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1. TpaH3MeHTHble aTMmOochepHble ABNEHUA

2. CnyTHMKOBbIE MUCCUM NO N3YYEHUIO TPAHUEHTHOTO U3/Tly4eHua aTmocdepbl

3emnu
1. ISUAL
2. JEM-GLIMS

3. Cepwua skcnepumeHToB MIY: «TaTbAHa», TaTbAHA-2», «BepHOB», «/IOMOHOCOBY.
3. HeKkoTopble pe3ynbTaTtbl CNYTHUKOBbLIX 3KCMNEPUMEHTOB

4. HoBble NpPoeKTbl
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“Air and Space are one continuity”

Solar wind

Energetic Cosmic
Charged Particles Rays

lonosphere

10km
Earth’s Climate

»

W JlabGopaTtopus KOCMIYECKUX JIyHCH
' Ipe/iebHO BBICOKMX sHepruu BV N

KIMMOB MM.A., BLU®D-2019, MPKYTCK
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dPeHoOMeHO1orn4yeckKkas
Knaccmoumrkauma TLE

vRed sprites — KpynHomaclTtabHoe, 6bICTpoe cBe4yeHue,
npoucxoasuiee Hag obnakamu, Ha BbicoTe 50-90 Km,
M3lyYEHNE B OCHOBHOM B KpPaCHOM  AuanasoHe.
[OPU30OHTaNbHbIK  pa3mep — [AeCATKM  KUJIOMETPOB,
BO3HMKAIOT B TEYEHNE MUNNNCEKYHA NOCAEe pa3psaaa obnako
— 3eMJ1 U ANNTCA HECKO/IbKO AECATKOB MUNTNCEKYHA.

vBlue jets — npoucxoOAT Ha MEHbLUMX BbICOTAX, Yem
CNpPanTbl, BUOAMMOE U3NYYEHME NPEMMYLLECTBEHHO CUHETO

uBeta, anmtenbHocTb ~100 mc.

o ; vElves — Hanbonee CKOpOTEYHOe fBAeHME (AUTeNbHOCTb
MmeHble 1 mc) Ha Bbicote 100 KM, TFOpPU3OHTa/IbHbIE
pasmepbl Konbua 200-700 Km. CuymTaeTca, 4YTO BbI3BaHbI
3/1EKTPOMATHUTHBIMU UMMYNbCAMU OT MOJTHUM

vGigantic jets — mowHewmne paspaabl BbiIcoTon Ao 100 Km.

w

.

%’_ -JIabopaTopus KOCMIYECKHX JIyHSeH . 3 . Xl
% TIpEIETbHO BHICOKMX SHEPIHM! bl ‘b\'/ﬂ' R \ m it KNMMOB MN.A., bLL®®-2019, UPKYTCK
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[TepBoe onNTUYeckoe n3obparkeHne paspaga Has,
rPO30BbIM PANOHOM

O’Brian Observatory of the
University of Minnesota
July 6, 1989 4:14:22.

KNMMOB MN.A., bLLI®®-2019, MPKYTCK



HazemHble HabatoaeHna TLE
TLE MOryT UMeTb OYeHb (from Sentman)

pa3Hoobpa3Hbie dopmbi!!!

Jellyfish sprites

l‘l‘.‘t‘
1000 fps H 19/12003 09:05:23.94 )]
Wyoming Infared Obs (over castern Australia)

Carrot sprite

18 Aug 1998, 051711 UT 1000 fps HSI

University of Aaska Gl Woming Infrared Obs.

-

%. JlabGopaTtopus KOCMIYECKUX qu%i/i ' i { b
~' Ipe/ieNIbHO BRICOKHX SHeprin HVIVISI® VIR ¢ KAUMOB MN.A., bLLI®®-2019, UPKYTCK
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BpemeHHble maclTabbl

Conductivity (S/m)

o 10~ 107

=13

10° 107 Bpemsa penakcaunmn t~ 1/o
H>80 Km T < 1 mc
H™70 kmt™~1-10 mcC

10

g £ H~30 kmt~1cC
£ s 970 B 60/1bLLIOI CTeneHu onpeaensaeT
=2 ¥ 40 2 XapaKTepHoOe BpeMA Pa3BUTUA Pa3HbIX
20 20 TLE:
v ELVES-t< 1 mcC
A 109 107 ppe” e v’ Sprites - T - 4eCATKN MC
Mumber Density (1/m?) v Jets - T - COTHU MC

Liu, JASTP, 2015

* ¥ 3 Y S !
w JlabGopaTtopus KOCMIYECKUX JIyHCH R 2 Woee  §
> %« IIpe/IeNIbHO BhICOKUX sHeprin HVSI® VIl - e KNMMOB MN.A., bLL®®-2019, UPKYTCK



a
( ) 08:57:53 UT 23 JUNE 1995 Yucca Ridge
T T T T j T T ¥ T 'l T T T T I T T T T
i Photometer (Tohoku Univ.) |
£ ol — EL=15%no filter) -
A I [ — EL=9"(no filter)
e oL ——— BL=9(red filter) i
£
= L
£
S‘ 200 |~ -
E‘ |
% R 4
= I
's 0
PR TN T TN NN U TR TN SR N TR SN SR TN SN SN S SN
300 310 320 330 340
Time [msec]
(b) 08:57:53 UT 23] 1
:57.. UNE 1995 Yucca Ridge
L] L} L} I T L) L) L] ' L] L) T ¥ I LI
Photometer (Tohoku Univ.)
% 400 |- EL=15%(mo filter) _
s | 1Yy EL= 9*(no filter)
——— EL= 9°(red filter)
£
& w0
E
w
:
=
0

