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AKTyanbHOCTb paHHEro oOHapy>KEeHHS MIPU3HAKOB M0Kapa BIIOJIHE OUEBUIHA, IOCKOJIBKY B pe3ylbTaTe
MPUHATHS HEOOXOAMMBIX MEP I10 BAKYaLHH JIIOACH U MaTepUalIbHBIX IICHHOCTEH, 00€CTOUNBAHUIO AIIEKTPO-
000pyAOBaHMS U TYLICHHUIO T0XKapa B MOMEHT Havajla BO3TOpaHHs JIMOO MaCCUBHOTO TIICHHSI MOYKHO TTOJIHO-
CTBIO N30€KaTh YEJIOBEUECCKUX KEPTB U COKPATUTH IKOHOMUYECKHE TIOTEPH 0 MUHUMYMa.

[TpuBeneHo rpaduueckoe MpeacTaBiICHNE KIacCU(PHUKalUU MOXKaPHBIX W3BelIaTesieil B Buae 0000meEH-
HOM CXEMBI C UCIIOJIb30BAHUEM BCEX OCHOBHBIX KJIACCH(DPHUKALMOHHBIX MPU3HAKOB, UX JTOCTOMHCTBA U HEMIO0-
cratku. OmnpeneneHbl ONTUMalIbHBIE 00JaCTH HCIIOJIB30BaHUS M3BELIAaTENeH B 3aBUCUMOCTH OT MOYKapHOH
Harpysku. [Tokazana 3peKTHBHOCTh MPUMEHEHNSI KOMOMHUPOBAHHBIX MOKapHBIX W3BEIATENICH, OCHAIIEH-
HBIX [TOMHUMO TPAJAWLIUOHHBIX JABIMOBBIX U TEIUIOBBIX JATYMKOB TA30BBIMH CEHCOPAMH, KaK KOMIUIEKCHOTO
MOJIX0/1a K OPraHrW3aliuy OCYILECTBICHNS KOHTPOJISL HaJl OXPaHsIEMbIMU OOBEKTaMHU.

[TpuBeneHs! pe3ynpTaThl pa3pabOTKU BHICOKOUYBCTBUTEIBLHOTO JBYX30HHOTO CEHCOPA C UyBCTBUTEIIb-
HBIMH 3JIEMEHTaMHU Ha OCHOBE IIJIEHOK OKCHJA JKeJe3a /Ui IeTEKTUPOBaHUs BBIJICIECHUS B3PBIBOONIACHBIX U
OTPABIISIOIIMX T'a30B B HAYAJIBLHOM CTAANU TICHUS A0 00pa30BaHusl yCIOBHH BociulaMeHeHusl. [IpuMeHenne
ra3oBBIX CEHCOPOB, PEArMPYIOIINX HA OMACHBIE ra3bl B OKPYKAIOWIEH cpesie, CYLUIECTBEHHO CHUXKAET PHUCK
ruOeIH JII0ACH OT OTPABJICHUS YTapPHBIM T'a30M.
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Abstract

The relevance of early detection of fire signs is quite obvious because due to the necessary measures for
evacuating of people and material values, disconnecting the electrical equipment and extinguishing the fire at
the time of the onset of fire or passive smoldering, human casualties can be completely avoided and economic
losses can be minimized.

A graphical representation of fire detectors' the classification in the form of a generalized scheme
using all the main classification features, their advantages and disadvantages is given. The optimal areas
for the use of detectors depending on the fire load are determined. The effectiveness of combined fire detectors'
use, equipped in addition to traditional smoke and heat sensors with gas sensors, as an integrated approach to
the organization of control over protected objects is shown.

The results of development of highly sensitive two-zone sensor with sensitive elements based
on iron oxide films for detecting the release of explosive and poisonous gases in the initial stage of decay
before the formation of ignition conditions are presented. The use of gas sensors that respond to hazardous
gases in the environment significantly reduces the risk of death due to carbon monoxide poisoning.
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BBenenue

Pa3BuTne u coBepIIEHCTBOBAHME CUCTEM IIO-
JKapHOW CHUTHajJu3allld Ha COBPEMEHHOM JTarie
CBSI3aHO C MPUMEHEHNEM WHHOBALIMOHHBIX M3/1CTHH
MHUKPODJICKTPOHHUKH, MO3BOJISIONINX PACHIHUPUTh
(YHKIMH U MOBBICUTH 3(PPEKTUBHOCTH COBPEMEH-
HBIX CHCTEM OOHapy»XEeHHs O0YaroB BO3TOPAHUS C
LeNbI0 CHI)KEHUSI pUCKa HaHeceHHs yiepba 310-
POBBIO JIIO/IEN ¥ MaTepHalbHBIM LIeHHOCTsM [1, 2].
TpaguuroHHbIE TPOTUBOMOKAPHBIE CUCTEMBI (akK-
TUYECKH JIOCTHUIJIN Ipelieia CBOUX (YHKIHOHAIb-
HBIX BO3MOXkHOCTei. COBpeMEeHHbIE TEXHOJIOTHH
MO3BOJISIIOT CO3/JaBaTh NMPOTHUBOMOXKAPHBIE CHCTE-
MbI IPUHLIUITHAIEHO HOBBIX KaueCTBa, HAJAEKHOCTH
n 0e30MacHOCTH, HEJOCTH)KHMBIX B CYIIECTBYIO-
LOIMX CHCTeMaX, U (aKTUYEeCKH OTKPBIBAIOT HOBOE
HalpaBjeHHe B KOHCTPYMPOBAHUU TaKUX CHCTEM.
CpaBHHUTENbHBIC UCTIBITAHUS TIOKAPHBIX M3BEIIaTe-
ne#t (ITN) ¢ ucroip30BaHNEM HOBBIX TEXHOJOTHI BO
BHUUIIO MUC Poccuu B mae 2015 roga moareep-
JIUIIY UX NIPEUMYILECTBO Hax Kiaccuueckumu 111 B
4acTH BpeMEHH OOHapy)KEeHHUs M0KapoB TPU BCex
HOpMHpYyeMbIX THumax Bosropanuit TII2-TIIS [3].
B cBsizu ¢ aTHM mepen pazpaboTUYMKaMU CHCTEM
MO’KapHOM CHUTHAJIM3AallMM CTOUT akKTyalbHas 3a-
Jlada MOJIEpPHM3AIMU CYUIECTBYIOIIMX M CO3/IaHUA
HOBBIX CHCTEM M CPEJICTB, B YaCTHOCTH, TIOKAPHBIX
u3BelaTeNell Ha OCHOBE JaTYMKOB paHHEro oOHa-
pY’KeHHs MPHU3HAKOB HAYaIbHOW CTaauM TICHUS,
MO3BOJISIIONINX 00ECHeunTh CBOEBPEMEHHOE TpH-
HSTHE MEp IO dBaKyallMH JIOJeH W JHKBUAALUU
BO3MOJKHOTO Ouara BO3TOpaHHA, a TaKkKe CHU3ZUTH
BEPOSITHOCTD JIOXKHBIX cpabarbiBanuii [4]. B memnsax
CO3/IaHUsl  YCIOBHUH  KOHKYpPEHTOCIOCOOHOCTH
HOBBIX JaTYMKOB Ha PHIHKE CHCTEM 0€30MacHOCTH
TpeOyeTcs: OLUEHUTh MEPCIEKTUBBI X MPUMEHEHUS
B CYIIECTBYIOIIMX CHCTeMaX MOKapHOW CHUTHaJIH-
3anud. JTO B CBOIO ouepellb TpeOyeT pazpaboTKu
CUCTEMBI KIacCH(HUKAIMM TMEPBUYHBIX YCTPOHCTB
oOHapy)XeHHUsl — MOKapHBIX M3BeLIaTesel, B KOTO-
phble IpeanoiaraeTcs BCTpauBaTh JaTYUKU PAHHETO
oOHapy)KeHHUsl IPU3HAKOB BBIJICJICHUSI B OKPYIKalo-
LIYI0 Cpey OMAacCHBIX ISl YeJIOBEeKa T'a30BBIX KOM-
[IOHEHTOB U MOTEHIMAJIbHBIX 0YaroB BO3MO>KHOI'O
roxkapa.

Kaaccudukanmonnbie NpU3HAKH MOKAPHBIX
n3BeIareaen

HpHMeHHeMHC B COBPEMCHHBIX CHUCTEMaX II0-
)KapHOﬁ CUTHaJIM3all  ITOXKAapHBIC HU3BCHIATCIIN

MOXHO KJIACCH()MIIMPOBATH O CIIEAYIOIIUM OCHOB-
HBIM TIPU3HAKAM

1) ciocoOy npuBeneHHS B ICHCTBUE;

2) BOBMOKHOCTH MHOTOKPAaTHOTO HCTIOIb30BAHNS;

3) BO3MOKHOCTH OTIPEAETICHHUs] MECTOMOI0XKe-
HUS U3BELIATEII;

4) crioco0Oy mepeaayu CUTHAA;

5) BUOy KOHTPOJMPYEMOIo NpHU3HAaKa IO0Kapa,
KOH(QUTYpaLuu U3MEPUTEIBHON 30HBI U MPUHIHITY
JICHCTBHS,

6) XapakTepy peakuu Ha KOHTPOIUPYEMBIN
MIPU3HAK M0XKapa.

B pamkax yka3zaHHOM BbIlIE KIaCCU(PUKALIUH T10-
JKapHBIX M3BeLIaTeel CyIecTByeT 0oJiee IeTaabHas
uX KJIaccU(UKalLus, IpeaAcTaBlIeHHAs Ha pUCyHKe 1.

