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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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INFLUENCE OF SYSTEM ERRORS
IN METEOROLOGICAL SUPPORT ON FLIGHTS SAFETY

Abstract. There are many different systems of interaction in practical aviation activities. In particular, in a
system consisting of an operator and a machine there are quite often failures due to errors of designers, operators,
manufacturers, maintenance, etc. Errors are usually unintentional: a person performs erroneous actions, considering
them as correct or most suitable due to insufficient information, neglect of rules and standards and even due to lack
of such.

The specialists of the American corporation Boeing calculated the share of aviation accidents related to
incorrect decision-making. It turned out that of all aviation accidents, such incidents account for 75%.

Back in 1990, Professor Reason developed a model describing the causation of an air accident. One of the main
elements of this manufacturing system consists of decision-makers, another key element is decision-executors. For
top-level decisions and line management actions to be implemented into effective and productive activities carried
out directly by pilots and instructors, certain preconditions must be met.

The Rison model explains how people contribute to the disruption of complex, interacting and well-protected
systems (such as aviation), resulting in an aviation incident.

This model reveals to us causal relationships that do not directly lead to an accident, but shows that, although
there are lots of protection levels between risks and accidents, there are drawbacks in each layer of protection that, in
the case of systemic “flaring-out”, can trigger an accident [3].

The drawbacks of one level of protection do not allow realizing the risk, since there are other protections to
prevent a single point of failure, but with systemic accumulation of risks, catastrophic consequences are inevitable.
This effect is sometimes called the "aggregate action effect." In our work, we tried to investigate the system of
unprotected risks that led to disaster.

Key words: Incident, analysis, error, violation, aircraft flight, safety.

Introduction. In order to assess the impact of systemic errors on flight safety, we reviewed the
aviation incident and drew some conclusions based on the re-establishment of the situation and the
analysis of meteorological conditions during the period under review.

We have studied and analyzed the following materials:

- synoptic maps of weather for 12:00 on 08/09/17;

- ring and micro-ring weather maps for 12:00, 15:00, 18:00, 21:00 08/09/17, 00:00, 03:00 08/10/17;

- maps of absolute baric topography AT-850hPa, AT-700hPa, AT-500hPa for 09. 08 17 deadline
12:00 UTC International Coordinated Time (hereinafter referred to as UTC);

- map of relative baric topography OT-500/1000hPa for 12:00 09.08.17;

- pictures of overcast with the METEOSAT-S artificial satellite for 00:00, 02:00, 03:00;

- instructions “Aerodrome rules”;

- TIR flight sectors weather forecasts from 00:00 till 06:00 and from 03:00 till 09:00;

- the actual alternate aerodrome weather for the period from 2.30-11.30.

- information about the synoptic situation in the area
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- explanatory flight coordinator

- video of the incident

The actual weather data of the airfield were not analyzed, as no observations were recorded.

A DAVIS wireless weather station was installed at the airfield to carry out instrumental
meteorological measurements.

Meteorological observations at the airfield were not regularly carried out, the results of observations
were not recorded in the weather surveillance log in violation of the Aerodrome rules.

The wind speed and direction sensor of the automatic meteorological complex Davis is installed at a
height of 10 meters near the Control Tower (60 cm), above the roof ridge within 60 cm, 560 meters from
the end of runway 25 and at a distance of 345 meters from the nearest tree. In fact, the sensor measured
the distorted wind flow.

Weather observations were made by the trainee co-coordinator who did not have permission to
observe the weather.

The aerodrome is mountainous, the absolute altitude of the aerodrome is 890 meters above sea level.
Spurs of mountains are located in the South of the airfield in almost latitudinal direction from West to
East. The nearest mountain with a height of 1000 meters is located in the South, 2.8 kilometers from the
runway, the mountain with a height of 1940 meters is located in the Southwest 10 kilometers from the
runway.

It is known that mountain airfields are located in the zone of influence of local mountain-valley winds
(at night the wind comes from the mountains, and during the day into the mountains). However, on the
day under consideration, the influence of mountain-valley circulation was not significant due to the
presence of a low pressure field and a stationary front in the area of the airfield.

From the climatic characteristics of the airfield it follows that thunderstorm activity is observed from
April to September, the maximum frequency of occurrence of thunderstorms occurs in June-July.
Thunderstorms are mostly frontal in nature, in the summer near the airfield the south-west direction
prevails (45%), in the middle of the day and in the afternoon there is an orographic turbulence.