1
Time [msec]

Figure 1. An example of lightning-induced transient lu-
minous events observed at Yucca Ridge Field Station, Col-
orado. (a) Luminosity variations observed by a four-channel
photometer during the 40 ms interval between 08h 57m
53.300s and 53.340s UT on June 23, 1995. (b) Enlarged
display of photometer signals for the initial 3 ms interval.

ELVES (Emissio

perturbations ¢

ns of Light and VLF
ue to EMP Sources

[Fukunishi et al., 1995])

Elves occur at altitudes ~99 km spanning up to ~530 km horizontally

..;.,u.., (a) 0857:53.301-53.318 UT Abirary Una (b) 08:57:53.318 - 53.335 UT
256

[Arbivary Unt) (¢c) 08:57:53.335-53.351 UT (d)

10

Hor i zon

Figure 2. CCD camera images during the transient lumi- view of the photometer are shown in (d). A narrow dark
nous event given in Figure 1. Three successive images taken band seen inside the luminous region is a patch of clouds.

at 17 ms intervals are shown in (a)-(c), while the fields of



ELVE mechanism

120 v . . . . .
e ] The most likely source of elves is heating of the lower ionospheric
- ! electrons by the electromagnetic pulse (EMP) generated by the
80 7 . . . . .
‘:-_ - ‘ \ intense lightning discharge as has been previously suggested C.P.
: 2N Barrington-Leigh et al, JGR, 2001; Taranenko et al., 1992, 1993].
g [ fme 1L Juwe 1 The observed time delay of 350 us from the onset of the first peak
g 10t 307 e G010t v io 0 it the onset of the second peak in Figure 1 is interpreted by a
E 120 - T model that the EMP propagation is upward and it takes this time to
“ 100} = ‘ reach the lower ionospheric altitudes of 75-105 km.
| L P
of 11 '- D REGION
wl @ 1 ®b) - SIS e T—
AT R S At=150 us
2010“ 100 101 102 103 104 10-! 109 101 10 103 104 L
No, AN (em-3) No, AN (cmd)

Fig. 2. (a) Results for 10 V/m 100-km range normalized DESEFWE

intensity. The upper panel shows X (h), Zo(h), (X = wi/w?,
with w, and w being the electron plasma and wave frequencies
respectively, and Z, = v,/w), the electron temperature T, C.P. Barrington-Leigh et al, JGR, 2001
nomalized to 300°K, and Z(h) = v/w. The lower panel
shows the ambient electron density N, and the AN that would
result from a single ionization cycle. (b) Results for 20 V/m
100-km range normalized intensity.

~750 km

KNMMOB MN.A., bLLI®®-2019, MPKYTCK 11




Jets (blue, gigantic, starters)

BocxoasAuime anekTpuyeckne paspsaabl ot obnakos Ao
BbicOT 25, 40 1 90 Km. B

Streamer
zone

50

He uMelT KOHKPETHOW poaUTEeNbCKOM MOAHUK (B
OTIM4YNMM  OT 31bdOB U CNpPaANTOB), HO  UX

BO3HMKHOBEHMUIO npealiecTsyeT NoBblLLIEHHaA o
BHYTPMOONAYHAA aKTUBHOCTb (MOBbIWEHHAA YacToTa
BHYTPMOONAYHbIX Pa3psaoB U MonHMf/’l o6na|<o-3e:vum 30 -
[\AlAmmndtt ~3+ A1 100C 100 1000 C.




Gigantic jet

[MepBoe HabawoaeHme B paboTe Su et al. (2003).
Pasnuyatot Tpu TMna GJ:

| — pa3BMBaeTCA pa3paa No BCEN ToNLWE aTMOCPepbl
|| — pa3BmBaeTca U3 ronyboro Axeta

Ill — pa3BmnBaeTca nocae poanTENbCKON MONHUM

| n Il He UmetoT PpoaNTENBCKON MONHUMN

Su et al. (2003).

KIMMOB MM.A., BLU®D-2019, MPKYTCK
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Sprites
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Electric field (V/m)

Pasco, 2010

JlabopaTopust KOCMUHECKIX JIyHeH .
' ipeieNIbHO BhICOKHX Heprii HVISAD VIS
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JIabopaTopwst KOCMITHeCKIX JIyHeH = &

" nIpe/ieIbHO BHICOKHX SHEPIHA

t=2.07 ms

t=2.90ms

[ 90 km
- 80 km

=70 km
- 60 km

- 50 km
L 40 km

KNMMOB MN.A., bLLI®®-2019, MPKYTCK
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TLE n monHWKM nnb BUAMMAA YaCTb C/IOXKHbIX
MPOLLECCOB B aTMOCPepe 3emnu

[ansHeunwue nccnenosaHus (B YactHocTH, namepeHns Ha Compton Gamma Ray Observatory
satellite (CGRO) [Fishman et al., 1994]) nokasanu, 4yto TLE ABngoTca Yacteto Oonee CnoXxHoro
9BIIeHNa B aTMOCdepe, KOTOpoe BKIKOYaET B Cebs

vBenneckn peHTreHoBckoro u ramma uanyyenus (TGFs),
v/IHTEHCUBHOE 3NEKTPOMAarHUTHOE U3nyyeHne B LMpokom ananadoHe (ot 0.1 'y - pecsatkos ML)

vYCcKopeHune aneKkTPOHOB 10 PENSTMBUCTCKMX 3Hepri (Ao 30 MaB).

