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1. Kongykromerpusi

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

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

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

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

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

Paznuyaror:

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

TPOIPOBOAHOCTH, MPOTPaayUpOBaHbl B MKCM/CM;



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

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

B xonaykroMeTpuu He0OXOAUMO BBIJIEIHUTD PAJI CYIIECTBEHHBIX 3aKOHOMEP-
HOCTEH.

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

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

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

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

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

CTaB JJICKTPOJIMTA:

Ao = A5+ 25



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

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

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

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

Paznuyaror npsimMyr0 KOHAYKTOMETPHUIO U KOHIAYKTOMETPUYECKOE TUTPOBa-
HHE.

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

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

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

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

TBODE.

c Vuff

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

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

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

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

HeWTpanu3aius. B Touke HKBUBAJIGHTHOCTH BJIEKTPOINPOBOJAHOCTH PacTBOpa



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

Ny -V =Ny, -V,

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

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

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

pasHa 6-1073 Cm-cmY).



2. [loTeHnuoMeTpust

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

N3mepsieMoe HalpspKEHUE, TAKUM 00pa3oM, paBHO:

E = EI/IH,Z[ - Ecp

BO3HUKHOBEHHE 3IEKTPOAHOTO NMOTEHIMANA CBA3AHO C DJIEKTPOIHBIM IIPO-

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

TEJIbHO-BOCCTAHOBUTEIBHYIO MAPY:

Red,

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

Ox+ne

CHCTCMBI

M"Y +ne M?O

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

THUBHOCTHU IIOTCHOUAJIOIIPCACILAIOINX NOHOB I10 YPABHCHHIO HepHCTa:

0,059, a
_|_

I 0X

n a

E=E°

red
E° - ctangapTHBIN 3JIEKTPOJIHBIN TOTEHIIHAN, B.

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

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



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

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

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

[Tpy MOTEHUMOMETPUUECKUX HM3MEPEHUsAX ¢ ucnonb3doBanuem MCO uzme-

psroT D/C cnenyroment TYEHKH:

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

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

TaK Ha3bIBaEMbIN MemOpaHnHblll nomenyuan E,,.



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

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

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

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

cko2o (MoauduIMpoBaHHBIM ypaBHeHHeM HepHcra):

E =const+@lg (a, +kaad ™ +...)

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

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

0T

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

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

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

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

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

CaO, 72% SiO,.

_——

il Pucynok 2 - CTexJIsIHHBIHN 31eKTpo s u3mepenus pH:

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

|

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

[}

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

HNonooOMeHHast peakiusi CBOIUTCS K 0OMEHY HOHAMH BOJIOPOJIa MEXKTY

BHEIIHUM pacTBopoM u crekiioM (NaGl):

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

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

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

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

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

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

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

TI'azouyecmeumensuvie IneKkmpoobl UMEIOT Ta30NPOHUIIAEMYI0O MeMOpaHy

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

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

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

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

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

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

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

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

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

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

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

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

YpPaBHEHHEM

E = Edyopga — 005900,

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

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

MeTos UPOKO MPUMEHSETCS JJIs ONIPEIeICHUS KOHIICHTPALIMK BOIOPOIHBIX

noHoB uiau pH pactBopoB. Co3nanue HaACKHO pabOTAIOIMIMX HMOHOCEIECKTUBHBIX
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ANEKTPOAOB 3HAYUTEIHHO PACHIMPUIO MPAKTUYECKUE BO3MOMXKHOCTHU MPSIMOTO Me-
tona. [IpAamMoil MOTEHIMOMETPUUECKHAN METOJ YaCTO CTAJIM HA3bIBATh UOHOMEMPU-
YeCKUM Memooom aHallu3a WA UOHOMempuel.

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

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

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

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

Buabl KpUBBIX TUTPOBAaHUS IPUBENCHBI HA PUCYHKE 3.

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

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

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

CTH.

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

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

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

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

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

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

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

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

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

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

Komnnekconomempuueckoe nomenuyuomempuyeckoe mumpoeanue VcC-

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

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

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

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

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

a) C OJTHUM MHJIUKATOPHBIM JICKTPOJOM U OJHUM DJIEKTPOJOM CPABHCHUS,

0) ¢ AByMS pa3TMYHBIMU WHIUKATOPHBIMHU 3JICKTPOIaAMHU.

BapuaHTbI TUTpOBaHMSI C IPUMEHEHHEM TIOJIIPU30BAHHBIX AJIEKTPOOB (THT-

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

0) ¢ AByMs OJIMHAKOBBIMH 3JIEKTPOJIAMH CPABHEHHS.

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

K HemocTaTkaM MOTEHIIMOMETPUYECKOTO TUTPOBAHUS MOXKHO OTHECTH HE

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

3. Ky1ionomerpus

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

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

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

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

JeHnma eeujecmaed.

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

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

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

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

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

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

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

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

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

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

I MA

]

PI/ICYHOK 4 - OnpeﬂeneHI/Ie KOJIMYCCTBA JJICKTPpUUC-

CTBa B METOJC HpHMOﬁ KYJIOHOMCTPUHU

te t, t,mus

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

4eCTBAa:
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OpHako B aHAIMTUYECKOMN MPAKTUKE ITOT Ccrtoco0d uamepeHus: Q mpuMeHstoT
penko. Yamie u3MepsoT TOK, & HE KOJUYECTBO 3JIEKTpUUYecTBa. BenmnunHa Toka B
1100011 MOMEHT BpeMeHHU onpenensercs Gopmynoit:

I, =1,
rae |y u lp — cuna Toka B MOMEHT BpeMeHHU t ¥ B Ha4aJIbHBI MOMEHT 3JIEKTPOJIN3a
cooTBeTcTBeHHO; K=0.43SD/Vo — x03pPUIHEHT, 3aBUCSIINH OT IPHPOJIBI ICKTPO-
aKTUBHOTO BEIIIECTBA U OT YCJIOBHM 3JIEKTPoJin3a (S — MIIOMab MOBEPXHOCTH dJICK-
Tpona, D— xorpduument nuddysun Bemectsa, V — 00beM pacTBopa, 6 — TONIIHUHA
U Py3MOHHOTO CI109).

DEeKTpOIn3 BEIYT A0 JOCTHKEHUS OCTaTOYHOTO TOKa |y, BEIMYMHA KOTOPOTO
onpezensiercss TpedyeMol TOYHOCThIO. Tak, ecnu JomyCcTHMa MOTPEIIHOCTh I0-
psanka 0.1%, TO AJIeKTPOIN3 MOKHO cUMTaTh 3aBepiieHHBIM npu I~ 0.001-lo.

[IpsiMass KyJTOHOMETPUS — BBICOKOUYBCTBUTEIBHBIA M TOYHBIM METOJ aHa-
JM3a, JIETKO MOoJJaroluicsa apromatuzanuu. O0mas norpeiHocTb METOAa MOKET
coctaBisaTh 0.5%. [Ipu nposenennu snekrposusa B redenue 103 ¢ mpu cuie Toka 1
MKA NPUHIHANHAIBHO BO3MOKHO ONPENCIIUTH 10 107° r BemecTBa.

KyiaonoMmerpnueckoe TUTPOBaHME OOBIYHO TPOBOJAT, MOJEPKUBAS TI0-
CTOSTHHOM CHIIY TOKa. DTOT METOJI TPUMEHSIETCS 111 ONIPEACIICHUS U 3JIEKTPOAKTUB-
HBIX U 3JIEKTPOHEAKTUBHBIX BelecTB (CM. Tabm. 2). B mporecce TuTpoBaHus ompe-
JIEJIIEMOE BEILECTBO PearupyeT ¢ TUTPAHTOM, OOpa3yIOUIMMCS B PE3yJIbTaTe JIeK-
TPOXMMUYECKON pEAKIMU Ha 3JeKTpoe. Takoil TUTPAHT HA3bIBAIOT J1€Kmpo2eHe-
PUPOBAHHBIM KYTOHOMEMPUUECKUM MUMPAHMOM, a SJIEKTPOJI, HA KOTOPOM €ro Io-
JY4YarT — 2eHepamopHuiM. BTOPBIM 3JEKTPOIOM CXEMbI T€HEPALIMH SIBISETCS TaK
Ha3bIBA€MbIN BCIIOMOTATEILHBIN 2JIEKTPOI. ET0 00OBIYHO M30JUPYIOT OT aHAIU3UPY-
€MOTO0 PacTBOpPa, MOMEIIast B TpPyOKY C THOM M3 TIOPUCTOTO CTEKJIA, TAK KaK IPOTYKT
peakIMK Ha BCIIOMOTATEIbHOM 3JIEKTPOIE HEPEIKO MEIIAET KYyJIOHOMETPUUYECKOMY

OIIPCACICHHUIO. I/IH,III/IKaTOpHBIMI/I QJIEKTPpOAaMH MOTI'YT OBITH ABa INNIaTUHOBBIX HWJIN
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30JI0TBIX JIEKTPOAA, €CJIH JJI1 UHIUKALUMU TPUMEHSAETCA aMIIEPOMETPUUECKUI Me-
TOJ, WIH TUIATUHOBBIA M KaJOMEIbHBIN WIN XJIOPUACEPEOPAHBINA, €CIIU UCTIOIb3Y-
€TCsl IOTEHIIMOMETPUYECKask MHANKALIHSL.

DneKTporeHepupoOBaHHbIA TUTPAHT MOKHO Iory4aTs U3 BoAsl (OH™ mpu Boc-
CTaHOBJICHWU e¢ Ha Karone win H' mpu okucieHun Ha aHOZE), pacCTBOPOB COJICH,
KHCJIOT, BCLIOMOTATENbHBIX PEareHToB (HampuMmep, npu okucieHuu Kl MoxHO mo-
JY4YUTH |2), TBEPABIX AIEKTPOAKTUBHBIX pabOUUX JIEKTPOIOB.

