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CdhopmynmpoBaHa u pelleHa 3agadya UsmepeHus
BJ1arocofiep>xaHus B Npu3eMHOM C/10e aTMOC-
¢epbl c UICNONb30BaHWEM BHELLHEro ussiyyarens
n LED-poTomMeTpa. OTMEYEHO, YTO OTCYTCTBUE BO
MHOrMX 30HaX NJ1aHeTbl aBTOMATMU3NPOBAHHbIX
CTaHLUUI N3MepeHUs BIarocoaepikaHuns Bo3-
Ayxa mexxayHapopgHow cetn AERONET gukTyer
Heo6XoAMMOCTb pa3paboTku N UCNOJIb30BaAHUS
NMpOCTbIX CO/IHEYHbIX pOoTOMETPOB. MprbopbI
M3MepeHus BnarocopepXaHus B npuseMHoOM cioe
aTmocdepbl MOryT 6bITb MOCTPOEHbI HA 6a3e ABYX
LED-cBeTOM3/y4aTenei, paboTaloWmX B peXxume
y3KocneKkTpasibHbiX poTOonpueMHunKkos. Chopmy-
inpoBaHa 1 pelleHa 3agada onpeaeneHus onTu-
Ma/sibHOW 3aBUCUMOCTM BHELLHEeN TepMasibHON
paauvauum oT AJINHbI BOJIHbI, NPYU KOTOPOIA BeNn-
YMHa aTMocdepHOro NponyckaHus B NpUseMHOMN
aTmocdepe gocturaet Makcumyma. MonyyeHo
BblpaXkeHue [/15 onpepesieHUs ONTUMabHOMN
TemnepaTtypbl BHELLHEro usjiyyarens.
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Issues of Measuring
the Moisture Content
in the Surface
Atmosphere

Layer Using

an External Emitter
and a Photometer
with LED Emitters

in The Photodetector
Mode

U.F. Mammadova
Azerbaijan State University of Oil and Industry, Baku,
Azerbaijan

The problem of measuring the moisture content
in the surface layer of the atmosphere using

an external emitter and an LED photometer is
defined and solved. It is noted that the absence
in many zones of the planet of automated
stations for measuring the moisture content

of air of the international network AERONET
induces the need to develop and use simple

sun photometers. The devices for measuring
the moisture content in the surface layer of the
atmosphere can be built on the basis of two
LED light emitters operating in the mode of
narrow-spectrum photodetectors. The problem
of determining the optimal dependence of
external thermal radiation on the wavelength
at which the value of atmospheric transmission
in the surface atmosphere reaches its maximum
is defined and solved. An expression for
determining the optimal temperature of the
external radiator is obtained.
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BBEAEHWUE

Kak ormeuaercs B pabote [1], coBpeMeHHBIe Cpef-
CTBA SUCTAHUMOHHOIO 30HIHMPOBAHHS aTMOChepEl
[IO3BOJISAIOT ONpefeNtTh BEICOTHBIM MPOQHUIb BIAK-
HOCTH Ha 6a3e MUKPOBOJHOBBIX M MHQPAKPACHBIX
H“3MepeHHUM. M3BeCTHBl TaKHe CpPeACcTBa CIIyTHHUKO-
Boro 6asupoBaHUs Kak MK 3o0HmupoBmuKu HIRS/3,
AMSU-A, AMSU-B u ap., paborarmomue B guamaso-
HaXxX JOeCITKHU WU coTHU I[Ti. [ig Ha3eMHBIX H3Me-
peHHH wucrmonb3ylorcsi CBY paguomerpsl, paboTa-
omue Ha yactoTe 22 I'T u 36 I'To. ITorpemHocTs
H3MepeHHUsl Takux IpubopoB He HuKe 15-30%.
OCHOBHOH HeJOCTATOK 3THUX IIPHOOPOB - BHICOKAS
[IOTPeIIHOCTh OIpeleleHUusl HNPoPUIsL B IpH3EM-
HOM cJ10e.

CornacHo [2] uHPOpMAIIMS O BBICOTHOM pacIpe-
IeleHUH BIaSKHOCTH B aTMocdepe HeobxomrMa Kak
MeTeopojioraM, TaK M CIIelHaJiMCTaM II0 PacIpo-
CTPaHEHHIO0 PaJHMOBOJIH, BKJIMOYas CIIeLIMalHCTOB
1mo GPS n3mMmepeHHsIM. CyLIeCTBYIOT SMIIMPHYECKHE
GopMyIIEL I OIIpefe/leHHs COoepP>KaHUs BOOSHBIX
napos 1o BeicoTe (popmyna F'aHHaA, popmyna 3iop-
nura - XpruaHa u ap. [2]). OnHaKO IOrpenrHoCTh
BBIYMC/I€HHH 10 TAKKM POpMYyJ/aM OKa3blBaeTCs He
HIKe +(5-10%).

