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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 | 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 lonosphere Institute - radiopoligone «Orbita» at an altitude of 2730 m above sea level
[43 °03'30 "N , 76 ° 58'24 "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 ofthe 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
ofhelio-geophysical parameters [9-15].

Kazakhstan has been going on for more than 10 years carried out studies | 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 lonosphere Institute - radiopoligone «Orbita» at an altitude of 2730 m
above sea level [43 ° 03'30 "N , 76 ° 58'24 "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).

85-95 km

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, atendency 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.

W
2010 2011 2012 2013 2014 2015 2016 2010 2011 212 2013 2014 2015 2016
fear fear
a) hydroxyl temperature b) emission of hydroxyl radiation

Figure 2 - Monthly average values of temperature and emission of hydroxyl radiation at an altitude of 87 km

hour hour

a) temperature values b) hydroxyl emission values

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.

25rr
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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.

234



ISSN 1991-346X Series physico-mathematical. 3. 2020

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 ofthe 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 0118PKO00798 in the framework of the target
scientific and technical program 0.0799.

B. M. Comcukos, A. 6. AHgpees, B. . KanbiTuH, C. H. MyKaluesa

VoHoctepa MHCTUTYThI, ¥NTTbLL, FrapbIlUThIK 3epTTeyiep MeH
TeXHo/orusinap optTasbirbl, AnMartbl, KazakcTaH

AKYCTUKA-TPABUTALNANBbLW, TONTUBIHAOAP TOPT161
UASALICTAH B PWLUEH MESOC®EPA CANTACBIHOA

AHHOTauma. MesocdepaHbll, K¥pambl, OHbIH TeMnepaTypasbiK PeXXnM” oHAa 60/1bIN XaTKaH XUMUASbIK XX3He
OMHaMUKaNblK MpouecTep OCbl aTMmocepasiblK  aiMakTblH ~H 6GefCeHALWNHLL, BapuaumacbiHa, MeTeopsbIK
MeTangap XMMuAcbliHa, XKep KNIUMATbIHbIH e3repyLle >XaHe y3akK Mep3imMAi aHTPonoreH[X acepre cesiMTasigblFbiHa
6alinaHbICTbl reot3NKTEPAi KebipeK Kbi3bIKTbIpagbl.

Kasipri yakbITTa TpornocgepajaH Me3octepara X3He TeMeHN TepMmocepara 3HEPrusa TacbiMa/bIHAArbI
aKyCTUKO-rpaBuTaUMsasbIK TONKbIHAAPAbIH peni 6eceHi 3epTrenedi: noHocepagarbl K¥iManap MeH TeriHginepain
esrepyi, cTpaTocdepaHblH KEHETTEH >Xbl/IbIHybIMEH 6alinaHbICTbl Xoraprbl Me3octepagarbl 030HHbIH Bapuauumschl,
COHfali-aKk TPOMMKa/bIK LMKMNOHLAPMeH 6ainaHbiCcTbl TepMmocdepafarbl X3He MWoHocdepajarbl  aKyCTUKO-
rpaBuTauMsbIK ToNKbIHAAP. Me3socdepa mMeH TepMmoctepaHbliH Y™ enwemai XahaHablK MofenbAepiH Xacay >X3He
XeTingipy 60MbIHLIA X MbICTap XY prisinyge.

235



News ofthe National Academy ofsciences ofthe Republic o fKazakhstan

KasakctaHga 10 blngaH actam yakbIT 60libl Me3octepa canacblHga SATI (Spectral Airglow Temperature
Imager) 3amaHayu onTUKasblK CeKTPOMeTPi HerisiHAe acepnepai 3epTTey X MbicTapbl XY prisinyae, on MoHochepa
WHCTUTYTbIHbL, O6WIK Tayfnbl KeweHiHAe - Tewa3 JeHreiiHeH 2730 M OMIKTiIKTE oOpHanackaH «OpbuTa»
paguononuroHbiHaa [43°03'30"'N, 76°58'24"E].

