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NMPEAUCJIOBHUE KO BTOPOMY H3IOAHUIO

AnanuTHueckasi XHMHs OTHOCHTCA K yHCHy (yHZaMeHTaJbHBIX HayK,
H3yyaeMBIX CTYJAE€HTAMH XHMHYeCKHX H XHMHKO-TEXHOJIOTHUECKHX BY30B H
¢akyapTeroB. OHa HrpaeT OrpoMHYI0O BOCIHTAaTeJbHYIO pOJib B Iporecce
HOJATOTOBKH MOJIOABIX CINELHa HCTOB.

Co BpeMeHH BHIXOZA B CBET NpeNBIAYIIETO H3JaHHS NAaHHOTO ydyeGHHKA
JOCTHTHYTHl GOJIbLIME yCIeXH B OGJACTH TEOPETHUECKHX MOJOXKEeHHH aHaJu-
THYECKOH XHUMHH H, B UYaCTHOCTH, (U3HYECKHX H (DH3UKO-XHMHUECKHX Me-
TOLOB aHa/JHu3a. B mpakTHKy 3aBOJACKHX M Hay4YHO-HCCJIEeNOBATEJbCKHX Jia-
GopaTopHil IIMPOKO BHEAPSIIOTCS pas3HOOGpa3Hble HHCTPYMEHTAJbHHE Me-
TOLbl aHaJiM3a, aBTOMAaTHUYeCKHe CHCTEMbl XHMHMKO-aHAJHTHYECKOro KOHT-
poJIsi, OCHOBaHHbIE HA HCIIOJIb30BAHUH NMPEIH3HOHHBIX (DU3HYECKHX U (H3HKO-
XHMHYECKHX NPHGOPOB M annapaToB U 3JeKTPOHHO-BBIUHCJIHTENbHBIX MALIHH.

B cBsI3W ¢ 3THM B mpollecce MOJATOTOBKH K HOBOMY H3JaHHIO y4YeOHHK
NoABepres CylllecTBEHHOH nmepepaGoTKe, OCHOBHBIM KDHTepHEeM KOTOPOH fBH-
JIOCh yriyGJIeHHe TEOPHH PacCMaTPHBAEMBIX B KHHTe BOIPOCOB H MPHOJHKe-
HUE COllepXKaHHs yyeOHHKA K 3alpocaM IPOH3BOJCTBA.

Conepxarue yue6HHKAa COOTBETCTBYET HOBOH INpOrpaMme IO aHAJIHTH-
YeCKOil XHMHH, B KOTOPOH GOJIbllIoe BHHMAaHHE YJeJeHO HHCTPYMEHTaJbHbIM
MeTofaM, COCTaBJSIOIIUM OJHY M3 HEOTbeMJEeMBIX yacTell aHaJIUTHYECKOH
XHUMHH.

Psap BompocoB, HMeOUIHX BTOPOCTENEHHOE 3HAUEHHE, U MaTepHalkl, KO-
TOpble BBIXOAAT 338 pPaMKH yueGHOM NpOrpaMMbl HJIH NOAPOGHO H3JIOXKEHBI
B COOTBETCTBYIOIINX Y4eGHBIX MOCOOHAX, COKpalleHH.

JlonosHeHns: TyaBHBIM 06pasoM CHAeNaHbl NPH H3JIOXKEHHH TeopeTHue-
CKHX OCHOB ONHCHIBAEMBIX METONOB. 3HAYUTEJNbHO YBEJHYEHO YHCJIO NMPAaKTH-
yeckux pa6Gor. Kadenpsl aHanuTHYeCKOH XMMHH pPa3jHYHBIX BY30B B COOT-
BETCTBHH C HX MaTepHaTbHO-TEXHHUECKHMH BO3MOXKHOCTSMH H C NPOdHUIEM
NOATOTABJIHBAEMbIX CHELHaJHCTOB MOTYT IO CBOEMY BLIGOPY PeKOMeHIO-
BaTh CTYIEHTaM Te HJIH HHble JaGopaTopHEIe paGOTH H NMOCJEL0BATENbHOCTD
HX BBINOJIHEHHS.

B naHHO# KHHre Hapsily ¢ METOJZAMH aHATH3a HEOPTraHHYECKHUX COEMIH-
HeHHHl Npe/JCcTaB/eHbl HHCTPYMEHTaJlbHble METOIbl aHaIH3a OPraHUYeCKUX Be-
HIeCTB, IOCTENCHHO BhITECHAIOIHE O6ILeNPHHATEE PaHee XUMHUECKHE METOIb.

Hakonen, B paMkax yueGHOH NporpaMmbl, HO AOCTATOYHO HOJAPOGHO
paccMaTpHUBAIOTCA HHCTPYMEHTaJbHble METOAbI THTPOBAHHS HEBOJLHBIX pac-
TBOPOB, NPUMEHEHHEe KOTOPHIX C KaXKAbIM TOJOM pacIIHpsieTcs.

C uenpio obecrieyeHusl CTYJEHTOB HeOOXONHUMOH MOMOJNHHTENbHOH HH-
¢opMauueil Bce IJ1aBbl, NOCBALIEHHEIE TeM HJH HHBIM METONAM, CHAGXKeHH
CINHCKaMH JIUTEPATYPHBIX HCTOYHHKOB, B KOTOPbIX BCECTOPOHHE OCBELIEHbBI
HEKOTOpble MeTOAbl (NpenMYyILeCTBeHHO (H3HUeCKUe), He HalleJIliHe CBOEro
OTpakeHHUsI B yueGHHKe.

Martepuan 3-eit KHUTH CBsI3aH C cofiep:KaHHeM 1-i1 # 2-it KHUr «OCHOBHI
aHAMUTHYECKOH XHMHH>.

B cocTaB/ieHnH TpeTbell KHUTH 3TOTO yueGHHKA NMPUHHMAJH yyacTHe:

npo¢., nokT. xuMm. H. A. Il. KpeumkoB, HanucaBwuii «Bsenenue», ra. 1
«OcHOBBI (HU3HYECKHX H (DH3HKO-XHMHYECKHX (MHCTPYMEHTAaJIbHbIX) METOJ0B
anaausa»; ra. Il «KoHAyKTOMeTpHA M KOHAYKTOMETPHYECKOEe THTPOBAHHE»
(comectHo ¢ T. A, Xyaskosoi); ra. V «Ilonsiporpaduueckuii mMeron aHa-
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JH3a M aMIepoMeTpHueCcKoe THTpOBaHHe» (coBMecTHo ¢ B. A. Bopk u
C. JI. PoratuHckoit); ra. VI «CnekTpajbHble (ONTHYECKHE) METOABI aHa-
an3a» (coBMmecTHO ¢ l0. §I. Muxainenko, JI. I1. Ceneukoit, B. I1. 3amapae-
BoiM, E. A. KyukapessiM, B. B. KyaueuosniM); ra. VII «Xpomarorpaduye-
CKHe MeTonnl aHamauda» (coBMecTHo ¢ K. M. Ousbmanosoit, E. H. Cawowmku-
Hoit u H. II. PymsanueBoit); ra. IX «DPu3uko-xuMHuecKHe (HHCTPYMEHTaJb-
Hble) MeTOIbl aHa/u3a HEBOJHBIX PacTBOPOBY;

ya.-kopp. AH CCCP, npod., mokr. xum. H. Au. H. HecmesiHOB, Hanu-
casuwuii ra. VIII «Pagnomerpuueckie MeToAbl aHAMN3a»; .

npod., mokt. xum. H. K. M. OsnbmanoBa (coBmectuo c¢ A.Tl. Kpeumko-
BuM, E. H. Caromikunoit 1 H. 1. Pymsauuesoit) —ra. VII «Xpomarorpadu-
YyeCKHe MeTOJbl aHa/H3a»;

npod., nokr. xum. H. H. E. XomyroB (coBmectHo ¢ JI. H. Banstun-
ckoit) —ra. II «IloTeHuHoMeTpuS M NOTEHUHOMETPHYECKOE THTPOBaHHES,;

npod., noxr. xuM. H. T.A. XynskoBa (coBmectHo c¢ A.II. Kpemxo-
BhiM)—ria. III «KoHmykroMeTpHs M KOHAYKTOMETPHUUYECKOE THTPOBaHHE®;

JIOUEeHT, KaHia. xuM. H. JI. H. BansartuHckas, Hanucasmiass (COBMECTHO
¢ H. E. XomyTtoBeiM) ra. II «IToTeHunoMeTpusi ¥ NOTEHIHOMETPHYECKOE THT-
poBaHHEY;

kaHg: xuM. H. B. A. Bopk (coBmectHo ¢ A. I1. Kpewkosrsim u C. JI. Po-
ratuHCcKo#) — . 'V «Ilossiporpaduueckuifi aHaJu3 H aMIepOMETpUYECKOe
THTPOBaHHEY;

KaHA, xuM. H. B. . EpmakoB — ra1. IV «BricokouacToTHOE THTpPOBaHHES;

Kaga. xuM. H. B. Il. 3amapaeB (coBmectHo ¢ A. Il. Kpemkosnim,
10: 4. Muxaiinenxo, JI. I1. Ceneukoir, E. A. KyukapeBoim 1 B. B. Kysnue-
noBbiM) — 1. VI «CnektpasbHbie (ONTHUECKHE) METONB aHaJH3ax;

kaug. xum. H. E. A. Kyuxapes (coBmectHo c¢ A. II. KpemkosuiM,
I0. §I. Muxa#nenko, B. Il. 3amapaesniM, JI. I1. Ceneuxoit u B. B. Kysne-
noBbiM) — ri1. VI «CnekTpanbHble (ONTHYECKHE) METOLbI aHANH3a»;

kaua. xum. H. 10. §I. Muxafnenko (coBmectHo ¢ A. 1. Kpeukosnim,
JI. T1. Ceneukoir, B. I1. 3amapaesriM, E. A. Kyukapesbim u B. B. Kysne-
noBuM) — 1. VI «CnekrpasibHble (ONTHYECKHE) METOLHI aHaJH3a»;

kaun. xuM. H. C. JI. Poratunckas (coBMectHo ¢ A. Il. KpemikoBsiM u
B. A. Bopk) —ra. V «[lonsporpaduuyeckuii aHaju3 U aMIepoMeTpHYECKoe
THTPOBaHHE»;

kaun. xuM. H. H. JI. PymsHueBa (coBmectHo c¢ A. Il. Kpemkosnim,
K..M. Oanbmanosoit u E. H. CatomxkuHoi#i) — ra1. VII «Xpomatorpaduyeckue
METOJbl aHaJH3aY;

kaun xuMm. H. E. H. Camomkusa (coBmectHo c¢ A. Il. KpemkosbiM,
K. M. Ousbmianosoit u H. I'. Pymsanuesoit) — ra. VII «Xpomartorpaduyeckue
METOMNBbl aHaJIH3a»;

. kaui. xuMm. H. JI. II. Ceneukass (coBMectHo ¢ A. II. Kpemkossim,
I0. §I. Muxainenko, E. A. Kyukapesum, B. I1. 3amapaesrim u B. B. Kys-
HentoBbiM) — 1. VI «CrnekTpajbpHble (ONTHYECKHE) METOABl aHaJ/H3a».

O6uiee penakTupoBaHue KHHTH ocymiectBneHo A. Il. Kpemxoshim,
ABTOpH BbIpaxaioT TI1yGOKylo 6/1aroflapHOCTb BCEM TOBapHUiaM, OT-
KJIHKHYBIIHMCSI Ha l-e H3JaHHe NaHHOW KHHMIHM, H O(HIHMAJBHOMY peleH-
3eHTYy — KOJUIEKTHBY Kadeaprl aHaJMTHYeCKO# XuMHHM KasaHcKoro xu-
MuKO-TexHoJoruyeckoro uHcruryra uM. C. M. Kupoa B Jume 3aBe-
nylowero Kadeapoit mouenta, xauia. xuMm. H. P. H. Jluunasans, npocec-
copa, DOKT. xuM. H. B. WM. TopoxoBcko# ¥ ApyruM ToBapHilaM 3a GOJbIIOH
TPYA 0 PpeLeH3HPOBAHHMIO " yyeOHHKA H BeCbMa LEHHbIE COBEThl, KOTO-
pble GbWIH NPHHATH BO BHHMAaHHE NPH OKOHYATeJbHOM peJaKTHPOBAHHH
PYKQUHCH. fi
\1.AsTopst



BBEJAEHHE

CoBpeMeHHass aHaJHUTHUYECKass XHMHS HCIBITBIBAET CHJbHOE BJIHSHHE
3KCIepHMEHTaNbHOR (QU3MKH U ¢u3vueckoil xumuu. Ilporpecc atux Hayk,
pasHoofpa3ne H TOYHOCTb HX METONOB H3yYeHHs MaTepHH B 3HAYUTEJbHOU
CTerieHd M3MEHSIOT OCHOBHOE HamnpaB/eHHe Pa3BHTHS aHAJHUTHYECKOR XH-
muu. Bce Gosbliee 3HaueHHe B aHAJIMTHYECKOH XUMHH NpPHOOpeTAIOT - PH3H-
yeckue U -HU3NKO-XMMUUeCKHe (MHCTPYMEHTAJIbHble) MeTOJbl aHaJsM3a.

Ucnonb3oBanne aHaJU3HPYIOUIHX, PETHCTPHPYIOLINX, CHTHAJH3HPYIO-
IIHX, GJIOKHPYIOIIHX, 3JeKTPOHHBIX BBIYHCAHTEJbHBIX W YNPaB/SIOUNMX Ma-
IIMH U NPUOOPOB MO3BOJISET BHITOJNHATb Ha BBICOKOM HAaYUHO-TEXHHUECKOM
YpOBHE Hay4HO-HCCJefOBaTeNbCKHe PabOThl MO XHMHH M XHMHYECKOH -Tex-
HOJIOTHH, 3((PEKTUBHO YOpPaBJAATb XHMHYECKHM IMPOH3BOACTEOM, CBOEBpe-
MEHHO MOJydYaTb HeOOXOIHMYIO HCUEPNEBIBAIOILYI0 HHPOPMalHio 06 3JEeMEeHT-
HOM, MOJIEKYJSIDHOM M (pa30BOM COCTaBe HCCJeNyeMOro BelllecTBa HJH Ma-
TepHaJa, O CBOHCTBaX MOJYyYaeMbIX NPOAYKTOB, HX CTPOEHHH, HAJHYHH TNPH-
Meced U T IL

ITocKoMbKY HMHCTpYMEHTaJbHble METOAbl MNPHMEHSIOTCS IS pelleHHS
3aJ1a4y XHMHUYECKOT0 aHaJNH3a, OHH COCTABJASIOT HEOTHEMJEMYIO 4acTh aHaJH-
THYECKOH XHMUH. ' ' ’

HecMmoTpsi Ha mporpecc HHCTPYMEHTaJbHBIX METOJNOB aHaJH3a, NO3BO-
JASIIOUMX pellaTh XHMHMKO-aHaJHTHYeCKHe 3ajayd, Hepaspelmumbie OOGbIU-
HBIMM METOJaMH IpaBHMeTPHYEeCKOro H THTPHMETPHYECKOTO aHasu3a, KJjaac-
CUYecKHe MeTOJBl aHaJH3a He YTPAaTH/IH CBOEro 3HAuYeHHs, MNO-MPeXKHEMY
HrpaloT JOMHHHUPYIOILYIO POJIb W fABJSIOTCS OCHOBOH aHAJHUTHYECKOW . XH-
MHH — HayKH O MeToJaX aHa/u3a.

He yuuTeiBasi xapaktep HcCiaeyeMOro oGbeKTa, ero Ha3HaueHHe, arpe-
raTHOe COCTOSIHHe, KOHIEHTpalLHIo, HaJlHyHe NpHMecel, LeJd aHa/iu3a, Tpe-
6yeMyI0 TOYHOCTb ONpeleJeHH s, INUTeIbHOCTb BEIMOJHEHHST aHAIH3a U MHO-
rue apyrue GakTopbl, HEJb3s] OTAATh NPEANOYTEHHE TOMY HJIK HHOMY METOAY
a”aau3a.

Jlumpb oBjafeB caMbIMH pa3HOOGpPa3HBLIMH METOJaMHi aHaju3a H coue-
Tasi XMMHuecKue, Qu3nyeckue H HHU3UKO-XHMHUECKHE METONbl aHa/lHu3a ¢ Me-
TOJAMH pa3fesieHUs] U KOHUEHTPHPOBAHHS M HCIosNb3oBaHHsS DBM, XxuMmuk-
aHAJUTHK CMOXeT YCNEIIHO pa3pellluTh JI0OYI0 MOCTaBJEHHYIO Nepen HHM
XHMHKO-aHAJUTHUECKYIO 3a1avy.

dusuyeckne Meronbl aHaauza. Onpejenenne cocTaBa U CTPYKTYpH ca-
MbIX Pa3HOOOPAa3HBIX BELIECTB MOXKHO OCYILECTBJSTh, He Npuberas K XUMH-
YEeCKHM HJIH 3JeKTPOXHMHUECKHM peakuusim (cM. KHHra 2, «Beengenue», § 3).

Takoro poma MeTOxBl ONpe/eseHusi OCHOBHIBAIOTCS HA H3YyYeHHMH C IO-
MOIIBIO PAa3JHYHBIX IPELHU3HOHHBIX NPHOOPOB (GH3HUECKHX CBOHCTB HCCJe-
IyeMOro BellleCTBa, HanpHMeP 3MHCCHOHHBIX CIEKTPOB M CIEKTPOB IOIJIO-
UIeHHUS, 3JeKTPO- M TeNJONPOBOAHOCTH, MOTEHLHAJOB 3JEeKTPOAOB, MOTPY-
JaeMblX B pPacTBOpP HCCJIENYeMOTO BeLlecTBa, AH3JEeKTPHYECKOH NpoHHIlae-
MOCTH H JADYFHX 3JIeKTPHUECKHMX H MAarHHTHBIX XapaKTePHCTHK, SiAEPHOro
MargutHoro pesonaHca (JIMP), 3jieKTpoHHOro mapaMarsHUTHOro pe3oHaHca
(3T1P), BpaileHHs NJIOCKOCTH NOJSPH3AIHMH CBEeTa, NOKasaTeJs. NpeaoMie-
HHs, (JyopecleHIHH, paAMOAKTHBHOCTH U T. I

dusnyeckne MeToAn 00Ja4al0T CYLIeCTBEHHBIMH JOCTOMHCTBAaMH, Ha-
nupuMep MHOTHE H3 HHX XapaKTepPH3YIOTCS BbICOKOH YYBCTBHTEJNbHOCTHIO H
9KCrpeccHocThlo. IIpuMeHenHe 3THX METONOB JaeT BO3MOXKHOCTH aBTOMa-
TH3MPOBaTh H3MEpEeHHs W pellaTb 3a[ayd, KOTOpble HeJlb3s pa3peuInTh- Me-
TOJaMH XHMHUYECKOTrO aHaJ/u3a.

K HemoctaTKaM (H3HYECKHX METOJOB OTHOCATCS CPaBHHTENbHO cCJiabas
136HPaTeIbHOCTb UX U HEOGXONUMOCTD KCIIC/Ab30BaHHSA CTaHAAPTHHIX 06D aS-
1noB (3TaJOHOB) — MaTepHaJ OB C TOYHO YCTAHOBJIEHHBIM XHMHYECKHM--€O-
€TaBOM IO DALY 3/J€MEHTOB.
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®u3uKo-XHMHYECKHe MeTOAbl aHaau3a. [Lis aHaju3a BEIECTB IUHPOKO
HCIIOJIb3YIOTCS XHMHYeCKHe peaKIlHH, KOTOpble CONPOBOXKAAKTCS H3MeHe-
HHeM (H3HYECKHX CBOACTB aHaJU3HpPYeMOH CHCTeMbl, HalpHUMep ee IBETa,
HMHTEHCHBHOCTH OKDacKH, NPO3PayHOCTH, (JyOpecleHIHH, 3JeKTPO- B Tel-
JIONPOBOJHOCTH H JDYTHX 3JeKTPHUYECKHX, MarHUTHHIX, ONTHYECKHX, PamHoO-
aKTHUBHBIX H T. Il. CBOHCTB.

Bce meroarl Takoro pona OObeAMHSIIOT noj oOWMM Ha3BaHHeM <(u-
3UKO-XUMHYeCKHe MeTOAb». J[pyrumm cjoBaMH, CyIIHOCTb (YH3HKO-XHMHYe-
CKHX METOJOB aHa/jH3a CBOAMTCS K H3YUEHHIO COOTHOLIeHHH MeXAy COCTa-
BOM M CBOHCTBAMH HCCJEAYEMBIX CHCTEM.

Pasnnyaror npsMble u KocBeHHble (DH3NKO-XHMHYeCKHe MeTonEl. B mpsi-
MBIX MeTOAAaxX aHa/lu3a JaHHOe CBOMCTBO SIBJSAETCH KpHTepHeM COJepXKaHHS
onpeje/asieMOro BellecTBa, 3TH METOABI OCHOBAHBl Ha H3y4YeHHHM AHAarpaMm
«COCTaB — CBOMCTBO». B KOCBEHHBIX MeTOJax omnpejeleHHOe CBOHCTBO CJy-
JKHUT yKasaTesneM (IOLOOGHO HHAMKATOPY) KOHIA peaKLUHH, T. €. B KOCBEH-
HBIX METOJaxX HCIOJIb3yeTCs NaHHOe CBOHCTBO ONpeNeJisieMOro BeLlecTBa AJS
¢huKCcHpOBaHHA KOHIlA Mpollecca B3aUMOJAEHCTBHSA (HanpuMep, mpoliecca Hel-
TpaJu3alliu) ONpeje/sieMOro BelllecTBa ¢ PEaKTHBOM TOYHO H3BECTHOH KOH-
IeHTpauyH.

DH3UKO-XMMHYECKHE METOAbI, OTIHYasCh BHICOKOH YYBCTBHUTENHHOCTHIO
M 3KCIPECCHOCTbIO BHINOJHEHHS, BAIOT BO3MOXKHOCTb aBTOMAaTH3HPOBATb XH-
MHKO-aHaJHTHYeCKHE ONpeJleleHHss M SIBJISIOTCS He3aMeHHMBIMHM MpH aHa-
JIH3e MaJblX W yJbTPaMaJblX KOJHYECTB HEOPraHHYeCKHX U OpraHUYeCKHX
BemlecTB. PU3HKO-XMMHYECKHM METOJaM NpPHHAMJNEXHT BeAyllasi poJb B aHa-
JIUTHYECKOM KOHTpOJIe NPOH3BOACTBA Ha OOJbLIHX NPEANPHATHAX XHMHYe-
CKOl MPOMBIIIJIEHHOCTH, H OCOGEHHO B KOHTpOJie NMPOH3BOJICTB, HCHOJbL3YIO-
IIUX B TEXHOJIOTHUYECKHX Ipolleccax BHICOKHE TEMIIepaTyphl M AaBJIEHHS, Or-
HeonacHble, SIOBHTHIEe, B3DbiBUaThbie M paJHOAKTHBHbIE BeliecTBa.

HenocratkaMu (H3UKO-XHMMHYECKHX METOJOB SIBJISIIOTCS OTHOCHTEJHHO
HEBBICOKAasi TOYHOCTb MHOTHX M3 HHX M HEYHHBEPCaJbHOCTb (3a HCKJIIOYe-
HHeM Macc-CrieKTpoMeTpHH). MHorue M3 HHX 1leqecoo6pasHo NPHMEHSITh
JIUIIb /ST MAacCOBBIX aHaJIH30B.

WHcTpyMeHTa/ibHbIE METOAbl THTPOBAHWS HEBOJAHBIX pacTBopos. IIpo-
rpecc, HabJ/10faeMblil B 06J1aCTH MHCTPYMEHTAJbHEIX MeTOJIOB aHaJ/H3a, OKa-
3aJ CHJIbHOE BJIHMSHHE Ha PAa3BHTHe aHAaJUTHYECKOH XMMHH HEBOIHBIX pac-
TBOPOB. BMmecTe ¢ TeM pasBHTHe aHAJHTHYECKOH M (DH3MUYECKON XUMHH He-
BOJHBIX PAcCTBOPOB IOCJYKHJIO OCHOBaHHEM sl JaJjbHeHIlero coBepUIEHCT-
BoBaHHs (PU3UKO-XUMHUECKHX MeTOHOB aHajusza. Oco6oe MecTo B 3TOM OT-
HOLIEHHH 3aHHMAIOT MeTOABl THTPOBAHHS HEBOAHBIX PacCTBOPOB, KOTOpHIe
IO HX NPHPOJE MOXKHO paccMaTpHBaTb KaK KJiaCCHYeCKHe MeTONbl THTpPH-
MeTpuyeckoro (06beMHOr0) aHajau3a, a Mo Crnoco6am BBHINOJIHEHHsST (HCKJIO-
yasi MHIMKATOPHble METOJbl) — KaK THIHYHble HHCTPYMEHTAaJbHble METOJbI.

VHTeHCHBHOE pa3BUTHE METOLOB THTPOBAHHS HEBOJHBIX DacTBOPOB
06GYCJIOBJIEHO TeM HeNpesoXHLIM (akToM, yTo 06/1aCTh THTPOBAHHSI BOLHBIX
pacTBOpPOB OrpaHHueHa eJHHCTBEHHBIM pacTBOpHTeJeM — BoAoi. IIpumene-
HHe MPaKTHYeCKH HeOrpaHHYEHHOro YHCJa HeBOJAHBIX pacTBOpHTeJell, XxapakK-
TepHU3yomuXcsd GOJbIIMM pa3HooOpasHeM (DH3MUYECKHX, XMMHUYeCKHX H (H-
3HKO-XMMHYECKHX CBOHCTB M CTPYKTYpPHl, OKa3blBAIOIIUX IPHUHIIHIHAJIBHO
HHOE 10 CPaBHEHHIO C BONOH BJIUSHHE HA CBOMCTBA PAaCTBOPEHHOrO Belile-
CTBa, MEXaHU3M B3aHMOAEHCTBHA H TEUEHHe XMMHYECKHX IIPOIIECCOB B pac-
TBOpax, Hapsly C LIMPOKHM HCIIOJNb30BAHHEM COBPEMEHHBIX (GH3HUECKUX H
(GU3UKO-XUMUUECKHX TNPHOOPOB M ammapaTypel OTKPBIIO HeHcuepraeMmble
BO3MOXHOCTH Il Pa3BUTHS METOLOB THTPOBAHHS HEBOAHBIX PacTBOPOB,
KOTOphIE yXKe B HacTosilllee BpeMs HaMHOIrO NpPEB3OLIJTH BO3MOXKHOCTH KJac-
CHUYECKHX METOJOB THTPOBAHHS BOAHBIX PAacCTBOPOB.



Fmasa I

OCHOBbLI ®U3NUYECKHUX U PU3UKO-XUMHYECKUX
(UHCTPYMEHTAJIbHbIX) METOJOB AHAJIU3A

§ 1. OcoGenHocTH QH3HUECKHUX H (PU3HKO-XMMHUYECKUX
(MHCTpYMeHTaJbHbIX) METOAOB aHAJIK3a

BrinosHeHHe KOJIMYECTBEHHBIX ONpelesieHHH IpaBHMETPUUYECKHUM M THT-
pUMETPHYECKHM MeTOJaMH XMMHUYECKOrO0 aHa/JH3a HHOrJa CBfI3aHO C 6O0Jb-
IIMMH TPYAHOCTSIMH (cM. KHHra 2, «BBemeHue», § 3), rmaBHBIMH U3 HHX fIB-
JISTIOTCS:

1) Heo6XOAHMOCTb NpPENBapPUTENbHOTO OTHENEHHUSI ONpelessseMOil YacTH
OT npuMeceli;

2) cpaBHHTEJbHO HeGOMbIIAS YYBCTBHTEJIbHOCTb, OTPAHHYHBAONIAS NPH-
MeHeHHe KJIaCCHYeCKHX METOJOB /Il aHa/JH3a MaJjblX KOJHYECTB OIpeje-
JITeMBIX BeIeCTB;

3) Goablune 3aTpaThl BpeMeHH (OCOGEHHO B I'PaBHMETPHUECKOM METOJE)
Ha NMpoBeJeHHe MOJHOrO aHaJ/u3a.

VHcTpyMeHTa/NbHEIE METOABI OTJIHYAIOTCSI NOBBILIEHHOR MO CPaBHEHHIO €
KJIaCCHUECKHMH MeTOJaMH YyBCTBHTE/JbHOCTBIO M 3KcHpeccHocThio. I1pu ana-
Jau3e GU3HYECKHMMH H (DH3HKO-XMMHYECKHMH METONAMH, KaK NPaBHJO, Tpe-
6yeTcsl He3HaYHTeNbHOe KOJIMYeCTBO aHA/JH3HPYeMOro BEIIeCTBA U COLEpIKa-
HHe ONpele/sieMOro 3JeMeHTa B o0paslle MOKeT ObITb YPE3BbIUYAHHO MaJio;
BO MHOTHX CJy4Yasix OTmajnaeT HeOGXOAHMMOCTb OTHEJEHHS ONpeaessieMbiX
KOMIIOHEHTOB OT JAPYTHX COCTAaBHBIX YacTeidl aHAJIM3HPYEeMOro BelllecTBa, a
TakKXe HeoOGXOIWMOCTb NPHMEHEHHS HHAWKATopoB. [lis mpoBeleHHs aHa-
au3a (GHU3NKO-XHMHYECKHMH MeTOJaMH HepelKo TpeOyeTcsl BCEro JHIIbL He-
CKOJIbKO MHHYT.

§ 2. OGnacTu NpUMEHEHHs] HHCTPYMEHTAJbHBIX METOOB aHAJAH3a

IITupokoe HCHOJB30BAHHE B XHMHKO-aHAJHUTHYECKHX LeJsIX pPa3Hoo6-
pPasHBIX MHCTPYMEHTAJbHBIX METOLOB O6YCJOBIHBAETCS BO3POCIIHMH TpeGo-
BaHHSIMH Pa3BHUBAIOLIHXCA OTpacJjeil MPOMBIIIJIEHHOCTH, HAYKH H HOBOH TeX-
HHKH, CJIOXKHOCTbIO npobJaeM H 3ajay, pellaeMblX XMMHKaMH-aHAJHTHKAMH,
H OrPOMHBIM TeXHHUECKHM IIporpeccoM B 006./1aCTH NPOHM3BOACTBA MpENHU3H-
OHHOHN (PH3HYECKOH M XHMHMYECKOH anmapaTypbl H YHHKAJbHBIX 3JEKTPOHHBIX
npu6oOpoOB U MalIHH.

HWncTtpymenTanbHele METOABl aHANHM3a HCHOJB3YIOTCS B PAa3JIHYHBIX 06-
JIacTAX HayKH M TeXHHUKH. MOXHO HasBaThb CJeAyIOllHe NPHMEpHI NpHMEHe-
HHUSl 3THX METOHOB:

XHUMHKO-aHAJUTHYECKHH KOHTPOJb C Iesblo OOecreyeHusi ONTHMaJbHO-
CTH XMMHKO-TEXHOJOTHYECKHX INIPOLeCCOB, aBTOMAaTH3alUHH u c6opa Heo6xo-
IuMo# HHGOpPMALUH O COCTOSIHMM OTIE/IbHBIX 3BEHbEB (DH3UKO-XHMHYECKHX
¥ TEXHOJIOTHYECKHX IPOIIECCOB;

BHINIOJIHEHHE HAyYHO-HCCJEeN0BaTeNbCKUX PaboT B 06/1aCTH XUMHH U XH-
MHYECKOH TEXHOJIOTHH AJIS NOJIyyeHHs OOBEKTHBHOH HH(OpPMalHH O Teye-
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HHH peakilufi, OlleHKH BBIXOZOB MPOLYKIUHH H YHUCTOTHI MOJYy4YaeMbIX COEHH-
HEHHH, onpeneseHus: MOGOYHBIX NPOLYKTOB, HAJHUHSI MpHMecell B HCXOJHLIX,
MPOMEXYTOUHbIX H KOHEUHBIX NpPOAYKTaX peaKLHH, H3y4yeHHSI CBOHACTB H
CTPOEHHS BellecTB H T. I.;

JKCIIepUMeHTaJbHasi NPOBEpPKa TeOpeTHUeCKHX IIOJIOXKEeHHH B pPasJiHy-
HBIX 06/1aCTSIX XHMHUECKOH HayKHu;

aHaJIM3 BeUIeCTB BLICOKOH YHCTOTH M CHELHAJbHBIX TEXHHYECKHX MaTe-
pHaJOB, IpUMEHSIeMBIX B PAa3JIMYHBIX O06JIAaCTSIX HOBOM TEXHHKH;

6e3bIHAHKAaTOPHOE (HHCTPYMEHTaJ/JbHOE) THTpPOBaHHE BOJHBIX H HEBOZX-
HBIX DPacCTBOPOB;

MaccoBble aHaJH3bl MHHEPaJoB, CHIHKATOB, Pa3HOOGPA3HBEIX MOJE3HHIX
HCIIOKaeMbIX HEOPraHHYeCKOro U OpPraHHYeCKOro NpPOHCXOXJAEHHS, MeTeOpH-
TOB, PEIIKUX H PACCESTHHBIX 3JIeMEeHTOB, METAaJJIOB, CIIJIABOB, HEMETAJIJIOB, MO-
HOKPHCTAJJIOB, KaTaJH3aTOpPOB, NOJYNPOBOAHHKOBLIX MaTepHaJsoOB, NJaHET-
HBIX TPYHTOB U T. IL;

aHaJIu3 OKpyxKalolleli cpeabl:

atMochepn — razoo6pasHoil 060J0OYKH 3eMJd H APYTUX INJIaHET;

ruapoctepbl — BOLHON 060JOYKH 3€MHOTO I1apa (OKeaHbl, MOps, 03epa,
PEKH, MHHepasbHble HCTOYHHKH, apTe3HAaHCKHe, CTOUHble W IPOMBIBHBIE
BOJHI);

. auToctepsl — BepXHel TBepnO#l 060JOYKH 3eMHOro mapa (3eMHas Kopa,
ocaJiouHble M BYyJKaHUYeCKHe TOpDHBIE NOPOABI, MOYBH, MODPCKHE OCaIKH,
pYyIbl, MHHEpaJEl, I0JIe3HblE HCKOMaeMble).

