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BBEAOEHWE

B mociennee AecsithiaetHe GYpHO pasBuBaeTcs HoBasd
o6aactb (HHU3HKO-XHMHYECKOTO  MCC/eL0BaHHSA ~— HOHO-
Merpusi. OCHOBHast 3ajaya mocaefHell — H3ydeHue U pas-
paGoTKa pa3/JHYHOTO DOAA HOHOCEJEKTHBHBIX SJEKTPO-
I0B, 06PATHMBIX [0 OTHOIIEHHIO K 60/BLIOMY YHCAY Ka-
THOHOB H aHHOHOB. KpoMme TOro, HOHOMETPHS ~— 5TO
TaKkxKe ¥ NMPAaKTHKA HCIOJNb30BaHHS 3JEKTPOJOB B XHMHUH,
6HOJIOTHH, MOUBOBEAEHHH, MEAIHLHHE, TI'e€OJIOTHH, T[EOXH-
MUH, OKEaHOJOrHH H B TEXHOJOTHH, B YaCTHOCTH AJS
aBTOMATHYECKOrO KOHTPOJSI MPOH3BOJACTBEHHHX MpPOLEC-
coB. Jlns CO3AaHHSI HOBBIX THIOB HOAOOGHBIX S/J€KTPOJOB
NPHMEHSIOT IIHPOKHH Hab0p TaKHX 3JEKTPOXHMHUYECKH
aKTHBHHEIX BELIECTB, KaK XHJAKHE H TBEDPABIE HOHHTH,
MOHO- H TOJHKPHCTAJJbl, CHHTETHYECKHe MeMOpaHo-ax-
THBHblE KOMIIJIEKCOHLI, 3JIEMEHTOPraHudeckKHe H Jpyrue
COeJMHEHHs, MPOABJASAONINE CeNEeKTHBHOEe NeHCTBHE OT-
HOCHTEJNbHO TeX HJH HHHX HOHOB.

BpeMss ycraHoBJEHHS pPaBHOBECHHIX [OTEHIIHANOB
3JeKTPoJOB KoJjebJercs or jfosefl CEKYHAH [0 HEeCKOJib-
KHX MHHYT, UYTO TO3BOJISET MPHMEHSTh HOHOCEJEKTHBHEE
3JEKTPOABl [1Js H3YyYeHHS TepPMOAHMHAMHKH pacTBOPOB
9J7IGKTPONHTOB (ompenesedns KoapdUIHEeHTOB aKTHBHO-
CTH), a TaKXe [J5 HCCAELOBaHHS KHHETHKH XHMHUYECKHX
peakuu#t, 14Pdy3ud H APYrHX NPOLIECCOB Maccolepe-
Hoca B HOHHBIX cpegax. Oco6o BaKHOe 3HAYEHHE MPHOO-
pPeTaloT HOHOCEJNEKTHBHEIE 3JEKTPOJbl B MeAHIHHe H 6HO-
jgorvd. C HX [OMOLIbIO CTAaJO BO3MOXHHIM CJAEJHTh 3a
H3MEHEHHEM HOHHOTO cOCTaBa GHOJIOTHUECKHX 3KHIKO-
crell B IHHAMHKE NPOLECCOB, a TaKXKe MoJydyaTh HHPOP-
MaLHI0 O BHYTPHKJETOUHOM H3MEHEHHH KOHIEHTpaIllHH

(akTuBHOCTH) HomoB Na', K*, Ca’*, HY, Cl” u gp.



B nacrosillee BpeMs HHCJIO0 MOHOCEIEKTHBHHIX SJIEKT-
PONOB ¢ UETKO BHIpaXK€HHOM CeJIEKTHBHOCTBIO K Ompeje-
nennomy nony [K*, Na*, Ca™, Ba™, Y, (Ca® + Mg™),
cd”, pb*, Cu™, F', CI', Br, I, NO;, CN", SCN,
BFi, ClO% u ap.] cocTaBaser 6Godee ABYX AeCSTKOB.
Croza xe cllefyer oTHecTH 60JblIoe YHCAO TaK Ha3hiBae-
MEIX JKH/IKOCTHHIX SJIEKTPOAOB [JIS OPraHHYECKHX HOHOB
H (epMEeHTHHX SJEeKTPOAOB, MO3BONAIOMIHX MOTEHIHO-
MeTpHYeCKH KOHTPOJNHPOBATL COAEpKAHHE HEKOTOPHIX
OpPraHHYecKUX MoOJeKyJ (MoYeBHHE, TVIIOKO3H H 1p.).

3a mocnegHHe HECKOJNBKO JIEeT OB TPOBEAEHH CUM-
MO3UYMH MO TEOPHH H MNpaKTHKe HOHOMETPHH, Mare-
pHaJHB KOTOPHX omy6aukoBaunl B [1]. ITepuomnueckue
0630pH JHTepaTypH IO 9JeKTpojaM [aloTcs Dakom
B <«Analytical Chemistry» (USA) uepes kaxgme zaBa
roga [2]. 3a py6exoM H34aHO HECKONBKO KHUI' (CM., Ha-
npumep, [3]), MoCBSIWEHHNX HOHOMETPHUH H XapaKTepu-
CTHKAaM HOHOCEJIEKTHBHBIX SJeKTPoAoB. UHC/I0 0630pHHIX
crarell B XXypHANax pasjHYHBIX CTPaH MO o6WUM H clie-
HHaJbHEIM BONPOCAM HOHOMETPHH HOCTHIIO 3a MOCHAE-
HHe 10—12 ner 6osee 100. Unucno crpan u GpupM, BHIyc-
KAIOWIUX Pa3/JHYHOTO THNA HOHOCEJEKTHBHBIE 3JIEKTPOLH,
BO3pacTaer C KaxJuM rogoM. HauGosee M3BecTHHE U3
uHocTpaHHuX ¢upM: CIHIA — Orion Beckman, Amnr-
aus — Electronic  Instrument,  Beunrpus — Radelkis,
IBefinapus — Polymetron, Hugepaanas — Philips,
Hanusg — Radiometr, Uexocnosakus — Crytur u np.

JoBONBHO IIMPOKHH aCCOPTHMEHT 3JeKTPONOB, 0CO-
6enHo ¢ tBepanMH MeMmGpanamu, B CCCP pumyckaer
3aBox uHaMepHTenbHHX HpHGopos (3MII, r. Tomens) u
HITO «Ananurnpubop» (r. T6uancu).

BosapmuM foCTHXEHHEM sBJAsSETCH CO3[aHHE 9JeK-
Tpo#oB, 06paTuMuX K anuonam Cl°, Br, I, NOs, ClOj,
SCN™, S$*™ u 1p. ITpsiMoe moTeHHHOMETPUYECKOE oNpeae-
JIeHHe MOCAeJHHX B CJHOXKHHIX CpefiaX OTKPhIBAeT HOBHE
BO3MOXHOCTH HHCTPYMEHTAaJbHOH aHaJHTHYeCKOH XHMHH.
HurepBan KoHueHTpauuil, AOCTYIHBI NPHMEHEHHIO HOHO-
CeJIeKTUBHBIX SJIEKTPOAOB, JEXKHT B 06J4aCTH OT HECKOJb-
KUX MOsb/a Lo 108 Moab/a, a o6beus pacTopa, HeO6Xo-
IHMBIA IS aHAJH3a, ‘MOXKeT cocTaasaTs 0,05—0,1 M.

Hctopust pa3BHTUS MeMOpaHHLIX 39JIGKTPOLOB CBsi«
3aHa ¢ HCCJAEAOBAHUAMH (U3HOJOTHYECKHX MPOLRCCOB,
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Eute B cepenune XIX croserHs GH3HONOrH OOGHAPYKUIH
BO3HHKHOBEHHE MEXIY OTAEJbHEIMH YACTSMH OpraHH3-
MOB P43HOCTH 3JIeKTPHUYECKHX MoTeHiHanos. i moHu-
MaHHS [eHCTBHS CJOXHHX OHOJOTHYecKHX MeMGpaH
B KoHue XIX # B XX crosieTHH GHIH CO3JaHH H HCCHe-
JOBaHH XMMHKAaMH H O6HOJOraMH TNPOCTHE MOIENH
MeMOpaH.

B 1890 r. QcTBasbA BOCHOJIL30BAJCH MOHATHEM NOJY-
npoHHnaeMofi MeMOpaHBl AAS CO3JaHHS MoJead GHOJO-
rHUecKofl W MoKasaJ, 4To 3HaYeHHe PA3HOCTH [OTeHuHa-
JOB B TaKoHl MeMOpaHe MOMXHO CUYHTAThb IpeJeNbHbIM
B clydae XHUAKOCTHOTO (AHGb(Y3HOHHOr0) TNOTeHIHaJa,
Korja IOJBHXKHOCTb OJHOIO H3 HOHOB paBHA HYJIO.
B konue XIX cronerus Goavluofl HHTepec OB NMpOsBJICH
K MeMGpaHaM THNA «Macia», K KOTOPHM MOXKHO OTHe-
CTH H CTeKJISHHHIE,

ONeKTPOXUMHS TNOPHCTHX MeMOpaH (KOJJIOZHEBHX
¥ Ap.) pasButa B paboTax Muxasnuca, Connuepa, Teo-
penna, Mefiepa 1 Cusepca [4]. OTH paboTH (0COGEHHO
TPU MHOCJTEIHUX) CHIpaJH CyUECTBEHHYIO DOJib B ycra-
HOBJIEHHH (DaKTOPOB, ONpPEAENSIOIHAX CeJIeKTHBHOCTD
MeM6paH.

B nauase XX cToserdss 6B1a o6HapyXKeHa cnocob-
HOCTb CTeKJSHHOX MeMOpaHH pearupoBaTh Ha H3MeHe-
HHe KOHIEHTPAUHUH HOHOB Bojgopona. IlepBrle OCHOBHHIE
Hce1eJOBaHUS MOTEHIHAJ0B CTEKJASHHBIX MeMOpaH Npo-
segennl Kpemepom u Tabepom [5]. Oun xe cospaiu
H MepBble MPOTOTHIL CTEKJSHHBIX H APYTHX SJEKTPOIOB
C TBepAHIMH U XKHIKHUMH MeMOpaHaMH.

[TepBHe cTeKASIHHBIE 3MEKTPOABI AJsi MPAKTHYECKOTO
n3Mepenus pH BpacrBopax 6ulyH npeoxkKens B 20-X IT.
I030m [6], Mak-Huuecom u Hoaom [7], Hurombckum
[8] u Wyavuem [9] c corp. B 50-Xx rr. mosBHJAHCH CTeK-
JISHHEIE 3JIEKTPOIH ¢ (QYHKUUSMH HOHOB ILIENOYHBIX Me-
TaMJOB, H3 KOTOPHIX HauGoJbllee fpaKTHYECKOoe 3Hade-
HHe HMeeT HaTpHeBolll CTeKNSHHHHA anekrpon. K sromy
)Ke BpeMeHH OTHOCATCS MHOTOYHUCJIEeHHHE HOMBITKY MOJY-
YeHHS HOHOCEJNeKTHBHHX SJEKTPOLOB Ha OCHOBe pasJdy-
HBIX MHHEPANOB U KOJJIOAUSA, HOHOOGMeHHHX cMoa [10].
IMTepeuncierHue paboTsl BHECIH 3HAYUTEJBLHLIA BKJaj B
06/14CTb 9JIEKTPOXHMHH MeMOpaH, HO B OTHOIIGHHH MO-
JNyYeHHS 3NEKTPOAOB C BHICOKOH CeIeKTHBHOCTBbIO MpH-
BEJIH TOJIBKO K QTAENbHEIM YCNEIIHEIM pellgHuaM (MeMO-
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PaHHBIH cMOJTHOH SJCKTPOA AN onpenenenus pH Bo
dbropuaHbx cpelax, HUTPaTHHH SJNCKTPON N/t GHONOrH-
YeckHx cpen [11]).

B nauane 60-x rr. ITynrop ¢ corp. IPenJIOXKHIH rere-
POTEHHLIe MeMOpaHbl Ha OCHOBE KPHCTAMIHUECKHY ocaj-
KOB, pacnpenefieHHbIX B CHAHKOHOBOM Kayuyyke. Xopo-
ke pesysnbTaThl MOKasaJu Mem6panel ITynropa, cogep-
Kalllne OCafKH raJoreHu0B cepebpa [12].

unkue MeMm6pansr, COAEPIKALIHE PACTBOPEHHBIN HO-

HuT, BrepBhie Haywaan Cosamep n llng [13]. Ognako
Y STHX MeMOpaH OTCYTCTBOBAJa AOCTATOUHAS CeJIeKTHB-
HOCTL M0 OTHOWIEHHIO K KaKOMY-1HGO OfpeneseHHOMY
HoHy. CyllecTBeHHHI ycmex B Pa3BHTHH HOHOMeTpHH
OB NOCTHTHYT B cepeanHe 60-x rr., xorga B 1966 r.
TMOSBHIICST TMEPBLIH BBICOKOCEJIEKTHBHDIfi MOHOKpHCTAJJIH-
YeCKHH (QTOPHAHBIE 3MeKTpos, a B 1967 r. paspaboran
CEJIEKTHBHBIA M0 OTHOIWNEHHIO K HoHaM Cat+ 3JIEKTPOJ
C XHAKOH MeMGpPaHOH Ha ocHOBe AuenHapochopHol
Kucnotet [14]. B Koume 60-x rr, ¢upma Orion Hayana
EBIIYCK  HOHOCE/IEKTHBHBIX 5JIEKTPONOB ¢ KHIKHMH K
KpHCTa/IIHIeCKHMH MeM6paHaMH.

Boawbmwo# Bknax s cosnanue BBICOKOCEJIEKTHBHBIX
KHNKOCTHBIX 9JIEKTPONOB Ha OCHOBE Tak Ha3bIBaeM bIX
HEATPAIbHBIX MePeHOCUHKOB MK TOYHee MeMOGpPaHO-aK-
THBHLIX KOMIIIEKCOHOB BHECJH HccaenoBaHHst CHMOHA ¢
corp. [15; 16, c. 127].

B nocnennne ronn paspa6orann 3JIEKTPOAL MJIEeHOY-
HOTO THNA, B KOTOPHIX aKTHBHOE BeLIECTBO BHeIPEHO B
?on]nMepHy}o MarpHily, Hanmpumep TONHBHHHIXIOPHAHYIO

17]. '

B saBucuMocty or tuna MeMOpaHbl HOHOCeJeKTHBH K e
SJEKTPOLbI MOXKHO Da3eNHTh Ha CJeNyIOL[He TPYINIBL:

TBEPAbIE 3JIEKTPOAL (FOMOreHHble H FeTeporeHHbIe Ha
OCHOBE HOHOOGMEHHBIX CMOJ, CTeKOJ, OCajiKOB, MOHO- H
MOJIHKPHCTAJINIOB) ;

KHIKOCTHBIE 3JIEKTPOJbI HAa OCHOBE XKHIKHX HOHHTOB,
XesaToB (HeHTpajbHble NIEPEHOCYHKH, BHOJOrHYECKH aK-
THBHbIE BellleCTBa);

NIEHOYHbIE (MaTpHuUHbIE) 3JIEKTPOJBl Ha OCHOBE Tex
Ke, 4TO H XKHIKOCTHbIE 3JEKTPOAb, aKTHBHBIX BeIIeCTB,
MONIUMEPHON MaTpHIbl U njaacTadHKaTopa.

MNapannensto ¢ paspadorkoit HOHOCEJIEKTHBHBIX 3JIeK-
TPOIOB, HAYHHAS CO CTEKJSHHBIX, 3aKAAJbIBANHCE Teope-

THYecKne ocHOBB HX gelictBHA. Tak B 30-x rr. Hukojb-
ckum [18] 6rina paspaBoraHa HOHOOGMeHHAs TEOPHS, B
OCHOBE KOTOPOH JIEXKHT NpPeACTaBIeHHe O TOM, 4TO Me-
KAy SJMEKTPOAOM (CTEKJSHHOH MM Apyroil MeMGpaHoii)
M PacTBOPOM NPOTeKaeT A0 YCTAHOBJEHHS pAaBHOBecHs
npouecc o6MeHa HOHOB, HampHMep BOAOPOAHHIX HA HaT-
preBnie. KoHcraHThl o6MeHa JAHHOTO HOHa Ha JpYrHe
HOHbI OTIPENeNsIOT CeNeKTHBHEE CBOACTBA 5/1€KTPOAa MO
OTHOIIEHHIO K [JaHHOMY HOHy. DTa TeOopHs B JajbHei-
WeM TOJyuH/Ia IIHPOKOE H MHOrOCTOPOHHEe DasBHTHE.
B pa6orax [oposnua [19], Ckatuapaa [20], Dksenmana
[21], Ulyabua [9] 6bijo NpeasioXKeHO TakkKe YUHTHIBATH
pasJjHyHe B MOABHKHOCTAX HOHOB B MeMOpaHe. Ilyaby
[9] BbiBen ypasHeHHe aJi1 3aBHCHMOCTH [OTEHIHAJa
3JIEKTPOAa OT AKTHBHOCTeH 3JIEKTPOJHO-AKTHBHBIX HOHOB
C yuUeTOM HX MOJBHXKHOCTeH B MeMOpaHe.

BypHoe pa3BHTHe HOHOMETPHH 32 MOCJEAHHE AECAThH
JeT BBI3BAHO NPAKTHUECKHMH BO3MOXHOCTSMH TMpHME-
HEHHs] HOBBIX HOHOCEJNEKTHBHBIX 3JIeKTPOLOB, KOTOpbie
MO3BOJISIIOT pPeELIATDH l'IpPIHI_[Hl'IHaJle? HOBbI€ 3ajayu B
HayKe, TEXHOJIOTHH, CEJbCKOM XO039HCTBE H MEJHIHHE,

Ilenr Hacrosuet KHHIH — KPaTKO® H3JIOXKeHHe Oc-
HOBHBIX TOJIOXKEHHH TEOPHH H BaXKHeHIIHX MOCTHMKEHHH
HOHOMETPHH, a TAKXKe HEKOTOPhIX MPAKTHUECKHX MPHMe-
HeHHil ee, NPHYEM 3HAUHTENbHOE BHHMaHHe VAENSAETCS
HCCNEOBAHUAM, NPOBOAMMBIM B JIeHHHrpaacKoM rocy-
IapcrBeHHOM yHHBepcHrere uM. A. A. )KnaHosa,
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OBLUAS TEOPUS
MEMBPAHHbIX NOTEHLIMA NTOB

—

CnaBHasg uyacTh rajJbBaHHYECKHX SJIEMEHTOB, MpHMe-
HfeMbIXx Mpu paGore ¢ MeMOpAHHBIMH HOHOCENEKTHB-
HEIMH SJEKTpOoJaMH, — 9TO cHCTeMa, COocTofllas Hs Imo-
AynpoHHnaeMol MeMGpaHH, KOTOpas pasfensier 1Ba
pacTBopa OJEKTPOJHTA Da3HOH KOHUEHTpalHH (cxe-
Ma I) *:

1 2
Mem6pana

Pacreop (1) Pactsop (2) )

o Puud ¢

MemGpaHe, nMpHMeHsieMbhie B HOHOMETDHH, JOJXKHBI
GHTh [POHHIAEMBHI, BO-MEPBHIX, AJS HOHOB TOJBKO O/
HOrO 3HAKa M, BO-BTOpPBIX, NMpeUMYLIECTBEHHO 1Jf OIpe-
JeJeHHOro COpTa HOHOB B MPHCYTCTBHH APYrdX HOHOB
TOrO e 3HaKa 3apsja.

Mexay pacrBOpaMH SJEKTPOJHTOB, DPa3ieNeHHEIMH
MeMO6paHOH, BO3HHKaeT pa3HOCTbH NOTeHIHAJ0B, HJIH
MeMGpaHHHE NOTEHIHAT @, KOoTOphIfl anre6paHyecKH
CKJajBBaeTcss U3 ABYX (as0BHX IPaHHYHEIX NOTEHIHA-
J0B ¢ H @2 H JHPPYSHOHHOTO Quup BHYTPH mMeMOpaHH:

P=0Q —Q +q)£ll'l(b an

[Tog rpaHAYHLIMH TOTEHUHAJIAMH @1 H Py MH 6y nem
Bcerna MOHMMATh PAa3HOCTh MeXIY MOTEeHUHanaMH MeM-
GpaHbl H pacTBopa: @i =1b — P **,

-

* 3pechb M Jafee PacTBOPH H rpamuubl ¢as ormedaiorcd g

pamu 1, 2.
*% UepTa HAj BEIHYHHON 03HauaeT NPHHALICKHOCTL €e K MEeM-
Gpaunnoii (ase,

8

Ecnu pacrBop 2 siBasiercs CTaHAApTHHIM, TO, NPHUHSB
0603HauYeHHs @3 = —q°, MOJYTHM:

q)=-q)°+q)l+q)nmb (I.2)

YpaBHenHe 17151 TMOTEHLHaxa ¢ Ha FpaHHIE Hcce-
fyeMufi pacTBop — MeMOpaHa MOXHO MOJYYHTh H3 TIyr-
reHrefiIMOBCKOTO YCJAOBHS PaBHOBECHS 3apsi’KeHHBIX Hac-
THI, T. €. H3 YCJAOBHS paBeHCTBA 23JEKTPOXHMHUYECKHX
MOTeHUHAaN0B ([I) HOHOB, CHOCOGHHIX NPOHHKATH CKBO3b
MeMGpaHy, M0 06e CTOPOHB IpaHUIH (Pa3:

=0 (1.3)
3nech: )
fi,=p; 4 RT Ina, + z,F (1.4)
fi,=u;+ RT Ina, + 2,Fp (L 4a)
Orcoga:

- a1 a,
2,F (b — ) =2,Fo; = p; — u; + RT In ==

11

Ecau s pacrBopa H MeMOpaHH BhIGPaTh OJHO H TO

| e CTaHAapTHOE COCTOSHHE HOHOB {~TO POAa, TO ;== W}

Torjaa:
RT a,
P == ?LT In a (L. 8)

CllegoBarebHO:

a.
Zi
a

o RTl
=0 +(Pnu¢+—z-if' n - i

{1.6)

31eck 2z;—3apsg 9JEKTPOAHO-aKTHBHOrO {-r0 HOHA,
npuueM 3a eIHHHIY BHIGpaH 3apsij NMPOTOHA; @; — aKTHB-
HOCTb -0 HOHA.

B ofuem caydae ciaegyeT AONYCTHTH BO3MOXKHOCTH
auddysnd saekrpoanra yepes MemOGpany. ITostomy 3a
cueT pa3NUUMS B NMOABHXKHOCTSX KAaTHOHA U aHHOHA H
HaJHuHs TpafdeHTa 32JEeKTPOXHMHUECKOro [OoTeHuHaa
BHYTpH MeMOpaHbl BO3HHKaeT AHPPY3HOHHHIA MOTEH-
LA Quue. 3ABHCHMOCThL €I0 OT HOHHOro coctaBa (asbi
MeM6paHnl BupaxKaercs, coraacHo Teimopy [22],



1y depeHlMIbHHM YPABHEHHEM
k

A9 e=—"F ), 7 dng (€7

rge {; — 4HCJIO0 MepeHoca j-ro HoHa.

Ypasuenue (I.7) MOXHO MPOHHTErPHPOBATH TOJIBKO
NpHGIHKEHHO C OMPEACICHHHMH YNPOLAOWNMHA AONY-.
IIEeHHAMH O MOCTOSHCTBE UHCEN MepeHoca H KoahduimeH- .,

TOB AKTHBHOCTell HOHOB BHYTPH MeMOpaHh. YpasueHHE .
A8 MeMOpaHHOrO MOTEHIHaJa C YYeTOM MepeHoca pas- .-

JMYHOCO THNA 3apsKEHHHIX YACTHI H PACTBODHTENs de-
pes mem6pany mano Ckaruapiom [20]. 3anumem ero
A MEMOGPAHHOrO TMOTEHIHAa/a, COOTBETCTBYIOLIErO CXe-
me (I) ¢ ofHO3apAMHBIM 3JIEKTPOJIHTOM AX B pacrBope
2 2
(p=(po+—&FT—lnaA—-EF—T-SZXdlndX-kStwdlndw (1.8)
i I

rge fx, fw — UHMCHA MepeHoca HOHOB X~ H BOAB B meMO-
paHe; dx, @w — aKTHBHOCTH HMOHOB X- u BOZH B MeMO-
paHe.

Wnrerpuposaine ypasnenus (I.8) mnpu AonylieHHH
t = const, WHBIMH CJOBAMH — MPH BBEJEHHH yCPEIHEH-
gblX BEeJHUMH, MPUBOLUT K BHPAXKEHHIO

q)—_=q)°+—RF7;In a, ——RFT—fg(p Inay —}-Zg}’lndw - (L.9)

NpH 3TOM OJHH H3 PacTBOPOB MPHHAT 32 CTaHAAPTHHH.
PaccMoTpHM MeMOpaHHbIA MOTEHUHAN AJS CHCTEMB,
B KOTOpoil MeM6paHa pasjeJfer pacTBOpHl, COAEpKAIME
5JIEKTPOJIHTH C JBYMS THMAMH NMPOTHBOHOHOB (mas npo-

CTOTH — 0AHO3apaaHHX) A+ m B+ (cxema II):

1 2
Pacrsop (1) | Mem6pana | Pacteop (2)

AX, BX AX, BX (In
7 4 CII C”
Cax Cex ¢ ax» CBx
A A
Bripaxenue AJ5 TNOTEHIHaJA tBepaoli HOHOOGMeH-
Ho#l MeM6paHH (BOZOPOAHOH CTeKJISHHOH) BIEPBHE Tep-
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MogHHaMuueckH BuBes Hukoawckufi [18], ucxozs us3
paBHOBecHSt oOMeHa HOHOB MeXIY CTEKJASHHON Mem6pa-
Ho# M pacrBopoM. ITpu aToM B nepBoM BapHaHTe TeO-
PHH He T[pHHHAMAJCH BO BHUMauue AHOPY3IHOHHHIA
MOTeHLIHAJ HJH, HHBIMH cJ0BamH, AHOOY3HOHHBIE NPO-
neccel BHYTPH MeMOpaHH. YpaBHeHHE KOHCTAHTHl PaBHO-
BecHs mpouecca o6Mmena KatHoHoB At m Bt (koucraurn
o6MeHa Ka-p) MeXay CTeKJIAHHOH MeMOpaHOl W BOA-
HBIM PAaCTBOPOM, MPOTEKAIOLIEro MO peakiHH

B* 4 A" = B4 A* (1. 10)

MOXKHO 3amnucaTth CJaeoyIOIHM o6pa30M:

Kp-p=-% (. 11)

(I 11a)

ITonarasg, 4Tr0 cymma daa -+ ds, T. €. oOMeHHAs eM-
KOCTb CT€KJIa, MOCTOSSHHA U paBHa C, NOJyYuM:

F—a _
Kypg2 20 _ ¢ _, (1.116)
ap ap aa
Orcrona:

a,=C A
AT aA+KA—-BaB (L. IIB)

YpaBueHne s MeMOpPaHHOrO MOTEHUHAJNA MOMKHO
Tenepb noJay4uth u3 ypaBHeHus (l.6). Ecan npuusts
Qe = 0 ¥ noxpcraButh B (I.6) ans a@; tonvko uro Hai-
JeHHoe BHpaXKeHHe, TO MOJYYHM:

9=09°+8lg (ay + Kp_pap) (1. 12)

rae ﬁ=2,3—1-%7:-.

Ecanm no o6e cropoHsl MeM6panbl HaxoisfTcs [Ba
pactBopa, B KOTOPHX aKTHBHOCTH HOHOB A” m B' pasunbl
7 / ” ”
Qpa, G H Ga, GB, TO Pa3HOCTh MOTEHIHAJOB MEXAY
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9TUMH pacTBOpaMH Oyler paBHa pasHOCTH IBYX Bhipa-

weun#t tuna (1. 12): ,
14
aA+KA_BaB‘

=, — @, =01
ERTH gaK+KA-Ba§§

(L. 13)

Kak caeayer u3 (I.12), Beqnunna Kap ompeaensier
06/1acTh BBIMOJNHEHHs 3JEKTPOXHOH cenexmsngcm no
OTHOLIEHHIO K HoHy A+ B ONpHCYTCTBHH HOHa B+. Jlerko
BHZETb, 4TO CEJEKTHBHOCTb K HOHy A+ MO CpaBHEHHIO C
wonoM B+ Gymer Tem OoJblle, deM MeHDILE KOHC’LaHTa
o6mena Ka_p, T. €. ueM GoJjee CeIeKTHBHO HOH A+ mo-
romaercs MeMOpanoil. B aToM nepsoM BapHaHTE HOHO-
oGMeHHAsi TEOpHT He YUHThIBAET MPOLECCOB, MPOHCXO-
OSIIHX BHYTPH MeMOpaHBHL B o0uieM cJiyuae pacTBopbl,
npuserapulde K 1ByM CTOpOHAM MeM6paHbl, HMEIOT pas-
HbIf COCTAB H B CHJY 3TOrO JOJKHHI GhITb paSHbIJiVII/I aK-
THBHOCTH (KOHIEHTPAIHH) MPOTHBOHOHOB A+uB* B no:
BEPXHOCTHBIX CJOfIX MeMGpaHbl. HepasuoMeproe pa;:l
npegeseHHe HOHOB NPHBOAHT K HX BeTpeuHofl 1HOQY3H ,
a pasJduHe B MOJBHXXHOCTSX HOHOB onpeneJmﬁeT BeJIH
yuHy AUGQY3HOHHOrO MOTEHIHANA BHYTDH MeM paHm.OB

Mem6pauHpl MOTEHUHAN A ABYX HpOTI/IBOHOHHH
(cxema II) ¢ yueroMm pnudQy3HOHHOTO (npH YCJIIO?S)
ta + ts = 1) Moxer ObITb BMECTO ypaBreunsa (L.
BbIpaXKeH ypaBHEHHEM:

’ 2 -
a
o= L lnij‘?.;.S:Bdln—_—B—) (1. 14)
F ap h ap

3gayeHue 3. 4.C. 3JeMeHTa € pPacTBOpaMH XJOPHIOB
¥ xJ0pcepeGpsHBIMH BCIOMOraTe/IbHbIMH  3JEKTPOLAMHU

Ag | AgCl, ACl, BCl | Mem6pana ACl, BCl, AgCl | Ag
V/4 /4
ey apey 2ac1 9Bel
paBHO: )
7 -
RT  axcl z ag -
Ep=——In—3 +SthlnE— (L. 15)
Qrct | A

Unrerpuposanne (1. 15) BHIIOTHEHO Bﬁpaéogoeacgii]
NMpH YCJIOBHH HE3aBHCHMOCTH TOLBHKHOCTE nHexm A
L[HeHTOB AKTHBHOCTell [POTHBOHOHOB OT CT€ en
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umeHus HoHoB A+ u B+ B Mem6pane. B peayabrarte pas
3. i.c. noayuexo ypasuenue (I.16), xoropoe orHocHTCH
K 3JIeMeHTy ¢ MeMOpaHoH, pasiensiomiell [1Ba pasnaHUHbIX
o0 KOHUeHTpauusM pacrtBopa xmopugoB ACIl u BCl, u ¢
xJopcepeGPSIHBIMH BCIOMOTaTeNbHBIMH 3JEKTPOJaAMH:

aB 4
ayel + T K a~p5ci _
E =1%lg A (L 16)

V4 B 7
A+ N Ka-~pasci

OTOMY ypaBHEHHIO COOTBETCTBYET CJeAylOllee Bbpa-
! /
XKeHde 1y MeMOGpaHHOro HOTeHLlHaJIa(aB=0, aA=const):

=0 ' +¥lg (aA+ KA/BaB) (I. 16a)

a
B

Besuuyuna TKA—B:KA’B HOCHT Ha3BaHHe KO03(-
A

GbHiHeHTa 3JeKTPOIHON CENeKTHBHOCTH: NMpH Kasp <& |
3JIEKTpoa o00/iajaeT MNpeUMYLUeCTBEHHON A+-¢dyHKIHeH,
a npu Kas > | — npeumywiecrBenHolt B+-dyHKiues *.
W3 ypaBuenus (l.16a) ciemyer, uto aJekTponHas ce-
JIEKTHBHOCTb 110 OTHOUIEHHIO K HOHY A+ 1Mo cpaBHeHHIO ¢
HoHoM B+ Gymer teM Goabuie, ueM GoJiee CeJEKTHBHO
norJomaercs OH MeMOpaHoll M ueM 60Jiee TOABHIKEH
BHYTpPH Hee. YpaBHenue (I.16a) 6bu10 gerasnbeo mpose-
pEHO /S KATHOHOOOMEHHBIX CMOJITHBIX MeMOGpaHHBIX
anexTpojoB [24]. Kax mpaBuso, AJis TaKUX CHCTEM BH-
CoKasl CeJEKTHBHOCTb MOIVIOUEHHS HOHAa MeMGpaHHOM
Gbazoli He obecrmeudBaeT COOTBETCTBYIOLIEH BbICOKOH
3JIEKTPOLHOH CENEKTHBHOCTH.

B pa6orax Hlyabua u Credpanosoit [25] aaa o6bsic-
HEHHsl CEeJIEKTUBHBIX CBOHCTB HOHHTOBbIX MeMGpaH mpH-
BJICUEHb! Pa3/iMuHble BO3MOXKHbIE MEXaHH3MBl MepeHoca
HOHOB B MeMOpaHe: COJNbBATALMOHHBIH, BaKaHCHOHHBLIH,
HalpaBJeHHO AHMccoudandouubiii. [Ipu conpBatanuoHHOM
MeXaHH3Me 3JIEKTPHYECTBO 4epe3 MeMOpaHy [epeHoCsT

* Kosdpduuuent Ka/p fBAsSeTCA BAXKALIM napamerp M, AalOU(uM
ROIMUECTBEHHYIO MepY CeeKTHBHOCTH 3JeKTpoJa. B nutepatype 3101
K03 (PHUuHeHT YyacTO HAa3BIBAIOT KOHCTAHTON 3JIeKTPORHOf Hu36upa-
TenbroCTd. OANAaKO 374 BENHYMHA MMeEeT Pa3MuMbIl CMBICH AJs pas3:
HbIX 3JIEKTPOJAHLIX CHCTEM M [a/eKO He BCerja sIBJSeTCs MOCTOSHUOMN,
Mu 6ynem B nanpHefiuem uasHBaTh ee KO3((HIHenTOM 3/eKTPOLL-
HOM CEJIEKTHBHOCTH,
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¢cBoGoaHBE HOHH. KHHeTHYecKHe XapaKTepHCTHKH (da H
iis) MO aHaJOTHH C PacTBOPAMH 3JEKTPOJHTOB OTpa-
’)KAIOT JgBHXKeHHe CBOGONHBIX NPOTHBOHOHOB B Cpele Ho-
HHTA, KOTOpasi paccMaTpHBaeTcs Kak CoJbBaTHpYylolas.
B atoM cayuyae:
(Fp— Bia) — (g — ua)
Kp_p=exp RT (L 17)

31ech CeJeKTHBHOCTb 3JEKTpOAHOH ¢YHKIHH, ompe-
pensieMas Ka_p, He 3aBHCHT OT MPHPOAb HOHOTEHHOM
rpyrmbl, a 3aBHCHT TOJBKO OT 3HEPTHH COJIbBATAllHHU CBO-
GonHbIX MPOTHBOHOHOB cpenofi HowHTa. IlocKoaMBKY HO-
HUT (cMoJasiHOM) crocobeH K HaGyXaHHIO B BOIE, TO 9HEP-
rHs MNepecoJbBaTallHH He Moxer ObITh CyLIECTBEHHOH.
B stoM 3akJjalouaercss OTJHUHE OT XHIAKHX HOHHTOB C
XKHIKOH opranuuecKoi ¢(asoif, IpaKTHUECKH HE DPAcCTBO-
psiowel Boxy. B mocneaneM caydae passinyHe B 3HEp-
rHSIX MepecosbBaTalMH s PasHBIX HOHOB MOXeT GHTb
3HAYHTENbHBIM.

B pa6ore [26] mokasaHo, 4TO MOABHIKHOCTH HOHOB,
BLIUHC/IEHHBIE H3 JAHHBIX 3JIEKTPONPOBOJAHOCTH H KO3(-
¢uuHeHToB caMoauddy3uH, CyllecTBEHHO pa3/HualoTCs.
Takoe HeCOOTBETCTBHE B KHHETHUECKHX XapaKTE€pHCTH-
KaX MPOTHBOMOHOB MO3BOJHJIO aBTOPaM [MPEANOOXKHTh
yuacTHe CBSi3aHHBIX MPOTHBOMOHOB B NEPEHOCEe 3/IeKTpH-
yecTBAa 10 BaKAHCHOHHOMY MEXaHH3MY:

AR +(R) = AT R) + R L18)
BYR) + (R7)” = B*(R) + R
B paGote [27] paccMoTpeH MeXaHH3M CeJeKTHBHOCTH

MeMGpaH, B KOTOPHIX MTPOTHBOHOHbI HaXOAATCA B HELHC-
COLMHPOBAHHOM cocTosiHHHM. B atom ciayuae Kap=
=V
u
= -_% Ka-B(V— CHMBOJI BaKaHCHOHHOTO MeXaHH3Ma) H
LI
_0 _0 o oy’
_ (hpr — “‘AR) — (g — 1a) (. 19)
Ka_p==¢exp RT

TakaM o6Gpa3oM, TNpH BaKaHCHOHHOM MeXaHH3Me
Ka—p CBS3aHA CO CTAHAAPTHHIMM XHMHUYECKHMH MOTEH-
unanamu coepusenuii AR u BR u, ciepoBarenbHo, 3aBH~
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CHT OT 3HEPTHH CBA3H MPOTHBOHOHOB ¢ R~ — HoHoreH-
HEIMH IpyfnnaMHu HOHHTA.

[Tpy HanmpaB/eHHO AHCCOLUMAUHOHHOM MEXaHH3Me
[27] ¥3 HeAHCCOUMHPOBAHHBIX HOHOTEHHBIX TPYNN HOHBI
NepexoAsaT B coceAHHH cjoft He TOJMBLKO MO BaKaHCHSM,
HO H B M@XAOY3/Hs (C MOCJeRYIOUIHM CBS3bHIBAHHEM HO-
HOB B 3TOM cjoe). Tako# MexaHH3M MepeHOCa ROKEH
ofecneynBaTh BHICOKYIO CEIEKTHBHOCTh HOHOOGMEHHOH
MeMOpaHH MpPH YCAOBHH MNPEANOYTHTENILHOrO MHOIVIOLLe-
HHSI TMPOTHBOHOHOB JNAHHOrO BHAA HOHHTOM BCJEACTBHE
HX CBfI3bIBAHHSI B HEAMCCOLUHHPOBAHHBIE COENHHEHHS HO-
HOT@HHBIMH IpynnaMH HOHHTA.

Takum o6paszoM, AJsi CO3RAHHSI BBICOKOCEJIEKTHBHBIX
3MEKTPOJAHBIX CHCTEM BaXXHO, uyTOOb HOHMT HJH JIHTaHL,
BBeJeHHble B MeMOpaHy H H36HpaTenbHO COPOGHpYIOILINE
IAHHBIH HOH, obecleuHBaJH TaKofi MeXaHH3M HepeHoca
3apsna (BaKaHCHOHHDBIH, KDOKETHHH, HAMPaBJEHHO IHC-
COLMAUHOHHBIA), NMPH KOTOPOM B 3JEKTPOAHOM MOBeje-
HHH MeMOpaHB B MNOJHOH Mepe NpOSBHAHCH OBl CejleK-
THBHBIE CBOHCTBAa MeMOpaHO-aKTHBHBIX BEIECTB.

Ho nosB/ielHs HOBBHIX THIOB HOHOCGNEKTHBHHIX BJEK-
TPOAOB, CO3MAHHBIX Ha OCHOBE JKHAKHX HOHHTOB H KpH-
CTaNJMHUECKHX MeMOpaH, MeMOGpaHHbIE 3JEKTPOAH, Kpo-
Me CTEK/IAHHHX, He HMeJIH OOJBIIOTO [PaKTHUECKOTrO
3HAQUEHHs] H3-32 HX HH3KOH CEeJEKTHBHOCTH H CH0COBHO-
CcTH GYHKLIHOHHPOBATH JIHIIBL B y3KOH 06JacTH KOHLEHT-
paun#i. B GoJbluHHCTBE CaydaeB MeMOpaHAMH HH3KOH
CeJIEKTHBHOCTH HHTEDPECOBAJHCh CHELHAJHCTH MO KOJ-
JOUJHOH XHUMHH, GMOXHUMHH, QH3HOJOTHHM H3-3a HX 0CO-
6bIX CBOHCTB, OOBSCHSIONMX TPHPOAHBIE H GHOJOTHue-
CKHe mpolecch [28].

Hsyuenne 3. 1.c. 3neMeHToB, BKJIOYAOMHX HOHOOG-

. ME@HHbIe MeMépaHbl, HauaJoCch ¢ HCCJHeNOBaHHA KOHLEHT-

paUHOHHBIX LleneH, B KOTOPHX MeMOGpana pasjensier ABa
%aCTBOpa OIHOrO 3JIeKTPOJIHTa pAasHbIX KOHLEHTPALHiL.

TaKOH CHCTeMe COZEpKHTCH TOJbKO OJHH COPT MPOTH-
BOMOHOB, H OTKJOHEHHS BEJHUMHB 3.[1.C. OT 3HAUGHHs,
BHUHCJEHHOIO N0 ypaBHeHHI0O HepHcra, BO3HHKAIOT 32
cueT BO3MOXKHOTO MEePEHOCa HOHOB APYroro sHaka (KOHo-
HOB) H pacTBOpHTEJsT uepes MeMOpaHy.

Teopena [4] u HesaBHcHMO oT Hero Mefiep n Cusepc
[4]— aBTOpH TeopHH (HKCHPOBAHHBIX 3apsl0B, — pac-
cMarpuBasi MeMOpaHy KaK MOpPHCTYIO pHadpparmy, B
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KOTOPO STH 3apsiiBl pacHpefeneHsl BAOAL crenok MOP,
BhIBE/IH YpaBHeHHe N/ NMOTEHUHANa MeMGpanri, pasde-
Jsiolell OBa pacTBopa OAHO-OZHO3apsaAHoro sa€KTPO-
aura ¢ KoHnenrpauusmu C’ u C”. OHH npunsau ycJo-
BUE MOJNHOH [HMCCONMALMM M HAEAJBHOCTH pacTBOPOB
9JIEKTPOJINTA BHYTPH M BHe MeMOpaHbl, a KoHIE€HTpPa-
U0 GUKCHPOBAHHBIX HOHOB B MeMOpaHe mnocToAHHOM.
DIeKTPHUCCKHH MOTeHIHan MeMOpaHbl aBToph paccMar-
pHBAIOT KaK CYMMYy HOBYX AOHHAHOBCKHX [OTeHIHAJOB
Ha rpaHHlax MeMOpaHa — pacTBOP H AupGHY3HMOHHOI'O
MoTeHIHa1a BHYTpH MeMmOpanul. Broipaxkas auddgysHol-
HBIfi TOTeHIMasn ypaBHeHHeM [ eHgepcoHa, aBTopbl 3THX
paGoT MPHUULIH K CleldylolleMy BHIPaXeHHIO aias 3. A.C.
sneMeHTa C TOPHUCTOH MeMOpaHo#:

’ ”
E = D non — Pron + Prup =

RT x' +ru 1 (x4 ry(x” —7r)
== T [u In —)Z”_-‘—_;u—] + —2- In [m] (I 20)

Uk — u
3aech u=-—=—-2: x=4/4C*4r?, r— KOHIEHT-

Ug - ta ’
pauus GHKCHPOBAHHBIX HOHOB B MeMG6paue; C — KOH-
HEHTPALHK 3JIEKTPOJHTa BO BHEWHHX pactBopax (') H
(""); ux M ua — MOABHKHOCTH KaTHOHA M AHHOHA B MeMO-
paHe.

C mosunuit Teopud (HKCHPOBAHHHIX 3apSAOB OCHOB-
HBIMH XapaKTepHCTHKAaMH MeMOpaH SBJSIOTCS BeJIHYHHA
r (HasbipaeMas aBTOPAMH KOHCTAHTOH CeJEKTHBHOCTH)
H OTHOLIEHHE MOJBHXKHOCTEll KATHOHA H aHHOHA B MeMO-
pane (ux/ua). Obe XapaKTepHCTHKH NPHHHMAIOTCH IIO-
CTOSIHHBIMH AJis1 AaHHOH MeMOpaHBL. -

Ecnu r < C’(C"”), To BeanuHoli r B YpaBHeHHH
(I.20) MoxHO npeHe6peub, H OHO TMPHHHMAaeT GOPMY
ypaBHenuss Hepucra masi nuddysHonHoro moreHnuana:

uy —ug RT c”

P= u,<+ua._F—ln_CV (.21

[Tpu ycaosuu r > C'(C”) moayunm:
T, c” ,
. =3F_ n 5 (1. 22)
Ypasuenne (I.22) coorsercTByer cuayyalo, Koraa
MeMOpaHa MPOHHIaeMa TOJbKO AJISi HOHOB OLHOrO 3HaKa
M ee MOXKHO paccMaTpHBaThb KaK 3JeKTpon, 06paTHMBIH
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N0 OTHOLIEHHIO K HOHAM OMNpeleJeHHOro 3Haka 3apsija
(B paccMaTpHBaeMOM CJayYae — K KaTHOHAM).

Teopuss GuKCHPOBAHHHIX 3apAA0B SBHJACh OCHOBOH
B NOHHMAaHHH CYWIHOCTH MeMOpaHHHEX sBaeHHH. Ona cro-
cobcrBoBajia pa3paboTKe METONOB MOJAYUEHHS MeMGpaH
C BBICOKOH 3JIEKTPOXHUMHYECKOH aKTHBHOCTBIO, IOKa3aB,
YTO CEJEKTHBHOCTh MeMOpaHBl OTHOCHTENbHO HOHOB 0f-
HOro 3HakKa 3apsiiaa oNpedensieTcs B HEPBYIO ouepenb
KOHI[EHTpAllHe HOHOOOMEHHHIX TrPyHNn B MeMOpaHe.
XoTs 3Ta TeopHs He MOXKET [aTh OTBETa HAa OCHOBHON
BONPOC HOHOMETPHH O MPHPOJAE CEJEKTHBHOCTH MeMGpaH
K HMOHAM DpAas3sHOro THNA, HO OJHHAKOBOrO 3apsaa, Mbl
CO4H HeOoOXOAUMBIM KPAaTKO H3JOXKHTh €€ OCHOBH He
TOJBKO pagH coGCTBEHHO HCTOPHHM Pa3BHTHS TeOpeTHYe-
CKHX OCHOB MeMOpaHHHX $BJEeHHH, HO M H3-3a palHo-
HAJMBHOTO NMOAXO0JA €€ K MeXaHu3My (QYHKIHOHHPOBaHHS
HOHOOOMEHHBIX MeMOpaH.



Fnasa ll

SNIEKTPOAbI C YXMIOKON
M NMAEHOYHOM MEMBEPAHAMM

11.1. OBLUHE NMONOXKEHUA

JKunxue meMOpaHbl — 3TO PACTBOPH B OPraHHYECKHX
pacTBOpuTeJsX HOHOOOMEHHBIX BellecTB (XKHIKHEe Ka-
THOHWTH WJH AHWOHHTH) HJH HEeATpaJbHEIX XeJaToB,
OT/eJIeHHBlE OT BOJHBEIX PAcTBOpPOB HefTPanbHEIMH [O-
PUCTBIMH Neperopoikamu (IIOJHMEPHLIMHU, CTEKJAHHLIMH
ung ap.). MHorma meperopofiku OTCYTCTBYIOT, a pacTBo-
pBl TIPOCTO HacsaauBaloTcs ofuH Ha Apyrof. Ilopul mefi-
TpaNbHOH [eperopoJKH 3amoJHAIOT OPTaHHYECKUM HJIH
BOIHLIM pacTBOPOM, UTO OOecrmeudBaeT 3JEKTPOJIHTHYE-
ckuft kontakt (a3. Takas mMemOpana OOGLIYHO OCTaeTcA
JIoJIroe BpeMsl HOCTaTOUHO CTabHJAbHOM. :

DNEKTPOXUMHIO HKHUAKHX MeMOpaH CTajH H3yyaTb Jo-
cratouHo aasuo [5, F. Haber], Ho XHUAKOCTHBIE HOHOCE-
JEKTHBHEE 3JIeKTPOJbl, HMEKlne IpaKTHUecKoe 3Haue-
HHe, HadaJdH HCCJEHOBAThb CoBceM HegaBHo. O6o6mun u
cHcTeMaTH3HpoBaJ 0oJbUIOH 3KCIepUMEHTaJbHbIH MaTe-
puas (cBOM M JAPYTHX aBTOPOB) IO KHAKHM H HHHM
3JIeKTpoAHBIM HOHOOOMeRHbIM cucremaM Coanuep [28].
PasnyuHoro Tuma Xuakde MeMOpaHbl U fIBJEHUS mepe-
Hoca B HUX Ioapo6Ho onucads B [29].

B 3aBHCHMOCTH OT THIA 3JEKTPOJHO-aKTHBHOTO Be-
ecTBa PA3JHYAIOT AHHOHHLIE, KATHOHHbIE W HEHTPaJb-
Hble (XenaTHbe) XuAKHe MeMOpaHbl; 0COOEHHO BHICOKA
CeJeKTHBHOCTb MOCJEIHHX, W CpPelH HHX 0co0oe Mecro
3aHUMAIOT MeMOpaHH Ha ocHoBe BamuHomuluuHA. Cerek-
THBHOCTb JKHAKHX MeMOpan onpegenasierci B IepPBYIO
ouepeib U30HPATENLHOCTBIO KOMIJIEKCOOGPA30BAHUA HIIH
o6MeHa HOHOB MeXKAy MeMOpaHOR H PacTBOPOM.

B nocnepnue rogbt B pa3paloTKe HOHOCENEKTHBHBIX
9/JeKTPONIOB HA OCHOBE XHIAKHX MeMOpaH IOJYYHJIO pas-
BHTHE HOBOe HallpaBJieHHe — CO3JaHHe W HCCAel0BaHHe
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Puc. 11. 1. Cxema xuakoh
memGpaHbi: AT, Bt —npo-

OHOHBI; X~ — KOHOH, MHugras

THB ; . Pacméop’ Membpara Pacmbop”
— opranodHAbHBIA

aHHOH SJeKTPOJHO-aKTHB- + +
HBIX KOMNOHEHTOB. Al > A+

CTpesIKH NOKA3LIB3IOT, UYT0 B+‘ » B

IPOTHBOHOHL (KaTHOHBI)

NpOXOAAT Yepes rpaHMIy RrR™

MeMGpana —pacTeop, 0p- - I _

raHodMIbHEIE AHHOHM He X —™ AR re—X

CMOCOGHBI ePeXopHTD BR

B BOAHKWHA pacTeop, a KO- > *

Honbl X H3 BOAHOro pa-

CTBOPAa  HE  NPOHMKAIOT
- B MeMmGpany.

MeMOpaH U3 MIacTHOULUPOBAHHON MOJUMEPHOH MJIEHKHU
(MaTpuubl), comepxalel KUAKHA HOHHT WM HeHTPasb-
Hetil xenat [17]. Kak nmokasano MartepoBoli ¢ coTp.
[30], snekTpombl ¢ TaKUMH IJEHOYHHIMH MeMOpaHAMHU
no crabuJbHOCTH MOTEHHANA H APYTHX XapaKTepHCTHUK,
yao6CTBY B 9KCHJyaTalHH, CPOKY (YHKUHOHHPOBaHUSA
NPEBOCXOAAT KHAKOCTHLIE, COXPaHSAs, KaK NPaBHJIO, [HOJ-
HOCTBIO CEJIEKTHBHOCTb NAHHOH 3JIEKTPOMHOH KOMIIO3H-
uuu. Cxema geficTBUS TaKOH KHAKOH MeMOpaHH npen-
craBaena Ha puc. 1. 1.

OrtauuuresnbHas 0COGEHHOCTb paccMaTPHBaeMOH MeM-
OpaHbi TI0 CPAaBHEHHUIO C TBEPHOH COCTOHT B TOM, UTO Op-
ranodubHble aHHOHBl NMOABHUXKHH B (ase MeMOpaHbI,
TOrla Kak B HOHOOOMEHHBIX TBepAblXx MeMOpaHax aKTHB-
Hble HeHTpHLl 3aKpellsieHb B HMPOCTPAHCTBE CHAAMH XHMH-
4yecKOH cBA3H. Bo MHOrHX cJayuasx MoABHIKHOCTL 4KTHB-
HBIX LEHTPOB MOXHO He YYUTHBATb, BCJEACTBHE YEro
OCHOBHBIC [IOJIOXKEHHSI TEOPHH CEJIEKTHBHOCTH 3JIEKTPO-
J0B C TBepAHMH MeMOpaHaMH MOTYT OHITb IepeHeceHbl
Ha XHJKHe 3JeKTPOJHLIE CHCTEMBL.

[IycTe B ranbBaHWYECKOM 3J€MEHTE B PAacTBOpaX MO
ofe CTOpOHH OT MeMODAaHBEl COAEPXKUTCA ABA COPTA IIPO-
THBOHOHOB:

AgCl, HAKAs AgCl
Ag [ A&y, Bet (') | weipan | ACH (m”), BCI (m"), | A€

Coenunenust KaTuoHoB A+ u B+ ¢ anmonamu R- mewm-
6pansl AR u BR Moryr auccouunposath (B hase memG-
paHBl) COIJIACHO YPABHEHHSM:

AR = A" +R: Knp=[A"M[RVIAR] @y

BR == B'4 R Kgz=[B"1[R")/[BR] (IL. 2)
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IMpumeM, uT0 KO3 (DHIHEHTH aKTHBHOCTH BCex yac-
THIL B MeMOpaHe NMOCTOSHHB H He 3aBHCAT OT ee coCra-
B3, H PACCMOTPHM CJeAyIOl{He BAPHAHTHI

1. daekrponHo-akTuBHHe coepuHenus AR u BR nue-
COLMHPYIOT MOJNHOCTbIO. B pesysabrare HoHOOSMEHHOrO
npouecca BO3HHKAIOT IpPANHEHTH KOHLEHTpauui (aKTHB-
HOCTe#l) TOJbKO NMPOTHBOHOHOB (Cr-=0Cy+ 4+ Cps =
=const), Besencrsre atoro nupdysHoHHBIH NoTeHIHAN B

MeMOpaHe BO3HHKAeT 3a CYET PASHOCTH B MOABHXKHOCTHAX
nporuBonoHoB A+ u B+, rak Kak ammonn R— He nmaior
BK/1ajna B oOliuii MOTOK 3apsiKeHHBIX yactuil. [loaromy
3. 1.c. Auelixu | Kak mo dopme, TaKk H 1o dusHuecKoMy
CMBICJly TapaMeTPoB 3JEKTPOMHOH CeJEeKTHBHOCTH OMHH-
ceiBaercsl ypaBHeHuem (1. 16)

u
” B ”
aact t 53— Ka—paBc

»

Ei=tlg (IL. 3)

4 B 4
“act+ 7 ~Ka-pasc

CHpaBeMJHBHM NS TBePAOH MeMOpaHH, B KOTOPOH Mes
XaHH3M TIepeHOCa HOCHT COJIbBATAILHOHHHIE Xapakrep,
T. €. KO3 (PHUUKEHT 3/IEKTPONHOH CEJIEKTHBHOCTH Olpese-
JIIeTCH Hepruell CosbBaTallHM NPOTHBOHOHOB OpPTraHHYe-
CKMM pacrBopureseM. Ecau mnpupona pacreopurenefi
MaJio CKa3bBaeTc Ha KHHETHYECKHX XapaKTepHCTHKax
NPOTHBOMOHOB B MeMOpaHe, TO u3MEHEHHE 3JIeKTPOLHON
CEJIEKTHBHOCTH 3aBHCHT TOJbKO OT AubbepeHUupyo-
ero AeACTBHs 3THX PACTBOPHTeJEH Ha MOJOXKeHHEe PaB-
HOBECHsl B CHCT€Me XKHIKMH HOHHUT — BOAHHIH pacrsop.
Takum o6pa3oM, B ciayyae NOJHON MHCCOLHALHH 3JEKT-
POIHO-aKTHBHLIX KOMHOHEHTOB B MeMOGpane Ko3dodu-
HHEHT 3JIEKTPOLHOH Ce/JeKTHBHOCTH He JOKEeH 3aBHCEThb
OT NPHPOAH OPraHo(MHJILHOTO &HHOHA, UTO MHOATBEPK-
naercsl 3KCIepHMeHTAJbHHIMH NaHHHMHE [32].

2. daekTpoaHO-aKTHBHbIE coequienus AR u BR nuc-
COHHHPYIOT csabo (4acTo BCTpevalomiuiicd Ha IpaKTHKe
cayua#). O6BIYHO 3TO XapaKTepHO AJSl TAKHX PACTBOPH-
TeJell ¢ HU3KOH HHINEKTPHYEeCKOH TPOHHLUAEMOCTHIO
(e << 10), KakK aaucbarudeckHe W apoMaTHyecKue yr.e-
BOJOPOAH U HEKOTOpble X IpousBoiHbe. CHIbHOE 3JeK-
TpocTaTHYecKoe B3auMopnelicTBue MeXAy IIPOTHBOHOHOM
H OprasoHJbHHIM AHHOHOM HpPHBOAHT K 00pasoBaHHIO
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Puc II.2. Cxema 1) ( )’
noJaHMepPU3an UM,

nonubx nap AR u BR [paBuoBecme peakunit (II.1) u
(I1. 2) cunbHO caBHHYTO BaEBO]. .

Bo MHorux peajbHBHX CHCTEMax B pe3yjabrare IH-
10J1b-HII0JbHOIO B3AHMOJEHCTBHS HOHHBIX Iap BO3MOXK-
HA MOJHMepU3aLH:

n AR == (AR), ¥ n BR == (BR), (11.4)

Crenenb noJuMepH3amHd 7 B 3aBHCHUMOCTH OT IpH-
pOIBH PACTBOPHTENS H PACTBOPEHHOrO BEIECTBA MOXKeT
MeHATbCA B IIHPOKHX MpenesaX — OT HeCKOJbKHX €/H-
HUL 0O HeCKOJbKHX necATKoB. B KkauecrBe mnpuMepa
MOXHO IIPHBECTH PAacTBOPH coJieli aJKHADOCHOPHBIX,
KapOOHOBHX H CyJb(OKHCJAOT, & TakXkKe YETBEPTHYHHIX
aMMOHHeBHIX OcHoBanuii m amuuHoB [32]. B momoGHHX
CHCTEMAax, KaK 3TO OTMEYEHO B H3BECTHOH MoHorpadHu
Moppucona u ®peiizepa [33, c. 61], «.. HoH MeTaaia
BXOJHT B COCTAB COJIM C BBICOKOH MOJIEKYJpHOH Mac-
coil; sra coJb pacTBopsercs B OPTaHHYECKOM pPAECTBO-
pHuTeJe TakuM Ke o6pa3oM, KaK MHJIO B BoAE, T. € C
ob6pasoBaHueM KOJJIOHIHBIX arperaroB (MHIeJJT), B KO-
TOpPBHIX OpraHohHuAbHAasi 4YacTb MoJeKya obpalieHa B
CTOPOHY OpPraHH4eCKOro pacTBOPHTeNs, B TO BpeMfl Kak
NOJASIpHAS 4acThb 3KpaHIPOBAaHA OT PACTBOPHTEJS B LEH-
Tpe MHUIIeJJSPHOU cTpyKRTYpH>» (puc. I1. 2).

B Takux pacrBopax cBoOOZHbie HOHH NpaKTHYeCKH
OTCYTCTBYIOT, TeM He MeHee XHujikue MeMOpaHH o06.a-
JA10T 3JEeKTPOXHMHYECKOH aKTHBHOCTBIO, MpOABJIAA K
HEKOTOPHM HOHAM BHICOKYK 3JEKTPOLHYIO ceJeKTHB-
HoCTh. BosHuKaer BoIpoc: KakuM o06pasoM MuueJsiorno-
RroGHBIe 00pa3oBaHuA CHOCOGHH K aKTHBHOMY TPaHCHOP-
Ty 3JeKTpuyectBa 4depe3 MemOpany? TpynHo HONYyCTHTb
COJIbBATAIHOHHBIE MeXaHH3M, MOCKOJbKY IepeHOCUHKH
3apsiia JOKaJH30BaHB B MOJSAPHOM SIApE MULENIH H
3KPAHHPOBAHE OT COJbBATHPYOIeH cpeAabl pacTBOpH-
tess. BHyTpu moJsipHOro  Ajgpa AH3JEKTpHYecKad
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NOCTOSIHHAS CYIIECTBEHHO BHILIE MAKPOCKONHYECKOH aH-
3JIEKTPHUECKOR MOCTOSHHON KHAKOA MeMOpaHbl, DO3TOMY
B [OJIOCTH fiIpa BO3MOXKHO CYLIECTBOBAHHE OTAHCCOLHH-
POBAHHBIX MPOTHBOHOHOB W BakaHcuii. B mannoM cayuae
BoJiHe O0OCHOBAH BAaKAHCHOHHBIH MEXaHH3M MepeHoca
3apana, mpencrasneHublfi ypaBHenusamu (1. 18), ¢ roft
pasHuuefi, yTO B 3JEMEHTAapHOM aKTe [epeHoca yua-
CTBYIOT JBa INOJHMepHBIX o0pasoBauus. HMubimu cio-
BaMH, MOXeT HaOJIOAAThCA «MepeckoK» MNPOTHBOHOHOB
OT OAHOH MHUEJJbl K APYro#, NpUBOAAIWMUN K BO3HHKHO-
BEHHI0  CcBoeOOpa3HOW  3JeKTpuueckoi  acracdernoi
Heny.

BeaencrBue 3Toro 3. A.c. sjneMeHTa I ‘1oxer ObITh
dopmaabHo onucana ypasuenuem (I.16), copasepsu-
BHIM /11 MeMOpaH ¢ BAKAHCHOHHBIM MEXaHH3MOM Mepe-
Hoca 3apsiia. Kak u Ans TBepAnix MmeMOpaH, B 3TOM
ciyyae paBHOBecHHH (bakTop Ka_p CBSI3aH CO CTaHIapT-
IBIMH XMMHUYECKHMH MOTEHIHAJaMHU 3JEeKTPOHEeHTpasb-
Hbix dactull AR u BR u 3aBucuT OT pasHulBs MeXAY
SHEPTUSAMH CBSI3U IPOTHBOHOHOB C OPTAHOMHJIbHBIM AHHO-
HOM (KaTHOHOM) H 3Hepruefl MmoJHMepU3alHu COOTBET-
CTBYIOUIUX HOHHBIX nap. CeseKTHBHOCTDb 3J1€KTPOJAOB AaH-
HOTO THOA [ACJXKHA OMNpeleJATbc B MEPBYI0 ouepelb
APUPOAOH aKTHBHOTO KOMIOHEHTA, T. €. 4eM 0oJblle pas-
HHIIA B IIPOYHOCTH KOMMJEKCOB B MeMOpaHHOH (a3e,
TeM OoJbllle KOHCTAHTA 3JEKTPOJHOH CeJeKTHBHOCTH.
PoJab pacTBoputesss BropocTeneHHa.

Crnenyer OTMETHTb, YTO HPSIMOr0 3KCIEPUMEHTAJb-
HOTO MOJATBEPXKJEHHS BaKAHCHOHHOIO MeXaHH3Ma [epe-
HOCA B XKHUAKHX MeMOpaHax [OKa HET, OJHAKO LeJHH
PAA KOCBEHHHX (DAaKTOB CBUAETEJIbCTBYET B €ro MmoJb3y.
Bo-nepBhIX, cepbe3nbie TPYAHOCTH HCIBITHBAET TEOPHS
3JIEKTPOOPOBOJHOCTH PACTBOPOB C HH3KOH AHIJIEKTpHUE-
CKON OPOHHULAEMOCTBIO, B KOTOPOH B KauecTBE BO3MOXK-
HbIX M[EPEHOCUHKOB TOKAa MPUHHUMAIOT CBOOOMHEIE HOHBI.
Bo-BToprix, 0COOEHHOCTH CTpPOEHHS NOHOOHBIX CHCTEM,
X MHUEJJAApHHH Xxapakrep TpeOyloT MpeicTaBJeHHHA o
KauecTBEHHO HOBLIX crmocofax mepeHoca 3apsjaa.

Teopuss XKUAKHX CeJEKTHBHHX HOHOOOMEHHHIX MeMO-
pan Obisa mpefJoxena B paborax [34). Idasa npemesnsb-
HOro cJayuasi MOOJHOH JAuCCONHALHH HOHOOOMEHHHKA
B oOpraHuueckoll (ase 5TH aBTOpPH BHPAXKAOT MeM-
OpaHHbIH NOTeHHaJ ypaBHeHHeM, (POpPMaJ/IbHO He OTJH-
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YaloUUMCsA OT ypaBHeHHd AJS MeMOpaHb H3 TBEPAOro
HOHHUTA, HAMPUMEp CTeKJa, CMOJIH:
RT ip k
¢=0"+—In [“A+("EE_“E% aB] (I1. 5)
3nech ¢ — mMeMOpaHHBIA MOTEHIWAJ HA TPaHHLE pac-
TBOp — MeMOpaHa; aa H as — AKTHBHOCTH HOHOB At H
B+ B uccrenyeMoM pacrBope; ila U s — IOABHIKHOCTH
OTAHCCOUHHPOBAHHBIX HoHOB A+ H B+ B memOpane, KOoTO-
pble IpH BHIBOJE YypaBHEHHS MPUHHMAIOTCH MOCTOfH-
HBIMH; ks U ks — K03b(UIHEHTH pacrnpefeseHds COOT-
BETCTBYIOMIUX HOHOB MeEXAY BOIHOH H OpraHugeckod
tazamu:
A' = A* n B* = B' (IL. 6)

Ornowenue ks/ka = Ka_p, T. € pPaBHO KOHCTaHTe
paBHOBeCHs peaKLHH
B*+ AT = B} A" (L7
H

RT i
L PR 0 P I
A

DNeKTpoaHas CEeJEeKTHBHOCTb KHAKHX MeMOpaH B
HleasbHOM CJydae CHJbHOH accouHalud olpenessercs
TOJNIbKO OPUPOAOH OPraHH4YecKOro PacTBOPHUTeNS U Mpak-
THYECKH He 3aBHCHT OT MPHUPOAH OPraHOMUIbHOTG aHHO-
Ha. OfHaKo Takue ujeaJbHbLiE CAydyad MNPaKTHUECKH OT-
CYTCTBYIOT, a B TO WJH HHOH CTeMeHH OpPoTeKaeT acco-
HHanusa, WiH, APYrdMH CJOBaMH, oOpa30BaHHE HOHHBIX
nap MexXJAy MOpOTHBOHOHOM W HOHOM R~ (3apsixenno#l
oprano®uIbHOH yacTHLel ).

BriBox ypaBHeHus JJs TNOTeHIHaJda XHIKHX MeMO-
paun c HemoJmHo# Aucconuauuefi nax B pabore Canabio-
ma d ap. [34]. ABTOpHl UCXOAAT U3 TOrO, UTO B KHUAKHUX
MeMOpaHax CYUIeCTBEHHYI0 pPOJb Hrpaer MNOABHKHOCTh
opraHoGuJIbHbBIX HOHOB H AHGOY3HOHHLIE TNOTEeHIHAM
BHYTpPH MeMOpaHb! ONpefessaeTcss pPasjdudeM B IOJBHXK-
HOCTSIX HE€ TOJILKO JBYX INPOTHBOHOHOB, 'HO H OpraHo-
¢duabnoro andona (R-). B MemOGpane Mmexay rpanu-
HAMH pasjena ee ¢ AByMf BOAHBLIMH PacTBOPAMH BO3HH-
KalOT TpajiieHThl aKTHBHOCTH YX€ TpeX 3apskKeHHBIX
yactuy. B untdposaHHo#t pabore [34] mam Teopernue-
CKUMH aHaJH3 TaKHX CHCTeM C yueToM AU(GPY3HOHHOrO
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NOTeHIHANa MeTOAAMH TEPMOJHHAMHKH Heo6paTHMBIX
nponeccoB. ABTOpH, MpoBeasA HHTETPHPOBAHHE NOTOKOB
JHCCOLMHPOBAHHBIX H HEAHCCOLHMHPOBAHHHIX YACTHL, AJS
HYJIEBOrO TOKA, NPHUIIH K CAEAYIOEMY YPABHEHHIO IS
MeMOpaHHOrO MOTeHIHANA:

” g + ﬁR //
o+ () fan

7
o=~ , T +
dy+ || =—)Ka-s] s
Gy +ig
i+ (52 Kas ) o
AR
4+l ; T - (IL. 9)
ay + (3{;‘ KA—B) ag

31echb T— HEKOTOpLIA mapameTp, 3HAUEHHE KOTOPOTO
ompenensercas ypasuennem (II 11); KQ_B-— KOHCTaHTA
HOHOOOMEHHOTO paBHOBECHS:
AR +B* === BR+A* (IL 10)
Iposepka ypasuenus (I1.9)— noBosbHO caGKHAA
347244, TOCKOJBKY BO3HHKAIOT cepbe3Hble 3KCHepHMeH-
TaJbHBle TPYAHOCTH IpH OMpefeJeHHH KHHETHYECKHX Xa-
paKTepHCTI/IK YacTHI, He3aBHCHMbBIMH METOJAaMH.
DJeKTpoaHAs  CEJEKTHBHOCTL  PEAJbHHX  CHCTEM
HaMHOI'O CJIOXHee [0 CPaBHEHHIO C MNpeaeNbHBIMH CH-
cTeMaMH ¢ MNOJHOW auccolHanHell H CHJAbHOH accolHa-
nuell. B ypasnenun (II.9) BaHfHHe pacTBOpPHTEJS OIH-
CHIBAETCA MEPBLIM JIOTADH(MHYECKHM UYJIEHOM, a MEM-
6paHO-aKTHBHBIX KOMIIOHEHTOB — BTOpbIM. OTHOCHTE/b-
HBHIi BKJaJ KaXAoro M3 [ByX 4IEHOB B MeMOpaHHBIA
TIOTEHI{HAJ 3aBHCHT OT NapaMeTpa T
e g (aprK gr — #ARK AR) (L 11)
(ap + 8g) GpprKpg — (5 + fR) I ArK AR ‘
3nech Kar H Kpr ONpEmENslOTCS COOTHOUIEHHAMHU
A*4+R =AR; B*+R =BR
Ecan 3nauennsi Kar M Kpr — KOHCTAHTH 4CCOHHA-
1uH HoHHBIX nap AR H BR B memGpaHe — GJH3KH H TOX-
BHXHOCTH #ar H #sr OpHOJH3HTENBHO OJMHAKOBLL, TO
t=0. Ecau, kpome TOrO, ix K ila H @B, TO YpaBHEHHE
(I1.9) npespamaercs dopmanbHo B ypasHenue (II.5)
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IJ5 moTeHuHasa meMmOpaH ¢ noJHo# auccounapnelt AR n
BR. [pyro#i cayuait ynpoumenus ypasHeHus (II.9) Bru-
noJiuseTcs, ecai Kar>> Ksr H AR~ figr. TOraa napamerp
© CTAHOBHTCS PaBHLIM uHcay mnepeHoca R B meMOpane:

T= e ={, (IL 12)
l—v=1i,+ g (I 13)

Ecnu Rouuentpanus B+ B Mem6pane oueHp Mana
(MuKpoKoHUenTpauus), 10 is & 0 0 | —1 ={a.
Tperuit cayuaft ynOopolleHHA  BHINOJNHAETCA  [pH
1 —t =0 ¥ {isg = éar. 31€Cb NEPBLIfA UJeH ypaBHEHHS
(11.9) paBen nyJ10 H
74 4 ”
o=y Tt Kants (IL. 14)

B nocnepneM cayuae Koatb(bHU;HEHT CeJIEKTHBHOCTH
OIIpeIeJISieTCs] TOJMbKO BeJHUHHOH KA—s.

[Tonwitka CasupbaoMa ¢ coTp. [34] cospaTe obuiyio
TEOPHIO (YHKIHMOHHPOBAHHA MEeMOPaHHLIX 3J/EKTPOROB
HATOJIKHYJIAChb HA OuYeHb OOJbIIHE TPYAHOCTH, KOTOpHIE
noka He ypanoch mpeogoserb. OHH HallJM pelIeHHE
TONbKO 06mux gubdepeHunasbHEIX ypaBHEHHE B (opme
ypaBHenus (II.9), mpunsB HeKOTOpLIE, HE BCEraa peanb-
Hble JOOyIEHHS O COCTOSTHHH CHCTEMbI, B TOM 4HCHE O
COCTOSIHHU 3JIEKTPOJIHTOB B (ha3e MeMODPaHHL.

PaccmoTpennasi Teopus paer IpeAcTaBJeHHe O Xa-
PAKTEpPHBIX OCOOEHHOCTSX MKMJAKHX MeMOpaHn, HO He
MoXKeT A J000ro cayuas KOJHYECTBEHHO OIHCATh

*9JIeKTPOJHbIE CBOHCTBA peasibHbIX CHCTEM, HMEILIHX
" CJIOXKHYIO 3JEKTPOXuMHUecKylo npupony. ITomuMo acco-

[HALHH OpPOTHBOMOHOB ¢ aHHoHamuH R- (II.1) m (I1.2)
clefyeT NpHHHMATb BO BHHMAaHHe NpPOHECCH TOJHMEPH-
sanuu Houuux map (I1.4) um xommirekcooGpaszoBaHHE [0~
aumepos tuna [(AR)x- (BR)y] [35]. Heo6xogumo Tak-
XK€ Y4HTHIBATD BO3MOXHOCTb MepeHoca 3apAfoB uepes
MeMOpaHy N0 BaKaHCHAM. ABTOPH e paccMaTPHBAIOT
TOJNIbKO COJIbBATALHOHHbIH MEXaHH3M MepeHoca H He yuH-
TBIBAIOT APYTHX MOPOLECCOB, KPOME ACCOLHAIMH.

B peasibHbIX YCJAGBHAX Yalle BCEro NPOTEKAET HEMoJ-
Has [HCCOLMALMsS MHJH, COOTBETCTBEHHO, AaccOlHalHA
yacTun. [loaToMy 3KcmepHMeHTaJbHas MpPoBepKa ypas-
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Henust (I1.9) nas pasauunbix cucrem Moxer 6HITH mMpo-
Bel€HA TOJIbKO mosyKosauyecTBeHHo. CJieayeT TakXKe OT-
MeTuTb, uTo ypaBHeHue (I1.9) comepxuT m0 pecsitka
napaMeTpoB, 3KCIEePUMEHTAJBbHOE Ompeleseine KOTOPHX
sarpyaneno. JlanbHefillee pa3BUTHE TEOPUM MKHJAKUX
MEM6paHHbIX 3JEKTPpOLOB JNOJNMXKHO OpHBECTH K BO3MOXK-
HOCTH MpEeJCKa3blBAHUS 3JI€KTPOJHON CEeJeKTHBHOCTH MO
HeOONDbUIOMY YHCJY JErko OomnpenesseMblX HapaMeTpoB
MeMmOpaH.

Heo6xonumMo TakkKe KOMIIEKCHOE H3YYEHHE PaBHO-
BECHBIX WM TPAHCIOPTHBIX CBOHCTB HOHOOOMEHHBIX MeMO-
paH. JKCHepUMEHTaJ/bHBIX HCCJAeIOBAHHN B TakoM Ha-
npaBJieHyH TI0Ka HeocTatoyHo. B Hacrosiee Bpems pis
KUAKHX MeMOpaH NpaKTHYECKH OTCYTCTBYIOT NaHHbBIE IO
3JIEKTPONPOBOAHOCTH u AU y3uu, BaxKuble AJs TOHH-
MaHHSA SBJEHUH nepeHoca. He BbISICHEHO ITOJIHOCTBLIO 3HA-
YeHHe MapaMeTpoB XHAKOCTHOH 3KCTPAKUHH MJIS 3JEeKT-
pPOAHLIX cBofictB. HemocraTouHo scHa posab NPUPOIHI
pacTBopHTesell B CeJeKTHBHOH NPOHHNAEMOCTH XKHIKHUX
mMeMOpaH.

Ing pa3sBUTHS TeOpHH IKHIKOCTHLIX MeMOpaHHHX
3J1eKTPOJIOB HYXKHBI HCCJI€NOBAHUA 110 KHHETHKE 3JIEKT-
POAHBLIX IIPOIECCOB W CTPOEHHIO JBOHHOTO 3JIeKTpHYe-
CKOTO CJIOS Ha rpaHuie pasjgena MeMOpaHa — BOXHBIH
pactBop. B atom orTHoLleHWH mpeacTaBJseT HHTEpEC HC-
CJ1eflOBAHHC CBS3H MeX(}a30BOro HATAXKEHHS H craH-
maprHoro MmexdasHoro moreHuuaJsa, NpoBeneHHoe Xeff-
duLeM ¢ COTp. B KHAKHX aHHOHOOOMEHHLIX CHCTeMaX
[36], a rakxe paborbl wkoan Ppymkusa [37] mo wuc-
CJIe[IOBAHMIO T'DAaHULBl pasjesta IBYX HECMeLIHBAMOUIUX-
csl XKHAKOCTEH W TIo TOoTeHuuanaMm ancopOuuu W pacipe-
IeJieHHss B CHCTeMaX BOJAa — OpraHuuecKas KuAKafl
tdasa.

11.2. INEKTPOAHANA CENEKTMBHOCTb XUAKHMX MEMBPAH
U METOAbl OMPEARENEHUA KODMM®ULIMEHTOB
BNEKTPOAHOW CENEKTMBHOCTH

PaBHoBecHbIH hakTop

Kak BHIHO W3 TEOpPETHYECKHX YpaBHEHHH n1Js
MeM6pa HHOTO TIIOTeHLHaJla KUAKOCTHBIX 3JNEKTPOAOB
(cm. crp. 23, 24), ux usbuparesbHHE CBOHCTBA ONpene-
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JNAIOTCH DPABHOBECHHMH H KHHETHYECKHMH (aKTOopaMH.
[lepsble BKJIIOMAOT psAjg Ko3()HUUEHTOB (KOHCTAHT),
XapaKTepu3yIOUHX paclpenesnenue HOHOB Mexnay ¢a-
3aMH M pasJguyHe BO B3AHMONEHCTBUH IPOTHBOHOHOB
¢ AKTHBHBIMH TpyNINAMH HJIH COeIHHEHUSMH B XKHIKOH
MemOpaHe H B BoxHOH cpepme. Brophe Moryr OblTb BbI-
paxKeHbl OTHOLIEHHEM IIOJBUXKHOCTEH HOHOB B (hase
meMOpaHbBl HJIH HX TpeneJbHbIX 3JEKTPONpOBOLHOCTEH.

PaccmoTpuM BKJaj pasyiduHBIX [IapaMeTpPOB B 3J€K-
TPOAHYIO H30HPATEJNbHOCTb AJ1 CJyYas, Korna memOpana
KHIKOCTHOIO 3JEKTpOfAa IpejcraBasger co0oll XKuakuh
nouut. [TockoabKy Ha rpaHuue pasnena ¢as membpa-
Ha — BOIHLIH pacTBOp IpOTeKaer mpoiecc oOMeHa HOHOB

A* +B* = B*4A* (1L 15)

TO COCTOSTHHE PaBHOBECHS OINpeje/seTcs TepMONHHAMH-
yecKoll KOHCTaHTOH oOMeHa:
Ggay  mpmaVpYA kg

Ka-8= G2y = Tamgiars — Fa (L. 16)

rue fia, s, Ma, mMp-—KOHIUEHTPALHH HOHOB;, YA, B
VA, ¥8 — K03bdULUEHTE aKTHBHOCTH HOHOB B MeMOpaH-
HOM 4 BOAHOH (haszax.

W3 suipaxenus (II.16) caenyer, uro pJas pacuera
KOHCTAHTH OOMeHa HeOOXOAUMO OUEHHTb K03 UIHEHTH
aKTHBHOCTH HOHOB B 00eux (asax.

Teopusi BOHEIX PAacTBOPOB 3JEKTPOJHTOB I0O3BOJISET
¢ TeM MJH WHBIM OpubJHXKEHWEM OLEHHTb OTHOLIeHHe
ya/ys. YUeT HeuJdeasJbHOCTH OpPraHHYECKOro pacrBopa
B ofmem ciayiyae BecbMa CcJOXeH. B XHAKOM HOHHTe
BO3MOXKHBEI TIpoHecchl accouuanud (obpasoBaHue auMe-
pOB, TPUMEpPOB) W HeNoJHAas Aucconuaunus coJeli (obpa-
3oBaHue HOHHBIX map). B ofuwem cJayuyae acconuaiuio
Hesab3d ONHCATh TIpocTol QopmMOH 3aKOoHAa JEHCTBHA
macc, OpHako wHOrjpa (HAImpuMep, B pacTBopax coJell
YeTBEPTHYHBIX AMMOHHEBBIX OCHOBAHHH HJAM JAPYTHX
AMHHOB) KOHCTaHTHl accoHUalyud He 3aBHCAT OT KOH-
neutpauuy. TaKoi pacTBOp HOCHT Ha3BaHHe HA€aJbHO-
ACCOHMUUPOBAHHOrO. B pacTBopax yKa3aHHBIX coJiefl B 1I0-
JASPHLIX ~ PACTBOPUTENAX BIVIOTb A0 KOHUEHTpALHU
~0,01 M conb Haxoputca B MOHOMEpPHOH dopme,
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HpyruM dakropom, onpesesIOUIUM COCTOSHHE HOHOB
B OPraHHYeCKOM pacTBOpe, fABJAETCS YACTHYHAS HHCCO-
IHALMS COJH:
RA == R-+A"* u RB = R +B* (IL17)
KoHcraHTa AMCCOLMHANHH 3aBHCHT OT NPHPOJH 3JeK-
Tpoaura H pacrBopurens. Ecau creneHH AHCCOUHANMH
cosell RA 1 RB oueHb BeslHKH, TO HOHHble KOHLIEHTPAIHH
MOJKHO NPHPaBHATb OPYTTO-KOHIEHTPALHAM cojell B Op-
ranuueckoll ¢Qase. IIpH Majoff cTemeHH KHCCOUHAUKH
conefi RA u RB neo6x0iuMo 3HATb KOHCTAHTH JHCCO-
nuanuu (11.1) u (I1.2). Ecnu ussectna K — KoHCTaHTA
peaKkIHH

AR + B* = BR+A* (IL 18)
MOXKHO BHIYHCJHTb Ka—p:
kpgr
Ka_pr=K - (IL 19
A-B kAR ( )

Ecan 175 HaHHOTO OPraHHYecKOrOo PacTBopa Ragp =
~~ ksr, TO 0OpH pacuere HOHHOH KOHCTaHTH oOMeHa
MOXHO MOJb30BAThCA OPYTTO-KOHUEHTPAUHAMHU coJeli,

VYpasrenue (II.19) MoXHO 3amucare B TepMHHAX
sHeprun I'n66ca :

AGy _p=AG" 4 AGp, — AGyg

rne AGa-p oTHOCHTCH K peakiun oOMeHa HOHOB; AG® —
k peakuun (I 18); AGhr M AGir — K pEaKUHAM JHCCOs
nHanHy cojieft B ¢pase MeMOpaHb.

ITponecc HOHHOro OOMeHAa MOXKHO MPEACTaBHTb CO-
CTOSIMM H3 CJIeAYIOUHX CTagui:

1) nepexon woHa A* u3 BoAH B BaKyyMm (aerujppara-
ILKs HOHA);

2) B3aumojeficTBHe €ro ¢ aKTHBHEIM HOHOM MeMOpa-
Ho R~ B BakyyMe ¢ oOpasoBaHueM HOHHON mapbl A+R-;

3) mepexon HOHHO# mape W3 BaKyyMa B OpraHHue-
CKylo (pasy; :

4) craguu 3—1 pna sroporo uoHa B+,

VaMeHeHHsl 3HeprHu AHCCOUHAUHH MoJekyl RB w
RA nns BrOpofi crajHH MOXHO OLEHHTb Mo DopHy us
3JIEKTPOCTATHUECKOTO B3aHMOJEHCTBUS. .

CyvMmapHOe H3MeHeHue cTaHmaprTHOH ru66coBok
SHEpPruu npouecca oOMeHa HOHOB MeXAY XHAKHM HOHH-
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TOM H BOAHLIM DAacTBOPOM MOXHO NIpPeNCTaBHTb ypaBHe-
HHEM

~RT In K5 p=AGx_p=[(86} — AG}) + (AGE — AG3)] +

e’N 1 1
o (=) @2
2e \TR+A TR+B .20

rae G* u G"— cBoGojHble 3HEPTHH COJLBATALLMH H THI-
paralHH; e —3apaj anektpora; N —umciao Asorajpo;
¢ — IH3JIEKTPHUECKAs NPOHHIAEMOCTb CPebl; IR+A(R+B)y—
cyMMa pafHycoB HOHOB R~ u A+(B+).

Bkian ujieHa, ONpeAessIOmEro 3JEKTPOCTATHYECKOE
B3auMoJeficTBHe HOHOB, HeCyUIecTBeH, TaK KaK B CyM-
Max paJHyCOB rryA H rgpyp TJAABHYIO POJIb Hrpaer pa-
AMyC OPraHHYecKoro HOHa R~, BCNEACTBHE YEro 3TH
CyMMBbl He CHJBHO Pa3JH4aloOTCs, 4 B HEKOTOPHIX CAydasix
MOYTH OJHHAKOBHL

Ps CeNeKTHBHOCTH JISl KUAKHX AHHOHHTOB, HAIPH-
Mep coJiell YeTBEPTHYHLIX aMMOHHEBHX OCHOBAaHHH B pas-
JIHYHBIX OPraHH4Ye€CKHX PAacCTBOPHUTENAX,

CIO; > SCN™ > I" > NO; SBr™ > CI™ > Ac™ > HCO; > OH™

TOKA3bIBAET, UYTO PpACIOJNOXKEHHE HOHOB KOppeJHpyeT
¢ 3Hepruell rufpaTauty.

DNeKTpPOCTaTHYECKOE B3aHMOJCHCTBHE, ONpesesio-
uiee sHEPruio o6pasoBaHHs HOHHHIX Map Mexay A-, B-
¥ R*, Moxer parb OoJbllofi BKJAaJ B HOHOOOMEHHYIO
H36HpaTeNbHOCTL AJS cosiefl TPETHYHBIX aMHHOB |38,
¢. 70], mockonbKy MOC/NENHHE COAEPKAT IPOTOH, CHOCOB-
CTBYIOWHA [OMOJHHUTEIbHOMY B3aHMOJAEHCTBHIO ¢ Ma-

JeHbKUMH HOHAMH OCHOBHOT'O Xapakrtepa.

Bausinue pacTBOpHTeNsT HA AHHOHOOOMEHHYIO CeJeK-

THBHOCTb YHIKHX M€M6paH ompepensiercd €ro coJabBa-

THpyloLiel clnocoGHOCTLIO (sHepruelt conbBaramun AG*).
B pa6ore [39] cmenana mombiTKa 0GOCHOBATL MaJjioe

‘BJIHSIHHE DACTBOPUTENS Ha 3KCTPAKUHOHHYIO KOHCTAHTY
" paBHoBecHa oOmeHa anuonos Cl~ u Br— B cHcremax
_C pacTBOPHTENSAMH pPAa3HOH NpPHPOAH (C CYUECTBEHHO

Pa3UUAIIMMHCA 3HAueHUsIMH &), HO He MOPOSBJSAI0-
wuMH cnenHbHdeckol coabBaranuu. ABTOpH 3TOH pa-
00TLI paccuuTaJH TEPMOAMHAMHYECKHE MApPAMETPH 3KC-
TPaKUHOHHOrO pacnpejpenenus HoHoB Cl- u Br— mexny
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BOJHOH (pa3ol W pacrBOpaMu coJell TPHOKTHJIaMHHA
B TOJYyOJe, XJOp- U TpuxJopbeHsose, peHeTONe W METHJI-
TeKCHJIKeTOHe., Pe3y brarhl MecaelOBAHHSA MOKAa3aJH, 4TO
3HTAJbHUM W SHEPTHH COJIbBATALHHU STHX HOHOB HPUOJIH-
3HTeJbHO OJAMHAKOBB M HE 3aBHCAT OT HPUPOILI PACTBO-
puaress. ABTOopul OOBACHSIOT 3TO TeM, UYTO IPH COJbBA-
Tanuu aHWoHa o0pasyercss cMelWlaHHAf THAPATHO-COJb-
BatHag o6ogouka. Hecnmenuoduueckag coabbaTaluf
MoxeT ObiThb OLecHeHa 1Mo DOpHY ¢ IMOMOIIBIO YpaBHEHHS:
92

s
AGT= Are

(IL 21)

Crnoco6HOCTb pacTBopHTesell K cnenuPuieckod cosb-
BaTamMu OOCYCJIOBJEHA HaJHYHeM y HHX 3JIEKTPOHOMIO-
HOPHBIX HJIH 3JIEKTPOHOAKIeNTOPHHIX cBoficTB. [To Jlnion-
CY aKLeNTOPH 3JeKTDOHOB SBJSIOTCA KHCJOTAMH, a AO-
HOPH — OCHOBAaHHfIMH, H TI03TOMY COJLBATALUS — 3TO
B3aHMOJEACTBHE JIbIOHCOBCKHX KHCJOT H OCHOBAaHHE pas-
HOH cHJ/Ibl. BBems NMOHSITHE MXKECTKHX H MSAI'KHX KHCJOT
B OCHOBAHMH, MOXKHO INpeACKa3aTb XapakTep cOJIbBaTa-
uuu o6MenuBaomuxca HoHoB, Ilo JIblowcy K xecTkuM
OCHOBAHMAM OTHOCATCA MOHOPHBIE YacTHUB, 06Jaaalo-
IUHE BHLICOKOH 3JIEKTDOOTPHIATENbHOCTLIO M HH3KOY II0-
aspusyemoctbio (OH™, F~, CO37). [onopHble wacTHub
C HU3KOH 3JIEKTPOOTPHIATENLHOCTBIO H BBICOKOH MOMApH-
8YyeMOCTbIO OTHOCATCA K MArKUM ocHoBaHuaM (I-, SCN-,
RsP). K XKeCcTKHM KHCJIOTaM OTHOCATCS AaKUENTOPHLIe
YACTUIL ¢ HH3KOH moaspusyemoctsio (H*, Lit, Na+,
BF;), a Kk MATKHM — aKLENTOPHBE YACTHLHE C BLICOKOM
noadpusyemoctsio (Agt, I-, Iy).

