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Abstract

Large-scale experimental, experimental-production and production work on action on hail
processes in Georgia was conducted in 1960-1989 (Kakheti, Southern Georgia) over the total
area of approximately 1.2 million hectares. Positive effect changed in interval of 20 - 95%
with average value of 75 - 85%. In those following quarter of century, after the curtailment of
these works, damage to agriculture from the hail grew and returned to the level, which was to
the beginning of anti-hail works. In 2015 year in Kakheti over the area of approximately 650
thousand hectares the work on actions on hail processes were renewed. The description of
the restored anti-hail system is given which includes: contemporary meteorological radar
Meteor 735CDP10 of firm Selex ES; central remote-control station with the change
personnel; the automated system of the fire control; 85 rocket launching sites; the
autonomous automated rocket guns; anti-hail rockets; scientific group; the group of the
maintenance of radar and rocket guns. The test probation of system showed the prospect of
its further use for dealing with the hail. The physical and economic effectiveness of anti-hail
works in 2015 year, in spite of the limited quantity of means of action (rockets), it was not
worse than it is earlier in the years with the action. It is significant that if in the past in
Kakheti personnel of anti-hail service comprised more than 800 people, at present this work it
ensures only 30 people. Subsequently is assumed an increase in the shielded from the hail
areas, and also, besides the anti-hail works, the use of radar for monitoring of dangerous
hydrometeorological processes in eastern Georgia and adjacent to its territories of Armenia
and Azerbaijan.
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Introduction

To geophysical hazards belong: earthquakes, eruptions of volcanoes, landslides,
mudflows, avalanches, mountain collapses; strong wind (storms, hurricanes, tornadoes,
blizzards, etc.), intensive or long precipitation (rain, snow, hail), fogs, thunder-storms, high
level of ultra-violet radiation, extreme air temperatures, droughts, etc.; floods, sea storms,
typhoons, tsunami, intensive drift of ices, etc.; magnetic storms, falling of meteorites, cycles
of solar activity, etc. [1,2].

Georgia - small mountain country with 15 climatic zones, in territory of which from
time to time proceeds majority of the enumerated geophysical catastrophes. Therefore,
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special attention was always paid and is paid to the study of dangerous geophysical
phenomena in Georgia [3].

Concerning hail damages, Georgia is one of the hail-dangerous countries of world.
Therefore to the problem of hail in this country are dedicated numerous works, that covers the
wide spectrum of studies, beginning from the climatology of hail [4-10], ending with the
mechanisms of its formation [11,12] and with the methods and the results of action on the hail
processes [13-16].

Taking into account the significant economic damage, brought by hail damages, in
Georgia in the beginning of the fifties of past century the institute of Geophysics of the
Georgian Academy of Sciences began works on the fight with the hail. Later to these works
was connected Transcaucasian Hydrometeorological institute. In 1967 for the realization of
production works on the fight with the hail on the base of the Alazany anti-hail expedition of
the institute of Geophysics the militarized service of fight with the hail in the former Soviet
Union was for the first time created. As a whole, large-scale experimental, experimental-
production and production work on action conducted in 1960-1990 in the regions of Kakheti
and southern Georgia over the total area approximately 1.2 million hectare (Kakheti — 800
thousand hectare, southern Georgia - 400 thousand hectare) [17,18].

Positive effect changed in interval of 20 - 95% with mean value of 75 - 85%.
Sometimes, when action was conducted to the super-power "super-cellular” clouds, effect
proved to be zero, i.e., was noted strong hail damage [17, 18]. Almost in all works were used
the crystallizing reagents (Agl, Pbly), in one region (southern Georgia) the action was
conducted by the combined method (Agl, NaCl).

Together with the works on the fight with the hail other work on the weather
modification ( artificial calling of a precipitation, regulation of thunderstorm activity of
clouds, artificial descent of avalanches, etc.) to the Soviet period in Georgia within several
decades were carried out. In these works rocket, plane, artillery and other methods of active
impact on dangerous hydrometeorological processes were used [12, 17, 18]. In 1989 the
specified works were stopped. In the next years the damage to national economy as a result of
negative impact of the listed hydrometeorological processes significantly increased [17-20].