CrienuanucTaM HM3BeCTHBI MeTOAbl HM3MepeHHUSd
BJIaYKHOCTH BO3[yXa, pealH30BaHHBIE B COBpPeMeH-
HBIX HM3MEPHUTENBHBIX KOMIUIEKCax s Habnroge-
HHSA 32 AaTMOCOEPHEIM 3JIeKTPHUYECTBOM C IIOMOIIIBIO
panuo3oHmoB [3]. IIpy 3TOM 4YacTO B HEePBHYHBIX
OTCYeTaX TeMIIepaTypbl M BJIA)XHOCTH IIPHUCYT-
CTBYIOT HeLOCTOBepHBbIe 3HAaYeHHs, eJUHHUYHLIe
BBIOPOCHI MIM CKa4K0O6pa3HbIe H3MepeHUsl.

B 3TOM cny4yae IIpoBeleHHE OIIePAaTHBHOIO AHC-
TAaHIIMOHHOIO 30HJHUPOBAHHA II03BOJISIET IIpoa-
Ha/JIM3UPOBATh IepBUYHbIe HaHHBIEe PaAHO30HIA
M HCKJIIOYUTDb BIUSHUE Ha OO pe3yIbTaT HeLo-
CTOBepHBIX 3HaueHUH [4]. Takoe omepaTHBHOe 30H-
IOV pOBaHKe MOXKeT OBITh OCYIeCTB/IEHO C [IOMOIIBIO
conHevyHbIX ¢oTomMeTpoB SIMEL, HCIIOIb3yeMBIX
B MeXIYHapOAHOU CeTH a’pPOo30JIbHBIX HM3MEpPeHHUH
AERONET. BMmecTe ¢ TeM KOJTHYECTBO aBTOMAaTH3H-
poBaHHBIX cTaHIUK ceTu AERONET Bo BceM Mupe
He npesBrimaer 500 MITYyK, ¥ BO MHOTHMX 30HaX aBTO-
MaTHU3UPOBaHHEBIE CTAHIIUH 3TOM CeTH ellle He yCTa-
HoBeHBl. ClIef0BaTelbHO, BOSHUKAET aKTyaIbHBIH
BOIIPOC 0 HeOOXOJMMOCTH CO3JAHHUS M HCIIOTIb30Ba-
HHUS IPOCTHIX II0 KOHCTPYKUHH COJHEYHBIX $OTO-
MeTpOB, paboTaromux B aBTOMaTUYECKOM peRHMe,
TakMM TexXHHYeCKHM CpPeACTBOM MOXKHO CUYHTATh
LED-conHeuHble GOTOMETPHI, CIlelIHaIM3HUPOBAH-
Hble Ha HM3MepeHHUHM BjarocofepskaHHs BO3ayxa.
[anee B HacTosimer paboTe maeTcss KPaTKUM 0630p

=

INTRODUCTION

Asnoted in [1], modern means of remote sensing of the
atmosphere make it possible to determine the height
profile of humidity based on microwave and infrared
measurements. Known such satellite-based means as
IR sounding devices HIRS/3, AMSU-A, AMSU-B and
others operating in the ranges of tens and hundreds
of GHz. For ground measurements, SHF radiometers
operating at 22 GHz and 36 GHz are used. The measure-
ment error of such devices is not less than 15-30%. The
main disadvantage of these devices is the high error in
determining the profile in the surface layer.

According to [2], information on the altitude dis-
tribution of humidity in the atmosphere is needed
by both meteorologists and specialists in radio wave
propagation, including specialists in CPS measure-
ments. There are empirical formulas for determining
the content of water vapor by height (Cann’s formula,
Siirzig-Hrgian’s formula, etc. [2]). However, the calcu-
lation error using such formulas turns out to be no less
than +(5-10%).

The methods for measuring air humidity, imple-
mented in modern measuring systems for observ-
ing atmospheric electricity using radiosondes are
known to the experts [3]. At the same time, often in
the primary readings of temperature and humidity,
there are unreliable values, single emissions or abrupt
measurements.

In this case, operational remote sensing makes it
possible to analyze the primary data of the radiosonde
and eliminate the influence of unreliable values on
the overall result [4]. Such operational sensing can
be carried out using SIMEL sun photometers used
in the international aerosol measurement network
AERONET. However, the number of automated sta-
tions of the AERONET network worldwide does not
exceed 500, and in many areas the automated stations
of this network have not yet been installed. Conse-
quently, an urgent question arises about the need to
create and use sun photometers that are simple in
design and operate in an automatic mode. Sun LED
photometers, specialized in measuring the moisture
content of air, can be considered as such techni-
cal means. Further in this work, a brief overview of
known studies on the development of sun LED pho-
tometers is given, a method is proposed for the use of
these devices, and the problem of optimal measure-
ments is formulated and solved.

MATERIALS AND METHOD

The research [4] describes the design of a simple
LED-photometer used to measure the total columnar
amount of water vapor in air. The device was used
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H3BeCTHBIX I/ICCJIe,E[OBaHI/II;I II0

paspaborke  LED-COJIHEUYHBIX 1,0 1,4
doTOoOMeTpPOB npeajaraeTcs LED 880 LED 930

poB, pen 0,9 LED 880 nm LED 940 nm 7 e
MeTOJ, I10 HCIIOJIB30BAHHIO 3THUX 41,2
npubopos, bopmynupyeTcs 0,8+ 111

" pelllaeTCsd 3a4a4va IIpoBedeHHUs
OIITHUMAJIBHBIX I/ISMEPEHI/II;I.

