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Abstract

Purpose: This article presents a mathematical model and the experimental results of automatic flights of the
policopter UAV NAU PKF "Aurora" of oktacopter scheme with additional elektroimpeler engines of
horizontal thrust. Methods. UAV NAU PKF "Aurora" is developed for experimental flights in manual, semi-
automatic and unmanned modes. The uniqueness and scientific novelty of data of flight testes is in a
complete separation and isolation of vertical and horizontal components of the flight, which enables a
fundamentally new way of moving of vehicle in the aerial space. This approach gives a ability to obtain all
advantages and to eliminate disadvantages of helicopter and airplane in fundamentally new aircraft by
structure and by function — namely in the policopter flyer with additional independent engines of the lateral
thrust. Results. Obtained a new experimental data that allowed to better understand the nature of the
physical forces, providing the flight of the policopter. Discussion: Revised a physical basis of the airscrew
(propeller), namely on the example of flight of the policopter proved that most of the thrust of the propeller
provided by the mechanical impulse (kinetic energy E,=mv’/2) by the impulse, that a airscrew receives at his
collisions with air molecules,but not by the gradient of air pressure below and above the airscrew. Is put
forward a hypothesis of gravitational nature of the flight and introduced the notion of "functional
antigravity", that a force completely identical in function and opposite on the direction of the force of gravity
(gravity force). Deduced a mathematical formula of "functionally antigravitational” transport,
namely:G-M-m/R*> = mpv’/2 — for the flights of the aircraft with a mass m over universal astronomical body
with a mass M, and m'g = myv?/2 — for the flights of the aircraft with mass m over a planet Earth.

Keywords: oktacopter; passenger policopter; policopter; policopter flyer; UAV.

1. Introduction 2. Analysis of the latest research and publications

The number of cars for the past 10 years has
almost doubled, and the road infrastructure is
almost unchanged, which led to a sharp increase
in traffic jams. This in turn worsened the
automobile traffic and difficult work of municipal
emergency services (police, emergency medical
service, etc.). [1]. This, in turn, allows time to
bring patients with urgent conditions directly in
the operating medical centers of third level of
Health Organization to provide them with timely
specialized medical care, which increases the level
of disability, mortality and leads to significant
economic losses [2].

Solve the problem of urban and intercity connections
in Ukraine only by repairing and upgrading of road
infrastructure is extremely difficult. A good solution of
this problem could be the use of aviation vehicles [3].
Airplanes allow quickly and economically deliver
passengers and cargo over long distances, but they
have several significant shortcomings that prevent their
use in densely populated megalopolis conditions —
namely 1. complete and indissoluble dependence of
vertical component thtough a horizontal flight, ie
during creation of the necessary capacious wing forces
only if certain (high enough for megalopolis)
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horizontal airspeed and 2. complete dependence
on the airfield support (from a rather long
runways). Helicopter allow an independent
vertical component from the horizontal flight, but
they can get independent of the vertical
component horizontal flight, which limits their
horizontal velocity at 350-500 km/hour. Also,
unfortunately modern big cities of Ukraine is not
suitable for the use of police and medical
helicopters, because they do not have enough
helipads for takeoff and landing. [1] In addition,
the helicopter have too large dimensions and
extremely dangerous open propellers, which are
almost impossible to hide under the guard [2].
Most helicopters are not able to perform perfectly
smooth vertical takeoff and landing, "jew" precise
maneuvering at different heights (especially at
low altitudes) and produce absolutely stationary
hovering at different heights [1].

3. Research tasks

Develop a mathematical model and experimental
model of theaircraft with a fully independent and
separated horizontal from vertical component of
the flight, with a large number of independent
points of support, ie (airscrew of vertical takeof),
with lateral engines of horizontal traction
equipped with autopilot and fairly effective
system of automatic stabilization of the flight. So
to better resolve this problem, it is necessary to
use a multirotor aircraft or a policopter.

4. The solution of the problem

To solve this problem built a UAV NAU
PKF "Aurora" [6] capacity of 5 kg, equipped
by modern autopilot and system of
automatic  stabilization of the flight.
Independent vertical component of the flight
provided by the 8 engines of the high thrust

and low speed, to ensure independent
horizontal component of the flight — on both
sides of the policopter established

2 elektroimpeler engines of the horizontal
thrust (of low thrust and of high speed).