Ilo BO3MOXHOCTH OIpEENIeHNs MECTOIOJIOMkKE-
Huga [N pazpenstorcst Ha HealpecHble U aJpecHbIE.
Heanpecnsie 11 He coaepkat MoyJiei co BCTPOEH-
HBIM KOJIOM MECTOIIOJIOXKEHHSI U IIPU CpadaThIBAaHUH
W3BEIIAIOT TOJBKO O ()akTe BOSHUKHOBEHHUS MOXKaAPa,
0e3 yKa3aHUsl Ha PacCIoONIOKEHHE ovyara BO3rOpaHUsL.
Anpecnbie [1M coBMECTHO C CUTHAJIOM O BO3HHKHO-
BEHHH T0Kapa TepeatoT Ha TPUEMHO-KOHTPOIbHBIN
MprOOp YHUKAJIBHBIA aJPECHBIA KOJI, TI0 KOTOPOMY
chcTeMa I0XKapoOOHAPYKEHUs] aBTOMAaTHYECKH 0Oe3
MIPeBapUTEILHON HACTPONKHU OINpENENsieT MECTOHA-
XOXKJIEHHE odara BO3TOPAHUS, YTO SIBJIAETCS MCXOJ-
HBIMHU JTaHHBIMHM JJIS1 OPTaHU3aIlUH IBAKyaIluy U TPH-
BEJICHUA B ICUCTBHE CPEACTB M0KAPOTYIIICHHSL.

o cnocoOy nepenaun curnana [T paznensroT-
Csl Ha YEThIPE OCHOBHBIX BUAA:

— BKJIIOUEHHBIC B NUICH(], W3BEIIATeIH Mepeaa-
IOIIME CHT'HAI TOCPEJCTBOM MOXapHOTo muierda.
[Tpu 3TOM DIIEKTPONTUTAHHE BCTPANBACMBIX B IUICH)
I[N ocymiecTBiAsieTC OT CUTHAJIBHBIX TPOBOJIOB:
y JABYXHPOBOJHBIX 10 KOHTPOJIHMPYEMOMY LUICH(Y
C 3aJIefiCTBOBAaHNEM OJJHOM Mapbl MPOBOJOB, Y YETHI-
PEXIIPOBOTHBIX 1O IOTIOJHUTEIBHOM ITape MPOBO/IOB;

— panpuokananeHble I11, kak cienyer u3 Ha3Ba-
HUS, TIEPEeJal0T CUTHAJ MPU TTOMOIIH BCTPOEHHOTO
pazuoMOnyIs;

—ontoBoiokoHHble [IM — Tunm wuszBewmarenei,
KOTOpBIE 33/IEUCTBYIOT AJIs IEpEIady CUTHANA BOJIO-
KOHHO-ONITUYECKHUE JTMHUU CBS3H;

— aBroHOMHBIe [11 — mpubops! 0OHApPYKEHUS CO
BCTPOCHHBIM MOAYJIEM OIIOBELIECHUSI, IPU cpadaThiBa-
HUM W3aI0T MHTEHCHBHBIN MPOJOJLKUTEIBHBIN 3BY-
KOBOI1 curHai. He TpeOyroT moAKIIIoueHus K MyJIbTy.

'Cucrema CTaHJapTOB MOXapHoU Oe3zomacHocT. Cu-
CTeMBI MOKapHOW curHanuzanuu. OOmme TpeOoBaHMUS.
CTb 11.16.01-98. — Beex. 01.10.98. — Mu. benl UICC —
2011.—-12c.
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Pucynok 1 — O600ménnas cxema KIacCH(PUKAINN MOKapHBIX W3BEIIATENICH: @ — M0 CIOCO0y NMpHUBEACHHUS B JACH-
CTBHE: PyYHbIC; aBTOMATHYECKHE; b — 110 BO3MOKHOCTH yCTAHOBKH MECTOIIOJIOKEHHS: | — azipecHble, 2 — HeaAPECHBIE,
¢ —10 croco0y Tepenavn CUTHaANA: 3 — BKIIOUCHHBIE B IIIeH], 4 — paanokaHaIbHEBIE, 5 — ONTOBOJIOKOHHBIE, 6 — aB-
TOHOMHBIC; d — 110 BO3MOKHOCTH MHOTOKPATHOT'O HCITOJIb30BAHUS: 7 — OJJHOPA30BbIe, 8 — MHOTOPa3oBble, 9 — ¢ 3ame-
HSIEMBIM aKTHBHBIM 3JIEMEHTOM; € — [0 BH/ly KOHTPOJIMPYEMOro npu3Haka moxapa: 10 — remiossie: 10.1 — Toueunsre,
10.2 — maOrOTOUEYHBIe, 10.3 — nunueiinbie; 11 — apimoBbie: 11.1 — ontuueckue: 11.1.1 — toyeunsie, 11.1.2 — nuHe-
uele, 11.1.3 — acnupaunonnsie; 11.2 — nonuzanuonnsie: 11.2.1 — paguonszoronusie, 11.2.2 — 37eKTpOMHAYKIIMOHHBIE;
12 — mnamenn: 12.1 — ynerpaduonerossle, 12.2 — undpakpacusie, 12.3 — Bunumoro crekrpa, 12.4 — MHOroimana3zoH-
Hble; 13 —razoBele: 13.1 — nomynpoBogHUKOBEIE, 13.2 — anekTpoxumudeckue, 13.3 — repmoxumudeckue, 13.4 — metain-
JIOOKCHAHBIE; 14 — KOMOMHHPOBAHHBIE; f — MO XapaKTepy Peakluy Ha KOHTPOJIMPYEMBbIid PU3HAK Mmokapa: 15 — Makcu-
MalibHble, 16 — nuddepenumnanbaeie, 17 — MakcuMatbHO-AUGGepeHIIaTbHbIC

Figure 1 — Generalized classification scheme of fire detectors: @ —according to the method of activation: manual,
automatic; b — possibility of set location: 1 —addressed, 2 — non—addressed; ¢ — by the method of signal transmission:
3 —included in the loop, 4 — radio channel, 5 — fiber, 6 — autonomous; d — possibility of multiple use: 7 — disposable;
8 —reusable; 9 —with replaceable active element; e —by type of controlled fire sign: 10 —thermal: 10.1 — point,
10.2 — multipoint, 10.3 —linear; 11 —smoke: 11.1—optical: 11.1.1 —point, 11.1.2 —linear, 11.1.3 — aspiration;
11.2 —ionization; 11.2.1 —radioisotope, 11.2.2 —electric induction; 12 —flame: 12.1 — ultraviolet, 12.2 — infrared,
123 —-in visible spectrum, 12.4 —multirange; 13 —gas:  13.1 —semiconductor, 13.2 — electrochemical,
13.3 — thermochemical, 13.4 — metal oxide; 14 — combined; f— by the nature of reaction to the controlled fire sign:
15 — maximal, 16 — differential, 17 — maximal-differential
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Bce Bumwr [1U, kpoMe BKIIIOUEHHBIX B IIICH(],
MUTAIOTCSI OT ABTOHOMHOI'O CMEHHOTO 3JIEMEHTA,
He OyIy4H CBSI3aHHBIMH C CUTHAJIbHBIMU LICTISIMH.

ITo BuAY KOHTPOIMPYEMOIo NpHU3HAKa MOXKapa
[I1 paznenstoTcst B OCHOBHOM Ha TETJIOBBIE, BIMO-
BbIC, IJITAMEHU U Ta3oBbie [5—7]. OTHOCATCS K aBTO-
matudeckuM [IU. JlomomHUTENHO KiTacCUBUIIPY-
IOTCSl TI0 KOH(UIYpauud H3MEPUTEILHONH 30HBI U
MIPUHLUITY JCHCTBUS.

[To xapakTepy peakuuu Ha KOHTPOJIUPYEMBIH
npusHak noxapa [IM pazgensorcst Ha MakcHMallb-
Hble, TuddepeHInanbHble 1 MaKCUMaITbHO-TH(de-
pEeHLHMANIBHBIC:

— MaKCHMaJIbHbIE — H3BeIaTeH, (HOPMHUPYIO-
LIMe U3BELICHUE O MOXape NpH MPEBbILICHUN yCTa-
HOBJICHHOT'O IOPOTOBOrO 3HAYEHHUs] KOHTPOJHpYe-
MOT0 TapoOMepa;

— nuddepeHnmanpabie — U3BeIaTeNu, Gopmu-
pyIolLIMe M3BEIICHUE O MOXKAape MPH IMPEBBILICHUN

OTIpeIeNIEHHOTO 3HAYEHHUS CKOPOCTH M3MEHEHUS Be-
JIUYAHBI KOHTPOJIIMPYEMOTO MTapaMeTpa;

— MakCUMallbHO-TU( G epeHIInaNbHbIE — W3Be-
aTesy, BKItoYaronme o0a KaHalla MaKCUMAaITbHBIH
n audQepeHaTbHbIA, BKIIOYEHHBIE 10 JIOTHYE-
ckoit cxeme «MJTN».

Hawnbonee paHHHIMH 110 BpeMEHU TOSBICHUS U
MacCOBO HCHOJB3yeMBIMH B CHCTEMax I0KapHOU
curHanuzauuu sBisitorcs remnossle [1W. Pearupytot
Ha M30BITOK TEIUIOTHl B TIOAIIOTOIOYHOM POCTPaH-
CTBE OXPaHAEMOTO TOMeIIeHUs. HedyBCTBUTENBHBI
K BJIQXKHOCTH, 3allBUIGHHOCTH W 3ara30BaHHOCTH
BO3/IyXa, a TAK)XKE K JIOOBIM BHUJaM MOHU3HUPYIOIIUX
M DIIEKTPOMATHUTHBIX M3JIYYCHUH; OTIMYAIOTCS He-
BBICOKOiT CTOMMOCTBI0. THIOBOIT TerutoBoii ITH? pe-
arupyeT Ha MOBBIIICHHE TEMIIEPATyphl B JHAITa30HE
3HaueHui ot +54 no +70 °C. Ilo koHpurypanuu us-
MepuTenbHo 30HbI [IW moapasnenstores Ha Toueu-
HbIC, MHOTOTOYCYHBIC M JUHCIHHBIC (Tabmuma 1).

