBPEMEHHO BCIIOMOTATEIBHOTO
AIEKTPOAA) MOXKET MCIOJIb30BaThCA JOHHBIA ciiol pryTu. [loTeHimman Takoro
AJIEKTPOJA CPABHEHHMS 3aBUCUT OT COCTaBa pPAacTBOPA, HAXOJAIIETOCS B SYEHKE,
[I03TOMY JIBYX3JIEKTPOJHBIE SIMEUKU MCIOJIB3YIOT B TEX CIydasx, KOIr/a 3HAHUE
TOYHOM BEJMYUHBI TMOTEHIMAJIA HHAMKATOPHOIO 3JEKTpoJa Heo0s3aTelbHO,
HaIpumep, Ipy MPOBEACHUN PYTUHHBIX KOJIMYECTBEHHBIX ONpeieeHui. B kaye-
CTBE IEKTPOAA CPABHEHUS B TPEXIEKTPOAHBIX SIYEMKAX UCIIOJIB3YIOT XJIOPUACE-
pEOPSAHBIN WM KaJIOMENbHBIN 3JEKTPoibl. TOK Yepe3 HUX B MPOLIECCE BBINOJIHE-
HUs aHAJIA3a HE IPOTEKAET, IMMOTEHLIHUAN ATUX JJIEKTPOJIOB U, COOTBETCTBEHHO,
Pa3HOCTh NOTEHUMAJIOB HWHAMKATOPHOTO JJIEKTPOAA M IJIEKTPOAa CPaBHEHMS,
OCTaIOTCSI IOCTOSIHHBIMH.

BcenomMorarenbHblii 37€KTpOJl HEOOXOAUM JUIsl MPOTEKAHUS AJIEKTpHYe-
CKOT'0 TOKa uepe3 AYelKy. B KauecTBe Takoro aJIeKTpoaa UCIIONb3YIOT IIaTHHO-
BYIO IIPOBOJIOKY JIMOO TIACTUHKY WUJTU CJIOW PTYTU Ha JAHE SYCHUKH.

N3mepenus B BOJIbTAMIIEPOMETPUH MPOBOASATCS B TAKUX YCIOBHUAX, YTOOBI
NepeMEIICHHE YaCTHUIl ONPEIETAIEMOr0 IEKTPOAKTUBHOTO BEIECTBA («IETOJs-
pHU3aTOpay) K MOBEPXHOCTHU AEKTPOAa MPOUCXOINIIO TOJIBKO 3a cuéT nuddy3un
— MIepeHoca BEMIECTBA U3 00JIaCTH C OOJBINEH KOHIIEHTPAIIMU B 001aCTh C MEHb-
IeM KOHLEHTPALMEN IO IEMCTBUEM PA3HOCTH XUMUUYECKUX ITOTEHIMAIO0B. [Ipo-
LECC MHUIPAlMU OIPEAEIIEMOr0 BEUIECTBA (IIEPEHOC 3apsyKEHHBIX YacTHIL] MOJ
JENUCTBUEM JIEKTPUUECKOTO MOJI) M €r0 KOHBEKTUBHBIM IEPEHOC (IIEpEMEIICHHE
BCJICJICTBUE BIIMSIHUS MAKPOCKOIIMYECKUX IIOTOKOB, HAIIPUMED, BCIEACTBUE TIEPE-
MEUIMBaHUS WU Pa3HOCTH TEMIIEPATYP) SBIIIOTCS HEXKEIATEIbHBIMHU.

[Ipn nmpoBeneHNH BOJIBTAMIIEPOMETPUUECKUX MU3MEPEHHUM B aHAIU3UpYE-
MBIl pacTBOp, HAXOIAIIUICA B sueiike, BBOAAT Oonbinoe konudectBo (0,05-1
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MOJIb/11) UHAU(DPEPEHTHOTO CHIIBHOTO 3JIeKTpoiuTa («hoH»). DOHOBBIIM IIEKTPO-
JUT HEOOXOIUM JJISI YMEHBIIIEHUST COTIPOTUBIICHUS PACTBOPA U TIPEIOTBPAIICHUS
MUTPAIAH OTIPEEISIEMOTO BEIIECTBA K HHIUKATOPHOMY IeKTpoy. Kpome Toro,
OH MO’KET BBIONHATH QYHKIIUU Oy(epHOro pacTBopa MK KOMIUIEKCOOOpa3oBa-
Tens. B kauecTBe (POHOBOTO 3JIEKTPOIMTA MPUMEHSIIOT XJIOPHUIBI, XJIOPaThI, Tep-
XJIOPATHI METOYHBIX U MEIT0YHO3EMETBHBIX METAIIOB, CYJIb(aThI IETOYHBIX Me-
TaJUIOB, KApOOHATHI HATPUS U KaJIusl, YSTBEPTUIHBIC aMMOHHEBBIC COJIH, IIEIOYH,
nHanpumep LiOH, kucnotsl, Hanpumep HCIO4 min H2SOs.

Jlist mpeoTBpallieHrsi KOHBEKTUBHOTO TMEPEHOCa 3JEKTPOAKTUBHOIO Be-
HIECTBA K JIEKTPOIY PacCTBOp, HAXOJSAUIUICS B sUeiike, HE IOJKEH MepeMelIn-
BaThbCad (M3MEPEHMs] HAUYMHAIOT 4Yepe3 HEKOTOPOe BpeMs IOCie 3alOJIHCHUS
SYEHKH ), TEMIIEpaTypa pacTBOpa B MPOIIECCE BHITIOJIHEHUSI U3MEPEHUN HE TOTHKHA
U3MEHSITHCS.

PactBop, HaxoadmuKcs B A4EHKE, MOKET COAEPKATh HEKOTOPOE KOIUYE-
CTBO PAcCTBOPEHHOTO KHCIOPOJa, KOTOPHIN SIBISETCS JIEKTPOAKTUBHBIM BeIIe-
cTtBoM. Krciopoa BoccTaHaBIMBACTCS B IBE CTA/IUH:

O, +2H" +2e=H,0,
H,O, + 2H" + 2e=2H,0.

[IepBas cragusa npoucxoaut npu norenuuane ot —0,1 no —0,2 B, Bropas —
npu noreruuaine —0,9 B 1o OTHOLIEHUIO K KaJTOMEIbHOMY 3JIEKTPOLY .

Ilepen BbIIOJIHEHUEM U3MEPEHUI KMCIOPOI HEOOXOAUMO yIaIUTh, HAIIPU-
Mep, IyTEM BBITECHEHUS a30TOM, I'€JIMEM, aproHOM. MIHOrja Kuciopon yaaisoT,
npubaBisis Cyab(QUT HATPUS B HEUTPaIbHBIN WK LIEIOYHOM pacTBOp. B kucabix
pacTBopax o0pa3yercsi CEepHUCTasi KUCI0Ta, KOTOpasi caMa BOCCTaHABIMBAETCS Ha
PTYTHOM KallaroleM dJIEKTPOLE.

5.3. BoabTamneporpamma

Borvmamnepoepammoii Ha3pIBaeTCs 3aBUCUMOCTD CHUJIBI TOKA B 3JIEKTPOJIU-
THUYECKOU AYEUKE OT MOTCHIMAJIA [TOrPYKEHHOTO B AHAJIM3UPYEMBIN pacTBOP UH-
JUKAaTOPHOTO MUKPO3JIEKTPOIA.

BoapsTamneporpamma («kiaaccudeckas HOJIIporpaMMay), nojiydaemasi
NOMOILBIO PTYTHOI'O KAMaroUIero 3JeKTpoAa MPU MOHOTOHHOM M3MEHEHUH (Ju-
HEHHOI pa3BEPTKE) MOTEHIMANa, I0OKa3aHa Ha puc. 5.3. BonbramneporpamMma ajis
Bpalarouierocs (Ho He JAJi1 CTallMOHAPHOI'0) 3JIEKTPOAA, BBIMJISAUT aHAJIOTMYHO.
Kitaccuueckast monsiporpaMMa uMeeT TpH ydacTka. llepBbiil yyacTok, oT Hayana
perucTpanuuy noiasiporpaMMsl O Ha4aJIa SJIEKTPOXUMUYECKON peaKlny, Ha3blBa-
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eTcst ocmamouHviM mokom. Ero nossienre o0ycioBieHo 00pa30BaHHEM Ha IO-
BEPXHOCTU PTYTHU JIBOMHOTO AJIEKTPUUECKOr0 Cliosi (MOJIEKYJIIPHOTO KOHJEHCa-
TOpa), @ TAKKE BOCCTAHOBIIEHUEM 3JICKTPOAKTUBHBIX NpUMecei, Harpumep, Oy.

I, MKA 3

E,B

Puc. 5.3. Bonsramneporpamma, rnosrygaeMasi B KJIIaCCU4E€CKON
nossiporpaduu («Kjiaccuueckas moJiiporpaMman):
1) ocTatouHslil TOK; 2) noJsiporpaduyuecKkas BoJHa; 3) NpeaeTbHbBIH TOK

VY4acToK, COOTBETCTBYIOIIUNA YBEIMYEHUIO TOKA, BBI3BAHHOMY MpPOTEKa-
HUEM IJIEKTPOXUMUYECKON PEaKLUU C YYaCTUEM ONPEEISIEMOTO AIEKTPOAKTUB-
HOT'O BEIIECTBA, HA3BIBACTCS 80/1HOU. BoHa MOXeET ObITh KamooHo1, €cliv Belle-
CTBO BOCCTAHABJIMBACTCS, WJIM AHOOHO, €CIIA OHO OKUCIISIETCS.

[Tonsiporpaduueckast BoiaHa 15t 00paTUMOM JIEKTPOXUMHUUYECKOM peaKiuu
ONKCBIBAETCS] YPABHEHHEM

E=E, -1 (5.1)
nF I1,-1
rae E1/2 — TOTeHIMAI TTOJTYBOTHBI, /4 — BenmrmunHa TudPy3MOHHOTO TOKA.
[ToTennuan, COOTBETCTBYIOIIUI TOJIOBUHE BBICOTHI BOJIHBI (nOmMeHyuan no-
71y80aHbl) — E1, AN KaXKIOTO 3JIEKTPOAKTUBHOTO BEIIECTBA UMEET CBOIO BEJIH-
YHHY (3aBUCSIIYIO TAKXKE U OT IPUPOJIBI (POHOBOTO AIIEKTPOJIUTA) U TIOITOMY MO-
JKET UCIOJIb30BaThCA I ero uaeHtudukanuu (tadn. 5.1). Iorenmuman noiy-
BOJIHBI OCTAaeTCsi HEM3MEHHBIM TIpU JI000W KOHIICHTpPAIMH BOCCTaHABJIMBAIO-
muxcs noHOB. OTHAKO MOTEHITUAIBI TTOJYBOIH KOMIUIEKCHBIX MOHOB METAJIJIOB
OTJIMYAIOTCA OT MOTEHIIMAJIOB TIOJIYBOJIH TUAPATUPOBAHHBIX HOHOB METAJLIOB.
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Tabnuya 5.1

3HaueHus MOTCHIHAJJIA IMMOJIYBOJHBI JJII HCKOTOPbIX KATHOHOB
Karnon Ein, B don
Bi* —0,32 | anerarnslii 6ydepusrii pacteop pH 4,6
Cd* -0,79 | 6 M HCI
-0,60 | 0,1 M HCI
-0,58 | 0,1 M KNOs3
Cu? 0,38 | 1 M Na2C4H4Os, pH 12
0,00 0,5M H2SOs4; 0,01% xenatuna
Fe** -1,37 | 1 M HCIO4
0,01 anetatHblil Oydepnsrit pactsop pH 5,0
Ni** -1,1 1 M KCI, HCIO4 (pH 0-2)
Pb% —0,43 1 M KCl
-0,38 | 0,1 M NaNO3
Sn?* —0,46 1 M H2SO4
Zn** -1,49 | 1 M NaOH
-1,33 1 M NHs
-1,12 | 0,1 M KNOs3
-1,02 1 M KCl

Ecnu B pacTBOpe MPHCYTCTBYET HECKOJIBKO AJIECKTPOAKTUBHBIX BEIIECTB,
UMEIONINX Pa3INuHble BEIUYUHBI £1/2, TO MOIAPOTpaMMa MOXKET BBITJIAJIETh TaK,
KaK Moka3zaHo Ha puc. 5.4. Takoil BUJ MOJIPOTPaMMBbl HA3BIBAIOT nOApocpaghu-
YecKUM CneKmpom UOHOS.

