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BECIIPOBOJIJHOM CHUTHAJIM3ATOP METAHA
C MOAYJIMPOBAHHBIM 110 TEMIIEPATYPE
INPO®UJIEM HATI'PEBA

IIpencraBneHs! pe3ynbTaThl pa3paOd0TKH aBTOHOMHOTO OBITOBOTO CHTHAJIM3AaTOPAa METaHa, paOOTarOMETo B TUHAMHU-
YEeCKOM PEXHMME M3MEpeHHi. B kauecTBe TepMOKaTaINTHYECKUX CEHCOPOB OBUTM MCIOJIB30BaHbI MTPOMBIIUICHHBIC
ceHCopsbl. J[71s1 mpenoTBpalleHus NeperopaHusi MUKpPOHArpeBaTelsl TEPMOKATaATUTHIECKOTO CEHCOPa, KOTOPOE YacTo
UMeeT MEeCTO MpHU MMIIyJIbCHOM Harpese, pa3paboTaHa creluaibHas (opMa HarpeBaroliero ummyibsca. IIpemmo-
YKEHHBII IMHAMUYECKUIl PeXXUM HarpeBa CeHCopa MO3BOJISIET IPOBOIUTH M3MEPEHUS C MaJIbIM YHEPrONOTpeOIeHHEM
n TpeOyeMbIM ypoBHeM O€30IacHOCTH B [HAlla30HE M3MEPEHHUs MJOB3PBIBHBIX KOHIEHTpamuid ot 0.1
10 2 00.%. Ha ocHOBe aHaiu3a MOJyYeHHBIX PE3yJbTaTOB U3MEPEHHH JlaHa OlIEHKA BPEMEHH aBTOHOMHOM paboThI

CHTHAJIN3aTOpA.

Kn. cn.: CUTHAJIN3aTOp MCTAHa, TCpMOKaTaJ'H/ITI/I‘IGCKI/If/’I CCHCOP, HAZIC)KKHOCTbL MUKPOHArpeBaTeJIsd, ,HI/IHaMI/I‘IGCKI/Iﬁ
PEXKUM MMPOBCACHUA I/I3M€p€HHI>i, BpEMA aBTOHOMHOM pa60TI>I

BBEJIEHUE

Bo3Mo)xHOCTH TIpOBEZICHHS MOHUTOPUHIA KOHIIEH-
TpaLUH TOPIOYMX M B3PBIBOOIACHBIX 'a30B SIBJISETCS
pelaroniel B NMpefoTBPaLlleHUH Ype3BbIYaliHBIX CH-
Tyalui, CBs3aHHBIX C UX yTeukoi. J[aHHas 3amada
peaeTcs ¢ MOMOIIBI0 AATYMKOB I'a30B, CPENU KOTO-
PBIX OJHMMH W3 CaMBIX PAacCIPOCTPAHEHHBIX I MO-
HUTOPUHIa TOPIOYMX Ta30B SBJISIOTCS TEPMOKATAIH-
TUYECKHE CEeHCOpbl. bosee Toro, B CBSA3M C pa3BUTHEM
0eCIPOBOJHBIX TEXHOJOTMH YPE3BBIUYANHO aKTyajlb-
HOW CTaHOBHUTCA 3a/aya pa3pabOTKH OecrpoOBOTHBIX
AaBTOHOMHBIX CHCTEM MOHHTOPHHTA ra30BOT0 COCTaBa
OKpyxaroruei cpeast [1].

Jis m3MepeHnss KOHIEHTPAIIUU TOPIOYNX BEIIECTB
Haubojee LIMPOKO NPHUMEHSETCS TepMOKaTaluTHYe-
CKHIl TpUHIUI Ta3oBoro ananusa [2]. Ilpu stom mis
NPOBENICHUS W3MEPEHHH C IOMOILBI0 TEPMOKATaIH-
TUYECKUX CEHCOPOB HCIOJB3YIOT CTaTHYECKHUE U H-
HaAMHUYECKHE PEXUMBI MX paboTbl. CTaTWyecKuii pe-
UM pabOThl XapaKTEpPU3yeTcsi TEM, YTO CEHCOpP HJIIH
mapa ceHcopoB (paboumii — CpaBHHUTEIBHBIN) Harpe-
BAaIOTCsI A0 paboueil TeMIepaTypbl, KOTOpasi JINTeIb-
HO TIOAJICP’KUBACTCS JUISI MOHUTOPHMHIa KOHIIEHTpa-
uuu roprouyux rasoB [3]. JuHamuueckuil pexxum pa-
00TBI XapaKTepu3yeTcsl TeM, YTO TeMIlepaTypa CEeHCO-
pa M3MEHSETCS 10 ONpeAENICHHOMY 3aKOHY IPH TPO-
BEJICHUH U3MEPEHUH, B YACTHOCTH CEHCOP MOKET Ha-
rpeBathcs 10 2—4 pasHbIX paboumx temrmeparyp [4]
WIM MOXET BBIMOJHATBCA PEKUM TEMIIEPATypHOIO
CKaHMPOBaHUE B 3aJJaHHOM MHTEpBaJie TEMIepaTyp
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[5]. BaxxHO OTMETHUTH, YTO HM3MEPEHUS BBIXOJHOIO
CUTHaNa Tpu paboTe B IMHAMHYECKOM PEXHUME IPO-
W3BOJAT LMKINYECKH (mepronuuecku). [locie kaxmo-
ro [WKJIa U3MEPEeHUH CleqyeT may3a, JIUTEeIHHOCTh
KOTOpPOH ONpEAeNseTcs] HOPMAaTHBHBIMH JOKyMEHTa-
MU, TpeOYIOIMMU UMETh OTKJIMK Yepe3 ONpeeTICHHOEe
BpEMsI 1IOCJIE MOABJIEHHS TOPIOYMX Ta30B B BO3AYXE.
ITosiBneHue B BO3AYLIHOW Cpelle TOPHOYUX I'a30B IpU-
BOJWT K WM3MEHEHWIO BBIXOJHOTO CHTHAaJA KaK IIPHU
CTaTUYECKOM, TaK M MpH AMHAMHUYECKOM pEXKHMax
W3MEPEHUN, KOTOPBIA PErHCTPUPYETCS H3MEPHUTEIb-
HOU CXEeMOI.

