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Abstract. Sprites are a very fascinating member of the huge\aried family of
Transient Luminous Events (TLES), sometimes cadlisd “high-altitude lightning”.
Topic of extensive scientific research in the pdstade, they are thought to be an
interesting addition to the tropospheric lightnaxgivity and an important participant
in affecting the global atmospheric electric citcaind atmospheric circulation.
Several theories have tried to explain the straragere of sprites though there are still
many unanswered question waiting to be uncoverbd. gresent paper summarizes
the known facts related to sprites according toekisting literature in the field of
sprite research. The physical and optical propexiesprites are revealed as well as
the physical mechanisms for their generation. Tlethods of detection are briefly
introduced and some concepts of the numerical rnmglelf sprites are given. An
attention is paid also to the characteristics ofiteyparent lightning and
thunderstorms.
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Introduction

Since more than a century, various stories andrtepppeared periodically in the scientific
editions and magazines referring to amazing ligltsl fireworks high above active
thunderstormgLyons et al., 2000). Because of lack of existimg far terms for such
features, the observers used appellations as vagedupward lightning,” “rocket
lightning,” “cloud-to-stratosphere lightning,” anglven “cloud-to-space lightning'Even
thou one of the reports was coming from the NolePwinnerin physicsC. T. R. Wilson
(Wilson, 1925) the atmospheric electricity community disregardsal amateur findings as
missing hard evidence. On the night of 6 July 198Bile testing a low-light television
camera (LLTV) for an upcoming rocket launch, JohnVRRnckler of the University of
Minnesota made a fascinating and breath-takingodesy. Two frames of the video tape
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revealed brilliant columns of light extending famtd the stratosphere above distant
thunderstorms (Franz et al., 1990). This singleudmented observation activated scientists
from disciplines as diverse as space physics, ratience, atmospheric electricity,
atmospheric acoustics, and chemistry as well asspace safety, to explore the linkages
between tropospheric thunderstorms and lightninghan middle and upper atmosphere.
Being apprehensive about the safety and possibfgadta on aerospace vehicles, the
National Aeronautics and Space Administration (NA$%Amediately initiated a review of
video tapes from the space shuttle payload bay Llérployed to image mesoscale
lightning events. The investigation revealed ovedazen events appearing to match
Winckler's observation (Boeck et al., 1998). OnulyJL993, the first night of observation
at the Yucca Ridge Field Station near Fort Colli@sjorado, Lyons (1996) documented
over 240 sprites. Evidently they were not a rareuoence. On the very next night, LLTV
cameras onboard the NASA DC-8 detected huge flaslihese a large thunderstorm
complex in lowa (Sentman and Wescott, 1993).

With the rush of discoveries, confusion soon arasgarding scientific
terminology. Winckler and his colleagues initialgrmed their discovery a “cloud-to-
stratosphere (CS) flash.” Press reports frequesatbrred to “upward lightning” or “cloud-
to-space lightning.” But little was known of the dervlying physics of these transient
illuminations. Was it “lightning?” In which direahn did it really propagate? Did it connect
the cloud top with “space”™? To avoid assigning medhat might later need revision, Davis
Sentman of the University of Alaska proposed cgllihem “sprites” (mysterious and
fleeting characters populating Shakespeaféis Tempekt Sentman’s team also provided
the first color images showing sprites to be prityaed with blue highlights on their lower
extremities (Sentman et al., 1995), so the ternspeifes has become widely used.

Sprite properties

Several types of transient luminous events (TLEs)redw known to occur in the
middle atmosphere above thunderstorms, and those lieen given names such as "blue
jets", "blue starters"”, "giant jets", "sprite halosred sprites”, "elves" and "trolls" (see
Figure 1).