[To Mepe yBenmueHUs MPUIOKEHHOTO HAMPSHKEHUS CHJIa TOKA JOCTHTaeT
HEKOTOPOTO MAaKCHUMAJILHOTO 3HAYCHUS, HA3bIBAEMOTO 1pe0eibHbIM MOKOM, U Ja-
Jee U3MEHSETCS He3HAUUTeNbHO. Pa3HOCTh MeX1y MpeedbHbIM U OCTATOYHBIM
TOKOM Ha3bIBaeTcs oughghysuonnvim mokom (lg). Onpenenenrie ero BeIMYUHbI, a
TaK)Ke BEJIMYMHBI MTOTEHIIMAJIA TIOTYBOJIHBI Ha MOJIIpOrpaMMe MOKa3aHO Ha pUC.
5.5. lnst onpeiesieHus BEJIMYMHBI TOTEHITMAIA TTOJIYBOJHBI MOKHO UCTIOIH30BaTh
Takke 3aBUCUMOCTH 1g[1/(1;— I)] oT E, mpeIcTaBIAIONIYIO COOOM MPSAMYIO TUHHUIO.
[Tpu E = E\» 3nauenue 1g[l/(I, — I)] paBHO HyIIIO.
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I, MKA

vy
2 3

Ein Ei» E;pn BB

Puc. 5.4. IlonsgporpamMma cMecH BEIIECTB

I, MKA

Puc. 5.5. Onpenenenue moTeHMaa MOIyBOIHBI B JUPPY3HOHHOTO TOKA

Kak y’kxe ObUIO OTMEUEHO BHIIIIE, IEPEMEIIEHNE OTIPEICIAEMOTO BEIIESCTBA
K WHJIHUKATOPHOMY OJJICKTPOAY B BOJBTAMIICPOMETPHUU JIOJDKHO IPOMCXOIMTH
ToNbKO 3a cu€T nuddy3un. Ckopocts quddys3uu, a, Clie10BaTeIbHO, U CHJIa TOKa
IPSIMO TPOIOPITMOHATBHA PA3HOCTH KOHIICHTPAIIMK 3JICKTPOAKTUBHOTO BEIIle-
CTBa B PacCTBOPE U Ha MOBEPXHOCTH AIeKkTpoAa. [Ipyu nocTrkeHUU npenebHOro
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TOKa KOHLIEHTPALIMIO BEIIECTBA HA TOBEPXHOCTHU 3JIEKTPOJIa MOXKHO CUUTATh PaB-
HOM HYJTIO (BEIIECTBO, JOCTUTHYB MMOBEPXHOCTHU JIEKTPOJIa, Cpa3y K€ BCTYIAET B
PEaKLHIO), TOATOMY

]d :KC.

B xnaccuueckoit mossiporpadun 3aBUCUMOCTh TU(PGHY3HOHHOTO TOKa OT
KOHIIEHTPALIMU 3JIEKTPOAKTUBHOI'O BEIIECTBA B PACTBOPE OIUCHIBACTCS ypasHe-
nuem HMnvrkosuua:

1, =607neD"?m*31"¢ = Ke, (5.2)

la — mudPy3uoHHBIN TOK (MKA); 7 — YHCJIO DJIEKTPOHOB, YYACTBYIOIIUX B AJICK-
TPOJIHOM peaKIMK; ¢ — KOHIIEHTPALUS 3JIEKTPOAKTUBHOTO BEIIECTBA (MMOJIBL/M);
D — xo>ddunment auddysun Bemectsa (cM2/c); m — CKOPOCTh BEITCKAHHUS PTYTH
(mr/c); T — Bpemst )xu3HU Karu (¢); K — ko pumueHT mponopiroHaIbHOCTH.

NabkoBuy (Ilkovic) Juonus (1907-1980) — crnoBaikuii yuyeHbId, CIIeIH-
ancT B 007aCTH (PU3UYECKON XUMHUH U MaTeMaTudyeckol ¢pusuku. B 1930-1932
r.r. — acnupanr . I'eiipoBckoro B IIpaxckoM yHUBEpCUTETE.

Benuuunel D, m 1 T B CTaHIAPTHBIX YCIOBUSAX OOBIYHO MOCTOSIHHBI. Ogi-
HAKO 3TH BEJIWYUHBI 3aBUCAT OT MHOTUX (pakTopoB. Koapdunuent nuddysuu D
3aBUCHUT OT TEMIEPATypbl, HOHHOW CHJIBI M BSI3KOCTH pacTBopa. [Ipu yBenuueHuu
TeMIlepaTypbl Ha OJIUH Tpaxyc kodpduuent nuddysuu BozpactaeT Ha 2-3 %.
Brnusaue monHOM cuibl pactBopa Ha kKodhdummenTt nuddy3un 3HAUUTETHHO
cnoxuee. Eciu ripu Manoi HOHHOM cuiie HaOIogaeTcsl HEKOTOpOe CHIbKEeHHE D,
TO B KOHIIEHTPUPOBaHHBIX pacTBopax (1,5-2 M) couneii koadurmenT nuddy3un
Bo3pactaeT. [IpubaBiieHne KeIaTHHBI U IPYTUX BEIICCTB YBEIMUNUBACT BI3KOCTh
pacTBOpa ¥ MOHWKAET 3HaUeHue D.

Koaddumument nuddys3un B 3HAYNTENHHON CTENEHN 3aBUCUT OT HOHHOTO
cocrosnus BemecTBa. Hanpumep, karnonsl ammuakara kaavmus CA(NH3)4*" mud-
GyHAUPYIOT MEUICHHEE, YEM MOHBI KaIMHSI.

Macca pTyTH, BBITEKAIONIEH U3 KamWLIsApa, 3aBUCUT OT XapaKTePUCTUKH
Kanmwuisipa: OoJbllie PTYTH BBITEKAET U3 KaMWLIspa, UMEIOIIero OoNbIIuid ua-
METpP U MEHBIIYIO JUTUHY. Bpemst )ku3Hu Karuiu (7) pTYTH 3aBUCHUT OT MOTEHITHAIA

anekTpoaa. C Bo3pacTaHueM OTpUIaTeNbHOr0 notenuana a0 —0,56 B pryTs ka-

mact MEIJICHHEC, a 3aTECM OHa KallacT 6BICTpCC. HpOI/ISBCI[GHI/IC m2/3rl/6Ha351—

BAIOT KOHCMAHMOU (Xapakmepucmuxou) Kanuuisipa, OHa ONpeneseTcs dKcie-
PUMEHTAJIBHO.
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Nuorga dbopma monsiporpaMMbl MOKET HCKaXKAThCS 3a CUET MOSBICHUS
y4acTKOB, CHJIa TOKa Ha KOTOPBIX OKa3bIBAETCsI OOJbIIE 0XKUAaEMOM (TIOSIBIICHUS
«MaKCUMyMOBY). [TpuunHON nosiBIeHUS Makcumymos I poda sBISeTCs nepeme-
IIMBAHKUE PACTBOPA B PE3YJIbTATE ABUKECHHS IOBEPXHOCTH KaIlIU PTYTH, BbI3BaH-
HOTO HEPAaBHOMEPHBIM PACIpEAEICHUEM BEIMUYNHBI TOBEPXHOCTHOTO HATSKEHHUS
Ha Hel. Takne MaKCMMYMBI YCTPAHSIOT BBEAEHUEM B PACTBOP IMOBEPXHOCTHO-AK-
TUBHBIX BeIIeCTB (>kenaTuHbl, TpuToHa X-100 U 1Ap.), CIOCOOHBIX aAcopOUpo-
BaThCS Ha MMOBEPXHOCTHU PTYTHOM Karum. O HAKO clienyeT n30erath n30bITKA MOo-
BEPXHOCTHO-AaKTUBHBIX BEIIECTB, KOTOPBIE MOT'YT IPUBOAUTH K UCKAXKEHHUIO T10-
JasporpaMmsbl. [{J11 yCTpaHEHHS IMOJIOKUTEIIBHBIX MAaKCHMYMOB JIy4ll€ MpPHUME-
HATh OTPUIIATENILHO 3apPSKEHHBIE MOBEPXHOCTHO-aKTUBHBIE BEIIECTBA (AHUOHBI
opraHnueckux BemiecTB). JlJisi ycTpaHEHHs] OTPULATEIbHBIX MaKCUMyMOB HC-
MOJIB3YIOT BEIIECTBA KATUOHHOTO TUMa. Ha crmocoOHOCTH MOBEPXHOCTHO-AKTHB-
HBIX BEILIECTB IMOJIABJISATh MAaKCUMYMbI, OCHOBaHbI pa3pabOTaHHbIE BHICOKOUYB-
creutenbHbIe (10 10° M) Metoauku onpenenenus IIAB B pacTBopax.

Maxcumymst Il pooa BbI3BaHBI MOSIBJIEHUEM 3aBUXPEHUM BHYTPH Karlid
BCJICAICTBUE CIMIIKOM OBICTPOTO BHITEKAHUS PTYTH U3 Kanwuispa. /s ux yerpa-
HEHUs HEOOXOAMMO YMEHBIIUTH JABIEHUE PTYTH, T.€. BBICOTY CTOJ0a PTYTH.
Makcumywmsl I poga dacto HaOMIOMAIOTCS B KOHIIEHTPUPOBAHHBIX PAcTBOPAX
¢dboHa, CHIYKEHHE KOHIIEHTPAIMH SJIEKTPOJIUTA TPUBOIUT K MCUE3HOBEHUIO TAKUX
MaKCHMYyMOB.

5.4. CoBpeMeHHBIE METOABI BOJbTAMIIEPOMETPHH

Hwxnsas rpanuna onpenenseMplx KOHLIEHTPAUUM B KIIACCUYECKOM TTOJISAPO-
rpaduu coctasiser ~10°—-10° M. Ee 3Hauenne 00yCI0BIEHO BEIUYMHON OTHO-
neHus $papageeBCKOro TOKa, CBSI3aHHOTO C IPOTEKAaHUEM JIEKTPOIHON peaKInu
C y4acTHEM OIpPEAENIEMOro BEUIECTBA, K EMKOCTHOMY TOKY (OJHOMY K3 KOMIIO-
HEHTOB OCTaTOYHOTO TOKA). [IpH yBennyeHun JaHHOTO OTHOIICHMS HYKHSIS Tpa-
HULA ONPEAECIAEMBIX KOHLEHTPALUM YMEHBIIACTCA. Y BEIUYUTh COOTHOLICHUE
dapaseeBCKoro 1 EMKOCTHOIO TOKOB MOKHO MYTEM YMEHBIIEHHUS EMKOCTHOIO
TOKa (MMITYJIbCHAsI BOJIbTAMIIEPOMETPHS ) TUO0 yBenuueHus GpapagaeeBCKOro Toka
(MHBEpPCHOHHAS BOJIbTAMIIEPOMETPHS, BOJIBTAMIIEPOMETPHS C OBICTPOI pa3BEPT-
KOU MOTEHIINAJIA).

AuddepenunanbHass MMIIyIbCHAA BoJbTamMnepomMerpus. Ha nuHelHo
MU3MEHSIONIEECS OCTOSTHHOE HAIIPSKEHHUE Yepe3 OJUHAKOBBIE IPOMEXKYTKH Bpe-
MEHHU MOAAI0T OJIMHAKOBBIC JOMOJHUTEIIbHBIE UMITYJIbChl. CUITy TOKA U3MEPSIOT
J10 TIOIAYX MMITYJIbCA M B €ro KOHIE. BonprammeporpamMmma umeeT BUA NEPBOM
MIPOU3BOIHOM BOJIBTAMIIEPOMETPUUYECKOM BOJIHBI (pUc. 5.6). MakcuMyM Ha BOJIb-
TaMIeporpaMMe COOTBETCTBYET MOTEHIMATY I1OJyBOIHBI.
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Puc. 5.6. ludepennmanbaas UMIyIbCHAS BOJbTAMIIEPOMETPHS:
1) n3MeHeHne noTeHIMana; 2) BoJpTaMIeporpaMma

HuddepenunanbHas UMITYIbCHAsE BOJIbTAMIIEPOMETPUS SIBISIETCS] BBICOKO-
YYBCTBUTENBHBIM U W30HMpaTEIbHBIM MEeTOA0M. OHA MPUMEHSETCS MPHU ONpe/e-
JICHUU CJIEIOBBIX KOJWYECTB METAJIOB U OMOJIOTMYECKU aKTUBHBIX BewlecTs. 1o
YyBCTBUTEIBHOCTU U TOYHOCTH ITOT METOJA B psAAe ciydaeB (ONpeneseHue
CBUHIIA, Ka/IMHs) CPABHUM C aTOMHO-a0COPOIIMOHHBIM METO/I0M.

BoabTtamnepoMmerpusi ¢ ObICTPOil (JIMHEHOI) pPa3BEéPTKON MOTEHIU-
ajia (XpoHoamMmnepomeTpusi). JlaHHBII METO OTIIMYACTCS OT OOBIYHOM BOJIBTAM-
IIEPOMETPUU TEM, YTO B IIPOLIECCE U3MEPEHHUsI BEIMUNHA ITOTECHIIAAIA U3MEHAETCSA
10 JIMHEHHOMY 3aKOHY C BBICOKOM CKOPOCTBIO (OT J0JIeH 10 coTeH u 6omee B/c).
CKOpOoCTh U3MEHEHUS MTOTEHIMAA 3aBUCUT OT XapaKTepa 3JIEKTPOJa U yCIOBUN
npoBeaeHus annekTponusa. [lpu ckopoctsax 100 mB/c u 6omnee ans perucrpanuu
cUrHaja TpedyeTcs ociiorpad) UM 3JIeKTPOHHBIN quctiell. I3mepeHue cuiibl
TOKA INPOBOJUTCS B TEYEHUE HECKOJIBKMX IOCIEIHUX CEKyHJ >KU3HM KaIlIu.
dopma BoJIbTaMIIEpOrpaMMBbI IPEACTABIIEHA HA pUcC S.7.

