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REPEATABILITY OF AIRCRAFT VIBRATION
AT THE INTERNATIONAL AIRPORT OF ALMATY

il

The movement of air particles is a very mobile medium, which is usually chaotic or turbulent in
nature. Turbulence (translated from latin “turbo” means vortex) is a state of the atmosphere in which a
vortex and wind can form horizontal and vertical cracks. The influence of atmospheric turbulence on
the flight of the aircraft is manifested in sudden and unexpected changes in the horizontal flight con-
figuration. A sharp and sudden change in flight mode due to the effect of turbulence is usually called a
“vibration” or bump. Vibration depends on the physical state of the atmosphere, time of year, time of
day, altitude of the terrain, its orographic features and meteorological conditions. In the article, work
was carried out to identify the features of vibration propagation and its relationship with meteorological
parameters at the airport of Almaty in the period from 2015 to 2019. As a result, it was showed that the
maximum frequency of vibration at the considered standard levels of 960-110 hPa corresponds to the
cold period of the year and occurs at the height of takeoff and landing. As for the connection between
air temperature and vibration, it has found that vibration is most common in the temperature range from
-4 ° Cto 0 ° C. It was also revealed that the frequency of vibration most often coincides in cloudless
conditions, i.e. the total number of cases is 439 (00 hours) and 609 (12 hours), respectively, the frequen-
cy is 61 and 84%. During the study of the relationship between vibration and clouds, it was recorded
that vibration exists only with 3 different clouds, i.e. Ci, Ac and Sc. The results of the study can be widely
used in the fields of civil aviation, military aviation.

Key words: atmospheric turbulence, vibration, vibration repeatability, aerological diagram, altitude,
air temperature, cloud cover, vibration intensity.
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Xaabikapaablk, AAMaTbl dyexaibl 60MbIHLLA dye KemMe AIPIAiHIH, KaiTaAaHYLUbIAbIFbI

Aya — OG6AleKTEPAIH KO3FaAbICbl DAETTE PETCi3 Hemece TypOYAeHTTI cunaTtra 6oAaTbliH eTe
XKbIAXKbIMaAbl opTa. TypOYAeHTTIAIK (AaTblHWA «Typbo» CO3iHEH ayaapFaHAQ KyMbIHAAAY, MipiM
AereHAai Giaaipeal) — 6yA aTMoCdepaHbliH TYPAI BALLEMIHAE KYMbIH MEH XXEAAIH KOAAEHEH >KoHe TiK
KapbIKTapbl Manaa 6oAa aAaTblH >Kan-Kyri. ATMocepanblk, TYPOYAEHTTIAIKTIH YWaKTbIH YLIybiHA
aCcepi KOAAEHEH, YLIY PEXWUMIHIH KYPT >XoHe KeHeTTeH e3repicTepiHae kepiHeai. TypOyAeHTTIAIKTIH
acepi canpapblHaH YLy PEXMMIHIH KYPT XKeHe KeHeTTeH e3repyiH aAeTTe «AipiA» HeMece pema Aen
atanabl. Aipia atMocdepaHblH (hU3MKAABIK, XaFAalblHa, >KbIA YaKbITbIHA, TOYAIK YaKbITbIHA, XXEPriAiKTi
XKepAiH OMIKTIriHe, OHbIH OporpacmsAbIK, epekLleAiKTepiHe XoHe METEOPOAOTUSIAbIK, >KaFAanAapra
GarAaHbICTbl. Makanapaa 2015-2019 XKbIAAQP apaAbifbIHAAFbI AIPIAAIH AAMaTbl KaAacbl ayexkarbl
6oViblHLLIA TapaAy epekLIeAiKTePi MEH OHbIH METEOPOAOTMSIABIK, MapaMeTpAepMeH 6aiAaHbIChIH aHbIKTay
JKYMbICTapbl >XXyprisiaai. HaTuxxeciHae, kapacTbipblAFaH cTaHAapTTbl 960-110 rlla aeHreraepaeri
AIPIAAIH, KaiTaAaHYLLbIABIFbIHBIH MaKCMMYMbl >KbIAABIH, CYbIK, KE3EHiHE cail K&He eH Kerl YyLly-KOHY
OUIKTIriHAE Ke3AECETIHI KOpCeTiAAi. Aya TemrepaTypachl MEeH AIpiAAiH 6aiAaHbICbIHA KeAeTiH GOACaK,
Aipin kebiHece -4°C neH 0°C TemnepaTtypa apaAbifblHAQ OOAATBIHABIFbI aHbIKTaAAbl. CoHAal-ak,
AIPIAAIH KalTaHYLWbIAbIFbI K66iHeCe BGYATChI3 XaFAanMAapAa COMKEC KEAETIHI aHbIKTaAAbI, SFHU XKaAmbl
>KarFpar caHbl 439-ra (00 caraT) »oaHe 609 (12 carar) TeH, CoMKeCiHIe KalTaAaHYLWbIAbIFbI 61 >KeHe
84%-Abl Kypanabl. AipiA MeH GYATTbIAbIKTbIH GaiAaHbICLIH 3epTTey 6GapbiCbiHAQ AIpIA TEK 3 TYpAI
OYATTBIABIK, Ke3iHae, aFHM Ci, AC XaHe SC 60AaTbIHABIFbI TIPKEAAI. 3epTTey HOTMXKEeAEepiH a3aMaTTbik,
aBMaLMsl, 8CKePU aBMaLIMS CaAAAapbIHAA KeHiHEH KOAAaHYFa BoAaAbI.

