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HpOBeLIeH 9KCIEPUMEHT 110 U3MEPEHUIO CKOpOCTefI pacipoCTpaHeHuA MJIa3MEHHbBIX H.UIeI'/JICl)OB aIllOKaMITHYeCKO-
TO pa3pda/ia B BO3ayXe IPpU HaBJE€HUHN, OTBEYAIOIIEM BBICOTAM BO3HUKHOBEHUA TPAH3UEHTOB CpeZ[HefI aTMOC(I)epr,
IIpU HaJWYNU BHEIIHEro 3JIEKTPUIECKOTO II0JI. Ha ocHoge IIOJTYY€HHDIX JaHHBbIX C(bOpMyJII/IpOBaHa TUIIOTE3a O TOM,
YUTO THUII TPAaH3UEHTa, CTapTYIOIIEro OoT KyIloJla I'pO30BOIo ob1aka (FOJIyéElH CTpy4, CTapTep, TUTaHTCKUI ﬂ[)l(eT), 3a-
BHUCHUT OT MHTE€HCHUBHOCTHU BHyTpHOéJIa‘{HI)IX Pa3psAa0B U COOTHOUIEHU IIOJIOJKUTEJIbHOI'O 3aps[a BEPUINHBI KYIIOJa

" OoTpullaTeJIbHOTO 3apd/a BHEHIHEro CJIo:d.

Kawuesvie crosa: amoxkamnnueckuii paspsj, IJIasMeHHas IyJs, TpaH3MeHTHble cBeroBble sBieHns (TCSD);
apokampic discharge, plasma bullet, transient luminous events (TLEs).

BBeaenne

B nocnennee necatuiieTrie BO306HOBUJICS WHTEPEC
K U3YYeHUIO DPa3psIIHBIX SIBJEHUN B BEPXHUX CJIOSIX
arMocepsl. CobuparelbHO UX HA3BIBAIOT TPAH3UEHT-
Hble cBetoBble sBieHus (TCH) [1—3]. UccaenoBanusa
TCS npoBoadaTca B TpexX HallpaBjieHusX: 1) HabJome-
HUSI ¢ TIOBEPXHOCTH 3€MJIH, ¢ BO3/YIIHBIX JIeTaTeTbHbIX
anmapaToB M M3 KOCMOCa; 2) TEOPETHYECKOe MO/Ie/IN-
poBaHUe; 3) SKCIEPUMEHTHI C JabopaTOPHBIMU Pa3ps-
JaMu. DTH HANPaBJEHUS JOMOJHSIOT APYT ApyTa.

Pamee MbI mokasaju [3], 4To JlaGopaTOpHBIi aHa-
JIOT TPaH3MeHTOB cpenHeil aTMocdepbl 3eMian — aro-
KaMII, ecid ero copMHPOBATh B YCJIOBUSX, GIU3KHUX
K YCJOBHUSIM BO3HHUKHOBEHUSI aTMOC(MEPHBIX TpPaH3U-
eHTOB. ATToKaMII (OT IPeYecKoro omd «OT» M KOYLR «H3-
ru6») — 3TO y3Kas IUIa3MeHHasl CTPys, CTapTylollas
OT MecTa u3Tnba IIa3MeHHOTO KaHaJa BHICOKOBOJIBT-
HOTO YaCTOTHO-UMITYJIbCHOTO pa3psijia, HAXOAIIET0oCs
MO/l TOJIOKUTEJbHBIM MoTeHInadoM. B arMocdepe,
KaKk MBI TOJaraeM, aHAJIOTMYHO (POPMUPYIOTCS TOJIY-
6ble CTPYH U CTapTephl, KOTOPBIE CTAPTYIOT C BEPIIIHBI
TTOJIO;KUTEJNBHO 3apsKEHHOTO TPO30BOTO O6Jiaka TOCTe
TOTO, KaK TPOMCXOANT BHYTpMOOJauHbIll pa3pan. Jla-
6OpATOPHBII aTOKAMITMYECKUH pa3psal yA0OHO MCIOJIb-
30BaTh JIJI TIOCTAHOBKM M JIaGOPATOPHOI IPOBEPKU
rumnote3 06 ycJaoBuSIX 06pa30BaHusl TpaH3UeHTOB [3, 4].
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B [5] 6buio mokaszano, 4To mpu arMochepHOM Ja-
BJIEHUH B BO3AyXe a1 (DOPMUPOBAHUS YCTOIUMBOTO
arokaMia HeoOXOAUMO HeGOJIbIIoe BHEIIHee 3JIeKTPH-
yecKkoe MoJe.