In contrast to Georgia in many countries of world the work on the weather
modification in the last 25 years intensively was developed [21-28]. Considerably were
improved the means of action on the clouds and the equipment for observation on convective
clouds (meteorological radars), etc. [21, 23, 24, 25, 27]. Automatic systems for the action on
the hail clouds are developed. All this made it possible to increase substantially the
effectiveness of anti-hail works, etc. [21 - 23].Protection from the hail is achieved almost in
50 countries of world over the total area of approximately 90 million hectares (Argentina,
Austria, Bulgaria, Canada, China, Bosnia and Herzegovina, Germany, Greece, Macedonia,
Moldova, Romania, Russian Federation, Serbia, Spain, etc.). In China anti-hail works are
conducted in the territory of 42 million hectares. The countries weather modification system
employs 47700 people, and has an arsenal including more than 7034 rocket launchers, more
than 50 planes and nearly 6902 guns. In Russian Federation anti-hail works are conducted in
the territory of 2.5 million hectares, etc. [21, 28, 29]. In Russian Federation in comparison
with the Soviet period the physical effectiveness of anti-hail works grew on the average from
50-82 % to 82-92 % [21].

In Georgia in the subsequent years after the end of anti-hail works special attention
was given to the thorough analysis of the obtained earlier material about the hail damages
both in the regions with the active actions on the atmospheric processes and as a whole for the
territory of the Georgia. In particular, a whole series of works was dedicated to the
climatology of hail and changeability of hail damages in the territory of this country [3, 5-10].
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It was detected that the areas, beaten with hail in Kakheti increased in the years after
the curtailment of anti-hail works and even they became more than prior to the beginning of
the work of anti-hail service [30].

The empirical radar models of unicellular, multicellular and super-cellular
convective cloud were created, the detailed maps of the distribution of the radar parameters of
convective clouds above the territory of Kakheti were built [16]. The concept of interaction
of aerosols with the convective clouds and the stimulations of the processes of the formation
of the condensation and crystallization nuclei in them taking into account electrical, ionizing
and other processes, which take place in the atmosphere and the clouds was proposed. It is
assumed on the basis of concept that this interaction must be characterized by the regional
special features, caused by both the physical conditions for the processes of forming the
cloudiness, and by physical chemistry properties of aerosol-gas air pollution [12,31,32].

It was established that ionization of atmosphere by the natural and anthropogenic
sources (radionuclides - radon, etc., cosmic radiation, the gamma emission of soil) plays the
significant role in the formation of second aerosols in the atmosphere, including of the
condensation nuclei, which have a great effect on the formation of the microphysical structure
of clouds [32-34].

The evaluations of the influence of anthropogenic (including radioactive) pollution of
the atmosphere on the intensity of thunderstorm and hail processes, and also the precipitation
regime, showed that the relation of this pollution with the phenomena of the atmosphere
indicated they have fairly complicated nature. However, as a whole the aerosol pollution of
the atmosphere led to the intensification of the intensity of hail damages and, correspondingly,
to the decrease of effectiveness in the anti-hail works [35-37].

The annual intensity of hail processes in Kakheti depends substantially on the aerosol
pollution of atmosphere, although his dependence has fairly complicated nature. As a whole
an increase in the nonradioactive aerosol pollution of atmosphere leads to the intensification
of the intensity of hail damages and respectively to the decrease of the effectiveness of the
action of anti-hail works. This effect appears also in daily variations in the intensity of hail
processes. In Kakheti during the week-days the areas struck by hail, a logarithm of the
multiplier of maximum radar reflectance, a quantity of liquid and solid precipitation are
higher than into the weekends. Analogous situation also in the North Caucasus (mass, energy
and a quantity of fallen hailstones during the week-days are higher than into the weekends).
Increase in the fraction of the drop embryos of hail and decrease of the fraction of groats
embryos (increase in the probability of an increase in the hail by the mechanism of warm rain)
during the week-days in comparison with the weekends here occurs. In all likelihood in the
period of the realization of anti-hail works in the former Soviet Union the effect of the
anthropogenic pollution of atmosphere in the changeability of the intensity of hail processes
bore regional nature. It is proposed while performing of work on active actions on
atmospheric processes to consider the factor of anthropogenic air pollution [37].

