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BEYOND SPEED THRESHOLDS: ENERGY MANAGEMENT DEGRADATION
LEADING TO FAST ON APPROACH

Abstract. Unstable approaches remain one of the most persistent safety risks in commercial
aviation and are strongly associated with long landing and runway excursion events. While
conventional safety monitoring practices primarily rely on threshold-based exceedance detection
within stabilized approach criteria, considerably less attention has been given to the underlying
energy management processes that precede such outcomes. This study presents an empirical
analysis of Quick Access Recorder (QAR) data collected over a twelve-month operational period
from a mixed fleet of Boeing 737 NG and MAX aircraft. Flights were classified into nominal and
risk subsets, and systematic differences in key approach energy management parameters were
examined across multiple altitude bands during the approach phase using a variability-oriented
analytical framework. The results demonstrate that Fast on Approach should not be interpreted
as an isolated speed exceedance, but rather as a progressive degradation of approach energy
management developing well before stabilized approach criteria are formally violated. Fast on
Approach was consistently associated with sustained speed deviations, increased thrust
modulation, elevated pitch variability, and a higher likelihood of excess energy being carried into
the landing phase. An association between Fast on Approach and long landing outcomes was
observed, supporting the interpretation of excess approach speed as an intermediate undesired
aircraft state linking early energy management deviations to adverse runway outcomes. The study
proposes a risk-based, variability-oriented perspective on approach energy management that
complements traditional threshold-based monitoring logic. The findings have direct implications
for flight data monitoring systems, pilot training programs, and proactive safety management
practices aimed at early identification of approach energy management degradation.

Keywords: unstable approach, energy management, fast on approach, long landing, flight
data monitoring, threat and error management, runway excursion risk.

Introduction.

The approach and landing phases remain the most safety-critical segments of commercial
flight operations. Despite continuous advances in aircraft systems, procedural standardization, and
the widespread adoption of stabilized approach concepts, unstable approaches persist in normal
line operations and continue to represent a significant contributor to long landing and runway
excursion events [1].
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In operational practice and within flight data monitoring (FDM) systems, approach stability
is typically assessed through compliance with predefined threshold-based criteria evaluated at
stabilized approach criteria, most commonly at 1,000 ft above airport elevation. While this logic
enables clear and unambiguous event classification, it provides limited insight into the processes
that precede formal stabilization violations. As a consequence, analytical focus is often placed on
the detection of unstable approaches rather than on the earlier development of energy management
degradation during the approach [2].

One of the most frequently observed manifestations of an unstable approach is excess
approach speed during the final segment, commonly referred to as Fast on Approach. In most
existing studies and operational monitoring frameworks, Fast on Approach is treated as a discrete
threshold exceedance occurring within a defined altitude window. However, excess speed rarely
develops in isolation. It is typically accompanied by increased thrust modulation, elevated pitch
variability, vertical speed instability, and reduced coordination of longitudinal control, collectively
indicating a broader degradation of approach energy management.

Accident investigations and flight data—based studies consistently demonstrate a strong
association between excess approach speed and long landing outcomes. Elevated threshold
crossing speeds increase flare distance, displace touchdown points beyond the intended touchdown
zone, and reduce available safety margins for deceleration. Nevertheless, much of the existing
literature remains focused on isolated parameter exceedances or aggregated event statistics,
offering limited insight into the temporal evolution and interaction of energy management
parameters throughout the approach [3].

From a human factors perspective, the Threat and Error Management (TEM) framework
provides a structured basis for examining how operational threats, crew errors, and undesired
aircraft states interact during flight operations. Within this framework, unstable approaches are
understood not as isolated procedural failures, but as the outcome of accumulated threats and
insufficiently managed deviations. Despite its conceptual strength, TEM has predominantly been
applied qualitatively, and its quantitative integration with high-resolution QAR and FDM data-
particularly in the context of approach energy management-remains limited.

As a result, a methodological gap persists between threshold-based monitoring logic,
conceptual human factors models, and data-driven analyses capable of capturing the process-
oriented nature of approach energy management degradation. In particular, the role of Fast on
Approach as an intermediate undesired aircraft state linking early energy management deviations
to adverse landing outcomes has not been sufficiently quantified using large-scale operational data.

This study addresses this gap through an empirical analysis of Quick Access Recorder
(QAR) data collected during normal line operations of a mixed fleet of Boeing 737 NG and MAX
aircraft. In contrast to traditional threshold-based assessments, the analysis examines the evolution
of approach energy management across multiple altitude bands, enabling characterization of
instability development well before stabilized approach criteria are formally violated [4].

