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BBEAJEHUWE

O30H B aTMOc(hepe MOJTHOCTHIO MOMIOIIAeT XKeCT-
koe YD nznyyenue CoHLA ¢ JJIMHOM BOJIHBI MEHee
280 HM, 3HAYUTEIBHO OCIA0NsASA ero meiiCTBHE Ha
KJIETKU XVUBBIX OPTaHMU3MOB, 1 OIIpeaessieT yiabTpa-
droneroBhIit KTMMAT Ha TuTaHeTe. MOHUTOPHHT CO-
CTOSTHMSI O30HHOTO CJIOSI, MCCIIEAOBaHNSI BO3MOXXHOTO
BJIMSTHUSI HA HETO aHTPOTIOT€HHOTO BO3MENCTBUS SIB-
JISTIOTCSI aKTyaJlbHBIMU B HacTosiIee BpeMsl (Ayiek-
caHapoB u ap., 1992), (Kpyuenunkuii, CTaTHUKOB,
2020).

OCHOBHBIM METOJIOM WM3MEPEHUS C 3EMHOMN ITO-
BEPXHOCTHU OOIIIETO COoIepKaHUS 030Ha B aTMocdepe
SIBJISIETCSI KBA3UMOHOXPOMAaTHUYECKUI METO/ B CITeK-
TpasibHOM y4dacTtke 290—370 Hwm. IlorpemrHocTb
cuekrtpodoromerpa JobcoHa m o3oHOMeTpa M-83
MoxeT mocturath 10% u 6omnee (PomamkuHa, 1984).

B Tpomnocdepe comepkaHue o30Ha OYeHb Malo,
U3MEHYMBO BO BpeMeHU M 1o BeicoTe (benan, 2010),
(3BsATMHLIEB U 1Ip., 2016). U3BeCcTHO, YTO MaKCUMAaIb-
Hasl IUIOTHOCTb 030HA HAOJIogaeTcss Ha BeicoTe 18—
26 KM, KOTOpas YMEHBIIIAeTCS C POCTOM IITMPOTEHI.
Ce30HHBIE U WIIUPOTHBIE KOJEOAHUS COIMEp>KaHUSI
030Ha TPOUCXOISIT B OCHOBHOM B CJloe aTMOocdephl
O — 25 kM. HabmonaloTcsl Takke 3aMeTHBIE CyTOY-
HbIe KOJIeOaHUsT CyMMapHOTO O30Ha B aTMocdepe
(AnekcaHapoB u ap., 1982), (CenyHoB u ap., 1991).

Mudbopmaliuio o conepkaHuu 030Ha B aTMocde-
pe MoJiyyaloT TakXXe Ha OCHOBE CYILIESCTBYIOIIUX Me-
TOOWK BOCCTAaHOBJICHMSI aTMOC(HEpPHOTO O030Ha II0
IaHHBIM W3MEPEeHUI yXomsIero WH(paKpacHOTro
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U3TydeHUsT U3 aTMochepbl CIIYTHUKOBBIMU Pagvo-
MeTpaMHU.

Cy1iecTByIOIIe METOIUKN BOCCTAHOBJICHUS aT-
MOC(EPHOro 030Ha MO JAaHHBIM M3MEPEHUIM COBpe-
MeHHbIX MK-30HIMPOBIIMKOB IT0KA3bIBAIOT, YTO
MpU OMpenesieHUU O01IEro CoaepKaHUs 030Ha JOCTH-
raeTcsi TOYHOCTh nopsiaka 3—10% B 3aBUCMMOCTH OT
IIMPOTHI, CE30HAa, cOCcTosIHUS aTMochepnl (TumodeeB
u ap., 2021). OcHOBHBIE TPYOAHOCTA 1 OTPAaHUYEHUS
JIETEKTUPOBAHMsI O30HA IO pe3yJibTaTaM M3MEpPEHUIA
cnyTHUKOBBIX MK - 30HIMPOBIINKOB CBI3aHBI C BIU-
STHUEM BapHualu TeMIlepaTyphl MOACTUIAIONIEH TT0-
BEPXHOCTU U BEPTUKAIBLHOTO Mpoduist aTMochepshl,
HaJIMYMIO a3PO30JIbHBIX CII0EB B I10JIe 3PECHUST painio-
METpa 1 eT0 CIIeKTPaIbHBIM pa3pellieHUeM perucTpa-
oUu  yxomsiero wusnydeHus 3emian (YcneHcKuid
u ap., 2005), (Kamkun u ap., 2015).

Pa3penieHue cmyTHUKOBBIX IPUOOPOB 1Ji Ha-
nupHoro 3oHaupoBaHusl (AIRS, IASI, IMG,
TANSO-FTS, UK®C-2) nexar B npuaeiaax ~0.2—
0.6 cm~!. T1oBBIIIEHNE TOYHOCTU KOHTPOJIS COCTOS -
HUSI 030HOBOTO CJIOSI TPEOYET pa3BUTHSI M COBEPILICH-
CTBOBaHME (PM3MKO-MaTeMaTHISCKNX MOJIEJIe aTMo-
cephl ¥ aITOPUTMOB OOPAOOTKM TMCTAHIIMOHHBIX N3-
Mmepenuit (Pananeesa, ®omuH, 2016).

KoppensiimoHHbIi pagiuoMeTp MO CPaBHEHUIO C
JPYTUMU TIPUOOpaMM Ta30aHaAIM3a UMEET CBEPXBBI-
COKOE€ CMEeKTpaJIbHOE pa3pellieHUe perucTpUpyeMoro
WU3TydeHUsI W3-3a WUCITONIB30BaHUS (PUIBTpa B BUIC
KIOBeTHI ¢ uccienyeMblM razoM (Ilnmmrua, 2017).
YcrpaHseTcss B pEeTUCTPUPYEMOM CHTHajle paano-
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Puc. 1. 3aBUCUMOCTD CpeIHMX 3HAYCHU I KO3 GUIIMEHTA MONIOIICHUST 030Ha OT TEMITePaTyphI.

