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CO/IHEYHDLIE ®OTOMETPbDI.
YCOBEPIWEHCTBOBAHUE
METOAA KAJIMBPOBKU JIEHT/IU

A.@amyaaaes, acnupanm, M.Taxmasau,
HauuoraabHoe aspokocmuueckoe a2eHmcmaeo,
Baky, Asepbaiidkan

Kanubpoeka ¢poToMeTpmuyeckon annapaTypbl

AN MeTposioruyeckoro obecrnevyeHus

M3MepeHuii Heob6xoaMMa 419 pelueHUs MHOTUX

3ajay —~AUCTaHLMOHHOr O 30HAMPOBaHUS 3eM/u,
uccnepoBaHNs paguaLMoOHHOro 6anaHca, cieXxxeHus
3a MaJibIMy1 KOCMUYeCKUMU o6bekTamu. MNpu oTCyTCTBUMU
BbICOKOIOPHbIX YC/IOBUM A/191 KAJIM6POBKM CO/THEYHbIX
¢poTomeTpoB 06bIYHO UCMOJb3YIOT MEeToA AMarpamMm
JleHrnun, Ho u3-3a U3MeH4YUBOCTU aTMOCHEpPHbIX
napameTpoB OH He NO3BOJISIeT AOCTAaTOYHO

TOYHO OTKANM6poBaTb Npu6op. [N NpaBUIbHOMN
OLLeHKM COJIHEYHOM paguauum, nocTynawoLiemn

B 3eMHY0 aTMmocdepy, NpeasoxeHa npoweaypa ero
YCOBEpLUEHCTBOBAHUSA. W310XeHo ee TeopeTuyeckoe,
Ppusnyeckoe n MateMaTuyeckoe o60CHOBaHMe.

MelMa/IMCTaM XOPOILIO HM3BeCTHO, YTO COJIHeY-

Hble GOTOMETpPHI SBISIOTCS Haubornee yHU-

BepCcaJbHBIMHU IpUOOpPaMH, IIpeJHAa3HAuYeH-
HBIMH [JIS1 HCCAefoBaHUsA aTMocheprl. ColHEYHBIe
$oTOMeTpEI, YCTaHOBJIEHHbIE Ha 3eMJie, IT03BOJISIOT
HCC/IeoBaTh COCTaB a3po30jieH, Ta3bl MaJIbIX KOH-
LIeHTpallil, BOASIHBIe IIaphl, HMeIOUHecs B aTMO-
cdepe. ConHeuHble QOTOMETPHI HCCIeAYIOT oblaKa,
HOHOChEPHBIE H3/Ty4YeHH s, a9PO30JIbHbIE LIIeH(bl, BO3-
HUKaIOI[Ye M3-33 IeCYaHbIX Oypb, H3BeP>KeHHUN BYII-
KaHOB U TOMY IofobHble 06beKkThl. ComHe4YHble HOTO-
MeTPBI, YCTAaHOBJIEHHBIe Ha 6OPTy, MOIYT H3MepsTh
KaKk IIpsgMoe, TaK M paccesHHoe u3nrydeHHe ComHIa.
ConHeyHble pOTOMETPHI 3QPEKTHBHO QYHKIIMOHUPYIOT
B COCTaBe PA3IHMUHBIX ITIOOAJIBHBIX U PErHOHAIBHBIX
ceTel HCC/eloBaHUs aTMocdepsl. Tak, HallpuMep, IJI0-
6anpHast ceTb AERONET cozmepskut bonee 300 m3mepH-
TeJIBHBIX CTAaHIIMM, pacIpefle/leHHBIX II0 BCeMY MHPY
1 TIOCTPOEHHBIX Ha 6a3e comHeuHbIX GOTOMETPOB THIIA
Cimel.

