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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°) 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 '’B. 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 ~5-10° 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 of thermal 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 of the 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 + 10* imp / h, and the
external ~ 4.9 « 10* imp / 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 of the 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 of the 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 of thermal and epithermal energies.
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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,
IGR NNC 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 of the earthquake or immediately after it is obvious. It was found that ~ 60% of 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.

“ Earthquake~~ : | I = T
j H‘ .12y ;h]- |2'[| i ||'I 124 lfl'rllh
i | ;
{ f L \[ | }4‘ ’ I WYL ™ ;J'r \ W'NJ I " | 2 ?HJWM | rJ' w,wh f 1 A )
\ Ir by AT A e i T O otk .
Cl.\fI Jll ldiﬁ J f IC‘{" ﬂil.ﬂ.,l. ﬂ’ FT 'Lﬂl' -Bﬁ .iF I,Eanhquake i "\r"wll ; ‘t&ﬂ. kjr" fr‘ [RNRE W{ I

nom B M B/ n B Day 123456 7 8 910111213 14 Day N2BUBAHATBYINNT 2 3 Dy

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 (2-107+2-10°) Hz and (7-:10°+7-10°) Hz. [6]. It is in
these ranges that the spectrum of the most well-known variations of high-energy neutrons of galactic
204




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

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 * 107 = 2 » 10°®) 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.
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Figure 4 — Power spectra of variations of high-energy (18NM64) and thermal neutrons (DTN) in the range
(2+107+2+ 10 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 methods for the diagnosis and prediction of geoactiv events based on
measurements of the parameters of the ionosphere, mesosphere, atmospheric electric field and thermal
neutronsy (2018-2020), registration number (RN) 0118PK00798.

B.I1. AutonoBa, C.B. Kpiokos, B.10. Jlyuenko, A.M. ManumbaeB
EXUIC «Monochepa nactutytey « ¥EF3TO» AK, Anmmatsl, Kasakcran

A3 DHEPTHUSAJIBI HEﬁIPOHI[API[LIH BAPUALIUAJIAPBI
7KOHE KEPJAIH CEUCMUKAJIBIK BEJICEHALJIIT'T

Annotanusi. 2006 XbUTbI KapanacblHia OUIKTIKTErT FAPBIITHIK CIYJIETIK CTAHIHSIA KbUTy TEPMHSUIIBIK JKOHE
SMUTEPMUSUIBIK HEHTPOHAAP/bl aHBIKTAyFa apHAJIFaH CTAllMOHApPJIBIK KOHBIPFBI JKacalblll, IaijanaHyra Oepiiii.
18NM64 HelTpoHIbI MOHUTOPBI, KOFaphl SHEPTUsLIbl HeWTpoHaap cusikThl, oyl Conrycrik Taup-11lanp Taynapeinaa
(tenis nmeHreitinen 3340 m Owuikrikre, AnMartbiiad 20 kM) 3auIHACKUNA KapBUIBICHIHBIH JKAHBIHIA CEHCMHKAIIBIK
Oencenni skeppe opHasackaH. JKbuly HEHTPOHBIHBIH AeTeKTopiapbl MeH 18NM64 HeHTpoHIBI MOHHUTOPBIHBIH
apachIHJAFbl HETI3rl albIPMAIIBUIBIK KOPFAHBIC TEH CIHIPTIII 3aTTHIH OOJMAaybl OONBIN TaOBUIAABI, OJ KBUTYIBI
OecifHenell JKoHE TaJNaKTHKANBIK IIBIFY TErl Te3 HEWTpoHmapmel Oasymatambl. TepMUSIBIK HEHTPOHIOApABIH
KapKBIHIBUIBIFBIHBIH  ©3TePyiH 3€pTTeY OJIapIbIH CEeHCMHKANBIK OelceHAl aiMaKTapmarbl JKep CUIKiHICTepiH
JIMarHOCTHKaNay >KoHE OoJpKay VINIH IaiJanaHbUIaTBIHABIFBIH KepceTTi. bynm Makamaza FapblIUTHIK JKOHE
reo(u3UKaNbIK OY3bITy KO3IEPiHIH TePMUSIBIK JKOHE SIUTEPMUSIIBIK HEHTPOHIAp arbIHbIHA OCEPiH AOHEKTI Tanaay
HOTHDKEIJIEP] KeATIPIIreH.

