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AHHOTauund

[MpocTpaHCTBEHHO-BpEMEHHAsI CTPYKTypa aBpoparbHbiX BO3MYLUEHUA B 3HAYUTEINbHOW CTEMEHU OTpaXkaeT CTPYKTypy
npoueccoB B MarHutocepHo-moHochepHon nnasme. OnucaHwe 3TOM CTPYKTYpbl BaXHa Kak Ons U3ydeHud
dyHAAMEHTANbHOIO WU3y4YeHUA MNfasMeHHbIX MNPOLECCOB, TaKk M AN MHOMMX akTyarnbHbIX MPUKNagHbIX BOMPOCOB,
CBA3aHHbl C MPOXOXOEHMEM PafMOBOMIH B WMOHOCKEPE WU XKU3HEOEATENbHOCTbIO B BbICOKMX LIKMpOTax. [MonapHbIn
reopunanyeckmm NHCTUTYT MHOIME rofbl NPOBOAUT HabngeHNa N percTpaumio HoYHoro Heba B MypmaHckon obnactu un
Ha apx.lUnnybepreH. Wcnonb3oBaHWe ONTUYECKMX [OaHHbIX A1 HaydHbIX WCCRedoBaHWW Bcerga OCNOXHAETCA
HeobXoaANMMOCTLIO 00paboTkn, KoTopas TpebyeT 3HauyuMTenbHbIX 3aTpaT BpeMeHu W kBanudpukauuu. MHorne rogbl
WHCTUTYT BbINyCKaeT KBapTalbHble COOPHMKM C Katanoramu Takux HabniogeHuin. B goknage penaetrca o63op no
NMELLMMCSH B MHCTUTYTE JaHHbIM U ONTUYeckuM npudopam. lNpusegeHsl NpuMepsbl, Kakyto MHpopMaLmio Takne mMoryT
AaTb ANs MccnegoBaHust BbICOKOWMPOTHOM MoHocdepbl. OBCyxaatTca BONPOChl aBToMaTuyeckon obpaboTkm gaHHbIX
nocrneaHux neT, UMeoLWMXcs B UMdpoBOoM hopMate, ¢ UCNONb30BaHNEM NCKYCCTBEHHbIX HEMPOHHbLIX ceTen (MHC).

Pabota nogaoepxaHa rpaHtom PH® n MwuHuctepctBa obpasoBaHus n Haykm MypmaHckonm obnactu Ne22-12-20017
«lpocTpaHCTBEHHO-BPEMEHHbBIE CTPYKTYPbl B OKOSIO3EMHOM KOCMWYECKOM MPOCTPAHCTBE APKTUKU. OT MNOMAPHbIX
CUSIHUIA Yepe3 0COBEHHOCTN caMoopraHmM3aunn nnasmbl K NPOXOXKAEHUIO PagNOBOSHY.
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Experimental infrastructure in

"é'i,"k‘;n';"'; Kola Peninsula
M http://pgi.ru/kagin/eng/
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Optical observations in Lovozero

Spatial
resolution

Temporal
resolution

Operation

Camera
name

emission
imager: (427.8)

(486.1/656.3) 180
(557.7) 180

180

TW ASC
530.0 + CPF Bl

612x612 pix

spectrometer

512x512 pix

512x512 pix
512x512 pix
512x512 pix

4144x2822
pix

300x300 pix

1 frame/s
10 frame/s

1frame/min

6 frame/min
6 frame/min
6 frame/min

6 frame/min

6 frame/min

1 frame/s to 6

frame/min

14bit

16bit

16bit

16bit

16bit

16bit

14bit

16 bit

RGB
Blue (CC2+C3C21)

400-700nm/0.2nm/pix

1.5nm HPBW
3.0/4.0nm HPBW
0.8nm HPBW

2.5nm HPBW

RGB

Rotated polaroid

under Odeg
ERG conj.

under Odeg

under -6deg

under -6deg
under Odeg
under -6deg

under -3deg

twilight



Apatity, PGI range, all-sky camera

Camera: LCL-902H2,1/2"or WAT-902K2,1/3”
Lens: Fujinon YV2.2x1.4A-SA2

Software:

- Linux Ubuntu 12.04

- TV frame capture

- GPS time from “guppy-2”
- PHP+Apacher server for

web-page
Analog TV
Ethernet | | Qutput data:
7/ \ - on-line preview, 10-s resolution + weather

- web-archive, from daily keograms to 10-s frames

IP: 192.168.224.26 (internal) 1-s frames by request



Verhnetulomsky range, all-sky camera

Camera: VNC748-H2,1/2” based on Sony ICX-429AL
Lens: Fujinon 1.8-3.4/F1.4

Analog TV

“VT L”

