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VARIATIONS OF LOW ENERGY NEUTRONS
AND EARTH'S SEISMOACTIVITY

Abstract. The results of the study of variations in the intensity of slow neutrons at the high-altitude Tien-Shan
cosmic ray station (3340 m above sea level, 20 km from Almaty) are presented. The effect of cosmic and
geophysical events on the flux of thermal and epithermal neutrons was successively analyzed. The comparison was
made with well-known variations of high-energy neutrons of galactic origin recorded by the 18NM64 monitor. Like
the 18NM64 neutron monitor, the installation for detecting thermal and epithermal neutrons is located near the
Zailiysky fault of the earth's crust.

It has been established that, in the absence of seismic activity, the variations of thermal neutrons on the earth's
surface are of the same nature as the high-energy neutrons recorded by the monitor 18NM64. However, during the
activation of seismic activity, the frequent breakdown of the correlation between the intensity of thermal and high-
energy neutrons was noted. The cause of this phenomenon is the additional thermal neutron flux of the lithospheric
origin, which appears under these conditions. It is shown that the amplitude of the additional thermal neutron flux
from the Earth's crust is equal to 5-7% of the background level.

A difference was found also in the spectral composition of variations of slow and high-energy neutrons in the
range (2 107~ 2 10-6) Hz. Variations, due to the gravitational influence of the moon, are present throughout the
12-year period of research of thermal neutrons. The amplitude and its dynamics were determined. The analysis of our
catalog of earthquakes in the vicinity of Almaty with an intensity of > 3 points showed that ~ 65°70% of these events
occurred during the full moon or new moon.

Key words: cosmic rays, variations of thermal and of high-energy neutrons, seismic activity, earthquakes.

Introduction. Active study of near-Earth space using data on the registration of the intensity of the
neutron component of cosmic rays began in sixties of the last century after the International Geophysical
Year, 1957-1958. An international network of ground-based standard neutron monitors was organized
mainly on the basis of proportional counters, the gas filling of which includes boron trifluoride enriched
with boron isotope 10B. The counting efficiency is determined by the probability of neutron capture by
boron nuclei. It is maximum for neutrons of thermal energies. However, low-energy neutrons are more
susceptible to the influence of the surrounding geophysical environment. Since neutron monitors were
designed to study outer space outside the Earth’s atmosphere, the counters are surrounded by polyethylene
to reflect thermal and slow down fast neutrons, and lead is used to increase the counting rate due to local
neutron generation. The high-mountain Tien-Shan neutron monitor 18NM64 (3340 m above sea level) has
been included in the international network since 1973 and registers high-energy neutrons (above
200 MeV) of galactic origin with high statistical accuracy, counting rate ~5T06 imp/hour. By now,
variations in the intensity of high-energy neutrons and their sources are quite well studied.

Thermal neutron measurements have long been episodic in nature. The interest in measuring thermal
neutrons increased after the detection of their bursts in the Pamir and Tien Shan during the extreme
gravitational impact on the Earth's crust from the Moon and the Sun (new moon, full moon, solar eclipses)
[1-3]. It was supposed that the earth’'s crust, undergoing mechanical action, displaces the stocks of
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radioactive gases of radon isotopes. In the process of radioactive decay, alpha particles are formed that
interact with the nuclei of the elements of the earth's crust and air with the formation of neutrons. An
experimental confirmation of the existence of variations in the background thermal neutron flux associated
with lunar periods was also presented by the authors of [4].

The stationary installation for detecting thermal and epithermal neutrons at the high-altitude Tien-
Shan cosmic rays station was created and put into operation in November 2006. Like the 18NM64 neutron
monitor, it is located in a seismically active region near a fracture of the earth's crust. Studies of variations
in the intensity ofthermal neutrons have shown the promise of their use for the diagnosis and prediction of
earthquakes in seismically active regions [5].

Experimental complex for detecting thermal and epithermal neutrons

The detector of thermal neutrons (DTN) is composed of two modules. Either module includes six
proportional counters filled with the mixture of helium-3 gases and argon. One module (DTN1) is
installed in one the building with 18NM64 standard neutron monitor; the second module (DTN2), 10 m
from the building in a light plywood container. The modules are fed separately and are independent. The
principled difference between thermal neutron detectors and the neutron monitor is the absence ofthe lead
and the absorber, that reflects thermal and slows down fast neutrons. Thermal neutron detection efficiency
~ 60%. The counting speed of the module installed inside the building is ~ 6.8 « 104 imp / h, and the
external ~ 4.9 « 104imp / h, the time resolution is 10 seconds.