Pasputve pasHooOpa3HBIX obsacTteil XUMHuH, (H3HKH, DagHO3JEKTpo-
HHKH, aTOMHOH 3HEpTeTHKH, Jla3epHOH TeXHHKH M ADYIHX OTpac/iei HOBOH
TEXHHKH, B KOTOPBIX HCIIOJNIb3YIOTCS BelleCTBA BBICOKOH UYHCTOTHI, Hepas-
PHIBHO CBSI3aHO C NpPHMEHEHUEM BBICOKOUYBCTBHTEJBHBIX MeTOROB daju3a
MeTaJJIOB, HEMETAJJOB M HX COEJHHEHHH, CHJIaBOB, HHTEPMETAaJJIHYECKHX
COelMHeHHuM, JTIOMHUHODOPOB, MOHOMEPHBIX H NOJHMEPHBIX OPraHHYECKHX CO-
€IMHEeHU# u T. I.

Camble He3HauuTesabHble mpuMecu (mopsaka 10-5—10-%9%) mnocropos-
HHX 3JIeMEHTOB MJIM HX COEIUHEHHH JeJaloT MaTepHaJsbl HENPUTOAHBIMH JJIs1
NpHMEHEHHsT MX B HOBOH TexHuke. Hampumep, NMpPHCYTCTBHe MHJIJIHOHHEIX
JoJiefl mpOolleHTa NpUMeceil HEKOTOPBHIX 3JEMEHTOB B CIELHaNbHBIX CIJIaBax
PEe3KO CHHXKAeT HX KaueCTBO; He3HAuHTeJbHbIE NOCTOPOHHHME BKJ/IOUEHHH Jie-
JIAIOT MHOTHE METaJJbl OUeHb XDYNKHMH, TOrla Kak I0C/Te TIIATeJbHOH
OUUCTKH 3TH METaJ/JIbl CTAHOBSATCA BSI3KMMH, KOBKHMH H MjacTHYHbIMH. Co-
IlepXXaHUe B NOJYNPOBOAHHKOBBIX MaTepHasiaX CaMBIX MHHHMAaJbHBIX KOJH-
YeCTB NMOCTOPOHHHX 3JIEMEHTOB NPHUBOLHUT K NOJHOH HENPHTOLHOCTH HX IS
PanHO3/eKTPOHHKH; TaK, B KDeMHHH M Te€DPMaHHM, NPUMEHSeMBIX B IIPOHU3-
BOJCTBE 3JIEKTPOHHBIX IPHOOPOB, COAEpXaHHe NOCTOPOHHUX IIpHUMeceidl He
nomxHo npesbimiath 1077%, a B HEKOTODHIX CJy4asiX He HOJKHO NpPEBHI-
IIaTh OJHOIO aTOMa NPHMECH Ha MUJJIHAPJ aTOMOB KPEMHHS HJIH TepMaHHus.

.. BypHo pasBuBalomascss HOBasi TeXHHKa NoTpe6oBaja GHICTPOro COBEp-
IIeCTBOBAHHS MeTONOB aHanu3a. ONHAKO KJIacCHYeCKHe METOAbl aHaJH3a
BCJEACTBHE HX MaJOH YyBCTBHTEJbHOCTH 4acTO OKa3bIBAlOTCS HEIPHrOi-
HBIMH [JIl OIpelle/ieHHs] yJbTpaMaJjblX KOJHUeCTB NpuMecedl. BosHukmas
npo6siema pa3pabOTKH METOJ0B ONpeae/eHHsl yAbTPaMaJsblX KOJHYECTB NPHU-
‘Mecell OKa3aJjiachb INpPaKTHYECKH pa3pelleHHOH IIHPOKHM HCIOJb30BaAHHEM
pa3Hoo6pa3HbiX (PH3NYECKHX H (H3HKO-XMMHUYECKHX METONOB aHaJH3a: Xpo-
mMartorpaduyu, HOHHOro o6MeHa, 3KCTPaKUHUH, CIIeKTPOCKOMHH, JIOMHHECIEHT-
HOTO aHaJu3a, noJsporpadui, PeHTreHOCKONHH, MacC-CNeKTPOMETPHH, pa-
;AMOMETPUUECKHX, paJHODU3HYECKHX, KHHETHYECKHX M ADYTHX, OCHOBAHHBIX
‘Ha. ‘IPUMEHEHHH INPELUU3NOHHBIX (GHU3HUECKHX H OGU3HKO-XHMHUECKHX IIDH-
60poB.
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B npakTuky MeTOLOB aHaj@3a 0cOGO YHCTBIX BEIleCTB H OMNpeleseHust
CJEIOBBIX KOJMHYECTB npuMeceil nopsizka 10—5—10-%9%, a Takxe cosgaHus
3¢ (}EeKTHBHBIX METONOB HX KOHLEHTPHPOBAHHSI B COYETAaHHH C YCOBepIleH-
CTBOBAHHBIMH MeETOJNAMH aHajJH3a KOHLEHTPATOB CYIIECTBEHHBIH BKJAX
BHecJsu Jaypeatsl ['ocynapcrsennoi npemun H. I1. Anumapun, 10. A. 3omo-
toB, M. C. Uynaxun, 10. B. fIxosaes (FTEOXHW AH CCCP), B. T. T'opio-
wnHa, B. B. Hemnep (T'mpenmer), E. A. BoxesoasnoB (MPEA).

§ 3. YyBCTBUTEABHOCTb M TOYHOCTH OMpeeaeHHil

YyscTBUTEAbHOCTb. 16 YYBCTBHTENIBHOCTH MEPBOE MECTO 3aHHMAIOT
Macc-CIeKTpaJibHblil H paZHOAaKTHBALMOHHBIN METOLH aHAaJ/H3a; 3a HUMHU CJe-
IYIOT IIHPOKO MNpPHUMEHSIEMBble CNEKTPasbHBIH, CIEKTPOPOTOMETPHUYECKHH H
noasiporpauueckHii MeTOBbI.

Jnsi cpaBHeHHsl NpUBELEM UYYBCTBUTEJbHOCTH ONpeNeSeHHS HEKOTOPHIX
9JIEMEHTOB Pa3/JIHYHbBIMH METOLAaMH: THTPUMETPHUECKHM MOKHO JIETKO Ompe-
zeautb okoso 10-'9%, rpaBuMeTpHuecKHMM — okKosio 10-29%; crmeKTpocKOmH-
yecKUM H  (¢oTokosopuMeTpuueckuM — 102 — 10-59%; dayopomerpuue-
ckuM — 10— — 10~7%; kunetnyecKuMu — 10-6— 10-8%; pamHOXMMHYeCKH-
MH H MCKPOBO# Macc-cnektporpapuu — 10~8— 10-%9%; meromom HeHTpOH-
‘HOTO aKTHBALlHOHHOTO aHaJ/IM3a QIpelessioT MHOTHe NPHMeCH B KOJIHYeCTBax
MeHee 10—8—10-99,.

Hanpumep, anoMHHHI MOXKHO ONpENEJHTb METONOM aMIeDOMETPHUECKOrO THUTPOBAHHS
B TOM CJydae, €CJH ero conepxaHue npesbimiaer 200 MKr/MJ; MeTOLOM IJIaMEHHOH ¢OTO-
MeTpun — 20 MKT/MJT; crnekTpanbHbiM — 0,2 MKT/MJT; CMEeKTPOGHOTOMETPHUECKHM —
0,002 Mgr/ma; aktuBauuoHHbIM — 0,00002 MKr/mi. [IpyrdMH CJIOBaMH, YYBCTBHTEJbHOCThL yKa-
3aHHBIX METONOB IPEeBHIIAET YYBCTBHUTEJIBHOCTb METOLA aMIIEPOMETDHYECKOTO THTPOBAHHS
npu6au3uresnpdo B 10; 1000; 100 000 1 10 000 000 pa3 COOTBETCTBEHHO.

ITo TounocTH MHOrHe MHCTPYMEHTAJbHbBIE METONBl aHaau3a YCTynaworT
KJlaCCUYeCKHM H 0co6eHHO rpaBHMeTpHuecKoMy Metony. Hepemko rpasu-
METPHYECKUM H THTPHMETPHYECKHM METOJaMH JOCTHUraeTcs TOYHOCTH, OIpe-
JejisieMasi COTHIMH H JeCATHIMH HOJSIMH OPOLEHTA, a NPH BHIIOJIHEHHH aHa-
au3a (PU3HKO-XHMHUECKHMH METOJAMH OIIMOKHM OMNpeleJeHHi COCTaBJSIOT
5—10%, a uHOrma ¥ 3HAUHTEJbHO OOJIbLIE.

Tounoctb. Ha ToyHOCTh omnpepnesneHuit (IIOMHMO OIUHGOK B3BEIIWBAHHS
H OGBbEMHBIX H3MepeHMH) B 3aBHCHMOCTH OT MeToAa aHa/H3a OKa3blBaloT
BJIUsHHME pa3iuyHble ¢pakTophl. Hanmpumep, Ha TOYHOCTb 3MHCCHOHHOTO aHa-
JiH3a OKa3bIBAIOT BJIHSIHHE:

MeTOJ, B35ITHs cpelHell mpoOGbl aHAJIU3UPYEMOTO BEILECTBA;

HEMOCTOSIHCTBO HCTOYHHKA BO30YXKIeHHS (3/eKTPHUeCKOH AYTH, HCKPHI,
MJaMeHH TOpeJIKH);

3HayeHUe OMHOKH (HOTOMETPHUECKOTO H3MepeHHUs;

HErOMOTEHHOCTb (oTOrpaduueckoil 3MynbCHH (B Cayyae CHeKTporpa-
¢uu) u T. I

ITo Mepe yMmeHblIeHHs] CONEPKaHHS NpHUMecell B JaHHOM aHaJH3HpYye-
‘MOM 00BbeKTe TOYHOCTb H BOCIPOH3BOJHMOCTb Pe3yJ/bTaTOB HX ONpeeseHHs
CHHUXKAIOTCH.

ITpu ananuse c6pa3uos, colepKallUX HUYTOXKHBIE KOJNHUYECTBA ONpexe-
JsieMBIX NpHMeceH, eCTeCTBEHHO, cjeAyer npuberatb K Haun6ojee YyBCTBH-
TeJbHBIM MeTOJaM aHaJu3a, MO3BOJSIOUIUM ONpeNessiTh MaJjbie KOJHYECTBA
sarpsisHenuit (106 — 10-29%). Ho B cBsi3u ¢ TeM yTO 0CO60 YYBCTBHUTENBHLIE
METOABl, KaK NPaBHJO, SIBASIOTCS MeHee TOYHBIMH, IIDH aHa/H3e BbICOKOYH-
CThIX BEILECTB JIDHXOJUTCSI MHDHTbCS CO CHHXKEHHEM TOYHOCTH pPe3yJbTaToB
aHaJsu3a. e
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W3 3Toro BHITEKAeT BaXKHBIH BBIBOJZ, YTO HE BcCerma CJeAYyeT npnﬁera'rb
K 0co60 YYBCTBUTEJIbHBIM M€TOAAaM aHaJiu3a, Korma B 3TOM HET H606X0)1Pl-
MOCTH.

IMosicaum 310 Ha npumepe. Ecau Tpe6GyeTcss onpefesuTb C TOYHOCThIO mo 10—1—T10-2%
colep:KaHHe OCHOBHOrO KOMIIOHEHTa (COCTaBJIsIONero, HampuMmep, 50%) B TeXHHUECKOM Ma-
TepHaje, TO B 3TOM CJyyae HeT HeOOXQQHMOCTH IIOJIb30BAThbCs BBICOKOUYBCTBHTEAbHBIMH
Macc-CreKTPOMeTPHYECKHMH, DPaJHOAKTHBALMOHHBIMH MJH KHHETHYECKHMH MeTOAaMH aHa-
au3a. B momo6HbIX ciydasx Helleslecoo6pa3HO NMPHMEHSATb CJIOXKHOe H JOpOrocrosimee 06o-
pYyLOBaliHe, a BIIOJHE NOCTaTOYHO BOCIOJB30BATbCS TPAaBUMETPHUECKMM HJM THTPHMETpHYe-
CKHM MeTOJaMH, KOTOpDble NPH BBEICOKON TOYHOCTH O00JiafaloT MaJjoil 4yBCTBHTEJbHOCTHIO.

Bumecte ¢ TeM mas onpenenenust 10-7—10-2% HeKOTOPHIX TIPHMECHBIX 3JIEMEHTOB HIH
HX COeJlHHEeHHH, COJep KalluXcsi B 0cO00 YHCTHIX BeIECTBAX, KJACCHYeCKHe XHMHUECKHe Me-
TOJbl aHAJH3a OKa3blBAIOTCH HELOCTATOYHBIMH.

llogbienne YyBCTBHTENBHOCTH. /i HOCTHXKEHHS UYBCTBUTEABHOCTH
METO/OB ONpe[eJeHHsI NpHMeceH, HeNOCTYNHOH NpHU MOJb30BAHHH XHMHYE-
CKHMH MeTOJaMH, cJefyeT npu6Geratb K HHCTPYMEHTAJbHBIM MeTOLaM.

MeTogoM mnOBHILIEHHS YYBCTBUTEJBHOCTH SIBJAsSeTCS IpeABapHTeJbHOE
KOHIIeHTpHPOBaHHe NpPHMecell MHKPO3JeMEeHTOB, COUeTAaEMOE C MOCJ/Ie IYIOLINM
aHa/M30M IOJNYYEHHOTO KOHIIEHTPAaTa BBICOKOYYBCTBHTEJNbHBIMH METOLAMH.

IIpenBapuTenbHOoe KOHIEHTPHPOBAaHHE NpHUMECEH 3JEKTPOXHMHUYECKHMH
H xpomarorpaduuyecKMMH MeTOAAMH, a TaKXKe METOJAaMH COOCaKIeHHs C
OpraHHYeCKHMM H HEOPTaHHYECKUMH COOCAJHUTENSIMH (HOCHTENSIMH, KOJJeK-
TOpaMH), SKCTPaKLUHeHd, NMUCTHANSLUEH HJIH OTTOHKO# M03BOJIsIeT HOBHIIIATH
YyBCTBUTEJIbHOCTh onpeneneHuit no 10-39%. Hanpumep, KOHLEHTpHpOBaHHe
yJAbTpaMaJblX KOJTHYECTB ONpENeNsieMblX 3JIeMEHTOB HA HEMOABHXKHOM 3JEKT-
pole, COMpPOBOXKAAIOLleecss MNOCJAeNyIOUMM aHOAHBIM pacTBOpeHHeM, Aaer
BO3MOXKHOCTb YBEJHYHTb YYBCTBHTENbHOCTb HOJSPOrpacHuecKoro MeTona
or 105 mo 10—8%.

HeckoabKo JeT Hasaj CYMTaJH, YTO KOHIeHTpHpoBaHue B 50—T00 pas
siBJIsIeTCA YIOBJETBOPHUTEIbHEIM. B Hacrosiiiiee BpeMs pemraercsi 3agaua 6o-
aee s dextuBroro oboramenus (B 100000 — 1 000000000 pa3) c BEIXOAOM
ONpefieIsIeMOro 3JeMeHTa, COLepKallerocs B BUIe IPHMECH B JAaHHOM aHa-
ausupyeMoM o6bekte, 10 95—99%. Hanpumep, W. I1. Anumapus ¢ corp,
ONpUMeHsisi MeTOA paclpeleuTeJ]bHOl XpomaTorpaduu ¢ HCIOJAb30BaHHEM
B KauecTBe HEMOABHKHOI (asbl (PTOPONIaCTOBOrO MOpoIIKa H TPHOYTHIGOC-
darta, CKOHLUEHTPHPOBAJM CJEABLl Ta/JIUl B NPUCYTCTBHH GOJNBIIHX KOJH-
4yecTB aJIIOMHHHUS, NPH 3TOM KO3 HUUHeHT o6orameHtss cocTaBuI okoso H)7,
a BBHIXOJ OmpenessieMoro ajemeHTa (rannus) AocTur Gosaee 999%.

H3BecTHble mpeuMyLIecTBa NaeT cOueTaHHe 1 KOMOHHHPOBaHHE HECKOJb-
KHX MeTOJAOB KoHUeHTpupoBaHus. Hampumep, k OGosbluieir cTemeHu o6ora-
IeHus] MUKPOKOMIIOHEHTOB, YeM KOHILeHTPHPOBaHHe MHAMBHAYaJbHBIMH Me-
TOLaMH, IPHBOIHT COYETaHHE METOAA KOHLUEHTPHPOBAHHS CJeJOB 3JEMEHTOB
NyTeM COOCaXKAEHHS B MPHCYTCTBHH OPraHHYECKHX H HEOPTaHHYECKHX COO0Ca-
IUTeNed ¢ OPYrHMH MeTofRaMHu oborallleHHs, 0COOEHHO C 3KCTpakKiuei.

IMomumo onucaHHbX paHee (KHHTH 1 u 2 «OCHOBBI aHa/JUTHYECKOH XH-
MMH») METOJOB ONpejeseRHs 3JeMEeHTOB H3 OueHb Pa3baBJIeHHBIX PacTBO-
pos (1:10'®) MOXHO NpHBECTH B KAa4yecTBE HOBOTO NPHMepPa MpPeaJNOXKeHHBIH
T. I'. Akumosoit u O. I1. EnnceeBolt MeTol KOHUEHTPHPOBAHHS KIOpHS, KO-
JHYEeCTBEHHO COOCAaKJAAaeMOro B BHe KOMIJIEKCHBIX COeJHHEHHI C 0CaJKaMH,
o6paszoBaHHbIMH pearenTamu apcexaso I, II u III B koMm6unauuu ¢ Kpucrani-
JINYeCKMM (QHOJNETOBBIM. DTHM METOIOM MOXKHO OTHENATh KopHi or 10°-
KpaTHBIX KOJIMYeCTB MarHus. o

Cy1uiecTBeHHOE BJIMSIHKE Ha NOBbIIIeHHEe YYBCTBHTENbHOCTH METOIOB aHa-
J13a OKa3blBaeT yCOBEPIIEHCTBOBAaHHe CYIIECTBYIOIIHX MeTomoB. Tak, yco-
BepILIEHCTBOBAHHE 3JIEKTPOXMMHYECKHX METOLOB IO3BOJHJO Ha HECKOJIBKO
NOPSIIKOB TOBBICHTb MX UyBCTBHTEJbHOCTb. Vlcmosnb3oBaHnue GoJiee MOLIHBIX
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HEATPOHHBIX IMOTOKOB YBEJHUYHBAeT YyBCTBHUTEJbHOCTb M CEJEKTHBHOCTb pa-
JHOaKTHBAIlHOHHOrO aHaJiM3a; MOBBIIIEHHE paspeliamileil CHOCOGHOCTH
raMma-CreKTpOMETPOB INPHBOAHT K YBEJIHYEHHIO YYBCTBHTEJBHOCTH Macc-
CIHEKTPOCKONMUYECKOTO0 MeTOAa; NpHMEHeHHe HH3KHX TeMmepartyp (4O
—180°C) yBesnunBaeT YyBCTBHUTEJbHOCTb JIOMHHECIEHTHOTO ONpeNesIeHHs
CJIeJJOB METaJJIOB ¥ T. [I.

§ 4. Coyeranne U KOMOHHHPOBaHHE PA3JHYHBIX
METOJ0B aHaJu3a

OnHuM M3 MepCrneKTHBHBIX HayYHBIX HampaBJeHHH PasBHTHS aHAJUTH-
4eCKOH XHMHH siBJIsseTCs ompasjaBluasi ce6s Ha NpaKTHKe TEHAEHIHs cOye-
TaHUS M KOMOHMHHDOBAaHHS pPa3HOOOPa3HBIX METOLOB pa3lesleHHs aHaJH3H-
pPyeMBIX MHOTOKOMIOHEHTHBIX CMecel, KOHLEHTPHPOBaHHS MHKpOIpHMeceil
M QHU3HUEeCKHX W (U3MKO-XHMHUECKHX METONOB KOHEWHOro Omnpeje/ieHHsl Be-
IeCTBA C NPHMEHEHNEM 3J1eKTPOHHBIX BBIYHC/IHTEJNbHBIX MamwuH (BM) (cm.
kuura 2, ra. II, § 25).

IlpuMepamu Takoro poma KOMOHHHPOBAHHSI HECKOJNBbKHX METONOB $B-
JSIOTCA:

1) coueraHMe 3JEKTPOrpPaBUMETPHUECKOrO OIpPEeeJeHHsI OCHOBHOIO
(rnaBHOrO) KOMIIOHEHTA aHaJH3UpyeMOH CMeCH C moJasporpaduedl MHKpO-
npHMecei;

2) xpomartorpaduyeckoe pasjgeseHHe MHOTOKOMIIOHEHTHBIX CMeced —
nosasiporpausl oTAEeNbHBIX (paKuui;

3)Ta30-xKHAKOCTHasE Xpomartorpadus — Macc-CeKTPOMETPHS — IMHuC-
CHOHHBIN CHEKTPaJbHbI aHaAu3 W aGCOPOLHOHHAS CIEKTPOCKOMHUS;

4) sxcrpakuusd — doromerpus (aTOMHO-abCcOpOUHOHHAA cHeKTpodoTo-
MeTpHsl) Hu Ap.;

5) skcrpakuus — nuddepeHHpOBaHHOE TUTPOBAHUE;

6) xpomartorpadusi (3KCTpakIusi)— Macc-CiekTpoMerpus — IBM;

7) XuMHYecKHe METOABl KOHIIEHTPUPOBAHHSI — HCKPOBas Macc-Clek-
Tporpadus — IBM;

8) 3KCTpakNHusi — SMHUCCHOHHBEIM CIEKTPaJbHBIA aHa u3 — DBM;

9) rasosasi (unum HOHOOOMeHHas) xpomarorpadus — HK-cnekrpomer-
pusi — OBM;

10) peHTreHOCHEKTPaJbHBIH MHKPOAaHaJH3 — 3JE€KTPOHHAsI MHKPOCKO-
NHS TBEPABIX TeJ;

11) raso-xuakoctHas xpoMmartorpadus — aTOMHO-aGCOPOUHOHHAS CIIEK-
TPOCKOTIHS; ,

12) nuponus opraHuYeCKHX MOJHMEPHBIX MaTepHAJIOB — HH(pakpacHas
CHEeKTPOCKONHUS JKHIAKHX H ra3006pasHbIX NPOAYKTOB MHPOJH3a — aTOMHO-
a6copOIHOHHAST CIIEKTPOCKONHSI MHUHEpaJbHBIX BellecTB (HanoJHHUTesNe).

HHorna Takoe coueTaHHe HEKOTODBIX METONOB HA3bIBAIOT 2uUbpuUdHbLMU
merodamu.

§ 5. Mlpumenenne IBM B aHAJAHTHYECKOH XUMHH

ONIeKTPOHHbIe BBIYHCJHTENbHBle MamuHbl (DBM) Bce wmupe wucnosb-
3YIOTCsI B XMMHYECKHMX J1a60paToOpHaX B KaueCcTBe HEOThEMJEMOH YaCTH NpH-
6OpoB, 4TO MO3BOJISET MOJy4YaTb MaKCHMyM TpeGyeMoill mHbopMaiuu. 3Ha-
YHTEJbHOE BHUMaHMe ylesseTcs NpuMeHeHHI0o DBM pmisi peuleHus MHOTHX
TEOPETHYECKHX H 3KCIEPHMEHTA/bHBIX 3a/ay, HalnpuUMep MJisg pacyera Teo-
pPEeTHYECKHX KPHBLIX THTPOBAHHS H PABHOBECHBIX KOHLEHTpPaUHH. DTH NaH-
Hble OYeHb BaXXHbl I/ OOOCHOBAHHS ONTUMAJbHBIX YCIOBHH KOJIHYECTBEH-
HOTO ONpeAeAeHUs] METOJaMH THTPOBAHHA. BHINONHATD pacueThl, He NpHGe-
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ras K nomoumn JDBM, Heserko, Tak KaK B 3aBUCUMOCTH OT NPHPOIbI
PacTBOPHUTENS U COeJHHEHHH, THTPYEMBIX B HEM, HEOOXOAMMO NPUHUMATh BO
BHHMaHHe GoJibllloe YHca0 paBHOBecuil. OLHAKO /s YACTHBIX CJIydYaeB CY-
HIECTBYIOT OYeHb XOpOILIHe NPUOJMKEHHbIE METOABI pacueTa, NPemJOXKeHHb
H. IT. Komapem. :

C nomoutbio DBM B aHa/JHUTHUECKOH XHMHH MOXHO JIETKO BHINOJHSITh
pacueThl B He06X0JUMOM oGbeMe, obecrneyrBasi 3aJaHHYIO CTeNeHb TOYHOCTH.
3a nocsienHee BpeMs onyOJHKOBaH psifi paGoT, MOCBSALIEHHBIX pacueTy pas-
HOBECHBIX KOHIIEHTpauuil yacTHl, 06pa3yloLUHXCs NPU TUTPOBAHUH, H CO31a-
HHUIO IporpaMM 1Js pacuera Ha DBM.

Ha xadenpe ananutuueckoit xumuu MXTH um, . H. Menzeneena
paspaboTraHa nporpaMma pacyeTra PaBHOBECHLIX KOHIlEHTpalHil HOHOB B IpO-
Lecce THTPOBAHUS OCHOBAHHUAMH (MJH KHCJIOTAMH) KHCJIOT (HJIH OCHOBA-
HMiT), COmpoBOXKAamwllerocsi o6pa3oBaHHEM HENOJTHOCTBIO IHCCOIMHPOBAH-
Hoi coau. [lporpamma mpuromHa pnJas pacueta Ha IBM <«MUP-1»
H «MHuHCK>» *,

[Tpennaraemass nmporpaMma OTJIMYAEeTCs PSAOM TNpPEHMYLIECTB IO CpaB-
HEHHWIO C JPYTHMH H3BECTHHIMH METOLAMH pelleHHs LOAOoOHBIX 3amay. Oua
He TpebyeT CJO0XKHBIX anrebpanyeckKux npeodpasoBaHuil.

Pacuaertnl. [Ipomecc TuTpoBaHus, HanpuMep, OLHOOCHOBHBIX KHCJIOT OCHO-
BaHHAMH ¢ 06pa3oBaHHEM HENOJHOCTbIO JUCCOLMMPOBAHHBIX COJIEH B BOAHBIX
M HEBOJHBIX PacTBOpPaX OMHUCHLIBAETCH CHCTEMOH psfla PaBHOBECHII:

K
SHM —> HM* + M~ m
.
HAn + HM — H.M* + An~ ®)
KB
B+HM =—= BH'4{+ M~ 3)
1/K¢
BH* 4 An~ == BHAn 4

JI1s HaXOXKJEHHsl PaBHOBECHBIX KOHLEHTPAUHil HOHOB HEOGXOHHMO pe-
IIHTh CHCTEMY HeJHHEHHBIX ypaBHeHHI (5—11), cocTaBieHHYIO H3 BhIpaXe-
HUH [Jis PaBHOBECHBIX KOHCTAHT AHccOlMauuu KHCaoTh (K,), ocHOBaHHSA
(Kg), conu (Kc) u KOHCTaHTBl aBTONpoToJH3a pactBoputens (Ks):

K 4 = [H;M*] [An"]/[HAn] ®)
Kp = [BH] [M7]/[B] (6)
K¢ = [BH'] [An"]/[BHAR] ™
Ks =[H,M"] [M7] ®
MaTepHaJbHbIX 6aJIaHCOB MO KHCJOTE ¥ OCHOBAHHIO:
C, = [An~] + [HAn] + [BHAn] )
Cp = [BH*] + [B] + [BHAn] (10)

¥ YpaBHEHHs 3JeKTPOHEHTPaJbHOCTH:
[H.M*] + [BH'] = [An7] + [M7] (11)
rie [HAn], [B], [BHAnN] — KOHIEHTPAUUsT HeAHCCOUMHPOBAHHBIX MOJIEKYJ KHCJOTH, OCHO-

BaHus, couiH, Moab/a1; Ca, Cp — KOHNEHTPALUS KHCJIOTH M OCHOBaHHsS, MOJb/am; [HoM*]—
KOHIIEHTPALUsI CONbBATHPOBAHHBIX HOHOB BOJOPOJa, MOJb/JI.

* erzdrcoe A, I1., Henarenxosa E. H. 3aB. #a6., 1975, 1. 41, NQXlGZ c. 649—651.
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CosmectHoe pemleHHe ypaBHeHHit (5—10) naer ciaeayouiue Bhipaxke-
HHA IJ1s1 pacyeTa KOHUeHTpauuii monos An-, BH* u M-:
—El+ VEIZ+4-E-E2

2E

[An-] =
rae E = [HM*] 4 [H.MY1Y/K 4
El=K_ [H,M] - (Ca— Cp) [HM*]+ K, [H2M+]2/KA + KsK¢/Kp +
+ (KsKc/K 5K ) [HM'];
E2=C, (Ko [HM*] + KK /K ):

(12)

“s 13
14+ Kg/K g[ HM™| 4 [AnTI/K ()

[M7] = Kg/[Hym*] (14)

Onucanne nporpammbl. DBM «MHUP-1» o6ramaer o6beMoM NaMsATH
5000 siyeek, maHHasi nporpamMMma 3aHumaer 1800 siueek, uTO JaeT BO3MOX-
HOCTb MOAH(HIMPOBATDH €e. '

OcHoBHBIE 0603HAYEHHS], IPUHSTHIE B IPOrpaMMe:

CA, CB — koHuenTpauus KucaoThl U ocHoBauusi (Ca, Cg);

KA — koncraHTa nuccounanuu Kucaotsl (Ka);
KB — xoncranra auccounaiuu ocHoBauus (Kp);
KC — xoncranra guccounauuu conu (Kc);
KS — koncranra aBronporonusa pacreopurens (Ks);
H — koHueHTpauusi coJbBaTHPOBAHHBIX HOHOB Bogopoza [HoM*];
HO — navasbHoe (npenbinyuiee) snauenue [HoM*];
HIT — nocaenymwoulee snauenue [HoM*];
T — pasHuIla MeXOy HpeAbAyUIMM H MNOCJAeNYIOIINM 3HauyeHHs-
MH KOHIIEHTPAlHH COJbBATHPOBAHHBIX HOHOB BOZOPOJA;
D — KoHIeHTpauuss aHHOHOB KuCJOTH ([An-]);
C — KoHIleHTpalus KaTHOHOB ocHoBaHus ([BH*]);
I' — KonuenTpauus aHHOHOB pacTBopurteas ((M-]);
'Y — mar npubauxenus no H;
EPS — 6eckoneudo maJgasi (3agaHHasi cTeeHb TOYHOCTH); *
ABS — aGcoJIIoTHOEe 3HayeHHe IepeMeHHOI;
JIt, Ji12, J13, J14, JI5, JI6, JI17, O, M, I, J, Fl, X — nepemenHble (Bcro-
MoraTeJbHbIE) ;

[BH'] =

Q — yHCJI0 TOYEK THTPOBAHHS;
L1, L2, ..., L9, Kl — meTkH;
“K* — KoHell nporpamMMmsl.

Beopn paHHbix. McxonHasi uHdopmanus (3HayeHHs] KOHCTAHT JMCCOLHA-
MM KHCJOTHI, OCHOBAHMs, COJIM, 3HAaueHHe KOHCTAHTH aBTONPOTOJNH3a pac-
TBOPMTeJISI, HCXOAHAsl KOHIEHTPAIUsl KHCAOTbl U OCHOBAHHsI, HayaslbHOE 3HA-
yeHHe KOHIEHTPAlUH COJbBATHPOBAHHBIX HOHOB BOLOPOAa, 3HaueHne EPS)
BBOAHTCS B MAlMHY C NMOMOIIBIO ONMHMCATeJbHON YaCTH NPOrpaMMbl (Hayano

onucatenpnoi yacti 11l «I'’ME» HO =...; KA= ...; KB=...; 0 1. L.
KA, KB, ...— necaTuuHble 4Hcaa). 3HaueHHs KOHLEHTPAUUH OCHOBAHHUSA
(THTpaHTa) BBOAATCS B MPOrpaMMy B BHAe ofHOMepHoro maccusa CB[Q]=
= ...,e..,... (r1e Q— yuCJO TOUEK THTPOBAHHA).

Ecau B 3amucu MCXoXHO¥M MHGOpPMalUHM HoNylleHa omubKa, TO MallMHA
HayHeT pacneyaTKy MPOrpaMMBI H OCTAHOBHTCS Ha MecTe [ONYLIeHHOH
OIKMOKH, APYroro KOHTPOJS 3a MCXOAHOH MH(pOpMalueid B HpOrpaMme Her.

BbiBoj, JaHHbIX. Bce natHble BBIBOASITCA Ha IIMPOKylo neyatbh. CHayana
NeyaTaeTcs 3aroJOBOK, 3aTeM MO HUM IeyaTaloTcs: HauaJbHas KOHIEHTpa-
LMSL KHCJOTBI, KOHCTAHTHl ZHCCOLHANUMH KHCJOThl, OCHOBAHHS, COJH, KOH-
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CTaHTa aBTONPOTOJAH3a pPACTBOPUTENS. BhIUHC/IeHHBIE 3HAaYeHHs PaBHOBEC-
HBIX KOHLEHTPAllHH HOHOB BBIBOASTCS HA NeuaTh B BHAE TaOJHUIHL

B nporpamme mnpeaycMoTpeH BBIBOJ TOJBKO HA3BaHHBIX HEepPEeMEHHBIX
U KOHCTaHT, JiJis BbIBOZla HA NeyYaTb KaKHX-AH0O0 NPOMEXKYTOUHBIX pe3yJ/IbTa-
TOB BBIYHCJIEHHH WJIH JONMOJHUTEJbHBIX HAHHBIX B IPOrpamMMmy HeoOXOAHMO
BBECTH [OIMOJIHHTENbHLI onepatop BeiBoja «BbIB» ¢ ykasanmweM nHTepe-
CYIOLHX BEJHYHH.