Sprites are the most frequently observed of thesl{Eentman et al., 1995; Lyons,
1996). They are luminous spots of red light appegfiom about 1 ms up to 10 ms after the
lightning discharge and can last from a few mitliseds to few hundred milliseconds.
Usually, the initiation occurs at 70-75 km altitua@th tendrils propagating downwards to
almost 40 km and upward expanding diffuse glow kBPast al., 2002). Many similar
discharges can be generated simultaneously overizohtal distance of over 30-40 km.
The lower portion of the sprites sometimes hasstindit blue coloration. Different sprites
exhibit different features, as carrot and columapssand some even looking like an eagle
The carrot sprite resembles a carrot with groupst@famers propagating downwards and
flaring elements above, while the column sprites agry narrow, quasi-continuous and
appear in clusters.

The planetary rate of sprite events is ~ 2.8 pewai (Ignaccolo et al., 2006) or ~
7200 events per day (Fullekrug and Constable, 2000)
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Fig.1. Pictorial view of elves, sprites and blue jets. §ated from Neubert, 2003).

Sprite Color

In the TLEs, accelerated electrons hit the atonasraalecules of the atmosphere,
much as in the aurorae (Northern and Southernsjgitis can cause:

- lonisation of the atoms or molecules, i.e. onemare electrons is removed
completely. The remaining ion is often in an extistate.

- Electronic excitation of the atoms or molecul@hdir outer electrons are
transferred to a state of higher energy).

- Vibrational and rotational excitation of molecsié.e. the atoms of a molecule
start to oscillate with respect to each otherotate around their center of mass.

Thus TLEs excite atmospheric atoms and molecule$ that these excited
particles can emit light of specific wavelengthdyoThe red color of sprites comes from
the fact that the difference in energies betweenfitst and second excited states of a
nitrogen atom happens to correspond to a waveleogtheye perceives as "red". But in
reality, these emissions are not single-wavelemgtiissions but emission bands. This is
because both the upper and lower electronic state lme in a different vibrationadtate
with slightly different energies.
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Imaging Systemsin Sprite Research

The sprite properties are known from video imagaestly taken at a repetition
period of 33 ms) or from photometer traces (witm4 resolution or better). Studies have
been made also using various instrumental techsiffoen aircraft, from balloons and from
space (International Space Station) (Blanc et 2004) and from the Columbia Space
Shuttle mission (Price et al., 2004). Sprites Hasen observed so far in Europe (Neubert et
al., 2005), in USA (Lyons et al., 2003b; Pinto &t.al., 2004), in the Carribean region
(Pasko et al., 2002), in Australia (Hardman et 2000), over winter storms in Japan
(Hobara et al., 2001; Hayakawa et al., 2004), @nAkian continent and over the oceans
surround Taiwan (Su et al., 2002, 2003; Hsu et28l03). However, because of the much
higher lightning activity over Africa, Indonesia duSouth America, it is expected that
sprites will be observed in these regions whennsisies will be able to mount sprite-watch
systems there.

Ground Based Imaging

The ground based sprite-watch systems are usuabiynted on the top of a
mountain as sprites appear high above large anénfavthunderstorms. The system has to
be far away from the thunderstorm which producegespso that the camera can have a
clear view above them. The equipment consists afeeurity low-light level camera
connected to a computer with GPS timing.

Several years ago, a team from the University aisk& began to uncover the
peculiar, often multibranching nature of spritesrbgording them with high-speed cameras
at rates up to 1000 frames per second. Steven Cuiantehis coworkers reported video
observations of sprites made in the foothills @& Bocky Mountains at up to 7200 frames
per second (Cummer et al., 2006). The scientigitioad the images from the Yucca Ridge
Field Station in Fort Collins, Colorado, using dactronic camera designed to study fast
phenomena like explosions. The fastest frame ratesluced slow-motion imagery
equivalent to stretching one second of normal-spégb into about five minutes of super-
slow motion. The time between each frame was hess & millisecond.