The objective of this study is to quantitatively analyze approach energy management
degradation and assess its role in the development of Fast on Approach and subsequent long
landing events. A variability-oriented, risk-based analytical perspective is proposed that
complements conventional threshold-based monitoring logic and is consistent with interpretation
within the Threat and Error Management framework.

The findings are intended to support practical applications in flight data monitoring systems,
pilot training programs, and proactive safety management practices, while also providing a
foundation for future research focused on the early identification of approach stability degradation
processes [4].

Materials and research methods.
The study was based on Quick Access Recorder (QAR) data collected during normal line
operations of a mixed fleet of Boeing 737 NG and MAX aircraft over a twelve-month period. The
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initial dataset comprised 20,105 commercial flights. Simulator sessions, test and ferry flights, as
well as records with incomplete or corrupted parameter sets, were excluded from the analysis.

Analysis Methodology

= 12 months of historical data
Total QAR Fllghts per Month

Figure 1 — Total QAR flights per month

= 20,105 Airlines flights analyzed

= Aircraft included:
- 1737-700
- 8737-800
- 3 737MAX8
- 4 737TMAX9

The analyzed flight segment was defined as the interval from 3,000 ft above airport elevation
(AFE) to runway touchdown. Only flights with continuous and valid recordings of the required
parameters throughout this segment were retained to ensure data consistency and comparability.

Flights were classified into nominal and risk subsets using criteria commonly applied in
flight data monitoring systems. Fast on Approach was defined as a sustained exceedance of the
selected approach speed by more than 10 kt for at least three seconds between 1,000 and 0 ft AFE.
The selected thresholds are consistent with standard operational monitoring practices [5], [6].

Long landing was defined as main landing gear touchdown occurring beyond the first 3,000
ft of the runway or beyond one third of the available landing distance, whichever occurred first.
Threshold-based criteria were used exclusively for subset classification; subsequent analyses
focused on the continuous behavior of energy management parameters rather than on discrete
exceedance events.

Approach energy management was evaluated using parameters directly associated with
longitudinal energy control: airspeed deviation from the selected approach speed, thrust
modulation, pitch angle, and vertical speed. Parameter behavior was examined across multiple
discrete altitude bands between 3,000 and 0 ft AFE, allowing the progressive development of
energy management degradation to be assessed prior to stabilized approach gate violations.
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Figure 2 — Vertical speed on approach

Lateral path deviations were reviewed during preliminary analyses but did not exhibit
systematic differences between nominal and risk subsets and were therefore excluded from the
primary analysis. Manual and automated approaches were not analyzed separately, as the focus of
the study was on the evolution of aircraft energy state rather than control authority allocation.
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To provide a quantitative summary of the observed variability patterns, an aggregated
descriptive indicator of approach energy management variability-the Approach Energy Variability
Score (AEVS)-was introduced. For each altitude band h, the indicator was defined as:

oRisk (X;(h))

AEVS (12)—— =1 5Nom (x,(h))

(1)

where / - a discrete altitude band above airport elevation (AFE), consistent with the altitude
segmentation used in the analysis;
X;(h) - an energy-management-related parameter evaluated within altitude band 4;
oRisk (X;(h)) u aNom (X i(h)) - the standard deviations of parameter X; for the risk and
nominal subsets, respectively;
N- the number of parameters included in the aggregation;

Four parameters were included (N = 4): vertical speed, airspeed deviation from the selected
approach speed, pitch angle, and thrust lever angle. These parameters were selected based on their
direct relevance to longitudinal energy management and their consistent variability differences
between nominal and risk flights across all analyzed altitude bands. The AEVS was used solely as
a descriptive aggregation of relative variability patterns and does not represent a normalized
metric, statistical estimator, or risk score.

Standard deviation was used solely as a descriptive measure of variability, consistent with
the graphical presentation of 1 standard deviation envelopes. All parameters were assigned equal
weights to avoid subjective prioritization. The AEVS was introduced as an aggregated descriptive
indicator and was not intended to function as a predictive or causal model.

To illustrate the practical application of the AEVS metric, consider an example for a single
altitude band (e.g., 1000-500 ft AFE).

For this altitude band, the standard deviations of the selected parameters were computed
separately for the nominal and risk subsets Airspeed deviation: oRisk = 6.0 kt; cNom =

4.2 kt.; Vertical speed: oRisk = 180 aNom = 125 f ;  Pitch angle: oRisk =
1.8, 0Risk = 1.3; Thrust lever angle: O'RlSk = 7.0%, oNom = 5.1%;

AEVS (hy=7 G5+ —2 + =2+ 22) = 1.405 2)

The resulting value AEVS=1.405 indicates that the variability of energy-management-
related parameters in the risk subset exceeds that of nominal approaches by approximately 40.5%.

