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ENERGY-CENTRIC CONTROL FOR AUTONOMOUS

MOBILE NODES TO ENHANCE FUNCTIONAL
STABILITY UNDER TURBULENT

This paper proposes a conceptual approach to the autonomous takeoff and landing control of
autonomous mobile nodes (AMN) based on the Total Energy Control System (TEC_dology.
The study aims to enhance the operational efficiency and survivability of unmanned aviation
by utilizing the aircraft’s energy state as a fundamental control invariant. The proposed
approach overcomes the limitations of traditional systems, specifically their high sensitivity to
stochastic disturbances and degraded stabilization accuracy under atmospheric turbulence.
The control algorithm is optimized based on two criteria: minimizing the deviation of the
AMIN total energy from the reference flight trajectory and minimizing the imbalance between
kinetic and potential energies to stabilize the rate of descent (or climb). Simulation results
demonstrate that the implementation of this method provides robust resilience to external dy-
namic disturbances, mitigates the human factor, and enables mission execution under adverse
weather conditions without rigid dependence on ground-based airfield infrastructure. Future
research will focus on scaling the approach to multi-agent systems, integrating adaptation
methods based on random projections, and field testing on fixed-wing platforms.
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Introduction

In recent years, unmanned aerial vehicles have evolved into a distinct class
of complex dynamic systems characterized by high functional density and
scalability in application. The integration of advanced sensory instruments,
including multispectral and inertial measurement subsystems, has enab-
led the continuous generation of large data arrays regarding flight para-
meters, onboard system status, and environmental characteristics.

A key factor in this qualitative transition has been the implementation
of high-performance onboard computing and communication complexes
capable of real-time processing, aggregation, and interpretation of sen-
sory information using filtering, state estimation, and adaptive forecasti-
ng methods. This has significantly reduced latency within the control loop
and enhanced the reliability of information support for decision-making.

Consequently, the necessary prerequisites have been established for a
substantial increase in flight efficiency through the development and im-
plementation of high-precision automatic control systems. A defining
feature of autonomous mobile nodes (AMNSs) is the ability to perform
autonomous maneuvering, following a defined route. This alleviates the
need for ground station operators to constantly monitor numeros mo-
tion parameters (flight in the case of UAVs, movement in the case of
ground systems, surface and underwater travel in the case of water-based
AMNss, etc.). Instead, they start with the initial, final and intermediate
points of the route along with several additional characteristics of the
AMN movement. The remaining parameters are computed by the on-
board control system and transmitted to the respective actuators.

Autonomous UAV flight encompasses stages such as automatic take-
off and landing, trajectory calculation, and subsequent path following,
integrated with high-level decision-making processes depending on
mission objectives. Every flight includes two stages characterized by both
intensive maneuvering and limited control resources required to reach
specific terminal states. Every nominal UAYV flight is inherently accompa-
nied by the essential stages of launch (take-off) and landing.

For modern aviation complexes, a degradation in control precision can
be observed during take-off and landing under atmospheric turbulence,
manifesting as increased deviations from set flight regimes and reduced
stability in regulation loops. Such systems demonstrate insufficient adap-
tability to high-frequency turbulent effects, leading to accumulated con-
trol errors, increased load on actuators, and a decline in overall flight
stabilization efficiency.

Literature Review

Currently, considerable attention is paid to the UAV take-off and landing
methods development and implementation. There are several main me-
thods of UAV take-off: hand launch; use of a catapult; vertical take-off;
“aircraft-style” take-off [3-6].
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Launching a UAV glider using human physical strength, without
specialized devices, is carried out when the UAV weighs less than 5 kg.
The main advantage of the method is simplicity, but at the same time the
main disadvantage is safety for both the glider itself and the operator at
the UAV launch.

Today, a significant number of UAVs are launched using catapults.
But this method has both advantages and disadvantages. For example, a
gunpowder catapult, for all its positive characteristics, such as simplicity,
reliability and power availability also has significant disadvantages, such
as lack of stealth, increased danger to service personnel. A gunpowder
catapult is practically irreplaceable during the launching of heavy UAVs
with a jet engine, but its use for launching mini UAVs is not advisable [6, 7].