B nocrnennee Bpemst TepMOKaTaTUTHUECKUE CEHCO-
pBI BCE Hallle UCHOIb3YIOTCS UMEHHO B PEXHME IH-
HaMHU4YECKUX H3MepeHuit [4, 6]. DTo Mo3BONISET 3KO-
HOMUTH TIOTPEOIIIEMYIO SHEPTHIO [7], UTO Ba)XKHO IS
MEPEHOCHBIX M aBTOHOMHBIX JIaTYMKOB, a C JIpyro
CTOPOHBI, 3TO MO3BOJIIECT PACIINPHUTHh U3MEPHUTEIHHBIE
BO3MO>XHOCTH TEPMOKATAIMTUYECKOIO METOAa, T.K.
MIPOBEJICHNE HM3MEPEHUIl NMpH pasHbIX TemIlepaTypax
MO3BOJISIET UMETh OOJIbIIE JaHHBIX JUIS MOCIIE Ly OLIeH
00paboOTKH M, B YaCTHOCTH, NOBBICUTh TOYHOCTH, CE-
JIEKTUBHOCTb U UYBCTBUTEIBbHOCTh U3MEpEHU [§].

B nanHO# cTaThe mpeacTaBIeHBI Pe3yJIbTaThl pas-
paboTKM aBTOHOMHOTO OBITOBOTO CHTHAJIM3aTOpa Me-
TaHa, padOTaIOIIET0 B TUHAMUYECKOM PEKUME H3Me-
penuii. IIpu 3TOM I IPEOTBPALLEHUS [IEPErOpaHus
MHUKpPOHArpeBaTelid CEHCOpa, KOTOPOE YacTO HMEET
MECTO NpPHU MMIYJIBCHOM HarpeBe, pa3paboTaHa crie-
nuanbHas (GopMa HarpeBarollero HMIyibca. Jlns
yIpaBJeHNs BHEIIHUMHU YCTPOMCTBAMHU CHTHAIIU3ATOP
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UMEET PaTUOMOJYJIb, KOTOPHIH OOECIeunBaeT mepe-
Jlady KOMAaH]I WCIIOJIHUTEIHHBIM YCTPOMCTBaM, B Ha-
CTHOCTH 3allOpHBIM Kiiaranam [9].

SKCIHHEPUMEHTAJIBHAA YACTb

Bbrok-cxema curnanmzaTopa MeTaHa MpejcTaBiIeHa
Ha puc. 1. OCHOBHBIMHU BJIEMEHTAMH CXEMBI SBIISIOT-
cs: mukpokoHTposuiep MCU — STMSEL051F3; cra-
ommuzatop  Hampspkerust DC/DC LD2980-
30DBVR; ycunmutens (Ampl) — LMV612MA; pa-
nuomonyib (RF) — YF-TXO01 un m3meputensHas cxe-
Ma, BKJIIOYAIONIAs TEPMOKATAUTUYECKUU ceHcop Ry,
pesuctopel R; 4 u  MOSFET-tpan3zuctopst VT 1—
IRF9321 SO-8, VT2 — IRLML6244.

B kauecTBe TEpMOKATAIMTUYECKUX CEHCOPOB ObI-
JIU B3STHI IPOMBIIIJICHHBIE CEHCOPBI, KOTOPBIE CepPHii-
HO BhImyckarorcss pupmorr OOO "HTL[ UT'" [10].
JlaHHBIE  CEHCOPBI ~ HWMEIOT  DHEPromoTpeldiIeHHe
140 MBT B cTaTHueckoM peXHUMe U3MEPEHUM MpH pa-
0oTe B COCTaBE MOCTOBOH H3MEPHUTEIBHOU CXEMBI.
Benmmuuna pabodero HampspkeHHs coctaBiser 2.8 B.
Paboumnii Tok nexut B nuanazone 50-52 MA. YkazaH-
HOE€ SHEPrornoTpediieHNe Ha CerOJHSAIIHUHN ICHD SBIIS-
€TCSl MUHUMAJIbHO BO3MOJKHBIM M3 BCEX UMEIOLIUXCS
Ha PBIHKE 0OBEMHBIX KATATHTHYECKUX CEHCOPOB, UYTO
MO3BOJISIET KCIIONB30BaTh UX B aBTOHOMHBIX YCTPOU-
cTBaXx W oOecreumBaeT NPOJJICHHBIA CPOK CITy>KOBI
Oarapeii.
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VYnpaBneHue CUrHAIU3aTOPOM OCYLIECTBISETCS 8-
OoutHBIM 16 MI'1I MUKPOKOHTPOJJIEPOM CO CBEPXHU3-
kuM dHepromnorpedbnennem. MCU Bkitouaet B ceOs:
12-6utHbiii AL, yackl peaibHOTO BpeMeHH, jiBa 16-
OWTHBIX Taiimepa, ofwH 8-OWTHBIA TaiiMep, a TaKkke
cTaHAapTHbIe HHTep(eiichl cBsa3u, Takue kKak SPI, un-
tepdeiic [2C n ogua USART. MCU, cormacHo anro-
PUTMY 3alMCaHHOTO B HEro MpOrpaMMHOro obdecrie-
YeHUs, 33/1aeT PEeXHUM MMUTAHUSI CUTHAIM3aTOpa, oopa-
OarbIBaeT WHGOPMAIINIO, TTOTYyYaeMYI0 C BBIXO/AA H3-
MEPUTENBHON CXEMbI, U HHTEPHPETHPYET IMOITy4EH-
Hyto nHpopmarmio. Kpome Toro, B cirydae npeBkblie-
HUSl YCTAHOBJIEHHOTO TIOPOTOBOTO 3HAYEHMs KOHIIEH-
tparuu, MCU BeIZTaeT CUTHANI Ha PaAHOMOIYJH O 3a-
KPBITUM 3allOpPHOTO KJIallaHa ¥ BKJIIOYAET NPEPBIBU-
CTBIE CBETOBYIO W 3BYKOBYIO HHIUKAI[MH, OIOBE-
maromue 00 yreuke rasza. llepemaua ympaBmisrommx
CUTHAJIOB OCYIIECTBJISIETCS IOCPEACTBOM HEMOBTO-
PAIOIIMXCS KOJUPOBAHHBIX PAJIMOCUTHAIIOB HA 4aCTO-
Te 433 MI'11 ¢ 1anbHOCTBIO Mepeauu, TOCTUraroLIeh
100 m. g obecniedeHusi MHUPOTHO-UMITYIIECHONH MO-
nymsimun (LHMM) B kadecTBE KOMMYTAI[HOHHOTO
anemenTa ucnonszyercs MOSFET-tpamsucrop VTI1,
paboTtaromuii B pexkuMe kiaroua. CUTHAIM3aTOp CHAO-
skeH aBTOHOMHBIM Li/SOCI2 MCTOYHMKOM TOKa THIIO-
pasmepa D ¢ sHeproemkoctsio 19 000 MA 9 1 HOMHU-
HAJIBHBIM HampsbkeHuem 3.6 B, xoTopoe mpeoOpaso-
BBIBAeTCA CTAOMIN3aTOPOM B BBIXOJHOE HAIPSKEHUS
3 B.
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[IpyHnun  npoBeaeHHs  U3MEPEHMH  OCHOBaH
Ha TOJKJIIOYEHUU CEHCOPa B CXEMY C PE3UCTHBHBIM
JICJIATENIEM HaIPSDKEHUs, HA KOTOPBIM MOoJaeTcs Ha-
rpeBarolliee HalpsKeHue. BbIXOJIHON CUTHAJ ¢ JIeJu-
Tenst Uy, YCHITMBAETCS OTEPAMOHHBIM YCHIIATEIEM
u noctynaeT Ha nopT ADC 0 MUKpOKOHTpoJuIepa.

