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DIRECT KINEMATICS OF THE GENERAL STEWART PLATFORM
Jens WITTENBURG
Karlsruhe Institute of Technology (KIT), Germany

e-mail: wittenburg@itm.uka.de

Abstract:

A Stewart platform is a rigid body which is connected to a supporting frame by six telescopic legs of variable lengths
with spherical joints at both ends of the legs. Neither the six joints fixed on the platform nor the six joints fixed
on the frame are coplanar or otherwise regularly arranged. The problem of direct kinematics is to determine all
positions of the platform satisfying the condition that the six legs have prescribed lengths. Husty [1] was the first
who succeeded in formulating a set of equations for dual Euler-Rodrigues parameters determining all positions.
Since these equations are written in terms of cartesian vector coordinates they can only be handled by an automatic
formula manipulation program. Continued elimination resulted in an equation of 40th order for a single variable. The
upper bound of 40 solutions was reconfirmed by Wampler [2]. His proof is based on dual Euler-Rodrigues parameters
in vector formulation. Wampler suggested that the same vector formulation might also simplify the formulation of
Husty’s equations. It is the purpose of the present paper to show that this is true. Dietmaier [3] gave a numerical
example showing that forty different real positions can actually occur.

Keywords: Stewart platform, direct kinematics, dual Fuler-Rodrigues parameters

1. Introduction

A Stewart platform is connected to a supporting
frame by six telescopic legs of variable lengths ;. Leg
¢ has a spherical joint P; fixed on the platform and a
spherical joint Q; fixed on the frame (: = 1,...,6). Nei-
ther the six points P; nor the six points Q; are coplanar
or otherwise regularly arranged. Given parameters are
the position vectors R; of Q; in a frame-fixed base e!
and the position vectors g; of P; in a platform-fixed
base e?. To be determined are all positions of base e
in base e! satisfying the condition that the legs have
prescribed lengths ¢; (i=1,...,6).

2. Dual Euler-Rodrigues parameters

A position of base e? in base e' is described as
displacement from the initial position in which e’ co-
incides with e!. This displacement is the resultant of a
rotation of base e? in the initial position about a unit
vector n through an angle ¢ followed by a transla-
tion ry carrying the origin of e? into its final position.
The same resultant displacement can be interpreted as
screw displacement, namely as rotation about a certain
screw axis parallel to n through the same angle ¢ fol-
lowed by a translation sn along the screw axis. The
location of the screw axis is specified by the perpen-
dicular u from the origin of e! onto the screw axis.
This vector u and the translatory displacement s are
related to n, ¢ and ry through the equations

ro 5n+u(1—cos<p)+u><nsincp,} 0.1)

r3 = 5%+ 2u%(1 — cos ) .

The vectors n and uxn are the Pliicker vectors of the
screw axis. Definitions: 1 = n+cuxn and ¢ = p+es
with €2 = 0 are the dual unit line vector along the
screw axis and the dual screw angle, respectively. These
quantities define the dual Euler-Rodrigues parameters
Go, q of the screw displacement:

do :cosf :cosf +E(—fsinf) s

2 2 27 2 (02)
q =ﬂsin§ =nsin§+5<fncos§+uxnsin§) .
In what follows they are abbreviated as ¢o = qo +

e¢h , 4 = q+eq . These quantities satisfy the con-
straint equations

B+a*=1 (@), } 03)
Q¢ +a-d4' =0 (b).

With Eqgs.(0.1) it is verified that

ro =2(qod’ —goat+axdq) (a),

3 = 40l + o) o). } 04

The screw displacement is known once ¢o, q, ¢, and
q’ are known.

3. Direct kinematics of the Stewart platform

In the initial position of the Stewart platform, when
base e? coincides with base e!, the platform-fixed
point P; has in both bases the position vector g;
(¢ = 1,...,6). In the unknown final position of the
platform, i.e. after the screw displacement specified by
g, d, q, and q', the point has in e! the position
vector

0] = 0i +2[a x (qx 0;) +qaq x o]
a;
+2(qd —qpa+axdq) (i=1,...

ro

,6). (0.5)

The vector a; — p; is the displacement due to rotation
(a? = p?). As origin of e? point Pg is chosen, and
as origin of e! point Qg. The conditions that the legs
have prescribed lengths ¢; are

Ri—0)2—2=0 (i=1,...,5)

rg =03 (b)



Equations (a) are (R; —a; —19)?—¢2=0 or

—2(R; —a;) ‘1o —4R; - [q x (a x 0;) + goa X i
+Ri—0)?+E—-2=0 (i=1,...,5). (0.7)
The leading two terms are

(R; —a;) -ro =2R; - (qoa’ —gha+axq’)
—20; - (909’ —gpa—axq') —4{e;-axd
+[a x (ax @) +qgax @] (90a —ga+axdq)},
R;-[ax (ax @)+ qqx 0] =(0R:—axR;) (axe)-
The expression in curled brackets in the first equa-
tion equals zero (note Eq.(0.3)a and the product rule
(axoi)-(axq)=a’d -ei)—(a-d')(q-e;)). Hence
Eqgs.(0.7) have the forms
a-(Ri—e)ap+lax Ri+e)—qRi—e)-d
= (goRi —qx R;) - (g% 0;) — %[(Ri —0)*+ 16— (08)

(i=1,...,5) . These equations are linear with respect
to the unknowns ¢} and q’. So is Eq.(0.3)b. With
the abbreviations r; = R; — g; and p; = R; + 0;
(i = 1,...,5) these six equations are written in the
form

(i=1,...,6) (0.9)

with coefficients v;, ¢;, b; depending on g9 and q:

cigo+vi-d = b

1
Vi =q X Pi —qoTri, ci:q-ri:fq—q-vi,
0

1
b; = (qoR; —qxR;) (qx ;) — Z(r?+£§_€?) (0.10)

(1217"'75)7 c6=q, ve=4d, bsg=0.

The coefficients of the sixth equation are orthogo-
nal not only to the unknown solution ¢, q’ but also
to the coefficients of the remaining five equations:
cci +ve-v; =0 (i = 1,...,5). Four equations
having rank four determine ¢, and q’. One of the
four equations must be the sixth equation because the
coefficients of the other five equations belong to the
three-dimensional complement of the coefficients of the
sixth equation. Let it be assumed that equations 1,
2, 3, 6 have rank four. The scalar ¢ is the quotient

qh = Aog/A1236 of the determinants!

21 :1 3
2 2
Ay = bs vs :q~§biv1 X Vg, (0.11)
0 q i
q-Vvi Vi
1 q-Vv2 V2
Ar236 = "o lavs v

—q q
1:3
= “u [Z(q vi)(a-vj X Vi) +advi - va x v;;} (0.12)
0" i=1

(here and in other sums further below ,j,k = 1,2,3
in cyclic order). The identity Z?=1(q SV XV =
q(vy - va x v3) (proof by scalar multiplications with
Vi, Vo, v3) in combination with qg +q? =1 yields

1
Aoz = BPACRACERCE (0.13)

With Egs.(0.10) for v;

Vj X Vi, = qar; X vy + qol(a - r;)Pk — (4 Tk)P;]

+ala-pj X Pk +q(rk - Pj —rj - Pr)l, (0.14)
3
Ai236 = gir1 -T2 X 13 +Z(Q'Y‘i)[Q'Pj X Pk
i—1
+qo(rx - Pj — 15 - Pr)] - (0.15)
The result for ¢} is written in the form?
/ q-S
qo = 0.16
07 Ataze (0.16)
with the abbreviation
3
s=) bivj X Vi (0.17)
i=1

The vector q’ is determined from the equations 1, 2,
3 of the system (0.9):

/
Vz"q/ZZ—OQ'Vi+bi (i=1,2,3). (0.18)
0
The solution is
3 a
Z (q_oq -V + bZ)VJ X Vi
N 0 . —
/ i=1 qq -Ss S
= = . (0.19
Vi-Va X V3 qoA1236 (0.19)

The quantities gj), ¢’ are now known as functions of qg
and q. In the next step go and q are determined. For
this purpose Eq.(0.6)b, the fourth and the fifth Eq.(0.9)
and Eq.(0.3)a are available. With Eq.(0.4)b Eq.(0.6)b
is the equation [s? — (q - 8)?]/q3 = (3A%,54/4 or,
because of g2 +q? =1 and g?s®> —(q-s)? = (q x s)?

9 qxs 2 1,5 .9
s = =Z£6A1236-

© (0.20)
Equations (0.14) and (0.17) show that qxs allows fac-
toring out o . From this it follows that the equation is
of 8th order in the coordinates of q.

With ¢, = —q - vp/qo the fourth and the fifth
Eq.(0.9) read —vy-s/qo = byAi23s (¢ = 4,5) or
with Eq.(0.17)

1

3
q Z bng *V; XV = bgAlggﬁ (2 = 47 5) . (021)
0

i=1
Equations (0.13) and (0.15) show that this can be writ-
ten in the form

3

Z biAgjke = beAiaze (€ =4,5) (0.22)
i=1

(i,7,k =1,2,3 cyclic). The quantity Agjre is given by
Eq.(0.15) with indices ¢, j, k instead of 1,2, 3. It repre-
sents the coefficient determinant of the equations ¢, j, k
in the system (0.9). Equations (0.22) are of fourth or-
der in the unknowns go, q. Equations (0.22) and (0.20)
are Husty’s equations.

1 The notation is unconventional. Instead of the vectors vi, va, va and q the matrix contains the row matrices of the coordinates
of these vectors. The corresponding (3 X 3) determinants are the vector products shown in Egs.(0.11) and (0.12)

2 1n [1] the determinant Aja3e is an expression of 1344 terms



The equation ¢2 +q2 = 1 can be used for ex-
pressing even and odd powers of ¢gg in the forms
@™ = (1—qg)™ and g™ = g(1 —qg*)™ for
m > 1. With these substitutions the three Egs.(0.20)
and (0.22) have the forms A;q0+ B; =0 (i =1,2,3)
with coefficients A;, B; depending on q only. Substi-
tution of g9 = —Bs/As into the other equations re-
sults in three equations for q only. These equations
are AlBg — A3B1 = 0, Ang — Ang = 0 and
(> —1)A3+ B3 =0.
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The European Geostationary Navigation Overlay Service (EGNOS) is Europe’s first venture into satellite
navigation. In this work EGNOS benefits, architecture, signal and message structures, key performance indicator for
aircraft navigation and service levels are briefly presented. The recently system basic parameters performance for
Southeast Europe is examined over tests using real data measured by the EGNOS monitoring station placed in Technical

University of Sofia.
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1. Introduction

Satellite navigation systems have become an
important positioning source for a wide source of
applications. The American NAVSTAR (GPS) and the
Russian Federation GLONASS systems have been
providing global positioning services for two decades.
The third global positioning system named Galileo
would be owned and operated by Europeans. Its full
deployment is scheduled for 2013.

The global positioning systems allow users to know
their location anywhere on Earth. Unfortunately, the
accuracy and level of confidence the user can obtain by
stand-alone GPS or GLONASS do not meet safety of
life requirements as a result of some design
characteristics and possible failures of system’s
satellites. Moreover, signal propagation can be delayed
by environmental phenomena (ionosphere,
troposphere,  environmental — noise), sometimes
significantly degrading the accuracy of computed
position. A GPS/GLONASS user can expect a position
accuracy of 10 to 20 m. In addition there is a significant
risk of the computed position being incorrect as a result
of anomalous GPS/GLONASS behavior or
environmental degradation. The user has no idea of the
actual error and how the situation will alter in the
coming seconds or minutes.

All  the techniques used to  improve
GPS/GLONASS data provide additional information
from a complementary system, “augmenting” both the
accuracy and quality. The European Geostationary
Navigation Overlay Service (EGNOS) is a wide area
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Satellite Based Augmentation System (SBAS) which
broadcasts “augmented” global positioning data over a
whole continent. It provides integrity information for
each satellite's signal and thereby improves the
accuracy of the GPS/GLONASS signal by
approximately 5 times. The Wide Area Augmentation
System (WAAS) is the United States SBAS.

Three service levels to end EGNOS users are
offered: open service (freely accessible signals for
timing and positioning without any charge);
commercial services (provision of commercial data to
commercial service providers); safety of life service
(accessible qualified signals for timing and positioning
to any user equipped with a certified receiver within the
EGNOS safety of life service area).

Six years ago, in the frame of the
EUROCONTROL (the European Organization for the
Safety of Air Navigation) activities for EGNOS
operational validation for aircraft navigation, six
monitor stations have been set up at different
universities geographically distributed around Europe,
namely Barcelona, Toulouse, Lisbon, Delft, Budapest
and Sofia. Recent results show EGNOS is already
broadcasting signals of excellent quality. This system is
currently in its qualification phase. Its certification for
safety of life service is planed for 2010.

2. EGNOS benefits

Space technology is recognised as having a key
role to play in maximising safety in the transport of
passengers and goods. The EGNOS system provides a



navigation signal which is suitable for use by aircraft,
ships, trains and other forms of transport. Other
systems such as the United States WAAS and the
Japanese MSAS are dedicated exclusively to air
navigation.

According to some estimates, the worldwide
market for satellite navigation is very promising. The
EGNOS global navigation satellite programme is
paving the way for Galileo. This is a great opportunity
for Europe to foster the development of a substantial
market with good potential for creating on long term
new businesses and jobs in a wide range of industries.

The world's commercial airline fleet is expected to
double in the next 20 years. This will result in crowded
routes leading to fuel wastage and delays that could
cost millions of dollars annually. EGNOS is designed
to assist navigation both en-route as well as during
landing. The potential benefits will assist air traffic
control to cope with increased traffic as well as
improving safety and reducing the infrastructure
needed on the ground.

A European forum has been set up to identify the
possible applications for a European global navigation
satellite system. These include: navigation operations;
traffic management; sea port operations; casualty
analysis; offshore exploration and exploitation;
fisheries. EGNOS will be able to meet most of these
requirements and will complement the services already
provided by marine radio beacon.

EGNOS is one of the keys to managing land
transport in Europe, whether it is by road, rail or inland
waterways. It will increase both the capacity and the
safety of land transport. Not only airlines but also
companies which operate transport services need to
know where their vehicles are at all times, as do other
public services such as the police and the ambulance
and taxi services As well as improving safety, EGNOS
will be an invaluable aid to managing transport
operations. Managers will be able to know exactly
when a consignment has been held up and its exact
location. This will also improve customer services as
clients can be notified of delays and the reason for
them and when necessary breakdown crews can be sent
out immediately

EGNOS can also be a good tool for Road
Management. Examples include virtual tolling,
Highway emergency alerts and so on. In fact, EGNOS
together with Galileo is expected to be one of the key
components of pan-European electronic road toll
systems.

Rail transport could profit considerably from the
implementation of autonomous on-board positioning
systems based on EGNOS. For local and regional
railway lines especially, there are various possible
applications that could enable cost-effective
modernisation and increased efficiency. The coupling

of  autonomous  on-board  positioning  and
communications is an invaluable tool for preventing
fatal accidents under weather conditions causing poor
visibility.

EGNOS has many other potential uses. It can help
farmers in aerial crop spraying or precision farming,
fishermen to locate their catch and the police to detect
fraud, security patrols to monitor risky situations.
EGNOS has been used to help guide blind pedestrians
and track racers in competitions.

Computer and telecommunication networks around
the world need an extremely accurate clock reference.
EGNOS is able to broadcast a reliable time standard
with unprecedented accuracy.

3. EGNOS architecture, signal structure and
messages

The EGNOS system comprises:

e A ground segment in charge of elaborating the
EGNOS signal and managing the system;

e A space segment in charge of diffusing the
EGNOS signal;

e The user segment located on the mobile, wishing
to benefit from the EGNOS service.

The functions of the ground segment (EGNOS
Wide Area Network ) are as follows:

e Collecting data from the GPS and GLONASS
satellites and transmitting it towards a processing
facility. This function is performed by 35
Remote Integrity and Monitoring Stations
(RIMS). It is planned to deploy 41 RIMS.

e Processing of GPS and GLONASS data,
elaboration of data to be diffused and formatting
of the EGNOS signal. This function is performed
by 4 Master Control Centres (MCC). The MCC
are composed of two parts:

- The Central Process Facility (CPF) in charge
of calculation, validation and distribution of
messages to be transmitted;

- The Central Control Facility (CCF). It
receives all the data from the various
elements of EGNOS and the network and is
in charge of managing all the interfaces
between these elements and of configuring
EGNOS according to the status of these
elements. It prepares the data which will be
archived in order to study EGNOS
performances off-line.

- 6 Navigation Land Earth Stations (NLES)

transmit  data towards geostationary
satellites.
Two support facilities:  Application  Specific

Qualification Facility (ASQF) and Performance
Assessment Check out Facility (PACF) complete the
ground segment architecture.

The EGNOS space segment is composed of three



geostationary satellites. There are: Artemis (PRN 124),
Inmarsat AOR-E (PRN 120) and Inmarsat AOR-W
(PRN 126).

User segment is a set of EGNOS receivers developed
for various types of users.

EGNOS uses the same frequency (L1 1575.42
MHz)) and ranging codes as GPS, but has a different
data message format. Different message types have
been defined to broadcast integrity data and Wide Area
Differential (WAD) corrections. The message schedule
follows a 6-second duty cycle. This is structured both
to prioritise the 6-second integrity time-to-alarm and to
minimise the time for EGNOS initialisation.

Integrity is provided at two levels: coarse use/don’t
use for all satellites in view of the service volume
(including the GEOs); and two parameters

O'SDRE and oﬁ,DE— that are statistical estimates of

the satellite and atmospheric errors remaining after
applying the WAD corrections. These are used to
compute a certified error bound for the position
solution in an integrity assessment. Fast and slow
WAD corrections model the temporal decorrelation of
the different error sources. The fast corrections model
rapidly changing error sources include satellite clock
errors. The slow corrections model more slowly
changing error sources including long-term satellite
clock drift and ephemeris errors. lonospheric delays are
provided at pre-defined grid points. Processing the
corrections is quite complex both because the messages
have been designed to minimise the bandwidth
requirements and because they need to account for
updated GPS navigation information. The receiver
estimates corrections for satellite clock and ephemeris
errors using the fast and slow satellite data messages. It
has to account for both range-rate effects between
successive  fast  corrections and  performance

degradation if a message is missed. The O'LZJDRE term

characterises statistically the residual range errors after
having applied the fast and slow clock and ephemeris
corrections. The receiver predicts ionospheric delays
for each range in three steps: it estimates where the
satellite — receiver range pierces the ionospheric grid;
the vertical delay at the pierce point is then interpolated
from the surrounding grid points; and finally this is

applied to the range measurement. The GS,DE term is

applied to the range vector where it characterises
statistically ~ the  residual  ionospheric  errors.
Tropospheric errors may be mitigated using a simple
model related to the receiver’s position and the day
number in the year.

EGNOS receivers compute a certified error bound
for the position solution based on data broadcast by the
GEO satellites, the user/satellite geometry, and the
probability of integrity non-detection.
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4. EGNOS basic parameters and performance
indicators for aircraft navigation

The EGNOS basic parameters must guarantee that
the user is informed on his position with sufficient
accuracy and is alerted when the system exceeds
tolerance limits. The Horizontal and Vertical Protection
Levels (PL) are computed to protect users from
potential degradation of the system, expressed in terms
of Horizontal and Vertical Position Error (PE) above a
certain user level, called Alert Limit (AL). Several
possibilities for the relation between PE, AL and PL
exist. However, two cases are very important from a
safety perspective [4]:

1. PL<PE<AL: System is available but not safe,
not leading to a hazardous situation, called
Misleading Information (MI);

PL<AL<PE: System is available but not safe
and leading to a hazardous situation, called
Hazardous Misleading Information (HMI).

Both cases are considered as an EGNOS out of
tolerance condition, and are assumed as non-integrity
events. If PL exceeds the AL the system is declared
unavailable since in this case the probability of system
non-integrity (misleading information) is high.

There are four basic requirements, which the ICAO
(International Civil Aviation Organization) compliant
EGNOS safety of life service should satisfy. These are
on accuracy, integrity, availability and continuity of the
system and they are particularly stringent for landing
precision approaches. As mentioned above EGNOS is
currently in its qualification phase. Document [2]
provides a description of the criteria for identifying an
EGNOS performance anomaly during the independent
data collection campaign and provides a common
methodology for the assessment. Some general
requirements for Approach with Vertical Guidance
(APV) services are marked below. The definitions of
the system Key Performance Indicators (KPI) are as
follow:

Accuracy: EGNOS position error is the difference
between the estimated position and the actual position.
For a large set of independent samples, at least 95
percents of the samples should be within the accuracy
requirements. The 95 percent accuracy requirement is
defined to ensure pilot acceptance, since it represents
the errors that will typically be experienced. The
accuracy requirement is to be met for the worst-case
geometry under which the system is declared to be
available.

During the qualification campaign every record of
valid samples whose vertical positioning error is
greater than 10 metres for APV services will be
reported. An anomaly report will be produced each
time when the daily horizontal position accuracy (95%
percentile) exceeds 16 m or the daily vertical position



accuracy (95% percentile) exceeds 20 m when
assessing APV-I service accuracy. For this service the
horizontal AL equals to 40 m and the vertical AL
equals to 50m. During the initial operations and
qualification campaigns, it was confirmed that the
system could provide better accuracy performance than
required for APV-I.

Integrity is a measure of the trust which can be
placed in the correctness of the information supplied by
the total system. Integrity includes the ability of the
system to alert the user when the system should not be
used for the intended operation (or phase of flight). The
necessary level of integrity for each operation is
established with respect to specific horizontal/lateral
(and for some approaches, vertical) alert limits. When
the integrity estimates exceed these limits, the pilot is
to be alerted within the prescribed time period.

According to the integrity requirements of ICAO [4],
the allowable probability of non-integrity event is

2x1077 per landing approach. Position domain Safety
Index (SI) is defined as the ratio between the true
navigation system error and the corresponding
protection level Sl =PE/PL. The samples for
which the Sl is bigger than 0.75 will be reported as
potential MI situations. An anomaly report will be
produced every time when the instantaneous SI
exceeds 1.

The availability of a navigation system is the ability
of the system to provide the required function and
performance at the initiation of the intended operation.
Awvailability is an indication of the ability of the system
to provide usable service within the specified coverage
area. Signal availability is the percentage of time that
navigational signals transmitted from external sources
are available for use. Availability is a function of both
the physical characteristics of the environment and the
technical capabilities of the transmitter facilities.

Four geographical areas have been derived from the
industry commitment with 99%, 98%, 95% and 90%
availability respectively. For each predefined area, the
number of points with availability for APV-I service
more or equal to the reference value should be at least
90% of all points in the area. Each deviation from this
requirement will be analyzed and an anomaly report
will be provided.

The continuity of a system is the ability of the total
system (comprising all elements necessary to maintain
aircraft position within the defined airspace) to perform
its function without interruption during the intended
operation. More specifically, continuity is the
probability that the specified system performance will
be maintained for the duration of a phase of operation,
presuming that the system was available at the
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beginning of that phase of operation, and predicted to
exist throughout the operation. Continuity event

(anomaly) is observed every time when at epoch T;_;

PL < AL andatepochT; PL > AL.

For APV services the duration of a phase of
operation is 15sec, and the required probability of

discontinuity equals to 1075 The current achievable

value is of the order of 10~/ 15 seconds and does not
formally comply with the requirement. Having in mind
the current status, the assessment against the ICAO
requirements is worthless and a more realistic baseline
for the evaluation has to be adopted [2]. This baseline
should allow a pragmatic approach and at the same
time will demonstrate that the system is compliant with
the achievement results proposed by Industry in terms
of continuity.

4. EGNOS performance in Sofia

To process and analyze the EGNOS performance
results, EUROCONTROL has developed PEGASUS
software tool [1]. The results presented in this section
are obtained at Technical University of Sofia using
PEGASUS. The static tests were carried out with
Septentrio PolaRx 2 receiver.

Figures 1+ 2 present a brief overview of the some
important performance characteristics as obtained
using PRN 120 signals during the daily observed
period (September 04, 2009). The so-called Stanford
diagram (Figure 1) shows the relationship between PL,
PE, AL and integrity [6]. Horizontal and vertical Error,
Protection Level and NSV (Number of Satellite
Vehicles) over time are shown on Figure 2. The
presented results are compliant with APV-I KPI’s
requirements described in section 3.

Figures 3+4 show some EGNOS characteristics
obtained using PRN 120 signals during three monthly
observed periods, namely January 2008, January 2009
and July 2009. It can be seen for 2009:

The mean of 95% Vertical PE decreases with

about 1 m. EGNOS could provide better accuracy

performance than required for APV-I;

APV-1 availability increases with about 30%

and its standard deviation (std) decreases

significantly. As a rule APV1 availability is

higher than 95%.

It must be noted there are no cases of Ml or HMI. For
APV 1| the continuity risk values are of the order of

10~*/15 seconds.
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Concluding remarks

Since 2007 for all EGNOS monitoring stations there

are no non-integrity events. It is important for Sofia that
the RIMS in Sofia, Bulgaria, in Golbasi, Turkey and in
Alexandria, Egypt operate. lonospheric coverage is
much better. Recently for Sofia the mean number of the
used satellites has been 8-10, while two years ago the
mean number of the used satellites was 5-7. The
EGNOS messages are received at regular intervals, but
at this moment the EGNOS Signal In Space (SIS) is
provided without any warranties. The use of the
EGNOS SIS is at the user’s own risk.
The results show EGNOS can meet (in European
airspace) the ICAO requirements for APV-I. The most
demanding requirement for this system is to provide a
service which offers CAT-l Precision Approach
capability, that is, the provision of vertical and lateral
position information to aircraft approaching runways in
limited visibility conditions, even when the runway is
not equipped with an Instrument Landing System
(ILS). At present CAT-I integrity can be achieved for
less than twenty percent of the time.
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Pe3tome: ABualMoHHATa METEOPOJIOTHS KaTO M3CICIBAHHS U MPHUIOKHA AeHHOCT ctapTupa ciaen 1910 r.
¢ myomukanud Ha H. Herenmos u a-p Cr. Craiikos (1912; 1914) 3a BepTHKATHHS aTMOCHEPEH CTPOEK
[0 JaHHU OT IUIAHWHCKM CTAaHUUHM B bBirapus W BBB Bpb3Ka C YJaCTHETO HAa HAlld CAaMOJIETH B
cBeTOBHATa BoWHA. OpraHu3auusTa Ha Ta3u JIEHHOCT 3aKbCHsJIA MOpaaud MUpHUS norosop or 1919 r.,
KOHTO 3a0panun bearapus na mMa BoeHHa aBHanus. Bb3cTaHOBEHUTE IOJETH HAJIOKHIM CH3JaBaHE OT
1.04.1922 na “Cnyx6a 3a BpemeTo” KbM JIMPEKIUS Ha Bb3AYXOIJIABAHETO ChC 3a7[a4ya METECOPOIOTHYHO
ocurypsiBaHe Ha aBuanusaTa. KeMm nenrpanmara Ha Cmyxbara Ha setnme boxypuie OWIM OTKPHTH
OCHOBHH U CIIOMAaraTejHU 3BEHa, BKJ. aBHOMETEOPOJIOTHYHA CIY)K0a M Bb31YXONJIaBaTEIHO YYUIHUILE,
npemecteno npe3 1926 r. B Kazannsk. Cropen [4] “Hapen ¢ kiacoBe 3a JITIH, aBUOTEXHUIM U CBHP30U-
HUIIM UMAJIO U KJac 3a o0ydeHue Ha MeTeoposio3n”. Ta3u Ciyx0a oCHOBasa INIaBHU pa3zielii Ha METEOpO-
poJorusaTra y Hac Karo IIPOrHos3a Ha BPEeMETO, aepoJIOTHs U METEOPOJIOTHYEH HHCTPYMEHTapUyM. Y CIIel-
HOTO i pa3BUTHE ce ABIDKAJIO HA PeJl U3ThKHATH HAlIX MeTeoposio3u kato H. HereHnos - npbB 1upexTop,
J1. Bakanos u np. Cryx6aTa Ouiia BOeHHA, ThI KaTo pajkJaHCcKa aBUalus y Hac uMa cien 1947t. Jlanenu
ca OCHOBHU JJaHHU 32 UCTOPHSITA U METEOPOJIOTHYHOTO OCUTYpsIBaHE Ha Ta3u aBUAlMs B bbarapus.
KiouoBu aymM: aBHAllMOHHA METEOPOJIOTHS; OCHTYpsSBaHE Ha aBHALUATA, UCTOPHS; METEOCIyXOH -
HaIlMOHAJIHA U BOSHHA, MPOTHO3a Ha BPEMETO; aepoJIoTHsl; IbPBU y4eOHH ocoOus, o0ydeHue, KaJpu.

Asuayuonna memeopono2uss € pasienbT OT
METEOPOJIOTUSATA, H3yYaBalll BIHUSHUETO HA METEO-
POJIOTHYHHTE ENIEMEHTH W SIBICHUS BBPXY MOJIe-
THUTE Ha CaMOJICTHTE, pa3paboTBalKU CIOCOOH M
¢dopMu 3a ocurypsBaHeto M. Tasm oOyactT Ha
3HAHUETO 3anouea O0a ce paseusa 6 bwiacapus
cned Hauyaiomo Ha U3NON36aHemo HA AsUAYUAMA
y wuac, m.e. creo 1910 o. Ilo mosa epeme
Hupexyus na memeoponozuama @ bvaeapus 6una
B OpPraHM3AIIOHHUS CH €Tall ¢ OCHOBHA 3ajada
Ch3[laBaHe U Pa3BUTHE HA MpEKa OT CTAHIIUU 3a
HaOJIOZIeHHe, OTroBapsAIla Ha MEXITYHApOIHHTE
cragmaptd. I[lo HaOumpaHWTEe HaHHW 3aMOYHAIIH
HAayYHH M3CIIEABAHMS 110 KIaCHYeCKa U 3eMeIerc-
Ka KJIMMAaTOJIOTHs, a MO-KbCHO Mo (u3mMKa Ha
arMocdepara W  IUIAHHHCKA  METEOPOJIOTHSL.
OpranmzanusaTa W CTONAHCKAaTa JEHHOCT Ha
MIajaTa IbpikaBa HM3ThKBAJa BCE HACTOWYHBO
HY)XIaTa OT METEOPOJIIOTHIHOTO MM OCUTYpsIBaHE,
BKJIIOUNTEITHO TPOTHO3W 3a BpeMmero. Ts Haid-
Halpex ce IOYyBCTBaJa B aBHANMUATA, 3aIlOTO
BeUe Kalamh ¥ CaMOJECTH Ha YYyXKICCTPAHHH
KOMITaHWH, a ¥ HaIlld CaMOJICTH OWMJIM W3MOJ3BAaHH
B [IppBara cBeToBHa BOIHA. (UHAHCOBUAT H
KaJpoOBUAT  pecypc Ha  METEOpOJIOTHYHATa
Jupekuusi He TO3BOJSBAl Aa CE OTIOBOPU Ha
BCHUKH oOmmecTBeHH HyXau. Ilopamu ToBa npes
1922 2. kom Munucmepcmeo Ha sicene3Huyume 6
omoena 3a 8b30yXoniasame, NPEUMEHYBAH 8
Hupexyus na ev3oyxoniasanemo Ouna omxpuma
emopa Memeoponocuuna cayicoa 6 bBwvreapus,
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Hapeuena “‘Cnyacoa 3a epememo’. OCHOBHATA #
3a/aua Ouia “MeTeopOoSIOTUMHOTO 00e3TeUaBaHe ¢
NPOTHO3M W uWHOpMamuu 3a BpeMeTo Ha
BB3AyXOIUIaBAHETO W HA JIETCHHWATA Ha UY)KIWUTE
KOMITAHHH, MMAllM aBHOTpaceta Hajx bwirapus’
([8]). Ha 26.06.1922 mo mpermopbka Ha akKai.
Crmac Bamos® 3a JUPEKTOP Ha HOBOTO
yupexaeHue ¢ HazHaueH Hwukoma Cranduen
Herenmos (1888-1942), no ToraBa acucTeHT B
Jupekumsts Ha Mereopomormara. PoxeH B
l'a6poso nHa 20.03.1888 e 3aBppmun pusuka
B Opeckus yHuBepcuter. IIpe3 1940 r. ce
NCHCHOHUpPA TOPaaN 3APABOCIOBHH HPUYNHH.
To#t Oun 3amecten oT JHUMHUTBD BaKaJIOB3,

ITo mamuum ot 1940 r. [5] “mer uyxau KOMIAHUH
MOJIbpKaxa PpPENOBHH BB3AYLUIHH CBHOOLICHHS C
Bwarapus: repmanckoro Jotiue JlypT XaH3a, cCbBETCKOTO
Aepo ®rot, urananckoro Ana Jlutopus, IOrociaBcKOTO
Aepollytr u pombHckoTo Jlapec”. Ilpe3 nstoro Ha 1940
r. u g0 15 maii 1941 r. aeponosute B aetunie boxypuiie
mpefand Ha YyXKId KoMmmaHud o0mo okono 1675
METEOpOJIOTHYHH OrojieTHHA 3a u3nutane u 945 3a kauane.
Haii-mHOrO OtonmetnHu Ounm 3a [oiwue Jlypr Xansa,
3al[0TO UMaJIM “JIETEHHs BCEKH JIEH OCBEH Hemens’ .

% Cnac Bauos (1856 - 1942) - akameMHK (IeiCTBUTEINCH
wien) Ha BAH or 1884 r., cb3maten u NpbB JAUPEKTOP OT
1890 nmo 1928 r. Ha ObarapckaTta METEOPOJIOTHYHA CIyX0a,
HapuyaHa a0 1934 r. Jlupekius Ha METEOpOJOrusATa, a a0
1950 r.- Henrpanen Mereoponoruuer Mucruryr (Bx. [1]).
Jumutsp Tp. Bakamos (1905-1985) - opranmsarop Ha
neitHocTTa M Bojen| crenuaiuct B “Ciyx0ba 3a Bpemero” mo
CHHONTHUYHA METEOpOJIOTHsl ¥ MPOrHO3a Ha BPEMETO,



KOWTO TuIIe, 4e B NpoJb/DKeHUe Ha 18 roxguum
HereHnoB chc CBOS BCEOTIAcH M MOJI30TBOPEH
Tpyn ycmsBa ma paspue Cnyxbata 10 TakaBa
cremel, 4e kbM 1940 r., T Bede 3a70BOIABA HE
caMO HY)XIUTe Ha aBHAaNMATa, HO MW Ha
ocTaHanuTe pojoBe Boiicku. [lopaam ToBa, CbC
3amose Ne 330 ot 31.08.1940 r. Ha MHHUCTBpA Ha
BoitHara, Ciyx0ara 3a Bpemeto npu BBC craBa
O06moBoiickoBa MeTeOopoJIoTHYHA ciryk0a. Torasa
y HaC HE € MMaJT0 TPaKIaHCKa aBUAIHS.
[entpanara Ha HOBara Ciry:x6a ot 1922 no
1937 r. Ouna G6a3upana Ha yeruiie boxypuiie, a
no-kbcHO B Codus Ha yn.Cepauka Ne6. Ha
nerumie boxypume, mocrpoeno B 1916 r. umano
BpEMEHHa MeTeOoCTaHIMA. Ho MeTeoposornyHo
OCHUTYpsIBaHE Ha TIOJIETH OT OBJITapcKa ciiyx0a He
e umaio. [Ipeamonara ce, 4e HEMCKO 3BEHO ¢
mpaBeno ToBa. Bce mak moorce da ce cmama, ue
ABUAYUOHHATNA MEMeopOoNocUs 3aN0Y8a CEOEmO
paszsumue y Hac oxono 1910 2. ¢ npoyusanus 3a
sepmuKainus cmpoexc Ha ammocgepama.Takusa
owm pabotu Ha H. Herenmos ot 1912 r. u Ha a-p
Craiiko CraiikoB ot 1914 r. Te He ce ocHOBaBaJIn
Ha HaOJIOJICHNs Ha TeMmrieparypara B cBoOOIHATa
aTMocdepa, a OT CTAHIIMK Ha Pa3InIHHA BUCOYMHHU
MO TUTAHWHCKU CKJIOHOBE. JIUpeKTHH BHCOYMHHU
u3MepBaHus (acpoyoTHYHKM) Ha aTMoc(epHHTE
mapameTpH, mouBat B boxypuiie npe3 dhespyapu
1923 ¢ nuI0THU HAOIIOACHUS HA BUCOKUS BSITHD.
TpsbBa na ce moguepTae, 4e Ch3IaBaHETO Ha
aBHAIlMOHHA CIy)X0a y HAac MO TOBa BpEeMe HE ¢
OWJI0 elleMeHTapHa 3a1a4a. MUPHUST J0TOBOP OT
14.04.1919 3abpansBan bwirapus ga npuTexara
BoeHHa aBuanusa. B [4] gerem: “Twit kato mpes
1922 Gunu BB3cTaHOBEHM molieture, ot 1.04.1922
I. TIPAaBUTEJICTBOTO pEIllaBa Ja ch3aane KbM M-Bo
Ha OKCJIC3HUIIMTE OTJACICHUE 3a TPaXIaHCKO
BB3AyXomiaBane. Ha nerumre Boxypuine Owmu
OTKPUTH aBUOTEXHHUYECKa, aBHOMETEOPOJIOTHYHA
Y MEJMIIMHCKA CTy»0a, caMoJieTHa pabOoTHITHUIIA
M BB3IYXOILIABATEIHO YUMIMIIE', HPEMECTEHO
mpe3 1926 r. B Kaszanmsk. Hapen ¢ kmacoBe 3a
JICTITH, ABUOTEXHHIIN M CBBP30YHMIIA OUII OTKPHUT
U Kiac 3a oOydueHune Ha wmereoporno3n”. Tazm
Ciyx6a, ce3mamneda 30 romgmam ciex MC/XMC
(HanMoHaIHA METEOPOJIOTHYHA U XHAPOMETEOPO-
JIOTHYHA CITy>k0a) ce 3aena Ja 3albJIHi HE0OX0TH-
MH HUIIK OT METEOPOJOTHYHATAa JAEHHOCT y Hac.
[IbpBata OT TAX Omia JEHHOCTTA IO NPOSHO3A HA
epememo, 3amoyHana mnpe3 1922 r., T.e. okosro 100
TOAMHH  CIel  Ch3JaBaHETO HA  IIbpBara
cuHonTHYHA KapTta mpe3 1820 r. ot bpanzaec B

3amectun H. HereHuoB kato HavanHUK Ha ciry)k0aTa OT FOHU
1940 no centemepu 1944 r. (k. [2]).