MATEPUAJIbl N METO/]

B pabore [4] u3n105keHa KOHCTPYK-
uuga mpocroro LED-¢oTtomertpa,
HCIIOJNIb3yeMOTO [JIs H3Mepe-
HUS 0611ero KOJTOHHOIO KOIHYe-
CTBa BOJSHBIX IIApOB B BO3JyXe.
YCTPOMCTBO HCIIOB30BAIOCh IO
nporpamMe GLOBE (IIporpaMMa

0,5

0,4

0,3

0,2

YyBcTBUTENBbHOCTD LED | LED responsivity

0,1

Conueynni 0,9

o r106a7pHOMY M3yUYeHHIO pac-
IIPOCTPaHeHUsl BOJSHOIO Ilapa
Ha IutaHeTe) U paboTano B OIMIK-
HeM HK-guama3zoHe. B Kkaue-
cTBe QOTONPHUEMHHUKOB C Y3KOM
[10JIOCOM H3MepseMOM OITHYe-
CKOM paJiualiii HCII0JIb30BATIKCH
dotonuon ¢ dunprpom (940 HM)
U LED (cBeTOM3/Iy4YaOIUX SHUOJ

Puc. 1. [Monockl nponyckaHue LED, ucnonb308aHHbIX 8 08yxauanasoHHom pomo-
mempe, pabomarowiezo Ha dauHax 8oaH 815 u 920 Hm (ucmoyHuk [5])

Fig. 1. Bandwidths of LEDs used in a dual-band photometer operating at wave-
lengths of 815 and 920 nm (source [5])
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B pexxume ¢oromerekTopa. OTHOLIEHHE BBIXO[-
HBIX CHUTHAJIOB 3TUX CEHCOPOB II03BOJISIET BBIYMC-
JTUTH oblee KOJIOHHOE KOJTUYECTBO BOASIHBIX IIaPOB
B JHEBHOE BpeMs.

B pabote [5] coobmaercs o paspaborke aHa-
JTOTUYHOIO0 YCTPOHCTBAa. B 3TOM YCTPOHCTBe
HCIIONB30BaHBl ABa LED-um3nyuarens, paboraro-
MKUX B pexkume (GOTOLeTeKTOpa Ha AJHMHAX BOJH
815 1 940 HM COOTBETCTBeHHO. CIIeKTpP CHUIHAJIOB
3TUX CBETOYYBCTBUTE/IBHBIX 37IeMEeHTOB IIpefCTaB-
JleH Ha puc. 1.

71 TeXHU4YeCKON pea/iM3allMi Ha3eMHO-BBICOT-
HOI'0 MeTOZa M3MePeHHUH BJIarocojep>KkaHus B IIpU-
3eMHOM CJioeé Mbl IIOCTPOMJIH [BYXKaHaJIbHYIO
H3MepUTe/NbHYI0 YCTAaHOBKY (OIITHKO-3JIeKTPOHHAs
cxeMa M3MePHUTe/IbHOIO YCTPOMCTBA IIpelCcTaBleHa
Ha pHuc. 2).

Co3maHHOe yCTPOKMCTBO, paboTaiollee Ha MAIHMHAX
BOTH A;=940HM U A,=870HM, OBLIIO UCCIEOBAHO 3KC-
IepuMeHTa/lbHO. Ha puc. 3 prBefieHa 3KCIIepUMeH-

V. 1
TaJIbBHO CHATas 3aBHCHMOCTH lnvlzf T-m-mPW? ||
2

rge V, - CMTHa/l Ha BBIXOJE KaHajla IJIKMHBI BOJTHBI
940 HM; V, - CUTHaJI Ha BBIXOJe KaHala 870 HM.

i BRIYMCIEHMS OOIero KOAHMYeCTBA OCaKIeH-
HBIX BOASHBIX IIAPOB MBI BOCIIO/JIb30BA/IMCh BBIpaske-
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under the CLOBE program (Program for the global
study of the distribution of water vapor on the planet)
and worked in the near infrared range. A photodi-
ode with a filter (940 nm) and LED (light-emitting
diode 825 nm), operating in the photodetector mode,
were used as photodetectors with a narrow band of
measured optical radiation. The ratio of the output
signals of these sensors allows the calculation of the
total columnar amount of water vapor during the
daytime.

The research [5] reports on the development of a
similar device. This device uses two LED-emitters
operating in the photodetector mode at wavelengths
of 815 and 940 nm, respectively. The signal spectrum
of these light-sensitive elements is shown in Fig. 1.

For the technical implementation of the ground-
level method for measuring the moisture content in
the surface layer, we built a two-channel measuring
device (the optical-electronic circuit of the measuring
device is shown in Fig. 2).

