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O0mas xapakTepucTHKAa padoThI

AKTYaJbHOCTDH NPOoOJaeMbl I

[Iupoxoe HCHONB30BaHME TOKCUYHBIX OPraHMYECKUX BEHIECTB B  Pa3JIAUHBIX
OTpaciisAX MPOMBIIIIEHHOCTH BBI3BIBAET HEOOXOAUMOCTh OYUCTKH OT HUX CTOYHBIX BOJ M
OTPabOTaHHBIX  TEXHOJOTMUYECKMX  PACTBOPOB.  DJICKTPOXMMUYECKAE  TEXHOJOTHH
(DJIEKTPOAECTPYKIMSA, DJIEKTPOKOATYJISALHS, AJIEKTPOGIOTAIUS U JP.) MEPCHEKTUBHBI ISl
00€e3BpEIKUBAHMSI pacTBOPOB, COJIePIKAIIIIX OpraHu4ecKue 3arpsI3HATEITH.
PaccmaTtpuBaembie METOJbI HE TPEOYIOT NMPUMEHEHUS OOJIBIIOTO KOJIUYECTBA PEAICHTOB M
JIETKO IOJJIAIOTCS YNPABJIECHUIO U KOHTPOIIO. HECOMHEHHBIM MPEHMMYIECTBOM METOa
DJIEKTPOJACCTPYKIMU ~ SBJISETCS TO, YTO IO BO3JEUCTBHEM DICKTPUYECKOTO TOKA
pa3pyIIaoTCs  MOJIEKYJBl ~ OpPraHMYeCKUX TOKCHKAHTOB. biaromapst stomy, mpu
JJIEKTPOXUMUYECKOM  O0E3BPEKUBAHUM  JKUIKO(GA3HBIX  OTXOJOB HE  BO3HUKAIOT
HEU30€XKHBIE Ul COPOLMOHHBIX METOMOB TPOOJEMBI pereHepaluu COpOEHTOB U
YTWIN3aLUU KOHLIEHTPUPOBAHHBIX PACTBOPOB OPraHUYECKUX BEIIECTB.

IIprMeHenre SJIEKTPOXMMUYECKUX METOJ0B 00pabOTKM CTOYHBIX BOA Tpedyer
MH(OPMALIUN O HPOJYKTaX IEKTPOAHBIX peaknuid. J[s npakTuku Haubojee kKeaaTeaIbHO
JOOUTHCS IOMHOM MHMHEpalu3alil OpPraHUYECKOro BEIIECTBA, OJHAKO JIOCTUYbL 3TOrO
yhaaercs He Beerga. K Bemecrsam, OTHOCUTEIBHO TPYAHO IOJIAIOIIAMCS JECTPYKIMH B
YCIOBHSX DJIEKTPOJIM3a, OTHOCAT, B YAaCTHOCTU, Aa30COECIUHEHUS! M HEKOTOPBIE THIIBI
IIOBEPXHOCTHO-aKTUBHBIX BEIIECTB. B 3TOM cilydae 3HaHHE IPOAYKTOB 3JIEKTPOXUMHUUECKUX
IPEBPAINECHAN COBEPIIEHHO HEOOXOAMMO, IIOCKOJIBKY BO3HHKAET PHCK O00pa3oBaHus B
pacTBOpe BHICOKOTOKCUYHBIX COEJTUHEHUIA.

Bo wmHorux paboTrax cuMTaercs 1e1ecoo0pa3sHbIM BBEJCHHE B PACTBOPHI,
HO/IBEPracMble DJIEKTPOJECTPYKIMH, Xjaopuaa HaTpusi. OZHAKO B ITOM Clydae pe3Ko
BO3pACTa€T BEPOATHOCTh OOPa30BaHUSI B PACTBOPE TOKCHYUHBIX XJIOPOPraHUYECKHUX
NPOM3BOJHBIX, YTO HENb3s MPU3HATh ONTUMaJIbHBIM. Ilo »TOi mnpuumHe GoJjee
IPUEMJIEMBIM, ¢ TOYKU 3PEHMS DKOJIOTUH, CJIEAYET CUMTATh B3aUMOJICHCTBUE C aKTUBHBIMU
(opmMaMu KUCIIOpOJia, KOTOPbIE MOTYT KaK HEHNOCPEJICTBEHHO 00Pa30BHIBATLCS Ha aHOJE,
TaK M II0Jy4aThCs B PE3yJIbTaTe XMMUYECKUX B3aUMOJEHCTBHUI (HAmpumep, M0 peakiyu
®enrona). Jlnga >((GEKTUBHOrO OCYINECTBIEHUS! JECTPYKIUH aKTUBHBIMU (OpMaMu
KUCJIOpOJa HEOOXOIUMO IIPaBWIBHO MOJ00paTh MaTepHal JIEKTPOJOB, INIOTHOCTH TOKA,
TeMIIeparypy, BpeMs siiekrponusa. Taxas undopmarus 6yaer criocoOcTBOBaTh BEIPAOOTKE
OINTUMAJIbHBIX TEXHOJOTMYECKUX pelleHuid. Ee nosydeHue m cocTaBuiio OCHOBHYIO 1€
HacTosIIeH paboTHI.

B kauecTBe OOBEKTOB HCCIIEAOBaHMS PACCMATPUBAIOTCS JIBa THUIIA 3arps3HUTENIEH,

KOTOPBLIC ABJISAIOTCS Hauboee TPYAHOYJAISIEMBIMHA C TOYKH 3PCHUS OYHUCTKH )I(I/IIIKO(I)aBHBIX



OTXO40B 3TO — a30COCIUMHCHHS U ITOBEPXHOCTHO-aKTUBHBIC BCILICCTBA pastquﬁ MpUpO abI.

Ieans padoTsl

ITonydyenue uHpopmanuu 00 3JIEKTPOXUMHUYECKOM IOBEACHUU a30COCIUHEHUNA U
IIOBEPXHOCTHO-aKTUBHBIX BEIIECTB PAa3JIMYHBIX THUIIOB M YCTAHOBJIEHHE HA €€ OCHOBE
NPUHIUIKAIGHON  BO3MOXKHOCTU — IIPUMEHEHMSI  JJIEKTPOXUMHUYECKOTO MeToda  JyIsl
00€3BpEIKUBAHNUS JKUJKHX OTXOJI0B, COJEPKAIIUX ATH BelecTBa. BoipaboTka nMpakTuyeckux

peKOMeH,Z[aLII/Iﬁ UL IPOBCACHUSA DJICKTPOJIN3A.

3agaun MccJIeq0BaAHUA:

1. Omnpenenenre BO3MOKHOCTU 3JIEKTPOJECTPYKIIMU a300€H30/1a, CTEINEHH €ro
MUHEpaIU3alMi U COCTaBa OPTraHUYECKUX MTPOJTYKTOB €r0 OKUCICHHS U BOCCTAHOBJICHHUSI.

2. HccneoBanne 21€KTPOXUMUYECKOTO ITOBEACHUS HEKOTOPBIX a30KpacUTelieii B
YCJIOBHAX DJIEKTPOXUMHUYECKOM 0OpabOTKM CTOYHBIX BOJA. BbIpaboTka MpaKkTHUYECKUX
peKoMeHaaui 1o ux 00e3BpEIKUBAHUIO.

3. ITosrydeHue HOCTOBEpHOW MHGpOpMAIUU 00 DIEKTPOXUMUYCCKOM ITOBEIEHUM
[IOBEPXHOCTHO-aKTUBHBIX BEILECTB pPA3IUYHON mpupojbl. OnpenesieHne ONTUMAaTbHBIX
YCIOBHI MX DJIEKTPOOKHUCIeHHsA. B KadectBe 00ObekTa HcCiIeoBaHMs OBUIM BBIOPAHEI

ITABBI, mIMPOKO pacpOCTpaHEHHBIE B raJIbBAHOTEXHUKE.

Hayunasi HoBU3Ha

1. Y CTaHOBIEHO, YTO JJIEKTPOOKHUCICHHE a300€H30/1a MPOTEKAaeT B pe3ysbTare
B3aUMOJICHCTBHUSL €r0 MOJIEKYJI ¢ aKTUBHBIMH (POpMaMU KHUCIIOpOJia, 0Opa3ylomUMKCsS Ha
a"ozse. OOHapy»KEHO, YTO OKUCIIEHHE a300€H30j1a MPOTEKAeT uepe3 CTaJui0 00pa30BaHHUs
NONU(EHOIBHBIX COCIUHEHUH U, B KOHEYHOM WTOTE, IMPHUBOAMUT K BHICOKOW CTEIEHU
MUHEpaIU3alMi OpraHuYecKoro coeauuenus. Ilokazano, 4to mogo0Hast cxeMa OKHMCIICHUS
A30COCIMHEHUI a/ICKBATHO OIKMCHIBAET 3JIEKTPOOKHUCIICHHE a30KpACUTENICH: METHUIOBOTO
KpPacHOro U OpUJUIMAHTOBOTO JKEJITOTO.