Tabnuya 1/ Table 1

Kaacenpuxanus moxapHbIxX n3Bemaresaeil o KOHGUIypanuu H3MepuTeJbLHONH 30HbI

Classification of fire detectors on the base of the measuring zone configuration

Toueunnie

Point

MHuororouyeunnie

Multipoint

JInHelHble

Linear

KoHTpoas npu3HakoB noxapa B 30He, KOHTpOJb NpU3HAKOB M0XKapa
B HECKOJIBKMX KOMITAKTHBIX 30HaX,
pacIpeieNeHHbIX B IPOCTPAHCTBE

OTpaHUYEHHON paanycoM JeUCTBUS
N3BEIATENS

Fire sign monitoring in the zone
limited by the detector range

Fire sign monitoring in several
compact zones distributed in space

KoHTpoab npu3HakoB noxapa
B JII0OOOM MecTe Ha MPOTSHKECHUH
CUTHAJIBHOTO Kabess

Fire sign monitoring anywhere along
the signal cable

JpimoBble [T pearupyroT Ha IpUCYTCTBUE KO-
IIOTH U JbIMa B BO3JYXE OXPAHAEMOIO MOMEIICHHS.
brnarogapst cokpalieHHOMY O CPaBHEHMIO C TEIIO-
BbiMH [1M BpeMeHHn 00HapyKEHUSI 04aroB BO3ropa-
HUSI IO3BOJISIOT ITOBBICUTH O€3011aCHOCTD 3BAKYyaluu
JFOZIeH U3 3/IaHMs, a TAaK)Ke YCKOPUTH cpadaThIBaHNE
CTallMOHAPHBIX CHCTEM MOXKapoTymeHus. [Ipenmy-
LIECTBEHHO MPUMEHSIOTCS B JKUJIBIX U OOIIECTBEH-
HBIX TIOMEIICHHUAX C MpeoOiiajaHueM B WHTEphepe
OpPraHUYECKUX MATEPHAIIOB, BBIAEIAIONUX IPU TI'O-
peHun 60bIIOe KOJMMYecTBO AbiMa. [lo mpuHImmy
JIEHCTBHS JENATCS Ha ONTHYECKUE M MOHHU3ALMOH-
HbIe (Tabmuna 2).

OnTtuueckue neMosbie 111 comepskar omrude-
CKHUH 1aT4YMK, pearupyromnii Ha U3MEHEHHe Npo3pad-
HOCTH BO3[lyXa B OXPAHSIEMOM IIOMEIIEHUU BCIIE/-
CTBHE TPUCYTCTBUS MPOAYKTOB TOPEHUS U TICHHUS.
[To koHOUrypanuu U3MEPUTEILHONW 30HBI JICIATCS

Ha TOUYeYHBIC, TMHEWHbIe (Tabiuua 1) u acnupanu-
OHHBIE. YKa3aHHBIE THUITBI ONTHYECKUX bIMOBBIX TN
OTJIMYAIOTCS CJICAYIOIUMH OCOOCHHOCTSIMU B3aUM-
HOT'O PacIOOKEHUs U3IydaTesst 1 GoTonpuEMHHUKA,
BXOJISIIIMX B COCTaB ONTHYECKOTO JaTUHKa:

— TOYCYHbIE — H3Ny4arenb H (OTONPHUEMHHK
KOMIIaKTHO Pa3MEILIAlTCsl B KOPITyCe U3MEPUTENb-
HOW KaMepBhl;

— IMHEWHBIE — M37y4aresb U (HOTONPUEMHHK
B3aMMHO yIaJICHbI B IIpeJiesIaX U3MEPUTEIbHON 30HbI
60 OObEIMHEHBI B OJHOM KOPITyCE€ C HCIIONB30-
BaHUEM OTPAXKAIOIIEro 3JIEMEHTa, YTO MO3BOJISET
OXBAaTUTh W3MEPUTEIBHYIO 30HY MPOTIKEHHOCTHIO
ceeimre 100 m;

"Macniopt BUPIO 01.363.00.000-03 TIC, Musck 2011.
OAO «3aBon Crniertaromarukay. M3Bermarens nokapHbIi
TeruioBoi MakcuManbHelid MI1109-05-A2M
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— aCTIMpAaIFIOHHBIE — TIOI00HO TOYEYHBIM H3ITY-
Yartelib 1 (POTONMPUEMHUK KOMITAKTHO Pa3MEIIAOTCs B
KOpITyCce N3MEPUTENFHON KaMephl, BO3AyX B KOTOPYIO
MIOCPEJICTBOM TPYOOMPOBOIOB TPUHYIUTEIHHO TI0-
JIa€TCs U3 OJIHOM WJIM HECKOJIBKMX TOUYEK OXpaHsIeMOn
30HBI; 3TO TO3BOJISIET OXBATUTH U3MEPHTEIHHYIO 30HY
MPOTSHKEHHOCTHEO B COTHU METPOB M TIPH UCTIONH30Ba-
HUKM (QWIBTPOB BO3yXa OOSCIIEUUTh KOHTPOJIb TPH-
3HaKOB BO3HMKHOBEHMS 110Kapa B 3aIlblJIEHHOM cpee.

Tabnuya 2 / Table 2
Kaaccnpukanust 1bIMOBBIX IOKAPHBIX H3Bela-
TeJIe 110 NPUHIMITY AeHCTBUSA
Classification of smoke detectors on the principle
of operation

Onruueckue HNonuzanunonnsie

Optical lonization

Nonunzanmonusle nniMoBbie I B cBOIO oue-
penb OBIBAIOT PAAMOU3OTOIHBIC U DJICKTPOUHIYK-
LHUOHHBbIE. PalMOU30TONIHBIE pEarupyrOT HA YMEHb-
IICHUE MOHU3AIMOHHOTO TOKa, 00pa3yeMoro crie-
[IHATBHBIM ~ HU3KOPAJIMOAKTHBHEIM  BEIIECTBOM
BHYTPU H3MEPUTEIBHON KaMephl, BBI3BAHHOE
HaJU4YMeM B BO3JyXe JAbIMa, OCOOCHHO YEPHOTIO.
DJIEKTPOUHYKIIMOHHBIE PEarupyroT Ha KOHIICH-
TPaLMIO 3apsKEHHBIX YaCcTHUI[ B BO3AYyXE KOHTPO-
JUPYEMOT0 TOMEIIEHUs, MPUHYAUTEIILHO HarHe-
TaeMOM B HM3MEPUTEIBHYIO KaMepy MOCPEICTBOM
BO3YyXOBO/IA.

[IN nmamMeHn Mo 00NACTH CHEKTpa AJIEKTPO-
MarHUTHOTO U3IIYyUYCHUS, BOCIIPUHUMAEMOTO
YYBCTBUTEJILHBIM 3JIEMEHTOM, pa3JeisioTcs Ha
uH(pakpacHble, BUAMUMOTO CIEKTpa, YJbTpadu-
0JIETOBblE W MHoOrojuanazoHssie. Jlatumku I1A

Pearupyrot Ha mpoayk-
TBI TOPEHUSI, CIOCOOHBIE
BO3JICiCTBOBATH Ha ITOT-
JIOIIAIOIILYIO MITH PACCeH-
BAIOIIYIO CIIOCOOHOCTD U3-
JIy4eHUs B MHPPaKpacHOM,
yIBTPa(HOICTOBOM HITH
OIITHYECKOM JIMarna3oHe

Respond to combustion
products capable of
affecting the absorbing

or scattering ability of
radiation in the infrared,
ultraviolet or optical range

Pearupytor Ha u3mMeHeHUst
HMOHU3AI[MOHHOT'O TOKa
WA 00BEMHOTO JIEKTPH-
YECKOI'0 3apsi/ia BO3ayXa
BHYTPU U3MEPUTENHLHOM
Kamepsl 110 BO3JEHCTBU-
€M MPOAYKTOB TOpPEHUs

Respond to changes in

the ionization current or
volumetric electric charge
of air inside the measuring
chamber under the
influence of combustion
products

MJIaMeHU cpadaThIBAIOT Ha TOSIBJICHUE OTKPBHITOTO
orus. [Ipennasnayens! Ay oOHApY)KEHUS IPU3HA-
KOB BO3rOpaHus Ha IPOU3BOJICTBEHHBIX U CKJIal-
CKHX 00BEKTaX, CBA3aHHBIX ¢ JOOBIUEH, TpaHCIIOP-
THPOBKOH, 1epepaboTKOi M XpaHEeHHEeM MaTepHa-
JIOB U CBIPbsI, TOPEHHE KOTOPBIX COMPOBOXKIAETCS
MOSIBIEHUEM OTKPBITOTO OTHA 0€3 CTaauu TIEHUS.
B otnnume ot temnoBsix U AbiMOBBIX [ moryt
MPUMEHATHCS KaK B MOMEIIEHUsAX, TaK U MOJ OT-
KPBITEIM HEOOM.

l'azoBele IIM pearupyroT Ha W3MEHEHUS XH-
MHYECKOTO COCTaBa BO3AyXa IOJ BO3JEHCTBHEM
no’kapa — KOHLUEHTPAUU OAHOTO WJIH HECKOJIBKUX
OCHOBHBIX Ta30B (Tabnuma 3).

