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THE OBSERVATION NETWORK PERFECTION
FOR FLIGHT SAFETY IN THE REPUBLIC OF KAZAKHSTAN

Abstract. One of the ways of flight safety improvement and quality air traffic services is perfection the material
and technical equipment of the country's observation network. This makes it possible to improve the analysis of the
state of the “surface background— atmosphere” system, which is necessary, in particular, to identify hazardous and
especially dangerous weather phenomena and to predict them. One of the directions for improving the means of
monitoring atmospheric processes is the use of remote sensing methods of the atmosphere, which include meteo-
rological radar. Today, meteorological radar networks have been created in all developed countries: in the United
States, the NEXRAD network unites about 150 WSR-88D Doppler polarized S-band radars; in Europe, within the
framework of the international OPERA project, about 180 radars from various manufacturers working in various
observation programs are networked. Some of them are doppler and polarized. In China, Japan, Australia, radars are
also integrated into national networks. In the process of analyzing open sources, we determined the main
characteristics of meteorological radar networks in several countries of the world and calculated the required number
of radars to cover the territory of the Republic of Kazakhstan.
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Currently, there is no network of meteorological locators on the territory of the Republic of Kazakh-
stan necessary for a more complete understanding of the air situation in order to safely and effectively
serve civil aviation. The study of radar networks for the needs of meteorological analysis and forecast in
foreign countries will allow us to develop optimal recommendations for the formation of a network of
meteorological fibers in the Republic of Kazakhstan.

Until now, Russia has mainly used a very sparse network of meteorological radars, consisting of
Russian noncoherent radars MRL-2 and MRL-5.

The Russian radar network MARS, shown in figure 1, is built in such a way that the DMRL-S
meteorological radars are installed at a distance of three hundred kilometers from each other. This
arrangement is due to the presence of the most dangerous weather phenomena in the warm season and
their monitoring does not require the proximity of radar stations, however, a significant overlap of
monitoring zones for air routes, significant industrial and agricultural facilities. Economically due to the
fact that in areas with low intensity of human activity, the radar field remains quite discrete and does not
cover the entire territory [1]. This network was created in recent years and its formation continues.

Figure 1 — Map-diagram of the location of the MARS network (Russia)
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Figure 2 shows a map of the distribution of WSR-88D DSCM in the United States. This network was
created in the period from 1991 to 1997. It includes 138 radars in 48 states of the continental United
States, as well as 13 radars in Alaska, Puerto Rico and Hawaii.

Figure 2 — Map-diagram of the location of weather radars of the NEXRAD network in the United States

The system provides the transmission of baseline data and observation products of all radars to the
national meteorological centers in Washington, Kansas City and Miami for the compilation of maps with
radar information on the territory of the United States every 30 minutes.

The peculiarity of the NEXRAD radar network for atmospheric monitoring (USA) is that the WSR-
88D meteorological radars are installed on the earth's surface in the form of a network covering the entire
territory. The height of the lower boundary of the continuous radar field is about three kilometers. The
distance between the locators is about four hundred kilometers [2]. However, with such an organization of
the network at altitudes of less than three kilometers, the radar field does not give a complete picture of the
state of the atmosphere.

In Australia, three types of S BAND, C BAND and Doppler locators are used in the radar network.
Australia's radar network is very interesting in terms of its construction. As shown in figure 3, locators are
mainly located in coastal Australia, this is very important in conditions of sharply cut coastline.
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Figure 3 — Diagram of Australia's radar network
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In such an interesting place in the atmosphere from the point of view of meteorology, small in length,
but intense and multi-directional movements of the atmosphere arise, which contribute to the emergence
of wind shear, coastal turbulence, etc. These phenomena complicate the take-off and landing of aircraft, as
well as negatively affect the production of small aircraft flights.

A very large Australia is little populated, so a radar network providing full coverage is impractical.
Australia's radar network has sixty-three locators, of which 30 maintain regular observations and provide
real-time data for forecasts, warnings and thirty-three locators perform wind and weather monitoring
functions [3].

Analysis of radar networks shows that unfortunately, most often for economic reasons, radar
networks are not built on the basis of a systematic approach to the creation of large systems. The most
close to the ideal system is the American radar network. The location networks of most States are not
always able to fully realize the capabilities of meteorological locators. This organization of observations
does not allow for full radar monitoring of the atmosphere and does not realize its full potential.