PE3YJBTATHBI U OBCYKIEHUE

TpaguOHHBIM TMOIXOJOM JUIS TIPOBEICHUS M3-
MEpPEHUHN ABISAETCS UCIOJIb30BAaHHE MOCTOBOM H3Me-
putensHOl cxembl [11]. MocToBas m3mepuTenbHas
cXeMa MO3BOJIAECT YMEHBIINTh BIMSAHUE HEKOHTPOIH-
pYEMBIX BHEITHHX ()AKTOPOB (TEeMIIEPATYpPhI, BIaXKHO-
CTH U JAaBJEHUS) HA pe3yspTar m3MepeHuid. Ho T.k.
B OTOM cCllydyae TMPHUXOAMUTCA HarpesBaTtb padouuit
Y CPABHHUTENBHBIA CEHCOPBI, TO Il aBTOHOMHBIX J1aT-
YUKOB Takas M3MEpUTENIbHAs CXeMa He SIBIsSeTCS
sHeprodddekTuBHOU. B pesynprare ee MpUMEHEHUS
3aMETHO CHHIKAeTCsl BpeMsi aBTOHOMHOM paboTsl. [lo-
3TOMY OBLIO MPEIJIOKEHO MEPEHTH OT MOCTOBOW H3-
MEPUTEIBHON CXEMBI K CXeME C PE3UCTUBHBIM JCIIH-
TelneM. A B KayecTBE HarpeBaroOlllero HampsHKeHHs
UCIIOJIB30BaTh IBYXCTYNEHUYAThIil MMIYJbC Harpena
NPSMOYTOJILHOH (POPMBI, TTapaMeTphl KOTOPOT'O BHIOH-
PaTHCH CIEAYIOIINM 00pa3oM.

BeiOop aMIUIMTYyABl HarpeBalOLIMX HMIIYJIbCOB
OBUT caenmaH Ha OCHOBE ()OPMBI OTKIMKA TEPMOKaTa-
auTudeckoro ceHcopa. Ha puc. 2 mpeacraBieHa S-
oOpa3Hasi 3aBHCUMOCTh YYBCTBUTEJIIBHOCTH TE€PMOKa-
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Puc. 2. DxcnepuMeHTanbHAs 3aBUCUMOCTDh YyBCTBHU-
TEJIFHOCTH TEPMOKATAJIMTHYECKOTO CEHCOpa OT MpH-
JI0)KEHHOTO HarpeBaloIero HaIPsDKSHUS

U. 1. UBAHOB, A. M. BAPAHOB, B. A. TAJIUIIOB u np.

TAJIUTUYECKOTO CEHCOopa OT IOJaBaeMOro Hampsxke-
HUS TIMTAHWS B YCTAaHOBHBILEHCS aTMocdepe, coaep-
»amie merad. M3 puc. 2 BUAHO, UTO IO HAMPSKEHUS
0.6 B (wmm no temmnepatypsl 200 °C) OTKIUK ceHcopa
OTCYTCTBYET, YTO O3HAYAET, YTO PEAKIHs OKHCICHH
MeTaHa He mpoTekaeT. [Ipm 3TOM MOJIEKyNbI BOIBI,
cOpOMpOBaHHBIE HOCHUTENIEM KaTalln3aTropa W3 OKpY-
xarouieir atmocepsl, ucnapstorcs. [Tostomy B kaue-
CTBE HArpeBalOIIEr0 UMITYJIbCa HANpSKEHHUS MBI BBI-
Opamu 3aauenue 0.6 B u qmrensHOCTS 2 C. [Ipn aTom
HaJ0 TOMHHUTh, YTO YacTh MPUIOKEHHOTO HAaIpshHKe-
Hus nagaeT Ha pesuctope R (puc. 3). Takum obpazom,
nepBast CTYNEHb HE 3aBUCHUT OT KOHIIEHTpAlUH JETEK-
THPYEMOTO TOPIOYETO Ta3a M CHIDKAeT 3aBHCHMOCTH
M3MEPEHNUH OT BIAXKHOCTHU OKPY>KaIOLIEH cpenbl.

Bropas crymeHp nMeeT aMIDIUTYyAy HAampsDKEHUS
1.7 B u mmrensHocTh 1 ¢ (puc. 3). [Ipu aTom Ha cam
CEHCOp TojaeTcss Hampspkenue 1.5 B, 4To BBI3BIBacT
ero HarpeB 1o Temnepatypsl 450-490 °C (puc. 2).
[Ipu nanHOM TemmepaType MPOUCXOAMT MOIHOE KaTa-
JUTHYECKOE OKHCIIEHHE METaHa, KOTOPOE COIPOBOXK-
JaeTcs BBIJECJIICHUEM TeIa. DTO MPUBOAMT K JOTOJI-
HUTENFHOMY YBEIMYCHHUIO TEMIIepaTypbl CEeHcopa,
a cJeJ0BaTeNbHO, YBEIIMYNBACT €r0 CONPOTHBIICHHE.

JnuTenpbHOCTh NEPBOM U BTOPOMl CTYIIEHH ONpeae-
JsieTcsl BpEMEHEM BBIXOJla CEHCOpa Ha CTaOMJIbHBII
oTKIMK. Ha TpeTsem 3Tarie cienyer maysa B TEUEHUHU
27 c, mocie 4Yero mojada WMIYJIbCOB HarpeBa HadW-
HaeTCcsl 3aHOBO.
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[lepuonuyHOCTh MOJAYM HATPEBAIOIIMX HUMITYJIb-
COB 3a/laeTcsl HOPMaTHUBHBIMU JTOKyMEHTAaMH Ha CHI-
HAJIA3aTOPbI TOPIOYHX Ta30B, B COOTBETCTBUHU C KOTO-
PBIMH M3MEPEHMSI JOJKHBI MPOXOJUTH HE PEXe, YeM
pazB 30 c[12].