18NM64 HelTpOHIBI MOHUTOPIBIH JKaHBIHIA KBUTY HEUTPOH/ABIK AETEKTOPIAPhIH OPHAJIACTHIPY JKBITY HEUTPOH
arbIHBIHBIH ©3repyiH aTMoc(epaliblK JKOHE IUIaHEeTaapaliblKk KOe3[ep ocepiHeH maiia OoJFaH >KOFapbl SHEPTHSIIbI
HEUTPOHJAp/IbIH ©3repyJiepiMeH CaNBICTBIPYyFa MYMKIH/IK Oeplii. 3epTTey KOpceTKeHe!, TipKeareH HeHTpOHJapAbIH
SHEPIUsChbIHA KapamacTaH, OapiblK IETeKTOpjap aTMocdepaliblK KbICBIMHBIH ©3repyiHe Oipaed »ayam Oepeni.
CoHbIMeH Karap, OapiiblK IETEKTOpiap TKAIK MaccaHblH IubiFapbutybiHaH (CME) TybiHIaraH IUtaHeTaapaibiK
KeHicTikreri Oy3putynapra Oipaeit skayan Oepeni. XKbury HEHTPOHBIHBIH JIETEKTOPIIBIK MAJIIMETTEPiHIH HEHTPOHBI
MOHUTOPABIH JIEPEKTEPIMEH >KOFapbl Koppessiuus kKoadduimeHTTepi TipKeareH HEWTPOHIAPHABIH aTMOC(EepabIK
IIBIFY TETrl Typalbl KOPBITBIHIBI KacayFa MYMKIHAIK Oepri. 3epTrey HOTIDKENepi KbUTy HEWTPOHIAPBIHBIH
TaJIaKTUKAIBIK MIBIFY TEri JKOFapbl HSHEPreTHUKAJIBIK HEHTPOHAAPMEH CEHCMHKAJIBIK TBHIHBIIITHIK SKarJalbIHAA
TEHETHKAJIBIK OalIaHbICHl Typalibl KOPBITBIHIBIHBI PACTa bl

Anaiia, CeHCMHKAaNBIK IPOLECTeplIiH aKTHBTEHYIMEH JKbUIy JOHE JKOFaphl SHEPrUsUIbl HEHTPOHZApIBIH
KapKbIHABUIBIFBIHAAFEl BapHAlMsUIApIbIH CHHXPOHHM3MI OY3BUIATBIHABIFBI aHBIKTAIIbl. JKbUly HEHTpOHIAPHIHBIH
WMHTEHCUBTIIITIHAETT arMocdepalblk JKoHE IUIaHEeTaapaliblK IIBIFYy ©3repicTepi KapamaiblM JHepreTHKaJbIK
HEWTPOHJAp/IbIH ©3repyiHe YKcac OOoNFaHAbIKTaH KapanaiblM MaTeMaTHKaAIbIK KaiiTa KypyJapMeH jKOUbLIa bl

XKep cinkiHiCiHEeH KeWiHri YII Ke3eHIET1 ecenTey HOTHKeNepi KenTipiireH. ToMeH KULTIKTer! TpeHITep HeMece
TOYJNIKTIK ayBITKyJlap JKOK, Oipak >kep CUIKIHICI KapcaHblHIAa HeMece OJ Maina OoJFaHHAaH KeWiH JKbUTY
HEUTPOHJAPBIHBIH AFBIHBIHBIH enayip apTysl. 2007-2018 >xpurnap apajibiFblHAa AJIMATBIAAFBI JKEp CUIKIHICIHIH ~
60% OonaThHIBIFEI > 3b Oenriii O0JIBI, )KBUTY HEHTPOHIAPBIHBIH KapKBIHIBLUIBIFRIHBIH apTKEI IeHreineH 5-7% - ra
apTyBIMEH KaTap JKYpAi, ’KoHE OCBIHIAN OKHUFallapIbIH JKep CUTKiHICI KapcaHbIHAA ~ 25-30%. Conpaii-ak, murocdepa
celicMUKaJBIK IPOIIECTEPIiH AKTUBTEHY1 Ke3iHIe KOCHIMIIA JKbITY HEUTPOHABIK aF (IHBIHBIH KO31 OOJIBIT TaObIIa kL.

