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acTo AWHAMHKAa H3MEeHeHHH KOHIeHPalLluU
MUIBIX COCTABJISIOIINX aTMOCOEPHBIX I'a30B B3a-
HMOCBsI3aHa. Hampumep, Kak ykaspiBaercs B [1],
aHa/IM3 CYyTOYHOIO XOAa KOHLeHTpalui O, IIOKa3bl-
BaeT, YTO MUHHUMYM CONEpP>KaHH S 030HA B IIPU3eMHOM
cyoe aTMocepbl COBIIafideT ¢ MaKCMMYMOM KOHILIEH-
Tpauuu NO u NO,, a B HOUHOe BpeMsI (c23mo74.), Korma
KOHLIeHTPALIMs OKMCJIOB a30Ta MMHHMMaJIbHA, YPOBeHb
coflep>KaHM s 030Ha JOCTUTaeT MaKCMMyMa (puc. 1).
BpeMeHHasi JuarpaMMa KOHLIEHTPALIUH OKHCIIOB
asoTta 4 O, yKa3blBaeT Ha TO, YTO B aTMocdepe ropoma
MHTEHCHUBHO IIPOTEKAIT QOTOXMMMHYECKHE ITPOLIECCHI.
ITpy 3TOM CYTOYHBIH XOf, Ofep>KaHHS AHOKCHIA a30Ta
NO, Bo mHoroMm ompefnensercst AuHaMuKor NO u ypos-
HeM COflep’KaHMS 030Ha B Bo3myxe. Takum obpasoM,
B TedeHHe [AHS KOHLIEHTpPAllUs O30HA HeBeJIHKa,
a HOYBIO BO3pacTaeT B 2-3 pa3a. 3TO BbI3BAHO €ro ocesa-
HHeM U3 BBIILIe/IeKAIHX CJI0eB BO3[yXa B IIPHU3eMHBIL
cyor aTMocdepsl, KOIAa YPOBHH COAEpP’KAHHUSI B HeM
OKMCJIOB a30Ta BBUJy OTCYTCTBH S Ha IOpPOrax aBTOTPaH-
CIIOPTa MUHKMMAJIBHBI. DTO BIIOJIHE COOTBETCTBYeT MMe-
IOIIMMCS IIPeJCTaB/IEHUSIM O IIPOTeKaHUH QOTOXHMHU-
YeCcKHX MIPOLIeCCOB B 3aTrpsisHeHHOM aTMocdepe [1].
CornacHo pe3ynbsraTaM PpaboTsl [2], B3aHMMOCBSI3b
CpefHeMeCSYHBbIX KOHLIEHTPALlMM 030HA U JHOKCH[IA
a30Ta IIOYTH OJMHAKOBa BO BCeX ropogax EBporEl
(puc.2). U3 rpadruka, npeACTaBIeHHOIO Ha PUC. 2 BUIHO,
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METHOD OF HIGH ACCURACY
MEASUREMENT OF TRACE
GASES CONCENTRATION
USING HYPERSPECTRAL SUN
PHOTOMETERS

A.Aliyeva, National Aerospace Agency (NASA), Baku

Anthropogenic activities and various natural
processes cause the pollution of troposphere

with different trace gases (NO, NO,, SO, etc.) -
extremely hazardous for living organisms. Having
analyzed the antiphase character of the main
parameters of optical thickness of NO, and O,, the
method of high accuracy measurement of trace
gases which have antiphase properties of main
parameters is suggested.

ynamics of changes of these small

components of atmosphere is often

interconnected. For example, as it is
specified in [1] the analysis of daily variation of O,
concentrations shows that minimum ozone
content in the surface layer of atmosphere
coincides with the maximum concentrations of
NO and NO,, and during the night time (from 11
pm to 7 am) when the concentrations of nitrogen
oxides are minimal, the level of ozone content
reaches maximum value (Fig. 1).