OueBHIHO, YTO, KaK U BCSAKHH H3MepHUTe/bHBIN
rpubop, conHeuHble GOTOMETPBI JAO/KHBL OBITH TIIA-
TeJIbHO OTKa/luOpoBaHEl. COINIACHO K/IACCHYeCKHM
IIpe/CTaBIIeHUAM, COJTHEYHBbIe POTOMETPHI HOJIKHEI
6BITh OTKAJTHOPOBAHBI B BBICOKOTOPHBIX TeopH3HUe-
CKHUX JIabOpaTopHsX, IIe aTMocdepa COmeP>KUT Majioe
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SUN PHOTOMETERS.
MODERNIZATION

OF THE LANGELY
CALIBRATION METHOD

A.Fatullayev, PhD student, M.Takhamasly,
National Aerospace Agency, Baku, Azerbaijan

Calibration of photometric equipment

for the metrological provision of measurements is
necessary for the solution of many tasks — remote
sensing of the Earth, study of radiation balance,
tracking of small space objects. When there are

no high-altitude conditions for the calibration

of Sun photometers the method of Langely diagrams
is usually used but due to the variability

of atmospheric parameters it does not allow
calibrating the device with the adequate accuracy.
The procedure of its modernization is suggested
for the correct estimation of the solar radiation
incoming to the Earth atmosphere. Its theoretical,
physical and mathematical grounds are set forth.

xperts know well that the Sun photometers

are the most wuniversal instruments

intended for the study of atmosphere. Sun
photometers mounted at the Earth allow studying
the composition of aerosols, gases with small
concentrations, water vapors which are present
in atmosphere. Sun photometers study the clouds,
ionospheric radiations, aerosol trails occurring as
a result of the sand storms, volcanic eruptions
and similar objects. Sun photometers mounted
on board can measure the direct and scattered
radiation of the Sun. Sun photometers effectively
function within the structure of different global
and regional networks for the atmosphere study.
Thus, for example, AERONET global network keeps
more than 300 measuring stations allocated all
over the world and constructed on the basis of Sun
photometers of Cimel type.

Obviously, Sun photometers just as any
measuring instrument must be carefully
calibrated. According to the classic conception,
Sun photometers must be calibrated in mountain-
top geophysical laboratories where the atmosphere
contains small amount of aerosol. For example,
Sun photometers of AERONET global network
are usually calibrated in NASA high-altitude
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KOJIMYecTBO asposond. Hampumep, conmHeyHble $OTO-
MeTpbl BceMHUPHOM ceT AERONET 06bIYHO Kanubpy-
IOTCS Ha BBICOKOTOPHOH KaJTHOPOBOYHOM CTaHIIUU
NASA, pacmonokeHHOM B MecTedKe MaoHaJloa, Ha
[aBalCKHUX OCTPOBAX.

OCHOBHBIM METOZOM, HMCIIONb3YeMBIM /ISl KaJlH-
OpPOBKHM COJTHEYHBIX QOTOMETPOB, SIBISETCS METO[
JleHrnu. AJTOPHUTM €ro BKpaTlie 3aK/Il4aercs
B C/IeYIOIIEM.

PaccmartpuBaeTcs 3akoH Byrepa-bepa, KoTopsi 6e3
y4yeTa 3aTyXaHUs HHTEHCHBHOCTH COJIHEYHOIO jydYa
I10 PACCTOSIHUIO KMeeT CJIeIyIOIIHK BU:

L(A)=kI (A)e™, @

rae I, (1) - BBIXOJHOM CUMTI'HaJ COJTHEYHOro GpoToMeTpa
Ha JJIMHe BOJHBI A; M - ONTHYecKasl BO3JyLIHas
Macca; k - koapduLmeHT KaaubpoBKU; T, — ONTHYe-
CKas TONIMHA aTMocdeprl. ONTHYecKas TOMIIHMHA
atmocdeprl B obmeM ciaydae oIpefensercs
CyMMOH
Tat = Toz T TR + Caers

Ife T,, -~ OIITHYecKasi TONIIMHA 030Ha; Ty ~ OIITHYecKas
TOJIIIMHA pPe/leeBCKOr0 PacCesiHUS; T, — ONTHYeCcKas
TOJIIIMHA aTMOCHEPHOT0 a3po30/1s.