Ienp Hacrosimieil paGoOTbl — 3KCIIEPUMEHTAIBHO
MOKa3aTh, KaK BJIMSET BHEINHEE 3JEKTPUIECKOe II0Jie
Ha [MHAMUKY TOPEHHsI W THUI Pa3psjia B YCJIOBUSAX,
6mu3knx (10 JaBIEHUI0) K YCJAOBHSM BO3HUKHOBEHMS
TPAH3UEHTOB Ccpe/Hell aTMocdepbl B PUPOJIE.

JKcnepuMeHTaIbHasA YCTAaHOBKA
U METOJUKHU

N3BecTHO, 4TO TO/y6ble CTPYH, CTapTepbl W TH-
TaHTCKUe JKeThl 06pa3yloTcsl Ha TpaHHIle BepXHell 06-
JIAYHOCTH, Ha BbICOTaX oKoJsio 12—18 kM [2], uTo oTBe-
yaeT JaBjeHuio Bo3ayxa p ~ 150—80 topp. [l akcme-
PUMEHTATBHOTO MOJIEIUPOBAHUST ITUX YCJOBHU ObLia
cob6paHa yCTaHOBKaA, MMOKa3aHHasg Ha puc. 1.

VMityibCHBIH pa3ps 3aKurajiacd Mexay 3a0CTPeH-
HBIMU CTQJIBHBIMHU 3JIeKTpofiaMu { U 2 ¢ paccTOSTHIEM
d=8wmm wmexay Humu. OHE OBUIH PaCIOJIOXKEHbI
B IMWJINHAPWYECKOI KBapieBoil KoJibe 3 BHYTPEeHHUM
nuamerpoM 5,1 cM u gmmHON 121 c¢M, B KOTOpO# maB-
JIeHHe BO3[yXa MOKHO ObLIO M3MEHSTb B [UATIa30HE
or 760 mo 0,1 topp. Vcrounuwk muranus 5 obecreyun-
BaJ BBICOKOBOJIBTHBIE WMITYJIbCHI HANPSIKEHUS II0JIO-
SKUTETbHON TOJIIPHOCTH JJIUTENBHOCTBIO 1,5 MKC € aM-
wmtynoit 4,5 < U, <16 kB u wacroroit 12 < f< 56 xI'm.
WMy el TIOJaBAJINCh HA 3JeKTpoA !, a ajexTpoj 2
HAXOJWJICS TOJl TJIABAIOMIUM TOTEHIIMAJIOM, ITOIKJIO-
YeHHBIM K 3a3eMJieHHIO 4yepe3 KouaeHcatop C. B pe-
3yJIbTaTe B MeCT€ MaKCHMAaJbHOTO U3THOA TOKOBOTO
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Puc. 1. JkcuepuMeHTatbHas ycraHoBKa (cieBa) U paspsf
arokamma Tpu AasieHun Bosayxa 100 topp (cupasa): 1, 2 —
AJIEKTPO/BI U3 HepIKaBelollell CTalu ¢ OCTPbIM KoHIoM (ama-
MeTp 2 MM, yroJ 3aTouku 15°, paauyc 3akpyriaeHus 70 MKM);
3 — kBapIieBas Koj6a; 4 — MJIOCKUN 3a3eMIEHHBIN 3JEKTPOJI;
5 — ucrounuk nutanus; 6 — ICCD-kamepa; 7 — nuH3a; 8§ —
BBICOKOBOJIBTHBIH 30H[; 9 — reneparop 3axepxkku; 10 — IIK;
11 — ocummnorpad; 712 — kamepa; 13 — sIpKoe OTBeTBJIEHHUE
amokamima; /4 — crpuMepHas 3oHa amnokamma; C = 5,5 nd,
R = 3,6 Om, d = 8 mM; BbicoTa Kagapa 11,2 cM