This elevated variability reflects reduced stability of energy control and supports the
interpretation of this altitude segment as exhibiting degraded energy management.

To support a deeper interpretation of the observed approach energy management deviations,
a Root Cause Analysis (RCA) methodology integrated with the Threat and Error Management
(TEM) framework was applied. Within this approach, Fast on Approach was treated as an
intermediate undesired aircraft state resulting from the cumulative effect of operational threats and
compensatory crew actions [7]. The analysis was based on a comparative examination of key
energy management parameters - airspeed, thrust, pitch, and vertical speed - across consecutive
altitude bands, enabling the identification of a process-oriented degradation of energy management
preceding formal violations of stabilized approach criteria.

RCA was applied as a descriptive, system-level interpretative tool and was not intended to
establish individual crew culpability or strict causal relationships. The aggregated variability
indicator (AEVS) was used as a quantitative support for the RCA, enabling observed parameter-
level variability patterns to be interpreted in a structured and process-oriented manner across
altitude bands.
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Figure 3 — Root Cause Analysis

Results and their discussion.

Figure 5 illustrates thrust lever angle (TLA) behavior during the final approach segment
between 1,000 and 100 ft AFE for the nominal and risk subsets. The risk subset exhibits
substantially greater variability in thrust lever angle across the entire analyzed altitude range when
compared with nominal approaches. This variability is characterized by frequent and pronounced
deviations toward lower thrust settings.

In the risk subset, a large proportion of approaches operated at or near idle thrust between
approximately 2,000 and 750 ft AFE. These near-idle thrust conditions were observed consistently
across multiple altitude bands and were not confined to a narrow vertical segment. In contrast, the
nominal subset demonstrates a more stable thrust setting profile, with reduced variability and
tighter clustering of thrust lever angle values, particularly below approximately 1,400 ft AFE.

Airport-level drilldown analyses as shown in figure 4, confirms that the observed thrust
variability patterns in the risk subset are not attributable to a single airport, runway configuration,
or local operational procedure. Similar thrust modulation characteristics were observed across
different aerodromes, indicating that the identified behavior represents a generalized feature of
Fast on Approach flights rather than a location-specific effect.

Thrust Lever Angle on Approach: 2,000 - 100 feet AFE (UAII)

Risk " Nominal
A jot on - | All runways;
o |50 Flights each

(All runways; |
5= |19 Flights each

Figure 4 — Airport-level drilldown
Overall, the results indicate that Fast on Approach events are associated with increased thrust

modulation and reduced thrust stability during the final approach phase when compared with
nominal operations [8].
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Figure 5 — Thrust lever angle

Figure 6 presents pitch angle behavior as a function of altitude between 1,000 and 100 ft
AFE for nominal and risk approaches. The risk subset demonstrates consistently larger pitch angle
variability across the analyzed altitude range when compared with the nominal subset. This
elevated variability is observed throughout the final approach segment and does not converge
toward nominal levels at lower altitudes.

While the mean pitch angle remains relatively constant with decreasing altitude in both
subsets, the risk subset exhibits a systematically lower mean pitch angle. On average, the mean
pitch angle in the risk subset is approximately 0.8 degrees lower than in nominal approaches across
the analyzed altitude range.

The combination of increased pitch variability and reduced mean pitch angle indicates that
pitch control during Fast on Approach events is characterized by sustained corrective activity
rather than stable tracking of a consistent pitch attitude. These characteristics persist below the
company-specific stabilization height of 500 ft AFE, suggesting that pitch control differences
between nominal and risk approaches extend into the late stages of the approach.

Pitch Angle vs AFE on Approach
Risk vs. Nominal .

00- Airlines

VMC Stabilization Criteria 500 ft

1000 %00 800 700 600 00 300 200 100

Figure 6 — Pitch angle

Figure 7 summarizes cases in which approach speed selection in Fast on Approach flights
may have been influenced by incorrect application of wind additive. The analysis compares
recorded meteorological conditions, runway heading, reference speed (VREF), applied wind
additive, and the resulting target approach speed setting.

Within the risk subset, 99 flights exhibited approach speed settings inconsistent with the
wind additive calculated from the reported steady headwind and gust components. In these cases,
the selected target speed exceeded the theoretical approach speed derived from standard wind
correction logic. The resulting speed error ranged from +3 to +6 kt above the recommended target
speed.

