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1. BBenenue

Kaxnyro cekynay Ha 3emie mpoucxoauT okojo 50-100 oObIUHBIX TPO30BBIX Pa3psoB,
89% - BHyTpu-oOnaunsie, 10% - paspsiabl 00gaKo-3eMIIsl, HEPEHOCSIIUE HA 3EMIIIO

orpuniaresbHbid 3apsa U 1% - paspsabsl 00ako-3eMils, MEPEHOCSIIINE Ha 3E€MITIO
MTOJIOKUTEbHBIN 3aPsI;.




Oo6pazyrorca Ha BbicoTax 50 — 90 kM, monepeunslit pazmep ot 20 — 30 g0 50 — 100 kM,

JUTUTEIBLHOCTH cBeueHus 1 — 100 mc, miobanbHast yactoTta nossieHus 0,5 - 1 pa3 B MUHYTY




Chpairsl

Bricora 50 — 90 kM, monepeunsiit pazmep oT 20 — 30 10 50 — 100 kM, ATUTENHHOCTH
cBeueHus 1 — 100 mc, mro0anibHas yactoTa nossiaeHus 0,5 - 1 pa3 B MUHYTY.




I'ajio cipaura

["ano crpaiita — o6macTh auddy3HOro cBeueHus Ha Bbicote 70-85 KM, KoTOpas
MHOTIJIa IIPEIIeCTBYET BOBHUKHOBEHHIO CIIpaiiTa




Tosy0oi oxer

Blue Jet (Transient Luminous Event) - Thunderstorm Darwin 8th Dec 2015

William Nguyen Phuoc

T'o1y00i KeT pacpOoCTPaHSIIOTCS OT BEPIIMHBI 00jaka A0 BbICOTHI 40 — 50 KM co

ckopocThio 0koji0 100 km/c. I'mobansHas yactora nosisjieHus 0,01 ciyyaid B MUHYTY.




I'uranrckuii roryoou Jaket

00:43:23

I'uranrckue rogyoble JKeThbl pACIIPOCTPAHAIOTCS OT BEPIIMHBI 00JIaKa 10 BHICOTHI

85 — 90 kM, mepeHocs B HOHOC(Eepy TMraHTCKUE AEKTpuIecKue 3apsianl 10 120 K.



2017704702 19:39:23.918 0054 00175 Hartin Popek. TLE obzerver-IAP CAS Prague. station Nudek

«Iab(» — 3TO KOHIIEHTPUUECKUN KPYT ONITUYECKOW IMUCCHUM, BO3HUKAIOIIEN Cpa3y
MOCJIe pa3psijia MOJIHUM Ha 3eMJII0 (JIF000H MOJISIPHOCTH ). DIb(bI MOSIBIISIOTCA HA
BbIcOTE 90 KM B BHE PACIIMPSIONIETo KpyTa, pa3Mep koToporo goxoaut ao 300 - 700
KM, a TojmuHa 10 — 20 kM, 31b(bl BUIHBI B TeUeHUE HHTepBajia meHee 0.1 Mc.




. L v

60 Km

40 Km

« The ISUAL satellite measurements have shown that the global
occurrence rate of elves, sprites, halos, and GJs can be

estimated as 3.23, 0.50, 0.39, and 0.01 events per minute,
respectively.
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2. CnipaiiThol
2.1. OcHoBHBIE CBOMCTBA U MOP(}0JI0rUsl CIPANTOB

t=3.46 ms t=3.66 ms t=4.06 ms

B 95 - 99% ciydaeB cipaiiTbl BO3HUKAIOT MOCJE MOJIOKUTEIBHBIX MOJIHUM,

3apsIOBBI MOMEHT KoTophIX mpesbimaeT 500 Ki-xm [Boccippio et al. ,1995;
Williams et al. 2007].




Columns (Co)  V-shaped (V) Carrots (Ca)

'
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2.2. MexaHM3Mbl 00pPa30BAHMA CIIPAUTOB

MOSeKYITS!

