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ANCTaHUMOHHOE NasepHoe 30HAUPOBaHUE
OCYLLEeCTB/IAIOT C MOMOLLbIO INAAPOB.

TOYHOCTb U3MepeHUit — 3TO BCerpa KavyecTso

1 6e3onacHocTb. Moka Anaapbl UMetoT 60/1bLUYI0
NorpewHoCcTb U3MepeHuii. B cTaTbe pacCMOTPEeHbl
MHCTPYMEeHTaJIbHble METOAbl e CHUXEHMUS.

OYTH TPUALIATH JIET OTAE/SIOT Hac OT MOMEHTa
M3JaHUS IepBbIX KHUT, IOCBSIIEHHBIX a3ep-
HOMY JHCTAHIOHHOMY 30H/IHPOBAaHHIO OKpY-
sKaronel cpenel [1, 2]. ITo3nHee, C pa3BUTHEM JIH/IAPHOM
TeXHHUKH, IOSBHIMCh HOBBIe PaboThl [3, 4], oTpaskaro-
IIKe HOBble pe3ysbTaThl. CO3[4aBajoCh BIleYaT/IeHHe,
YTO BCE JOCTOMHCTBA M HEJOCTATKHU JIMJAPHBIX TeXHO-
JIOTUH 30HJIUPOBAHMS JOCTATOYHO XOPOLIO K3y4YeHBHI.
Ho BO3HUK/IM HOBBIe IOAXOABI K BBIBOAY JIHIAPHOIO
ypaBHeHus [5, 6], 1 c/lefyeT OKMAATh, YTO OHU IIpHBe-
IyT Hac K HOBBIM, 60JIee yCOBepIIeHCTBOBAHHBIM JIHAA-
paM. PaccMOTpHUM cXeMBblI pab0Thl HEKOTOPBIX U3 HUX.
KoHCTpyKkLHSI pa3paboTaHHOTO MOOHJIBHOIO
JTHUJAPHOrO KOMIIJIeKCa A/ AHCTAaHI[MOHHOTO KOH-
Tpons armocepsl [7] mpencraBisieTr coboil IIaT-
dopMy, Ha KOTOPOM YCTAHOBJIEHBI 37IeMeHTHl H3Me-
PUTENBHOM CHCTEMBI: TBepHAOTEeJbHBIN Ja3ep, ABa
TEA (Trancversly Excited Atmospheric) CO,1asepa,
TeJIeCKOII, IByXKOOPAUHATHBIN 3epKajbHBIN CKaHep,
ONTHYEeCKHe CUCTeMBl Iepefadyd H3/1ydeHHSs, IIPU-
eMHas CIeKTpa/lbHasi cucTeMa. TaM ke IOMeIleHa
CHCTeMa CHHXPOHHU3ALMH, 60K COIpsSIKeHHUsI, COCTO-
SAOUA K13 670Ka yIpaBleHUs IIPUBOAAMH U 6JI0Ka
cbopa MHPOPMALIMU OT JATUHUKOB, BBIUHCIHUTETIBHO-
YIIPaBISIOUIUN KOMILIEKC. TBepIOTeNbHBIN Ja3ep
BBIIIOJIHEH B BHJe IBYXKaHaJbHOIO IlepecTpauBae-
MOro M3j1ydarens Ha ocHoBe Ti:Sapphire ¢ 61okamu
Nd-usnyqatener. Kaxxasiii TEA CO,1asep cHabkeH
[IapoM MIEHTHUUYHBIX, OITHYECKH COeJHHEHHBIX
Mexay cobort CO,1a3epoB (reTepOSUHHBIM U HHKeK-
LIMOHHBIM). IIpH 3TOM OITH4Yeckas CHUCTeMa Ilepe-
Iauu HM371y4eHHs] Ka’KIOro KaHasa ABYXKaHAJIbHOTO
reTepOAMHHOrO JHJapa COCTOMT M3 JBYX 4YacTeH.
Kommekc obnamaeT 6OMBIIMMU BO3MOXKHOCTSIMH,
HO JIOBOJIBHO I'POMO3JIOK.
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Lidar is the instrument with the help of which
the remote laser probing is performed. Quality
and safety of human vital activities depend on
the value of measurement error. Unfortunately,
so far the lidar measurements have large error
and the search of methods of its reduction is
continued.

Imost 30 years separate us from the occurrence

of the first books devoted to the laser remote

probing of environment [I, 2]. Later, reviews
and books which cover the development of lidar
equipment have occurred, for example [3, 4]. It seemed
that the advantages and disadvantages of lidar probing
technologies were well known. But new approaches to
the formulation of lidar equation [5, 6] are planned and
it should lead us to the creation of improved lidars. Let us
consider several of them.

The mobile lidar complex for the remote control
of atmosphere has been developed [7]. It contains the
platform and following components installed on it: solid-
state laser, two TEA (Trancversly Excited Atmospheric)
CO, lasers, telescope, two-coordinate mirror scanner,
optical systems of radiation transmission, detecting
spectral system; synchronization system, interface
unit which includes: drive control unit and unit of
accumulation of the data received from sensors, control
computing unit, solid-state laser is executed by two-
channel adjusting to Ti: Sapphire with the units of Nd
emitters; every TEA CO,-laser is equipped with the pair of
identical, optically interconnected CO,-lasers (heterodyne
and injection), exit connected with the entrance of TEA
CO,-laser which jointly form two-channel heterodyne
lidar and the optical system of radiation transmission of
every channel of two-channel heterodyne lidar consists
of: connected with the exit of TEA CO,-laser, first part of
the optical path which is connected with the optical key-
modulator, second part of optical path, bottom part of
telescopic radiation beam expander, half of telescope and
scanner lens. The complex has great capabilities but it is
quite bulky. In many cases the part of tasks can be solved
by simpler device which is suggested by authors [8].