Space Based Imaging

Satellite based studies of upper atmospheric TL&htsvhave several advantages.
The most notable one is that global longitude ddgt surveys of TLEs can be conducted
from satellite orbit. The lack of atmospheric attation also provides many advantages
such as UV viewing and quantitative interpretatminthe measurements regardless of
atmospheric conditions or viewing angles. Since §aEe thunderstorm related phenomena
they tend to occur when ground based viewing ca@mtare relatively unstable. Few
experiments are now designed for sprite obsenatitom space at the horizon: MEIDEX
onboard of the Space Shuttle (Yair et al., 2004) #ue first sprite experiment onboard a
satellite — ISUAL.
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The new instrument the Imager of Sprites/Upper Afpteric Lightning (ISUAL)
has been in orbit since May 20, 2004 making neveonladions of TLEs from space. The
ISUAL payload includes a visible wavelength intéiesi CCD imager, a six wavelength
channel spectrophotometer, and two channel Arragdpheter (AP).

The LSO (Lightning and Sprite Observations) expenmon board of the
International Space Station (ISS) has been desitmexrform sprite observations at the
nadir using an original method of spectral diffdi&ion between sprites and lightning by
an adapted filter (Blanc et al., 2004). The lummamissions of sprites and lightning can
be superimposed when they are observed from spatte anadir. Such observations are
however needed for measuring simultaneously alkiptes emissions (radio, X, high
energy electrons) associated with sprites for aebetinderstanding of the implied
mechanisms. They are possible in specific spetitrab where sprites are differentiated
from lightning. Absorption bands of the atmosphare well adapted for this differentiation
because the light emissions from sprites occurinngpe middle and upper atmosphere are
less absorbed in these bands than lightning emssaxcurring more deeply in the
atmosphere. The experiment is composed of two rRtiameras, one in the visible and near
infrared, the other equipped with an adapted filt®prites, halos and super-bolts are
identified by the ratio of the intensities receivéttough the filter and in the whole
spectrum.

Non-optical Registration of Sprites

“Sprite signatures” are all non-optical events whitdicate sprite occurrences. Up
to date, four different sprite signatures have begorted in the literature: (1) Schumann
resonance (Fillekrug and Reising, 1998); (2) Exélgnhow Frequency (ELF) transients
(Reising et al., 1999); (3) Very Low Frequency (VLperturbations (Haldoupis et al.,
2004) and (4) Infrasound chirps (Farges et al.5200

Schumann resonance

Schumann resonance is due to the thin layer ofatiag air between the surface
of the Earth and the conductive ionosphere acting waveguide. The limited dimensions
of the Earth cause this waveguide to act as a asgaravity for electromagnetic waves in
the ELF band (the band of radio frequencies froto 30 Hz, see Fig. 2). The cavity is
naturally excited by energy from lightning strikeBhe lowest-frequency (and highest-
intensity) mode of the Schumann resonance is atquéncy of approximately 7.83 Hz.
The fundamental mode of the Schumann Resonancestaraling wave in the earth-
ionosphere cavity with a wavelength equal to threurnference of the Earth. Additional
resonant peaks are found at 14, 20, 26, 33, 3% arkdi.

The large and energetic lightning events that stabdve the background
resonance levels can be located globally on this lodidhe electromagnetic measurements
in Rhode Island (Huang et al, 1999), as with otherkers at other locations (Hobara et al,
2001; Sato and Fukunishi, 2003). The two magnetensggnals are compared to determine
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the great circle path between lightning source aamtiver. The calculation of the wave
impedance, the ratio of vertical electric and hmmial magnetic field, is used to determine
the distance along the great circle path. On laisis, the large and energetic positive
flashes can be monitored on a continuous basistim the African and the South America
continents.
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Fig. 2. The electromagnetic spectrum (according to thermatenal Union of Radio Science) is
divided into designated ranges: Ultra Low FrequefuliyF), Super Low Frequency (SLF), Extremely
Low Frequency (ELF), Very Low Frequency (VLF), Ldwequency (LF), (MF) Medium Frequency
(LF), High Frequency (HF), Very High Frequency (VKBltra High Frequency (UHF), Super High
Frequency (SHF), Extremely High Frequency (EHF).