4 Orkputo B nerume boxypume Ha 15.12.1923 1., a
ot 1926 r. e npemecteHo B KazaHnbk 3a 1a e no-aajied
OT OYHTE Ha YY)KAUTE JUIUIOMATH.
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lepmanus. Ts 3amoyana ¢ oOpraHu3upaHe Ha
Mpeka OT CTaHIIMH 33 CHHONTHYHH U aepOoJIOTHY-
HU (BHCOYMHHM) HAONIOACHHS, C MPOYyYBaHE H
OBIIA[IBAaHE HA HAaH-MOJEPHUTE TOraBa METOIH 3a
MpOTHO3a. Malko Mo-KbCHO 3aMOYHANIO U3TOTBSHE
U U3[IaBaHE Ha PETYJISIPHU MPOTHO3U 32 BPEMETO.
B mawanoTto Te Ownm cneyuanuzupanu npocHo3u
3a 8pememo, 3aTOBOJSIBAINN CIICHU(PIIHA HYKIN
Ha  BOGHHaTa aBmanus. [Ipocrnosu 3a 00wo
nonzeéane  (MPOTHO3M 32  HACENICHHUETO)  Ce
n3naBanu ot BoeHHaTa “Ciyx0a 3a BpeMeTo” OT
1929 r. Ome ot 1929 r. yak 10 ch3gaBaHETO Ha
otnen “IlporHozn” keM XMC mpe3 1956 r. Tasu
cnyx0a e “m3maBana eXKeJIHEBEH OMOJICTHH 3a
BPEMETO U IPOTHO3a 3a 24 gaca, 9YeTeHH 110 PaaHo
Codus B eqna min e emucun” [11]. TIpes 1931
I. Te ce mosABsABaT U BBB BecrHuuure. Cuen 1956
r. o0IIKMTE MPOTHO3H, a MOCTENEHHO U CIIEIHaIH-
3upanuTe(6e3 aBHOMETEOPONIOTHYHUTE), Ce H37a-
Bat ot otaen “Ilpornozn” Ha MC/XMC. Ot maii
1968 r. 3amouBa M3IBPUBAHE U MO TEICBU3UATA HA
nporro3ure 3a Hacenaenunero ([1],[2],[4].[8]).

C opeanuzupanemo u pazeumuemo y HAc Hd
nupeume OetiHOCmu no CbujecmeeHu paszoenu Hd
Memeopono2usma Kamo HpocHO3a HA 8pememo,
Memeoponocuyen UHCMPYMEeHMAapuyM U aeporocus
soennama “Cuyoicoa 3a 8pememo” Ouna 8asicem
cmpoumen na nayuonamiama MCIXMC.

Boennara cimyx0a B3eMana HyKHHTEC NaHHU
IBPBO OT CTAHIMK Ha J{MpeKIms Ha MeTeopoo-
rusaTa. [10-KBCHO OTKPMIM COOCTBEHH CTaHIIUH
(Bx.[7]): aeponocuunu -c mpU3eMHU U BUCOYUHHU
u3mepBanus (¢ Mereoporpadu U OUIOTHH
Oanounu), saemuwnu (3a TPHU3EMHUS BB3AYX) H
nomowHu (ocBegoMuTedHu). JIeTHIHUTE CTaH-
MY UMaJu AT OT 5 Aymu: QU3uK- aepoioez;
Memeoponoe chC cpeaHO oOpa3oBaHHe,
3aBBPIINI BB3AYXOIUIABATEIHOTO YUMIIHIIE;
no 3-mMa Habawdamenu cien Kypcose. “B
kpast Ha 1934 r. Ciyxbara 3a BpemeTo uMana 3
aecposiornuan, 4 gneruman w11 momonHM
craHimu”. BposT UM 3aBUCEN OT JeiicTBalIUTE
neruma. B 1930r. te 6unu 10, Toi KaTO Ccaexn
boxypume otkprnu nernma B Kasannsk, I
OpsxoBuna, Bapra, cyxo3emMHO JeTume Ha
Bapuenckoro e3epo, HapuyaHo , Tuxuna”,
AmOon u gpyru. Ilpe3 1940 r., CuyxOara
Omra MeTomuueH pPBKOBOAWTEN Ha 83 cTaHIMH
Ha pa3nmuuyHu BegoMcTBa. 40 OT TsIx paborenu
Karo cuHONTHYHU. Taka eoennama Cnyowcba 3a
epeMemo e cwv30amen HA CUHONMUYHAMA U
AepONOSUNHAMA MPENXCU OM CIMAHYUU Y HAC.

Cnyx0aTa B HaYalHHUS €Tall Ce CHhCTOAIA
otr neruma wu [Jlewmpana, CHCTaBEHa OT
cexnuute: OpranmsanuonHa; [Ipencka3Bane
Ha Bpemero (OcurypsiBaHe Ha JICTCHHSITA);



Knumaruuna, TexHuuecka ¢ H3OHTATEIHA
CTaHIUA 3a mpoBepka Ha ypenute ([6], [11]).
Cnyx0OaTta 3a BpeMeTO UMaja 3HAYUTEICH
BBTPEILCH U MEXIyHapoJeH aBTopureT. Cropen
[11] st 6una unen Ha MMO (MexayHapoaHa
Merteoponoruuna Opranusaius) u 6-8 mbpTu
Ha JIeH 4pe3 ABbpKaBHHUSA paxuolpenaBaTel
M3JIBYBAIN HAONIOMEHUS OT NaJcHU CTaHIUH;
NEHOHOIIHO NpHUEMaJlH 110 paguo TeierpaMu
3a BPEMETO OT €BPOMEHCKH CTpaHH, Hemud-
pupanu ru 1 HaHacsau (¢ uudpu, CAUMBOIH U
3HAlM) Ha cuHONTUYHU KapTu”. [Ipes Mexay-
HaponHarta nojisipHa 1932-33 roanHa BB3IOKHIN
Crnyx0ara na mpoBexJa y Hac NPU3EMHUTE H
BHUCOYMHHUTE HaOroneHns. HereHmor Oun wieH
Ha Tpu Komucnn Ha MMO wu mpeacTaBiIABaI
bearapus B VII xoHdepenmus Ha TupeKTopuTe Ha
HaIlMOHAIHUTE MEeTeOoCIyx0u - Bapmasa, 1935 1.
[Ipe3 1939 r. BBPXY CHHONTHYHHUTE KapTH CE
Ha"acsuin 1000 cranumm ot EBpoma, CeBepHa
Adpuka, bnuskus m3ztok u uyact ot Cubup.
Ilpencka3sBanero Ha BpEeMeTO INpH BoOiHHA €
3aTpyJHEHO, MOpaaAl CEKPETHOCT Ha JaHHUTE.
KypcoBe 3a aepoio3m ca NpPOBEXKIAHH
enu3onuuuo B Kazaunsk npe3 1939-44. Taka
Ouno W cieJ NpeMecTBaHEe Ha MIKoJiaTa B
Coodus - nerumie Bpaxaeoduna. IIpes 1950-51
ca oOyuaBanu 3a aeposno3u 30 KypcaHTa CbC
cpenno obpasosanue. Ct. Credpanos(or 1949
r. H-K Ha BOCHHaTa MeTeocnyxba) dveren
JEeKIHH M0 MeTeoposoTHYHO obe3medaBaHe
Ha neTeHussTa © CHHONTHYHA METCOPOIOTHUS.
Hvroica 0a noduepmasi 6UCOKOmMoO HUBO
Ha yyeOHuUme NocoOusA, HANUCAHU OM
cneyuanucmume om “Cnyscba 3a epememo”
(mompobuoctu B [1] u [2]). VuebuuksT [10]
Ha Hereunmos (1931) uma chabpxaHue KaTo
IHEIIHUTE YYeOHUIIN MO aBHAlHOHHA METEO-
poxorus: armocdepa - pa3snpocTpaHeHHE U
chCcTaB; MeTeoponorudHu Qaktopu (Temie-
patypa; BIaXHOCT; HalsAraHe; BETPOBE;
BUAUMOCT); METCOPOJOTHYHU YpEeIu; BIUI-
HHE Ha METEeOpOJOTHYHUTEe (aKTopu MpHU
neteHusTa (BIUSHHE Ha Pa3IUYHUTE TeMIle-
paTypu, Ha TeMIepaTypHHTE MHBEPCHUHU; KaK
ce oTpa3siBa HaMaJIeHHETO W KoyieOaHUsITa Ha
rbeToTara (IMIBTHOCTTA) HA BB3JyXa; Mbria
U o0yramy; BaJIeKUTE W JICTCHUATA, U3JIUTaHE
U KalaHe; OTHacAHE Ha aepolljiaHa; XOPU30H-
TalHM W BEPTUKAJHH yIapu Ha BATHpA,
3aTpyAHEHUs] MNpU JIeTeHe B HamjlacTeHa
atMocdepa; 3aTpyAHEHHS OT BB3AYNIHHTE
BBJIHHM, M3IOJ3BAaHE HAa BHCOKHS BATBpP IPHU
JeTeHUsATa, IMpeacKa3BaHe HA BpeMeTO; Oypu
(BugOBE, MOBTOPSEMOCT, OMACHOCTH); aBHO-
MeTeopoJioruvyHa ciyxba (cbcTaB; HabmoOae-
HUSI; METEOPOJIOTHYHU JOHECEHUs, IMpeJc-
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Ka3BaHe Ha BpeMeTO; OIOJeTUHH M CHBETH,
MOJACUTYpsIBAHE Ha HOLIHU JIETCHHUS).

Herenmos usnomn3sa 3a [9] usrpkHaTa 3a
BPEMETO JUTEpaTypa Ha HEMCKH, QPEHCKHU H
pycku e3uk ¢ aBropu: Defant Dr A.-Wetter
und Wettervorhersage, Leipzig,1926; Linke
Dr.Fr.-Aeronautische Meteorologie, Berlin,
1917;AngotA.-(Traite elementairede meteo-
rology, Paris, 1916); II.MosuanoB-ATm™moO-
chepa, [lerporpan, 1924; I'.PaxmanoB-OcHo-
BBI MeTeoposioruu, 1925, H.Kanutun-Mereo-
poJsiorus u asponorus,J1.1926; A.KnocoBcku-
OcHoBwI MeTeopoaoruu,Onecca, 1918 u ap.

B ta3u 3a0enexuTtenHa rpyna KHUTHU € H
yuebnuka Ha J[. Bakanos [3], orpasux onura
W 3HaHUATA, AONBIHEHH IIPH IOCEHICHUSTA
My B MHCTUTYTH Ha ['epmanus, HopBerus u
[IBenust, OT ChbBETCKH PHKOBOJCTBA U Yyueo-
HHUIY U JEKIUUTE MY IO CHHONTHYHA METEO-
ponorus B Coduiickus yausepcurer. C neii-
HOCTTa U 3HaHUATA cU bakanoB mman riaBHa
3aciyra 3a NMpuilaraHe Ha HOBUTE METONH 3a
aHaJuW3 W TpPOrHo3a Ha BpeMmeTo. Taka
brarapus cranama Bcpex MBPBUTE CTPAHU B
EBpona, ycBounu HopBexkaTta mkosa.

C nannuatuBa Ha Ciyx0aTa 3a BpemMeTo
W OT3MBYMBOCTTA Ha KMeTa Ha Codus - unx. UB.
WBanoB, obuiHata moctpousa cpeuly BoeHHus
KIy0 Mmemeoponocuuern naguauoH, W3MOI3BAH
pemosuo oT 25.03.1935 r. (Bx. [1] wm [5]).

Boennara “Cmyx0a 3a Bpemero” cuex 1950
r. Ouna oT ABe 3BeHa: MeTeopoJIOTHYEH OTIelN
kM maba #Ha BBC u ['maBen aBnomereoposoru-
yeH neHTsp (CAMIT). Ot 1996 oTaensT € 3aKpHr,
a ¢ynkmuure My noema ['AMII. Ot 2004 r.
'AMI] craBa Meteoponoruuen nentsp Ha BBC.
Cponna e Xunporpadcekara ciyx06a Ha BMC BbB
BapHna ¢ oTneneHue 3a OCHTypsiBaHE Ha BOCHHHS
¢mor. TakuBa UMa U B APYTH POTOBE BONCKL.

3a Hauano Ha OBA2APCKOMO SPAHNCOAHCKO
ev30yxonnasane ce cunta 29.06.1947 (sxk.[4],[6]),
KOorato Owia OTKpHUTa IbpBaTa BB3AYIIHA JHHUS
Coousi-byprac-Codust, u3nblIHEHA ChC CaMOJIET
“IOnkepc 52” (pemoum moseru ot 1.07.1947).
IMpenu ToBa ¢ Ilocranosenne Ha MC/27.12.1946
cr3maBar Jupekuus “Bw3gymmn cpoOmeHwne” c
nupektop bopuc T'anes. Jlunua Codus - Bapna
3apabormia Ha 16.10.1947 r. [Ipe3 1948 otkpuin
BpHIIHA JuHUA Codus-benrpan-bynanema-Ilpara
3a MEeXIyHapOIHH IIOJICTH HM3IION3BAIH CHBETCKH
camoneru JIu-2, NJI-14, NJI-18, TY-104

B nauamoro Ha 1947 r. 3a MeTeopoJiOT MpH
Hupexknust “Bw3aymman choOUIeHNsT” Ha3HAYHIN
¢muka Credan MiagenoB. Ho rmaBHO mopamm
JUICa Ha IMBWIIHH CIICIHANUCTH TpaXkJaHCKaTa
aBuarus 10 1956 r. ocurypsisanu nuia ot BBC.



Ha 3.11.1948 r. B8 MockBa Ouna moimnucasa
croroznba 3a cbh3/laBaHe Ha CMECEHO TPaHCIIOPTHO
AaBUALMOHHO OBIrapo CBHBETCKO JPYXKECTBO -
TABCO. Ha 11.10.1954 r. TO 6MJI0 3aKPUTO KaTo
ce 3amasmna camo ¢upmara My TABCO. Kem
MHUHHCTEPCTBOTO HA TPaHCIOPTa OMIIO Ch3AaeHO
CaMOCTOSITENIHO YmpaBiieHue Ha I'paxnaHckara
apuanus. [Ipe3s 1956 HavamHwk Ha YmpaBieHHE
BI'BT “TABCO” cranan OMBIIMAT KOMAaHIBAaIIl
BBC renepan Kupun Kupunos. [Ipensunen 6un u
L1aT 3a METEOPOJIOTMYHUTE CIIY>KOU B aeporapure
Ha TABCO, BkirouBaI aepojao3u, METEOTEXHUIIN
u panuctd. Ho B moBeueTro rpaxJaHCKU JIeTUINA
OCUTYpSIBAIM BCE OII€ BOCHHH METEOPOJIO3H.
3aMsAHaTa UM C LMBWIHU CTaHajla oce3aTejlHa OT
ssHyapu 1957, ¢ Ha3HauaBaHeTo Ha Kupwr JloHueB
3a HadaTHHUK oTAen MereoponoruueH Ha TABCO.

PaboTHHAT eH Ha METeoCIyXOUTe Ha Tpax-
JAHCKUTE JIETHIA 3aloYBal C YTOYHSBaHE Ha
aHanM3a W mporHos3ara. Cien TOBa HAa4YalHUKBT
JIoKIaaBal “mpex Jeruutre u reHepan Kupuios
oOcTaHoBKata M IporHos3ara. Ilpu oTkputu
JeTUIIa TOJeTUTe 3amoyBaxa. [lpu Mbria B
Cotwus ce nzuaksaie nogooperne” ([4]).

[Ipe3 1969 r. c pasmopexngane Ha MC KbM
JICO "BI'A" ce cp3nmaBa dupekmus “PrkoBoncTBO
Be3ayiHO aswkenune” (PBJI) ¢ otaen “Aswo-
MeTeopoJoruyHo ocurypsisane”. Ot 1976 r. Toii e
ornen “AepOHaBHTallMOHHO  METEOPOJIOTHYHO
ocurypsiane” kpM PB/] Ha M-Bo Ha TpaHcmopra .

Cnopen [4] rpaxaaHckuTe aeporapd OIie C
OTKpUBAHETO UM HMalil KJIACHYECKHUTE Ypeau 3a
METEOCTaHLUs. JKUBAaueH OapoMeThp; KJeTKa ¢
MOKBpP H CyX, MAaKCUMaJIeH U MHHUMAJIeH TEPMO-
METPH; BHJIJIOB BETPOMEp C JIeKa U TeXKa IUI0Y-
Ka, apxaomep. Camonuinerny ypeau ounu: 6apo-
rpad), Tepmorpad, xurporpad, rurosrorpad (a/r
Cotwus). IloBeue eTHIna WMaad OYTHIKHA C
BOJIOPOJl, A€pOJOTMYHM BE3HH U IHpudopu 3a
W3MepBaHe J0JHaTa rpaHMia Ha obnanure. manu
U CXEMH C OPHEHTHPH Ha MECTHOCTTAa M Pa3CTO-
SHUS 10 TSIX 3a JaleynHata Ha BHIUMOCTTA.
JluncBanu MoaepHU NPUOOPH, U3MEPBAIIMA BHIM-
MOCTTa I10 IMCTaTa, BUCOUMHATA Ha HUCKUA 00a-
YeH CJION U IapameTpuTe Ha BAThpa. M3nons3sanu
ypeau Ha BBC u [1BO. CBbp30o4nHHTE CpeicTBa Ha
JeTuInaTa Own Ha HECKO HuBO. B a/r Codus man-
HUTE 3a HaHAcsiHE Ha IPU3EMHUTE CHUHONTHUYHU
kaptu EBpona u bearapus u kaptute Ha Oapud-
Hata Tomorpadus ce IoJyyaBajld IO TEJIETUIIHU
ka"asa ot XMC. Panuctu ot otmen CBph3kH, a
nocie or BoeHeH Bb3en 10 Codus ocurypssanu
ceeneanata AERO u TAF. Cnyx6ara na BMC
IIOMOTHaJIa 3a JaHHUTe Ha Jetuile Bapha.

Cnen 1970 r. mouBa WHTEH3WBHO HACUILAHE
Ha TPaKAAHCKUTE JIETUINA C TEXHHYECKH CPEICT-
Ba. B [6] e mamucano: “Mereocnyxbure Ha BI'A
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‘bankan’ u3MoN3BaT BEYe CHBPEMEHHHU YpeIu 3a
JIOJTHA TPaHWIa Ha OOJIAIMTE, 32 XOPU30HTAIHATA
BHJIUMOCT TI0 MUCTATa, 33 MOCOKAaTa M CHiaTa Ha
BiaThpa. Te ca cHabieHM Bedye C JIOKATOPU 3a
OTKpPHMBAaHE Ha OMACHUTE IPBMOTEBUYHH SJpa, 32
JIBIXKeHHETO Ha (hpoHTOBETE U JIp. 3a 10 roguuu B
ciyx6ute Ha METEO ca BHeceHn MHOTO 00J1aKo0-
MepH, BUIAUMOCTOMEPH, BETPOMEPH, aBTOMATH3H-
paHH METEOPOJIOTHYHH CHUCTEMH M MHOTO JIpyra
OCHOBHA M BCIIOMAararejiHa TEXHHMKa HE caMmo 3a
mexayHnapoauute a/r Codusi, Bapua u Byprac, Ho
u BpTpemnuTe..Ot 1975 r. BI'A pasnonara ¢ tpu
PaIMOJIOKAIMOHHHU cHcTeMH, a tipe3 1983 r. B alr
Byprac e BpBe/ieHa aBTOMaTHU3UpPaHa METEOCHCTE-
Ma Ha CBETOBHO paBHHUIIE, ¢ KakBato a0 1984 .
HE pasroJiaraiie HUTo eJIHo jeruine B EBpomna”.

B [4] e ommcana u mppBara caMoJIeTHA
KaracTpopu B HalIata TpaKJAaHCKA aBUAIMS IO
METCOPOJIOTMYHU TpHYuHU. TsI cTaHajga Ha
24.11.1952 r. “Camoner JIu-2 ¢ xomauaup CTosiH
Janues, wmsnersst or Codust 3a Bapua c¢ 24
MbTHUKA ce pa3Owi Ha roxHHUS ckar Ha Crapa
IJIaHUHA MaJKO O] BpbX BexeH, Thil kaTo HE €
MOTBJ Ja TpexBbpiu OwmioTo. [lpuunmHa Owia
JIOLIOTO METEOPOJIOTHYHO OCUTYPSIBaHE Ha MOJIeTa
u crnabaTa METCOpOJIOTUYHA TMOJrOTOBKA Ha
nerena. [Ipe3 to3u aen myxan Oypen NE BaTsp,
KoMTO Ha for oT Crapa IJIaHHHA Ce MPOsIBsIBa KaTo
nagant. [Ipu Tasu oOcTaHOBKA, Mpey J1a MpeieTH
Crapa 1utanuHa, THWJIOTHT € TpsAOBajo aa Habepe
BHCOYMHA, TMpeBHIIaBama Haid-Manko ¢ 30%
BHCOYMHATA HA TPEIIUTAHOTO BH3BUIIICHUE .
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Pesiome: B JOKJIaAbT € HallpaB€H 0630p Ha CBHIIECTBYBAIIOTO IIOJIOXKECHUE B CBETOBCH Mama6 Ha
aBUAallUOHHATa HWHAYCTpHUA. CLI_I_IO TakKka € H3II0JI3BaHa H o6o6meHa I/IHd)OpMaI_[I/ISI OT MECXKAYHApOIHU
OopraHuvsalvy 3aHUMaBallli CE€ C aBUallTUOHHA Z[ef/’IHOCT. Kato ocHoBeH d)OKyC € IOCTaBE€H BBPXY pa60THI/ITe
MECTa Ha AUCIICUYCPUTE OT PBKOBOACTBOTO HA BB3AYUIHOTO ABHKCHUE. Ot aHanmu3a Ha ChIIECCTBYBALIOTO
MOJIOKCHUE U NPU OTYUTAHE Ha C€PrOHOMHUYHUTE H3HUCKBAHUA KbM pa60THI/IT€ MECTa OT TAaKbB THUII Ca
d)OpMyJ'II/IpaHI/I KOHKPETHU pPCUHICHUA 3a OINTUMHU3HUPAHE HA OpraHu3alnusaTa Ha pasrjacKIaHUTE pa6OTHI/I

McEcCTa.

KirouoBu nymu: asuayus, oucneuep, pabomuo msacmo, Kyid, iemuuge, epeoHoMus

1. BeBenenue

ABHWAaIOHHATa WHIYCTPUS MPAKTHYECKH €
pasnpocTpaHeHa BBB BCSKa €IHA CTPaHa IT0 CBETA,
W Wrpae WHTETrpUpama pois B CH3JaBaHETO Ha
rnobanHata MKoHOMEKA. Ts e JBrKella cuia B
CHBpPEMECHHATa MKOHOMHKA HE CaMo cama IIo cede
CH, HO M KaTO OCHOBHO CPEJCTBO 3a B3aUMOBPBH3Ka
C OCTaHAIWUTE OTpacid, W C€ SBSBAa OCHOBEH
MPUOPUTET Ha MPABUTENICTBATA 110 CBETA U Ba)KEH
00eKT B HaI[MOHAJICH actiekT[2].

ITo nanuu na ATAG (Air Transport Action
Group) or 2008 r. omepupar wmam 2000
aBHONIMHUM, KOWTO B CBETOBEH Mamad ca
obcirykBanu oT Haj 23 000 ThproBcku JieTaTeHu
amapara, karo usnonssar Hax 3 700 sermmma [4].
IIpe3 2007 romuHa aBHONMHUUTE IO CBETa ca
M3BBPIIIIIA TOBeYe OT 29 MIIIMOHA IUTaHHPAHH
mojera W ca NPeBO3WIM Hajx 2,2 MuiHapia
merarka  (IATA,2008)[5]. Cmopex Aviation
Transport Association (ATA) 3a 2008 romuHa
paslpeneneHreTo Ha Pa3XOANTe 3a aBHAIMOHHA
JMEWHOCT € CTaBalio [0 HAYMHBT, MOKa3aH Ha (Ur.
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®ur. 1. Pasxomm 3a aBMalMOHHA JEHHOCT
criopex ATA 3a 2008 r. [6]

Ot ¢urypara ce BUXk/1a, 4€ CpeJCTBaTa KOUTO
ce OTHeNmAT 3a KOHTPOJN W YIpaBlIeHHWE Ha
BB3AYIITHOTO IBMXKEHHE Ca Ha BTOPO MSCTO TpHU
pasmpeeNeHneTo Ha Pa3XoJIUTe 3a aBUAIOHHA
nerHocT. [onmemusT 11 Ha pasxoauTe 3a
PBKOBOJICHE Ha BB3AYIIHOTO OBMXKEHHUE, C€
IBDKM HWMEHHO Ha OrpOMHAaTa CH BaXHOCT H
MIPUOPUTETHT HAa CUTYPHOCT W KOHTPOJ BBPXY
rmoJieTuTe, 0CcO0EHO TIpH OBP3UTE TEMIIOBE Ha



pa3BUTHE HAa aBHAlUMiATa M  HENPEKbCHATO
MOSIBSIBAILITE C€ HOBH aBHOKOMITAHUH.

CBeTOBHA TEHJCHLUS € CpelcTBaTa 3a TO3U
KOMIUTIEKC JefHOCTH (Ompenernsiia CUIypHOCTTa
HA TIOJICTUTE) € Jla HApPacTBaT 3HAYUTEIHO MOPaIH
MOBUILABAIIOTO CE HATOBAapBaHE MO JIETHUINATA,
IBIDKAIIO ce 10 TOJSIMa CTEIIeH Ha TOSBHIIINTE Ce
roJyisiM 6por HUCKO TapubHu aBuokommanuu (Low
cost carriers-LCC) ¢ muOrO0 rossiMm Gpoii oseTr —
¢wur. 2 [7].

EBpona CeBepHa Adpuka
Awmepuka

@ur. 2. bpoit HUCKOTapUpHU aBUOKOMITAHUH
0 KOHTHHEHTH [7].
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@ur. 3. TeHgeHuum 3a pa3BUTHE Ha
HAaTOBAPEHOCTTAa HA AaBUOJMHHUUTE CIIOPEC
IATA[5].

RPK- m3pazeno B munmapau

Ha ¢wr.3. ce Bmkma HEIPeKbCHATOTO

HapactBane Ha mokasatens PRK  (Revenue
Passengers Kilometers) Ha npeBo3eHuTE MBTHHLIN
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Ha EJMHUIIA JUCTAHIUS, KaTO ChIIOTO HApACTBaHE
€ BaJMIHO M 32 IPEBO3CHHUTE CTOKH, KOETO
mpenmnoyiara  rojisiMaTa — HATOBapeHOCT  Ha
JMCTIeUepUTe Ha JieThmara. Tyk TpsOBa ja ce
00bpHE BHHMMaHUE Ha OOCTOSITEJICTBOTO, 4e
rojisiMa 4acT OT TOBAa HaTOBapBaHE C€ JBJIKH U Ha
TOJIEMHUSIT OpO HUCKO TapU(pHH aBUOKOMITAHHH,
KOUTO Ha TPaKTHKa JOONIDKUXa aBHALUATA II0
O30 JI0 ©KEITHEBHETO Ha PEIOBHUS TPaXkIaHWH,
HO ycloxHHXa paborara mo peauiia Jyiertuma. [1o
aHAJIOTMYCH HA4YMH C€ YyBelMYaBaT W T.H.
“ciyualiHu  mporiecu”, T.€. BB3MOXKHH  Ca
M3KITIOYATEITHO MHOTO CBOWTHS WM CHUTYallud
V3BBH MpaBUJIaTa 33 MPABUIIHOTO MPOTHYAHE HA
pabOTHUAT  Tpolec, KOeTo € eoHO  OT
W3UCKBaHMATA PAOOTHOTO MSCTO Ha JIHCIIedepa Jia
ObJlc B MakCHMallHa CTEleH B YHHCOH C
€PrOHOMHYHHUTE U3MCKBAHUSI.

2. Cneuuduka Ha TpyaoBaTa AEHHOCT
Ha aucredepa kbM PBJ (PhKOBOACTBO Ha
BB3YIIHO ABIKeHnE) Codust

XapakTepHO 3a TpyAoBaTa JeHHOCT Ha
apuogucneuepure ot PBJ[ e  BHCOKOTO
TICUXO0CEH30PHO HaTOBapBaHe. Ilocnegnoro
HU3UCKBA oT YIPaKHABAIIUTE Taszu
npodecHOHaNHA JEHHOCT TOTOBHOCT BBB BCEKH
MOMEHT 3a aJIeKBaTHa M HaBpPEMEHHA pEeakIus Ha

0aza momydeHa WH(OpMAIHI, MOCTBITBAINA
OCHOBHO T10 JIBa KaHAana!
- akycTHmdeH - TeneoH,  CIyIIaJKH,
MHUKPOQOH,;
- 3pUTeNieH - HAKOJKO BHICOMOHHTOpA (32
CBHCTOSIHUETO Ha CHCTEMUTE 3a

yhpaBlieHHe), Tabllo ¢ Mapkepd 3a
MOJIETUTE | MPSKO 3PUTEITHO HAOIII0IeHIE
Ha THCTa, CTPajad, Nperpajad, CaMOJeTH,
o0cmyKBallla TEXHUKA U IPYTH.
Onpexensinm crnenupuKara Ha TpyAoBaTa
neitHocT nucneuepsT B PB/I ca n1Ba acnekra:

- HeoOXOAMMOCT Ja B3UMa peIIeHUs 3a
9acTH OT CEKyHIaTa B YCJIOBHATa Ha
neduImT 0T Bpeme;

- BHCOKa OTTOBOPHOCT 3a 0€30IIaCHOCTTa Ha
CTOTUIM YOBEIIKM JKHBOTH, TOHOBE
TOBapu, OBP30 pa3BaLIId CE CTOKH,
KMBOTOCHACSBAIM ~ MEIUKAMCHTH U
ap.[3].

Hucneuepckute pabOTHH MecTa KynaTa Ha
nerume Codusi B IBIHA CTENEH OTIOBapsAT Ha
kazanoro (¢ur. 4). KourpomHara 3ama e
pasroyiokeHa Ha IUIOMAJIKa, OTcTosma Ha 18,4
MeTpa OT HHBOTO Ha THcTaTa. B Hes ca
pasmonoxenu paboraure Mecra (PM) Ha
JIUCTICYEPHUTE.



TpynoBata JeHHOCT Ha TOCIEAHHUTE C€
U3BBpIUIBA OCHOBHO B celdlla pabOTHa IO3a.

OCHOBHH  JEHHOCTH, KOUTO  JIACIIEUYEPHUTE
M3BBPIIBAT Ca!

— cueacHe Ha nucrTara npu
u3IWTaHe/KallaHe W MaHEBpPHpaHe Ha
CaMOJICTH,

— HaOJIlOJIcHUEe Ha MOHUTOPHUTE, KOUTO
OTpas3siBar (HYHKIIMOHUPAHETO Ha

OTJICIHUTE CUCTEMHU 3a YIpPAaBICHUE W
0€30IMacHOCT Ha MOJIETUTE,

— BbBbBEXKIaHE Ha nH(pOopMaIus C
KJIaBHATypa U MHUIIIKA,

— BepOaHa KOMYHUKAIMA C TWIOTHTE H
CIIY)KHTEJIH OT Pa3INYHUTE CUCTEMH;

— pabora ¢ Mapkepure (mmEcaHe W
MOJpEeKIaHe) Ha W3JMTAIINTE W Kalalu
CaMOJICTH U JIp.

OcBen roJIIMOTO TICUXOCCH30PHO
HATOBapBaHe IPH PBHKOBOJICTBO Ha IOJICTHTE
cepuo3eH MmpoOiieM, 3aTpyIdHsBAN] TpyaoBara
JIEHHOCT Ha JUCIEYepUTe € OrpaHuYeHaTa
BHJIMMOCT Ha NMHCTATa ¥ HejpoOpara OpraHu3aIus
Ha paboTHOTO MscTo. [IpuunHa 3a mocineaHaTa ca:
KOHCTPYKTHBHH HECHOOPA3HOTH Ha Ha MYJITOBETE
Y MEOXJIUHHOTO TSUI0, pa3rojiaraHe Ha pa3IMIHUTE
MOHUTOPH B 3pHUTEIHUTE 30HH HECHOOPa3HO
TAXHATA BAXKHOCT, YECTOTa M MPUOPUTETA Ha
MOJI3BaHe, HEJOCTUT Ha pabOTHA IUION[ W
000c00eHO MACTO 3a pasmoyiaraHe ¥ padoTra ¢
KOMITIOTBPHHM KJIABHATYpH M MHUIIKH, W HE Ha
ITOCJIEHO MSCTO 3a IHMCaHe, JIOIIO OCBETICHUE Ha
3ajarTa.

Jlpyru  nmpuuMHHA 32 JUCKOMQOPT  Ha
pasriexaHuTe paboOTHU MecTa ca OTOJSICHIUTE U
3aTpyTHEHOTO OTYHMTaHe Ha WH(opMammsaTa OT
MOHHTOPUTE OOWKHOBEHO B  CIIEIO0CIHUTE
4acoBe, KOraTo CIBHYEBHUTE JIbYM Ca HACOYEHH
¢pontanHo kpM TsX. [Ipe3 HomTa padoTara Ha
JUCIICUYEPUTE € 3aTpylHEHa OT JIMIcara Ha
JIOKAJJHO OCBETJICHWEe Ha pa0OTHHTE MecTa.
O0moTO OCBETNIEHHE, pealln3upaHo Ha 0a3zaTa Ha
OCBETUTCIIHM Tejla Ha TaBaHa Ha 3ajara He
o0Oe3meyaBa HeOOXOAMMAaTa OCBETCHOCT Ha HHBO
paboTHa MOBBPXHOCT Ha IMYJITOBETE, KBJCTO CE
M3BBpIIBA TMHCMEHA padoTa W Cce U3MO0JI3BAT
KOMITFOThPHM MUINKH W KJIaBUaTypu. PaGotara c
MOCIIEIHUTE € 3aTPyJHCHA OT OrPaHUYCHUTE
IUIOIMM HAa  XOPH3OHTAJIHUTE YYaCThIM Ha
MyJITOBETE 3 YIPaBJIICHHE.

OT Ka3aHOTO MOJXKeE Ja ce 0000 :

— HeoOXoauMo € Ja ce  nojnodpu
OpraHu3anusATa Ha pabOTHUTE MECTa,

— mHeobxomguMo € ga ce obesmeun
HENpPeKbCHATa JUPEKTHA BUIUMOCT U 3a
JBamara JUCIieYepy KbM MUCTATa,
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— ofe3neuaBaHe Ha yHoOHa pabota cC
KJIABHATyPH ¥ MUIIKH;
— 1mojoOpsiBaHe Ha PA0OTHOTO OCBETIICHHUE
HA TOMEIICHHUETO.
ToBa Hamara eproHOMHYHO ONTHMH3HpaAHE
HA pa3mIekIaHuTe pabOTHH MecTa, KOETO Ha TO3H
eTarn € 4acTUYHO (Opag HeIPEKbCHATHS PEXUM
Ha paboTa Ha KyjaTa) U € HACOYEHO OCHOBHO KbM
npoMsHa Ha (¢GopMara W pa3MepHTe Ha
KOHCTPYKULUATA Ha paboTHaTa MeOet.

®ur. 4. JIscHo (OCHOBHO) pabOTHO MSCTO

3. 3akiroueHue

B pesynrar Ha mpoBeneHOTO MpOy4YBaHE HA
CBINECTBYBANIOTO TOJIOKEHUE B 3ajaTa Ha KyJaTa
Ha Jietunie Cous 1 3aTl03HaBaHE C U3UCKBAHUSITA
Ha HOpMaTHBHaTa 0a3za ca (OpMHPaHU MPOCKTHU
peleHus, LEJISLIH nonoOpsBaHe Ha
OpraHu3anysATa Ha JUCIeUYepCKUTe pabOTHH MecTa
10 OTHOLICHHUE Ha..

— Cb3JaBaHEe Ha BB3MOXKHO OJaronmpusTHH
yclnoBHA 3a 3pUTeNHa paboTa Ha
JIACTIICUEPHUTE,;

— KOHCTPYKTHBHa IpOMSHAa Ha JIEBUS H
JIECeH MyJITOBE 4Ype3 HaMalsgBaHE BI'bia
Ha HaKJIOH KbM XOpU3OHTAIHATa PaBHUHA
Ha MOCJICAHUTE,

— mnpomsHa Ha (opmata W pasMepuTe Ha
MyJATOBETe C I1eJl OCHIypsBaHE Ha
HeoOXxouMaTa pabOTHA MOBBPXHOCT 3a
pabora ¢  Mapkepw, KOMIIOTHPHHU
KJIAaBHATYPH U MHIIKH U IACMEHa paboTa,;

— TmojoOpsiBaHe Ha CBETIMHHATa CpeAa Ha
paboTHUTE MeCTa,

— u300p W WU3NOJ3BaHE HA MOJIXOMISLIH
pabotHu cromoBe (perynupyemMu o
BHCOYMHA Pa0OTHU CTOJIOBE C ITOCTaBKa
3a Kpakara), KOUTO Ja obe3meyar



onTUMajHa padOTHA 1M03a M Ce HaMalH JI0
MHHHMYM CTaTWU4YHOTO HATOBapBaHE Ha
OTOPHO-ABUTATEITHUS amapar Ha
JIUCTIEYEpUTE.

B 3akmrouenune Moxe ga ce o0oOmu, 4e 3a
OBPBU IIBT y HAC CE peaju3upa eproHOMHYHO
YCBBBPIIEHCTBAaHE  Ha  OpraHu3auusATa  Ha
paboTHuTE MecTa Ha Aucnedepute B PB/I.
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ABI/IaI_[I/IOHHI/ITe C’L6I/ITI/I${, BB3HUKBAIIU B IPOLECa Ha CKCIUIoATallud Ha aBHAllMOHHATa TEXHHKaA, Ca cnyqaﬁl-m
C’L6I/ITI/I$I, 3a KOUTO Ca XapaKTCpHU CHCHI/Id)I/I'-IHI/I 0COOCHOCTH — MSICTO Ha BB3HMKBAHE, NIpUYKUHA, NIOCJICACTBUA,
3ary61/1 u T.H. KauectBeHOTO OIPEACIIAHE U aHAJIM3 Ha TE3U XAPAKTECPUCTUKH MMAT CBIICCTBEHO 3HAYCHUEC 3a
YOpaBJI€HUETO Ha HAACKIHOCTTAa U 0e30macHOCTTa Ha BB3AyLIHUA TPAHCIIOPT. B HacTodAllaTa CTrarusda €
NPEAJIOKEH €UH IMOAXO0A 3a U3CJICABAHE U aHAJIN3 Ha XapaKTEPUCTUKUTE HA aBUALTMOHHU crOuTHS Ha Oa3ara Ha
OGHIPITC TIPUHIIMIIA 3a YIIPABJICHUC HA 0€30IM1acHOCTTa U METH 0JZI0JIOTHATA 3a KOJIMYCCTBCHA OLICHKA Ha pUCKa.

KiarouoBn JAYMU: aBUAYUOHHO C'b6umue, 6e3onaCHocm, OYEHKA HA pUCKaA, xapakmepucmuKku Ha asuayuoOHHU

cvbumusl.

1. BbBenenue

OcurypsiBaHeTo Ha 0€301aCHOCTTa Ha IMOJIETUTE €
OCHOBEH TIpHOPDUTET B IUIOCTHaTa JEHHOCT Ha
apuanpaTa. CrasBaHeTo Ha  W3UCKBAaHMATA HA
[Mpwnoxennss 6, 11 u 14 wa Doc 7300 wa ICAO,
muckBadugTa Ha JAR-OPS 1.037 u u3mb/IHEHHETO HA
periament 1899/2006 Ha CnBeta Ha EBpora m3uckBa
Hamureto Ha [lporpama 3a mpefoTBparsBaHEe Ha
ABMAIIMOHHM TIPOM3IIIECTBHS W OCHTYpsSBaHE Ha
0e30MacHOCTIa Ha IIOJIETHTE OT AaBHALMOHHHUTE
OlepaTopy,  OpraHHM3alMUTe 10  TEXHUYECKO
o0CITy)KBaHe, JTOCTABUMIITE Ha aepOHABUTAIIMOHHH
YCIYTH W CEePTUGHMIMPAHATE EKCIUIOATAHTH Ha
JeTHIa. 3a M3MBIHCHHETO Ha Ta3d IporpaMa e
Heo0Xo[MMa HaJKAHO (PYHKIIMOHHMPAIA CHCTEMA 3a
yIpaBlieHHe Ha 0Oe30MacHOCTTa Ha  TIOJNIETHTE,
m3rpazena B ceotBercTBEE ¢ ICAO Doc 9859 [1].

