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(57) M3o0Operenne OTHOCHTCA K W3MEPUTENBbHON TEXHHKE, MOMNKET OBITH MCMONB30BAHO JUIS CO3JAHHS

MOJIYTIPOBOJAHUKOBBIX I'a30BBIX CECHCOPOB U NMEPEHOCHBIX aBTOHOMHBIX I'a30aHAJIM3aTOPOB JJIA KOHTPOJIA
KauecTBa BO3/AyXa, OOHAPYKEHHUs JETYYMX OPTaHWYECKUX COEAWHEHUH, YTEUKH YIIEBOJOPOJOB H
HAMpaBJICHO Ha MOBBIIIEHHE YyBCTBUTEIBHOCTU K JETEKTUPOBAHMIO JIETYUHX OPTaHUYECKHX BELIECTB
B BO3IyXe, TaKMX Kak QopmaiblIerua U OCH30J, a TaKKe Ha CHW)KEHHE €ro DHEeprornorpedicHus.
IIpuHiun aeicTBysl 3asBIEHHOTO YCTPOMCTBA OCHOBAH HA U3MEPEHUU COIIPOTUBIICHUS TOJICTOM IUIEHKU
oxcuna meramia (SnO, nimm ZnO), HaHECEHHOW Ha W30JIMPYIONIYIO MOAJIOKKY MEXIy H3MEPUTEITbHBIMU
aNIeKTpofaMu. bonee KOHKpeTHO, H300peTEeHNE HAMPABIEHO HA 3aMEHY HarpeBa YyBCTBUTEIBHOIO CIOS
Y®-u3nyueHneM, 4YTO NPUBOAUT K CHIDKCHHIO Pabodyell TeMIepaTypsl M JHEPronoTpeOIeHHs MpH
JIETEKTHPOBAHUH B BO3/IyXE JICTYYMX OPraHMUYECKHX BEIECTB: (popMalibaernaa, oensomna. Mzobperenue
OTHOCHUTCA K l/ISMepHTeﬂbHOﬁ TCXHUKC MU MOXCT 6I>ITI) HCIOJIb30BAHO B TIEPEHOCHBIX aBTOHOMHBIX
M3MEPHUTENBHBIX YCTPOICTBAX AJIsl KOHTPOJIS Ka4eCTBa BO3AyXa, OOHAPYKEHHS TOKCHYHBIX OPTaHMIECKUX
BEIIECTB, YTEUKU YIIIEBOJOPOAOB.
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MIIK: GOIN27/14
['230Bb1ii CEHCOP AJIS HHIHKAIKHA JeTY4UX OPraHAYECKHX COeHHeHHH

M3o6peTenue OTHOCHTCHK K M3MEPHTENBHOH TEXHHKE H MOXET 6BITH HCTIONB30BAHO JUIA
CO3JAHMSA  NONYNPOBOMHMKOBBIX  Ta3oBBIX  CEHCOPOB M HEPEHOCHBIX — ABTOHOMHBIX
ra30aHATH3aTOPOB JUIS KOHTPOJS KadecTsa BO3AyXa, OOHAPYXCHHMS NETYYHX OPraHHuCCKHX
COE/IMHEHMH, YTEUKH YITIEBOAOPOAOB.

VI3 iiuTepatypHBIX HCTOYHHKOB [1-9] H3BECTHO , UTO IETYUHE OPraHUYECKHE COCAHHCHMA
(volatile organic compounds panee VOCs) NpejACTaBIAIOT PacHpPOCTPAHEHHYIO TPYIIY
3arps3HAIOIMX  BEIIECTB, KOTOPbIE XAPAKTEPH3YIOTCH MCKIIOUHTENILHBIM pasHoolpaznem
COCTABA, CTPOCHMA M XHMHUYECKMX CBOHCTB. OHM BITIOYAIOT KaK CO3JAHHBIC HEIOBEKOM
(aHTpONOTEHHbIE), TAK H NPHPOXHBIC XHMHYECKHE COCTMHEHMS. 3uauyntensroe gncno VOCs
TIpeICTAB/IAIOT OTACHOCTH JUIS 3A0POBbs YeJIOBEKA MM NPHYHHAIOT Bpel OKpYKarommeH cpene.
IIpeaensho momycTHMbie konueHTpank VOCs B BO3yXe yCTaHABJIMBAIOTCA 3aKOHOAATE/IBHO,
ocobeHHO s 3aKpHIThiX nomemienui. [lockonpky komuentpauun VOCs B BO3NYXE KAIBIX
[IOMEIeHUH, KaKk NpaBWIo, HM3KME, 4 CHMITTOMBI 3a0oneBanHMil pasBHBAIOTCA MEUICHHO,
JMArHOCTHKA 3aboneBanmii, Be3BaHHRX VOCs, npejcraBiser cephessyro npobnemy [1, 2].
VOCS UMEIOT HeraTHBHSIE TIOCIEACTBAS Ul 30OPOBbS NPH UTUTEIBHON dKcnosuiuy. [ToMumo
recrenndHICCKHX NOCHeCTRIM 1 310poBba, HeKoTopble VOCS SBAMIOTCS KAHLEPOTreHHbIME

