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Kak BuIHO U3 puCyHKa, HaMOOJBLINI pe3yabTaT MPUMEHEHUS METOAMKHU Pa3fesibHOTO BO3-
oyxnenus JIO/JIND cnenyer oxuaaTh MPU MUCTIOIB30BAHUN MAJIBIX TUIOTHOCTEH SHEPTHH WMITYITh-
ca BO3JICUCTBHUA. DTOT pPe3yabTaT OCOOEHHO Ba)KEH C TOYKH 3PEHHUS OIICHKH MEPCIEKTUB CO3/IaHUs
6630HaCHBIX AJI TJ1a3 JIMAapPHBIX TEXHOJIOTHH.

Takum oOpazom, mis moBeimeHus: dddexktuBHocTr Metona JID/JIMD weobxoammo ocy-
HIECTBIISITH PA3HECEHHOE BO BPEMEHU JIBYXUMITYJILCHOE JIA3€PHOE BO3ACHCTBUS Ha MOJIeKyIsl BOM
u Ha ux NO-¢pparmMeHTsl. BpIOOp ONTHUMAaIbHOTO 3HAYEHUS 33JCPKKH MO3BOJUT MOBBICUTH YYB-

CTBHUTCIIBHOCTh MCTOAa 06Hapy>1<eHmI Ha OJUH-ABA IMOPsAJAKa BCIININHBI.

Paboma evinonnena npu gunancosoii noodepacke epanma Ilpezudenma Poccuiickoti @ede-
payuu Ne MK-619.2018.8. u epanma Poccuiickoeo ¢onoa ¢hynoamenmanvHulx UCCcie008anull
Ne 16-29-09474.

JABYXIHUATIA3OHHBIN JIASEPHBIN IT'A3OAHAJIU3ATOP
IS JUCTAHIIMOHHOI'O OGHAPYKEHUS CJIEJIOB
OITACHBIX BEIIIECTB

Arees B.I.', I'punyra A.H.', Kmumkun A.B.', Kypsk AH',
Ocunos K.JO.!, Ilonomapés 10.H."?, CumonoBa I'.B.}

! Hncmumym onmuxu ammocghepor um. B.E. 3yesa CO PAH, e. Tomck
? Hayuonanvhuiii uccredosamensckuti Tomcxuil eocyoapcmeentblil yHugepcumem, 2. Tomck
3 Hnemumym monumopunea knumamudeckux u sxonocudeckux cucmem CO PAH, 2. Tomck
E-mail: yupon@iao.ru

JlaHo omucaHue CXeMOTEXHUYECKOTO PEUICHHUs Ja3epHOro JUCTAaHIIMOHHOTO Ta30aHaln3aTopa
napoB omacHbIX M BpenHbix BemiecTB (OBB) Ha 0a3e nByX MCTOYHMKOB MH(PPAKPACHOTO H3ITyde-
HUSI — TIEPECTPAUBAEMBIX H30TOIMHOTO 13C1602-H336pa ¥ KBaHTOBO-KacKaJHOro Jiazepa. Pa3pabo-
TaHHAs ONTHYECKas cxeMa npubopa, ABISAACH €AMHOM IS U3TydaTeliel, MO3BOJsIeT CO3AaTh JOCTa-
TOYHO KOMMAKTHBIN npuOop. Vcrnonb30BaHue IBYX KaHAJIOB MO3BOJIET CYIIECTBEHHO PACIIMPHUTH
obnacTu mpuMeHeHHs razoaHanuzaTtopa. [IpegycMorpeHa BO3MOXKHOCTH MpUMEHEHUs mpudopa B
CTAIlMOHAPHOM M MOOWJIBHOM BapuaHTax. Pa3paboTaHHBIN ra3oaHaan3aTop OTHOCHUTCS K OOJacTH
U3MEPUTENIbHOM TEXHUKH, U MpeIHa3HauYeH JUIsl JUCTAaHIIMOHHOTO oOHapyxeHus nmapos OBB u co-
NyTCTBYIOUIMX BEUIECTB-MapKepoB Ha AucTaHuuu ot 50 1o 100 m.

