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Ha npoTsskeHUr MocieMHUX HECKOJIbKUX JIeT B palioHe bakcaHckoii HeliTpuHHOI ob6cepBaTtopun AN
PAH na CeBepHom KaBkaze HaGmomaeTcst pOCT aMILUIMTYAbI CE30HHOM BOJIHBI JaBJASHUS U KOHLICHTPAILIMK
TSIXKEJIBIX PAAUOHYKIIMIIOB B TPU3EeMHOM ciioe aTMocdepsbl. UccienoBaHa naHHast TEHACHLIMS, 2 TAKXKe aHO-
MaJIny B MOKAa3aHUSIX OeTeKTOPOB OCeHbIo-3uMoit 2017 1. u 3uMoii-BecHoit 2021 T., IOOKPEIUISIONINE e¢.
PaccMoTpeHbI TUIIOTE3bI BO3MOXHBIX TPUYMH JAHHBIX aHOMAaJTUIA.

DOI: 10.31857/50367676523701880, EDN: OTBEZO

BBEAEHWE

Heckonbko sieT Hazanm B bakcaHCcKoOt HEWTpUH-
Ho1 oocepBaTtopuu (BNO) ObUIM 3aperncTpUpOBaHbI
JIBe cepuM aHoManuii (Hos10pb—aekaops 2017 r.; sH-
Bapb—deBpainb 1 arnpenb 2021 1.). Ha cpok oT AByX 10
YeThIpEX CYTOK B BO3IyXe 3KCIIEPUMEHTAJIBHOTO 3ajla
pe3ko (B 1.5—2 pasa) moBhbIlIazach KOHIEHTpPALSI
TSKEJIBIX HYKJIWIOB, TIPOIYKTOB pacliaia paaoHa.
DTU IBIEHUS ObUIM 3apeTUCTPUPOBAHEI IIPU ITOMO-
I CUCTEMBI U3 DJIEKTPOHHO-HEATPOHHBIX T€TEKTO-
poB yctaHoBKU n-BNO. Llenrio naHHOI paOOTEHI SIB-
JISIETCS aHAJIN3 BO3MOXKHBIX IIPUYMH 3TUX aHOMAaJIUA,
a TakXe 0OHapYKEHHBIX B XOAe UCCICIOBAHMS POCTa
CPEIHEroI0OBOr0 3HAUYCHUST KOHLICHTPALIUU TSIXKEIbIX
HYKJIMIOB 1 MaJeHUs CPEIHETOJOBOIO 3HAUSHMS aT-
MocdepHoro gasieHus Ha bakcane.

DIEKTPOHHO-HEUTPOHHBLIN IETEKTOP

KoHcTpykinst 1 mpuHONUIT padOThl CHUHTHIIIIS-
LIMOHHOTO 3JIEKTPOHHO-HEUTPOHHOTO (3H-) AETeK-
TOopa U3JI0XEeHHBI B padoTax [1—35]. [lmaBHass ocobeH-
HOCTb DH-JIETEKTOPA — HEOPTraHWYECKWUI CLIMHTUII-
JsiTop, paspadoraHHbii B UAU PAH coBmecTHO ¢
3A0 “JliomuHOGOpP” TIpaHyJIMPOBAaHHEI CILJIaB
ZnS(Ag) ¢ B,0; (He TpeOyommuM oborailieHus, T.K.
npuponHoe copepxkanue ''B ~ 20%), wiu nHoraa c
LiF, o6oranieHHbIM nsoronoM °Li 1o 90% (mpupon-
Hoe comepxkanue ~7.5%).