85



T'naBa 5

| 2

t Emax E
Puc. 5.7. XponoamriepoMeTpus C JIMHEHHON pa3BEPTKOW IMOTECHIMANA!
1) u3MeHeHue MOTeHIaNa; 2) BOJIbTaMIIeporpaMma

Pa3BepTka moTeHIMaga MOXKET MPOBOAMUTHCSA C OJUHAKOBOM CKOPOCTHIO
CHayaJla B OJHOM, a 3aTeM B Jipyrom (oOpaTHoM) HampaBieHuH. Takoil MeTon
aHaJIM3a Ha3BIBAIOT YuUKIUYeckol gorbomamnepomempueti (puc. 5.8). [lonydaemas
BOJIbTAMIIEpOrpaMMa COCTOUT U3 JIBYX BETBEH — KaToqHOM U aHogHOM. VX cum-
METPUYHOCTh YKa3bIBa€T Ha OOPATUMOCTh OKHUCIUTEIHHO-BOCCTAHOBUTEIHHOM
peakuu.

-E M e )

KaToJHad BOJTHA

-E

aHOAHasA BOJIHA

Puc. 5.8. [{uknnueckass BOJIbTaMIIEPOMETPHS:
1) u3MeHeHHe MOTEHITANA; 2) BOJbTaMIIEporpaMma
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JIOCTOMHCTBaMM XpOHOAMIIEPOMETPUU ABIISIETCSA BBICOKAsE CKOPOCTH IOJIY-
YEHUs BOJIbTAMIIEPOIPAMM IIPU JTOCTATOYHO BBICOKOM YyBCTBUTEIBHOCTH, CIIO-
COOHOCTh OOHAPY>KMBATh U ONPEAEIATh IPOMEKYTOUHBIE MPOAYKTBI AIEKTPOXU-
MHYeCKuX peakuui. K e€ HemocrtaTkam OTHOCHTCS TO, UTO JIMHUS OTCYETa BCEraa
MMEET HAKJIOH; HEBO3MOXHO IPUMEHEHHE HH METOAa I'PaAyHpPOBOYHOTO Ipa-
¢uKa, HU METOJa CTaHAAPTHBIX N00ABOK; MajIOyJOOHbI YPAaBHEHHUS, CBS3bIBAIO-
1€ BBICOTY MUKA C KOHUEHTpAaIMeil; He0OX0AMMO MCIOIb30BATh CHEIUATbHYIO
OBICTPOAECHCTBYIOLIYIO PETHCTPUPYIOLIYIO anmnaparypy. MeTozasl ¢ ObICTPbIM HU3-
MEHEHHEM IOTEHIMala UCIONb3YI0T, TJaBHBIM 00pa3oM, NpU M3YYEHUHU MeXa-
HU3MAa U KUHETUKH 3JIEKTPOIHBIX ITPOLIECCOB.

NuBepcunonnas BoabTamnepomerpusi (MBA). B sTom meTone ¢ uemnbto
YMEHBIICHUSI HWKHEM TI'PAaHUIBl ONPENeNsIeMbIX KOHLEHTPALUW NPOBOIUTCS
IIPEABAPUTEILHOE KOHLICHTPUPOBAHUE aHAIUTA HA dJeKTpoae. i KOHIEHTpH-
POBaHMs OINPEIEIAEMBIX BEIIECTB UCIOJB3YIOT IIPOLIECCHI, IPOTEKAIOIINE KAK C
U3MEHEHUEM CTEIEHU OKHUCIECHHS (RIEKTPOXUMHUYECKOE KOHILIEHTPUPOBAHUE),
Tak U 0€3 U3MEHEHHUs CTENIEHN OKHCIICHUS OMPEAEIIeMOro BEIIeCTBA, HaIPUMEp
aJICOPOLIMOHHOE KOHLEHTPUPOBAHHUE.

WNHBepcroHHas BOJIBTAMIIEPOMETPHUS MOXKET OBbITh AaHOAHOM MJIM aHOAHOM.
B cnydae anoonoti UBA, koTopasi IpUMEHSETCSl 3HAUUTEIBHO Yallle, onpeerse-
MBIE BEILIECTBA, HAIPUMEP KATHOHBI METAJJIOB, KOHLIECHTPUPYIOTCS Ha DJIEKTPOAC
B BHJIE ITPOIYKTOB BoccTaHOBieHUA. [Ipu kamoonou UBA, kotopas 0OBIYHO HC-
II0JIB3YETCSI ISl ONPENEICHUS aHNOHOB, AHAJIUTHI B IIPOLiecCe KOHIICHTPUPOBA-
HUSL OKUCIISFOTCS.

[Tpunumn anonnoi UBA ¢ 3eKTpOXUMHYECKUM KOHIIEHTPUPOBAHUEM 10~
Ka3aH Ha puc. 5.9. BHauasne B TeUeHHE CTPOTO ONPEAEIEHHOTO BPEMEHHU POBOAST
IIEKTPOJIN3 aHATIU3UPYEMOro pacTBopa. HekoTopoe Koian4ecTBO ONpeaensieMoro
BEILECTBA IIPY 3TOM BOCCTAHABIIMBAETCS U HaKaruiuBaeTcs B (Ha) anekrpoae. [o-
CJIE OKOHYAHUS DJICKTPOJIM3a MEIAJIKY BBIKIKOYAIOT U JAI0T PacTBOPY yCIOKO-
UThCA. 3aTeM MOTEHLHAJ JMHEHHO YMEHBIIAIOT (BEIMYMHA NOTEHIMAIA CTaHO-
BUTCA MEHEE OTPULIATENIHON) M PErHMCTPUPYIOT 3aBUCHUMOCTb CHJIbI aHOIHOTO
TOKa oT E.

B kauecTBe 3J€KTPOIOB B MHBEPCHOHHOW BOJIBTAMIEPOMETPUU OOBIYHO
UCIOJIb3YIOT CTAllMOHAPHBIE PTYTHBIE 3JIEKTPOAbl Pa3HOOOPA3HOM KOHCTPYKIUH.
3HAYUTENIBHO PEXKE MPUMEHSIOTCS 3JIEKTPOJIbl U3 0JIarOpOIHBIX METAJJIOB, YTO
CBSA3aHO C HU3KHMM HAIPSIKEHUEM BOJOPOA Ha DJIEKTPOAAX U3 30JI0Ta, IUIATHUHBI,
nannaaus, upuaus u ap. OopazoBaHue OKCUAHBIX CJIOEB HA OBEPXHOCTU TAKUX
JIEKTPOAOB TAKKE OIPAHUYMBACT UX IIUPOKOE IIPUMEHEHHE.
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(1) O0CTaAaHOBKAa (2)
MeEIIaJdKu
M"*+ ne—M *
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Puc. 5.9. AHoaHas ”HBEPCUOHHAS BOJIbTAMIIEPOMETPUS
1) u3MeHeHne oTeHIraNa; 2) BOJIbTaMIIeporpaMmma

MHBepCHOHHAS BOJILTAMIIEPOMETPUS UMEET Pl IPEUMYILECTB HEPE APY-
TUMH BOJILTAMIIEPOMETPUYECKMMH METOJAMHU: HU3KHME IPEAEIIbl 0OHAPYKEHUS
(10°-10"1° monb/1) 0k0IO 40 XMMUYECKHMX DJIEMEHTOB, BEICOKAS CEJIEKTHBHOCTD
Y XOpOILIME MeTpoJIorndyeckue xapakrepuctuku. Ha puc. 13.10 npusenena anon-
Has MHBEPCHOHHAs BOJLTAMIIEPOrpaMMa 00pasia MPUPOIHON BOMKI, COAEpIKa-
el caenosbie KoaudecTsa (~108 M) nuHKa, KaaMus, CBUHLIA U MEJIN.

PA3BEPTKA NOTEHIMAIQ =

Pb

Cu u

Cd

Zn

Puc. 5.10. AnoaHasi ”HBEpCHOHHAs BOJIbTaMIIEpOrpaMmMa
o0pa3siia IpupoTHOM BOIBI

IlepemenHO-TOKOBasE BoJbTammnepoMeTpusi. OJHOBPEMEHHO C MeJ-
JICHHO HapacTaloIIMM BO BPEMEHH MOCTOSSHHBIM HANpsS>KEHUEM B mojsiporpadu-
YEeCKYyI0 SYEHKY MOoJaeTcsl MepeMEHHOe HanpshDKeHUe Malo aMrutyast (25-30
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MB) u peructpupyercs 3aBUCUMOCTh aMIUIUTYAbl IEPEMEHHOTO TOKAa OT Hampsi-
)keHus. Bo3pactanune pazHOCTHM TOKOB, COOTBETCTBYIOIIMX MHUHUMAIIBHOMY U
MaKCUMaJIbHOMY 3HAYCHUIO IIEPEMEHHOI0 HAMPSHKEHUS IPOUCXOIUT 0 TEX TOpP,
KOTJ1a IOCTOSIHHOE HANPSHKEHUE CTAHET PAaBHBIM ITOTEHLMANY IOJIYBOJIHBI BOC-
CTaHABJIMBAIOUIErOCAd MOHA. [Ipy HanpHEWIEM NOBBIIMIEHUN HAIPSKECHUA pas-
HOCTb TOKOB YMEHBIIAETCSA U CTAHOBUTCS PABHOU HYJIIO IIPU NOCTHUKEHUU BEJIU-
YHUHBI HANIPSKEHUS, COOTBETCTBYIOWIETO MPEAEIbHOMY TOKY. B 3TOM MeTozae 3a-
BUCUMOCTb Pa3HOCTH IIEPEMEHHOI0 TOKA OT IPUJIOKEHHOIO ITIOCTOSIHHOI'O HAIPsi-
KEHUSI UMEET BUJ KPUBOM C MaKCUMyMOM. J[J1s1 0OpaTUMBIX CUCTEM YyBCTBUTEIb-
HOCTb W paspeniaroniasi CrioCOOHOCTh MEPEMEHHO-TOKOBOW BOJIbTAMIIEPOMETPHUH
BBIIIIE, YeM OOBIYHOM KJIACCHUYECKOU MoJIIporpaduu.

5.5. IIpakT4eckoe NnpuMeHeHue

BonsTammepomeTpus HCTIONB3yeTCs 711 OOHAPYKEHUS, UICHTU(DUKAIIUN U
KOJINYECTBEHHOTO OIMPEJCICHUS PA3JIMYHBbIX HEOPraHUYECKUX U OPraHUYECKUX
BemiecTB. OOHapyKeHUE U UACHTU(UKALIMS BEIIECTB MPOBOIUTCS 110 3HAYCHUSIM
NOTEHIMalIa OJyBOJHBI (£1/2). IloTeHIMaN MOMyBOIHBI HE 3aBUCUT OT KOHIEH-
TpalMK U SIBJISECTCS KAUECTBEHHON XapaKTEPUCTUKON MOHA. 3HAYCHUS MTOTCHIU-
aJia MOJYBOJIHBI UCIIOJIB3YIOT HE TOJBKO JIJISl UAECHTU(UKAIIMY HEU3BECTHOTO Be-
IeCTBa, HO U MpHU BbIOOpe PpoHOBOTrO AMekTponuta. [lonsiporpaduyeckas BoiaHa
OTpEESIEMOT0 AJIEeMEHTa HEe JOJDKHA UCKaXaThCs MOJsIporpaduueckumMu BOJI-
HaMU 3JeMEHTOB (PoHOBOTO ekTponuTta. ClenyeT uMeTh B BUIY, YTO MOTEH-
L{AAJI TIOJIY BOJIHBI OITPEEIIIEMOT0 MOHA 3aBUCHUT OT CPEJIbl, KOHLIECHTPALUU U IIPU-
ponbl (POHOBOTO AJIEKTpoiuTa. B ciayuae oOpa3oBaHUs HCCIEIYEMBIM HOHOM
KOMIUIEKCHBIX COEIMHEHHH C BENIECTBAMH, IMPUCYTCTBYIOIIMMH B PacTBOPE,
HAO0JIFOIAeTCsl CMEILIEHUE NMOTEHIMAIAa MOJIYBOJIHbBl B OTPULATEIbHYIO OOJIaCTh.
DTO0 MO3BOJIAET ONPENENATH B PACTBOPE HECKOJIBKO KOMIIOHEHTOB 0€3 X Ipe/iBa-
purenbHOrO pasaencHus. Hanpumep, B 1 M pactBope NaOH Bo3m0kHO ompene-
nenue ceuHa (II) u tannus (I) mpu coBMECTHOM NPHUCYTCTBUM, TaK KaK MOTEH-
rran noxyBosiHbl cBuHIA (I1) paBen —0,755 B, a Tamus (I) ——0,483 B, B To Bpems
kak B 1 M KCI 3Hauenus nmoteHuana noxyBoiHbl Taums (1) mpakTudyecku He
u3mensercs, a g ceuHna (1) cranosurces papasiM —0,435 B. Beicoko3zapsiaHbie
MOHBI METAJUIOB (XpOMAaThl, BOJb(paMaThl, MOJTUOAATHI U JIp.) PU BOCCTAHOBJIE-
HUU JAI0T HECKOJIbKO moJisiporpaduyeckux BoiaH. Hanpumep, npu BoccTaHoBIIe-
HUU XpOMAaT-MOHOB HaOmrofaeTcss ABe moisporpaduyeckue BoOiHBL [lepBas
BOJIHA COOTBETCTBYET BOCCTAHOBJIEHUIO XpoMaT-uoHOB 10 Xxpoma (III), a BTopas
BOJIHA — BoccTaHoBIeHue xpoma (I1T) o xpoma (II).