Mathematically, the flight of the vehicle
is described as follows [4]:

x = Ax+B,u + B¢ f
y =Cyx + Dyyu + Dy f
z=Cx+Dju+tD,,

where x € R'™ — the state vector; u € R*/ —the control

vector; y € R'™ _ the output vector, to generate
feedback; f € R ™ — vector of atmospheric excitations
that act on an aircraft in horizontal and vertical planes
(three-axis); z € R™ — vector of the output variables to
assess the quality of the system; A ¢ R'™'!, B, e R'"™
Bye R11x3§ C e R Dgyu e R™ Dy, e R, C. e R
D,, ¢ R™ D.e R™ — matrix, which describe the
model of the aircraft in the space of states.
State vector of policopter comprises the following
components [4]:
X=[Vy V), 0y 05,9, 8, Vs, @y, 733]" [4]
where V,, V,, V. — longitudinal, lateral and vertical
linear velocities; o, y — angles of pitch and roll; w,, @,
o, — angular velocity of the pitch, roll and yaw; r 3,3 —
the change of state feedback gyroscope.
Mathematical model of the automatic control of the
policopter UAV NAU PKF "Aurora":
Ex = Ax + Bu;
y =Cx,
where x — state vector; u — control vector; y — the
vector of surveillance; A, B — matrix status and
control; C — a matrix of observations, measurements
for determining the output data to develop a control
algorithm.
Model of longitudinal motion of policopter is
described as follows:
x=[V,0,§ o, H u=[84 81",
where V — air velocity (m / s); o — angle of attack
(degrees); H — altitude of flight (m). When the
longitudinal movement is controlled by increasing the
speed of rotation of two rear electric motors of
policopter (oktacopter), which leads policopter tilt
forward so that the rear of policopter rises, and the
front part lowered.
Vector of external excitation for longitudinal
movement of policopter described as follows:
fea=[Vaists Qaistr Osaise] >
where ®, ¢ — turbulent incremental of angular pitch
velocity.
Turbulence angle of attack ot exe = V exe /V.
Status and control vector for lateral movement of
policopter described as follows:
X =B, 7, 0y, 0y, 91" u=[8e1, Snal
where B — slip angle (degrees); v — the roll angle
(degrees); o, — the angular velocity of the roll (deg /s);
oy, — rate of change in yaw (degree); y — yaw angle
(degrees). When the lateral movement of policopter
controlled by an increase in speed of the two left or
right oktacopter motors, resulting in a tilt of the
oktacopter platform right or left (as appropriate).
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Vector of external excitation for lateral

movement of policopter described as follows:
fo = [Buist> ®x dgist, Oy dist]T,

where the turbulent slip angle is described as
follows — B, = —V,/V, where V, — the lateral
component of the true airspeed.
The transfer functions of the longitudinal motion
of the policopter UAV described as follows [9]:

570(s) + a,s9(s) + @, 0(s) = =8, () + a,M _ ;.,(s);
—sou(s) + asou(s) +s0(s) = a6Fy dist (5)
where s=d/dt.

The transfer function of pitch movement under
the control action is described as follows [8]:

Wﬂ&h(s) — ﬁ(S) — . a3(S—a5)
8, (5) S[S +(a —as)s+(a, - aa;) |
In standard form, according to the theory of
automatic control a transfer function of the
movement on the pitch under the control action is
as follows:

The transfer function of pitch movement under
the disturbance is described as follows [10]:

K, (Tys+1)
s(T,%s> +28,T s +1)

O(s) _ ay(s —as) '

M 4 (5) S[Sz + (al —ds )S +(a, —ayas ):|
In standard form, according to the theory of

automatic control of the transfer function of pitch
movement under the control action is as follows

[8]:

Wﬁﬁh (s)=

WﬁMz dist (S) —_

. KM (T +1
WﬁMZ dist (S) — Hz . ( hl ) ]
s(Ty"s” +28,T,s+1)
In this transmission ratio manipulated variable
pitch angle is described as follows [10]:
Kh % == D% H
a; —a,ds
transfer ratio of disturbance pitch angle is
described as follows [9]:
K Mzdist _ __ %49s
’ a, —a,ds ,
time constant characterizing a maneuverability of
policopter on the pitch angle is described as
follows [10]:

Thl ="
as

the time constant is equal to the period of their own
(undamped) vibrations of policopter pitch is described
as follows [8]:

1

b
Vv, —aias

the relative coefficient of damping of the natural
oscillations of policopter at pitch is described as
follows [8]:

Th:

a, —as

A
! 2\/a, —a,as

The transfer functions of motion of policopter UAV
at roll described as follows [10]:
VVYﬁel(S): Y(S) — Kel :
O, (s) (Tys+1)s
where K =c,/c| — transmission correction coefficient, a
Te = l/c; — time constant of moving of policopter at
roll.

