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BBenenue. Bona sBisieTcsi BaXKHbIM COCTaBHBIM KOMITOHEHTOM OHOJIOTH-
YECKUX CHUCTEM M UTPaeT TJaBHYIO poJib B (POPMUPOBAHUU (PUZUKO-XUMHUECKUX
CBOMCTB MOJIEKYJI paCTBOPEHHBIX B Hell BemlecTB. C XUMUYECKON TOUYKU 3PEHUS
MOJIEKYJIa BOAbI COCTOUT U3 JIBYX aTOMOB BOJIOPO/Ia, CBSI3aHHBIX C OJTHUM aTOMOM
kucnopona. Bce Ouonornyeckue, OMOXMMHUYECKHE U (DU3HKO-XUMHUYECKHUE
PEaKLMH B )KUBBIX OPraHU3Max MPOUCXOIAT TOJIBKO B BOJHBIX cpenax [60]

B Teuenue nocnegHUX AECATUICTHI B MUpE HAOII01aeTCS POCT HAYYHOTO
MHTEpeca K HUCIOJIb30BAaHUIO BOJIbI KaK MOTEHIHUAIBHOTO MCTOYHHUKA HETPAJIH-
IIUOHHBIX xuMuueckue peakuuu [50, 40]. Psa ucciegoBanuii mokasal, 4To Cy-
IIECTBYIOIIME B HACTOSIIEE BpEMsl CTaHIApThl KA4yeCcTBA BOJIbI U BOJHBIX pac-
TBOPOB HE SIBJISIFOTCS UACATBHBIMU M HE YUUTHIBAIOT MHOTHE TTapaMeTphl, Xapak-
TEepU3yIole OUOJIOTHYECKYI0 IEHHOCTh U (DU3UKO-XMMHUYECKYI0 aKTUBHOCTH
ATUX pacTBOPOB. OUNOIOTHUYECKOE ACHCTBUE BOJBI HA OMOJIOTUYECKUE CUCTEMBI
ONPENEIISIETCS €€ XUMUYECKHUM COCTaBOM, CTENEHBI0 OUYHUCTKU U PSAOM JPYTHX
bu3NUeCKUX MapaMeTpoB, XapaKTEPU3YIONIUX BOAY C DHEPreTHUYECKON TOUKHU
3pEHUs KaK CIIOXKHYIO CTPYKTypupoBaHHyr cucrtemy [S1]. CBoiicTBa 3TOM
CJIOKHOM CTPYKTYpHUPOBAHHOM CHCTEMBI 0OOJiee BBIPAXKEHBI MOCIE Mepexo/ia ee B
HEPABHOBECHOE TEPMOJIMHAMHUYECKOE COCTOsIHUE [24, 25]. AKTUBaLMIO BOABI U
COMPOBOXK/IAIOIINI IEPEBOJI €€ B HEPABHOBECHOE TEPMOJINHAMUYECKOE COCTOSTHUE
MO>XHO TPOBECTH C MOMOIIBI0 (PU3MUECKUX, XUMUYECKUX WM OMOJIOTHYECKHUX
MeToa0B. Cpean 3TUX METO0B Hanbosiee 3P PEeKTUBHBIMHU SBIISIIOTCS] PE30HAHCHAS
HEJIMHEHHAsi TEXHOJIOTUS U dJeKTpoakTuBanus [34, 35].

AKTUBUpOBaHHAs BOJAa XapaKTepU3yeTCsl BHICOKOW OMOIOTHYecKoil u du-
3UKO-XMMHUYECKOW aKTUBHOCTSIMU [26, 49]. OnHuM U3 ee Hanbosiee BaXKHBIX TAKUX
MapaMeTpPOB SIBIISIETCSI OKUCIIUTEIbHO-BOCCTAaHOBUTENbHBIN moTeHnuan (OBII).
st oOecrieueHusi BBICOKOW 3(PQPEKTUBHOCTH B (PU3MOJIOTMYECKUX Ipolieccax
OMOJIOTUYECKUX KJIETOK, OPTAaHOB M OPraHU3MOB B IIE€JIOM PEIOKC TMOTEHIIHAI
MMUTHEBOM BOJBI JIOJHDKHO OBITH OTpHIIATEIBHBIM [24, 25].

Kaxk IIpaBuIo, MO,Z[I/I(l)I/IKaL[I/ISI BOJBI ITPU OJICKTPOAKTHUBAIWHN ITPOUCXOJIUT B
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IPUAJIEKTPOAHBIX MPOCTPAHCTBAX JJIEKTPOJU3HOTO YCTpOicTBA. B mpucyrcrBumn
ANEKTPUYECKOTO TOJISI PacTBOPbl aKTHUBUPYIOTCA M MOTYT HCIOJIB30BAaThCS B
PA3TMYHBIX XUMHYECKUX PEaKIUsIX U KaTaln3e, B OMOJIOTHYECKUX CUCTEMaxX H
sH3uMojIoruu [41].

Kax mpaBuio, Mogudukamnusi BOABl OCYIIECTBISETCS B MPUAICKTPOTHBIX
MIPOCTPAHCTBAX AJEKTPOJIUZHOTO YCTPOUCTBA. B MPUCYTCTBUM 3IEKTPUUECKOTO
IOJISI pPACTBOPBI AKTUBUPYIOTCSI U1 MOTYT UCITOJb30BAThCS B PA3JIMUYHBIX XUMUYE-
CKHX pEaKLMsIX M KaTajau3e, B OMOJOTMYECKUX CUCTEMAaX U 3H3uMouiorud [ 14, 46,
48]. BriCOKyI0 peakImOHHYIO CIIOCOOHOCTh AJIEKTPOXUMUYECKH aKTUBUPOBAHHBIM
(3XA) pactBOopaM B METAacTaOWUILHOM COCTOSIHUM MpUAAIOT u3MeHeHHble pH u
OBII, 4YTo mNO3BOJMIET HCHOIB30BATh HX B OHWOTEXHOJOTHH U THIICBOH
IPOMBIIIUICHHOCTH, OO0ecre4YnBasi JKOJOTHYECKYI0 M IPOJIOBOJILCTBEHHYIO
oe3omacHoctH [2, 5, 13,17, 18, 19, 20].

B Hacrosiiem 0630pe 00600111eHbl HEKOTOphIE (PYHIaMEHTaIbHbIE ACTIEKThI
nosrydeHust XA pacTBOPOB, MPUBEACHBI UX (PU3UKO-XUMUUYECKHE XapaKTepHU-
CTHKH, a TAK)KE€ PaCCMOTPEHBbI YCTPOMCTBA IJIsl AJIEKTPOAKTUBALIMKM BOJAHBIX pac-
TBOPOB.

JJIEKTPOJIN3 U MOJIyYeHHEe IJIEKTPOAKTUBUPOBAHHOM BOJBI. DJIEKTPO-
aKTUBALIMSI BOJHBIX PACTBOPOB OCHOBAHA Ha SIBJICHUH, HA3bIBAEMOM JJICKTPOJIU30M
[3, 55]. Korma BoaHBIM pacTBOp IOABEPraeTcs BO3JACHCTBHUIO BHEIIHETO
AIEKTPUUYECKOTO TOJIs, 3apSKEHHBIE MOHBI MUTPUPYIOT B CTOPOHY DJIEKTPOIOB
IPOTUBOMNOJIOKHOTO 3apsifa. [Ipu snekTponanse UMET MECTO JBa XUMHUYECKUX
SIBJICHUSI - OKUCJICHHE (ITPOIIeCC OTAAauu IJIEKTPOHOB) U BOCCTAHOBJICHHE (ITPOIIECC
OPUCOECIUHEHUs AJIEKTPOHOB). B Bome uiam 1000M BOAHOM pacTBOpE 3JIEK-
TPOXUMHUYECKHE PEAKIUU, MPOTEKAIOIINE HAa OTPUIIATEIBHOM 3JIEKTPOJIE, Ha3bl-
BaEMOM «KaTOJ», MPUBOAAT K MEPEHOCY DJIEKTPOHOB (€7) OT KaToja Ha TMOJIOKH-
TEIBHO 3apsiKEHHbIE HOHBL. [IpruMepoM 3TOMy SIBISETCS BOJOPOJHBIA KAaTHOH,

