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ʇʣʘʥ  

üͧΖΙΘΙΡΜΙ (ΩΜΛΜΞΔ ΠΣΟΡΜΜ). 

ü͵ΣΡΜΧΣΥΜΡΗ ΠΣΟΡΜΙΖΣΝ ΔΞΧΜΖΡΣΦΧΜ.  

ü;ΧΔΧΜΦΧΜΞΔ ΤΜΞΣΖΰΪ ΧΣΞΣΖ ΠΣΟΡΜΜ. 

üͼΔΥΔΠΙΧΥΜΛΔΫΜδ ΠΣΟΡΜΜ. 

ͽΔΦΤΥΙΘΙΟΙΡΜΙ ΖΦΤΰέΙΞ ΤΣ 

ΛΙΠΡΣΠΨ έΔΥΨ. ΑΟα-ͺΜΡαΣ.  

ü͵ΣΟΡΜΜ Μ ΞΟΜΠΔΧ. ͨΟΣΕΔΟαΡΔδ 

βΟΙΞΧΥΜάΙΦΞΔδ ΫΙΤα. 



ʆʧʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʡ ʤʦʣʥʠʠ 

ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʢʘʤʝʨʳ 



ʊʨʠʛʛʝʨʥʘʷ ʤʦʣʥʠʷ (Rocket-and-wire 

triggered lightning experiments) 
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ͻΧΥΜΫΔΧΙΟαΡΰΝ ΥΔΛΥδΘ ΣΕΟΔΞΣ-ΛΙΠΟδ  

ñLightning: Physics and 

Effectsò (V.A. Rakov and 

M.A. Uman, 2003, 

Cambridge University 

Press) 



ΑΧΔΤΰ ΥΔΛΖΜΧΜδ ΗΟΔΖΡΣΝ ΦΧΔΘΜΜ  ΠΣΟΡΜΜ 

(ͦΔΛΙΟδΡ, ͨΣΥΜΡ, ʹΙΖΜΧΣΖ, 1978) 
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ΑΞΦΤΙΥΜΠΙΡΧΰ Φ ΜΦΞΨΦΦΧΖΙΡΡΰΠ ΣΕΟΔΞΣΠ 

7 

1 ï ʧʘʨʦʛʝʥʝʨʘʪʦʨ, 2 ï ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ, 3 ï 

ʟʘʨʷʞʝʥʥʦʝ ʘʵʨʦʟʦʣʴʥʦʝ ʦʙʣʘʢʦ, 4 ï ʉɺʏ ʛʝʥʝʨʘʪʦʨ, 5 ï 

ʠʟʣʫʯʘʶʱʠʡ ʨʫʧʦʨ, 6 ï ʣʠʥʟʳ, 7 -  ʉɺʏ ʧʫʯʦʢ, 8 ï ʜʝʪʝʢʪʦʨ, 9 ï 

ʦʩʮʠʣʣʦʛʨʘʬʳ, 10 ï ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʰʫʥʪ, 11 ï ʠʩʢʨʦʚʦʡ ʨʘʟʨʷʜ 

ʦʙʣʘʢʦ-ʟʝʤʣʷ 



ͧΦΧΥΙάΔ ΡΜΦΪΣΘδήΙΗΣ ΣΧΥΜΫΔΧΙΟαΡΣΗΣ 

ΟΜΘΙΥΔ Μ ΖΣΦΪΣΘδήΙΗΣ ΤΣΟΣΚΜΧΙΟαΡΣΗΣ 
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Two 4Picos frames showing the break-through phase (I) and later return-stroke stage (II)  of a negative discharge 

to ground generated by the cloud of artificially-charged water droplets. The exposure time for each frame is 100 

ns and the time interval between frames is 2 ɛs. Labeled are the electrodeless downward negative leader 1, 

upward positive leader 2, and the common streamer zone 3. Image (II)  was considerably fainter than image (I) 

and was contrast-enhanced more than image (I), to improve its visualization. AGP stands for ñabove the 

grounded planeò 

Kostinsky et al., JGR (2016) 



ͼΥΜΥΣΘΔ ΦΧΨΤΙΡΙΝ ΟΜΘΙΥΔ 
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Biagi et al., JGR, 2010 