JKBLTYIIBIK HEHTPOHIAPABIE MEp3iMIi e3repicTepi ToMeH  Mimk aumanaszoneHma (2:-107 + 2-10) I'm xome
(7:10°® + 7-10"°) ' -ne Boxkman-TyKkeil CIIEKTPIIK TAIIAYBI aPKBUIBI AHBIKTAIIBL JKBUTy JKOHE JKOFAPhI SHEPTUSIIBI
HEWTPOHJAP/ABIH TEPUOATHI  O©3rePYJIEPiHIH  CIEKTPJIK aHaIW3i CHEKTPIiK OaFalapAblH  TapayybIHIaFbl
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aWBIPMaNIBUIBIKTEL KOpCeTTi. (2:107 + 2:107%) . TepMUsIIBIK HEATPOHIAPABI 3EPTTEYMIH 12 MKBUIABIK KE3EH] inTiHme
29,5 kyH (CHHOATHIK, alJIbIK) KE3EHIe COHKec KEeNETIH JKHUUIIKTEri bUly HEHTPOHIAPBIHBIH MHTEHCHBTLIIIHIH
o3repyiHeH TYpakKThl CHEKTPJIK IIbIH aHbIKTaIael. byn esrepic aiabiH Jutocdepanblk HEWTpOHIapra
rpaBUTAlMSUIIBIK dcepiHe OaitaHbicThl. JKorapbl SHEprusuibl HEWTPOHAAPIBIH KapKbIHIBUIBIFBIHAA Oyl e3repic
Geninbeini. Kemenni curHanmsl nemMonyisiuus aaici 29,5 Toyiik Ke3eHi Oap aiabplH e3repy aMIUTUTYIAChIH JKOHE
OHBIH JTMHAMHKACBIH aHBIKTay YLIIH KOJJIAHBUIABL. AJIMaThl MaHBIHAA OpHAJIACKaH >Kep CUIKIHICI KaTaJOTbIHBIH
Tanmaysl > 3 Oanra geiin, ~ 65-70% ToNBIK aif HeMece KaHa ail Ke3iHe OOJFaHbIH KOPCETTI.

ConbiMeH, TstHp-11laHb OMIKTIKTET! CTAaHIMSACHIHJIA JKBULY JKOHE SMUTEMaJIbIbl HEUTPOHIAPABIH KapKbIHABLUIbI-
FRIHAAFBl BapHaIlUIApABl 3epTTey Oyl reoM3MKaiblK MapaMeTpiAi Kep CUIKiHICiH Ooibkayma KOJIaHyFa
OONATHIHIBIFBIH KOPCETTi. Aalifa, JTUTOC(EpaNblK MIBFY Teri BapHALMSICHIH €CENTey YIIH JKOFapbl SHEPTHUSIIBI
HEHTPOHIAPABI CHHXPOHHBI TipKey OYJI YIIIiH Ka)KeTTi mapT 0okl Tabbutaasl. bomkamaa cOHBIMEH KaTap TONBIK ait
KOHE JKaHa ail Ke3iH/e aliIbIH IPaBUTALMIIBIK SCEPIH eCKePY YChIHBUIAIBI.

Tyiiin ce3nep: FapBIUTHIK COYJIENEP, JKbULY JKOHE XKOFAphl SHEPTeTUKAIBIK HEUTPOHAAPABIH BapHaLUsIaphl, CEHCMUKAIIBIK
OeNCeHINTIK, XKep CUIKiHici.

B.I1. AuTonoBa, C.B. Kpiokos, B.10. JIlynenko, A.M. Maiumb6aeB
JATOO «MucTuTyT noHochepsn» AO «HLIKUT», Anmarsl, Kazaxcran
BAPUAILIUA HEUTPOHOB HU3KHUX SHEPTMI U CEHCMOAKTUBHOCTD 3EMJIN

Annotanusi. CranuoHapHas YCTaHOBKA JUIS PETUCTPAllMM TEIUIOBBIX W SIMTEIUIOBBIX HEHTPOHOB Ha
BBICOKOTOPHOU CTaHIIUM KOCMUYECKUX JTydel Obla co37aHa U BBEACHA B IKCIUTyaTaruio B HosOpe 2006 rona. Kak u
HeliTpoHHBIE MoOHHTOp 18HMO64, peructpupyrooumii BBICOKOSHEPTHYHBIE HEHTPOHBI, OHA pACIOJOXKEHAa B
cefiCMIYeCcKH aKTHBHOM paiioHe BOM3U 3amIMACKOTO pa3ioMa 3eMHOM Kopbl B Topax CesepHoro Tsap-1lans (3340 m
Hajx ypoBHeM Mops, 20 kM oT AnmMartsl). [IpuHIMNManpHas pa3sHALA MEXKIY AETEKTOPAMH TEIUIOBBIX HEHTPOHOB U
HEHUTpOHHBIM MOHHUTOpPOM 18NM64 3akirouaeTcs B OTCYTCTBHH CBHHIIA WM IIOTJIOTHTENS, KOTOPBIA OTpakaeT
TEIUIOBBIE U 3aMEUIAeT OBICTpble HEWTPOHBI TalaKTUYECKOTO IPOMCXOXKAEHUs. VccinenoBaHus Bapuanui
WHTEHCUBHOCTH TEIUIOBBIX HEHTPOHOB MOKa3adW MEPCIEKTUBHOCTh HX HCIOJIb30BaHUS [UI IUArHOCTUKU U
MIPOTHO3UPOBAHUS 3EMIIETPSICEHU B CEHCMHYECKM aKTUBHBIX pErHoHax. B naHHOW cTaThe MpencTaBiIeHb
pe3yJIbTaThl IOCIEI0BATEIbHOIO aHAN3a BIUSHHUS KOCMUYECKUX M reo(M3HMYeCKUX MCTOYHUKOB BO3MYIICHHH Ha
IIOTOK TCIJIOBBIX U SITUTCIIJIOBBIX HeﬁTpOHOB.

