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THIN VISCOUS ELLIPTICAL ACCRETION DISCS
WITH ORBITS SHARING A COMMON LONGITUDE
OF PERIASTRON II. POLYNOMIAL SOLUTIONS
TO THE DYNAMICAL EQUATION FOR INTEGER
VALUES OF THE POWERS IN THE VISCOSITY LAW

Dimitar Dimitrov
Space Research Institute - Bulgarian Academy of Sciences

Abstract

For jnteger exponents n(n = -1, 0, 1, 2 and 3} in the viscasity law n = X" with
X~ surface density of the accretion disc, we have investigated the polvnomial approach to
the solutions of the dynamical equation in the accretion disc model of Lyubarskij et al. [12].
Power series expansions of the eccentricity efu), its derivatives efu) and é(u), their powers
e'fu), &, ...; eXfu), &, ete. are truncated at appropriate values of the exponents and then
substituted in the dynamical equation. Making additional fruncations in the intermediale
products and results, we have nevertheless achieved accuracy of the solution better than ~
10% for large enough domains in the plane (¢, é). These results are established graphically
by comparing the polynomial approximation of the eccentricity € polmomil (whereu = Inp, p
is the focal parameter of the ellipse) and the exact values e () derived by means of numerical
solving of the equation. The solutions of the second order ordinary differential equation of
mation are parameterized by means of the boundary conditions e,= e(u =0} and é, = é{u
= {}j. The coefficients in the power series expansions are evaluated in explicit form, but
because of their complexity we give only thelr “sizes”, considered as lengths of the files
which represent them. Problems referred to the possible singularities of the results are also
discussed.



Introduction

Both analytical and numerical studies during the last two decades reveal
many of the observational characteristics of the accretion discs around compact
objects with high masses (black holes in the active galactic nuclei) and stellar
masses (white dwarfs, neutron stars and black heles in binary stellar
systems). The comparison between the theoretical medels and the observations
provides to extract information not only about the physical properties of these
objects but also about the structure and physical conditions in the accretion
discs themselves. In particular, it is evident that approximately half of the
young stellar objects, recognized as binaries, are associated with geometrically
thin and optically thick circular accretion discs. For such cases the geometry
and physics of the accretion flows are considerably complicated in comparison
with the identical phenomena around single compact bodies. Similar situations
may arise when a planet system forms inside the disc and the protoplaneis
locally deplete the material along their orbits. The recent observational evidence
about the existing of extrasolar planet systems have given rise to another aspect
concerning the radial structure of the accretion discs. As a rule, the suspected
extrasolar planets have orbits with high eccentricities. Although the eccentricity
values and also the radii of the protoplanet orbits may change for different
stages of the planet-forming evolution process [1], it is suggested that the
elongated eccentric orbits arise because of the eccentric shapes of the progenitor
accretion discs. For example, Marcy et al. [2] have investigated two G-type
main-sequence stars HD 210 277 and HD 168 443, and have concluded the
existence of companions orbiting around these stars and having masses
comparable with the mass of Jupiter. Their orbits are with large eccentricities:
e = 0.45 and e = (.54, respectively. Such eccentric orbits may result from
gravitational perfurbations imposed by other orbiting planets or stars, by passing
stars in a dense star cluster, or by the eccentric protoplanetary disc. While HD
168 443 exhibits a long-term velocity trend, consistent with an undetected yet
{directly) close stellar companion, HD 210 277 appears to be a single star.
Consequently, the later possibility i1s most likely the explanation for its large
eccentricity. This picture also takes a support from the widespread explanation
of the superhump events in the light-curves of SU UMa type stars, that explores
the eccentric structure of the discs. It is natural that under such circumstances
the interest to the theory of accretion discs with non-circular orbits of their



particles has increased during the recent years, because the explanation of the
properties of such objects is a necessary condition for understanding the
superhump events as a whole. The complexity of this problem may be illustrated
by the comparison between the cataclysmic variables and low-mass X-ray
binaries. As pointed out by Haswell et al. [3], in cataclysmic variables
superhumps are believed to result from the presence of 3:1 orbital resonance
in the accretion disc. Then the accretion disc becomes non-axisymmetric and
precesses. The variations of luminosity in cataclysmic variables are caused by
a tidally-driven modulation of the viscous dissipation into the disc, depending
on the beat between the orbital and disc precession period. By centrast, in
low-mass X-ray binaries the tidal dissipation in the outer parts of the accretion
disc is unimportant because the optical emission is dominated by reprocessing
of the X-rays emitted from the compact object. Consequently, in these two
cases the superhump modulation is caused by two distinct mechanisms.
Similarly, detailed hydrodynamic simulations of the superoutburst events in
dwarf novae, including the full tidal potential of the binary system, are
performed in the work of Truss et al. [4]. Their theoretical (using numerical
methods) investigations of the mass flux through the disc, the growth rate of
the superhumps and the disc eccentricity show that the superoutburst-
superhump phenomenon is a direct result of tidal instability. Other studies of
such events demonstrate that the stabilization of the superhump period at low
values favours model, in which period changes arise strictly from eccentricity
changes rather than mean radius changes in the disc [5]. This explains why
decreasing period and decreasing amplitude are strongly linked in the
superhumps of dwarf-nova,

Other observational studies of the dwarf nova WZ Sagittae [6] whose
eclipses permit measuring the location and brightness of the mass-transfer hot
spot imply that the disc must be very eccentric and nearly as large as the white
dwarf’s Roche lobe. Because the hot-spot luminosity exceeds its quiescent
value by a factor of up to 60, this indicates that the enhanced mass transfer
from the secondary plays a major role in the eruption, determining the
geometrical shape of the accretion disc as well.

Accretion discs are expected to oceur in a large number of various
selestial objects, for example around protostars, accreting compact objects on
stellar binary systems and also around supermassive black holes at the cores
of galaxies. The importance of these phenomena for astrophysics



lies in the circumstance that they are related with local hydrodynamical or
magnetohydrodynamical processes which can allow outward transport of the
angular momentum of the infalling matter. So, a considerable part of the
surrounding matter is able to reach the surface of the compact object, increasing
its mass and changing its spin velocity. The significance of the above properties
naturally explains why a large number of theoretical (both analytical and
numerical} models of accreting discs have been developed during the last two
decades and have been compared with the available observational astronomical
data. A lot of theoretical works have revealed many of the subtle properties of
the accretion discs in order to accommodate the models to these data. In
particular, Ogilvie [7] stresses that an important and widely neglected aspect
of the interaction between an accretion disc and a massive companion with a
coplanar orbit is the vertical component of the tidal force. The response of the
disc to the vertical forcing is resonant at certain radii, at which a localized
torque is exerted and at these radii a compressive wave may be emitted. The
m = 2 inner vertical resonance in a binary star is typically Jocated within the
tidal truncation radius of a circumsteliar disc. This resonance contributes to
angular momentum transport and produces a potentially observable non-
axisymmetric structure, Larwood and Kalas {81 numerically investigate a close
stellar fly-by encounter of a symmetrical circumstellar planetesimal disc and
derive that this mechanism can give rise to the many kinds of asymmetries
and substructures attributed to the edge-on dusty discs of § Pictoris. Their
conclusions are supported by the optical coronographic observations of the
outer perts of the disc of B Pictoris whose asymmetry was found to be
approximately 25 %.

Eclipses in the binary stellar systems are often used techniques for
obtaining numerical estimates of the perameters of these objects, including
the characteristics of accretion discs when they are present in such binaries.
For example, the use of the hot-spot eclipse times of the deeply eclipsing
dwarf nova ['Y UMa enables to trace out the shape of its disc during the late
superhump era. The resuit is an eccentric disc [9]. The analysis of the high-
speed photometry of the dwarf nova EX Draconis through its outburst cycle
reveals that the disc expands during the rise phase until it fills the most of the
primary Roche lobe and one-armed spiral structure present in the disc at the
stages of the outburst {10].

The above mentioned papers are only a small part of the numerous
theoretical and observational evidence illustrating that the accretion disc may
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have not only eccentric shape, but also a complicated internal structure like
gaps and spiral density waves, This situation makes reasonable the studying
of discs composed by particles moving on elliptical orbits around a compact
gravity center. In the present work we continue an earlier investigation [11] of
an accretion disc model developed by Lyubarskij et al. [12]. Their analysis of
the accretion flow appears to some extent as a generalization of the standard
a-disc accretion [13] to the case of non-circular (i.e., elliptical) orbits. Here,
our goal is to obtain analytical solutions to the dynamical equation describing
the accretion flow according to the model of Lyubarskij et al. [12] and to
derive the domain where our resuits are valid. For the latter reason it is worthy
to note also some of the limitations of the a-disc model of Shakura and Sunyaev
[13]. The standard model of disc accretion assumes that the gravitational energy
is locally efficiently radiated from both sides of the cuter disc surface and the
gas keeps its (ncarty) Keplerian rotation because the interactions between the
neighbouring radial annuli are neglected. However, there may exist an important
process which leads to a structure different from that picture — namely, the
advection. Physically, the advection process means that the generated energy
via viscous dissipation is restored as entropy of the accreting gas rather than
being radiated. As stressed in [ 14}, the advection effect may be very important
both for the cases of low and high rates, since radiation decreases efficiently
under these circumstances. The angular velocity of the gas is much lower than
the Keplerian, i.e. the sub-Keplerian velocity is one of the general properties
of the advection-dominated flows. In the model of an optically-thick disc
considered in [14}, the emission of blackbody radiation from the disc surface
1s so inefficient that the advection cooling dominates over surface cooling
because of the high accretion rate that leads to photon trapping in the disc.
While in the standard model of Shakura and Sunyaev [13] in the radiation-
pressure dominated region thermal instability exists, in the advection-
dominated case the accretion flow is thermally stable in the same range. The
reason why the advection cooling stabilizes the radiation-pressure dominated
region of the disc is that it plays two important roles: balancing and lowering
the generated energy.