 

V. A. Rakov,  The Physics of Lightning, 

Surveys in Geophysics, 2013 

 

Petersen and Beasley, JGR, 2013 
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ʹΔΖΜΡΰ, ΦΧΥΜΠΙΥΰ, ΦΧΙΠΰ  

ü Avalanches 

ü Streamers 

ü Stems, Stalkers 

ü Leaders: 

Å positive/negative 

Å first/subsequent 

Å direct/recoil 

ü Return stroke (spark) 
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Return stroke current 

Maslowsky and Rakov (2006) 

Miki et al. (2002)  

Return stroke current at the channel base and (b) 

corresponding horizontal (radial) electric field 0.1 

m from the triggered lightning channel core 
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Ripoll et al., 2014.  

ͨΔΛΣΘΜΡΔΠΜΞΔ ΞΔΡΔΟΔ ΠΣΟΡΜΜ 



Berger et al. (1975) data for peak current 
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Histograms derived from Berger et al. (1975) 

Negative first strokes Negative subsequent strokes 



;ΥΔΖΡΙΡΜΙ Φ ΘΔΡΡΰΠΜ NLDN Μ ΧΥΜΗ. ΠΣΟΡΜΜ 

15 
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Lightning peak currents for first strokes vary by a factor of 50 or more, 

from about 5 to 250 kA. 

 

The probability of occurrence of a given value rapidly increases up to 

25 kA or so and then slowly decreases. 

Statistical distributions of this type are often assumed to be lognormal. 

Cumulative statistical distributions of lightning peak currents, giving percent of 

cases exceeding abscissa value, from direct measurements in Switzerland (Berger 

et al. 1975). The distributions are assumed to be lognormal and given for (1) 

negative first strokes (N=101), (2) positive first strokes (N=26), and (3) negative 

subsequent strokes (N=135).  

Lightning PC ï Bergerôs Distributions 
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Lightning current characteristics 

Gamerota et al., IEEE Trans. Electrom. Compat., 2012 

The median (50%) and severe (1%) lightning currents at ground appear to be:  

30 kA and 150 kA for negative first strokes,  

10-15 kA and 50 kA for negative subsequent strokes, 35 kA and 500 kA for positive first 

strokes (as follows from lognormal distributions) 
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Directly measured currents in three positive lightning discharges in Japan. The 

insets in the middle and bottom diagrams show the current on an expanded scale. 

The transferred charges, from top to bottom, are 330,180, and 400 C. Adapted from 

Goto and Narita (1995). 

The largest directly measured lightning currents (positive 

lightning, probably of upward type, in winter storms in Japan) 
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Model of lightning channel. Electrodynamics 

Cooray and Rakov, 2012 I peak = 19.6 Q0.78 
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Conceptual model of the electrical structure in mature, mid-latitude convection. Four 

main charge regions (with red + for positive charge, blue ï for negative charge) are typically 

found in soundings through updrafts, while soundings outside updrafts have at least six charge 

regions in common. Representative electric field (E) and electrostatic potential (V) profiles in 

the nonupdraft (left) and updraft (right) of the convective region are also shown; the altitudes 

in these soundings do not correspond exactly to the conceptual model. Schematic 

representations of an intracloud flash (in green) and a cloud-to-ground flash (in purple) are 

shown as they might appear in lightning mapping data (Stolzenburg and Marshall, 2009) 
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A sketch of the stepped leader approaching 

ground; charge distribution along the leader  

 

Cooray et al., J. Electrost., 2007 
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Peak current vs large-scale electric field and 

cloud potential 

Cooray and Rakov, 2012 

I peak = 2.44 E0.967 

I peak = 10-6 V0.967 
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Electric field in thunderclouds 

 

Marshall et al., JGR, 1995 



ͧΰΖΣΘΰ ΤΣ βΞΦΧΥΙΠΔΟαΡΰΠ ΧΣΞΔΠ 

üThe CIGRE Broshure #549 (2013) recommends the use of 

direct current measurements. 

üThe median (50%) and severe (1%) lightning currents at 

ground appear to be:  

30 kA and 150 kA for negative first strokes,  

10-15 kA and 50 kA for negative subsequent strokes,  

35 kA and 500 kA for positive first strokes (as follows from 

lognormal distributions) 

ü The maximum directly measured peak current to date is about 300 kA, 

and it is for positive lightning.  