PaGora nporpammel. PacyeT paBHOBECHEIX KOHIEHTPAIW HOHOB-BEJIeTCs
METOLOM IOCJ/IeNOBaTeJbHbIX NPUOHANKEHUN.

3HayeHHs KOHCTAHT [HCCOLMALMH KHCJAOTH, OCHOBAaHHsS, COAH, KOH-
CTAaHTbl aBTOHPOTOJIM3a DPacTBOPHTEJS, UCXOLHAS KOHIEHTPALHS KHCJIOTBI
CYUTBHIBAIOTCST M BHIBOAATCA Ha LIMPOKYIO IeuaTh Nox 3arosoBkoM. H mnpm-
cBauBaercs 3Hauedue HO u npu stom 3nauennun H paccunthiBaloTcsi KOH-
IxeHTPAaliiH @HHOHOB KHCJIO0TH D, katnoHoB ocHoBaHus C M aHHOHOB PACTBO-
purens I' no ypaBmenusim (12—14) co 3uauenusimu CB B mnepBoil TOuKe
TUTpoBanus. Ilo noayuyenHreim 3uaueHusm D, C u I' u3 ypaBHeHHs 3JIeKTpO-
He#dTpanbHocTH (11) HaxomuTcs mocaenyiouiee sHauenne H- (HIT), sartem
HaXOMUTCSA Pa3sHHIA MeXJy HOPeIBIAYIUMM H MOCJAeAYIOIUM 3HayeHHsMH H:
T = HO — HII. Tak kak Bei6op HO n0 HEKOTOpO# CTeNeHH NpPOU3BOJIEH, TO
I ompenesieHHs HanpasJeHUs: ABHKeHUS] K Hpasy B nporpamme npeny-
CMOTpeH GJOK aBTOMAaTHYeCKOro BeIGopa 3Haka wiara Y. IlpuGamxenune H
K PaBHOBECHOMY 3HAUeHHUIO HIET C MOCTOSIHHBIM IIaroM AO NepeMeHHbl 3HaKa
y T. Ilpu nepemene 3HaKa 3HaueHHe LIara yMeHbLIAETCS] BABOE H OCTAETCH
HOCTOSIHHBIM A0 cJaedyolieil nmepeMeHbl 3naka y T. PacueTsl nmpogosxamorcs
0 Tex mop, moka abGcoJiloTHOe 3HauyeHHe T He cTaHeT MeHblle Hamepen 3a-
JaHHo#i BenumuuHbl EPS; npm BeimosiHeHun 3storo ycjosusi pH, paBHoe
—I1g[H,M*], BLIuncasieTcss ¥ Ha nedaTh BHIBOASTCS 3HaueHus CB u paBHoO-
BeCHHX KoHUIeHTpauuii uouos [HpM+], [An-], [BH*], [M-] B mepBoii TOuke
THTPOBaHMUA. 3aTeM pacueThl BHINOJHAIOTCE AJsi BTOPOH, TpeTheidl H T. A. TO-
4eK THTPOBAHMS M 3aKaHYHBAIOTCSH, KOI'Ja NPOCUHTHIBAIOTCH 3HAUEHHs PaB-
HOBECHBIX KOHLEHTpaluil HOHOB B KOHEYHOH TOYKe TUTPOBaHHs (HpH Q =
= Q-+ 1, rne Q — uKCJI0 TOYEK THTPOBAHHS).

Jns pacuera paBHOBECHBIX KOHLEHTpalUi#l HOHOB B OLHOM TOYKE THUT-
poBanusi Tpebyercs 42 c.

BosmoxxnocTn mopudukannu. Ecau 15 ofHON cHcTeMHl TpeGyeTcs che-
JlaTb MHOT'O BBIUMCJIEHHI, HanpuMep, C Pa3JMYHBIMH HCXOLHBIMH KOHIEHTpa-
IHAMH HJH C Pa3JMYHBIMH DaBHOBECHBIMH KOHCTAaHTaMH, CJelyeT cJerka
MOAH(HIHPOBATh NPOrPaMMy, CO3LaB HOMNOJHHTENbHbIE HKJIHI.

Ecau B HeBOOHBIX pacTBOPHTENSIX NPUCYTCTBYeT BOAA, TO IPH pacueTe
pPaBHOBECHBIX KOHLEHTPALMi HOHOB HEOOXOJHMO YUHTHIBAaTh paBHOBecHe, 06-
yCJ0BJIHBaeMOe B3aUMOJAEHCTBHEM BOJABI C PACTBOPHTENEM:

KH,0HM)
H,0 + HM T———> H;0* 4+ M~

Hpn 3TOM CHCTeMa ypaBHEHHﬁ, ONMUCBIBAIOLIUX KHCJOTHO-OCHOBHOE€ B3a-
HMOOEeHCTBHE B HEBOIHBIX pacTBopax, OOJ2KHa ObITh JIONOJIHEHA ellle ypasB-
HEHHEM, OTpaxallluM COCTOSTHHE€ DaBHOBECHS, OIIpeAe/IsieMOro BEJIMYKHOU
KHzO(HM), H ypaBHE€HHEM MaTepHaJIbHOIo 6aJjaHca 1o Boje:

CHzO = [Hso+] + [HO]

Pemus coBMeCTHO YKa3aHHble YpaBHEHHS, NOJgydyaeM CcJaeayloliee Bhi-
paxeHnue nJist pacyera paBHOBeCHOﬁ KOHHEHTpAllHH HOHOB THAPOKCOHHA!

o
[H:0"] = et
: 1+ K/ ([HM* ] Ky ,000m))

KOTOpO€ BBOAHUTCA B NporpamMmy.
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YpaBHeHHe 3/1eKTPOHEHTPANBbHOCTH JNONOJHSETCS elle OJHHUM uJeHOM —
sHaueHueMm [H30%].

Pesyabrathl. [Io npensmaraemoMy mMeToxgy GbIJIH pacCUMTAHBI PaBHOBEC-
Hble KOHLIEHTPAalUHUH HOHOB, obpasywouuxcs npd TutpoBaHud N,N-gustui-
aHWJIMHA XJIODHOH KHCJOTOH B cCpelle YKCYCHOH KHCJOTHI, COHAepxKallei
0,5 M Boapl. IlosyueHHBIE pe3yabTaThl XOPOLIO COTJIACYIOTCS C dKCIEpHUMEH-
Ta/JbHBIMH JaHHBIMH.

IlTupokoe ucnosnbszoBanre DBM B mpoluecce BHINOJHEHHS HHCTPYMEH-
TaJbHBIX MeTo#OB aHaJsu3a Kpome MXTU mm. . Y. MenneneeBa Benercs
B MPEA, BHMHWYepmer, TEOXU um. Bepraackoro, I'opbKoBCKOM mnOJIH-
TEXHHYECKOM HHCTHTYTe H AD.

§ 6. Knaccudukauuss HHCTPYMEHTAJAbHBIX KOJHYECTBEHHBIX
MeTOJ 0B aHaJH3a

Bce MeTomB! KOTMUECTBEHHOTO aHa/K3a JeJsATCS Ha XHMMHYecKue, (PH3H-
yeckHe U (PU3HKO-XHMHYECKHe.

K XuMHuecKHM MeTolaM aHaJK3a OTHOCSTCS I'paBHMeTpHuUecKHil (Beco-
BOl), TUTpUMeTpHYecKHil (OOBbEMHbIM) M ra3oBbIl aHaJH3 (CM. KHHra 2,
«BBenenue», § 2).

®usuyeckne 1 GHU3HKO-XMMHYECKHE METOAB aHa/H3a MOJApa3messioTCs
Ha cjefymooumue rpynnsl (cM. Kaura 2, ria. VI): snekTpoxuMuuecKkHe; cIek-
TpaJjibHble (ONTHUYECKHE); Xpomatorpaduueckue, paguopusnyeckue; pajauo-
MeTpHYeCKHe; MacC-CIeKTpOMeTpUUecKUe.

OH3NKO-XHMHUECKHEe MeTOLBl aHa/JH3a OCHOBAHBI Ha IIMPOKOM HCIHOJb-
30BAaHHH Pa3HOOOpPa3HBIX XUMHYECKHX peaKIHil, NOoApa3iesnsieMblX B 3aBH-
CHMOCTH OT XapaKTepa IpOTeKalolllero B3aHMOAEHCTBHUS, cnocoba HCIOoJib-
30BaHHA U lieJiedl Ha3HayeHUs.

Ilo xapakTepy XHMHYeCKOro B3aHMOZAENCTBHS Pa3/IMYalOTCs CJAENYIOlLHe
peakuuu:

KHCJIOTHO-OCHOBHEIE;

OCaxKJeHHUs — pacTBOPEHHS;

KOMIIJIEKCOOQPa30BaHUS — pa3pyllieHUs: KOMIJIIEKCOB;

OKHCJIEHUSI — BOCCTAHOBJIEHHS;

3aMellleHHs;

HOHHOro O0MeHa;

KOHJeHCallui — JeKOHAEHCAlluH; IOJHMepU3alHH — JeNoJUMepPH3aLHu;

NPHCOeJUHEHHUST — pacllellJIeHHUs;

peakuuu ABOHHOro o6MeHa H Ap.

Kak npaBuso, peakiiui npoTeKaioT B ABYX B3aHMHO HPOTHBOIIOJOMKHBIX
HanpaBJeHHAX:

a) HelTpajm3anus KHCJIOTHL MJIH OCHOBaHHsI CONpPOBOXKAaeTcs obpar-
HOH peaklWiel COJIbBOJIN3A;

6) ocaxIeHHe MaJopacTBOPHMOrO BelIeCTBA COIPSKEHO C OGpaTHHIM
NPOLIECCOM €ro pacTBOpPEeHHS;

B) OKHCJIeHHe CBSI3aHO C BOCCTAHOBJIEHUEM;

T) KOMHJeKCcOooOpa3oBaHHE NpPH M3BECTHBIX YCJIOBHUAX CONPOBOXKAAETCH
Jucconuanueii (pasJjioxKeHueM) KOMILIeKca H T. [I.

B 3ToM mposiBnsieTcsl nMasneKTHuecKas CYLIHOCTb W INPHUHMHHAS obyc-
JIOBJIEHHOCTb ABYX INPOTHBONOJIOXKHBIX B3aHMOCBSI3aHHBIX TEHIEHLUM, INpo-
THBOIIOCTABJSAEMbIX ADYF APYTY. .

TeueHne peakuuili B TOM HJIM HHOM HanpaBJeHUH ¥, OCOOEHHO, IOCTH-
JKeHHe TIOJTHOTHl pPeaKlHH B3aHMOIEHCTBHSI OOYCJOBIHBAETCS YCJIOBHIMH ee
npoBefleHuss (peakKLus cpejbl, pPacTBOpPHUTE/]b, HOHHBIH COCTaB pacTBOPA,
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NpHMeCH H J1006aBKH), KOTOphHle JMOJKHBI HEYKOCHHUTEJbHO COO6/aI04aThCs
B IIpollecce NpoBeJeHUst GHU3HKO-XHMMHUYECKHX ONpefieseHUN.

Hanpumep, mpakTHyeckH MNOJIHOe OCaKIeHHe MaJopacTBODHMOro Be-
I1eCTBa HEBO3MOXKHO 6e3 co6JofeHHs TpeOyeMbIX YCJOBHH A/ €ro KOJIH-
YEeCTBEHHOTrO BhIJEJIEHHUS.

Hpyrum npumepom, uacro BCTPEYAIOIUMCS HAa NpPaKTHKe, SBJSETCS
HEBO3MOXKHOCTh JIOCTHYb MOJHOH HeATpaJH3alii KHUCJIOT HJIH OCHOBaHHUM
(BcaencTBHe COJBBOMIH3A HMX Couedt), HECMOTps Ha, KasaJsoch 6bl, 3KBUBa-
JIEHTHOE KOJIUYeCTBO noéaB.neHHoro HeHTpaJH3yIollero peareHTa B npolecce
HX B3aHMOJeHCTBHA.

Oco6eHHOe 3HayeHHe 3TO MMeeT B MPOLECCaX KOMIIEKCOOGDPa30BaHHS,
MaCKUPOBaHHUs, PeaKUHH OKHC/IEHHsS — BOCCTAHOBJIEHHS, KHCJOTHO-OCHOBHOTO
B3aMMOJEHCTBUA U T. I., B KOTOPHIX AMAMeTPajbHO NPOTHBOIOJOXHbE pe-
aKIMH B3aHMHO OOYCJOBJIEHB, Hepa3pbIBHO CBSI3aHbl MeXAy cO00H H He
MOTYT pacCMaTpHUBaTbCS H30JMPOBAHHO APYr OT Apyra.

ITo ¢u3nKO-XHMHYECKOMY NpPH3HAKY PA3/IMYalOT PeaKIHu:

(oroMeTpHuecKie;

KaTaJIHTHYeCKHe;

aBTOKaTaJHTHYECKHUE;

TepMHYECKHE;

9JIEKTPOXHMHUECKHE;

xpomarorpaduyecKkue;

¢oroxuMHuyecKHe H Ip.

®oromeTpHyecKHe peaKLUUH OCHOBAHBl Ha HCIOJb30BAHHM DPa3IMUHBIX
NpeHMYILIeCTBEHHO OPraHHYecKHX M HEKOTOPbIX HEeOPraHHYeCKHX peareHTOB,
006pasyIoluX ¢ onpeaensieMbIMH HOHAMH HJHM MOJEKYJaMH OKpallleHHbIe CO-
e[MHeHHs.

Ilpumepamu Takoro poga 'peaKumii cIyXaT peakuuy oﬁpaaoBaHnﬂ op-
raHH4YeCKHX Kpacuresel, HanpuMep, oGHapyXeHHe H KOJHUECTBEHHOE OIpe-
JejleHHe HHTDHTOB ¢ mnoMoilblo peaktuBa [pucca — HiaocBas (kuura I,
ra. X1, § 11); onpenenenue nonos xeJesa(I11), ocHoBanHoe HAa HX B3auMO-
JEeACTBUH C POLAHHIOM aMMOHHS; ONpefeseHHe COAepKaHHs THTaHAa, OCHO-
BaHHOe Ha peaKUUH HOHOB THTaHa(IV) C MepeKHChIO BOLOPOAA (cMm. knura 2,
ra. 1X,§ 6 u 7), n np.

Hpumepamn KaTaJUTHYECKHX peaKLUHi MOTYT CJYXHUTb HON-a3HAHAd,
¢deppu-THOCY b aTHAA U APYTHe peaKUWH, pacCMOTPEHHble B KHMrax 1 u 2,
a Takxe onpeleseHHss BoJbdpama, MOIHGAEHA W JPYTHX 3JIEMEHTOB, OCHO-
BaHHble Ha MX KaTaJHTHUYECKOM nencmun Ha peaKUHIO OKHCJeHHs HOLHAOB
NepeKHChIo BOLOPOAaA.

K uncny TepMHuecKHX peaKIHil, OCHOBAHHBIX HAa HCIIOJb30BaHHU TeNJO-
Boro a¢¢eKra npeBpalleHHs aHAJIU3HPYEMOro BellleCTBA, CBI3aHHOTO C BHI-
IeJeHHeM HJH [OIJIOLleHHeM - Telsa, OTHOCSATCA (pa3oBBle mNpeBpallleHus
CHJIMKATOB, aJIOMOCHIHKATOB, KpEeMHHHOPraHHUCCKUX COEAHHEHHH, MOJHMED-
HBEIX MaTepHasioB H T. I

§ 7. AneKTpoXuMHYECKHE METOJbl aHAAH3a

K 3/1eKTpOXMMHYECKHM MeTOJaM aHaJin3a OTHOCSTCS METOMALI, OCHOBAH-
Hble HAa H3MEpPEeHHM M PErucTpallid 3JEKTPUYECKUX MapaMeTPOB aHAJIH3H-
PYEMBIX CHCTeM (KOJIMYecTBa 3JEKTPHUECTBA, NPOLIEJIIEro yepe3 pacTBOP
3JIEKTPOJINTA; CHJbI TpeaesbHOro AHG(Y3HMOHHOTO TOKAa; 3J1eKTPONPOBOJ-
HOCTH; INOTeHIHasa 3JeKTPoaa, MOTPYKEHHOTO B HCCJAeLYeMBIi pacTBOp,
U T. .), H3MEHSIIOIUXCS B pe3yJbTaTe ONpefeseHHbIX XHMHYECKHX peaKIlui.

K rpynmne 31eKTPOXHMHYECKHX METOJLOB aHa/IH3a OTHOCATCH CJAeAyHollHe
BHIbI aHaJ/IH3a.
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JuaeKkTpozpasumeTputecKull aHaAU3 OCHOBAH Ha BBHIJEJEHUH H3 PacTBO-
POB 3JIEKTPOJIHTOB BeILeCTB, OCaXKAAIOILIHUXCS Ha 3JEKTPOLAX NPH NPOXOXK-
IleHHH Yyepe3 PacTBOPHI MOCTOSIHHOTO 3JEeKTPHUeCKOoro Toka. Brigenausmuiics
IpH 3JIEKTPOJiN3e MeTaJsl1 (HJIH OKHCb) B3BEIIHBAIOT Ha aHAJHUTHYECKHX Be-
cax H mo Macce Ocajka CyAAT O COIEePXKaHHU OIpeJessieMOro BellleCTBa
B pacTBope.

BrizeneHne Ha 3JeKTpOfaX Pas3/MUHBIX BeIIeCTB (MeTaJJoB, HeMeTaJ-
JIOB, OKHCJIOB H T. II.) BCJEACTBHe MPOXOXKIEHHS TOKa OOBSCHAETCS OKHC-
JeHueM BoccraHoButenein  (20H-— Op -+ 2H* 4 4e~; 2Cl-— Cly + 2e-
U T. I.) HAa aHome (MOJIOXKUTEJbHBIH MOJIIOC) W BOCCTAHOBJIEHHEM OKHCJIHTE-
aeit (Cu?* 4 2e-— Cu; 2H*+2e-—>H; u 1. n.) Ha Karome (OTpHLATeNb-
HBIH MoJIIoc).

CooTHollleHHe MeKAy KOJHYECTBOM 3JEKTPHYeCTBa, MPOLIEIIero yepes
pacTBOp 3JEKTPOJHTA, M Maccoii oO6pa30BaBLINXCA NPOAYKTOB OKHCJEHHS
H BOCCTAaHOBJIEHHS, KOTODble BBIAEJNSIOTCS Ha 3JeKTpoAax, onpejessfercs
3akoHoM Papapesi.

Merod enyTpenneco saexkTpoausa (pa3sHOBHOHOCTb 3JIEKTPOrpaBHMeET-
pPHYECKOro aHaJ/li3a) OCHOBAaH Ha BO3HHKHOBEHHMH 3JIGKTPHYECKOro TOKa MpH
norpyxeHu# B pactBop, Hanpumep CuSO,, ABYX 3J€KTPOJOB, COCTABIAIOIIHNX
raJbBaHHYECKYIO nmapy, HanpuMmep Zn u Pt. DneKTpUyecKkHil TOK B 3TOM CJy-
yae mnosBJseTcss Osarofapsi pasHOCTH MOTEHLIHANOB MeXIy IMJaTHHOBLIM
2JIEKTPOJAOM, Ha KOTOPOM BhIeJseTcs1 OnpefensieMblii MeTann (Menp),
H IpYruMm anemponom Ha KOTOpPOM MpPOHCXOAMT aHOIHBI! NIpoLecc pacTBoO-
peHHsl LHHKA.

IpyruMu cioBaMH, npolecc BO3HHKHOBEHHS TOKa COINPOBOXKIAeTcs

XMMHYECKHM IpeBpalleHHeM, BCJIEIACTBHE KOTOPOTO Ha IJIATHHOBOM 3JI€K-
TpoJe OCaxKAaeTcs ONpefesseMblii MeTas] (HanpuMep, Melb) B pe3yJbTaTe
BoccTaHoBjieHuss Cu?*-MOHOB, a 5KBHBaJIEHTHOE KOJHMYECTBO LHHKA DPacTBO-
psieTcs B pesyJsibTaTe OKHCJIeHHS ¢ o6pa3oBaHueM Zn2*-HOHOB.
B 3aBHCHMOCTH OT NpHJIOXEHHOTO HAaIpSIXKEHUs B npouecce 3JIEKTPOJIN3A,
B YCJIOBHSIX, KOrla ONHH M3 3JeKTpPomoB (KAaTOA) HMeeT OYeHb MaJylo IO-
BEPXHOCTb (MOJISIPU3YIOUWINIACS 3/1eKTPOA), a Apyroi (aHox)— Goaburyio (He-
noJsipusyiomuiicss 3jektpor). Iloaspusyromumcsa KaTtogoM MOryT OBbITh
Kaljii PTYTH, BbITEKAIOIlHE H3 TOHKOrO OTBEPCTHS KaNWJJASPHOH TPYGKH,
a Takxe IUNIATHHOBHIA (Bpallamoluiics), rpad@HTOBbIHA, cepeOpPSHbII U ApYyrue
ajgekTpoasl. HenoasipusymomuMcss aHOLOM CJOYXKHT <«IOHHAsI» PTYTb HJIH
CTaHAAPTHBIE 3JEKTPOAbl CpaBHEHHUS ¢ 6osbllION NoBepxHOCTbIO. CHMY TOKa,
NpH KOTOPOMH JOCTHTaeTCsl MOJHBIA pa3psii BceX HOHOB aHAJIH3UPYEMOTO Be-
IeCTBa, MOCTYNAIOUWHX B MPH3JEKTPOAHOE NPOCTPAHCTBO BCJEACTBHE (-
¢ysuu, Ha3bIBAIOT MNpeAeJbHBIM IHPOY3HOHHBIM TOKOM. BeawunHa sToro
TOKa NPOMOPUHOHAJbHA HCXOLHOH KOHILEHTPaLHH ONpEeNSeMOro BellecTsa
(uoHOB) B pacTBOpe.

- Kyaonomerpus ocnoBana Ha H3MepeHHH KOJHMYeCTBA 3JIEKTPHUECTBA,
HM3PacXONOBAaHHOTO HA 3JIEKTPOJH3 ONpee/sieMOro BelleCTBa NPH NOCTOSH-
HOM IOTeHIHaJie, KOTOPbIl COOTBETCTBYET NOTEHIHAJy BblAeJEeHHs AAaHHOro
ajeMeHTa. B ocHOBe 3TOr0 Merozna Jexur 3akon Papapes.

Meton THTPOBaHKS, B KOTOPOM TOYKa 3KBHBAJEHTHOCTH COOTBETCTBYET
MOMEHTY, KOT[la CHJla TOKa 3JIeKTPOJNH3a JOCTHraeT BEJHYHHBI «(OHOBOTO»
TOKa, Ha3bIBAIOT KYyaOHOMeTpudeckum Turposanuem. OG6buHO cuia ¢ono-
BOrO TOKAa paBHAa HYJIO, TaK KaK pacTBOP B 3TOT MOMEHT He COAEPKHT 3a-
pAXeHHBIX yacTHl (cM. § 13).

KondykTomerpus ocHOBaHA Ha H3MepeHHH 3JEKTPONPOBOLHOCTH aHa-
JH3HPYeMBbIX PaCTBOPOB, H3MEHSIOLIEHCS B pe3yJbTaTe XHMHYECKHX peak-
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LUHA ¥ 3aBHCALLEH OT NPHPOAB 3JEKTPOJHTa, €ro TeMDepaTyphl H KOH-
HEeHTpaluy.

Konoykromerpuueckoe turposanue (cM. § 13).

XpornokoHdykTomeTpuueckoe turposarnue (cm. § 13).

BoicokouactoTHoe TuTposarue (ocyuarromerpus)— elie ONHA PpasHO-
BHIHOCTb KOHLYKTOMETPHYECKOTO THUTPOBaHHUS. [lJT BBICOKOYACTOTHOTO TH-
TPOBAHHS HCCJIENyeMblH pPacTBOP IIOMEILIAIOT B BBICOKOYACTOTHOE 3JIEKTPO-
MarHHTHOE [0Jie U3MepUTeJbHOro npubopa, a 3aTeM B 3TOT pacTBOp U3 Oro-
PeTKH HWJH JPYrHM CcnocofoM IIOCTeNeHHO TPHUJIHBAIOT PacTBOpP THTPAHTA,
pearupymoliero ¢ onpenessieMbiM BellecTBOM. Ha 3/1eKTponbl, yKpemJeHHbIE
BHE aHaJIM3UPYEMOro PacTBOpa HEMOCPeNCTBEHHO Y CTEHOK sUeiKH, NOAaeTcs
NepeMeHHbIH TOK 4YacTOTOH JO HeCKOJbKHX Thiciadu Merarepil. Bricokouac-
TOTHOE THTPOBaHHE BCJEINCTBHE €ro OCOOEHHOCTeil HHOTIAa Ha3bBalT 6e3-
KOHTAaKTHOH KOHAYKTOMETpHeH, TaK KaK HCCJAeAyeMbli pacTBOp He HMeeT
rajibBaHHYECKOro KOHTaKTa HH C 3JIeKTPOJaMH, HH C KaTyIIKaMH HHIYKTHB-
HOCTH — MCTOYHHKOM OCLHJIJIHPYIOLUIET0 MarHUTHOTO TOJIS.

B npouecce BBICOKOYACTOTHOTO THTPOBAHHS MOXKHO H3MepPSITb 3JIEKTPO-
NPOBOJAHOCTb HJIH JAH3/JEKTPHUECKYI0O H MarHHTHYIO NpPOHHLAEMOCTb.

Pa3sHOBHIHOCTD BBLICOKOYACTOTHOTO THTPOBAHHSA, INPH KOTOPOM H3Me-
PSIIOT QM3JEeKTPHYECKYIO MPOHHIAeMOCTb PAaCTBOPOB, HA3BIBAIOT OUIAKOMET-
putecKum TUTPOBAHUEM.

IloTenyuomerpus — B 3TOM MeTOe H3MepsieTCsl NMOTEHIHMAaJ 3JeKTPOo.a,
MOrpyKeHHOTO B aHAJH3HPYeMblH pacTBOp, H3MEHSIOMIHICST B pesyJbTaTe
XMMHYeCKHX peaKuuii H 3aBUCALIMH OT TeMIepaTypbl H KOHLEHTPalHH
pacrBopa. _ _

ITotenyuomerpuueckoe rurposarue (cMm. § 13).

Xpornonorenyuomerpuueckoe turposarnue (cm. § 13).

B nocnennee BpeMs B NMOTEHUHOMETPHH LIHPOKO NPHMEHSIOTCS TaK Ha3blBaeMble HOHO-
CeNeKTUBHble 3AeKTPOObL, TO3BOISIONIHE CEJEKTHBHO H3MepATh AKTHBHYIO KOHIEHTPAIHIO
onpejejsieMblX HOHOB B PacTBOpe B NPHCYTCTBHH TOCTOPOHHMX HOHOB, MeLIAIOLIMX Ompeje-
JIEHHIO B JPYTHX Cjydasx.

HonoceJeKTHBHBIE 3JIeKTPOIB MOMUMO BBICOKOH H3GMpaTeJbHOCTH OTIHYAIOTCH GOJBLION
qyBCTBHTENbHOCTbIO (10~%—10—% Moab/;1, a B HekoTophix cayyasix mo 10-7 mosb/a). C mo-
MOLUBIO HOHOCEJIEKTHBHBIX 3JIGKTPOJOB MPOBOJASATCH JKCIPECCHBe ONpefeeH s, OCYLIeCTBAAIOT
ABTOMATHYECKHI HENpPepHIBHBII XHMHKO-aHAaJUTHYECKHA KOHTPOJb MNPOM3BOACTBA M T. 0.
[puMeHsiss HOHOCeJEKTHBHble 3JIEKTPOJbl, MOMHO H36HPATeNbHO ONpejeasiTh MHOTHE THIIH
HOHOB. HuKe mpuBelleHbl OCHOBHble XapaKTEPHCTHKH HOHOCEJEKTHBHBIX 3JEKTPOIOB:

q .
Oﬂpeﬁgﬁgﬂ’me CocTas MeMGpaHHl reﬁgié%},
F~ LaF, 107°—10""
cl- Ag;S—AgCl 103
Br~ Ag,S—AgBr 10~°
I~ Ag,S—Agl 5-1077
CN Ag,S—Agl . 5-107
NO- XKuakuii  HOHOOGMEHHHK — UeTBEPTHY- 10~

8 Hble aMMOHHEBHIE OCHOBaHHS
Cclo- Kunkuit  HOHOOGMEHHHK — YeTBEPTHY- 10~°

4 Hble aMMOHHEBblE OCHOBaHHS
S2- Ag,S 1077
SCN7,S,02”  Ag;S—AgSCN 10~°
Ca?+ JKunkuii HOHOOGMEHHHK — KaJsbLiHeBasi 10~*

cosib noReluahochOPHOH KHCAOTH

Cu2+ Ag,S—Cu$S 107°
Pb2* Ag;S—PbS 10~°
cdz+ Ag;S—CdS 10~°
K+ JKunkuit MO HOOGOMEHHHK — BaJIHHOMH- 10-°

IIHH
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_ Bce Gosbuee pacnpocTpaHente B aHAJIATHYECKO! MPAKTHKE MOJYYAlOT METOIH COYETAHHS
HOHOCEJIEKTHBHBIX 3JIEKTPOJOB C jPYTHMH HHCTPYMEHTA/bHBIMH MeTOfaMH. Ilo-BHAMMOMY,
B Ganxkaiuem GynylleM 0GIAacTh NPHMEHEHHS HOHOCENEKTHBHEIX 3JIEKTPONOB MOXKET GbiTh
SHAYHTENIbHO paclliupeHa 6Jarofapsi CO3JaHHIO HOBBIX THIOB 3JEKTPOAOB, HCIOJb30BAHHIO
HEBOAHHX pactTBopoB H DBM.

§ 8. CnekTpanbHble (ONTHYECKHE) MeTOABI aHAAH3A

K cnekTpainbHbIM (ONTHYECKHM) MeTOAAM aHANH3a OTHOCATCS METOJbI,
OCHOBaHHble Ha HAEHTH(OHKAIHH SMHCCHOHHBIX W a6COpPOLUHOHHBIX CIEKTPOB
BeIleCTB B HH(QPaKpacCHOH, BUAMMOM, YJAbTPa(HOJETOBOI, PEHTTEHOBCKOI
H Apyrux o6JacTAX CIEeKTPa, a TaKXKe MeTOMbl, OCHOBaHHbIE HAa H3MEPEHHU
HMHTEHCHBHOCTH IOIJIOLAaeMOro, H3/JyyaeMoro, OTPaXX€HHOIO0 HJH paccesH-
HOro cBeta.

IMUCCUOHHDbLE cneKTpasbtbll anasus — GU3NYECKHil MeTOJ, OCHOBaH-
HbIl Ha M3YYEHHH SMHCCHOHHBIX CIIEKTPOB NapPOB aHAaJHM3HPYEMOro BellecTBa
(CreKTpOB HMCNyCKaHHsi, WM H3JyYeHHs), BO3HHKAKOIIVX MOJ BJHIHHEM
CHJIBHBIX MCTOYHHMKOB BO30YXKAEHHH (3J€eKTPUYECKOH IYrH, BHICOKOBOJBTHOMH
HCKDPBI) ; 3TOT METOJ AaeT BO3MOXKHOCTb ONpENe/IsiTh JEMEHTHDLIH COCTAaB Be-
HIeCTBA, T. €. CYAHUTb O TOM, KaKHe XUMHYeCKHe 3JIeMEHThl H B KaKHX COOT-
HOILIEHHUAX BXOAAT B COCTaB JAHHOTO BellleCTBa.

ITramennasn cnexTpogpoTomeTpus, WU GoTOMETPUA NAGMEHU, SIBJISIO-
mascsi pasHOBHAHOCTbIO 3MHCCHOHHOTO CHEKTPaJIbHOI'O aHaJiu3a, OCHOBaHa
Ha H3YUYEHHH 3SMHCCHOHHBIX CHEKTDOB 3JIeMEeHTOB aHaJH3HPYyeMOro Bellle-
CTBa, BO3HHKAIOUIHX MOJ BJHSHHEeM MATKHX HCTOYHHKOB BO30YXKJAeHHus. Xa-
PaKTepHyIO AJS Onpefe/sseMoro 3JeMeHTa CBETOBYIO BOJIHY BHIAEJSIIOT U U3-
MepsIOT ee HHTeHCHBHOCTb, IPSIMO NPONOPLHOHANBHYIO KOHIIEHTPALHH Omlpe-
JleJiieMOro 3JieMeHTa IpPH TNOCTOSHHBIX YCJIOBUSIX BO30OyxXKaeHUs. B asTom
MeTOJe aHaJH3HpyeMblil pacTBOP pPacNnbUIAIOT B NJaMeHH CMeCH BOAOpOAA
HJH YIJIEBOJOPOAOB C KHCJIOPOJOM HJIH BO3AYXOM. DTOT METOH [AAaeT BO3-
MOXKHOCTb CYOHTb O CONEepXKaHHH B aHAJH3HpPyeMOM obpa3slle TJIaBHBIM 00-
pa3oM IeJOYHBIX M IeJ0YHO3eMeJbHBIX MeTa/lJIOB, a TaKXe HeKOTOPHIX
IpYrdx 3JI€MEHTOB, HalpHMep TraJjius, HHIHS, TaJJus, CBHHIA, MapraHIa,
Menu, pochopa.