Ocbl x~MbIcTa Me3ocdepa OMIKTIFIHLEr  aKyCTUKO-TpaBuUTauManbiK TONKbIHAAPAbIL, MiHes-K¥nKbiHaaFb!
CTaTUCTUKaNbIK Maubli3dbl 3aHAbIIbIKTapAbl aHblKTay MakcaTbiHga 2010 >kbingaH 2016 >kbinra fgeitiH 6 Xbin
apasibIHbIHAArbI ONTUKA/IbIK CNEKTPOMETPUANBIK 6aKblnaynapabiH Y34iKCi3 KaTapblHbIH HITUXKeNepi KenTipisireH.

[epekTepai 6acTtankbl eHAey penHae SATI k¥panbiHbIH CNeKTP/iK 6eitHenepi Mesocepa anmarbiHaarbl TYHTI
acrnaHHbIH TemmnepaTypacbl MeH 3MMWUCCUMACBIHBbIH M3HAepiHe Kaiita ecenTenreH. [epekTepgi 6actankbl eHAey
HaTuXeciHAe SATI-ge 2010 xbingaH 2016 >kbinra gewH enweyau, 6 Xblabl ilWiHAe Me3ocdepaHblH eH Korapbl
TeMrnepaTypacbiHbiH M3HIH 87 KM 6WKNKTe asalTy YP[ici 6ennneHreH,6¥n peTTe 0/ Kapalua-XenToKcaHia
MaKcuMymra ve.

Ocbl GarbiTTa 6i3 OpblHAaraH 3epTTey/ep MblHaapAbl >kacayra MYMKIHAIK 6epfai: >xepgeri (uM3MKasibIK
npouecTepai 3epTTey 6olibiHWA MiHAETTEPAI LIeWyre apHasraH Xaua ajictep, anroputMaep MeH bargapnamanap,
anaTTbl OKMranapfbl Koca ajraHga, 6ainaHbICTbl Me3octepaHblH OMIKTIFIHAEri acnaHfbl >Xapy BapuauusiCbIHbIH
fepekTepi 60MblHLIA aKyCTUKO-rpaBUTaLUsANbIK TONKbIHAAP AManasoHbiHAa aTMocdepaHblH TONKbIHABIK TOMKYbIH
Tangay HerisiHge. ATan aiiTKaHfa, oCbl 6aKblnaynapgblH H3TVKenepi 60iblHWA AnMaTbl eHipiHIH epeKLenTH
ecKepe OTbIpbIN, 0/1apAbl aTMocdepaHblH Xoraprbl KabaTTapbiHa TapaTyblH HaKTbl XXep Y i Ke3flepiHeH akycTuKa-
rpaBUTauMANbIK TONKbIHAAPAbI FreHepauusanay TUIMAINIriH ecenTey anropuTMaepi xxacaigbl.

Mesocthepagarbl KosranatblH TOMKbIHAbIK aybITKY/MapAblH MLLUE3-K¥NKbIH aHbIKTay MaKcaTbliHAa, Cco-phase
TexHuKacbl peTiHge 6enrw dypbe TYpreHLIiPYAiH MognduKauusanaHraH anroputmi kemenmeH SATI gepekTepiH
eHfeyre MYMKIHAIK 6epeTwl KaxeTn bargapnamanbiK KamTaMachl3 eTy Xacangbl. B 6argapnavasibik KamTamachI3
€Ty KO3raniaTblH TOMKbIHABIK aybITKY/1apibl aBTOMaTTbl TYPAe aHbIKTayra, Tapany 6arbiTbiH, TO/IKbIH Ke3eHi, Tapany
XMNgamapirbiH kaHe SATI onTuKanbliK enwemaeplily, AepekTepi 60libliHWA TOMKbIH Y3bIHAbIHBIH aHbIKTayra
MyMKLUJaK 6epegi (TemnepaTypa M3aHi XaHe rmapoKcua aMuccuschl). TipKeNreH TONKbIHABIK aybITKynapabl Tangay
6apnblK 6aKbliay KesewHAe aKyCTUKa-rpaBUTauusasblK TOSKbIHAAPra T3H TOMKbIH Y3blHAbIHbI GolibiHWA 6enygi
KepceTTi. Mesoctepagarb! TipKenreH HapasblibIKTapAblH eH Ken caHbl WwamameH 100-200 KM, TONKbIH ~3bIHAbITbI
YwiH wamameH 350-400 km 6aiikanagbl.