KOTOPBIH TP BOCCTAHOBJICHUH MEPEXOIUT B popMy ra3000pa3Horo Bogopoaa (Hz

(9)).
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Karon (BoccranoBneHue):

2H" +2¢” H2(Q)

2H20 (1) + 2e > H2+ 20H" (aq)

Ha mojoXuTenbHO 3apsHKEHHOM AJIEKTPOJIe, Ha3bIBAEMOM «aHO», TIPOUC-
XOJIAT PEAKIIMN OKUCIICHHS. B 3TOM cilydae K HEeMy MUTPHUPYIOT OTPHUIIATEIHHBIC
HOHBI. [IpOCTHIM NpUMEpOM SBISETCS OTPUIIATEIHLHO 3apSHKCHHBIH KHUCIOPO.T
MOJIEKYJIBI BOJBI. MUTpaIysi HOHA KUCTIOPO/Ia M €T0 OKHCIICHUE aHOIOM MPUBOIST
K o0pa3oBaHmio ra3ooopazHoro kuciopoza (O2(g)) corimacHo MPUBEACHHBIM HUXKE
peaKIusIM.

Anop (okucieHue):

2H20 (I) 0O2(9g)

40H" (ag) >0. (g) + 2H20 (I) + 4e-.

B npucyTcTBHM TOBKO 3JIEKTPUYSCKHA HEUTPATBHBIX M TUCCOIMUPOBAHHBIX
MOJIEKYJl BOJIbI, B OKHUCIUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIMAX DIIEKTPOJIN3a
y4acTBYIOIIHME y4acTBYOT HOHBI H' 1 OH", 1 KOJIMYeCTBO BBIACIAEMBIX MOJICKYJI
BOJIOPOJa B JiBa pasa BHIIIE, YeM MOJIEKYJ Kuciopoza. [loaromy npu onHaKOBBIX
7UTst 000MX Ta30B TEMITEpaType U JIaBIeHUU 00HEM ra3000pa3HOTo BOJIOPO/Ia BIBOE
0oJibilie 00beMa MPOU3BEACHHOTO ra3000pa3HOT0 KUCIOPOa.

Paznoxenne 4yucToil BoABI Ha BOAOPOI M KHUCIOPO, IPOUCXOAIISE MPH
HOPMAJILHOM TeMIlepaType U JIaBIICHWU, TEPMOJIUHAMUYECKH HEBBITOJHO. JJIEK-
TPOJIU3 MMPOUCXOAMT 32 CUET MOABOIUMON YHEPTUU ITOCTOSTHHOTO TOKA U SHEPTHH,

BBII[GHHIOIHGﬁCH IIPpU XUMHWYCCKUX ITPCBPAICHUAX Ha 3JICKTPOIC.

Amnop (oxucnenue): 2H,0(1)"Oz(g) + 4H" (aq) + 4 e E°%«=1,23 B

Karon (Boccranosnenue) : 2H* (aq) + 2 e Hy (g) E°- = 0,00 B

CornacHo ypaBHeHuto HepHcra, cTaHAapTHBIM MOTEHUMAT 3JEKTPOJIM3a
BOJIbI paBeH 1,23 B nipu Temmneparype 25 °C u pH 0 (Monsipaast koHueHTparus H*
= 1 M). Takum xe oH Oymer mpu Temneparype 25 °C u pH 7 (MonspHas
xonnenTpamusa H* =1 10 7 M). B takux ycnoBusx cBo6oaHas sueprus ['n6oca ms

QJICKTPOJIN3a BOAbI OobIIIe HYJIA. OTO MOKHO MMOKa3aTh C TOMOIILIO CICAYIOICTO
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YpaBHEHUS:

G =-nFE,
re N - YUcI0 MoJieh ANEKTPOHOB, F - mocTtosiHHas Dapajes.

Taxum 00pa3zom, 3Ta peakuys HEBO3MOXKHA 0€3 BBEICHUSI U3 BHE SHEPTUU.
Ee MCTOYHMKOM TpH 3JIEKTPOJIM3E SABISETCS NPHIOKEHHOE BHEIIHEE 3JIEKTPHU-
yeckoe noje E. Tak kak 35ekTpoakTuBalys BOJIbl CPABHUTEIBHO HOBBIM MOJIXO/I B
HayKe, TO TEPMOJIMHAMHKA 3TOrO Ipoliecca ele J0 KOHIA He u3ydeHa [57].

Coznmanme Jgr000T0 3JIEKTPOAKTHBATOPA C TEXHUYECKOW TOYKU 3pPEHHS -
3ajjaya HempocTas. JTO OOBACHAETCS OYEHb BBICOKOM WMHTEHCHUBHOCTBIO 3JIEK-
TpO(U3UUECKUX BO3JECUCTBUN HA MOJIEKYJbl BOJBI, MPOUCXOAAIIUX MpEeUMYyIe-
CTBEHHO B JIBOWHOM 3JIEKTPUUYECKOM CJI0€ HAa TPAHULIE pa3Jiesia AJIeK- TPO/pacTBOp
(B HemocpeACTBEHHOM OJM30CTH OT IMOBEPXHOCTU 3JEKTpoaa). B stom cioe
MHTEHCUBHOCTD JIOKAJIbHOTO 3JIEKTPUYECKOE OIS JOCTUTAaeT COTEH ThICAY BOJIBT
Ha CAHTHUMETpP, YTO 3HAYMUTEIBHO IMIPEBBIIIAET €ro CpeIHEe 3HAYCHHUE B
AIIEKTPOAKTUBUPYEMOM pacTBOpe. Y TpaHMIl aHOJa M Karoaa JBOWHOMU
ANEKTPUYECKUM CIOW B HU3KO KOHIEHTPUPOBAHHBIX PACTBOPAX KPAMHE TOHKUU, U
C YBEJIMYECHHEM KOHIIEHTPALMH 3JEKTPOJIATA €ro TOJIIMHA yMeHblaercs, [lo-
ATOMY AJIEKTPOAKTUBATOP AOJKEH OBITh CIPOEKTUPOBAH TaKUM 00pa3oM, 4TOObBI
00ecrneynTh MakCUMaJIbHYI0 00pabOTKy MHKPOOOBEMOB BOJIbI, HAXOISIIUXCSA B
HETNOCPEICTBEHHOM OIM30CTH K IpaHulIe pa3jiesa 3JIeKTPO/pacTBop.

KadecTBO 31€KTpOAKTUBUPOBAHHOTO BOJHOIO PACTBOPA 3aBUCUT U OT psaa
¢uznyeckux (akToOpoB, TAKUX Kak TeMIlepaTypa, CKOPOCTb MPOTOKa pacTBOpa
yepe3 AJICKTPOAKTUBATOP M KOHIICHTpallds B HEM 3JeKTpoauToB [45]. Ha ero
(U3UKO-XMMUYECKHE U aHTHUOAKTepUalibHbIE CBOMCTBA TaK)K€ BIUSIOT YCJIOBHS
xpaHeHust DXA pacTBopoB [44].