(HanpEMep, GeH301) WM CYHTAIOTCS KAHLIEPOTeHHBIMH (HanpuMep, dopmansaerun) [3, 4].

V3BecTHBI MOJNYIPOBOAHUKOBBIC [A30BBIE CEHCOPHI [S5] ¢ YYBCTBHTENBHBIM CIOCM Ha
OCHOBE TOJNCTBIX TUIGHOK  BBICOKOAMCHEPCHBIX OKCHZOB  MeTamnoB  (manee MO),
TIPEUMYIIECTBEHHO THOKCH/A ONOBa, OKCHIA HHIMA, OKCHAA BONb(paMa WM OKCHAZ LIAHKA.
Mpunumn  gefcTBHA  TOMYNPOBOAHHKOBBIX Ta30BBIX CCHCOPOB OCHOBAaH Ha sdexre
3aBHCHMOCTH 3EKTPOIIPOBOAHOCTH OT IIPMPOIBI ¥ KOHIEHTPALHHA aICOPOMPOBaHHEIX MOJICKYIL.
Pabouas Temieparypa CEHCOPOB NIPH KOTOPOH OHM MPOSBJAAIOT UyBCTBHTENHHOCTH K JIETY4HM
OpPraHHYeCKHM COEJMHEHHAM COCTaBISCT 250-450°C Heo6x0oaAMMOCTh Harpepa CYIIECTREHHO
HOBBIAET 3HEpronorpebneHue, 4TO SBAACTCS OCHOBHBIM OFPaHHYUCHHEM A [PUMCHCHHA
razoBhiX CEHCOPOB B @BTOHOMHBIX H NIEPEHOCHBIX rasoaHann3aTopax.

Vi3BecTHBI ra3oBbie CeHCOpH pafouas Temmeparypa KOTOPBIX MOHHMKACTCH IyTeM

XHMHHYECKOro MOlIH(i)}iHHpOBaHM YYBCTBUTEIBHOIO CJOR KaTaUTHHCCKUMHE  KIacTepaMi
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Gnaropoanbix MetawioB Au, Pt, Pd, Ru, nMMoOmimM3oBaHHBIX Ha MIOBEPXHOCTH
NOJIYIPOBOJHUKOBEIX OKCHIOB [6-9]. Moaudunuposanue 4yBCTBHTEIBHOTO CJIOS AMOKCHIA
0JIOBa KJIacTepaMH IIAILTAANA TI03BOJISET CHU3HTSH pabouyro TeMIIEpaTypy ra3oBhIX CEHCOPOB NPH
JeTexTHpoBanMd yrapHoro raza CO wma 100C, 9ro DOPUBOAAT K  YMEHBIICHHIO
snepronorpebaenus cercopa ua 100 — 300 mMBr [7-9]. Hemoctatxom MOMMGHIHPOBAHHEIX
MaTEePUANOB SBIETCS MX HU3Kasd CTaOMIBHOCTH, BbI3BAHHAN TPOIECCAMH arperalii KiacTepos
B NPOIECCe MHOTOKPATHOTO LHMKIMPOBAHHS TeMIepaTypsl B cocraBa armocdepst. Jlanpueiimee
noHmwxenue pabodeil TemmepaTyphl 10 KOMHATHOM Ha OCHOBE OIHOPOJHOTO ClOA
MHIMBHYIBHBIX OKCHIOB HEBO3MOXHO, HOCKONBKY BBI3BIBACT CHIDKEHHC Ta30BOH
YYBCTBHUTENBHOCTH, MOBBIUCHAE BPEMEHM OTKIMKa ¢ 06asoBOro  CONPOTHBICHHSA
qYBCTBHTEJIBHOTO CIIOK.

