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BEHAVIOR OF ACOUSTIC-GRAVITATIONAL WAVES
IN THE MESOSPHERE OVER THE KAZAKHSTAN REGION

Abstract. Kazakhstan has been going on for more than 10 years carried out studies I effects in the mesosphere
at the basis of modern optical spectrometer SATI (Spectral airglow the Temperature Imager), which is mounted on a
mountain complex of Ionosphere Institute - radiopoligone «Orbita» at an altitude of 2730 m above sea level
[43°03'30" N, 76 © 5824 " E]. The results of a continuous series of optical spectrometric observations of variations
in the mesosphere between 2010 and 2016. Observations were made in Kazakhstan on the basis of modern optical
spectrometer SATI (Spectral airglow Temperature Imager), which is mounted on a mountain complex of lonosphere
Institute - radiopoligone "Orbita" at an altitude of 2730 m above sea level [43 © 03'30 "N, 76° 58'24 "E]. The spectral
analysis of recorded wave disturbances over the entire observation period showed a wavelength distribution
characteristic of acoustic-gravitational waves. It has been established that the maximum number of recorded
disturbances in the mesosphere is about 100-200 km long, a noticeable separate peak is observed for wavelengths of
about 350-400 km. The directions of propagation of acoustic-gravitational waves have a seasonal dependence. The
western maximum in the distribution directions is observed in all seasons. The south-south-western maximum is
observed mainly in winter and autumn. East-north-east has a maximum value in the spring-summer months.

Keywords: mesosphere, atmosphere, acoustic-gravitational waves.

1. Introduction. The most difficult to study area of the atmosphere is the mesosphere, lying between
the lower atmosphere and ionospheric altitudes at altitudes from 40-50 to 80-90 km. The composition of
the mesosphere, its temperature regime, and the chemical and dynamic processes occurring in it are
increasingly of interest to geophysicists in connection with the sensitivity of this atmospheric region to
variations in solar activity, chemistry of meteor metals, changes in the Earth’s climate and long-term
anthropogenic effects [1-3].

At present, the role of acoustic-gravitational waves (AGW) in the transfer of energy from the
troposphere to the mesosphere and lower thermosphere is actively and is being investigated : changes in
the ebbs and flows in the ionosphere [4], ozone variations in the upper mesosphere [4] associated with the
sudden warming of the stratosphere [5-6], as well as AGW in the thermosphere and ionosphere, associated
with tropical cyclones [7-8]. Work is underway to create and improve three-dimensional global models of
the mesosphere and thermosphere, taking into account long-term ground-based and satellite measurements
of helio-geophysical parameters [9-15].

Kazakhstan has been going on for more than 10 years carried out studies I effects in the mesosphere
at the basis of modern optical spectrometer SATI (Spectral airglow the Temperature Imager), which is
mounted on a mountain complex of Ionosphere Institute - radiopoligone «Orbitay» at an altitude of 2730 m
above sea level [43 °03'30" N, 76 ° 5824 " E] [16 -17 ].

This paper presents the results of a continuous series of optical spectrometric observations for the
period of more than 6 years in 2010 and 2016, since in order to identify statistically significant patterns in
the behavior of the AGW at altitudes mesosphere during periods of solar activity and increased seismic
activity.
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2. Optical research in the field of the mesosphere

The SATI instrument employs a spectral method for detecting hydroxyl intrinsic thermal radiation in
a maximum emission layer located at an altitude of approximately 87 km at night [18-21]. The
temperature in the mesosphere is determined by comparing the measured emission spectrum of OH (6-2)
hydroxyl bands at a wavelength of 836 nm with model spectra calculated for different vibrational-
rotational temperatures of hydroxyl molecules. The registration of atmospheric hydroxyl radiation was
carried out from spatially separated sections of the night sky - on a horizontal ring with a diameter of
about 100 km and a width of 14-16 km (figure 1).
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Figure 1 — Scheme of operation of the SATI spectrometer

The device operates in a regular automatic mode. The exposure time of the spectrometer is
1 minute. The average temperature in the mesosphere was monitored at night, and AGW was recorded. It
determines the direction of propagation of the wave, its speed, the oscillation period and amplitude as
well.

3. Methods for processing experimental SATI data

To identify statistically significant patterns in the behavior of AGW at mesopausal altitudes during
periods of solar activity and increased seismic activity, data from continuous series of optical observations
for a period of more than 6 years from 2010 to 2016 were processed.