Ty#in ce3aep: aTMocepanbik, TYPOYAEHTTIAIK, AIPiA, AIPIAAIH KQATaAQHYLLbIAbIFbI, A3POAOTUSIABIK,
Avarpamma, 61iKTiK, aya Temneparypachl, GYATTbIAbIK, AIPIAAIH, KQPKbIHABIAIFbI.
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Repeatability of aircraft vibration at the international airport of Almaty
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MoBTOpsieMOCTb 6OATAHKM BO3AYLLUHOIO CYAHa B MEXKAYHAPOAHOM a3pomnopty AAmarbl

ABVXKeHMEe YacTuL, BO3AyXa MPEACTABASIET COOOM OYeHb MOABUXKHYIO CpeAy, KOTopas 06bIYHO
HOCMT XaOTUYHbIA UAM TYPOYAEHTHbI Xapaktep. TypOyAeHTHOCTb (B NEpPeBOAE C AATMHCKOrO «Typ6o»
03HAYAET BUXPb) — 3TO COCTOSIHUE aTMOCEpPbI, NMPU KOTOPOM BMXPb M BeTep MOryT 06pa3oBbiBaTh
rOPU30HTAAbHbIE UM BEPTMKAAbHblE TpewmHbl. BAusiHMe atMocdepHon TypOYAEHTHOCTM Ha MOAeT
caMoAeTa MPOSIBASETCS B PE3KMX W BHe3arHbIX M3MEHEHWSIX TOPU3OHTAAbHOIO pexuma MoAeTa.
Pe3koe 1 BHE3aMHoOe M3MEHeHMe pexkrMma MoAeTa 13-3a adhdekta TypOYyAEHTHOCTH OObIUHO Ha3biBaAIOT
«BOATAHKOM» MAM pemMoit. BoATaHKa 3aBUCUT OT (PM3MUECKOro COCTOSIHUS aTMOCEpPDI, BPEMEHM T0AQ,
BPEMEHM CYTOK, BbICOTbl MECTHOCTM, ee Oporpapuueckux OCOOGEHHOCTEN M METEOPOAOTMUECKMUX
ycaoBuid. B ctatbe npoBeaeHa paboTa Mo BbIIBAEHUIO OCOOEHHOCTEN pacrpoCcTpaHeHust GOATaHKU 1 ee
CBSI31 C METEOPOAOTMYECKMMM NMapamMeTpamMu Mo a3pornopTy roposa AAmaTbl B nepmoa ¢ 2015 no 2019
roabl. B pesyabtate 6bIA0 NOKa3aHO, YTO MaKCMMYM MOBTOPSIEMOCTU GOATAHKM Ha PACCMATPUBAEMbIX
CTAHAAPTHbIX YPOBHSAX 960-110 rlla cOOTBETCTBYET XOAOAHOMY MEPUOAY FOAQ M BCTPeYaeTcs Ha
BbICOTE B3AETA M MOCAAKM. YUTO KacaeTcs CBSA3M Temneparypbl BO3AyXa U BOATAHKM, TO YCTAHOBAEHO,
4yTo GOATAHKA vallle BCEro HaxoAMTCS B MHTepBaAe Temnepatyp oT -4°C Ao 0°C. Tak>ke BbISIBAEHO,
UTO MOBTOPSIEMOCTb GOATAHKM yallle BCero coBnapaet B 6e306AaUHbIX YCAOBUSX, T. €. 0bLiee YucAo
cAyvaeB paBHO 439 (00 vacoB) n 609 (12 yacoB), COOTBETCTBEHHO MOBTOPSEMOCTb COCTaBASET 61 M
84%. B xoae mvccaepoBaHUS CBSI3M GOATAHKM M 06AQUHOCTM ObIAO 3ahMKCMPOBAHO, YTO GOATaHKA
CYLLECTBYET TOAbKO Mpu 3-X pasanuHbix o6aauHocTsx, T. e. Ci, Ac 1 Sc. Pe3yAbTaTtbl MCCAEAOBAHUS