ATtomHo-abcopOyuonHas CcneKTpohoTomeTpus — HOBLHIH, BecbMa mepc-
NEeKTUBHBI, Ype3BbIYAaHHO OLICTPO pPa3BUBAIOLIMUCA AHAJTHTHUYECKHH METO..
IDTOT METOI SIBJSETCS OCOGBIM BHIOM CHNEeKTpPaJbHOTO aHaJju3a, OCHOBAHHBIM
Ha CIIOCOOHOCTH CBOOOJHBIX aTOMOB MeTaJ/ljla B ra3ax NJaMeHH INOIJoLaTh
CBETOBYIO SHEPIHIO NPH XapaKTePHHIX AJS KaXK[Oro 3JjeMeHTa IJHHAX BOJIH.

«MeTon o6Jsamaer psAOM HOCTOHHCTB: CeJEKTHBHOCTbIO, BBICOKOH UYB-
crBuTeabHocThi0 (10-9—10-12), mocTaTouHO BHICOKOH TouHOCThIO (15%),
NPOCTOTOH H3MepeHHS M OLICTPOTOH BLINOJHEHHS aHajKM3a, BO3MOXKHOCTHIO
HOAHOU aBTOMAaTH3aLMM aHa/JW3a M T. I

CeJleKTHBHOCTh METOLa HAaCTOJBKO BBICOKA, YTO OKAa3bIBAeTCsI BO2MOXK-
HHIM HCCJIEJOBaTh BellecTBa HOBOJBHO CJIOXKHOIO COCTaBa, He mnpuberas
K MeTO/aM NpeBapUTEJbHOTO PasJiOKeHHs, Pa3jejJeHUs H KOHIEHTPHPOBa-
HHUSA ompefessieMbIX 3JIeMEeHTOB.

OT¥M METONOM MOXHO onpenessaTth cBLlle 70 XHMHYECKHX 3J€MEHTOB
B 0COGO UYMCTBHIX BelleCTBaX, NMOJYNPOBOAHHMKOBBIX MaTepHasax, MeTaJJax
H CHOJaBaX, a TaKkKe CypbMY, BHCMYT, CelleH, IIHHK H HEKOTODHle Ipyrue
3JIeMEHTHI, KOTOpPHlE He ONpeleasioTcs MeTofoM ¢ortoMeTpHu niamenH. Ilo-
NO0GHO MeToAy IJaMeHHON (GOTOMEeTPHUH B aTOMHO-aGCOPOIHOHHOM CIIeK-
TpaJibHOM aHaJH3e HCCJAefyeMbli PacTBOP BellleCTBA BBOJHUTCS B IJaMs
pacnblleHHeM.

Abcopbyuonnas cnekTpocKonus OCHOBaHA HAa H3yUeHHH CIIEKTPOB IIO-
IJIOLIEHHS BelleCTBa, CJAYXKAUIUX ero HHAUBHAYa/JbHOH XapaKTePHCTHKOH.
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PasnoBugHoCcTSIMH aGCOPOLHOHHOM CIEKTPOCKONHH SIBJASIIOTCS crnekTpodo-
TOMeTpHUecKHi M (OTOKOJIOpUMETPHYeCKHH MeTOAbl. B cnexTpogoromerpu-
Yeckom merode ONpPeeNSIIOTCS CIEKTPHI MOIJVIOUIEHHUS HJIH H3MepsieTcsl CBe-
TonorJoueHye (B yAbTpa(uHONETOBOH, B BHAHMMON HJIH HH(PpakKpacHO# 06-
JIacTsAX) HPH CTPOro ONpejesieHHOH AJHHEe BOJHBI (MOHOXpOMAaTHYeCKOEe H3-
JlyueHHe), KOTOpasi COOTBETCTBYET MAaKCHMYMY KPHBOM IOTJIOUIEHHS HAHHOrO
BeulecTBa. B ¢horoxoropumerpuueckom merode u3MepsieTCss CBETOIOIJIOLLE-
HHe, HO TOJBKO B BHIHMMOM YyuyacTKe CHeKTpa, NPH 3TOM HCMoJb3yeTcs «Ge-
JBI» CBET WJIM «GeJblil» CBET, MpeJBapHTeJbHO NPONYIIEHHLIH Yepe3 MIHPO-
KOITIOJIOCHBIE CBETO(UJIBTPHI.

Merod anasuza no cnekTpam KOMOUHAUUOHHO20 pACCEAHUS C8eTA —
B 3TOM MeTOJ€ MHCIOJb30BAHO SBJieHHE, OTKPHITOE OJHOBPEMEHHO COBET-
ckumu ¢usuramu I'. C. JlanacGeprom u JI. 1. MaHgeabmitaMoM H HHAUH-
ckuM ¢usukom Y. B. Pamanom. DTo sBJE€HHE CBSI3aHO C IOTJIONIEHHEM Be-
I1ECTBOM MOHOXPOMATHYECKOrO H3JIyueHHS M TOCJeAYIOLIHM HCIyCKaHUeM
HOBOTO H3JIyYEHHS], OTJHYAIOLUErocss MJUHON BOJHBI OT IMOIJIOLUEHHOTO.

Typbudumerpus ocHOBaHa Ha MU3MepPeHHH HHTEHCHBHOCTH CBeTa, MOTJIO-
[IaeMOr0 CYyCMEeH3Heidl TBEpAOro BellecTBa. B TypOMIHMETPHH HHTEHCHB-
HOCTb CBeTa, IIOTJIOLEHHOr0 CyCNeH3Hel WM NMpOLIeJUIero yepe3 Hee, H3Me-
PAIOT TaK XKe, Kak B (GOTOKOJOPHMETPHH OKPaUleHHBIX PacTBOPOB.

Hegeromerpus ocHoBaHa Ha H3MEPEeHHH HHTEHCHBHOCTH CBeTa, OTpa-
JKEHHOTO MJIM pacCesiHHOIO OKpAalleHHOH HJIM HeOKpallieHHOH cycneH3uel
TBEpPJOro BellleCTBa (B3BELIEHHOTO B JAHHOH cpelle 0cajKa).

JTromunecyentHolli, unu GayopecyenTHoll, MeTO0 aHaAu3a OCHOBaH Ha
H3MEpPEHHH WHTEHCHBHOCTH H3/Jy4aeMOro BellleCTBAMH BHIHMOTO CBeTa
(pnyopecueHuny) mnpu O6Jy4YeHHH HX YJbTPA(QHONETOBLIMH JyYaMH.

K onTHuecknM MeTojgaM aHajH3a TaK¥Ke OTHOCSITCS pedhpaxKTomeTpuye-
cKuli MeTod, OCHOBaHHBIM Ha M3MepeHHH Ko3(h(GHULHEeHTa NPeJOMJEHHUS, H No-
ASpoOMeTpUsecKuti, OCHOBAHHBII Ha H3yUE€HHHU BpAalIeHHUS MJIOCKOCTH MOJSPH-
3auud. Pa6oTel Mo 3THM ABYM MeTOLAaM He IpPeLYCMOTPEHB NporpaMMoi
Kypca aHAJUTHYECKONH XHMHH, NI03TOMY OHH MOAPOGHO He paccMaTpHBalOTCH
B KHHTe.

§ 9. Xpomatorpaduyeckue MeTOAbl aHAIH3A

Xpomarorpaduueckie METOAB aHA/JIH3a OCHOBAHBl HAa HCINOJL30BAHHH
COPOIHOHHBLIX NMPOLECCOB B NMHAMHYECKHX YCJIOBHSIX. XpoMmarorpaduyeckue
MeTOAH KJacCHPHUHUPYIOT, HCXOAS H3 Pa3JIMYHBIX NPH3HAKOB.

IMo MexaHH3My pasfesieHHsI pPa3jHyaioT cjaedylollve BHAB XpoMartorpa-
¢uyecKUx MeTONOB aHaJH3a.

Adcopbyuonnan #uUOKOCTHAR xXpomaroepadus — MeTOll, B KOTOPOM HC-
noJb3yercss H3bupaTenbHas aacopOuus (NOrJouleHHe) OTHeJIbHBIX KOMIIO-
HEHTOB aHa/JH3UPYEMOi CMeCH B XKHUAKOH cpefie. Pasnenenne B 3ToM MeToze
0GYCJIOB/IEHO Pa3/IMYHOH COPOHPYEMOCTbIO PacTBOPEHHBIX KOMIOHEHTOB Ha
azcopbenre.

Adcopbyuonnan eazosas xpomarozpagus OCHOBaHA Ha HCIOJb30BaHHU
pa3iHuusa B cOpOHPYyeMOCTH Ha ajAcopOeHTe ra3oB W napoB. B 3aBucuMocTu
OT OCHOBHOTO (paKTOpa, Oomnpejendioulero pasiesneHue (pacrnpejesieHne raso-
BOH CMeCH MeXJy HeNOJBHMIKHOH XKHAKOH M IOABHMKHOH Tra3oBoi (paszamu
H cOpGHPYeMOCTbIO KOMIIOHEHTOB Ta30BOH CMecH Ha ancopGeHTe), pasJiH-
YaloT CJefyIollHe BHAbI Fa30BOH XpoMaTorpadHuu: 2a30-#uUdKOCTRYIO U 2a30-
adcopbyuornyro.

OTH BHAB XpoMmaTorpaduu NnpHoGpe]H OueHb BaXKHOE 3HAYEHHE B TeX

o6acTAX NPOMBINLTCHHOCTH, Iie TpeOyeTcs pasjieseHHe CJAOXKHBIX CMecel
ra30B U XHIKOCTeM.
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Pacnpedeaureavnas xpomaroepagus ocHOBaHA Ha HCIIOJb30BAHHH pa3-
JIMYHS B pacnpejesieHHH (cop6HPYyeMOCTH) OTAeNbHbIX KOMIIOHEHTOB aHaJH-
3HpyeMOH CMeCH MeXAY ABYMS HECMeLIMBAIOLIUMHUCH XKUAKUMH ¢azaMu —
NOJBHXHBIM H HENOJBHXHBIM PaCTBOPHUTENSIMH.

bymanxcnas xpomaroepagus — pasHOBHAHOCTb pacrpeneuTeNbHON XPo-
Martorpaduu, B KOTOPO#l HOCHTeNeM [Jsi HENOABHMKHOTO PAcCTBOPHTENS fB-
JISIIOTCSL TMOJIOCKH HJIM JIMHCTBI (DUJIBTPOBAJIBHON OyMary, He cofepxKallell MHu-
HepaJbHBIX NPHMeceH. .

Tonkocaolinas xpomaToepagus — pasHOBUAHOCTb pacClpefeHTebHON
XxpomartorpaduH, OCyIllecTBAsIEMO# HA NJAaCTHHKaX, MOKPBHITHIX TOHKHM CJI0eM
HOcHTeNsI (OKMCh aJIlOMHHHS, KH3eJbryp, CHINKareJab H 1p.), KOTOPHH yaep-
JKHBaeT HeNOABHKHBIA PAaCTBOPHUTENbD.

Honoobmennas xpomarozpagpus ocHOBaHA Ha HCIIOJb30BAHHM HOHOOG-
MEHHBIX IPOLIECCOB, MPOTEKAIOUIMX MEXKAY MOABHXHBIMH HOHAMH HOHO06-
MEHHOTO BellecTBa (MOHHTA) H HOHAaMH 3JEKTPOJHTA, COLEpKallMMHUCH B
aHAJIH3HPyeMOM pacTBOpE.

Ocadounas xpomarocpagus OCHOBaHA Ha WCMOJb30BAHHM XHMHYECKHX
peakiui, CONpoBOXKIAIOLIUXCcs OOpa3s0BaHHEM MaJjoOpacTBOPHMBIX BeleCTB
(ocankoB). DTH peaKUWH NPOTEKAIOT MeXIY OTHENbHBIMH KOMIIOHE€HTaMH
aHaJH3HPYeMOro pacTBOpa CO CNelHaJbHBIMH peareHTaMH, HaHeCeHHbIMH Ha
HOBEPXHOCTb HOCHUTEJS.

OKucAUTeAbHO-80CCTAHOBUTEAbHAS XPOMATO2PAUS OCHOBAHA Ha HC-
MOJNb30BAHUH OKHCJAHTENbHO-BOCCTAHOBHTEJNBHBIX peaKUMil MexXJy peared-
TOM, HaXOASIIUMCS HA MOBEPXHOCTH HOCHUTeJISI, U HOHAMH, COLepKalluMHUCS
B aHa/Ju3upyeMoM pacTBope. PasjesieHHe BellleCTB OIpelesisieTCs 3Haye-
HHSIMH COOTBETCTBYIOIIHX OKHCJIHTEJbHO-BOCCTAHOBUTEJBHBIX IOTEHLHAJOB
B3aHMMOJEHCTBYIOIIHNX CHCTEM.

AO0copbyuoHHO-KOMNAEKCOO6PA308ATEAbHASL XPOMATO2PAPUS OCHOBaHA
Ha HCIOJb30BaHUH DPEAKLMH KOMIJIeKCOOOpa30BaHHUs, 11POTEKAIOMINX MEXAY
KOMILIEKCOOOpa3yloUUMH ¥ XpoMaTtorpaupyeMbiMH KoMnoHeHTamu. Pas-
JlesieHHe OOYCJIOBJIEHO pa3/iMyueM KOHCTAHT HEeCTOMKOCTH o6pasyeMbiX KOM-
HJIEKCHBIX CO€JIUHEeHHUH.

§ 10. PanuomeTpHYecKHE METOABI aHANHM3A

Pannomerpuyeckne MeTOAbl OCHOBaHBI Ha M3MepEHHH H3JyYyeHHH, ucmy-
CKaeMbIX DaJHOAKTHBHBIMH 3J1eMEeHTaMH M DPETrHCTPUPYEMBIX IIPH MOMOLLU
CrelHaJbHOH paJHOTeXHHYECKOH annapartyphl.

B aHasu3e HCHOJb3YIOTCS C/elylollle paguoOMeTpHYecKHe METOIBI.

Mero0 npamoeo paduomerpuueckoeo onpedeserus OCHOBAH Ha ocaxje-
HUM ONpefenseMOro 3jeMeHTa B BHJe MaJOPacTBODHMOIO COeIHHEHHS H3-
OGBITKOM peareHTa 3aJaHHOH KOHLIEHTpPAllMM, MEYEHHOro paaHOaKTHBHBIM
H30TONOM C HM3BECTHOH y[e/JbHOH aKTHBHOCTBIO.

Paduomerpuueckoe Turposanue (cm. § 13).

Mero0 usoronnoeo pasbasienus OCHOBAH Ha pa3GaBJeHHH pacTBOpa
COelMHEeHHUs], MEYEeHHOTO0 PafHOaKTHBHBIM H30TONOM, HEAKTHBHBIM KOMIIOHEH-
ToM cmecH. [Ipu 3TOM ynesbHasi akTUBHOCTb COeJHHEHHS, MEYEHHOrO palHO-
aKTHBHBIM H30TONOM, yMeHblnaercs. Ilocsie BeIgesieHHSI onperesisieMoro Be-
I[eCTBA M3MEpPSIOT ero paJHOAaKTHBHOCTb. 3HAs HAayaJbHYIO M KOHEYHYIO
yIenbHble aKTHBHOCTH, JIETKO BBLIYHCJ/IHTb COJEpXKaHHEe OINpelessieMOro Be-
iecTBa.

AKTusayuorHbLl aHAAU3 OCHOBAH Ha 06pa30BAHUM PAaJHOAKTHBHBEIX H30-
TONOB H3 CTa0UJIbHLIX H30TONOB ONPENeAAeMOro 3JeMeHTa, MOABEPTHYTOro
06/1yueHHIO AlepHbIMH YacTHLaMu. IIpH 3ToM akTHBHOCTL 06pasoBasilerocs
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PaJHOaKTHBHOIO H30TONA MPONOPLHOHAJbHA YHCJY aTOMOB OIpelessieMOro
3JIeMeHTa.

DoroneliTporHbLi MeToO0 OCHOBaH Ha 06pa3OBaHHM HEHTPOHOB NOJ BO3-
nefictBHeM (OTOHOB BLICOKOX 3Hepru# Ha sitpa XHMHYECKHX 3J€MEHTOB.
Brijensiiomrecs HeATPOHB PETHCTPHPYIOT € IOMOLIBIO HEHTPOHHLIX CUeT-
YHKOB.

MeTod onpedenerusn coOepianus 3LeMEHTO8 No UBAY4EHUIO uX ecTe-
CT8eHHO-paduoakTusHblx usoronos (uampumep, °K) ocHosaH Ha conocras-
JIEHHH paJHOaKTHBHOCTeHl aHaJM3upyeMoro o6pasna M 3TaJOHA HJIH CEpPHH
5TaJ/IOHOB C H3BECTHHIM COJEpIKaHHEeM ONpee/sieMOro 3JieMeHTa.

§ 11. Macc-cnekTpoMeTpHYeCcKHe METOJbl aHaNH3a

Macc-cnexTpoMeTpHUeCKHe METORB aHajiW3a OCHOBAHB Ha ONpenese-
HHHM OT/eJbHBIX HOHH3MPDOBAHHBIX ATOMOB, MOJIEKYJ] M PAaAHKaJoOB MOCPen-
CTBOM pa3sfiesieHHs] NMOTOKOB, COAEPXKAIIUX YACTHUBEl C PAa3HBIM OTHONIEHHEM
Macchl K 3apfAfy, B pe3ynbTaTe KOMOMHHDOBAHHOTO MAEHCTBHUS 3JIEKTpHUYe-
CKOro ¥ MarHuTHOro noJeil (cM. kaura 2, ra. VI, § 35).

Macc-cnekTpoMeTpHueCcKHe MeTOAbl aHalH3a NPUMEHSIIOTCA B Pas3jiny-
HBIX 06/1aCTAX NPOMBILUIJIEHHOCTH, HAYKH U HOBOH TEXHHKH; OHH HAIOT BO3-
MOXKHOCTb YCTaHOBHTb H30TONHBIH COCTaB H HCCJIEOBATh COCTAB NMPOAYKTOB
peakuHi, cogep:xxaHue MHKponpuMmeceil B 0co60 YHCTHIX BellecTBax H T. I.

3a mocJsenHee BpeMsi METOIbl MacC-CIEKTPOMETPHYECKOrO aHaJ/iu3a NpH-
ob6pesu 0co060 BaxKHOe 3HAUEHHE IJI 3JIEMEHTHOrO aHajlh3a HeOpraHHYeCKHX
BellecTB. PacnblyieHHe U MOHH3alUs AHAJH3UPYEMOrO BelleCTBA JOCTHIAIOT-
Cs1 B HCKPOBOM BaKyyMHOM paspsifie, OA AeACTBUEM Ja3epHbIX Jyuel, cdo-
KyCHPOBAHHOTO NyyXa 3JeKTPOHOB H T. I

Oco6biit HHTepec A/l XUMHKOB-aHAaJHTHKOB MPEACTaBJSET UCKPOBAS
macc-cneKTpomeTpus, IWHPOKO NpHUMeHsieMass B aHajuTHdeckoil xumuu. OHa
OTJINYAEeTCs CBEPXBHICOKOH YYBCTBHUTEJNBHOCTbIO, NPEBOCXOASAIIE NpaKTHue-
CKH YYBCTBHUTEJNLHOCTb BCEX H3BECTHBIX XMMHYECKHX W HHCTPYMEHTAJbHBIX
MeToJ0B (KpoMe, GBITh MOKET, paiuoMeTpHuYecKHXx meTonoB). [Ipu nomouu
HCKPOBOH Macc-CEKTPOMETPHH MOXKHO aHaJM3HPOBAaTh C JOCTATOYHOH TOY-
HOCTHI0O MHKDO3JIEMEHTHBI COCTaB pa3HOOOGPa3HBIX MPHPOIHLIX BeELECTB
(B TOM uHC/le MJIAaHETHbIX T'PYHTOB), NMPUMEHSAEMBIX B aTOMHOI, MOJYIpPO-
BOAHMKOBOH M Ja3epHOH TexXHHKe 0CO00 YHCTHIX TE€XHHUYECKHX MaTepHaJioB,
MeTaJlJioB, HEMETaJlJoB, CIJIaBOB, KaTaJlH3aTOPOB, MOHOKPHCTAJIOB U T. II.

Ilpu 3TOM MOXKeT perucTpupoBaTbCi B TEYEHHE OAHOr0 SKCHepUMEHTA
70—75 OCHOBHBIX H IPHMECHBIX 3JIEMEHTOB B OJHOM o6paslie aHaJH3upye-
MOrO BellleCTBA MacCOH B HECKOJBbKO MHJJIHIPaMMOB.

IIpn coueranunm Macc-CieKTpOMETPHYECKOrO MeToja aHa/lu3a ¢ ApY-
TMMH XMMHYECKMMH H (U3HUKO-XUMHUECKHMH METONAMU aHaJHW3a M KOHIEHT-
pPHPOBaHUS MHKpOIpHMeCeH, a TaKke C 3JeKTPOHHO-BBLIUHC/IHTENbHEIMH Ma-
IIMHAMH OTKPHIBAIOTCS HeorpaHHYeHHble BO3MOXKHOCTH 3TOro BecbMa nep-
CIIEKTHBHOTO YyHHBepcasjbHOro Meroza. OnHako paGoTel No Macc-CHeKTpo-
MeTpPHH He MPEAYCMOTPeHbl YueOGHON NpOrpaMMoil N0 aHaJUTHYECKOH XHMHH,
MO3TOMY B AAHHON KHHTe 3TH MeTOAbl He PacCMaTpHBAIOTCA.

§ 12. Panuodusnueckne MeToAbl aHAAH3a

Panvodusuyeckue MeTOAbl aHaJH3a OCHOBAHbl HAa HCIO/Jb30BaHHH pas-
JMYHbIX (PH3HUECKHUX SIBJEHHMH, NPOSAB/AIOIIUXCA NPH B3aHMOJEHCTBHH Belle-
CTBa M 3JEKTPOMATHHTHOTO MOJSA, H CBA3aHbl C HAG/IOJEHHEM ONpeleseH-
HBIX 3JIEKTPHYECKHX W MAarHHTHBIX XapaKTePHCTHK BelleCTBa NPH MOMOLIH
CrelHaJbHBIX pafuodUIHYecKHX NPHOOPOB.
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OnHUM M3 JOCTOMHCTB 3THX METOJOB SIBJISIETCSI BO3MOXKHOCTb IIHPOKOTO
NpMMEHeHHS] HX B aBTOMAaTH3HPOBAHHBIX CHCTeMax KOHTDOJIS.

Boicokouacrornoe turposanue (cm. § 13).

Meto0 aaekTponnozo napamaerutrhozo pesdonanca (SIIP), ocHOBaHHBIA
Ha HUCIIOJb30BAHHUHU SIBJIEHHS PE30HAHCHOTO IOIJIOIIEHHS 3JIeKTPOMarHHTHBIX
BOJIH apaMarHUTHLIMH YacTHLIAMH B NOCTOSSHHOM MAarHUTHOM [0Jie, ycreul-
HO TIpUMEHSIeTCS AJIS1 M3MepeHHs] KOHLEHTpPAalMH NapaMarHUTHBHIX BeILeCcTB,
HCCJIEIOBAHHS OKHCJHTENbHO-BOCCTAHOBHTEJIBHBIX NPOLECCOB, H3yYeHUSA XH-
MHYECKOIl KHHETHKH U MeXaHH3Ma XMMHYECKHX peakiuil u T. m.

Metod adeprnoeo mazrutHoeo pe3onarca (SIMP) ocHoBaH Ha HCNOJB30-
BaHUH OGYCJIOBJIEHHOrO SIJ€PHBIM MarHeTH3MOM Pe30HAHCHOTO IIOTJIOIEeHHS
3JIEKTPOMATHHTHBIX BOJIH HCCJIElyeMBIM BeleCTBOM B IOCTOSIHHOM MarHHT-
HoM noJsie. Metox AMP npumensiercss njsi HccelOBaHUST KOMILJIEKCHBIX cOe-
IHHEHU!, COCTOSIHHS HOHOB B PAacTBOpe, IJs1 H3yueHHS XHMHUECKOH KHHe-
THKHM H T. IL.

Mero0 adepnoti eamma-pe3onancHoli cnexrpockonuu (SITP-cnekTpocko-
nuH) OCHOBAaH Ha HabjloeHHH MeccOGayspoBckoro s3ddekra. Merox ATP-
CINEKTPOCKONHH TNPHUMEHAIeTCA MJisi YCTAaHOBJEHHS XapaKTepa XHMHUYECKHX
CBsi3ed B BelLIECTBax, a TaKxke I HCCJAELOBAHHA KOMIJIEKCHBIX M 3JieMeH-
TOOPraHHYECKHX COeAHHEHHH H T. I

OTH ¥ Ipyrue crelHaJbHEIE METOJbl HCIOJb3YIOTCS HE TOJILKO JJIsi aHa-
JIU3a U HCCJEJOBAHHS Pas3/IHUHBIX MPHPOLHBIX U TEXHUYECKHX OGBEKTOB, HO
H 1151 H3yyeHHs Pa3HOOOpPa3HBIX peaKUHHd H NPOLECCOB, NPOTEKAIOUIHX B
3KCTpEMaJbHBIX YCAOBHAX (ILaBJIEHHs, TeMIepaTypsl, paiHaluy U T. 1.). Pas-
BHTHIO TaKHX MeTOJOB B 3HAayHTeJbHOH Mepe CIOCOGCTBOBAJ Mporpecc B 06-
JIaCTH XMMHYECKOH TEXHOJIOTHH NMPOU3BOJACTBA BaXKHEHIUHX CrelHaJbHhEIX Ma-
TepHaJ/oB, aTOMHOH 3HEPreTHKH, KOCMOHABTHUKH, OHOJIOTHH, GHOXHMHH H T. I

§ 13. UHcTpyMeHTaJIbHbIE METOAB THTPOBAHMS

BospmuHCcTBO (PH3UKO-XKMHYECKHX METOJOB aHa/iu3a OCHOBAHO Ha THT-
poBanHH. TuTpoBaHHe, Jiexallee B OCHOBe KJAaCCHUECKOro THTpHMeTpHYe-
CKOTO aHaJih3a, SIBJSAeTCS MPAaKTHYeCKH YHHBEPCaJbHBIM METOLOM, IIHPOKO
NpHMeHsieMbIM B (H3MKO-XHMHYECKHX MeToJax aHajau3a. B KauecTBe NpH-
Mepa MOXHO yKa3aTb NOTEHIIHOMETPHYECKOe, XPOHOMNOTEHLHOMETPHUYECKOe,
Typ6uAHMeTpHYeCKOe, KOHAYKTOMETPHYECKOe, XPOHOKOHIYKTOMETPHUYECKOe,
aMnepoMeTpHYecKoe, (pOTOMETPHYECKOe, TEpMOMETPHYECKOE M APYTrHe BHbI
THTPOBAHHUS.

®usnyeckHe CBOHCTBA CHCTEM, HCNOJb3YeMbIX B HHCTPYMEHTaJbHBEIX
MeTOLAaX aHa/u3a, NPUBEJEHH HHXKeE:

NOsIBJIEHHEe WJIH HCUE3HOBEHHEe 3MHCCHOHHBIX JIHHHA CIEKTpa onpeje-
J5IEMOTO 3JIEMEHTA.

¢ayopecuenuus (nosiBjeHHe, HCUe3HOBEHHe HJIH H3MeHeHHe (Jyopec-
LleHLIUH ONpe/eNsieMOro BelleCTBa, peareHrta, NPOAYKTa peakUHH HJIH (GJyo-
pecuupyoLero HHIHKaTopa);

ONTHYECKasi aKTHBHOCTb (BpallleHHe MJIOCKOCTH MOJISIPH3ALHH);

pedpakuus; .

KPUCTA/IN3aLHusl (NOSABJEHHe YETKO DA3JHYHMBIX IMOA MHKPOCKONOM
KPHUCTaJJIOB) ;

MardMTHasi BOCIPHUMYHBOCTh (4yBCTBHTEAbHOCTD);

IU3J1eKTpHYECKass NPOHHLAeMOCTb;

3JIEKTPONPOBOJHOCTE;

TEeMJIONPOBOAHOCTb;

3JIEKTPOJHbIE MOTEHUHAHI;

nMdpakuus PeHTIeHOBCKHX JIyyeldl M 3JEKTPOHOB;.
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sJepHbIH MAarHUTHHIH PE30HAHC;

abcopbuust JyyucToft 3Hepruu (yJapTpadHoJeTOBOE, BHAMMOe, HHppa-
KpacHoe H3Jy4eHHe);

KoMOHHallMOHHOe paccedaHne cBeTa («Paman-addekr»);

BAA3KOCTD;

..MYTHOCTb;

NJIOTHOCTB;

IIOBEpXHOCTHOE HaTsXKeHHe;

palHOaKTHBHOCTb;

Ten/JoTa peakUHu H Ap.

B Tex cayuasix, Korga ynaercss HaGJIOLaTh HECKOJNBKO TOYEK SKBHBA-
JIGHTHOCTH, COOTBETCTBYIOLUUX IOCJA€JOBATeJbHbIM CTaAUSAM THTPOBaHHS,
OKa3blBaeTcsl BO3MOXHBLIM 32 OJHO THTPOBaHHE H3 OIHON HABECKH Ompene-
JINTb COLep3KaHHe HECKOJbKHX KOMIIOHEHTOB, BXOJSILIUX B COCTaB aHaJH3U-
pyemoii cmecu (Hanpumep, HoSO, 4 NaHSO,, H3PO, + KH,PO4, NaoCO;
+ NaHCO;, HCIl 4+ €H3;COOH, HClIO4 + HCl + C¢H;COOH, ¢raneBas ++
+ nsodranesas 4 tepedraneBas KHCJAOTH U T. A.). Takoh Meron ofpene-
JIEHHS] Ha3bIBAIOT pas3feldbHbIM (IubdepeHIHpPOBaHHBIM) THTPOBAHHEM.

B uHCTpyMeHTaJbHBIX Me€TOJAaX THTPOBAHHS MHCIOJb3YIOTCS peakinu
KHUCJIOTHO-OCHOBHOI'O B3aMMOJAEHCTBHS, OKHCJEHHS — BOCCTAHOBJIEHHS, Oca-
JKJIeHHUs, KOMIJIeKCOO6pa30BaHUs, NPHCOENANHEHHs, 3aMellleHHs, HUTPO3HPO-
BaHMA, OKCHMEDKypUPOBaHMs (ONpeleseHHe NBOHHBIX CBs3eH) W T. I

Huxke ykazaHbl CyLIeCTBYIOLHE BUB HHCTPYMEHTAJ/bHBEIX METOIOB THT-
pPOBaHHSl M [aHBl XapaKTePHCTHKU HX.

Amnepomerpuueckoe TuTposaxue, sBASIOLIEECT BHIOH3MEHEHHEM IOJS-
porpaduueckoro Meroxa (cM. § 9), ocHOBaHO Ha HM3MEHEHHH B Ipoliecce
THTPOBAHHS pacTBOpa ONpeJe/seMOro BellleCTBAa 3HAYEHHS IMPeNeJbHOro
Iu¢pPy3HOHHOTO TOKa, NPOXOASALIEro yepe3 pacTBOp INPH INOCTOSHHOH pas-
HOCTH MOTEHLHAJOB MeXJy KOHUEHTPAUHOHHO TNOJISPH30BaHHBIM HHIMKA-
TOPHBIM M MOAXONSILINM HEeNOJSIPH30BAHHLIM 3JEKTPOJOM CpaBHEHHs (Ha-
NpHMep, KaJOMeJbHBIM 3JeKTPOAOM).

B kayecTBe MHIMKAaTOPHOTO MHKPO3/JEKTPOJa IPUMEHSIOT PTYTHHIA Ka-
neJbHBIN, Bpallalomuics NJAATHHOBBIH H/IH APYrod KOHIEHTPALMOHHO IO-
JISPU30BAHHBIH MHKPO3JeKTpoAbl. HHIMKaTOpHOMY 3AEKTPOJLy COO06INAIOT
TaKOil NMOTeHIHaJ, 4TOObl MOXHO OBIJIO PerHCTpHpPOBaTh AH(PY3HOHHBIH TOK
NOTeHIHaJo0npeiesolero HoHa. Ha ocHOBaHHM Pe3yJbTaTOB THTPOBAaHHS
CTPOSIT KPUBYIO aMIepOMeTPHYeCKOro THTPOBAHHMSI B KOOPAMHATax: MOKa3a-
HHMs rajJbBaHoMeTpa — OGbEM CTaHAAPTHOTO pacTBOpa THTpaHTa (B MJ),
T. €. BHIYEPYHUBAIOT KPUBYIO 3aBHCUMOCTH NH(P(PY3HOHHOro ToKa oT oGbeMa
pactBopa, MOLIEAIIEr0 Ha THTPOBaHHE ONpENe/sieMOro BellecTBa.

KoHeuHy0 TOYKY THTPOBAHHSI YCTaHaBJHMBAKOT 1O H3JIOMY KPHBOH, CO-
OTBETCTBYIOLIEMY TOYKE 3KBHBAJIEHTHOCTH.

AwmiiepoMeTpUueckoe THTPOBaHHE 00JafaeT pPsfiOM JOCTOHHCTB — BO3-
MOXHOCTbIO THTPOBAHHS MYTHBIX M OKpalIeHHbIX PACTBOPOB M KOJIHYECTBEH-
HOTO OmpejeseHust MUKDONPHMECH B 0CO00 UYHCTBIX BELIeCTBAaX B IPHCYT-
CTBHH OCHOBHBIX H NOCTOPOHHHX 3JIEKTPOJHTOB M T. M. Oco60 BaxKHHIM AO-
CTOHHCTBOM aMIIEPOMETPHYECKOr0 THTPOBAHHS SIBJSETCA BO3MOXHOCTb B
psiie CcayuaeB KOJHMYECTBEHHO ONpelessiTh BEIeCcTBA, He OKUC/SIOLIHECH H
He BOCCTaHaBJHBAIOIINECs 3J1EKTPOXHMUUECKH.

