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MOLECULAR ABSORPTION BANDS
IN JUPITER TROPOSPHERE RESEARCH

Abstract. Based on spectrophotometric observations of Jupiter, made since 2004, some features of the behavior
of the methane and ammonia absorption bands on the planet's disk, are discussed. In the meridional course of the
observed variations in the equivalent widths of both ammonia and methane in the 6000A - 8000A spectral range,
there are both similar elements and differences. Variations in the equivalent widths of ammonia absorption bands at
6450 A and 7870A show a decrease in absorption in the low and moderate latitudes of the northern hemisphere. In
the 7870 A band, compared to the 6450 A band, the ammonia absorption depression in the region of the Northern
Equatorial Belt is narrower in latitudes and some more deeper. With similar latitudinal variations in methane
absorption, systematic differences are observed in the position of extrema for different bands of ammonia and
methane. The importance of studying the behavior of absorption bands for optical probing of the troposphere of
Jupiter is noted. The alternatives of the model of the troposphere structure and ammonia cloud on Jupiter are
discussed. The first model assumes the existence of a geometrically and optically thick ammonia cloud layer. In this
layer, the formation of the observed molecular absorption bands in the process of multiple scattering mainly occurs.
An alternative model assumes the presence of a geometrically and optically thin layer of ammonia clouds. The bulk
of the molecular absorption in this case is created in the troposphere between the cloud layers of ammonia and
ammonium hydrosulfide. The need for further research in this direction is noted. One of the important results, so far
preliminary, was the differences we found in the latitudinal position of the extremes of the intensities of the
molecular absorption bands on Jupiter. This feature is most likely due to the difference in the conditions of formation
of different absorption bands in the ammonia cloud layer and the underlying troposphere. The complexity and
ambiguity of the mechanism of formation of molecular absorption bands requires further consideration of both
various models of the structure of the Jovian atmosphere and further detailed spectral observations of Jupiter, with
particular emphasis on the study of weak and moderate absorption bands, which we would like to draw attention to in
this publication

Keywords: Jupiter, atmosphere, troposphere, spectrophotometry, ammonia, methane, ammonium hydrosulfide,
molecular absorption bands.

Introduction. Along with many unsolved problems associated with the study of Jupiter, one of the
main problems is the structure and dynamics of its atmosphere, including the nature and structure of cloud
layers located in the troposphere of the planet. Of particular importance in this regard is the study of
ammonia, which is one of the small but important components of the atmosphere of Jupiter. Ammonia is
one of the cloud-forming substances in the troposphere of Jupiter, and, like methane, plays an important
role in the transfer and release of thermal radiation in the infrared and microwave spectral regions. In the
process of research of Jupiter atmosphere, study of the behavior of the methane and ammonia molecular
absorption bands, observed in the visible and near infrared spectral regions of 5000-9000 A, becomes
necessary. Weak and moderate ones of them can form in the relatively deep layers of the Jovian
troposphere, and their observed variations can carry information about local differences in atmospheric
structures, including the structure of the planet’s cloud cover. The formation of these bands is rather
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complicated, and therefore, the interpretation of observational data requires both model calculations and
laboratory studies. Studies of the methane and ammonia absorption bands behavior in different regions of
the Jovian disk have been repeatedly considered by some authors, for example, [1-3] for the purpose of
using the above bands as a probe of local vertical transparency in the line of sight. It is from these
positions that an approach is needed to further study the behavior of molecular absorption, both in the
visible spectrum and in the ranges of thermal infrared and radio emission. But it is precisely the visible
and nearest infrared region ofthe spectrum that makes it possible to study the Jovian troposphere based on
measurements of the incident and diffusely reflected solar radiation.

Laboratory ammonia and methane spectra

Quantitative estimates of the gas content in the planetary atmosphere require knowledge of the
characteristics of the absorbing properties of the molecules of these gases obtained in laboratory studies.
Unfortunately, there are not so many laboratory studies of the methane and ammonia absorption bands
located in the visible spectrum. Of interest to us are those works that were performed with spectral
resolution close to what we used when observing Jupiter. First of all, we mean the works {4-6].

In [1], laboratory profiles of the 5520 A and 6450 A ammonia absorption bands, and the growth
curves for them, are presented. The growth curve ofthe 6450 A NH3 band is important for us. The growth
curve is a dependence of the absorption band intensity (equivalent width) on the equivalent thickness or
optical path of the absorbing gas, expressed in units of m -amagat. Thus, entering the growth curve with
the equivalent absorption band widths observed in the Jupiter spectrum, we can determine the equivalent
absorption path in these units. However, we note that this is not equal to the gas abundance in the
atmosphere because of the above complex mechanism of absorption bands formation in the gas-aerosol
atmosphere of Jupiter.