The effect of atmospheric and interplanetary disturbances on the intensity of thermal neutrons

Placing the thermal neutron detectors beside with the neutron monitor, 18NM64, made it possible to
compare changes in the thermal neutron flux with well-studied variations of high-energy neutrons, caused
by atmospheric and interplanetary sources. The study showed that regardless ofthe energy of the recorded
neutrons, all detectors react in the same way to changes in atmospheric pressure; an increase in pressure
leads to a decrease in the counting rate of both high-energy neutrons and thermal neutrons, figure 1 (left
panel). A decrease in pressure leads to the opposite effect in the neutron intensity. High correlation
coefficients (K = 0.97 for detectors inside the building and K = 0.84 for the external module, DTN2 ) with
the neutron monitor, the similarity and amplitude ofthe response to changes in atmospheric pressure made
it possible to draw the conclusion about the atmospheric origin of the recorded neutrons. This conclusion
makes it possible to use the barometric formula for the correction of high-energy neutrons also for
neutrons ofthermal and epithermal energies.

Figure 1- Values of atmospheric pressure, the intensity of high-energy and the thermal neutrons
(left panel - without pressure correction, right panel - with correction), March - April, 2015

Also, regardless of the energy of detected neutrons, all detectors react in the same way to disturbances
in the interplanetary space caused by the coronal masses ejection (CME). It is known, that the ejection of
solar plasma with the frozen-in magnetic field forms a shock wave in interplanetary space, which acts like
a giant piston, "sweeping out™ galactic cosmic rays and causing magnetic storms on Earth. Ground neutron
monitors at this time register a decrease in the intensity of cosmic rays (Forbush-effect) or changes in
intensity caused by a geomagnetic storm, figure 1(right panel).
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The effect of activation of seismic processes on the intensity of thermal neutrons

The presented results in the previous section confirm the conclusion about the genetic connection of
thermal neutrons with high-energy neutrons of galactic origin in seismically calm conditions [3].
However, during the activation of seismic processes, the synchronism of variations in the intensity of
thermal neutrons and high-energy ones is broken, figure 2. The moment of the main shock of the
earthquake is marked by the vertical line.
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Figure 2 - Variations of thermal and high-energy neutrons, April - May 2011

Almaty is surrounded by a number of potential sources of strong earthquakes, therefore, the diagnosis
and forecast of seismic activity will always be relevant for residents of the city and its environs. The study
of the measured geophysical parameters was conducted during periods of activation of seismic processes
in order to identify earthquake precursors. The catalog of seismic events for analysis included
32 earthquakes perceptible in Almaty with an intensity of > 3 b. When compiling the catalog, the
information presented on the website of the Institute of Geophysical Research, National Nuclear Center,
IGRNNC RK (http://www.kndc.kz) was used.

Variations of atmospheric and interplanetary origin in the intensity of thermal neutrons are excluded
by simple mathematical transformations, considering that they are similar to variations of high-energy
neutrons. Figure 3 presents the calculation results for three periods accompanied by earthquakes. There are
no low-frequency trends or daily variations, but a significant increase in the thermal neutron flux on the
eve ofthe earthquake or immediately after it is obvious. It was found that ~ 60% o f earthquakes in Almaty
with the intensity of > 3b during the period 2007-2018 were accompanied by the increase in the intensity
of thermal neutrons, but on the eve of earthquakes of such events ~ 25-30%. It is also obvious that the
lithosphere is the source of the additional flux of thermal neutrons during the activation of seismic
processes. The amplitude of the additional thermal neutron flux of the lithospheric origin is equal to 5-7%
of the background level. Sometimes it reaches values of 10-12%. The conclusion of authors [3, 5] about
the possibility of using thermal neutron registration for the diagnosis and prediction of earthquakes is
confirmed. However, a necessary condition for this is the synchronous registration of high-energy
neutrons.
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Figure 3 - Variations of thermal neutrons intensity of lithospheric
origin during seismic activity 25.12.2006, 08.04.2009 and 28.01.2013

The gravitational effect of the moon on the intensity of thermal neutrons

The identify of periodic variations of thermal neutrons was carried out by spectral analysis using the
Blackman-Tukey method in low-frequency ranges (2 10"72 10"6) Hz and (7 10"6"7 10'5) Hz. [6]. It is in
these ranges that the spectrum of the most well-known variations of high-energy neutrons of galactic
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origin is located: daily, 27-day. The daily variation is well stands out both in the intensity of high-energy
neutrons and in the intensity of thermal neutrons. The spectral analysis of periodic variations of thermal
and high-energy neutrons showed the difference in the distribution of spectral estimates in the low-
frequency range (2 « 10-7” 2 « 10-6) Hz. In this range, the 27-day variation is a known spectral component
in the intensity of high-energy cosmic rays of galactic origin. However, we did not find this periodicity
either in the intensity of high-energy neutrons or in thermal neutrons during the 24th cycle of solar
activity, 2009—2018. Its absence is due to the extremely low solar activity of only 24 cycles.