Another take-off method is a vertical take-off. Among the existing
UAVs, a special group is made up of UAVs that have the ability to take-off
and land vertically. This ability of UAVs not only significantly simplifies
the problem of its basing, but also expands the capabilities of UAVs both
in terms of areas of application and tactics of its usage. When designing
automatic control systems for such UAVs, difficulties arise in ensuring
their stabilization around the center of mass. Additionally, there is a large
fuel consumption during the vertical take-off procedure, which shortens
the radius of application of the UAV [8].

Take-off according to the aircraft pattern can be carried out automa-
tically or under the operator control. Known methods of UAV landing
[9, 10] can be reduced to such basic schemes as: landing like an airplane
(on a runway); landing like a helicopter (on a site); landing with a para-
chute; landing in a capture device.

For aircraft-type UAVs, classic landing systems are used that are also
used for a manned aircraft landing, for example, such as the course-glide
system and centimeter-range landing systems.

The landing process is divided into five stages: descent, leveling, hold-
off, and rollout. During the descent, the UAV approaches the ground at a
safe speed. The flare stage is designed to offset the vertical rate of descent,
during which the UAV is transferred to horizontal flight mode. During the
holding phase, the flight speed at a constant altitude is further offset due
to an increase in the drag coefficient. The developed technology for auton-
omous take-off of aircraft-type UAVs conditionally divides the take-off
process into three phases, showing the sequence of the main stages of
UAV take-off from the beginning of the ground roll to the transition to the
route (Fig. 1).

In order to land at a designated or intended location, operators per-
form complex calculations to maneuver the UAV horizontally and verti-
cally during the landing procedure [10].

Methods for systems that provide autonomous take-off and landing
of various type UAVs are proposed at [11, 12]. Such systems are called
ATOL, which is an acronym for the words Autonomous Take-Off and
Landing. Take-off and landing without operator intervention will sig-
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Fig. 1. Stages of UAV take-off

nificantly simplify the simultaneous use of several vehicles. The autono-
mous take-off and landing function will in the future become a standard
function in an advanced ground control system for UAVs. This function
minimizes errors caused by the human factor during the take-off and
landing stages of UAVs and reduces the cost of operator training.

It should be noted that at the core of the conflict within non-auto-
nomous aviation complexes lies the degradation of control precision un-
der atmospheric turbulence, which leads to a decrease in the operational
efficiency of unmanned aviation. Classical approaches, oriented toward
rigid adherence to predefined trajectories, demonstrate insufficient adap-
tability to high-frequency stochastic environmental disturbances [13].
To resolve this issue, an approach based on the intellectualization of
take-off and landing processes is proposed, transitioning from trajecto-
ry-based to energy-centric control [14]. Unlike traditional systems that
focus on the geometric parameters of motion, such as the virtual glide
slope, the proposed concept utilizes the aircraft’s energy state as a fun-
damental control invariant. This approach provides inherent robustness
to the system by minimizing the imbalance between the kinetic and po-
tential components of total energy, rather than attempting direct com-
pensation for every individual disturbance [15]. The implementation of
energy-centric control achieves a comprehensive systemic effect, ensu-
ring the intelligent compensation of external disturbances by interpreting
them as fluctuations in the system’s energy budget. This reduces the hu-
man factor by delegating complex tasks to algorithms and enhances the
overall survivability of unmanned aerial vehicles by transforming adverse
meteorological conditions from a category of critical constraints into a ca-
tegory of controllable environmental parameters. Thus, autonomous ener-
gy-state management serves as a systemic mechanism for increasing the
autonomy and functional stability of unmanned aircraft systems in con-
ditions of uncertainty.
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Autonomous Control
of the Uav on the Take-Off Stage

At the take-off stage, it is critically important to ensure efficient accelera-
tion within the runway (RWY) limits, followed by a transition to a safe
climb gradient as determined by airworthiness standards and the pre-
sence of obstacles along the flight path. Simultaneously, during the final
landing phase, there arises a need for the precision dissipation of kinetic
energy to a level that ensures safe taxiing and the accident-free termina-
tion of the flight mission. Both stages are viewed as processes of dyna-
mic transformation of the aircraft’s energy state under conditions of li-
mited temporal and spatial resources.