Extremely Low Fregquency transients

Extremely low frequency electromagnetic waves (frBnto 30 Hz) are used to
explore the atmospheric electromagnetic environnwnthe Earth. Three networks of
magnetometers record the properties of naturatrelmagnetic fields on the global, on the
regional, and on the local scale.

The global magnetometer network detects locatidttiglatning discharges around
the globe and monitors the temporal and spatialluties of particularly intense
thunderstorms. Satellite based cloud cover recgsdirelp to determine the effective charge
density of thunderclouds and reveal the electriaflire of severe weather.

The regional magnetometer network detects mesaspbkéactrical breakdown
between the troposphere and the ionosphere, dpticahged with an intensified video
camera as a transient optical emission, denotatesgibout 20 % of the sprites produce
electromagnetic signals which are similar to ineetightning discharges and the global
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detection efficiency of those signals is on thecomf 80 % with a false alarm rate of 20 %.

The local magnetometer network is operated as @nfénometer to measure the
electromagnetic wave propagation speed, which iteraened by the mesospheric
conductivity. This variable conductivity is contied by solar short wave radiation and
energetic particle precipitation into the atmosghand can be monitored from the diurnal
to the decadal time scale and this variabilityikelly to modulate the remote sensing of
intense lightning discharges sprites.

Very Low Frequency perturbations

The part of the electromagnetic spectrum descrisedLF (Very Low Frequency)
generally spans from 3 to 30 kHz. At those bartks,strong impulsive signals radiated by
lightning discharges are termed “atmospherics"siarply “sferics”. The explanation of
early VLF events relies on two different, but natcassarily independent, processes: (1)
heating of the lower ionosphere by strong quasitedstatic fields generated by lightning
(Inan et al.,, 1996a; Pasko et al., 1995), and ¢®jzation production during transient
luminous events (TLES), such as sprites, spriteshahd elves (Rodger, 2003; Mika et al.,
2005).

Infrasound chrips

Infrasound is sound with a frequency too low tadkeéected by the human ear. The
study of such sound waves is sometimes referreas tmfrasonics, covering sounds from
the lower limit of human hearing (about 16 or 17) ldpwn to 0.001 Hz. This frequency
range is the same one that seismographs use fatamig earthquakes.

Chirps in infrasound recording are signals in whibke frequency increases or
decreases with time. They can be produced by eetyaonf sources: from lightning
generated whistlers (Helliwell, 1965) to the acmusimissions of bats (Carmona et al.,
1997) and whales (Ford, 1991). Recently they haantassociated with the occurrence of
sprites over thunderstorm clouds (Farges et ab5R0

The sprite signatures are located in the 1-10 Eiguiency range and in many cases
a linear chirp of increasing frequency with timelsserved. This signature is caused by the
spatial extend of the sprite (from 20 to 50 km)r{jes et al., 2005), its orientation with
respect to the infrasound station, and the reflagtiproperties of the thermosphere.
Pressure waves generated from different regiontheotprite will be reflected at different
altitudes in the thermosphere with different absorpand dispersion properties before
reaching the infrasound station. The net resulth& pressure waves coming from the
nearest end of the sprite will arrive first at thiation with a low frequency content.
Pressure waves coming from the farthest end ofphiée will arrive later at the station with
a high frequency content. Sprite signatures whiatwsan impulsive feature instead of a
chirp are the result of a small spatial extensiorofothe alignment with the infrasound
station (regardless of the spatial extent). Thaitim of the infrasound is directly linked to
the horizontal size of the sprite.

86 Bulgarian Geophysical Journal, 2006, Vol. 32



A. Savtchenko, R. Mitzevdprites and parent thunderstorms

Characteristics of Sprite-Parent Thunderstormsand Lightning

Much of our understanding of the meteorology ofitegeroducing lightning has
been gained during field programs in the centré&.Uthough more recent programs in
Europe, East Asia, the Middle East, Japan and Alisthave greatly expanded the
geographic domain of our understanding.

