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[Ipu pacuaje JoJroKUBY IIUX PAIMOAKTUBHBIX 3JIEMEHTOB ypaHa-238 u Topus-232, KoTopbie
IMIPOKO PaCHpPOCTPAHEHBI B 3€MHOIl KOpe, reHepUPYIOTCS PAANOAKTHBHBIE 3MaHAIUNA PaJIOH U
topon. ObJtajias cBOiCTBAMI HHEPTHOTO ra3a, OHU MUTPHUPYIOT K 36MHOil TOBEPXHOCTH U TIOCTY-
nator B armocdepy [1, 2|. Comepkanue sMaHanuil B MOAIOYBEHHOM Ta3e 3aBUCHT, B YaCTHOCTH,
OT HAIIPSIZKEHHO-1eDOPMUAPYEMOTO COCTOSTHUSI TOPOJI. DTO MO3BOJIIET UCHOIb30BATE WX (0COGEH-
HO PaJIOH) KaK WHIUKATOD MeOUHAMHYECKUX TIPOIECCOB |3, 4] 1 HHTeHCHBHOCTH MeKreocdep-
HBIX B3aMMOJIEHiCTBHII Ha IpaHuUIle 3eMHas Kopa - armocdepa [5], a Takzke mas cTpyKTypPHOTO
KapTUPOBaHHsI Te0JOrnIecKoii cpennr [6, 7).
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Puc. 1. Temneparypa Bozayxa 1', ero oTHOCHTe/IbHAS BJAaKHOCTL F', armocdepnoe nasienue P,
obbemuast akTuBHOCTH TopoHa OAT u pamorna OAP B Bo3ayxe y MOBEPXHOCTH 3€MJIM U B CKBa-
kuHe. BHU3Y oTMeueHbl 3eMJIeTPICeHUs ¢ dHepreTrniecKuM KiaaccoM Ky > 10.0, mpousorie/rue
Ha paccrostauu 10 200 kM or nynkra "Kapeimmuna' (namasie KO I'C PAH). BeprukaibHas
CTPEJIKA — MOMEHT 3eMJieTpsiceHust B Slnonum

B nacrosinee BpeMst MIMPOKO PACIPOCTPAHEHbl UCC/IEI0BAHUS Bapualliil paJoHa B HO/I0Y-
BEHHOM ra3e mepes 3emyerpscenusvu. OOHAPYKEHO, B YACTHOCTH, YTO U3MEHEHHUsS €10 00beM-
HO# akTuBHOCTH HaunHaioTcsd 3a 90-100 cyToK JI0 3eMJIeTpICeHns U CBA3AHbI C AedopMaIusMu
nopoy, [4], a aHoMaJbHOe MOBejIeHe PaJIoHA 3aPeruCTPUPOBAHO Jazke Ha paccrosHun 3400 KM
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OT SUUIEHTPA FOTOBSINErocst coobitust ¢ Maruurynoit M = 7.3 [8]. Ilpu nocrymiennn B armo-
cepy paJioH U TOPOH CMENIMBAIOTCH C BO3JYXOM. B pesysibrare, yMEHbITACTCS UX KOHIIEHTDA-
U, ¥ 3aTPYAHAIOTCH U3MepeHus. BeposaTHO, MTO3TOMY OTCYTCTBYIOT PabOTHI 10 OOHAPY KEHUTO
npeceiicMIIeCKnX BO3MYIEHHH pajoHa M TOpOoHa B armocdepe. ABTOpaM H3BECTEH TOJIBKO
OJIMH CJIyYail peruCcTpallid aHOMAJILHOTO IOBEJIEHUs PAJIOHA B BO3YXe MEPel 3eMIeTPACEHTEeM
B dnonnn 17 ausaps 1995 . ¢ M = 6.9 [9]. OnHOBpeMeHHbIE U3MEDEHUsT PAJOHA W TOPOHA B
HOJIIIOYBEHHOM I'a3e U B IPU3EMHOM BO3JIyXe Iepe/l 3eMJICTPICEHUSAMU HE TTPOBO/IMIHUCD.