To ensure the theoretical rigor of the proposed approach, the optimi-
zation criteria for synthesizing the control laws are formalized within the
UAV state space. The total energy of the aircraft’s motion is defined as
the sum of its kinetic and potential components:
=1/2mV* + mgh.

lot

The cost function of the adaptive algorithm is formulated as a problem of
minimizing a quadratic performance index over a finite time interval:

= (0AE2, () + BAE, (1) + (1)) dt,

where:

e ] is the cost function (generalized performance index) that the UAV
onboard computer attempts to minimize;

o [t_0O, t_f] is the time interval over which the integral computes the
cumulative “cost” of all errors and control expenditures;

* AE, (t) = E,(t) - E (t) represents the total energy error of the aircraft,
reflecting the deviation of the UAV’s actual total energy from the target
value defined by the virtual glide slope;

e AE,,(t) is the energy imbalance, which accounts for how the energy
is distributed between its kinetic and potential components;

e 1(t) is the control energy, represented as a control signal vector con-
sisting of changes in control surface positions (pitch) and engine thrust;

e 0, B, v, are the autopilot tuning coefficients (weighting factors).

The parameter AE, (f) represents the current deviation of the total en-
ergy from the reference profile of the virtual glide slope, whereas AE, (t)
determines the instantaneous imbalance between the airspeed (kinetic)
and altitude (potential) channels. The control vector $u(t)$ forms coordi-
nated commands for adjusting engine thrust and the pitch angle, while the
weighting coefficients o, 3, Y ensure the asymptotic stability of the closed-
loop system under high-frequency stochastic atmospheric disturbances.
The developed technology for autonomous take-off of aircraft-type UAVs
conditionally divides the take-off process into three phases, illustrating
the sequence of the main stages of UAV take-off from the beginning of the
ground roll to the transition to the route (Fig. 1).
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Phase I lasts from the beginning of the runway run-up to the set of
take-off speed V, = 30 m/s. During this stage, the UAV roll angle y and
pitch v are stabilized at zero by the control laws until the take-off from
the runway moment. The thrust value is set to the take-off value.

Phase II begins of the stage occurs when the UAV reaches the take-off
speed V, =30 m/s. The UAV takes off from the runway. In this case,
the pitch angle is set to 5°. The roll angle is controlled to stabilize the
UAV flight path (), which at this stage should be equal to the run-
way course (y,,). The end of the stage occurs when the take-off height
H, =50 m is reached. The thrust retains the take-off value.

Phase III begins after reaching the take-off altitude, the UAV is con-
trolled using algorithms that are provided for UAV flight control. Name-
ly, altitude and speed control can be performed using the UAV full ener-
gy control method, which produces pitch angle control signals v_ 4 and
engine thrust 6, trajectory control can be performed using nonlinear
adaptive roll angle control logic, which operates in the UAV flight mode
along waypoints and produces UAV roll angle control signals (y,,.)-

Autonomous Control of Unmanned
Aerial Vehicle on the Landing Stage

Any UAV landing system, regardless of the chosen implementation stra-
tegy, must ensure the resolution of two fundamental systemic tasks. First
is the task of precision guidance of the UAV to a specified spatial point,
while adhering to the boundary values of orientation angles, as well as
linear and angular velocities, which corresponds to the classical formu-
lation of the terminal control problem. Second is the task of the complete
dissipation of the aircraft’s residual kinetic energy, provided that its struc-
tural integrity and functionality are preserved.

The instrumental framework used for the informational support of
the landing stage for fixed-wing UAVs includes acoustic sensors (sonars)
and laser rangefinders for high-precision altitude determination, sate-
llite navigation system receivers, as well as video cameras for visual orien-
tation or the implementation of computer vision systems, which collec-
tively form the data field for automatic landing. The implementation of
the energy-centric approach allows for the integration of data from these
heterogeneous sensors into a unified energy-state model, ensuring control
stability even under conditions of temporary degradation of individual
information channels.