After the discovery of sprites, extensive field ebvations started and soon it
became clear that the phenomenon was linked toniighh and was probably driven from
below by individual lightning strokes (Winckler at., 1996). The experiments showed
(Boccipio et al., 1995; Reising et al., 1999) thatite-producing lightning strokes are very
strong radiators at the lowest frequencies detelsjedach system (< 100 Hz). Thus, the
effective source of distant, low frequency radiatie not lightning current but rather
current moment (the product of current and the tlergf the current channel) and total
charge moment change (the time integral of curmoiment). So the primary difference
between sprite-producing (SP) and non-sprite-priodudightning is that SP lightning
strokes contain larger charge moment changes aisdtdinsfer more charge from the cloud
to the ground. During the STEPS program (Lang.e2804; Lyons et al., 2003b), detailed
analyses of charge moment change suggested tB80&t.km, there was a 10% of sprite
initiation, reaching to 90% by 1000 C.km (Hu et 2D02).

The conventional thundercloud is generally charamtd by a positive dipole.
Negative charges are distributed mainly in the maigion of the cloud and the positive
charges are at higher altitude. Such clouds arealp about as wide as they are tall. In
contrast, a Mesoscale Convective System (MCS) lmasiaontal extent more than 10 times
its depth. This system has a significant later&teixwith a large, positive charge layer near
cloud base, which in these systems is often clogke GC isotherm. One of the important
characteristics in MCSs is its inverted dipole attnee in comparison with the conventional
isolated thundercloud (Williams, 1998; Lyons ef 2003b).

A lightning flash that lowers positive (negativdjacge to the ground is so-called
positive (negative) cloud-to-ground (CG) lightninthe vast majority of lightning ground
flashes worldwide are negative, although some diaegd cases such as lightning activity
in wintertime over the Sea of Japan (Saito et2003; Hayakawa et al., 2004) show a
predominance of positive polarity.

Two different types of positive ground flashes aml known. Such discharges
may be initiated from the upper region of the clowtlich leads to a long vertical extent to
the ground in the case of the conventional thurdedc (Rust et al., 1981). The large
positive charge reservoir near the base of the ME&iform anvil can also contribute a
substantial amount of positive charge to the groluydns et al., 2003b).

All field observations of sprites are concentrated mid-latitude nocturnal
mesoscale convective systems and complexes (MC&IM&@Ts). According to several
papers (Lyons, 1996; Lyons et al., 2003b) spritedpcing positive CGs tend not to occur
until the storm has approached its mature stagedandloped a considerable stratiform
precipitation region. The sprite-producing posit®&s tend to cluster in a portion of the
stratiform region, sometimes toward the trailingyedvhere cloud electrification processes
are very different from those experienced in thghhieflectivity convective cores. The
MCS stratiform area usually reaches a minimum 621G km? before significant sprite
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activity can be expected. Detailed analyses otiigly patterns from STEPS storms (Lyons
et al.,, 2003b; Lyons and Cummer, 2004) have redesderal possible signatures. The
main centers of VHF emissions, representing intwaet discharges, remained high in the
cloud (8-12 km) during its active growth stage. Bstthe stratiform precipitation region
expanded, a low-level secondary center of VHF #gtigeveloped and the +CGs began
initiating sprites. As suggested by Williams (1998)is low level positive charge pool is
located around 4 km AGL, near the melting layer

Physical M echanism and Numerical Models of Sprites

More than 80 years ago the Nobel Prize winner 8. TWilson predicted (Wilson,
1925) the possibility of large scale gas dischaegents above active thunderstorms.
“While the electric force due to the thundercloatlsf off rapidly as increase, the electric
force required to causing sparkling (which for @egi composition of the air is proportional
to its density) falls off still more rapidly. Thus,the electric moment of a cloud is not too
small, there will be a height above which the eledbrce due to the cloud exceeds the
sparkling limit” (Wilson, 1925). His idea is illustted on Figure 3. The electric field E due
to thunderstorm electricity (shown with bold lirdgcreases with altitude proportional to r
%, The conventional breakdown threshold fielddgfined by the equality of the ionization
and dissociative attachment coefficient (Raize@1)decreases more rapidly with height.
According to Wilson (1925) at height where E pthe discharge spontaneously occurs.

i : : : : o
10° 100 10°  10° 10t 1o° *
Electric field (V/m)

Fig. 3. The development of the electric field with hdighove an active thunderstorm.