MeTpa HeCeJIeKTUBHOE B3aMMOMACHCTBUE UBIYYEHUS
co cpenoii. (Buponaiinen, INonskos, 2004). O6pa-
6OTKa CUTHAJIOB PErucTpalyy YXONSIIEro M3ayde-
HUSI B €AUHUYHBIX CIEKTPAIbHBIX YUACTKAX Paguo-
METpaMU OCJIOKHSIETCSI HEOOHOPOIHOCThIO aTMO-
chepnl.

B cTaTbe paccMoTpeHa METOIMKA KOPPEKTUPOBKU
TEMIIEPATyphl MOACTUIIAIONIIEN TOBEPXHOCTU 3€MIIU
U COCTOSIHUSI O30HOBOTO CJI0sl B 0€3001a4HOM aTMO-
chepe. IIpoBeneHbl MONIENBHBIE pacUEThl CONIEpPKa-
HUS 030HA B BO3IyXe C TOMOIIIbIO BApbUPOBaHUs 3(-
¢eKTUBHOII TeMnepaTyphl BCeil TOIIIN aTMOCPEPHI.

BBIBOP CITEKTPAJIBHOT'O INUAITA3OHA
N3JIYYEHUA U1 PETUCTPALIMA
PAANOMETPOM

B yuactke cnekrpa 990—1025 cM~! mosockl mo-

moieHus O; HabmoaaeTcss MUHMMAIbHOE MPUCYT-
CTBUE€ JIMHUI NOMIOLIeHUs Toabko Monekyl H,O u
CO,, cnabo BIMAIOLIMX Ha OClabJieHUE YXOASIEro
u3nydeHus1 3emiau. PaccmarpuBaeTcss BO3MOXHOCTh
orpeesieHus OOIero ConepKaHus 030Ha IO YXOmsi-
IIeMy U3ITy4YeHUI0 aTMOC(ephl OMHOBPEMEHHO B IBYX
CITEeKTPaTbHBIX YIACTKAX C IPOTUBOITOIOXKHON 3aBU-
CHUMOCTBIO KO3(hPUIMEeHTa MTOTIOIICHUS N3TydeHUS
HCCIIEyeMOTO ra3a OT U3BMEHEHUS eTO TeMIIepaTypHhl.

Ha puc. 1 npuBeaeHbl 3aBUCMMOCTH CPETHUX 3HA-
YEHUN MOJEKYISIPHBIX KO3(M(OUIIMEHTOB MOIJIOIIe-
HMS 030HA B CIEKTPAIBHBIX yuacTkax 1020—1021 cm™!
(Bepxusist muHusa) u 1002—1003 cm~! (HKHSSA JTH-
Husl) nipu aasiaeHusx 1 1 0.03 aTM oT TeMnepatyphbl.
M3MeHeHue cpenHero 3HaueHUs MOJIEKYJISIPHOTO KO-
addureHTa TOMIONIEHNST 030Ha MPONOPLIMOHATb-
HO U3MEHEHMIO TeMIIepaTyphl:

NCCIEOJOBAHUME 3EMJIN N3 KOCMOCA  Ne 2

Au = W0, — Q) = HAQ. (1

OCHOBHBIE COOTHOIIEHHA
JJIA PACUHETA COAEPXAHUA
O30HA B ATMOC®EPE

Vxongumiee n3nydeHue atMocdepsl S B JalbHEM
nHdpaKpacHOM ydyacTke AV IJisi HEOMHOPOMHON aT-
Mocdepsl TTPeACTaBUM B BUAE CyMMbl CBETUMOCTE
MOBEPXHOCTU 3eMJIM U YCPEOHEHHBIX II0 CIIEKTPY
(TpeyronbHble CKOOKM) TOPU3OHTAIBHBIX OTHOPOI-

HBIX CJIOEB:
n n n
(S)=av| PAT 7 )+ D B A-TO]] 1) | @
k=1 k=1 i=k+1
rae P, — cBETUMOCTb ITOBEPXHOCTU 3eMJIU, B — cpen-
Hee 3HaYeHMEe CBETUMOCTH abCOJIIOTHO YEPHOTO Tejla
B CIIEKTpaJlbHOM y4dacTke Av. T, — crekTpajbHas
TUJIOTHOCTh MPOMYCKaHUs U3JIyYeHUs Kk 3JeMeHTap-
HBIM cJioeM atMocdepnl B yyactke Av. ColHEeUHOM
paguanuveii B JalbHE WHMpaKpacHO o0JacTu
CIIEKTpa IIpeHeOperaeM. A3po30JabHOE OCJIabJieHue
u3ydeHus B ganbHeil MK obi1acTu cnekTpa st cia-

60 3aMyTHEHHOIT aTMOc(epbl HE3HAUUTEIILHO U €T0
He yuutbiBaeM (3yeB, 1970).

KonmdyecTBO OMHOPOMHBIX CIOEB MOXKHO 3HAUYM-
TEJIbHO YMEHBIIUTDH TOCIEIOBATEILHBIM OOBEIMHE-
HUEM JIBYX COCEIHUX CJIOEB B OIWH MPH YCIOBUHU, UTO
BKJIAJl B MOIITHOCTb YXOJSIIIEro U3JIy4eHUsl aTMocde-
pbl B HCCIEAYyeMOM CHEKTPAILHOM YYacTKEe paBeH
BKJIaZTaM B MOIITHOCTh YXOISIIETO U3IyICHUST 3eMIU
HEOMHOPOTHBIMUA  CJIOSIMU, MX COCTABIISIONIUMU
(IInmmrun, 2017).