Tabnuya 3 / Table 3

OcHOBHBIE BUIBI rasoB, BbIACJIAIOIUXCH IPU TOPECHUH

Main types of gases released during combustion

HawnmenoBanue rasza

Gas name

Xumudaeckas popmyia

Chemical formula

IIpuunna BeIeTICHUS

Reason for allocation

‘YrapHslii raz
Carbon monoxide
Bonopon
Hydrogen

Meran

Methane

VYTHeKkuceIi ra3
Carbon dioxide

Jleryuue apomaTiue-
CKHUE YTIICBOJIOPOIBI
Volatile aromatic
hydrocarbons

CcO

H

Tepmudeckoe pasnoskeHue (TTHPOIH3) OPTaHUIECKUX
MaTepHanoB mpu temmeparype 750-800 °C

Thermal decomposition (pyrolysis) of organic materials at a

CH,

o,

CH

temperature of 750-800 °C

ITepexon moxapa U3 TIACHUS B INITAMEHHYO CTaIHIO

The transition of fire from decay to the flame stage

I'openue HedTH, Ta3a ¥ MIPOAYKTOB UX MEPepabOTKU

Combustion of oil, gas and products of their processing
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[lo Tumy 4yBCTBHUTENBHOTO 3JIeMEHTa (CEHCO-
pa) razoseie 1M mpeumyliecTBEHHO pa3leisioTCs
Ha TOJIYIPOBOAHUKOBBIE U BJIEKTPOXUMHUYECKHE.
JlelicTBrE NOIyIPOBOAHUKOBBIX CEHCOPOB OCHOBAHO
Ha M3MEHEHHWU MPOBOJMMOCTU TIOJIYIPOBOJIHUKO-
BOIO YYBCTBUTEIBHOIO CJOSA. XapaKTEPHU3YHOTCS
MaJIbIMU Pa3Mepamu, BBICOKOW UyBCTBUTEIbHOCTHIO
M HaAEXKHOCTBIO, HU3KOH CTOMMOCTBIO, UMEIOT J10-
CTaTOYHO OOJIBIIONH CPOK CIYXkOBbI, OJIHAKO BMECTE

C TeM OTJIMYAIOTCS MOBBIIIIEHHBIM dHEpronorpedie-
HUEM W HU3KOHN CEIEeKTUBHOCTHIO. JlelcTBUE AIeK-
TpOXUMHUYECKUX ra3oBbIX [T ocCHOBaHO HA OTIMUYKAX
MPOLECCOB AIEKTPOXUMHUUECKOTO OKUCIICHHUS ITOKap-
HBIX Ta30B Ha pabodeM 3JEKTPOJE AICKTPOTHTHYIC-
CKOU SYEHKH, XapaKTEPHU3YIOIINXCA 3JICKTPOXUMU-
YECKUMHU TIPOIlecCaMu B 00bEME U HA TTOBEPXHOCTH.
OCHOBHBIEC MapaMeTPbl IEKTPOXUMUYECKUX CEHCO-
POB IIpHUBEIEHBI B TabuIle 4.

Tabnuya 4 / Table 4

CpaBHHUTe/IbHbIE KAYeCTBEHHbIE XaPAKTEPUCTUKH 31eKTPOXHMHYECKHX CEHCOPOB

Comparative quality characteristics of electrochemical sensors

Xapakrep NpoTeKaHUsl OKUCIUTEIBHOW peakuuu

ITapamerp

The nature of the oxidative reaction

Parameter

Electrochemistry of volume

DICKTPOXUMHUS 00beMa

DNEeKTPOXUMHUSI TOBEPXHOCTH
Surface electrochemistry

Bun paboueit xapakTepucTuku Jluneitnas Jlorapupmudeckas
Type of performance Linear Logarithmic
Bpemst oTKIIMKa U BOCCTAaHOBIICHHS Brictpoe Ouenb ObIcTpOE
Response and Recovery Time Fast Very fast
CenexTUBHOCTb Xopomas Crnabas
Selectivity Good Weak
Bnusinue Bnaru OtcyTtcTByeT He3nauurenbnoe
Moisture effect Missing Insignificant
MexaHuueckas CTOMKOCThb Xopomas Xopowast
Mechanical resistance Good Good
[ToTpebsiemast MOIITHOCTH OTcyTCcTBYET He3naunrenbHas
Power consumption Missing Insignificant

Kak BumHO 13 Tabmuier 4, 00BEMHAs IIEKTPO-
XUMUYECKasl OKUCTUTEIIbHAS peakiusi (Ha dJICKTPO-
JlaX, TOMEIIEHHBIX B DJIEKTPOJIUT) MO CPaBHEHUIO
C TIOBEPXHOCTHOM (HA MOBEPXHOCTH MaTepuana,
Yale BCEr0 METaJUIOOKCHIHOTO TMOIYIPOBOIHHKA)
oOecrnieunBaeT Jiydinre padodne XapaKTePUCTUKU
ceHcopa razosoro IIM. BmecTte ¢ TeM MeTaniook-
CUJHBIE CEHCOPBI 3a CUET OTCYTCTBUSI HEMpEKpalia-
IOIeNcs XUMHUECKOU peakiuu UMEI0T Oosee mpo-
TIOJDKUTEITBHBIC CPOKH XPAHCHHSI M CITYIKOBI, CITOC00-
HbI pab0TaTh NIpU 00JIEE BEICOKUX TEMIIEpaTypax.

Cencopel ra3oBeix [IM pearupyroT Ha mpe-
JETBHO Majyl0 KOHLIGHTPALMIO TOXApHBIX TIa30B
B BO3/[yX¢ HAa HAYAJILHOM ATaIle BO3MOKHOTO BO3HHUK-
HOBeHUs noxapa — TiieHuu [8—10]. IToreHmansHo OHU
CIOCOOHBI MPE Y IPESTUTH BO3MOXKHBIH TIOKap JI0 IOSIB-
JIEHUS B OKpY XKarolIeH cpezie ibiMa 1 TuiaMeHu. Tem He
MeEHee, C yUETOM «HE UICATHHOCTI HX PA00YNX XapakK-
TEPUCTUK, HU3KOM CEJEKTUBHOCTH, MOBBILIEHHON BO3-
MOYKHOCTH <JI0KHBIX» CpabaThIBaHUMA, 1IENIeCO00pazHO

MpUMEeHSTh ra3oBbie [T/ coBMecTHO ¢ TpOBEpEHHBIMH,
CepTI/I(I)I/IHI/IpOBaHHI)IMI/I JbIMOBBIMH M TCIUIOBBIMMU.
BBujty TOr0, 94TO Tra30BBIE CEHCOPHI CITIOCOOHBI M30Mpa-
TEIILHO pearrpoBaTh Ha OTJCIBHBIC Ta3bl, IPUCYTCTBUC
KOTOPBIX B BO3AYIIHOM CpPeie KOHTPOJIUPYEMOI 30HbBI
OJTHO3HAYHO YKa3hIBAET HA BO3MO)KHOCTH TIOBBIIICHHS
KOHUCHTpALX OTPABJIAIOIINX U B3PbIBOOIIACHBIX T'a30B
JIO OTIACHBIX IS YeJIOBeKa IPEeoB ¥ BO3HUKHOBE-
HUsI ovara mo)kapa, Mx pa3pa0oTKa IpeACTaBIIseTCs
MEPCIIEKTUBHOMN U aKTyaJbHOM.

CoBpeMeHHBI TeXHHYECKHIl YPOBEHb
ra3oBbIX II02KapPHbIX U3BeLIATe el

B Hacrosiiee Bpemsi MOTYIPOBOHUKOBBIC Tra-
30BBIC CEHCOPBI MUPOKO UCIIOIB3YIOTCS JUIS aHAIU-
3a razoB [11, 12]. U3MeHeHHUE 37I€KTPOCOTIPOTHUBIIC-
HUSI TIOJMYMPOBOJHUKOBOIO Ta304yBCTBUTEIHHOTO
CJIOSI TIPY XMMHUECKOW aJIcCOpOLIMU Ha ero MmoBepX-
HOCTH Ta30B M03BOJIIET 3((HEKTUBHO HCITOIB30BATh
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MOJYIPOBOJHHUKOBBIE Ta30BbIE CEHCOPHI B IPUOOPax
MIPOTUBOIIOKAPHON CUTHATIM3AIINH, @ TAKXKE B CUTHA-
JM3aToOpax OMACHBIX Ul YeJOBEKa KOHLEHTpauui
TOKCHUYHBIX Ta30B.

Bonopon siBisieTcss OCHOBHBIM KOMITOHEHTOM
BBIJICJIIEMBIX I'a30B Ha CTAAMU TJICHWS B pe3yibTa-
T€ MHUPOJIN3a MAaTEPUAIIOB, UCIIOJIB3YEMBIX B CTPOU-
TEJIbCTBE, TAKUX KaK IPEBECHHA, TEKCTWUIb, CUHTE-
Tuueckue matepuansl [13]. Ha navanpHOU cTramuu
BO3MOXHOTO BO3HHMKHOBEHHS IOXKapa, B Hpolec-
ce TIeHMsS KOHIIGHTpalMs BOJOPOAA COCTaBISIET
1020 ppm. B panpHeliimeM OpouUCXOJUT Hapacra-
HUE COJIep)KaHUSI apOMaTHYECKUX YTIJIEBOJOPOIOB
Ha (oHE MPHUCYTCTBUS MOHO okcuza yriepoaa (CO)
B peaenax 20—-80 ppm.