Simplification of the construction of lidar system
for atmospheric air quality control is performed at the
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B pszme ciy4aeB 4YacThb NPAKTHUYECKUX 337ady
MOKHO BBHIIIOJTHUTH 60jlee IPOCTHIM YCTPOMCTBOM,
KOTOpOe IIpe/JIOKeHO aBTopaMu [8]. YmpomieHue
KOHCTPYKLMHU JTHUAAPHON CHUCTEMBI KOHTPOJIS Kade-
CTBa aTMOCHEPHOr0 BO3[yXa OCYIIEeCTBJIEHO 3a CYET
HUCIIOZIB30BaAHUYA HPI/IHHHHa KOM61/IH3LII/IOHHOI’O
paccesiHHUsI CBeTa. DTO II03BOJISIET HCIIONB30BATh
TOJBKO ONWH Jia3ep [JIsl OIpele/eHUs] CTeIlleHU
3arpsi3HeHHs aTMOCepHOro Bo3JyXa MOJIeKyJIaMH
IpeJiebHBEIX YIJIEBOJOPOJOB B aTMochepe HaJ IIpo-
MBIIJIEHHON 30HOH. JIUfapHasi CUCTeMa COCTOUT
U3 IUIaTGOPMBL C YCTAHOBJIEHHBIMHM Ha HeH TBep-
IOTeNbHBIM JIa3ePHBIM H3JIydyaTeleM Ha aJIoMO-
UTTPHUEBOM TpaHaTe C HeOOAUMOM, paborarmum
B peXXHMe TpeTbel TapMOHHMKH Ha IJIMHE BOJIHBI
355 HM, OIITHYECKOM CUCTEMBI IlepeladH Ta3epHOro
M3Jy4eHHs], IIPUeMHOr0 TejecKoma, 61o0Kka cbopa
I/IHCI)OPMB.LII/II/I nu BBI‘-II/ICHI/ITe}IbHO‘praBHHIOH_IEI’O
KOMIIJIeKca.

OnTuyeckass CHCTeMa IIepefjadyHu Jia3epHOro
M3JIy4YeHHUS [JOIOTHUTENbHO COMEePKUT IIPeTOMIIs-
IOIYI0 IIPHU3MYy, HAIIPAB/SIOMYIO Ja3epHOe H3Jy-
YeHHe B HCCIefyeMyio 06JacTh IIPOCTPAaHCTBA.
HPI/IEMHBII;I TeJIeCKOIl BbBIIIOJIHEH B BHOe TeJie-
cKoIla TUIa HpIOTOHA cO cHepHUeCKHUM 3€pKaJIOM
M JMH30BBIM 06BeKTHBOM. Bioxk cbopa mHOOpMa-
LIMH COLEPKUT UHTepPepeHIITUOHHBIN CBETOOUIIBTP
OIS BBIIEJIEHHS] y4acTKa CIIeKTpa KOMOHWHAI[MOH-
HOT'0 PacCesiHUs CBeTa KCC/IeyeMbIMH MOJIeKYIaMU
C IJUHUAMHU MOJ'[EKy)'I yI’}IeBO,ELOpO,ELOB, (I)OTOBHEKTPI/I‘
YeCKHUH YMHOXHUTENIb, MACIITAOHBIA YCHJIHUTENb,
aHasoro-uudppoBoi npeobpasoparens U m1aTy cbopa
JaHHBIX.

Syl 4

3BM / Computer
MnaTa cbopa faHHbIX / Data acquisition board

AHanoro-umdposor npeobpasosaTenb
Analog-to-digital converter

Yeunutens / Amplifier

MwuweHb / Target

MoBOpOTHas Mpuama .. .
Rotating prism .. .0~

JINH30BbLIN A

06beKTNB Nasep
Lens Laser

objective

DOTO3NEKTPUYECKUIA YMHOXUTENb
Photoelectric multiplier

MHTepdepeHLMOoHHbIN GunbTp / Interference filter

Ccepuryeckoe 3epKkaso NprueMHoro Teseckona HotoToHa
Spherical mirror of Newton detecting telescope

Puc.1. /ludapHas cucmema KOHMpoAsl Kayecmaa ammocgep-
H020 8030yXd
Fig. 1. Lidar system for atmospheric air quality control

expense of use of the principle of combination light
scattering which allows using only one laser for the
determination of the degree of atmospheric air pollution
with the molecules of saturated hydrocarbons in the
atmosphere above the industrial zone. The lidar system
for atmospheric air quality control is constructed on the
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OCHOBHBIMH 3aTrPSI3HAOMMMHU BelleCTBAMHU Haf,
[IPOMBIIIJIEHHBIM IIpeJIpUsITHeM SB/ISIOTCS MoOJIe-
KYJIBl IIPefe/bHbIX YIJIeBOAOPOOB. Ilo3ToMy Helle-
necoobpasHO MCIIO/NB30BATh CJIOKHOe 000pylOBaHMe
JUIS MHOIOKOMIIOHEHTHOIO aHajK3a BO3JYyLIHOIO
IIPOCTPAHCTBA HaJ HCCIefyeMoM 0671acThIo, a 0CTa-
TOYHO MCII0JIb30BATh IIPOCTYIO B UCIIOJIHEHUH THAAP-
HYIO CHUCTeMY [Jid OIIpefejleHHsl CTeIlleHH 3arps3-
HeHM S aTMOCPEepHOTo BO34yXa TOJIBKO MOJIeKY/IaMH
IIpeJie/IbHbIX YITIeBOLOPOLOB.