["a3oaHanu3aTop COAEPKUT OJIOK JA3€PHOr0 M3IydeHHUs, OJOK MpHeMa H3IyUYeHHs], a TaKKe
010k 00pabOTKM JTaHHBIX M yIpaBiieHUs. BJIOK J1a3epHOro M3IydeHHUs ra3oaHaau3aropa COJIEPKHUT
JIBa UICTOYHHMKA 30HAMPYIOILEro M3JydeHus: nepecrpanBaeMbiii B auanasone 10,99-11,4 mxMm u3zo-
TOIHBIN 13C1602-J1asep U niepecTparBaeMblil B nuamnasone 7,1-7,6 mxm KKIJIL

["a3oananuzaTop paboTaeT cieAyomuM o0pa3oM. 30HAUPYIOIIee Ja3epHOe U3ITyUeHHE C TI0-

MOIIIBIO 3€PKATBHOTO KoJutuMaropa ¢Gokycupyercs Ha nuddy3Ho-oTpaxkaronryro MuiieHb. Otpa-
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3UBIIUCH OT HEE B 00paTHOM HAMpaBIICHUH, COOUPAETCS OOBEKTUBOM U PETUCTPUPYETCS (POTOMPH-
emMHuKamu. [lepecTpoiikoil 0 9acTOTe M3IYYEHUS 30HAUPYIONIUX JIa3epoB (HOPMHUPYETCS 4acTOT-
HBIN CIIEKTP «3IX0-CUrHaNIOBY. [IpH mosiBIeHNH Ha Tpacce 30HaAMpoBaHus obiaaka OBB (unu Beme-
crBa-mMapkepa OBB) criekTp 3x0-curaanoB OyaeT coaepikaTh B cebe XapaKTepHbIe «IIPOBAJIbI», BbI-
3BaHHbBIE MOTJIOLIEHUEM JIA3€PHOTO M3JIy4YeHUs Ha crielu(UUYHBIX JUIs KaXJI0TO BEUlecTBa JJIMHAX
BOJTH. TakuMm 00pazoM, cucTeMol 00pabOTKH HXO-CHUTHAJIOB MOJYYalOT CIEKTP CEIIEKTUBHOTO I10-
riommeHus Monekynamu OBB (unu BemectBa-mapkepa OBB) 3onaupyromero nznydenus. Komims-
IOTEPHOE CPAaBHEHHUE CIIEKTPOB 3XO-CUTHAJIOB HA CHEUM(UYECKHX AJIS JaHHBIX BELIECTB JUIMHAX
BOJIH Ha «YUCTOM» Tpacce 30HIWPOBAHUS U B MPUCYTCTBUU Ha Tpacce mosiekya OBB (unu Berme-
ctBa-Mapkepa OBB) nmo3BossieT razoananuzaTopy paboTath B aBTOMAaTHUYECKOM PEKHUME.

Jlnst mpoBepkH paboTOCIIOCOOHOCTH razoaHain3aropa Obul ucnoib3oBad ammuak (NHs). Dxe-
MEPUMEHT MPOBOJUJIICS 0 oTpaboTaHHOI paHee cxeme [1]. Ha pucyHke mpencTaBieH 3amucaHHbIA
B X0JI€ DKCIIEpUMEHTA CIIEKTP IX0-CUTHaja, COAEepKaIIii B cede XapaKTepHbIN «IIpOBajl», BbI3BaH-

HBI TIOTJIONICHHWEM MTapaMu aMMHuaka (KoHIeHTparus ~ 200 ppm) Ja3epHOTO U3ITyICHHS.