Another important property of the standard a-disc model is that
turbulent stresses leading to outward angular momentum transport in accretion
discs are treated as resulting from isotropic effective viscosity, related to the
pressure through the o-parametrization of Shakura and Sunyaev {13]. This
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simple approach may be adequate for the simplest aspects of accretion disc
theory and was historically necessitated by an incomplete understanding of
the origin of turbulence [15]. Recently Balbus and Hawley [16-19] have shown
that the magnetorotational instability provides a mechanism of generating
turbulent Reynolds and Maxwell stresses in sufficiently tonazed discs for which
the a-viscosity mode] is not able to provide satisfactory description of many
aspects of this process. The new generation of models taking into account
these properties of the accretion flows should be particularly useful in
understanding the dynamics of warped, eccentric and tidally distorted discs
and also non-Keplerian flows (which are expected, for example, close to black
holes).

In the above mentioned notes we have touched some of the unresolved
problems of the standard a-disc accretion model. These deficiencies must be
kept in mind when the results obtained in the next sections of the present
paper are considered. Our solutions to the particular cases of the dynamical
equation, governing the eccentric accretion flow, are in fact, solutions of a
problem treating the accretion picture on the base of the Shakura-Sunyaev
model for circular discs [13], extended to the case of eccentric orbits by
Lyubarskij et al. [12]. All the restrictions concerning the applicability of such
theories in reality (tested by means of observations) will be valid for our
solutions even when they are mathematically exact in the considered domain
of parameter space).

Numerical Solutions to the Dynamical Equation of the

Accretion Flow

In a previous paper [11] we have obtained the explicit form of the
dynamical equation valid for a stationary accretion, as considered by Lyubarskij
et al. [12]. These results are obtained for particular values of the exponent
(namely, n = -1, 0, 1, 2, 3 } in the accepted power-law relation n = f 2 #
between the viscosity n and the surface density 2 of the eccentric accretion
disc. Following the notations in [11], this equation can be written as a
homogeneous second order ordinary differential equation:

(1) Ale,é,n)é+Ble,ée,m)ée=0,
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where Afe, ¢, n) and B(e, ¢, n) are already known functions of e, ¢ and » (their
derivation is the main outcome of [11] ) and the dot (.} denotes differentiation
with respect to u = In p ; p is the focal parameter of elliptical trajectories of
the gas particles. In their paper Lyubarskij et al. [12] have numerically solved
equation (1) for some particular values of n (see Figs. 2-5 from [12]) and have
obtained three classes of solutions. In order to verify our analytical derivations
we have also repeated the solution of differential equation (1) using a numerical
method and have found agreement between our graphics and the graphics in
[12]. We shall further use the exact results of the numerical integration of
dynamical equation (1) as standards with respect to which we shall compare
the validity of our analytical approximations to the solutions of (1). This wil}
give us the opportunity to establish the domain where our analytical approach
is successful and also to estimate the precision of the approximations. We
shall test the most simple and the most suitable for the analytical applications
fitting of the eccentricity dependence ¢ = e(u=In p, n) — the polynomial
approximation.

Polynomial Approximation to the Solutions of the

Dynamical Equation

We shall try to find a solution to equation (1) using the following power-
law expansion for the unknown eccentricity function e = e{u, n)

%)
(2)  e(w,my=Xa(nu,

i=0
where the coefficients a(n) (i = 0, ..., M) are unknown functions on the
parameter » and are subject to further determination. Because our investigation
of the problem of finding solutions to equation (10} is restricted only to five
fixed integer values of n (n = -1, 0, 1, 2, 3), in what follows we shall omit the
explicit notation of the dependence on n. The meaning of n will be clear from
the heading of the considered case. Generally speaking, the power series (2)
may contain an infinite number of terms (i. e., M = ). But in order to obtain
practically effective and usable computational procedure, we must fruncate
series (2), assuming some finite value M (i. e, M < @ ). In the present work
we have confined ourselves to the value M = 5. This was done for computational
reasons. When we attempted to determine higher order coefficients a, a,
etc., the analytical expressions for these functions became so long and
complicated that the available memory of the computer was not
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enough in order to perform the analytical evaluation of these quantities. Such
a circumstarice must not be considered only as a technical problem, but also
as an evidence that the analytical approach we have selected is not productive
in view of high accuracy evaluation of the eccentricity e{u) along the radius of
the accretion disc. Consequently, the applied method for approximation of
e(u) by means of a polynomial 1s working effectively only when the truncation
M =5 is appropriate to give the desired precision. We stress that the main aim
of our investigation is to find analytical expressions for e(u) which are suitable
for further analytical manipulations and which should not produce too
complicated mathematical formulae as final results. Unfortunately, if the lower
order coefficients a,, a,, @, and a, are tedious expressions, there is not any
reasonable hope to expect that the application of the approximation {2) will
ensure this optimistic outcome. So, we have to confine ourselves to the more
particular case of simplifving of the task, namely, to use in the intermediate
analytical calculations the suitable for analytical work polynomial
representation (2), without introducing in it the explicit form of the coefficients
a (1=0,1,..., M) and only arriving at the final results to do these replacements.

In the case » = 1, when dynamical equation (1) has relatively simple
form (see cq. (14) from [11] ) we have made comparison for two different cut-
offs of series (2): for M= 5 and M = 8 (a better degree of approximation). The
results show that we cannot establish an evident increase of accuracy when M
= § is used instead of M = 5. Transferring this conclusion to the cases n =10, 1,
2 and 3 (without an explicit proof ! ), we are challenged to believe that assuming
the cut-off M = 5 is a reasonablc compromise between the complexity of the
coefficients g, (1 =0, 1,..., M) and the accessibility of a higher accuracy of the
approximation (2) by means of greater values of the cut-off M. Taking in
advance the results in the next section of this chapter, we give the “size” of the
coefficients ¢, (i = 2,..., M (or M,} ) as evaluated by the occupied computer
memory. Of course, this is a very rough measure of the complexity of these
quantities, but their explicit formulae are too long and complicated to be given
in this paper. For this reason, we prefer to prepare only a brief sketch of their
length, which of course does not reveal their internal structure. Such a
description of the coefficients ¢, (i = 2,..., M, (or M,).) may seem as a very
fictive picture of their real mathematical properties. Nevertheless, the data
clearly demonstrate the increasing complication of the computational procedure
when higher order terms are taken into account into power series (2).

14



It also supports the unavoidable need to cut off this series at M = 5.
Consequently, the derived domain of validity of approximation (2} can be
hardly extended (for a value of the accuracy fixed in advance) of the solution
e = e{u, n) ) to a wider region in the parameter space of the initial conditions
(e, =elu, = Inp, n), é,=é(u, = Inp,n)). We stress that we have chosen to
investigate/derive the solutions to dynamical equation (1} by using polynomial
approximation (2) for its simplicity in view of its application to analytical
evaluations (easy differentiation and integration, simple procedures for finding
roots and singularities, etc.). However, we do nof state that there are not more
complicated exact analytical solutions to the homogeneous second order
ordinary differential equation (1). Our inability to find such solutions ¢ = e(u
= [n p, n), though they may be very awkward, does not mean that they cannot
be found at all | Of course, we shall confine ourselves not to the maximal
purpose to obtain these solutions, but to put into use more complicated
approximate expressions than (2), in order to expand the domain of validity of
the approach. However, this eventually may not be the successful position.
Out of the complicated analytical applications, the more exact solutions (in
the sense of an extended domain of validity) do not ensure in advance a better
coincidence with the observations. This is because of the inaccuracy of the
physical description of the reality inherent to the model of Lyubarskij et al.
[12], as discussed earlier. Therefore, the use of more precise approximations
than (2) does not guarantee that the higher price to be paid for that is an
acceptable decision. We only mention in that sense, that we have tried to
transform the most simple of the considered dynamical equations (namely,
eq. (14) from [11]; Case » = -1) substituting e(u, n = -1) = cosfy{u, n=-1}],
but the introduction of the angular coordinate w(u, n) did not produce the
expected result — the equation was not reduced to a form supposing an easier
to find exact solution.