ü For negative lightning, the maximum directly measured peak current is 

about 200 kA.  

üTheory: Maximum peak current is about 300 kA in 

temperate regions and about 450 kA 500 kA in the tropics 

 24 
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Peak current distribution and its genesis 
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Statistical distributions of lightning peak currents: 

Why do they  appear to be lognormal?  

N. Slyunyaev, E. Mareev, V. Rakov, and G.Golitsin, 2017 
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,  A/mHf

ɃɑɋɐɘɖɔɒɆɉɓɎɘɓɡɏ Ɏɒɕəɑɢɗ ɖɆɍɖɥɊɆ ɔɇɑɆɐɔ-ɍɋɒɑɥ: 

0.2 mst=0.4 mst =0.6 mst =0.8 mst =1.0 mst =

ȵɋɖɋɓɔɗ ɍɆɖɥɊɆ ɐ Ɏɔɓɔɗɚɋɖɋ: 
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Courtesy of Dr. K.L.Cummins and Vaisala 

VLF: 3-30 kHz;   LF: 30-300 kHz;   VHF: 30-300 MHz 



     REGIONAL: 

U.S. National Lightning Detection Network (NLDN), 400 Hz-400 kHz, 

combination of time-of-arrival (TOA) and magnetic direction finding (MDF) 

techniques. 

Earth Networks (formerly WeatherBug) Total Lightning Network 

(ENTLN), 1 Hz-12 MHz, TOA  

GLOBAL: 

World Wide Lightning Location Network (WWLLN), 6-18 kHz, 

time-of-group-arrival (TOGA) technique (based on the fact that lightning 

VLF signals propagating in the Earth-ionosphere waveguide experience 

dispersion, in that the higher-frequency components arrive earlier than the 

lower-frequency components).  

 Global Lightning Dataset (GLD360), 300 Hz ï 48 kHz, combination 

of TOA, MDF, and waveform recognition algorithm (relies on the bank of 

ñcanonicalò field waveforms for different ranges). 

Modern multiple-station regional and global 

lightning detection (locating) systems 

30 



  

31 

Map showing the locations of WWLLN sensors (blue circles) as of 
2013. The number of sensors has grown from 18 in 2004 to 70 in 

2013. Since April 15, 2009, stroke radiated energy is reported. The 
approximate location of Camp Blanding (red star) is also shown. 

Evaluation was performed in 2008-2013. 



WWLLN performance characteristics (RS, SIP)  

  2008ï2013 

Flash Detection Efficiency 
8.8% 

(N = 80) 

Stroke Detection Efficiency 
2.5% 

(N = 360) 

Stroke Detection Efficiency  
(for Ip >25 kA) 

29% 
(N = 21) 

Median Location Error 
2.1 km 

(N = 10) 

Median Absolute Event-Time 
Mismatch 

15.3 Õs 
(N = 7) 

Median Absolute Peak Current 
Estimation Error 

30% 
(N = 7) 

32 Adapted from Mallick et al. (2014) 



Regional LLSs allow one to achieve location errors as low 

as a few hundreds of meters and flash detection efficiencies 

exceeding 90%. 

Global LLSs presently cannot distinguish between ICs and 

CGs. Detection efficiency of WWLLN is low. 

 

Rocket-triggered lightning can be used for calibrating LLSs, 

although the results are applicable only to subsequent 

strokes in negative lightning.  

Natural-lightning data can be used for estimating DE and 

CA for both CG and IC events, but generally cannot be 

used for estimating LA and peak-current errors. 