OKcIepUMEHTAIBHBIE Pe3yNbTaThl OKAa3aJIH,
YTO MOPOr OOHAPY)KEHHUsI CUCTEMbl PAHHErO Ipea-
YIPEKICHUS TTOBBILICHUS! KOHIEHTPALUK OOJIbIIIH-
CTBa Ira30B, B TOM YHCJI€ B3PBIBOONACHBIX (BOJOPO-
J1a) U OTPABIISIIOMINX (YrapHOTO Tas3a), A0 OMACHBIX
JUIs 9eJI0BEKa MPEAEIOB U BO3MOKHOCTH BO3HUKHO-
BEHUS ouara Irokapa, COCTaBJsioT He Oosee 20 ppm
B aTMOC(epHOM BO3/AyXe NPU HOPMAJbHBIX YCJO-
Busax. [Ipu sToM OBICTpONEHCTBHE TAaKOH CHCTEMBI
He 70KkHO ObITh Oosiee 10 c. st paspaboTok 3¢h-
(bEeKTUBHBIX MOXKAPHBIX TA30BBIX AHAJIU3ATOPOB ITH
YCIJIOBUS JIOJKHBI PacCMaTpUBATHCS KaK OCHOBOIIO-
naratomue [14]. TlpuHUMNHATBHBIMU TIPEACTABIISA-
I0TCS U TaKMe XapaKTepUCTHKH, KaK BBICOKHE ce-
JIEKTUBHOCTB, 4yBCTBUTEJILHOCTb, OBICTpOnEHCTBHE
Y OTHOCHUTEIIbHAs JIeIIeBU3HA MOYTIPOBOAHUKOBBIX
ra3oBBIX JATYMKOB. B COBOKyMHOCTH Takue JOCTO-
WHCTBA MO3BOJIAIOT 3HAYMTENBHO PACIIUPUTH BO3-
MOYKHOCTH CTaHJIAPTHBIX MOXKapHBIX H3BEIIaTeNeH
KaK JUIsl )KUWJIbIX, TAK ¥ IPOMBIIIJICHHBIX IIOMELLICHUH.

Jus  obGecrieueHuss TpeOyemMoro OBICTpOJICH-
CTBHSI B HECKOJIBKO CEKyHI 3a Cc4eT (DPU3MKO-XMMHU-
YeCKMX MPOLECCOB Ha MOBEPXHOCTH YYBCTBUTEIb-
HOT'O CJIOSl CEHCOP NMEPHOANYECKH Pa30rpeBaroT 110
temneparypel 450-500 °C, uyTO aKTHBHPYET €ro
OBepXHOCTH [14]. B xauecTBe 4yBCTBUTEIBHBIX 110~
JIYTIPOBOJHUKOBBIX CIIOEB MOTYT OBITH HCIOJB30Ba-
HBI MJIEHKK oKcuaoB MetamioB (SnO,, ZnO u np.,
nerupoBanubix Pt, Pd u np.) ¢ pasBuroii yaensHOR
MOBEPXHOCTHIO0. Harpesarenu BBINOTHIIOTCS B BUJE
TOHKHUX ITOJIOCOK PE3UCTUBHOIO CJI0S HHEPTHBIX Ma-
tepuanoB (Pt, Au u zp.), 3NEKTPUUIECKH U30JIHPO-
BaHHBIX OT MOJYIIPOBOJAHUKOBOTO YyBCTBUTEIHHOTO
cinosi. B kauecTBe MOIUIOKKM HCIOJIB3YETCS IOJIU-
KPUCTAJUIMYECKUH OKCUJI AJIFOMUHUS, HA HEE C IBYX
CTOPOH HAHOCSATCS HarpeBaTelb W METaIJIOOKCH-

HBI Ta309yBCTBUTENBHBIN CI0H. YyBCTBUTENBHBIN
3JIEMEHT MOMEIIAETCS B KOPITYC, 3allMIIEHHBIN po-
HHUIIAEMOH JUIs ra3a MEMOPaHOM, yAOBIETBOPSIIOIICH
TPeOOBAHMSIM B3PBIBOIIOKAPOOES30TIAaCHOCTH.

CeHcopbl ¢ TAKUMH MaTepHajaMi YyBCTBUTEIb-
HBIX CJIOEB MOTYT IIpEIHAa3HAYaThCs AJIsl Ompenere-
HUSl KOHIEHTpAIMil Toprouux ra3zoB (MeTaH, IMpo-
nas, OyTaH, BOIOPOA U Ap.) B BO3AYyXE B HHTEpBaJe
korrenTpanui ot 0,001 % Mo eawHHI] TPOLIEHTOB,
a Takke TokcuuHbIX ra3oB (CO, apcus, dpocduH, ce-
POBOZOPON M JIp.) MPU KOHIIEHTPAIMAX HA ypPOBHE
ITIJK. CeHncopbl MOTYT NPUMEHATHCS B CUTHAIM3a-
TOpaxX YTEUKH ra30B U CHCTEMax MPOTHBOIMOXKAPHOM
curHanuzamuu [15].

Bonee BbICOKasi TOYHOCTh M3MEPEHUSI KOHILICH-
Tparuu MoHookcuaa yriaepoga CO — yrapHoro rasa,
NPEACTABISIOIIET0 HEBUAMMYIO ONACHOCTb IS
JKU3HU 4EJI0BEKa, IOCTUTHYTA B 3JIEKTPOXUMHUECKUX
CEHCOpax, HCIOJb3YIOUIMX I[UIATHHOBBIM 3JIEMEHT
JUIS YCWJIGHUS! peakiuu Mexay moisekyinamu CO u
KUCJIOPOZa B OKPY)KAIOLIEM BO3/yXe. YKa3aHHbIC
CEHCOPBI UMEIOT JINHEHHYIO XapaKTepPUCTUKY U HU3-
Kuil Tok notpednenus [16]. [lo xapakrepy peakuuu
Ha KOHTPOJIUPYEMBIH NPHU3HAK I0Kapa 3JIEKTPOXHU-
MHUECKHE CEHCOPHI SIBISIOTCS AU hepeHInaTbHBIMH
(pucyHoK 1) 1 mpeaHa3HAYCHBI TSI KAYECTBEHHOTO U
KOJINYECTBEHHOI'O aHalIM3a XHMHUYECKHX COEIUHEe-
HUH B KHUJIKUX U Ta3000pa3HbIX CpeAax, 4To B COBO-
KyIHOCTH TTO3BOJIET OTCIEIUTh AMHAMUKY U3MEHe-
HUS MHUKPOKJIMMaTa OXpaHseMoro oowekTa [17].

[lo cBOoMM MeXaHHYEeCKHM XapaKTepUCTHKAM
ceHcopsl razoBbix [1U, B yactHoctu CO, nomyckaroT
UX pa3MeIIeHHe B CYIIECTBYIOIINX KOPITycaxX KOM-
ounupoBanubix 111, o0beauHAIOMMX B ceOe Tero-
BOH M TBIMOBOH HaTuuK (pucyHOK 2). [IpuBenéHHbII
Ha PUCYHKE aBTOMATUYECKHUW IIOKApHBINA M3BElla-
tenb Bosch Sicherheitssysteme GmbH cepun 420
OCHAIEH ONTHUYECKUM, TCIUIOBBIM H XHMHYECKUM
CEHCOPAMH ¥ COOCTBEHHBIM MHKPOIIPOLECCOPOM .
Hcnonb3oBanne KOMOMHAIMN TPEX pa3IMYHbIX KaHa-
JIOB OOHApy>KEHUs C 3a/1elICTBOBAHUEM TEXHOJIOTUU
MHTEJJIEKTYaJIbHOH 00pa0oTKM CHrHaja obecreydu-
BACT BBICOKUH YpPOBEHb OOHAPY)KEHHUsI BO3TOPAHUS.
[Ipumensemble B u3Bemiarensx cepuu 420 ceHCopsl
OTJIMYAIOTCS CIEIYIOIMMU OCOOCHHOCTSIMH.

3 ABTOMATHUECKHE TIOKAPHBIC H3BEIIATEH CEPHHU
420. Pexwum moctyma:. https://docplayer.ru/44085850-
Avtomaticheskie-pozharnye-izveshchateli-serii-420-
intellektualnoe-obnaruzhenie-prevoshodnaya-zashchita.
html. — Tata moctyma: 19.09.2018
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Pucynox 2 — O0muii BHJI OZHOTO W3 BapHUaHTOB KOM-
OMHUPOBAHHOTO TIOXKAPHOTO W3BEIIATENS: | — TEIUIOBOM
CCHCOp; 2 — XMMHUYECKH CceHcop; 3, 4 — GoTOomUOMIbL;
5 — cBeTOAMOABI

Figure 2 — General view of the combined fire
detector: 1 —thermal sensor; 2 —chemical sensor;
3, 4 — photodiodes; 5 — light-emitting diodes

Tennosoii ceHcop. Pearupyer Ha npeBbIIEHUE
Mopora MaKCHMallbHOH TeMIlepaTypbl cpadaTbiBa-
Hus B + 54 °C unu B + 69 °C (TeroBoil MaKCUMallb-
HBII) WK Ha €€ POCT Ha ONPEeIEHHOE KOJIMYECTBO
IpajycoB 3a ONpeAeNEHHBIN Mepro]] BpeMeHH (Te-
TUIOBOM U PepeHITNATBHBIN).