The stable spectral peak is detected in the intensity of thermal neutrons at a frequency corresponding
to the period of 29.5 days (synodic, lunar month) throughout the entire 12-year period of research of
thermal neutrons, Figure 4. This variation is due to the gravitational influence of the moon on neutrons of
lithospheric origin. The difference in the total annual paths of the Moon and the Sun, reduced to the same
time, gives the duration of the average synodic revolution of the Moon, or lunar month, of 29.531 days,
during which the Moon returns to its previous position relative of the Sun.

Frequency f, (3day)’ Frequency f, (3day)'1 Frequency f, (3day)” Frequency f, (3day)”

Figure 4 - Power spectra of variations of high-energy (18NM#64) and thermal neutrons (DTN) in the range
(2+ 1072 « 106) Hz

In the intensity of high-energy neutrons, this variation is not detected throughout the study period,
which indicates an additional, internal source of thermal neutrons (lithosphere). The stability of the
spectral peaks was tested using three low frequency filters of different lengths. In the power spectra of
variations of thermal neutrons, the spectral peak corresponding to the synodic month is stable, which
confirms its reliability, in contrast to low-frequency peaks in the spectra of variations of high-energy
neutrons.

The method of complex signal demodulation was applied to determine the amplitude of the lunar
variation with the period of 29.5 days in the intensity of thermal neutrons [7]. It varies within +/- 0.9% of
the average with an apparent semi-annual periodicity during the entire research period. The results of
calculations for three years are presented in the figure 5.
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Figure 5- Temporal scan of the periodicity of 29.5 days of thermal neutrons intensity for 2009-2011
The analysis of our catalog of earthquakes in the vicinity of Almaty with an intensity of > 3 points

showed that ~ 65°70% of these events occurred during the full moon or new moon (+/- 1~ 2 days). The
correlation between bursts of thermal neutrons, the phases of the moon and seismic activity was
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previously noted by the staff of the Research Institute of Nuclear Physics, Moscow State University in the
Pacific seismic ring [8].

Conclusions. The study of variations in the intensity of thermal (epithermal) neutrons at the high-
altitude station of the Tien Shan, located near the fault of the earth's crust, showed that this geophysical
parameter can be used in predicting earthquakes. However, the necessary condition for this is the
synchronous registration of high-energy neutrons to highlight variations of lithospheric origin. It is
recommended that the forecasting also take into account the amplification of the gravitational effect of the
moon during full moons and new moons.

The work was carried out in accordance with RBP-008 "Development of space technologies for
monitoring and forecasting natural resources, technogenic environmental changes, creation of space
technology and ground-based space infrastructure, research of long-distance and near-space objects"
under the theme «Development of methodsfor the diagnosis and prediction ofgeoactiv events based on
measurements of the parameters of the ionosphere, mesosphere, atmospheric electric field and thermal
neutrons» (2018-2020), registration number (RN) 0118PK00798.

B.MM. AHTOHOBa, C.B. Kpokos, B.}O. JlyueHko, A.M. Manuwmbaes
EXKLLC «VoHocgepa MHCTUTYThI» «¥3TO» AN, AniMaTbl, KazaKCTaH