The time diagram of nitrogen oxides and O,
indicates that photochemical processes proceed
intensively in the city atmosphere. And daily
variation of nitrogen dioxide NO, is mainly
determined by the dynamics of NO and level of
ozone content in air. Thus, during the day ozone
concentration is low and at night it grows by 2-3
times. It is stipulated by its settlement from air
upper layers to the atmosphere surface layer, when
the levels of nitrogen oxide content in it are
minimal due to the absence of motor transport on
roads and it fully corresponds to the existing
conceptions on photochemical processes in the
polluted atmosphere [1].

According to the paper [2], interconnection of
average monthly concentrations of ozone and
nitrogen dioxide is almost identical in all cities of
Europe (Fig. 2). As it is seen from the graph shown
in Fig. 2, the increase of NO, concentration is
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CrnemyeT OTMETHTH, YTO IIPOTH-
BOQA3HBIN XapaKTep IOBefeHHS
KOHLIeHTPAallMU  aTMOChepHBIX 30+
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psila MaJibIX Ta30B aTMocepsl. Kax
BHUJIHO U3 TPadHKOB, IIpe/ICTaBjIeH-
HBIX Ha PHC.3 CeyeHMs IIOIJIONe-
Hug NO, u O, B nuamnasoHe AJIMH
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Puc.1. CymoyHas OuHamuKa usmeHeHus KoHUueHmpauuu 3azpszHumeneti NO, u Os [1]
Fig. 1. Daily dynamics of concentration variation of pollutants NO, and O, [1]

Bpems cyTok / Time of day

BOJIH 250-650 HM MMEIOT SBHO IIPO-
THUBOGA3HBIM XapaKTep, T.e. PoCcT
OZLHOT'O M3 IBYX KOMIIOHEHTOB COIIPOBOKAAETCS YMEHb-
IIeHHeM APyroro [3].

BellleyKasaHHbIe CBOKCTBA KOHLIEHTPALIUI U ceye-
HuM nornomeHus O, u NO, 1aioT Bce 0OCHOBaHU S 101~
raTb, 4YTO OIITHYECKHEe TOJNIIHHBLI 3THX Ia30B TaKKe
06/71aAI0T CBOMICTBOM MPOTHBO(PA3ZHOCTU. ITO 06CTOS-
TeJIbCTBO IO3BOJISIET HaM IIPeJJIO’KUTh HOBBIM BBICOKO-
TOYHBIM MeTOJ, COBOKYITHOTO H3MepeHHUsI KOHLIeHTpa-
MM, KWIKM KOJIMYeCTBa 3THUX Ta3oB B aTMmocdepe.
IIpepsiaraeMblll MeTO[, MOSCHUM Ha IIpUMepe HJIIIOo-
CTPALIUK OIITHYECKUX TOIIIMH Ia30B (pHC.4).

JomycTHUM, YTO Ha JJIMHAaX BOJH A, U A, OCYIIeCT-
BJISIIOTCS CTIEKTPaJIbHbIe M3MepeHU s KoHIleHTpauuu O,
u NO,. CuntaeMm, 4TO KOHLIEHTPALIMK JPYTUX MajbIX
rasoB, BIMSIONIUX Ha pe3ylbTaT M3MepeHUH Ha JIH-
HaX BOIH A, U A, , U3BE€CTHBI ¥ MOT'YT OBITH yUTEHBI IIPH
0bpaboTKe MaHHBIX HU3MepeHHM. B obmem ciydae,
Ha OCHOBaHHH 3aKOHa byrepa-bepa umeem

1(7\,1) =Io (7\’1) e*m [%z(M)*TNoZ(M)*Tq(h)]’ Q)
1(7»2) =Io (;"z ) e-m [Toz(}"z)+IN02()‘2)+111(7‘2)}, (2)

rae I(A;) - curHan Ha BeixOme criekTpometTpa; Io(A;) -
MHTEeHCHUBHOCTb BHEAaTMOCPEpPHOIO H3/IydyeHHs; MM -
OITHYeCKas BO3AYyINHAs Macca, i=(1,2);tq(ki) - Cym-
MapHas OITHYecKas TOJAIIMHA OCTaJbHBIX Ia30B.
[/ yIIpoleH Y s MaTeMaTHYeCKHUX BBIK/IaIOK CIMTaeM,
YTO anmnapaTHas QyHKLIKS IpUbopa paBHA eIMHHIIE.