Similar coefficients for the growth curve of the methane CH4 6190 A absorption band are given in
[1]. Weak and moderate absorption bands in the spectrum of Jupiter fall on the linear part of the growth
curves, in contrast to strong saturated bands. Due to this, for the NH3 6450 A band, we have a ratio of
equivalent width and equivalent thickness as 1A per 4 m-amagat, and for 6190 A methane band 1A of
equivalent width corresponds to 22 m-amagat of equivalent gaseous thickness. Unfortunately, for other
absorption bands, it was not possible to find growth curves in the literature. The study of ammonia
absorption in the visible spectral region is described in [7,8] as well as in recent publications [9,10].

Jupiter spectral absorption bands

As noted above, our studies of ammonia absorption on Jupiter were launched in 2004 along with
ongoing studies of methane absorption bands. Annual observations are carried out according to a single
method and cover more than one period of Jupiter's revolution around the Sun, which is 12 years. The
previous results of observations, as well as the methods for their obtaining, are described in a number of
our publications, including [11-14]. Most of the observations obtained, were used to study latitudinal
variations in ammonia absorption from spectrograms of the central meridian of Jupiter. In addition, we
used zonal spectra obtained by scanning the Jovian disk from the south pole to the north one with the
spectrograph slit oriented parallel to the equator of the planet. Such measurements give a complete picture
of the meridional course of ammonia absorption and the first results were published in 2005 in [15]. Then
we drew attention to the presence of a pronounced depression in the intensity of the 7870A NH3
absorption band in the region ofthe Northern Equatorial Belt (NEB) on Jupiter.

Figure 1shows a sample of the Jupiter spectrum with absorption bands of methane and ammonia after
dividing by the reference Ganymede spectrum. Particular attention is paid to the study of two weak
absorption bands of ammonia on the disk of Jupiter.

Both NH3 6450 A and NH3 7870 A bands have relatively low intensity, especially the NH3 6450 A
band. Its equivalent width averages from 5 to 7 A and the depth at the maximum absorption does not
exceed 0.10. The equivalent width of the 7870 A NH3 band reaches 16-18 A and its central depth is about
0.2. Note, that earlier, some measurements ofthe NH3 6450 A absorption band in some latitudinal belts of
Jupiter were described by other authors in [1,16,17].
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Figure 1 - Jupiter spectrum with absorption bands of methane and ammonia
in the wavelength range of 6000 - 9500 A (SGS spectrograph 4.3 A / pixel).

Table 1 shows these data, as well as our results as the averaged equivalent widths for 2005-2015 years,
indicating standard deviations (sw). In addition, the second column provides the results of observations in
2018 for comparison. The measurements of the same ammonia absorption band in the central part of the
Jovian disk and its longitudinal variations are described in [18]. The same authors [19] studied the
temporal variations in ammonia absorption for 1979 and 1980.

Table 1 - Equivalent widths of the 6450 A NH3 absorption band

Moreno et al.
Region Year 2018 Tejfel 2018 [12] 1988 [14] Luts, Owen 1980 [2]
W(A) W(A) sW W(A) W(cm-1) W(A)
SPR 4.2 5.6
STB 51 5.7
STrZ 5.7 5.92 0.49 7.8 26.4 11.00
SEB 6.0 6.78 0.45 9.8 30.9 12.90
EZ 6.2 6.75 0.32 7.7 23.1-33.0 9.6-13.8
NEB 55 6.35 0.35 4.9 20.1 8.30
NTrz 4.4 5.38 0.36
NTB 4.7 5.7
NPR 4.6 7.2
GRS 4.7 22.2 9.3

The equivalent width in these works was found to be 6 £ 1 A, which almost coincides with our
estimates. Noticeable differences in the estimates of the equivalent width occur in [1 and 16]. And this is
true despite the fact that the general nature of the differences in latitudinal belts is similar across all
observations. The overall difference in absolute values, as the authors of [1 and 16] correctly point out, is
most likely connected with the methodology for conducting the level ofthe continuous spectrum. The fact
is that the 6450 A NH3 band is superimposed on the short-wavelength wing of the more intense methane
absorption band of CH4 6750 A. Although the residual intensity in this wing is very small, it is still
necessary to take it into account when isolating the profile ofthe ammonia band.