As the primary data processing, the spectral images of the SATI instrument are recalculated into the
values of temperature and night sky emission of the mesosphere region. Figures 2 and 3 shown the
examples of the results of processing data from optical temperature measurements. The average values of
temperature and hydroxyl emission over night for each month for 6 months for each month are shown in
Figure 3. As a result of the initial processing of data for 6 years of measurements at SATI from 2010 to
2016, a tendency to decreases values of the maximum mesosphere temperature was found, at an altitude of
87 km, it has a maximum in November-December.

In order to determine the behavior of moving wave disturbances in the mesosphere, the necessary
software was created to process SATI data using a modified Fourier transform algorithm known as the co-
phase technique [22]. This software allows you to automatically detect moving wave disturbances,
determine the propagation direction, wave period, propagation velocity and wavelength from optical SATI
measurements (temperature and hydroxyl emission). Using these programs, the results of SATI
measurements for the period from 2010 to 2016 were processed.

The temperature values are shown after removal of the constant component and harmonics with
periods of more than 90 minutes. So, for a given night of measurements, the main wave mode is a
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horizontally propagating wave perturbation moving in a southeast direction. During 6 hours of
observation, the direction of propagation changed by no more than 30 degrees, the wave speed is
140-160 km/h, the oscillation period is 40-50 minutes, and the wavelength is defined as 90-130 km.
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Figure 2 — Monthly average values of temperature and emission of hydroxyl radiation at an altitude of 87 km
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Figure 3 — The values of temperature and hydroxyl emission depending on the time of year and time of day

Figure 4 shown the typical during action registration AGW night on May 11 2010. The ordinate
shows the sectors on the ring from which SATI registers night sky radiation.

An analysis of the recorded wave disturbances over the entire observation period showed a
wavelength distribution characteristic of the AGW (figure 5). As follows from figure 5, the maximum
number of recorded disturbances in the mesosphere has a length of about 100-200 km. There was also a
noticeable separate peak for wavelengths of about 350-400 km.
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Figure 4 — Wave structure of hydroxyl temperature, values for various points on the plane of the «ring»
with a diameter of ~ 100 km during the night, according to observations at SATI 05/11/2010

To highlight the background features of the behavior of AGW in the mesosphere according to SATI,
the entire period of observation data for 5 years (2010-2015) broke by seasons. Figure 6 shows the
distribution for the AGW along the direction of propagation for the different seasons, clear, that the
direction of propagation AGW have a seasonal dependency, especially perturbation moving east and west
direction. One can distinguish the western and south-south-western and east-north-eastern maxima. The
western maximum in the distribution directions is observed in all seasons. The south-south-west maximum
is observed mainly only in winter and autumn. East-north-east, on the contrary, has a maximum value in
the spring and summer months, although it is present in all seasons. In general, most waves have a western
direction in winter and an eastern direction in summer. The characteristics of wave perturbations obtained
in this way can be considered observable regularly, over 5 years of measurements at SATI.
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Figure 5 — Distribution of horizontal wavelengths of moving acoustic-gravitational waves
in the mesosphere according to SATI for 5 years

To highlight the background features of the behavior of AGW in the mesosphere according to SATI,
the entire period of observation data for 5 years (2010-2015) broke by seasons. Figure 6 shows the
distribution for the AGW along the direction of propagation for the different seasons, clear, that the
direction of propagation AGW have a seasonal dependency, especially perturbation moving east and west
direction. One can distinguish the western and south-south-western and east-north-eastern maxima. The
western maximum in the distribution directions is observed in all seasons. The south-south-west maximum
is observed mainly only in winter and autumn. East-north-east, on the contrary, has a maximum value in
the spring and summer months, although it is present in all seasons. In general, most waves have a western
direction in winter and an eastern direction in summer. The characteristics of wave perturbations obtained
in this way can be considered observable regularly, over 5 years of measurements at SATI.
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Figure 6 — Seasonal dependence of the directions of propagation of wave disturbances over 5 years

5. Conclusion. Solutions to the problems of the relationship of dynamic processes in the atmosphere
with dynamic processes on Earth, prediction of catastrophic phenomena according to observations of
variations in atmospheric parameters are extremely effective and relevant around the world. Therefore,
they are developing intensively in all countries. Current global trends in the prediction of catastrophic
geophysical events, including earthquakes, suggest the use of new methods for monitoring geophysical
fields, a high degree of automation of the collection of recorded geophysical parameters and an
operational analysis of the results.

