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L A3epbanocanckuii zocyoapcmeennslii yrugepcumem Hemu u RpOMbLUUIEHHOCHU
2Hayuonanvnoe aspoxocmuueckoe azenmcemeo, 2.baxy, Azepoaiioncanckas Pecnybnuxa

PaccMoTpeHbl n3BECTHBIE BAPHAHTHI MAPAMETPUIECKOH KOPPEKIMHU AT UCKIFOUEHUs BIMSHHSA aTMOC(HEPHOTO
a’po30J1 HA pE3yIbTaT COJHEYHO-(GOTOMETpHYeCKHX H3MepeHuid. [IpoaHaaM3MpoBaHBI CYyNIECTBYIOLIHE
METOIbl YCTPAaHEHHUs BIHUAHUS aTMOC(EpHOro a’po3oiii Ha pe3ydbTaT COMHEYHO-()OTOMETPHUECKUX
M3MEpEeHHH W yKa3aHbl HEJOCTaTKH OTHUX METOZOB. I[Ipemyio)keH HOBBIM METOJ| YCTPaHEHUsS BIWSHUS
aTMOC(EPHOTO a3pO30JIs Ha PE3YNIbTAT CONHETHO-(DOTOMETPHUIECKUX U3MEPEHHH MajbIX Ta30B aTMOc(hepsl, B
KauecTBE OCHOBBI KOTOPOTO HCIOJIB30BaH OOOOIIEHHAss MOJENb 3aBHCHMOCTH ONTHYECKOH TOJIIWHBI
a3p030JIs OT JUIMHEI BOJIHBI B BUJIE CTEIIEHHOT0 MHOTOWIeHA. [IpensoxkeHo 006o0imeHne n3BecTHOH (GopMyIbt
AnrcTpema sl BBIYHCICHHS ONTHYECKON TONIMIMHBEI a’po3ois. Ha ocHoBe ykazaHHOTO 0000ImieHMs naHa
(dhopMmyIta UIs a9p030JIbHOH KOPPEKIHN COTHEYHO-(OTOMETPHYECKIX H3MEPEHHH.

Knioueswvie cnoga: atmocdepa, a3po30I1b, KOPPEKIUSL, CONHETHBIH (HOTOMETp, ONTHYECKAsT TONIINHA

BBEJIEHUE

Ponp comHeyHbIX (HOTOMETPOB B M3yYeHUH arMocdepsl U BH3yaJlbHO HaOIIONaeMbIX
CBETAIUXCA HEOSCHBIX OOBEKTOB TPYAHO MEpPEoleHUTh. B arMocdepHbIX u HeOECHBIX
MCCIIEIOBAaHUX IIMPOKO MPUMEHSIOTCS KaK COJTHEYHbIe, TaK U JyHHbIE ¢oTomerpsl [1,5].
[Mpu wucmonb3oBaHNMM HEOECHBIX CBETSIIMXCS TEN B KadecTBE BHEUIHETO H3ITydaTelis
OKa3bIBAETCS BOBMOYKHBIM H3YUEHHUE XapaKTEPUCTHK PA3IUYHBIX MaJIBIX Ia30B U a3pO30JId
atmocdepsl. Kitaccnueckum mpumepoM Tomy siBisietcst o3oHoMeTpsI . I1. I'ymuna M-83
u M-124, npeaHa3Ha4eHHbIC I U3MEPEHUsS OOIIEro ColepKaHUs 030HAa B atMocdepe,
cnekrpomerp JloOcoHa, ¥ MHOTOUYHCIICHHbIE pPa3pabOTKU CONHEYHBIX (POTOMETPOB,
BKJIFOYasi BOCBMUKAHAJIBHOE YCTPOHCTBO "CUMENB" MUPOKO UCIOIB3yEMOE BO BCEMUPHOMN
CeTH a’po30ibHbIX uccaenosanuii "AERONET" [6-7].

MN3JI0KEHUE OCHOBHOI'O MATEPHUAJIA

OnHOW M3 OCHOBHBIX MNpPOOJIEM IPH HCIOJIb30BAHUM COJHEYHBIX (POTOMETPOB B
KauecTBe MW3MEpHUTEJeld KOHLIEHTpAalMM MajblX Tra3oB B armocdepe, BKIOYAs
KOHIIEHTPALMIO O30HA, SBISETCSA BIMSHHME aTMOC(EepHOro a’po3onsd. DTO IOIOXKEHHUE
npsMO BbITEKaeT U3 ypaBHeHus byrepa-bapa, npumenurensHo k yibTpaduosneroBoit (YD)
ONTHUYECKOH 00J1acTH.