AHanm3nTe Ha OIACHOCTHUTE M €KCIUIOATALIMOHHHTE
ChOMTHS B aBHAIMATA C€ M3BBPINBAT TJIABHO
JICTEPMHUHUCTHYHO, OTYMTANKN TIPaBUIIaTa, 3aJI0KCHH
B HOpMaTHBHATa JIOKyMeHTalws. EMuH oT mhThmara
3a [TOBHUINIABAHE Ha 0E€30IIaCHOCTTA € HU3IOJI3BAHETO HA
pPHCK-UH(GOPMHUPAH TOAXO[ KAaTo JOMBJIHCHHE Ha
TPATUIUOHHHUS ITOIXOI.

BeposiTHOCTHATA OIIEHKA Ha PHICKA € CTPYKTYpUPaH
M JIOTMYECKH METOJ 34 aHajIM3, YMATO OCHOBHA LIEI €
uaeHTH(HUIHUpPaHE W OIICHKA Ha PUCKOBETE Ha CIIOXKHHU
CHCTEMH 3a [eNIUTe Ha [EHOBO e(EeKTUBHO
nofoOpsiBaHe Ha TsAXHAaTa paboTa W OE30MaCHOCT.
AanTHUpaHeTO Ha BEPOSTHOCTHHS aHAIM3 HA PHCKa 32
TIeJINTE HA aBHAIIMATA € BBIIPOC, TI0 KOWTO TOCTIEAHHITE
romuau ce pabotm ycwieHo ot NASA, ICAO u
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EUROCONTROL [1-3]. PasButreTo Ha pasiudHH
aCIIeKTH W MPWIOKEHHUS Ha METONOJIOTHATA 32
KOJIMUECTBCHA OICHKA HAa PHCKA M YIPaBJICHHE Ha
0€30IMacHOCTTAa € U3KITIOUYUTEITHO aKTyasIeH Mpo0IieM.

VYrpasiieHneTo Ha Oe30MacHOCTTa C€ OCHOBaBa Ha
ChOMpaHe W aHallM3 Ha JIaHHK 3a OTKPUBaHE Ha
M3TOYHHUIIMTE Ha omacHocTH. C IOMOIITa Ha OIEHKA
Ha PUCKA C€ YCTAHOBSBAT MPUOPUTETH 32 HAMAJISIBAHE
Ha MOTEHIIMAJHUTE MOCIISNICTBHS OT ChIECTBYBAIIUTE
omacHH (akTopu W ce pa3paboTBaT CTpaTerud 3a
JUKBHUIMPaHEe HA TocoueHute (aktopu. [Ipu ToBa ce
OTYMTA, Y€ AaBHAIIMOHHWTE TMPOU3IICCTBUS HE ca
pEe3yJITar OT €HO-STUHCTBEHO CITy4aliHO CHOUTHE.

CBBPEMEHHOTO  pa3CiieiBaHE W aHaIW3 Ha
aBHAIIOHHU CHOWTHS TpsaOBa mga ce Oaswpa Ha
YCHBBPILCHCTBAHH U aJAITHPAHU METOJIU U MOJICIU 1
Jla OTroBapsi Bh3MOXKHO HAW-TIBJIHO Ha BBIIPOCHTE:
,»KaK ¥ 3a1110 e J0MmycHaTO HEeKETaHOTO aBHAIIMOHHO
ceouTne?”, ,,KakBo TpsOBa a ce HanpasH, 3a Jia He ce
JIOITYCHE OTHOBO?”, ,,AKO BCE MaK Ce JIOMyCHE, KaKBO
TpsOBa Jla CE€ HampaBM 3a HAMAJISIBAHE Ha
nocneacTBusiTa?’. Bb3 OCHOBa Ha NPUHIUIATE W
METOIOJIOTUYHUTE OCOOSHOCTH Ha OICHKATa Ha pHCKa
HACTOSINATA CTaTUS TMpeajiara CIUH TIOAXOa 34
ompejieIssHE W aHaM3 Ha XapaKTePUCTUKU Ha
ABHAIIMOHHU CBHOWTHS, KATO. TNPUYMHU 33 TIOSBA,
CTPYKTypa Ha TPHYAHHO-CIICIICTBCHATA BEPHTA,
BEPOSITHOCT 32 MOsIBa, TIOCIIS/ICTBUS U T.H.

2. HpI/IJIO)KeHI/Ie Ha METOAUTE 3a OLCHKA Ha pHUCKa
MpHu aHAJIU3 HA aBUAITHOHHHA ChLOUTHSI

3a WIIOCTpUpaHe Ha NPEUIOKEHUS TOAXO0A €



W3MIONI3BaHA aBapwsl, CBBbp3aHa ChC CHCTEMara 3a
TIOIBTHO yTIpasiieHne Ha Boeing 737 — momer 427 nHa
US Air [4]. Cucremara BKIIOYBAa MEXaHHM3bM Ha
mefiannTe, BBXKETa, KOMIOHEHTH B  OIAIIKara,
XUIIPABITMYHO 33/IBIDKBAHE W YIIPABISIBAIA IUIOCKOCT.
XUApaBIMYHOTO 33/IBIKBAHE C€ CBCTOM OT JIBE
OCHOBHH W €[IHA pe3epBHA XUIPABIMYHU CHCTEMH,
JIByKaMEpPEH OCHOBEH M PE3CPBEH CHJIOBU LIMIMHIPH,
3aIBIDKBAIIN BPB3KH M YIIPABJISBAIIY IHOBPH [5].

3a BCEKH BHJ aBUAIIMOHHO CHONUTHE Ca XapaKTepHH
CIICITHUTE TPH CTICIM(HIHA 0COOCHOCTH: TIPUYHMHH 32
nosiBa, BEPOSTHOCT W mociencTus. M3cnenpanero u
AQHATM3BT HAa TE3M OCOOCHOCTH C TIOMOINTA Ha
W3BECTHH METOIW TPEICTABIABA  KOJIMIECTBEHA
OICHKa HA pHCKa OTHOCHO W3CJIEIBAHHUSI BHI
MPOM3IIECTBUEC M B CHOTBETCTBHE C MPHUHIIMITUTE HA
VOPABICHHETO HAa  OE30MacCHOCTTAa  MPEAroJara
CIIeTHATA TTOCIICIOBATEIIHOCT.

Omnpenensine Ha onacHocTHTe. TOBa € ITbpBaTa U
MHOT'O Ba)KHa CTBIIKA 32 IPOBSKIAHE HA KAYECTBEH U
KOJIMYECTBeH aHanu3. lIpu BB3OYIIHUS TPAHCIOPT
OIIACHOCT € BCAKO HEXENaHO CHCTOSHHE Ha
CHOTBETHHS ABHAIMOHEH KOMIUIEKC, BCIIEICTBHE HA
CYOCKTHBHH TPEIIKH, TEXHUYCSCKH OTKA3H WM APYrd
HEeONaronpusTHA BB3JCHCTBUS. Peanuzanusita Ha
TaKoBa CBHCTOSIHHE Il HapHdame I3XOJHO CHOWTHE
(MC). Beekn BHI aBHAIlMOHHO CHOWTHE (pa3BMBAIIIO
Cce MO OmpeieieH CLUCHAPUiL) € CHCACTBHE OT
xapaktepan MC. Ako 3a uenure Ha NpejylaraHara
METOIIMKA OBIe pasrienaHo CHOUTHETO
HEYIPaBIIEMO CTPAHUIHO JBIDKCHHE, OrMXa MOTJIH Ja
ce neduHMpAT peJ TPUMEPHU WU3XOJHU CHOUTHS,

HalpUMep:  3aCTONOpSBaHE Ha KOPMWIOTO 34
nanpasnenne (KH) B kpaiiHo  mosoeHwe,
HEBB3MOKHOCT 332  OTKIOHsBaHe Ha  KH,

HelpetHamepeHo oTkioHeHue Ha KH ot nunora u T.H.

IIpu onpenensne Ha VC e BaxxHO 11a ce M3MOI3Ba
CHCTeMaTHYHA mpoLeaypa. Henedunupanara
(mporycHara) onacHOCT He MOXKe Jia Ob/ie OlleHeHa U
MOJKE 3HAYMTENTHO J]a M3KPHBH KpaiHUS pe3ynTaT 3a
pucka. Haii-decTo M3non3BaHMTE TEXHUKU ca TJIaBHA
normuecka mquarpama (Master Logic Diagram), ananmms
Ha BHOa U edekra ot orkasure (Failure Mode and
Effects  Analysis, FMEA), wu3cnensane Ha
ormacHocTUTe U Ha paboTtocmocobHoctTa (Hazard and
Operability Analysis, HAZOP).

3a pasrieKIaHus IpUMep 3aITUCHTE OT CPEACTBATA
3a 00EKTHBEH KOHTDOJI €IHO3HAYHO J0Ka3Bat [4], e
MPOM3IIECTBUETO € CBHIIPOBOJEHO C OTKJIIOHEHHE Ha
KOPMMJIOTO 32 HallpaBJICHUE B KpaiHO MojokeHue. 3a
MO-HATATHIIHO KOHKPETI3WpaHe Ha IOTCHIMAIHHTE
W3XOMHN CBHOMTHS € HeoOXOAMMO IIO3HABaHE Ha
KOHCTPYKLMATA HA CHCTEMaTa 3a yIpaBleHHe.
W3non3Bame aHanu3 Ha BUa U epeKTa HAa OTKA3HUTE OT
byHkImoHaneH tar (Tadm. 1).

Onpenensine Ha npuuuHute. OCHOBHA IIeN Ha
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TO3M eTall OT o0Iara cxema Ha Tpolieca Ha OIleHKa U
aHaM3 Ha pHCKa € Pa3KpHBAaHETO Ha JIOTHYecKara
Bpb3Ka MEXIY OTJCIHHUTE CHLOWUTHS, BOJCIIM KbM
BB3HHUKBAHETO Ha KOHKPETHA OMACHOCT (WM JIPYTo
cpOuTtHe). 3a Tasu 1en OM MOTBJI Ja C€ MPHIIOKU
MeTombT abpB0 Ha orkasute (Fault Tree Analysis,
FTA). FTA e nemykTuBeH MOAXOI 3a KAaueCTBEH U
KOJIMUECTBCH aHaIM3, eIl WACHTU(DHUIUpAHEe Ha
NPUYUHUATE, BOJICIIM KbM H3CJICIBAHO OCHOBHO
ceouTre. To3W MeToi IMO3BOJIsSBA OMNPEICISHETO Ha
BEPOSITHOCTTA 3a MOSABAa HA PA3MISKIAHOTO CHOWUTHE
(M3X0IHO, MEXKIMHHO, KPAHHO).

JIbpBO Ha OTKa3WTE 3a CHOWTHE ,,3aCTONOPSIBAHE
Ha KH B kpaiiHO monoxeHme” 3a pasriexaaHara
aBapusi ¢ JajeHo Ha ¢wur. 1. 3a W3roTBSIHETO My €
U3M0NI3BaH nporpamet npoaykr BlockSim [6].

YpaBHEHHETO 3a BEPOSITHOCTTA Ja HE HACTHIH
CBOUTHETO, TIpeICTaBeHO Ha dur. 1, e:
R:'RDISTURB-RMECHFRONT-RMECHCAB-RMECHAFT-RMECHLINK (_
Rhyarout-Rryarin-Ruydrexcess FRiyarin-Riyarexcess T Reyarowd) + +
I:aMECHFRONT-RMECHCAB-RMECHAFT-RMECHLINK ('RHydrOut-
Rhyarin-Rryarexcess T Rryarin-Ryarexcess T Rryarou) T Roisture

@)

FacTonopAeaHe Ha KH

E KPaifiHD NONoXeHue

CHMHO CAMYILEHKE,
B CTRAHMIHOTD
JEMKEHKE

2

I

BnokvpaHe
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Ha BETREWHHA
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HYDROUT  HYDRIM A

HYDROUT [8:1]

®urypa 1. IbpBo Ha 0TKa3HUTe NPH 3aCTONOPSBAaHE HA
KOPMUWJIOTO 32 NOITbTHO YIIPaBJI€HUE

Onpeesisine HA MOCJIEACTBUATA. 32 /1a CE OIICHSIT
TMOCJIE/ICTBUATA OT OCHOBHOTO CHOMTHE, € HEOOXOIUM
JIETaliJIeH aHali3 Ha BB3MOXHHUTE pPE3YJITaHTHU
cutyarmu. ToBa, 4e ce Ch3aBa OMacHOCT (YCIIOBHS 32
MPOM3IIIECTBHE) HE O3HAauyaBa aBTOMATHYHO, 4Ye
3abJDKATENTHO 1€ C€ pealn3upa TpPOU3IIECTBHUE.
Korato ¢ Hamuile MHOTOBapHaHTHOCT Ha edekra
(mocencTBUATA) OT PAsTIEKIAHOTO CHOWTHE, 3a
aHaJ M3 ¥ OlLEHKa Ha TEe3W TOCIEACTBUS MOXE Jia Cce
U3M0NI3Ba METOABT 1bpBO (rpad) Ha CHOUTHATA

(ETA).



Taduuua 1. AHaau3 Ha Buja M edeKTa OT 0TKa3UTe HA CHCTEMATa 32 NOIBTHO yIpaBJienue Ha 737

Dynkyuonanen Buo omka3 (npuuuna) Edpexm om omkaza Bepoamnuocm
omkas
Oynxups 1 OTKIOHEHHE Ha YIpaBIBAILKMTE IUIOCKOCTH B HEOOXOMMHS AWAana3oH IpU NMPUEMJIMBY HATOBApBaHHsS Ha
MJI0Ta
Brnokupane na Briokupane Ha MexaHn3mMa | KOpMHIIOTO  ocTaBa B MOCHEMHOTO  337a7CHO | A \ecrrront=10"
KOPMMJIOTO Ha IeJaIuTe nonoxenue. Haii-HeOnaronpusiteH € ciydast Ha
brnokupane Ha Bbxe OJ0KHpaHe B KpalHO MOJI0XKEHUE A mechicasLe=10°
Brokupane Ha MmexaHuzma A MEcH A,.—r=10'8
B OIalIKaTa
CamoBoIHO Brnokupane Ha BpTpenust | Hama edexr. [Ipu mocnensamo Onmokupane u Ha | A Hydrlnzlo-e
OTKJIOHEHHE Ha mObp OT IIABHUS BBHIIHMS IIMOBD KOPMUIJIOTO OJIOKMpa B KpaiHO
KOPMMJIOTO XUAPOYCHIBATEN TIOJIOXKEHUE
bnokupane Ha BBHIIIHUSA Hsma edexr. [Tpu OnokupaHe 1 Ha BETPEIIHUS IHOBP | A Hyd,omzlo'e
wubbp (MOMBMKHA MMII3a) | KOPMIJIOTO ONOKHMpa B KpaiHO momoxenue. I[lpu
OT IVIaBHUSA NIPEKOMEPHO TPEMECTBaHe Ha BBTPEIIHHs LIMOBp ce
XUAPOYCHIBATEN noy4asa pesepc Ha KH
Brnokupane na CaMOBOJIHO OTKJIOHEHHE Ha KOPMUIOTO B KpalHO | Ayecpunk=10"
3aIBIOKBAIIIA BPB3Ka TIOJIOXKEHUE
Ortxka3 Ha gemndep B OtxiioHenne Ha kopmmioro Ha 3° CraTWuHO WM 10°
CTPaHUYHOTO JBIKEHUE ocipmpanio. HamaneHa nonbsTHa ycToHIMBOCT
Hen3moxknocT 3a | OTka3 Ha XUpaBIUYHA OrtJieneH aHamm3 10°
OTKJIOHEHHE Ha CHCTEMa, OTCEYEH KJIalaH,
KH OaiimaceH KJanaH, Jap.
OrtkionsiBaHe Ha | CaMOBOJIHO cpaboTBaHe Be3moxkHO € paspymaBaHe Ha ympaBisiBamiaTa | —
KOPMIIOTO U3BBH | HA pe3epBHATA CUCTEMA TIJIOCKOCT
JIOITyCTUMMUS TIpY HOpMaJIHa paboTa Ha
JIMana3oH OCHOBHATa CHCTEMa
Oynxups 2: OcurypsiBaie Ha MPUEMIIMBY JUHAMUYHU XapaKTEPHCTUKY Ha YIIPaBJIsieMOCT Ha caMoJIeTa
Pasceriacysane PazpymaBane Ha eqHata be3 nocnencreus, TpyaHo 3a oTkpuBaHe B nonet. [Ipu | —
Ha XapaKTePHCT. TIpy>VHa Ha paspylliaBaHe U Ha BTOpaTa MpYy>KUHA YIPABICHUETO €
Ha CHCTEMaTa 3a HaTOBapBAaLIUsA CHJIHO 3aTpyIHEHO MOpajy JMICAa Ha HATOBAapBaHE U
TIOITBTHO MEXaHU3bM LICHTPUPAHE.
yIpaBJIeHUE U M3mecrtBane Ha maHena Ha | HerouHa u nonsexaaia nHpopManus OT nejaiure 3a | —
XapaKTEepHuCT. Ha KOPMIIIOTO nionoxenuero Ha KH. Boau 1o HexxenaHu oTKIOHEHHA
TIHJIOTa Ha KOPMUJIOTO
Taduuua 2. IbpBo HAa CLOUTHATA NPU M3X0HHU CHOUTHS, CBbp3aHu ¢ oTK/I0HeHne Ha KH
W3xomH0 crbuTHe |E(1)eKT1/IBHOCT Ha EJIIEPOHNTE |Hap1/1paHe ormwiora |[Tociencteust  [Yecrora, 1/h
3 IIA. p=0.9 BII 2.7.10°
3acronopsaBane Ha KH B kpaitHo
HOJIOXKEHHE TIODAIN OTKA3 JA. p=0.5 JIATI 1,5.10°
Re=3.10°17.8.10%+1.8.1071 HE. p=0.1 .
HE. p=0.5 TAI 11?1.2.].0 R
(3.8.107+7.9.10™)
IIA. p=0.9 BIT 910
Henpennameneno
OTKIIOHEHYe Ha KHl OT Mot A, p=0.9 JIATI 9101
Pue=1.10°12.4.10"+6.1.10°] HE. p=0.1
HE. p=0.1 TAII 1.10™
Taduuua 3. UHTeH3MBHOCT HA 0TKA3MTe 32 PA3IMYHU KATeropuH chbOMTHS
Kareropust A, 1/h, 6p. KauecteHa oreHka Kareropuss | A, 1/h, 6p. KauecteHa oreHka
[IpakTuuecku 1*10'9, He ce ouakBa mosBa Ha | Manko 1*10° He ce ouaksa 3a e camorer,
HEBEPOSTHO A <10'9, CbOMTHETO 3a UemMs IapK BEPOSTHO 107< )\ <10 | HO MOXKe [a HACTBIIH HSKOJIKO
C'b6I/ITI/Ie n:0+1 CaMOJICTH OT €IUH THUIIL n:100_1000 IIBTH 3a IIOBCYEC CaMOJICTH
Kpaitno manko 1*107, 10° He ce ouaksa 3a equn camorier, | BepositHO 1*10° OuakBsa ce nosBaTa Ha CbOUTHETO
BEPOSITHO %) <107, | HO ¢ BB3MOKHO Ja HACTBIH 10°< )\ <10 | emH WM HAKOIKO ITHTH IIPH
CHOWTIHE n=2+15 HSKOJIKO ITHTH 32 LIEJHUs MapK Tomsiv Gpoi | BEAKO BC
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ETA (Event Tree Analysis) e HHIyKTHBEH MOIXOI
3a JMarpaMHO TMPEJCTaBsSHEe Ha IOCIIEIOBATEIHOCTTA
OT CBOWTHS, KOMTO CJEIBAT OT MPEIABAPUTEIHO
neuaupano  wm3xomHo  cebmtme. ETA  nama
BB3MOKHOCT 33 OIpENCIsHE Ha BEPOSTHOCTUTE
(MHTEH3UBHOCTHTE) HA KPAWHNTE CHOUTHS.

IMocnecTBHsITA OT HENPEIHAMEPEHO OTKJIOHEHHE
Ha KH wscremgame ¢ momomnra Ha JbPBO HA

cnouthsara,  TaO. 2. Texxko  aBHAIIMOHHO
npomsirectBie (TAIT) uMa mpu peXxuM Ha IOJeTa,
Opu  KOMTO e(EeKTHBHOCTTa HA  EIEPOHUTE €

HeJoCTaTbyHa, M TPH HEaJeKBaTHU JEHCTBUS Ha
[UJIOTa, CHOTBETHO C BEPOATHOCTH Pgpeed M Peoract
VYcnoBHata BEpOATHOCT Prapre 32 TAIl BenepctBue
,»3aCTOIIOPsIBAaHE HA KOPMIJIOTO B KpaiHO NoJIokeHue” e:
Pramre = PSpeed-PCOrAc’rl )

VYcnoBHata BEpOSTHOCT Pramme 3a TAII Benencreue

»HerpeanamepeHo otkinoHenue Ha KH ot munora” e:
Prarme = Pspeed-Peorace €))

AHANOTMYHO MOTraT Ja ce IOJydaT YCJIOBHHUTE
BEPOSTHOCTH 32 OCTaHAJIMTE BB3MOKHH CLICHAPHH,
Boztet 1o Gesomacen moner (BIT) wmm cmekdyeHu
nocyIeICTBHS OT mpou3mectsreto (JIATT).

Ko/simyecTBen aHa/iM3 Ha pucka. PUCKBT Moxe
Jla ce XapakTepu3rpa KaTo MHOXKECTBO OT TPHILIETH,
BKJIIOYBAILM CLEHAPUM, BEPOSTHOCT U IOCIIEIICTBUS.
Ienta Ha KOMMYECTBEHUTE aHAIM3M € Jia ce MOoIydaT
BEPOSTHOCTH 3a Pa3IMYHHUTE M3XOJHU M MEKAWHHU
CcbOUTHS, 32 pasNMYHUTE MOTEHIMAIHU CLIEHAPUH U 32
aBapuMTe Karo LSIO.

Crenapunre ce noiy4aBaT NPy KOMOMHHpaHE Ha
npuuunadTe (MBTHINATA) 33 MOsBA HA Pa3iduHU
CHOUTHS U TIOCNIEICTBUATA (IBTHUIIATA 32 TTOCIICBAIIO
pa3BUTHE Ha aBapusITa). 3a pasriiexKTaH s IPUMED:

Pran = Pram + Pranz = Pre.Pramrr + Pre.Pranme

KBJIETO!

Pram — BepositHocT 3a TAII cbe ,,3acTomopsiBane Ha
KOPMMJIOTO B KparMHO MOJI0KEHHUE,

Pramz — BepositHoct 3a TAII ¢ ,Henpemnamepero
orkionenune Ha KH ot muora”.

[Napamerpure 3a 0a30BUTE U MEKIUHHUTE
CbOUTHSA B IIBPBO IPUOJIMKEHHE ONpelesiMe Bb3
OCHOBa Ha HaJIMYMETO U OpOsi HAa OTKA3UTE WM APYTrd
cpOuTHS, MyOIMKyBaHW B 0a3u TaHHU ChC CBOOOAEH
noctei. M3nom3Bame croiiHOcTHTE, Tpretd B JAR
ACJ 25.1309 (tab6i1. 3). ITopaau jurica Ha JOCTATHYHO
JaHHU 32 HeoOXoAuMMHUTE IapaMeTpd  OCBEH
OYaKBaHATa CTOMHOCT Ce 3aJ[aBa U HEONpeAeNeHoCT. B
TaKbB CITy4ail 3a OIICHKUTE 3a CLIEHAPUUTE MOXKE Ja ce
IIpECMETHE M HEONpPEAENeHOCT. 3a pasriIeKIaHus
IPUMEpP U3I0JI3BaMe JIOTHOPMAIHO paslpeieeHne Ha
gecrorute u error factor =10.

[IpecmsiTanusiTa 32 OLEHKA Ha pUCKa H
HEOIIPE/IENICHOCTUTE Ca U3BBPIIEHU C U3IONI3BaHE Ha
nporpamer npoxykt FaultTree+ [7]. Pesynrarure 3a
pa3IMYHATE CLICHAPHH Ca IAJICHH B Ta0ll. 2.

@
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3. 3akiouenue

WzcrnenBaneTo u aHaIM3bT HAa XapaKTEPHCTHKUATE
Ha aBUAIMOHHUTE TPOU3IICCTBUS U MHIUACHTA UMaT
MO3UTHBEH U JBJITOTPACH MPHHOC KbM YCUITUSTA 32
mojoOpsiBane Ha Oe3omacHOCTTa Ha Tonerure. B
HACTOSIIIaTa CTAaTUS BB3 OCHOBA Ha OCHOBHHTE
MPUHIMIA 33 VIpaBlieHHe Ha 0Oe30macHoCTTa |
METOIOJIOTHSATA 32 KOIMYCTBEHA OIICHKA Ha PUCKA Ce
mpejyiara eIuH TOAXOJ] 32 M3CNEBAHE U aHAM3 Ha
XapaKTEPUCTUKUTE Ha aBUAIMOHHU chOuTHS. To3m
MOJXOJ] JiaBa BB3MOXKHOCT Jila C€ aHaIu3upar
pa3IMYHM aBUAIIMOHHM CHOWUTHS W Ja C€ TMpPaBsT
3aKJTFOUCHUS 32 HAH-BEPOSTHUTE MPUYMHU U CIICHAPUH
3a JaJ€HO aBUAIlMOHHO CHOWTHE, Na ce Habes3BaT
MEpKA 32 KOHTPOJHMpaHE Ha OIACHOCTHTE |
HaMaJIsIBaHE Ha KJ1aca Ha CEPUO3HOCT Ha e)eKTUTE OT
THX.

IIpu3nateanoct

Hayunute m3cnensaHus, pe3yaTaTHTe OT KOUTO ca
OpPEACTaBeHH B  HACTOANIATA  IMyOJMKaIms, ca
¢unHancupann 1o  goroBop Ne091mnm022-04 ot
BbTpemHus KoHkypce 3a HU B TY, Codus, 3a 2009 1.
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Abstract: Applicability of Probabilistic Risk
Analysis  for investigation of aviation event

characteristics is considered. An overview of the
approach and example showcase are provided to
demonstrate the possibility for conclusions about
probable causes and scenarios for the event,
consequences and corrective actions effectiveness.
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Pe3tome: M3n0keHH ca W3UCKBaHMATA KbM opraHu3aliMuTe 3a JIETaTCJIHO 06y'-I€HI/I€ 3a 0[106pﬂBaHe oT
ABHUAIIMOHHUTE BJIACTU Ha KYPCOBE 3a TCOPETUYHO 06y'-I€HI/I€ Ha NWIOTH 3a I'paXIaHCKaTa aBUallisA U KbM
TPOBEKIAHETO Ha U3MMUTUTE 3a OLICHABAHE HA TCOPETUYIHATA IMOATOTOBKA.

Kirouosu xymu: JAR-FCL, nunom na camonem (xemuxonmep), Opeanusayus 3a 1iemameiHo odyueHue,

Cucmema 3a Kaiecmeo, Pvrosoocmeo 3a 06yqeﬂue.

1. BnBegenue

Cnc 3amoBen Ha MuHHCTBpPa Ha TpaHCIOpTa OT
26.01.2009 r. B P bearapust ¢ BeBeneHa Hapenda Ne
39 3a ycnmoBmsTa U peza 3a u3IaBaHe Ha CBU/ICTEIICTBA
3a TIPaBOCIIOCOOHOCT Ha MHJIOTH, CBHIETENICTBA 32
ABHUALIMOHHH Y4eOHH LIEHTPOBE, 00yYaBally MIOTH U
CBHJCTENCTBA 332  MEAWIMHCKAa TONHOCT  Ha
aBHAIMOHEH TIEPCOHAN — TMHJIOTH B CHOTBETCTBHE C
m3uckBanusaTa Ha JAR- FCL 1 m JAR-FCL 3 u
KoHTpona BbpXy Tax [5]. JAR- FCL (Joint Aviation
Requirements — Flight Crew Licensing) ompenens
XapMOHH3UPAHH W3MCKBAaHWSI KBM OOY4YEHHETO U
TECTBAHETO HA INUIOTH NPH JIMICH3WpaHe Ha
JeTaTeNHM  ekunaxu B EBpoma.  llemmre Ha
XapMOHU3UPAHETO Ha CBUJIETEIICTBATA 32 JIeTaTeHHUTE
exunaxu ca [3]:

- ma ce momoOpu Oe30IacHOCTTa, KaTo ce Iaje
BE3MOJKHOCT ~Ha  OIEpaTOpHTe Ha  BB3AYXO-
waBarenuute cpeactea (BC) ma mposepsBat jecHO
BaJIMJJHOCTTA Ha CBUJICTEJICTBATA U KJIACOBETE;

- Ia ce momoOpu Oe3omacHOCTTa 4pe3 OOl H
BHCOKH CTaHIAPTH, W3BJICUYCHH OT OIMTa HA MHOTO
JIbPIKaBH;

- 1a ce mojo0pu 06e30MmacHoCTTa, e(h)eKTUBHOCTTA U
eduxacHOCTTAa B pe3yATaT Ha MOTOOpEH Mperien U
TocieiBaIio ykpernBaHe Ha crangapture Ha ICAO
(International Civil Aviation Organization) 8 Esporma;

- Ja ce Jaae BB3MOXKHOCT Ha JIeTaTelHHTe
SKUTIQKH 1A HAMHPAT paboTa BEB BCHUKH TBPKaBH OT
EBpora 6e3 MOITBIHUTETHH JTUIICH3MOHHN YCIIOBHS U
pa3xomu 3a TX;

- 1a ce HaMaJIsT Pa3XxolIuTe Ha WHIYCTPHUATA, KaTo
ce TO3BOJIM II0-CBOOOIEH OOMEH Ha JICTATeIHU
CKUTIAXK,

- J]a ce HaMaJsT pa3XOIWTe HAa HAIMOHAIHUTE
BB3/IyXOIUIABATCIHA  aJIMUHUCTPAIIMH, Karo Ce
npeMaxHaT MpoLEeypHTe N0 MOTBhpkIaBane Ha JAR-
FCL swurieH3uu OT IpyTH AbPIKABH;

- Jl]a Ce HAMAIAT pa3XONUTe Ha HAIMOHAIHWTE
BB3/IyXOIUIaBATEeITHA aJIMUHUCTPAIMN 4pe3
M3NOJI3BaHE HA [CHTPAIM3UPAHU TPOLEAYPH 32
W3ITUTH TI0 TCOPHS.

BoBexnanero Ha JAR- FCL mHamara HsIKou HOBH
W3UCKBaHKS KbM TEOPETHYHOTO OOYYCHHE 32 MUJIOTH
Y TPOBEKIAHETO HA U3IUTUTE 110 TEOPHS B CPABHEHHE
C HaIlMOHAITHATa HOPMAaTHBHA ypen0a 1o cera.

2. 3uckBaHusi KbM TeOPETHYHOTO O0yueHHe Ha
NWIOTH 32 MNpuUAoOUBaHe HAa CBHIETEJICTBO 32
NMPaBOCHOCOOHOCT MW KJIacoBe 3a TMOJIeTH II0
npudopu

Teopermunoto  oOydeHWe Ha  IDUIOTH 32
npunoouBane Ha JAR- FCL cBumerenctBo 3a
MPaBOCHOCOOHOCT M KJIaCOBE 3a TOJIETH MO MPHOOpH
ce TpoBeXKIa B OAOOpEHHM OT HAIMOHAIHHTE
BE3AYXOIUIABATEIHN  aJMUHICTPAlMM HA  CTPaHH-
arenxn  wa JAA' (Joint Aviation Authorities)
opranum3aimu 3a jerarenno odyuenue (FTO — Flying
Training Organisation) [1,2]. FTO e opraumzamus ¢
IepcoHall ¥ 00OpyBaHe, ONephparia B MOIXOJSIIA
cpela U Ipeiarama

- JIeTateHo oby4yeHne n/nnm

- oOyueHHe Ha TPEHAXKOPU W/HITH

- TEOpPETUYHO 00y4eHHE TI0 KOHKPETHH 00y4YaBaIy
TIPOT PaMHL.

Beska FTO Moke na TpoBekna TEOPETHIHO

1<I>y1{1<1.u/11/1Te Ha JAA cera ce m3mbinsBar or EASA (European
Auviation Safety Agency).
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dur. 1. NanckeaHns 3a nsgaeaHe, NOAHOBSIBAHE Y U3MEHEHME Ha o,u,oGpeHme Ha FTO3a TEOPEeTUYHOTO o6yquV|e, KOETO nposexzaa.

00yueHre 110 BCEKH (BCHYKH) OT MMOKa3aHUTE Ha (ur.
1 unTerpHpaHd W/WIM MOIYIHH KypCOBE, 3a KOUTO
uMa omoOpeHHe OT  HalMOHAJHATA  BB3IYXO-
IUIaBaTeNHa aJMUHUCTpPALKSL.

Wuterpupanure  KypcoBe ca  KypcoBe  3a
IIBPBOHAYATHO OOy4YeHHWe, HO B TAX MOrar Jia ce
o0y4aBaT M KaHAWIATH, TPUTEKABAIIH CBHICTEICTBO
3a mpaBocriocobnoct 3a PPL(A/H), wu3maneHo B
ChOTBETCTBHE ¢ M3uckBaHusTa Ha AHekc 1 Ha ICAO.
OOy4eHre B MOIYJHHTE KypcOBE ce MpOBEXIa Ha
KaHAWIATH, IPUTEKABAIIHN OIPEIIECICHO CBUIETEICTBO
3a TIPaBOCIIOCOOHOCT 3a TMMJIOTH, C e Ja IPHAOONST
Heo0Xo[MMaTa CTETeH Ha Mo-BUCOKa mpodecroHanHa
kBanmuduKanys, 3a KoATo ce 00yyasar.

Kanmunar, xoiTo xemae 1a IpeMUHE UHTETPUpaH
WM MOJYJIEH KypC, C M3KITIOUEHIE Ha MOTYITHAS Kype
3a ATP(A/H), Tps06Ba na 3aBbpIIM BCHUKU €TAld Ha
0o0ydeHHeTo, TM0Ji KOHTpOJa Ha HayajJHUKa Ha
ydeOHara feiiHocT Ha ogoOpenara FTO, B pamkute Ha
equH ONOOpeH HeNpeKhCHaT Kypc Ha OOydeHHe,
opranmsupan ot tasu FTO. MaTerpupanusT Kypc 3a
PPL(A/H) mMosxe na Oblie IPEMUHAT U B O00PEH caMo
3a TakoBa 0Oy4eHHe y4yeOeH LEHTBp, a TeOpeTHIHATa
moarotopka ot MomymHusi kypc ATPL(A/H)
0J100peH TeopeTuyeH Kypc B onodpena FTO.

[poBexxpamure 0g00pEeHN UHTETPUPAHU KypCOBE
FTO morar na Bb3IOXKAaT TEOpETUYHATA TMOJTOTOBKA
Ha apyra ojoopena FTO, Ho 1su1ata OTTOBOPHOCT | 32
TeOpeTUYHATa MOATOTOBKA HOCH OpraHHW3HpaIiara
unTerpupanus kypc FTO, nmokato TeopeTH4HOTO
o0ydeHHe OT MOIYJIHHTE KypcOBE MOXe Ja ce

TPEJIOCTAaBA Ha OJ00pEeHa caMo 3a TaKoBa OOYyYCHHE
FTO, kato B TO3M Cily4ail HAUaJTHUKBT MO ydeOHaTa
JISMHOCT Ha ojoOpeHara 3a moaynHus kypc FTO e
JUTBXKEH J1a YIPaXXHU KOHTPOJ BBPXY Ta3W 4acT OT
Kypca.

N3yyaBanute  yueOHM  JUCIMIUIMHU  TIPH
TEOPETHYHATA MTOJI'OTOBKA BB BCEKU MHTETPUPAH UITH
MOJAYyJeH Kypc 3a MNpuaoOMBaHE HA CHOTBETHOTO
CBHJICTEJICTBO 32  IPABOCMOCOOHOCT,  TEXHUSI
MUHUMAJICH XOpapuyM, KaKTO W MHHUMATHUS
XOpapuyM Ha Ienus ydeOeH IUIaH ca ONpeNeNieHu B
JAR - FCL 1 u JAR - FCL 2 [1,2]. TeopernaHoTO
o0yueHHe MOXKe JIa BKITFOUBA 0JJOOPEHHU B TTOIXO/ISIIO
CHOTHOIIICHUE oT BB3/IyXO-TUIABATEITHATA
aJIMUHUCTPAIMS 3aHATHS B y4eOHM KaOWHETH,
TOKa3BaHe HAa  MaTepuald €  WHTEPAKTHBHO
ChIbpKaHUE, JTUATIO3UTHBH, CAMOCTOSATENHA paboTa,
KOMITIOTBPHO OOYUEHHE U JIPYTH CIIOCOOM.

3a nga momyuun OIOOpeHME 3a  TEOPETHYHO
oOyuenne, FTO TpsOBa 1a jJokaxke Tmpen
BB3JyXOIUIABATCIHUTE  BIACTH  CBOTBETCTBHE C
m3uckBanusTa Ha JAR- FCL B ciieiauTe HanpaBiieHUs
(¢ur. 1)

PrKoOBOICTBO U IepcoHAT
DHHAHCOBO CHCTOSHHUE

Cucrema 3a Ka4ecTBO
PwroBONCTBO 32 00yUeHHE
IIpenonaBatenu

Cpencrsa 3a TEOpETUIHO 0OyUCHHE.

PLKOBOZ[CTBO U mnepcoHan. CTpyKkTypata Ha
PBKOBOJICTBOTO TPsI0Ba Ja OCHTYpsiBa HAOMIOACHHE HA
BCUUYKM HUBA Ha TIEPCOHANA OT XOpa, MPHUTESKABAIII

S WN P,
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HEOOXOIUMHMSL OIMT ¥ KadecTBa 3a OCHTYpsBaHE
MOJIBPKaHeTo Ha BUCOKH cTaHaapT. FTO TpsoBa na
rapaHTHpa Tpe] aBHAllMOHHWTE BIACTH, Y€ € HaeT
noaxonsan; Opoil OT KBaJU(HUIHMPaH KOMIIETEHTEH
nepconai. [Ipu FTO, mpoBexxaamy caMo TEOpETHIHO
o0yuenne, Havamuukst Ha 00yuenuero (HT) tpsioBa
Ja wMa 10OpM  pPBKOBOAHM — KadecTBa U
MPOABIDKUTEIIEH TPEIMIICH OIUT KAaTO MPernoiaBaTell.

Toli orroBapss 3a HaONIOJCHUETO HA  BCHYKH
MpernofiaBaTeld ¥ 32  CTaHJapTU3aIlusATa  Ha
TEOPETHIHOTO OOYUCHHE.

DUHAHCOBO ChCTOSIHUE. M3nbnHUTEIHUAT

qupektop Ha FTO, B KayecTBOTO HAa MaTEpPHAIHO
OTrOBOPDHO JIMIle, TpsAOBA Ja TapaHTHpa Tpes
ABHAIMOHHWTE BJIACTH, Y€ OpraHu3alusaTa uMa
JIOCTaThYHO (PMHAHCOBH CPEZCTBA 33 MPOBEXKIAHE Ha
00y4eHHEeTO crope]] 0A00peHUTE CTaHIAPTH.