BerpaskeHus (1) u (2) 1erko MOTryT OBITH ITPUBeEHBI
K CJIeAYIOeMY BUY:

accompanied by the decrease of O, concentration
and vice versa, which indicates the major role of
the mechanism of NO, formation on the basis of
the reaction:

NO +05;=NO,+0,.

It should be noted that antiphase character of
above mentioned parameters is also attributable to
the absorption coefficients of the specified trace
gases. In Fig. 3 the graphs of absorption cross-
section of several atmosphere trace gases are
shown. As it is seen from the graphs shown in Fig.

40
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Puc.2. B3aumocesizb cpedHemecsHHbIX KOHUeHmpauuti 030Ha
u duokcuda asoma

Fig. 2. Interconnection of average monthly concentrations of
ozone and nitrogen dioxide
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Fig. 3. Absorption cross-sections of several trace gases in
atmosphere [3]

Toz (7‘1 ) + o, (7"1) =4, 3
Toz (7"2)+TN02 (%z)z A, @)

rge A, A, =const.
Onruyeckyre TONILIUHBL MaJjIbIX [a30B B O6LLI€M Ccy-
dae MOryT OBITH OIIpeZie/ieHbl KaK

t=a(A)-M, ©)

rae oc(?») - K030 PUILIMEHT IOIVIOIIeHU I MaJIoro rasa; M-
CyMMapHOe (KOJIOHHOe) KOJIH4YeCTBO HCCIIelyeMOro
aTMochepHOro rasa.

C ydeToM BelpaskeHU4 (5) ypaBHeHHUs (3) U (4) MOTryT
OBITH 3aIIKCaHBI CIeAYIOMIKM 06pa3oMm:

M, 0, (7‘1 ) +Myo, 00, (7”1) =4, ©)
Mofxo} (}"2)‘*'1\/[N010‘No2 (7"2)= A, @)

PemreHyve cuUCTeMbl ypaBHeHHH (6), (7) I03BOIsET
orpeieNuTh rapameTpsl My v My, .

BMecTe c TeM O4YeBHHO, YTO pe3y/IbTaThl IIPOBeJeH-
HbIX U3MEPEeHUI He OCBOOOXKIEHBI OT IOTPELIHOCTEH.
V3 aHanM3a HMCTOYHUKOB IIOIPENIHOCTH, CBOMCTBEH-
HBIX aTMOCOEepHBIM CIIEKTPOMETPHUYECKUM M3Me-
PEeHHUSIM, BHOCSIIIMX OCHOBHOM BKJIAJ, B CyMMAapHYIO
IIOIPELIHOCTb, SICHO, YTO 3TO:

o IIyMmBbl, IIOSBISIONKECS K3-3a BAUSHUSI QIyKTya-

LIUH aTMOCHePHOro a3po30is;

+ IIyMBIOIITO-3/IeKTPOHHOI0 TPAKTa CIIeKTPOMeTpa.
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3, absorption cross-sections of NO, and O, within
the range of wavelengths 250-650 nm have clearly
antiphase character, in other words the growth of
one of them is accompanied by the decrease of the
other one [3].

Above mentioned properties of concentrations
and absorption cross-sections of O, and NO, suggest
that the optical thicknesses of these gases also
have the property of antiphasicity. This
circumstance allows us to offer the new high
accuracy method of aggregate measurement of
concentrations or quantity of these gases in
atmosphere. Let us explain the suggested method
at the example of the illustration of gas optical
thicknesses (Fig. 4).

Let us assume that at the wavelengths A, and 2,
the spectral measurements of O, and NO, are
accomplished. We think that the concentrations of
other trace gases influencing on the measurement
results at the wavelengths A, and A, are known and
can be taken into account during the processing of
these measurements. In general case, on the basis
of Bouguer-Beer law we will obtain the following