A3 QHEPTUANbI HENTPOHAAPABLIH BAPUALIMATAPDI
YKIOHE XXEPALL CENCMUKABIK BEACEHA1N1IL

AHHOTauma. 2006 >blibl KapawacbiHAa OLW KAKTEeN rapbiWThiK C3yenw CTaHUUSAAa Xbly TePMUSNbIK XX3HE
ANUTEPMUSANbIK HEATPOHAAPAb! aHblKTayra apHairaH CTaumoHap/blK KOHAbIPrbl Xacanbin, naiganaHyra 6eplngl.
18NM64 HelTPOHAbI MOHUTOPbI, X0rapbl 3HEPrusAabl HEWTPoOHAAP cuAKTbl, 01 ConTYCTIK TAHb-LLaHb TaynapblHia
(Tews3 peureitiHeH 3340 m 6WIKNKTe, AnMaTbigaH 20 KM) 3au/IMACKNUIA >KapblbICbIHbIL, XXaHbIHAA CEeACMUKa/IbIK
6enceHfi >kepae oOpHanackaH. >Xblly HeWTPOHbIHbIY AeTeKTopnapbl MeH 18NM64 HeliTpoHAbl MOHUTOPbIHBIL,
apacbiHarbl Hensn arblpMallbl/iblK KOPraHbIC MeH ciuipriw 3aTTeiy 601Maybl 60/bIiM Tabblnagbl, 0N XblLlyapbl
GeliHeneni >aHe ranakTUKabIK LWbITYY Ten Te3 HeNTpoHAapabl 6asynatagbl. TepMuanbiK HeATPOHAAPAbIL,
KapKbIHAbIMbITbIHbIL, €3repyiH 3epTTey OfapAbll, CeMCMUKanbiK 6eficeHai  aliMakTapfarbl Yep CinKiHicTepiH
OMarHocTMKanay »>aHe 0o0/mkay YWIiH naiganaHbliatbiHgbIrbiH M pceT. Bbyn Makanaga rapbilTbliK >K3HE
reohnsnKanbiK 6y3blly Ke3fepiHil TEPMUSANbIK X3HE ANUTEPMUSIbIK HEMTPOHAAP arbiHbIHA 3CePiH AaeKTi Tangay
HAOTUXeNepi KenTipinrex.

18NM64 HeATPOHAbI MOHUTOPAbIL, XXaHbIHAA Xbl/Ty HEMTPOHAbIK LeTeKTOPNapbliH OPHANacTbIpy Xblly HeATPOH
arbiHbIHbIL, e3repyiH aTMmocepanbliK >K3He MaHeTaapasiblK Ke3gep 3cepiHeH naivga 6osraH >korapbl 3HepPrussbl
HeliTpoHAapAbIL, e3repyiepiMeH canbICTbipyra MYMKIHAIK 6epgi. 3epTTey KepceTKeHen, TipKenreH HeliTpoHAapAbiL,
3HepruacbiHa KapamacTaH, 6ap/blK AeTeKTopnap aTtMoctepasiblK KbICbIMHbIL, e3repyiHe 6ipaei >kayan 6epegi.
CoHbIMeH KaTap, 6apnblK feTeKTopnap TaX4XK MaccaHbil wbirapbiiybiHad (CME) TyblHAaraH nnaHeTaapasblk
KeLicTikTeri 6ysblnynapra 6ipgein xayan 6epefi. XXbisly HEMTPOHbIHbIL, AETEKTOP/bIK M3/1IMETTEPIHIL, HEATPOHAbI
MOHUTOPAbIL, fepeKTepiMeH Xorapbl KOppenaums KoapouumeHTT TipKenreH HenTPOHAApAbIl, aTtmochepasbik
WhIry Teri Typanbl KOPbITbIHAbI Xacayra MyMKIHAIK 6epgi. 3epTTey HITWKenepi >blly HelRTPOH4APbIHbIL,
ranakTuKasblK LWbITY Teri >Korapbl 3HepreTUKaablK HeWTPOHLAPMeH CeNCMUKabIK ThbIHbIWTBIK >KarfadibiHaa
reHeTUKasIbIK 6alifaHbICbl Typasibl KOPbITbIHAbIHbLI pacTagbl.

Anainfa, ceficMUKanblK MpoLUecTepAil, aKTUBTEHYIMEH XXbIly >K3HE >KOrapbl 3HEprusifibl HelTPOHAApAbIL,
KapKbIHAbIIbIHbIHAArbI  Bapuaumanapipil, CUHXPOHM3MI Oy3blnaTbiHAbITbl aHbikTangbl. XKblny HeRTPOHAAPbIHbIL,
WHTEHCUBTLWINHAEN aTMoctepanblK >K3He MaHeTaapajblK LUbIFY e3repicTepi Kapanmaibiv 3HepreTUKabIK
HeliTpoHAapabIL, esrepyiHe ykcac 60/raHblKTaH kapanaliblM MaTeMaTUKabIK KaiiTa Kypy/iapMeH >olibliagbl.