Software:
- Linux Mint 18
- TV frame capture

- Camera control by USB-
RC485 connection

- GPS time
- PHP+Apacher server for

Ethernet

web-page

Qutput data:

£

\ - on-line preview, 10-s resolution

t - web-archive, from daily keograms to 10-s frames
IP: 192.168.1.109 (internal) - 1-s frames by request
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* Pulsating forms
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20 March 2015, 23:18:30
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MHOrokaHanbHbIM M30bpaxKkatowmm potomerp HUANAD MIY Ha
NONNTOHEe «BepXHEeTYyIOMCKUN»

v ®oToMeTp ycTaHOB/EH B ceHTABpe 2021 MapameTpbl poTOMETpa
v’ BpeMeHHOW paspeLieHne MOHUTOPUHTOBOMO PEXMMA v' 4 MA®3Y (16x16 nukceneii)
ysennyeHa go 1 mc 09.2022 . v’ BpemeHHoe paspelleHue
v" 16 ogHOKaHanbHbIX ®IY MCNONb3YIOTCA B KayecTse v' 2.5 MKc (4 cobbiTiA 3a 5 c),
cnekTpomeTpa (yctaHoBneHbl: 337 HMm, 390 HMm, 430 HMm, v' 320 mKc (4 cobbiTnA 3a 5 )
lWnpoKononocHble YOC1 n KC11). v' 40 MC (MOHUTOPUHT,
HenpepbIBHaA 3aNunCb), 1mc ¢
09.2022

v’ Mone 3peHusn: 2y_=18°

v" Yrnosoe paspelueHnue: Ay = 1.1°
(~2 Km Ha BbicoTe 100 Km)
v' Aneptypa: S = 19.6 cm?

Pabota noapep»KaHa rpaHtom PH®
(npoeKT N222-62-00010)
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QL, web-sites, data access

http://aurora.pgia.ru:8071 — Lovozero + Barentsburg optics, VLF,

electromagnetic + new color Verhnetulomky ASC (from 2023)

http://aurora.pgia.ru — Apatity optics + Verhnetulomky ASC

http://pgi.ru/radar2/ - partly scattering radar (Tumanny range)

http://pgia.ru/data/nm - neutron monitors Apatity+ Barentsburg

http://pgia.ru/lang/ru/archive_pqi - PGl geophysical data:

1) Magnetometers Lovozero, Loparskaya

2) Ascaplots for Lovozero, Loparskaya, Apatity, Verhnetulomky


http://aurora.pgia.ru:8071/
http://aurora.pgia.ru:8071/
http://aurora.pgia.ru/
http://aurora.pgia.ru/
http://pgi.ru/radar2/
http://pgi.ru/radar2/
http://pgia.ru/data/nm
http://pgia.ru/lang/ru/archive_pgi

Hourly keogram

Camera: allsky

W
v

2100 :10 220 30 40 50 22:00
14 March 2018, 21:00-22:00 UT

Daily keogram | Monthly overview | Observations | Main Page

New on-line mapping service in QL of
APT and VTL all-sky cameras

Camera: allsky

14 March 2018, 21:05:20

¥

All cameras | Mapping | Hourly keogram | Daily keogram | Monthly overview |

Observations | Main Page




New on-line mapping service in QL of APT and VTL all-sky cameras

Aurora mappmgtmem isk} 1

Choose height and opacity: 100 km ~ 75% ~ Suhm|t

e e @GIS
Apatity ASC

14 March 2018, 21:05:20

All cameras | Hourly keogram | Daily keogram | Monthly overview | Observations | Main Page

Comments and suggestions send to boris.kozelov@gmail.com
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Auroral forms within the oval

1981/312

E '
Schematic figure of aurora by S.-I. Akasofu iDE-1 [L.A.Frank]

During the International Geophysical Year (IGY) (1957-58), space scientists all
around the world coordinated their efforts to record the aurora from many places
at the same time. From the analysis of this data, two important concepts in auroral
physics were born: "auroral oval" [Feldstein and Starkov ]Jand "auroral substorm”.

e Diffuse aurora equatorward of
the main oval.

e Discrete auroral arcs

e Homogenous bands

e Curtains or draperies

e Rayed arcs

e Folds and curls

e North-south auroral arcs
(streamers)

* Polar cap arcs (theta aurora)

e Omega bands

e Westward travelling surge and
auroral bulge

e Auroral patches

e Pulsating or flickering aurora

e Cusp aurora

¢ Black aurora



Keograms (N-S cross sections) — latitudinal dynamics
Apatity N . March 29, 2013
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Triangulation of the aurora structure