In approximately 11% of Fast on Approach events, the MCP-selected speed was increased
beyond the recommended value based on the prevailing wind conditions. These increases were
observed despite relatively modest headwind or gust components, suggesting that the elevated
approach speed could not be fully explained by environmental wind effects alone.
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The observed discrepancies occurred across a range of runway headings and wind directions
and were not confined to a specific runway orientation or meteorological pattern. In several cases,
the applied wind additive exceeded the value derived from half the steady headwind component
plus the full gust increment, as described in standard flight crew training guidance.

Overall, the results indicate that a subset of Fast on Approach events is associated with
approach speed settings exceeding those justified by reported wind conditions, highlighting
potential inconsistencies in wind additive application during approach speed selection.

RWY VREF / Theoretical | Theoretical Component

(True) VSEL/ Approach Wind Headwind /

HDG additive Speed Additive Gust

(kts) (kts)

10005G13MPS 236 (+5) 143 /153 / 10 148 5 +5 175 0/0
22005MPS 150 (+9) 147 /156 /9 152 5 +4 938 5/0
07007MPS 303 (+8) 145 /155 / 10 150 5 +5 551 0/0
10012KT 096 (-0.4) 144 /155 / 11 150 6 +5 993 12/0
03004MPS 106 (+6) 141 /150 /9 147 6 +3 537 1/0
360V060
34014KT 043 (+4) 145 /156 / 11 150 5 +6 977 5/0

Figure 7 — Approach speed selection

Figure 8 presents the distribution of Fast on Approach events as a function of ambient
temperature deviation from the International Standard Atmosphere (ISA) at the destination airport.
The results are grouped into discrete ISA deviation bands, ranging from significantly colder-than-
ISA conditions to extreme positive temperature deviations.

The occurrence rate of Fast on Approach events remains relatively stable across negative
and near-ISA temperature deviations, with comparable proportions observed for ISA deviations
below —10°C, between —9°C and 0°C, and between +1°C and +10°C. In contrast, a marked
increase in Fast on Approach occurrence is observed at higher positive ISA deviations.

Flights operating with ISA deviations between +11°C and +25°C exhibit a noticeably higher
proportion of Fast on Approach events when compared with near-ISA conditions. The highest
occurrence rate is observed for ISA deviations exceeding +25°C, where the proportion of Fast on
Approach events is approximately twice that observed under standard or colder-than-standard
atmospheric conditions.

These results indicate that elevated ambient temperatures at the destination are associated
with a higher likelihood of Fast on Approach events. The distribution also reflects the operational
environment of the studied operator, which predominantly operates in colder temperature regimes
when compared with the broader benchmarking population, resulting in a smaller absolute number
of flights in extreme positive ISA deviation categories.

ISA Deviation at Destination

1. I1SA Deviation < -20 C 2.1%/33/1,590

2.18A Deviation 19 Cto-10 C || 1 7% / 75/ 4,329

3.15A Deviation 9Cto0C [N 2 3%/ 81/3.569

4.15A Deviation +1 Cto+10 C | 2 5%/ 117/ 4.659

5. 1SA Deviation +11 C to +25 C [ ¢ o / 276/ 5.678

6. ISA Deviation > +25 C 9.2% /22 /238
0% 5% 10%

Figure 8 — ISA deviation
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Figure 9 presents bank angle behavior and lateral track geometry for approaches to runway
10 at UAI I as an example, comparing nominal and risk subsets. The upper panels show bank angle
as a function of altitude between 1,000 and 100 ft AFE, while the lower panels provide a plan-
view representation of approach tracks for both subsets.

The risk subset exhibits a higher average bank angle throughout the analyzed approach
segment when compared with nominal operations. This difference persists across multiple altitude
bands and remains evident below 500 ft AFE. In addition to a higher mean bank angle, the risk
subset demonstrates increased variability, indicating more frequent and larger lateral control inputs
during the final approach phase.

Plan-view analysis of approach tracks reveals systematic differences in lateral path
geometry. Flights in the risk subset inbound to runway 10 show a greater proportion of shorter
final approach segments compared with nominal flights. These shorter finals are characterized by
later alignment with the runway centerline and increased lateral maneuvering prior to stabilization.

In contrast, nominal flights generally exhibit longer, more stabilized final approach paths,
with reduced lateral corrections and lower bank angle variability during the descent [9]. The
consistency between the bank angle profiles and the observed lateral track geometries suggests
that the increased bank angle activity in the risk subset is associated with differences in approach
routing and final approach geometry rather than isolated control anomalies [10].

