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KopucHa Mopenb HanexuTb Jo obracTi ceHcopiB, WO ABNATL COOOK eMneKTPOXiMiYHi KOMIPKU i
BMKOPUCTOBYIOTLCH Yy Mnpunagax XimiyHoro adanisy. KopucHy Mopenb MOXHa BUKOpucTaTn Ans
©e3nepepBHOro YM OUCKPETHOrO BU3HAYEHHS riapasvHy 3 METOK MOHITOPUHIY BOOHOMO cepeaoBuLia
00'eKkTiB, NOB'AI3aHUX 3 BUKOPUCTAHHAM ripa3nHy Ta MOro NoxigHux.

lgpasnH BUKOPUCTOBYIOTb, SIK HANiBNPOAYKT ¥ BUPOOHULTBI OTPYTOXiMIKaTIB Ta nikiB, BOMOKOH Ta
aHTUOKCUAAHTIB, 3aCTOCOBYIOTb AMNsl BMAANEHHS KUCHIO 3 HarpiBanbHUX CUCTEM, SIK KaTanisaTop
nonimepusauii, 3aci6 gns npoayBaHHA TEXHOMOrMYHMX YCTAHOBOK, AMS HAHECEHHA MeTaneBux
NOKPUTTIB Ha CKMNO Ta NnacTuk, y potorpadii Ta Npy razooumLLEHHI, Y AKOCTi aKTUBHOIO KOMMOHEHTA Y
nanueHUx enemeHTax. [igpasuvH Ta MOro NOXiaHi TakoX LUMPOKO 3aCTOCOBYIOTL AK MNanmnBo y pakeTHUX
asuryHax [1].

lgpasvH Ta MOro CNonyku BiAoOMi CBOET TOKCUMYHICTIO. BOHM MOXYTb NPU3BOANTM 40 NMOLUKOIKEHHS
nereHb, MeYiHKM, HUMPOK Ta [HWMX BHYTPILIHIX OpraHiB, BWHWKHEHHS PI3HUX aHOMarnii KpoB.i;
HE3BOPOTHUX YpaXKeHb HEepBOBOI CUCTEMMU, MNCUXIYHUX po3nagiB, YUCNEHHUX KaHLEepOreHHUX,
TepaToOreHHUX, IMYHOTOKCUMYHUX Ta MYyTareHHmx edqekTiB. AreHTCTBO 3 OXOpPOHM HaBKOMULLHBbOIO
cepeposuwia CLUA BBaxae rigpasvH KaHLeporeHoMm Ang MOAMHKU, KU BigHOCUTLCA Ao rpynu B2 [2].
3rigHo 3 Haka3zoM MiHicTepcTBa OXOPOHWM 300pOB'A YKpaiHu, rpaHW4yHO AONyCTUMa KOHLEeHTpauis
rigpasvHy B noBiTpi 3a 8 roaumH p[ii (cepegHbo 3MmiHHa T[K) craHoButb 0,013 mr/m3, a 3a
KOpOTKOYacHoi fji (MakcumanbHo pa3osa) - 0,1 mr/m3. MpaHMYHO JOMYCTUMMA KOHLEHTpaLis rigpasunHy
y BOAi BOJOWM CaHiTapHO-NoBYTOBOro KOPUCTYBaHHsI npunHata pisHoto 0,01 mr/am?® [3]. Lle Bumarae
po3pobkM MeTofiB Ta edEeKTMBHMX MPUCTPOIB ONA KOHTPOM 3a 3abpyAHEHHSIM HaBKOJIULLHBOMO
cepegoBuLla rigpasMHoOM Ta MOro NOXiaHUMM.

Bigomi Ha cborogHi MeToau MOHITOPMHIY KOHUEHTpaLuii uux BiQHOBHMKIB Yy HaBKOULIHBOMY
cepenoBuLli, siKk B pobouvi, Tak i XUMi 30HI, 3a3BMYanm OOMEXYHTbCSl rasoBO Ta PiAMHHON
Xxpomartorpacpieto nicnss nonepegHboi gepmBatmsadii. Lli meTtoou 3asBuyain BuMMaralTb BigHOCHO
OOpOororo Ta rpoMi3gkoro xpomarorpadpiyHoro obrnagHaHHA, Wo pobuTe MOHITOPUHI KOHUEHTpauii
rigpasvHy B 06paHoMy poboyomy cepedoBULL B PEXMMI peanbHOro Yacy HEMOXIMBMM. TpagunuinHo
ONSA BUSBNEHHST KOHLEHTpaUii rigpasnHy Ta MOro noxigHMx BUKOPUCTOBYIOTb ONTUYHI METOAU, B SIKMX
KOHLUEHTpaLilo CronyKk BU3HAYaloTb 3@ ONTUYHOK MYCTMHOK MponyckaHHA Ta abcopbuii B BnvmwkHbOMY
iHppayepBOHOMY [fianasoHi yTBOpeHMX 3abapBneHux MpoAyKTiB peakuin ix 3 BigNOBIAHUMHU
peareHTamu.