Y(s) _ oKy
deist (S) (Tels + 1)S ’

Yaw transfer functions of policopter are described
as follows [8]:

Wnydist (S) —

K, (T, s +1
Wwﬁrud (S) —_ W(S) — : n;d ( rud1S )
8rWl (S) (T;Mds + 2§ruddeS + 1)S
My gis
Mot (o) K, v 'L+
Y (Trzdsz + 2§rud]:’uds + l)S

U

At the same time a ratio of the transmission of
control influence of the angle of direction is described
as follows:

bybs
bz - ble
transmission ratio of the disturbing force to the angle
direction is described as follows [9]:
KmdMydist —_ b,bs ,
bz - ble
the time constant characterizing the maneuverability of
policopter at corner of yaw described as follows [10]:
1

rudl =7 >
bs

the time constant is equal to the period of own non
dempfed fluctuations of policopter on the yaw axis is
described as follows [8]:

T 1

rud — [bz —blbs >

Spud
K rud -
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the relative coefficient of damping of the natural
oscillations of policopter on the yaw axis is
described as follows [9]:

b, —bs

irud - 9 (bz_blbs .

A series of experimental flights in manual and
automatic (unmanned) flight modes, as well as
with biological objects (experimental animals) on
board at a height of 1000 meters on the
octacopter NAU PKF "Aurora" in a sealed and
open cockpit with logging of the black box of the
autopilot, with audio and video registration of
flight, with further definition of somatic,
neurological status, and behavioral reactions of
animals after such flight. The results of flight-
technical tests and biomedical studies of the
experimental group of animals were compared
with similar results from the control group of
animals that were in the same cabin with
propellers operating, but without flying. The
statistical processing of the obtained results was
carried out to confirm the reliability of the
research data.

5. Results and discussion

Results and its discussion. The received logs of
flights of the "black box" of the autopilot testify
to slight fluctuations in pitch, roll and yaw during
the flight, slight height fluctuations were detected
during the almost stationary hovering of the
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Fig. 1. Chart of changes in barometric height

polycopter at different heights, and fluctuations in the
performance of these sensors were adequate to the
movements and maneuvers of the aircraft. Analysis of
video recordings from hard-coded polycaptor cameras
also indicates smoothness and high accuracy of
maneuvering of the polycopter at different altitudes,
which in turn testifies to the fullest solution of the
technical task. The black box files of the autopilot are
analyzed in the Mathlab program, as well as in
FlightGear and XPlane flight simulators. The video
recordings from three on-board cameras are analyzed
in detail, namely from the navigation IP-camera,
directed downwards, which is necessary for the
operator's orientation when controlling the aircraft, as
well as from two on-board IP cameras directed down
the cabin of the aircraft, which is necessary for
monitoring Behavior of the animal from above and
from the side.

Below are the data of the "black box" of the
autopilot UAV UAV PKF "Aurora", which shows
changes in the most important parameters of automatic
polota, recorded synchronously with a frequency of 10
hertz during the experimental flight of the octacopter.
On the left 5/6 graphs, the automatic flight phase is
visible, the right 1/6 part of the charts reflects the
manual flight control. In automatic flight, the
amplitude of the oscillations in pitch, roll, and risk is
significantly less than with manual control, which is
due to the advantages of the electronic autopilot in
comparison with the UAV operator.
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Fig.2. Chart of axis pitch oscillations
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Fig. 3. Chart of axis roll oscillations.
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Fig. 5. Chart of change of the number of GPS —
satellites