Cornacho [8], 3T0 ypaBHeHHE TPUMEHUTENbHO K Y® auanazoHy UMeeT CIeayIomui
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BH

E = E(Mexp{= [t (L)t + 1. (e + 7, (W] m} (1)

rae E — ocBereHnocts Ha ypoBHe (doTomerpa; Eo(A) — OCBelIeHHOCTh Ha BHEIIHEH
rpanune armochepsr; T(\) — omnrTmdeckas TommmHA PeneBckoro paccesHus; Ta(A) —
ONTHYECKash TONIIMHA a3PO30JIsL; Toz(A) — ONTHYECKOrO TOJNIIMHA HCCIIEAYEMOTO0 Majioro
rasa (B JaHHOM CJTy4ae 030Ha); M — ONTHYESCKas BO3AYIIHAS Macca.

C yuetom T:(A)<<Ta(\) omTHuecKas TOJIIHHA aTMOC(HEPHOTO a’pO30Jisd OKA3BIBACTCS
OCHOBHBIM MEIIAONIMM (PaKTOPOM MPU U3MEPEHUU KOHIIEHTPAIlMU MaJibix ra3oB. [1o aToit
NPUYHHE UCTIOIB3YIOTCS PA3ITUYHBIC METOBI [T UCKITFOUEHHSI TAKOTO BITHSHUSL.

KiaccudeckuM pelieHHeM JaHHOIO BONPOCAa INPH IIPOBEACHUU OJHOBOJIHOBBIX
COJTHEUHO-(hOTOMETPUUSCKUX H3MEPEHUI SBISETCS MEPEXOJI Ha JIByXBOJHOBBIE U3MEPEHUS
[8]. Tak, HanpuMep, eciu MPOBOJATCS U3MEPEHUS HA JJIMHAX BOJIH A1 U A2 IMEEeM

E(ry)=Eo (oo {[~(r. () +7.(a,))] m} 2)
EO‘Z)= Eo(Kz)'EXp{_[Ta(Xz)+Tz(7\'2)]'m} 3
rae T.(\i) — ONTHYeCKas TONIMHA HCCIELYeMOro Ta3a; | = 1,_2

[Ipu 3TOM ATWHBI BOJH BBIOMPAIOTCS TaKUM 00pa3oM, YTO Ha Ay WCCIETyeMBIH Ta3
UMEET MaKCHUMAaJIbHOE TIOIVIONICHMs, a Ha A2 — MuHUMaibHOe. Pasgenu (2) u (3)
HoJry4aeM

£} B oo, . 2 o

rae A t.(A1,\2) — mpupaleHre, COOTBETCTBYIONICE K MEPEXOAY THUHBI BOIHBI A1 K
JUTMHE BOJHBI Ao.

Tak kak coriacHO U3BECTHOH (opmyiie AHrcrpema [9].

7, =pA" (5)

rae  — a3po3onbHasg MyTHOCTh atMochepbl AHTcTpeMa; A — JJTHHA BOJTHBI B MKM; O, —
MoKa3aTtesb AHICTpeMa,

¢ yuetoM (2) — (5) OYEBHIHO, YTO €CJIM A1 U A2 B3ATh JOCTATOYHA OJU3KHMHU 10
3HAYEHUIO BEJIMYUHAMHM TO

—Q -
ATa(Kl’kz):BO‘l -1;")=0 (6)
OnHaxko, BBIOOP A1 M A2 JIOJDKEH OBITh MMPOU3BENIEH C YUETOM reOMETPHUYECKOH (PopMbl
JIMHUH MOTIIOIICHUS HCKOMOTO ra3a (puc.l).

193



Aboynnaesa C. H., Aeaes ©. .

= A
=
I
A7)
=l
o
=
=] AT,
2 B
=
I
A7)
=
=
=
=
=
g I
> " . ~—
- Ak
.
>
h o 2

Puc.1. Beibop AnvHBI BOJHBI IIPH ABYXBOJIHOBBIX COTHEYHO-(DOTOMETPHUIECKUX
U3MEPEHHUSIX.

O‘-ICBI/IIIHO, YTO OCHOBHOM HEAOCTAaTOK MABYXBOJIHOBOI'O ME€TOAA YMCHBLIICHUC
MOJIE3HOTO CUTHAJNA 32 CUeT COKPAILEHUs BIUSHHSA aTMOC(EPHOro a3po30is Ha pe3ysbTaT
WU3MEPEHUS.