COUHTWUISITOP MMEEeT HECKOJIbLKO BPEMEHHBIX
KOMITIOHEHT: OBICTPYIO0 (IUIMTEJILHOCTH CBETOBOIO
umnyiabca At ~ 40 He) u MemsieHHbIe (Af ~ HECKOJIBKO
MKC 1 0oJiee), 4TO II03BOJISIET AETeKTUPOBATh U pa3-
JIMYaTh UMITYJILCHI OT 3aXBaTa HEUTPOHOB (“Nn”-KoM-
IMMOHEHTA) U OT IPYIIOBOTO MPOXOXIEHUS OBICTPBIX
3apsokeHHBIX yactull (“charged” mimm “ch”-xomiio-
HeHTa, Kyna BxogaT LIIAJI, MIOOHBI C COIIPOBOXKIIE-
HueM, B-pacranbl BOJU3H IETEKTOPa, COMTPOBOXIAE-
MbI€ TaMMa-KBaHTaMU 1 HE BXOIST OOUHOYHBIC 3a-
PSDKEHHBIE PEISITUBUCTCKME YaCTUIIBI, T. K. MOPOT
perucTpanuu paBeH ~3 yacTulibl). UMeHHO aHOMa-
JIUU B MoKa3aHugx “ch”-KOMIOHEHTHI 3H-IETEKTO-
pPOB M paccMaTPUBAIOTCI B JAHHOM paboTe (CM. MTUKHU
B mniepuonnl 20.11.2017—23.11.2017 u 21.12.2017—
24.12.2017 Ha puc. 1). YcranoBka n-BNO cocrout u3
YeThIpeX JUTUEBBIX SH-IETEKTOPOB: No 1—3 — BHYyT-
PM BKCIIEPUMEHTAIBLHOTO 3aj1a MO/ pa3HbIMU TTOTJIO-
tutensamu, Ne 4 — oz 3emuteii Ha ry6une 500 r/cm?2.
Ha nmonzemuom metektope Ne 4 MUKOB He HabIrona-
JIOCh, TTIO3TOMY Hajee Mbl MCCIIEAyeM MaHHbIC C Oe-
TekTopoB No 1—3 u mpeamojiaraeM, YTO MCTOYHMK
aHOMAaJIMi1 HaXOOUTCS Hal 3eMJIeii, B aTMocdepe.

TPU TUITOTES3bI

ComtacHO IIepBOii TMMOTE3€, NMPUYMHA BO3HUK-
HOBEHMSI aHOMAJIbHBIX MUKOB KPOETCSI B 3JIEKTPO-
MarHUTHOM MoJie, BO3HUKAIOIIEM BO BPEeMsI CUJIbHBIX
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MeTeJIeli, COmpoBOXKIaBIINX 4 3 5 anomanuii. [1pen-
TTOJIOXKUTEIBHO, BO BpeMsI METEJIM NaJalolIvii CHeT
BJIEKTPU3yeTCs TpeHHeM [6] m oOpa3yeT IOJOXKU-
TETBbHO 3apsCKeHHYIO “IMarnky”’ Ha KpbIIlle aHTapa.
JleTeKTOpBI OKa3bIBAIOTCSI B 00JIACTH ACHCTBUS DJICK-
TPUYECKOTO IIOJISI MEXIY KpbIIIEil M 3eMJeil, 4To
YCKOPSIET OCaXIeHHWE HAa HUX ITOJIOXUTEIBHO 3apsi-
KEHHBIX HYKJIMIOB M3 Bo3myxa B aHrape. B 2021—
2022 rr. ObU1a clieiaHa MTOMBITKA MCCASA0BATh 3Ty '~
ToTe3y B YCJIOBUSIX MOCKOBCKOIT tabopatopun MAN
PAH: nBa merekTopa, aHaJOTMYHBIX MO TPUHIIUITY
neiictBus gerekropaM ¢ n-BNO, ObLIM ITOMEIIeHbBI B
HMCKYCCTBEHHO CO3JaHHOE 3JIEKTpUIecKoe moie £ >
> +(1-3) kB/M) Mexny MeTaJIMYECKOM TIACTUHOM
U 3eMiieii. BeanuuHa moms n3Mepsiiach ¢ HOMOIIBLIO
u3Mmeputenst noist Boltek. OmHako OmHO3HAYHOM
KOpPEeISILMU MEXIY HaaIu4rMeM IMOoJis WU €ro BeIr-
YUHOM W I0Ka3aHUSIMU IETeKTOopa OOHApyXXeHO He
OBLIIO: BCE MOMBITKY MOCTPOUTH JaXe TMHEIHYIO 3a-
BUCUMOCTh CKOPOCTHU OoTcYeTa “ch”-KOMIOHEHTHI OT
BEJIMYMHEI £ Ha pa3HbIX UHTEPBaJIaX BpEeMEHU U IIpU
pa3HBIX YCJIOBUSX M3MEPEHUS IIPUBOIOINA K TOMY,
YTO CTAaHJAPTHOE OTKJIOHEHHME KO3(PDUIIMEHTOB Ha-
KJIOHA TIPSIMBIX OKa3bIBaJIOCh BHILIE caMuX KO3 du-

LIUEHTOB a,,; (Tabi. 1).

