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Pa3znnyHbie TUNIBL pa3psiIOB HAITOMUHAKOT PA3JIMYHBIE TUTILI
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e “" NHTerpanbHble CneKTpbl BEPTUKabHbIX MOTOKOB
[IpuMepb! BEpTHKATHHBIX TpObuTeii 3NEKTPOHOB, MO3UTPOHOB, (DOTOHOB M MIOOHOB Ha BbICOTE
840 r/cm? (1700 M Haa ypoBHeM mopst). @ € ¢
5JEKTPUYECKOTO MOJIs U3MEPEHHBIX HA Y
Gannonax (Marshall et al., 1996) OAMHOYHbIE 3MEKTPOHbI W MO3UTPOHbBI, SKCMEPUMEHT.
*

mEE, 000 CREKTPbl 3NEKTPOHOB U NMO3UTPOHOB, ®ee, ©OO
raMma-kBaHTbl, ¢ @ @ MioOHbI.
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Kackaapl 9acTHIl TEHEPUPOBAHHBIE OJIUHOYHBIM
AIEKTPOHOM C dHepruer 1 M»sB B ogHOpOAHOM

AIEKTPUYECKOM I10JI€ HAIPSI)KEHHOCThIO 5 KB/cM
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YHuBepcanbHbIN MHCTPYMEHT AN U3MEPEHNSA NPU3EMHOTO
ANEeKTPOCTAaTUYECKOro Nons atMmocdepbl U 3NEeKTPUYECKOro
TOKa JOXAs

N3mepenue
ANIEKTPOCTATUYECKOTO U
MEUIEHHO MEHSIOIIETOCS MO
B nuamnasone ot -40 kB/M 1o
+40 xB/M ¢ Tounocthio ~ 10
B/Mm.

DJIEKTPUYECKUN TOK JOXKIS
u3MepsieTcs B quana3one ot -50

HA/M? 10 +50 HA/M? ¢
TOYHOCTBHIO ~ 10 mA/M?.

NHCTpyMEHT 1T03BOISAET
U3MEPSTh HE TOJIBKO I'PO30BOE
nosie, HO U (hoHOBOE (T10JIE
XOPOIIIEH TMOTObl) €IUHBIM
METOJIOM.




AMIUTATYIHBIA CHEKTP CO CJI0A CLIUHTUILIATOPOB

>

II(E)/ N(Emnax)
3.07
2.51

2.07
1.5¢

1.07
0.51

0.0—

10 20 30 40 50 60 70 80 | (MeV)

JIBa mopora ucnonab3yrTCs IS pA3ICICHUS MATKON U KE€CTKOM KOMIIOHEHT:

Msrkasi KOMIOHEHTA PETUCTPUPYETCS BBIHOCHBIMU JETEKTOPAMH MEXKIY HUKHUM
(Al) u BepxauMm (Ah) nmoporamu. InekTpoHoB — 20%, no3utponos — 10%, y-
kBaHTOB — 50%, npuMech MrOOHOB MeHee 20%.

KecTkass KOMIOHEHTA | I3MEPSAETCS JIETEKTOPaMH KoBpa (1o 66 TOHHOM KpbllIei
TOILIMHOM 29 r/cM?) BhIllle BepxHero nopora (okono 90% MIOOHOB)



Koppensunn "HTEeHCUBHOCTH MSITKOM KOMIIOHEHTHI C TIPU3EMHBIM TOJIEM U3MEPEHHBIE U
paccuuTaHHble (caeBa). Paznuiia (He oObsicHsieMas TpaHchopMallue cuekTpa B
MIPU3EMHOM I0JI€) IMOKa3aHa CIpaBa
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Pa3u4HbBIC TUIIBI IPKUX COOBITHI

o llpeaMonHUEBBIE BO3pACTAHUA
o Bo3zpacranusa 0e3 MOITHHEBBIX 3P PEKTOB

o Bo3pacranus MArkol KOMIIOHEHThI 0€3 MIOOHHBIX
3 (HEKTOB

o Bo3pacTranus MATKOU KOMIIOHEHThI C MIOOHHBIMHU
BO3MYILICHUSAMU PA3HOU MOJISPHOCTHU

o Koppenupyromye ¢ Ipu3eMHbIM I10JIEM
o Koppenupyroliye ¢ 3J1€KTPUIECKUM TOKOM JOXKAA
o COmnpoBOXIAIOIINECS MATHUTHBIMU ITYJIbCALTUSIMHU