PaccMotpena monenb atMocdephl B BUAE MOCTE-
JIOBaTeTbHOCTH OMHOPOIHBIX 100 METPOBEIX CIIOEB IO
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Tabomuna 1. [TapameTpsl Monesn atMochepbl

-3

CH, | CO, | €O, [ Nyo, | 0, | H0, [N, em
How| TK | Pawv | 0% | No% |0 10%% | 107%% | 10%% | 107%% | 10%% | 1019
0 288 1 21 78 1.6 370 | 0250 | 0420 | 0.027 | 7730 2.550
1 282 0.891 21 78 1.6 370 | 0.250 | 0400 | 0.026 | 6800 2.300
2 275 0.787 21 78 1.6 370 | 0.250 | 0400 | 0.024 | 5000 2.100
3 269 0.694 | 21 78 1.6 370 | 0.250 | 0400 | 0.024 | 3700 1.900
4 263 0.611 21 78 1.6 370 | 0.250 | 0400 | 0.027 | 2600 1.700
5 256 0.535 21 78 1.6 370 | 0.250 | 0400 | 0.027 | 1800 1.530
6 249 0.467 21 78 1.6 370 | 0.200 | 0.400 | 0.029 | 1000 1.370
7 243 0.407 21 78 1.6 370 | 0180 | 0400 | 0.033 | 500 1.230
8 236 0.353 21 78 1.6 370 | 0150 | 0400 | 0.041 | 240 1.100
9 230 0.305 21 78 1.6 370 | 0.120 | 0400 | 0.052 | 50 0.970
10 223 0.262 21 78 1.5 370 | 0100 | 0400 | 0.070 10 0.860
12 217 0.192 21 78 1.45 370 | 0.080 | 0.400 | 0.123 8 0.650
14 217 0.141 21 78 1.40 370 | 0.060 | 0400 | 0.213 7 0.470
16 217 0.103 21 78 1.32 370 | 0.050 | 0400 | 0.857 6 0.350
18 217 0.075 21 78 1.25 370 | 0.008 | 0400 | 2 450 | 0.250
20 217 0.055 21 78 1.20 370 | 0.005 | 0400 | 3.333 4.00 | 0.180
2 219 0.040 | 21 78 1.10 370 | 0.005 | 0350 | 4.286 420 | 0.140
24 221 0.029 21 78 1.00 370 | 0.005 | 0300 | 5 4.40 | 0.100
26 223 0.022 21 78 0.90 370 | 0.005 | 0200 | 5.714 450 | 0.070
28 225 0.016 21 78 0.80 370 | 0.005 | 0150 | 6 460 | 0.050
30 227 0.012 21 78 0.70 370 | 0.005 | 0100 | 4.444 470 | 0.045
32 229 0.009 21 78 0.65 370 | 0.007 | 0.080 | 3.750 4.80 | 0.040
34 235 0.008 21 78 0.60 370 | 0.008 | 0070 | 3.714 5.00 | 0.035
36 245 0.007 21 78 0.58 370 | 0.010 | 0.060 | 3.333 6.00 | 0.030
38 255 0.006 21 78 0.53 370 | 0.020 | 0.050 | 2.917 6.50 | 0.024
40 265 0.003 21 78 0.50 370 | 0.030 | 0.040 | 3.333 7.00 | 0.012

BBICOTHI 40 KmimoMeTpoB. [TapaMeTpsl citoeB omnpene-
JICHBI [UISI CTaHAApTHOM aTMocdepsnl (Tadi. 1).

IIpn pacuerax KO3OGUINECHTOB ITOTIIOIICHMS,
criekTpoB ocnabnenns MK nznydeHns arMmochepHBI-
MU razamMy MCIOJIb30Bajiach MH(GOPMAIIMOHHAST CU-
creMa “SPECTRA” MOA CO PAH (MuxaiineHko
u 1ap. 2005). CriekTpaabHOE pa3pelieHUe COCTaBIISIIIO
0.001 cm~ .

Hcnions3yemast momenb aTtMochepbl peodpaso-
BaHa B BHUIE OZHOTO 3(P(PEKTUBHOTO OTHOPOTHOTO
ciosg 1—40 kM, U TmociieqoBaTeIbHOCTH 3P (PEKTUB-
HBIX OMHOPOAHBIX cioeB 1—15, 16—17, 18—19, 2021,
22-23,24-25, 26—27, 28-29, 3031, 32—33, 3435,
36—40 kM, 6e3 U3MEHEHUSI MOIIHOCTU YXOISIIEro
U3IyYeHUsT aTtMocdepbl CHEeKTPaJbHOIO YYacTKa
(1002—1003 cm~1) 1 (1020—1021 cm71).

IMorpemHocTs 3amaHust NpoduIs TeMIlepaTyphl
atMocepbl MCKaxaeT MCTUHHOE 3HadeHUEe (PyHK-
UM TIPOITyCKaHUS 3((OEKTUBHOIO CI0SI aTMOCGEPEL.
DTO NPUBOIUT K 3HAYUTEIIHLHON OIIMOKU ompeaee-
HUS coAepKaHUSI UCCIeAyeMOro ra3a B atmocdepe
10 YXOISIIEMY U3IYYCHUIO 3eMIIN.

NCCIEOJOBAHUME 3EMJIN N3 KOCMOCA  Ne 2

MoOUIHOCTU YXOMSIIIEro U3TyYeHUs B Y3KUX CIEK-
TPaJbHBIX y4acTKax AV, Av, IJI1 UX COOTBETCTBYIO-
mux 3ddexTuBHbIX TEMneparyp Q,,; u Q,,, oqHOpoOI-
HOTO cJ1051 aTMOochephI TPeACTaBUM B BUJIE:

{SIM =Av, (P31(Q3)T1(Qv1) + (- TI(QVI))BI(QVI))

.3
Son = AV, (Po(0)T5(0,2) + (1 = T(0,,))B,(Q,)) )

CpenHue 3HaueHus QyHKUMU nponyckaHus 77,
T, OIHOPOMHOTO CJIOSI C KOHLIEHTPAlLIME 030HA 1 U
TOJIIMHON L B CIEKTPaIbHBIX yY4aCTKAaX 4acToT AV,
Av,, oT u3aMeHeHuUs1 3DHEKTUBHBIX TEMIIEPATYP AaH-
HOTO CJI0SI paBHBI:

{Tl = exp((—4; — Au)nL) = T, exp(-T,AQ))

.4
T, = exp((—L, —Au,)nL) = T, exp(-T,AQ;)
3aBUCUMOCTh MOIIIHOCTH YXOMSIIEro U3JIy4eHUs