B ocHOBeE BTOpOIi TMITIOTE3bI, 00BSICHSIONIEH CBSI3b
TOBBIIIIEHUST TeMna oTcyeTra “ch”-KOMITOHEHTHI Ha
JIETEKTOpEe C DICKTPUUECCKUM 3apsIOM CHEKMHOK,
JIEXXUT a3p030JIbHBII 3P (P eKT, 4acTo UMEIOIINiA Me-
cto Ha bakcaHe B JieTHee BpeMs U MCCJIEIOBaHHbIA
panee [7]. I1o TIpenmnoIoXkeHNO, OTPUIIATEIILHO 3a-
PSDKeHHBIE CHEXKMHKM (2 TaKsKe KalleIbKY BOIbI, 00-
pasyolirecs NpU UX TassHUM) TIPUTSATUBAIOT I10JIO-
KUTEJILHO 3apsoKeHHbBbIE PagloaKTUBHBIC HYKIWIBI-
OpOIYKTHI pacnana pagoHa (Bi-214 u Pb-214), n30b1-
TOK KOTOPOTI'O IIPUCYTCTBYET B IToUBe U B Boje bakca-
Ha. [Ipm TasgHUM CHEXMHOK 3apssKeHHbBbIC KallelIbKHN
U T1ap y9acTBYIOT B aKTUBHOM OOpa30BaHUU paauo-
aKTUBHBIX a3p030Jieii, YTO U MPUBOIUT K ITOBbIIIE-
HUIO TeEMIIa OTcYeTa B “ch”-KOMIIOHEHTE IETEKTO-
poB. K coxaneHMIo, TUIIOTE3a TPYIHO IpoBepsieMa,
ITOCKOJIbKY HaJeXXHbBIX U IIPOCTHIX CITOCOOOB MCCIIe-
JIOBaTh HEIIOCPEACTBEHHO KOHIIEHTPAIIMIO paanoaK-
TUBHBIX HYKJIMIOB B BO3[yXe aHrapa BO BpeMs aHO-
MaJIiii HET.

Tperbsl TunNoTe3a OCHOBaHAa Ha SIBJIEHUM HEJIU-
HelHOro ©OapoMeTpUYeCcKOro naMmOuHT-3¢hdeKTa,
TIPOSIBJISIONIEIOCST Ha TpaHWIE pasnaeia “arMocde-
pa—TIpyHT”: IpH ITOBBIIIEHUN aTMOC(HEPHOTO TaBJIie-
HUST TIpoucXoauT auddys3usi Bo3myxa M3 HUKHHMX
cjioeB aTMOc(depbl B TIOUBY — HaKayka MOYBbI, a TIpU
MOHMXXEHUU — OTKauyKa BO3[yxa W3 I'PyHTa, COMpPO-
BOX/IAIOIIASICSI IPUTOKOM TTOYBEHHBIX Ta30B B aTMO-
cdepy, B TOM YUCTIe paloHa — OCHOBHOTO MOYBEHHO-
ro paaMoakKTUBHOIO UCTOYHUMKA. Toraa B Mpru3eMHOM
ciioe atMochephl MOSIBIISIETCS N30BITOK 3apsisKEHHBIX
YyacTull — MPOAYKTOB pacraja pajoHa, KOTOpbIi 1
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Puc. 1. Cyrounsle rpacduku “ch”-KOMIOHEHTHI B 9H-e-
tektopax NeNe 1, 2 u 3 B anrape n-bHO B mepuon
15.11.2017—30.12.2017.