OO0pa3zoBaHuE AIECKTPOHHBIX JIABHUH.
VYnapnast noHu3zanus 1 GoToMOHU3AIUS

_|_

TUNUYHBINA CTpUMEDP — ITO caMOpacHpo-
crpansrormiics (ckopocts 10%-10% km/c mpu
arMOC(EpHOM JIaBJICHUH) Y3KUI KaHal,

318K MPOH I~ 3amoJIHEHHBIN XOJIOJIHOM C1a00 MPOBOASIICH
UOHU3aYUA TJ1a3MO¥.

[T10THOCTB 3apsija B rOJIOBKE CTPUMEPA CTOJIb BEJIUKA, YTO JICKTPUICCKOE TOJIC
BOJTM3M TOJIOBKU MOXKET ObITh TIopska (5-7)E, [Celestin and Pasko, 2010].

Cyl1ecTBYy€eT JBa BHJIa CTPUMEPOB, MOJOKHUTEIbHBIE U OTPULIATEIIbHbBIC, B
3aBUCHMOCTH OT 3HaKa 3aps/ia B rojioBKe cTpumepa. OTpuLiaTeIbHbIA CTPUMED
pacnpocTpaHsIeTCs Oarogaps KEKIHMH 3JISKTPOHOB U3 FOJIOBKH.
[TonoKXUTEIbHBINA CTPUMED ABUIKETCS BCICACTBHE HHIKEKIIUH YJICKTPOHHBIX JIaBUH
U3 OKpYy’Karolen cpenpl. [€.9., Raizer et al., 1998; Bazelyan and Raizer, 1998].

E’ =4.4 xB/em E_ =-12.5 kB/cum
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CtpuMepsbl B 1a00paTOPHBIX YCIOBUSIX

1000 mbar 200 mbar 200 mbar 25 mbar 25 mbar

-,

Pure nitrogen . 160 mm

MTf 650
~40 kV

0.01% oxygen in nitrogen

Mf 450
~40 kV

0.2% oxygen in nitrogen

Mf 280
~5kV

20% oxygen in nitrogen

MF 1550 Mf 520 MF 90
40 kV 20kV | ‘ i | § 10kV

Pure argon

Mf 90 Mf 660
~13 kV ~7kV

Taken from Ebert et al.
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PC&KHI/II/I YAAPpHON NOHU3aAIWHU MOJICKYJI KHCJIOPOAAd U a30Ta B BO3AYXC

e +0, > 2e +0,,
_ s ()
e +N, >2e +N,.
Peakiys 1MCCOLMATUBHOIO MPUCOEIUHEHUS AIEKTPOHOB UMEET
HEepreTudeckui oapnep 3,6 3B

0,+6 >0 +0 (6)
TpéxuacTuuHas peaxkiys NPUCOCIUHEHUS FJICKTPOHOB
O,+e +A—>0, +A+05eV (7)

aal\lte+V-(dee)=(vi—va)Ne+V-(DeVNe)+Sph 9)

N, ¥ V4 - KOHLEHTpauus u Iper(oBas CKOPOCTh JIEKTPOHOB, V; U V, - 4aCTOTHI
MOHU3AIUU U IIPUCOEAUHEHHUS IEKTPOHOB, D, - koadpuuuent nuddysun
AJIEKTPOHOB, S, — CKOPOCTh (DOTOMOHU3AIHH.

E, ~32exp(—2z/h), kB/cum
h=8-10xm

ph

N, = Nyexp(-z/h) =




100

18

a0

80

70

60 -

50

z,km

40

aaaaa

30

20

10

(=]