KoahguipeHTs! anmpoKCUMaIiy MOJMHOMAMH BTOPOM CTEIICHU
KPUBBIX PErPECCUU MHTEHCUBHOCTD —I10JIE€ JIJI Pa3HbIX KOMIIOHEHT

JInHeHbIN KBagparnunsiu
KoMmionenTa DHeprus KO3()(pHULMEHT, KO3((pHULMEHT,
%/xB/m % /(kB/m)?
—0.00277 —0.00045
M10OHBI >11»B
+ 0.00034 + 0.00005
Kecrtkas
—0.00794 —0.00235
KOMIIOHEHTA > 100 M»>B
+ (0.0013 + 0.00002
(MIOOHBI)
- —0.04124 —0.00845
OcTaHaBIMBAaIO 20 — 30 MsB
IUEC MIOOHBI +0.01260 + (0.00201
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I'po3a 26 cent. 2001 . B
bakcaHCKOM y1ienbe
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I'po3a 26 cenrt. 2001 1.

Temrr cuera 1eTEKTOPOB
MSTKOM KOMIIOHEHTBI

OTHOIIIEHWE TEMITIOB CUETa JIBYX
ITOJIOBUH JIETEKTOPA MATKOMN
KOMITIOHEHTHI IIOKA3bIBAET YUCTO
CTAaTUCTUYECKOE MOBEJICHHE.
[HITpux0BBIE TUHUM MOKA3BIBAIOT
YPOBEHB TPEX CTAHIAAPTHBIX
OTKJIOHCHMUH.
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J1Ba paspsijia MOJTHUK PA3HOU IOJIIPHOCTH MPOU3BOJAIIME
OJIMHAKOBBIN 3(PdeKkT BO BpeMs rpo3sl 1 aBrycra 2008 .
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CuribHO€e BJITIMAHNE Ha

WHTEHCMBHOCTbL AaeT

4.4 n 3.1 km. Opyrne
pas3psabl, BKN4Yas 04eHb
onu3kue, He gatoT
HUKaKoro adpgoekra.

Electric field strength, kV/m

120 240 360 480 600 720 840 960
Time in seconds, initial point corresponds to 20:00 LT on Oct 11, 2003




CobbiTne 11 oktsab6pa 2003 r. 4O UCKITHOYEHUSA CEKYHOHbIX
MHTEpPBAsrioB coBnagawWwmMmMmn ¢ CMrHanamMmm LWyMoBOro
KaHana v He npowleawmnx Kputepmnst 0o4HOPOOHOCTM

T'posa 3284(1 c)\uenTpup obanan 5 cyTkax.\ (TlocnegosarempHaa orbpakoska 1-1200c , yposers sHawmocTH 196) METeHCHBHOCTE MK."®yprome!” (8-28)vsE
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Amonuryna sapuanuit (%)
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Bpema B cexyugax. Havano cooteercteyer 20 wacam 0 mMun.
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CoObiTus 18 urons 2008 . (cieBa, ycpeanenue o 15 ¢) u 18
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CobbiTne 11 ceHTsabps 2005 .
(ycpeaHeHme no 10 c)

B aTOM cobbITUM pa3psg MOMHUN
Bbl3blBaeT CKaYKN MHTEHCUBHOCTH
KaK MArKOW, TakK U XKeCTKOW
KOMMOHEHT. ABTOKOPpPENSLUs C
9IIEKTPUYECKMM TOKOM LOXKAS. No g
Bpems 3agepxku 260 c.