>Kep clicwieH KeliHri YLl Keseueri ecenTey HaTvdKenepi KenTipinreH. TeMeH XninikTeri TpeHATep HeMece
TIYTKNK aybITKynap »OK, 6ipak >Xep ClW WA KapcaublH4a Hemece 0N Maiga 60AraHHaH KeiliH >Kbliy
HeliTPOHAAPbIHbIL, arbiHbIHbIL, ef3yip apTybl. 2007-2018 >xbingap apanbirbiHga AnmaTblgarbl Xep CiNKiHICiHILY ~
60% 6onaTbIHAbIHbI > 3b 6enrini 6014bl, Xbily HEATPOHAAPbIHbIL, KapKbIHALITMIbIHbIL, apTKbl geureifeH 5-7% - ra
apTybIMeH KaTap XYPAi, )X3He 0CbIHAal OKuranapgbly, Xep cliwwa KapcaubiHga ~ 25-30%. CoHpali-ak, nutochepa
celicMMKanbIK NPoLecTepil, akTUBTEHYI Ke3iHAe KOCbIMLLA XblNy HEATPOHAbLIK arblHbIHbIL, Ke3i 60/1bIN Tabblnagpl.

XKbInynblK HeMTpoHAApAbIL, Mep3imMAi e3repicTepi TeMeH XMWiMiK guanasoHbiHga (2 107 N 2 106) Iy >K3He
(7 106~ 7 105 Ny -pe BnakmaH-TyKel cnekTpAiK Tangaybl apKbiibl aHbIKTangbl. XKblly XX3He Xorapbl 3Heprusisibi
HeliTpOoHAapAbIL,  MEepPUOATLI  e3repynepiHil,  CreKTPNiK aHanusi  CheKkTpnik 6aranapgpll,  TapaayblHAArbl
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alibipMaLlblbIKTbl KepceTn. (210-7" 210-6) My, TepMusnbiK HENTPOHAAPAb! 3epTTeyal, 12 xbingblk Kesewy 1uilHge
29,5 "H (CMHOATbIK, aifblK) Ke3eure C3MKeC KeneTw XXWULIKTEN >Xbl1y HEATPOHAAPbIHbIL, WHTEHCMBTLUMHLY,
e3repylleH TypaKTbl CMEKTP/X LWbIL aHbiKTangpl. Byn  esrepio  aifbly nuTochepanblK  HelTpoHAapra
rpaBuTauMsanbiK acepwe 6aiinaHbiCTbl. XKorapbl 3HepPrusnbl HeATPOHAAPAbIL KapKbIHAbUIbITbIHAA OyNn e3repio
6enwbeng” KeweHal curHangbl gemogynsaumsa sara 29,5 Taynw Kesel, 6ap aigbil e3repy amnimTygacbliH XK3He
OHbIL, AMHAMWKaCbIH aHblKTay YLiH KonjaHbingbl. AnMarbl MaublHAa OpHaslaCKaH >Kep afilllia KaTalorbiHbIL,
Tangaybl > 3 6anra feiiH, ~ 65-70% To/bIK aii HemMece Xaua ali KesiHae 601raHbIH KEPCETTiI.

CoHbIMeH, TAHb-LLlaHb 6L KAKTEeN CTaHUMACLIHAA Xbly XX3He anMTeMasibfbl HeMTPOHAAPAbIL, KapKbIHAbLIbI-
rbiH4arbl Bapuauusnapabl 3epTTey 6yn reoumsmkanblK MapaMeTpdi Xep CifKiHiCiH 6o/mkayfa KongaHyra
6onaTbIHAbINbIH KepceTTi. Anaiiga, nutoctepanbiK LbIFy Teri BapvauusicbiH ecentey Y™m >korapbl 3Heprussbl
HeliTpoHAapAbl CMHXPOHAbLI TPKey 6y YLWiH KaokeTTi wapT 60/bin Tabblnagbl. Bomkamga COHbIMEH KaTap TO/bIK ai
X3He aLa ali Ke3Bje aifpll, rpaBUTaLUsabIK 3CepLU ecKepy YCbiHbLIabI.

TywH ce3fep: rapbILThIK C3Yy/enep, XbUTy dX3He XOorapbl SHEPreTUKabIK HeMTPOHAAPAbIL, Bapyauysiapbl, CeACMUKasbIK
6enceHaiNiK, Xep CIfKiHic.