paspsia KaHajma (OPMUPOBATACH ILIA3MEHHAsl CTPYs
(amokamn A). Ha puc. 1 BUAHO, YTO aIlOKaMII COCTOUT
73 IpKOTO OTBETBJEHWS OT KaHaJa pa3psla W CpaBHU-
TeJIbHO MeHee WHTEHCHBHOMH, HO 6oJsiee TIPOTSKEHHOI
Ia3MeHHoll cTpyu. PaHee 6b110 TokasaHo [6], uTo Ta-
KHe IJIa3MeHHble CTpyu (OpMHUPYIOTCSI 3a CUeT pac-
MPOCTPAHEHUsI TaK Ha3bIBAEMBIX ILTa3MEHHBIX IYJb —
crpuMepoB. Ho m3-3a 60JbInOi 4acTOTHI MOBTOPEHUS
Pa3psIIHOTO  TIpollecca BU3YAJbHO OHHM HAIIOMIHAIOT
roy6ble CTPYH.

DdopMupoBaHme aTOKAMIIOB PETUCTPUPOBAJIN C TO-
Molbio YeTbipexkaHaabHoii ICCD-kamepst 6 (HSFC-
PRO, PCO AG). MuHuMa/ibHas JJIMTEJIbHOCTh Kajpa
KaMepbl paBHa 3 HC; MOJe 3peHUs] JUH3BI 7/ Ha BBIXOJlE
KaMepbl 6 coctapiisieT 17 x 23 MmM. Kamepa 3amyckanach
CHTHAJIOM OT BbICOKOBOJIbTHOTO 30HAa 8 (ACA-6039,
Eliks) 4epes reneparop 9 (BNC 565, Berkeley Nucle-
onics), KOTOpbIii ycTaHaBauBaa 3afep:xkky aas ICCD-
kamepbl n ocumiorpada 771 (TDS 3034, Tektronix).
Curnasa ¢ ogHoro uWian HeckoJsibkux kKaHajsoB [CCD-ka-
Mepbl TlepeaBajcs T0 ONTOBOJIOKHY B KoMmbioTep 0.
[l moydeHUs TOJHON KapTHHBI CBEYEHUS HCIIOJNb-
3oBasiach kamepa Canon PowerShot SX60 HS 72 B pe-
JKUMe TOCJIeJOBATeTbHOM TIOKAJpPOBOIl 3aIlicH C BbI-
nepskkoil He Menee 0,125 c.

Bo BpeMs akcmepuMeHTa Ha Pa3JUYHBIX BBICO-
TaX /i Ha/l 3a0CTPEHHBIMU CTAJBHBIMH 3JIEKTPOJAMH
pa3Meniascsl 3a3eMJEeHHBIN TIJIOCKUIl 3JieKTpold 4 aua-
MeTpoM 40 MM.

Pe3syibTaThl 1 00CY K/IeHUS

Ha puc. 2 mpuBeieH TpuMep BBICOKOCKOPOCTHBIX
dortorpaduit amokamma, pacIpOCTPAHSIIONIETOCS B BO3-
ayxe (p =150 topp, f=55kIw, U,=8xB), c h=9 cm.

HpI/I PacIIpoCTpaHEHUN OT n3rnba KaHajla MHTEHCHB-
HOCTPH IIJTA3MeHHOI Iy YBEJIMYNBAETCA B T€UEHUE IIE€P-
BbIX HECKOJIbKUX [IECATKOB HaHOCEKYH/. Cpe[[HSIf:[ Be-

JIMYMHA CKOPOCTU IYJH B JaHHOM CJIyYae COCTABJISIET
253 kM/c.

a 6 68 2

Puc. 2. /Ilnnamuka amokaMma IIpW 3KCIO3UINN 3 HC C WHTEP-
BasoM 37 He Mexay kaapamu (a—e); WHTerpajibHOe U306pa-
sxerue 1pu sxcrosunuu 100 He (2)