TepmoauHamuveckne acneKkThbl MoJay4eHusi IXA BOJHBIX PACTBOPOB.
MouekyJibl BOJBI B3aUMOJEUCTBYIOT C BHEIIHHMM 3JIEKTPUYECKUM II0JIEM, HAJO-
’KEHHBIM Ha pacTBOp. OCYIIECTBISAIOT 3TO B3aUMOICHCTBHI JUITOJIBHBIE MOMEHTBI

BCCX MOJICKYJI BOAbI K CBA3aHHAA C 3TUM BBICOKAS 3JICKTPOOTPHULATCIIBHOCTE B HUX
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aToma kuciopoza. [Ipu 3Tom B pa3HbIX cpellax MOJEKYJIbl BOJIbI, BO30YKACHHbBIE
AIEKTPUUECKUM IOJIEM, MO €ro AeCTBUEM BeAyT ceOst HeoarnHakoBo. Hampumep,
B [IPUCYTCTBUU JIEKTPUYECKOIO MOJIS IOJBEPIraeTCsl 3HAYNTEIIbHBIM U3MEHEHUSAM
POCT KPUCTAJIJIOB Jibjia [52].

Boga npeacrasinsier co0oii KUAKOCTh, KOTOpasi B ONPEAETICHHBIX YCIOBUIX
MOXKET BECTH Ce€0sl MOJOOHO CIJIONIHOMY METAIMYeCKOMY IMPOBOJHUKY. B
TIOCJICTHUE TOJbI Pa3BMBACTCS HOBas KOHIICIIIIMS, Ha3biBaeMas «Water wiresy,
3aMHTEPECOBaBIAsl YUYECHBIX OJarojaps CBOEH 3HAUYMMOCTH B OHMOJOTHYECKHX
CUCTEMAax M B HCCIEAOBaHMM HaHOMAaTepuasoB. Psa mccimenoBaHUi mMOKa3anu
BJIMSIHUE 3JIEKTPUYECKUX II0JIE€M HAa KOOIEPATUBHBIE SBJICHUS B JKUAKON BOJE U
OonpmIMX ee Kiactepax [64]. DnekTpuyeckue MoJisd TakkKe BIMAIOT Ha CTPYK-
TYpPHBIE M SHEPTreTUUYECKUE U3MEHEHHUS KIacTepoB BOJbI [38]. AKTHBAIIUM BOJIBI -
3TO MpOILIECC €€ NEPEeBOJiIa B HEPABHOBECHOE TEPMOJMHAMHYECKOE COCTOSHHUE,
COTIPOBOXAAOIIEECS U3MEHEHUSIMU B HEW: TOM BO/Ia IPUOOPETAET PE30OHAHCHYIO
MUKPOKJIACTEPHYIO CTPYKTYypy. AHOMamuu B pH © B  OKUCIMTENIBHO-
BOCCTAHOBUTEJIBHOM MOTEHIMAJIE 3JIEKTPOAKTUBUPOBAHHOW BOBI, KaK cOOOIIa-
JIOCh, SIBIISIIOTCS PE3YJIbTATOM CTaOMIIbHOM, BBICOKON PE30HAHCHOW HHEPryu
MUKPOKJIACTEPOB BOJIbI HA OCHOBE KOBHOPUPYIOUIMX JUIOJIEH €€ MOJIEKYJ U 3a-
PSUKEHHBIX MOHOB B NIPHUAJIEKTPOAHBIX IpocTpaHcTBax [58]. B cratuke takwme
CUCTEMbI M3 JAuIosied HeycToluuBbl (3((deKT Kojuiarica), HO B JUHAMHUKE, MPU
pe3oHaHce, npossisieTcss d3Q(EKT AMHAMUYECKON CTaOUIU3alid HEYCTONYMBBIX
cocTossHUM. [lepeMeHHOE 3JIEKTPOMAarHUTHOE TMOJIE OT JBYX CHHXPOHHO-
OCIIJITUPYIOIIUX JTATIONEeH UMEET Y3KUM CIIEKTP Y4acToT (pe30HAHCHBIN 2P HEKT) u
yobiBaeT ~ 1/r®. MakcuMyM cHekTpa CKOpee BCEro MPHMXOIMTCS Ha JUANa30H
4acToT C.B.4., T.K. 11 OH™ XxapakTepHble 4acTOThI BpaIATEIbHbBIX EPEXOA0B ~2
[T [58]. D10 siBIeHUE HA3BAaHO PE30HAHCHBIM 3(PPEeKTOM. AHOMaIBHBIE CBOICTBA
AJIEKTPOAKTUBUPOBAHHBIX BOJHBIX PAaCTBOPOB, TakUE Kak dPQPEKT aKTUBALUU U
KJIaCTepHasi CTPYKTypa, MepuoJ peslakcalii, MOTYT ObITh YaCTUYHO OOBSICHEHBI

BBICOKOH CTAaOMIILHOCTBIO CO3JaBacCMbIX IIPHU AKTHUBAIlMKM MHUKPOKJIA- CTCPHBIX
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CcTpyKTyp [47].

DNEeKTpOaKTUBAILMS BOJHBIX PACTBOPOB, Kak MpPaBUIIO, MPOUCXOIUT B
ANEKTPOIMU3HBIX YCTPOUCTBAaX (Kamepax). DIEKTPOJIU3EP COCTOUT U3 Mapbl AJEK-
TPOJIOB, MOTPYKEHHBIX B AJIEKTPOIUT U MOJKIIOUYEHHBIX K BHEIIHEMY 3JIEKTpHU-
YEeCKOMY TOJII0 (MOCTOSHHOMY WJIM MepeMeHHOMY). HempephIBHOCTH 3IEKTpU-
YECKOro0 TOKa 00ECIeYyrMBaAETCsl MOTOKOM IOJOXKHUTEIBHO W OTPUILIATEIBHO 3apsi-
’KEHHBIX MOHOB M MOJIEKYJl B pacTBOpe 3JeKTposiuTa. B Takoi cucreme Tepmo-
JUHAMHYSCKHN TToTeHIHan 31ekTposa (ET) MoxeT ObITh BBIpaXKCH YpaBHCHHEM

Hepucra crnenytonmm odpazom [43, 54]:

oo B XT

Er=E 7 —(W In(n :0),
riae E - cranpaptheiii moteniman npu 25°C U TepMOIMHAMHYECKONH aKTUBHOCTH
€ro MOHOB, PAaBHOM €AMHUIIE;

ai - aKTUBHOCTh HOHA BUA ;

Si - COOTBETCTBYIOIMIA CTEXHOMETpUUEeCKUH Koddduiment (>0 mias mpo-

nykToB uiK <0 Ui peareHToB);

F - nocrosiunas ®apanes (96,486 °C mol™);

Rc - yauBepcansHas razosas nocrosunas (8.31 Ik mons ™t K1);

Tk - abconroTHas TeMIepaTypa;

N - o0uIee Ynucio 3IEKTPOHOB, YYACTBYIOUIUX B PEAKIIMH.

B 351eKTponu3HON KaMmepe ¢ ABYMsI JIEKTPOAaMu, NOTPYKEHHBIMU B pac-

TBOP XJIOPUCTOTO HATPHUA, PA3HULIA B TEPMOJIMHAMUYECKUX MOTCHIMAIAX TIPHU 25

°C MO>XHO ONpEAEIUTh CIEAYIOINUM YPAaBHEHUEM:

Ea = 1,358 + 0,059pH - 0,059 logCcl-,

rae Ccl - MosisipHasi KOHIICHTPALIUS HOHOB XJIOpa.
B snextponusHoil kamepe pasHble BHUIbI HOHOB OYIyT HEMPEPHIBHO MH-
TPUPOBATH B CTOPOHY AJIEKTPOIOB MPOTUBOMOJIOKHOTO 3apsiaa. s Toro 4roosn

00eCIIeYnTh IMPOU3BOACTBO JJICKTPOAKTHUBUPOBAHHBIX BOAHBLIX PAaCTBOPOB C MC-
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TaCTaOMJIbHBIMU CBOMCTBAMHU, HEOOXOJUMO YAEpPKUBATHh Pa3Hble BHUJIbI HOHOB B
OJIHOM M3 CEKIIMI 3JIEKTPOJIMTUUECKOT0 YCTpoiicTBa. B 3TOM ciyyae aHOAHbBIE U
KaTOJHBIC CEKIMM Pa3eisaioT HEHUTPaTbHBIMU HECEICKTHBHBIMH WM MOHOIIO-
JSPHBIMA MIOHOOOMEHHBIMU MEeMOpaHaMHu.