B kadecTBe KOJHYECTBEHHOH MEpHl JKECTKOCTH OCHO-

BaHua OpKp NpuHHMaeTcs JOTAPDHGDOM OTHOWEHHS KOH-
CTAHT PABHOBECHA DEAaKUHH OCHOBRAHHUA ¢ OJXHON H3 ca-
Mblx MArkux Kucaor CHs;Hg u peakuuum storo ocHoma-
HUSl ¢ caMO¥ KeCTKOH KHceaoToH: OpKe=pKu—pKcu, ag-
B xauecTBe Mepbl KeCTKOCTH KHCJOTH BLIOpaHa BeJIH4H-
Ha O6pKa = pKon — pKci. KecTkHe OCHOBHEE aHHOHBI
(F-, OH-, Ac~) mo/IXKHBl XOpOLIO COMLBATHPOBATHLCS
XKEeCTKHMH HPOTOHHHIMH pacrBoputeaamu (H.O, ROH)
H IIJIOXO — aMPOTOHHLIMY PACTBOPHTEAMH (aLETOH, HUT-
poOeH30a), KOTOpHE Jy4llle COJAbBATHPYIOT TaKue aHHO-
Hbl, kak I=, Br~, Pic— (mukpar), Sal~ (canumunar) u ap.
Crenuduueckas conbBaTands HrpaeT CYLIECTBEHHYIO
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poJIb NpH 3KCTPaKUMH KHCJAOT aMmuHaMmu. Hanpuwmep,
HCI nyume skcrparupyercs pacTBOpaMH aMHHA B XJO-
podopme, ueM B HuTpoGeH3ose, a HI — naoGopor.
Caenyer oco6o octaHoBHThCA Ha pabore [40], B ko-
TOPO#i TMpPeI0XKeH PACTBOPHTE b, 00eCIeYHBAIOIHI COJb-
BATALHIO CHJILHOOCHOBHLEIX HOHOB. DTHM pacTBOpHTeJeM
LJsi coJied yeTBepPTHUYHBHIX AMMOHHEBBIX OCHOBAHUH 4B-
aserca Oyruarpudropanerobenon. Haliilen pax aHHOHOB
110 ux H30upaTeJbHOMY CBSI3LIBAHHIO 3THM pacTBOpHTE-
aem (OH™ > HCO;j > CI” > H,PO;). Apropnl [40] Ha
OCHOBE CHCTEMBLI UYeTBEPTHYHOE aMMOHHeBOe OCHOBA-
Hie — OyTHATPHOTOpaNeTOQeHOH TPEIJIOXKHJIH  CeJIeK-

TUBHLIE 3JeKkTpoab aag aHuonos HCOs, COY.

Cnenuduyeckas coabBaTHPyOMIas cHocoOHOCTL Oy-
ruaTpuPTopaneroPeroda o0ycJa0BIEHa ero KHCJAOTHBIMH
cBofcTBAMH (HasJnudeM Yy KapOGOHHJBHOrO KHCJI0DOAA
HEKOTOPOTO TOJIOKUTENLHOTO 3apsja), CIoCOOCTBYIOMIH-
MU cllelH(hHYeCKOMY B3aHMOJACHCTBHIO € CHJIBHOOCHOB-
HHIMH aHdoHaMu. Jifi aHHOHOCeJEeKTHBHHIX MeMOpaH
HauGosee OJarONPUATHLIMH DPACTBOPUTEJAMH fBJAIOTCS
BEIeCTBa, CIOco0Hble K 00pa30BAHHIO BOAOPOJHBIX CBS-
sefi. Mex- W BHyTPUMOJIEKyJIIpHEIE BOJOPOAHbBIC CBSA3H
BO3HUKAIOT NpH B3auMomeicTsud yactun tHna X—H u
:Y. [Teprasi wactdua nocrasJsieT NMpoTOH Asa o0pasosa-
HUS BOZOPOAHON CBS3H, BTOpPAs B KayecTBe JAOHOpA 3JIeK-
TPOHOB — HEIOJEJNEHHYI0 Napy 3JEeKTPOHOB:

X—H+4:Y == X—HewY

B xauecTBe NPOTOHOAOHOPHBIX OOBIYHO BHICTYRAIOT
OKcH-, KapOoKcH-, aMHHO- H amuporpymnnsl. Posn Bozo-
pOIOHLIX CBfi3eH Cpelld BCEeX APYTHX CHJ ocoOeHHO Be-
JMKa NpU B3aUMOJeHCTBHH He(OJbLINX aHHOHOB H IPOTO-
HOJAOHOPHBLIX pacrBopHTenell. Ilo srofi mpu4uHe NPOTOH-
HbHlEe pPACTBOPHTEJNH OCOGEHHO XODOWIO COJbLBATHPYIOT
rakpe aHuoHW, kak F—, Cl-, OH-, u 3Ha4HTeJLHO
Xyxke — Goabwme aHuonu tuma Iz, I', SCN, Pic. das
nocaegnux OoJsee 6saronpHATHL B KayecTBe COJbBATH-
PYOLIMX pacTBOpHTesell apoMaTHYecKHe YIJIeBOAOPOAb,
KOTOpbLIE CHOCOGHBEI BCJEACTBHE HX BLICOKOH NOJsIpH3Ye-
MOCTH NHCIEPCHOHHO B3aUMONEeHCTBOBATH ¢ GOJIBIUHMH,
Jlerko moJspusywomumucs andonamu (SCN, Pic u 1p.).
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Usyueno [41] Bausuue npHPOAB PAcTBOPUTENs Ha
CEJIEKTHBHBIC CBOHCTBA KUAKHX aHHOHOOOMEHHBIX MeMO-
paH Ha OCHOBe KOMNJIEKCHHX MPOU3BOAHHIX (bEHAHTpO-
JHHA H Terparentunammonns. Iloxasano, uro mo cre-
TeHH CeJIeKTHBHOCTH Anaa MeMOpaH ¢ HHTpoGeH30/10M
H XJopohOopMOM AaHHOHH PacCMNoONaraloTcs B paj

PF§ > CIO; > SCN™ > I > BF; > NO; > Br™ > CI”

COOTBETCTBYIOUIMHA DAY aHUOHOB, PACIOJIOXEHHHBIX IO
Mepe BO3PaCTAHHA HX 3HEPTHMH THApATALHH.

Y meMOpaH ¢ aMHJIOBHIM CHHPTOM HOHOOOMEHHAs H3-
6HpaTesbHOCTD 110 OTHOWIEHHIO K T€M XK€ AHHOHAM MHOTO
HHXKE H MaJO 3aBHCHT OT IPUPOABI AHHOHA. DTOT (KT
MOXHO IOHATb, HCXOAS H3 OJH30CTH CBOHCTB CNHpTa
i BOABl (THAPOKCHJICOAepIKAIlHe pACTBOPHTENH), 3a
CYeT uYero pPAasHHLA MEXAY BSHEPrUsiMU THAPATALHH H
COJIbBATALHY Pa3JMYHBIX AHHOHOB OKA3LIBAETCH MHHH-
MaspHOH. AHaJIOTHYUHBIE pe3y/bTaThl, a HMEHHO: MaJjas
pasHMOHA B CHCT€MAaX HHTPAT TeTparenTHJIaMMOHHS —
AMHJIOBBIH CIHPT 10 OTHOUIEHHIO K PSAAY AHHOHOB IO
CPaBHEHHIO C TAKOH XKe CHCTeMOH, HO C PACTBODHTEJAMH
GeH30JI0M, XJOpGEeH30/0M, f-AUXAOPOEH30I0M, HHTPO-
- GensoJioM, nojyuenn B pabore [42]. Asrop mpeanodo-
KHJ, YTO B CEJEKTHBHOCTH MeMOpaH ¢ aMHJIOBHIM
CIIHPTOM ONPEACAIOMYI0 posb HrpaeT auddysus HOHOB,
4 B HUTPOGEH30JIe M APYTHX PACTBOPUTENSX BKJAaj KHHe-
THYECKOTO (aKropa (AHbGY3Us HOHOB) U PABHOBECHOTO
(k03 HUHEHTH pacnpeieseHns1) COU3MEPHMBI.

PaccMoTpuM BinsiHHE pacTBODHTeJS B cayuae KaTHO-
HooOMenHbix MemOpan. B KkauecTBe spKoro npumepa
BJIHIHHSL PACTBOPHTENs HA H36HpaTesbHble CBOHCTBA Ka-
THOHOCEJIEKTHBHLIX MeMOpaHHBLIX 3JIEKTPOLOB MOXKHO
[IPUBECTH XKHAKOCTHHIE 3JEKTPOAH ¢ OJHUM H TeM Ke
HOHOOOMEHHBIM BEIECTBOM — KAJIbIHEBOA COJNbBIO AHAJ-
KupochOpHOA KHCIOTH, HO pPaSHBIMH PaCTBOPUTEJNS-
MH — J€KaHOJOM H jHOKTHAdeHHAbochaTom. B 3tom
cayvae 3aMeHa OJHOTO APYTHM CYUIECTBEHHBIM 00pasom
MEHsIeT 3JIeKTPOAHYI0 bYyHKIHIO. B nepsom cayuae snek-
TPOA CEJEKTHBEH MO OTHOWIEHHIO K HOoHy Ca?t mpH oTHO-
CHTENbHO OOJbUIOM COfep:KaHMM HoHa Mgt u apyrux
l1eJ0YHO3eMe/IbHBIX HOHOB. Bo BTOpOM — 3/1€KTpOAHAA
(QyHKuEA pacnpocrpaHsiercs Ha cyMmy HoHoB Ca?t u
Mg+ («xectrOCTb») [43, ¢. 72].
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PacrBopuTenb MOXKeT GHTh TAKKe HHEPTHLIM, T. €. He
BANATH HAa H30HPATENbHOCTb SKCTPAKLHOHHOTO pacnpe-
DeJIeHHS HOHOB MexXny (dasaMH.

JKunkas memOpana, oOpasoBaHHas pacTBOpHTeJEM
6e3 37eKTPOAHO-aKTHBHOTO KOoMIoHeHTa (dhoHoBas MemO-
paHa), 4acTo MPOABJAET B pacTBOpax coJell HEKOTOPYIO
3JEKTPOAHYI0 (DYHKUHIO, T. €. pearHpylorT Ha H3MEHeHHE
KOHUEHTPALHH 3JEKTPOJHTAa B BOJAHOM pacrsope. B 60Jb-
WIHHCTBE CJy4aeB YIJOBOH Ko3(pGhHHHEHT 3aBHCHMOCTH
E={f(lga) nas ¢oHOBHX MmeMOpaH HHXKe TeopeTHYe-
CKOTO, OIHAKO eCThb NPUMEepH AeficTBHA TaKUX MeMmOpaHd
Kak ofpatumbix JJas ompelejeHHoro uora. Hanpumep,
membpana u3 audeHHnoBoro sdupa B pacTBOpax XJo-
puaa Kanaus (10-'—10-3 M) ne tonbko Bener cebs Kak

- K+-asekTpoa, HO u nposasaser B 40 pas GoJbiylo H36H-

parenbHocTb K HOHy K+, uem K uwony Nat [44].
MemGpana u3 tpubyrundocdara B pacTBopax XJo-

puda Kaablus o6aamaer TteoperHueckol Cat-¢ynk-

LHEH, NPOABJAS 3aMETHYIO CEJEKTHBHOCTb K HoHy Ca’t

0 CPaBHEHWIO C MHOTHMH HoHamu, Hanpumep Na®, K,

NH: [45]. Cuaenyer noGaBuTb, 4TO XUAKHe MeMOpaHH

Ha ocHOBe TpHaakuadocharo (TpHOyTHI-, TPHUTE€KCHI-,
TpHOKTHJAdoCchHAT) B pacTBOpPax MHOTHX COJI€H AByX3a-
pannbix Kardowos (Ca?t, Mg?+, Sr?+, Pb%+) nposs-
JSIOT TOYTH TEOPeTHYecKylo KaTHOHHy0 ¢ynkuuo. Cno-
coOHOCTb 3THX pacTBOpHTesNeHl IIpPOSABJAATL  HMEHHO
KATHOHHY10 (YHKIHIO CBA3aHA C XapaKTepoM B3aHMOJEH-
creus mexay (RO)sPO u coasmu MA, Hanuune
B CTPYKType Tpuaakuldocharos GpochuHOKCHAHOH rpyII-
ne ==PO, umeomell 371eKTPOHOAOHOPHHA aTOM KHCJO-
poa ¢ HelojaeNeHHOH napoi 3/1eKTPoHOB, 00yCa0BJHBAET
HX crnocOOHOCTL JaBaTh KOOpAMHAUMOHHbLIE CBSI3H C Ka-
THOHAMH (IBy3apAjHbIMH) ¢ 00pasoBaHHEM yCTOHYHMBHIX

- RoMnJaekcos. 1o Tol ke NpUUYrHe MOJMHUBHHHUJXJOPDHAHBIE

meMOpaHH, NaacTiGUIUPOBAHHBIE JHXJIOP3THIOBHM 3dH-
poM, oOsajgalor CeJEKTHBHOH NDOHHLAEMOCTbIO MJfA
uowos Fed+, Xpucruan [46] 3anaTenroBas moJyveHHE
mem6paH, naacTHGUUHPOBAHHBIX OpPraHu4YecKMMH pac-
TBOPHTENAMH H TNPOABJAIOMWHX CEJEKTHBHYIO NpOHHIae~
MOCTb AJI OJHHX HOHOB H HENPOHHIAeMHX AJIS APYruX.
onuBHHHAXNOpHAHEE MeMOpaHH, NJacTHGHUHEPOBAH-
Hbl€ Da3MYHLIMH 3¢ HpaMH GTaeBOH KHCJOTH, Npenso-
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MeHH 9THM aBTOPOM B KayeCTBe MHAHKATODHbLIX 3JEKTPO-
ZOB AASi NOTEHIHOMETPHUYECKOrO THTPOBAHUS DA3JIHUYHBIX
3J1eKTPOJIHTOB.

O¢upu 1MKapOOHOBHX KHCIOT (HANpHMEp, AUGYTHJI-
branat, AnbytuacanquuiaT 4 gp.) CONbBATHPYIOT OLHO-
N IBy3apsiiHble KaTHOHB. TaKdHe pacTBOPH B KauecTse
MeMOpaH MpOABJAIOT KAaTHOHHYI OYHKUHIO, DTH pac-
TBOPHTENH NMPUMEHSIOTCS JJIS HEKOTOPHX KAaTHOHOCEJEK-
THBHEIX MeMOpan. MexanusM BJMSHHS DACTBOpHTENs HA
CeJIeKTHBHBIE CBOACTBA MeMOpaH MOXHO TpPAKTOBAaThb
C TOSMUHH MNPOSBJEHHS pAacTBODHTENEM CBOHCTB Hef-
TPaJIbHOTO KOMILJEKCOOOpasoBaresns, T. €. PacTBOPUTEND
BBICTYIAeT 3[1eCh B KauecTBe MeMOpaHO-aKTHBHOTO KOM-
mnekcona (MAK) [47, c. 111].

B paGore [48] BmifiBNeHa mpsiMas CBS3b MEXAy mHa-
paMeTpaMH JKHAKOCTHOH 3KCTDAKUWH H 3JeKTPOIHOH
CeJIEKTHBHOCTBIO XKUAKUX MeMOpan, Hafineno mpu srtom,
YTO B XKHAKHX MeMOpaHax C pacTBOPOM TeTpAarenTHJ-
aAMMOHMHAXJIOpHA METHJEHXJIODHA, SIBJSACH MPOTOHHHM
pacTBopuTesieM, CIOCOGCTBYeT SKCTPAKLUH AHUOHOB H
yNy4InaeT 3JeKTPOJHble XapPAKTEPUCTHKH AHHOHOCENEK-
TUBHBIX MeMOpaH 10 CPaBHEHHIO C ANPOTOHHBIMH pac-
TBOPHTEJSIMH.

Baym u Jluss [49] uccnenoBanu BiHsiHHe . PUPOAH
pacTBOpHTEJIl HA 3JIEeKTPOJHOE IIOBEAEHHE Kajuicesek-
THBHLIX MeMOpan ¢ reTpacdeHunbopaToM KaJus B Kaue-
crBe MeMOpaHO-aKTHBHOTO KoMmoHeHTa, OHH H3YUHJIH
TPH KJjacca pacTBopuresefi: nMankuadTanaTe, TpHAak-
Kujtpochats W HUTPOAPOMATHUECKHE  PACTBOPUTENH
(nuTpodenunosuift 3dup, rekcuanutpobenson). Okasa-
J0Cb, 4TO MeMOpaHH C pacTBOPHTENSIMH OAHOrO H TOTO
XKe KJjacca MNpoABJAIT IO OTHOWEHHI K HoHaM K+
u Nat npakTuuecku ONMHAKOBYIO CEJEKTHBHOCTb H Das3-
JIMYHYIO — C PAacTBOPHUTEJSIMU PasjHuHbIX Kaaccos. Oco-

OuiM 00pasom BiHseT Ha CBOfCTBA MeMOpaH TpHKpe- -

sundocdar, npuMenss KOTODHH B KauecTBe PacTBOpPH-
Tesiss B TerpadeHunbopaTHOH CcHCTEMEe, OHH MOJYYHJIH

3JIEKTPOAN C Goabliefi ceneKTHBHOCTHIO K HonaM NH;

no cpasuenuo ¢ uonamu K' (Kyuyx =5 107%).

Mareposoii ¢ corp. {50, c. 154] usyueno snekTpoxu-
MH4YeCKoe NOoBeJleHHe XHUAKUX U IVIEHOYHHX mMeMOpan Ha
OCHOBE HEATpa/IbHBIX KHCJAOpOAcoxepXamux ¢ochopop-
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TraHHYeCKHX CcoelHMHeHHH# H OpTOodDOCHOPHHIX KHCIOT B
pacTBopax HHTpaTa ypaHuJaa. ABTOpH OOHAPYXKUJIH, UTO
nJjeHouHble MeMOGpaHbl, copepxXaiige TOJbKO pacTBOpHU-
treab (Tpubyrundocdar), Benau cebs aHAAOrHYHO MeMO-
paHaM, collepXalkM opraHopochopHbe KHCIOTH B TPH-
6yrundochare u xJaopbensone. MemOpana Ha ocHOBe
tochopopraHudecKUX cOeIHHEeHHUH, pacTBOPEHHHIX B TpH-
Oyrundocdare, colepKUT KaK Ob ABA AaKTUBHHIX Belle-
CTBAa, U CEJIEKTHBHBE CBONCTBA KaXZOTO H3 HHX MOTYT
CKa3aThcsl HA 3J€KTPOJHOM [OBefleHHH MeMOpaHbl.

Boabuloe BHUMAaHHE B JHTEpaType yaeJdsercs Hccne-
JIOBAHHIO BJIMSIHUSI pacTBOpHTeJel Ha 3JEKTPOxHOe IoBe-
nenue Mem6pan Ha ocHoBe MAK (aHTHOMOTHKOB, NOJH-
3(HpOB, PA3IHIHBIX CHHTETHYECKHX KoMIieKconoB) [51].
[Tpupona pacrBopuTeNsl OKAa3LIBAET CYIECTBEHHOE BJHfA-
Hue Ha U30HpaTeNbHOCTL NonoOHbX cHcreM. Tak, ycra-
HOBJIEHO, YTO DACTBOPHTENH C BHICOKOH AH3JEKTpHYECKOH
IPOHHUAEMOCTbIO CHOCOBCTBYIOT BHICOKOH CeJIEKTHBHOCTH
MeMOGpaHbl K JABY3apsAHEIM KATHOHaM IO CPABHEHHIO
¢ oxnosapsaHeiMu. Posb pacTBopuress A MeMOpaH Ha
ocuoBe MAK cBfI3bIBAIOT ¢ €ro cnocoOHOCTbIO COJNbBATH-
poBaTb KaTHOH H BXOJHTb B KOOPAHHALHOHHYIO cdepy
00pa30BaBIIErocss KOMILJIEKCa.

YuuThiBas passM4HYI0 CIOOCOOHOCTH OpPraHHYECKHX
pacTBOpHTeNIel CONbBATHPOBATL IPEMMYUIECTBEHHO Ka-
THOHHI HJIM AHHOHBI, HX MOXKHO YHCTO YCJIOBHO Pa3JeNHTh
Ha JBe TPYHIE: PacTBOPHTENH, cIocoOCTByOmHE NPOsiB-
JIEHH10 KAaTHOHHON MJIH aHHOHHOH (DYHKLHH.

Takoe pasjeseHde He MOXKET CYHTATLCH AOCTATOYHO
CTPOTHM, TaK KaK MHOT'HEe PACTBOPUTENH CIOCOOHBI B O~
HHX CJy4asx INpedMyuieCTBEHHO COJbBaTHPOBATb KaTHO-
HbI, B APYrHX — aHHoHH. Hanpumep, cnupTH uyaiue BCero
cloco6CTBYIOT aHHOHHOH (YHKHHH, HO HHOTZAa MpOsB-
asior ¥ kKatHonmylo [52]. Takum o6pasom, cremyer ort-
MeTHTb NpPHHIUIHAJIbHYIO BaXKHOCTb BHOOpa pacTBOpHU-
Tens AN KUAKOH (MaM IJeHOUHOH) MeMOpaHbl 3JeK-
tposa. PacTBOpHTENb MOXET CYymeCTBEHHO H3MEHHTb
cesleKTuBIibie cBoiicTBa MeMOpanbl. MOXKHO CKa3aTh, 4TO
WHEPTHBIX pacTBopuTesell He cymecTByer. CTeneHb BJHsA-
HHS HX HA CBOMCTBa MeMOpaHh ONpeneNsercss WX COJb-
paTHpyKiueil cnocobHocTbio. Cloco6HOCTh K crennpuie-
CKOH COJbBATAIMH Y PpacTBOpUTeNss OOLIYHO SBJsAETCA
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OnpeneNAOMHUM (QaKTOPOM CENeKTHBHOCTH AJ% MeMG-
paH HOHOOGMEHHOIO THIIA IPH 3HAYMTENLHOH AHCCOLHA-
LMH HOHOOOMEHHOro BellecTBa B OpraHuueckoi dase.

Kunetuueckui cakrop

{(pome paBHOBECHOro (¢pakKTopa B uH3OGHpATENLEHX
CBOMCTBAX HOHOCEJNEKTHBHOIO XHAKOCTHOLO 3JEKTpoaa
HEKOTOPYIO POJIb MOMKET HIpaTh OTHOUIEHHE IOXBHMKHO-
creil HOHOB, ONpeaenfieMoe KHHETHYeCKUMHU (1ubby3non-
HBIMH) liponeccaMu B MmemGpane. M3 ypasmemufi aas
MeMOPaHHOro XKHAKOCTHOrO 3JeKTpoAa (cm. crp. 23, 24)
cieayer, 4To B oOLIeM cAyyae AJf PacyeToB H IPOBEPKH
TEOPHH HEOOXOAUMH [AHHHE 10 OTHOCHTEJLHHIM MO=
ABHXKHOCTAIM HOHOB H YaCTHL, YYACTBYIOLWIUX B TpaHC-
nopre uepes mem6pauny. B GoabuinHcTBE cayyaeB gocra-
TOYHO B3KCHEPHMEHTAJBHOrO OIPENESEHHS] OTHOLIEHHS
NOABHKHOCTEH HOHOB (ils/fa), NMOCKONBKY KO3Gh(HIHEHT
3AEKTPOAHOI CEJEKTUBHOCTH OIpefesseTcd B MEpBOM
upubsnxeuun npoussenenueM Ka_p(is/ia).

Hanomaum, uro, uem wmeHblle KoHCTanTa oOMena
Ka—p = dsaa/dGaas, Tem Gosee wu36upaTeNbHO TOrAO-
mamrcd uonb A+ MemGpanoii u3 pacrsopa. Ilosromy
Beanunna Ka/p caenyomum o6pasom xapakrepusyer ce-
JeKTHBHOCTb 3J€KTpPoja: MeMOpaHuH 3JekTpox Oymer
TeM GoJiee CEJEKTHBEH OTHOCHTENbHO HOHAa A+ (1o
CpaBHeHH0 ¢ uoHoM B+), uem Mennumie Kasm, T. €. uem
GoJblle MOABHXKHOCTb 3TOr0 HOHA W YeM MeHble KOH-
cranta o6Mera. DneKTpos Gosiee CeNEKTHBEH K HOHY A+,
ueM K HOHy B+, ecau Kap << 1.

Paccmorpum BK/IaJ KuHeTHuecKoro ¢hakropa B Beju-
uuHy Ka/m, KOTOPHII CBI3aH C NEPEHOCOM B IEPBYIO Oue-
peab sapmKenHHX uacTdl. OAHAKO B XKHAKMX cpeaax
(8 HOHOCE/IeKTHBHHX MeMOpaHax, coAepKaliiX TOT HJH
HHOH pacTBOPHTENDb) TaK¥Ke BECHMA CYI[ECTBEHHHIM OKa-
3blBaeTc 3(PHeKT CONpsKeHHS MHOTOKOB 3apPAKEHHHIX
¥ HEATPaAbHHIX YacTHL. D(GhEKTH CONpSIKeHHS NMOTOKOB
paccMarpuBatores B paborax Hlyasna u Credanosolt
[53, c. 60]. IIpu mpakTHYeCKOM NPUMEHEHUH HOHOCEJEK-
THBHDLIX 3JIEKTPONOB 3TOT 3(h(EKT AOJKEH YUUTHBATHCA
B CJiyuyae U3MEHEHHS HE3JEKTPOJHTHOTO COCTaBa HCCJe-
nyemoli cpepnl. Ecnm yuer pasHoBecworo akropa Bo
MHOMHX cJy4afiXx CBfI3aH ¢ PAAOM CYUIECTBEHHBIX TpPya-
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HoCTell (HampuMep, HeHAeaJbHOCTBIO MeM6panmofi da-
3Hl), TO B OTHOLIEHHH KHHETHYECKOTO (baKropa BCTpe-
yaercss eme GOJblLIE 3KCIepPHMEHTAJbHBIX U Teopernue-
CKHUX OCJIOXKHEeHUH.

M3 p0BOJILHO MHOTOYHCJIEHHOR JIUTEpPATyPHl MO TPaHC-
[IOPTHHIM CBOHCTBAM HOHOCENEKTHBHHX XKUAKUX MeMGpan
HeMb3s CAeNaTh OJHO3HAUHOIO 3aKJIOueHH O Koauue-
CTBEHHOM BKJaJe KHHETHYecKoro (pakropa B BEJHYHHY
KO3(pDHIHEHTA 3JEKTPOLHON CEJEKTUBHOCTH H JAaXe Ka-
YeCTBEHHO OLEHHTb CTelleHb BAHAHUA 3TOro (hakTopa Ha
CEJIEKTHBHOCTh MeMOpausl.

PaccMoTpuM  MOCJAEAOBATENIBHOCTD  Pas3BUTHA Mpen-
CTaBJIEHHH O SIBJCHHAX, HPOUCXOASIIUX BHYTPH HOHOCE-
JektuBuofi MemOpanb, Kak yxXe orMeuasloch, NepBas
HONBITKA KOJHYECTBEHHOrO ydeTa IOABHXKHOCTH HOHOB
ANIf 3AEKTPOXHMHUYECKHX CHCTEM ¢ MeMOpaHoi NpHHAA-
aexur Muxasaucy [4]. YpaBHeHnue, NnpepyoXeHHOE HM
I MeMOPAHHOTO MOTEHIHAaJa, BLIPAXKEHHOTO Yepes OT-
HOLIIEHHe IIOABHKHOCTEH KATHOHOB (IpH YCJOBHH, UTO
MOABUXKHOCTL OGIIEro AAf pacrBOpoOB ABYX 3JEKTPOJH-
TOB aHHOHA paBHAa HYJAW0), TEOPETHYECKH HENOCTATOYHO
060CHOBAHO.

Onnako Muxasjuc BIepBele 06paTul BHUMAHHE HA
3aBHCHMOCTL MeMOpaHHOro IHOTEHHHajka OT pasauuusd
B MOABHKHOCTIX HOHOB B mopucroii Mem6pane. lyani
eme B 1953 r. [9] ynmomuHa® o HeoOXOAMMOCTH y4era
MOABUAKHOCTEH B BHIPAXKEHHWH KOHCTAHTBI CEJNEKTHBHOCTH
CTEKASHHOTO 3JeKrpoga. B Gosee ueTko#i dopme 3TOT
Bonpoc paccmorpen [23] aasi MoGo# nomonpoBoasuied
MeMOpaHH C y4eToM fIBJIeHHH, HPOMCXOAALMX Ha rpa-
HHIle PABHOBECHHX (a3 u BHyTpu MemOpannl. Mcnosp-
sy ypasuenne CKaTuapja AJAs YacTHOTO CAY4as MHpo-
HALAEMOCTH MeMOpaHbl TOJBKO AAf KAaTHOHOB (fa -
+ s ==1) u mHepeHoca 3JEKTPHYECTBA TOJbKO CBOOOX-
HBIMA HOHaMHu, aBropnl [23] mpounrerpupoBaiu ypas-
Henne CK3T44pAa B NMPEANOJONKEHUH, YTO KO3(DDHIHEHTH
aKTMBHOCTH HOHOB H HX IOJBHXHOCTH HOCTOSIHHH N0
Bceli mem6pade [cm. ypasuenue (I.16)]. [loayuennoe
ypaBHeHHe MOAPOGHO HCCJAENOBAKO 3KCIEPHMEHTANBHO
LA MeMOpaH U3 HOHOOOMEHHEIX CMOJ C YYeTOM KHHe-
THYECKOro (hakropa, T. e. ip/ila.

PadoT Takoro mjaHa B JUTEpPaType AOCTATOYHO MHO-
ro, 4TO NO3BOJISET NpochejuTh BAUAHHE KHHETHYECKOTO
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tbakTopa Ana MemGpaH U3 TBEPALIX HOHHTOB. [enndepux
u Okep [54] nccuenoBanu HOHOOGMEHHOe paBHOBecHE H
Ko3(pduunenTs camoandy3uH NPOTHBOHOHOB B CYJb-
(poratnonuToBOfi MeMOGpane B pacrBopax HCI— NaCl,
NaCl—KCI, NaCl—CaCl,, WUmu mnonyueno xopomee
COBNANeHHe BBIUHCJIEHHBIX H 3KCIEPHMEHTaJbHBIX 3Ha-
uyenuil 3. A. ¢. Bunan u Kanaaun [55] BblBenn BblpakeHHe
Ans  6unonnoro mnorenuuana (BUII)*, onpenensiemoe
KOHCTaHTOH OOMeHa H 3JEKTPONPOBOAHOCTHIO MeMGpaHsl.
Il MHOTHX Nap HOHOB OHH CONOCTABHJH OTHOILEHHS
3J1eKTPOIIPOBOAHOCTEH, ONpejeseHHbBle HENOCPeJCTBEHHO
n paccuutannele nmo BHII, u Koncraur o6MeHa u mo-
JYYHJIH yHOBJETBODHTENbHOE COBHAfeHHEe 3THX  Be-
JIHYHH.

HNsmepenus BUIl png pasnuuubix THIOB KaTHOHOOG-
MedHHX MemOpaH B cucremax Ag+t—H+, Nat—Agt
Na+—H+, Na+— K+ u omHoBpemeHHoe ompeleneHHe
nepeHoca 3THX Nap HOHOB dyepe3 MemGpaHy mon neft-
CTBHEM 3JIEKTDHUECKOTO M0J4 MO03BOJNHJAO0 aBTopam [56]
3aKJIOUMTh, 4TO B CHCTeMax, cojepXamux H*, Na+
u Agt, B GoJbluedl CTENEHH NPOHCXOAHT NEPEHOC TOTO
HOHA, KOTopblfi H36upaTenbHO morJjomaercd (fag = ina
H tu > tna).

CucTemMaTHYecKoe H3yYeHHEe HOHOOGMEHHBIX U 3J€K-
TPOXHMHUYECKHX CBOHCTB MeMOpaH H3 HOHOOOMEHHBIX
cMOJ BhnosHeHo corpyanukaMu JII'Y. B pab6orax [57]
MPOBEAEHO MapaJelbHOe HCCHAeLOoBaHHE HOHOOGMeHHBIX
H 9JEKTPOXHMHUECKHX CBOMCTB Cy/b()OKATHOHHTOBBIX
Mem6paH asa CHCTeM, COAepXaulMxX ABa COPTa NPOTH-
sononos: H'—Na*, H'—K’, NHi —K*, H' — Ba™".
OrHomeHHe NOABUKHOCTEH NPOTHBOHOHOB OIpeNesJIH
METONOM 3JIeKTponpoBoaHocTH. [Tokasano, 4To B OTCyT-
CTBHEe H30HPaTENbHOTO NOIVIOLIEHHS, OTHOCHTE/bHBLIC MIO-
JABHXHOCTH B MeMOpaHe HMeIOT TOT Xe MOPSAA0K 3Hade-
HUH, 4TO ¥ B CBOGOAHOM BOJHOM pactBope. JIns cHcTeM
C 4eTKO BhipaxeHHo# H3bupaTeabHocTbio (H+ — Ba?t)
Ha KHHETHUECKHX CBOHCTBAaX MNOIVIOLIEHHBIX HOHOB MpO-
ABJAETCA BJAHAHME CPEABl, U OTHOCHTE/bHbIE MOABHIKHO-

* Ilos GUMOHHBIM TMOTEHUHANOM TOHHMAETCA PA3HOCTH IJEKTDPH-
YeCKHX INOTEHLIHAJOB MEXAY /[BYMSA DACTBOPAMH, pPAa3JeNeHHBIMH
MeMOpaHO#, oauH H3 KOTOPHIX COZEPKHT MPOTHBOHOH A+, apyroit —
B+ (unu opoTHBOHOHHW X~ ¥ Y~ A4 aUHOHHTOBO# MeMOpaHH).
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CTH B TaKHX CHCTeMax CYyLleCTBEHHO OTJHYAKOTCH  OT
COOTBETCTBYIOUIHX BEJIHYHH JJs CBOGOAHBIX pacTBO-
poB.
B paGorax [58] HccnepoBaHbl 3/MeKTpHUECKUH mepe-
HOC HOHOB INEJOYHO3eMeNbHHX MeTajnoB (Mg, Ca?t,
Ba®*) m uX paBHOBeCHOe pacnpeleseHue 1Js cynbdora-
THOHHTOBHX MeMOGpan. Yucna mepeHoca onpexnensyiu
ISl ABYX NPOTHBOHOHOB MOAH(DHUHPOBAHHHIM METOLOM
Turropda. Ha ocHoBaHHMH NaHHBIX MO YHCIAM NepeHoca
H COCTaBy HOHHTOBOH (a3bl PaCCUHTHIBAJIH OTHOLIEHHS
MOABHKHOCTEH fmg/fica U ilmg/ilBa. IlOKa3aHo, 4TO MO~
IBHXKHOCTH HOHOB B (ase MOHHTA Da3NHYalOTCs He3Ha-
YHTEJbHO U 3JMEeKTPOAHAS CENeKTHBHOCTb SIBJSAETCS CJel-
creueM paBHoBecHoro akropa (Kca—m HIH Kga—m).
B paGore [59] nmapansenbHO H3yyeHH paBHOBECHOE pacs
npejesieHHe H 3JeKTPONpPOBOJHOCTL aHHOHHTOBBIX CMOJIS-
HBIX MeMOpaH (C MOJHCTHPOJOM) C Da3JHYHOH CTPYK-
Typoll HOHOreHHOR Trpynnsl B KOHTaKTe C pacTBOPaMH
HCI, NaCl, NaOH. ¥YcraHoBjeHO, 4TO 3KBHBaJIeHTHA$
3JIEKTPONPOBOAHOCT MeMOpPaH H3 aHHOHHTOB CYLIECTBEH-
HO 3aBHCHT OT MX CTPYKTYpH (NpPHPOAH pajukana lpu
aToMe a30Ta HoHoreHHOH rpynmbl). OueHKa NOABHXKHO-
cTeil MPOTHBOHOHOB B MeMOpaHe NOKasaJja, YTO 3TH Bes
NHYUHB Ha 2—3 nopsaaKa HUXKe MOABHXKHOCTeH B BOLHOM
pactBope. OGHapyXKeHa OTHOCHTEJNBHO BLICOKAS MOABHK-~
HocTb HowoB OH— mo cpaBHenuto ¢ wonamu Cl—.

PesyabraThl MHOTOUHCNEHHBIX HCCAELOBAHHH pOJH
KHHETHUYeCKOro (pakropa B CeJEKTHBHbIX CBOHCTBax
TBepALIX HOHOOOMEHHBIX MeMOpaH He [alT OCHOBaHHH
CUdTaTh, YTO 3TOT (AaKTOp, 3a HCKJIOUEHHEM HOHOB,
pe3Ko pas3iHYalIIHXCH 110 MeXaHU3MYy fepeHoca (HamnpH-
mep, H+, OH-, Agt), wurpaer CyllecTBEHHYIO poJb
B 3JEKTPONHOfl CeNeKTHBHOCTH HOHOOOMEHHBLIX TBEepABIX
MeM6paH (CMOJSAHBIX, CTEKJISHHBIX 1 Ap.).

Hemano wuccaenoBaHu#l, MOCBSINEHHBIX BHABJACHUIO
BKJafa KHHeTHYecKOro (aKTopa B 3JEKTPOAHYIO Cesek-
THBHOCTb, IPOBEJEHO H Ha XKHJIKHX HOHOOOMEHHBIX MeMO-
paHax. dfizeuman u Caupbaom [60] skcnepnMeHTanbHO
onpefeasH MOABHHOCTH AJSI TPOBEPKH pa3paboTaH-
HOH HMH TEOPHH CeNeKTHBHOCTH MXXHIKHX MeMOpaH.
B xauectBe o6beKTa HcCaAenoBaHHA Onljia BbIGpaHa CH-
cTeMa, colepxamias THIHYHBIA XKHAKHH HOHOOOMEHHHK
Ha OCHOBe JH (2-3THJreKcusa)pocopHOH KHCJAOTH B
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aMHNIOBOM crupTe. HMaMepens! HOHHEIE MpenesnbHble 3M€R-

TPONpPOBOAHOCTH B 3TOH CcHCTeMe s HoHoB H+ u Nat.

HecMorps na To, 4To HOHHbBIE MOXBHKHOCTH Pa3nuuaioT-
Cf, TPEHMYINECTBEHHBIH BKNIaX B KOYPPHIHEHT 3JjeK-
TPOIHOH CEJEKTHBHOCTH BHOCHT DaBHOBECHBHIH (hakTop
(KH—Na).

Caun6siom [60] H3Mepsin 3JIeKTPHUECKOE CONPOTHB-
JIeHHe ¥ 3. ]I C. B CHCTeMe C TOHKOH XuJkofl MeMOpaHo#t
[pactBop au(2-sTuarexcna)pocdopHOl KHCJIOTH B aMH-
n0BOM cuupre], paspmensomeft Boxubie pacrsopsl HCI
u NaCl. MM nosayueHo ynoBneTBOpPHTENbHOE COrJacue
9KCMEPUMEHTAJIBHBIX pPe3yJbTaTOB C TeopHeH, HO TpH
9TOM HE HalJeHO 3aMEeTHOTO pa3/HYHs B 3HAYEHHAX IIO-
ABHKHOCTH [JBYX HOHOB M HOHHBIX Nap, KOTOpble BXOXST
B yPaBHEHHSl A/ NOTEHLHAJNOB XHUIAKHX HOHOOGMEHHHIX
MeMmbpaHn ¢ accouuanues.

[IpoBepka TeOpHH KHUAKOCTHBLIX aHHOHOOOMEHHBIX
SJIEKTPONOB BhINOJHeHa B paborax [42, 61]. B cucreme
coniefl TeTpareKCHNaMMOHHSI B 4AMHJIOBOM CIHpTe 1714

nporusononoB CI° u NOj onpezensin BUII. das ouen-

KH OTHOLICHHSI TOXBHXHOCTEH H3MEpsaH 3JEKTPONpo-
BOIHOCTL B MeMOpaHHOH ¢pa3e (B OpraHHueckom pac-
TBOpE CONieHl TeTparekCHiIaMMOHHS). ApTopwl mnpuiiH
K 3aKJIOUEHHIO, 4TO BKJal KHHETHUeckoro axropa
B JIGKTPOJHYIO CEeJIeKTHBHOCTb 3aBHCHT OT THMA XKHIKOH
MeMOpaHbl, B YaCTHOCTH OT NPHPOAH pactBopuTens. Ouu
Halll/ld, YTO KHHETHYECKHH (axkTOp MOXKeT ONpeaessTh
BeqHuuHy Kasp N1 MeMOpaHbl C aMHJOBBIM CIHPTOM.
Onzako BHIBOXLI aBTOPOB HeyGenHTeJbHbl H3-3a HeHa-
JNEXHOCTH H3MepeHHS 3JeKTPONpPOBOAHOCTEH B OueHb
pa36aB/IeHHBIX OPraHHYECKHX PaCTBOPAX. '

B pa6orax [61, 62] wuccnenosana 3nexTponposox-
HOCTb KHJKHX aHHOHHTOBBIX MeMOpaH (HHTpPaT M XJo-
pua TeTparekcujaMMoHusa B GeHnsose). Hafinenunoe orno-
LeHHe TONBHXHOCTeH {No,flici H3MEHSIETCS B 3aBHCHMO-
CTH OT KOHUEHTpanuu HoHooOMeHHHKa oT 1,1 mo 0,21,

SInonckue uccnenobarenn [63] onpepensnu npenenn-
Hble 3JIEKTPONPOBONHOCTH [/ PaCTBOPOB PA3JHUYHBIX
conett (ClO;, SCN”, Br') HeKOTOPbIX KHAKHX aHHOHO
06MeHHHKOB. VX pe3ysnbTaThl MOKAa3HIBAIOT, YTO NMOABHK-
HOCTH Pa3HbIX aHHOHOB B MeMOpaHe IJsi OXHOTO H TOro
Xe pacTBopuTens (ZuxjaopMeraua) GaH3KH.
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TpancnopTHbIM cBofictTBaM MeMmGpaH Ha ocHoBe MAK
TakXKe YJeJeHo NOCTaTOYHO BHHMAaHHSA B JIHTepaType.
310 0co6eHHO OTHOCHTCS K MeMOpaHaM Ha OCHOBE aHTH-
6HOTHKOB (BaJHHOMHUHHA, HAKTHHA H AP.). ¥YXe Dfizen-
man ¢ corp. [43, ra. 1], nsyuas ¢axTophl, onpenenswo-
mue cejgekTHsHOCTb Mem6pan ¢ MAK, npumiam X BH-
BOLY O CYIIECTBOBAHHH MpPOCTHIX 3aBHCHMOCTeHl MeXny
CeJIEKTHBHOCTLIO H PAaBHOBECHBIMH mapaMerpamu. B atom
ciiyyae CEeNeKTHBHOCTb B OCHOBHOM 3aBHCHT OT CIELH-
{hHuecKoro B3aHMMOAEHCTBHS KaTHOHOB C MOJIEKyJNaMH
MAK u xapakTepH3yeTcs ypaBHEHHEM

Kps
KA/B ~ T(A? (IL. 22)

rae Kss 1 Kas — KOHCTaHTHl CTaGHJLHOCTH 3apsikKEHHBIX
komnaekcos BS+ u AS+ B BonHol tase (S — cumaon
MOJIEKYJIBl KOMIIJIEKCOHA).

TeopHsi TPaHCIOPTHBIX CBOACTB MeMOpan Ha OCHOBe
MAK npeanoxena B pabore [64], B koTOpOIi mpuBeneHa
npocras MOJeJb AJSl ONHCAHHA TPAaHCIOPTa ONHO- U JABY-
3apanHbix HOHOB 4Yepe3 MeMmGpamy. Hafinema koppens-
IHA MEXIYy TEOPETHUECKH OLEHEHHOH CeNeKTHBHOCTDIO
HOHHOTO TPAHCIOPTA. M CEJEeKTHBHOCTbIO, HaB.siofaeMon
B NOTEHUMOMETPHYECKOM SKCmepuMenTe. Mogaenanr Okasa-
Jach MpHeMJeMOH JJsi ONHCAHHS 3JEKTPOXHMHYECKHX
CBOMCTB KaTHOHONPOHHIaeMblX MeMOpaH.

HccanenosanneM TpaHcnopra OHOJOTHYECKHX MeMG-
paH H HX MojeseHl BecbMa INHPOKO 3aHHMalTCs GHO-
noru (6uodusuxu). [Tepenocy HOHOB H MOJIEKYJ B GUMO-
NexyAspHEIX (ochonunuanpix Mem6panax (BOPM) mo-
CBALIEHO OrpOMHOE YHCJAO PpaboT, KOTOpble 06GOO6ILIEHbI
B Momorpaduu JIvsa [65], a TeoperHuecKue MpeACTaB-
JIEHHS1 O MeXaHH3Me HHAYIHPOBAHHOIO TPaHCIOPTA Yepes
Takue MemM6paHbl AaHLI B OPWIHHaJbHON MOHOrpaduu
Mapxkuna v UnaMamxkesa [66]. B namy sanauy He BXO-
IHT H3JOXKeHHe TEOpHH NepeHoca BeimecTs8 B BOM, Ho
HCIIONb3OBAHHE TpPeNCTaBJeHHH H GOJbIIOro 3KCIEPH-
MEHTaJIbHOTO MaTepHaja MO CeJeKTHBHBIM CBOHCTBAM
BOM wupe3pbiyafiHO NOJ€3HO 1718 DPAa3BHTHS TEOPHH
HMOHOCEJCKTHBHbIX 9JeKTpPoA0B. MOXKHO OTMETHTb XOTH
66l TOT daKT, UYTO BAJHHOMHIMH, KaK OJHO H3 CaMbIX
BAXHLIX BEMeCTB B HOHOMeTpHH, Obl NpHMeHeH MJid

41



MonuduKauua 6HOJOTHYeCKHX MeMGpaH. ITpu stoM 6riia
OGHapyXeHa ero crmocoGHOCTb K BBICOKOR H36uparenp-
HOCTH 1O OTHOIUEHHIO K TPAHCNOPTY HOHOB K+,

B sakmouenne ormernm eme oamo HallpaBJeHHe Hc-
CNENOBaHUHA, CBSI3aHHBIX C TPAHCIOPTHHIMH CBOHCTBAMH
MeMOpaH A1 HOHOCEJEKTHBHBIX 3JEKTPOAOB, a HMEeHHO,
H3Y'UCHHE 3JIGKTPOXUMHUYECKHX CBOMCTB KHIKHX HOHHTOB
W SKCTPAKUHOHHBIX cHCTeM. I3 MHOrouncjeHHbix pa6or
YUOMSIHEM TOJBKO BhINOJHEeHHbie Xefibeuem c corp. mo
S/ICKTPOXHMHH 3KCTpakuuu [67]. MU uamepena saek-
TPONIPOBOZHOCTb B OPraHHYeCKO# dase NPH 3KCTpaKLHH
LUBETHBIX MeTa/JIOB pacTBOPAMH KapGOHOBHIX KHCJIOT
(C—Co) B TOMyONE W TpH SKCTPaKUHH aHHOHOB pac-
TBOpAMH COJIeHl TeTPAOKTHJIAMMOHHS B TOJYyOJe, UeThl-
PEXXJIOpHCTOM yraepoje. ONHAKO CBA3bL MeXAY 3JeKTpo-
IPOBOAHOCTBIO H IKCTPAKIHOHHBIMH CBOJICTBAMH CHCTEMEI
o6HapyXeHa TOJIbKO B NePBOM CJayuae.

OHpe,lIeJlueHHbIe CBEJCHHA O KHHETHYeCKOM (akTope
SJICKTPONHOH CEJNEKTHBHOCTH KHAKHX HOHOOGMEHHBIX
MeMOpaH MOXHO MOJYYHTb H3 paGoT [Typuna, Tony6esa
u 1p. [68]. Ouu uccaenosann 3aBHCHMOCTD 3J1€KTPOTpPO-
BOIHOCTH MeMOpaH oT cocTaBa BoAHOH a3, H3MEpHIH
BUIT mem6pan, usyganu 9JEKTpoAHa/In3 B CEMMeTpHY-
HBIX SJIEKTPOJIMTHBIX CHCTEMAX, COAEpKAUIMX Pa3AUUHbIE
KaTHOHBI H aHMOHBI, a TaKkKe MeMOpaHbl, NOJNyYeHHbIe Ha
ocHose 0,001—0,1 M Genzonbubix PacTBOPOB XJOPHAOB
TPHOKTHIAMHHA H METHITPHOKTHNAMMOHHS H HaTpHe-
BOI‘/’I“ COMH  NHHOHHIHA(PTANHHCYNAb(HOKHCAOTHL, ABTOpH
3TOH pabGoThl OLEHHIU MONBHKHOCTH HOHOB B opranuue-
CKOH (ase W NPHINM K BEIBOAY O pa3JIHYHAX KHHETH-
UCCKHX NapaMeTpOB H MeXaHH3Ma NepeHoca AJs HoChe-
NOBAHHBLIX PAa3HBIX CHCTEM.

B pa6ore [71, c. 3] npusenenn pe3yJabTaThl Hecge-
AOBaHH: TPAHCHOPTHLIX CBOACTB MKHAKHX MeMGpaH Ha
OCHOBe MegHOH coJuH zm(Q-QTHJIreKanI)q)oc@opHoﬁ
KHCJOTel B Gensose. Metogom BUII onpeneNeHnt

Keum (M — Cd*, Co®, Ni¥, UO¥, Ca®"). Cu2+-9JleKTp011‘

oKasaJsica BBICOKOH36HpaTenbHbiM. [ToKasano, uro nepe-
HOC 3apsia B MeMOpaHe 3aBHCHT OT KOHIEHTpALHH CuR;
B OpraHnueckofi Gase, 4To 06bACHSETCS H3MeHeHHeM
CTEIICHH NOJNUMEpH3aNUd COJMH NPH H3MEHEHHH €€ KOH-
uentTpauuu (10-3—10-! M),

12

Takum o6pa3oM, H3yueHHe NepeHoca B XUAKHX MeMG-
paHax MOXKeT NpOJIHTb (B OTHEJbHbIX CJayyasix) CBeT Ha
XapaKkrep BJHAHMA KHHETHYECKOrO MapameTpa Ha HX
3JIEKTPOAHYIO CeJeKTHBHOCTb, OQHAKO METOABl HCCaeno-
BAaHHA Yy Ppa3JHYHBIX HCcJefoBaTesell HEOAHOTHIHBI #
NoJyuYeHHble DPe3yJabTaThi NPOTHBOPEUHBhL. IDTO HE IN03-
BOJISIET CHeJaTh OMNpeje/eHHbIX 3aKJaloueHul U TeM 60-
Jee KOJHYECTBEHHLIX BBIBOJOB O POJIH KHHETHUECKOro
¢akropa. B mepsoM npuO/MKEHHH MOXKHO CUHMTaTh, YTO
IS KUAKUX MeMOpaH C HeaCCOLHHPOBAHHBLIMH COJSMH
KHHETHYeCKHHA (aKTOp BHOCHT BTOPOCTENEHHbIH BKJajx
B 3JEKTPOJHYIO CeNeKTHBHOCTb. [0 XKe caMoe OTHOCHTCS
kK cucreMam ¢ MAK, B Koropbix of6pasyioTcs NpodYHBIE
KOMIIJIEKCHl HOHOB. Bkaaj noigBHKHOCTEH B 3HAaYeHHE
Kosdunuenta 3NeKTpPOXHOH  CEJEKTHBHOCTH  MOXKET
6bITb 3aMETHLIM 1151 MeMOpaH ¢ HelmoJHOH accounaluel
HAM NoJHMepH3anue.

Mertopab! onpepeneHns kodpduuMeHTOB
3NEKTPOAHON CENEeKTMBHOCTH

Metoan onpexenenus KosdgHUHEHTa 3JeKTPOAHOH
CEJIEKTHBHOCTH M0 JaHHBIM 3. J. C. 3J€MeHTa cO CTekK-
JSIHHBIM BOJOPOAHBIM 3JeKTPOAOM OblIH MpPeNJoKeHbl
eme B 1937 r. HukoasckuM u Toamauesofi [69] u wc-
MONb30BaHLl ¢ HeOOJbILHMH H3MEHEHHSIMU pSAOM aBTO-
poB B IpHMEHEHHH K HOHOCENEKTHBHBIM 3JI€KTPOAaM
[70, 71]. B ocHOBe pasaHYHBIX METOROB OINpele/eHHs
Ko3(GhHIHEHTOB 3JeKTPOAHOH CEJEKTHUBHOCTH JIEXHT
ypaBHenue (l.16a) ana MemOGpaHHOrO NMOTeHLHAaNa HOHO-
CeJIEKTHBHOTO 3JIeKTPOJAa, HAXOAAWErOcss B CMEIIaHHOM
pacTBope, KOTOpoe 3amuileM s ABYX OJHO3apAXHBIX
KaTHOHOB :
q3=¢°+01g(aA+KA,BaB)

rae A — ocHOBHOH, a B — nocroponnui#i BaAHAKMUN HOH.
Besnnunna Ka,p NOKa3bBaeT CTENEHb BJHSAHHSA NOCTO-
poHHero HoHa B+t Ha norenmman sjiexTpopa, onpejpease-
MOrO OCHOBHBIM HOHOM A*.
Bce npenJsoxkeHHble MeTOAB oOmnpeaeneHHs Koadohu-
IHeHTA 5JeKTPOJHON CeJeKTHBHOCTH $IBJASAIOTCS NPHEMH-
JKEHHBIMH, UTO CBSI3aHO C N pHMEHEHHeM MOJy3IMIHpHUe-
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CKHX YpaBHEHHH N/ MeMOGpaHHOTO MOTEHIHANa M ¢ HC-
MOIb30BAHUEM TIIPH pacyeTaX YCJAOBHBIX aKTHBHOCTel
OTACJBbHBIX HOHOB HJIH NMPOCTO KOHUeHTpauuft. [las cu-
CTEM, CONepXKaIIHX HOHBl DA3NUUHBIX 3aPANOB, Ko3b-
(PULHEHTE! CeNleKTHBHOCTH OGBLIYHO OMPEAeNSIOT MO ypas-
HeHUSM BHAa

9 . ZA/ZY/
=q°+ — 11. 23
9=0"+ -l (aA +]Zlf<m,ay, ) (IL. 23)

e UMEemUM AOCTAaTOYHO TEOPeTHUECKOro oBOCHOBaHHS.

3nec ¥ — remneparypuui  dakrop [2,3(RT/F)];
Zp H Zy—3apAjbl OCHOBHOrO M NOCTOPOHHErO HOHOB;
§ —UHCJIO MOCTOPOHHHX HOHOB, BJHSIOIIHX Ha MOTEH-
LHaJ 3JeKTpoja.

[IpubnnxenHocTb onpenensieMbx 9KCNEePHMEHTANbHO
BeaHuuH Kayy (Ka/) MposiBisieTcs B TOM, 4TO OHH 4acTo
3aBHCAT OT COCTaBa PacTBOpA, KOHLUEHTPAaUUH O6MeHHHKA
B MeMOpaHe M OT MeToAa onpemenenns [71]. das npo-
CTOTEl NpH ONHCaHHH METONOB oONpejeneHuss Kosddu-
THEHTOB CeJEKTHBHOCTH pacCMOTPHM JBa HOHa OfHHa-
KoBoro 3apsga A+ u B+, Kosdduunenr Ka/s Moxer
ObITb PacCuMTaH HA OCHOBAHHH H3MEPEHHS 3. . C. BJe-
MeHTa ¢ MemOpaHOll B pacrBopax, cofepxamux au6o
OLUH SJIEKTPONHT (UHCTHEe pacTBOPH), JHOO CMeCh
SJIEKTPONHTOB (CMellaHHble PACTBOPHI). B COOTBeTCTBHH
€ 3THM HMeeTCs ABE IPYNNbl MeTOHOB:

nepsas — onpenenedne Ko3pduuUeHTa CeJeKTHBHO-
CTH Ha OCHOBe YHMCTHIX PACTBOPOB, OAHH U3 KOTOPHIX CO-
RepxuT HoHbl A+, a npyrofi — nonw B+;

BTOpasi — OMpefesieHHe ¢ NMOMOMIBIO CMeIUAHHBIX pac-
TBOPOB.

llepsas rpynna metopos. Merod la.

B nannom ciyuae mpuMeHSIOT ranbBaHHuecKuft aie-
MeHT THNa

Ag | AgCl, ACl(m) | Mem6pana Heenenyemniit | Cpaprutensuui
pacrsop 3NEKTPOR
AX, BX .

Mem6pauuntli snexrpon

,  D.I.C. 3TOTO 3JeMeHTa COIJacHO (I.16a) mogun-
HseTCs ypasHeHuio (II.24)

E=E°+0lg(aA+KA/BaB) (11.24)
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- EyE,
g Ka/p=—5—
Puc. I1.3. I'padudeckags ua- |
JocTpanus onpefenenHs (memo?d 1 a)
K03} PUNHEHTA CENeKTHBHOCTH

MéTopamu la u 164 13
Kpusas A —3aBucHMOcTs E oT o2
pap (A—ocHopHoft uOH); KpH= |
pass B —saBucumocts E oT B

Pag ( B—pansomuii HMom). }20M

|
|
|
Kap=ap/ag |

/(Mema 16) |
i | 1 1 4 L
) J 1

Pa,(p)

KOTOpOe AJsl CJayuaeB CONepIKaHHA B HCCHedyeMOM pac-
tBOpe ToabKO AX (ap == 0) npuHHMaeT BHA:

E=E =E+9%lga, (IL. 25)

Ora 3aBHCHMOCTb NpeACTaBNeHa rpaduuecku Ha
puc. 11.3 (npamas A). Ecnn pacrtBop comepXHT TOJbKO

BX(a, = 0), To
E=E,=E°+9%IgK,p+0lgag (I1. 252)

(puc. II. 3, npsaimasa B).
Berunras (II. 25) u3 (II. 25a), monyuum:

Ka/B%B
By— By =0 (1gKypn + lgag ~ lgay) =0 1g =22 (129

Ecan a, = aj, T0:

Ey ~ Ey o7
lgKpp=—"95— (L.27)
Broiuncaesne Kap nmo ypasennwo (I1.27) rtpebyer
onpeneneHua 3. A. C. COOTBETCTBYIOLLETO 3JEMeHTa HJIH
NOTEHI HAJOB MeM6paHHOFO 3JeKTpoJa B YHCTBHIX pac-
TBOpax OCHOBHOI'O H MOCTOPOHHEr0 HOHA. STOT MeTon
06bIYHO HAa3LIBAIOT MeTOAOM OHHOHHEBIX MOTEHIIaJ0B
(BUII).
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£,m8B
} 20mM8B /
i Puc. II. 4. Tpaduve-
CKasl HANIOCTPAN NS O~
| penesenus K09 pu-
;::ma CeNeKTHBHOCTH
- 3aKpennenHoh
i 18/ZAMB AE KOMUEHTPanHu BAHA0-
I 1{ero KoHa:
I AE=(59,16/2) g 2=18/2.
L KA/B '=aA/aB i
|
1 1 I { i
7 6 5 g J 2

paa

M —
nonyqenTn(;? 16. Ecan E; =E,, 10 u3 ypapHenus (I1. 26)
] Ig ay =lg (K, gag) (IL 28)

Kap=a,/ag (IL. 29)

HusiMu caoBamy, KOS GUIHEHT ceNeKTHBHOCTY paBen
OTHOLICHUIO aKTHBHOCTEH HOHOB B UHCTHX pacTBOpax
B KOTODHIX 3JIEKTPOJ HMEeT OJHHAKOBBIY noreHurl)aan’
(3. & c). Eciu xe HoHBW umelor pasJinuHble 3HAYEHUs
3apANOB, HANPHMED, MOCTOPOHHHI WOH ABY3apsifieH, To

ap =K, (ag)" (1. 30)

Btopas rpymna meronos. Merod 2a.
9’1‘0’1‘ METOJ HauboJee HaleXeH NPH ONEHKE 3/eK-
TPOAHON CeNEKTHBHOCTH NPH HE OYEHb pasJHyaiomelic
H36HPATENLHOCTH HOHOB. MeTon OCHOBaH Ha usMepen )
MOTEHUHA/IOB (3. 4. C.) B CMellaHHBIX pacrsopaxpc nP:)H
CTOSHHBIM COf€pXKAHHEM MOCTOPOHHEr0 HoHa B+ (q)o:
HOM) M NepeMeHHOoH KOHIEHTpauueil 0OCHOBHOro wona A+
ITo Mepe TOro Kak aKTHBHOCTbL OCHOBHOTO HoHa mapaer,
HApaCTaer BAHAHME NOCTOPOHHETO HOHA H KPHBAs ?l,laBII:
igx}?;;g ﬁ: fé]g aa) (puc. I11.4) cranoBurcs rOpU30H-
» I. €. L OCTAeTCsl NOCTOAHHOH TMPH RaJibHefimiem
H3MEHeHUH as. DTO O3Hayaer, yTo 3JIEKTPOx TNpuobpen
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¢yHKIHIO TOCTOPOHHero Howa (B*) u morepsasn QpyHKuHIO
ocHosHoro nona {At). Ecan npsiMyio, COOTBETCTBYIOLLYIO
A+-pyHKIHH 2JIeKTpoAa, MPOIOJIXKHUTL A0 MepecedeHus
¢ FOPH3OHTAJbHOH MPAMOMH, TO TOUKe NepeceyeHHs Gyner
orBeuath ycaosue E; = E; Koa¢hpHUHEHT CeJeKTHBHO-
ety Bbluncasercs no dopmyne Kas = aa/as. B Hexoro-
pHIX cayuasx Tpefyemylo BeNHYUHY a4 MOXKHO HAXOIAHTD
Mo TOYKE Ha SKCIEepHMEHTanbHOH KPHBOM, B KOTOPOH
pasnocts (AE) MexAy SKCmepHMeHTaJbHON KpuBoft
HepHCTOBCKO# mnpsamoit pasHa (mo Beptukanu) 18/za
(MB). AkTHBHOCTb HOHOB At B 5TO# TOuKe (@x) paBHa
HCKOMOMY 3HAaueHHI0, BxoaaieMy B ypasmenue (II.29).

Merod 26. B sToM MeToje TaKXe HCINOJbB3YIOT JAaH-
Hble A5 cMemaHHBX pactsopos. M3 ypasuennit (II.25)
u (1. 24) nonydaem ypaBHEHHE:

a, + K, pa
AE=E—E,=mg—A-a—A’B—E (1L 31)
A
OTRyna
a
K ajp = (108810 — 1)711‘_ (IL 32)
B

3pauenne E| pacCUHTHIBAIOT IS 3HAUEHHS da, COOT+
BETCTBYIOIIErO SKCNIEPHMEHTAIbHOMY 3HadeHHI0 E B cMe-
maHHoM pactBope. Moxuo nns pacueta Ka/p HCIOJB-
soBaTh ypasnenue (II.32), Ho GoJee HaleXHHeE NaHHbIE
noayuator rpapudecknm cmocobom. paduueckuit Meron
BKJIOUaeT Cepuio usMepeHn#. [lepBoHagasbHO H3MEPAIOT
E B 3ajaHHOM pacTBOpe, COlepxalieM HOH A+ ¢ akTus-
HOCTbIO Qx. 3aTeM 4aCTAMH A06aBJSIOT H3BECTHbIA
o6beM pacTsopa, cojepikauiero uoHsl BY, n uamepsioT
E B cMellaHHBIX pacTBOpax.

B pesynbraTe TONYYalOT CEPHIO 3HAUEHHH E B cme-
IIaHHBIX PAacTBOPAaX, KaXaas H3 KOTOPHX OTBEYaer ompe-
JeneHHON aKTMBHocTH HOHOB A+ n B+, OrknaaviBast
B coorBercTBuu ¢ ypaBuenuem (I1.32) no ocn opaumar
npoussenenue (1025/® — 1)a,, a mo ocu abcuucce as, Ha-
xoauM Kx/s, PaBHYI0 TaHTEHCY YrJa HakJ/OHA NpsiMoif.
Aror cnocob ypobeH NpH HEBLICOKOH CeJeKTHBHOCTH
saekTpona. Eciu Kas COOTBETCTBYET BBICOKOH CeJsek-
THBHOCTH 3/€KTpOja MO OTHOWEHHIO K Hony A*, To mo-
TeHIMAJ SJEKTPoAa He GYAeT UyBCTBHTEJeH K He6oJb-’
IIHM U3MEHEHHAM aKTHBHOCTH HoHa B*. B srom cayuae
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B PAacTBOPE MOJAEPKUBAIOT BHICOKHA (OH MOCTOPOHHEro
HOHA, ¥ B 3TOT PacTBOpP NOCTENEHHO A06aBASIOT OCHOB-
HOH HOH.

Pasanuusa B Ko3¢ HIlMeHTaX CeJeKTHBHOCTH, onpe-
ACAAEMBbIX DA3JIHYHBIMH METONAaMH, MOTYT GHITb 3HAUH-
TEIBHBIMH (0 TNopsigKa BeJHYHHH), OCOGEHHO npu
CPaBHEHHH pe3yJ/IbTaTOB NMEPBOH H BTOPOH TPYNIH METO-
N0B. BoMbIIHHCTBO HcenenoBaTenei NpennoYuTaeT MeTo-
Abl Ha OCHOBE CMEIIAaHHBIX PacTBOPOB.

I1.3. SNEKTPOALI HA OCHOBE YMAKMX KATMOHMTOB

ONEKTPOJHO-aKTHBHBIMH  BELECTBAMH, ONpeNesio-
IHMH KaTHOHHYIO (GYHKIHUIO MeMGpPaHHBIX KHIKOCTHHIX
3JIEKTPONIOB, fABJSAIOTCA OpraHHYeCKHe NOCTaTOYHO BHICO-
KQMOJIEKYJISIpHBIE KHCJOTH M HX COJH C KapGoKCHJIbHOI,
Cynbo-, pochopHo- H THOPOCHOPHOKHCABIMH Tpymma-
MH. J[0BoJIbHO MONPOGHO H3yYeHbl 3JMEKTPOLH Ha OCHOBE
AHHOHHJIHA(PTANHHCY NBHOKHCAOTH, MOHOLHOKTHI(DEHHI-
(ocopHolt, nunennbocdopHoi, au(2-5THATEKCHI) oc-
¢opHo#, THODOCHOPHBIX, MOHOKAPOOHOBHX H THOKapGo-
HOBBIX KHCJIOT.

CucteMbl ¢ RMHOHMJIHAQTANHHCYAbOOKACIOTOH UyB-
CTBHTEJ/IbHBl KO MHOTHM KaTHoHaM (Ca?*+, Niz+, Cr2+, Lad+,
Th**), HO HepHCTOBCKAast 3aBHCHMOCTb TNOTEHLHAJa OT
KOHLEHTPALHH TNOJIyYeHa TOJIBKO HJI BBICOKO3apPAfHBIX
KaTHOHOB (Tpex- W Bbime) [72]. Tak, aas nsysapsn-
HbIX KATHOHOB YrJI0BOH KoadguuHeHT o * cocraBisier
npu 20°C 16—18 mB (Bmectc Teopernuecknx 29). Un-
TepBaJ JHHEHAHOH 3aBHCHMOCTH 3. J. C. 3JeMEeHTa ¢ MeMG-
paHo#t Or —lgay., CYIIECTBEHHO WHpe I8 Tpex3a-
panueix KaTHOHOB (0,2—10-*M) mo cpaBHeHuio ¢ nBy-
sapanupiMu Ca%t (100 — 2-10-2 M).

Cnenyer OTMETHTb HH3KyI0 KATHOHHYIO CEJEKTHB-
HOCTb 3JIEKTPOJIOB, MeMOpaHa KOTOPHX CONEpKHT Opra-
HUYecKHe cyabdokHcaoTe. [opasgo Goabliyio cesiek-
THBHOCTb  MNpPOABJAIOT  KHAKHE  KaTHOHOOGMeEHHbe
MeMOpaHul, MOJNYUeHHHE HA OCHOBE CoJef tdhocdopHBIX H
THODOCHOPHBIX OPTAaHHYECKHX KHCJOT B OpraHHUECKHX
pactBoputensx [71]. Korxa kakoff- nu6o KaTuoH cBssan

* DKCmepHMeHTa/lbHOe — 3HAUEHHe  YIOBOTO  Ko3D(ALHeHTa
CE[d1g a B nanbuefimenm Gyem 06osHauaTs GykBOi#
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C aKTHBHHIMH TpyNIaMH HOHHTa B MeMOpaHe He TOJbKO
3/eKTPOCTATHYECKHMH CHIAMH, HO H KOODIHHAIHOHHHI-
MH, BOJOPONHBIMH H Ip., MOXHO OXHJATb BBLICOKOH ce-
JIEKTHBHOCTH KHJIKOCTHOTO 3JIEKTPOJa M0 OTHOILEHHIO
K KaHHOMY HoHy. Halpumep, ychmellHO NPHMEHSIOT s
KaTHOHOCEJIEKTHBHHIX KHAKHX MeMOpaH JHTH30HATH —
BEIECTBA, CrocoOHbIe NaBaTh X€JaThl C METANJIHYECKHMH
KaTHOHAMH B PacTBOpax B UETHIPEXXJOPHCTOM YTJIEPOIE,
Gensose, xjaopodopMe H IPYrHX pactBopurensx [73].
JKunKOCTHEIE 3JEKTPOAbl HAa OCHOBE IHTH3OHATOB MpPO-
IBJIIOT HEPHCTOBCKYIO 3aBHCHMOCTb NMOTEHLHAJNOB H BH-
COKYIO CeJeKTHBHOCTb M0 OTHolleHHI0 K Houam Cu?t,
Pb%*, Zn%*, Hg?t, Agt. Paccmorpum HauboJsee
HHTepecHble MPHMEpH! XKHAKHX MeMOPaHHHX HOHOOOMEH-
HBIX 3JeKTPOLOB C (YHKUMSAMH OAHO- H JBY3apSAJHBIX
KaTHOHOB.

Kanbumfi-ceneKTMBHBIN 3NeKTpoA

HauGonee mupoko uccnefopans Ca?t-sjeKTponsl Ha
OCHOBe KaJbLiHeBHX cosell nusdupoB docdopHolt Kuc-
notsl [43, ra. 2]. B snekrpope ¢upmb Orion ncnonabso-
BaH pacTBOp COJH AHREuHJAbochOpPHOH KHCAOTH B IH-
oKtuHJpenuapochonaTe. DTOT MEKTPON (HyHKUHOHHPYET
B KOHIEHTpalHoHHoM wuHTepBase 10~%—10-°M Ca?*
npu pH=6—11 u obnanaer caeRylOmHMH KOS(p(i)HHHe_I-;-
TAMH 3JEKTPONHOH CeJeKTHBHOCTH *: IgcuMg=l-10 d
Keanes =6 - 107 Kcana = 1,6 - 107° [43, c. 76; 74] .
[TpakTnuecky He BAHAT Ha Ca?t-(yHKUHIO: XOJHH, TPH-
3TAaHOJAMHH, TPH (THAPOKCHMETHJ)aMHHOMETAH, HO 3a-
METHO BJIHSIET HOH IHKJorekcuaammonus [78]. Ckopoctb
ycraHosjeHust nmoreHuuana Ca?t-s;nekrpofa 3Toro THNa
u3yuyaad NyTeM H3MepEeHHs BDEMEHH NOCTHKEHHs paB-
HOBECHOT'O 3HAYEHHS MOTEHIHaka C TOYHOCTbIO ~2 MB
mocje GHICTPOro H3MeHeHHs aKTuBHocTH HoHoB Ca?t
B pacTBope. DTO BpeMa [/ YHCTHX PacTBOPOB COCTaB-
aser ~ 2 c. Ca?t-aneKkTpoll NeHCTBYET TaKkKe B NPHUCYT-
creu [TAB [79], aHHOHOB T'YMHHOBOH KHCJOTH, CaJH-
uMaara, (ranarta, pe3oplLHHOBOro chnupra, ¢enosaa, op-
raHHYEeCKHX OCHOBAaHHHA U MOYEBHHBHI.

* VenoBue Kcasmg << | 03Hauaer DpeuMymieCTBEHHYIO celeKTHB-
HOCTb K ocHOBHOMY Homy (Ca’t),
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C xuaxoctHoiM Ca?+-3JeKTPOLOM ONpenensiyii Kos(-
(HLIHEHT aKTHBHOCTH B HeliTpanbHbix [43, ra. 5; 80]
H lWeNOYHBIX pacTBopaX. B KauecTBe pacTsopHTelel
U1 opraHHyecko# ¢as3pl NPHMEHSIOT TakKXke CIOHPTH
(Cs—Cyp), u3oMepbl oKTaHoJa, TpHankuadocharm [81],
¢ranatel B dochonare. Haunayumue pesyabTaTel gaer
AHOKTHADeHHA(OCHOHAT. DACKTPOUHYIO KOMIO3SHLHIO
C TIOJIMBHHHJIXJIOPUAHOH MaTpHUEH MOXKHO HAaHOCHTh HA
WJIATHHOBYIO NPOBOJOKY [75]; mo cBo#cTBaM moJyuae-
Mble TaKUM 00pa3oM 3JeKTpOAbl aHaJOTHUHB JKHIKOCT-
HOMY HJH NJaeHOYHoMy. Pyxmnuka c¢ corp. [76] mnpen-
goxHuan Ca?t-3jeKTpol Ha rpadHuTOBOH OCHOBE *.

B paGorax [50, c. 144; 77] paccmarpuBatorcs pe-
3yJbTaThl HCCAEJOBAHHA XKHAKHX M miaeHounwx Ca?t-
3JEKTpoJOB Ha ocHose cogeii Ca?t, Mg?t, Sr2+ Ba?+
H 1u (2-aTHArercHa) GochopHOH KHCIOTH B XJopOeHsose
u aubyrungpranare. KanubpoBka B YHCTHIX pacTBOpax
CaCly, TaKHX aMeKTPOAOB OGHApyXHJA CTPOroe BHINOJ-
HenHe teoperuyeckofi Ca?t-¢pyuxuun. IToBefeHne afex-
TpPOZa B CMEMaHHLIX pacTBOpax XapaKTepu3yercss BHICO-
KO! u36HpaTeabHOCTbI0 K HOHY Ca?t B IPHCYTCTBHH 3HA-
YHTENbHBIX H3GLITKOB HOHOB LIENOYHBIX MeTansoB. M3
JaHTepatypst [82] H3BecTHO, 4TO KO3 HMUHEHTH pac-
NpefeseHus L1eJOYHO3eMeJbHbBIX KATHOHOB NPH 9KCTPaK-
U pacTBopaMH IH(2-3THaArekcu.) ochopHOR KHCAOTHI
MHOT'O BbIILIE, 4eM [/ KaTHOHOB IHEJOYHBIX MeTaJlJoB.
310 yKa3bBae€T Ha CBSI3b MEXJY OSKCTPAKUHOHHOH H
3JIEKTPOAHON CeNeKTHBHOCTHIO CHCTEMBI.

3acnayxuBaeT BHHMAaHH® MpHMEHEHHe ANs CeJeKTHB-
Horo Ca?t-ajiexTpojga MeMOGpaHB C [OJMBHHHJXJIOPHI-
HOH MaTrpuuefi, copepxaeli TeHOHUATpPHPTOpALETOH
(RiH) (nonoo6mennux — smurana) u Tpubyrtuadochar
(R2) wuam tpurexcuadocdar (pacrBopurens) [17,
E. Mareposa; 80}. O6Men MOXKHO ONHCATL peaKuHei:

Cagoan + 2RiHope + Ry 7= [Ca (R, (Ro)olope + 2Hiony (11 33)

Mareposo#t ¢ corp. [17] moapo6HO H3yueHB CBOH-
crBa NOAOGHOrO 3JEKTpOAa C MacCOBBHIM COOTHOILEHHEM:
NOJNHBHHHAXJOPHA : TpHOyTHAdOcdaT : TEHOHITPH-
¢dropaueron = 1:3:1. B npucyrcreun uonos Nat,

* Taxoro THDa 3/eKTpPOAb! H3BECTHb NTOA Ha3BaHHEM CEJIEKTPO-
ZOB.
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NH; uan Mg® Ca”*-ynkuus saekTpoma coXpaHseTcs

BuioTh 1o 200-KpaTHOro u3bnTKa HOHOB Na' n NHi
B 20-KkpaTHoro H36bITKa HOHOB Mg?+. DroT 3JeKTpon
He yCTyNmaeT MO CeJEKTHBHOCTH S/JEKTPOAAaM Ha OCHOBe
AMS(GHPOB, a MO APYTHM XapaKTEPHCTHKAM (BOCTIPOH3BO-
JHMOCTb, CPOK JKH3HH) NPEBOCXOJHT HX.

O6aacTb TNPHMEHEHHS KHIKOCTHBHIX (IJIEHOYHBIX)
Ca?r-saekTpofioB  BecbMa obmHpHa (cMm. ITpuaodce-
Hue I); B 4acTHOCTH, MX HCIOJAB3VIOT ANA *:

OMlpefeJeHHs KOHCTaHT cTabuabHOCTH Ca-noandgoc-
¢daros [83], xommnekcoB Ca ¢ AT® [84]; Mg-kapbo-
uara [85, c. 194], komnsiekcos Mg ¢ AT® [85, c. 604];
: onpenenenus pacrBopumoctd CaSO,; [86] m CaCOjs

87];

onpesneneHHs Kos(PUIHEHTOB aKTHBHOCTH HoHa Ca?t
[80, 88, 89];

H3yUYeHHs1 paBHOBecnss Mexnay HomamMH Ca®t u Hu-
TpusaykcycHolt kucaorel 1 DJATA [76, 90];

HeeaegoBauns accounaunn MgSO, uw CaSO4 B Mop-
cko# Boge [91];

KOMIIJIEKCOHOMETPHUECKOTo THTpoBaHHs [92];

MOTEHI[HOMETPHYECKoro ompeneneHnss HoHa Ca?t
[43, ra. 11; 931;

onpefesieHds KadbLHs B BOJE Js1 BOLOMNOJATOTOBKH
[86, 94];

u3yuyeHuss agcopbuuu HoHOB Ca?t NBYOKHCHIO Map-
ranua [89];

olpesieNenHsl KeCTKOCTH Boanl [86, 94, 95].

IneKTPoOA, CeNEKTUBHLIK MO OTHOLUEHHUIO K CYMMe
KaTMOHOB Kanbuus M MarHus

B 1966 r. amepuraHCKMM HccaemoBareneM PoccoM
[14; 43, ra1. 2] 6binu DoJyYeHbl KHAKOCTHBIE SJEKTPOALL
C OJHHAKOBOH CeNeKTHBHOCTbIO K HoHaM Ca?t m Mgt
TaK Ha3blBaeMble JIEKTPONH «Ha MKeCTKOCTb». B Kaue-
CTBE JKHUIKHX HOHOOGMEHHHKOB NPHMEHSIH Te XKe (hoc-
dopoprannueckne KucJaoThi, uto H puas Ca?t-snekrpona,
HO B JPYroM pacTBOPHTeJE — JeUHJOBOM cmHpTe. B pa-
Gore [77, c. 1221] Ha ocHoBe au(2-3Tuarekcua) hocgop-

* O npumeHernn Ca?t-3jexTpoga B arpOXHMHH M OOYBOBEJEHHH
eM. . VL
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HOM KHCJOTH B CMeNIaHHOM pacTBOPHTede (XELHAOBHIA
CIHUPT + QHUAeLupTaNaT) MOAYYeH NOJHBHHHIXIOPHL-
HBIA NIIEHOYHBIA 3/1eKTPOA AJA ONpefeseHHs KeCTKOCTH.

Cpok XH3HH 3THX 3JEKTPOJOB cocTaBiser 20—
25 nHelt; OHM OGHApYXKHBAIOT HePHCTOBCKYIO 3aBHCH-
MOCTb nOTeHLHaAa OT CyMMapHOH KOHIEHTPaLHH HOHOB
Ca% n Mg?+ B unrepsase 10-!1—10—4 M. B Hacrosimee
BpeMs Ha ocHoBe paboTnl Pocca [14] psn 3apy6exubix
(GupM BbIyCKaeT 3/MeKTPOABI Ha XKecTKocTh., Huxe mpn-
BelleHbl CeJIeKTHBHbI@ CBOHCTBA 3JeKTPONOB  (hHPMBI
Orion Ha XKeCTKOCTb:

Bn;lg;orﬁuﬂ KZ/M BJI:(S)I:{OIII&HK KZ/M
Zn?+ . 35 Li+ 1,24-10~}
Fe?* 35 K* 1,8-10~2
Cu?* 3,1 Na 10~*
Nj2+ 135 (CoHs)yN* 1,56 - 10‘;
Ba2+ 9,4.10~ CH,)N*+ 1,6-10”
Sr2+ 54.10"" (CHs)e

IIpakTHueckoe 3HaueHHe 3/1eKTpOma, NMPOSABJIAIOIIETO
OIMHAKOBYIO CeJIeKTHBHOCTb K HoHam Ca?+ y Mg?*, oco-
0EHHO BeJIMKO H3-332 OTCYTCTBHSI CeJeKTHBHOLO 3JIeKTpO-
na Ha ponbl Mg?t., DneKTpon Ha KecTKOCTb B KOMILJeK-
Te C KaJbLHEBbIM 3JeKTPOIOM sABJAETCH MOJE3HHIM HH-
CTPYMEHTOM MJIi NOTEHINHOMeTPHYECKOro OlpeleleHns
MarHus. :

BrimenprseneHtble naHHble MOKa3bIBAIOT, YTO 3JEKT-
pOXBl Ha XKeCTKOCTb JOCTATOYHO CeJeKTHBHBI, HYTOOHI
o6ecreunuTb onpejgesneHHe XKeCTKOCTH B IPHCYTCTBHH 3Ha-
YHTeNbHBIX H3OBLITKOB HOHOB HATPHS M KaJaus. DTH 3JeK-
TPOAbl, B YaCTHOCTH, NMPHMEHSIOT NpH aHaJH3e NPHPOX-
HBIX BoA [96] u H3yueHHHM NpoueccoB 06pa3oBaHus Ha-
kunu [86].

LnHk-, Meab-, cBMHEL-, KAAMMIH-, CYPbMa-
W TAaNNMH-CeneKTMBHbLIC INEeKTPOALI

Jna XUAKOCTHHIX MeMOpaHHBIX 3JEKTPOAOB, Celek-
THBHBIX K HOHaM Zn?t, mpepsoXeHa COJMb aHHOHA
[Zn(SCN) 4] %~ ¢ KaTHOHOM OpHJJIHAHTOBOrO 3eJeHOro,
pacrsopenHasi B o-guxJop6ensose [97]. ComepxkaHnue
HOHa Zn?* ¢ NMOMOILBIO 3TOTO 3JeKTpoja ONpefensioT B
pacTBopax IHHKa, copepXKamHxXx 20-KpaTHbIA H36BITOK
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THOLMaHaTa, TaKuM 06pa3oM, 3/1eKTPOi pearHpyeT Ha
aHHoH [Zn(SCN)4]?-. DuekTpom 3TOro THma ¢ rerepo-
TeHHOH MeMOpaHO# MOXKHO MOJYYHTb Ha CHJIHKOHOBOM
KayuyKe.

XKungkocrupft Cu?+-3/1eKTpon MOJydYeH Ha OCHOBe
cosu opraHocyabdokap6onosoit kucaors (RSCH.,COOH)
[43, ra. 2]. Kos¢¢uuuentsl cefleKTHBHOCTH OJs HeKO-

-2

TOpHIX Map HOHOB HMelOT 3HaueHHS: Kcuza, Ni=10"";
-3 -4

KcuBa, sr, mg= 107" Kcyna, x =5+ 107" DaekTpon Henpu-

MeHHM B KHCJbIX pacTBOpaxXx H B HpPICYTCTBPIPI HOHOB

Fe?*. Ha mnoreHuuasn MeIHOTO 3JIeKTPOXa 3aMETHO

Bausiior amnonsl ClO;, C,0F, CI°, Br~. KunKocTHHH

MeMOpaHHbIHE HOHOOOMEHHHIH 3JIEKTPON MO CBOMM Xapak-
TEPHCTHKAM yCTyNaeT TBepAOMY MOJHKPHCTAJJIHUECKOMY
(em. ra. III), HO B psAme cayyaeB ero ycHemHO NpHMe-
HAJIM, HalpHMep NpH H3YYeHHH KOMIJeKcooOpa3oBaHHA
Cu(ll) c raumnuHOM, TAYTaMHHOBOH KHCJOTOH, alleTa-
TOM, TPHOKTHJAMeTHIaMHHOMeTaHOM [98].

Ha ocHose Toro e o6MenHuka RSCH,COOH d¢up-
ma Orion co3gana XKHIKOCTHBIH 3J1eKTPOX, CeJeKTHBHBIH
K nony Pb?+, ma ¢yukuuio Kotoporo BausioT HoHbl Cu?t,
Kos(uuueHTs! 3€eKTpOIHON CeNeKTHBHOCTH HMeIOT 3Ha-
ueHHsA: Kppeu = 2,6; Kpvre = 1071, Kobszn(ca, mg) =
= 10~2 Jlan u Kpucruau [99] o6Hapyxuan HeKOTOPYIO
u36HpaTeJbHOCTh PACCMATPHBAEMOro 3JeKTPOaa K OJ(HO-
sapapubim katuoHaM (Nat, K+, Ag+ TI+, Ht), mouemy
H HCIOJb30BAJH €ro [pH THTPOBAHHH HOHOB LIeJOYHBIX
MeTaJlJIOB, TaJJIHSl, aMMOHHSI pacTBOPOM coJiH Terpade-
Hun6opara Hatpus. JKugkocTHbft Pb?+-snekrpon ycnem-
HO NpHMEHsJHM TaKXe I[pH NOTeHIHOMeTPHYECKOM THT-
poBaHHH CyabpartoB HiTpaTrom cBuHua [100].

MeMGpanbl, aKTHBILIMH BeleCTBAMH KOTOPHIX §B-
JASI0TCA COJH AHH300YTHAIHTHODOCHOPHON KHCAOTH, MO-
CAYXHJIA Ana cospanus Pb2+-, Cd?+- u Ni*t-anektponos
[101]. M3BecTHO, 4TO yKa3aHHasl KHCJOTa H30HpaTeNbHO
skcrparupyer noust Ni?+, Co%+, Pb%* u3 pacTBOpOB C BHI-
COKOIf KHCJIOTHOCTbIO H BOBCE He SKCTparHpyeT HOHHI Iie-
JIOUHBIX, IeJOYHO3eMeJbHbIX H pelKO3eMesbHbIX MeTal-
n0B. [TosToMy-TO M GBbIIH HCCJeJOBaHbl 3JeKTPOXHBIE
¢dyHkuHH MemOpaH, copepKallux CBHHIOBYIO, KaiMHC-
BYIO, HHKEJIeBYIO COJb 3TOH KHCJOTHl B UYHCTHIX H CMe-
IaHHLIX pacTBOpax. YrAoBO# Kos(hdHuHeHT Kaaubpo-
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BOUHBIX MpAMBIX s Pb?+-, Co%+-, Ni%+-¢pyukuust B 06-
JacTn RoHuenrpaun# 10-' —5.10~*m 6amsox Kk Teope-
THYECKOMY. BuHfuHe menouHBIX H wenouHO3eMenpHAIX
HOHOB He3HauuTeNdbHO. Tak, OTKJOHeHnHs oT Ni2+- u
Cd*dynkunfi nHabamopaercs TOABKO npu 200-kpaTHHX
H30biTKax HoHa Na+, a Pb%*+-dymkuus  coxpausercs
BIJIOTE 10 1000-KpaTHbIX U36LITKOB HoHa Na+ no oTHO-
IDEHHI0 K OCHOBHOMY HOHY. Buicokaa ceseXTHBHOCTB
Ni?+-, Cd*- u Pb2+-3exrponos NPOSBJIAETCA TaKXKe H
B NPHCYTCTBHH HOHOB Ba?*: snekrpopusie ¢ynkuun co-
OTBETCTBYIOIHX MeMOpaH COXpaHAIOTCH COOTBETCTBEHHO
no 100-, 200- #u 1000-kpaTHLIX H36LITKOB HOHOB Ba2+
N0 OTHOIIEHHIO K OCHOBHOMY KaTHOHY.