[IpUHI MO 1a3ePHOTO0 AUCTAHIMOHHOTO 30H[H-
POBAaHMS METOAOM KOMOMHAILIMOHHOTO PacCesHHUS
cBeTa M3BecTeH. OH 3aK/IO4YaeTcss B PerucTpaluu
Ja3epHOro H31ydeHUsl, KOMOMHALIMOHHO pacce-
SIHHOTO MOJIeKyJIaMH IIpelle/IbHBIX YI/IeBOLOPOIOB,
C YaCTOTHBIM CABHIOM, XapaKTePHBIM UMEHHO [JIs
3THUX MOJIEKYJI U OIlpeJie/IieMbIM CIIeKTPOM HX KoJie-
6anun. IIpy 5TOM YUHTBHIBAIOT JHIIb Ta HOJIS pac-
CesTHOTO M3JIy4eHM s, KOTOpas HaIlpaBjeHa B IPO-
THUBOIIOJIOKHYI0 OTHOCHTE/IbHO 30HJHUPYIOILero
H3JIy4YeHHUs CTOPOHY.

JlumapHas cuUCTeMa KOHTPOJS KayecTBa aTMOC-
depHoOro Bo3myxa, ONTHYeCKas CxemMa KOTOPOM IIpef-
CTaBJleHa Ha puc.l, paboraer ciaenyomuM obpasom.
HIMIIy/IbC TBEpAOTE/NIbHOIO JIa3€pHOIO M3jy4yaTess
Ha aJIOMOHUTTPHEBOM TpaHaTe C HEOAMMOM, pabo-
TaIOIlero B pe>XkKHMMe TpeTber TapMOHHMKH Ha JIHHe
BOJIHBI 355 HM, HaIlpaBJIsieTCsl B UcCIelyeMyIo 06/1acTh
IPOCTPaHCTBA (MHIIeHb) HaJ IPOMBINITIEHHOM
30HOM. YacTh /1a3epHOr0 H3Jy4eHHS MCIIONb3yeTCs
I/ CO3[aHMS OIOPHOIO CHUTHaza, KOTOPBIM 3afaeT
Ha4dajIo OTCYeTa BPeMEHH, a ero aMIUIUTy[a — SHep-
THUIO0 JIa3€PHOr0 HMMIIy/IbCa. PaccesHHOe Haszaj H3JIy-
yeHHe KOMOMHAIIMOHHOIO PaccesiHUsl CBeTa HCCIIefly-
eMBIMH MOJIeKyJaMH COOHUpaeTcs TelecKoIloM THIIa
HploToHa, QOKyCHpyeTCsl depe3 JIMH30BBIM 0OBEKTHUB,
IIPOXOISl CKBO3b MHTepPPEPeHLIMOHHBIKN CBeTOQUIBTP
Ha (OTOKATOA (POTOYMHOKMTE/s. MIMITy/IbC Hamps-
skeHUs ¢ PIY momaeTcss Ha BXOJ MacCIITabHOro YCHIIH-
Tejisl, 3aTeM IIPH IIOMOLIM aHaJIOro-IIM$poBOro IIpe-
obpasoBaresns, 4depe3 IUIaTy cbopa JAaHHBIX, CHTHAJ
noctymnaeT B 9BM, rae nHopManus obpabaTriBaeTcs
CTAaHAAPTHBIM IIPOTPAaMMHBIM obecrieueHHeM U Gop-
MHUPYyeTCsd CHUTHaJI AJjI IepelJadHd ero 0 KaHajlaM
cBs3u (Internet, wi-fi u .1.).

JlJ1sl comoCTaB/IeHHs JAOCTOBEPHOCTH H3MepeHHH
OBLIM pacCUMTaHbl OLJeHKH MOILIHOCTH PerucTpupye-
MOTO M3/1yueHH s KOMOHHALIMOHHOTO PAacCessHUSI CBeTa
MOJIEKYJIaMHU IIpeJle/IbHBIX YI/IeBOLOPOLOB II0 JIHUAAP-
HOMY yPaBHEHHUIO /151 KOMOMHAIIMOHHOIO PAaCcCesiHUS
CBeTa MCC/IelyeMbIMH MOJIeKY/TaMH.

[ToydyeHHBIe Pe3y/bTaThl [IOATBEPKIAAIOT, YTO IJIS
33/IaHHOM KOHILIeHTPallMH 30HJMPYyeMBIX aToMoB N,
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basis of the principle of combination light scattering.
The lidar system consists of the platform with installed
on it solid-state laser emitter on yttrium-aluminum
garnet with neodymium operating under the conditions
of the third harmonic at the wave length of 355 nm,
optical system of laser radiation transmission, detecting
telescope, unit for data accumulation and control
computing unit.

The optical system of laser radiation transmission
additionally contains the refractive prism which directs
the laser radiation into the studied space area. Detecting
telescope is executed in the form of Newton telescope
with spherical mirror and lens objective and the unit of
data accumulation contains interference light filter for
selection of the region of combination light scattering
by the studied molecules with lines of hydrocarbon
molecules, photoelectric multiplier, scale amplifier,
analog-to-digital converter and data acquisition board.

Molecules of saturated hydrocarbons refer to the main
pollutants above the industrial enterprise. Therefore, itis
not reasonable to use complex equipment for the multi-
component analysis of air space above the studied area
and it is sufficient to use the lidar system, which is
simple in structure, for the determination of degree of
atmospheric air pollution with the molecules of saturated
hydrocarbons only.

The principle of laser remote probing by the method of
combination light scattering consists in the registration
of laser radiation, which is combinationally scattered by
the molecules of saturated hydrocarbons in the direction
of 180° with frequency shift specifically typical for these
molecules and determined by their vibration bands.

