I'NTACHUK CPIICKOI I'EOI'PA®CKOI JPYIITBA
BULLETIN OF THE SERBIAN GEOGRAPHICAL SOCIETY

I'OJANHA 2013. CBECKA XCIII- bp. 2
YEAR 2013 TOME XCIII - N° 2
Original Research Article UDC 551.515.3(497.11)

DOI: 10.2298/GSGD1302055M

LANDSPOUT ACROSS NOVI BEOGRAD, 24 MAY 2012 - SYNOPTIC ANALYSIS

JOVAN MIHAJLOVIC!, VLADAN DUCIC'*, DRAGAN BURIC?, RADE IVANOVIC', DUSAN RiSTIC?

! University of Belgrade — Faculty of Geography, Studentski trg 3/3, Belgrade, Serbia
’Hydrometeorological Service of Montenegro, IV proleterske 19, Podgorica, Montenegro
*Republic Hydrometeorological Service of Serbia, Kneza Viseslava 66, Belgrade.

Abstract: In this study we have analysed a case of the landspout across Novi Beograd on 24 May 2012. We have
used a synoptic analysis method in the research and the description of the landspout event is based on visual
evidence and photographs. According to the available data, it can be concluded that there were favourable
conditions for a landspout development since there was a process and an increased amount of instability. The
landspout occured within the northeast stream which moved over Belgrade and further toward the southeast and
west. Based upon synoptic data analysis, it can’t be said that there was a cold air advection. Surface air was warm
enough, but not the air in the upper layers of the atmosphere. The conditions for a landspout development were
favourable — high relative air humidity and increased vertical and horizontal air currents.
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Introduction

Tornadoes are usually associated with large — scale parent vortices, such as
mesocyclones in supercells, and ordinary cells that are often in lines (Davies — Jones et al.,
2001). Those that form in ordinary cells often derive their vorticity from preexisting
vorticity in the bounadry layer (Wakimoto and Wilson, 1989; Lee and Wilhelmson, 1997),
begin near the ground first and build upward. They visually look like many Florida
waterspouts; for that reason they are sometimes called ,,landspouts® (Bluestein, 1985; Brady
and Szoke, 1989).

The term ,,landspout” is slang for the non — supercell tornado. According to the
American Meteorological Society definition, a landspout is:

1. (Rare) A tornado.
2. Colloquial expression describing tornadoes occuring with a parent cloud in its growth
stage and with its vorticity originating in the bounadry layer.

The parent cloud does not contain a preexisting midlevel mesocyclone. The
landspout was so named because it looks like a weak, Florida Keys waterspout over land.

During the late 1980s and early 1990s researchers documented a phenomenon with
subtle differences from traditional tornadoes and waterspouts, referred to as the landspout
(Seargent D.A.J., 1994; Brady and Szoke, 1988, 1989; Bluestein H.B., 1985). The term
LHlandspout* was actually coined by Bluestein (1985) when he observed this type of vortex
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along an Oklahoma squall line. The landspout lies somewhere on the spectrum between a
tornado and a waterspout, and most closely resembles a waterspout over land. Landspouts
are not associated with a supercell thunderstorm. At times lightning and thunder are also
absent from the parent cloud (Seargent D.A.J., 1994), which is usually a rapidly developing
cumulonimbus (CB) or towering cumulus (TCU) (Brady and Szoke, 1998).

While there remains much uncertainty about how the tornado itself actually forms,
it has generally been regarded that the most straightforward tornadogenesis mechanism
occurs with the nonsupercell tornado, or "landspout". Earlier work based on radar studies by
Brady and Szoke (MWR 1989) and Wakimoto and Wilson (MWR 1989) agreed on the
following scenario for the development of a nonsupercell tornado: 1) a circulation (vorticity
already in the vertical) develops along a stationary or quasi-stationary boundary, often
before any clouds of consequence have developed with said boundary; 2) if a developing
cumulonimbus cloud forms over the circulation, stretching associated with the developing
storm's updraft concentrates the circulation into a tornado. While there may be other factors,
such as a contribution to the vertical vorticity by the upward tilting of baroclinically
generated low-level vorticity associated with the boundary, the most important implication
of the scenario for landspout development was that the tornado would form in the active
updraft stage of the developing storm, quite possibly before much, if any, precipitation had
fallen. The process is deemed "simple" because the ambient vorticity is already in the
vertical, compared to the more complex processes involved in getting low-level vertically
oriented near-ground vorticity in a supercell storm.

When a convergence boundary containing large values of cyclonic relative
vorticity is present on the eastern Colorado Plains, tornadoes can occur under less than ideal
synoptic conditions traditionally associated with supercell tornadoes (Szoke and Augustine,
1990). Most landspouts have been documented in eastern Colorado, initiating along
intersecting convergence lines (Brady and Szoke, 1988). These intersecting convergence
lines are already established well before TCU develops. The TCU develops over the
convergence axis due to enhanced localized convergence. As the updraft strengthens, vortex
tubes are stretched vertically beneath the TCU giving rise to the landspout.

Landspout development can be better observed using the empiric model shown in
Figure 1. ,,This type of tornado (landspout) occurs when a convective cloud develops across
the strong localized vortex in the boundary layer. These vorticity maxima are usually
grouped along the convergence line where convective updraft occurs, necessary for cloud
development. Yet, a cloud may develop from other reasons and can be loacted on the
convergence line. Also, surface vortices may be caused by other factors, for example, by
orography* (Curi¢ M., 2001). No matter what causes the development of a cloud or a vortex,
a landspout can develop as it is shown in Figure 1. ,,The shrinking term in the vertical

component of vorticity equation ({W, ) is responsible for that. Strong vorticity stretching

occurs during the strong convergency, where w=1 - 10 m/s beneath the cloud base, and w=0
on the Earth. The landspout developed in such way is formed upward, until it is connected
to the cloud base (Curi¢ M., 2001).

»Vertical vorticity may develop within convective clouds because of the horizontal

vorticity conversion into vertical one (term fwy + 77w, ). This happens in the updraft of

Cu. Because of the advection term (V- V¢ ) and/or stretching term, it may happen that the

updraft should be at the same place with one of the vorticity maxima. As the supercell
mesocyclone creates favourable conditions for a tornado development, thus the rotating
updraft within the smaller Cu favours the landspout development. If the updraft is rotating,
then it represents an additional source of vorticity for a surface vortex at the convergence
line beneath the cloud* (Curi¢ M., 2001).
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In stage A, a covergence zone with pronounced cyclonic horizontal wind shear is
present. By stage B, TCU (or CB) begin rapidly developing along or nearby the bounadry.
Coincidental location of the TCU updraft over a mesocyclone (ie. < 4 km wide circulation,
Fujita, 1981) results in landspout formation at stage C.