Our studies in this direction allowed us to develop: the latest methods, algorithms and programs for
solving problems of studying physical processes on Earth, including catastrophic events, based on an
analysis of atmospheric wave disturbances in the acoustic-gravitational waves range according to data on
variations in the glow of the sky at heights of the mesosphere connected. In particular, based on the results
of these observations, algorithms have been created for calculating the efficiency of generation of
acoustic-gravitational waves from specific ground-based sources of their propagation into the upper
atmosphere, taking into account the specifics of the Almaty region.

To study the relationship between perturbations generated at the Earth’s surface and perturbations at
the ionospheric altitudes of spacecraft spans, data on variations in the mesosphere are needed. For these
purposes, we use the latest equipment for recording optical radiation of oxygen and hydroxyl. The data
obtained using this equipment make it possible to compose a general picture of dynamic processes in the
atmosphere during various geophysical phenomena.

The work was performed according to the project PH 0118PK00798 in the framework of the target
scientific and technical program 0.0799.

B. M. ComcukoB, A. b. Angpees, B. U. Kansitun, C. H. Mykamesa

Nonocdepa nHCTUTYTHI, ¥ATTHIK FAPIIITHIK 3€PTTEYJIEP MEH
TEXHOJIOTHSUIAp OpTaNBIFbI, AnMatel, Kasakcran

AKYCTHUKA-TPABUTAIUAJBIK TOJIKbBIHIAP TOPTIBI
KA3AKCTAH OHIPIHEH ME30C®EPA CAJTACBIHIA

AnHoTanus. Me3ocdepaHblH KypaMbl, OHBIH TEMIIEPATYPAIBIK PEIKUMI, OHa OOJIBIIN JKATKAH XMUMHUSUIIBIK YKOHE
JMUHAMUKAJIBIK TPOLECTEP OChI aTMOC(EpabIK aWMaKThIH KYH OCJCEHAUIITIHIH BapHALUsAChIHA, METCOPJIBIK
MeTalIap XUMHUSICHIHA, JKep KIMMAaTBIHBIH ©3TepyiHe JKOHE Y3aK Mep3iMIli aHTPOIIOTSHIIIK dCepre Ce3iMTalIIbIFhIHA
OaiinaHbICTEI TeopU3NKTEPAl KOOIPEK KbI3BIKTBIPAIBI.

Kazipri yaxpiTTa TpomocdepamaH me3ocdepara XKOHE TOMEHIT TepMocdepara JHEPTHs TachIMAIBIHIAFEI
aKyCTHUKO-TPaBUTAIMSIIBIK TOJIKBIHIAPABIH pedii OenceHai 3epTreneni: noHochepagarsl Kyiimanap MeH TOTiHAUIEPIiH
e3repyi, crparocepaHblH KEHETTCH KbUIBIHYBIMEH OalTaHBICTBI KOFAPFbl Me30chepaarsl 030HHBIH BAPHALUSCHI,
COH/Iali-aK TPOINMUKAIBIK LHUKIOHAApMEH OailmaHbicThl TepMochepasarbl JKoHE HOHOChepagarbl aKyCTHKO-
rpaBUTALMSUIIBIK TOJKbIHAAP. Me3ochepa MeH TepMochepaHblH YIIl emiemM/i xahaHablK MOJIENbAEPIH jKacay KOHE
KETUIIIpy OOMBIHIIIA )KYMBICTAp KYPri3inye.
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Kasakcranga 10 xpuinan actam yakeiT 0oitbl Me3ocepa camaceinna SATI (Spectral Airglow Temperature
Imager) 3amaHay¥ ONTUKAIIBIK CIIEKTPOMETPI HETI3iH/Ie dcepiepi 3epTTey KyMbIcTapsl xKyprizinyze, on Monochepa
WHCTUTYTHIHBIH OWIK Taylibl KelIeHIHJe — TeHi3 jeHreiinen 2730 M Owuikrikte opHanmackaH «OpOura»
paauononuronsiaaa [43°03'30"N, 76°58"24"E].