eriments were conducted as follows — first aircraft
NAU PKF "Aurora" do vertical takeoff using eight
vertically directed engines and hung in the air (ie, in
a state completely compensated gravity of mass 5
kg, but the actual weight of 0 newtons = 5 kg x g
(9.8 m /s /s)— 49 H of thrust of the motors of
vertical takeoff). Then be enabled elektroimpeler
engines of horizontal displacement (engines of low
thrust, but of high speed), which gradually
accelerated this weightless aircraft to a speed of 100
km/hour. So with this acceleration is not required to
compensate the force of gravity, and it is only
necessary to counteract the inertia of a weightless
body of weight of 5 kg, which do not require
significant energy consumption for the engine of
horizontal acceleration, but only affects the value of
the acceleration, ie the rate of acceleration of the
aircraft to maximum speed (the smaller mass of the
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aircraft and more power of the engines of horizontal
thrust — the more horizontal acceleration and faster
aircraft will be accelerated to the maximum
horizontal speed). After the flight a speed of
elektroimpeler engines of horizontal thrust gradually
decreased, the device gradually slowed down
movement in the horizontal direction, moving
5-10 seconds under the influence of inertia. If
necessary, immediate cessation of motion in the
horizontal direction — after turning off the engine of
horizontal thrust slightly increased speed of the front
engines of vertical thrust, leading to tilt policopter
back, after which the device still hung in the air at a
certain height. Then the unit lines up for the pitch
axis and then reduce smooth a speed of the engines
of vertical thrust has smooth vertical landing in a
given area, maneuvering with only by the engines of
vertical thrust.
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Given that the force of gravity (gravity, the force of
gravity) and mechanical impulse created by engine of
vertical thrust (which counteracts the force of gravity)
have the same mechanical nature in terms of the
physics of these forces can be considered that a process
of the weight-loss of the policopter and his vertical
flight, as a result of so-called "functional anti-gravity"
— that create a force, identical by physical nature and
magnitude, but opposite on the direction of the vector
to the gravity. A policopter and its predecessor
helicopter can be considered by the antyhravitational
transport (in the functional aspect) or transport on the
functionally gravitational engines of the vertical thrust.
I do this kind of antigravity limit by the concept of
"functional" because not yet received absolute proof
structural identity of these two forces (gravity and
force of thrust of engines). Perhaps this identity exists,
because in flight of the policopter unlike a flight of
thehelicopter a screw diameter is ten times smaller, no
aerodynamic plane (wing), and required ascensional
force is achieved mainly by the greater speed of the
rotors (from 7000 — to 40000 revolutions per minute),
which eliminates the aerodynamic nature of the
vertical flight of the policopter, because in such a small
diameter of screws (8 screws to 12 inches each)
aerodynamic forces (pressure gradient under the screw
and over the screws) are too small, in order to raise the
aircraft of weight 5 kg without aerodynamic surfaces
(wings). The only force that can in this case provide a
vertical takeoff — a mechanical impulse that occurs in a
collision of the rotating at high speed (7,000 — 40,000
rpm) screw of vertical thrust with the molecules of still
air and mathematically this force is a directly
proportional to the mass of air from what happens
collision of the screws and to the square of the speed at
which this collision occurs, ie mv*/2. A mechanical
impulse has a gravitational nature, that is, when its
occurrence, as with the force of gravity — changes the
center of gravity of moving body (in our case — of
rotating swiftly screws, the center of gravity which is
mixed up in the vertical direction). That is in the
rotating screws of vertical thrust appears an
antigravitational strength (mechanical impulse acting
against the force of gravity) is identical (structurally
and functionally) to the gravity (gravity force) and the
center of gravity of these screws shifts upward, which
pulls the screw upward in the direction of its displaced
center of gravity (in the direction of its movement). But
unfortunately in the other parts of the policopter (in the

cabin, in the metal frame) such change occurs.
Accelerated up the air screw of vertical thrust only
entail the frame and cabin of the policopter as another
ordinary (non antigravitational) transport and the center
of gravity of the body and cabin of the policopter
unlike the screws shifted down (ie in the opposite of
movement direction). Therefore, we call this transport
partially antigravitational, ie antigravitational only by
functional, but not by structural changes. Obviously,
these same processes occur in all other propellers, fans,
impeller, including the screws of horizontal thrust (eg
propellers of conventional aircraft), which gives rise to
hypotheses of gravitational (mechanical) nature of the
work of any other aircraft screw, fan or impeller. That
is the main physical force that moves the beloved air
screw in vertical or horizontal direction — a mechanical
impulse or kinetic energy Ey = mv?/2, wich the air
screw gets in collisions with air molecules in its
rotation, but not a gradient of pressure of the air over
and under the air screw. Pressure gradient over and
under the air screw (aerodynamic component) also
occurs during the operation of the air screw and
depending on the geometry of the propeller can
provide additional small portion of traction, but this
component is secondary in nature and perform a non-
root role in the screw, but only accompanies its main
mechanical component E, = mv*/2. This secondary
(aerodynamic) component can use as an additional
ascensional power of policopter at low vertical speed
of flight and especially in the mode of hovering of the
policopter in the air, when added to its construction
dome-shaped (parabolic) wing, that at the creating a
profile of the classic "flying saucer." Then this
secondary aerodynamic component at low speeds of
vertical flight will create a so-called "Coanda effect" —
an additional ascensional power by decreasing the air
pressure above the parabolic wing "flying saucer" and
increasing the air pressure under its parabolic wing, but
we dont know how this "Coanda effect" will be
effective in significantly increased speed of the vertical
flight. Perhaps the solution to this issue will be a
subject of further scientific research on the path of the
creation of more advanced (more perfect) air transport.
Why is it so important that we get from this so-
called "functional antigravity"? Full (structural and
functional) antigravity with a displacement of center
of gravity of the entire vehicle with passengers will
in future almost immediately accelerate the vehicle
to a top speed (from 0 to the speed of light) without
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inertial resistance, ie without any mechanical
overload for passengers, because unlike other
engines — firstly displacing the center of gravity of
all the aircraft in the direction of his movement, and
only then the displacement of the vehicle in the
direction of his displaced center of gravity. That is,
in this case, the direction of displacement of the
center of gravity of the vehicle coincides with the
direction of motion and such a vehicle does not
counteract the inertia forces, but, on the contrary,
co-operate to his flight.