Figure 1. Schematic model of the development of a landspout. The realtive solid dashed line is the
convergence zone with pronounced cyclonic vorticity and horizontal wind shear. Low — level mesocyclones
(Fujita T.T., 1981) are labeled with letters A-D. Figure reproduced from Wakimoto and Wilson (1989).

Although the development of a typical landspout appeared then to be fairly
straightforward; circulation develops along a boundary, cloud grows above circulation,
tornado forms; the implications of the nonsupercell tornado life cycle for warning or short-
term forecasting of the event were perhaps not so simple. Because the circulation formed
from the near-surface and grew upwards, in the abscence of any midlevel circulation, any
Doppler radar signal would first be present at low levels. These levels, in fact, might be so
low, and the size of the developing circulation so small (compared to a well-developed
mesocyclone at midlevels in a supercell) that the effective range of being able to see the
important features with a radar might only be 60 to 100 km. Still, as Brady and Szoke
pointed out, one could use the fact that landspouts formed along a boundary in the early but
generally rapid growing stages of a cell as a key to focusing on a fairly restricted area for
potential landspouts.

Landspouts most often occur in drier areas with high-based storms and
considerable low-level instability. They generally are smaller and weaker than supercell
tornadoes, though many persist in excess of 15 minutes and some have produced F3/EF'-3
damage. They bear an appearance and generative mechanism highly similar to that of
waterspouts, usually taking the form of a translucent and highly laminar tube. Visually, the
tornado will be wider at the bottom and more narrowed as it reaches higher in the sky. Most
often, they are first seen as dust whirls at the ground before finally being pulled into the
parent cloud above.

The landspouts are most typical in Colorado and adjacent points in the high plains
and often occur earlier in the day as storms are in their early forming stages. Bluestein
hypothesized that the mechanism of vortex development might be realted to local stretching
of vorticity by intersecting outflows (Bluestein, 1985; Holle and Maier, 1980; Weaver and
Nelson, 1982; Simpson et al., 1986). Brady and Szoke (1988) presented an example of a
Colorado landspout and its similarity to the waterspout.

T EF, (Enhanced Fujita Scale) — Recently Fujita scale has been replaced by Enhanced Fujita Scale, EF — scale,
which represnts an official system for a tornado strength estimate. This scale was introduced by McDonald (2002).
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Landspouts occur mostly in the hotter summer months when the heat creates a lot
of low level instability. Although non — supercell tornadoes have been studied for years, our
understanding of them is rather diffusive. It has been suggested that these tornadoes are
small and weak and that they do not represent a serious threat. Most often they remain
within the EF — 0 to EF — 1 ratings. Howerver, a case was reported which caused F3
damage (Forbes and Wakimoto, 1983), as well as F4 damage (Wakimoto, 1983).

Summary of past studies

Vorticity motion of air masses in the form of a landspout is quite rare for Serbia. It
appears in relatively small areas and it is most often limited to a few — hour period. Motion
trajectories are also significantly shorter than those of tornadoes, for example. Contrary to
their spatial and temporal limits, they may cause considerable damage (Radovanovi¢ M.,
2009).

Andelkovi¢ G., (2009) emphasizes that the first reported case of a landspout in
Serbia, which was thoroughly and scientifically described, occurred in July 1977 in the
vicinity of the village Negbina (Nova Varos).

A very characteristic event of severe weather occurred on 10 July 1977 across the
area of the village Negbine, Nova Varos. A thunderstorm cloud caused the development of
the landspout vortex with the hurricane wind strength. Some wind gusts within the vortex
could reach the speed range from 300 to 400 km/h. The width of the area affected by the
landspout was 100 m and the length was 10 to 15 km. On its way, the landspout practically
destroyed everything above the land surface (Maksimovi¢ S., 1987).

Duci¢ and Tanasijevi¢ (1993) provide a detailed description of the landspout
reported in the vicinity of Valjevo in 1992.

The landspout appeared on 10 July 1992 at half past three in the afternoon. It swept
over the villages Paune and Rajkovi¢ (about 10 km southeast of Valjevo). The severe
weather lasted about ten minutes and it was caused by the passing of the cold front coming
from the southwest. According to the data from Petnica (6-7 km northwest from the village
of Paune), the amount of precipitation was less than that in the surrounding area, and
according to the local people reports, during the landspout event in the village of Paune
there was a moderate rainfall (Duci¢ V., Tanasijevi¢ Z., 1993).

Radovanovi¢ M., (2009) analysing the landspout case nearby Indija on 6 June
2008, provides a hypothesis which associates processes on the Sun with the landspout event.

,It appeared that on the regional level, there is foundation for connection between
the above mentioned processes. The received statistic results go in favour of the justification
of the heliocentric hypothesis on the formation of cyclonic movements, but only on global
level. However, on the local level, according to the available satellite measurement, as well
as theoretic knowledge, it is not possible to prove the way in which smaller beams of solar
wind separate from the main jet. This explanation presents possible potential clarification of
the waterspout development, but for the above mentioned approach it is necessary to
develop a model which could suggest when and where the cyclonic movement of this type
may happen.“ (Radovanovi¢ M., 2009).

Synoptic analysis

On 24 May 2012 synoptic situation over Europe (surface and upper — level
atmospheric structure) was rather complex (Figure 2). The ridge of a large and strong
anticyclone at the surface, with the centre over Scandinavia, streched southwest to the Bay
of Biscay. Two primary cyclones existed south and southeast from this baric creation.
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The cyclone was quite shallow over the Aegean Sea, while the cyclone was deeper
and larger over Kavkaz. In the rear part of the eastern depression, where there was an
advection of the cold air coming from the northeast, a cold front was moving toward the
Pannonian Plain and Balkan Peninsula. The depression over the Atlantic, west from Ireland
and Brittany, although deep and large, had no effect on the weather in Serbia on that day.
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Figure 2. Surface (left) and 500 hPa (right) weather maps: (a) 24.05.2012. at 00 UTC, (b) 24.05.2012. at 06
UTC, (c) 24.05.2012. at 12 UTC, (d) 24.05.2012. at 18 UTC, (e) 25.05.2012. at 00 UTC

The structure of the atmosphere was similar in the upper layers (500 hPa weather
maps, right hand part of Figure 2): high pressure field over Scandinavia, while the axis of
upper — level trough stretched from the northeast to the southwest. Surface southeast stream
within the cyclone over the Aegean Sea, which was gradually filling up during the day,
caused the increase of moisture and instability of the frontal wave which was moving
towards the southwest and west. In the late afternoon the cold front moved over the north
and central parts of Serbia, and a severe thunderstorm in Belgrade was off and on from 17 to
20 CET. Next day, in the final stage of the cyclone development northeast of Serbia, the
occluded front disappeared