To ensure the safety, regularity and economy of air transportation, aviation operations, and improved
forecasting of difficult weather conditions in the period from 2020 to 2022, RSE “Kazaeronavigation” and
RSE “Kazhydromet” are planning to create a single radar network with the help of which it will be
possible to build composite (stitched) maps of remote sensing of the atmosphere using meteorological
locators. The application of this technology will provide a sufficiently complete picture of the dynamics of
atmospheric processes, weather hazards and the state of the atmosphere for safe flight production, inform
interested organizations in advance to quickly prevent the effects of natural disasters with an advance time
of 2...3 hours and in some cases even up to 12 hours. It is assumed that the radar network in the Republic
of Kazakhstan will consist of about 25 meteorological locators.

Studies on the geometry of radar networks [4] show that the construction of a radar network can
proceed in two ways:

— the combination of radars forms a triangle on the ground with the sides of two hundred and fifty,
three hundred and even four hundred and fifty kilometers;

— sum-total of radars forms a hexagon on the ground, the distance between radars is equal to the range
of the radars.

The second method has a clear advantage since it provides a reduction of dead zones, reduces the
height of the lower boundary of the radar field, which makes it possible to monitor the boundary and
ground layers of the atmosphere. It is also important that in case of possible failure of one or more
locators, the space will overlap due to the operation of other radars.

This method of forming a radar network also allows obtaining an economic effect in terms of
economical energy consumption without reducing the quality indicators of atmospheric monitoring. It is
also important to note that with this method of building a network, the quality of observations is quite
high, and the impact on the environment is reduced. With a decrease in the range of the radar, less energy
is emitted into space and the dangerous effect of electromagnetic radiation on people is reduced.

When analyzing developments in this area, we find it most interesting to use a hexagon-shaped radar
network in the Republic of Kazakhstan.

The territory of Kazakhstan is diverse in weather conditions, relief and population. Obviously, the
radar network cannot be built at the same time. This is a long work on the selection of locator installation
sites and training of specialists in their maintenance, etc. Thus, the network building program should be
centralized and should have a sufficient time period for its implementation. The creation of a workable
network cannot be limited to 2022, since in modern conditions of stagnation of the world economy; this
project cannot be implemented in a short time. This project should be phased.

Figure 4 shows the diagram of the radar network in the Republic of Kazakhstan. The location of the
functioning meteorological locators is indicated in pink. Not completed DMR installation works are
highlighted in green color. The creation of a radar network for monitoring the atmosphere on the basis of a
hexagonal version of the location of objects would solve a lot of weather forecasting tasks for both
aviation and the national economy.
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Figure 4 — Map-diagram of real location of DMRL
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Figure 5 — Map diagram of the ideal prospective location of the DMRL for full coverage of the territory

Figure 5 shows the layout of the DMRL according to the hexagon rule in the territory of the Republic
of Kazakhstan. In yellow, additional meteorological locators are shown to obtain a continuous radar field.
In total, according to preliminary estimates, in addition to the installed, about three hundred DMRL are
required to create a network with locators located at a distance of about one hundred kilometers to enable
monitoring of the lower atmosphere, energy saving, as well as to have as little impact on the environment
as possible.
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KA3AKCTAH PECITYBJIMKACBIHIAATBI PAJTAPJIBIK KEJIIHIH YIIY
MOJIIMETTEPIH TAJIJAY KOHE JKUHAKTAY ®YHKIUAJIBITbI

AHHoTanusl. Y11y Kayilci3IiriH )koHe dye KO3FalIbIChIHA Carajibl KbI3MET KOPCETY/Il KaKcapTy IblH Oip KOkl —
eniH OakpUIay JKETICIHIH MaTepHalIbIK-TeXHUKAJBIK KaOIbIKTaybIH JKaKcapTy. byn «acTbiHFBI KabaTel — aTMO-
cepa» KyHeciHiH kall -KyiiHe Tajnayabl )KakcapTyFra MyMKIHIIK Oepexi, OyJ, aram aliTKaHaa, KayinTi »oHe aca
KayinTi aya paibl KYOBUIBICTAPBIH aHBIKTAyFa JKOHE OJIap.bl OOJDKayFa KakeT. ATMOC(EpaNbIK MpOoLecTepii OaKpi-
Jlay KypanJgapblH *KeTUIipy OarbITTapbIHBIH 0ipl — METEOPOJIOTHSIIBIK pafiapAbl KAMTHTBHIH aTMOC(epaHbIH KallbIK-
TBIKTAQH 30HJTAYy OICTEpiH KonjaHy. byringe OapiblK HaMblFaH eJjiepAe METEOpPOJIOTHSUIBIK PaHOJIOKAIMSIIBIK
xkeminep Kypeuael: AKII-ta NEXRAD xemici mamamen 150 WSR-88D momnep mossipusarysuiaHFaH S-quara-
30HABI paxapiapeiH Oipiktipeni; Eypomama xambikapansik OPERA xobacel asceiHma mamamed 180 pamap typai
OaxpiTay OarmapiaManapbIHIA XYMBIC ICTEHTIH op TYPINi eHAIpYIIiNiep kermire KocburraH. OnapabiH Keitbipeymepi
JOTJIEPIIIK JKOHE moisipu3anmsuianrad. Keitaiima, JKanmonusima, ABcTpanmsanma pamapiap Ja WITTHIK JKeliepre
OipikTipinreH. AIIBIK Ke3lepAi Tajnay OapbichiHia 013 oJeMHIH OipHelle eJepiHaeri MeTeoOpOIOTUsIIbIK PAHOIIO-
KaIMSUIBIK JKEJIUICPAIH Herisri cHUraTTaMallapblH aHBIKTAABIK koHe Kasakcran PecnyOnmkachlHBIH ayMarblH KaMTy
YIIIiH KQXKETTI pajiap CaHbIH eCenTediK.