The situation with the separation of the 7870 A NH3 absorption band is more complicated, since it
falls into the center ofthe more powerful methane band CH4 of 7900 A. The only way to isolate ammonia
absorption is to calculate the ratio of the spectrum of Jupiter to the spectrum of the center of the disk of
Saturn, in which ammonia absorption is practically imperceptible. The spectrum of Saturn’s disk center
was used as a standard for processing all spectrograms. For all other methane and ammonia absorption
bands the spectrum of the Saturn ring or the Ganymede spectrum was used as a reference spectrum. An
additional control was provided by measurements of the equivalent width of the 7600 A O2 (oxygen)
telluric absorption band on the spectrograms of the central meridian of Jupiter. The constancy of its value
over the entire spectrogram width testified to the reality of the latitudinal variations of the Jupiter
absorption bands obtained.
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As an example, Fig. 2 shows the results of measurements of the equivalent widths of two ammonia
absorption bands and three methane absorption bands in 2017, 2018, and 2019. For ease of comparison
and preservation of scale, all values of equivalent widths are normalized to the corresponding values of
equivalent widths of each band in the equatorial zone. The graph for 2018 additionally shows the relative
course ofthe equivalent width ofthe 8870 A methane absorption band.

Jupiter 14.04,2017 Jupiter 06.06.2018 Jupiter 12.07.2019

Planetographic latitude Planetographic latitude Planetographic latitude

Figure 2 - Relative latitudinal changes in the equivalent widths of the absorption bands
of ammonia and methane according to observations in 2017 - 2019

In the meridional course of the observed variations in the equivalent widths of both ammonia and
methane in the spectral range of 6000 A - 8000 A, there are both similar elements and differences.
Variations in the equivalent widths of both methane at 6190 A and 7020 A, and ammonia at 6450 A show
a decrease in absorption in the temperate latitudes of the northern hemisphere. Given that methane does
not condense and is considered uniformly mixed, this fact most likely indicates local differences in the
density and vertical structure of ammonia clouds in the northern and southern hemispheres. In figure 2,
one can see that the relative variations in the ammonia band of 7870 A NH3 compared to the 6450 A NH3
band are more pronounced and noticeable differences in the latitudinal course at these bands at high
latitudes, especially in the northern hemisphere. This feature persists for many years, like the depression in
ammonia absorption in the region between EZ and NEB. The maximum ammonia absorption occurs in the
temperate latitudes ofthe southern hemisphere.

The observed difference in the latitudinal position of the extrema of the absorption in different bands
deserves special attention and further studies. Similar features of latitudinal shifts of the extrema of the
intensities of different methane absorption bands, which are systematic in nature, for all longitudes on
Jupiter were discovered and presented earlier in [20], so the reality of such features is not in doubt.

Discussion. As noted above, the observed variations in the molecular absorption bands should be
considered as evidence of the presence of zonal and local inhomogeneities in the structure of that part of
the Jovian troposphere that is involved in the formation of these bands. As extreme cases, two alternative
models can be called. The first assumes the existence of a geometrically and optically thick ammonia
cloud layer. Through this layer, deeper into the atmosphere, only part of the scattered radiation can
penetrate, while direct sunlight does not pass through this layer. In this case, the theory of radiation
transfer can consider this layer as semi-infinite (in the accepted terminology). Almost all of the observed
absorption in weak and moderate molecular bands is formed in the process of multiple scattering inside
this cloud medium. A small fraction ofthe absorption of methane bands can be created in the atmospheric
layer above clouds, while the concentration of ammonia above the cloud layer decreases sharply, by
several orders of magnitude. In this model, the observed absorption variations can be associated with
variations in the concentration and volume scattering coefficient of cloud particles and some other factors
affecting the effective absorption path. This pathway is estimated from the intensity of the absorption
bands and cannot be considered as an estimate of the relative abundance of the absorbing gas in the
troposphere.

In an alternative model, it is assumed that the ammonia cloud layer has a relatively small geometric
thickness and passes a significant part of direct solar radiation into the atmosphere. In this case, direct
sunlight at least reaches a deeper cloud layer. According to most models ofthe atmosphere of Jupiter, such
a layer is a layer of ammonium hydrosulfide NH4SH. This substance has a significant color, but its albedo
is not yet known. If it is not too close to zero, then some of the sunlight diffusely reflected by this layer
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can go outside. In this case, the intensity of the observed absorption bands will be determined by the
double passage through the gas layer located between the two cloud layers. With a very dark substrate of
ammonium hydrosulfide, we could not observe absorption in a pure gas. In this case, the presence of
scattering particles inside this layer is required.