DNEKTPOreHEPUPOBAHHBIN TUTPAHT MOXHO IOJy4aThb HEMOCPEACTBEHHO B
STYCHKE TSI KyJIOHOMETPHUYECKOTO TUTPOBAHHUS (8HYMPEHHSs 2eHepayusi) W B OT-
JETBbHOM YCTPOUCTBE (6Hew s eenepayus), a 3aTeM BBOAUTH €ro B KYJIOHOMETPH-
yeckyto siueiiky. s obecnieuenust 100%-Hoit 3 pexTuBHOCTH TOKAa HEOOXOIUMO
BBECTH HM30BITOK BCIIOMOTATEJIBHOIO peareHTa (3TO pealu3yercs MpU FeHepaluu
TUTPaHTa U3 BOJBI UM MaTepHala 3J1eKTpoa). B aToM citydae npoTeKaHne KOHKY-
PUPYIOIIMX PEAKIUI Ha 3JIEKTPOAE NUCKIIFOYAETCS, U 110 KOJIMYECTBY AJIEKTPUUECTBA,
3aTpayeHHOr0 Ha TeHEepalri0 TUTPaHTa, MOKHO OyJeT MPaBUIbHO pacCYUTaTh CO-
JIEp’KaHHUE ONPENEIIIEMOr0 BEIIECTBA.

B xauecTBe XMMHUYECKOUN peakluy MeXAy KyJOHOMETPUYECKUM TUTPAHTOM U
OTpe/eieMbIM BEIIECTBOM MOXET ObITh HCIIOJIb30BaHA JIt00as XUMUYECKas peakx-
1Ysl, IPUMEHsAEMasl B TUTPUMETPUM — PEAKLUU KHCIOTHO-OCHOBHOTO B3aUMOJEH-
CTBUSI, OKUCIIEHUS-BOCCTAHOBIICHHUSI, OCAKICHHS, KOMILUIEKCOOOpa30BaHUSI.

Jnst onpeneneHuss KOHLA KYJIOHOMETPHUYECKOTO THUTPOBAHUS IMPUTOIHBI
MPAKTUYECKU BCE CIIOCOOBI YCTAHOBIIEHUS KOHEUYHON TOYKHU B TUTPUMETPHU:
MCIIOJIb30BAaHUE BU3YaJIbHBIX HHIUKATOPOB (KpaxMmana, peHodranenHa) u uH-
CTPYMEHTAJIbHBIX MeTOJI0B. HanbombIiee pacnpocTpaHeHue MoIyYuiu NOTEHLINO-
METPUYECKUH U aMIIEPOMETPUUYECKUNA METO/IbI C ABYMSI MHAMKATOPHBIMU 3JIEKTPO-
JaMH.

K 4ncity 40CTOMHCTB KyJIOHOMETPUYECKOTO TUTPOBAHUS CIIEYET OTHECTH TO,
YTO HET HEOOXOJUMOCTH B MPUTOTOBJICHUH, CTAHAAPTU3ALIMHI U XPAaHEHUH TUTPAHTA,

T.K. OH 00pasyeTcs B IPOIeCce TUTPOBAHUS U cpa3y ke pacxoayercs. [Ipu amektpo-
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TeHEpAINH MOKHO TI0JTy4aTh TUTPAHTHI, KpatHE HEYCTOWYUBBIE B OOBIYHBIX YCIIO-
BUSIX XpaHEHUs, HapuMep, ctanaapTHeie pactBopsl Cu(1), Cr(IT), Ag(I), wm Jsrer-
kosietyuue BemecTsa - Cly , Bro. Perynupys cuiny Toka, MOKHO IPHUOABIIATh TATPAHT
CKOJIb YTOAHO MaJbIMU TIOPIUSMH, 9TO 0oJjiee YI0OHO, YeM MPHU HCTOIH30BAHHUH
OObIYHOM OropeTku. MeToj; KyJIOHOMETPUYECKOTO TUTPOBAHMS XapaKTEpU3yeTCs
BBICOKOM YyBCTBUTENBHOCTHIO U TOUYHOCTHIO (0,05-0,1%), M03BOMSAS IPSIMBIM THUT-
POBAaHUEM OIIPENEIATh BEECTBA B PACTBOPE NPH KOHLEHTparmu 10 10° mons/m,
YTO HAMHOT'O MPEBBIIIAET BO3MOKHOCTU APYTUX TUTPUMETPUUECKUX METOA0B. Me-

TOJ JIETKO aBTOMATH3UPYETCH.

4. BoasTamnepomerpus

rpyImna 3J1eKTPOXUMUYECKUX METOJOB aHAJIN3a, B KOTOPBIX KOHTPOJIMPYEMBIN Napa-
METp — MOTEHLMAJI UHIUKATOPHOI'O 3JIEKTPO1a, MEHSETCSA BO BPEMEHH, a U3Mepsie-
MOM BEJIMYMHOU SABJISIETCS TOK, MPOTEKAIOIINN YE€PE3 HHANKATOPHBIN DJIEKTPO.I.
DJIEKTPOJIN3 PacTBOpa aHAJIM3MPYEMOIO BELIECTBA B BOJBTAMIIEPOMETPUU
IPOBOJST, MOCTENIEHHO MOBBIIIAs HANpPsHKEHUE U, (PUKCUPYS MPU 3TOM CHIIY TOKa.
B 351eKTponuTHYECKON AYEMKE UCTTOIB3YETCS JIETKO MOJAPU3YIOIIMNCS UHIUKATOP-
HbIM A1ekTpo (M3) u nenonsipusyrommiics snextpon cpaBuenus (3C). [lorennman
AJIEKTPOAA CPAaBHEHUs HE MEHSETCA BO BPEMEHH, CIEAOBATEIbHO, BCE 3HAYMMBbIC
AIEKTPOXUMHUYECKHUE ITPOLIECCHI, CBA3aHHBIE C U3MEHEHHEM NOTEHLMANA U CHIIbI
TOKa, OyyT MPOUCXOAUTh HA MHAUKATOPHOM 3JIeKTpoJe. B kauecTBe MHIMKaTOp-
HBIX AJIEKTPOJOB UCIOJIB3YIOT 3JEKTPOAbl U3 PTYTHU (CTAllMOHAPHBIE PTYTHBIE JJIEK-
TPOJbl — BUCSINAS PTYTHAs KAl WX IJIEHOYHBIE PTYTHBIE JIEKTPO/Ibl), TUIATUHBI,
rpadura, cTekioyriepoaa. Meroa aHaiau3a ¢ MCMOJIb30BAHUEM PTYTHOTO Kararo-
HIETr0 AJIEKTpoa Ha3bIBalOT mojsporpadueit. KamoMmenbHbIN AJIEKTPOJ WIH XJO-
puacepeOpsSHBINA 3JEKTPOJ] UCHOIB3YIOTCS KaK JIEKTPOAbl CpaBHEHMsI. Pe3ynbTaThl
AIEKTPOJIM3a PACTBOPA B BOJIBTAMIIEPOMETPUHN MPEICTABISAIOT B BUJIE TOJISIPU3ALIN-

OHHBIX KpuBbIX | = f(E).
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BoabTamnepoMerpusi ¢ JTHHEHHON pa3sBepTKON NMOTEHUMANA A TBEP-
ABIX BPAILIAIOINMXCH JIEKTPOA0B. BonpTaMneporpammel, MOJy4YEHHBIE C TIOMO-
IIBI0 BPAIAOLIETOCS WM Kalarolero 3JeKTpoJa MpU MOHOTOHHOM H3MEHEHUU
(JIMHEIHOU pa3BepPTKE) HANPSIKEHUS, UMEIOT BHUJI, CXeMaTUYECKU MPEACTABICHHBIN
Ha PUCYHKE 5. YYaCTOK yBEJIMUYEHHUS TOKA HA3bIBAIOT BOJIHOM. BoJIHBI MOTYT OBITH

AHOOHBIMHU, CCJIN 3JICKTPOAKTHUBHOC BCIICCTBO OKUCIIACTCA, UJIIKM KATOAHBIMH, CCIIN

OHO BOCCTAaHaBJIMBACTCA.

//

Cuna Toka, MA

| A —]
E1/2
HanpskeHue, B
Pucynok 5 - TunnuHas BoapTaMIlepHasl KpUBasi IPH JIMHEWHON pa3BEepPTKE IMOTEHIMAA
JUISL BPALLAIOILIETOCs 3JIEKTPO/a C IOCTOSHHOM IUIOMAAbI0 UM PTYTHOI'O KaIlaloIIero 3JIEKTPoa.
h — Beicota BonHbI (IpeesbHbIN 1ud(y3nOHHBIH TOK ld, MKA);

E1/2 — norenuman nonyBoJinsl, B

Ha BonpTammneporpammMe MOKHO BBIJICIIUTH TPU y4ACTKa.