Takum 00pa3om, MpeUIoKEHHbIH MpoduiIs Harpe-
Ba TEPMOKATAINTHYECKOTO CEHCOpa, HEOOXOIMMBII
JUTSL IPOBEIEHUS U3MEPEHUM, COCTOUT U3 TPEX yacTen
¢ ammumuryoit 0.6, 1.7, 0 B.

[Ipu pa3paboTke ABYXCTaTUITHOTO HArpeBarOIIETO
WUMITyJIbCa W TPOBEJIEHUH JUHAMUYECKUX H3MEpEeHUI
OblIa BBISIBIICHA MpoOJIeMa BBIXOJAa M3 CTPOSl TePMO-
KaTaIUTUYECKHX CEHCOpOB. B mcmonb3yemoil meTo-
JTOJIOTUH TIPOBEICHUS N3MEPEHUH Ha CEHCOP MOJaeTCs
Cpa3y HOMMHAJIBHOE 3HaYEHHUE HAINpPSKEHUs, KOTOpOe
BBI3BIBACT €T0 CBEPXOBICTPHIM pa3orpeB 1m0 Tpedye-
Mol Temmeparypsl. IIpu 3TOM B mnepBOHAYaIbHBII
MOMEHT BPEMEHHU TOK, MPOTEKAIOIHi 4epe3 CEeHcop,
3HAYUTEIHFHO TMPEBHIIIACT HOMHUHAIBHOE 3HAYCHUE
B 52 MA (puc. 3). Takoii CBepXOBICTpBIi HArPeB CEH-
copa BBI3BIBACT PE3KWH POCT MEXaHMYECKHUX Harmps-
JKEHUH M3-32 pa3HOTO TeMIlepaTypHOro ko3hduimeH-
ta pacmuperns (TKP) maTepuanoB ceHcopa 1 MOXKET
BBI3BaTh OOpPBIB MHUKpOHarpeBareis ceHcopa. Baxkno
TaK)Ke y4ecTh, YTO CUTHAJIN3aTOp METaHa JOJDKEH pa-
00TaTh MOCTOSTHHO B MEPHOAMYECKOM PEKUME MPOBE-
JeHust uaMepeHuil. IIposenenue u3MepeHuil ¢ nepuo-
nmraHocThio 1 pa3 B 30 ¢ gaer 2880 m3MepeHHs B CyT-
KM, YTO MOKET BBI3BIBATh NMPEXKIECBPEMEHHOE MEPEro-
paHrie MUKpOHArpeBaTels Wi 00pBIB KOHTAKTOB.

Jis ycTpaHeHUs BBISBICHHOW IMPOOJIEMBbI M TIO-
BBIIICHUSI HA/ICKHOCTH PabOThI CUTHANIM3aTOpa ObLIO
MIPENIOKEHO W3MEHHTH (OPMY IBYXCTaJIUHHOTO Ha-
TPEBAIOILETr0 NMITYJIbca HAIMPSHKEHNS M TUIaBHO yBEJH-

yuBaTh Hanpsbkenue oT 0 1o 0.6 B u ot 0.6 1o 1.7 B
JUIs IEpBOM M BTOPOW CTaJvMK HarpeBa COOTBETCTBEH-
HO. Jlns »3Toro Oblla MCIOJIB30BaHA IIUPOTHO-
umnyiscHas wmonyisamus (HIMM) ¢ nepemenHoit
CcKkBaXHOCTHIO. [ obecrreuenust [IIMM B kadecTBe
KOMMYTaIlMOHHOT'O 3JIEMEHTa HCIOJIB3yeTCA
MOSFET-tpansucrop VT1, paGotaromuii B pexxume
kiova (puc. 1).

[MocraBnennas 3agada CBOAWTCS K TOMY, YTOOBI
MIPH MOJIa4ye HArpeBaloOIIero HaMpsHKEHHs MPOTEKaro-
M Yepe3 CEeHCOp TOK HEe MpeBbIIIal HOMHUHAIBbHOE
3HaueHue 52 MA. [locTeneHHOe yBeIMYEHHUE HaIpsi-
JKeHUs1, N300pakeHHOE Ha pHC. 4, BHINOJIHSIETCS B Te-
genue 0.4 ceKyHI sl KaKI0W U3 IBYX CTYIICHEH, T.C.
BpPEMEHH, KOTOpO€ NPHUOIM3UTEIBHO COOTBETCTBYET
BPEMEHH pa3orpeBa CEHCopa MpH MPHIOKEHUH K He-
My UMIyJIbcOB Hampspkenus 0.6 u 1.7 B. [Inurens-
HOCTh OCHOBHBIX CTYTIEHEl HarpeBa HE H3MEHMJIACh
U, KaKk 1 paHee, COCTaBIsANa 2 ¢ U 1 ¢ COOTBETCTBEHHO
(puc. 4).

Kpurepuii HenpeBbllIEHUS HOMHUHAIBHOTO TOKA
onpexaensieTcss 3akoHoM OMa. Ecaum HoMMHanbHOE
3Ha4YeHHE TOKa 52 MA, a COMPOTHUBIICHHE CEHCOpa MPHU
KOMHaTHOH TeMmmeparype 12 OM, TO HayanbHOE 3Ha-
YeHHe HamnpsHKeHWs He MokeT mpesbimath 0.62 B.
ITosToMy, ecan OpaTh MEHBLIYIO aMIUIMTYIy Hampsi-
JKEHUs, TO TOK HE OyJeT MPEeBHIIaTh HOMHHAIBHOTO
3HadeHnd. Ho maxxe Takas BeNIWYMHA TPUIIOKESHHOTO
HaNpsDKEHUST MOXKET BBI3BAaTh OBICTPBIA pa3orpeB ma-
tepuana. [loaTomy B HamieMm cirydae Mbl pa30omiau Ha-
rpeB Ha 11 crynenei ans Hanpsbkenus ot 0 no 0.6 B
Y Ha 8 CTymeHel mpu yBeludeHun HampsbkeHust ot 0.6
no 1.7 B.
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U. 1. UBAHOB, A. M. BAPAHOB, B. A. TAJIUIIOB u np.
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Puc. 5. JluHamuueckue 3aBUCUMOCTH BbI-
XOJIHOTO HAIPsDKEHUS C PE3UCTUBHOTO Jie-
JIUTENS JUTs pa3iaudHbIX KoHIeHTpauui CHy