OKpiM KOHTPOIIO HABKOJULLHLOTO CepeaoBuLLA, € HEOOXIQHICTb Y CTBOPEHHI KOMMIEKCY NPUCTPOIB
ANsi KOHTPOJIO KOHLLEHTpaLii rigpasnHy B TEXHOMOMNYHUX cepefoBuLLiax. 3o0Kpema, LUIMPOKOro po3BUTKY
Habynu nNanuBHI enemMeHTW, Ae sK BiJHOBHUK BMKOPUCTOBYKOTb FigpasvH, a OKUCHMKA - KNCEeHb. B
npoueci reHepaduii cTpymy BigOyBaeTbCA 3MEHLUEHHSI KOHUEHTpauii rigpasvHy B aHOOHOMY KOHTYPI,
WO npu3BoAUTb [0 MNafiHHA reHepoBaHOl MOTYXHOCTI ManMBHOIO enemeHta. TomMy B cucTtemax
NanvBHNX eNIEMEHTIB, L0 BMKOPUCTOBYHOTb rigpa3svH Sk Nanveo, nepeabayeHo AaTyvk s KOHTPOSo
KOHUEHTpaUii rigpasvHy B LMPKYyNAUINHOMY PO34MHI NanvMBHOIO KOHTYPY.

Y naTeHTi [4] 3anponoHOBaHO erieKTPOXiMiYHUIA CEHCOop ANA BU3HAYEHHS BMICTY rigpasvHy B
€reKTPOoNITi NanMBHOIO eneMeHTa, KaTog SIKOro KOHCTPYKTUBHO € YaCTUHOI MiHii nogayi enekTponity
A0 nanueHoro enemeHta. Mixk gBoma Tpybamum niHii nogadi BCTaHOBEHa Ta 3'egHaHa 3 HUMW KaTogHa
CEKLisi CeHcopa, L0 YTBOPIE MPOAOBXKEHHST YAaCTMHU CTIHOK TPYD i sika enekTpu4yHO i30NbOoBaHa Bif
Hux. KaTogHa cekuia ceHcopa BKNIOYae, OKPiM KaToa, XXOPCTKUM CITYACTUI eKpaH, SKUA YTPUMYE Ha
Micui nopucTy rigpodinbHy membpaHy. EkpaH Ta memOpaHa BigOKpeMmIiolTb MOPUCTUIA aHopg, BiA
BHYTPILWHLOT NOBEPXHi TiEl YaCTMHU CeHcopa, WO € CKMaZoBOo CUCTeMU nofdadi nanuea. AHoA
pO3TallOBaHUI B OKPEMIW CeKLii ceHcopa, OO0 siKoi MpuKpinneHa 3nvBHa abo 3BopoTHa Tpyba. Ha
LINAXY OO NanvBHOT enemMeHTa enekTponiT NpoTikae Yepes KaToaHY CeKLito, a He3HayHa Moro YyacTuHa
NPOXOA4MTb Yepes3 ekpaH, MeMbpaHy Ta NMOPUCTMI aHoA B aHOAHY Kamepy, 3 AKOi NoBepTaeTbCcsa [0
pesepByapa 3 enektponitom. LUBMAKICTb NMOTOKY 4epe3 JaTyuk peryrnoTbs BUOOPOM po3mipy nop
MembpaHu Ta po3mipy nop aHoga. Liio weugkicte BubunpatoTe ans 3abe3neyeHHs HEBENUuKoro, ane
NOCTIMHOIO MOTOKY 4Yepe3d aHo. KoHueHTpauito rigpasvHy BM3Ha4yalTb 3a CUSIOK CTpymy, LWO
NpOXoauTb MiX enekTpogamu.

Y nateHTi [5] 3anponoHOBaHO TPUENEKTPOAHUA MPUCTPIA AN KOHTPOM 3a KOHLUEHTpauiet
rigpasvHy B cCUCTeMi NanuBHUX €NeMeHTiB, WO MICTUTb KOHTEeWHep, SAKUM € YacCTUHOK TPaKTy
UMPKYNAUii nanvBa, Yy $KOMY pO3MillleHO pobo4vMin enekTpod i3 HiKemnb-LUMHKOBOrO Cnnaey,
NpoTUENeKTPo Ta enekTpoa NopiBHAHHA. KOHTpOmMb KOHUEHTpaUii rigpasuHy B po34uHi BU3HA4alOTb
Ha OCHOBi 3HAYEHHSI CUNN CTPYMY, LLO MPOTIKae Mk poboYMM eneKkTpogoMm Ta NpoTUENEKTPOAOM, 3a
YMOBHW, L0 MoOTeHuian pobo4yoro enektpoda BiOHOCHO enekTpoda MOPIBHAHHS Mae MNo3UTUBHE
3HaYeHHS.

lopasunH 3acTOCOBYIOTb ANA AeOoKcureHauii y cucteMi LMpKynsuii Bogu Ha TennoBmux Ta aTOMHUX
erneKkTpocTaHuisx Ans 3anobiraHHa Koposii Tpyb, koTniB, TypOiH TOWO, WO BUKIIMKAHA PO3YMHEHUM Y
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BOAi KMCHeM. 3asBumyan, KOHTPOIb HasiBHOCTI PO34YMHEHOrO KUCHIO B LIMPKYMIOKYIA BOAI NPOBOASTb
LUNAXOM MEePEBIPKM CTYNEHs CMOXMBAHHSA rigpasvHy, [OOAaHOro Ans OeoKcureHadii 3 LUUpKynioHYoi
Boan. Y nateHTi [6] onucaHa cuctema KOHTPOMK KOHLUEHTpaLii rigpasvHy, sikMi BNOPCKYKOTb Y
cuctemy TpybonpoBofiB TEnnoBOi eMneKkTPOCTaHUii, Ha OCHOBI AeHCUToMeTpa, A€ BU3HAYEHHS
KOHLIeHTpaLii rigpasvHy y BoAi NpOBOAATb BUMIPIOBAHHAM OMTUYHOI FYCTUHMN.