The created device, operating at wavelengths
A;=940 nm and A,=870 nm, was investigated experi-
mentally. Fig. 3 shows the experimentally taken

1
dependence 11’1% =f [rm— mPWZJ, where V, is the sig-

2

nal at the output of the channel with a wavelength of



SN OPTICAL MEASUREMENTS [EBGMA
N T —

r=\raN

VICTOYHHK IIOCTOSSHHOI'O TOKa
Direct Current Source

TIpH3eMHOH C11oit aTMOoCepsl
Surface Layer of the Atmosphere
: : Puc. 2. Onmuko-

i ! 3/eKMpPOHHAs cxema
e n _ \?\+9B npuemo-nepeoarousezo
P8 . mpakma ycmaxoseKu usme-
Vg . T o8 b, pakmay
! ! ! ! M3MepHUTelbHELE peHus codepkaHus 800sIHbIX
P ‘ - — YCTPOMCTEO napos 8 Npu3emMHOM CA0e
LED- Measuring
Device ammoceepsl
[eTeKTOp [eTeKTop . P
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A,=940 nm A,=870 nm - B measuring the content of
BEIUUCIHUTENIBHBIN A h
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HHueM (1) u3 paboTsl (5], MOAUGUIIUPOBAB €r0 IIyTeM
IlepeMHOKeHHUS Ha K03QOUIIHEeHT KaTHuOpPOBKH.
k I940
PW =—|17,627-30,719| 22 ||, (1) 1,0 -
m 815
I7ie m - ONITHYeCcKas BO3AYLUIHAS MACCa; Loy, Igs — cur- 0.5
HaJIbl Ha BbIXoZax doroMerpa; k - KanubpoBOUHOM
0 =
KO3QOUIIUEHT.
B KayecTBe 3TAJIOHHOM BEIHUYUHBI OOIEro KOIH- e |
YecTBa OCLKIOEHHBIX BOASIHBIX I1aPOB HCIIONb30BaIU
pe3sy/IbTaThl U3MepeHus 10 MeToAy Batiaepa [6]. TIpo- | 5 o
BeJleHHbIe M3MepeHU s [10Ka3aJIK, YTO 3HaUeHHe KO3¢-
dunvenTa k MoskeT MeHsieTcsl B mpegmenax 1,03-1,08, -1,5 -
YTO YACTUYHO OOBSACHSIETCS 3HAYUTEIbHON MeTOAHYe-
CKOM IIOTPeIHOCThI0 CaMoro MeTona batTiepa. -2,0 -
YTo KacaeTcs TeMIlepaTypHOH CTabMIBPHOCTU
LED-auonos, pa6OTaIOH.II/IX B peKuMe POTOAeTEeKTOopa, 2,5
TO 3/1€Ch C/IeflyeT PasJIHYUTh AMIUIUTYIHYIO CTabHIIb- ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

HOCTh CMTHaja (OTOJLeTeKTOpa M ILIBeTOBOe CMelle-
HHe IIpY M3/ydeHHU. MccieqoBaHus, IIpoBeleHHbIe
B [7], mOKasanu, 4YTO aMIUIUTyAHAasl CTaOMJIBHOCTb
MHTEHCUBHOCTH H3/y4YeHMs IIPH HM3MeHEHHH TeM-
nepatypsl B mpegenax 300-350K He mpeBhimaer 5%,
a CMellleHHe MHUKOBOM [IJHHBI BOJHBI =2 HM. JTH
pes3ysibTaThl [IO3BOJIAIOT CHeIaTh BBIBOL O TOM, YTO
TeMIlepaTypHass HecTtabunpHOCTh LED-mHOnIOB
B peskEMe QOTOMEeTEKTOPa He OKasKeT CTOJIb 3aMeTHoe
BIMSHHE Ha CYMMAapHYIO IIOIPEIIHOCTh H3MepeHHs
0bIiero KonM4ecTBa OCLKAEHHBIX BOASHBIX IIApOB,
JocTUramouyo 10-15%.

Puc. 3. Anpokcumauus 3KchepumeHmanbHbIX pe3yAbma-
moe (damul npogedeHus uamepeHuii: 1-10.04.2020; 2 -
12.04.2020; 3 -14.04.2020; 4 - 16.04.2020; 5 - 18.04.2020;
6-20.04.2020;7 -22.04.2020)