Takum ofpasom, u aas 3THX JEKTPOAHBEIX CHCTEM
MEXAY 3JIEKTPOXHUMHYECKHMH H 3KCTPaKIUHOHHBIMH CBOH-
CTBAMH aKTHBHOTO BellecTBa HalsI0faeTcs Koppessiius,
KOTOpasl TakkKe 4YETKO NpOABJAETCS NPH HCCACHOBAHUH
BausHns HoHa H+ na Pb%+-, Cd*- n Ni®+-dyuxuuio. [lo
BAKANKIO HOHOB H+ sjekTpopsl moxHO pacmosmoxuts B
PAL: CBUHIOBBHIH <C KaMHEBLIH << HHKEJNEBbIL.

HccnenoBanne CeseKTHBHBIX CBOHCTB 3JIEKTPOJIOB B
pactsopax, cogepXamux HoHel Cd?+— Ni% y Ph2+ —
Ni?+, moKa3aso, YTO OTKJIOHEHHS OT Cd?**+-dyukunu
HaGmoaatores npu 10-KpaTHoM MOJISIDHOM H30BLITKE HO-
noB Ni?*, a Pb#-dyukuus eme coxpansercs npu 500-
KPaTHOM H30LITKE UX.

OJIEKTPOAL ¢ MHAKAMH MeMGpaHaMH s onpene-
JeHuss HoHoB Sb*+ m TI+ [102] noayueHm Ha ocHoBe
conefi reKCaxJOPAHTHMOHATa M TeTPaXJOPHAA TaJ-
aug (III) ¢ xpachrenamu (cespon KpacHuii L, CeBpOH
Kpacuwit  G.L, cnasunaynnn-0), pacTBOpeHHHX B
O-puxnop6ensone. DTHUMH KHAKAMH HOHOOGMEHHHKAMH
HacHmany MeM6paHy H3 HaTypasbHOrO Kayuyka. [Toay-
YCHHBIE 3/ICKTPOALl KaJAHGpOBasM B PacTBOPax rekca-
XJIODaHTHMOHATOB H TeTpaxJjopraanatoB B 2 M HCL

Honyqua HEepHCTOBCKasi 3aBHCHMOCTL B HHTepBaJe
10-2—10-% M (Sb) u 10-2—10-8 M (TI). P

1.4, DNIEKTPOAbl HA OCHOBE YMAKUX AHMOHMTOB

PaccmoTpum cBofictBa M ocHosHBie XapaKTePHCTHKH
SJEKTPONOB € XKHIKHMH H MJEHOYHBLIMH MeMOpaHaMH,
NPOABJAIOMHX H30HPaTENbHOCTb K Pa3JIHYHBIM aHHOHAM.
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B oranune OT KaTHOHOCENEKTHBHLIX 3JEKTPOLOB, A/ KO-
TOpBIX HanboJiee MepCcneKTHBHL MeMOpaHO-aKTHBHEIE Be-
1eCTBA, ABJAAIOIINECS HEHTPaJbHLIMH H 3apSXKeHHbLIMH
JHUraHjamH, cnocobHeIMH 00pazoBaTh I[IPOYHBLIE KOMII-
JIEKCHI C 3JIEKTPOJAHO-aKTHBHEIMH KaTHOHAMH, TOYTH Bce
aHHOHOCEJNEKTHBHbIE 3JeKTPOAB! MOJYYeHbl Ha OCHOBE CO-
Jefi aMHHOB H YEeTBEPTHYHHIX AMMOHHEBBIX OCHOBaHHH,
ABJISAIOUAXCA THIHYHLIMH KUAKHMH aHHOHOOGMEHHUKAMH.
Bnepsuie saekTponbl, o6paTHuMble KO MHOTHM aHHOHaM,
u3yueHsl B pabore [103], rae B KauecTBe XKHAKOrO aHHO-
HooOGMeHHHKa HcnoJb3oBannck 10% pactBopuw TpHKam-
pHJIaMMOHHEBHIX cosiell B jpeKaHose ((hHpMeHHOe Ha3Ba-
HHe o6MeHHHKa — aaukeoT 336 S).

[TokasaHno, uro MeMOpaHHHE 3JEKTPOAB Ha OCHOBE
3ToHl cHucTembl (anuKBOT 336 S 4 nekanosn) obpaTHMB

oTHocHTeabHo amnoHoB ClO;, SCN', I, NO;, Br, CI,

Ac’, SO u cdochaTHLIX HOHOB, a TaKKe HEKOTOPHX
opranuueckux. [as 16 XHAKOCTHBIX 3JEKTPOAOB (448

" pa3HbIX 2HHOHOB) YCTaHOBJIEH HHTepBaJ JHHefiHOH (yHK-

IUH B YHCTHIX pactBopax cousefi (10-1—10-3 M). Orme-
yeHa Xopolllasg BOCNPOH3BOAHMOCTb U OBICTPOTA ycTa-
HOBJIEHHsI paBHOBecHoro noreHuuana. OpHakKo B Kaue-
CTBE HOHOCEJEKTHBHBIX TH 3JEKTPOAbl PHTOLHE! TOJALKO
ans caeayomux auxonos: ClO;, SCN7, I', NOs, Br,
ClI', a ans aumonoB Ac’, SO} u (ocdaTubix MOXKHO
OTMETHTb TOJbKO CHOCOOHOCT, MeMOpaHBl pearupoBaThb
Ha H3MeHeHHe KOHIEHTpauHH TNOCJAeAHHX B UHCTHX pac-
TBOpPaX COOTBETCTBYIOIIHX coJel.

Hayuas sanekrponsl ¢ MemOpaHaMH 4718 APYTHX aHHO-
voB, aBToph [103] OTMETH/IH NpPAMYIO CBS3b JEKTPOA-
HOMi CENEeKTHBHOCTH C 3KCTPaKIHOHHOH H30HpaTesb-
HOCTLIO cojiefl 4eTBePTHYHOIO aMMOHHEBOrO OCHOBAaHHSA
B OpraHuyeckoM pacTeopuTesne. Heckosbko nosnHee
[104] mns mosnydyeHHS 3JeKTPOJOB C AHHOHHHIMH (YyHK-
IHSIMH CTaJH NPHMEHATb ApPYTHe MeMOpaHHBIE CHCTEMBI,
passnyalInnecs NpUpPOAOH OPraHHYECKOrO OCHOBAHHA H
pPacTBOPHUTEN.

[Tpu BuiGope cosefl YETBEPTHUHOTO aMMOHHEBOI'O OC-
HOBaHHS OTNPaBHOH TOYKOH fABJsETC HX 3KCTPaKIHOH-
Hasi cnoco6HOCTb H pacTBOPHMOCTb B Bojae. ¥ auyHOH cH-
cTeMoll ¢ YeTKO BBIPaXEHHOH CeJIEKTHBHOCTBIO K psny

2HHOHOB (CIOZ, BF:, SCN™) u HH3KOfl PaCTBOPHMOCTBIO
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B BOAe fABJASETCA TeTpalelH]aMMOHUEBas COMb — AUEY-
tTuadranar. Ha ocnose sToft cucreMbr paspaboran psan
MIEHOYHbIX 9JeKTpogoB ¢ X~ (ranoren)-, NO;3-, ClO;-
H apyrumu ¢yukuuamu [17, G. Moody; 30, 50, 104, 105].
MOXHO CUMTATb YCTAHOBJEHHHLIM, YTO A8 MKHIKHX HO-
HHTOB Ha OCHOBE COJiefl 4eTBePTHYHBLIX aMMOHHEBHIX OC-
HOBAaHHUIl CyWlecTBYeT TaKOf psaj aHHOHOB B nopsizke

YMeHbINEHHs HX 3JEeKTPOLHOH H HOHOOGMeHHOH ceJseK-
THBHOCTH!

ClO; > SCN" >BF; >1">NO; >Br" > Cl" > A¢” > F™ >
> H,PO; > SO%"

FanoreH-cenekTueHble 3neKTpOALI

JKunkocTHul# snektpon ¢ Cl--dyHKuued, 61u3Koli K
TEOpeTHUeCKoH, npennoxen B pabore [103] ¢ memGpa-
HOH — pacTBOPOM XJIODHAA TPHKANPHJIMETHIAMMOHHS B
Aekanose. Ho sra cucremMa me aBasercst onTHManbHOM:
OHa He 6bla NMOXPOGHO HCCJeAOBAHA B OTHOIICHHH ce-
JIEKTHBHBIX CBOHCTB. 3acJyKHBaeT GOJbINEr0 BHHMAHHS
saektpon ¢upmul Orion, unkas MemGpana KOTOpOro
CONECPKHUT XJIOPHA ANHCTeApHIMETHJIAMMOHHA [43, ra. 2
7]. CeneKTHBHOCTb 5TOTO 3/1eKTPOAa MOXKET GbITb 0Xa.

PaKTepu30BaHa CAEAYIOWHMH 3HAYCHHAMH KO3 HIHeH-
Ta ceJeKTHBHOCTH K:

Baus B
Hon X Keix Bn:;s;o§uﬁ Keix
oilon 32 Ac 32-107"
I 17 HCO; 1,9.107"
NO; 4,2 SO 1,4.107"
Br_ 1,6 F~ 1-107"
OH 1,0

Kunxocruvie Cl--snekrpoan
rax[70, 103, 106—100], & - MCCHCAOBAM B paGo-

B pa6ore [104] onncan naemounwit Cl—-snexrpog
MeMOpaHa KOTOPOTO cofepXHT NOJTHBHHHJIXJIOP U, Lm6y-’
THAGTanaT (aHOKTHADTanaT) W BJleKTpOﬂHO-aK"I"HBHbIPI
KOMNOHEHT — TeTpajeunaammonufixnopua. Hegocrarok
Bcex MnpensoxenHbx Cl—-3/1eKTpo1oB KHIKOCTHOTO (Me-
HOYHOI'0) THIIA — HX 11H3KAs CCJEKTHBHOCTb, OAIMAKO Mo-
C/€MHHE HHOTAa HMCNOJb3YIOT, HANpHMED, B pacTBOpax,
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coftepxkawux ¢ocdarsl, kKapbonars, 6ukapGonars. Kra-
KHM CHCTEMaM OTHOCSITCS MHOTHe OGHOJIOTHUECKHe Cpefbl,
[IOYBLI H NMOYBEHHbIE PAaCTBOPLI, NPHPOAHBIE BOAHL.
[Mpennoxen [103] KuAKOCTHBIH 3JeKTpox ¢ Br—-
¢yukuuet, MemMObpaHa KOTOpPOro COJAEPXKHT METHJTPH-
KanpuJaaMMOHHHOPOMHA, PpacCTBOPEHHHH B JeKaHOJe,
KosdbuupeHTs! 371eKTpOAHOHN CeJeKTHBHOCTH HMEIOT 3Ha-
venns: Kpyno, = 0,85; Kpryci =0,16; Kgrso, = 3,2+ 1072,
B Br—-saekrpone ¢upmbl Orion B KauecTBe aHHOHOOG-
MEeHHHKa B3ST pacTBOp GpPOMHIHOH CONH (heHaHTPOJHHO-
BOro KoMIuieKca ¢ HOHoM Ni?t B opraHHueckoM pacTBoO-
putene. KospdHuHeHTH ceJeKTHBHOCTH HOHa Br— no

oTHomenuio K moHam CI°, S,0%, SOF, SOi, CN,

- 92 -
HCOj;, CO;™ u HoPOy 3akniouensl B npepesnax 3HaueHuiH
10-2—10-4 1. e. 3TH aHHOHBI cJa6o BaHAKT Ha Br—-

(yHKLUHIO; cHibHO Bauaior anuonn ClO;, I, SCN™.

B pa6ore [50, c. 127] nccaeposaHo NoBefeHHe MJe-
HOYHHIX MeMGpaHHBIX 3JEKTpPOgoB ¢ Br—-dysxuueii Ha
OCHOBe JIeCSITH AKTHBHLIX BEIIECTB, pa3jHyalolHXxcs pa-
JHKaNaMH B UeTBEPTHYHOM aMMOHHEBOM OCHOBAHHH, a
TakXKe TpPHPOJOH CaMOro «OHHEBOrO» OCHOBaHHA, C
LIeJbI0 BHIICHEHHS BJHSHHS HOHOOOMEHHHKAa Ha HHKHHH
npegest GYHKUHOHHPOBAHHS 3/JeKTPOJAA H ero CeJeKTHB-
HOcTb, MeMmGpaHbl HCCleayeMbIX 3JeKTpOJOB H3rOTOB-
JSIH B BHAE MOJHMEepPHOfl NJeHKH, NIacTHQHIHPOBAHHON
IHOKTHJA(TaNaToM, B KOTOPOM pacTBOPEHO HOHOOOMEH-
Hoe BemecTBo. IToka3aHO, YTO HHXHHH KOHLEHTpPAIlHOH-
HblE TNpenes (QyHKUHOHHPOBAHHA 3/eKTpomoB ¢ Br—-
¢yHKuHell onpeae’sercs PacTBOPHMOCTbIO HOHOOGMEH-
HHKa B Bofe. 1o sToft mpuunHe cosn 6oJiee BHICOKOMOJE~
KyJsipHHIX aMMOHHeBbIX ocHoBaHHH (Cjo H BHIUE) npen-
MOYTHTeNbLHEE B KauecTBe HCXOJHBIX BEIIECTB IS 0O-
JyueHHs MeMOpaHHBIX Br--s/ekTpoaoOB C IMHPOKHMH KOH-
LEHTPALMOHHLIMH NpenesaMHu (YHKIUHOHHPOBaHHA H ce-
JeKTHBHOCTbIO (Taba. II.1).

JKupkocraoli I—-sJekTposn, NONyueHHbIHI HA OCHOBe
SKCTPAKIHOHHOA CHCTEMBI METHATDPHKANPHAXJIOPHL — Je-
kaHos [103], B cOOTBETCTBHH C NOJOXKEHHEM B 3KCTpakK-
nuoHHOM psgy obnamaer OGosee BLICOKOH CesIeKTHB-
nocteio, yeM Cl—- u Br—-anekrpoanl. Koadduunenrs Ki/x

umeror 3Hauenua: Kiyno,=1,9- 107" Kyp == 107"
Kyso,=6,3-107% 1 Kyci=107%
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TaGauma II.1

3navenns xoshpHNHEHTOB CENEKTHRHOCTH KBr/X NIeHOYHKIX

MeMOPAHHLX 3/7EKTPOAOB HA OCHOBE Da3JHYHAHIX Gpomunon
HeTBEPTHYHHX AMMOHHEBHX OcHOBAHHI

Honoob6mennoe BEIECTBO HCOS - H2PO‘-

Y Ac
(X 10%) (X 103) (X 10% (X 104)

TeTpaokTHIaMMORKAGDPOMUL, 2,5 2,3 1,5 3,1
TerpanonnnaMMoOHHKHAGpoMHL, 3,0 2,5 14 2,3
TerpaneuunamMmonnfi6pomus 1,7 2,0 1,5 2,9
Terpaneunndochonni6 pomuy 2,7 1,7 1,2 2,6
MeTHmpHoxTHnaMMouuﬁtSpomm 2,6 1,8 1,2 3,6
MerunrpunapunamMonnibpomnn | 1,7 1,1 1,8 3,5
O6mennnxk  Br™ 9JIeKTpOAA 2,1 2,1 1,5 3,0

¢upmu Orion

B paGore [110] nccmemoBan ®uukuii 3J1eKTPOJ, Ha
OCHOBE TeTpaleMHJIaMMOHHEHOARAA B XJopbensose. [lo-
Ka3aHo, 4TO 3HAYHTEJbHBI H3OBITOK (CTOKpaTHHI) Ta-

KUX aHHOHOB, Kak F~, CI”, HoPOjy, Ac” n HCO3, otHocH-
TeJIbHO aHHOHOB I~ B pacTBope He BJIHSAET Ha MOKA3aHHS
I--anekTpopa. Onnako HyskHO NOAYEPKHYTh, UYTO MO Ce-
JIEKTHBHOCTH JKHAKOCTHHIH I—-3JeKTpoa  cymiecTBenHo
ycTynaer TBepAOMy NOJNUKDPHCTaLIHYecKOMY (cM. ra. I11).

Brickasano [105, 111] NpeAnoJioKeHHe, 4TO Tpe-
AeJIbHas YyBCTBUTEJNbHOCTD HOHOCEJEKTHBHBIX KHIKOCT-
HBIX 5/1eKTPOJOB 3aBHCHT OT PAaCTBOPUMOCTH MeMOGpaHo-
aKTHBHOTO BellleCTBa B BOJHOM pacTBOpe;, OAHAKO KOJIH-
YeCTBEHHOTO BBEIPaXKeHHs 3TOH 3aBUCHMOCTH aBTOpPHI He
npusoAit. B paGore [112] BeiBemeno crenyiomee ypaB-
HeHHe 11 3. 1. C. JJIEMEHTa C XKUIAKOCTHBIM MeMGpaHHbIM
3JIEKTPOJOM

E=r— Rl 11 (c 4 T F AR (IL. 34)

rae C — KOHUEHTPAUHus 3/eKTpOJHTa B pacTBope; Ax —
napaMerp, XapakTepH3YOWHH NpeJesibHYIO YyBCTBUTEb-

axCrx
v TALY » @x — KOHCTaHT -
exp (Bp) * ** aAuc

counaunu o6Mennuka RX; X — cumBoa Hona; Cgrx — mno-
CTOfHHAs KOHUEHTPalHuad aCCOUHHPOBAHHOIO HGHOOGMeH-
HHKa B MeMmOpaue; exp(Ap)— pasHocTb CTaHZAPTHHIX
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HOCTb 3JleKTpona; Ax =4

XHMHUYECKHX ITOTeHUHasJoB coeguHeHHsa RX B BoxHo# #
MeMGpaHHOH (a3ax.

DKcnepHMEHTaJbHEE JaHHHE HaXOJATCA B XOpolleM
corqacuu ¢ ypasHenHeMm (II.34), ¢ moMoubio KOTOpOro
MOXKHO OLEHHTh HHXHHH mnpeien (yHKIHOHHPOBaHUSA
JKHJIKOCTHBIX 3JIEKTPOJIOB.

HMTpar-ceneKTUBHLIN 3neKTpoa

Cospanne NOj-ajekTpoia — BaXKHBIH 3Tan B pa3BH-
THH HoHoMerpud, Ecaum m1s psjga aHHOHOB (raJIOreHOB,
cynbhatoB) yXKe AaBHO H3BECTHB 3JEKTPOAB BTOPOro
poAa, TO AJs HHTPATa, NepXJopara, HEKOTOPBIX OpPraHH-
YeCKHX aHHOHOB HOHOCENEeKTUBHbIE 3JeKTPOAB CO3JaHBI
auiib B nocaeande 10 jer. PaccMarpuBaeMblil 3/1€KTpoOL
uMmeeT GoJbllloe NpaKTHYeCKoe 3HayeHHe B OUOMOTHH,
[OYBOBeJeHHH, CeJbCKOM XO31HCTBE, NPOMBILIIEHHOCTH.
Brepewe [43, ra. 2] xuakuii NO;3-3/1eKTPOA nosyyeH ;
MeMG6paHol, cofepiKallell NOJOXKHTEJBHO 3apgf{ennzbi
KOMIJIEKCHBII aHHOH nepexoiHoro Mertamna (Ni*+, Fe?t)
¢ XeJaTHBIMH rpynnaMu o-GeHaHTpoJIMHa:

(j 2+

N

\\J . 2NO;

N/\

| UL

pﬂﬂ aMepHKaHCKHX q)HpM IJi9 NMOJIy4eHHA XKHIKOH

mem6panbl  NO3-3/1eKTpojia NPUMEHSIOT COJIb KOMIJIEKC-

Horo KaTtHoHa ¢ aHuoHom NOs;, pacTBOpeHHYI0 B opra-
HHYECKOM pacmopmene. Huxe NpHBECHH 3HayYyeHHdA

kos(duuuenta cenektusHocTH NOz-sjekTpofa QHPMBEL
Orion [43, ra. 2]:
B.numo:}x(wi’! KNOy/X Bausiougu KNOg/X Bnumox;(mﬁ KNOg/X

el

HOH non X HOH »
Cl0; 108 NO; 6- 10"2 SO 6 o™
- 20 $* 57.-107° H,PO; 3-10
Clo; 2 CN-, HCO; 2- 10‘: PO} »
NO; ! ClY, AcY, 6-107° HPOI 3.10

S,0%7, SOj;
Br-  9-107" F~ 9.107"*
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Hnsa cosnaun g KHAKOCTHBIX NO3-3/1€KTPOIOB HAlIIH
NMpUMEeHeHHe CJeAyIOllHe KOMILJIEKCHBIE  COoeJHHeHHS:
0y - 2 2 .
Ni(o-Phen);", Fe(Phen);’, Fe(4,7-Diphenyl-1,10-Phen)2+
(Phen — denantposinH) B pasHbBIX PaCTBOPHTENSX (HHT-
poGensose, xjopodopMe, aMHIOBOM CrnHpTe). DBosee
HH3KYI0 CeJIeKTHBHOCTh OOHApYXKHBAIOT  3JIEKTPOH,
MeMOpaHbl KOTOPBIX COJAep:KaT aMHJOBHI crupr. as
CHCTeM ¢ (eHAHTPOTMHOBHIMH KOMILUIEKCAMH BJHSHHe

pasnuuHbix aHHoHOB Ha NO3-OyHKUHIO yMeHbllaeTcs B
psay:

PFg > CIO; > SCN™ > I" > BF; > Br” > %" > NO; >
> CN™ > HCO; > CI” > Ac” > SOJ” > F~ > SO} > H,PO; >
> PO}” > HPOY

Xunkoctubie NOjz-anekrpoast dupmer Orion ¢ de-
HaHTPOJNHHOBLIM KOMIJIEKCOM MNojapobHo H3yueun Ilat-
TeproHoM H [lynbmem [113]. Jluueliubléi yuacTok Ka-
AH6POBOYHON KPHBOM C YIJIOBBIM KO3(GdHIUHeHTOM, Gin3-
KUM K TeopeTHYecKoMy (57—58 MB npu 25°C), na6aio-
Jajncs HMH B HHTepBasle KoHueHTpauu#i 10-1—10-4 M.

B anekrponax, srinmyckaeMbix dupmoit Corning, ssek-
TpoAHast MeMOpaHa npeicTaBiaser co6oH pacTBOp TpHAO-
AeUH/reKCafennIaMMOHUAHUTPATa B OKTHJ-2-HUTpOde-
HunoBoM 3¢upe. IlpeAsoeHH U Apyrue MKHAKOCTHBIE

NO;-31eKTpofBl, NMoyYeHHBEe Ha OCHOBe PacTBOPOB HHT-
paTta AHMeTHJITeKCHJINEUHIGeH3HIaMMORUS B AeKaHoJse
[114], unTpartoB TeTpaoKTunaMMonus, dochonus [115]
H TNONHMepHBIX HOHOOGMEHHBIX cHcTeM. B KauecTBe
MeMOpaHO-aKTHBHOIO BelIeCTBa NpPeAJsiokKeHO TaKkKe HC-
nosib30BaTh HUTPOH [116].

CenexkruBHbli K HoHy NO3 3jeKTpold Ha OCHOBe
XXHAKHX HOHHTOB — PaCTBOPOB COJIell TeTPaoKTHIaMMO-
HHS H TeTpajenunaMMOHHUA B XJopGeH3oje — Mpeasio-
xKeH B pabore [117]. DieKTpoa mNoOKasbiBaeT NOJHYIO
NO3-byHKUHIO B YHCTBIX M CMEWIAHHBIX PACTBOPaX HHT-
paToB, CoAepiKaiUX Oosbline H3GHITKH (10 CPaBHEHHIO
¢ uutpatoM) GukapGoHarta, docdara, cyabdarta, XJIOpPH-
na. [lneHouHble 371eKTPOAH C TeMH Ke HOHOOGMEHHBIMHU
BelecTBaMH, BHEAPEHHBIMH B INOJHBHHUIXJIOPHAHYIO
MaTpuiy, omHcaHu B paborax [30; 70, Z. Davies). Ilne-
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HOYHBIE SJEKTPOAH HMEIOT Te Ke 3JeKTPOXHMHYeCKHe
XapakTepHCTHKH, YTO U JeKTPOAH C XKUAKHMU MeMGpa-
naMi. OlHaKO AJS Pas3JHYHBIX NPAaKTHUECKHX NMpHUMeHe-
HHf, 0CO6eHHO B arpOXHMHH H NOYBOBENEHHH, cieayeT
OTAaTh npeanodteHne mniaeHounoMy NOz-snekTpoay Ha
OCHOBe TeTpajelUHIaMMOHHAHUTpaTa B AHGyTHADTANaTe.

TpuBoAHM HeKOTOpble JIHTepaTypHHeE CBeLeHHS O
NPHMEHeHHH XHAKOCTHBIX H IleHOYHbIXx NO;-9/1€KTpo-
JOB:

H3ydyeHHe KoMmaekcooGpasoBanus [118];

ONpejeieHHe HHTPATOB B NMHIIEBHX MPOAYKTaX U MYK-
po6HoJornyeckux cpeaax [119, 120];

HCCJefOBaHHS, HCIOJbL3YIOMHME XHAKOCTHYIO XpoMa-
torpaduio [121];

XMMHYecKuii aHanus B mnpucyTcTBHH NO; [122];
ClOs [122];

noTeHnHOMeTpHYecKoe TUTpoBaHue [123];

uccnenoBaHHe yao6peunnin [124], N-okcupor [125].

Mepxnopar-ceneKTHBHLIA 3NeKTpoA

ClO;-HMo4 cToHT B 3KCTpaKUHOHHOM PSAY CoJief deT-
BepTHYHBIX aMMOHHEBHIX OCHOBaHHH Ha MepBOM MecTe.
B xkunkoctHoM ClOi-snertpoae dupmsl Orion [43, ra. 2]
B KauecTBe 3JeKTPOJAHO-aKTHBHOTO BelleCTBa HCMOJb30-
BaHa coib O-(peHaHTpoauHa xkene3a [Fe(o-Phen)s]
(ClOy) 2. TIpuBoaAHM KO3(DQHUIHEHTH! CeIeKTHBHOCTH 3TOTO
3JMeKTpoja:

Bauionsh Kclogx Bk o Kcioy/x
OH~ 1 Ac 5,1- 10-‘1
- 121077 F- 2,5-107
NO; 15-107° cr 2210~
Br~ 55107 SO* 1,6-107"

daerTpon GYHKIHOHHpDYeT KaK oOpaTHMBIH Mo OT-
powenuto K ClOi-HoHy B HHTepBase KOHUEHTpauuh
10-1—10-* M npu pH = 4—11 [126]. Ero notenunarn
OT3bIBaeTCS TaKKe Ha H3MEHEHHH KOHUEHTPalUWH HOHOB
MnOj;, 103, ReO; u SCN™ [127], 1. e. C 3THM 3JeKTpo-
oM Henbssi onpeaennTs ClOz-HOH B NPUCYTCTBHH Ha-
3BaHHHIX HOHOB,

61



ClO;-3nekTpor mnosyuyeH TakkKe Ha OCHOBe o, -[H-
NMHpHAHNA HAH B-DeHaHTpONHHA Kese3a B HHTpobeH30se
unn 1,2-nuxnoparane [128].

Hannune Fe (11, III), Ni(II), Cu(II) u Cd(II) B de-
HaHTPOJNIHHOBOM KOMILJIeKCe BJHseT Ha CeJeKTHBHOCTb
ClO:-anekTpoaa. IT1o BJAHsSHHE MajaeT B psAy ILeHT-
paabHpix aToMoB: Fe = Ni > Cu > Cd.

OnekTpoasl C XOPOWIMMH XapaKTepHCTHKaMH ToJy-
yeHbl ¢ XHAKHMH H IJIEHOUHBIMH MeMmOpaHaMH Ha oCHO-
Be KpacHTejell OpPHJIJIHAHTOBOro 3eseHOro B XJopOeH-
soge [129] m 2-atunbensornason-2,2-asosuosiena [130]
B AuxjopGeH30/e H AHXJIOP3THAOBOM 3dHupe. DNeKTPOaH
Ha OCHOBe KpacCHTeJell MoKasanu GoJlee BBICOKYIO CesleK-
tuBnocts K ClOs, ueM asnerrpon ¢upmm Orion.

Monayuen anertpon [103] ¢ ClO4~dyHKuuel Ha ocHo-
Be METHJATPHKANPHAXJOPHAA B JekaHose. OQHAKO OH MO
CeJeKTHBHLIM  CBOACTBaM yCTymaeT pPacCMOTPEHHBIM
BHIle 3JEKTPOAHBIM cucreMaM. Jlaunbie paGor [45,
A. Craggs; 103] mno3BoasiOT 3aKJIOUHTb, YTO MHOro-
aTOMHBIEe CIHPTH KaK PacTBOPHTENH HaI0T 3JEKTPOMHI,

Terpatprop6opar-ceneKTHBHbIA 3NEeKTPOA

JKunkoeruwift snexTpon ¢upmbl Orion Ha ocHOBe
[Ni(o-Phen)s] (BF:): [43, ra. 2] mposiBasieT BHICOKYIO
CeJIeKTHBHOCTb B NMPHCYTCTBHH GOJBIIOrO YHCJIa aHHOHOB:
06nafaoumHe J0BOJbHO HH3KOH CeJNEKTHBHOCTBIO.

B Kpryx B X KBrux
I 20 HCO;, Ac” 4.107°
cr !
NO; 10~ OH", F; 107°
SO¥"
Br~ 4.107°

[Mpennoxken rtakxe BFi-snexTpon ¢ Mem6panoli u3
HaTypaJbHOro Kayuyka, NMpPOMHTAaHHOrO PaCTBOPOM mep-
XJIOPaTHOM COJMH KpacHTessl GPHINHAHTOBOTO 3eJeHOro
B xJop6ensone [129], o6nanawomuit n BF;-byuxuueh s
KOHLleHTpallHOHHOM HHTepBaste 10~'—10-% m. CenexTns-
HOCTb 3THX 3JIeKTPOJOB BHIIE, YeM Y 3JeKTPOAOB (pHPMH

Orion: Kprg1=1,2- 107 1 Kprgno,= 2,0+ 1072,
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Popanma (TMOLMAHAT)-CeNEKTUMBHDLIN SNEKTPOA

O cenexktuBHoM xuakoctHoM SCN--31eKkTpoze Ha ocC-
HOBE COJIH YeTBePTHYHOrO aMMOHHEBOTO OCHOBAHHS CO-
obmeHo B paborax [103, 104]. Buausinme noctopoHHHX
HOHOB Ha HEro XxapaKTepudyeT CAeAyIOMUH pAL:

ClO; > 1" > NO; > CI” > 80¥"

OTMeueHa TakXe CBSI3b 3JIEKTPOAHON CeJeKTHBHOCTH
C 3KCTPAaKLHOHHOH CMOCOGHOCTHIO THOUHAHATHOH COJIH
YeTBePTHYHOrO aMMoRHeBoro ocHoBaHua. OGHapyXeHa

127] cenektuBnocts xuakoro ClOj-anekTpoga ¢upMmul
rion no orTHowernHo K HoHy SCN—, 4To Mo3BoJHIO aB-
TOpaM HCNOJNb30BaTh €ro NPH INOTEHUHOMETPHIECKOM
THTPOBAHHH THOLHAHATHBIX PACTBOPOB HUTPATOM PTYTH.
HeenepoBannt  [43, ra. 2; 131) anextpoas ¢ SCN--
byHKuMeli Ha OCHOBe MeTaJlIMUeCKHX NMPOH3BOAHBIX (he-
HaHTPOJIHHA.

Ha BynanemTtckoM MeXAyHapomaHOM CHMNO3HyMe IO
HOHOCEJIeKTHBHEIM 3jeKkTpomaM B 1972 r. [16] u rox
cnycts Ha Kapaudcerom cuMmnosuyme [132] mosbekue
HCClelloBaTeH COOOMHAH 006 H3YUeHHH CeJIeKTHBHHIX
CBOHCTB XHAKHX 3JeKTpoaoB ¢ SCN--¢pyHkume#t Ha oc-
HOBe COJH UYeTBEPTHYHOrO aMMOHHMEBOr0 OCHOBaHHSI B
pasJHUYHBIX pacTBopuTensx. HMMmu o6HapyXeHo, 4To C
yBeJNHUYeHHEM JHAJEKTPHUECKON TNPOHHIIAEMOCTH PacTBO-
pHTeJ & 3JIeKTPOJAHAs CeJeKTHBHOCTb II0 OTHOLIEHHIO
K THOLHaHaTy Bo3pacraer. DTH HCCIeJOBaTeJH NbITa-
JIHCb TOJIYUHTb CeJIeKTHBHble 3JIEKTPOABl B BHAe IJaTH-
HOBOH TNPOBOJIOKH ¢ TMOJHMEpPHBIM IOKpHITHEM, Coep-
JKaIHM ~ 3JIeKTPOJHO-aKTHBHOE BelleCTBO, OJHAKO HX
MONMBITKa He yBeHYasach ycnexoM. IIpHunHy Heynauu as-
TOpHl BHAAT B yMeHbUIEHHH & PacTBOPHTENA B MOJIHBH-
HHJIXJIOPHAHOH MaTpHlle.

B paGorte [133] npuBeneHb maHHBIE O KHAKOCTHBIX
SCN—-a/1ekTpOiaX, NOJYUEeHHBHIX Ha OCHOBE pacTBOPOB
coslefl KpHCTaJLIHYecKoro (pHOJNETOBOro H TeTpadeHHAap-
coHus B HUTpoOeH3oJe. DTH 3JEKTPOAH XapaKTepH3YIOT-
csl LIHPOKOH KOHIIeHTPallHOHHOH 06sacTbio (HhYHKUHOHH-
posanus (10~'—10-5 M SCN-), BbIcOKO# CreltHPHYHOCTBIO,
HO 00/1af1at0T CAHIIKOM OOJIBIIHM CONPOTHBJIEHHEM BCJe -
CTBHE MaJioll KOHUEeHTpaluUH akKTHBHOro BemecTsa (10—t M)

B MeMOpaunHo# dase. 6



B pabore [77, ¢. 723] nccnemoBann 3JIeKTPOXHMHYe-
CKHe CBOHCTBA NJIEHOYHBIX MeMOPAaHHBIX 3JEKTPOLOB C
SCN--¢yukuuei, NMOJNYYEHHHIX HA OCHOBe AECATH XKHJ-
KHX HOHOOOMEHHHUKOB, pasHyalolIuxcs IIPHPOAOH paju-
KajloB B 4eTBePTHYHOM aMMOHHEBOM OCHOBAHHH, a TaK-
Ke TNPHPOJIOH CaMoro OHWEBOTO OCHOBaHHf. ABTopamu
YCTaHOBJEHO, Y4TO BCe onpoGoBaHHble KUIAKHE HOHOOG-
MEHHHKH, a HMeHHO: Pa3JIHYHble NPeACTaBHTEH CHMMeT-
PHYHBIX H HECHMMETPHYHBIX aMMOHHEBBIX H pochOHHeBbIX
OCHOBaHHH (32 HCKJIOYEHHEM  UeTHATPUMETHJaMMo-
HHEBOro), a TaKXKe NPOU3BOAHblE (PEHAHTPOSHHA NMO3BO-
JAI0T NMOMYYHTb BHICOKOCeNeKTHBHHE MaeHO4yHble SCN-—-
ANIEKTPOAbl. INEKTPOAHble MeMOpaHbl H3rOTOBASIM B
BUJC TNOJHMEPHOH NONHBHHHIXIOPH IHON IJIeHKH, mnJa-
CTHQHUMPOBAHHON AHOKTHA(TaTaTOM C PacTBOpeHHBIM
B HeM HOHOOOMEHHHKOM — TeTpalelHAaMMOHHeM B
SCN—-dopme. Kosdduuuentsl cemeKTHBHOCTH 3TOro
3NEeKTPO/a NPHBEJCHH HHKe:

Banswouui

non X Kscnyx Bansiounh Kscenyx
Clo; 26 HCO; 1,2-107*

I 2.107* cr- L1. 10"
NO; 16-1072 Ac™ 74-107°
Br~ 3.10~° SO, F-, - 1070
co?- 26-107* H,PO;

®ocat-ceneKTHBHbIN 3aneKTpopR

CosnaHue celeKTHBHBIX 715 bochartubix HoHOB 3yek-
TPOJOB — 3a/1a4a MEPBOCTENEHHON BaXKHOCTH, MOCKOJBKY
NpOCTbie MeTOAbI aBTOMAaTHYECKOro aHajH3a H KOHTpPOJIS
dochator Heo6xoguMB B PasNMYHHX o0aacTsIX HayKu
H NP aKTHKH.

HecMotps ma Muorounciennme mnomsitku MOMYYHUTD
AOCTATOYHO CeNeKTHBHBIH (ochaTHbI SJAEKTPOA, 10 Ha-
CTOAILErO BPEMEHH 3Ta NMpobjeMa He pelueHa. ITepBas
NONKITKA TpuHannexut [lynropy c corp. [134], npexn-
JIOXKHBUINM MeMOpaHy u3 ocagka BiPO, s CI/IJII/IK’OHOBOM
Kaydyke Qa1 onpefenenns docdara. OgHako Takol
SMEKTPOJ A2€T CMellleHHe noTeHuHata 10 | MB/MuH u

}[{1e350]6Hapy>anaeT H3OHpaTeNbHOCTH K (ocdaT-HoHaM
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JKuaKocTHbIE 3J1EKTPOAH Ha OCHOBE KOMMJeKcoB doc-
daros (B BHae 12-MonubueHoBodocdopHOi U 12-010BAH-
HodochopHOH KHCIOT) B MeHTaHoJe HCCAeJOBaHHl B pa-
6ote [136]. Ho u a1H snekTpoabl He o6nafaloT Kenae-
MoO# CeJeKTHBHOCTbIO MO OTHOWIEHHIO K (ocdaT-HoHAM.
[TpennpuuATa TakXKe NOMLITKA HCIOJNb30BAThb PasjHYHble
HeopraHnyeckue (ocdaTsl, BHeIpeHHHE B CHJIHKOHOBYIO
MaTtpHIy, AJs noaydeHuss MeMGpaHsl ¢ dochaTHOH DYHK-
upeit [136]. Omnako BCe OHM OKa3aJHCb HeCeJeKTHB-
uoimu. Hcecnemosan [137, ¢. 169] aneKTpoA Ha OCHOBe
ocagka (ocdara cepebpa, THOMOUEBHHH H TJIYTapoBOro
anbleruja, BHeJpeHHBX B MaTpuuy cynbduna cepebpa.
[Tonyuenssle 37eKTpoAsl OOHAPYKHIH HEKOTOpyI0 H36H-
paTeJbHOCTL K HOHY HPOZ™ B npucytersun SO;°, NOj,
Ac’, Ho BpeMs HX JKH3HH OKa3ajoCb O4YeHb KODOTKHM
(48 4). Haronen, B ¢ynnameHnranbnoli pabore Tex ke
aBropoB [137, c. 19] ana cospanus pocdarHulx SJ1€KT-
POJIOB HCIOb30BAHbl COMH YeTBEPTHUHBIX AMMOHHEBBIX,
(docdoHHEeBEIX H apCOHHEBLIX COeJHHEHHH, opraHHueCKHe
cosl onoBa, GeHsnaundocdat u rekcaamuHokob anbT(I11)-
HHTpHT. DTO GoJblloe HCCAeAOBaHHE He yBEHYaJloCh YC-
MexoM B OTHOLIEHWHM CO3/laHuSi ceJeKTHBHoro ¢ocdar-
HOrO 3JeKTpoja, 4To YKashiBaeT Ha CJIOXKHOCTb IpO-
GJ1eMHI.

TonbKO 57eKTPOAH, IIOJNyYeHHble Ha OCHOBE XJIOPH/OB
MepBUYHOFO H UETBEPTHUHOTO aMUHA, AJS OMpele/eHHs
aktusHoctH mona HPO; (pH = 7,0—7,5) okasaauch B
KakoH-TO CTelMeHH CeJeKTHBHBIMH K 3TOMY HOHY B NpH-
CYTCTBHH HeGOJbIUKX KOJHYECTB HOHOB Xsopa (A0

meo:/mCl- =~ 1) [138].
Kap6oHaTt- u 6ukap6oHaT-CeneKTHBHbIE 3NEKTPOALI

[ToTeHnuOMeTpHUeCKoe ONpeneaeHHe aHHOHOB CO} u
HCO; wuMeer BecbMa CyLIeCTBeHHOe 3HaYEHHe AJd I110Y-
BeHHBIX, OKeaHOJOTHUeCKHX, (PH3HOJOrHYeCKHX H APYrHX
nccnefioBannii. B pany sKCTPAKUHOHHOH CeJeKTHBHOCTH
cosefl UeTBEPTHUHBIX aMMOHHEBbIX OCHOBaHHH YKa3aH-
dele aHHOHBI 3aHHMAIOT OIHO U3 INOCAEeJHHX MecT. 1'12(_3-
3TOMy A/si CO3[aHHS MKHAKOCTHBIX CO3™- mam HCO3 -
31€KTPONOB IKHJAKHe HOHHTBHI (PacTBOPbl COOTBETCTBYIO-
WHX coJiefl ueTBepTHYHHIX aMMOHHEBHX OCHOBaHHH B
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OGLIYHBIX OPraHHUECKHX pACTBOPHTENSX) He nepcnex-
TI'IBHI;I_. Opnako B 1973 r. Bafise [107] samatenrtoBas
HCO; "3JIEKTPOA Ha OCHOBe pacTBOpHTeNs, obecrneuu-
Balouiero Bhicokylo usbuparensHocts K HCO; B npucyr-
CTBHH XJOPHAOB, cyabdaTos, dpocdartos u ap. dtum pac-
TBOpUTeJeM oKasajca n-Oyruarpudropaunerunbenso..
BsaumopetictBue anmon — pacreopuresns onpesaesiercs
KaK CBOHCTBAMH aHHOHA (HYKJIEOMHJIBLHOCTBIO, MOJIAPH-
3yeMOCTbIO, OCHOBHOCTBIO), TaK M CBOHCTBAMH PacTBO-
puTens (IHINEKTPUUECKOH NPOHUIAEMOCTBIO, BO3MOK-
HOCTbIO O6Pa3sOBBIBATH BONOPOJHBIE CBS3H H KOMIJIEKCHI
¢ aHuoHoMm). Ilo teopuu Bpencrena — JIbioHca OCHOB-
HOCTb aHHOHOB yOLIBaeT B paay:

OH™ > COg” > CN™ > HCO; > SO;” > HCIO; > CI

Takum o6pasom, anuons CO3; u HCO; seasiorcs
Ooslee CHIBHBIMH OCHOBaHHSIMH, UeM, HanpuMep, ClI” u
SOs.

Pactsopurens, npeasoxennniii Balize, umeer siekT-
POQHIbHEIE EHTDPHI «XKECTKOrO» XapaKkrepa (kap6onusbL-
Hble TPYIIIBI), NMPeANOYTHTENLHOE B3aUMOACHCTBHE KOTO-
pHIX € 60;1ee «KECTKHMH» HYK/JIeODHIaMH (HOHAMHU
COs, CO3%) CHOCOBCTBYET CENEKTHBHOCTH K -3TUM HO-
HaM B cucTeMax, COAepkKauHx Tpu(TOpaneTodeHoHsl.

IIpennoxen [139] saektpos ¢ MmeMm6panoii, cojep:Ka-
wel n-Oytuntpudropanernibenson. AKTUBHBIE MaTe-
puan B MemGpane cocrosin u3 1% (06.) TpuKanpuaMe-
TUTaMMOHHAXNOpHAa (anuKBoT 336S), pacTBopeHHOro
B n-Gyruatpudropanerunbensone. ieKTpos MoKazan
HEPHCTOBCKYIO 3aBHCHMOCTb IOTEHUHaN a OT lgagy.. B

3

unrepsate 10-2—10-¢ M u BbICOKyI0 u36HpaTeNbHOCTD
ANs Kap6onara 10 CPaBHEHHIO C XJOPHIAMH, cyabda-
TaMu, Gocharamn u Gukapbonaramu. dror CO: -si1eKT-
pOA NpUMeHeH AJ5 onpejeseHus CO§' B CBIBOPOTKE.

B pabote [47, c. 156] nosyueHb maeHouHHe ceex-

THBHbIE CO%'-sneKTpomﬂ Ha OCHOBe pAjga PasJHYHBIX
NPOU3BOJHBIX (pTOpKeTOHOB. B  mosuBuHHAXIOpHAHYIO
MaTpuuy BBOAUJH (PTOPKETOH B MacCOBOM COOTHOIUEHHU
1:1 ornocutenbHo mnuactuduraropa (nubyTHadranar
HJIH N-HATPOUMMOJ) H B MOJSIpHOM |:1 OTHOCHTENbHO
rerpajgendtaMmmonus. Ilogpo6uo mccaepoBans mem6pa-
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Hbl, cojep:Kaumue n-TpeT-6yTHATpHGTOpaLeTHIGEH3O0M.
dnekTpox ¢ Takolfi MeMGpaHoli ob0najgaeT BHICOKOH ce-
NeKTHBHOCTHIO 10 oTHomeHuo K CO3 -aHHOHY, COXpaHas
OCHOBHYIO ()YHKUHIO B NMPHCYTCTBHH OOJBUIMX MOJSAPHBIX
u36LITKOB XJopuAa (Ao 10 000-kpartHEIX), PTOpUAa, CyNb-
tdara, docdara (mo 1000-kpaTHBIX).

dnekTpoabl PaccMOTPEHHOro THma, T. e. ¢ MeMOpa-
HOM, cofepiKamiefl COOTBETCTBYIOIHA (TOPKETOH, MOTYT
GYyHKUHOHHPOBaTHL H Kak OHkapOoHaTHBbe, OTJAHYasACh
3HayuTeNbHO Ooslee BBICOKOH H30HPaTeNbHOCTHIO, UYEM
npensioxennsle panee [140] Ha ocHOBe TpeTHYHBIX aMH-
HOB.

3ﬂeKTp0ﬂbl, ceneKkTMBHble K OpraHM4YeCKMM MOHaM

B Ouosoruu, MenHuude, hapMaueBTHuecKOd H NHILe-
BOH MNPOMBIILJIEHHOCTH BaXKHO KOHTPOJNUDPOBATh COLEp-
KaHue HEeKOTOPHIX OpraHHYeCKHX AaHHOHOB, HANpHMEp
OKCH- H aMHHOKHCIOT, YKCycHOMH, 6eH30HHOM, camuuuIo-
BOH M MHOTHX ApPYTHX KHCJOT. BrepBshie ¢ meJibio MOJy-
YeHHs HOHOCENEKTHBHLIX 3JEKTPOAOB C (DYHKIHAMHU
opranudeckux anumoHoB Korue u ®peitsep [103] uccaeno-
BaJH B KauyecTBe KHUKUX MeMOpaH pacTBOPH OpraHHue-
CKHMX cosell (¢opMuara, auerara, npomnHoHara, OeH3oa-
Ta, CaJWlIMJIaTa, M-TOJyoJaTa, H-TOJAyoJaTa, OKcaJjara
¥ 1p.) TPHKAaNpHJIMETHIaMMOHUS B HAeKaHose. CeJsek-
THUBHBIMH OKasaJjiuch TOJBKO MeMOpaHB Ha OCHOBe CO-
Jeffl  canuMuuiaara M ToljlyosaTa (Kn-To]/N03=2' 1075
Knrtoyyc1 =3+ 107% Ksaynos =5 - 107% u Ksaycr= 107%).
OcranbHele MeMOpaHBl He MOTYT OBITH HCIMOJb3OBAHH
AJ1s IOJYYeHHs] HOHOCETEeKTHBHBIX 3JeKTPOJOB.

MeMmGpaHbl, colepiKaude TOT Ke KHIAKHA HOHO0O0-
meHHHK (1- # 10%-HBle pacTBOpH TPHKalpHAMETHJ-
aMMOHHS B JAeKaHouse), Matayu H Ppefisep [141] npu-
MEHHJH [J5 CO3JaHUS JEKTPOJOB, CENEeKTHBHHIX IO OT-
HOWmeHHI0O K aMuHoRucaoraM (ta6na. II.2). Mem6panst
NMpefCcTaBAsau co60l MHITHIOPHCTYIO MIACTHHKY H3 Ted-
JIOHA, HACBHILEHHYIO KUAKHM HOHHTOM. AMHHOKHCJOTHI
B BHJAE AaHHOHOB 3KCTpParHpoBaJHCb B OPTaHHYecKYyIo
¢asy, comepxailyl0 HOHOOOMEHHHK. DJEKTPOAH C [O-
CTaTOYHO BBICOKOH CEJNEKTHBHOCTBIO MOJYyUeHH s Ta-
KHX aMHUHOKHCJOT, KaK TpUmToGaH, (deHUnalaHuH, JeH-
1L1IH, METHOHHH, BaJIHH, FJIYyTaMHHOBAas KHCJO0Ta, XOopoluo
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Ta6auwma II.2
3HaueHHs KO3()PULHEHTOB CENEKTHBHOCTH AMHHOKHCTOTHBIX

9JEKTPOXOB
Bansomufi anuon X ﬂii}%ﬁ?ggfh ¢engg:£1‘a;01§{oauﬁ
L/X Kph/x
Anauun 6,3.10"2 =2
Banuu 2,§ . }g—l ?'g ig"l
FCanuuu 6’3~ 10~2 40. 10~2
Vsonefinun 6,3-10™" 410"
Kucaoru ’
acmaparsuoBas 1,0-1072 1072
rIyTaMHHOBASA 1,3.-1077 ?’g }8—2
Jlefinun 1 ,4- 10~"
MerHounn <1072 -t
Cepun g’g }8_2 2,8 . }8_
Qennnanauun ' 1,59 ’ 1
NOj 16 1,26
cr 5.-107" 6,3-107"
so;_ 6,3-107° 25107
co? 3 50.107° 1,26- 107"
HPO? 4,0.107° 1,0-10~*

SKCTparupyeMbiX gaHHOH opraHudeckod asofi. Sru
SJIEKTPOJIbl YYBCTBHTE/bHB K COOTBETCTBYIOUIMM aHHO-
HaM Npu pH = 10,5 B unrepBase xonmentpauufi 10~!—
102 M. ¥YraoBbie Ko3pdUIHEHTH JAHHEHHBIX y4aCTKOB
KanuOpPOBOYHBIX KPHBBIX COCTAaBJAIOT OoT 52 1o 57 MB

Us TaﬁJ'I.. I1.2 cnepyer, uro JefinuHOBBIA U (beHI/IJI:
aNaHUHOBBIH JKHIKHE aHHOHOOOMEHHBIE 3JIEKTPOZBI Ce-
JIEKTHBHBIE B NMPHCYTCTBHU PAjJa aMHHOKHCJOT, a TaKiKe
¢ocdaros, Kap6oHATOB H cyb(aTOB. ’

B cBs3u ¢ pasBuTueM npoGaeMbl cospanus 3J1eKTpo-
JOB ¢ QYHKNHAMH OPraHHYECKHX HOHOB HHTEPECHO npo-
CleJUTb 32 U3MEHeHHeM 3JIeKTPOAHOH CeJIeKTHBHOCTH B
TOMOJIOTHYECKHX PAJaX PasJgUYHBIX COeqHHeHHU.

B paGore [142] pns cucreMm pactBop TeTpaokTui-
aMMOHUHXJIOPHA B TOJIyOJIe — PAcTBOpP COJNH MOHOKap-
6onosoit kucaotel (C;—Co) B BOse mosyyeHa siuHeliHas
3aBHCHMOCTb MeXAy g Kx-ci (rae X — aHuOH MOHOKap-
GOHOBOM KHCJOTBI) H YHCJAOM YIJIepORHHX aTOMOB B

68

Lend OpraHWYecKOro HOHAa B ONBITAX MO 3KCTPaKUHHU.
PaccuuTaHHAS M3 3THX AAHHBIX HEePrus nepenoca OAHOH
MeTHJIEHOBOH T[PYNMbE H3 BOAB B TOJYOJ COCTAaBJsET
3,3 kIl /moab (0,80 KKaa/MOJB). -
Koppeasanus Mexay Ko3bQuuueHTaMH 31eKTPOLHOH
CEeJIeKTHBHOCTH H YMCJIOM YTJIEPOJHBIX aTOMOB AJIfl KHI-
Koff MeMGpaHbl, cofepXKaluell coib YeTBEPTHYHOTO aMMO-
HUEBOFO OCHOBAHHS B pacTBopax coJjell KapOOHOBBIX
KUCAOT oOHapyxkeHa u B pabote [143]. Iloayyena uu-
HefiHas 3aBUCHMOCTb Jorapupma Ko3QQHIHEHTa 3JeK-
TPOHOI CeJeKTHBHOCTH OT YHCJA YIJepojHbiX aTOMOB
B MOJIEKyJiaX coJielf 4eTBepPTHYHbIX aMMOHHEBBIX OCHOBA-
nufi [144), a rakxke amuHokucyaor [141]. Ecau conocra-
BHTb BeJHYHHB BKJaja sHepruu 'u66ca, mpuxoasiuero-
cs na oguy CHy-rpynmy (AGCHZ), TO AJiS1 Pa3HBIX CHCTEM
MoJyYyuM JOBOJIbHO O/AH3KHe 3HAyeHus, MO3BOJAIOIIHE
NpPOBOHTH OlLlEHKY OOMEHHOR M 3/1eKTDOJHON Ce/NeKTHB-
noctu mo AGcy,, ONpefeseHHON U3 JAHHBIX JJIf JABYX
yjgeHoB romoJgorndeckoro psga (ra6ua. II1.3). HubiMu
C/IOBAMH, MOXKHO IpPejCKa3bBaTh 3JEKTPOAHYIO CeJleK-
THBHOCTb AJif J000ro aHuoHa (KaTHOHA) coJielt opraHu-
YeCKHX KHUCJOT ¥ OCHOBAHHUI.
Ta6auma I1.3

3uauenns AGCH2 AAS Da3HBIX CHCTEM

OpraHnueckue T
e uUeHH urepa-
K[AI,?{/CM%?T; PacTBopuTeIs ro»ﬁgn‘gruqec:?oro Meron Typpaa
pana
—2,85 JluokTua- Yerpepruunble | DJIEKTPOABH- [144]
¢ranar COTH aAMMOEHs | JKYUIHX CHJ
—3,3 To xe To xe DKeTpaKuuu [145]
—3,1 » AMuBokHc- DNeKTPOABH- [141]
JIOTbt KYUUX CHJ
—-3,3 Tonyou Coun xap6o- DxcTpaKuuu [142]
HOBbIX KHCJIOT
—2,9 OxraHno To xe To xe [142}

ClenyeT OTMeTHTb, 4To mnocrtosincTBo AGcm, T. e.
NuHefiHad 3aBHCHMOCTb g Ka/s OT 4ucsia YrJepOaHLIX
ATOMOB fJISi OPFraHHYECKHX aHHOHOB MOHOKapOOHOBBLIX
KucJoT, Habalofaercs, HauMHAs C YKCYCHOH KHCJIOTHI
Touka AAA MypaBbHHON KHCJOTH He JIOXKHTCA Ha Mpd-

69



MYIO, 9TO, IMO-BHAMMOMY, CBS33HO C TeM, YTO 3JHeprus
THApaTaluu (PopMHUAT-HOHA MeHbllle, YeM alleTaT-HOHa,
T. . OH Jlerue nepexojMT B OpraHHYeCKyI0 (dasy.

Anajoruynble 3aBUCHMOCTH KO3((HIHEHTOB CeJeK-
THBHOCTH OT 4YHCJA YIJEpOAHBIX AaTOMOB IPOCJEKeHH
Ans ankuiacyabdonatoB [146]. B ato#t paborte uccaeno-
BaHbl CHCTeMb, COfiepXalllie NepPBHYHbIE H BTOPHYHBIE
anguiacynbdatel (C; — Cyy), a TakKe rOMOJIOrH aJKHJ-
cyaegonaroB (C;— Cyo). M3yueHo B/HSHHE nocsiefoBa-
TEJIbHOTO YBeJHYeHHS YHC/JAa YIJepOAHBIX aTOMOB 3THX
aHHOHOB Ha 3JIEKTPOAHYIO CeJIeKTUBHOCTb IO OTHOIUEHHIO
K Cl—-nony. Bxnag suepruu I'u66ca AGcn, cocraBisier
B AaHHOM caydae ~ 2,5 kllx/moab (~ 0,6 kkaa/mouab).

ITpensiokeHbl 3JEKTPOAH AJS ONpefesleHHs HOHHBIX
[TAB [141, 144, 146, 147].

Hmeromuecs faHHHE MO CBOHCTBAM MKHAKOCTHHIX H
MJIeHOYHBIX 3JIeKTPOAOB [JIfl OPraHUYecKHX KaTHOHOB H
4HHOHOB H MO TNOBeJeHMIO rJaBHBIM 00pa3oM KHIKO-
CTHBIX AHHOHOOOMEHHBIX 3JIEKTPOJAOB IO3BOJAKT CYH-
TaTb, YTO y OOJBIUMHCTBA KUAKHX MeMOpaH Koaddu-
IIMEHTHl 3JIeKTPOJHON CeleKTHBHOCTH B OCHOBHOM OIlpe-
AeNAI0TCS paBHOBeCHbIM (AKTOPOM, T. €. KOHCTaHTOH
ob6meHa. ITockosbKy HOHOTeHHLIE TPYINbl HOHOOOMeHHH-
Ka B XHAKHX MeMOpaHaxX NOJBHIKHE, a He 3aKpellieHH,
CPOACTBO HOHOFEHHOH TPYIIEI K NPOTHBOUOHY He CKa3bl-
BaeTCsl 3aMeTHO Ha MOABHIKHOCTHX MEPEHOCYHKOB TOKA.
D10 0coGeHHO YeTKO NpOfBJseTCa AJs MeMOpaH ¢ aHHO-
HoOOMEHHHKaMH, o0JajalomUMH 3aMeTHOH JHCCOlHa-
uuel. DJeKTPOAHAs CeNeKTUBHOCTbL 3THX CHCTeM OIpe-
AenseTCd 3KCTPaKUHOHHON CNMOCOOHOCTHI0O HX OpraHHye-
cKo#i (asp, npeacraBasooimell coboi pasbGaBieHHBIH
pacTBOP COJIH OHHEBOrO OCHOBAHHSA B JOCTAaTOUHO MOJSP-
HBIX PaCTBOPHTEJSX.

I.5. NEKTPO bl HA OCHOBE MEMBEPAHO-AKTUBHbBIX
KOMINEKCOHOB «HEWTPAJIbHLIX NEPEHOCUYMKOB»

Teopermecuue npeanochinKu

B 60-x rr. Oblnu HalifleHHl NpUpOAHBle M CHHTETUYe-
CKHe HeHTpaJbHble COefHMHEHHS (JHTaHIH), CNOCOOHHBIe
CBA3LIBaTb B pacTBOPax KAaTHOHBI LIEJOYHBIX, HIeJOYHO-
3eMeJIbHBIX U HEKOTOPHIX APYTUX MeTanaJoB. DTH KaTuo-
Hbl, MIONajas BO BHYTPEHHIO MOJMOCTh MOAOGHOro coem-
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HeHHsl, yAepKUBAIOTCA B Hell MPOYHBIMH KOOpAHHAUHOH-
HBIMH CHJIaMH B3aUMOJEHCTBHA ¢ TaKUMH MOJSPHLIMHU
Tpynnamu, Kak aMHAHBe, 3(QUpHblE, CJI0KHO3(QUPHbIE,
YKasaHHoe KOMIJIeKcooGpa3oBaHHe YacTo fABJsercs ce-
JEKTHUBHBIM [J51 T€X HJIM HHBIX MOHOB B 3aBHCHMOCTH OT
YHC/Ma W NPHPOAL JUTAHAHBIX TPYII, a TaKkKe OT KOH-
bOpManMOHHBIX XapaKTepUCTHK moJeky s, K stum nefl-
TPaJbHbHIM COeJIMHEHHSAM OTHOCATCS LHUKJIHYECKHE JelCH-
NeNTHAb, AeNCHAH (TaK Ha3biBaeMble MaKpOTETpaMHJb)
U uukaudeckue nosnuadupbl (3¢upn Ilegepcena, kopo-
Hb). CoennHeHUs MOROGHOrO THMA MOAPOOHO ONMHCAHBL
B ¢yHaaMeHTanbHON MoHorpaduu OBUHHHHKOBA H Jp.
[148], xoTopble Ha3bHBalOT HX MeMOpaHO-aKTHBHHIMH
kommsekcoHaMmu (MAK) BMmecto OniTyromero B JuTepa-
Type 10 HOHOCEJNeKTHBHLIM 3JIEKTPOaM MeHee YIAayHOTO
Ha3BaHUS «HeHTpaJsbHble MEePeHOCUHKH»; B JajbHedlleM
Mbl OyaeM Nosab30BaTbCs TepMHHOM OBYHHHHKOBA.

[se#inapckumu yyenmmMu Bo raase ¢ Cumonowm [149]
Ha OCHOBe MOJie/IbHBIX IpeCTaBjeHH O CeJeKTHBHOCTH
JIMTAHJHBIX MOJIEKYJ CHHTe3UpPOBaHa H HccJefoBana ce-
plsl KOMIJIEKCOOOD a3yOIHX COejHHeHUH, KOTOpble Mo-
IYT CAYXKUTb BHICOKOCE/NEKTHBHBIMH KOMIIOHEHTAMHU KHIL-
Kux MemOpaH A psga HOHOCEJEKTHBHBIX 3JEKTPOJAOB
(ans wonos Nat, Lit, Ca?t, Ba%t+). CeneKkruBHOCTb Ta-
KHX MeMmOpaH NMpeBOCXOAHT ONHCaHHBle BbIllle MKHIKIE
HOHOOOMeHHble CHCTeMBbl. DJeKTpoAb ¢ MeMOpaHOl, mno-
nyuenHoil BBeienuneM MAK B NONMBHHHJIXJIOPHAHYIO
matpuuy [15, ¢. 1], ornuyaroTrcs Takke GOAbIIHM Bpe-
MeHeM KH3HH.

Oco6oro BHHMaHHSA 3aCayXKUBalOT mnoaydyeHHole Cu-
mMoHoM ¢ corp. [149, 15, ¢. 1] anekTpoarl Ha OCHOBE
MAK, uMemolide TBepAblH BHYTpeHHHH KOHTaKT, BO3HH-
KalomWuil 3a cuet crenuduueckol o6paboTku cepebpaHOH
NMPOBOJIOKH BEMIeCTBOM C JIHMOGHIbHBIM aHHOHOM (Ha-
npumMep, TerpacdeHUa60paroM). DTy INpPOBOJOKY 3aTeM
NOKPBIBAIOT TOHKHM CJI0eM KOMIJIeKCOHa, BBeJeHHOro B
NOJHBHHUJAXIOPUAHYIO MaTtpuuy. [Ipu 3ToM nonyyaercs
MeMOpaHHBIM 3JeKTPOJ C MEeTaJJHYeCKHM BHYTP@HHHM
KOHTAKTOM BHICOKOH cTeneHH cTabuabHOCTH. DTO yCTPOH-
CTBO HAXOAHWT NpHUMeHeHHe Npu paboTe 3JeKTPOAOB B
NPOTOKe H AJi MUHUATIOPHBIX JaTYHKOB.

PaccmoTpuM ofwide cBOfCTBa KaTHOHOCEJEKTHBHBIX
MeMOpaH Ha OCHOBE MaKpPOUUK/INYECKHUX COeJHHeHUH, KO-
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TOpble, KaK NPaBHiO, 3/MeKTpoHefATpanbHe u obpasynr
KOMIUJIEKCH € MOHaMHM MeTalnna B CcooTHoWleHuu I:1.
HauGosiee uccaenosaHHBIMH H, KCTaTH, Haubojiee mpod-
HHIMH BJSIOTCA KOMIJIEKCH € HOHAMH ILEJAOUHHX MeTal-
a0B (K+, Rb+, Cst)— rtak HasbiBaeMble AENCHUNENTHIH,
MOJIEKYJIEl KOTOPHIX NMOCTPOEHH H3 -aMHHO- H o¢-OKCH-
KHCJIOT, COeAMHeHHHX aMHAHBIMH (N-MeTHJIaMUIHBIMH)
H CJIOKHO3(DUPHLEIMH CBA3AMHU.

LentpanpHoe MecTo cpeau 3THX CoeAUHEHHH 3aHH-
MaeT aHTHOHOTUK BANHHOMHUIMH, IUHPOKO NMPHMeHseMHH
B OHOJOruH AJ8 H3yuyeHHS HOHHON NPOHHUAEMOCTH pas-
JUYHLIX THNOB MeMOpaH. He MmeHnmnee sHaueHue 3TOT
YVHUKAJbHLI JeNCHNeNTU MNOJYYHJ B HOHOMETPHH AJIf
CO3/1aHUS BHICOKOCeqseKTUBHoro Kt-anextpoma. CeolicTBa
BaJUHOMHUIKHA H MOAOOHOrO THNa COefHHEHHH, HCHOJb-
3yeMBIX AJS TNOJNY4YeHHS SJeKTPOAHHX MeMOpaH Ha HX
OCHOBe, OOYC/OBJIEHH CYIUECTBEHHEIM pasJjiuuueM KOH-
CTaHT KOMIJIeKcooOpa3oBaHus KAaTHOHOB pa3HHIX MeTal-
noB (ocobGenHo ajs KatuoHoB K+ u Nat) u crnoco6Hocru
K TepeHOoCy CBSI3aHHHIX HOHOB uepe3 MeMmOpany. Mexa-
HU3M [AeHCTBHS BaJHHOMHLUHOBOTO 3JIEKTPOAa ellle He
BBISICHEH 10 KOHIIa M SIBAfETCH NMPeAMEeToM MHOTHX pa-
6ot [150, 151].

MoJsiekyia BaNMHOMHIHHA NMOCTPOEHA M3 TpeX MoJie-
Kya L-sanuna (L-Val), Ttpex Mosekyn D-panuna
(D-Val), tpex monekyn MosouHOH KuciaoTel (L-Lac) u
Tpex MoJsieKysn D-a-okcunsoBanepuaHoBoli Kucaote (D-
Hylv):

D-Val —L-Lac— L-Val
)

D-Hylv D-Hylv
L-Val D-Val
L-Lac L-Lac

D-Val—D-Hylv—L-Val

Mounekyna BaamHOMHuHMHA o6/afaeT SAPKOBLIpAiKeH-
HOHt CrMoCOGHOCTBIO K KOHGDOPMAaUHOHHBIM H3MeHeHHAM
[148, c. 127]. B paBuoBecuu naxoastTcs Tpu (opmul
(A, B, C) BaJuHOMHLHHA, H €ro COCTOSIHHE B NEPBYIO
ouepelb  OMNpejesfeTcs NpUpojoll  pacTBOpHATeNs
(puc. I1.5). B HenosspHEIX PacTBOPUTENX ONpejensio-
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el aBaserca C-gopMa ¢ 1meCTbIO BHYTPUMOJIERYJSAP-
HEIMH BOJOPOAHBIMH CBf3MH. B pacrtBoputensix cpen-
Hell MOJISAPHOCTH (CHHPTH, HUTPHJB) YacTh BOAOPOJHBIX
cBfA3el pacXoAyeTcs Ha B3auMojefiCTBHe € pacTBopHTe-
JAeM, U B 3ToM cayuae obpasyercs B-dopma. A-Popma
peanusyercs B MOJIAPHHX DPacCTBOPHTENSIX (BOoAa, CYJb-
(GOKCHAH U Ip.), B KOTOPLIX BCe BOJOPOJHBIE CBA3H pac-
XOAYIOTCH HAa B3aUMOMelCTBHE C PaCTBOPHTENEM.

KondopmannonHoe paBHOBeCHe BaJHHOMHUMHA HF-
paeT CyLIeCTBEHHYIO PoJb NMpH 00pasoBaHHH KOMIJIEKCOB
ero ¢ nouom K+. IIpoMexyrouno#t popMofi Kommiekcoo6-
pasoBaHHs B HENMOJSPHHIX CPeaX, MO-BUAUMOMY, ABJIAeT-
ca B-dbopma. B obpasoBaBremcs KoMMieKce NMoJspHble
rpynmnsl MoJeKyJbl BaJHHOMHIHHA OKa3LIBAIOTCH HANpaB-
JEHHBIMH K LEeHTPY MOJIeKYJH, a HemoJspHEe JHUIO-
¢uabHble TPYNNn o6pasyioT 0060JOUKY BOKPYr BCef
CTPYKTYDH, OTAeJsis KaTHOH OT pactBopurtens. LleHt-
paabHBIH HOH LieJoyHoro meranaa (K+) B mosocru Mmo-
JEKYJbl YAEepPKHUBAETCS HOH-AUNOJbHLIM B3aUMOJEHCTBH-
em [152]. JlumoQuabHBIA XapaKTep IOBEPXHOCTH KOM-
maekca ofecMeunBaeT ero BHICOKYIO pPaCTBOPHMOCTb B
OpTaHUUeCKHX PaGTBOPHTEIAX.
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MeXay KOMILTEKCHBIM HOHOM H aHHOHOM B PacTBO-
pUTENsX C HU3KOH JAM3JIEKTPHYECKOH MNPOHHIAEMOCTLIO
MoryT o0pa3oBeiBaTbcH HOHHHie napbl. CrabuibLHOCTD
KaJui-BaJHHOMHUIHHOBOTO  KOMILJIEKCa  yMeHbluaercs
C BO3pacTaHueM INOJAPHOCTH Cpelbl, U B BOJAe TaKHe
KOMIJIEKCH He CyliecTBYIOT. [1o faHHBIM DeHTreHOBCKOro
aHa/u3a MOH MeTajja B 3aBHCHMOCTH OT ero NPHPOAH
B KOMIUJIeKCe CBA3HBaercs ¢ H—~8 KHCIOPOAHBIMH aTo-
MaMH ¥ BXOAUT B KOMILIEKC HerMApaTHpoBaHHbIM. KoM-
nJjekc 3apsixeH nonoxutenstHo. Moun K+, B oTauyue o7
KaTHOHOB MeHbluero pasmepa (Li+, Nat), nnorno 3a-
MOJNHSAIOT MOJOCTH B CTPYKType BaJHHOMHIMHA, HUMEIO-
mue auamerp 2,7—3,3 A (auamerp wona K+ =~ 2,7 A).
[To u3GupaTeNbHOCTH KOMILIEKCOOOGpa3oBaHus C HOHOM
K+ no cpaBHeHulo ¢ HOHOM Nat BaJWHOMHUUMH, Kak JH-
raiji, BO MHOro pa3 NMpeBOCXOJHUT Bce H3BeCTHHIE MaKpoO-
IUKJB, CBf3bIBalOIHe oTH uoHHEl (Taba. II.4).

Ko BTopo#t rpynme BaxKHBIX AJs HOHOMETPHUH aHTH-
GUOTUKOB OTHOCHATCA AaHTUOMOTHKH MAaKpOTeTpasHIbl
(TeTpasakTOHBl, NMPOU3BOAHEE HOHAKTHHOBOH KHCJOTHI):
HOHAKTWH, MOHaKTHH, [IHHAKTHH, TPHHAKTHH, TeTpaH-
aKTHH.

CrpyKTypHYi0O (OpMYyJly HaKTHHOB MOXKHO npejcTa-
BUThb B CJAEAYIOIEM BHJE:

AN
Loy

HAast yonakKTHHA Ri==Rg=R3=R4—CHj
MOHAaKTHHA Ri==Rg=R3—CHj; Ry—CoHs
AHHAKTHHA R1=R3—CH3z; Re=R¢—CaoHs
TPHHAKTHHA R1—CHjs; Re=R3==R4—CsHj;
TeTpaHakTHHA R1==Rg=R3=R4—CaHs
Yeranosaeno [153], 4To HaKTHHE CMOCOGHH K KOM-
nﬂexcooﬁpasosaﬂmo C KAaTHOHAMH MIEJOYHBIX U IIE€JIOY-
HO3CeMeEJbHBIX METaJNJIOB. Hauﬁonee NPOYHBEIE KOMIIJIEKCh]
naer HoH NHi B COOTBETCTBHH CO CJHEAYIOWIUM PSAOM
KaTHOHOB MO YMEHBIICHIHIO HX KOHCTAHT YCTOIL/‘I'-H‘IBOCTI/IZ

NH; > K* > Rb* > Cs* > Ba*
4
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Ta6auma I1.4

KoHCTAaHTH yCTOAYMBOCTH KWT BAJHHOMHIHHOBHIX
KoMniekcos [148]

Hou Metanoa Sranon Hou Meranon
Li* <5 - Ag* 8 000
Na* 4,7 < 50 Ti* 5400
K+ 80 000 2 600 000 Mg?+ <5
Rb* 180 000 2900 000 Ca%* 500
Cs* 26 000 650 000 Sr2+ 170
NH} 47 — Ba?* 2200

ClefylOmuM KIaccoM MaKPOUUK/IHYECKHX COelHHe-
HHH C CEJIEKTHBHOH CIOCOGHOCTHIO CBASHIBATL HOHBL lIe-
JOYHBIX MeTaJJIOB SBJSIOTCH MNOMAUSGDHUDPH, OTKpLITHE
IMepepcenom [154]. K uX uucny OTHOCHTCS cOeIUHeEHHe,
nHa3BanHoe [legepceHomM — puuUMKJIOreKkcHJa-18-KopoHa-6
(18 o3nauaer YUCNO 4JeHOB B KoJblie, 6 — 4ucy0 rerepo-
LUHKJIHYECKHX KHCJOPOJOB):

o™

0O O@
C[O ol

o/

Komnnekcol (Hanpumep, ¢ noHoMm K+) obpasyiorcs
3a CYeT HOH-JHNOJBLHOrO B3anMoJeHcTBuA MexXay adup-
HBIMH KHCJIOPOAAMH W UEHTPaabHHIM aToMoM. IlpouyHocTts
KOMILJIeKCa 3aBHCHUT OT JHaMeTpa moJocTell B noauadupe.

PasinyHoro cTpoeHHs NOAU3PUPLI AT KaTHOHOCE-
JeKTUBHHIX MeMOpaH u3yueHn B paborax [154, 155].

Komniexcsl HOHOB IieJIOYHLIX MeTaJJIOB C MOJH3I(PU-
paMu HMelOT OTHOLNeHHe JMTaHAa K kKatuoHy 1:1. Huas
woHoB Cst u Rbt B cnyuae nubenso-18-kopomna-6 stm
OTHOIIEeHUS paBHH 1:2 1 2:3.

Cpeau u3yuyeHHHIX MNOAU3PUPOB HauGoabLiell KoM-
nnekcoobpasyiomefi crnocoGHocThio K wony Kt mo

75



CpaBHeHHIO ¢ HOHOM Nat+ o6janaor nubenso-30-Kopona-
10, AHLUK/IOreKCHN-18-Kopona-6, nubenso-18-kopona-6,
Genso-15-kopona-5. Hccnenosanme [155, G. Rechnitz]
MeMODaHHBIX KUAKOCTHBIX 3JIEKTPONOB Ha OCHOBE 3THX
COCIMHEHUH, PACTBOPEHHBIX B HuTpoGensoe, nokasaJo,
4T KO3 HIUEHTH 3meKTpoanoii CEJIEKTHBHOCTH HaXo-
AATCA B COOTBETCTBUH C KOHCT@HTAMH NPOYHOCTH COOT-
BETCTBYIOIMX KOMM/eKcoB. [lnenounble NoMBHHUIXTO-
PULHBIe MeMOpaHEl, nonydenusie PuGofi c cotp. [155]
Ha OCHOBe AUMETHN MU KIIOTEKCUI- 18-Kopona-6 u JHUIIPO-
M- THIMKIOTeKCUT-18-Kopona-6 B AUNeHTHA(TaNAaTe,
AOCTaTOYHO Ce/NeKTHBHBI MO OTHOINEHHIO K Hony K+
(KK/Na == 1,0'10_2 H KK/Na= 1,8'10_2 .

H3 11 nonuspupos, CHHTe3HupoBaHHbIX Puboii, ocobo
BbINENFETCS MO 3/1eKTPOIHBIM XapaKTePUCTUKAM pHMe-
THI6en30-30-Kopona-10 [155]. DnekTpoam na ocuope
STOro 3(upa B MHHHATIOpPHOM BapUAHTE YCHEIIHO NpH-
MEHEHBl 1119 onmpenesienus wona K+ B CbiBOpoTKe [145].
Oun o6nanator Teopetnyeckolt K+-dynxmuei s HHTep-
Baje KOHueHtpauu#t uonoB K+ 10-15—]10-5 p;.

Pasputsie Cumonom ¢ COTp. TeopeTuuecKue npen-
craBienuss [149—151, 156] nossonunu um CHHTE3HpPO-
BaTb pas/IHUHbIE amUKIHYECKHe MAK. Bcero omucano
Gosiee 150 coenunenusi (nuaMugn JAHUOKCOOKTaHAUKap6o-
KCHJIbHOH KHCJIOTBI), cpepu KOTOPBIX JIYYIIYIO CeJieKTHB-
HOCTb IO OTHOINEHHIO K KATHOHAM Li+, Na+, Ca2+, Ba2+
00HapYKHBAIOT BemecTsa [—IV, umeromue crlenynouie
CTPyKTypH [15, 156, 157]:
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Bo Bcex cayuasx ofpasylouiHecs CoelIHHe;{?I;I —[135T7O
MeTaJJ-JIUraHAHbI KOMILJIEKC B OTHOWIEHHH 1: ,

. Biichi}.
R Hau6c]>J1ee Ba’KHBIMH TpeOOBaHUSMH AJI1 TAKUX MAK

%nn;;o}o;ggna MAK gonxua OBITb nomnemaml&% I{AIZ
raHgoM, KOTOpPHH MOXKeT fAaTh CTaGHIAbHYIO KC(;IH r[OIJ)IHp-
uui0 ¢ 06pa3oBaHHEM IOJOCTH H3 Hme}omugmom' P
HBIX TPy, HeoOXOAUMBIX AJsS OKPYXKeHHUS lr(o oéo.nzaqu
MOJIpHBE TPYMIH oﬁpausycrg)Tepilfnothany
WHaLHOHHOHN ;
BOKEEQ };(Oa?p)l}éﬂosumenowmx H menoqrxosemenbﬂb:;olx;
TaJJI0B MpenNoYTHTENbHB TPYMMbI, COAepKauiHe
a:

Kﬂcﬁgggfnﬁaunoxmme IEHT Pl JOJIKHBE 6b1TbTr;c;:pI?0e;x:f
TaK, yToBb 06pa30BLIBATL NATHYJIEHHBIE X€Ja
Ia C IleHTPaJbHBIM aTOMOM;
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yBeJIHYEeHHe MHIOJBHOTO MOMEHTA HOJSIPHBIX TPy
JOJKHO yBeJHUHBaTh cTabuJbHOCTbH KOMILIeKca H 0Be-
CneyHBaTh NPEUMYIIECTBO B H30HMpaTeNAbHOCTH ABY3apsi-
HOrO KATHOHA OTHOCHTEJIBHO OJHO3apSIIHOIO TOFO XKe
pasmepa.

AHTHOMOTHKH BaJIMHOMHUHMH H MaKpOTeTpasujsl B
HanboJablLiel CTeNeHH COOTBETCTBYIOT [ePeyHCJeHHLIM

TpeGosanusM kK napamerpam MAK gaa wonos K' u NHj
H [03TOMY SBJAIOTCS OCHOBOM /IS CO34AHHS KaJHeBOro
1 aMMOHHITHOIO 3JI€KTPO/JIOB,

M36uparesbHOCTh  MAKPOUMKAMYECKHX COeLHHeHHH
K KaTHoHaM Oblna oOHapyXKeHa Takke y GHMOJEKynAsp-
HBIX (ochoannmuanbix Mem6pan [65, c. 48]). Teopus ne-
peHoca M MOTEHUHAJIOB JJS BCeX 3THX MeMOpaH BlepBhle
naHa B paborax JizenMana, Cuaun, CaGo [43, ra. 1].
B coorserctBuy ¢ 3Toft Teopueidl TOK B MemOpaHne mepe-
HOCAT KOMILJIeKCHble uacTHibl, ofpa3yeMmbie KaTHOHOM
u Mojekysnoit MAK. ABTopsl NPHHSJIM MaJOBEpOSTHOE
yCJloBHEe OTCYTCTBHS aHHOHA B MeMOpaHe, T. €. BO3MOXK-
HOCTh HapylLIeHHs 3aeKTponefiTpanbHocTH. B pamkax
5THX JOMymeHHH GblJIO BHIBEJEHO CJejyiollee YpaBHeHHe
anst meMmOpaHHOro mnoTeHuHana [3Haku 3apsga ()

Y 4acTHL OMYUIEHH] : .
a +(i}§_kls- KBS) al
A fps kas Kas ) B
o+ ( Bps ss &) o
ins kps Kys) B
3lech ¢ — Pa3sHOCTb NOTEHIHANOB MeX]Iy ABYMs pac-
TBODaMH, pasjefeHHHIMH MeMOpaHofl H coaepKauluMH
InBa KatnoHa A u B; ilgs H fias — MOJBHKHOCTb KOMIIJIEKC-
HBIX YaCTHIU; kps H kas — KO3(hHINEHTH pacnpeaeneHiis
KOMIJIEKCOB MeXAy aAByMmda dasamu; Kps H Kas — KoH-
CTaHTbl 00pa3oBaHNS KOMILIEKCOB KaTHOHOB A ¥ B ¢
HefiTpanpHoil Monekyaod MAK (S).

Ecan mpeAnosoXHTs H30CTEPHOCTh KOMIIEKCHBIX
4aCTHI, T. €. CXOJCTBO CBOHCTB, OMpejensieMbIX pasMe-
paMy KOMILJIEKCHOH YacTHUB], TO OTHOIUEHHE fgs/ilas = |
M CEJIeKTHBHOCTb MeMOpaHbl ompejensieTcss TOAbKO pas-
nopecHbIM (aktopom. Toraa koadhduuHenT 31eKTPOAHOMH
CeJIEKTHBHOCTH paBeH

RT
¢=-—Fp"In (1L 35)

Ky o #ps Kps
AB™ kxs Kas

(1. 36)
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B ypasuennn (II.36) Ka-p COOTBETCTBYeT KOHCTaHTE
paBHOBecHs clellyloulell o6MeHHOH peaKkuyy:

AS* 4+ Bt == BS'+ A (1. 37)
Hs (11.35) moayuaeTcsl MpH ITHX YCAOBHAX
RT @)+ Ky_pdp

n (11. 38)
F  aj+ Ky_pag

(p=

Ypasuenue (II.38) NoNHOCTBIO COOTBETCTBYET paHee
npusesennomy (I.13). Koncranra obmena Ka—p uHTED-
NMpeTHPYeTCs 3/1eCh, MO CYLIECTBY, Yepe3 KOHCTAHTH pas-
HOBECHR NpoleccoB KcTpakuun saekrposuros AX n BX
(X — aHMOH 3KCTparHpyeMo#l COJH) B OPraHAYeCcKyio
dasy, copepxawmyto MAK (S)

ATLS 4+ X = A" 4+-X (1. 39)
B*4+ S 4+ X = BS*+X (11. 40)

Dtu ypaBHeHHS COOTBETCTBYIOT MPeANOJNOXKEHHIO, UTO
B MeMGpaHy MO/IKHB BXOAHTb B 3KBHBAJEHTHBIX OTHO-
LIeHHAX KaTHOH H aHHoH. OnHako MeMOpaHHble 3/1€KTpO-
ne Ha ocHoBe MAK mokaseBaloT Kak MpPaBujo, MOJHYIO
KaTHOHHYI0 (YHKUHIO, T. €. OKa3blBAlOTCA NPOHHLAEMBIMH
TOJIBKO JJSi KaTHOHA, a TPAHCMOPT aHHOHA NPaKTHYECKH
OTCYTCTBY€T HJIH OYEHb CHJIbHO 3aTOPMOXKeH.

TIpeanoJiarator, yTo 3aTpyjHeHHe B MEPEHOCe AHHO-
HOB BoO3HuKaeT Ha MexdasHo#i rpanuue [158]. C pas-
HEIM OCHOBAHHEM, OJHAKO, MOXKHO MPEAMOJOXKHTb, UYTO
JUMUTHpYIOmEH crajued sIBJASETCS MEpPEeHoC aHHOHA BO
BHyTpeHHeM oGbeMe ruapodobHOH opraHHyeckoil (asbl.
B pabore [53, c. 64] CredanoBoi MpeANOXKeH MeTOL
KOHHEHTPALHOHHbIX leNell 1S BhisIBJIEHHA JHMUTHPYIO-
ulefi crafuu womnoro tpascnopra. Ilo npeasapuTebHLIM
JAHHBEIM AJ5 MeMOGpaHbl Ha OCHOBE BaJHHOMHIHHA B 1H-
6ytuadranare BTopoe MpelmosiokKeHHe sBJASETCH 6oJee
BEPOATHNM.

Kanuii-ceneKkTuMBHEIH SNEKTpoOL

Bneppnie BajHHOMHIMHOBHIA Kt-agekTpox omucaH
8 pab6orax CumoHa c corp. [159]. Toprossie KHIKOCT-
HBle /1eKTPOJbl 3TOFO THMA BHIIYCKalOT HeKoTOpbie (up-
Mbl B PasHBIX CTPaHax.
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BanunoMuuyHOBEE 3/7eKTPOAL  IJIEHOYHOrO THIA
ObliM He3aBUCHMO paspaGorannl IleTpanekoM u Pu6oii
[155] u Hukonbckum, Mareposoit ¢ corp. [160]. Mem6-
panbl B nocienneit pabore momydeHst U3 PacTBOpa MOJH-
BUHUIXJOPHAA B LMKJOreKcaHoHe ¢ joBaBjeHHeM Baju-
HOMHLMHA, pacTBOPeHHOro B aubyrundranare.

B pa6ore [148, c. 14] npuBenensi KoncranTh o6pa-
30BAaHUSI KOMIIEKCOB BaJHHOMHUuMHA ¢ noHamu K,

NH;i, Rb*, Na* B BoxHO-MeTaHONBHBIX PACTBOPAX U MO-
Ka3aHo, UTO OTHOWWeHHe KOI(DPUUHEHTOB CeTeKTHBHOCTH
K+-anekrpoga onpejensiercsi cOOTBETCTBYIOMMM OTHOLIe-
HHEM KOHCTAaHT 06pa30BaHHs KOMIIEKCOB.

I[Tposenennsie skcmepuMents [161] ¢ 3amopoxen-
HBIM DACTBOPOM BaJHHOMHLHMHA B IH(EHHJIOBOM 3dupe
(mpu 5°C) noxazamu, uto neperoc K+ B KHAKOM Baau-
HOMUUMHOBOM 3/JeKTpoje ocyuiecTBasercs B QopMe
KOMMJeKCOB HoHa K* ¢ BaJHHOMHLUHOM, [OCKOJLKY
«3aMOPOXKEHHBIH» 3JeKTPOA MNOTEPHa IMOJHOCTHIO HOH-
HYIO KaJIHEBYH0 YYBCTBUTENBLHOCTH H CeJeKTHBHOCTL. CH-
MoH c corp. [161, 162] HaGawoganuy A8 NIEHOUHBIX
MeMOpaH ¢ HOHAKTHHOM — MOHAKTHHOM HJH BaJHHOMHU-
LHHOM B 3JIEKTPHYECKOM TMOJe CeJeKTHBHBH mepeHoc
HoHoB K+ ¢ MonekynoH MakpomMKAHUECKOTO coeHHe-
Husi. Takolt e pesyabTaT monyded ans mem6paH ¢ Hu-
TepHUMHOM W MOHEM3HHOM MNPH TPaHCNOpTe HOHOB K+
[163].

[Toppo6uo nsyuen K+-smekTpox ¢ ®uakofi MeMGpa-
HOH, mpencrapaswmell coboll pacTBOp BaAHHOMHUHHA
B pudeHunoBom adupe [44, 165]; oH umeer caenywomue
CeNIeKTHBHBIE XaPAKTEPUCTHKH:

g Ko Sy Ko
Rb+ 1,9 Na*, Ca?t 26.10""
NH} 1,2-107* Li+ 2.107*
H+ 54.10"" Mg?+ 1,8-10"*

Hauusifi anektTpon obaajaer Kt-gyukunedi B unrep-
Bane KoHueHtpauu#i 10~'—10-*M u umeer comporusie-
Hue ~ 1 MOm.