Y nateHTi [7] onucaHO [OBOXENEKTPOOHWM ENneKTPOXiMIYHUA CEHCOop, B SIKOMY 3pa3sok
aHanisoBaHoOro cepefoBulla Ta enekTponiT nogawTb 3 BiANOBIAHWMM MOCTINHUMMK LLUBUOKOCTAMM
NMOTOKY B Kamepy, A€ BOHM 3MiwyloTbcs. OTpumaHa CyMill enekTponiTy Ta 3paska Adani npoxoauTb
yepes Kamepy, Yy Skl po3TalloBaHWA CEHCOP, WO CKNajaeTbCsa 3 MOPUCTOI TPYOKW, Ska 3amnoBHeHa
xnopugom cpibna 3i BCTaBMeHUMM Yy HbOMY CpiGHMM CTpymMoOniaBOAOM. Ha 30BHIWHIO MOBEPXHIO
nopucToi TpybKkM HaMOTaHO NNaTMHOBUIA APiT. Kony cyMill enekTponiTy Ta 3paska NpoXoauTb Yepes
Kamepy 3 CEHCOpOM, YacTMHa pPigMHM NEepexoanTb i3 30BHILIHLOI CTOPOHM MOPUCTOI TPYOKM
BCEpPEOMHY, 3amnoBHIOKYM BHYTPILWIHIO Kamepy CeHcopa 3 Xnopuaom cpibna. Ak enektponit
BUKOPUCTOBYIOTb OydhepHuUii po3ymH, wWwo mictute cymiw 0,025 M posuuHy 6opaTy Hatpito
(Naz2B4O710H20) 1a 0,1 M po3umHy BopHoi kucnotn (H:BOz). Yytnueicte ceHcopa crtaHosuna 0,5
MKkA/ppb. Heponikom Takoi cuctemMu € cknagHa rigpaBniyHa cucteMa 3millyBaHHA [BOX MOTOKIB i
©e3noBOpPOTHA BMUTpPaTa ENEKTPONITY.

Y nateHTi [8] 3anponoHOBaHO enekTPOXiMiYHMI CEHCOP ANS BMMIPOBAHHSA BMICTY rigpasnHy K B
NnoBIiTPAHOMY, Tak i BOAHOMY cepegoBuwi. Llen ceHcop BubpaHo 3a Hanbnwxkuni aHanor. CeHcop €
NOTEHLIOMETPUYHUM  TPUENEKTPOAHWM, a WOro enekTpoxiMiyHa KoMipka MICTUTb enekTpos
NMOPIBHSIHHS, OOMOMDKHMIA i poboumnii enekTpoan. YCi TpU €nekTpoau >KOPCTKO 3aKpinseHi (Lnsixom
TepMiyHOro 3'egHaHHs abo HanuIeHHs) Ha cenapaTopi Ta po3gineHi HUM Mk coboto, cenapaTop
BUrOTOBIEHUI 3 iIOHOOOMIHHOT TBEpPAOI NoniMepHOi MeMbpaHu, sika 3abesnevye NnepeHeCceHHs1 aHioHIB,
YTBOPIOKOYM LifliCHY MeMbpaHHO-enekTpodHy 306ipky. Mpu LboMy pobounin enekTpoa Ta OOMNOMDKHUINA
ernekTpog, Wo mae opMy MigkoBK, fka oTouvye pobouni enekTpop, poaTalloBaHi 3 ogHoro 6oky
cenapaTtopa, ToAi SK enekTpod MOPIBHAHHA Mae NPuWONM3HO TOM caMun Po3Mip i dopmy, WO i
pobounii enekTpon, i po3MilleHn 3 iHWoro ©oky cenapaTtopa. Hag cenapatopoM 3i CTOPOHM
ernekTpoga MOPIBHAHHS 3HAXOOWTLCH pe3epByap 3 AUCTUMNBOBAHOK BOAOK, $IKa KOHTAKTye i3
cenapaTopom Ta MigTPUMye Noro rigpaTtadito i 3abesnevye 4OCTATHIO iOHHY MPOBIAHICTE No ioHam OH-.
Y npoueci ekcnnyaTauii pesepByap NepiogMyHO MOMOBHIOTE BOAOH. AHIOHOOOMIHHa MeMOpaHa
cenapaTtopa 3abesneyye eneKkTpoNiTUYHMI KOHTaKT MK TPpbOMa 3a3Ha4YeHUMU BULLE eNeKTpodamMMu.
lMepen BCTAHOBMEHHAM MeMOpaHO-eNnekTPoaHOI 30ipkM y KOPMYC CEHCOPHOI KOMipKK ii monepeaHbo
NPOCOYYIOTb B PO3YUHI Nyry.