M3 wucrounmxos naredtHol mudopmanmm [10-11], wu3BecTHO ra3oBoe CeHCOpHOE
yerpoiictso (Patent: WO2006/088477 A2 2006) [10], B xoTopoM if aKTHBAlHE IPOLIECCOB
B3aMMOJEHCTBHA TMONMYNPOBOJHHKA C IazaMy BMECTO HArpeBaHHs HCHONH30BaH HCTOYHHK
Y3KOMOJIOCHOTO M3NYUCHHUs CBeTa. B 3aBHCHMOCTH OT IpPHPOJBI AHAIH3MPYEMOro rasa
HeoOXxonuMa pasznuvHas SHEpPrus cBeTa Ui BO3OYXKAEHMS KOMIUIEKCA MOJICKYN rasa ¢
TIOBEPXHOCTBIO MONYNnpoBoAHMKA. [lpu onpeaencHHOH JSHEPrHM, CEACKTHBHOH [UIA Naphl
OMYNPOBOJAHMK - AHANM3HPYEMBIH Ia3 HPOMCXOANT AKTHBALMA PEaKUMH HA MOBEPXHOCTH H
U3MEHEHHME OJEKTPHYECKOTO CONPOTUBICHUS UYYBCTBHTCIBHOIO CJIOA, HPONOPHMOHAILHOS
KOHLIEHTpauuK rasa B Bo3ayxe. CyHIECTBEHHBIM HENOCTATKOM YCTPOWCTBA HABIACTCH €ro
BBICOKAs CTOMMOCTh M 3HAYHTE/bHBIE rabapHTHl B CBA3M ¢ HEOOXOOMMOCTBIO MCHOIB3IOBAHHS
Y3KOTIOJIOCHBIX McTounKKOB cBeta MK nuanazona (nasepos) Ang Bo3OyXKACHHS MOJEKYISAPHBIX

KOMIUICKCOB Ha OBEPXHOCTH ITOAYHPOBOAHMKA,.

Haubonee GIM3KHM N0 TEXHHYECKOH CYMHOCTH M AocTHraeMomy 3hexry sBasercs
Tra3oBbIi CEHCOP, NOJIYYEHHEIN HA OCHOBE ceHcopHoro Marepuana (Patent: W02009/037289 Al
2009) [11] ana nerexTHpoBaduss MOHOOKCHJA YITIEpOJid M NApPOB JICTYYMX OpraHuyecKux
coequHenuil B Bo3Ayxe Ge3 HarpeBaHus, BHIODAHHBIM B KauecTBE IPOTOTHNA K 3asdBiSeMOMY
H300PETEHHIO, # B KOTOPOM JUIA aKTHBAIMH NPOIECCOB B3aHMOEHCTBHSA YyBCTBATENBHOTO CIIOA
C rasaMM HCIONL30BAH HMCTOUHHK yiabTpaduonerooro usnyuenns (Y®). lasosmiii cencop B
ITOM clydae BKIMoqaeT B cefs coil HaHOKPUCTALTHYECKOTO OKCHA LMHKA C pasMepoM rpaHy’n
50-100HM, HaHECEHHOTO HA H3OJIHPYIOUIYIO MONOXKKY C H3MEPHTENBHBIMH 3NCKIPOAaMH U
BCTpoeHHbIH Y@ CBETOM3IYYAOMHI U0 ¢ LmHHOH BonHe 360-400 nm. M3pecTHBNd ra3oBbiit
ceHcop 00EcmeYuBaeT UYBCTBHTSABHOCTE K ppmM JHManasoHy KOHUCHTPALUHH MOHOOKCHAA

yriaepoia H OpPTaHHYMECKHX MOJIEKYl B BO3AyXe MNpH KOMHaTHOW Temmeparype (25°C).
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VasrpaduoneroBoe  M3NY4YeHHE  BbI3bIBaeT BO30YKACHHE 3/IEKTPOHHBIX YPOBHEH OKCHIa
[HMHKA, 9T0 IPHBOJUT K YMEHBIICHHWIO 3MEKTPHYECKOTO CONPOTHBICHHA OKCHIAA LMHKA M
AKTHBALHIO PEaKI#ii Ha NOBEPXHOCTH.