OpHako, ewé B 1925 roagy, Kak paspaabl B BepxHei atmocdepe, TaK U CONPOBOXKAAOLEE UX MOTOKU
3apPAXKEHHbIX YAaCcTUL, U TaMMa-KBAHTOB bbian npeacKasaHbl Y. BunbcoHom (Hobenesckuia naypear 1927 r.)

Wilson, C. T. R., The electric field of a thundercloud and some of its effects, Phys.Soc. London Proc., 37, 32D, 1925.

(1) The electric field of the cloud may cause ionization at great heights, the result being continuous or
discontinuous discharge between the cloud and the upper atmosphere. (2) Discharge from pointed earthed
conductors is likely to constitute an important part of the current between the ground and the base of a
thundercloud, and the resulting ionization near the ground may be large. (3) By its accelerating action on
particles the electric field of a thundercloud may produce extremely penetrating corpuscular radiation.




Terrestrial Gamma-Ray
Flashes (TGF) iR

Ha 6opty opbutanbHon obcepBatopmn CGRO (Compton Gamma Ray Observatory) B
Xxo4e BbINonHeHUa akcnepmumeHta BATSE (Burst and Transient Source Experiment) B
1993 r. 6blAM 3aperncTtpupoBaHbl BCMbIWKU Y — WU3Ay4eHUA C 3SHeprmen ~MaB,
BpemeHem HapacTtaHua ~0,1 mc n gANTeNbHOCTbIO ~ 2 MC.

(Fishman G.J., et al Discovery of Intense Gamma — Ray Flashes of Atmospheric Origin.,

Science, 264, 1313-1316, 1994.)

’ F3 o U - , . - - “' ’ 35 '.‘.'u', . v
-'i"@ bear?. R oy e AN #f gy, g A
L L
! ; %

Smith D.M., Lopez L.I., Lin R. P., RHESSI
Terrestrial Gamma-ray Flashes
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CnyTHMKOBbIe HabatoaeHUS.
[lpenmyLLecTsa
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[Tpo3pauHocTh aTMOC(EpPDI, pacCUUTaHHAS C TOMOLIBIO MaKeTa
nporpamm MOSART nj1st HabmroeHU ¢ TOBEPXHOCTH 3EMIIH.

% JlabopaTopusi KOCMUYECKUX JIydcH . . €1 Wie & b
£ TIpe/IeNIbHO BRICOKHX dHeprii HVIVSID VIR . 9 i KAMMOB N.A., BLUG®-2019, UPKYTCK



Earth’s atmosphere as a target for
the space emissions
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- .! 4 :
’.. - =
= .‘_ .‘ -

_—Q

Cosmic ray
shower
Radiation ::,%
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precipitating L
charge
particles

7 Nightglow Aurora
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AnnapaTtypa Hay4dyHoro komnaekca ISUAL

1) CCD kamepa, C BpEMEHHbIM MHTEPBAZIOM U3MePEeHUS 29 mc,
2) CneKTpodoTOoMeTp C WecTbio KaHanamu ot YP ao UK, BpemeHHbim pa3pewieHnem 100 mKc,
3) [1Ba maTpuyHbiX poTomeTpa (MHOrokaHanbHbie PIY ¢ punbtpamm 270-450 Hm 1 530-650 HMm,

% Jlaboparopusi KOCMUYECKIX J1yden ‘ ' fim &
< IIpefeIbHO BhICOKMX SHeprun HSI @ VIiwe v\

MaKCMMaibHOe BpemeHHoe pa3pelleHne 50 MmKc). Bce aeTeKkTopbl Hanpas/ieHbl Ha IMMO HOYHOWM
atmocdepsbl. MpocTpaHCTBEHHOE pa3pelleHne MaTPUYHbIX GOTOMETPOB cocTaBaseT 12 Km.

ﬁ ICCD imager

* FOV:20°(H)x57°(V)

* Recording six consecutive image
frame for each trigger

* Frame integration time: 29ms

* Images reported here were taken
through a 623 — 754 nm filter( N, 1P )

o

SpectroPhotometer (SP)

*+ FOV:20°(H)x5°(V)
* Time resolution : 0.1 ms

* Six channels with bandpasses:
SP1: 150-290nm (FUV)
SP2:333.5-341.2nm (N, 2P)
SP3:387.1-393.6nm (N,* 1N}
SP4:658.9-753.4nm (N, 1P )

SP5: 773.6-783.4nm (lightning O))
SP6: 240-400nm (MUV)

Array Photometer (AP) ﬁ

* FOV:22°(H)x3.6°(V)
* Time resolution :
0.05ms for the first 20ms;
0.5ms for the last 220ms.
* Dual 16-channel array photometers
Blue band : 370-450nm
Red band :530-650nm /

P

- .