OT TeMIIepaTyphbl BO3IyXa M TEMITEPATyPhl TOBEPXHO-

cTi 3eMJIM B paccMaTpuBaeMoil Mozeu atMochepbl

MOKHO 3arucarhb B BUIE:

2023
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St = Avi(B(Q)T; exp(—1, K,AQ) +
+ (- T, exp(-1,K;AQ))B(Q, + K,AQ)))

5
Sy = AVa(Pa@)Ty exp(TKAO) + * )
+ (1 -7, exp(-1,KAQ,))B,(0, + KAQ,))
Tac
1
—S8 . - B A
. Lln Av, Ml (O +AQ)
A0 LTPIQ) - B@ +A0)]
LS, - B +A0)
_ 1 Av,
T, = In

AQ, [ T(Po(Q,) ~ By(Q, + AQy)) |

K, nononHUuTenbHbIit KO3GhGULIUEHT, TO3BOJISIOIU T
BapbUPOBATh 3DOEKTUBHBIC TEMITEPATYPHI CIIOST TSI
paccMaTpuBaeMBIX CITIEKTPAIBHBIX YJacTKoB. K; = 1
npu onpeneneHuu AQ,, AQ, U3 pacueToB yXOIsIIeTro
W3TyJeHUsT B KaXIOM BBIOpAHHOM CHEKTPaTbHOM
yJacTKe CO CTAHAAPTHBIM BePTUKAITLHBIM ITPOMIIeM
TeMreparypbl aTMocdepsl (Tadu. 1) u ¢ npoduieM
YMEHBbIIIEHHOM Ha 2 rpagyca B KaxaoM 100 MeTpoBoM
cioe.

HM3MeHeHre KOHIIEHTpAIIM 030Ha /1 B CJIOE aTMO-
cdhepnl Ha An <€ n IPUBOAUT K UBMEHEHMUIO TIPOITYC-
KaHus ciost B O pa3 M MOXKET OBITh 3aIIMCAaHO B BUIE

3T =€ ~1—pAnL =1-pAN.

M3MeHeHne MOIITHOCTU YXOMNSIIETO U3JIydeHUsI B
CHEKTPaIbHBIX yyacTKax Av,, AV, paBHO:

AS,, = <SM > - <Sv1An> = (P, — B)T\I,AN Av,
AS,, = <SM > - <Sv2An> = (P, — B)T,\,ANAv,

T1e (Syian)s (Syaan) YCPEIHEHHASI 1O CIIEKTPY CBE-
TUMOCTb aTMOcdephI B yuyacTke AV, AV, Mpu usMe-
HEHUM KOHIEHTpallUU ra3a B cjioe aTMoc(depbl Ha
An.

YyBCTBUTEIBHOCTh BEIMYNHBI MOLITHOCTH YXO/ISI-
IIETO U3JIy4eHUsI K COIEPKaHUIO UCCIIeNyeMOTO ra3a
B CJIO€ paBHA COOTBETCTBEHHO;

AS,,, AS,, I3BMEHEHNE MOIIIHOCTH YXOASILIETro U3-
JIy4eHHMSI B UCCIICAYEMBIX y4acTKaxX CIIEKTpa MOJIOChI
MOIJIOIIEHWsI O30HA IIPY YBEIWMYCHUU COACPKAHUS
030Ha B 3 PEKTUBHOM MOAEITHFHOM CJI0€ aTMOC(hephl

Ha AN. OTinnune conep:KaHUS MCCIEIyeMOTO Ta3a B
CJ10€ OT MOJIETLHOTO TIPY MOILIIHOCTY MPOLLIEIIIETO CIOM

uanydenus S, (1002—1003 ecm™'), S, (1020—1021 cm1),
OIpENENSETCS U3 COOTHOLIEHMIA

AN, = ASl/cl = (S — Sl)/cl )

AN, = ASz/cz = (S — Sz)/cz
ITpu perreHn 0O6paTHOM 3a1a4M U3JTyYaTEIbHYIO
CITOCOOHOCTB MOACTWIAIOLIEN MOBEPXHOCTH MCITONIb-

3YIOT pe3yabTaThl MOIETUPOBAHMUS ITOBEPXHOCTH
(Ycnenckuii u np. 2021).

(7)

NCCIEOJOBAHUME 3EMJIN N3 KOCMOCA  Ne 2

B nomomHeHue K cymiecTBYIOIINM (hHU3UMIECKIM
WIA CTAaTUCTUYECKUM aJIlOpUTMaM “oOpalleHus”
JIAaHHBIX aTMOCMepHBIX 30HAMPOBIINKOB (TumodeeB
u ap., 2021) paccmatpuBaeTcsi BO3MOXHOCTb OMpe-
nenieHus: 3((GEKTUBHONW TeMMepaTypbl MOACTUIIAKO-
e TTOBEPXHOCTU 3eMJIM M YMEHbBIICHUS BIUSHUS
HETOYHOCTH 3aIaH1SI BEPTUKAIBHOTO IIPOMUIIS TEM-
nepaTypsl arMocgepbl MpU OMNpeaeIeHUM OOIIEero
coliep>kaHUsI O30Ha.

IMTocnenoBaTeIbHOCTh IIArOB TPU peaiu3aluu
MPEITOXKEHHOM METOAUKI OLIEHKHU CONEPKAaHUS 030-
Ha B aTMocepe COCTOUT B BLIOOPE ABYX CIIEKTPaJb-
HBIX YY4AaCTKOB IOJIOCHI TTIOMIOIIEHUSI 030HA C TIPOTU-
BOIIOJIOXKHOM 3aBHUCHUMOCTBIO KO3(h(PUIIMEHTOB I10-
IJIOLICHUA N3JTYYECHU .

INpencraBneHne BEIOpaHHON MOJETN aTMOC(hEPHI
B BUIE€ OMHOPOTHOTO 3(P(PEKTUBHOIO CJIOS IS KaXK-
JIOTO CIEKTPaJIbHOTO Y4acTKa C COOTBETCTBYIOIIMHU
napaMeTpaMu cpegHero Koa3guimeHTa IIpomnycKa-
HUS, 2PEeKTUBHON TeMIlepaTypbl JAHHOIO CJIOS.