Koppensanusa Markou
KOMITIOHEHTBI C IOJIEM

[Ipumep oTpUIIaTEIbHON KOPPEIISALUN
BIEKTPUYECKOTO MO U MSATKOM
KOMITOHEHTBI, COOBITHE 7 CEHTAOPSI
2000 r. MarepBan ycpennenus 80 c.

IIpenmonHueBOE

Bo3pacTanue. CoOniTHE 3
ceH. 2006 . (IT— 1¢)
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CeBepokaBka3sckas reouanyeckas obcepsartopud, JlabopaTtopus
Ne 1 IHcTtutyT domnamkmn 3emnum um. O.FO. lmuaTa




CobbiTne 15 oktadpsa 2007 .

N3 rpadomka h—kOMMNOHEHTLI Bbl4TEHA CYyTOYHasA
BofnHa (BHM3Y). Cnpasa gaHHble C HAUITy4LWnMm
BpeMeHHbIM paspelueHmem (1 c).

16 17 18 19 20 (wac)

184 30m 199 00m Bpemst



CoObiTue 15 okTsa0pst 2007 1.: ciiokHas Bapualusi MIOOHOB IOBTOPSET
MOBEACHUE h-KOMIOHEHTHI TEOMAarHUTHOTO T10J1s (C BBIYTEHHOM CyTOYHOMN

BOJIHOI) CO BpEMEHEM 3aJIep>KKU 9 MUH
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PacnpegeneHune rpo3s no 4ncrny 3Hadymmblx (bonee 0.2%) Bo3MyLLEHNN
WHTEHCMBHOCTU MIOOHOB. [laHHble 33 rpo3 B neTHun ce3oH 2008 r.
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rpynma A rpynna b
OTHOIIIEHNE YHCJIa OTPULIATEIIBHBIX Y MOJ0XKUTEIBHBIX BO3MYIIICHUH

B Pa3HbBIX IpyInax:
A - 55 coOpiTHii n../n, = 1.75, b - 59 coOpitnit n../n, =0.89



PacnpeneneHne MIOOHHbLIX Bapuauum no amnnmTtyae Bo3MyLLEeHUN
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AMIUTUTYABI 52 TTOJTOAKUTEITBHBIX
Bo3MmyIeHui (%). CpenHee 3HaUYeHUE
0.33%. CpenHexkBaapaTHIHOE
oTkJIoHeHue 0.11%

10!

AMIUTUTYABI 62 OTPULIATEIILHBIX
Bo3MyIieHui (%). Cpegnee 3HaUCHUE
0.39%. CpennekBagpaTuaHOE
oTkyioHeHue 0.17%.



PacnpeneneHne Bapualmnm MIOOHOB MO ASIUTENBLHOCTH
apPEeKTUBHOrO nepuoga
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[TomHoe pacnpenencuue 114 BoamyiieHui no 3pHeKTUBHOM
IJINTEIILHOCTH. BepTuKaibHas JUHUAS COOTBECTBYET CPEIHEMY
3HaYeHUIO 7.6 MuH. CpeaHe-KBagpaTUHIHOE OTKIOHEHHE 4.2 min.



JIBa CHJIIbHBIX BO3MYIIICHUS MHTEHCUBHOCTH MIOOHOB B OJIMH KaJICHJIAPHBIN
neHb pazaeiacHubie 7 ronamu: 24 centsaops 2000 r. u 2007 r. B nmocneanem
cay4ae HaOMIONAKTCS PE3KME BAPUAIIM CBSI3aHHBIC ¢ pa3psajiaMi MOJHHUI
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KakoBa cuTyanus ¢ MHTEpIpPETAIMEN BCETO 3TOr0 Habopa
JTAHHBIX I10 BAPUALUAM KOCMHAYECKHUX JIyYEW BO BPEMS I'PO3?

e PerymsapHbie KOppPETSALUNU C TPUZEMHBIM IIOJIEM:

TpyaHO U3MEpUTH, HO OTHOCUTEIBHO JIETKO
MHTECPIPETUPOBATh.