0.0

Bpewms, ¢

Ha puc. 5 mpezacraBieHbl TUHAMUYECKHE 3aBUCH-
MOCTH HAIPSDKEHUSI, CHAMAEMOTO C PE3UCTHBHOTO
JEJUTENs, TPU Pa3iIUdHbIX KOHLIEHTPAIUSIX METaHa:
0, 0.25, 0.5, 1 m 2.5 06.%. Kak 6p110 yKa3aHO BHIIIE,
TeMIiepaTypa Ha NEPBOM CTyNEHU [BYXCTaAUWHOIO
HarpeBaroUIero UMIyJibca HE SIBJIAETCS JOCTATOYHOM
JUIs Hayana mpouecca OKuciaeHusi Merana. [lostomy
HaNPsDKCHUE Ha BBIXOJIC JISIUTENS He OYJIeT 3aBUCETh
OT KOHIICHTpAITU! MeTaHa (puc. 5).

B TO e BpeMs Ha BTOpPOW CTYNEHH ABYXCTaIUii-
HOT'O HarpeBalollero MUMITYJbCa HANpSXKEHHE Ha BbI-
X0JIe AeTMUTeNs OyIeT 3aBUCETh OT KOHIEHTPAIH Me-
TaHa B Bo3ayxe (puc. 5). 31ech SIBHO BBIPAXXEHO pas-
JMYME CUTHAJIa MEXIY NEPBOM M BTOPON CTyNEHSIMU
Ha BBIXOJIE M3MEPHUTEIBHONW CXEMBI IS Pa3sIUIHBIX
KOHIIEHTpaIluii MeTaHa.

Tak kak B 00JacTH JOB3PBHIBOOIACHBIX KOHIICH-
Tparuii TOPIOYHMX Ta30B OTKJIMK TEPMOKATaTUTHYIC-
CKUX CEHCOPOB JIMHEWHBIA, TO 3a IOJIE3HBIM CHUTHaJ
MO>KHO B3SITh BEJIMUUHY

AU =U, -U,, (1)
rne U, u U; — HanpspKeHUs Ha BBIXOJIE JICJIUTENS
B KOHILIE BTOPOH U NEPBOM CTYNEHEH HArpeBaroLIero
UMITyJIbCa.

Jlo Havanma paboOThl CHTHAIM3aTOpa HEOOXOAMMO
MPOBECTH KaJTHOPOBKY CEHCOpa. DTO TpaaWIMOHHAsS
orepanysi, 1 OOBIYHO BBITIOIHATCS TIPU HYJICBOW U IIPU
OJHOM W3BECTHOM KOHIIGHTpPALlMd METaHa B BO3IyXE.
Jns mpoBeneHns KaauOpPOBKH HCIIONB3YIOTCA TOBE-
pounblie razoBeie cmecu (I1I°C); [I'C B Hamiem ciryvae
nmena 1 06.% CH,. Pa3uumia 1Byx BeTUYHH TOJIE3HO-
ro CUTHaJla B KOHIIE BTOPOW CTYNHM HarpeBa MpH Hy-

05 10 15 20 25 3.0 35 40 45 50

neBoi kKoHueHTpanuu u npu 1 00.% CH,, nenennas
Ha KoHIeHTpanuio Merana B III'C, maetr dyBCTBU-
TEJIbHOCTh U3MEPUTENBHON CXEMbI B €IUHHIIAX U3MeE-
peHuss MB Ha npoueHT MeTaHa. B npoBeIeHHBIX 3KC-
nepuMeHTax ObuIO mosyyeHo 3HaueHue 14 MB/ 00.%
CH4. B xauectBe mopora cpabaTbIBaHHs CUTHAJIN3a-
Topa ObUIO BHIOpaHO 3HaueHHE KoHUeHTpauuu 20%
HKIIP (HmxHMI KOHLEHTPAIMOHHBIA Mpeaen pac-
npocTtpaneHus mwiamenn), win 0.8 00.% CHy. 3naue-
HUE YyBCTBUTEJIBHOCTH MNpPH KOHLEHTpPAIMM METaHa
0.8 06.% (AU g) ObLTO 3aHECEHO B TAMSATh MHKPOKOH-
Tpossiepa. A caM MHKPOKOHTpPOJUIEp ObLIT 3alporpam-
MHUpPOBaH TakUM 00pa3zoMm, yTo eciu 3HadeHue AU,
MOJ[yY€HHOE B LIMKJIE W3MEPEHHs, MPEBBIINIAET yCTa-
HoBJIeHHOe 3HaueHue AUpg, TO 3TO O3HAYaeT, YTO
B JIAaHHBIF MOMEHT KOHIIEHTpAIIVsI METaHa MPEBHIIIAeT
YCTaHOBJIEHHOE NTOPOTOBOE 3HAYEHHE, U aBTOMaTH4e-
CKH OyJleT ToJiaH 3BYKOBOW M CBETOBOM CHTHAJBI Tpe-
BOTH, a TaK)Ke€ MUKPOKOHTPOJUIEP BBIJACT KOMaHAy Ha
PaAroOMOY b IS 3aKPBITHS Ta30BOTO KIIalaHa.

JUI1 aBTOHOMHBIX YCTPOWCTB Ba)KHBIM I1apameT-
poM sBisieTcs BpeMs aBTOHOMHOH palotbl. Bpewms
ABTOHOMHOH paOOTHI MOKHO OLIEHHUTHh Ha OCHOBE M3-
MEPEHHBIX XapaKTepUCTHK curHamusatopa. OCHOB-
HBIM TIOTpEOHTETIeM SHEPTUU B CUTHAIU3aTOpPE MeTa-
Ha SIBJISIETCS TepMOKaTaIuTH4Yeckuii cencop. [Toatomy
B OIICHOYHOM pacueTe ObUIO YYTEHO TOJIBKO MOTpeO-
JIEHHE caMoro ceHcopa 0e3 yuera HoTpeOIeHHsT MOIL-
HOocTH MUKpoKoHTposuiepoM, DC/DC npeobOpa3oBare-
JIEM U IPYTUMHU dJIEMEHTAMU CXeMBI. [y aToro Hyx-
HO PacCUYMTaTh pacxoj 3Hepruu W 3a ouH U3MEpH-
TEJBHBII UK, B3SB HHTETPAJ

w=IgU@®-1(0)-d(), 2)
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rane 7, — Bpems uminynbcea, U(f) — MrHOBEHHOE Ha-
npspbkeHue, /() — MTHOBEHHBIH TOK.