perucTpupyet aH-aeTekTop. C IMoMoIbIo dH-AETEeK-
TOPOB paHee OBIIM OOHApy:KeHBI HOBBIE 3(P(PEKTHI:
JIMHEWHBI OapoMeTpuUUYecKMidi TaMIUHT-3PdeKT
IUIST HEUTPOHOB M HEJIWMHEWHBINA — 1T TaMMa-(doHa
[8, 9]. HenuneliHblit 3(pdeKT MpOSIBIASIETCS TOJBKO
NPy aHOMAJIBHO HM3KMX 3HAYEHUSIX aTMOC(HEPHOIO
nmaBiieHus. [Ipyu 3TOM IIPOMUCXOIUT PE3KUil BHIOPOC
TOI3eMHEBIX Ta30B U pagoHa B aTMocdepy. 3aBUCH-
MOCTh OT JaBJICHUSI B 3TOI 0oOJIacTM KBaJapaTU4Ha,
YTO co3JaeT “ITOpOroBOCTh” JaHHOTIO IIpoIecca.
HNmenHo 3tuM 3(P@PeKToM MOXHO OOBSICHITHL Ha-
OnromaBIIMecss HaMU “3UMHUE” aHOMaJIuu, IIO0-
CKOJIbKY UMEHHO 3MMOI MHOTAA IIPUXOASIT INKITIOHBI
C aHOMaJIbHO HU3KUM JaBjieHueM. bojee Toro, Bepo-
SITHOCTh TaKMX SIBJICHUII pacTeT rom OT roaa.

Hauunas c 2017 r. B tTaHHOIT MECTHOCTHY HaOII01a -
eTCsl YBeJIMYeHUE aMIUIMTYIbI CE30HHBIX KOJIeOaHUIA
KpUBOM IaBJICHUWS: MUHUMYM JIMHEMHO YOBIBAacT C
KaXXIbIM TonoM (pHuc. 2, BepXHU IpadUK, HIKHSS

Taomuua 1. KoadduimeHTsl HaKJIOHA 111 3aBUCUMOCTE i
CKOpOCTH oTcueTa “ch”-KOMITOHEHTHI B 9H-AETEKTOPax OT
BEJIMYMHBI 2JICKTpUUIECKOTO Mo E njist netektopoB M1 u
M2 u3 mockoBckoii 1aboparopuu USI PAH.

Howmep nerexTopa, Mi M1 M2
-1
an;, (K_B) 0.0087 £ 0.010 |—0.0055 £ 0.0070
M
Ne 7 2023
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Puc. 2. Bapuauuu nasineHust (cBepxy) u “ch”-komiio-
HeHTHI (cHU3Y) Ha bakcaHe mo gaHHBIM aeTekTopa No 3
yctaHoBku n-BNO ¢ 2017 o 2022 rr.

(cuHsIsg) IpsiMasi), a MAaKCUMYM IOYTH HE MEHSIETCS
OT CE€30Ha K Ce30HY (puc. 2, BEepXHUil TpaduK, BEPX-
Hsis (3emeHast) npsmast). C KpuBoit “ch”-KOMITOHEH-
Thl, YYyBCTBUTEJbHOM K MPOAYKTaM pacriajga paioHa,
cuTyanusi oOpaTHasi: 3UMHMM MaKCHUMyM KpUBOit
exxerogHo pacteT (oT 23000 oTcyeToB B AeHb 3UMOM
2018 r. mo 30000 orcueToB B meHb 3uMoii 2022 T.,
puc. 2, HIDKHUM rpaduk, BepxHss (3eeHas1) Ipsi-
Masi), B TO BpeMsl KaK JISTHUIA MUHUMYM OCTaeTCs Ha
onHoMm ypoBHe (~18000 oTcueToB B JI€Hb, pucC. 2,
HIVDKHUM TpaduK, HWXHSIS (MaJluMHOBasl) MmpsiMas).
IMom ammmTymoit Bapmanmii  “ch”-KOMITOHEHTBI
nonpasyMeBaeTCsl Pa3HOCTh MEXAY PacCMOTPEHHbBI-
MM BBIIIE NpSIMbIMU. TakuM oOpa3oM, cpeaHee 3Ha-
YeHUeE JaBJIEHUS C KaXIbIM TOI0M IalaeT, a CPEIHSIs
CKOpOCTb cyeTa “ch”-KOMMIOHEHThI yBEIMYMNBAETCS,
YTO COOTBETCTBYET OoOJjiee 4YacToMy HaOII0IEHUIO
aHOMAaJIM B TTIOKa3aHUSX IeTeKTOpoB. BaxxHo oTme-
TUTB, YTO TEHIEeHIIN “ch”-KoMIoHeHTHI Ha bakcaHne
MO0 HalleMy MPEeanojgoXEeHWIO Bbi3BaHa B OoJblIEi
CcTeTnieHU aTMOC(HEPHBIMU SIBJIEHUSIMU (O YeM CBUE-
TEJIbCTBYEeT B TOM 4YMCJIe BU3yaJbHasi aHTUKOPPEIsI-
1S KpUBOI TaBJIeHUS ¢ KpUBOH “ch”-KOMITOHEHTHI
Ha puc. 2), a He BapuallMsiMyi UHTEHCUBHOCTU KOC-
MUUYECKUX JIydeil, TOCKOJbKY BUIUMON CBSI3U MEXIY
TpeHmaMu Ha n-BNO u B KOCMUYECKUX JIydyaxX He Ha-
OaromaeTcd.