Ocbl xymbIcTa Me3ocepa OMIKTIMIHIAETI aKyCTUKO-TPABUTALMSUIBIK TOJIKBIHAAPIBIH MiHE3-KYJIKbIHAAFbI
CTaTHCTHKAIIBIK MaHBI3IbI 3aHIBUILIKTApABl aHbIKTay MakcaThiHaa 2010 sxeupman 2016 xpurFa JeifiH 6 KbDT
apabIFbIHIAFb] ONITHKAJIBIK CIEKTPOMETPHSUIBIK OaKbUIayIapIblH Y3/1iKCi3 KaTapbIHBIH HOTIDKENIEPl KeNTiplIreH.

Hepexrepai 6acranke! enaey perinne SATI KypanbHbIH crieKTpilik OeiiHenepi Me3ocdepa aiMarbIHAAFbl TYHT1
aClaHHBIH TeMIlepaTypachl MEH SMHCCHSCBIHBIH MOHAEpiHE KalTa ecenrenreH. Jlepekrepii OacTamkbl eHIEY
votmkeciaae SATI-ne 2010 xpuman 2016 xputFa neifiH enmmeyniH 6 JKBUTH iMIiHAE Me30c(epaHbIH €H JKOFaphbl
TEeMIepaTypacklHBIH MOHIH 87 KM OMIKTIKTE a3alTy ypaici OenriieHreH,0yJ1 peTTe oN Kapalla-KeITOKCaHIa
MaKCHMYMfFa He.

Ocbl OarbiTTa 013 OpBIHAAFaH 3epTTEYyJep MbIHANAP/bI JKacayFa MYMKIHAIK Oepi: »epheri (U3HMKaIbIK
nporecTepi 3epTTey OOMbIHIIA MIHASTTEpl LICHIyTre apHaJFaH JXaHa dIiCTep, AlrOPUTMAEP MeH OaraapiaManap,
anarThl OKMFaJaplbl Koca ajFaHja, OaiaaHbICThl Me3ocdepaHblH OMIKTITiHAErT acHaHAbl jKapy BapHaLUsCHIHBIH
)lepeKTepi 60ﬁblH1Ha AKYCTHUKO-I'paBUTAIUAJIBIK TOJKbIHAAP AWalla3OHbIHAA aTMOC(i)epaHblH TOJIKBIHABIK TOJIKYbIH
Tayngay HerisiHge. ATam aiTKaHAa, OoCchl OaKbUIayJIaplblH HOTHKeJepi OOMbIHIIA AJIMAThl OHIPIHIH EepeKIIeNiriH
€CKepe OTBIPHII, 0JapIbl aTMOCc(epaHblH )KOFaprbl KabaTTapblHa TapaTybIH HAKTHI XKep YCTI Ke3JepiHeH aKyCTHKa-
TPaBUTALMSIIBIK TOJIKBIHAAP/bI TeHEpalHsiIay THIMIUIITIH ecenTey allrOpUTMAEPI Kacallabl.

Mesocdepanarsl KO3FalaThlH TOJKBIHABIK ayBITKyJIapAblH MiHE3-KYJIKbIH aHBIKTAy MakcaTbhlHAa, co-phase
TEXHUKACHl peTiHne Oenrimi Dypse TypieHOipyniH MomupuKamsuianFal anroputMi keMmerimeH SATI nepexrepin
OHJIEyTe MYMKIHIIK OepeTiH KaXeTTi OarmapiiaMaliblK KaMTaMackl3 €Ty JKacalabl. by OarmapiaMalblK KaMTamMachl3
€Ty KO3FaJIaThIH TOJIKBIHABIK ayBITKYJIApAbl aBTOMATTHI TYPAE aHBIKTAyFa, Tapally OarbIThIH, TOJKBIH KE3€HI, Tapaiy
KpuaMablFbiH koHe SATI onTukaniblk ejmeMaepiHiH JepekTepi OOMbIHIIA TOJIKbIH Y3bIHJABIFBIH aHBIKTayFa
MYMKIiHZIK Oepeni (Temneparypa MoHI JKoHE THAPOKCHII SMHCCHUSACH). TipKeNreH TOJNKBIHIBIK aybITKYIapAbl Tanaay
OapibIK OakbUlay KE3CHIHAE aKyCTHKA-TPABUTAIMSIIBIK TOJKBIHIAAPFA TOH TOJKBIH Y3BIHIBIFBI OOMBIHIIA OOy
kepceTTi. Me3ocdepamarbl TipKeIreH Hapa3bUIBIKTapAbIH ¢H Kem canbl mamaMmeH 100-200 KM, TOJKBIH Y3bIHIBIFBI
yuris mamamen 350-400 kM Oalikanansl.