1(7\, )_I (7\. ).e-m [roz(}‘l)+INOZ(}"1)+TQ()‘1)J (1)
1/70\"™ ’
I(}L )_I (}\‘ ).e‘m [roz()‘z)+TNOZ(}‘Z)+Tq()‘Z):| (2)
2)—ro\"*2 ’
Toz TNOZ
Toz= T ()
Tyo, = T, ()
7,(200)
T,(350)
7,(200)
T,(350)
A Ax A2
100 200 300 400 A
Puc.4. Cxemamuueckasi UAAKOCMpPayus UsmeHeHus onmuve-
CKUX MOAUUH Ty, U Ty, N0 0AUHE 80AHBI
Fig. 4. Schematic illustration of variation of the optical
thicknesses t,, and Ty, by wavelength
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Puc.5. r'paguyeckoe npedcmasaeHue memoda onpedenenust A,
Fig. 5. Graphic representation of determination method of A,

[TokaskeM, 4TO XapakTep U3MeHeHUst M, 1 My, BO
BpeMeHHU U BapbUpOBaHHE KO3QPULIHMEHTOB KX II0IJI0-
IIeHUS B 3aBUCHMOCTH OT JIMHBI BOJIHBI I103BOJISIET
B IpefjaraeMoM MeTOde H3MepeHHH 4YaCTHYHO
YMEHBIIUTb a3pO30JIbHYI0 IIOTPEIIHOCTb. AJLOPHTM
[IpoBeJleHHs H3MepeHHH COIVIACHO IpefjaraeMoMmy
MeTO[y COCTOUT M3 HeCKOJIBKHUX IIPOLelyp:

1. TlpoBeleHMe OBYXBOJHOBBIX CIIEKTPAajIbHBIX H3Me-
PeHHMH Ha JJMHAax BOIH A, U A,. OmpeneneHue
M, u My, c morpemnoctsio A(O,) u A(NO,)
COOTBETCTBEHHO; Ille

A(O3)=AI(O3)+A2(O3), ®

A(NO,)=A(NO,)+A,(NO,). ©)
3pech uudpossle uHAeKch i(i=1,2), ykassiBaioT
Ha a3p030JIbHOE MJIM alIapaTypHOe ITPOUCXOKIe-
Hue,

2. TakKak BTouKe A, (pHC. 4) umeeM T, (A, )=Tyo, (A,),
TO CYMMApHYI ONTHYECKYI TONI[UHY H3Mepsie-

MBIX Ia30B Ty B TOUKE A, OIIpefle/INM KaK
TZ(XX)ZZTOZ(A’X)ZZTNOZ(}"X)‘ (10)

3. TlocTpoeHHe pacueTHBIX TIpaduroB 27, (L)
u 2Ty, (A) COIPOBOXIAETCS TIOCTOSHHBIM CITHYe-
HHEeM C Pe3yJIbTaTaM{ HEIIPepPBIBHBIX CIIEKTPAIb-
HBIX H3MepeHHUH Ha JJINHaX BOIH A, U A, (puc. 5).

4. OmpegmensieM TOYKy B mepeceueHHst rpaduKOB
27, (M) 1 21y, (1) (aberrpiccy TOUKH IMepeceyeHUs
ob6o3HaYaeM KaK \,).

5. PasHuIla MeXay OPAMHATOM TOYKH Bu OpOMHa-
TOH TOYKHM P repecedeHHs GYHKIUH T, (A)+Tyo, (A)

i g

where I(1;) is the signal at spectrometer exit; I,(};)
is the intensity of extraterrestrial radiation; m is
the optical air mass; i=(1,2);1,(;) is the total
optical thickness of the rest of gases. In order to
simplify the mathematical calculations, we assume
that the instrument function is equal to one.
Expressions (1) and (2) can be easily formulated
as follows:
Toz(xl)-l-TNOZ (7‘1)=A1’ (3)

Toz ()“2)+TNOZ (7»2)=A2, (4)

where A}, A, =const.
In general case optical thicknesses of trace
gases can be determined as follows

t=a())M, (5)

where a(1)1s the coefficient of trace gas absorption;
M is the total (column) quantity of the tested
atmosphere trace gases.