Analysis of the synoptic situation in the airfield area:

3.00:00 local time.

According to the ring map, the weather was determined by a small-scale baric field of reduced
pressure and the stationary tropical front influence with waves. There was observed low-cloudy weather,
mild wind 2-3 m/s West and South-East direction, visibility more than 10 km. At the point of observation
nearest to the airfield there was a clear sky, wind of the Eastern direction 2 m/s, visibility more than
10 km.

On the surface map for the same period, along the front, the 5-7 octants of cumulonimbus clouds with
a lower boundary of 600-1000 m above ground level were noted by separate meteorological stations,
visibility more than 10 km, West and South-West winds at a speed of 2-3 m/s. The direction and speed of
the leading stream on the barometric topography map of AT500 hPa were 250-270 degrees 15-20 km / h.

05:00 local time.

Weather forecasts for flight areas with a period of 06:00 to 12:00 local time were prepared by the
nearest meteorological body. These forecasts were familiarized with all instructor pilots under painting
before the flight. The forecasts indicated the presence of a stationary front, turbulence in the 4000-m earth
layer and isolated cumulonimbus clouds.

05:44 local time.

There is information from the aircraft board - at a distance of 190 km from Almaty in the sector
275-290 © there are thunderstorm blips.

The AMC (aeronautical meteorological center) issued a warning on SIGMET Nel routes from 06:00
to 10:00 in the FIR zone, masked thunderstorms are predicted with an upper cloud cover up to FL380,
with NorthEast displacement at a speed of 20 km / h, intensity — no sig. These data were not received by
the crew.

06:00 local time.

According to the micro-ring map, the wind was southerly 2 m / s, visibility more than 10 km,
6 octants cumulonimbus clouds by 1000-1500 m. That is, in three hours from 03.00 to 06.00 the amount of
clouds increased to 6 octants and the ceiling decreased to 1000-1500m, which indicates the frontogenesis

— g2 ——
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and development of cumulonimbus clouds in the flight area. To the North of the flight area at a distance of
about 70 km, a secondary cyclone center (mesocyclone) was formed with a minimum pressure in the
center of 1001 hPa. The presence of a secondary mesocyclone center and cumulonimbus clouds fixed by
weather stations in the TIR regions could affect the wind mode in the area of the aerodrome.

By the weather stations closest to the airfield the cumulonimbus clouds availability was noted, with a
ceiling of 600-1000 m above ground level, visibility is more than 10 km, wind speed is 2-3 m / s, in places
with a gain of up to 6-7 m /s SouthWest and Western direction.

07:54 local time.

On AFTN communication, the flight coordinator received a new forecast for TIR flight areas
(sectors) from 09:00 to 015:00. In which there were intra-mass thunderstorms, rare cumulonimbus clouds
with a ceiling of 1500 m, and an upper cloud cover up to 9,000 m.

09.50°55 local time.

An accident has occurred. The weather conditions indicated by the flight coordinator at the time of
the accident from his words) were as follows: wind 260 degrees, speed 4-5 m / s, visibility 10 km, air
temperature + 30 °, pressure QNH 1005 hPa. The presence and form of clouds were not indicated.

Based on the analysis of meteorological information, it was found that the meteorological situation in
the flight areas of the TIR of Almaty in the period from 06.00 to 09.52 was complicated. During this
period, a private cyclone formed, a stationary front was observed, the amount of cumulonimbus cloudiness
increased, its lower boundary decreased, retardation layers were observed in the atmosphere, rain (maps)
and a chatter (data from the alternate aecrodrome) were observed in the area.

The most characteristic synoptic situations and conditions under which wind shear occurs include: the
development of convective clouds, the passage of atmospheric fronts, the formation of delayed inversion
and isothermal layers, all these factors took place during the period under review, except for that the relief
features played a role, namely, proximity mountain range.

All this provoked the development of cumulonimbus clouds in the stationary front zone, which led to
the appearance of wind shears, and a flurry arose at the surface of the earth.

Judging by the recording from the video in the aerodrome area, about 8 cumulonimbus cloud points
were observed in accordance with figure 1, 2. In the upper left corner of the recording, clouds with a dark
lower edge is recorded. When analyzing the weather using video materials, the height of the ceiling was
determined using the Google Earth Pro program and photo materials from the scene. It was established
that the height of the ceiling in the area of the aerodrome was supposedly about 600 m.