On the surface maps with a better resolution (Figure 3), the secondary baric
creations and the complexity of isobaric relief are seen. Surface weather map at 12 UTC
shows that there was a weak divergence field over the Wallachian Plain , which increased
the instability of the atmosphere together with the cyclone over the Aegean Sea. According
to the data from 15 UTC, the ridge of the low — level field of a slightly elevated atmospheric
pressure, whose centre is over Slavonia, stretched to the central parts of Serbia. On the next
surface map (18 UTC), the cold front line is stretching from northern parts of Montenegro to
southern parts of Serbia. In the northern and central parts of Serbia the pressure is rising,
weak wind is blowing, mostly from western parts, and fog is registered at some stations.
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Figure 3. Surface weather maps: (1) 24.05.2012. at 12 UTC, (2) 24.05.2012. at 15 UTC,
(3) 24.05.2012. at 18 UTC

Figure 4 shows the weather conditions in Serbia at synoptic periods: 12, 15 and 18
UTC. Thunderstorm processes in Belgrade started at early hours in the morning. According
to the data from 12 UTC (14 CET), air temperature was 22°C, cloudiness 6/8, there was
occasional light rain followed by thunderstorm processes, weak northeast wind was blowing
and the height of the lower cumulonimbus (Cb) base was at 400 — 500 m. After three hours
(15 UTC), the weather didn’t significantly change, except that the atmospheric pressure
dropped for 1,3 mb and was 1009,4 mb, and the northeast wind became slightly stronger.
The tendency of pressure dropping pointed to the presence of a rather warm air mass, which
was gradually cooling causing the increase of atmospheric instability. According to the data
from 18 UTC, the pressure tendency is positive and is 1,5 mb. This fact and the temperature
drop of 4°C relative to the period of three hours ago, points to the fact that the cold front has
alreday moved over Belgrade, in other words,it points to the cold air advection. According
to the weather conditions on that day, it was probably a cold front type II and the landspout
developed during the passing of the cold front over Belgrade, between 17 and 18 CET.

There is a strong air turbulence and wind shear (a sudden change of wind direction)
in the fron part of the cumulonimbus. The main source of energy for landspout development
is located exactly in that part of Cb cloud, where turbulence reaches huge speeds. Warm and
moist air rises and it is lifted up by the updraft in Cb. At the same time, there is a strong
downdraft in that part of the cloud, bringing cold and moist air. This convergence of warm
air in the updraft and cold air in the downdraft causes the development of a rotating cloud
and a low pressure area acting as a vacuum cleaner and forming a cloud column descending
to the surface. ~ There are three necessary conditions for a landspout development: a high
vertical temperature gradient (a sudden drop in temperature with height), increased relative
humidity at the surface and a sudden wind shear. The changes of meteorological parameters
with height (air temperature, atmospheric pressure, dew point and wind speed direction) on
the emagram (Figure 5 left), taken from TEMP report, show those conditions. CAPE index
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with the values of 1500 — 2000 J/kg (Figure 5 right), also indicates that there were

favourable conditions for Cb clouds development and a strong instability energy in that part
of Serbia .
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Figure 4. Surface weather maps: (1) 24.05.2012. at 12 UTC, (2) 24.05.2012. at 15 UTC,
(3) 24.05.2012. at 18 UTC
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Figure 6. Satellite image of cloud systems, on 24 May 2012 at 14:45 UTC

Figure 7. The landspout across Novi Beograd (Photo by: brutaloffice.com)
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Conclusion

During the landspout event, the Balkan Peninsula and the Pannonian Plain were
under the influence of the high northeast stream and the moist unstable air mass. Frontal
cloud systems were shifting across the north and central parts of Serbia causing
precipitation, rain showers and thunders, as well as strong wind from the northeast. The
severe weather in Belgrade was off and on from 17 to 20 CET. The precipitation amount
was 3 I/m? in Sur¢in, and 23 I/m? in the down — town section.

Based upon the synoptic data analysis, there were favourable conditions for the
lanspout development, since there was a process and an increased amount of instability.
That increased amount of instability was more important than the current synoptic situation,
since there was the northeast stream which formed as a part of the rear side depression, but
it would have to be analysed in detail, especially 500 hPa weather maps and the temperature
gradient, for example.

Thus, the landspout occured within the northeast stream which moved over
Belgrade and further toward the southeast and west. Based upon the synoptic data analysis,
it can’t be said that there was a strong cold air advection, which means that the surface air
was warm enough, but not the air in the upper layers of the atmosphere (high vertical
temperature gradient), high relative air humidity and increased horizontal and vertical air
currents, in other words, the favourable conditions for the lanspout development.
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IHOJABA TPOMBE HA HOBOM BEOTI'PAJTY 24. MAJA 2012. TOAUHE —
CHUHOIITUYKA AHAJIN3A

JOBAH MUXANIOBUR', BIAJAH JIVLUR' ", JIPATAH BYPUR®, PAJIE IBAHOBUR',
JIVIIAH PUCTUR’

! Vuusepsumem y Beozpady — Ieozpagpcku paxynmem, Cmydenmexu mpe 3/3, Beozpad, Cpbuja
2 Xuopomemeoponowrku 3ae00 Lpne I'ope, IV nponemepcke 19, Iodzopuya, Lpna Iopa
3 Penybnuuxu xuopomemeoponouu 3a600 Cpéuje, Beozpad, Knesa Bumecrasa 66, Beozpad.

Caxerak: Y panmy je mpukaszaH ciydaj mojaBe Tpombe 24.05.2012. ma HoBom beorpany. V ucrpaxkuBamy je
KopHITheH MeTOJ CHHONTHYKE aHalu3e, a OIHC II0jaBe TPOMOE TeMeJbH Ce Ha BH3YEIHOM ONaXamy U
¢dororpadujama. IIpema pacrooKHBHM MOAALMMA MOXKE C€ 3aKJbYYHTH 1a Cy YCIOBH 3a pasBoj Tpombe Omiin
MOBOJbHH, jep je moctojao W mpouec M mnoBehana eHepruja HecrabmimHOCcTH. TpoMba ce jaBWia y CKIOIY
CEeBEPONCTOYHE CTpyje Koja ce mpememirana npeko beorpana name Ha jyrosamazx u 3aman. Ha ocHoBy amammse
CHHONTHYKOI MaTtepujajia, He MoXe ce pehn aa ce paguio o aJBEeKLHjH jako XJIaJHOT Ba3ayxa. buio je 10BoJbHO
TOIUIOTE Yy HPH3EMIbY, aid He W 10 BHUCHHH. [locTOjany Cy NMOBOJBHM YCIIOBM 3a HACTaHAaK TPOMOE - BHCOKa
BIIQKHOCT Ba3/yXa, H3pakeHa BEPTUKAIHA H XOPU30HTAJHA CTpYjamba.