Buamnepomerpuseckoe TUTPOSAHUE — PA3HOBHAHOCTb aMIepoMeTpHye-
CKOTO THTPOBaHHA. 3a XOJOM peaKUHH CJIeJAT N0 H3MEHEHHIO TOKa, BO3HH-
KaIOLmlero MeXIy [ABYyMsi OJHHAaKOBBIMHM (OOBIYHO INJIATHHOBBIMH HJIM Mef-
HBIMH) TOJIIPH30BAHHBIMH 3JEKTPOAAMH, HOrPYKEHHBIMH HENOCPeNCTBEHHO
B THTpyeMBblii pacTBop. Ha ajekTpoabl HasararT HeGOJbINOe HANpsiKeHHe,
JOCTAaTOYHOe A5 O6ecneyeHusl 3JeKTPOAHON peakUHH C THTPAHTOM.
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B npouecce THTpOBaHHUS OAHOTO KOMIOHEHTa OGpPATHMOM OKHCJHUTENbHO-
BOCCTAaHOBHTEJbHON NMapbl (HJH NpH MOSIBJEHHH OOPaTHMOH pel-OKC Maphbl)
B KOHEYHOH TOYKE TOK PE3KO MpephiBaeTcsi (MJH MTHOBEHHO MOSBJIAETCH).
Toyka 3KBHBAJIEHTHOCTH OMNpefejsieTcst Mo H3JIOMy KpPHBOH 3aBHCHMOCTH
TOKa OT o6beMa NnpuOaBJeHHOro THTpPaHTA.

BuamnepoMeTpuyeckHii MeTOJ THTPOBAHHS JaeT BO3MOMKHOCTb AH(e-
PEeHLUHPOBAHHO THTPOBATh cMecH. [IpuHLMNMaNbHAS cXeMa YCTAHOBKH MpOILE,
YeM B aMIIEPOMETPHUYECKOM METOJe, — OTCYTCTBYIOT 3JEKTPOJHTHYECKHH MO-
CTHK H 3JIeKTPOJ, CpaBHEHHS.

Konoykromerpuueckoe TuTposarue OCHOBAHO HAa H3MEDEHHHM NpH TO-
MOIIH KOHAYKTOMETPOB 3JIeKTPONPOBOLHOCTH (0OpAaTHOW BeJHUHHBI OMHYe-
CKOrO CONPOTHBJIEHHSI) THUTPYeMOro pacTBopa MexXAy IBYyMsI HHEDPTHBIMH
3/71eKTPOAaMH (OGBIYHO MJIATHHHPOBAHHBIMH), ONYILEHHBIMH B THTPYeMbii
pacTBop (peaklUMOHHYIO Cpeny).

Touky skBMBaJieHTHOCTH (QHKCHPYIOT MO pe3KOMYy H3JIOMYy KpHBOH (me-
peceyeHHIo IBYX NpPSMBIX) THTPOBAaHHS, OTPaXKalollell H3MeHeHHe 3JIeKTPO-
NPOBOAHOCTH aHAJH3UPYyeMOro pacTBopa no Mepe npHOaB/eHHs K HeMy THT-
paHra.

ITOT MeTOh MpOCT, OYeHb YAOGEH, JOCTATOYHO TOYEH M INO3BOJISET pe-
1u1aTh MHOTHe XHMHKO-aHaJUTHYECKHe 3aJauH, He paspeliaeMble KjaccHye-
CKMMH THTDHMETPHYECKHMH MeTofaMH. KoHAyKToMeTpHyeckoe THTpOBaHHE
IPHMEHHMO He TOJIBKO IJIs ONpejie/leHUs HHAHMBHIYyaJbHBIX BELIECTB, HO H
Ui aHajlui3a MHOTOKOMIIOHEHTHBIX KaK OeCUBETHBIX, TaK M OKpalIeHHBIX
cMecel, KOHIIEHTPHUPOBAHHBIX U pa30aBJeHHBIX BOIHLIX U HEBORLHBIX PacTBO-
poB.

XponokonOykTomeTpuyeckoe TUuTposaxue, SABJsAIlIeeCS Pa3HOBHI-
HOCTbIO KOHIYKTOMETPHYECKOTO THTPOBAHHS, OCHOBAHO Ha aBTOMAaTHYeCKOH
perucTpaluyd H3MeHeHHH 3/eKTPONPOBOAHOCTH THTPYeMOro pacTtBopa IO
Mepe npHuGaBJeHUsi THTpaHTa. KOHLEHTpalHIO ONpenessieMOro BelllecTBa
PacCYUTHLIBAIOT 1O BpeMeHH, H3PacXONOBaHHOMY HAa THTPDOBAaHHe AaHaJIH3H-
pyeMoro o6Gpasiia NpH MOCTOSHHOH CKOPOCTH TeUeHHs TUTpaHTa.

Cymectsyer npa crmocof6a aBTOMAaTHYeCKOH perucTpaiuu H3MepeHHH
3JIeKTPOIPOBOJHOCTHU:

1) no nnuHe AMarpaMMHON JIEHTHI OT Hayaja TUTPOBAHHSI HO TOYKH
5BMBAJIEHTHOCTH (BpeMsl, H3pacXOJOBaHHOe Ha THUTPOBaHHe, BBIYHCJAIOT,
3Hasi CKOPOCTb [BHXKEHHS JIEHTHI); .

2) 1o uyHC/Ny HHTEpPBAJIOB MEXJAY 3aMHChI0 OTAEJbHBIX TOYEK THTPOBA-
HMSl yepe3 CTPOro olnpefejeHHble NPOMEXYTKH BpPeMeHH (BpeMs, H3pacxo-
JIOBAHHOE HAa THTPOBaHHe, BBHIYHCJSAIOT, YMHOXas YHCJO HHTEPBAJOB Ha
YHCJIO CEeKYHI MeXIy HX 3aMHChI0).

XpOHOKOHAYKTOMETPHUECKOMY METOLY THTPOBAHHS CBOHCTBEHHHI BCe
JOCTOMHCTBA OOBIYHOTO KOHAYKTOMETPHYECKOTO THTPOBAHHUS, HO 3TOT METOJX
OTJINYaeTCs SKCNPECCHOCThIO U 6OJblIell TOYHOCTbIO. MeToJ KOHLYKTOMETpPH-
YeCKOro THTPOBAHHMS Jierko coueraercss ¢ DBM.

Boicoxouacrornoe  (paduouacrornoe) rturposanue (BUT), kotopoe
OGLIYHO pacCMaTpHBAIOT KaK Pa3HOBHIHOCTb KOHLYKTOMETPHYECKOrO0 THTPO-
BaHUS HJIM OTHOCAT K DafHO(PH3NYECKHM MeTonaM aHaju3a, OCHOBAHHBIM
Ha HCNOJIb30BaHHHM (DM3HYECKHX SIBJAEHHH, NMPOSIBASIOLIUXCS NMPH B3aUMOMeH-
CTBMH BEIIECTBA M 3JEKTPOMArHUTHOro noJssi. IIpu BHICOKOUaCTOTHOM THTPO-
BAHHH HCCJIeAyeMblil pacTBOp NMOMELIAlOT B BBICOKOYACTOTHOE 3JIeKTpoMar-
HUTHOE MOJIe H3MEepUTEJbHOro Npubopa, B KOTOPOM YacTOTa LHUKJIOB B 1 ¢
nocturaer 6ojiee MHUJIHOHA. 3aTeM B THTPyeMbIH PacTBOp NOCTENEHHO NpH-
JMBAIOT CTaHAAPTHBIII pacTBOP THTPAHTA, PEATHPYIOUIETO C ONpenessieMbIM
BEIleCTBOM. DJIEKTPOJAbl YKpEIISIOT BHe aHa/JH3HDPyeMOro pacTBopa Hemno-
CPEICTBEHHO Yy CTEHOK sIYEHKH Ha BHCIIHEl CTOPOHE COCYyAa AJs THTPOBaHHUA.
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B rmpolecce BBICOKOYACTOTHOrO THTPOBAaHHMS OO6GBIYHO HA6JIOLAIOT 32
U3MeHEeHHEeM 3JIEKTPONPOBOLHOCTH. BrlyepyHBalOT KpHUBYIO 3aBHCHMOCTH IO-
Ka3aHui npu6opa or o6beMa NpHOaBJeHHOro THTpaHTa. KoHeuHyl0 TOUYKY
THTPOBAHHSA HaXOAAT 3KCTPamnoJsiuell yyacTKOB KPHBOH THTPOBAHHSA B 06-
J1acTH Pe3KOTro H3MeHeHHs ee HaKJIOHA.

BricokoyacTOTHOe TUTPOBAHHE, IPH KOTOPOM H3MepSIOT He 3J1eKTPOIpo-
BOJHOCTb, a JIH3JIEKTPHYECKYIO NPOHHLAEeMOCTh pacTBOpa, Ha3blBAIOT IHIJI-
KOMETPHUYECKHM THTPOBaHHEM.

OnHHM H3 r1aBHBIX JNOCTOHHCTB METOJA BBICOKOUACTOTHOIO THTPOBAHHS
SIBJSIETCS OTCYTCTBHe TrajibBaHHUYECKOTrO KOHTAaKTa MeXIy 3JeKTpodaMH H
aHa/M3HpPYeMbIM pacTBOpoM. Biarogaps aToMy uck/iiouaioTcss no60YyHbIe SB-
JIeHHs M npolecchl. MeToa npuMeHUM [/l aHAJH3a NPOTOUHBIX PacTBOPOB,
COCTaB KOTOPBIX KOHTPOJIHPYeTCS] aBTOMAaTHYECKH.

Ilorenyuomerputeckoe TUTPOBAHUEe OCHOBAHO Ha H3MEHEHHH Pa3HOCTH
NOTEHIINAJOB MexXIy HABYMS 3JIEKTPOJAaMH: HHAMKATOPHBIM M 3JeKTPOIOM
cpaBHeHHs (HampHMep, HACBHIUIEHHBIM KaJIOMeJbHBIM 3JIEKTPOJIOM), OMYIIEH-
HBIMH B THTpPYyeMbli pacTBOp. B npoliecce THTpOBaHHS BBIYEPYUBAIOT KPHBYIO
3aBHCHMOCTH IOTEHLHAJNOB OT 06beMa npu6GaBaeHHOro THTpaHTa. KoHeuHyio
TOYKY HAXOAAT [0 MAKCHMaJbHOMY CKayKy THTPOBAHHS HJIH IO PE3KOMY OT-
KJIOHEHHIO CTpeJKH rajJbBaHOMeTpa.

[ToreHuHOMETpPHUECKHII MeTOJ THTPOBAHHS NPHUMEHHM MJS aHaJH3a OK-
palIeHHBIX M MYTHBIX, pa30aBJeHHbIX H KOHLUEHTPHPOBAHHBLIX PacTBOPOB,
BOIHBIX M HEBOJHBIX, a TaKXe CMeIIaHHBIX (BOLHO-HEBOJHHEIX). MeTox
X4paKTepH3yeTcsi  JOCTaTOYHOM TOUYHOCTbIO, YYBCTBHTENLHOCTBIO, 3KCHpecc-
HOCTbIO H NPUMEHHM JJIA aHaJi3a MaJiblX Npo0 aHaJIH3UPYyeMOro BellecTBa.
HauGosee BaXKHLIM €ro JNOCTOMHCTBOM SBJISIETCS BO3MOXHOCTb AudpdepeH-
IMPOBAHHOTO (pa3leqbHOT0) THTPOBAHHS HEBOAHBIX PacTBOPOB, MHOTOKOM-
NOHEHTHBIX CMecell KHCJOT, OCHOBAHUH, COJeH U APYTHX HEeOpPraHHMYeCKHX H
OPTaHHYECKHX COeJHHEHHH.

XpononoTrernyuomerpureckoe TUTpOSAHUe TpencTapasieT COGOH pas3Ho-
BHAHOCTb NOTEHIIHOMETPHUECKOrO0 THTpOBaHHA. B 3ToM MeTome o conepia-
HHM BellleCTBa CYIST MO BPeMEHH, H3pacXOAOBAHHOMY. Ha NOTeHLHOMETpH-
yecKoe THTPOBaHHe aHaJu3upyeMoro obpasla npH MNOCTOSHHOH CKODOCTH
npuGassenus TuTpaHTa. CyllecTByeT psijl pa3sHOBHIHOCTEl XPOHONOTEHIHO-
METPHUYECKHX METOLOB THTPOBAHHS, HO SBJ/SIIOIUMXCS MO Ha3BaHHIO CHHOHH-
mamu. Coraacuo pekomenpauusim MIOITAK, nmon moHsfiTHEM XDOHOMOTEH-
[HOMETPHUYECKOr0 THTPOBAHHS NOAPa3yMeBalOT TaKOH METOX, 3a XONOM pe-
aKIlUH B KQTOPOM CJIeIAT C MOMOLIbI 60/bIIOr0 KOHLEHTPAUHOHHO NOJSpPH-
30BAaHHOrQ 3JeKkTpoga (OGBIYHO PTYTHOrO HJIH NJIATHHOBOrO) B mape C NOA-
XOJSLIMM 3JE€KTPOJOM CpaBHeHHsl (HanpHMep, HAaChIEHHBIM KaJoMeJbHBIM
3jiekTpoaom). Uepes 31eKTpoIbl NMPONYCKAIOT NOCTOAHHOH BEeJHYHHBI TOK H
Ha6/10al0T 3a BpeMeHeM, HeoOXOAHMBIM IJs1 TNlepexofa MOTeHllHasa HHIH-
KaTOPHOrQ 3/1EKTPOJa H3 NepBOHAYaJIbHOro 3HaueHHWsi B HEKOTOpoe OoJee
BLICOKOE. BhiuepuuBalOT KpHBYIO 3aBHCHMOCTH KBaJipaTHOrO KODHS BpeMeHH
nepexona oT ofbeMa npHOGaBIeHHOro THTpaHTa. OQObIYHO KOHEYHYIO TOUKY
TUTPOBAHHS HAXOAAT IKCTPANOJALKMEH y4yacTKOB KPHBOW THTPOBaHHS B 06-
JIACTH HM3MeHeHHs ee HaK/JOHA. XpOHONOTEHLHOMETPHYECKOe THTPOBAHHE OT-
JIHYaeTcsl 9KCIPECCHOCTBIO, aBTOMATHYECKHM YNDABJEHHEM M 3alHCbIO KDH-
BhIX THTPOBAHHSA, 06GbEKTHBHOCTBIO H3MEPEHHH H YHHBEPCaJbHOCTBIO.

Kynonomerpuueckoe TUTposarue OCHOBAHO Ha H3MEPEHHH KOJIHYECTBA
3/1eKTPHYECTBA, PACXOAYEMOrO B XOJe 3/IEKTPOAHO# peakuuu. IIpu Kynowo-
MeTPHYECKOM THTPOBAHHH pPeareHT o6pasyeTcs 3a CYeT BHYTPEHHEeHd M BHell-
Heil S/JEeKTPOJHTHYECKON reHepaluM, a He MpHOaBisieTCss B BHAE CTaHIapT-
HOro (THTPOBAHHOrO) pacTBOpa THTPAHTA, KaK 9TO JesaeTcs B APYrux Me-
TOAaX THTPOBaHHS. '
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Hanpumep, s/eKTporeHepHpOBaHHBIMH OKHCJHTENSIMH MOTYT ObITb HOHBI
xkeunesa (I1T), uepus(IV), xpoma (VI), mapranna(VII), a Takxke sjeMeHTHbIE
uox, 6pom u 1p. B KauecTBe 3/eKTpOreHepHpPOBAHHBIX BOCCTAHOBHTeJe MpPH-
MensiloT noubl Menw (I), onosa(Il), xpoma (II), xkenesa(Il), Homa u ap.

B Meronmax, OCHOBaHHBEIX Ha peaKUHUSX KHCIOTHO-OCHOBHOTO THTPOBAHHA,
B KYJIOHOMETPHH BOXHBLIX PACTBOPOB NMPHMEHSIOT 3JIeKTPOreHepHPOBaHHBIE B
Ipoliecce 3/71eKTPOJaHu3a BOAbl HOHBI BOZOPONA, 06pa3ylolliecs: B IPHAHOLHOM
NpPOCTPAHCTBE, U HMOHBI THIPOKCHJIA, HAKAMJINBAIOIIHECS B MPHKATOLHOM MpO-
CTPaHCTBE B pe3yJbTaTe CJAEAYIOIIHX peaKUHiH 3JeKTPOXHMHUECKOTO BOCCTa-
HOBJIEHHS — OKHCJEHHS BOJBI:

a) ua karofie: 2H,O + 2e~ —> H, + 20H™
6) na amomte: H,0— 2~ —> 1/,0,+4 2H*

CorsnacHo 3akoHy Papazesi, KOJHYECTBO BellleCTBA, IPEBPalllaeMOro npH
3JIeKTpOJIH3e, NPSIMO MPONOPIHOHAILHO CHJIe TOKAa M BPeMeHH ero IpOXoX-
neHus. [loaToMy B KyJIOHOMeTPHUECKOM THTPOBAaHHH BMeCTO 06beMa W Mac-
Cbl OGBIYHO M3MEpPSIIOT BPEMs M BEJHUYHHY TOKa, PACXOLYeMBbIX Ha 3JIeKTpO-
XMMHYECKYIO0 peaklMlo, CONpPOBOXKAAIOILYIOCS O00pa3oBaHHEM 3JIEKTpPOreHe-
PUPYEMEIX BELIECTB.

KynoHoMeTpHueckHit MeTOL NPOBOAAT JHGO NPH MOCTOIHHOM KOHTDOJIH-
pyeMoM noTeHuuasae pabouero 3jeKTpofa, obecrneunBamoimeM 1009 -Hyo
3¢ }peKTHBHOCTD TOKa, — MNOTEHIHOCTATHYECKAasi KYJOHOMETDHS, HJIM TMOTeH-
IHOCTaTHYECKHH MeTOH, JHOQ NPH NOCTOSHHOH CHJIe TOKa B TEUEHHE BCEro
npolecca 3JeKTPOJIH3a — METOA aMIepOCTaTHYECKOro KYJOHOMeTPHYECKOTO
THTPOBAHHSI.

KynoHomeTpHyeckoe THTpOBaHHe OTJIHYAeTCS BBICOKOH TOYHOCTBIO
H GOJIBUIOH YYBCTBHUTENBHOCTHIO, YTO MO3BOJISIET NPUMEHSATh 3TOT METOX AJS
onpejesieHHss MHKpOIpHMeceil H MaJlbiX KOJHYECTB OINpepessieMOro Bellle-
cTBa. MeTon XxapaKTepH3syeTCs TaKXKe 3KCIPECCHOCTBIO, He TPeGYeT BLICOKOM
KBaJH(pHKAUUKH 3SKCIEPHMEHTaTopa M OT/JIHYaeTcs H3BECTHOH CeJieKTHB-
HOCTbIO (B OCOGEHHOCTH MNOTEHLHOCTaTHYecKas KyJoHoMeTpusi). [Ipu wc-
MOJb3OBAHWM 3TOTO METORAa OTNanaeT HeOGXOLHMOCTb B CTAHAAPTH3aIHH
PacTBOPOB M NPUTOTOBJEHHH KaJHOPOBOYHHIX rpaduKoB mo o6pasuam ¢ H3-
BECTHHIM COJEpXKAaHHEM ONpEeNessieMOro BelleCTBa.

B coueranun ¢ sp¢heKTHBHHIMH MeTOAaMH (HKCALMM KOHEYHOH TOUKH
THTPOBaHHA (aMIepoMeTpHYeCKHM, CIeKTPO(POTOMETPHYECKHM, paJHOMeT-
pHYECKHM M JpP.) KyJOHOMETPHYeCKOe THTPOBaHHe JIeIKO aBTOMAaTH3HpYyeTCs
U NPUMeHsieTcs B CJyyasX NHCTAaHUHOHHOTO aHaJIH3a.

Cnextpogoromerpudeckoe (goTomerputeckoe) TUTPOBAHUE OCHOBAHO
Ha H3MepeHUH C MNOMOILBI CNeKTpodoToMeTpHyecKHX ((HOTOMETPHUECKHX)
npH6OpPOB CBETONOrNOUIeHHA (ONTHYECKOA NMJIOTHOCTH) HJIM NPOMYCKAHMSA HC-
cJelyeMOH CHCTeMBl B npejiesax BHIODAHHOH Y3KOH NOJOCH CIEeKTpa, H3Me-
HAIOLIErocsi B Npolecce THTPOBAHHS ONpPee/sieMOro BelleCTBA THTPAHTOM.
Meroz np¥MeHHM TJ1aBHBIM 06pa3oM B TeX CJydYasiX, KOrha CYLIeCcTBYeT JH-
HefiHas 3aBHCHMOCTb MeXJy 3HauyeHHeM CBETONOIJIOIEHHSI (MM MpOomycKa-
HHS) W KOHLEHTpalHell onpefesisieMOro BelleCcTBa B pacTBOpe.

[paduk cTpoAT B KOOpAHHATAX: CBETONOIJIOUleHHe (WM MNpOMycKa-
HHe) — o0beM NpuOaBJEHHOro CTaHJApPTHOrO pacTBopa peakTuBa. [lepece-
YyeHMe NPAMBIX (M3/10M) COOTBETCTBYET TOYKE 3KBHBAJIEHTHOCTH.

[Tomocy cnekTpa BHIGHpAIOT TaKMM 06pa3oM, YTOGLI MOXKHO GBLIO H3Me-
pSITb CBETOMNOrJIOLleHHe JUO0 THTPaHTa, JHO60 THTPYEMOro pacTBopa, JH60
NPOAyKTa peakuuH, Ju60 CreuuasbHoO NOAOGPAHHOIO HMHAMKATOpa.

B cnexTpopoTOMETPHYECKOM THTPOBAHUH COJEPMKaHHE BeLIECTBa Orpe-
NeJSOT 10 MOIJIOUIeHHI0 MOHOXPOMAaTHYeCKOro CBeTa, H3MePSieMOro crek-
TpodoTomeTpamMH, B HOTOMETPHYECKOM THTPOBAHHH — [0 IOIJIOLLEHHIO [IO-
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JIMXPOMAaTHYeCKOTO CBeTa, H3MepseMOoro (POTO3JJEKTPHUUECKHUMH KOJIOpHU-
MeTpaMH.

CnekTpodoTOMeTpHYECKHE MEeTOAbl THTPOBAHMS OT/HYalOTCS H36Hpa-
TEJbHOCTBIO, 3KCNPECCHOCTBIO, AOCTATOYHOM TOYHOCTBIO. DTHMH METONaMH
MOXHO aHaJIM3UpPOBaTh OKpallleHHble W CUJIbHO pa30aBjieHHbIE PACTBOPHI.

Dororypbudumerpuneckoe TUTPOBAHUE OCHOBAHO HA W3MEHEHHWH HHTEH-
CHBHOCTH CBETOBOTO NOTOKa NPU IPOXOXKAEHHHU ero uepe3 AMCIEPCHYIO CH-
CTeMy B Ipollecce THTPOBaHHsf, KOrjla onpejesisieMOe BelllecTBO ob6pa3yeT
C THTPAHTOM MaJIopacTBOPHMOe coellMHeHHe. B TOuKe 5KBHBaJIEeHTHOCTH POCT
NOMYTHEHHSI CBETOBOrO NMOTOKa (H3MeHEeHHe WHTEHCHBHOCTH) INpeKpallaercs.
Ilo m3nomy KpuBoil cymaT o6 o6beMe H3PaCXOLOBAHHOIO HAa THTPOBAaHHE
peakTuBa (ocajgurtesns).

Hegearomerpuueckoe Turposanue OCHOBAHO HAa H3MEHEHHH HHTEHCHB-
HOCTH CBETOBOI'0 MOTOKa, PacCeHBaeMOro TBEPAbIMH YacTHIAMH AMCIEPCHOH
CHCTEMBI B IIpOllecce TUTPOBAHUSA. YKa3aHHAsi MHTEHCHBHOCTH MPOMOPIIHO-
HaJbHa KosauuecTBY obpasylomerocs ocanka. KpuByIO THTPOBaHHSA CTPOAT
B KOODAMHATaX: MHTEHCHBHOCTb PAaCCEHHOTO CBETOBOTO NOTOKa IOCJe Mpo-
XOXJEeHHSl ero uepe3 JHCIEPCHYI0O CHCTeMYy — o06beM H06aBJeHHOTO THT-
panta. Touky 35KBHBaJIEHTHOCTH HaXOJAAT IO H3JI0MY KPHBOH THUTPOBAaHHS.
Typbunumerpuyeckoe u HedenoMeTpuyeckoe THUTPOBAHHS MNPHUMEHSIOT IJIs
OnpelesNeHHs] COJepXKaHHUsl BellecTB, 00pas3yloOIIUX OCaAKH, a TaKxKe JJs
HU3MepEeHHs MYTHOCTH HCCJIEeLYyeMBIX TeXHHUYeCKHX OOBbEeKTOB: NMHTbEBOH BOAHI,
CTOYHBIX BOJ TNPOMBIIIJIEHHBIX NPEeANPUATHI, PacTBOPOB, BO3AYLIHOH aTMO-
chepsl, ra3oB, HePTAHBIX QpakUUil U T. I

Dayopumerpuueckoe TUTPOBAHUE OCHOBAHO HA H3MEPEHHH HHTEHCHB-
HOCTH JIIOMHHECLIeHIIMY, BO3HHKAaIoUlell NpHu 06Jy4YyeHHH aHaJIH3UPyeMOro Be-
[1eCTBa KBapUeBOil PTYTHOH JIaMIIOH MJH IPYrMMH HCTOYHMKaMH cBeTa (Ha-
npuMep, 3a XOIOM THTPOBAHHSl CJENAT MO (JyopecUeHIHH PeaKLHOHHOH
cucreMbl U060 BH3yaJbHO B NPHCYTCTBHM JIOMHHECLEHTHBIX HHIUKATOPOB,
NpPUMeHsIEMBIX [JIsT TUTPOBAHHUS OKpalleHHBIX WJIH MYTHBIX cpel, JH60 ¢o-
toMerpuyecku). CTpoAT rpaduK 3aBUCHMOCTH NMOKa3aHUH PerHCTPUPYIOLIErO
(POTO3JIEKTPOHHOrO yCTpoiicTBa OT o6beMa NpHOABJEHHOrO THUTPOBAHHOIO
pactBopa. KoHeuHyi0o TOUKY THTPOBaHHS HAXOAAT SKCTpamnoJsiluedl yyacr-
KOB KDHBOHI TUTPOBAHHS B 00/IaCTH H3MEHEHHs ee HAKJOHA.

Merton oTnuyaeTcss BHICOKOH YYBCTBUTEJNBHOCTbIO M MPUMEHHM IJs1 aHa-
JIi3a HeOPraHMYEeCKHX M OpPraHMYECKHX COeIHHEHHi; pPelKHX U pacCesHHBIX
3JIeMeHTOB, JeKapCTBEHHbIX NpenapartoB, OHOJOTHYECKHX Cpell, BUTAMHHOB,
aJpeHaJiMHa U T. II.

Tepmomerpuueckoe (3HTALbNOMETPUYECKOE) TUTPOBAHUE OCHOBAHO Ha
H3MeHeHHH B NPOLeCCe THTPOBAHHS TeMNepaTyphbl PeaKHOHHON cpelbl, Ha-
XoJsllelics B TePMHYECKH H30JHPOBAHHOM cocyde. M3aMepeHue npoussomsrt
NPU NMOMOILH 4yBCTBHTeJbHLIX NMPHOOPOB (TEpMHCTOPOB, TEPMOMAP HJH CO-
OTBETCTBYIOILHX TepMOMeTpoB). I'paduk Bblpa)kaeT 3aBHCHMOCTb II0Ka3a-
Husl npubopa oT o6beMa NpubaB/eHHOIO TUTPAHTA.

Paduomerpuseckoe TUTpOBaHue OCHOBAHO Ha H3MeHEHHWH B Mpollecce
THTPOBaHHs AKTHBHOCTH pPaJMOaKTHBHOIO H3Jy4deHHS (pPaLHOaKTHBHOCTH)
KaKoro-iu6o KOMIIOHEHTAa HCCJeAyeMOH CHCTeMbl. TaKMMH KOMIIOHEHTaMHu
MOTyT OBITb MOHBI ONpejesnsgeMoro BeilecTBa A uau peareHta B, a Takxke
NPOAYKTHl PEAaKUHH HJH CIENHaJbHO BBOAMMBIH B THTPyeMHIl pacTBop pa-
AMOAKTUBHbIA MHAMKaTOp. Ha pasnuunbix 3ramax THTPOBaHWsI H3Mepsemas
aKTHBHOCTb NPONOPIHOHANbHA KOJIHYeCTBY (UKCHPYEMOr0 KOMIOHEHTA.

KpuByo THTpOBaHHSI CTPOAT B KOOPJAHHATAaX: aKTUBHOCTb PaJHOAKTHB-
HOTO H3J1y4YeHHS HCC/eJyeMBbIX CHCTeM THTDYeMOro pacTBopa — 0GbEM NpH-
6aBJICHHOI'O TUTpaHTa. ‘ .

Touky >KBHBa/IEHTHOCTH YCTAHABJIWBAIOT [0 H3JOMY KPHBOIL.
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§ 14. IlpumMeHeHHe MHCTPYMEHTANbHbIX TUTPHUMETPHYECKHX METONOB

OnpeneneHne HMHIMBUAYAJbHBIX coenHHeHHi. OmnpenesneHHe KOHEYHOMH
TOYKH THTPOBAHHUsS HHIHBHUAYAJbHOrO COeJMHEHHS, KaK NPaBHJO, OCHOBAHO
Ha pe3KOM H3MeHeHHH KOHLEHTPallHH €ro pacTBopa BOJH3HM TOUYKH 3KBH-
BaJIEHTHOCTH.

B TuTpuMeTpHUeCcKOM KJaCCHYECKOM MeTOJe aHa/lH3a KOoHell THTPOBa-
Husl Ha6JIOfAIOT BH3Ya/bHO, HalpHMep MO MOSBJEHHIO HJH HCYE3HOBEHHIO
OKpPAacKH THTPYEMOTO pacTBOpa B NPHCYTCTBHH HJH B OTCYTCTBHE LBETHOTO
HHMKAaTOpa, pearupyiollero ¢ onpeje/sieMblM BeleCTBOM HJH C PearcHTOM.

B uHCTpyMeHTaJbHBIX MeTOJaX THUTDOBAaHHMS HabJlO0JeHHe 3a H3MeHe-
HHEM KOHIEHTPALUH PearkpyiollixX BelleCTB OCHOBAHO HAa NMPHMEHEHHH CO-
OTBETCTBYIOUIMX MPEelN3HOHHBIX (pusvmecxnx npu6opoB.

Cnoco0bl onpeneneHuss KOHEYHOH TOYKH TUTPOBaHHUSA. Touky 3KcTpeMasb-
HBIX 3HauyeHWH COOTBETCTBYIOWlel (DH3MYECKOlH BeJHYHMHBl nocJe A00aBiIeHHs
HeKOTOpOro o6beMa THTPOBAHHOTO pacTBOpa MNPHHHMAIOT 332 KOHEYHYIO
TOYKY TUTpoBaHHsA. Hepenko THTpOBaHHe NPOAOJIKAIOT JO TeX MOP, MOKa He
OyneT AOCTUrHYTA HAEHTHYHOCTb KaKOH-1u60 (PU3HUECKOH XapaKTepHUCTHKHU
THTPYEMOH CMeCH H CPaBHHBAeMOro CTaHAAapTHOrO pacTBOpa, COAEpKaHHe
onpejessieMOro BellecTBa B KOTOPOM H3BECTHO.

B mpollecce THUTPOBaHHSI MEPHOAHUYECKH H3MEPSIOT TY HJIH HHYIO (GH3H-
YeCKYyl0 XapaKTepHCTHKY CHCTeMBl (3J1eKTPONPOBOJHOCTb, IOABHXKHOCTh
HOHOB, AM((Y3HOHHBIN TOK, ONTHYECKYIO IJIOTHOCTb), H3MEHSIOLLYIOCS JIH-
HeHHO NpPH M3MEeHEeHHH COOTHOUICHHS KOHLEHTPaLMH pearupyollUX BeLeCTB.

JlaHHble M3MepeHHUT HAHOCAT Ha rpaduK Kak QYHKLUHUIO KOJHUYECTBa JO-
6aBJIEHHOTO pacTBOpa peareHTta. 3aTeM MO JeCSITH WU 6GoJsiee MOKa3aHHAM
npubopa ctpoar rpaduk. Touky mepeceyeHHst OTHENbHBIX YYaCTKOB NPSIMOK
NPUHUMAIOT 32 KOHEYHYIO TOUKY TUTPOBaHHsS. UeM ocTpee yros mnepeceyeHus
IBYX MpPSIMbIX, TeM BBbIIIE TOYHOCTb THTpoBaHuA. [loMuMO rpaduueckoro
MeToJa HaxOXJeHHS KOHEYHOH TOYKH THUTPOBAHUS CYIIECTBYET PacueTHBIH
METOJ, NPeNJIOKEHHbII PYMBIHCKHM yuYeHbIM JIuTeaHy.

Ha nogo6Hble onpenesneHHss CHIbHO BJHSIIOT YCJIOBHS THTPOBaHHSA, MO-
3TOMY CJeflyeT CTPOTO MpPHIEPXKHBATbC HEKOTOPHIX IOCTOSIHHBIX YCJIOBHII.
B psapme ciyuaeB H3BeCcTHOe BJIMSIHME Ha NPOLECC TUTPOBAHHS OKa3bLIBAIOT
H Apyrue GakTopbl — NPHPOJA peareHTa M XapakTep o6pas3yIOIUXCsS B MpPoO-
Ilecce THTPOBAHHS BELIECTB.

Ananuns cmeceii BewectB. OnpenesnexHue MHAUBUAYaAJIbHBIX COeIMHEHHH
He INpeACTaB/sieT O0COObIX TPYAHOCTEH, 3HAUHTENBHO CJOXKHEEe ONpenessiTh
HX B NPUCYTCTBHH Apyrux BellecTB. HaubGosnee npocro ananus cmeceit ocy-
HIEeCTBJSETC I[OTEHLHOMETPHYECKHM, XPOHOKOHAYKTOMETPHUECKHM H Ipy-
UMM MeTofgaMi auddepeHUNPOBAHHOTO THTPOBaHHA. BecbMma cusmbHOe nud-
¢epenuupyiolliee AeHCTBHE OKa3biBAIOT HEBOAHbIE PAaCTBOPHTENH B OTHOIIE-
HHM KHCJIOT, OCHOBaHHH H COJIeH.