2. OOHapy)xeHa  KOppeysiLusi ~ MEXJY  CKOPOCTBIO  3JICKTPOOKHCIICHUS
TPYAHOPA3pyIIaeMOro Kpacuress oparykeBoro 2K, mMoiekyna KOTOPOro XapakTepU3yeTcs
HAJIMYUEM HECKOJIBKMX JJIEKTPOHOAKLENTOPHBIX TPYyHIl, U TMOTEHIMAJIOM aHoJa IpHu
AIEKTPOJIU3E.

3. YcTaHoBI€HO, YTO OKUCIIeHHWe HeHoHOoreHHsix (AJIM-10, I130-1500) u
AHUOHHBIX (CyJIb(aAHOJI) TOBEPXHOCTHO-aKTUBHBIX BemecTB (IIAB) Ha okcuaHBIX
pyTeHneBO-TUTaHOBBIX aHomax (OPTA) mnpoucxomuT ¢ BBICOKOH CKOPOCTBHIO IIpH
MOTEHIIAAIaX MEHEEe T0JIOKUTENIBHBIX 110 cpaBHEHUIO ¢ noreHuuanamu OPTA-351exTpo/10B,
YCTaHaBJIMBAIOIIMXCS [P BBIIEJICHUN KUCIOPO/a B (POHOBBIX pacTBOPAX, HE COJEPIKAIIUX

IMOBCPXHOCTHO-AKTUBHBIC BCIICCTBA.



IIpakTHyeckasi 3HAUMMOCTb

I YeTaHoBiIeHa BO3MOXKHOCTh  HPUMEHEHUS IIACKTPOXUMHICCKOTO OKHCTICHHS
g 00paboTKM KUAKO(A3HBIX OTXOOB, COAEPXKALIMX a300€H30J1 M a30KPACHTEIIH:
METHJIOBBIM KpPacHBIM M OpUIIMAHTOBBIN JKEJITHIA. PeKOMEHIyeMBbll peXUM BIICKTPOJIN3a:
Pt/Ti-anonsl, sueiika ¢ pa3[eleHHBIMHM KaTOJHBIM M aHOJHBIM IPOCTPAHCTBAMM, | =
0.5 A/em®, cocras pactBopa: 0.1 M cepnas xuciora, 0.1 r/n a3okpacurens, Bpems
anexTponusa t ~ 30 MAHYT.

2. OnpeneneHsl ONTUMAJIbHbBIE yCIIOBUSI AIEKTPOACCTPYKIIUH
TPYAHOOKHUCIIIEMOr0 Kpacutesst opamkeBoro 2)K: PbO,-aHojpl, siueiika ¢ pas3iesieHHbIMU
KATOJHBIM M aHOIHBIM HpocTpaHcTBaMu, i = 0.5 A/cMm’, coctas pactBopa: 0.1 M cepnas
kucnota, 0.1 r/n opamxkeBoro 2K, Bpems siexTponusa ¢ ~ 15 MUHYT.

3. OO6HnapyxeHo, uro HenoHoreHusie (AJIM-10, I120-1500) u aHHOHHEIE
(cynb(haHo) MOBEPXHOCTHO-aKTUBHBIE BEIECTBA MOTYT OBITh ((HEKTUBHO OKUCICHBI Ha
OPTA anopax. Pexomenngyemblii pexxum aiiektponusa: OPTA-anonsl, pH = 2 wim 12, i =

0.3 Alem?, ~20 MUHYT, Cypas = 0.1 I/71, Caras = 0.01 /1.

Ha 3ammuTy BhIHOCATCS:

1. PesynpraThl HCCileqOBaHUS AIEKTPOXUMUYECKOTO TIOBEJACHHS a300¢H301a.
W nentudukanus npoLyKToB €ro EKTPOXUMUYECKUX TpaHchHOopMaIInid.

2. OnpeneneHue NPUHLUMANMAAIBHON BO3MOXKHOCTH  OKHMCIEHHUS  Pa3JIMUHBIX
a3oKpacuTened. YCTaHOBJICHHE BIMSHMS Marepuaja aHo/Ja Ha dSJEKTPOXUMHYECKOE
OKHCJICHHE a30KPaCUTEIIEH.

3. JlanHple 110 BOJBTAMIIEPOMETPUUYECKOMY  MOBEJACHHIO  TOBEPXHOCTHO-

AKTHUBHBIX BCIICCTB paBHI/IqHOﬁ IIPUPOABI B ITPOLIECCE UX IJICKTPOOKHUCIICHUA.

JIM4HBIH BKJIAJ COUCKATEIS

ABTOpOM JIUCCEPTALUH JTMYHO MPOBEJECHBI SKCIIEPUMEHTBI 110 JIEKTPOXUMHUECKOMY
OKHCJICHUIO a30COEIMHEHUN U MMOBEPXHOCTHO-AKTUBHBIX BEHIECTB. ABTOD JIMYHO ITPOBOIMII
BOJIbTAMIIEPOMETPUYECKAE H3MEPEHUs, IOJrOTABIMBAIL MPOOBI Ui HICHTH(PUKAIIN
OpPraHUYECKUX MPOAYKTOB AIEKTPOOKHUCICHHS (PU3MUECKUMHU METOAMU, HHTEPIIPETHPOBAII
UX pe3yJbTaThl. ABTOpP NMPUHUMAJ ydacThue B pa3pabOTKE CTPATEerMy HKCICPUMEHTAIbHBIX
UCCIIeIOBaHMM, OGQOPMIICHMA HMX pPe3yJbTaTOB, HAIIMCAHUU HAyYHBIX CTAaTe€ll W TE3UCOB

JIOKJIJIOB Ha KOH(EPEHIIMSIX.

Anpobanus pa6oThl:
Marepuasibl nuccepranuu  JoKiIafsiBaiich Ha IV MexayHapo/iHoit HaydHO-

TeXHHYecKoH  KoHpepeHuuu  «CoBpeMEHHBIE  METOJbI B  TEOPETUYECKOH U



OKCIICPUMCHTAIILHOU  dJIEKTpoXuMumn», Ha I MexaucuuIuimHapHOM —CHUMITO3UYME 10
MEIUIMHCKOM, opranudyeckoi u Ouonormdeckoit xumun (MOBU-Xum 2015), na XII

Konrpecce M0JIOJIBIX YUEHBIX TI0 XUMUU U XUMUUECKO# TexHomorun « MKXT-2016.

ITy6ankanun:
OCHOBHBIE TOJIOXKEHUS JUCCEPTALUH OTPAKEHBI B 8 HAYUHBIX ITyOJUKALUAX, U3 HUX

4 crarby B pELIEH3UPYEMBIX HayUHBIX XKypHajlaX, BXOJSAIIMX B repedeHs BAK.

Crpyktypa u 00bem paboThbI:

Juccepranonnas pabora u3noxeHa Ha 123 cTpaHHMIIAX U COCTOUT M3 BBEICHMS,
0030pa JMTEpaTyphl, METOJUYECKONW YacTH, OOCYXJCHHUS SKCIICPUMEHTAIBLHBIX IaHHBIX,
BBIBOJIOB M CIIMCKA JIMTEPATYPHI. Pe3yIbTaThl 9KCIIEPUMEHTOB B UX 00CYK/ICHHE [IPUBEIECHBI
B Tpex rIaBaXx. Marepuasl WUIIOCTpUPOBAH  puUCyHKaMu U Tabiumamu. CHucox

UCIIOJIb30BAaHHOM HayYHOM U IIATEHTHOU JuTeparypsl BkitoyaeT 108 paGor.

Copaep:xkanune pa6oTsbi:

Bo BBemeHuum OCBEIAETCS AaKTyaJdbHOCTH IPOOJEMBI, OOOCHOBBIBACTCS BBHIOOP
00BEKTOB HCCIIEIOBAHMS, (POPMYITHPYETCS 11eb PaOOTHI.

B rnaBe 1 («O030p sauTepaTypbl») paccMOTpeHa BO3MOXKHOCTH MCIIOIB30BAHUS
DJIEKTPOXUMHUYECKUX METO0B 0OpaObOTKHU IPOMBILIUIEHHBIX CTOKOB, COJICPIKAIINX HanOOJIee
pacIpoCcTpaHEHHbIE OPraHUYECKUE 3arpA3HUTENN (YIIIEBOAOPOIBI, (PEHOIBI, APOMATUYECKHIE
aAMUHBI, a30COCIMHEHUs, I[OBEPXHOCTHO-aKTUBHBIE BeriecTBa). OOOOIIEHB JaHHBIE II0
DJIEKTPOXMMUYECKOMY  IIOBEICHHUIO a30COCIMHEHHUH, pPacCMOTPEHBI IpeAroaracMbie
MEXaHM3MBI HX DJIEKTPOOKHUCICHHS U JJIEKTPOBOCCTAaHOBIIEHUS. [IpuBeieHb! uTepaTypHbie
JaHHbIE 00 MIACHTU(DUKALMK IPOJYKTOB JIEKTPOOKHUCICHHUSI a30KpacHTEIIEH, MOIyUYEHHEIE
COBpEMEHHBIMU  (puznyeckumu Merogamu. OOCY)KJIEHO TIOBEJCHUE IMOBEPXHOCTHO-
AKTHUBHBIX BEIIECTB B MPOIECCE DIIEKTPOOKUCTCHUS.

