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Transient luminous events — KOMMAEKC
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Earth’s atmosphere as a target for
the space emissions
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[leTekTopbl YO n3nyyeHna Ha cnytHMUKax MY

_____Tetianal _ |Tatiana2 ___|Vemov______|TUS _____|MinifUSO___

BpemeHHOe 16 mKc & 64mKc 1 mc 0.5 mc 0.8 mKc 2.5 MmKc
pa3peweHue

NMpocTpaHcTBEHHOE - - - 5 Km 5 Km
pa3pewleHue

Awnana3oH anuH 240 - 400 Hm 240 - 400 HMm 240 - 400 Hm 240 - 400 Hm 240 - 400 Hm
BOJIH 600 - 800 Hm 600 - 800 Hm

AnepTtypa 0.4 cwm? 0.4 cwm? 0.4 cwm? 2 m? 490 cm?

Yucno KaHanos 1 2 2 256 2304

Mone 3peHun 16° 16° 16° 9° 40°
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leTeKTop «TYC» Ha cnyTHUKe «J/IOMOHOCOB»

doTonpunemMHuk (3bP)

o

_, flﬁ\\\ ._
N=2

3epkano- Cucrtema otBoAa
KOH u,(eclgTKgaTop coTonpuemHumka (CO 3bd)

3 : . : AR : L
% JlabopaTopust KOCMIYECKHIX quf{l . I8
& TIpe/IeIbHO BRICOKMX SHeprii HAVISIDVIIN t :
: ! ; e







dN/dQ_dT, 10 photon™ min™
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HeobbluHble BCMbILLKW BHE FPO30BbIX 00/1aCTEN

Lightning (blue dots) on 24/12/2009, 60min prior to 11:10:00 UT « TaT bﬂ H 8-2 »
A e B " 2 _f fo K;,/‘\, ' )
Y 14! Jo mp¥-oMs

TempliG 0C LAV 0227420840

YAIR ET AL.: Space shuttle F=.
observation of an unusual transient
atmospheric emission GRL, VOL. 32, e
L02801, doi:10.1029/2004GL021551, w s
2005 B e
MEIDEX sprite Campaign, 2003) unusual transient event above Indian
ocean — TIGER (Transient lonospheric Glow Emission in Red).

Nearest lightning — 0.23s before the event, distance > 1000 km



BHerpo3oBble BCMbIWKKM B AaHHbIX CNYTHMKA «BepHoB»

Cloud top temperature

M ::q-b'-*:'-f - 1. AHanu3 rpo3oBOM aKTUBHOCTWU: CPaBHEHMUE C
\\r)/—h Ha3eMHbIMW CeTAMM perncTpauum MOSIHUN
1 AQ WWLLN, Vaisala GLD360

v’ Ag = 10° (~1000 km!)
v’ At=+ 30 MUH.

2. AHann3 06na4yHOro MOKpoBa B MoJe 3PEHUS

GOES GVAR Remapped Satellite Imagery (kelvin)

.ﬂleTe KTOpa ’;5.0-2&32 Df:’.‘a-lmvm‘zfs}; 2768 2975
3. AHanwus CNEKTPa/IbHOIro CoCrtaBa MU3/Ty4eHNA (C 140‘_ 2014/11/19 16:27:52
LeNblo WUCKAUYUTL cobbITMA ¢ 6onbliok Aonei 120 ey
CUrHaNa B KPaCHOM KaHane (MonHun) 1001

O 80

(a)
4. AHanu3 BPEMEHHOM CTPYKTYypbl curHana (c St 604
LeNbo UCKIOUYNUTL NPUBOopHbIE 3pPeKTbl) 407

20 -
P. A. Klimov et al., ""UV Transient Atmospheric Events Observed Far From o+

0 20 40 60 80 100 120

Thunderstorms by the Vernov Satellite," in IEEE Geoscience and Remote Sensing Letters,
vol. 15, no. 8, pp. 1139-1143, Aug. 2018. doi: 10.1109/LGRS.2018.2830656 t, ms




[TpoBEpKa rpo030BOM aKTUBHOCTW B COMPAXKEHHOW TOYKE
reOMarHMTHOro Mos

HeT monHUW 1 B conpsiXKeHHOoM

[MnoTe3a CBA3U TLE n MOJTHUMU B TouKe ansa YO BChblWweK Ha
MarHuToconpaxkeHHbIx Toukax [Lehtinen, 2001] CNyTHUKe «BepHOBY!
cloud-to-ground magnetic field 1407 2014/11/19_16:27:52
discharge line 120- 29.21 N
— o] 64.51 E
energetic _
electrons Q 897
electrons St 60 3 50
interact _ 40+
with plasma \5H\ 20-
waves ) S —