DJIEKTPOAKTUBATOPbI M TeXHHYEeCKHe TpedoBaHuss K HUM. OCHOBOU
TEXHOJIOTMH AaKTHUBAIIMK BOJHBIX PACTBOPOB SBIISICTCS JJICKTPOJIHM3, OCHOBHBIC
OPUHIUIBI KOTOpble ObutM HccaenoBanbl B Havasie XIX-ro Beka [61]. Ilepsiit
anektponusep Obul onucan [62]. [Tocnenyroiiee pa3BUTHE IEKTPOXUMHUHU U CO-
3J1aHH€ HOBBIX MATEPUAJIOB 3HAUUTEIHHO YJIYUIIUIA KOHCTPYKIHIO BJIEKTPO-
JU3HBIX CHUCTEM. B 3TO e Bpemsi MOSBUIIMCH NIEPBhIE YIIOMUHAHUS 00 3JIEKTPO-
AKTUBUPOBAHHBIX BOJHBIX PACTBOpaX, 4TO CTAJO PEBOIOIMOHHBIM COOBITHEM B
0o0JacTu MPUKIATHON 3MeKTpoxuMuu. [lo3ke OTKpbITHE OaKTEPUIIMAHOTO (-
(dekTa MEeKTPOAKTUBUPOBAHHBIX BOAHBIX PACTBOPOB M BO3POCIIKE 32 MOCIETHUE
20 jeT ’KOHOMHYECKHE M IKOJIOTMYECKHUE TPeOOBaHHUS B WHIYCTPUU BBI3BAIIU
3HAUUTETBHBIN POCT YKCIIa HAYYHBIX Pa3padOTOK U MyOJMKaIui B 3TOM 00JiacTu
ucciaenoanui [6, 11, 15,23, 27, 30].

Bo3spociiiee uncio Hay4dHBIX MyOIHKAIMK 1O pa3pab0TKe JIEKTPOAKTUBH-
PYIOIIUX CUCTEM MPHUBEJIO K HEOOXOIWMOCTH CUCTEMAaTH3allMU THUIIOB AJIEKTPO-
AKTUBALIMOHHBIX MPOIECCOB U YCTPOUCTB. B OCHOBHOM HCIOJIB3yEeMbIE€ YCTPOM-
CTBA U TEXHUYECKUE YCIOBUS IJIEKTPOAKTUBAMOHHBIX CUCTEM OTIUYAIOTCS IPYT
OT Jpyra mo crnoco0am oOpaOOTKHM BOJHBIX pacTBOpPOB. CyIlEeCTBYIOT Tie-
pruoAMYeCKHe W HempepbiBHBIC cucTeMbl [17, 18]. YcraHoBku, paboTaromue B
HEMPEPHIBHOM MPOTOYHOM PEKHUME, HanboJee 4acTO MPUMEHSIIOT B TE€XHOJIOTH-
YECKUX JIMHUAX. TakKe ATOT THI 3JCKTPOAKTUBHPYIONIUX YCTPONCTB MPOU3BO-
JUTCSl TIPOMBITIUICHHOCTBIO JIJIsI YJIOBJIETBOPEHUSI JTUMYHBIX MOTPEOHOCTEH Hace-
JICHHS U B IEIAX Ka4eCTBEHHOT'O MUTHEBOI0 BOAOCHAOKeHU [37].

DNEeKTPOAKTUBHUPYIONIUE YCTPOUCTBA, pabOTAIOIINE B 3aMKHYTOM PEXKUME,
MIPUMEHSIOTCS, B OCHOBHOM, B JIA0OPATOPHSIX MPH MOTYYECHUU OOJIBITUX 00HEMOB

BOAbI OJIs1 OJSKCICPHUMCHTAJIBHBIX PICCHG)IOBaHI/IfI. SHGKTpOaKTI/IBaL[I/IOH- HBIC
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CUCTEMBI IPOU3BOJAT IIEKTPOAKTUBUPOBAHHBIE PACTBOPBI C OIpPENEICHHBIMU
(U3UKO-XUMUYECKUMHU U OMOJIOTUYECKUMU CBOMCTBaMU. VX IpenMyIiecTBEHHO
UCIIONB3YIOT  JUIsl  TIOJyYEHHs]  DJIEKTPOAKTHUBUPOBAHHBIX  PAacTBOPOB €
OKHCJIUTENbHBIMU CBOWCTBaMHU (aHONUT). Iy »TOrO 1eneBoi pacTtBop oOpada-
THIBAE€TCSA B aHOAHOW YACTH 3JIEKTPOAKTUBATOPA. Y HUBEPCAIBHOCTh TEXHOJOTUU
ANEKTPOAKTUBALMHU TO3BOJISIET B KATOJHOM YacCTH MPU 3TOM IOJIy4aTh PacTBOP C
BOCCTAHOBUTEJIBHBIMH CBOMCTBaMM (KaTOJUT). B Takux ciydasix mpoekTHpyemMoe
YCTPOMCTBO COCTOMUT U3 JBYX OTCEKOB, KOTOPBIE JIETATCS HA JIBE YaCTU (aHOAHbBIE
U KaTOJIHBIE CEKLINN) MEMOPaHOM.

DNEeKTPOaKTUBUPYIOIINE YCTPOHCTBA, pa0OTAIOIINE B 3aMKHYTOM PEXKUME,
MIPUMEHSIOTCS, B OCHOBHOM, B JIAOOPATOPUSX MPHU MOTYYEHUH OONBIINX 00BEMOB
BOABI JUISl OKCIIEPUMEHTAIBHBIX MCCIECAOBAaHUN. OJIEKTPOAKTUBAILIMOH- HbIE
CUCTEMBI MPOU3BOAAT AJIEKTPOAKTUBUPOBAHHBIE PACTBOPHI C OMpPEAEICHHBIMU
(U3UKO-XUMUYECKUMHU U OMOJIOTUYECKUMH CBoOMcTBaMU. VX mpenMyIiecTBEHHO
UCIIOJIB3YIOT  JUIA  TOJYYEHHs  DJIEKTPOAaKTHUBHUPOBAHHBIX  PACTBOPOB  C
OKUCIIUTENIbHBIMU CBOMCTBaMH (aHOJUT). [l 3TOTO 1IeneBoi pacTBOp oOpaba-
THIBAETCS B aHOJAHOW YacCTH 3JIEKTPOAKTUBATOPA. Y HUBEPCAIBHOCTh TEXHOJIOTUU
ANIEKTPOAKTUBALMHU MO3BOJISIET B KATOJHOW YacCTH MPHU 3TOM MOJIy4aTh PacTBOP C
BOCCTAHOBUTEJbHBIMUA CBOMCTBAMHU (KaTOJIUT). B Takux ciydasx MNpoeKTUPYyEeMOe
YCTPOMCTBO COCTOUT U3 ABYX OTCEKOB, KOTOPbIE JIEJSATCS Ha JIBE YacTH (aHOAHbIE
Y KaTOJIHbIE CEKI[MN) MeMOpaHOH.