Ha puc. 3 mpeacraBieHa 3aBUCHMOCTb CpeJHe
CKOPOCTH TIJIa3MEHHBIX MYJb <U> OT PAcCTOSHUS MeK-
Iy 3a0CTPEHBIMH 3JIeKTpojaMu [, 2 I MIOCKUM 3JeKTPO-
oM 4. IIyHKTUpHAsT KpUBas — ANIIPOKCHMAIUS JKCIle-
PUMEHTAIBHBIX TOYEK:

rae a =175 +£10, b=1500+86, c=9+0,1 — Koapdu-
[IMEHTHI ANPOKCUMAIINH.
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Puc. 3. Cpexnasa ckopocThb IJa3MEeHHOH IyJN B 3aBHUCHMOCTH
OT TOJOXKEHUS IJIOCKOTo 3JjeKTpoza mpu p = 150 topp, f =
=55 kI, U, = 8 kB

IIpu 2 <9 cM IKCIEPUMEHTATBHBIX TOYEK HET, MO-
CKOJIbBKY B 3TOM Cjydae SpKUIl OTPOCTOK IlepeMblKaeT
IIPOMEKYTOK MEXIY 320CTPEHHBIMHU U IJIOCKUM 3JIEKT-
pomaMu U TIasMeHHoll ctpyn (amokamiia) Her. BujHo,
YTO CpelHUe CKOPOCTHU ILJIA3MeHHBIX IMyJb HAauGOJIbIIe
pY MUHUMAJbHBIX BeJUYUHAX h. ITOT ciaydail oTBe-
YaeT MaKCHMAJbHOMY HaBeJeHHOMY OTPUIIATEJbHOMY
3apay HaJ 30HOH TropeHUs UMIYJbCHOTO pa3psia.

CBsKeM TIOJIydeHHble pe3yJabTaTbhl € JaHHBIMHI
0 Pa3BUTHHU TPO3OBBIX OOGJAKOB U COIPOBOKAAIONIEN
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3TOT TIPOIIECC PA3PSIAHON aKTUBHOCTH. I3BeCTHO, YTO
TPO30BOe 00JaKO TpeJCTaBIsIeT COOOH adpPO30JbHBIIH
JIN3JIEKTPUK, BHYTPU KOTOPOTO pacipeieieHbl 00beM-
Hble 3apsi/Ibl: OTPHUIlATETbHbIE BHU3Y U IOJOKUTEH-
Hple BBepxy [7]. Ha cragum 3apoxaenust obJaka,
KOTJ]a HANPSKEHHOCTD 3JIEKTPUYECKOTO MoJist B 06JIaKe
jgocruraer ~2—3 KB/ cM, Mexay aTuMHU 06JacTIAME Ha-
YUHAIOTCS BHYTPUOOJIAYHBIE Pas3psibl, IMPOXOIAIINE
0 MOHU30BAHHBIM CJleJlaM MIHPOKUX aTMOChHePHBIX
muBHel (puc. 4, a). O61ak0 caMO CTaHOBUTCS TeHepa-
TOPOM 3JIEKTPIYECKNX 3apsAnoB. Dosbplmas yacte mos-
BHUBIIUXCS Map 3aps0B pekoMOuHUpYyeT. OcTaBmrascs
YacTh TPUJINIAET K HEeHTPAJbHBIM a3pPO30JbHBIM Yac-
TUTIAM, 06pa3ys HOBble 3apsUKeHHbIE Apa KOHJeHCa-
I[U¥, KOTOPBIE TPOJIOJIKAIOT YYaCTBOBATh BO BHYTPHU-
006JIaYHOM pa3/ieJleHINH 3apsiloB. OJTO yBeJNYUBAET
YacToTy BHYTPHOOGJIAYHBIX pPa3psOB U CYIIECTBEHHO
YBEJNYUBAET KOHIIEHTPAINIO OOBEeMHBIX 3apsiIOB ITIPO-
THBOMOJIOXKHBIX 3HAKOB B ob6make. Dmaromaps atomy
poct o6aaka ycuiauBaetcd [8], oHO mepexoauT K Tak
Ha3bIBaeMOil CTaIH 3PEJIOCTH.