Jlns aHaju3a cMecedl pa3HOOOpPa3HBIX HEOPraHHUECKHX M OpraHHye-
CKHMX BEleCTB WIHPOKO NPHUMEHSIOTCS HHCTPYMEHTaJbHble THUTPUMeETpHYE-
CKHe MeTOJBL

§ 15. dusuxo-xumuueckuii anaaus no H. C. Kypuaxosy

Meron, npennoxennsiit H. C. KypnakoBbiM, no3Bosisier u3yuats Gusu-
yecKue CBO#ICTBA CHCTEM B 3aBHCHMOCTH OT MX XHMHYecKoro cocraBa. Ha-
npumep, IJsi aHANUTHYECKHX LeJedl MOTYT ObITb HCNOJb30BAHbl KDPHBbIE
3aBUCHMOCTH TEMIMEpaTyphbl IJAaBJEHHS OT COCTaBa CBHHLOBO-OJIOBSIHHOTO
cnjiaBa. DTOT METOH HasblBaeTcsl Qusuko-xumuveckum anarusom. He cae-
LyeT CMEIUMBATh MOHATHS «(pU3HKO-XMMHYECKHH METOJ aHa/lH3a» C IOHS-
THeM <(PHSHKO-XHMHUCCKIM aHQBEE.
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Ecim B mpoumecce HarpeBaHHSI HJIM OXJIaXKAEHHs HCCJENYyeMOro Bellle-
CTBa He HabuioanTcsd (pa3oBble MpeBpalleHHs,, CBSI3aHHblE C BbIJEJEHHEM
HJIM MIOTJIOLIEHHEM TelJla, TO KPHBble HarpeBaHHs HJIH OXJaXKIeHHs Xapak-
TEPU3YIOTCS MNJaBHBIM XoAoM. Eciam Xe B cHcTeMe mnpoucxoisit (asoBbie
npeBpallleHHss, TO Ha KPHUBOA H3MEHEHHS TeMIepaTypbl B 3aBHCHMOCTH OT
XapaKrepa 3THX MpeBpalleHHH Ha MNPOTSAXKEHHH HEKOTOPOro MPOMEXYTKa
BpeMeHH Ha6JI0NalOTCST TOPH30HTAJNbHbIE YYAaCTKH NPH HEHM3MEHHOH TeMIle-
paType WiH pe3KHe neperu6n KpuBoil. [Tono6Hast KpHBas [aeT BO3MOXKHOCTb
CYIUTb O Bcex (pa3oBbIX MpeBpaLIEHUSIX, MPOUCXOAAIMHNX B HCCIEAYEMOM 06-
pasue B mpouecce oxJaaxpaeHus. Ilockonbky noapo6GHoe omucaHue MeTona
H. C. KypHakoBa, Ha3bIBaeMOTO TepMULECKUM AHAAU30M, HE BXOAUT B Hauly
3ajauy, OTCHIaeM CTYAEHTOB K PYKOBOACTBaM IO (GH3NUYECKOH XHMHH.
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F'nasa II

NMOTEHILHOMETPHUA U NOTEHLLHOMETPHYECKOE
TUTPOBAHHE

A. TEOPETHYECKHE OCHOBBbI

§ 1. O6Gumas xapaKTepHCTHKA MeTOAA

B coBpemeHHO!N HayyHO!, yuyeOHOH M TEXHHUECKOH JHTepaType TepMHUH
«MOTEHIIHOMETPHUSI» NPUMeHseTcs HJs 0003HaueHUss MEeTOLOB aHa/JW3a U Ol-
pellesieHHsT Pas3jIHYHBIX (U3MKO-XHMHUYECKHX XapaKTEPHUCTHK 3JEKTPOJHTOB
H XHMHYECKHX peaKIHil, OCHOBAHHEIX HAa H3MEpPEHUSX 3JIEKTPOAHBIX MOTEH-
muasoB (DI1) u snekrpomsuxkymux cua (DAC) raspbBaHUYECKHX 3JIE€MEH-
TOB pa3iuyHbix THNOB. IloTeHuMOMeTpHUECKHe H3MEpeHHUS NpPeNCTaBJSIOT
BaXKHeHIINH W HaHOoJiee HaJeXHBIH HCTOYHHK MOJydYeHHS KOHCTAHT PaBHO-
BECHSI 3JIEKTPOJAHBIX peaKIH# H XUMHUYECKOr0 CpPOACTBA OJHHX BellecTB
K [pYyrAM, TEePMOIHHAMHYECKHX XapaKTEPHUCTHK peakiuil, MNPOTEeKaIoIIHX
B pacTBopax (3JIEKTPOJIUTHUECKOH AMCCOLHAlMH, aCCOIHAlHH, KOMILJIEKCO-
o6pa3oBaHusl), NMPOU3BENEHHN PacCTBOPUMOCTH coJiell, Ko3(p(PHIHEHTOB ak-
THBHOCTH HOHOB, pH pactBopoB. OGmIHpHBI mpuMeHeHus usmepenuin I
u DJC B aHanuTnyeckoii xumuu. Mamepenus SJC u II1 nossoasior ompe-
JIeIUTh aKTHBHOCTH JHOO KOHLEHTPALUH DAaCTBOPEHHBIX BelllecTB, JHGO 06-
Ilee colep:KaHHe BelllecTBa B pacTBope. [lis 3TOi LeNH NPHUMEHSIOT IBa
BH/Ja MOTEHIHOMETPHUYECKHX H3MepeHHuH:

}) npsiMyl0 NOTEeHLEHOMETPHIO, OCHOBAHHYIO Ha OMNpeJeJIeHHH aKTHBHO-
cTeii M KOHUEHTpPalUui OTIAeNbHBIX BELIeCTB N[O H3MEPEHHBIM 3HAYEeHHIM
DC u 3T,

2) noreHIMOMETpPHYECKOe TUTPOBAHHE, OCHOBAHHOE HAa HCIIOJb30BaHHH
uaMepenuit DJC 115 HaXOXAEHHS TOYKH 3SKBHBAJEHTHOCTH B peaKUHAX
HeATpanH3aliH, OCa*KAeHHs, OKHCJeHHS — BOCCTAaHOBJIEHHS, KOMIIJIEKCOO0O6-
pa3oBaHHS.

ITIpsiMyl0 NOTEHUHOMETPHIO M TOTEHHHOMETPHYECKOE THTPOBAHHE HC-
NOJb3YIOT JJISl ONpe/iefieHHs] KOHIEHTPAlHH OTAe/bHBIX BellecTB B PacTBO-
pax ¢ TOMOUIbIO KOJIMUECTBEHHbIX COOTHOLIEHHH H TOHATHH COBpPeMEeHHOMH
tepmonnHamuueckoit Teopun DJIC u III, a TakkKe TEOPHH 3JIEKTPOJIHTOB.
PaspaGoTka palHOHa/JbHbIX aHAJHTHYECKHX METONUK ONHPAETCsl Ha 3HaHHe
nuanasoHa pH, B KOTOpDOM mnpoTekaeT HcciaenyeMad peaklusi, a TaKxKe
3HaHWe KOHCTAHT paBHOBeCHs peakiH#, 3HaueHHH craHgapTHeix IDJC #u
crangaprabix 1.

JLOCTOMHCTBA MOTEHUMOMETPHYECKOr0 MeTOZa aHaau3a. MeTom HOTEH-
IMOMETPHYECKOTO THTPOBaHHsS HMEET NPH MNPOYHX DPaBHBIX YCJOBHSIX DS
JXOCTOHHCTB I10 CPaBHEHHIO C MeTOJAMH BH3YaJbHOIO THTPHMETPHYECKOTO
aHaJu3a: oH OoJjiee UYyBCTBHTeJEH, NPH er0 HCMOJb30BAHHH MCKJIIOYaeTCs
cvObeKTHBHAsE OWIHOKa Onpefe/ieHHs TOUKH 3KBHBaJIeHTHOCTH. Meton maer
BO3MOXHOCTb NPOBOIHTL OTIPEJle/IeHHsi B MYTHBIX H OKpaIeHHBIX pPacTBOpax
H Jlaxke B BfA3KHX Macrax, Ile HeBO3MOXHO HCIOJb30BAaHHE HHIMKATOPOB,
i auddepeHUNPOBAHHO THTPOBAThb He aHAJAH3HPyeMble NPYTHMH MeTOLaMH
MHOTOKOMIOHEHTHbIE CMeCH BellecTB 6€3 HpeABapHTEeNbHOrO pasfieseHHs.
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[TorenunomMerpuueckne H3MepeHHs] NPOBOLSTCS OYEHb OBICTPO: BpeMs
YCTaHOBJIEHHST PABHOBECHOrO NMOTEeHLHasa MaJio, YTO yAOOGHO AJISl H3YUYEeHHS
KHHETHKM DeaKUMH M KOHTPOJIS TeXHOJOrHueckKux mnpoueccoB. Mcmnosbsys
MonM(HKalUMH MeTOHa, yAaeTcs NPOBOAUTb aHA/IM3 B mpobax o6bEMOM [0
JecAThIX JoJell MHIJIHANTPA. DTO HMeeT 0cofoe 3HaueHHe B GHOJIOTUH U Me-
JHLUHHE, TIe HEeKOTOpbie ONpeleseHHs MNPUXOAUTCS NPOBOAUTb C YPE3BHI-
yailHO MaJbiMH o6beMaMHu npobbl. Merton oGecrneuuBaeT mpsiMoe HabJione-
HHe 3a HM3MeHeHHeM KOHIEHTpAalUil B peakTopax TeXHOJIOTHYECKHX MpOIec-
coB 6e3 or6opa mnpo6 aHAJU3HpPYyeMON CMecH. ABTOMAaTH3UPOBaAHHbIE
aHaJIMTHYECKHe OIlpeJe/eHHsl, OCHOBaHHbIE HAa H3MepeHHH 3JEeKTPOAHBIX IIO-
TeHIIMaJIOB, Ype3BBIYallHO NMPOCThl B HcmoJHeHWH. Hakownel, npuGopsl nJs
IIOTEHIIMOMETPHYECKHX H3MEpeHHI NMPOCTHl MO KOHCTPYKUHH U IelIeBHl; NpH
reoJIOTHYECKHX H3BICKAHHSX, IPH KOHTPOJie 3arpsi3HeHHH BOIbI, B OKEaHO-
rpaduu U T. I. MOXKHO HCIOJb30BaTh NPUOGOPHI ¢ 6aTapeiHbIM NMHTAHUEM.

b dekTHBHbBIA pabOYHMil NHana30H H3MePEHHs KOHLEHTPaLHH COCTaB-
JaseT 5—7 nopsiKoB, a B ciayuyae uaMmepenuii pH — oxoso 16 nopsinkos. Tou-
HOCTb TNPSMBIX TNOTEHIHOMETPHUECKHX H3MepeHHiH cocTaBiaseT oT 4 [0
0,01 mB, TouHOCTh MOTEHLHOMETPHUECKHX TUTpOBaHUi pocturaer 0,1%.

Merton yHuBepcaJjieH: OH IO3BOJISIET MCMOJAb30BaTh peakluH He#Tpasu-
3alluy, OCaXJAECHHS, OKHCJIEeHUS — BOCCTAHOBJIEHUS H KOoMIJeKcoo6pas3oBa-
HMsl, TpOTeKalollue B BOJHBIX, HEBOLHBIX M CMENIaHHBIX pacTBopax. Bos-
MOXKHO TeOpeTHYeckoe NPOrHO3HPOBaHHE Npollecca NOTEHIHOMETPHYECKOro
THTPOBAHHUS AJS KaxJOr0 OTAEJNbHOrO cayyas aHajH3a.

§ 2. NonsaTHSt M TEPMHUHBI, UCNIOJb3yeMbl€ B MOTEHIIHOMETPHH

daektpoanl. HauGosee  ynmoTpeGHTENBHEIM  NOHATHEM  SIBJIsieTCS
94eKTpo0, KOTOpbIA NpeACTABJSET COBOKYNHOCTb ABYX, TPeX HJH YeThIpex
KOHTAKTUDPYIOIKUX (a3, Ha IpaHHLaXx KOTOPbIX BO3HHKAIOT CKAaYKH 3JIEKTpPHU-
YeCKHX MOTeHIHasoB. KoHTakTHpylomuM# (paszaMu MOTYT OBITb 3JEKTpO-
JIUTHI, METaJJIbl ¥ MOJYNPOBOLHUKH. EC/IM B KOHTaKTe HAXOHATCS PaCTBOPHI
MM pAacliaBbl 3JeKTPOJHTOB, TaKyl0 CHCTEMY 3JIeKTPOJOM He Ha3bIBaIoOT.

Knaccudbukanusg 3JeKTPOLOB. B NOTEHIHOMETPHH HCHOJb-
3YIOT IBA OCHOBHBIX KJlacca 3J1eKTPOJOB:

1) anekTpoab!, Ha MeK(a30BbHIX FPaHHIAX KOTOPBHIX NPOTEKAIOT peak-
MM C Yy4aCTHEM 3JIEKTPOHOB; TaKHe 3JeKTPOJAbl HA3bIBAIOT 3JEKTPOHOOO-
MEHHBIMH;

2) saekTpombl, Ha MeX()a30BBIX I'PaHHIAX KOTOPBIX MPOTEKAIOT HOHO-
OOMeHHBble peaKIHH; TaKHe 3JEKTPOAbl Ha3blBalOT HOHOOOMEHHBIMH, HJIH
MeMOpaHHBIMH.

IIpocrefimiuii 371eKTPOHOOOMEHHBIH 3JEKTPOJ MNpeAcTaBiaseTr coboél Me-
TaJJIMYECKYIO MJIaCTHHKY, NOTPYXKEHHYI0 B PacTBOP HJ/IH pacijaB 3JeKTpo-
aura. Takoil ajekTpom cxemaTHueckH oGo3HayaoT MX|M (rme M — me-
tann; MX —cosnp Merajna). BeprHkasnbHas dyepTa IOKasblBaeT TpaHHLY
paszena, Ha KOTOpOH MOXKeT BO3HHMKAaTb CKAayoOK MNOTeHlHasna. B coorser-
CTBHHM C MeXAyHapoIHbM corsamieHueM B Crokrosnbme (1953 r.), anexrpo-
JIAT YKa3bLIBAalOT CJIeBa, a MeTaJsl — cnpaBa. Ecau KOHIBI NJIaCTHHKH Me-
TaJJla TIOTpYyXKeHbl B JBa pacTBOPA 3JEKTPOJHUTA (HAXOASALIMXCSI B pasHbIX
cocynaax), TO TaKOH 3JeKTpoX HasbiBaloT GunossapHeiM. OH cxeMaTuuecKu
obosnauaerca MX(m;) |M|MX(ms) (rme m,, my— MOJIANbHAS KOHLEHTpa-
IlMs COJIM B pacTBOpax).

DyIeKTPOAB], Ha KOTOPHIX NPOTEKAIOT HOHOOOMEHHble peaKLHH, BHIINOJ-
HAIOT B GOpMe IJIaCTHHOK M3 HOHOOOMEHHOTO MaTepHasa, KOHTAKTHDPYIOIKEX
¢ IOByMs pacTBopaMH 3Jektposutra. OHH cxeMaTHyeCKH H300paxKarorcs
MX, (m,) | mem6pana | MXg(my).
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O6paTHMOCTD 3JeKTpoOLa. DJIeKTPOLBl NMOAPA3ALJHOTC Ha 06-
patuMble u HeoGpatumble. Odparumsimu 3JEeKTPOXAMH Ha3bIBAIOT TaKHe,
Y KOTOPbIX CKAQUKH MOTEHNIHAJOB Ha MeK(a30BHIX I'PaHULAX 3aBHCAT OT akK-
THBHOCTH YYaCTHHKOB 3JIEKTDOAHBIX peaKLMii B COOTBETCTBHH C TepMOIHHA-
MHUYeCKHMHU ypaBHeHHaMH. Ha ob6paTuMbix 3JeKTpogax, He HaXOASLIUXCHA
B 3aMKHYTON lenH, OBICTPO YyCTaHaBJHBaeTCsl paBHOBECHE, XapaKTepHU3YIO-
Ieecsl PaBEHCTBOM CKOpDOCTell NpPAMBIX M oGpaTHBIX peakuufi. Ilpum Heus-
MeHHBIX BO BpeMeHH BHEIIHHX YCJOBHSX (T. €. NPH NOCTOSSHHBIX TeMIepa-
Type U HaBJI€HHH) CKauKH 3JIeKTPUUECKHX MOTEHLHAJIOB HA TPAHHUIAX KOH-
TaKTUPYIOWHUX (a3 ocTaloTCs HeM3MeHHBIMH BO BpeMeHH. IIpyu npoxoxmgeHuu
3JIEKTPUYECKOr0 TOKa uepe3 OGPaTHMBIH 3JIEKTPOJA CKauKH NOTEHLHAJOB Ha
MexX(da3HbIX TpaHHIAX He [JOJKHB 3HAUHTEJIbHO H3MEHSTbCH; NOCJe BHI-
KJIOYeHHsI TOKa Ha oOpaTHMOM 3JeKTpoJe OGHICTPO yCTaHABJIMBAETCS PaBHO-
BeCcHe, M ero MOTEeHUHaJ BO3BpalllaeTcs K BeJHUHHE, ONpe[essieMON TepMo-
IHHAMHYECKHM YpaBHEHHEM. ODJIEKTPOAbl, He YAOBJIETBOPSIOIINE Mepeyuc-
JIEHHBIM TIPU3HAKaM, HAa3bIBAIOT HEOOpATUMbIMU.

[ToTeHuHOMETpHA HMeeT [1eJI0 NPEeHMYIIEeCTBEHHO ¢ OGpPaTHMBIMH 3JIeK-
TPOLAMH HJIM C 3JIEKTPOLaMH, B NIOBeJleHHH KOTOPBIX OTKJOHEHHsi OT 06paTH-
MOCTH HpeHeOpexKHMO MaJbl.

OnHa u Ta XKe 3JeKTPOAHAst peakiusi B 3aBHCHMOCTH OT 3KCIIepHMEH-
TaJbHBIX YCJOBHH MOXKET IpOTeKaThb KaK o6paTuMas ¥ Kak HeoGpaTHMasl.
B KauecTBe KOAUUECTBEHHOU XAPAKTEPUCTUKU OOPATUMOCTU 3JEKTPOMHON
peakUHy HCHOJB3YIOT IJOTHOCTb TOKa o6MeHa (ToKa, HabJlOLaeMoro B CO-
CTOSIHMM DABHOBECHS, T. €. IIPU paBeHCTBE CKOPOCTel IpsIMOH M oGpaTHOMH
peakuuit). Toku o6mMeHa 111 0O6PaTUMEBEIX 3JE€KTPOJAOB HOCTHTAIOT. HECKOJIb-
KHX JeCSITKOB H coTeH MA/cM2, a y HeoOpaTUMBIX 3/J€KTPOLOB B 3aBHCH-
MOCTH OT uX npHupoasl — 10~2—10—1 mA/cm2

daekTpoxumuyeckasa siuedka. Ilpocreiilias 3jeKTpoXuMMUYECKas sueiika
COCTOHT M3 [BYX IPOBOLHHKOB C MeETaJJIHYeCKOH IPOBOAMMOCTBHIO, MOTPY-
JKeHHbIX B OJMH OGUIH{ WM B ABa Pa3HBLIX JIEKTPOJIUTA, HAXOASILIUXCS B He-
NOCPeICTBEHHOM KOHTaKTe (cxema 1) uam coenMHEHHBIX COJIEBHIM MOCTH-
KoM (cxema 2):

M, IM;X|M-X|M, | M, (1)
M, | M X[ MX| M| M, 2

DJieKTpOXMMHUUECKHe suelKH, B KOTOPHIX 3JeKTpHuecKast SHeprust obpa-
3yeTcsl 3a CUeT XHMHUYECKON peaKIHH, Ha3blBAIOT TaKXe 2AAbB8AHUYECKUMU
dAEMEHTAMU.

MemGpannas syelika — sueiika, COCTOsII st U3 MeMOPaHHOrO 3JIeKTPO1a
H JBYX 3JEKTPOJOB C MeTa/J/JH4eCKOH OCHOBOH (3JIEKTPOIBl CPaBHEHHs).
B npocreiiiiemM cnyyae oHa 0603HayaeTcsd cxeMoOM:

M, | MX, (m;) | memGpana | MX (m;) | M, 3)

ConeBoit MOCTHK (3/IEKTPOJIMTHYECKHH KJWOY) TpeAcTaBasieT coOoi
TpyOKY, HAaNOJHEHHYIO KOHLUEHTPHPOBAHHBIM PAaCTBOPOM 3JIEKTPOJHTA U IO-
TPYKEHHYI0O CBOHMH KOHIAMH B J[Ba JAPYrHX 3A€KTPOJHTA, SIBJSIOIAXCS
OCHOBHBIMH YacTSMH 3JIeKTPOXHMHUeCKOH fvyeliku. B KauecTBe asiekTposinTa
COJIEBOTO MOCTHKA NPHUMEHSIIOTCS COJIH, KATHOHBl M aHHOHBI KOTOPHIX HMeEIOT
G/N3KHe 3HauyeHHs MNOJBIXKHOCTEH M HX TeMIeDaTypHHIX KO3 HIHEeHTOB
H HEe MOJBEPXEHbI COJbBOJIH3Y (rnnponusy) Jasi o603HaueHHUs COJIEBOTO
MOCTHKA NPHMEHSIIOT CHMBOJ ,,| |”

OGpaTumble TaJbBaHHYECKHE 3JEMEHTH — 3/1eMeHTHl, uamepennas JIC
KOTODHIX paBHa Be/JHYHHE, PACCYHTAHHON IO FEPMOJHHAMHYECKHUM JNAHHBIM

* OTOT Ke CHMBOJ O3Hayaer yCTpaHeHHe CKayKa MOTeHUHaJa Ha TrpaHulle ABYX XHI-
KOCTeH.
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M 3aBHCSLIEA OT 3KCNEPHMEHTAJNbHBIX YCJOBHA B COOTBETCTBHH C TePMOJH-
HaMHYeCKHMH YpaBHEHHSIMH.

ANeKTPOABHKYIAA CHJIAa — PAa3HOCTb 3JEKTPHUECKHX MOTEHIHAJNOB Npa-
Boro (Y’) ¥ JeBoro ({) KOHLOB NPaBHJIbHO Pa30MKHYTOTO raJbBaHHYECKOrO
snemeHTa (4):

() MM X||MX[M:|M; (¥) )

B noTeHUHOMETPHH HCMOJIB3YIOT NMPaBHJILHO Pa30OMKHYTHIE 3JIEMEeHTHI.
~ IlpaBunpHO Pa30OMKHYTHIM Ha3bIBAIOT 3JIEMEHT, Y KOTOpPOro o6a nosioca
(npoBona, BexymHe K ycTaHoBKe i u3Mepenuss DJIC) BHINONHEHH M3 O1-
HOTO M TOro e MeTaJjsa. IIpuMepsl NpaBHJIBHO Pa3OMKHYTHIX 3JIEMEHTOB
npuBefeHbl Ha cxemax (1)—(4). HenpaBuibHO pa3soMKHYTHI 3JeMeHT 060-
sHauaotT M;|M;X|M.X|M,.

dneKkTpoaHas peakuus (NosypeaKLHsi)— peaKUusl, NpoTeKawoouias Ha
rpaHule $as, COCTaBASIOMHUX 3JTEKTPOL.

Peakuusa siueiiku — peakuusi, npoTeKamoulass B raJbBaHHYECKOM 3JIeMEH-
Te, H3MeHeHue 3Heprun ['n66ca Koropoit onpenensier D[C siueitku. Peakuus
fiYefiIKH NpeICTaBJAsIeT CyMMY NOJyPeaKUHH, NPOTEKAaIOMUX Ha NMOBEPXHOCTH
3JIEKTPONIOB, COCTaBjsoluX suefiky. B 3yeKTpoHOO6MEHHBIX raabBaHHUe-
CKHX 3JieMeHTax o6e MoJiypeaKilHH IpOTeKaloT C y4yacTHeM 3JIeKTPOHOB.
B onHOl W3 HHMX 3JEKTPOHBI CBSI3BLIBAIOTCH (peaKuuss BOCCTAHOBJIEHHS),
a B Ipyrofl — BHIeNsIOTCS (peakuus OKHcaeHHs). Tak, B aneMeHTe

Pt, H, (pyy, = 1,01 - 105 Ma = 1 arm)| HX (ayg+ = 1)} | MX | M | Pt (5)

rae sz-— laB/IeHHe BOJOPOAA; a — @KTHBHOCThP HOHOB BOAOpOAA,

H'P
npotekaer peakunsi M*+ !,H,—> M 4 H*, kotopas sBasieTcs cymMMoii mno-
aypeakuuit: M*+e-—>M u /,Hy—»>H* e~

INonyanemeHT — TepPMHUH, NPUMeHseMbI AJs 06O3HAuyeHHs SJEKTpona,
SBJIAIOIIErocsl COCTABHONM YacCThlO ABYX3JEKTPOLHOrO raJibBAHHYECKOTO 3Jie-
MeHTa. B yacTHOCTH, MOJY3JIeMEHTAMH SIBJASIOTCA 3JEKTPOABI CPaBHEHHS.

AaekTpoast CpaBHeHHMs  (TOJIy3JEMEHTbl CpPaBHEHHs) — 3/EKTPOJbI,
HCNOJIb3yeMble B KAauecTBE 3TAJIOHOB NIPH H3MEPEHHSIX OTHOCHTENBbHBIX MO-
TEHIHAJIOB HCCJIEeLYEMBIX 3JEeKTPOIOB.

HWHauKaTOPHblE 3JEKTPOAbI — 3JIEKTPOJbI, NMPHMEHseMble [Js1 H3Mepe-
HHA O06paTHMBIX MOTEHIHAJOB HCCIedyeMbIX 3JeKTPOAHbIX peakuui. C mo-
MOILBIO 3THX 3JEKTPOLOB OMNPENEeNsSIOT AKTHBHOCTH H KOHUEHTPaUHH yuya-
CTHHKOB 3JIEKTPOLHOH peaKLHH.

ANeKTPOAHBIH NOTEHIHAN. DTOT TEPMHH HCNONb3YeTCs AJs1 0603HaueHUs
HeCKOJIbKHX He BIIOJIHE TOMKIECTBEHHBIX MOHATHH. Yamle Bcero 3THUM Tep-
MHHOM 0G03HAYalOT YCJOBHBIM 3JEeKTPOLHBIA MOTEHLHA.

YCAOBHBIM 3JIEKTPOJHBIM MOTEHUHANOM 3jekTpora MX|M HasweiBaioT
3J1C raabBaHuuyeckKoro sjnementa (5), COCTaBJEHHOr0 M3 CTAaHLAPTHOTO BO-
JOPOMHOTO H HCcaefyeMoro 3jaekTponos (cMm. kaura 1, ra. II, § 29). B npak-
THKe, KaK NpaBHJO, NpPHMeHAIOT YycaoBHble Il no BojoponHo# wmwKase.
EcJau e moTeHUHAaJ OTHECEH K APYroMy 3JEKTPOLY CPaBHEHHS, TO 3TO OT-
MeyaeTcsi MPH 3aNHCH ero 3HAYeHHS.

Mortenunan xuzkoctHoro koHTakra ([IDKK) o3nauaer pasHocTb sJek-
TPUYECKHX TNOTEHIHaJ0B [BYyX PacTBOPOB 3JEKTPOJIATOB, HaXOMSIIHXCS
B HENOCPeACTBEHHOM KOHTaKTe. EC/IH /1l MPHTOTOBJIEHHS KOHTAKTHPYIOMKX
PacTBOPOB HCNOJNb30BAH ONHH M TOT e PacCTBOPHTENb, TO B 3TOM C/lyyae
IIDKK naswbiBator Ouggpysuonnoim notenyuarom. Ecaum pacTBopuTenu pas-
JIMYHBI, TO PA3HOCTb TMOTEHIHAJOB Ha HX IpaHHIle Ha3blBAOT MeHPhasosvim
nOTEeHYUANOM HUOKOCTHO20 KOHTAKTA. MeXXKHAKOCTHbIE, B TOM 4 HCJe
1 IubPY3HOHHbIE, MTOTEHIHA/bl H3MEHAIOTCS BO BPEMEHH NPH HEM3MEHHOCTH
BHEIIHUX YcJaoBHil. [T03TOMy Ha/nnuKe XXKHAKOCTHBIX KOHTAKTOB B Tra/IbBaHH-
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YeCKHX 3JIeMeHTaX, COCTOSIUHX H3 OGpPaTHMHIX 3JEKTPOAOB, NpHAAeT HM
yepThl HeOGpPaTHMOCTH H [eJlaeT UX MeHee NpeANOoYTHTeJbHBIMHM MO CPaBHe-
HHIO C 3JIeMEHTaMH 6e3 KHIKOCTHBIX KOHTAaKTOB. 3aMeHa HernocpeJCTBEHHOrO
XKHUAKOCTHOrO KOHTAKTa C NOMOILBIO COJIEBOTO MOCTHKA HJIH JAPYTHM CIIOCO-
6om cuHmxkaer IIDKK (ocobGeHHO npu KOHLEHTPALHH 3JEKTPOJHTA COJIEBOTO
MOCTHKA, 3HA4YHTEJNbHO NpeBBIIIAONIed KOHIEHTPAllHH 3JIEKTPOJHTOB B ABYX
IpPYTUX pacTBOpPax XHJIKOCTHOIO KOHTaKTa).

Mem6paHHblii TMOTEHUHAN — Pa3HOCTb CKAYKOB 3JIEKTPHUECKHX IOTEH-
LIHAaJ0B Ha [ABYX rpaHulax MeMOpaHbl C ABYMS pacTBOpaMH, OJHMH H3 KOTO-
PBEIX Ha3bIBAIOT HCCAeLyeMbiM (MM BHEUIHMM), a Apyroi — npo6GHBIM (BHY-
TPEHHHUM).

CTaHpapTHbI 3J€KTPOAHBIA TNOTEHLHA] — 3JE€KTPOAHBI OTEHIHA,
HU3MEepEeHHbII H/IH BBIYHCJEHHBIH [Jif YCJOBHSI paBeHCTBAa eIHHHIE aKTHB-
HOCTH KaXXJlOr0 KOMIIOHEHTAa 3JIeKTPOLHOH peakKIHuH.

®opmadbHbiil MOTEHUHAJN — 3JEKTLOAHBI TOTEHIHA, H3MEPEHHbIH HJIH
BBIYUCJIEHHBIH JJIf1 yCJOBHSI PaBeHCTBA €IHHHIlE KOHLEHTPallHH KaxKAOro
KOMIIOHEHTa 3JeKTPOJHOH peakuuu. IDTO oOnpelejeHHe pacnpoCTpaHseTcs
H Ha CHCTeMBI, TJe MPHCYTCTBYIOT NOCTOPOHHHE 3JEeKTPOJHTH. PopMasbHbIH
NOTeHLHAJl He fBJSETCS KOHCTAHTOH MNPH INOCTOSIHHOH TeMmepaType — ero
3HayeHHe 3aBHUCHT OT MOHHOH CHJIBI pacTBOpA.

DNeKTPOXMMHUYECKHIA MOTEHUUAN [i KAaKOro-au6o BellecTBa HJIH HOHA —
CyMMa ero XMMHYeCKOro NoTeHIHasa u B AdHHOH (ase M NpouU3BEHEHHUS
3JIEKTPHYECKOTO NOoTeHIHasa (paswl Y Ha 3apsg 1 Moss BellecTBa

fi=p+29F (6)

rae F — aucio <I>apaneﬂ; 2 — Y9UCJIO 3JIEMEHTApPHBIX 3apsNOB YaCTHIHI.

§ 3. MpuHuKUNKaabHBIe OCHOBBI H3Mepenus I C
rajJbBaHHYECKHX 3JIeMEHTOB

BoabTMeTpB M MHJJIHBOJbTMETPHl, NPHUMEHsSeMble B 3JEKTPOTEXHHKE,
nisi uamepenusi DJIC rajbBaHUYECKHX 3J€MEHTOB HENPHIOJHBI, MOCKOJBKY
M3MepeHHe ¢ HX NMOMOLIBIO CONPOBOXKAAETCS NPOXOXKIEHHEM 3JIeKTPHUECKOro
TOKa yepe3 rajbBaHHUECKHH 3JIEMEHT, YTO BBI3bIBAeT MOJISPHU3AIUIO SJEK-
TPOAOB M TajeHHe HaNpsiKeHHs BHYTpH 3seMeHTa. Ilosromy usMepsiemas
BOJILTMETPOM Pa3HOCTb MOTEHLHANOB OYZeT OTJUYaTbCA OT HCTHHHOIO 3Ha-
yenus D] C.

Hnsi uaMepenuiét DAC ranbBaHHYECKHX 3J1eMEHTOB INPHMEHSIOT TakK
Ha3blBAEMYI0O KOMIIEHCALlHOHHYIO MeTOINHMKY, HJu Metoauky Ilorrenmopda.
Usmepenne IIC B OTCYTCTBHE TOKa OCYUIECTBJSIETCS NyTeM HAJOXKEHHS Ha
3JIEKTPO/bl BHELIHEr0 HampsiKeHHsl, PaBHOTO MO BeJHYHHe H O6GpPaTHOro mo
panpassenuio uamepsiemoil JJIC. Ilpu BBINOJHEHHH 3TOTO YCJOBHSL B TraJb-
BAHHUECKOM 3JIeMEHTe yCTaHaBJHBaeTCs 3JeKTPHYeCKOe paBHOBeCHe, Ha3hl-
BaeMoe KOMIeEHCallell 31eKTPHYECKHX HaNpsKeHHH B KOHTYpe.