SATI pepekTepi 6oibiHWa Me3octepasarbl aKyCTUKO-rpaBUTauMsAIbIK TOMKbIHAAPAbIH KYPH-TAPbICbIHbIH
(PoHAbIK epekwenikTepiH 6eny YwWwiH ocbl 6akblnaynapgbliH 6apnblk Kesew, 5 xbin (2010-2015 >K.) maycbim
6olibiHWa 6enwreH. TipKenreH akycTuKa-rpaBUTaUMsAIbIK TONKbIHAAPAbIH 3pTYpPAi Maycbimgapra Tapaay 6arbiTbl
6oliblHWa 6eniHyi 3epTTeng” aKyCcTUKa-rpaBUTAUMANbIK TOMKbIHAAPAbIH - Tapany 6arbiTTapbl  MayCbIMAbIK
Tayenginikke ne ekeHiH KepceTTi, acpece 6”1 LWbIMbIC XX3HE 6aTbIC 6arbiTTa KosranaTblH ayblTKynapra KarbICTbl.
BaTbIC X3He oW YCMNK-0WYCNK-6aTbIC X3He LWbIFbIC-coNTY CTiK-LWbIFbIC MakecumyMaapabl 6enw Kepcetyre 6onagbl.
Batbic Tapany 6aFbiTTapbiHAa 6apnbik maycbiMga 6aiikanagbl. OHTYCTiK-OHTYCTIK-6aTbIc MakKCMyM HeM3LUeH
KbICTa X3He KY3ae FaHa b6avikanagpl. LLbIFbic-conTYCTik-LWbIFbIC KepiciHLe, KeKTeMri-Xa3Fbl ailnapga, 6ipak 6apnbik
Maycbimga 6ap. >Xannbl anFaHfa, TONKbIHAAPAbIH Kenwiniri Kbicta 6artbic, an xXasfja LUbHbic 6aFbITbl 6ap.
Ocblnaiiwa anblwaH ToNKbIHAbIK aybITKyapiblH cunatTamanapbl 5 xbin 6oiibl SATI-ge TepakTbl 6akbliaHagbl Aen
caHayFa 6onagbl.

TyLWH ce3fep: mMesochepa, aTMochepa, aKyCTMKa-rpaBuTaLmAibIK TONKbIH.

B. M. Comcukos, A. b. AHgpees, B. . KanbiTuH, C. H. MykKalueBa

MHCTUTYT noHochepbl, HaunoHanbHbIN LEHTP KOCMUYECKUX UCC/IeA0BaHWNI
n TexHosornii, Anmatbl, KaszaxctaH

NMOBEAEHUVE AKYCTUKO-TPABUTALUWMOHHbBLIX BOJIH
B OBJTACTU ME3OC®EPbLI HA KASAXCTAHCKWM PETMOHOM

AHHOTauma. Hanbonee cnoxHom Ana n3yyeHnsa obnactbio aTMoctepbl ABASETCA Me3ocdepa, nexalas Mmexay
HUXHen aTMocepoit M MoHOCHepHbIMM BbICOTaMKU Ha BbicoTax OT 40-50 go 80-90 km. CocTtaB Me3ocephbl, ee
TEMMNepPaTyPHbIA PEXMM, MPOUCXOAALLNE B HE XMMUYECKUE N AMHAMUYECKME MPOLECChl, BCe 60Mblue MHTepPeCcyoT
reo)3nKoB B CBA3N YyBCTBMTE/IbHOCTbIO 3TOM aTMocepHOW 061acTn K Bapuaumsm COTHEYHO aKTUBHOCTU, XUMUN
MeTEOPHbIX MeTasI/I0B, N3MEHEHUAM KnMata 3eMn 1 JONITOCPOYHOMY aHTPONOreHHOMY BO3[eCTBUIO.