Ammmak, napel, =18°C
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Puc. 1. 3aBucuMocTb 3X0-curHana (IponycKaHus) KIOBETHI ¢ mapamMu aMmmuaka (~ 200 ppm) OT AJMHBI BOJIHBI T'eHepa-
mun °C'°0,-nazepa, noyueHHas ra30aHANM3aTOPOM HA JMCTAHIMH 65 MeTPOB Tpacchl. CTPEIKaMM OTMEUEHbI HCTIOb-
3yeMble JIMHUY TeHepaluu

Hcnonb3oBanue 3epkagbHON ONTUKY B IEPEAAIONICH M TPUEMHOM CUCTEMAaX ra30aHain3aropa
IMO3BOJIACT UCIIOJb30BATh PA3JIMYHBIC HCTOYHHUKU U3JIYUCHUA U (bOTOHpI/IeMHI/IKI/I, qTO CHOCO6CTByeT
Pa3BUTHUIO HOBBIX 3(1)(1)GKTI/IBHBIX IIoAXO0J0B CO3aaHUA KOM6I/IHI/IpOBaHHBIX CHUCTEM, OCHOBAHHBIX Ha

NPUMEHEHHUH PA3JIMYHBIX JIA3EPHBIX TEXHOJOTHH 171 0OHapyxeHus OBB.

Paboma sevinonnena 6 pamxax Ilpoexma VIIL.80.1.3 [Ipoepammel ¢hyHOamenmanbhblx uccie-

008aHULL 20CYOAPCMBEHHBIX AKAOEMUL HAVK.
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LASER TWO-WAVEBAND GAS ANALYSER FOR REMOTE DETECTION
OF TRACES OF HAZARDOUS SUBSTANCES
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Ponomarev Yu.N.l’z, Simonova G.V.}
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The technical scheme of the remote laser analyzer of vapors of hazardous and toxic substanc-

es (HTS), based on two IR sources (a tunable 13C160, isotope laser and a quantum cascade laser),

is described. The developed optical scheme of the analyzer, identical for both sources, makes it pos-
sible to fabricate a rather compact device. The use of two channels considerably extends the appli-
cation field of the gas analyzer. The gas analyzer can be used in stationary and mobile variants. The
field of the instrument application is measurement technology. It can be used for remote detection
of HTS vapors and HTS markers at distances from 50 to 100 m.

The gas analyzer comprises units of lasing, receiving, data processing, and control. The laser
radiation unit consists of two probe lasers, namely, a 13C 1602 isotope laser tunable within the
range of 10.99—11.4 mm and a QCL, tunable within 7.1-7.6 mm.

The gas analyzer operates as follows. The probe laser radiation is focused by the mirror col-
limator on the diffusely reflecting target. Reflected back from it, the radiation is collected by the
objective and then recorded by the photodetectors. The frequency spectrum of the echo signals is
formed by tuning the frequency of the probe lasers. When the HTS (or HTS marker) cloud appears
in the probing channel, there arise dips in the spectrum of echo signals, caused by the absorption of
laser radiation at wavelengths, characteristic for each substance. The processing of echo signals
yields the spectrum of selective absorption of the probe radiation by molecules of HTS (or HTS

marker). Computerized comparison of spectra of echo signals in a ‘pure’ probing channel and in the
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presence of HTS (or HTS marker) molecules allows the gas analyzer to operate in the automatic
regime.

The operational capability of the gas analyzer was tested with the help of ammonia (NH3).
The experiment was performed according to a previously developed scheme [1]. Figure shows the
experimentally recorded echo-signal spectrum, containing a typical dip, caused by the absorption of

laser radiation by the ammonia vapor.
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Fig. 1. Dependence of the echo signal [ the transmission coefficient] of a cell with a mixture of ammonia
vapor (~200 ppm) at the 13C1602 laser wavelength measured at a distance of 65 m. The arrows show
the wavelengths of the used laser lines
The use of mirror optics in the transmitting and receiving systems of the gas analyzer makes it
possible to use different light sources and photodetectors, which facilitate the development of com-

bined systems, based on the use of various laser technologies for detection of HTS’s.

This work was supported by Program for Fundamental Research of State Academies of Sci-
ences (Project No. VIII.80.1.3).
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