An important note should be made. The general solution of differen-
tial equation (1) depends on two integration constants which are subject to
determination from the initial and boundary conditions. The considered prob-
lem deals with a stationary accretion disc, so it is sufficient to give the values
of two physical characteristics of the disc at a given fixed value of the focal
parameter p, (respectively, 4, = In p). The most natural choice seems to se-

lect the eccentricity ¢ and its derivative ¢ =0 ¢/ du = 3 (Ine) o p. Interms of
the polynomial approximation used here, the later variable may be written as

15



M-t
3 eum= 2z i+Da, uw; (n=-1,0,1,2,3).

i=0
In what follows in this paper, we choose the value of the focal parameter at
which we give the boundary conditions, to be equal to 1. Respectively, u, =
Inp,=0.Because p = b%/a, this means that we set the boundary conditions on
an ellipse with major and minor semiaxes a and b, respectively, satisfying the
relation b = a'?. Then, omitting the notation of », from (2) and {3) we obtain
the simple relations e, = e(u,) = a,and ¢, = é(u;) = a,. In other words, using
the above gauge, we in fact assign values to the coefficients ¢, and 4,.
Consequently, these quantities must be considered as independent input
parameters of the problem and all other variables are functions of them. In
particular, the higher order coefficients a, (i = 2,..., M, {or M,) ) also depend
on g, = ¢, and a, = ¢, (and on the exponent » in the viscosity law n = 8 27, of
course). For each fixed value n=-1, 0, ..., 3, we have derived ¢, (i=2,..., M
(or M,}) in an explicit form as functions on a, and a,. And then the lengths of
these expressions were approximately evaluated as shown by the data on Table
1.

Tablel. Approximate evaluations of the “size” of the coefficients
a (e, e, n.

Powers n=-1 n= 40 n=+1 b7 +2 n=+3

Coefficients

322 kb | 868 kbt 143 kb | 6.13 kb | 8.16 kb

a'!

a, 383 kb | 464 kb | 111 kb | 287 kb | 402 kb
7, 535 Kb | 143 Kb | 369 kb | 767 kb | 127 kb
a. 904 kb | 231 Mb| 856 kb | 168 kb | 281 kb
a, 12.07 kb

a, 19.0 kb

a, 28.7 kb

Selecting the polynomial approximation (2) and the boundary

conditions ¢, = e{(u; = 0) and ¢, = é(u, = 0), we can also compute easily the
second derivative of the eccentricity:

16



@ éu) :M§ (+2(i+Da,u,

=0

the difference e(u) — é(u) between the eccentricity ¢(u) and its derivative

e(u).

M-1

(5) ew)-éwy=2Lla-G+Da,lu,
i=0

the powers of the eccentricity e(u) and é(u):

6) eXu)= Z(‘Zak a u ,

=0 k=0

N =2 ( > a:Z aa, Yu,

i=0 k=0 p=0

8) e'w)= ‘E[E(EaL Ik)(Za a, ) 1w . ete.,

=0 =0 k=0 k=0

(9)  éXu)= Z[Z(k+l)(1—k+1)akﬂ a,., v,
i=0

(10) &) = 5 { > [Z(l+1)(k—l+1)am a1 G-k+a,, }u, et

=0 k=0 1=0

Obviously, the higher powers of the eccentricity e(u) and its derivative é(u)
become more and more bulky, but nevertheless they may be computed in an
explicit manner. We shall not, of course, give them here. But we shall write a

formula, also used in our computations. According to [20] (see expression
5.3)
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(1) (Q-e)y”=Xde ;d=1.d=-%;
i=0
= J2i-3) 1/ @h ! fori=2,3, ...
(this means that d,=-1/8,d,=-1/16 ,d,=-5/128 , etc.).

The above formula is also applied for expansions in powers of the expressions
(1 —¢?)" and [1 — (e — ¢)? |7, replacing e(u) by é(u) or by [e(u) — é(w)] ,
respectively. Combining the expansions like written above, we have also
computed the power series expansions of (1 —e?)*2, (1 —e?)*? | ...; (1 - &)*?,
(1-e?, ... ;[1-(e—¢eP 1, [1-(e-¢)?]"?, ... . As afinal result, we have
obtained the necessary power series expansions of the coefficients Ade, ¢, n}
and B(e, ¢, n) for every fixed value of # =-1, 0, 1, 2 and 3. Substituting these
into dynamical equation (1) and reducing after some algebraic manipulations
its left-hand side to a series in powers of u, we transform (1) to the following
form:

%]

(12) Zcfe, e, a,a,...a,n)u=0, (n=-1,0,1,2,3; M=50r8).
i=0

This nullification must be fulfilled for arbitrary values of # and, consequently,

all the coefficients c(e,, ¢, a,, a., ..., a,,, #) also must be equal to zero:

gr Fgr Hae Uy

(13) clepépana,....a,n=0,n=-1,0,1,23;M=5or8).

It should be mentioned that multiplying different kinds of expressions
like these given by formulae (2) - (11), we shall obtain terms including powers
of u greater than M. Such circumstance leads to undesirable complications of
the intermediate calculations of the left-hand side of (12). For example, we
may get terms proportional to #'®, #'S, 4", etc. To avoid this objectionable
situation, we cut off the powers of » which are much greater than M (M =5 ot
8). Of course, these manipulations of the intermediate analytical expressions
must be done carefully in order to avoid in the final sum erroneous truncations
of terms proportional to #' (i< M). In that sense, we insured ourselves by
formally preserving the terms in (12) up to order ™, which do not create too
much problems with respect to the complexity of the formulae.
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Deriving explicitly the coefficients c{e,, é,, @,, a,, ..., g, 1), it turns
out that for each fixed value ofn=-1,0, 1,2 and 3, relatlons (13) give lincar
equations fora (1=2, 3,..., M =5 or 8} provided that the low order coefficients
a, are already known. That is to say, equalities (13) are in fact recurrence
formulae for a (i =2, 3,..., M =5 or 8). In more details, we have that the free
term of (11) depends only on ¢, ¢, 4, and n, but not on a ete. Equating it
to zero
(14)  clep épa,ny=0,
we obtain g linear equation for the unknewn quantity a, , which 1s easily
solved. Further we see that the coefficient ¢, depends only on ¢, ¢, a,, a, and
n. Similarly, it turns out that its nullification
(15) ey, épa,a,n)=0
appears as a lmear equation for the unknown quantity a, under the condition
that the value of g, is already computed from (14). This sequence of operations
can be extended, because
C, = C€, €y Ay Gy G, my =0, 0, = ¢fe, €5, a5, a,,a,a,n=0, etc, and
these relations are /inear equations for a,, a,, etc. realizing all these steps, we
obtain finally the polynomial approximation (2) for the eccentricity e(u) of
the orbits of the accretion disc particles. We again stress that (2) is only a
fitring to the exact solution of the dynamical equation (1), regardless of whether
the latter is obtained by numerical or {may be ?) analytical methods.

It remains to check the precision of our approach, comparing the
graphics of the solutions of type (2) with the results of the numerical integration
of (2). It is clearly seen that in the parameter space (e, ¢) (for every fixed value
of n) there are regions where the polynomial approximation (2) gives an
excellent agreement with the exact solutions of equation (1). There the
difference e(u)__ — (U)ot 118 be less than 10 or even better!). But
there are also domains where it is fully unacceptable. The transition between
these two regions is, however, too steep as a rule. Consequently, it is very
important to determine precisely the boundaries of the validity domain of the
tested (in this paper) truncated power-low series approximation (2), We remind
that the eccentricity e(x) and its derivative e(u) must satisfy the following
restrictions for all u: je(w)f < 1, 1@(up < 1 and je{u) — é(2eh < 1 [11], which in turn
determine the shape of the overall domain, where we are seeking solutions of
dynamical equation (1). The above equalities will be discussed in more details
in a forthcoming paper. We also note that (for our illustrative purposes) we
have chosen to reject all the polynomial solutions at the level where

37 47
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ie(u), ..~ e(u)po’mmiaﬂ (.1,1.e., we accept that satisfactory accuracy is achieved
when the deviation of the tested analytical approximation (2) from the exact
(numerically obtained) solution is better than 0.1. It is evident that the domain
where polynomial approximation {(2) turns out well has a complex shape, which
we shall not try to evaluate analyticaily. But nevertheless, this domain is large
enough to say that approach (2) makes sense and the considered problem is
solved at least particularly.

Singularities of the Power - Law Expansion Coefficients «

Evaluating the applicability of truncated (M = 5 or M = 8) power series
(2) relative to the possibility to solve the equation governing the stationary
accretion flow in the model of Lyubarskij et al.[12], we have to study in more
details the behaviour of coefficients a (1= 2, 3,..., M} in the parameter space
{e, ¢) for each n=-1, 0, 1, 2 and 3 in separate. Except for the case n = -1, the
explicit expressions for these quantities (functions on e and ¢} are so long and
complicated, as discussed earlier, that we are forced to apply graphical
argumentation rather than purely analytical one. Our aim is not to investigate
these coefficients as a whole, but only their denominators. The nullifications
of the latters dangerous sources, generating divergences of series (2).
Fortunately, this problem is essentially simplified by the property that the
denominators of a,, a,, 4,,..., a, are integer powers of the denominator of a,
within to a non-zero factor. This will be explicitly shown in the following
example, illustrating the case n = -1. Therefore, it is enough to concentrate our
efforts on finding the roots of the denominator of a,.