Onruyeckuii ceHcop. PearupyeT Ha momagaHme
B U3MCPUTCIIbHYIO KaMEpy YaCTHll JbIMa, KOTOPbIC
pacceuBaroT CBET, UCXOASIIMNA OT cBeToAnoAa. B pa-
00TE ONTUYECKOI0 CEHCOpa MPUMEHSIETCS] TPHHITHIT
HU3MEPEHUs pacCcesiHHOro cBeTa. B JBOMHHOM onTH-
YECKOM CeHcope 1o TexHojoruu Dual Ray ucnonb-
3YIOTCS JIBA CBETOIMO/IA, U3ITyYAIONIUX CBET Pa3HOM
JUIMHBI BOJIHBI — WHQPAKpPacHbId M CUHHUA — ISt
OTIpe/ieNIeHNs TUIOTHOCTH JIbIMa M pa3Mepa YacTHIl
NyTEM CpaBHEHUS MHTEHCUBHOCTU PACCESIHHOTO
cBeTa, Omarojaps yeMy 00ecreurBaeTcsi HaIEKHOE
u ObICTpOE OOHApYKEHHUE JIaKe MaJIOW KOHIICHTpa-
umu npiva (ooHapysxenue TII1 u TI19).

Xumudaeckuii cencop. OOHapyKHBaeT MOHO-
oxcug yraepoga (CO), sogopoa (H,) u MoHOOKHUCH
azota (NO). 3HaueHue curHana ceHcopa mpornopIn-
OHaJIbHO KOHICHTPAIUK1 ra3a. ﬂaHHLIe, TMOJTY4YCHHBIC
C XMMHUYECKOTO CEHCOpa, MPEAOCTABIIAIOT IOTIOIHU-

TEJNbHYI0 WHPOPMALUIO U 3PPEKTUBHOTO CIIEXKe-
HUS W TIPEOTBPAIICHNS] HETaTUBHBIX MOCIEACTBUN
BHEIIHHUX BO3JEHCTBUI. CpPOK CITyKObl XMMHUYECKO-
TO CEHCOopa OTpaHWueH M COCTABISIET 6 JieT padoTHl,
[0 MCTEYEHHH ITOr0 CPOKa OH aBTOMATHUYECKU OT-
kimoyaercd. [locne 3Toro M3Bemaren b MPoIOIKAET
paboTy Kak KOMOMHUPOBAHHBIN W3BELIATEIb C IBOM-
HBIMH OTITUYECKUM U TETUIOBBIM CEHCOPAMH.

bnaronapss 0o0beIMHEHHIO CEHCOPOB pa3HBIX
TUTIOB B OJHOM KOMOWHUPOBAaHHOM H3BeIIaTeNe 1Mo-
SIBIIIETCSI BO3MOYKHOCTh €0 MCIIOJIb30BaHUS B Me-
CTax, T/I€ BBIMOJHAEMBIE PAaOOTHI MOTYT SIBIATHCS
HMCTOYHUKOM HM3KHX KOHIIEHTpAaIMi OTHOCHUTENb-
HO TIPO3pauHBIX [bIMA, Mapa WIN MBUIA, a TaKXke
B MeCTax, TJIe pa3pelieHo Kypenue. He npencrasis-
eT OONBIION TeXHUYECKOW MPOOJIeMBbl BCTpaBaHNE
ra3oBOro CEHCOpa TaKKe M B KOPIYC aBTOHOMHOIO
JIBIMOBOTO TIOXKAPHOTO M3BEIIATENS ISl MacCOBOTO
MPUMEHEHUS] B WHAMBHIYaJIBbHOM XHJIOM CEKTOpE,
I7Ie BEPOATHOCTH MOSIBICHUS yTrapHOTO U JAPYTHX
OIACHBIX Ta30B JOCTaTOYHO BEJIMKA.

B oTimume oT momMynpoBOIHUKOBBIX JJIEKTPO-
XMMHUYECKUE ceHcophl TazoBbiX I He TpedyroT
HarpeBa M UMEIOT HU3KAW TOK MOTpeOJIeHUs. ITO
MO3BOJISIET MOAKIIOUATh UX K aJJpeCHO-aHAJIOTOBBIM
[IU, mutaembIMm 110 Titetidy, a mpu HE0OXOIUMOCTH
UCIIOJIb30BaTh B cocTaBe aBTOHOMHBIX [IM nubo
B Il ¢ panvokaHajdbHOW WM ONTOBOJIOKOHHOM
nepenadell naHHbIX (pucyHok 1). Jlns cpaBHeHHs,
MOJTYTIPOBOJTHIKOBBIE METAJNTIOOKCHIHBIE Ta30BBIC
CEHCOpBbl Ha OCHOBE JHOoKcHiaa osioBa SnO, win
muokcuna pyreHust RuO, TpeOyror HarpeBa uyB-
CTBUTEJILHOTO AyieMeHTa 10 Temmepatypsl 250 °C.
[Ipu >TOM nJsi CHM)KEHHS TOKa TOTPEOIeHHs HC-
MOJIB3YETCSI UMITYJIbCHBIN Harpes ¢ yactoTo 1 I'm,
a BeJIMYHMHA TIOTPEOISIEMOTO TOKa B JISKYPHOM pe-
JKUME COCTaBJISIET NECATKH MMIuIMammnep. JTO Ha-
JlaraeT OTrpaHWYeHHe, C OJHOW CTOPOHBI, HA YHCIIO
MOJTYTIPOBOJHUKOBBIX TA30BBIX CEHCOPOB B CHUCTE-
Me, a C JIpyrod CTOPOHBI — HAa BO3MOXKHOCTH IIPH-
MEHEHMsI TOJIYNPOBOJAHUKOBBIX Ta30BBIX CEHCOPOB
BO B3PBIBOOITACHBIX 30HaX. CPOK CITY>KOBI JIEKTPO-
XMMHMUYECKUX Ta30BBIX CEHCOPOB, paHEE COCTaBJISAB-
muit 2-3 roma, B HACTOSIIIEE BPeMs YBEIMYCH JI0 5,
a'y OTJIeNbHBIX pou3BoanuTenel a0 10 ner.

B nacrosmiee Bpemst Benérca pa3paboTKa BbI-
COKOYYBCTBHUTEIBHOIO JIBYX30HHOTO CE€HCcOpa s
JIETeKTUPOBAHMS BBIJICIICHNSI B3PHIBOOMACHBIX |
OTPaBJISIIOIIMX Ta30B B HAYaJIbHOM CTaauM TIEHUS
JI0 00pa3oBaHUs yCIOBHI BOCIUTAMEHEHHS JOMOJI-
HUTENBHO K CYHIECTBYIOUIMM CHCTEMaM IOKapHOU
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Oe3onacHocTH. Mies KOHCTPYKLMH TaKOro CeHCopa
npemtokena B [17] u peanu3oBaHa Ha MAaKETHOM 00-
pasiie, n3o0paxxeHHOM Ha pucyHke 3. ['a3ouyBcTBH-
TEJbHBIE CBOWCTBA CEHCOPOB C YYBCTBUTEIHHBIMHU
3JIEeMEHTaMH Ha OCHOBE IUICHOK OKCHJIA JKeJe3a H3-
y4eHbsl B uHTepBaie Temnepatyp or 20 mo 500 °C
B TIOBEPOUYHBIX T'a30BBIX CMECSX, COJEPXKAIIUX BO-
nopoll 1 MeTaH B koHneHTpanusx 0,8 u 1,0 00. %,
COOTBETCTBEHHO, YTO 3HAYUTEIHHO HIKE B3PBIBOO-
nacHbIX: 4,0 00. % mis H, u 4,4 06. % s CH, [18].
Omnpe/ieieHbl ONTHMaIbHBIE pad0Yre TeMIepaTyphl
st nerexktupoanus Merana (190 °C) u Bogopona
(60 °C). [loka3zaHna nepcneKTUBHOCTh KOHCTPYKTHB-
HOTO BapHaHTa MOCTPOEHUS Ta30BBIX CEHCOPOB Ha
MUKPONPO(QUINPOBAHHBIX TOIJIOKKAX aHOIHOTO
OKCH/Ia AIIOMHHUSA, COAEPKAIUX HECKOIBKO JIO-
KaJbHBIX 30H C Pa3IMYHBIMU Pa0OYUMHU TeMIlepaTy-
pamM# ¥ TOHKOIIJICHOYHBIMH 4YBCTBUTEIIbHBIMH JJIe-
MEHTaMH M3 OKCHIIOB >kene3a. [Ipu ucnonp3zoBannn
JIpYTUX COCOUHEHUH MJsi 4yBCTBUTENBHBIX CJIOEB
BO3MOXKHO JeTeKThpoBaHue yrapHoro raza (CO),
o30Ha O; u ap. Pe3ynbrarsl paboThl MOTYT OBITH UC-
TOJIL30BAHBI ITPH CO3/TAHIH BHICOKOYYBCTBUTEIHHBIX
ra30BbIX CEHCOPOB IS CHCTEM PaHHEH THarHOCTHKH
BBIJICJICHHSI B3PBIBOOIIACHBIX U OTPABIISIOIINX T'a30B.

b

Pucynok 3 — ®ororpadun obpasia ByX30HHOTO CEH-
copa (a) m xopmyca cercopa (b): 1 — nudmexTpudeckas
nopnoxkka u3 AlLO;; 2 —paboune oOmactu ceHcopa
C MCTAJUIOOKCUIHBIMHU YYBCTBUTCIBbHBIMH J3JICMCHTAMM,
cucTeMaMi MHPOPMAITHOHHBIX 3JICKTPOJIOB U HarpeBare-
JISIMH; 3 — TOHKOIUICHOYHBIC TOKOIPOBOJISIINC JTOPOKKH
U3 CIIaBa HUXPOM; 4 — KOHTAKTHBIC TIJIOMIAIKHA CHCTEMBI
WH(POPMAIMOHHBIX 3JICKTPOJIOB; 5 — KOHTAKTHBIC ILIO-
IIaJKK HarpeBareneil; 6 — CKBO3HbIC LI ISl OTAeIe-
HUs pabounx obyacTelt OT MacCUBa TOIOKKH