JlorapudmMmrpoBaHHe BbIpakeHHS (1) IPHUBOIUT
K CJIeIyIOleMy ero BUy

InI (A)=InI,(A)-mrt,. ®)

3aBUCHUMOCTS (2) dyrkuuu Inl;(A) oT m n1uHeHHas.
Jlns ee rpaduyeckoro usobpaskeHus (puc.l), Ha3bIBae-
MOTO AHATrpaMMOM JIeHIIH, HUCIIONb3YIOT CJIeAYIOILYI0
mporenypy. M3MepsiloT HHTeHCUBHOCTH () IIpu ABYX
3HAYeHMAX ONTHUYECKHUX BO3AYIIHBIX MacC ImM; U Im,.
Jlanee B cucteMe KoopauHar Inl,(\)-m HaHOCAT 3Hade-
HUsL lorapudmMoB oborx 3amepos I, (A,m,) u I,(A,m,),
KOTOPBIe COOTBETCTBYIOT TOYKaM A 1 B Ha IByXxMepHOU
IUIOCKOCTH. [IpoBomaT 4yepe3 TOUKH A U B mpsamylo
JIMHUIO U SKCTPAIIOIMPYIOT €e A0 OCH OpAMHAT. ITO
[103BOJISIeT OIpelenuTh Touky C repeceyeHHs TUHUU
AB c ocblo opaMHaT. Hcrons3ys opauHaTy ToukH Y(C)
1 BBOA S KO3SQPUIIMEHT KaaHubpoBKU

Y(©)
L(A)’
OCYILECTBISIOT KaJIUOPOBKY poTOMeTpa.

[Ipy OTCYTCTBUHM BBICOKOTOPHBIX YCJIOBHUH [JIsSI
KaaUOpPOBKH COMHEUYHBIX (GOTOMETPOB OOBIUHO
HCIIONB3YIOT MeToJ AuarpaMM JIeHIJIM, HO H3-3a
H3MEeHUYHUBOCTH aTMOCPepHBIX IIapaMeTpPOB OH He
I103BOJISIeT JOCTATOYHO TOYHO OTKaIMOPOBaTh IIPH6OP

k=

Syl 4

calibration station located in Mauna Loa, Hawaiian
Islands.

The main method used for the calibration of Sun
photometers is Langely method. Algorithm of its
procedures is briefly described below.

Bouguer-Beer law is considered; without due
regard to the decay of the Sun beam intensity by
distance it has the following form:

L) =kI(A)e™=, @

where I, (1) is the output signal of Sun photometer
at the wavelength A; m is the optical air mass; k is
the calibration coefficient; t,, is the optical
atmosphere depth. Generally, optical atmosphere
depth is determined by the sum
Tat =Tz T TR T Taer s

where 1, is the optical ozone depth; ty is the
optical depth of Rayleigh scattering; t,., is the
optical depth of atmospheric aerosol.

Taking the logarithm of the expression (1)
results in the following form:

InI, (A)=Inl;(A)-mrt,. )

Dependence (2) of the function InI;(A) of m is
linear. The following procedure is used for its
graphic representation (Fig. 1) which is called the
Langely diagram. The intensity I,(A) is measured
with two values of the optical air masses m; and m,.
Then, the values of logarithms of both
measurements L (Am,) and I(Am,) which
correspond to the points A and B on two-
dimensional surface are applied in the coordinate
system InI;(A)-m. The straight line is drawn
through the points A and B and extrapolated to the
ordinate axis. It allows estimating the point C of
intersection of AB line with ordinate axis. Using
the ordinate of the point Y(C) and introducing the
calibration coefficient

Y(©)
L(2)’
the photometer calibration is performed.

When there are no high-altitude conditions for
the calibration of Sun photometers the method of
Langely diagrams is usually used but due to the
variability of atmospheric parameters it does not
allow calibrating the device with the adequate
accuracy [1]. And this is the essential fault of this
method. For example, in eastern regions of China

k=
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Puc.1. paguk pyHKUUU 3a8UCUMOCMU 8bIXOOHO20 CUZHAAA
COAHEYH020 pomomempa Ha OAUHE 80AHbI A oM onmuy4eckol
8030yLWHOL Maccol

Fig. 1. Graph of the function of dependence of Sun photometer
output signal at the wavelength A on optical air mass