C 27 nexabpst 2010 1. mo 20 mas 2011 r. B nyukre "Kapeivmuna" Kamaarckoro pumana ['C
PAH (52.814°N, 158.105E), naxousimemcs B paitone Bepxne-TlaparyHckoii ruaporepma/ibHOil
CHCTEeMBbI, U3Mepsiiach o0beMHas akTuBHOCTH pamoHa OAP u Topona OAT. Mcmoan3oBasiach
METOJIMKA U3MEPEeHUH ¢ OTKAYKOHU rasa m3 CyXOd repMeTU3UPOBAHHOU CKBAXKMHBI, ITO3BOJIAIO-
mAast 3HAYUTEIbHO YMEHBITUTH BJIHSHIE METEOPOJIOIHIECKIX BEJIUINH HA MOBEICHNE SMAHAIIMIA
[4]. O6canmoii Tpy6oii Obla OTKpBITAst CHU3Y MOJUBHHIIOBAsE TPyDa quamerpom 0.1 u aauHO#
4 M, B KOTOpOit Ha paccToguuu 1-3.9 M 0T BepXHEro KOHIA Cjiejian 1eneBoit puabrp. ['az orou-
pasicst u3 TpyOs ¢ Taybunbt 0.5 M. OO0 beMHasT AKTHBHOCTH PAJIOHA ¥ TOPOHA M3MEPSIIACh TAKIKE
Ha BeicoTe 0.05 M OT MOBEPXHOCTH 3eMJIE B 1 M OT 00cajaHO#l TpyOBl CKBaXKUHBI B JI€PEBSIH-
Hoit Oyake. s peructpamun OAP n OAT B cKkBaKnHe HCIOIB30BAJICS aBTOMATH3UPOBAHHBII
paguomerp PPA-01M-03, a B Bo3ayxe Bodjie TpyOs ckBaxkunbl — CPC-1. UurepBas Bpemenn
mexky m3mepenusyu o011 1 u 0.5 gaca, coorBercTBeHHO. C TMOMOIIBIO KJINMATHIECKONH Kame-
por paguomerpa CPC-1 usmepsiinck arMocdepHoe aB/eHne, TeMIIepaTypa U OTHOCUTEIHHAs
BJIA’KHOCTH 3aCACBIBAEMOI0 Y 3eMJIU BO3JyXa.
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Bzanmuan xoppemanuonHas GyHKIHA

Puc. 2. B3anmuas koppensinonnast ¢pyuknus mig 3aadennit OAP u OAT Bo Bpemst anomasiun
B ckBaxkuHe (a) u B Bozayxe y mosepxuoctu 3emin (6). Casuraemsim psigom ssisercs OAT.
HlrpuxoBsle JIMHUH — J0OBEpUTeIbHBIE I'PAHUILI HA ypoBHe 3HaunmocTu 0.05.

Ha puc. 1 npejcrapiens BpeMenHbIe psaabl m3Mepennbix sesmann. C 14" 25 ausaps UTC no
21" 11 cdbespana mabmomamuch anoManbhbie yseamaerna OAP u OAT B ckpaxkune (aHOMAHA
A), a ¢ 15" 8 deppang o 9" 19 despang — B Bo3yxe Bozjie TPYObl CKBaxKuHbI (aHoMaus B).

Panon-roponosasi anoMasus B ckpaxkune (anomasns A) mHadagach 3a 44.7 CyTOK 70 Ka-
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ractpodudeckoro 3emjierpscenus B fuonnn 11 mapra 2011 r. ¢ M = 9.0. B 310 ke Bpems,
npuMepHO 3a 45 cyTok 10 Hero, Ha crannun 'lleTpomaBioBek HaxosIeiics B 43 KM ceBepo-
BocTouHee yHKTa "KapbIMImHa 3Ha9nTe ThHO YBEINYN/IACHh HHTEHCHBHOCTh HU3KOYACTOTHOTO
ceficMUIecKOro MmyMa B MEHYTHOM Juana3one mneproios [10|. Pajguyc 30HbI posiBJIeHAS TTPe/T-
BECTHUKOB 110 1ebOpMallid 3eMHOi I0BepXHOCTH, u3BecTHbIl Kak R = eM [11], pasen ma
naxaoro 3emaerpscenns 8100 km. Ilyukr "Kapeivmuna'naxonures B 2000 KM 0T €ro SmuIeH-
Tpa u BMecTe co cranmueii "IlerponasioBekyBepeHHO monagaer B 3Ty 30Hy. [lepen anomasmei
1 BO BPEMsI aHOMAJINK He OBLIO YCUIEHUS JJOKAJIBHON CeICMUIHOCTH, TIOCKOJIBKY HA PACCTOSTHUT
110 200 kM or mynkTa "Kapeivimmaa ' Ipon30mLio Juimb Tpu cIabbix 3eMuterpacerus ¢ K, <
10.5. B 310 Bpems He ObLIO TaKKe KPATKOBPEMEHHBLIX CHJIBHBIX YMEHBIIeHHI aTMocepHOTro
napienust (cM. puc. 1).