YpaBHeHue npKoBUYa COAEPIKUT IOCTOSIHHBIE BEJIMYUHBIL D, m U 7, OlIpe-
JEIUB KOTOPBIE SKCIIEPUMEHTAIIBHO, MOKHO PACCYUTATh KOJIUYECTBO BELIECTBA B
pactBope. OJIHAKO Ha MPAKTUKE TOJB3YIOTCS APYTUMH CIIOCOOaMU ONpeIeIeHUS
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KOHLIEHTpAalMy BEUIECTB: METOJAOM I'paJlyMpOBOYHOTO Ipadrka, METOIOM CTaH-
JTApTHBIX PacTBOPOB, METOAOM 100aBoK. Huke moka3zan mpumep pacuyéra KOH-
LEHTPALMH BEIIECTBA METOJIOM CTaHIAPTHBIX PACTBOPOB.

IIpumep 5.1. HaBecky maccoii 1,0000 T mopotika pacTépThix TabIeToK (o-
aueBoil kucnotsl pactBopuid B 0,05 M NaxCO; u noBenu o0bEM pacTBopa 110
50,0 M 0,1 M NH4Cl B 30%-H0M »Tanosne. [lonydyeHHbiit pacTBOp poduiIbTpo-
BaJIi ¥ B QUIIbTpATE MPU ONPEICIICHHBIX YCIOBUAX MPOBENIH MOJIsIporpaduueckoe
omnpeaesieHre (HoanueBoi KUCIOTh. BrluncinuTe Maccy JaHHOTO BellecTBa (Mr) B
TabJIeTKe, CYUTask Ha CPEIHIOI0 MacCy OJTHOM TaOJeTKH, €Clii BbICOTa MOJIIpOTrpa-
¢dbuyeckoit BoHBI a5l QuiibTpaTa okazanach paBHou 37,0 MM, a I pacTBOpa
dbonueBoit kuciaoTel ¢ KoHIeHTpanue 200 Mxr/mia — 35,0 mm. Cpeansis macca
tabnerku pasHa 0,1009 r.

KoHuentpanus (onreBoil KUCAOTHI B aHAIM3UPYEMOM PacTBOPE paBHa:
= 200-37,0

Cy =211 Mkr/mi.
35,0

C yué€roMm oOBbeMa MPUTOTOBICHHOTO PACTBOpPA U CPEHEH MACChl OJIHOM
TabyIeTKu Macca (OJIMEBOM KUCIOTHI COCTABIISCT:

¢y Vi-mg,  211-107°-50,0-0,1009

=1,06-10">r = 1,06 wr,
g 1,0000

m =

riae Vi — o0beM uccieayeMoro pacTBopa; g — HaBecka; m — Macca (DoIueBoi Kuc-
JIOTHI B OJTHOM TaOJIETKE; Mcp — CPEIHSSI Macca OJJHOUN TaOJIETKH.

[TockonmbKy PTYTHBIA KamaroIIUiA 3JEKTPOA MOXET ObITh HCIOJIb30BaH
TOJILKO B 00JIACTH OTPHUIATEIBHBIX MOTEHIINAIOB, B OCHOBE MOJISIPOrpapuuecKux
onpeAeneHuil OOBIYHO JIeXKAaT peaklUu BOCCTAHOBJIEHHS. MeTonoM Kiaccuue-
CKOH moJisiporpaduu MOKHO ONpPEAENSITh KATUOHBI METAJJIOB, Pa3JIMYHbIE Opra-
HUYECKHUE BEIECTBA U JIP.

HrxHsaa rpaHnna onpenensieMbIX KOHIEHTpaui KaTHOHOB METaJUIOB 3HA-
YUTEJIBHO CHMXKAETCSI, €CIIM COYETAaTh SKCTPAKIMIO KOMIUIEKCHBIX COECIMHEHUM
METa/VIOB C HX IMOCJIEAYIOIUM BOJbTAMIIEPOMETPHUUECKUM OINPEIACICHUEM.
OOBIYHO MPUMEHSIOT CMECh U3 JIBYX HEBOJIHBIX pacTBopuTenei. OJIuH pacTBOpU-
TEJb HKCTPArupyeT KOMIUIEKCHOE COETUHEHHE, BTOPOM — 00eCIeunBaeT 3JIEKTPO-
IIPOBOAMMOCTB pacTBOpa. B kauecTBe TaKMX CMECEN SKCTParupyrouiero ¥ HOHu-
3UPYIOIIETO PACTBOPHUTENEH MPUMEHSIOT O€H30JI — METAHOJ, TOJIYO — JTUMETHII-
Cynb(hOKCUI, TUXIOPITaH — IuMeTmipopmamun u 1p. PacTBopsl XJI0puaoB u
NEPXJIOPATOB JIUTHSA, HATPUS TPUMEHSIOT KaK ()OHOBBIE 3JIEKTPOIHUTHI.
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Ha pryTHOM Kamaromem 3JIeKTpOJE BOCCTAHABIIMBAKOTCS AJbJAETUIbI, Ke-
TOHBI, MEPKANTaHbl, HUTPO- U HUTPO30COEAUHEHUS, A30COEAMHEHUS, aJTKATIOUIbI,
TOPMOHBI, CepJICUHbIe TTUKO3U/Ibl, AHTUOMOTUKY, BUTAMUHBI U Ap. Hanpumep, B
nporiecce noJsiporpadudeckoro onpeaeneHus (cMm. mpumep S.1) donueBas Kuc-
JI0Ta BOCCTaHABIMBAETCA 110 7,8-1UruApodOonreBoi.

O  COOH
0 N
N H
N X7 N COOH .-
i | I 4+ OH 426 — >
2 H
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H q)OHHeBaH KUCJIOTAa
O  COOH
N H
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7,8-guruapodoreBast KUCI0Ta

Pazpabotansl MeTOOUKHN MOJSIpOrpaduuecKoro OmpeaesieHUus opraHuye-
CKHUX BEILIECTB B PA3JIMYHBIX MaTtepuanax, HallpuMep, ONPEACICHUS aKPOJICHA B
TEXHUYECKOM TJIMIIEpUHE, (popMalibieTuia B MAac/ISTHOM ajibJerujie, HUTPOOCH-
30J1a B aHWJIMHE, CTUpOJia B moauctupoie u np. [lomsporpaduyeckum MeToaom
MOHO OIIPEACIIUTH CKOPOCTh PEaKIIMK MOJTUKOHIeH Ay popmaiibaerua c de-
HOJIOM. CITOCOOHOCTh OPTraHUYECKUX MOJIEKYJ K AJIEKTPOXMMHUYECKOMY BOCCTa-
HOBJICHUIO WJI OKUCJICHUIO CBSI3BIBAIOT C MPUCYTCTBUEM B MOJIEKYJIAX DJICKTPO-
dbopHbIX rpynil. [Ipu 2JIeKTPOXUMHUIECKOM BOCCTAHOBIICHUH T'€TEPOIIMKINYECKUX
COCIMHCHUW MIPOUCXOIUT U3MEHEHUE KaK T€TEPOIMKIIOB, TaK U 3JIEKTPOXUMUYE-
CKH aKTUBHBIX ()YHKITMOHAIBHBIX I'pyIIn. Ha MexaHW3M 3JIEKTPOIHBIX MPOIIECCOB
BIIMSIOT pa3Hble GakTophl: pH, HOHHAs cuja pacTBOpa, IPUPOJIa PACTBOPHUTEIIS.
B Ta6xn. 5.2 npencraBieHbl 3HAYCHUS MMOTCHITUAIOB MTOJIYBOJIH HEKOTOPBIX Opra-
HUYECKUX COCIUHCHUM.
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Tabnuya 5.2
3HayeHHusa MOTCHIHUAJIO0B IMOJIYBOJH
HEKOTOPLIX OPraHUYeCKUX COCTHHEHUH
BemecTBa Ein, B don
AHTpaueH -1,94 0,175 M BusNI + 75% nmnoxcan
bens(a)nupen -2,13 10,175 M BusNI
Bpomben3omn -2,32 0,05M EtsNBr + 75% nuoxcan
MypaBbrHas KUCIIOTa -1,66 | 0,1M KCI
Hurpomeran -0,7 0,05 M H2SO4
[Tponananb -1,93 0,1 M LiOH
dopmanbaerus -1,59 | 0,05 M KOH + 0,1M KCI
Xmopohopm -1,63 | 0,05 M MesNBr
Iluknorexcanon -2,45 0,05 M Et4NI + 75% nuokcan
Hucrenn —0,46 | pocdarnslii Oydepusiii pactBop, pH 7,0

BoccranoBnenne 00JBITHHCTBA OpPraHHUYCCKHUX COCI[I/IHCHHﬁ IMPOUCXOIUT C
yY4aCTHCM HOHOB BOAOPOAd, HAIIPUMCED:

CCLs+ H"+2e = CHCI;+CI,
C¢sHsCHO + 2H"+ 2¢e = CsHsCH,OH.

Cnegyer OTMETHUTH 3aMEJIEHHOCTh NPOLECCa BOCCTAHOBIIEHUS OPraHUYECKUX
BeniecTB. [loaTomy nmonyuarorcs pacTaHyThIe NOIsIporpaduyecKue BOIHbI, KOTO-
pBI€ CIIO’KHEE U3MEPSITh, YEM BOJHBI HEOPTaHUYECKHUX BEILIECTB.

Bepxnsist rpanunia o6:1actu pabounx MOTEHIIMATIOB IJIATUHOBOTO U rpadu-
TOBOT'O 3JEKTpoJoB cocTtasisier +1,4—1,6 B. B ocHoBe BonbTaMmepomerpuye-
CKHX ONpEeIeJICHUH ¢ JAaHHBIMU JJIEKTPOJaMU OOBIYHO JIeXkKaT MPOLIECChl OKUCIIe-
Hus. Tak ompenesnsioT, HampuMep, acKopouHoBYI0 kucioty (Eiz = 0,8 B, 1 M
H>SO4), 9ATA (0,7 B, 1 M HCI) u T.x.

[Tonmuuukianyeckue yrieBOJAOPOJbl MOTYT OKHUCISATHCA Ha TpaduToBOM
IIEKTPOJE, YTO HCIIOJIB3YETCS A1 BOJBTAMIIEPOMETPUUYECKOIO OIPEACIICHHUS
OeH3(a)nmupeHa B 00beKTax OKpyxarouleil cpeasl. Ha mumatnHoBoM 31ekTpoje
OKHCIIAIOTCS 3(UPBI, MaJIENHOBAs U pyMapoBast KUCIOTHI U JIp.

NHBepcnoHHas BOJIBTaAMIIEPOMETPHS UMEET CaMbli HU3KHAM IMPENEN OIpe-
JIEJICHHSI CPEJIN BCEX AIEKTPOXUMHUYECKHUX METOJIOB aHAIN3a U IPUMEHSETCA IS
ONpeeeHUs] OYEHb MAJIBIX KOJIMYECTB HOHOB TOKCUYHBIX METAJJIOB B OMOJIOrHU-
YECKUX MaTpHIlaX, a TAKKE B IPUPOAHBIX OOBEKTAX.
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5.6. AMnepomeTpu4ecKoe TUTPOBaAHHE

Amnepomempuueckum mumpogaruem Ha3blBaeTCs TATPUMETPUYECKHUN Me-
TOJl aHaJIu3a, B KOTOPOM OOHapy>KeHHE KOHEUHOM TOUKH MPOBOAMUTCS BOJIbTAM-
IIEPOMETPUYECKH,

B xauecTBe HHIAMKATOPHBIX DJIEKTPOIOB IPUMEHSIOT CTALlMOHAPHBIN U Bpa-
MIAIOIIUNCS TUIATUHOBBIA MO0 TPadUTOBBINA IEKTPObl. PTYTHBIN Kamaromuit
AIIEKTPOJ NMPUMEHSETCS PeXe, TaK KaK PaCTBOPEHHBIM KHCIOPOJ MEWIAET OIpe-
JIEJICHHUIO U €ro He0OXO0IMMO ynaisaTk. V3BecTHa, HaIpuMep, METOUKA aMIIepo-
METPUYECKOro TUTpoBaHUs HOHOB HuKens (I1) pacTBopoM auMmeTwirirokcuma. B
ATOM CIIy4ae Ha PTYTHOM KaleJIbHOM 3JIEKTPOAE BOCCTAHABIMBAIOTCS KaK MOHBI
Hukens (E12 =-1,2 B), Tak u numetunrauokcum (E12=-1,55 B). B 3aBucumoctu
OT BBIOPAHHOI'O MOTEHIMAJIA KPUBBIE aMIIEPOMETPUUECKOTO TUTPOBAHUS UMEIOT
paszHyo dhopmy.