Thu 093:47:22

Figure 1 — Weather conditions in the area of the aerodrome during take-off
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Figure 2 — Cumulonimbus cloud cover at the aerodrome after the accident

The direction of the wind, in accordance with the spread of burning traces, at the crash area was 200-
230 ° in accordance with figure 3.

Figure 3 — Calculation of the direction of the wind from the traces of burning vegetation
at the place of aircraft crash landing

The wind speed at the airport during the incident was determined by recording surveillance cameras
using the Beaufort scale. At 9.46 local time, the wind force was 5.3 - 7.4 m / s, after a second it reached a
force of 12.5-19.2 m/s.

Recording a video camera at this time captures the swaying of trees near the ground, a little later the
swaying of aircraft in the parking lot and dust breakdowns, which confirms the presence of a flurry, which
is shown in figures 4, 5 and 6.

— 84 ——
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Figure 4 — Deterioration of visibility, increased wind and dust disruptions at the aerodrome

————

Figure 5 — Deterioration of visibility, increased wind and dust disruptions at the aerodrome

Figure 6 — Smoke propagation and vibration of aircraft parked due to the effects of wind after an accident at an aerodrome

A flurry was limited in space and lasted for 2-3 minutes, and was recorded on the camcorder for
about two minutes.
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Figure 7 — Weather conditions at the aerodrome after an accident

It was found that the PIC received a forecast for the sectors in printed form, signed by the coordinator
and intern of the aerodrome before the start of flights, and within 3 hours performed flights with cadets
without requesting the actual weather at the acrodrome from the TIR dispatcher.

In conditions of complex orography and in the presence of a stationary front, forced air lift increased
the vertical component and made an additional contribution to thermal convection and intensified the
cloud-forming process in the morning. The presence of a stationary front, cumulonimbus clouds and
retaining layers in the atmosphere, as well as the terrain, contributed to the formation of wind shears in a
layer of 50-100 m and a flurry near the ground surface, which affected the flight of the aircratft.

During the last flight, the aircraft should take a right turn after takeoff, but instead, the aircraft turned
left and the aircraft began to lose altitude with the air currents accompanying the development of
convective cloud cover.

The crew tried to correct the situation, but the descending air currents did not allow this and the
aircraft crashed. The direction of the air flow confirms the direction of the smoke from the explosion of
the aircraft, which is shown in photo 6.

In that way, several system errors led to the aviation accident:

- Lack of proper organization of flight support;

- No qualified weather observation;

- No consideration of the influence of orography on the development of convective clouds;

- Absence of weather analysis and forecasts by the aircraft commander and unjustified decision-
making for departure.

H. I[o.lmcemcol, E. Mai/’msmonal, 10. TonyeBZ, M. AcnibbexoBa’

! AzaMaTTBIK aBHaIus akanemusicel, Anmarsl, Kazakcran;
KoK jkoHe KOMMYHHKALMAIAP HHCTHTYTHI, Pura, Jlateus;