GG C)

logl £ 1, kV/m

BepTukanbHOE IEKTPUUECKOE TI0JIe, BO3HUKAIOIEE B OKPECTHOCTH TYUH IMEPE/T TOSBICHUEM
crpaiira. Jluausam 1 — 3 orsevatot 3apsaapl Tyun = 950,100 u 150 Kun, coorserctBenno. Ipu
pacdéTax mpoBOJIUMOCTh BO3/lyXa HE yUUThIBaIach. Kputudueckue aneKTpudecKue moJs,
OTBEUAIOIIME PAa3HBIM MEXaHU3MaM Mpo0Oos Bo3ayxa. [lokazaHbl MyHKTUPHBIMU JTUHUAMU: 4 —
CTaHJapTHBINA TPOOOH, 5 — pacIPOCTPAHEHUE OTPHUIIATEIBLHOTO CTPUMEPA, 6 — pacpoCTpaHEHUE
MOJIOKUTEILHOTO CTpUMeEpa, / — Ipo0oil Ha yoeraronux 3iekTpoHax. LITpux-nyHkTupHas
JIMHUSA 8 WLTIOCTPUPYET BIMsSHUE TpoBoanMocTH Bo3ayxa ( ( =150 Ku).
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2.3. JIlnHaMuKa pa3BUTHSA CIIPANTOB

Pa3Burue cupaiita u3 arMmoc¢epHOil HEOAHOPOAHOCTH

t=5.29 ms t=571lms t=5.99ms t=6.41ms '=6.69ms t=6.96ms t=7.38ms t=10.29 ms

High speed sprite images from 13 August 2005 at 03:43:09.4 UT, each labeled with
Its time from the lightning return stroke onset. The initiation point of the left sprite
(A) is marked with an arrow. The first image Is contrast enhanced.

Cummer, S. A., N. Jaugey, J. Li, W. A. Lyons, T. E. Nelson, and E. A. Gerken (2006),

Submillisecond imaging of sprite development and structure, Geophys. Res. Lett., 33,
L04104, doi:10.1029/2005GL024969.
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Pa3zBuTHe cnipaiiTa U3 rajio

9.
/&\1'

t=1.66 ms t=3.06 ms

t=7.86 ms

Figure 2. High-speed sprite images from 13 August 2005 at 03:12:32.0 UT, each labelled with its time from the lightning return stroke
initiation [30]. Reprinted with permission from the American Geophysical Union.

Cummer, S. A., N. Jaugey, J. Li, W. A. Lyons, T. E. Nelson, and E. A. Gerken (2006),
Submillisecond imaging of sprite development and structure, Geophys. Res. Lett., 33,
L.04104, doi:10.1029/2005GL024969.
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04:36:09.230 UT 05:24:22.804 UT
The images illustrating the altitude transition between diffuse and
streamer regions in sprites observed on August 18, 1999 by Stenbaek-
Nielsen et al. [2000]




2.4. BHyTpeHHSsISI CTPYKTYpPAa M IIBeT CIPalTOB

LA

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII1‘]
| N;sccond positive band N, first positive band 4

N T I T 11T 11 T T T 1T 117711 ] _
L N; first negative band N3 Meinel band 4 E
| [ —"| T T T 1 T | =
15 &=
. i
gL 1 %
E L 1l =
= H
= L - =
‘il =
Ty . A — 10 2
—5" | Py I". _| 3
B T =
2 o ! . =
- 4 3
£
= 4 =

E00

300 4060 500 GO0
Wave Length {nm)

Figure 5. Sprite spectrum computed for reduced electric field of
300 Td and altitude of 80 km (black vertical lines) and the absolute
sensitivity of AP at channel 5 (zrey lines).
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CTpuMepHasi CTPYKTypa CIPalTOB

189066 44 - 44, 174

Telescopic imaging of sprites. Wide (left panel) and
narrow (right panel) field of view images of a
bright sprite event [Gerken et al., 2000].