KIMMOB MM.A., BLU®D-2019, MPKYTCK




s, from ISS

JEM-GLIMS (Global Lightning and Sprlte MeasurementS)

The scientific goal of the JEM-GLIMS mission is to study the generation mechanism of
transient luminous events (TLEs) and to identify the relationship between lightning, TLEs,
and terrestrial gamma ray flashes (TGFs).

YctaHoBKa JEM-GLIMS B coctaBe Multi-mission Consolidated Equipment (MCE)
Ha 6opTy MKC.

“"@/ : 3anyuieHa 9 asrycra 2012
268

”,m m u 1) CMOS cameras at 740-830 nm
and at 762 nm

2) Photometers at six different
wavelengths

3) VHF interferometer from 70 to
100 MHz

4) VLF receiver from 1 to 40 kHz.

ﬂa6opaT0pm{ KOCMUYECKHX Hyt{en

X

“' TIpe/Ie)IbHO BBICOKUX SHEPIHH HHI/I}ICD ull' /

KNMMOB MN.A., bLLI®®-2019, MPKYTCK



Lightning & Sprit? N -
Obs. from ISS

JEM-GLIMS (Global Lightning and Sprlte MeasurementS)

. E 10f ] -
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[Tonmep namepenmna annapatypon JEM-GLIMS

S S —
2 A=150-280nm

A=337nm ]
. . 3 o -
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[leTekTopbl YO n3nyyeHmsa Ha cnytHrUKax MY

_______ Tatianal __Tatiana2 ____Vemov _____TUS

BpemeHHOe 16 mkc & 64mKc 1 mc 0.5 mc 0.8 mkc
pa3spewieHue

NpocTpaHCTBEHH - - - 5 Km

oe pa3spelueHue

Avnana3oH aAuH 240 - 400 Hm 240 - 400 Hm 240 - 400 HM 240 - 400 HMm
BOJIH 600 - 800 HMm 600 - 800 HMm 600 - 800 HMm

AnepTypa
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v' Ombop cobbimuli: MaKkcuMasibHOe 3Ha4eHUe B8CrbILWKU 3a nepuod 3anucu
(1 sumok — « TambsiHa-1», 1 MuHyma — « TambsiHa-2», 4,5 ¢ — «BepHo8»).
v' Omcymcemeyem rnpocmpaHCmMeeHHOE pa3peLieHue.

% JlabopaTopust KOCMUHECKIX JIyHeH g & b
&' TIpezieNIbHO BhICOKHX dHeprui HVVISID VIR A i KAUMOB MN.A., bLLI®®-2019, UPKYTCK




leTeKTop «TYC» Ha cnyTHUKe «J/IOMOHOCOB»

doTonpuemMHuk (AbP)

7D
&

3epkasno- Cuctema oTtBoaa
KOH u,(eclgTKgaTop coTtonpuemuumka (CO 3bd)

C X

JIa60paT0ppm KOCMITYECKHX JIyHe e L B
;\ ¥ 9 S KNMMOB MN.A., bLL®®-2019, MPKYTCK
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Pexkmnmbl paboTbl geTekTopa «TYC»

ABneHune BpemeHHOe Bpemsa AnvHa ocumunnorpammbi
pa3pelwueHue UHTEerpupoBaHUA
(Tpurrepa)
LA T =7, =0,8 MKC t =2%=12,8 MKc AT = 256t = 205 mKc
KopoTkne TAA* T =27, = 25,6 MKC t=23t=0,2 mc AT = 2561t =6,6 mc
OnnHHblie TAA T=2%t,=0,4 mc t=1t=0,4 mc AT =256t =105 mc
Mukpo-meTteopbl T =217, =6,6 mc t = 2%t =105 mc AT =256t1=1,7cC

* TAA — TpaH3neHTHble aTMOC(EepPHbIE ABNEHUSA

' J1a6 ' . )

A00paToOpHs KOCMAYECKUX JIyHCH A B, mh .8

W & G
. DA

& TIpe/IeIbHO BRICOKMX dHeprun HAD f’y o KNMMMOB MM.A., BLU®®-2019, MPKYTCK
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Mpumep cobbitna TMNa ELVE

| R e m—— 3aperncTpmMpoBaHHOro aeTekTopom «TYC
“r oo Ocyusnno2pamma Yyemsoipex KaHaa08 homornpuemMHUKa
o[ Kapmobl kaHanos (usobpaxeHus o6bekma) 6 pasHole

MOMeHMmbl epemeHU

ADCcode ADC code ADC code
I1000 | I1000 I1000
—800 —800 —800

IGOO

—400

I600

—400

Channel
Channel
Channel

200 200

P S T N S N B - ]
_ N W~ N D
S I S N R )