B mmaBe 2  («MerogMka = 3KCHEPHMEHTAa»)  TPUBEIACHBI  METOIUKHU
BOJIETAMIIEPOMETPUYECKUX HCCIENOBAHUIA U IPENapaTUBHOIO JJICKTPOJIK3a, OIHCAHEI
NPUMEHSABIIUECS (DU3NYECKUE METOABl UAECHTU(DHUKAIMU OPTaHMYECKUX 3arpsA3HUTENCH H
ApYrue OKCIEPUMEHTaJIbHbIE MeTOAUMKU. llpuBeneHsl cBefeHUs O KBaJIM(pUKAIMH
PEAaKTUBOB, BOJBI, [a30B, UCIIOJIb30BABLIMXCS MIPH IPOBEACHUH SKCIICPUMEHTOB.

B miase 3 «QaekTpoxumMuyeckass 00paboTka BOJAHBIX PAaCTBOPOB, COAEPIKAIIUX
a30COeAMHEHHs»  IIPUBEJIECHBI  PE3YJILTATHI CUCTEMATHUYECKOTO0  HCCIICIOBAHUS
JIEKTPOXUMHUYECKOTO  TIOBEJCHHUSI  PAcTBOPOB, coJepkammx aszobenszon. B xojue
IpeJBapUTENBHBIX UCCIIEI0BAaHUI OBLIO MOKAa3aHO, YTO Hauboee OBICTPOE 0OECIBEYUNBAHUE

pPacTBOpPOB coziepKaIUX a300€H30J1, IPOUCXOAMIO B KHCIBIX Cpejlax, B TO BpeMsl, KaK B



HEUTpaJIbHBIX UM IIEJIIOYHBIX PAacTBOPAaX CKOPOCTh €ro 9SJIEKTPOOKUCIICHUS HEBEIMKA.
Huxsueckre BojbTaMHeporpaMMbl B HHTepBajie HorennuaioB—(0.05— 1.1 B) 6
IIOJy4YeHbl Ha IUIATUHOBOM djektpoge (puc.l). Bpibop matepmama siiekTpojaa ObLI
IPOAMKTOBAH KaK IMUPOKOH 00JIaCThIO JIOCTYNHBIX 3HAYeHWH E (KaKk KaTOMHBIX, TaK M

o AHOJ/IHBIX ), TaK u Xopouen
ixI0%, Aox” M3y4EHHOCTBIO IPOLIECCOB,
0z | IPOUCXO[SIIMX  HAa  TUIATUHOBOM
anekTpose. BBenenue azobeH301a B

0 — pacTBop KHCJIOTHI CYIIECTBECHHO

; B1('2 : 4 M3MEHSIO  «BOJOPOJAHYIO»  00JIACTh
,B (0.

UKINIECKUX BOJIBTAMITEPOTPAMM
(005 - 03 B). IlporekaBiue

04 KaTOOHBIC TOKH, OYCBHUIHO, CBSI3aHBI C

02 r

BOCCTAHOBJICHUEM MOJICKYJI

06 - a30COCINHCHMUS. XapaKTepHo, qTo

Puc.l.  Iluxsmdeckue  BoJbTaMIeporpamMmbl  BOCCTaHOBJICHUE a300eH30I1a
(IBA) riankoro Pt-onexrpona (£23), v=10 MB/c.  yauppaercs mump B «BogOpOIHOIN»
1 — HaCBIIIEHHBIH pacTBOp azoben3ona B 0,5 M
pactBope HaSOy4; 2 — ¢onoBas xpusas B 0,5 M
pactBope HaSOy, BOJIETAMIIEPOrPAMMBI. ITockonbKy

obyractu IOTEHIIUAJIOB [UKJIMYECKOM

BoccraHoBiieHne CgHs—N=N-C¢Hs ¢ oOpazoBaHnem aHMOH-pajuKajia MPOTEKAET JIUIIb B
alipOTOHHBIX cpeJjax W Ipu Oojiee OTPHULIATEIHHBIX 3HAUCHUSX IMOTCHIIMANA, MOXHO
IPEII0J0KUTh, YTO BOCCTAHOBJIEHUE a300€H30J1a IIPOUCXOANUT B PE3yJIbTaTe I'eTePOreHHOM
XUMHYECKOM peakiuu MeXay ero ajcopOMpOBaHHBIMU MOJIEKYJaMU M  aJaTOMaMH
Bosopona (H,,). BBenenue a3o0eH3051a IMPAKTUUECKH HE HU3MEHSUIO «IBOMHOCIONHYIO»
00J1acTh IUKIMYECKUX BOJbTAMIIEPOIPaMM, 4TO IO3BOJSIET CJEJaTh BBIBOJ O TOM, YTO B
9TOM 00JacTH MOTEHIUAIOB a300€H30/1 DIIEKTPOXUMHUYECKH HEAaKTHBEH, HEOOJIBIIOe
«Cy’)KE€HUE» KpHUBOH B TPUCYTCTBUU a30COCJUHEHMSI BBI3BAHO €ro ajacopOiueil Ha
IIOBEPXHOCTH IUIATUHBL. B «KHCIOpOAHOI» 00JIacTH HUKINYECKOW BOJBTaMIIEPOTPAMMBI
BIIMSIHME a300€H30j1a Takke ObI0 MUHUMAJIbHBIM, YTO IO3BOJISET CJIIEJIaTh BBHIBOJ O TOM,
YTO I[PU ATUX MOTEHIHMAIAX OKUCIEHHE a300€H30JIa HE MPOTEKAET WM MPOUCXOJUT C
HU3KOU CKOPOCTEHIO.

B Gosee mosoxuTesbHOR 00J1aCTH MOTEHIUAIIOB, 1€ TEPMOJUHAMUYECKH BO3MOYMKHO
BBIJICJICHAE MOJIEKYJISIpHOrO Kuciopona (£, > 1.23 B) BBenenue azo0eH3ojia B pacTBOP
OPaKTUYECKA HE HM3MEHSUIO XOJ MOTEHIMOJUHAMHUYECKUX MOJSIPU3AIMOHHBIX KPUBBIX,
3aMMCcaHHBIX cO CKOopocThio 1 MB/c, HeOosbllloe BO3pacTaHUE TOKOB IO CPABHEHHUIO C

¢oHOBOW KpUBOI HaOMIOAAJIOCH JIMIIG MpU noreHnuanax seime 1.9 B. Hecmotpst Ha 370,



OpH TOJSPU3ANMU TUIATUHOBOIO JJIEKTPOJa B TOW 00JIACTH MOTCHIIHAIOB IPOUCXOIUIIO0
OBICTpOE MCYC3HOBEHME OKDACKHM PAacTBOPA, YTO CBUJETENLCTBOBAIO 06 OKHCICHHH
a3o0en3osia. Hanbosee BEpOATHO, YTO HTOT HPOLECC IPOUCXOAMI B Pe3ysIbTaTe BTOPUYHOM
peakiuy, IPOTEKaroIleld  MEeXIy  MOJEKyJaMHd  OpPraHHYeCKOro  COEJMHEHHUS U
00pasyloIMMUCS Ha aHOJe AaKTUBHBIMM (OpMaMH KHCIOpoza. B  1monan3y sToro
MPE/IIOJIOKEHHST CBUIETEIBCTBOBA TOT (DAKT, YTO CKOPOCTh OOECIBEUMBAHHS pPacTBOpa
KOppearpoBajia ¢ IOTEHIMAIOM aHOoJa IIPU JIEKTPOJIN3e M YMEHbINaNacs B psaay PbO, >
Pt/Ti > OPTA.

Ilocnie  ycraHOBiI€HHSI  BO3MOXKHOCTH  DJIEKTPOXHMHYECKOI'O  OKUCIEHUS WU
BOCCTaHOBJICHUS a300€H30j1a B BOJHBIX pacTBOpax ObUia IpoBeJeHa HACHTUDUKALUS
OPOJYKTOB  DJIEKTPOXMMHUYECKMX InpeBpamieHuii. C 95Tol 1enbio  ObUT  IIPOBENEH
HpEIapaTUBHEIA DJIEKTPOJIM3 B rajlbBAHOCTATUYECKUX YCJIOBUSX, MOCIE YEro MOIYUYEHHBIE
pacTBOpPbl  OBIIM  NPOAHAIM3UPOBAHBl ~ METOJOM  JKHJIKOCTHOH  XpOMaTO-Macc-
CIIEKTPOMETPUHU. Y CTAHOBJIEHO, YTO OBICTPOE MCUE3HOBEHHE OKpacku a300eH30i1a,
INPOUCXOMAIIEE IIPU IPOIYCKAHUM YEpe3 IJIEKTPOA KATOAHBIX TOKOB, CBSI3aHO C
00pa3oBaHMEM NPOTOHMPOBAHHON (OPMBI AUTHIPOA300EH30JA, & TaAKKE H3OMEPHBIX

O6eH3uHOoB (Tabi1.1).