I1177777777777777 ////////6/////////
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Puc. 4. Cragun o6pasosanusg (a) u spenoctu (6) TPO30BOro
obmaka: 1 — obaactb Temoro Gpponra; 2 — 061aCThb XOJOIHO-
ro ¢hpoHTa; 3 — BOCXOIAIIIE MOTOKN BIAKHOTO U MOHHU3MPO-
BaHHOTO BO3/yxa; 4 — 06/1aCTh MAKCUMyMa YacTHUIl, CO3/aBae-
MBIX TUTAaHTCKUM BO3JIYILIHBIM JIMBHEM; 5 — BHYTpuOOGJayHAas
MOJHUS; 6 — MOMHUS; 7 — 9KPAHUPYIOIINH CJIONH OTPHUIIATETb-
HBIX HOHOB; 8§ — IOJIOKUTETbHBIN 3apsl Y OCHOBaHUS o6a-
Ka; 9 — TpaH3ueHT; [T — TOK OTPUIATENbHBIX HOHOB, TEKYMIUit
u3 noHocgepdl K BepimmHe ob6aaka (agantuposano us [9])

3nmech TON JEWCTBUEM 3JIEKTPUYECKUX 3apsIoB
JIITIOJIST K BeplinHe o6Jaka U3 aTMocepbl TeYeT TOK
JIETKUX OTpUIaTebHbIX HoHOB ([7), a K OCHOBaHUIO
o6J1aKka — TOK TI0JIOKUTETbHbIX HoHOB (puc. 4, 6). Tok
OTpUIATETBHBIX MOHOB 60Jiee 4eM Ha MOPSOK TPEBbI-
IIaeT TOK MOJIOKUTEIbHBIX HOHOB[9] u dYacTudHO
KOMIeHCHpYeT OOBeMHBII TOTOKUTENbHBIN 3aps 06-
gaka. Ilpu atoM y BepmuHbl o6pasyeTcs HeGOIbIION
110 TOJIIIWHE OTPHUIATEJbHO 3apsKeHHBIN dKpaHUpYIo-
UH CJI0H, KOTOPBIN <«HEMOCPeJACTBEHHO» TPUJIeraeT
K 00JacTH ¢ OOBEMHBIM MOJOKUTEIbHBIM 3aps/ioM,

a BHYTPHOOGJIAYHbIE Pa3PSAbl IPOJOJIKAIOTCS. JTa CH-
Tyalns NOXoXKa Ha CHTYaIlNio B HallleM 3KCIIepUMeHTe.

Y Hac poJb BHYTPHOOGJAYHBIX Pa3psOB HIpaer
UMMYJbCHBII pa3pas MeXAy aJeKkTpogamu | u 2, mpu-
YeM OH WUMeeT NOJOXUTEIbHBII MOTEHIINAT OTHOCH-
TeJbHO 3eMJIH, KaK M BepXH:A 4acTb obsaka. [lmockmit
3JIEKTPO/I, PACHOJIOKEHHBIII Hal pa3psgaoM, SBJISeTCS
aHAJIOrOM OTPHIIATENbHO 3apsDKEHHOI 30HBI, PacloJio-
JKeHHON Haj KymosoM objaka. U1 deM GisKe MIOCKUi
3JIEKTPOJ K Pa3psily, TeM BbIllle HaBeJeHHBIN 3apsifl.