Taking into account the expressions (5), the
equations (3) and (4) can be formulated in the
following manner:

Mo, 0, (7‘1)"'1\/[N020‘NoZ (7”1)2 A, (6)
M, 0, (}“2)+MNOZQNOZ (7»2)=A2, (7)

Solution of the combined equations (6), (7)
allows determining the parameters M, and
My,

In addition, it is obvious that the results of
performed measurements will contain the
following characteristic types of errors which
are attributable to the atmospheric spectrometric
measurements:
¢ Noises due to the influence of atmospheric

aerosol;

- Noises of spectrometer optoelectronic tract.

It should be shown that the variation character
of M, and My, in time and absorption coefficients
by the wavelength make it p0551b1e to decrease
partially the aerosol error in the suggested
measurement method. On the basis of algorithm,
the main point of the suggested method can be set
forth in the following manner:

1. Two-wavelength spectral measurements at the
wavelengths A, and A,. Determination of M,
and My, with the errors A(O;) and A(NO,)
respectively where

A(0;)=4,(0;)+4,(0;), ®)
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U IuHHeHd BA, ompepeinsieT cyMMapHYIO IOIpell-
HOCTb 27,(A) U 21y, (1), ompenensemyio Kak
A,=A+A,, Tle A, - a3po30/bHas MOrPEIIHOCTh
B TOUKe A;; A, - IIYMBI ONTHKO-3IeKTPOHHOIO
TPaKTa.

6. OmpegmeneHue A, II03BOJSIET OLEHUTDH pe3ysbTaT
COBMECTHMBIX U3MEPeHHUI Kak

TOZ (7\’7()+TN02 (}\,X)=2TOZ (;\’x)z C0~ (11)

IIpu 3TOM IOT'PenIHOCTh orpefeneHus C, BBIYUCIIS-
eTcsl Kak A}, =A[+A), rae A] - a3po30/1bHAas IIOTperl-
HOCTb B TOUKE A, ;A% ~ IIYMBI OIITUKO-3JIEKTPOHHOIO
TPaKTa.

7. CHIM>XeHHe a3p030/IbHOM IOIPEIIHOCTH B TOUKE A,
omnpezensercs Kak

A=A -A. (12)

8. OnTHuYeckue TONUIUHBL T, U Ty, OIpelensem
13 COOTHOIIEHH I

TOZ(}'X)ZTNOZ (xx)z% (13)

9. KonoHHble 3HaueHUs M, u My, omperensem
2
13 3aKOHOMEPHOCTeH

N T G

S S N 14
Mo ron) Mo =T, ) 14)

B obmeM ciyudae Touku P u R. pacronoskeHsl cuM-
MeTPUYHO OTHOCHUTE/IBHO TOUKHM B. BMmecTe c TeM,
3aBUCHMOCTb ONTHYECKOHU TOJIIMHBI aTMOCPEPHOTO
a’po30/1s COTIacHO dopmyne AHICTpoMa T=B-17"
HOCHMT HeJIMHEeHHBIU XapaKTep. 9TO IPUBOLUT K TOMY,
YTO [0/ISI a9PO30/IbHOM IIOIPELIHOCTH B CYMMapHOH
IIOIPeIIHOCTH H3MepeHUH OyfeT pacTH C yMeHblIle-
HHeM [JINHBI BOJIHBI, Ha KOTOPOH BeAYT CIIeKTPBJIb-
Hble H3MepeHHs. TakuMM o6pa3om, BeIOOPOM CIIeK-
TPaJIbHOTO [OHalla30Ha H3MepeHHM, MOXKHO
3HAUMUTEe/bHO CHU3UTb IIOTPELIHOCTh H3MepeHUuM
1 MOBBICUTb TOUHOCTD OIIpelle/leHHs] MajblX KOHIIeH-
TpaLllH aTMOCPepHBIX Ta30B.