A — nonoz2uil yuacmok, TOK ¢ U3BMEHEHUEM TOTEHIIMaIa U3MEHseTCs cnabo.
Heb6omnbioil TOk, MpOoTEeKalomuii HAa HAYAJIILHOM Y4YacTKE BOJIbTAMIIEPOTPAMMBI,
HAa3bIBACTCSA 0CTATOYHBIM, 3HAUUTEIBHYIO YaCTh KOTOPOTO COCTABJISIET TOK 3apsiKe-
HUS IBOMHOTO JIEKTPUYECKOTO CJI0sl. BenurHa 0CTaTOYHOr0 TOKA UMEET MOPSIO0K
~1077A (~0.1 MKA).

b — pe3kuit noovém moxka 3a cuem rnekmpoxumuyeckoii peakyuu (Ougghy-
3UOHHBLI MOK). [Tpy yBETMYEHUH IOTEHIMAJIA TOCTUTAETCA OTEHIMAIL, IIPU KOTO-
POM HA4YMHAETCA 3JIEKTPOXMUMHUYECKAs PEaKUHUsl, TO €CTh AJIEKTPOAKTUBHOE BEllle-

CTBO (JIETIOJISIpU3aTOP) HAUMHAET Pa3psiKaThCsl HA TOBEPXHOCTH JIEKTPOAa
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Cuna Toka BO3pacTaeT, Ha MOJIAPU3ALMOHHON KPUBOW HAOMIOAAETCA pe3KUid
NoABEM, AIEKTPO Aenoispusyercs. KoHleHTpaliys HOHOB-IENOISIpU3aTopoB (BOC-
CTaHABJIMBAIOIIUXCS WU OKUCIISIOIIMXCS HOHOB) BOKPYT AJIEKTPOJIa PE3KO MajIaeT,
co3/aercssi OOCHEHHBIN CIIOM, KOTOPBIN MOTMOIHIETCS MOHAMHU 33 CYET MPOLIECCOB
MexaHU4ecKoil KoHBeKIMU U auddy3un. Co3aarTcs yCcloBus, XapaKTepHbIE s
cTarmoHapHo# auddy3un, T03TOMY TOK Ha3biBaeTcs UG y3uoHHbIM I ;.

B — nonozuii ywacmok, nociue 3aBeplICHUs IEKTPOXUMHUYECKON peakUuuu,
TOK MIPAKTUYECKU HE MEHAETCS, NMpeAeabHbIi TU(PPY3HOHHBIN TOK KOHTPOJIUPY-
€TCsl YCIOBUSMH KOHBEKTUBHOM (CTalMOHApHOMN) tuPdy3un.

XapakTepucTUKH BOJILTAMIIEPOTPAMMBI:

IIpedenvuviti oughghyzuonnsviii mox |, MxA. J1jist Bpamaromuxcs 3JIeKTPOI0B €
MOCTOSIHHOM TUIONIA/IbI0 BEJIMYMHA IpenenbHoro 1uddy3snonHoro toka lg, MKA, u
IPOTIOPIIMOHATILHASL €My BBICOTA BOJIHBI N, MM, THHEWHO 3aBHCAT OT KOHIICHTPAIMH
JEnoJIIpr3aTopa B pacTBOpeE:

I; = 0.62FnCD?/3Sw/?y~1/6
r7ie N — YUCJI0 AJIEKTPOHOB, YYACTBYIOIINX B JIEKTPOXUMUYECKOM peakimu; D — ko-
> dunment quddysuu, cm>cl; ¢ — xoHIEeHTpanys MoIE/IT; S — MJIOMAb TOBEPX-
HOCTH DIIeKTpoaa (cM 2); @ — KPyrosas 4acToTa BpallleHHs dIeKTpoaa (pam/c); v —
KMHEMaTU4ecKas BA3KOCTh pactBopa (cM /c); F — uncno ®apanes (Ki/moins)

JI1st pTYTHOTO Kamarouiero 3JeKTpoja aHAJIOTHYHasi 3aBUCUMOCTb OTTMCHIBA-

eTcsl ypaBHeHreM MbkoBuya:

I; = 605nDY/2 - m?/3 . t1/6 . ¢,
rae N — uucno »1exTpoHoB; D — kospduuuent muddysun, cm>cl; m — ckopocts
BBITEKAHUS PTYTHU, MI/C; ¢ — KOHLICHTPAILIUS MMOJIb/JT; t — BpeMs )KM3HU Karuii PTYTH,
c(2-3c¢).

Ilomenyuan nonysonnsi (E1;, B) HEe 3aBUCUT OT CWJIBI TOKA, &, 3HAYUT, U KOH-
HEHTPALMK OKUCIISIOIIEr0oCs WM BOCCTAHABIIMBAIOIIETOCS BEIIECTBA; XapaKTepu-
3yeT NpUpOLy AEIOIIPHU3aTOPa U HEMIOCPEICTBEHHO CBA3aH ¢ BenuunHoi E° nannoi

OKHCJIUTEIbHO-BOCCTAHOBUTEIbHOM CUCTEMBI:
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RT  Dgé,
E p,=E%+—I
1/2 nF ' Dydp

rae E;/, - norenuman noiyBoiHsl, B; 8y, 6g - Tonmuna qupdysuoro cnos; E 0.
CTaHJAPTHBIN OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIN MOTEHIMAI cucTeMbl (B); N —

YHCIIO ANEKTPOHOB; F — uncno dapanes, Kin/monb; Dy, Dy - koapumentsr aud-
cM?
¢y3un, —; T — Temneparypa, K; R - yHuBepcanpHas ra3oBasi IOCTOSHHAS.
C

dopma BOJHBI AJI1 OOPATUMOM 3JEKTPOXUMHUECKON PEaKlUy OMUCHIBACTCS

ypaBHEHUEM:

RT I
E = E1/2 —ﬁlnld y

rae [ - Tok (MKA) Wiy BeICOTa BOJHBI (MM) B JIF0OOM TOUKE BOCXOJAIIETO yUacTKa
BOJIbTaMIEpOrpamMmmbl; I; — mipenenbHbiil 1uddy3uoHHbIN TOK (MKA) WIM BBICOTA
BonHbl (MM) mpu 25°C Ha yuyacTKe MOTEHIMAIOB IPEAeabHOro Au((y3HOHHOTO
T0Ka; E; /, - norennuan nomysonnsl (B); T — remnepatypa, K; R - ynuBepcanbHas
ra3oBasi IOCTOSIHHAS, N — YKMCIIO AIEKTPOHOB; F — uncino @apanes, Ki/mob.

[ToreHuuan moayBOJHBI SIBISETCS KAUECTBEHHOW XapaKTEPUCTUKON HMOHA B
pacTBOpeE, U ONPEACIICHUE TOTEHIMAJIA ITOYBOJIHBI COCTABIIIET OCHOBY KAUECTBEH-
HOT'0 BOJIBTAMIIEPOMETPUUECKOTO aHAIIA3A.

BoabTamnepoMerpus ¢ JMHEHON Pa3BEPTKOM NMOTEHIMAIA HA CTALMO-
HAPHBIX YJ1eKTpoAax. Ha MHAMKATOPHBIN 3JIEKTPO C MOCTOSIHHOM IUIOIIA/IBIO TO-
BEPXHOCTH IOJAIOT JIMHEUHYIO Pa3BEPTKY NMOTEHIIMANA!

E, =E; £ vt
rae E; - HauanbHbII NOTEHIMAIT; V - CKOPOCTh pa3BEépTku noreHuuana (0.001 — 0.1
B/c); + - nanpaBnenue n3MEeHEeHHs IOTEHIIUANA; t - BpeMsl DJIEKTPOJIN3a.

PactBop HEe mepememmBaroT, T.€. CO3/aHbl YCIOBUS ISl TUHEHHOU nuddy-
3UMU.

TunuuHas BoJbTaMIIEpOrpaMMa C UCIOIb30BaHUEM CTAIIMOHAPHBIX (HEBpa-

MIAIOIITUXCS) DJICKTPOJIOB IPUBOIUTCS HA PUCYHKE 6.
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Pucynok 6 - Tunuunas BojabTamMIeporpaMma Ipu JUHEHHON pa3BEPTKE MOTEHIMAIA HA BJIEK-
TPOJE C MOCTOSHHOM IIIIOIAAbI0 IIOBEPXHOCTH;

E; - HayanbHBIN MOTEHLIMAI, V - CKOPOCTh Pa3BEPTKH.

Ha BosbTamneporpaMMe MOKHO BBIJEJINUTH TPU yUaCTKA.

Yuacmok A-B. OcraTounblii TOK

Yuacmox B-C. [{ludpdy3nonnsiii Tok. [Ipu n1ocTrkeHnn NOTEHIMaNa BOCCTa-
HOBJIEHUS (MJIM OKUCJIEHUS) IEKTPOAKTUBHOTO BEIIECTBA HAUYMHAETCS IIEKTPOXU-
MUYECKasl peakuusi, TOK Pe3KO BO3pacTaeT W JgocTthuraer makcumyma (touka C).
[IpakTruecku BCE 3JIEKTPOAKTHUBHOE BEIIECTBO B MPUAJIEKTPOIHOM CJIO€ MOJBEpra-
€TCSl DJIEKTPOIPEBPAILICHHUIO.

Yuacmok C-D. Tlpenensusbiii Tok (Tok nuka). Habmomaercs peskuit cnan
CWJIbl TOKA, MPUAJIEKTPOIHBIN cJI0i 00eqHsAeTCS MOHAMH (BELIECTBOM), @ CKOPOCTh
mudPy3un HeToCcTaTOuHA, YTOOBI BOCIIONHUTD Ie(DUIIMT BelllecTBa (CKOPOCTh peak-
MY TIEPEHOCA 3apsa BhIIIE, YeM CKOPOCTh TU(dy3uH BEIIeCTBA).

[Ipu nanpHeuIeM yBEIWYEHUM NOTEHLIMAIA TOK CHUKACTC U3-3a yBEJINYe-
HUS TOJILIMHBI 00€THEHHOTO CJI0S, €r0 BEJIMYUHA ONPEIESIeTCs] CKOPOCTHIO JTMHEMH-
HOM G dy3un IEKTPOAKTUBHOTO BEIIECTBA K TOBEPXHOCTH 3JIETPO/IA.

Tox nuka iy, “3MEpeHHBIN B yCIOBUAX AU PYy3NOHHOTO KOHTPOJISI OMMCHIBA-

CTCA YPAaBHCHUCM:

3\ 1/2

ip = 04463 - | = -DYV2.5.n3/2.9p1/2. ¢
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2

rae D — xoppumment auddysun, cm>cl; n — 9KUCII0 SIEKTPOHOB, YYACTBYIOIIUX B

pEaKIuu; ¥ — CKOPOCTh U3MEHEHUs IOTEHIINAa, B/c; ¢ — KOHIIEHTpanus dIIEKTPO-
AKTHBHOTO BELIECTBA, MOJIL/JT; S - IIOMAb JJIEKTPOA, CM2,

W3 ypaBHEHHS CIIEAYET, 4TO I, TUHEHHO 3aBHCUT OT KOHIICHTPAIIUH C, €CITH S,
v 1 D - MOCTOSTHHBIC BETUYHHBI.