MOryT ObITb LLUMPOKO MCIMOAb30BaHbl B C(bepax rpa)KAaHCKOl;I aBuMalnun, BOEHHOW aBMaLun.

KaloueBble caoBa:

aTMocdepHas TypOYyAEHTHOCTb,

6OATaHKa, NMOBTOPAEMOCTb 60/\TaHKVI,

AdPOAOIrnyecKkas AmarpamMma, BbiCOTa, TeMrneparypa BO3AyXa, O6AaLIHOCTb, MHTEHCUBHOCTb BOATAHKM.

Introduction

Atmospheric turbulence is a dangerous me-
teorological phenomenon that severely affects the
aviation communication. An aircraft entering a
zone of severe turbulence faces hefty consequenc-
es such as vibration and change in altitude, which
might even lead to critical accidents and crashes
(Babikov, M.A., 1951:199 p), (Nerushev A.Ph.,
2019: 206 p).

According to a study by the National Trans-
portation Safety Council (USA), from 1983 to
1997, turbulence caused 609 deaths and 823 inju-
ries (Uhlenbrock, 2007:664p), (Kauffman P., 2002:
99p), (Kravchenko V.I., 2021: 322 p). From 1980
to 2008, 234 turbulence-related accidents were re-
corded in the United States alone, and caused 298
serious injuries and 3 deaths (Storer, 2019:2081p),
(aerocorner.com/blog/planes-turbulence-crash).
Due to high frequency of atmospheric turbulence,
the aviation industry suffers financial losses up to
$750 million per year. Additionally, compensation
for passengers annually exceeds $10 million (John
R. Mecikalski et al., 2007:1589p), (Williams, 2014),
(Atmosphere..., 1991).

Accordingly, forecasters and researchers of
AMSC deal with complex and responsible tasks
analyzing and predicting atmospheric turbulence.
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Currently, the presence of turbulence in the at-
mosphere and the vibration of aircrafts on the ter-
ritory of Kazakhstan can be only analyzed by the
reports of pilots. The disadvantage of such data
collection is that turbulence is recorded only in the
air, which can be limited to temporary intervals (ac-
cording to the flight schedule) and spatial isolation
(routes, airfield areas).

The purpose of this article is to study and ana-
lyze the features of the distribution of atmospheric
turbulence and aircraft vibration at the airport of Al-
maty.

To conduct the analysis, it is necessary to per-
form the following task: calculate the repeatability
of aircraft vibration according to the following me-
teorological parameters (altitude, temperature and
cloud cover), taking into account the intensity of
vibration affecting the aircraft.

Materials and Methods

As the initial data, the vibration of aircraft
caused by atmospheric turbulence was taken. The
calculations were carried out for the period 2015-
2019 from 960 HPA to 110 hPa. By analyzing the
results of vibrations, it is possible to determine the
course of atmospheric turbulence.
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Using a five-year collection of data from the aer-
ological diagram of Almaty Airport for 2015-2019,
it is possible to analyze the number of vibration
cases and collect data about the height, temperature,
cloud cover, wind speed and direction at which vi-
brations were observed. Data collection has been re-
ceived by placing an order on the website flymeteo.
org (https://flymeteo.org/arhiv/arhiv.php#forma).