In Kakheti (Georgia) and in the North Caucasus (Russia) in the period from 1968
through 1988 the effects of the decrease of effectiveness in the anti-hail works with an
increase in the general aerosol pollution of the atmosphere were observed (Aerosol Optical
Depth and the Turbidity Factor of the Atmosphere accordingly). In Kakheti this effect was
mainly connected with the tendencies of an increase in the pollution of the atmosphere, and in
the North Caucasus - with variations random components in the general aerosol pollution of
the atmosphere [38].

On the serious influence of air pollution on the regime of precipitation in work [28] is
noted also. It is shown, that anthropogenic aerosols might contribute significantly to the
observed reduction of precipitation over northern China, and provide a possible feedback
cycle of aerosol loading and precipitation that produces considerable harmful impacts on air
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quality, the hydrological cycle, crops, and other environmental problems. Statistical analyses
of historical precipitation and aerosols data have revealed that deeper precipitation clouds can
be influenced by aerosols in the form of precipitation suppression. In particular, the
suppression effect is stronger over mountainous areas than over plains, and the influence of
anthropogenic aerosols on convective precipitation possibly plays an important role in
summer over northern China.

Taking into account the importance of works on the artificial regulation of atmospheric
processes in Georgia, including fight with the hail, before the government of the country
repeatedly was raised the question in the need for the renewal of these works [17, 18]. Finally,
in 2013 years preliminary decision about the restoration in Georgia of works on the weather
modification was accepted, and first of all - anti-hail service in Kakheti. New development
stage of scientific and practical searches in the region of the active action on the atmospheric
processes in Georgia began from this point on.

Analytical studies of the contemporary methods of action on the convective processes,
the organizational structure of the recreated service of fight with the hail taking into account
new achievements in the region of active actions on the atmospheric processes were carried
out [25, 26, 39-42].

Taking into account that the problem of the sharp shortage of specialists for weather
modifications arose after 25 years of the interruption of the work of anti-hail service, it was
decided with the aid of the Institute of geophysics with the support of Scientific-Technical
center "Delta™ within the brief periods to conduct training the corresponding personnel.

As a result, with the support of the government of Georgia, to the active operation of
Scientific-Technical center "Delta”, the collaborators of institute of geophysics and institute of
hydrometeorology, the work of anti-hail service in Kakheti on 28 May 2015 was restored
[43]. The description of the renovated anti-hail service in Kakheti is presented below.

Results and discussion
The restored Anti-hail system consists of:

Contemporary weather radar Meteor 735CDP10 of firm Selex ES with a special software.
Central control station with the change personnel.

Automatized fire control system.

85 rocket launching sites.

The autonomous automated rocket launching device SD-26 and SD-52.

Anti-hail rocket.

Scientific group.

The group of the maintenance of radar and rocket guns.

The weather radar is a C-band, dual polarized Doppler radar, which generates all the
data to forecast hail-producing thunderstorms. All that information plus the databases of hail-
consisting clouds used by the software with the specific algorithms to generate the areas,
where the silver iodide reagent is to be dispersed (fig.1).This radar placed in Eastern Georgia
in the village Chotori on 1090m height from sea level. Its actual area is 70-100 km, but
working radius is more than 200 km with good data quality (fig. 2).
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Fig. 1. Weather radar Meteor 735CDP10.

Google earth

Fig. 2. Radar location in Kakheti.