12 3 4 56 7 8 91011121314 1516 12 3 456 7 8 910 111213141516

Module Module Module

136 ps 168 us 200 ps

12 3 45 6 7 8 910111213 14 1516

e . : 1 3 v )

i ¥ : : =
% Jlaboparopusl KOCMUYECKHX JIydcH . %

*' TIpe/ieNIbHO BBICOKMX Heprui HVVSI® VIR N

KNMMOB MN.A., bLLI®®-2019, MPKYTCK



ELVE v cpaBHeHne ¢ aaHHbIMM WWLLN

\‘

250
200
150
100
50
0

B 7 IEmm

= © 9/ -

&éi % -9,6

(1) ol

= = s Lightning

@ § £ 10,0 4

3 : % 10,4 -

S © 3 © ~200 km

g : 18,8 4

% f 11,2 4

eoyoNToeONOn Yo AT e TUS
lequinu [axig -11,6 - mEE"mEE

TUS event -12,0- —

Lat Long -162,8 -162,4 -162,0 -161,6 -161,2
L

-11.615 -161.685 2016/9/7,09:51:35.558462, -10.0245, -162-1891, 16.9, 9, 1237.17, 585.13, 5

There is a lightning near the TUS location.

g » . : 1 : v - .

D § : E
% JlabopaTopusi KOCMUHECKHX JIyden . %

&' TIpezieNIbHO BhICOKHX dHeprui HVVISID VIR N
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Time

(UTC)

Geographical
coordinates (lat;

Polarity
and peak

current, kA |

09:51:35
22:06:48
13:20:11
15:20:20
01:55:08
13:06:59
17:23:10
19:29:38
22:27:38
15:13:12
16:26:20
10:42:09
14:49:24
17:31:58
05:03:24

JlabopaTopust KOCMUHECKIX JIyHeH

long)

-11.62; -161.69
9.66; 17.14
15.07; 149.26
-11.74; 115.30
-21.60; -44.78
-5.68; 148.404
-0.462; 84.791
17.181; 55.166
42.033; 14.909
7.794; 117.74
24.747; 101.527
-10.47; -177.163
-41.464; 115.897
-4.255; 81.087
21.698; -88.373

2 = 1 "
\ L 3 Sl 1
- S s
B ;

163.6
125.2
218.3
137.2
217.3
90.7
243.5
248
165
175.1
96.6
275
92.4
389.2
235.1

+64.5

-135.1
-327.4
+101.3
-210.3
-161.7
-217.1
-171.7
-192.5
+132.4
-286.1
432
ECCH
-204.2
-120.2

KIMMOB MM.A., BLU®D-2019, MPKYTCK

Flash rate (thousands/year)

[eozpachuyecKkoe pacripedeneHue cobbimuli

Flash rate
"h.
[\

Photon flux

/... Kaoetal 2007)
: Detection threshold of ISUAL ]

60 80 100
Peak current (kA)

Chen et al. 2008

120

Threshold cf_relves {Ba;rfn;;-rm-f.eigﬁ and Inan, 195'*9} ]

140

=10

{10°

10°

10*

Integrated photon flux {pha'r.:ma}




Elve doublets

2

lonosphang

5 8

5

5

2

Etve Doublet Tima defay (ps)
C.

&

10 1I5 ".."I:I ?5 30
Lightning Source alilude {kmj

Marshall, R. A., C. L. da Silva, and V. P. Pasko (2015),
Elve doublets and compact intracloud discharges, Geophys. Res. Lett., 42

” JlabGopaTtopus KOCMIYECKUX JIyHCH ( £ §. & .
' IIpe/ieIbHO BRICOKUX sHeprui HMSAD - e, ed Tl KIMMOB MN.A., bLLI®®-2019, UPKYTCK



Elve doublets. TUS data.

EAS-20170410_130659_ticks: 186 - 193

osc-eas 170410 130659
10 —(16,2)

14

12

ADC code (MA10)

10

Channel

=]

]
M | o
1 | 1 1 Im 1 | 1 1 | | 1 1 | 1 Al | 1 l 1 | 1 ﬂ 1 | 1 1 1 | | 1 1
20 40 60 80

0 100 120 140 160 180
12 3 456 7 8 910 111213141516 Time, ps

Module

—

% JlabopaTopust KOCMUHECKIX JIyHeH 1 ' 4 P 1, 3
< [IpefebHO BBICOKHX SHeprun HVSI® VIl ‘ ‘ KNUMOB N.A., BLLI®®-2019, UPKYTCK



lonosphere

CID 2

At = i(\/(H +h)2 + 12 —\/(H _h)Z + Lz)
L = L(lat, lon)

.