UAII-10 Birdseye View (risk-60 flights) UAII-10 Birdseye View (nominal-60 flights)

42.56°N ; ol W W ! 42.56°N
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Latitude

42.38°N : SIS 42.38°N

42.20°N i L BE: 1L 4 IR AP St 42.20°N

i i i 1Nm 1Nm
68.96°E 69.22°E 69.48°E 69.74°E 68.96°E 69.22°E 69.48°E 69.74°E

Longitude Longitude

Figure 9 — ATC routing and lateral path characteristics

Figure 10 summarizes landing phase outcomes associated with Fast on Approach events.
The distribution of VREF deviation at touchdown shows a clear shift toward higher touchdown
speeds in the risk subset when compared with nominal flights. Fast on Approach flights exhibit a
broader distribution of touchdown speed deviations, with a larger proportion of landings occurring
at elevated speeds.

The probability of a high-speed touchdown is substantially increased following a Fast on
Approach event. Fast on Approach flights were approximately 4.7 times more likely to be followed
by a high touchdown speed compared with nominal approaches [11], [12].

Touchdown distance distributions also differ between the two subsets. The risk subset
exhibits a wider distribution of touchdown distances, with a higher proportion of landings
occurring in the long landing range. Approximately 10% of Fast on Approach flights were
followed by a long landing event.
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Figure 10 — Landing phase outcomes

The landing phase outcomes further support the interpretation of Fast on Approach as a
transitional energy state with measurable downstream consequences. Elevated approach speeds
were frequently carried into the flare and touchdown, resulting in a significantly increased
likelihood of high touchdown speed and long landing events.

These findings indicate that, once excess energy persists beyond the stabilized approach
gate, subsequent corrective actions may be insufficient to fully recover an optimal energy state
prior to touchdown. As a result, Fast on Approach represents not only an approach phase deviation,
but a condition that can propagate into the landing phase and increase runway safety risk.

Previous studies have shown that improper use or over-reliance on automation may lead to

degraded energy management and reduced pilot situational awareness during approach,
contributing to unstable approach development and adverse landing outcomes [13]. The impact of
automation on approach energy management represents an important factor in interpreting the
observed variability patterns. While automated flight control systems, including autopilot and
autothrottle, are designed to enhance stability and reduce pilot workload, their effectiveness
depends on appropriate mode selection and timely pilot intervention. The increased variability in
thrust, pitch, and speed observed in the risk subset suggests that suboptimal interaction between
the pilot and automation-such as delayed mode transitions, inappropriate speed management
modes, or late disengagement-may contribute to the accumulation of excess energy. In this context,
the proposed AEVS metric may serve as an indirect indicator of degraded pilot—automation
interaction, reflecting increased corrective inputs and reduced stability of energy control. These
findings highlight the importance of training focused on energy management awareness and proper
use of automation, as well as the potential integration of variability-based indicators with
automation mode data within flight data monitoring systems. Within the analyzed dataset, flights
conducted in autoland mode were observed to remain within typical operational parameter ranges.
No systematic increase in variability associated specifically with autoland operations was
identified.

The analysis of AEVS across altitude bands demonstrates a clear increasing trend as the
aircraft descends. While variability differences between nominal and risk subsets remain relatively
small at higher altitudes (3000-2000 ft AFE), a pronounced divergence emerges below
approximately 1500 ft AFE.
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This trend indicates that energy management degradation develops progressively during the
approach and becomes more pronounced closer to the runway. The continuous increase in AEVS
supports the interpretation of Fast on Approach not as an isolated exceedance event, but as the
result of accumulated variability in key control parameters.

Limitations and Future Research

Despite the robustness of the dataset and the consistency of the observed patterns, several
methodological and data-related limitations should be acknowledged. The proposed AEVS
formulation, based on the ratio of standard deviations between risk and nominal subsets, is
inherently sensitive to the variability structure of the nominal baseline. In particular, low values of
oNom may amplify the ratio and affect the stability of the indicator. Therefore, AEVS should be
interpreted as a relative comparative measure rather than an absolute metric of instability.

The definition of the nominal subset plays a critical role in the computation of AEVS. In this
study, nominal flights were identified using threshold-based criteria, which may introduce
selection bias and lead to an “idealized” baseline with reduced variability. As a result, differences
in nominal subset composition across datasets or operators may affect the comparability and
robustness of AEVS values.

In addition, the AEVS aggregates multiple parameters using equal weighting and does not
explicitly account for correlations or interactions between variables such as speed, thrust, and
pitch. The use of standard deviation as a variability measure also assumes stationarity within
altitude bands and does not capture temporal dependencies or non-linear dynamics of the approach
phase. Consequently, the metric may not fully represent the multidimensional and dynamic nature
of energy management.