TaGmuma 1.
ITpomyKTBI 2JIEKTPOXMMHUYECKOTO BOCCTAHOBJIEHUS a300€H30J1a.
Bpewms
[Ivk Ha
yAEp)KUBAHUS, Bo3moxxHoe coeimHeHne ®opmyna
XpomaTtorpamme
t,, MUH
+
i {1 Jluruipoazoben3on @‘ NH— NH, ‘@
b
(mporonupoBaHHas popma) Von tuna [M—H]*

1.4 N3omepHbie 0- U n- kit \

2,3 1.5 OEeH3UINHBI e

’ (mporoHMpoBaHHBIE (POPMBI) RiH,
Wowns! Tuna [M—-H]"

C=+-C]

4 10,2 a300€H30J1
Vou tuna M
[TponykTh
12,1; 12,5 H NH ~w R
5,6,7,8 (.5 T35 BOCCTAHOBHUTEILHOM Q N O
T KOHJICHCAIIMH a300eH30J1a Vou tuma [M-H]"




BSHSI/I,ZII/IHI)I SABJISIIOTCS BBICOKOTOKCHMYHBIMH M KaHLICPOICHHBIMH COCOWHCHUSIMU,

HO3TOMY JJICKTPOXUMHUUYCCKOC BOCCTAHOBJICHHUEC A30COCAUHECHUM € HEIBIO- OUUCTKH -OT HUX

BOJIHBIX PacTBOPOB ClI€Jy€T IPU3HATh HENEPCIEKTUBHBIM. B0O3MOXKHO, YTO 00pa3oBaHUE

OCH3UMHOB IIPOUCXOJIUT BCIIEICTBHE OCH3UAMHOBOW MEPErpymIupoBKY, MPOTEKAIOIIEH B

Jv. HM

400 500

200 300

Puc. 2. CoexTpsl mOIVIOLIEHUS pacTBOpa
azo0eH3071a, TIOJIBEPTIIETOCS
ANIEKTPOXHUMHUYECKOMY OKucjieHuto Ha Pt/Ti-
aHoJe, rajJbBaHOCTATHYECKUH peXHUM
anextposuza: I = 0,8 A, Vigm = 0,1 1, Skam = 2
eM”: 1 — mocre 15 MEH sreKTposH3a (PacTBOp
pazb6aBien B 10 pa3), 2 — mocie 30 muH
AJIEKTpOJM3a. TOJIIHUHA MOTJIOMAOIIETO CIIOS
0,2 cm.

nocjie 30 MuH QJICKTpPOJIN3a IOTJIOMICHUEC B

yIbTpa(uoiIeToBoil 00JaCTH CIIeKTpa CHOBa

CTaHOBUTCSI OUYEHb HU3KUM, 4TO
CBUJIETEIHCTBOBAJIO 0 pa3pyuIeHUH
OpPraHMYECKUX BEIIECTB, IIPOUCXOJSAIIEM,
[10-BUJIUIMOMY, c o0pazoBaHueM
HEOpraHuyecknux npoaykroB. Cyas 10
MOJIyYEHHOMY CHEKTPY, CTeIeHb
MUHEpaJIn3aIiu npu IIPOBECHUN

aNeKTposin3a B TeueHue 30 MUH JOCTaTOUHO
Besuka u npesbimaet 90 %.

K Takomy >xe BBIBOJY MPUBOJIUT U
xpomMaTorpaduuecKuii aHaJiu3 aHOJMTA C

yIBTPapUOIETOBBIM JiIeTekTopoM (puc.3):

KHCJIBIX cpeaax. Opnako ITOIIBITKA

UCIIOJI30BaHUSI HEUTPAIBHBIX M INETOYHBIX
pacTBOpPOB HE MpHBESA K MOJOKUTECIHHOMY
pe3ynpTaTy: B HUX  BOCCTAHOBJICHHE
a300€eH30J1a HE TIPOUCXOJIUIIO BOOOIIIE.

KHCJIBIX

IIpy  27€KTPOOKUCIIEHUU

pacTBOpPOB, COZCPIKAIINX a306€H30JI,

HCYC3HOBCHHC OKpaCKu a30COCINMHCHMUS

COIIPOBOXKOAJIOCH PE3KUM YBCIIMYCHUCM

noriomenus B Y ®-o0mactu cuekrpa (Ayax =

254 m 315 HM), YTO, OYEBHIHO, CBSI3aHO C

HAKOIUICHUEM  OPraHHYCCKHUX

(puc.2).
JIUTEPATYPHBIM JJAHHBIM, TAKOW BHJI CIIEKTpa

POAYKTOB
OKHUCJICHUSI CoracHo

IMMO3BOJIACT  IPECAIIOJIOXUTb B KayCCTBE

HauboJee BCPOSITHBIX TMPOAYKTOB PCaAKIUH

noau(eHObHEIE  coequHenns.  OHaKo
tin M

l
A0
3
304
2t
20 1
126, _
o ,', 15

|
aef a
70—/‘ 1 F'\*\_‘____h__/ N 2
4930 . II ke (/
164 i \‘\\. / /
1 ::’ \“’a__ /
2064 ! \\\\ it '
\ ,‘\J

F R R R R S T (" ' R " TR

Puc. 3. Xpomarorpamma anosnuta nociie 30 MuH

JIEKTPOXUMHUYECKOW  00paboTKH  pacTBOpa
a300eH30J1a C Pt/Ti-anomoM. YO
JIETCKTHPOBAHUE POYKTOB OKHUCJICHHUS.

["anbpBaHOCTaTUYECKHIA PEXUM DJICKTpPOJIN3a: I=
— _ 2
098 Aa Vr«zm - 051 I, Sicam =2cMm".



Ha XpoMaTorpaMMe 3aMETEH JIMIIb MUK HEeyJepKUBaeMoro komrnonenra. Ha macc-cmiekrpax
OBLI0- OOHAPYIKEHO  HECKOJIHKO  HEOOIBIIMX  TMKOB, COOTBETCTBYIOUIUX — OPFraHUYECCKUM
npojaykram okuciaeHus (ta6na.2). Cpeaum Hux Haubojee BeposiTHO 0Opa3oBaHUE
oJu(eHOJIBHBIX coenHeHni. OOpa3zoBaHue TMOJNKM(EHOIOB OBUIO MOJITBEPXKJICHO U

CIIEKTpaMH IIPOTOHHOI'O MAaruHuTHOTO pE30HaHCa.

TaGmuna 2.
[Ipo1yKThI 2JIEKTPOXUMHYECKOTO OKUCIIEHUS a300€H301a.
Bpewms
IIvk Ha Bo3morxHoe
yAEPKUBAHMS, ®opmyna
XpOMAaToOrpaMme COEJIMHEHUE
tr, MUH
1 1,54 Hurpobenson
®parment maccsl 153,
2 7,40 [Homudenon COOTBETCTBYET MOJIEKYJISIPHOMY
nony tuna [C¢H,(OH);—N=N]".

Cpenu TPOJIYKTOB DJICKTPOOKHUCICHUSI OBUIM OOHAapYy>KEHBI CIIEIOBBIE KOJIMYECTBA
HUTpOOCH30J1a. A300€H30JI, JaXke B CIEIOBBIX KOJUYECTBAX, OTCYTCTBOBAJI, 4YTO
CBUJICTEIHCTBOBAJIO O €0 MOJIHOM OKHCJIECHUU.

CkazaHHOE IO3BOJIIET TMPEIUIOKHUTH CXEMY JJIEKTPOOKHUCIeHUs a3obeHzona. U3
JIUTEPATypPHBIX JAHHBIX M3BECTHO, YTO NEpPBOIl cTajueil oKHCIeHUs a300€H30i1a SIBISETCA

o6pa30BaH1/Ie a30kcubOeH3o:1a:
Oy vy Oy e
(0]

3areM MpoTeKaeT MpoIEecc, aHAJOTUYHBIN Neperpynnuposke Baiaxa, npuBoaamuin

K 00pa30BaHMIO (DEHOIBHBIX COCIMHEHMUIA:
Oy=r—D 5 woOn=n—
0

JlasipHelIIIee BIIIOUEHNE TMAPOKCUIIBHBIX TPyl B O€H30IbHOE KOJIBIIO IPUBOIUT K
pa3pyIIeHUIO MOJIEKYJBl a30COEIMHEHHUS W K ero MuHepaiausanuud. HutpoGensoin
oOpa3yeTcst Kak IPOIYKT MOOOUHOH peakIuu, MPOUCXOMIIEH ¢ pa3pbIBOM CBSA3H a30T-a30T.