Cucrema 3a kauectBo. FTO TpsOBa 1a ycTaHOBH
TIPOIEATYPH, OJJOOPEHU OT BJIACTHTE, 32 OCHUTYpsBaHE
Ha choTBeTCTBHE ¢ M3nckBaHusiTa Ha JAR-FCL. Te3u
mpoueAypu TpsOBa Ja BKIIOYBAT CHCTEMa 34
Ka4ecTBO, KOSITO SICHO Jia OTKPWBA HENOCTAThIIUTE U
Jla TIpeArprueMa JCHCTBUS 3a TSIXHOTO KOpPHTHpaHe.
Cucremara 3a KadecTBOTO TpsiOBa Ja ce W3rpaad B
CHOTBETCTBHE C HMHCTPYKUHMUTE M HH(POPMALHATA,
ceabprkamia ce 8 AMC FCL 1.055/2.055 u IEM Nel
to JAR FCL 1.055/2.055 wma [1,2]. O6xBarhT u
CIIO)KHOCTTa Ha CHCTEMaTa 3a KauyecTBO TpsOBa Iia
oTpassia pa3mepa u cnokHoctta Ha FTO u Helinute
oOydaBainy JeiHocTH. LlennTe W ChIUTe MPUHITUITH
ce mpwiarar obade 3a BCSAKA OpraHHM3alds 3a
o0yuenue. Taka B Masku (c 6 1o 20 npernogasarenu) u
mHoro Mamku FTO (¢ 5 wmwm  mo-mamko
TperoiaBaTesii) CUCTEMaTa 3a KaueCTBO MOXeE 1a
Obllc TOCTa TPOCTAa W WHTETpUpaHa B OCHOBHATA
OpraHu3alys, JOKaTo MO-TOJIEMH OpPTaHU3alMU C T10-
CIIOHH JIEMHOCTH Ha 0Oy4deHHe TpAOBa Ja yCTaHOBSAT
OTJICITHA Y HE3aBHCHMA OPTraHU3aIis 3a KauecTBOTO B
ofIara opraHu3alMoHHa CTPYKTypa. ETo 3a1mo Mamku
W MHOTO MaJIKM OpPTaHU3allld 3a 0O0y4eHHe MOraT Jia
MPUTOAIAT TSAXHATAa CHCTEMA 3a KayecTBO TakKa, 4ye Jia
OTroBapsi Ha pa3Mepa W CJIOXKHOCTTa HA TAXHOTO
00ydYeHHE U JIa pasnpeNielisT PeCypCUTe CH ChoOpa3HO
¢ ToBa. 3a TakmBa FTO e momxozasiio Ja pa3BUAT
mporpamMa  3a  OCHTYpsiBAHE Ha  KaudecTBOTO,
BKJIFOYBAIA KOHTpONHA Kapra. KoHTponHaTta kapTa
TpsiOBa Ja CHABbpXKA CIOMaraTeleH rpaduk, KOWTO
W3KCKBA W3ITBIHEHHE HA BCHYKH TOYKH OT KapTara B
OIpeNeNieH CPOKOBE, 3acHO C W3SBJICHHE 34
W3ITBITHEHUETO HA TIEPUOAMYEH IperyieNl OT BUCIIETO
yrpaBnenue. [lepriomyno TpsOBa Ja ce TpaBu
HE3aBHCHM  TMperjiell Ha  ChIBPKAHHETO  Ha
KOHTpOJIHaTa KapTa W HA JOCTUTHATOTO HHUBO Ha
OCHUTYpsIBaHE Ha Ka4eCTBOTO.

PbkoBoacTBO 32 00ydenne. FTO 3a TeopeTHUHO
oOydeHre TpsOBa Ja W3TOTBM MW  MOJIBpXKA
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PBKOBOJICTBO 3a 00y4eHHE, ChIbPAKAILO UH(pOpMAIUI
U MHCTPYKIMH, KOMTO IIO3BOJIBAT Ha IEpCOHANa Jia
V3ITBIIHSABA CBOUTE 3aJbIDKEHHsS M Jla HaIbTCTBA
o0ydaeMHTe KaK Ja W3MBJIHABAT W3UCKBAHHATA HA
kypca. FTO TpsOBa jpa HampaBd JOCTHIIHA 3a
IepCcoHasa U, KbAETO € MPUWIOKHUMO, 32 00ydyaeMuTe
uH(popMaLusTa, ChIbpPXKAIlA CE B PHKOBOJICTBOTO 3a
obyuenne. [Iponeaypara 3a mompaBKUTe TpsiOBa Iia
Obe ommucaHa W TIOMpPaBKUTE NOa OBJAT MPaBHIHO
BBBEXKIAHH.

PpkoBozncTBOTO 3a 00ydyeHue TpsOBa Ja omucBa
CTaHJapTHTe, TEMHUTEC W LETUTe Ha OOYYEHHETO 3a
BCEKM eTalm OT OOy4eHHeTo, KOUTO OOydaeMHTe
TpsiOBa Ja cra3BaT U TpsiOBa Ja BKIIOYBA CIEAHOTO
(Appendix 1a to JAR FCL 1.055/2.055 ot [1,2]):

UYacr 1 - Inan Ha oOy4eHue

Yact 3 — TeopernuHo oOy4eHue.

[pu paspabotBane Ha Te3n yactu FTO TpsiOBa na
n3nomBa MyOJauKyBaHWTe Ha yeO-caiita Ha JAA Ha
anpec http://www.jaa.nl/licensing/licensing.html
nogpoOeH KOHCIEKT 3a TEOPEeTHYHH 3HAHUSA H
yueOHH 1eIM 33  BCUYKUM  NpodecHOHATHU
CBUJETENICTBA M KBaNU(UKaLMsi 3a IOJETH IO
npuOOpU CHITIACHO TMOCTEIHUTE H3MEHEHHs Ha
JAR-FCL 1 u JAR-FCL 2.

IIpenogasarenn. IIpenonaBarenure o
M3IUTHUTE TEMU 33 CBHUAETENICTBA U KBAIM(UKALMU
TpsibBa a WMMaT CHOTBETHHS ONWUT B aBUALMUATA U
Tpsi0Ba Mpe M HAa3HAYaBaHETO UM JIa MOKaKaT CBOSTA
KOMIIETEHTHOCT, KaTO M3HecaT IOKa3Ha JIEKLHsA II0
TeMara, 10 KOATO I1ie 00y4aBar, pa3paboTeHa ¢ TEXHU
MaTepHaIH.

CpenctBa 3a TeopeTuuHo o0y4yenue. FTO tpsOBa
Jla IMa CJIEJHUTE CPEJICTBA 3a TEOPETUYHO 00yUeHHE:

- KJacCHM CTaW, MOAXOAAIM 3a Oposd Ha
o0yuaemuTe;

- TMOOXOAAIIO JEMOHCTPAIIMOHHO O00OpyIBaHE 3a
NIOJIIOMAaraHe Ha TEOPETHIHOTO 00YUECHHE;

- ocodust 3a 00ydeHHe 1 IPOBEPKa,;

- OuOMMoTeKa, ChABPIKAIlA JIUTEPaTypa, KOSTO I0-
KpuBa yueOHaTa rmporpama.

- oprcy 3a 00yJaBaIHs HEPCOHAIL.

3. M3uckBaHus KbM MPOBEKIAHETO HA M3INUTUTE
34 TCOPCTUIHH 3HAHUSA.

3a 1a OTroBapsT W3JIaBaHUTE B CHOTBETCTBHE C
JAR-FCL cBuzerencrBa 3a JIETATEIHH CEKUIIAKA U
KJIacOBE 3a TOJICTH IO MPHOOPH HA €IHH W ChIIN
CTaH/NApTH, TpPH TPOBSKIAHE HA W3IUTUTE 34
TEOPETHYHU 3HAHUS BHB BCUYKU CTPAHU-YICHKU Ha
JAA ce mpuiiarat elHA M ChIIM OCHOBHH TPOLIETYPH
[3].

Hanmonamuure BB3/IyXOIUIaBATECIIHA
aJIMUHUCTPAIIUY TIPOBEKIAT W3IUTH 32 TCOPETUUHH
3HaHWs, Komto He ca 3a PPL, c Bempocum ot



ce3manenata B JAA meHTpanHa OaHKa C BBIPOCH
(CQB — Central Question Bank). CQB ce momasprxa
chracHO mpoueaypure Ha ImaBa 18 ma [3].
Hammonanuute opranu TpaOBa Ja H3MON3BAT Te3U
BBIPOCH CaMO 33 CBCTaBJHE HAa H3MUTHHTE
¢dopmyisipr. 3aToBa TE3W OpPraHM Ca OTTOBOPHH 3a
nomibpkaHe Ha KoHpumeHmmamHoctta Ha CQB,
KakTo M Ha HEWHWTE TPEeBOAM M HAMAT MpaBoO Ja
OTOBECTABAT ChABpKaHUETO H. Ilpu chcraBsiHE Ha
MBIUTHATE (POPMYIIPH Pas3pEICNICHIETO HAa TEMUTE B
TSX, TO3BOJICHOTO BpeMe M Oposi Ha BBIIPOCHTE CE
W3BBPIIIBA CTIOpeN M3KUCKBaHUsATa HA [Ipunoxenus 1
2 na'masa 10 ot [3].

3a reopernunnTe m3nutH 3a PPL pasnpenenenunero
Ha TEMUTE B W3IUTHHUTE (POPMYILIPH, IMO3BOICHOTO
BpeMe U OposST Ha BBIOPOCHTE CE€ ONPEAEIAT OT
HAllMOHAITHUSL OpPraH U TpsAOBa Ja CHOTBETCTBAT Ha
koHcriekTa B [lpmmoxkenne 1 wem JAR-FCL
1.125/2.125. Opranurte MoraT ga H3MOJN3BAT KaKTO
Bbrpocu ot CQB, Taka u CBou BHIIPOCH.

TeopeTHUHUAT W3OUT € TPEMHUHAT —YCIIEIIHO
KOTaTO Ha BCEKU HM3IUTEH (HOPMYJAp ca MOCTHTHATH
noHe 75% oT MakcHMalTHUs Opod TOYKH 3a BEpPHHTE
oTroBopu. Bceku BBOpoC € C  TPeABapUTEITHO
u3BecTeH Opoii Toukw (0T 1 10 3) 3a BepHUSI OTTOBOD.

FTO Tps6Ba 1a mpoBexaaT TEOPETUIHHTE H3MHTH
10 CHIIMTE IPaBHiA, KAaTO H3IOJI3BAT HPHMEPHHTE
BBIIPOCH, KOUTO MEPUOANYHO MyOnmnkyBa JAA KakTo
Y CBOM BBIIPOCH.

4, 3aki104eHne.

BwBexnanero Ha JAR-FCL mpu oOydeHuero u
W3aBaHETO Ha CBHCTEIICTBA 32 JICTATEIHN EKHITaXU
W KJIAcoBe 3a IOJIETH MO MpHUOOpW Hajlara HOBH
M3KUCKBaHUA 3a onoOpsBane Ha FTO 3a Teopernyno
o0ydyeHre M TIPOBEKTaHE Ha W3IUTH 332 TEOPETHIHU
3HaHusA. ToBa € CBBp3aHO € HEOOXOAMMOCT OT
HENPEeKbCHATO OOHOBSIBAHE HA YIEOHOTO CHIBpPIKAHIE
W HETOBOTO paslpeleNieHrne B Kypca, KakTo U C
YCHBBPILECHCTBAHE HA METOJUTE 32 00yUYeHHE, Taka ue
na ObIaT MOCTUTaHK MOCTaBsHUTE B [4] yueOHu mesm
Y IOZIPOOHN KOHCIIEKTH 32 TEOPETIIHH 3HAHWIS.

Jlureparypa:

[1] JAR-FCL 1, Amendment 7, JAA, 2006.

[2] JAR-FCL 2, Amendment 6, JAA, 2007.

[3] Administrative&Guidance Material, Sec.5: Personnel
Licensing Part 2: Procedures, JAA, 2007.

[4] hitp://www.jaa.nl/licensing/licensing.html

[5] Hapenba Ne 39 3a ycnoBusTa W pena 3a W3gaBaHe Ha
CBUJIETEJICTBA 32 IPABOCIOCOOHOCT Ha  ITWJIOTH,
CBHIETEIICTBA 33 aBHALMOHHM Y4YeOHM IICHTPOBe,
o0yJaBally IMWIOTH M CBHZAETENICTBA 332 MENMIMHCKA
TOIHOCT HA AaBHALMOHEH IepPCOHAT IIIOTH B
choTBeTCTBHE ¢ M3uckBaHusTa Ha JAR- FCL 1 u JAR-
FCL 3 u koHTpoia BBPXY TsX, U3I. OT MHUHHCTBpa Ha
TpaHcmopTa, o6H., JIB., 6p. 14/20.02.2009.
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Abstract:

The main goal of this investigation is to assess load curve (Riera curve) during impact of large airplane
into Belene NPP. Boeing 747-400 is chosen as large airplane and all calculations are done using charac-
teristics of this airplane. Results for different initial speeds and conditions are obtained.
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1. Introduction

The main goal of this investigation is to assess
load curve (Riera curve) during impact of large air-
plane into Belene NPP. Boeing 747-400 is chosen
as large airplane and all calculations are done using
characteristics of this airplane.

The main difficulties in this investigation arise
from lacking of detailed information for structure of
airplane. This information is assessed by using gen-
eral requirement for large airplanes [8], publicly
available sources and rational assumptions.

2. Methods and assumptions

General parameters for Boeing 747-400 as di-
mensions and weights are taken from [1]. These
parameters also include fuel quantity in tanks and
engines' data.

Total weight of airframe is divided between
main airplane elements by using data and formulas
from [2].

The most dangerous impact is airplane with
maximum mass during impact. This is possible if
flight starts from nearest large airport. Bucharest
Henri Coanda International Airport is considered as
a possible starting airport.

It is assumed that airplane is loaded up to 95%
of "maximum take-off weight", which is 396894 kg.
During starting procedures and taxiing and during
flight to the Belene NPP additional fuel (14036 kg)
is spent. Based on this assumptions and calculations
at the time of impact airplane has mass 363543 kg.

During impact on the fuselage is acting crushing
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force Re, that depends on the local crushing
strength of fuselage. It is assumed that crushing
force is equal to

Re= Aoy, Q)
where A is effective area of crushing section and is
yielding stress of material. Because different sec-
tions have different effective area crushing force
vary from section to section.

The main step in the investigation is to calculate
effective area (crushing force respectively) for dif-
ferent sections. For these calculations fuselage is
modeled as thin-wall beam.

Main loads for fuselage are self weight, weight
from passengers, baggage and empennage and lift
force from wing. Self weight, weight from passen-
gers and baggage (excluding empennage) is as-
sumed to be distributed load over fuselage. Values
of distributed load are based on locations of pas-
senger seats, baggage compartment and general in-
formation for systems and avionics.

The values of these loads are also used to calcu-
late mass distribution over fuselage.

Main structural parts of fuselage are: skin,
stringers, frames, floor beams and seat rails. From
these only skin and stringers have contribution to
effective area. Frames and floor beams have con-
siderable strength but in plane perpendicular to the
crushing force Re. Seat rails have negligible area
and its contribution is accounted by correcting fac-
tor.

The main factor that determines size of skin and
stringers is bending moment and shear force in fu-
selage. They are calculated in a usual manner [7] as
in Strength of materials, but loads are corrected



with ultimate factor of safety 4.25 as defined in [8].

To simplify calculations (but without rising the
error) area of stringers is added to the area of skin
and only skin thickness is considered as unknown.

Bending moment cause normal stresses in skin
and stringers and they depend on distance to the
neutral line of beam (fuselage). Because of this skin
is divided into parts of small length having nearly
same distance from neutral line. The normal stress
in the i-th part is

2
In this equation M is bending moment in respective

section, | is inertia moment of section and Y, is

distance to the neutral line of i-th part of skin.
Shear force cause shear stress in skin

[

M
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where Q is shear force in section, S(y) is static mo-
ment of area above point and ¢ is skin thickness.

Additional normal stresses in skin are caused by
differential pressure of 648 hPa in fuselage (from
pressurization system). Stresses act in tangential
(hoop stress) and longitudinal direction and can be
calculated by

Ao

o-.:p&anda =p—,
Sl 6‘I X A

(4)

where R is radius of curvature of section profile in
point and Ao is area surrounded by section profile.

Using all stresses in part and by assuming that
ultimate stress for skin-stringer combination is
0=480 MPa the thickness can be calculated. Be-
cause calculated stresses depend on skin thickness
and it is calculated by iterative procedure for every
section.

Skin thickness is calculated for every part of 18
sections of fuselage. Crushing force Re is calcu-
lated for these sections and for other it is interpo-
lated.

The wing is main source of lift source for air-
plane and it contains nearly whole fuel needed for
flight. It consists of three parts — two console parts
and center wing box that is located entirely in fuse-
lage. For the purpose of this work the wing is mod-
eled as three beams.

Aerodynamic lift load along with fuel load de-
termines strength properties of the wing. While the
total lift load is known (it is equal to the weight of
the airplane) its distribution along wing span de-
pends on many factors as speed, altitude, etc. To
calculate realistic distribution "Tornado™ program
is used that exploits vortex lattice method.

Main structural elements of the wing are skin,
stringers, spars and ribs. Skin, stringers and spars
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form wing box that carries all internal forces in
wing as bending moment, torsional moment and
shear force. Ribs define wing profile and ensure
work of the wing box as thin-walled beam. Console
parts of the wing are considered as fixed cantilever
beams that are loaded by aerodynamic lift, self
weight, engines’ weight and fuel weight.

In the center wing section there are additional
spanwise beams. Center wing section is considered
as simply supported beam loaded by self-weight
and fuel weight.

Distributed and concentrated (from engines)
loads induce internal forces in beam models: bend-
ing moment, torsion moment and shear force.

The bending moment in wing is main factor that
determines the thickness of the skin and dimensions
of stringers and spars. Because there is no differ-
ence for crushing force what is the shape of string-
ers and spars' flanges their area is spread over adja-
cent skin. The main assumption that is made during
skin thickness calculation is that win box has the
same height in section.

During impact of the airplane high decelerations
are appeared in airframe. They can cause destruc-
tion of internal structure before respective section
reaches the target. Such structures are fuel tanks.

According to [3] walls of Boeing 747 fuel tanks
can sustain pressure of 20 psi (1,38 kPa). For center
wing box with length 1=5,75m and fuel density
p=800 kg/m?® destruction will appear at deceleration

— 1380 5908 mis?, ®)
800x5.75

Such deceleration arises in most numerical tests
at 0,05 s from the beginning, while center wing box
touches the target at 0,10 - 0,15 s later. This time is
enough for large amount of fuel to spraying out of
the tank. This fuel can damage additional structural
elements decreasing strength of fuselage and wing.
The same can happens in the fuel tanks in console
parts of the wing.

Spraying out fuel does not transfer energy to the
target. It’s kinetic energy goes for damages of struc-
tural elements in fuselage and wing.

There are four engines on wing every one with
mass 4387 kg and length 3.175 m. They are mod-
eled as cylinder of length 3.175 m with linear vary-
ing mass distribution. For calculation of crushing
force engines are assumed to be solid cylinders with
diameter 15 cm and yielding stress 500 MPa.

Because outer engines are behind aft mount
point of wing they are detached together with wing
and do not contribute to total crushing force.

3 Load curve calculations

Load curve calculations are based on the Riera



model [10] for impact of aircraft in rigid target and
following hypotheses:

- The aircraft is modeled by a stick with mass
distribution x(x) (fig. 1) and crushing force Re(x)
(fig. 2), where x is the distance along fuselage from
airplane nose up to the current section that under-
goes the crushing.

2 5:10*
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—— wing

engines
—— spraying fuel

2:10*
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engines
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40 50 60

Figure 2. Crushing force.

- The crushing force Re(x) induces instantaneous
and homogenous deceleration dv/dt in the remain-
ing uncrushed part. If the total mass of the airplane
is M and the mass of the crushed part is m(x) the
deceleration and crushing force are related by equa-
tion

= —Re(x). (6)

- There is no rebound of crushed part (soft im-
pact).

Equation (7) is ordinary differential equation.
Solution of this equation is speed v(t) as function of
time t and the speed v, at the beginning of impact
must be used as initial value. By integrating speed
the distance x(t) as function of time can be found
and therefore the mass distribution w(t) as func-

tion of time. Deceleration can be found by differen-
tiating speed v(t).

The force that is acting on the target can be
found by Riera's formula [10]

F=Re+m?. (7)
Calculating this force as function of time gives load
curve.

Riera's formula (8) implies that all energy of the
crushed part is transferred to the target. In this case
the mass m(x) is function only of distributed mass
u(x):

M —m(x)]%
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X
m(x) = [ u(&)d¢. ®)
0
But not every mass can transfer energy to the
target. For example the energy of the spraying out
fuel goes to destroy elements of the airframe —
frames, ribs, beams, walls. This process also de-
creases the crushing strength of the airframe. Be-
cause of this not all mass is accounted in formula
(8) and u(x) contain only mass that transfers its

kinetic energy directly to the target. The remaining
mass is represented by function A(x). It does not
transfer any energy to the target. This mass includes
spraying out fuel and part of the wing after detach-
ing from fuselage. Because of this the mass of the
crushed part is calculated by next formula

m(x) = [ [u(@)+ H&)]ld¢

instead by formula (9).

9)

4, Results

Using methods, assumptions and data mentioned
above several numerical tests was conducted for
different initial speeds v, between 100 m/s and
160 m/s and different amount of spraying out fuel.
In these tests action of engines is not considered.

Main assumption during tests is that action of
crushing force of wing on the target starts when
joint of front spar and fuselage touch the target and
action stops when joint of aft spar and fuselage
touch the target.

During tests load curves for wing and fuselage
are calculated separately. It is assumed that fuselage
impact area has circle shape with diameter 8 m and
wing impact area is rectangle 33 m x 2 m (fig. 3).

fuselage $8m

2m

wing

33m

Figure 3. Profile of forward fuselage structure.

Below on fig. 4 are shown calculated combined
load curves for different initial speeds v, and differ-
ent amount of spraying out fuel.
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Figure 4. Profile of forward fuselage structure.

4. Conclusions

Analysis of given results shows that main factor
that contribute to the load curve is the initial speed
of the airplane (or kinetic energy respectively).
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Ananu3 Ha METOO0JIOrUATa 3a OTKPUBAHC Ha KPaTKOCPOYHU KOHd)J'II/IKTI/I B CbUICCTBYBAIUTE

AJITOPUTMU 32 OTKPUBAHC Ha KOH(l)J'II/IKTI/I 1 MOTUBUpPAHC Ha HCO6XOIII/IMOCTT3. OT U3IIOJI3BAHCTO HA ONITUMHU3 AU

Ha aJITOPUTMUTE 110 MOBEYC OT CANH KPUTCPUH.

Abstract: This paper presents an analysis of short term conflict detection methods that are in use in current
algorithms for conflict detection and gives some arguments using multicriteria optimization.
Kniouosu Oymu:kpamkocpouen KOHQIUKM BEPOSAMHOCH 34 KOHQIUKM, MHOSOKPUMEPUATHA ONMUMUZAYUS,

npocrosa

OcHOBHa 3amaya Ha Bcuukn YBJl ¢ 1ma
rapanTipar 0e30macHOCTTa Ha MOoJIeTUTe. 3a Ja ce
OCBILECTBHU yIpaBiieHueTo Ha B/l e HeoOxoaumo na
ce ToJTyyaBaT JaHHU 3a TeKylara kapTuHa Ha B/l B
JlafeHata 30HAa M Jla Ce HU3rOTBM IIPOTHO3a 3a
CBhCTOSIHUETO Ha ChIIaTa Ta3H 30HA B JaJeH ObJen]
MOMEHT OT BpeMme. ABTOMaTH3MPAaHETO B
IIPEJCKa3BaHETO M OTKPUBAHETO Ha KOH(IIUKTH
yBenmuuaBa edexktuBHOCTTa Ha YBJI m ompoctsBa
pabortata Ha PB/] — onepatopute. CBOEeBpeMeHHaTa
WHAWKaINA 3a OYaKBaH KOH(JIUKT u
MpenynpexJaBaHe Ha OIepaTopuTe IIe JOBEIE

OCBEH JI0 TIIOBHIIAaBaHEe Ha O€30IIacHOCTTa Ha
cucremute 3a YBJlI u 10 mnoBuilaBaHe Ha
KaramureTa Ha 30HuTe 3a YB/I.

Enun oT KJIIOYOBHTE €JIEeMEHTH B

MpeACcKa3BaHeTo € MOJeTpaHe Ha “ HECUTYpHOCTTa
(mem3BecTHOCTTA)” CBOWCTBEHA 3a JBH)KEHHETO HA
BC, 3apanu BIMAHHMETO Ha BIATHpPA, KOMAaHIU Ha
omeparopuTe, TpEeIIKH B  TPOCIEASIBAHETO,
HaBUTALUATA ¥ KOHTPOJIA.

Cxemure 3a TpOTHO3WpaHe Morar na Obaar
kiacuduimpann B 3 (TpH) Kareropuw, Cropen
HauMHa Ha TPEeTHpaHe Ha “HecUrypHocTTa’.

L2HomMuHaauusi” nogxox mpuema, ye BC e
MpPOABIKM Ja Ce JBWXKHM 10 TeKyllaTta CH
TPaeKTOpHsI WM TOJIETeH TuiaH. To3W MeTon 3a
MPOrHO3a € TMpPOCT W IIUPOKO H3MOI3BaH B
MpaKkTHKaTa, HE € TPYIAOEMBK , OCOOEHO aKo
HECUTypHOCTTa ce TpeHeOpersa, MoXke /a BOAH 10
ONTHMHUCTHYHU TIPOTHO3H.

[MonxonpT Hali-om  ciay4aii”’, ot japyra
cTpana mpeamnoinara , ye BC me mocnenBa Haii-
JIolaTa Bbh3MOXHA TPACKTOPUS OT BCHYKH. 103U
MOJIXOJ] € B OCHOBAaTa HA HAW-CUTYPHUTE CUCTEMH,
HO TOW ce OKaszBa TBBPJAE KOHCEPBATHBEH M TEXBK
3a paboTa Ha MMpaKTHKa
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,»,BeposiTHOCTEH” HOIXO.I OYNTa
“HecurypHocTTa” B3eMallku TpeaBHJ Habopa OT
IIPUMEPHU TPAEKTOPUHU, T€HEPUPaH OT CTOXAaCTUYEH
Mozen Ha JjBmxkeHnero Ha BC wu  oueHsBaiku
KPUTUYHOCTTAa Ha BCSAKAa CHUTyaluss BBB BHJ Ha
“BepoATHOCT 32 KOHPIUKT”

Jswxennero Ha BC ce xapakrtepusupa c
BEPOSITHOCTHO OTKJIOHEHHUE B no3uuusaTa Ha BC

“BeposiTHOCTHOTO OTKJIOHeHHWe” mMa [ aycoBo
pasmpeneneHre, YHATO KOBAapHAlMOHHA MaTpHIla
HapacTBa ¢ BpemeTo. ToBa Biusie BbpXy (akra, ue
BAIMJHOCTTA Ha MPOTHO3aTa HaMalisiBa 3a KOJIKOTO
MO-/IaIedeH MOMEHT B OBJCIIETO ce OMUTBaMe Ja
nporHo3upame. To3uw  Momen uMa  peguua
HEIOCTaThlM, KOUTO OTpaHUYaBaT TOYHOCTTa Ha
IporHo3ute 06azupanu Ha Hero. OCBeH 4e ce OIuTBa
Ja yJIOBH pa3BUTHETO HAa HHAWBHIYAIHUTE
TpPaeKTOpPUM, MOJENa Cce ONUTBa Ja HalacHe
TPYMOBOTO IMOBEJEHHE HAa BCHUYKH TPACKTOPHH,
MoJiefia HarlacBa ¥ rpylnoBOTO [IOBEJEHNE Ha BCUUKU
TpaexTopuu Ha eqHo BC. ToBa Bogu 0 IporHo3y,
KOWTO HE OTYHTAT (yHAaMEHTanHHTe (DaKTH, KaTo
CTaTUCTUYECKA KOpeNalus MEXAy MO3UIUUTE Ha
enio BC B pa3nuuHM MOMEHTH OT BpEME,
KopeJaius MeXy no3unuute Ha 6smszku BC u 1.H.

[orneanaro OTKBM neduHupaHe B
npeoOiagaBamiuaT Opoil ompeneneHus MMa Mallko
HECBOTBETCTBUS — aKO KOH(IUKT e “HapyliaBaHe
Ha CemapanoHHUTE CTaHAAPTH T.€. KOHQIUKT He
cpuiecTByBa Jokaro 1nBe BC ca Ha Oe3omacHa
JucraHuus. B ¢pioTo Bpeme KOH(IMKT MOXKe Jia ce
(dopmynupa kaTo “ TpeABHIEHO HapyllaBaHE Ha
OCHTYPUTEIHHsS cemapanuoHeH cranaapt . Ilog
TOBa ompeneneHne KOHOIMKT uma korato ase BC
1Ie ce JoOJMKaT Ha ONpejesieHa TUCTAHIUS B €IUH
Obaen; MoMeHT oT Bpeme. O4eBUIHO €,4€ BTopara
JehUHHIMS TpaBu HAIWYAETO HAa  KOH(IHUKT
3aBUCHUMO OT THUIIAa U IapaMeTpuTe Ha U30paHus



aTOpUTBM 32 TMPOTHO3a. 3a OmpefensHe Ha
KOH(JIMKT, CBIVIACHO Je(PHHUNUATA € HEOOXOIIM
MaTeMaTHYECKH MOJeN Ha kuHeMaTukata Ha BC, 3a
Jla ce HaIpaBH MIPOTHO3A.
Kpatkocpounn koHpmukTe — 10 10 MUH.
OTKpUBaHETO Ha KPaTKOCPOYHH KOH(IMKTU

W3M0JI3Ba TIPEIUMHO WH(OpPMAIM 3a TEKYIIOTO
nonoxenue Ha BC 3a M3roTBsiHe Ha NpOrHo3a 3a
O0paemoro. CraBa IyMa 3a IPOrHosa C HEpUOA OT
HSKOJIKO MUHYTH (00uuaiino 5-10 MuH.) mpe3 KOUTO
ce mnpuema, ue BC ce ABWKM IpeIuMHO
MIPaBOJIMHENHO, CIIEBANKN TPAGKTOPUSITA CH.

OTKpHUBaHE Ha CpeIHO- U  JIBITOCPOYHU
KOH(QJIUKTH, TOYHO OOpaTHOTO W3MOJ3BA U
nHpopMarys 3a “ HamMepeHHusW KaTo TOJIETEH IUIaH,
NpeAyNpeXICHUs 3a CiydyaliHu CcBOMTHA, KaTro
METEOPOJIOIUYHU SIBJIECHUS.

Kondmukt ce 3acuuar, KaTo ce TIpaBH
MpOBEpKa Ha HAKJIOHEHOTO pa3CTOSHHE MEKIY

nonoxkenuero Ha obextnre ( R(X,Y,Z,t)) mpes

ompezeneH uHTepBad oT Bpeme ( A ). Jokoiko
ITOPUTHMA M€ M3YHCIA TOYHOTO BpEME , KOTaTo
3a IPHB BT € HapyllIeHa cenapamusiTa, u300pbT Ha
BpEMEBH MHTEPBAJI € pemaBail. B neficTBUTETHOCT
KOJIKOTO ( A ) € MO-TONIIMO, TOJKOBA MO-TOJIIMA €
BEPOATHOCTTA Ja HE CE OTYeTaT KPaTKOCPOUHHU
KOH(JIUKTH.

Nma ycrienmHu peanm3anuy Ha alTOPUTMHU 3a
MPEeOTBPATIBAaHE HA KOH(IMKTU C U3IOJI3BAHE HA
reoMeTpudeH Mojen Ha Tpaekropus. OT napyra
CTpaHa OMHUTAa COYM, Y€ TUCKPETH3alUsATa IPaBH
¢bopmaiHara ( mpocTa) MpoBepKa — CIIOKHA.

B 30onuTe mo mapmpyra Ha BC, B kouto uma
Hali-cmiiHa koHeHTpaius Ha BC ca u 30HU ¢ Hali-
BHCOK pUCK OT KOH(pIuKTH. KaTto npaBuio Takupa
“cTecHenms” Ha crucreMata 3a YBJI ca meTuiiHmTe
paiioHu, 30HMTE 3a MMOAXO U U3YaKBaHe U T.H. 3a 1a
ce ONTHUMM3UpPAT Te3U 30HM JBIKeHHeTo Ha BC B
TAX CE€ M3BBPIIBA MO TPEABAPUTEITHO OMpEIEeIICHN
CXEMU — TUTAHUPAHU TPACKTOPHH.

[InanupaneTo Ha W3IMTAaHUATA, KallaHUATA H
JIBIDKEHUETO MO TPASKTOPHUUTE 3a 3aXO0J U OTIUTaHE
OCHTYPSIBAT KaramuTeTa Ha Te3H 30HHU.

OnTuMaaHoCTTa npu TJIAHUPAHETO
CTpaTern4ecko W TaKTUYECKO TapaHTHpa U
ONTHMAJIHO IIOJI3BaHE Ha JIeTUIATa. 30HHTE Ha
JISTHINATA TIPEACTaBISABAT W HaW-CIIOKHATA 3a
MOJICTH cpena oT riaegHa  TOYKa Ha
€IIeKTPOMarHuTHa OOCTaHOBKAa, a W MOpaau
MHTEH3MBHOCTTa Ha TpaduKa TaM W BIHSHHAETO Ha
METEOpPOJIOTHYHUTE SBIEHUS € Hai-cunHo. [lpu
nemwkenne Ha BC B ycioBHs Ha HamalieHa
cemaparnus, KakBaTo € B 30HaTa Ha JIETHINATA,
e(EeKTUTE OT METCOSBIICHUSITA BBPXY TPACKTOPHUTE
Ha nBmwkeHnne Ha BC Morar na mnpeau3BUKaAT
KOH(QJIUKTH 3a MHOTO TO-KpaTku TEpUOJU OT
BpeMe.
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OTKpHBAaHETO Ha KPATKOCPOUHH KOH(IUKTU U
IIPH TIOJIET TI0 Tpace MMArT ChIIO CBOSTA CHIIECTBEHA
pouts.

(3) OcnoBen yuacTHHK (BHHOBHHK) 3a
HEU3BECTHOCTTA B JBMkeHUeTo Ha BC e BATHpa, 3a
KOWTO mocroBepeH (IIbiieH) GU3MYSCKH MOJET HE ©
HaMepeH Bce ome. lloHexke rpemkara Ha
IPENBIDKAAHETO MOXKE Ja Ce MOJENHpa Karo cyMma
OT ToJIIM Opoif HE3BUCHMH CIIyJalHH CMYIICHHUS B
pa30bpKaHH BpPEMEBHM HHTEPBalIHM, OYaKBa Ce
rpemkara Jna mMa [aycoBo pasmpeneneHue. Tazu
XHIOTE3a € MPOBEPEHa B HATYPHU YCIOBHS, KOETO
CHII0 WHAWIMPA, Y€ HECHTYPHOCTTa MOXE Ja ce
pasmens Ha  ABa  KOMIIOHEHTa:  HAUTBKHA
KOMIIOHEHTa, KOSITO Bapupa C BPEMETO W HalpedHa
Ha TPAaeKTOPHUITA KOMIOHEHTA, YHETO OTKIJIOHCHHE
ocTaBa rpy00 eIHO U CHIIO.

C oTunTaHe HA MHHHMYMHTE 32 BEPTUKAIHO U
XOPU3OHTAIHO Cerapupane, a UMeHHO[7]:

“1. 300 m (1000 ft) mo Bucounna 12 500 m (FL
410)

2. 600 m (2000 ft) or Bucounna 12 500 m (FL
410) u moseye.

’ce periiaMeHTHpa Taka HapeueHara ‘‘3aiuTHa
30Ha” 3a Bcsko BC, KosATO 30Ha NpeacTaBisiBa
mwmHaep ¢ BucoumHa 2000ft  wmm 4000ft B
3aBHCHMOCT OT TMOJICTHOTO HHMBO W  paguyc Ha
ocHOBUTE 5NM. B 1ieHThpa Ha Taka MOCTPOCHHS
IJIMHABD € pasnonoxkeno BC.

CeriacHO  CTaHOAPTUTE ma Eurocontrol
OTKIIOHEHHETO npu OTIpesieNsIHe Ha
Mmecrononoxennero Ha BC e 100m., mokato mpu
peaTHN HM3MUTaHWS ce HaOJIoNaBa HaMaJIIBaHE Ha
TOBa OTKIJIOHCHHE.

Hecuryprnoctra B OIIpEeITHETO Ha
HacrosinieTo Mecromiuoxkenue Ha BC e pesynrar ot
TOYHOCTTa Ha  M3M0JI3BaHaTa  cUCTeMa  3a

IpocielsiBaHe M OLIGHKUTE Ha HaBUTrallHOHHATa
cucrema Ha camoro BC u Ta3u HeCUTypHOCT ce
MoJienpa, KaTo HOpMalTHO paslpezerieHa ciydaiHa
BEIMYMHA CBhC CTaHJAPTHO OTKJIOHEHHe OoT 5S0m.
ctpaanyHo U 30 M. BepTukanHO. OTKIOHEHHETO B
Kypca Ha TpeAcKa3aHaTa TPaeKTOpHUs ce MOJeNupa
kato 15 Kn cranmapTHO OTKIOHEHHE Ha (ITyKTyaIus
Ha ckopocrra (rpemka 1O  JABDKHHA — HA
TpaekTopusTa) ¥ 1 NM CTaHIAPTHO OTKIOHEHHE-
HampeyHa rpemka. Te3w JOaHHM 3a TpelKH ca
nonyuenn emnupuuro B [9]. Karo usxomnu naHHH
ce mpueMa, 4e BEepOATHOCTTA 3a MPOMsHA Ha Kypca
Ha BC, w™oxe pga Obae MonenupaHa Karo
eKCIIOHEHLIMATHO ~ paslpenelieHa CbC  CpelHa
CTOIHOCT A 3a YeTHpH 3aBosl Ha yac. ToBa cienBa
OT IPEIBapUTENHOTO IMpHEMaHe, ye MpOMSHaTa B
Kypca ce ciyuBa 1o Iloaconos 3akoH. Koraro xypca
ce IIPOMEHM, HEroBOTO 3HAYEHUE C€ MOJeyupa
BeposATHOCTHO. Hali-BeposiTHa € mpoMsiHa Ha Kypca
B JIABO Wi fAsicHO Mexnay 5 u 20 rpagyca u mo-



MaJIKO BEpOSITHO Jla HAalpaBAT NPOMsIHA Ha Kypca Ha
MO-MaJk0o OT 5 rpamyca, Karo Tpemikara e
panpenenena nof popmara Ha chepa.

[IpomenuTe BBB BUCOYMHATA CBIIO CE
MOJEeNUpaT KaTo EKCIIOHEHIMAIHO paslpe/esieHne
ChC CpelHa BEPOSATHOCT 3a YETHPHU CIyYBaHHS Ha
gac. Koraro ce ciyunm mpoMsHa Ha BHCOYMHATA €
enHakBo BeposiTHO BC na ce M3kaum WIM CHIKH B
pamkure Ha 10 000ft ot HacTosmiaTa cu mo3UIHMS.

3a a ce M3YMCIU BEPOSTHOCTTA 32 KOH(IHUKT
nosurmuTe Ha nBete BC TpsOBa xa ce mporrHosmpar
3a ObAeIIM MOMEHTH OT BpeMe W Taka Ja ce
Olpeneny BEpPOSTHOCTTa 3a HapyllaBaHETO Ha
“saruTHaTa 30Ha” Ha BCsAKo eqHo BC.