CooTHOLIEHHUS MOA00MA 1JISI CTPUMEPOB 24

-1
v, /Eh JlnHa ¥ pagnyc ronosku ctpuMepa L oc N m

Al -
@\%@@@s@@/@/@ Bpems penakcammu T oc N
NN /\\‘\E KpuTHUeckoe snekTpuaeckoe mone E oc N
o 1 Wt

3apsn Ha mosepxHOocTH cTpumMepa (J oc N r;1

KOHLICHTpaIys 31eKTpoHoB N (Z) oC Nri

(e.g., see Raizer et al. [1998])

S BIEKTPONPOBONHOCTE cTpuMepa o, oc N
é A

L

Cxema
[IOJIOKUTEIHLHOTO
CTpUMeEpa
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2.5. HU3K04acTOTHBIE JJIEKTPOMATHUTHBIE
0JIsl, TEHePpUpPYyeMbIe CIIpAUTAMHU
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- stroke ~T pulse

= I pulze N
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q i . . :

* 6560 55.62 55.64 55.66

time after 0426 UT (sec)

Azimuthal component of the ELF/VLF magnetic
field variation recorded at Duke University,
North Carolina on 3 October 2004 at 0426:55.6
UT. The peaks on the graphs are presumably due
to the current pulses generated by the causative
+CG lighting and sprite. Adapted from Cummer
et al. (2006a).

HN S(t), mé/m

|
o
o

—_

North-south component of ELF
magnetic field caused by sprite-
producing lightning event recorded at
Hokuriku area, Japan on February
03, 2007 (Matsudo et al. 2009;
Surkov et al., 2010). The peak
marked by vertical red line coincides
In time with the appearance of sprite
luminosity. Adapted from Surkov et
al. (2010), with permission, Elsevier.


https://en.wikipedia.org/wiki/Durham,_North_Carolina

2.6. Bo3aeiicTBHe cipaiToB HA HOHOCheEpyY

@ Precipitating

Electrons

e S Onog, Phey,
J(K X [ (bmf;;m( (s / (1

g b dexThI
Q@ a “Early/fast”
VLF Receiver VLF Transmitter u

gl 3% PBEE, AFHEITE aa phiiaimiaae L]

“Early/slow”

=
- -
L

=

LF fmghiile j0Hi

Rt 2% DEES. SPRITE @ (090080 480 1]

%
[ =)

f = ]

VILF Al iwds I

.
]

26

duly I1, 2003, SPRITE af $2:35:06000 LT

Ll aanl in

T T T T T T T T T
i i B i ] 14
Times (s}

Taly 31, 2003, SPRITE an 02:4e; 0058 U7

445

458

VILF Amplaiade (4B

T L B B T T T T T
LUl 2 1 h L 1] 1 LE ]

Time in)

Tuly 20, 2%, SPRITE ui 43:03:I8.560 UT

LU 2 4 i 3 L] 1z 14
| i 15



27
3. T'o1yOble U THTAHTCKHE TKETHI

3.1. OcHOBHBIE cBOMCTBA U MOP(OJIOTHS
roJyObIX M THTAHTCKHUX IKETOB

.7 A — 40

— 35

|
w
o

 Altitude km /

|
N
(¢}

7

The inverted black and white image of this blue jet ﬁ_ﬁ_z N
shown on the left. Adapted from Wescott et al. (2001) scale km
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v ' o

l Sa. =S - | :

A gigantic jet over Pilbara, Australia, on March 28, 2017 captured by Jeff Miles.
The ISUAL experiment observed global rates of 0.50, and 0.01 events per minute for sprites and
gigantic jets, respectively (Chen et al., 2008)




Altitude (km)
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3.2. PazBuTHE TrTNTAHTCKUX T/KE€TOB

9O G e
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i Pasko et al. [2002] ¢, "I Soula et al. [2011] '/
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[llustration GJ evolution as observed by a Pasko et al. (2002) and b Soula et al.
(2011). Triangles and circles indicate the heights the GJ top depending on time.
The initial and final stages of GJ evolution is approximated with dashed straight
lines. Taken from da Silva and Pasko (2013).
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27 ms GJ 12 19 November 2018 02:13:39
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An example of the images sequences of the GJ development captured from the north
coast of Colombia, Cartagena on November 19, 2018. The upper panel shows the
selected images recorded by the high speed camera with a time resolution of 1 ms. A
dotted line in the left upper corner indicates the brief downward extension of a streamer
starting at the same time as the final upward jump. The lower panel demonstrates a
zoom in time of the FDJ stage of the GJ with a temporal resolution of 0.2 ms. The
uneven background was subtracted, horizontal banding noise removed, and contrast
enhanced. Taken from van der Velde et al. (2019).
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3.3. Puznueckre MeXaHU3MbI 1 MOJIEJIN