[TosrydeHHBIE TIPU WUCCIIEOBAHUU AJIEKTPOXMMUYECKOIO OKHUCIIEHHUSI a300€H30I1a
pe3yJIbTaThl CIAeAyEeT MPU3HATH MOJIOKUTEIbHBIMU: SKCIIEPUMEHTAJIBHO ObLla yCTaHOBJIEHA

BO3MOXHOCTDB JJICKTPOOKHUCICHUS a306eH3ona, COITPOBOXJAIOMIAACS PA3PBIBOM CBA3H a30T-



a30T U paspylIeHHeM OCH30JIBHBIX Kojell. B kadecTBe OpraHMYecKUX IPOLYKTOB

_9JICKTPOOKHUCIIEHUS  IPOUCXOMUIO  00pa30BaHHUE  OTHOCUTEILHO  MAJOTOKCHYHBIX
noM(peHoNbHBIX  coequHeHnid. K HemoctaTkaM MpeIoKeHHOTOo CIocoba OTHOCHTCS
o0pa3zoBaHre HUTPOOEH30I1a, OJJHAKO €r0 KOJIMYECTBO HEBEJIMKO.

HanbGonee ObicTpoe okucieHue azo00€H30J1a MPOMCXOAMIO HA aHOAAX M3 JHUOKCHIIA
CBHMHIIA, IPU ODTOM OPraHOJECNTUYECKH OUIYIIAIOCh BEHIJCIEHHE 030HA. OKUCIIeHHE
a30COC/IMHCHUST 030HOM TE€OPETUYECKH MOIJIO OBl IPUBECTH K JAPYTUM MpoaykTaM. OgHaKo
XpOMATO-MaCC-CIIEKTPOMETPUIECKUI aHaJIN3 HE BBISIBUII OTIIMYMNA B MPOAYKTaX OKHCIICHUS
azo0en3o;a Ha Pt/Ti u PbO,- aHopax.

Ilocie  ycraHoBjeHMs  NPUHIMIMAIBHON  BO3MOXKHOCTH  3JIEKTPOOKHCICHUS
a3o0en3oyia ObUla NPEINPHHATA IONBITKA OKUCICHUS psijfia azoKpacureneil (METHIOBOro
KPacHOT0, OpPMIIJIMAHTOBOTO JKENTOro, opamxeBoro 2)K). MHOrue a30KpacuTeNn, B OTINYUE
0T a300€H30/1a, Y4aCTBYIOT B IPOTOJIUTHYECKUX PABHOBECHSIX. B HENTpabHOM U IIET0YHBIX
Cpeiax OKHCIICHHE KPaCUTENsi METHUIIOBOIO KPaCHOIO B YCIOBUSIX DJIEKTPOJIU3a MIPOXOIMIIO
CIIMIIIKOM MEJIJICHHO, KaK U B ciiy4dae a3o0ensouna. I1o 910t npuunne Mbl ObUIH BBIHYKICHBI
00paTuThCsi K  KHUCIBIM  pacTBopaM. llpuemiemas CKOpPOCTh — 3JIEKTPOOKHCICHHS
Ha0JIro1a)1ach IPU KOHLEHTpauuu cepHoit kucinotsl 0,1 mMosb/i1. IIpu Takoil KMCIOTHOCTH B

pPacTBOPEC HAXOAUTCA NPOTOHUPOBaAHHAs (bopMa A30KpacUuTeIIsI METUIIOBOI'O KPaCHOI'O:

-ooc -ooc
H.C S -H' HsC ~_ @
N N—N pm—— NH N=—=N
HC— ‘ +H HC—

H
KpacHbin pH 4,2 -6,2 XXenTbiin

Ona xapakTepusyeTcss HaJIMIUeM XMHOMHOU CTPYKTYPHI M JIEKTPOHOAKIIENTOPHBIX
rpynn. B ycnoBusix osnekrponusa ¢ Pt/Ti- m PbO,-anomamu mpowcxoamno GwicTpoe
OKHCJIEHME IPOTOHUPOBAHHOM (DOPMBI METWJIOBOTO KPACHOTO, CONPOBOXKIABIIEECS]
HCYE3HOBEHUEM  OKpacku pactBopa. OJHAKO COOCTBCHHBIX TOKOB  OKHCJIECHHS
OpPraHUYECKOr0 COCAWHEHMs Ha IOJAPU3ALUOHHBIX KPHUBBIX OOHApPYKEHO HE OBUIO.
CnenoBareibHO, Kak M B Cjlydae a300€H30Jla, OKHUCICHHE METHJIOBOTO KPAaCHOTO
IPOUCXOTUT B PE3yJabTaTe B3aUMOJECWUCTBHA C OKUCIUTENSIMH (Haubojiee BEPOSTHO, C
aKTMBHBIMU (DOpMaMU KUCI0POa), 00pa3yloIMMUCS Ha HEPACTBOPUMEIX aHOJIAX.

Mosekyna METHIIOBOTO KpacHOTo 0oJiee CII0XKHasI 110 CPaBHEHUIO ¢ a300en3osoM. I1o
5TOHM NPUYMHE KOJIMYECTBO OPraHUYECKUX BELIECTB CPEIH MPOIYKTOB €€ OKUCIEHUS MOIJIO
ObITh O0sBLIMM. OJJHAKO XPOMATO-MAaCC-CIIEKTPOMETPUYECKUI aHaIu3 [0Ka3all, 4ro obIee
KOJIMYECTBO OPraHMYECKHUX IPOJYKTOB JIEKTPOOKUCIECHUS! HeBEMKO. Cy/Ist 110 3HAYEHHUIM
mlz JJIs MOJIEKYJSIPHBIX HOHOB, OTHOCUTENIBHBIC MOJICKYJISIPHBIE MAcChl IPOIYKTOB
OKHCJIEHHS. HAMHOI'O MEHBUIE [0 CPABHEHHUIO C MOJISIPHON Maccoil METHIIOBOIO KPacHOIO.

CrienoBatenibHO, NIPU AJIEKTPOIIN3E MIPOUCXOJUT IITyOOKast NECTPYKIIUS €ro MOJIEKYIIbI. Jljis



Macc-CIIEKTPOB  00pa3ylomuxcs IpH  JJIEKTPOOKUCICHUNM OPraHUYECKMX COEIMHEHUN

XapakTepHa pasHMIIA MacC MEXIY OTHOCUTEJIbHBIMH  MOJIEKYJSPHBIMH  MaccaMu

OCKOJIOUHBIX HMOHOB, paBHasg 28. DTa BeJMYMHA MOXKET COOTBETCTBOBaTh Mousiekyie CO,
oOpa3oBaHME OTOH 4YACTUIIBI XapaKTepHO JUIS peakiyuu (parMeHTanud (PeHONbHBIX
coenuHeHunid. Ciel0BaTeNbHO, B OPraHUYECKUX MPOJYKTaX DJICKTPOOKUCICHHS KPacHTEIs
TaKKe MPUCYTCTBYIOT NOJU(DEHOIBHBIE COCTMHEHUSI.

CoOCTBEHHBIE TOKM DJIEKTPOOKHMCICHUS Ha MOJSPU3ANMOHHBIX KPHUBBIX OBUIN

O6Hapy}KeHI)I JINIIB JUIS KPpaCUuTeIIs 6pI/IJIJII/IaHTOBOFO KCITOroO:

HO N==N C==C N==N OH
H H

SO4Na  NaO,;§

Ero Mosekyna comepKUT (DEHWIbHBIE TIpYIIBl, KOTOpPBIE TPH BO3IACHCTBUU
IIEJIOYHOM Cpelbl NEPEXOAT B (DEHONAT-UOHBL, SIBJISIONINECS CHIBHBIMHU T-IOHOpPaAMH
DJIEKTPOHOB.  DTO,  IO-BUAMMOMY, M  OIpEAEsieT  BO3MOXHOCTH  IIPSIMOIO
JJIEKTPOXUMUYECKOTO  OKHCJIEHUS  MOJIeKyibl  kpacutens.  CoriacHO  JIaHHBIM
BOJLATMIIEPOMETPUUECKUX H3MepeHui, Ha Pt/Ti-aHoge 3TOT mporecc MPOUCXOAUT B
obsactu noreHnuanos £, = 0.6 — 1.1 B. Ha nosisipu3aiuoHHBIX KPUBBIX MPH IMOTEHIAIAX
0,9-1.1 B ¢duxcupyercs npenenbHbIii TOK 3Toro mporecca. OJIHAKO COrJIACHO JaHHBIM O
BIMSIHUM TUAPOAMHAMHUYECKOTO pPEXUMa JIIEKTPOJIM3a Ha BEJIUYUHY TOKA OKHCJICHHS,
II0JIyYEHHBIM C HCIIOJIB30BAHUEM BPAIAIOLIErocs: JUCKOBOTO AJIEKTPOJIa, MPEACIbHBINA TOK
umeeT HeAu(pQPy3MoHHYIO HpUpOJy. MsIrkoe OKHCIIeHHWEe OPWUIMAHTOBOI'O JKEJITOr0 HE
IPUBOJUT K OKMCIUTEIBHOMN IECTPYKIIMU €r0 MOJIEKYJIBI: COTJIaCHO JIAHHBIM XpOMaTO-Macc-
CIIEKTPOMETPUU TPOJLYKTHI OKUCIIEHHSI UMEIOT BBICOKHE OTHOCHTEIBHBIC MOJIEKYJISPHBIC
Macchl M, IO-BUJUMOMY, SBJSIIOTCS IOJNU(DEHOJBHBIMH  COCAMHCHHUSMH, IIPUYECM
paspylLIeHUs CBSI3U a30T-a30T IIPH JIEKTPOJIU3€E HE MPOUCXOHNT.