The optical scheme of the lidar system for atmospheric
air quality control is specified in Fig.l. The system
functions in the following manner: pulse of the solid-
state laser emitter on yttrium-aluminum garnet with
neodymium operating under the conditions of the third
harmonic at the wave length of 355 nm is directed
into the studied space area (target) above the industrial
zone. Part of laser radiation is used for the generation
of reference signal which sets the time reference and its
amplitude sets the energy of laser pulse. Backscattered
radiation of combination light scattering by studied
molecules is accumulated by the telescope of Newton
type, focused through the lens objective passing
through the interference light filter on photocathode
of photo-multiplier. Voltage pulse is transferred from
photoelectric multiplier to the entrance of scale amplifier,
then with the help of analog-to-digital converter through
the data acquisition board, signal arrives to the computer
where information is processed by the standard software
and the signal is formed for its transmission through
communication channels (Internet, wi-fi etc.).
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M SHeprur KOMOMHALIMOHHOIO pacCesiHHUs, PaBHOM
3HEepPruu JecsaTy GOTOHOB, OIITUMAJIBHOM IJIsl 0OHApY-
SKeHU S IIpelle/IbHBIX yITIeBOLOPOLOB Ha PAaCCTOSHUSX
J10 6 KM SIBJISIeTCSI IJIMHA BOJIHBI JIA3€PHOI0 U3J/IyUeHHU
A, =355 HM. Ec/ii 3Heprusi 1a3epHOro MMITy/IbCa JOCTH-
raet 1 MJI5K, To TaKas BeJIMYHHA I103BO/IsIeT IIPOBOAUTH
M3MepeHHs B MUHHMaJ/IbHO BO3MOXKHOE BpeMs.

ITo Bcell Tpacce 30HAMPOBAHHUS C YBelHUYeHHEM
paccrosHusa ot 0,01 10 2 KM BpemMs H3MepeHUS yBe-
JIMYMBaeTCsl IIPUMEPHO Ha 4YeTblpe Mopsika. Eciu
32 YCTaHOBJIEHHBIM II€PHOJA, C pacCTosHHA R=2,0 KM,
Py 33JaHHOM YMCJIe HMIIYJIbCOB, IIOCBhIIA@MBIX
B aTMocdepy, IV peructpupyer bosblie, yeM IecsSTh
$OTOHOB, MOKHO TOBOPUTDH O IIPeBBIIIEHHUH Ha 3TOM
PacCTOAHHMM KOHIIEHTPALlMKM MOJIeKYJ1 HaJl 3aJaH-
HBIM ypoBHeM. Kpome TOro, mojy4eHHbIe 3HAYeHHUS
BpeMeHU M3MepeHHUs YAOBJIETBOPSIOT TpebOBAHHUIO
1o GBICTPOmEMCTBHI0 IuIapa. Meton obecriedyunBaer
BBICOKYIO TOUHOCTh M3MePeHHUI B cpefiax, e B Kaue-
CTBe UCTOYHHMKOB 3aIPSI3HEeHHU BBICTYIIAIOT MOJIEKYIIbL
IIpefeabHbIX YITIeBOLOPOIOB.

JIupap B pesKHMe CeKTOPHOro 0630pa, KOTOPhIE 06e-
CIIeYMBAETCS 32 CYET IOBOPOTA IIJIATGOPMEIL, YCTAHAB-
JIMBAIOT B IIPOMBIIIEHHOM 30He Ha JOMHHHPYIOIIeM
II0 BBICOTe CTpoeHHe. JInaapHasi cHCTeMa KOHTPO/II
KayecTBa aTMOCOEpHOro Bo3ayxa IpefHa3sHaueHa A4

Syl 4

Cdepuryeckoe 3epKkasio MPUEMHOO Tesleckona
Spherical mirror of detecting telescope

3BM / Computer
MwuweHb / Target

MoBopoTHas npuama” .~ . 0
Rotating prism T

A% i
B R ST LN
JINH30BbLIN A
06beKTnB
C uHTepdepeH- . Nasep OTpaaTens
LMOHHbBIM Laser Reflector
CcBeTOOUNLTPOM
Lens objective
with interference DOTOINEKTPUHECKNI YMHOXUTEND
light filter Photoelectric multiplier

Puc.2. JludapHas cucmema KOHmMPoAS 3a2psi3HEHUS 6030yXa
Fig. 2. Lidar system for air pollution control

In order to check the accuracy of measurements,
estimations of power of the registered radiation of
combination light scattering by the molecules of
saturated hydrocarbons were performed on the basis
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HeIlpepbIBHOI0 KOHTPOJISI COZePsKaHU S Fa3000pa3HbIX
IIpeJle/IbHBIX YIJIeBOAOPOMOB B HCCIeyeMOk 00/1acTH
IIPOCTPAHCTBA. B ciydyae obHapyskeHHsI aBapHUIHOIO
BBIOPOCA MJIM IIPEBBILNIEHUSI YPOBHSI ITpefe/IbHOMOIIY-
CTHMBIX KOHIIEHTpPALlMH B Pe>KHMMe pPeaJIbHOIO Bpe-
MEeHH ITPOUCXOAUT 06paboTKa pe3yIbTaToOB B BBIUHC-
JTHUTe/NbHO-YIIPAB/SIONIeM KOMIIJIEKCe, K CHUTHaI
nepefiaeTcsi 10 KaHajaM CBSI3H.

JlupapHas cucTeMa KOHTPOJISI KadecTBa aTMocdep-
HOTO BO3/1yXa [103BOJIsSIeT IPOBOAUTh JUCTAHIIMOHHBIL
MOHUTOPUHT 3arpsi3HeHHsI Bo3[lyxXa IIyTeM H3Mepe-
HUS SHEePTUU HMMIIY/IbCA, OTPa’keHHOI'O OT 3arpsis-
HeHUN (MumeHH). OLHAKO, IIPH MaJIbIX 3arpsi3He-
HUSIX U GONBIINX PACCTOSIHUSX [0 MUIIEHU SHeprus
HMIIyJIbCa yMeHbIIaeTcs B 103-10° pas, CTaHOBSCH
COM3MepHMOM C IIYMaMH 3JIEKTPOHHBIX ITPUOOPOB.
B pesynbrare IONE€3HBIM CUTHAT MOXKeT OBITH Hepas-
TUYUM Ha QOHe 3TUX HIYMOB. TakKuM 06pa3oM, Hefo-
CTaTKOM JIHMJAPHOM CHUCTEeMBI KOHTPO/S KadecTBa
aTMochepHOro BO3AyXa SIBJISIETCS HM3Kash UyBCTBU-
TeJIbHOCTb K MaJIbIM 3arps3sHeHUsIM. CreflyeT y4ecTb,
YTO OHA Oy[eT U JaJIblle [alaTh C POCTOM PaCCTOSIHUS
[0 MHILIEHHU.