Triangulation pairs:

1) Verhnetulomsky range — Lovozero observatory
(153 km)

2) Apatity PGI building — Apatity range (4.12 km)

3) Barensburg observatory — KSC building in
Barentsburg (4.0 km)
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RGB kamepbl Ang TpuaHrynauuu,
ApKne oyru

2023/01/17 2023/01/17
2023/01/17
23:38:10 23.38.10 C 23:38:10

G200
G150
exp 740.0 ms 14651 exp 840.0ms

C 17 anBapsa 2023




TpuaHrynauma ApKnx CTPYKTYP No Kamepam Bcero Heba

OTHOCUTENBHO BepxHeTynomckoro

Alt= 110 km 110 km
20230117 23:38:10 20230117 23:38:10
200 200

150
100 4

50

-150

-200
-2

0 50 100150 200

] 150 -100 , 50 ]
a0 100

; .
180 00 250 40 B0 80 100 180

1 1 1
120 140 160 200 220



RGB kamepb! Anga TpuaHrynauun,
nynbcupytoLme qopmsbl

840.0ms




TpuaHrynauua NyabCUPYIOLLMX CTPYKTYP NO Kamepam Bcero Heba

OTHOCUTENbLHO BepxHETYNIoMcKoro

Alt= 90 km Alt= 90 km
20230118 00:39:10 20230118 00:39:10

100 e

804 s




Folar Geopnysical Institute, K oeasons

2010-2011
2011-2012
2012-2013
_ 2013-2014
Multiscale 2014-2015
Au rora 2015-2016
Imaging 2016-2017
Network 2017-2018

1. all-sky camera

West s East
Apatity range - . PGI building




Extraction of structure for diffuse auroral patches
Sobel filter: Camera G1 2017-03-31 00:33:30UT Camera G2

-1 S
X mask = -2
2 -—l]

=
G, = convol (1(x,y), X,

oM © 90

1
Y mask = [0
-1

Gy = convol ( I(X;y)r Ymask)

A=sqrt(G.2+G?)
Fi=arctg(G, /G,)

Visualization:
R = A sin(Fi)
G = A cos(Fi) The best correlation for relative displacement 65pixels =>
B = A cos(Fi) The height of the structure is 92.2 km
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Optical equipment of PGl in Spitsbergen, September 2018

Barentsburg
observatory of
PGI

(78.094717°N,
14.212644°F)

Building of KSC
RAS in
Barentsburg
settelment

(78.058934°N,
14.218244°F)

Optical
equipments in
Barentsburg

Barentsburg
observatory of PGl

8 + Season
2018-2019

Building of
KSC RAS
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A Study of Rayed Structures in Auroras by Triangulation Methods:1.
Height Profiles of Volume Emission Rate
B. V. Kozelov, Zh. V. Dashkevich, and V. E. lvanov
(Cosmic Research, 2021, Vol. 59, No. 4, pp. 223-230)

h, km
300

250

200

100

10 20 30 40 50 60
Displacement, pixels

F_ig. 2. Correspopdence between the observed parallax in
Fig. 1. An example of simultaneous registration of the rayed structure of auroras by two cameras. pixels and the height of the auroral structure.
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Fig. 3. Altitude distributions of the registered auroral inten-
sity along the selected ray on the frames on September 14,
2014, 16.51.28 UT: the solid line is for the Guppy-2 camera,
and the dashed line is for the Guppy-1 camera.

Fig. 5. Altitude dependence of effective coefficient k.4 Fig. 7. Height profiles of the volume emission rate along
the ray on September 14, 2014, at 16.51.28 UT, the solid
K

— line is for the Guppy-2 camera, and the dashed line is for
eff ZAIA/ZA(IA/ICJL) the Guppy-1 camera.



Zh. V. Dashkevich, V. E. lvanov, and B. V. Kozelov, Studying Rayed Structures in Auroras by Triangulation
Methods: 2. Energy Spectra of Precipitating Electrons //
Cosmic Research, 2021, Vol. 59, No. 5, pp. 307-311.
Zh. V. Dashkevich, V. E. lvanov, and B. V. Kozelov, THE FEATURES OF PRECIPITATING ELECTRON
SPECTRA IN THE RAYED AURORAS //' “Physics of Auroral Phenomena”, pp. 118-121, 2021
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Height profiles of the volume emission rate



Zh. V. Dashkevich, V. E. Ivanoy,
and B. V. Kozelov, Studying
Rayed Structures in Auroras by
Triangulation Methods: 2. Energy
Spectra of Precipitating Electrons
Il Cosmic Research, 2021, Vol.
59, No. 5, pp. 307-311.
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Fig. 1. Calculated ratios of volume emission rates from the range of 380—580 nm to deposition energy W: (1) 5577/ W,