PaccunThIBalOTCSI MOITHOCTU YXOMSIIETO M3JIyde-
HUsI 3eMJIU IJTsI pacCMAaTpUBaeMOI MOIEIN aTMOC(HEPDI
MPY IBYX 3HAUCHUSX COAEPKaHUSI 030HA B BO3IyXE U
IBYX OJIM3KUX NMPOdUIIIX TeMItlepaTypbl aTMOCcdephl
u onpeaensoTcs Koadoduimentrr C;, C, (8), a Takxke
Ty, T, (6).

HMcrionb3ysd BsKCHEepUMEHTalbHO peTUCTpupye-
Mbl€ MOIITHOCTU YXOASIIEeTro u3JydyeHus 3emMiIu B
BBIOpAHHBIX CITEKTpPaJbHBIX ydacTKax B 0e300iau-
HOIl atTMocdepe, pacCUMTHIBAIOTCI MacCUBBI BO3-
MOXHBIX OTJIMYUI comepKaHUsI 030HA B BO3IAYyXE OT
ucrnoab3dyeMoit Moaenu AN,;, AN, (9) npu usMeHeHUn
addekTuBHOI TeMnepaTyphl 1051 aTMOCHEPHI C MO~
Molblo KoadduumenTa K, (5) u Bapuauuii remnepa-
TYpbl TMOACTUJIAIONIECH MOBEPXHOCTU, M3 KOTOPBIX
OIIpeNENISIETCST MUHUMANIBHAS Pa3HOCTh |AN, — AN,)|.
TemniepaTypbl NoACTUIAIONIEN TTOBEPXHOCTU U Ofi-
HOPOMHOTO C10s1 atMocdephl NpU JaHHOM YCJIOBUE
COOTBETCTBYIOT 3(PEeKTUBHOI TeMIlepaType 3eMJIu,
Temrieparype 3POEeKTUBHOTO CJIOS.

Ompenensgercd B3aMOCBS3b KO3(MPUIIMEHTOB
kanuopoBku C;, C, B 3aBUCUMOCTU OT BO3MOXKHBIX
ClIeHapWeB OTKJIOHEHUS OT MOIEIM COIepXKaHUS
030HAa TOJILKO B HUXKHUX WJIN BEPXHUX CJIOSIX aTMO-
chepsnl.

Hcnonb3ys 3HaueHUS 3G GhEKTUBHEBIX TEMIIEPATyp
cJ10s1 Bceit aTMocephbl U MOBEPXHOCTH 3eMJTH, TTOJTY-
YEeHHBIX paHee, PACCUYUTHIBAIOTCS MACCUBBI BO3MOX-
HBIX OTJIWYME CONIep>KaHUsI 030HA B BO3IyXe OT MC-
nojib3dyeMoit monesnu AN, AN, (9) Bo Bcem nuamnaso-
He nsMeHenuit C;, C,.

OO1uee coaepxaHue o30Ha B atmocdepe N, orpe-
nensieTcst u3 cooTHoueHust N, = N,, + (AN, + AN,)/2
IIPY MUHUMAJIbHAS Pa3sHOCTh |AN, — AN,|, HaGmomae-
Moii ripu Bcex uaMeHeHusix Cy, C,. N,, - KOJTMYECTBO MO-
JIEKYJI O30HA B CTOJIOE BO3MyXa MOAECIN aTMOC(hEPHI.
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Puc. 2. 3aBUCMMOCTb paCCYMTAHHBIX OTKJIOHEHUM COfepKaHUsI 030HA 10 YXOASIIEMY U3TYyYeHUIO B CIIEKTPAIbHBIX yJacTKax
1002—1003 cm ! (1), 1020—1021 cm™ " (2) B aTMOcepe OT MOIIETBHOTO TIPU MX MUHUMAJIBHOI Pa3HUIIBI M TeMIIepaTypax 1mo-
BEPXHOCTH 3eMJIM B airopuTtme pacueta 289 (a), 290 (6), 291 K (8).

OIMNPEAEJEHUE DOOEKTUBHON

TEMIIEPATYPbI ITOACTUJIAIOILL
ITOBEPXHOCTH

EN

KoHTponb KojmmuecTBa 030HAa B CIIOXKHOM 3D deK-
TUBHOM cJIoe aTMocdhephbl pacCMaTpuBaeTCs B IBYX

CHEKTPAIbHBLIX ydacTKax ¢ Kod(hULIMEHTAMU Ka-
a6poBkH (8), mpu AN = AN,, cM~2 paBHOIi 106aB-
KaM 1% o3oHa B KaxxaoM 100 METpOBOM CJIO€ aTMO-
cdepbl. N, = 9.09 x 10 '® cM? — KOIMYECTBO MOJIEKY
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ANy, cM AN,, cM AN, M2

1.2E+17
X
X
8.0E+16 |- X A
X A
N
) & A
4.0E+16 + b
» *
A
0 SE-I|-16 SE-IO-17
AN,,, cM2

Puc. 3. CpaBHeHUe pacCUUTAHHBIX IO YXOISILEMY U3JTY-
YEHUIO U3MEHEHUI colepkaHusi 030Ha B aTMocdepe Tpu
YBEJIMUEHUU €T0 B HUXKHUX AN, (®), AN,(X) 1 B BEpXHUX
cinosix AN, (@), AN,(+) pu 03 = 290 K ¢ MonenbHbIMU
ANM (A).

030Ha B CTOJIOE BO3myXa JI0 BEICOTHI 40 KM B MOIEIHN
aTMocdephl.

PaccurtaHbl 3TalOHHBIE MOIITHOCTH YXOISILIETO 13-
aydeHus S, (1002—1003 cm—1), S5, (1020—1021 cm~) ot
noBepxHocTH 3emiu npu Temiiepatype 290 K u cym-
MapHoro uznydeHus Bcex 100 METpOBBIX CIIOEB MOJIE-
mm atMocdepnl ¢ 1% no6aBkamu. I 3TalOHHBIX
MOIIIHOCTEN YXOASIIEro U3JiyueHus S3,, $3, noiayye-
HBbI 3aBUCHMOCTH OTKJIOHEHUSI COllep>KaHUs 030HA OT
coIepsKaHUsI eTo B UCITOJIb3yeMOit MoJIesIn aTMOoC(he-
pbl AN,, AN,, pasautist |AN,—AN,| npu u3MeHeHUH
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ee adekTUBHOM Temmneparypbl KoadduumnueHToM K|
(c mmarom 0.001) 1 TeMIiepaTypbl IIOBEPXHOCTU 3eM-
Ju Q, UCoJb3ys cooTHollleHue (9).