In our case, complete structural and functional
antigravity occurs only in a small area of the rotating
screws of vertical thrust, while in another (larger)
part of policopter such change occurs. But such
antigravitational screws entail policopter up,
counteracting on the function to the force of gravity,
hovering a policopter in the air like a pendulum and
ensuring him a vertical component of the flight
completely independent of the horizontal component
of the flight, which creates the conditions for
smoother vertical takeoff and landing more accurate
maneuvering at different heights, complete
independence from the direction of the wind during
the flight and landing, reduces the energy
consumption for acceleration of the aircraft in a
horizontal direction (because after the weight-loss of
such vehicle, a sufficiently a small force of the
engines of horizontal thrust for a sufficiently
effective horizontal acceleration of the polycopter),
and most importantly, this approach provides ten
times safer flight and more comfortable driving of
aircraft.

Mathematically the flight of "functionally
antigravitational"  transport  (transport  with
independent vertical component of the flight from
the horizontal component of the flight) can be
described as follows:

1. For the flights over universal astronomical body
with a mass (M) of the aircraft of the mass (m):

M-m _m; v
R, 2
2. For the flights of the aircraft of mass (m) over
the planet “Earth”:

G

b

2
my v

2

where G — the gravitational constant (6.67384(80) x
10" m’s'kg"), M — weight of th universal

mg =

b

astronomical bodie (stars, planets, planetary
satellites, comets, asteroids, etc), R — universal range
of astronomical body, m — weight of the aircraft
(policopter), g — acceleration of gravity at the Earth's
surface, m; — the mass of the all molecules of the
working body (gas, liquid, plasma, or others.) with
which occurs a mechanical collision of all engines of
vertical thrust of the aircraft, in this case, the
working body is a air atmosphere, movers of the
engines of vertical thrust is a propellers and engines
of vertical thrust is a electric motors, but working
body may be other, sources of working body can be
others, engines may be others, and tngines of
vertical thrust (of antigravitational action) may also
be different (eg rocket engines, plasma engines, ion
engines, photonic engines, quantum engines, etc.),
v — total counter-speed of mechanical collision of
movers of the engines of vertical thrust with the
molecules of a working body (in this case, a speed
of collision of the rotating air screw with the air
molecules of the atmosphere).

Thus the air screw — mover (propeller) of the rotating
electric motor — is the easiest source of the artificial
gravity and is the simplest gravitational engine. But
unfortunately, unlike a rocket, plasmic, ionic and
quantum engines, this engine is a far from perfect and
has many drawbacks — namely 1.working body of this
engine (air) has a very low density compared to liquid
and to plasma 2.working body of the engine circulates in
the open, not in a closed circuit, so that the engine can
operate only in the air space (atmosphere), and to work
in a vacuum (outer space) is a necessary to ensure a
circulation of working body in a closed circuit (that
today unfortunately not solved by the modern aerospace
science and technique), 3.the total speed of the collision
of the mover of such engine with the molecules of the
working body (stationary air) — is too low (unlike a
plasmic, ionic, photonic and quantum engines) that does
not allow to disperse a vehicle more than 1000 km/h,
and does not allow to obtain a sufficiently high
separating (specific) thrust per unit area and per engine
volume, which in turn does not allow to significantly
reduce the overall size and compactness of the vehicle.
These deficiencies may become the basis for further
research to create more perfect and more universal
version of the gravitational engine, capable to operate in
any environment (in the air, underwater, and in the
space) and at significantly higher speeds.
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A series of experimental flights, including those
with the experimental animals on board to a height
of 1000 meters on the policopter (oktacopter) NAU
PKF "Aurora" at the sealed and open cockpit with a
record of the logs of "black box" of the autopilot
with audio and video recording of the flight, with
further definition of physical, neurological status
and behavioral reactions of the animals after a flight.
Results of the flight-technical testing and of the
biomedical research of the experimental group of
animals compared with similar results of flights of
the control group of animals. The statistical
processing of results is carried out to confirm the
reliability of the research data.

6. Results and discussion

The resulting logs of the flight on the "black box" of
the autopilot show very little (almost invisible)
fluctuations in pitch, roll and yaw during the flight,
minor variations in height during the almost
stationary hovering of the polycotter at various
altitudes, and fully adequate to the movements and
maneuvers of the aircraft, the oscillations of these
indicators [6]. The analysis of videos from rigidly
fixed cameras of the policopter also testifies to the
smoothness and practically "jewelry" accuracy of
maneuvering of the polycotter at different heights,
which testifies to practically one hundred percent
solution of the given technical task.