OpHako CylIecTBYeT IPOLIECCHl 3JIEKTPOAKTUBALMHU, TIJI€ pa3leicHue
MeMOpaHoil He TpeOyeTcs. B 3ToMm ciyuae 37eKTpOaKTUBATOPHI COCTOSAT U3 JBYX
AJIEKTPOJU3EPOB: B OAHOM M3 HUX AHOJUT U KATOJUT Pa3JIestOTCsl MEMOpPaHOH, B
apyrom - Het. Mcxoas u3 3To 0COOEHHOCTH, 3JIEKTPOAKTUBUPYIOIINE CUCTEMBI
MOTYT OBITH COZAEp’KaTh OOpaTUMbIe (aHOJ W KaTOJ MNpPU TMEPEKIIOUYEHHUU I10-
JSIPHOCTH HANpPSDKEHUS MEHSIOTCS AJIEKTPOJIM3HOM (yHKIMEH), Tak U ¢ HeoOpa-
TUMBIMHU 351eKTpoaMu. Kpome Toro, pa3paboTaHbl CUCTEMBI JIEKTPOAKTUBALIMH C

ANEKTPOXUMUYECKA MHEPTHBIMU 3JIEKTPOAaMHu (aHOA U KaTon) [32].
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Jlist maTepuala 3J€KTpo/ia HE3aBUCUMO OT €ro KOHCTPYKIMH HEOOXO0IuM
psan oOmux TpeOoBaHmii: (4) MaTepuay, HCHOIb3YEMbIH JJISI W3rOTOBIICHUS
ANEKTPOJA, AOJHKEH UMETh XOPOIIYIO 3JEKTPONPOBOAHOCTD, BBICOKYIO KaTalH-
TUYECKYHI0 aKTUBHOCTb U CEJIEKTHBHOCTbH I LEJIEBON 3JIEKTPOXMMHYECKON pe-
akiuu; (D) I TONTOCPOYHOrO HMCIOIB30BAHUS MaTepHall dJICKTpojaa JIOKCH
o0agaTh T0CTATOYHON MEXaHUIECKON M XUMUYECKON IPOYHOCTEIO; C) OH JOJDKEH
MUMETh HU3KYIO0 CTOMMOCTS (d); pacnosoxeHne 3JIEKTPO0B B KaMepe U ux Gopma
JNOJDKHBI  O0OecrieurBaTh PABHOMEPHOE pACHpEIEICHHE IUIOTHOCTH  3JIEK-
TPUYECKOTO TOKa; (€) IUTS MCIOJBb30BAHMS B MHUIIEBOW MPOMBIIIICHHOCTH 3JEK-
TPOJ JTOJDKEH OBITh XMMHUYECKH WHEPTHHIM M HEPACTBOPUMBIM B TMPOJYKTaxX
anekTposn3a [39].

YCTpoiicTBO 3JIEKTPOAKTHBATOPOB. JJIEKTPOAKTUBUPOBAHHUE BOJHBIX
pPacTBOPOB OCYILECTBISIETCA ANEKTPOXUMUUYECKUMH PEAKTOpPaMH, T.€. 3JIEKTPO-
JU3epaMHy, KOHCTPYKLUHN KOTOPBIX IIMPOKO BapbUPYIOTCS B MPOLIECCE NPOEKTH-
poBaHUs U Tponu3BojcTBa. Hampumep, ToJbKkO B SINOHUM 1715 3JIEKTPOAKTUBALIUN
B 1999 rony umcnonp3oBanuce 0kosio 30-TM PEaKTOPOB, UMEIOIINUX Pa3IHMYHbIC
KOHCTPYKIIMOHHBIE XapakTepucTuku [61]. B cymHoOCTH 3TO 0O3HA4aeT, 4yTo B
ONpEJEICHHON CTENEHU 3JIEKTPOAKTUBALIUA MOXET ObITh JOCTUTHYTA IyTEM HC-
MOJIb30BAHUSL PA3JIMYHBIX 3JEKTPOJIM3EpOB. BaxkHO BBIOpaTh HaasIeXallve mna-
paMeTpsl TEXHOJIOTMYECKUX MPOLECCOB, TAKWE KaK HANPSIKEHUE, COAECPKAaHUE U
pacxo]l 3JEKTPOJIMTA, TMOJAIOIIETOCs B PEAKTOp, JUIMTENIBHOCTh Ipolecca, KO-
HeuHble 3HaueHus pH, OBII u np. ogHako cTaHIapTU30BaTh MPOLECC JIEKTPOIN3a
JIOCTATOYHO TpyAHO [14].

HccnepoBanust Mo B3aMMOCBSI3U MEXAY KOHCTPYKIIMOHHBIMH OCOOEHHO-
CTSIMHU 3JIEKTPOJIM3EPOB U TEXHOJOTMYECKMMU NapaMeTpaMH MPOLECCa, C OJHON
CTOPOHBI, U (DYHKIIMOHAJILHBIMU CBOMCTBAMM 3JIEKTPOAKTUBUPOBAHHBIX PaCTBO-
POB, C IPYTrOM CTOPOHBI, IPAKTUYECKU OTCYTCTBYET B Hay4HOU nureparype. Kak
MIPaBUJIO, KEJIATEJIbHbIE MapaMeTpbl MPOU3BOJICTBEHHOIO Ipoliecca KOPPEKTH-

PYIOTCSI SMIIUPUYECKHU.
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DnekTpoxuMHuueckasi 00padoTka BOAbBI M BOJHBIX PAacTBOPOB OCYIIECTB-
JSE€TCSl C MCHOJIb30BAHHEM DSJIEKTPOAKTUBATOPOB IMAKETHOIO THUIIA WU B IPO-
TOYHOM Bapuante [21, 37, 62]. DekTpoakTUBAIUA B 3JIEKTPOIU3EPAX MAKETHOTO
THUIIAa OCYIIECTBIISIETCS B T€UEHUE (PUKCUPOBAHHOTO MIEPUOIa BPEMEHU, HAIIPUMED,
3-115 mun, BHyTpHU peakTopoB 06bemomM ot 1 1o 15 7.

Kax npaBuiio, 00beMHBIN pacxo/1a BOABI BHYTPU TIOTOYHOTO AJICKTPOIH3Epa
Bappupyer B auanazoHe 0,5-1,9 n/mun. [nsg srnekTponuza HUCHONb3YIOT
Hanpsbkenue 9-120 V, a 3HadeHUs TOKa, MPOXOISIIETO Yepe3 dDIEKTPOJIU3ED,
ONPENEIIAETCS €IIE U IEKTPOIPOBOJHOCTHIO aKTUBUPYEMOTO PACTBOpPA U HAXO-
narcs B auamnazone ot 0,7 1o 20 A. UpesBbIyaiiHO BeICOKO€ HampsikeHue 10 1100
V ObUIO UCTOJB30BAHO JIJIs1 aKTUBALUK JUCTUIUIMPOBAHHOM BOJIBI; OJTHAKO, U3-3a
OYECHb HU3KOM DJJIEKTPUYECKOW MPOBOAUMOCTH  OUMIIEHHOM  KHAKOCTH
AIEKTPUUECKUN TOK MPHU IAEKTPOIU3€ ObLI BETUYMHON B HECKOJIBKO MUJIITUAMIIED
[39]. 10OBOJIBHO PEIKO UCTIOB3YETCS IEPEMEHHBIN TOK HU3KOW YaCTOTHI (OKOJIO 1
['y umu MmeHee) HanpsokeHust 5-15 B 1715 351eKTpoakTUBAaTOPOB KakK MaKETHOTO, TaK
Y IPOTOYHBIX THUIIOB.