Oxwuciienne Kpacurellss akKTUBHBIMU (DOpMaMu KHUCIOpOJa MPOUCXOJTUT TpU Ooliee
HOJIOKUTENIBHBIX TOTEHIManax aHoza (>1.2 B). OHO compoBoXKIaeTcsi JIeCTpyKIuei
MOJIEKYJIBI ~ KpacHTeNsl U XapaKTepusyeTcs BBICOKOW  CTEMEHBI0 MHUHEpaH3aI[iH
opranuueckoro 3arpsisHutess. Ilo 9Toif  mpuuymHEe, HECMOTPS Ha BO3MOXKHOCTD
3JIEKTPOOKUCIICHHsT OpMIUIMAHTOBOIO IKEJITOrO IO COOCTBEHHOHN DIIEKTPOXMMMYECKOM
peakuuu, I IPaKTUKA IPEANOYTEHUE CJIEAyeT OTIaTh OKHCIECHHIO BTOPUYHBIMH
(dopmamu kucinopona. Kpome Toro, cienyer oTMETHTh, YTO CKOPOCTH HTOr0O Ipolecca
HAMHOTO OOJIBIIIE.

A3OKpacHuTeseM, 4acTo UCHOJB3YIOMMUMCS Ha MpaKTUKE, SBISIETCS opamxkeBbiil 20K,

MOJICKYJIa KOTOPOI'O IIPUBCACHA HHUKE!

o ]
OZNQCZC—QN:N—szN—QSOJNa

SO:Na SO:Na
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Ona xapakrepusyeTcs HaJIUYMEM HECKOJIBKUX 3JEKTPOHOAKIIENTOPHBIX TPYII, YTO
“HO3BOJISIET OTHECTH OPaHXKeBbIl 20K K TPYJHOOKUCISIEMBIM OpPraHUUECKUM COCHHEHHIM.
Kpome Toro, opamxesbiii 2K He ydyacTBYeT B IPOTOJUTUYECKUX PABHOBECHSIX BHYTpPH
MHTEpBaia JOIyCTUMBIX 3HaueHU pH. DTo He 1mo3BoIIsIEeT HAJESITHCS HA TO, UTO, BAPhUPYS
BeJIMUYMHY pH, MOXXHO IOJyYUTh B pacTBOpE 00JIee JIETKO OKUCISIEMYIO (DOPMY KpacHTEIs.

Tem He meHee, npu npoBeaeHuH uiekTpoiusa ¢ Pt/Ti- u PbO,-aHomaMu B KHCIIBIX
pactBopax (0.1 M H,SO4) npoucxoamso I0OCTATOYHO OBICTPOE HMCUYE3HOBEHHE OKPACKH
kpacurensi. CoOOCTBEHHBIX TOKOB OKHUCJIEHUS KpacuTesis 3a(UKCHPOBaHO He OBLIO.
Oxucienue MosieKynnbl opaHkeBoro 2K NmpoucxoAauT B pe3ysibTaTe B3aUMOJICHCTBHS C
aKTUBHBIMM (hOpMaMU KHUCIOPOJIa, KOJUYECTBO KOTOPHIX KOPPETUPYET C IMOTEHIHAJIOM
aHosla mpu BeLeaeHUU kuciaopoga. [lo »Toil mpuyMHE CKOPOCTH SJIEKTPOOKHCICHUS
yMeHblnanach B psay PbO, > Pt/Ti > OPTA, kak u yiss WHAMBUAYAJIBEHOTO a300€H301a.
MonsipHpie  Macchl OPraHUMYECKUX IPOAYKTOB JJIEKTPOOKUCICHUSI OBLIM CYIIECTBEHHO
MEHBIIE 10 CPABHEHUIO C CAMHUM OpaHKeBbIM 2)K, 4TO CBUAETEIHCTBOBAIO O TITYOOKOI
JECTPYKIIMM €ro MOJIEKYJbl IIpu dJekrposnse. Ilpu ananmuse wmacc-crieKTpoB OBLIO
00Hapy>K€HO, YTO OPTraHUYECKUMHU MPOJYKTaMU OKHUCIIeHUs opaHxkeBoro 2)K sBIisiorcs, B
OCHOBHOM, OTHOCUTEJIbHO Oe3Bpeanble nosudeHoapHsie coeauneHus. CormacHo Y®-
CIIEKTpaM INOTJIOUICHUS, CTENeHb MUHEpalu3aluu opamxkeBoro 2K Taioke J10CTaTOYHO
BEJIMKA W IPU IMPOBEJECHUU DJIEKTpoiu3a B TedeHue 15 muuyt Ha PbO,-anome (I = 1A,
Vanomra = 0.1 1) cocrapiisier npubiuzutesibHo 80 %. Takum oOpa3zoMm, B KUCIIBIX pacTBOpax
IPUHIMINAIBHO BO3MOXKHA JJIEKTPOJAECTPYKIMS JlaXXe TaKOro OTHOCHUTEIBHO TPYIHO
OKHUCJIIEMOTO KpacuTeJisl, Kak opaHeBblid 2)K.

DIEKTPOOKHUCIeHNE opamkeBoro 2K oxa3asoch BO3MOXHBIM HE TOJIBKO B KHCIBIX,
HO U B IIEJOYHBIX pacTBOPAX, XOTS B IIOCIEIHEM CIydae 3TOT MPOIECC MPOTEKAET C
CYIIECTBEHHO 0o0Jiee HU3KOU CKOPOCThIO. MuHepanu3aluu OpraHuyeckoro BelecTBa Ipu
TOM  NpakTUYecKu He mnpoucxonmino. CormacHo pes3yjapTaTaM  XpomaTo-macc-
CIIEKTPOMETPUUYECKOTO aHAIM3a, CPEeAu IMPOAYKTOB DSJIEKTPOOKHCIECHUS THpeodsIaaaioT
IPOJYKTHl MOJMUKOHAEHCAIMH. OTHOCUTENIBHBIE MOJIEKYJISIPHBIE MAcChl 3TUX IMPOIYKTOB,
OTIpe/ICJICHHBIC U3 3HAYEHUS! Mm/z JUI MOJIEKYJSPHOTO MOHA, MPEBBIIIAIN OTHOCUTEIBHYIO
MOJIEKYJISIpHYIO Maccy opanxkeBoro 2XK. Diekrpookucienue opankeBoro 2K B mesmouHbIx
pacTBopax enBa Jid OyAeT MMETh HHTEpEeC VISl IPAKTUKH, IOCKOJIBKY 3TOT MpOILEece
MPOUCXOJIUT C HUZKOM CKOPOCTHIO, @ MUHEPAIU3ALMU OPTaHUYECKOTO 3arpsI3HUTENSI B DTUX
YCJIOBHSIX HE IIPOUCXOJIUT.

OO6oO1mast  MoJIydeHHbIE  pe3yJbTaThl, MOKHO  CKa3aTh, 4YTO  OKHCIECHHE
a30COCIMHEHMIA, POUCXOISIIEE B PE3YyJIbTaTe UX B3aUMOJICHCTBUS ¢ aKTUBHBIMH (hOpPMAMHU

KUCIIOpO/a, 00pa3yIomUMUCs Ha aHoJie, BO3MOXkHO. Haunbouee s pekTuBHO OHO IpOTEKaeT
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B KHCJIBIX pacTBOpax M YacTO MPUBOAUT K OOJIBIIONW CTENEHW MHHEpaIU3aliu
OpraHMYeCcKOro 3arpsizHuresst. Cpeau OpraHu4ecKuX IPOAYKTOB AJICKTPOACCTPYKIIUU
peodI1aIaloT OTHOCUTENIBHO O€3BpeHbIE MOJIM(PEHOJIBHBIE COSTUHEHUS.