_METEOPOJIOTUSIBIK KAMTAMACBI3 ETYJIETT
JKYHEJIK KATEJIKTEPAIH YIIY KAYITICI3IITTHE OCEPI

AnHoranus. ToxipuOerik aBuaus KbI3METIH/IE TYPJIi ©3apa dpeKeT eTy xKykeci Oap. ATtam aiiTkaHaa, onepa-
TOp MCH MaIllMHAJAH TYPATBhIH XYHeae AW3aiHep, ONeparop, OHAIPYIIiHIH, TEXHUKAIBIK KbI3MET KOPCETY/IH KOHE
T.0. KaTemiKTepiHe OalIaHBICTHI COTCI3IK KUl Ke3neceni. Karemikrep, onerre, Oaiikaychi3ia OphIH allaJibl, MBICAIIBI,
ajlaM KaTe opeKeTTepAl OpBIHAAIIBI, aKMapaTThIH KETKUIIKCI3Iri, epexenep MEH CTaHIApTTapIblH eCKepiIMeyi,
TINTI OHBIH JKOKTHIFBIHA OalIaHBICTHI AYPHIC HEMECe €H KOJNAMIbl qen Oaranaiiibl. A3aMaTTHIK aBHAIUSIFA aBHALIUS
KBI3METKEPiHIH TONTHIK KbI3MeTi ToH. KeH MarbIHa a anFaHaa, TOI AETeHIMI3 — JKaJIbl KAKETTUTIKTep i KaHaFaTTaH-
IBIPY JKOHE OPTAaK MaKcaTTapra KeTy YIIiH agaMaapAbiH Oipiectiri [1]. ¥iry skoHe Iy SKAMaKIaphl, TACBIMAIIAY
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KBI3METIH HEMece 9ye KO3FaIBICHIHBIH AMCIIETUEPIICPiH ayBICTHIPY, COHNAN-aK TEXHUKAIBIK (OHIIPICTIK) KOMaHIa —
OysrapabIH OapiBIFBI KypaMbl MEH KaThIHACTApHl OCNTLJICHICH epekeNiep MEH KeliCiMIepMeH aHBIKTANATBIH THITIK
(dopManbIpl MIaFblH MyLIenik tontap. JKayanTsl miermiM KaObUIOaraH Ke3Je OHBIH KEeKe HeMece TOI KypaMblHIa
0oJIFaHbl, COHIA-aK KaHaal (haKToOpIapIslH 9CEPIHEH JKOHE OCHI IISIIIMHIH HETi31Hae KaObUIIaHFaHbI MAHbI3IbI.

Amepukanslk Boeing koprmopalusacsl MaMaHIApbIHBIH OWBIHINA, aBHALMSIBIK OKUFajgap IYpBIC MISIIiMAi
KaObUIJaMaraHAa OpBIH ajaibl Aen caHaiiipl. OChIHAAH aBHALMSIBIK OKUFauap OapiblK OKHUFaNapAbIH 75%-bIH
Kypaiapl ekeH. bymnan Oacka, omapabiH 58%-bI oye KeMecCi SKHIaKBIHBIH oye HEMece JKep OCTiHIET! jKarmaiabl
Jypbic Oaranamaysl THiC. Y UIyJiap/pl AalblHIay )KOHE JKYPTidy jKaraaiblHIa aK[apar aiMacy — YIIKbIIITap MEeH dye
KO3FaJIbIChIHA KBI3MET KOPCETY OpraHiapbIMEeH xalap auMacybl JKYPTi3eTiH jKOHE OJaplbl HAKThl MOHMOTIHJE
HeMece JKarnaiiia, YIryael Kayirnci3 THIMII JKOHEe YHEeMJII KYPri3y VIIiH TYCIHIIPETiH TUHAMHUKAJIBIK JKOHE KaWThIM-
CBI3 YJIepic, OyJI YIIKBIIIKA YITyFa KaHaai 1a Oip mmierniM KaOblay YIIiH Heri3 OeH yuIy sl )kocnapiiay MYMKIHIUTIH
Oepemi.

1990 xbutBl TIpodheccop PU30OH aBHALMSIIBIK OKWUFAHBIH CeOel-CaqapblH CHIMATTAWTHIH MOIENBII d3ipiemi.
[Ipodeccop Pu3oH aBHMANWMSsUTBIK calaHbl KypAelli OHIIPIiCTIK JKyWe peTiHAe KapacTeIpaasl. by sxylieHiH Herisri
AIIEMEHTTEpiHIH Oipi memiM KaOBUITaWTHIH TYIFalapIaH TYpaabl, 0acka HETI3Ti 3JEMEHT >KOFaphbl SIICIOHHBIH
IICIIIMI MEH KeJUTIK 0aclIbUIBIKTBIH iC-OPEKETTepi TiKelIel MIUJIOTTap MEH HYCKAYIIbUIap XKy3ere achlpaThblH THIMII
’KOHE OHIMJI KbI3METKE )Ky3ere achlpy YLIiH Oenriii Oip ajjbplH ana mapTrap OpbIHIATYbl THIC HISHIIMII OpbIHIAM-
TBIH aflamMJap.

PuzoHHBIH Mogzeni agamzaap Kypzeii, e3apa KapbIM-KaThlHAC KAaCAWTBIH JKOHE JKAKChl KOPFallFaH >KYWelepaiH
(aBuanMs CHSIKTBI) )KYMBIC icTey KaOileTiHiH Oy3bUTybIHA Kaslail bIKIad €TeTiHIH TYCIHAIpeIl, COHBbIH HOTIIKECIH/Ee
ABHAILMSUIBIK OKUFA OPBIH aJabl.