The central control station is a dislocation place for the personnel, where all the
information from weather radar and rocket launching sites are gathered, processed and where
the automatized fire control system is. The automatized fire control system receives the data
and the areas of seeding from the special software of weather radar, defines optimal launching
site, the number of rockets needed and sends the orders to the proper launching devices (fig.
3).The central control station is located in Thilisi (80 km from Chotori).

The radar monitoring of hail processes, analysis of meteorological situation in the
region of action according to the data of radiosondes [44], and also all other works on
conducting of operations on the distance action on the clouds produces group of 4 operators
(16 operators to 4 groups).

In the work of anti-hail service is provided the participation of the scientific
organizations (institute of geophysics, institute of hydrometeorology, etc.), which must
exercise scientific methods leadership of works, participate in the instruction of personnel,
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carry out the analysis of obtained data, improve the existing procedures of action on the
atmospheric processes, develop new, etc.

Fig. 3. The central control station.

To protect the whole region of Kakheti (650 thousand hectares), it is required to place
85 launching points — one in every 10 km, which is a working range of anti-hail rocket. There
is a rocket launching device, solar panel, grounding and security systems installed on the
launching site. The launching device carries 26 anti-hail rockets, aims to any given direction
and fires (fig. 4).The launchers at the heights from 205 to 1775 m above sea level placed. In
the range of heights from 205 to 375 m located 20 launchers, from 376 to 625 m - 37
launchers, from 626 to 875 m - 19 launchers, from 876 to 1125 m - 3 launchers and from 1275
to 1775 m - 3 launchers too [41].

Fig. 4. The autonomous automated launching device SD-26.

The anti-hail rocket SK-6 the production of Macedonia (fig. 5)is an unguided, 55 mm
rocket, which carries 40 gram of silver iodide reagent and disperses it at an altitudes of 2.0 -
4.5 km, for 28-32 seconds [41,42]. Some parameters of anti-hail rocket SK-6 represented
lower. The number of rockets needed during one year estimated to be 5000 units.
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Fig. 5. Anti-hail rocket SK-6.

Anti-hail rocket SK-6 parameters.

Rocket quantity in launching device SD-26 or SD-52: 26-52 rocket

Elevation: 55-80°

Traverse: 360°

Rocket diameter: 55 mm

Rocket weight: 3445 gram

Rocket maximum velocity: 600 m/sec

Shoot maximum distance (elevation 55°): 7200 meter

The maximum from sea level (elevation 80°): 6000 meter

The outlet of reagent from the rocket at a temperature -10°C — 1.28(1 10°particles
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Fig. 6. Optimum areas of cloud seeding by the crystallizing reagent for the pointsof action by
anti-hail rockets SK-6 in the protected territory in Kakheti. Height of the isotherm -6°C = 4.0
km. In the center of circle - number of the point of action.

Optimum areas of cloud seeding by the crystallizing reagent depend on the height of
the arrangement of launchers and level of isotherm -6°C (fig. 6). As follows from fig. 6
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distribution of the optimum areas of cloud seeding by reagent is unevenly. Basic reason for
this - the insufficiently long courses of the rocket SK-6. Therefore, in near future the
production of anti-hail rockets with the improved ballistic characteristics is planned (increase
in the effective radius of action, etc.).

The special feature of the indicated launcher is the possibility of changing in quantity
and diameter of containers (stems) for the anti-hail rockets, and the possibility of distance
focusing on the angle of elevation and along the azimuth also of successive starting.
Installation successfully underwent the first test probations. In 2015- 2016 it is planned to
accomplish a production of the improved version of these installations taking into account the
arrangement of an optimum quantity ofstems, protective housings for them from atmospheric
precipitations, the improved program of the distance starting of rockets, etc. It is assumed also
to create several mobile versions of launchers.

Finally in fig. 6-11 some examples of radar surveillance of the clouds are presented.

20:49 / 224ul-2015

Fig. 6. Horizontal and vertical radar section of cloud 22.07.2015
in Kakheti in 20 hours of 49 min.