[onyuyennoe 3nauenue W = 145 mJIx. EMxocTs iu-
TtHeBoi Oatapen D-tuma 19000 MA-4, cpenHee 3Haue-
HHUE HarnpsDKeHUs OaTtapeu IoJl Harpy3KOH MyCTh OyaeT
3.3 B. Takum o0pa3om, 3Heprus, 3aracaemasl 0aTapeei,
paBHa 62 700 MBT1-4. B pe3ynpTare momydaem, 4To CUT-
HAJTN3aTOP MOXET Pad0TaTh aBTOHOMHO MPHOIU3UTEITh-
HO 540 muedt (6e3 ydera MOTPEOICHUS DHEPTUU DJICK-
TPOHHBIMU KOMITOHEHTaMH CHT'HAJIN3aTOPa).

3AK/IIOYEHUE

B pabote mpencraBieHbl pe3ynbTaThl pa3padOTKH
aBTOHOMHOT'O OECIPOBOJHOTO CHTHAJIM3aTopa MeTaHa
W ONTHMHU3AIMHU CIOCO0a TMPOBEICHUS H3MEPECHUM.
B xadecTtBe MaTUYMKOB OBLIM WCIOIB30BAHBI TPO-
MBIIIICHHBIE TEPMOKATAIUTUYCCKAE CEHCOPHI. [l
MIPOBEICHUS M3MEPCHUN pa3paboTaH NBYXCTaIUHHBIN
HArpeBaroNnii UMITYJIbC. YTOOBI TPEJOTBPATUTh Iie-
peropaHue MHKpOHArpeBaTelss TePMOKaTaTUTHICCKO-
TO CeHCopa, pa3paboTraHa creruainbHas GopMa Harpe-
BAIOLIEr0 UMITYJIbCA, IPU KOTOPOW Ha HayalbHOM cTa-
My HarpeBa 3a cuer ucnonb3oBaHus MM npowc-
XOJIUT TUIABHOE YBENWYeHUE Hampspkenus. [Ipemmo-
JKEHHAass METOJIMKA IMO3BOJSIET MPOBOIUTh U3MEPEHUS
C MallbIM PHEPronorpediIcHreM U TpeOyeMbIM YpOB-
HeM O0e30MacHOCTH B JAMana3oHe W3MEpPEeHHs J0-
B3pBIBHBIX KOoHHeHTpauuid oT 0.1 mo 2 00.%. Bpewms
aBTOHOMHOMW pabOThl CHI'HAJIM3ATOpPa COCTABIISACT MPH-
omuzutensHo 540 mHel npu omHOM M3Meperuu B 30 c.
JlanHOE BpEeMS MOKHO JOTIOJIHUTEILHO YBEIUYUTH 32
CYET COKpAIICHUS JJIMTEIBHOCTA NPOBEACHUS U3MEpe-
HUU WK YBEJIUUCHUS UX IEPUOTUIHOCTH.

[ToydeHHBIE pe3yIBTATHI MOTYT OBITH HCITOJIE30Ba-
HBI TIPH Pa3pabOTKe ¥ ONTUMH3AIUN TEPMOKATAIUTH-
YECKHUX CEHCOPOB M METOJUK MPOBEICHUS H3MEPCHUH,
YTO ITO3BOJIMT PACHIMPHUTH 0OJIACTH MX MPUMEHEHHS.

PaspaboTanHbIii cUTHAJIM3aTOp METaHa, paboTaro-
UMl aBTOHOMHO JIOJITO€ BPEMsI, MOKET HalTU NpUMe-
HEHHUE /IS IKOJIOTHYECKOr0 MOHUTOPHHTA B COCTaBE
OecTpoBOAHBIX CEHCOpHBIX cereit [13], B TexHOMOTH-
sx Wurtepuera Bemed [14] u Ymuoro moma [15],
B YAaCTHOCTHM B KadeCcTBE OBITOBOTO CHTHAJIHM3ATOPa
yTeueKk MeTaHa B Ta3u(pHUIMPOBAHHBIX MHOTOKBAp-
TUPHBIX ¥ MHAUBUAYATHHBIX JOMaX.

Hccreodosanue eoinonneno npu GuHancoeou noooepiic-
ke POOU u HHOU 6 pamrax nayunoco npoexma Ne 20-
57-56001
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WIRELESS METHANE DETECTOR WITH TEMPERATURE
MODULATED HEATING PROFILE

I.L Ivanovl, A. M. Baranovl, V. A. Talipovz, S. M. Mironovz,
I. V. Ivanushkin® ,E. A. Butenkov’ ,A.B. Shumakov’

'Moscow Aviation Institute, Moscow, Russia
Scientific and Technical Center of Measuring Gas Sensing Sensors named after E.F. Karpova, Lyubertsy, Russia
3Research and Production Enterprise "Company” AEROTEST ", Tomilino, Russia

The results of development of an autonomous methane detector in a dynamic measurement mode are pre-
sented. Industrial catalytic sensor was used as a sensitive element. To prevent burnout of the catalytic sensor
microheater which often occurs during pulsed heating, the special form of heating pulse has been developed.
The proposed dynamic mode of the sensor heating provides the measurements with low power consumption and
the required level of safety in the measurement range of pre-explosive methane concentrations from 0.1 to
2 vol.%. Based on the analysis of the obtained results, the estimation of autonomous operating time of the detec-
tor is given.

Keywords: methane detector, catalytic sensor, microheater reliability, dynamic measurement mode, battery life

INTRODUCTION combustible substances [2]. Static and dynamic modes

of their operation are used to carry out measurements

The ability to monitor the concentration of flamm-  using thermocatalytic sensors. The static mode of op-
able and explosive gases is critical in preventing lea-  eration is characterized by the fact that the sensor or
kage emergencies. This problem is solved using gas a pair of sensors (working — comparative) are heated
sensors, among which thermocatalytic sensors are one  up to the operating temperature, which is maintained
of the most common for monitoring combustible gas- for a long time to monitor the concentration of com-
es. Moreover, in connection with the development of  bustible gases [3]. The dynamic mode of operation is
wireless technologies, the task of developing wireless  characterized by the fact that the temperature of the
autonomous systems for monitoring gas composition sensor changes according to a certain pattern during
of the environment becomes extremely urgent [1]. measurements, in particular, the sensor can heat up to
The thermocatalytic principle of gas analysis is 2—4 various operating temperatures [4], or the temper-
most widely used to measure the concentration of ature scanning mode can be performed in a given

36
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temperature range [5]. It is important to note that the
measurements of the output signal are performed cyc-
lically (periodically) when operating in a dynamic
mode. After each measurement cycle, a pause follows,
the duration of which is determined by regulatory
documents that require a response within a certain
time after the appearance of combustible gases in
the air. The appearance of combustible gases in the air
leads to a change in the output signal in both static
and dynamic measurement modes, and is recorded by
the measuring circuit.