B HacToALllee Bpema akKTUBHO WCC/EAYeTCA PO/b aKyCTUKO-TpaBUTaLMOHHbLIX BOMH B MepeHoce 3Heprumn us3
Tponocgepbl B Me30CHEPY W HUXHIOW Tepmocdepy: W3MeHeHWe NPUAVBOB U OT/IMBOB B MOHOCKepe, Bapualmu
030Ha B BepxHeli Mesocdepe, CBA3aHHble C BHe3arnHbIM MOTeMNseHMeM CTpaTocepbl, a TakKXe akKyCcTUKO-
rpaBUTaLMOHHbLIE BOMIHbI B TepMoctepe W MOHOC(epe, CBA3AHHblE C TPOMUYECKUMM UMKIoHamu. [posogAaTtca
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paboTbl MO CO3[4aHUI0 N COBEPLUEHCTBOBAHWMIO TPEXMePHbIX rno6anbHbIX MOAenei mesoctepbl U Tepmocdepbl C
Yy4YeTOM MHOFO/IETHUX Ha3eMHbIX W CMYTHUKOBbIX U3MEPEHWNIA refino-reon3nyecknx napaMmeTpoB.

B KasaxctaHe y>xe 6osee 10 neT BbINONHANOTCA uUccnefoBaHUA 3deKToB B 06s1acT Mesochepbl Ha 6ase
COBPEMEHHOro onTmyeckoro cnektpomeTtpa SATI (Spectral Airglow Temperature Imager), KOTOpbIli yCTaHOBJ/IEH Ha
BbICOKOrOPHOM KoMrsiekce VIHCTUTYTa MoHocdepbl - paguononuroHe «OpbuTa» Ha BbicoTe 2730 M Haf YPOBHEM
mops [43°03'30"'N, 76°58'24"E].

B HacTosweli paboTe npuBeAeHbl pe3y/nbTaTbl HENPEPbIBHbLIX PAfOB ONTUYECKMX CMEKTPOMETPUYECKNX
HabnwpeHnn 3a nepuog 6onee 6 net ¢ 2010 r. no 2016 r., C UMbl BbISBAEHUS CTaTUCTUYECKM 3HAYUMbIX
3aKOHOMEPHOCTEeW B MOBEAEHMNM aKyCTUKO-IFpaBMTaLMOHHbIX BOJTH Ha BblCOTax Me3ocdepbl.

B kauecTBe nepBM4YHOM 06paboTKM faHHbIX CNeKTPa/ibHble N306paxKeHns NHCTpyMeHTa SATI nepecynTaHbl B
3HayYeHNs TemnepaTypbl M 3MWCCUMM HOYHOro Heba ob6nacTu Mesocepbl. B pesynbTaTe nepBUYHON 06paboTKu
JaHHbIX 3a 6 neT m3mepeHunin Ha SATI ¢ 2010 no 2016 r. ycTaHOB/MeHa TEHAEHUMSA YMEHbLUEHUS 3Ha4YeHui
MaKCUMMa/ibHOM TemnepaTypbl Me3octepbl Ha BbICOTe 87 KM, NPV 3TOM OHa MMeeT MakKCUMyM B HOsi6pe-geKabpe.

BbINoMHEHHbIE HaMW UCCNefoBaHUSA B JaHHOM HanpaBfeHWW M03BOAWAM pa3paboTaTb: HOBeliLlMe MeTOAbl,
aNropuTMbl M NporpaMmMbl A1 PeLleHnsa 3afay no UccnefoBaHMio (U3NMYeCKMX MPOLECCOB Ha 3emsie, BKOYas
KatacTpoduyeckne cobbITUS, Ha OCHOBe aHanM3a BOJIHOBbIX BO3MYLLEHWI aTmocepbl B AuanasoHe akyCTUKO-
rpaBUTaUMOHHbIX BOIH N0 AaHHbIM Bapuauuii CBeveHWs Heba Ha BbicOTax Me3ocdepbl CBA3aHHbIX. B yacTHOCTU, Mo
pesynbTaTam 3TUX HabnlAeHWA co3jaHbl  airopuTMbl  pacdeTa 3(MMEKTUBHOCTM  reHepaumy  akyCTUKO-
rpaBUTaLMOHHbBIX BOMIH OT KOHKPETHLIX Ha3eMHbIX UCTOYHMKOB NX pacrnpocTpaHeHWs B BEpPXHUE Comn aTtmocdepbl ¢
YYEeTOM cneuntmky ANIMaTUHCKOro permoHa.