The case n = -1 is the most simple situation. For »n = -1 the dynamical
equation is relatively simple in comparison with the other cases ( [11], see eq.

(14)]:
(16) denominator a,=A(n=-1},

where A(n = -1} = (1 — e* (144 — 80&? — 16¢* — 8¢® — S¢*) . This expression
does not depend on é(u). Provided that |e(u) < 1 for all «, the roots of the
denominator a, (including their multiplicity) are:
e, =-e,=-1.209912 + 1.138902 ;
(AND] e, ==1.097309 ; ¢, ,=%1;
€., =-4422x 107 £ 1.771 346 ,

4,10

where { is the imaginary unit. Obviously, there are not troubles generated
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by the nullification of the denominator of a,, because all the roots are complex
or greater than (or equal to) 1 by absolute value. The higher order coefficients
have denominators as follows:

(18) denominator a, = 96 x [A(n=-1)]* ,

(19) denominator a, = 1536 x [A(n=-1)] ,

{20} denominator a, = 30720 x [A(n=-1]* , etc.

In gl the coefficients @, (i = 2, 3,..., 8), the denominators are multiple to the
powers of A(n = -1) and the other multipliers in each factorization are not
equal to zero. In the other cases n = 0, 1, 2 and 3, the situation is not so
analytically clear because of the complexity of the coefficients a (1=2, 3,...,
8), but the graphical representations of their denominators indicate that there
is no evidence of nullification of the latters (at Jeasr) for extended domains in
the plane {e, ¢). Of course, the domains of validity of polynomial approximation
(2) must agree with the restrictions te{u) < 1, 1¢{u) < 1 and

le(u) — é(u)i < 1 [11], as mentioned earlier.
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ThbHKHY BUCKO3HH EJIMIITUYHHU AKPELIMOHHH JHCKOBE
C I1. ITIOJIMHOMHH PELIEHHS HA AAHAMHUYHOTO
YPABHEHHE 3A HEJOYHUCJIEHH CTOMHOCTH
HA CTEHEHHTE B 3AKOHA 3A BUCKO3UTETA

A, Jumumpos
Pezrome
3a 1eMoYHC/IeHH CTENCHHH NToKasarenu » {n=-1,0, 1, 2 1 3) B 3axoHa

3a BHCKO3HTETZ # = f X", KbAETO 2 € NOBBbPXHOCTHATA INIBTHOCT Ha
AKPEIIHOHHUS JUCK, HUE CME H3CICABANM [OJIMHOMHUS IIOXOA 38 HAMHPAHE
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pELIEHHUATA HA AMHAMHAYHOTO YpaBHEHHE B MOJe/la Ha aKpeLHOHeH [HCK Ha
Jlobapckn v np.[12]. Pa3noxKeHunTa B CTEEHHH PEAOBE HA EKCLEHTPHUHTETA
e(4) ¥ HETOBHTE TIPOU3RONHH é(u) U &(u), TEXHUTE CTENeHN e*(u), e'(u),...;
é*(u), é*(u) ¥ T.H. ca OpA3AHH NIPH HOJXONANIM CTOHHOCTH Ha CTENEHHMTE
MOKa3aTeNu W clieJ] TOBa Te Ca MOCTABEHM B AUHAMHYHOTO YPaBHEHHE.
H3pBpIBaiiKK JOITBIHHTENHHE OPSI3BAHHSA B TIPOMEKIY THYHHTE IPOU3BEICHHUS
Y pe3yNTaTH, BbIIPEKH TOBA HHE CME JOCTHIHANIH TOYHOCT Héa PEIlICHHETO Mo~
no6pa ot ~ 10% 3a egHa gocTarpuHO roasMa obact B papHHHETA (e, €).

Teswm pesynraru ca ycTaHOBEHH TpaduuecKyt dpe3 CpaBHABAHE Ha
TNOJIMHOMHATA aMPOKCHMALIHA Ha eKCUSHTPHLMTeTA €\ (u) (KBACTO U =
In p, p e GoKaNIHHAT IAPAMETHP Ha €JIMIICATA) M TOUHHUTE CTORHOCTH e, (1)
TIONyYEHH MOCPSACTROM YUCICHO PeliaBaHe Ha YpaBHEHHeTo. Pelnennsta Ha
YPABHEHHETO Ha ABHKCHUE, KOCTO € QOUKHOBEHO JM(EPEeHIIHATHO YPaBHEHHE
OT BTOPH Pe/Jl, Ca ITaPAMEeTPH3IHPAHH C IOMOIITA HA TPAHHYHMTE YCIIOBHA €, =
e(u=0)u ¢, = é(u=0). KoepHUIEHTUTE B Pa3JICKEHNSATA B CTEIICHHH PENIOBE
ca OLCHCHH B SIBeH BHA, HO NIOPaZM TAXHATA CIOXHOCT HHE JaBaMe ¢aMmo
TEXHUTE “pazsMEpH’, pa3ICKAAHU KATO ABKHHE Ha (QalioBeTe KOHTO I'd
NpeAcTarar. J{ucKyTHpaHu ca chIo NpobneMUTe OTHACALNM Ce 10 Bb3MOKHUTE
CHHI'YJIIPHOCTH HA pe3yiTaTHTe.
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Abstract

An approach is considered for numerical integration of ordinary differential
equations systems of the first order with choice of a compultation scheme, ensuring the required
local precision. The consideration is made on the basis of schemes of the Runge-Kutta-
Felberg rype. Criteria are proposed as well as a method for the realization of the choice of
an “optimum’” scheme. The effectiveness of the presented approach o problems in the field
of satellite dynamics is illustrated by results from a numerical experiment. These results
refer to a case when a satisfactory global stability of ihe solution for all treated cuases is
available. The effectiveness has been evaluated as good, especially when solving multi-
varigble problems in the sphere of simulation modelling.
Key words: satellite orbit propagation, numerical simulation, Runge Kutta Felberg codes

Introduction
The practice of computing often demands the solution of ordinary
differential equation systems (ODES) of the first order:
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dy.
1)) d—:}wi(x -y:)

with initial conditions y ()= y? .. The type of the right side of (1) determines

the problem as stiff or non-stiff.

Different groups of methods exist for numerical solution of (1) in cases of
non-stiff problems. First, there are ones that are with general character,
applicable to a wide class of problems and there are others, which are
specialized, ortented to specific problems. The latter have certain advantages,
yet they require development for each specific case. An example of the second
type of methods is the so-called recurrent power series [1]. The methods with
more common applicatton are divided mainly into one-step and multiple-step
ones [2].

As far as the order of the equations systems of higher order is subject to
lowering, the methods for first-order systems are always applicable. There are
also methods, which are applied without preliminary order lowering. As arule
they are more efficient in cases when they can be applied [3, 4] but Nystrom’s
schemes [5] (which are the most popular) have a more restricted area of
application since they require the right part to be independent on the first
derivative of the dependent variable y.

In order to minimize the error and the computational expenses for each
Integration step, used to make the computations, major importance is attributed
to the step size for numerical integration and the order of the computational
schemes. Approaches exist for determination of optimum step size, which are
possible both with the one-step and the multi-step methods. The change of the
step in the one-step methods is easier while the multi-step methods require re-
computation of the function derivative values in new points and produce
complications [6]. The possibility to change the order (line) of the integration
method in some multi-step methods [2, 7] attracts attention.

Two basic final approaches exist in the numerical integration of ODES.
The first one is connected with integration through optimal step selection.
The optimal step size is determined on the basis of error assessment; in general,
at smaller error the step increases and vice versa. Optimization of the
computational expenses is achieved along with ensuring global stability of the
numerical solution at the end of the integration interval.
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The second approach requires finding the solution in equidistant values
by the independent variable. The integration by a constant step, however, does
not always meet the requirement for sufficient local error, connected with the
type of the functions on the right side of the equations, hence it can influence
the solution stability.

There exists, however, a possibility during integration with optimal step
to obtain the solution in desired points on the independent variable on the
basis of interpolation. In addition, special methods exist, combining numerical
integration and interpolation, with which the solution is obtained in arbitrary
points in a natural way with increased computational efficiency [8,9].

Different methods and programs-integrators of common differential
equations are developed and their efficiency has been examined. Because of
their large number we will mention only a few, having in common with the
evident one-step methods of the Runge-Kutta type {10,11,12,13]. Although
the efficiency estimations poin to some advantages in behalf of one or another
method and computer programs, when solving test problems there is not any
certainty as for which method is the most suitable one.

A number of methodological groups exist for numerical solution of (1).
The one-step methods of the Runge-Kutta type [1] are characterised by
adaptability and easy programme realization. Different computing schemes,
corresponding to those methods are known. The advantages of the schemes of
the Runge-Kutta-Felberg (RKF) type [2,3] are due to the fact that with minimum
additional computations, two solutions are simuitaneously obtained with
different precision:

n . _ aHl— .
@  %=Y*rhlag+O00™), v,= ¥ +h o g +OM")

_ . -
where 8= (p?(Xe,Y?)s 8= (Pi(XG'i-ak-h:Y?-i"hgbkjgj).