Hpyroii He MeHee BaXKHbIA METOJ HCKJIIOUEHUE BIUSHUS a’po30Jisl HA pe3yabTar
COJTHEYHO-()OTOMETPUUECKUX M3MEPEHHI SIBISCTCS MEPEXo]] Ha TPEXBOIHOBBIA MeTon. B
3TOM METOJIe M3MEPEHWSI IPOBOJIATCS Ha TPEX JITUHAX BOIH (A1, A2, A3) (cM. puc.2).

i

HKosdduupmeHT nornoweHua

A ;'-.2 Asg A

Puc.2. BeiOop ayiuH BOJH A1, A2, A3 IPH TPEXBOJHOBBIX COJHEUHO-(OTOMETPUUECKUX
HU3MEPEHHUSIX.
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Tak kak Ha JJIMHAX BOJH M H A3 NOrIoHIICHUEC HCCICAYCMOI0 ra3da HUYTOKHOEC, TO
U3MCPHUB Ha DOTHUX [JJIMHAX BOJIH OINTUYECKYHO  TOJJOIMHY  a’po30Ji1  MOXKXHO
AIITPOKCUMUPOBATH ONTHYCCKYIO TOJIIIHWHY a’spO30Jis1 Ha JJIWHE BOJIHBI A3 CJICAYIOINM

oOpasom:
Ta(7\“3)anp _ Ta(}\‘l)_'z_ TaO“S) @)

Jlanee OCyIIECTBIISIETCS BBIYUTAHUE Ta(A3)anp OT M3MEPEHHOW BETMYHUHBI OTITUYCCKOM
TOJILIMHBI AaTMOCPEPBI Tar(A3):

Tat(}\’3)= Ta(}\‘3)+rz (7‘3) 8)
B 3ToM cilyuae HOTydHM:
Tr(KB):Tt (XS)_Ta (7\‘3)anp ~T, (7“3) ©)

HenmocTaTok BBIIIEH3TIOKEHHOTO TPEXBOJIHOBOIO METOAA HETOJHAsi KOMIICHCALMs
BIMSIHUSL a3p030Js M3-3a HEIUMHEHHOW 3aBUCHMMOCTH T, (ﬂ)= f(ﬂ) B BHIE (HOPMYIBI

Anrcrpema (5). CymiecTByeT HeEKOoTOpas pPa3sHOBHUAHOCTh TPEXBOJIHOBOTO METOAA,
Ha3BaHHBIA TPEXBOJHOBBIM JBYyXIIapaMeTPUUECKUM METOZ0M u3ioxkeHHsIH B [10]. B atom
METOIE 3a CYET BBEACHUS CICLUAIBHBIX KOPPEKTHPYIOIIUX KO3()(UIMEHTOB yAaeTrcs
HECKOJIBKO TIOBBICUTH TOYHOCTh U3MEPEHUH.

CHGILYCT OTMCTUTH, YTO BBIIMICU3JI0KCHHBIC MCTOAbI 633I/IPYIOTC$I Ha JIMHEHHO
aJIUTUBHOW MOJENH ONTHYECKOH TONIUHBI arMocepHoro asposons (5), KoTopas
ABJISIETCS. IPUOIM3UTEIBHON MOJEIBIO ONTHYECKON TONIIMHEI aTMochepHoro asposons. C
YUYETOM BBIIIEH3IIOKEHHOTO aKTyalu3upyeTcs 3ajada pa3paboTku Oojee COBEpIIEHHBIX
METOJIOB y4eTa BIMSHUS aTMOC(HEPHOTO a’3po30iisi Ha Pe3yIbTaT MPOBOIUMBIX COJTHEYHO-
(hOoTOMETPUYECKHUX U3MEPEHHUI MAJIBIX Ta30B aTMOC(EPHI.

MPEJJIATAEMBII METO/I

OCHOBY mpeIaraéMoro MeETOAa COCTaBIISET HM3BECTHOE MOJIOKEHHE O TOM, YTO
OINITHYECKasi TOJNIIMHA aTMOC(HEPHOro a’po30is MO CpaBHEHHUIO ¢ Gopmynoi (5) MoxeT
OBITH OOJIee TOYHO BBIYMCIICHA IO cieaytoniel gpopmyre [11,12]:

Inz(4,)=a, +a,(In 4 )+a,(In 4 ¥ (10)

rac }xi — AJIMHA BOJIHBI IPOBOAUMBIX COJ'IHCLIHO-(l)OTOMeTpI/I‘IG)CKI/IX I/IBMepeHI/Iﬁ do, ai,
a»= const.