By Mozens anatka Tikenel okelIMEHTiH ce0enTiK KaThIHACTAP/IBI allaibl, OipaK Kayill IeH Ka3aTalbiM OKUFa-
Jlap apachlHAarbl KOPFaHbBIC JEHTell Ken OOoFaHbIMEH, KOPFay/AblH 9p KaOaThIHAa KEMIIUTIKTep Oap, ojap »KyHelik
«TEHECTIpy» JKaFJaibIHIa aBapus TyABIPYBI MyMKiH [3].

ArTairaH MOJeJIb Kayil-KaTepai Tajuay jKoHe 6ackapy Ke3iHe KOJIaHbUIaIbl )KHE YIIy bl )KOCTapiay, YibIM-
JACTHIPY JKOHE OTKi3y OaphIChIHIA, COHBIMEH KaTap aBHALMSUIIBIK KayilCi3miK, HHXEHEPIK KaMTaMachl3 €Ty JKOHE
T.0. eckepinyi kepek. Ke3 kenreH cajgajga KoJJaHbUIaThIH Oosica, Oipiell HOTHKE Oepeli: KOnTereH Kyhelik emec
Oy3YIIBUIBIKTap Kayil-KaTepAiH XKMHAKTaIybIMEH OKbIC OKHFajapra jKOHE TOTEHIUe jkarmaiinapra okeneni. Ceben
Kyitenepni Oip-OipiHe KbICTBIPbUIFaH OipHelle IIBeinap IpiMIIriMeH CajibICThIPAbl, MYH/IAa KAayiNTiH MIBIHIBIKKA
aifHary KayIi TypJii JIeHreiiep MeH KOpFaHbIC TYpJiepi apKbUIbl TOMEHeTIe ], onap Oip-0ipiHiH ycTiHe «KabarTa-
HaJbI», OIpaK erep «TecikTep» ColKec Kejce, oap OKbIC OKuFaiapra okenesi. KopranyibiH Oip JCHIeHiHIH KEMIIi-
JIKTEpl Kayin-Karep/i icke achlpyra MYMKIHJAIK Oepmeii, eiTKeHi 0ac TapTy/plH OlpbIHFail HYKTECiH OonsipMay
yiiH Gacka 1a KopraHbeIcTap Oap, Oipak Kayin-Karep Ky#eni Type ol Ke3iHJe amnaTThl callaaphl ce3ci3 Oosambl.
Byn ocep keiine «KUBIHTBIK acep» nen aranajpl. JKyMbIChIMBI3Aa 0i3 anaTka dKem COKTBIPFaH KOpFajMaraH Kayim-
KaTep JKYHeciH 3epTTeyre THIPBICTHIK.

Tyiiin ce3aep: amar, Tangay, Kare, OY3yIIBUIBIK, YITAKTHIH YIIYHI, KaYilCi3IiK.

H. I[omlcemcol, E. MaiiJmHOBa', 1O. TonyeBZ, M. AcnibGexoa’

'AKa,ueMI/m TpaXIAaHCKOW aBHaluy, AJIMaTHHCKast 00nacth, Kazaxcras;
*UHCTUTYT TpaHCIIOpTa U CBsi3H, Pura, JlaTBus