Jlan u Kpucruan [165] Haumu, 4to Koadduument
CENIEKTHBHOCTH 3TOr0 3JMeKTpola Kg/na 3aBHCHT OT OfF-
HOCHTEJNbHBIX KOHUeHTpauuii uoHos Nat m K+ B pac-
TBOpPe. B MPHCYTCTBHM TaKUX aHHOHOB, JIETKO Mepexo-
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ISIMX B Oopranudyeckywo (asy (JIPIOCI)I/IJII:ILII:IX), Kak mep-
XJOpaTHH, THONMAHATHHHA, GeH30aTHHIH, NHKpaTHBIf,
GeHsoncyabhaTHLfl U Apyrue, XxapaKTepHCTHKH Ktagek-
TPOJOB yXyaualOTcss (yMeHbIIaercs YryaoBoH KoahdH-
[HeHT, KOHIEHTpPAaLUOHHH{ uHTepBan (QyHKUHOHHPOBA-
Hus1). .
B pa6orax [166] npemnoxeHa Teopus BAHAHHA J';E
MohUAbHEX AHHOHOB Ha ceaekTHBHOCThL K*- n Ca?t-
meM6pan Ha ocHose MAK. ABTOpH HCXOIAT M3 CHElyI0-
WX MPEANOCHIOK: MeMOpaHa COJePKHT HeClocoGHHE
mepecekaTh FPaHULy pasjena MeMOpaHa — pacTBop qac_l-_
mane R, S (S-BanunomunuH wnu apyrofi MAK), BS
(KOMTIEKC KaTHOHA € BaJUHOMHIHMHOM) H crocobHHe
lepexoAnTh rpaHuly HoHm B+ u X= (rme X~ -—.urmo-
¢uabHE aHHOH). ABTOpH MOJYYMIH CAelyloniee BbIpa-
JeHHe 118 PasHOCTH MOTEHWHAJ/IOB HAa rpaHuue Membpa-
Ha — PACTBOp (BHAKH 3apsAJ0B OMYyLIEHH):
Upg —uyx RT

= —— —Inag—
@ = const -+ ips ¥y T B

1 Kai \* 1 Kai\"
__ 2uss _1iT_ln 14— C,B ) +(— osil) ](11.41)
upgg+ux F 4 ™ 4 C¥
rre C¥™ — o6mas xoHneHtpanus scex hopm MAK (S)

BHYTPU MeMGpaHBl; ap = @x — AKTUBHOCTH HOHOB B pac-
tBOpe; K — KOHCTaHTa PaBHOBECHS PeaKLUH:

B*+X 45" == BS*+X° (IL. 42)

Teopusi MPUBOIHT K CAEAYIOUHM MOATBEPKIAEMBIM
3KCMepHMeHTanbHO BEIBOJAM OTHOCHTENbHO BAMAHHAA JIH-
nodunbHEX aHHoHOB Ha K¥-dymkuuio: 5

yra0Bofi KO3(GdHIHEHT KaaubpOBOUHOH KPUBOH o MPU
MaJblx 3HAUeHHAX AKTHBHOCTH KAaTHOHA (as)

Ugs — Uy o
— 28BS X 599 (25°C) (IL. 43)
* = s +uy (

npH BLICOKOI AaKTHBHOCTH @ MNOSBASETCH aHUOHHAaSA

YyBCTBHTEJNbHOCTh 3JEKTPOAA;
kpusass E = f(lg as) uMeeT MaKCHMyM NpH CPeJHHX

3HaUYeHHUAX dB.
ABTOpr 3TOH TEeOpHUH [0KaszaJjay, UTO BAHAHHE JHMNO-

UALHEIX AHHOHOB MOXKET OHTh THMHHUDOBAHO MpaK-
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THIECKH IIOJHOCTBIO NMyTeM [00aB/ieHHS B MeMBpaHHYIO
¢asy kommonenra MR (nampumep, Terpadennabopara
HAaTPHSI), B KOTOPOM aHHOH R~ He crocoBen MepexoanTs
depes rpaunny MemOpana — pacrsop. Ilpu stom ass
MalblX Gs 3KCMepHMEHTANbHAS KamuGpOBOUHAS KpHBas
COBMAJaeT C HEPHCTOBCKOM, a MAKCHMYM Ha KPHBOIl cMe-
maercs B CTOPOHY GOMbMIMX as (pacuiupseTcss o6aacTb
K+-pyukuun).

B pabore [167] wuccnenosano samsume PasNHYHBIX
OPraHUYEeCKHX U HEOPraHMYeCcKHX HOHOB Ha K+ hyHK-
UHIO BaJHHOMHLHHOBOTO 3JeKTpona. Haubosee cHABHO-
BIHAOIIHMHY KaTHOHAMH SABJSIOTCS TSIKEJBIE 111049 Hble
vorbl (Rb*, Cst), a raxxke woust NHj, TI*, Fe¥. 3a.
MeTHoe BJIHAHHE OKa3biBAIOT MOJOKHTENbHO 3apsiKeH-
upte [TAB (nanpumep, uermarpmmerunbpomun). Otpu-
[arenbHO 3apsiKeHnbie W HefiTpanbuble [JAB He name-
HAIOT 3/71eKTPOAHBIX XapPAKTEPHCTHK BaJHHOMHIIHHOBOTO
JMeKTpoa.

Hccnenosaune [155, G. Rechnitz] munkux MeMGpaH
HA OCHOBE MOJIMIPHUPOB B HUTPOOGEH30JE MO3BOJIHIAO CO-
[OCTABUTh KO3(D(ULHEHTB 3JeKTPOAHON CeNeKTHBHOCTH
(Kx/m) nas uersipex apupos (anuEKIOreKcHa-18-Kopo-
Ha-6, nuberso-18-kopoua-6, OeH30-15-Kopona-5, nuGen-
3okopona-10) u yersipex wuomos M'(NHj, Na*, Rb*
Cs+). Oxkazanoch, 4TO CeNEeKTHBHOCTD KOPOH MO OTHOIlle-
HHIO K HOHY K¥ B psiny onmHosapsiHbix HOHOB Hecylue-
CTBEHHO 3aBHCHT OT HX CTPYKTYphl. Kosdduumenrn ce-
JEKTHBHOCTH cOCTaBAAIOT: Kx/csrn = 13 Kxnu,=(0,5—2)X
X107 Kgna =(1,5—5,0)- 107% Tak xe kak 1 Ba-
JHHOMHIMHOBOIO 3JIEKTPOAA, KO3DODHLHEHTH CeIeKTHB-
HOCTH 3JIeKTPOJIOB Ha OCHOBE KODOH ONpeesioTcst KOH-
CTanTamu obpasoBanns Kommiekcos [155, G. Rechnitz].

Ocob6o caeayer sbigeauThb anMernn6en3o-30-kopoua-
10 [155, O. Ryba], snekTpoas! Ha ocHose KOTOPOro npu-
MeHs/NI 18 onpejenenust K+ B ceiBopoTKe KpoBH [168].
([)nnc]aﬂ TakX¥e MHHHATIODHBIA 3/JEKTPOA 3TOr0 THINa
169].

Hatpwuii-cenexruemblii snexrpop

Onucan [157, D. Ammann] ®uakocTHBI MeMOpan-
HLIIl 3/IEKTPOL Ha OCHOBe cHHTerHueckoro MAK, cesex-
THBHBIH MO OTHOWeHH!I K noHam Nat. ror MAK uMeer

82

CNEAYIOULYIO CTPYKTYPY:
O O
@/O
%o
@\/N\/©
v

B kayecrBe pacrBopuTenell mpuMeHeHH AHOEH3HNO-
BbIfl 3OHD M O-HUTPOMEHHUI-H-OKTHJIOBBIH 3¢up. PacTBOp
MAK B 3THX pacTBOPHTeJsIX BBOAAT B MOJHBHHHJAXJO-
puanyio Marpuny. llonyyennas MeM6paHa comepKHT
2,4—2,69% (Macc.) KOMNJeKcoHa MPH COOTHOUIEHHH pac-
TBOpHTENS U MOJHBHHMUJIXJOPHAA 2:“1. OG6e 3nekTpoaHbe
CHCTEMBI, pa3auyaiiiecs NPUPOAOH PacTBOPHTeNS, flo-
Kasanu JHHEeliHyl0 3aBHCHMOCTb nmoTeHuuana ot —Ig ana
B HHTepBaje KoHUeHTpauuii 10~'—10~* M u BEICOKYIO
CeNEeKTHBHOCTL MO OTHoLleuHio K uoHy Nat B mpucyrt-
CTBHH JAPYIHX HOHOB ILNEJIOUHBIX, & TaKXKe MLIEJOYHO3e-
MeJbHLIX MeTaJJloB.

W3 tab6a. 1.5 caeayer, uro anektpoa c¢ aubensuo-
BbIM 3¢pHupoM ob6siagaer GoJiee BHICOKOH CEJEKTHBHOCTLIO
M0 OTHOWIEHHIO K HoHam Nat (B NPHCYTCTBHH IIEJIOYHO-

Ta6auma ILS

3uavenus xoappuuucaton cenektusuoctd Ky, m
memGpano-aktueyoro Na*-axekrpona

- . -H -

Bausio- HuGeunsn (bgﬂf;;’f,f%,(_ Bnm!(;& ﬂ;g:::au» d)‘;”ﬁ?,?_‘;,(

' :

ot P I o S L s O I el e
- —4

i+ 36:107° [ 48.1077 [ Mg [35-107" | 82.10
[Nla+ T i Cas | 56-107° | 34.107"
K* 19107, | 2,1.107, | Sr2¢ 1,2-1072 | 2,0.107,
Rb* 6,7-1070 | 95-1077 | Ba** 4,4-107% | 81107
Cs* 36-1077 | 7.3-107° | H* L] 72-107)
NH; 39-107° | 6,0-107° | zn™ Li-107" | 1,3.107
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SEMeJbHbIX HOHOB). B mpenniaymux pa6orax mwkons Cu-
MOHa OHJIO N0Ka3aHO, YTO YeM MeHbllle AM3JEeKTpHYE-
CKad TpoHHLaeMOCTb MeMOPaHHOTO PacTBOPHTENs, TeM
BEILIE CEJIEKTHBHOCTb M0 OTHOWEHHIO K OHO3apsAHBIM
HOHaM [0 CPaBHEHHIO C JBY3apsiAiHBIMH. B 3ToM oTHO-
UICHUH IMeKTPOA ¢ HHOEH3UNOBHIM 3PHPOM (e == 4,0)
obnajaer MpeHMyLIECTBOM nepes JEKTPOJOM C O-HUTPO-
(DeHHII-H-OKTHIOBEIM 3¢ HpoM (e = 24). Opnako Bpems
KU3HH 3NIEKTPO/I0B NMEPBOr0 THNA HEBEJHKO (MPHMEPHO
ABE HeJleNIH) H3-3a HECOBMECTHMOCTH JHOEH3HIOBOrO
3¢npa ¢ MONHBHHHAXIOPHIOM. ONEeKTPOAB BTOPOro THIA
byukuHonupylor aBa Mecsana. Bpems YCTaHOBJIEHHS TIO-
TeHUMANA 3aBHCHT OT KOHUEHTPauuH HouoB Na+t B pac-
TBOpe # coctasasier ot 30 ¢ go 10 mumn,

C momowbio Na+-31eKTpo0B JaHHOTO THIIa onpepe-
AR copepxanne noHos Nat B chBopotke Kposu. Ilpu
3TOM 0GHapyXKeHo, YTO OHH He YCTYNAloT CTEKJSTHHOMY
3NIEKTPOJly MO YyBCTBUTENBHOCTH K HOHY Nat,

B pa6ore [170] uccaenosann csoficTsa 3JIEKTPO/JIOB,
HSTOTOBJEHHBIX Ha ocHoBe Toro ke MAK, Ho ¢ mpume-
HEHUEM HHLIX DacTBOPHTEJ/EH, MOCKOJBKY 3JeKTPOJHEIE
CBOHCTBA, KaK BHJHO H3 BHIUIEH3JOKEHHOTO, Ompeje-
JAI0TCA HE TOJBKO NMPHPOAOH aKTHBHOrO WHTPeIHeHTa
MeMODaHbl, HO M THIIOM DaCTBOPHTENS, KOTOPbifi MOXKeT
AIBJATBCA 3KCTPATeHTOM HMOHHHIX KOMIIOHeHTOB, B Kavue-
CTBE pacTBOpHTesell B3ATH AubGyTunadranar (e = 6,6) u
O-HUTPO-n-LUMON (e == 20). DeKTPoAb HCCACAOBANH
npu 20 u 40°C. Okasasock, uTO 3MEKTPOAL C AH6yTHI-
¢ranarom obnagaor JygmuMu XapaKTePHCTHKAMH, yeM
¢ O-HHTpO-n-ummosoM. OG6nactb (PyHKHHOHHPOBaHHS
3/1eKTpoaoB cocrasiser ot 103 M 1o 3 M, a cenekrus-
HOCTL Ta Ke, uTo mpusejeHa B Taba. I1.5 auaa snekrpo-
Aa C O-HATPO-H-OKTHJOBHIM 3¢upoM. M3 uucaa wucemego-
BaHHLIX pacTBopuTeneidl An6yTuadranar faet 3J1eKTPoiH
¢ Hauboabuel cTabUALHOCTBIO MOTEHIHANA. Cpox X&us-
HH 3THX 3JIEKTPOJOB COCTaBJAsfET ~6 Mecsies.

Vsyueno [47, c. 179] noBeneHHe MmIeHOUHbIX MeM6paHn-
HBIX 3/JEKTPOJOB, H3rOTOBJEHHHIX HA OCHOBE TOTO e
cocTaBa, HO ¢ 106aB/eHHeM COJH ¢ AHNOMUIBHEIM aHHO-
Hom (NaCNS). B pesyuabrare conporusaenue mMeM6paH-
HOTO 3/JeKTpojla CHH3HJIOCh Ha MOPANOK H TMOBHICHJIACK
CONMPOTHBJAEMOCTD 3JEKTPOAHOH MeMOpaHhl NPOHUKHO-
BEHHIO aliHOHOB M3 PacTBOpa.
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Jurann 11 (ctp. 76) u3ydeH [171, 172})] Bsbfggﬁi?fiz
¢ pacTBOPHTENAMH Pa3HOi NPHPOLLL C ueJINlao“”-aJleKTpoﬂa
ONTHMAaJBHOTO COCTaBa MeM6pabeH ng Nat-anewrpors
18 aHaMH3a CHIBODOTKH KpPOBH. [1aHOO

M.
oKa3aJics 3MeKTpox ¢ AHOyTHICEOaUUHATO

AMMOHMIH-CENEKTHBHLIN 3NEKTPoA

.

CeJleKTHBHOCTb TIO OTHOLIEHHIO K HOHymI:IOI:;XngstI;
JS10T, KaK y¥Xe OTMeduaJocCh, Tpymnila ZE'KT173 o
6uotrukos (cM. cTp. 74). B paborax [MO,CTb , c. B3] e
ciepoBaHa uabnpaTesbHas NMPOHHNAE O S o
paHHBX CHCTEM, NpHYEM YCTAHOBIEH C y

KaTHOHHOH ceNeKTHBHOCTH

i + 2+
NH;>K+>Rb">H*>cs*>L1 > Na*> Ca

eMoCTb MeMOpaH, BKJIO-

% npoHUNIa
MoKasbiBaloOUIHHA, 4YTO IIP e A TPy MAK)

3MEHACTCA
alOMX HAKTHHBY, H i
ZT I?;TI/IOHa K KaTHOHY TakK XKe, KakK crioco6HOC

eKTHB-
KOMIJ1eKcooBpa3oBaHHIO. Slsixo BLIpaXKeHHAas ceJ; e
nocTh HaktHHOB K HoHy NHi mnoJoxeHa B OCHOBY
+

uua NHi-snektpona. -
na Mpennoxen [173] 27€KTPOL, MeM6pangH§or(gg%)
[pejcTaBJAsSeT HaChIIIEHHbI PacTBOp HOHA e
P 289%) B Tpu (2-3THITEKCHT) PO - Ko-
u MoHakTHHa (28% p edare
s(OHIHENTE CeIEKTHBHOCTH, PaBHBIC ANH,K ,

K —90-107% nosBoasiloT NPUMEHATH 3TH 3J1+eK-
H ANH4/Na — 4, 3 i
TPOABl A/ ONpEAeNeHHs Konue“m(p;éx!?en Egg{gi) I\{I;S].

WHJKOCTEH ,

ane OGHOJOrHYECKHX rs).
glcfrloﬁqmaocm KOMIIJIEKCOB HAKTHHOB 3aBHCHT OT I/II;JII;K-
bl pacTBOpHTENs; OHA BLILIE B CPEAAX ¢ HU3KOH 1
Tprueckoil mocrostHHoil {148, ¢. 64].

JIuTHit-CEeNeKTHBHEIA SNEKTPOA

Cumon ¢ corp. [174] mnpemnoxuny }KHI?IE(;)}({:;‘;IH};
vem6paunnbifi  Lit-amekrpon Ha ocnox;e BgeﬂpeHHOFO
(ctp. 76) B Tpu (2-3TH/IrEKCHT) Pocdare, BHEApENOr
B MONHBHHHAXJOPHA. DJIEKTPOI MO3BOJAET H3) H% bk
THBHOCTb HMOHa Lit B HHTepBase KOHLUEHTPAL
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10~ M. CeneKTHBHOCTH MO OTHOWIEHMIO K AHTHIO Xapak-
TepH3yeTcs caeAyiomuMy KoapOHLHeHTaMN:

BausioniHA

HOH M KLym
Na* 51077
K+ 7-107)
Ca?+ 5.107

Mg+ L,7-10~"

OJIeKTpoJHAs MeMOpaHa HMeeT caenylomui cocras,
B % (macc.): MAK —5,8; TpH (2-aTHAITeKCHA) pocdar —
62,8; MOJMUBHHUAXJAOPUA — 31,4. Baaroxaps Beicokoil mu-
nodunpHoCcTH Li-KoMmaekcona BPEMS JKHM3HH 3/1eKTpo-
ha cocraBaser Oosee 8 Mecses. Li+-9JIEKTpOD; HAXOIHT
BaXXHO€ MpHMeHeHHe NN ONpepe/eHus HoHOB Lit B Guo-

JIOTMYECKHX CpeAax (HAaNpUMep, NMPH MCHXHATPUUECKHX
HCC/IeIOBAHHSAX),

Kansumit-, 6apmii-
M CTPOHUMH-CeneKTHBHLIE dNeKTpoabl

D/IeKTPOLBl HA  OCHOBE HEHTPaMbHHIX JHTaHJI0B,
llpeflioxkeHnEx Cumonom ¢ cotp. [15, 149, 156, 157] gas
HNOHOB IWIENOUHO3EMEbHBIX METaJI0B, HMEIT AL Cylie-
CTBEHHBIX MPEUMYWIECTB MO CPABHEHHIO C paHee HAMU
ONHCAHHBIMH, BKIOUAIOWHMH HOHOOGMeHHbE MeMGpans
(cm. cTp. 49). Bunicokas SJIEKTPOJHAS CeJEeKTHBHOCTh
3feck jpocturaercsd Gnarojapsi BHICOKOH ClOcOBHOCTH
K KOMIJIeKCOOGPa30BaAHNIO 3THX JIUT3HA0B, BBEJEHHBIX
B Mem6pany. CuHTe3upoBaHHBe CHMOHOM c corp. [149,
156]) nuraHie ¢ M3GUPATENBHOCTBIO K HOHAM eT0yHo-
SEMEJIbHLIX METanI0B HMEWT Cleaylollne CTPYKTyphi:

0 Ca?* o)

Rl\N (Ié o) o) c—N" ®
TUNLTN\ —
Ry CH, CH—CH, Céz R,
Vi

a. Rj=CHas; Rg==(CHy),0CO0C2H;5
6. Ry=CHg; Ra=(CHg)s—CH3
8. Ry=Ry—CHy —CHy —CHj
r. Rj=CHg--CHz—CH3;  Rp=CHy—C(CHa)s
A Ry==CHs; Rg=CH;—COO—CH; —CHj3
I/Iccnenoaaﬂﬂe MeM6paH, ColepXKAaUHX 3TH JHUraHJH,
[10Ka3a/10, YTO CeNeKTHBHOCTb K HoHaMm Ca+ mo cpase-
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Hmio ¢ wonamu Nat Bo3pacraer ¢ yBeJHYEHHEM nuaner;—
TpUUECKOH MPOHULUAEMOCTH NPHMEHEHHOTO EaCTB;)([))HT;O.nO/.
Ca2+-31eKTpoaH ¢ XKHJAKOH MeMOpaHOi [ K—T- 0%
(Macc.) JaWrania] Ha ocHoBe JHrania co mp;; cy%o-
Vla B n-uurpoGensone (e =21)— pacmoprﬂnen & e
CTATOUHO BHICOKOH IH3JEKTPHUECKOH HPOHHHaeM?CcéneK-
LadH caefyiomue Ko3QQHUHEHTH 3JEKTPOAHOH _
THBHOCTH:

Bn:gl?muﬁ Kcam Bn:g}x:)uhkun Kcam
-3
Ca?* 1 N?: 5,6 - 10_3
NH} 1,7-107" Li 2,3 10;
Rb* 16-107" Cu?*, Zn** 10
Ba®* 8,0-1077 uo;*, AP .
K* 73-1075 Mg2+ 3,0-10
H* 4,1 10_2
Sr2+ 1,010

[lreHounbie Cat-31eKTpoas! [cOCTaB MeMOpaHbi 33
% (Macc.)]: nuragga Via—3; nom{sng;mxngﬁ:na};{—mn
1 0-HUTPODEHHTOKTHIOBOLO adupa —67] o pKyT i
HECKOJIbKO MEHbIIYI0 H3OHPaTeNbHOCTh, UeM 3Je po %B
¢ xuakoil MemGpaHoi. Oxnako oba THmA ;nempmia‘
UMeIOT fIBHOE IPEeHMYIeCTBO MO snzemp(innoz Sf“e T
HOCTH (B CPaBHeHHH C HOHAMH Mg+ H+ n n06)M2HEO?{
saeKTposaMu GHPMH Orion ¢ XKHAKOH HOHO meirof
meMGOpanofi [43, ra. 2]. Oco6o geo6xozmM0 1'[0;::l %cx—xgne
BHICOKYIO UyBCTBHTENBHOCTh Ca?t-3/1eKTPO/0B H ockobe
yKasaHHoro BHle juranna Via. DAEKTPOL C 3TH ou-
MJIEKCOHOM NPHMEHHM JI0 pCa=7, B TQI‘TFX)eMﬂX N
saekrpos Gupmp Orion # IUIeHOYHBIE (c ) C[({)Tpo
astor Ca2t-QyHKIHIO TOJBKO JO pCa=4, a ane Tpsoﬂ
Pyxuuku [76, 247] o pCa = 5.5. To OéCTOéITze_:IbC 2O,
yro aurangaei Ca2t-31eKTpos CI/IMOHi naer Ca -(i)ngo
nuio B MpHCYTCTBHH HoHOB H* 1 Mg+ B OTHOCHT Ho
BBLICOKHX KOHUEHTPALUAX, 103BOISIET MPHMEHATH eFOIEI)IB]
ompenenenust HoHos- Ca*t B CbIBODOTKE KpPOBH [cm ;
Octanbhbie Juragast (6, B, T, X) %amr KOMIJIeK
nonamu Ca?+, cxojHble C JHFaHI0M Via. ” -

dnextpos, usbupareavHbiii kK nromay Ba*t w Sr ;
MOXKeT OBITb MOJyyeH Ha OCHOBE COeIHHEHHS CO CIelylo
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el CTPYKTYpo#:

o g
A28

Brepsuie Takoit snexrpon 6bl1 onucan B paorte Jle-
BuHca [176]. HanBonee crabuabHbIl 3JEKTPOA A4
voHos Ba%t u Sr# ¢ xopoltell BOCIPOH3BOAHMOCTBIO Gl
NONyYeH HAa OCHOBE 3TOTO JIMFAHJA, PACTBOPEHHOrO B jH-
2-uutpodeHoNdI(Ype H BBEJEHHOrO B MONHBHHHIX/IO-
pun [177].

Hns Ba?t-saexrpona opuMeHsaad Takxke gaurang (11
(ctp. 77), ®otopmiii naetT Gonee NpOUHHIE KoMIJeKc
¢ nonamu Ba?¥, yem ¢ nonmamu Na+, K+, Ca2+ u pp,, 3a
UCKIIOUeHHeM HoHOB Sr2F, Cs+ u Mg?+, daektpon 6o,nee
roja He H3MeHseT CBOMX XapakTepucTuk [150].

Ha ocuose aurannga VII takxe HOJIyYeH KHAKOCTHBIH
YyBCTBHTeNbHEIN K Sr¥+ amekTpon [156, c. 22; 178]. On-
HaKO OH TepsieT Sr’+-QyHKUMIO B [PHUCYTCTBHH HOHOB
Ba*+. Eciu CpaBHHTL HOHOCE/IEKTHBHbIE 3/EKTPOALI C Ka-
THORHBIMH (QYHKUHAMH HA OCHOBE MKHIKMX HOHHTOB, C
OAHOM cTOpoHBl, 1 Xenatos (MAK)—c apyroi, to MO’}K-
HO NPHHUTH K 3AK/TIOYEHHIO, UTO BTOPOH THN 3JEKTPOLOB
umMeer Gosee BHICOKHe XapakTepHCTHKH. He rosops yxe
0 KaJIHeBOM BATHHOMHUMHOBOM 3J€KTPOJE, BHICOKOUYB-
CTBHTEJIbHbIE Ca?*-3/1eKTPOABI, a TaKXKe 3/IeKTPOAH C
NHs- u Li*-byHKunsaMu, cospaHHble Ha OCHOBe Hefi-
TPANDbHLIX JHFAH/0B, OCOGEHHO YKA3AHHLIX BblllE CTPYK-
Typ (cM. ctp. 76, 77, 86, 88), XapaKTepH3YTCH BLICO-
KHMH NOKA3aTeNSIMH 10 CeJeKTHBHOCTH H YYBCTBHTEND-
HOCTH. B 3Ty HOByI0 06/1acTh HOHOMETPHH HeOmEHMMbifi
BK/ajl BHEC/H YIOMHHABUIHeCs Bhllle paBoThl wiBefigap-
CKOH LIKOJIBI XHMHKOB BO raaBse ¢ CuMonoMm. OgHako Mme-
XaHH3M BO3HMKHOBEHHS KaTHOHHBIX (QyHKuuit y Membpan
C HEATPaNbHBIMH KOMIJIEKCOHAMH BHISICHEH eme Aajeko
He mousHoctbio. IlostoMy nanmbHefiwiee uayueHue csiay
CTPYKTYpBl HEHTPAJIbHBIX JHPAHIOB C B3aHMOgefiCTBHEM
HX C UCHTDANLHLIM HOHOM, PO MOJASPHBIX H HEmoJsip-
HBIX TPYNil, & TaKXKe TPAHCNOOPTa KATHOHOB M AHHOHOB
1epes COOTBETCTBYIOmHE MeMOPaHBl Ype3BHYANHO kKema-
TeNbHO, '

Ffnass

DNEKTPOAbI
C TBEPAbIMU MEMBPAHAMM

111, OBLUME NONOXKEHHUA

B aToif rnaBe MBI pPacCMOTPHM CBOHCTBA HOHOCEJEK-
THBHBIX 3JEKTPOJOB, MeMOpPaHbl KOTOPHX NpPEACTABASIOT
co6oii MOHO- HJH MOJUKPHCTANJAB TPYAHOPACTBOPHMBEIX
B Bojie costefi. B sTtux MemGpaHax o6bIYHO OJHH M3 JBYX
COCTABJSIOMMX COAb HOHOB crocobeH moj AedCTBHEM
5JeKTPHUECKOTO [0/ ePeMelmarThcsi B KpHCTAIIHIECKOH
pemeTke o ee aedexram. [IpumepaMu KpHCTANNIHISCKUX
3JMEKTPOLOB MOTYT CNYXKUTb B IMEPBYI0 Ouepeib CHCTeMbl
¢ MeMGpanaMu U3 coJeil rajorenn108 cepeGpa, KoTophle,
KaK H3BeCcTHO, 06/afaloT MOHHOH MPOBOIHMOCTLIO, OCY-
mecTBAsieMoil HOHAaMHu cepe6pa. IToBexeHne 9TUX MeMO-
paH, N0 KpafHeli Mepe B NpPOCTEHIINX cAydasX, UjeH-
THYHO IOBEJEHHIO COOTBETCTBYIOIUMX 3/JEKTPONOB BTO~
poro poja (xaopcepebpsHoOro, kasgoMenbHoro). ToHKas
IaCcTHHKA M3 MOHOKPHUCTaJasia, HampuMmep, XJopuaa ce-
pe6pa, MoxeT OHTb MeMOpaHOi 3nekTpona, o6paTHMOH
no orHourennto K nony Cl—, koTopblfi 3aKpemvieH B KpH-
cTaANHYecKoll peureTke, B To e BpeMs Tako# SJeKTpon
o6nagaer ¥ KaTHOHHOH Agt-byHKuMeld 3a cUeT MOCTOSH-
cTBa mpoussenenusi pactsopumoctd ITPagct

PaccMOTpHM  2/JeKTPOXHMHYECKYIO CHCTEMY, COCTOfA-
Wyl H3 MeMGpaHb — NIACTHHKM KPHCTAMIA TPYAHO-
pacTsopuMoii comm BX, koropas pasnenseT pBa pac-
TBOpa ¢ pasuoll KoHuenrpauueh comu AX

1 2

Craunaprunit | Mem6pana | Pacrsop
pacTBop BX BX, AX o
AX, BX n P

BenegcTBHe He3HAYMTENbHOH pPacTBOPUMOCTH  COJb
BX npucyrctByer B 06OMX pacTBOpax, o6pasyst HAcCHI-
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IIeHHBlE PAcTBOPH. 3a CYET pas/AMUHA B AKTHBHOCTAX
annona X~ u Katmona B+ B ABYX pactBopax wmexay
NOCNeNHUMH BO3HHKAET PA3HOCTb MOTEHHHAJIOB, Bbipa-
HKeHue AN KOTOpPOofi MOXKHO MNOJNYYUTb H3  yCJaoBHH
paBHOBecUst MOHOB B cHcTeMe. MemOpanHaa ¢asa, co-
AepxKawas coap BX, UMeeT NOCTOSIHHHI COCTaB, T. €.
AnQy3nOoHHBHIA NOTeHHHan BHYTPH MeMOpaHB paBeH
Hymio. 3amylieM ycloBUA PaBHOBECHS AMSi BTOPO# rpa-
HHIB MeMOpaHa — pacTBOp (PaBEHCTBO 3MEKTDPOXHMHYe-
CKMX NOTeHIHAJOB HOHOB B obenx ¢asax):

fix=fx # fg=jp (I1L. 1)

Pacprlaasx BblpaKeHHe A INEKTPOXHUMHYECKHX IIO-
TeHUHaN0B, NOAYUYNM:

iy + RT In ay — P = py — Fi (IIL. 2)
pg+ RT In ag+ Fp=u5 + F§ (I 3)

BBejgem 0603Hauenns:

o _ My—Bx © _ BB My
qJX:_F— " @B—ﬁF__ (IL. 4)

I'panuunbit notenunan mem6pana — pacTsop paBeH:
P=%—1 (1L 5)

Us ypasuennit (I11.2)— (I11. 5) naxomum:
q)=<p;(—01gax=qv;—|—6lga8 (I11. 6)

Cnenosatenbro, NOTeHHAN MEMOPaHH OTHOCHTE/IBHO
pacTBopa j0/KeH OTBeYaTb Ha H3MeHEHHe AKTUBHOCTU
MOGOro M3 HOHOB TPYAHOPAcTBOPUMOH coid BX. Pas-
HHLA 3HAYEHHH CTAHAAPTHHIX NOTEHUHAJIOB Q% H @y 3a-
BHCUT OT MPOM3BEJEHHsl PACTBOPHMOCTH COJH, U3 KOTO-
po#t cnenana MemGpana: ’

ox — 9y =0 1g [P, (L. 7)

CeNeKTHBHOCTb 3/1€KTPOJIOB, BKJIIOYAIONINX MeMGpaHy
TaKOro THMa, JO/KHA B MEPBYIO O4Yepenb ONpefessThes

[IpOH3BE/ICHNEM DPACTBOPHMOCTH COMH, M3 KOTOPOfl co-
CTOUT MeMGpana.
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Paccmorpum cayyaii mem6pann u3 AgCl u wuccae-
JyeMOro pactsopa, copepxamero Hons Cl- u B masnom
KOJHYyecTBe HOHBI [~

1 2
Craupaprustii | MemG6pana | Hcenenyemsiit
acTBO pacTBop €y
P AgCl | Agl (e a1)
(ac1=const 9 ci %1

Jlo Tex mop, moka He Oyaer AOCTHFHYTO MpOH3Beje-
une pactsopumocts moauna cepeépa (I1Pag), 1. e. noka
aKTHBHOCTL HOHOB [~ Oymer MeHblle, 4YeM OTHOIIEHHE

P
——ugl—-aq, npucyTcTBHe HOHOB I~ He OyaeT BJAUSTH Ha
NP pgci P
noteHuHaa xaopuaHoro snekrposa. [ockonbky [1Pagei

5 [TPAg (oTnuuaercss Ha 6 NMOPSAAKOB), TO YXKe OUYeHb
Manasi mpHMech HOHOB I~ OyneT BJAHATH HA XJOPHAHYIO
GhyHKIHIO.
Taknm o6pa3oM, Ha MOBEPXHOCTH MeMOpaHBl XJOPHI
cepe6pa mpespaturci B Hoaua cepebpa, ecanm ap >
——221_ 4. Tlpn nanbHefieM yBeNHUGHHH aKTHB-
[P pgc
poctn uoHos I— mpomecc npespamenns AgCl B Agl
MOXKeT 3aTOpMO3UTbecsSl, TaK KaK 0cajoK Hoaujaa ce-
pe6pa HapyLINT KOHTAaKT xJjopuaa cepebpa c pacTso-
pOM; B pe3ysnbTaTe BO3HHKHET CHCTeMa, MpeicTaB/eHHast
cxemoit II.
Ha ¢a30BbX TpaHHIax 3TOH CHCTEMBbl yCTAaHOBHTCHA
paBHOBECHE, yC/JIOBHEM KOTOPOFO sBJAIOTCS pPaBeHCTBA!

Py 4 = - _—
Pag = Bag) = Hage) = Hag

(11 8)

Pa3HOCTb MOTEHHIMANOB MeXJy CTaHAapTHBIM H HC-
caeflyeMbIM PacTBOPAaMH, PaBHAA Pa3HOCTH MeMOpaHHBIX
noreHunanos meMm6pan 2e (pz2) u le (¢1), MOXKeT GHITD
BEIpaXKeHa ypaBHEeHHEM:

4
Pag1_

(ag, = const).
B sToM cayyae MeMOpaHHBIH NMOTEHHHAN Qg Onpele-
nsercd akKTHBHOCTBIO HOHOB I- B HCccaAeAyeMOM pacTBoOpe.
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Ap,MB

Puc. I11. 1. 3aBucumocTts Acp=f(—[g ap)
AMS CMEMAWHBIX MOART -XNOPHAULIX pa-
CTROPOB Npn & == const.

CnJiomnas npaAMaa— TeopeTruiyecKasa 3a-
BHCHMOCTb; MITPHXOBAdA — 3KCNEPHMeHTadAb
Hasdl.

1 1
4 & 8 10
-lg g

3asucuMocts A == f(—Ig a,) npH pasnUYHLIX aKTHBHO-
CTSIX HOHOB XJiopa uamocrpupyet puc. I11, 1.

B kauecrse mpuGanxkenHoil Mepm Kosdduumenta ce-
JIGKTHBHOCTH TBEPAbIX HOHOCENEKTHBHLX 3JEKTPOLOB
¢ MeMmOpaHaMM M3 TPYMHOPACTBOPHMBHIX COJeH MPHHH-
MaloT OTHOLIEHHEe COOTBETCTBYIOUHNX MPOH3BeneHHH pac-
TBOPHUMOCTH. TakK, A/ HOAMAHOro 3IeKTpoxsa ¢ Membpa-
Hot m3 Agl xoadpduumeHnt cenekTHBHOCTH — Oyger:

— npAgI
Ko =gp—— ot

MeMOpaHHbE MOTEHUHAN NMPABOA HACTH 3/EKTPOXH-
Mudecko# cucteMsl I1 MOXHO BEIPa3uThb MpHOAHIKEHHHM

3{113a1136HeHHeM, no ¢opMe aHANOrHYHBIM  ypaBHEHHIO
. 16a):

o=q;— g (a; + Ky ;ciaq) (I1L. 10)

IMocroponnne moum (NO3, ClO;, SO¥ nu wmuorne
ApyrHe), He naiolHe OCAagKOB ¢ HOHOM Ag+, mpakTHUe-
CKH He BIHAIOT HA MOTEHHHAJ TaKOro 3/MeKTPOja.

Kpucrananiyeckne meMOGpaHb OTAHYAOTCHA OYeHb BH-
COKOH CeJNeKTHBHOCTBLIO, TpPeBHIIAomel CeJeKTHBHOCTh
KHAKOCTHBIX 3JEKTPOAOB (C HOHOOOMEHHEIMH BelecTRa-
MH) Ha HECKOJIbKO MOPSAKOB. JTO CBA3AHO C TeM, UTO
CEJIEKTUBHOCTb Y TBEPAbIX KPHCTAANHYeCKHX MeMOpaH-
HBIX 3JIEKTPOLOB JOCTHFaeTcsl 3a CYeT BAKAHCHOHHOTO
MeXaHH3Ma MepeHoca 3apsna, MPH KOTOPOM BaKaHCHH
3aMONHSIOTCS TONBKO ONMpefeNeHHBIM TOABHKHBIM HOHOM
(Ag*), Tak xak Qopma, pasMmep, pacnpesenenne 3apsaga
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BAKAHCHH COOTBETCTBYIOT TOJNBKO ONpeAeseHHoMy To-
JBHXKHOMY HOHY.

Teopna (yHKWHOHHPOBAHNA TBEPABX KpHCTaAAHYe-
CKHX 3JIeKTPOJ0B Pa3palaTuiBaercst M COBEPIUICHCTBYeTCH
yike MHOTro JeT wKonol Baka [179], koTophift geTanbHO
paccMarpHBaeT OCOGEHHOCTH TBEPABX JMEKTPOAHBIX
MeM6paH (rnaBHBIM 06pa3oM, B KHHETHYECKOM acllekTe).
AHanorusi Mexay MeMOpaHHHMH 3JekTpogamn u3 AgX
(rze X —Cl=, Br—, I-) u snerrposaMu BTOPOro poaa
BOJIHE OYeBHHA, HO KHHETHKa NOCTHXKEHHS DaBHOBECHS
IS HHX MOXKeT CYIeCTBEHHO PasnHuyaThbCs.

lIl.2. NAHTAHDTOPUAHLIA SNEKTPOR

Hanbosee coBeplieHHBIM H BHICOKOCETEKTHBHBIM JJ/1€K-
TPOZOM SBASETCS MOHOKDHCTaJNHUYECKHA JMaHTaHpTO-
PHAHbIA, OITOMY OMHCAaHHe CBOMCTB 3/IEKTPOJOB C TBep-
ol MemOpaHOH wesecoobpasHo HadaTh HMMEHHO C HeEro.
Y atoro anektpopa F—-dyHKuua coxXpaHseTcs 10 KOH-
HeHTpauyuy HoHoB F— ~ 10-5—10-7 M, T.e. 3HAUHTEeNBLHO
MeHblleH, YeM pacCYMTaHHAs H3 JUTEpPaTypHBIX HaHHbBIX
0 pacTBopHMOCTH (TopHAA MaHTaHA. DTO CBOHCTBEHHO H
APYTUM 2JeKTPOLAM Ha OCHOBE MOHO- H MOJHKPHCTAJJIOB.

IMponsBenenHss pPAcTBOPHMOCTH MOHOKpHCTaMLIa H
cpexxeocaxkpentoro LaF; pasnnualorcsi: pas MepBOFO
I‘IPLaF3=10—24’5, a gna Broporo I1PpL.p, =10 79 npu
woudolt cuie 0,08 [180, c. 23]. Takoe pacxoxjeHue
B pacTBOPHMOCTH ONpeRessiercss pasiuineM B 3SHEPrHH
KPHCTaJIHYeCKOH DENIeTKH, KOTOpas BHIIe I MOMH-
KPHCTANHYECKOro MaTepuana, MONYYeHHOro ocaxjie-
HyeM, dYeM .AJfi MOHOKpHCTaasna. MoHOKpHCTAMT LaF;
yMeeT FeKcaroHajbHyl peLIeTKy, COCTOSILIYI0 H3 OKpy-
KeHHBX noHaMu F— cnoes LaFs; mate noHos F— Haxo-
AATCS B HemocpeacTBeHHOH OJH30CTH, a LIecTb— B cre-
aytouelt KoopaHHauHOHHOA cdepe. B Takoro poxa pe-
IeTKe HOHH F— oT/AHuYaloTcsl BBHICOKOH MOABHKHOCTHIO
[43, ra. 2]. .

[TepeHoc 3apsixa B KPHCTANJIHYECKOH pelleTKe MPo-
HCXOANT Mo Mexannamy Ppenkens:

LaF, 4 Bakancrs (nupka) —> LaF; + F~

DNexTpHyeCKOoe COMPOTHBJIEHHE B 3aBHCHMOCTH OT
TOMIMHE MOHOKPHCTAMIHYecKol MeMOpaHsl COCTaBasieT
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or 0,1 no 5 MOm. J{o6aBka B uncrylo LaFs-anektpoanyio
MeMOpaHy aBy3apsaaHoro Eu?t (~1%) 3amerHo cuu-
KaeT ee CONPOTHBIIEHHE,

( I‘Iorex—mnanH LaFs-snektpona mnopuussieTcs TeopHU
YPaBHEHH O epHCcTa) B HWHTepBaje KOHHUEHTpauu#
100—10-8 M: Pt

o RT
q’p’—‘(PF—Tlnap (1L 1D

Has 25°C;
[p=@p—0,059 g a,

Cenekrusuoctb LaFs-anektpona B npucyrcTBun MHo-
THX JAPYTHX AHHOHOB MOXeT OHITh OXapaKTepH3oBaHa
BO3MOYKHOCTBIO Onpeje/ieHnss akTHBHOCTH HOHOB F— mpu
Gonee uem 1000-kpaTHBIX H3OBLITKaX TraJlOreH-HOHOB,

NOj, POY", HCOj; u Apyrux aHHOHOB. CywecTBeHHo Me-
WAaKT ONPEJEJNEHHIO Q- TOABKO KAaTHOHBI, IAlOWHe KOM-
miekcH ¢ ¢gropugaMu (rakue, Kak Al*+, Fed+ Cet+, Li+
Th*+) u auunonnt OH—, ’ , ’
Kak u ang BCAKOrO KPHCTAJJNHYECKOrO 3JEKTpoja,
nosepxHocTh LaFs-sekTpona MoxkeT H3MEHATHCH B pe-
3yJbTaTe peakuyii ¢ BeulecTBaMH HCCJIEAYEMOro PacTBO-
pa. Hanpumep [180, c. 13], B pacrBopax, cogepikauux
KapOOKCHAbHBIE KHCJOTH (MypaBbHHYIO, YKCYCHYIO, ale-
THJYKCYCHY10, TPONHOHOBYIO, MaCASHYIO, MOJIOYHYIO,
MaJIOHOBYIO, JHMOHHYIO), MOBEPXHOCTb 3JEKTPOAA H, CO-
OTBETCTBEHHO, MOTeHHAJ H3MEHAITCs 3a cuet o6pasoBa-
HHSl CMEIIaHHBIX cosiefl GTopHaa H aHHOHOB KapOOKCHJb-
HbIX KHCJOT. OJHAaKO TNOBEPXHOCTh MOXKHO BEPHYTH K
nepBOHaYaJbHOMY COCTOSIHHIO BbIJAEPIKHBAHHEM 3JIEKTPO-
na B OypepHoM ¥ uyHCTOM pacTBOpax (TOpHAA HATPHA.
[Ipu cuabHOM 3arpsi3HEHHH TIOBEPXHOCTb 3JIEKTPOAa
NpeBapHTEJbHO JOJKHA OBITh OTIHOJNMPOBAHA.
[Ipumenss MoHokpucraiaudecknit  LaFs-snexkrpog,
c/elyeT HMeTb B BHAY nBa ob6crosTesbcTBa. Bo-nmepshix,
BCJEJCTBHE PABHOBECHS B PacCTBOPE MEXKIY CBA3aHHBIMH
H cBOGOJHBLIMH HOHAMH B COOTBETCTBHH C ypaBHEHHEM

H" 4 3F" === HF 4 2F" === HF; +F" = HFY

B KHCABIX M clabokucabix pacrsopax (pH << 5—6) ak-
THBHOCTb CBOGOJAHBIX HMOHOB F~ Cyl1eCTBEHHO OTVIHYAETCs

04

ApmB
200
\ 10""MF
100
Puc. II1.2. 3aBucumocTb AQ==f(pH)
nas sneMmenta ¢ LaFg-alekTpoaom. 7 \ T
npu CF_=const. 0

O6nactn peakuutt: HY + F~ >HE (1)
LaF,+30H™ === La(OH), +3F~ (I)

ot ofulell KOHHEHTPAUHH AakKe B CHJIbHO pa3BaBJeHHBIX
pacTBopax. :
Bo-BTopsix, mpy Bhicoknx pH Ha moBepXHOCTH 3J€K-
tpona obpasyercs caoii La(OH); no peakuun:
LaF, 4 30H™ === La(OH); + 8F~

Pacreopumoctd La(OH); u LaFs Guiusku, B pesyib-
tate uero woHet OH— 0OKa3piBalOT CYyLIECTBEHHOE BJHSA-
nrie Ha F-QyHKHHIO KPHCTAJJHYECKOro 3JeKTpoaa 32
cyeT OCBOGOMKICHHS OMPeNe/IeHHOTO KOJHYeCcTBa HOHOB
F- ¢ mosepxnoctn MeMmGpanbi (puc. I11.2). ITockosbKy
pH B meaouHon 06J1aCTH  CYLIECTBEHHO BJHAET Ha
F--¢yukwio, pH ananusupyemoro pacrsopa MOAAEPHKH-
BAaOT MOCTOSHHEIM B uHTepBase 5—>5,5 3a cuer Gydep-
Horo pacrsopa. ®paut n Pocc [181] pekoMeH1yIOT B Ka-
yectBe mnocaepHero mnpu paGore ¢ LaFs-snektpogoM
tak HasbiBaeMuli DBPOUC *, coxmepxamuit 0,25 M
CH,COOH + 0,75 M CH,;COONa-+ 1,0 M NaCl +
+ 103 M NasCit (untpar natpus). HobaBienwe uut-
parta obecrneynBaeT MacKuposky Al*+ n Fe’+, kotophie 06-
pasyloT KOMIUIEKCH ¢ noHamu F~. 3nauenne Krjon 1o
HEH3BECTHHIM MPHUHHAM CHJBHO MEHSIeTCS B 3aBHCHMOCTH
oT KoHueHTpauun nowos F—. B pabore [182] capenano
npeANoNOKeHHe, YTO BJIHSHHE HOHOB OH- ua F—-QyHK-
WHIO TPOSIBISETCS B YMEHDbUIGHHH TOKOB OGMeHa MeXny
pacTBOpOM H MeMOpaHOi H3-3a ancopOUHH HOHOB OH-,
npuBoAsimell K OJIOKHPOBKE MOBEPXHOCTH MeMGpaHbl

* BPOMC — Gydep peryaupoBanus oGulefi HOMHOH CHAEL
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M YMEHBLIICHHIO €€ aKTHBHOH MOBEPXHOCTH, y4yacTBYIO-
el B obMeHe.

[Torenunan B KOHUEHTPHPOBaHHHIX pacTBopax HOHOB
F- ycranasaupaercss MeHee uem 3a 0,5 ¢ [183], a npu
HH3KHX KOHUEHTpauusaX -— 10 3 MHH. C’I‘a6HJIbHOC’I‘h" no-
TeHHaJa F—-3/1eKTpola JOCTaTouHA A5 JIHTeTbHOH pa-
6oth 6e3 meproaMYecKHX KaaHOpOBOK (M3MeHeHHe [O-
reHpyasa npubausutenbo =2 mMB B Henemo).

[Mpennoxen [184] LaFs-anekrpos rereporeHHOro
rina u3 LaF; B cunnkoHoBoM Kayuyke. 3amnaTeHTOBaH
CeNeKTHBHHII MO _OTHOWIEHHIO K HOHY F~ 37ekTpox
c MemGpano#t n3 Propuna Brucmyra.

3a 12 ner, npoulenlInx €O BpeMEHH OTKDHLITHA MOHO-
kpucraminyeckoro LaFs-anektpona, unc/io obJacredl ero
IpPHMEHeHHs YPe3BHIYANHO YBEJIHYHJIOCH, TPHUBOANMBIE
HYMIKe JaHHHe JaJeKo He OXBaTHIBAIOT Bce paboTH 3TOrO
HanpaBJeHHs:

onpenefeHye KOHCTAHT CTAGHIBHOCTH Pa3NHYHBIX
Komiiekcos [183, 185];

olpesneNieHHe MPOU3BeneHui pacrBopumocty [186];

H3yyeHHe KHHETHKH 00pa3oBaHNA KOMIJIEKCHBIX HOHOB
1 MexanuaMoB peakuu# [183, 187];

WccaenoBanne cBoficts ¢ropugos Thi+, Ut [188];
onpejeneHne HOHOB F~ B pasiuuyHBIX XHIAKHX cpelax
M TBEpAbIX BeleCTBaX (CTEKJO, OKHC/IB MeTalloB)
[189];

ananuz [190]

MUHEpaNbHOro CHpbsi ((ocdaToB, TOPHHX MOPOZ,

nous, ynoGpenu#i u 1. 1.) [191];

BO3JyXa W ABIMOBHX rasos [192];
aTMoc(epHHX OCafKoB M CToyHHX Box ([193]:
mopckofi Boxu [194];

Guomornyeckux marepuansos [195];

cuiBopotku [196];

moun [197];

pacrenuit [180, c. 23; 198];
dapmanesTuyeckux Bemecrs [199];

numesux Bemects [200].

Baxuywo poab LaFg-anekTpon wurpaer B NOTEHIHO-
MeTpHYeCKOM THTDOBAHHHM, OCHOBAaHHOM Ha MeTOAax
oCaXIeHHs1 ¥ KoMmIlieKcoobpaszoBanus. CHcreMaTHyeckoe
H3yyeHHe MOTEeHUHOMETPHYECKOrO THTPOBaHHSA (TOPHIOB
¢ mpumeHeHneM LaF3-anekTpopa mpoBefeHo B pabote
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Baka u Crpekepa [201] MeToloM oOCa)kieHHS COMNSMH
JlaHTaHa, TOPHA HIH cyAbhaToM TeTpadeHnnapconus
H KoMmileKcooOpa3oBanus (HaOpHMeEp, ¢ HOHAMH aJIlo-
MuHHS). PaccMatpuBaeMbie 3J1€KTPOJB YCIEUIHO TpPH-
MEeHSI0T B HEeBOLHHIX Cpejax.

[Tonspnsaunonnsie ssienns LiFs-anektpona usywe-
HbH HejocraToyHo. B oxHo#i u3 pabor [202] wuccaeno-
BaHb NpoLeccH MNepeHoca 3apsga B MeMOGpane LaF; mpu
ee NoJApH3aLHH. ABTOPH NPHIIIH K 3aKJIOYEHHIO, YTO
nns meMmOpanel H3 Kpucraaandeckoro LaFs, Haxoxs-
ieficss B Konrakre ¢ pacrsopoM NaF, npn HajoxeHuH
HanpsXeHHs XapaKTepHbl [Be peakUuH: Nepexol HOoHA
F~ uepes rpanuny a3 memGpana — pactsop (6e3 3a-
METHOTO MNepeHampsiKeHHs 3TOTO [epexona); pasphbib
CBsisell B pelleTKe HOHHOTO KPHCTaJ1a ¢ OTBOAOM HOHOB
F- ¢ nosepxnocty B Tommy MeMGpaHb H MepexojoM
HoHoB La®* c¢ mosepxHoctu MeMmOpanst B pacrsop. Cy-
IeCTBEHHHIM BBIBOZOM 43 paborn [202] sBaserca
yTBepXKIeHHe o HeuyBcTBUTeNAbHOCTH LaFs;-MeMGpanbi
K HoHy La®t, yto o6bsicHsieTcss ype3BHYaNHO HU3KOH CKO-
POCThIO pacTBopeHHs KpHcTaana LaFs npu nysnesom Toke
u3-32 MaJOH MJOTHOCTH TOKa o6MeHa HOHOB Ladt mexnay
pacTBopoM H MOBePXHOCTbIO MeMOpanbi. B paGore [203]
CTaHAapTHas IIOTHOCTh ToKa oOMeHa Halizena paBHOH
10-5 A/cm2

Jlanrandropunnbie anekTponbi Buinmyckaer B CoBer-
ckoM Cormo3e 3ason B Bepxuei IbiumiMe (Mapka 3JeKTpo-
na 3E-91).

1.3. CYNbOUACEPEEPSIHBIE SNEKTPOAbI

Cyabhun cepebpa s 3JeKTPOLOB C TBepuo#i MeMG-
paHoli npexcraBiaseT co0OH yHHBepCaJbHBII MaTepHasl.
C onHol cropoHH, Ag,S sB/sieTCs OCHOBOH OAHOTO H3
NepBbiIX TOMOT€HHHIX KDHCTAJNJHYECKHX  3JEKTPOLOB
C BBICOKOH H306HDPATE/]bHOCTHIO MO OTHOLIEHHIO K HOHAM
Agt u S, ¢ mpyro#i — Ag,S okasazncs mpeBoCcXOAHOM
HHePTHOH MaTpHue# ans KpHCTAIIHYECKHX TaJOreHHIOB
cepe6pa M MHOTHX CyAb(HIOB [IBY3apsiaHbIX MeTaJJoB.
Takas ynuBepcanbHocThb cyabdujga cepebpa onpene-
JAfieTcd  €ro  NpefefbHO  MaJofi  PacTBOPHMOCTHIO
(HPAgzszIO—sl), HH3KHM 3JIeKTpHYEeCKHM CONPOTHBJIE-
HHEM M YCTOHYMBOCTBIO MO OTHOWEHHIO K OKHCIUTEAM
H BOCCTAaHOBHTEJAM.
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Puc. 111. 3. KaauGposouHana KpHBas
ANs  TBepAoro MemGpanuoro AgpS-

9JEKTPONA, CEJeKTHBHOIO K HOHAM
Ag+.

Ob6aacTu, peasHsyeMsie B CHCTeMax:
AgNOs (a); AgCl + (1-10=") M CI™ (a);
Agl +(0,1-10=8) M1~ (2).

TouxkH, peaansyeMne B CHCTeMax:
AgaP04+ 0,1 M~ NagPOy (6); CuS +
4+ 1M NaOH + AckopGHHoBasfi ~ KHCJO-
Ta (0); PbS + 1M NaOH + Acxop6uHO-

pas  Kucjaora (e); 10—% M Nag$S +
+ 1M NaOH + AckopGuHOBasi KHCAO-
— Ta (9K).

0
pAg

Cyabpua cepebpa CylecTByer B ABYX mMopuHuKa-
nuax: KyGuueckoit (o-AgsS), KOTOpas SBJACTCH SJEK:
TPOHHBIM TPOBOAHHKOM H crabuibHa Bbllle 176°C,
i MoHOoKauHHOH (B-AgeS) ¢ HOHHOH MNPOBOAMMOCTBIO,
cTabuibHOM NpH HU3KHMX TeMmmeparypax [204].

Ag;S-DyeKTpox B pacTBopax AgNO; obaapaer moa-
Hofi Agt-dynkuueli B uHTepBaje KOHUEHTDALMH 100—
10-7 M Ag*. HuxXHuit KOHUEHTPUPOBAHHBIM NIPENE] obyc-
JIOBJIEH HECTaBHABHOCTHIO PACTBOPOB NpH KOHLEHTPA-
uusix wuxe 1077 M Agt.

OpHaKO MOXKHO M3MepHTh OUeHb HH3KHE KOHLEHTpA-
1y CcBOGOAHBIX MOHOB Ag+ B NPHUCYTCTBHH KOMILIEKCO-
o6pasoBaTesieil WaH OCaAuTeJ]elH, KOTOpbIE CO3AAIOT oy-
(epHOCTb pacTBOpA OTHOCHIENBHO HM3MepsSeMOoro HOHa.
Uz puc. 111.3 Buano, uro Agt-pyHKuus paccMarpupae-
MOTO JEKTPOAa CJeAyer YpaBHEHHIO Hepuera po
10-20 M [412] (ueckosbko noHa cepebpa B 1 MJ H3Me-
psemoro pacrsopa). Ha puc. I11.3 oTmeyeHBl TOYKH Ha
npaAMoii uau ee 06JaCTH, peajusyeMble ¢ MOMOLIBIO Tex
WJAH MHBIX PACTBOPOB HJIM [€TEPOTeHHBIX CHCTEM.

U3 paBHOBecHs AJsl 3JIEKTPOAHO-aKTHBHOrO MaTe-
puana

AgsS == 2Ag*+ S*

onpeneasieMoro [I1Pag,s, cienyer, 4To moTeHIHal Aggg-
5J1€KTPOJA MOYKHO BBIDA3UTh Yepe3 aKTHBHOCTb HOHOB S2-

° ¢
CP=‘Ps—'2_1gas

S2--@QyHKIMSA 3KCNEPUMEHTaJIbHO BBIMIOJIHSETCS B CO-
orBeTcTBUM ¢ ypasHenuem Hepucra (dE/dlgas =
= 29,6 mB npu 25°C) B unrepsase or 102 xo 10-'M
B CHJbHOLLEJOYHBIX CyabduAHBIX pacTBopax. B pacrso-
pax xe c uzboitkom HS~ u HyS akrtuBHOCTH HOHOB S2-
Moxer GbiTh u3MepeHa o 10-19 M.

BpeMsi OTKJHKa MoTeHuHana AgeS-anexkTpona co-
crasasier He GoJee HecKosbKux cekynpa. Ha morenuunan
paccMaTpUBAeMOro  3JeKTPOAa BJHSIOT HOHB Hg?+
# CN- (TosbKO TpH BbICOKMX KoHIeHTpauusx) [205].
Bausinne unonoB CN— o6ycioBieHo peakuuefi:

6CN™ 4 Ag,S == S%° 4+ 2Ag(CN)}

[TpubauxenHo oueHeHHbHI Ko3(DQUUHUEHT CeJeKTHB-
soctn Ks/cn paBen ~ 10~2, 4To yKasbiBaeT Ha 3aMeTHOE
Bausinde HOHOB CN= TOJIBKO TPHM JAOCTATOYHO BBICOKHX
KOHIEHTpAalUusX Iuanuga. B orcyrcrBue moHos Agt
AgsS-anekTpon Bemer cebs Kak OOpPaTHMBIE K HOHaM
Hg?* u wucnonbsyercss (OpH THTPOBAHMM DACTBOPOM
Hg?+) pas ompeneneHust THOCYJAb(paTa B NPUCYTCTBHH
cyabduia, AJs OJHOBPEMEHHOro ONpeJeJeHHs CyabQu-
aa, taocyabdara u ¢geHuJIMepKanTaHa u AJs ONpelese-
HUS] TOJUCYAb(PHIOB.

B mHacrosiee BpeMs HMeeTCs TPH TJaBHBIX THIA
Ag,S-3/1eKTPOJOB, OCHOBY KOTOPHIX COCTaBJSIOT:

[. cnpeccoBaHHasi NOJHKpHCTaaJudecKass meMmOpaHa
Ag;S [BbinycKaercs MHOTHMHM KpyNHBIMH (upMaMH
(Orion u ap.)];

II. moHokpucraan Ag,S (Benyckaercs B Uexocsosa-
kuu ¢upmoit Crytur);

III. mem6pana, mosyuyeHHasi u3 ocaika Ag,S, BHex-
PEHHOro B CHJHKOHOBHII Kayuyk [206] (Beimyckaercs
B Beurpun dupmoii Radelkis).

[Mepen ymorpeGieHueM STH 3JEKTPOAbI HEOOXOAHMO
BbIMauuBaTh 1—2 4 B 103 M pacrsope AgNQO;. Mare-
puan [Jsi NPUTOTOBJEHHS 3JEKTPOJOB cleayer TIHa-
TeabHo ounuiath. Ocaxpatb AgeS peKoMeHzyercs
H36LITKOM Cyabduaa uam rasoobpasusiM H,S, dro obec-
neqyuBaer Jyulllde YCJIOBHSI TOJYYeHHS MaTephaJja CTe-
XHOMEeTPHYECKOTO COCTaBa, 0COGEHHO Mocde TUlaTebHOH
oyuctkd [205]. IIpuBogum HeKoTOpHE ClAydyau NPHUMeHe-
Hus Ag,S-anekTpona:
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onpegenenne anuoHos (CN-, Cl-, Br—, 1), tuomo-
UeBHHBI, 7-Ypa3uHa, THOAUETATAMHAA, THOJLHBIX TPyl
tatpoBanuem ¢ AgNQ;, npsiMoe onpepeseHHe MOHOB
Ag* [207];

onpejesieHHe CepOBOJOPONA M CYJb(MHUAOB B BO3AYXe,
Boge, Oymare, Koxe, NHMBe M JPYrUx Mmartepuadax [208,
209].

B 06bI4HON KOHCTPYKLUHH HOHOCEJNEKTHBHOIO 3J1€KTPO-
Za C TBepaofi MemOpaHO#l BHYTPeHHsIsI MOBEPXHOCTb
MeMOpaHBl KOHTaKTHPYeT CO CTAHAAPTHHIM PaCTBOPOM
3JIeKTPOJINTA, B KOTODHH MNOrpyKeH BCIOMOraTedibHblil
2JEKTPOJ, Yame BCero XxJopcepebpsiHbill, co3paromui
o6paTuMbIfi Nepexoy OT HOHHOM MPOBOZMMOCTH B 3JeK-
TPOJNTE K 3JEKTPOHHON NPOBOJHMOCTH B METAJJIMIECKOM
nposonHuke, OHaKo ropasgo yao06Hee BHYTpPEeHHUH KOH-
TAKT CO3JaBaTh C MOMOILbIO TBEPAbIX BeuiecTs (rpagura,
MeTaJIoB M Ap.). Takue aaeKTpPoabl HOCAT Ha3BaHHe
TBepAOGDA3HBIX (HJAH MOJHOCTbIO TBepPAOdAa3HBIX) (CM.
ra. VI). ToxkootBoasiuiuii KOHTaKT B HUX MeXaHHUYECKH
NpUcoeaMHeH K BHYTPeHHeH# MOBEPXHOCTH MeMOpPaHBI.

Kammans u Peunnn [203] usmepsian naorHocTbh ToKa
ob6meHa nas TBepaodasHoro Ag,S-snekTpona M nokasa-
JH, 4TO JIMMUTHPYIOLIMM I[IPOLIECCOM SIBJISETCH MepeHoc
Ha rpanune mMemG6pana-— Ag, B TO BpeMs KaK mnpouecc
o6MeHa MeXJy PacTBOPOM M MOBEPXHOCTHIO MeMGPaHBI
nporekaer oueHb OnicTpo. [lockosbky paccmarpuBaercs
CyabQuAHBIA PacTBOP, aBTOPB! CYMTAIOT, YTO HA IPAHHI(E
Membpana — Ag nporekaer mnpouecc: 2Agt-4 S-=
= Ag,S (xkpHucTaslinueckas pemieTka).

11.4. TANOTEHCEPEBPSIHBIE M HEKOTOPBIE APYTME 3JIEKTPO b
HA OCHOBE COJIEW CEPEBPA

[Ipexae ueM HayaTh OonMcaHUe CBOWCTB 3TOMH I Py NnbI
3JEeKTPOJOB, YKaXeM, 4YTO TOMOTEHHHIE 3JIEKTPOAH
C TBEpPABIMH MeMOpaHaMH, T. €. CO CHPECCOBAHHBIMH
rabjeTkaMu-MeMOpaHaMH HJIM MOHOKPHCTAaJJIaMH, NpHuH-
LHNHAJNBHO HE OTJIMYEIOTCS OT TaK Ha3blBaeMblX reTepo-
FeHHBIX, MeMOPaHbl KOTOPHIX CORepXaT TaKhe Ke TPYA-
HOpPaCTBOPUMBIE COJIH, BHEeJPEHHEIE B NJaCTHYecKyw (na-
pauH, CHIMKOHOBEIL Kayuyk H Ap.) MaTPHLY.

Haunbosee yiayHbiMH BO BceX OTHOLIEHHSIX CHCTeMa-
MU /11 CO3JaHHuSl 3JeKTPOjoB ¢ (DYHKUUSIMH raJores-
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HIOHOB O0Ka3aJHCh CMeCH TBepAHX aJekTpodutos AgX
(X—CI, Br, I) ¢ Ag.S. Ilpn usroronennn AgX —
AgsS-anekTpogoB AgX B BHAE TOHKOro TOPOIIKA JHC-
neprupytor B AgeS. Ilocnemauit ns-sa 3HAYHTENBHO
MeHbllefl PACTBOPUMOCTH (IO CPaBHEHHIO C TajOreHH-
Aamu cepeBpa, a TakKe DONAHHAOM H LHAHMAOM) Bul-
NMOJIHSIET POJib XHMHUCCKH HHepTHOH MaTpuust. Caepyer
OTMeTHTb, 4To AgsS OTHOCHTCS K MOJYNPOBOAHHMKAM He-
CTeXHOMETPHYECKOIO COCTaBa, Y KOTOPHIX 3JEeKTPHUeCKHe
XapaKTePUCTHKH 3aBHCAT OT YCJAOBHA NoJydeHus 06-
pasua u ero yucrotel, OpHaKo 3TH ocobeHHocTH AgeS
CKasbiBaeTCsi IVIaBHBIM 00pasoM Ha 3JeKTPONPOBOA-
HocTu memOpaH.

[TepBbM MmOMBITAJCS CO3/aTh 3JAEKTPOAbI C TBePABIMH
mem6panamu u3 AgX B 1908 r. Tabep [210]. On uccae-
f0oBaJ pasHOCTh 3JEKTPHUECKHX NOTEHLHaJOB Ha rpa-
uuie a3 teepanit AgX — Boaus#i pacrsop AgX u ycra-
HOBMJ, YTO 3Ta pPa3HOCTb MOTEHLHAJOB MNOAYHHSETCS
ypasHeHuto Hepucra. Tlosxe usyuedue TBepabix MeMmO-
pan u3 AgX suinonsunun Koaerropd u Canpepe [211],
a takxe Hukoabckuit w Bposenko [212]. OpHaxo u3-3a
BBICOKOTO CONPOTHBJEHHS, Haauunsa Qoroadderra ©
BAHSHUS OKHCAUTeNell W BOCCTaHOBHTeJe#l 3JeKTPo bl
¢ TBepabiMH MeMmOpaHamu H3 YUCTHIX AgX He HallJH
NpUMeHEeHHs] B HOHOMETPHH.

[Iposoanmocte B AgX-memOGpaHax OCYIECTBASETCS
poHamMu Agt mo abipouHoMy MeXaHuamy PpeHkesns.
Mem6panHas ¢asa uMeeT NOCTOSHHHIE CocTas, M AHGD-
(Gy3noHHBIH NOTeHLHMaJd BHYTPH MeMOpaHbl paBeH HYJIO.
[Torenynas raJjoreHcepeOpsSIHBIX — 3JEKTPOJOB  NOJUH-
Hsercs ypasHenuo HepHcera.

B Hacrosimee Bpemst Hmeercsi Tpu thUna AgX-sgek-
TPOJOB:

1. OcnoBy memGpaHnl cocrasasier cmech AgXu AgeS
[43, rai. 2] (37€KTPOAB ITOrO THNA BHIIYCKAIOT MHOTHE
¢upwmbt). Kak yXe ormeuanoch, Takofi cocta membpan
ycTpaHsieT HemoCTaTKu MoHokpucraanyeckux AgCl- u
AgBr-saekTposoB H, YTO 0COGEHHO BaxKHO, MO3BOJISET
noayunth Agl-3JeKTpos, Tak Kak MeMOpaHbl H3 YHCTOrO
Agl MexaHWYeCKH HeYCTOHUYMBBI M JIETKO DAacTPECKH-
patorca. Ato ofycaoBaeHo TeM, uto TBepabit Agl B 3a-
BUCHMOCTH OT TEMIEPATYPH H JaBJEHUS MOXKET Haxo-
AMTbCSt B pasaHuHbIX Moxndukaumuax. Momun cepebpa
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B MeMmOpaHe, NMPUTOTOBJEHHON CNEKAHMEM WM Mpecco-
BaHHEM, Bo3Bpallaercs K MoJudUKaUMH, YCTOHYUBOI
OpH KOMHATHO{ TeMIepaType, B pe3yJbTaTe Uero
B MeMGpaHe MoryT o6pa3oBaTbCsi TpPEIUHHB H APYrue
Zedpexto. M3 cmecn Agl— Ag,S mosyuarpores BhnogHe
yCTOHYMBbBiE B MEXaHMUECKOM OTHOIIEHHH 3JIeKTPOAHI,
BO3MOXHO, Gaarogapsi o6pa3oBaHuI0 ONPeaEeNeHHOTO CO-
eMHEeHU.

IT. OcnoBy memGpaHbl cocTaBisieT cMecb MOHOKpH-
cranios AgCl u AgBr (ssekTpomnl 3Toro Tuma BHIMYyC-
kawr ¢upmMu Crytur u Philips). HDas Agl-aanekTponos
NPUMEHSIOT CMech MoJMKpHCcTaaandeckux Agl u Ag,S.

[II. OcHoBy memOpaHbl COCTaBJAAIOT OCAfKH raJjore-
HUAOB cepe6pa, BHeJPeHHHe B CHJIMKOHOBBI Kayuyk.
DTOT THUN 3JIEKTPOJOB $BJSETCS CAMBIM CTAPhIM; OH
npepJioxed ITynropom ¢ corp. [206] (Bhmyckaer pupma
Radelkis, Benrpus). Kauecro memGpan sasucur ot ¢u-
3UYeCKO# NPUPOAB M KOJIHUECTBA OCAAKA, BBEXEHHOTO
B MeMOpaHy, n oT cmoco6a ofpasoBanHs MeMGpaHHOMN
nosepxnoctu. IlpeasnoxeHo [213] cMewmHBaTs cuIHKO-
HOBBIZI Kayuyk, BYJKAHH3UPOBAHHBLIE MPH HOPMaJbHOH
TeMmnepaType, ¢ nopomkoM AgX W npeccoBaTb MeXAy
MOJIMITUIEHOBBIMH  MJIH  MOJHMBHHUAXJOPHAHLIMU MJac-
THHKaMH. ‘

[Tepen ymorpeGiaeHneM 3jeKTPogb HEOGXOAHMO Bbi-
MauuBaThb B COOTBETCTBYIOIIEM pAacTBOPE TraJioreHHaa.
AT 31eKTPOAH OOBYHO [aT (PYHKUHIO HECKOJbKO
HUXKe TeopeTuyeckod (0E/dlgax =~ 56 MB BMecTO
59 mMB). Conporusnenne snekTponos ~ 10 MOwm. Diek-
TPoAbl, H3roToBJeHHEle ¢upmoii Coleman Ha nosumep-
HO MaTpulle, HMEIOT CONPOTHBJEHHE MHOTO HHIKe
10 MOwm.

C AgCl-amekTposoM MOXHO onpeiedsitb woHm Cl-
B uHTepBaje KOHNIeHTpaumuii 105—6M [214]. Hdas
Agl-anekTpona HEPHCTOBCKA$i 3aBMCHMOCTb MOTEHIMAJA
HaGmopaercs no 10-M I-. C noMompio mnociemHero
MOXKHO THTPOBAaTb CMeCH rajoreHHnoB. [loTenuuomerpu-
qeckoe OMpefeleHHe C rajioreHcepeGpsiHLIMU - 3JeKTPO-
AaMH OCJOXKHSETCSt MPUCYTCTBHEM B HCCIEYeMOM pac-
TBOpe cyabduaa, THocyabdaTa M LMAHATA HJH BOCCTA-
HoButeseit. Mon Hg?* MoXHO onpepeasTs THTpoBaHHeM
ero pacreopom Nal ¢ Agl-anexrponom.

102

Kpome rasoreHcepeGpsiHBIX 3J€KTPOLOB B IpaKTHKE
3JeKTPOOB ¢ MeMOpaHamMH Ha OCHOBe coJeli cepeGpa
HallJW npuMeHeHHe HOHocedeKTHBHble CN—- u SCN--
aaekTpopbl. CN—-DJaekTpon MoXKHO mHoaydute u3 Agl-
3JIeKTpona, TaK KaK MOc/lefHUB ABISETCS CeJeKTHBHHIM
aas nonos CN-,

Daektpogsl rereporenHoro tuma ¢ SCN—-pysRuHeH
nosaydeHsl Ha ocHoBe cMecu Ag,S ¢ AgSCN {215]; ux
NPUMEHSIOT HJsi ONnpeje/eHHs KOHCTAHT CTa0UIAbHOCTH
pomaHHOHBIX KommieKcoB, J[Mas onpepesennss HOHOB
SCN~- MoxHo mpuMeHsATh Takxke AgBr—-anekrpon [216].

Hdanuwe tada II1.1 po3BoJstiOT CYAHTh O Melalo-
mieM JAeHCTBUH pa3JUYHBIX HOHOB INPH ONpexne]eHHusx
¢ AgX- u AgCN-anekTpogaMu.

TaG6aumnma III 1

Koappunmentn cenekrusioctn Ky axs AgCl-, AgBr-,
Agl- u AgCN-aaekrpoxos ¢upmu Philips

(Y—CI~, Br", I u CN")

Bausiongul AgCl AgBr Agl AgCN
Ci: ! 6-107" | 66-1077 | 2-107%
Br~ 1,2 1 6,5-10" 210
r 86,5 20 t 3
CN” 400 25 0,34 1
OH" 24-107° 1-107° — -~
co?~ 3.107° 23.107° 1,2-10=* | 36-107*
Cro*~ 1,8-107° | 1,6-107° | 37-107* | 1,4-107"
$,0%" 60 1,5 71-107" | 2,2.107°

[IpuBogHM HeKOTOpble JHUTEPATypHBEIE CCHIIKH, B KO-
TopbiX onucadsl npuMeneHus AgCl-asextpona nnas on-
penenenns Cl--HOHOB:

MosioKo [217]; dpykrosmiii cok [218]; BogHO-crupToO-
Boie cvecn [219];

MHHepaabHbele (ocdarst u cuaukatel [220]; rtuapo-
OKHcb asioMuHHS [221]; coeaunenns urrpus [222]; mec-
THUM AL [223]; .

caxaproe [224] u dapmauesTuueckoe [225] mpous-
BOJCTBA;

rajibBaHuYeckue BaHHH [226].
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Kpome Toro, AgCl-3/1eKTpoa c/ayXKuT AAA ompejpese-
Hufi Cl—-noHa upu aHaquse;

rMIPOOKUCH Kaaus [227];

XJOPHCTOrO BOJOPOAA B Ta3oBhix cMecsx [206];

XJopuaHbIX KoMmmaekcos Zn, Cd u Mg [228];

Ha MHKPOCOAEPKaHHE B OPraHMYeCKHX COENIHHEHHAX
" amuHorpymnax [229];

paBHOBecHHX cMeceli [230].

1.5, NEKTPOJbI HA OCHOBE CYNb®KWAOB (XAJIbKOTEHMOOB)
HEKOTOPbLIX ABY3APSAAHLIX HOHOB METAJIJIOB

MemOpanbl A45 2JEKTPOAOB 3TOTO THNA MOJYYaloT H3
cMeceli cyabdupa cepebpa H cyabduma (xaJbkoreHupa)
COOTBETCTBYIOLlEro MeraJJa. HauGosbliee 3Hauenue aas
NPAKTHKH UMEIOT MEeIHbIA, CBUHIIOBBLIA M KagMHUEBBIH M0-
JUKPUCTANANYeCKUe 3JeKTPOAbI, [NOCKOJbKY HMEHHO AJs
3TUX HOHOB MOJIyYeHbl MOJHKDPHCTAJIHUECKHE 3JEKTPOLHI
C XOPOIUMMH 3JCKTPOAHBIMH XapaKTepHUCTHKAaMH.

DyHKIHOHHPOBAHKE TAKHX 3JEKTPOJOB OCHOBAHO Ha
CAEeNyOMHUX paBHOBeCHbX mnpoueccax. O603HAYMM [BRY-
3apaHbIE HOH MeTaJlla 4yepe3 M2t u 3anuiieM peakuuu
AMCCOLHALINH:

MS = M»*4+ s u AgS = 2Agt1 s

TTOCTOAHCTBO aKTHBHOCTEH ams M Qag,s MO3BOJsET
BHIPA3UTh aKTHBHOCTb HOHOB cepeGpa uepe3 MpoH3Beje-
- 2 [
Husa pactsopumoctu TP, =0} a5, n [IPys=ayaq

MP,,.sa
= —_AgaS'M I
p, /\/ Tpo (111 12)

[MoacraBass sBupaxenue (III.12) B ypaBHenne Hepu-
cTa aaa anekTpoaa ¢ Ag*-dyHKuuel, MosyynMm BeIpaiKe-
HHe jpJs NoTeHluaJsa

. B
=0 +71gaM

T. € 3JIeKTPOJ B OTCyTCTBMe M36bITKa HOHOB Ag+ obpa-
THUM K HoHam M2+ (Cu?+, Pb%+, Cd u ap.). Yrobu
9JIeKTPOA ¢ MeMOpaHOH, cocTosilledi H3 TOHKOU3MeEJb-
YeHHOTO cyJbdraa ABYy3apsiHOro Hona MeTajJa B Mar-
puue cyabdpuna cepebpa, obaaman COOTBETCTBYIOHIef
M?t-pyukuuesl, Heo6X0AUMO  BbIIOJHEHHE  YCJIOBHUS
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IMPwms 3> ITPag,s, HO B TO ke BpeMs [1Pums 101%KHO BbITH
MOCTATOYHO MaJbiM, TaK KaK HUMKHHI KOHUEHTDalHOH-
Hbll Mpejen YyBCTBUTENBHOCTH 3JEKTPOLA ONpejelsier-
CSl pacCTBOPHUMOCTBIO COOTBETCTBYMIOINEro cyabduaa.

Mepb-ceneKTMBHLIN dneKTpop

OaekTpoabl ¢ TBepAofi MeMGpaHOH, oGpaTuMbie K
wonam Cu?*, Bnepsble moayuennl Poccom [231]. Hdas
BHISICHEHHUS YCJNOBHH CTaOMNLHOCTH PaboOTH 3JEKTPOoAa
NOBEPXHOCTb MeMOpPaHbl HCCAeNOBaJH MHUKDPOCKOMHUYECKH.
B pesyabrate paboThl 3JeKTpoja OblM OGHAPYXKEHHI
3aMeTHble M3MEHEHHS MOBEPXHOCTHOTO CJOS, UTO CKa3bl-
BAJOCh Ha NMOTeHuHMaJge 3JjeKkTpopa. g BoccTaHOBJIEHHS
cBOHMCTB MeMOpaHH NpensoXeHo NMOJHPOBATL €€ MoBepX-
Hoctb., Oasi Cu?+-snexkrpopa B mpocnexkre ¢upmer Orion
OpPUBOAATCA CcJeAyolye XapPaKTePUCTHKH: KOHIeHTpa-
DHOHHBI HMHTEpBaJ pacTBOpPa — OT HACHIHNEHHHX A0
108 M, temneparypunit untepsan 0—80°C, Makcumanb-
Hoe cojepKaHue Memalomux noHoB (S2-, Agt, Hg?) <<
<< 10-"M. Hccaenyemniii pacTBop He JOJIXKeH cojep-
KaTbh GoJbIIHX KoaudecTs moHoB Cl-, Br—, Fed+ (Cd2+,
Hurepsan pH, B npegenax KoToporo Moryt (QpyHKIHOHH-
poBaTb 3JEKTPONb, 3aBUCHT OT KOHueHTpauun Cu?+
B pacTBope W JeXHuT B objacta 2—8.

DJeKTPOA CO3AaH HAa OCHOBe CyJb(UAOB MeJH H ce-
pe6pa. Mouw Cl— (u Br—) Bausiior Ha NOTEHHHAN 3JeK-
TpPOJa H3-338 peakiHu, KOTOpag MoXKeT MPOTEKarh HA
NOBEPXHOCTH MeMOpaHbl:

AgsS + Cu®* 4 2C1” = 2AgCl 4 CuS

O6parumbii K noHam Cu?* 37meKTPoA MoxKeT GbITh
H3roTOBJEH Tak:Ke M3 Husllero okucia Mefn Cu,S
[232].

Teepasie Cu?+-31€KTPoAB NPHMEHHMBl NIPH H3YYEHUH
cucTeM, COAepIKAIUX OKHUCJAUTeNIM M BOCCTAHOBUTEJH
[233]. B cayuae oveHb BBICOKOTO COJNCPKaHHA HOHOB
Cl-(Br=) aaektrpop mnpuo6peraer Cl—(Br-)-dynxnuro
[234]. TTogpo6GHO 3TH 3JEKTPOAH HcCIeAOBaHbI B pabo-
tax [235].

Ananoruydsie mo CBORCTBAM 3JeKTPOAbI, COAepiKa-
Iue BMeCTo CyJbQUIACB CeJeHUIB M TeNJNYPHAB MenH,
npeanoxenn Xwuparta [236]. Uexocnosankas ¢upma
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Crytur u3roToBJISIeT 3JI€KTPOAKI AJIS ONpeneJieHHsI HOHOB
Cu?* Ha ocHOBe MOHOKpHCTAJJIMYECKOH MeMOGpaHbl ¢ 3M-
nmupudeckuM coctaBoM Kpucrasana Cu;gS. dtu anekTpo-
bl YCHENIHO MNPUMEHSIOT IR HOTeHIHOMETPHUIECKOro
tuTpoBaHusa [237]. '

Kpome Kpucrajdnugeckoro Ha ocHoBe Ag,S — CuS
noayuensl [238] pBa ApyrHX 3JeKTpoja: OgUH ¢ MeMG-
panoit u3 CuS, BHexpeHHOro B MeaHbIH MOPOLIOK, a Apy-
roft ¢ MemOpaHofi n3 CuyS — BHeAPEHHOTO B CHJIHKOHO-
BB KayuyK. ¥ 3THUX 3JIeKTPOAOB HCCIEZOBAHA 3JIEKTPOA-
Hasl QYHKUHUS MO OTHOIUeHHIo K noHam Cu?t B 3aBHCHMO-
cru oT pH, npucyTcTBHA BIMSIOIHKX HOHOB, TEMIEPATYPH
U THna Matpuubl. B sutepatype obcyxpaiorca pasdud-
Hele Moauduxaunuu Cu?+-aznekrpopa. [Ipeacrasnser un-
Tepec, B YaCTHOCTH, TaK Ha3biBaeMBIl 3JEKTPOX C Kepa-
MHUECKOH MeMOpaHo#.

[Togpo6Ho  m3roToBjeHHE  MOJHKPUCTAJIHIECKOTO
Cu?*-azektpona omucaHo Kosunrromom [239]. Baacos
¢ coTp. [240] upepsoXKUIN TOJUKPHCTANIHYECKUT 3JI€K-
Tpoi Ha ocHoBe cMecu CuS —Ag,S ¢ TBepabIM BHYT-
pPEHHHM MEAHBIM MJIM PTYTHbIM KOHTakTOM. OHH HamIy,
yto MeMmOpanbl, cogepxamue 709% CusS u mosyuennsie
npeccoBanneM npu 200°C, naloOT 3M€KTPOABI, UPUTOA-
Hble JJIs1 onpenefienus uoHoB Cu?+ B Ipepenax KoH-
uentpauuit 10-'—10-5M,

Psigom muccnenoBatenefl onmnucaHo HCHOJNB30BaHUE TO-
aynposoguuka CueS Kak marepuana pas Cut-ajnektpo-
na (omruMaJgbHbiii coctaB Cuy,,S) [241]. DnerTponmst
¢ Cu’-¢pynxumeii Xopolo 3apeKoMeHKoBaslu ceGs npu
_ ompejeseHHMH  KOHCTAaHT  CTaGHJbHOCTH  KOMIJIEKCOB
Cu(Il) ¢ pasnuuHBIMH OpraHHYECKHMH JIHTAHZAMH
[242]. DTu aseKTpoxsl WHPOKO HCMOMB3YIOT B IMOTEH-
L{HOMETPUUIECKOM THUTPOBAHHUH.

Cu®-Onektpon 94-29 ¢upmbi Orion upuMeHed ajs
MOTEHIHOMETPUYECKOTO ONpelesieHHss Meau B MOpCKoir
Bose [243]. llpumenenne 3ATA nas turposauusa ¢ Cu+-
3JIEKTPONOM MO3BOJISET ONPeAeNsiTh B BOXAX COAepKaHHe
Ca n Mg?* [244]. Paccmarpusaembie Cu?+-3J1eKTpo bl
HCIO0JIb30BaJA AJIS oUpefelieHUs] KOHEUHOH TOYKH B XeJia-
TOMETPHYECKOM  THTPOBAHHH  MCTaJJIMUECKUX  HOHOB
B BOAHOM M HEBOAUBIX cpexax |[245], mast Hemocpep-
CTBEHHOTO MOTEHLHOMETPHUECKOTO ONpefeseHust HOHOB
Cu?+, KOMIJIEKCOMETPUYECKOTO THTPOBaHUS HOHOB Cu+
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u Th* u B ApPyrux cjyyasix MOTEHIMOMETPUYECKOTO THT-
posaHus [246].

[IpeasiokeHbl 3JEKTpoAbl C TBEPAbIM BHYTPEHHHUM
KOHT4KTOM — TpaUTOBLIM CTEpXXHeM (TaK Ha3bBaeMble
CeJIeKTPoAbl) Ha OCHOBE pasfuyHbiX mpenapatos Cu?+:
CuS, CuS — Ag,S, CuS —HgS. Hauboabuium uHTep-
BaJIOM YyBCTBHUTENbHOCTH K HoHam Cu?t objapalor ce-
JekTpoast cocraBa CuS — Ag,S. B paGore [247] stoT
3JIEKTPOJ4 NPHUMeEHeH [Jsi OMNpejejieHHa KOHCTAHT cTa-
6unbHOCTH Kommiekcos Cu?t ¢ rauuunom u DA TA. Cu+-
CeJIeKTPOA HCHOJb30BaH [1JISi HENpepbiBHOTO KOHTpOJS
aKTHBHOCTH HoHOB Cu?* B mouBax.

Auaektpon ¢ Mem6paHoit us cmecu CuS — Ag,S oka-
3aJicsi OpUMeHUMBbIM [248] nns ompepenenus Xelle-
3a (II1); mMerox mpocTo U GBICTPO MO3BOJSET OUPERENATD
’KeJle30 B KOHIEHTPAlHOHHOM uHrepsatie 10-2—10-%M
Fe(1I1). Hayueno BJusHHE Ha ompejelieHHe KeJjes3a
psna KaTHOHOB M aHHOHOB, a TakKxe pH:

Bagme Kreph B Krerm
Cu?+ 6 Fe?* 2-10~*
Cu?* (+6 ma 10~ K*, NH}, 10~°
canduunanb- Ca“ Ba“
JIOKCHMa) é qz+ 4
Ni%* 5.107 - Na* <10”*
Pb2+ 3-10”

CBHHEL-CENEKTUBHBIM dNeKTpos

[Monuxpucrannndeckass MemOpaHa CBUHIOBOTO TBep-
JOTO 3JieKTpoja moJiyyeHa u3 cMecu PbS m AgeS myrem
upeccoanusi [249]. ®@upma Orion seimyckaer PbS-asexk-
TPOAbl CO CJAEAYIOMMMH XapaKTePHCTHKAMU: KOHIEHTpPa-
HUOHHBIE uuTepBan 10°—-10-7 M, snexTpuueckoe conpo-
tusjienue 1 MOwm, TemmepaTypuulii unTepsas 0—80°C,
Jomycrumoe copepxanue wuoHos Art, Hg?t, Cu?t —
He Gosee 107 M. Buicokoe comepxkauune uotos Cd* u
Fe+ nmpusogur x Hapymennio Pb%r-dynkuuu aJek-
Tpoaa. CBo#CTBa 3THUX 3JIEKTPOAOB MOAPoGHO cMm. [232,
236, 249].

DeKTpoabl € MOJMKPHCTAJUIMIECKUMH MeMOpaHaMH
onucaHel Takxe B pabore [250] (memG6panni ¢ PbS,
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BBENEHHBIM B CHANKOHOBYIO MaTpuly, TakKe GyHKIHOHU-
pywoor Kak Pb?+-anekTponst).