Figure 3 — Photos ofthe sample of the dual-zone sensor (a)
and sensor housing (b): 1 — dielectric substrate from Al,O5;
2 — working area of the sensor with metal oxide-sensitive
elements, information electrodes systems and heaters;
3 — thin-film conductive paths from nichrome; 4 — contact
pads of information electrode systems; 5 — contact pads of
heaters; 6 — touch panel mounted on the housing leg

Psin sxcnepuMeHTOB, NMPOBEACHHBIX B Jlabopa-
TOPHBIX YCIOBUSIX, I0OKa3aJl 3HAUYNUTEIIbHbIC TPEUMY-
mectBa ra3zossix 111 no cpaBrenuro c¢ 111 npyrux
TUIIOB, B NIEPBYIO OuYepeab — paHHee BpeMs OOHa-
pyXeHusi Bo3ropanus. Jlaxke npu OTCYTCTBHM IpPU-
HYJHUTEIbHOro Bo31yxooOMmeHna razosbie IIM, pe-
arupytomue Ha MoHookcun yriepoaa CO, Oynyun
YCTaHOBJICHBI HE TOJILKO Ha IIOTOJIKE, HO M Ha CTEHax
UCTIBITATENIFHOTO MTOMEIIECHUsI, cpadaThIBaJIM 3HAYH-
TenbHO pasblie AbIMOBBIX 1M [19]. UyBcTBUTEND-
HOCTh YKa3aHHBIX T'a30BbIX CEHCOPOB, NpUMEHse-
MBIX B rapakax M Ha 3aKpbITBIX aBTOMOOWJIBHBIX
CTOSTHKaX, MOXET PeryJIupoBaThcs B mpenenax ot
10 300 em’/m® (ppm) ¢ TounocThiO 1 ppm. Bricora
HX YCTaHOBKH IIPH Pa3MEIIEHUH Ha CTEHaX COCTaB-
nseT 1 M HajJ ypoBHEM I0Jj1a, Ha oToJke — 2 M [20].
[TonynpoBOJHMKOBBIE Ta30BBIE CEHCOPBI HMMEIOT
Pl IPEUMYIIECTB: UINTENBHBI HEpHOA PadOTHI
0e3 oOcmykuBaHuUs; HeOoNbIIME TabapuUTHbBIE pa3-
MEpBbI; BBICOKOE OBICTPOJECHCTBHUE; UyBCTBUTEIHHO-
CTBIO K MQJIBIM KOHLIEHTPALMSIM U3MEPSIEMbIX ra30B;
BBICOKAsI TE€XHOJOTMYHOCTb H3TOTOBJICHUS; MaJble
rabapuTHbBIC pa3Mepbl; HEBBICOKAsT CTOMMOCTb. Oc-
HOBHBIM HEJOCTaTKOM SIBJSIETCSl HU3Kasl CEJIEKTUB-
HOCTB — U30MPATENbHOCTh K KOHKPETHOMY T'a3y, KO-
TOpasi MOKET OBITh yBelnueHa myTéM nuddepeHun-
allMM YyBCTBUTEIBHOCTH C UCTIOIBb30BaHUEM MaTPHIL
CEHCOPOB, YYBCTBUTEJIbHBIN CI0H KOTOPBIX 00Ja1a-
€T Pa3JIMYHBIMU ITapaMeTPaMH U CBOMCTBAMH.

3akiaoueHue

[IpuBeneHo rpaduueckoe MpeJICTaBICHUE KIIac-
cu(UKaIIN TOKapPHBIX M3BEMIATENIeH B BUIE 0000-
MIEHHON CXEMBI C UCIOJIb30BAHUEM BCEX OCHOBHBIX
KJIacCU(UKAIIMOHHBIX TPHU3HAKOB. BBISBICHBI J10-
CTOMHCTBA W HEJOCTAaTKH MPHUMEHSEMBIX B HACTO-
AIiee BpeMsl MOXKApHBIX HM3BeMaTelneid pasInIHbIX
THUIIOB, ONPE/ICICHBI ONTUMAIIbHBIC 00JaCTH HX HC-
MOJIH30BaHUSI B 3aBUCUMOCTH OT TIOXapHOH Harpys-
ku. [lokazana 3(hpeKTHBHOCTH TPUMEHEHUS KOMOH-
HUPOBAHHBIX TOKAPHBIX HW3BEIIaTeNeil, OCHANIEH-
HBIX TOMUMO TPAJIUIIMOHHBIX JIHIMOBBIX M TETIOBBIX
JIATYNKOB Ta30BBIMH CEHCOPAMH, KaK KOMIIIEKCHOTO
MOJIX0JIa K OPTraHU3allui OCYIIECTBICHUS KOHTPOJIS
HaJT OXpaHsIeMbIMH OObEKTaMH.

[IpuBeneHbI pe3yabTaThl Pa3pabOTKH BBICOKO-
YYBCTBHUTEIBHOTO JIBYX30HHOTO CEHCOPA C UyBCTBU-
TEJILHBIMU DJIEMCHTAMH Ha OCHOBE TUICHOK OKCHJIA
kKenesa JUTsl IETeKTUPOBAHUS BBIJICIICHHS B3PhIBOO-
MACHBIX U OTPABJISIONINX ra30B B HAYAIBHOM CTa UK
TIICHUSI IO 00pa30BaHMUs YCIOBHIA BOCIUTAMEHEHHUSI.

350



Ipubopul u memoowvl usmepenui
2019.—T. 10, Ne 4. — C. 341-352
B.O. Kumuxog u op.

Devices and Methods of Measurements
2019, vol. 10, no. 4, pp. 341-352
V.0. Kitikov et al.

CdhopmynupoBaHbl  yCIOBUSL  MOJCPHU3ANN
IKCIUTyaTUPYEMBIX MOXAPHO-OXPAHHBIX CHCTEM U
MOBBIILICHHUS UX TEXHUYECKOTO ypoBHA. OO0CHOBaHA
HEOOXOIUMOCTh Pa3pabOTKW M BHEAPECHUSI COBpE-
MEHHBIX OTEYECTBEHHBIX Ta30BBIX CEHCOPOB M HX
KOHTPOJIJIEPOB JAJISl BKIIOYEHHUS B CYILECTBYIOIINE
CHCTEMBI TIO)KapHOI 0€30MaCHOCTH C LEJbI0 MOBBI-
HIeHUs uX GYHKIUMOHAIBHON S(PEKTUBHOCTH U Ha-
JOEKHOCTH.

CHucoK HCIOJAb30BAHHBIX HCTOYHUKOB

1. Ynenos, A.H. HoBble = MeTOIBI TEeXHUYe-
CKHE CpeJCTBa OOHApYy>KEHHsS MoXapa: MoHorpadus /
A.H. UnenoB [u ap.]. — Mocksa: Akanemusi ['TIC MUC
Poccun, 2007. - 175 c.

2. @edopos, A.B. CucteMbl 1 TEXHUYECKHE CPEJICTBA
panHero obHapyxeHus moxkapa / A.B. @exopos [u 1p.]. —
Mocksa: Akagemus I'TIC MUC Poccun, 2009. — 158 c.

3. Caymun, 1. Konnenuus mocTpoeHus Oe3omac-
HOU npoTuBomnoxapHoi asromaruku / Y. Cayrus // Anro-
put™ 6e3omacuocTr. — 2015. — Ne 4. — C. 68-70.

4. 3aiiyes, A.B. CBepxpaHHee 00HapyKEHHE IToXKapa:
MHOBI, C KOTOPBIMH TIPUXOAUTHCS KUTH / A.B. 3aiities //
Aunroputm 6e3omacaoctr. —2017. — Ne 1. — C. 54-58.

5. National Fire Alarm Code. Handbook / Fourth
edition. Edited by Lee F. Richardson, Wayne D. Moore,
P.E., FSFPE. — National Fire Protection Association,
Quincy, Massachusetts, 2004. — 680 p.

6. Bukowski, R.W. Performance of Home Smoke
Alarms. Analysis of the Response of Several Available
TechnologiesinResidential Fire Settings/R.W. Bukowski [et
al.] // NIST Technical Note 1455-1. —2008. — 265 p.

7. Ipobwius, /1.B. Tlpobnemsl 3¢ddexkTnBHOrO TIpH-
MCHEHHMsI ~aBTOHOMHBIX  MOXAapHBIX  H3BeLIarenei /
J.B. Apo6smm, J.JI. EcumoBuy, A.A. Autommun // YUpes-
BbIYAHBIC CUTYALUH: TIPETYTIPEXKICHUE U TMKBUAIMS. —
2010. — Ne 2(28). — C. 55-64.

8. Kozyboeckuii, B.P. CpaBHUTCIbHBIN aHAIHU3 JaT-
YHMKOB TA30BBIX U3BELIATENEH IS paHHETr0 OOHAPYKEHHS
mokapa / B.P. Koszyb6ogrckuii, 11.3. Mucesuy, M.M. UBan-
ugyk // Bezpieczenstwo i technika pozarnicza. — 2015. —
T.40,Ne4.—C.107-122.DOI: 10.12845/bitp.40.4.2015.8

9. T'a30Bble MOXKapHbIE W3BELIATENN: THUIIBI, Pa3HO-
BUIHOCTH, TUTIOCBI U MHUHYCBI [DIIEKTpOHHBIH pecypc] //
Pexwm moctyma: https://fireman.club/statyi-polzovateley/
gazovyie-pozharnyie-izveshhateli-tipyi-raznovidnosti-
plyusyi-i-minusyi. — [lata goctyna: 12.09.2018.