Ak maTtepian OOMNOMIKHOrO enekTpofda Ta enekTpoa MOPIBHAHHA BUKOPUCTOBYIOTb MMAaTUHOBY
YepHb, a pobounii enekTpon BUroTOBIIEHO i3 30510Ta, WO MOPIBHSAHO 3 NIAaTMHOBMMK MeTanamm mae
Kpally CenekTUBHICTb BIAHOCHO [0 Cnonyk rigpasuHis. Ha nnatuHoBOMY enekTpodi MOpPiBHAHHSA
peanisyeTbCs CcTauioHapHe 3HayeHHA noTeHuiany, o6ymoBneHe eneKkTPOXiMiYHUM MpPOoLECOM
BiHOBIEHHS KMCHIO 3a MOro KoHueHTpauii y nosiTpi. CTabinbHe 3HayeHHs MoTeHuiany enektpoga
NMOpPIBHAHHA CTaHoBMTb npubnm3Ho +1,05 B. CeHcop npautoe Sk B MNOTEHUIOCTAaTUYHOMY, Tak i
noTeHuiognHaMiyHOMy pexumax. B noTeHuiocTaTu4HOMY pexumi noTeHuian poboyoro enekrpoa
YyTPUMYIOTb 3a (DiKCOBaAHOro 3Ha4YeHHs B mexax Big +3 go +10 MB BigHOCHO enekTpoda NOpiBHSAHHS.
lMoTeHuioAnHaMIYHUI peXUM CeHCopa CKNadaeTbCa 3 HOTUPbOX OCHOBHUX eTaniB:

a) NiATPUMaHHA NOCTIMHUM NoTeHuUiany poboyoro enektTpoaa Ans hopMyBaHHSA OKCUAHOTO LIapy;

b) pearyBaHHsa rigpasvHy 3 OKCMAHUM LLIApOM, MPOTArOM MonepeaHb0 BM3HAYEHOro 4vacy, npu
LbOMY poBOYMI eNeKTPOA BiAKIIOYEHO Bif BUMIpHOBAINIbHOIO KOHTYPY;

C) enekTpoxiMiyHe pereHepyBaHHS OKCWOHOroO Wapy 3a noTeHuiany Big 3 mMB go 200 mB, npu
LbOMY pobOYMI eNeKTPOL NIAKMHYAETLCS Y BUMIPIOBarbHUN KOHTYP;

d) BumiptoBaHHS cuny CTpymy (3apsgy), HeobxigHoi Ans pereHepadii okcugHoro wapy. Lium
anropuTMoM poboTW yNpaBrisloTb Ta KOHTPOMIOKTL 3a JOMOMOIol €NEKTPOHHOI CXEMU, SKa BKMOYae
CXeMy CWHXPOHi3auii AN BigTBOPHOBaAHOIO BKIOYEHHSA YYTNIMBOIO €reKTpoda y BUMIpPIOBanbHUNA
KOHTYp, CTaHOapTHY MOTEHUIOCTAaTUYHY CXeMy Ta CXeMy nigCcuneHHs. Sk npaeBuno, Ans
NOTEHLIOAUHAMIYHOIO pexumy poboTM ceHcopa MoYaTKOBUM MOTEHUian 4YyTnMBOrO enekTpoja
ctaHoBuB +3 MB nopiBHAHO 3 Pt/noBiTpsHMM enekTpodoM MOPIBHAHHSA Ta MNOTEHUiOAMHAMIYHUM
LIMKINOM CUHXPOHi3aLii Bi 1 A0 2 XBUNWUH, Yac peakLii (YyTNuBmMiA enekTpon y po3iMKHYTOMY Y KOHTYpI)
i yac pereHepalii (4yTnvBun enekTpon Yy KoHTypi) - 30 cekyHa. BukopuctaHHsa noTeliogMHamMivyHOro
MeToAy A03BONANO NiABULLUTY YYTRMBICTE CEHCOopa Y Tpy pasu.

BukopuctaHHA BKaszaHOro anroputMy 3MiHW MOTeHuiany YCKNagHIE enekTpoOHHY CXemy
NnoTeHLIoCTaTylo4oro NpUCTPOI0 Ta NiABMULLYE €HEpProCnoXMBaHHA CUCTEMMU ra3oBOro aHanisy. Takox
BUKOPUCTaAHHA CEHCOpPY MNOTEHUIOMETPUYHOro npuHUMNY Aii He [J03BOMsi€ BU3HaA4aTW TOYHY
KOHLEHTpauilo rigpasuHy, a nuwe ii NopsgoK B LUMPOKOMY AianasoHi. Takox BapToO 3asHauvTu, WO
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BMKOPUCTAHa aHIOHOOOMiHHA MembpaHa XapakTepu3yeTbCs HU3bKOK EeNeKTPOMNpOBIOHICTIO, sKa
BMMarae nocTiMHO KOHTaKTy 3 BOAHWUM CepeaOBULLEM.

B ocHOBY KOpMCHOI Mogeni nocTaBneHa 3ajada CTBOPUTU ENEKTPOXiMIYHMI CeHcop Ans
BM3HAYEHHS TOYHOrO BMICTY rigpasvHy y BOAHOMY cepefoBuLli 3i cTabinbHUMKM B Yaci CTPyMOBUMM
curHanamu i BACOKOH YyTNUBICTHO, BiJTBOPIOBAHICTIO | TEPMIHOM CryX6u.