BpeMmsi OTKJHKa CBHHI(OBBIX Te€TEPOTeHHBIX MOJUKPH-
CTaJJIMYECKHX 3JEeKTPoA0B MeHee 2 MMH; uutepBan pH,
B KOTOPOM HX MOXHO NpHMeHaTb, 2,8—7,0. HepHcros-
CKas 3aBUCHMOCTL I[OTE€HIMAJa OT AKTHBHOCTH HOHOB
Pb2+ puimosHsieTcs Bo BceM HHTepBaJje ero $yHKUHOHH-
pOBaHHUS.

[Mpeanoxen Takxe crnocob Tepmuueckoit 06paboTku
cMecn PbS —Ag:S ¢ noaumepom aas QopMUpoBaHHS
MmemOpaHbl CBHHLIOBoOro aJjektpopa [251], KoTophiit Tmo-
KasaJ yAOBJETBOPHTEJIbHLIE XapaKTePHUCTHKH,

B pa6Gore [252] u3syueHo BaMsiHMe yCJOBHH mpecco-
BaHus cmecu PbS u AgeS Ha sjeKTpomHbie CBOHCTBA
Mem6paHw. Haumayumum oxasandoce pasienue | klla
(10 1/cm?) npu 350—500°C B Tedenue 3 4. Tako#l anek-
Tpoa obJsagaer NoJHol 3jaeKTpomHo#t (yHKUHEH B KoH-
LEeHTpalHOHHOM HHTepBaje HoHoB Pb%+ 10-1—10-M.

OtMernM, uTo paspaboraH TakXe cejexkrpoa [253],
obnapaomuit Pb?+¢dyHKune# B HHTepBase KOHLEHTpA-
muit 1072—10-""M Pb%*+. [Ins CBHHUOBHX 3J€KTPOJOB
NPUMEHSJIH TaKXKe CeNEHHJIb W TeJAYpHAbl CBHHIA
[252]. UyBcTBUTEIbHOCTD K MOHAM CBHHIA YMeEHbIIAeTCs
B pany PbS =~ PbSe > PbTe, a uyBcTBHUTENBHOCTH X
pH cootBerctByer unoMy psay: PbS < PbSe <« PbTe.

XasbKOreHHHble 3JEKTPOAB MaJjo NPUIOAHBI B Nps-
MBIX HM3MEPEHHSX, HO HX HCINOJb3YIOT NPH MOTEHUHOMET-
pHUECKOM THTPOBaHHH cBHHIA. MOHaMM, BAUSIOMUMHA Ha
MOTEHINAJ CBHMHLOBOTO CYAb(UAHOTO (XaJbKOTeHHIHOIO)
9JIEKTPOJla TOMOTEHHOTO ¥ TeTePOTEHHOro THMa, ABJSIOT-
et Ag?t, Hg?+, Cu?t, Fe¥+, S~ u [-. B npamsix noren-
LHO- W THTPUMETPUUECKHX ONpedeJeHHsIX 3TH HOHB
HOJKHBI MPAKTHIECKH OTCYTCTBOBATS.

Ouenb BhiCOKAS] CENEKTHBHOCTb pPaccMaTPHUBAEMOTO
sJieKTpoaa obecneunsa IIHPOKoe NpUMEHEHHE €ro MpH
aHaJi3e PacTBOPOB, COAepKaIUUX JIOOBIEe HOHBI, KpoMe
TepeyrCIeHHbIX BHIIIIE.

Cpenu HOHOCENEeKTHBHBIX 3JIEKTPOJOB N0Ka He HMeeT-
C YyBCTBHTEJBHOTO H JOCTATOUHO H36HPATENLHOTO
kK noHam SO, eciu He cuuTaTh PTYTHOCYJb(haTHOTO, Ma-
JIONPUrOAHOrO st mpaktuku. [lostomy Pb%**+-ssexrpon
HCIOJB3YIOT NPU THTpoBaHuK CyabhaTtoB [254]. B ognom
H3 METOROB PEKOMEHAYIOT NPOBOAUTb THTPOBaHHE B MpPH-
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cyrcreun 50% nuokcaHa. [Ipu 9TOM ROJIXKHBI OTCYTCTBO-
BaTh (ocdathl (M XJ0pHIbl B 6OJNBIIAX KOHUEHTPAUHUSX).
KpoMe NOTEHUHOMETPHYECKOTO THTPOBaHHs CyJb(haTos
Pb2t-31eKTpoas MOMKHO NPHMEHATh AJsl onpeaeneHus
HoHos C:05", CrO; , Fe(CN)e", WOY 1 HEKOTOpHIX 1py-
rux. [Ipeasioxen MeTO[ omnpepeseHdss MHKPOKOJHYECTB
opTodochaToB NOTEHIHOMETPUUECKUM THTPOBaHUEM Mep-
XJ10paToM CBHHLA C TBepAbiM Pb*+-ajekTpojom B Kaue-
cTBe HHaMKaTopHoro B 3abydepenHom pactBope (pH =
=~ 8,5) [255]. BaxHoe npuMeHeHHe HAULIH Pb2+-sneK:
TPoABl NPH ONpejeNeHnH CBHHIA B CJAyuasix OTpaBJeHHH
[256], a Takxe B rasax [257], mopckol Bome [258],
KpoBH, cJIoHe, Moue [259].

Kapmuit-cenekTHBHDLIK 3NEKTpos

SaekTpon ¢ TBeproft MeMOpaHOfl, CEJeKTHUBHBIA MO
oTtHomweHnio K MoHam Cd?+, noJaydaror npeccoBaHueMm
cmecu CdS u AgeS [43, ra. 2]. JJs 0pPOMBIIJIEHHOTO
Cd2?+-anektpoaa 94-48 ¢upma Orion B mpocnekrax co-
obmaer cJeiymoude XapaKTePHCTHKH: KOHLUEHTPALHOH-
ueift mareppan 10°—105 M Cd*, sjexTpHuecKoe compo-
tusnedne | MOw, Temmepatypubiii untepsana 0-—80°C.
MpusoguM KoahPHUUHEHTH 3JEKTPOXHOR CeJEKTHBHOCTH
Cd2+-anektpona pupmer Orion [260]:

Bn“uoﬂaxo)u(mﬂ Keax B./l:gﬂlou)éuﬂ Kca/x
Fe2+ 196 Mg 1,6-10‘: \
TI+ 122 SO 7-10”
Pb2* 6,1 CrO?” 51.107°
Mn?+ 2,7 cor 1,7-107°
H* 2,41 I 61107
cdz 1,0 OH~ 1,5 {8“’

3 .10™! K+ 6,7-10_
ﬁizi 5'3,{0-2 Na* 32-107°
Fed* 3.1077

(8 HCIOy) \
Co* 2.10
F~,Cl°, ~ 107
Br~, SO,
ClO;
Zn2+ 4,1.107}
Ca?* 2,2-107
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Cd2?*-D1eKTpPOAB Ha OCHOBe CyJbGUIOB MONYyYAIOT
pasnuyHbimu crnocobamu. Hanpumep, & cmecu CdS —
AgeS nob6asasiior CusS u dpopmupyor mem6pany. B pa-
GoTe [261] mompoGHO uCCNefOBaHB CMOCOBHI MPHIOTOB-
JeHHs1 CyNb(QHAOB H TOpSYero MPEeCcCOBAHUS CMeCH
CdS —Ag,S ¢ monmstunenom. Hamaydmue pesyabTarhl
(HEPHCTOBCKAasi 3aBHCHMOCTb TNOTEHIMANa) MOJydeHbi
npu ropsdem cnocobe moaydeHust MeMOpaHB U cOOCAXK-
Henusi CdS — AgeS M3 KMCIBIX PAacTBOPOB NPH MpomMycC-
KaHHHU B CMeCh CEPOBOJOPOLA.

Kanmuespiii 3neKTPOX HMeeT OrpaHHYEHHYIO 06/1aCTh
pH, B kortopoii on paGoraer Kak cTporo o6paTHMBL
kK uoHam Cd?*. B menounbiX pacTsopax orpaHHueHHe
(yHKIUM 37eKTPOAa CBsi3aHO ¢ o6pasoBaHHeM THAPO-
okucn Kaamusi. IIpennoxken Cd%+-anekTpon Ha ocHoBe
rpaQuTOBOrO KOHTAKTa — KaJMHeBbIH cenekTpon [262].
Kanubposky Cd%**-snekTpofoB mpousBonar B GydepHbIX
pacrsopax ¢ pH =26, 7 u 9. B arux pacrsopax pacrso-
pumocts CdS menbile, uem B KucabiX. KanuGposounas
npsiMasi  3axpaTeiBaeT 006/1aCTb HHU3KHMX KOHIEHTpaluit
noHos Cd?+,

Cd?*+-DaeKTposbl  MCMONB3YIOT NPH TOTEHHHOMETPH-
YeCKoM THTpoBaHuM [262] m Ang onpefeneHus cynbdu-
JOB B XKHAKOCTAX OyMaXKHOTO NMPOM3BOACTBA,

Y¥{ene3o-ceneKTMBHBIN XanbKoreHMAHbIN aneKkTpopn

Kpome asiekTpofios omucaHHoro Ttuma pacmpocrpa-
AeHbl H 3JIEKTPOIbl U3 Xa/JbKOTEHHAHBIX cTekoa. Hampu-
Mep, Ha OCHOBe Xa/JlbKOTreHHJAHOTo crekaa (609% Se, 289
Ge, 12% Sb) ¢ no6asxofl Xenesa, Ko6anbTa HAH HHKEs]
cospan Fe*t-anekrpop [264], dyHrumonupyomuit B un-
Teppasie 10°—10~'M Fedt. OTmeuena BEICOKAs ceJiek-
TUBHOCTb 3JleKTpona K HoHam Fe** B npucyrcrsun
Fe?+-uoHos.

Takoro Tuma 31eKTPos 06MafalOT CKOpee MeXaHHU3-
MOM  OKHCJIMTEJIbHO-BOCCTAHOBUTENbHOIO  MOTEHI[HAJa,
yeM HOHOOOMeHHBIM. QKHCIUTe bHBI noreHyuang Fed+-
3N€KTpoja MOXKeT ObITh OMUCAH ypaBHeHHEM:

a
Fe8+
a

p=0"+ &lg

Feu
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C npyro#i CTOPOHEI, MOTeHLHAA HOHOOOMEHHOTO 3JeK-
TpoZa paBeH

a
Fe3+
a

q>=q>°+% lg
Fed*

DKcnepuMeHTaabHO Hafiled yraosoli Kos(Gduuuent
3aBHCHMOCTH @ OT Ig a3+ (npH aga2+ == const); on oKa-
3ajcs pasHbiM 60 MB, uro oTBeuaer ypaBHEHHIO ANS
peloKCc-MeXaHU3Ma, i ,

[Tpennoxen u npyrofi MemOpaHHbil 2aeKTPox ¢ Fest-
dyHkuuefi u3 TOro Ke XaJbKOTEHHAHOTO  CTeka
Fe,SegGegsShys (n == 1,3—2), ucnniTanHuifi B MepXxJo-
PATHBIX, XJOPHAHBIX M HUTPATHBIX pacTBopax. YTraoBOH
Kos(hdunuenT okasajacsi paBHeM 57,6 MB B uHTepBane
KouneHrpauun 10-2—10-> M Fed+ [264].

DaeKkTpon, Takke ob6paTuMbiii K uoHy Fe®t B KoH-
LeHTpalMoOHHOM HHTepBaje 10-!—10—* Mzﬁbl.ﬂ BBITIONIHEH
Ha TJIaTHHOBOH MNPOBOJIOKE, MOKPBITOA  3JIEKTPOJHO-
aKTHBHOH NacTofi, cocrosimied M3 coau TeTpaxJopodep-
para (II1), TpuKanpuAMeTHJAMMOHHS B MOJHBHHHUAXJNO-
PHIAHO MaTpHlE, OH 0Ka3aJCs CeNeKTHBHbIM B IPHUCYT-

3 - - - 3+
creun Cu®, AI*, NO;, F~ u SO;. Fe -q)yHKupéro
3JeKTpoja Hapylaor KaruoHe Sn*t, Hg?t, FeXt, Zn’+.
DNeKTPOJ NPHUMEHSIOT NPH aHa/k3e XKeJe3HBIX Pyl

MonHoctbio TBEpAROMDAa3HbIe dNEeKTpoAbI

B nocaensue TOxbl MPHMEHHTENBHO K 3JEKTPOAaM
¢ TBepAmMH MeMOpaHamMu 06CYX1alOTC BOMPOCH YyB-
CTBUTENbHOCTH HX NpH HHU3KuX akruBHocTsx. Mopd, Kap
u Cumon [265] Ha6a0ORaan OTKJIOHEHHS OT HOPMalb-
HOTO 3HaueHHs B pa3BGaBiieHHBIX CyJAbGUAHBIX pacTBOpax
noTeHuuana aasa AgeS-anekTpoga M B HOAMAHBIX pac-
tBOpax Aas Agl-anekTpoxa. ITH OTKJIOHEHHs CBs3amHbl
C PA3JMUHBIMH [POLECCAMH, B YACTHOCTH C aacopluueft
o6mero ¢ coanio uona. [Tosepenue anekrpona u3 AgeS
B CHJbHOH CTENEHH 3aBHCHUT OT METOAA MPHTOTOBJEHHS
martepuasna MemGpansl [205].

[Monyunau passurue paboThl MO CO3JAAHHUIO JIEKTPO-
0B ¢ MeMGpaHaAMu ¢ TBEPAbBIM BHYTPEHHHM KOHTAKTOM,
TaK Ha3bIBAaeMbIX MOJHOCThbio TBepaodasubix [266].
Mop¢ u corp. [265] passuBalOT TeopeTHUYeCKHE TpeN-
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CTaBJeHHs O BJHMSHHMU Je(deKTOB B TBeppo#l ¢ase rao-
FeHHAOB H CyJbhuga cepebpa Ha 3aBHCHMOCTb 3J€K-
TPOJAHOIO IIOTEHIHANa OT aKTHBHOCTH 2JIEKTPOAHO-aKTHUB-
HbIX HOHOB. OQCHOBHas Haesa 3akKJdaercs B TOM, 4YTO
KOHLCHTpaluus cepeGpsHbIX HOHOB BOJH3M MeMOpaHb
B cJydyae CeJIEKTHBHOCTH €€ K IOoCJefJHHM onpepenserca
CyMMO

(Mgl =[Ag’"], 6 + [A2*] ,er + [A2"]

rae [Agtlaos, [Ag+lpscr B [Ag*]nep — KoOHHenTpaLuu
HOHOB cepebpa, no6aBJEHHBIX K pAacTBOPY, BO3HHKIIHX
3a cueT pacTBopeHHMs MeMODaHB M NMePeHeCeHHHX B pac-
TBOD M3 Ne(EeKTHBIX MeCT PelleTKH.

B pesyabrare HeGosbliuX npeoGpasoBanuit and mo-
TeHIHaJa MeMOPaHHOTO 3JeKTpoja mnoJydaercs Ypas-
HeHue

o

= cPAg"/Ag

+RL 10 ([ag" 06+ [Ag"],0q)
HJIM A5 aHHoHa X:
v= q’j\g*/Ag + 'IE:_T TP, x — fﬁz n ([X7], 06 — A" o)
Has [Ag+] neg — [X] nos > 2([TPagx) " umeewm:
0= 0 g+ 7 10 (1880 = 5] )

U3 nonyuennwix MopdoM ypaBHenuil s mem6pan-
HOTO NOTeHNHaJa cjaejyeT, 4YTO 3HAYEHHE ( 3ABUCHT OT
nedeKToB Kpucraanuueckodl pemerkn AgX., dopma u
CMBICJI 3THX YpaBHEHHH /1% MeMOPaHHOTO MOTeHIHAsa
OTIHYAIOTCA OT OOLIYHBIX 33 CYeT OCHAOMKHEHHH, BO3HH-
KaOWHKUX B NOJHOCTbIO TBepAOMA3HOM BJIEKTPO1e.

[Tomnoctoio  TBeprodasuele  siekTpoab  MoApoGHO
usyyaworcsi bakom [266], Kotophllt U npeanoxua ux ua-
aBanme (all solid) [266, ¢, 28].

B nocnennee Bpems B snuTepaType NOSIBUJIHCH Mpef-
TOKEHHS CO3AaBATh MOJHOCTbIO TBEPAO(A3HBIE 3TeKTPo-
Jbl NyTeM KOHTaKTa MeMOpPaHbl He ¢ COOCTBEHHBHIM, a MNo-
CTOPOHHHM MeTaJjiloM, B Kadecrse MaTepnasos npen-
N0¥KeHbl THApOopOOH3HpOBaHHLIA rpaduT, naartuua wu
pryTb [268]. B cayuae koHTaKra MeMOpaHBl ¢ mOCTO-
POHHUM MPOBOJAHHKOM (C 3JIEKTPOHHOH MPOBOAMMOCTHIO)
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BPAL JIH MOXHO OXKHIATb YCTAHOBJICHHS paBHOBecus Ha
rpanule pasnpena ¢a3 memOpaHa — NPOBOAHUK.

B ofuiem ciydae KOHTAaKT MeMOPaHB ¢ NOCTOPOHHHM
3JIEKTPOHHBIM NPOBOAHHKOM MOXeT YXYyAIIaTh XapaKre-
PHCTHKH 3JEKTPOAAa MO CPaBHEHHIO C JKHJIKHM BHYTpeH-
HHM 3anonHeHdeM. B pabGote [269] npoBenpeno cpasHH-
TeJbHOe HCCIeHOBAHHE  MOJHOCTBIO  TBePAO(a3HBIX
aJIeKTpPooB ¢ MeMOpaHo#t U3 AgeS u nokasano, uto Ag+-
¢byuxius snektTpona Ag/AgsS 6mu3Kka K TakoBoft o6biu-
HOTO 3JIEKTPOAA C BHYTPEHHHM XKUAKOCTHBIM 3amoJiHe-
HHEM, B TO BpeMst KaK (pyHKUHsS 2JIeKTpoaa ¢ BHyTpeH-
HHM KOHTAaKTOM H3 THAPoGho6H3NpPOBaHHOTO rpadHTa
noJiyqaeTcsi HeMnoJHoH,

Ons MmHOrEX TBepAbIX MeMOpaH cO3JaTh KOHTAaKT
¢ MeTasJoM, BXOASAIIUM B BHJE HOHAa B COCTaB MeMOpaH-
HOH TpyIHOPacTBOpHMOH cosi, 6e3 CYLLeCTBEHHOTO YXYI-
IIEHUS UX XaPAKTEPHCTHK N0 Py NPUYHH 0YeHb TPYIHO.
[ToaTOMY NepCneKTHBHOCTb MOJHOCTbIO TBepAO(DA3HBIX
5JeKTPOAOB sABAsercd AucKyccuonuoil. OcobeHHo ciox-
HbIMM B OTHOIIEHHH o6paTHMOro mnepeXoia OT HOHHON
K 3JIeKTPOAHOH NpoBoauMoCTH MeMmOpaHbl K MeTajnnde-
CKOB MPOBOAMMOCTH BHYTPEHHEro KOHTAKTa SBJASIOTCH
MoHOKpucrasanueckue LaFs-Mem6pansl ¢ aHHOHHO#
¢yuxupefi. [Jas nocreaHux He MNOAXOAHUT B KadecTse
NPOBOJHUKA HH MeTasJaHyecKHH JaHTaH, HH KOHTAKTHI,
TpUMeHsieMbie B rajoreHcepeGpsHbIX 3JeKTPOnaX, a Xe-
jJatejied BHYTPEHHHMH KOHTAKT C AaHHMOHHON NPOBOJU-
MocThio. B pabore [268] wmchoblTaHBl MeTassiHyecKHe
¢Jiod, HAHECEHHBle HA MOHOKPHUCTAJIMUECKYIO MeMmOpany
HanelrenueM MmerasnoB Ag, Au, Al, Pb; usyuenws Takxke
CJIOH, TMOJYYEeHHBIE NyTeM 3a/JHBaHH] BHYTpb MeMOGpaHbl
HH3KOTEMIepaTyPHbIX CNaaBoB (o/0Bo u cBuHen). Hec.
MOJIb30BaJH TaKXKe W PTYTHBIA KOHTAKT.

Y IoBAETBOPUTENBHEIX  PE3YJBLTATOB, OAHAKO, MOJY-
yuThb He yaadoch. [loTeHUHan cylmecTBeHHO H3MEHSJCH
BO BpeMeHM M OGHapyXHBaJ THCTePe3HCHble H3MeHEeHHS
npyu H3MEHeHHH KoHIeHTpaunuu [268]. ’

[Mpennoxeno [202, 268] BBoANTL B TBepABIA Mare-
puaJj, 3aMeHsIOMUA BHyTpeHHHE KHAKME  pacTBOp
cpaBHeHHd, ONpejeseHHoe KoJHUyeCTBO HOHOB F—, oTHO-
CUTEJIBbHO KOTOPBIX MeMGpana o6patuMa. ®Topua BHO-
CHJIM B KOJJOHIHOE RUCOKOLHCIepCHoe cepebpo AJA
obecneyeHHsT  BBICOKOIO  CoepiKaHus  ¢Topuga HA
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NOBEPXHOCTH KOHTAKTa. YCTOHYUBBEIE U BOCIPOU3BOAUMBIE
pesyabTaThl OblIH TOJY4YEHBl JJs 3JE€KTPOAOB, TBEPHO-
(¢asnblil BHYTpPeHHHI KOHTAKT KOTOPBIX TpencTaBJsier
KoJIOuAHbIHA (ropcepeOpsHbIfi 0cafoK, NoaydYeHHbIH CMe-
nieHueMm pacrBopoB aaekrpoantoB KF, AgNO;. [To cBoum
XxapakrepucrukaMm tBeppodassbifi LaF-anekrpoa ¢ BHyT-
peHHHEM 3amnoJHeHHeM (ropcepeOpsHbBIM KOMIAYHIOM He
ycrynaer GTOPHAHOMY 3J€KTPOAY C KUAKHM BHYTPEHHHM
pacrBopom. IlpennoxeHHB#I cnoco6 Moxer HafiTu mpu-
MeHeHHe H AJS APYTHUX MOJHOCTBIO TBepAo(pa3HbIX 3JeK-
TPOROB.

[Ipusogumbie B8 Ilpusoocenunx II u Il ceBepenus
o HauBoJjiee BaXKHBIX B NPAaKTHYECKOM OTHOUIEHHH MOHO-,
MOJHKPUCTANNNYECKHX TOMOTEHHBIX M TeTepPOoreHHHX
3JIEKTPoJaX MOKAa3bIBAIOT, YTO TOMOTEHHBlE 3JIEKTPOIH
¢ Agt-, Cd?+-, Cu*t+-, Pb*-, Cl~-, Br—, SCN—- u CN--
(YHKUHSMH Ha ocHoBe Ag,S-MaTpULBl B MOHOKpHCTAJ-
aoB (LaF; AgeS) no ocHoBHHIM Hapamerpam cylie-
CTBEHHO He OTJIHYAIOTCS OT 3JEKTPOJOB C reTepOreHHbIMH
MeMOpaHaMH C TeM Ke 3JeKTPOAHO-aKTHBHBIM Belie-
CTBOM, BHEJIPEHHbLIM B I[OJHUMEPHYIO Marpuuy (Hanpu-
Mep, CHJHKOHOBBI KaydyK). DJAEKTPoABl C MOHO- H IO-
/1K PUCTATHYECKUMH MeMOpaHaMH OTJHYAIOTCS BHICO-
KOH CeJIeKTHBHOCTBIO K ONpefesleHHOMY HOHY, KoTopasi
3aBHCHT OT MPOU3BENICHUS PACTBOPHMOCTH COOTBETCTBYIO-
medt conn [cyabdHUAOB MeTaJIOB HJH TaJoreHuaoB (uu-
agujgoB, popaHunoB) cepe6pa). Ilpumenenue BMecTO
cynbdHAOB CENEHHAOB, TEJUIYyPUAOB HEe TIPHUBEJIO K 3JeK-
TPOJHBIM CHCTEMaM C HOBBIMH HJM YJyUYIUIEHHBIMH CBOH-
creamu. Ilomexu B pabore 31eKTPOJOB C TBEPAbIMH
MeMOpaHaMHu CO3JAIOT pPa3JiHUHbIE NPOLECCH, CBSA3aHHbIE
¢ o6pasoBaHueM TBepIAbX DPacTBOPOB, COAepKAIHUX OC-
HOBHOM W MeIIaloHe HOHH, Japmue Gosee pacrBopu-
Mble CoJH. Bo3MOXHB TakxXe peakuuu oOpasoBanus
MeHee pacTBOpHUMO# conu cepefpa Ha TNOBEPXHOCTH
memOpanbl. [Ipu arom mnoH, obpasyomuit cosb cepebpa
¢ mespmuM [IP, npu onpeneneHHof KOHUEHTpAauuH ero
B pacrTBope Pe3KO HapYIINT MePBOHAYAJBHYIO 3JEKTPO-
nyto ¢GyHKUHIO (MOBePXHOCTh MeMOpaHbl MOKpBIBaercs
MOJHOCTLIO MeHee pacTBopHMbIM coepuHeHueM). [lomexn
NpPH NMPUMEHEHHH TBEPABIX 3JEKTPOLOB MOTYT ObITh BbI-
3BaHbL MPUCYTCTBHEM B DacTBope JHrasHgoB, obpasyio-
HIUX PacTBOpPHMBIe KoMIJeKcel. Hanpumep, uonbr Jag-
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tana 06pasyloOT OueHb NMPOUYHbie PACTBOPHUMbIE LUTpATHbIE
KOMIIJIEKCH, YTO NPHBOXUT K PacTBOPEHHIO LaF;-mem6-
paHbl B COOTBETCTBHHM C PeaKIHeH:

LaF, 4+ Cit®” == LaCit+ 3F~

B nocrarouHo pa3baB/ieHHbIX pacTBopax obpasyio-
mpecs TAKHM NyTeM HOHbi F~ MOTyT CyLMeCTBEHHO H3Me-
HUTh KOHLUEHTPAaUUIO HX B pacTBOpE.

B uesoMm sJaeKkrpogsi ¢ TBepioft mMemOpaHoll Menee
nojBepKeHbl BO3AEHCTBHIO MOCTOPOHHHUX HOHOB, HEM
5JIEKTPOAb C KUAKHMH MeMOpaHaMH. Hanpnefiliee pas-
BUTHE 3JEKTPOAOB ¢ TBepabiMi MemOpanamu Tpebyer
fAeraJbHBIX HCCAeJOBaHUH (U3HKO-XUMHYECKHX CBOHCTB
YHCTHIX M CMEUIAHHBIX TBEPABIX 3JEKTPOJHTOB, HanmpHMep
AgX u Ag,S. Buibop Mmarepuasna MemOpaHb B cCyuie-
CTBeHHOH CTeneHH 3aBHCHT OT YCTaHOBJEHHS CBASH
CTPYKTypbl €€ C THIOM NPOBOAHMOCTH H OT COOTHOLICHHS
B MeMmOpaHe 3JEKTPOHHOH M HOHHOH cocraBasiome,
a TaKxe oT MexaHu3Ma mepeHoca 3apsanos. [lapaasenn-
HO€ H3yUYeHHe 3JIeKTPHUUECKHX H 3JIEKTPOIAHBIX CBOHCTB
TaKHX MeMGpaH — nepsoodepenHas 3ajaua B obJaacrH
ACCAeOBAHUI TBEPAOKPUCTAJIHUECKHX HOHOCEIEKTHB-
HBIX 3JIEKTPOAOB.

111.6. CTEKASAHHBLIE DREKTPOAbI

CrekasiHHBlE 3JEKTPOAM — crapefiline u Hauboaee
pacnpocTpaHeHHble HOHOCENEKTHBHBIE MeMOpaHHBEE 3JIEK-
tpoant [5, M. Cremer, F. Haber]. HauanbHas cragus X
paspaborku 6blna CBsi3aHa C 33jaYaMu H3MEDEHHU: pH
pacrBopoB. «CrekJasuHbie pH-merpsi» Hauaan BbilyC-
KaTbCsl MPOMBIIIJIEHHOCTbIO MHOTHX CTPaH W JOCTHIVIH
BBHICOKOTO COBEDUIEHCTBA, a CaM CTeKJAHHbIE 3J1€KTPOX
cTaJ OJHHM M3 CaMbIX DPAacnpPOCTPAaHEHHBIX KOHTPOJbHO-
H3MepUTeIbHbBIX NPUOOPOB. CoBpeMeHHbH  CTeKJSIHHbIA
3JeKTPo AJst H3MepeHusi pH siBJsieTCs BbICOKOCEIEKTHB-
upiM npubopoM. Ero KoadduuuesT CeJeKTHBHOCTH Ku/m
ISl MOHOB BOJOPOAA OTHOCHTEJIbHO MOYTH BCeX HOHOB
Xapakrepusyercs sHauenusMu ~ 10='5.

B cepegune Halero crojerus Obliu pa3paboTaHhl
¥ HayaJH BLINYCKATbCSI B PasHbIX CTPaHax CTEKJSHHBIE
5JEKTPOJbl C MeETaJINuecKuMH QyHKUHAMU (Nat, K+,
Ag* u np.). Haxoney, ¢ 1972 r. na I'oMesnbCKoM 3UIll
Hauajcs Biyck paspaboraHHeX Kadeapoi dbusuvecko
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xumun JITY CTeK/NSHHBIX 3J€KTPOMOB AAA H3MepeHus
OKHCAHTeNbHOTO ToTeHumanda (rtabua. IIL.2) [270, 271].

TaGanua 1112
CrekasiHHEle 3.1eKTPOAN, H3rOTaBAnBaeMsie 'oMeasckuam 3HIT

- Conporusae-
Mapka seKTpoRa Mpexrenst Hurepean HHe
W uaMepseMmas BEIUYMHA 43Mepenus TEMUEPATYD, | spexTponos,
c MO (20 °C)
9CJI-Ur, pH —0,5—12,7 15—100 5004-250
ACJI-41T°, pH 0—12,7 —b5—40 5040
ACJI-43, pH 0—12 0—50 5040
ACJI-63, pH 0—14 25—100 700300
ACJI-51T, pNa 0—3 0—60 50430
3CJI-51, pNa —0,56—4 0—100 50430
gCﬂ-Sl, pAg ' : 0—5
CJI-91, pK
SCTer BN, } 0—3,5 0—80 2015
30-0t — 0—90 0,06—1,0
(cTeknsAHHHIN, penoKc-
MeTpHYeCcKHi)
3CII-01, pH 0—14 25—100 700400
3CN-04, pH 0—12 0—40 50440
9CII-06, pH 0—14 25—100
ACII-31, pH 0—11,5 70—150 1300300
ACII-05, pNa —0,6—4 5—100 1204-70

B ocHoBe Teopuu CTEKNSTHHOrO 3J€KTpoAa JieKHUT
npejcTaBjeHne o TOM, YTO CTEKJO — 3TO HOHOOOMEeHHUK,
KOTOPH# MOMKeT BCTYNaTb B MOHOOOMEHHoe B3amMojeii-
cTBHe ¢ pactBopoMm [18]:

K++B+ @ A++_B_+

CrekJio npH 3TOM paccMaTPHBAIOT KaK TBepblil s/eK-
TPOJNUT (HOHHBIMH).

[Tpusenenfnit mponece 6bl1 paccMoTped B ra. 1 Kak
OPUYHHA YCTAHOBJEHHS DA3HOCTH NOTEHLUAJIOB MeXAY
CTEKJIOM U DAacCTBOPOM, 3aBuUCAINeHd oT aKTHBHOCTeH 006-
MEHHBAIOIUXCS HOHOB B pacrBope. BhiBegeHHBie Tam
ypaBrerus (I.12), (I.13) u siBunuch KosauuecTBeHHOMH
OCHOBO# TeOpHH CTeKJsiHHOro 3jekrpona [18], Koropas
BIIOCJIEICTBUM OBIJIA PACIHPOCTPAHEHA HA JPyrHe MeMO-
paHHbie 3JeKTpoasl. M3 3Toff Teopun u u3 3KCmEpUMeH-
TalbHEIX paboT cJaeiyeT, 4TO CTEKAd, COCTOSHe u3
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OKHCJIOB HATpus, Kasabl#s W KpeMHHA, 06JanaioT pesko
BHIDAXKEHHBIM CHEelH(UIECKHM CPOACTBOM K Honam Ht.
BeaencrBre 3TOr0 npe CONPHKOCHOBEHHH C BOJHBLIMH pac-
TBOPAMH B MOBEPXHOCTHOM CJ0e CTeKosa o0pasyercs
cho#f, B KoTopoM HoHbl Nat 0KasblBalOTCs MOYTH IMOJ-
HOCTbIO 3aMelleHHbIME Ha HoHpt Ht, TTostomy memGpan-
HEI 2J1€eKTPOJ, M3rOTOBJEHHBIH U3 TAKOro creksa, ob.ja-
naer H*-¢yHkumefi, 1. e. ero noTeHuHana NOAYHHSETCS
ypasuenuo (I.12), B koropom A — H+, a B —Na+. Tak
KaK Koa(pQHUHEHT CeJeKTHBHOCTH odeHb Masa (Kuy/na &
2~ 10-12), To 3TO ypaBHEHHe /5 HeCHJIbHOIEJOYHBIX
pacTBOpPOB IpHHHMAaeT HopMy:

p=09°+ &lgay=09° —&pH

Toneko mpu odeHb BBICOKMX 3HaueHusix pH, mpu ko-
Topbix @y <€ Ku/NaGna, 3J0€KTpox mnpuobperaer Nat-
($YHKUHIO:

="+ &g Kyn, + 8 lgay,

Beefnedne B COCTAB CTeKJa OKHUCJAOB OapHs, Hesus,
JAHTAHA M 3aMeHa HaTPHs Ha JUTHHA 3HAYMTEJbHO pac-
wupsier auana3oH Ht-GyHKuMM CTeKJAsSHHOTO  3JekK-
Tpopa. B Hacrosimee Bpemsi uMeercs Habop COCTaBOB
CTeKNla, M03BOJSIOUIME TpoBoauTh u3Mmepenus pH co
CTeKJSTHHBIMH 3/J€KTPOJaMH B jaManasoHe oT —2 mo 14
(v maxe BHIIE) H OpH TemIepaTypax o 100—150°C
(cum. taba. III. 2).

BBeejenine B COCTaB CTEKJa OKHUCJAOB aJIIOMHHHS W
6opa B cuabHOH cTenenn cHHxaeT H*-dyHkumio crek-
AstHHOrO  adektponaa (Kuyna BO3pacTaer g0 3HauyeHHH
10-2—10%). TakeMm myTeM ymanoch CO3JaTh HOHOCENEK-

+

THBHBle CTeKJSHHBe 3JeKTponbl mas moHoB Na’, K*,
NH;, Li*, Ag", TI*. TlogoGHbie 3/7eKTPoAb BHIYCKAIOT-
¢t pagoM HHocTpaHHBIX ¢upm, a B Coserckom Cowose
Fomensckum 3UIl nmox mapramu ICJI-51T u ICJI1-91.

B aHajauTH4eCcKOH XMMHH H B APYTrHX o6JaCTAX HAYKH,
a TaKXe B HapoJHOM XO3fIHCTBe 3a NOCJeaHeEe BpeMs Ha-
M NPUMEHEHHe CTEKJsIHHble 3JeKTPOIbl MJsi H3Mepe-
HHUSl OKHCJHTENbHBIX MOTEHUHAJOB pacTBopoB. OHU MO3-
BOJISIIOT KOHTPOJHPOBATb XOJ MPOLECCOB B MHKPOGHOJIO-
ruueckofi MPOMBIILIJIEHHOCTH, B BHHOJEJHH, IIPH aHaJu3e
CTOYHHIX BOJ 1EANI0N03HO-6yMaKHONH NpOMBIILIJIEHHOCTH,
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B aHUJAMHOKPACOYHOA NPOMBINIJIEHHOCTH M BO MHOMHX
Apyrux obsacTax Haykd ¥ TexHHKH. OcoGeHHOCTh 3THX
PEAOKC-3JIEKTPOJOB — HX HEUYBCTBUTECJbLHOCTb K pacrso-
PE€HHBbIM rasaMm — KucJopoay u soaopony, a TakXe K Be-
eCTBAM, OTPABJSIOMNM I[JIaTHHOBHIH 3JeKTpoi. B co-
CTaB CTE€KOJl, U3 KOTOPBIX H3IroTaBJ/UBAlOTCH TaKue 3J€K-
Tponbl, BXOAAT okucanl xeneza (III w II) wam turana
(IV u III), koTopsle 0GYCJOBAMBAIOT 3JEKTPOHHBIH Xa-
pakTep MPOBOAHMOCTH CTEKOJ.

Teopuss H npaxkTHUecKoe MPHUMEHEHHE Pa3JIMUHBIX
CTEKJSHHBIX 3JIEKTPOJOB ONucaHbl B psijfie MOHOrpadui
n ob6szopos [21, 273, 321}, Kk KoTOpEIM W caepyer obpa-
THTBCA 3a Ooslee MOAPOOHBIMH CBEJEHHAMH B 3TOH
absacTH.

Tnasa IV

TA3OBbIE
U DEPMEHTHBIE 3JIEKTPOAbI

Ocofoe MecTo B IMOTEHIHOMETPHUECKUX METOAaX aHa-
JH3a 3aHHMAIOT Ia30BHe (ra30uyBCTBHTeJbHBIE) H (ep-
MeHTHHEe 3JeKTpoabl. CyllecTBeHHOE OTJIHYHE TOCHEIHHX
OT HOHOCEJNEKTHBHBIX — HCIIOJIb30BaHHE IPOMEXKYTOUHOH
peakiu; B pe3ysbTaTte IOCJHeIHell H3 MOJEKyJ olpeje-
JsieMbX BellecTB 00pa3yloTcs HOHBI, KOHUEHTPAlHs Ko-
TOPbIX MOXKeT GbThb H3MepeHa COOTBETCTBYIOWIHM HOHO-
CEJICKTHBHBIM  3J1eKTpogoM. TakuMm o6pasoM, rasosble
H (QepMeHTHBIE 3JEKTPOABl MO3BOJSIOT ONPEneNATh CO-
AepKaHue ra30B H MHOTOYHCJEHHBIX KJAaccoB OpraHHye-
CKHX BelIeCTB.

IV.4. TA3OBbBIE INEKTPOLLI
MpuHuMn gekcTeusa

[a30BBl# 3/1€KTPOI BKJIOHAET HOHOCENEKTUBHBIN 3J1eK-
TPOX H CPAaBHHTENBHBIA 3JIEKTPOJA, KOHTAaKTHpYIOILIHe
¢ uHebosbmuM 0OBEMOM BCIOMOraTeNbHOro (MPHIJEK-
TPOZHOIr0) pacTBOpa, KOTOPHIA OTHEJeH OT uccjaenye-
MOro pacTBOpa ra3oBOH MPOCAOHKOH HAH TuAPodOOGHOM
rasonponunaemofl Mem6panoli. B ocHoBe neficTBuA raso-
BHIX 3JIEKTPOJAOB JIeKaT PeakiHH C yyacTHEM ra3os, Ha-
npuMep:

CO, +H,0 == H' - HCO; (Iv. 1)

==

NH, + H,0 == NHj -+ OH~ (V. 2)

SO, + H,0 == H*+ HSO; (V. 3)

2NO, + H,0 == NO; + NO; + 2H* (av. 4)

H,S == H'4HS~ (1V. 5)

Xy +H,0 = 2H" + X0 + X~ (V. 6)
(X —Cl, Br, I
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Ta6auna IV.1
FasoBbie 3JeKTPOAH
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OGpasyiomuecss HOHBl  PErHCTPHPYIOTCS  cOOTBeT-
CTBYIOIHM HOHOCEJeKTHBHBIM 3JeKTPOAOM (Tabi. Iv.1).
[lockoasky B peakuusx (IV.1)—(IV.6) mnoasasiorcs
WA HCUe3alOT HOHBl BOJOPOAd, TO HauboJbliee NphMe-
HeHHe B rasoBbIX 3JeKTpogax aas uameperus pH Hamin
CTeKJAAHHblE 3JEeKTPOIbL.

IOns peakuun (IV.1) xoncranra paBHOBECHS 3allH-
chiBaeTCs Tak

a a
HCOz"H
Ky = A8
Ac0,%H,0
2]
7
ar0.@ K Prp@
02%H,0 H0
agy =K, —S0rH0 g — €O Fon av.7n

@HCOs 2HCOs
(K’ — ko3 uuuent pacTBOPHMOCTH, H/IH KOHCTaHTa 3a-
kona ['enpu).

CnenoBaTe/lbHO, TPH @HCO; == comst H am,0 = const
B Tpefesax BHITOJHHMOCTH 3aKoHa ['eHpH Gyner HabJio-
JAThCAl TIPOTIOPLHOHATBHOCTE MeXKAY au H Pcop. 970 ye-
JOBHE OTIpefie/sieT COCTaB 3JEKTPOJIHTA, CMauHBAIOLIEr0
crekasiuupifi  aaekTpos. B COg-anekTpose IpUMEHSIOT
pactsop, comepxauuii 10-2 M NaHCO; u 10-2 M NaCl
(cM. Taba. IV.1). Hanuune nefiTpajbHOro 5J€KTPOJIHTA
obecleunsaeT NOCTOSHCTBO HOHHON CHJBI pacTsopa.

Js raabBaHHYECKOro 3jeMeHTa ¢ NepeHocoM, BKJIO-
yawomero CO;-3JeKTpon:

Cpapuurensanit | H:0, COp | pH-CrexasHusil

3JIEKTPOJL i NaHCOs SJIEKTPOLR 0]
i NaCl

3. 1. C. paBHa:
E, = const - ¥ lg Pco,
B o6uieM Buje nJs peaKiuH

bB 4 IL == gQ+sS
rie B —ompenensemuii ras; Q—HOH, QHKCHpYeMBbIH
HHAMKATOPHEM 3JeKTponoM; L -— pacTBopHTENb (Boza)
u S — BTOPOH NPOAYKT peakuuH (3J1eKTPOAHO-HEAKTHB-
HbIH ), MOXKHO 3allHCaThb:

121



Mpu av u as = const ¢ yuetoM as = K’'Pg nonyunwm:
7 b
aq = K"PY*
Orciona 3. 1. c. saemenTa (I1)

Cpaanmenbumi&, Pacrsop Hunukaropuprit
3MEKTPOL jB.L Q'S 3JIEKTPOL (n

ONHUChIBAETCH Bpra)KeHHeMI
E; = const 4 % SlgpP

. Takum o6pasom, npu ycsaopun co6aI0neHHs 3aKOHa
eHpu Ey; ABNfeTCs HepHCTOBCKOH ynkunesi or passe-
HH# Ta3a C yriosbiM Koshoduunentom 90/g.

KoncTpykumus

B Hacrosmmee Bpems wu3BecTHO 1Ba THNA TA30BHIX
SJEKTPONOB DASNHYHOM KOHCTPYKuuH. [lepBuifi THm u3
nux (puc. IV. 1, a) npensoxen Croy [274] u Cesepuur-
XaysoM c corp. [275]. Ilpu naunoii KOHCTPYKIIMH HOHO-
CEJCKTHBHBIM SJIEKTDOJ H CPABHHTENBHBIH 2JM€KTPON Mo-
IpyKeHbl B HeGoablIoH 06bem pacTsopa OMpeeNeHHOTrO
COCTaBa, OTLEJICHHOTO OT HCCJIeLyeMOro pacTBopa Tii-
podobHoii razonponunaemoi Mem6paHoi,

OcHosuble ycunns mpu paspaboTke 5TOoro THma ra-
30BOTO 3JIEKTPOAA HAMpap/eHsl Ha yJyullleHHe CBONCTB
rasonponuuaemoit MmeM6pannl. Mwmeerca nsa suna mem6-
pPaH — rOMOreHHble, MPeNCTaBAIOHE MIEHKY MoJHMepa,
B KOTOpOH pacrsopsercs audodyHaupyomui ras, u rerte-
POreHHbIE, MHKDOMOPHCTBIE, B KOTOPHX ras a1y gu-
pyer (baKTHYECKH uepe3 BO3NYX, 3aMoHsIOMAR MOpPHI.
B xavecTse Mem6pan ucmonbsosanu rakue pas/IHYHbIE
Marepuajibl, Kak CHIMKOHOBBI Kayuyk [274], Tediion
[276], moaunponunen, AUETHJILENIION03a, MOJHBHHKII-
XJOpHI, TMONHBHHHAGDTOPHN, MOJHITHICH H Ap. [277].
Mukponopucrsie MeM6paHn 06s1a5al0T JYUIIAMH 1 H-
(hy3HOHHBIMH XapaKTepHCTHKAMU 110 CPaBHEHHIO C roMo-
reHHbiMH. CaMbiM ynauHbIM MeMGpaHHbHM MaTepHanom
OKa3aJcs MHKPOMOPHCTHIi MOJHBHHAIHACHDTOPH T [278]
KOTODBI/i HMCMOJIb3YeTCsl B [a30BBIX 3JMEKTPOxAX CbI/IpM’
Electronic Instrument Ltd (EIL) u Orion.

Bropo#t Tum KoHcTpykumH = rasosoro dJleKTpoja
(puc. 1V.1,6) oTauuaerca or MepBoro TeM, 4TO raso-
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a
Puc. IV. 1. YerpoiicTBo <
rasoBsiX 3JeKTPOAOB
¢ rasonpoHHnaeMmo# N
MeMmGparoit (a) H ra-
8OBBIM 3a30poM (6): 2_74___

1—gopuyc sJeKTpoja;
2--CTeKJAHHRA 3JIeK-
TPOA; 38— BHeLIHHA _1/
CpaBHHTeNbHHHA 3JeK- 1
TPORA; 4—uccaeayeMhiit
p8cTBOpP; 5-—raszonpo-
HHlaeMast MeMmOpaua;
6—cCJOfi  3JEeKTpPOJHTA
Ha QyBCTBHTeJNbHOU HO-
BepxuocTi pH-snekTpo-
Aa; 7 — BO3NYLIHKI 3a-
30p; 8— MarHHTHas Me-
majgKa.

YRERAN|
o !

npoHHIaeMasn MeM6paHa 3aMeHeHa 3jJechb rasoBo# npo-
cJoRKOA (3a30pom). Dty KOHCTPYKIHIO, MPeNJoXKeHHYIO
XaHcenoM u Pyxuuko#i [279], Ha3bBawOT 3JEKTPOLOM
C ra3oBbIM 3a30pOM. B naHHOM KOHCTPYKUHH AJs yaep-
KaAHHS DJIEKTPOJHTA HA [OBEPXHOCTH HHIMKATOPHOIO
9JIEKTPOAA H CO3MaHHs CTaHAapPTHOM MO TOJLIHHE MJeH-
Ki B 3jekrpoauT ssomat I1AB [279] uanm Bech pacrsop
BOUTHIBaeTCs caoeMm rexas [280].

O6a omHcaHHBIX BapHaHTa Ta30BOTO  3JEKTPoaa
HMEIOT CBOHM JOCTOHHCTBA H HeAOCTaTKH. Tak, B 3JIeKT-
poze ¢ ruapopobuoi mem6panoil [274, 275]:

He Tpebyercsl OGHOBJATH CJIOH 3JEKTPOJIHTA HA MeMO-
paHe MHIHKATOPHOTO JEKTPOLA MOCJe KaXKA0ro H3Mepe-
HHA;
3JeKTPOJ MOKHO HCMOJB30BaTh JJIl H3MEPeHHH B
YCJAOBHAX MPOTOKA;

Ha MOKa3aHHs 3JEKTPOJa NpPAKTHYECKH HE BJHSAIOT
BO3MOMKHbBle BHeIIHHE MeXaHHYeCKHe MOMeXH (TOJYKH,
COTPAICEHHS H T. 1.);

MOMKHO H3MEHSITb TOJILLHHY CJIOSl 3J1eKTPOJIHTa, H3Me-
Hsisi fgaBJeHHe TOJOBKH 3JEeKTPoda Ha MOJHMEpHYIO
MeMO6paHy;

MosJiMMepHas MJeHKa 3alllHilaeT 3JEKTPOJHTH OT BO3-
nedcTBHA BO3ayXa.

B cBolo ouepeb 3JMeKTPOa C ra3oBbIM 3a30POM HMEET
clejyiollHe npeHMyllecTsa:
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anddysns rasa B o3aymHol NPOCIOHKe POUCXOAUT
ropasno Gbicrpee, yem B MeMOpaHe M3 NOJHMEpa;

CJOH 397eKTpoJNMTA HA HHIHKATOPHOM  3/€KTpoje
OYEeHb TOHOK, UTO 3HAUHTEJNBHO COKpaulaeT BpeMs OT-
KJIHKa 3J1eKTPOLa;

3HAUHTEJbHO BO3DACTaeT BPEMs KH3HH 3JeKTPoja H
BOCMPOH3BOAHMOCTb MOKa3aHHH, TaK KaK 3JEKTPOHy He
AMeeT MPAMOro KOHTaKTa ¢ 06pasnuoM H, COOTBETCTBEH-
HO, He TIoJBepiKeH BJHSHHIO €ro COCTaBa (B OTJHYHE OT
nepBoro Tuna, MeMOpaHa KOTOporo GHCTPO oTpaBasieTcs
[TAB);

OIHH H TOT ¥e 3JEeKTPOI MOXKeT ObITh HCMOJbL3OBaH
A1 u3MepeHHs Pa3HbIX ra3oB MyTeM MPOCTOH 3aMeHb
OJIHOT'O 3JIEKTPOJIHTA APYIUM;

KOHCTPYKLHA 3JeKTpojxa mpocra.

YcraHosneno, uto B 06eHX KOHCTPYKIHAX MEpeHoC
rasa Kak uepes memOpaHy, Tak H Uepe3 BO3NYINHbIH 3a-
30p KoHTpoaupyercs aupdysue.

Pocc ¢ corp. [277] ycranoBuaH, 4TO Ha Bpems OT-
KJHKa 9JeKTPoaa T BJHSIOT:

reomMerpuyeckie (¢akTopel — ueM ToJme MeMOpaHa
(MK Ta30BbBIA 3a30D) M COH BHYTPEHHErO 3JIEKTPOJHTA,
TeM OoJblle T;

KoadduuuenTsl nudpysuu rasa B Membpane u pac-
npejesieHns ra3a MeX1y pPacTBOPOM H MeMOpaHoil;

CoCTaB pacTBoOpa.

Bpems OTkAHKa y 9JIeKTpoja C Ta3oBHIM 3a30poM
3HAUHTENbHO MeHblle (I—3 MHH), YeMm y 3JeKTpoja c
rasonpoununaeMod Mem6panofi (3—10 MuH).

MeTtopmka paboTei

[Ipu paboTe ¢ rasoBHIMH 3MEKTPOAAMH HEO6X0AHMO
BBIMOMHATL caenytomue Tpebosanus. Ilpu sanonHenun
3JIeKTPONOB C Ta3oNpOHHIAaeMBIMH MeMOpaHamu Hago
CNenHTh, 4TOOH B pacTBOpP He MOMaNKM My3bIpbKH BO3-
nyxa. Heabss tporaTh memOpany, a B 3JeKTpoje ¢ raso-
BHIM 3a30pPOM — H MOBEPXHOCTb CTexasHHoro pH-saexr-
popa. OGHOBJIEHHE DACTBOPA Ha MOBEPXHOCTH 3JEKTPona
C ra3soBbIM 3a30pPOM [POM3BOLAT, KacasChb ero mojuype-
TaHOBOH IyOKOH, CMOYEHHOH CTaHIAapPTHHIM PaCTBOPOM.

XpaHHTh 3JMEKTPOAL NEPBOrO THOA CJERYeT MOrpy-
KeHHLIMH B H30TOHHYECKHH pacTBOp, TaK KaK MpH Xpa-
HEHHH Ha BO3JyXe [POHCXOAHT HCMapeHHe BOAB! Yepes
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rasoByio mem0Opaiy, npusojsiiee K KOHUEHTPHPOBAHHIG
BHYTPEHHEro pPacTBOPa H BbIIAJEHHIO KPHCTAJJOB COJH
B Mopax MeMOpaHbl.

DJeKTpPoabl BTOPOrO THIA PEKOMEHAYeTCs XPaHHTh B
COMPHKOCHOBEIMH C NOJHYpeTaHoBOH I'y6ko#, HachlueH-
HOH CTAHAZAPTHBIM PAaCTBOPOM.

[Ipn uamepeHusix KaJnOpPOBOUHEIE W HCCJAELYEMbie
pacTBOPBI He NOJIKHBI CHJABHO PasjH4yaThCA MO COCTaBY
H JOJKHB MOAYHHATHCA 3akoHy [eHpu (o6bluHO KoH-
IeHTpalusl u3MeHseTcss B mpegenaax 10-1—10-% M).

Bce namepenns Heo0XOQHMO MPOBOAHTH PH MOCTOSH-
Ho#t TeMmmeparype, onTHMaJbHOM 3HaueHnu pH (cwm.
tabn. IV.1) u nocrosiHHOM CKOpOCTH MepeMellHBaHHS,
UTO 0COOEHHO BaXHO 1J151 Ta30BOTO 3JEKTPOga BTOPOTO
tuna. [Ipu pabore ¢ snekTpogamu 06OHX THIOB CJEayeT
u3lberartb (B MPOTHBHOM CJyuae — YUHTHIBATH) MOTEPh
HCCJle1yeMOro ra3a NpPH CO3J1aHHH ONTHMAJBHOrO 3Haue-
Hua pH nns usmepenuft (caeauTh 32 TrepMeTHUYHOCTBIO
cocyna).

Mpumenenne

[Tpusensenucie B Taba. IV.1 HekoTopble ra3oBhe
3JIeKTPOAH, BblycKaeMble 3apy0eXHbIMH (HpMaMHu
(Orion, EIL u np.), HaXonaT mHpoKoe MpUMeHeHHe 17
aHalM3a MPUPOIHBIX, CTOUHBIX H MOPCKHX Box [281],
BHONIOTHUECKHX XKHAKOCTel [274—276], MpoMbIIINIEHHBIX
razoB H AbiMOB. IlepBhll ra3oBHI 3JEKTpOx ANsA OMpe-
JeJIeHHs YTJIEKHCJOrO ra3a JaBHO YXe NPHMEHAIT aJs
aHaju3a CbIBOPOTKH W IJ1a3mbl KpoBH [274, 275]. Pas-
paboTaH MHHHATIOPHBIH BapHaHT 3TOr0 3JEKTpoxa AJd
OHOXHMHUECKHX u3MepeHHH. [lag onpenejeHus mnapuu-
a/bHOTO [ABJIEHHS YIJIEKHCJOro ras3a MpeisoXeH raso-
BLIl 3J€KTpPon, B KOTOPOM HHIHKATOPHBIA CTEKJSHHBIHA
pH-anekTpon saMeHeH Ha XHHOHXHHIHIPOHHBIH.

Bosbllioe pacnpocTpaHeHye NOJYUHJ Ta3oBhIi 3JeK-
TpPoJ OJ5 OofmpeneseHHs aMMHaka H HOHOB aMMOHHS, Ha-
mpumep, B Mopckoil Bome [282], npupomubix [281] u
crounblx [283] Bomax, Tabake u awniMe. OTMeTHM, UTO
nas onpenenennss NHy onTumanbnoe 3nauenue pH = 12
(cm. Tabx. IV.1), HOo rasompoHuuaemas MemOpaHa Ha-
YHHAeT MOPTHTbCA (H3MeHseTcs CTPYKTypa Mop) MpH
pH > 13, tak uro npu pabore ciegyer cTporo npuaep-
KHBaTbC yKkasaHHbX 3HaueHuit pH. Kpome Ttoro, mpu
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onpegenenud NH; MemaloT HOHB MeTanJoB, Ralollie
KoMMaekch ¢ moaekyaamu NHs(Cu?t, Zn2t Sn*tu 1. n.).
Ux Bnnsunue ymenpinator pobasnennem IATA, macku-
pyome#i ath uoHbl [284]. B amanusupyemnix npobax
ROJKHHL OTCYTCTBOBATh JIeTyuHe aMHHBI.

[TpuMeHeHue 3JeKTPONOB C ra30BbHIM 3330pOM B 3Ha-
YHTENbHOH Mepe CHAJO MpobJeMy MeilaloImHX KOMIO-
HeHTOB {32 HCKIIYeHHeM JleTy4YHX BelllecTB, HClapslo-
IHXCA M3 pacTBoOpa MpPH TOM Xe 3HaueHuu pH, 4ro # on-
penensiemblii ra3). Pyxuuka u XaHceH [279] npuMeHH/IH
3JIeKTPOA C Ta30BHIM 3330pOM AJA ONpenesieHHs] comep-
xauua NH; B npupomnsx Bozmax, obulero Heoprasuue-
CKOro # o0mero opraHudeckoro yrieposa s Boae [285],
CePOBORAOPOAA B BHHE H T. A.

3ameHa BCMOMOraTeJbHONO pacTBoOpa B [Aa30BOM
3/IeKTpojie MePBOTO THMA MO3BOJIET HCMOAb30BaTh OAHH
3JeKTPOAHHH KOPMYC A/ HM3roTOBJEHHA pa3HHX ra3o-
BHIX 3JeKTponoB. baiinu u Paiinu [284] Ha ocHoBe mpo-
MuuieHublx NH;- 0 SO,-snekTponoB pazpaboranu anex-
Tpol ans onpenenenus NO.

IV.2. MEPMEHTHbLIE 3JIEKTPO[bI

['agoBue 3neKTpoabl 000HX THMOB HEOMHOKPATHO MPH-
MEHSINIH [JIs H3rOTOBJIEHHS (DepMEHTHBIX -3JIeKTPOJOB.
B cBsa3u ¢ ynorpebieHneM ras3oBbIX 5JeKTPOAOB B Kaue-
CTBe HHIHKATOPHHIX M (DepMeHTHHIX Hesb3f He YIOMSA-
HYTb KHCJAOPOAHHI 3JeKTPOR, NpeijoXeHHHH KnapkoM.
DTOT 2JeKTPOA HaMH He paccMaTpHBaeTcsd, TaK KaK fB-
JAsieTcsl He [MOTEHLMOMeTPHUYeCKHM, a aMepoMeTpHUe-
cKHM paTunkoMm. Olnyucadue KHCJIOPOJHOIO 3JeKTpOAa
Kanapka u HekoTOpHX ero MoaHbuKauu#d MoXKHO HaATH
B paborax [286].

DepMeHTHBIE 2J€KTPOAH — HOBHIH THI 3JeKTPOXHMH-
yecKHX cHcTeM B HoHoMeTpHH. OHH COYeTaloT CesleKTHB-
HOCTb M UYBCTBHTEJNLHOCTb SH3UMHLIX METONOB aHaJH3a
CO CKOpOCTbIO H MpPOCTOTOH H3MepeHHH HoHOMeTpHYe-
ckoro metozna. [lousithe <«depMeHTHHHE 3JeKTpOA» [MO-
gausock B 1967 r, nocne BHXOAAa H3 meyaTH paboThl
Anpaitika u Xukca [287] c onncanueMm TaKoro 3JeKTpoja
IS OTIpeaeseHHs IJIOKO3H.

[To wnomenkaatrype IUPAC ¢epMenTHBili 3nekTpon
onpejensieTcsl KaK NaTUMK, «B KOTOPOM HOHOCEJNEeKTHB-
HBIfi 3JE€KTPOX MOKPHT CJOeM, CcOoAepXKauluM (epMeHT,
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BLI3BIBAIOMIMA DPEAKIHIO OPraHHYeCKOTO HJH HEeOpPFaHH-
uecKoro pemiecTsa (cyberpata) ¢ o6pasoBaHneM 4acTHIL
(noHOB), 06yc/NOBNHBAIOIHX OTKAHK 3JeKTpona» [288].
B HacTosmee BpeMs MoHATHe «(ePMEHTHBIH 3JAEKTPOL»
HeCKOJIbKO paclIHPHIOCh, TAK KakK B Hero BKJIOUYAIOT
3JIEKTPOXHMHUYeCKHe cHcTeMH ¢ (hepMeHTOM, MMMOOHJH-
30BAHHLIM He TOJBKO HA UyBCTBHTEJBHOM 3JIeMeHTe HOHO-
CEeJIEKTHBHOTO 3JIeKTpojJa, HO H Ha HOCHTeJe, PaclloJo-
KeHHOM Ha HEKOTOPOM pPAacCTOSIHHH OT Hero, HJH Jpaxe
B pacTsope.

DepMeHTHHIA 3JEKTPOA MOXKHO HCMOJb30BaTh AJf
ompenesieHHss KOHLEHTPALUHH He TOJbKO MPOAYKTOB ¢bep-
MEHTATHBHON peaKHH, HO JIOOOrQ yYacTBYIOLIEro B 5TOH
peakiliH BellecTBa, YTO 0COOEHHO BaXHO AJf MHOTOCTa-
RUAHBIX peaKiuil, a TakXe AJf OlpeleseHHs] aKTHBHO-
cTH (epMeHTa, KOHUeHTpAU U ero HHrHOHTOPOB H aKTH-
sBaTopoB.  [IpuMeHeHHe  (pepMEHTHHX  2JeKTPOJOB
CYLIECTBEHHO PAaCHIHPHJIO PAMKH HOHOMETPHH, MO3BOJIHB
onpenensTs KOHIEHTPAIHI0 HeIHCCOUHHPOBAHHBIX COe/lH~
HeHHH H MPOBOAMUTL aHAJH3 BOJAHBIX PACTBOPOB MHOTHX
OpTaHH4YeCKHX COelHHeHHH,

Baxnoe cBoficTBO (hepMeHTOB, ofecneurBalomee HX
NpHMeHeHHe B MOHOMETpPHH, — YHHKaJbHas clenudpuu-
HOCTh IO OTHOIIEHHIO K (DepMeHTATHBHOH peaKUuu H K
cyberpary. Kaxawslii ¢epMeHT KaTanusupyer TOJBKO
ONHH THIl peaKIMH; KaTaJHTHYecKasl aKTHBHOCTb ep-
MeHTa MakKcUMaJbHa AJA ONpenelJeHHHX YCAOBHH cpe-
AH — ONTHMAaJNbHHX 3HaueHul pH, TeMneparyphl, okHc-
JHUTENbHOrO0 MOTeHIMasa, ee XHMHUecKoro cocrasa. Cy6-
CTpaTHas clelH(HUHOCTh (hePMEHTOB, Bhlgeasiolas HX
M3 BCeX KaTaJu3aTopoB He(epMEHTHOIo MpOHCXOXKe-
HHS, CTOJb YeTKO BHpaXKeHa, 4TO (epPMeHT KaTaju3H-
pPyeT peakUHIO TOJbKO OMHOTO CTepeoH3oMepa HJH Of-
HOrO 4YJeHa TroMoJIoTHYecKoro psjaa, ocTasasch HHepT-
HBIM 110 OTHOIIEHHIO KO BCEM NPYrHM BemecTBaM. Takum
o6pa3oMm, mpHMeHeHHe (epMEHTOB 1JS CO3RAHHA HOHO-
METpUUYeCKHX AATUHKOB B MePBYIO ouepeab OMpenedseT-
¢l HX BHICOKOH CeJIeKTHBHOCTbIO.

YeTpoitcTeo

QepMeHTHBI 3J€KTpoA, chenudUUHBIE MO OTHOLUE-
HHIO K oflpesneleHHOMY cyGeTpaTy, Kak MpaBHI0, MOKHO
BHIIOJIHHTL B HEeCKOJIbKHX BapHaHTaX, Pasjauvaiouinxcs
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Puc. IV. 2, ®epMeHTHBIN 3JeKTPOA:
] —BHYTPeHHHA CpaBHHTEJbHHHA 3/eKTPOA; 2—CTeK-
ASHHRHA MHAMKATODHBIA 3JeKTpojJ; J-——BHYTpeHHHH
PACTBOD CTEKJSIHHOTO 3JEKTPOAa; 4— cJiofi depMenTa.

THIIOM HHIHKATOPHOI'O AaTYHKa, KOTOPHI perHcTpupyer
B TIpoLecce peaKUWH H3MeHeHHe JHOO NOTeHUHAaNa, TH60
TOKa W crnocoboM BBeneHHs ¢depMeHTa (B pacTBOPHMOM
HiaH HMMobOuaH30BaHHOM BHae) (puc. IV.2). B xavecTse
3JIEKTPOXHMHUECKHX AaTUMKOB yalle BCEro MpPHMeEHSIOT-
Cs: MJATHHOBBIA 3JEKTPOA (aMIepoOMeTpHUecKHH); pas-
JHUHBE HOHOCEJIEKTHBHBIE 3JIEKTPOALl; Ia3oBHE 3JeKT-
POAHL.

[Ilupokoe MpHMeHeHHe B KauecTBe 3JIEKTPOXHMHUE-
CKHX JaTUYHKOB, BXOASIIHX B cocTaB (PePMEHTHBIX 3JIeKT-
POJOB, NOJYUHJIH MHOTHE HOHOCEJEKTHBHBIE 3JEKTPOABL
creknanubli ana usMepenuss pH [289], cTekasAHHBIHA Ka-
THOHOWYBCTBHTEJIbHbIH 5290, 291], nonuxpHCcTaNLIHYe-
ckali uuaHugHbiH [292], aMMoHHeBHE ¢ XKHAKOH H
meHouHofi Mem6panamu [293] u ap. M3 rasosmx mc-
nogab3osaibl COg-asiektpoan [294] u NHjs-anexktpoas c
mMemGpanoii [295, 296] u rasoswiM 3a3opom [297].

O6biuno epmeHT B (DePMEHTHOM 3JEKTpPOAE IIPHCYT-
cTByeT B HMMOOHMJIH30BaHHOM cOCTOSHHH. Mcloapayior
OfIHH H3 CJEAYIOWHX CNocofoB HMMOOHJIHM3AaLHH: KOBa-
JIGHTHOE CBfA3biBaHHE C MOBEPXHOCTBIO 3JEKTPOJA; BHe.-
peHue QepMeHTa B CeTKY ress HJH HOJHMEPa; KOBaJEHT-
HYIO CIIHBKY MoOJIeKyJ (epmeHta APYyr C APYroM IPH
noMowi OH- HJIH [HOJHQYHKIHOHAJBHOIO peareHTa; aj-
copbuuio Ha HOHMTaX. Hauie Bcero MPHMEHSIOT MepBHE
Tpu criocoba.

Mmmobunusanns depMmeHTa, Kak NpaBuso, cTabHiu-
3UpyeT ero, T. e. (QepMeHT joJblle COXpPaHAET aKTHB-
HOCTb B HMMOOHJHM30BAHHOM COCTOSIHMH, UeM B PacTBo-
peunom, OnHaKo B nporecce HMMOOHIH3AMUH YacTh ax-
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THBHOCTH TepsieTCs, ¥ MOITOMY OY€Hb BAXKHO AJfl KOHK-
peTHoro (epmenrta BHOpaTh croco® u ycaoBHs MpoBefe-
HHs HMMoOGHJaH3auuu, obecneunsalouie HanOOJbLIYIO
AKTHBHOCTD. M3 MHOTOUHCJIEHHBX PpaboT M0 HMMOOGHJIH-
sanuu (epmentos ykaxem Ha [298, O. Opauescras
udp.]

Cpean 3MeKTPOXHMHUYECKHX JATUHKOB, NPHMEHSEMBIX
A8 (epMEHTHBIX 3JEKTPOJOB, ocoboe MecTO 3aHHMAIOT
rasosble 3jeKTpoaH. [lo Cymecrsy, rasoBbie 3J€KTPO-
Abl — 3TO rajbBaHHUECKHe 3JIEMEHTH, cojep¥Kallne He
TONBKO MHAHKAaTOPHHH 3JeKTpox (Kak MpasHJOo, pH-
CTeKJISHHBIH), HO H CPaBHHTEJbHbIl 3JEKTPOL Hanpu-
mep, NHj-rasoBhfi 37eKTpoJ MOXKHO 3amucaTe B BHIE
CXEMBI:

Ag | Agcl, KCI | NH,CI, NH,OH | pH-Crekanusit
Hac. { TasonpoHunaemas JIEKTPOR
i meMOpaHa
NHzp

i

ViMMO6uNH30BaHHHE (EPMEHT pacroJiaraercs Hemno-
cpeAcTBEHHO Ha MeMOpaHe jaTuyHKa. Nuddynaupyomui
B (epMeHTHHIl cJoff cy6cTpar BCTylaeT B DEAKIHIO,
npespamascs B nponykr (NHs), nponnkaiomny BO BHYT-
penHHil PacTBOpP rasoBOro 3JEKTpoa. HenponunaeMocTb
ra3oBoli MeMOpaHbl MO OTHOUIEHHIO K HOHaM obecrev-
paeT ceJeKTHBHOCTbL omnpesesenus. IloaroMy okasasoch
palHOHaJbHBIM CO3aHHe (EepMEHTHBIX 3JEKTPONOB Ha
OCHOBe rasoBhIX. B KauecTBe MNPHMEPOB MOXKHO MpHBE-
CTH 3JIEKTPOAB [Jis OlipejeseHHs MOUEBHHH [295, 296],
aMHHOKHCJIOT, MOUEBOH KHCJOTHI, YKCYCHOH H MypaBbH-
HO¥ KHCJOT H T. A. (cM. Taba. IV.2).

[a3oBbie 5JEKTPOAbl C MeMOpaHOH HMEIOT Cyl1eCTBEeH-
HEIfl HejoCTaTOK: rasolfpoHHIlaeMas [opHCTas MeMmbpaHna
6BICTPO 3acopsieTcs, 0coB6eHHO, eClH B PACTBOpe HMEIOT-
cs [IAB (upHcyTtcTByloOmHe B OHOJOTHUECKHX HHIKO-
cTAX). DAEKTPOL C Ta30BHM 3a30pOM He MOJIBEPIKEH Ta-
KHM BJAHSIHHSM. B 3ToM cJayuae MeIaiOMHUMH MOTYT
GHTh TOJBKO JETyd4He KOMIIOHEHTH pacTBopa, KOTOPHE
MOMHO 3aMacKHpOBaTh, HampuMep, Moao6paB COOTBET-
creyiomue suauenns pH mccaexyemoro pacTsopa.

Tlsis yaepXaHHs [UIEHKH BCHOMOraTEJbHOr0 pacTso-
pa Ha nosepxHocTH pPH-cTeKASHHOrO 57€KTPOAA K HeMY
no6apasior [TAB. B panHom ciyuae MPHMEHAIOT dep-
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MEHT HJM pAacTBOPEHHBIH, WM HMMOOH/IH30BAaHHH Ha
[IOBEPXHOCTH JHA (CTEHOK) COCyAMKa .1/ H3Mepeuui
(uad Memanku).

IlpuMepoM pasnuYHbIX KOHCTPYKTHBHBIX pelileHHI
(epMeHTHOro 3JeKTPOAa MOIYT CAYKHTb 3JEKTPOAB A5
ornpese/nenus raiokosbnl. PepMeHTaTHBHAA peaKilHsl OKHC-
JIEHHS [JIOKO3Bl MOXKeT OBITh 3amucaHa Tak:

I'mokozo-
OKCHAa3a

I'moxosa + Op + H;0 ——— Tokonosas xucaota + He0,
(av.7n

®epmentuniii snektpon Anpaitka u Xukca [287] oc-
HOBAaH Ha aMIepPOMEeTPHUECKOM KHCJIOPOJHOM JaTuHKe,
PerucTpupyiouleM yMeHblileHHe CTalHOHAPHOIO TOKa MpH
notTpebaenuu Kucaopoaa no peakuuu (IV.7).

Yunbamc ¢ cotp. [299] mpeanokun B KauecTBe OKHC-
Jautenst B peaxkuuu (IV.7) Bmecto KuCaAOpOma HCmOMB-
30BaThb XHHOH, MPUMEHHB MJATHHOBHEIH 3/IEKTPOA B Kaye-
CTBE HHJIHKATOPHOIO:

I'mokozo-
OKcyvaasa
KOHOBast
I'mokosa -+ Xunon 4 H,0 ———— rﬂ}}?ncono?rz -+ 'mppoxunon

Pt
Tuppoxunon —> Xunon 4 2H' 4+ 2¢

Hunscon ¢ corp. [289] onpenensinn raiokosy dep-
MEHTHBIM 3JI€KTPOJOM Ha OCHOBE BOAOPOIHOrO CTEKJSAH~
HOrO 3JIEKTPOAA [0 HM3MEHEHHIO KOHUEHTPALHH TJIOKo-
10Bo# kuCAOTH. B pabore [300] ocHosolt ans pepment-
HOro 3JIEKTPONA Ha [JIIOKO3Y MOCAYIKUJI HOHOCENEKTHB-
HBIf [=-3JeKTPOA € MOMMKPHCTANIHYeCKOH MeMBpaHOf,
B naunom cayuae wucnonbaoBanm cpasy nBa tepMe-
Ta — IJII0K030- H MepOKCHIa3a:

I'awokoso-
OKCHAa3a

Fmokosa + O ———> TokoHosas Kucaora ++ HpO,

ITepokcupaaa

H:0; + 21 + 2HY —— 2H,0 + I,

OTo He eNMHCTBEHHBIi TpHMEp COYeTaHHs ABYX (hep-
MeHTOB B (epMeHTHOM 3siextpoge. Tax, 8 paGore [137,
c. 69] ma nuaTHHOBHI 37€KTPOJ HaHeCeHb IeaOUYHAas
dpoctharaza H IIIOKO300KCHAA3a, OOeCleUHBAIOmMMUE Ce-
JIEKTHBHYIO PEaKUHIO 3JeKTPOna Ha H3MeHeHHe KOHIIeHT-
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pamuu ruapodochar-HoHOB, HHMHOHPYIOUIUX DeaKuHIO:

[IIeJ:bquaﬂ
docdarasa 2+
I'mokoaa-6-pocdpar 4 Op ~————> Titoko3a -+ HPOj

I'moxo3so-
oKclipasa 0
I'mokosa + QOp — > T0KOHOBAsA KHEJIOTA + H,0O,

Ons  pauHoro cy6CTpaTa OMHMO MHAMKATOPHOI0
3JIeKTPOJa MOXKHO MeHATb Mpupony QepMeHta. Tak, L-
dennnananny [304] MOXHO oOmpenensTb [0 peaKUHH
[301]

Oxcnpasa L-aMuHOKACAOT

2RCHNH;COO™ + O,

Karanasa

—> 2RCOCOO™ + 2NH;

¢ TOMOMIBIO CTEKJASHHOIO KATHOHOUYBCTBHTENBHOIO 3JIeK-
TPOAA, OTKNHKAIOWErocs Ha H3MeHEeHHe KOHIEHTpallHH
HOHOB aMMOHHS.

[Tockonbky (epMeHT OKchaasa L-aMHHOKHCAOT He
cmenudHyed K onpeieneHHOd aMHHOKHCJOTE, a KaTajH-
3upyeT rpyMny HX, Vs ONpefeleHHsl HHAHBHLYaJbHOH
AMHHOKMCJOTHI, HanpuMep L-Gennnananuna, B pabore
[279] npeanosxena L-peHnnanannHaMMHaK/aHasa. [Tpu-
MeHeHHe 5JeKTpoaa C asoBbIM 3230pOM obecrneyHBaer
BLICOKYIO CENEeKTHBHOCTb B [IPHCYTCTBHH HE TOJIBKO ApY-
FHX aMHHOKHCJIOT, HO M Pas/MYHBIX KaTHOHOB. Peaxuus
MpoTeKaeT MO CXeMe:

NH, L-Qeunnananud-

| ammuaKanasa
CH,—C—COOH
S
H
(|:==C—COO-
—> NH; + ©/ 1'.{

NH; +OH™ —> NHA + H,0

OcHOBHble XapaKTePHCTHKH (epMEHTHBIX 3JeKTpo-
OB — BpeMs OTKJAHKA HA H3MeHeHHe KOHIEHTPaIHH Cy6-
cTpara M craGHabHOCTb, CTabHIBHOCTL (hEPMEHTHOrO
5/1eKTpOjia — 9TO CMOCOGHOCTb €ro COXpaHATb KaTaJHTH-

. 131



YeCKYI0 aKTHBHOCTb HMMOOHJH30BaHHOro (epMmeHnra Bo
BPEeMEeHH; 3aBHCHT oHa OT ciepylomux ¢daktopos [301]:

cmoco6a uMMoGHAM3aluu (DEepPMeHTa H €ero YHCTOTHI;
KOHLEHTPAUKH (hepMeHTa B MeMOpaHe Ha HHAMKATOPHOM
9JIeKTPOAE; TOJILHMHL (pepMEHTHOro cjaos; YCJIOBHHI Mpo-
BemeHus (pepMEeHTaTHBHOH peakuun (Temnepartypa, pH);
CTabHJIbHOCTH NOKa3aHH{l HHAMKATOPHOrO 3JMEKTPOAA.

Ha ppems t-—ycTaHOBJIeHHS CTalMOHAPHOrO 3Haye-
HHSl TOTeHIHajla (hepMEHTHOro 3JEeKTPOoaa — BJHSAIOT:

CKOPOCTb liepeMeluBaHus pacrsopa (ueM Gosblie
CKOpPOCTb, TeM MeHbIIE T);

KOHIEHTpalus cyGeTpaTa (T yMeHbIHAaercs ¢ POCTOM
KOHLEHTPALUH);

KOHLEHTpauua (epMeHTa B ABYX(epMeHTHOM CllOe;

TOJIIIMHA (hePMEHTHOr'0 cJios (4eM ToJile CJOH, TeM
6oJplie T);

yCJOBHA  MNpoBeleHHa  (epMeHTATHBHON  peakiuu
(remnepatypa, pH);

HaJHYHe MOJYNPOHHIAEMON 3aIHUTHOH MeMOpaHhl
(yBesnuuupaer t);

BpeMs IIPOMBIBAHHA JJIEKTPOAA MEXKAY H3MEPEHHSAMHY;

BpeMs OTKJHKa HHAHKATOPHOrO 3JIeKTPOAA.

CuaeposaTesbHO, npH paboTe C (ePMEHTHHIM 3JIEKT-
poxoM HeoO6XomgHMO CTPOro co6J/0naTh YCJAOBHS NpoOBe-
JeHns peaklHH — TepMOCTAaTHPOBaHHe, MocTosiHCTBO pH
¥ CKODOCTH MepeMenmuBaHufa. B uHTepBanax MeXnay us-
MEPEHHSAMH 3JIEKTPOAB CcJenyeT XPaHHUTb [PU HUIKOH
(4°C) remneparype. Kpome Toro, XenaTeabHa 3amura
oT GakTepuii (IpH MOMOIH lleJNO(DaHOBON MJIEHKH, [pPH-
KpoiBaoomel (pepMeHTHBIH cjofl, wiun no6aBKH asupa
HATPHUA B pacTsop).

KnnetHka chepMeHTaTMBHBIX peaKuMi

s noHMMaHHs (HYHKUUOHHPOBAHHUS (EPMEHTHRIX
9JIEKTPOAOB HEOOXORMMBI CBEIEHHS O KHHETHKE peakiui,
KaTaJu3upyeMblX (pepMeHTaMH.

@opmMasibHas KHHETHKA (pepMEeHTATHBHBIX peaKLUHH
OCHOBBIBAaeTCA Ha Teopun Muxasmanca — Menrten [298,
H. Bepe3aun], corlacHo KOTOPOW (hepMeHT cHauaja pea-
rupyer ¢ cyberpatom S ¢ obpasoBanneM epMeHT-Cy6-
cTpaTHoro Komiwekca ES, pacnapawmerocs 3arteMm Ha
csoGonuntit depmeHT u npoaykt P. Ilpeanonoxum, uro
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CylllecTBYeT TOoJNbKO OAMH (epMeHT-cy6CTpaTHblil KoM
nekc ES u opun mponykr P:

Kt K3
E4 S = ES§ == E+p
K2 Ks

rae K;— K4y— KOHCTaHTH CKOPOCTeH COOTBETCTBYIOILHX
MpsSIMBIX H 06PAaTHBIX peakiu#.
IIpenebperas ckopocTbio o6pasopanus ES us E u P,
1. e. npeanoaaras K, =~ 0, 3anulieM BbIpaXKeHHs:
118 cropocTn obpasosanust ES (w3 E n S)—
d [ES]
t

—— = K ([E] = [ES]) [S]

Aas ckopocTu pacnaga ES —

d [ES]

g7 = K [ES] + K5 [ES)

O6biuHo HauaJbHAs KOHIEHTpalus cybcrpaTa 3HayH-
TeJbHO TpPeBbIINAeT KOHLUEHTpanuo QepMeHTa, MOITOMY
KOHILEHTPALMs MPOMEKYTOUHOrO KOMIJIEKCa B CTALHO-
HapubX yciosusix [ES] Oyner npakTuyecKH MOCTOAH-
HOH, T. e. cobJjonaercs yCJOBHE CTALHOHAPHOCTH

Ky ([E] — [ES]) [S]=K: [ES] + K, [ES]

WNW—W“L=“+&=K
[ES] K. m

rne Km— koHcrauta Muxasiauca — NOCTOSIHHAS BeJH-
ygHa IS KaXgod RaHHOH maphl (epmeHT — cy6eTpaT u
JAHHBIX YCJOBH NPOTEKAHUS PEAKIHH, MOJIb/J.
B cTanHoHapHOM COCTOSIHHH
[E](S]
Km + [S]

DKCIePUMEHTAJNbLHO H3MepsAeMas HauaibHas CKOPOCTb
peakiuH U paBHa:

d[P]
U=

[ES]=

[E][S]
Km +[S]

= K; [ES] = K, (1V.8)

" Ananns ypasuenus (IV.8) nokasmisaer, 4TO BO3MOXK-
HBl ABa MPENENbHBIX Cayyas:
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Puc. IV.3. 3aBMCHMOCTH CKOpOCTH
L S1/2 Unax $epMeHTATHRHON peAKHMH © OT KOH-
ueHTpanuu cy6erpara [S].

Km (s]

KOHIIEHTpauua cyGcTpaTa Maja H, CJeNOBaTeNbHO,
[S] < Kwm; Torna

- K3 [[I{'E’i[S]

T.€. OTHOCHTeNLHO u cybcrpata M (epMeHTa peaknus
HMeeT MepBLIA MOPALOK;

KOHIEHTpauus cy6cTpara Beanka, T. e. [S]>> Kn;
TOIAa

v = K3 [E] = vmax

T.e. OTHOCHTEJbHO (epMeHTa peakius HMeeT MepBbii
MOPSIAOK, @ OTHOCHTEJbHO cybcrpara — HyaeBo#l. Cko-
POCTb pEeaKUHH MPH 3TOM CTAHOBHTCS MAaKCHMaJbHOIL.
Tenepn ypasuennio (IV.8) Moxuo npunaTe Qopmy:

— iS]
U == Umax KaIS] (Iv.9)

1
TIpy v =5 Umax MOJyuaEM

Km=1S]

T.e. KOHcTaHTa Muxasnuca paBHa KOHUEHTPanHu Ccy6-
cTpaTa, MpH KOTOPOH CKOPOCTh peaklHH COCTaBlfeT Mmo-
nopuHy MakcumasbHoft (puc. IV.3). Ypapuenus (IV.8)
u (IV.9) naswiBaoTcs ypasnenuamu Muxasiuca — Men-
TEH.

TakuM o6pasoM, B OTHOWIeHHH cybCTpaTa MoOpsmoOK
(epmeHTAaTHBHON peakuuu B obuweM ciaydae APOOHBI u
JIeXKAT MeX]y HyJeBHIM H MePBbIM,
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O npMHUMNax npuMeHeHus hepMEeHTHLIX INEKTPoaos

[Mpunuunuanbio KOHUEHTPALUHIO HCCAELYEMOro Belle-
crBa (epMeHTHBIMH 3JeKTPOJaMH MOXKHO OIpeleaHTb
TpeMs crocobaMu: .

peructpupys ofllee H3MeHeHHe MOKAa3aHHA HHIMKA-
TOPHOrO 3JeKTPOfa NpH MPOBeJeHHH (PepMeHTaTHBHOH
peakiluy 10 TIOJHOro Mpespaienus cyberpara (10 ycTa-

HOBJIEHHS B CHCTeMe DaBHOBECcHS);

H3Mepss CKOPOCTh H3MEeHeHHsl TNOKa3aHWi 2JeKTpoza
B HauasbHH{ mepuon peakunu [302, 303];

perucTpUpys H3MeHeHHe TMOKa3aHui dneKTpojaa OT MO-
MeHTa Hauaja peaklIHH A0 YCTAaHOBJNEHHS CTalHOHAp-
Horo morediuuana E¢ (WJIH TOKa), COOTBETCTBYIOLIErO
YCTAaHOBJIEHHIO CTAIlHOHADHOH KOHIEHTPAauUHH MPOAYKTa
peakilii B TPHIJEKTPOJIHOM CJIOE.

[lepsuiii cnocob He Haules MpHMeHEHHS HA UPAKTHKE,
Tak Kak MPaKTHYECKH HEBO3MOXKHO MOANEpXKHBATH 10-
CTATOYHO BBICOKOH KOHIEHTPAIlMIO (hepMeHTa B MPHINEK-
TPOJHOM CJIO€, YTOOB B peajbHble CPOKH MpPOBENEHHS
aHajh3a MOBECTH PEaKUHIO A0 MOJHOIO MpeBpalleHus
cyberpara.

Bropoli ¢moco6 — MeTox «HauyajbHblX CKOpocTel» —
ABJseTcss CaMBIM GLICTPHIM: BpeMs H3MepeHHs COCTaB-
asier 4—12 ¢ [137, c. 69]. Ero npumeHsAOT B OCHOBHOM
B aMMepOMeTPHUUYECKHX BapHAHTAX (PePMEHTHHIX 3JeKT-
pOmLOB.

OGHIUHO (pepMeHTHBIE 3JeKTPOAN (MOoTeHIHOMETpHYe-
CKHe) HCCAEeAYIOT ¢ MOMOWbI [aJbBaHHYECKOTO 3Je-
MeHTa C MepeHOCOM, KOTOPHIl CXeMaTHYeCKH MOXKHO
3aMucaTh TaK:

!
Buyrtpennnit | BuyT- | FoHocenek- ®epment [ Heene- | CpapHu-

cpaBHH- | peHHHA THBHasI ayemblit | TenbHbIR
rTenpuuift | pacrsop| memGpaua pacTBOD 1 3JEKTPOX
5AEKTPORL (cy6erpar) | -

P Q2 P4 s ( )

GepMeHTHBI 57€KTPOA

DexTpojBHXKYINas CHJIa TaKOro 3JeMeHTa MoXeT
6LITh 3amMUcana B BHIE

E=E+0lg (aP + X KP/iayzi)
i

E° =@ + @2 1+ 92 + ¢4 = const
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3mech @, Q2 — cKaykh MOTeHUHaJsa Ha CPaHHIAX
bas; @3 n ¢4+ — AMPdY3nOHHBIE MOTEHIHANb; Ap H G —
AKTHBHOCTH 3JIEKTPOJHO-aKTHBHOIO MPOAYKTa peaKinu
H Mellalomero HoHa B HccaenyeMom pacrsope; Kpy—
KO3 (DHIUHEHT CeNeKTHBHOCTH HHAHKATOPHOIO HJEKTPO-
1a, XapakTepu3yloumui u3abupaTesbHOCTb €ro Mo OTHOLIe-
HHIO K 1ponykTty P depmentHoll peakuun (mo cpasHe-
HHIO C MEIIAIOWHM HOHOM [).

Ecan npuHATL KOHUEHTPALHIO MPOAYKTA B YCJOBHAX
3KCMepuMenTa (pasGaBJeHHBle PacTBOPLI) paBHOH ero
aKTHBHOCTH, TO

E=E 4%l ([p] + ¥ KP/ia;/zi)
i

Has ompenenennss HayanbHOW KOHUEHTpanuu cy6-
cTpara B pacrBope [S]; He06XORHMO 3HAThb CBSI3h Me-
&1y [S]o u [P]—Kouuentpauuei mpomykra y mosepx-
HOCTH 3JIeKTPOAA.

B cryuae Broporo cmoco6a — MeTon HayasbHBIX CKO-
pocTefl — H3MepAIT BeJHUHHY:

di F TP]  di

Ecau mpeamosioxuTh, 4TO B MEePHOA TpeAcCTanHoHap-
HOH KuHeTHKH (4—12 ¢ or navana mpouecca) 1/[P] us-
MeHsieTcs MenJsenHee, uem d[P]/dt, to:

dE _ d[P] ___*( d[s] )
dt b U dt g,
[Toctpons  KanuGpoBOUHYIO  KPHBYIO —AA—I;:— =[S},

MOXHO MOJYYUTh 3HaueHHe [S]o, Heu3BeCTHbIX pac-
TBOpOB.