Ha ocHOBaHNM TIpOBeIeHHBIX HCCJETOBAHUN MOXK-
HO TPEe/JIOKUTD THIIOTe3y O BO3MOXKHOW IpUYMHE pas-
JUAuit MeXXIy TpeMs BUAAMU TPAH3WEHTOB — FOTyObIMU
CTPYySMH, CTapTepaMi W TUTAHTCKUMU JkeTaMu. OHH
CTapTYIOT ¢ OJUHAKOBBIX BBICOT, HO OTJIMYAIOTCS [IJTH-
HaAMH U CKOPOCTSAMH paclipocTpaHeHH:A. Tak, B yKa-
3aHHOM PSIIy CKOPOCTH DPAaCHPOCTPAHEHUSI COCTABJSIOT
20—150, 100—150 u 100—1000 kM/c (B 3aBHCHMOCTH
OT BBICOTBI) COOTBETCTBEHHO. MOSKHO IPE/IIOJIOKHUTD,
YTO yKa3aHHbIe OTJINYUA CBI3aHBI C MHTEHCHBHOCTHIO
BHYTPHOGJAYHBIX PA3PsIOB U C COOTHOIIEHUEM II0JIO-
JKUTEJbHOTO 3aps/a BepUIMHLI KyHoja M OTpHUIlaTesb-
HOTO 3apsila 9KpaHuUpyolero cios. /[lelicTBUTENbHO,
roay6oii ctapTep — caMblif KOPOTKWi, UTO O3HAYaeT
caMylo HHU3KYI0 CKOPOCTb PAaCIIPOCTPAHEHUSI CTPUMepa.
I10 coorsercrByer obnactu (I11) Ha puc. 3. C yBesu-
YeHHEM HaBeJIEHHOTO TIOJIsI HaJl MeCTOM 06pa30oBaHUS
TpaHsneHta (T.e. ¢ yMeHbIIeHWeM /i B HaIlleM dKcIle-
PHUMEHTEe) CKOPOCTD IIyJIM HaYMHAET PE3KO PACTH, JJINHA
TPaH3WEHTA YBEJIMYMBAETCSI — IOJIy4aeM TroJyOble
crpyu. 1o obaacts (11) Ha puc. 3. Hambredimuil poct
HaBegeHHoro 1m0t (2 <10 ¢M B sKcepuMeHTe) CyIecT-
BEHHO y//IMHsIeT arnokaMil, a tpu /2 <8 cm (o6acts (1)
Ha puC. 3) TPHUBOJUT K TaKOMY YAJMHEHHIO, YTO OTPOC-
TOK TIePeKPBIBAeT NMPOMEKYTOK MeKIy TJIOCKUM 3JIeK-
TPOZOM M KaHAJIOM paspsijia. DTO MOKHO UHTEPIPETH-
poBath Kak (pOpMUpPOBaHUE [JMHHOTO JHIEPHOTO Ka-
Haja, YTO XapaKTepHO /I cTapTa THTAHTCKUX JKETOB.

3akouenue

W3yuyeHo felicTBUe HaBeJIeHHOTO BHEITHETO OTPH-
I[aTeJbHOTO 3apsd/a HAa JUHAMUKY Pa3BUTHSA alloKaMIIa.
PesysbraThl (cM. puc. 3) CBUAETEJNbCTBYIOT, UTO BeJH-
YUHA HaBeeHHOTO TOJII HeJWHeilHO BIWgeT Ha CKO-
POCTb ¥ BBICOTY pPaclpoCTpaHeHUsl amokamma. [losy-
4YeHHBIE [aHHbIE JKCIEPUMEHTAJBHO MOATBEPIKIA0T
HaIlly TUIIOTE3y O TOM, YTO B TIPUPOJIE PA3TUYHSI MeK-
[y TpeMs BHJaMH TPaH3MEHTOB (roMyGBIMH CTpPYsIMH,
cTapTepaMyl U TUTAHTCKUMHM J[KeTaMH) CBSI3aHbI C COOT-
HOTIEHNEM TOJIOKUTETbHOTO 3apsi/la BepPIIMHBI KyIoJia
U OTPUIATEJBHOTO 3apsijia sKpaHupytollero cjaos. Hamr
9KCIIEPUMEHT SBJIIETCS TPOAoJKeHreM pabotel [10]
U ero MOKHO HCIOJb30BaTh KaK KauyeCTBEHHYIO MO-
Z1eTb, OODBACHAIONIYI0 NPHYMHY O0O6DPA30BAHUA PA3JIHY-
HBIX TUIIOB MEPEXOJHBIX IIPOIECCOB HAUYMHAS C KYIOJa
rpo3oBoil Tyun. [IpeamoxeHHass TUTIOTe3a MOYKET OBITH
TIO/ITBep K/IeHa TeopeTHdecKoil Mojiesbio armokamia [11].
KpoMme TOTO, MOTy4YeHHBIE PEe3yIbTaThl MO3BOJISAIOT CTa-
BUTb HOBbIe 3agaun 1o Habmogenuio TCH cpeameit at-
Mocdepsl.
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Mpbr 6aarogapuM E.X. Bakmita 3a ero moMoIilb

B perucrTpaium mjiadMeHHbIX MTYJIb.

Pa6oTta BbINOMHEHA IIpH MOJAEP)KKe TOCyAap-

crBenHoro 3ajganma gaa MCI CO PAH (mpoexr
Ne 13.1.4.).
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