SATI nepexrepi OoiibiHIIa Me3ocdepamarbl aKyCTHKO-TPAaBUTALMSIIBIK TOJKBIHAAPIBIH IKYPiC-TYPBICHIHBIH
(hoHOBIK epekienikTepiH Oy YIIiH ochl OakpuiaynapAblH Oapiblk keseHi 5 xbut (2010-2015 >xk.) MayceiM
OoiibiHma Oeninren. TipKenreH aKyCTHKA-IPaBUTALMSUIBIK TOJKBIHIAPABIH SPTYPJI MaychIMIapFa Tapaiy OarbIThl
OoffpiHITa OeIiHYyi 3€epTTENAi, aKyCTHKA-TPAaBUTALMSUIBIK TOJNKBIHOAPABIH Tapalry OaFbITTaphl MayCHIMIIBIK
TOYETAUTIKKEe He eKCHIH KOPCETTi, ocipece OWI MIBIFBIC KoHE OaThIC OarbITTa KO3FAJaThIH ayBITKYJapFa KAaTHICTHL
Batsic jxoHE OHTYCTIK-OHTYCTIK-0aTBIC KOHE MIBIFBIC-CONTYCTIK-IIBIFBIC MAKCUMYMIAPAEI OOl KopceTyre 00Iabl.
batbic Tapany OarbITTapbiHia Oapiiblk MaychiMaa Oaiikanazbl. OHTYCTIK-OHTYCTIK-0AaThIC MakKCHMyM HETIi3iHEeH
KBICTa KOHE Ky3/e raHa 0arkanaasl. I1IBIFBIC-CONTYCTIK-IIBIFBIC KEPICIHIIIE, KOKTEMTII-)Ka3Fbl aiijiapaa, Oipak O0apiIbIK
MaycbiMaa Oap. Xanmbel anranaa, TOJNKBIHAAP/ABIH KOMMIUIITT KepicTa Oatbic, an jka3na llbeirbic OarbiThl Oap.
Ocpuiaiiia ajgbpIHFaH TOJKBIHABIK aybITKYJapAblH cunarramanapbl 5 kbt 60itbl SATI-ne TypakThl OakbUIaHa bl JeTl
caHayra 60maJbl.

Tyiiin ce3nep: Me3ocdepa, atmochepa, aKyCTHKa-TPABUTAHSIIBIK TOJIKBIH.

B. M. ComcukoB, A. b. Angpees, B. U. Kansitun, C. H. Mykamesa

Wuctutyt nonocdeps:, HarmoHamsHbIH HEHTP KOCMHYECKIX HCCIIETIOBAaHNH
u TexHonorui, Anmatel, Kazaxcran

HNOBEJEHUE AKYCTUKO-IT'PABUTALIMOHHBIX BOJIH
B OBJIACTH ME3OC®EPBI HA/l KABAXCTAHCKHUM PETHOHOM

Annortanus. Haubosee cnoxxHoM i u3ydeHus: 001acThio aTtMocephl sBiseTcs Me3ochepa, JeKalas MexKILy
HIDKHeW arMocdepoil n moHocdepHbIMU BbicoTaMu Ha Bbicotax oT 40-50 mo 80-90 km. CocraB me3ocdepsl, ee
TEMIIEPaTYPHBIN PEKHUM, ITPOUCXOIAIINE B HEH XMMHUUECKHE M ANMHAMUYECKHE TPOLECCH], BCE OOJIbIIE HHTEPECYIOT
reo(M3MKOB B CBSI3U YyBCTBHUTEILHOCTHIO 3TOH aTMOC(EPHOM 00JIaCTH K BapHaLMsIM COJIHEYHOH aKTHBHOCTH, XUMHHU
METEOPHBIX METAJUIOB, U3MEHEHUSIM KIMMaTa 3eMJIH U JI0JATOCPOYHOMY aHTPOIIOTEHHOMY BO3JICHCTBHIO.