B kauecTBe 3JIEKTPOIOB CPAaBHEHUs MCIIOJB3YIOT KaJOMEJIbHBIM U XJIO-
puacepedpsiHbIil 31eKTpoabl. DOHOBBIMU PACTBOPAMHU SABIISIOTCS IIEKTPOXUMHU-
YECKHU HEAKTUBHBIE JIEKTPOJIUTHI.

IIpu npoBeneHNN aMIIEPOMETPUIECKOIO TUTPOBAHUS PETUCTPUPYIOT U3MeE-
HEHHE CWJIbI TOKa IpU J100aBJIEHUU K PacTBOPY OYEPEIHON MOPLUU TUTPAHTA.
TuTpoBaHue MPOBOAAT NPH MOTEHIMAIIE, COOTBETCTBYIOIIEM BEIUYNHE IPEACIIb-
HOro Toka. CTposIT KpUBYIO aMIIEpOMETPUUYECKOT0 TUTPOBAHUS B KOOpAMHATAX
CuJia TOKa — 0ObEM TUTPaAHTA WM CTENEHb OTTUTPOBAHHOCTU. KOHEUHYIO TOUKY
TUTPOBAHUS HAXOJAT TpaUUecKH.

[IpuMepbl KPUBBIX aMIIEPOMETPUYECKOTO TUTPOBAHMS IMMOKAa3aHbI HA PUC.
5.11.

' (1) ! Q) ! 3)

KTT Vr KTT Vr KTT Vr

Puc. 5.11. KpuBble aMIepoMeTpUUECKOTO TUTPOBAHHUSA:
1- QJICKTPOAKTUBHO OIIPCACIIACMOC BCUICCTBO, 2— QJICKTPOAKTUBCH TUTPAHT,
3 — 3NEKTPOAKTUBHBI ONPEIEIIIEMOE BEIIECTBO U TUTPAHT

93



T'naBa 5

KpuBast 1 COOTBETCTBYET THTPOBAHHUIO DIEKTPOAKTUBHBIX HOHOB Pb*
cyibdar-uoHamu. o TOYKHM SKBUBAJIEHTHOCTH cuja JU(d(Py3MOHHOTO TOKa
yYMEHbILIAETCs, Mocie — yBenuuuBaercd. Ilpu TuTpoBaHuu cCynbhar-uOHOB
vwoHamu Pb?" (kpuBas 2) pe3skoe yBEIMYEHHE CHIIBI TOKA MPOMCXOAUT TIOCIIE
TOYKH DKBMBAJEHTHOCTH, KOTJIa B PACTBOPE MOABJISIOTCS CBOOOIHBIE HOHBI Pb*",
B ciydae 3IeKTPOAKTUBHBIX ompezaensemoro Bemiecta (Pb*Y) um turpanra
(CrO4*") KOHEYHOMN TOYKE TUTPOBAHMS COOTBETCTBYET TOYKA MUHMMYMa KPMBOU
TUTPOBAaHUS.

B ciydasx, ecau TUTpaHT, ONpeneasieMoe BEWECTBO U INPOAYKT peakUnuu
IIEKTPOXUMHUYECKN HEAKTHUBHBI, TPUMEHSIOT aMIIEPOMETPUYECKUE UHIUKATOPHI.
AMIIepOMETpUUECKUM HHAUKATOPOM MOXET OBITh BEIIECTBO, KOTOPOE BOCCTa-
HABJIMBAETCA WIH OKUCISETCS Ha AJIEKTPOJIE MOCIE TOT0, KaK OKUCIUTCS UM BOC-
CTaHOBUTCS OINPENENIeMOe BelecTBO. Hampumep, MOHBI Zn?" MOTYT CIIy»KHTh
aMIepOMETPUUYECKUM UHAMKATOPOM MPH KOMILJIEKCOHOMETPUUECKOM ONpeiese-
Huu noHoB Ca®". IIpu TUTPOBAHMY YCTAHABIMBAIOT IIOTEHIIMAN, IPX KOTOPOM MO-
TYT BOCCTaHABIMBATLCA MOHBI Zn', a nonsl Ca** He BoccTananuBaercs. [locie
TIOJIHOTO CBsI3bIBaHMs HOHOB Ca’" B KOMILIEKC HAYHYT B3aMMO/IEHCTBOBATD C TUT-
PaHTOM MOHBI Zn*", U TOK BOCCTaHOBJIEHUS MOHOB [IMHKA HAYHET YMEHBIIATHCS.

TeopeTnyeckre 1 3KCIEPUMEHTAIIBHBIE KPUBBIE HE Beerja copnaaaroT. Ha
IPAKTHKE 3KCIIEPUMEHTAIIbHbIE KPUBBIE UMEIOT HEKOTOPOE UCKPUBJICHUE BOJIN3H
TOYKH SKBUBAJIEHTHOCTU. JTO MCKPUBJIICHHE MEHEE 3aMETHO, YeM OOJIbIlIe KOH-
CTaHTa paBHOBECHS SJICKTPOXUMHUECKOH peakiuu. Eciu o0bem TUTpaHnTa 3HaYu-
TEIbHO MPEBBIIIAET 00BEM MPOOBI, TO Ha KPUBBIX TUTPOBAHMS MOKET HE OBITH
PSIMOJIMHEWHBIX y4acTKOB. [loaTomy, ciaeayer npuMeHSITh pacTBOPBI TUTPAHTOB
oonee koHleHTpupoBaHHbIe (B 10-20 pa3) mo cpaBHEHHUIO C pACTBOPAMU OMpeie-
JSIEMBIX BEILIECTB.

B aMmnepomeTpruecKkoM TUTPOBAHUHM MOTYT OBITh UCIIOJIb30BAHBI Pa3iny-
HbIE OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIEC PEAKIIUH, & TAKKE PEAKIIMH KOMILJIEKCO-
oOpa3zoBaHus U ocaxkieHUs1. OCHOBHBIMU TPEOOBAHUSAMU, IPEIBABISAEMBIMH K Ta-
KHUM PEAKIUAM, SIBJIAIOTCS ITOJIHOTA MPOTEKaHUsI U ITPUMeIIeMasi CKOPOCTb.

ITpu onpenesneHnn BOCCTAaHOBUTENIEH METOJOM aMIIEPOMETPUUYECKOTO TUT-
pOBaHUs B KQUECTBE TUTPAHTOB UCIIOJIB3YIOT AUXpOMaT Kanus, conu uepus (I1V),
non. Turpantei-BocctanoButenu (cynbdar sxenesa (I1), ackopbuHoBast KucIoTa,
TUOCYJIb(AT HATPHsl) IPUMEHSIOT MPU ONPEACTIECHUN OKUCITUTENEH.

N3 peakuuii KOMIUIEKCOOOPA30BaHUs B aMIIEPOMETPUYECKOM THTPOBAHUN
B OCHOBHOM HCITOJIb3YIOT pEaKIUK 00pa30BaHus 3J€TATHBIX KOMILIEKCOB pa3iiny-
HBIX 31emMeHToB. Hampumep, nonsl Bucmyta (III) TuTpyroT saeratoM Hatpus B
kuciaoMm pactBope (pH 1-2), a nons! uHKa — B cnadokuciom pacteope (pH 4,5—
5,0).

B peakuusax ocaxaeHus B KaU€CTBE TUTPAHTOB MPUMEHSIOT XpOMaT Kalus
JUIsL ONIpECNIEHHUs] HOHOB OapHsi, COJMM CBUMHUA — JJIsl ONPEEIeHUs TaIOTeHHI-,
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cynbdar- u MoaubaaT-uoHOB. [ 00pa3oBaHus MaTOPACTBOPUMBIX OCAJIKOB C
MOHAMH METAJUIOB MPUMEHSIOTCS OPTaHWYECKHE PEareHThI (8-TUAPOKCHUXUHO-
JVH, JUMETWITIUOKCUM | JIp.). BO3MOXXHO amMmepoMeTpu4ecKoe TUTPOBAHHE
JBYX M 00Jiee HOHOB B PACTBOPE, €CIIA MPOU3BEICHHS PACTBOPUMOCTH Majiopac-
TBOPUMBIX COCTMHCHHI dTUX MOHOB C TUTPAHTOM 3HAYUTEIHLHO Pa3IMYatOTCs.

MeTox aMIepoMeTpUIeCKOTO TUTPOBAHUS UMEET OIPEACIEHHbBIE TIPEHMY-
IecTBa (IKCIPECCHOCTH, IPOCTOTA, YHUBEPCATHHOCTH) TIO CPABHEHHUIO C METOJIOM
npsiMON BoJTbTaMIiepoMeTpun. [10700HO MOTEHIIMOMETPHUECKOMY TUTPOBAHHIO
METOJIOM aMIIEPOMETPUIECKOTO TUTPOBAHUS MOXHO aHAIM3UPOBATH MYTHBIE U
OKpaIlleHHbIE PAaCTBOPHI, HO aMIIEPOMETPUUECKOE TUTPOBaHUE OoJiee UyBCTBH-
TEBHO.

W3BecTen BU aMIepOMETPUYECKOTO TUTPOBAHHS, B KOTOPOM HCHOJIB3Y-
I0TCA JBa OJMHAKOBBIX HWHIMKATOPHBIX dJIEKTpona (buamnepomempuueckoe
mumposaHrue I Memoo mMepmeoi KoHeyHoti mouxu). Eciu B pacTBope npucyT-
CTBYIOT OKHCJICHHAsI M1 BOCCTAHOBJICHHAsI ()OPMBI COTIPSKEHHON OKUCITHTEIBHO-
BOCCTaHOBUTEJIHHOMU TAPHI, TO OKUCIEHHAs (h)OpMa BOCCTAHABIIUBACTCS HA OJHOM
U3 JJIEKTPOJIOB, & BOCCTAHOBJICHHAs! OKUCIISIETCS Ha Apyrom. B menu mpu sTom
MPOTEKAET IICKTPUUECKHM TOK. ECii B pacTBOpE MPHUCYTCTBYET TOJIBKO OKUCIICH-
Hasl WM TOJBKO BOCCTAHOBJICHHAs (DopMa, TOK B IEMU MPOTEKaTh HEe OyaeT. AM-
epOMeTprUIECKOe OOHAPYKEHNE KOHEYHOW TOYKH TUTPOBAHHUS C IBYMS MHIUKA-
TOPHBIMH JJIEKTPOJIaMU MOXKET OBITh MCIIOH30BAHO, HAIPUMED, TPU OTpE/Ieie-
HUM Bonbl MeTonoM Kapma @wumiepa. st 3TOro MpUMEHSIOT AJIEKTPUICCKYFO
IIETTh, COCTOSIIYIO U3 MUKpOaMIIepMeTpa, ABYX TIATHHOBBIX JICKTPOJIOB U OaTa-
peu, CoOeTMHEHHBIX Yepe3 MepeMeHHoe conportupienue. [locne kaxaoro nprubas-
nenus peaktuBa Kapia duiepa k THTpyeMOMyY pacTBOpPY CTpelika MUKpoaMIiep-
MeTpa BHavyaje OTKJIOHSETCS, HO 3aTeM OBICTPO BO3BPAIIAETCS B HICXOHOE COCTO-
ssHre. B KOHEUHOH TOYKE TUTPOBAHUS CTPENIKa OCTAETCS B OTKIIOHEHHOM COCTOSI-
Huu 10—-15 cexkynn.