[1]. U B »3TOM ero cyLueCTBeHHbIIZ HeJOoCTaToOK.
HampuMep, B BOCTOUHBIX perioHax KuTas B IIPOBHH-
uusax Kewanxwu, Tanxy u IllokcHMaH BO Bpems
PervoHanbHOTO MEXKAYHAPOMLHOIO SKCIIePpUMEeHTa
[0 M3y4YeHHUIo TporochepHOro asposons [2] B 2004
U B 2008 rogax M3MepeHusl, IIPOBOJMMbIE C IIOMOIIbIO
conHevyHoro ¢poromerpa CIMEL, moKkasajau, 4TO B TeUe-
HHe [HS OITHYecKas ToNIuHa as3po3onst AOD,
usMeHsiercs B npegenax 0,80+0,14. Takasg U3MeHYU-
BOCTb a3p030Jisl He I03BOJIMJIA OTKAIUOPOBATh MYJIb-
TUOUIBTPOBBIN TeHEeBOM paguoMeTp TuUIla MFRSR.
B pab6ote [3] oTMeuaeTcs, YTO OIMIMOKH, JOMyIIeHHbIe
NpU KaaUOPOBKE COTHEYHOro GOTOMETPa, MPUBOAST
K MCKYCCTBEHHBIM [ITHEBHBIM BapHaLlMIM, CHMMe-
TPUYHBIM OTHOCHUTEIBHO IIOJIIHS, 3HAUeHHU OIITHYe-
CKOM TONIIMHBI a’po3onsi (AOD) M o - IOKasaTens
AHrcTpoma. OcobeHHO 3TO CKa3bIBAETCSI IIPU HU3KHUX
3HaYeHMSIX ONTHYeCKOM TOJNIIHMHBL a3po30J4.
JlJ1s1 BBIYMCIIEHHUS KaJIHOPOBOYHOro KO3PPUIIMEeHTa
IPU MUHUMU3ALUU JHEBHBIX H3MeHEHUU IoKa3aTe-
Jel AHTCTPOMa U ee KPHUBH3HBL OBUI HCIIOIB30BaH
meTol MoHTe-Kapiio.

IS TOBBINIEHHUSI TOYHOCTH KaIHUOPOBKU IIpHU
KCIIONIb30BaHMU KJIACCHYECKOIO0 MeTofa OuarpaMM
JIeHITIM MBI IIpefijlaTaeM HOBBIM MeTol. OH OCHOBaH
Ha IBYX XOPOIIO M3BECTHBIX OCOOEHHOCTSIX a’pO307Ib-
HOM QH3UKHU U aTMOCPEPHOU OIITHUKH.

[lepBasi - pe3yabTaThl MHOIOYMC/IIEHHBIX JKCIIe-
PHMEeHTA/IBHBIX MCCAeOBAaHHUI II0KA3bIBAIOT HAJH-
YMhe OTPHULATeIbHON KOPPEesSIMOHHOM CBSI3U MeXIY
roKkasaTereM AHICTPOMa M ONTHYECKOH TOJIIHMHOM
asposons [4-6].
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in the following provinces: Kyung Hee, Taihu and
Shoxian during the Regional International
Experiment for Study of Tropospheric Aerosol [2] in
2004 and 2008, the measurements which were
carried out with the help of CIMEL Sun photometer
showed that during the day the aerosol optical
depth AOD,,, varies within the range 0.80+0.14.
Such variability of aerosol did not make it possible
to calibrate the Multi-Filter Shadow Radiometer of
MFRSR type. In the paper [3] it is noted that the
mistakes made during the calibration of Sun
photometer cause the artificial day variations,
which are symmetric relative to noon, concerning
the values of aerosol optical depth and o -
Angstrom index. Especially, it has impact upon
the low values of aerosol optical depth. In order to
calculate the calibration coefficient for the
minimization of day variations of Angstrom
indices and its curvature we used the Monte-Carlo
method.

In order to increase the calibration accuracy
when using the classic method of Langely diagrams,
we suggest the new method. It is based on two
well-known characteristics of aerosol physics and
atmospheric optics.

The first characteristic: the results of many
experimental tests show the negative correlation
between Angstrom index and aerosol optical
depth [4-6].

As it is reported in the paper [4], the
measurements of Angstrom index and aerosol
optical depth were carried out in 2004-2008 in
north-west region of China in Taklimakan Desert.
It was detected that maximum AOD (aerosol optical
depth) occurs in April with the value of 0.83+0.41
whereas the minimum Angstrom index occurs in
May. Herewith, the minimum value of AOD occurs
in November (0.19+0.10) and the minimum value of
Angstrom index occurs in May (0.09+0.06). Mutual-
inverse character of the variation of Angstrom
index and aerosol optical depth values during the
day is shown in Fig. 2.