B cnyuae usmepenus craummonapnoro Ec¢r OTKJHKA

3JieKTpona (TpPeTHil crmocol) CTPOAT 3aBHCHMOCTD
Ecr=1[(—Ig[S]o)

Ha puc. IV.4 ugo6paxena Tunuunas kanubpoBouHas
KpuBasg (epMEHTHOIo 3JeKTpoja, MOAYYEeHHAs MO CHo-
co0y H3MepeHHsl CTalHOHAPHOrO OTKJHKA 3JEKTPoja.
S-O6pasubiii BHA 3TOH KPHBOH XOpOIIO cornacyercs c
TEOPETHUECKHMH HCCJEJ0BaHHAMH 3aBHCHMOCTH MEXIy
CTAIlHOHAPHBIM  3JIEKTPOJHBIM [MOTEHIIHAJOM H HauyaJb-
HBIMH KOHIEHTpauHAMH cybcrpara H HMMOGHIH30BaH-
HOTO (epmenrta (¢ yueToM aucpdy3HOHHBIX (HaKTOPOB).
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EmB
Puc, IV. 4. Tunuuesifl BUA KaaubGpo-
BOUHON KpHBOH (epMEeHTHOro siexK.
_TPOAA HA MOYEBHHY.
- 1 1
0 2 4

-1g[S]

Ananus [304] crauHOHApHOIO COCTOSHHSA MPHAJIEKT-
POXHOrO /10l MOKa3zaJ, YTO CTAlHOHAapHas KOHIEHTpa-
UHsl MpoAyKTa MpsMo mpomopuuonastbua [Slo TOABKO
mpu ycaosuu [S]o<& Km W Mpu MOCTOSHCTBE TaKHX (ak-
TOpOB, KakK Koa(ouuuents auddysuu cyberpara u mpo-
AyKTa B depMeHTHOM cJioe, KoaDPHUHEHTHI Maccomepe-
Jaud, aKTHBHOCTb (pepmenTa 8 (epMEeHTHOM cJaoe, KO-
¢duiHeHTH pacnpegenenns cy6cTpaTa H MPOAYKTa MeXNy
pactBopoM H (DepMeHTHBIM CJIOeM, TOJmHHA MeMOpa-
Hel. Bce 3T Qaxtope B o6llem cJayyae HeMOCTOSAH-
HBl — OHH 33BHCAT OT COCTaBa HCCJAeJyeMOro pacTsopa
M BPEeMeHH KH3HH HMMOGHJH30BAHHOTO (pepMenTa. ITHM,
M0-BHIHMOMY, MOXKHO OODBSCHHTb OTKJOHEHHS YIJIOBOTO
Koo duuueHTa KanuGpOBOUHBIX KPHBBIX OT TeOpeTHYe-
CKOrO 3HaueHHs AJI5 HEKOTOPBIX (PepMEeHTHBIX 3JEKTPO-
noB. [lo Mepe mMoTepu aKTHBHOCTH (epmenToM HaGJ0O-
JaeTcsl yMEHbIIeHHe YIJIOBOro Koddpuuuenta Kanubpo-
BOUHBIX KPHBBIX H H3MEHEHHe abCOJIOTHBIX 3HAUeHHH
3. 1. C.

Tpan-Munx u Bpayn [291] npoananusuposanu 3a-
BHCHMOCTb KOHIIEHTPALHH MPOAYKTa (epMeHTaTHBHOH
peakuun [P] na moBepxHOCTH 5JeKTpona-aaTidKa OT
KoHuentpauun cy6erpata [S] um cpenanu caepyomue
BBIBOJLHL:

[P] nunefino sasucut or [S] mpu yemosuu [S]<<
< 0,1Km;

CTaGHABHOCTD 3JeKTPOJa BO3PACTaET C yBeJHYeHHEM
aKTHBHOCTH (depMeHTa;

BpeMsl OTKJIHKAa 5J/IeKTPOja MPOMOPIHOHANBHO OTHO-
mwenuio [2/Ds, rae | — ToauuHa (EpPMEHTHOTO CJOf;
Ds — Kosdpduunent anddysuu cyberpata B depment-
HOM ¢JI0€.
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Knacecupmrkaumus depmeHTHbIX 2neKTpoaos
no cy6ecrpatam

B Hacrosilee BpeMsi H3BECTHO 0K0JI0 50 pasjHUHBIX
(epMeHTHBIX 3J1eKTPoAOB. CHCTeMATH3HPOBATbL HX MOXK-
HO MO pa3HHIM NpH3HAKaM, HaNpHMep MO THIY HHIHKA-
TOPHOI'O 3JIEKTPOAA-AaTUHKa, MO cHocoby HMMOGHJIH3A-
nud QepMeHTa, O THUNY peaKuHH, Katajausupyemoil dep-
MeHTOM, 1o cyberpary. Knaccndpuranus mo XuMuuecKOH
npHpoge cybcrpata HauGosee ygmob6ua. B rtaba. IV.2
co6paHbl JiHTepaTypHble AaHHBlE, BKialouasi paboThi, Mo-
sBHBIIHecss B newatH fo nekabps 1977 r. [lpusomumas
CBOZKA He MNpeTeHAyeT Ha MOJIHOTY, a JHIIbL OTpaKaer
COCTOSIHHE pa3BHTHR (epMEHTHBIX 3JEKTPOAOB B TEKy-
wui MoMeHT. DBoJsiee mosnble cBedeHHsT 0 pasJHUYHBIX
(epMeHTHBIX 3JIEKTPOLaX H HX NpHMEHEHUH B KOHKpeT-
HHX CHCTeMax MOXHO Ha#TH B o63opax [298, H. Bepe-
3un; 301, 309]. HyxHo oco6o noguepkunyTh poip [Hab6o
B pa3BHTHH (epMeHTHBIX 3JeKTpomoB. MM onybauko-
BaHbl JECATKH paGOT M 0630PH O DPA3JHUHBIX 3JEKTPO-
Iax, B KOTODHIX HCIIOJIb30BaHbl (hepMeHTaTHUBHBE peak-
IHH.

K nacrosillieMy BpeMeHH HMeeTCsl ABa THNA (hepMeHT-
HbIX 3JEKTPOZOB: C aMIepOMEeTpHYECKHM H INOTEHIHO-
MeTpHUeCcKHM cnoco6aMu KoHTposs. B ocuome mepsoro
JIEXKHT MpPEeHMYLIECTBEHHO KHCJOPOAHBIE 3JIEKTpoA; NpH
NOTEHIHOMETPHUECKOM KOHTpOJie B KayecTBe [aTYHKa
HCIOJb3YIOTCS MHOTHE HOHOCEJEKTHBHbIE 3JIEKTPOIE, B
TOM 4YHCJIE H [a30BHIE.

B cayuae riiokKo3b Jy4IIHM OKa3aJicsi aMIepoMeTpu-
YyeCKHil KOHTPOJb C IJIATHHOBLIM 3JIEKTPOJOM, TaK Kak
OH XapaKTepH3yeTCsl GLICTPHIM YCTAHOBJEHHEM CTALHO-
HapHOrO 3HAueHHs TOKa.

HiMelorcst pa3paboTKH 3JeKTPOIOB AJS ONpeleseHHs
He TOJbKo cybcrpartos, HO H (epmentoB. Taxue 3jext-
poabl OblJIH TNpPeNJIONKEHB 1JIs ONpefesieHHs ypeasbl
[310], ranakrass [311], amenosnnpeamunass [312].

C noMombio hepMEHTHBIX 3JEKTPOLOB BO3MOKHO H3Y-
yeHHE CTPOEHHS] HYKJEHHOBBIX KucJaoT [313].

MuTepecHo HOBOe HampaBJeHHe B pa3BHTHH (depMeHT-
HbIX 3JIEKTPOJOB — HCIOJIb30BAHHE BMECTO OUMIIEHHBIX
(epMeHTOB KHBHIX OaKTepHaJbHbIX H MHKPOOHBIX Kie-
tox. Tak, B pabore Peunnna ¢ corp. [306] mpennoxen
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Ta6auma IV.2
Kaaccuduranus GepMeHTHBIX 3JEKTPOJOB

DAEKTpoO-
xuMuuecku| Huaguratopuui Jiatepa-
Cy6erpar Depment aKTHBHBEIE SJIEKTPOL Typa
YAaCTHOH
Amurpaann | B-Toorosnnasa) CN” CN™-¢yHKURA [292]
Taokosa TJ0KO300KCH- H,0, O, (noaspo- | [137, c.
na3a rpagHs) 69; 303;
305]
(o pt &287]
H* pH-crekaauubli 289,
H. Nils-
son])
[300]
Kucaors
L-amuno. . Okcu/lasa H30; Pt [305]
L-aMHHOKHCJI0T
L-apru- Aprununne- NH; NHgs-rasoBbiit [306]
HHH aMuHasa
MOJ10Y- Jlakratie- Fe(CN)}~ Pt [299]
nas FHporexasa
MoueBas Yprkasa Oq Pt [307]
CO, CO4-rasoBuil
mypasbh- | Ankoronboker- | COy CQy-rasoBHiit {137,
Has na3a ¢. 69]
THPO3HH Tupoansze- CO, CO,-ra30BHIH [294]
KapOoKcuiasa
yKeye- Aakoronsoken- | CO, CO;-ra3oBbiit [137,
Had 1a3a c. 69]
L-gpenun- | L-Dennnana- NH; NHj-rasoBuit [297,
aNaHuK HHHAMMHAK- (c 3asopom) | C. Hsi-
Japasa ungl
MoueBuHa Ypeasa NH?* Crekasaueit | [290, 291,
* KaTHoHouyBet- | 293]
BUTEJbHbIH
NIeHOUH bIH
C HOHAKTHHOM
NH,3 NHs-rasosuii | [295, 296]
NH,3 NH;-razosriit 297,
(c sasopom) | G. Gui-
bault]
CO, COy-rasosbii | [291, 294]
Mewnupaans | [leunupaanuasa| H+ | pH-crexasunsi | [289, 290]
SO%- Apuncyabda- |4-Hurpo- Pt [308]
4 Tasa KATEX0N " -
- Hurpurpenyk- NH; NHj-ra3oBs y
NO, p'rasa 7 (c 3asopoM) Ch-H.
Kiang,
209]
3~ Illesounas ¢oc- 0, Pt [137,
PO, (barasa, IMI0KO- c. 691
300KCHa3a
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3JeKTpox Ha L-aprunuH Ha ocHoBe NHj-rasosoro ssiexr-
pona. B mem Ha rasonponunaemyio memGpaHy HaHeceH
CJIOH KHBBX GaKTepPHaNbHBIX KJETOK. IDTO NO3BOJHJO
COXPaHHTb aKTHBHOCTbL (pepMeHTa, obpasyouerocs He-
MOCPEACTBEHHO B MeMOpane, H ynpasaHHJIO TPYIOCMKYIO
CTalHIO BhHIEJNEHHS H OUHCTKH (epmenTa. Bpems cayx-
6l Takoro (epMEHTHOro 3JeKTPOga MOMKHO MPOIJHTD
MyTeM pereHepalHH GaxkTepPHAJbHBIX KJICTOK MPH XpaHe-
HHH 3JIEKTPOJAa B NMHTaTebHOMN cpexe.

Ko6ocom u Peunnuem [314] onucaH aHaJOru4HbIA
(pepMeHTHBIH 3JIEKTPOA ¢ GaKTepHaJbHOH MeMOpaHOf
IJIs. onpexesieHnss L-acnaprara,

O HeKoTopbIX NEePCNeKTUBaxX
B Pa3BUTMM (DEPMEHTHLIX 3NEKTPOAOB

Bynyuiee ¢epMEeHTHHIX 3JIEKTPOLOB HEMOCPENCTBEHHO
CBS3aHO C pellieHHeM psja O6IIHX GHOXHMHYECKHX H HO-
HOMeTpHUYeCKHX mpobJeM, TakHX, HampHMep, Kak:

paspaGoTKa MeTOAOB BHIAEJEHHS H OYHCTKH (PepMeH-
TOB;

paspaboTka MeETONOB HMMOOHJIH3ALHH (EePpMEHTOB
6e3 NOTepH HX aKTHBHOCTH; :

yBeJHueHue CTAaOHJIbHOCTH HMMOOHJIH30BAHHHX ¢ep-
MEHTOB (O HECKOJbKHX MEeCsLeB H JIeT);

paspaboTKa HOBHIX HOHOCEJNEKTHBHHX 3JICKTPOJOB;

NOBLIIEHHe CEJAEKTHBHOCTH H UYBCTBHTEJIBHOCTH HO-
HOCEJIEKTHBHBIX 3J1€KTPOAOB-AaTUHKOB,;

H3yuyeHHe cBOHCTB (DepMEHTOB [1Ji BHISIBJIEHHS HHIH-
6UTOPOB H aKTHBATOPOB.

[TepcneKTuBn pasBUTHS U COBEPIIEHCTBOBaHHA (ep-
MEHTHBIX 3JIEKTPOLOB 3aKJ/I0YaloTCsi He TOJMbKO B IOHC-
KaX (epMEHTHHX peaKLHil, CBA3bIBAIOUINX BCE HOBHIE
11eJihle KJ1aCChl H OTAEJbHBE COeIHHEHHS C 3JeKTPOXHMH-
yecKH aKTHBHHIMH MNpoaykramu. Cefiuac B Jaboparop-
HbIX HCHOBITAHHSIX HAXOASITCS HMMYHO3JEKTpOabl H CTa-
BSATCSI BONPOCH O BO3MOXHOCTH CO3I2HHS TOPMOHOYYB-
CTBHTEJIbHHIX MeMOpaHHbIX 3JexTponoB [309]. Huskue
KOHIEHTPALlHH TOPMOHOB B OHNJOrHYECKHX KHIKOCTSX
(10-5—10-1* M) penaloT OueHb TPYLOEMKHM H CJIOXK-
HEIM HX aHaJHTHYeCKoe ompefeseHue. Ecan ynacres
nmono6paTh rOpMOHOCENEKTHBHbIE BelecTBa (M3 (depMeH-
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TOB, aHTHTEJ H T. A.) H HMMOOGHJH30BaThb HX Ha MOBEpX-
HOCTH COOTBETCTBYIOLIEro 3JEKTPOAA, TO OTKPOIOTCS LIH-
pOKHE BO3MOXKHOCTH KOHTPOJSi 332 yPOBHEM FOPMOHOB B
opranuamMax. KomGuunposanuwe AByX H Ooiee ¢epMeH-
TOB, yXe NMPHUMEHsieMOoe B HACTOsLiee BPeMs, MO3BOJHT
pacIiHpHTb YHCJIO ONpeJesieMbiX BEllecTB.

UHTepecHa 3azaua ompelesieHHs CJeI0B MeTallios,
ABJAIOLIHXCS HHrHOHTOPAMH HJIH aKTHUBaTOpaMH  dep-
MeHTOB. AHaJjuTHUECKass UYBCTBHTENbHOCTb TAaKHX peak-
uuii M03BOHT ompexeaath 10-° r/n meramna [315].



Fnasa VvV

TEXHUKA PABOTDI
C MOHOCEJIEKTUBHbIMH SNEKTPOLAMM

V.. KOHCTPYKLMU IAEKTPO /OB

KoHCTpYKUHH 3JIeKTPOXOB MpeKAe BCEro ompene-
JAI0TC THOOM MeMOGpaHnbl. B TBepAbIX 3JeKTPOAax, Kak
yXKe oTMeyajsoch, MemOpaha Jub60 roMorenHa (MOHO-
KpHCTaJJ1, CIJaB coJefl, cTeKJsuuas MemOpana, MeM0-
paHa, cIpeccoBaHHas H3 MOpOIIKa cosH), JauGO rerepo-
reHHa — KPHCTAJIHUEeCKoe BellleCTBO BBOZHTCSI B HHepT-
HYIO Marpuuy, HpHRAWOILyl0 MeMOpaHaM MPOYHOCTD.
Tseppas, copmepxKamiass KpPHCTaJVIHYeCKoe BeELIeCTBO,
MeMGpaHa OpHKJeHBAeTCs K TPyGKe H3 HHEPTHOrO Ma-
TepHaja (TMOJUBHHHJIXJIODHA, MOJHCTHPOJ, CTEKJIO H
T.x.). BuyTpp TpyOKku 3anuBaercs CTaHLAapTHBEIA pac-
TBOP C TNOCTOSIHHO KOHLEHTpalued HOHA, K KOTOPOMY
06paTHM 3JIEKTPOL, H BCTaBJAsSETCS BHYTPEHHHH BCIIOMO-
raTeJbHBIA 3JeKTpon (pHc. V. 1).

Y06HE B KOHCTPYKTHBHOM OTHOLICHHH 3JIEKTPOABI C
TBePAbIM BHYTPEHHHUM KOHTAKTOM B MeMOpaHe.

Teepablil MeTa JIH3HPOBAHHbI KOHTAKT BIEpBbIe ObLa
NpeNJIOKeH AJIs CTeKNHHHX 3Jekrponos [316]. Paspa-
60TaHBl TaKXe 3JEeKTPORH C BHYTPEHHHM MeTaJJiHde-
CKHM KOHTAKTOM, cOfepalliHe MeMOpaHHl H3 CyJbhHA0B
TaxeJnX MeTaJunos [238, 240, 268]. B uacTHOCTH, mpen-
goxenbl Cu2t-cesleKTHBHBIE 3JIEKTPOAbI, MeMOpaHbl Ko-
Tophix comepikar cob CusS, BHegpennyo Ju60 B CHIIH-
KOHOBHIH KayuyK, jH060 B SMOKCHIHYIO CMOJY, a4 TOKOOT-
BOJOM CJYXKHT Jub0 MepHasi, JHOO0 NJIaTHHOBas (OJbra,
MJIOTHO KOHTaKTHpYylolias ¢ MeMGpanoit [238].

VinTepecHblii H OpHIHHAJbHBII BapHAHT KOHCTPYKLHH
3JIEKTPOAOB C TBEPABIM KOHTAKTOM IpefjoXkeH Pyxud-
KOfl. DTOT THN HOCHT Haspanue cejekTpopa (puc. V.2)
[247, 262, 267]. On comepiKHT UHAHHAPHIECKHH, crpec-
CoBaHHBII M3 TOpHCTOro rpacura, ruapogobusnposaH-
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Y]
7
Puc. V. 1. 31eKTpoas ¢ TBepAOH meM- Puc. V.2. CenexTpoa ¢ Taepaoin
6panoit: memGpaHof:

a-—3JIeKTPOA ¢ TBepPALIM BHYTPEHHUM
KOHTAaKTOM; 6—-3JIEKTPO).K cO CpaBHU-
TCJBbHBIM 3JIEKTPOAOM BO BHYTPEHHEM

1—>3JeKTPOAHO-2aKTUBHHE MaTepHaJ;
2—nopHucTulit rpadHuT, rHApOoDOGU3U-
poBaHHHA Tedaonom; 3--TedaOHOBBIH

pacTsope 3JeKTPOJUTa; Kopnyc; 4—KOHTAKT U3 HepxKapelomied
I —noHOCe/IeKTHBHAS MeMOpaHa; 2—pa- cTaMau.
CTBOp 3JIEKTPOJHUTA; J— CPaBHHTENb-

HBft 3JekTpos; 4-—Kabels.

HOTO Te(JOHOM, CTepXKeHb, KOTOPHIH BCTaBJeH B Ted-
JIOHOBYIO TPYOKYy; MOCJERHsIs CJYKHT KOPIYCOM 3JIEKT-
pona. IMopomkoo6pasnoe 3/1eKTPOAHO-AKTHBHOE BEIIECTBO
BTHpaeTcs B rpadHTOBYI0 MOBEPXHOCTb. [loBepXHOCTD
MeMOpaHbl MOMHPYIOT BpyuHylo. KOHTAaKT ¢ BHeIlIHeH
IembI0  OCYIUECTBJISACTCS  3JEKTPOH30JHPOBAaHHON mpo-
BOJIOKOH M3 HepiKaBelolle#l CTaJH, KOTOpas BBHHUHBAeET-
ca B rpacuToBHil cTepKenb. CesleKTpoab Cofep¥Kar pas-
JHYHblE 3JIEKTPOAHO-AKTHBHbIE BELIECTBA H MMOJYYeHBl ¢
(YHKLUHSIMH Pa3JIHYHBIX KATHOHOR H aHHOHOB.

B pa6ote [317] npennoxeHbl KOHCTPYKIHH 3JIEKTPO-
LOB C BHYTDEHHHM MeTaJ/lIHUeCKMM KOHTaKTOM, MeMO-
paHbl KOTOPHIX MOJY4alOTCs MPEecCOBaHHEM COOCAXKAEH-
HBIX cogsieft AgeS U cyJb(uUIOB THXKEJbIX METaJJOB HJH
AgsS u ranorenngoB cepebpa.

B mpunuune, «TBepAblii KOHTAaKT» MoxeT obecnedH-
BaTh YCTOHUHBBIA MOCTOSIHHBII MOTEHIHAJ TOJNLKO B CJy-
yae HaJHUHSl MeXaHH3Ma, C MOMOMUILI KOTOPOro ocylie-
crBJsieTcs oOpaTHMH Nepexol OT 3JEKTPOHHOH npoBO-
THMOCTH METaJlIHUECKOro IPOBOIIIHKA K HOHHOK npoBoO-
LHMOCTH HCcefyeMoro pactsopa H memOpanbl. Takol
MeXaHH3M HMeeTcs, HampuMep, B caydae MeMOpaHbl 3
Ag,S+ AgX (X—CI-, Br—, I~ u 1p.) B KOHTaKTe C Me-
TaaJHYeCKHM cepeGpOM, Tak Kak 31ech Ha rpanune ¢as
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Puc. V. 3. THRbl XHAKOCTHBIX SJIEKTPOLOB,

a—39JeKTP Y/ C MOPUCTOH M2MOBPAHON, NPONKTAHHON KUAKEM HOHOOGMeHHRKOM (I),
¢ BIYTPEHHHM DPAcTBOPOM (2) U BHYTPEHHHM CPAaBHHTENLHBIM 3JIeKTPOAOM (3}

6 — 9/eKTPOJ € HENOCpPeACTBEHHLIM KOHTAKTOM MeXJy OpraHHyeckKolt W BOAHONR
dasamu C KUAKOfl MeMGpaunoil (I), cO cpaBHHTe/NbHLIMH BHelIHHM (4) H BHYTpeH:
HAM (3) ITEKTPOAAMH, C BHYTpeHHUM (2°) H HccaeayeMumM (27) paCTBOpaMy;

8 —31ekTpoA ¢upmsl Orion ¢ KHAKOH MeMGpaHON (/), HACHIIEHHOH KHAKHM
HOHOOOMEHHHKOM, KOTOPBIM TaK:Ke 3aNOJHAeTCH NPOCTPaHCTBO (5), C BHYTPEHHHM
pacTBOPOM (2) W BCOOMOraTeJblibiM 3JEKTPOAOM (3);

2-~CeneKTpon C XHAKOH MeMGpPAaHOii C YYBCTBHTENBHON MOBEepXHOCTBIO (1) H KOH-
TAKTOM H3 Hepiapeloutelt cranu (6); 7—ruapododuskpoBankblii rpadur; §-—rno-
pucThilt TpaduT.

cepebpsiHasi NpOBOJIOKA — MeMOpaHa npoTekaeT obpaTH-
Mas peaknus: Ag == Agt+-e.

B ocHOBe HOHOCEJEKTHBHBIX 3J1E€KTPOJOB KHAKOCTHO-
ro THUa JexaT MeMOpaHBl, 3JeKTPOJHO-aKTHBHOE Belle-
CTBO KOTODHIX pacCTBOPEHO B OpraHHYeCKOM pacTBOpH-
TeJje, He cCMellHBalOmeMcst ¢ Boaol. JKuakocTHble 3J1€KT-
poxel GoJsiee, HexesaH TBEpAble 3JEKTPOJb, IMOJABEPKEHHI
BJIHSIHHIO pa3/IHYHBIX XHMHUeCKHX H (nauyeckux akro-
pos. OnHako, HeCMOTpPS Ha 3TH OrpaHHYEHHs, MpPH MO-
MOIIH XHJKOCTHBIX 3J€KTPOMOB MOXKHO H3MEPHTb KOH-
IEHTPaLlHH MHOTHX KATHOHOB H aHHOHOB, KOTOpble NMpexk-
Ie OblIH HEeROCTYyNHBl MPSIMOMY TOTEHLHOMETPHYECKOMY
onmpeneJieHnio. Ilpocrefiliag KOHCTPYKIHS 3TOr0 THIA
3JEKTPOJOB MpeacTaBieHa Ha puc. V.3,a. 3xech HeHT-
paidbHas MeMOpaHa, NpONHTAHHAS XHAKHM HOHOOOMEH-
HHKOM HJIH XeJaToM, pasjesseT OpPraHHYecKylo H BOJ-
HyIO ¢a3bl.

Jlns HaydHHIX 1eJiefl MOXKHO M0Jb30BaTbCS KOHCTPYK-
nueil 6e3 Kakux-JH60 MEeperopoioK HJIAH HOPHCTBIX MOJ-
JOKeK B KOHTaKTe KHIKOH MeMOpaHbl C BOAHBIM pac-
tBopoM (pHuc. V.3,6). B noxgoOHO! KOHCTPYKLHH BOLHAS
(a3a HacJauBaeTCss Ha OPraHHYeCKyw (MJOTHOCTB opra-
HHUeCKOH pnoJKHa ObiTh GoJblie BoaHOoH). OpHaro pas
NpaKTHYECKHX [e/aefl KOHCTPYKUHS HENpHroaHa: H3-3a
§0J1bIIOr0 CJ1051 OpraHHYeCcKOro pacTBOPa 3J1€KTPOA HMeeT
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BBICOKOE COMpPOTHBJIEHHE, a MOTEHIHaJ] ero ycTaHaBJH-
BaeTcst MeIJIeHHO.

B npoMpiljieHHOM 0(hOPMJIEHHH XKHIAKOCTHBIX 3J1eKT-
ponos  (pupma Orion)  npuHATa  KOHCTPYRUHS
(puc.V.3,8), B KOTOpOii OpraHHYeCKOH KHAKOCTHIO 3a-
MOJIHeHbl MHJINNOPH (¢ =~ 0,1 MKM) ToHKOro (0,076 mum)
aucka. Ecau gHCK M3rOTOBJEH M3 MaTepuaJta, obaajnalo-
mero rugpoPoOHBIMH  CBOHCTBAMH, TO OpraHHyecKkas
JKHIKOCTh JIerKO NpOHMKAaeT B MOpPH H3 pe3epByapa.
LlenTpasbHasi KaMepa 3JeKTpoaa 3anoJiHeHa CTaHAapT-
HHIM BOAHBIM PaCTBOPOM 3JIEKTPOJIHTa, B KOTOPOM HaXo-
AHTCS BCIOMoraTesibHBIH 3/ekTpoa. JKuaxkocThbift MeMO-
paHHBIH 3JI€KTPOA 3TOH KOHCTPYKUMH o0siajnaeT BCeMH
NPeHMYLIeCTBAMHU 3JEKTPOJOB C TBepAbIMH MeMOpaHaMH
M, KpOMe TOro, cnocobeH BbaepXKaTb AaBJenue Gosee
0,1 MIla (1 arM) Oe3 MeXxaHHYECKOr0 pa3pylIenHs
MeMOpaHB HJM BHTECHEHHS H3 Hee OpraHHYeCKOH MXHA-
RoctH. JlJas TaKoro THila 3JIeKTPOLOB PaBHOBECHOE 3Ha-
yeHHe NOTEHIMAaJa YCTaHABMHBaeTCs OLICTPO; CMelleHHe
ero BO BpeMeHH HEBEJHKO, H OH XOPOLIO BOCHIPOH3BOAHT-
cst. DyIeKTpOoAbl HMEIOT JJIHTE/IbHbIH CPOK XKH3HH NpH Ile-
pHOHYECKOH Nepesapsjike XKHAKHM HOHHTOM. B xun-
KOCTHBIX 3Jektpoaax ¢upmp Corning nopHCTHM MaTe-
pHAJOM caykaT ruapodoGH3upoBaHKBIE 000KKeHHbIE
KepaMuueckne anadparmol.

OcnoxKHenHust mpu paboTe ¢ KHIKOCTHBIMH 3JI€KTPO-
naMu ¢ apadparMaMH H3 DPas3jHYHBIX IOPHCTHIX Mare-
pHaJioB OGYCJOBJIEHH TIMaBHBIM 00pasoM MOCTENEeHHBIM
pacTBOpeHHeM HOHOOOMEHHHKa BO BHEIIHEM pacTBOpE.
KpoMe Toro, He npocTo JOCTHYL MOJHOIO 3alOJHEHHS
nop anacdparMbl OpraHHYECKHM pacTBopoM. OTH TPy A-
HOCTH YjAaJiochb INpPEoa0JeTb, KOrja OblH TpeJI0XKEeHbI
Tak Ha3biBAEMble MJIEHOUHble 3J€KTpOojbl, B KOTOPBIX
MemGpana mpeacraBasier cobofi MoMnMepHYIO naacTHH-
LHPOBAHHYIO IIEHKY C BBEJEHHBHIM B Hee paCTBOPOM
SKHAKOrO HOHHTAa HJIM XeJaTa B OPraHHYECKOM pacTBOPH-
TeJe, HeCMEUIHBAIOIEMCs € BOLOH. DTOT PaCTBOPHTEJDb
OJIHOBpEMEHHO CIyXKHT H maactnpukatropoM. Taxoro
tHna MeMGpanbl BHepBhle Obiin mpenstoxens Iartkn c
corp. [45].

B nyeHouHBIX 3JIEKTpOnax B KayecTBe MaTpHIbl dalle
BCEro HCOJb3yIOT MOJNBHHUIXIOPH, O AHAKO MPHMEHSIOT
M Ipyrue MaTepHaJibi, B YaCTHOCTH ALeTHILEIJION03Y.
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Meroauka M3roToB/EHHs MJICHOUHBIX MeMBpaH Ha Oc-
HOBE XKUAKHX HOHOOOMEHHHKOB M IOJUBHHHJIXJOPHAA
noApoGHO onuckiBaeTes B paborax [17].

B nocaexnnx paborax npeanaraercs caepymouias Me-
TOAMKA H3rOTOBJIEHUsI 3JEKTPOAHOH MeMOpaHbl: B CTeK-
JSHHBEA 610Kc BHOCAT 6 r maactuduxkatopa U 2 r mo-
pOIIKa NMOJIMBHHHJIXJOPHAA U NepeMelllUBalOT UX B Tede-
Hue 2—5 MHUH MarHuTHOH MeIIaJaxoH,. 3aTeM BHOCST
15—20 Ms1 OHKJIOreKCaHOHa; pacTBOPEHHE MPOBOLHTCSA
P HArpeBaHHH 10 60°C. ITocsie oxsiakaenuss B MOJy-
YEHHLI# pacTBOP BHOCAT HaBECKy 3JEKTPOAHOAKTHBHOrO
BELIeCTBA U PACTBOPSIOT ee [PH NMEpeMellMBaHUH A0 Io-
MOreHHOr0 COCTOSHHA H OTCYTCTBHS Ny3bIPLKOB BO3LyXa.
[Tonyyennblft pacTBOp BHIMBAIOT B Yaillky [leTpu aua-
merpoM 10 cm. Ilocne wucmapenuss LHKJOTeKCaHOHA
(3—5 cyT) Ha BO3gyxe MOJydaercst 3/aCTHUHAA TJEHKA
TOJMIHHON | MM. MeM6pany ciefyer XxpaHuTb B 3KCHKa-
TOpe B aTMOC(epe, HACHILIEHHOH NapaMH PacTBOPUTENS -
naacTH(HUKATOPa, YTO NpeJOTBpallaeT ero UCMapeHHe H3
MeMOpaHbl.

DJIeKTPOJB H3rOTaBJNHBAIOT MyTEM NpHKJICHBAHHS IH-
CKOB, BBLIDE3aHHBIX W3 MeMOpaHbl, K TOPLY MOJHBHUHUJI-
XJIOPHAHBIX TpPyOOK TOrO Ke JdHAMEeTpa, YTO H JMCKH.
KisieeM cayKHT pacTBOp MOJHBHHMJXJIODUIA B LIUKJIOTeK-
caHone. ['OTOBHIl 3JIeKTPOA 3aIOMHAIOT CTAHAAPTHBIM
PacTBOPOM, B KOTOPbIfi IONPyKAIOT CPaBHUTEJbHbI BHYT-
penHuil 3jeKTpoa. CxeMa 3jeKTpOjia 3TOr0 THIAa He OT-
JuuaeTcst 0T u3obpaxenHol Ha puc. V. 3, a.

[Tocse BiMauusanus B 0,1m pacrBOpe COOTBETCTBY10-
IEro 9JeKTPOJIUTAa B TedeHHe [-—2 CyT 3JIeKTPOA roToB
K MpuMeHeHHio. XpaHUTb paboTalownii 3jeKTpOA peKo-
MeHIyeTcsl B pacTBope TOH KOHLEHTpAallHH, KOTOpas
6J1M3Ka K KOHLEHTPALMH OMNPENeJaseMOr0 HOHA B HCCJe-
nyeMoM pactBope. CpOK XH3HH NJIEHOUHBIX MeMGpau Ko-
nebaercs oT 2 g0 12 Mec B 3aBHCHMOCTH OT NPUPOAH
KHAKOTO HOHHTA, PACTBOPHTENS H YCJOBUH IpuUMEHe-
Hus.

PacrBopuTesn, ncHo/b3yeMble MNpH  H3FOTOBJEHHH
NJEHOYHBIX MeMOpaH, JOJIKHE: HE PACTBOPATLCA B BOJE;
UMeTb HHU3KO€ NaBJEHHE Napa H BBICOKYI0 BA3KOCTb;

o6ecrneynBaTb CIOCOOGHOCTDL ONMpenesIseMOr0 HOHAa POUHO
yAepKUBATbCS B MeMOpaHe; MMeTb HU3KYIO AUIJIEKTPH-
9eCKy10 MPOHHIAeMOCTb U ObITh CBETOCTORKHMH.
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Maacruduuuposaiiible MeMOpaHbl MO  MeXaHU3MY
(GyHKIHONHPOBAHUSI MPHHIHINANBHO HE OTJIMYAKOTCH OT
®Kunkux. OIHAKO BBefeHHe KHIKOTO HOHOOOMEHHHKA B
NMOJIMMEpHYI0O MATPHUIy NPHBOAMT K 00pasoBanuio Gosee
4eTKOH rpaHuIbl pasfena Mmexay (asamu MeMmOpana —
BOJAHBIH PAcTBOp H, CJAELOBATENBHO, K 6oJee cTabuabHOU
pa6ore nuenounoit MeMOpaHnl H Oosee JAJHTEJIBHOMY
CPOKy CJ1yKObI.

KoucTpyKuust KHAKOCTHOTO 3JIEKTPOAa C BHyTpeH-
HUM pacTBOPOM H CPABHHTE/bHHIM 3JIeKTPOAOM He fAB-
JseTcs eTMHCTBeHHO Bo3MOxknoi. Ha puc. V.3,e npen-
cTaBJeHa CXeMa XHIKOCTHOTO CeJeKTpoaa C TBepAbiM
KOHTAKTOM, MNpeaJOoXEeHHOro Pyxuukoit [76, 247, 267},
JKUaKUM HOHOOGMEHHUKOM MpONHTHBAETCH CTEpKEHb H3
MOPHCTOTrO rpaduTa; 3TH 3JEKTPOALI HELOCTATOYHO CTa-
OUJIBHDL.

I pyruM MOpUMEpOM MHJKOCTHBIX 3J1€KTPOIOB 6e3
BHYTPEHHEr0 pacTBOPA ABJSIOTCH MPOBOJOUHLIE 3JICKT-
pOABI, B KOTOPHIX MeMOpaHa HAHOCHTCs Ha MJATHHOBYIO
npososioky (175, 317]. [1poBoJioKy nmorpyaior B BsI3KHH
pacTBOp MOJHBHHH/IXJOPHAA B IHKJOreKCaHOHE, OCTaB-
JsI0T Ha Bo3ayxe 30 MuH JJ1s BHICBIXaHMf, a 3aTeM Mpo-
NUTHBAIOT PaCTBOPOM HOHOOOMEHHHKA B TeUeHHE 1—24,
[To npyroii MeTOXHKE MJATHHOBYIO NPOBOJOKY MOrpy-
KAIOT B pacTBOP MOJMBHHHJIXJOpHIA H HOHOOOMEHHUKa
B LHKJOTEKCAHOHE, 3aTeM 3JeKTpOoA CcyllaT B TeUeHHe
] 4. OTU 3JeKTPOAH MajoycToiiuusn B pabore.

Ilnist usMepeHHii B MHKpOMpoGax HCIOJIb3yIOT MHKpO-
3JeKTpofbl. [IpH H3Mepenusix BHYTPH KJETOK OpraHus-
MOB cjelyeT pa6oraThb ¢ MHKPO3JIEKTPOAAMH JAHAMET-
poM Ha Konle ~ 1 MKM, Tak Kak fpH 6oJbllleM Aua-
MeTpe KJeTOuHas 000/104Ka CHJBHO MOBpeXIALTCA.
DeKTpUUECKOe CONPOTHBJIEHHE MHKDO3JEKTPOAOB 3HA-
quTeqpno GoJblle, ueMm O0ObiuHHX. [losTOMy mpu pa-
Gore ¢ HuMu TpebyloTcsl CliellHaJbHble H3MEpUTE/bHbIE
CXEMHI.

HecMoTpst Ha CJIOXHOCTD npo6seMbl, B 3T0# 06/acTH
3a mocJjeaHHe TOAbl JAOCTHFHYTH 3HAUUTEJbHbIE yCIEXH.
OcoGenHOe BHHMAaHHE YAEJEHO CTeKJSHHBIM MHKPO3J/IEKT-
pozaM, MO3BOJIAIONHM ONpEAessTh COJEpKaHHe HOHOB
H+, Nat u Kt, a Takke MHKpOMHIETOIHOMY 3JEKTPOLY
C OTKPHITHIM KOHLOM, COAEpXKaIleMy XKHAKUi 06MeHHHK
s KagecTpe akTuBHOH ¢aswm (puc. V.4). [Mocnexnuit
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Puc. V. 4. Cxema MHKpPOSJEKTpOAA:

I—XuAKHA HOHOOGMEHHMK; 2-—~BHYTpeHHHA pa-
CTBOD BOAMBIA; 3-—BCNOMOraTeNbHMHHA SJEKTPOA.

MOXHO pacCMaTpHBAaTb KaK 3JEKTPOX C KHUAKOH MeM6-
paHO#,. B KOTOpOM pa6ouasi MOBEPXHOCTb MeMOpaHH
YMEeHbIIEHa 10 BO3MOXKHOIO Npepesta. JTOT THI MHKPO-
3JIEKTPOJOB 0Ka3aJicsl 0COOGEHHO MOJIE3HBLIM AJis1 Onpeje-
JeHnss copepxanus nonos K+, Cl-, Ca%t. B pabGore
[317] npennoxen Kt-cesekTHBHBIE MHKpPO3JEKTPOn C
OTKPBITHIM KORLOM auaMerpoMm 0,5-—1 MKM, 3anoJHse-
Mbli pPaCTBOPOM 3JIEKTPOJAHO-aKTHBHOTLO BEIIECTBAa B Op-
FaHAYECKOM pacTBOpHTeNe. DTOT 3JEKTPOA AOCTATOYHO
MaJl, IO3TOMY MOXKeT MPOHHKATb CKBO3b CTEHKY KJETKH
H T03BOJISET NPOBOAHTL H3MEpEeHHs B OTAEAbLHOM Hefi-
poHe. DTH MHKDO3JIEKTPOAH H3TOTABJHBAIOTCS H3 CTEK-
Ja.  BHYTPEHHIOIO I10BEPXHOCTb. KOHLA OTTAHYTOrO
Kanujispa IMOKPLIBAOT THAPOPOGHBLIM CHIAHKOHOBBLIM
JgakoM. Takue 3JeKTpojbl HCMOJB3YIOT 1JI H3YUEHHS Me-
XaHU3MOB HEPBHBIX HMIYJIbCOB MyTE€M KOHTPOJIS TpaHC-
nopra K+- n Cl--nonoB. Onrako 3TH 3/1€KTPOALl He M03-
BOJIIOT NPOBOJHTh H3MEPEHHS B KJETKAX OYeHb MaJioro
o6beMa, HampuMep B KJETKE IKeJaya0uKa JAryLIKH,
umeromen o6vem 10-2 Mra. B pabore [319] npeanoxena
Gosiee coBepIUeHHas /s MHKPOH3MEpPEeHHH KOHCTPYKIHS
37eKTpo10B. [Tosyuensl 3meKTpoabl, AHAMETP KOHIA KO-
TOpEIX MeHblle 0,1 MxM.

V.2. KAJIMBPOBKA 3JIEKTPO1OB NO CTAHAAPTHBIM PACTBOPAM

Onpejenienne aKTHBHOCTH (WJIH KOHLUEHTPALHMH) C IO-
MOII1bIO HOHOCEJIEKTHBHbIX 3JIEKTPOJOB CBOAHTCS K H3Me-
PEHHIO 3. [.C. TaJbBaHHYECKOrO 3JIEMEHTa, COCTaBJEH-
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HOrO M3 MHAMKATOPHOrO 3JEeKTPOAa, CEJEKTHBHOrO MO Of-
HOIIEHHIO K OmpejeJeHHoMy HOHY A+, norpyennoro B
HCCJIEyeMblii pacTBOp, H CPAaBHHTENBHOrO 3JIEKTPOAA,
HanmpuMep KaJoMeJbHOro, MOTEHIHAJ KOTOPOro (ep H3-
BEeCTeH:

Hg | Hg,Cl,, KCI nac. Hceaenyembift | MuaukaTopHbIi I

CpaBHHTENbHEIH pactBop IIEKTPOJL
SJEKTPOL
q’nnqj
E=(P°A+'l'}1gaA—(pcp+(pm{¢ (V 1

[lo ypamnenuto (V.1) MOMKHO paccuuTaTbh aKTHB-
HOCTb HOHOB A%+ TOJNLKO C HEKOTOpHLIM NpHOJHKEHHEM,
TaK Kak 3. J.C. 3JeMeHTa BKJjiouaeT Au(PPYy3HOHHBIH MO-
TEHIHAJd Qmup HAa TpPaHHLE [BYX pPaCTBOPOB, KOTOpPLIH
uHOrna GniBaeT 3HaunTebHbiM. Jlaxke mpH cobJI0aeHHH
pajaa Mep, NpPEANPHHHMAEMbIX 1Js €ro 3JHMHHHPOBa-
HHSI, OH MOKET COCTABJSATL HECKOJNbKO MH/INBOJLT. [Ipu
NpHMEHEHHH COJIEBOrO MOCTHKA (3JIEKTPOJHTHYECKOro
KJI0ua), 3aMOJHEHHOTO PacTBOPOM 3JEKTPOJHTA C OJH-
HAKOBOH MOABHXXHOCTbIO KATHOHA H aHHOHA, AHPPY3HOH-
Hblfl MOTEHIHAJ MOXHO CBECTH K MHHHMyMYy H CYHTaTb
ero GoJiee HJIH MeHee MNOCTOSHHBIM. B KauecTBe TakHX
5/J€KTPOJIHTOB MOTYT NpPHMEHATLCH HaChILIEHHbIA pac-
TBOP XJOpHAA KaJHs, KOHLEHTPHPOBAHHbIE paCTBOPbI
HHATpPaTa aMMOHHS H TpHxJopaleraTa JuThsa. B caydae
noctossHerBa  AUGMPY3HOHHOrO  MNOTEHIHAJNAa H3MEHEHHE
3.4.C. 3JeMeHTa | ompenensieTcd M3MEHEHHEM DAa3HOCTH
5JIeKTPHYECKHX TOTEHIHAJ0B Ha rpaliHile HOHOCEeJIeKTHB-
HOfi MeMOpaHbl 3/EKTPOAA H HCCJEAYEMOr0 pacTBOpa,
T. e. 3. 4.C. JeMeHTa | sBaseTcss QyHKIHER aKTHBHOCTH
HCCJIeyeMOro HOHa B HCNBITYEMOM pacTBOpe H OMHCHI-
Baerca ypaBHenneMm Hepuera:

E=E°i—-ﬁ—lgaA (V.2)
ZA

(nJioc — B cJyuae KaTHOHHOH (YHKIHH 3JEKTpOjaa, MH-
HYC — aHHOHHOH).

3uadeHne MOCTOSHHOR (mJsi JAHHOH TeMnepaTyphl)
BeJqHuHHbl E° 3aBHCHT OT BbIGOpPA CPaBHHUTENLHOrO 3JIEK-
TPOAa, BHYTPEHHErO TOKOOTBOASAIIErO 3J4CKTPOAA, aKTHB-
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HOCTH HOHa BO BHYTpE€HHeM pacTBOpe, nUPPY3HOHHOrO
MOTEHNHaJa (IIpPHHHMAEeMOro MNOCTOSTHHBIM) Ha TrpaHule
HCIOBITYeMBI# PAacTBOP — 3JIEKTPONHTHUECKHI KJIIOU.

Pacuer akTuBHOCTH (MJIH KOMIEHTpALMH) IO ypaB-
Henuio (V.2) rtpebyeT mpenBapHTEJbHOTO ONpeAeseHHs
IS KaXAOro »jaekTpoma Beanuyunbl E°. Cruegyer orme-
THTb, 4TO E° HHOrAA CMeuaeTcss BO BpeMeHH, a yrJoBOi
KO3 HUIHEHT 3J1eKTPOXOB, KAaK HPaBHJIO, HECKOJHKO OT-
JAHYaeTCs OT TeopeTHueckoit Beanuuubl. [lostomy mpu
MIPAKTHYECKOM OMNpEAeJeHHH AKTHBHOCTH HE06X0gHMO
YCTaHOBHTb SMIHPHYECKYIO 32aBHCHMOCTb MEXAY 3. A. C.
rajJbBaHHYECKOrO 3JeMeHTa THNa I u akTHBHOCTBIO Ompe-
AensieMbIX HOHOB. [l 3TOr0 HOHOCEJEKTHBHLIH 3J/1€KT-
pox mosXeH OHTH HpOKaIubOpOBaH MO pacTBOpaM C H3-
BECTHOH AKTHBHOCTBIO. DKCIEpHMEHTa/IbHEIE JaHHBLIE IO
3. 4.C. HaHOCAT Ha rpauk ¢ noJayJsorapudMuyecKoH
IIKaJO0H, 4TO MO3BOJISET MOJYYHTb KaJuOpOBOUHYIO Tps-
Myl B RooppuHartax E f(lgaa) ¢ yrnoseiM KRo3pdu-
LHEHTOM, 3aBHCHUIUM OT CBOHACTB 3JE€KTPOAA.

KanubpoBouHEe mnpsMble MOXKHO MOJYYHTb [IBYMS
cmoco6aMu. [laisi MpOCTBHIX CHCTEM MPHMEHSIOT YHCThIE
pacTBOPbl MOJHOCTBIO JHCCOLUHHPOBAHHOH COJIH ONpexe-
aseMoro uoHa. IlpucyTcTBHe B aHaJH3HpyeMHIX cpepax
3J71eKTPOJIUTOB, KOTOpble NPSIMO He BJHSIOT Ha 3JEKTpOA-
HH NMOTeHUnaJs, OyReT CKa3biBaThCd Ha aKTHBHOCTH OI-
pefessseMoro HOHa BCJAENCTBHE H3MEHEHHS HOHHOH CHJIBI
pacrBopa. ITosToMy pns cuHcTeM CJIOXKHOrO HOHHOrO CO-
craBa, HampuMep MOpCKas BOXA, paccosb, OHOJOorHYe-
CKMe XHAKOCTH, HeOOXOZHMO INPHMEHSITb CTAHAAapTHHIE
pacTBOpbl, GJAH3KHE IO COCTaBY K HCCJeLyeMBM pacTBO-
paM HJH copepXKamHe H3OBITOK HHEPTHOrO 3JeKTPOJIUTA,
He3JIeKTPONiHTa HJH OydepHbie pacTBOpH, HOKEpIKH-
BAIOIIHE MMOCTOSIHCTBO HOHHON CHJIBI, OJIM3KOH N0 3Haye-
HHUIO K HOHHON CHJIE HCCJEeLyeMOro pacrBopa.

K chaoxubM cHcTeMaM YacTO NPHMEHSIOT MeTOox
cranpapTHhiX no6aBok. Ilpu mpoBepeHun aHa/u3a TakKHM
METOAOM B MNpo0y aHAJIH3HPYeMOro pacTBOpPA BBOJNAT
OAHY HJIM HECKOJBKO HOpLHH (K06aBOK) pacTBOpa C H3-
BECTHOH KOHIEHTpalHefl OmpenesaseMoro HOHa C TakHM
ycJoBHeM, 4To6bl 100aBKa He BHI3LIBaJla 3HAYHTENBLHOTO
H3MEHEHHS HOHHOH CHJIBI B CHCTEME.

IIpy BHIMONIHEHHH 3TOr0 YCJOBHs KO3Gh(HLUHEHT ak-
THBHOCTH, a TaKXe AHQOY3HOHHBIA NOTEHIHAJ MOXKHO
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CUHTAThb MOCTOSIHHBIM, NO3TOMYy HabJlogaeMble H3MeEHe-
HHS 3.[.C. MOXHO CBSI3aTb C HEH3BECTHOH KOHIleHTpa-
uuelt ompepensieMoro HoHa. I[Togpo6Hoe omucanue 3TOro
Merona MOXKHO Haiitu B ra. VI.

Ecnn ke cranpgapTHbll [OTEHLHAJ 3JEKTpPOAA CMe-
IAaeTCs BO BpEeMeHH, TO PEKOMEHAYeTCs KaJdHOpOBKy
NPOBOAHTL KO M MOCJNE H3MEpeHHs B aHaJH3HPYEMBIX
npo6ax H CTPOUTb KAJHOPOBOUHYIO KPHBYIO IO CPEXHHM
JAHHBIM.

CyiecTBEHHO, YTO OTHOCHTEJbHAs TOUHOCTb ONpeje-
JIEHHH AKTHBHOCTH BO BceM paboueM nHamasoHe (YHK-
IIHOHHPOBAHHS 3JEKTPOLOB OCTAETCS HOCTOSHHOH, TaK
KaK MEXQy MOTEHLHAaJOM H AKTHBHOCTBIO CYINECTBYET
JorapugMuyeckas 3aBHcuMocTb. IlosToMy B ouenb pas-
GaBJIEHHBIX pPaCTBOpax OMNpejeseHHe AKTHBHOCTH (KOH-
LIEHTpalliH) HOHOB BO3MOXKHO C TOH K€ OTHOCHTEJbHOH
TOYHOCTBIO, YTO U B 60Jie¢ KOHIEHTPHPOBAHHLIX PaCTBO-
pax, MpH YCJIOBHH ORHHAKOBOH BOCIPOH3BOLHMOCTH
MeMOpaHHHX NOTEeHIHAJOB.

Beilte peub mia 06 ONpeRes€HHH AKTHBHOCTH OT-
IeJBbHOrO HOH4. XOTs AKTHBHOCTH H KO3((HUHEHTH ak-
THBHOCTH OTAEJbHBIX HOHOB He MOryT OHITb CHpEeReJeHbI
TEPMOZHHAMHUECKH CTPOr0, BO3MOMKHO YCTaHOBHTbL yC-
JIOBHYIO IKaJ1y KO3((HIHEHTOB aKTHBHOCTH A/ OTHAEJb-
HBIX HOHOB, T. €. MPOH3BOJILHO BHOpPaTb CHCTEMY KO3¢-
(UIHEHTOB AKTHBHOCTH, YAOBJIETBOPSAIOMYIO BCEM MpakK-
THYECKHM TpeOoBaHHAM.

Bnepsbie 3ror Merox Oblsi Hcmoab3oBan DedTcoM
['yrenrefivoM mnpn pa3paboTke OmpeneseHus MNOHATHS
pH. B CIIA (Hanmnonaabnoe 610po cTaHzapTOB), a 3a-
TeM u B APYrHX CcrpaHax ObliH NPHHATH CTAHZAPTHEIE
LTKaJ1bl aKTHBHOCTH HOHOB Bogopoxa [320].

Ha ocnHoBanHH pe3yJbTaTOB H3MepeHHH 3. 1.cC. 3Je-
MeHTOB 6€3 nepeHoca HeKOTOpPHIM BbIOpaHHHM Oydep-
HBIM pacTBopaM GbliH NMpHIHCAHbl 3Hauenus pH, npuus-
Tble 32 CTaHZApTHbE, YIIOMSHYTBIE 3JI€MEHTHl COCTOAT
H3 BOLOPOZHOrO H XJopcepeGpsHOro 3JaeKTponoB. Jlis
nonyuenust 3Hauenns pH u3 3nauennii 3. 1. c. 3/1€MeHTOB
Heo6X0AHMO ObiJI0 MPHHATH ONpefeseHHOe 3HAUeHHE AJIs
K03 ullHEHTa AKTHBHOCTH HOHa XJOpa yci, T. €. CHe-
JaTh AONylleHHe, HE BLITEKAlOuiee H3 TEPMOLHHAMHKH,
[To MexayHapoAHOMy coraallienuio [321] mpumato cie-
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Aymwoliiee 3HaYeHHe 14 yci:

Al'":
—— —_—— V.3
PYC) e Ve =5 (V.3)
(A — mocrosiunas JeGas — Xwokkens; | — HoHHas cujia
pacTBopa). DTo BLIpaKeHHe IPHMEHHMO IIPH HOHHOH
cune 0,1 u HuXKe.

Co3nanne HOHOCENEKTUBHHX 3JEKTpPOLOB, 00paTHMBIX
K HHBIM, YeM HOHB BOJOpOja, HoHaM mnorpeGoBano pas-
pabOTKH yCAOBHH CTaHA4apTH3aUHH JJs aKTHBHOCTEH
pPa3AHUHBIX HOHOB.

[Ipn BBHIUHCAEHHH AKTHBHOCTH OT/JEJBHOrO0 HOHA B
pacTBOpax, HUCINOJbL3yEMBIX IJIsi KaJHOPOBKH HOHOCEJEK-
THBHBIX 3J1eKTponoB, Delitc u Andenaap [43, ra. 6]
npeanoxuan yciaosne (V.3), TakkKe B39B B KauecTBe
CTaHJapTHOrO UOH XJopa.

M3 3Hauenuil cpeanux ko3 HUIHEHTOB AKTUBHOCTH
XJOPHIOB, KOTOpble ONpeNeAsioTCs CTPOro TepMOAUHa-
MHYECKH, B y, paCCUHTAaHHHIX N0 ypaBHenuio (V.3), Bb-
yucaeHbl KO3)®dHIHEHTs AaKTHBHOCTH KAaTHOHOB B CTaH-
NapTHBIX pacTBopax. DTH Ko3(P(HUIHEHTH OBIIH HCHOMAb-
30BaHbl 1Jsi  pacdera KO3(DQHIHEHTOB  aKTHBHOCTH
JPYyrHX AaHHOHOB TaKKe C HCIOAb30BaHHeM 3HaueHHH
cpeandux Ko3(Q®dUIIHEHTOB aKTHBHOCTH COOTBETCTBYIOLIHX
cogel.

Onnako npu MoHHBIX cuaax >0,1 coorHouenue (V. 3)
yTpaunBaeT cuay, B 3ToMm cayuae npumeHsercs MeTon,
OCHOBaHHHH Ha ypaBHenun PoOGuucona un Crokca pas
Kosh U HeHTa aKTHBHOCTH C y4€TOM THJPAaTalHH 3JIEKT-
poJaura.

Jlaisi pacTBOPOB XJOPHAOB NpPENoNaraercs, 4To HOH
xjjopa He TrHJpaTHpoOBaH; Torpa AAs Ko3QPuuHenTOoB
AKTUBHOCTH KATHOHOB H AHHOHOB MNOJYYalOT CAENVIOLIHE
Bupaxenus [322]

lgv, =1lg vy + 000782 hmg (V.4)
lgy_=Ilgvy, — 000782 hmg, (V. 5)

rge A -—4YHCJIO THAPATANHH 3JEKTPOJHTA; M — MOJIAAb-
HOCTL pacTBOpa; g&,,— OCMOTHUYECKHH Ko3(pdUnHeHT
3JIeKTPOJIUTA.

Koadduunentsl aKTHBHOCTH OTAENbHLIX HOHOB, pac-
cyuTaHHbe ¢ noMouiblo cooTHowenuit (V.4) u (V.5),
npuBenens B Taba. V. 1.
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Ta6auua V.1

Kosh$runeHTH aKTHBHOCTH OTACJIbHBIX HOHOB AJA 2w==1-

n l—I1-3apanHunx xaopuaos npu 25°C [321, c. 867]

MgClg CaClg SrClg BaClg
Y+ y- Y+ Y Y+ Y- Y+ y—
— | — |o0378|0784| — — - | =
0,279 | 0,726 0,269 | 0,719 | 0,266 | 0,717 | 0,259 | 0,712
0,239 | 0,697 | 0,224 | 0,685 | 0,218 | 0.681 | 0.204| 0,668
0,234 | 0,688 0,204 | 0,665 | 0,190 | 0.653 | 0.165| 0.630
0,344 | 0,732 0,263 | 0,690 | 0,226 | 0,667 | 0,167 | 0,620
1,4391 0,898 0,768 | 0,804 | 0,542 | 0,753 | 0,229 0,642
LiCl NacCl K RbCI
Y+ Y- V4 Y- Y+ Y- Y4 Y-
01 {0799 0,781 0,783 | 0,773 | 0,773 | 0,768 | 0,766 | 0,762
0,2 0,775| 0,739 0,744 | 0,726 | 0,722 | 0,714 | 0,712 0,706
0,5 0,786 1 0,695} 0,701 { 0,661 | 0,659 | 0,639 | 0,640 0,628
1.0 |0882| 0680| 0,697 | 0,620 | 0,623 | 0,586 | 0,594 | 0572
2.0 | 1.233] 0,688 0,756 | 0,590 | 0,610 | 0,538 | 0,568 | 0.525
3,0 1,893 | 0,706 | 0,870 | 0,586 | 0,627 | 0,517 | 0,569} 0,505
4,0 — - 1,038 | 0,591 | 0,659 | 0,506 | 0,5841 0,496
5.0 — | — 1272|0600 — — | 0606| 0492
6,0 -— — 1,594 { 0,610 —_— - —_— —_
CsCl NH,Cl HCI
V4 Ve Y4 Y~ Y4 Y-
0,1 0756 | 0,756 | 0,772 | 0,768 | 0804 | 0,785
0,2 0694 | 0694 | 0722 | 0714 | 0788 | 0746
0.5 0606 | 0606 | 0657 | 0641 | 0812 | 0706
1,0 0544 | 0544 | 0619 | 0588 | 0940 | 0697
2,0 0,496 0,496 0,601 0,541 1,421 0,717
3,0 0,479 0,479 0,608 0,518 2,357 0,735
4,0 0,474 0,474 — — —_ —
5.0 0475 | 0475 | 0645 | 0,490 - -
6,0 — - - — - -
il
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a5 Kann6poBKH (GTOPHIAHBIX 3JMEKTPOLOB PACTBODHI
NaF nenpurogub, oco6enno mpu [ > 0,1 u3-3a 3HauH-
TeJIbHOH accoumanuu [43, ra. 6]. Dosee pacreopumas
conb KF neaccouuuposana, a wonsl Kt u F- npubausn-
TeJbHO OAHHAKOBO TuHapaTHpoBaHbL. [losToMy aBTOpH
pabor [321, c. 867; 322] npeano/ioxuiaH, 4To
Vgt = Vp= =V (V.6)
M Ha 3TOM OCHOBaHHH pacCyuTaju 3HaudeHus Ko3dpdu-
IHEeHTOB aKTHBHOCTH HOHOB F- u K+, Koropble Gbuin
npunsaTH B pekomenpauuax IUPAC (raba. V.2) [320].
B sTofi ke Tabsulle mpHBeldeHbl DAHHBlE M PANa, POK,
pdca H pdci, KOTOPHIMH peKOMEHAYeTcsl MO0Jb30BaThCs
anst Kaaubpoeku cooTercrTBytomux MCD.
Ta6anuga V.2

3navenusa nokasarenmeff AKTHBHOCTH OTHEJbHbIX HOHOB
B cTanaaprunix pacrBopax KF [323], NaCl, KCi, CaCi, {320]

KF NaCl
m
Y4 =YR=VYF -lgap ~lg apg, ~lg acy
0,01 0,903 2,044 2,044 2,045
0,05 0,820 1,387 — -
0,1 0,775 1,11t 1,106 1,112
0,2 0,727 0,837 — -
0,5 0,670 0,475 0,455 0,481
1,0 0,645 0,190 0,157 0,208
2.0 0,658 —0,119 —0,180 —0,072
3,0 0,705 —0,325 — -
4,0 0,779 —0,494 —~ -
KCI CaCly
m
~lg ag —lg acy ~-lg ac, —lgac|
0,01 2,045 2,045 2,273 1,768
0.1 1,112 1115 1,570 0,842
0,5 0,482 0,496 0,991 0,197
1,0 0,206 0,232 0,580 —0,140
2.0 —0,086 —0,032 — —

Meron onpenesieHHsi aKTHBHOCTH HOHa A B Hccsenye-
MOM pacTBOpE, OCHOBaHHBIH Ha CPaBHEHHH CO CTaHIapT-
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HBLIMH DacTBOPaMH, AJsi KOTOPBIX H3BECTHBHI AKTHRHOCTH
3THX HOHOB (cM. Tabu. V.1 u V.2), 3akaouaercs B cue-
nytomem. Mamepsior 3. 1. c. (Ecr) aneMenra:

Cpasaurensuit | Crangaprasiit HHpukaTopHbiit (I
SJEKTPOR pacTBOp HOHOCE/eK THBHBIH
(nanpumep, SJIEKTPOJL
Ka/J0Me/IbHbI)

3arem naMmepsioT 3.4.¢. (E) TOro ke saeMenTa, HO
BMECTO CTAHAAapTHOrO pacTBOPa B HEr0 IOMELLAIOT HC-
CefyeMbll pacTBOP. AKTHBHOCTb ONpefesieMOro HOHa
B HCCJeAYyeMOM DAcCTBOPE aa HaXOAAT MO YpaBHEHHIO:

E—E
——lgaA=pA=pAcTi—1.)—CT (V.7)

B ypasnennun (V.7) snak «+» oTHOCHTCS K caydalo,
KOrla onpenenseMbll HOH A — KaTuon A+, a 3HaK «—>»,
ecJIH aHuOH A~

[Ipn sTOM npenmosaraercs, 4yTO mOTeHHUAJ CpaBHH-
TeJIbHOr0 3JeKTPOAa H CBA3AHHLIA ¢ HUM AHGOY3HORNHIE
MOTEHIHAJ OCTAIOTCH MOCTOSAHHLIMH INPH mNEepPexofe OT
CTaHLapTHOrO pacTBOpa K HccaepyeMomy. Ecau sro
yCl1oBHe He cobJalogaercs, HOJXKHAa OBbITh BHeCeHa I10-
nmpaBKa Ha H3MeHeHHe AHPAY3HOHHOrO mOTeHNHaJa.
B HexoTOpbiX cayuasix 3TO MOKHO CAeaTb, HCIOMAB3YS
H3BECTHBIE ypaBHEHHs AJ5 AHPOY3HOHHOrO MOTeHIHaA.
Torna . A

pA=pA_ + i L (V.8)

Bonee namexuble pe3y/ibTaThl MOXKHO MOJMyYHTB, HC-
mO/b3ysi He OIMH, @ NBA MJM TpH CTaHAApPTHBIX pac-
TBOpa, HMEIOWHX Pa3JIHIHYIO KOHLEHTPAUHIO HOHA, U BbI-
YHC/IsAs CpeliHee 3HaueHHe pA H3 HeCKOJbKHX ompepele-
uuit £ u Ecq.

Torga Xe, xorma HeoOXOAHUMO HAaAEXKHOE H TOUHOE
OnpefesieHHE aKTHBHOCTH 3JeKTPOJIUTA HJH OTHOIUEHHS
aKTHBHOCTEH [BYX HOHOB OJMHAKOBOrO 3HaKa 3apsiia,
a He aKTHBHOCTeH OTAEJbHBIX HOHOB, CJeAyeT NPHMEHSITh
a/ieMenT Ge3 mepenoca. DTOT Ke 3JMEMEHT AOJIKEH IpH-
MEHATBCS H IJ1s1 OLEHKH MOJIHOTHl 3JeKTPOIHOR DyHKuuu
HOHOCEJICKTHBHOIO 3JIeKTPoJAa (OmpenesieHHe YTIJIOBOTO
K03 uurenTa, cTabUILHOCTH H BOCIPOH3BOAHMOCTH IO-
Kagauuit 3. 4.c.). B srom anemente I ogun u3 snekrpo-
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nos (HampuMep, MeMOpaHHbI) 06paTuM K KaTHoHy M
HCCJIeLYEMOr0 3JeKTPOJIHTa, a APYroli — K aHHOHy X:

BuyTpeuuui Crau- | Mewm6Gpana, | Hecne- SJIeKTpO,L‘L‘,,
cpaBHH- RapTubil | ceqekTuBHas | Ayemelil | oGparnmei
2y
TeJAbHB PacTBop |y uouy mem? I&aCT;OP k nouy X x- (I
SJEKTPOA zx_) VM VX ZV&'
(mm X (wm M ! )

HonocenekTHBHBIH 3JeKTPOX

3HaueHHe 3. A.C. 3TOT0 3JeMeHTa B ofumeM ciaydae
CTPOro MogyuHsiercs (MpH YCJAOBHH OCYLIECTBJIEHHS IOJI-
HOl M-dyHKuHH MeMOpaHBl) ypaBHEHHIO:

E=E<’—%ﬁ1gai (V.9)

3pech v-—UYHCAO HOHOB, Ha KOTOpOe IHCCOLHHUPYET
MoJeKyna saekTposHTa MwvmXvx, T. e v=vM—{;vx;
ai—cpe;u-mﬂ aKTHBHOCTL HOHOB 3JIEKTPOJIHTA (ai=

M X)), 2 = = — B B MO-
=aMayX); 2= 2y = 2xVy~—UHCJIO SKBHBAJEHTOB B

JeKyJie 3JeKTPOJINTA.
B uacTHOM cJaywae raJjoreHcepeGpsHBIX 3JEKTPOAOB

2t
u MeMGpaHbl, CeseKTuBHOM K nory M M, moayunres sie-
MEHT:
Ag | AgX, mM, X, | Meu6paua, | Meeaenyemuii Ag (V)
M VX

u Msz pacrsop, AgX
HO

9. . C. KOTOpOro paBHa: E=E°—7\;;—ﬁlgai.

Ecau gass snxementa III ypaBuenue gV. 9) BHIOJ-
HSIETCH, TO 3TO CBHJIETEJbCTBYET O NOJIHOH 3JIeKTPOAHOH
GyHKILHH HOHOCEJEeKTHBHOrO 3JeKTpoaa.

Ypasuenue (V.9) Moxer CJayXKHTb [Js pacuera
cpentefi akTHBHOCTH sJekTpoanta My Xy B soGom

pacTBOpe N0 IAHHLIM Ajs 3. K. c. saementa IIL Beusn-
ynny E° MOXHO ONpefesuTb MyTeM H3MepeHHs 3. K. C.
5TOr0 3JeMeHTa, B KOTOpHI MOMelleH pacTBOp C H3Be-
CTHHIM 3HAUEHHEM CpefHeH aKTHBHOCTH 3JIEKTPOJIITA.
Ecau B aaemente III mpaswiil aJeKTpod oOpaTHM He
k wony X, a K HEKOTOpoMy HOHy L Toro e 3Haka 3a-
pAAa, 4TO H MeMOpaHO-aKTHBHbIH HOH M, To 3. A.cC. 3Je-
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MEHTA BHIDA3HTCS YpaBHEHHeM:
1/z
M
Im
T (V. 10)
aL L

EI=ET—1')1g

C nomompio ypasHenus (V.10) MOMKHO BHYHCJIHTD
OTHOIIEHHEe AKTHBHOCTEH ABYX HOHOB OZHOTO 3HAKA 3a-
pAia (B COOTBETCTBYWOWIHX CTEHEHSX), ecad fJsi oGoux
MOHOB HMEIOTCSl OTBEYAIOUIHE HAa HHX HOHOCEJEKTHBHbIE
saekTpoibl. lIpakTnueckdn uamepntbs 3.4.c. (E;) sie-
MeHTa 0e3 IHepeHoca C 5J€KTPOAaMH, OBpaTHMBIMH K
HOHAM ORHHAKOBOIrO 3HAKA, MOXHO H He H3Mepas Helo-
CPEACTBEHHO pA3HOCTb IMOTEHLHAJOB MEXAY 5THMHU
AByMs 3jeKTpoiaMH. MoxHo onycTutb o6a moHOCeseK-
THBHBIX 3JEKTPORa B HCCAeAyeMHIl pacTBOp M COenH-
HHTb €ro ¢ IMOMOILIO 3JeKTPOJHTHYECKOTO KJI0Ua €O
CpaBHHTEJIbHHIM. (KaJIOMeJIbHbIM) 3J1eKTpooM. HMamepun
3. A.C. ABYX 3JIEMEHTOB C MEpeHOCOM, COCTAaBJIEHHBIX H3
KaXJOr0 H3 HOHOCEJEKTHBHBIX 37€KTPOJOB M CpaBHH-
TeJbHOrO 3/J€KTPOAa, H BHIYTS 3. 4.C. ORHOTO M3 3THX
3JIEMEHTOB M3 3. . C. APYyroro, Ml MOJyYAM HCKOMYIO Be-
auupHy E. OToT npueM nuorga ObiBaer yaoGHee, uem
npsiMoe n3MepeHue 3. 4.C. 3JjeMeHTa Oe3 nepeHoca (Ha-
npuMep, Koraa 00a 3JIeKTPOXA HMEIOT BLICOKOE 3JIeKTpH-
YeCKOe CONMPOTHBJICHHE).

B GydepHpix pacTBopaX ¢ yCTOHUMBLIM 3HaueHHeM
pH nns snementa Ges mepenoca B KauecTBe BTOPOrO
3JIEKTPOAa MOXHO BOCHOJb30BaTbCS CTEKJSHHBIM BOLO-
POJIHBIM 3/€eKTposioM. B obmeM ciayyae B KayecTBe BTO-
poro 3/7eKTpojaa MOXKHO NPHMEHATb 3JeKTpox, obpaTu-
Mblii K HEKOTOPOMY HOHy A, eciu BO BCe CTaHRapTHbie
W HCCJIeflyeMble pacTBOPbl BBOAHTb OZHHAKOBYIO He60JIb-
Wy p00aBKy COJH, B COCTaB KOTOPOH BXOAHT HOH A,
TaK 4TO BO BCeX pacTBOpaX KOHUEHTPalHs 3TOro HOHa
Oymer oiHa u Ta Xe. Tak, HalnpuMep, NpH OnpefeseRHH
HHTPATOB NPHMEHsJIH F-CceqeKTUBHbIA 3J1eKTpoA.

V.3, CTAHQAPTU3ALUA UOHOMETPUUECKMX U3IMEPEHMH
U PEKOMEHQAUWM IUPAC

[TpoGnemMa cTaHmapTH3aUHH B HOHOMETPHH OCTAETCS
IMOKa OAHOR H3 BaXHEHIIHX M faJjekKa OT OKOHYATeJb-
HOTO pellleHHsl, NOCKOJbKY KO3DOHIHEHTH AKTHBHOCTH
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OTAENBLHEIX HOHOB HE HMMEIOT CTPOroro TepMoaMHaMHde-
ckoro cmblicaa. OjHako, Kak ykasbiBaeT befire [321],
KOHIENIHMs HMHANBHAYaJbHBIX aKTHBHOCTEHl HOHOB $IB-
NsieTcst Ge3yCJA0BHO nofe3noft. I1pusefennbie B TabM. V.2
WKanbl Ko3()(UIUHEHTOB AKTHBHOCTH HOHOB AJ1d pfja
HanboJjiee BaXKHBIX M DPacCHpOCTPAHEHHBIX 3JEKTPOJHTOB
NpeJIOXKEeHbl B KayecTse CTaHAApTOB A/l MOHOMETpHUe-
ckux uamepennit komuccuefi JTUPAC no anekTpoananu-
THUECKOH XMMHUK. DTH LIKaJbl MOJY4YeHbl HA OCHOBE Of-
HOFO M3 BO3MOXKHBIX TOAXOAO0B K CTAHAAPTH3AUMH MOHO-
METpHUYECKUX HM3MepeHHli, pa3BuToro B paborax beiiTca
u Po6uncona ¢ corp. Pexomenpaunn xomuccun IUPAC
onyGJAHKOBaHbl B PYCCKOM NepeBojie [320]. Kak yrBepx-
A2l0T caMH aBTopH, B JAajbHedlleM NpelJoXeHHbE pe-
KOMEHIalHH MOryT [epecMaTpHBaThcs H IOABEPraThCs
namenenuio. [Ipy cOCTaBJEHHH IIKAdbl KOI(DQHINEHTOB
AKTHBHOCTH OT/Je/bHbIX HOHOB B CTaHAapPTHBIX PacTBO-
pax asTopnl paborn [321, c. 867] nMpuUMeHHJH CJelyIo-
I(He ypaBHEHUs:

Al h

- -+ In[1 — 0,018 (2 — k) m] (V.11)
Vs 1+Ba1‘/2+ 2 nay +
AL — 00182 —4 V.12
—-lnv+=m+h‘“aw+‘““ 018 (2 — Ay m] (V. 12)
Briunras (V.12) u3 (V. 11), noayuaem:
In (-—vi-)=—-£ln oy (V.13)
Y 2

Tlepsble usens npasofi uwactu ypasHenni (V.11) u
(V.12)— sbipaxkenuss 11 KOIQOHUHEHTA aKTHBHOCTH
no Jle6aio — Xwkkeno; [-— noHHas cwjla pacTBopa, A,
B, @ — noCTOsIHHBIE; A — YMCJO THApATaUMH 3JIeKTPOJIH-
Ta; (w — AKTHBHOCTb BOJbI; /M — MOJJIbHOCTb PacTBOPA.

PaccMoTpuM JONYIIEHHS H TPEANOJONKEHHs TEOpPHH
Befitca — PoGuicoHa, JeXalllie B OCHOBE YDaBHEHHS
(V.13), A1 OLEHKH [OCTOBEDHOCTH BBIUMCJEHHBIX yC-
JIOBHBIX KO3(D(UIMEHTOB aKTHBHOCTH HOHOB JJsi JOCTa-
TOUHO KOHIEHTPHpOBaHHBIX pactBopos. [Ipexne Bcero,
B ypasHennsx (V.11) n (V. 12) 3an10KeHO TPEANOJoNKE-
HHE O MPUMEHHMOCTH TEOPHH CHIbHBIX 3JCKTDOJIHTOB
Je6as — X10KKeas K JOCTATOYHO KOHIUEHTPIPOBAHHBIM
pacrBopaM. Bropbie H TpeTbH UseHbl MPaBOH YacTH ITHX
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YPaBHEHH YYMTLIBAIOT CBA3LIBAHHE BOAB B THAPATHBIX
oGosoukax HOHOB. B ypasueHusix ¢urypupyior gsa swm-
MHPHIECKHX TNapaMmeTrpa: a — pPacCTOsiHHe HauOoJbliero
cOMAKeHus HOHOB W h — uucJio ruapartaunu. [lpeamona-
TaeTcd, 4ro i He uU3MeHsleTcsl ¢ KOHIEHTpauMed 3JeKT-
posuTa M 4TO 4McJa CHApaTalud afJUTHBHLL, T. €. YHCJO
THApaTallUi 3JeKTPOJHTA SIBJASETCS CyMMOfl YHceN TrHj-
paTauuu aHHoHa M KaThoHa. [y nepexojaa OT 3JIEKTPO-
JUTa K OT[CJIbHOMY HOHY AeslaeTcs NpPeldnoJOoKeHHe, UTo
uucy10 rugparaunu wona Cl- paBHO HyJO, T. € AJISA XJO-
pHAOB Ay = h.

OTH TpPeJNoNoKeHUst HE COOTBETCTBYIOT Teopun CTOK-
ca u PoGuncona, B KOTOpPO# aAANTUBHOCTH YuCeJ THAPa-
TallUd He [pejnoJaraercd: HanmpoTHB, 3HAueHHE Ay
JAaHHOTO HOHZ CYHTaeTcss 3aBHCHMbIM OT NPHPOAH ApY-
roro uoHa B aJjektposaute. M, nakonen, 8 rugparuoit teo-
pun befitrca — PoGuncoHa Aenaercs mnpeanosioxende o
MOCTOSIHCTBE /IS 9JIGKTPOJHTAa M HOHOB MNapaMeTpoB
ypasHeHuss A, B u a, 4to B obleM caydae He BHINOJ-
HfAeTCs, TaK KaK BeJJHUMHB MHKPOCKONHUYECKOH NH3JIeK-
TPHYECKOH IpOHHNAEMOCTH BOJM3M KAaTHOHAZ M aHHOHA
MOryT OBITb He OAHHAKOBbIMH. DTO 0cOOEHHO CYLIECTBEH-
HO ISt 3JIeKTPOJINTOB, COCTOSAIINX H3 HOHOB, CHJIBHO pas-
JUYAIOWHKXCA N0 CBOMM KpHCTasJIorpaduueckuM paiHy-
caM MJIM 3apsiiaM,

[Tonyuennsvle wmerogom bBefitca — Po6uncona T1a6-
JULB YCIOBHBIX KOI(G(HINEHTOB aKTHBHOCTH HOHOB, pe-
KOMeHJyeMbIX MAJsl lesedl CTaHAapTH3aUMH HOHOMETPH-
YeCcKHX H3MepeHHfl, HOCAT BechbMa NPHOMHUKEHHBIH Xa-
pakrep.

Hpyroft wmeroa cTaHmapTH3alMH HOHOMETDHYECKHX
n3MepeHuit npensnoxen Pabunosuuem [47, ¢. 93] Ha oc-
HOBe 3HAYeHHH TakK HasbiBaeMbIX peasbHbIX KO3( -
IHEHTOB aKTHBHOCTH HOHOB OAHOro Buaa Y;. [locseanue

ONpeeNsoTCd IKCIIePUMEHTANbHO U CBA3AHH C XHMHYe-
CKHMH K03 (pHUHEHTaMH aKTHBHOCTH YpaBHEHHEM:

lnyi=lnv:—;f_;Ax - (V. 149)

rie Ay — pa3Hulla 3HaueHHH MOBEPXHOCTHOrO MOTEHUHAa-

Jla HCCJeAYeMOro M CTaHAapTHOTC PacTBOpPOB.
3navenus Ay mMoryT OnITh ONpejesieHb! AByMs Heaa-

BUCHUMBIMU MeTogamu [324, 325], ocHOBaHHBIMM Ha H3-
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MepeHHH KOMIEHCHPYIOIKX HANPSIKEHHH COOTBETCTBYIO-
KX BoJbTa-lUenefl. 3uas 3HaueHus Ay (onpeiesieHHbie
OIHUM U3 METOJ0B) H 3KCIEePHMEHTaJbHbE BEJHUHHb Y},
no ypasHenuio (V.14) MOXKHO BBIYHCJIHTbL BEJHUMHH Vi
[losb3ysich 3KCTEpUMEHTAbHBIMU SHAUEHUIMH Ay U Y},
Pabunosuu [47, c. 93] paccuntas AJs BOAHBIX PacTBO-
pos HCI npn 25°C uHgmBuayasbHbie KO3(DQULHUEHTH
AKTHBHOCTH HOHOB M COMOCTABHJ HX C AAHHHIMH paboTbl
Befirca u Pobuncona, npusegennbiMu B Taba. V.1
(taba, V.3).

Ta6auna V.3

3HaueHHS MOHHBIX KO9()(HIUMEHTOB AKTHBHOCTH B BOJHBIX
pacrsopax HCI npu 25°C*

YH Y

HCL, ! 2 3 1 2 3
m

(1o Pa6uxosuuy) Be;i[-:-gy) (10 PaGunopuuy) Beg"l?cy)
05 | o067 0,65 0,812 0,82 0,86 0,706
1,0 0,82 0,76 0,940 0,81 0,88 0,697
2,0 1,06 1,06 1,421 0,92 0,92 0,712
3,0 1,41 1,78 2,357 1,21 0,96 0,735

* Cronbunl 1, 2—pacuer no ypapuenuio Pabuuobuua (V. 14) ¢ uclonb30Ba-
HueM INaHHBIX NJ8 Ay u3 pabor [324) u 1325].

Hs Taba. V.3 caenyer, 4To yu M Ppc1 B HHTEpBaJe
0,5-—2,0m, BbluMCJIeHHbBie H3 peasibHbIX KO3()PHIHEHTOB
aKTHBHOCTH (ctos16unt [1] u [2]), pasnnuarorcs Hecy-
IECTBEHHO, HO Pe€3KO OTJIMYAIOTCst OT fAaHHbIX DBefiTca
n Pobuncona [321, c. 867]. Ilpnunny takoro pacxoxje-
st PaOGWHOBMY BHAHT B CYHIECTBEHHOM pPAasyIHuuH
coficts noHos H+ u Cl-, nouemy u MasoBeposiTHA mpu-
MEHHMOCTb T'MApaTayHOHHOA Teopuu K pacrsopam HCI.
Ilopo6ubie Xe pasnnuus HabMOLAOTCH AJ8 aHAJOruy-
HbIX PacyeToB OTHOCHTeNbHO pacTBopoB LiCl

lopasno syume coBnagaloT Mexpay cobofl 3HaueHHS
Vi, OTmpeaeseHHble Mo ypaBHeHuwo (V.14) u Meroaom
Beiitca — Pobuncona [321, c¢. 867], B pacrBopax NaCl,
KCi, KF. Jas 9THX 3/1€KTPOJUTOB NIPUMEHHMOCTb METO/A
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Befitca — Pobuncona BnofHe 3aKoHOMepHa, W faHHHE
N0 KOYQ¢uLUMEHTaM aKTHBHOCTH, TDHBEJCHHbe B
Taba. V.1 u V.2, MOTyT OBITb NPH3HAHH OCHOBOH aJd
MOHOMETPHYECKOH CTaHAAPTHIALMIL.

B paGore [47, c. 93] nam KpuTHUecKHll aHAAH3 Me-
TOAa CTAHAAPTH3AUMH _HMOHOMETDHYECKHX H3MepeHHui
Befirca u Po6uucona. Ilo-suanmomy, KODPEeKTHHIX pe-
3YJIbTaTOB MOXHO OXHAAaTh TOJbKO JJS HOHOB, OfHHA-
KOBO BJMSIOIUX HA JHMIJIEKTPHUECKYIO NPOHMaeMOCTb
cpeant. B cBsisu ¢ stuM gannbie no wHAMBMAYaNBHEIM KO-
aQuureHTaM aKTHBHOCTH, fpuBedeHHbie B Taba. V.1
Aas pacrsopos HCI, LiCl, CaCl, u apyrux 2—I-siek-
TPOJIHTOB MOTYT BLi3BAThb HEKOTOPbie COMHEHHSI.

Hs NPHBECHHOTO 3leChb 0030pa CieyeT, 4T0 Heo6Xo-
ANMO JajibHEeHIlee HAKONJEeHHe JAHHBIX MO TpPOBepKe
¥ COTNIOCTABJICHUIO DA3J/IMYHBIX TEOPHH M MOAXOHOB K BHI-
Gopy CTaHAapTOB JIsi HOHOMETDHUYECKHX H3MepeHHil.

Ta6a. V.1 u V.2 coaepxxar 3Hauenus Koabduumen-
TOB aKTHBHOCTH HEKOTOPHIX MOHOB AJSi DPAacTBOPOB NpH
KOHUEHTPauusaX 6Gonblie 0,1m; 3THMH AaHHHIMU MOXKHO
no/Ib30BAaThCA B HacTOsimee BpeMsa. B cayuae pas6as-
JIEHHBIX PAaCTBOPOB OGKIYHO A8 KaJMOGPOBKY 3JEKTPOAOB
HCIIONB3YIOT NGO cpefHHe KO HUIMEHTH aKTHBHOCTEH,
nonaras Aas  1-—I-3/ekTposnta yi = y— = y., Jaubo
PacCUUTEIBAIOT KO3()(QHUMEHT aKTHBHOCTH HOHA TO YpaB-
Henuw Jle6ad — Xiokkens:

Az%]’lz

T 5ol T Bal (V. 15)

—~lgy,=

3pecs B — dyHRuUMs a6COMOTHOM TeMmnepatypul T
M AN2JIEKTPHUECKON MPOHHIAEMOCTH CPefbl.

[To Befitcy [43, ra. 6] KosduumenTs aKTHBHOCTH
nonos Nat, Ca*t uCl mns pasbas/ieHHBX pacTBOpOB
npu 25 °C MOXKHO BHIMHCJHTD 1O YPABHEHHSM:

051"
14-1,301"%
2,041
14 1,551

0511"%
141,550

6 SaK. 465 161

g vy, =
Igve,=— + 0,27

18 v =—



I8 npyrux LIeJIOUHBIX H ILeJOYHO3eMeJbHBIX HOHOB

vi MOXHO paccumrars, no (V.15), npunss A = 0,509

n B = 0,328 npu 25°C; 3HaueHus a aJs pasHbBIX HOHOB
npuselenn 8 pabore Kveananga [326] (raba. V.4).

Ta6auna V.4

KospuuneHTol aKTHBHOCTH OTAEAbHBIX HOHOB npu 25 °C,

BHIYHCACHHBle 1O ypaBHeHHo (V. 15) njis pasiHUHbIX
3HaveHHi a [272]

KosdpdHuuenaTsl aKTHBHOCTH NpH
3HavyeHHAX [:
‘i' Houn
0,001 |0,0025| 0,005 | 0,01 | 0,025 | 0,05 [ 0.1
OnHo3apaaHLHEe HOHH
9 H* 0,967 0,950| 0,933} 0,914/ 0,88 | 0,86 | 0,33
6 Li*, CsH;COO~ 0,965| 0,948| 0,929| 0,907 0,87 | 0,835 0,80
4 [ Na*, HCO;, CH,COO7| 0,964 0,947| 0,927| 0,901| 0,855 0,815 0,77
3 |OH7, F~, SCN™, Cl10;,| 0,964 0,945| 0,925/ 0,899| 0,85 | 0,805( 0,755
CI7, Br7, I7, NOj,
K*, Rb*, TI*
JiBysapsaiHbBEe HOHH
8 Mg?+, Be?* 0,872] 0,813} 0,755| 0,69 |0,595| 0,62 ] 0,45
6 | Ca?*, Cu?+, Zn?+, Ni?+,] 0,870] 0,809| 0,749 0,675| 0,57 | 0,495} 0,405
C02+
5 | Sr?+, Ba%+, Cd?+, S?-, (0,868 0,805( 0,744 0,67 | 0,555( 0,465] 0,38
cog‘, (COO)Z', HCit*
4 | SOI", HPOZ", Hgl* | 0,867 0,803 0,740| 0,660| 0,545 0,445/ 0,355

TpexsapsafiHBHE HOHB

9| Al Fei*, Cr’*, ]0,7380,632 0,54 | 0,445 0,325 0,245] 0,18
La®*, Ced*, Nd3*,

Sms+t
5 Cits- 0,728/ 0,616| 0,51 | 0,405/ 0,27 [0,18 0,115
4| POI", Fe(CN)F, [0,725/0,612 0,505/ 0,395/ 0,25 |0,16 | 0,095
Co(NH,)3*

V.4. BPEMA OTKNMKA M TEMMOEPATYPHLIA KO3 D DMUUMEHT
MOHOCENEKTUMBHLIX SNEKTPOA OB

Onna M3 BaXHEHWINX XapaKTEPHCTHK HOHOCEJNEKTHB-
HOTO 3JIEKTPOfla — BPEMsl OTKJIHKA, I0J KOTOPHIM MOHH-
MaIOT NPOMEKYTOK BPeMEeHH MeXAYy MOMEHTOM MNOrpy-
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XEHHS 3JIeKTPOAA B PAacTBOP (MJH 3aMeHB PacTBOpa)
¥ MOMEHTOM, KOr/[a MOTeHUHAaJ AOCTHraeT PaBHOBECHOIO
W/ CTAIlHOHAPHOr'O 3HAYeHHs.

Bpems OTK/JHKAa MOXKHO ONpeNesHTb METOfaMH [Io-
FPYKeHHsl niHu HHbeKuuu. IlepBBIi MeTOx 3akisouaercs
B H3MEPeHUH NOTeHuMasa (TOYHee — 3, M. C.) HOHOCEJeK-
THBHOrO 3J/IEKTPOJA MPH TNOrPyXKeHHH €ro B pacTBOp,
CofepKamuA 3JEKTPOAHO-AKTHBHEIA HOH B HEKOTOPOil
KOHIeHTpauun. MeTox HMHDbEeKUHH 3aKJII0YaeTcst B MLHO-
BEHHOM HM3MEHEHWH KOHUEHTPauuH B GLICTPO MepeMelly-
BaeMOM pacTtBope.

[Tpobnema reopernyeckoro 060CHOBaHUS BPEMEHH OT-
KInKa B OOlleM BHIe A0 HACTOSILIErO BPeMEHH He pe-
WeHa, HO OTAeJbHBIC aBTOPH NPEeAJIAraioT NPHBIHKeH-
Hble BbIpaxKeHuss AJs 3aBUCHMOCTH IOTeHuuaJsJa orT
BpemeHH, Eme Peunny B 1969 r. orMerua siBienus uaMe-
HeHus MOTEHUHAAa HOHOCEJeKTHBHBIX 3JIEKTPOJOB B Iep-
Bble CEeKYH/bl MNOcJje MepeMeHbl cocTaBa cpeabl. Ilo-
CKOJIBKY MOTEHUHAJ 3aBHCHT OT HECKOJbKUX I[POLecCos,
IPOHCXOMSIINX HA TOBEPXHOCTH ¥ B 06beMe MemOpansl,
TO BpPEMs YCTAHOBJEHHS MOTEHUHAJAA [AOJNKHO OBbITh
CJOKHOW (QyHKumell pAja KHHETHYECKHX NapaMeTpos.

