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ABSTRACT

In the Kakheti region of Georgia in the work of anti-hail system anti-hail rockets "Loza-2" of the
production of Bulgaria from September 2018 are used. Some results of the calculations of the
optimum areas of cloud seeding by the crystallizing reagent for more than 80 points of action located
on the protected territory in Kakheti are given. The characteristics of the anti-hail rockets “Loza-2"
and “Trayal D 6-B” are compared.
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Introduction

In Georgia special attention is paid to the scientific and practical works on the fight with the
hail [1-3]. Production work on the fight with the hail here was conducted in the period from 1967
through 1989 [2,3]. Taking into account importantly this problem [4] 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 in the end of May 2015 was restored [5-7].

From the set of anti-hail items in 2015 year it was possible to acquire the anti-hail rockets SK-
6 of the productions of Macedonia [2,6,8-10], which were used until August 2016. From September
2016 to August 2018 for dealing with the hail anti-hail rockets "Trayal D 6- B" of the production of
Serbia were used [11,12]. From September 2018 to present anti-hail rockets "Loza-2" of the
production of Bulgaria are used [13].

Some results of the calculations of the optimum areas of cloud seeding by the crystallizing
reagent of anti-hail rockets "Loza-2" for more 80 points of action located on the protected territory in
Kakheti are given below. The characteristics of the anti-hail rockets “Loza-2” and “Trayal D 6-B”
are compared also.

Material and methods

To protect the whole region of Kakheti (800 thousand hectares) in 2018-2019 more than 80
launching points were used. There is a rocket launching device, solar panel, grounding and security
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systems installed on the launching site. The launching device carries 26 anti-hail rockets, aims to any
given direction and fires [10]. The launchers at the heights from 205 to 1775 m above sea level placed

[12].

The anti-hail rocket ,,Loza-2“ the production of Bulgaria (fig. 1) is an unguided, 55 mm rocket,

which carries 1.28-10% particles of silver iodide reagent and disperses it for 30 seconds [13]. Some
parameters of anti-hail rocket ,Loza-2“ is represented lower.
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Fig. 1. Anti-hail Rockets ,Loza-2“ (photo in real form and in the container for transport).

Anti-hail rocket ,,Loza-2“ technical parameters [13].

Rocket quantity in launching device SD-26 or SD-52: 26-52 rockets
Elevation: 55-80°

Traverse: 360°

Rocket diameter: 55 mm

Rocket length: 876 mm

Rocket weight: 3300 gram

Initial speed of rocket: 70 m/sec

Rocket maximum velocity: 600 m/sec

Shoot maximum distance at sea level (elevation 55°): 7900 meter
The maximum from sea level (elevation 80°): 5800 meter

Mass of reagent: 400 gram

The outlet of reagent from the rocket at a temperature -10°C — 1.28-10 particles
Reagent emission start: 7-10 sec

Duration of the reagent emission: 30 sec

Diameter of the dissipated reagent: 5 m

Data about concentration of reagent in the initial volume of the flight paths of different anti-

hail rockets in table 1 are presented [2,8-10].

As follows from this table, the concentration of the reagent in the initial volume of the flight

path of the “Loza-2” rocket is quite high and commensurate with such modern rocket as “Alazan-9”,
“Alan-2”, “Ac”, “SK-6" [2,8-10].
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Table 1

Concentration of reagent in the initial volume of the flight paths of different anti-hail rockets, m

The initial
Ladlus of | Alazan- Alazan-6 | Alazan-9 | Alan-2 Ac SK-6 Trayal Loza-2
the route, oM D-6B
m
2-2.5 25E+10 | 4.2E+10 | 7.5E+10 | 6.6E+10 | 1.6E+11 | 1.1E+11 | 3.5E+10 | 1.19E+11

The calculations of the optimum areas of cloud seeding by the crystallizing reagent it was
carried out taking into account level of the zero isotherm (and isotherm -6.0 °C) [14-16] and also
heights of the arrangement of launchers.