10. ITonewyx, P. KoMOuHUpOBaHHbIE noxap-
Hble M3BEIIATEJM C Ta30BBIM KaHAIOM OOHapysKe-
Hust [Dnekrponnsli pecype] / P. ITlomemyk // Pe-
KIM JIOCTyTIA! http://www.tzmagazine.ru/jpage.
php?uid1=681&uid2=784&uid3=796. — [lara nocryna:
19.09.2018.

u

11. Aumowun, A.A. MeTonuka HcciaeIOBaHUS TPO-
CTPAHCTBEHHOT'O pacIpeieieHHsl MapaMeTpoB Cpeabl U
MIPOJTYKTOB TOPEHHUSI B KMJIOM IOMELICHUH U CMEXKHBIX
¢ HuM npoctpaHcTBax / A.A. AntommH, C.A. Bonkos //
[Tpubopsr u Meroasl namepennit. — 2018. — T. 9, Ne 4. —
C. 347-358.

DOI: 10.21122/2220-9506-2018-9-4-347-358

12. 300p, B. HexoTopsie HIOAHCH TPUMEHEHHUS Ta30-
BbIX IIO’KapHbIX U3BELIATENIEH B CUCTEMAX IOXKAPHOM aB-
tomatukH. ["azoBele n3Bemarenu B 'OCT P 53325-2012 /
B. 3mop // Anroputm 06e30MacHOCTH. 2013.
Ne3.-C. 24-27.

13. I'aman, B.1. ®du3uka MoaynpoBOJIHUKOBBIX Ta-
30BBIX CEHCOPOB: MoHOTpadus. — Tomck: M3n-Bo HTJI,
2012. - 112 c.

14. Agepun, U.A. ®uznyeckue OCHOBBI MOIYIIPOBO-
JTHUKOBBIX Ta30BBIX CEHCOPOB: MoHorpadwus / .A. Ase-
puH // M-Bo 00pa3. u Hayku PO, ®I'BOYBIIO «Ilenzen-
ckuit roc. yH-1» (III'Y). — Ilensa: Uzn-so IIT'Y, 2015. —
188 c.

15. Saniz, R. First-principles study of CO and OH
adsorption on In-doped ZnO surfaces / R. Saniz [et al.] //
Journal of Physics and Chemistry of Solids. — 2019. —
Vol. 132. - P. 172-181. DOI: 10.1016/.jpcs.2019.04.023

16. bycnos, B. TlonmynpoBOIHUKOBBIE YYBCTBUTEIb-
HBIE JIEMEHTBI JUIs IATYMKOB Ta30B U CUCTEM CHUTHAJIHM3a-
un / B. Bycios [u np.] // CoBpeMeHHas! JIEKTPOHHKA. —
2008. — Ne 7. — C. 22-27.

17. Myxypos, H.. AncopOIImoHHO-PE3UCTHBHBIH
ra3oBerii cercop / Ilar. PB Nel0187 // H.. Myxypos,
C.B. lenucrok, O.H. KymanoBuu. — Omy0n. AB Ne 3.
30.06.2014. - 217 c.

18. Henucrox, C.B. JIByX30HHBIC Ta30BbIE CEHCOPHI
Ha notoxkKax Al,O; ¢ TOHKOIUIEHOYHBIMH 4yBCTBHTEIIb-
HBIMH dJIEMEHTaMHu u3 okcuzaa skeie3a / C.B. JIeHHuCoK,

H.1. Myxypos, O.H. Kynanosuu // Hano- u mukpocu-
ctemHas TexHuka. —2018. — Ne 11. — C. 676-688.

19. Hennoxos, U.I". TloxxapHble U3BEIATENH C Ta30-
BBIM KaHAJIOM Ha poccuiickoM poiake / V.I". Heroxos //
Cuctemsl 6e3omacnoctr. —2009. — Ne 5. — C. 102-106.

20. Cemenos, B. VInTennexTyaabHblil JETEKTOp TIa-
3a / B. CemenoB // CoBpemeHHas dmmekTpoHuKa. — 2007. —
Ne 9. -C. 16-21.

References

1. Chlenov A.N., Fomin V.I., Bucynskaya T.A.,
Demekhin F.V. Novye metody i tekhnicheskie sredstva
obnaruzheniya pozhara: monografiya [New methods and
technical means of fire detection]. Moscow, Academy
of State Fire Service of the Ministry of Emergencies of
Russia, 2007, 175 p.

2. Fedorov A.V.,, CHlenov A.N., Luk'yanchen-
ko A.A., Bucynskaya T.A., Demyohin F.V. Sistemy i




IIpubopsr u memoosl usmepeHuil
2019.—T. 10, Ne 4. — C. 341-352
B.O. Kumuxog u op.

Devices and Methods of Measurements
2019, vol. 10, no. 4, pp. 341-352
V.O. Kitikov et al.

tekhnicheskie sredstva rannego obnaruzheniya pozhara:
monografiya [Early fire detection systems and hardware].
Moscow, Academy of State Fire Service of the Ministry of
Emergencies of Russia, 2009, 158 p.

3. SautinI. [The concept of building safe fire
automation]. Algoritm bezopasnosti [The security
algorithm], 2015, no. 4, pp. 68—70 (in Russian).

4. Zaytsev A.V. [Early fire detection: myths to live
with]. Algoritm bezopasnosti [The security algorithm],
2017, no. 1, pp. 54-58 (in Russian).

5. National Fire Alarm Code. Handbook / Fourth
edition. Edited by Lee F. Richardson, Wayne D. Moore,
P.E., FSFPE. National Fire Protection Association,
Quincy, Massachusetts, 2004, 680 p.

6. Bukowski R.W., Richard D. Peacock, Jason D.
Averill, Thomas G. Cleary, Nelson P. Bryner, Paul A.
Reneke. Performance of Home Smoke Alarms. Analysis
of the Response of Several Available Technologies in
Residential Fire Settings. NIST Technical Note 1455-1.

2008, 265 p.
7.DrobyshD.V., YesipovichD.L., Antoshin A.A.
[Efficient use of autonomous fire detectors].

Chrezvychaynyye situatsii: preduprezhdeniye i likvidatsiya
[Emergencies: prevention and response], 2010, no. 2(28),
pp. 55-64 (in Russian).

8. Kozubovskiy V.R., Misevich I.Z., Ivanchuk M.M.
[Comparative Analysis of Sensors Contained in
Gas Detectors Designed For Early Fire Detection].
Bezpieczenstwo i technika pozarnicza, 2015, vol. 40,
no. 4, pp. 107-122. DOI: 10.12845/bitp.40.4.2015.8

9. www.fireman.club [https://fireman.club/statyi-
polzovateley/gazovyie-pozharnyie-izveshhateli-tipyi-
raznovidnosti-plyusyi-i-minusyi]. Accessed: 12.09.2018.

10. www.tzmagazine.ru [http://www.tzmagazine.ru/

jpage.php?uid1=681&uid2=784&uid3=796]. Accessed:
19.09.2018.
11. Antoshyn A.A., Volkov C.A. [Experimental

Test Procedure of the Spatial Distribution of Envi-
ronmental Parameters and Products of Combustion in
a Residential Area and Adjacent Spaces]. Devices and

Methods of Measurements, 2018, vol. 9, no. 4, pp. 347—
358 (in Russian).
DOI: 10.21122/2220-9506-2018-9-4-347-358

12. Zdor V. Particularities of gas fire detectors usage
in fire automation systems. Gas detectors in accordance
with GOST R 53325-2012. The security algorithm, 2013,
no. 3, pp. 24-27 (in Russian).

13. Gaman V.1. Fizika poluprovodnikovyh gazovyh
sensorov: monografiya [Semiconductor Gas Sensor
Physics]. Tomsk: NTL Publ., 2012, 112 p.

14. Averin L.A. Fizicheskieosnovypoluprovodnikovyh
gazovyh sensorov: monografiya [Physical fundamentals
of semiconductor gas sensors]. Penza: PGU Publ., 2015,
188 p.

15. SanizR. Sarmadian N., Partoens B., Batuk M.,
Hadermann J., Marikutsa A., Rumyantseva M. Lamoen D.
First-principles study of CO and OH adsorption on In-
doped ZnO surfaces. Journal of Physics and Chemistry of
Solids, 2019, vol. 132, pp. 172-181.

DOI: 10.1016/j.jpcs.2019.04.023

16.Buslov V., Kozhevnikov V., Kulikov D.,
Rembesa S., Russkikh D. [Semiconductor sensors for gas
sensors and alarm systems]. Sovremennaya elektronika
[Advanced electronics], 2008, no. 7, pp. 22-27 (in

Russian).
17. Muhurov N.I., Denisyuk S.V., Kudanovich O.N.
[Adsorption resistive gas sensor] Adsorbcionno-

rezistivnyj gazovyj sensor / Pat. RB, no. 10187. AB no. 3.
30.06.2014, 217 p.

18. Denisyuk S.V., Mukhurov N.I., Kudanovich O.N.
[Dual-Zone Gas Sensors on Al,O; Substrates with Thin-
Film Sensors from Iron Oxide]. Nano- i mikrosistemnaya
tekhnika [Nano- and Microsystems Technology], 2018,
no. 11, pp. 676-678 (in Russian).

19. Neplokhov I.G. [Gas channel fire detectors on
Russian market]. Sistemy bezopasnosti [Security system],
2009. no. 5, pp. 102-106 (in Russian).

20.Semenov V.  [Intelligent = Gas  Detector]
Sovremennaya elektronika [ Advanced electronics], 2007,
no. 9, pp. 16-21 (in Russian).

352