B rmmaBe 4 «AHoOAHOe mTOBeJleHHEe TMOBEPXHOCTHO-AKTHBHBIX BeEIECTB)
o0CyXXJaeTcs DJIEKTPOXMMHUYECKOE OKHUCICHHE ITOBEPXHOCTHO-aKTUBHBIX BelecTB. I3
JUTEPATYPHBIX JTAHHBIX U3BECTHO, UYTO HA HEPACTBOPUMBIX aHO/AX, B MPHUHIIUIIE, BOZMOXKHO
OKHCJIEHUE NIPAKTHYECKU BCEX MMOBEPXHOCTHO-aKTUBHBIX BEIECTB, OJIHAKO XapaKTCPUCTHUKU
9TOro IpoLecca CUIBHO 3aBHCAT OT Hpupoabl 3arpssHuteniss. C  1ensio  BeIOOpa
ONTUMAJIBHBIX YCJIOBHI MpOBEJEHUs Ipoliecca dJaekTpookucienuss [IAB oueHb BaxkHO
UMETh JJOCTOBEPHYIO MH(OPMAIIMIO O KHHETHKE UX DJIEKTPOOKUCIICHHSI.

B nanHoit pabore B KkadecTBe OOBEKTa UCCIEAOBaHUS OBUIM BBIOPAHEI
pacrpocTpaHeHHbIE B TaJbBAaHOTEXHUKE  IIOBEPXHOCTHO-aKTUBHBIE  BEIIECTBA:
HenoHoreHusle (AJIM-10, [190-1500), anuonnoe (cynabhaHos) U KaTHOHHOE (KaTHHOII).
OxuciieHne MPOBOJMWIA Ha OKCHUIHBIX PYTEHHEBO-TUTAHOBBIX aHOJaX. BBIOOp »TOro
MaTtepuajiia ObUI TIPOJUKTOBAH KaK €ro paclpoCTPaHEHHOCTHIO B  COBPEMEHHBIX
IEKTPOXUMUYECKUX TEXHOJOTHUSIX, TaK M OTHOCHUTEIbHO HEBBICOKUM IOTCHIIMAIOM
BbIJICJICHUSI Kucjaopoja Ha HeMm. CHIDKEHHE IOTEHI[Majla OKHCJICHHSI IOBEPXHOCTHO-
aKTUBHBIX BEIIECTB l€Jeco00pa3HO € TOYKM 3pEHUs] CHIDKCHHS DHEporosarpar Ha
AIIEKTPOITH3.

Onexmpooxucnernue neuonozeHHoix 11AB

B xucnsix pacrBopax (pH 2.0) BBenenue AJIM-10 B pacTBOp HE MPUBOJAUIO K CKOJIb-
HUOY/Ib 3aMETHOMY W3MEHEHMIO aHOJHOM TOJSPU3allMOHHOW KpPUBOM Ha OKCHIHOM
pPYTEHHUEBO-TUTAHOBOM aHozAe. B To xe Bpemsa B mpucyrcrBuu [190-1500 anoHas
NOJIIPU3ALIMOHHAs KpHWBas 3aMETHO CMeEIajach B CTOPOHY MEHEE IIOJOKUTEIbHBIX
MOTEHIIMAIOB. MaJloBEpOsSITHO, 4YTO IMOBEPXHOCTHO-aKTUBHOE BemectBo [1D0-1500
BBI3BIBACT CTOJIb CHJIBHBIM KaTajdu3 peakluy BblAeJIeHHs kuciopoja. [lo-Bumumomy, mpu
E. > 1.3 B HaunHaeTrcsi OKUCICHHE MOBEPXHOCTHO-aKTUBHOT'O BEINECTBA, U (PUKCUpPYEMbIC
Ha TOJIIPU3AIMOHHBIX KPUBBIX TOKHU SIBJISIOTCS CYMMOM TOKOB €r0 OKHCJICHHUS U aHOJIHOTO
BBIJIEJICHUS KHCIIOPO/Ia.

bonee userkyio oxuciasgemoctb I[190-1500 mo cpaBhHenuto ¢ AJIM-10 MoxHO

OO0BSICHUTH OOJIBIIMM KOJIUYECTBOM T'UAPOKCUIIBHBIX IPYIII B €0 MOJIEKYJIe:

P e N J/\\/-’\\v/-A\?
I// ~O OO O HO o H
O\/\OAVO\/\O/\/Oj N

HO~
AJIM-10 I190-1500

B mesnounsix pacrBopax okuciaenue AJIM-10 BO3MOXKHO mpu NOTEHIIMATIAX MEHEE
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ITOJIOXKUTCJIbHBIX, 4ycM IMOTCHIIMAJIbI BBIACIICHU S Kucjiopozaa, 151 Ha AHOJHBbIX

— TNOJSIPU3AITUOHHBIX KPUBBIX TIOSABISACTCS  BOJHA, COOTBETCTBYIOIIAS I3TOMY IIPOLIECCY U

OTCyTCTBYIOIIAsi B (GOHOBBIX pacTBOpax (puc.4). AHasornyHasi BojiHa Oblia 3apuKCHpOBaHa
u B pactBopax [ID0-1500. HMccnenoBanue BIUSIHUS TUIAPOJAMHAMUYECKUX YCIOBUIM Ha
pEeaKlMi0 OKHCJIEHUSI HEUOHOTE€HHBIX IOBEPXHOCTHO-aKTHBHBIX BEIIECTB I10KA3aji0, YTO
npe/iebHBIN TOK HE UMEET YUCTO AU(PPY3UOHHON NPUPOJIBl. YTIIOBaAsK CKOPOCTH BpaIlCHMS
B/[D Bauser Ha BeIWYUHY IIPEACIBHOTO TOKA, OJHAKO KpHWBas, IIOCTPOCHHAs B
KOOp/JIMHATaX ypaBHEHHs JleBuya, He alIpPOKCUMUPYETCS B HAYajJ0 KOOPJMHAT.
OOHapyxeHHbIE OTKJIOHEHUSI OT ypaBHeHUs JleBuua, 1mo-BUAMMOMY, BBI3BaHBI aJicopOIueit

IMMOBCPXHOCTHO-AKTUBHBIX BCIICCTB HA ITIOBCPXHOCTHU DJICKTPOJIA.
30  1x103 Alem?

Puc. 4. Tlonsipu3anoHHbIE KpHUBBIC
OKHCJIeHUs] HeHOHOTeHHBIX [IAB npu

20 pH = 12,0 na OPTA, Cnap =
0,1 r/n, » = 2 wmB/c. PacrBop
cozepxal CIIETYIOIIHE

IIOBEPXHOCTHO-aKTUBHBIE BEINECTBA!
I — AJIM-10, 2 — II90-1500, 3 —

10
(oHOBasI KpuBasi.

0
0,4 0,6 0,8 1 1,2 1.4 1,6

Ha ocHOBaHUU NPOBEJEHHBIX MCCIENOBAHUN MOXKHO CIIENIAaTh BBIBOJI, YTO OKMCIECHUE
HenoHoreHHsIx 1TAB, copepkamux CUpPTOBBIE TMAPOKCUIBHBIE TPYMIIB, IIEI€CO00pa3HO
IPOBOJUTH B ciHaboIIENIOUHBIX pacTBopax. llepememmBanue pactBopa, IMOABEPraeMoro
DIIEKTPOJIU3Y, CIEAYET MPHU3HATh LEIecO00pa3HbIM, MOCKOJIBKY OHO BBI3BIBAET YCKOpPEHHUE
OKHCJIEHUSI TIOBEPXHOCTHO-aKTUBHBIX BELIECTB.

Onexmpooxucnenue anuonnvix [1AB

DIIEKTPOOKHUCIIEHUE CyJib(aHoiIa BO3MOXKHO Kak B cinabokuciasix (pH 2.0), Tak u B
mesnounsix (pH 13.0) pactBopax, 0 4yeM CBHUIECTENIBCTBYET CMEIICHHUE MOJSPU3AIUOHHBIX
KPUBBIX B 00J1aCTh MEHEE IOJIOKUTEIBHBIX MOTEHUHUAIOB Ipu BBeneHuu 11AB B pactBop,
NOJIBEPTa€MBbIil  dJIEKTpOaM3y. YMeEHbIIeHHEe KoHUeHTpauuu I[IAB, mnpoucxomsinee B
IpoIecce IEKTPosin3a, ObUIO MOATBEPXKICHO HE3aBUCUMBIMU AHATIUTUYECKUMU METO/IAMM.
OnHako OKHCJIEHHE CHHTAHOJA BO3MOXKHO JIMIIb BMECTE C DJIEKTPOXMUMHYECKUM
BBIJIEJICHUEM  KHCJIOpPOJila. ITO  TO3BOJAET  MPEANOJ0XKUTh, UYTO B  IIpoIecce
IEKTPOOKUCIEHUS TMOBEPXHOCTHO-aKTUBHOIO BEIIECTBA YYACTBYIOT AaKTUBHBIE (POPMBI

KUCJIOpO/a, 00pa3yroLIecs Ha aHOIE.
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B npunnumne, saeKTpoOKUCIIEHUE CyJb(paHojla MOXET OBITh IPOBEACHO Kak B

MOYKHO cJieJaTh IPEANOI0KEHUE, YTO OpPraHUYECKUMU MPOAYKTaMU DJIECKTPOOKHUCICHUS
SBJISIIOTCSL ApOMATUYECKUE KUCIOTHI U UX COJIA, YTO MPUEMJIEMO C TOYKH 3PEHHUS OXPaHbl
okpyxatoie cpesibl. 110 310l npuurHe METo AJEKTPOACCTPYKITUU IPUTO/ICH JUISI OUMCTKU
CTOUYHBIX BOJI, cojiepakamiux cyyibdanodt. [Hoanepxanue pH 2.0 He TpeOyet 3arpaT OOIBIIHX
KOJINYECTB PEAKTUBOB, OTHOCUTEJIBHO HEBEJIMKU TaK)K€ Pacxo/l HIEJI0YH Ha TOCIIETYIOIIYIO
HEHTpaJIM3aIMI0 CTOUHBIX BOJI M MX 3aCOJICHUE.