B.M. AHTOHOBa, C.B. Kpokos, B.1O. JlyueHko, A.M. Manuvbaes
OTOO «MHCTUTYT noHochepbl» AO «<HLUKWNT», Anmatbl, KasaxcTaH
BAPVALUWNN HEMTPOHOB HU3KNX QHEPTUN N CEMCMOAKTUBHOCTbL 3EM/IN

AHHOTaumsa. CrauymoHapHas YCTaHOBKa A/ Perucrpauuu TennoBbIX W 3NUTENNOBbIX HEWTPOHOB Ha
BbICOKOTOPHOW CTaHUMM KOCMUYECKMX ny4eli 6blna co3gaHa U BBefeHa B aKCMnyaTauuio B Hosiope 2006 roga. Kak u
HEMTPOHHbIN  MOHUTOP 18HM64, perncTpupyroWmnii  BbICOKOIHEPTUYHbIE HEWTPOHbI, OHa pacrosiokeHa B
CeiCMMYECKN aKTUBHOM paiioHe B61M3M 3auIMINCKOro pasfioma 3eMHOM Kopbl B ropax CeBepHoro TAHb-LLaHA (3340 m
Haf, ypoBHemM Mops, 20 KM OT AnmaTtbl). MpuHUMIManbHas pasHuua Mexay LeTeKTopamu TennoBbIX HelAiTPOHOB U
HEMTPOHHBLIM MOHMTOPOM 18NM64 3akniyaeTcsd B OTCYTCTBUM CBMHLA W MOFMOTUTENS, KOTOPbI OTpakaeT
TennoBble W 3aMeansieT ObICTPble HEWTPOHbl FalakKTUYeCKOro MNPouCXoXgeHus. VKccnegosaHus Bapuwauuii
WHTEHCMBHOCTM TEeM/0BbIX HEWTPOHOB MOKa3a/M MNepcreKTUBHOCTb WX WCMOMb30BaHWS ANA AWArHOCTUKK 1
NMPOrHO3MPOBAHUSA 3eMJ/IETPSCEHNIT B CEMCMUYECKU aKTWBHbIX pervoHax. B pgaHHOW cTaTbe npefcTaBfeHbl
pe3ynbTaThl NOC/EA0BATE/IbHOIO aHanM3a BAUSHUSA KOCMUYECKUX M Feo(U3NyecKMX UCTOUHMKOB BO3MYLLEHUIA Ha
MOTOK TEM/I0BbIX 1 3NUTEN/IOBbIX HEWTPOHOB.

PasmellleHNe [eTeKTOPOB TEM/OBbIX HEWTPOHOB PSAOM C HEWTPOHHbIM MOHMTOpom 18NM64 no3sonuio
CpaBHMBATb M3MEHEHMS MOTOKAa TensioBbIX HEMTPOHOB C XOPOLUO M3YYeHHbIMU BapuauvsMy HeliTPOHOB BbICOKOM
3Hepruu, BbI3BaHHbIMW aTMOCHEPHLIMU U MEXMIaHEeTHbIMU  UCTOYHMKaMK. lMccnefoBaHue MNoOKasano, 4Tto
He3aBMCUMO OT 3HEPrUM PEerncTpupyemblX HeWTPOHOB BCe [AETEKTOPbl OAUHAKOBO pearvmpyroT Ha M3MeHeHWs
aTMoctepHoro fasnieHuss. Kpome Toro, Bce [ieTeKTOPbl OfMHAKOBO pearvpyroT Ha BO3MYLLEHUA B MEXMIAHETHOM
NPOCTPaHCTBe, BbI3BaHHblE BbIOGPOCOM KOpPOHa/bHbIX Macc (CME). Bbicokve KOaQhMUNeHTbl KOPPensAumMm faHHbIX
[leTeKTopa Ten/a0BbIX HEMTPOHOB C JaHHbIMW HEATPOHHOIO MOHMTOPA MO3BO/IW/M CAeNaTh BbIBOS 06 aTtmMocqepHOM
NMPONCXOXKAEHNUN  3apPerMCTPUPOBAaHHbIX HEMTPOHOB. Pe3ynbTaTbl  UCCNedOBaHWSA MOATBEPAWIMN  BbIBOL O
reHETUYECKOlM CBA3W  TenJoBbIX HEATPOHOB C  BbICOKOIHEPreTUYECKMMMN  HEWTPOHaMW  ralakTU4ecKoro
NMPONCXOXAEHNSA B CEACMMNYECKN CMOKOMHbIX YCTOBUSX.