Fig. 3. Approximation of experimental results (dates of mea-
surements:1-10.04.2020; 2 - 12.04.2020; 3 - 14.04.2020,
4-16.04.2020; 5-18.04.2020, 6 - 20.04.2020; 7 - 22.04.
2020)
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OueBUIHO, YTO M3MepeHHe oOmiero Koauye-
CTBa OCaXKAEeHHBIX IIapoB II0 BCeH TOJIe aTMOC-
deprl MOXKeT OBITH OCYIIECTBIEHO B JHEBHOe BpeMs
C MCIIO/Ib30BAaHHEM OITHUYeCKOH pamuauuu ComHLA.
OpHako 4acTo Oosee aKTyaJbHOM 3afadel CTaHO-
BHUTCS 3aaa4da HCCIeOgOoBaHHKs BJIaOHACBIIIEHHO-
CTH IIPHU3eMHOI0 C/10 aTMocdepbl. 3TO BaXKHO s
CHCTeM IIPOTHO3MPOBaHMS IPO3 M MOJHHH, a TaKKe
B CaHHUTapHO-MeJHLMHCKUX Lensax. [ad pelleHHUS
OAHHOM 3aJadd MOXET OBITh IIpelJIO>KeH MeTOf
bOoTOMeTpUPOBaHUS BBICOKOTEMIIEPATYPHOIO H3JIy-
daTesisd, YCTAHOBJIE€HHOI'O0 Ha CIIeHMa/JIbHOM BBICOT-
HOM 0bBbeKTe. B KauecTBe TaKOro BBICOTHOIO 06beKTa
MOTYT OBITh HCII0/Ib30BAHBI BBICOTHOE 3JlaHHe, pafu-
OaHTeHHAa HJ/H CIellHaJibHble MeTeopOJorHuYecKue
MayThl. TexHOJIOru4yecKasi cxeMa IIPOBefeHHsI TaKHUX
H3MepeHUU NpHBeieHa Ha puc. 4.

O‘-IEBI/I,E[HO, YTO IIPU TAKHX HA3€MHO BBICOTHBIX
HM3MepeHHI, OCYILeCTBAsSeMBIX B BeuepHe — HOUHOe
BpeMs, ONTHYecKas BO3JYyLIHAs Macca OIpefessTCcs
KaK

m="—"3— @)
HIIN
m= .1 ) (3)
SINno

IIpu s3ToM BenuuuHa PW moskeT OBITH oIpejeseHa
o BhIpakeHHUIO (1), TAe m BBIUHUCISIETCS 10 GpopMy-
nam (2) unu (3). [IoCTOBEPHOCTD Pe3y/bTATOB TAKHX
H3MepeHHUI OymeT 3aBHCeTh OT IIPOITYCKAHMS IIPHU3eM-
HOTO C71051 aTMocdepsl. CliefoBaTe/bHO, KMeeT CMBICT
HCCIe0BaTh YCJIOBHS, IIPH KOTOPHIX ITPOITyCKaHHUeE
IIPU3eMHOr0 CJ10sI aTMoCdepsl JOCTUIIO OBl MaKCH-
MaJIbHOM BeJIUYUHBI.

ONTUMU3ALUUA NPEONATAEMOTIO
HA3EMHO-BbICOTHOIO METOAA

CoryilacHO HCC/Ie[JOBAaHUSAM aBTOPOB PaboTer (8]
B yCJIOBHUAX, KOTJa OIITHYeCKas pafHalius sBJs-
eTCsl CYLeCTBeHHO HeMOHOXPOMATH4YeCKOH H ypaB-
HeHUe byrepa - Bepa - JlambepTa IJIOXO OIKCBIBAaeT
PE>KMMBI M3MePeHHH C IIOMOIIBI0 COTHEeYHOro GpoTo-
MeTpa, LIMPOKOIIOJIOCHBIM 3JIeKTPUUYEeCKHH CHIHaJ
V Ha BbIxofile poTomMeTpa MoOKeT OBITh OIpeleseH
KaK

V=V,T,,
rae VO — BeJIMYHHA CHTHaJIa Q)OTOMeTpa, pa3MeI.ueH—

HOTO Ha BepXHeH IpaHMIe IpusemHoro cimos; T, -
GYHKIIMS I POKOIIOIOCHOTO IIPOIYCKAHUS .
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940 nm; V, is the signal at the channel output 870
nm.

To calculate the total amount of precipitated water
vapor, we used expression (1) from [5], modifying it by
multiplying it by the calibration factor.

PW:;;{17,627—30,719(19“H, o

815

where m is the optical air mass; Io,, Igs are the signals
at the outputs of the photometer; k is the calibration
factor.

The results of measurements by the Butler
method [6] were used as a reference value for the total
amount of precipitated water vapor. The measure-
ments have shown that the value of the coefficient k
can vary within the range of 1.03-1.08, which is par-
tially explained by a significant methodological error
of the Butler method itself.

As for the temperature stability of LED diodes oper-
ating in the photodetector mode, here one should dis-
tinguish between the amplitude stability of the pho-
todetector signal and the color shift during emission.
The studies carried out in [7] showed that the ampli-
tude stability of the radiation intensity with a change

TIpr3eMHOM CI0¥ aTMochepEl
Surface Layer of the Atmosphere

Puc. 4. TexHonO2UYeCKAS CXeMd HA3eMHO-8bICOMH020
Memoda usmepeHull 8/1a20C00epXKAHUS 8 NPU3EMHOM CAOe
ammocoepsl (L - paccmosiHue mexxdy pomomempom U 0CHO-
8aHuem mMa4mei; h - 8bicoma npu3emHozo cAos1)