Tyiiin ce3mep: okaTopiap, OpHAIACY KeJIepi, Kayinci3aik, aTMochepaHbIH KaFaaibl Typalibl aKmapar.
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IEJJECOOBPA3ZHOCTD PAJITMOJIOKAIIMOHHOM CETHU B PECITYBJIMKE KA3AXCTAH
JIJISI AHAJIM3A U CBOPA IMOJIETHOM UH®OPMAIIUU

AnHoTauus. OTHAM U3 TMyTeH MOBBIIICHUS 0€30IIaCHOCTH MOJIETOB M KaYeCTBEHHOTO 00CTy)KMBAaHUS BO3AYIII-
HOTO IBIJKEHHS SBIISICTCS COBEPIICHCTBOBAHHE MaTepHAIBHO-TEXHHYECKOTO OCHAIICHUS HAONIOJATEeIhHON CeTH
CTpaHbI. 9TO MO3BOISIET YJIydliuTh aHalIn3 COCTOAHHUA CUCTEMBI «IIOACTHUJIAIOIAass MOBCPXHOCTH — aTMOC(i)epa»,
HeO6X0,ZLI/IMOFO, B 4HaCTHOCTH, IJIA BBIABJIICHUA OIIACHBIX U 00060 ONACHBIX SBJIEHUH MOroJbl U UX MPOrHO3UPOBAHUS.
OI[HI/IM u3 HaHpaBﬂeHlflﬁ COBEPIICHCTBOBAHUA CPCACTB KOHTPOJIA 3a aTMOC(i)epH])lMI/I npoueccaMu ABJIACTCA UCIIOJIb-
30BaHUE JMCTAHIIMOHHBIX METO/0B 30HIUPOBaHUS aTMOC(ephl, K KOTOPHIM OTHOCHUTCS METEOPOJIOTHYECKasl Pajno-
nokarust. CerofiHs METeOpOJIOTHYECKUE PaIHoJIOKallMOHHbBIE CETH CO3/IaHbl BO BceX pa3BUTHIX crpaHax: B CIIIA cetb
NEXRAD o6bemunsier 0koiio 150 ZOmIepoOBCKUX MOJIPH3ANMOHHBIX PAaTU0OIOKaTopoB S-auanazona WSR-88D, B
EBpone B pamkxax mexayHapoaHoro npoekta OPERA B ceth o0beauHstoTcs okoo 180 paamonokaTopoB pas3ind-
HBIX TPOW3BOIMTENEH, paOdOTAOIINX IO pa3HBIM IporpaMMaM HaOmoaeHud. YacTh W3 HUX SABISETCS IOIUIEPOB-
CKHMHU 1 ToJisipu3annoHHeIMU. B Kurae, AnoHun, ABCTpanny paarooKaTOpsl TakKe 00bEIMHEHBI B HAITMOHAJIBLHBIE
cet. B mpomecce aHann3a OTKPBITHIX HCTOYHUKOB MBI ONPEEIMIA OCHOBHBIE XapaKTEePUCTHKH CETel METeopOJIo-
IMYECKUX JIOKATOPOB B HECKOJIBKUX CTPaHaX MHpa M MPOU3BENIU PaciyeT HEOOXOJAUMOro KOJMYECTBA JIOKATOPOB ISt
MOKpBITHS TeppuTopun Pecrybnmku Kazaxcras.

KaioueBble ci10Ba: JJOKaTOPHI, JIOKALMOHHBIE CETH, 0€30I1aCHOCTh, HHPOPMAIIKS O COCTOSTHUH aTMOC(HEPHI.
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