The aerological diagram is intended for visual
computational and graphical analysis and forecast
of aerometeorological flight conditions based on the
data of complex radiosonding of the atmosphere.

The meteorological service uses forms of aero-
logical diagrams with rectangular coordinate sys-
tems (aerological diagram Nel (ADP-1) and aero-
logical diagram Ne2 (ADP-2). The ATP-1 blank has
a pressure scale from 1050 to 100 kpa, and the ATP-
2 blank from 1050 to 10 gPa. In this work ADP-1
is used.

The analysis of the aerological diagram pro-
vides for the allocation of layers and levels in the
atmosphere characteristic of the distribution of
temperature, humidity and wind, the calculation of
convection parameters, the determination of cloud
layers of non-convective origin, icing zones, aircraft
turbulence and condensation traces, as well as the
calculation of a number of thermal and hygrometric
characteristics of the air used in various methods of
analysis and prediction of meteorological quantities
and weather phenomena(https://flymeteo.org/stat/
diagram.php).

For the period from 2015 to 2019, a 5-year se-
ries was built with the registration of data on the
aerological chart for each day. Taking into account
the intensity of the aircraft vibration, the altitude,
temperature, cloud cover, wind speed and direc-
tion were determined at the level at which it was
recorded.

The width of the series of variations of fixed me-
teorological parameters was made using the Stergy
formula.

— Tmax"*Fmin — *max”*min
1+3.32logn OF k (1)

where,
k =1+ 3.32logn when n=30

k =5 #logn when n>100

ow ~ “‘min

e

2)

where,
X5 — lower limit of the 1% class interval

After this, the class ranks were built. Using
these results, various graphs were constructed in
Microsoft Excel.

The analysis of this new method, which is used
for the first time, has not been compared with the
works of other authors for this reason.

Results and Discussion

Atmospheric movements are disordered. At the
same time, the zones associated with turbulence are
located not only on the layer of precipitation, but
also on the layers in a calm state. The thickness of
the layers does not exceed 300-600 m, and their
length is 60-80 km. However, sometimes turbulence
takes over even higher layers with a thickness of 2-3
km to 1000 km. The stronger the intensity of turbu-
lence, the less is the thickness and duration of the
turbulence layer in the atmosphere (Baranov A.A.,
1975), (Shakina N.P.,2016)

The duration of the turbulent zone lasts a few
hours only, and in some cases it might reach up to a
day. Turbulence is often observed in the lower lay-
ers of the atmosphere (up to an altitude of 2-3 km)
(Brovkin V.V., 2016), (helpiks.org/4-22100.html).
In higher layers, it is spotted less often, and usually
closer to the tropopause layers. In the stratosphere,
at altitudes up to 15-16 km, the repeatability of tur-
bulence is reduced back to its usual state. The turbu-
lence that causes aircraft shaking is associated with
the horizontal currents described above, specifically
with vertical movements of air (in particular, with
the friction layer, during the intense solar heat of
the Earth, the current flow at an altitude of 8-14 km,
tropopause, mountainous areas, ascending and de-
scending currents, etc.) (Cherednichenko A.V. and
Cherednichenko V.S., 2017a:124p), (meteoinfo.ru /
glossary/4806-atm-vert-structure).

Some aircraft are more sensitive to the effects
of turbulence than others. The light aircraft is prone
to shocks and has a significant impact even in weak
turbulence. Some reports of turbulence come from
operational military jet aircraft with a high degree of
stability (WMO Geneva: 2007. — 53 p), (Leshenko,
G.P., 2010:11p).

For example, supersonic aircraft — from a few
tens of meters to several hundred meters, and su-
personic aircraft — from several hundred to several
thousand meters.