Kbyune peun: Tpomba, Hecynephenujcku TOpHaI0, CHHONITHYKA aHANN3a, KymynoHumoyc (Cb), Hosu Beorpan

YBoa

TopHana cy vecto moBe3aHa ca BehuM BPTJIO3MMa POMUTEIHUMA, KA0 IUTO CY
ME3O0IMKIIOHH Yy cynephennjama u oomuHnM henmjama koje cy decto y nmuamujama (Davies —
Jones et al., 2001). Ona xoja ce jaBipajy y oOmuHHM hemujama decTo A00Hjajy CBOjY
BpTIOXHOCT U3 Beh mocrojehe BpTiIokHOCTH Y TpaHudHOM ciojy (Wakimoto and Wilson,
1989; Lee and Wilhelmson, 1997), HacTtajy 6au3y Tia u OiKy ce yBuc. BusyenHo nuye Ha
BoJeHe mujaBune Ha OIOpUAM W W3 TOT pas3yiora HX IIOHEKana 30BY ,,KOITHEHUM
mujaBumnama’ (Bluestein, 1985; Brady and Szoke, 1989).

Tepmun Tpomba je cneHr 3a Hecynephenujcku TopHamo. [Ipema aeduHHIMjH
Awmepuukor Meteoposomkor Apymrsa (American Meteorological Society - AMS), Tpomba
je:

1. (petko) TopHano.
2. KonokBujanHu u3pa3 KOju OMKCYje TOPHAJA KOja Ce jaBJbajy ca OOJAKOM POIAMUTEIHEM Y
BeroBoj (asu pacra u ca BpIoKHOIINY Koja HacTaje y TpaHUYHOM CJI0jy.

O6unak poauTess HE CaAPIKH ME3OLMKIIOH CpeIiber HUBOA. TpoMmoba je Tako Ha3BaHa
jep mum Ha c1aby BojeHy nujaBuily u3 Gnopuae Kusa Ha komHy.

Tokom kacHuX 1980-ux u pannx 1990-ux UCTpakxuBa4M Cy MOKYMEHTOBANIHU jeaH
(eHOMEH ca CYNTHJIHUM pa3jiiKaMa y ONHOCY Ha TPAJUIMOHAIHH TOPHAIO M BOJICHY
mujaBuIly, TpoMOy (Seargent D.A.J., 1994; Brady and Szoke, 1988, 1989; Bluestein H.B.,
1985). Tepmun ,,rpomba (landspout)” je 3anpaBo ckoBao Bluestein (1985) kapa je
MOCMaTpao OBaj THII BPTJIOra JyX JnHUje HectabmiHocTu y Oxnaxomu. TpombOa ce Hanazu
HerJie n3Mel)y TOpHaza ¥ BOJICHE MHMjaBUIE U HajBUINE mojiceha Ha BOJICHY NHjaBUILy M3HAT
komHa. TpomOe HUCY moBe3ane ca cynephenujckom onyjoM. [ToHekan HeMa Myme y 00JIaKy
pomutesby (Seargent D.A.J., 1994), Beh ce oBze paau o kymynouumOycy (CB) koju ce 6p30

pas3Buja win o6aaky cumulus congestus (TCU) (Brady and Szoke, 1998).
* E-mail: vladan@gef.bg.ac.rs

JIok joir yBek ©Ma MHOTO HejacHOha 0 ToMe Kako ce (hopMupa TOPHAIO0, TCHEPATHO
ce cMmarpa Jia ce HajjaCHMjH MeXaHW3aM TOJHAJIOTeHe3e OJUrpaBa KoJj Hecynephemujckor
TOopHazna, wiau TpomOe. Panuju pan Gasupan Ha pagapckum crynujama Brady and Szoke
(MWR 1989) u Wakimoto and Wilson (MWR 1989) y carnacnoctu je ca cnenchum
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CIICHAapHjOM 3a pa3Boj Hecymephemujckor TopHana : 1) mupkymamnuja (BpTJIOKHOCT Beh 1o
BEPTHKAIM) C€ pa3BHja Oy)X CTAalllOHApDHE WJIM KBa3U-CTAl[MOHApHE TI'PaHULE YeCTO Ipe
(dbopmupama 6110 KakBHX 00JIaKka y OKBUPY MOMEHYTe rpaHulle; 2) ako aohe 10 Gpopmupama
KyMyJOHUMOYyCa M3Hal OBE LUPKYJIallHje, MHUPEHe MOBE3aH0 ca pa3BojeM y3JIa3HUX CTpyja
oJlyje KOHIIEHTPHIIE OBY IIMPKYJIalHjy y TOpHaa0. JJok MOry mocrojatu u apyru ¢paxkTopw,
Kao IITO je JONPUHOC BEPTUKAITHOj BPTIIOKHOCTU OJ] CTPaHE y3JIa3HOT Harmda O0apoKiInHe
TeHepHCaHe BPTIOKHOCTH HUCKOT HUBOA MTOBE3aHE ca TPAaHUIIOM, HajBa)KHM]a MMILIHKALIHja
OBOT clieHapHja 3a pa3Boj TpomOe je Owia na he ce TopHano ¢hopMupaTH y akKTHBHO] (a3u
y3Ja3HHX CTpYyja OJyje Y HACTaHKYy HajBepOBAaTHUjEe Mpe OMIO KaKBHX IMaJaBHHA, aKO HX
yormure 0yne. OBaj mporiec ce cMaTpa JeHOCTABHUM jep je aMOMjeHTallHa BPTIOKHOCT Beh
BepTHKAIHA y mopehjermby ca KOMIIEKCHHUJHUM IPOLECHMa KOjH Cy YKJbYYCHH y BEPTHUKAIHY
BPTJIOKHOCT HUCKOT HUBOA OPHjEHTUCAHY Ka TJIy KOJ Hecynephelujcke oiyje.