Pa3menienne NeTEKTOpOB TEIUIOBBIX HEHTPOHOB PSIOM C HEUTPOHHBIM MoHUTOpoM 18NM64 no3soauio
CPaBHHMBATh W3MEHEHMs ITOTOKA TEIUIOBBIX HEHTPOHOB C XOPOIIO W3yYEHHBIMHM BapHalWsIMH HEHTPOHOB BBICOKOW
SHEPrHM, BBI3BAHHBIMH aTMOC(QEpHBIMM W MEXIUIAHETHBIMH HCTOYHMKaMH. VcciienoBaHue T1oKas3ajo, YTo
HE3aBHCHUMO OT JHEPTUHM PErnCTPHPYEMbIX HEHTPOHOB BCE AETEKTOPHI OAMHAKOBO PEArHpylOT Ha HM3MEHEHUS
aTMocepHoro masieHus. Kpome Toro, Bce IETEKTOPHI OJMHAKOBO PEardpyrloT Ha BO3MYIIEHHS B MEXIUIAHETHOM
MPOCTPAHCTBE, BBI3BAHHBIE BEIOpOcOM KOopoHanbHEIX Macc (CME). Bricokre KO3 QHUIUEHTH KOPPEISIUN JaHHBIX
JETeKTOpa TEeIIOBBIX HEHTPOHOB C JaHHBIMH HEHTPOHHOI'O MOHMTOpA IO3BOJIMIIM CHETATh BBIBOA 00 aTMOC(hepHOM
MPOUCXOKACHUH 3apETUCTPUPOBAHHBIX HEHTPOHOB. Pe3ynbraThl HCCIENOBaHMS IOATBEPAMIIM BBIBOA O
TEHETHYECKOW CBSI3M TEIUIOBBIX HEHTPOHOB C  BBICOKOOHEPreTHYECKMMH HEWTPOHAMM  TajlaKTH4eCKOIro
IIPOUCXOXKICHUS B CEHCMUYECKHU CIIOKOMHBIX YCIOBUSIX.

OnHako OBUIO OOHApY)KEHO, YTO TPU AKTUBH3ALUH CEHCMHYECKHX MPOLIECCOB CHHXPOHHOCTH Bapualuii
WHTEHCUBHOCTH TEIUIOBBIX W BBICOKOSHEPTeTHYECKMX HEWTPOHOB Hapymaercs. Bapumaumm armocdepHoro u
MEXIUIAHETHOTO ~ NIPOMCXOXKAEHMST B  WHTEHCUBHOCTH  TEIUIOBBIX HEHTPOHOB  HCKIIIOYAIOTCS  IPOCTHIMHU
MaTeMaTH4eCKUMH NpeoOpa3oBaHUsIMHU, YUUTHIBAs, YTO OHN aHAIOTHYHBI BApHUAIMIM HEHTPOHOB BHICOKMX SHEPTHUHL.

IIpencraBneHbl pe3ynbTaThl pacdera JUIA TpeX MEPHOAOB, CONMPOBOXKIAEMBIX 3emieTpsceHusiMH. Her
HHU3KOYACTOTHBIX TPEH/IOB WM CYTOYHBIX KoJeOaHMH, HO 3HAYNTEIbHOE YBEJIMUYEHHUE ITOTOKA TEIUIOBBIX HEHTPOHOB
HaKaHyHE 3eMJICTPSICEHHS WM Cpa3y IIOCIIE HETO CTAHOBUTCS OYEBHIHBIM. BrIscHUIOCH, 4TO ~ 60% 3emieTpsaceHnit
B AnMarel ¢ MHTEHCUBHOCTHIO > 3b B mepuon 2007-2018 rr. cCONpOBOXIAIMCH YBEIHYSHHEM WHTEHCHBHOCTU
TEIUIOBBIX HETPOHOB Ha 5-7% oT ypoBHs (OHA, a HaKaHyHE 3eMIIETPSICeHHI Takux coObiTHid ~ 25-30%. Tarxke
OYEBUJIHO, 4TO JHUTOC(Epa SABIAETCS UCTOYHUKOM JIONOIHUTEIBHOIO OTOKA TEIUIOBBIX HEHMTPOHOB NPU aKTHBALUH
celicMUYeCKHX MPOLECCOB.