W JlabGopaTtopus KOCMIYECKUX JIyHCH A
3 8¢ NIpe/iebHO BRICOKMX sHeprui HVMAD VIl

ADC code (MA3)

OnpegeneHme BbICOTbl UCTOYHUKA

osc-eas_170410_130659 (10,6)

JIH‘\I\

[
>

140

160 180 200
Time, us

Probability Density

0.009

0.008

0.007

0.006

0.005

0.004

0.003

0.002

0.001

h_hist
Entries 591
Mean 28.46
Std Dev 4.865

h=28.5%4.9 km

102°30' 103°00" 103°30" 104700 10430 105°00'
830" § b _—— e

800 o0
730 730
700 700
630 630"
600 | 666
530 —_— - T 530
102°30° 103°00' 103°30° 10400 10430 10500



EAS-20170804_162620_tick: 050

MHOroKpaTHbIN 37160

5(51&
H(2,15)

1000

800

1 02 600 B
400 f

12 3 45 6 7 8 910 1112131415186 oy L PRI ISR N PRI I
0 20 40 60 80 100 120 140 160 180 200

Module Time, ps

12 3 456 7 8 9101112 13 14 15 16

Channel
AN W h DN DO O DA DD
BN @ "l
ADC code
3 T T T T T T T]0
|
S
r’ —C
c
\L ﬂ‘%‘}
2
/ f//
IJ/>

nNowWos 3

-
[ =y

Channe
L]

o N W s O N

Module KIMMOB M.A., BLI®®-2019, UPKYTCK




[Tomepbl cObLITUM
' ISUAL pa3Horo tuna

2004/10/25 18:16:18

(b) Spnte

—EBOND
noWno

Altitude (km)

SPI
(150-280 nin)

S - N

2005/03/26 21 WATTAILRY:

SP2 .
(337 nm) .

SP3 :
(3914 nm):
'L’\W*N

SP4 ;
4 (624750 nm)
/|

N © O

(¢) Halo

— —

[5

ok T AT T e A et s G i stV TS VAL TP RTYSS
0 0 0

D

s

2004/10/27 04:20:16

AV Ml N A LS i
'

(=3 (]
CO © OO

SP5
(777.4 nm)

'

Photon flux (x10° ph/cm?/s)

& o
(=
o

(d) Gigantic jet "

SP6 :
(244-392 nm)

20
time (ms)

2005/08/07 13:14:15

Terr. Atmos. Ocean. Sci., Vol. 28, No. 4, 525-544, August 2017
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- BOXO
noo

halo*
clustering sprite

Altitude (km)

Cepun TLE

=2

S 40

£ 15

<

E 90

=65

o 40

215

<

— halo+sprite circular sprites circular sprites
§, 90 ’ L A "0'
8 40

£ 15 -

<

5

o

.

% JlabopaTtopus KOCMIYECKUX JIyHE, : : _"' g, * | ¥
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Frame 1 Frame 2 Frame 3
= sprite GJ-induced sprite
g e ’ %
3 ’ 5
= =4
< Y- - . . .
Secondary GJ [railing jet
Time from 14:40:04 UT (ms)
Spectral Photometer (SP) Array Photometer (AP)
blue band (370-450 nm)
£ SPI i
< 80 2 % T ool BFITkm 327.15
Q = L
- R o - S J\NM«»MN N
= 0 z (337 L\ o 69-83km 327
< 2 bé 20 |(337 nm) | = 500!
- E 0 S
% 0 = = SP3
e 40 5. WA/L‘*/J\,\,M ™ 55-69km
S o 10 = 500}
=2 0 = || =
oo 4 n SP4 I 0
S - P P — 43-55km
“h § ppesm Fom e
2.03 s O — ~ 0 -
S '50‘ S 100 7— g | 9 2000} 29-43km 326.25
5 0 - i AN S / \
£ 80- : 0 —} 0
0 i S = | - 15-29km
( ) 10 ' o 520000 ~NE2
P1 /‘ot\ P2 50 time (mS) 100 150 0 1 | { ” 0 1 ] L
324 326, |, 328 324 326 328

.

% JlaGopaTtopusi KOCMUYECKHX JIyden - & :
&' TIpezieNIbHO BhICOKHX dHeprui HVVISID VIR

Secondary GJ GJ-induced sprite
Time from 14:40:04 UT (ms)

KNMMOB MN.A., bLLI®®-2019, MPKYTCK

Time from 14:40:04 UT (ms)




Cepun BCNblWeK Ha cnyTHUKax MIY

180 ale} a] aqg 180

)

f

AEI{F]
.‘\:.i{fi%\

fre]

;i&&

]
ben
L3

[MpMmep AaHHbIX U3MepPEeHU

&0

\_" \‘ L 3a 1 aeHb Ha CnyTHUKKe Cepua YO BcnbiweK AAUTENbHOCTbIO
30 % in
\ \ \“-’-‘\ j‘ «TaTbAHaA-2» 6onee 400 ¢ (>3000 km!)
° \ \ \ \\ | [laHHble CMYTHUKA «BepHOB»
30 EL 1
[f\& _ L . Latitude | 2014/11/21_18:01:03 - 18:14:12|
0 T 4;*3' ' O T " Rl i 15 20 25 30 35 40 45 50 55
%—__?3’ i _“-_._._—FJ"—'JJ_—TF (f;_i_,_, 10000 E T T T T T T T T T T T T T T T T T T T
] - 240
180 90 60 0 80 90 180 W \[V F
1000 - V 220
3
<
pd
s 1004
E ]
10 4
| T T T T T T T T T T T T T T T 140
Cepun BCNbIWEK U3MEPEHHDIX 64900 65000 65100 65200 65300 65400 65500 65600
CNyTHMKOB «BepHoB» T, s

% JlabopaTopust KOCMUHECKIX JIyHeH 1 .
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N3mepeHue rpo3osomn obnactn getektopom TYC
(BpemeHHoe pa3pelueHme 6.6 mc)