CJooxHble 3aBUCHMOCTH BO3HHKAIOT NPU HCIOJb30Ba-
HHU 3JIEKTPOJOB B NOTOKaX WJHM B PacTBOPax ¢ GBICTPO
NpOTEKAIIUMH peakKuussMK (HampuMep, HMOHHOro 06-
MeHa). Bpems orTkinka TBepAbIX 3JEKTPOAOB OBBIYHO
cocTaB/sieT AOJM CeKYHIbl, a sl MKHUAKOCTHBIX 3JeK-
TPOAOB — fecsaTKH CeKyHA. Ecam B 0,1 M (m Gosee)
pacTBopax MOTEHUHMAJs XKMJAKOCTHOIO 3JEKTPOAA yCTaHaB-
jusaercst 3a 30—60 ¢, T0 B pasbaB/eHHBIX pacTBOpax
BpeMsl OTKJHKa MOXKeT [AOCTHTaTb HECKOJBKHX MHHYT.
Hame Bcero M3MeHeHHe cOCTaBa pacTBOPA 3aMeTHO CKa-
3BIBAETCH HA 3HAaUYeHMM MOTeHnuasna B nepsbie 10—30 c.

B paGore [327] paccmarpuBaercst TeopHsi 3aBHCHMO-
CTH MOTEHIHAJa 3/JEKTPOAa (B NpPHMEHEHUH K CTeKJsH-
HOMY 3JeKTPOAy) OT BpeMeHH M AaerTcs onpeieseHHas
MOJE/b 3TOH 3aBHCUMOCTH. JI/Isi MOHOCENeKTHBHBIX 3JeK-
TPOAOB OGBIYHO MPUMEHSIOTCS MOJIYyIMIMPHUECKHe yDaB-
HEHHsI ‘

t
E,=E_ + (Eq—E,;) exp (— T)

Kt
o) TEKF

8 * 163

Ey=E +(E,—E (V.16)



roe E+ u E,—»5. 1. c. aneMenta B MOMEHT BpeMeHH i
W HayasabHas 3. A. C.; Ecr — 3. I. C. [0 JOCTHIKEHHH CTa-
LMOHAPHOIo HJIH paBHOBECHOI'o COCTOSHHSA, T— BpeM4a
OTKJHKa (BpeMs pesnakcauuy) MOTEeHUHa a HOHOCeJ/eK-
TUBHOTO 3JieKTposa; K — HekoTopas MOCTOSIHHas Be-
JUUMHA.

BpeMsi OTK/IHKAa 3JIEKTPOAA 3aBHCHT OT CJEeAYIONUIHX
obcroaTenbers. [Ipu nepexone anektpoxa [327] u3 on-
HOro pacTBopa B JPyrofi Ha MOBEPXHOCTH 3JEKTPoAa
OCTaeTCd IJIEHKA, Ha3biBaeMas 3aKPenJeHHHIM CJIoeM,
nepeoro pactsopa. /g ycTaHOBJIEHHsSI HOBOTO COCTOSHHSA
PaBHOBECHS MJIM CTAUHOHAPHOCTH HEOBGXOLMMO HEKOTOpOE
BpeMs AJIS MHrpanMy HOHOB Hepe3 3Ty NJeHKy. Ecau
ITPOMBIBATD 3JEKTPOA AUCTHJJIMPOBAHHON BO[OHM, TO 3a-
KpenJeHHBM cJIoeM Ha NoBepxHocTH OyAeT Boaa.

PaccMaTtpuBasi TPaHCHOPT BeuwecTsa B MeMOpaHny u
ob6patrno, Mapkosuu u Ocbopr [327] nOpennosoXuJH,
YTO B 3aKPENJIEHHOM cJloe HMeeTcd IpajHeHT KOHUeHTpa-
I[UH, PaBHLIA
Ce— Cy

grad C = 572

rae Co— KoHpenTpauus (MOCTOSIHHAS) BellecTBa B pac-
tBope; C:— cpenHsisi KOHUEHTpPAUHS B 3aKPEnJeHHOM
cl0e B MOMEHT BpeMeHHU f; § — TOoJmH{Ha 3TOro c¢Jos.

Hduddyunupyromuil sJ€KTPONHT NPOHHKAET U3 pac-
TBOpa B MeMOpaHy (um o06paTHO) 4Hepe3 3aKpemJieHHbL
csiofi. CoOTBETCTBYIOIMH NOTOK BelleCTBA XapaKTepH-
3yercs ypaBHEHHEM:

D, —-¢Cy

J(ty=—2_"H

6/2

(D — xo3ddunuent auddysnn).
C apyrofi cTOpoHH
dm _ bdm dc

. — . t
IO =<~ 3sar= %

rne dm -— KOJMUECTBO BellecTsa, AuGyHnupyiollee dge-
pe3 moBepxHocTb S 3a BpeMs df. Orcona

_2DG=C)

ac, %
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Hurerpupys sTo ypasHeHHe B npenenax ot C: = C;
(npu ¢ = 0) no Cj, moayuum:

2Dt
Ct=C2"‘(Cz"Cl)exP(" 5T )=

=cl+(c2—-cl)[1~exp(——2§21)]

Mopd, Jlurgep n Cumon [330] nmosyunau anamaorad-
HOe BhipaXKeHHe, HO CofepiKallee aKTHBHOCTH

Ay = 0= [2 () = i @] [} —exp (—2/1)]

rAe @ — aKTHBHOCTb MOHA { HAa MeMOpaHHOH mnoBepX-
HOCTH, OTHOCHINASICH KO BpeMeHu !; ;) — HauaJbHas
AKTHBHOCTb; (j(w) — PABHOBECHas BEJUYMHA AKTHBHOCTH;
= §2/2D (BpeMs pesnakcalyu).
Has E; nosnyuaeM BBIpaKeHHE:

RT % 0)
ZiF In {l -— [l _— al—(;)—] exp (— t/'l:)} (V- 17)

rie E«w — paBHOBECHOE 3HAaUEHHE 3. 1. C.

Ypasuenne (V.17) (3asucuMocts E; oT oTHolleHHs
HayaJbHON M KOHEUHOH aKTHBHOCTeH) MOATBEPAM/H aB-
Topui pabotn [328] mna 3sneKTposa, CEJEKTHBHOTO IO
OTHOILCHHUIO K Kajbuuioo. ['mnepObosHYecKOTo THIA 3aBH-
cumMocte E: = f(f) [ypasuenne (V.16)] nokasaHa Ha
npuMepe JaHTaH(TOPUAHOIO 3JIGKTPOLA.

K3 sKclepuMeHTabHBIX JAaHHLIX MOXKHO CHeNaTh CJe-
Ayiomue cyuecTseHHbie 3akiaouenus [328, 328]. Bpems
OTKJIHKA 3aBHCUT OT KOHUEHTPAuUH: MPH YyBEJHUEHHH
KOHIEHTPAUWH pacTBOpa OHO YMEHbIUaeTcd, a mpH
YMeHbILeHHH — yBeanunBaercs. JJas HenonspHbIX MeMO6-
paH C MOJHBUHHUJAXJOPHAOM M BaJHHOMHUMHOM (pacTBo-
purenb audeHnAPTaNAT) BpeMs OTKJINKZ MEHbIUE, a JJIR
AHAJIOTHYHBLIX MOJSPHBIX (C O-HUTPOGEHHJIOKTHIOBBIM
s¢pupom)— Gosbure [330].

Hnorna BpeMsi OTKJHMK2 ONpPenesiioT KakK NpPOMexy-
TOK BpeMeHu (fy,), HeoOXOAMMBLIA AJf TOro, 4ToObl W3-
MeHeHHe 3JIEKTPOJHOro NOTeHUHAaJa AOCTHIJIO MOJIOBHHH
CBO€ro MnpepeJbHOro 3HadeHus, MHbBIMH CJiOBaMw, YTOOH!
3. . C. cTasa paBHOH moJoBuHe cyMMmbl (Ey + Ecr). U3
9KCIIOHeHNHANbHON 3aBucuMoct# E: ot —f/t1 caenyer,
qT0 f:/, ~ 0,71,‘.

E,—E =
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B paGore [331} Bpems OTK/JIHKA XapaKTepH3YIOT HH-
TepBajJoM, 32 KOTODHIl H3MeHeHHe JEKTPOJHOro MoTeH-
npana gocturaer 95% paBHOBECHOrO HJM CTAlMOHADHO-
ro 3HaueHmsi: fos &~ 31. Laa Ca?t-snexrpona (upMbi
Orion BpeMs OTKJHMKA, BblpaXKeHHOe uepe3 fos, B UMCTHIX
pacTBOpax MNPAKTHYECKH HE 3aBHCHT OT KOHIEHTpaluH,
T. e, npn mepexofe 10~*—10-° M; 1078102 M;
10-2 — 10-! M oHO ofnHAKOBO M cocTasjsieT 2,2 4 0,2 c.

TemmepaTypHasi 3aBHCHMOCTb MOTEHLIHAsa HOHOCe-
JIEKTHBHOI'O 3JIEKTPOAA ONpefessierTcs:

TeMIOepaTypHHIM KO3()(PHUIMEHTOM CTAHAapTHOrO IO-
TeHIMaJa 3JEeKTPOAA;

u3MeHeHneM KO3 OHUINEHTOB AKTHBHOCTH HOHOB;

T o
H3MEeHeHNeM ﬁ=2,3RT ¢ TeMmIeparypoit, BbIpa-

KaeMuM npoussonHofl d9/dT = 0,1984 (mMB).
[TocneaHss BeJHYHHA BCErLa OAMHAKOBA H KOPpEKs
tnpyercss pH-merpom. Hamenenne KOIQ(HUHEHTOB aK-
THBHOCTH MOXHO y4eCTb NPH HAJAMUMM TaOJHUHBIX JAaH-
HBIX JJs KO3(MOHMIHMEHTOB AKTHBHOCTH IIPH DPAa3HBIX
TemnepaTypax. 3aBucumocTh E° OT TemIepartypsi onpe-
JessieTcsl BHYTPEHHHM 3JEKTPOLOM H MeMOpaHHbIM IO-
TEHIMAJIOM, KOTOpHIH 3aBHCHT OT Kod(duunueHTa 3Jek-
TPOAHON ceJeKTHBHOCTH Ka/b. :

Tnasa Vi

OBJIACTU NPUMEHEHMS
UOHOCENIEKTUBHLIX SJIEKTPO OB

B aToft rmaBe MBI paccMOTPHM [IpHHIHNHAJIBHBIE OC-
HOBBL!I NMPHMEHEHHNS] HOHOCEJEKTHUBHBIX 3JICKTPOAOB B XH-
MHYECKOM M (H3MKO-XMMHYECKOM aHaJHu3e, a TaKkKe
B OTJE/NbHBIX 00JacTAX HAyuHOH MNpPAKTHKH, BHENPEHUE
B KOTODHl€ HOBBIX METOHOB NOTEHIHOMETPHUYECKOro aHa-
Jn3a NpHUHECJO0 3HAYWTENbHbiE ycleXy M OTKDPBJIO LiK-
pPOKHe MepCHeKTHBH MJ5 JaJbHeHIINX HccaeqoBaHui.
Takumu o6jgacTAMH ABJAAIOTCS MeOMUIHHA M OHOJOTHS,
NOYBOBE/IeHHe, OKeaHONOr s, aHAJIH3 3arpsisHednit okpy-
XKamwlledl Cpefbl.

HonoceslekTHBHBE 3JEKTPOAB HAIUJAK NPHMEHEHHE
B XMMHMYECKOM aHaJsu3e, [0 KpadHeH Mepe, ABYX HecsT-
KOB HOHOB, a TAKiKe HEKOTODHIX OpraHHYeCKHX HEILHCCO-
HMUPOBAHHBIX COeAMHEHHH (¢ mnomowbio (epMeHTHHIX
3JIEKTPOJOB).

[TpenMymecTBo paGoOThl ¢ paccCMATPHBAEMBIMH 3JIeK-
TPOJAMH — BO3MOXKHOCTb 0e3 HapyIUeHHS UEJOCTHOCTH
00beKTa ONpefesnsiTh AKTHBHOCTH  COOTBETCTBYIOHIMX
noHoB. Uem GoJsiee ceseKTHBEH 3JI€KTPOA K HAHHOMY
MOHY, TeM LIHpe 06JacTb e€ro NMpPHUMEHEeHHs B Pa3jIMUHbIX
cpenax. Crnoco6HOCTb MOHOCRJEKTHBHBIX 3JEKTPOAOB H3-
MEpSATDb He KOHIEHTpANHKIO, a AKTHBHOCTb HOHOB SIBJSETCSH
B OOJIBIUMHCTBE CJIyYyaeB HX BAXKHBIM MNPEHMYINECTBOM MO
CpPaBHEHHMIO C JAPYIMMH MeTORAMH (H3MKO-XHMHUYECKOrOo
anasnnza. Menno 310 06yCcJOBHIO HCIONb30BAHNAE 3JIEK-
TPOLOB [JISl H3YUeHHS IMPOLECCOB acCOnMaIlUi HOHOB,
KOMIIeKCooOpa3oBaHust u Ap. MoOxXHO cKasatb, uTO
B HaCTOsillee BPeMs MEeTOJ| M3yueHHs KoMIJIeKcoobpaso-
BAaHUSl C MOMOLIbIO HMOHOCEJNEKTHBHHIX 3JCKTPOAOB siB-
JseTCsl OJHHM M3 CaMblX BaXKHBIX ¥ PaclpOCTPaHEHHHIX
1 BKJIIOYAeT MPAKTHYECKH BCe H3BeCTHLi€ .MOHOCEJNCKTHB-
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Hble 37eKTpoasbl. [Ipu aTOM nmpHMeHsercs NpsMas NOTeH-
HHOMeTpHsA, C NOMOLIbI0O KOTOPOH ompenensiercs aKTHB-
HOCTb NAHHOrO HOHA B PacTBOPax B OTCYTCTBHE W B IpHU-
CYTCTBHH KOMILIEKCOOOpPa3ylomero pearedra.

EcTecTBeHHO, YTO HOHOCENEKTHBHBIE 3JIEKTPOAH HC-
NOJMb3YIOT HE TOJNBKO B YKa3aHHBIX 00JACTAX: HpUMeHe-
HHE WX faxe B OOHUHOM XMMHUECKOM aHaJiH3e CTOJb
MHOTOYHCJIEHHO H pa3HooOpa3Ho, UTO MO 3TOMY BONPOCY
MOXKHO HaNuCaTh OT[ENbHYI0 MOHOrpaduio,

Vi1, MPAMAA NOTEHLUMOMETPUSA
# NOTEHUMOMETPUYECKOE TUTPOBAHME

Mpamas NoTeHUHOMETPHA

B ocHoBe npaMoti (HemocpeacTBeHHo) NOTEHIHOMET-
PHH JIeKHUT H3MepeHHe 3. A. C. TajibBAHUYECKOro 3Je-
MeHTa (BKJIOUAIOIEro WHAHKATOPHLI HOHOCEJNEKTHBHBIN
9JIGKTPO), KOTOPAs 3ABHUCHT JOTapupMUUecKH OT KOH-
neaTpauuu  (aKTHBHOCTH)  HCCJIEAYEMOTO  pacTBopa.
B aBToMaTHUeCKOM aHaJu3e O0OBIUHO HCHOJb3YIOT CIOCO6
npaAMof MNOTEHIHOMETPHH, HO B HEKOTODPHIX CJydasx
MOXKHO NPHMEHATh U NMOTEHIHOMETPHYeCKOe THTPOBAHME.
B03MOXHOCTH NPAMOH NOTEHHUOMETPHH paclUHpAeT Me-
TOA CTaHAAaPTHHX A00aBOK.

Ilng onpenejenuss aKTHBHOCTH MJM KOHIEHTPAMH
HoHa HeoOXOAMMO H3MEPHTb 3. [. C. dJEeMeHTa, COCTaB-
JEHHOr0 H3 HHAHKATOPHOI'O 3JEKTPOAA, CEJEKTHBHOrO
IO OTHOWIEHHIO K JAHHOMY HOHY, H CPABHHTEJBHOro
saektpona. Taxkofi ranbBaHHUECKMH 5J€MEHT MOXKHO
HNpefCcTaBUTb Cieaylomel cxeMoil:

Cpasuurensunfi | Hccaenyemuii | MonocenekTuBabift
9J1eKTPOLL pacTsop HHIMKATOPHbBIH
9/MEKTPONL,

B KauecTBe CPaBHHTENbHOTO 3JIEKTPOAA Hallle BCEro
BHICTYITAIOT HACHIIEHHbIE KaJOMENbHBH MM XJopcepeb-
pAHbIN 27eKTpoabl. Kak yKe ObIO CKa3aHo paHee, 3. . C.
9TOr0 JEeMeHTa TNpeacrasiager cobofl pasHOCTL MOTEH-
IMaj0B WHIMKATOPHOTO 3JEKTPOJAa ¢, H CPaBHHTENb-
HOrO (g, K KOTOPOH HyXHO n006aButh aAnG(Y3HOHHBIH
NOTEHUHAJ (Qau¢, BOSHUKAIOWMI HA XKUAKOCTHON rpanume
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HCCJIEAYeMbIif  pacTBOP — PacTBOP  COEJMHHTE/HHOrO
NEKTPOJUTHUECKOTO KJII01Ya, HanpuMep HacbIeHHoro
KCl:

E::q)l — ¢+ (pnmp==E° =0l aA+q)1m¢)

3aeck A — onHO3apsAmHBI aHHMOH (KAaTHOH) HCCJe-
AYyeMOro pactsopa, K KOTOPOMY oOpaTHM HHAMKaTOPHBIH
3JIeKTPO; 3HAK «-F» OTHOCHTCS K KarHoHy, a «—»
K aHuWoHy; E° BK/IOUaeT CTaHAapTHhE NOTEHIHAJH.
O6o03nauus —Ig as yepes pA, monyuum:

E— (E° — Quug)
s aHHOHA pA = ——————

©
(B° + Quug) — B
I KaTHOHA DA = —_—

[ToteHnuan Quup HENb3d BHUHCAHTDL HJH ONpPENESTHTDH
3KCIIEPUMEHTANBHO C JOCTaTOYHOH CTPOTOCTHIO BCJIEN-
CTBHME 3aBHCHMOCTH €ro 0T aKTHBHOCTH OTAEJbHBIX HOHOB.
HeonpeseneHHOCTs COREPXKHUTCS B E°, TaK Kak ee ompe-
JeleHne TOXe BKJOUaeT AUDPY3MOHHBIA MOTEHUHAJL
[ 3NUMUHAPOBAHHS Que TPH HE OUEHB CTPOrMX OIpe-
OeJIeHnaX pPA  TPUMEHSIOT JEeKTPOJHTHYECKHHt MOCT
MeXAy HCCIefyeMBIM PacTBOPOM H pacTBOPOM CpaBHH-
TeJBHOrO 3JEKTPOAa, 3alOJIHEHHLIH KOHIEHTPHPOBAH-
npmu pacreopaMu KCI uin NHyNOs. L

B npaMoli mOT€HIHOMETPHH BO3HHKAIOT, IO KpaHHEeH
Mepe, [Ba OCHOXKHeHHsA. Bo-mepBbiX, 3. A. C. 3JeMeHTa
BKJIOUAET HeompejeseHHb!t ARPOY3HOHHBIA [OTEHUHAJ,
3JUMHHHPOBATL KOTOPHIA, OCOBEHHO TNpH H3MepeHHAX
B CJIONHBIX Cpefax, MPaKTHUECKH HeBO3MOXHO; BO-BTO-
pBIX, HEOOXOMMMEI ONpeJesieHHble ROMyLIHHS O Kodp-
(pUUHEHTAX AKTHBHOCTH OTACJDbHLIX HOHOB IIPH NEpeBOAe
noJayyaeMblX 3HaUeHHH aKTHBHOCTE!! B KOHLEHTPAnHH H
MOCTPOGHHH KaJWGPOBOYHBIX KPHUBBIX. ITH OCJIOXKHEHHS
NpaKTHYeCKH CHHMAIOTCH, €C/In OnpenesseMBblil MOH Ha-
XOAUTCH B pacTsope, cojepxKameM OGOJbLIOH H MOCTOAH-
uplii M36HITOK MHANGOEPEHTHOr0 3JEKTPOJUTA.

OrHocurenpHas morpewHocts (B %) onpenenedus
AKTHBHOCTH (KOHUEHTPAaLHM) B NPSIMOH MOTEHLHOMETPHY
MoxeT OblTh HaitgeHa nmpu 25°C mo ypaBHEHHIO

AC, AE|z

=100 =t =

i
o ~ 4|4, |AE

70,2568
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rie C; ¥ 2z;— KOHLEHTPalHs H3MepsaeMoro i-ro MoHa
u ero 3apaa; AE — norpeuidocTs H3mMepenuit 3. 4. c., MB.

Takum o6pa3oM, OTHOCHTENLHAS NOTPEIIHOCTH OMpe-
AeJIeHHs aKTHBHOCTH MOHOB He 3aBHCHT OoT ofbema pac-
TBOPa H HMHTEPBaJa KOHUEHTPAUHH, 0CTaBasiCh MOCTOSH-
HOH Bo BceM pabGoueM [QHana3oHe 3JEKTPOAOB, T. €. MOKa
AE ocraercs mnocrosuuo#t (taba. VI.1). M3 panHBIX
rabanust VI. 1 cienyer, 4to NorpeuniHocthb onpeneseHus
BO3pacTaeT C YBCJHUYEHHEM 2; OUEHb 3HAYMTEJbHO M MO-
3TOMY [OpAMas [OTEHINUOMETPHS [J8 TPeX3apsgHHX
HOHOB BO3MOXKH& TOJbKO npu BHICOKOH TOYHOCTH H3Me-
penns 3. A. c. Huxuult npefpesn onpeneneHuss akTHBHO-
CTH 3aBHCHT OT paCTBOPHMOCTH 3JEKTPOLHO-aKTHBHOTO
Marepuana Xuakoil memOpaHp. MoXHO MOHHM3NTB pac-
TBOPHMOCTb Da3jIHUHBIMH MeTOAaMH, Hanpumep pobas-
JIeHUeM OpPTaHMYeCKOTo PacTBOPHTEJS.

Ta6auuma VIt

3HaYeHUs OTHOCHTENbHBIX
norpemuocTeil AJg pasivvyHbX
snavenut AE upu 25°C

X, %
AE, mB

2= Z==2 2=3
0,1 0,4 0,8 1,2
0,5 2,0 4,0 6,0
1,0 4,0 8,0 12,0
2,0 8,0 16,0 24,0
2,5 10,0 20,0 30,0

Hcnoabsosanne OydepHbIX pacTBOpoB  yMeHbIIaer
BJMSHHE HA HM3MEPAEMYIO BEJHYHHY aKTHBHOCTH HOHOB
H+ n OH- uccnenyemoro pacrsopa. Hanpumep, npu
onpefenennn F--nonos LaF;-snektpomom mobasadgior
6ydpep BPOHC. Bausuue unouos Br— u I- npn onpege-
neink Cl~ MOXHO HECKOJIbKO yMEHBUINTb MyTeM HACHI-
meHus pacrsopa cogsio AgCl.

[Ipu aunanuse CNOKHBLIX PacTBOPOB (MCKYCCTBEHHBIX
H MPUPOAHBIX), COACPXKAIWHX BHICOKHE KOHIEHTPAIUH MO-
CTOpOHHI/IX HOHOB, UIHPOKO MOJBb3YIOTCA METOAOM CTaH-
napTHoiX aoBaBok (mopuuit). Ilpu nposenenun ananusa
YKa3aHHbBIM METOLOM B aHAJM3HPYEMbI PacTBOP BBOXAT
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OJlHY WJIM HeCKOJIBKO MOpIHu# pactBopa ¢ M3BECTHOH KOH=-
eHTpaluefi OmpeneiseMoro HoHa, cobsionas ycjaoBue
HeU3MEeHHOCTH HOHHOHN cHaiel B cucteme. Ecan ato ycuno-
BUe BLIMOJHAETCS, TO KOI(Q(HIUEHT aKTHBHOCTH M AHD-
(Gy3MOHHBIA NOTEHIHMAJ OCTAIOTCSA MOYTH NMOCTOAHHbIMA.
CylilecTBeHHOe YCJIOBHE IPHMEHEHUHs MeToja CTaHaapr-
HHX H06aBOK — OTCYTCTBHE (B KOHIEHTPALMOHHOM HH-
TepBajie ONPENEJsEMOro HOHa) MOCTOPOHHUX HOHOB H
BHITOJIHEHUE XOTs 6Bl npubmkenHo ypasHenus Hepuera.
3anumeM ypasHeHHe AJg 3. A. C. B OTCYTCTBHE go6aBox

L)
E=E°+—§-lna=5°+—;lg0v

rpe C # y — KOHUEHTPauHs H KO3(PQHUUHEHT AKTUBHOCTH
onpeﬂ,enﬂemoro HoHa B HCXOJAHOM paCTBope.

Ho6asum K ob6bemy V HcxofHOro pactBopa ob6bem
Ver CTaHAapTHOLO PacTBOpa MOCTOSHHOH KOHICHTpauHH
C... [Tocne mobasaeHns HOPLUMH CTaHAapTHOro pactsopa
3. 1. C. uamenutcs Ha AE

8y (VC 4 VerCer)
B4 AE= B 2 1g L et

Ec/iH BBIMOJHSIETCS YCJAOBHE p == per (UTO COOTBET-
CTBYET MOCTOSHCTBY HOHHOH CHJIbI), TO
.9 VC+VeCa
M= TV Ve

Orciofia MOXHO OINpeJeNuTh HCKOMYIO KOHIEHTPa-

nuwo C: x
14 v ]_
2 AE/D -
c=cﬂ[1o (1 + Vc-r) 7

ITocTOSTHCTBO MOHHOH CHJIBI MOXKET 61:13'1: JOCTHTHYTO
po6apienHeM B MCXOXHBIH M CTaHAapTHHIH pacTBOp HH-
AndhepeHTHOro  3J€KTPOJINTa, HAampuUMep TOoro  xKe
BPOMC.

Jlpyras pasHOBHIHOCTb METOAA ONPENEJCHHS KOH-
UEeHTPAlMK HOHA MPAMOH MOTCHIHOMETPUEH 3aKIIOUIACTCA
He B n06aBKe, a B y[JaJeHHH ONpeJeleHHOro KONnuecTsad
HOHA M3 HMCXOAHOTO pacTBopa MyTeM KOMMJIeKcooGpaso-
BAHMS MJH OCaXKJAEHHS: MPH 3TOM BBIIOJIHACTCA YpaB-
Henue:

E lo Y (VC — VerCer)

E+AE=E°+2 g VA4 Ver
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HakoHcu, TpeThbi0 pPa3HOBHAHOCTD MeETOZA — METOA
nBofHON N06aBKH — NPHUMeHSIOT Torja, Koraa dE/d lg a
IS 2JIeKTPOJA CYIIECTBEHHO OTJIHYAETCS OT TeopeTHde-
CKOro 3nadenust 9. [1pu 91T0M K HCXOAHOMY PacTBOpy J0-
6aBiIsIOT NOCJEAOBATENBHO f1BA HMIAEHTHYHHX O0b6bema
CTAaHAAPTHOrO PacTBOPa M MOJYYAIOT ABA YpaBHEHHs

E+AE|=E°+slgwﬁﬂ_

V4V
—E YWC+ 2WerCer)
E+4AE,=E+5slg T
rae s — sKClepuMeHTanbrOe 3nadeHne dE/dIg a.
Orcona
Ig VC + VerCor
AE, _ CV+Ver)

AE, Ig VC 4 2V oxCer
C(V+2Ver)

(C paccunrmBaoT Ha IBM).

Meroa 106aBOK CYmIECTBEHHO MOBHIIAET TOYHOCTD
pSIMOl TIOT@HUHOMETPHH, OCOGEHHO MPH ONpee/eHHH
BeChbMa MAJbIX KOJHYECTB OfIpe/esIsieMbiX HOHOB.

MoreHunomeTpHueckoe THTpoBaHHe

B oTandne OT NpPSMbIX NMOTEHUHOMETPUYECKHX H3Me-
pennfi MeTOJ NOTeHUHOMETPHYECKOr0 THTPOBAHMS OTJIH-
yaercs GOsbIIell TOYHOCTHIO H BOCHPOU3BOAMMOCTLIO pe-
3yJbTATOB, XOTA OH M 6ojlee TPyAOoeMOK. MeToan THTPO-
BaHUS MOTYT OBIT OCHOBAHHI HA PA3JIMYHLIX peaKuHsX,
HO Yame BCEro HCMOJb3YIOT peaKuMH KOMILIEKco06pazo-
BaHus M ocaxaenus [43, ra. 11].

[TpuMensIOT pa3/iHYHble CIIOCOOLI CHpPeKe/eHHS! IKBU-
BaJICHTHOR TOYKH, TaK KaK MNPH THTPOBAHMM C HOHOCE-
JEKTHBHLIMH 3JIEKTPOJAMH NOTEHIHAJ] BOJH3H KOHEuHON
TOYKH HecTabuJIeH M3-3a OCOGEHHO Pe3KOro BJMSIHUS IO-
CTOPOHHHX MOHOB B 3Tof obnactu. Haubosnee sdoekru-
BeH JJIsl NOBBILIEHHs! TOYHOCTH ONpeAesIeHHs SKBHBAJIEHT-
HOH TOYKRM THTpoBanus MeTop ['pana [332], koTopsiit
LIMPOKO NPUMEHAIOT B NOTEHIHOMETPUYECKHX THTPOBa-
HHAX C HOHOCENCKTUBHBIMHU 3JIeKTpOAaMH, O Teopuu me-
toga T'pana cm. [333].
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r E,mE
4280
Puc. VI. 1. Kpusas THTPOBAHHHA C AgsS-
aJeKTpoaOM No meTOAy Ipana. 240
200
0 2 V.
9KB V,

B paccMaTpHBaeMOM MeETO/le SKBHBAJIGHTHYIO TOYKY
HAXOAAT rpadHuecKH, OTKAajbiBas Mo ocu abcuuce
o6vem V pobaBisieMOro THTPaHTa, a MO OCH OpPAHHAT —
napamerp I' = 10/%, nponopuuoHabHbii KOHUERTPAUHH
C THTPYyeMOro BeuecTBa, OTHOCHTENbHO KOTOpOro o6pa-
THM HHIMKATOPHHIH asekTpoa. 3asucumoctb I' ot V jH-
nefina (B CHJIy HEPHCTOBCKOH 3aBHCHMOCTH ..E or C),
¥ JAullb BOJM3N SKBHBAJIEHTHON TOYKH JIMHEHHOCTb Ha-
pylaercsi. DKBHBANEHTHYIO TOYKY HAXOMAT IKCTpamossi-
uneft npsmoft ra ocb abcuuce, T. €. HA 3HAYCHHE I'=0.

Ha puc. VI.1 npexacrasjiena KpuBasi THTPOBAHHUS TO
merony I'pana. Vsgs— 06bem THTPaHTa B 3IKBHBAJEHT-
HOfi TOuKe, HalifeHRHI »KcTpanossuvedl. HenssecTHyo
ricxofnylo KonuenTpauuio C Onpeiessiior H3 COOTHO-
IIeH NS

C=Cy (Vea/Vo)

rae Cr— KOHIEHTPAuHA THTPAHTA; ij—oéxem THT-
paHTa B 9KBHBAJIGHTHON TOUKe (nafigeHHBIA 3KCTPAMONS-
wnelt); Vo— HcXommunlft 00bem THTPYyeMOro pacTsopa.
Meron 'paHa MO3BOJIAET OINpefesUTb JOCTATOYHO TOUHO
SKBHBAJIEHTHYIO TOYKY Jaxe B CJyiae MOJOTHX KPHBBHIX
turposanns (cM. puc. VI 1).

MeToinKa 06paBOTKH AaHHBIX THTPOBaHuf MO I'pany
¢ HMCHOJb30BAHHEM BHUYMCAUTENbHOR MAIUHHB OIKCAHA
o [335]. ®@ayr u Xo [336] npumenunn merox I'pana ass
ileiell HeMpPEPHIBHOTO aHAJHN3a HOHOB.
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[Ipeanoxeno HeckosbKo nporpaMm ass o6paBoTkH
rpauuecKnX NAHHBIX NOTEHIHOMETPUYCCKHX H3MepeHHil
C MOHOCEJEKTHBHBIMY 3JIeKTPoAaMH. Matcymura onucan
NpHMEHEHHe HOHOCE/JEKTHBHLIX 3JEKTPONOB B HYJb-1IO-
TEHIHOMETPUHN ¥ B An(PQepeHuHaIbHON NOTEHIIHOMETPHH
[337].

C nomompio MOTEHHHOMETPUYECKOTO THTPOBAHHS,
NPHMeHss] MOHOCEJeKTHBHbIE 3JEKTPO/Ibl B KauecTBe HH-
AMKATOPOB, MNoOJAy4aloT HHpopMapuio 06 H3MeHeHHHU
CTPYKTYPbl IIOJIH3JICKTPONUTOB [POTEMHOB, MOJH-L-TH-
pO3MHa [MOJIHaKPHJIOBOH KHCJOTH, MOJH(2KPHJIOTHAPO-
KCaMOBO#1), NOJUYPOHOBOH KHCJIOTHL M HEKOTOPHIX CO-
nosnumepos, copepxamux COOH- u OH-rpynnwm].

Konkpernbie npuMepb NOTEHHHOMETPHYECKHX THTPO-
BaHAA C HOHOCEJEKTHBHBIMH 3JICKTPOAAMH NpPHUBeACHH
B COOTBETCTBYIOWMX pasmenax ra. II u I11.

VI.2. METOJF AHAJIM3A B MPOTOYHBLIX CUCTEMAX

B mnocrennee BpeMs Goublioe 3HaueHWe MPHOGPEJO
JPHMEHEHHE HOHOCCJEKTHBHBEIX 3JIEKTPOAOB B KauyecTBe
JACTEKTOPOB [PH aHaJjM3e B NPOTOUHHIX cHcTeMaX. PaGor
Ha 3Ty TeMy B JHUTepaType ykKe A0CTaTOYyHO MHOro. B 06-
3ope [338] maeTcsi KPUTHYECKAs OUEHKA AHAJHTHUECKOTO
MeTolla ¢ NPOTOYHBIMH DacTBOPaMH, B KOTOPOM B Kaue-
CTBe JETEKTOPa [PHMEHEHB PA3JIMYHBIE HOHOCEJEKTHB-
Hble 2J1eKTpoabl. ABTOpHl [338] ompeaensioT MecTo 3TOro
MeTO/la B COBPEMEHHOH aHAJNMTHYECKOH XHMHH M yKa3bi-
BAaIOT MpPENMYIeCTBA JETEKTHPOBAHHS B IPOTOYHBIX CH-
CTeMax ¢ MOMOLIbI0 HOHOCEJEKTHBHEIX 3JIeKTPOAOB. Bae-
AeHHE MPOTOYHOTO MeToJa INpPHBEJO K HOBOH TEXHHKe,
OCHOBaHHOH Ha NPHHUMIIE «AHAJH3a C NPOTOYHHLIM KaHa-
JoM». OrepaTHBHOCTb aHAJH3a B NPOTOKe 06YCJIOBJCHA
CIeAYIOIMMHU 06CTOSTENbCTBAMH:

pasinyHble npoueaypu ¢ obpasuaMu (oT6op npo6H,
fo06aBKa pearenra, AeTeKTHPOBaHHE, NMPOMbIBKA) [POBO-
ASITCS aBTOMATHYECKH MOCJIEJ0OBATeJNbHO B [OTOKE, ABTO-
MaTH3anMs [poIecca OYeHb NPOCTa;

oTnajaer HeoGXOAMMOCTb B MPEABAPHTEbHbIX MaHH-
myasiuusix ¢ ofpasuoM (OTMepsiTb o6pasenm M peareHt
NUNETKOH, MOMelaTh UX B U3MEDPUTEIbHYIO AuelKy, Npo-
MbIBaTh ee);

BCe 3Tanbl aHaJH3a OlNpPefeNSIoTCs CKOPOCTBIO TpPO-
TOKa,
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Asropn paboThi [338] W3JaraioT HenpephiBHbIH CIO-
co6 KaAHGPOBKH, TEXHHKY THTPOBAHHS C ONpe/ieeHHBIM
croco6oM M0GaBKH peareHTta. B ¢Bsi3u ¢ paccMOTpeHHEM
aHasausaTopa Tuna «TeXHHKOH», paspaGOTaHHoro' B BeHr:
pHH, aBTOPbl NPELJAraloT HeCKOJbKO HOBbIX aHaJHTHIE
CKHX METOJ0B, OCHOBAHHBIX Ha H3MEPeHHMAX CKOPOCTH

peakuHH.

V1.3. MOHOCEJNEKTMBHbBIE DJIEKTPOAB B MEAMUMHE
U BUOJIOTHM

O6uHe NoNoXKeHHs

MoHbl HaTpHS, KaJusi, KaJabuus, XJa0pa -—3TO MaKpo-
JMeMEHTH OHOJOrHYECKHX Cpej; OHH TNPHHHMAIOT BaXK-
Heftllee yuacTHe B psAe (PU3HONOTHUECKHX H 6HOXHMH1[(;-.
CKHX IPOLECCOB, yyacTBYIOT B 00pa3sOBAHUA 3JEKTPH
CKHX TOTEHNMAJOB [OKOs M HampsixeHus. Besnuko 3Ha-
qeHHe STHX HOHOB B OEJKOBOM, yrjeBoAnoM u ¢ocdop-
HOMS?béuwll)?edaocd)opHoﬁ KHCJOTH Y COeAMHEHHSA aaenxg:
JI0Boll CHCTEMBl, yyacTByIoOlUHE BO BHyTpI/IE(JIeTO‘IHOI\g ) )
MeHe BemecTB, TPeOyloT I CBOEro JACHCTBUSA O 9[33}3
TEJbHOTO NPUCYTCTBHS CoOJeH Kauaud. H%d)mgrr HOH(;):C
K+ mapymaer ¢ocpopuianpoBanue. [Tono6ubl npou: ¢
HabJI0aeTcs NPH XHPYPrHUECKHX BMELIaTeNbCTBAX, c?o-
THPEOTOKCHKO3e M Dpsiie APYruXx naTonomqecxm; co-
crosinufi. Monn K+, Nat, Ca2+2y‘IaCTByIOT B CHGTTO-
AT®, apernaxonuna. HMous Ca*t fBJASIOTCS HHIH an_
poM ¢epmeHTa Tpancocdopuiassl, NPHHUMAIOIIETO gno-
cre B o6MeHe AT®, nupPOBMHOTPaAHOM KHCJOTHI, -
CHHTe3€ HHKOTHHOBOH KHCJOTH H T. A Hssectna posb
nonos Ca?t B (pyHKIHAX HCPBHOH, cepneqno-cocyuucropf
CHCTEM, [HIeBaPEHHH, MBILICYHOM COKpPAWEHHH H APy

X.

FHXTZ?(OHI]lfcggpaaoM, naxe HebosbluHe H3MEHEHHs xc;:{-
LleHTpalUHH 3JEKTPOJHTOB B 6HOJIOT TUECKHX }KHAKOCTCO:
ABJISIIOIMXCSl OCHOBOH romeocrasa, MOTyT [OBJEYb 32 -
Gofi waMellenusi ()YHKUHMOHAJBHOrO COCTOSIHHA MHOE;LI.
cucrem opranmsma. OfHAKO, HECMOTDH Haz+BaéKllinO i
JHosOrHUEeCKy0 poab HoHoB KT, Na+, Ca®t, , A -
MHKa HX B OHOJIOTHYECKHX MXHAKOCTSX [0 HACTOAIET
BPEMEHH OCTAeTCsi HEeJOCTAaTOYHO H3yUeHHOM.
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B 6osblinHCTBe uMeomuxcs pabor usydena obmas
KOHIEHTPauKsd KaTHOHOB B OHOJIOTHYECKHX MXHJIKOCTHX.
OrmeTnM, 0HaKO, UTo 06las KOHLEHTPALUs KaTHOHA He
BCeraa Xapakrepuayer ero OHOJOTHYeCKYI0O aKTHBHOCTD,
T. €. CNOCOGHOCTh BCTYNAThb B XHMHUeCKOe B3auMojell-
cTBHe ¢ OGnocy6cTpaToM, @ HMEHHO 3TO B HTOTe ONpe-
AdesgeT ypOBeHb NPOTeKaHHS (DH3HOJOTHUECKHX pPeakuufl
B opranusme. Ecau ans ogHoszapaanbx noHoB K+ u Na+
noHaTue «obuasd KOHUEHTPaunusd» [AOCTATOUHO OJNH3KO
K TOHATHIO «OHOJIOrHYECKH AaKTHBHAsd KOHLEHTpAllHs»,
YTO CBfI3aHO C CYIIECTBOBAHHEM HX B OHOJIOrHYECKHX
KHAKOCTAX B OCHOBHOM B CBOOOAHOM (HECBSI3aHHOM)
COCTOSIHHH, TO MJsA ABY3apaaHblx uoHoB Ca?+ u Mg
5TH TIOHSATHS NaJleKO He TOXKJAeCTBeHHBL. [leno B TOM, 4TO
nonnt Ca** u Mg** croco6Hbl BCTynath BO B3aumojefl-
CTBHe ¥ 00pa30BEIBATH IPOUYHBIE COCAMHEHHS C BelKami,
OPraHHYeCKHMHU KHCJOTAMH W [APYTHMHM BelEeCTBAMH.

Takum o0pas3oM, onpejesneHHass 4acTb ABY3apsiAHBIX
VOHOB HAXOAWTCH B OHOJOrMUECKUX KHIKOCTAX B CBS-
3aHHOM COCTOSIHMM W JIMIUeHa OHOJIOrMYeCKOH aKTHBHO-
cti. B cBA3M ¢ 9THM pasauyalor TPH (GOPMBI CyIECTBO-
Banua noHoB Ca%t u Mg?+: cBssaHHyo ¢ Genkom (40—
50%); ofpasyiomyio XenatHble Kommiekcs (10—15%)
Y HMOHH3HPOBAHHYIO, MJK OHONOTHYECKH aKTUBHYIO (40—
50%). Iocaeaune aBe Gopmbi 06beAMHSIOT MOA Ha3Ba-
HHEM <«AU(PGHY3UOHHOCHOCOOHOIO» KajbIUsl WJM Maruus
BCJIEACTBHE croco6HOCTH uX An$dyHaupOBaTH Yepes no-
JyNpOHHI@aeMble MeMOpaHHL.

Ha creneHb CBsi3bIBaHHA [ABy3apsijHHX KaTHOHOB
B OHOJIOrHUECKHX KUAKOCTAX Bauaior pH, koHuentpauus
0ejka W caMoro KaTHOHA, [APYyrHX HOHOB (MOHHAs cuia
pacTBOopa), (YHKIMOHANbHAS AKTHBHOCTb 3HAOKPHHHO
CHCTEMBI M ApP. DTH BONPOCH UMEOT 60/blIce 3HAYCHUE
NSl KNIMHHKH BHYTDeHHHX Oosie3Hell, cosgaBasi mpepmo-
CBIJIKH ILleJIeHAaNPaBJICHHOIO NMAaTOreHeTHUYECKOro JIeUeHHus.
Onnako Hamu 3HaHHsS 06 aKTHBHOCTH MOHOB H (aKTOpPax,
HX onpefensiomHX, HeJOCTATOUHbL JTO B 3HAYHTEJBHOM
CTeNeHH OOYCJIOBJECHO TPYAHOCTSMH TEOPeTHYECKOTO |
5KCIlepUMelTaJbHOTO MJaHa.

Onpenenentie aKTHBHOCTH HOHOB B OHOJOTHUYECKEX
KHUAKOCTSIX CTaJO0 BO3MOXKHBIM Ojarogaps RICAPEHIIO
B NPaKTHKYy MeTOla MNPAMOro MOTEHUHOMETPHUECKOro
aHa/Iu3a C NPHMEHEHHeM HOHOCRNEKTHBHBIX 3JEKTPOAOB
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143, ra. 11]. DTtor MerToA MMeeT psU NPEHMYUIECTB IO
CPABHEHHIO C [PYFHMH pPacnpOCTPaHEHHBIMH MeTojiaMH
onpeflejieHuss KOHUEHTPAUHHK 3JMEKTPOJNHTOB B OuoJIOrH-
yecKux XuakocTax. K TakoBBIM OTHOCATCS: MaJjasl Tpy-
J0eMKOCTb M IIPOAOJIKHTEJBHOCTh H3MepeHHsd, He6GoJb-
moe KOJNHUECTBO HCCJIeAyeMOll KHAKOCTH, BO3MOXKHOCTb
HCIIONB30BAHUS ee /g JPYruX aHaau3oB (Hepaspymalo-
DIMH MeToa), UTO 0COOGEHHO BaXKHO [Jif XHAKOCTEH Op-
raumsMa, noJydyaeMbiX U H3YUeHHS B MaJsblX Kojude-
crBax (KpoBb). He MmeHbIlee AOCTOHHCTBO MeTOja — OT-
CyTCTBHE HeOOXOAMMOCTH B TpeaBapHTeNbHONH 06paboTke
o6pasna ¥ BO3MOXKHOCTb HENPEpPHIBHOA perucTpauuy ak-
THBHOCTY HOHZ BO BPeMd HCCJEA0BaHHA.

Buosornueckue CHCTeMBI MO COCTaBy W CBOHCTBaM
OueHb CJIOXKHEBI, U AJ5 NPOBeJeHHus HX NOTeHIHMOMETpH-
YecKOro AaHajusa HeOOXOAHMB  BBICOKOCEJIEKTHBHEIE
3JIEKTPOJIEL.

Brepsrie A4 MeAuKO-6MOJOrMUeCKHX HCCJI€A0BaHUH
6biIM  HCHOJb30BaHbi BOJAOPOJAHBIE H KaTHOHOUYBCTBH-
TeNbHBIE CTEKJSHHBIE 3JeKTpoibl. CTeKJIdHHbBle MeMOp aHbl
06nagaloT pAAOM AOCTOMHCTB AJIS IOTEHLHOMeTpHUe-
CKMX H3MepeHHH B Onosormiecknx cpefax. OHH Hedys-
CTBHTEJNBHB K pefOKC-IponeccaM, Ha HHUX He BO3jel-
CTBYIOT GesikH, 1 OHM HHAMGepeHTHH K annoHaM. Crek-
aaHHbie pH-2/1eKTPOAB MOXKHO CUMTaTb HAeAJNbHLIMH
B CBSI3M C MX BHICOKOH ClelH(pUYHOCThIO K HoHam H+.
B mHacrosuiee BpeMs OHH NPOYHO BOUIIH B INPAKTHKY
MeJIHKO-6HOJIOrHecKuX uccaegoBanuil [43, ra. 8].

B 3aBUCHMOCTH OT TOTO, ONPEeJIsieTCsl J1U aKTUBHOCTD
MOHA BHYTPUM HJH BHe KJIETKH, HCIIOJb3YIOT PasjinyHble
KOHCTPYKTUBHBE (OPMBI HOHOCEJEKTHBHBIX 3JI€KTPOJIOB.
H3MepeHus BO BHEKJETOUHBIX JXHAKOCTAX (KPOBb, CHIBO-
poTKa M T. J.), Kak MNpPaBuJO, TPOBOAAT C MaKpO3JeK-
TPOLaMHU.

OnpepaeneHne COACPIKAHWA MOHOB HATPMA

Creny$uUHOCTb HATPHEBOIO CTEKJISHHOrO 3JeKTPOoAa
JOBOJIBHO BBICOKA, UTO M OGECINednsIo ero INHPOKoe MpH-
MeHeHNe B MeIMKO-OGHONOrHYecKux HccsaepoBanusx. s
n3rotopjennst Na-3JeKTPOJOB HCHOJb3yIOT HaTpHeBOe
ajqoMocHasKaTHoe creknao [339]. Dnekrpombnl 3 Hero
06J1271210T BEICOKOH CeJIeKTHBHOCTLIO K MOHaM Nat B npH-
cyTcTBHM ABY3apsiiHbiX HoHOB (Ca®t, Mg?+). Homn K*
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He BAHSAOT Ha Nat-QyHKUHIO 3THX 3NEKTPONOB 0 COOT-
Homenus Konuenrpamuit Cg:Cna=250:1. Tak Kak
B KpOBH cofepanne HoHa Nat 3HAUHTENBHO NPEBOCXO-
IAT cojepiKaHHe Bcex ocTagbHbIX uoHoB (K*, Ca?t,
Mg?t), T0o 3TH 3J1€KTPOJb BHOJHE NMPUrOAHB AJjs Ompe-
nesenus Kouueurpanuu Nat B kposu. ComocrasaeHue
[339, c. 98; 340] koHueHTpauuit nonos Na+, onpesense-
MBIX METOAOM 3. A. C. C MOMOIUBIO HATPHUEBOTO CTEKJSAH-
HOTO 3/€KTpPOoJa W MJaMeHHOHl (oToMeTpued, nokasayo
XOpolllee COBMAjJeHHE pPe3yJbTaTOB: pacXoxjaeHue He
npesbimaer 2,5%. AHaNOTHUHBIA pe3yJabraT [OJYYEH
B pabGore [340] mo ompepeneHuio copepmaHus HOHOB
Na+ B CHBOPOTKe KPOBH ¢ NoMollbio Nat+-3/1€eKTponoB
mapkin JCJI-51T-04 (Tomensckuit 3UIT). IloxpoGuoe
n3ydeHue MOBEJeHUS] HATPHEBHIX CTEKJISTHHBIX >J€KTPO-
0B B KpOBH, BhimosiHeHHoe Paiickuno#t ¢ corp. [339,
c. 98], mokasano, 4To B KPOBH YCTOHUMBLIE 3HAUEHHS MO-
TeHIHAJOB 3JEKTPOJOB YCTaHaBJMBAOTCA depes 3—
4 MuH.

B nacrosiuee BpeMs NMOSBHJIACh BO3MOMKHOCTb B Me-
JHKO-6HOJMOTHUECKHX HCCASAOBAHUAX NPHUMEHATH NJeHoU-
uufi Nat-anekrpon, MemMOpaHa KOTOporo B KauecTse
3JeKTPOAHO-aKTUBHOTO Bemjecrsa cogepxur MAK, cmo-
co6HBIfI K crenu(puueckoMy cBsi3biBaHHIO HOHOB Nat,
Coenunente 5T0 610 nojyueno Cumonom ¢ corp. [157,
c. 23], ero cTpykrypHas dopMysaa mpuseieHa Ha crp. 76.

CumoHn ¢ corp. [157, c. 23] BHINOAHHIH H TepBHE
HCCAENOBAHUA 3JEKTPOJHBIX CBOHCTB HOHOCE/NEKTHBHBIX
MeMOpaH Ha OCHOBE 3TOro JMraHJa; UMH coobuaercs
TaK:Ke, UTO 3JIEKTpOoJ MOxKeT (QYHKUHOHHPOBATH B CHIBO-
pOTKE KPOBH, XOTS COOTBETCTBYIOLWIUX PE3y/bTaTOB OHHM
He mpusoasAT. Ho omucanumlil 3j4eKTpoj oKasajcs HeloJ-
FOBEUHLIM — BPeM$l ¥KU3HH €ro OT ABYX Helesb 10 ABYX
MecsiIeB.

B paGore [172] nayyeHnbl 3J€KTPOAH Ha OCHOBE TOTO
ke MAK, HO coep:Ramero HHbe ~—— CPaBHHTEIBHO C NPH-
meugsmumuca 8 [157, ¢. 23] — pacrBopurenu-naacTudn-
KaTopH: aubyTusaceGanuHar, U-2-3THJATEKCHIce0anHHar,
IU-2-3TUJATEeKCH 1A AUNMHAT, aU-2-3THareKcuadranar. On-
HAaKO HCCJEJ0BAHUSA C 3THMH 37eKTPOJAMHU CBIBODOTKH He
1aJH BOCIPOH3BOAMMEIX Pe3yJ/LTaTOB.

B JITY noapo6uo nayueHo HoBeieHWe IJ1€HOYHOrO
Na+-snekTpona, H3roTOBJEHHOrO Ha OCHOBe JIMraHua,
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npeanoxennoro B paborax [15; 157, c. 23] ¢ ucmosb3o-
BaHUeM B KauecTBe pacTBOpHTens aubyrusadranara [170,
171}. MeM6paHbl 371eKTPOAOB UME/U CJACAYIOIUI COCTAB
[B % (macc.)]: monusuuuaxaopup— 24; nubytuadra-
nat — 72,1; auraux — 3,9. Onpepenenbl OCHOBHBIE 3aBH-
CUMOCTH, XapaKTepU3YIOIHE 3JIEKTPOJHOE MNOBEACHHE
njieHoudblx Na+-371eKTponoB B BOJHHIX pacTBOpax, Co-
nepxamux NaCl, a Takxke BbisiBJe€HAa NpUHHHUMOUAJbHAS
BO3MOXHOCTh MPHUMEHEHUs 3THX 3JEeKTPOJOB B KauecTBe
HHCTPYMeHTa 1J1 U3MepeHHUs KOHIEHTpaumun uoHos Na+t
B OHoJlOrHYecKHX cpepax. Bcecropounee usyuenue Boc-
NPOU3BOJAUMOCTH SJIEKTPOJHBLIX XapaKTepPUCTUK HATpHi-
CEJIEKTHUBHLIX MeMOpaH BO BpeMeHH, GOJbIION CTATHCTH-
YeCKHH MaTepuaJ NPUBEJH K 3aKJIOUEHHIO O BO3MOXK-
HOCTH T[IPUMEHEHHST STUX JJIEKTPONOB A  aHau3a
CHIBOPOTKH U 1E€JNBHON KPOBH.

[Tpu nepenecenuu 3JeKTpPOAa M3 BORHOTO pacTBOpA
NaCl B chBODOTKY 3HAUEHHMS NOTEHIHAJNOB yCTAHABJH-
BalOTCA 32 5—7 MHH M B TeYeHHE MEPBBIX HACOB COXpa-
HAOTCH ¢ TouHocThio |—2 MB, a 3a 18 4y uaMenenus no-
cruraoT 4—6 MB. B cnenuasibupix onbTax GhAM MOJY-
UeHbl JaHHble MO BOCHPOU3BOAHMOCTH KaJuOpOBOUHBIX
OpAMBIX VIS HCCREJOBAHHBIX 3JeKTPOJOB MO BOJHBIM
pacrBopaM NaCl mocse ux kourakta ¢ cuBoporko#l. Ha
CCHOBAHMH Pe3yJbTaToOB CEPHU OMHTOB OOHAPYHEHO, UTO
y®e mnocje nepBoix 5—10 MuH KOHTakTa 3JMEKTPOJOB
C CHLIBOPOTKOH IHPOHCXOAUT CMelIeHHe KajJubGpoBoYHO
npamo¥i Ha 1—2 MB. B pasbueiliuem npu yBesuueHuu
BPEMECHH KOHTAKTa 3TO CMellleHHe MEIJIeHHO HapacTaer
H mo ucredenuu 18 u pocturaer 5—7 MB; nmocse Bosspa-
IeHHUs 3JeKTpoJoB B BoaHbR pactBop NaCl mepsona-
yanbHas KaJuOPOBKa BOCCTaHABAMBaeTCs NPUOJH3H-
TEJBHO 32 CyTKH,

B rofi xe mocsaepoBaresbHOCTH, YTO H mpu paGore
C CHBOPOTKOH, ObLIM MNPOBENEHbl OMBITH MO BHICHEHHIO
BO3MOXKHOCTH npuMeHeHUs1 Na+-3/1eKTPONOB /15 aHAMU3A
KpOoBH, KOHCepBHPOBaHHOHW remapunoM. [locKOJbKY HuU-
KaKUX H3MeHEHUH [OoTeHNUa/a B NpPOHEcce OCenaHus
3PUTPOUMTOB HE MNPOMCXOAHT, Pe3y/bTaThl MOTYT OHITH
B paBHOY CTENeHH OTHECEHH! KaK K IE/JbHOM KPOBH, TakK

11 K miasMe, an [IEPCHECCHNN 3JICKTPOAOB H3 BOJHOIO

pacrsopa NaCl B kpoBb moreHnuasn ycraHasJuBaercs
3a 5 MUH H B TCUEHHe 2 U COXPAaHIETCS ¢ TOUHOCTHIO O
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1 MB (6onee pnuTenbHHE OMBITH He HMEIOT CMLCJA
13-32 HAUUHAIOWIErocs TIEeMOJIM3a 3IpHUTpouuToB). Boc-
NPOU3BOAUMOCTb KaJHOpPOBKH 1O BOXHBIM pacTBOpaM
KOHTPOJIUPOBAJACh NPH H3MEHEHUH BPEMeHH KOHTAaKTa
¢ KpOBbIO OT b MUH 10 2 4. Kak U JJg CHIBOPOTKH, CMe-
LleHHsT KaJHOPOBOUHHIX NpsSMBIX cocTasasan 1—1,5 mB
33 HECKOJIbKO HacoB.

[TpoBepenHoe Hccie0BaHHE MO3BOJAET PEKOMEHO-
BaTh CJEIYIOLLYI0 MeTOJHKY ONpejesieHHs cojepkKaHHs
1noHOB Nat B CHBOPOTKe H KPOBH: 3JEKTPOJ Heo6XONHMO
BHJIEPXKATh B MOPIHHUH CHIBOPOTKH HJIH KPOBH B TeueHHE
20—30 mun, 3ateM OTKaJIH6GPOBATbL €ro IO BOXHHIM pac-
tBopam NaCl ¢ koumentpauueit 0,05; 0,1 u 0,2m. Ilo
NoJIyueHHHM JAHHBIM MNOCTPOHThL 3aBHCHMOCTL E =
= f(lg mnac1), 3aTeM U3MEPUTb MOTEHUHAJ B CHIBOPOTKE
HJIH KPOBH NPOTHB HACHILEHHOTO XJOpCepeOpSHOTO 3JeK-
TPOAA H € MOMOLILIO KaJUOPOBOUHON NMpsiMOR «mepefiTus»
OT 3Ha4eHHU# 3. 1. €. K KOHIEeHTpamuu HoHos Na+ B chi-
BOPOTKE U KPOBH.

[Tpu pacuere KOHHmeHTpauu# HOHOB Nat B CHIBOPOTKe
H KpOBH OBLIJIO NPHHATO, YTO KOS(D(DUIHEHTH aKTHBHOCTH
B HCCJelyeMOH Cpele M COOTBETCTBYIOLUIEM BOJHOM pac-
TBOpe onuHaKoBbl. [lpu Taxoil MeropuKe pacxoxjeHUs
Mexy 3HAUEeHUsIMH KOHUEHTpamu#n HOoHOB Nat B ChHIBO-
pPOTKe HJIH KPOBH, ONpeaeseHHbe METOJNOM 3. A. C. H NJja-
MeHHOM (HOTOMETpHH, He mpesBHINAT 6Y%.

[Tnenounm#i Nat-snektpon He o6nagaer 0cO6HIMU
NPEUMYIIECTBAMU NO CPaBHEHHMI0 ¢ HATPHEBHIMH CTEK-
JAAHHBIMH, HO MOXKET OHTH yCOemHo NpUMEHEeH B YyCJIO-
BHSIX, KOTOpHl€ HCKJIOUAOT HCMOJH30BAHHE MOCJENHHX.

OnpeAeneHne cofepxKaHMs MOHOB Kanusa

Copepxanue HoHOB K+ B KPOBU — OfHA M3 BamHeH-
IIHX XapaKTePHCTHK ee, TaK KaK OTKJOHEHHE OT HOPMbI
B 10—209 cBHJeTeNbCTBYET O Cepbe3HOW naToNOTHH,
a HU3MeHeHUst B ero cojepxaunuu nopsiaka 30—409% wmo-
IyT NMpUBECTH yxe K rubesan oprasuzma.

[Tepsbie MONHLITKH MOTEHIHOMETPHUECKOrO KOHTPOJS
cojep:xanusa HoHoB Kt B OHOJOrHuecKHX cpejnax cCBs-
3aHK € HCHOJL30BAHHEM B KauecTBE HOHOMETPHUECKOro
JaTYHKA KaJHEeBOTO CTEKJsIHHOro sjekTpopa. OpHako
MpHMEHEHHe TMOCJeNHEr0 OCJHOXKHEHO HH3KOH CeeKTHB-
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Hoctbio mo uoHam K+ B npucytersuu uonos Nat+ (B cH-
BOPOTKE KpOBH, HampuMep, KoHueHTpauuu Nat+ B 30 pas
npeBocxopuT KoHuentpauuio K+). Ilosaromy npu uccie-
JoBaHUU GUOJIOTHUECKHX Cpell NMPHUXORUTCS He3aBHCHMO
onpejensith conepxanue nonos Na+ u mpu pacdere KOH-
meHTpamuu HoHOB Kt BBOJMTHL COOTBETCTBYIOUIHE IO-
npaski. MeToj OKa3hiBaeTcsi TPYJOEMKHM, a TOYHOCTb
ero uesnicoka [339, c. 98].

[Tpo6ieMy  NOTEHHHUOMETPHHECKOTO  ONpeneseHHs
HoHoB K* B KpoBU yjajsoch pemnTh ¢ mossienueMm Kt-
3J1eKTposoB Ha ocHose MAK. Bnepsrie Mroasep n Pynun
[342], nayuas KaTHOHOOOMeHHHE cBoficTBa GHMOJIEKY-
JaspHoft ochonunupHot mMem6paHb ¢ BaJHHOMUIHHOM,
OGHAPYXXUJIM ee MNPeHMYyLIeCTBEHHYIO CEeJIeKTHBHOCTh K
HOHY Kt mo cpaBHEeHHIO ¢ JPYTHMH HOHAMH MI€JOYHHIX
MeTaJlJIoB.

dnekTpoan ¢ Kt-QyHruue# ycneliHo NpUMEHsJIH He-
KOTOPHE aBTOpH NIpU aHaju3€ HOHHOrO cocTaBa GHOJO-
THUeCKUX Cpejl, B 4acTHOCTH KpoBH [343, 344]. Corpyn-
uurkamu JITY [47, c. 191, 208; 160, 344] usyuena Bo3-
MOXHOCTb TNpPHMEHEHHSI BBICOKOCENEKTHBHOTO K+-ajek-
Tpoja, MeMGpaHs KOTOPOro uMeloT coctas [B Y% (mace.)]:
MOJIUBHUAXAOPUR — 24,95, nubyruadranar — 73,92 u sa-
auHomunuH — 0,13, Bolcokas cnenubpuunocTs 2JeKTpoaa
B NMPUCYTCTBHH TOCTOPOHHHX HOHOB, CTaGHJBHOCTL B Pa-
6ore, (QYHKIHOHMPOBAHHE INPH TMOBHILEHHON TeMmmepa-
type (mo 50°C) oTKpbIBalOT 6GoJblIne BO3MOXKHOCTH JJst
NpUMEHEHUsl ero B MEMHLUMHCKHX HCcaenoBanHusax [344].

[Mepen wucnons3osalnvemM B OHOJOrHYECKHX cpepax
K+-asekTpoas KanubpoBaji MO CMelIaHHHM PacTBOpaM
KCl u NaCl, Honunlfi coctaB KOTOPHIX GJIH30K K HOHHOMY
cocrasy kposu (0,0lm KCl+40,156m NaCl; 0,005m
KCl + 0,155m NaCl; 0,002m KCl + 0,158m NaCly. ITo-
CTOSIHCTBO MOHHOM CHJIBl B CEPHH CMCIIAHHLIX PACTBOPOB
[I03BOJIHJIO MPUHSITh HEU3MEHHOCTh HOHHBIX KO3((hUIHeH-
TOB aKTHBHOCTH.

[Mpu nepeHeceHHH 3JMeKTPOJOB U3 BOJHOIO PacTBOpPA
B CHIBOPOTKY, IJIa3My HJH KPOBb (KOHCePBHPOBaHHYIO
renapuHoM) paBHOBEeCHHE 3HAUEHHS] NOTEHUHAJOB yCTa-
HaBauBaJuch 3a 5—10 MHH 4 B JajabHefilueM ¢ TOY4-
Hoctbhio 10 0,5 MB coxpausnuch B CHIBOPOTKe H mia3me
B Teuene 10--15 4, a B KpoBH — B TeueHue 1—2 4, mpu-
yeM ocejaHue H B36AJNThIBAHHE OCEBIIMX SPHUTPOLUTOB
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He CKa3biBaJoCh Ha NMOKA3aHHAX 3NeKTpoAoB. [Ipu Gonee
AJUTCJbHEIX KOHTaKTaX C KPOBbIO HabnofganNcst 3HAUH-
TEeNbHEI CABHI' NOTEHLIHAJNAa, BLI3BAHHHHA H3MEHEHHEM
KOHUEHTpanuud HoHOB K* BeiepcTBHe reMoJiH3a 3pHTPO-
LUTOB,

[Tocte KoHTaKTa 3/1EKTPOAOB ¢ CHIBOPOTKOH H KPOBLIO
KOHTPOJHPOBAJH BOCHPOM3BOAHMOCTL KaJNUOPOBKH 3J/€K-
TPOJOB MO CMEIIAHHBLIM pacTBopaM. CJHBHr KanHOpoBOY-
HOH NpAMOH TMPH KOHTAKTe 3JeKTPOAa ¢ ChIBOPOTKOH HJIH
KpoBbio Ro 16 4 okaspiBajgcs B npepeaax | mB, 1. e
npebbiBaHue BaJHHOMHUIMHOBoro Kt-sjeKTpoja B CHBO-
pOTKe H KPOBH He Hapywaer ero K*-QyHKuHH H He fe-
bopMHUpYeT CYIIeCTBEHHO KaJauOpOBOYHYIO MPAMYIO.

CpaBHenue pesyabTaToB OINpeJeNeHHS COAepIKaHUs
B OuosorHueckux cpepax HoHoB K¥, TMOJYHEHHEIX MeETO-
NaMH MOTEeHUHOMETPHH N MJaMeHHOH (GOTOMeTpHH, No-
KasaJo YAOBJETBOPHTEJNbHOE COOTBeTcTBHe. JIng ChIBO-
POTKE JIHIIb B ABYX cJayuasix U3 37 pacxoKieHHe MeXny
pesyabTaTaMH NpeBoCXoAuao 5% oT naMepsaeMmoil Benu-
YHIBl; AJ HCCRENOBAHHMIX IIECTH TOPUHMH KpPOBH pac-
XOXJeHHsa He Bhixoauau 3a mpepenn 49%. [Ipn atom BO
BCeX cJydasx MNOTEHUHOMETpHUHEeCKHH MeTol — CpaBHHU-
TeJBHO C [JaMeHHO-POTOMEeTpHUYeCKHM — AaBan Oojee
HH3KHe 3Ha4YeHHst KoHueHTpaudu HouoB K+. [lpnunuma
5TOT0, BO3MOXKHO, COCTOHT B TOM, 4To HebGoabluas YacTh
HoHOB K+ B CcbIBOPOTKE U KPOBH HaxXoauTcs He B CBOOOI-
HOM, 4 B CBSI3aHHOM COCTOSIHUH.

[TpoBenenc Tak:iKe HECKOJbKO ONLITOB IO MOTEHHHO-
MEeTpPHUECKOMY OINpefeNeHHi0 colepXaHusd HoHoB K+t
B CHIBOPOTKE C HCTOJb30BAHHEM pPAa3HBIX cNocobOB Ka-
JHOPOBKH 3JEKTPOJOB: MO MOAENbHBIM pPAacTBOpaM H MO
CHIBOPOTKE, B KOTODOH MCKYCCTBEHHO H3MEHSNH colep-
xkanpe HoHOB K+, B nocnennem caydae uau pobasasnu
B CBIBOPOTKY onpesneseHHoe kosnuuectso KCl, uau vonm
K+ yacTH4HO H3BJIeKaJH H3 Hee ¢ moMouplo ¢ocdopHo-
CypbMSIHOTO KaTHOHOoOOMeHHHKa B (opMe meMOpaHbl
[345]. o mecTn onpeneseHUil pPacXOXKAEHHA B Pe3ynb-
TaTaX OKasaJuck B mnpenenax =+3% a8 3THX ABYX
cmoco6oB Kaau6poBKU. I1pH 3TOM, Kak u cJIel0oBano 0XKu-
naTh, B c/lyyae KaJaHOGPOBKH 3JEKTPOAOB IO CHIBOPOTKE
MOTEHNHOMETPHYECKUI METOH CPaBHUTENbHO ¢ NJ1aMeHHO-
boToMeTpHUECKHM yiKe He TNPHBOILUN CHCTeMaTHYEeCKH
K Gonee HH3KHM 3HAUEHHAM KOHUCHTpauH# HOHOB KT,
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Cxropee Bcero, B 3TOM cJyuae NpHUHHA PACXOKACHHS pe-
3yJbTaTOB, OOYCJAOBNEHHAS BO3MOJKHBIM pas/jHudeM B
CTENeHH CBA3aHHOCTH HOHOB K+t B KaJuOGpOBOYHHIX pac-
TBOpaxX H HCCJeNyeMol cpejie, a TaKXKe BO3MOXKHBIM CIIe-
nuQUYIeCKHM BO3ACHCTBHEM 3TOH cpelbl Ha 3JeKTpoj,
TPAKTHUECKH VCTPAHSETCHs U TOYHOCTb METOAA ONpeje-
nferc B OCHOBHOM TOYMHOCTHIO aHANN3a KaJHOGPOBOUHKIX
PacTBOPOB CHIBOPOTKH.

[TpoBeneHHOe HCCaENOBaHHE MPUMEHMMOCTH BaJHHO-
MUIHHOBBIX K*-3/71€KTPOJOB B CBIBOPOTKE, NJIa3Me H KpO-
BH MO3BOJISIET PEKOMEHJI0BATh HX JJs1 NPAMbBIX NOTEH-
IIHOMETPHHYECKUX OMpeleseHHil OJHOTO M3 BAaXKHBIX KOM-
MOHEHTOB OHOJNOTHUECKHX CPeL.

Huxe npuseneHn nuTepaTypHble CBeAEHHS O NMpHMe-
HUMOCTH Makpo- H MHUKDOKAaJIHeBOTO 3JIeKTPOJa B MeJH-
uuHe H 6HOJIOTHH:

HCIIONb30BAHUHE MaKPOJIEKTPOJAOB [JIsl ONpeleNeHH
B coiBopoTke [344], pacTHTe/bHBIX KJIETKaX H 3KCTPaAK-
Tax [347], moue [348];

HCNOJMB30BAHHE MHKPOSJIEKTPONOB AIst ONpENeNeHHs
BHyTpHKNETOUHBX [349] u BHeksaerounsix [350] uoHoB
K*, nossuBmmxcsi B pe3yabTaTe Jempeccud [350], Bo
BpeMsi aHomHOH penosspusanuu [351], o6ycaoBiEHHBIX
nepudepuueckoil cruMyasuueit [352], BblIeaHBHIMXCS
p6au3u modeuHblx KaHanoB [353] M B jppyrux cayuasx
[352, c. 265; 354].

Onpegenexue coiep)<aHHs HOHOB XNopa

[Tporekanse MHOTHX TaTOJOTHYECKHX MPONECCOB B
XHBOM OpraHH3Me COTNpOBOMKJIaeTCs H3MEHEHHeM KOH-
1entpantu xjopuios. Ilpumenenue sjekrpopos, obpa-
TUMHX K HoHaM Cl~ u ycTOHYHBBIX B 3THX cpejpax, IMos-
BOJMJIO 6b1 M3MEpPSTh akKTHBHOCTH HOHOB Cl~ B yenoBHsX
MaTOJIOTHH.

Iast onpenenednst cojepxanus HoHoB Cl- B 6uoso-
THHecKHX cpejax B psiae paboT NMPUMEHSJIH XJaopceped-
PAHHA 3/€KTPOJ BTOPOTO POAA; 3TO NO3BOJMIO HAXO-
Jauth KoHueurpauulo noHoB Cl— B more. OgHako oTMme-
yaercsl, 4TO B KPOBH 3TOT 3JEKTPOJN He 1aeT YCTOHYHBBIX
BO BpeMeHH 3HaueHHH TNOTEHHHAa0B.

Kunkocrupie Cl=-saexrpopsl 99-17 ¢upmb Orion u
OP-711 ¢upmnl Radelkis peromennosann ans pabor c
CHBOPOTKOH U KpoBbio. [lonyueHo ynosneTBopUTebHOE
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coBmajfenue Koumexrpauuit wonos Cl- B coBopoTKe H
KpOBH, ONpeNeJeHHBX METOAAMH 3.A.C. H THTPOMETpH-
qecKUM. las onpenenenus copepKaHUs XJOPUAOB B ChI-
BOPOTKe M «HUTPATHOH» KPOBH KPOJHKOB YCIEUIHO MpH-
MeHeH Cl—-31€KTpoj Ha OCHOBE CHJABHOOCHOBHOIO aHHO-
uura ACJII-3 [355].

Corpyanukamu JITY usyueHa BO3MOMXKHOCTb NpHMe-
HeHHsI B CHIBODOTKEe H MeNbHOH KpoBH Tpex tumos Cl—
3neKTponos [341]:

nonukpHcraanueckux (50% Ag,S + 509 AgCl);

MNIEHOYHBIX Ha OCHOBe TeTpajfellHJaMMOHUAXIOpHUAA
C HUCMOJb30BAHHEM B KauecTBe PacTBOPHTENS AHOYTHJ-
¢ranara;

HOHOOGMEHHBIX Ha OCHOBE CHJBHOOCHOBHHX AHHOHHU-
ToB AB-17 X 20, ACIT1-4 X 8, AB-17 X 20.

O6napyiKeHo BaHsSiHHe GeJKOBOH cpeasl Ha abCoOIOT-
Hble 3HAYEHHst MOTEHNUAJIOB KaK IVICHOHHBIX, TaK U I0-
JHKPHCTAINUYECKHX 3J1eKTponoB. B Kauecrse kanu6po-
BOUHHIX PacTBOPOB HENeco06paszHbLIM 0Ka3aoch HCMOJb-
30BaTtb OHOJMOrHYecKHe KHAKOCTH, B HACTHOCTH CHIBO-
POTKY, U3MeHA B Hell copepxaHue xyopupos. Haftpen-
Hble MO 3TUM KaauOGPOBOYHBIM KPHBBIM KOHUEHTpamuu
uoHoB Cl- coBmagalor ¢ onpenesieHHBIMH He3aBHCHMBIM
AHAMUTHUECKHM MeTomoM B mpeaenax 3—5%. B caygae
HOHOOOMEHHHX 3/1EKTPOOB B KauecTBe KaaHGPOBOYHBIX
HCIIONIB30BAHB PACTBOPH, cofepxkamue noMuMo NaCl
HEKOTOphle MHHepa/bHhie KOMIOHEHTH KpOBH (Ca“
Mg*, K*, HCO3, SOY ) B Toit KOHUEHTPANHH, B KOTOPOH
OHH MPHCYTCTBYIOT B KPOBH 310DOBOro uyemoBeka. [lpu
Takofl MeTonHKe 3HaY€HUsi KOHHEHTpamHu HoHOB Cl- B
CHIBOPOTKE U KPOBH, KOHCEPBHPOBAHHON remapHHOM, COB-
nanaor ¢ HaiieHHBIMH OGbeMHBIM THTPOBAHHEM B Mpe-
nenax B—109;. :

Onpeneneuue COACPXAaHMA MOHOB KanbLus

B Hacrosiee Bpemss B MeaHKO-OHOJIOTHUECKHX He-
C/IeNOBAHHAX IIHPOKO mpuMeHsioTcs Ca®+-spekTponn Ha
OCHOBe KaK HEHTpaJbHBIX JIHIAHIOB, TaK U JHAJKUJ-
bocharos [43, ra. 2; 156, c. 22]. Tloapobro 3toT Bompoc
H3noXkeH B [43, ra1. 7 u 8].

Ucnonszosanue Ca?f-3/1eKTPONOB MO3BONMIO OTpe-
NeNsiTh KOHIEHTpanuio GHOJOrHYecKH AaKTHBHOH YacTH
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Kajbliug B XXHAKOCTSAX, CofepXKaux GenKkosble H Apyrue
opraHHuyeckye BemlecTBa, 06/afaOUHe BBICOKOR cmocob-
HOCTBIO CBs3biBaTh HOHBI Ca?t,

B JITY wuccnenosan Ca?t+-snekrpox [17, E. Mare-
posa]l ¢ KUAKUM HOHOOGMEHHHKOM — pacTBOPOM Te-
HouarpudropaneroHa B TtpurekcHadocoare. Bribop
HOHOOOMEHHUKA OCHOBbIBaJCS Ha HUMEIOMHXCS JHTepa-
TYDPHBIX JaHHBIX, COTVIACHO KOTOPHLIM TEHOHATpHPTOP-
aneroH mpexcrasasier coboft cemekrusHni MAK, cmo-
co6HBIll 06pa3oBbIBaTh YCTOHUHBHIA KOMINIEKC ¢ HOHAMHU
Ca?+, VcTOH4YHBOCTb MOCJENHEr0 MOMHO 3HAYUTEIbHO
NOBBICHThL 33 CUET PacTBOPUTeNst — TpHreKcuiadocdara.
MeM6pana saektposa HMeer caeayowni cocras [B %
(Macc.)]: noaususnaxaopun — 20; tpurekcuapocdar —
60 u tenonarpudpropaneron — 20.

Bricokas cenekTHBHOCTb 3aeKTpona K HoHaM Ca?t
B npucyrctsud nonos H+, Na+, K+ Mg n crabuib-
HOCTb B pabore MO3BOJHAH PEKOMEHAOBATb 3TOT 3JeKT-
PO AJst u3Mepenus akTuHocTH HoHOB Ca®t B cl10XKHBHIX
Mo cOCTaBY pacTBoOpax, B 4acTHOCTH B KposH. Kak u nnd
MIeHOUHBX Na+t-31eKTponoB, Ieper  HCNOAb30BaHHEM
Ca?t-sjekTposa B CHIBOPOTKe MM KPOBH HEOOXOAUMO
HEKOTOpOe BpeMs ero BhAepKaTh B 3TOH cpelle, a 3aTeM
yXe Kanau6poBaTh MO MOAENbHBHIM pacTBopaM. B Kaye-
CTBE KaJHOPOBOUHBIX PEKOMEHAYIOTCS CMellaHHLIE pac-
teopst CaCly + NaCl ¢ o6meft uonuoii cumo#t ~0,16.
s 3anoinHeHHST 3JEKTPOJUTHUECKOrO KJo4a clefyeT
HCTONB30BATL PACTBOD caepywouero cocrasa: 2-10-°m
CaClz + 5-10*m KCI + 0,149 m NaCl.

OrmeruM, 4TO MeMOpaHB IUICHOYHLIX 3JI@KTPOLOB B
TO# WAH HHOH CcTeMeHH MOABEpPNKeHb BJHAHUIO OeJKOB
U nposiAsieTcss 9TO0 0CO6EHHO 3aMETHO MPH JJIHUTENbHOM
KOHTaKTe 3JeKTpoaa ¢ KDOBLIO, O UeM CBHUIETebCTBYET
H3MeHeHHe NoTeHnuana anekrpona Bo BpeMeHu. OcobeH-
HO 3aMeTHO BausHue Genkos Ha Cl-saekrponel, Tem He
MeHee Ha COBDEMEHHOM 3Tame 3TH 3JeKTPOAbl MOTYT
6biTh DPEKOMEHAOBAHH JIJS ONpeleleHHs colepXKaHus
MHHepaJbHbIX KOMIIOHEHTOB KPOBH B OTA€/bHHIX Npobax.
st mpoBeneHus MHOTHX MeAHKO-6HONOTHYECKHX HccJe-
JOBaHHH Heo6XOAHM HeMpepbBHBIH KOHTPOMb HOHHOTO
cocTaBa KpPOBH HEMOCPEACTBEHHO in Vivo, KoTophifi He
MOXeT 6HTh NMpoBeleH 6e3 HaaHuhsg PasHOOOPa3HHIX MO
KOHCTPYKLUHH MHKPO3JeKTpoaoB, paspaboTka KOTOPhIX
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e He JOCTHT/IA XKejaTeabHoro yposHs. Huxe mpuse-
Aelibl CBefeHHst 0 npUMeHuMocTi Ca?+-3/1eKTpojoB B pas-
JHYHBIX MeJHKO-OHOJIOTHUECKHX HCC/Ie OBAHUAX:

MeToposoruyeckie u obuero THna paboTel Mo olnpe-
AeIEHUIO KaJbIUsi B CBIBOPOTKe [356];

PasJIHuHble YaCTHbiE BOMPOCH! MO ONpEeNeNeHHI0 Kalb-
LU B CHIBOPOTKE MpH paccTpoiicTBe MeTaboausma [357
358]; B cnyuae o6meHHOR Tpanchysuu [358, 359]; an;
runeponapatuponnusme [360]; npn o6paGotke mnyTem
reMonnanusa [361];

onpeneneHHe Kanblus B LeldbHOH KpoBu [362].

V14, AHANKU3 3ATPSI3HEHMM OKPYXKAIOLLER CPEADI

Koutposib 3arpsisnennii Bosnyxa u okpyxaromuei cpe-
LBl — aKTyanbHefllag mpo6aemMa Hallero BpeMeHH [363].
O63op 1o sTomy Bompocy B Analytical Chemistry (USA)
oxsarbiBaer GoJee 500 pabor mo MerojaMm ananusza 3a-
TPSIBHEHHHM BO3AYXa (KOJOPHMETPHUECKHI, CIEKTPOCKO-
MHYEeCKHH, XpoMaTorpaduyecKuil, XeMHIOM HHECLIeHTHBIH
KOHAYKTOMEeTpHYecKu#, (ayopecuentusit). Xors notet-
LHOMETpHUYECKNil METON Ansl aHaJH3a OKpymKaiomed cpe-
ABl MPUMEHSIOT NaBHO, UMeeTcsl TOJBKO ojHA 0630pHAas
CTaThsl TIO 3TOMY BOTIPOCY.

PaccMoTpum npHmenenHe HOHOCEJEKTHBHBIX 3J€KT-
PolOB 1/ aHa/H3a HeKOTOpbX HanGosee BaXKHBIX 3a-
IpsisHeHHH atMocdepsl.

Onpegenenne copepikanus HOHOB hTopa

PropuaBl NPOHHKAIOT B OKPYKAKMIYIO Cpely B BHIE
OTXONOB Pa3JIMUHBIX TIPOMBIIIEHHBX TPEATPUATHH, U HX
aHanu3 Hanbosee paUHOHANBLHO TIPOBOAHTD SJMEKTPOXOM
obparumbiM K uoHaMm F—. Ins ato#l uenn npHUroaex BbI-,
COKOCNEeNH(PUUHBH MOHOKPUCTANNUUECKHHE HOHOCEJEK-
ruBHbifl F—-anektpon.

B oanoft ns mepmeix pabor [364] no mpuMeHeHUIO
F--sjiekTposa nas onpejpeneHus BOXOPACTBOPUMEIX (BTO-
pHIOB, colepKalIUXCAd B BO3AyXe H COPOCHHIX rasax
Obla HCTIONB30BAH 3JEKTPOX MapKh 94-99 ¢upmar Orion.
Hpooﬁbl H3 BO31yXa oT6Upanu GHabTpanHell H XeMocop6-
uHed Ha QHUABTPE, TPONMHTAHHOM pacTBOPoM (OpMUATA
HaTpHst. DTOT METON TO3BOJAET ONPeleNaTh KOHLEHTpa-
uHud GTOpUIOB B Bo3ayXe MeHee | MKr/m3,
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Hosass aHaiauTHuecKass TeXHHKA JJs  ONpeneseHHst
pacTBOPUMBIX (TOPHAOB B NOKIEBOH BOJe, CHere, BO
JbLY H a3po30JsxX npeptoxena B pabore [365]. C snek-
tpoftoM ¢upMe Orion aBTophl Ompele/HaH KOHLEHTpA-
uuio woHos F— 0,28 mapnp~!. Ina aTHX xKe nenefl mpu-
MeRsJH U F—-5/1eKTpojl, BHIyckaeMEit Gpupmoit Radelkis.

JanbHefimiee pa3BHTHe TPAMOrO MOTEHUHOMETpHuUE-
CKOrO MeToja L0 1o TyTH asroMarHaauud. Tak, ¢ro-
pHCTHIfl BOJXOPOX B BO3NYXe OMNpeleisNH CACAyIOWAM
o6paszoM [366]: ras u3 Bo3AyXa TOTAOWIANCST TOHKHM
crioeM KapGoHara HaTpHsi B CIHPaleoGpasHOM MOTJIOTH-
Tesle, gepe3 KamJblfl wac MOKa3aHHs 3JeKTpoja perd-
CTPHPYIOTCSl TIOCJEe NMPOMBIBKH TOTVIOTATENS LHTPATHAIM
6ydepom. OmnpenensieMas obaacrb KoHUeHTpanuii ¢ro-
punos 0,1—15 mMKr/m®.

B 3akjioueHHe OTMETHM, 4TO B HacTosiliee BpeMs
nauGoJee MpH3HAHHBIA MeTOX omnpeneneHHs QTOPHIOB B
arMocdepe — MOTeHIHOMETPUYECKOe THTPOBaHHE C TPH-
menenneM LaF;-smektpona.

Onpepenexne coaepiaH1a UMaH-HOHOB

Lluan-HoH naxe B HeGOJBIUIHX KOJIHYECTBAX YPE3BhI-
yatigo TokcHuen. Jzisi ero NOTEHIHOMETPHYECKOro Olpe-
neneHus npumensior AgeS — Agl-anexrpon. HepnasHo
[367] moka3aHO, HTO C TOMOLIbIO CN-—-35eKTpOfa MOXK-
HO ONpele/iaTh KOHLEHTPALHIO HCN B Bo3xyxe oT 5 1o
500 ma—! mocae noraowmenuss HCN H3 Bo3ayxa pacTso-
pom NaOH.

B quTepaType OMHCAHB METONBI ONpeENereHHs: HOHOB
CN- B npiMe TabaKa, BBIXJOMHBIX rasax U T. A. C TpH-
veHenneM CN—-anekrpona. HoH S? — elnHCTBEHHBIH,
MelnaiolWui onpeneneHno HoHoB CN<=, HO €ro MOMHO
JIeTKO ynanauTh. Jlpyrne aHUOHBI (I', szog') BJHSIOT TO-
rjaa, KOrjAa TPUCYTCTBYIOT B GOJBUIMX KOJHYECTBAX, HO
5TH HOHbI He THIHYHBI AJasi aTMoc(epHOro BO3ayXa.

Onpepenexne COAEPHaHUA OKUCNOB a30Ta
M HMTPAT-MOHOB

Bce Bospacraiomee BHHMaHHe yjensercs ONmpexeJe-
HHIO OKHCH a30Ta, TaK Kak ee pOJb CTaja OYEBHIHOU B
06pa30BaHHH BBICOKOTOKCHUHBIX TPOAYKTOB. Heo6xonn-
MO TaKXe OTpejelsTh colepXKaHHe OKHCIOB asoTa Ha
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3aBOJIaX MO BBINMYCKY Aa30THOM KHCJIOTH H, KpOMe TOro,
BooOIle B OKpyXaiomeM BO3JyXe, a HUTPATOB — B Mbi-
JIeBBIX 4acTHHax Bo3ayxa. las 5THX ledefl yCHelIHO
npumensior NOj-aaektpon [368, 369].

B paGore [368] mpeanoxkeHo OKHCJATb OKUCABI a30-
Ta 030HOM H mpespamarb B NO; myTeM rugponnsa, mo-
crennde onpenensor B pactBope  NOj-saekTpopom
92-07 ¢upmu Orion. Huxuuit npegen onpenenenus
1,4-10-8 M NOs.

Ina ompeneleHust OKHCH a30Ta B OKPyXKalomeM BO3-
Ayxe NpUMeHs/d Takxke npososounnit NOj-s;mexkTpon.

Ycnemnoe npumenenne NOjz-snektpopa aas ompe-
ReJeHHs CollepXKaHus HUTPATOB B aTMOC(EpHHIX aspo-
30451X omHcaHo B pabore [369]: wactuubl asposoneft no-
MO ANUCh a9PO30JbHBIM annapaToM, H pPacTBOPEHHbIE
%Efone HUTpATHl Onpepensan saekrponoM 92-07 ¢upwmol

riom.