ZHAIL (Prob)
20:49 / 22-Jul-2015
Georgia

Rainbow® Selex ES GmbH

Fig. 7. Probability of hailstorm in cloud 22.07.2015 in Kakheti in 20 hours 49 min.
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Fig. 8. Hailstones sizes in convective cloud 22.07.2015 in Kakheti in 20 hours of 49 min.

In fig. 6-8 fragments of radar surveillance of hail processes in Kakhetii (southeast from
Telavi) 22.07.2015 20 hours of 49 min. are presented. As it follows from these figures, at the
moment of observations the maximum altitude of hail cloud reached 17 km (fig. 6). The
horizontal area of cloud with the probability of hailstorm of higher than 80% was
approximately 50 km? (fig. 7). The horizontal area of cloud with the hailstones with the size
more than 30 mm was approximately 2 km? (fig. 8).

MAX (dBZ)
23:20/13-Jun-2015
Georgia
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Fig. 9. Precipitation intensity from the thunderstorm cloud in the neighborhood of Akhaldaba
13.06.2015 in 23 hours 20 min.

In fig. 9-10 example of radar surveillance of the convective cloud in Akhaldaba region
(southwest from the center section of Thilisi) 13.06.2015 in 23 hours 20 min. depicts. As it
follows from fig. 9, at the moment of observations the horizontal area of cloud with intensity
of precipitation 50-100 mm/h was composed approximately 15 km?, the horizontal area of
cloud with intensity of precipitation more than 100-200 mm/h - 2 km?.
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For the clarity fig. 10 depicts 3D- picture of radar surveillance of this cloud. It should
note, that during this day the cloud with the intensive rain and by thunderstorm was located on
one and the same place of almost 5 hours. This led to the strong landslide, which overlapped
river Vere, that flows in the direction to Thilisi. The accumulated water subsequently broke
through earthen mound, also, during several minutes one of the center sections of Thilisi city,
including zoo, they were flooded. Perished more than 20 people and a large quantity of
animals. Essential damage was substituted to the infrastructure of city. Subsequently is
provided the more detailed analysis of radar surveillance of the cloudiness and precipitation,
which led indicated catastrophic event in Thilisi.
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Fig. 10. 3D fragment of the radar picture of thunderstorm cloud in the neighborhood of
Akhaldaba 13.06.2015 in 23 hours 20 min.

MPPI (dBZ)
00:56 / 16-Sep-2015
Georgia

Fig. 11. Fragment of the radar picture of cloudiness above Azerbaijan
16.09.2105 in 0 hour 56 min.

Fig. 11 depicts example of radar surveillance of the cloudiness on the territory of
Azerbaijan. As it follows from this figure, 16.09.2105 into 0 hour of 56 min. in 60 km north
from Yevlakh city cloudiness with the horizontal area with the radar reflectance 50-60 dBZ of
equal approximately 145 km?® was observed.
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Conclusions

After 25- years interruption in 2015 in Kakheti over the area of 650 thousand hectares of
work on actions on hail processes were renewed. The contemporary anti-hail system of
essential differs from that existed earlier in the Soviet period of time (contemporary
meteorological radar and rocket launchers with remote control, etc.). Control of the processes
of radar surveillance of the hail clouds in Kakheti and by rocket action on them is
accomplished from Thilisi. In the past in Kakheti the personnel of anti-hail service comprised
more than 800 people, at present this work it ensures only 30 people. A constant
improvement of methodological and technical components of anti-hail system is
accomplished.