The difference between the two solutions ;. — y, givesthe exact value

of the main member of the local error O(R?*'} for a scheme of the p™ order, on

the basis of which the local error can be estimated. The classical RKF schemes
were followed by later schemes with enhanced efficiency as well as by
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a higher order of the solution precision {16,17,18,19]. Incases of computations
made on the basis of a scheme of the p™ order, by changing the integration
step in definite limits, the necessary local precision is obtained and hence, a
certain stability of the solution.

Formulation of the Problem

In the integration region along the independent variable x, the local error
is a variable quantity and depends on step b, on the p% order of the integration
scheme and on the type of the functions on the right side of {1). Minimization
of the local error by means of stepsize control is not the only possible one.
Actually, the mintmization of the local error by stepsize control is not always
suttable. Instead, we can use an integration scheme of the lowest possible
order, which provides the necessary local precision in integration with constant
step. In this way the computations can turn out to be considerably less than if
a scheme is used of an order, providing precision for the entire integration
region along an independent variable. The issue for selection of optimal order
of the integration schemes is dated far back [20, 21]. This is possible even
more in case when parallel integration of several ODES is necessary when the
solutions have different character and are obtained with different local
precision.

In the classical one-step methods of the Runge-Kutta type, the choice ofa
scheme with sufficient local precision is a problem, connected with the
possibility for evaluation of the local error. In this aspect, the methods of the
Runge-Kutta-Felberg type have advantages, which allow to choose a strategy
for selection of the optimum integration scheme [22]. RKF schemes are known
of 1/2, 2/3, 3/4, 4/5, 5/6 and 7/8 order [14,15]. In the schemes of 1/2 up to 4/5
order, the functions on the right side of (1) are computed in 3 to 6 intermediate
points, respectively, and for the schemes of 5/6 and 7/8 order - in 8 and 13,
respectively. Special methods are known for integration of ODES with variable
order of precision [ ] but instead we shall examine the possibility to use the

RKF schemes.

Let us consider the possibility to investigate the efficiency of selection of
an optimum scheme, connected with the integration of the equation of the
artificial Earth’s satellites motion (AES). The most common form of this
equation is [5]:
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&1 _ MM ¥

3 m
dt T

In (3) }’ is the satellite radius vector, m- its mass, M- the Earth mass, G- the

gravitation constant, }’- the disturbing forces, which determine the motion

model and t- the time. The vector equation (3) is usually solved by decreasing
the order to a_svstem of two equations:

—

nd Vo gmMy 7
dt r
4) PO
dr_g
dt

In (4) {} is the velocity vector. The conditions, which specify the numerical

integration local error of (4) at a constant step At and a scheme of the p™ order
are different for the separate sections of the trajectory.

A Strategy for Choosing the Integration Scheme

The choice of an integration scheme is not aimed by far at providing a
minimum local error, but just a sufficient local etror with which the numerical
solution will be steady within a given interval, with minimum computation
expenses.

In [22,24] we examined the following strategy of choosing an optimum
integration scheme for numerical integration based on the following cases:

a) For some functions ¢, the local error i has a minimum value,

bigger than the necessary one; a scheme of a higher order is now used and the
computations are repeated.

b) Smaller errors g. <G Ohy A€ obtained for all functions where

g' are rough estimations of the relations Q' (h‘”z) / o' (h"“) ; In this case it

18 reasonable to switch to a scheme of a lower order.
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Here it should be kept in mind that the estimation of §! is an essential problem.

The experience shows that the above-stated contradicting requirements can
be verified more precisely in the specific case of solving (4). This is made

when instead of the local errors a, i=1,..., 6, an evaluation of error

O= 1/ az + (_): + f)_f is made. Besides, when proceeding with an integration

scheme of a higher order, the relative error value should be preserved. Later
on, this value can be used as a lower limit, the passing of which should be
accompanied by selection of a scheme of a lower order. This solves the problem
with the difficulties in estimating. The strategy of choosing a scheme can be
presented, as follows;

a’} O>gAr, where Ar= Jsz + Ay’ + Az%, ¢ is the value of the

relative error selected with a view to attaining a global stability of the solution;
then it is proceeded with the selection of a scheme of a higher order and when

reaching a suitable scheme, the value of ( is included in (.

b’) § < O - proceeding with a scheme of a lower order.

The value of () is determined on the basis of the product ¢, O in which the

constants ¢, are dtermined empirically and the following values are accepted
as suitable: ¢,=.05, ¢,=.09, c=.1, ¢,=.2.

Evaluation of the efficiency

The advantage of selecting an optimum scheme for numerical
integration of ODES, treated from the computing expenses point of view, is
different in each separate case. The stability of the RKF schemes is investigated
on the basis of the model equations [3] with regulation of the step length.

It is of major importance to know how the use of schemes of a lower
precision order influences the global stability of the solution. Numerical
experiments have been carried out for integration of six satellite orbits with
main semi-axes and eccentricities, given on Table 1. The RKF scheme of 7/8
order is accepted as a guarantee of the numerical solution’s stability with
selection of a constant step within definite limits. The efficiency is estimated
on the basis of the number of computations on the right side of (4) by the
formula
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nr— n-
Q=—"— where n: refers to the guaranteed scheme, and p. - to the case
nz

of choosing an optimum scheme.

c’) O <O - Proceeding with a scheme of a lower order.

The value of (y is determined on the basis of the product ¢, O in which the

constants ¢, are determined empirically defined and the following values are
accepted as suitable: ¢,=.05, ¢,=.09, ¢=.1,¢c.=2.

Table 1.
Orbit number | Eccentricity Main semi-axis [m}
l 0 8 000 000
2 02 10 000 000
3 .04 20 600 009
4 .05 30 000 000
5 .07 42241 083
6 .08 50 600 000

Evaluation of the efficiency

The advantage of selecting an optimum scheme for numerical
integration of ODES, treated from the computing expenses point of view, is
different in each separate case. The stability of the RKF schemes is investigated
on the basis of the model equations [3] with regulation of the step length.

It is of major importance to know how the use of schemes of a lower
precision order influences the global stability of the solution. Numerical
experiments have been carried out for integration of six satellite orbits with
main semi-axes and eccentricities, given on Table 1. The RKF scheme of 7/8
order is accepted as a guarantee of the numerical solution stability with selection
of a constant step within defintte limits. The efficiency is estimated on the
basis of the number of computations on the right side of (4) by the formula

n = n-

Q=

where p, refers to the guaranteed scheme, and p. - to the case
nz

of choosing an optimum scheme.
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Fig. 1 presents the efficiency of the computations for each separate
orbit at different integration steps as well as the total efficiency. The stability
of the numerical solution is estimated on the basis of equation of type (4),
which includes different disturbing factors, related to the Earth gravitation
field. Fig. 2 presents the differences, obtained in the selection of optimum
integration scheme, towards the use of a scheme of the maximum order. The
temporal integration interval is one day and night. The computations are made

with requirements for local relative error €<2.107 . The estimation of the
results allows to draw up the following basic conclusions:

— the choice of a scheme, based on error estimation with the RKF methods
can result in significant economy of machine time;
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by decreasing the integration step, the global stability of the solution
decreases with using schemes of lower precision order, but it is
completely satisfactory for a wide range of problems; when necessary
to achieve a better stability for a definite class of orbits, it is necessary
to point out a smaller local error:

when multi-parameter computations are made in the field of immitation

modelling, the experimenter can trust the proposed strategy for selection
of computation schemes.
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Fig. 2. The difference between the solution, obtained with

selection of an optimum scheme and with a scheme of the 7*
order, obtained for one day and night at

The numerical experiments were carried out on the basis of programmes
using the Fortran programme language [24]. For this purpose an integrator of
systems of independent vector differential equations has been developed. It
allows the integration of every system to be performed independently on the

integration of the remaining ones, with individual choice of a method of
appropriate order.
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The examined approach for integration of independent differential
equations systems 1s applicable for solution of problems with many objects.
The enhancement of the computational efficiency is especially beneficial for
problems, whose solution should be made in real time. The examined approach
provides additional opportunities, connected with computational parallelization
in multi-processor systems as well as in network computations.
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TOUYHOCT
A. Amaunacoee

Pestome

Obcwxaa ce MoAxo/ 3a YHCIICHO MHTETPHPAHS Ha YPaBHEHHETO Ha
JABHXCHHC Ha UIKYCTBCHH CIIBTHHIIH Ha BCMﬂTa c H360p Ha H3IYUHCHAHTCITHAE
CXEMa OCHIYpsBalla HeoBX0ouMara JIOKaAHa TOUHOCT, PasriexanusTa ca
HANpABEHH HA OCHOBATA HA M3YMCIHTENHH CXeMM OT Tuna Ha Pynre-Kyra-
Genbepr. [Tpepnara ce kpurepuit 3a u3top Ha “onTHManHa” cxeMa.
EdexTHBHOCTTA M YCTORYMBOCTTA Ha PasTiexAaHUs IOIX0] € WIEOCTPHpaHa
¢ Pe3yATATH OT YMCICHM CKCHCPHMEHTH. M360phT Ha ONTHMANHA cXeMa €
TONXOMALN IPH PEHIABAHE Ha MHOTOMAPAMETPUUHH 3a7a9d B cdepara Ha
UMHTAIIMOHHOTO MOJENHpPaHe, KbIETO € OT 3HAYeHMe HAMAaNsaBaHeTO Ha
H3YUCIHATEIHUTE PA3XOAM IIpH AOCTATBUHA INoDaiHa yCTOHYHBOT HA
YHCIEHOTO PEHICHHE.
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Abstract