Hcrnonb30BaHHe HeIMHEHMHOIO XapaKTepa 3aBHUCH-
MOCTH BJIMSIHHSI a3pO30JbHBIX HIYMOB OT JJIHHBI
BOJIHBl H3MEpEHUI I103BOJIsieT IOBBICHTh TOUHOCTb
HM3MepeHHM s, UCII0Nb3ysd OTCUYeThl B HANJeHHOU TO4YKe
A, B3aMeH 3alllyMJIeHHOIO OTCYeTa Ha A, . IIpu 3Tom
cjleflyeT OTMeTUTh, YTO a3pO30/IbHBIE IIYMBI B TOUKe
A, BO3[IeHCTBYIOT Ha Pe3y/IbTaThl BRIYKCIeHHUS (6) U (7)
PaBHBIM 06pa30M, M BBIUMC/IEHHBIE 3HaYeHHS 27, (1)
M 2Tyo, (M) OKa3pIBAIOTCA B PaBHOH CTeleHH
3aIyMJIEHHBIMH.
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A(NO,)=A,(NO,)+4,(NO,), (9)

where the digital indices i(i=1,2) indicate the
aerosol or instrument origin.

2. Since in the point A, (Fig. 4) we obtain
T, (M) =Txo, (A,), the total optical thickness of
measured gases Ty in the point A, can be
determined as

TZO%():Zroz(kx):ZTNoz(;‘x) . (10)

3. The calculated graphs 271,(A) and 21y, (1) are
plotted and the continuous special
measurements within the range A, and 2, are
performed (Fig. 5).

4, The point B of intersection of the graphs 27,(})
and 21y, (A) is determined. Abscissa of this
point is designated as A,.

5. Difference between the ordinate of the point B
and ordinate of the point P of intersection of
the function 1,(A)+1y, (2) and line BA,
determines the total error 27, (1) and 21y, (A)
which is determined as A, =A,;+A,, where A, is
the aerosol error in the point A,; A, refer to the
noises of optoelectronic tract.

6. Estimation of A, allows evaluating the result
of compatible measurements as follows

Toz(}’x)-l—TNOZ ()\.X)=2‘COZ()\.X)=CO. (1)

Here, the error of determination of C, is
calculated as A%, =A7+A;, where A is the aerosol
error in the point A,;A’ refer to the noises of
optoelectronic tract.

7. Benefit in the decrease of aerosol error in the
point A, is determined as

A=A -A]. (12)

8. The optical thicknesses =
determined as

and 1y, are

oz

TDZ(}“X)zﬁCNOz()"x)z%’ (13)

9. Column values M, and M,,, are determined as

G . G

Moz = _2~O(,OZ (7\’){), NO, = Z'Q,NOZ (kx) . (14)

In the most general case, the point B is located
symmetrically relative to the points P and R. In
addition, the dependence of the optical thickness
of atmospheric aerosol according to Angstrom
formula t=p-A“ is clearly linear. It results in the
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B 3akiioueHue cHOPMYIHPyeM OCHOBHBIE BBIBOZBL

T10/I0KeHH 51 [IPOBeJIeHHOT'0 KCC/IeJOBaHU !

1. TlpoaHanHM3HpOBaH NPOTHUBOGA3HEIN XapaKTep
BKJIaZla OCHOBHBIX ITOKa3aTe/iekl OIITHYEeCKOM TOJI-
muHbl NO, u O,,

2. IlpenyioskeH MeTOZ, BBICOKOTOYHOIO H3MepeHUs
KOHLIEHTPAIIMH MaJIbIX aTMOChepHBIX ra30B, IIapa-
MeTPBL KOTOPBIX 00/1aAa0T IIPOTUBOGA3HBIM IIPO-
SIBJICHHIEM CBOFCTB.
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fact that with the decrease of wavelength the
share of aerosol error of measurements in the total
error grows. Thus, the significant nonlinearity of
aerosol optical thickness by the wavelength is
nonlinear and this fact stipulates the benefit in
the accuracy of the suggested measurement
method.

Depending on wavelength, the nonlinear
character of aerosol noises allows increasing the
measurement accuracy using the references in the
detected point A, instead of the noisy value with
the reference in A,. It should be noted here that
aerosol noises in the point A, influencing on the
calculation results (6), (7) in equal manner and
calculated values 21, (1) and 21y, (A) turn out to be
noisy in equal degree.

In summary we will formulate the main
conclusions and provisions of performed
studies:

1. Theantiphase character of the main parameters
of optical thickness of NO, and O; has been
analyzed.

2. The method of high accuracy measurement of

trace gases which have antiphase properties of
the main parameters has been suggested.
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