Has usmepenus DC npuMeHsIOT yCcTaHOBKY (puc. 1), cocrosimuyio us
ABYX KOHTYpOB: noteHuunomerpuyeckoro (/) u usmepureabnoro (II). Peo-
xopJ 3 OOGBIYHO TpeacTaBjseT co60i ONHOPOAHYIO MPOBOJIOKY, TPaLyHpO-
Bannyio Ha 1000 mesneHuii. B KadecTBe HCTOYHHMKA MOCTOSIHHOrO Toka I Hc-
TN0JIb3YIOTCS JHGO aKKyMYJATOD, JH60 rajbBaHUYECKHH 3JE€MEHT, HMelolui
GoablIyio pa3psifiHyio eMKocTb, JLC KOTOPOro MeHsieTCst MaJjio TPH MPOXOXK-
JeHUH TOKa.

Jlnsi u3aMepeHusi 3JeKTPOABHKYILeH CHJIbI HCCJEIyeMOro 3JeMeHTa MpH
TIOMOIIM IepeKJIoyaTe/ss 6 MOMePEMEHHO BKJIOYAIOT B LeNb 3TaJOHHBIH
U uccaepyeMblit sseMeHThl. IlepenBurasi MOABMMKHBIH KOHTAKT BLOJb peo-
xopaa AB u KpaTKOBPeMeHHO 3aMblKas LeNb C NOMOUIbIO pa3MblKartess 8,
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HUIYT Takoe MOJIOXKEHHEe IONBUKHOIO KOHTAKTa Ha pPEOXOple, NPH KOTOPOM
B H3MEDPHTEIbHOMN IeH OTCYTCTBYET TOK, T. €. HAaCTYNAeT paBHOBecHe (KOM-
neHcauusi) B usMepurtesbHoM KoHTtype. [Ipu atom DIC uccnexyemoro sJe-
menta E, ypaBHOBEUIMBaeTcCsl NMajieHHeM HanpsiKeHUs el, Ha ydyacTKe peo-
xopra Ax, a 3C 3TajOHHOTO 3JIeMEHTAa YDaBHOBEIIHBAeTCS INafeHHeM
HanpsixeHusi el, Ha yyactke peoxopaa AW (e — nameHue HanpsiKeHus Ha
eflMHHIle JJIHMHBI peoxopna; lr, l,— AauHa yuacTkoB peoxopaa AX u AW).

U3 ycaosus komnencauuun D C uccienyemoro snemenra E.==el, u 3Ta-
JIOHHOTO 3JeMeHTa Bectona Ep = ely, caenyer:
Ex = EB (lx/lw) (7)

B KauecTBe 3TaJIOHHOIO 3JeMeHTa (3JeMeHTa CpaBHEHHs) B COOTBET-

CTBHHM C MeXJIYHAapOAHbIM COTJalleHHeM INpHHAT 3JeMmeHT Becrona. Coor-

HoumieHue (7) cHopaBedJIUBO NPHU YCJO-

7 BUH, YTO BEeJHYHHA e COXPaHseT IOCTO-

A STHCTBO B IIPOMEXYTKE BPEMEHH MeXIY

z MOCJIeA0BaTEbHEIM 3aMblKaHHEM IelNi

I Ha 3JeMeHT BectoHa u Ha uccienye-

MbIi 3jemeHT. Ilpu pabore ¢ akkymy-

g JATOPOM 3TO yCJIOBHE XOPOWO COB.II0-

HaeTcss B TeueHHe MEepPBBIX 5—7 MHH.

[Ipu pa6oTe c CyXuM 3JeMEHTOM B Ka-

YyeCcTBE HCTOUHHKA BHELIHEro Hampske-

HUS 3TO YyCJOBHE COOJIOfAETCs, eciu

3JIeMEeHT He pa3psiKeH B Hpollecce IJH-
TeJIbHOH ero pa6oThl.

B noreHnuomeTpuuyecKo#l cxeme cie-

nyer ocob6oe BHHUMaHue obpauiaTe Ha

Prc. 1. Cxema ycranoskn mis msmepe- NpaBUJbHOE pacloJIOKEeHHe IOJIOCOB

nus DJC ranbBaumyeckoro siemenra: ~AKKYMYJIATOPa W HUSMEDPSEMBIX S/IEMEH-

I — notenunomerputeckutt koutyp; [I—usve- TOB. I[IOJIOXKHTE/JbHBIE TMOJMIOCA HCCIIe-

DHTEJLHEIH KOHTYD; } IlyeMoro 3jeMeHTa M 3JemeHTa Becro-

] —JCTOYHHK MNOCTOSIHHOTO TOKa; 2— pyOHJb-

HUK; 3— peoxopln; 4—wuccienyeMblll 3JeMeHT; Ha JOJXKHbBI INOACOECAHHUTHCA K I10JI0-

P pneuert | Beltona; P WIPSKTOWTTN  yTeqbHOMY MOMIOCY aKKYMyasTOpa, a

MBIKaTe b, HX OTpHLaTeJbHEE MOJI0CAa — K OTpH-

natenbHoMmy. B cayuae, ecan DIAC wuc-

caenyemoro sjeMeHnta Gosbuie DJC akkymy/asTopa, K HCCAeLlyeMOMy 3Je-

MEHTY INOCJIeJ0OBATeJbHO U HaBCTPeyy NOJCOCAHHAIOT AOMOJHHUTCAbHBIH 3JIe-

ment Becrona. Uamepennas JJIC Takoit mapsl saementos E& csizana ¢ Ex
u DJIC snemenTa Bectona Eg coOTHOLIEHHEM:

El=E,— Eg ®)

Jlns u3MepeHHsT 3JEKTPOAHOrO NOTEHIHasna KaKoro-mu6o 3JeKTpoaa
€r0 COJIEBHIM MOCTHKOM COEIMHSIIOT C 3/J€KTPOLOM cpaBHeHHs. M3mepeHHas
SN C snemenTa E, onucbiBaeTcst ypaBHEHHEM:

Ex=E.—E+Ey 9)
HIIH
Ex=E—E.+ Ey (10)

YpaBuenue (9) cnpasenauBo npu E. > E, a coornouenue (10)— npu
E>FE, (rme E—nmorteHuuaa wuccaenyeMoro 3Jekrpompa; E,— noreHuuads
3JeKTpofa cpaBHeHHs). IIpH noreHUHOMeTDHYECKHX H3MepeHHSX, He IIpe-
CJENYIOUINX HAaXOXIEHHS TepMOJHHAMHUYECKHX XapaKTepHUCTHK, 3HayeHHeM
nuddysnonHoro noreHuunansa Ep yacto npeHeOperamT, TaK KakK NPH HCIOJb-
30BaHUM COJIEBOI'0 MOCTHKA 5Ta BeJHYHHA OYeHb MaJja.
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§ 4. OcHoBHl TepMoauHamuieckoit Teopun IJ1C
M 3JIeKTPOJHbIX noTeHnuanos (1)

VYpapuenus tepmoauHamuueckoit Teopuun DAC u DI, paspaboranHoi
I'n66com n lenbMmrogblieM, BeipaxatoT 3aBucumoctb DJC u III or akTus-
HOCTEH KOMIIOHEHTOB 3JIEKTPOAHBIX peakiHii, OT TeMIepaTypbl U LaBJEHHS.
O6o0cHOBaHHe 3THX 3aBHCHMOCTEH, JNaHHOe [eJbMroJibileM, OCHOBaHO Ha
HCMOJNb30BAHUH TEPMOJHHAMHUYECKOrO COOTHOLIEHHS MEeXIYy IOJHOH MaKCH-
MaJgbHOi paGotoit (W) o6patumo nporekatouieir peakuuu (npu I = const)

U u3MeHeHnueM 3Hepruu IeabMrosbla (cBoGomuo# sHepruu) (AA) B xome
peaKIuu:
— A=W (1

B ycnoBusx paspsma rajibBaHHYeCKOTO 3JeMeHTa MoJiHasf paboTa co-
CTOMT M3 3JIeKTpHuecKoil paboThl NMepeHoca 3apsilOoB OT OJHOTO 3JEKTpoaa
kK npyromy (W,;) u u3 MmexaHuueckoit paborsl (Wy), cBsizaHHOI C H3MeHe-
HHeM o06beMa CHCTeMbl BellleCTB, YYAaCTBYIOUIHX B PeaKLHH. DJIeKTpUUecKas
paboTa onpenesieTcss COOTHOLIEHHEM:

rae E — snektponsukymasi cuia; F — 3JeKTPHUECKUNl 3apsii ORHOrO TPaMM-3KBHBAJIEHTa
HOHOB, Ha3piBaeMblil uuciaoM Papazmess (uam ¢apageem) u pasHbil 96 500 Kysa0HOB;, 1 —
4yHCJo (apajeeB, Npoillefilliee 4yepe3 IleNlb 3a BPeMs TEeUEHHUS PeakUHH B COOTBETCTBHH CO
CTEXHOMETPHYECKKM YypaBHEHHEM.

Mexannyeckass paboTa, coBepliaeMasi B XOIe XHMHUECKON peakIuH,
onpejensieTcss COOTHOILEHHEM:
Vo
W, = S Pav (13)
Vi
rae P — Buemnee nasJenve; Vi u V> — o6beM CHCTEMBl B Hauaje W B KOHIIe DeaKIHH.

HpH NOCTOSAHHOM BHEUIHEM JaBJICHHH:

[Mocae noncranoBku Wyp u Wy u3 (12) u (13) B (14) cnenyer:
nEF = — AA— PAV = —AG (15)

rae AG — u3MeHenne 3Heprun I'm66ca B xoje peakuuH.

DJieKTpUYecKasi 3HEPrysl rajJbBaHUYECKOTO 3JeMeHTa CO3/12eTCs 3a CYeT
yMeHblLIeHHs1 3Hepruu ['m66ca B XoLe MpOTeKalolled B HEM XHMMHUYECKOH pe-
aKIU¥W WJIH APYroro npoiiecca.

G-DyHKIHSA COCTOSHHA CHCTEMBl O MEXAYHapOXHOMY COTJIalIeHHIO
B Crokrosbme (1953 r.) Ha3biBaeTcs dHeprueir I'm66ca. YpaBHeHue (15)
6b10 mojyueHo 'H66cOM B KauecTBe HENMOCPEICTBEHHOTO CJEeACTBHS BTO-
poro Havaja TEePMOIMHAMMKM IJisi 06paTHMOro paspsijla rajbBaHHYECKOTIO
3JIeMeHTa. :

[lyrem KOMGHHHpOBaHHsS cooTHoweHu# (15) ¢ ypaBHeHHEM H30TepMbI
Baur-T'opdpa wuam ¢ ypaBHEHHSAIMH XHMHUYECKHX MOTEHIHAJOB MNOJYyYaioT
ypaBHeHusl, Bblpaxawouye 3aBucuMocTb DJIC u 3/1€KTPOAHBIX NMOTEHIMAJIOB
OT AaKTHBHOCTEH# BellecTB — YYAaCTHHKOB 3JIEKTPOXMMHUECKOH peakilHH.
OG6ocHOBaHHEe TaKHX 3aBHCHMOCTEH TIOSICHSeTCs Ha TIIpuMepe 3JjeMeHTa
SAko6u—Manunsas: Cu|Zn|ZnSO,||CuSO4|Cu. B anemente mpoTekaer pe-
aKnug

Zn + Cu** == Zo** +4--Cu (16)
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ANl KOTOPOM H3MeHeHHe 3Hepruu I'm66ca BbipaXkaeTcs H3BECTHBIM ypaBHe-
nuem Bant-T'odda:
a_ ..a
—AG=RThK—RTm4@;£5 (17)
Zn cu®*

Kom6unupys (15) u (17), nonyuaewm:

a_ ,.a
E=RT g R q 2 Cu
: Yzn%cu?*

(18)

roe K —xoucranra paBHOBecusi peakuun (16); a — aKTHBHOCTH

L, o4 @ + a a
7n° C 2+ Z ’ C
HOHOB H METAaJJIOB.

[lepBrifi unen ypaBHeHus (18) cBs3an co craumapthHoit DIC cooTHO-
LIeHHeM:
RT
nF
[Ipu KOJMUYECTBEHHBIX OMHCAHUSX TeTEPOTE€HHBIX TPOLECCOB AKTHBHOCTb
MEeTaJlJI0OB NMPHUHATO BbIpaxKaTb B MOJBHHIX 104X N. [IJis 4HCTBIX METaJJjioB
a= N = 1. Torna acuy = azn = 1. ¥YpaBHenue (18) c¢ yuerom (19) npu-
obpeTaeT CaeLYIOLWIHI BUI:

InK = E° (19)

(20)

AHa/IOTHYHBIM METOJOM MOTYT OBbITb NOJy4YeHBl ypaBHEHUS] IJIsSI 3JEKT-
POJIOB Pa3/IMYHbIX THNOB. YpaBHeHHs THma (20) BrnepBble ObLIH BbIBEIEHBI
HepucroM ¢ mnpuMeHeHHeM IOHATHS «3JeKTPOJHTHYeCKas yNpyroctb pac-
TBOpPEHHSI»;, B JHUTEepaType HX Ha3bIBAlOT ypaBHeHHAMH HepHcra (cM. KHH-
ra 1, ra. 11, § 30; xuura 2, ra. 111, § 2).

CucTeMa 3HAKOB 3JIEKTPOJBHIKYIIHX CHJ M 3JEKTPOIAHBIX NMOTEHUHAJOB.
B HayuHO# M yyeGHOH JiMTepaType NPHMEHAIOT ABe CHCTEMbl 3HAaKOB 3JjeK-
TPOAHBIX MOTEHLHANOB: €BPONMEHCKYI0 M aMepHKaHCKylo. EBpomnefickas cu-
cTeMa, npuMeHseMas B AaHHON KHHIe, PEKOMeHIOBaHa MeXAYHAapPOIHBIM CO-
rnamenreM B CrokrosnbMe. CoriacHo 3TOH cHCTeMe, YCJIOBHBIH 3JIEKTPOIHbBI
NOTEHIIHAJl UMEEeT 3HaK «-», eC/li B rajbBaHHYECKOM 3JIeMEHTE, COCTaBJIEH-
HOM H3 HCCJEIYeMOro 3JeKTPOJa H CTaHAapTHOrO BOLOPOIHOTO 3JIEKTPOAA,
Ha NepBOM 3JIEKTPOJAe NPOHCXOJAHMT peaKlHsi BOCCTAHOBJIEHHS (MOTJIOLIeHHe
3JIeKTPOHOB), a Ha BTOPOM — peaKLHsl OKHCJEHHs (pacTBOpeHHe BOJOPOaA
U BbifeJeHHe 3JeKTpoHOB). Ecan B mono6HOro THma 3JeMeHTe peakLHH Ha
3JIeKTPOJaXx HAYT B OGPATHBIX HanpaBJeHHAX, TO 3JEKTPOAHBIH MOTEeHLHAJ
Hcc/1elyeMOT0o 3NeKTPOJa HMEeT 3HAK «—>.

Bce pa3HOBHAHOCTH NpPSAMOM MOTEHIIHOMETPHH H TOTeHUHOMeTpHYe-
CKOTO THTPOBAHHS OCHOBaHBI Ha HCNOJb30BaHWM 3aBucuMmoctedr DJAC u 3II
OT aKTHUBHOCTEH KOMIIOHEHTOB 3JIEKTPOJAHBIX peakiui. Bup stux 3aBHCHMO-
cTell pas/HueH [Jisl 3JEeKTPONOB Pa3juuHbiX THNOB. O6paTHMBIE 3JEKTPOMIBI
¢ MeTaJJHYecKOl MPOBOAYMOCTBIO NMOAPA3JeJAT Ha 4 CJeNyIOLHX Kracca:

1) 3/eKTpOABI NEPBOro Poaa;

2) 3JeKTpoAbl BTOPOro pPOAa;

3) 3JeKTPOJBl TPETLETO POAA;

4) OKHCJHTEeJIbHO-BOCCTAHOBUTEJ/bHbIE 3JIEKTPOJBL.

§ 5. Bonoponmbiit 3neKTPOL

BoioponHbifi 3JeKTPOL — YHHBEPCAJbHbIA 3JEKTPOL CPaBHEHHS — IUH-
POKO HCHOJIb3YETCs] B aHAJHTHYECKOH XMMHH H JUIsl Pa3IHYHBIX (H3HKO-XH-
MHYecKHX u3MepeHuil. B coBpeMeHHOH HayuHQH W yueOHOH JiHTepaType Bo-



§ 6. QJIEKTPOOBI TMMEPBOI'O POIA 51

JOPOIHBIA 3JIEKTPOA OTHOCAT JHOO K 3JEKTPOoJAaM MNEepBOro pojaa, JauGo
K OKHCJIHTEJbHO-BOCCTAHOBUTE/bHEIM 3JEKTPOLAM.

O6biyHO npHMeHsIeMbIH B J1aGOpaTOPHON NPAKTHKE BOAOPOAHBIH 3J€K-
TPON TpeACTaBJseT pPaBHOBECHYIO CHCTEMY, COCTOSIHIYI0 M3 IJIaTHHOBOH
IJIaCTHHKH, NOKPHITOH NJIaTHHOBOH YepHbIO M IOTPYKEHHOH YacTHUHO B
pacTBOp, HACHILEHHBIA BOJAOPOAOM H COIepXKalluii HOHBl Bogopoma. Us
TEPMOJHHAMHYECKOH Teopuu AJs peakuuu H* 4 e~ — !'/oH, ¢ yueroMm, uyro
E® = 0, cenyer:

(21

rae sz—llaBJIEHHe BOaOpOda B pﬁBHOBeCHOﬁ cucTeMe, CoCTosuledl H3 TpeX KOHTAaKTHpPYIO-

mux ¢as: razoo6pa3Hoi, pacTBOPa 3JEKTPOJHTA M MJIACTHHKH M3 NJATHHBI, MOKPHITOH IJa-
THHOBOH 4epHBIO.

CranpapTHBIf 3JEKTPOJAHBIH MNOTEHIHAJ BOIOPOLHOTO 3JEKTpPoja yc-
JIOBHO TIDHHHMAaeTCs paBHLIM HYJIO NpH Jioboil Temnepatype. PaBHOBecue
Hy; == 2H* 4 2e~ B pactBope ycCTaHaBJHBaeTCss B MNPHCYTCTBHH METaJJIOB,
ancopOHpPYIOIIUX BOJOPOA (MJaTHHA, Najaaaiuil, HUKesab), Gaaromaps mpo-
TEKaHHI0O NPOMEXKYTOUHOH peaknHH oOpa3oBaHHsi aAcoOpOMPOBAHHOTO aTo-
MapHOro BOJOpOJAA:

H, = 2Hy; = 2H" 4 2¢°

B cooTBercTBUH ¢ ypaBHeHMeM (21) mpH NOCTOSSHHOM NaBJEHHH BOJO-
pona HaGuiofaercst JMHefiHasi 3aBHCHMOCTb MeX/Jy MOTEHIIMAJOM BOIOPOI-
HOTO 9JIEKTPOJa W JorapudMoM aKTHBHOCTH HOHOB BOAOPOAa. DTa 3aBHCH-
MOCTb LIMPOKO HCHOJAb3yeTcs Aas usMepenus pH pacrBopoB. Bricokas
creneHb O0GPaTHMOCTH BOJOPOLHOTO 3JeKTpoja Hab/iofaeTcsi TOJNbKO NpPH
NPOXOKIEHHH MaJIbIX TOKOB Yepe3 3JeKTPO/L.

§ 6. daexrpoarl nepeoro pojga

DNeKTpoaaMH TNEpBOTO pOJNAa Ha3BIBAIOT TaKHe, 3JEKTPOAHBLIi NOTEH-
IMaJ KOTOPBIX ONpenessieTcss aKTHBHOCTbIO KaTHOHOB, ONHOMMEHHBIX C Me-
TaJJIOM, NOTPYXEHHLIM B 3JIEKTPOJIHT. THNHYHBIA 3JEKTPOA MEepBOro poxa
COCTOHT M3 NJIACTHHKH METaJjjia, MOTPYXEHHOTO B pacTBOP €ro COJIM HJIH
B pacIJiaBJeHHYIO COJb 3TOro Meraana. Ecau sjnekTpon mepsoro poxa 6o-
Jiee TIOJIOXKHUTENEH MO CPABHEHHIO CO CTAaHAAPTHBIM BONODOIHBLIM 3JEKTpPO-
7I0OM, TO B TaJbBaHHUECKOM 3jeMeHTe (5) mpoTeKaeT peakKIus:

M 7 H, —> M+ nHY (22)

Ilns o603HaueHHs 3J€KTPOJa MEpPBOrO pPola NPHMEHAeTCS Clelyoulas
cxemaTHyHas 3anuch: Mn*|M nain MX,|M (rme X~ — aHHOH).
[MToTeHuHaa TaKOTO JEKTPOAa ONpelenseTcss COOTHOLEHHeM

Cpn+

am

rume @ — aKTHBHOCTH HOHOB MeTaJja M CaMOro MeTaJjuia; fn — YHCJIO0 3JIeMEeHTapHuIX 3apsinoB
HWOHOB MeTaJuia.

: (23)

E=E°+—]’%In

Ins yuctoro Metamia ay = Ny =11

RT
E=E°+n—[_.—ln aMn_,_ (24)

Ypasneunst (23) u (24) HaswiBawT ypaBHenusMu Hepucra nas amex-
TponoB 1-ro poja. OHM HCNONB3YIOTCS LISl BBIYHC/IEHHS aKTHBHOCTH HOHOB
Meranana (MpH HM3BECTHOM AaKTHBHOCTH METaJjia) W aKTUBHOCTH MeTaJia
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(mpy M3BeCTHOH aKTHBHOCTH HOHOB MeTaJlla B 3JIEKTPOJIMTE) H3 ONBITHBIX
3HaueHWH 3JEeKTPOJHOrO MNOTeHIHaJja. YpaBHeHHe (24) MoxeT GHITL 3amu-
caHo B ¢opmMe:

RT RT RT :
E=E°+W1naMn+=E°+n—FlnCMn++Wlnvmn+ (25)

Hnst pa36aBJieHHbIX PACTBOPOB B COOTBETCTBHH C TEOPHEH 3JeKTPOJIH-
ToB Jle6ass—TI10kKens mosyuaem:

T 2,3RT -
E=E°+§—Flnc ——§1A1/1 (26)

mn+

rae A — MOCTOSIHHAsI, He 3aBHCALIAs OT WOHHOH CHJIBI 1, HO 3aBHCsllast OT TeMNepaTypsl H
nﬂanek‘rpuqecxoﬁ MIPOHHULIAaEMOCTH PaCTBODHUTEJIA.

Ecnu n =1, to I = C u ypaBheHue (26) nosyuaer BuI:

RT
— Fo g4 &4
E =E°+4 F InC

+—2,33F1A'\/Z‘- @)

DNeKTpOAbLl NEpPBOro poja MOTYT HCMOJb30BaTbCS MAJS ONpEAeJeHHs
aKTHBHOCTell KaTHOHOB nyTeM wu3Mmepenusi IJJIC siueek JABYX pasHOBHA-
HOCTeH: ;

1) ajexTpon mepBOro pojaa COeIHHEH C 3JEeKTPOJOM CpPaBHEHHSI coJle-
BbIM MOCTHKOM;

2) mBa 3JeKTpoja MNepBOrO pOJa COEJHHEHBl C COJEBBIM MOCTHKOM.
Tako#l 3JieMeHT Ha3bIBalOT KOHLUeHTpauuoHHbIM. Ero 3JIC 3aBHCHT OT OT-
HOLIEHHS] aKTHBHOCTeH MOHOB B IBYX PacTBOPax, B OJHOM H3 KOTODHIX OHa
H3BECTHa, a B J[PyroM HaxoAauTcsl u3 uamepenui DC.

§ 7. daeKTPOAbI BTOPOTO H TPETHEro poja

3nekTpoAbl BTOPOro pPOJA — 3TO 3JEKTPOMABI, NOTEHIHAJAB KOTOPHIX
ONMpene/siioTCs aKTHBHOCTbIO aHMOHOB; OHM OBbIBAIOT ABYX Pa3HOBHAHOCTEMN:
1) MeraJJ, MOKPBITHI MaAOpPacCTBOPHUMOH COJIbIO 3TOTO XK€ MeTajda H Mo-
TPYKEHHBIH B DacTBOp, COJepPXKallhi COJb JPYroro MeTaja, MMEIOLIYIO
aHMOH, OJHOVMEHHBIH ¢ aHHOHOM MaJjopacTBopuMoil couH. Ilpumepamu
3JIEKTPOIOB 3TOH Pa3HOBHIHOCTH MOTYT CJYXHTb cepebpo-rajoreHugocepe-
6pansie Ag|AgX, KX; pryrtb-ranoresunoptrytieie Hg|HgoXo, KX u ap;
2) rasosble a;eKTpoAsl: xJop-xjopunnsiit Pt, Cly|HCI; kucaoponmusii Pt,
0| KOH; 6pom-6pomunnblit Pt, Bro|HBr.

Ha noBepXHOCTH 3JI€KTPOJOB 2-T0 poja NMpOTeKaeT peaklus o6pas3oBa-
HHSI aHHOHOB M MeTaJ/lla H3 MaJIoOpacTBOPHMOH cOJIM HAHM obGpaTHas el

MX,+ne” == nX 4+ M (28)
Jlnsi 37€KTPOLOB BTOPOTO POLA 3JIEKTPOAHBIM IOTEHIHAJOM HA3LIBAIOT
3] C snemeHTa
—_ . 5 = ’
Pt, H2 (sz =1,01-10 I'Ia) l HX (aH+ l) l I KX, MXn ‘ M l Pt (29)

ITorennuan Gyner moJioxKHTeNeH, eClH peakuus B saeMeHTe (29)
®,Hy + MX, = nH'+nX" +M (30)
IIPOTEKaeT CaMONpPOMU3BOJIBLHO CJeBa HanpaBo. [las 3Toro cayyas MOKHO
HamucaTh:
a”.a"_a
REF = RT In K — RT In ——> M @1)
' PH/;amxn
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Ipu ay+ =1, ay =Ny =1, aMxn=1 74 pH2=1,01 - 105 ITa umeem:

E—E;—l K — f%m ar =E0—£-]nax 32)
Jast pa36aBiieHHBIX PacCTBOPOB:
E= EO—ﬂl C, 4+ R 9347 (33)
U O uJeaJbHblX paCTBOPOB!
E =E°— iFT— InC (34)

YpaBHeHusi (32—34) HasbiBaloTcsi ypaBHeHHssMH HepHcTa s 3J1eKTPOAOB
BTOPOTO poja.
[ToreHnuaa ra3oBsix 3aeKkTpoaoB ectb DI C anemenTa

— . 105 — il
pt, H2 (pH2 =1,01-10 Ha) | HX (aH+ l)“ HX | Pt, X, (35)
B snemente mporekaer peakuus Ho -+ X, = 2H* 4 2X-, noreHunan
KOTOPOH BbIPAaXKaeTcsl COOTHOLIEHHEM

a
E=p—RT X/
F ax’2

(36)

B anasnuTHuyeckKoil XHMHUH 3JIEKTPOAB BTOPOrO pOJa NepBOH pa3HOBHI-
HOCTH NIPHMEHSIIOTCSI B KauecTBe MHIMKATODHBIX 3JeKTPOINOB MPH aHAJHUTH-
YeCKHX ONpeNeJeHUsIX aKTHBHOCTEl W KOHIEHTpallMii aHHOHOB, a 3JIEKTPOIbl
BTOPOM pPa3HOBUJIHOCTH — JUISI ONpeJesieHUs] KOHLEHTPAlHH pacTBOPEHHBIX
rasoB HJIH HX NaplUHaJbHBIX NaBJEHUH. DTH 3JEKTPOABl O6PaTUMBI HE TOJb-
KO B BOIHBIX, HO ¥ BO MHOTHX HEBOAHBIX PacTBOpax.

DJeKTPoab TPeTbero poja — 3JeKTPOAbl, O6paTHMEIE [0 UYKEPOTHOMY
katuoHy. TunuuHBI 37eKTpon 3-ro poja — MeTaJsl, TOKpPHITHIH MaJjopac-
TBOPHMOI COJIBIO 3TOTO K€ MeTaJjljla U IMOTPYMKEeHHBIH B pacTBOpP, KOTOPHIH
COIEPXKHUT MaJOPACTBOPUMYIO COJIb APYTOrO METaJjia C TEM XK€ aHHOHOM H
XOpOLIO pacTBOPUMYIO COJIb 3TOTO MeTaJlia.

[Morenuuan snekrpona 3-ro pona ectb SC aneMenrta, nogo6HOro cije-
LyIoleMy:

Pt, Hy (py; =101-10°Ma)| HX (a,,, =1)|| Ca (NO,), | Hg,C,0,, CaC,0,|Hg|Pt (37)
B 3aMKHYTOM 3jieMeHTe NpoTeKaeT peakuus
Ca?* 4 H, + Hg,C,0, =>= CaC,0, + 2Hg + 2H* (38)

DAC Takoro sJeMeHTa B COOTBETCTBMH C MPHBEIEHHO!N BhHIUIE peakiued
paBHa:

2 2
a a a
E—Eo— RT H* Hg CaCy04

0 __.
F -y =E + ln a o+ (39)

Hz HgC204

DiieKTpoabl 3-TO pofa XapaKTepH3YIOTCS BBICOKOH OGPaTHMOCTBIO H
NpUMEHSAIOTCA B KayeCTBe HHAMKATOPHBIX AJSA OIpedeseHUs aKTHBHOCTEH H
KOHHeHTpaH[/Iﬁ KaTHOHOB, YYy>XE€POAHBIX II0 OTHOILUEHHIO K ME€TaJnny 3JeK-
TpOZa.

§ 8. OKHCAUTENbHO-BOCCTAHOBUTENbHBIE 3JEKTPOIBI

OKHCIHTe/IbHO-BOCCTAHOBHTEbHbIE 3JEKTPOAbl 06PATHMBI 10 OKHCJIEH-
HOH M BOCCTAHOBJIEHHOH (hopMaM KaKoro-iu6o BemiectBa. OGBIYHO OKHCJ/IH-
Te/JbHO-BOCCTAHOBHTEJbHBIH 3/1€KTPOJ — HHEPTHBIH 3JEeKTPOHHBIA NpPOBOJ-
HUK, TNOIPY>XCHHbI B pacTBOp, B KOTOPOM HAXCAHUTCS OKHC/JEHHass M BOC-
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cTaHOBJIeHHasi GOpPMbl KakKoro-iu6o BemecTBa. B KauecTBe MHEPTHOTO 3JeK-
Tpolda HauGoJiee YacTO HCIOJNb3YIOT MJaTHHY. Pa3nnuaioT nBe pa3HOBHI-
HOCTH TaKHX 3JIeKTPOJOB:

a) TMOTEHIHaJ 3JEKTPOAa 3aBHCHT TOJNBKO OT COOTHOIUEHHsI aKTHBHO-
cTell OKHCJEHHOH W BOCCTAHOBJEHHOH (OpPM M He 3aBHCHT OT aKTHBHOCTH
HOHOB BOAODPOAA;

6) moTeHLHas] 3JEeKTPOJa 3aBHCHT OT COOTHOLIEHHS aKTHBHOCTEH OKHC-
JIEHHOM ¥ BOCCTAaHOBJIEHHO!H (DOPM M OT aKTHBHOCTH HOHOB BOZOPOZAA.

OKHCAHTENbHO-BOCCTAHOBHTEJIbHbIE 3JEKTPOALI, MOTEHUHAJ KOTOPHIX HE
sasucur ot pH. [IpuMepaMu OKHC/IHTENbHO-BOCCTAHOBUTENbHBIX 3JIEKTPOAOB
nepBOi Pa3HOBHIHOCTH MOryT cayxuth caeaywomue: Pt|FeCl,, FeCls
(8 kucaoi cpene), Pt|KFe(CN)¢]l, Ks[Fe(CN)g] u ap.

DnekTponHBIM ToTeHuHast oM 3jektpona Pt|FeCl;, FeCl, masmBaioT
3C snemeHTa

Pt, H2 (pH2 = 1,01 - 105 Ha) lHCI(aH+ = l) I FeCla. FeC]2 | Pt (40)
B KOTOPOM MpOTEKaeT peakiHs
1,H, + Fe®* == H*4 Fe?* 1)
3JIC 5TOro 31eMeHTa ONMHCHIBAETCS CJAELYIOIUM yPaBHEHUEM:

a.s
E=E°+3F11n aF“

T a
= Eo 4 I';F In aoxncn (42)

Fe?* BoCCT

TIe Goxkmecn, @socct — AKTHBHOCTH OKHCJEHHOH M BOCCTaHOBJIEHHO# (OopM BelecTBa; n—
PasHOCTb 3J1eMEHTapHBIX 3apANOB OKHCJIEHHOH (Mokmca) M BOCCTAHOBJNEHHOH (Mnoccr) QOPM.

Hns pas6aBieHHbIX PaCTBOPOB:

RT . Cownen  RT R _
E =E° + ﬁ- In ﬁt‘;- -— TF 2,3 (nOKHCJl - nzocm) A ’\/[ (43’)
IlJIﬂ HaeaJibHBIX pacTBOPOB
RT . Coxmen
E=E'"4+ —In —7% .
+ nF " Crocer “h

YpaBHenus (42—44) HaspiBaloTCA ypaBHeHHsiMM HepHcTa nast oxkuciau-
TeJIbHO-BOCCTAHOBUTEJIbHBIX 3J1EKTPOJOB.

OKHCJHTENbHO-BOCCTAHOBUTENbHbIC 3JEKTPOMAbI, MOTEHUHAN KOTOPbIX 3a-
Bucut ot pH. K ux uyucny OoTHOCATCS XHHTHADOHHBIH 3JEKTPOA U €ro aHa-
JIOTH, a TaK¥Ke MeTaJIJIOKCHIHbIe 3JEKTPO/bI.