Fig. 4. Process diagram of the ground-altitude method for
measuring the moisture content in the surface layer of the
atmosphere (L is the distance between the photometer and
the base of the mast; h is the height of the surface layer)
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CornacHo [10] ¢yHKIMS IIHMPOKOIIOJIOCHOTO IIPO-
IIyCKaHMs )1 IIPU3EMHOIO CJIos aTMOCHephl MOKET
OBITh OITpesiesieHa KaK

o)
J R; -y - exp(—maaﬂ‘x ~MgOig = mg“g,x)
T, =%

' - , @
jM R,E,, dA

rge A, A\, - HadajabHasl U KOHeYHAasl TOYKH H3Mepsie-
MOro MHTepBaja JJIMH BOJIH; Ry - HOpMa/iM30BaHHas
CIIeKTpa/ibHasg peaklus LeTekropa; Fj - comHed-
Hasl pafdalldsl Ha BepxHeH IpaHHIle IIPH3eMHOIO
CIIOSL; M,, Mg, M, ~ ONTHYECKHEe BO3/yLIHbIe MAaCCHI
aspo3071s, PeJIeeBCKOTO pacCessHHS M MaJlblX Ta30B;
®g ), Op), &) ~ ONTHYECKHE TOJIIMHBEI COOTBET-
CTBEHHO a3p030JIs1, PeIeeBCKOr0 pacCessHUS U MaJIbIX
rasos.
OnTuMH3aLMs IoKasaTens T; OCyLeCTB/IsAeTCs II0
CllefyIoIIer cxeme.
1. BBoguTCsa Ha pacCMOTpeHHe QYHKIMS KBafpaTH-
YeCKOro IIMPOKOIIOIOCHOTO ITPOITYCKAHMS .
Bmecte ¢ TeM cornacHo [9] crmekTp Ioriouie-
HHS BOJASHBIX I[I1apOB B BUAMMOM [HaIla3oHe
u B 6mxHeil MK-0671acTM MMeeT KOHTHHYalb-
HBIM XapaKTep C MMKaMH Ha JJIMHaxX BOIH 590;
650; 690; 720; 760; 820; 940 HM. ITO 0BCTOSATEIb"
CTBO BBI3bIBaeT HeOOXOOMMOCTb HCCIeI0BAHUS
3KCTPeMajIbHOTO XapaKTepa IIHPOKOIIOIOCHOIO
[IPOIYCKAaHHS aTMOChepbl B COOTBETCTBYIOILEH
CIIeKTPAJILHOM 30He.

2o 2
J;l R2-E, ~exp(—2maocm - 2M0y, — ng%h)

T,

1Lk~

. . (5)
jxl R,E,, dr

2. IIppHHMMaeTCs yC/ioBHe
J':Rk F,, -d\=C=const. ©)
3. JlomyckaeTcs 4To
M0, >> M0y 5, @)
m,o, >m,o., R, =const. (8)

C yuetoMm ycioBui (6-8) 3aa4a onTUMHU3ALUHK T ,
IIyTeM HAaXOXKAEeHHS ONTHMAJIBHOM BeTHYHHBI Fpy
MoOsKeT OBITh BBIpa’KeHa B BHe 3aaud 6e3ycI0BHOM
BapHUALIMOHHON OIITHUMHU3ALUH

T = ,[: R, -, 'exp(_zmaaa,x) + Y[J.: E, -d\- C], 9)

rje Yy - MHOXKHTe/Ib JIarpam:Ka.

=

in temperature within the range of 300-350 K does not
exceed 5%, and the mixing of the peak wavelength
is ~2 nm. These results allow us to conclude that the
temperature instability of LED diodes in the photode-
tector mode will not have such a noticeable effect on
the total measurement error of the total amount of
precipitated water vapor, which reaches 10-15%.

Apparently, the measurement of the total amount
of deposited vapors throughout the entire thickness
of the atmosphere can be carried out in the daytime
using the optical radiation of the Sun. However, the
task of studying the moisture saturation of the surface
layer of the atmosphere often becomes a more urgent
task. This is important for systems for forecasting
thunderstorms and lightning, as well as for sanitary
purposes. To solve this problem, a method of photo-
metric measurement of a high-temperature radiator
installed on a special high-rise object can be proposed.
A high-rise building, a radio antenna or special mete-
orological masts can be used as such a high-rise object.
The process scheme of such measurements is shown
in Fig. 4.

Apparently, with such ground-altitude measure-
ments carried out in the evening/night time, the opti-
cal air mass is determined as

m=—71— @)
or
m= .1 . (3)
Sino

In this case, the value of PW can be determined by
the expression (1) where m is calculated by the for-
mulas (2) or (3). The reliability of the results of such
measurements will depend on the transmission of the
surface layer of the atmosphere. Therefore, it makes
sense to investigate the conditions under which the
transmission of the surface layer of the atmosphere
would reach the maximum value.