Jlnst onpeiesieHust ONTHYECKOW TOJIIMHBI aTMOC(EPHOTro a3po30sis Ha 000 THHE
BOJHBI Ax JOCTaTOYHO ONPENCIUTh TEKyIlHe 3HaueHWs dg, a1 U . C JToH 1elmo
npeararacTca MnpoBECTU U3MCPCHUA ONTHYECKOMN TOJIIIMHBI a3pO030Jid Ha TPEX IAJIMHaX
BOJIH A1, A2 M1 A3, ¥ JlaJie€ COCTaBUTh CUCTEMY YPaBHEHUH

Inz(4)=a,+a,(n4)+a,(In 4, f (11)
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Inz(4,)=a, +a,(In1,)+a,(In 4, ) (12)
Inz(4,)=a,+a(In4)+a,(In 4, ) (13)

Pemms cucremy yparaenuit (11)=(13) oTHOCHTENBHO o, 1 U @2 MOKHO BBIYHCIIHTD
OINITHYECKYIO TONIIMHY a3p030iisi T (Ax) Ha J1E000¥ JJTHHE BOJHBI Ax 110 (hOpMyIIe:

r(/IX)zexp[aop +a1p(ln/1x)+a2p(lnix)zj (14)

e Agp, &1p , A2p — pACUCTHBIC 3HAYCHUS Ao, a1 , 2.

Jly1st MpOoBEpPKU BEPHOCTHU BBIYUCIICHHBIX 3HAYCHUH 8y, 81p U 82p MOXKHO OCYIECTBUTH
CIIEYIOILYIO Mpoteaypy npoBepku. 13 Beipakenus (10) Hanwumem:

a,,(IN4, ) +a,(In4,)+a,—Inz(4,)=0 (15)

W3 Beipaxkenus (15) momydnm:

(A + 30 g, 4 2=irld) (16)
Azp 8

Pemmenue kBagpaTHOro ypaBHEHHS UMEET BUT

2

(Inx,)=- G aipz—a"_lnr(kx) (17)
28,, | 4a,, A

CrenoBarenbHO,
2

-1

}LX :exp _ aip + aip - — a'O n’c(;\“x) (18)

2a,, 4a,, a,,

Takum 00pa3om, TP BEITTOTHEHUH yciaoBHA (18) BEIHOCHTCS 3aKIIFOYEHHE O TOM, YTO
k03D OULIUEHT 89y, 81p U 82y BBIYUCICHBI IPABUIIBHO.

HAns  ocymiecTBieHHss  KOPPEKIMH  pe3yibTara  COJHEYHO-()OTOMETPHUECKUX
n3MepeHnii ¢ yaetom (14) coctaBnseTcss KOppeKTUPOBOUHBIN Kod(durmeHt K B Buze

2

K :exp[exp[aOp +a,(In2,)+a,,(In4,) JJ (19)

B sToM cnydae i1r000ii pe3ynbTraT CONMHEUHO-(POTOMETPHUECKUX U3MEPEHUH Ha JITHHE
BOITHBI Ax MOXKET OBITh CKOPPEKTHPOBAH 10 (hopMyrie

E(2) =K Eo(2) @0 {-(z,(2)+ 7 (4))]} (20)

[TokaxxeM, 4TO BBIICTIPUBEICHHBIE PE3YJBTAThl IO3BOJSIOT OOOOUIMTH HM3BECTHYIO
dopmyny Anrcrpema. Jlorapudmupys (5) noxydnm:

Inz,=Ing—-a-InA (21)

C yuerom Belpaxkenudd (10) m (21) MOXHO COCTaBUTH CIELYIOUIYIO CHCTEMY
YpaBHEHUI:

a,+a(In4)+a,(nA4 ) =InBg-a-In, (22)
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a,+a,(ni)+a,(niL ) =Ing-a-InA, (23)
Od4eBHIHO, YTO MMOYIEHHOE PelIeHNe OTHOCUTENHHO O H [3 OyleT UMeTh BHI!