Furthermore, the analysis is based on Quick Access Recorder (QAR) data, which are subject
to limitations in sampling frequency, signal resolution, and potential measurement noise. These
factors may influence the estimation of variability, particularly for rapidly changing parameters
such as thrust and vertical speed. Additionally, the study is limited to a single operator and a
specific aircraft family (Boeing 737 NG and MAX), which may affect the generalizability of the
findings [14].

Future research should focus on validating the proposed approach across different operators
and aircraft types, as well as improving the mathematical formulation of variability metrics. In
particular, alternative normalization methods, multivariate analysis techniques, and time-
dependent models should be explored. Further work is also required to integrate environmental
and operational factors and to assess the practical implementation of variability-based indicators
within flight data monitoring systems and pilot training programs [15].

An additional methodological consideration relates to the sensitivity of the results to the
selection of parameters included in the AEVS formulation. In the present study, four parameters-
airspeed deviation, thrust lever angle, pitch angle, and vertical speed-were selected based on their
direct relevance to longitudinal energy management and their consistent variability differences
between nominal and risk subsets. However, the choice of parameters may influence the resulting
AEVS values and the interpretation of variability patterns. In particular, different parameters may
exhibit varying sensitivity to operational conditions, measurement noise, or pilot—automation
interaction, which may lead to disproportionate contributions to the aggregated indicator.
Furthermore, the inclusion or exclusion of additional parameters, such as lateral path deviations or
configuration changes, could alter the observed variability structure. Therefore, the results should
be interpreted with consideration of the selected parameter set, and future research should explore
the sensitivity of the AEVS metric to alternative parameter combinations and weighting strategies.

Conclusion.
This study provides a quantitative, data-driven characterization of approach energy
management degradation associated with Fast on Approach events using high-resolution
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operational flight data. The results demonstrate that increased variability in key control
parameters-particularly thrust, pitch, and speed-emerges progressively across altitude and
becomes significantly more pronounced below approximately 1500 ft AFE.

Fast on Approach flights were shown to carry sustained excess energy into the final approach
segment, resulting in a substantially increased likelihood of high touchdown speed and long
landing outcomes. The analysis further identified contributing operational factors, including
inconsistencies in wind additive application, elevated ambient temperatures, and shortened final
approach geometries, which collectively influence energy dissipation capability prior to
touchdown.

Interpreted within the Threat and Error Management framework, these findings support the
characterization of Fast on Approach as an intermediate undesired aircraft state arising from
cumulative variability in energy management rather than a single parameter exceedance. The
proposed variability-based analytical approach provides a complementary perspective to
traditional threshold-based monitoring and enables earlier identification of instability
development. These results have direct implications for flight data monitoring, pilot training, and
proactive safety management aimed at preventing the propagation of excess energy into the
landing phase and reducing runway excursion risk.
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KBLUIIAMJIBIK INEKTEPIHEH THIC: FAST ON APPROACH OKEJIETIH
SHEPTUSTHBI BACKAPYIBIH JIETPATALIMSICHI