The developed UAV landing technology is designed to perform UAV
landing in autonomous mode when the UAV control system is given an
approach command at any time and at any flight trajectory interval. A sig-
nificant difference between the developed technology and those described
in [11-15] is that such technology uses algorithms implemented in widely
used autopilots to calculate the landing maneuver before the UAV leve-
ling stage. For example, altitude and speed control can be performed
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using the UAV full energy control method, which produces pitch angle
control signals v, 4 and engine thrust §,,. Trajectory motion control can
be performed using nonlinear adaptive roll angle control logic that
produces the UAV roll angle control signals yemd.

To enable autonomous landing, the UAV autopilot generates an array
of virtual glide slope parameters based on the runway (RWY) threshold
coordinates, heading, glide slope intercept altitude, and the rollout point.
These data are essential for ensuring the stable operation of the UAV
control algorithms, spatial synchronization, and the formation of the lan-
ding course according to the virtual glide slope geometry (Fig. 2). Addi-
tionally, the following key trajectory nodes are defined programmatically:
the landing decision point — the UAV’s location at the moment the ap-
proach command is received, which triggers the nonlinear adaptive roll
control logic to intercept the pre-landing flight level; and the touchdown
point—a point on the runway where the virtual glide slope passes at a
distance d from the threshold. The distance d is determined by the spe-
cified glide slope angle and flare altitude, and is calculated using the fol-
lowing formula:

d=hy/t3y,

where h, — leveling height (height above the runway end point at which
the UAV leveling (flare) phase begins); p — virtual glide slope angle;

e glidepath point is the point of UAV entry into the virtual glidepath,
which is located at the height ,, of the virtual glidepath.

The developed autonomous UAV landing technology works with
the following parameters: i, =3m, p =4, d =429 m.

The glide slope intercept point and the rollout point define a functio-
nal spatial segment essential for ensuring the UAV’s precision entry into
the virtual glide slope window at a target altitude &, aligned with the
runway (RWY) vector. The length of this interval is a dynamic parameter
adapted to the temporal constraints of the landing operation. It is deter-
mined by the UAV’s approach angle relative to the RWY axis and its
maneuvering capabilities; specifically, a sharper intercept angle requires a
longer distance to complete transition processes and achieve course sta-
bilization, though it must not fall below the technical minimum required
for the turn. The target flight altitude within this segment is fixed at the
glide slope entry level 1, allowing for the minimization of energy state
fluctuations before the commencement of the final descent.

To prevent runway excursions or off-runway landings, the nonlinear
adaptive roll control logic is integrated with a dynamic lateral offset com-
pensation mechanism (activated after passing the glide slope intercept
point). This mechanism provides precision heading adjustments to align
the aircraft parallel to the longitudinal axis of the RWY with minimal la-
teral deviation. As a result of the synergetic operation of both algorithms,
the UAV stabilizes on the final approach path after passing the glide slope
point, maintaining the trajectory under zero-roll and zero-sideslip con-
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Fig. 3. Horizontal structure of the UAV landing approach route

ditions to ensure a safe touchdown. Such intelligent stabilization is criti-
cal for neutralizing the impact of sudden lateral wind gusts, which the
system interprets as energetic perturbations of the motion vector.

A diagram of the UAV trajectory control is represented on Figure 3.
In this case, UAV 1 and UAV 2 flew along a given trajectory at waypoints.
At the moment of passing waypoint 1 for UAV 1 and waypoint 3 for
UAV 2, a command to land was received. The dashed lines show the
new automatically calculated approach trajectories in the UAV control
system, in which the next waypoint is chosen also as the turn point.

The nonlinear adaptive roll control logic initiates the aircraft’s transi-
tion onto a virtual trajectory connecting the decision point with the rollout
point. Upon reaching a distance of 150 m, an iterative waypoint swit-
ching procedure is activated: first, to intercept the segment between the
rollout point and the glide slope intercept point, and subsequently, to
guide the UAV to the final touchdown location (Fig. 4). Simultaneously,
in the vertical plane, the Total Energy Control System (TECS) performs
precision monitoring of altitude and airspeed, ensuring motion stabili-
zation along the target profile throughout all stages of the landing ope-
ration. Vertical descent parameters are determined by the platform type
and its dynamic potential, while the flight itself is executed at a constant
landing speed V=V,
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After passing the runway end point, the control algorithm sets the
pitch angle value to 0° and operates in the mode of holding this value, the
engine thrust is set to 0 (3,,, = 0). The specified flight speed of the UAV af-
ter passing the runway end point acquires the value: V_ = 0 (Fig. 4).