7. Conclusions

The mathematical and experimental models provide
more accurate flight of the aircraft in the automatic and
semi-automatic modes (compared to other types of
aircrafts). Experimentally proved possible of the fully
secure flight of mammals (rats) at the policopter aircraft,
even in the open cockpit. Proved that the
depressurization of the passenger cabin of policopter at
the altitude of 1000 meters does not pose a serious threat
to life and health of the crew. Flight in the automatic
mode is a more accurate than in the manual control
mode, which is associated with the deficiencies of the
man-pilot in comparison with the electronic autopilot.
With proper revision is a possible in the future to ask the
questions about the design and construction of the
passenger policopter flyers to fully secure air
transportation of people [6,7,8]. At the level of harmful
mechanical effects on the human body (overload of

acceleration, fluctuation, vibration) a policopter
transport is ten times safer and less harmful to
passengers than road transport, which is particularly
important at the delivery of patient of neurosurgical,
politravmatological, cardiological and critical care
profile in hard and extremely serious condition in
intensive care units and operating hospitals and medical
centers. During these experiments revised a nature of the
action of air screw (propeller), and it proved that the
main moving force of air screw (propeller) — is a
mechanical impulse or kinetic energy E, = mv*/2),
which the screw gets in collisions with air molecules in
its rotation, but not a gradient of air pressure over and
under the screw. That proved a mechanical
(gravitational) nature of the moving (lifting) force of air
screw (of the propeller). The concept of "functional
antigravity" is introduced, ie the creation of a force
similar in nature to the force of gravity (gravitation) and
opposite to it in the direction of action (vector), which
mainly do a weight-loss of the polycopter or helicopter
during its vertical take-off, and which lies at the basis of
the flight of any transport with a vertical take-off
(helicopters, polycopters). The hypothesis of a
gravitational nature of flight of the policopter and
helicopter is put forward and derived a mathematical
formula of the "functionally antigravitational" transport,
namely: GMm/R? = myv*/2 — for the flights of the
aircraft with a mass m over universal astronomical body
with a mass M, and mrg = m;v*/2 — for the flights of the
aircraft with mass m over a planet Earth.
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IloBHe BigoOKpemMJIeHHSI BePTHKAJBHOI i TOPH30HTAJBLHOI HeE3AJIeKHMX CKJIQAAOBUX MOJBOTY Y
nojaikontepaomy BIIJIA HAY IIK® «ABpopa» Ta MaTeMaTH4YHA MO/eJIb TAKOI0 NMOJbLOTY
HarionansHuii aBianifinuii yaisepcuret, npoci. Kocmonasra Komapoga, 1, Kuis, Ykpaina, 03680