The sustainable use of municipal territory, complying with ecological and social-
economic features, is among the top-ranking directions of modern regional policy. 4 key
problem here is the evaluation and controf of the territories subject to intensive anthropogenic
activity. The paper presents a methodology for performing such type of study. Using
conventional-source data and satellite imagery integrated in a data base, a spatial model to
evaluate the man-induced transformation of the land of Novi Iskar, Sofia Municipality, was
designed. The ranking of land-use categories and the maps of the man-induced transformation
distribution index were created after Goffmann s methods adaprted for Bulgarian territory by
Hiev-Hieva. As a result of the dyramic urbanization process and the intensive agricultural
and industrial-transport activity, the landscape structure of the studied land has experienced
material changes. The calculated regional man-induced transformation index {Ual = 554}
is close to the index of Sofia Municipality, which is the highest for the country. It is strongly
affected by the high values of the index of fields that were utilized for residential and industrial

The study is implemented within the framework of Scientific-research contract NZ — No.1307/05
concluded between SRI-BAS and Scientific Research Fund at the Ministry of Education and Science
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purposes. Based on the generated digital terrain model, a series of derivative morphometric
cartographic models was created, which reveal the nature and features of the relationships
between the relief s plastics and the spatial distribution of the individual land-use categories.
The created geodaia base provides for express retrieval of thematic information from mulfi-
channel satellite images Jor the purpose of moritoring the examined territory s man-induced
transformation. Obtaining regular unbiased information is of great importance for the
Municipality 5 adequate policy formation and funding.

Keywords: man-induced transformation, remote sensing, geographic information
systems, spatial modeling.

1. Introduction

The sustainable use of municipal territory, complying with ecological
and social-economic features, is among the top-ranking directions of modern
regional policy. A key problem here is the evaluation and contrel of the
territories subject to intensive anthropogenic activity. The Town of Novi Iskar
15 one of the four towns located on the territory of Sofia Municipality. It was
proclaimed a town in 1974, as a result of merging the Villages of Kourilo,
Koumaritsa, Slavovtsi, and Gnilyane. The Town of Novi Iskar falls within the
Municipality’s northern industrial area which incorporates as well the industrial
settlements of Svetovrachane and Kremikovtzi.

The main objective of the study is the design of a spatial model to evaluate
the man-induced transformation of the territory of the Town of Novi Iskar,
Sofia Municipality. To achieve it, three interrelated tasks must be solved,
namely: 1, To create a geodata base for the territory of the Town of Novi Iskar
containing information on land-use; 2. To generate digital terrain model (DTM)
and to create a series of derivative morphometric cartographic models, revealing
the nature and features of the relationships between the relief’s plastics and
the spatial distribution of the individual land-use categories. 3. To identify
and analyze the man-induced transformation of the examined territory.

2. Methods and information background of the study

In implementing the specified tasks, the basic technologies used were
geoinformation technologies (Burrough A., 1996, Lillesand T., Kilfer R., 2000,
TuxynoB B., 2004), involving geoinformation systems and data processing
technologies applied in remote sensing of the Earth. The work methods
comprise eight major stages, which are shown in Fig. 1.
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1. CREATION OF INFI‘ORMATION DATA BASE,

1. ANALYSIS OF SOURCE INFORMATION AND SELECTION OF DATA PROCESSING METHODS I
) |
HIL TRANSFORMATION OF THE SOURCE INFORMATION INTO UNIFIED GEODATA BASE l

[ &
1V, FORMATION (}F VECTOR DATA BASE

V. GEOREFERENCE AND DEQI:QBKR!&E OF SATELLITE JMAGES I
¥I GENERATION OF NEW §£AT{A‘= MODELS USING THE NEW DATA RASE I

Vil PERFORMING OF SP:\TI;;KL_ AN STATISTICAL ANALYSIS I
VL EVALUATION OF THE MAN- INDUCED TRANSFORMATION }

Fig. 1. Work stages

To achieve the objective of the study, the following information sources
were used: large-scale topographic maps in scale M 1:10,000; satellite images
from Landsat ETM* and IKONOS taken in 2000 and 2003, accordingtly, and
data from the National Institute of Statistics. The topographic maps and satellite
images were georeferenced to a unified coordinate system (Bulgarian
coordinate system, 1970) into a geodata base. By digitizing the topographic
maps and visual computer-aided interpretation and photo-revision of the
satellite images, vector layers were created. The vector data base was used to
generate a digital terrain model and its derivative cartographic models of
topographic surface slope and aspect. The performed modelling using GIS
tools helps to reveal the relation between the man-induced transformation and
the morphographic features of the land of the Town of Novi Iskar. As a resuit
of the performed operations related to information input and preliminary
processing, layers of geodata bases were created, required by the subsequent
spatial analyses (Table 1). A series of derivative morphometric cartographic
models was created, describing the relation between man-induced
transformation attributes and relief characteristics. Upon analysis and
generalization, the obtained spatial quantitative evaluations were presented in
the form of maps (Figs. 2), graphs and tables.
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Table 1. Data distribution by layers in the data base

Name of layer Type of layer
Satellite images from Landsat ETM and IKONOS | Raster
Large-scale topographic maps Raster
Land boundary Vector-polygon
Boundary of the guarters’ territory Vector-polygon
Triangulation points Vector-Points
Ground control points measured by GPS Vector-Points
Rehef isohnes Vector-Line
Forest territories Vector-Polygon
Natural meadows Vector-Polygon
Pastures Vector-Polygon
Perennial plants (vineyards, orchards) Vector-Polygon
Fields Vector-Polygon
Water areas, streams, and hydro-melioration
equipment (rivers, dams, gullies, capals, etc.) Vector-Polygon
Transport and infrastructure territories Vector-Polygon
Built-up lands for residential and industrial
purposes Vector-Polygon
Disturbed lands (mines, quarries, landfills etc.) Vector-Polygon
Ground measurements 2006-2008 Vector-Points
Digital terrain model Raster
Slope Raster
Aspect Raster
Man-induced transformation Raster

3. Major results

The spatial analysis and evaluation of man-induced transformation was
performed after Goffmann’s methods adapted for Bulgarian territory by Iliev-
Ilieva (Mnues M., M. Unuesa 1998). In it, the number of land-use categories
is reduced to 10, and each category is assigned an appropriate man-induced
transformation rank (r). The values of the man-induced transformation ranks
(r) for the respective land-use categories are as follows: Protected territories
(protected natural territories, archaeological sites, sanitary-protected areas
etc.) — 1; Forest territories — 2; Natural meadows - 3; Pastures — 4; Perennial
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plants (vineyards, orchards) — 5; Fields — 6; Water areas (rivers, dams, gullies,
canals, etc.) — 7; Transport and infrastructure territories — 8; Built-up lands for
residential and industrial purposes — 9; Disturbed lands (mines, quarries,
landfills etc.) — 10. The proposed man-induced transformation index {(Uam) is
equal to the product of the man-induced transformation rank (r) of the respective
land-use category and its portion of the overall territory in %. The sum of the
man-induced transformation indices of the individual categories represents
the local index (Ual).

Within the boundaries of the examined territory, 9 land-use categories
were identified, whereas only protected territories (Fig. 2) were not identified.
These categories have been formed under the influence of both natural and
social-economic factors.

Forest territories

Forest territories are of great ecological importance as a factor
maintaining natural equilibrivm. The greater portion of mountain lands in the
northern part of the region accounts for a greater portion of forest-occupied
territories compared to the plane southern part. This land-use category occupies
30.2 % of the region’s territory. It is lacking in the Koumaritsa and Slavovisi
quarters. The forests are located mostly in the low mountainous area (altitude
of 600 - 1,000 m), along southern slopes with inclination from 10° to 30°
{Table 2). The man-induced transformation index is 60.32, which is close to
the average value for Sofia Municipality (58.4). Its relative share ranks third
in significance to the formation of Ual.

Natural meadows

The relative portion of natural meadows is 5.52 %, whereas in the
Slavovisi quarter it is less than 1%. They are located mostly in planc territories
with altitude of 500 - 600 m (Table 2). Part of the natural meadows is located
on the flooded terrace of the Iskar River, which creates marshes at spring
water maximum, Another reason for the marshes, particularly in the Gnilyane
area, is the high level of underground water.