XUHTHIPOHHBHA 3M€KTpPOA XHHIHIPOHHBIM 3JIEKTPOAOM Ha3bl-
BAalOT IJIATHHOBBIH 3JIEKTPOM, MOTPYXeHHbIl B HaCHILIEHHBIN KHCJBIH pac-

TBOpP XHUHTHIpOHA:
Pt| xunrunpon, HCI

Ha noBepXHOCTH XHMHTMAPOHHOTO 3JIeKTPOAA NPOTEKaeT peaklHd: XH-
HOH + 2H* + 2¢~ == ruApOXHHOH. 3HaueHUe 3JEKTPOAHOTO HOTEHLHaJa
paBHO:

RT % %mon

E = EO 4 - |p ——X#How 45

2F ArunpoxuHOH (45)

BBuny paBeHcTBa KOHIEHTpalUMH M GJH3KHX 3HAUEHHI KO3 HIHEHTOB

aKTHBHOCTEll XHHOHA M TMAPOXWHOHA B PacTBOPE XHHTHIPOHA MOXKHO AOMy-
CTHTL PaBEHCTBO UX aKTUBHOCTEH, OTKyJAa CjedyeT:
RT:

E=E'4 l}T— Ina,,=E—~—23pH (46)



§ 9. MIOHOCEJEKTUBHBIE 3JIEKTPOIHI R5

U3 ypaBHeHus (46) caenyer, uTO MOTEHUHAJ XHHTHIPOHHOTO 3JIEKTPO-
Jla 3aBHCHUT TOJbKO OT aKTHBHOCTH HOHOB BOJOpPOLA (NPH NOCTOSTHHOH TeM-
neparype). dTo 0GCTOATENbCTBO HCIOJB3YIOT NpH onpeneseHud pH ¢ mno-
MOIIbIO XMHTHADPOHHOTO 3JIEKTPOAA.

MertannokcHAHBEe 3adeKTpoab. Jlas usmepenus pH B BoA-
HBIX MU BO MHOTHX HEBOJHBIX PacTBOpax B KayecTBe HHIMKATOPHBIX HCMOJb-
3yIOT CYPbMS$IHH€, BOJb(paMOBble, THTAHOBblE M BHCMYTOBBHIE 3JIEKTPOIHI.

B ocHoBe paGoThl MeTaJJOKCHAHOrO (HampHMep, CYpPbMSIHOTO) 3JIEKT-
pOJia JieXHT peaKiusi, NPOTEKAIOLas Ha ero MIOBEPXHOCTH:

Sb;0; + 6HY 4+ 6¢” == 2Sb + 3H,0 47)
3roi pP€aKuyuyu COOTBETCTBYET 3JIeKTpOIIHbII31 IIoTEeH Han
6
a’ .a
E=E°+E—ln—{{z—ib2&- " (48)
asp%H.0

TaK KaK Qg0 =1, a5, =1, ay,,=1 (8 pasbasieHHoM pacTBope):

RT RT
E=E°+——F—lnaﬂ+=E°———F—2,3pH (49)
PaBsHoBecue B cHcTeMax C METaJJIOKCHAHBIMU SJIEKTpOAaMH YyCTaHaB-
JIUBaeTcd MeAJiCHHEE, a BOCIPOH3BOAHMOCTDb Xyxe, 4eM Yy XUHTHAPOHHOTO
3JEKTpoaa.

§ 9. HoHoceieKTHBHBIE 3JE€KTPObI

TepMHUH «HOHOCEJNEKTHBHBIE 2JIEKTPOLEI» IpUMeHseTcs aJs o0o3Hauye-
HHUSl TAKUX 3JEKTPOAOB, B OCHOBe paboOThl KOTOPHIX JiexKaT HOHOOOMeHHble
peakuuy, NpOTeKawIllHe Ha TPaHHLAX MeMOpaH C pacTBOpaMH 3JIEKTPOJIH-
TOoB. FlOHOCE/IeKTHBHDIE 3JIEKTPOABl MOTYT OBbITh 06paTHMbl KakK HO KaTHOHY,
TaK ¥ MO aHHOHY. VI3BEeCTHO HECKOJbKO Pa3HOBHAHOCTEH HOHOCETEKTHBHBIX
3JIEKTPOJOB: CTeKJ/sIHHbIE, COJIEBble U HOHHUTOBble. MeMOpaHbl 3THX 3JIEKTPO-
LOB BBIMOJIHEHBI COOTBETCTBEHHO W3 CTeKJa, HEPAaCcTBODHMEIX coJieH, U3 op-
TaHHYEeCKHX U HeOpraHMYyeCKHUX HOHHTOB.

Honutol. [To cBoeMy XMMHYECKOMY- COCTaBY HOHHUTHl — 3TO MOJIH3JIEKTpPO-
JINTHI, HMEIOIHEe B CBOEM COCTaBe .MOJIIPHble KHCJOTHble (KATHOHMTHI) HJH
ocHOBHble (aHHOHHUTH) rpynnbi (=SiOH, —SO;H, —NHOH u T. n.).

IlonBuxHble U cnocob6Hbie K OOMEHy HOHBI HOHHTA 4YacTO Ha3bIBAIOT
NPOTHBOHOHaMH. B MeMOpaHax M3 cTekJa M M3 HEKOTOPHIX JIPYrHX Mare-
pHasoB MOHHLIH OOMEeH NPOUCXOAUT TOJbKO B NOBEPXHOCTHOM CJIO€ BCJIEICT-
BHE MaJIOH MOABHXHOCTH NDPOTHBOHOHOB H OTCYTCTBHS BaKaHTHBIX MeECT
B Tosie MeMG6GpaH. [lepeHoc Toka BHyTpu MeMOpaH ocyuiecTBJjsieTcss JaH60
NpevMyILeCTBeHHO aHHOHAMH, JHO0 NpPEeHMYIIEeCTBEHHO KaTHOHaMH, Ju60
TEMH H JPYTMMH. JTa 3JeKTPONPOBOLHOCTb 3aBHCHT OT IOABHIKHOCTEH
MOHOB M OT KOHLIEHTPaLHHU ne(eKTOB B HOHHUTAX.

CymiecTByloT MeMOpaHbl TFOMOreHHble H reTeporeHHole. ['oMoreHHbie
MeMOpaHbl COCTOAT M3 OJHO(a3HOro HHAMBHIYyaJbHOTO BelecTBa. B cocras
reTeporeHHbBIX MeMOpaH BXOAST BelleCTBO-WOHOOOMEHHHK W HHEpPTHHIE Be-
IecTsa, HeoOXoAuMble [Js OPHMIAAHHS ONpeleJeHHBIX MeXaHHUYeCKHX
cBoiicTB MeMOpane. MoHoo6MeHHbie MeMOpaHbI TOTOBSIT KaK H3 TBEPIBIX,
TaK M U3 XKHIKHX MaTepuHasoB. TBepable romoreHHble MeMOGpaHBI TOTOBSIT
M3 CTekJia (CTeK/sIHHBIE 3JeKTPOIbl), COAepKalllero KOMMO3HUUHIO U3 IIe-
JIOUHBIX CHJIMKATOB, H3 CHHTETHYECKHX IOJYMEpOB, COAEpKaIlUX KUCJIOTHBIE
UJIH OCHOBHble (DYHKLHOHAJbHbBIE TPYIIBl, U3 KPHCTAJJOB HEOPraHHUECKHX
cojei (B ¢)opMe BLIpDe3aHHON MJACTHHKH HJH CIpPeCCOBaHHOH TabJieTKH) H
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H3 HEKOTOPBIX HPHUPOIHBIX NOJHMEDHBIX MaTepHaJoB (HalpHMep, OKHCJEH-
HBIE Kosunonuit). JKuaKue roMoreHHble MeMOpaHbl TOTOBAT W3 BBICOKOMOJIE-
KyJSIpHBIX THAPO(OOHBIX OpPraHMYeCKHX KHCJOT H OCHOBAHHH, TaKHX Kak
JJIMHHOLIETIOUeUHble JHaJKUJIbHBle 3)Upbl (HOoCPOpPHOH KUCAOTHI, IJUHHOIE-
MoYeyHble AMHHBI U YETBEPTHUHbIE AMMOHHEBBIE COJIH.

MexanuaM BO3HMKHOBEHMSI MeEMOGPaHHOro noreHuuana. Pasjuune 3Haue-
HUH XUMHYECKOrO NMOTEHIHasa NMPOTHBOMOHOB B MeMGpaHe H B 3JIEKTPOJIUTE,
HaXoJsllleMCs B CONPHKOCHOBEHHH C €€ MOBEPXHOCTbIO, B Hada/jbHbIH MO-
MEHT HX KOHTaKTa o0ycJIOB/JHBaeT Nepexo] HOHOB M3 pacTBOpa Ha IOBepX-
HOCTb HOHHTa WJH B 06paTHOM HampaBJjeHHH. Uepe3 HeGOJbIION MPOMEXKY-
TOK BpPEMEHHU NOCJe HayaJjla KOHTaKTa yCTaHaBJMBaeTCd paBHOBECHE, Xapak-
TepHU3ylollleecss paBeHCTBOM CKOPOCTeH nepexoja HOHOB B NpPSIMOM H B 06-
paTHOM HampaBJieHHSIX U PAaBEHCTBOM 3HAaueHHH 3JEKTPOXHMHUECKHUX MOTEH-
11aJoB B HOHUTE H B pacTBope. CKauoOK yCTaHaBJHMBAIOLIErOCS MOTEHIHAJA
3aBHCHUT OT aKTHBHOCTEeH NPOTHBOMHOB B PacTBOPE B COOTBETCTBHH C ypaB-
nennem HepHera. Eciam noreHuuan MeMOpaHBl 3aBHCHT OT aKTHBHOCTEH
MOHOB TOJIbKO OJHOTO eJHHCTBEHHOTO COpTa, TO TaKylo MeMOpaHy H COOT-
BETCTBEHHO MeMOpPAaHHBIH 3JEKTPOJ HAa3blBAIOT HOHOCEJEKTHUBHBLIM MO OTHO-
[IeHHI0 K HOHAM JAaHHOTO copTa. Tako#l 3/eKTPOL MOMKET HCIOJb30BATbCA
KaK WHAMNKATOPHBIN B MPSIMOH MOTEHUHOMETPHUH.

CTeKkJAsIHHbIA 3JeKTPOJi, 00paTHMbI MO BOAOPOAHBIM HOHAM. [Torennuan
NMOBEPXHOCTH CTEKJ/a, CONPHKACAIOUIerocs ¢ PacTBOPOM KHCJOTHI, 3aBUCHT
ot pH pacTBOpa B COOTBETCTBHHU C YpaBHEHHEM:

RT
E=E°+—F—lnaH+ (50)

roe E° — xoHCTaHTa [Jisi [AaHHOTO CTEKJISHHOTO 3JeKTponaa.

3To CBOKCTBO CTeKJia HUCHOJb30BAHO NJISi CO3NAHHUSI CTEKJSIHHBIX 3JIEKT-
ponoB — uHaukaTopoB pH. OG6bIYHO mpHMeHsieMble CTeKJSHHbIE 3JEKTPOMbI
umeroT ¢opMy TPyOKH, NOHHAS YacTb KOTOPOH BLINTOJNHEHA B BHUIE TOHKO-
CTEHHOH CTEeKJ/SIHHOH MJIACTHHKHM HJH B BHJAe TOHKOCTEHHOTO CTEKJSHHOTO
mapuka ¢ ToJiMHOH cTeHOK He Bbie 0,01 mm. Ilpu usmepennu pH crek-
JSHHBIA 3JIEKTPOJ, B KOTODBIH Ha/uBaloT OydepHBIi pacTBOp C M3BECTHHIM
pH, momemator B HccaenyeMmbli pacTBop. CTeK/JSAHHBIH 3JEKTPOX COelu-
HAIOT C IBYMsl 3JIEKTPOJAMH CpaBHEHHsl (HampuMmep, KaJOMeJbHBIMH 3JIEK-
TPOAaMH) Tak, KakK MOKa3aHO Ha CXeMme:

Pt| Hg, He.Cla [KC1 || MeeTenyens | peyspaua | BYDDME| [ Kel | Hg.Cle, Hg [Pt (51)

HOJIY'«IGHHYIO enb MOXHO paccMaTpUBaTb Kak KOMOHHAIHIO ABYX 1O-
cAeNOBaTe/bHbIX SUEEK

Hccnenyemuit | Hapyxnas
Pt|Hg, Hg.Cl. [KCI (BHemnnit) | moBepxHocth (Ey) (52)
pacTBop (aH+) cTeKJ/1a

Buyrpennsis | BuyTperuni
[OBEPXHOCTD 6y(beprm}”4 KCl1{Hg.Cl,, Hg |Pt (E,) (83)
cTexAa pacTBop (aH,,)

3C rako# ueny paBHa
E=E+E& (54)

EI'='(’Bgcr +%T_haﬂ+)_ E. (55)

Ey=E — (E",,}_c‘r + ETF— In aH,,) (56)
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Hcnonb3ys Belpaxenus aas E; u Eg, nonyuaem:
ay
0 RT
E=E +Ey=E[— Ellc1‘+ In
F a .
H
rie E—3NC Bceii uenu, oOblYHO Ha3biBaeMasi MOTEHIHAJOM CTEKJSIHHOTO 3JIEKTPOAa;
E‘I) o E‘I)[ cr — CTaHIapTHbe 3JeKTPOJHbC MOTEHNUAJbl BHYTPEHHeil H HapYXHOi IOBepX-

HOCTH cTeksaa; Ec — moTeHLHal KaJOMeJBHOTO 3jeKTpoxa; E% — mocTosiHHas AJs JaHHOrO
3JIEKTPOJa, HAMOJHEHHOro Gy(hepHbIM pPacTBOPOM.

—E°+——1n A+ (57)

IloBepXHOCTb CTeK/a SBJSETCS NOJNHJEKTPOJIHTOM, KOTOPOMY COOT-
BeTCTBYeT (opmyJa:

—0—u—
—0—

I
Kt t Kt

uau npu Gosnee xpatkoil 3anucu (=SiOKt),. B crekne katumonamu (Kt)
OOBIYHO SIBJSIOTCS MOHBI HATPHs, KaJius, JIUTHS H Bojopona. B Kuciaex cpe-
oax, He comepxkamux coJgeit, rpynnel (=SiOKt), cunbHO runposu30BaHHI,
obpasywomuecs npu 3toM rpynnbl (=SiOH), Tak ke, kKaK u rpynmbl
= SiOKt, vacTuyHO QHCCOUHHPOBAHBI.

B oueHb KHCJBIX cpelax CTeKJSHHBIH 3JeKTPOJ Ha CBOeH NOBEpPXHOCTH
conepxkuT rpynnbl =SiAn, obpasyoouiyecs Npu B3aNMOAEHCTBHH C KHCJIO-
Toit HAn. IloTteHunan 3/jekTpoia B TaKHUX YCJOBHSIX ONpene/sieTcss KOHIEH-
TpalueHd aHHOHOB, M CTEKJSHHBbIA 3JEKTPOL B KHCJBIX Cpeiax BeleT cebs
noJg06HO 3/eKTpOdy BTOPOro poja. B mesnouHBIX cpefax MOTeHIHasa CTeK-
JSIHHOTO 3JIEKTPOJa ONpejessieTcsi aKTHBHOCTbIO KaTHOHOB METaJJIOB.

CreKJsiHHbIA 3JIEKTPOJ, 0OpaTUMBIi Mo KaTuoOHaM coJeil. CTekJsHHbIN
3JIEKTPOL MOXKeT (YHKIHOHHPOBATb KaK 3JEKTPOXA, OOpaTHMBIH MO KaTHO-
HaM IeJOYHBIX MeTaJqJoB. IIpuMeHeHHe TaKOro 3JeKTpPoAa HJsi KOJIHYECT-
BEHHOTO OMpe/iesIeHUs] OTAEJNbHBIX BHAOB KaTHOHOB B pacTBOpax coJsieil BO3-
MOXHO NPH YCJOBHH €ro BBHICOKOH crneLHM(HYHOCTH. B mpocrefimiem cayuyae
KOJIMYECTBEHHOH MepOll creur(dUYHOCTH 3JIEKTPOLA SBJISETCs KOHCTAHTa
Kum Hu3 ypaBHeHHa HMOHOOOMEHHOM TEOpPUM CTEKJSHHOTO 3JeKTpoja
B. I1l. Hukoabckoro:

E=E°+-’;—T1n (ay+ + K (58)

HMaM+)
Ilns CTEKJSHHBIX 3JIEKTPOJOB, NpHMeHsieMbiXx B pH-Merpax, 3HaueHue
Kum pasno 107'*— 10715, Tlostomy Bausinne uneHa K, uay+ Ha 3HaueHHe

DJ1C npene6pexxnMo MaJo B MIMPOKOM AManasoHe pH.

CrexJ/isiHHBIE 3JeKTPOAbl ¢ BBICOKOH Kgm (1071 —10-3) o6wiuHo comep-
’KaT TaK Ha3blBaeMble KUCJOTHBIE CTeKIooOpasyoune okucabl: Al,Oz, BOs.
[Tostomy mpu BbicOKHX pH Takue 3/eKTpoabl MOTYT (QYHKUHOHHPOBATb KaK
o6patumble o kKaTHoHaM. [nsi Beicokux pH B mpucyrcTBHuM cMmecu coueit
IBYX KaTHOHOB (HampHMep, CMeCH coJjlell KaJus M HaTpHs) ypaBHEHHe CTeK-
JSTHHOTO 3JIEKTPOJa HMeeT BHA:

E°+——ln(a ++K (59)

K, Na%K*)
rue KK, Na — KOHCTAaHTa HOHHOIO 06MeHa.

CTeKJIﬁHHbIe SJIGKTPOI’JDI, 06J1a11afoume Bb]COKOi"I CCJIEKTUBHOCTBIO IIO
OTHOILIEHHUIO K KaKHM- JII/I6O HOHaM, Ha3blBawT SJIeKTpOI[aMI/I C 3JIeKTpOﬂH0ﬁ

yHKIMell M0 NaHHOMY BHIY HOHOB (Tak, 3JeKTPOMbI, CeJeKTHBHble nmo H*-
u Na*-HoHaM, Ha3blBalOT 3JEKTPOJaMU C BOJOPOLHOH W HaTPHEBOH 3JEKT-
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ponHbiMH GyHKUHsAMH). [ 3J€KTPOJAOB C HEPe3KO BbIPaXKeHHOH CIelH-
¢GHUyYHOCTbIO (HampHMep, MO HOHAM HaTpHs) MOTEHIHAaJ onpeje/sieTcss ypaB-
HeHHeM:

++K (60)

T
E=E+ iF— In (aH" * Kina%a

HKK")

IJas 3JeKTPoOJOB C pacuypeHHoN o6Jaactbio mnepexoga ot H¥- k M+
3JeKTPOAHO#N GYyHKIHMH HaubGosee o6ocHOBaHHOH sBiasiercs teopusi B.I1. Hu-
Koabsckoro 1 M. M. Ulyabua.

HoHoceneKkTuBHbIE coJieBble MeMOpPaHHble 3JEKTPOAbl MNPEACTaBASIOT
TOHKYIO MJIACTHHKY COJHM (BMOHTHDOBAHHYIO B JHO LHJIHHADHYECKOTO CO-
cyna), HaxoJSIYIOCH B KOHTaKTe ¢ JIByMsi pacTBOpPaMH 3JEKTPOJIHTOB, HMe-
IOIINX OJJHOMMEHHble HOHBI ¢ cosbio MeMOpaHel. Ha rpanune pasnena mem-
6paHa — 3JIEKTPOJIUT BO3HHKAaeT CKAuOK 3JIEKTPHUUECKOro NOTeHIHaJja, Be-
JIHYMHA KOTOPOTrO 3aBHCHT OT aKTHBHOCTH HOHOB 3JIEKTPOJIHTA B COOTBETCT-
BUH C ypaBHEHUAMH, aHAJOTMYHBIMH ypaBHeHHsM HepHcra nns 3,1eKTponoB
1- u 2-ro pona. ®opmanbHOA NPHYHMHOM BO3HHKHOBEHHs NOTEHLHAJOB Ha
rpaHHuLax pasjena cosneBass MeMOpaHa — PacTBOp $BJSIETCS pasJ/iMyHe XHU-
MHYECKHX MOTEHIHaJOB IMOJBHXKHbIX HOHOB Ha NOBEPXHOCTH MeMOpaHBl H
B ToJslle pacTBopa. V3 TepMOAMHaMHuyeckoro ycJOBHS paBHOBECHs, Xapax-
TEPU3YIOUIEroCsl paBEHCTBOM 3JIEKTPOXHMHYECKHX MOTEHIHAJOB MONBHIKHBIX
HOHOB Ha IIOBEPXHOCTH MeMOpaHbl M B pacTBOpPe, MOXKeT ObITb MOJyYeHO
ypaBHeHHe

RT . “mn+ ’ o, RT
Ey=——1In E;=E —Ina 61
. M nF a;ﬁn-*- + pss + F M+ ( )

’
the Aynt, Gyn+ — AKTHBHOCTH HOHOB M™' B pacTBope M Ha MNOBEPXHOCTH MeMOpaHHI;
’ 4 4 -
E%= — (RT/nF) In apn+ + EII; Ell — AU OY3HOHHBIA NOTEHUHAaa B MeMOpaHe.

Onsi MeMOpaHHBIX COJIEBBIX 3JIEKTPOJOB, OODAaTUMBIX MO aHHOHAM
(An"—), aHaJOTHYHOe ypaBHeHHe MMeeT BUI:

E=E°— % In a, n- (62)

B3anMoCBs13b NOTEHLHAJOB ¢ aKTHBHOCTAMH HOHOB, Bbipa*KeHHasi ypas-
HenusmMu (61) u (62), nexXKUT B OCHOBe HCNOJIb30BaHHsI COJIEBbIX MeMOpaH-
HBIX 3JIEKTPOJOB A/l ONpejesieHHusi COLepXkaHHUs MOHOB B PacTBOpE.

CoJsieBble MeMGpaHbl TOTOBAAIT JHOO BbIpe3asti TOHKHE IIACTHHKH H3
KPHCTaJMIOB, JHO0 CcnpeccoBbBas H3MeJb4YeHHble KPHCTaJJ/HYecKHe MOpOoLI-
KH, JH6O cnyaBjsia ux. IIpHMeHSIIOT cojieBble TOMOreHHble MeMOpaHbl, CO-
CTOSIILIHE TOJbKO M3 €JHMHCTBEHHOTO BellecTBa — COJIH, a TaKXe TeTeporeH-
Hble, KOTOpble TOTOBAT NyTeM BKPam/MBAHHS MOPOIIKOB MaJoOpacTBOPHMBIX
coJiell (HanpuMep, rajoreHufioB cepebpa, ¢ropuna KaJjblusi U T. 1.) B Ka-
KOH-NHO0 XHMHYECKH CTOMKHH HepacTBOPHMBbIHI MaTepHas (CHIMKOHOBBIH
Kayuyk, napauH, MOJHUCTHPOJ), BHINONHSIOMHA POJIb CBSI3KH.

Jlns u3MepeHHs] aKTUBHOCTeHl HOHOB B pacTBOpe MeMOpaHHBIE 3JEKT-
polbl KOMOMHHDYIOT C ABYMs 3JIEKTPOJAMH CPaBHeHHs B LeNb, MOJOGHYIO
TOM, KOTOPYIO COCTABJSIOT NPH MCNOJb30BAHMH CTEKJASHHBIX 3JEKTPOJOB.
IlpumensaloTcss MeMOpaHHble siYUeHKH KaK C XKHIKOCTHBIMH, TakK H 6€3 XKHI-
KOCTHBIX KOHTakTOB. Tak, Mem6pana u3 Kpucraaauueckoro AgX (rae X—Cl,
Br, I) moxer ObITb HCIO/Nb30BaHa B CJIEAYIOUIMX MEMODAHHBIX fuefKax:

BuyTpenuuit AgX Hccaenyemuiit
Pt|Ag,, AgX Lpacmop c Ag* MeMGpana!paCTBop c Agt IKCI IHgQCIQ’ Hg{:Pt (63)

BuyTpentuit AgX | Hcenenyemmit
Ag Agxlpacmop ¢ X™ | mem6pata | pacrop ¢ X~ AgX, Ag (64)
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Mem6panHas siueitka (63) ucnosb3yeTcs HJs ONpefeNeHHs] aKTHBHOCTH
Ag*-yvoHoB, a siueiika (64) HcnoabsyeTcs NJS ONpeleJeHHS aKTHBHOCTH
X"-HOHOB B ucciefyeMoM pactBope. [l aHanuTHUeCKHX UeJedt (Ompe Kese-
Hue pM = —Ig ayn+ umn pAn= —lIg aAn-) NPHUIOLHbI MeMOpaHHBIE MaTe-
pHaJibl, KOTopble BenyT ceGst Kak o6paTHMble cesJeKTHBHBIE 3J1eKTpoabl. O6-
pPaTHMOCTb CHJBHO 3aBHCHT OT NPHUPOJbI MeMOpaHbl, OT aKTHBHOCTH NOTEH-
UHaJonpelessIolHX HOHOB M OT HaJMYHs NOCTOPOHHHX HOHOB. Bricokas
0o6paTHMOCTb B GO/bIIMX HHTepBasax pM (ykasaHHbIX B cKo6Kax) HabJio-
naercss y mMemOpan us AgX —Ag,S (pM=0-+-7), CuS—AgS (pM =
=0-+8), PbS—Ag,S (pM=1-+7), CdS—Ag,S (pM = 1-+7), npu-
MeHsieMbIX B KayecTBE€ HOHOCEJEKTHBHBIX 3JIEKTPOLOB COOTBETCTBEHHO MIJIsi
katnonos Ag*, Cu?t, Pb%, Cd?'. Tounble pe3yibTaThl IpH onpepeteHnd pM
He 10J1y4aloTCs B PacTBOpax, COAEpXKallMX COJNIH PTYTH, NPU ONpeleseHHH
Ag*, conu prytu u cepe6pa — npu onpeneaesnu Cu?t, conmu pryTH, cepebpa
H Menu — npu onpenesenunu Pb% u Cd?.

B KayecTBe BLICOKOOGPATHMBIX MeMOpaHHBIX MAaTepHaJioB peKo-
mengoBansl LaF; AgCl— Ag,S, AgBr — Ag,S, Agl— Ag,S, Ag.S,
AgSCN — AgeS 1419 npUroTOBJIEHHS] aHHOHOCEJEeKTHBHBIX 3JIEKTPOLOB COOT-
BETCTBEHHO 1Js1 caenytomux HoHoB: F- (pAn = 0-+6), Cl- (pAn = 0+4,3),
Br-(pAn = 0-+5,3), I- (pAn=0-+7), S* (pAn =0+17), SCN- (pAn =

OnucaHbl BBICOKOCE/NEKTUBHBIE TeTEepOreHHBIE COJieBble MeMOGpaHbl Ha
OCHOBE KOMIIO3HI[Hii, COCTaB/JIeHHbIX M3 CHJIHKOHOBOrO KaydyyKa H JHCIEpTH-
poBaHHBIX coJseit. O6paTuMoe NOBeleHHE 3TUX MeMOpaH OOHAapyXKeHO AJs
yKa3aHHBIX HH}Ke MOHOB (B CKOGKaX NpHBeIeHa coJieBasi OCHOBa MeMOpaH):
F- (LaF; unn CaFj), Cl- (AgCl), Br- (AgBr), I- (Agl), S?- (Ag.S),
Agt (Ag,S), SO; (BaS0,), POy (MnPO, uau BiPO,).

HoHocenekTuBHbIe XKHIKHEe MeMOpaHHble ajekTpoabl. YKuakue HOHOOG-
MeHHble MeMOpaHHble 3J1eKTPOAbI TOTOBAT U3 FHAPOGDOOHBIX, HEPACTBOPUMBIX
KHUAKHX TOJU3JIEKTPOJIHTOB.

B KkauecTBe MarepHasioB AN KAaTHOHHBIX MeMOpaH NPHMEHSIOTCS
JUTHHHOIIeNIOYeuHble fHaJKHAbHBIe 3upsl dochopHoi kucaore (RO)PO.H
(o6patumbl mo Ca?t, Mg?*), THOa/KH/bHblE 3aMelieHHble COJIeH YXKCYCHOM
kucaorel RSCH,COOK (o6patumer mo Cu?* u Pb?), rpe R — aaunHoueno-
YeyHbIH aJKHJIbHBIH paguKadl.

I1si M3TOTOBJIEHHSI aHHOHUTHBIX MKHAKHX MeMGpaH NPHUMEHSIIOT TeTpa-
aNKuIbHBIE aMMOHMeBble ocHOBauus uaH coiin (R)4N* (o6patumer mo CI-),
a Takxke IuauHHolenoueunole aMuHbl RNH.. Monutsl ucnosb3syorcsi n1u60
B YHCTOM BHJe, 1160 B GopMe pacTBopa B HHEPTHOM pactBoputese. Ilepe-
YHCJIeHHble HOHHTHI BeAYT ceGs KaK CceJleKTHBHBIE IO OTHOILUEHHIO K ompere-
JIeHHBIM HOHaM B HEHTPaJIbHbIX, CJAa0OKUCJBIX M CJa0OLUeNOYHBIX PacTBO-
pax. UurepBan pH HHAMBHAyaseH AJS KaXKIOro HOHOCEJEKTHBHOTO 3JeK-
tTpoma. Yerkasi cnenuduyHasi 3/71eKTpofHAsT GYHKUHS HOHHTOB B OTHOIIEHHH
NOTEHIHAJIONpPeAeNSIOIHX HOHOB HabJiofaeTcs NMPH OTCYTCTBHHM psiZa Apy-
rux uoHoB B pacrBope. Tak, onpenenenne Ca?* 3aTpyIHEHO B NPUCYTCTBHH
H* > Zn?* > Fe? > Pb?" > Cu?* > Ni?* > Sr** > Mg? > Ba?*. Omnpene-
aennto Cu?t mewator Fe?* > H* > Zn%* > Ni%*, onpenenenne Cl- satpyn-
Hero ClO; > NO;3 > Br” > OH™. Onpegeienne ClO; satpyaneso OH->I-.

DJIEKTPOA C KULKOH MeMOpaHOil OOBIYHO COCTOHUT H3 ABYX KOHIIEHTPHU-
HBIX UHJIMHAPUYECKUX COCYLOB. BHYTpeHHHII COCYA COLEPKHT PacTBOpP C H3-
BECTHOH KOHLEHTpallHeil NOTeHUHaJoNpeLesSONero HoHa, a TakKe 3JeKTpo],
cpaBHeHHs. B HapyXHBI# cOCyl HaIMBAIOT XKHIKHH HOHOOOMEHHHK, KOTOPBIH
COMpHKacaeTcsi C BHYTPEHHMM pacTBOPOM uepe3 JOHHBIA NOPHUCTHIA Mare-
puas. JloHHasi yacTh HApPYXKHOTO COCyJa TaKKe COCTOHT H3 NOPHCTOrO Ma-
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TepHaJsia, yepes KOTOprl:[ OCYLILeCTBJIACTCA KOHTAKT Me6paHHOFO 3JIEKTpOoAa
C HCCJyIeAyeMbIM pacTBOpPOM.

HJ'IH INOTEHIIHOMETPHYECKOro onpeae/ieHuss akTHBHOCTH HOHOB MeMépaH-
HBIA SJIEKTpOA MNMOoMellaloT B I/ICCJTe,U.yeMbII‘;{ pacTBOp, B KOTOPDOM COAEPKHUTCHA
TaKxe BTOpOﬁ 3JIEKTPOA CpaBHEHHS. Huelikn ¢ XHIKHUMH CeJeKTHBHBIMH
MeM6paHaMH ONHCHLIBAIOTCSI CXeMaMH, NMOAOOHBLIMH HHKe NPpHUBEACHHBIM!

CaX,| Xunkast | Hccaenyemsrit H
Ag, AgX|O,1M memGpaHa | pactBop ¢ CaX, KX l AgX, Ag (65)

Ca-3/1eKTpon

Ag, Agcio, | NGO g;gg;;a ”C;’;i‘gg;‘““|]Kc1o4|Agcno4, Ap (66)

CIO; -anekTpoX,

SNIC syeek (65) u (66) onpemessieTcsi COOTHOIIEHHEM:

RT :
— po . &
E=E'4} oF lnaCa2*+E}l (67)
H
E=E°—£lna + Ejg (68)
F clo;

rie E° — uHpuBHAyaJbHble KOHCTAHTHl A/ KaKLON siYeilKW B ONpeLeNeHHBIX 3KCIepHMeH-
Ta/NbHBIX yCa0BUAX; Ep — nndodysHoHHbiil noTeHuuan.

[Tpn nomomn ypaBHeHuit (67) u (68) MOXKHO HaXOQUTb aKTHBHOCTH
nonos Ca®* u ClOj.

§ 10. MoTeHuMOMETpHUECKOE THTPOBAHHE

[ToTeHnHOMeTpHYECKHE METOJ THTPOBAHHsSI OCHOBAH Ha (PHKCHPOBaHHH
TOYKM 3KBHBAJEHTHOCTH [0 PE3KOMY H3MEHEHHIO NOTeHLHasla 3JeKTPOAa,
pearupyiomiero Ha u3MeHeHHe aKTHBHOCTH TOTO HJIM HHOTO KOMIIOHEHTa HJIH
NPOAYKTa peakiui.

[TorenunomeTprueckoe THUTPOBAHHE NPOBOAAT CJEAYIOIHM 06pasoMm:
B THTPYEMBIHl DPacTBOp MOMELIAIOT WHAUKATOPHBIA 3JE€KTPOJ, MOTEHIHAa KO-
TOPOrO 3aBHCHT OT aKTHBHOCTH BellecTB, yyacTBymooUux B peakuuu. Cocyn
C MHAMKAaTOPHBIM 3JIEKTPOLOM MDH NOMOLIU<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>