Results and discussion

The results of calculations on Fig. 2-6 and table 2 are presented.
As follows from fig. 2-6 and table 2 optimum areas of cloud seeding by the crystallizing
reagent depend on the height of the arrangement of launchers and level of isotherm -6°C. Distribution
of the optimum areas of cloud seeding by reagent is unevenly. Basic reason for this - the insufficiently
long courses of the rocket “Loza-2” (as and rocket “Trayal D-6B” [12]).

oy
e
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Fig. 2. Optimum areas of cloud seeding by the crystallizing reagent for the points of action by anti-
hail rockets “Loza-2” in the protected territory in Kakheti. Height of the isotherm -6°C = 3.6 km.
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Fig. 3. Optimum areas of cloud seeding by the crystallizing reagent for the points of action by anti-
hail rockets “Loza-2” in the protected territory in Kakheti. Height of the isotherm -6°C = 4.4 km.
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Fig. 4. Optimum areas of cloud seeding by the crystallizing reagent for the points of action by anti-
hail rockets “Loza-2” in the protected territory in Kakheti. Height of the isotherm -6°C = 5.2 km.
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Table 2

Comparison of the characteristics of cloud seeding by reagent from the rockets “Loza-2” and
“Trayal D-6B”
X1 - beginning of the optimal seeding route, X2 - end of the seeding route, (X2-X1) - optimal
length of the horizontal projection of the seeding route, S - optimal horizontal seeding area, the
height of the point of action: 250-550 m a.s.l.

Trayal Trayal Trayal Trayal
Loza-2 Loza-2 Loza-2 Loza-2
H T(-6°C), D-6B D-6B D-6B D-6B
km X2-X1), | (X2-X1)
X1, km X1, km X2, km X2, km ’ ' S, km2 S, km2
km km
3.2 2.1 2.7 6.6 6.3 4.5 3.6 123 101
3.6 24 2.7 6.4 6.1 4.0 3.4 113 93
4.0 24 2.3 59 55 35 3.2 93 78
4.4 25 2.1 5.6 4.9 3.1 2.8 78 62
4.8 2.2 1.9 4.7 4.1 2.5 2.2 56 42
5.2 2.0 1.8 4.1 3.6 2.0 1.8 39 32
5.6 1.8 1.7 3.3 3.1 15 1.4 26 22
6.0 1.8 1.4 3.1 2.3 1.2 0.9 19 11
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Fig. 5. Dependence of optimal length of the horizontal projection of the seeding route from the

rockets “Loza-2” and “Trayal D-6B” from izoterm —6°C.

The height of the point of action: 250-550 m a.s.l.
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Fig. 6. Dependence of the optimal horizontal seeding area from the rockets “Loza-2"" and “Trayal D-
6B” from izoterm —6°C. The height of the point of action: 250-550 m a.s.l.

In general, the characteristics of the rockets “Loza-2” are slightly better than “Trayal D-6B”.
However, both types of the rockets are characterized by an insufficient length of the seeding path.
The number of rockets ,Loza-2“ as and "Trayal D 6- B" needed during one year estimated to be
5000-6000 units [12].

Conclusions

In near future it is planned to improve means and methods of anti-hail protection in connection
with local conditions and possibilities of obtaining the means of action and tracking of the hail clouds.
The newly created distance automatic system of action on the clouds will be simultaneously
improved, a question about the organization of own production of anti-hail rockets will be examined,

etc. [16,17].
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OO0 ucnoJbL30BaHUU MPOTHBOTPAAOBBLIX paKkeT “L0za-2” B paGore
nporuBorpaaoBoii cucrembl B Kaxerun (I'py3us)

A.T'. AmupanamBuim, B.A. Unxaanse, Y.B. J[3oa3yamiBuJiu,
N.I1. Caypm, H1.O. Teaus

Pe3iome

C cents6ps 2018 roga B Kaxerunckom peruvone ['pysum B paboTe HmpOTHBOTPalOBOM CHCTEMBI
WCIIOJIB3YIOTCSL TPOTHBOTPAoBble pakeThl “Loza-2” mpowmsBojacTtBa bonrapuu. IlpuBonsarcs
HEKOTOpbIe Pe3yJbTaThl PacyeTOB ONTHUMAJBHBIX IJIONIAJCH 3aceBa 00JAKOB KPUCTAIUIN3YIOIIUM
peareHToM is1 6osiee yeM 80 MyHKTOB BO3/I€HCTBHS, PAaCOI0KEHHBIX Ha 3alUIAEMON TEPPUTOPUN
B Kaxerun. [IpoBeneHo cpaBHeHUE XapaKTepUCTUK MPOTUBOIPaioBbIX pakeT “Loza-2” u "Trayal D
6- B".
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