Even these two idealized models indicate the complexity of the formation of molecular absorption
bands observed in the visible and near infrared spectra of Jupiter. In the more distant region of thermal
infrared and microwave radio emission, the picture is completely different, since the aerosol component is
transparent for these radiations. Zonal and local brightness temperatures of the emitted heat radiation are
determined by other factors, as discussed in a number of works carried out for many years under the
direction of Glenn Orton (Jet Propulsion Laboratory, California Institute of Technology, Pasadena) and
Imke de Pater (University of California, Berkeley). As an example, we note their recent publications
[21-24].

The three cloud model of Jupiter's troposphere is considered by many authors, starting with the
publication [3,25]. We examined a number of such published models, differing mainly in the accepted
initial values of the contents of condensing gases. Estimates of the maximum concentration of particles in
the ammonia cloud layer in these models, as a rule, refer to the base ofthe cloud layer and range from 1
1069/ cm3 [26] to 71069 / cm3 [27]. In all models, cloud density decreases with height, but the total
thickness of the aerosol layer can be 10 km or more. However, it should be noted that the horizontal and
vertical scales of the details of the cloud cover of Jupiter are incommensurable, since even the smallest
details which are distinguishable in the best pictures of the planet, have a horizontal length of 1000 or
more kilometers. Therefore, significant local variations in the thickness and density of the ammonia cloud
layer are quite possible. Regarding presence of a scattering medium in the space between the ammonia
and hydrosulfide cloud layers, so far we can only refer to a unique experiment on direct sounding of the
atmosphere of Jupiter by a descent vehicle in the Galileo Jupiter Mission [28] project. Although it is
believed that the probe fell into a not quite typical region of the planet. Judging by the probe
nephelometer, there is a slightly dense aerosol haze rising above the cloud layer of ammonium
hydrosulfide.

Based on laboratory growth curves for the absorption bands of ammonia 6450 A and methane
6190 A, which were mentioned above, one can show that when these bands are formed inside the inter-
cloud gas layer, their equivalent widths may be close or even coincide with those observed. This means
that it can be far from simple to separate the two models for the formation of molecular absorption bands
discussed above.

Conclusion. Due to limitations on the admissible volume of the article, we examined only briefly and
fragmentarily some results and problems of studying the structure of the Jovian atmosphere from the
standpoint of its optical sounding. One of the important results, so far preliminary, was the differences we
found in the latitudinal positions of the extrema of the intensities of the molecular absorption bands on
Jupiter. This feature is most likely due to the difference in the conditions of formation of different
absorption bands in the ammonia cloud layer and the underlying troposphere. The complexity and
ambiguity of the mechanism of formation of molecular absorption bands requires further consideration of
both various models of the structure of the Jovian atmosphere and further detailed spectral observations of
Jupiter with special emphasis on the study of weak and moderate absorption bands, which we would like
to draw attention to in this publication.

This work was carried out in the framework of grant financing of the Ministry of Education and
Science ofthe Republic of Kazakhstan 0073 / GF4 and AP05131266.
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BEPTTEY AW, MONEKYNANbLW, X¥TbINY )XONAKTAPbI KOMTEP TPOMOC®EPACHI