0 20 40 60 80 100 120
t, ms
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CneKTpa/ibHble XapaKTepUCTUKN

Pasnunyune B cnektpax usnyyeHna MosiHum n TAA
1984 (BepxHuu puc.) n Milikh et al. 1998) no3BonYg RREeA discharge 2
NoCTaBUTb 3agadvy O pasgesieHnn cobbITUN MOSHY :
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Optical emissions from 5 ¢ %

RREA in thunderstorm, large-scale ho-
mogeneous electric field

Optical emissions
“from thermal run-
away electrons

o T _Optical emissions
from streamer
zone

Lightning 1 Eo
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Thermal runaway electrons in the
leader field

Xu, W,, S. Celestin, and V. P. Pasko (2015), Optical emissions
associated with terrestrial gamma ray flashes, J. Geophys. Res.

OTHC °%

KpacHOM 1 Y® kaHarnax
OEeTeKTopa Ha CryTHUKe
«BepHoB»

Space Physics, 120, 1355-1370.
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[Mpumep cobbitna TMNa ELVE

| R m—— 3apermMcTpmpoBaHHOro AeTekTopom «TYC
_ o Ocyunno2pamma Yemeolipex KaHasn08 homornpuemMHUKa
200l Kapmeol KaHanos (usobpaxceHus o6bekma) 8 pasHsie

MOMeHMmbl epemeHU
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b 250+
337 nm
— II — UV =100
= | T ELVES (Emissi f Ligh d VLF
s issions of Light an
g 150+ l| .
&
\ perturbations due to EMP Sources
£ 1004 l
: Fukunishi et al., 1995
g \ [Fukunishi et al.,
k= 50+ I.I‘b’
L=
£ o
[ PR wmm (a) 08:57:53 UT 23 JUNE 19195 Yocca Ri
I I I I a y _1_1_""'"1'_I_"T""l_|'"'|— T T T T l : T T T
86 a7 01 oz (Astirary Unt| (a) 0857:53.301-53.318 UT (b) 08:57:53.318 - 53.335 UT L Fiotomcter {Tobotn Thiv) .
H 400 —— EL=15"(no filter) —
d - S [ [ — El.z?'(nonﬁ]:er)r
337 nm E’ I —— EL=9"(red filler)
— 102 — UV x100 3 i
E : — 777 nm ‘i”’
2] i _
3 i = 0
107 3
1_5; E I T TR T NN SN NN SN S NN SN TN SN SN NN T S NN |
g ] 300 310 320 330 340
= i Time [msec]
. .
T oy 57:53.335 - 53.351 UT d
E 11:":' 256 e (C) o s ( ) i s 3 (b) 08:57:53 UT 23 JUNE 1995 Yocea Ridge
22 . ————7——T——T
é:cu_ /,’ Diffuse Flash \\ Photometer (Tohoku Univ.)
’ \ — —_— (no
101 " o Sprites \ E o P tlg.gm gﬂg 7
T . 1 ——— EL= 9°(red filter)
N n -
86 87 50 g1 o2 i Q_@ G E
Time {ms) I B0 R g
EL-9° | .
GLD3&0. Asecond pulse of UV emissions is seen following the blue flash after )
approximately 150 ps. Thissecond UV pulse is interpreted as emissions from an Hor 208 § I J
elve powered by the flash current. The UV and blue signals remain above the =
background, with a signal ratio UV/blue of approximately 2 = 107, suggesting 10 ] reresrns SPTEPN Sre e
that the flash streamers reach higher altitudes in the stratosphere. The same 0 Time [ml“] 2

data are given on linear (b) and logarithmic {d) scales, =0 ms corresponds to
15:11:04:000UTC.