B o0mux geprax peakTophl JUIsl JIEKTPOAKTUBAIUS OTJIMYAIOTCS APYT OT
npyra ¢bopMoil U MaTepruaioM X COCTaBHBIX YacTeH, TaKMX, KaK KOpIyca, dJeK-
TPOJbl U HECEJEKTUBHbIE WJIM MOHOOOMEHHBIE TTO0 MEMOpaHbl, €Cli MOCIeIHUE
npUCYTCTBYIOT. CaMbIMU PpaclpOCTPAHEHHBIMH SBJISIIOTCS LWJIMHJIPUYECKHUE
MPOTOYHBIE JICKTPOAKTUBATOPHI, BKJIIOUEHHBIX WM MOCIEI0BATEIbHO, WIH Ta-
pamtensHo [59]. Takue ycTpoiicTBa MOTYT OBITh JIETKO COOpaHbl B KOMITAaKTHBIC
ANEKTPOXUMUYECKUE MOJIYJIH, BKIIIOUAIOIINE B ce0s 1O BOCBMU AJIEKTPOJIU3EPOB.
[Ipy mapamienbHOM BKIIOYEHUH OHJICKTPOJMTHUYECKUX KaMep YBEIMUYUBACTCS
MIPOU3BOIUTEIIBHOCTH JIEKTpoakTuBaropa. [Ipu nocnegoBaTeTbHOM COEAMHEHUH
yAaeTcs NoJIiy4uTh 0osee Boicokue 3HaueHust pH, OBII, koHLIeHTpaliuyu akTHBHOTO
XJiopa pacTtBopa. B NpOTOYHOM 3IEKTPOIU3EpEe B KauyeCcTBE KaToJa W aHOJA
WCIIOJIB30BAJIM  TMapaJUIeNIbHbIe TJIACTUHBL. B HEKOTOphIX ciydasx Obud

VICITOJIb30BaHbI OJIOUHBIE HITH 6I/IHOJ'I${pHBI€ QJICKTPOABI.
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CBoeoOpa3Hslil peakTop onucad B padore [31]. DieKTpoau3ep COCTOUT U3
JIBYX KOJIOHOK, 3aIllOJIHCHHBIX 3€pHAMU MarHeTuTa Wid rpadura, Kaxzaas u3 Ko-
TOPBIX MOXET (haKTHUYECKH pPACCMATPUBATHCS KaK OWIOJSIPHBIA AJIEKTPOSI.
DNEeKTpOaKTUBALMS B TaKOM YCTPOMCTBE YHHUTOXKAeT B BOJE JaKe BUPYCHBIE
areHThl, HE CMOTPS Ha TO, YTO OHU PE3UCTEHTHEE K JICKTPOJIU3Y, UYEM KUIIICUHAs
MaJjoyKa.

XuMHUuecKasi CTOMKOCTb 3JIEKTPOJIOB Ba)KHA JUIsl MOJYYEHHUS PacTBOPOB
BBICOKOTO Ka4eCTBa M OIPEIEIIACT CPOK CITyKObI peakTopoB. Hanboiee cToitkumu
JOJDKHBI OBITh aHOJBI. [[s MX WM3TrOTOBIIEHMsS] ObUIM HCIIOIB30BaHbI TUIATHHA,
IUTaTHHA C J00aBJICHUEM OKCHJIOB UPHUAMS U POJUs, IUIATUHUPOBAHHBIM THUTaH,
TUTaH, TMOKPHITEIA aKTUBHBIM cioeM RUO2, tutan, mokpeThiii FesOs u rpadwur.
Tutan, naTuHa WK Tpa@UT UCHIOJIB3YIOTCS B KauecTBe KaTogoB. KoMmo3UTHBIN
Marepuall, NpeaCTaBIAIONIUNA CO00H ClIydyailiHO-OPUEHTUPOBAHHBINA B ATIOKCUTHOU
MaTpuile rpaduT, TaKKe HCIIOIB30BAJICS JIJIi U3TOTOBIEHUS 000MX AJIEKTPOJIOB
[12]. XuMHYECKHM JIOCTATOYHO HWHEPTHBIM Tpadutr oO0IagaeT HEKOTOPHIMU
HEJIOCTaTKaMH - OH MOPHUCTHIA U KpomuTcsa. B mopax ckaminBaroTcsi BOJOPOJ U
KHUCIIOPOJI, YMEHbIIIasl, TAKUM 00pa30M, aKTHBHYIO TOBEPXHOCTH DJIEKTPOIOB.

DJIEKTPOXMMHUYECKAst aKTUBAIMS BOJAHBIX PACTBOPOB MPOU3BOAMIACH KAK B
HETPOTOYHBIX, TaK M B MPOTOYHBIX PEAKTOpAX C TMOPUCTOM HECEIICKTUBHOU
MeMOpaHoi, Tak u 0e3 Hee [56]. MeMOpaHbl TO3BOJISIOT IPOU3BOIUTD JJIEKTPO-
aKTUBUPOBAHHbBIC PACTBOPHI C 3aJaHHBIMU (DYHKIIMOHATBHBIMU CBOMCTBAMH, Ta-
KUMH KaK KUCJIbIE (AHOJIUT), IIETIOYHbIE (KATOJIUT) WM MPAKTHUYECKH HEUTpalb-
Hble pacTBOphl. [locmeaHuit MOXET OBITh MOJYyYEH MYTEeM KOHTPOIHPYEMOTO
CMEIIIMBAHUS aHOJIUTA U KATOJMUTA, WU MOCIe0BaTeIbHBIM IIPOXOJ0M PacTBOpa
CHavaja 4epe3 aHOJHYIO YacTh KaMephbl, 3aTEM YEPe3 KaTOIHYIO.

OcHoBHBIE TpeOOBaHUS, MPEIBABIIEMbIE K MEMOpaHaM - BBICOKAs MOPU-
CTOCTh, TUAPODUILHOCTh U HU3KOE JICKTPUUECKOE COMpPOTHBIIEHHE. Bricokoka-
YeCTBEHHAs KepaMHUecKass MeMOpaHa MCI0JIb30BaHa B [36]. DIIEKTpOIPOBOISIIHE

KaTUOHUTHbIE MeMOpanbl U3 Hadunon-450 m mateHTOBaHHBIE HOHOOOMEHHbBIE
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MeMOpaH ObUIM TpuMeHeHbl B [37] Hapsiay C HU3KOMOPUCTBIMHM TOJUAICTE-
PEHOBBIMH U MOJUATUIICHOBEIMU MeMOpaHamu [61].

MuHnepanuzaiys BOJHBIX PAaCTBOPOB, MOJABEPTarOIIUXCS AJIEKTPOAKTHBA-
IIMM, BapbUPYIOT B 3aBUCHUMOCTH OT cozepkanus B Hux NaCl, koHueHTparms
kotoporo BapsupyeT oT 0,1 1o 120 r/n [63]. IIpon3BoANMBII 3JEKTPOAKTUBUPO-
BaHHBIN aHONMUT UMeeT PH B quanazone 2,3-6,5, MONOKUTEIbHBIA OKUCIUTEIHHO-
BoccTaHoBUTENbHBIN moTeHnuan (1000-1200 mB), u npumepno 30-300 mr/n
pacTBOpeHHOro xJjopa [33].

B T0 ke Bpems KaTONUT, MOJYyYaeMblil yTEM AJIEKTPOAKTHUBALIUK JUCTUII-
JUpPOBAaHHOW BoAbl, uMeeT pH 6,2 U OTpULIATENBHBIA OKUCIUTEIBHO-
BOCCTAHOBUTENbHBIN MOTeHIHaN -329 MB. DiekTponn3 pacTBOpa XJIOPUCTOIO
HaTpusi KoHueHTpauuu 10* M naer karomut ¢ pH 8,8 oTpULATENbHBIM OKUCIIU-
TEJIbHO-BOCCTAaHOBUTEIBbHBIM NOTeHIIMAIOM -390 MB [5, 24, 25].

KomOunannonnoe paccesinue UK u3inydeHuss 3JieKTPOAKTUBHPOBAH-
HBIMH BOJHBbIMH pacTBOpaMu. COIIaCHO COOOIICHHSM IO HCCIEIOBAHUSIM
AJIEKTPOAKTUBUPOBAHHBIX BOJHBIX PACTBOPOB, MOCJE BO30YXKICHUSI BHEITHUM
AIEKTPUYECKUM TI0JIEM, OHH MEPEXOJIAT B METaCTaOMUILHOE COCTOSIHUE, U UX pe-
aKIIMOHHAsI CTIOCOOHOCThH MO CPABHEHUIO C OOBIYHOW BOJOW 3HAYUTEIHLHO YBE-
nuyuBaeTcsi. OObsICHEHHE 3TOMY (DEHOMEHY MBITAIOTCS HAWTH, U3ydasi CIIEKTPHI
UH(GPAKPACHOTO TOTIIONMICHUSI DJIEKTPOAKTUBUPOBAHHOM BOAbI [1]. B aTOM CBsI3M
B. N. Ilactyxos, B. II. Mopo30B ucciaeaoBaiu CHEKTPbl KOMOWHAITMOHHOTO
paccesauss UK m3imydeHHs] 3IEKTPOAKTUBUPOBAHHBIA BOJbBI, OTPAXKAIOLIME CO-
CTOSIHME BOJIOPOJHBIX CBA3EH €€ KilacTepax v ux CTpyKTypy [14].