The other two reference fields shown in Figure B,~and E, are the minimum
field required for the propagation of positive amelgative streamer respectively (Raizer,
1991). It is worth to mention here that in additiong, E." and E, there are several other
important reference field, which were describechgghe so-called dynamic friction force
of electrons in aifF (Gurevich et al., 1992, Babich, 2003). There imaimum inF at
~150 eV, which is called the thermal runway thrédh&. ~ 260 kV/cm) and a minimum
around ~1 MeV, called the relativistic runway thvelsl (E =~ 2 kV/cm).The maximum is
created by a combined action of the ionization excitation of different electronic states
of N, and Q molecules. At higher energies50 eV the friction forcéd= decreases with
increasing electron energy.
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After the first registration of sprites, theoreticqaodels, both electrostatic and
electromagnetic, have been developed by a numbgronfps (Pasko et al., 1995, 2002;
Bell et al, 1995; Inan et al., 1996; Huang et 894 and others) to model the response of
the upper atmosphere to thunderstorm fields anighining discharge currents. Maxwell’s
equations are solved self consistently through abtmosphere which has a modeled
conductivity profile. The aim of most of the stuslis to answer the questions: 1) how does
the CG lightning initiate sprites; 2) what are thigical parameters for sprite initialization;
3) what controls the height of sprite initializatiod) how does the sprite propagate in the
ionosphere.

Summarizing all available information from field s#yvation and from numerical
simulations it was concluded that the energy sodocesprites is electric field energy
associated with lightning. This can be in the foofmthe quasi-static field due to the
distribution of charge in a thunderstorm, or thectlomagnetic pulse from a lightning
discharge (Rycroft, 2006). Two basic theories fprite formation above thunderstorms
exist - conventional (thermal) and runaway (relatig) electron discharge physics.

According to the conventional theory, sprites aemagated by the electric field
pulse (E > ) that travels upward toward the ionosphere fropositive cloud-to-ground
(+CG) stroke of lightning (Neuber2003). Positive CG discharges can involve trangter
the ground) of up to 300 C in several ms (Brookalgt1982) resulting in large (up to
~1000 V/m at 50 km altitude) quasi-electrostatic€jQields due to the uncompensated
negative charge left in and above the cloud. Thbiem electrons and ions at all altitudes
above the cloud are heated by the large QE fidktsding to optical emissions. The
observed several to tens of ms duration of redespis consistent with the characteristic
relaxation time of QE fields due to finite condwdy of the medium (Baginski et al.,
1988) High-speed optical imaging has indicated that speite discharge propagates
downward from an initial altitude of ~75 km, an@thshoots upward as a recoil (Stenbaek-
Nielsen et al., 2000). It seems that, in contraghé fully ionized channels of conventional
lightning, sprites are weakly ionized. Both norrightning return strokes and sprites have
electron energies of a few electronvolts (eV) 0020 to 30,000 K (Morrill et al., 2002).
Thus, sprites can be classified as a form of ligigtrand are sometimes referred to as
“high-altitude lightning”.

According to the runway breakdown mechanism, tisetdirge initiates when the
applied electric field is greater than the runwhseshold. The relativistic theory suggests
that an electrical breakdown mechanism carried ébgtivistic electrons also operates in
sprites (E > B (Roussel-Dupré and Gurevich, 1996). The idehas free relativistic seed
electrons generated by cosmic rays start an upwvianization avalanche, creating
additional high-energy electrons. The existencthiafprocess is supported by observations
of X- andy-radiation from the atmosphere above thunderstdaiserved by the Compton
Gamma Ray Observatory), which suggest emission refnBstrahlung by MeV-energy
electron beams in the upper atmosphere (Fishmaai.,et994). The role of relativistic
breakdown in sprites remains a topic of intenseass.