AKO pazfenM BEpOSTHOCTTA 332 KOHQIUKT Ha
IBE€ KOMIIOHEHTH, TO KOH(IIUKT HACTHIIBA IIPH
HapylIaBaHe Ha KOSATO W J1a € OT CelapandoHHUTE
HOPMH XOPH3OHTATHATA U / WK BEPTHKATHATA T.C.

P(C) = P(C)sop. P (Cucr.

lonemuHata Ha 30HaTa 3a TeHEpUpaHe Ha
npeaynpexacHus 3a KOHGIUKT ( KOSITO OT CBOs
cTpaHa MIpEe/ICTaBIIsIBA 3aIuTeHaTa 30Ha,
KOpeTHpaHa C TPEeNIKUTE Ha W3MEPBAaHHATA) OKa3Ba
BJIMSTHHE BBPXY QYHKIIMOHUPAHETO Ha CHCTeMara 3a
npeAynpexacHus 3a KOHQIUKTH. AKO 30HaTa €
TpeKaJIeHo MIMpOKa , IIe e TeHepHpar TolisiM Opoi
W3JMIIHM TPEeNyNnpexaeHus. AKO 30HaTa € TBBpIe
Malka MOXe Ja Ce OKaxke, Ye BpeMeTo WU
NPOCTPAHCTBOTO  3aIelNeHO OT 30HaTa HE ¢©
JIOCTaTBYHO 32 W3BBPIIBAHE Ha MaHEBpa 3a
n30srBaHe HAa KOHQUIMKT. 30HUTE Morar Ja Obaat
MPOBEPEHH C H3IMOJI3BHETO Ha JBa MapaMeThbpa!
BEPOSITHOCT 3a MPABHJIHO OTKpUBaHE (T.e. YCIHEIIHO
npenynpexaenne (YII) — D, mpu P(C)=1) u
BepOsATHOCT 3a (amimmBa TpeBora (T.e. HEHYXHO
npenynpexaenne (HIT) —F, npu P(C)=0).

Koraro nmame npenynpexaenne 3a KOH(IHKT,
TO € YCIEIIHO KOraTro He ce CTHTra 0 HapyllaBaHe
Ha 3amurenata 30Ha Ha BC. Taka BeposTHOCTTa 32
YCIICIIHO MPeIYTPEeKICHNIEC P(VII)=D e
BEPOSITHOCTTA, Y€ KOH(IIMKT HAMA J]a HACTBIH aKo
ce mpennpueMe MaHeBpa 3a u30srBaHero My. Eto
samo P(YII) ce sBsiBa QyHKUOUS HA BPEMETO U
cmermduIHaTa MaHeBpa 3a  U30sArBaHE Ha
KOHQIIUKT, KoliTo BC e u3sbprmio.

Enmno mpenynpexnenue ce kiacuduimpa KaTo
HEHY)KHO, aKO HE Ce M3HCKBa MpeayNpexacHue 3a
HeHapyliaBaHe Ha 3ammrHata 3oHa. P(HIT)=F
BEPOSITHOCTTA 32 HEHYXHO IpenynpexIecHue e
BEPOATHOCTTA, U¢ KOH(INKT HiIMa Ja uMa, ako BC
MIPOABIDKH 110 HACTOAIIATA CH TPaeKTopus. 3a aa ce
ONTHMI3Hpa paboTaTa Ha CHCTEMaTa M TOJIEMHHATA
Ha 30HaTa € HeoOXOqUMoO J1a ce Makcummsupa -D n
Ila ce MUHUMI3HpA -F.

OTKpHBaHETO HAa KOHQIIUKT, KaTo MpoIec U
MPWIOKUMH TpaBWJia MHOTO NPWJIMYA Ha 3amayara
3a oTkpuBaHe Ha PJI curnan. IIpu oTkpuBaHeTo Ha
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KOHQMUKT  obpaborBame  wuHpopMamusta  3a

naknonenoro pascrosuue ( R(X,y,z,t)) wu ce

B3eMa pellleHHe Ha 6a3a CpaBHEHME HA HAKIIOHEHOTO

pasCcTOSHHE C OINpENENeHH MPAaroBH CTOWHOCTH.

PasrieqaHo 1o TO3M HAuMH 3371a4aTa 3a OTKPUBAHE
Ha KOH(JIUKT ChIbPIKa B ce0€ CH TPH €Tara:

1) OtkpuBane u oOpaborka Ha PJI

CHTHAJ HOCENI UH(OPMAIUATA 38 TEKYIOTO

(R(X,Y,2,1))

2) W3uncnsiBane Ha MIPOTHO3HA
croiinocr 3a ( R(X,Y,2,t))

3) cpaBHsBaHE Ha W3YHUCIICHA
IPOTHO3HA CTOMHOCT HA HAKJIOHEHOTO
pasCTosHME ¢ TMparoBarta CTOWHOCT W

B3eMaHe Ha pEIICHHE 3a HaJW4de WK
OTCHCTBHE Ha KOH(IMKT B JafeHUs] ObIell
MOMEHT (BpemeBH XOPH30HT Ha
OTKPUBAHETO Ha KOH(IHKT).

[laHHN 32 TeKkyLo
nonoxexue Ha BC

U3uncnaBaHe Ha Tekylwa
CTOMHOCT Ha R

BbIASHCTBUE
M3yncnasaHe Ha MPOrHo3Ha
cToiHoCT HaR

HAMa

uma
KOHIUKT

KOHtAnKT

CpaBHABAHe Ha
MPOrHO3HATa CTOMHOCT
¢ npara

OTKpUBaHETO HAa KOHMIIMKT € U3LI0 HACOYEHO
KbM JaJeH ObJel] MOMEHT OT BpeMe T.c.
MIPABITHOTO OTKPUBAHE 3aBUCH OT NMPAaBMIIHOCTTA Ha
HarpaBeHaTa nporro3al IMpomeca o
MIPOTHO3MPAHETO HA KOH(IIUKTH IO CBOS XapakTep €
CIly9acH IIpOLEC, OIpENEeNICH OT BEpOATHOCTTa 3a
OpaBWJIIHA  TPOTHO3a WM MO-TOYHO  OT
BEPOSTHOCTHHS QJTOPHTBM 32 H3YHCIIIBAaHE Ha
nporHo3ata. He OuBa na ce mpomycka u ¢akra, ue
UMa CIlydaeH TIIpOIeC OIIe Ha ITbPBUS €Tam OT
pelraBaHeTo Ha 3amadaTta, a IMEHHO IOJTyYaBaHETO
Ha TaHHHUTE 32 TEKyIIaTa CTOHHOCT Ha HAKJIOHEHOTO
pascrostuue. PasrmemaHo mpe3 npu3Mara  Ha
HECUTYpHOCTTa pellaBaHeTO Ha 3ajadaTa 3a
OTKpHBaHE Ha KOH(IUKT ce CBEXkK/Aa 0 pellaBaHe Ha
BEpOSATHOCTHA 3ajaya Oa3WpaHa Ha HECHTYPHHU
naHHd. OTYHWTaliKA BCHYKH TE3W H3TOYHHIN Ha
“rpemkn” craBa BCE IO-BOXKHO Ja CE€ CHHTE3WpPA
ONITHMAJICH  aITOPUTBM 32  OIpEeAeNsHE Ha

npeaynpexaenne 3a
KOHAMNKT 1 KopHTMpaLL0



MporHO3aTa  3a  KOH(JIWKT.  AHamu3a  Ha
MOCJIENIATE OT BCEKM THI Tpelika HU JiaBa
HAcOKaTa KOW MapaMeTpH C KaKbB KOCPHIIMCHT Ha
TEKECT Aa ydacTBar B anropurhma. OlleHKara 3a
ONTHMAJHOCTTA Ha ATOPUTHMA 3a TIPE/ICKa3BaHe Ha
koHpukTH ( mpeackasBaHe Ha CTOWHOCT Ha R) mo
CBOSATA CBHINHOCT € 3ajJadya 3a ONTHMH3alusd I10
HSIKOJIKO KpUTEPHSI (MHOTOKpHTEpHATHA
ONITHMH3AITHS).

[TapameTpu OT KOUTO 3aBHUCH TPOTHO3aTa.

1. tekyma croitHocT Ha R

2. BpPEMEBH HWHTEpBal 3a KOWTO Ce TMpaBH
nporro3ara ( IPH MO-MaIBK IEPUOJ € IO-ToJIIMa
BEPOSITHOCTTA 3a MPABWIHO OTKpHBaHe, HO HMaMe
MpejieTHa CTOWHOCT 3aBHCEIla OT BpEeMEeTo 3a
MaHeBpHpane Ha cboTBeHnTEe BC)

3. mepro Ha OOHOBsABAHE HA JaHHHUTE (YecToTa
Ha 0OHOBSIBaHE)

4. TpelKyu OT U3MepBaHUsITa

- METEOSBIICHUS

- eJIEKTPOMAarHUTHa 00CTaHOBKA

5. romemuna Ha “ 3amurHa 30Ha”

6. quaamuuer Monen Ha BC-tara

7. B3aMMHO BJIMSHKME Ha MporHo3uTe ( peairHo
MPOTHO3HATa CTOMHOCT Ha R e pesynrar oT OT
MPOTHO3HUTE MecTononoxenus Ha 2 (maBe) BC —
MPOTHO3HU TPACKTOPHH).

W3YUCNABAHE HA MPOrHO3HA CTOMHOCT HA -R
OvHaMryeH moaen
HaBC

Onpesenane na Hagop o

Onpesenane Ha Habop oT
3a
ua BC2 cneg, nepiog ot
Bpeme T

H3uncnssaHe Ha BEpOATHOCTUTE

3a BCSAIKA XMMOTesa ¢ OTYMTaHe

Ha BCUYKN NapamMeTpy BRvsewwm
BBPXY TeIUM BEPOATHOCTH

za
wa BC1 cnea nepog o1
Bpeme T

W3vucnAsaHe Ha BEpOATHOCTUTE|

3a BCAKA XMMNOTesa ¢ 0TYMTaHe

Ha BCMYKN NapameTpy BRvsielwm
BBPXY TE€3W BEEPOATHOCTH

H36op Ha Han-BepoATHA
XunoTesa

H3Bop Ha Hail-BepoATHA
XunoTesa

W3uncnasaHe Ha
"nporHosoto "
HaKNoHeHo
pascTofHue -R

B 3aBHCHMOCT OT CBOMCTBaTa Ha KPUTEPUUTE U
CTpYKTypaTa Ha MHOXECTBaTa JOMYyCTHMH PEIICHUS
ce (opMynupar pa3jiMyHU BUJOBE HEOOXOIUMH M
JOCTATHYHM YCJIOBUS AW JNAJCHO pEIICHHE WU
JajeHa OLCHKA € B CIUH WIH JPYr CMHCHI
ontuMaiHa (e eKTHBHA).

KakTo u B eKcTpeMaJHUTE 3a/aud, 3HAHHETO
Ha YCIIOBHSATa 3a ONTHMAIHOCT T03BOJIABA Ja Ce
pa3paboTIAT METOIU 3a HAMHUpaHe Ha e(EKTHBHUTE
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pemieHMss W CHOCOOM  3a  MpoOBepKa  Ha
e(peKTUBHOCTTa Ha OTAeNHUTE perreHns. OcBeH
TOBa Te3W YCJOBUS TIO3BOJIABAT Jla ce pasdepe
IpUpoJiaTa U B3aUMOBPB3KaTa MEXIY Pa3IUYHUTE
BUAOBe e(QEeKTHBHM peIIeHHs ¢ Taka Jda ce
u3cienBaT  CTPYKTypara M CBOMcCTBata Ha
MHOKECTBOTO €()eKTHBHH PEIICHUS U OLCHKU

B nmpoueca Ha U3roTBAHE Ha IPOrHO3HA

croiinoct 3a ( R(X,Y,Z,t)) u B3emane Ha peruenune

3a HaJMYue Ha KOH(IHKT “Ma MHOXECTBO
(axkToOpH, KOMTO OKa3aBaT HETATHBHO BIMSIHUC Ha
KayecTBOTO  Ha  NPOTHO3HAaTa  CTOMHOCT |
JIOCTOBEPHOCTTA Ha PELIEHUETO.

Kpaiiha nen Ha anropureMa € Ja ce IMOJy4YHd
nporHo3a (OleHKa Ha MPOrHO3HaTa cToiHOCT Ha R )
MaKCHMaJIHO HeM3MeCTeHa OT CToiiHocTTa Ha R B
OIIpeIeNIEHUs MOMEHT OT BpeMe.
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Hpernez[ Ha KpUTCpHUHU 3a ONTUMHU3alUd W OLCHKA Ha MPUJIOXKMUMOCTTAa Ha pas3IM4YHu METOAU 3a

MHOTOKPpUTCpHAJIHA ONITUMHU3AUA KbM B3€MAaHETO Ha PCIICHUC 3a e(l)eKTI/IBHOCT Ha aJITOPUTHBM 3a OTKPHUBAHE
Ha KpaTkocpouHu KOH(mKTH. M300p Ha MeTOA AaBalll Hai-100py pe3ynTaTi 3a KOHKpEeTHATa 3a/1a4a. .

Abstract: A review of optimization criteria and evaluation of different methods for multicriteria optimization
and their applicability for making decision of effectiveness of conflict detection algorithm. A choice of the best

method for the particular problem.

Kniouosu Oymu: muozoxkpumepuanna onmumusayus,llapemo onmumainu, 6eKmopex cunmes, NpoCMpaHcmeo

Ha covcmosHuima, yejiesa qbyHm;uﬂ,

B pasrmexnmanus mpobiieM 3a OTKPHUBAHETO Ha
KOH(DJIMKT PEIICHHETO Ce CBEeXIa 10 HaMHpaHEe Ha
ONTHMHU3ALMOHEH KPHUTEPUH 3a OlCHSIBaHE Ha
HAaKJIOHEHOTO pa3ctosue — R Mexny nsere BC BbB
BCEKH €JMH MOMEHT OT Bpeme. J[OCTOBEpHOCTTa Ha
CTOWHOCTTa Ha R MpSAKO 3aBHCH OT TpEUIKUTE B
M3MEPBAHETO My, a T€ Ca C pa3IHyYeH MPOU3XOL:
paspelaBaiia CriocoOHOCT Ha paaapa, MpeAHaMEPeHU
U HENpeIHAMEPSHH CMYIICHHS B TOBAa YHCIO
METCOPOJIOTUYHH SIBICHUS W Ap. 3a Ja ce B3eMe
pelieHre 3a HATW4YMe WIH OTChCTBUE Ha KOH(MIMKT
oneHkara Ha R Tps0OBa ma momaga B rpaHUnUTe Ha
cenapaluoOHHUTE MUHIMYMH.
ITapamerpuTe, KOUTO ONUCBAT [afeHa CHTYalHs
(croitHocT Ha R) ca B ocHOBara Ha HaMupaHe Ha
pelleHre Ha 3ajavara Jand JajeHaTa CTOHHOCT Ha R
€ ONTHMajHa WM He. 3a BCEKH MapaMeTsp Ce
M3YUCIISIBA CTOMHOCTTA Ha IeJieBaTa (PYHKLUS U TS Ce
Makcumu3upa. Taka mo To3u mapamersp (Kputepuii) e
MOCTHIHATA ONTUMHU3AIIHSL. .
fi — wacren (Jokanen) KkpuTepuit
f=(f1,f,,...,fn) — BekTOpeH kpuTepuit
npu M=1 — eHOKpUTEpHAIHA 3a/1a4a
M =2 — MHOTOKpUTEPHUITHA 3a7a4ya
Besiko  pemenue X HAOBJIHO XapaKkTepusupa
CHOTBETCTBaIIATa (BEKTOPHA) OICHKA T.e. BEKTOpa —
f(x)
Y f(X)={ye E"|y=f(x),xe X}
N360pa HA ONTHMAIHO pPElICHHEe OT MHOXKECTBOTO OT
BCHUYKH peIICHHS X Cc€ CBeXaa a0 u30op Ha
ONTHMAllHA OLIEHKA OT MHOXECTBO JOCTHIKHMH
OLCHKH.  [IpHIOXKEHUTE B ITOPUTMHUTE METOIH 32
ONTHMHU3ALMS Cragar KbpM rpymara Ha Ilapero
METO/IUTE.

B MHOTOKpHTEpHATHUTE 3a[a4YM BCSKO PEIICHHE
X€ X HambJIHO Ce XapaKTepHu3upa OT CBOSTA OIIEHKA
y=f(X) u 3aroBa M300pa Ha ONTHUMAIHO pEIICHHE CE
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CBeXIa A0 u3dopa Ha ONTHMAalHA OIEHKA OT
MHOKECTBOTO Y OT BCUYKH JOCTIIKUMHU OLICHKH.
YCJI0OBUA 3A OIITUMAJIHOCT

B 3aBucuMocT 0T cBOicTBaTa HA KPUTEPUUTE U
CTPYKTypara Ha MHOKECTBATa JOMTyCTUMH PEIICHHS
ce GpopmynHpar pa3nuyHH BHIOBE HEOOXOTUMH U
JIOCTATHYHH YCIIOBUS IaJH JAJICHO PEIICHUE WK
JIaJICHA OLICHKA € B €JIUH WUJIH JIPYT CMUCHIT
onTuMainHa (epeKTUBHA).
Benuku Te3u GakTopu, KOUTO BB3MPENIATCTBAT
MPaBUITHOTO OTKpHBaHe Ha KOH(IUKT(OIIeHKa Ha
R), obenuuenu mox 0610TO MMe “CMyIeHus”
MoraT J1a ObAaT pa3riekKaaHd KaTo “MPOTUBHUIN B
KOHTEKCTa Ha TeopusTa Ha urpute. HTepecure Ha
JIBaMaTa Urpayvu ca MPOTUBOPEUHMBH U NievanbdaTa Ha
€[MHUS € paBHA I10 CTOMHOCT 3ary0a Ha JpyTus,
TaKbB TUII UTPa CE HApUYa AaHTAarOHUCTUYHA UTPa C
HYJIEBa CyMa.

H,(s)=-H,(s),se S
HI(S)+HII(S):O

H, (S) - urposa crparerns Ha bpBust Hrpad;

H ,, (S) - urposa crparerus ua Bropus urpad;

MUHUMAKCEH METO/JI OT I''IEAHA TOYKA
HA TEOPUS HA UTPUTE [1,7]

AHTaroHUCTUYHU UTPH, B KOUTO BCEKH UTpad UMa
HAKaKBO KpallHO MHOXECTBO OT CTpaTeTruy, Cce
Hapu4yaT MaTpUYHH UIrpd. BbBexnaHero Ha
MaTpAYHUTE WIPH OINpOCTABA IIpeAcTaBaTa Ha
urpara.

Teopemara Ha MUHMMaKca TapaHTHPA, Y€ BCAKA
AHTArOHHNCTHYHA MI'Pa UMa ONTHMAJIHA CTPATETUs
WM CeJyIoBa TOYKa. 3a Ta3u Lell € HE0OX0qUMO U
JIOCTaThYHO

max;min;a;; = min;max;aj;



[Ipu kpalfHO MHO’KECTBO Ha CTpaTeruuTe HamupaHneTo D- BeposSTHOCT 3a MPaBUIHO OTKpPHBaHE Ha

Ha ceUI0Ba TOYKA M3IJIEXKA 10 CIICIHUS HAUHH: kOHMIUKT.-D=P(Ry<Rpin)
a, a, . @, Mmn;a; I;/llz P(x1).D
; -BEPOSITHOCT 3a MPOITYCK
a,, a, . a, min. a, )
a Tz T max, min g M=P(Ro>Rnin)

P2 = P(Xl)M

Ay a, - Ay, mmj amj Z)HPH R, >Rmin(Rx>Rxmin H Ry>Rymin Hu RZ>Rzmin) -

min, max, a P(Xo)-BeposATHOCT 3a JIUIIca HAa KOHMIUKT

AKO MHHUMAKCHTE ¥ MAKCHMHHHTE Ce pasinyasar, o - BEPOATHOCT 32 NPABHITHO HEOTKPHBAHE.
TaKaBa Mrpa HIMa CHTYalus Ha paHoBecue win Hama =" (Ro>Rumin)

CeUIoBa TOUKA. 3a Ja MONYYH rapaHTHpaHa meyantéa ©3— P(Xo).R

BCeKH OT Mrpaumre TpsbBa 1a mn30mpa cposra - BEPOATHOCT 32 amunBu TpeBora
cTparerus ciydaiino. ToraBa crparerusita Ha Urpada F=P(Ro<Rmin)

Ce OMHUCBa C ONpe/eNeHa BepOsITHOCT Ha n3dopa u ce P,= P(xo).F
PEJCTaBs C BEKTOPA: P(x1).D + P(x1).M + P(xo).R+ P(Xo).F =1
X = (X, X, X ) VCaoBHUAT pUCK MpU OleHKa Ha R e komOuHarms
B ST o)
OT BEPOSATHOCTUTE 3a MPOMYCK U (haIIIHBa TPEBOTa:
X, 20,x,20,..... X, =0
P(R) —arpHUOPHOTO pasmpezeneHue Ha
m
Z X =1 BEPOSATHOCTTA MOJTy4YeHaTa OlleHKa Ry 1a e TouHa.
I
i1 Y (t) —curnan =f[ur(t),u.(t)].
®ynknuaTa Ha nevanbara Ha OBPBHA MIPad Ce AKO Ha BCSKA CHTyallus Ce MIPUCBOM IIEHA 32 IPENIKa
paBHsABA HA MATEMAaTHYECKOTO OYaKBaHe! B 3aBHCHMOCT OT CTOWHOCTTa U OMACHOCTTA M, TaKa
m & 4ye 3a NpaBUJIHUTE PEUICHHUS IICHATa Ja € HYJIEBA, a
H(x.y) = Z Z a; Xy 3a FPELIHUTE € MAKCHMAJIHA CEe MOJTy4YaBa CIIeJHOTO.
=1 j=1 CpeHaTa LieHa Ha IpelIKara € MaTeMaTH4ecKOTO
OnTuMaTHUTE CTPATETHH Cé HAMHPAT C MOMOIITA HA  gyaxpaHe :

ONpeACNsSHETO Ha CeAjoBa TOYKAa C IOMOIITa Ha 7,
MeIT)ona Ha JOMHHHpPaHE U METOJa Ha IJIMHEUHOTO K :le'P(X1)+k2M'P(X1)+k3R'P(X0)+k4F'P(X0)
IporpaMHUpaHe. Ipu k; =0 u k;=0
MeronbT Ha MHUHMMKAaca JaBa BUHAarM pelleHHE,
po0jeM MpHU Hero €, 4ye TO HEBUHAru € ONTHMAJIHO
o Ilapero. Hanmnumero Ha pernreHue BBB BCsKa eqHa CyMapHa BEPOSATHOCT 3a rpemika
CUTyalMsl JJaBa W3BECTHU IMpPEAMMCTBA HAa METO]a, KputepusT Ha cpenus pUCK € €/IMH OT Hak-001uTe
0co0eHO 3a HAIMA KOHKpEeTeH cilydaif, pu Kolito Kpurepun. YacTHHTE Clydad Ha TO3HM KPHTEpHil ca
HAJIMYHeTO HA JAHHU € eCTECTBEHA HEOOXOQMMOCT. KPUTEPUAT Ha HICATHHMA HaOlroJaTes, KPUTEPUAT
Ho “omacen” acmekT Ha MeToma € JuIlcara Ha Ha amnocTepuopHaTa BEPOATHOCT 3a IpaBWIHA
CHTYpHOCT, 4Ye  pelleHHeTO €  ONTHManHo. OLCHKa M Jp. 3a M3MOI3BaHC HA KPUTEPHS ca
IIppemMaHeTo Ha HEHCTHHCKM JaHHH M TIXHaTa HEOOXOAUMHU U3XOJHM JaHHH, KOUTO HA INPAKTHKA
00paboTKa KpUAT U3BECTHU PUCKOBE. HC BHUHArM Morar ja Oblar  MOJyYCHH.
KPUTEPUM HA CPEJIHUS PUCK OrpaHu4eHHeTo 3a Hajlu4yhe Ha ompenesneH Habop
KpuTepusT Ha CpeJHMS PUCK € TOAXOA , KOWTo HM3XOIHH JaHHH, 3a Ja paboTu KpuTepus pobpe 3a
€IHAKBO OTYHMTA BH3MOKHOCTHTE OKa3Ballld BiMWsHHE IPaBHIHA OLICHKA Ha Pa3CTOAHHC MCKIY ABC ILCIH
Ha pelIeHHeTO0 Ha 3aj]adaTa 3a OTKpMBaHe Ha IO TpaBu He ocobeHo ynauen. Karo mnpasmio

RZKZM.P(X1)+k4F.P(XO) - CPeIHMS PHCK €

KOH(IUKT. OleHABANKY U aHATM3UPANKH HOIMYNETO HAa TaKWBa NPEIBApPUTEIHM AAHHU 34
R — makioHeHO pasctostHMe Mexny 2 BC Biemame XapakTCpUCTUKUTE HA CMYIICHHATA €  TOYTH
pelleHre 3a HATMYUe WK OTChCTBHE Ha KOH(DIUKT. HCBB3MOXKHO. VM HMEHHO Ta3H HEOIPEIeICHOCT,

R — ncTuHCKa CTOHHOCT Ha pa3cTosiHueTo Mexxay BC, TOpoleHa OT TrojiMara 3aBHCHMMOCT 32 no6pa
R, — rpemmso pascrosue. Pemenue 3a Toa gamu mma paboTa  Ha  KpUTepUs  OT  HAIMYMETO  Ha
KOH(JIMKT WIKM HE ce MOJydaBa CleJ CpaBHsBaHe Ha TPCIABAPUTCIHW NaHHH TO NpPaBH HE NOCTaThYHO
Hald4yHaTa oleHka Ha R, ¢ mpara ompeneseH or HAJACKICH U TIOAXOSI 3a U3C/IeABaHaTa 3a/1a4a.
cemapalMoHHUTe MUHAMyMH. R, ce pasmara B 3D KPUTEPWUW HA UAEJAHWS HABJIIOJATEJI
KOOPJMHATHA CHCTEMA KaKToO cnefiBa Ry, Roy, Roz. AKo ce mpueme, Ye BCHYKH TPCIIKH Ja BOIST KbM
R.p, =R+n(t) exHakBy nociencsus T.e. K, =k, =1

IIpu monydaBaHe Ha OIleHKAaTa M CPaBHSBAHETO M CHC —
ceI;[apauH}:)qHHHTe MUHHUMYMH Cca B’SSMO)KHI/I CIICTHUTE 1 K= k2M P(Xl) + k4F 'P(XO) — MUHUMATHO =
CI/ITyaHI/II/I: BEPOATHOCT 3a I'pClIKa

1) Opu Ry <Rmin  (Ry<Rymin it Re<Rymin mm R; K =k D.P(x,) + k,R.P(X,) — makxcumanno -
<Rzmin) -P(X1)-BeposTHOCT 3a HanM4Ke HA KOH(IUKT

BCPOATHOCT 3a IIpaBUJIHA OICHKA
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OnTtuMmaneH 1O  KpUTepHs Ha  ONTHMAlHHA
HaOjromaTea € TO3M cHocod 3a  OleHKa Ha
HaKJIOHEHOTO Pa3CTOSIHHE, NPH KOWTO BEPOSTHOCTTA
3a TMOsBSBaHE HA Tpellka € MHUHUMajHa, a
BEPOSITHOCTTA 32 MPABUIIHO NIPUEMaHe € MaKCUMaJHa.
VYhpaBnsemure  mapameTpd B 3ajadata 3a
ONTUMM3ALMS 110 TO3U KPUTEPUIl ca CHIIUTE KaKTO U
IIpU KpUTEpUs 3a cperHus puck. B To3u ciyuaii
pELLEHNEeTO Ha 3ajadara ce OIpPOCTsABa MOpaau TOBA,
4Ye HE Ce OTYUTAT PA3IHUKUTE B MOCIEACTBUATA OT
IPELIKUTE.

KPUTEPUI HA MAKCUMAJIHOTO
HNPABJIOIIOJIOBUE

P(x,)=P(X,) - xorato BeposSTHOCTHTE 3a HAIMYHE

Ha KOHQNUKT W JHIICAa Ha KOHQIHUKT ca paBHH,
KPUTEpUAT Ha WACAHUs HAONIOAaTeN ce CBEXIa 0
MHUHAMHU3UpaHe Ha YCIOBHATa BEPOSITHOCT 3a IpelliHa

OLICHKA Ha Pa3CTOSHUETO - ng =M +F —min

HenocraTeimre Ha T€3W METOAW Ca MACHTUYHH CHC
CPEIHUS PHUCK.

MHOT'OITEJIEBA (BEKTOPHA )
ONITUMMU3AIINA [6,1]

3a ma ce OCBIIECTBH Tpolieca Ha ThPCEHE Ha Haid-
IOOBp  pe3ynTaT € Heo0XOAWMO Ja  HUMamMe
BB3MOXHOCT 3a MPOMSHA Ha HSAKOW MapaMeTpH, Taka
9e J1a ce MPOMEHN ChCTOSTHIETO Ha 00EeKTa.
VYnpasisBamuTe napameTpu TpsAOBa Ja Morar Aa ce
M3MEHSAT HE3aBUCHUMO €IMH OT ApYr (WM 3aBHCHMO
KaTo TPaHUINTE Ha 3aBUCHMOCT Ce TpaHC(HOPMHpAT B
OrpaHHYUTENHH YCIOBHS 3a MApaMETPHUTE) U C TOBA Ce
Chb3llaBaT MHOXKECTBO pEIICHUs Ha [OCTaBeHaTa
3agaya. Bceku ympaBisgeM OOEKT WM MpoOLEC ce
XapaKkTepu3upa C TMapamMeTpd, YCIOBHO HapedeHH
BXOJIHHU X' U M3XOIHHU Y. MareMaTH4eCKusT MOJIEN Ha
o0eKTa CBBp3Ba TE3W IapaMeTpH 4dpe3 CHCTeMa
GbyHKIIN:

Y o= f(x"),i=12,..n

BxozHHTEe IMapaMeTpy X BKIIOYBAT
yIpapisABaIlUTE TMapaMeTpu H X
KOHCTaHTHUTE IapaMeTpH.

Bbpxy ympapisBaIlUTe MapaMeTpy — X ca HalIOKEeHU
penuna orpaHuueHus. C moMoINTa Ha HAJOKCHHUTE
orpaHudeHus ce monmy4asa obsact I'y , B kodToO €
IONMyCTUMO Ja C€ U3MEHAT  YIpaBiIABalIuTe
napaMeTpy. AHanu3a Ha IMOJyYeHUTE PE3ynTaTd — Y
TOBE3K/1a 10 U300p Ha €HO ONTUMAIIHO PEelECHHUE.
Kpurepusar  3a  ONTMMAagHOCT  HPEICTaBIABA
KOJIMYECTBEH H3pa3 Ha OLIEHKaTa Ha ChCTOSHUETO Ha
o0eKTa M CIOy’KM 3a CPaBHHUTENEH AaHAIN3 MEXIy
OTZAEITHUTE ChCTOSHUS.

Q = Q(X)=Q (X X;,0X,)
IpoexTupanero u GYHKIMOHUPAHETO HA AITOPUTHM
3a OTKPHMBAHE HA IIENIM CE OLEHABA OT KOMIUIEKC OT
nokazarenu  Q, (i =1,2,...n1) . Texuure onTumaniu

X — BEKTOp Ha
BEKTOp Ha

CTOWHOCTH C€ IMOJTyyaBaT IpH pa3iIMyHU BEIMYUHU Ha
YIpaBJIABALIUTE U KOHCTPYKTUBHU NapaMeTpPH.
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B o6ums cmywaii obnacrra Ha pemennsra - Q, e
oTBOpeHa. JIOTHYHO € Ja ce HaJoKaT OTPAaHWICHHS
Ha Q u Q,. Taka ce monydaBa 3aTBOpeHa 00IACT

GO OT pE€HICHUs, B KOATO C€ THhPCHU ONTUMAIIHOTO.

3a Besika Touka Q) u Q, ot obmactra G, Moxke na

ce HaMepu Mo-700po pelieHue ¢ U3KIIOYCHHE Ha
TOYKHTE JISKAIM Ha JIMHUATA. PelieHusTa no tasu
TUHWS ca W3BeCTHW Karo [lapero-onmrumannu

(memmomoGpsBamH ce). Pemenunero npu
MHOTOKpUTEpHANHATa ONTHMH3AlMs ce Hu30Hupa
U3MEXKTY [Tapero-onTumannure. OcHoBHUSA

pobJeM e Kos Touka Jla ce uzbepe 3a ONTUMaHA.
[Ipennoxxenn ca peauiia METOAU: CKalapu3alusl Ha
BEKTOPHHUS KpWUTepHH, o000meHa QYyHKIWI Ha
3ary0a, MoJe3HOCT, UTEPATUBHUA METOIH U JIP.

KOMITPOMHCHA OIITUMU3ALINA 1o
OVYHKINA HA 3AT'YBUTE. [6]
IIpuemanero Ha enHa waum  Apyra Ilapero-

ONITHMAJIHA TOYKA BHUHATU € CBBP3aHO C HU3BECTHH
3ary6ou oT abcomoTHUTE (6E3yCIOBHH) EKCTPEMYMHU

QI* Ha uenesure pyHkmn Q, (X) .

[lonaTnero oTHoOcUTENHa 3aryba ce ompenens OT
n3pasa:

AQi(X) =
Q

CTOWHOCT Ha i-TWsS LeJeBH mapamersp (MakCUMyM

Wi MEHEMYM). OT BCHYKH OTHOCHTEITHH 3aryOu ce
(hopmupa 000011IeHA TIeTeBa (HYHKITHS:

093100 =31 2w i

M i=1,2,...m
a; , , 2,

Ksaero ¢ Oe3KOMIpOMHCHATa ONTUMATTHA

Ksaero Wi ca TErjJoBHU KOe(UIIMEHTH, KOUTO

OTYHUTAT BaXHOCTTa Ha BCCKH KpI/ITepI/Iﬁ u

OTrOBapsT Ha YCIOBUETO: zm:Wi =1

i=1
OnTuManoTo peleHue IO HIKOJIKO KPUTEpHUs €
TaKkoBa pelleHue, ontumano 1o llapero, koero e
MUHHMMAJIO CIIPSIMO MHHUMM3HPALIUTE KPUTEPUH U
MaKCHMAITHO CIIPSIMO MaKCUMH3HUPALIHTE.
OcHOBeH TpobiieM € KOsl To4Ka na ce u3bepe 3a
ontuMaiHa.  M300pbT  OOMKHOBEHO  M3HCKBa
JoIbIHUTENHA MHpopManusa. B ponsfta Ha TakbB
Tun uHGOpPMAIIHS € JaBaHETO Ha OIeHKa (TEerJIOBeH
koeHUIMEHT) Ha BCeku Kpurepuil. Taka ce
Mojy4aBa €IHO ,,ONTUMAIHO~ pelIeHHe, Oa3upaHo
Ha JaJeH! ,,IpHOpUTETH . JJOImycTUMO U BB3MOKHO
€ TOBa pelleHue 1a e 0130 A0 ONTUMAJIOTO, HO Ja
HE € TaKoBa.

AQ, = Qi* -Q(x)
AQ;-

pemenue Q, (X) ot onrumamHoTo - Q;

K’BZ[CTO OTKJIOHECHHE Ha  IOJYYCHOTO



AQi -TpsiOBa J]a € MUHUMAJIHO. 3a /1a c€ MUHUMH3HpA

OTKJIOHEHHETO 32 BCHUYKH KPHUTEPUH € HEOOXOIUMO Te
la ce CBeZIaT 10 ChU3MEPHUM BHJ T.€. JIa € HOPMHpaT.
[Tpn mpeoOpazyBaHeTO Ha KPUTEPWIHUTE (YHKIUU
TpsiOBa ;a ce B3eMe MpeABH[, 4e MpeoOpa3yBaHHATA
TpsiOBa J1a UMaT OO0 HAYaJIo 3a OTYMTAHE U SJAWH U
CBUIM TOPamgbK, KaTo 3ama3siT MPHOPUTETUTE CH.
OtTyk cnenBa, 4e mpeoOpa3yBaHeTo TpsiOBa Ja e
MOHOTOHHO U B uuTepBain [0;1] .

0< (g (x) <1

HpI/I METOAa Ha IOCICAOBATCIMA aHaJIu3 BCAKO

pomycrumo  pemenne  X€ A um O<a(x) <1

chiecTByBa BekTop P € P KolfTo ynoBneTBOpABA:

p=(pre® =(p:p>Viel,) p=1
[IpeoOpazyBaneTro Ha BEKTOPHUTE KPHTCPHH B
CKaJlapy MOXKe Ja CTaBa IO Pa3MYHHU HAYMHH, KaTo
OCHOBHH OT TSX Ca JMHCHHUTE, MHHUMHU3AIMOHHHU ,
MaKCHMHU3AllMOHHM ¥ Ap. [lpumaranero  Ha
ompeJieNieHo MpeoOpa3yBaHe € CHOpel 3ajavara.
Hanaranero Ha OTrpaHWYCHHS OT MNPEANOYUTAHHUATA
HaMajsiBa CTEIECHUTE Ha cBoboIa B
ONITHMH3aHOHHATA 3a/1a4a.

MertoauTe 3a BEKTOpHATa ONTUMHU3AIIUS HMAT CIIOXKHU
neneBn (yHKOUM, HO TpsiOBa BHHMATETHO Ia ce
oreHN (QyHKIMOHAIaTa OOBBP3aHOCT MEXAY TAX TaKa,
4e Ja ce MHUHHMHU3HMpa Oposi Ha KPUTSPUUTE, HO U 1a
ce u30erHe eJHOCTPAaHYMBO pelleHHWe W 3aryba Ha
uH(popMaIHsS HOCEHA OT BEKTOPHUTE KPUTEPHUHU.

Kato pesynmrar oOT HampaBeHHS TIperiiex €
MPEIOKeHHUS alITOPUTHM 32 ONTHMH3AIHS Ha TIPOIIeC

Ha OTKpHBAHC Ha KOH(l)J'II/IKTI/I:

MNsxoaHW AaHHU: KpUTEpPKUK,
orpaH14eHnAa Ha KpuTepmnnTe

MNz6op Ha onpeaenawn
napameTpu 3a R, dopmnpane
Ha orpaHn4veHuns

MaTeMaTn4deckK mogen Ha
mnaoeanHaTa ouyeHkKa Ha R

napeTOBCKO MHOXeCTBO
OT BAp1aHTKH

MNzsdop Ha onTumaneH
BapuaHT (oueHKa)

OkoH4yaTeneH nsdop Ha R za
cpaBHeHWe c npara

B aNropUTHMA ce U3MI0JI3Ba;
q,(x)— m'{‘ a; (x)
g, (x) = = - ecTecTBeHa
max g; (x) —min g; (x)
xe X xe X
HOPMATH3AIIH.