HenocrarkamMu  M3BECTHOro  yCTpoiicTBa  ABISETCA  HEAOCTATOYHO  BHICOKAs
YYBCTBUTENILHOCTH 3@ CUET 3HAYMTENBHOIO BPEMEHH BO3BPATa MIEKTPHYECKHX CBOHMCTB OKCHIA
MHKZ B MCXOJHOE cocTosHme g0 He MeHee 20-30 MuHYT, BCICIACTBHE YE€ro BBICOKOE
SHEpronoTpedeHue pu ACTEKTUPOBAHUA B BO3YXE JIETYYHX OPraHHIECKHX BELIECTB.

3assreHHOE H300peTeHre CBOOOLHO OT YKa3aHHBLIX HEAOCTATKOB.

Texuuueckum PE3VIRTATOM 3asBJCHHOIO Ia30Boro CEHCOpA ABAACTCH IOBBILCHHC €10
YYBCTBHTCIBHOCTH K JACTCKTHPOBAHHIO JICTYYHX OPraHHYCCKHX BCHICCTE B BO3AYXE, TAKHX Kak

dopmanbaerua ¥ GeH307, a TAKKE CHHKCHAC SHEPronoTpebieHus ceHcopa.

VYxazaHHBI TEXHHYECKHH pe3yibTaT JOCTHMTaeTcs 3a CYET HAHECCHHA TOHKOH NJICHKH
quMokcuaa TTaHa TtommuHOR 10-50 HM Ha COll HAHOKPHCTALIHYECKOrO OKCHAA IHHKA WK
JHOKCHJA OJIOBa M HCIONB30BAHHEM CBETOBOrO MTyyeHus B YO pamanazoHe cmexrpa. B
3afBJICHHOM  M300peTeHMHM  BOEpBble A HOBBIUEHHMA  (QOTOUYBCTBHTENBHOCTH
TOJTYNPOBOXHMKOBEIX OKCHAOB M CHWKCHHSA BpeMeHH (OTO-OTKJIMKA M PENaKCaluH BMECTO
OJHOPOIHOTO MaTepHana HYBCTBHTEILHOIO CHOf MCHONL30OBATH [BYXCHOHHYIO CTPYKIYPY
MO/TiO2, B KoTOopo# cnOH NOAYNPOBOAHUKOBOro okcuaa MO DOKpBIT TOHKOH NIEHKOH
muokcuaa Turasa. Kak u3BecTHO, TOHKas IUIeHKa NMOKCHAA TUTaHa nox neiictBuem YO
obnyuenns noBemuaeT (GOTOKATAIHTHUECKYIO AKTHBHOCTh M PEaKIMOHHYIO CHOCODHOCTB
IMIMPOKO30HHEIX MOJYHPOBOJHUKOBBIX OKCHAOB NpM KoMHaTHOH Ttemneparype [12], Tlox
Bo3ieHcTBHEM Y (D-H3IyUeHHS, aKTHBAMA XHMHYECKUX peakiui Ha MOBEPXHOCTH MPOHCXOAMT
Npy KOMHATHOH Temueparype 6e3 Harpesa.

Marepuail ra3oBoro CeHCOpPa UM HSTEKTUPOBAHMS NETYUHX OPTraHUYeCKHUX COCHMHCHHUH B
BO3/IyXe 0e3 HarpeBaHusA BKIIOYAET HAHOKPHCTAIMYECKHH IMPOKO30HHBIN OJIYHPOBOAHHK H3
okcuaoRr MeO (SnO;, Zn0O), ToHxkuil cnolt auoKcHaa THTaHa ¢ nocneaywoumied cymkolf u
omxuroM o dopmupopanmus rerepokontakros MeO/TiO2. B npeamourwTensHOM BapuanTe
TIONYYEHHBIM MaTepHan HAHOCAT Ha W3OJHPYIOMIYIO NOMIOKKY H3 IOMHKPHCTALIMYECKOrO
OKCHAA A&MOMMHHS C IUIATHHOBBIMH M3MCDHTCIBHBIMH JNEKTPOLaMH M  BCTPOCHHBIM
CBETOM3IYYAIOIIMM JHOAOM ¢ JUIMHOM Bonuel B aAuanasoHe 360-400 um. Cxema
YYBCTBUTENBHOIO 3JIEMEHTa M HCTEKTUPOBAHHS npHMeEceldl B BO3AyXe NPH KOMHATHOH