Ilorenuan nosiysonHel E;/,, Kak M I KJIACCHYECKOH BOJIBTaMIIEPO-
rpaMMbl, HE 3aBUCUT OT CHJIBI TOKA, a, 3HAYUT, U KOHIICHTPAIIUN OKHUCIISIOMIETOCS
WITM BOCCTAHABJIMBAIOIIETOCS BEIECTBA; XapaKTEePU3yeT MPUPOLY NETONsIpH3aTopa

Y HEMOCPEJCTBEHHO CBA3aH C BEJIMYMHOU E° naHHOM OKHCIHTEIbHO-BOCCTAHOBH-

TEJIbHOM CUCTEMBI:

— o 4 BT, Drdo.
El/z - E +TlF lnDoaR’ Ep

= By — 1109~

[ToreHnman MakcuMyma Ha KpUBOM Ky, 4, SBISETCS KAUECTBEHHOW XapakKTe-
PUCTHKOM, a BBICOTa MAKCHUMYMa Ly, (TOK ITUKa) UK Ay g, (BBICOTA MAKCHMYMA) IIPO-
MOPIIMOHATBHBI KOHIEHTPALIUH BEUIECTBA.

DNeKTpobl C MOCTOSHHOMW TUIOMIA/IbI0 00JIaIal0T TEM NMPEUMYIIECTBOM, UTO
OCTaTOYHBIN TOK MPU UX UCIOJIb30BAHUH Ha TOPSIOK HUKE, YEM Ha pPTYTHOM Kara-
ro1eM asekTpoe (mossiporpadusi). HemocTaTkoM 3JIEKTPOAOB € MOCTOSHHOM TIJI0-
IAbI0 SIBJISIETCS, TO, YTO UX MOBEPXHOCTH MOKET 3arpsSI3HIATHCS MTPOAYKTAMHU 3JIEK-
TPOAHON peakuuu, oOpa3yrolMMH Ha TOBEPXHOCTH 3JIEKTPOJia HEPaCTBOPUMBIN
CJIOM, IO3TOMY MOBEPXHOCTh 3JIEKTPOIa OOHOBIIAIOT MOJUPOBKOM.

Knaccudpuxauusa MeTo10B BOJIbTAMIIEPOMETPUH
e [Ipsimas BonbTaMIepoMeTpust
e llHBepCcHMOHHAS BOJbAMIIEPOMETPHUS
o KocseHHas BosibTaMriepoMeTpus (aMIIepOMETPUIECKOE TUTPOBAHHE)

I[Ipsamas BoibTaMniepoMeTpusi. MeToIbI IPSIMON BOJIBTAMIIEPOMETPUH HC-
MOJIB3YIOTCS JIJIs1 KAUECTBEHHOTO M KOJMYECTBEHHOTO aHaJIN3a UCCIIEAyeMOro o0b-
eKTa.

Kauecmeennwviti ananuz. 1loteHuHaI MOTyBOJIHBI HE 3aBUCUT OT KOHLIEHTpa-

LIMU U SBJISIETCS KAUECTBECHHOU XapaKTepHCTHKOﬁ BCIICCTBA. OOBIYHO HoTeHOalI
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I
IMOJYBOJIHBI OIIPCACIIAIOT l“pa(bI/I‘IGCKI/IM MCTOOOM. 3aBUCHUMOCTh lgﬁ ABIIACTCA
a-

N . I

nuHeHon ¢ynkuuei E. Ecnu noctpouts rpaduk 3aBucumoctu E ot lg T » Tony-
i

YMTCS MpsAMas, KOTopas TiepecekaeT och abemuce B Touke, rae E = EY /2> T.€. KOTZ1a

lg— = 0.

Ig-1

PI/ICYHOK 7 - Fpa(pﬂquKoe OIIPEACIICHUC TOTCHIMAJIA MMOJIYBOJIHBI

OnHako ciefayeT yUYUThIBaTh, MOTEHIIUAJ MOJYBOJIHBI CYIIECTBEHHO 3aBUCUT
OT psiia GaKTOPOB: MPUPOJIA CPENIbI; TPUPOIA AHATIM3UPYEMOTO BEIIECTBA; KOHIICH-
Tpauusi OHOBOTO AJIEKTPOJIUTA.

C y4€ToM mepeducleHHBIX BBINIE (PAKTOPOB, MOJIB3YSICh TAOJUYHBIMU JIaH-
HBIMH MOHO TIO 3HAYCHUIO MOTEHIMAa MOJYBOIHBI YCTAHOBUTHh HanboJiee BEpo-
ATHBIA JJIEMEHT.

Ecnu B pacTBOpe HaXOUTCA HECKOJIBKO BEILIECTB, MOTEHIIMAIBI IOJYBOIH KO-
TophIX paznuyarorcs Ha 100 MB u 6o7ee, To Ha BopTaMnieporpamme OyJeT He 0/1Ha,

4 HCCKOJIBKO BOJIH — I10 YUCJIY BOCCTAaHABJIMBAOIINUXCA HOHOB.
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Pucynox 8 - BonbramneporpaMma cMecH ¢ TpeMsi 3JI€KTPOAKTUBHBIMHU BEILIECTBAMHU

I[JUI aHaJIi3a CMGCGﬁ, COACPKAIINX MOHBI UK BCIUICCTBA C OJIM3KMMH ITOTCH-

1MajgaMu IOJYBOJH, IPUMEHSIOT METObI AU((depeHInanbHON BOJIBTAMIIEPOMET-
dl
puH, HCTIONL3YIOIIME KPUBBIE C 3aBUCUMOCTBIO —— — E. Ilpu 5TOM NOTEHLIMAII TTOJTY-

BOJTHBI B JJaHHBIX KOOpJWHATaX MpeoOpa3yeTcs B MAaKCUMYyM, a OpJINHATA B TOYKE
MaKCUMyMa MpOoIopIiroHanbHa cuiie Auh(y3MOHHOTO TOKA U SBISETCS, TAKUM 00-

pa3oM, MEpO KOHIIEHTPAIIMU BEIIECTBA.

Emax = E1/2

dl
(—) ~I;~c (KOHIleHTpalUs BellleCcTBa)
dE max

Huddepennnansuas BOJIbTAMIEPOMETPHUS UMEET 0oJiee BHICOKYIO pasperia-
IOIIYI0 CIOCOOHOCTh. DTO TMO3BOJIAET MPOBOIUTH OJHOBPEMEHHOE OTpEICIICHNE
MOHOB C OJU3KMMH 3HAUYEHUSMHU OTEHIIMAJIOB MOJYBOJIH B OJJHOM pacTBOpeE.

Hanpumep, y Tannus 1 CBUHIIA 3HAUYEHUS TOTEHIMAJIOB IOJYBOJIHBI pa3iinya-
1orcst Ha 60 MB. Ha nnTerpanbHoi BojpTamneporpamme 00a HoHa 00pa3yroT OJHY

oO0IITy0 BOJIHY, a Ha TU(PEepeHITMATBHBIX KPUBBIX YETKO BUIHBI JBA MAaKCUMyMa.
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Pucynox 9 - ITonsporpamma pactBopa, cojepskaiiero Pb%t u Tt na pone 2 M KNO;

Kpome Toro, Meroasl nuddepeHnraribHON BOJIbTaMIIEpPOMETpUN Ooiiee
TOUYHBI, TaK KaK (PUKCHUpPOBATH IMOJOKEHUE MAKCUMyMma M H3MEPSTh €r0 BBICOTY
MOHO € 00Jiee BBICOKOI TOYHOCTBIO, YEM OIPEIEIATh aHAIOTMYHbIE XapaKTepH-
CTUKHU UHTETPAJIbHOU BOJIBTaMIIEPOIPAMMBI.

Konuuecmesennwiti ananuz. MeTopl KOJIUYECTBEHHOIO aHAJIM3a B BOJIbTaMIIe-
POMETPHUH OCHOBAHBI HA MIPSIMOM 3aBUCHMOCTH CHJIBI TOKa (IpeAesibHOro quddysu-
OHHOTO /4 TIPH UCTIOJIb30BAHMH BPALIAOLIETOCs JJIEKTPO/IA ¥ TOKA TTUKA iy, B CIIydae
CTAIl[MOHAPHOTO HEBPAIIAIOUIETOCs IEKTPO/Ia) OT KOHLIEHTPALUH.

I ~c; ip~c

B BosbTaMniepomMeTpun Mpu KOJIMYECTBEHHOM aHajn3€e 00bEKTa UCIOIb3YIOT
OJIMH U3 TPEX METOI0B (CIIOCOO0B): METO/1 TPAIyUPOBOYHOTO TpaduKa; METO]] CTaH-
JApTHBIX PacTBOPOB; METOJ 100OABOK.

HNuBepcuonnas BosabTamnepomerpusi (MBA). CyniHocTs METOA COCTOUT
B [IPE/IBAPUTEIHHOM HAKOIUICHUH (BBIIEJICHUN) aHATU3UPYEMOTO BEIlleCTBa Ha HH-
JUKATOPHOM 3JIEKTPOJIE JEKTPOJIU30M C €ro MOCIEAYIOIHUM aHOIHBIM 3JIEKTPOXH-
MUYECKUM PACTBOPEHUEM NPU JUHEHHO U3MEHSIOIIEMCS IOTEHLIHATIE.