In addition to the studies concerning the sourcspoite initiation and propagation
there are attempts to model the small scale sptitmmer processes and photoionization
effects (Kulikovsky, 2000) as well as the opticalission associated with sprite streamers
(Liu and Pasko, 2004).
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Summary

Sprites are being observed for more than a centitly, their extensive research
embedded in the past 15 years, and the registraibring conducted with almost global
coverage, although most intensive studies are niaddSA and, recently, in Europe.
Various methods of registration and observatiospsftes are competing for effectiveness,
amongst which are space and ground based imagstguinents and event registration
methods using disturbances in different bandsegthctromagnetic spectrum.

The field measurements reveal the close connebidween sprites and positive
cloud-to-ground lightning generated in the stratiforegions of mesoscale convective
systems and complexes. Subsequently, numerical Imatte developed to study the
generation and evolution of sprites.

Despite the active research campaign in the fidldiroposphere-ionosphere
coupling, many outstanding questions still remansalved. One of them is the observed
initiation of sprites at altitudes 70-80 km by vemgak lightning discharges with small
charge moment changes. The almost-exclusive asisoci sprites with ground flashes of
positive polarity is another one (Williams, 200Few theories have been advanced to
explain these observations, although none of thess dully fit the required conditions.
Probably, another 15 years would be needed to usweie of the unclear problems.
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CnpaiiToBe U POANTEICKH TPHMOTEBHYHH OypH

A. CaBuenko u P. Munena

Pe3rome. CrpaiiToBeTe ca €H MHOTO BICUYATIISABAIL WICH OT TOJISIMOTO M Pa3HOOOpPa3HO
CEMCHCTBO KPATKOTPAWHU CBETIWHHH SIBJICHHS, HAPUYAaHO OIIC ,MBJIHHU OT BHUCOKATa
atmocdepa”. Tlpe3 MmOCHeIHOTO AECETHICTHE TE ca OOCKT Ha 3aABI00YCHH HAayYHU
W3CJICJIBAHMS U CE CMSATAT 32 MHTCPECHO JOMBIHCHUE KbM TpomocepHaTa rphbMOTECBHYHA
AKTUBHOCT, KaKTO M Ba)keH (haKTOp, OKa3Balll BIHMSHUAC BHPXY IiioOamHata aTMocepHa
eJIeKTpHYecKa Bepura u atmocepHata nupkyianus. ChIICCTBYBAT HSIKOJIKO TEOPUH,
KOUTO CC ONMUTBAT Ja OOSCHAT CTpaHHATa MPUPOJAA HA CIPAWTOBETE, HO BBHIPECKH TOBA
ocTaBaT MHOTO HepasKpHUTH BbhIpocu. Hacrosimarta cratus o0o0maBa u3BecTHuTe (akTH,
CBBpP3aHU CBhC CHOpPaNTOBETE, CIOPEN ChIICCTBYBAaIllaTa IUTEpaTypa B oOJacTTa Ha
W3CJIC/IBAHMATA HA TOBA sBJICHUE. M31105keHN ca (U3NYECKUTE U ONTUYHU XAPaAKTCPUCTUKU
Ha CIpaWTOBETE, KAaKTO W (DU3UYHUTC MEXaHW3MH, OTTOBOPHH 3a reHepupaHeto um. Ha
KpaTKO ca MpEeACTaBeHH METOAMTE 3a PErHCTpUpaHe W ca AaJIeHU HSIKOM KOHIENIMH 32
YUCICHO MoOJenupane Ha chopaiitoBe. OCOOCHO BHHMAaHHE € OKa3aHO ChHIIO H Ha
XapaKTCPUCTHKHUTE HA POJAUTEIICKUTE MBJIHAN M TPHMOTCBHYHH OOJIAIIH.
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