Subsequently is assumed an increase in the shielded from the hail areas, and also,
besides the anti-hail works, the use of radar for monitoring of dangerous hydrometeorological
processes in eastern Georgia and adjacent to its territories.
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19GY30LLsHobssmBEgam LolEGYol sma9bs Jsbgomdo
(Lagotonggenm)

5.5000565330¢0, 3.0bsdY, .dMmdY5330¢00, b. PEMbE0, 0. LyyMo
M9gbowdy

bogodmzggermdo (3obgomo, LadbMgmo Lojsdmggerm) 1960 — 1989 (engddo 1.2
dowomb 39dGHoMm0ol BoMDMIBY BHoMmIdOM©S BYEY30L 3MMEgLYdDY Bgdmddgwgdol
dlbg0dslidBHod0560  LyEEIWo, LSEEIE-Lsfo®dmm s LIfsMImm  Lsdmdomgdo.
©99mJd90900l Y00 9839dH0 033wYdMS 20 — 95% ob 0bEgH3scdo Lodwyswrm
36083690 Mmd00 75 — 85 %. Lsddsmqools 9fy39@ oL 8999 LyEY30Lysb doggbgdyero
D600 Q50DIMEO S IMOOHMBEs 00 MbL, GMIgEroE oym 53 bsFYdsmgdols
5{yqool {ob.

2015 §gaob 39bgmBo 650 5058 399BHo6 BIODMMIBY LgByzol 3MM39LgdbY
5JBHomco  Bgdmgdggdol  Lodmdomgdo  obobrs.  dmygbowos  smygboo
193Y30LLHobssAY™ LoLEAOL sOfgMoEMds, HMBYEoE 1530l F9d50P9beMdsTo
3033l gM3sbmaro go®ds Selex ES-ob Meteor 735CDP10 ¢o3ol 0s659gc06mgg 5 10
©0535DMbols  F9BHJMOMWMP0NH  MHOIOMEOMISGHMML,  OLEBEoMMO  FsOm30L
395G ME 3164AHL, 39Ebol FsMM30l 953EMToEGH0BYOME LoliEgdsl, 85 Lo®mszgdm
3989390 39964AU, 50FIMH30L 533MbMT0IMH0 53EMToGH0DYOO Bo6d3GEH™M 25033900
©65@PM900m, 1YgBHY3oLsfobssMIEIY™M ©5393HJOL @O 9xMgm3g 39MLMbOWL, s
dmemob LYY36090M XFMBL, WMZSGHMOOL s LsMS3gEM 49883900 IBsYIMGdOL
399460360 Im3LsbMOgdOL X 39390L.

LoliGgdob Lo@guE™ A9TM30gd3s B396s LYEY35LMSD dGIMEOL Lvgzombdo dolio
09dpmdo  godmyggbgdol  3gML3gdBHmds.  dovbgogeo  bydmddggdol
L53995¢90900L  (053939d0L)  LodgoMols, 2015 gl  Ly@ygobsfobosswdgym
153MTomgdoL BOHB03ZNOO S 93MbMTOMMO 9RIJBHVIOMDS 0gm SMbs3Egd0, 30MY 0d
Pgddo, Mmgbsg  BMbJgomboMgds  Lg@yzosbomsb  d®dmeol  LsdlsbwmGo.
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600369035605 ol 2o6M98Mmgds3, M 09 LsdFM™MS OML 395bgmdo  bgBHY3oLmb
030l LHALIHNOOL 3gOLMbIo F9500y9bs 800 353%g FgAL, LIL 53 Bodw)domgdl
MBOHWb39gmRl Ibmermo 30 50sd0sbo.

090pamddo  49m35¢obfobgdmmos  Bg@yzoLgsb  sbozsgo  GgMo@mMogdol
3OBIOMMYDS, S 9YMIJM3Y, MIPOMMIOGHMOOL  TgLodgdemdgdol  odmygbgds
503Mbo3wgm BodsMmgEmdo s 53Mgm3g sHYMBs0XBOL s Lemdbgmols F0dYdcY
A9IO0EGHMMH09dbY bosdodo 30006MHMI9GHYMOMEMYOMGO 3639900L
dmboGmEmobaolsmgzob.