THI'AaHTCKHUX 1KE€TOB

June 18, 1987, Hinton, OK May 30, 1988, Dalhart, TX
z, km z, km
12 = 12
- L
10 ~ — L 10 -
— e S L
8 7= 8 — L
-— L
6 6 |-
L— L—
4 4 -
2. = 3 L
0 | L L 0 L | |
—200 —100 0 100 200 —200 —100 0 100 200
E_kV ! E kVm!

Examples of altitude dependence of balloon-measured vertical electric field
In a thundercloud. The arrows L indicate the heights at which a CG
lightning leader may start to develop. Adapted from Marshall et al. (1996)



Intracloud Negative Low-altitude
lightning cloud-to-ground intracloud lightning
lightning

= (20

" +40

Simplified models of electric charge distribution in a thundercloud. Blue

Positive
blue jet

32

Negative [J  Vevative gigantic jet (km)
bolt-from-the-blue

121
118
y (3115

312

and red contours indicate negative and positive charge areas. The numbers
In the columns on the right indicate the charges of the corresponding areas
in coulombs. Taken from Krehbiel et al. (2008).

Numerical simulation of the altitude
dependence of the thunderstorm QE field,
which may precede the occurrence of the
CG discharge. Vertical component of the
QE field versus altitude is shown with solid
line. A runaway breakdown field and the
electric fields required for propagation of
positive and negative streamers in the air
are shown with dashed lines 1, 2 and 3,
respectively. Adapted from Surkov and
Hayakawa (2012).
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4 h
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channel T
streamer
f zone
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L leader

channel

streamer
Zz0onc

cloud

Figure 1. (a) A photograph of a positive strcamer in a 40 mm gap in air at 1 bar (adapted from Briels
et al. [2008] with permission). (b) A photograph of a positive laboratory leader (adapted from Raizer et al.
[2007] with permission from Elsevier).

A schematic iet model [8] Contrary to streamers, a positive leader (such as shown
] J " 1n Figure Ib) represents a hot conductive plasma channel,
Raizer et al., 2010 quasi-continuously emitting a fan of streamers, termed the

streamer zone or corona. The tip moves at a speed much
slower than that of individual streamers. Gas in the leader
channel is heated up to a few thousand K by the current. A



4. IiabPbl

Hartin Popek. TLE obzerver-IAP CAS Prague. station Nudek

Elves above a powerful thunderstorm in the Czech Republic captured by Martin
Popek at night on April 2, 2017. This image was taken from spaceweathergallery.com
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IIpu4vHBI BOSHUKHOBEHUS 3J1b(OB

expanding elve

= N

EMP

Y

Haubonee cuiibHBIE TPO30BBIE Pa3ps bl C MUKOBBIM TOKOM Oojiee 60 KA MOpoKIaroT
AJIEKTPOMATHUTHBIN UMITYJIBC, MOITHOCTHIO OKOJIO 10 I'BT. MomHOoCTh Takoro
UMIYyJIbCa, JOCTAaTOYHA, YTOObI MPOHUKHYTh B HUKHIOK HOHOC(Pepy. B nonocdepe
SHEPTHUs ’TOTO UMITYJILCA MOTJIOMIAETCS CBOOOIHBIMU AJIIEKTPOHAMHM, YTO MPUBOJUT K UX
BO30YXIeHUI0. BO30YyX1EHHBIE SJIEKTPOHBI, CTATKUBASICh C OKPYKAOIIUMHU
MOJIEKYJIaMU Ta3a (MPeXAe BCETO a30Ta), HOHU3UPYIOT UX, 3aCTaBJIsIsI CBETUTHCA B
KpacHOM 00J1aCTH CIEKTpa.