The man-induced transformation index is 16.56, which is higher than the

average for Sofia Municipality (11.7). This relatively high index evidences of
available favourable conditions for development of pasture stock-breeding.
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Table. 2. Percentage of the area distribution by land-use
categories conformity with the relief characteristics on the land
of the town of Novi Iskar

Land-Use Catepories
e o
. . , strearrs | oport | B Br}
Relief cloracteristios F‘?m? Natural Postires| Peremal Felds| and | and resklertal Dinabed

temiorks| meadows phuts hidromeliod riﬁ*asmmre . arl:ll hnds

rative terrdores | dustrial

aqispment PLpOses
. 200m-600m | 213 | 995 | 661 | 329 [ 967 995 9% 953 | 667
BE‘;‘:" 600m- 1000m| 786 | 05 | 339 | 671 | 33| 05 40 47 | 133
1000 m- 1600m| 0.1 0.0 0.0 0o | 0o | oo 00 00 0.0
0 -1° 95 855 | €33 | 143 | e04] 831 56.8 s04 | 254
Pe-3e 4.1 8.4 1521 37 | 240 102 356 257 | 374
3o 10.0 16 80 [ 204 | N8} 54 35 137 | 57
FNT 101 20 99 | 300 | 30 10 0.7 56 06

Slope()
0~ - 15" 237 04 95 | 24p | 07| o2 Li 35 06
15 -20° 202 0.1 24 57 | ot . 0.9 09 0.8
20" -30° 19.4 0.0 14 15 [o0] op 1.0 0.3 L4
>3 34 00 02 04 {00 f 00 04 00 0.1
Fht 8.6 751 | 246 | 129 | 68| 624 293 137 | 95
North 31 0.9 1.8 01 | os | ol 12 05 06
Northeast 46 6.6 14 ] o4 | 18] o9 2.1 337 94
Fast 106 31 5.8 17 | 27| 25 49 132 | 95
Aspect - .| Southeast 160 03 |13 f 137 | 6o 13 17 | 312 | 380
Souh 16.2 26 | 24| 280 [ 216 a0 389 131 | 306
Souttmest 179 | 78 | 03] 181 | 00| 118 57 108 | 23
. West 14.8 34 94 | 146 | 81| 124 5.0 08 | 01
Notiwest | 84 0.2 no | w4 | 24| 27 1.1 31 00
Pastures

This category occupies 3.44 % off the overall area, whereas most of
the pasture territories are located in areas featuring altitude of 500 - 600 m and
inclination of 0° to 3° (Table 2). The man-induced transformation index is
13.76, which is by 24 points less than the average for Sofia Municipality. The
relative share in Ual formation is among the lowest ones - 3 %.
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Perennial plants

The land-use category of perennial plants on the territory of the Town
of Novi Iskar occupies only 1.4 % of the overall area. The greater part of these
is located on the territory of the Gnilyane Quarter, at altitude of 600 to
1,000 m, along slopes of southern exposure featuring inclination of 3° to 15°
(Table 2). A look-up into old topographic maps in scale M 1:10,000 issued in
1970 reveals that its territory used to be occupied by vineyards and orchards.
The relative share of this category’s Uam in the formation of Ual is only 1 %,
notwithstanding the value of Uam (6.95) for the examined territory which 1s
nearly threefold greater compared to the respective value for Sofia Municipality
(2.5).

Fields

The greatest relative share in the territory’s structure is occupied by
the field category - 33.94 %. The man-induced transformation index (203.64)
for the considered land-use category is substantially higher than the average
value for Sofia Municipality (152.4). Its relative share in Ual formation is
highest — an overall of 38 % for the whole land of the Novi Iskar region. This
tendency is not uniform for the lands of the individual quarters, varying from
30.36 for the Kourilo Quarter to 422.04 for the Slavovtsi Quarter (Table 3).
The fields are located in plane areas with altitude of 510 - 600 m.

Currently, the structure of arable land shows that the greatest part of them
is occupied by fields planted with grain crops: maize, barley, wheat, and fodder
— mainly alfalfa. Vegetable-planted areas rank second.

Water areas, streams, and hydro-ameliorative equipment

Water areas occupy 3.4 % of the overall area, which points to a relatively
well organized irrigation system. This parameter is strongly affected by the
Iskar River, which flows through the lands of the Quarters of Koumaritsa,
Kourilo, and Gnilyane. Notwithstanding the erected protective embankments,
part of these quarters’ territory was damaged by the floods of June 2005
(Fig. 3). The man-induced transformation index is 23.73, which is close to the
average for Sofia Municipality (23.1).
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Table 3. Man-induced transformation index (Uam) on the territory of
the Town of Novi Iskar

Land-Use Categories |[Townol Koumaritsa | Gnilyane | Slavovisi Kourile
Nowi Iskhr Quarter Quarter Quarter Quarter
Forest tetritories 6(.32 82.68 105
Natural meadows 16.74 22,23 16.56 2.22 15.68
Pastures 13.76 13.32 13.92 14.44 13.52
Perennial plants 6.95 0.5 17.65 0.55
Fields [203.64 316.8 189.42 422.04 30.36

Whater areas, sireams,
and hydromeliorative

equipment 23.73 33.53 22.19 4.27 27.63
Transport and
infrastructure territories| 40.64 36.24 20.32 137.52 26

Built-up lands for
residential and industrial
pUrposes 136.17 202.59 79.65 66.78 197.1
Disturbed lands 18.9 453 34

Fig 3. Satellite images from IKONOS and SPOT on which the areas
flooded in June 2005 may be seen
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Transport and infrastructure territories

The infrastructure type of land use includes the areas occupied by the
transport network elements (inclusive of field and forest roads) outside the
populated areas and the pertaining infrastructure. It occupies 5.1 % of the
territory’s overall area. The man-induced transformation index (40.84) is twice
as big as the index of Sofia Municipality (12.0). It is greatly influenced by the
lands occupied by the Airport of Dobroslavtsi, part of which is located on the
land of the Slavovtsi Quarter. Currently, the airport is not used according to its
destination. The relative share of the considered category’s Uam in the
formation of the local index is 8 %. The transport network on the plane territory
is well organized, field roads constituting an important part thereof.

Built-up lands for residential and industrial purposes

The territory’s building up is associated with some of the gravest
damages during man-induced transformation, occupying 15.1 % of the overall
area forming the structure of the examined territory’s Jand use. A number of
industrial and service sites and equipments have been erected on the region’s
territory. The relative share of this category’s Uam in the formation of Ual is
26 %, which ranks it second in significance to the formation of the local index,
after the field category. The man-induced transformation index is 136.17 which
is less than the average for Sofia Municipality (163.8). This tendency is not
uniform for the lands of the individual quarters, varying from 66.78 for the
Slavovtsi Quarter to 202.59 for the Koumaritsa Quarter (Table 3).

Disturbed lands

The greatest changes in the territory’s natural status and regime have
occurred in the north-west part of the region as a result of the development of
mining and quarry activity. The relatively low stage of development of industrial
technologies, the insufficient or lacking depth selection, and last but not least,
the deposits’ low useful content called for exploitation of large fields. The
highest values of the index of the disturbed lands” category are associated
with the Quarters of Koumaritsa and Kourilo where Uam is equal t0 45.3 and
34, accordingly.
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Disturbed lands occupy 1.9 % of the overall area. The land hosts one
deserted uranium mine, one deserted open-extraction coal mine and clay-
extraction quarries. Despite that these sites feature the highest man-induced
transformation rank their share in Ual formation is insignificant — 4 %. The
Uam index for this category is 18.9, which is much less than the average for
Sofia Municipality (51). This tendency varies with the individual quarters,
whereas Gnilyane and Slavovtsi have no disturbed lands (Table 3).

4. Conclusion

As a resuit of the dynamic urbanization process and the intensive
agricultural and industrial-transport activity, the landscape structure of the
studied land has experienced material changes. The calculated local man-
induced transformation index (Uat = 554) is greater than the value of this
index for Sofia Municipality, which is the highest for the country. It is strongly
affected by the great values of Ual for fields and built-up lands for residential
and industrial purposes. This tendency is characteristic of the Koumaritsa and
Slavovtsi Quarters, while the values of Ual for the other two quarters are close
to the average value for the country (448.1).

The plane relief in the southern part of the territory, the 5011 and agro-
climatic conditions and resources favour the development of agricultural land
use. Despite the relatively favourable agro-climatic conditions, few perennial
plants are grown in the region.

The created geodata base provides for express retrieval of thematic
information from multi-channel satellite images for the purpose of monitoring
the examined territory’s man-induced transformation. Obtaining regular
unbiased information is of great importance for the Municipality’s adequate
policy formation and funding.

References
I.Burrough, A. (1996). Principles of Geographical Information Systems for Land
Resources Assessment. Clarendon Press, Oxford, 210 p.

2.Litlesand T,R.Kilfer (2000} Remote Sensing and Image Interpretation, John
Wiley & Sons , 721

45



3. Ocuoenl Feopndopmariky, non pen. Tukynosa B. (2004) ACADEMA, Mockea, T. 1,
345, 1.2, 477,

4 Unues Hn, M. H nnesa, (1998). Ouenka Ha anTpoloreHHara
nipeoGpasysaHocT Ha TeprTopuaTa Ha benrapus, Coopunk 100 romau reorpadusg
8 Coduiickug ynnpepcuret”, H-so “Cs.Kn.Oxpuacku”, C, ctp. 523 — 531.