OpfHako 6bl1710 06Hapy>XeHo, 4TO NPW aKTUBMU3ALWUW CeCMUYECKUX MPOLLECCOB CUMHXPOHHOCTbL Bapuauuii
WHTEHCMBHOCTU TEeM/OBbIX M BbICOKOIHEPreTUYECKUX HEWTPOHOB HapyllaeTcs. Bapuauum aTmoctepHoro w
MEXMNMaHeTHOr0  MPOUCXOXAEHNA B WHTEHCMBHOCTM  TEMOBbIX HEWTPOHOB  MCKKYAKTCA  MPOCTbIMU
MaTemMaTn4ecKMMu NpeobpasoBaHMAMM, YUNTbIBAS, YTO OHM aHAI0MMYHbI BapuaLnsam HeMTPOHOB BbICOKUX 3HEPTUIA.

MpeacTaBneHbl pesynbTaTbl pacyeTa 1A TPeX MNepuofoB, COMPOBOXAaeMbIX 3eMfIeTpAceHuAMU. Het
HU3KOYaCTOTHbIX TPEHLOB MM CYTOUHbIX KO/ebaHWii, HO 3HauUMTe/lbHOe yBe/IMYeHWe MOTOKa TemnI0BbIX HEMTPOHOB
HaKaHyHe 3eM/1eTPACEHUS UKW Cpasy Noc/ie Hero CTaHOBUTCS O4eBUAHbIM. BbiicHWIOCh, 4TO ~ 60% 3eMneTpsceHWl
B ANMaTtbl C WHTEHCUBHOCTbIO > 3b B nepuog 2007-2018 rr. conpoBOXAaNUCb YBeMYEHUEM WHTEHCUBHOCTMU
TEN/0BbIX HETPOHOB Ha 5-7% OT ypoBHA (POHA, a HaKaHyHe 3eMJIETPSCEHWIA Takux cobbiTuii ~ 25-30%. Takke
04YeBMAHO, YTO NuTocepa ABASETCA UCTOYHMKOM AOMONHUTENIbHOIO MOTOKA Tens0BbiX HEMTPOHOB MPW aKTMBaLmu
CeiCMMYECKMNX NPOLLECCOB.

BbIsiBNeHNe MepuoguyecKnxX Bapuauuii TenaoBbIX HETPOHOB NMPOBOAUIOCE METOLOM CMNEKTPaNbHOrO aHanmsa
BnakmaHa-TbHKN B HA3KOYACTOTHbIX AManasoHax (2 107/ 2-10-6) My u (7-106 7-105) Nu. CnekTpasibHbIA aHan3
nepunognyecknx Bapuauuvii TeN0BbIX U BbICOKOIHEPTeTUYECKUX HEWTPOHOB MOKasan pasnunyvie B pacnpefeneHun
CMEKTPa/IbHbIX OLEHOK B gnanasoHe. (2 107" 2 10-6) Nu. CTabunbHbIN CNEKTPasibHbIA MWK BbISIB/IEH B Bapuauusax
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WHTEHCMBHOCTW TEMN/0BbIX HEMTPOHOB Ha 4acToTe, COOTBETCTBYIOLLEl nepuody 29,5 aHA (CMHOLWNYECKWIA, NYHHbIN
Mecsill) B TeyeHMe BCero 12-meTHero mepvofja UcCNefoBaHUS TeMsOBbIX HEWTPOHOB. JTa Bapuaums 06yc/ioBfieHa
rpaBUTaUMOHHbIM BO34eAcTBMEM JIyHbl Ha HEeNTPOHbI NMTOCKHEPHOrO MPOUCXOXKAEHUSA. B MHTEHCMBHOCTM
HeliTPOHOB BbICOKOI 3HEPrux 3Ta Bapuauus He BblenseTca. MeTOA0M KOMMIEKCHOM AemMoaynsaumnm curHana bbina
onpefienieHa amnauMTyfa fyHHOM Bapuauun ¢ nepuogom 29,5 CyTOK M ee AvHammka. AHanv3 Hallero kartasora
3eMJIETPACEHNI B OKPECTHOCTAX ANIMaTbl C MHTEHCMBHOCTLIO > 3 6anna nokasasn, 4to ~ 65  70% 3Tux cobbiTuiA
NPOKN30LLSI0 B MOJTHOIYHNE UNN HOBOJTYHMeE.