DIEKTPOIIUTUYECKOE HAKOTUIEHHE BELIECTBA U3 PACTBOPA IPOBOJUTCS B TEUE-
HUE OINPEAECICHHOTO BPEMEHHU MIPH MOCTOSIHHOM MOTEHI[MaNe, KOTOPbIN BIOMpaeTCs
TaKuM 00pa3oM, 94TOOkI TpebyeMast FIEKTPOIHAS PEAKIUs pOoTeKalia Ha MPeeib-
HOM TOKE, a KOJIMYECTBO KOMIIOHEHTA, HAKOMHUBIIETOCS 32 ONPENIEICHHOE BpeEMS,

OBLIIO IPSIMO MTPOIOPLIMOHATILHO €T0 UCXOIHOM KOHIIEHTpallMU B pacTBope. PacTBop
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BO BpEMS AJIEKTPOJIM3a MEPEMENIMBAETCS, KAK MIPABUIIO, C HUCIIOJIb30BAaHUEM YCTa-
HOBKH C BPALIAIOLIUMCS TUCKOBBIM 3JIEKTPOJIOM, YTOOBI YIy4IIUTh 3()PEKTUBHOCTD
CTaJnM HakoIUIeHUs. HUKakux u3MepeHuil B TEUEHHUE CTaINN HAKOIUICHUs HE IPO-
BoauTcA. 110 OKOHYaHMM CTaguu NMPENBAPUTENIBHOTO HAKOIUIEHUS MEPE] CTaguen
IEKTPOXUMHUYECKOTO PACTBOPEHUS BBIJEICHHOIO BELIECTBA IIEPEMEIIMBAHNE PaC-
TBOpa MPEKPAIAIOT Ul yCHOKOEHMs pacTBopa. CTaguio pacTBOPEHMS HAKOIUICH-
HOTO BEILIECTBA OCYLIECTBISIOT B HEIEPEMELINBAEMOM DJICKTPOJIUTE ONHHUM W3
BOJIbTAMIIEPOMETPUUECKUX CIIOCOOOB, HAIIPUMEDP, BOJIBTAMIIEPOMETPUEN C JIMHEN-
HOM pa3BepTKOM HampspkeHus. [lomydaemple Ipu 3TOM BOJIBTaMIIEPHBIE KPUBBIE
MMEIOT MUK, [TOJI0KEHUE KOTOPOT0 XapaKTeprU3yeT IPUPOIY BEIIECTBA, & €TI0 BBICOTA

IIPpOIMOpHHUOHAJIbHA KOHLICHTPAIIUN BCIUICCTBA B paCTBOPC.
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Pucynok 10 - Pa3zpépTka noreHuuana (a) 1 \3MEHEHUE TOKA IIPU PErHCTPaLK BOJIbTaMIIEPO-

T'paMMbI Ha CTAlITUOHAPHOM PTYTHOM JJICKTPOXC.

MeTtoa MHBEPCHOHHOM BOJIbTAMIIEPOMETPUH UPE3BBIUYANHO yI00€H /Ui aHa-
Jv3a cMecH BelecTB. Eciii B pe3ynbTare 3JIEKTPOIrM3a MHOTOKOMITOHEHTHOTO pac-
TBOpa o0pa3yeTcs CI0KHAs TOMOTE€HHasl aMalibraMa, TO MOHU3aIUsl METaJJIOB MPo-
HMCXOIUT MPU IMOTEHUHANAX, COOTBETCTBYIOIIMUX IMOTEHUMAIAM HOHU3ALHUU OIHO-

KOMIIOHCHTHBIX aMaJlbI'aM.
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Pucynok 11 - AHOHAS MHBEpCHOHHAS BOJIbTaMIIEpOTrpaMma 00pasiia peuHoi BOJIbI, COJEpIKa-
nieid 0.5 MKr/n kaaMus, 5 MKT/Me ¥ 1o 15 MKT/I1 TMHKa ¥ CBUHIIA (TIPEIBAPUTEIBHBIN YJICKTPO-

JU3 TPOBOAWIIM TIpH -1.2 B Ha MIEHOYHOM PTYTHO-TPaUTOBOM 3JIEKTPOIE B TEUCHHE 5 MUHYT)

Hampumep, Ha pTyTHOM 37€KTpojie YI0OHO MPOBOAUTH ONpE/ETICHUE KOH-
[EHTPAlMX CMECU KaTUOHOB HEKOTOPBIX METAJIOB, KOTOPhIE 00OpAaTUMO BOCCTaHAB-
JUBAIOTCSL B OMNpPEAENICEHHON 00JacTH MOTEHUMANOB (OT MOTEHIMala OKHUCICHUS
PTYTH JI0 TIOTEHIIMAJIOB BOCCTAHOBIIEHUS (DOHOBBIX KATHOHOB) M 00Pa3yioT C PTY-
ThIO aMajIbraMbl.

Hakormuienue omnpeaensieMplx KOMIIOHEHTOB Ha 3JIEKTPOI€ HEOOXO0IMMO TPO-
BOJUTH MPH 3HAUYCHUU MOTEHIIMAJA 3JIEKTPoJia B Oojiee OTpUIIATENIbHON 00J1acTH,
YeM MMOTEHIMAJI BOCCTAHOBJIEHUS CAMOT0 3JIEKTPOOTPULIATENIBHOTO METaJlIa aHaAIH-
3upyemon cMmecu. [Ipu 3TUX yClIoOBHSIX BCE aHAIM3UPYEMble KOMIIOHEHTBHI BOCCTa-
HABJIMBAIOTCS HA MPeNeIbHOM TOKe. Ha aHO/IHOW BOJITAMIIEPHOW KPUBOW PacTBO-
pEHUSI HAKOTUICHHBIX MPU KaTOIHOW MOJISIpU3alUi KOMIIOHEHTOB OyayT MpeAcTaB-
JICHBI IIMKH, OTBEYAIOIIME BCEM aHAJIMU3UPYEMBIM KOMIIOHEHTaM. [Ipuuem, B ciaydae
MPOTEKAHUSI OOPATUMBIX DJIEKTPOJHBIX MPOIECCOB MOTEHIMAIBI TMKOB PacTBOPE-
HUS KQXI0T0 MeTaia OyayT OIM3KH K MX COOTBETCTBYIOIIMM PAaBHOBECHBIM MIOTEH-
HAaJIaM.

JI71s1 KOHIEHTPUPOBAHUSI BEIIECTBA HA MOBEPXHOCTH AJIEKTPOAA MOTYT OBITh
WCITOJIb30BAHBI PA3IMUHbIE CITOCOOBI. K 4MCITy OCHOBHBIX CIIOCOOOB KOHIIEHTPHUPO-

BaHUSI MOKHO OTHECTH CJICAYIOIINE CITIOCOOBI:

33



e DJEKTPOOCAKIECHUE METAIJIOB B BUJE amajbraMbl (Ha MOBEPXHOCTU PTYTHOIO
AIEKTPOAA UM Ha THEPTHOM MOJIOKKE MTPU OJHOBPEMEHHOM COOCAKICHUHU AaTOMOB
PTYTH) C TIOCJIEIYIONIEH perucTpalyeil TOKOB aHOJJHOTO PacTBOPEHUSI METAJIIIOB.

e DJEKTPOOCAXJACHUE aTOMOB METaJlIa Ha MOBEPXHOCTHU MOAXO/SIIET0 HHEPTHOTO
AJIEKTpO/A.

e AcOpOIMOHHOE KOHIIEHTPUPOBAHUE ONPEIETIEMOT0 BEIECTRA.

e (OOpa3zoBaHKe MAJIOPACTBOPUMOIO COCIMHEHHS Ha MTOBEPXHOCTH JIEKTPO/IA.

o KoHIIeHTpHpOBaHUE B CJI0€ HOHOOOMEHHOW MEeMOpaHbl WK 3JEKTPOAKTUBHOTO
noJMMepa Ha TOBEPXHOCTH JICKTPO/IaA.

Cranus npeaBapuTeIbHOTO KOHIIEHTPUPOBAHMS AJIEMEHTa U IMOCIeayIoas
CTa/Iisl PETUCTPALMU aHATUTUYECKOTO CUTHAJA MPOBOSTCS B OJHOM U TOM XK€ pac-
TBOPE, YTO SIBJISICTCS OJTHAM W3 TIIaBHBIX MTPEUMYIIECTB HHBEPCHOHHOMN BOJIBTAMITC-
pomMeTrpun. KpoMe 3TOro kK HECOMHEHHBIM JOCTOMHCTBAM METO/IA CIEAYET OTHECTH:
® BO3MOXKHOCTb ONpEACICHUs 3HAaUUTEIbHOr0 uncia (0onee 40) XUMHUUECKUX dJIe-
MEHTOB ¥ MHOTHX OPTaHUYECKUX COCAMHEHUM;
® HU3KHE Tpe/esibl OOHApY>KEHHUS, ITOCTHUTAIOIIME JJii HEKOTOPHIX JJIEMEHTOB
(manpumep, Cd, Bi, Tl, Pb, Sb, Ni) u opranudeckux COCAMHEHHUH YpOBHSI
10°— 10 monp/m;
® BBHICOKAs CEJIEKTUBHOCTH M XOPOIIINE METPOJIOTUYECKHUE XapaKTEPUCTHKU;
® JIETKOCTh KOMIBIOTEPU3AINY U aBTOMATU3AIIUN aHATUTUYECKUX OTPeIeTICHUM;

Anekmpoowvt 011 UHBEPCUOHHO20 60TIbIAMNEPOMEMPUUECKO20 AHAIUZA

AHanuTHuecKuid curHain npu nposeaeHuun MBA anamuza gopmupyercs 3a
CYET MPOIECCOB, MPOTEKAIOIINX Ha TIOBEPXHOCTH JIEKTPOJIa, IOFTOMY OYEHb BAXKEH
BBIOOp MaTepuaa 3JIeKTpojia U Crocod 0OpabOTKU €ro MOBEPXHOCTH.