Mutual-inverse character of the variation of
aerosol optical depth and Angstrom index is also
noted in the paper [5]. In Fig. 3 the average results
of AOD measurements at 57 stations of AERONET
network are given, and in Fig. 4 the average results
at 47 stations are given. Mutual-inverse character
of the dependence of AOD and Angstrom index can
be deemed the common pattern and we can cite
many papers where this pattern is confirmed.

The second regularity of atmospheric physics
(optics) used in the suggested modernization of the
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Kak coobmmaercst B pabore [4], m3MepeHHs IOKa3a-

Tensi AHrCTpoMa U AOD MpPOBOOM/IMChL B TeyeHHe 1,0

2004-2008 romoB B ceBepo-3aIlaflHOM pervoHe Kuras, 09}
B ITyCThIHe TaKJIMMaKaH. Bbl1o 06HApy>keHO, YTO MaK- 08}
cumyMm AOD mnosiBisiercs B anpeine (0,83+0,41), B To 07+
BpeMs KaK B Mae IIOSIB/ISeTCd MHHHMMYM IIOKa3aTesls 06 |
AurcrpoMa. Ilpu 3ToM MHHMMajbHOe 3HayeHHe AOD 3 015 |
nosiByisieTcst B Host6pe (0,19+0,10), a MHHMMA/IBHOE 3Ha- < 04l
yeHHe IIoOKasaTesisi AHICTpOMa IIOABJISIETCS B Mae o3l
(0,09+0,06). B3auMHO-WHBEPCHBIN XapaKkTep H3MeHe- 0'2 I
HMA 3HaUeHMH IoKa3aTelsl AHICTPOMa M OITHYeCKOM ov1 I
TOJILIMHEI a9P030J15 B TeYeHMe JHS IT0Ka3aH Ha PHUC.2, ovo

B3anMMHO-MHBEePCHBIN XapaKTep M3MeHeHHUs OIITH- 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
YeCKOM TOJIIHHBI a3p030JIs U [oKa3aTelss AHICTpoMa
TaK>Ke OTMedaeTcs B pabore [5]. Ha puc.3 moka-
3aHBl yCpefHeHHBble pe3ylbTaThl H3MepeHHH AOD

a)

1o 57 cranuuam cetk AERONET, a Ha puc.4 1oKa3aHbl @ Lo

yCpeAHeHHbIe Pe3y/IbTaThl I10 47 CTAHLIUAM. B3aruMHO- é 091

WHBEPCHBIN XapaKkTep 3aBHCUMOCTH AOD U mokasa- s 08F

Te/s. AHTCTPOMa MOXKHO CUMTATh 0oOIel 3aKOHOMep- g’ 077

HOCTBIO, U MOKHO IIpHBeCTH 60JIbIlIOe KOIHYeCTBO S 00T

paborT, e 3Ta 3aKOHOMEPHOCTb ITOATBEPXKIALTCSI. § 05T [
Bropasi 3aKOHOMepPHOCTb QU3UKHU (ONTUKH) aTMO- g 0.4

ceprl, MUCIONAb3yeMas B IIpeajiaraeMoOM YCOBepIIeH- j:’i 03 F [

CTBOBAaHMM MeTOJa AHarpaMM JIeHIVIM, - B3aMMHO- E 0.2t I [ T

WHBEPCHBIM XapaKTep, MK OTpULIATeIbHas KOPpeIu- € o1t

POBAaHHOCTL MeXKIy [IOKa3aTejlieM BHIMMOCTHU = 00

U OITHYeCKOM TOMIIMHON a’po3ons. MccremoBaHus, 7 & 9 1011 1213 14 15 16 17 18 19 20 21

ITpoBefieHHEIe B paboTe (6], TIOKa3a/IH, YTO MEKAY BUAU- 6)

MOCTBIO K OIITHU4eCKOM TOJIIIIMHOM a3p03071sI CYIeCTBYeT
3HauMTe/IbHAsI OTPULIATe/IbHAS Koppensuus (I =-0,28).
B Tabnurie [6] mpuBeeHbl pacueTHbIe 3HAYeHUSI HEeKO-

Le (6] mpuBes P AHzcmpoma (6)

TOpBIX TIOKa3arelen BHUAMMOCTH HaA IOBEPXHOCTH | rig 2 Day variations of aerosol optical depth [4] (a), day
3eMJIU U OIITHU4YeCKOH TOJIIIMHOU a3p030J1. variations OfAngstrom index values (6)