1.19 ms@ 600-km

Time-integrated

_ -
600-km
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Figure 25 shows the event called a “tiger Elve”, which illustrates the striations in the
Elves luminosity observed using a high-speed camera system near Fort Collins,
Colorado on June 12, 2013 (Yue and Lyons, 2015).




ATMOC@QepHBbIe BCOBIIIKHA YJIBTPa(QUOJIETOBOI0 38
U3JIYYCHUSA, 3APEeriHCTPUPOBAHHbIE CITYyTHUKOM
«YHUBepcuTeTCKUM- TaTbsaHa»

Garipov, G.K., Khrenov, B.A., Klimov,
P.A., Klimenko, V.V., Mareev, E.A.,
Martines, O., Mendoza, E., Morozenko,
V.S., Panasyuk, M.I., Park, I.H., Ponce,
E., Rivera, L., Salazar, H., Tulupov, V.I.,
Vedenkin, N.N., Yashin, 1.V., 2013.
Global transients in ultraviolet and red-
infrared ranges from data of
Universitetsky-Tatiana-2 satellite.
Journal of Geophysical Research.
Atmoshere 118, 370 — 379,
doi:10.1029/2012JD017501

Among the short events, there are the lowest-
photonnumber events with Q,<10% (““‘dim”") to
compare with luminous events of Q, <1023. The
difference between the dim events and luminous events
Is not quite determined,; it is rather the difference in | _ ]
their rate that is. % | S

Fig. 9b. Global map of transients with Q.> 5-102%,
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5. ATMoc(epHbIe BCIBIMIKHA TAMMA U3JIYYeHUs

5.1. DkcnepuMeHTAJIbHBIE JAHHBIE

Pacific America Africa SE Asia
50 | ‘Q | %_
* 5
D b4
S ‘b
S 0F% x x
Lﬁ X X % )
H}f x)()%(j.;ﬁ
X X
_ ]
-150 -100 -50

Longitude

Figure 3. Geographical distribution for March 2009 - July 2012 period of RHESSI TGFs
(red crosses) and AGILE TGFs (black crosses). Vertical black lines limits latitudes used

for regional analysis
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KOPOTKHC BCIIbIIIKKX HAIIPABJICHHOI'O
BBCPX PCHTI'CHOBCKOI'O 1 r'aMMa-
U3IIy4eHHs, 00OHAPYKEHHBIC Ha 0OPTY
HHU3KOOPOUTANIbHBIX CITyTHUKOB HaJl
AKTHUBHBIMH I'PO3aMH. ITO SIBIICHHE
ObLIO BIIEpBBIC 3aMeueHO B 1994 rony
B Xoze skcniepuMenTa BATSE (Burst
and Transient Source Experiment) na
oopty Compton Gamma-Ray
Observatory.

Puc. 1. BATSE umen 8 CUMHTHUIAIIMOHHBIX HaHEIEN
(yka3aHsbl cTpenkamu) ¢ 3Q(PEKTUBHON MIIOMIAAbIO
0k0j10 2000 cM?, 4yBCTBHUTENBHBIX K SHEPTUSM KBAHTOB

ot 25 k3B 5o 1 MaB. (NASA, GSFC, P.G.T. Leonard)



1.3. Muccusa ASIM na MKC

e

~Puc. 6. The Atmosphere-Space Interactions Monitor (ASIM) is an instrument suite on
the International Space Station (ISS) for measurements of lightning, Transient Luminous

Events (TLEs) and Terrestrial Gamma-ray Flashes (TGFs). Neubert et al, 2019
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Puc. 5. ITpumep TGF. Taken from
s a0 20 “10 Carlson et al. 2003

Time Since Trigger (ms)



43
Jlnugep MOJIHMHU - HCTOYHUK YOeramuux 3J1eKTPOHOB

The TGF photons in the events analyzed here were observed by the Gamma-ray Burst
Monitor (GBM) instrument on the Fermi satellite (Cummer et al., 2015)