ITOT HeNOCTaTOK MCIIpaB/seT Apyrast JuUAapHas
CcHcTeMa KOHTPOJS 3arpsi3HeHUs Bo3nyxa [9] (puc.2).
AnropuTM ee (QYHKIHOHHUPOBAHUS CJeAYIOIIHH.
VIMITy/IbC JIa3€pPHOrO M3J1yuYeHMs U3 ja3epa IOBOPOT-
HOM IIPU3MOM HaIIpaB/sieTcss B CTOPOHY obmactu
3arpsisHeHMs (MUIIeHH). OCHOBHAS YaCTh U3/TyUeHHUs
JOOCTHTaeT MHUIIEHH U paccedBaeTcs e, GopMUPYs
rnHdopMalHio 06 ypoBHe 3arpsi3HEHU .

OrnpeieieHHe yPOBHS 3arpsi3HEHMS BO3/yXa IIpo-
HCXOIUT 6ojlee TOYHO, IOCKOABKY MTOTOBBIK CHTHAJI
dopmupyeTcss ABYMS IOTOKAMH HM3Jy4YeHHS BMe-
CTO OJHOrO, Kak ObIIO y aBTOpOB paboTsl [8]. IToTOK
OT OoTpaskaTesIs Ha IOPSIOK U Oosee IpeBbIIIAeT Pac-
CesTHHOe Ha3aJ, MUIIeHbIO H3/lydeHHUe. [Io3ToMy 4yB-
CTBHUTE/bHOCTb IIpefjaraeMoN CHCTeMBbI 3aMeTHO
IIpeBbIIIaeT YyBCTBUTEIBPHOCTh CHCTEMBl aBTOPOB
paboTsl [8]. B WacTHOM cCiIydae peanu3alliH, eCIH
KOHTponupyeMasi 06JacTh IIPOCTPAHCTBA C 3arpss-
HEHUSMH IIPe[CTaBiseT COOOM IIPOMBIIIIEHHBIR
06beKT (aToMHasi CTaHLMS, HedTelepepabaTbiBalo-
MK UK LIeMeHTHBIN 3aBOJBI U T.II. IIPOKM3BOJICTBA),
TO OTPa’kaTelb YCTAaHABJIMBAIOT HEIOCPeJCTBEHHO
Ha 3TOM OOBbeKkTe, HAaIPUMeP Ha BeHTH/ISIIMOHHOK
Tpybe. Torma BBIXOASIIUE K3 TPYOBI IIOTOK SIBISETCS
MHIIeHbI0. [IpY HallpaBleHUU HMIIYJIbCa JIa3ePHOIO
M3/IydeHHUsl Ha cpe3 Tpybbl obpaTHO paccerBaeTcs
3arpsisHEHUSIMUM BecbMa MaJjlasi 4acTb H3/1y4eHHS.
Ecnu oTpaskaTeslb yCTaHAaBAMBAIOT Ha IIyTH pacce-
STHHOTO 3arpsi3HeHHSIMM JIa3epHOT0 H3JIyuyeHMs Tak,
4yTO6BI 6O0JBINAST YACTh OTPA’KEHHOIO H3JIy4YeHHSs
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Bnok ®CUC (bopMmpoBaHms
CMeKTpa UMMy/bCOB CBETA)
Unit for the formation

of light pulse spectrum (FLPS)

—l 38M
Computer

Ocuunnnorpad
Oscillograph

Ycunutenb
3N1eKTpUYeCKnx
MMMyAbCOB
Amplifier

of electric pulses

DOTOYMHOXMUTESb
Photo-multiplier

doToamon
Photodiode

CeeTopenuTens - - -
Beam splitter

,,,,,,,,,,,, DI RN ST
NnH3a I Nazep
Lens Laser

MwuweHb / Target

MoBopoTHOe ycTporcTBo / Rotating device

Céepunyeckoe 3epkano / Spherical mirror

Puc.3. Vi3mepumenp yposHs paduauuu
Fig. 3. Instrument for measurement of radiation level

of the lidar equation of combination light scattering by
studied molecules.

Obtained results prove that for the set concentration
of probed atoms N, and energy of combination scattering
which is equal to the energy of 10 photons, the laser
radiation wave length A; =335 nm, which allows
performing measurements during the minimum period
of time with the laser pulse energy of 1 mJ, is the optimal
variant for the detection of saturated hydrocarbons at the
distances up to 6km.

In the whole probing route with the increase of
distance from 0.01 to 2 km, the measurement time
increases approximately by 4 orders. If during the set
time from the distance of R=2.0 km with the set number
of pulses, which are transmitted to the atmosphere,
the photoelectric multiplier registers more than 10
photons and we can speak about exceeding of molecules
concentrations at this distance above the set level.
Besides, obtained values of measurement time meet the
requirement for the lidar operation speed.

The method provides high accuracy of
measurements in the media where molecules of
saturated hydrocarbons are the sources of pollution.

Lidar in the mode of sector scanning which is
provided at the expense of platform rotation is
installed in the industrial zone on the structure
which is dominant by height. The lidar system for
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HaIIpaBJIsUIOCh B ITPUEMHBIM TelIeCKOIl, TO JOCTHTa-
IOIIMM [PHUEeMHOI0 TeJeCKOIld PACCesSHHBIM II0TOK
JIa3epHOr0 HM3/y4eHH s MHOTOKPAaTHO Bo3pacTaeT, obe-
crieuynBas 6osiee BBICOKYIO YYBCTBHTEIBHOCTH JTHAP-
HOM CHCTEeMHEI.