Ha puc. 2 npuBeneHbl pe3yabTaTbl MOIEIBHBIX
pacyeToB OTKJIOHEHMSI COAep>KaHUSI 030Ha B BO3MYyXE
OT MCITIOIL3YEMOI MOJIEIU MO YXONSIIEMY WU3ITy4eHUIO
S51 =7.27 x 10-° Br/cm cp, $32 =4.97 x 10~° Br/cMm cp.
Kpusbie I, 2 cOOTBETCTBYIOT 3aBUCUMOCTAM AN,
AN,, (cneBa), |AN, — AN,| (ctipaBa) oT U3BMEHEHUS
MOJIEJIbHOM TeMITepaTypbl aTMOCHEpHI.

PacueTrsl mpoBeaeHbI Takke C IMapaMM 3TaJOHHBIX
MortHocreit $3,, (1002—1003 cm™), S5, (1020—1021 cm7),
MOJY4EHHBIX CYMMMPOBAHUEM YXOISIIEro M3JIyde-
Hug 3eman 1pu temneparype 290 K u usnyyeHus
Bcex 100 MeTpOBEBIX CJIOEB MOJIe AU aTMOocdephl, HO C
nmoGaBkamu 1% 030Ha ITOOYEPETHO TOJIBKO B HIDKHUX
WY BepXHUX cliosix. HUKHME ¢lTon OT MOBEpPXHOCTHU
3emim go 17, 21, 25, 33, 40 kM, a BepxHue ciaoun 34—
40, 28—40, 22—40, 16—40 xm. Ciiou BBIOpaHBbI B I10-
psIKe yBeIUYeHUS 100aBKM MOJIEKY/ O30Ha.

AHanmM3 3aBUCHMMOCTHA aHAJOTUYHBIX pPacuyeTOB
n00aBKU coaepXkaHusi o3oHa AN, AN, OT U3BMEHEHUs
030Ha TOJBKO B HEKOTOPBIX BBIIIE ITPUBEICHHBIX
closix Mozenu atMocdepbl ANM ¢ HEU3MEHHBIMU Ka-
J6poBoYHbIMU Koadduumentamu C;, C, mokasain,
4yTO pazHoCcTb AN, — AN, B 3TUX CIy4astX MUHUMAaJlb-
Ha TaK:Xe IIPpU COBMNAASHUU TEMIIEPaTyphbl ITOACTHIIA-
FOIIEH ITOBEPXHOCTU B MOJIEJIbHOM 1 3TaJIOHHOM yXO-
JSIIeM U3JIy4eHUuM, HO 3HaueHust AN,, AN, 3Hauu-
TEJILHO OTJINYaloTCs OT ANM.

Ha puc. 3 nmokazaHo cpaBHEHHUE PaCCUMTAHHBIX
no yxoasiemy usiaydeHuio AN,, AN, ripu yBeanue-
HMU 030HA B HIDKHUX WINA B BEPXHUX CJIOSIX MOAECIU
Ha ANM ripu 03 = 290 K. ITpu OTKJTOHEHUHU cofiepka-
HUSI 030HA MEHEee OJHOTO TPOILIeHTa B paccMaTpUBa-

a 4]
AN, cM AN, M2 AN, cM AN, M2
1E+17 9E+16
L X
9E+16 = X SE+16 |- %
SE+16 1 X TE+16 | X
6E+16
SE+16 + b
SEFIO " AE+16
AE+16 | X I A
3E+16 - X 3E+16 F X
2E+16 | X 2E+16 1 X
1 1 I 1 1 x ]
0 5 10 15 0 5 10 15
my ()

Puc. 4. MogaenbHbie 1 PACYETHBIE USMEHEHMA COACPKaHMUA O30Ha B BO3AYXE ITPU €TI0 YBEJIMYEHUU B HUKHUX (a) " B BEPXHUX

(6) cnosix aTMOC(EepHI.
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Tabomuna 2. KannbpoBka yxonsiero u3jiydeHust 3eMian

MMM TH

; AN, e Sy1 Br/cm cp Sy2 Br/emcp C, (Bt/cm cp)/em™? | C, (BT/cM cp)/cm™>
1% B ciioe 1002—1003 cm™2 1020—1021 cm™2 1002—1003 cm™2 1020-1021 cm™2
0 7.27 x 107° 491 x 10°°

ny=1 425 x 10 7.27 x 107° 491 x 10°° —2.58 x 10~ —4.73 x 107
ny=2 7.84 x 101 7.27 x 107° 491 x 10°° —1.19 x 10724 —2.47 x 107
ny=3 1.3 x 101 7.27 x 107° 491 x 10°° —5.16 x 10~% —1.35x 107
ny=4 2.03 x 10'6 7.27 x 107° 4.91 x 107° —1.74 x 1072 —6.76 x 10723
ny=35 2.96 x 10'6 7.27 x 107° 491 x 107° 6.98 x 1072 —2.68 x 1026
ny=6 3.94 x 1016 7.27 x 107° 491 x 10°° 2.20 x 1072 2.15 x 1072
ny=7 4.96 x 10' 7.27 x 107° 4.91 x 107° 3.34 x 1072 2.52 x 107%
ny=38 5.89 x 101 7.27 x 107° 491 x 1076 4.09 x 10°% 4.55x 107%
ny= 6.97 x 101 7.27 x 107° 491 x 107° 4.85% 1073 6.44 x 1072