Kpome Ttoro, mo cuenapusMm Kimmatmaeckoro
neHtpa PocrumpomeTa B Gimkaiirze 20 JieT IMpoTrHoO-
3upyercsi ycraHoBieHue Ha CeBepHoMm KaBkaze 60-
nee BiaaxHoro (+0.1 Mm/cyT) M 0Oojiee TEMIOro
(+1.1...+3.4°C) xnmumara. B yactHocTtu, Ha bakcaHe
MOBBIIIEHUE BJIaXXHOCTU MpUBeEIeT K 0oJiee MHTEH-
CHMBHOMY 00pa30BaHUIO a’po30Jicii, a IOBBIIICHUE

MN3BECTHUA PAH. CEPUA OPUINYECKAA

JJATYTKHWUHA u np.

TeMIIEPATyPhl — K YYAILIEHUIO TTOTOXHBIX AaHOMAJIUIA,
B TOM 4YUCJIe, U B JaBJICHUM, 3aBUCSIIEM OT ITyTei
MMPOXOXICHUsSI [UKJIOHOB M MX 4YacTOThl. Hamuume
9TUX (PaKTOPOB OOBSCHSIET yUuallleHMe aHOMaJIMI Ha-
O/1I0Ja€MBIX B ITOKA3aHUSIX DH-IETEKTOPOB.

3AKJIIOYEHHME

M3ydeHbl BO3MOXHBIE IPUIMHBI aHOMAJIN B Ba-
pHUaLVSIX KOHLIEHTPALIUM TSKEJIbIX HYKJIUIOB B MIPU-
3eMHOM cJjioe aTMocdepHl B 1adopaTtopuu n-BNO B
3UMHee BpeMs. B KauecTBe OCHOBHBIX IIPUYMH pac-
CMaTpUBAIMCh aTMOC(EPHBIC SIBJICHUS: METEIU WU
b6apoMeTpuyeckuii maMrumHr-3@dexT. [Ipu aHanmuze
IaHHBIX 34 TOCJIemHUe 5 JIeT OBIIT OOHapyXKeH POCT
aMIUIUTYIbl CE30HHBIX KoJjiebaHUIT naBjieHUs (Co
CKOPOCTHIO ~9%) 1 KOHIIEHTPAIIUH IIPOTYKTOB pac-
Tmajga pagoHa B IpU3eMHOM cJioe Bo3ayxa Ha n-BNO
(TaKKe co CKOpPOCThIO ~9% B o), B OCHOBHOM — B
3UMHEe BpeMsl. Y4allleHHe MOTOMHBIX M PaguOHYK-
JIMOHBIX aHOMAaJIWi B MOCJIEIHNE TOIbI MOXKET CIIy-
>KUTb TTOKa3aTesIeM TJ100aIbHBIX KITMMAaTUYeCKUX U3-
MEHEHUM.
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Analysis of variations in concentration of radon decay products
in near surface layer of the atmosphere

A. A. Lagutkina~ *, D. D. Dzhappuev®, A. U. Kudzhaev’, D. A. Kuleshov’, K. O. Kurinov’,
0. 1. Miklailova®, Yu. V. Stenkin* %, O. B. Shchegolev*?
4 Moscow Institute of Physics and Technology, Dolgoprudny, 141701 Russia
b Institute of Nuclear Research of the Russian Academy of Sciences, Moscow, 117312 Russia
*e-mail: lagutkina.aa @phystech.edu

In the last few years an increase in the amplitude of seasonal pressure wave and heavy radioactive nuclides
concentration at Baksan Neutrino Observatory of INR RAS in the North Caucasus is being observed. The
foregoing tendency, as well as the anomalies observed in the detectors data in autumn-winter, 2017 and win-
ter-spring, 2021 are investigated. Hypotheses of the anomalies reasons and their connection to observed

trends are presented.
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