Bo3MOXXeH M OPYrou C/Iy4dad peajH3alluy Ipem-
JlaTaeMoro TeXHHUYecKoro pemeHHs. OTpaskaTenb
YCTAaHABAMBAIOT HA JIeTaTeJIbHOM aIlrapare (BKIIIO-
yas 6ecrMIOTHBIN). [TocIefHUN 3aBUcaeT Hal Haubo-
Jlee OIIACHOM 30HOI KOHTPOJIHPYeMOI0 IIPOCTPAHCTBA,
[I0OBOPOTHAsI IIPM3Ma HaIIpaBlseT U3jlyueHHe ja3epa
Ha OTpaskaTeslb, a IOCAeAHHH HAIIpPaBJisieT 3HAYU-
TEeJIbHYI0 YacTh PACCesSIHHOIO JIa3epPHOI0 H3/1ydeHUs
B IIPHEMHBIHN TeJslecKol, obecreurBasi 6osee BBICO-
KYI0 YyBCTBHUTEIBHOCTb JIHAAPHOM CHCTEMBI. UeM
bosblile TUTOMAAb OTpaskaTens, TeM OOIbIIe U IIOTOK
paccesiHHOIO JIa3epPHOT0 U3/IyUeHus], HallpaBlIeHHOI0
B IIPHEMHBIM TejecKoll. POCT IJIONAAN OTpasKaTess
B IIPHUBeJEHHBIX IIPHUMepPaX OUPAHHUUYHBAETCS IPOY-
HOCTBIO COeIMHEHHS OTpaskaTessi C BeHTHIISIHOH-
HOM TPybOM MM IOLBEMHON CHJIOH JIeTaTebHOI'0
ammnapara, a TakKke BO3MOMKHOCTBIO COXPAHSITH CIIO-
COOHOCTb K HAIPaBIeHUIO U3JTy4YeHHUS B IIPHEMHBIN
Te/IeCKOIl IIPH IIOphIBaX BeTpa U APYTHUX aTMocdep-
HBIX sIBJIeHUSX. ONTHMAasbHasi GopMa OTpaskaTens -
rapabosnouns, B GoKyce KOTOPOro HaXOLUTCSI MULIEHb,
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atmospheric air quality control is intended for the
continuous control of content of gaseous saturated
hydrocarbons in the studied space area. In case of
detection of accidental release or exceeding of the level
of maximum permissible concentrations, processing
of the results in control computing unit and signal
transmission by communication channels take place in
real-time mode.

The lidar system for atmospheric air quality control
allows performing the remote monitoring of air
pollution via the measurement of energy of the pulse
reflected from pollutants (target). However, in case of
low degree of pollution and long distances to the target,
the pulse energy decreases by 103-10° times and becomes
commensurable with the noises of electronic devices.
As a result, the useful signal might not be recognized
in these noises. Thus, the disadvantage of the lidar
system for atmospheric air quality control includes the
low sensitivity to the small levels of pollution which
decreases with the increase of distance to the target.

The specified disadvantage can be corrected by the
other lidar system for air pollution control [9]. The lidar
system for air pollution control (Fig.2) operates in the
following manner. Pulse of laser radiation from the
laser is directed towards the pollution area (target) by the
rotating prism. The major part of radiation reaches the
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B oTmenbHBIX Cyd4asx [OONYCTHMO HCII0JIb30BaTh
IIJIOCKUH WK YTOJIKOBBIK OTpaskaTeni. OTpaskaTellb
MokeT ObITh CHabkeH CeJIeKTUBHBIMH OTpaskalo-
MMM TOKPBITUSMMU, COOTBETCTBYIOIIMMHM IJIMHAM
BOJIH PacCesHHOTO M3J/IyYeHHUs.

Db PeKTUBHOCTD MpefsiaraeMol MOJENIH MOXKHO
[IPOAEMOHCTPUPOBAaTh. MICTOUHMKOM M3/Iy4YeHUS CIIy-
SKMT Jla3ep Ha aJIOMOMTTPUEBOM I'PaHaTe C HeoqH-
MOM CO CpeJHeM MOILIHOCTbIO M3/Iy4yeHHs] BTOPOU
TFapMOHHUKHU H3/1y4YeHHUs (AnuHA BOMHBL 0,532 MKM)
1 BT. MuILlleHbIO BIAIOTCS Maphl Hofda-131 Haj pagu-
OAKTHUBHBIM 00BekTOM. OOBEKT OTCTOUT Ha pac-
CTOSHHHM 1 KM OT JIMJApPHOHM CHCTeMBI. MOIIHOCTb
M3JlydeHUsl, pacCestHHOro o6paTHO B IPHeMHBIH Tejle-
cKorr 6e3 oTpaskaresnst 06pluHO cocTaBisieT 1-10 MKBT
1 MeHee. IIpu yCcTaHOBKe OTpaskaTens OHaMeTPOM
0,5 M y cpe3a BeHTHU/ISLMOHHOHN TPyObl MOILIHOCTb
BEPHYBILETOCS PaCCesTHHOIO HM3Jy4YeHMs yBelTHYHUBa-
€TCs Ha HeCKOJIbKO IIOpPSAKOB M JocTuraer 1-10 MBT
B 3aBHCHMOCTHU OT IIOTOJHBIX YCTIOBHM U PacCTOSIHHUS
OT M3J1y4alolllero jia3epa, YTo I103BOJIsIeT OIIpele/IuTh
CTeIleHb IIOBBIIIEHHUS 3arpsisHeHUM oT IIJIK c MOBBI-
IIeHHOM YyBCTBUTE/IBHOCTHIO.