CmayuonapHulll pmymHulil KaAneabHblll 31eKmpoo - OAUH U3 CAMbIX MOIYJIsIp-
HBIX 3JIEKTPOJOB B MHBEPCUOHHOW BOJBTAMIIEPOMETPUH. TaKO! 3JIEKTPOJ COCTOUT
W3 Kanwuispa, COCIUHEHHOTO C pe3epByapoM, PTYTHAs Karulsl BbIJABIUBACTCSA U3
KamuuIsipa v CTaUIN3UPYyeTCsl y €ro yeThs. HemoctaTok: ¢ pTyTHBIMU KarneIbHBIMU

QJICKTPOAAMH MOXXHO INPUMCHATH TOJBKO HEBBICOKHME CKOPOCTH IICPCMCIIMBAHUA
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pacTBOpa, 4ToOBI N30ekaTh cOpoca Karmu. Hapsimy ¢ ucnosib3oBaHUEM CTAIMOHAP-
HOW PTYTHOW KAaIlJId HAaIle] MPUMEHEHUE U BapUaHT pmymHO20 NJIeHOYHO20 JJIeK-
mpooa. TOHKUM CIOW PTYTH HAHOCST HA MMOBEPXHOCTh MOIXOIAIIEH TOITIOKKH (30-
J0TO0, cepedpo, rpadur). CokpaimieHne o0bemMa PTYTH Ha AJIEKTPoJe 0€3 YMEHbIIIe-
HUS €r0 MOBEPXHOCTH, MO3BOJISIET MOJIYYUTh 32 KOPOTKUN MPOMEXYTOK BPEMEHH
MPEAdJIEKTPOIIN3a amanbramy ¢ 0oJjiee BHICOKOM KOHIIEHTpalMel MeTaia, a, 3Ha-
YUT, ¥ IOHU3HUTH Ha 1-2 mopsiaka mpenen oOHapyKEeHHS.

Tsepovie snexkmpoowl. Vicnonb3oBaHUE TBEPABIX AJIEKTPOJOB TaKKe IMOITY-
YUJI0 IMAPOKOE MPUMEHECHHE B aHATMTUICCKOM MPAKTHKE B TEX CIIyJasX, KOTraa Tpe-
OyeTcs paboTa B 00JaCTH MOJOKUTEIBHBIX MOTEHUUAIOB (I1€ PTYTHBIE U PTYTHO-
IJICHOYHBIE 3JIEKTPOJIbI HE MOTYT MCIIOIb30BaThCA U3-3a PACTBOPEHUS PTYTH), €CIIU
MeTaJuT He 00pa3yeT amalibraMy WJIH €r0 pacTBOPUMOCTh B PTyTH HeBenuka. Oj-
HAKO MpHU paboTe C TBEPABIMHU IEKTPOJAMU MOTYyYECHUE BOCIIPOU3BOINMOI MTOBEPX-
HOCTH YacTO SIBJISIETCSI OCHOBHOM MPOOJIEMOM JJIsl TIOJIy4eHHSI BOCIIPOU3BOIUMBIX
pe3ynpTaToB. Cpean Hanbomee 4acto

UCIOJIb3yeMbIX B MPAKTHUKE DJIEKTPOAHAIM3a TBEPJBIX DJEKTPOJIOB CIIEAYET
Ha3BaTh IJIATHHY, 30JI0TO, SJICKTPOJIBI U3 YIJIEPOAHBIX MaTepuanoB (rpadur, yrie-
CUTaJUI, CTeKIIoyrepon). Jnanazon pabouyux MOTEHIIUATIOB ISl TAKUX AJIEKTPOIOB
OOBIYHO 3aBUCUT OT IPUMEHSIEMOTO pacTBoputes, pH pacTBopa u Ipyrux KOMIo-
HEHTOB.

AMIiepoMeTpUYecKoe TUTPOBaHUE. MeTo 1 aMIepOMeTPUIECKOT0 TUTPOBA-
HUS OCHOBAaH HA PETHCTPAlMHA W3MEHEHHUS TOKA BOCCTAHOBJICHHS (OKHCIICHHS) Ka-
KOT'0-TH00 W3 YYACTHUKOB XMMHUYCCKON PEaKIUU B X0OJ¢ TUTPOBAHHUS:

A (onpedensemoe sewecmso) + T (mumpanm) — P (npodyxm)

Ha snexTpoje ycTaHaBIMBalOT MOTEHIIUAN TPEEIBHOTO TOKa BOCCTAHOBIIC-
HUS (OKHCJICHUS) DJIEKTPOAKTUBHOTO ydyacTHUKaA peakuuu: A, T wiu P.

KpuBasi TuTpoBaHHS COCTOUT U3 ABYX JIMHEWHBIX YYACTKOB YYacCTKOB M TIO
TIOJIOKCHHUIO TOYKHU UX TIEPECCUEHUS Ha XOIAT 00hEM TUTPAHTA, U3PACX0I0BAHHBII

Ha PCAKIHIO C OIIPCACIIAICMBIM BCIHICCTBOM. BI/II[ KpI/IBOI>'I TUTPOBAHUA 3aBUCHUT OT
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TOT'0, KAKOU U3 y4aCTHUKOB peakuuu (A, T wiu P) a5ieKkTpoakTHBEH IPU NOTEHLIMAIIE
TUTPOBAHMUS.

I, mxA A A
I, mxA I, mxA

73} ™

> >

>
>

» »
V, mn V, mn V, ma

Pucynok 11 - Bo3amoskHbIe pOpMBI KPUBBIX aMIIEPOMETPUUYECKOTO TUTPOBAHHUS:

ANEKTPOAKTUBHO onpenensemoe BemectBo X (1), tutpant T (2), mpoaykt peakuuu P (3).

B ammniepomeTpuyeckoM TUTPOBAHUHU MOTYT OBITh UCIIOJIb30BAHBI PEAKITUU:
OKHUCJICHUS-BOCCTAHOBIICHHUS; KOMIUIEKCOOOPA30BaHUs; OCAKICHUS

JIns1 BBIMIOJIHEHUSI aMIIEPOMETPUUYECKOTO TUTPOBAHUSI B HACTOSIIIEE BPEMS B
KAaueCTBE MHIUKATOPHOTO 3JIEKTPO/Ia UCIIONb3YIOT: INIATUHOBBIN 3JIEKTPO; rpadu-
TOBBIN AJIEKTPO/T

DNEeKTPO CPAaBHEHUS — KAJTIOMENIbHBINA WU XJIOPUICEPEOPSHBIN SJIEKTPO.

[IpenmymecTBa aMIepoOMETPUUECKOIO TUTPOBAHMUS:

e AMIepoMeTpruYecKOe TUTPOBAHUE XapaKTEPU3YETCsl 00Jiee BHICOKON TOUHOCTHIO
1 00Jiee BEICOKOM YYBCTBUTEIIBHOCTHIO, YEM METO/IbI IPSIMOM BOJIBTAMIIEPOMETPHHU.
e Metona GoJiee yHUBEpCAJIeH, TaK KaK OMpeesieMoe BEIIECTBO HE 00s3aTEIbHO
JOJKHO OBITh DJIEKTPOAKTUBHBIM COEIMHEHUEM.

e HecnoxHoe anmnapatypHoe opopmienue. J[ocTaTouHO UMETh MUJIITUAMITIEPMETP,
JIEJIATENb U UCTOYHUK MOCTOSIHHOTO HanpsbkeHus Ha 1,5-2 B.

IIpakTHyeckoe nmpuMeHeHue BoiibTaMIepOMETPUUECKHN METOJ MCIIOJb-
3YIOT JJI ONpeiesieHus 1esoro psajaa metawioB. Kagmuii, ko0aiabT, Mellb, CBUHELL,
Maprasell, OJIOBO, LIMHK, >KEJI€30, BUCMYT, ypaH, BaHAIWH, TaJUIMK U IPYTAE Me-
TaJUTBl MOYKHO OTIPEJICTUTh B MPUPOIHBIX U TEXHUUECKUX OOBEKTaX MPU MOMOIIN

MeTO/1a BOJIbTaMIepoMeTpuu. IIpu pasiuuusx B HOTEHIMANAX MOTYBONHb AE, 12 2

36



0.1 B BO3MOXHO KOJMYECTBEHHOE OIPE/IEICHHUE IJIEMEHTOB 0€3 UX NPEIBapUTEIb-
HOTO pa3JeJICHNU.
CylecTBEHHOE TMPAKTUYECKOE NMPUMEHEHHUE MMEET BOJIbTaMIIEPOMETpHUYE-
CKO€ OIpPEEICHHE AaHHOHOB (XpOMaT-UOHBI, HOJAT-UOHbI, MOJIMOAAT-UOHBI. ...).
MHorue nerko OKHUCISIOIUECS WM BOCCTAaHABIMBAIOIIMECS OPraHUYECKUE
COeMHEHMSI (AJIbAETU/Ibl, KETOHBI, a30- U HUTPOCOEIUHEHUS ) TAKIKE SIBIISIFOTCS 00b-

CKTaMHU aHaJIM3a BOJIbTaMIICPOMCTPHUH.

5. UMneqancHas CIEKTPOCKONMS

Metoz CIEKTPOCKOIIMU JJIEKTPOXUMHUYECKOIO MMIIEJaHCa OCHOBAH Ha HC-
CJIEIOBAaHUU AJEKTPOXUMHUYECKON CUCTEMBI ITPH €€ BO30YX ACHUN CUTHAJIOM B BUJIE
CHUHYCOM/IaJIbHOW BOJIHBI U HAOJIIOJICHUH 3a MOBEJCHUEM CUCTEMBI B OTBET Ha 3TO
Bo3MyIleHue. [Ipu ncrnonb30BaHUM CUHYCOMIATIBHOTO TOKa (POPMBI KPUBBIX HAIpS-
YKEHHI M TOKOB HAa BCEX YYAaCTKAX CJIOKHOM JTMHEWHOMW LIENHU COXPAHSIOTCS HEU3-
MEHHBIMH.