lMocTtaBneHa 3ajaya BUPILLYETLCHA TUM, LLO €MEeKTPOXiMIYHUI CEHCOP ANS KiNbKICHOr0 BU3HAYEHHS
rigpasvHy y BOOHOMY cepefoBuLLi, KOMIpKa SKOro MIiCTUTb €NneKTPoAM, po3fineHi cenapaTopom 3
iOHOOOMIHHOT MembpaHu, 3rigHO 3 KOPUCHOK MOAENII0, CEHCOP € aMMEePOMETPUYHUM 33 NMPUHLMIMIOM
Ail, Komipka ceHcopa BMKOHaHa y BUrMAgi TabneTkn, y SKii MowapoBUM MNPECYBaHHAM MOELHaHI
enekTpoan Ta cenapaTtop, BMKOHaHWI 3 KaTiOHOOOMIHHOT MemMbpaHu, Npu LbOMY MEepLUNA enekTpoq
BUKOHAHWA Yy BUIMSAI NOPUCTOI CTPYKTYPU 3 BUKOPUCTaAHHAM enekTpokaTaniTMyHux MmaTtepianis,
cenapaTtop BMKOHAHO 3 CyMilli noniMepHoro 3B'a3yo4oro nopowky ¢proponnacty mapkm OT-4MB i
HU3bKOTEMMNEPaTYpPHOro NPOTOHNPOBIOHOIO TBEPAOro eneKkTponiTy, a ApYrun enekTpos BUKOHAHWUN i3
CyMILLi CTIiKOro B CepeoBULLi eNeKTponiTy enekTponpoBiAHOro mMaTtepiany, HU3bKOTEMMNepaTypHOro
NPOTOHMPOBIAHOIO TBEPAOro enekTponiTy Ta okenay madrany (1V) mapkv EM-2.

MepLuimnn enekTpoa BUKOHYE porib poboyoro, a ApyrMn enekTpoa BUKOHYE Ponb AOMOMKHOrO.

Mepwun enekTpoa BUKOHYE pornb poboyoro, APYruin enekTpod BWKOHYE pONb ernekTpoa
MOPIBHSIHHA, a OO0 CKnagy CeHcopa [A04aTKOBO BBEOEHO €EnekTpond, SKWA BUKOHYE (PYHKLO
OOMOMIDKHOTO, i CKnaj, SIKoro BignoBigae NepLIoMy enekTpoaa.

Ak pobounii enekTpos KOMIpKM CeHcopa BUKOPUCTOBYHTb rasoAndysinHUA TOHKOLLIApPOBUIA
€eneKkTpod, BWKOHAHWA Yy BUIMAAi MOPUCTOI CTPYKTYpW, BUrOTOBIEHOi abo i3 iHAMBIigyanbHMX
erneKkTpokaTaniTMyHnx MaTepianis (30110Ta, MeTanis NNaTMHOBOI rpynu), abo 3i CTiNkoi 3a JaHMX YMOB
€reKTPOonpoBiIgHOI OCHOBW (TUTaHy, TaHTany, ByrneueBux MaTepianiB) 3 HAHECEHUM Ha ii MOBEPXHIO
erneKkTpokaTanisatopom (30/10TOM, MeTanom NIaTMHOBOI rpynu, okcuaom pyTeHito RuO2, maHraHy
MnO2, kobanbty Co0304). [ns po3BuHeHHs pobo4oi NOBEpXHi enekTpoga A0 MOro cknagy Takox
MOXTMBE BBEAEHHSA NPOTOH NPOBIAHOrO TBEPAOrO EMNEKTPOSITY.

Ak QONMOMIKHMIN enekTpoa KOMIPKM ABOXENEKTPOOHOro CeHcopa i enekTpoaa MOpPiBHAHHSA KOMIPKM
TPUENEKTPOAHOIO CeHcopa BUKOPUCTOBYIOTL Marno Monspu3oBaHNin MacMBHUIN AiOKCUAHOMAHraHOBMUN
erneKkTpo, BMKOHAHWI i3 CyMilli CTINKOro B cepedoBULLI eNeKTPOriTy eneKkTponpoBigHOro marepiany,
HU3bKOTEMMEPATYPHOro NPOTOH MPOBIAHOrO TBEPOOro enekTponiTy Ta okcuay Madrany (IV) mapkm
EOM-2. Y Bunagky TpMeneKkTpogHoI KOHCTPYKLII ceHcopa AOMOMIKHUI eNeKTPoa KOMIPKN BUKOHYHOTb
TOrO X cKnaay, Lo i pobouunn.

EnekTtpoan KoMipkn ceHcopa posgineHi cenapatopamu, SiKi CKnagarTbCs 3 CyMilli noniMepHoro
3B'A3y040ro nopolky droponnacty mapkn ®T-4MB i Hu3bKOTEMMNEepaTypHOro MNPOTOHMPOBIAHOIO
TBEPAOro enekTponitTy (rigpatoBaHoro okcuay ctmbito (Sb205 - (3,0 ... 3,5) H20, rigpodocdaris
LIMPKOHItO, TUTaHy Ta ypaHiny, ¢naBiaHOBOI, nonicypbMsiHoochOpHOI Ta 12-
BONb(ppamMoBOPOCHOPHOI KNCNOTK).

Komipka ceHcopa BWKOHaHa MNOLIAPOBUM MpecyBaHHAM QYHKLIOHaNbHUX LWapiB y BUrNagi
TabneTky, WO 3HAYHO CKOPOYYE YaC BUFOTOBMEHHS, CMPOLLYE il MOHTaX i Haga€e 3ayHy MeXaHivHy
MILHICTb.

Y ABOENeKkTpoAHOMY BapiaHTi BUKOHaHHSA KOMIPKM MIpOH KOHLEHTpauii pO34MHEHOro B BOAHOMY
cepefoBMULLI MapasuHy € cuna CTpyMy, L0 MPOTIKae B 30BHILUHbOMY KOMi MK pO6OYMM i AOMOMKHUM
enekTpogamu. [na poswmpeHHs Aiana3oHy BUMIpOBaHHA BU3HA4YyBaHOI KOHUEHTpauil rigpasuvHy
KOMipka MoOxe OyTM BMKOHaHa B TPMENEKTPOOAHOMY BapiaHTi, A€ 30BHILHIM MOTEHUiOCTaTyluMM
NpucTpoeM 3agaloTb poboyomy  enekTpoga noTpidHe  3HA4YeHHs  MOTeHuiany  BigHOCHO
HEMonNsApM30BaHOro ernekTpoaa MOPIBHSHHA, a MK poboynm i JONOMDKHUM enekTpodamu MpoTikae
CTPYM, Cura SIKoro nponopLinHa KOHUeHTpaLil rigpasnHy 4n MOro Cromnyku.