E-mails: 'kharch@nau.edu.ua; “nakhaba91@ukr.net

Mera: Po3pobuti MaTeMaTHUHy 1 €KCHEpUMEHTalbHY MOZETb JITaJbHOTO amapaTy i3 IOBHICTIO
HE3JIC)KHUMH 1 BiJOKPEMJICHUMH OJHA Bijl OJTHOI TOPU3OHTAIBHOI T4 BEPTHKAIBHOI CKIIQJOBUMHU MOJBOTY.
Metoan mocaimxennsi: 3 06.06.2016 mo 10.06.2016 mpoBeneHa cepis €KCIIEPUMEHTAIBHUX TOILOTIB (20
nonboTiB) 10 mypie Ha Bucoty 1000 metpiB Ha momikontepi HAY IIK® «ABpopa» y repmeTrnuHiii Ta
BiKpuTii kaOini. Pe3yabratm: OTpuMaHi JIOTH «YOpPHOI CKPUHBKH» aBTOMIJIIOTA CBIIYATH TPO 30BCIM
HE3HaYHI KOJIMBAHHS I10 TAHTaXy, KPEeHY 1 pUCKaHHIO ITiJ] Yac MOJIbOTY Ta He3HAYHI KOJUBAHHS IO BUCOTI ITiJT
yac Maibbke HEpyXOMOIro 3aBHCAaHHSl NOJIKONTepy Ha pisHuUX BHcoTax. (Oorosopenmsi: Po3poGiieHa
MaTeMaTH4Ha 1 eKcIepUMEHTajlbHa MOJesdb 3a0e3medyloTh OUIbII TOYHWUU TOJIT JiTaJbHOTO
amapaTy y aBTOMAaTHYHOMY Ta HaliBaBTOMAaTHYHOMY peXHMax. 3a piBHEM IIK[UIMBUX MEXaHITHHX
BIUTMBIB Ha OPraHi3M JIFOIMHH (TIepeBaHTaKeHHsI IPUCKOPEHHS, KOJIMBaHHsI, BiOpaLlil) MOMIKONTEPHUI TPaHCIIOPT
B JIECATKH Pa3iB Oe3MEUHININI IS TACaKUPIB, HIXK aBTOMOOUTHHUI TPAHCTIOPT, IO MAE€ 0COOJIMBE 3HAUCHHS TIPU
JIOCTABIll TAIIEHTIB HEUPOXIPYPridHOTO, IMOJITPABMATOJIOTIYECKOTO, KapAiOJOTIYHOTO Ta peaHIMAamiiHOTO
mpoTI0 y TSHKKOMY 1 BKpai THKKOMY CTaHax y olepamiiiHi Ta peaHiMawiiiHi BiIAUIEHHS JTiKapeHb 1 MEIUIHUX
LEeHTpiB. Y XOJi AaHUX EKCIIEPHMEHTIB MeperiisiHyTa MpUpoJa Iii MOBITPSHOTO TBUHTA, & caMe JOBEICHO, 10
TOJIOBHA PYXaKOua CHJIA TOBITPSHOIO I'BHHTA — € MEXaHiuHMil iMIyibc (KiHeTHuHa eHepris E=mv’/2), mo
IBUHT OTPUMYE IIPH 3iTKHEHHI 13 MOJIEKyJaMH TOBITpsl IpH HOro o0epTaHHi, a He TPAJieHT TUCKIB MOBITPS
Haj 1 mig rBuHTOM. TOoOTO mOBelneHa MexaHiuHa (TpaBiTamiiiHa) mpupoia pyxardoi (MigioMHOT) CHIH
TIOBITPSIHOTO TBUHTA. BBEeIeHO MOHATTS «(PYHKIIOHAIIEHOI aHTUTPaBITAIli1», TOOTO CTBOPEHHS CHIIH MTO1I0HOT
3a MPHUPOJOI0 CHIIi Bark (CWJii TrpaBiTamii) 1 MPOTHIIEKHOI il 3a HampsiMOM Aii (BEKTOpOM), 1[0 TOJOBHUM
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YUHOM 1 00€3BaXKy€e MOJiKoNTep a00 TBUHTOKPUI MPH HOT0 BEPTUKAIBHOMY 3JIbOTI 1 IO JISKUTh B OCHOBI
MTOJTBOTY JTFOOOTO TPAHCIIOPTY 13 BEPTUKAIBHUM 37T0TOM (TBUHTOKPHJIIB, ITOTIKONTEPIB). BucynyTa rimoresa
rpaBiTallifiHOT MPUPOIM MOJNBOTY TOJIKONTEpa Ta TBUHTOKPHJIA 1 BHBEIEHAa MaTeMaThyHa (opmyia
«(byHKIIOHATEHO AHTHIpaBiTALifHOrO» TpaHCmOpTy, a came: G-M'm/R® = m;v?/2 — mId HONbOTIB Haj
VHIBEpCATBHIM aCTPOHOMIYHHM TiJIOM i3 Macor M ITaIbHOrO amapaTy Macor m, Ta m'g = myv>/2 — s
MOJIBOTIB HaJI TUIAHETOI0 3eMJIs JIITAIbHOTO arapaTy Macoro m.