Recently, thermocatalytic sensors are increasingly
used in the dynamic measurement mode [4, 6]. This
lets to reduce energy consumption [7], which is im-
portant for portable and autonomous sensors, and on
the other hand, it lets to expand the measuring capa-
bilities of the thermocatalytic method, because carry-
ing out measurements at different temperatures pro-
vides more data for subsequent processing and, in par-
ticular, to increase the accuracy, selectivity and sensi-
tivity of measurements [8].

This article presents the results of the development
of an autonomous home methane alarm operating in
a dynamic measurement mode. To prevent a burnout
of the sensor microheater, which often occurs during
pulse heating, a special form of heating pulse has been
developed. To control external devices, the methane
detector has a radio module, which provides the
transmission of commands to executive devices, in
particular, shut-off valves [9].

EXPERIMENTAL PROCEDURE

The block diagram of the methane detector is
shown in Fig. 1. The main elements of the circuit are:
MCU STMSLO051F3; DC / DC voltage stabilizer
LD2980-30DBVR; amplifier (Ampl) LMV612MA;
radio module (RF) YF-TX01 and measuring circuit,
including thermocatalytic sensor R, resistors R; 4 and
MOSFET transistors VT1 IRF9321 SO-8, VT2
IRLML6244.

Fig. 1. Functional diagram of the wireless sensor node
(a) and the manufactured prototype of the signaling
device (0)

As thermocatalytic, industrial sensors were used,
commercially produced by OOO "HTL UT'A" [NTC
IGD Ltd] [10]. These sensors have a power consump-
tion of 140 mW in static measurement mode when
operating as part of a bridge measuring circuit.
The operating voltage is 2.8 V. The operating current
is in the range of 50-52 mA. This energy consumption
is currently the lowest possible of all volumetric catalytic
sensors on the market, which makes them usable in
stand-alone devices and provides extended battery life.
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The methane detector is controlled by an ultra-low
power 8-bit 16 MHz microcontroller. The MCU in-
cludes: 12-bit ADC, real-time clock, two 16-bit time-
rs, one 8-bit timer, and standard communication inter-
faces such as SPIs, 12C interface, and one USART.
The MCU, according to the software algorithm, sets
the methane detector power mode, processes the in-
formation received from the output of the measuring
circuit, and interprets data. In addition, if the preset
concentration threshold is exceeded, the MCU sends
a signal to the radio module to close the shut-off valve
and turns on intermittent light and sound indications,
notifying of a gas leak. The transmission of control
signals is carried out by means of non-repetitive en-
coded radio signals at a frequency of 433 MHz with
a transmission range of up to 100 m. To ensure pulse
width modulation (PWM), a MOSFET transistor VT1
operating in the key mode is used as a switching ele-
ment. The indicator is equipped with an autonomous
Li / SOCI2 current source of standard size D with
an energy capacity of 19 000 mA-h and a rated vol-
tage of 3.6 V, which is converted to an output voltage
of 3 V by a stabilizer.

The measurement principle is based on connecting
the sensor to a circuit with a resistive voltage divider,
to which a heating voltage is supplied. The output sig-
nal from the U, divider is increased by an operation-
al amplifier and goes to the microcontroller ADC 0
port.

RESULTS AND DISCUSSION

The traditional approach for carrying out mea-
surements is the use of a bridge measuring circuit
[11]. The bridge measuring circuit lets to reduce the
influence of uncontrolled external factors (tempera-
ture, humidity and pressure) on the measurement re-
sult. But since it is necessary to heat the working and
comparative sensors in this case, such a measuring
circuit is not energy efficient for stand-alone sensors.
As a result of its use, the battery life gets noticeably
reduced. Therefore, it was proposed to switch from a
bridge measuring circuit to a circuit with a resistive
divider. And as the heating voltage, use a two-stage
rectangular heating pulse, the parameters of which
were chosen as follows.

The choice of the heating pulse amplitude was
made on the basis of the response shape of the ther-
mocatalytic sensor. Fig. 2 shows the S-shaped depen-
dence of the sensitivity of the thermocatalytic sensor
on the supplied voltage in a steady atmosphere con-
taining methane. Fig. 2 shows that up to a voltage of
0.6 V (or up to a temperature of 200 °C) there is no
sensor response, that means that the methane oxida-
tion reaction does not proceed. In this case, water mo-
lecules sorbed by the catalyst carrier from the sur-
rounding atmosphere evaporate.
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Fig. 2. Experimental dependence of the sensitivity of thg
thermocatalytic sensor on the applied heating voltage

Fig. 3. Two-stage heating profile

Therefore, for the heating pulse of voltage, we
chose a value of 0.6 V and a duration of 2 s. It should
be remembered that part of the applied voltage drops
across the resistor R; (Fig. 3). Thus, the first stage
does not depend on the concentration of the detected
combustible gas and reduces the dependence of the
measurements on the ambient humidity.

The second stage has a voltage amplitude of 1.7 V
and a duration of 1 s (Fig. 3). In this case, a voltage of
1.5 V is applied to the sensor, causing it to heat up to
a temperature of 450490 °C (Fig. 2). At this tempera-
ture, complete catalytic oxidation of methane occurs,
accompanied by the release of heat. This leads to
an additional increase in the temperature of the sensor,
and therefore increases its resistance.

The duration of the first and second stages is de-
termined by the time the sensor reaches a stable re-
sponse. At the third stage, there is a pause for 27 s,
after which the supply of heating pulses starts again.

The frequency of supply is set by the regulatory
documents for flammable gas alarms, according to
which measurements should be carried out at least
once every 30 s [12].

Thus, the proposed heating profile of the thermoca-
talytic sensor required for measurements consists of
three parts with an amplitude of 0.6, 1.7, 0 V.