Ha puc. 2a npencrasiena B3anmuast Koppessiunontas Gyuxius (BK®) nusa snagennit OAP
u OAT Bo Bpems anomasinu B ckBazkuue. Makcumasbubie 3Hadenns BK® nabsonaores Ha mo-
JIOJKATENBHBIX Jarax B mHTepBase 12-32 Jaca U CTAaTUCTUYECKN 3HAUYUMBI. Pa3Hble yBeImiIeHusd
OAT omnepexkasu Ha pasHoe Bpems yseauwdenuss OAP (cm. puc. 1), 910 06yCI0BHIO MOSIBJIEHHE
HHTEepBaJIa HeOOIbIINX MAaKCUMAaIbHBIX 3HadeHnit BKO.

Tabuna 1. O6beMHasg aKTUBHOCTD PaJIOHA U TOPOHA

Obbemuag ak- | P T F
TUBHOCTDb
Ts p Ts p Ts p
OAP —0.34 < 0.001 0.06 0.18 0.26 < 0.001
OAT -0.41 < 0.001 0.22 < 0.001 0.25 < 0.001

Paion-ToporoBasi aHoMasns B BO3/yxe (aHoMasnst b) Hadamach BO BpeMsi OKOHYAHUSA aHO-
MaJInM B CKBazKWHE, KOTJA MOSBUJINCH CUJIbHBIE BapHAIMH aTMOCHEPHOro NaBIeHus, CBI3aH-
HbIe C IPOXOK/IEHIEM IUKIOHOB (cM. puc. 1). B tabuie npeacraBienbl oleHKE KOXDhUImenTa
paHroBoil Koppessanuu CIUpMeHa 7s U €ero YPOBHS 3HAYMMOCTH P MeXKIy 00beMHOI aKTUBHO-
CTBIO dMaHaNuil u arMochepHbIM maBaenueM P, TeMmepaTypoii Bo3ayxa 1, ero OTHOCUTETbHOMN
BJIAZKHOCTHIO F'. Bo Becex ciiyvasx 4mc/io nap 3Ha4eHuil KOppeJupyeMbIX BeJIUYUH paBHO 517.

Kak Bumno m3 tabaunbl, camasi cuibHas kKoppessius nabaogaercs mexay OAP, OAT u
armocdepHbIM JaBiaeHneM P. OHa CTaTUCTUYECKH BBICOKO3HAUNMAs U OTPHIATETbHAS M0 3HA-
Ky. Hammane s1oft Koppensiun oObsacHAETCS yBeJIUdeHNeM KOHIEHTDAIMW PaJOHa W TOPOHA
B IPU3EMHOM BO3JyXe B pe3yJabTaTe OTCOCA Ta3a U3 TMOYBBI MPU YMEHLITEHUN aTMOC(hEPHOTO
nasjienns. [Ipu ero yBejimaennn BO3IyX MOCTYIIAET B KAIMJLISPHI TOYBbI U BHITECHSIET BIIyOb
Gorarstit smananusamu ra3 [12|. BKO gna smagennit OAP u OAT Bo Bpems anomannu umeer
XOPOIIO BbIPazKeHHbI CUIbHBINA MakcuMmyM (puc. 26). OH HabJII0aeTCsl HAa OTPUIIATETBHOM Jlare
1.0-1.5 gaca. Caemnosaresbho, ysenudenus OAT nemuoro orcraBaiu ot yseaundenunit OAP, no
9TO OTCTaBaHue HecyllecTBeHHO. Hammdume cunbaoro Makcumyma BK® BOsm3u Hy/1eBoro Jara
cBujieresibeTByeT 00 00mieit ocnosnoit npuunne u3dmenenuit OAP u OAT. Takoit mpuvaunHoii, B
HAIIeM CJIydae, siBJLI0TCS CUIbHbIE BapHAIUu aTMOCHEPHOTO JaBACHHUSA CHHOITHYECKOTO Mac-
mTada.