AHHOTauuMa. AfbIN NnaHeTanapabl, OHbIY iWiHAe Kyh XyieiiHaen ey ipi FOnNuTep nnaHeTacbliH KallbIKTaH
GaKbliiay >K3He esiliey ocbl NyaHeTanapfpll, QU3MKa/bIK TaburaTbliH 3epTTey/e Xarbi3 3410 60/bin Kana Gepmek.
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1995 >bI/bl 1OKe acblpbliraH rapbilTbiK MiHAeTI 6ap GALILEO Kypbiirbickl KOnNuTepaL, aTMoctepacbiH anfiblH ana
TiKenen Tekcepy 6oliblHLWIA KaliTanaH6ac aHe 6Gipereli 6onbin Tabbinagbl. KONuTepaily TponocdepachiH KallblKTaH
OMTUKa/IbIK affblH ana Tekcepy 6olibIHLIA 340TLW, 6ipi NnaHeTa CNEKTPIHIL KepiHEeTIH X3He XaKblH NMH(PaKbI3bi
alimarbiHga 6akbliaHaTblH MeTaH MeH aMMMUaKTbIL, MOIeKYasTblK XO0MaKTapbIHbIL, Xy Tbly TapTibiH 3epTTey 60/bIN
Tabblnagpl. ATanraH ekl ras3 KOnutep aTtmocdepacbiHbIl, Tepel, KaTrnapiapblHaH LWbIraTbiH WUHDPaKbI3bIn X3He
MWKPOTO/NKbIHABI C3YJeNeHy >Kbl1y AManasoHbliHAA >KYTbIy >KoMakTapblH naliga 60n4plpbin aintapibikTad pen
aTtkapafpl. COHbIMEH KaTap, aMMUaK MaHeTaHbll, KepLleTLw OyNTThl XaMblirbl KypaMbliHbIL, Herisi 60/1a oTbIpbIn
HOnuTepge 6ynT naiga 6ongblpatbiH (hakTop 60/bIN Tabblnagbl. CnekTpangbl 6akbinaynap KOnutep gUCKiHAEri 3p
TYpNi aymakTarbl XYyTbl1y >X0NaKTapblHbIL, MHTEHCUBTINITIHIL BapuauuanapbiH 3epTTeyre MyMKLaw 6epefi xaHe
OHbIL, TponocepacbliH ONTUKANbIK anfblH ana Tekcepyaiy afra peTiHAe KbI3MeT aTkapagpl. Bi3 x3He 6acka pga
aBTopnap OpblHAAraH >yMbICTap, AFHW OCbIHAAl Bapuaumanapfibl GipHelle >Xbi 60libl 3epTTeydil, HITUXECI
bipHelle Kbi3blK epeKLUeNiKTepai aHbIKTagbl, onapabl TYCIHAIPY aiTap/ibiKTali KnbiH X3He 6ipM3aHAi emec. CaHablK
baranay YLWIiH 3epTXaHaNblK 3epTTeyfnepfeH anblHaTblH MONEKYNIbIK >KOMAaKTapAbll, WHTEHCUBTINIM Typasbl
MafliMeTTepP KaxkeT. Analija MyHAan 3epTTeynep CneKTPALL KepiHeTiH aliMarbiHia 3sipLle eTe a3 XX3He onap 6apnbik
XYTblly >Konaktapbl YLWiH eMec. ATan ailiTkaHga, WHTEHCUMBTWKTL, (Hemece 6Ganama €eHAiri) XXyTbiiraH ras
KanbluabIrbiHa (KYTbINYAblL, 3KBUBA/IEHTTI XKO0/1bl METPMEH - aMaro) TayenginiriH KepceTeTiH KUCbIK Cbi3blKTap NH3
6450A ammuak neH meTtaH CH4 6190A >xonakTapbl YLiH raHa anbiHraH. OcbIHAall KUCbIK CbI3biKTap HOnutep
cneK”NHAe OCbl XXo/aKTapabl 3epTTey 6olbIHWaA G6anama XyTblly XongapblH 6aranayra MYMKIHAIK 6epegi. bBis
HOnuTepgeri aMMmnakTbl XyTblnyAbl 3epTTeyai 2004 Xbinbl 6acTafblK XaHe Kasipri Tauja fa 3epTTey xanracygja.