CuHycouaalibHbIE TOKH U HANPSKEHUS U300pakaroT B HECKOJBKHUX BUAAX:
rpauyueck; Ipv MOMOIIM YPaBHEHUN C TPUTOHOMETPUYECKUMH (PYHKIHUSIMH; B
BHJIE BEKTOPOB Ha JEKAPTOBOU INIOCKOCTH WJIM KOMIUIEKCHBIMU YHCIIAMM.

[IpyHIMD W3MepeHus uMmIenanca npoct. Ha aIeKTpoXMMHYECKyro CH-
CTEMY, HAXOAIIYIOCS B PABHOBECUH, OKa3bIBAETCS BO3IEUCTBUE MAJIBIM CUTHAJIOM
U U3MEPAETCS OTKIIMK CUCTeMbl. CUTHAJ MOXKET ObITh B BUJIE OJHOW CUHYCOH1aJb-
HOU BOJIHBI, TUOO MPEACTABIATH COOOM CYNEpPHO3UIUIO BOJIH C PA3IMYHBIMU aM-
IUIUTYAaMH, YaCTOTaMH U (pazamu.

Ecnu k snexTpoxumuyeckoi siueiike (puc. 12) mpuiioXUTh NMEpEeMEHHOE
HaNpsDKEHUE, U3MEHSIONIEECs 10 CUHYCOMIAIbHOMY 3aKOHY Emsinot n nmeromee
Malyl0 aMIUIUTYAy, TO Yepe3 CUCTEeMY HJIET TOK CHHYCOMJAIbHON (HOPMBI

Imsin(wt+e).

37



Esinewt

Imsin(t+g)
I [ -

Pucynok 12 — Cxema 1ByXKOHTaKTHOM 3JIEKTPOXUMHUUECKON TUEUKHU

Nwmmenanc (Z) onpenemnsitor, Kak 00111ee COmpoTUBIICHUE UCCIIETyeMOTO 00b-
€KTa MPOTEKAHUIO MEPEMEHHOr0 TOKa Ha 3aJlaHHOW 4acTOTE M MPEACTABISIOT B
BUJIE KOMIIEKCHOTO YHKCJIA.

Nmnenanc (moaHOEe KOMILIEKCHOE COMPOTHUBIICHHUE) Z* onpenensieTcs B COOT-
BETCTBHH C 3aKOHOM Oma

Z* = Zcosp - jZsing

['paduueckoe mpencrapiieHre UMIIEaHCa HA KOMITJIEKCHOM IITIOCKOCTH (B KO-

opaunarax HaiikBucra) mokazano Ha puc. 13.

Im (2) . -
1Z=(Z) +(Z')
o A ,
1z i
Q= arctan(Z"/Z')
0 |
0 7 Re (Z)

Pucynok 13 — M300pakeHre umneaanca Ha KOMIUIEKCHOM MII0OCKOCTH

[IpencraBieHue OTKIMKA JIMHEMHOW CTAlIMOHAPHON JUHAMUYECKON CUCTEMBI
Ha U3MEHEHUE YacTOThl BO3MYIIEHUS B BHUAC Ipaduka B KOMIUIEKCHBIX KOOPIH-
HaTaX Ha3bIBACTCS aMILTUTYIHO-(a30BOM YaCTOTHOM XapakTEepHCTHKOW (Tpadux
nnu auarpamma HaiikBucta). Ha TakoMm rpaduke ¢asza u aMIInTyaa OTKJIMKA CH-
CTEMbl HA 3aJJaHHOW YaCTOTE IMPEICTABISAIOTCA YIJIOM U JJIMHOW PaguycC-BEKTOpa

K&)K,Z[Oﬁ TOYKH XapaKTCPUCTHKU.
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JIns1 SKBUBAJICHTHOM LEINH, COCTOSIIEN W3 NAPAJJIEIbHO COCIUHEHHBIX E€M-

KOCTH U COTpOTHBIIeHUs, Tpaduk HalikBrcTa umeeT B, MOKa3aHHBIN Ha puc. 14.

M
a .~ e .
K}// /"/// 5\\\
Zl ™,
=0 :_// R\ w={
f Vs \
X \/
\ || R a2 \ /
‘M e \"I I|¢
> Rez
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Pucynok 14 — Jluarpamma HaiikBucra ams BeKTopa uMIeaanca

Ha auarpamme HaiikBucra umIiiejaHCc TIpeJICTaBlIeH BEKTOPOM JIJTUHON |Z),
YTOJl MEXKJly KOTOPhIM U OChbi0 X paBeH ¢. Takol rpaduxk oObeAUHSET HA OJHOU
MJIOCKOCTH aMILTUTYTHO-4aCTOTHYIO U (pa30-4aCTOTHYIO XapaKTEPUCTUKH UCCIIETY-
€MOro OOBbEKTa.

Ha stom rpaduxe no ocu Y OTJI0KEHBI OTpUlIaTelIbHbIC 3HAaueHus. Kaxnas
Touka rpaduka HaiikBucTa nmpeacraBiseT UMIeaanc Ha oaHo# yactore. Huszkoua-
CTOTHBIC 3HAUCHUS UMIIEIaHCa PACIIONIOKEHBI Ha MTPaBOM CTOpOHE Tpaduka, a BbI-
COKOYACTOTHBIE — Ha JieBoW cTopoHe. Y rpaduka HaiikBucra ecTh OJMH TIaBHBIM
HEJIOCTATOK — HEM3BECTHO, K KAKOW YaCTOTE OTHOCSATCS] TOUKU KPUBOU.

Hpyroii crnoco0 NpencTaBlieHUs WUMIIEAHCA — J102apUhpMudecKas amniu-
myoHo-¢gha3z06as 4acmomuas Xapakmepucmuka — MpeJICTaBICHUEe YaCTOTHOTO
OTKJIMKA JTUHEWHOW CTallMOHAPHOW CHUCTEMBbI B JOrapruMHUYECKOM MaciiTade.
Jlorapudpmuyeckass aMrmIuTyIHO-(ha30Basi 4acCTOTHAS XapaKTEPUCTHUKA CTPO-
WUTCSl B BUJIE JBYX T'padUKOB: JOTapu(PMUUECKON aMIUIUTYJHO-YaCTOTHOU Xa-
PaKTEPUCTUKHN U JorapumMuueckor (a3o-4acTOTHOM XapaKTEPUCTHUKU, KOTO-
pble 0OBIYHO pacIoJiaratoTcs ApyT Nojd ApyroM. [is Takoro crmocoba mpeacran-
JICHWSI UMIIEJAHCa B 3aIIaJHON JIMTEPATYPE UCTIOIb3YETCS Ha3BaHUE UarpaMmma

bone nnu rpaduk bone.
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[To ocu X oTkmampIiBaeTcs JorapudmM 9acTOThI, a 0 OCH Y ISt JorapudMu-
YECKOW aMIUIMTYIHO-YaCTOTHOM XapaKTEPUCTUKU OTKJIAJBIBAECTCS MOAYJIb MMIIE-
nanca (|Z|=20) u nyst norapudmuydeckoit pa3o-4acTOTHON XapaKTEPUCTUKH OTKIIA-
nbeiBaeTcs pazoBbiii caBur. B otnuuue ot rpadguka HaiikBucta, rpadux boae necet
YaCTOTHYIO HH(OPMAITHIO.

[Tocne moctpoenust nuarpammsbl HaiikBucrta (rogorpada ummnenanca) aHaimu-
3UpyeTCcs COOTBETCTBUE BHJA roforpada nusydaemoro oopasia rogorpady omnpese-
JICHHOM KOMOWHAIMU TMPOCTEUIIUX AICKTPUUYECKUX DJIEMEHTOB (IKBUBAJICHTHOU
cxeme). [Ipu 3TOM Kax bl 2JIEMEHT 3TON CXEMBbI XapaKTEpU3yeT TOT WIIM MHOU TIPO-
TeKarmuil B cucteMe (GU3NYECKUIN, XUMUUECKUNA WU DJIEKTPOXUMHYECKUU TPO-
1ecc.

OCHOBHBIMM CTPYKTYPHBIMH 3JIEMEHTAMU B MMIICJAHCHBIX MOJIETSAX SIBJIS-
I0TCSl — CONPOTUBIICHUE, EMKOCTh, MHIYKTUBHOCTb U uMmneaanc BapOypra.

JI100y10 2JIEKTPOXUMUYECKYIO STYEHKY MOKHO TPEJCTAaBUTh B BUJEC DKBUBA-
JIEHTHOM 3JIEKTPUUYECKON CXEMBI, COJIepKallleld KOMOMHALINIO CTPYKTYPHBIX 3JIEMEH-
TOB.

Bb160p SKBUBaJICHTHOM SJEKTPUYECKON CXEeMbl — HambOOJee CIIOXKHBIA MO-
MEHT IPH UCITOJIb30BAHUU METOIa UMIIEJAHCHOM CIEKTpOCKonH. OgHOMY BHY T'O-
norpada uMIielanca MOTYT COOTBETCTBOBATh HECKOJIbKO AKBUBAICHTHBIX DJICKTPHU-
YECKHX CXEM C PA3JIMYHBIMU 3HAYEHUSIMU BXOSIINUX B HUX AJIEMEHTOB. Takast Heo-
HO3HAYHOCTh HECKOJIBKO CHUYKAET 3HaueHue MHPOPMALINH, ITOTy4aeMoi B X01€ 00-
pabOTKH SKCIIEPUMEHTAIBHBIX TAHHBIX.

PaccMOTprUM HECKOJIBKO TUMOBBIX SKBUBAJICHTHBIX JIEKTPUUYECKUX CXEM, UX
rogorpadbl UMIIEJJaHCA W aJMUTTAHCA, a TaKkKe (PU3MUYECKYI0 WHTEPIIPETAIUIO
CTPYKTYPHBIX 3JIEMEHTOB.