ny =10 7.82 x 1016 7.27 X 107° 4.90 x 1076 5.46 x 1072 8.40 x 10~2

ny =11 8.24 x 101 7.27 X 107° 4.90 x 1076 5.67 x 1072 9.49 x 1072
np=1 8.48 x 101 7.27 X 107° 4.90 x 1076 6.13 x 10~ 6.26 x 10724

n =2 1.27 x 10'6 7.27 X 107° 4.90 x 106 4.4]1 x 1072 5.17 x 107

n =3 2.12 x 101 7.27 X 107° 4.90 x 106 3.08 x 10724 4.09 x 10

ny =4 3.19 x 101 7.27 X 107° 4.90 x 106 2.34 % 10724 3.28 x 10724
ng=>5 4.13 x 101 7.27 x 107° 4.90 x 106 2.00 x 10~ 2.87 x 1072

n =6 5.15 x 10'° 7.26 x 10° 4.90 x 106 1.75 x 10~ 2.54 x 1074

n =7 6.13 x 10'° 7.26 x 10° 4.90 x 106 1.45 x 1072 2.27 x 1072

n =8 7.06 x 101 7.26 x 10°° 4.90 x 10° 1.45 x 10~ 2.06 x 10~24

n =9 7.79 x 10'6 7.26 x 10°° 4.89 x 10°° 1.36 x 10~ 1.91 x 10724

n; =10 8.31 x 10'6 7.26 x 10°° 4.89 x 10°° 1.30 x 10~ 1.91 x 10724
ny=11 8.66 x 101 7.26 x 107° 4.89 x 10°° 1.27 x 10~ 1.74 x 10724

np =12 9.09 x 10'6 7.26 x 107° 4.90 x 10~° 1.08 x 1024 1.44 x 10724
eMoi MOIEIn aTMOC(l)epLI OTHOCUTEJIbHAd OIIMOKa Ieparyphbl HOZ[CTI/IJTa}OHleﬁ ITIOBEPXHOCTU 3emin
ornpezeseHre o0l1Iero coaepKaHus 030Ha MOXeT 10-  (puc. 3).

crurathb 0.5%.

DddexkTrBHAA TEMIIepaTypa IIOACTIIAIONIEI o~
BEPXHOCTU 3€MJIM, COOTBETCTBYIOIIAsI UCCIIETyEeMO-
MY YXOOSIIEMy HW3JIydeHUIO 3eMJIM, HaOJomaeTcs
MMPY MUHUMAJIBbHON Pa3HOCTU PACUETHBIX 3HAUYCHUN
U3MEHEHMUI coliep:KaHus 030Ha B aTMocdepe Mo yXo-
JSIIIeMy U3JIyYEHUIO OOHOBPEMEHHO B JBYX CIIEK-
TPaJIbHBIX y4aCTKax C TPOTUBOIIOJOXHOI 3aBUCUMO-
CThIO KO3(dduIIMeHTa TTOMIONIEHUS U3TyYeHUsT UC-
CJIelyeMOro raza OT U3MEHEHUS €ro TeEMIlepaTyphl.

KOPPEKTHUPOBKA COOEPXXAHUA
O30HA B ATMOC®EPE

Ilepepacnpenenenne 030Ha BHYTPU aTMOcdephl
MIPUBOIUT K U3MEHEHMUIO MOILLIHOCTU YXOISILEro U3JIy-
YEHUSI, COOTBETCTBEHHO, MECHSIIOTCSI KaJIMOPOBOYHbBIE
K03 ULIMEHTBI. DTO MIPUBOIUT K 3HAYUTEIIHLHOM 11O~
TPEIIHOCTU PACCUMTAHHOTIO COIepPKaHUS 030HA B aT-
Mocdepe gaxke MpU U3BECTHOM 3(PPEKTUBHOM TeM-

PaccMmoTpeHs! clieHapuy n3MeHeHUsT Ko duiim-
€HTOB KaJIMOPOBKU TMpPU WU3MEHEHUM COAep>XKaHUs
030Ha IMOoC/IeI0BaTeIbHO B HUXKHUX CJIOSIX aTMOC(he-
pBl Y COOTBETCTBEHHO B BEPXHUX cyIosiX. B Tabi. 2
MpUBEAEHbl 3HAYEHUSI J00aBOK MOJEKYJT O30Ha B
CJIOM MOJEJIbHOM aTMOocdepbl, MOIITHOCTU YXOASIIIETO
U3JIydeHUsT 3eMJIM B CHEKTpajbHbIX yyacTkax 1002—
1003, 1020—1021 1 kanuOGpoBOUYHbIE KOI(DDUITUEHTHI
C,, C,. nl — HoOMepa HUXHUX CJIOeB, B KOTOPbI€ BHE-
ceHbl mo0aBKu o30Ha 1 — (1—15 km), 2 — (1—17 kM),
3—(1-19xm),4— (1-21 kM), 5 — (1-23 k™M), 6 — (1—
25km), 7— (1-27 km), 8 — (1-29 km), 9 — (1-31 km),
10 — (1-33 km), 11 — (1-35 k™M), 12 — (1—40 k™).
n2 — HOMepa BEpPXHUX CJIOEB, B KOTOpPbIe BHECEHBI
Job6aBku o30Ha 12 — (36—40 kM), 11 — (34—40 km),
10 — (32—40 kM), 9 — (30—40 xkm), 8 — (28—40 km),
7 — (26—40 k™M), 6 — (24—40 kM), 5 — (22—40 k™), 4 —
(20—40 kM), 3 — (18—40 km), 2 — (16—40 Kk™m).

B3anmocBsa3b KammOpoBOYHBIX KO3(MOUIINEHTOB B
paccMaTpuBaeMbIX CIIEKTPAIbHBIX JUara3oHax Mpuy U3-
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MEHEHUU COIEpXXaHWSI O30HA IIOCJEHOBATEIbHO B
HIDKHUX CJOSIX aTMocdephl 0ojiee HAIeKHO OITMChIBA-
FOTCSI TIOJIMHOMOM 6 CTENEHH C 4 3HAaKaMU T0CJIe 3als-
TOi1 co cpemHeit ommobkoii armmpokcumaru ~ 0.0305%:

(C), = —ale + ach - a3C14 + a4*C13 - a5C12 +a,C,+a,.