87



Repeatability of aircraft vibration at the international airport of Almaty

A very large vortex pulls the plane towards its
current. At the same time, the aircraft does not vi-
brate, but, on the contrary, together with the flow,
causes a uniform change in flight altitude. The plane
is also not affected by very small turbulent vortices,
as they are different signs and mutually compen-
sating. In addition, the modern aircraft also has an
impressive volume, so it is not able to act on small
vortices by inertia (Bogatkin O. G., 2005:45p),
(Bogatkin O.G., 2009: 84 p), (Saphanova T.B.,
2014:119p). In general, modern aircraft are able to
respond to the range of such vortices within 20-800
m (Vorontsov P. A., 1966:296p.).

Almaty Air Station was chosen as the research
area of this work.

Almaty airfield operates in two categories with a
minimum (the meteorological minimum of the sec-
ond category is from 60 to 30 m with a decision-
making height of 800 to 400 m with a visibility dis-
tance on the runway), but the nature of local synop-
tic processes and orographic features of the airfield
create conditions for the flight and landing of all
types of aircraft to have very thick fog, and the land-
ing of all types of aircraft is completely excluded
(Pchelko I. G., 1962a:94p.).

The total number of vibration cases at Almaty
Airport between 2015 and 2019 amounts 1,446, of
which 718 cases were registered in 00 hours, and
728 cases in 12 hours, as shown in the table below
(Tables 1, 2).

Table 1 — Almaty Airport for 2015-2019 prevalence of recorded vibration cases in 00 hours between

Winter Spring Summer Autumn
Years Total
XII I I 11 v \% VI VII VI IX X XI
2015 24 18 15 15 20 7 5 3 8 8 14 12 149
2016 14 18 19 7 15 9 4 2 8 7 17 14 134
2017 27 16 14 9 16 9 6 9 7 12 16 15 156
2018 21 20 17 12 15 7 2 3 4 19 15 18 153
2019 22 16 16 9 13 4 4 4 3 8 10 17 87
Total 108 88 81 52 79 36 21 21 30 54 72 76 718

As shown in Table 1, according to the obtained
annual values, it is shown that there is an uneven
distribution of cases with recorded vibration at 00
hours. The maximum number of vibration cases
correspond to the winter season (277), and the

minimum number of cases correspond to the sum-
mer season (72). The maximum number of vibra-
tion cases were spotted in December 2017 (27), the
minimum cases were spotted in July 2016 (2) and
June 2018 (2).

Table 2 — Almaty Airport for 2015-2019 prevalence of recorded vibration cases in 12 hours between

Winter Spring Summer Autumn
Years Total
XI1I | I 1 v \Y VI VII VIII IX X X1
2015 16 17 12 17 15 11 6 0 3 15 17 19 148
2016 16 25 15 6 11 10 4 7 1 3 15 13 126
2017 20 25 18 15 16 11 9 7 9 7 11 19 167
2018 17 24 10 8 11 17 5 2 13 16 15 12 150
2019 18 13 12 14 14 8 3 9 12 10 10 14 137
Total 87 104 67 60 67 57 27 25 38 51 68 77 728
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As shown in Table 2, according to the obtai-
ned annual values, it is shown that the conditions
of the recorded vibrations that occurred at 12 hours
are uneven and have a slight distribution difference
from the vibration state at 00 hours. The maximum
number of vibration cases correspond to the winter
season(258), and the minimum number of cases cor-

16

respond to the summer season(90). The maximum
number vibration cases were seen in December 2016
and 2017 (25), the minimum in July 2015, were not
seen the whole year.

The aircraft vibration’s repeatability was calcu-
lated to clearly show the specificity of the vibration
propagation in the above-mentioned time period of
00 hours and 12 hours for 5 years (Figure 1).
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Figure 1 — Almaty Airport for 2015-2019 repeatability of recorded vibrations during the day and evening periods, %

As shown in Figure 1, the greatest frequency of
vibration corresponds to the coldest half of the year,
which makes up 66% of 00 hours and 63% of 12
hours in all cases. And in the warm period of the
year, the vibration resistance is relatively low, re-
spectively 34% and 37%.