OCHOBHBIM TPEUMYIIIECTBOM aMIIEPOMETPUIECKOTO TUTPOBAHUS C ABYMS
MOJIIPU30BAHHBIMHU DJICKTPOAAMH IO CPABHEHUIO C aMIIEPOMETPUUECKUM THUTPO-
BaHUEM C OJHUM TOJSPU30BAHHBIM 3JICKTPOJIOM SBJISETCS BBICOKAS CEJICKTHB-
HOCTb. B psne ciydaeB pe3koe yMEHBIICHNE WK TOSIBIICHHE TOKA MTO3BOJIET 00-
HapY)KUBAaTh KOHEYHYIO TOYKY TUTPOBAHUS 0€3 TOCTPOCHUS KPUBOM TUTPOBAHMUS.
bruamMmnepoMeTprueckoe TUTPOBAHUE MPUMEHSIETCS TIPU UOJOMETPUIECKOM, HUT-
PUTOMETPHUECKOM OIPEICTICHUH JIEKAPCTBEHHBIX BEIIIESCTB.
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AKTHBHBIE MeTALIHYECKHUE JJIEKTPOAbI — BUJ 3JIEKTPOJI0B, U3TOTOBJICH-
HBIX U3 MeTajia, 00pa3ylollero BOCCTAHOBIEHHYIO (JOPMY OKHCIUTEIBHO-BOC-
CTAaHOBUTEJIHHOU Naphl. Pa3nnyaioT akTUBHBIC 371eKMPOObl NEPEo20 pood, OTEH-
yajgl KOTOPBIX 3aBUCUT OT AKTUBHOCTHM KAaTHMOHOB METAJLIa; aKTUBHBIC 3/1€K-
Mpoobl 6MOP0O20 pooa, NOTSHIINAI KOTOPBIX 3aBUCHUT OT aKTUBHOCTH aHUOHA, 00-
Pa3yIoIIero ¢ KATHOHOM MeTaljia MaJIOPACTBOPUMOE COSTMHEHUE JIMOO YCTONYUN-
BbIii KOMIUJIEKC; AaKTUBHBIE 9/1eKMPOObl mpemvbe20 pood, MOTEHIHAIbl KOTOPBIX
KOCBEHHO CBA3aHbI C AKTUBHOCTBIO OIPEIEIISIEMOrO BEIIECTBA.

AMIiepoMeTpUYecKoe TUTPOBAHUE — BOJHTAMIICPOMETPUUECKHA METOT
aHaJM3a, B KOTOPOM OOHApYyKeHHE KOHEYHOW TOYKHA TUTPOBAHUS TPOU3BOIUTCS
110 U3MCHECHHIO BEJTMIMHBI TU(PPY3NOHHOTO TOKA B 3aBUCUMOCTH OT KOJIMYECTBA
00aBJIEHHOT'O TUTPAHTA.

BnaMnepOMeTpnqeclcoe TUTPOBAHUE — BUA aMIICPOMCTPHUICCKOIO TUT-
POBaHHA, B KOTOPOM HCITIOJIB3YIOTCA IBA OJJMHAKOBLIX HHAUKATOPHBIX JICKTPOAA.

BoabTamneporpamMmma (moJiiporpaMma) — 3aBUCUMOCTH CHJIBI TOKa B
AIEKTPOIUTHUECKON sSUeiiKe OT MOTEHIMaja MOTPy>KEHHOTO B aHATM3UPYEMBIit
pPacTBOp MHJIUKATOPHOTO MUKPOAJIEKTPOAA.

BosbTammepoMeTrpusi — COBOKYIHOCTh JJIEKTPOXMMHUYECKHX METOJIOB
aHAJIN3a, OCHOBAHHBIX HA MCCJICJOBAHUU 3aBUCUMOCTH CHJIbI TOKA B 3JIEKTPOJIU-
THYECKOM AYEHKE OT MOTCHIIHAJIA TOTPYKEHHOTO B AaHATU3UPYEMBIN PaCTBOP UH-
JAKATOPHOI'O MUKPOIJIEKTPOJA, HA KOTOPOM MPOTEKAET IICKTPOXUMUUYECKAS Pe-
aKIUs C Y4aCTHUEM OIPEICIIIEMOrO BEIIECTBA.

BoabTamnepomMeTpusi ¢ ObICTPOil pa3BEéPTKOIl MOTEeHIMAIA (XPOHOAM-
NepoMeTpus) — BOJIbTAMIIEPOMETPUUECKUAN METOJI aHaIu3a, B KOTOPOM B IPO-
1IECCE M3MEPEHUS BEJIMYMHA MTOTEHIMAla U3MEHSAETCS MO JIMHEWHOMY 3aKOHY C
BBICOKOUW CKOPOCTBIO.

Bpemsi oTKJIMKA — IPOMEKYTOK BPEMEHH, 32 KOTOPOE MOTEHIIUAN DJICK-
TPOJla JOCTUTAET MOCTOSTHHOTO 3HaYeHUs (00b14HO 90% OT MakCUMabHOW BEIH-
YUHBI).

BenomorareabHbIN 3J1eKTPOA (IPOTHBOJIEKTPOA) — U3rOTOBJICHHBIN U3
WHEPTHOT'O0 MaTepuaa dJIeKTPOJl, KOTOPBIM 00€CTIeunBaeT BO3MOXKHOCTh MPOTE-
KaHUs 3JICKTPUYECKOI0 TOKA Yepe3 STYCHKY.
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BbICOK0OYACTOTHASI KOHAYKTOMETPHUSA (OCHUIJIOMETPUSA) — IPYyNIa KOH-
JTYKTOMETPUUYECKUX METOA0B, B KOTOPBIX HUCIOJIb3YETCS IIEKTPUUECKUNA TOK BbI-
COKOM 4acCTOThI (Merarepibl).

I'a30uyBcTBUTEIBHBIE YIEKTPOAbI — JATYUKHU, COCTOSIIINE U3 IBYX DJICK-
TPOJIOB, MHAMKATOPHOTO M DJICKTPOJIa CPaBHEHHWS, W PacTBOpPA DJICKTPOJIUTA,
HAXOJIAIIETOCS B IITACTUKOBOW TPYOKe; K HIDKHEMY KOHITY TPYOKH TPUKPEILIS-
€TCsl U3TOTOBJICHHAs! U3 TUAPOPOOHOro MoIMMeEpa ra3orpoHuIiaeMas MeMOpaHa,
pas3elnsronias BHyTPEHHUH 1 aHATU3UPYEMBbI PaCTBOPBHI.

I'anbBaHMYeCKHI IJIEMEHT — DJIEKTPOXMMHUYECKAS SYEKKa, B KOTOPOHU
MIPOUCXOUT MPEBPALIEHUE YHEPTUU XUMUYECKON pEaKIMu B JIEKTPUUECKYIO.

JAuHaMu4ecKue 3J1eKTPOXUMHUYECKHE METOAbI — 3JICKTPOXUMUUYECKUE
METO/Ibl aHAJIN3a, IIPU MPOBEACHUN KOTOPBIX B LIENU MPOTEKAECT JICKTPUUECKUAN
TOK.

JAuddepenunaibHass UMIIYJIbCHAA BOJbTAMIIEPOMETPHUS — BOJIbTAMIIE-
POMETPUUYECKHUI METOJI aHAJIN3a, B KOTOPOM Ha JMHEMHO M3MEHSIONIEECS TOCTO-
SIHHOE HaIPsSHKEHUE Yepe3 OJIMHAKOBBIE TPOMEXKYTKH BPEMEHU MTOJAIOT OJIMHAKO-
BbIC JOTIOJIHUTEIbHBIE UMITYJIBCHI, 4 CHIIY TOKa U3MEPSIOT J0 MOJAYM UMITYJIbCA
U B €T0 KOHIIE.

¢ ¢y3uoHHBIA MOTEHUMAJ — NOTEHIIMAJ, KOTOPbIM BO3HUKAECT B pe-
3yJIbTaTE HEPABHOMEPHOI'O PaCIpPEeIICHUs KATUOHOB U aHUOHOB BJI0JIb T'PAHULIbL
paszeia pacTBOPOB ABYX PA3HBIX 3JIEKTPOJIUTOB MIIA PACTBOPOB PA3HOU KOHIIEH-
TpaLUU OJHOTO IEKTPOJIUTA.

JMuddy3unonnnblii Tok (la) — pa3HOCTH MEXKTy NPEIETBHBIM U OCTATOYHBIM
TOKOM.

3akon KoJubpaymia: 5KkBUBaJICHTHasl 3JIEKTPONPOBOJHOCTh AJIEKTPOJIUTA
paBHA CyMMe IIPeIeNbHBIX SKBUBAJIEHTHBIX AJIEKTPOIPOBOIHOCTEN HOHOB, 00pa-
3YIOIIUXCS TP €r0 JUCCOIUALIUH.

NmnynbcHast BOJbTaMIIEPOMETPHS — BOJIBTAMIIEPOMETPUUECKUI METOT
aHaJIM3a, B KOTOPOM Ha JINHEWHO U3MEHSIOIIEECs IOCTOSHHOE HAPSYKEHNE Yepes
OJIMHAKOBBIE MPOMEXYTKH BPEMEHU MOAAIOT OJIMHAKOBBIE JIONOJIHUTEIbHBIE M-
MYJIbCHI, @ CHITy TOKa U3MEPSIOT 10 MOJAaYl UMITYJIbCA U B €r0 KOHIIE.

NuBepcoHHAs BOJIbTAMIIEPOMETPHUS — BOJIBTAMIIEPOMETPUYECKUI Me-
TOJ| aHAJIN3a, B KOTOPOM C LEIbI0 YMEHBILICHHS] HUKHEN TPaHULIBI ONIPEAEISIEMBIX
KOHLICHTPALUN IIPOBOJUTCS IMPEABAPUTEIIBHOC KOHLEHTPUPOBAHUE AHAJIUTA B
(Ha) snextpoje. [ KOHUEHTPUPOBAHUS ONPEIEIIIEMbIX BELIECTB UCIIOJIb3YIOT
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MPOIIECCHI, MPOTEKAIOIINE KaK C U3MEHEHUEM CTEIEeHU OKHUCIIEHUS (DJIEKTPOXU-
MHUYECKOE KOHIIEHTPUPOBAHHKE), TaK U 0€3 U3MEHEHUS CTEIIEHU OKUCIICHUS OIpe-
JIEJISIEMOro BEIIECTBa, HAIPUMED, aJICOPOIIMOHHOE KOHIIEHTPUPOBAHHUE.

NHauKkaTopHBIi 3JEKTPOA — AJIEKTPOJ, HA KOTOPOM MPOUCXOJAT dJIEK-
TPOXUMHUYECKHE TPOLECCHI, MPUBOASAIINE K BOZHUKHOBEHHUIO aHATUTHUYECKOTO
CUTHAaJA.

HNHepTHBIE MeTAINYECKHE 3JIEKTPOABI — BUJI DJIEKTPOJIOB, U3TOTOBJICH-
HBIX U3 XUMUYECKHU CTOMKUX METAJLJIOB (IUIaTUHA, 30JI0TO, UPUAUI U Ap.), HE IPU-
HUMAIOIIMUX YYACTHUS B JJIEKTPOIHBIX PEAKLUSX.

HHTEpPBAJ BLINOJIHEHHS YJIEKTPOAHON (PYHKIMHM — 00JIACTh aKTUBHO-
creit ompenensgemoro BemectBa (00baHo 107'-10° M), B KOTOPOi MOTEeHIMA
5JIEKTPOJIA IMHEHHO 3aBHCHUT OT AECATUYHOTO JIOrapu(hMa aKTUBHOCTH.

HNonomep — npudop, Mo3BOJISAIOMIMA ONpeaeaTh BelnuyuHy pX (oTpuua-
TEJIBHOIO JIorapu@ma akTUBHOCTH HOHA X B pacTBOPE), B KOMILJIEKTE C COOTBET-
CTBYIOLIUMHU MOHOCEJIEKTUBHBIMU JJIEKTponaMu. Eciin moHoMep npeaHasHaueH
JUIsL U3MEPEHHsI aKTUBHOCTH TOJIBKO KaTUOHOB BOJOPOJA, TO €ro Ha3bIBaIOT pl-
MempoMm.

I/IOHOMeTpI/Iﬂ — IPAMBIC ITOTCHIHUOMCTPUYICCKUC U3MCPCHUA, B KOTOPBIX
HCIIOJIB3YCTCA HOHOCEJICKTUBHBIN QJICKTPOA.

HNoHocesieKTUBHBIE 3JIEKTPOABI — CEHCOPHI (UyBCTBUTEIbHBIE JIIEMEHTHI,
JATYUKH ), TTOTEHIIUAIIBI KOTOPBIX JTUHEHHO 3aBHUCST OT JorapupMa aKTUBHOCTH
OIIPENEIIIEMOTO HOHA B PACTBOPE.

KasiomeJIbHBIH 3J1eKTPO — OJIMH U3 aKTUBHBIX METAJUIMYECKHUX 3JIEKTPO-
JIOB BTOPOTO pOJia, UCIOJIb3YEMbIN B KaUY€CTBE AJICKTPO/Ia CPABHEHHUSI B DJIEKTPO-
XUMHUYECKUX METOJlax aHaiuza. B cocraB aiekTpoga BXOJUT PTYTh, MOKPHITAS
nactoi, conepxkanieit Hg,Cly (kajnomenb) U KOHTAaKTUPYIOIIAsl ¢ HACHIIIEHHBIM
pactBopoMm KCIl. [ToTentuan anexkTpoaa onpeaeaseTcs peakiuen: ngClz»L +2e
2 Hgl +2CT.