Puc.2. [1HesHble u3meHeHUs onmuyeckol moAlUHbI
a3po30as [4] (a); OHeaHble U3MeHeHUs 3HaYeHUl NoKazameas

method of Langely diagrams is the mutual-inverse
character or negative correlation between the
visibility index and aerosol optical depth. Analysis
carried out in the paper [6] showed that there is
considerable negative correlation between visibility
and aerosol optical depth (r=-0.28). Table [6] gives
the estimated values of some sensitivity indices at
the Earth surface and aerosol optical depth.
Mutual-inverse character of the variation of visibility
and aerosol optical depth is also outlined in the
paper [7]. In Fig. 5 the curves of the variations of aerosol
0,4 . : . : . optical depth and visibility are shown for the period of
0171997 01/2000 01/2003  01/2006  01/2009 15 months obtained as a result of the measurements
- which were carried out in NASA Goddard Institute for
Puc.3. 3meHeHue onmuyeckol moAujUHbl d3p030A4 . . . .
no mecsuam [5] Space Studies. As is seen from the graphs given in Fig. 5,
Fig. 3. Variation of aerosol optical depth by months [5] the mutual-inverse character of visibility and aerosol
optical depth does not give rise to doubts.

.
o
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B3aMMHO-MHBEPCHBIM XapaKTep U3MeHeHUs BUIU-
MOCTH M OITHYECKOH TOJIIMHBI a3po30/si TaKKe
oTMeueH B pabote [7]. Ha puc.5 moOKa3aHBI KpPHBBIE
HM3MeHEeHM S ONTHYeCKOM TOMIIHHBI a3p030JIsl U BUIU-
MOCTH B TeUeHHe 15 Mecs1eB, IoJdy4YeHHbIe B Pe3yyib-
TaTe M3MePeHHMH, IIPOBeleHHbIX B MHCTUTYyTe KOCMHU-
YeCcKUX HccaefoBaHUM Tonmapaa NASA. Kak BUIHO
U3 IrpadHuKOB, MPHUBEIEHHBIX Ha PHC.5, B3aUMHO-
WHBEPCHBIM XapaKTep BUAUMOCTH U ONTHYECKON TOM-
IIMHBI 29P030715 He BhI3bIBAeT COMHEHHH.

0O6a paccCMOTPEHHBIX IIOJIOKEHHUSI AaTMOChHEpPHOM
OIITHKU II0JIO’KeHBI B OCHOBY IIpe[jIaraeMOro ycoBep-
IIEHCTBOBAHHOI'0 MeToJa Aruarpamm JleHrnu. Ero cyTs
3aKJII0YAeTCsT B CleayromeM. Hamuimem ycioBHe CTa-
OMJIBHOCTH ONTHYECKOM TOJIIMHBL a3P030Js, HUCIIONb-
3y4 [IJISL 3TOr0 MU3BeCTHYIO GOpMy1y AHICTpPOMa

Taer (1) =B(1)- (1) = const=C,, 3)

rae t,,(A) - omTHueckas TOMIIMHA a’po3onsi; P(t) -
a3p030/IbHASI MYTHOCTb aTMOCepbl; o(t) - oKa3aTesb
AHTCTpOMa.

U3 BbIpaskeHU (3) IIonydaeM:

1 .8
A(t)=exp| ——=-1n . @)
CMBICTT IIpefjaraeMoro MeToAa CTabMIM3aIUU
guarpaMm JIeHITIM 3aK/Iio4yaeTcs B H3MeHeHHUH
IJIMHBI BOJIHBL B COOTBETCTBHUHU C BIpaskeHHEM (4),

PacyeTHble 3HaYeHMa NnapameTpoBs BUAMMOCTU M AOD
Estimated values of visibility parameters and AOD

BuanmocTb OnTtunyeckas
Ha TO/LLMHA
[MapameTtp
Parameter no;gpxgocm a3po3ong|
Visibility at Aerosol optical
the surface depth
MmﬂMMaanoe 3HaveHune 4 0,044
Minimum value
Ma|<gmmaanoe 3HayeHune 9 1,549
Maximum value
CpefHee 3HavyeHune 74 0420
Mean value
e 094 0,092
Variation
CpefHekBajpaTtumyeckoe
OTKJIOHEeHWe 0,97 0,303
Mean-square deviation
KosdduruneHt
M3MEH4YNBOCTH 0,1 0,72
Variability coefficient
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-0,6 = 1 1 1 L 1
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Puc.4. V3ameHeHue nokazameisi AHzcmpoma no mecsuam [5]
Fig. 4. Variation of Angstrom index by months [5]