B Hactosimee BpeMsi akTHBHO HCCIEIYETCSl POJb aKyCTHKO-TPABHTALMOHHBIX BOJH B MEPEHOCE DHEPIUH U3
Tpomocepsl B Me3ochepy M HIKHIOI TepMmochepy: M3MEHEHHE MPHINBOB M OTIMBOB B MOHOC(epe, BapHAIdN
030Ha B BepxHel Me3ocdepe, CBA3aHHBIE C BHE3aHBIM MOTEIUICHHEM cTpatocepbl, a TaKKe aKyCTHKO-
IpaBUTAIIMOHHbIE BOJHBI B TepMocdepe M MoOHOCchepe, CBSA3aHHbIE C TPONUYECKUMHU LuKiIoHamu. [IpoBomsrcs
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PaboTHl MO CO3JAHUIO M COBEPIICHCTBOBAHMIO TPEXMEPHBIX ITOOAIBHBIX MOAenei mezochepsl U TepMocdeps! ¢
Y4€TOM MHOTOJIETHUX HAa3€MHBIX U CITyTHUKOBBIX H3MEPEHHH reno-reo(pu3nIeckux napaMmeTpos.

B Kasaxcrane yxe Oosiee 10 jeT BBINONHSIOTCSA HccCienoBaHus 3(PQeKkToB B obmactu Me3ocdepsl Ha Oase
coBpeMeHHoro onruueckoro criektpomerpa SATI (Spectral Airglow Temperature Imager), KOTOpbIl yCTaHOBIIEH Ha
BBICOKOTOPHOM KomIuiekce MHcruTyTa nonocdepsl — paauonoiurone «OpOuray Ha BbicoTe 2730 M HaJ ypoBHEM
Mmopst [43°03'30"N, 76°58'24"E].

B mHacrosimeit paboTe mnpuBeneHBI pe3yNbTaThl HENPEPHIBHBIX PAJOB ONTHYECKHX CHEKTPOMETPUYECKHX
HaOmoneHuit 3a mepuox Oonee 6 yer ¢ 2010r. mo 2016 T., C IENbIO BEISBICHUS CTATUCTHYCCKH 3HAYUMBIX
3aKOHOMEPHOCTEH B MMOBEJCHUH aKyCTHKO-TPAaBUTAILIMOHHBIX BOJIH Ha BBICOTaX Me30c(epsl.

B kadectBe mepBUYHOI 00pabOTKM MaHHBIX CIIEKTpalbHBIe m300paxenus nHcTpyMenTta SATI mepecunransr B
3HAYCHUS TEMIIEPaTyphl M AMHUCCHH HOYHOTO Heba oOiacté Mezocdeprl. B pesynbprare mepBudHONH 00pabOTKH
maHebIX 3a 6 smer u3mepenmit Ha SATI ¢ 2010 mo 2016 1. ycTaHOBIEHAa TEHACHIWS YMEHBUICHHS 3HAYCHUN
MaKCHMAaJIbHON TeMIepaTypsl Me30c(ephl Ha BEICOTE 87 KM, TIPH 3TOM OHA IMEET MaKCHMyM B HOsIOpe-nexadpe.

BboinonHeHHbIE HAMU HCCIIEOBaHUSA B JAHHOM HAlpaBICHUH IO3BOJMIM pa3paboTaTh: HOBEWIINE METOJB,
ITOPUTMBI M IIPOrPaMMBbl JIJIS PELICHUs 3a/a4 10 HCCIeN0BaHUI0 (PU3MYECKMX NPOLECCOB Ha 3emile, BKIIIOYAs
KaTacTpoduueckue cOOBITHSI, HAa OCHOBE aHajHM3a BOJHOBBIX BO3MYIIEHHH aTrMoc(epbl B JAuara3oHe aKyCTHUKO-
rpaBUTAlIMOHHBIX BOJIH IO JaHHBIM Bapmaunﬁ CBCUYCHUS HeGa Ha BbICOTAx MeSOC(l)epr CBsI3aHHBIX. B YaCTHOCTH, 110
pesynbrataM STHX HaOJIOAEHHH CO3JaHbl alIrOpuTMbl pacdyera d3()(EKTHBHOCTH T'€HEpalMu aKyCTHKO-
TPaBUTALMOHHBIX BOJIH OT KOHKPETHBIX HAa3€MHBIX UCTOYHUKOB MX PACIpPOCTPAHEHHUSI B BEPXHUE CIIOU aTMOc(heps ¢
Y4eTOM ceuu(pUKr AIMAaTHHCKOTO PErHoHa.