BrisBnenue NEPUOANICCKUX Bapnaunﬁ TCILIOBBIX HeﬁTpOHOB IMPOBOANJTIOCH METOJJOM CHEKTPAJIbHOI'O aHalIu3a
Biskmana-ThIOKH B HU3KOYAaCTOTHRIX auanasonax (2:107 +2-10) I'u u (7-10° + 7-107%) I'n. CriekTpanbHbIi aHamm3
NepUOANYECKNX BapHallMi TEIUIOBBIX U BBHICOKOIHEPIETUYECKUX HEHTPOHOB IMOKa3aj pasiMyKe B paclpe/esIeHHH
CIIEKTPATBHBIX OLEHOK B auanasone. (2:107 + 2:10%) I'u. CTaOWIbHBIA CEKTPaIbHBINA MUK BHIABJIEH B BAPHAIMAX
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WHTCHCHUBHOCTH TEIUIOBBIX HEHTPOHOB Ha YacTOTE, COOTBETCTBYIOIIEH meproay 29,5 mHs (CHHOIMYECKHUH, JTYHHBII
Mecsll) B Te4eHHE BCero 12-JeTHEero mepuoja MCCIeNOBaHUS TEIUIOBBIX HEWTPOHOB. DTa BapHalus 00yClOBJIEeHA
IpaBUTAllMOHHBIM Bo3zaeicTBueM JIyHBI Ha HEHTPOHBI JHUTOCHEPHOrO MPOMCXOXKACHUS. B HHTEHCUBHOCTH
HEWTPOHOB BBICOKOI SHEPryM 3Ta Bapualys HE BbLAENAETCS. MeToIOM KOMIUIEKCHOW NEeMOAYJISIMU CUTHAIA ObLia
ompejieNieHa aMIUTUTya JYHHOW Bapuanuud ¢ mepuoaoM 29,5 CyToK M ee JUHaMUKa. AHamu3 HaIlero Karajuora
3eMJICTPSICEHUI B OKPECTHOCTSX AJIMATHl ¢ MHTCHCUBHOCTBIO > 3 Oayuta mokasai, uto ~ 65 + 70% 3Tux coObITHit
MIPOM30IILIO B TIOJIHOJIYHHE WM HOBOJIYHHE.

Takum o00pa3oM, HcClIeOBaHME BapHAllMi HWHTEHCHBHOCTH TEIUIOBBIX M OSIHUTEIUIOBBIX HEHTPOHOB Ha
BBICOKOTOpHOH cTaHmmu Tsub-11laHs moka3ao, 9To 3TOT reoPpU3MIeCcKHid TapaMeTp MOXKET OBITh HCIIOIB30BAH MIPH
MPOTHO3UPOBAHWN 3emiieTpsiceHuil. OgHako HEOOXOAMMBIM VCIIOBHEM [UIS OSTOTO SBISETCS CHHXPOHHAs
perucTpamysi HEHTPOHOB BBICOKMX SHEPTHH JUIS BBIACTCHHUS BapHalWi JMTOCHEPHOTO IMPOUCXOXKICHHUS.
Pexomenyercs, 4ToObl HpPU MPOTHO3UPOBAHUM TAKIKE YUYHTHIBAICS TpaBUTALMOHHBINA 3 ekt JIyHbl BO Bpems
TIOJTHOIYHUS ¥ HOBOJTYHUSI.

KimroueBble €JI0Ba: KOCMHYECKHUE JIydu, Bapualuu TCIUIOBBIX W BBICOKOOHEPICTHYCCKUX HCﬁTpOHOB, celicMuueckas
AKTUBHOCTD, 3E€MJICTPSICEHUS.

Information about authors:

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

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

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

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

REFERENCES

[1] Volodichev NN, Kuzhevskii BM, Nechaev Olu, Panasiuk MI, Shavrin PI (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 27" 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 OI, 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 ——