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.
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Chen et al. 2008
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Elve doublets

lonosphang

10 1I5 ".."I:I 25 30
Lightning Sourca alilude {kmj

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

W JIabopaTtopus KOCMIUECKUX JIyHcH
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Elve doublets B naHHbIX aeTekTopa TYC

EAS-20170410_130659_ticks: 186 - 193
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OnpeaeneHmne BbICOTblI MICTOYHMKA

EAS-20170410_130659_ticks: 186 - 193
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Cepun BCNblWeK Ha cnyTHUKax MIY
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M3mepeHune rpo3osomn obnactn aetektopom TYC
(BpemeHHoe pa3pelueHme 6.6 mc)

Digital Oscillogram KopoTkne NMMNYNbCbl —
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[ lpMepbl «3aragoK» B AaHHbIX
CNYTHWKa /IOMOHOCOB
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BHerpo3oBoe cobbiTne Has,
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EAS-20170728_004707_tick: 150

10%

16
%10(’0,_ — (12, 8) 15
o | —(7,8) 14
< -
800 +— E( 1!8) 1: 80N
B 11 e S
I~ ™ ®31.5N, 22.5W | |
600| 10 |
i 9 v
= 8
B 6 1 02 { | | |
i 5 S P o s S R S |
200 — 180°W 120W “'w o 60°E 120 180°W
- 4
B Y
- I 3
T — 60 80 100 10 40 e 80 500 2
Time, us
: 1

12 3 4 5 6 7 8 910111213 14 156 16

Module

¢ A : '* R
% JIaboparoprs KOCMUYCCKUX JIyHcH . S
& TIpefIeNIbHO BRICOKIX 3Heprun HVVS@IVIIR



BenbiwKa Haa AHTApPKTMAOM
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OCHOBHble TexHn4yeckmne napameTpbl HA

HA «Y® atmocdepa» — NMH30BbIN TENECKON

. [abapuTHblie pa3mepbl 370x370x620 mm
. e [lnana3oH ANnH BONH HabaoaeHun Y®: 300 — 450 Hm
5 23~ |8 Mone 3peHus 36°x 36" =0.42 cp
S Nt ° BXOZHOI 3pajoK
— AnameTtp 25 cm
N s — MNaowaab 490 cm?
3 :( = POKyCHOE pacCToAHMe 25-27 cm
B & g Pasmep Avelnku 3 MM
Yncno ayeek 2304
% 4yncno 64-KaHanbHbix MADIY 36
g PaspelweHune nsobparkeHma obbekTa B aTmocdepe 4.5 -5 Km
g Mnowaab 0630pa aTMmochepbl 260 Km x 260 KM = 6.8:10% Km?
BpemeHHoe paspeluerme 2.5 MKc, 320 MKc, 40 mc

S .. JIabopaTopHs KOCMHYECKHAX nydeit by ) ”‘
HpeAelIbHO BRICOKHX sHeprui HVIS® VIINve
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Y® atmocdpepa Ha bopTy MKC




CBeyeHue 3emMM B MoJ1e 3peHNA AeTeKTopa:
aHTPOMOreHHbIe NCTOYHUKKM U TPO30Bble 0DNaKa

GTU: 28008, pki: 218, GTU in pkt: 104,
UTC time: 2019-11-27 18:47:11
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CPU RUN_MAIN 2019 11 27 18 45 33 950Cathode3FullPDMonlyself.root




TpPaH3MEeHTHbIe ABNEHUA «INbP»

GTU: 57489, pkt: 448, GTU in pkt: 125, GTU: 88959, pkt: 634, GTU in pkt: 127,
UTC time: 2019-12-09 16:03:27. 1283428 UTC time: 2019-12-13 02:32:38 4145787
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MeTeopbl

GTU: 780, pki: 8, GTU in pkt: 12,
UTC time: 2019-11-20 05:51:06
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GTU: 13814, pkt: 107, GTU in pkt: 118,
UTC time: 2019-11-20 05:43:45
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Yto panblue?
ObpaboTKa [AaHHbIX 3KCMEPUMEHTA
Mini-EUSO.
AnnapaTtypa akcnepumeHTta Mini-EUSO-
2, BHe MKC pgnAa ysennyeHuna spemeHu
3KCNO3nUUN.
Pa3paboTka KOMMNAKTHbIX YO
Te/1eCKonoB ANA HAHOCMYTHUKOB.

[lpnpoaa BHErpo30BbIX BCMblWEK B
atmocdepe 3emnn.

NCTOYHNK MHOTOKpPaTHbIX 3/1b¢OB.
B3anmoceAasb TLE n TGF, mnamepeHwua
CMEKTPOB  MU3NYYEHUN WU aHaNU3
MeXaHU3MOB BO3HUKHOBEHMA Tramma-
N31y4eHUA U Pa3BUTUA pa3paaa.
Bsaumocsaszb LWAJ1 ©n ontudeckux

TPaH3UEHTOB.
B3aMmocBsi3b ONTUYECKUX SBNEHUN B
aTmocdepe 7 MarHMToCchepHbIX

npoueccos.