Kaga je mpucyTHa rpaHWIa KOHBEpPTeHIIHje KOja CaapXKH BEJHKE BPETHOCTH
LUKJIOHCKE peJIaTUBHE BPTJIOXXKHOCTU Ha UCTOYHUM paBHMIaMa Konopanma, Moxe nohu 1o
IojaBe TOpPHaa U Y Mambe UICaTHUM CHHONTHYKUM yCIOBHMa KOjH Cy OOWYHO TOBE3aHHU Ca
cynephenujckum TopHaguma (Szoke and Augustine, 1990). Behuna TpomOu je 3abeneikeHa
y uctounoM neny Komopaza, a HacTajane cy AyX Ipeceka JrHHUja koHBepreHuuje (Brady
and Szoke, 1988). OBe KOHBEpreHTHE JIMHHjE KOje ce CeKy HacTajy mpe Hero mmro ce TCU
pasBuje. TCU ce pa3Buja HW3HAL OCe KOHBEPIEHIIMje 300T MoOjauyaHe JIOKAJIH30BaHE
koHBeprenuuje. Kako jauya ysnaszHa cTpyja, BPTJIOKHHM JIEBaK CE€ IIUPH BEPTHKAIHO HCIIOJ
TCU u tako HacTaje TpomOa.

dopmupame TpoMbe ce Moxe OoJbe pa3MaTpard KopumhemeM eMIHPHjCKOT
Mojena Ha cyimiu 1. ,,OBaj Tur TopHaga (TpomOe) ce jaBiba KaJia ce pa3BHja KOHBEKTUBHH
o0JlaK M3HAI MECTa ca JIOKATHO M3PaKEHUM BPTIOrOM y TPaHHYHOM clojy. OGHYHO Cy OBH
MaKCUMyMH BPTJIIOXKHOCTH mopehaHH Iy JIMHUje KOHBEpPreHIHje, Ay Koje ce cTBapa
KOHBEKTHUBHO U3¢ HEONMXOIHO 3a pa3Boj obnaka. Mmak, obnak ce MOXe pa3BHjaTH U U3
JOPYTHX pazjora  OMTH JIOLMpPAH HA JIMHUjH KOHBeprenuyje. Takohe, BpTIIO3H y NpHU3eMIbY
MOry OHWTH YCIOBJbEHH IpyruM ¢aktopuma, Hrp. oporpadumjom™ (Rypmh M., 2001).
HezaBucHo o1 Tora Koju je y3poK pa3Boja objaka u BpTiora Moke Aohu 10 pa3Boja Tpombe,
Kao IITO je MpuKa3zaHo Ha cilI. 1. ,,3a TO je OArOBOpaH WiIaH CKYIJbamba Yy BEPTHUKAIHO]

KOMIIOHEHTH jeJHAUNHE BPTIOKHOCTH ( SW_ ). CHaKHO M3/y)KMBambe BPTIIOra Ce jaBiba Ha

MecCTy jake KOHBEepreHuuje, rae je ucron 6aze odmaka w=1 - 10 m/s a va 3emspn je w=0.
Tpomba pazBujeHa Ha OBaj HAUWH ce (OpPMEpa OX TJa HABHIIE, JOK CE HE CIOjU ca 6a3oM
obmaka“ (hypuh M., 2001).

,,KO/I KOHBEKTHBHMX OOJIaka BEPTHUKAIHA BPTJIOKHOCT CE€ MOXE IOjaBUTH 300T

IIpeTBapama XOPU30HTAIHE BPTIOKHOCTH Y BEPTUKAIHY (WIaH fwy + 7w ). To ce nemasa

Ha MecTy ysmasHe ctpyje kona Cu. 36or nejetBa wmana aasekimje (V-V () u/wim

pacTe3ama MOXE Ce JECHTH Ja Ce y3la3Ha CTpyja Halje Ha MCTOM MeCTy ca jeJHHM O]
MakCUMyMa BPTJIOXKHOCTH. Kao miro me3onukion cynephenujcor obnaka cTBapa MOTOIHE
YCIIOBE 3a pa3Boj TOPHAJa TaKo W y3jasHa porupajyha crtpyja koa mamux Cu moropayje
pa3Bojy TpoMbe. AKo je y3na3Ha cTpyja poTupajyha oHla oHa IpeacTaBba JIOJaTHH HU3BOP
BPTJIOKEHa 3a BPTJIOT KOjH je CTBOPEH y NPU3EMHOM CJIOjy Ha JIMHHjH KOHBEPIeHIHje
ucriox obnaka“ (hypuh M., 2001).

Y A ¢a3u je mpucyTHa 30Ha KOHBEPreHLHWje ca HarJalleHHM LUKIOHCKAM
XOpU30HTATHUM cMunameM Betpa. Y ¢asu B, TCU (mim CB) nounme 6p30 aa ce pa3Buja
Iyx mwin 63y te rpanune. [logynapra nokanuja TCU y3nasHe cTpyje U3HaA ME30LUKIOHA
(1j. <4 km mmpoxka nupkyianuja, Fujita, 1981) pesynrupa y dopmupamy Tpombe y dazu C.

Ciauka 1. IIemaTckn mMofea pa3poja Tpomoe. PelaTHBHO YBpPCTa HCNPEKHAAHA JHHHja NPEACTAB/bA 30HY
KOHBEpPreHIHje ca MCTAKHYTOM IHKJIOHCKOM BPTJOXKHOmhY M XODH30HTaJHHMM CMHIAameM BeTpa.
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Mesouuksioan Huckor HuBoa (Fujita T.T., 1981) cy odesie:xxenu A-D. Penpoaykuuja ciauke oq Wakimota and
Wilsona (1989).

Pa3Boj TwmmuHe TpomOe je NMPHIMYHO jacaH: pas3BHja ce MHPKyJamdja IyK
TpaHHIIe, T0JIa31 A0 HacTaHKa obyaka M3HaJl IUpKyIamnuje, popmupa ce Topaago. Kama cy y
[HUTalky YIO030peha WIH JyropodHa MPOrHo3a, MMIUIMKAIKje HecynephearjcKor sKUBOTHOT
LUKITyca TOPHAJa MOX/Ja M HUCY TaKo jeJHOCTaBHE. 3aTo IITO ce HupKynaimja Ghopmupa
OnM3y MOBPLIMHE M pacTe YBUC, y OJACYCTBY OMJIO KakBe IMPKYyJaluje CpeAmer HUBOA,
curHai ca Jlomiep pamapa je mpBo MPUCYTaH y HUCKUM HUBOMMA. TH HUBOM OM MOTJTIH OUTH
TOJMKO HHUCKH, a BEJIMYMHA LUpKyJanuje Tonuko Mmana (y mopehemy ca pa3BujeHUM
ME30IIKIOHOM Ha CpebuM HHBouMa y cynephenuju) na edekrusan orncer MmoryhHoctn na
ce youe BaKHE KapaKTEPHUCTHKE pagapoM Moxe na m3Hocu camo 60 — 100 km. Mnak, xao
mro cy Brady and Szoke ucrakim, unmenuna je na ce Tpombe hopMupajy Iy rpaHulie y
paHnM reHepamHO Op3uM (bazama pasBoja henwje, y MpHIMYHO OTpaHUYEHO] OONACTH 3a
MOTEHIINjalTHe TpoMOe.