Onexmpookuciernue kamuornHovix [1AB

AHanu3 MoJSIpU3allMOHHBIX KPUBBIX KaK B KHCJBIX, TAK U B LIEJOYHBIX pacTBOpax
1oKa3ajl, 4TO BBEJCHUE KATUHOJA B PACTBOpP MPAKTUUECKU HE BIHUACT Ha XOJI
noJisipu3aliMOHHbIX  KpuBbIX Ha OPTA snekrpoae. XuMu4yecKkuid aHaiau3 MOKa3bIBAET, UTO
yMeHbllleHue KoHueHTpauuu IIAB npoucxomur nocratouyHo memiieHHo. llo-Buaumomy,
okucieHre KaTHOHHbIX [IAB BO3MOXHO JUIIb B pe3yJibTaTe B3aUMOJCHCTBUS UX MOJIEKYJI
TeHepUPOBAHHBIMH HA aHOJI€ OKUCIIUTEISIMU.

Jliis  Toro, 4yToObl YBEJWYUTH KOHIIEHTPAIMIO AaKTUBHBIX (OpM KHUCIOpOJia B
pacTBOpe, MOJUIeKAIEM dJIEKTPOAECTPYKIMHU, Obulo pernieHo 3ameHuTh OPTA-aHOIBI Ha
AQHOJbl M3 IUIATUHHPOBAHHOTO THUTAaHA, HA KOTOPBIX KOHIIEHTPAIMS AKTUBHBIX (HopM
KHACJIOpO/ia  BhIIIE, T.6. OBUI pealu3oBaH IMOAXOJA, IPUMEHEHHBIA paHee JUIs
00€e3BpEKUBAHUSI PACTBOPOB, COJAEpkKaIIMUX azocoequHeHus. OJHAKO 5TO HE MPUBEIO K
MOJIOXKUTEJIBHOMY pe3yJibTaTy: BesenctBue ajncopOumu [IAB Ha miaTtuHe mpoucxoamio
OYEHb CWJIbHOE HMHIMOMPOBAHUE AHOAHBIX pPEAKIMii, 4YTO MPUBOAWIO K CHUIBHOMY
YBEIUYEHUIO TOTEHIMaa 3JeKTpoAa. CKOpOCTh OKHUCIEHHS KATUHOJIA TIPU  ITOM
OCTaBaJIaCh JIOCTATOYHO HU3KOM. [10 9TO# nmpuymHe 2JIeKTPOAECCTPYKIUIO Ha JAHHOM dTare
HEJIb3sl PEKOMEHOBATh JUISl OYMCTKU PACTBOPOB, COJEPIKALIUX KATHOHHBIE MOBEPXOCTHO-
AKTUBHBIE BEILIECTBA.

BbIBO/IbI

1. Boccranosienne aso0eHzona Ha 2lleKTpojax, azncopbupyronmx Hg,
MPOUCXOJIUT B «BOJIOPOJIHOI» 00JIACTH MOTEHIIMAJIOB, U, I10-BUAUMOMY, ¢ yuyactuem H,.. B
KayecTBe IPOJYKTOB  BOCCTAHOBJECHHSI 00pa3yloTcs HM30MEpHble OCH3UJIUHBI U
npoToHupoBaHHast (Gopma  guruapoaszodbensosia. M3-3a  TOKCHYHOCTH  MPOJYKTOB
IEKTPOXUMUYECKOTO BOCCTAHOBJICHUSI JIAHHBIA METOJl HEJIb3s PEKOMEHJ0BaTh ISl
00paboTKH XUJKO(DA3ZHBIX OTXOA0B, COAECPHKAIIIX a300€H301.

2. DKCHEPUMEHTAIIBHO Obljla YCTaHOBJIEHA BO3MOXKHOCTH 3JIEKTPOOKHUCIICHUS
a300eH30J1a, COMPOBOXK/IAIOIIASACS Pa3phIBOM CBSA3U a30T-a30T U pa3pyUICHHEM OEH30JbHBIX

koJsien. B IIpOoneCCe SJICKTPOOKUCIICHU IIPOUCXOAUT IMPAKTUICCKHU ITI0JIHASI MUHEPpAJIU3ALINSL
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a3o0eH301a. B KkauectBe NPOMEIXKYTOUYHBIX OPraHUMYCCKUX IPOAYKTOB SJICKTPOOKMCICHHAS

azo0eH30i1a  ObuUIM  OOHAPYIKEHBl  OTHOCUTENIBHO MAJOTOKCUYHBIE  TOJU(PEHOIBLHBIE

COEJIMHEHUSI, a TAKIKE «CJIEJIOBBIEY KOJIUYECTBA HUTPOOEH30JIA.

3 DNEKTPOOKUCIIEHHE  psla  a3okpacutenei, (MeTuioBoro  KpacHOro,
bpunnmnantoBoro kenroro, OpamxkeBoro 2)X) mnpoucxopsimee B pe3yibTare HX
B3aMMOJICHCTBHSI € AaKTUBHBIMU (OpMaMu KHCJIOpoja, oOpa3ylolUMUCS Ha aHOJIE,
B03MOkHO. Hanbosiee 2(hpexTHBHO OHO MPOTEKAET B KUCIBIX PACTBOPAX M YaCTO MPHUBOIUT
K OOJIBIIION CTENIEHN MHUHEPATU3ALMKU OPraHUYecKoro 3arps3HuTesiss. Cpear opraHunyecKux
IPOYKTOB 2JIEKTPOAECCTPYKINHU MPeo0agatoT OTHOCUTEIBLHO O0e3BpeIHbIC MOTU(PEHOTbHBIC
coennHeHust. OOHapy)KEeHa KOPPEJSILIUASL MEXKY CKOPOCTBIO OKUCIIEHUS TPYAHOOKUCIISIEMOTO
azokpacurens opaHkeBoro 2K u moTeHuuanioM aHoJia Mpu AJIEKTPOJIU3e, IoKa3aHo, uTo JIs
ObicTporo okucieHus opamkeBoro 2XK nenecoobpasHo ucnonb3oBaTh PbO,-aH0 Ik

4. DIIEKTPOXUMHUUECKUE METO/IbI MOTYT  OBITh IPUMEHEHBI JULSI
AIIEKTPOOKUCIECHUSI AHMOHHBIX M HEHMOHOTEHHBIX IMOBEPXHOCTHO-aKTUBHBIX BEIIECTB.
Oxucnenune HemoHoreHHelX IIAB, copepxammx cHupTOBBIE THUIPOKCWIBHBIE TPYIIIIHI,
11eJIECO00Pa3HO IMPOBOJUTH B cIa0OIIETOUHBIX pacTBopax. llepemernmmBanue pactBopa
BBI3BIBAET YCKOPEHHME OKHUCICHUS HeMOHOTeHHbIX IIAB. Dnexrpookucienue cyibdaHona
MOXET OBITh MPOBEICHO KaK B KHUCIBIX, TaK M B HIEJOYHBIX pacTtBopax. lIpomgykramu
AIIEKTPOOKUCICHUSI AHUOHHBIX ITOBEPXHOCTHO-aKTUBHBIX BelecTB (AITAB), nmo-Buaumomy,
SBJISIFOTCSI ApOMATUUYECKUE KUCIOTHI M MX COJIM, YTO MPUEMJIEMO C TOUKH 3PEHHSI OXPaHbI
OKpY KaroIlen Cpeibl.

5. DIIEKTPOJIECTPYKIMS KATHHOJIA BO BCeM JuanasoHe pH mnporekaer kpaiiHe
MEJUIEHHO WM HEe IPOTEKaeT BOBCE, B CBSI3M C YEM, Ha JIAHHOM OJTare HeJb3s
PEKOMEHJ0BAaTh METOJ[ JJIEKTPOAECTPYKLUMH, KAK CHOCOO0 OYUCTKH KUIKO(Pa3HBIX

pPacTBOPOB, COACPIKAIINX KATUOHHBIE ITOBEPXHOCTHO-aKTUBHEIE BelecTBa (KITAB).
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