Digital Oscillogram KopoTkue nmnynscbl —
VETEOR mode obpaTtHble yaapbl MOMHUIA*

— mod 16, pix 14

4000

eas-20170102_023937_frame: 100
3500

3000

O 2500
Q

|
Z 2000

1500

Pixel number

1000

500

A
II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

200 400 600 800 1000 1200 1400 1600 1000
Time, ms 1234567 8 910111213141516

Module number

9
8
7
6
5
4
3
2
1

o

* Pe3ynbTaT cCpaBHEHUA ¢ AaHHbIMM ceTu Vaisala GLD360
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HeobbluHaa cepusa BCMblLLEK

METEOR-20170110_034630_tick: 000

3 - (7, 4)
G 30000 | H(7.8) 16
25000— f 14
- 9 25000
20000 — 12
- 11
15000 — W — 10 20000
: Aw i !
10000 5 : 15000
50002— b : 10000
Uf 4
200300 s00 " s00 000 7200 7400 7600 ° 5000
Time, ms 2
)
) ) _ _ 12345678 91011121314 1516 0
No lightning in radius of 300 km Module
(Vaisala GLD360 data)!

. > '. .\. -
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Latitude | 2014/11/21_18:01:03 - 18:14:12]

15 20 25 30 35 40 45 50 55
10000 —

Ar— Cepuu BCNblWEK B pa3HbIX
|~ |
vfu BPEMEHHbIX MacLUTabax

- 200

100 - ]
] a T - 180

L 160 Digital Oscillogram

\‘ 4000
1
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max N o
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64900 65000 65100 65200 65300 65400 65500 65600
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Q 2500
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I
= 2000

1500

30000
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\ 35000
i
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1000
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A
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200 400 600 800 1000 1200 1400 1600

Time, ms

O

UumepecHo npoeecmu HenpepbieHblie HObAOOeHUA 800/1b mpaeKkmopuu
CyMHUKQ € 8bICOKUM 8peMeHHbIM pa3pewieHuem be3 mpuzzepa! :

»

% JlabGopaTtopus KOCMIYECKUX JIyHCH . P § b
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CneKTpa/ibHble XapaKTepUCTUKN

Visible  _ _ - Infrared
BCMbILLIEK jol T R
£ = £ a 2
5 £ 18} 5
Pasnunuune B cnekTpax uanyvexHusa monHuin u TAA (Orville, 9 ”
1984 (BepxHun puc.) n Milikh et al. 1998) nossonsiet : N mb‘\/
NoCTaBWUTb 3a4a4y O pasaeneHnm codbiTuin MonHUA n TAA. oo o e WAL
Wavelength, nm : Wavelength, nm
450 1.0 T T T T
. [ |Bce cobbiTus 2
_ KopoTkue cobbiTus g 08y I
-\\ ithl [77Z) AnvHHble coBbITHS % 06f 1
1 \ I %o.4- -
=
< | \ 1) 02} kM |
= 11 P \ I
s i M 0 h : : A k
E J Nl XapakTepHoe P ona mOAHUN 0 W0 S0 60 70 500
% avelength, nm
IS | —)
(&) 7l
g Hl 1401 03.08.2014 10:35:54
2 L] 120
3- 47‘/ g
T N o 100
it o OTHolleHne curHana B N
it i ji : KpaHoM 1 Y& kaHarax -
00’ éw’ . 4?%05% S [eTeKkTopa Ha CryTHUKe =
«BepHoB»
P=N"/N"Y 1
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Global distribution of TLEs and

occurrence rates

v" From the first four years (July 2004 - June 2008) of
the ISUAL survey on the FORMOSAT-2 satellite, elves
are found to be the most abundant type (~80%) of
TLEs, whereas sprites and halos only combine to
account for ~20%, defying the impression gained
from the ground TLE observation (Chen et al. 2008;
Hsu et al. 2009).

v" Among the TLEs, the distribution of sprites and halos
closely resemble that of the CG lightning; while
~60% of elves were found to occur over the oceans.

v' The ISUAL TLE observation rates for elves, sprites,
halos and GJs are found to be 3.62, 0.47, 0.39, and
0.01 events per minute, respectively (Hsu et al.
2009).

v' If take into account exposure and ISUAL thresholds
the occurrence rate is ~70 events minute!

ﬂa6opaT0pm{ KOCMUYECKHX Hyt{en
“' TIpe/Ie)IbHO BBICOKUX SHEPIHH HHI/I}ICD ull' /

X

ix

(a) sprites and gigantic jets (b) elves

Sy el C S e
"'8.. "‘wﬁ = T w',;-,q 5 A =ila -? Sy,
= Kuo et al. (2008) analyzed 1415 ISUAL TLEs and

" found that the average energy deposited by sprites,
= halos, and ELVEs are 22, 14, and 19 MJ, respectively. -
— With the updated ISUAL TLE global occurrence rates
b.. (Hsu et al. 2009), the energy deposition rates are
inferred to be 22, 52, and 1370 MJ minute™! for
sprites, halos and elves.