Tpombe ce Hajuemhe jaBibajy y CyBJBMM OOJIACTHIMa ca ONyjaMa BHCOKe 0aze
3Ha4ajHOM HecTtabwinHOmhy HuCKOr HuBoa. OHE Cy TreHepalHO Mame W ciabuje of
cyrephenjcKkux TOopHaAa, MaKo MOTY Oa Tpajy W mo 15 MmHyTa, a HEeKe Cy NpOoW3Bele
F3/EF*-3 mrery. Ilo m3rieny ¥ MeXaHH3My HACTAaHKA BEOMa Cy C/IMYHE BOJICHHM
nHjaBulaMa U OOMYHO MMajy OOJMK NpPOBHIHE JIAMMHApHE IeBH. BusyenHo, TopHano je
IIMPH TIPH JHY M yXKH KaKo ce ke ka HeOy. Tpombe ce Hajuernihie MpBO Omaxajy Kao
BPTJIO3M IpallInHe Ha TIIy IIpe Hero MmTo Oyly NOBY4YEHE Ka 00JIaKy POJUTEIBY.

Tpombe cy HajTunnunuje 3a Kosopano u cycenna mecra y Bucokum paBHHIama, a
YecTO Ce jaBJbajy paHO TOKOM JaHa JIOK ce Ojyje Hajase y paHuM ¢azama (opmupama.
Bluestein je u3Heo XHIIOTE3y Aa ce MEXaHH3aM pa3Boja BPTJIOra MOXKE IIOBE3aTH ca
JIOKAJTHAM PacTe3amkeM BPTIIOKHOCTH IMpecelialh-eM ToOKoBa otulama (Bluestein, 1985; Holle
and Maier, 1980; Weaver and Nelson, 1982; Simpson et al., 1986). I[Ipumep Tpombe y
Komnopany u meHy CIHYHOCT ca BOJASHOM IHjaBUIIOM mpexactaBmim cy Brady and Szoke
(1988).

Tpombe ce Hajuemhe jaBipajy y JCTHHUM MeceUMa KaJa TOIUIOTA CTBapa BEIUKY
HecTaOMIIHOCT HUCKOT HUBoa. Mako ce Hecynephenujcka TopHaaa uctpaxyjy Beh nyru Hu3
rojIMHa, Hallla ca3Hama O KUMa cy npwindHo audysna. [locroju npernocraBka ia cy oBa
TOpHaJa Maja U cnaba M Aa He IpejcTaBibajy 030mbHY omacHocT. Hajuemhe ce omcer
mrere kpehe y pasmaky ox EF — 0 mo EF — 1. Melytum, 3abenexeH je ciydaj Koju je
npoy3pokoBao mrery jaunHe F3 (Forbes and Wakimoto, 1983), u ciyuaj F4 (Wakimoto,
1983).

IIpersen qocafammbuX HCTPAKHUBAGA

BprioxkHa Kperama Ba3OyIIHHX Maca y BHIY TpPOMO€ IMpPEACTaBIbajy H3y3€THO
peTKy mojaBy Ha mpoctopy CpOwmje. 3axBarajy pelaTHBHO Maje MMOBPIIMHE M Hajdyemhe cy
OrpaHHYCHE Ha IEPUOJ IO HEKONMKO caTH. TpajeKTopHje HUXOBUX KpeTama Cy Takohe
3HaTHO Kpahie y oAHOCY Ha HIIp. TopHaaa. HacympoT BHXOBOj MPOCTOPHO] U BPEMEHCKO]
OTPaHWYCHOCTH, IITETE KOje M3a3uBajy mory outu 3HatHe (PagoBanosuh M., 2009).

Anbhenxosuh I'., (2009) uctuye ma ce mpBu ciydaj Tpombe y Cpbuju, koju je
JeTaJbHO HAYYHO OIMHUCaH, aecHo jyia 1977. ko cena Herouna (Hosa Bapomnr).

Beoma kapaktepucTHUHA MojaBa Henoroje jamia ce 10. jyaa 1977. ronuHe u3Hag
monapyuja cena Heromne CO Hoa Bapomr. IIpona3zak Hemoromckor objaka yCIOBHO je
CTBapame BpTJIora TpoMOe ca OPKaHCKOM jaudHOM BeTpa. [lojemuHM ymapu BeTpa yHyTap

! EF, (Enhanced Fujita Scale) — Iojauana ®yuuta ckana. Henasro je ®yymura ckana y CAJl 3aMemeHa T3B.
nojaganoM F — ckanom (Enhanced Fujita Scale, EF — scale), koja npeacTaBiba 3BaHUYHU CHCTEM 3a MPOLICHY jaulHe
topHazna. OBy ckaiy je yseo McDonald (2002).



70

BpTJIoTa MOTTH ¢y moctu3atu Op3uny m3mely 300 u 400 km/h. Illupura noapydja koje je
3axBaTmia TpomOa m3HOocmia je 100 m a gyxwmnaa 10 nqo 15 km. Ha cBom myTy Tpomba je
MPAKTHYHO TOpaBHAJA CBE INTO je Omio u3Haja 3emipuHe moBpmuHe (Makcumosuh C.,
1987).

Hyuuh u Tanacujesuh (1993) najy nerasban ommc TpomOe Koja je 3abenexeHa
1992. y BaJbeBCKOM Kpajy.

Tpomba ce nojasuna 10.07.1992. rouse oko 15" u 30 MunyTa. 3axBariia je ceno
[Mayne u neo cena PajkoBuh (mecerak xmiomerapa jyroucrouno oj BaseeBa). HeBpeme je
Tpajajo AececTak MHHYTa W OWJIO je y BE3W ca MPOJIACKOM XJIaTHOT (D)POHTA ca jyrosamajna.
Cynehu mo nogarmuma u3 [letnune (6-7 km ceBeposanaano ox [TayHa), KOMTHYMHA MaJaBUHA
TOT JlaHa OMJIa je Mara O]l OHE y IIUPOj OKOJIMHH, a IIpeMa U3jaBaMa MeIITaHa, IPUITHKOM
mpoacka TpomOe y [Tayrama je magana ymepena kumma (Jynuh B., Tanacujesuh 3., 1993).

PagoBanosuh M., (2009) amammsupajyhu cimydaj tpombe xon Wuhuje, 06. jyHa
2008., n3HOCH XHITOTE3Y KOjOM JOBOAHX y Be3y mpoiiece Ha CyHITy ca I1ojaBoM TpoMoOe.