Both considered provisions of the atmospheric
optics are taken as the basis of the suggested
modernized method of Langely diagrams. It is
about the following. Let us write the condition
for the stability of aerosol optical depth using the
known Angstrom formula:

T (M) =B(t)- A (1) = const=C,, 3)

where 1, (1) is the aerosol optical depth; B(t) is the
aerosol atmospheric turbidity; o(t) is the Angstrom
index.

We receive the following from the expression

3):

_ 1 4,80
x(t)—exp[w-ln C. ] 4)

The suggested method of the stabilization
of Langely diagrams is about the variation of
wavelength in accordance with the expression
4).

Pursuant to the first above mentioned
provision of atmospheric optics the interrelation
between «(t) and B(t) has the mutual-inverse
character. Therefore, the following equation can
be written in the first approximation:

a(t)=C, -B(t). (5)

Taking into account the expression (5) we
obtain:

x(t)=exp[cz%ﬁ(t).1n%)}, ©)
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Kak cemyeT U3 BbIIIEITPHBEI€HHOTO IIEPBOLO I10J10-
SKEHHSI aTMOCPEPHOM ONTHUKH, B3aKMOCBSI3b MEXKAY
a(t) u B(t) sgBageTcss B3aMMHO HHBEPCHOM.
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g IIPaKTHYECKOH peaM3alluH IIpejiaraeMoro Bpewms, mec. / Time, months

MeTofa M3MeHeHHs A(t) II0 BhIpaskeHUIO (6) HOIKeH
OBITH OCYIIECTBJIEH KOHTPOIb HaJ, BeTHUYMHOH P(t), _
Puc.5. Vi3meHeHuUs onmuyeckol MoALLUHbI d3p030As (CUHAS

IJISL 9ero HCIIONIb3yeTCsl BBINIEH3JIOKeHHOe BTOPOe

. Kpusas) u sudumocmu (3eneHas kpusas) 3a 15 mecsues [7]
TOTIOKEH e ATMOCEPHOL ONTUKH, T.e. 3HaueHue B(t) | rig s \ariations of aerosol optical depth (blue curve) and
KOHTPOJIMPYyeTCs IIyTeM HA3€MHOI'0 U3MEpPEHMA BUNU™ |  yisibility (green curve) for the period of 15 months [7]
MOCTH Ha ITOBEPXHOCTHU 3eMJIH.

Cre1oBaTeNIbHO, €CIH AOMYCTUTh B3aMMO HHBEpC-
HYIO 3aBUCHMOCTb Obviously, a(t) in the expression (6) is the
growing function of p(t).

B(t)=C,-V(1), @) The control of B(t) must be performed for the
practical implementation of the suggested
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Fig. 6. Functional scheme of installation for realization

of the suggested method of Langely diagrams modernization

roe V(t) - oyHKUMS BHAMMOCTH, a Cy=const, ToO
13 BeIpakeHUH (6) U (7) IONydHM:

1 SV

A(r)=exp C,—C,+ V(1) C,

®)

TakuM o6pa3om, IIOIydeHHOe BBIpaskeHHe (8)
II03BOJISIET HAMTH YCJIOBUS [/ CTabMIM3aLlUK JHaA-
rpaMmbl JIeHIIM B CjIy4ae H3MeHEHMs adpo30JIb-
HOM TypbUAHOCTH aTMOCdephl IyTeM COOTBETCTBY-
IOI[er0 M3MeHeHHUS [JHHBl BOJHBI IIPOBOJHMMBIX
HM3MepeHHH.