Takum yYuHOM, Ha BigMiHY Big Hambnwk4oro aHanora [8], B AKOMY BMKOPUCTAHO aHIOHOOOMIHHY
MeMbpaHy 3 MpoBigHiCTIO No ioHamu OH-, wo noTpebye 6e3nepepBHOro 3BOJIOXKEHHA Ta Mae B
AaHOMY KOHCTPYKTMBHOMY BWMKOHaHi 3Ha4HUM omip MK poboymm Ta OOMOMIKHUM €neKkTpoaoM, Lo
O03BONSE eKcrnyaTyBaTV CEHCOp fivMwe B NOTEHLIOMETPUYHOMY PEeXuMi, WO MOoriplye po3ginbHy
30aTHICTb ceHcopa (MiHIManbHY KOHUEHTpauilo rigpasuHy, $Ki MOXIMBO TOYHO BWU3HA4MTH),
BUKOPUCTaAHHA Yy KOPUCHIN Moaeni $K enekTporniTy HW3bKOTEMNepaTypHOro npOTOHMNPOBIOHOMO
TBEPOOro enekTpomniTy 3 BWCOKOK MPOBIAHICTIO 3a ioHamu H+ [O03BONsSE CTBOPUTU CEHCOP
amMmnepMeTpUYHOro TUny, LWo CyTTEBO MiABULLYE YYTNUBICTb Ta PO3AiNbHY 34aTHICTb.

CyTb KOpPUCHOT MOAErNi MOSACHIOKTb KPECMNEeHHS.

Ha ¢ir. 1 nokasaHo cxemy OBOENEeKTPOLHOIro CeHcopa.

Ha opir. 2 nokasaHo cxemy Tp1enekTpoagHOro ceHcopa.

Komipka ceHcopa MicTUTb pobounii enekTpog 2, cenapatop 3, AOMOMIKHMIA enekTtpoa 4
po3milieHa MK MOpUCTUMW TUTaHOBUMM cTpymonigBogamu 1, 5 i 3MOHTOBaHa B MONITUIEHOBUX
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obuyankax (oborimax) 8, 13. Enektpoam KOMipK/M po3gdineHi cenapatopoM 3, SiKM MiCTUTb TBEPAUMA
HU3bKOTEMMNEepPaTYPHUA NPOTOHNPOBIAHMI enekTponiT. KomipKy ¢ikcytoTb y kopnyci 7 3 noniMmepy 3a
JonomMoroto aucka 14 3 gienexkTpuka, repMeTm3yoyoro ryMoBoro Kinbus 15, kpuwikn 16 3 gienektpuka
i cTonopHoro kinbua 17. CTtpymosigBogu 11, 19 B MiCUi KOHTakTy 3 enekTpogamu BUKOHaHi 3
KOPOSINHOCTIVKOrO B CepefoBULLL eNEKTPONITYy - TUTaHy, i Yepes KpULLKY 16 3 AienekTpmka 30BHIWHIMM
npoBigHMkamn 18 3aMKHEHi Ha pe3ncTop HaBaHTaXeHHs (He nokasaHo). [MagiHHA Hanpyrn Ha
pes3ncTopi, ike BUMIPHOIOTb BUCOKOOMHUM BOMbTMETPOM (HE MOKa3aHo), € MipO0 CTPYMYy, LLO NpOTikae
MiX enekTpogamu ceHcopa. AHani3oBaHe cepefoBULLE MOAAETbCHA NOOYAHMKOM BUTPaT 3 3a4aHolo
00'eMHOI0 LIBMAKICTIO Yepe3 BXigHuM wTyuep 6 B kamepy 10 i gani yepe3 BuxigHun wryuep 12
Ha3oBHi. 3 kamepu 10 3a paxyHOK AMQy3sii rigpasvH HagxoouTb Kpidb MNOMIMEPHY MOPUCTY
rasonpoHuKHy MembpaHy 9 go poboyoro enektpoaa 2.

B ubomy ceHcopi noauuii 1-19 nosHavatoTb Ti XX €feMeHTH, WO M B OBOENEKTPOAHOMY CEHCopi
(cbir. 1). B TpmenekTpogHii koMipui MK OOMOMDKHMM enekTpoaoM 4 i enekTpogoM nopiBHsHHA 20
MicTutecss  apyrmi  cenapatop 3. CeHcop 30BHiWHIMM  npoBigHMkamu 18  3'egHaHun 3
noTeHLioCTaTylouMM NPUCTPOEM (Ha CXeMi He nokKasaHoO), KM Npu3HayYeHUn Ons NiATPUMMaHHA Ha
poboyomMy enekTpoai 2 3agaHoro 3HayeHHs MoTeHuiany BiOHOCHO enekTpoga MopiBHAHHA 20 i
BMMIPIOBaHHS CUNN CTPYMY, LLO NPOTikae Mk pobounm 2 Ta JONOMiKHUM 4 enekTpogamu.