During the holding phase, due to increasing drag, the speed and
flight altitude decrease, the UAV touches the runway surface, performs
the run-up phase and makes a final stop within the runway.

Analysis of the Efficiency of Autonomous
Uav Total Energy Control During the Takeoff Phase

The implementation of autonomous control algorithms based on the prin-
ciples of controlling the UAV’s energy status allows moving from the
manual control stochastic nature to a deterministic process with a high
level of repeatability. A feature of the proposed approach is the distribu-
tion of control logic according to the phases of flight dynamics.

During the I and II stages, the main advantage is to minimize the risk
of accidents caused by untimely reaction to crosswinds during the run.
The key parameters are identified at Table 1:

e Runway heading error (Ay,,), defined as the angular difference be-
tween the direction of actual UAV movement (track angle) and the run-

Table 1. Take- off stages performance metrics

Take-off stace Name, measurement Manual Autonomous
& units of the parameter control control
I stage Runway flight path error (Ay,), ° +3.0...5.0 £0.5...1.0
II stage Pitch angle accuracy (Av), ° +2.0...3.0 £0.2...0.5
III stage Full energy error AE,, (m?/s?) +15...20 £2.0..4.0
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way axis, which characterizes the accuracy of trajectory maintenance
during the run-up, including the impact.

e Pitch angle error (Av) is defined as the absolute deviation of the
current pitch angle from the set value v, at the lift-off moment, which is
important to prevent a stall or tail strike.

On the stage IlII of take-off and during landing, the Total Energy Con-
trol System (TECS) method was applied [16], where the key metrics
were defined as:

e Total energy error (AE,,): defined as the deviation between the set
and actual values of the total mechanical energy of flight (E,, = E,, + E,;,),
which characterizes the efficiency of thrust and pitch control within
the TECS under the influence of external disturbances.

Traditional control systems can enter a mode where the altitude con-
tour requires an increase in pitch, and the speed contour requires a thrust
increase that leads to overshooting and irrational energy consumption.
Therefore, to increase the UAV durability, it is appropriate to use a
full-energy control system. Its difference is that the altitude and speed
control channels do not operate in isolation, TECS integrates them into a
single energy contour. It allows the algorithm to harmonize the operation
of the engine (AS,,) and elevator (Av,,,), considering the vehicle as a holis-
tic system that exchanges kinetic energy for potential and vice versa. This
approach eliminates the “conflict” of contours in a turbulent environment,
prevents overshooting and ensures a stable flight profile under difficult
meteorological conditions.

In general, the transition to energy-centric autonomous control pro-
vides a significant unmanned aircraft operational efficiency increase.
Quantitative analysis of the indicators confirms that the accuracy of trajec-
tory maintenance and the softness of the landing touchdown increase
compared to manual control mode. It not only reduces the working load
of the operator, but also directly affects the technical resource of the glider.

The implementation of autonomous energy state control algorithms
allows to transfer the takeoff and landing process from the category of
subjectively controlled operations to the dimension of high-precision tech-
nological processes. The considered approach to automation provides ri-
gid stabilization of spatial position and course that reduces risks associat-
ed with untimely operator reaction. This guarantees high repeatability of
takeoff and minimizes the probability of emergency situations, such as
premature stalling or runway overrun.

Discussion of the Results

The integration of autonomous take-off and landing algorithms demon-
strates a qualitative transition from stochastic manual control to a deter-
ministic technological process. The analysis shows that during I and II
stages the algorithm provides rigid stabilization of roll and pitch that min-
imizes the risks associated with the human factor.
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The transition to stage III and the subsequent landing phase high-
light the main advantage of the full energy control system, where, unlike
traditional PID-based architectures, TECS harmonizes the pitch (Av) and
thrust (A6,,) control signals. By considering the UAV as a single energy
system that balances kinetic and potential energy, the algorithm elimi-
nates control conflicts in a disturbed environment.