BJIMAHUE CUCTEMHBIX OIINBOK
B METEOPOJIOTHYECKOM OBECHHEYEHHWU BE3OITACHOCTH INOJIETOB

AnHOTanms1. B npakTuueckoi aBHAIMOHHOM JIESITEILHOCTH CYIIECTBYET HACKOJIBKO PA3IMYHBIX CUCTEM B3aHMO-
neiicTBus. B wacTHOCTH, B cUCTEME, COCTOSMICH U3 ONepaTopa M MAIIMHEL, IOBOJIBHO YaCTO OTMEYAIOTCS COOU M3-3a
OIIUOOK MPOCKTHPOBIINKOB, OIIEPATOPOB, U3TOTOBUTEINCH, TeX00C Ty )KUBaHUS U T.1I. OMIMOKY, KaK MPaBUIIO, HEPE/I-
HAMEPEHHBI: YeJIOBEK BBIMOJTHSIET OIMOOYHBIC IEHCTBHSA, PaClCHUBAsI MX KaK BEPHBIC MM HaHOOJEe IMOIXOISIIUC B
CHITy HEJIOCTATOYHOCTH HWH(pOPMAIIMH, MPSHEOPESIKESHUS NpaBHIAMUA W CTaHAApPTAMHU U JaXKe B CHIY OTCYTCTBHS
TaKoBbIX. J[JIsl TpaXKAaHCKOIM aBHALMK TPYMIOBas ACATECIBHOCTh aBUAIMOHHOTO MEepCcoHala O4YeHb xapakTrepHa. B
HIMPOKOM 3HAYCHUU CJIOBA TPYMIA — 3TO OOBEAWHEHHUE JIIO/ICH JUTs yIOBICTBOPSHUS OOLIMX MOTpeOHOCTEH U ISt
JocTikeHus obmux meneii [1]. JIeTHbI 1 KaOMHHBIN SKHUITaXH, CMEHA CITy>KOBI IIEPeBO30K WK aucnerdepoB YB/I, a
TaKKe TeXHU4YecKas (MPOU3BOJCTBEHHAs) Opuraga - BcE 3TO TUIHYHBIE (OPMalbHbIE Malble TPYIIbI, YWICHCTBO,
COCTaB M B3aMMOOTHOIICHHS B KOTOPBIX OMPEACISIOTCS YCTaHOBJICHHBIMU MPEANUCAHUSIMUA U JOTOBOPEHHOCTSIMH.
HpI/I IMPUHATUNU OTBCTCTBCHHOI'O PCIICHUA BAXHO, IMPOUCXOAUT JIMW OHO MHAUBUAYAJIBHO WUJIM B COCTAaBC I'PYIIILI, a
TaKXKe IMOJT BIMSIHUEM KaKuX (PaKTOPOB M HA OCHOBE Yero MPUHUMACTCSI JAHHOE PEIICHHE.

Crenpanictsl aMepHKaHCKON Kopriopauuu Boeing mpocunTany 00 aBHAMOHHBIX ITPOMCIIECTBHUMN, CBS3aH-
HBIX C HEMPABWIGHBIM NpUHATHEM perieHus. OKa3alloch, YTO U3 BCEX aBHAIIMOHHBIX MPOMCIICCTBUN TaKHE MPOWC-
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mecTBHs cocTaBisoT 75%. Kpome Toro, m3 Hux 58% NpOLEHTOB 3aHMMAaeT HEBEpPHAs OLCHKA BO3IYLIHOW WM
Ha3eMHOH 00CTaHOBKH SKUTIAKEM BO3IYITHOTO cyaHa. OOMeH HHPOpPMALHEH B yCIOBHUAX MMOATOTOBKH U TIPOBEICHIS
MOJIETOB — ATO AMHAMHUYHBIA U HEOOPATUMBIN MPOIIECC, MPH ITOMOIIA KOTOPOTO MIJIOTHI U OPTaHBI 0OCITYKHBaHUS
BO3/IyLIHOTO JIBW)KEHHSI MPOU3BOIAT OOMEH COOOLICHUSIMU U MHTEPIPETHPYIOT UX B KOHKPETHOM KOHTEKCTE WIIU
cUTyauusix st 6e3onacHoro 3¢ (GeKTUBHOrO U 3KOHOMHYHOTO MPOU3BOJICTBA TIOJIETOB, YTO B KOHIIE KOHIIOB JIaeT
MIIOTY OCHOBAHME JUIS NPUHATHSA TOTO WJIM HHOTO PEIICHIS Ha BBUIET H BO3MOXKHOCTH ITAHUPOBAHHSI BCETO TTOJIETA.

Eme B 1990 roxy mpocdeccopom Pusonom Obuia pa3paboTaHa MOJEIb, OMUCHIBAIOIIAS IPUYHHHYIO 00YCIOB-
JICHHOCTh aBHalMOHHOro npouciuectsus. [Ipodeccop PusoH paccmarprBaeT aBHAalIMOHHYIO OTPACIIb KaK CIOXKHYIO
IMPOU3BOACTBEHHYIO CUCTEMY. O[ll/IH M3 OCHOBHBIX DJIEMEHTOB 3TOH CHUCTEMBI COCTOUT M3 Jiih, MpUHUMAaroImUx
peweHus], APYTUM KITIOYEBBIM 3JIEMEHTOM SIBJISIOTCS JIMLIA, BHITOJHSIONINE PEIICHHUS, UISl TOTO YTOOBI PEICHHS BBIC-
IIEro 31IEIOHA U ISHCTBHS JMHEHHOTO PyKOBOJCTBA OBIIIM NPETBOPEHHI B 3((HEKTUBHYIO U ITPOILYKTUBHYIO JEATEIb-
HOCTb, OCYIIECTBIISIEMYIO HEIOCPEICTBEHHO IMJIOTAaMH M WHCTPYKTOPAMHM, JIOJDKHBI BBITIOJIHSTHCS ONpPEeSICHHBIE
MpeIBapUTEINHHBIC YCIOBUS.