While developing a two-stage heating pulse and
performing dynamic measurements, the problem of
failure of thermocatalytic sensors was identified. In
the used measurement methodology, the sensor is
immediately supplied with a nominal voltage value,
which causes its ultra-fast warming up to the required
temperature. In this case, at the initial moment of
time, the current flowing through the sensor signifi-
cantly exceeds the nominal value 52 mA (Fig. 3).
Such ultra-fast heating of the sensor causes a sharp
increase in mechanical stresses due to the different
thermal expansion coefficient (TEC) of the sensor
materials and can cause a breakage of the micro-
heater of the sensor. It is also important to take into
account that the methane detector must operate conti-
nuously in a periodic measurement mode. Carrying
out measurements with a frequency of 1 time per 30 s
makes up 2880 measurements per day, which can
cause premature burnout of the microheater or brea-
kage of contacts.

To eliminate the identified problem and improve
the reliability of the detector, it was proposed to
change the shape of the two-stage heating voltage
pulse and smoothly increase the voltage from 0 to 0.6 V
and from 0.6 to 1.7 V for the first and second heating
stages, respectively. For this, pulse width modulation
(PWM) with variable duty cycle was used. To provide
PWM, a MOSFET transistor VT1 is used as a switch-
ing element, operating in the key mode (Fig. 1).

The task is to ensure that when the heating voltage
is applied, the current flowing through the sensor does
not exceed the nominal value of 52 mA. The gradual
increase in voltage shown in Fig. 4 is executed for
0.4 s for each of the two stages, i.e. time, which ap-
proximately corresponds to the heating time of the
sensor when voltage pulses of 0.6 and 1.7 V are ap-
plied to it. The duration of the main heating stages did
not change and, as before, was 2 s and 1 s, respective-

ly (Fig. 4).

Fig. 4. Two-stage profile for heating with gradual
increase in heating

The criterion for not exceeding the rated current is
determined by Ohm's law. If the nominal current is
52 mA and the sensor resistance at room temperature
is 12 Q, then the initial voltage value cannot exceed
0.62 V. Therefore, if we take a smaller voltage ampli-
tude, then the current will not exceed the nominal val-
ue. But even this magnitude of the applied voltage can
cause rapid heating of the material. Therefore we di-
vided the heating into 11 steps, for a voltage from 0 to
0.6 V and into 8 steps with an increase in voltage from
0.6 to 1.7 V. Fig. 5 shows the dynamic dependences
of the voltage taken from the resistive divider at vari-
ous methane concentrations: 0, 0.25, 0.5, 1, and
2.5 vol.%. As mentioned above, the temperature in the
first stage of the two-stage heating pulse is not suffi-
cient to initiate the methane oxidation process. There-
fore, the voltage at the output of the divider will not
depend on the methane concentration (Fig. 5).

Fig. 5. Dynamic dependence of output voltage
from resistive divider for various concentrations of
CH,

At the same time, at the second stage of the two-
stage heating pulse, the voltage at the output of the
divider will depend on the concentration of methane
in the air (Fig. 5). Here, the difference in the signal
between the first and second stages at the output of the
measuring circuit for different methane concentrations
is clearly expressed.
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Since in the range of pre-explosive concentrations
of combustible gases the response of thermocatalytic
sensors is linear, then the following value can be taken
as the useful signal

AU =U,-U, (1)
where U, and U, are the voltage at the output of
the divider at the end of the second and first stages of
the heating pulse.

The sensor must be calibrated prior to starting the
detector. This is a traditional operation and is usually
performed at zero and one known concentration of
methane in the air. Calibration gas mixture (CGM),
used in our case, had 1 vol% CHy. The difference be-
tween the two values of the useful signal at the end of
the second heating stage at zero concentration and at
1 vol.% CHy,, divided by the concentration of methane
in the CGM, gives the value of sensitivity of the mea-
suring circuit in mV per percentage of methane. In the
experiments performed, a value of 14 mV / vol.% CH,4
was obtained. The concentration value of 20% LEL
(lower concentration limit of flame propagation), or
0.8 vol.% CH,, was chosen as the alarm threshold.
The sensitivity value at a methane concentration of
0.8 vol.% (AUyg) was entered into the microcontrol-
ler's memory. And the microcontroller itself was pro-
grammed in such a way that if the value of AU ob-
tained in the measurement cycle exceeds the set value
of AUy, then this means that at the moment the con-
centration of methane exceeds the set threshold value
and an audible and visual alarm would be automatical-
ly triggered and the microcontroller wold issue
a command to the radio module to close the gas valve.

For stand-alone devices, an important parameter is
the battery life. The battery life can be estimated on
the basis of the measured characteristics of the detec-
tor. The main consumer of energy in a methane detec-
tor is a thermocatalytic sensor. Therefore, in the esti-
mation calculation, only the consumption of the sen-
sor itself was taken into account, without taking into
account the power consumption of the microcontrol-
ler, DC / DC converter and other circuit elements. To
do this, one need to calculate the energy consumption
W in one measuring cycle, calculating the integral

w =[5 U@-1()-d), 2
where T; is the pulse time, U(?) is the instantaneous
voltage, /(¢) is the instantaneous current.

The resulting value is W = 145 mJ. The capacity of
the D-type lithium battery is 19 000 mA-h, the aver-
age voltage of the battery under load is 3.3 V. Thus,
the energy stored by the battery is 62 700 mW-h. As
a result, we achieved that the signaling device can
work autonomously for about 540 days (excluding the
energy consumption of the electronic components of
the signaling device).
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CONCLUSION

The paper presents the results of the development
of an autonomous wireless methane detector and op-
timization of the measurement method. Industrial
thermocatalytic sensors were used as the sensitive
elements. For measurements, a two-stage heating
pulse has been developed. To prevent burnout of the
microheater of the thermocatalytic sensor, a special
form of heating pulse has been developed, in which at
the initial stage of heating due to the use of PWM,
a smooth increase in voltage occurs. The proposed
technique makes it possible to carry out measurements
with low power consumption and the required level of
safety in the measurement range of pre-explosive con-
centrations from 0.1 to 2 vol.%. The battery life of
the detector is approximately 540 days with one mea-
surement per 30 s. This time can be further increased
by reducing the duration of measurements or decreas-
ing their frequency.

The obtained results can be used in the develop-
ment and optimization of thermocatalytic sensors and
measurement techniques, which will expand the scope
of their application.

The developed methane detector, which operates
autonomously for a long time, can be used for envi-
ronmental monitoring as part of wireless sensor net-
works [13], in the technologies of the Internet of
Things [14] and Smart home [15], in particular, as
a household methane leak detector in gasified apart-
ment and individual houses.
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