3 nosBOK B HaBKOMULLIHLOMY cepedoBulli rigpasvHy BigbyBaeTbca 1noro Amdysia yepes
MemMbpaHy 9 i agcopbuia Ha poboyomy enektpogai 2. MNpu ubomy, noteHuian pobo4voro enekrpoaa 2
3CYBaETbCS B KATOAHY CTOPOHY, LLO CYNPOBOXKYETLCA MOSABOK CTPYMY 3a paxyHOK peakLil OKUCHEHHS
riapasuHy 3a eneKkTpoaHOK peakLieto:

N2Hs—N2+4H*+4e, (1)

i BiAHOBIEHHS okcmuay manrany (IV) mapku EJM-2 gonomixkHOro enektpoga 3rigHo 3 peakuieto (2):

MnO2+4H*+2e—Mn?*+2H20. (2)

Y pes3ynbTaTi UMX E€NeKTPOoAHMX MpoUeciB Mk pobounmm 2 i OOMNOMKHUMM 4 enekTpogamu y
30BHILLHLOMY KORMi MpOTiKae CTpyM, cuna $KOro npsAMo nponopuinHa AudysinHOMY MOTOKY
BM3HAYYyBaAHOro KOMMOHEeHTa (rigpasuHy). Takum 4YMHOM, B [OBOENEKTPOAHIMA ranbBaHiuHIn KoMipLi
peanisyeTbCa CyMapHui npouec

N2H4+2MnO2+4H*—N2+2Mn?*+4H20. (3)

B npoueci ekcnnyaTauii 4BoenekTpoaHoi KoMipku 3rigHo peakuii (3) BigbyBaeTbCa HAKONNYEHHS B
TBEPAOMY MPOTOH MPOBIQHOMY €NneKTPOoniTi iOHIB MaHraHy 3 BuTpaTol okcugy madrany (IV) B
OOMNOMIDKHOMY enekTpogi 4, Wwo obmexye pecypc poboTu ceHcopa.

YCYHEHHs1 UbOro Hegoniky peanisyeTbCs LUNAXOM BUKOPUCTaHHS TPUENEeKTPOAHOI KOMIPKM, sika
BKItovae B cebe KkaTamiTMYHO akTUBHWA poboyMin enekTpog 2, mano Monspu3oBaHU MacUBHUN
OIiOKCMOHOMaHraHoBMIN enekTpopn nopiBHAHHS 20 i 4ONOMiIKHMIA enekTpod 4 3 maTepiany 3 HU3bKOK
nepeHanpyrow BiHOBIIEHHA KUCHIO Ta CTINKOro B KUCMOMY cepefoBuLLi. [JonoMiKHUA enekTpon Moxe
OyTM BWMKOHaHWA 3 MOPUCTOrO TUTaHy, aKTMBOBAHOrO NMAaTMHOBMMM MeTanamu abo 3010TOM, 4u
rpadity.

Mpu uboMy, Ha enekTpogax BiAOYBalOTbCA CNPSKEHI peakuii OKUCHEHHs rigpasuHy (1) Ha
poboyoMy enekTpogi i BiGHOBNEHHSI aTMOCEPHOTO KUCHIO Ha AOMOMDKHOMY eNnekTpoai BignoBigHO A0
PIBHAHHSA

O2+4H*+4e—2H20. (4)

Ak BugHO 3 peakuin (1), (3) i (4), cymapHun npouec B KOMIpLUi TpMENeKTpogHOro ceHcopa
3BOAMTLCA A0 OKUCHEHHS rigpasunHy i BiHOBMEHHS aTMOCHEpPHOro KUCHIO

N2H4+02—N2+2H20. (5)

Peakuia (5) nepebirae 6e3 CNOXMBaHHS KOMMOHEHTIB, WO BXOAATb A0 Ckragy Komipku. B
pesynbTati nepebiry enektpogHunx npouecis (1) i (4) mibk pobounm 1 i gonomikHum 4 enekTpogammu
Yyepes 30BHILLHE KOO MPOTIKae CTpyM, cuna SKoro NponopuiHa KoHUeHTpadil rigpasuHy B BOOHOMY
cepenoBuLL.

Mpuknag 1.

[lBoenekTpogHa KOMipka ceHcopa 3rigHo 3 ir. 1 BUKOHaHa y BUMMsiAi cnpecoBaHoi TabneTkw,
pobounii enektpog 2 skoi Bkntovae 0,4 r nnatuHoBaHoro TuTaHy (50 mr Pt/rTi) 3 gobaekowo 0,4 1
Sb20s5+(3,0-3,5) H20 i 0,04 r ®T-4MB, cenapatop 3 i3 cymiwi nopowkis mapku DT-4MBE i
rigpaToBaHOro okcuay ctubito, i gonoMixkHMI enekTpoA 4 i3 cymiwi 0,5 r okcnay madrany (1V) mapku
EOM-2, 1,5 r Sb20s+(3,0...3,5) H20 0,1 r ®T-4MB Ta 0,2 r rpacity. Ha gonomixHun ta pobouni
enekTpoan HanpecoBaHi MOPUCTI TUTaHOBI cTpymoniasoau 5 Ta 1 macoto 0,1 r KOXeH.