@

1.5

10" 10 #/yrkm?
35 (C)

100 40
—
-5 0 5 10 15 20 25 30
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PacnpeneneHmne cobbITMin NO YMcay GOTOHOB
(aHHbIE cnyTHMKa BepHoBY)

MepoW aHeprnm YO BcnblWKKN ABNAETCA
nonHoe Yncno ¢oToHOB:

256
2 A
Qa = 4+ QTWZNi’
=1

rne H — BbicoTa opbuTbl CNYyTHUKA, Q —
TeNEeCHbIN YroN NoaA 3peHns AeTeKTopa, T—
war AU no spemeHn, M — Koa BbICOKOTO
HanpAaXeHna Ha PIY, N —Kog AU, A, B —
Ka/IMbPOBOYHbIE KOIPPULIMEHTHI.

T.

1
10" =
E . KopoTkne BChbILLKK
10° - —&— [INUHHbIE BCMbILLKA
. —u— Bce BCMbIWKK
10 3 N
E .
— 27 \.
' 10 15 \I\
£ : .
e 3] m
- 10 3 \-
c E N\,
o B ||
S 10%1 .
S 7 at)n
8 10° : / o
' [ |
g 1 L
E 10°- \.
o, E
9 107+ \
= 3 |
pd ]
T 10° 4
-9 :
10 E -
10 ——rrrm—rrrrrm—r S —

S
10" 10° 10' 10° 10° 10* 10° 10°

10 ,ﬂ,)K Q,, 10™ photon 10 |\/|,£|,)K

AJINTENIbHOCTbIO MeHee 3 Mc).
*Be3 yuema duazpammel HanpasaeHHocmMu demexkmopa.

& o] PacnpeaeneHne YO Bcnbilwek no Yncay ¢oToHOB Mo AaHHbIM CNYTHMKA
«BepHOB» C y4ueTOM BpeMEHU 3KCNO3MLUN (KOPOTKUE CObbITMA — C



Pasnnume B reorpadpmyeckom pacnpeneieHmm
COBbITUN HNU3KMX N BbICOKUX SHEPTUM MO AaHHBIM
CNYTHUKA «TaTbAHA-2»
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Table 1. Characteristics of four spot-like events

~ize of the aveant

Time (BT Date Estimated height (km) Size of the event (kmzj (maximum Duration

(hh:mm:ss) Storm A Storm B Storm A Storm B illuminated pixels) (rns)
(05:584:10 D August 2007 1E7-D08 36 x 30-E1 x BB K1 400
053:08:38 20 July 2010 B58—03 104-278 Bx 88 x 11 18 x 29-22 »x 31 20 180

03:05:54 20 July 2010 70-08 200283 8 x 10-11 »x 14 24 » 30-33 x 41 40 1e0
% 03:23:48 25 July 2010 146275 28 0 16-B4 x 31 45 &0 .
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OCHOBHble TexHn4yeckmne napameTpbl HA

HA «Y® atmocdepa» — NMH30BbIN TENECKON
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Cameras Band Photometers
Spectral band (nm) Bandwidth (nmj) Spectral band (nm}) Bandwidth (nm)
LCA (limb) 3362 5.0 LP1 3370 5.0
LC2 3014 5.0 LF2 3014 5.0
LC3 550-740 &0 LF3 650-740 an
LC4 7524 5.0 LF4 23645 5.0
MNC1 (nadir) 3370 5.0 NP1 3370 5.0
NC2 7774 5001 nm*) NP2 145-250 broadband
Parameter Low-E High-E
(extension under consideration)
Energy range 10 - 500 keV 0.2-10 mMey
Effective area of detector 1032 cm2 ao0 e
Energy resolution of detector = 10% @ 60 keV 18% @ 662 keV
Efficiency = 00% @ 100 keV = 60%
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OnTtnyeckoe nanydyeHne TGF,
06pPa30BaHHOIO Pa3HbIMK MEXAHM3MAMM

Optical emissions
X 1< " from thermal run-
Optical emissions from 5 ¢ away electrons
RREA discharge b2 &
¢ s
9':::’9/\
A4
- _Optical emissions
Eol from streamer
ightning 1 - zone
. . 0
leader Lightning
leader

RREA in thunderstorm, large-scale ho- Thermal runaway electrons in the
mogeneous electric field leader field

.
et

’ 3 L - 2 g 'R
W JlabGopaTtopus KOCMIYECKUX JIyHCH 8 : f >, §. & .8
¢ TIpe/ieIbHO BRICOKUX SHeprui HVVS® Vil -t 2 s KNMMOB MN.A., bLL®®-2019, UPKYTCK



Terrestrial Gamma-Ray
Flashes (TGF) iR

Ha 6opty opbutanbHon obcepBatopmn CGRO (Compton Gamma Ray Observatory) B
Xxo4e BbINonHeHUa akcnepmumeHta BATSE (Burst and Transient Source Experiment) B
1993 r. 6blAM 3aperncTtpupoBaHbl BCMbIWKU Y — WU3Ay4eHUA C 3SHeprmen ~MaB,
BpemeHem HapacTtaHua ~0,1 mc n gANTeNbHOCTbIO ~ 2 MC.

(Fishman G.J., et al Discovery of Intense Gamma — Ray Flashes of Atmospheric Origin.,

Science, 264, 1313-1316, 1994.)
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