PaccMoTpuM ele ogHO pemieHue [10]. Ero 3ama-
4JeM SIBJISIeTCS JUCTAHLIMOHHBIM MOHHUTOPHUHI Palu-
O0AKTHMBHOIO 3arps3HeHHS paJHalMOHHO-OINACHBIX
NpeIpUATHH 33 CYeT M3MepPeHHs CIeKTpa 4acToOT
MMIIy/IbCa, OTPA’keHHOro OT MHUIIeHH. CyL[HOCTb
Ipe[iaraeMoro pelleHHs HIIIIOCTPUPYeTCs PHC.3,
Ha KOTOpoM H300paskeHa OQyHKIIMOHAJIbHAS CXeMa
usMeputesns. M3MmepuTenb ypoBHS paguauuu [10]
pabotaer ciremyomuM obpasoM. Hmmynbc nasep-
HOTO M3/Iy4eHHs] U3 Jla3epa IIOBOPOTHBIM YCTPOM-
CTBOM HAaIIpaBJisieTCss B CTOPOHY MHIIeHH. Manas
YacTh MU3JIyYeHHUS II0 IYTH K MHINEHH CBETOHEIH-
TejleM OTBOAUTCS Ha QOTOAHOA, (POPMHUPYIOIIHH
3JIeKTPUUYeCKUH CHHXPOHHU3UPYIOMHUH HMIIYJIbC,
IIOCTYHAIOIMKU Ha BXOA ocLuuiorpada. OCHOBHAA
YacTh H3JIy4eHHs [JOCTHUTaeT MHUIIeHH M pacce-
nBaeTcsi e, GopMupys uHPopmaluio o6 ypoBHe
pamuanuu. PaccesHHOe H3JIy4YeHHe [QOCTHUTAeT
cheprUecKoro 3epKaja, OTPaskaeTcsl U cobupaeTcs
JIMH30H1 4epe3 OTPa’kaloly IOBEPXHOCTh IIOBOPOT-
HOI'O YCTPOMCTBA B POTOYMHOXHTeNe, GOPMHUPYIO-
IleM 371eKTPUYeCKUH HMIIYIbC, YCUIKBAaeMBbIH YCH-
nuteneM. CUTHal C IIOC/IeQHEro IOCTYIIaeT Ha JBa
mapa’sulenbHbIX Bxoga: 6;moka ®CHC u ociuanorpada.
CUTHaN C yCHIMTens B ocluaorpade mpeobpasy-
€TCS B CHUTHaJI OaJIbHOCTH A0 MHUIIeHU. Biok ®CHC
BBIJIE/ISET CIIEKTP YaCTOT 3JIeKTPUUECKOr0 MMIIYyJIbCa
Y II0JAeT ero Ha BXoJ DBM [is onipefe/ieHHs yPOBHS
pagManMM IO IlapaMeTpaM cCHekTpa. Hampumep,
B KadecTBe 610ka ®CHC MOryT OBITH KCIIONB30BAHBL
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target and is scattered by it generating information on
the level of pollution.

Determination of air pollution level is performed
more accurately because the final signal is formed by two
radiation fluxes, instead of one flux as it was executed
by the authors [8]. Flux from the reflector exceeds the
radiation backscattered by the target by one order or
more. Therefore, the sensitivity of the suggested system
is noticeably higher than the sensitivity of the system of
authors [8]. In the particular case of implementation, if
the industrial facility (nuclear power station, petroleum
refinery, cement plant etc.) refers to the controlled space
area with pollutants, the reflector is installed directly
at this site, for example, on ventilation pipe. Then, the
flux coming out of the pipe is the target. In case if the
laser radiation pulse is directed towards the pipe shear,
very small portion of radiation is backscattered. If the
reflector is installed on the way of the laser radiation
scattered by pollutants so that the larger portion of
reflected radiation is directed into the detection telescope,
then the scattered flux of laser radiation which reaches
the detecting telescope 1 grows by many times providing
higher sensitivity of the lidar system. Other case of
implementation of suggested technical solution can
be offered. The reflector is installed on the aircraft
(including unmanned aircraft). The aircraft hovers
above the most hazardous zone of the controlled space,
rotating prism directs the laser radiation on the reflector
and it directs the considerable portion of scattered laser
radiation into the detecting telescope providing higher
sensitivity of lidar system. The larger area of the reflector,
the larger flux of scattered laser radiation directed into
the detecting telescope. Crowth of area of the reflector
in the specified examples is limited by the strength
of connection of the reflector with ventilation pipe or
aircraft lifting force and potential to retain the ability
of radiation direction into the detecting telescope in
case of wind blasts and other atmospheric phenomena.
Optimal shape of the reflector is paraboloid; the target
is located in its focus. Flat reflector or corner reflector are
acceptable in certain cases. The reflector can be equipped
with the selective reflective coatings for the relevant
scattering radiation wave lengths.