ATanraH 3epTTeynep TONKbIH Y3bIHABITbIHBIL, MUNNUMETPAIK AMana3oHbiHAarbl paguo 6akbinaynap mManiMeTTepiMH
CIMKeC KeneTiH aMMMaKTbl XYTbI/ly Bapuaums el Hfe 6ipkatap Kbi3blK epeKLUeniKTepai aHbiKTagbl. ATan anTkaHaa,
HOnuTepaw, contYCTIK akBaTopuangbl 6enfieyiHe XakblH Xepfe TabbliraH aMMUaKTbl XXYTbINYAbIL, fenpeccusicbl
MUAMMETPAIK AnanasoHjarbl pagnoTeMnepaTypaHbil, MaKCMMYM XapbIKTbIbIrbIHA C3liKec Kengi. Ocblnaniia, MeTaH
MeH aMMMaKTbIL, 3p TYPAi >XonakTapblHAarbl 3KCTPEMYM >KYTblnynapbl eHAIK Xarjanga OypblH alTbliraH
alibipMallblbIKTapAbl pacTafbl. HerisiHge >XyTbily >KOMaKTapbiHbIL KeUiCTiK-yaKbITTbIK BapuauusacbiH 3epTTey,
Tponocepa aiMarbIHAarbl XaHe OYNTTbl XXaMbIITbIHbIL, KypbIbIMbIHAA 60/bIN XaTKaH e3repictep Typanbl, Kanai
6onraHaga NH4SH ammoHuii rugpocynbhugiHgeri Tepey, 6ynTTbl KabaTbiHa feiiH awyra MyMKLWAW 6epegi.
HOnuTep TponocdepacbiHbIl 6ipHewe MogenbAepiHie Kabll FeOMeTPUANbIK X3He ONTUKaIbIK aMMUaKTbl BynTTbl
KabaTTbiy, 6ap ekew 6o/mkaHyga. CoHbIMEH Katap MyHfail 6ynTTbl KabaT 6GynTTbl 6GenllekTepaeri Kem peTn
TapasyblHbIL, apKacblHAa 3/1Ci3 MOMIEKYNANbIK XYTbINY YKONakTapbl YLUiH fie Heri3ri XaHe 6acbIMbl/IbIK TaHbITaTbIH
pen aTkapybl Kepek. On Tasa rasgbl atMoctepaaH X3l raHa Koc eTyAeH apTbIK, TUIMAI ONTUKa/bIK XY TbIY YKO/bIH
)K3He 6aKblnaHbIn OTbIpraH XO0MaKTbil, MHTEHCUMBTIAIMH wWapTTaybl MYMKIH. Ocbliaiila, XyTblly >XOnarbiHAarbl
6akblnaHbin OTbIpraH Bapuvauusinap OynTTbl KabaTTbily Kenemgi ThIrbi3gblK Bapuaumsacbl MeH ONTUKaIbIK
cunatTamacbiMeH 6ainaHbICTbl 601ybl Kepek. TponocgepaHbil, iwiHe Kapai eTeTwl Tikeneid KYH cayneci YLiH
aliTapnbIKTain Mengip XaHe ONTUKa/bIK XX3HE reOMeTPUSA/bIK XilillKe aMMUaKTbl 6yNTTbl Kabat 601bIn TabbliaTbiH
6anamanibl Mofenb, ArHW rugpocynb@uan 6ynTTbl KabaTka fgeiiH 6onybl ga MYMKiH. Ocblnialiwa, 6akbinaHbin
OTblpraH MOMeKyNasbIK >X0nakTap rasfbl KabaTTa ocbl 6ynTTapablly apacbiHia naga 6onagbl. KUCbIK Cbi3biKTapra
CY/eHe 0TbIpPbIN 0Cbl Tponoctepa aliMakTarbIHAarbl XyTbiny, A3/ COHAal ardn KOnuTep cnera”H/ae 6aKbliaHaTbIH
XKYTbINy KONarbiHbIL, MHTEHCUMBTINIFiIHE 3Kenin corybl MyMKIH. Ocbl Makanaga 6i3 MbIHa XX3MTKa, ArHN KepLueTL
CMeKTp aliMarblHgarbl paguobakbliaynap MeH WH(PaKbI3bll M3iIMETTEPIMEH MOMEKYNa/biK XonakTapgpiy,
XYTbIybIH  3epTTeyAil, KaxeTTiniriHe, KOnuTepge 060nbIN  >XaTKaH e3repicTepfi 3epTTey MeH  OHblIL,
TponocgepacbiHbIL, KypbiibIMbIHbIL, 6apabap Y/riciH TaHAayra Hasap ayfaprbiMbi3 Kenegi.