·ΔΥΔΞΧΙΥΜΦΧΜΞΜ ΦΜΦΧΙΠ ΟΣΞΔΫΜΜ ΠΣΟΡΜΜ 
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VHF mapping: LMA  



ͺΔΕΟγΘΔΧΙΟαΡΔδ ΦΙΧα Ζ ͧΙΥΪΡΙ-ͧΣΟΚΦΞΣΠ 

ΥΙΗΜΣΡΙ 

35 
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ͽΙΗΜΣΡΔΟαΡΔδ ΦΜΦΧΙΠΔ ΣΤΙΥΔΧΜΖΡΣΗΣ ΤΥΣΗΡΣΛΔ 
ΣΤΔΦΡΰΪ ΔΧΠΣΦΩΙΥΡΰΪ δΖΟΙΡΜΝ 

http://diogen.lightninglab.ru/ 

http://nowcasting.lightninglab.ru/ 



ͭΡΦΧΥΨΠΙΡΧΔΥΜΝ 

üMulti-station regional 

lightning detection system 

(Boltek Stormtracker 

devices) 

üQuasi-static electric field 

measuring network 

üMeteorological and radar 

data 

 
Lightning location system data for a 

thunderstorm on July 5, 2016 from 8.20 to 

8.30 UTC. Nizhny Novgorod is in the center. 

Three yellow dots represent observation 

points The scale of the map is 150ʭ150 km.  Kuterin et al., 2014 



͵ΙΛΣΠΔΦέΧΔΕΡΔδ ΡΙΗΜΘΥΣΦΧΔΧΜάΙΦΞΔδ 

ΠΣΘΙΟα WRF 

We have chosen the strategy of 

two embedded grids: the external 

grid covered the European part of 

Russia (the area of 1200*1200 km 

size with a step of 3 km), and the 

internal one of 210*210 km size 

with a step of 1 km. 

 

Global Forecasting Model (GFS) 

data with a resolution of 0.25 

degrees are used for WRF model 

initialization. 

 A set of embedded grids of the forecast.  

Dementyeva et al., 2014a; Dementyeva et al., 2014b; https://www.ncdc.noaa.gov/data-

access/model-data/model-datasets/global-forcast-system-gfs 



Thunderstorm 1 June 2015 14:30 ï 21:30 (UTC) 

Earliness of forecast: 6 h 

Calculations area: 

1200 x 1200 x 20 km 

   210 x 210 x 20 km 

Grid: 

3 x 3 x 0.5 km 

1 x 1 x 0.5 km  

Initial conditions: GFS 0.5o 



Global lightning integrations from VLF/ELF:  

Vaisala GLD360  versus WWLLN and satellite data 

From R. Holzworth, 2011, 

 

R.Said et al., 2013, 

 

Williams and Mareev, 2014 
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Mean annual flash density per km squared 

in INMCM4.0 model for the modern climate 

5 4.93.44 10cF H-= ³ 4 1.736.40 10mF H-= ³ C.Price & D.Rind, 1992 



ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʊʇʆ ʚ ʨʘʡʦʥʝ ʕʣʴ-ʅʠʥʴʦ ʧʦ ʜʘʥʥʳʤ 

ʤʦʜʝʣʠ (ʚʚʝʨʭʫ) ʠ ʥʘʙʣʶʜʝʥʠʡ (ʚʥʠʟʫ) 

ʕʣ-ɹʅʠʥʴʦ 



Chronis et al., 2008 

43 



Mean diurnal SR intensity variations at NCK, 

Hungary in two warm and two cold episodes in 

NH winter months 

44 



Variability of global lightning activity on the 

ENSO time scale by G.Satori et al., 2009 
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Lightning shows strong regional preference during different ENSO phases. Most 

of the areas appearing during the warm ENSO phase are located away from the 

equator and coincide with regions of anomalous jet stream circulation enhanced 

by the meridional heat transport 



ʉʭʝʤʳ ʟʦʥʘʣʴʥʦʡ ʠ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ ʚ ʊʠʭʦʤ ʦʢʝʘʥʝ 

46 



ͽΔΦΤΥΙΘΙΟΙΡΜΙ ΖΦΤΰέΙΞ ΤΣ έΜΥΣΧΙ 

47 

ʈʘʟʥʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʚʩʧʳʰʝʢ (ʩ-1) ʩʨʝʜʥʷʷ ʚʜʦʣʴ ʜʦʣʛʦʪʳ ʚ ʛʦʜʳ ʕʣʴ-ʅʠʥʴʦ ʠ ʃʘ-ʅʠʥʴʷ ʚ 

ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʜʚʠʛʘ ʚʝʪʨʘ (ʯʝʨʥʳʡ) ʠ ʙʝʟ ʫʯʝʪʘ (ʟʝʣʝʥʳʡ) 