The work of 1. G. Pchelka explains the reason
of the phenomenon mentioned above (Pchelko 1. G.,
1962b:97p), (Shakina N.P., 2013:27p), (Shusharina
L.M., 2019:12p). According to his study, it was
noted that in the cold period of the year, the repeat-
ability of vibrations in the upper troposphere were
much higher than in the warm period of the year.
Rain clouds are the main reason that cause precipi-
tation recorded during the cold season. Hence, the
vibrations within a radius of 35 km are necessar-
ily observed. While calculating the repeatability of

vibrations, it is mandatory to take into account the
length of the control area. The longer the area, the
bigger is the number of vibrations that could be re-
flected on other layers.

Furthermore, let’s look at the vertical structure
of atmospheric turbulence. The repeatability of vi-
brations is calculated in relation to cases of complet-
ed information about the controlled altitude level.
Below is a histogram showing the repeatability of
the vibration distribution by height in the lower and
upper floors.

The visual representation of the annual rate of
vibration repeatability at different altitudes in the
morning and evening for the period, from January
2015 to December 2019, is shown in a histogram
down below (Figure 2).
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Figure 2 — Almaty Airport for 2015-2019 repeatability of vibrations in the morning and evening periods between, %

Figure 2 shows the frequency of vibrations that occur
in the troposphere and the levels of altitudes. The analysis
of recorded data provides the following concepts:

1) the aircraft is exposed to the greatest vibration during
takeoff and landing in the lower four thousand layers of the
troposphere, especially in the layer up to 0.7-1.2 km, the re-
cord shows 476 (00 hours) and 491 vibration conditions (12
hours) (repeatability of 66.3% and 67.4%, respectively);

2) after 4.7 km, the repeatability of vibrations is
significantly reduced;

3) the relative minimum repeatability was spot-
ted on the 6.2-10.2 km floor.

At an altitude of 6.2 -10.2 km, as shown in Fig-
ure 8, the vibration repeatability is low, and the re-
peatability of vibrations vary from 0 to 0.8%.
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This zone is called the “turbulence zone with mini-
mal repeatability”” on the territory of Kazakhstan (Chered-
nichenko A.V. and Cherednichenko V.S., 2017b:128p).

In the study of atmospheric turbulence, not only
the vertical distribution, but also the atmospheric
temperature is of great importance. Because of an
uneven temperature distribution, thermal turbulence
occurs and increases the possibility of vibration. The
following is the repeatability of temperature vibra-
tions at the airport of Almaty for a period of 5 years.

The values of temperatures obtained during the
day (00 hours) and night (12 hours) for a period of
5 years with gradations of every 5 °C are recorded,
and it is shown how many vibration conditions were
observed between these values (Figure 3).

GO R B N SN
’\\n » A o X ,{'\

temperature, °C
00 hour ™12 hour

Figure 3 — 2015 — 2019 recorded vibration repeatability at temperatures between 00 hours, %
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As shown in Figure 3, the maximum vibration re-
peatability is between minus 4,0 and 2,8 °C both in
the morning and in the evening, and the minimum re-
peatability is between minus 74,8 and minus 18,1 °C.

By studying the relationship between tempera-
ture and vibration, we can conclude that the maxi-
mum and minimum frequency of vibration was ob-
served in the morning and evening periods between
2015 and 2019 in the following temperature range.

1 £
N 3420m o

In the morning, the maximum number of cases is
365 (50.8%) cases in the area of temperatures below
0°C, and in the evening, 394 cases (58.9%) were re-
corded at positive temperatures.

According to the data for 2015-2019, the vi-
bration intensity was divided into 3 groups: weak,
medium, and strong. And they are shown on the
aerological diagram, respectively, as follows (fig-
ure 4):

2320m == 350m

Figure 4 — Determination of vibration intensity on the aerological diagram: 1-weak; 2-medium; 3-strong

In general, low intensity cases are the most
dominant vibration conditions at the airport

of Almaty. As shown in the gitogram below

(fig.5)
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Figure 5 —2015-2019 in the period from June to early morning,
the frequency of vibrations of varying intensity is recorded, %

As shown in Figure 5, in the morning, the high-
est number of repetitions are vibrations with a weak
intensity, the number of vibration cases with a weak
intensity is 405, i.e. 56.4%. The 2nd most noticeable
intensity is the strongest intensity. According to the
S-year data, the number of cases of strong-intensity
vibrations is 219, which is 30.5% repeatability. And
the least common type of intensity is medium-inten-

sity vibration. In the period from 2015 to 2019, the
state of their stay is only 94, i.e. 13.1%.