C uenbio onpefeneHns MoBeAeHNSA MepeMeLLaloLMxcs BOSIHOBbIX BO3MYLLEHWA B Me3ocepe, Obi10 cO3faHO
HeobxoAMMOe nporpamMMHoe obecneyeHue, MO3BONAOLWee ob6pabaTbiBaTb fAaHHble SATI ¢ NOMOLbIO
MOAMKDMLMPOBAHHOIO anropMTmMa npeobpasoBaHna Pypbe, M3BECTHOIO Kak TeXHMKa co-phase. 3To nporpamMmHoe
obecneyeHne MO3BOMISAIET aBTOMATUYECKU BbIABNATL MepPeMELLAlOWMECA BOMHOBbIE BO3MYLLEHWUS, OMpeAensTb
Hanpas/leHVWe pacrnpocTpaHeHWs, Mepuof BOJIHbI, CKOPOCTb PacrpoCTpaHeHWs W [AIVHY BOMHbI MO  JaHHbIM
onTuyecknx nsmepeHmnii SATI (3Ha4eHUn TemnepaTypbl K 3MUCCUN TUAPOKCKUAa). C MOMOLLBIO faHHbIX NPOrpamm
6bIIM 06paboTaHbl pe3ynbTaTbl M3mepeHnid SATI 3a nepuog ¢ 2010 r. mo 2016 r. AHanum3 3aperncTpuMpoBaHHbIX
BOJIHOBbIX BO3MYLLIEHWIA 3a BeCb Nepuoj HabnwgeHns nokasan pacrnpegesneHne no 4avHam BOJH, XapaKTepHoe A1
aKyCTUKO-rpaBUTaLMOHHBIX BOSH. [OKa3aHo, YTO MaKCUMa/lbHOe KO/IMYeCTBO 3aperMcTprMpoBaHHbIX BO3MYLLEHWI B
me3ocepe MMeeT AnMHY okoso 100-200 kM, HabnoLaeTCs 3aMeTHbIV OTAeNbHbIV MUK AN ANWH BOAH oKono 350-
400 Km.

Ona BblgeneHnss (HoHOBbIX 0CO6EHHOCTElM MOBEAEHUSA aKyCTUKO-TpaBUTaUMOHHBLIX BOMIH B Me3ocdepe Mo
JaHHbIM SATI, Becb Mepuoj faHHbIX HabnoaeHuin 3a 5 net (2010-2015 rr.) pas6uBancsa No ce3oHam. M3y4yeHo
pacnpefenieHve 3aperncTpupoBaHHbIX aKyCTUKO-TpaBUTaLMOHHbLIX BOMH MO HanpaB/eHUI0 PacnpocTpaHeHnsa AnA
pasHbIX Ce30HOB, MOKa3ano, 4YTO Harpas/ieHUA pacrnpocTpaHeHWss aKyCTUKO-TPaBUTALMOHHBLIX BOSIH UMeT
Ce30HHYI 3aBMCUMOCTb, OCOOEHHO 3TO KacaeTCsd BO3MYLUEHWA, [BUraloWMXca B BOCTOYHOM W 3anagHoMm
HanpasfieHun. MOXKHO BblfeNnTb 3anafHblil U HOr0-t0ro-3anafHblii 1 BOCTOYHO-CEBEPO-BOCTOUHbI MaKCUMyMbI.
3anagHblii MakCMMyM B HanpaBfeHWsX pacnpocTpaHeHUss HabniofjaeTcs BO BCe Ce30Hbl. HOro-ro-zanagHblil
MaKCcMMyM HabntofaeTcss B OCHOBHOM TO/IbKO 3MMOI M OCeHbD. BOCTOYHO-CEBEPO-BOCTOUHbIA HA060pOT, UMeeT
MaKCUMasbHYIO BE/IMYUHY B BECEHHe-NIETHNE MECALbI, XOTA U NPUCYTCTBYET BO BCE CE30HbI. B LeNoM 60/1bLUMHCTBO
BO/IH MMeIOT 3MMOI 3anafHoe, a /1eTOM BOCTOYHOe HanpasseHuve. [MonyyeHHble TakuM 06pasoM XapaKTepucTUKM
BOJTHOBbIX BO3MYLLIEHUI MOXHO CYMTaTb HA6MOAAOLWMMUCA PEryApHO, Ha NPOTSHXKeHUN 5 NeT nsmepeHunii Ha SATI.

Kniouesble cnosa: mesocdepa, atmocgepa, akyCTUKO-TpaBUTaLMOHHasA BOSHA.
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