=4, 2. ) (24)
B =2, ) (25)

Pemenne cuctemsl ypaBHeHuid (24), (25) mozBomser HaM 0600muTh dopmyry (5)
CIIEAYIOIUM 00pa3oM

T, = A" (26)

Taxum 006pazom, monTBepkaaeTcs GyHIaMeHTATBHBIA XapakTep Gopmyssl (5) kak 1mo
¢dopme, Tak U IO coAeP KaHUIO.

BBIBO/IbI

PaccMotpen m pemieH Bompoc 00 HMCKIFOYEHWH BIHMAHUS a’pO30Js Ha Pe3yinbTar

CONTHEYHO-(OTOMETPUYECKHX U3MEpeHHit Manbix razoB armocdepsl. Ai; 1 =1,3. ITpu sTom

UCIIOJIb30BAHO HM3BECTHOE 0000meHne (Gopmynsl AHrcTpeMa B BHJE NOIMHOMHAIBLHON
3aBUCHMOCTH ONITHYECKOHN TOJIIMHBI a3P030JIsl OT JioraprdMa JTHHBI BOJHBIL.

B 3axmodeHne chopMymupyeM OCHOBHBIE BBIBOJIbI POBEIACHHOTO UCCIICIOBAHU:
1. TIIpoaHanu3upoBaHbl CYHIECTBYIOIIME METOJBI YCTPAHEHHUS BIUSIHUS aTMOC(HEpPHOTO
a’3po30JIs1 Ha Pe3yJbTaT CONHEYHO-(HOTOMETPHUECKUX M3MEPEHHUH M YKa3aHbl HEJOCTATKH
3TUX METOJIOB.
2. llpennokeH HOBBI METOJ YCTpaHEHMs BIHSHHS aTMOC(HEpPHOTO a’po3oysi Ha
pe3yNIbTaT COJHEYHO-(POTOMETPUYECKHX W3MEPEHMH MajbIX Tra3oB arMocdepsl, B
KaueCTBE OCHOBBI KOTOPOTO HCIIOJb30BaHa OOOOMIEHHAas MOJEIb 3aBHCHMOCTH
ONTUYECKON TOJIIIMUHBI a3P030JId OT AJIMHBI BOJIHBEI B BUJAC CTCIICHHOIO MHOIO4JICHA.
3. Ilpeanoxeno o0000meHne H3BECTHOW (GOPMYNIBI AHTCTpeMa Ui BBIYUCIICHHS
ONTUYECKOW TONIIUHBI adpo3ost. Ha ocHOBe ykazaHHOTO 0000IIeHUs faHa (hopMyma i
a3p030JIbHON KOPPEKLIUH COITHEYHO-()OTOMETPHUUECKUX U3MEPEHH.
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PARAMETRIC CORRECTION OF EFFECT OF ATMOSPHERIC AEROSOL ON
RESULTS OF SUN PHOTOMETRIC MEASUREMENTS
Abdullayeva S. N.?, Agaev F. F.?

!Azerbaijan state University of oil and industry, Baku, Azerbaijan Republic
2National Aerospace Agency, Baku, Azerbaijan Republic

One of major problems upon utilization of sun photometers for measurements of low
gases concentration in atmosphere is effect of atmospheric aerosol. This conclusion is
direct result of Bouguer-Ber equation relative to ultraviolet zone of electromagnetic
spectrum. Due to this reason different methods are used to remove such effect. The
existing methods to remove effect of atmospheric aerosol on result of sun-photometric
measurements are analyzed and shortages of these methods are defined. Existing two
wavelength and three wavelength methods are based on approximated linear model of
atmospheric aerosol optical depth. Taking into account the above said the task on
development of modified methods for full accounting of effect of atmospheric aerosol on
results of sun photometric measurements of atmospheric low gases may be considered as
actual task. The known methods of parametric correction for removal of atmospheric
aerosol effect on results of sun photometric measurements are considered. The new
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method for removal of such effect is suggested based on generalized model of dependence
of aerosol optical depth on wavelength in form of powered polynomial. The matter of
suggested method is that non-variable coefficients of said polynomial could be calculated
by solution of system composed of three equations formed by known modified Angstrom
equation for chosen three wavelength. As a result of calculation of said constants the
optical depth of aerosol can be calculated for any chosen wavelength. The generalization
of Angstrom formula for calculation of aerosol optical depth is suggested. On the bases of
such generalization the new formula for aerosol correction of sun photometric
measurements is suggested.

Keywords: atmosphere; aerosol; correction; sun photometer; optical depth
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