3a mepuoji u3MepeHni, PABHBIM OUTH 5 MeCdIeB, eCTh APYTHe CJIydan HU3KOTO aTMocdep-
HOTO JIABJIEHUS, B TOM YHCJIE er0 OYeHb CHJIbHOe yMeHbimenue 18 mapra (cm. puc. 1). Onnako
yBeJm4enuil 00beMHON aKTHUBHOCTH PaJIOHA U TOPOHA B BO3JyXe KpOoMe aHoma/iuu b Her. 910
rOBOPHUT O TOM, YTO PAJOH-TOPOHOBAas AHOMAJHA B BO3/yXe T'€HETHYECKH CBI3aHA C PaJIOH-
TOPOHOBOII anoMma/neil B cKBakuHe. AHOMaJINs B CKBayKUHE TOSBUIACH B DE3YJbTaTe yBEJIH-
YeHUs COJIepyKaHdd paJOHA W TOPOHA B OKPYIKAIOININX OCATOYHBIX MOpojax. OYeBHIHO, YTO
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coaepzKaHue SMaHaHI/IIU/I YBCJIMYINJIOCH TaK2Ke B I104YB€ BO3JI€ CKBazKHMHbI, HO IIOCTYIIJICHHUE HUX B
BO3YX CTaJIO BO3MO2KHBIM TOJIBKO DU ITOABJE€HUHN CHUJIBHBIX yMeHb]l[eHI/Iﬁ aTMOCCbepHOFO JdaB-
JICHNA. OTMeTI/IM, qTO OJId pacCMaTpHUBaEMOTI'O 3€eMJIETPACEHUD B HHOHI/II/I KOCEMCMUYECKN n
nocrceiicmuaeckuii 3(bhEKTh B paJOH-TOPOHOBOM IT0JIe OTCYTCTBYIOT (CM. puc. 1).

Takum obpaszom, 25 saBaps-11 despassg 2011 r. B myukTe "KapbiMmmuza'3aperucTpupoBana
PAJOH-TOPOHOBAsI aHOMAJIMSI B CKBakube, a 8-19 eBpasisgs — B BO3JyXe yV HOBEPXHOCTH 3€M-
JN BO3JI€ CKBazKHWHBI. BTOpaH aHOMaJInd I'CHETUYCCKHU CBA3aHaA C HepBOIU/I7 HO 11O0ABUJIACb B pe-
3yJbTaTe CHJIbHBIX BapHaluii arMocdepHOro JaBjeHns CHHONTHYEeCKOro Maciirtada. Bmecre c
yBeJINYeHNeM B 9TO BPeMsl MHTEHCUBHOCTU HU3KOYACTOTHOTO CEHCMUYECKOro Tryma Ha OJim3-
KO pactmoJioxkenHoii cranuu "Tlerponasiosek"|[10], 0be aHOMATMH MOXKHO paccMaTpUBATh KaK
KPATKOCPOUYHBIH IPEJIBECTHUK KATaCTPOMHIECKOro 3emaeTpsacennd B fnonun 11 mapra 2011 1.
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Increase of radon and thoron volumetric activity at Kamchatka
before the catastrophic earthquake in Japan on March 11, 2011

Rulenko O.P.', Kuzmin Yu.D.?

U Institute of Volcanology and Seismology FEB RAS, Russia
2 Kamchatka Branch of Geophysical Survey RAS, Russia

The paper presents the results of measurements of radon Rn and thoron Tn volumetric
activity at Karymshina observation point (52.814°N, 158.105E) that is located in the area of
Verkhnyaya-Paratunka hydrothermal system in Kamchatka. From December 27, 2010 to May
20, 2011 the measurements were carried out in the 4-meter deep dry perforated borehole and
at the height of 5 cm above the ground surface and 1 meter from the borehole pipe in a wooden
cabin. Atmospheric pressure, air temperature and relative humidity in the cabin were measured
by a climatic chamber of radiometer. From January 25 to February 11 large increases of Rn
and T'n values relative to the background in the borehole were registered and from February
8 to 19 the Rn and Tn values increased near the borehole pipe. The increases of Rn and Tn
values in the air occurred during the changes in atmospheric pressure of synoptic scale and
had highly significant negative correlation with these changes. These variations of atmospheric
pressure were absent during Rn and 7T'n disturbances in the borehole. There were no other Rn
and T'n disturbances in the borehole and in the air near the borehole pipe within the period of
measurements. Analysis of Ks >= 10.0 earthquakes occurred at the distance of 200 km from
Karymshina observation point revealed that local seismicity did not increase during Rn and Tn
disturbances. Rn and Tn disturbances in the borehole appeared 44.7 days before the earthquake
on March 11, 2011 in Japan with magnitude of 9.0, the epicenter of which was 2000 km from
Karymshina observation point. According to the data of Sobolev G.A. [Earth Physics, 2011. N
12. P. 11-22|, Petropavlovsk seismic observatory, that is 43 km from Karymshina observation
point, recorded repeatedly the increase of intensity of low frequency seismic noise in a minute
range of periods 1.5 month (45 days) before this earthquake.

So, we can assume that anomalous disturbances of radon and thoron volumetric activity in
the borehole could be associated with the preparation of the catastrophic earthquake in Japan
and the increases of their activity in the air near the borehole resulted from the decreases of
the atmospheric pressure during cyclones.
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