According to the pilots, most often the vibration
is observed when flying inside the clouds, and then,
according to forecasters, it is most often observed in
cloudless regions. This difference can be explained
by the fact that forecasters record all cases as hav-
ing vibrations, while pilots record only cases when
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vibrations were felt. Moderate and strong vibrations
are often observed in cloudy weather months.

Let’s look at how the intensity of vibration in the
evening spreads by season (Figure 6).

# 63
o autumn 18 | ‘ 103
o — o | |
& summer 67
[
ot . * }57
g spring 30 11b
7] A 91
winter 3
I I I I I I 13%
0 20 40 60 80 100 120 140

number of cases of vibration

N strong

medium

weak

Figure 6 — 2015-2019 repeatability of vibrations of varying intensity, recorded in the evening during the season, %

As shown in Figure 6, in the evening, the most
frequent repetitions are vibrations with a weak in-
tensity, the number of vibration cases with a weak
intensity were 414, i.e. 56.8%. The following in-
tensity is the strongest intensity. According to the
S-year data, the number of cases of strong-intensity
vibrations were 223, which is 30.8% repeatability.
And the least common type of intensity is medium-
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intensity vibrations. In the period from 2015 to
2019, the state of their stay was only 91, i.e. 12.6%.

Beautiful fabric clouds (cumulus) and espe-
cially rain-cloud clouds (cumulanimbus) are turbu-
lent due to the ascending and descending currents
formed inside. For the period 2015-2019, the rela-
tionship of vibration with cloudiness is shown in
figure 7.
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Figure 7 — Data for the period 2015-2019 repeatability of vibrations during different

clouds in the morning(figure on the left) and evening(figure on the right), %

As shown in Figure 7, in the period from 2015
to 2019, vibrations were observed only in 3 differ-
ent clouds. These are the CI, Ac, and Sc clouds. The
maximum vibration is observed at both times in
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clear weather, the total number of cases is 439 (00
hours) and 609 (12 hours), with a frequency of 61
and 84%, respectively. And the minimum frequency
of vibration is observed in the morning at Ac, the
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number of cases is 22, the frequency is 3%, and in
the evening at Ci, the number of cases is 10, the fre-
quency is 1%.

Conclusion

After conducting a statistical analysis of the
5-year course of vibration, the following conclu-
sions were obtained:

1) in the period from 2015 to 2019, according to
the aerological chart, the number of vibration cases
during 1765 days was recorded at the airport of Al-
maty, which equals to 718 (00 hours) and 728 (12
hours). It can be seen that in the five-year course
of the vibration, two maximum and two minimum
cases were recorded. Accordingly, the maximum
number of repetitions was observed during the
winter season — December and January (13%), and
the minimum in the summer period— June and July
(2%). Therefore, when planning flights in December
and January, it is necessary to accurately predict the
vibration.

Additionally, the greatest relapse corresponds to
the cold half-year, which accounts for 66% of all
cases, and during the warm period of the year, it can

be seen that the repeatability of vibrations was rela-
tively low (36%).

2) considering the specifics of the meteoro-
logical parameters distribution (temperature, cloud
cover) that fluctuate with vibration, referring to sta-
tistical characteristics, the following results were
achieved:

2.1) it was found that the maximum frequency
of vibration repeatability in the period from 00 to 12
hours, respectively, in the period from 2015 to 2019
was often from minus 4,0 and 2,8 °C which equals
to 138 cases (20.8%) and 124 cases (18.5%). This
means that the vibration is most likely within this
temperature range, so pilots often need to increase
their precautions within this temperature range.

2.2) in terms of cloud cover, in the period from
2015 to 2019, vibrations were observed during
turbulence in the open sky, which gives a positive
result, since there are often no convective actions
during turbulence in the open sky. Also, based on
S-year statistics, vibrations of weak intensity pre-
dominate. However, even under the influence of
such turbulence, there are strong vibrations, and it
is very difficult to theoretically analyze their occur-
rence and predict it.
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