,»]10Ka3aJlo ce Ja Ha PErHMOHAJHOM HHBOY IIOCTOjeé OCHOBE 3a IOBOhEHmE Yy Besy
uzmel)y HaBeneHMX mnpoleca. Y MNPWIOT ONPAaBJAHOCTH XEIHOLCHTPUYHE XHIIOTE3e O
HACTaHKy IMKJIOHAJIHUX KpeTama roBOpe M JOOHMjeHH CTAaTUCTUYKHM DPE3yJITaTH aji Ha
riio0asHOM HUBOY. MeljyTuM, Ha JIOKQJIHOM HHBOY, NpeMa PACIOJIOKHUBHM CaTEITUTCKUM
MepemrMa, Kao U TEOPHjCKUM ca3HamuMa, Hije Moryhe Joka3aTy Ha KOjH Ha4yMH J0JIa3u JI0
onBajarba MamHx cHomoBa CyHueBOr BeTpa oOj TJiaBHOr Mia3a. OBakBO TyMaueme
MpeJCcTaBba MOTyhie MOTEHIMjalHO O0jalllikbelkhe pa3Boja TpoMOe, alu je 3a HaBEICHHU
OPUCTYI TOTpeOHA pa3paja Moleia Koju OM MOorao CyrepucaTd kaga ¥ rae Ou 1o
IIUKJIOHAJTHUX KpeTama oBoT Trma Moryio gohu* (Pagosanosuh M., 2009).

CHHONTHYKA aHAJIH3a

Ha man 24.05.2012. rogune, cuHONTHYKA CUTyanuja n3Haj EBpome (mpuszeMHa U
BHCHHCKa CTPYKTypa arMmocdepe) Oma je IpIINYHO CIIoKeHa (ciuka 2). Y mpu3emiby ce
rpebCeH MPOCTPaHOT W jaKOT aHTHIWKIOHA, YWjU je meHTap Owmo m3Han CkaHIUHABHje,
npy’kao Ha jyrosamany a0 buckajckor 3amuBa. Jy)KHO M jyrOMCTOYHO Ol OBE OapHyKe
TBOPEBHHE, Er3UCTHpAIA Cy JIBa IpUMapHa [IUKJIOHA.

Wznan Erejckor Mmopa Ouo je mmTak, J0K je UKIOH ceBepHo o1 KaBkasza ny0seu u
MpocTpaHuju. Y 3aambeM ey UCTOYHE JENpecHje, TIe je MocTojana aiBeKIHja XJIaJHOT
BazJyxa ca CEBEpOMCTOKa, KpeTao ce xjamHu (poHT ka [lanoncko] Hu3uju u bankany.
Henpecuja usHax ATiaHTuKa, 3anajgHo on Mpcke u Bperame, nako my0oka u mpocTpaHa,
TOT JlaHa HUje nMaia yTuiaja Ha Bpeme y Cpouju. Ctpykrypa armocdepe je Ouia cimiHa u
mo BucuHU (AT 500 hPa, mecHu neo cnmke 2): m3Han CKaHOWHABHjE ITOJHE BHCOKOT
Ba3[yLIHOI MPUTUCKA, JIOK je oca BHCHHCKE JOJHMHE Npeko bankaHa umana mnpasan
Impy’Xama OJf CEBEpPOMCTOKa Ka jyro3amamy. llpm3eMHa jyromcrodHa cTpyja y CKIIOILY
UKJIoHa u3Ha] Erejckor Mopa, KOjU ce TOKOM JaHa IOCTEIICHO IONyHaBao, yCIOBJbaBaja
je moeehare Bitare u HeCTAOMIIHOCT (PPOHTAITHOT Tajlaca KOjHU € MPEMEIITa0 Ka jyro3amnaiy
U 3amady. Y KacHHM IIONOAHEBHHM CaTHMa XJaJHH (POHT je Mpeliao MpeKko CEeBepHE H
uenrpanne Cpouje, a onyjHo HeBpeme y beorpany je 6uno ca npexunuma o 17h go 20h.
Hapennor nana, y 3aBpUIHOM CTaJMjyMy pa3Boja LHUKJIOHA ceBepoucTouHo on CpoOwuje,
MIIIYe3a0 je M OKITy30BaHU (PPOHT.

Cauxa 2. [IpusemHe (1eB0) U BUCHHCKe( JecHO) cHHONTHYKe KapTe: (a) 24.05.2012.y 00 UTC, (0)
24.05.2012. y 06 UTC, (8) 24.05.2012. y 12 UTC, (r) 24.05.2012.y 18 UTC, (1) 25.05.2012.y 00 UTC

Ha kaprama Oosbe pesonynuje (ciumka 3), youaBajy ce CEKyHIapHE Oapuuke
TBOPEBHHE U CIIOKEHOCT H300apckor pesbeda. AHanutnuka kapra ox 12 UTC moxkasyje na
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je n3Hax Bnamke HU3Mje OMII0 Oaro AMBEPreHTHO IOJbE, KOje je y3 MUKIOH u3Haa Erejckor
Mopa nosehaBasio HecradbunHocT arMocdepe. [To nogamuma o 15 UTC, rpeben npuzemMHor
moJba OJ1aro MOBHUIIEHOT Ba3IyIIHOT NMPHUTHCKA, YHjH je HeHTap n3Haj CraBoHHje, PyXKao
ce ka rentpasiHoj Cpouju. Ha cinenehoj kaprtu (18 UTC), nunuja xnagHor ¢ppoHTa ce npyxa
npeko cesepHe Llpue Tope u jyxue CpoOuje. Y ceBepHOj U 1eHTpanHoj CpOuju mpUTHCAK
pacre, ayBa ciab Berap, YIJIaBHOM 3allaJHUX CMEpOBA, a TOjelMHE CTaHHLE PETUCTPY]y H
Mariy.

Cinka 3. AnannTiuke kapre: (1) 24.05.2012. y 12 UTC, (2) 24.05.2012. y 15 UTC, (3) 24.05.2012. y 18 UTC

Cnuka 4 mokasyje BpeMeHCke yciioBe Ha mpoctopy CpOuje y CHHONTHYKHM
tepmuanma: 12h, 15h u 18h mo UTC. ¥ Beorpaay cy rpMibaBUHCKH IpoliecH ovein Beh y
panuM jytapmuM catuMa. [lo noganuma ox 12 caru (14h no CEB-y), Temneparypa Ba3ayxa
je 22°C, obmaunoct 6/8, moBpeMeHO je majgana cmaba Kuia, npaheHa TPMIbABHHCKHM
MpOIeCHMa, TyBao je Cia0d CEeBEpOMCTOYHHU BETap, a BHCHHA JOWmE 0aze KyMylIOHHMOyca
(Cb) ma oxo 400 — 500 m. Haxon 3 cara (y 15 UTC), Bpeme ce HUje OUTHHjE TPOMEHHIIO,
OCHM TITO je mpuThcak omao 3a 1,3 mb u nznocuo 1009,4 mb, a ceBeposamagHu BeTap je
MaJio nojayao. TeHIeHIMja maja MPUTHCKA je YKa3uBaja Ha IPUCYCTBO jOII YBEK MPUINIHO
TOIIE Ba3QyIIHE Mace, Koja ce IMOCTENEeHO XJIaiia yCIoBJbaBajyhn MmopacT pelaTuBHE
BIIQXKHOCTH, a TUME W moBehame HecTabmiHocTH atMocdepe. [lo momammma ox 18 UTC,
TEHJICHIMja TIPUTUCKA je IO3UTHBHA U n3HOCH 1,5 mb. OBa uumbeHNNa U Maj TeMIeparype
on 4°C y ommocy Ha mpe TpH caTa, ykasyje da je xmagaH ¢ponTt Beh mpomao mpexo
beorpana, onqHOCHO Ha aJBeKIMjy XJaiHe Ba3mymHe Mace. Ha ocHOBY pa3Boja BpeMeHa
TOKOM IIOMEHYTOT JaHa, BEPOBaTHO ce pamwio o xyazHoMm ¢ponry Il pena, a Tpomba ce
jaBwiia y riepuofy mposnacka ¢ponra npeko beorpana, namehy 17 — 18h mo CEB-y.