TYWiH cesgep: tOnuTep, aTmoctepa, Tporocdepa, CreKTPOHOTOMETPWS, amMmuak, MeTaH, aMMOHUi
rnapoynbua”™ MosleKynasblK XyTbINy XKonakrapbl.

B.4. BoosunyeHko, A.M. Kapumos, I'.A. KnpueHko, lN.I". JIbiceHko,
B.I". Teiipens, B.A. dunnnnos, M.A. XapuToHoBa, A.l. XoxeHel,

AcTpousnyecknii MHCTUTYT UM. B.I".deceHkoBa HAH PK (ADU D), AnmaTbl, KasaxcTaH

MOJIEKYJTAPHbBLIE MOJIOCbI NMOrNOWEHNA
B NCCNEAOBAHUW TPOMOC®EPLI FOMNTEPA

AHHOTauuMA. AUCTaHUMOHHbIE HA6NOAEHUS U U3MepPeHUsA B UCCNeAOBaHUM MIaHeT-rMraHToB, B TOM 4ucie
KpynHenwen nnaHetbl ConHeYHOW cucTembl KOnuTepa, A0 CUMX MOpP ocTatoTca u 6yayT ewé [O/Aro octaBaTbCs
€AVHCTBEHHbIM CMOCO60M M3YyYeHUS (PU3MYECKON NpUpogbl 3TUX nnaHeT. OcyuiecTBnéHHoe B 1995 rogy npsimoe
30HAMpOBaHME aTmocdepbl HKONuTepa cnyckaeMbiM annapaTtoM KocMuuyeckoi muccun GALILEO sBnsetcs
YHUK&/IbHbIM M HENOBTOPUMbIM. OfHUM U3 CNOCO60B AUCTAHUMOHHOIO ONTUYECKOro 30HAUMPOBaHUA Tponocdepbl
HOnnTepa MOXET CNYXWUTb W3yyeHWe MOBeAeHUS MOMEKYNAPHbIX MO0I0C MOr/OWEHUSA MeTaHa UM aMMuaka,
HabNfaeMblX B BUAMMON U GNVXKHER MH(paKpacHoi 06nacTy cnekTpa niaHeTbl. Oba aTUX rasa UrparT Takke
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HeManoBaXKHYIO POJib, CO3faBas Mosiockl MorsoWweHs B AnanasoHax Ternsj08oro MHPpPaKpacHoro n MMKpPOBOJTHOBOTO
M3ly4yeHUsl, BbIXOAALMX M3 FY6OKUX C0EB HONUTEPUAHCKOM aTmocepbl. Kpome TOro, ammuak siBnseTcs
o6nakoobpasyowmnm dakropom Ha KOnuTepe, 6yayyn OCHOBOW cocTaBa BUAMMOro 06/1a4HOM0 MOKPOBA M/IaHeThI.
CneKTpasibHble HabMogeHUa [aloT BO3MOXHOCTb MCCNefoBaTh BapualmMm WUHTEHCUMBHOCTU MOM0C NOT/IOWEHUN B
pasHbIX yyacTKax fucka Konutepa u MOryT CNyXWTb CPeicTBOM ONTUYECKOro 30HAVPOBAHUSA ero Tpornocdepsl.
BbinonHABLUMECA Hamu, Hapagy ¢ paboTamu [pyrvx aBTOPOB, MHOFOMIETHUE WCCMedoBaHWSA TakuxX Bapuauuii
BbISSBUIN PAL WUHTEPECHbIX 0COOEHHOCTEW, WMHTeprnpeTaums KOTOPbIX MNPeACTaBASAETCA AOCTATOUHO C/IOXKHON WM
HeofHO3HAYHOM. [11A KO/MMYECTBEHHbIX OLEHOK Heo6XO0AMMbI JaHHble 06 WHTEHCMBHOCTU MOMeKYNsAPHbIX M0J0C,
nony4yaemble No nabopaTopHbIM MccnegoBaHnsaM. OgHaKo TakuMx MccrefoBaHuii B BUAMMOW 061acTu crnekTpa noka
OYeHb Maso W BbIMOMIHEHLI OHM He 1A BCeX MOM0C MOrnoweHnsa. B 4yacTHOCTU, KpuMBbIe pocTa, MpeAcTaBnsioLLme
3aBMCUMOCTb MHTEHCUBHOCTMN (/1M 3KBUB&JIEHTHOW LUMPUHBI) OT TOJILM MOT/IOLLAIOLLIErO ra3a (3KBMBAIEHTHbIN NyTb
NorsiolWeHns B MeTpax- amaro) rnosiyyeHbl TobKO AN nonocbl ammnaka NH3 6450A n metaHaCH4 6190A. Takue
KpUBble MO3BOMAIT OLEHUTL 3KBUBAIEHTHbIE MYTU MOMMOWEHUA MO0 U3MEPEHUAM 3TUX MOJIOC B criekTpe KonuTepa.
MccnegoBaHns aMMmadHoOro rnorsoweHns Ha HOnutepe 6bian Hadatbl Hamu B 2004 rogy v npoposmkatoTcs