The results of the conducted analysis indicate a significant reduction
in total energy error (AE,,) and the stabilization of the vertical descent rate
during landing, demonstrating the high predictability of the developed
algorithms. These improvements directly translate into increased opera-
tional efficiency and overall UAV survivability under conditions of high
environmental uncertainty. By neutralizing the human factor and effec-
tively compensating for stochastic external disturbances, the proposed
technology enables the reliable execution of missions in complex meteo-
rological conditions that are typically critical for manual control or tra-
ditional automatic systems. A detailed experimental verification of the
landing phase and the validation of the proposed mathematical models
are the subjects of a separate extended study currently in preparation
for publication.

To objectively evaluate the scientific novelty of the proposed techno-
logy, an analytical comparison was conducted between the developed
energy-centric method — based on the Total Energy Control System
(TECS) — and conventional Model Reference Adaptive Control (MRAC),
as well as modern intelligent algorithms based on Reinforcement Learn-
ing (RL). Unlike Al-based methods, which exhibit high sensitivity to the
completeness of the training dataset and present a “black box” problem
due to the low physical interpretability of their models, the energy-cen-
tric approach is rooted in fundamental physical invariants of motion. This
enables the achievement of a high level of robustness to critical wind
gusts without requiring significant computational resources from the
onboard computer. Compared to MRAC algorithms, which are prone to
error accumulation and high-frequency oscillations during intensive
maneuvering in a turbulent environment, the proposed logic ensures na-
tural disturbance rejection through its direct interpretation as fluctuations
in the system’s energy budget (Table 2).

Despite the demonstrated efficiency, the operation of the proposed
energy-centric control loop is constrained by several critical boundary
conditions of both aerodynamic and hardware nature. First, the system’s
capacity for energy fluctuation compensation is directly limited by the
actuator saturation effect and the dynamic range of the propulsion
system. The algorithm operates under the assumption that the aerody-
namic control surfaces and the engine possess sufficient power margins;
therefore, in cases where wind-induced stochastic disturbances exceed
the maximum available thrust of the propulsion system (T, ), a degra-
dation in flight stabilization quality inevitably occurs. Second, the sta-
bility of the non-linear adaptive roll control logic critically depends on the
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Table 2. Comparison of Adaptive Control Methods

Computational . Physical
ol | Conermbond Dp/Trang | Robutnes | iy
pp Computer P y of Models
Conventional Moderate Low (Requires |Moderate (Prone |[High
MRAC plant model) to high-frequency
oscillations)
Al/ Extremely Critically High |High (Strictly Low (“Black
Reinforcement  |High (Massive datasets [within the trained |box” problem)
Learning (RL) required) domain)
Proposed Energy- Low None (Physics- |High (Inherent  |Excellent
Centric (TECS) invariant) robustness) (Direct energy-
state control)

update frequency of the sensory subsystems, as continuous state estima-
tion requires a minimum sampling rate of the information fusion matrix at
50 Hz to prevent phase lag under turbulent atmospheric conditions. Final-
ly, a significant limitation is the aerodynamic configuration of the aircraft,
since the current mathematical model is tailored exclusively for fixed-
wing UAVs and their inherent monotonic profiles of kinetic and potential
energy interchange, which precludes its direct transfer to multirotor plat-
forms without a complete restructuring of the power distribution matrices.