47

Ilenta Ha HampaBeHMs TIpersiel M aHalIM3 Ha
METOAUTE 3a IOJTy4yaBaHE Ha BB3MOXHO Haii-
HEU3MECTEHA OIIEHKA Ha HAKJIOHEHOTO pa3CTOsSHUE
R, 1 B TO3M CMHUCHI 3a ONTHUMHU3MpAHE Ha Tpoleca
Ha OTKpHBaHe Ha KOH(IMKTH, € J1a ce AajJie OTTOBOD,
KO e Haii-moOpHUAT 3a KOHKpETHATAa 3a7aya.
Hanaraim ce e n3Boza, ye ca 3a NpearoYuTaHe Te3u
METO/U, KOUTO OCHUIYpsBaT KAaKTO HEOOXOIUMHUTE,
Taka M JocTaTb4yHUTEe YycioBus 3a [lapero
ontuManoct. OCHTYpSABaHETO Ha HEOOXOJUMOTO
ycnoBue 3a Ilapero onTuManHoCT ca no-e(heKTUBHHY,
JOKOJKOTO TE€3M METOOW OTpas3sBar mo-1o0pe
NPEANOYNTaHUsATa. B TO3M CMHUCHI BEKTOPHHUTE
KpUTEPUH 32 ONTUMH3ALMS pealu3upar Mo-rojsima
yacT OT 3aJOXKEHUTE H3UCKBaHUA KbM H300pa Ha
ONTUMM3ALMOHEH KPUTEPUIL.
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Pesiome: B pabomama ce npednaza ce memoo 3a Cb30a8ane Ha OUHAMUYHU MOOeTU HA PA3TUYHU
BC na 6aza eeomempuunu u macosu xapaxmepucmuku, ypes usnonzeane Ha npoepamama X-Plane.
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1. Bweeoenue

C HanpeBaHETO Ha KOMITIOTHPHHUTE TEXHOIOTHU
Ha Ta3apa ce TMOsBHXa pPa3IMYHH TPOAYKTH 3a
NIEPCOHAJIHW  KOMITIOTPH,  IpeIHa3HaueHd  3a
KpaiiHusl MOTpeOuTeN, KaTo CpeicTBa 3a IOJIETHA
cuMynanus. Beipeku ye 1enrta Ha oBEYeTo OT Te3U
NpOAYKTH € 3a0aBjieHHe, HAKOM OT TAX ca
pa3paboTeHN W H3IBJIHEHH ChC CEPUO3EH HAyudeH
MOAXON M Makap, 4e ChbLI0 OMXa MO Ja ce
M3MOJI3BaT KaTO IporpamMyd 3a 3abaBlieHHe, Te
ChABPKAT B ce0e CH CKPUT MOTEHIMAN, HEOCThIICH
3a pnorpeburenure 0Oe3 aBHALMOHHU IIO3HAHUS,
KOWTO 1O03BOJsIBA Te JAa OBJAT M3MON3BAaHU Karo
CPEICTBO 3a Pa3IMYHU HAyYHU Pa3pabOTKHL.

Tesu mpomykty, kakeBro ¢ u X-Plane, wecro
OCTaBaT HEJOOLIEHEHH OT [JIeJfHa TOYKa Ha
BBb3MOKHOCTUTE  uM. [lo-3axbinOoueHoTo UM
u3yyaBaHe obaue MOKa3Ba, Y€ T€ MOrar ¢ TOJIAM
ycIex Jia ce M3IOJI3BaT 3a PEelIaBaHeTO Ha Pa3IndHU
HMHXEHEPHH 3a/1audl - OT M3IPaXKIAHETO Ha IOJIETHU
CUMYJIATOPH, [0 CB3/IaBaHETO Ha NPUOIM3UTEIIHU
MoJNEeTHH Mozenu Ha pazmmuad BC u TiaxHarta
anpooarys.

lomamo mpeumymiectBo Ha X-Plane e wu
BB3MOXHOCTTa 3a 3alMC HAa JAHHU OT IIOJIETHHS
MOJIENl B PeajlHO BpeMe U TEeXHHs aHaiu3. ToBa ro
NpaBd FBKIIOYUTEIHO TOIXOJSII 32 H3ION3BaHe
TIpH IPOBEXKIaHE HA PA3IUYHU U3CIISIBAHMUS.

OcgeH TOBa, (umocodusiTa Ha OIETHHUS MOZEI
na X-Plane mosBomsiBa ma ce cuUMyIHpar u
nporotuntu BC (TakuBa, Ha KOUTO HE Ca U3BECTHH
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XapaKTEPUCTHKUTE OT TECTOBH MOJIETH).

Henocrarsk Ha X-Plane e HenbaHOTO NO3HaBaHE
Ha alropuThMa, 10 KOMTO TOM paboTH, Thil KaTO TOH
He ce MmyONmKyBa oT ch3aatenst My. [lo To3u HaunH
HE MOXE JIa C€ HAlpaBU OILICHKA Ha M3IOJI3BAHUTE
3aBUCUMOCTH JMPEKTHO, a CaMoO W3BbPIIBAHKU
cpaBHHTENICH aHanmm3 Ha momydend ot X-Plane
XapaKTEPUCTUKK 32 CaMOJIET C W3BECTHH pEaHu
TaKHBa.

2. Anzopumwvm na X-Plane

HOI[ CUMyJIallid Ha TIOJETHUS MOACIT Ha

ompemeneno BC, Ha mpakTuka —pazOupame
pemaBaHeTo Ha  337adara 3a  MOJENMpaHe
IuHaMHMKata Ha monera. CaMOTO pelieHWe Ha
3aj7laqata ce CBeXJa 10 ONpeNeNisiHE MO HAKAaKbB
HayMH HAa  aepOAMHAMHYHHTE  KOE(PUIMEHTH
ompeneneH Opoil THTH  BCSIKA CEKyHOAa U
W3YHCIISIBAHETO Ha JIeiCTBAIINTE BBPXY
cumymupanoro BC  aepoauHamMuyHM CWIM U
MOMEHTH.

KoHBeHIMOHATHATE ~ TIONETHH ~ CHMYJIATODH,

KBJIETO HalW-4ecT0 B IPaKTHKaTa C€ H3I0JI3BaT
Monenu Ha peamaun BC, usmomsBaT 3a Tasu men
W3BECTHU JIaHHH, ONpesiesieHd 3a HcTHHCKoTo BC
(wm xmac BC) mo BpemMe Ha uH3NUTATENTHATA
nporpama. ToBa MO3BOJSIBA C H3MOJI3BaHETO Ha
noapoOHa 0a3a JaHHU Ja Cce€ W3rpajd NpocTa U
epexkTMBHa  Tporpama 3a  ONpeAeNsiHe  Ha
AepOIMHAMUYHHTE KOS()DUIMEHTH U 10 TO3H HAYHH
Jla ce JOCTUIHE JI0 3a/I0BOJIUTENHM Pe3ylTaTH Io
OTHOILLIEHHE TIIOBEAECHUETO Ha CHUMYJALMOHHUA
mozen Ha BC.



OCHOBHUST HEJOCTATHK Ha TO3U MOJIEN obade e
MMEHHO B TOBA, Y€ TOW M3MOJ3BAa KOHKPETHH JTAaHHU
or peamnoro BC. ToBa o3HauaBa, dYe TaKbB
CHMYJIATOP U CHOTBETHO MOJIET HE MOXe Jia ObJe
npekoHduUrypupan 3a mmutanmsa Ha npyro BC w,
KOETO € TMO-BaXHOTO 3a Hac — HE MOXKE Ja ce

M3M03Ba 32 M3CJIeBaHMA HAa HOBU WM
mouurmpanu BC.
KakBo e pemennero? To ce gaBa or

koMepcuanaus codryep X-Plane, umiito monereH
MOJIETI, 33 Pa3IiKa TO IPYTH MOJO0HU POAYKTH, HE
pazunTa Ha TECTOBM (WM OIIe MO TOYHO Ha
0000I1IeHN TECTOBH) JaHHH, a U3IMOJI3Ba H3BECTHH OT
aepoJMHAMUKaTa 3aBHCHIMOCTH 32 ONpenelsTHe Ha
aepoAMHAMUYHHUTE Xapakrtepuctikn Ha BC u
CHIIUTE, KOUTO MY JICHCTBAT.

3a J1a MOXKe J1a ce M3MO0JI3Ba TO3M MOJIE odaue €
HEoOXoAMMO TOM Ja ce Tmo3HaBa Jobpe. 3a
CHXKaJIeHHE ITHJIHOTO MY TTO3HABAHE € HEBH3MOXKHO,
Thi KaTo OpOST W BUIBT HA BCHUUKU HM3YHCIICHHS,
KOWTO TPOTPaMHUSAT KON W3BBPIIBA, HE CE
myoirKyBa ot paspaboruunure Ha X-Plane. brixme
MOTJIM 00ade OT M3BECTHWTE JaHHU J1a yCIleeM Jia
HAlPpaBUM YaCTUUCH aHAJIM3 HAa METOAWUTE W
TEXHHUKUTE, N3MOJI3BaHH OT TIOJICTHUS MOJICII.

[Ipn cw3maBaHeTo Ha TMOJETEH MOAET 4pe3
codTyep, peJHA3HAYCH 32 TIOJIETHA CHMYJIAIINS, Cce
pa3unta Ha OMpEJENICH MPOTrpaMeH LUKbBI — Habop
OT WM3YMCJICHUS, KOUTO CE TMOBTAPSAT C OINpeeicHa
YecTOoTa BCSIKA CEKyH/Ia, a pe3yiTaThTe ce
,»A300pa3sBaT’ B peasHo peMe, KaTo CUMYJaIys Ha
nerokennero Ha BC. To3u npuHIMII € cria3eH u npu
X-Plane. CamusaT mporpameH IMKBI MOXE [a Ce
pa3zeny YCIOBHO Ha JIBE YacTH, KAaTO BCSKA YacT €
ChCTaBEHa OT HIKOJIKO MOAYACTH.

[Ipean3uncnurenHaTa 4acT ce M3ITBJIHIBA CaMO
BEIHBXK TPHU 3apEKJAHETO HA cuUMynanmsara. Tyk
BBBEJICHUTE OT MOTPEOUTEIIS JAHHH 332 TEOMETPHSTA
Ha camoiera (C TOMOINTa HA MPHJIOKEHHSITA
PLANEMAKER.EXE u AIRFOILMAKER.EXE)
Ce 3apexJaT B MAMETTa Ha KOMITIOThpa. M3uncnssar
Ce pa3IM4yHU TeOMETPUYHH XapakTepucTuku Ha BC.
B Ta3sm wact ce ompenens ChIIO W KaKkBO €
BIMSHUETO  HA  OTHENHWTE  €NeMEHTH  OT
KOMITAaHOBKaTa My BBpPXy JPYTM  CJIEMCHTH
(uHTEpdEepeHIrs), KaKTO U KaKBa ¢ TCOMETPHUATA, 1
Haif-Be4e MUJICITHOTO CEYeHHWE Ha TSUIOTO, C el
OIIpeZieNIsiHE Ha CHJIMTE, KOHWTO [IE€HCTBAT BBPXY
HETO.

B kpast Ha peAn3YUCIIUTENS Iporpamara Cboupa
menusi Habop OT TEOMETPUYHU XapaKTepHCTHKUA Ha
BC, xaro B mamerra # TO#l € CbCTaBEH OT OTIEIHA
€JIEMEHTH.

Cnen karo ca U3BeCTHM T'€OMETPUYHHTE
XapaKTEepPUCTHKH Ha IIUIOTO KPwio (MM KakBaTo U
Ja € aecpoaMHaMHUYHa IUIOCKOCT), KakTo |
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AepoIMHAMUYHUTE XapaKTePUCTUKU HAa NpOoQUInTe
Ha CeYeHHsITa, HA KOUTO TO € pasiencHo (3aqajieHu
uype3 AIRFOILMAKER.EXE), npemu3quciuressT
Ha X-Plane ompenens mOKONKO aepoIMHAMUYHHUTE
XapaKTepPUCTHKN HAa CEUEHHATa Ce pas3iMyaBaT OT
Te3W Ha mpodunTe. 3a [eNTa ce U3M0I3BaT METOAN
karo DATCOM, ommcan or Egbert Torenbeek [3],
KOHUTO CE€ OCHOBAaBaT Ha CTaTHCTUYECKH JAHHH OT
roJisiM Opoii MO3HATH THUIIOBE ¥ MOJIENTH CAMOJIETH.

Cnen xpast Ha paboTara Ha MPEAU3YUCIUTENS X-
Plane HaBmm3a B CBOS CBHIMMHCKH H3YHCIUTENCH
OUKBJI. TeMIbT Ha MOBTOPEHHE HAa HM3YHCIICHHATA
3aBHCH OT BB3MOXKHOCTHTE HA KOMITIOTHPHHS
XapIyep, a JOJHaTa IpaHUL@a ce OIpeneis OT
oTpeOuTeNs.

[IpaBu ce OBOIHO oOIpeAeissHE HA CKOPOCTHUTE
mpu BCekM IWKbBI. Hawannata croiiHOCT Ha
HCTHHCKAaTa CKOpPOCT B LMKBJIA € KpaiHata W
CTOMHOCT OT NPEIWIIHMSA LWKBI. B3emaliku non
BHUMaHHE HHTep(QepeHIusITa, BIMSHUETO Ha
BB3IYIIHUTE BHUTIA, TCOMETPUYHUTE XapaKTEPHC-
THKH, BIMSIHUETO HA MeXaHu3auusTa u ap., X-Plane
orpezieNnis IOCOKara U rojeMHMHATa Ha CKOpPOCTTa, ©
KOATO ce 00THYa BCEKM €AWH €JeMEHT Ha
cumynupanoro BC.

C MIOMOILTa Ha pesyararture oT
npemmunciutenss  X-Plane onpenmenss 3a  Bceku
OUKBJI ~ AepOAMHAMUYHHUTE  KOe()UIMEHTH  Ha
CEUCHHAATA, B 3aBUCUMOCT OT BIVIMTE Ha arTaka,
OIpesieNieHd B IpeaxongHaTa crblka. Ilpu ToBa,
KakTO Bede CIOMEHaxMme, Te3d KOe(UIMEHTH ce
OTIPEIEIAIT OT XapaKTEPUCTHKUTE HA TPOoQuiIHTe HA
CEUYCHHATA, KaTo ce KOPHUIHpaT, 3a Ja ce OT4eTe
BIIMSIHUETO Ha Pa3lepeHOCTTa, YIBDKCHHETO U T.H.
CBuBaeMOCTTa C€ OTYMTa Karo Cce W3IM0J3Ba
3aBucumoctTa Ha Prandtl-Guaret [2].

3Hacliku  aepoIMHAMUYHHUTE  KOS(HIMEHTH,
MeCTHaTa CKOpPOCT, IUTBTHOCTTA Ha BB3/AyXa
(rmobaneH mapameTsp MpeiaBall] ce OT LMKBI Ha
LMKBJT) U IUIOIITA HA BCEKH EJIEMEHT, Ce OIPEeIesT
MOZIEMHATa CHJIa ¥ CHIaTa Ha YEJTHO ChIIPOTUBIICHHE
(cecraBeHa OT TPOMGUIHOTO U HMHIYLHPAHOTO
CBIIPOTUBJICHHE), NEHCTBAIM Ha BCUYKH EIEMEHTH
0T aepOJMHAMHYHUTE IUIOCKOCTH. 3@ BCEKU €1EMEHT
ce ompezeNs U HaTHKHUAT MOMEHT. OnpenessT ce
CBIIO TaKa IMOJEMHATa CHJIa U ChIPOTHUBICHUETO Ha
BCMYKHM OOEKTH, MMaIly Xapakrep Ha Tsuio. Cren
UHTErpUpaHe ce IIoJydyaBaT IIOJIEeMHaTa CHJIa,
YeNHOTO CHIPOTHBICHWE, CTPaHUYHATA CHJIA,
HaJUTHKHUSIT, HATIPEYHUST U TIOBTHUAT MOMEHT 32
LieIMs JIeTaTeNeH anapar.

Koraro Te3u cToifHOCTH ce pa3fenar Ha macara
Ha JIA uni Ha MHEPLUHOHHUTE MOMEHTH, TIONTYYeHH B
MPeIU3YUCIUTENST, C€ TIONydaBaT JMHEHHUTE W
CBHOTBETHO BIVIOBUTE YyckopeHuss Ha JIA. Tesu
IIOCTOSIHHYU PE3YJITaTH Ce M3I0JI3BAT 32 ONpEeAEsiHe



Ha W3MEHEHHETO Ha TPOCTPAHCTBEHOTO TOJIOYKECHHE
Ha JIA.

3. Ilonemen mooen na Cessnal72N u
DeHavilland DHC-2 Beaver.

Kakto Beue 66 CIIOMC€HATO, Iopaad HEIBbJIHOTO
no3HaBaHe Ha anropurbMa Ha X-Plane, He moxe ma ce
HampaBd HW3BOJ 3a TOYHOCTTAa Ha CB3IAJACHUTE IOJICTHH
MOJCIIH, 663 Jla CC€ HalpaBh CPAaBHUTCIICH aHAJIW3 Ha
TIOTyYEHUTE XapaKTePHUCTUKA. TaKkbB aHAIN3 ce TMPaBU B
[1]. B pamkure Ha Tasu paborta e u3mon3BaH 0a30B 3a X-
Plane mozern na camoner Cessna 172, xoiito e mopaboTen
¥ B TIOCIIE/ICTBHE alpoOHpaH, KaTo MOIyUeHUTE Pe3yITaTi
Ce CpaBHABAT ¢ OPUIHMATHY XapAKTEPHCTUKA Ha CaAMOJIETa,
W3HECCHU B PBKOBOJCTBATA 3a JICTATCIIHA CKCITOATAllUA 1
CE€ ompeacia rpeukara Ha MOIACIIMPAHETO, U3pa3c€Ha B
TIPOLICHTH.

Ome mpu Ta3u ampodarmst Osixa OTOemsI3aHu
HSIKOWM  HECHBBPIICHCTBA HA  MOJENA,  Karo
OCHOBHOTO O€ JHIICaTa Ha JOCTaThUHO aJCKBATHO
xapayepHo ocurypsisane. Toit kato X-Plane e
CB3/IaJIeH KaTo Tiatopma 3a MoJeTHA CHMYJIAIlus,
VIIPABJISBAIUTE BB3JICUCTBUS, KOUTO CE€ IOJaBaT
KbM TIOJIETHHMS MOJIENT CBHIIO CE IMOJaBaT B PEasHO
BpeMe upe3 OpraHuTe 3a ympapjieHue. EcrecTBeHO
BEJHara MOXK€ J1la Cce HampaBW W3BOA, Ue
aJIEKBaTHOCTTA Ha TE3W OPraHU 3a YIIPaBJIECHHUE € OT
oco0eHa BaKHOCT 33 M3BEKIAHETO HA MOJECIHM Ha
BC 3a ycraHoBeHH peXHMH, KOUTO ca HEOOXO MU
32 CpaBHUTENHUS aHAIW3. TakWBa OpraHd 3a
yIpaBieHHEe HE Cca HaJWMYHM I[I0-BpeMe Ha
U3BbpIICHATa anpoOdarus. Jluncara Ha JOCTaTHYHO
MOIITHA U3YMCITUTEIHA TEXHUKA CHILO JOIPHUHACS 32
HM3BECTHHU HETOYHOCTH.

3. Ananuz Ha  pesyimamume om
MoOenupanemo
B T1abn. 1 ca wu3BemeHW pe3yATaTHTE OT

cpaBHeHHeTo Ha cpuBHHTE ckopoctd (V) 3a aBata
Monesa, JaJeHd B TEXHHTE pPBKOBOJACTBA 32
nerarenna excruioataiwms (PJIE) u momydenure u
3aMMcaHy 1pu npoBeneHnte cuMynamuu ¢ X-Plane.
3a menTa B CUMYJALFIOHHATa CPEa Ca W3ITBIHCHH
CpuBOBe C U 0e3 MexXaHW3alWs, OpPH OPEACITHO
npefHa M OPEAeNHO 3aqHa LeHTpoBKa. CKOpOCTTa
V; ce m3MepBa BEB BB3IIL

Ha ¢ur. 1 e mokazana rpaduika Ha 3aBUCHMOCTTa
Ha KOS(UIIMCHTA HA MOJEMHATA CIJIa OT BI'bja Ha
araka Cy(a) 3a camoner Cessna 172 ot moneTHusI
MOJIET TIPH TIPHOPaHN 3aIKPIIIKA U TIPU 33 JKPHITKH
Ha monoxkerne 10 rpamyca. Ha rtasm rpadmxa ce
HaOJro/laBa xapakTepHa (opMa Ha 3aBHCHMOCTTA,
KaKTO ¥ XapaKTepHOTO W W3MEHEHHE MOopaau
BIIMSIHMETO HAa MexaHu3armsira [2].

PesynratnTe, OIy4YeHN 3a CPUBHHUTE CKOPOCTH U
Ha JIBaTa MOJENA Ce Pa3IuyaBaT C HE IOBEYES OT
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10% ot mnocouenute xapaktepuctuku B PJIE.
Wmaiikn npeasup, ye croitHoctute, naBanu B PJIE
CBILO MOraT Jja Ce Pa3inyaBaT OT JEHCTBUTEIHUTE,
MOYKEM J1a 3aKJII0UMM, Y€ J1BaTa MOJIeJa MPeACTaBsiT
ChC 3a/10BOJIUTENHA TOYHOCT CpUBHUTE
xapaktepuctukd Ha Cessna 172N u DeHavilland
DHC-2 Beaver.

Tabmuna. 1
Cessna 172N DeHavilland DHC-2
3an Vs Vs r 3an Vs Vs r
xpu | P M p xpu | P M p
axu | JI 0 e ok | JI 0 e
E i I E o | m
§ K c K
J a 1 a
Ilpedenno 3a0na yuenmposxa
0° 42 (45 | 71% |(Q° 63 |65 | 3,1%
10° |38 |40 |[52% |15° |56 |59 |51%
40° |36 |39 |83% |40° |55 |57 |36%
Ilpedenno npeona yenmposka
0° 47 |51 |85% |(° 67 |68 | 1,4%
10° |44 |45 |23% |15° |62 |59 | -48%
40° |41 |43 |49% |40° |51 |53 |39%
Cy(a)
1,4
0,8 —
0,6 Ciftaps G
0,4
Ci flaps
0,2 10
0 T T
0 5 10 15 20
a[deg]
Ourypa 1
B Tabm. 2 ca wu3BeneHM pe3yATaTHTE 3a

Bb3/yIHaTa ckopocT (V) U BepTHKalIHaTa CKOPOCT
(VS) Ha mosnera, 3ammcaHd OT MOJENa B PEKUM Ha
n3kauBare 3a camoneT Cessnal72N. Crolure gaHHU
3a camorner  DeHavilland DHC-2 Beaver ca
nocoueHu B Ta0n. 3. Ckopoctra V ce u3MepBa BbB
BB3JH, a BEpTHKaJHAaTa cKopocT VS BB (yTOBE 32
MHHYTA.

Kakto ce Bmxmaa, momydeHHTe pe3ylnTaTH TpH




MOJIETIMPAHETO W CTOMHOCTHTE Ha XapaKTepuc-
Tukute, npeacrtaBeHu B PJIE ce pasmuuaBar B
pamkure Ha 15%. Ilo-TonmsiMOTO OTKJIOHEHHE B
XapaKTEPUCTUKUTE HA W3KAYBaHE CE€ JBDKM Ha
HAKONKO (pakTtopa. Ha mepBO MscTO TOBa €
HETOYHOCTTAa B MOJIENTUTE, TJIABHO B MOJICITMPAHETO
Ha BB3/AYIIHATE BUTJIA, YUATO CJIOKHA T€OMETpPHS HE
MOXeE JIa C€ MTPECh3/Ia/Ie JOCTAThUHO aJeKBaTHO B X-
Plane.

Ha Bropo wMmsCTO TO-TONEMHTE pa3iHKHA Ce
JIBJDKAT W Ha Hee(heKTHBHUSA CIoco0 3a BBBEXKIAHE
Ha YIMpaBJsSBallld BB3JCUCTBUS BBPXY MOJENa IO
BpeMe Ha CUMYJIAIHsTA.

Tabmuma 2

B \" Vv r VS | VS r

u p p

c P M e P M e

o JI 0 I JI 0 I

q E bi | K E bi K

u € a e a

H 1 I

a
MH.| 73 | 80 95% | 815 | 932 | 14,36%
2000 | 72 | 75 41% | 705 | 790 | 12,06%
4000 | 71 | 72 1,4% | 600 | 650 | 8,33%
6000 | 70 | 70 0% 495 | 543 | 9,70%
8000 | 69 | 67 | -2,8% | 390 | 446 | 14,36%

Tabmuma 3

B vV |V r VS | VS r

u p p

C P M e P M e

0 JI (6] iig JI (6] iig

g E | n K E bi K

u € a € a

H b hi

a
MH. | 81 |8 | 617% | 109 | 980 |-10,09%

0
5000 | 77 | 79 | 2,60% | 105 | 945 |-10,43%
5

10000 | 74 | 78 | 541% | 760 | 870 | 14.47%
15000 | 69 | 68 | -1,45% | 465 | 503 | 8,17%

[poBeneHus CpaBHHUTENCH aHAM3 MOXKE Jia Ce
OIICHH KaTO MOBBPXHOCTEH M ITBPBUYEH. 3a ITBIHOTO
JIOKa3BaHe Ha CBOMCTBAaTa Ha MOJEIHTE Ch3IalcHH
ype3 X-Plane e HeoOXommmo fa ce TMO3HABAT IIO-
royisiM Opoil XapakTepucTHKH Ha pearHoto BC.
TaxbB TpymoeMbK aHaimm3 obade OW OWIl KpaifHO
Hee(DeKTHBEH, aKO He ObJaT OTCTPAHCHU MOHE YacT
OT HEJOCTaThLUTe Ha TEeKyIluTe MonenH. Taka
HalpUMep 4pe3 M3IOJNB3BaHE Ha CIEHaIM3upaHa
YCTaHOBKA, ChCTaBCHA OT HSAKOJKO KOMITIOTHPa H
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CTICIMA3UPAHA OpraHd 3a YIIpaBJeHHE, CHMYIIH-
paHeTO Ha CB3OAafCHUTE Monead Om Omwio mo-
PEATUCTHYHO M CHOTBETHO IMOJTYyYEHHUTE PEe3yNITaTH
MO-OJIM3KHU JI0 CIPaBOYHHTE.

4. 3axnouenue

OueBuIHO €, Ye BBIPOCHT 3a IMOBHIIABAHE Ha
TOYHOCTTA Ha IOJIETHUTE MOAENH, Ch3IaleHH 4pe3
X-Plane Bce ome He € HamBJIHO pEIIeH.
[lpenBaputenHuaTr aHadM3 Ha pa3paboTeHUTE
Mozenu o0ave MOKa3Ba 3aJ0BOJUTEIHH PE3yNTaTH,
KOMTO Morar Jja Opgar mogoOpeHH TpH
W3MO3BAHETO Ha IO-TOYEH MOAEN M I0-100po
xapayepHo ocurypsisane. Ilonacrosmem paboTata
BBpXY TOJieTHUSI MoJien Ha camoretn Cessnal72N,
[4] u DeHavilland DHC-2 Beaver [5] mpoabikasa.
ITpu cuMynupaHeTo Ha MOJIETHUTE MOJEIM Ha TE3U
JIBa camoJleTa ce IoJTy4aBaT JOCTOBEPHHU PEe3YJITaTH
W TpH M3MOJI3BAHETO HAa OOMKHOBEH IEPCOHAJICH
KOMITFOTED.

B Obzemie ce mpeaBwkaa 10yChBBPLICHCTBAHE
Ha Beye T'OTOBUTE MOJENM, W3BBpLIBaHE Ha IIO-
3aAbI00YEH aHaJdu3 C T[IO3HaBaHe Ha TOBEYe
XapakTepucTukun Ha peannure BC, kakto u
n3rpaxaaHe Ha HOBU MoJieiu Ha apyru BC.
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AIRCRAFD DYNAMIC MODEL ON THE
BASE OF GEOMETRIC AND MASS
CHARACTERISTICS

llia Maximov Tsvetan Stoyanov

Abstract: In the paper aircrafts Cessna 172N and
DeHavilland DHC-2 dynamic models are created on
the base of geometric and mass characteristics using
X-Plane software product. The results are
approbated using the data from Cessna 172N and
DeHavilland DHC-2 Pilot Operation Handbooks.
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1. BbBeaenue

IIpn mpoexkTHpaHeTO Ha CHBPEMECHHHUTE
TEXHUYECKH M3Aenuid U 0CO0EHO  Ipu
TPAHCIOPTHUTE CPEICTBA, BCE MO-TOJSAM MU
ce mMaja Ha WHXKEHEpHHUs aHaiuu3 Ha 0a3ara Ha
crenuanusupanu codryepHu nponykrtu. Tosa
e Taka mopagu (pakta, ye CUMYJIUPaHUTE BHB

BUPTYaIHOTO IIPOCTPAHCTBO bm3HIHN
CBOWCTBa Ha JaJeHa KOHCTPYKUHS HJIH
uzgenue, ce JoONMXKaBaT — HalbJIHO  J10

cBolcTBaTa Ha peanHusi obekT. OCBeH TOBa
CUMYyJIALIUUTE CIIOMAaraT 3a ChKpalllaBaHETO Ha
BPEMETO W MAaTEepHAJIHUTE pa3XxoAuTe 3a
NPOBEXKAAHETO HA  CTOTHUIMTE  HATypHHU
W3MUTaHKs, KOUTO ca OMJIM YacT OT Tpolieca Ha
MIPOEKTUPAHETO B MHUHAJOTO. 3a IOCTUI'AHETO
Ha Te3u pe3yaraTd obaue e HeoOXOIUMOo
NIPaBUIHOTO H3rpakJaHe Ha MoJela Ha
u3cneqBaHus O00EKT, MOAXOAALIMS 1Moabop Ha
HaOopa wu3cinenBaHW (U3UYHU BEIUYUHU U
KaTo IUI0 CJICABAHETO Ha aJropuThbM 3a
W3rPOKAAHETO Ha CHUMYJIalusaTa. BemHbpx
pa3paboTeH, alropuTbMbBT 3a CH3IaBAaHETO U
MPOBEXKAAHETO HA JUTHUTAIHUS EKCIEPUMEHT
3a JaJIeHO M3JleJIUe HU J1aBa Bb3MOXKHOCTTA J1a
n30sirBaMe  MHOXKECTBOTO ~ YTOUHSBAIlM U
CKBIIOCTPYBAIlld HATYPHU W3MUTAHUS IpHU
2.1. Hpoesesxcoanemo na aepoouHamMuyHuam
eKCnepumeHm U nonvieaHemo Ha 0Oaza
OanHu
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peau3upaHeTo Ha JpeOHM TNPOMEHU B
TEeOMETpUTAa KaTo HAlmpuMep ONTUMH3AIHSITA
Ha aepoAMHAMWUYEeH KOMIIOHEHT, OOTeKaTeln
WJIU CHIOUJIED.

B obOmactra Ha  eKkcnepuMeHTaIHATa
aepoJIMHAMHUKaTa TOPEU3NIOKEHUS MpoodJieM
MOJKeE JIa c€ OOSICHM IO CJICHUS HA4MH - 32 Ja
Ce TMOCTHTHE [MBJIHOICHHA  KOMITIOThpPHA
CHUMYJalusl Ha OOTUYaHETO Ha aepPOAMHAMUIHO
TSAJIO, € HEoOXoauMO 0a3ara JaHHU TOJy4YeHA
OT cuMyJamuaTra nga ce Jo0mmkaBa B
MaKcUMaliHa cTereH Jo (akTuyeckara Oaza
JIaHHH, TIOMBJIHEHAa 4Ype3 EeKCIIEPHUMEHT B
aepoauHamMuuHa TphOa. CaMo Taka M3rpajeHus
MOJIeN 3a CHMYyJIallUs Ha OOTHYaHETO Ha
ACPOIMHAMHUYHOTO TSJIO MOXE Jla 3aMEHHU
HaTypHUTE U3MUTAHMUS.

2. A.]'Il"OpI/IT'bM 3a Cb31aBaAHETO Ha
KOMIIOTbPHA CUMYJIallUsl HA 00THYAHETO HA
ACPOAUHAMUYHO THAJO

[locnenoBatenHocTTa Ha paboTa TpHU
H3TPaXJAaHETO Ha KOMITIOTBPHATA CHUMYJIaIlis
Ha OOTMYAaHETO Ha aepOJUHAMHYHH Tela e
HaJIOXKWJIa CIIe[HaTa II0CIEIOBATeIHOCT Ha
ANTOPUTHMA 3a U3rPaKIAAHETO Ha
CHMYJAIHATA.

HpOBG)K,HaHeTO Ha aCpOAUHAMHUYHUAT
CKCIICPUMECHT IPOTHYA B IBa €Tama.



® eTall Ha IIOATOTOBKA Ha €KCIIEPUMEHTA,
® eTall Ha IIPOBEX/1aHe Ha eKCIIEPUMEHTA.
[MoaroroBkaTa Ha eKCIEPHMEHTa BKIIOYBA
n3padOTBAaHETO Ha  MamabupaH  CIOPSIMO
U3CIeABaHUS  peajeH  O00eKT Mozjed, ¢
MOCJIEBAII0 MHCTATUpaHe B KyXMHHTE MYy Ha
JaTYULd Ha HajsraHe, TemIlepaTypa, 4ecTOTU
Ha TpenTeHe U  JOpyrd  HU3MEepBaTENIHU
ycTpoiictBa. Tuma Ha JNaTYUIMTE 3aBUCH OT
MOCTABEHUTE eI Ha HW3CIEJBAHETO, Karo
CTpPEMEXBT € TIIOJy4aBaHETO Ha TO-TbJIHA
KapTHHa Ha TMOTOKa OKoyio Mojena. Jpyr
€IeMEHT OT MOJTrOTOBKaTa € m30opa Ha THUOa
aepoJMHaMM4YHa BE3Ha, C KOITO ILE Cce
peanu3upa U3MEPBAHETO HAa aepOJUHAMUYHUTE
CHJIM M1 MOMEHTH, a ChILO TaKka U YTOUHABAHETO
Ha HaylMHAa Ha 3aKpelBaHe Ha MoOJeNa KbM
BE3HAaTa.
Haii-uecto CHUTHAJIUTE, MOJYy4YEHH
CIIEACTBUE  M3MEPBAaHUATA,  HpEACTaBIsABaT
AHAJIOTOBHM HENPEKbCHATU BETUYMHH, KOUTO CE
KoJIeOaiAT B TECEeH MHTEpBal OKOJIO JajieHa
CTOMHOCT. HeoOxomuMo € MOAXOIAIIO
o0opynBaHe, Ha KOETO Ja ce peaausupa
MaKCHMallHa EKWIMOpOBKA W 3a KOETO Ja ce
HaMepH MOJXOIAIIAa CXeMa Ha OTYUTaHE Karo
ce YTOUHSAT CIEAHUTE MapaMeTpu:
® (uKcHpaH MHTEPBA MEXAY OTUUTAHUATA
wi Opoll M3MepBaHHUS 3a eIUHMLA
BpeMe;

® ocpegHsBaHE Ha  pe3yiaTaTUTe  3a
(bukcupan Opoii U3MepBaHus,

® JuTUTANIM3anWsATa Ha (ukcupaH Opoit
OCPEIHEHU aHAJIOTOBHU U3MEPBaHHU.

Experimental Aerodynamic Body

Jururanusanusra HA CHTHAIA,
IIpEe/ICTaBIIsIBA peoOpa3yBaHEeTOo Ha
HEMPEeKbCHATUS aHAIOTOB CUTHAN B AUCKpPETEH
mIPpoB KoOJ, yHoOeH 3a ChXpaHEHHE U
00paboTKa OT  eNeKTPOHHO-U3YHCIHTEIIHA
mammHa. [IpeoOpazyBaHeTo Ha cuTHama ce
OCBIIECTBSBA oT aHaIOTO-IN(POB
mpeoOpasyBaresl KaTo OposST Ha OCpPETHEHHTE
AQHAJIOTOBY W3MEPBAHUS BIM3AIM B CHCTaBa Ha
IU(POBHS CUTHAII 3aBUCH OT Pa3pelHOCTTa Ha
cHcTeMara W H3ION3BaHaTa OpoifHa cHcTeMa.
Taka mpu cHeMaHe Ha MMOKAa3aHHs OT JATUYHIIH,
HampuMep C egHa 32-OMTOBa HM3YHCIUTETHA
MalliHa ¢ JBOMYHa OpoiiHa cucrema, e
BB3MOJKEH 3alliC Ha CHTHAJ C pa3AeNuTeNTHa
criocobroct 10° 3a 256 kaHaHa H3MepBaTeTHa
cucreMa. CMsTa ce, 4e ONTHUMaIHAaTa YeCcTOTaTa
Ha TIOBTOPEHHE Ha HU3MepBaHHATA € B
Jquana3oHa 5-10 u3mepBaHus B CEKYHJIA, KOETO
npaBu ot 1600 no 3200 32-OutoBum aymu 3a
CeKyH/ia, KOUTO TMOMBJBAT 0a3ara JaHHU OT
eKCIIepUMEeHTa. | eHepHpaHOTO KOJINYECTBO
JaHHU 33 €AMH LUKBJI OT EKCIePUMEHTAIHO
0o0THYaHe Ha TSUIO B aepoIWHAMHYHA TPEHOa, €
OTPOMHO M MOXe J1a ObJie aHATU3UPAHO CaMo C
MOIXOISI] COPTYEpPEeH IMPOXYKT, W3BBPIIBAIL]
HeoOxoJuMaTa MaTeMaTtuiecka oOpaboTka Ha
HATpyMaHUTE MaHHU. Pe3yiratuTe, MOIYYCHH
BCIeACTBHE 00paboTKaTa Ha HATPYIAaHHUTE
JaHHU CBC CIICHHAIU3UPAHUAT codTyep U
MOKa3aHW B TaOnu4eH WIN TpaduueH BUI,
mpeAcTaBisBaT 0azaTa JaHHH 3a MPOBEACHUS
EKCIIEpUMEHT [1].

Realization of the Experiment

Realized CFD Simulation

Obtained Database

Ourypa 1. CxemMaTH4HO OHATJIEAABAaHE HA ATOPUTHMA 33 KOMIIIOTbPHATA CUMYJIallU
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2.2. Ananus na 6azama OaHHU U onpeoeane
Ha HampynaHume ¢ HeA ZPEUIKU

Ha mnomyuenara B mbpBara CThIKa Ha
anropuTbMa 6a3a JaHHU CIlIe/IBa J]a Ce HalpaBu
WH)KEHEepeH aHalu3, pa3KpHUBall MOTEHIIMAIHO
cnabute Mecra Ha €IHAa  EBEHTyallHa
KOMITIOTbpHA cuMmytanus. To3u aHanu3 TpsaOBa
Ja OTYATAa HATPYMaHWUTE OO TO3H MOMEHT
IpeLlKH:
® rpelkaTa IpH pexoja OT HelpeKbcHaTa
aHajoroBa BeJIMYMHA KbM JHUCKpETHa
uuQpoBa BEIWYHMHA, KOSITO € TpelIka OT
3aKpbIUIAHE, [OpOJeHa OT KpaiHud
BB3MOXEH Opoii 4Kcia 3a MpeAcTaBsIHETO
Ha Oe3kpaifHata BenWdMHa B IUGPOB
BUL,

® OrpaHHuYeHMATa Ha
T€XHHKAa Ha HUBO pa3psAHOCT Ha
cucremara, KOSTO  JOBeXIa [0
W34YMCIIMTENIHA TpellKa, JbJDKAlla ce Ha
3aKpBIIISHE;
® UHCTpyMEHTaJHa TIpelIka 3aJloXKeHa B
u3MepBaTelIHaTa TEXHUKa, KOSITO €
W3BECTHA U € JaJieHa OT MPOU3BOIUTEINS
Ha TeXHUKATa,

® MeTOAWYeCKa Tpellka IOpoJeHa OT
peanusupanus MOJIXOJ KBbM
aepoJMHAMHYHHA €KCTIEPHMEHT.