(2) I]NG/VV' and (_i’) ]\"K/W
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Fig. 2. Calculated ratios of deposition energy W(#) to total
volume emission rate /(/#) in the range of 380—580 nm. Each
line corresponds to a pair of specific values £ and £,
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Left panel - reconstructed energy spectra f(E) (thick line), approximation of reconstructed
energy spectra by the formula (4) (thin line). Right panel - reconstructed height profiles of the
deposition energy W(h) (thick line); calculated altitude profiles W(h) for fluxes described by an

F(E)= Ny E*+ N>)Eoexp(-E /Eo)/E

approximation (thin line).
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Magnetotail — open, extremely dynamic system ( 3>1 ),
permanently existing in planetary magnetospheres

Balooning & Tearing

[Milovanov A. and Zelenvi L.. 1

Multiscale
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Non-Stationary
Steady State

Nonlinear interaction of various unstable
modes. Saturation of fluctuation growth

Superposition of instabilities



Antonova [1985]

Turbulent dynamics of
magnetosphere plasma

Borovsky et al. [1997]
Borovsky and Funsten [2003
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Self-organized critical (SOC) state

I Spatiotemporal evolution of transients
follows distinct power-law statistical relations,
including power-law scaling of occurrence . —
probabilities of the duration, area, energy e
output and some other relevant quantities. Figure L Sandpile. (Drauwing by Ma Elsine Wicsenfeld)

I These scaling laws strongly suggests the [Bak, 1997]
existence of a universal dynamical principle,
such as self-organized criticality (SOC) ,
arranging the system dynamics in a uniform
scale-free fashion across quite different
spatial and temporal scales.

I More details about self-organized criticality,
avalanche analogy and sandpile models see
in [Bak, 1997; Jensen, 1998]
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Avalanche analysis:
1-D and 2-D characteristics of auroral spots

X

AL

Characteristics 2-D spatial spots 1-D spatial spots

Integrated size S=[ s@t)dt L=| [@)ds
AT} {T}

Total dissipated energy E=| w(t)dt E=| w(t)dt
AT} {T}

Maximum spatial size A= max s(t)dt L = max [(t)dt

T
Maximum dissipated W = max w(t)dt W = max w, (t)dt

DOWET




Optical
observations
during 19-20
January 2001

20:50-00.30UT
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Comparison of distributions obtained by groundbased TV all-sky observations and
POLAR UVI image,

Spot lifetime Simum spot area
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[B. V. Kozelov,V. M. Uritsky, and A. J. Klimas, GRL, 31, L20804, 2004]



Comparison of distributions obtained by groundbased TV all-sky
observations and POLAR UVI images

Integrated size
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Cnyuan 20 mapra 2020, 19:42 — 19:49 UT

[na aHann3a Ucnonb3oBaHbl AAaHHbIE SMUCCUOHHOTO MMarkepa obcepsaTopun "Jlososepo”, Kamepa
KaHana smuccumn 427.8 Hm (E142). Kamepa BKAOYaET CBETOCUNbHBINA 06beKkTMB OCLL-1.0-TAO(8.2),
EMCCD kamepy PhotonMax:512B, ¢unbvrposoe koseco ZWOEFW5x2 ¢ Habopom cBeTodUAbTPOB
(MHTEpPdEpPEHLMOHHDIN cBEeTOGUALTP Ha 427.8 HM 1 aacopbuMOHHbIN cBeTodUALTP Ha rpynny ING
380-500HM).

Mpnbop obecneumaeT: none 3peHus - 180 rpag., yrnosoe paspeluenue - go 0.35 rpag,.,
paspsagHocTb ALLM - 16 6uT, BpemeHHoe pa3spelueHue - 0.1 ceK. C CMHXPOHMU3aLMEN SKCNO3ULUM OT
cuctembl GPS

Pernctpauna nposogonack nog nponetbl cnyTHMKa ARASE.Bcero B aTom cnyydae umeem 4095
KaZpoB.

MNpoueaypa 06paboTku:

1. OrpaHuyeHue nona 3peHua Ao 75° ot 3eHUTa 1 orpaHNYEeHue No YPOBHIO MHTEHCUBHOCTY.

2. BblaeneHue CBA3HbIX KMACTEPOB Ha KaxKAoOM Kagpe.

3. TlpocnexunsaHne UCTOPUUN KNACTEPOB BO BPEMEHU.

4. OnpegeneHve Ha4yabHOTO U KOHEYHOTO MOMEHTA AR KaXKAO0ro KnactTepa, MakCMMaabHOM
naowaam (c y4ueTtom UCKarkeHne o6beKTMBA) KaXKAOrO KaacTepa B TEYEHME €0 UCTOPUN,
WMHTErPMPOBAHHOM NAOWAAM KaXKA0ro Knactepa.