Conclusions

The paper proposes a conceptually new approach to the autonomous ta-
ke-off and landing of unmanned aerial vehicles (UAVs) based on the
energy-centric control paradigm. By applying the energy-based flight
control method, the developed technology eliminates the drawbacks of
traditional systems, such as low precision in turbulent atmospheric con-
ditions and stability degradation under high-frequency stochastic distur-
bances. The control criteria in this approach are the minimization of total
energy deviation from the reference value set by a virtual glide slope,
and the minimization of the imbalance between the kinetic and potential
components of total energy, effectively utilizing the aircraft’s energy state
as a fundamental physical invariant. This approach provides inherent ro-
bustness to the autonomous system through the intelligent interpretation
of external disturbances as fluctuations in the energy budget. Further-
more, the findings demonstrate a reduction in human-factor errors during
take-off and landing by delegating cognitively demanding stabilization
tasks to automated algorithms, which lowers operator requirements and
training costs. The developed technology does not require complex land-
ing maneuvers and significantly enhances operational autonomy across a
wide range of initial conditions by eliminating the mandatory reliance on
ground-based airfield infrastructure. This substantially expands the per-
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missible conditions for routine and emergency landings, transforming
complex meteorological factors from critical constraints into controllable
environmental parameters. Consequently, it increases the flexibility, effi-
ciency, responsiveness, as well as the overall survivability and functional
stability of the UAV in uncertain environments. Future work will focus on
scaling the technology for multi-agent systems (UAV swarms) of the fixed-
wing type, ensuring compatibility with a broader range of existing autopi-
lots, and implementing rapid adaptation methods based on random pro-
jections to create a unified intelligent control loop.
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EHEPTOLIEHTPMYHE KEPYBAHHS ABTOHOMHVIMIN
MOBUTbHUMM BY3JTAMM JI51 TIIABUIIEHHST ®YHKIIIHOTL
CTABUIBHOCTI B YMOBAX TYPBYJIEHTHOCTI

Beryn. 3a ocraHHI poKy 0e3IiIOTHI JIiTaIbHI artapaTyl IIepeTBOPIIINCSI Ha OKpeMIT
KJTac CKJIaIHMX AMHAMIYHVX CUICTeM, IO XapaKTepU3yIOTbCS BUCOKOIO (PyHKIIIITHOO
LIUTBHICTIO Ta MacIITaboOBaHICTIO B 3acTOCyBaHHI. [HTerparrist mepemoBmx ceHCOPHIX
MpWIazliB, BKIIOYHO 3 MyJIBTVUCIIEKTPa/IbHVMI Ta iHepLiaIbHMMIM BUMipIOBaIbHUMU
IificcTeMaM, Jlajla 3Mory OesllepepBHO reHepyBaTy BeJIMKi MacHBU JaHMX 00
ITapaMeTpiB IIOJIbOTY, CTaHy OOPTOBMX CHUCTEM Ta XapaKTePUCTVUK HaBKOJIMIIHBOIO
cepenosuina. Kirrouosmm ¢akTOpoM MpOTo SIKiICHOTO IIePeXO01y CTaJIO BIIPOBaKeHHs
BVCOKOIIPOAYKTVMBHIX OOPTOBVIX 00UMCITIOBAIBHYIX Ta KOMYHIKAIIIMHVIX KOMIUIEKCIB,
3gaTHMX 00po0IIATY, arperyBaTyi Ta iHTepIIpeTyBaTV CEHCOPHY iH(OpMaliio B peasib-
HOMY 4aci 3 JOIIOMOrolo MeTOfIiB (pijIbTpallil, oIliHBaHH: CTaHy Ta afallTMBHOTO IIPO-
rHozyBaHHsA. OTXe, CTBOpeHO HeoOXifHi IepelyMOBY Il CYTTEBOTO IiIBUIICHHS
epeKTMBHOCTI MOJIBOTY 3aBISKNM PO3POOJIEHHIO Ta BIIPOBAIDKEHHIO BMCOKOTOYHIX
CHUICTEM aBTOMATMYHOIO KepyBaHHS. Pyx aBTOHOMHWMX MOOUIBHMX By3imis (AMB)
OXOIUTIOE TaKi eTam, K aBTOMaTUIHUI 37TiT Ta TI0cajika, O0UVCIIeHHs TPaeKTOPil Ta
HofasIble CIIilyBaHHs 3a TPAacKTOpi€lo, iHTerpoBaHi 3 IIpoliecaMy HPUMHATTS pi-
IIIeHb BVICOKOTO PiBHs 3aJIeXXHO Bif, IIlevt Micil. [Ij1s cyvacHmX aBialliTHMX KOMII-
JIeKCiB IiJT Wac 3Ib0Ty Ta IIOCajIKM B yMOBax aTMOcdepHOI TypOyIeHTHOCTI MoXe
CIIOCTepiraTyics MOTipIIeHHS. TOYHOCTI KepYBaHHS, 1110 IIPOSBIIIETCS 30UIbIIEHHIM
BiZIXVJIEHD BiJJ, 3a[TJaHVX PeXVMIiB IOJIbOTY Ta 3HVDKEHHAM CTIVIKOCTi B KOHTypaXx pery-
mosaHHA. Taki cucreMn HeMOHCTPYIOTh HEAOCTATHIO afalTUBHICTB A0 BUCOKOYAC-
TOTHMX TypOyJIEHTHMX BIUIMBIB, IO IIPM3BOAUTE 10 HAKOIMYEHHS IIOMIWIOK Kepy-
BaHH$I, 30UIbIIIeHHSI HaBaHTa)KeHHSs Ha BUKOHABYl MexaHi3MI Ta 3HVKeHHS 3arajIbHOL
edexTMBHOCTI cTabisizallil mojapoTy. ToMy y CTaTTi 3alIpOIIOHOBAHO KOHIIENTYaslb-
HUWM TIAXiA O aBTOHOMHOTO KepyBaHHA pyxoM AMB. Ha 0cHOBi MeTOOJIOTIT TTOB-
Horo KepysaHHs eHeprieto (TECS).