BoccTaHnoBiieHre NPOTUBOIPaa0BoOM cucTteMbl B KaxeTun
(C'py3us)

A.T'. AmupanamBwin, B.A. Unxnanse, ¥Y.B. [[3oa3yamBuiu,
H.A.I'nontn, U.II. Caypu

Pe3rome

KpymHoMacmTabHble OIBITHBIE, OIBITHO-TIPOU3BOJICTBEHHBIC W TPOM3BOJICTBCHHBIC
paboTHI 1O BO3ICUCTBHUIO HA TPasioBbie Tiporiecchl B ['py3un mpooauiauck B 1960-1989 romax
(Kaxetus, FOxnas ['py3ust) Ha o0mieit muromaan okojo 1.2 muH rektapoB. [lomoxuTenbHbINH
sbdext usmenssics B unHtepBaie 20 - 95% co cpegum 3HaueHuem 75 - 85%. B
MOCJIEYIOIME YETBEPTh BEKa, IOC]e NpEeKpalleHus 3TUX padoT, ymepd CeabCKoMYy
XO3SIICTBY OT I'pajia BO3pOC U BEPHYJICA K YPOBHIO, OBIBIIEMY /10 Hayaja MPOTHBOIPATOBBIX
pabor.

B 2015 rony B Kaxetun Ha miomaau okono 650 ThICSY TEKTapoB pPabOTHI IO
BO3JICHCTBUSL HA TpajioBble Mpolecchl ObUTM BO300HOBIEHBI. [IpuBoaWTCS oOmnucaHue
BOCCTaHOBJICHHOM MPOTUBOTPAA0BOI CUCTEMBI, BKJIFOYAIOMICH: COBPEMEHHBI
MeTeopoJiornueckuii paauosiokarop Meteor 735CDP10 ¢upmsr Selex ES; nenrpanbHbIit
MYHKT JWCTAHIIMOHHOTO YIIPABJICHHUS CO CMEHHBIM [E€PCOHAIOM; aBTOMATH3UPOBAHHYIO
CUCTEeMY YIOpaBlIEHHUSI OrHeM; 85 pakeTHbIX MYCKOBBIX IUIOMIAJ0K; aBTOHOMHBIE
aBTOMATU3UPOBAHHBIE PAKETHbIE TYCKOBbIE YCTAHOBKH; MPOTUBOIPAZOBbIE PAKEThI; HAYYHYIO
TPYIIly, TPYIIY TEXHUYECKOro OOCTYKMBAaHUS PpaHOJIOKaTOpa U  PAKETHBIX IYCKOBBIX
YCTaHOBOK.

TectoBble HCHBITAHUS CUCTEMBI TOKa3aldM MEPCIEKTUBHOCTh €€ JajbHeiIiero
UCIOJIb30BaHUs i OOprObl ¢ rpagoMm. Dusmyeckas U 3KOHOMUYecKas 3()PEeKTHBHOCTD
MPOTUBOTPAAOBEIX paboT B 2015 romy, HECMOTps Ha OrPaHUYCHHOE KOJHMYECTBO CPE/ICTB
BO3JICHCTBUS (pakeT), Obllia HE XY)Ke, UeM paHee B rofbl ¢ BozaeiicTBueM. CyllecTBEHHO, 4TO
ecnu B mpouuioM B Kaxeruu mepcoHasl MpOTHBOTPATOBOM Ciy:kObl cocTaBisul 6oiee 800
4eloBeK, B HACTOSAIIEE BpeMs 3Ty paboTy oOecrieunBaeT Bcero 30 4enoBexk.

B nanpHeiimeMm mpennosiaraeTcs yBEIMUYEHHUE 3alUIaeMbIX OT Trpaja IJlomaneH, a
Takke, MOMUMO MPOTUBOTPATOBHIX pabOT, UCIIOIB30BAHNE PAIMOIOKATOPA IS MOHUTOPHUHTA
OTIACHBIX THUAPO-METEOPOJOTHUECKUX MpolleccoB B BocTounoii ['py3un u mpuiierarommux K
Heill TeppuTopuil Apmenun u Asep6aiipkaHa.
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