Temneparype B ycinosusx Y® nojacsetku npeacrasiesa a Gur. 1.
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@ur.1. CxeMa YyBCTBHTEABHOTO JJIEMEHTA [UIA JCTEKTHPOBAHUSA  JICTYYHX  OPraHHdYecKHX
coequHEeHHI B BO3AyXe IPH KOMHATHOH TeMIeparype B YCIOBHAX NOACBETKH YD CBETOAHOAOM
{LED (anrn. Light-emitting diode)).
1- Y& ceerommon, 2- [QUINEKTpHYecKas TOMANOKKA, 3- UYBCTBHTENbHBIH cioH, 4-
U3MEPHUTENIBbHBIN 3IEKTPO.

HaHOKPHCTATMYECKHE TIOPOIKHE HIHPOKO3OHHBIX HOYTPOBOJHHUKOBBIX OKcHA0B SnOy,
ZnO ¢ pasMepoM KPHCTAJUIMTOBR KOHTPOJMPYEMbIM B Auanazone 20-50HM mOIy4aloT METOHOM
XHMHYECKOTO OCAXACHHMS M3 KOJJIOWAHBIX pacTBopoB B npeanodTHTeNsHOM BapHaHTe
OCYIIECTBIEHHS H300peTeHns HanOKpuctammyeckue oxcuasl SnO;, wmy ZnO noaydaior
METOOM 30JIb-TelIb M3 BOJHBEIX PACTBOPOB COOTBETCTBYIOHIMX XJIOPHOB, HHUTPATOB WM
alETAaTOB ¢ HCMONB30BAHMEM B KAYECTBE THAPONHU3YIOIEIO areHTa pacTBOpa aMMMaka npH
pH=7-8. PasMep KPHCTATATOR KOHTPOJIMpYeTCs TeMieparypoit omkura 300-600°C.
Toukuii cnos quoxcuaa Turana Tomuuuoit 10-50um dopMmupyercs na noepxHocTH 3epeH SnOy,
ZnO ruaponnzom usonponokcuna turada Ti{OCH(CHs):)4 B ciproBo#l cpesie B IPHCYTCTBHH
FHApOKCHA aMMOHHS B Kadectse Karanusaropa [14] ¢ mocnaemyiomed Cymixo#d B pOTOPHOM
ucnaputene B Bakyyme npu 35°C u omxurom npu temmeparype 450 C po dopmupopanas
rerepokonTakta MeO/TiO2.

[ony4yeHHBIH MaTepHat HAHOCAT HA W30JHPYIOLLYIO NOVIOKKY K3 MOMMKPHCTATITHYESCKOrO
OKCHIA AIOMHHHS ¢ H3MEPHTEIbHBIME IEKTPOAAMM B BHAE NACThl CO CBA3YIOUIMM, B KA4€CTBE
KOTOPOI'0 MCIONB3YIOT PacTBOpP a-TEPHHHEONA B CIHPTE, MOCHE Yero MpPOU3BONAT HarpesaHue
nacTsl npu remneparype 450°C-500°C B Tewenue 6 9acoB A yAAICHUS CBAZYIOLIETO.

Mo mauubM peHTreHOQIOOPECLEHTHOrO aHanusa cojepxkanne TiO2 B 4yBCTBHTEILHOM
cnoe He mpesbimaer 15 Mon%, pazmep KPUCTAVIMTOB, ONpe/ENCHHBIN H3 aHann3a yIHPEHAH
[HUKOB PEHTITEHOBCKOM mudpaxuuu, cocrasnser ans obpasuop SnO2 u ZnO, OTOXKEHHBIX HpPH
TemIeparype 300°C, 20-25 uM, BeNMYMHA YAEHBHOH NOBEPXHOCTH, ONPEHENEHHAS METONOM
HU3KOTeMNeparypHoli axcopbuuu asora mo wmeropy BET, cocrapmser 35-55 wm2/r.
MHuorokparsoe HMKIHpoBanue cocraBa arMochepsl: yncThi Bo3ayx/1,0 ppm dopmansaeruna
CBHIETENBCTBYET © HoNHOH  ofparumocTd  3ddexta M3MEHEHHS  JNEKTPHYECKOro
CONPOTURIICHHUA.