OTMeTHM, UYTO AUArpaMMBl JIEHITIH 06BIUHO CTPO-
ATCA Ha TaKUX [JIMHAaX BOJIH, I'le, BO-TIEPBBIX, peJjie-
eBCKOe paccesiHHe ITpeHebpesKHMMO Majo II0 CpaBHe-
HHUIO C ONITUYeCKOK TOIIMHON a3p030J1sl, a BO-BTOPBIX,
OTCYTCTBYIOT JIMHHM IIOIVIONEHHS MaJbIX Ta30B
Y I1apoB BOApbl. I10 3TOM NpHUYMHe IIpejjaraeMas cTa-
bunusanus guarpaMm JIeHIJIM IIyTeM BapHallUU
JJIMHBI BOJTHBI IIPOBOAHM MBIX I/IBMGPGHI/Iﬂ He IIpUBOAUT
K JIONOJTHUTEIBHBIM IOIPEIIHOCTSM. [IpakTHueckas
peanus3alusa IpejjaraeMoro MeTofa IIOCTpoe-
HUS JUarpaMM JIeHITIM MOXKeT ObITh ocyllecTB/IeHa
II0 cxeMe, MOKa3aHHOM Ha PHC.6. IIpUHIIUII paboThl
TaKOM YCTAHOBKH IIOJTHOCTBIO COOTBETCTBYET OITHCAH-
HOMY BBIIIe METOAY CTaOH/IH3aI U JUAaTPaMM JIeHITTH
1 He TpebyeT JOIIOTHUTEIBHOTO MTOSICHEHH .

[TopBoas UTOr'H, CGOPMYIHPYeM OCHOBHbIE BBIBOZ B
U TI0JIO’KeH U sl [TPOBe/IeHHOT0 MCC/IeIOBaHU L.

1. TIpenJiOKeHO yCOBePLIEHCTBOBAHHE MeTo[a JHa-
rpamMm JIeHITIM, HCIIO/Nb3yeMOro s Kaaub6poBKH
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method of A(t) variation according to the
expression (6); for this reason the second above-
stated provision of atmospheric optics is used, in
other words the value of B(t) is controlled by the
ground measurement of visibility at the Earth
surface.

Therefore, if we admit the mutual-inverse
dependence

B(t)=C,-V(t), @)

where V(t) is the visibility function and C, =const,
from the expressions (6) and (7) we will receive

1 1nC3—V(t) .

Mr)=exp C,—C,+ V() C,

(8)
Thus, the obtained expression (8) allows
finding the conditions for the stabilization of
Langely diagram in case of the variation of aerosol
atmospheric turbidity by the relevant variation of
wavelength of carried out measurements.

It should be noted that Langely diagrams
are usually plotted at such wavelengths where,
first of all, Rayleigh scattering is negligibly
small in comparison with aerosol optical
depth and, secondly, the absorption lines of
idles and water vapors are absent. For this
reason, the suggested stabilization of Langely
diagrams by the variation of wavelengths of
carried out measurements does not result in
additional errors. The suggested method of
Langely diagrams plotting can be practically
implemented on the basis of the scheme shown
in Fig. 6. Operation principle of such device
corresponds completely to the above described
method of the stabilization of Langely
diagrams and does not require the additional
explanation.

Summarizing, we can formulate the following
main conclusions and provisions of the carried
out analysis.

1. The modernization of the Langley method
designated for calibration of Sun photometers
is suggested. This modernization provides for
stabilization of Langley diagrams by way of
variation of measurement wavelength in line
with variation of visibility at the Earth surface
during carrying out of calibration procedure.

2. The theoretical, physical and mathematical
basics of the suggested method are outlined.

3. The functional scheme of installation
for realization of the suggested method is
developed.
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CO/THeUHBIX POTOMETPOB K 3aK/IIOUAIOLIErocs B pea-
NMU3aIUKU CTabUIM3alMUK AUAarpaMm JIeHITIH IyTeM
HM3MeHeHHs [JJIHUHBl BOJIHBI H3MEpPeHHH B COOTBET-
CTBUM C HM3MeHeHHeM BHIHMOCTH Ha IIOBEpPXHO-
CTH 3eMJIM B Te4YeHHe BpPeMeHH OCYILIeCTBIeHHUS
KaITHOPOBKHU.

2. M37105keHBI TeOpeTHYeCKHe, GH3HUUeCKHe U MaTe-
MaTH4eCcKHe OCHOBBI ITpeflylaraeMoro MeToAa.

3. IlpemysokeHa QYHKIMOHAJIbHAsd CXeMa YCTa-
HOBKH, C ITIOMOIIBIO KOTOPOK MOKeT ObITh peanr30BaH
IpejaraeMbll MeTOf,.
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