Taknum 06pa3om, wuccnefoBaHve Bapuauvii WHTEHCUMBHOCTM TEM/OBbIX W 3MWTEMN/IOBbIX HEATPOHOB Ha
BbICOKOFOPHOM CTaHuun TAHb-LLaHs nokasasno, YTo 3TOT reousnyecKunini napameTp MOXeT ObiTb MCNOMb30BaH Npu
NPOrHO3MPOBaHMM  3eMeTPACeHM. OfHAaKo HeobXOAMMbIM YC/I0BUEM 4718 3TOr0  SABASETCA CUHXPOHHas
perucTpauMs HelTPOHOB BbICOKMX 3HEPrUin  [ANA  BblAeNleHMs Bapuaunii  NNTOCHEPHOrO  MPOUCXOXAEHUS.
PekomeHgyeTcsl, 4T06bl MpPM MPOrHO3MPOBAHWMM TakKXke YUUTbIBAICA FPaBUTAUMOHHbIA 3(eKT JIyHbl BO Bpems
MOJTHO/TYHUS N HOBOJTYHUSA.

KnioyeBble C€noBa: KOCMWYECKME fyyM, Bapuaumy TersioBbIX M BbICOKOIHEPreTMUECKMX HEWTPOHOB, CeiicMmnyeckas
aKTVIBHOCTb, 3eM/IETPSICEHUS.

Information about authors:

Antonova Valentina Pavlovna, PhD. Phys.-mat. sciences, Head of laboratory, «Institute of lonosphere» JSC «NCSRT»,
Almaty, valanta@rambler.ru, https://orcid.org/0000-0002-1865-4868;

Kryukov Sergey Viktorovich, Senior researcher, «Institute of lonosphere» JSC «NCSRT», Almaty, cosmoserg@mail.ru,
https://orcid.org/0000-0002-1413-7433;

Lutsenko Vadim Yurievich, PhD student, Head of sector, «Institute of lonosphere» JSC «NCSRT», Almaty,
unclegoering@gmail.com, https://orcid.org/0000-0002-0416-6724;

Malimbayev Andrey Maratovich, PhD student, Leading researcher, «Institute of lonosphere» JSC «NCSRT», Almaty,
nanozavr@mail.ru, https://orcid.org/0000-0002-3507-913X

REFERENCES

[1] Volodichev NN, Kuzhevskii BM, Nechaev Olu, Panasiuk MI, Shavrin Pl (1977) Origination of neutron intensity bursts
during new and full Moon. Space exploration [Kosmicheskie issledovaniya] Vol. 35, Ne2, P. 144-154 (in Russ.).

[2] Volodichev NN, Zakharov VA, Kuzhevskij BM, Nechaev OYu, Podorolski AN, Chubenko AP, Shepetov AL, Antonova
VP (2001) The flows of neutrons of space radiation and from terrestrial crust. Proceedings of 27th ICRC, Hamburg, Germany.
P. 4204-4207.

[3] Antonova VP, Volodichev NN, Kryukov SV, Chubenko AP, Shchepetov AL (2009) Results of Detecting Thermal
Neutrons at Tien Shan High Altitude Station. Geomagnetism and Aeronomy, Vol. 49, Ne6, P. 761-767.

[4] Alekseenko VV, Jappuev DD, Kozyarivsky VA, Kujaev AU, Kuzminov VV, Mikhailova Ol, Stenkin YuV (2007)
Analysis of variations in the flux of thermal neutrons at an altitude of 1700 m above sea level. News of the RAS, Physical Series
[Izvestuya RAN, Seriya Fizicheskaya] Vol. 71, Ne7, P. 1075-1078 (in Russ.).

[5] Antonova VP, Kryukov SV, Lucenko VYu, Chubenko AP (2016) Effects of earthquakes in variations of thermal
neutrons intensity at the high altitude station of Northern Tien-Shan. News of NAS RK. Series of physico-mathematical, Vol. 3,
Ne4 (307), P. 20-26. ISSN 1991-346X

[6] Jenkins G, Watts D (1971) Spectral analysis and its applications. Mir, Moscow, USSR (in Russ.).

[7] Privalinsky VE, Panchenkov VA, Asarina EYu. (1992) Hydrological Time Series Models. Gidrometeoizdat, Russia (in
Russ.).
[8] Volodichev NN, Sigaeva EA (2017) Neutrons from the Earth's surface due to lunar and solar tides, and Earth's
seismicity. Bulletin of Moscow University. Series 3. PHYSICS. ASTRONOMY [Vestnik MGU Seriya 3. Fizika. Astronomiya]
Ne6, P. 94-98 (in Russ.).

208


mailto:valanta@rambler.ru
https://orcid.org/0000-0002-1865-4868
mailto:cosmoserg@mail.ru
https://orcid.org/0000-0002-1413-7433
mailto:unclegoering@gmail.com
https://orcid.org/0000-0002-0416-6724
mailto:nanozavr@mail.ru
https://orcid.org/0000-0002-3507-913X