Takum 06pa3soM, ra3oBbHI CEHCOP IS MHAMKALMH JETYYHX OPraHWYeCKHX COeIHHEHMI,
COCTOAIMMI M3  yAbTpadHONETOBOIO  CBETOAMONA M H3OJMPYIOIICH HONJIOXKKH M3
noyukpucTauyeckoM Al203, Ha KOTOPYIO HaHEeCEHB! NIATHHOBBIC H3IMEPHTEIbHBIC FICKTPO/IB!
¥ YYBCTBHUTENBbHBIH CIOH U3 HAHOKPHCTAIIMYECKOIO AMOKCHAA OJI0Ba MM OKCHAA LHHKA, B
COOTBETCTBHH C 3asfBJICHHBIM H300pETCHHEM, COACPKHT 4yBCTBUTENbHBIH CJIOH, KOTOPBIHA

BBHIOJIHEH U3 JUOKCH/A THTAHA B BUIC HaHOpPa3MEPHOH IIeHKH TomuuHOK 10-50 M.
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3asBileHHOE usobpereHune Ovuto anpobupoBaHo B nabopaTOpHBIX YCIOBHSX Ha
Gaze  xummuueckux  (axkyrsreToB  aByx  yHusepcureroB:  Camxrt-llerepbyprexoro
roCyZapCTBEHHOIO YHHBEpPCHTETa ¥ MOCKOBCKOIO TOCYAApCTBEHHOrO YHHBEPCHTETA HMEHM
M.B.JlomoHocoBa. Pe3ynerarhl IPOBECHHBIX HCCACAOBAHMN, NOXTBEPHIAOMMX AOCTHKEHUE
TEXHHYECKOTO pe3y/ibTaTa, NMPHUBEJCHBI B KOHKPETHBIX MpPUMEPax peanu3ailu 3asBICHHOTO

u3obpeTeHus.

BO3MOXKHOCTE ~ KOHKPETHON  peaH3aluu w300peTeHus  MONTBEPMIACTCH
HUKETIPHBEICHHBIME TIPUMEpaMM.
Hpumep 1. TlonyyeHne CeHCOPHOrO Marepuana Juis W3TOTOBNEHMA W TECTHPOBAHUS

Ta30BBIX CCHCOPOB.

Marepuan coctosinui U3 okcHAoB SnO; wm ZnO M NOBEPXHOCTHOIO €08 JAMOKCHAA
tutada MeO/TiO2 HaHOCHIH Ha MHKPOYIEKTPOHHBIH 4Mn, BKmroyaroummil B ceGs B KayecTse
OCHOBHBIX JJIEMEHTOB H3ONHMPYIOLIYIO NOMIOKKY u3 nomukpucraumyeckoro AbO; ¢
NIATHHOBBIMH M3MCPHTEIbHBIME JJICKTPOJIaM# B BCTPOCHHBIH CBETOH3NYYAIOUHMH IHOA C
JutnHOH BosiHbl 360 HM. UyBCTBUTENBHBIA CHOH HA OCHOBE CEHCHOMIIM3HPOBAHHBIX MAaTEPHAIOB
HAHOCHJIM MEXJTy U3MCPHUTSJIBHBIMH onekTpoaMu. CeHcOopHBIE CROMCTBA ONpenesig
H3MEPCHHEM COMPOTHBICHHN 4YYBCTBHTEIBHOTO CNOS B YCIOBUAX BO3AEHCTBHA CBETAa C
JUTMTETEHOCTBIO CBETOBOTO UMItyibca 30 cek.

Curean ceHcopa paccYUTBIBAIH KAaK OTHONICHHE INPOBOAMMOCTH CEHCOpA B YCIIOBHAX
BO3AEHCTBHS CBETa NPH KOMHATHOM TeMIepaType B HNPHCYTCTBHH (QOpManbAerHzia B BO3AyXe
(G) x npoBoxuMocTH cexcopa Ha Bosayxe (Go). YCTaHOBIEHO, YTO NPEUIOKEHHEIE HACTOSIHUM
n300peTeHHeM MAaTEPHANEI IIPOSBISIOT BBICOKYI) YYBCTBHTEIBHOCTh K COMEPMAHUIO B BO3AYXE
bopmanbaernaa Ha YPOBHE NpesiebHO JONMYCTHMBIX KOHUeHTpanuil paboyell 30HEL

DuepronorpeblieHHe CeHCopa paccYuTHIBANY 110 opmyiie.