3 T
NLDN —FIT 298.2 km range
E 2 +9KAIC » BGO Photons
m A
- 1
s 0 rﬂn-l
=
E
8 -1 TGF NLDN
X X X WK X E)m X % XM 40 kA IC
_ |
370 371 372 373 374 375 376
2 pulse 2 pulse 8
1. i
1 ground . . ground
wave reflection reflection wave reflection reflection

| =
3725 372.6 372.7 372.8 375.7 375.8 375.9 376

milliseconds from 02:07:22 UT at source location

Puc. 10. Summary of data for 1 July 2014 TGF. (top) Time-aligned LF radio signal and BGO gamma ray counts,
referenced to the source location. The TGF occurred roughly in the middle of eight distinct radio pulses in a 5 ms time
window. (bottom row) Zoom-in on the (bottom left) second and (bottom right) eighth radio pulses, showing that two

ionospherically reflected pulses are clearly detectable for each ground wave. The relative timing of the reflected pulses
reflects the source altitude of each.
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5.2. IIpoOo Ha y0eramwimux JIeKTPOHAaX

XapakTepHasi SHEpPIrusl JICKTPOHOB, IPUBOSAIINX K HOHU3ALUN MOJICKYJI MPU TEILIO-
BoM npoOoe nopsijka 10-20 3B B T 0 BpeMst kKak cpeaHsisi SHEPTUs JIEKTPOHOB OKOJIO

2 5B. TunuyHble SHEPTUU NPU TPOOOE HA

B
107
E 66—
D 10°
>
VpaBHEHHE ABIKEHHS SIIEKTPOHOB E 10t
dp %
e —eE-F,(¢) (17) &,
dt 10°¢
E — snexrpudeckoe noure, 102:
F. — IMHAMIYECKasl CUJIa TPCHUS, :
P — bvgekmc snexTpoHna,
10

& - OHCPIus JJICKTPOHA.

F

= I, (e) ~ ¢IN,

&

yOeraromux 3JIeKTpoHax mopsaka 1 MaB.

Ec~ 260 kV/em
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Figure by V. Pasko, from tutorial at the NATO summer
Institute on Sprites, etc., Corte, Corsica, 2004
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I[PIH&MH‘I@CK&H Cujia TPCHUA B 3dBUCUMOCTH OT
OHCPI'MHU SJICKTPOHOB.

&« = DHEPrus TEIJIOBOTO IMPOO0s Ha yOErarIuxX dJIeKTPOHaX, EEth ~ 200 xB/cwm,
[Gurevich and Zybin, 2001].
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Poab 3aTPABOYHBLIX JJICKTPOHOB

‘}__...:l_._

JIJ1s1 THAIUMPOBAHUS
po00s Ha yOEraromnx
AIIEKTPOHAX SHEPIrUs
YaCTHll, I1aJJaroluX 13

The combined discharge arising from runaway breakdown
triggered by a cosmic-ray extensive atmospheric shower
(EAS) is shown schematically during a thunderstorm at the
Tien-Shang Mountain Scientific Station in Kazakhstan with ~ KO€MOCa, IOJDKHa ObITh

its Y-shaped gamma-ray detectors. Taken from Gurevich, A,  HOpPAJKa UJIH OoJblIe, YeM
V., and K. P. Zybin (2005), Runaway breakdown and the 10* 5B [Gurevich et al.,
mysteries of lightning, Physics Today, May, 37 — 43 1999].
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5.3. Mogean arMoc(epHBIX BCNbINIEK TAMMAa H3J1y4YeHHUs!

satellite

I‘).;Il\
PacueTsl uroeHca raMmMa KBaHTOB
Ha OpOUTE CITyTHHKA B 3aBUCHUMOCTH

OT BBICOTBI HICTOYHHKA

(1) photon energy spectrum is mainly determined by the bremsstrahlung of
relativistic electrons;

(2) TGF source emits 1016-1018 photons in the energy range from tens of keV to
~20 MeV;

(3) photon mean free path in the atmosphere is proportional to the number density
of air molecules and depends on photon energy; and

4) TGF source is located at the altitude of about 12-14 km or even higher.



- Baarogapio 3a BHUMaHue!
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