Jliist pacdera umneaaHca U aIMUTTaHca 1enei, TpeICTaBIsIoNMX KOMOHA-
ITUI0 HECKOJIBKUX 3JIEMEHTOB, MCTIOJIL3YIOT 3aK0HBI Kupxroda: nmpu nociaenoBaress-
HOM COEJIMHEHUH 3JIEMEHTOB LEIN CKJIAbIBAIOTCS UX CONPOTUBIICHHUS], a IIPU Mapai-
JIETBHOM — UX MPOBOAUMOCTH.

HUcTunnble, 3¢ GeKTHBHBIC U U3MepseMble 3HAYCHHUS UMIIeaHCca
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JIJ1st TOTO 94TOOBI ONIPEACIUTh UMITEIAHC, HEOOXOAMMO U3MEPUTh KaK MUHHU-
MyM JIB€ BEJIMUYHMHBI, TAK KaK OH SIBIIETCA KOMIUIEKCHOW BEIMYMHOW. MHOTHE CO-
BPEMEHHBIC YCTPOMCTBA 110 U3MEPEHUIO UMITIEIAHCA U3MEPSIOT JICUCTBUTEIBHYIO U
MHHMYIO 9aCTH BEKTOpa MMIIEJIaHCa M 3aTEM MPEOoOpa3yroT UX B JKeJIaeMble Tapa-
METpBI, HapUMep, MOAYJb HMIIeAaHca |Z|, Moayiab aaMuTTaHca Y|, cConpoTuBIe-
HUe R, peaktuBHOCTH X, AEHCTBUTENIbHAA YacTh aamMuTTaHca G, MHUMas 4acTb
anmutTanca B. [Ipu BeimomHeHNH TI00BIX U3MEPEHUH Ha IEPEMEHHOM TOKE YUUTHI-
BaIOT P OOCTOSATEIIbCTR:

1) He cymectByeT uncthix R, C niu L anemenToB. JI1000i1 KOMITOHEHT J1H000i
I[ENH HE SBJISIETCS YUCTO aKTUBHBIM WJIM YHMCTO PEAKTUBHBIM, OH BCETJIa SBJISIETCS
KOMOUMHAIMEN 3TUX JIEMEHTOB MMIIe/laHca. B pe3ynbTaTe Bce peaibHbIe YCTPOU-
CTBa UMEIOT Mapa3uTHHIE COCTABJISIONINE — TAPA3UTHYIO EMKOCTh B PE3UCTOPAX, Ma-
Pa3UTHOE COMPOTUBIICHHE B KOHACHCATOPAX, NAPA3UTHYIO €EMKOCTb B KaTyIlIKaxX WH-
JYKTUBHOCTH U T.J.

Ecnu paccmatpuBaTh 2JIeMEHT KaKk KOMOMHAIMIO CBOETO HOMUHAJIBHOTO 3HA-
YEHUS U MMAPA3UTHBIX COCTABJISIONINX, €T0 MOXKHO MPE/ICTABUTH B BUIE KOMOWHAIIUN
Pa3IMYHBIX JIEKTPUUECKUX IJIEMEHTOB.

2) Ilpu nipoBeieHUH U3MEPEHUN HEOOXOAMMO YUUTHIBATh B3aUMOCBSI3b U CO-
OTHOIIEHUE MEXTy UCTUHHBIMU, P (HEKTUBHBIMU U U3MEPSIEMBIMH 3HAUCHHUSIMU Be-
JIUYUH.

Hcemunnoe 3nauenue — 3T0 3HaUEHUE KOMIIOHEHTA 3JIEKTPUUYECKOi 1enu (pe-
3UCTOpA, KaTYIIKU WHIYKTUBHOCTH WM KOHJEHCATOpa), HE BKJIIOYAs Mapa3uTHbHIC
cocTaBJisitone. B 00IbITMHCTBE CIydyaeB UCTUHHOE 3HAYEHHUE MOKHO OIPECIUTh
KaK MaTeMaTHYeCKOEe COOTHOIICHHUE, BKIIOYArolee (PU3NYECKUl COCTaB KOMIIO-
HeHTa. B peanbHBbIX YCIOBUSIX UCTUHHBIC 3HAYCHUS UMEIOT JIMIIh TEOPETUUCCKUN
CMBICI.

Dpgexmuenoe 3nauenue BKIIOYAST B ceOs Mapa3UTHBIC COCTABIISIONMINE. SIB-
JsieTCsl anredpandeckoil CyMMOM EMCTBUTEIBHOTO U PEaKTUBHOTO BEKTOPOB KOM-

IIOHCHTA U, CJICA0BATCIIbHO, OHO ABJIACTCA 4aCTOTHO 3aBMCHUMBIM.
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Hsmepsiemasn éenuyuna — 3Ha4YEHUE, MOIYYaEMOE C MOMOUIBIO U3MEPUTEIIb-
HOTO ycTpoiicTBa. OHO BKJIIOYAET B C€0s1 KPOME OMUCAHHBIX BBIIIE COCTABJISIIOIINX
TaKXe HEyCTpaHUMBIE TOTEPU U HETOUHOCTH n3Mepurelsa. M3sMepsemblie BETUUUHBI
BCET/Ia COIePKAT JOTOTHUTEIIbHBIC OIITMOKY IT0 CPAaBHEHUIO C UCTUHHBIMU U d(Pdek-
TUBHBIMU 3HaYEHUAMHU. KpoMe TOro, OHM 4acTo HE BOCIIPOU3BOISATCS, IPU 3TOM pa3-
HUIIA 3HAYECHUN 3aBUCUT OT YMCJIa YUYUThIBaeMbIX (akTopoB. CpaBHEHHE CTENEHU
OMU30CTH U3MEPAEMOro U 3(PPEKTUBHOTO 3HAYCHMS IMPHU OIpeNeICHHOM Habope
YCJIIOBUHM M3MEPEHUS MMO3BOJISIET CYAUTh O KAYECTBE N3MEPEHMUIA.

D¢ dhexTuBHOE 3HAUCHHE U3MEPSIEMON BEIMYUHBI — 3TO TO, UYTO HAM HEOOXO-
JIMMO OTIPEJICNIUTD, U 1IeJIb U3MEPEHUM 3aKII0UaeTCs B TOM, YTOOBI H3MEPEHHOE 3Ha-
yeHue ObUTO KaK MOKHO OJinKe K 3QPEeKTUBHOMY.

3) braromaps HaIMYHIO TTAPA3UTHBIX COCTABIIAIONMINX IS JTFOOBIX PeaIbHBIX
00BEKTOB XapaKTepHa YaCTOTHAsI 3aBUCUMOCTb. J{0JIs1 mapa3uTHBIX COCTABIISIOMINX
OyJeT HeOIMHAKOBA B 3aBUCUMOCTH OT UCTUHHOTO 3HAYCHUSI UMIIEIaHCA.

4) YciioBue JTUHEHHOCTH JOCTUTAETCs MyTeM BO3MYIIEHUS] CUCTEMBI JOCTa-
TOYHO MaJbIM CHUHYCOWJAJIbHBIM CUTHAJIOM Ha BXxoze. [Ipu 3ToM ncnonb3yercs Ta-
KOW THUIl U3MEPUTEIIBHOTO UHCTPYMEHTA, KOTOPBIA UMEET CBOMCTBO aHAJIM3UPOBATH
TOJIBKO JIMHEMHBIA KOMIIOHEHT CUTHAJIA HA BBIXOJE. Y CJIOBUE MAJIOCTH CUTHAJIA CJie-
JyET paclpoCTPaHUTh KaK HA MOTEHIMAT U TOK, TAK U HA KOJIMYECTBO DJICKTpHUUE-
CTBa, MPOTEKAIOIIETO B OJTHOM HalpaBJIeHUH 3a OAUH nonynepuo. [locnennee tpe-
OoBaHME SBISIETCSI 0OCOOCHHO BaYKHBIM MPU UCCIIEIOBAHUN B 00J1aCTH MH(PAHUBKUX
4acToT.

5) TpeboBaHuE CTAIIMOHAPHOCTH PACIPOCTPAHSICTCS HA BECh JUAIA30H Ya-
CTOT u3MepeHus. [IpoCcThIM MPaKTUIECKUM CITOCOOOM MPOBEPKH CTAIIHOHAPHOCTH
SIBJISIETCS MMPOBEJICHHUE JIBYX MOCIEA0BATEIBLHBIX UMIIEJJAHCHBIX U3MEPEHUH TTpH a0-
COJIFOTHO OJIMHAKOBBIX YaCTOTHBIX U MIPOUYUX YCIIOBHSIX.

6) CurHasbl Ha BXOJIE U BBIXOZIC HAXOSATCS B MOJHON MPHUYUHHO- CJICICTBEH-
HOU CBSI3H, T.€. CHTHAJI Ha BBIXOJIC SBJISIETCS PE3YIHTATOM TOJILKO CUTHAJIa Ha BXOJIE

H OTCYTCTBYCT O IIOJIa4X 3TOr0 CUIrHajia.
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7) TpeboBanue oTcyTCTBHS dPPEeKTa MaMITH O3HAYAET, YTO OOBEKT «HE 3a-
MOMHMHAET» MCTOPUIO dKCIIepuMeHTa. [IpyrumMu cioBamu, MOJyYEeHHBIN pe3ynbTar
HE JIOJDKEH 3aBUCETh OT MOCIEI0BATEILHOCTH U3MEPEHHUS.

8) Cucrema IOJDKHA UMETHh TOJBKO OJHMH BXOJ U OAHMH BBIXOJ (OJHOMEp-
HOCTB). UTOOBI IOCTUYB 3TOTO, HEOOXOIUMO TOAICP)KUBATH TOCTOSIHHBIC 3HAYCHUS

BCEX OCTAJIbHBIX MMapaMeTpoB (TeMIiepaTypy, KoHIleHTpauuto, pH u ap.).
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