΅άΙΧ ΦΘΖΜΗΔ ΦΞΣΥΣΦΧΜ ΖΙΧΥΔ 

48 

ͽΔΛΡΣΦΧα ΞΣΠΤΣΛΜΧΣΖ ΞΣΟΜάΙΦΧΖΔ ΖΦΤΰέΙΞ  

(1/(ΞΠ2 ΗΣΘ)) ΘΟδ ΤΣΟΣΚΜΧΙΟαΡΣΝ Μ ΣΧΥΜΫΔΧΙΟαΡΣΝ 

ΩΔΛ ΑΟα-ͺΜΡαΣ.  ͩΔΡΡΰΙ ΠΣΘΙΟΜ, 500 ΟΙΧ 

ΤΥΙΘΰΡΘΨΦΧΥΜΔΟαΡΣΗΣ βΞΦΤΙΥΜΠΙΡΧΔ. 

ͽΔΛΡΣΦΧα ΞΣΟΜάΙΦΧΖΔ ΖΦΤΰέΙΞ (έΧΨΞ/(ΞΠ2 ΗΣΘ)) 

ΖΣ ΖΥΙΠδ ΑΟα-ͺΜΡαΣ Μ ʹΔ-ͺΜΡαδ Ζ ΠΣΘΙΟΜ. 

ͯΣΟΜάΙΦΧΖΣ ΖΦΤΰέΙΞ ΞΣΥΥΙΞΧΜΥΣΖΔΟΣΦα Φ 

ΨάΙΧΣΠ ΦΘΖΜΗΔ ΦΞΣΥΣΦΧΜ ΖΙΧΥΔ. 

FL1 = FL *(SQRT(SH**2 +SH0**2)/SH0)**6 



The Galilee and Carnegie 

Carnegie under full sail in 1909 at 

launch. From 1909 to 1929 she covered  

500,000 km, and made the fastest 

circumnavigation of Antarctica. 

 
The Galilee and Carnegie became the Carnegie Institutionôs survey ships. The Carnegie was constructed 

specially, built from wood, copper and bronze, with an observing deck 

Galilee ï brigantine built in 1925, as 

a fast packet between San Francisco 

and Tahiti. Chartered by CIW in 

1905. 

//upload.wikimedia.org/wikipedia/commons/4/4f/Galilee_Cruise1.jpg
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Global Atmospheric Electric Circuit and 

Ionospheric Potential 

Distant points: Darwin, Australia ï 220 kV  

Weston, USA ï 235 kV   

R.Markson, L.Ruhnke, E.Williams, 1996 

S.Anisimov ,  S.Davydenko, E.Mareev, 2011  



Recent progress on the global electrical circuit 

(E.Williams and E.Mareev, Atm.Res., 2014) 
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Electric generators in the atmosphere: 

problems of parameterization 

Kalinin A.V. et al., 2011; P8; 

Mareeva et al., 2011; P58 
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Diurnal Vi variation averaged over each day of 

1986-2005. (right) Annual Vi variation averaged 

over all the hours of 1986-2005 

Mareev E.A., Volodin E.M., 2011 
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Ionospheric potential variation in XX century  

Mareev E.A., Volodin E.M., GRL, 2014 
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Mean-annual Vi and mean-annual square of 

convection in the model (XXI century); RCP8.5  



Aerosol influence on lightning activity 

D. Rosenfeld et al., Science, V.301, p.1309, 2008  

Direct effect 

First indirect effect 

Second indirect effect 



Aerosol impact on clouds 

 Illustration of the aerosol hypothesis for control of cloud 
precipitation and electrification. Williams et al., JGR, 2002 
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Lightning and smoke from Amazonian fires 

Altaratz et al., 2010. Relationship between number of 

lightning strokes between 12ï22 local time (#/10 hours) and 

AOD. 2006 data are marked in blue, 2007 in red, 2008 in 

green and 2009 in black. 