MeTto10 poOOTH € MifBUIIEHHS eKCIUTyaTalliliHOl e(peKTMBHOCTI Ta >XMBYUYOCTi
0e3MisIoTHOI aBiallil 3aBIAKIM BUKOPVCTAHHIO €HepreTUYHOIO CTaHy allapaTa sIK yH-
JlaMeHTaJIbHOI'O iHBapiaHTa KepyBaHHs.

PesynpTaTni. 3anporioHOBaHWMI ITi/IXi/T HiBeII0e OOMEXeHHS TPaINUIIiTHIX CIC-
TeM, 30KpeMa IX BUCOKY Yy TIMBICTb O CTOXaCTMYHNX 30ypeHb Ta BTpaTy TOUHOCTI
cTabimisarii mig gac TypOyieHTHOCTI. ATITOpWTM KepyBaHHS OITTMMi30BaHO 3a IBOMa
KpuTepisiMu: MiHiMi3alliero BigxuieHHs 1oBHOI eHeprii AMB Bif onopHoi Tpaek-
TOPiI IIOJILOTY Ta MiHiMi3amielo AycOasaHCy MK KIHETMUYHOIO Ta IIOTeHLIHOIO eHep-
ristMu T cTabitisariii IBMIKOCTI 3HVDKEHHS (CXOIKEHHS).

BucaoBkm. PesynbpTaTyi Moe/IroBaHHs CBiTUaTh, 110 BIIPOBa)KeHHsI METOly 3a-
Gesriedye CTIVIKICTh 1O 30BHINIHIX AMHAMIYHMX 30ypeHb, MiHIMi3y€e BIUIVB JIIO[ICHKOTO
dpaxTopa Ta 1a€ 3MOr'y BUKOHYBATM Micil 3a HECIIPUSATIIMBIIX METEOyMOB 0e3 JKOPCTKOL
3aJIeXXHOCTI Bifj HazeMHOI aepoapomHoil indpacTpykTypu. ITogansii gocsipKeHHs
CIIpsIMOBaHi Ha MacIITaOyBaHHS IIAXOMY [JII OaraToareHTHMX CHUCTeM, iHTerpariiro
MeTOIiB ajjalTallil Ha OCHOBI BUITaIKOBMX ITPOEKIIiV Ta HaTypHe TecTyBaHHs ILIaT-
dopM i3 dikcoBaHVM KPUIIOM.

Karouo6i caoba: abmornomuuil MobiasHuil 6y3o4,, abmonomuuii 34im i nocadka (ATOL), no-
Bue xepyBanns enepeieto (TECS), enepeemuunuil cmau, ammochepua mypoyseHmHicmes,
pyHKyionasvHa cmadiAbHICG, KUBYHiCHb AIMAALHUX anapamib.
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