Onpeneneuue cojepKaHMs aMMHaAKa U MOHOB aMMOHMSA

Onucano onpenenedue noHos NHi B mbiibHoM Boa-
ayxe [370]. O6pasmubl mociepHero cOGUPAT B GOMBIIYIO
€MKOCTb, COJePKAIUYIO CTEK/ISHHBIE BOJOKHUCTHE (QUABT-
pBl, KOTOpHie 3aTeM 06pabaThIBAIOT SKCTPAreHTOM, MOCJe
4ero SKCTPaKT aHaNH3UPYIOT. ABTOpaMHU MOJMYYEHO YHOB-
JIETBOpHTE/IbHO® COOTBETCTBHE B IMOKA3aHHSAX CTeKJSsH-
Horo NHji-snektpona dupmbi Beckman u razosoro NH,-
anektpona ¢upmel Orion. B o6bveme 2000 M3 cozepxa-
Hue HoHoB NHj MoxeT GHTb ompejeseHo ¢ TOYHOCTHIO
o 0,03 MKr/M3,

Onucan [371] npocToft MeTon onpejpeneHds aMMHaKa
B Ta6ake HTaGayHOM JbIMe C MOMOILIBIO 3/1eKTposa 95-10
¢upmer Orion. dtuM Merogom ob6Hapyxeno 0,1—0,5%
aMMOHHS B Pa3JH4IHBIX TabaKax.

Onpepenenne copepxanus ceposogopopa,
neTyuMx cynb(MaoB M ABYOKHCH Cephl

BhiCOKOTOKCHUHBIA CepOBOJOPOJ PENKO 3arpsi3HseT
ropoackoit Bosnyx. na onpenenenus HyS paspa6oranmn
pasnHuHbIe MeTOnH. Tak, mpepnaraerca [372] Texuuka
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onpejesieHHs CepoBOJOPOAA B BO3AyXe B PacTBOPHOM
BapHaHTe C HCNOJNb30BaHHEM 3JeKTpojoB. 'a3z axcopbu-
PYIOT BOJHBIM PacTBOPOM T'HAPOOKHCH HATpHA H acKop-
6uHoBoft KucaoTe., ColepKaHHe HOHOB S2- ompenensior
TUTPOBAHUEM PAaCTBOPOM cyab(aTa KagMHUs C HCIOJb30-
BaHUeM B KauecTBe HHAHKaTOpHOro S?—-sjekrpoaa 94-16
dupmbt Orion. ITpumecu NO,; u SO, He Memawr onpe-
AeJIEHHIO.

B pa6ore [372] omnpepenanu Takxe coaep¥aHue
MmepkantanoB H cyabpupos. O6pasen obpabaThiBanu
pacTBopoM HHTpaTa cepebpa, M HenpopearHpoBaBllHe
HoHsl Agt onpegensnu ¢ Agt-anekTponoM.

B pa6ore [373] onucan crmoco6 ompenenenus SO; B
neind Bozayxa: SO, abeop6upyercs 3% -HBIM pacTBOpPOM
H20,; 3atem mnposoasar HOTeHuHOMETBI/IlIeCKoe THTPOBA-
uue 0,01 M pacrsopom Pb(NOs)2 ¢ Pb?+-snekrposom B
kauecTBe uHjauKatopuoro. Couepxkanue SO, B Bo3ayxe
uaMensiock ot 10 g0 1000 MaH~! B 3aBUCHMOCTH OT THNA
MPOU3BOACTBA, 3aIpPS3HSIONIEr0 OKPYXAMIYIO CPeny. .

Onpegenenue copepxaHus OKCHAaHTOB

HauGonee mosnno Bompoc 06 ompejeieHHH OKCHJIAH-

. TOB B OKPYXXaloweM BO3AyXe € HCNOJb30BaHHEM I--3ek-

Tpona ocsewet B pabore [374]. OkcuaauTs U3 BO3AyXa
MOTJIOINAIOTCS HA CTEKJSTHHOM  BOJIOKHE DacTBOPOM
Hoauga kaausa B oprodocpartHom Gydepe (5-10-5 M),
a  BHENAIOUWHUACA HOX ONMpeRedsioT I—-3JeKTpoaoM.
DTHM MeTOAOM yjpaeTcss ONpeae/NHTh OYeHb Majible KO-
/AUYECTBa OKCHJAHTOB B BO3LYXE.

VL5. AHAJIU3 NOYB U BOA

B orauune oTr MeXHuHHbLl H OHOJOrHU, Tae GUOJOTH-
4yecKHe XHAKOCTH 4acTo BO3AeHCTBYIOT Ha MOBEPXHOCTDb
3JIEKTPOJHON MeMOpaHbl U HCKAXKAIOT MOKa3aHUS 3JIEKT-
poja, MOYBH H MOUBEHHBIE PACTBOPHl ABJAAWTCA Gonee
NpOCTHIMH OOBEKTAMH 1Jfi NMPHMEHEHHS pasjJHYHbIX TH-
MOB 3JEKTPOAOB. JKCHPECCHOCTb, HANEXKHOCTb, BO3MOXK-
HOCTb OfpeaeseHH#t 6e3 HapylIeHUs HENOCTHOCTH 06b-
eKTa MPHBJEKJH BHHMaHHe NMOYBOBENOB K MPAMOMY IMO-
TEHIHUOMETPUYECKOMY METOLy C MpHUMeHeHHeM HOBOTO
THIIA HOHOCEJIEKTHBHHX 3JIeKTPOAOB.
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IMorennuomeTpuueckuit MeTOL N03BOJSAET MPOBECTH
pAL onpejeNeHUd 3a KOPOTKHH NPOMEXYTOK BpeMeHH
(HECKOJIbKO MUHYT) W B GOJIBLIHHCTBE cllyuaeB 0e3 mpej-
BApUTEJNBHOTO pasjeneHus KoMnoHeHToB. HeobxopuMo
TaK#e OTMEeTHTh, UTO B NPUPOAHBIX O0BbekTax (B uacr-
HOCTH, B MOYBAX) /ISt PAa3JHUHBIX [POHECCOB OOBIUHO
pelanmyo polb UrpaeT He KOHLEHTPALHS HOHOB (HJIM
MOJIeKYJ), @ UX aKTHBHOCTb, KOTOpasi OTpaxkaer pealb-
HOEe YuacTHe HOHOB B MOYBOOGPA30BAHHU H MHTAHUM pac-
TeHHH.

[Ipumenenue BOJAOPOAHOrO CTEKASTHHOrO 3JEKTPOAA B
nousoBeneHnu Hawansocb B 30-x rr. [375]. Hekoropsie
HCeae0BaTeN | UCMOJb30BaAIH BOJOPOAHbIE U HATpUEBbIe
CTeKJsHHHE 3JeKTPOAH, a TaKikKe KaJjbliHeBble ¢ MeMO-
paHaMu U3 HOHOOOMEHHBIX CMOJ JIsi ONMpejesieHHs akK-
TUBHOCTEH HOHOB B BBITAMKKAX M3 N[OUB M CYCHEH3HUAX
MOYBa — PacTBOp JJIS HU3yueHHss OOMEHHHX [POLECCOB
B [MOYBAaX M HUX 3acoJeHHOCTH. B nocnepnue ropst uiy-
POKO NMPHUMEHSIOT HOHOCEJeKTUBHbIE 3JIGKTPOAB! ¢ KU~
KOH U nJieHounoit memOpanaMmu npH onpepeneHun obmen-
HOroO KaJjlblHA H Marmus B mousax [376], B BuITsxKKax
13 MOUB U MPUPOAHBIX BOJLAX.

B aunanuse BRITAMEK H3 MOUB U OPUPOAHBIX BOJ Ha-
mlesl OpuMeHeHHe TakkKe noJukpucranauueckuin Cl—-
3J1eKTpoA. Bonbuioit unTepec y nouBoBenoB u arpoxu-
MHUKOB BBI3BaJIO nosBienue NOj-snekrpona. Has onpe-

JesieHHs HOHOB KaJus (Takoro e OHodnia, kak u asor)
B Tex Xe 00bexkTax ucnoasdyior u Kt+-szmertpon.
Oco6oe 3nauenue uMeeT BO3MOXKHOCTH MPHMEHEHUs
3JIEKTPOJIOB B XKuBbIX ofbekrax (in vivo, in situ), uro
[03BOJISIET BBIACHHTbL XapPaKTep peANbHO NPOTEKaIOLUX
PHPOAHBIX rpolteccoB. ¥Yxke B 30-x rr. nosBuaucs [377]
nepBie PAGOTH MO PUMEHEHHIO CTEKNSHHONO 3JEKTpoaa
H nonbITKH uamepenus pH u okucautenvunix norenuua-
J0oB B 00pasuax TNOuYB ¢ eCTECTBEHHOH BJAXKHOCTBIO.
B nousax ecTecTBeHHOro 3ajeraHus BuepBble HOHOCEJEK-
THBHBIE 3JEKTPOAH Gbliu mpuMeHeHsl B paborax Kop-
syma, Jlamwma, Xancena, Pyxuuku, a TakiKe KpiokoBa
n Topbynosoit [378] nna ompenenenus uonos Na+, H+
Cl-. Heitp u Tanubymen [379] ¢ nomompio K+ n

NO;3-2/1eKTPOAOB H3yuanH U3MEHEHUE BO BPEMEHH Co-
X _
nepxanus wonos K' u NOsz B xopneBoit 30He Henocpen-
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CTBeHHO B TMOJIEBbIX YCJOBHAX, HO He€ B [MOUBe ¢ ecTe-
CTBEHHON BJAMKHOCTBIO, 2 B [OYBEHHOH [acTe ¢ cOOT-
HollleHueM 1ouBa/soga = 1/0,5.

B nocnennee spems g HernocpelacTBEHHOro usyde-
HHS KUBLIX OOEKTOB MOYB TAK:Ke BCe dallle NPHMEHSIOT
HoHOCeJeKTHBHBIe 3JekTponsl [380]. HanbGosee mupoko
W HHTeHCHBHO Nojobubie paGotsl Benytes B Ilymuuckom
WHCTHTyTe arpoxuMun u nousoselenus (MAIT) AH
CCCP, rge B TeueHde psja Jer kak Ha buocdepunoit
craunuu B [lympuuo, Tak u B 3anoBefHHKe «XOMYTOB-
cKas cTenb» B JaGopaTOPHBIX H [OJEBbIX yCJAOBUAX MPH-
MeHsoT uarotoBiennsie B JIT'Y [381] omsirnble ofpas-
bl MeMOpaHHBIX MJ1eHOUHBIX  3JIEKTPOROB C Ca2+-,
Ca™ + Mg, K*-, NO3-, CI” (nonukpHcTaqHuecKHil)-
GYHKIHAMH, a TAaKXe NPOMBIIIJIeHHbIe CTEKASHHbIE JIeK-
tpoast ¢ Ht-, Nat, K+- u penokc-GyHKHUAMH.

Metoauueckue HCCAeNOBAHUSE ¢ HOHOCEJEKTHBHBIMH
3JMEKTPOAAMHU MO BBISICHEHHIO TOYHOCTH M COOTBETCTBUS
APYTHM MeTOJAM aHaJu3a M[POBOAMJIM C Pa3JHUHBIMH
00beKTaMH: BOJHBIMH BbITAXKKAMH H3 [OYB, TIPUPOAHBI-
MH BOJAaMH, CYCHEH3UsMH [O4Ba — BOJA U Henocpen-
CTBEHHO B [OUBe C eCTECTBEHHOH BJAXKHOCTBIO.

B nocleaneM cjayyae BO3HHKaeT paj npobJem, cBs-
3aHHBIX ¢ BJHAHHEM TeMnepaTyphl, BJAXKHOCTH MOUBbI
u gapyrux (GaxTopos Ha pesysbTaThl H3Mepenu#. Beraer
TaK:Ke BONPOC O COOTBETCTBHU MOKa3aHUA JJMEKTPOAA aK-
TUBHOCTH HOHA B [OUBE C ONpPeReJEeHHOR BJIAXKHOCTDIO.
YOBenutesbioe MOKa3aTeJbCTBO MPaBUJABHOCTH [OKa3a-
HUI HOHOCEJEKTHBHBLIX 3JEKTPONOB B CBEXUX MOUBEH-
nbix ofpasmax moayueHo B paborax [381]. Ycranosiena
X0opoluast CXOAHMOCTh 3THX MOKa3aHUH ¢ aHAJOrHUHBIMHU
[OKa3aHUSAMH IS TOUBEHHBIX pacTBOPOB, MOJyUEHHBIX
no meromaM Kpiokosa (BbigaBjmBaHumem) U Komaposof
(BbiTecHeHueM 3aMemaloumefl xnjakocrsbio) (Ttabs. VI.2).

B pa6orax MAIl AH CCCP 6bi0 BBISICHEHO, 4TO
MHHHMaJpHas [oJeBas BJamKHOCTb, oOecreuuBaoas
yeToluMBbIe peajibible MOKA3aHHs 3JeKTPOAOB, COCTaB-
nser 10—15%.

posenennas Gospluas MeToaHyeckas paboTa M03Bo-
JUa NPUMEHUTh METOX NpAMOfl MOTeHHHOMETPHH MpH
JAJINTEJIbHBIX CTAHHOHAPHBIX MOUBEHHBIX HCCJIeA0BAHUIX
(8 3anoBennuKe «XOMYTOBCKAs CTeMb») [381]. Hanu-
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Ta6auna VI.2

PesyabraTel onpefedeHHss aKTHBHOCTH (Mr-9KB/J)
HEKOTOPHX HOHOB B mOYBE C €CTeCTBEHHOH BJAXKHOCTHIO
M NOoYBEHHHX pacTBOpax [381, c. 102]

IMouBeHHBIE pacTBOPHI
Ionesas
BJIAXKHOCTH OnpenenseMufl Mousa
OYBH, HOH MeTOoN MEeTOoA
% KpiokoBa Komaposoi

20,2 K* 0,68 0,66 0,56
Ca?+ 6,32 7,96 6,02

Ca?* 4 Mg2+ 7,62 8,34 6,76

NO; 0,08 0,06 0,08

Cl” 2,75 3,80 1,26

pH 7,14 7,42 7,06

29,1 K* 0,68 0,51 0,56
Ca?+ 6,48 6,32 6,32

Ca?+ 4 Mg?+ 7,60 7,26 7,18

NO; 0,18 0,18 0,256

C1r- 0,67 0,60 0,19

pH 6,88 7,60 7,78

82,19 K 0,51 050 | 048
Ca?* 6,32 6,04 6,32

Ca?* 4+ Mg?* 6,94 6,78 8,34

NO; 0,21 0,18 0,21

C1- 1,65 1,58 0,60

pH 6,70 7,06 6,87

TEJAbHHE OMbITH ¢ YepHO3eMOM ObIIM BHIMNOJIHEHH C NMPH-
MEHEHHeM 3JIEKTPOJa, CeleKTHBHOro K Hony Ca’t. dmek-
TPOAB KaAHOpOBaJH MO UUCTBIM M CMEIUIAaHHHLIM pacrBO-
pam CaCle. B nocnennem cayuae B (oHOBBI pacTBop ¢
MOCTOAHHON HOHHON CHJIOM n06aBJAAM TOUHBIE KOJdHYe-
cra  CaCly. TloCToiHCTBO HOHHOH CHJIBL NPH 3TOM
COXPAaHsAJIOCh, COXPAHANOCH TaKKe MPUOIH3UTENBHO H 110-
CTOSIHCTBO Ko3(dduiuenTa akTuBHOCTH HOHa Ca?+, Diek-
TPOAbl KaJHGPOBaaH 10 H MoC/e AJHTeNbHOTO HAaXOmje-
HHSl B fOYBe, KyAa HX HOTpy:a/au Ha rayGuHy 5—7 cM
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Ha TpH HepmeJu. ™ D. p. ¢. u3Mepsinu 3 pasa B JeHb. 3a
BpeMsi OMbiTa 3JEKTPOAbl 1aBajiH YCTOHUMBBIE M BOCHpO-
H3BOJUMble noKasaHusl. [locie u3BIACUEHHS UX M3 MOYBH
H MPOBEepKH MO CTaHAAPTHHM pacTBopaM GblJIO yCTaHOB-
JIEHO, UTO NepBOHAYaJbHbIC XapaKTePHCTHKH 3JIEKTPONOB
HOJTHOCTBIO coXpaHsauch. [lapanneldbHo ¢ moayueHHeM
JaHHBIX N0 aKTuBHOCTSM HOoHOB Ca?t ompenensiin Brax-
HOCTb M TeMIlepaTypy MOYBB Ha TayOHHe MOTpyXKeHHd
3/1eKTponoB. OXHOBpeMeHHO ¢ ompejeNelHeM MoTeHlHana
Ca%-s3/1eKTpoJla B nouBe H3MepsH AHAJNOTHUHYIO BeJIH-
YHHY B BOJHOM CYCNeH3HH C pa3BeJeHHeM, paBHBIM 1 : 1.
HecMoTpst Ha To, 4TO MpH H3MepEHHSAX HCMOMb3OBAJHU
3JIEMEHT ¢ MepeHOCOM H aKTHBHOCTh OTHENbHOr0 HOHA
ABASIETCST YC/NAOBHOH, OHa OKa3ajnach BechbMa IOJE3HOMH
/st M3yueHHs MOUBEHHHIX NpolleccoB B auHamuke. [Tpen-
craBjennbie Ha puc. VI.2 nanusie mo usMeHeHHIO aKTHB-
HOCTH HMOHOB KaJbuusi HerocpeAcTBeHHo B mouBe (/) u
B cycnensun 1:1 (/]) moka3swBaloT, UTO B MOUBE B Tede-
HHe CYTOK NMPOHCXOAAT 3aMeTHble H3MEHEHHs] aKTHBHOCTH
HoHoB Ca?t: yrpoM oHa MHHHMMAaJbHa, a B MOJAJEHb —
MaKCHMaJibHa H coxpaHsieTcss oObIYHO TaKofi M0 Beuepa.
Hns xkpusoft / xapakTepHbl pe3Kue MAaKCHMYMBI B aKTHB-
HocTH Hona Ca?t, Koropeie orHOocATcst K (ase KoJolie-
uus pacrenus (¢ 10 go 15 maa) npu coxpanenuu cpen-
HeCyTouHofl TeMnepaTyphl Ha ypoBHe 14—15°C, a Brax-
nocrn 19—20%. Kpusas Il cBuperennctByer o6 oTcyr-
CTBHM 3HAUMTEJILHBIX HU3MEHEHHH B AKTHBHOCTH HOHOB
Ca?r B TeueHue cyTOK (H Gosee), T. €. CycNeH3us He
OTBEUAeT eCTECTBEHHBIM MOYBEHHHM YCJAOBHAM. 3a cuer
nponeccos o6Mena U ApYrux siBJeHUI COCTaB H KOHIEHT-
panusi MOUBEHHOr0 pacTBOpa pe3KOo OTAHYATCH OT CO-
CTOSIHHS TMOYBEHHOTO pacTBopa B MOYBe eCTeCTBEHHOro
saneranus. [Tokazanus Ca?+-3/1ekTpona B MOUBE XOPOILIO
COTVIACYIOTCSt € TMOKa3aHHSIMH, XapaKTepH3VIOIHMH H3-
MeHeHHe cojepHaHust 0OMEHHOTO Kaabuusi (3a TOT e
MepHoOJ BpeMeHH), NMOJNYUEHHBIMH ¢ TOMOIIBIO MOTJIONIE-
HMS KaJbLHd H3 NOYBH HOHOOOMEHHBIMH CMOJIaMHU.
[Tonyuennsie pe3yabTaThl MOJNEBHX HeCAeN0BaHHUM
MOoUB MO3BOJHIH CHeNaTb HeKOTopble MpHHIHMIHANbHBIE
3aKMOueHus o nponeccax B «xusoit» mouse. CocraB o

* CpaBHUTE/IbHBIH 3/1eKTPOX — HACHILEHHBA XJOpcepeOpaHbii —
NOMENIAN Ha pACCTOsAHMM He 6onee 40 ¢M OT HHAMKATOPHOIO.
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Acgtt, M2-9K8/1

Bpems, cymnu

Puc. VI. 2, 3aBHCHMOCTb AKTHBHOCTH MOHOB B ItouBe (in siiu) (/) H B NOupesHON
cycneudnu (1: 1) (/1) ot Bpemenn,

KOHHEHTPaHus MOUYBEHHOr0 pacTBopa SIBJASIOTCS Pe3yib-
TaToOM MHOroo6pasHbX mnpesBpalleHuil (GUINKO-XHMHUUe-
cKo# u 6HoJOrHYecKo# NpuUpojpbl, KOTOpbE 3aBHCAT OT
TeMIepaTyphl, BJAXKHOCTH U aspaunu mouss. Tak, B

yepHo3eMe OOHIKHOBEHHOM H CepoM JIECHOH NMouBe ¢ ecre-

CTBEHHOH BJAXKHOCTbIO aKTHBHOCTH HoHOB Ca%t ymesn-
yHBaeTCsl ¢ MOBHIIEHUEM TeMIepaTypsl H yMeHbIIaercs
¢ MOBHIIEHHEM BJaXXKHOCTH.

Mexpy xupko#l, TBepaofl u razoo6pasusiMu paszamu
MOYBbl CYLLECTBYeT MHHAMHUecKoe ajacopGuuOHHOe paB-
HOBeCHE, MO3TOMY COCTAB H KOHIEHTpamus MOYBEHHOTO
pacTBOpa oueHb H3MeHuUBH. [IpHMeHeHue MoTeHHUOMET-
PHUECKOTO MeTona ¢ HOHOCENEKTHBHBIMH 3JEKTPOXAMH
IS UCCJeNOBAHUS NUHAMUKH MOYBEHHEIX MPOLECCOB AB-
JsieTcs BeCbMa NepCleKTHBHHIM. KOHueHTpamHs HOHOB
Ca% B mouBEeHHOM pacTBOpe HAXOAHUTCS B NMPSIMON 3aBH-
CHMOCTH OT H3MEHEHHS cONepXKaHUS B NMOYBEHHOM BO3-
1yXe YIVIEKHCJIOT0 rasa, KOHIEHTpalHs KOTOpOro orpa-
XKaeT cyMMapHb#l 3¢ddekT AbXxaudus KopHefl pacTeHuil U
HaceJISIOUIUX TOUBY KHBOTHHX U MUKPOOPTaHH3MOB, T. €.
copepxanne uoHoB Ca%+ omnpegenser GHOJOTHYECKYIO
AKTHBHOCTb MOuBH. B CYTOUHOM HHKJe MO Mepe MOBH-
IIeHHs TeMMepaTypbl XHU3HeNesiTeJbHOCTh BBICIIHX pac-
TeHH# W MHUKPOOPTAaHH3MUB 3HAUHTEJbHO AKTHBU3UPYET-
cs, CJaeNCTBHeM uero fApjsercss oborameHde XUaKoH
hbasbt yrieKucJaoToll M OpraHHuecKHMH Kucsaoramu, [lpu
sroM pH cHuxkaercs, a coupepxkanue nonos Ca%t B mou-
BEHHOM pacTBOpE YBe/HUHBAETCS 32 CUET BLITECHEHHS
MOTJIOLIEHHBIX HOHOB M pPacTBOPEHHS TDPYXHOPACTBOPH-
MBIX COJIEH.
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TakuM o6pasoM, u3MeHeHHe aKTUBHOcTH HoHos Ca?t+
B [IOYBE OTpPaxKaeT CYTOUHBIH MUKJ €€ GHOJIOrHYecKOH
aktuBHocTH. Peskuil nogneM B comepxkanuu nonos Ca?t,
HafigeHHslt nyrem namepeHu#t ¢ Ca?+-sjekTpojoM, moi-
TBEpAHJICS HECKOJBKUMH He3aBUCHMBIMH MeETOJaMH, B
TOM YHCJe W MPSIMBIM aHAJH30M PacTBOpa, MOJNYUEHHOro
U3 cBeXUX 06pasmoB MOUBH METOAOM BHITECHEHHSI 3aMe-
wammel KUJAKOCThIO H, MO-BUHAHUMOMY, 06GYCJOBJIEH aK-
THBHHIM NOCTYMJIEHHEM B MOYBEHHBIH PacTBOp NMPOAYKTOB
pasJoxeHus:.

[TpuMeHeHHe HOHOCEIEKTHBHBIX 3JEKTPOAOB B MOUYBO-
BeJeHHU pa3BHUBaeTcst, U YHCJI0 paboT HempephiBHO yBe-
JuuuBaercs. 3jech B OCHOBHOM paccMOTpeH BONPOC O
NPUHHUMHANBHOM 3HAa4eHUH HOHOMETPHH B HeHapylIeH-
HBIX TMOuBeHHBIX o6beKrax. HuKe mpuBejeHbl JHTEPATYP-
Hble CBEeJleHHSI O MPUMEHHMOCTH Pa3JHYHHIX HOHOCENeK-
TUBHBLIX 9JIEKTPOLOB JJIsi U3YyUeHHs B OCHOBHOM MO4BEH-
HBIX CYCMEH3H! U BHITSKEK H3 MOUB:

ompejesieHHe HOHOB K+ B mouBax u mouBeHHBIX pac-
TBOpax [381, 382], pacTeHUsX H PACTHTENbHBIX KJETKaX
[383], yno6pennsx [384] u mpupomHsix Bonax [385];

onpexesenne HoHoB Ca%+ B moyBax U NMOYBEHHHIX pac-
tBopax [381, c. 102; 386], npupoannix Bojax [94,
R. Oliver; 387];

ompejesyeHHe a30Ta (B suge NO3 u NH;) B NIOuBax
U mouBeHHBIX pactBopax [382, P. Nair; 388], mpupox-
HEX Bopax [389] u pacrenusix [390];

ompejesieHle HOHOB F— B MouBax M MOUBEHHBIX pacs
tBopax [391; 392, c. 81; 393], mpupoupunix Bogax [394]
u pacrenusix [394, P. Chambon; 395];

onpeneseHne HoHoB Cl— B nMouBaxX W MOUBEHHBIX pac-
TBopax [242, c. 1824; 396], npupoaHsX BOAAX H pacTe-
ausix [397];

onpenenenue HOHOB Br— u I~ B nmouBax u MOYBEHHHIX
pacrBopax [398], npupoxHsix Boxax u pacreHusx [399];

onpejesieHHe HOHOB S?~ B noYBax H MOUBEHHBIX pac-
tBopax [400] u npuponnbix Bogax [401].

’ V1.6. UCCNEAOBAHUE MOPCKOH BOADI

B nocienHee BpeMsi mpH H3YUEHHH pacmpeleseHus
HOHHBIX KOMIIOHEHTOB M JJst HCe/eJ0BAHUSt HOHHBIX PaB-
HOBecHH B MOpPCKOH BoAe HauaaH NPUMEHATb NOTEHIHO-
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METpUYECKHH METOH ¢ HOHOCEJEKTHBHBIMH 3JIEKTPOLAMH.
ITomumo Bcero mpouero, 06yCAOBIEHO 3TO TeM, YTO C
Gonbliefi 4aCTbIO H3BECTHHIX METONOB aHalH3a (IJIaMeH-
HO-()OTOMETpHUUECKHM, BECOBHIM H Ap.) TPYAHO paboTaTsh
B KopabesbHBIX YCJIOBHsX. TakHe npeuMymiecrsa B pa-
6oTe ¢ MeMOpaHHBIMH HOHOCEJEKTHBHHIMH SJIeKTPOLaMH,
KaK 9KCIPECCHOCTh W BO3MOMKHOCTH HeNpEpHIBHON peru-
CTpauuH H3MEHEeHHH KOHIEHTPAnHH KOHTPOJHPYEMOro
HOHa, JeNaloT NMepCrneKTHBHLIM NpUMeHeHHe IyOoKOBOL-
HHIX 30HIOB ¢ Ha6OpOM HOHOCESEKTHBHHIX 3JIEKTPOJOB
IJ151 KOHTPOJIt H3MEHEHHH HOHHOTO COCTaBa MOPCKHX BOJA
in situ Ha n1060M ropusoHre.

HecoMHeHHBIM  JOCTOHHCTBOM  HOHOCENEKTHBHOTO
5JIeKTpona /i OKeaHOJOTHH fIBJASETCS U TO, HTO €ro
9JIEKTPHYECKUH TOTeHHHAJ OT3bIBAETCS HA H3MEHeHHe He
obuied, a aKTHBHOR KOHHEHTPANUH HOHA, YTO CYHIECTBEH-
HO MpU H3YueHUH HOHHHIX PaBHOBeCH# B MOPCKOH BOAE,
B TOM uHclde H TpomeccoB KOMILIEKcoOOpa3oBaHHUs.
B mopckoit Boge Ca™-, $-, CO3 - u HCOj;-saekrponst
MO3BOJISIOT H3YuaTb TaKHe BAaxKHble paBHOBecHs, Kak
Kap6oHaTHOe, cyabdaTHoe u cyabpugHOe,

Opnako He BCe HOHOCEJNEKTHBHBIE 37eKTpoxs 06ja-
JAlOT [OOCTaTOYHOH HYBCTBHTENBHOCTBIO, YTOOH . HAHTH
npuMeHeHue B aHasan3e MopcKoil Boan. MMeHHO mo aTo#
npuyuHe HeJsib3si HCNOJAB30BATh B MOpcKo# soge NOjs-,
Cu®-, Pb*-21eKTpoaH H HEKOTOpHle APYrHe, MOCKOBKY
COepKaHUs MNepedHCAeHHBIX HOHOB JexaT 3a Ipene-
JaMH HUXKHe# KOHUEHTPAnHOHHOH TpaHHub GyHKIUO-
HUPOBAHUS YKA3aHHHX J€KTPOJI0B.

Pacemorpum  cnoco6nl  Haubonee  3ddeKTHBHOrO
yMeHbllleHUss OUQGPY3HOHHOrO TOTEHHHANa NpH H3Mepe-
HHSIX 3. [1.C. 3JIEMEHTOB ¢ HOHOCEJEKTHBHHMH 3/€KTpPO-
OaMH B HCCJeJOBAHHSIX MOPCKOW BOAB. 3HauuTenbHHH
HHTEpeC MPEeACTaBJAseT pelleHHe 3TOro BOmpoca B pabo-
tax Xanccona [402], npuMeHHBIIEro 3JEMEHT C NepeHo-
coM. Omnako auddys3HOHHEE NOTEHHHAN B NOCIeRHEM
cBeleH 10 MHHHUMyMa 3a c4YeT HCMOJIb30BAHHS B CpaBHU-
TeJIbHOM 3JIEKTPOLle PacTBOpa MpaKTHUECKH TOr0O Ke COo-
craBa, 4TO M HCTHTyeMbll, CpaBHHUTENbHBI 3/1€KTPOX
uMea BuA TPpYyOKH ¢ y3KHM KalWJIsSipOM BHH3Y, 3amoJi-
HeHHOft HOpMAaJIbHOH MOPCKOH BOLOMH, B KOTOPYIO onyuieH
CBEPXY TOKOOTBOAALIHHA XJOpcepeGpsHEl 3JeKTpos.
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Jns ncenempoBaHusi MOPCKOH BOIH C IENbIO H8Mepes
HH$1 OTHOIIEHHH aKTHBHOCTEH Pa3NHUHBIX HOHOB (ak/GNa;
Gca/Qcatmg; Qr/@ci W Jp.) NepCHEKTHBHO MpUMeHeHHe
2JIeMeHTOB 6e3 nepeHoca.

CaBenko [403] npuMeHHs HaTpHeBH SJeKTpony H
K+-snekTpox Ha OCHOBe BaJMHOMHLUHHA HJs OlpeneJe-
HUSl copepxKaHHs HOHOB Na+ u K+ B Bopax AtjaaHTuue-
CKOro oOKeaHa, a TakiKe KO03(DPHIIHEHTOB aKTHUBHOCTH
3TUX HOHOB B MOpcKofl Bojme. B paspaBorannofi um Me-
TOAHKE CTAaHJAapTHBIMH pacTBOpaMH JJis Kajiu6pOBKH
AJI@KTPOJOB CAYHHJANW PacTBOPbl HCKYCCTBEHHONl MOpCKOH
BOAH ¢ KOHHEHTpPalmHsMU BCeX KOMNOHEHTOB, PaBHHIMH
HX KOHIEHTpamusM B MOPCKOH BOJe ¢ COJIEHOCTbIO
35 mau—'. Konmenrpanuu NaCl n KCl B atux pacrsopax
MeHsAnU Tak, utoOn oburas HOHHAs CUJia PacTBOPOB CO-
XpapsJyach MOCTOSHHOM.

TouHoCTh ompepedeHds comepxanuii HoHoB Nat n
K+ cocraBuna =+=1%, a nns otHowernuit Cna/Ccr 1 Cx/Ceci
OblH TosyyeHst cpepnue 3Hadenns 0,5556 m 0,0202, uro
HAXOJQHTCS B XOpOIIEM COTVIACHH C JUTEpaTypHLIMH JNaH-
HBIMH.

B 37Ol cBS3U chejpyeT OTMETHTb, HTO B TOCJAERHHE
rogn CTaJH TOABIAATbCS PaGOTH, B KOTOPHIX B TOH HJH
HHO#t (opMe BHICKA3HBaeTcsl COMHEHHE OTHOCHTEJIbHO
NpaBUIbLHOCTH THIIOTE3H O NMOCTOSHCTBE OTHOUIEHHH KOH-
HeHTpanuii rJAaBHHX KOMIOHEHTOB COJIEHOCTH MOPCKOMH
BOMAK, a CJ€JOBaTeNbHO, U TPABOMEPHOCTH OTpeNeieHHUs
conenoctu no nody Cl-. Tak, Xopu [404] numer: «B no-
cefHHe rogbl, 6Jarojgaps ycoBeplleHCTBOBAHHIO aHaJH-
THYECKHX METOJOB, TOCTENEHHO CTaHOBHTCsS Bce OoJee
sicHO, UTO BEJHUMHBI, CUHTaBIIHecss paHee MPHMEPHO IO-
CTOSHHHIMH, OKa3blBAIOTCA HAa CaMOM jeJe JajneKo He
TakoBHIMH. KoHuenmus XJOPHAHOCTH Tepexkuna cebs u
cienoBajo OH TIO3BOAHTb €ff yMepeThb eCTeCTBeHHOH
CMepTbIo, Mpexie yeM oHa craHeT 06y3oi». XopH mox-
Jep:KHBAET Tpelyioxenne 0 HeoOXOQUMOCTH Mepexona K
XapaKTepPHCTHKE MOPCKOH BOJXH H4epe3 3/€KTpOTpOBOJ-
HOCTb WJIH MJAOTHOCTD. A

BrickazaHubie XOPHOM COMHEHHSI OTHOCHTEJBHO He-
[IOCTOSIHCTBA OTHOUIEHHH TJIaBHBIX KOMIIOHEHTOB COJIEHO-
CTH MOpCKOfl BOJH TO3BOJIHAH HEKOTOPHIM OKeaHoJoraM
yTBEpKAAaTh, UTO pacipejereHHe HOHHHX KOMIOHEHTOB,
WampuMep HATPHA U KaJjHs, B OKeaHe He 3aBHCUT OT pac-
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npepnenaeHus xaopa, a otHolweHus Cx/Cei u Cna/Ceci nas
OTJEJIbHBIX JIOKabHbX pailoHoB MHpoBOoro oxeava sB-
JSIOTCH CAy4YaiHbIMU.

C 1moMOIbIO HOHOCE/IEKTHBHBIX BJEKTPOLOB BO BpeMS
3KcHeJuunn B AtnanTuueckoMm okeane (1975 r.) usyyeno
pacnpepesnenue noHoB K+ u Nat mo BepTHKa/JH Ha CraH-
AapTHBIX ropusoHTax 137 npefibpylomux cravmui [47,
C. 22]. VYcraHOBJeHO, UTO KOHLEHTPAIHs HCCIELyeMbIX
HOHHBIX KomnoHeHTOB K*, Nat Mopckolt Boap uHsMe-
HAercsd CcHMOaTHO H3MeHeHHIO cojeHocTH. B pafionax
OKeaHa, TZe COJIEHOCTb N0 pa3pesy OT HOBEpPXHOCTH HO
JHa MPaKTHYeCKH IOCTOSIHHA, H3MeHeHHA B KOHIEeHTpa-
HUSAX H3yuaeMblX KOMIIOHEHTOB He o0Hapyxeno. Pacyer
OTHOWeHHNH KoHneHTpanu# uonos K+ u Nat u noma Cl-
MODCKOfi BOJbl, ONpe/ieleHHbIX MeTOAOM 3JeKTPOHPOBOA-
HOCTH ¢ IIOMOILbIO COJIEpPHMETpPa, C HCHOJb30BaHUEM pe-
syapraToB aHaausa 3000 npo6 Mopckoil Boan naer Aaa
Ck/Cci cpennee 3Hauenne 0,0203 + 0,0004, a ans Cna/Cc
0,56550 4= 0,010, uto BHOMHE corjacyercss ¢ APYTUMH JH-
TepaTypHbiMu ZaHHbIMU. Takum oOpasoM, B Npegenax
MOTPellHOCTH NMPHMeHgeMOoro Merojaa aHasausa (=429%)
HoJyueHHble NaHHble CBHAETeJbCTBYIOT, UTO pacnpejese-
HHe HOHHBIX KOMIIOHEHTOB B MODCKOH BOJe HaXOAZUTCH B
KOoppeasillHi ¢ M3MEeHeHHEeM COJIEHOCTH H, CJle[l0BaTeNbHO,
NpenHo/oXKeHHe O HENOCTOSHCTBEe OTHOWEHHH IJaBHBIX
KOMIIOHEHTOB MODCKOH BOXBI He oOocHOBaHO. MoxxHO
yTBepXkKJaTh, YTO Pe3yJabTaThl HPOBEPKH THIOTe3bl IO-
CTOSHCTBA OTHOUIEHHH rJIaBHBIX KOMIOHEHTOB COJIEHOCTH
MOpPCKOH BOZBI HATJSZHO HAeMOHCTPHUPYIOT IMepCHeKTHB-
HOCTb HpPHMeHEHHS HOHOCENeKTHBHBIX 3JEKTPOJOB B MOp-
CKHX HCCJAeHOBaHUAX.

3apy6exHbill OMBIT MO NMPHMEHEHHIO HOHOCENEeKTHB-
HBIX 3JIEKTPONOB B OKeaHOJOrHu o6o6uieH B 0630pHBIX
pabotax YopHepa. B ogHoit u3 Hux [405] mnpusenennl
TabJHIb], CofpepiKallle XapaKTePUCTHKH pAjfa MpOMLILI-
JIeHHBIX CeJIEKTHBHbLIX 3JIeKTpOJ0B, CBeJeHHsI O KOHUEHT-
palud OmpefessieMOr0 HOHA M BCeX MelIalOMHX HOHOB,
MPUCYTCTBYIOWIUX B MopcKoii Boge. IlpuBogumM moJyueH-
Hele YOpHepOM BHIBOAH OTHOCHTENbHO BO3MOXKHOCTH HC-
MOJIb30OBAHHA Pa3JHYHBIX HOHOCEJEKTHBHBIX 3JIEeKTPOAOB
NNl aHann3a MOpPCKOH Boabl. MoXKHO onpefesuTb HOHbI
Na*, K*, Ca®, Ca” 4+ Mg”, F, CI” u S$*, a uoun
NH;(NHg), Cu™, Pb™, Br’, I', BFi, NOj, SCN™ — ner.
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Takum o6pa3oM, BCJeACTBHE HenOCTATOYHOH UYR-
CTBHTEJNIBHOCTH HJIH HHU3KOH CeJIeKTHBHOCTH O6J/bLIYIO
4acTh H3 HMEIOLIHXCS B HACTOfILlee BpPEMS HOHOCEJEK-
THBHBIX 3JIEKTDOJOB HEJb3f MCIO/Mb30BATH B MOPCKOM
Boje in situ. C HeXOTOPHIMH H3 HHX MOXKHO paloTaTh,
HO TOJIbKO IIOC/Je COOTBETCTBYIOUIEH MpeaBapHTEbHOH
XHMHYeCKOH MOATOTOBKH NpOOB HJAH NPH NOTEHIHOMET-
pHueckoM THTpoBaHHU., OIHaKo coXep:KaHHe OCHOBHBIX
MaKpoKoMmoHeHToB Mopcko#t Boxb (Na, K, Ca, Mg, Cl)
MOXHO C yCHeXOM HeNmOCPeZCTBEHHO H3MepfTb COOTBET-
CTBYIOIIUMH HOHOCEJEKTHBHBIMU 3jexkTpofamu. Tax,
Tomncon [406] mpumenus Ca?t-anexrpox, paspaboral-
e PoccoMm, /s npsMoro H3MepeHHsl COAepXKaHUs HO-
HoB Ca%t B Mmopckoii Boge. KamuGpoBasau 3/eKTpoA Mo
pacTtBopaM, copepXawuM ¢oH, GIH3KHi MO COCTaBy K
COCTaBy MOpPCKOH BOBI, C HeNbl0 MaKCHMaJbHOrO yMeHb-
UIeHHs BJUAHHS OCTAaTOYHOro AH(PPY3HOHHOrO MOTEH-
IHaja Ha pesyabraThl uaMepeHuft. HafineHo, 4T0 KOH-
ueHtpanus nouos Ca%t B mopckoit Boae pasua 0,0086 +
=+ 0,0002 r-uon/n, uro cocraaser 84% ot obuel KoH-
HEHTPALUH KaabLus.

B paGore [47, c. 221] mas onpenenenus uoHos Ca’+
NpUMEHSANH NeHOUHBIl 3/I€KTPOA Ha OCHOBE MOJHBHHUJ-
XJODUAHO MAaTpHUIbl, NNaCTHOUIHPOBAHHON TPHUIEKCHJ-
docdatom, comepKawuM TeHOHATpHTOpaneron. Haii-
IeHHoe CojepxaHue noHos Ca?t B HopMaJ/bHOM MOpPCKOH
Bofe paBHo 0,0087 r-uon/n, uTo XOpOIIO corsacyercs ¢
pesyabratoM Tommncona [406]. Has mnaesounoro Ca?+-
3JeKTpoAa, B OTJHYHE OT KaJHeBOro MJEHOUHOro Ha OC-
HOBe BaJHHOMHIMHA, aBropn [47, c. 221] wnaGmaonanu
CMellleHHe MOTeHnMa/ta BO BpeMeHH, yTo TpeGoBano 6o-
Jee 4acToifi KaJuOpOBKU 3JEKTPOAA.

(Ca?* - Mg?+)-DuteKTpoj NO3BOJNHJ ONpPENENUTh CTE-
neHb CB3aHHOCTH MarHus B Mopckoft soge [47, c. 221;
406]. Ilpu oGuiem cogmepxaHuu HOHOB Mg?+ 0,0534
r-HOH/J KOHIleHTpauus CBOOOZHBIX HOHoB Mg+ cocras-
aser 0,048 r-uou/n; uHBIMH cjaoBamu, 90% MmarHus B
HOpMaJlbHO! MOpCKO# Boje HaXOMUTCH B HOHHO# dopMe.

Jl1s usydeHus paBHOBecHli 06pa30BaHUS HOHHBIX Nap
CaSO; u MgSO, B MoIenbHHIX pacTBOPax MOPCKOH
BOZAH Gblan ONMpoOOBaHLI COOTBETCTBYIOLIME KAaTHOHOUYB-
CTBHTEJbHBIE 3JEeKTpOLbl [407].
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Cepus pabor [406—408] npeacraBaser Hapsgy ¢
METOZHYECKHM O6OJbllIol TeopeTHueckuii uHTepec. C no-
MOLLbI) COBPEMEHHBIX BBICOKOCEJEKTHBHLIX 3/E€KTPOLOB
BHISIBJIEHB HEKOTOpPble 0COGeHHOCTH 00pa30BaHUs HOHHBIX
nap NaF B 0,7 M pacrsope NaCl. 13 3/1eKTPOAHBIX H3-
MepeHHll ompenesieHa KOHIEHTpanHs CBOOOZHBIX HOHOB
F-, a uyucno uorubix map NaF paccuurado mo pasuuue
MeXIy OGIUUM U CBOGOAHLIM (HTOPUAOM.

OmHO H3 CYLIECTBEHHBIX JOCTOHHCTB HOHOCEJEKTHB-
HHIX 3JEKTPOZOB— HX CIOCOGHOCTb (YHKIHOHUPOBATD
NPH BBICOKHX ZAaBJEHHUAX, YTO OTKPHIBAET 3aMaHUYUBYIO
NepPCHeKTHBY UX NPHUMEHEHHs HenocpeacTBeHHo in situ
I/l ©3MepeHHs] aKTHBHOCTH HOHOB B niy6une Muposoro
okeana. [Ipu paboTe ¢ HOHOCENEKTHBHBIMH 3JIEKTPOZAMH
JJIS MOPCKHX HCCTeZOBaHUl HEOOXOMUMbI NpexBapuTeIb-
Hble MabOpaTOpHBIE HCMBLITAHHS Ha 3aBHCHMOCTb OCHOB-
HBIX NMapaMeTpoB 3JEKTpPoZa OT TeMiepaTyphl H JabJe-
uug.  Ya#irpung [409] ckoHCTpyHpOBaJ  yCTaHOBKY,
MO3BOJAIOILYI OZHOBPEMEHHO MpPOBOAHTL HCCAELOBaHHE
HECKOJILKHX 3JEeKTPOZOB MpH zZaBieHuax mo 3-108 Ila
(3000 Gap). M u3yueHbl acuMMeTpPHUECKHH IOTeHIIHAJ
H BOCIPOU3BOZHUMOCTb NOTEHIHAJNOB AJs pa3auuHbix pH-
MeTpUYECKHX 3JEKTPOAOB, HATPHEBOro  CTEKJSTHHOrO
3JIEKTPOAA H KHAKOCTHOro K+-3nekrpoza. 4

Boabliofi Bk/JMan B H3yyeHHe BJAHSAHUS HaBJEHHSA HA
noBegeHHe HOHOCENEKTHBHBIX 3/EKTPOZOB B CBS3H C
oKeaHoJOrHyecKumu mnpoGiaeMamu sHec Kpiokom [410].
MM paspaGoraHbl opHrHHaAbHbIE MeTOAL! H3MepeHHsi pH
U roxka3aTeseli ADYTFHX HOHOB NPH BLICOKHX [HaBJEHHAX
U TeMIepaTypax.

Muorumu asTopaMu pa3palGoTaHbl pasJHYHbIe yCTPOH-

CTBA C HOHOCEJEKTHBHBIMH 3JIeKTPOAAaMHU AJs OIpegele-
Husg B Mopckoii Boge in situ pH, pNa, pCl, pS, pCO;s u
oKHCaHTe/IbHOrO motennuana. CosagaHbl Takxe aBTOMa-
THYeCKHE YCTPOHCTBA AN ZOJrOBPEeMEHHBIX M'MAPOXHMH-
yeCKHX HabJIozeRull.

B 3akiawoyeHue OTMETHM, YTO MNEPCHEKTHBB!I NMDUMEHE-
HUSl HOHOCENEKTHBHBIX 3JEKTPOAOB B OKEaHOJOrHYECKHX
HCC/JIEZORAHUAX MHOroofeImanmu, Ho TpebyT peuleHus
psza TpyzHbiX npoGaem, OxHa H3 HHX CBS3aHa ¢ HeoOl-
XOAUMOCTBIO 3HAYUTEJ/JbHOrO IMOBLIICHUA YYBCTBHUTE/b-
HOCTH MHOTHX HOHOCE/NeKTHBHbBIX 3/JEKTPOZOB, HampHAMeEp
MeJHOro, CBUHIIOBOr'O, KAAMHEBOrO, C TeM 4TOOLI HX MpH-
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MeHeHHe B MopcKolt Boze craqo BO3MOXHbIM. K coxa-
JeHHIO, 3ajaya CO3ZaHUS TAKHX BLICOKOYYBCTBHTEJbHBIX
3/MeKTPOJOB MI0Ka pellleHa JHIIb yacTHYHO. [IpuMenenue
HOHOCEJEKTHBHLIX 3JIEKTPOZOB I 3KCIpEcC-onpejese-
HHf MaKPOKOMIIOHEHTOB HENMOCPEACTBEHHO Ha GOJIbUIHX
ray6uHax oKeaHa ype3BhiyafiHO 3aMaH4YHBO, H €CThb OCHO-
BAHHA MOJAraTh, 4TO B CKOPOM GyayuieM HeoOXogHUMOCTH
B TPYZOEMKOH onepamuu 1o OoTGOPY M MOXBEMY HPOG Ha
6opT OKeaHOTPa(HUYECKOTO CyAHa OTMANALT.



SAKNWOYEHUE

[TepcrekTusbl pa3BHTHS HOHOMETDHH B OTHOLIEHHH
CO3/1aHHA HOBBLIX 3JMEKTPOAHBIX CHCTEM H TeOpeTHYECKUX
0000wmenHd nocTatoyHo MHOrooGemaomu. Brnosue pe-
aJbHO CO3/laHHe HOBBIX KJ4CCOB BellecTB, KOTOpHeE IO-
HOJIHAT CYWECTBYIOIUHA aCCOPTHMEHT pas/HYHbIX 3JeK-
TPOAHO-aKTHBHBIX MaTepHaJsoB. Upe3BbiyaiiHO BaXKHas
3ajlaya B NPaKTHYeCKOM OTHOIIEHHH — CO3JaHHe 3JeKT-

ponoB, CeJJEKTHBHBIX K HOHAM SO u POY, arakke Ias
onpejeseruss HoHOB Mg+ B NMPUCYTCTBUH HOHOB APYTLHX
LeJIOYHO3EMe/IbHbIX MeTaJ/JIOB, H B MepBYI0 ouepeib
nonos Ca?+. 3HaunTeNbHO PaCUIUPAOTCA BaXKHble 00Ja-
CTH NDUMEHEeHHS HOHOCeJeKTHBHBIX 3JeKTPOJOB.

HanpuMep, ux HCHogb3YIOT B GHOMOTHH W MEJHIHHE,
B K/JIMHHYECKO!l MNPakKTHKe, AJS KOHTPOJs OKpyXKaiouleil
Cpefibl, B arpOXUMHU U NOYBOBEJEHHH, B MPOU3BOACTBEH-
HOM amnaJgause. [Jaa OoJiee yCHelUIHOro pellleHUsl 3ajay
MOHOMETPUH B 3THX 00s1acTaX TPeOYIOTCS HOHOCEJeKTHB-
Hble 3JeKTPOJbl, KOTOphle He OblH Obl MOABEPXKeHb
BJUAHUIO GE/JKOB W APYrux GHOJOruYeCKU aKTHBHLIX Be-
IECTB U MOTJH Obl QYHKUHOHMPOBATb [JHTeNbHOE Bpe-
M#1 B cpeiax (HamnpuMep, MOYBaX, BOAAX), CopepkKaiux
HEKOTOpble MHKDPO- M MakpoopranusMbl. [lasi pelleHus
3T0f npoOJ/eMbl HYXHO H3MeHTh KOHCTPYKLHIO 3JeK-
TPOAOB NyTeM BBeleHH§ 3aLIUTHLIX IJIEHOK, YIIPOYHEHUS
MeMOpaHbl, MOAG0Opa MeMOPaHHBLIX KOMMO3HLIHH, <«HEOT-
paBJaseMblX» GHOJIOTHYeCKM aKTHBHbIMU BelneCTBaMH H
«He MOAA4IOIWHUXCA» NeRCTBHIO MUKpoopraHusmos. Huo-
rpa, npaBia, MOXKHO YyAaJUTb MellldlomUe BelecTsa
(GesqkM ¥ Ap.) MNepel ompefeseHHEM HOHHOTO COCTaBa
6HOJOrHuecKol cpejbl.
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HemaJsio uMeeTCs W APYTHX NOTEHHHAJbHBLIX BO3MOXK-
HOCTe#l HCMOJNb30BAHHA HOHOCEJNEKTHBHBIX 3JIEKTPOAOB
B TaKHX O06/acTAX B KOTOPbIX OHHU elle TOJNbKO Ha-
YHHAIOT MNPHMEHATbCA (OKpyXKawas cpela, MHOTHe
IpPOH3BOACTBEHHble MPOLECCHI) HJH ellle COBCeM He MpU-
MeHSI0TCS.

Ocrarorcs HepaspellleHHbIMH MHOTHe TeOpeTHYECKHe
npo6JaeMsl HoHoMeTpuu., Hanpumep, ypaBrenne aas mo-
TeHnHaJda 3JeKTPOJOB B CMeIIaHHbIX pPACTBOPAX ABJISET-
csl NpuO/IMKEHHbLIM JaXe JAJ5 HOHOB OJHHAKOBOTO 3a-
psla U Majo TeopeTHYeCKH OGOCHOBAHHBLIM ISl Pas3HO-
3apaaubiXx HOHOB. OueHb OCTPO CTOHT BONPOC O TOM, 4TO
CYHTAThb KOJIHYECTBEHHOH Mepoil CeJeKTHBHOCTH MeMO-
PaHHDBIX 3JEeKTPOJOB.

Pasnnunbie MeTOnbl ompeniefieHdsl KOHCTAHTbI CeJIEK-
THBHOCTH OCHOBaHb Ha ypaBHenun Huxosabckoro
(1937 r.) uau ero MonuduKaUUK AJAA NOTEHHHa/Jda CTeK-
JSIHHOTO 3JIEKTPOAd MJH 3JeMEHTOB C KHJKOCTHBIMH
HJH APYrOTO THMA 3JIeKTPofaMmu. B cMemaHHBIX pacTBO-
pax 3TH MeTOAbl 4acTO NPHBOAAT K HECOBMAJalOUIUM
pesysabrataM (3Hauenuss Kasm). [lostomy mo pexomen-
panuam IUPAC (1975 r.) ans HOMeHKJaTypsl B 00-
JaCTH HOHOCEJEeKTHBHLIX 3JeKTPOJOB BBejeH BMeCTo
KOHCTAHTH KO3()(QHUHEHT 3J/eKTPOAHOH CeqeKTHBHOCTH,
3HayeHHe KOTOPOrOo 3aBHCHT OT YCJIOBHH ero ompeje-
JeHus.

Bce 310 03HAuaer, YTO TEOPHUS CeJeKTHBHOCTH pas-
JUYHOrO THIAa 3JeKTPOZOB naJjeka orT 3aBepiienus. Cy-
IeCTBYIOIHE TEOPHH peIIalOT TOJBKO OTAE/IbHble MPO-
Gsaembl, OCOGeHHO C/IOXKHO BHISICHEHHE MeXaHH3Ma (QYHK-
IMOHMPOBaHUA MeMOpaHHBIX 3JeKTPOJOB Ha OCHOBE
KOMIIJIEKCOHOB, NPeJCTaBASIOMHX COO0K He3apskKeHHbe
MOJIEeKYJIbl.

B uOHOOO6MeHHBIX KHAKOCTHBIX 3JeKTpPOLaX He pe-
Ilenbl HPOGJAEMbl CBA3H HX CBOMCTB C 3KCTPAKLUOHHBIMH
H COJbBATAIHOHHBLIMHU CBOICTBAMH pacTBOpHUTeJeH, a
TakX)e MPOGAeMbl H3bICKAHHA U3GUPaTeNbHBIX CHCTEM IO
OTHOLIeHHIO K amuonaM. B Hucruryre Groopranunyeckoi
xumuu 1M, M. M. Ulemsakuuna AH CCCP nox pyxosoj-
crBoM akamemuka !O. A. OBuHHHHKOBAa JOCTHI'HYTHI
yCnexu B OGNAcTH HaNpaBJEHHOTO CHHTe3a MeMOpaHo-
aKTHBHHIX BemecrB. llox pykoBoacTBOM  aKajeMHKa
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AH VCCP K. B. fluumupckoro (HUucruryr ¢usnueckoft
xamuu #m. JI. B. Tlucapxkesckoro AH YCCP) mnccae-
AyeTcsi B3aMMOAEHCTBHe MaKPOIHKJIH4YECKHX JIMTaHJOB C
HOHAMH pa3/JHYHBIX MeTaaaos. MakpolHK/IHYeCKHe JH-
raufpi, cojepxKauiye Hapsay C 3(QHPHBIM KHCJAOPOAOM
pasHooOpa3Hbie  (DYHKIHOHANbHble TIpynnsl  (Kap6o-
HUJIbHble (QOCHOHUNBLHBIE U Ap.), MOrYT YBeJHUHTb
BbIOOp CeNEeKTHBHLIX JIMFAaHAOB 151 MeMOpaH B HOHO-
METpHH.

Cumon ¢ corpyauukamu (IllBefimapusa) cuHTe3upoO-
BaJH H HCCJaenoBatu OoJblIoe YHCAO aLHKIHYECKHX JH-
FaHi0B, Ha OCHOBe KOTOPbIX CO3/laHbI NPAKTHYECKH BaX-
Hble 3JIeKTPOIbl C BbIpaXKeHHOH U36UPATENbHOCTLIO K
nonam Li+, Na+ Ca?+, Sr2+, Ba?*, Dru u nopoGuule UM
3JIeKTPOALl HMeloT GoJbllioe Oyayliee, oCo0eHHO B OHO-
JIOTHH U MejpuIliHe.

OILHaKO A4 passmm TeOpHH H HpaKTHKH yYKasaH-
HBbIX 3JIeKTPOJAOB HEoOXOAHMO AeTajlbHOe H3YyueHHe CBA3H
9JIeKTPOJHOR CeJeKTHBHOCTH CO CTPYKTYpOH JHraujpa u
MPHPOLON pacTBOpHTe]s XKHAKOH WM MIeHOYHOH MeMO-
panbl, lLlenTpanbnolf ocraercd mnpoGJeMa TPaHCIOPTa
3apAXKeHHbIX U He3apsiXKeHHbIX YaCTHI B XKHAKHX H TBep-
Ablx MeMOpaHax IOA TOKOM H NpH HyJeBoM ToKe. Perne
HHe 3TOoi mpoldsaeMbl MO3BOJUT CYAHTb O MeXxaHu3Me meil
CTBHS HOHOCEJNeKTHBHBIX 3JekTponoB. MHccnepoBanus
nepeHoca TOKa qepes rpanuny H B Oé’beMe HOHOCe/1eK-
THBHHIX MeMOpaH (ocofenno ¢ MAK) y&e npoBomstcs
CumonoM c¢ corpyanukamu (Isefinapus) u llynbuem c
corpyauukamu (JAI'Y).

Boablloe 3HaueHHe, 0COOEHHO AT MEIHKO-GHOMOIH-
YecKHX HCCAeJOBaHHH, HUMeIT KOHCTPYKIHOHHBIE pelle-
HUA MHKpPO- H MaKpoO3JIeKTPOAOB (B TOM 4HCJe, H TBep'
nogasubix). Y 3neco MHOrHe npo6JeMbl ellle He pelleHHl,
B nocnenmee BpeMs MOSBHJHCL JaTUUKH HOBOrO THNA,
B KOTOpBIX HCIOJIb30BaHHEl 3JeKTPOXHMHUYECKHe CBOHCTBA
HOHOCE/JIEKTHBHBIX MeMOpan H addexkT moas moaymnpo-
BOJAHHUKOBBIX YCTPOHCTB— TaK HasbiBaeMblx MJI[I-Tpan-
3UCTOPOB Ha OCHOBe MeTaJlJl — JH3JEeKTPHK — MOJyIpo-
BOAHHK. OTH yCTpPOHCTBa MpPeACTaBJAT CO6OI MoJy-
NpOBOJHUKORYIO OCHOBY, Ha KOTOPYIO ONpejieJleHHbIM 00-
pasoM HaHOCAT CJIOH TOHKHX MJEHOK ILI/ISJIGKTPHI{Q
(~1 MM} u Meramna (6—7 wmxMm). Merannnyeckuii
cnoft HasbiBaercd 3atBopoM. Ecnu  MIIl-rpamsucrop
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MOJAKJIOYeH K HCTOUHHKY HaNpsXKeHHS, TO peanusyercs
s dexT mond, 3aBUCAIUIA OT MOTeHIHasa MeTanna. 3a-
mMenss B MJIII-Tpausucrope MeTalJlHYeCKHil 3aTBOp
HOHOCeJIeKTHBHOR MeMOpaHOH B KOHTaKTe C HCCJeaye-
MBIM PacTBOPOM 3JIeKTPOJIHTA, COEAHHEHHbIM CO CpaBHU-
Te/IbHBIM 3JIEKTPOJOM, NMOJNYYHM HOBYIO 3JeKTPOAHYIO CH-
cremy, HasbiBaemyo MCIIT (uonoceseKTHBHBIA MOMeBOM
rpansucrop). Ha 3toM npunuune Moryr GuiTb MOJNyYeHHI
AATUHKH, YYBCTBHTe/bHble TaKXe K MOJeKy/sipHbIM Be-
utectsaM, — XuMIIT (xuMHYecKHe moJieBble TpPaH3UCTO-
pr). B UCIHT u XumIIT ucnonnsyior pasjudbbie Mo
MpUpOAe TOTeHIHaJ/bl, BO3HHKalOUHe Ha IpaHHIaX
meMOpana — pactsop, MmemOpana —ra3 (Hp, HoS, NHs),
KoTophle CBA3aHBl No ypasHeHuo HepHcTa ¢ coorser-
CTBYHOUIHMH aKTHBHOCTIMH HOHOB B pacrsope. Boabloe
NMPeUMYLIeCTBO ONHUCAHHBIX YCTPONHCTB — HX MaJoe Co-
MPOTHBJIEHHE U BO3MOXKHOCTL MOJNYUUTb MUHHATIOpHbIE
DATYUKH, YTO OCOOGEHHO BaXKHO JJs GUOJOrHYecKHX H Me-
DHIHHCKHX HCC/Ee[0BaHHM, B 4aCTHOCTH CO3AAaHHf KaTe-
TepHBIX 3JeKTpoaoB. O HOBHIX TPAH3UCTOPHHIX 3JEKTPO-
pax uMeercs o630p, B KOTOpOM cobpaHbl paboThl, omy6-
JHUKOBaHHble BIIOTL Ao 1978 r. [411].

O6pamaer Ha cebs BHHMaHHe OBICTpOe paclIHpeHHe
06/1aCTH TIpHMeHEeHHs ra30BbIX H (epMEHTHBIX 3JeKTpo-
goB. [locieanne CyILIeCTBEHHO pAaCIIMPHAM YHCJIO Be-
IeCTB, OCOGEHHO MOJICKYJSAPHOTO THIIA, KOTOpbie MOTYT
OblTb Onpefesenbl ¢ MOMOIUIBIO MOAXOAAIETO HOHOMETPH-
YeCKOro MeToAa. MoXHO OXHAATb, YTO MOHOMETpHSA CTa-
HeT OAHUM H3 BeAYLIMX METOJOB aHaJHUTHUYECKOH XHMHH.
He .Menbliee 3HaueHHe HOHOMETpHA HMeeT B (H3HKO-
XUMHYECKHX HCCJEAO0BaHMAX, HalpHMep MpPH pelleHHH
pPAaBHOBECHBIX H KHHETHUECKHX MpobJeM.

B sagawouenue cJaepyer orMeruts, uto IUPAC B
1975 r. 6blia OpUHATA KJA4cCHGHKAIHA HOHOCEJeKTHRB-
HLIX 3JIeKTPOJO0B, KOTOpas W NpHBefeHa HUXKe. Bpag nau
3Ta KJacCHpUKALUs MOXKeT CUHTATLCH OKOHYATEJbLHOH,
TaK KaK HOHOMETpPHS OuYeHb OBbICTPO pa3BHBAETCA U ee
MoHsTHS HogBepralorcs usMenenusM. Ho 3To#t kmaccu-
¢uKauUell ClenyeT MOJb30BaTbCA B HaACToOslee BpeMd
C 1eJbIO JyYlliero B3aHMOMOHHMMaHHA XHMHKOB, MeqHKOB,
GHOJIOroB, MOYBOBELOB, TEXHOJOr0OB, paboTAalMUX B 3THX
0621aCTsIX HAYKH UJH MPHMEHAIOUMX HOHOMETPHIO B pas-
JHYHBIX LeJAX.
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Knaccmpukau,un HOHOCENeKTUBHBIX aneKkTpopoB
IUPAC [ 288]

1. Teepauie memGpaHsl

MoryT GbITh TOMOreHHBIMH HJH T€TEPOreHHbIMH,

F'oMoreHusle MEMOpaHH

a. Crexaannole 32eKTpo0sl, B KOTOPHIX 4YBCTBHTEJb-
Ho#l MeMOpaHOR AB/IAETCA TOHKAad IJICHKA CTEKJa, XHMH-
YECKHil COCTaB CTEKJa ONpefensieT CeJeKTHBHOCTh MeMG-
paubl. K stofi rpymne otnocarca pH-, pNa-agexrpoasi
" 1p.

6. Henopucreie membpatnoie 34eKTpodsl, B KOTOPHIX
MemOpaHa npejacTasisieT cofoil TBepa0e roMorennoe 06-
pazoBaHHe M3 HHEPTHOrO NOJHMepa, COAEpIKAIIEro AHC-
MeprapoBaHHOE 3JEKTPOAHO-aKTHBHOE BeIeCTBO.

B. Kpucraassruueckue membpanuvle 34eKTpo0bL— HO-
HOCeJNEeKTHBHbIE 3JEKTPOIbl, B KOTOPHIX MeMGpaHa — 3T0
KPUCTAN/IMYECKHII MaTepHas, H3rOTOB/CHHLIR H3 efHH-
CTBEHHOrO BeIIeCTBAa HJIH TIOMOreHH3HPOBaHHOH cMecH
(nanpumep, AgCl u AgCl — Ag,S).

FereporeHune MeM6panm

I'ereporennsie MeMOpaHBl 00pa3yloTca Torza, Korjaa
AKTHBHBIE BEILECTBA WJH CMECH aKTHBHBIX BelIeCTB CMe-
IMHBAIOTCA ¢ HHEPTHOH MaTpHIEeH, TaKoH, KaK CH/IHKOHO-
Bbifl KaydyK WJHM NOJHBHHMWJIXJOPHJ, HJIH BHEADSIOTCS B
rafipocdo6u3upoBalHbil rpadHT, 00pasys 4YyBCTBHTE/b-
HYIO MeMOpany.

. Xupkue memBpanm

B 3THX 3/eKTpoZax HMeeTcsl NMopucras nuadparma,
3aMo0/JIHEHHAA PacTBOPOM HOHHOrO (C aKTHUBHHIMH KaTHO-
HaMH H/JIHd aHHOHAMH) HJAH MOJEKYJIAPHOrO aKTHBHOIO
BEIleCTBa, OTACAAIILas BOARYIO (a3y oT HeBOaHOH. DTH
PJAEKTPOAb 006/1a1al0T YYBCTBHTENbHOCTBIO GJsarozaps
NMPUCYTCTBHIO aKTHBHOrO BELIeCTBa B MeMOpane,

Al

Houn 3ypoBAaHHOEe AaKTHBHOE BEeNECTBO

a. Akrusnas wacruya — kpynubii  KatHoH, 710 —
COJIH YETBEPTHYHBIX aMMOHHEBLIX OCHOBaHHH# H/IH KOMII-
JIEKCHBIE COJH NEepeXOAHBIX METaMa0B, KOTOpHie AHCCO-
HUUPYIOT B MNMOJXOASLIEM OPraHHYECKOM pPacTBOpHTENe,
yIepXKHUBAEMOM HHEPTHOR AHacdparMoil (HampHMep, MHJI-
JHIOPOBLIM  (QDHJABTPOM HAH  [OJHUBHHHUIXIOPHUIHLIM).
DJeKTPOAbl ¢ TaKUMH MeMOpaHaMH 4yBCTBHTeJbHH K
H3MeHeHHI0 aKTHBHOCTH aHHOHOB.

6. OTpuyaresbHo 3apajxcennbie aKTUBHbLE 4aCTUYbL.
Jlurang (manpumep, THna ROPO§) Hid GOJIbLUCH aHHOH
(manpuMep, TeTpa-n-x/ja0ppeHua60paTHLIE aHHOH), KOTO-
pHIHl pacTBOpsfeTCH B NMOAXONAIIEM DacTBOpHTENTIe, ymep-
KHBaeMOM Ha HHepTHOH nuHadparMe (MHAJIHNIODOBBIH
GUABTD HAM NMOMHUBHHHAXJIOPUAHBIA). DJAEKTpOAbl CITH-
MH MeMOpaHaM# YYBCTBHTe/]bHH K H3MEHGHHIO aKTHBHO-
CTH KaTHOHa.

HefirTpanbHue axTHBHEHE BEMECTB a

SaexkTpodet ¢ membpanoti, ocHOBaHHOR Ha HeATpaJb-
HBIX 3JEKTPOJHO-aKTHBHBIX JIMFAHZAX HJIM KOMIJIEKCO-
Hax (MAK) (mampuMep, aHTHOHOTHKH, MaKpOHHKJIHUYE-
CKHe COEJUHEHHS HJH JAPYrHe areHTH).

Cnequcpuqecuue aneKrpoabl

F'a30ouyBCTBHTECAbHBE 3JEKTPOAH

CocTofiT H3 HHAHKATODHOIO H BCIOMOTATE/IbHOrO
3/1€KTPOAOB. B HHX HCMOMB3YIOTCS ra3onpoHHIaeMas
MeMGpaHa HJH BO3AyLIHLIH 3a30p. 3a30p OTAesaseT HC-
c/IeAyeMblli pacTBOpP OT TOHKOH IJIEHKH NPOMEXYTOYHOTO
pacrtsopa.

PepMeuTHHE 9JACKTDPOXH

SIBAAIOTCH AaTYMKaMH, B KOTOPHIX HOHOCE/JIEKTHBHBIH
3JIEKTPOJ TOKPHIT CJI0eM ¢epMeHTa, KaTaJH3HPYIOLLEro
peaKIHi0 KaKOro-Jqu60 OpPraHHYeCKOro HJH HEOopraHHye-
ckoro coexnxenus (cybcrtpara), B pesysbTare 4ero Bo3-
HHKAKOT NPOAYKTHl, K KOTOPBIM UyBCTBHTEJEH 3JEKTPOA.
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NMPUNTOMEHUA

I. JKnearocrume MemMGpanume 3aekTponan [412]

I;‘:L‘f{%"ﬂ":‘ Temne- | Jrexrpn-
OcHosHas Onpenense- Hblf Ko3ddHUHEHTH ceNeKTHBHOCTH Hurep- p::l}i;p- :g(r::;‘)g?
byakuun Martepuall anextpona Mble HHTeDBAA Ka/ms Ban uHTeD- THEJE .
3JEKTpoLa HOHol A H3Mepe- pH BdN, HHe,
Hﬂmﬂ’ °C MOwm
pCa Ca-conp nmmaenni-
¢ochopHOH KHC-
JOTH
B auoxtHade- | Zn2*, Ca?+ | 1—10~° | Zn?* ~ 3,2 Ca? ~ 1,0 556—11{ 0—50] <25
Huagocpate | Fel+, Ph2+ Fe2+ ~ 0,8; Ph?+ ~ (,63: 10—60] < 500
Cu?*~0,27; NiZ*+ ~ 0,080;
Sri+~ 0,017 Mg+ ~0,014;
Ba?* ~ 0,010; Na*,
K+ —~ lo—..’s
B NOJHBHHHJ- Zn?* ~ 1—5; Ca?* ~ 1; |55—11| 0—-50| <25
XJOPHAHOR A%+ ~ 0,90, Mn?t ~ 0,38; 0—60 <2
MaTpHIe Cu?* ~ 0,070; Fe?t* ~ 0,045;
Co?* ~ 0,042; Mg?*+ ~ 0,032;
Ba®* ~0,020; Li*~ 107"
Na* ~107% K* ~107°
) —5 2+ Folt ~ 3E: 2+ 31 —11| 0—50] <25
Ca+Mg)| Ca-conr aupenma- | Zn?+, Fe?+, | 1—10 Zn?*, Fe 3,6: Cu 3,1; |55
P 8) doctoproit  xue- | Cu?*, Nit, Ni?+ ~ 1,35; Ca% ~ 1,0; 10—60| < 500
NOTH B nexaHoae |Ca?r, Mg+, Mgh ~ 10, Ba’ ~ 0,94
o Ba2?+, Sr2+ Sr?+ ~ 0,54; Nat, K+ ~ 0,01
w
i pCl Kpynum#i  uersep- .
& THYHBIH aMHH
¢upma Orion clo;, I, 1—10"° ClO; ~32 1" ~17;HS™ ~ 7.5 2—10{ 0—50}; ~25
HS", NO; NO; ~ 4,2, Br™ ~ 1,6
B~ OH-. OH™ ~ 1,0; HPO;™ ~ 0,97;
Cl- Ac™ ~ 0,32; SO ~ 0,14;
. F~ ~0,10
dupma Corning | 1, Clo;, 0,1—107"| 1" ~ 15; ClO; ~5; NOj, 1—12| 10—50| ~ 100
- - Br ~2,5,Cl"~1;0H  ~0,4;
I‘é?_s’ g’;: Ac™ ~ 0,22
pClO, Kpynunit  ueTsep- Cl0; 0,1-—10_5 [ ~12. [Q“Z;No; ~15- 10-% | 4—11 0—50| ~25
THYHbLIT aMHH Br™ ~56- 10_4;
Ac  ~51-107%
HCO; ~ 3,5-107%
F~-~25-107%
Clm~22.107%
SO ~ 1,6-107"
N
(=]
=4




]

112

012

[Tpomonxenue

If)g'ffﬁi':f Temne- | dnextpH-
gc}k{:{BHaﬂ M Onpeaneasne- Hutft KoshdHUHEeHTH CceleKTHBHOCTH Hntep pzqu;tyi? ’ zg;l;()?:
YHKUHS aTepuani sAEKTpoLa MHle HETepBan KA!B Branl HHTED THENE-
aJleKTpolla Hount A H3Mepe- pH BaJ, Hge,
H;llﬂy °C MOwMm
pNO; Ni%**-®enanrpoan- ClO;, 17, |0,1—107"| CIO] ~ 10% I" ~ 20; C1O; ~ 2;| 2—12 | 0--50 25
HOBHIH KOMIJEKC a - - 2-
B o-unrpounmone | G105, NO; Br™ ~0,9; §% ~0,57;
NO; ~6-107%
CN™ ~2.107%
HCO; ~ 2-107%
Cl" ~6-107%  Ac™, COT,
- 72— -3,
S,0%, 4803 ~6-1077
F~~9-107" SO ~6.107%
H,PO;, POI" ~3:10-%
HPO; ~8-107°
pBF, Ni"‘-CDeiHaH'rpoM- I", BF; 0,1—10"%| I~ ~ 20, NO; ~0,1; 2—12{ 050 ~25
HOBHIH KOMILTEKC - -2
B O-HHTPOLKMOJE Br  ~4.107%
| | ;
Ac-, HCO; ~4-1075
F-, CI°, 8O ~107°
pK BanunomMnuun s
¢dupma Orion Cs*, Rb*, 1—1077) Cs* ~ 1,0 NH; ~ 3- 107% | 2—1t| 050y >25
+
K Na®, H' ~1-107%
J Agt~1-107% Lit~ 1207
tdupma Corning 1—107"| Cs* ~ 20; Rb* ~ 10 15—50| ~ 100
NH; ~2-107% Na*~107%
C32+ ~5. 10‘3;
Mg** ~3-107% Li* ~4-107*
pK Bannnomuunn Rb*, K*, l—lO—6 Rbt ~ 1,9; Cs* ~0,38; | 2—11 0—50 <2
(0,009 M) = o Cs* NH! ~107% Na* ~2,6-107*
€HUJAOBOM 3(QPH
ennionoM pnp Li* ~2,1-107% Ca®™ ~ 107"
H" ~55-107"
pNH, Honaxkrnun — mo- NH?* 01—107°| K* ~0,12, Rb*~423.107%{ 2—8 | 0-50} <1
HaKTHH B TpH- 4 H* ~ 16-10"%
(2-3THATEKCHA)- + ~3
q)o(:lba'fe CS ~ 4,8' 10 3:
Li* ~42-107%
Na* ~2-107%
Ca®™ ~1,7-107"
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II. 'oMorennne adeKTpoim ¢ TBepamMH mMeMGpanamu [412]

SnexTpu-
KOHueHTRa- T -
g"y‘;‘;{‘i:*:: Marepaaa 0“9:32"““‘ E;‘g;‘;*;‘j{ KosdbGHUHEHT CeNeKTHRHOCTH HP;’;;D‘ T;h;gg’: E‘gff;gf
sAtxTpORa snexTpona HOHH A apepengs, Ka/mB oH Hu'rg%na:, Tz:{?::-
m MOM
pAg Ag.S NOJIMKPHCT A - Agt, S% 1—10"7% Cu®* ~107% pp** 0—10 2—9 | —-5—100] <1
auueckuit (mpec- <1072 MEAIOT cne,um Houa Hg“
CoBAHHE) (3a6yde- nocsie AHTeNbHOro Xou-
pEHHHL TAKTa C PACTBOPAMH, CO-
PACTEOD) nepxkamumy Hg?*, ueo6-
xo1HMa ofpaborka 1o-
BEPXHOCTH
MOHOXpHCTa- Ag*, ST 1 1_ <1072 cu® ~ 1075 Pp™ -5, — - —
JHHECKHH H* ~ 1077, memaior noun
Hg2+
pCu CuS/Ag.S A% S2- 1—10"% | Fe** ~10; Cu*~1; woun | 0—14| 0—100 | <1
Cu®*; Hg?+ < 10" Cl°, Br” wmewarmr @OpH
(32Gyde- BHICOKHX KOHIIEHTPAIMAX;
peHleIl/l vous Ag*, Hg?* poaxubl
2 pacTeop) c):cy*rcrsorsarb 2
CuSe  wmonokpu- | Cu*, Cu?* 1—10~% | pp** ~10™* Cd* ~10-% | 0—14| —5—60| < 0,01
CTANJTHUYECKHH < 10—17 Cut ~ 011 Ag 106;
(3abyde- Hg?* ~ 10¢
PeHHLIH
pacrsop)
pCd CdS/Ag,S Ag*, 872, | 0,1—10"7; | Fe®, Ti*~120; Pb* ~6; | 1—14| 0—100 | < 0,0
Cul+, Cd?* < 10~ Mn?* ~ 3; noum Agt,
(3aGyde- Hg?+, Cd?** ponxum or-
peﬁgblﬁ CYTCTBORATh )
pacreop)
pPb PbS/AgsS Ag*, S, | 0,1—10""; | Fe?%, Cd®* ~ L moun Ag* | 2-—14| 0~-100 | <00
Cu?+, Ppi+ < 10~"° Hg?+*,  Cu?* JION K HEL
(3a6y de- OTCYTCTBOBATD
PEHHBIH
pacrsop)
pS Ag,S monnkpucran- | Ag*, S?- 1—10"% ITocie anutenbuoro Kou- | 13--14| —5—100| <1
Japueckuit (mpec- 10-28 TAKTA C pacTBOPaMH, co-
COBANHBIH) (:aﬁ de- pepxkamuMyu wonnm Hg?,
yoe HeoOx0auMa 00palboTKa
p};?r};zlg) NOBEPXHOCTH
MOKOKpHCTa- — — Cu® ~ 1075 pp** ~10~° — — -
JHUueCKHi
pF LaF ; monoxpHcTan- F~ 1—10~% | OH ~03 CI°, Br7, I, | 4-8 |-—5—100{ 0,2—5
JHYCCKHY NO;, CO;, SO¥ ~ 10~
pCl AgCli/AgsS npec- | Ag*, CI” 1—10~° | Br ~ 10% " ~10"% | 2—12| 0—100 | 10—30
coBaHHas cMechb OH™ ~ 10~% CN™ ~ 10-%

HOHH S?- JOJXHH OTCyT-
CTBOBATH




1 4%

1 ¢4

IlporonxeHHue

3 .
Konnentpa- TeMnepa- l?eecl;'rciﬂ
OQcHoBHadA Marepnan Onp;.;inﬂe- léﬁg;m;ﬁﬂ KosdhHLHEHT ceneKTHBHOCTH H‘;:‘jlp‘ n;gﬂuﬂ ggg?g
an, :
3(.1;:1’(":'{?:;3 3feRTpona HOHM A HsuengHﬂ. KA/B pH e °pB n Hue,
. m MOm
pCl AgCl  MOHOKpH- — — CN™ ~8  Br, [T~ 22; 0~14| —5—60}1 <25
CTaAJHuecKHA NH; ~ 1075 OH ~ 107
AgCl  (Philips; - - CN™ ~4-10% I"~10% | 1—10] 0—100 | <1
Schott ond Gen.; szog' ~ 60; Br~ ~1;
Tacussel) OH™ ~ 1072,CO}™ ~ 107°
pBr AgBr/Ag,S npec- | Ag*, Br- [ 1—5.107° | I" ~5.10% CN™ ~ 10% | 2~12) 0—100 | <1
coBaHHas cMechb Cl ~5-10"%0H ~107";
HOHBl S%- JOMKHH OTCYT-
6 CTBOBATH _
AgBr  mouokpH- - 1—10" Im~2 CN ~1;| 0-—~14} —5—60| <25
CTAMAAYecKU Cl  ~35- 10_3;
NHs ~ 4 - 1075
. OH ~ 107"
AgBr  (Philips; -~ 1—107° | CN™ ~ 25. I"~20; | 1—11] 0—50 | <1
Schott ond Gen.; $,02" ~15,Cl"~6-107%
Tacussel) Cog- ~9. 10—3,
OH™ ~ 107°
pl Agl/Ag.S npecco- | Ag*, S%-, | 1—5.107° | g2~ _ 3. S,0" ~3.107% | 0—14] 080 <05
BaHHasa CMecCh I CN™ ~ 10~-%
Br-, SCN™ ~ 1075
NH; ~3-107%Cl™ ~ 1075
, OH ~ 1077
Agl (Crytur; Phi- Ag*, IT” — CN~™ ~0,34; croi* ~4.107 % 1—12} 0-50 <05
lips; Schott and - —4,
Gen.; Tacussel) Szog ~ 71075
Br ~6-107%
ClI™~6-10"% woun S~
AOJIKHEl OTCYTCTBOBATH
pSCN AgSCN/Ag, S Ag*, SCN | 1—5-107° [ 1" ~ 10% Br-, CN7, | 2—12( 0—95 | < 100
npeccosanuas $,07" ~ 10% NH, ~ 10;
emeck Cl"~ 107" OH™ ~ 1075
Woupl S%- MOMKHB OTCYT-
CTBOBATh
pCN Agl/Ag,S mpecco- Agt 17, — I ~10% Br™ ~ 10~% | 11—13[ 0-—80 <30
WieH- BaHHas cMech CN Cl™~ 10~% OH™ ~ 10—%
T'imﬁo wonH S3°  AOMKHB  OT-
p CYTCTBOBATH
Agl (Crytur; Phj- — - 1"~ 3; CrO®~ ~107% | 10—12] 0-—530 0,5
lips; Schott and - _3 .
Gen., Tacussel) 5,057, ~107%  COf,
Br™ ~107% Cl™ ~ 10-*
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HI. Tereporenuue sxexTpoms ¢ TECPAWME MemGpawmawu [412]

KoHUueHTpayHOH- Temmepa- dnexrpH-
%t;l:{c;cnuaa MartepHan Onpezensie- HBH KosddpHudaenr celexTHRHOCTH HHTepBad | TYpHHIlt '-le(:l(o?
UHS | 5nexTpola Muie HHTEPBal K pH uHrepgad, compo
SAEKTpoLa HOHH A H3MepeHus, A/B og THBJREHHE,
m MOwM
pAg Ag,S Ag*, §* 1—10~7 MemawT crean noHos Hg?* 2—8 0—80 ~1
1—10~"
B 3abydepeH-
HBEX
pacTBOpax
pCd cdSs | Ag*, Hgz*, | 107'—107°% | Pp2* ~1: 1—8 0—50 ~1
Cd2+ 2 2 +24 -3
Zn?**, Co?*, Ni~ ~ 10
pCu cuS | Ag*, Hg?, 1—10* | Pb®, cCd?*, Co?, Niz,| 1—14 | 650 | ~1
Cu2+ Zn2+ ~ 10—3
pHg Agl | Ag*, Hg>* | 10~*—10"° |[c1”, Br~107? 1—6 | 0—50 ~1
pPb PbS | Ag?, He™, 10-'—10~°% | Fe** ~ 10" Cd** ~ 1 2—7 | 050 ~1
P2+
pS Ag,S Ag*, 8% 1—10"" Memalor crenn nonos Hg?+ 13—14 | 0—50 ~1
pCl AgCl | Ag*, 8-, | 1—5-107° | CN™~400; I" ~ 86,5; 2—12 | 0-50 ~1
I", Br-, Ci S,02" ~ 60; Br™ ~ 1,2
OH™ ~2:107% SO2"~6-1073
pBr AgBr AIg_*‘,BS"l‘, 1—107° CN™ ~ 25; 1" ~ 20 §,02" ~ 1,5; | 2—12 | 0—50 ~1
gl NO; ~ 1; CI~ ~ 61073
pl Agl Algj, B52—, 1—5-107° SO ~ 1; CN™ ~ 0,34 3—12 | 0—50 ~1
, Br~
pCN Agl | Ag®, 8-, | 107°—107% |- sO2- ~3 11—13 | 0—50 ~1
I, CN™ S
pSCN | AgSCN | Ag*, S*-, 1—-10™" | 1"~ 70; Br- ~ 1 2—12 | 0—50 ~1
I', Br-
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IV. TiaeHounnie MeMGpanHsie 3JeKTPOLE ¢ NOJHBHHUAXJIOPHAHOR marpuued [413]

OcHoras KOHI‘:LEHTpEILlHOH- Yrnoeo#
PysKIUT KoMroHe TH 2MeKTPOAHOA MeMOpaHul ];ﬁgxgggﬁﬁﬁ;“ MH]:]I—)IBEH Koag{c'trmun- T wmemGpans | Jlatepatypa
3leKT pona bysxuEn, M dE/a1g% k(a)
pCa Hu (oktuagenua) pochar xaabuusa 10~°—10~" ~ (4—10) 30 Cenexrpon {76]
ZHOKTHAGeHwIdochonat s s
Paamuunane au- u Monoadups doc- ~(107°=10 )~ (4—9) 30 IIposoacka ¢ |[[75, c. 9 414]
tdopHOE  KHCJAOTH - AH (2-3THATEK- TNOKpbiTHEM |
cua) hochonar s -1
Tenounrpugropaneron - rtpubyrua- } 2-10 —I0 =} 3510 | 28--20 | INaeuxa [77, 415]
dochar (rpurekcundocdar) 2100 —10
pBa MeMOpaHo-ak TUBHBIR xoMnJekcon | 107°—107" 2—9 28 ITlnenka [177}
(c. 88) B oO-nuTpoAUbEHUIOBOM
atupe . .
pNa Na-qurang (c. 83) -+ aubensunormit | 107 —10 — 58 ITpoBoJiOKa € [416]
3up HOKPEITHEM
Na-quraup (c. 76) 4+ nubyruabpra- 107 —10° 4—9 57 ITlnenKa {170]
Jaar
Na-surang  {c. 76) 4 auGyrundra- 107°=3 4—9 56—57 | Ilmenka [171]
aat 4+ NaSCN
pK BaaunoMmunnu + 6wuc-2-stuarekcua- | 5-107°—107" — 58,5 ITrevuka [417])
agunUHAT )
Baunuomunyn 4 au6yruadranar 5-107*—5.107" 0—9 57—58 | Ilnenka [160]
Bamunomunny -+ nunentuadraiar 10=°—10"" 2—10 57 ITpososoka ¢ | [385, sropas
GOKPEITHEM ccolakal
Terpa-n-xaopdennadopar -+ 3-mur- | 107 —107" 3—12 57 ITposoJcka ¢ [417]
POOKCHJIO HOKPBITHEM
pUO; Vpauuibupii  KoMmieke md (2-staa- | 107 —107" 2—4 256—26 | Ilaeudka [418]
rekcuJ) ocopHOfi  KHCIAOTH - nH-
amuadochonar uad  Tpu(2-sTHa-
6ytH.T) hocdar . ,
Anxuacyapdokeus ( auoxTHaCYAB- | 107 —107 29—4 28—29 | Ilneuka [47, c. 134]
¢okenz)
pNOs Hurpar » - [70, nepBaa
TPUACAEIUATeKCAAeIUAaMMOHU S 107 —10 2,5—8 57 [Tsrenxa cchlfKka |
TeTpajelUaaMMOHUs -+ JAUGYTHJI- 107" —2 0—10 58 Iaenka [419]
dbranar
pCl10, ITepxacpar 5 |
TeTpaJelluJaMMO UA - A-HUTPO- 107°—10" Or pH 59 IMarenxa [420]
MO 10M
HCI10,
_, [Ro pH 10
(dbeHaHTpOJIUHOBCTC koMnaekca | 3-107°—107" — 60 ITpoBoaoka [421]
Fe(Il) (1:10) 4 n-nHurpouuMos
pSCN Poganun s 0
TeTpagaypuaammonus 4+ aubyrua- | 100 —10 2—10 57 ITnenxa [77, c. 723}
(dranar _ _
TeTpalelHaInMeTuI6eH3HIaMMO- 107> —10~" — 59 IMaenka [422]
HUA 4 THOKTHJADTaNaT
pSal Canununar s .
TeTpajenuiaMMmouus - n-uurpo- | 107 —5:10 5—10 58 [M1enxa {4231
LIMOJ _ _
MeTHITPHKaTpHIaMMonns (anrksor | 107 °—107" - 59 [Trenxa [422]
3368S) }- ruoktuadranar
pBenz Bensoar s 1
TeTpafenuaaMmonus -+ zubytua- | 100 —5-10 5—10 58 [Trenka [423])
¢branar _ _
MeTUATPUKANpHAaMMontsa (anuksor | 10 ~107" —_— 50—59 | Ilnenxa [424]
336S) + usopmexkanoan
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