Monens Pu3oHa mosicHAeT, KaKUM 00pa3oM JIFOIU CIIOCOOCTBYIOT HAPYIICHUIO PabOTOCIIOCOOHOCTH CIIOKHBIX,
B3aMMOJICHCTBYIOMINX W XOPOIIO 3aNIWINCHHBIX CHCTEM (TaKMX KaK aBHANWsA), B Pe3yJbTaTe 4YEro MPOUCXOIUT
ABUAIIMOHHOE TTPONCIIIECTBHE.

JanHas Mozenb pacKphIBAeT Mepea HaM{ NMPHYUHHO-CIICICTBEHHBIE CBS3M, HE BEAYIINE HETOCPEICTBEHHO K
MIPOUCIIECTBHIO, @ TTOKA3BIBAET, YTO, XOTS MEXIY PUCKAMH F HECYACTHBIMH CITydasiMH JIS)KUT MHOTO YPOBHEH 3aIlu-
ThI, B KQ&XXJIOM CJIOC 3aIIUThI €CTh T€ HCAOCTATKU, KOTOPHIC, B CJlIyda€ CUCTEMHOI'O «BbIpaBHHUBAHUA», MOT'YT CIIPOBO-
IMpoBaTh aBapuio[3].

OTa MOZENb MCHOIb3YeTCs IPH aHAJIM3e PUCKOB M YNPABJIEHUM PUCKaMHU W JIOJDKHA YYUTHIBATHCS IPU IUIAHH-
POBaHMH, OpraHU3alUK U IPOBEICHUH I0JIETOB, a TAK)KE B aBUAILIMOHHOW 0€3011aCHOCTH, HH)KEHEPHOM 00ecIieueHHN
n T.11. VMcnone3zyemast B 000K OoTpacid, OHa JaeT OIWH M TOT )K€ pe3ysIbTaT Ha BBIXOJE: MHOTHE HECHCTEMHBIE
HapyIIEeHWUs] BEXyT NPH HAKOIUICHWH PUCKOB K IMPOUCIIECTBHAM W, YTO KpalHEe omacHo, K karactpodam. Puzon
CpPaBHHBAET CUCTEMBI C HECKOJIBKUMH KYCOUKaMH IMIBEHIIAPCKOTO CHIPa, CIIOKEHHBIMHE PSIOM IPYT C IPYTOM, B KOTO-
PBIX PHCK TOTO, YTO YIp0O3a CTaHET PEANBHOCTHIO, CMATYACTCS PA3IMIHBIME YPOBHSIMH M THIIAMH 3aIUTHI, KOTOPHIE
«HACJIOCHB APYT Ha ApYyTa, HO MPH COBHAJECHHUH <«JIBIPOK» BEAYT K NMPOUCIIECTBHSIM. HemocTaTKu OQHOTO YPOBHS
3aIIUTHI HE TIO3BOJISIIOT PEAJIM30BaTh PUCK, TOCKOJIBKY CYIIECTBYIOT U APYTHE 3ALIUTHI U IPEIOTBPAIICHUS eTHHON
TOYKH OTKa3a, HO MMPH CHCTEMHOM HAaKOIJICHHH PHCKOB KaTaCTPO(PHUCCKHE MOCIEACTBUSA HEM30EKHBI. ITOT 3D deKT
MHOTJa Ha3bIBaIOT «3(dexT cCoBOKymHOro AewcTBus». B Hameldl paboTe MBI MOIMBITAIKCH UCCIENOBATh CHUCTEMY
HE3aIIUIICHHBIX PUCKOB, IIPUBEIIIYI0 K KatacTpode.

KioueBslie ciioBa: npoucuiecTBre, aHaN3, OLIMOKa, HAPYIIECHHE, [TOJIET BO3AYIIHOTO CyHa , 0€301aCHOCTb.
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