Msirkass KOMIIOHEHTA:
TpancdhopMalys criekTpa + raMMa-KBaHThI OT YOETraroIIuX 3JICKTPOHOB

JKecTkas KOMIIOHEHTA:
TpanchopMmarus criekrpa + 3 PekT pacnaaa

e C apKkuMHU COOBITUSIMM CUTYyalIMs, CKOpEe, IPOTUBOIIOJIOKHAS
BO3MOXXHBI PA3JIMYHBICE MEXAHU3MbI U MECTA I'€HEPALIUM.



Monens reHepaiy 4acTull rpo3oBbiMU o0nakamu. Bropuunsie KJI —
3aTpaBOYHBIC YACTUIIBI A AJIEKTPUUECKOE TI0JIE — PE3EPBYAP IHEPTUHU

[Ipu CTaOMIBHBIX YCIOBUSX U
JOCTATOYHOM HanpspkeHHOCTH (D) u
npoTsbkeHHOCTH (0T X0 110 X 1) moJis

c
75} .g C
WHTEHCUBHOCTbH YaCTHI] PACTET = © O
KCIIOHEHIUAIBHO (K — BEpOATHOCTH § 2 |z 5
— (&) -~ =t
OJTHOTO IMKJA, & T - €r0 m 2 = ©
B ©
JIJIATEIBHOCTD): S ©
A~ =
5.2
I(&4c,t) =1(Eg, 1) eXP P @
D Ll
+
T e

T =
P K*(D,x0,x1)




B pacuerax J. Dwyer (2003) meTogqom Monte Kapio Takxke
paccMaTpuBaiach oOpaTrHas CBs3b, OJHAKO JIPYroro TUIIA.

BOau3u nopora (KpuTrudeckoe moJe)

Onexrpuueckoe noae 1000 kB/m XapaKTepHas JUIMHa OJIM3Ka K
@ paAvaMOHHOMN €IMHULIE
¢ SERRLEALE RIS ¥ ORI R : 1000 | . . =
: E=0° F ]
. L | '
300} B ‘ﬁ) ]
: 100E 14 1
r | 1
E 200 E | ]
N = - '
= | | J
; 10 | .-
100} E ]
L L | 4
: : : Fib VS ;
- | e
i o | -
ot |
200 1 | I I 1 I I
0 500 1000 1500 2000 2500

E (kV/m)



Harpsik€HHOCTB Mo Kak
(bYHKIIMS €ro MPOTIHKEH-
HOCTH JJIs1 Ipoliecca
TE€HEpalUU C Pa3HbIMU
BpEMEHAMHU HAapaCTaHMUS.

3000 R rare
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< 1500+

g}

1000+ Semi-stable

500

I

0 i AR R Y

g <: 3NEKTPOCTAaTUYECKOE MOoJIe PAaCCYNTAHHBIN

0 200 400 600 800 d(m)

dyHAaMEHTaNbHbI Npeaen Ha

J.R. Dwyer. (Geophys. Res. Lett., 30,
2055 (2003)) npu gasneHnn 1 aTm.




PaszperieHHbIe 00J1aCTH IS yOETAIOIMX YaCTHUIl U
npolecca ¢ 00paTHOM CBS3bIO
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BEIBOIBI

o Bo Bpems rpo3 HabmogaeTcs 00ab110€ pazHooOpa3ue 3PPEKTOB ¢
BapHallUsIMU Pa3HBIX KOMIIOHEHT KOCMHYECKHUX JTy4eH.

o He Bce MexaHu3MBI UX MOKa SICHBI, HO DKCIIEpHUMEHTAJIbHbIC
JAHHBIC 0 HUX 00pa3yroT 0a3uc I JaIbHEHIINX UCCICA0BAHUMN 1
OCTPOCHHMS aJICKBAaTHBIX Mojieliel (hyH1aMeHTaJbHBIX IIPOIIECCOB
B I'PO30BOM aTMocdepe.

e Jlns mocTpoeHuUs MOJHOM KapTHUHBI SIBICHUS KEJIaTCIbHO
paclupATh PPOHT UCCISAOBAHUN (IIPOBOAUTHL HAOMIOACHUS HA
pPa3HBIX BHICOTAX).