YToOBl MPOSICHUTH OCOOEHHOCTH KOJIE0ATEIBbHOTO CHEKTPa JIEKTPOAKTH-
BUPOBAHHOW BOJIbI, aBTOPBHI HCCIEIOBAIM AHAJIOTUYHBIE CIEKTPhl XUMUYECKHU
NOJKUCJICHHOW WJIM TMOAIIECTIOYEHHON BOJbI (aHAJIOTU 3JIEKTPOAKTUBHUPOBAHHOMN
BOJbI MO KHCJIOTHO-IIEJIOYHBIM CBOMCTBaM). J[Jif 3TOro 3J€KTPOAKTUBUPOBAIIN

Boxy, comepxkaryro 0,4*10° M NaHSO,. Ha anozme m kaTone mpu 5TOM BbIIE-
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JSUTUCh MOJIEKYJIIpHBIE KUCIOPOA M BoAopo. [lyisi uccienoBanusi CIEKTPOB pa-
MaHOBCKOI'O paccesiHusi IpoObl BOABI Opajiu U3 MPUAHOAHOTO (AaHOJUT) U MPUKA-
TOJIHOTO (KaToJuT) mpocTpaHcTB. 3HaueHus PH y anonuta coctaBuio 4,0, y ka-
tonuta - 10,0. nst cpaBHEHUs MOJydalnu TaKXKe CIEKTPbl KOMOWHAIIMOHHOTO
paccestHusl KUCJIOM (CepHasl KUCIOTa) M IIEJIOYHOM (HATpUs TUIPOKCHU]) BOIBI.
CnexTpbl KOMOMHAIIMOHHOTO PACCESHUS MOJy4Yaid B KBapILEBbIX KIOBETaxX, KO-
Topbie ocBemanu 200 MBT aproHoBbIM J1a3epoM C JUIMHOW BOJIHBI JIMHUM H3JTY-
yeHus 488 Hm. PaccessHHbIN cBeT coOupanu moj yriioM 90 rpamaycoB K Ja3epHOMY
JIydy, CIIEKTPBI perucTpupoBany B quanazone 500-3000 cm™ mpu 20 °C
Pesynbrarhl mokasaiu, 4YTO CHEKTPhl KOMOMHAIIMOHHOTO PacCesHUs dJIeK-
TPOAKTUBUPOBAHHOW BOJIbI, B3SITOM HEMOCPEICTBEHHO Yy aHOja (aHOJHUT) WU Y
karoja (karonut), B auamnazone 700 u 2700 cM™! 3HAUUTEIHHO OTIMYAINCH OT
AQHAJIOTUYHBIX CIEKTPOB XUMHUYECKU MOJKUCICHHON BOAbI (puc. 1). ABTOpHI 10-
Ka3aJiu, 4yTo I0OABJICHHE CEPHOI KUCIOTHI B BOJY MPHUBEIIO K MOSBICHUIO KOJIE-
OaTeNBHBIX T0JIOC B criekTpe B 00actu 1000-2500 cm. Taksxke 66U10 0OHApYKEHA
BpEMEHHAsl 3aBHCUMOCTh MHTEHCHUBHOCTH pacCesiHUsl u3ayuyeHus. Tak, HH-
TEHCUBHOCTb paccesnus MK u3nyuenus: karonutom uepes 24 dyaca 3HaYUTEIbHO
YMEHbIIIAJIACh, YETO MOYTH HE HaOIo1an0ock y aHonuTa. [Ipu cMemmBanuu aByx
paBHBIX OOBEMOB PACTBOPOB AHOJUTA M KATOJIUTAa HAONIOJAIM YMEHBIIEHUE
paccesnusa B auanaszone mmH BoaH 700-2700 cm™? mo cpaBHeHmio ¢ mepsoHa-

YaJbHBIMU WHIMBUIyaJIbHBIMU UHTEHCUBHOCTAMU [ 14].
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OOBIYHO  CMIEKTPHI
KOMOHMHAITMOHHOTO PacCesHUS
BOJII M BOJIHBIX PAacTBOPOB
HHTEPIIPETUPYIOT Ha OCHOBE
BPEMEHHOM 3aBUCHUMOCTH
W3MEHEHHM  CHUJIBI  BOJIO-
poanbix cBszeit [3, 53]. [u-
POKHE TOJIOCHl paMaHOBCKOTO
paccesauss UMK  u3nydenus
AQHOJIMTOM U KaTOJUTOM CBS-
3aHHBI ¢ H30bITKOM H' u OH"

THIPATHPOBAHHBIX
HOHOB, KOTOpBIC TECHEPUPY-

IOTCA TIIpH  OJICKTPOJIMU3C B

Puc. 1 - CriekTpbl KOMOMHALIMOHHOTO PACCESHUS aonuTe M KATOJHUTE, COOT-
(1) umcras Boma, (2) 0,4 *10° M pactBOp
ruapocyibpara HaTpus, (3) NPUKATOAHBIA KaTO-
uT, (4) IPUKATOAHBIA aHONHUT, (5) XUMHUYECKU KMCIOTHO-OCHOBHBIE  CBOM-
aHajor KaroiuTta, (6) XMMHYECKHIl aHalor aHo-
nuta [14]

BCTCTBCHHO, MW OIPCACIIAIOT

CTBa pacTBOpOB [14]

Pe3ynbrats ATUX
UCCJIEOBAHUM TMO3BOJIAIOT MPEAINOJIOKUTh, UYTO HH(QPaKpacHbIE CHEKTPHI
MOTJIOIIEHHS] KOHLIEHTPUPOBAHHBIX PACTBOPOB KHUCIOT M IIEJIOYEH UMEIOT T€ Ke
MOJIOCHI MOTJIOIIEHHUSI, YTO U PaMaHOBCKUE CIEKTPhI aHOJUTA W KaTosuta. [lpu
ATOM 3JIEKTPOAKTHUBUPOBAHHBIE PACTBOPHI 00JIA/Ial0T CBOMCTBAMM, MOJOOHBIMU
pacTBOpaM  KOHIICHTPUPOBAHHBIX KHCIOT M IIEJIOYEeH, JaXe €eclu uX
KOHLIEHTpalMsl O4YE€Hb HM3Ka. [IpH 3TOM 3JIEKTPOAKTHBUPOBAHHBIE PACTBOPHI
o0JanaloT CBOMCTBAaMH, MOAOOHBIMU PacTBOpPaM KOHLIEHTPUPOBAHHBIX KHUCIOT U
IeJI04€eH, Ja)e eclid UX KOHILIEHTpaIKs OUeHb HU3Ka [42].
B snexkTpoakTUBHUpPOBAaHHBIX pacTBOpax OBLUIM 3apErMCTPUPOBAHBI JIBA SIB-

JeHust: Bbicokasi moJisspuszyemMoctb AH---A win BH---B BomopoaHbix cBsizeil u
HEMPEPBIBHOE PACIIPeIeICHIE SJHEPTHH OCTATKOB IPOTOHOB KoMmIutekca A (v B),
B3aMMOJICUCTBYIOIMUX C pa3zHoil cuiioil [42]. 30bITOUHbIE HOHBI THAPOKCHIIA B
OPUKATOJAHOM pacTBope (KaTOJMT) MOTYT Y4acTBOBaTh B (popmupoBaHuu Ooliee
CUMMETPHYHBIX M CIa0BbIX BOAOPOAHBIX cBs3eit (O---H---O). OgHOBpeMeHHO, B

AHOJIMTC 1o BBICOKOMY YPOBHIO HMHTCHCHUBHOCTH HIHpOKOﬁ ITIOJIOChI
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KOMOMHAIIMOHHOTO paccessHusl OOHApYKEHbI CUIIbHBIE BOJOPOJIHBIE CBSI3H.