OPTIMIZATION OF THE PROPOSED
GROUND-ALTITUDE METHOD

According to the studies of the authors of [8], under
conditions when optical radiation is essentially non-
monochromatic and the Beer-Lambert-Bouguer equa-
tion poorly describes the measurement modes with a
sun photometer, the broadband electrical signal V at
the photometer output can be defined as

V=V, T,
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CornacHo [11] onTuManbHas dyHKUMSA Fy,, IpUBOAS-
mas T; ., K 9KCTpeMaJIbHOM BeJIMYKHe, JO/DKHA YH0B-
JIETBOPUTD YCIIOBUIO

B{RLFOZK exp(—Zmﬂoca,h)+ y[Fy -C ]}

=0. 10
oE,, (10)

M3 (10) 1erko Mmony4yuTh Clefylollee pelleHHe:

E — YO _ YO exp(zmaaa,h)
PR, -exp(-2m,0,,) 2R, ’

(1)

HM3BeCTHO, YTO ONTHYEeCKas TOJIIMHA adpO30JIst
ompenensiercs: opMysion AHIcTpeMa [12], T.e.

o, =B A%, (12)

rae B - a3po30bHAsE MyTHOCTh AaTMOCdEPBI; X — IIOKa3a-
TeJIb AHICTpeMa.
C yuetom (11) u (12) uMmeeMm

£ Y exp(2m,Br*)

Or.opt = 2R, . (13)

TakuM 06pa3oM B ONTHMAJIBHOM CIy4ae FoA.opt
IOJDKeH yMeHBIIaeTcs ¢ pocToM A. OIHAKO COIJIACHO
3akoHy ITnanka B guamnasona 0,5-1,2 MKM B 3aBHCHMO-
CTH OT TeMIIePaTyphl HU3/lydyaTesiss BO3SMOXKeH KaK pocT,
TaK U YMeHbIlIeHHe UHTEHCUBHOCTH 10 [i/IMHEe BO/THBI.

CornacHo 3akoHy IlnaHKa onTH4YecKas pafyaLivs
abCOTIOTHO YEePHOTO TeJla OIIpefieNsieTcs Kak [13]

_ 8nhc 1
U@.T)= A° 'exp(hc/kkT)—l' (14)
ITpupasHsB (13) k (14) monyunm
Yoexp(2m,BA ) _8mhc 1 )
2R, ~ A exp(hc/AkT)-1"

U3 paBeHcTBa (15) MOXKXHO BBIYHUCIUTH T, IIPH KOTO-
PO¥ ITPH 33IAaHHOM BeTMYHHe A, mapamMeTp T, ,, JOCTUT
6Bl MaKCHMAaJIBHOTO 3HAUeHH . [IpH 9TOM 3HaueHUe A

A +A,
MO>KHO BBIOpAaTh B KauecTBe A = —1—2,

T - he (16)
16R, -mhc }

opt
2k-In -
L% exp(2m, -BA*)
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where V,, is the signal value of the photometer located
at the upper boundary of the surface layer; T, is a
broadband function.

According to [10], the function of broadband trans-
mission for the surface layer of the atmosphere can be
defined as

A
-[7»1 R, -F, 'exp(_maaa,x ~MyOig, — mgag,x)

T, , (4)

"R, d

where A;, A, are the start and end points of the mea-
sured wavelength interval; R, is the normalized spec-
tral response of the detector; F, are the solar radiation
at the upper boundary of the surface layer; m,, mg,
m, are optical air masses of aerosol, Rayleigh scat-
tering and small gases; a, ), o), o, are the optical
thicknesses of aerosol, Rayleigh scattering, and small
gases, respectively.
Optimization of the T, indicator is carried out as
follows.
1. The function of quadratic broadband transmis-
sion is introduced for consideration.
Furthermore, according to [9], the absorption
spectrum of water vapor in the visible range and
in the near-IR region has a continuous character
with peaks at wavelengths of 590; 650; 690; 720;
760; 820; 940 nm. This is leads the circumstance
of studying the extreme nature of the atmo-
sphere transmission broadband in the corre-
sponding spectral zone.

Mo 2
Ll R;-E;, - exp(—Zmaaa,x —2Myoig, — ZmHaM)

T

1.xB

- . (5
“R,E,, dh

2. The following condition is accepted
'[: R, -E,, -dA=C=const. (6)
3. Itis assumed that
M,0, > MyOlg ; , 7)

m,o

Oy > Mo

40,5 R, =const. (8)

Taking into account conditions (6-8), the optimiza-
tion problem for T, ,, by finding the optimal value of
Fy), can be expressed as a problem of unconstrained
variational optimization

Tl.ma = J:Z R?» 'FOZL -EXP(—ZI’TIDOLM) + Y[I: Fox -dh- C:ly (9)
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TakuM o6pa3oM, IIpU 3aJaHHBIX 3HAYEHMSX A, X,
m,, P, X ONTHMajabHAs TeMIlepaTypa H3/IydaTes
B IIpeJIOKeHHOM Ha3eMHO-BBICOTHOM MeETOZIe MOKeT
6BITH BEIUHCIEHA IT0 dopmyite (16).