Karouogi cioBa: BITIA; okTakonTep; macaXupChbKUH MOMKOIITED; MOMIKONTEP; MOJTiKONTepHHiA (hiaep.
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IMosiHoe pa3jesieHHe BEePTUKAJBLHOW M TOPU30HTAJBLHOH HE3aBHCHMMBIX COCTABJSIIONIUX MOJIETa B
noauxkontepaom BIIJIA HAY IIK® «ABpopa» u MaTeMaTU4ecKasi Mo/ieJIb TAKOI0 MOJIETa
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Hean: PazpaboraTh MaTeMaTHUECKYIO U SKCIIEPUMEHTAILHYIO MOJIEITb JIETATENLHOTO anmapaTa ¢ IOJIHOCTBIO
HE3aBUCHUMBIMU M PAa3[ECICHHBIMU TOPU3OHTAIIBHOW WM BEPTUKAIBHON COCTABJISAIOIIMMHU T0JIETa. MeToabl
ucciaenoBanusi: C 06.06.2016 mo 10.06.2016 npoBeaeHa cepusi IKCIEPUMEHTATBHBIX OJETOB (20 monETOB)
10 xpeic Ha BeicoTy 1000 meTtpoB Ha momukontepe HAY TIK® «ABpopa» B repMETHYHOW U OTKPBITOMH
kaOuHe. PesyabraThl: [lomyueHHBIE JIOTHM «YEPHOTO SALIMKa» aBTONHIIOTA CBHICTEIBCTBYIOT O KpaiiHe
HE3HAYMUTEIbHBIX KOJCOAHUSAX MO TaHTAXy, KPEHY U PHICKAHHIO BO BpeMsl IMOJIETA, O HE3HAYMTEIIBHBIX
KOoJeOaHUSAX 10 BHICOTE NPU IOYTU HEMOJBMKHOM 3aBHCAHWUM TIOJUKONTEpPa HA Pa3HBIX BBICOTAX.
Oocyxnenue: PaszpaboranHas MaTeMaTHuecKas M OKCIIEPHUMEHTalIbHAsh MOJENlb obecreunBaroT Oonee
TOYHBIN MOJIET JIETATEIBLHOTO anmapara B aBTOMAaTUYECKOM U TMOJyaBTOMaTHuecKoM pexkumax. [1o ypoBHIO
BPEIHBIX MEXaHWYECKMX BO3JICHCTBHII Ha OpraHW3M 4eJoBeKa (Ieperpy3ka YCKOpEHHUE, KOJIeOaHus,
BHOpAIIMK) MOJIMKONTEPHBIA TPAHCIIOPT B JICCATKU pa3 Oe30macHee Ui MacCaXUpOB, YeM aBTOMOOMILHBIN
TPaHCIOPT, YTO HKMeeT o0co0oe 3HaYeHWEe IMpHU JOCTAaBKE MAlMEHTOB HEWPOXHUPYPrHUECKOro,
MIOJINTPABMATOJIOTUYECKOTO, KapJHOJIOTHYECKOTO W PEaHUMAIMOHHOTO NPOQUIS B TDKEIOM U KpaiHe
TSKEIIOM COCTOSIHHSIX B OINEPAIMOHHBIC U PEAaHUMAIIMOHHBIC OTJICIICHUS OOJBHUI] U MEAUIIUMHCKUX IICHTPOB.
B xo1e maHHBIX 3KCIEPUMEHTOB MEPECMOTPEHA MPUPOAa ACUCTBUS BO3AYIIHOTO BUHTA, @ UMEHHO J10Ka3aHo,
YTO TJIABHAS JBIDKYINAs CHJIa BO3AYIIHOTO BUHTA — MEXaHWYECKHI WMITYJbC (KUHeTH4Yeckas sHeprus E, =
mv?/2), KOTOpBIi BO3AYWIHBI BHHT MOJYydYaeT NPU CTOJKHOBEHMH C MOJIEKYJIAMH BO3IyXa MpPH €ro
BpallcHUM, a HE TPaJMCHT AABICHUNA BO34yXa HaJl M NOJX BUHTOM. TO €cTh J0OKa3aHa MEXaHUYeCcKas
(TpaBUTAaIMOHHAS) TPHPONA [BUXKYIIEH (IMOABEMHON) CHIIBI BO3IYIIHOTO BHHTA. BBeneHO NOHsATHE
«(QYHKIMOHATTLHOW aHTUTPABUTAIIMN», 2 UMEHHO CO3JaHHS CHIIBI TIOJOOHOW IO TIPHPOJE CUJIEe THKECTH
(cune rpaBHUTAIMM) HO TPOTHBOIIOJIIOKHOW €H 1O HAINpaBIICHUIO JEUCTBUS (II0 BEKTOPY), UTO TIIaBHBIM
00pa3oM U 00e3BelIMBaeT MOJUKONTEP WM BEPTOJET MPHU €ro BEPTUKAIHHOM B3JIETE W JIEKHUT B OCHOBE
roniéra JJF000T0 TPAHCIIOPTA C BEPTUKAIBHBIM B3JIETOM (BEpTOJETOB, MOJUKONTEPOB). BriIBUHYTA runore3a
TPaBUTAIIMOHHOW MPUPOABI TMONETA TOJUKONTEpPA M BEPTOJIETA W BEIBEICHA MaTeMarmyeckas (opmyia
«(yHKIMOHATBHO aHTHIPABUTALIMOHHOI0Y» TPAHCIIOPTa, a MMeHHO: G-M-m/R* = m;'v*/2 — ju1s monéToB Haj
VHHBEPCAIbHBIM aCTPOHOMHYECKAM TEJIOM ¢ Maccoit M JIeTaTeIpHOro ammapara Maccoi m, u m-g = my-v-/2
— IS TTOJIETOB HaJ TUIAHETOM 3eMJIS JIeTaTeIHbHOTO armapaTa MacCou m.
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