Cuamuka 4. [Tpuzemne cuHonTuuke kapre: (1) 24.05.2012.y 12 UTC, (2) 24.05.2012. y 15 UTC,
(3) 24.05.2012. y 18 UTC

Y mpemmeMm ey KyMmyJlIoOHHMMOyca TOCTOjU jaka TypOyJeHIHja Ba3ayxa u
CMHUIIak¢ BeTpa (Harjia nmpoMeHa cMepa Berpa). Y tom aeiny Cb obnaka, rae TypOyseHIdja
JIOCTH)KE OTpOMHE Op3HHe, TJIaBHM j¢ M3BOP CHEPruje 3a HacTaHak Tpombe. Haume, Tomao u
BIIaXKaH Ba3ayx ce y3mmke, a y Cb obmaky ra mpeysuma y3nasHa cTpyja. McTtoBpemeHo, y
TOM Jiey oOJiaka MOCTOjH | jaka CHIla3Ha cTpyja, JoHocehu XsiajaH U BiaxkaH Ba3ayx. Opa
KOHBEpIreHIIja TOIUIOT Ba3yXa y y3Ja3HHM, a HCTO TaKO U XJIAJHOT Ba3AyXa y CHJIa3HHUM
cTpyjama, m3asuBa (popMupame poTupajyher obOnaka W CcTBapame IMOAPYYja jaKO HUCKOT
Ba3IyITHOT TPHUTHCKA KOje Aenyje Kao ycucBad, ¢opmupajyhm obmadyHu CcTyO KOjU ce
cmymTa Ka 3eMJbH. HajjemHocTaBHHjEe pedeHo, 3a HacTaHaK TPOMOe MOTPeOHO je ma ce
MOKJIONE TPHU YCJIOBA: BEIMKM BEPTHKAIHH TEMIEPATYpHH TpagujeHT (Harid maj
TeMIlepaType ca BHCHHOM), IoBehaHa BIIQXHOCT Ba3jlyxa y INPHU3EMJbY W HArJM IOPacT
Op3mHEe BeTpa ca BUCHHOM M HETOBO CMHUIame. [IpoMeHe METeOpoJIOIIKUX Hapamerapa ¢
BUCHHOM (TeMIlepaType BaslyXa, Ba3[IyIIHOT IPUTUCKA, TayKe poce M MpaBla Op3uHE
BeTpa) Ha emarpamy (ciuka 5 seBo), yuere u3 TEMP u3Beriraja, nokasyje takse yciose. Jla
je y tom geny CpOuje mocrojania jaka eHepruja HEeCTaOMIIHOCTH M MOBOJHHU YCIIOBH 32
CTBapame ToMuIacTo — onyjaux obmnaka (Cb) moxe ce Buneru u no CAPE unznekcy, unja je
BpenHocT u3Hocwmia m3mehy 1500 — 2000 J/kg (cnuka 5 necHo).

Cuauka 5. Emarpam (:1eBo) u Bpeanoct CAPE unnexca (necto) y 12 h, 24.05.2012.
Cianka 6. CaTeTHTCKH CHHMAK 00J1a4HHX cHcTeMa, 24.05.2012. y 14:45 UTC

Camka 7. Tpom6a Ha Hoom Beorpany (®oto: brutaloffice.com)
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3akibydak

[Ipumukom nojaBe Tpombe, bankancko momyoctpso u [laHOHCKA HH3Wja HATA3MIH
Cy Ce I0J] YTHIIajeM CEeBEPOMCTOYHOT CTPYjarma Ha BUCHHU U BII&)KHE HECTAOMJIHE Ba3/yIlIHe
mace. OpoHTANHU cHCTEMH OOJIAYHOCTH TOMEPAJIH Cy CE MPEKO CEBEPHUX M LIEHTPATHUX
nenoBa CpOuje yciaoBibaBajyhul Kuily, IJbYCKOBE U TPMJbaBHHE H IOjadyaH CEeBEpO3amagHu
Betap. OnyjHo HeBpeMe y beorpamy 0o je ca mpekuauma o 17h mo 20h. Ha Cypuuny je
nano camo 3 1 kumre mo m’, y a nentpy rpamga 23 1/m’.

Ha ocHOBY aHann3e CHHONTHYKOT MaTepHjaia, YCIOBH 3a pa3Boj TpoMbOe cy Ouitu
MTOBOJBHU, jep je mocTojao u mporec U moBehana enepruja HecrabminHOCTH. Ta TMojavyaHa
eHepruja HecTaOMITHOCTH je nMana Behn 3Ha4yaj Hero TpeHyTHa CHHONTHYKA CUTYaIlHja, jep
Ce paJliio O CEBEPOMCTOYHO]j CTPYjU Yy CKIOMY 3a/ibe CTpaHe Jerpecuje, ajiu TO Ou
3aXTEBaJIO JACTAJbHU]Y aHAIU3Y, IPE CBera BUCHMHCKHUX Kapara 1 TeMIepaTypHOT TPajIHjeHTa.

Haxie, Tpomba ce jaBmia y CKIIOITy CEBEpOHMCTOYHE CTpyje KOja ce ImpeMelnTaia
npeko beorpana naske Ha jyro3amnan u 3amnaji. Ha oCHOBY aHanM3e CHHONITHYKOT MaTepHjaa,
He MOKe ce pehu 1a ce paguio o aaBeKIHjU jako XJIAJIHOT Ba3ayXa, IITO 3HAYM J1a je OUIIo
JIOBOJAHO TOIUIOTE y TMPU3EMJbY, Al HE W MO BUCHHH (BEJIMKHA BEPTHKAIHH TPaIHjeHT
TEeMIlepaType), BUCOKA BIIKHOCT Ba3lyXa M M3paKeHa BEPTUKAIHA M XOPHU3OHTAITHA
CTpYjama, 0JIHOCHO ITOBOJbHU YCIIOBH 32 HaCTaHaK TpoMoOe.

Jluteparypa

Jlutepatypy BuaeTu Ha 65 cTpaHHIU.
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