Efficiency of the suggested model can be demonstrated
on the basis of the following example. Laser based
on yttrium-aluminum garnet with neodymium and
average radiation power of the second harmonic (wave
length 0.532 pm) of 1 W serves as the radiation source.
Pairs of iodine-131 above the radioactive object are the
target. The object is located at the distance of 1 km from
the lidar system. The power of radiation backscattered
into the detecting telescope without reflector is usually
1-10 pW or less. In case of installation of the reflector
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IpPOMBILIJIEHHBIe
unu C4-8,
Vi3MepuTesnb ypoBHS pajHalliy I103BOJISeT BbISIB-
JIATh a’kKe MaJible 3arpsi3HeHUs HaJ, PaHUallMOHHO-
OMACHBIMHU MPENIPUITUAMH Ha OONBIIOM OT HHX
PacCTOSIHUHM IyTeM H3MepPeHHM CIeKTpa 4YacToT
KMMIIy/IbCa, OTPAsKeHHOT0 OT MUIIEeHH, a He II0 3Hep-
TMU HMMIIy/Ibca. K3BeCTHO, 4YTO SHeprus HMIIyJIbCa
Ha 5TaJIOHHOM yPOBHE H3MepseTCs CerofHs C IOorperl-
HOCTBIO B YeTBEPTOM 3HaKe, a 4acCTOTa — B YeThIpHA/-
1aTom 3Hake. Cle[0oBaTeIbHO, Y4YeT CIIeKTPa 4YacTOT
KMMIIYJ/IbCa IIOBBIIIAET YyBCTBUTEIbHOCTh M3MEPUTeJIs
YPOBHS pafHaliiy Ha HECKOJIBKO IIOPS/KOB.
OmpenenieHye ypoBHS paJHallku 110 [IapaMeTpam
CIIeKTPa MOXKHO OCYIeCTB/ISITh, HAaIlpUMep, CJIeyIo-
muM o6pa3zoMm. OIBITHBIM IIyTeM IPaAyHUPYIOT HU3Me-
pUTeIb YPOBHS PafHalliU 10 CUTHAJY, OTPasKeHHOMY
OT MCTOYHMKA, YPOBEHb paJHalLlMH KOTOPOrO XOPOLIO
HM3BeCTeH — HallpUMep, B 3aBUCHUMOCTH OT PACCTOSIHU S
10 UCTOYHHKA 1160 B 3aBUCHMOCTH OT YPOBHS Paly-
ALMM [10 UCTOYHUKY C IIepeMeHHBIM YPOBHeM pajua-
UK. ['pagyrpoBKa OCYIIEeCTBIISCTCS 10 U3MEHEeHHIO
CIIeKTPa YaCTOT MMIIY/IbCa, & YacTOTA B HACToOslIlee
BpeMs U3MepsieTCsl Ha [eCATh IIOPSIAKOB TOYHee, YeM
SHeprus UMIIyabca. MiMes rpalyrMpoBOYHYIO KPUBYIO,

aHa/JHu3aToOpel crekTpa C4-25
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with the diameter of 0.5 m near the shear of ventilation
pipe, the power of backscattered radiation increases
by several orders and reaches 1-10 mW depending on
weather conditions and distance from the radiating
laser, which allows determining the degree of pollution
exceeding from maximum permissible concentrations
with larger sensitivity.

Let us consider one more solution [10]. Its task
consists in the remote monitoring of radioactive
pollution of radiation-hazardous enterprises at the
expense of measurement of frequency spectrum of
the pulse reflected from the target. The essential
conception of suggested solution is illustrated in
Fig.3 which also contains the functional diagram of
measuring instrument.

Instrument for the radiation level measurement
[10] functions in the following manner. Pulse of laser
radiation is directed towards the target from the laser
by the rotating device. Small portion of radiation is
drawn to the photodiode by the beam splitter-3 on the
way to the target; this photodiode forms electrical
synchronizing pulse which arrives on the entrance of
oscillograph. The major portion of radiation reaches
the target and is scattered by it generating the
information on radiation level. Scattered radiation
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OIlpeleNsIlOT YPOBeHb paJHallMd HeH3BeCTHOHU
MHUIIEHY IPU JOCTATOYHO MaJIbIX aMIIJIUTyJax pacce-
STHHOTO Ha3a/Jl CUTHasa. B pabote [11] mpesioxkeH aHa-
JIM3aTOP CIIeKTPa CUIHAJIOB OINTHYeCKOro AHalla3oHa.
EcTh oCHOBaHMS CUHTATh, YTO MCIIOJIb30BaHHE €ro
B COCTaBe HM3MEPUTeJIs YPOBHSA pagHALIMU IIO3BOIUT
YBeTHUUYUTH 3QPEeKTUBHOCT PAOOTHI U3MEPUTEIS.

JTO 03HaYaeT, YTO IOSB/ISLETCS BO3SMOXKHOCTD JHUC-
TAaHIIJMOHHOTO MOHHUTOPHHIA YyOaJIeHHBIX pajua-
LIOHHO-OIIaCHBIX 00BEKTOB Ja’ke B Cydae MasbIX
KOHLIEHTPAI[UH pafHauuu. [Ipubop 13 aHATOroBOro
IpeBpallaeTcs: B LUPPOBOH.
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reaches the spherical mirror, is reflected and
converged by the lens through the reflecting surface
of rotating device in photo-multiplier forming the
electrical pulse which is intensified by the amplifier.
From the amplifier signal arrives to two parallel
entrances: unit for the formation of light pulse
spectrum (FLPS) and oscillograph. Signal from the
amplifier in the oscillograph is transformed into
the signal of range to the target. The unit for FLPS
selects the spectrum of frequencies of electric pulse
and transfers it to the entrance of the computer in
order to determine the radiation level on the basis
of spectrum parameters. For example, on-stream
spectrum analyzers C4-25 or C4-8 can be used in the
capacity of the unit for FLPS.

Instrument for the measurement of radiation
level allows detecting even small degrees of pollution
above the radiation-hazardous enterprises at
long distance via the measurements of frequency
spectrum of the pulse reflected from the target and
not on the basis of pulse energy. It is known that the
pulse energy at reference level is currently measured
with the fourth place accuracy and frequency -
with the fourteenth place accuracy. Therefore,
registration of pulse frequency spectrum increases
the sensitivity of radiation measuring instrument by
several orders.

Determination of radiation level by the spectrum
parameters can be performed, for example, in the
following manner. By test, the instrument for
measurement of radiation level is calibrated by the
signal reflected from the source radiation, level of
which is well known. For example, depending on the
distance from the source or depending on the radiation
level by the source with variable radiation level.
Calibration is performed on the basis of variation of
pulse frequency spectrum and currently the frequency
is measured with the accuracy which is by ten orders
better than the pulse energy. Having the calibration
curve, the radiation level of unknown target is
measured at quite small amplitudes of backscattered
signal. In the paper [11] analyzers of the spectrum
of optical range signals are offered. The weight of
evidence suggests that their use in the structure of
radiation level measuring instrument will make it
possible to improve the efficiency of measuring device

operation.
As a result of application of the suggested
radiation level measuring instrument, the

capability of remote monitoring of distant radiation-
hazardous objects with low radiation levels emerges.
Instrument is transformed from the analog device
into the digital one.
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