Kunernueckasi nonsipuzanus (1) — BUJ SJIEKTPOXUMUYECKON TOJISIPU3a-
IIUU, KOTOPBIN 00YCIOBJICH MEJICHHBIM IIEPEHOCOM HJIEKTPOHOB HA TTIOBEPXHOCTH
AJIEKTPOJIOB.

Komnencanuonnblii metoa uzmepenusi 3JIC — cnocob uzmepenus, npu
xotopom D/IC nccireryeMoro 3J1eMeHTa KOMIEHCUPYETCSl BHEIIHUM HCTOYHUKOM
HanpspkeHus. B takom merone mia uzmepenus DJ1C ucnonws3yercs nomenyuo-
memp lloeenoopga.
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Konaykromerpuyeckoe THTPOBAHHME — JIEKTPOXUMHUYECKUM METOJI aHa-
JIM3a, OCHOBAHHBIM HAa W3MEPEHHM W3MEHEHHMs YAECIbHOM JJIEKTPONPOBOAHOCTH
pacTBOpa B 3aBUCUMOCTH OT KOJIMYECTBA JOOABIEHHOIO TUTPAHTA.

KonaykromeTpusi — COBOKYITHOCTh 3JIEKTPOXUMHUYECKUX METOJIOB aHa-
J13a, OCHOBAHHBIX HA U3MEPEHUH YAEIbHOU 3JIEKTPONPOBOJHOCTH (MJIM COMPO-
TUBJIEHUS1) PACTBOPOB AJIEKTPOIUTOB.

Konuenrpaunonnas noasipusanms (1) — BUJA AIEKTPOXUMUYECKON TTO-
JSIpU3ald, KOTOPBIA BO3HUKAET BCIICICTBUE MEJIEHHOM nuby3un BeniecTra us3
00BEMa pacTBOpa K MOBEPXHOCTH AJIEKTPO/Ia ¥ MPUBOIUT K YMEHBIIICHUIO TOTEH-
uazia 3JeKTpoja.

KocBeHHBIE 3JIEKTPOXMMHYECKHE METOAbI — IpyINa AJIEKTPOXUMUYE-
CKMX METOJOB aHAJIN3a, B KOTOPBIX N3MEHEHUE BETUIMHBI AJIEKTPUYECKOTO Iapa-
MeTpa UCMOIb3YETCs sl OOHAPYKEHUSI KOHEYHON TOYKU TUTPOBAHUS

KpyTusna rpagyupoBouHoii GyHKIUM — BeJIMUKMHA YTI0BOTO KO3 DUIu-
€HTa B 3aBUCUMOCTH MOTEHIIMAJIA 3JIEKTPOa OT Jiorapudma akTUBHOCTH OIpee-
asiemoro BemiecTBa. Teopetuuecku npu 25 °C KpyTHU3HA TPayupPOBOYHOMN (PyHK-

AW JUI1 OJHO3apsAHBIX MOHOB paBHa 59,16 MB, mns nByx3apsIHbIX MOHOB —
29,58 mB.

KynonoMerp — anekTpoiauTHueckas ssueika, MoAKiIoyaeMas Mmocie10Ba-
TEJIBHO C KYJIOHOMETPUYECKON SYEMKOM, B KOTOPOU MPY 3aMBIKAHUH DJIEKTpUYE-
ckoit nenu co 100% BBIXOAOM IO TOKY IIPOTEKAET JJIEKTPOXUMHUYECKAsT PEAKLIHS
U3BECTHOU cTexuomeTpun. KynoHoMeTpbl MOTYT ObITh TPaBUMETPUYECKUMH, Ta-
30BBIMU, TUTPALIUOHHBIMU U (POTOMETPUUECKUMU.

KynonomeTpusi — rpynma 31eKTPOXUMAYECKUX METO/IOB aHAIIM3a, OCHO-
BaHHBIX HA U3MEPEHUH KOJIMYECTBA DJIEKTPUYECTBA, TPOIICAIIETO Yepe3 dICKTPO-
JUTHYECKYIO STYCUKY TIPU JIEKTPOXUMHUIECKOM OKHCIICHUH WM BOCCTAHOBIICHUU
BEIECTBA HA PaboYeM dIIEKTPOIC.

KyJsioHomMeTprueckoe TUTPOBaHUE — KYJIOHOMETPUYECKUW METOJN aHa-
J13a, IIPU KOTOPOM ONPEAEISIEMOE BEUIECTBO HEMIOCPEACTBEHHO HE YYaCTBYET B
ANEKTPOJIHON pEaKIMU, HO B3aUMOAEHUCTBYET C MTPOAYKTOM JJIEKTPOIU3A.

Hexomnencanuonnsiii meroa usmepenusi IJIC — crnocol uzMepeHus
O/1C ¢ moMOoILIBIO AIEKTPOHHOIO BOJIBTMETPA C OYEHB OOJIBILIMM BXOJHBIM CONPO-
tusienreM (1013 Om).

O0benuHéHHbI 3aKkoH Papagess AJs JIEKTPOJU3A — 3aBUCUMOCTH
Macchl (m. T) BEUIECTBA, BBIIEIMBLIEIOCA MPH 3JEKTPOJIU3E OT €ro MOJSPHOM
Macchel (M, 1/MoJ1b); YKclia 31€KTPOHOB, TPUHUMAIOIUX YYACTHE B JIEKTPOIHOM
peakiuu (n); cuibl Toka (I, A) 1 BpeMeHH dJIeKTpoJin3a (Z, CeK):

99



I'noccapuit

M MIt
m:—Q:—’
nk nk

rae I — nocrosunas @apanes (F = 96487 Kn/mons ~ 9,65-10% Ki/mons).

OcTaTo4HbIil TOK — YYaCTOK BOJIBTAMIIEPOrpaMMbI (TIOJISIPOrPaMMBbI) OT
Hayaja €€ pPEerucTpaluu 10 Hadaja 3JIEKTPOXUMHUYEeCKOM peakuuu. [losiBieHue
OCTaTOYHOTO TOKa OOYCJIOBIIEHO OOpa3oBaHHWEM Ha TMOBEPXHOCTH PTYTH JBOMU-
HOT'O JICKTPUYECKOIrO CJI0sI, a TAK)KE BOCCTAHOBJIICHUEM JJIEKTPOAKTUBHBIX MPU-
MeceH.

IlepeMeHHO-TOKOBasi BOJbTAMIIEPOMETPHUSI — BOJIbTAMIIEPOMETPHUYE-
CKUI METOJ aHaJli3a, B KOTOPOM OJHOBPEMEHHO C MEIJIEHHO HAPACTAIOIIUM BO
BPEMEHU MOCTOSHHBIM HANPsHDKEHUEM B BOJIbTAMIIEPOMETPUUECKYIO SIUEUKY IO-
JTAETCsl IEPEMEHHOE HaIpsiKeHUue Majioi aMiuTyabl (25-30 mB) u peructpupy-
€TCsl 3aBUCUMOCTb aMIUIUTY/Ibl IEPEMEHHOTO TOKA OT HAIPSKEHUS

IMonsiporpadgmueckas BOJIHA — yIaCTOK MOJISAPOTrPAMMBI, COOTBETCTBYIO-
M YBEJTWYCHUIO TOKA, BBI3BAHHOMY IPOTCKAHUEM DJICKTPOXUMHUYCCKON peak-
MM C YY9aCTHEM OMPEeIIeMOro 3JICKTPOAKTUBHOTO BemiecTBa. BoiHa Moxer
OBITE KamoOHOU, €CIIM BEIIECTBO BOCCTAHABIMBACTCS, HIIH AHOOHOU, €CIU OHO
OKHCJISICTCS.

Hoasiporpapuyeckne MAKCUMYMBI — YYaCTKH MOJIIPOIPAMMBI, HA KOTO-
PBIX CHJIa TOKA Ha KOTOPBIX OKa3bIBaeTcs 0oJblie oxxugaeMon. [lpuunnoit nosis-
JEeHUS Makcumymos I pooa sSBISETCS NEPEMEIINBAHNAE PACTBOPA B PE3YJIbTATE
JBWKCHUS IIOBEPXHOCTH KAIUIA PTYTH, BBI3BAHHOTO HEPABHOMEPHBIM pacIpesie-
JICHUEM BEJIMYMHBI IOBEPXHOCTHOT'O HATsHKEHUS Ha HeWl. Maxcumymsi 11 pooa BbI-
3BaHbI MMOSBJICHUEM 3aBUXPEHUIN BHYTPH KaILJIM BCIAEACTBUE CIUIIKOM OBICTPOTO
BBITEKaHUS PTYTH U3 KallWuIsapa.

IHoasiporpadust — rpynna BOJIbTAMIEPOMETPUUYECKUX METOJOB, B KOTO-
PBIX B KayeCTBE MHAMKATOPHOIO AJIEKTPOJA HCHOJB3YIOTCS «KAMarollue dJIeK-
TPOJBI» (B «KJIACCUYECKOM mosiporpadum» — PTYTHBIN KalaroIui 3J1€KTPOI).

IMoTeHuMa acCMMMETPHH — PAa3HOCTh IMOTECHUHUAIOB MEX/y BHYTPEHHEU
¥ HApy>KHOUM CTOpPOHAMHU MEMOpaHbI, BO3HUKAIOIIAS 110 MPUYUHE HECOBMAICHHUS
CBOWCTB Pa3HbIX €€ CTOPOH.

Horenuuana moayBosnsl (E12) — BeMurHa MoTeHIMANA, COOTBETCTBYIO-
111as MOJIOBUHE BBICOTHI BOJTHBI.

IHoTreHuuoMeTpuYecKuil KOIPPUIHUEHT CeJJIeKTUBHOCTH (Kl-f ') xapak-

TEPUCTHKA NOHOCEJIEKTUBHOI'O 3JIEKTPOA, IOKA3BIBAIOLIAS €r0 CEIEKTUBHOCTD K
IIOCTOPOHHEMY HOHY I 110 CPABHEHHUIO C NOHOM-AHAJIUTOM j.
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IHoTeHunoOMeTpUYECKOEe THTPOBAHUE — FJIEKTPOXUMUYECKUI METO aHa-
J13a, OCHOBAaHHBIM HAa PErHCTpalMd M3MEHEHHs MOTEHUHUala WHIUKATOPHOTO
JIEKTPOJA B MIPOLIECCE XUMUYECKON PEAKIIMN MEKY OIPEIEIIEMbIM BEILIECTBOM
Y TUTPAHTOM.

IMoTeHMOMeTpHUSA — IPYyIINa ANEKTPOXUMUYECKUX METOJIOB aHAIM3a, OC-
HOBAHHBIX Ha U3MEPEHUU 3aBUCUMOCTU PABHOBECHOTO 3JIEKTPOAHOIO MOTEHIH-
aJla OT aKTUBHOCTH OIIPENEIAEMOr0 HOHA.

IpenenbHAs IKBUBAJEHTHas 3J1eKTponpoBoaHocTh (1) — nmpenensHoe
(HeHyJIeBO€) 3HAUCHUE IKBUBAJICHTHON 3JIEKTPONPOBOJIHOCTH, JOCTUTAEMOE TPU
OEeCKOHEUYHOM pa3z0aBiIeHUHU PacTBOpA.

IIpenenbHbIl TOK — MAaKCMMaJbHOE 3HAYEHUE TOKA HA BOJIbTAMIIEPO-
rpamMe (MOJApOrpamMme), JTOCTUTaeMOE€ MO MEpEe YBEIMYEHUs MPUIOKEHHOTO
HaIpsHKEHUSL.

IIpssMast KOHAYKTOMETPHS — MIEKTPOXUMUYECKUN METOJI aHAIU3a, OCHO-
BAHHBIM HA HKCHOJIb30BAaHUM MPSIMOJIMHENHON 3aBUCUMOCTH MEXAY YIEIbHOU
AEKTPONPOBOIHOCTHIO PACTBOPA U KOHLIEHTPALMEN ONPENEIIIEMOTO BEIIECTBA.

IIpsimasi KyJ10HOMeTpHS — KYJJOHOMETPUYECKUI METOJ] aHAJIN3a, IPU KO-
TOPOM OIPEAEIAEMOE BEUIECTBO BCTYIAET B JJIEKTPOXUMHUYECKYIO DPEAKIUIO
HETIOCPEICTBEHHO HA ITOBEPXHOCTHU JIEKTPOJIA.

IIpsiMasi MOTeHIIHOMETPHS — HIEKTPOXUMUYECKUIA METO/ aHaJIU3a, OCHO-
BaHHBINM Ha u3MepeHuu BeauuuHbl JJ1C raJpBaHUYECKOro 3JIEMEHTA U HaX 0K le-
HUM 110 HEM aKTUBHOCTH (KOHLIEHTPALMK) ONPEAEIIEMOro HOHA.

IIpsiMble 3JIeKTPOXUMUYECKHE METOAbI — IPyIIa 3JIEKTPOXUMUYECKHUX
METOJI0B aHAJIN3a, B KOTOPBIX UCIIOJIB3YETCS 3aBUCUMOCTD 3JIEKTPUYECKOT0 Iapa-
MeTpa OT KOHUEHTPALNK (AKTUBHOCTH) BEIIECTBA.