310 TaKke 00bsICHAET OoJiee Bhicokoe paccesinue MK uznydenus anonutom
[0 CPaBHEHHUIO C pacCesTHUEM KaTOJIUTOM. B OnmmxkaifiieM NpUAIEKTPOIHOM
IPOCTPAHCTBE, B KOTOPOM PAcTBOpP 00JIaJIa€T BBHICOKON KHUCIOTHOCTBIO, MOIJIO-
mieane B K obnactu Bei3Bano rpynmnamu HsO2. B mpukatogHOM IpOCTpaHCTBE Y
Karoja moyioca mnornomeHus BeizBaHa rpymmoii H3O? [42]. Kpome Toro,
AIEKTPOXUMHUYECKAsT JTUCCOLMAIMM MOJIEKYJ BOJIbI B MPHUICKTPOJHOM IIPO-
CTPAHCTBE MPUBOAUT K OOpPA30BAHHIO HEYCTOMYMBBIX KOMIUIEKCOB, TaKMX Kak
(00), (O0)'m (HH)*. OTn KOMIUIEKCHI paccMaTpUBAEMbIe KaK MPOMEKYTOUYHBIC
3BEHBS, U UX KOJeOaTeIbHbIE MOJIbI, MOTYT BHOCUTh BKJIAJ] B pACCEIHHUE B COOT-
BETCTBYIOIIMUX OOJacTsIX crekTpa. JloOaBka HEOOJIBIIOrO0 KOJHUYECTBA CEPHO-
KHCJIOTO HaTpHsl HE BJIMSET HA CIEKTPbl KOMOMHAIMOHHOTO pPacCesHHsl CBETa
AJIIEKTPOAKTUBUPOBAHHBIX PACTBOPOB. DTO HAOIIOJIEHHE TOATBEPKIAET METa-
CTaOMJILHOE COCTOSIHUSA, B KOTOPOM HaXOJUTCS IPUAJICKTPOAHBIA pacTBOP.

3akioueHne. AHAIM3UPYS JIUTEPATYPHBIE JAHHBIE, Mbl MOXKEM CJIENIATh
BBIBOJI O BO3MOKHOCTH 3JIEKTPOAKTHBALIUSI BOJIBI M BOJHBIX PACTBOPOB B JJIECK-
Tposiu3HbIX cucteM. [Ipu 3ToM HamboJiee aKTUBUPOBAHHBIM PACTBOP MOJyYaETCs
Ha TpaHMIE pa3zena dJIEKTPOJ-BOJAHBIN pacTBOp. KpoMe Toro, snexkTpoakTHBHU-
pOBaHHAs BOJla U BOJHBIE PACTBOPHI HAXOMSITCS B METACTAOMIIBHOM COCTOSIHUU,
YTO 3HAYUTEIHHO MOBBINIACT UX PEAKIIMOHHYIO CLIOCOOHOCTh, IOATOMY OHU MOTYT
ObITh 3((HEKTUBHO HCIOJIB30BaHBI B (PU3UKO-XUMHUUYECKUX M OHOJIOTMYCCKHUX
peaKIusx.

B npakTudeckoM miaHe 3JeKTPOaKTUBUPOBAHHAS BOAA U BOJHBIE PACTBOPHI
CIy»aT MOITHBIMA HWHCTPYMEHTAMH, WCIOJb3YeMbIMUA JJIi  OOecredYeHus
MIPOJIOBOJILCTBEHHON 0€30MacCHOCTU, COKpalas MPUMEHEHUE MPUBBIYHBIX U JI0-
porux MetoioB Ac3uHbekuu [4, 8, 28, 29]. Tem He MeHee, HCOOXOIUMBI JTaJTb-
HEWIlMe UCCIAeOBAHUS, ISl TIOHUMaHUS TEPMOAMHAMUKHU JJICKTPOAKTUBAIIUOH -

HBIX IIPOOCCCOB B BOJAC U BOJHBIX paCTBOpPax.
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KpOMC TOr'0, SJICKTPOAKTUBHPOBAHHBLIC PACTBOPhLI HAILJIM IIHUPOKOC ITpaK-
THYCCKOC IMPUMCHCHHUC B TCXHOJIOTHAX ITOJYYCHHUSA KOPMOBLIX IIPOAYKTOB IJIA
YKUBOTHOBOJICTBA. TakK, UX MPUMEHEHHUE IO3BOJSET CHU3UTh COJICP)KAHUE AHTH-
MUATATEIBHBIX BEUIECTB B CéMEHaxX HaTtuBHOW cou [10, 22] u ropoxa [20] u mno-
BBICUTh MTUTATEIBHOCTh MOOOYHBIX MPOAYKTOB MUIIEBON MPOMBIILICHHOCTH, Ta-
KHUX Kak MOACOJIHEUHBIH mpoT [16, 21] u otpyOu [19], xapakTepusyromuecs Bbl-
COKHM COJACPIKAHNUCM KIICTUATKH. HUcnonws3oBanue HpOTO‘IHOfI QJICKTPOAKTUBAIINU
COKOB pacTeHU# MpH (HPaKIMOHUPOBAHUU 3€JICHON MAacChl MO3BOJISET MOJydaTh
OEJIKOBBIN KOHOCHTPAT C BBICOKHM COICPKAHHNCM KapOTHHOHNIOB, HaXOIIHHIHfI
IMPOKOE MPUMEHEHHUE B nTuiieBoAcTBe [7, 9, 10, 18, 23].

AKTUBHPOBAHHBIE PACTBOPHI, KaK ObUIO YOEAUTEIHHO MOKA3aHO, B MaJIbIX
A03ax IIPCBLIMIAIOT IIO 3(1)(1)GKTI/IBHOCTI/I u (1)I/I3I/IKO-XI/IMI/I‘-I€CKI/IM CBOMCTBaAM XH-
MHYECKH TOJYUYECHHBIE SKBUBAJICHTHI. bojiee BBICOKMU IO CPaBHEHHUIO C TPAJIH-
IMWOHHbBIMU XHMHWYCCKHMHU pPAaCTBOpaMH YPOBCHb 6HOHHIIHOﬁ CHJIBI ITO3BOJIACT
HCIIOJIB30BATh JJICKTPOAKTUBHUPOBAHHBIC PACTBOPLI B 0ojlee HHU3KOU J03€ II0
CpaBHEHHUIO C TPAAUIMOHHBIMU XUMUYECKUMHU PACTBOPAMU, TEM CaMBIM YCTPAHSIA
ONAaCHOCTh MHTOKCUKAIIMHA U HETAaTUBHOTO BO3JICMCTBUS Ha OKPY KAIOIIYIO Cpey.
BakHO OTMETHUTH, UTO AHOJUTHI MOKA3BIBAIOT HEOJIWHAKOBYIO A(PEKTUBHOCTH
MPOTUB Pa3IMYHBIX OaKTEPUIl U BUPYCOB. DTO O3HAYAET, YTO YYBCTBUTEIBHOCTh
OakTepuil K HUM HE TaKO€ YK PEIKOE SBJICHHUE, U YTO MHOTHE MUKPOOPTaHU3MBbI
[10-pPa3HOMY YCTOWYHBBI K TaKUM AHTUMHUKPOOHBIM BEIIECTBAM.
['pammosoKUTEIbHBIC M TPAMOTPHUIIATENIBHBIC OAKTEPHUH MOTYT TaKXKe ITO-Pa3HOMY
pearupoBaTh Ha 00padOTKY JIEKTPOAKTUBUPOBAHHBIMHU PACTBOPAMHU.
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