Anoamna. TypaxmaHObIpblIMa2aH KOHY2a Kipicyiep KOMMEPUUSIbIK a8uayusoazel e
mypakmul Kayin gaxmopaapeinsiy 6ipi 601vin Kana 6epedi dcoHne Y3blH KOHY MeH YULY-KOHY
JHCONARBIHAH WBIELIN Kemy OKU2ANapblMeH mulebl3 Oatinanvicmul. Kayincizoikmi 6axviiayoviy
dacmypai  macinoepi  He2i3iHeH  MYPAKmMaHoulpblieaH KOHY — 2eummepi  ueHbepinoezi
napamempnepoiy ulekmi MoHOepOeH acCyblH aHLIKMAY2ad CYUeH2eHIMeH, MYHOAll Hamudicenepee
OelliH KanblnmacamuvlH 3Hepeustbl backapy yoepicmepine aumapavikmai a3z koyin 6eninedi. byn
3epmmeyode Boeing 737 NG owcone MAX aye xemenepiniy apanac napxki 60tibiHula OH eKi aiiibik
nanoanany kezeyinoe owcunanzan Quick Access Recorder (QAR) oepexmepine Hezcizoencen
IMNUPUKATBIK MANOAY YCbIHbLIAOLL. YUUYIap HOMUHAL JHCoHe mayeKel MOnmapvlHa OONiHIn,
KOHy2a Kipicy ¢hazacvl bapulcbinoa OipHeue OUiKmik uHmepeaidapblHOd SHepeUusiibl 0acKapyobiy
Hezcizei napamempiepindeei Jicyleni  aublpMAWbLILIKMAP — 6apuabenvOilikke Hecizoencet
AHATUMUKATLIK  MACil  apKelivl  3epmmendi. Homuowenep Fast on Approach cazoaiivin
OKULAYNIAHRAH JHCHLIOAMOBIKMbIY ACYbl pemiHoe emec, MYpaKmanoblpuli2aH KOHY Kpumepuiliepi
pecmu mypoe Oy3vl1ean2a Oeliin andeKkauoa epme OAMUmsblH dSHepUsIHbL OACKaApyObly OIpmiHoen
dezpadayuscvl peminoe Kapacmulpy Kagicem ekeHiH kepcemeli. Fast on Approach scazoativl
HCLIIOAMOBIKMBIY, — Y3aK — CAKMANAmMblH  AYbIMKYIAPbIMEH, — mapmy  KYWIHIY — JHcoeapbl
MOOYVIAYUACLIMEH, MAH2ANC BaAPUADENbOINIcIHIY aApPMYbIMEH JCIHEe aApMblK IHEPSUSIHLIY KOHY
Gazacvina omy bIKMUMANObIELIHBIY HCOLAPLLIAYLIMEH MYPaKmvl mypoe OauiaHblcmol O010bI.
Fast on Approach nen y3vin KOHy oKU2anapsl apacblH0agvl AHbIKMAI2AaH OAIAHbIC KOHYEA Kipicy
Ke3iHOe2i apmulK HCbLIOAMObIKMbL IHEPIUsAHbl 6ACKapyoazvl epme ayblmKyiap MeH KOaucsl3
KOHY Hamuoicelepin OaulaHbICMblpambvlH  ApAIblK  HCASLIMCHI3 Ve Kemeci Kyui pemiHOe
mycindipyee MYMKIHOIK Oepedi. 3epmmey KoHyea Kipicy Ke3iHOe2l 2Hepausinbl Oackapyaa
mayekeyee JicoHe 8apuadenvoOilikKke HezizoenceH KO3Kapacmvl YCblHAObl, 01 0dCMYpii uwiekmi
MOHUMOpUHZ — JIO2UKACLIH — MOJBIKMbIPAdbl.  AnvlHean — Homuodicenrep  yuly — Oepekmepin
MOHUmMoOpuHemey cytenepi, YuKelumapovl 0dapiay 6ag0apramanapsl HcaHe KOHYea Kipicy
Ke3iHoe2i dHepeusanbl OacKapy 0e2padayuscblH epme aHbIKmMayea O0ablmmanean NpoaxKmuemi
Kayincizoix bacxapy maoicipubenepi yulin mikenel npaKmuKaivlk Maybl3ad ue.

Tyiiin co30ep: mypaxmanoblpulIMAaH KOHYea Kipy, IHepeusnvl backapy, fast on approach,
Y3bIH KOHY, YuLy 0epekmepin MOHUMOpUH2iney, Kayinmep meH Kameiikmepoi 6ackapy, yuty-KoHy
JHCONARBIHAH UIbIRLIN KEMY KAYNI.