perynsipHo MO HacTosliee Bpems. 3TW HabNOeHWS BbIABUAN PSS WHTEPECHbIX OCOBEHHOCTEeN B LUMPOTHbIX
Bapuauusix aMMMayHOro Mor/ioWeHNsl, KOppenupylwWwmx ¢ AaHHbIMW PafuvoHabnofeHnin B MUIIVMETPOBOM
fuanasoHe ANVH BOSMH. B 4acTHOCTM, denpeccus aMMWUAyHOro Mor/olweHus, obHapy>keHHas B6aM3n CeBepHOro
aKBaTopuasbHOro nosca kOnuTepa, coBnasa ¢ MakCMMyMOM SPKOCTHONM paguoTemnepaTypbl B MUIIMMETPOBOM
AnanasoHe. [MoATBepXXAalOTCA OTMeyaBLUMECA HaMW paHee pasnnymsa B LUMPOTHOM MOJSIOXEHUN 3KCTPEMYMOB
MOrfOLWEeHNS y pasHbIX MOJI0C Kak MeTaHa, Tak U ammuaka. ViccnefoBaHmsa NpocTpaHCTBEHHO-BPEMEHHbIX Bapuauuii
nosioc MOr/oWEeHNA, B NPUHUUNE, Jal0T BO3MOXHOCTb CYAUTb 00 W3MEHEeHUAX, MPOUCXOAALMX B CTPYKType
06/1a4HOM0 MOKPOBa M HaxogsLieics nog HUM obnactyu Tponocdepbl, N0 KpaviHed Mepe, fo 6osee ray6okoro
obnayHoro cnos u3 rugpocynbuga ammoHns NH4SH. B 6onblinHCTBE Mogenein Tponocgepbl HOnuTepa
npeAnonaraeTcs CyLUecTBOBaHWe 4OCTATOYHO TO/ICTONO reOMeTPMYECKM M ONTUYECKM aMMUavyHOro 061a4Horo cros.
Mpy 3TOM TaKoi 06nayHbIA COW AO/KEH MUrpaTb OCHOBHYIO M Mpeo6nafatolyto ponb B GPOPMUPOBAHUN Aaxe
cnabbIX MONEKYyNAPHbIX NOI0C MOrowWweHns 6narofaps MHOFOKPaTHOMY paccesHuo Ha 06nayvHbIX yactuuax. OHo
MOXeT 006ycnoBAnBaTb 3PPeKTUBHbIA ONTUYECKUA NyTb MNOF/IOWEHUS W COOTBETCTBEHHO WHTEHCUBHOCTb
Habnogaemoi nonocbl, 60nbLIe YeM MPUM MNPOCTOM ABOMHOM MPOXOXAEHWM 4Yepe3 YWUCTO rasoByko aTmocepy. B
TakoM cfy4yae Habnogaemble Bapvauuy y Moaoc MOroWweHNs LO/MKHbI 6biTb CBA3aHbI C BapuauuaMyi 06bEMHOW
NAOTHOCTU W ONTMYECKMX XapaKTepUCTUK CaMoro o6nayHoro cnos. OfHaKo He WCK/YeHa W albTepHaTMBHasA
MOfeNb, B KOTOPOI/ aMMMaYHbIi 061ayHbIA €0 ABASETCS ONTMYECKM U FEOMETPUYECKN TOHKUM U [OCTaTOYHO
Npo3payHbIM A8 NPSMOro CO/THEYHOr0 W3/TyYeHWUsl, KOTOPOe MOXeT MPOXOAUTb Briy6b Tponocdepbl, N0 KpaviHel
mepe, 4o 6onee rny6oKoro rugpocynb@ugHoro 06a1ayHoro ciosi. B Takom cnyyae Habnwogaemble MOMEKYNSPHble
nosiocbl GOPMUPYIOTCA B Fra30BOM C/10e MEXAY 3TUMU 06n1akaMu. MOXXHO MoKasaTb, 0CHOBbLIBAsACb Ha KPUBBIX POCTA,
4YTO NOr/olWeHNe B 3TOl 061acTh Tponocdepbl MOXET MPUBOAUTbL MOYTU K TOW XKe WHTEHCMBHOCTWM M0f0C
norsoweHns, 4To 1 Habngaemas B cnekTpe KOnuTepa. B faHHOW cTaTbe Mbl XOTUM 06paTWTb BHMMaHue Ha
Heo6X0ANMOCTb MPOAO/DKEHNA MCCMef0BaHUI MOMIEKYNSAPHBIX NOJIOC MOr/IOWeHNS B BUANMONM 061acTu crnekTpa B
coyeTaHWM C AaHHbIMW MHGPaKpacHbIX W PagMoHabNIOAeHWIA C LeMblo M3YyYeHUs MPOMCXoAalmnx Ha KonuTtepe
n3MeHeHWiA 1 Bblbopa Hanbonee afeKBaTHON MOAeNN CTPYKTYPbl ero Tponocdepsbl.

Kniouesble cnosa: KOnutep, atmocdepa, Tpornocgepa, CNEKTPONOTOMETPUSA, aMMUaK, MeTaH, rMApocynbLmug
aMMOHWS, MONEKYNSAPHBIE MOM0CHI NOTNOLWEHUS.
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