Y xogi BunpobyBaHb BOMbTMETPOM Ha HaBaHTaxyBanbHOMYy pesuctopi onopom 100 Om (He
nokasaHi) BMMiploBanu NagiHHA Hanpyru, No BEMMYMHI SKOI BU3Ha4anu Cumny CTpyMy, LLO NPOXOAUTb
yepes KOMIpKY Mpu 3adaHii KoHUeHTpauii rigpasuHy y Bogi. Hanpuknag, 3a BigCyTHOCTI rigpasuHy y
BOfi Ha pes3ucTopi BCcTaHoBMBanock nagiHHa Hanpyru 0,04 mB, wo Bignosigae ¢oHOBOMY CTpyMy
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0,4 MKA, a npu BMicTi 1 Mmonb/gM2 rigpasuHy y BoAi nagiHHA Hanpyru Ha pe3uctopi cknano 0,62 mB,
Lo BignoBigae cuni cTpymy 6,2 MKA 4n HopMmyBaHHI0 curHany 6,1 mkA/(Mmonb/am3) NaHa.

Mpuknapg 2.

TpuenektpogHa Komipka ceHcopa (dpir. 2) Bigpi3HAETbCS Bigd BUKOpUCTaHOI B npuknagi 1
HasABHICTIO enekTpoaa NopiBHAHHS 20 TOro X cknagy, LWo i AONOMDKHUA eNeKTPO4 KOMIpKM B npuknagi
1, a ONOMIXHUIA eneKkTpo4 KOMIpKk/ 4 3a cknagoMm aHanoriyHui poboyomy 2. Pobouunii enektpopg 2
TprenekTpoaHoi komipkn mictutb 0,02 r gucnepcHoi nnatuHu (NnaTuHoBa YepHb) 3 gobaskowo 0,06 r
Sh20s (3,0...3,5) H20. Komipka nigkntodyeHa 4o NOTEHLOCTaTyouoro NpuCTpol (He NokasaHo), SKUM
poboyomy enekTpoga 2 3agaBanu noteHuian 0,1 B BigHocHO enekTpoga nopiBHsIHHA 20 (nMpubnmsHo
1,3 B BigHOCHO HOpMarbHOro BOAHEBOrO efekTpoaa) i BUMIptoBanu cumny CTpymy B KOfli Mk poGounm
2 i fONOMIKHMM 4 enekTpogamu.

Y xogi BunpoOyBaHb 3a BiACYTHOCTI rigpa3uHy y Bofi pOHOBUIA CTPYM 3a ABi rOANHU 3 MOMEHTY
BBIMKHEHHS1 MOTEHLIOCTaTylO4Oro nNPUCTpolo cTabinidyBaBca Ha piBHI 51 MKA, a npu BMiIcTi 1
MMonb/AM® riapasvHy y BoAi cuna cTpyMy cknana 165 MkA, Lo Bignosigae HopmyBaHHIo curHany 160
MKA/(MMonb/am3) N2Ha. BUKOpUCTaHHS TPUENEKTPOAHO! KOMIPKM pPO3LIMPIOE Aiana3oH MiHIMHOCTI i
3MEHLUYE Yac BiAryKy KOMIpKu to,o.
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®OPMYA KOPUCHOI MOJENI

1. EneKkTpoxiMiyHUA ceHcop ANS KifbKICHOrO BU3HAYeHHS rigpasvHy y BOOHOMY cepefoBWULLI, KOMipka
AKOro MICTUTb eneKkTpoaun, po3AdineHi cenapaTopom 3 iOHOOOMIHHOI MeMBpaHW, sKkui BiAPI3HAETLCSA
TUM, LLIO CEHCOp € aMMNepoMEeTPUYHMM 3a MPUHUMNOM [il, KOMipKa CeHcopa BWKOHaHa Yy BUrNAMi
TabneTtkn, y sk NOWAapOBUM NPECYBaHHAM MOELHAHI enekTpoau Ta cenapatop, BUKOHaHMN 3
KaTioHOOBMiIHHOI MemMbBpaHu, Npy LbOMY MEPLUNI eNEKTPOo, BUKOHAaHWIM Yy BUrMAAi MOPUCTOI CTPYKTYpK
3 BUKOPUCTaHHAM erieKTpokaTaniTM4HUX maTepiarnis, cernapaTop BMKOHAHO 3 CyMillli MOniMepHoro
3B'A3yI040ro nopoLky droponnacty mapkm ®T-4MB i HusbkOoTemMnepaTypHOro NPOTOHMPOBIAHOrO
TBEPOOoro enekTponity, a Apyrmn enekTpos BUKOHaHUM i3 CyMilli CTIMKOro B cepefoBULLi eneKkTponiTy
€reKTpornpoBiAHOro maTepiany, HU3bKoTEMMNepaTypHOro NPOTOHMNPOBIAHOrO TBEPAOro enexkTponiTy Ta
okcuay madrany (1V) mapkm EOM-2.

2. EnekTpoxiMiyHui ceHcop 3a n. 1, Sknii BiAPI3HAETLCA TUM, L0 NEPLUNA €NeKTpo BUKOHYE POnb
poboyoro, a Apyrui enekTpos BUKOHYE porib AOMOMIKHOTO.

3. EnekTpoximiyHmiA ceHcop 3a n. 1, akui BiAPI3HAETLCA TUM, WO NEPLUMA eNnekTPOL BUKOHYE POrib
poboyoro, Apyruii enekTpoa BMKOHYE POSib eNeKTpoAa NOPIiBHAHHSA, a 40 CKNagay ceHcopa A04aTKOBO
BBEEHO eneKkTpod, KM BUKOHYE (YHKLiO AOMOMDKHOrO, i ckraj siKoro BignoBsigae nepLuiomMy
enekTpoay.
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