3AKJ/TIOMEHUE

Takum ob6pa3oM, OTCYTCTBHe BO MHOTHX 30HaX
IJIaHeThl aBTOMAaTH3MPOBAHHBIX CTAaHLUHUH H3Me-
peHMs BIarocoJepsKaHusA BO3AyxXa MeXIYHapPO.I-
Holl ceTu AERONET AHKTyeT HeoOXOAHMMOCTb pas-
PaboTKH U MCIIONIB30BAHUS IMPOCTHIX COJTHEUHBIX
doTtomeTpoB. IIpUOOPBEl MOIYT OBITH IIOCTPOEHBI
Ha 6ase nByx LED-cBerom3siyuareneil, paboTalo-
KX B peKHMe Y3KOCIeKTPaJIbHbIX GOTOIPHUEeMHU-
KoB. Takue LED-poTOMETPHI IO3BOISAIOT U3MEPUTH
BJIATOCOJEP>KaHMe a IIPHU3EMHOM (JI0€ aTMOChepsl
B BeUyepHe-HOYHOe BpeMs IIpHU HMCIIOJb30BAHUHU
TEPMaJbHOIO H3/y4aTessi, YCTAaHOBIEHHOTIO Ha
BBICOTHOM 0b6BbekTe. CHOpMyIHpOBaHA U pelleHa
ONITHUMM3ALMOHHAA 3aJaya, II03BOJAIONAsA OIIpe-
Je/MUTh ONTHMAJbHYI 3aBHUCHUMOCTb HCXOJHOM
ONTHYeCKOW PpafHallMu OT [JJMHBI BOJHBI, IPHU
KOTOpOH aTMochepHOe MpOINyCKaHHEe B IpPHU3eM-
HOU aTMmocdepe [OoCTHUTaeT MakcuMyma. Cpas-
HeHHe BBISIBJIEHHON ONTHMalbHOH 3aBHUCHMOCTH
C aHAMIHUTHUYECKUM BhIpakeHHeM 3aKoHa IlnaHka
II03BOJIMJI0O BBIYMC/IUTL BBIPa’keHHe IJIs oIpere-
JTeHHS ONTHMAJbHOM TeMIIepaTyphl BHEIIHEIO
M3jIydaTesis.

ABTOP

Mammagosa Ybkep Gu3yni roi3bl, aCNUpanT, A3epbaitkaHCKui rocyAapCcTBEHHbIN
YHUBEPCUTET HeTU 1 NPOMbILLAEHHOCTH, baky, AsepbaitixaH. ObnacTb MHTepe-
COB: CONHEYHDI GOTOMETP, ONTUYECKOe NPONyCKaHue aTMocdepb.

i g
1T

where y is the Lagrange multiplier.

According to [11], the optimal function F, that
leads T,,, to an extreme value should satisfy the
condition

o[R, Ey, exp(-2m 0, , )+ [ Ey - C]} o

oF,, 10)

It is easy to obtain the following solution from (10):

E — Yo — Yo exp(zmaaa,h)
T 2R, -exp(-2m,a,; ) 2R, ’

ara\

(1)

It is known that the optical thickness of an aerosol
is determined by the Angstrem formula [12], i.e.

Oy, =BA, 12)

where f is the aerosol turbidity of the atmosphere; x is
the Angstrom exponent.
Taking into account (11) and (12), we obtain

£ _Y exp(2m 1)

OA.opt — ZR)‘ . (13)

Thus, in the optimal case, Fy, o, should decrease
with increasing A. However, according to Planck’s
law, in the range of 0.5-1.2 pm, depending on the
temperature of the emitter, both an increase and a
decrease in the intensity along the wavelength are
possible.
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According to Planck’s law, the optical radiation of
an absolutely black body is defined as [13]

8rhc 1
Vb T)= “exp(hc/AKT)-1" 14
By equating (13) to (14), we obtain
YoeXp(2mpA*) ~8rhc 1 e
2R, - 2 exp(he/AkT)-1"

From equality (15), we can calculate T, at which, for
a given value of A, the parameter T, ,, would reach its
maximum value. In this case, the value of A can be

chosen as A= #

T, = he (16)
16R, - mhc }

opt
2k-1In -
[7% exp(chI -BA ")

Thus, for given values A, X,, m,, B, X, the opti-
mal temperature of the emitter in the proposed
ground-based altitude method can be calculated using
formula (16).

CONCLUSION

Thus, the absence in many zones of the planet of auto-
mated stations for measuring the moisture content of
air of the international network AERONET induces the
need to develop and use simple sun photometers. The
devices can be built based on two LED light emitters
operating in the mode of narrow-spectrum photode-
tectors. Such LED-photometers make it possible to
measure the moisture content in the surface layer of
the atmosphere in the evening and at night using a
thermal emitter installed at a high-altitude object. An
optimization problem has been defined and solved,
which makes it possible to determine the optimal
dependence of the initial optical radiation on the
wavelength at which the atmospheric transmission
in the near-ground atmosphere reaches its maximum.
Comparison of the revealed optimal dependence with
the analytical expression of Planck’s law made it pos-
sible to calculate the expression for determining the
optimal temperature of the external radiator.
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