ͼΣΟΣΚΜΧΙΟαΡΰΙ ΖΦΤΰέΞΜ - ΤΣΚΔΥΰ 

W.A.Lyons et al, 1998 

ɺʝʨʦʷʪʥʦʩʪʴ ʚʦʟʛʦʨʘʥʠʷ: 1-5% ʚʩʧʳʰʝʢ 

 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ (ʠʤʧʫʣʴʩ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 500 ʤʩ): 8 Ŀ104 ɼʞ/ʤ2 



ʂʦʣʠʯʝʩʪʚʦ ʚʩʧʳʰʝʢ (LIS data) ʠ 

ʩʦʜʝʨʞʘʥʠʝ NO2  ʚ ʩʪʦʣʙʝ (GOME data) 
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ʂʫʣʠʛʠʥ. ɺʦʪ ʭʦʪʴ ʙ  rʪʝʧʝʨʴ ʪʦ ʚʦʟʴʤʝʤ: ʫ ʥʘʩ ʛʨʦʟʳ ʯʘʩʪʳʝ, ʘ ʥʝ ʟʘʚʝʜʝʤ 

ʤ  rʛʨʦʤʦʚʳʭ ʦʪʚʦʜʦʚ. 

ɼʠʢʦʡ. ɼʘ ʛʨʦʟʘ-ʪʦ ʯʪʦ ʪʘʢʦʝ ʧʦ-ʪʚʦʝʤʫ, ʘ? ʅʫ, ʛʦʚʦʨʠ! 

ʂʫʣʠʛʠʥ. ʕʣʝʢʪʨʠʯʝʩʪʚʦ. 

ɼʠʢʦʡ (ʪʦʧʥʫʚ ʥʦʛʦʡ). ʂʘʢʦʝ ʝʱʝ ʪʘʤ ʝʣʝʩʪʨʠʯʝʩʪʚʦ! ʅʫ, ʢʘʢ ʞʝ ʪ  r ʥʝ 

ʨʘʟʙʦʡʥʠʢ! ɻʨʦʟʘ-ʪʦ ʥʘʤ ʚ ʥʘʢʘʟʘʥʠʝ ʧʦʩʳʣʘʝʪʩʷ, ʯʪʦʙʳ ʤ  rʯʫʚʩʪʚʦʚʘʣʠ...  

 

ʂʫʣʠʛʠʥ. ʅʫ ʯʝʛʦ ʚ rʙʦʠʪʝʩʴ, ʩʢʘʞʠʪʝ ʥʘ ʤʠʣʦʩʪʴ! ʂʘʞʜʘʷ ʪʝʧʝʨʴ ʪʨʘʚʢʘ, 

ʢʘʞʜʳʡ ʮʚʝʪʦʢ ʨʘʜʫʝʪʩʷ, ʘ ʤ  rʧʨʷʯʝʤʩʷ, ʙʦʠʤʩʷ, ʪʦʯʥʦ ʥʘʧʘʩʪʠ ʢʘʢʦʡ! 

ɻʨʦʟʘ ʫʙʴʝʪ! ʅʝ ʛʨʦʟʘ ʵʪʦ, ʘ ʙʣʘʛʦʜʘʪʴ! ɼʘ, ʙʣʘʛʦʜʘʪʴ! é ʥʫ ʩʤʦʪʨʝʣ ʙ  rʜʘ 

ʣʶʙʦʚʘʣʩʷ! ɸ ʚ  rʙʦʠʪʝʩʴ ʠ ʚʟʛʣʷʥʫʪʴ-ʪʦ ʥʘ ʥʝʙʦ, ʜʨʦʞʴ ʚʘʩ ʙʝʨʝʪ! ʀʟʦ 

ʚʩʝʛʦ-ʪʦ ʚ rʩʝʙʝ ʧʫʛʘʣ ʥʘʜʝʣʘʣʠ. ʕʭ, ʥʘʨʦʜ! ʗ ʚʦʪ ʥʝ ʙʦʶʩʴ. 

 

çɺʩʝ ʣʫʯʰʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʦʠ ʧʠʩʘʥʳ ʤʥʦʶ ʜʣʷ ʢʘʢʦʛʦ-ʥʠʙʫʜʴ ʩʠʣʴʥʦʛʦ 

ʪʘʣʘʥʪʘ ʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʵʪʦʛʦ ʪʘʣʘʥʪʘéè  