M3meHeHust 030Ha B BCPXHUX CJIOAX OIMMCBIBAIOTCA
MOJIMHOMOM 6 CTENEHU ¢ 4 3HAKaMU ITOCJIe 3aTISITOM CO

cpenHei ormoKoi anmpokcumMaruun ~0.0455%: (C,), =

= c11C16 - a2C15 + a3Cl4 - a4C,3 + aSC,2 —a¢C,+a, (URL:
planetcalc.ru, 2022).

[MpoBeneH pacyeT n3MeHEHUs CONEPKAHUSI 030HA
B armocdepe AN, cM~2 OT MOZIEIbHOTO [TPY MUHUMY-
M€ pa3HOCTU OTKJIOHEHUSI pACYETHBIX 3HAUSHUI 13-
MEHEHUS COAEePKaHUs 030HAa B aTMOCcdepe 10 yXOIIsI-
1eMy U3JiydeHuto 3eMnu S,,, S,y B CIEKTPaIbHBIX

yuactkax 1002—1003 u 1020—1021 cm~! ¢ ucnomnb3o-
BaHMEM alIIPOKCUMAIIMOHHOM B3aMOCBSI3U KaJIn0-
POBOYHBIX KO3(dduimeHToB. MopenpHbele ANM n
pacueTHble AN, U3MEHEHUS COJIEP>XKaHUS 030HA B aT-
Mocdepe Mpu ero yBeJIUUeHUU B HUSKHUX U BEPXHUX
cliosix aTMocdephl IpUBENEHBI Ha puc. 4.

Hcnonp3oBaHne B3aMMOCBSI3H KaJIMOPOBOYHBIX
K03 GUIIMEHTOB B pacCMaTPUBAEeMBIX CITEKTPaJlb-
HBIX JTWAMa30oHax MPUBOAUT K MOBBIIIEHUIO TOYHO-
CTU KOHTPOJISI COCTOSTHUSI O30HOBOTO CJIOSI B aTMO-
chepe. OTHOCUTENBHAS TTOTPENTHOCTh OMPEaSICHUS
o0111ero cofepaHusi 030Ha B MOJIEJIbHBIX pacueTax
He npesbimaer 0.025%

ITpoBeneHHbIE MccienOBaHUSI TTOKA3bIBAIOT BO3-
MOXHOCTb KOHTPOJIMPOBATh U3MEHEHNSI O30HOBOTO
cJios1 aTMocdepbl 10 JaHHBIM U3MEPEHNI YXOISIIIIETO
MHOPaAKPACHOTO MU3JIyYeHUS U3 aTMOC(HEephl CITyTHU -
KOBBIMU paguOMETpaMu C YyTOUHeHUeM 3 heKTUB-
HOIi TeMIiepaTypbl MOACTUIAIOIIEH TTOBEPXHOCTH.

3AKJIIOYEHHME

Briopansr yuactkm cmekrpa 1002—1003, 1020—
1021 cM~!' ¢ IPOTUBOMOJIOKHON 3aBUCUMOCTBIO KO-
addureHTa MOMIOIIEHUSI U3TYYEeHUSI OT U3MEHe-
HUS TeMIlepaTypbl Ta3a [Jisi KOHTPOJISI O30HOBOTO
cJIOsT 3eMJTH TTI0 YXOISIIEeMY U3IYIeHUIO aTMOC(EPHI.
B criekrpanbHoM uHTepBaie 990—1025 cm~! HaGmo-
JlaeTCs MUHMMAaJIbHOE TPUCYTCTBUE JIMHUK TIOIJIO-
LLIEHUS] HE U3MEPSEMBIX aTMOC(HEPHBIX Fa30B.

MI/IHI/IMa.HbHOe SHAYCHMUE Pa3dHOCTU HN3MCHCHUU
coIepxkaHMsI 030Ha B aTMoc(epe, pacCuuTaHHOE 10
YXOOSIIEMY M3IIy4eHUI0 3eMJIM B KaXKIOM W3 ABYX
CHEKTPaIbHBIX YYACTKOB MPU BapUalliy TeMImepary-
pBl TOACTUJIAIONIEH ITOBEPXHOCTU U TeMITepaTyphbl
3¢ HEeKTUBHOTO C10sI aTMOC(EpPBI, COOTBETCTBYET ITa-
paMeTpaM UcceayeMoit aTMochephl.

PC3YJ'II)T3TI)I ncciacagoBaHusAa MOTryT OBITh UCHOJIb-
30BaHbl B KAY€CTBE METOAMKMU IJIS1 O6pa6OTKI/I CIIEK-
TPOB YXOIALILCTIO U3JIY4CHHMA B I1OJIOCAX ITOINIOIICHUA
APYIrux mapHMKOBBIX T'a30B.
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NCTOYHUK OMHAHCUPOBAHUA

PaGora BeInmoIHEHA B paMKax rocya1apCTBEHHOIO 3a1a-
Hust MOA CO PAH.
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Model Calculations of Ozone Content in the Atmosphere by Earth’s Outgoing Radiation

S. A. Shishigin
V.E. Zuev Institute of Atmospheric Optics of the Siberian Branch of the Russian Academy of Sciences, Tomsk, Russia

The model of the atmosphere in the form of a sequence of homogeneous layers 100 meters thick from the sur-
face of the Earth to a height of 40 kilometers is considered. Layer parameters are defined for the standard at-
mosphere. Spectral sections 1002—1003 and 1020—1021 cm~! with opposite dependence of ozone absorption
coefficient on its temperature change are selected. This model was transformed into one efficient homoge-
neous layer. The contribution to the outgoing radiation of the atmosphere in the selected spectral regions of
the ozone absorption band (1002—1003 and 1020—1021 cm™!) is equal to the contributions to the outgoing
radiation of the Earth by all non-uniform layers constituting them. The possibility of adjusting the tempera-
ture of the Earth’s underlying surface is shown. The method of calculating the ozone content in the atmo-
sphere by the outgoing radiation of the Earth is considered.

Keywords: atmosphere, layer, ozone, temperature, IR radiation, spectrum, method
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