PabGoumnii 3J1eKTPOA — UHIUKATOPHBIN AJIEKTPOJ, KOTOPHIN 32 BpEeMsI H3Me-
PEHHS OKA3bIBAET 3HAYUTEIIBHOE BIUSHUE HA COCTAB AaHAJIU3UPYEMOIO pacTBOpa.

PaBHOBeCHBIH MOTEHIUAJ — JIEKTPOJIHBIM OTEHLIHAN, IPH KOTOPOM CO-
OTBETCTBYIOLIME JJIEKTPOJHBIC PEAKIIMA TEPMOJUHAMUYECKHA paBHOBECHBI. [lo-
TEHI[MAJl PABHOBECHOTO 3JIEKTPOa NOAUYUHAETCS ypaBHEHNIO HepHcTa.

CraTuueckue AIEKTPOXUMHUNIECCKUE METOABI — 3JICKTPOXUMHUUYCCKUC MC-
TOABI aHaJIn3a, IMPH NPOBCACHNHN KOTOPLIX CHUJIa TOKA B IICIIKM paBHA HYJIIO.

TBEpAOKOHTAKTHBIE IJTEKTPOAbI — HOHOCEJICKTUBHBIE JIEKTPOJIbI C MO-
JBWYKHBIMU HOCUTEIISIMH, HE COJIEpKaIllie BHYTPEHHETO )KUAKOCTHOIO 3JIEKTPOAa
cpaBHeHUs. B Takux 35eKTpoaax NOJTMBUHUIXJIOPUAHAS MeMOpaHa, coiepKariast
MOJIBDKHBIA HOCHUTEJIb, HAHECEHA HA IJIATUHOBYIO, CEPEOPSHYIO WM MEAHYIO
MIPOBOJIOKY.
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YaeabHas 2JIeKTPONPOBOAHOCTL pacTBopa (K, Cm-em™) — sanexrpomnpo-
BOJHOCTH CJIOSI pacTBOpA JJIMHOM | ¢M, HAXOASIIErocss MEKy IEKTPOJaMU IO~
waapo 1 cm?. B CH euHuUIa U3MEPEHUS YAETBHOM 3IEKTPOIPOBOAHOCTH CM-M”
1

YpaBuenne UnbkoBuYa — 3aBUCUMOCTh AU(P(GY3UOHHOTO TOKA OT KOH-
LEHTPALMKU IEKTPOAKTUBHOI'O BEIECTBA B PACTBOPE B KIACCUYECKOM IOJISIPO-

rpaduu:

Iy = 607ncD'2m* 31" = Ke,
rae l¢ — nuddy3uoHHBI TOK (MKA); 7 — YKCIO 3JEKTPOHOB, YYaCTBYIOIIUX B
DIIEKTPOJIHOM peakluu; ¢ — KOHIIGHTpAIHs DSJIEKTPOAKTHBHOTO BEIECTBA
(mmonw/n); D — kosdpument muddysuu BemecTsa (cM>/c); m — CKOPOCTb BBITE-

KaHWs PTYTU (MI/c); T — BpeMsi ku3HU Karu (cex); K — koadduimeHT npomop-
ITUOHATBHOCTH.

YpaBnenne HepHcTa — 3aBUCUMOCTD 3JIEKTPOJHOTO MOTEHIHANIA OT pas-
JUYHBIX (PaKTOPOB:

2,303RT 1 Aoy
nF gaRed

EI/IH,H = EIEI)H,H + 5
rie Euun — BEJIMYUHA PEANBHOTO JIEKTPOAHOTO MOTEHIHMANA; Eluy — BEIMUMHA
CTaHJapPTHOTI'O MIEKTPOJHOIO IIOTEHIMANA; R — yHUBEpCAIIbHAs ra30Bas IOCTOSH-
Hasl, 1 — YUCJIO JIEKTPOHOB, YYaCTBYIOLIUX B IOJypeakuuu; [ — nocrosunas dPa-
panes; aox ¥ dred — AKTUBHOCTU OKHCIIEHHOM M BOCCTAHOBJICHHOM (JOPM COOTBET-
CTBEHHO.

YpaBuenune Huko,1bcKOro-Jii3eHMaHa — 3aBUCUMOCTb, OMMUCHIBAOIIAS
BJIUSIHAE€ TIOCTOPOHHMX HOHOB HA BEJIWYHMHY NOTEHIHMAIa WOHOCEIEKTHUBHOIO
3JIEKTPOA:

E=E+ Slg(ai +K50ta;i/zj ),
r7ie [ — MOH-aHaJTUT (aKTUBHOCTH — @, 3apsij — Z;); j — MEIIAIOIINI NOH (aKTHB-
HOCTb — @}, 3apsi/l — z)); S — KPYTH3HA IPajlyupOBOYHON pynkumu; K/ " _ 1oTeH-
IUOMETPUUECKHUIN KOIP(HUIIUESHT CEICKTUBHOCTH.

@DepMeHTHbIE JJIEeKTPOAbl — JAaTYUMKU, B KOTOPBIX HMOHOCEJIECKTHUBHBIN
3IIEKTPO]I TIOKPHIT IJIEHKOM, coaepskamieil GpepMeHT, CIOCOOHbBIN BBhI3BATh peak-
U0 TIpeBpaIleHus cyocTpara ¢ 00pa3oBaHHEM BEIIECTB, HA KOTOPBIE pearupyeT
DIIEKTPON.
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XyopuacepeOpsiHbIii JIEKTPOA — OJWH U3 AKTUBHBIX METALIMYECKHUX
AJIEKTPOJIOB BTOPOTO POJIa, IHUPOKO UCIOJIB3yEMbIN B KAYECTBE AJICKTPOIa CPaB-
HEHUs B JEKTPOXMMUYECKHX MeTojax aHanusa. [Ipeacrasnser coboii cepedpsi-
HYIO TIPOBOJIOKY, TIOKPBITYIO CIIOEM XJIOpHJia cepedpa  OMEIICHHYIO B paCTBOP
xjopuaa kanusi. [loTeHiman snexkTpoaa onpeaeisieTcsl peaKue: AgCli« +e 2
Agld +CI.

IAC ranbBaHUYECKOr0 3JIEMEHTAa — CyMMa Pa3HOCTH MEKy ITOTEHIINA-
JaMU UHAMKATOPHOTO AJIEKTPOJA U JIEKTPOia CpaBHEHUS U TUPHY3UOHHBIM T10-
TEHLIMAJIOM.

JKBHUBaAJEHTHas YieKTponpoBoanocTh (A, Cm-cM*-Moub) — smexTpo-
MIPOBOJHOCTH 00BEMA pacTBOpa, cojepkaiiero 1 MoJjib SKBUBAJIEHTA BEIIECTBA
(paxTOp PKBUBAJIEHTHOCTH paBeH 1/z, TIie z — 3aps] WOHA), IPU YCIOBUH, YTO
AJIEKTPOAbl HAXOJATCSI HAa PACCTOSIHUU 1 CM Jpyr OT Apyra. AHaJIOrM4HAas BEJIH-
YUHA, OTHOCSINASACS HE K SKBUBAJIICHTaM, a K (DOPMYJIbHBIM €TUHUIIAM BEIIECTB,
Ha3BIBACTCS MOJAPHOU IIEKMPONPo8ooOHocmouio ().

DJIEKTPO/I — TPaHULIA Pa3fiesa, Ha KOTOPOM AIEKTPOHHBIN MEXaHU3M Iepe-
HOCa 3apsja (HAmpaBJIEHHOE JIBUJKEHHE JJIEKTPOHOB) MEHSETCS HAa HOHHBIM
(HampaBlIeHHOE JBW)XEHHE MOHOB). B MeHee CTpOrom cmbicie MOJ TEPMUHOM
«QIIEKTPOI» YacTO MOJPa3yMEBAIOT MPOBOJHHMK 3JIEKTPUUECKOTO TOKA C DJIEK-
TPOHHOU POBOJIUMOCTHIO.

3J'leKTp0H CPaBHECHUA — OTAJIOH, OTHOCUTCIBHO KOTOPOI'o USMEPACTCA 110~
TCHIOHAI HHAUKATOPHOI'O 3JICKTPOJaA.

DJIeKTPOAHBIN MOTEHIUAJ — PAa3HOCTh MOTEHIMAIOB, BO3HUKAIOIIAS Ha
rpaHulle TPOBOJAHUKOB 3JIEKTPUUECKOTO TOKA C AJIIEKTPOHHON M MOHHOW MPOBO-
JTUMOCTBIO.

DJIEKTPOABI € KECTKOM MaTPpHLell — MOHOCEIEKTUBHBIE DJIEKTPOIbI, UME-
IOIIME CTEKISIHHYI0 MeMOpaHy, 00J1aJarolIy0 CEIEKTUBHOCTHIO 10 OTHOIICHHIO
K OIIPEACIIEHHOMY HUOHY.

JJIeKTPOABI C KPUCTAINYECKOM MeMOPaHO — MOHOCEIICKTUBHBIE JJICK-
TPOJIBI, COACpIKaIIe TBEPIbIE MEMOpaHbI, H3TOTOBJICHHBIC U3 MOHOKPHUCTAILIH-
YECKOT0 WX MOJIMKPUCTATUTMYECKOTO (TTOPOIIKOOOPa3HOIo) BelleCTBa, MaJlopac-
TBOPUMOTO B BOJI€ U 00JIaJJAI0IET0 HOHHOM MPOBOANMOCTHIO.

DJIeKTPOAbI ¢ MOABHKHBLIMH HOCHTEJSIMH — HOHOCCIICKTUBHBIC DJICK-
TPO/JIbI, B PACTBOP B OPraHUYCCKOM PACTBOPHTEIIC MPAKTUICCKH HEPACTBOPHUMOTO
B BOJIC M XOPOIIIO PacTBOPHMOTO B ¢a3ze MeMOpaHhl MOHOOOMEHHHKA JHOO
HEHUTPaIBLHOI'O IEPECHOCUYHKA YICPKUBACTCS MEXKTY aHATM3UPYEMBIM M CTaHIapT-
HBIM PacTBOpPaMH C IMOMOIIBIO MOPUCTOTO THAPOGHOOHOTO MOJUMEPHOIO JUCKA
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100 BBEJIEH B MHEPTHYIO OJMMEPHYI0, HAllpUMEP MOJIUBUHWIXJIOPUIHYIO, MaT-
puLy.

JJIEKTPOJIUT — CPella, B KOTOPOM MPOUCXOIUT MEPEHOC 3apsia B pe3yJib-
TaTe HaNpPaBJICHHOTO ABUKEHUS HOHOB.

DJIEKTPOTUTHYECKAS sTYelKa — DJIEKTPOXUMHUYECKas siueiika, B KOTOPO
MIPOUCXOIUT DIIEKTPUUYECKAst DHEPTus, IepeaBaeMas u3BHe, Mpeodpazyercs B Xu-
MHUYECKYIO.

uiekTponpoBoaHoCcTh (K) — pusnueckas BenuunHa, XapakTepusyromnias
CIIOCOOHOCTH T€Jla MPOBOJAUTH JEKTPUUECKUNA TOK U OOPATHO MPOMOPLIHMOHATb-
Hasl €ro dJIEKTPUUECKOMY COMPOTHUBIICHUIO.

DJIeKTPOXUMHUYECKas MOJSIpU3alusi — OTKIOHCHHE MOTEHIMANA DJICK-
TpoJa OT PaBHOBECHOTO 3HAYCHHS (BEJIMYUHBI, PACCUUTAHHOW IO YpPaBHEHUIO
Hepncra).

JJIeKTPOXUMHYECKAsl AYeilKa — CUCTEMA, COCTOAIIAs U3 AJIEKTPOAOB U
AIIEKTPOJIUTA, KOHTAKTUPYIOIIHNX MEXIY COOOM.

DJIeKTPOXUMHUYECKHE METOAbl AaHAJIU3A — TPYIIIa METOJIOB aHaJK3a, OC-
HOBAHHBIX HA MCIIOJb30BAHUU MPOLIECCOB, MPOUCXOMSIIINX B IJIEKTPOXUMHUYE-
CKOU STYEUKE.

HAuyeiika 0e3 KHMIKOCTHOIO COCAMHEHHMSI — BHUJI DJIEKTPOXUMHYECKOU
SYEUKHN, B KOTOPOM AJIEKTPOABI HAXOAATCS B OJJHOM PacTBOpE.

S4eiika ¢ JKUAKOCTHBIM COeJIMHEHHEM — BHUJ D3JIEKTPOXHUMHYECKOU
SYEHKH, B KOTOPOM 3JIEKTPOJIbl HAXOATCA B Pa3HbIX pacTBOpax, KOHTAKTUPYIO-
HIUX JIPYT C IPYTrOM C MOMOILBIO COJIEBOIO MOCTHUKA WJIM Yepe3 MOPUCTYIO mepe-
TOPOJKY.
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