Benukn ropem3OpoeHH Tpemkd ca  WIn
W3BECTHU WK OMXa MOTIIM Jia Ce YTOUHAT U Ja
ObIaT KOpUI'MpaHU pe3yiaraTute oT Oa3ara
JaHHU. 3a LenTa ce M3I0JI3BaT KOpUTHpaIlu
(YHKIIMH, KOWUTO ca BAIMIHH CaMO 3a Ta3d
eKCIIepUMeHTallHa yCTaHOBKa. 1o TakbB HauMH
nojy4yaBamMe JaHHUTE, C KOMTO IIe ce
CpaBHSBaT pE3yNTaTuTe OT KOMITIOTbpPHATA
CHUMyJallisATa Ha JWTUTATHUS MOJEN Ha
o0THYaHe Ha aepoAMHAMUYHOTO TAJIO M Ha
0a3zaTa Ha KOUTO IIE Ce AaBaT OLECHKHU U ILE Ce
MPaBAT 3aKI0YEHHUs [2].

HU3YUCIINTEIIHATa

2.3. Bweexicoane Ha ceomempusma Ha
Modena 6 zpagpuuna cpeoa u uzzparcoaHemo
HA U3YUCTUMEeNTHAMA MPeXca 6 U3C/1e08aHUA
obem

IIpu mnonpobeH aHanu3 Ha MOJIy4eHara
CIIE/ICTBHE  ACPOJUHAMHUYHHS  CKCIIEPUMEHT
KapTHHa Ha OOTHMYaHETO Ha TAI0TO, Ce
pasKpuBaT MPOOIEMHHUTE 32 CUMYJIMPaHE 30HU
KaTo. 30HUTE Ha OTKbCBAaHE U 30HUTE Ha
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TeHepupaHe Ha BUXpH. VIMEHHO naHHHTE 32
napaMeTpuTe Ha MOTOKA OT MPOOJIEMHHUTE 3a
CUMYyJalAsATa 30HH, I OBJAT W3IOJI3BAHH 3a
OllCHKAa Ha KayecTBOTO Ha pealu3upaHara
cUMyJanus. 3a ycIellHa CHMYyJalus Ine ca
HEOOXOIMMHU:
® BBHBOXKJAHE HAa  TreoMeTpHsATa  Ha
M3CIEABAHUAT MOJEI B JUTHTAICH 00eM
MpeJcTaBisgBall padOTHATA YacT Ha
BHPTYyaJIHATa acpOJIMHAMUYHA TPHOa,
® W3rpaxaaHeTO Ha MOXOISIIa
W3YHCIIMTENTHA MpeXa OKOJI0 MOJIeNa,
KakTO B TpaHUYHMs CIIOM, Taka U B
MIPOCTPAHCTBOTO U3BBH HETO;

® [paBuJicH U300p HA BUCKO3HUS MOJIET Ha
IIOTOKA,

® mpaBuiicH M300p Ha HAYATHU W TPAaHUYHH
YCIIOBHS B TPAHUYHUS CIIOH;

® OTYMTAHETO Ha OTpaHUYCHUTE
BB3MOXHOCTH Ha MPOTPAMHUS MPOIYKT B
CHUMyJNlalliATa Ha TYpOYJIEHTHOCT |
CBBP3aHUTE C TOBA TPYAHOCTH B ITBJIHOTO
CUMYJIMPAHE Ha CIIOKHU 3aBUXPSHUS;

® 5a ce cuMyJHpa OOTHYaHE Ha Mojeia C
MOTOK ChC CHIUTE MApPAMETPU KATO TE3H
B paboTHAaTa 4acT Ha acpoJMHAMHYHATA
Tpb0a, KaTO BAXKCH MOKA3aTell € CTCIEeHTA
Ha HEPAaBHOMEPHOCT Ha MOTOKa.

OnuThT Ha aBTOpPa B HU3TPAXKAAHETO Ha
rojisiM Ha0Op OT TEOMETPUM Ha MOJCIU Ha
aepoJMHAMUYHH Tella MOKa3Ba, ue Hai-BaKHO
€ MPaBUIIHOTO JIehUHUPAHE HA MMOBBPXHOCTUTE
u obemuTe B rpaduuHara cpena. TpsoOBa na ce
BHMMaBa Jla HE ce JIOMycKa paboTa ¢ HepealHu
Tuna W o0eMH, Hai-4ecTo MOJy4aBaHH TpH
HETpaBWiIHA JCPUHHUIUS WM TSOMETPUYHO
CyMHUpaHe U M3BaXAaHe Ha (QUTYpH.
ITocnenBaioro 3aTBapsiHe HA HEXEPMETUYHH
o0eMH OT TMOBBPXHOCTH, “crimobenn” ¢
JIOTTyCKA W TOJIEPAHC, OMBAT OMO3HABAHU OT
cucTeMaTa Karo HepeanHu. HepeaiHute
MOBBPXHHHA W O00EMH BHACAT TPEIIKA B
MOTOKa OJIM3KO JI0 MOBBPXHOCTTA HA TSUIOTO,
MpH KOETO OCBEH Y€ M3KPUBSBAT JIAHHUTE OT
W3CNEBAHETO HA MPAaHUYHUS CJIOU, TE YeCTO ca
W W3TOYHUK Ha CMYIICHUS W  BHUXpH
TypOyIH3UpAIIN BUPTYAIHUS TIOTOK.

WsrpaxxaaHeTo Ha W3YHCIUTENHATA MpexKa
ciensa mnpocrara ¢Gopmyia 3a  MO-IUIBTHO
W3TpaXIaHe Ha Mpekata B obema OJM3KO JI0
MOBBPXHOCTTA HAa OOTHYaHHWSI MOACT U
MOCTENICHHOTO  pa3peX/iaHe Ha Mpexara C



oTnanedaBaHe OT rpaHuyHus ciou. llenta e ga
ce KOHIEHTPHpPa H3YMCIHUTENHA MOIIHOCT B
o0eMa OKOJIO TpaHMYHHS CIIOW Ha OOTHYAHUS
00eKkT. Bp3MoXkeH e BapuaHTa ¢ U3rpakIaHETO
Ha €IWH TBPBUYCH OMNPOCTEH MOJIEN C TIO-
MpocTa 1O BUJ € TO-€Ipa W3YUCIUTEITHA
Mpexka, C KOUTO MOJEeN Ja C€ YTOUHST
BB3JIOBUTE MECTA, B KOUTO Jia C€ ChCPEHOTOUH
n3uuciauTenHa wmpexa. CbIo Taka € TO3H
M'BPBUYCH OIO3HABATENIEH MOJEN ce J00uBa

MpEeACTaBa 3a W3YUCIUTEITHOTO BpeME, KOETO
me € HeoOXOoOWMO TIpW YCIIOKHSBAaHE Ha
Mpexara [3].

Ourypa 2. [IpencTaBsHe Ha U3rpaaeHara
U3YHUCIIUTENIHA Mpeska B CTPAHWYEH IJIaH

KbM Ta3u cThhka cmajga ¥ 3aJaBaHETO Ha
TPAaHUYHM  YCIOBHSA  KBM  IPHUJICKAILIUTE
MOBBPXHOCTH KaTo ce 3a]aBar:
® BXOJSMIO CEYEHHE — OT KOETO IMOTOKa
HaBJIM3a B CHUMyJUpaHaTta pabOTHa 4acT
Ha AWTUTATHATA aepOIMHAMUYHA TPHOa;

® U3XOAALIO CEYEHHE — OT KOETO IMOTOKa
W3IHM3a OT CHMYyJHpaHaTa paboOTHa 4acT
Ha JUTHUTATHATA aepOJUHAMHUYHA TPHOa,

® TaBaH, IO/, JiABa M [ISICHA CTE€Ha Ha
paboTHata dYacT — CONUIAHH OOEKTH,
CTeHM Ha  paboTHaTa  YacT  Ha
JIUTHTAJHATA aepOJUHAMHUYIHA TPHOa;

¢ nepuHupaHe Ha  MapamMeTpuTe  Ha
3arpaieHuAT B paboTHaTa 4acT (UIyHn.
Nwma BB3MOXKHO 32 00TUYaHE C ABY(a3eH
¢Giyun Hampumep CTyIeH IUTBTEH W

TOIBJI paspeneH BB3IYX, KaTo
YTOUHEHHMATAa 3a  [apaMeTpure Ha
ormenHuTe (asw TpH  MyIATH-(PazoBO

o0THUaHe ce W3BBPIIBAT B COPTYyepHHS
MPOIYKT peannu3upa] CHMYJIaIHsiTa.
U3nbiHEHHEeTo Ha MOCOYEHUTE YCIOBUS €
HE0oOXOIMMO 3a pealn3alusiTa Ha ITBIHOICHHA
M MakCUMajgHO  OJiM3ka J0  peajiHus
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CKCIICPUMEHT KOMIIIOTbpHA CUMYJIallvsd, KOATO
€ cjiegBaniara CTbIIKa B aJirOpUTbMaA.

2.4. H3zevpweane Ha cumyrayusma u
nonvieane Ha UpmMyanHama 6aza Oannu

Cren kaTo € W3rpafeH TeOMETPUYHHA
MOJeN ¢ Mpuiexam@ara My H3YHCIHTENHA
Mpexa H ca JeQUHUpaHM BHIA Ha
MOBBPXHOCTUTE W W3YHUCIUTENTHHA 00eM B

pa60THaTa qacT Ha JUTruTaIHaTa
acpoarHaMH1IHa Tp”b6a, € BpeME€ Jda cC
MMPUCTBIIN KbM pCaIn3npaHeTo Ha

cuMynanusaTa. 3a uenta € HeoOXoAuMo Aa ce
3a7agaT mapaMeTpuTe Ha CHMYJIAIHsATa KaTo ce
U3BBPIIAT CICTHUTE CTHIIKU:
® reduHMpane Ha CKOpOCTTa 17§
KOMITOHEHTHTE, C KOHTO HaJHTa MOTOKa
B cuMyJHpaHaTa paboTHa 4YacT Ha
aurhTanHata TpbOa. Tyk chIlo Taka ce
nedunupa U ocTaThyHaTa
TypOyJIEHTHOCT Ha IIOTOKa, C IIel
MoJly4aBaHe Ha MapaMeTpPUTe Ha MOTOKa
MOZOOHN Ha Te3W B €KCIECPHMEHTaTHATa
aepoJHaMHYHa TPHOa,
® 1300p HA TOXXOIII BHCKO3CH MOJEIN
KaTo ce B3eMa IpPEeIBHUI:
1. manmu ce ochbIIecTBIBA MacoB OOMEH
MEXIy TPaHWYHHS CIOH W TO-TOPHUTE
cJIoeBe OT TOTOKa,
2. peallu3upaHoTO TPU  eKCIepUMEeHTa
yhca0 Ha PelHoiac, 3aBUCENO OT
CKOpPOCTTa Ha HANUTAIIUS TOTOK U
TUHEHHHA pasMep Ha TIOTO IO
HaIpaBJIcHHE Ha ITOTOKA,
® Ipu  HAIMYAETO HAa  MYJITH(A3HO
obrtnyane na ce aedhuHUpar QU3MUHUTE
CBOMCTBA Ha OTAENHUTE (pa3h OT IMOTOKA;
® 337aBaHe Ha HAYaJHATE W TPAHUYHHTE
YCIIOBUSI B TPaHUYHUS CJIOH, C IIeT Ja ce
n30erHe MbPBOHAYAIHOTO OTKBCBAaHE Ha
MOTOKA BBB BHUPTyaTHATAa CHMYJIAITHA,

KoeTo Ja  “M3KpuUBH’  TIOJyYCHHUTE
pe3ynTaTtH, J0OaBSHKA UM W3UNCIHTETHH
TPEIIKH.

Crnen kato ca 3aJaZeHd IapaMeTpuTe Ha
CHUMyJNaluATa, Cce 33JafaT H3MepBaTelHH
NO3ULMK. TOYKM, PaBHMHU WIH 00eMH OT
CUMYJHUPAHOTO pabOTHO NPOCTPAHCTBO, B
KOeTO Ja ce HM3MepBaT pa3iuyeH Habop OT
napamMeTpy KaTo CKOpOCT, HaJIAraHe, INIbTHOCT
U IpyTH.



Crnenpamara CThIOKa € 3aJaBaHETO Ha
HA4yaJI0 Ha CUMYJAIUATa KaTo MpEABAPUTEITHO
Cce 3aJaBaT yCJIOBUATA, IMPU KOUTO Ja C€
apummpa TEKymOTO pelIeHHe, HanpuMep
OTpaHWYEHHE TIO0 KpaeH Opoil WTepanuu WiIu
paznukaTta B aOCONIOTHAaTa CTOWHOCT Ha
pEeIIeHUeT0 B [JIB€ CBHCEIHU UTEpaluu. 3a
peanu3upaHETO HaA YCIEIIHA CUMYJALMS €
HEOOXOJMMO Ja ce JOCTHTHE IO CXOAMMOCT Ha
pemennero. Ilpu numncara Ha CXOAUMOCT Ha
pelieHneTo, € HEeoOXOIWMO 33JaBaHeTO Ha
HOBH TPAaHWYHU YCIOBUA WM NPOMSAHA B
MoOJIella Ha BHCKO3HOCT. AKO W T€3W MEPKH ca
HEIOCTAThYHU € HEOOXOJMMO Jla Ce M3rpajau
HAHOBO U3YHUCIUTEIHATa Mpexa [4].

[MomoOHO HAa HauMHA HaA MONBIBAaHE Ha
0a3ara JaHHU OT HATYPHUS EKCIEPUMEHT W
Mpyd JUTATAIHATA CHUMYJALUWs, JAHHUTE C€
TIOMTBJIBAT B TaOJMUEH BUJ U C€ BU3yalIU3Upar
rpadpuaHo. VIMeHHO TpW BU3yalu3amusaTa Ha
pe3yATaTuTe ce MposABsBa €4HO OT OCHOBHHUTE
MpeauMCTBa Ha KOMIIOThPHATAa CUMYyJIalus, a
MMEHHO BH3yalM3alMsITa HAa IIOTOKA OKOJIO
TSAJIOTO. 3a TOJlydaBaHETO Ha KapTHHATA Ha
OOTHUYAaHETO WM TEMIIEPATYPHOTO TOJIE OKOJIO
€IHO acepoJAMHAMHYHO TAJIO TPH HATypeH
eKCIIEpUMEHT, € HeoOXOoauMa MPOABIKATEITHA
paboTta Ha aepoAMHAMUYHATA TPHOA, 32 KOETO
BpeME Ja C€ OCBIIECTBIBAT MHOMXKECTBO
3aMEPBaHUs] B PaA3JIMYHU TOYKH OT IIOTOKA,
KOETO € TPYJIOEMKa U CKbIIO CTpyBalla 3a1a4a.

2.5. Cpagnenue na oOeeme 6azu OaHHU U
ananuz Hna pesynimamume. Memoou 3a
omcmpanseane Ha Zpewikume om
eupmyannama 6a3a OGHHU.

Crnen mombpJIBaHETO HAa BHpTyajHaTa Oaza
JaHHU B IbJIeH o0eM, TOecT  cief
CHUMYJIHPAHETO Ha BCHUYKH PEXHUMH, 32 KOUTO €
NIpOBEIEH HATypeH eKCIIepUMEHT, clie/Ba
CpaBHEHHUE Ha JBeTe 0a3u JaHHU M aHAJIU3 Ha
pesyarature. CpaBHSABaT ce€ MJICHTUYHUTE
MOKa3aHus OT JABeTe 0a3u JaHHU, HapeyeHU
perepHd TOYKH, C TIOCIEABAll aHaJIU3 Ha
pe3yaTaTuTe, € KOETO Ja C€ OIpeleln
CTETICHTAa Ha peanu3alus Ha MTBIHOICHHA
CUMyJIallUs WJIM CTElEeHTa Ha OTKJIOHEHHE Ha
KOMIIIOTbpHATa  CHUMYyJalus OT  peasHus
excriepuMeHT. HeusOexxHu ca pasiukuTe B
pesynraTute, Thid KaTto ce TPyMmaT MHOXKECTBO
TPEIKH OT Pa3IYHA (PaKTOPH KaTo:

® JOMyCKaHe Ha OMPOCTABAHUS KaTo:

56

1. mpeneOpersaHeTo Ha TOIUIOOOMEH
MEXIy IOBBPXHOCTTa Ha OOTHYAHOTO
TSAJIO ¥ TIOTOKA;
2. [ONMyCKaHe 3a peajm3alusATa Ha
JaMHHAPHO TEUeHHE, TOECT 3a JIUIcaTa
Ha MacoB OOMEH MeXAy OTAEIHH
cJIOEBE, C 1€l HamasiBaHe Ha o0ema Ha
W3YHCIICHUATA,

® HeKayecTBEHA M3UHCIINUTENTHA MpPeXa,

¢ nedeKTH B TeoOMeTpHATa Ha Mojela H
IPYTH.

e
190 182

Qurypa 3. Busyanusanus Ha CTOWHOCTUTE Ha
HaJISITAaHETO B OIMPEJIENIEHU TOUKU OT MOTOKA

Crnen yrouHsBaHe Ha (DaKTOpHUTE BOJCIIN
IO UW3KpUBSBAaHETO Ha pe3yNTaTHTE OT
CHUMYNaIMsATa, C€ TPaBsIT KOPEKIMH BEHB
BBbBEICHATA  TEOMETpHS,  H3UNCIHUTEITHATA
Mpeka WM B TApaMETPHUTE HA CHMYJIALUATA,
JI0 OKOHYATEITHOTO YTOYHSABAaHE HA MOJIENa.

Jpyr HauMH 32 KOPUTHPAHETO Ha TPEIIKUTE
B Mojella Ha CHUMYyJAIMATa, € Ja Ce HaMepsT
Kopurupanmre (GopMmynH, ¢ KOHUTO Ja ce
o0paboTH BUpTyanHaTa  Oa3za  JaHHH.
[IpumaraneTo Ha TO3M METOX € BE3MOKEH CaMo
[P HaJWYMETO Ha KOHCTaHTHA BEIMYMHA Ha
rpemkata.  Kopurupammre  ¢dopmynu  ce
OTIpENeNAT Cle]l MaTeMaTHdecka o0paboTKa Ha
pe3ynTaTuTe OT CpPaBHEHHETO MEXAy ABETe
0a3u TaHHM, KaTo Hali-4ecTo TOBa ca JWHEHHH
(yHKIMM Ha eAMH MapaMeTbp. Hamnpumep
CKOPOCTTA WJIHM YUCIIOTO Ha PeitHomnc.
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3. 3akj10uenue

KommiorbpHara CUMYJIaNUsATA Ha
Oo0THMYaHETO  HAa  AepPOJAMHAMHYHO  TSIIO
H3TOTBEHA CHOOPA3HO W3JIOKEHHS alTOPHUTHM,
OCHUTYpsiBA  TIOCTHTAHETO Ha  Pe3yITaTH
MaKCUMaJIHO  ONHM3KM JI0  peajHuTe, C
OTKJIOHEHHMS BIM3AIld B MHOXECTBOTO Ha
CTaTUCTHYECKATa Tpelika. BelHBK yTOYHEHa,
KOMIIOThpHATA CUMYJANUs J]JaBa BBH3MOMKHOCT
Jla Cce HW3Cie/Ba BIMSHUETO HA TPOMEHH B
TeoOMeTpHUATa Ha MoJiella BHPXY MMapaMeTpHuTe
Ha ToTOKa. Ilo TO3W HAa4YWH IO-HATATHIIHOTO
ONTHUMU3UPAHE HA IPOAYKTA, KAKBBTO CE SBSIBA
ACPOJMHAMHYHOTO TSJIO 3a OpraHU3aIMATa,
KOSITO TO pa3paboTBa, Ce U3BBPIIBA C MTO-HUCKH
pa3xoAaM W 3a TO-MaJIKO BpeMe. YCHIIUSATa U
CpelcTBaTa BJIOXEHH B pa3pabOTBaHETO Ha
ellHa KOMITIOThpHA CHMYJIallUsl € eiHa ao00pa
HMHBECTHIIVS.
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Pe3rome:

B HacTosIys JOKJIA] aBTOPUTE MPEIaraT ¢IMH METOJ 33 OLICHKA Ha [apamMeTbpa Ha II0TOKA OT OTKa3W Ha
cnoxda Texamndecka cicrema (CTC) ot seratenen amapar (JIA), mo uH(OpMAIHs 3a HaJEKIHOCTTa HAa KOMIUIEKTY-
BamTe (YHKIMOHATHH efleMeHTH. TOl € MOAXOMAIN 3a TPEJIeNIHA OLEHKH Ha W3CJIeBAHATA HAJICKIHOCT. B TO31
aCIIEKT HA Pa3CHKIEHHsI, CIEBA U AKTYAIIHOCTTa Ha BBIIPOCHHUS JIOKJIa[l, KAKTO M HEroBaTa Bpb3Ka C mpoliiema 3a
JeUHUpaHe Ha ONACHO M 0e30MacHo CheTosHKE Ha JIA, HANIYMsUI MOpajyi 3a4eCTHIINTE ABHAIMOHHH Karactpodu B

CBETOBHOTO BB3ayxoruiaeane mpe3 2009 r. [4, 5].

KurouoBn nymu: npedenna naoesiconocmuna oyenka, napamemsp HA NOMOKA OM OMKA3U .

1. BbBenenune

3a cnoxuure Texumdeckn cuctemu (CTC),
CBCTOSIHHETO OTKa3 € TPyOHO 3a jaeduHMpane
(pasmmuro) [1]. 1 ome Hemo — u3XoAHHUAT edekT Ha
CTC wMa TmoOBe4e OT [BE paBHHUIIA Ha
CBILICCTBYBAHETO CH, [OKATO 32 (DYHKI[MOHAITHHUTE
ertementute (OE) u mopcucTeMu HafeKIHOCTHUTE
paBHHuIIA ca 1Be (M3MPABHO — HEM3IIPABHO).

CroxHuTe cucteMu ce kinacuduuupar criopen Vs.
VYirakoB 0o iBa (pyHIaMEHTATHH HAYAHA!

®  CIIO)KHH CHCTEMH C MUTHOBEHO ICHCTBHE;

® CIOXKHH CHUCTEMH C  IPOIB/DKUTEITHO
JIEHCTBUE,
WJIH KaTo.

®  CIOXKHHM CHCTEMH C MHOTOKPATHO U3IIOJI3BAHE;
®  CIIO)KHHM CHCTEMH C SIHOKPATHO M3IOJI3BAHE.
BoBenenute onpeneneHus AeUHUPAT U3XOJHUSIT
edext Ha CTC Ha JIA karto ciydaiiHa BeMYHHA, THA
Karo TOW CBIIECTBCHO 3aBUCH OT AaKTyaJHUTE B
W3CIC/IBAHUS ~MHTEPBAI OT BpeMe, CIIy4aliHU
Besmunbn (cpOuTHs) — mpemuHaBanero Ha CTC or
CBCTOSIHHE B ChCTOSIHHME (0 BpeMe Ha mosera Ha JIA).
H3BecTHO €, ue mapamMeTbphT Ha TIOTOKA OT OTKAa3U
Ha CTC ce onpenenst KaTo cymMa Ha MHTEH3UBHOCTHUTE
Ha oTkasute Ha otnenHute OF mmm moxcmeremu ot
ChOTBETHATa CXeMHa peanmsanus Ha JIA (MexaHH4Ha,
eJIEKTPOHHA MM TMHEBMO-xunpasinuHa). [Ipu ToBa

napamemvpvm Ha NOMOKA OMKA3U Q(t) Ha CTC

(xoHCTpyHMpaHa 110 KOHKpPETHATa CXeMa) € CBBP3aH C
IUTBTHOCTTA Ha paslpefielieHHe Ha paboTrara MexIy
cheemnte otkasu f (t) ma OE (momcuctemm) — mo

HaTaTbK wI€ C€ TOBOpPHU CaMO 3a ®E, cerimacHo
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dopmymara [1, 2]:
@ Qt)="f(t)+] f(t-x)m(x)dx.

IIpennonara ce, ye m3cnensanata CTC na JIA,
OTKa3aja B MpPOM3BOJIEH MOMEHT oT Bpeme 1 ce
BB3CTAHOBSIBA HE3a0aBHO OT TEXHHYECKHUSI CHCTAB B
pe3ynaTaT Ha 3amsiHaTa Ha oTkazausiT OF ot Hes.

Pemrennero Ha ypaBuenue (1) B siBeH BuA 3a
pasmiuny  Buzose dymkmmm  f (t) He Bumarm e

BB3MOXKHO. B TakmBa ciiydyan BB3HHMKBa 33ja4a 3a
OIlEHKa TapaMeThpa Ha TOTOKA HAa OTKa3WTe, d4pe3
TPaHWYHH OIIGHKM 32 HEroBarta MakKCHMalHa |
MHMHHAMaJIHa cToiHOCT. B paborta [3] e mpemioxeHa
OIICHKA 3a MapaMeThpa Ha MOTOKa Ha oTkazuTe Ha TC
3a ciydail, Korato IUTBTHOCTTa Ha pasmpeelieHne Ha
paboTa MexIy HEHHHTE OTKa3M ce alpOKCUMHpPA ChC
cMecHIIa OT ekcroHeHImanau pasnpenenetus (B8 CTC
Ce eKCIIoaTupar eIHOTHUITHN eJIEMEHTH, KOUTO obaue
ca pasHOPOAHHM 0 HAAEKIHOCT), 32 KOUTO €
XapaKTepHO

@ f(t)=>"q4e™,

kbaeTo (], e gact or enementuTe Ha | - Ta U3BaAKa OT

eKCIIOHCHIIMANIHATA ~CMECHI[A OT  pasmpeiesieHH s,
A ono-
KOJIMYECTBO HA M3BAJKUTE OT CIHOTUITHU EIEMEHTH,
eKCIUIOaTHpaHH B choTBETHATA cioxkHa TC.

B [2] e nmokazaHo, dYe pemieHHETO Ha
HHTErpaHOTO ypaBHeHue (1) mpu N >3 B sBEH BUI
He MpejIcTaBisiBa TpyaHocT. OT TOBa pellieHHe CIe/iBa,
4e OICHKAara Ha MapaMeThpa Ha MOTOKa OT OTKa3h

HnMala HWHTCH3MBHOCT Ha OTKas3uTe



Q(t) ma CTC npu mpowsBoTHA —CTOMHOCT Ha
Maxopupa M MuHopupauw (yekman @(t) wu
p(t) e

3 () <Q(t)<p(t).

Taka momy4yeHaTa OIEHKa 33 (DYHKIHATA Qt) e

MPUOJIM3KUTENHA M HE € IOCTaThuHA 33 PElIaBaHeTo Ha
TPaKTHYECKH 3a/1a4un B aBuanusra. [lomgxomst ot [3] e
MPUTOJIEH 3a OIIEHKH Ha IapaMeThbpa Ha IOTOKa Ha
OTKa3WTe B Ciy4all Ha MPOM3BONHA (QYHKIMSA Ha
IUTBTHOCTTa Ha pasNpee/ieHHETO Ha paboTaTa MexIy
TAX, HEIIO KOETO B TEXHMYECKAaTa EKCIUIoATalys Ha
JIeTaTeIHATE amapatd He ce  JOMYyCKa, CBIVIACHO
perTaMEeHTHPAIINTE JOKYMEHTH

2. Mznoxenne

3a HyXIWTe Ha TEXHHWYECKara eKCIUIoaTalys Ha
ABHAIIMOHHKUTE CHCTEMH Ce Tpe[yiara OT aBTOPUTE B
KAueCTBOTO Ha OICHKA Ha MapamMeThpa Ha MOTOKA OT

OTKa3H" Q(t) Ha CTC pga ce M3mon3BaT 4acTUYHU

CyMH Ha CTelleHeH peal Ha MakiopeH, T.e. clieaHaTa
(hopmyna:

@  Qt)=w(0)+> .,

kbaero croitrocrra Ha (K +1) — ta npomssoasa na
WHTEH3MBHOCTTA Ha [OTOKa OTKa3d a)(t) Ha

" (O)t‘k”),
(k +1)!

otaemnute enemenTd Ha CTC ipu t =0 ce n3umcisiBa
TO CJIeHATa PeKypeHTHa (hopMyIa:

) w*(0) = f*(0) +Z:(:O f <D 0)w?(0).
B ypasuenue (5) e mpuero: ¥ (0)= f (0),
@ (0)=w(0).

crOMpaeMo OT JsicHara crpana Ha (4) ce ompermens
coritacHo (1):
(6) w(0)=f (0).

@®opmyna (5) ce sBsABa  pe3yarar  OT
HocCNeIoBaTeNiHo AudepeHimpane Ha ypasaenue (1).
3aBHCHMOCTTa, KOATO OINKCBAa IUTBTHOCTTa HA
pasmpenerneHie Ha HapaboTKara [0 OTKa3 Ha
KOMIUICKTYBAILUTE €JIEMEHTH, B IIOBEYETO CIIy4an
ChIbpKa PYHKIMH OT EKCIIOHCHIIUAJICH BU]L.

[lopagu ToBa, MoMydeHHs: B TO3M CIIy4yall pea OT

CrolHOCTTa

= Ha

II'bPBOTO

CTOMHOCTH 3a a)(t) KaTo TPaBUIIO CE€ CBHCTOU OT

3HAaKOPE/IyBallld CE WICHOBE, abCONFOTHATA CTOWHOCT
Ha KOUTO MOHOTOHHO HAMAJISIBA.

CeriacHo Teopemara Ha JlaiiOuwui [4], BuHaru e
BB3MOXKHO [Ia C€ U34MCIM abCoNIOTHATa rpemka &,

Mexay onenkara Ha @(t) u wactmusara cyma Ha
y yM
pena Zik:o " (0).t' /i 1. Tazu aGconroTHA TpeNiKa He

npeBHUllIaBa I10 a0CoIMOTHA CTOMHOCT, OBPBUAT OT
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HaOroaBaHuTe wWieHoBe Ha peaa (4), T.e e
H3ITBIIHEHO YCIIOBUETO:
A (i A (k+1)
D eow-x, 2 O] LF7 O,
| (k+1)!

B pesynrar Ha U3BBPIUICHUS aHAIMU3, ClE/Ba, 4e
HeoOxoauMoTo uncio K Ha wienosere Ha pena (4),
ocurypsiBa 3ajajieHara TouHoct Ha &€ (€ > O). IIpn

A

TOBa OIlCHKaTa () (t) Ha MHTCH3MBHOCTTA Ha IIOTOKa

otkasu Ha OF 3a onpenenen MoMeHT ot BpeMe t ce
OTpPeIeNs OT YCIOBHETO!
A (k+1)
&"(0)
(8) t(k+1) <e-
(k +1)!
3a menra CTC (ceerosima ce ot oraenuu OE),
clenBa, U napamemvpd Ha UHMEH3UBHOCMMA HA

omxazume Q(t) Ha Oo0eKTa Ie ce Oompeens
CBIJIACHO:

(9) Q(t)=X7.ne (t),

Y ChOTBETHO ChIIIacHO (7) HEpaBeHCTBOTO:

~(0) (ki +1)
. WS Wi (0)
WJ (t)—Zlk:’O -J J | (ki+1)

(k; +1)!

!
Koraro abcomotHara rpemika £ ¢ 3aaaaeHa 3a
et TEXHUYECKH O0EKT (CBCTOSIII CE OT OTACTHH
noxcuctemu), 1o ot (9) u (10) cnemsa, e croifHOCTTA

(10) €=

ti‘<

Ha k j 3a BCiIKa TC (6§ onpez[enﬂ oT HepaBeHCTBOTOZ
~ (ki +1)
W (0)
|
(k J. +1)!

yJKBACTO (()J. (t) € MHTCH3MBHOCTTA Ha IIOTOKAa OTKa3nu

(ki+1) m
t <‘9/ij1”1

Ha DE ot j - ta i, M - xommuecTBOTO HA
umosere PE or mamara CTC;, N i OposiT Ha

OACUCTEMUTE OT J - TH THII (TI/IH’BT Ha IOJACUTEMUTEC

ce ompenens OT Buia
(YHKIHOHAITHH €IeMEHTH).

B TakmB ciydail, anropurema 3a IMPaKTUYECKO
olpesie/siHE Ha HEOOXOIMMOTO KOJMYECTBO UWICHOBE
Ha peza (2) ce cBexa KbM MOCIENOBATENEH TOI00D

Ha  KOMIUICKTYBAIIUTC

Ha CTOMHOCTHUTE, 3alIOUYBANKU OT K wm K j» PaBHH Ha

0,1, 2, 3,... 10 IbpBara CTOMHOCT Ha K wm kj , 32
KOUTO ce u3mbjnsiBar ycinosust (11). TIpu ToBa BCHUKH
MIPEeIHYA U3YMCIICHNS Ha CTOMHOCTHUTE Ha C()(t) :
(12) ®(0), o (0), ..., 0" (0),

C€ MH3O0JI3BaT B CICABALIMTE HW3YMCICHUA IIPU
onpesienienn croitroctu Ha @ (t) cprtacko (3).

HeoGXxoamMo ¢ 1a ce OTOENEeKH, 4e OUYaKBAHUTE
croiiHocn Ha (t) uMar Buia a.10omx /h,



KBJICTO ¢re (1,10), @ S € 10 TOJOXKUTETHO YHCIIO.
B kauectBoTO Ha & , CcienBa ia ce u3depe CTOMHOCT OT
suga €=10"".10" omx/h, kepero p>o e wiwio

YHCIIO, XapaKTEPU3UPAILO NMOPAAbKAa HA TOYHOCTTA HA
nm3uucnenusita. C  JOpyrm  JOyMH TOYHOCTTAa Ha
U3YUCIEHUATa CC OIpPENENs OT CTOMHOCTTa Ha [,

npeJiCTaBIsBalla OpOsT Ha 3HALUTE CIEH 3aleTasra
IIPY CHOTBETEH MOPSIABK Ha S .

Ilpumepno uzuucnenue: Heobxomumo e na ce
OLIEHM TapameTbpa Ha notoka oT oTkasu Ha CTC Ha
JIA B MoMeHT OT Bpeme t=1000h C TOYHOCT IO

TpeTH 3HAK ciel 3amerasra. l3uucneHwero ce
m3BbpiBa npu yciosue, ye B CTC ce u3momssar
EMHOTHITHH TI0 HAASKAHOCT €JIEMEHTH, WMaIH
HapaOOTKa MEXAy OTKasuTe, IUIBTHOCTTA Ha
pasmpezieneHre Ha KOATO c€ OIMMCBa OT (PyHKIMsTA

f(t) =22t.exp(-A") KBICTO  1=210°omx/h €
HWHTCH3UBHOCTTA HA  OTKAa3sWUT€ Ha  OTACIHUTE
CIIEMCHTU.

TopcH ce penienreTo Ha ypasHeHneTo (1) BbB BUI
(2). 3a Tasu e ceracHo ypasHenue (4) ce onpemnens
w(0)=0. Or (3) cmenBa  ypaBHeHHETO

" (0)=f"(0)+ f (0)@(0),
onpenens w(l)(o)zz,l, TBH KaTro f(”(o)zz,‘i u
f(O):O. Ilo wararbk no ¢opmynara (3) ciexnsa:
@®(0)= f@0)+ f(0)w(0)+ f (0)&™(0),

KBJICTO C OTYUTAHETO HA MPEIHUTE W3YUCICHUS H
CIEJIHOTO ~ paBeHCTBO  f((0)=0 ce ompexens

@”(0)=0. 3a ciezBalara Npou3BOAHA 10 (GopMmya

oT KBACTO ce

(3) ce ompemens:
@ (0)= F9(0)+ f @ (0)a(0)+ f ©(0)f” (0) + f (0)s? (0)
Or Te3sw TmpeoOpa3yBaHWsl CBIJIACHO PAaBEHCTBOTO
f©(0)=-124%, cnemsa @ (0)=-847%. 3a ma ce
YCTaHOBH HEOOXOIMMOCTTA TIPU OTPEENSIHETO Ha
CIeMBAIUTE  WICHOBE B pelda HA MakiopeH, ce
OTPEIENAT PA3TUIHUTE OT HYJIA YKUCIEHH CTONHOCTH
Ha BTOPHS M YETBBPTHS WiCH Ha pena (2):
1)
o’ (0 .
%21'[ =4.10° omx/h>
0)(3) (0)
3!
Tsit kato 0,053.10°0omx/h e mo-romsma

t'=

2
%f =-0,053.10"° omx/h-

oT HGO6XO,Z[I/IMaTa TOYHOCT Ha HU3YHCIICHUC

0,001.10%0omx/h, To e HeoOXomMMO ma ce
HPOIBIDKAT M3UHCIIEHUATA Ha CIIEABAIIUTE YWIEHOBE Ha
pema (2): @ (0) =0 =804°

CrnenpamuTe U3YUCICHUSI HA CTOMHOCTHTE Ha
npomssomEmMTe Ha @(t) € BB3MOKHO Ja ce
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mpekpatsT, 3amoto or t=10°h ce ompenmens
CTOWHOCTTa HA  IIeCTHA  WIGH Ha  peja:
(5) 0 3
o ( )'[5=80/1 t°=5,3.10"° omx/h >
51 120

KOMTO CHOTBETCTBA HA 3a/aJIeHaTa TOYHOCT, 3aIlioTO
5,3.10°<0,001.10°.

B TaxbB citydait, Kato ce OTPaHIYIHM C JIBETE
CTOMHOCTH Ha WieHOBeTe Ha pefa (2) ce mony4asa
OIIEHKATa Ha MHTEH3WBHOCTTA Ha TTOTOKA OTKA3M C

TOYHOCT JIO TPETHSI 3HAK CJIe]] ICCETHUHATA
3arneTast:

2
84 t°=3,947.10"° omx/h -

3!

3akaoueHue:

B pesyntar Ha U3BBPIICHOTO TEOPETHIHO
W3CJIeIBaHE ¥ TPEIOKEHHS TpUMep ca TIONydeH!
CIICJTHUATE PE3YJITATH:.

1. lpennoxkeHus: MOAX0J € yIO0OCH 3a OICHKH B
Clly4aif Ha TPOM3BOJHA (DYHKIMS Ha TUTHTHOCTTA HA
paztpeieneHue.

2. M3uucrneHwsTa TapaHTHpaT HeoOXoauMmara
TOYHOCT HpI/I yCJ'IOBI/Ie, 4e€ B U3CJI€ABaHAaTa CUCTEMA CE
W3MON3BAT  €IAHOTHUIIHU [0 HAASKIHOCT (PYHK-
LIMOHAJIHHU EJIEMEHTH.

3. TlomxombT € akKTyaJeH 3a TeXHHYECKaTa
CKCIU10aTansd Ha aBHAllMOHHHW CHCTEMU, nopazm

Q(t)=2A1t

HEOOXOAMMOCTTA OT  TEKyIio JehHHHpPaHEe Ha
HAIeKIHOCTTA  HA  CHCTEMHTE  OCHTYPSIBAIIH
0€30IaCHOCTTA Ha IT0JIeTa.
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Abstract:

The information stored in flight data recorders of modern commercial aircraft is used primary for flight safety
and maintenance purposes, but it can be used effectively for research purposes as well. The latest include various types
of aircraft model tuning and validation problems. To use the flight data recorder information for model validation and
tuning it should be mathematically processed. This publication describes this process, including data reformatting,
validity check, filtering, smoothing, and derivation of flight parameters that are not stored.
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1. Introduction

The modern aircraft digital flight data recorder
systems (DFDR) store a large number of parameters
related with the conditions of the flight, the aircraft
configuration, the work mode of the main aircraft
systems and their health status. This data is used
primary for flight safety and maintenance purposes,
such as incident investigations, flight express analysis
and systems health trend monitoring. The range of
stored parameters and the quality of this data make it
valuable also for various research applications.