P=I*U

rae P — suepronmorpeGaenme, Br; I — cuma mocrosuuoro toka, A; U — Hanpsxenue
TIOCTOAHHOTO TOKa, B. s ceHcopa ¢ IOAAR0 YYBCTBHTENBHOTO cniost 2,25 MM MOHIHOCTE,
3aTpadMBacMas Ha NOJNEPKAHWE TEMIepaTyphl YyBCTBHUTENBHOrO cnosi Ha yposue 450°C
cocrasiser 0,3 Br; Ha yposre 200°C — 0,2 Br. OnepromotpeGnenue ynpTpadoneToBoro
ceeroauoza npu temmeparype 20°C B pexume HenpepbiBHOii nogcserky cocrasnser 0,07 Br, »
peXHMe IMKIMYECKOR MOACBETKH CO CKBaXHOCTBIO HMmmynscoB 50% — 0,035 Br. Taxkmm

o6pazoM 3asBreHHOE H300peTeHne NMo3BoseT B 10 pas CHU3ATE 3HEPronoTpebIeHNs CEHCOpa.
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[ipumep 2. Wnmoctpupyer AetektupoBaHne QOpManbieruiia B BO3JyXe

cencopamy Ha ocrose ZnO/TiO2 npu koMHATHOH Temmepatype B ycnopusx V@ obnyyenns

Ha mepBoit CTaauMH TIONYHalOT HAHOKPHCTAUIMYECKHH OKCHI ILMHKA METOJOM XHMHUYECKOTO
OCaXIEHHs M3 KOJUIOMJHLIX PacTBOPOB MO CTAHJAPTHOH MeToMMKe, Aajlee MOPOLIOK Cymar npH
temneparype 100°C B Teuenue 24 uacos. Kpucrammsanus HaHOKPHCTALIMYECKOTO OKCHIA
1MHKa npoBoauTes npu Temneparype 300°C ans nmosiyyeHHs HOPOLMIKOB CO CPEHMM PasMepoM
kpucramutos 20-25uM. TonKHil ¢/105 AHOKCH/IA THTaHa TomumHol 10-50um dopmupyercs Ha
MOBEPXHOCTH 3epeH noiydeHHoro ZnO ruapomusom msonponoxcupa turana Ti[OCH(CH:hls 8
CHMPTOBOI Cpejie B NMPUCYTCTBHM THAPOKCHAA aMMOHMA B Ka4yecTBe KataiusaTopa C nocaeRyomeH
CYLIKOH B POTOpHOM HcnapuTenie B Bakyyme mpu 35°C W omkurom mpu Temneparype 450C no
dopmuposanns rerepoxkontaxra ZnO/TiO2.

[Monyuennsiit nopomox ZnO/TiO2 cMemuBaioT ¢ pacTBOPOM a-TEPIHHEONA B CIHPTE AnA
TOy4YeHHMs NaCThi, KOTOPYIO € MOMOMIBIO MHKPO03aTOpa HAHOCAT HA H30UPYIONIYIO TONIOXKY
U3 TIOJMKPUCTALIAYECKOrO OKCH/IA &/IOMHHHA € H3MEPUTEILHBIMU 2CKTPOAAME H BCTPOCHHBIM
CBETOM3/TY9AEMbIM JHOAOM ¢ JUIHHOH BonHbl 360 HM. Jlanee npou3BoasT HarpesaHye nacTel NPy
Temnepatype 450°C-500°C B Teyenue 6 yacoB d yAAIEHHs CBA3YOmeEro. CeHCOPHEIH CHIHAN
M3MEpsIIcs € TOMOMIBIO ABTOMATW3HMPOBAHHOW YCTAHOBKH, INO3BOJAIOMEH HENPEPHIBHO
H3MEPATH  CONPOTHBICHHE WYYBCTBHTEIBHOTO CNOA, KOHTPONUPOBAThH HANPOKEHHE HA
H3MEPHUTENBHBIX KOHTAKTaX M JUIMTENBHOCTH CBETOBOrO MMIyibca. Bee rasosbie JAHHHH,
MCHOMB30BAHHBIE VI MOAAuM napoB GopMaibierHia B CEHCOPHYIO Kamepy, H3rOTOBIEHbLI U3
CcrienMasIbHbIX TedIOHOBBIX TpYOOK AHameTpoM 2 MM. B xauecTBe McTOUHHKA (opManbicrana
MCTIONB30BAIH ATTECTOBAHHYIO TIOBEPOYHYIO [a30BYyI0 cMeck, couepxamyio 20 ppm HCOH B
Bo3myxe. Llmknmueckas nojaia BO3JAYXa M Tas’oBod CMECH NPOBOIMNIACHE C HCTIONB3OBAHUEM
YIEKTPOHHBIX TaliMepoB # KoHTpouiepoB. CeHCOPHBIH CHTHAN ONpeJeNeH JUiS pasiHUHBIX
xoHueHTpaumEi dopmamsaeruaa: 0.1, 0.5, 1.0, 2.0, u 5.0 ppm B BO3ayXe. Konuenrpamms
dopMaibIerna B BO3AYXe CO3JaBanach IyreM pa3OaBiieHUs TOBEPOUHOM razoBoil cMecH
CHHTETHYECKHMM BO3AYXOM C IOMOLIBIO 3IEKTPOHHBIX PACXOJ0OMEPOB.