5. BbluucneHue pacnpegeneHuit, BblaeneHme cTeneHHbIX y4acTKOB.

[JMHaMMKa cuaHMM no gaHHbIM RGB Kamepbl Bcero Heba B J/1oBo3epo

N

19:00

Apatity AS (panchromatic) keogram

-10 20 230 =40
20 March 2020, 19-00-20:00 UT

50 20:00




Cratuctuueckue pacnpegeneHma gna cnydasa 20 maprta 2020, 19:42 - 19:49 UT

Spot lifetime Maximum spot arrea Integrated Size
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B paccmoTpeHHOM MHTepBane BblaeneHo 83375 npocTpaHCTBEHHO-BPEMEHHbIX KnacTepoB (nNaTeH). B pacnpeaeneHusx Ha
Ma/iblx MacwTabax BUAHO M3meHeHne GopMbl pacnpeseneHmi (CNAoWwHble IMHUK ¢ pombamu). KoHTponbHas obpaboTKa
NnocnenoBaTeIbHOCTM KaApOoB C 3aKPbITbiIM 3aTBOPOM NOKA3an0, YTO pacnpeaeneHuna Ha Mmanbix maclwtabax onpeaenaroTca
LUYMOM AeTeKTopa (Menknin nyHKTUp). Ha 6onbinx macwtabax Ha pacnpeaeneHuax BblAeNeHbl CTENEHHbIE YHACTKU
(KpacHbI NYHKTMP), NOKa3aTenun npmeeaeHbl. MNuk okono 10 ¢ Ha pacnpeneneHnn BPEMEH KU3HU 4eMOHCTpUpyeT
NPUCYTCTBME NYNbCALMIMA BO BPEMA aKTUBM3ALMN CUAHUN.



Individual transient

data analysis

Auroral electrojet activity.
Start of intensification at

~1227UT has been
analyzed.

Polar UVI keogram

Polar UVI images

2000/02/07
0
(nT)
j‘lJ 500

AL -s00

-1000
-1500

-2000

AE(11) (Provisional)

WDC for Geomagnetism, Kyoto

| 12
11

N d

2000
(nT)
1500

1000

AE s00

2000 038/ 12:26:06.000

column

12
11

NS

18 2

[Crealed at 2009-03-09 07 04UT]

2000 038/ 12:27:19,000

s L
[ela) 150
column

2000 038,14 2:31:00.000

| _ift
] B0 100 160
column



February 7, 2000
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Variance of wavelet decombosition coefficients at given scale as a function of scale.
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Apatity auroral camera, N-S keogram February 4, 2011

ultiscale Anisotropy.Qfgsealing index
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Guppy-C data, green
channel. The overlapped
polar plots present angular
dependence of the scaling
index. The index value is
expressed by radial distance
and the angle indicates the
direction of a linear cross
section of the image used for
index calculation.

Black(gray) line shows
evolution of the scaling index
for perpendicular (parallel)
cross section of image 18-:08 UT
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Dimension of embedding space

Distance between images:
d(l,, L)=]1,-1,]

[Grassberger and Procaccia, 1983]

N N
C(r.m) = v ?':'—NZ Z 0| X -X, ).

i=]l j=I
2

C(r) ~ re@



correlation iniegral

OUEHKU KOPPENALUMOHHOM Pa3MepPHOCTH,
Grassberger-Procaccia algorithm (Kozelov and Vjalkova, 2005)

Lovozero all-sky camera keogram, 11 January 1998, 00:27-00:33 LT
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eorrelation jntegral

For breakups and pseudo-breakups
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1) Correlation dimensions for pseudo-breakup and
breakup intensifications are the same (~2.7-2.8), however
this dimension is differed from one obtained for pulsing
patches.

2) There is only difference between pseudo-breakup and
breakup intensifications: the spatial scale of self-similarity
for pseudo-breakups is smaller than for breakups.
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2017/03/30 23:05-23:20UT
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2017/03/30 23:20-23:35UT
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dotomeTtp HANAD MIY nna nonmroHa «/1o0803epo»

MapameTpbl doTOoMeTpa
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MHorosHayHasa Knaccuoumkaums ceeptodHoit HC

ASC keogram 2015-02-18,21-22UT
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MHorosHauyHasa Knaccuoukauma ceeptouyHoi HC
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