In Reference [1] this approach for using recorded
flight data was implemented for aircraft flight model
tuning and validation. Ref. [1] was focused on the
flight model itself and as far as it is a separate
complicated task, there was no detailed description of
the way the flight data was processed.

In fact the conditioning and processing of the data
from the DFDR for any particular use is a separate
problem, which is to be solved with the methods of
digital signal processing and the theory of flight. It
includes data validity check and filtering, and the
derivation of the flight parameters in a suitable form.
The present publication is intended to describe this
process.

2. Problem analysis and solution approach

The use of DFDR in the civil aviation is imposed
by the flight safety. It must allow the reconstruction of
the flight, based on aircraft aerodynamic models and
models of the aircraft systems. Also it must allow
identification of certain events in the flight.
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The requirements for DFDR are given in the
regulations of the national aviation authorities such as
Ref.[2]. These regulations give the minimum
mandatory list of stored parameters and the
requirements for accuracy and frequency of data
sampling for each parameter.

Usually the data in the DFDR is stored in the
Avrinc-717 protocol [3]. Arinc-717 specifies the format
of the stored data and separates it in frames. This
protocol allows data to be stored in different
information rates and with different precision. The
parameters are divided in analog and discrete
parameters.

For a particular type of aircraft the list of stored
parameters usually includes parameters additional to
the minimum required. The precision of the data may
also differ. Not all of the parameters are needed for the
purposes of modeling the flight dynamics. This applies
to the parameters that monitor the health of the critical
aircraft systems.

After an analysis of DFDR records it was
determined that to be used for purposes stated, the
information must be processed in the following way:

1. Selection of parameters required for flight model
adjusting.

2. Data reformatting and units of measurement
conversion to Sl

3. Validity check.

4. Data filtering and interpolation.

5. Derivation of not recorded flight parameters

Table 1 gives the selected analog parameters of the



Airbus A319 aircraft DFDR. 43 out of 134 analog
parameters were selected. They allow the tuning and
validation of flight dynamics models and powerplant
models. Some of the selected parameters are
interconnected, which is used for the parameter
validity check.

Table 1. List of A319 DFDR analog parameters, selected for
flight dynamics model validation

Mnemonic Description Unit, Frequency
4 ALT COARS altitude coarse ft, 1/2 Hz
5 ALT FINE ft, 1Hz
6 ALTITUD/RA Altitude rate ft/min, 1 Hz
7 AOA/CAP Angle of Attack capt bus deg, 2 Hz
22 COMPUTED AIRSPEED Inertial kts, 1 Hz
23 Computed airspeed Anemometric kts, 1 Hz
29 EGT ENG1 deg.C, 1 Hz
30 EGT ENG2 deg.C, 1 Hz
37 EPR.EENG1 EPR ACTUAL ENG1 %, 1 Hz
38 EPR.ENG2 EPR ACTUAL ENG2 %, 1 Hz
39 FUEL QTY left inner cell kg, 1/64 Hz
40 FUEL QTY right inner cell kg, 1/64 Hz
42 FFO.ENGL/C fuel flow Eng.1 corse | pph, 1 Hz
43 FFO.ENGL1/F fuel flow Eng.1 fine pph, 1 Hz
44 FFO.ENG2/C fuel flow Eng.2 corse | pph, 1 Hz
45 FFO.ENG2/F fuel flow Eng.2 fine pph, 1 Hz
46 FLAPS deg, 1/2 Hz
47 FLIGHTPH Flight phase 1Hz
55 GSPD Ground Speed kts, 1 Hz
56 GVT/COARS Ib 1/64 Hz
57 GVT/FINE Ib 1/64 Hz
62 HEAD heading/true or mag. value/ deg, 1 Hz
64 present pos. latitude coarse deg, 1/2 Hz
65 present pos. latitude fine deg, 1/2 Hz
70 LATA Lateral acceleration 0,4 Hz
77 LONA Longitudinal acceleration 0,4 Hz
78 LONG COA/C deg, 1/2 Hz
79 LONG FIN/C deg, 1/2 Hz
80 LONG.COA/F deg, 1/2 Hz
81 LONG.FIN/F deg, 1/2 Hz
85 N1IENG1 N1 ACTUAL ENG1 % rpm, 1 Hz
86 NIENG2 N1 ACTUAL ENG2 % rpm, 1 Hz
93 N2ENG1 N2 ACTUAL ENG1 % rpm, 1 Hz
94 N2ENG2 N2 ACTUAL ENG2 % rpm, 1 Hz
95 NORMAL ACCELERATION g,8HzZ
102 PITCH attitude deg, 4 Hz
105 RALT1 radio height 1 ft, 1 Hz
106 RALT?2 radio height 2 ft, 1 Hz
112 ROLL ATTITUDE deg, 2 Hz
118 TAT Total Air temperature deg.C,1Hz
119 UTCH UTC hours 1/64 Hz
120 UTCM UTC Minutes 1/4 Hz
121 UTCS UTC Seconds 1/4 Hz

3. Data reformatting

After the selection of required parameters is done,
they must be conditioned for use in the computational
modeling environment. As it can be seen in table 1
most of the parameters are stored in non Sl units that
have to be converted accordingly.
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As the Arinc 717 protocol uses fixed point words,
is some cases to ensure the required span and precision
of a parameter it is divided in coarse and fine
partitions. For information reliability reason the coarse
and the fine partitions are partially overlapping. To
merge them in a single value equation (1) is used.
mOd maX(Xfine)

coars
2

X=X

coars

- X @
,where X is the parameter concerned. Fig. 1 gives
an example of this operation.
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Fig. 1. Aircraft gross weight parameter merging and
validity check
5. Data validity check

In some cases the systems related to DFDR may
send incorrect data due to sensor disturbances or other
factors. This makes necessary to check the validity of
the recorded data. In case of single record analysis this
can be performed manually. For processing the data
for multiple flights it is better to device an automatic
procedure.

Two criteria for determining data validity were
applied (2).

a‘min < ai < amax

|Aai| < Aamax (2)

A =a; —a;

First the current value of the parameter a; must be
within the maximal range of the parameter [amin amaxl-
This criterion is useful in case of lost input when the
DFDR records the largest value that can be
represented, which is greater than the maximal range
of the parameter. An example of this condition can be
seen at the right of fig. 1.

Second the different of the consecutive values of
the parameter Aa; must not exceed a given limiting
value Aan. This check catches instability of input
when the value of the parameter fluctuates with a rate
larger than the normal maximum rate of change of the
parameter. An example of this condition can be seen in
fig. 2. A weak point of this approach is that the
limiting different must be set, based on prior analysis.



These two criteria can be used together or
separately, depending on the parameter that is
checked.

4. Data filtering and interpolation

Data filtering may be applied to smooth recorded
data that is rough and to achieve better accuracy in this
way. In this work symmetric moving average filter is
used for this purpose.

The interpolation of data is necessary in case of
parameters that are recorded at rate lower than once
per second. The DFDR reading software stores the
values of all parameters each second. For parameters
recorded at lower rate it repeats the last recorded
value. This makes difficult the accurate use and
interpolation of these parameters. For this reason the
interpolation is made in the following way:

1. Determination of data sampling moments
(finding step changes in the parameter value)

2. Cubic spline interpolation and replacement of
the recorded with the interpolated values.

Another case in which interpolation is needed is
the replacement of invalid data. If the parameter
affected is monotonously changing and the interval
with invalid data is not in the beginning or the end of
the recorded flight, than a linear interpolation between
the valid points that surround the invalid data can be
applied.

For ]
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Fig. 2. Example of data validity check and smoothing

6. Derivation of not recorded flight parameters

As main parameters of the flight the DFDR stores
the pressure altitude H and the calibrated air speed
Vs AS a parameter of the environment the total air
temperature T, is stored [2]. For the needs of the flight
modeling we must derive from these parameters the
true air speed Vi and the Mach number M.

The relation between the true and the calibrated
airspeed is through the dynamic pressure of the
compressible flow g, [4]:
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where P is the ambient pressure, p is the air density, y
is the ratio of specific heats of the air, the subscript 0 is
for the parameters at sea level, standard conditions.

To solve system (3) the state of the atmosphere at
given altitude must be known. For this purpose a
model of the atmosphere, described in [5] is used. In
this model the state of the atmosphere is a function of
the altitude H and the difference ATsa of the
temperature T; from the standard atmosphere
temperature Tsa at this altitude. T is related with T by
the Mach number M:

L @
2

=
1+
From other side M is a function of Vs, which is
unknown and the speed of the sound a, which depends

on the state of the atmosphere. Finally the system of
equations, written in simplified form is as follows:

Vigs = T Va5 0, P)
p.P=1(H AT,

AT =T, =T = £(H,T,)
T, = f(T,,M)

M :\&: f(vtas’ H’ATISA)
a

®)

System (5) is highly nonlinear. It is solved
numerically without any further substitutions. A
disadvantage of this approach is that if this calculation
should be performed for each stored moment of the
flight (every second) it requires a lot of computational
power. A possible solution of this disadvantage is to
space the calculation moments for periods of steady
flight. In this case the calculation step will depend
from the rate of change of the initial parameters
(H,Veas, TY).

The results of the calculation of true airspeed and
Mach number for a typical flight are illustrated at
figure 3. In this figure the true airspeed is compared
with the ground speed of the aircraft. The two speeds
are close to each other. The difference is because the
speed of the wind. This is an indirect indicator for the
correctness of the true airspeed calculation.
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Fig. 3. Example of airspeed and Mach number profile for a typical flight

7. Conclusions

To be used for flight and aircraft systems modeling,
the DFDR data must undergo several steps of
processing. In general they can be divided into
following:

1. Selection of required parameters

2. Data reformatting and units of measurement
conversion to SI

3. Validity check.

4. Data filtering and interpolation.

5. Derivation of not recorded flight parameters
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Condor

MATEMATHYECKA OBPABOTKA HA HHOOPMANUATA OT INOJIETHTO
JAIIMCBAIIO YCTPOUCTBO HA TPAHCIIOPTEH CAMOVJIET 3A HEJIUTE HA

MOJAEJIMPAHE HA ITOJIETA U CUCTEMHUTE HA CAMOJIETA

BJiAguvMup CEPBE30B
Texuuyecku yausepcuteT - Codusi, karenpa "Bb3ayieH tpancnopt”

AHoTanus:

ChbBpeMEHHHTE TPAHCIIOPTHU CAMOJIETH PA3MoJiaraT ChC CPEICTBA 32 3alKC HA TOJISMO YKCIO TIOJICTHU mapaMerpu. Tasu
uHpopMaIms ce HM3MONI3Ba OCHOBHO TPU PA3ClC/IBAHEC HA JICTATEIHH MPOM3IIecTBHsA. KadecTBOTO Ha Ta3u HH(pOpMAIHS
TO3BOJISIBA TS J]a C€ M3IION3BA U 32 HAYYHO-CKCIICPHUMEHTAIHH 3a1a4d. KbM TsX criafaT HaCTpoWKa M BATUIMPAHE HA MOJICIH
Ha ToJiera, Ha paboTara Ha cucTeMuTe U Jp. 3a nenrta uadopmarmsta TpsOBa Ja mpeMuHe 00paboTKa, BKITFOUBAIIA (HITpALHS
Y M3IKIaHe Ha JaHHUTE, MATEMaTHIECKO U3BEXK/IAHE Ha He-3aIMCaHU TAapaMETpH.
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Pestome: B pabomama ca uzcnedsanu pazmuunu peanuzayuu Ha TTHJ] — 3akona 3a ynpaenenue 6
cucmemama bBJIA — AIl 6 ycmanogen pesicum. Ilomyuenume pesyimamu ca aHamsupau u ca
HanNpaseHu uzgo0u U NPEenopvKu 3a HACMpoUKama Ha Koumypume na AIT

Knrouosu Oymu be3nunomuu remamentu anapamu, aesmonujiomu, 3aKOHU 3d ynpaeieHue

1. Yeoo

Karo pasButre Ha mHpOrpaMHpyeMHTE HHIYCT-
pUaTHA KOHTPOJIEpH AHEC Ha Ma3apa ce Ipeiarar
yuuBepcanan  asromwiotn (AIl) 3a Ge3maIoTHH
neraresnu anaparu (BJIA), B kouto e 3anoxen [TA]]
3aKOHA 32 YIpaBJIEHHE BbB BCHUKU KOHTYpH Ha ATl
[4]. XapaktepHa ocobeHoct Ha BJIA e, ue
JIMHEAPU3UPAHUTE UM MATeMaTHYeCKH MOJCIH Cca
U3rPAJICHH OT HSIKOJIKO MOCIEAOBATEIHO CBBP3aHH
WHTETpUpal  3BeHa. Hampumep  OCHOBHHTE
rapaMeTpl Ha CTPaHMYHOTO JBIKeHHe Ha BJIA:
BIJIOBATAa CKOPOCT MO KpeH (M), kpena (y), Kypca
(¥) u JmMHEHOTO CTpaHWYHO OTKIOHeHHe (Z) ce
MOJy4aBaT dYpe3 WHTErPHpaHe Ha [PEIXOIHHUS
mapameTsp. BB3HMKBA BBIPOCHT: Kak Ouxa CH
B3aUMOJICHCTBATY CHOTBETHUTE WHTCTPUPAHUS B
Mozena Ha BJIA c BBBENEHOTO HHTErpHpaHe H
nudepentmpase ot Al u TpsOBa i 2 ce npuiara
TIN/ 3axoH BBB Bcekr KOHTYp Ha All

Hacrosimata ~ pabota e  mocBereHa — Ha
M3CIIEABAHETO HA TO3M NpoOJeM M MMa 3a Lel Jia
yJIECHH TIPOLIeca Ha HACTPOIBaHE HA YHUBEPCATHUTE
AT kM xoHKpeTHN BJIA.

2. Memoo 3a uscneosane

W3cnenBaneTo € W3BBPIIEHO IO METOJA Ha
mpepaBartenHuTe  (QYHKIMH HA  3aTBOpEHATa
cucreMa bJIA-AIl, w3non3Bailku MpUHIWINA HA
CYNEpIO3UIMATA, BAIWAEH 3a JIMHEAPU3UPAHUTE
cucreMd. M3cnenBaHu ca  cBoiicTBaTa Ha
cucreMata npu wusnon3BaHe Ha All ¢ TBBpHa
obparna Bpb3ka (TOB) Ha cepBO3aBMKBAHETO U
Opu pa3nudHd 3akonu 3a ynpasnenue (I1, T/,
IMNUM). Pasrmeman e ciaydasT 3a KaHaja Ha
€JIEpOHUTE, M3MOJI3BAaH 32 YIpaBJIEHUE Ha
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IIOCOYEHUTE 110 rOpe NapaMeTpu Ha CTPAaHUYHOTO
nemkenne Ha BJIA. XapakTepHo 3a TO3W KaHAI €
HAJIMYUETO HA TPHU IIOCIEAOBATEIHO BKIIIOYEHU
uHTerpupay 3seHa. I1o nmoroGeH HaunH MoXe aa
ObAe M3CIeABaH U KAHATBT HAa KOPMHIOTO 32
BUCOYHHA, UMAIIl T000HA CTPYKTYpa.

W3cnenaneTo € U3BBPIIEHO [0 OTHOLIEHUE Ha
TOYHOCTTa Ha Bb3IpousBexaaHe or All Ha
3aJa/leHUTe NapaMeTpu Ha JBWKEHHETO Vs, s U
Z, B YCTaHOBEH pEXHUM, IPU OTCHCTBHE WU
HaIM4Me  Ha  CMylIaBalld  BBb3AEHCTBUSL
Omnpenenar ce rpewikute Ay = v — v, Ay = y; —
Y uAZ =Z;— Z B clay4auTe Ha:

- OTCBCTBHE Ha CMYILIABAIIY Bb3AECUCTBHUI;

- BB3JEHCTBUE HAa IOCTOSHEH CMyIlaBall

moment (MJ') okono HammekHaTa OC Ha

BJIA, mpuBeseH KbM EKBHUBAICHTHO
OTKJIOHEHHE Ha eJIePOHUTE:
5o Mi”‘6 : (1)
JXaX
KBIETO: Jx — MHEPUHOHEH MOMEHT, a)s( -

JIMHAMHUYeH Koe(hUIMeHT oT Moiena Ha BJTA;

- HaJIMYMe Ha MOCTOsHHA rpeuika (€,) mpu
U3MEpBaHE Ha bI'bja Ha KPEHA;

- HaJIMYMe Ha MOCTOsHHA rpeiuka (€,) mpu
U3MEpBaHEe Ha bI'bja Ha Kypca;

- JelcTBHE Ha NOCTOSTHEH CTPaHUUEH BATHD,

u3paseH upe3 brojia Ha oTHacsHe (Pg).

Ha ¢ur. 1 u ¢ur. 2 ca npeacraBeHn 00600-
LIEHUTE CTPYKTYpHU CXeMH Ha cuctemara bJIA —
AIl ¢ TOB 3a cimydauTe TpH ynpaBieHHE Ha
KpeHa, Kypca U CTPaHMYHOTO JIBM)KEHUE HA IIEHThpa
Ha macata Ha BJIA. [IpenaBarennara GyHKIMSI HA



newkennero Ha BJIA mo BrimoBa ckopocT Ha
KpeHa UMa BUIa:

ks

Wor )= 27
i

@)

)
KBIETO: kme — Koe(HIIeHT Ha MPOMOpPIHOHAT-
HOCT; Tw— BPEMECKOHCTAaHTa Ha alepUOJAMYHOTO

3BEHO.

Hemndupanmsat KOHTYp (10 MPOU3BOAHATA HA
KpeHa) He MpOMeHs BUIAa Ha Ta3W NpeqaBaTeliHa
(GyHKIMS, a caMO HEWHHWTEe MapamMeTpH W 3aToBa
HE € MMOKa3aH Ha CTPYKTYPHUTE cXeMH OT ¢ur. 1 u
¢ur. 2. IlpemaBarennara (yHKOUS Ha JIBHKe-
Hueto Ha BJIA 1o xpeH e

1

W2 (p) = Woe <p)5. @3)

BunsT Ha npenaBarenaure Gpynxmun W, W,

Vs L Ay T3

€KB
8e

nu W; ce ompenens or wu3OpaHus 3aKoH 3a
ynpasnenue (I1, I[1]1, [TA).

3akonute 3a ympasinenue Ha All ¢ TOB 3a
KaHalla Ha eJIEPOHMTE, 3allMCaHd B OIlepaTopHa
¢dopma, umat Buaa [2]:

8e = 2 Wi(xi3 — X)), 4)
i=1

KBIETO Xj; M X; — 3ajaJeHa W TeKyla

CTOMHOCT Ha yNpaBIsiBaHUA MapameTsbp.
B o0mus cmyuail npemaBatenHara (yHKIUS
W; uma Buna [2]:

n
W, =k’ +kf‘p+%, (5)

n n
kpaeTo K; | ki’:l u K{' — mpenaBarennu 4mcia

Ha aBTOIIMJIOTA.

Be

Bs
T K é 14
Wye (p) T >
W, (p)

@ur. 1. CtpykTypHa cxeMa Ha cucremara bJIA—ATI npu ynpaBienne Ha Kypca

YN

\J
Y

@wur. 2. CtpykTypHa cxema Ha cucremara bJIA—AII npu ynpasnenue Ha
CTPaHUYHOTO ABHKeHue Ha [[.M.
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B Hacrosmara paGota ca u3cinenBaHu 00O
TpUHAJlECeT BapuaHTa Ha 3aKOHU 3a yIpaBlieHHE
Ha AIl mo oTHOlIEHHE HA TPUTE MapaMeTbpa Ha
CTpaHu4HOTO JBMkeHue Ha BJIA — kpeH, kypc u
JUHEHHO CTPaHUYHO OTKJIOHEHHE.

3a oueHssBaHe Ha e()EKTUTE OT U3MOJI3BAHETO Ha
pa3IMYHUTE 3aKOHM 3a YIpaBJIE€HHE 3a YCTAaHOBEH
PEeXUM Ha JBIDKEHHETO, C€ Hamupa IpeaaBaTenHara
(GyHKIMST Ha 3aTBOpEHAaTa CHCTEMa, IIOJydeHa
ype3 npeodpazyBaHe Ha 0000IeHaTa CTPYKTYpPHA
cxema, 3a wn30paHHTe BXOAHA (33/7aBallo0 MM
CMYII[ABAIl0 Bh3/ACHCTBUE) U U3X0/Ha (Tpelka Ha
yIOpaBisIBaHKUS — [APaMEThp Ha  JIBHIKCHHETO)
BEJNUYMHA.

Koedpunuentst Ha cratussm () u Koehum-

CHTHTE Ha TIpelikara mo ckopoct (%) ¥ 1o
yckopenue (), M0 OTHOIIEHHE HA 33JaBAIIOTO U

CMYIIABAIMTe BB3ACHCTBUS, C€ OMpEenessaT OT
npeaBareniHaTa (QyHKIHS HA ChOTBETHATA 3aTBOPEHA
crucTeMa u ot npousBoauute it pu P =0 [1,2]:

do . d%o

:q) -0 Y = —— -0 = —
X (po_O X dp p=0 X dp2

p=0 (6)

3. Pezyimamu om uzcieosanemo

B pesynraT OoT mpoOBENEHOTO H3CIEABaHE €
OTNpeeIeHO IPU KO 3aKOHH 3a YIpaBJIeHHE

cucremMata BJIA—AII e ctatnyHa WM acTaTUYHA
OT CBOTBETEH pexA, IO OTHOIICHHE Ha
pasriIexIaHuTe BXOJHA M HW3XOAHA BEJUYMHA.
[onyuenuTe pe3ynrtati ca mpeactaBeHu B Tadu. 1.
Wznon3Banu ca cieHUTE 03HAYCHUS:

C,- crarnusa cucrema (¢ rpemka B

YCTaHOBEH PEXHUM);

Anm - acraruuHa cuctema (0e3 rpemka B
YCTaHOBEH PEXKUM);

N — u3xonHa BenuuuHa (N =y, \, Z)

M — pen Ha acratu3zbsMm (M =1, 2, 3);

X — Bux Ha 3akoHa 3a ympasieHue (X = II,
14, T ),

Xy, Xy, Xz — 3aKOHH 3a yIpPaBJIEHHE CHOTBETHO
0 KPEH KypC ¥ MECTOIOJIOKEHHE.

4. Ananu3 na nonyuenume pesyimamu

Or ananmm3a Ha mpejacTaBeHuTe B Tabm. 1
pE3yNTaTH MOTaT Ja Ce HAMPABST CIICIHATE U3BOIHL

1. IIponoprmonanHata chCTaBKa B 3aKOHA 3a
yIpaBJCHHE B MO-BBHIIHUTE KOHTYPH OCHUTYpsBA
acTtaTM3bM Ha  BbTpElmIHUTEe KOHTYpH (0T
cpaBHeHHETO Ha BapuanTH 2 ¢ 3 1 6 ¢ 10).

2. HHTrerpamHata CBCTaBKa BBB BBHHIIHUS
KOHTYP OCHTYpSIBa acTaTH3bM KaKTO B CBOSI, TakKa
U BBB BBTPEIIHUTE KOHTYpHU (Bapuantu 4, 7, 8, 12).

Tabmuma 1
B BxoaHa BeJIMUMHA
a
p 3akoH 3a ananme | Cmymasam
" ynpaBJjieHue (6e3 MOMEHT 110 Crpannven | I'pemiky HA AaTIHIUTE
3 CMYIIICHHSI) KpeH BATHP
T Kpen Kypc
1 Iy A}{ Cy - Cy -
2 1 1
2 Ty Ay Ay - Ay -
1 pl 1 1 al 1 1
3 Iy Iy Ay Ay Ay Cy Ay Ay Ay Cy Ay
1 p2 2 al 1 a2 1 2
4 1Ty TNy Ay Ay Ay Ay Ay Ay Ay Ay
1 p2 2 al 1 p2 2 al 1 p2
5 Iy Ny Ay Ay Ay Ay Ay Ay Ay Ay Ay Ay
6 Ty Iy Cy Cy Cy Cy Cy
1 1 1 1 1
7 T Ty Ty Ay Ay Ay Ay Ay
8 Uy Ny A, A, A, Cy A,
1 1 1 1 1
9 TINJTy TIA Ty A, A, A, A, Ay
10 1Ty TyT1z AL A, Ay | AL A, Cz | Al CyCz Cz Cz
11 Iy MylIlz Cz Cz Cz Cz Cz
12 1Ty IyI11z A, Ay AL | AY AL AL | A Cy A Al A,
13 | IUyIylz | A2 Ay AL | AL A, A] Cz Cz Cz




3. WHrterpanHara CbCTaBKa B IO-BBTPEIIHHS
KOHTYp BJIOIIaBa Ka4eCTBOTO Ha YIIPABICHHUETO B
MO-BBHIIHUTE KOHTYPU KaKTO B CTaTHKa, TaKa U B
JuHaMuKa (OT CPaBHEHUETO Ha BapHaHTH 3 ¢ 6 u
10 ¢ 11).

4. BeBexaaneTo Ha audepeHInatHa ChCTaBKa
B KOHTypa Ha Kypca He BIHse Ha CTaTHKaTa Ha
cucremara (BapuaHture 7 u 9 ca paBHOCTOMHH).
Ts 6u Oma HeoOXOAMMa B KaHala Ha €JEPOHUTE
3a momoOpsBaHe Ha JAWHAMUKATa Ha CHUCTEMara
TOTaBa, KOTaTO Ca W3YEpIaHd BBH3MOXKHOCTHTE 3a
nemipupaHe Ha KojeOaHHMATA MO PUCKaHHE C
IIOMOIIITa Ha KOPMIJIOTO 32 HAIIpaBJICHHE.

5. AcraTu3MbT 1O Kypc OT BTOpPH pel
OCHTYpsiBa 3aBOH C TOYHO 3amajeHa BIIIOBA
CKOPOCT, KOETO € Ba)XHO TPH H3IOJ3BAHETO HA
crieraitHo obopyaBane Ha BJIA — TerneBm3noHHH,
¢dorokamepu u apyru (Bapuantu 4 u 5).

6. [Ipu cTpaHuyeH BATHp acTaTH3MBT IO KypC,
0e3 ympaBlieHHE IO MECTOINOJIOKEHHE, OCUTYpsBa
JOBIDKEHHE CbhC 3aJaJIeHHsl Kypc YCHOpEOHO Ha
3aj1a/ieHara IbTHA JTnHUS (BapuaHnTd 4 u b).

7. llpm cTpaHW4YeH BATBD acCTaTU3MBT IO
MECTOIIOJIOKCHHE CE OCHTYpsiBa C TpeIIKa IIo
kKypc. B To3m cmywait BJIA ce 3aBbpTa
ABTOMATHYHO  CpeIly  BSTHpPa,  ClleABaiKH
3ajajieHaTa IbTHA JWHHUS. ToBa 3aTpyaHsSBA
ABTOMATUYHOTO KaraHe ¢ KoJecHuK (Bapuant 12).

5. O6uwu u3600u u npenopvKu

1. He e nHeoOxommmo na ce mpwiara [THUJ]
3aKOH 3a YINpaBJeHHWE BBbB BCHYKH KOHTYpHU 3a
ynpasienue Ha All

2. Haii-noOpu pe3yaTaTH MO OTHOIICHHE Ha
TOYHOCTTA Ha YIIpPaBJEHHUE Ce I0JIyyaBaT, KOraro
WHTErpUpaHe ce Npuiara caMO B Hal-BHHIIHUS
KOHTYp 3a yIpaBJI€HHE.
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3. 3a mpeanounTane ¢ aUQEpEHIMpaHe 1a ce
Impuiara caMO B HAi-BBTPEIIHHSA  KOHTYD
(koHTypa Ha KpeHa) 3a nemmdupaHe Ha
KoJIeOaHUsATA B HETO.

4. UssectHo e [2,3], 4e BCSIKO MHTETPHPAHE B
cuctemata BJIA-AIl Bausie oTpHUIIATETHO Ha
nuHampkara . [lo Ta3sw mpuumHa BKITIOYBAHETO
Ha BCsSKa WHTETpajlHa CHCTaBKa B 3aKOHa 3a
ynpaBJieHHue TpsIOBa ja e 100pe 000CHOBAHO.
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EFFECTS OF THE INTEGRATION AND
DIFFERENTIATION IN THE UAV
AUTOMATIC CONTROL LOOPS

Tsvetan Stoyanov ~ Plamen Petrov

Abstract: In the paper different types of PID
low realizations in the UAV — AP system are
investigated for a steady state regime. The results
are analyzed and conclusions and

recommendations about the AP loops adjustment
are formulated.
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Abstract:

B paGorara e mpencraBeH MOAaieH aHauW3 Ha Jomarta Ha Xenaukorrep. Jlomarara ce CbCTOM OT CTOMaHEH
HaKpailHUK 1 alTyMUHHEB JOHKepoH ¢ aepoauHamuueH npodmn NACA 0012. Jlonatata e Monenupana 1o
METOfIa Ha KpaiiHuTe eeMeHTH ¢ nporpamuns naker ANSYS. Hamepenu ca mbpBute ocemM COOCTBEHH YECTOTH

u opMHu Ha JlonaTaTa.

Keywords: mooanen ananuz, nonama na xenuxonmep, Xelukonmep.

1. YBox

IIpu n3cnenpane Ha aepoeTaCTUYHNTE CBOMCTBA Ha
JOMaTh Ha XEJUKONTEpH, MOJAJHHUAT aHaIu3
(HamupaHeTO Ha COOCTBEHHTE 4YeCTOTH W (HOpMH Ha
KOHCTPYKLIMSATA) € OTHpaBHA TOYKA MPU BCAKO
n3cienBane. YeCTOTHHAT [Uala3oH € BaXXeH MIpHU
W3CJIeABAaHETO Ha 3ary0a Ha CTaTHYHA aepoeNlacTHYHA
YCTOMUYMBOCT Ha Jionara Ha xenukonrep. Haii-mankara
coOCTBEHa CTOMHOCT Ha XeNMKONTepHara Jiomara
oIpeieNisi KpUTHYHATa CKOPOCT Ha BB3IYIIHHUS MOTOK,
TIpU KOUTO MO ISHCTBUETO HA CTAIlMOHApHA TTOIEMHA
cwia Jomarata ce JedopMupa CIEACTBHE Ha
eacTU4YHOCTTa  CH  J0  paspyllaBaHe  Ha
KOHCTPYKLATA. YECTOTHUAT AUAIa30H € BaXKEH U PU
W3CIEABAaHETO Ha JWHAMHYHATA AaepoeNlaCTHYHA
ycroiunBoctT. Ilog geficTBHETO Ha HECTAIMOHAPHHU
aepoJMHAMUYHM CWJIM Moral Ja  Bb3HHUKHAT
caMOBB30Y)KHaIllM ce TpenTeHus. ToBa sBICHUE €
W3BeCTHO Karto (matep. ChllecTBYBaT peAnIia METOIN
32 MOJAJIeH aHajiu3 Ha aBHAIMOHHH KOHCTPYKLIHH.
Jluteparypuure uw3tounmim [2, 3] mpemsarar
KOJIOKaLIMOHHUA MeToJ. IIpu KOJOKallMOHHHSA METOx
HHTETPAJIHOTO ypaBHEHHE Ha JAedopMHUpaHe Ha
Jlonararta ce pellasa 3a JUCKpeTHU ceueHus. 1o To3u
HayMH 3ajayaTa ce CBeXIa J0 pellaBaHe Ha
anreOpUyYHU MaTPUYHU YpaBHEHUs. 3a pelllaBaHeTo Ha
3ajayata €  HEoOXoouMO  Ja  ce  3HaAT
pasInpeiesIeHHeT0 Ha KOpaBMHATa Ha YCYKBaHE M
MOJI0’KEHUETO Ha OCTa Ha KOpAaBUHA 33 JUCKPETHHUTE
ceuennsi. B paborara [8] e u3BbpiLeHO n3cneaBaHe Ha
KOMOWHHpaHUTE YCYKBAIM U OIbBAllM TPENTEHUs Ha
XEJIMKOIITEpHA JIoNaTa, KOsITO CE ChCTOU OT CTOMAaHEeH
HaKpalHUK, alyMUHHEB JIOHXKEPOH ¢ edenrHa 8 mm,
OINalllHA CEeKLMsl, N3rOTBEHA OT aJyMUHHEBAa OOILIMBKA
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¢ nebemmna 0.4 MM © KOSITO € 3ambJIHEHAa C
ayMUHHEBO (ONMO THN “TyenHa muta” ¢ aedenuHa
0.03 mm. IIpo¢dunsr Ha nomaratra ¢ NACA 23012.
Uucmenoto pemeHne e  HampaBeHo 3a 150
paBHOMEpHO u30paHu ceueHus. Hamepenu ca
COOCTBEHUTE YECTOTH Ha Jiomarara. B paborara [1]
CHII0 C TIOMOINTA Ha KOJOKAIMOHHWS METON €
M3CIeiBaHa CTaTHYHATA ACPOCIACTUYHA YCTOHUMBOCT
Ha cbliata Jjomara. [lodydeHa e CKopocTTa Ha
JVBEPreHIHs TIPU KOSATO JIomata ry0n yCcToHunBOCT. B
JIMTEPATYpHUS M3TOYHUK [D] € mpesicTaBeH MEeTombT
Ha Myklestad. ITpu To3u Metox somaTaTa ce pasaens
Ha peauia OT  JHUCKPETHH  €IEMEHTH  ChC
ChCPENIOTOUCHH Macd B KpaWilata U HEU3MEHHU
eNaCTHYHHN CBOicTBa Mexny TiaX. [lo To3m HauwmH
YacTHOTO JH(EPEHIMATHO YpaBHEHIE HA OI'bBaHE Ha
jomara ce 3aMeHs C MOpeauia OT OOMKHOBEHHH
nuepeHIMaIHl ypaBHeHHs. B mocneaHo Bpeme
TOJIMO TIPWJIOKCHWE HMAaT pasiMdH{ TIPOTPaMHH
naketd, Harp. ANSY'S, COSMOS, NASTRAN u np.,
U3M0NI3BAIN METONBT Ha kpaiinute enementu (Finite
Element Method-FEM) [5]. [Ipu Hero nomarara ce
npeacTaBs ¢ geopMupyeMa Mpexka OT BB3IH U
eneMeHTH. MacoBuTe M WHEPIMOHHH CBOICTBa ca
CBBP3aHM C BB3IUTE, [OKATO CIACTUYHUTE U
JeMriupaly CBONCTBA ca BKIIOYCHH B CIIEMEHTHUTE.
Bceku Bb3en MMa MakCHMAajHO IIECT CTEHNCHH Ha
cBoOoma. 3aBBPIICHUAT KpaiHO-eTIEMEHTEH MOJIEN
MMa ToJsIM Opoif Ha CTereHN Ha CBOOOIa, B pe3yiTar
Ha KOCTO 3a pEIIaBaHeT0 My € HEeOoOXOIUMO IMOo-
rO/SIMO M3YKMCIHMTENHO Bpeme. Ilpu To3m Moxen ce
pelmaBaT TOpemMIa OT YaCTHH AW(EepeHIHATHH
ypaBHeHMs.  KpaifHo-eJleMEeHTHHAT MoIen  JaBa
JOMBJIHUTENHA BB3MOKHOCT Ja C€  HM3YHCIT
HETMOCPEICTBEHO HATPESKCHUATa M Ja CE HAIpaBU



SIKOCTCH aHaJIM3 Ha KOHCTPYKIUATA Ha JionaTara.

2. XeJIMKONTEPHA JIONATA

KoHcTpykisaTa Ha XeNHUKOITEpHATa Jomara ¢
nokazana Ha ¢ur.l. Jlomarara ce cBCTOM OT
AJTyMHHHEB JIOHKEPOH 1 M CTOMaHEH HaKpaHHUK 2.
AepommHamuunuaT npodun Ha jomnatata € NACA
0012. CpenHaTa aepoAMHaMHUYHA XOp/a Ha JIoNaTaTa €
0.185 m. Jlomarara € JMHEHHO YCyKaHa ¢ BIBI —5°.
Monymesr Ha IOHr Ha amyMuHHWeBaTa CIUIaB Ha
JIOH)KEpOHA € E=7.17x10"° N/m?, KoeuIeHT Ha
Toacon p=0.33 u mrsTHOCT p=2740 kg/m®. MomymsT
Ha IOHr Ha cTOMaHeHaTa CIDIaB Ha HaKpaiHHKa €
E=19.3x10% N/m?, koedurment Ha [Toacon u=0.29 u
mrstHOCT p=8030 kg/m’. BuHTBT Ha XenmkonTepa
¥Ma 2 JIonaTtH ¥ e ¢ paauyc 1.7 m.

@ur.1. KoHCcTpyKIMs Ha XEIMKOITepHATa JioTaTa

3. FEM-mopes Ha XeJIMKONITEPHATA JIONaTa

3a MozenupaHeTo Ha jonata ce nznoimsa ANSY'S.
MsnomBan e ememenr SOLID 186, koiito e
npoctpaHcTBeH 20-BB3NIOB TBBPA €JIeMEHT. Bceku
Bb3eN MMa 3 CTENEeHH Ha CBOOOIA: TPH TPaHCNAIWH B
X, Y ¥ Z HarpaBlieHus. To3H eNeMEeHT € TIOIX OIS TIPH
MOJIeTIpaHe Ha HeTPaBUIHH (HECHMETPHYHU) MPEKH,
u xorato ce msnonssar CAD/CAM mozpenn.

OCHOBHOTO ypaBHEHHE, KOETO C€ peliaBa B
ANSYS nipyt MOJTaTHUSI aHATH3 €

[MH{}+[CHa}=0 @)

kbaero [M] e macoara marpuma, [K | e marpumara
HA KOABHHA, 4 {(|} € BEKTOpa Ha MPEMECTBAHHATA HA

BB3JIHTE.
3a nuHEWHM cucTeMH, pemienrero Ha (1) e
XapMOHHMYHO U Ma BUZA

{a}={s}; cosest @)

KBAETO ¢ € BEeKTOpa, MpeicTaBisBall (opmara Ha i-
TaTa coOCTBEHA YECTOTa, 4 (Jj € COOCTBEHATa KPbroBa

9ecToTa.
CrieoBaTentHO, TPsIOBA 1a CE PEIIM 3ajadaTa 3a
HaMHUpaHe Ha COOCTBEHU CTOMHOCTH

70

[c1-wRiM1fg =0 ®)

Him

[c1-wfM] =0 @

CobctBenara yectota me Op1e fj =—-

4. Yncnenu pe3yaraTta

Ilpu monamaus anamus ¢ ANSYS e wm3non3eBan
Block Lanczos, ocmoBan ©Ha QL-airopurbm.
Hamepenu ca mbpBuTE OceM cOOCTBEHH 4ecTOTH B HZ:

34.73 127.2 182.75 231.33 385.56 522.5 610.6 742.65

Ha ¢wur.2-9 ca nokazaHu cbOTBETCTBALIUTE HA TE3U
COOCTBEHHM YeCTOTH COOCTBEHH (hOPMHU.

@ur. 2. [TppBa codcTBeHa hopMma, ChOTBECTBAIlA HA
mbpBara codcTBeHa yecrora 34.728 Hz

@ur. 3. Bropa codctBeHa GopMma, ChOTBeCTBAIlA HA
BTOpara codcTBeHa uectora 127.2 Hz









































































































































































































































































































































































































































































