Ha ®ur. 2. mnpeacTaBieHa 3aBMCHMOCTH IMPOBOAMMOCTH UYBCTBHTECIIBHOIO CJIOA
ZnO/Ti02 ot xoHueHTpamMu (opMaiberHia B BO3AYXE NPH KOMHATHOH TeMmeparype B
ycnoBuAX Y @ noaCBeTKH.

ITonydyeHHas 3aBHCHMOCTH H/UHOCTPHPYET CTaOMIBHOCTH YYBCTBHTEJIBHOIO ClIOH, apeiid
6a30BOH MPOBOAMMOCTH B YHCTOM BO3JYXE HE NpeBblnacT 5% OT BEelTHYHHBI H3MEPACMOro
cnrrana. CeHCOpHBIH CHTHaJA, HM3MEDEHHBIH INPH KOMHATHOH Temmeparype B YCIOBHAX

noaceerkn Y@ H3ayueHHeM, [POMOPIHOHAICH BENHYHHE KOHIEHTpauuu (opmanbierazia B
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BO3IyXe.  Bemuumna  JHepromoTpeGieHHs CEHCOpa B YCIOBHAX BO3ICHCTBUA CBETa C
JUTHTENBHOCTHIO CBETOBOrO MMmyssca 30 cex. MpH KOMHATHOW TeMNeparype HE HpEBBINACT
0.035 Br.

TakuMm oOpa3oM, peanusallys 3adBICHHOr0  M300peTeHHs HO3BONSET CO3JaTh
BEICOKOUYBCTBHTE/IBHBIH Ta30BbIi CEHCOP VIS HHAMKALMHK JIETYYHX OPTaHMYEeCKHX COCMHEHNH
¢ HH3KMM sHepronorpeGnenuem Oe3 HarpeBaHus JUis HCHOJNB30BAHMS B [EPEHOCHBIX

ABTOHOMHBIX Fra3z0aHaM3aTopax.
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FazoBbiii ceHCOP VISt HHAAKANHH JETYYHX OPraHHYecKHX CoeXHHEeHMH

®opmyna uzobpeTeHns

[a3oBelil CeHCOp ANS MHIMKALMH JIETYYHX OpPraHUYEeCKHWX COCMHEHHMH COCTOSIMHH U3
yILTPadHOIETOBOTO CBETOAMOLA H H3OJMPYIOWEH IOMIOKKH U3 nojuKpucTammyeckom AlOs,
Ha KOTOPYIO HAHECCHBI TUIATHHOBLIC H3MEPHTENBHBIC BICKTPOJABLI H YyBCTBHTENBHEIH CIOH H3
HAHOKPUCTAJUIMYECKOTO JMOKCHIA OJI0Ba WM OKCH/JA LHMHKA, OMUIHYQIOWUIICA meM, 4mo
YYBCTBHTE/IbHBIN CJIOH BBIMOJHEH W3 NHOKCHIA THTaHA B BHJE HAHOPA3MEPHOH INICHKH
tontguuoi 10-50 um.
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