C menbio ompeneneHus MOBEACHHS MEPEMEIAONINXCS BOJIHOBBIX BO3MYIICHUI B Me3ocdepe, ObIII0 CO31aHO
HeoOXoanMoe TporpaMMHOe oOecrmedeHne, TIo3Boisitoniee oOpabareiBaTh ganHble SATI ¢ momomrsio
MOIU(HUIMPOBAHHOTO aNTOpUTMa IpeodpazoBanus Dypre, M3BECTHOTO KaK TEXHHUKA co-phase. ITO TMPOrpaMMHOE
obecrieueHne TO3BOJSIET ABTOMATHUYECKH BBIABISATH MNEPEMEINAIOIINECS BOJIHOBBIE BO3MYIUEHHSA, OIPEAEIATh
HalpaBIeHUE pPACIPOCTPAHEHMs, IEPUOJ BOJHBI, CKOPOCTh PACHPOCTPAaHEHHs] U UIMHY BOJHBI MO J@HHBIM
ontuyeckux udmepeHuit SATI (3HaueHHH TemnepaTypsl U 3MUCCHH T'HIpoKcmiia). C MOMOIIBIO JaHHBIX MPOTpaMM
Obutn 00paboTanbl pesynbratel u3Mepenuid SATI 3a nepuon ¢ 2010 r. no 2016 r. AHamU3 3aperHCTPUPOBAHHBIX
BOJIHOBBIX BO3MYIICHUI 32 BeCh MEpUO HAOJIIOAEHHs TOKa3aJl paclipeieleHue 0 JUIMHAM BOJIH, XapakTepHOe ISt
AKyCTHKO-TPaBUTAIIMOHHBIX BOJIH. [I0Ka3aHO, 4TO MaKCHMaJIbHOE KOJIMYECTBO 3apErHCTPHUPOBAHHBIX BO3MYIICHUI B
Mme3ocdepe nmeeT UMHY okoio 100-200 kM, HabmoAaeTCsl 3aMETHBIM OTAENBHBIN MUK Ui JUIMH BOJIH OKoJIo 350-
400 xm.

Jns BpineneHnss (OHOBBIX OCOOCHHOCTEH IIOBENCHUS aKyCTHKO-TPABUTAIMOHHBIX BOJH B Me3ocdepe IIo
nmaHabeM SATI, Beck meprmox nanHbIX HaOmomeHui 3a 5 et (2010-2015 rr.) pa3duBancs mo ce3oHaM. M3ydeHo
pacIpesneneHie 3aperuCTpUPOBAHHBIX aKyCTHKO-TPAaBUTAIMOHHBIX BOJIH 10 HANPABJICHHUIO PACHPOCTPAHEHHS UL
pa3sHbIX CE30HOB, II0KA3aJ0, YTO HAMPABICHUSA PACHPOCTPAHEHUs AaKyCTHKO-TPAaBUTAlIMOHHBIX BOJIH HMEIOT
CC30HHYI0 3aBHCHMOCTb, OCOOEHHO 3TO KacaeTcs BO3MYILUCHMH, [BUTAIOIIMXCS B BOCTOYHOM M 3allaJHOM
HalpaBJeHUU. MOXXHO BBIAEIUTH 3allaJHbIH M IOrO-IOro-3alajHblii U1 BOCTOYHO-CEBEPO-BOCTOUHBIII MAaKCHUMYMBI.
3amajHplii MakCUMyM B HalpaBJICHHUSIX PAcCHpPOCTPAHEHHs HAOIIOAaeTcs BO BCe ce30HBI. HOro-roro-3amamHbiid
MaKCHMMYyM HaOJII01aeTCsi B OCHOBHOM TOJIBKO 3MMOH M OCEHbIO. BOCTOYHO-CEeBEpO-BOCTOUHBII HA00OPOT, MMEET
MaKCHMaJIbHYIO BEJIMYMHY B BECEHHE-JICTHHE MECSIIbl, XOTS M IPUCYTCTBYET BO BCE CE30HBL. B 11€710M O0JIBIIMHCTBO
BOJIH UMEIOT 3MMOH 3amaJHoe, a JIETOM BOCTOYHOE HampasieHue. [loiaydeHHble TakuM 00pa3oM XapaKTEepHUCTHKU
BOJIHOBBIX BO3MYILIEHUI MOYKHO CUHMTATh HAOJIOIAIOIIMMHUCS PETYIISIPHO, Ha NPOTSHKEHUH 5 JieT n3mepenuit Ha SATI.

KiroueBble ciioBa: Mezocepa, atmocdepa, akyCTHKO-TPaBUTAILIOHHAS BOJIHA.
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