3A HIPEAEJAMMUM CKOPOCTHBIX TIOPOI'OB: JTEI'PAJAIIUA YIIPABJIEHUSA
SHEPTUEN, MIPUBOJSIIASA K FAST ON APPROACH

Annomauun. Hecmabunuzuposanmsvie 3ax00bl Ha NOCAOKY OCMAIOMC 0OHUM U3 Hauboee
YCMOUUUBbIX (PaKmopos pucka 6 KOMMEPUECKOU a8uayuu U MecHO CEA3aHbL C COObIMUIMU
ONUHHOU NOCAOKU U 8bIKAMBIBAHUS 3a Npedebl 631EMHO-NOCAOOYHOU NOAOCHl. B mo epems kax
MpAOUYUOHHbIEe NPAKMUKU MOHUMOPUH2A Oe30NACHOCTU 8 OCHOBHOM ORUPAIOMCSL HA BbISAGTICHUE
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npesvlueHUll NOPO20BbIX 3HAYEHUL 8 PAMKAX CMAOUNUZAYUOHHBIX 2eliMO08, 3HAYUMETbHO MEHblLe
BHUMAHUS yoensemcs 6a308blM Npoyeccam ynpasieHus IHepauell, npeouecmaeyiomum makum
ucxooam. B nacmosawem uccredosanuu npedcmagier IMNUPULeCcKUll aHaiu3 OaHHbIX ObICIMPo2o
docmyna k 6Oopmosvim camonucyam (Quick Access Recorder, QAR), cobpaunvix 3a
08eHAOYAMUMECAUHDLI NEePUOO IKCHIYAMAYUU CMEULAHHO20 NAPKA 8030VIHbBLX Y008 Boeing 737
NG u MAX. Ilonémul 6viau Knaccupuyuposanvl Ha HOMUHAIbHbIE U PUCKOBAHHbIE NOOBLIOODKU,
nocie 4e2o ObLIU UCCNE008AHbL CUCEMAmuyecKue pasiuyus 6 KIoYegblx Napamempax
VApasneHus dHepauell Ha dmane 3axo0d HA NOCAOKY 6 HEeCKOIbKUX 6bICOMHbLIX UHMEPBANax ¢
UCNONIL30BAHUEM 8apuabenbHOCMHO-0PUEHMUPOBAHHO20 AHATIUMUYECKO20 nooxooa.
Pe3ynsmamsi noxazviearom, umo cocmosanue Fast on Approach credyem paccmampueams He Kax
U30IUPOBAHHOE NPEBbIULEHUE CKOPOCTU, A KAK NPO2PECCUBHYIO 0e2padayuro ynpaesieHus sHepeueti
Ha  3axode,  pA3BUBAIOWYIOCS 3000720 00  (POpMaANbHO2O — HApYWEHUs — Kpumepues
cmabunuzuposantozo saxooa. Cocmosanue Fast on Approach ycmotiuueo accoyuuposanocsv c
OUMENbHLIMU  OMKIOHEHUAMU CKOPOCMU, NOBbIUEHHOU MOOYAAyuel mazu, YeeaudeHHOU
sapuabenbHoCmvlo maneaxca u bonee 8blCOKOU 8ePOAMHOCINBIO NEPEHOCA UDLIMOYHOU IHEePUU
6 ¢hazy nocaoxu. Buisienennas ces3b meacdy Fast on Approach u codvimusimu OnuHHOU NOCAOKU
noomeepocoaem UHmMepnpemayuto U30blmoYHOU CKOPOCMU HA 3aX00e KaK NPOMEeNCYMOYHO20
HeJNHCeNamenbHo20 COCMOANHUSL  B030VUWHO20 CYOHA, C6A3bI8AIOWe20 PAHHUE OMKIOHEHUs.
VHpaegnenus dHepeueli ¢ HeONa2oNpUAMHLIMU NOCAOOYHBIMU Ucxodamu. B pabome npeonazaemcs
PDUCK-OPUEHMUPOBAHHDIL, 8APUADETLHOCMHO-OPUESHMUPOBAHHDIN 83271510 HA YNPAGLeHUe SHepauell
Ha 3axo0e HA NOCAOKY, OONOIHAIOWUL MPAOUYUOHHYIO HOPO208YI0 JIOSUKY MOHUMOPUHEA.
Tlonyuennvle pesynomamuol umerom nNpsamoe npaKmuyeckoe sHadenue 07 CUcCmem MOHUMOPUHSa
HONEMHBIX OAHHLIX, NPOSPAMM NOO20MOBKU JIEMHO20 COCMABA U NPOAKMUBHBIX NPAKMUK
ynpaenenus 06e30nacHOCmbl0 NOJNEMOS, HANPABIEHHbIX HA paHHee 6blAsleHue o0ecpacayuu
VHpaesnenus sHepeuell Ha 3axooe.

Knrwoueevie cnosa: necmabunusuposanHulil 3ax00 Ha NOCAOKY, Yynpasienue snepauetl, fast
on a pproach, OIUHHASL NOCAOKA, MOHUMOPUHZ NOJNEMHLIX OAHHBIX, YNPABLEHUe Y2PO3aMu U
owubKamu, puck evlkamoléanus 3a npeoenvt BIII1.
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  AEVS (h)=  1  N   ∑  i = 1  N    𝜎 R i s k   (   X  i  ( h ) )  𝜎 N o m   (   X  i  ( h ) )


    X  i  ( h )  


  𝜎 R i s k   (   X  i  ( h ) )


  𝜎 N o m    (   X  i  ( h ) )  


    X  i  


  𝜎 R i s k = 6 . 0   k t ;   𝜎 N o m = 4 . 2   k t . ;  


  𝜎 R i s k = 180   f t  m i n ,   𝜎 N o m = 125   f t  m i n


  𝜎 R i s k = 1 . 8 ,   𝜎 R i s k = 1 . 3


  𝜎 R i s k = 7 . 0 % ,   𝜎 N o m = 5 . 1 % ;


  AEVS (h)=  1 4 (   6 . 0  4 . 2 +  180 125 ​ +   1 . 8  1 . 3 +   7 . 0  5 . 1 )


  𝜎 N o m