5. Bpoli Ha HaceneHHeTo no obnacty, oOLMHY M Hacenenud mecta, (2005). Haunonanen
CTaTHCTHYECKU HHCTHTYT, Codmus.

HPOCTPAHCTBEH MOJAEJL 3A OHEHKA
HA AHTPOITOTEHHATA IIPEOBPA3YBAROCT
C A3NIOJ3BAHE HA TEONH®OPMAIIHOHHH TEXHOJIOTUHU

E. Pymenuna, I. Kenes, P.Heoxos,
B. Haiioenoea, I. KvHes

Peztome

VeToHYHBOTO U3N0NI3BaHE HA TEPUTOPHATA Ha OOIIMHKTE, ChOOpa3eHo
C EKONOTHYHUTE H COLMATHO-MKOHOMHYECKH 0CO0EHOCTH, € €IHO OT
IPHOPHTETHATE HaNlPARICHHS HAa CEBPEMEHHATA PErHOHANHA MONUTHKA, Eaun
OT KJIOUOBHTE TIPOOIEMH ¢ OICHKATa H KOHTPOIBT HA TEPHTOPUUTE,
TIOAJIOKEHH Ha MHTEHIWBHA AHTPOTIOreHHa aeitnocT. B crarusta ¢ npe/craseHa
METOZOJIOTUS 334 MPOBEK/IAHE HA TAKHB THN H3cieasaHe. C U3MON3Bane Ha
OAHHH, THONY4YEHH OT KOHBCHUMOHAIHY H3TOYHHIH H CIIBTHHKOBH
H300paXkeHud, HHTETPHPAHK B reobasa faHHH, € ChCTABEH MPOCTPAHCIBEH
MOJIEN 3a OlleHKa Ha aHTPONOTreHHaTa Npeodpa3yBaHOCT Ha 3eMITHILIETO HA FP.
Hopsu Hexep, Cronuuna obuuuna. I pajaitusTa Ha KATETOPHUTE 3eMETION3BaHE

B KApPTHTE 2a pasnpefeeHHcTO Ha HWHJAEKCA HA aHTPONOTeHHA
npeoOpa3yBaHOCT €a CHCTABCHHU IO aJaNTHPAHATA 3@ TCPUTOPHUATA HA
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boarapus ot Unnes-Mnuesa metonuka Ha ['odman. lon Be3neHcTBUCTO HA

JUHAMHMYHO [OpoTHYainus ypSaHucTHYeH mpouec, KakTo U B pe3yATar Ha
WHTCHIWBHATA COJICKOCTONAHCKA M IPOMHIUICHO—TPAHCIOPTHA AEHHOCT
AaHAma{pTHATA CTPYKTYpa B H3CIASABAHOTO 3EMIIULIE € NIPEeThpIsIa
CBHINECTBCHH HIMCHEHHS. VI3UHCTICHAST PETHOHAICH HHJICKC Ha aHTPONOTeHHz
npeofpasypanocT (Ual = 554) e 6nu3bk o To3u Ha CTONMYHA 0BLIHHA, KOHRTO
¢ Hall-BHCOKUAT 3a cTpaHaTa. CHIIHO BJIMAHHE BBPXY HErOBOTO (oOpMHUpaHe
OKA3BaT BHCOKHUTE CTOMHOCTH Ha MHJEKCA OT HUBW U 3aCTPOCHH 3€MH OT
HACeNeHUTe MeCTa U IMpoMulleHocTTa. Ha 6azata Ha renepupan OudpoB
MOJEN Ha peneda ca ChCTABEHH CEPHs OT IPOUIBOJHU MOp(HOMETpHIHH
Kaprorpadckn Moxenu. Te pasKpuBaT xapakTepa B OCOGEHOCTUTE HA
B3aUMOBPB3KHTE MEXAY [JlacTHKaTa Ha peneda M NpOoCTPAHCTBEHOTO
pazIipesieNieHHe Ha OTJIeTHHTE KAaTeropun seMenonzeane. Crinanenara reofasa
JIaHHU NaBa Bh3MOKHOCT 33 EKCHPECHO H3BNIHYAHE HA TEMATHYHA HEGOPMALES
OT MHOI'OKAHAJHYU CTITETHUKOBY W300paXCHHA 38 H3BbPIIBaHE HA MOHUTOPUHT
Ha aHTPOIIOTEHHaTa Npeofpa3yBaHOCT HA U3CICABAHATA TCPUTOPHS.
[TonyuaeaneTo Ha peryiapHa o0eKTHBHA HHQOPMALUA MMa H3KIIIOUHTENIHO
3HAYCHUE KAKTO 33 POPMHpAHEe Ba aIcKBaTHA IIOJUTHKE Ha OOmuHATa, TaKa i
3a PUHAHCOBOTO H OCUTYpPSIBAHE,
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RELATIONSHIP BETWEEN LIGHT DISPERSION
AND BRIGHTNESS DURING TELESCOPIC DEVICE
OBSERVATIONS

Jivko Jekov

Space Research Institute — Bulgarian Academy of Sciences
e-mail: zhekovz@yahoo.com

Abstract

Light diffraction is a very important telescope characteristic which affects the
contrast of the image recorded by the observer’s eye.

The purpose of the stidy is to determine to what extent the coefficient of light
diffraction affects the brighiness of the recorded image. '

The subject of the theoretical research are the experimental results obtained during
telescope system experiment in the process of cbservation of remote objects with different
brightness of the background at fixed light diffraction coefficients and constant contrast of
the obfject’ background.

The received values and the subjection of the contrast of the image to light
diffraction coefficient is shown in graphic form. It is found out that when increasing the
vatue of background brightness in constant background contrast in respect to the object,
the image contrast sharply decreases. The relation between increase of light diffraction
cogfficient and the decrease of Image brightness can be observed by telescope apparatuses.

Light dispersion is optical device characteristics which affects the

contrast of the image recorded by the observer’s eye.
Many objects disperse light falling onto them, so the brightness’s values
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along the various directions appear to be close. According to Lambert’s law
[3,6], the brightness of a light-dispersing surface is equal in all directions.
This assertion may be assumed only as an approximation.

Let ¢ be a small area with brightness p (Fig. 1) equal in all directions.

Fig. 1. Definitions

The light flow y emitted from area ¢ along the normal constituent of
angle @ is calculated. Isolating the bodily angle dg located between two ring
cones generated by the rotation about normal N of two lines forming angles ¢
and ¢ + do, produces apparently:

{1} d, =2nsingde .

The light intensity within this spatial angle is constant. Therefore, the
light flow within the bodily angle de will be:

(2) de =1,d¢p = 2nxBosigcose dp .

To determine the light flow y emitted by the area within the whole
hemisphere, the above expression must be integrated within the limits from 0
to w/2. Then: y = nBo.
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¢
M=2=1B

The above shows that to brightness B =1cd/m? corresponds lightness:
M =3,141m/m? .

The surface properties of each diffusely dissipating body differ greatly
from those of the ideal light dissipater, i.e., the brightnesses in the various
directions are different. To provide numerical characteristics of surface
brightness change in various directions, the light dissipation factor for a given
surface Is used, 1.¢., the ratio of the brightness of the surface along an arbitrary
direction and the brightness of an ideal dissipater, placed under the same
illumination conditions. The light dissipation factor is usually denoted by B
[1,4].

The task is to investigate whether the dissipation factor P affects the
brightness of the recorded image.

The subject of theoretical research are the results obtained by an
experiment with observation telescopic system [5] represented on Table 1
during the observation of remote objects with various background brightnesses
ranging between 107 and 10~ cd/m” with given light dissipation factors:

B, = 0.1; §,=0.2; B, = 0.3 and constant contrast of the object’s background
K=0.3.

Table 1

Light
dissipation
factor

By=001 By=c1| By=1| By-10] By=100| By=10° X

B, =01 | 02999 02081 | 02431 | 00901 | 00125 | 00013 X, =0,1566

By =02 | 02986 | 02868 | 02054 | 00517 { 00064 | 00006 | X,=01415

By =03 | 02979 | o2806 | o124 | 00379 | o043 | 0004 | xy=o0u239

X =0,1407
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In the last column of Table 1, the obtained data is presented, considered
as values of the brightness x for the group of factors B,, B,, B,, i.e.,z=3, where

the mean group values are denoted by Xw_I s X—2 , X 3 and the overall mean

value X— for the considered brightnesses n = 6 are calculated using formulae

(2]:

The hypothesis H which must be verified suggests that the light
dissipation factor B does not affect brightness, while the alternative hypothesis
suggests the opposite. To check up the zero hypotheses H, the averaged data
from the 18 performed studies must be processed. The data processing includes

calculation of the square sums ¢, G 5 , Gp using formulae:

IS I T B Yt
8) SR= Z Z(Xij - xi)?

i=1 =l

while the dispersions S§2, 8% ¢ 8% are evaluated using formulae [4]:

2 2
g2
©) v km-1
2 _5A _ 5A
(10 A= T
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A R k- -
The obtained vatues are shown on Table 2.
Table 2
Types of square sums | Square sum Degree of freedom | Dispersion evaluation
Total ¢ =0,331486 vé=17 5% = 0,019499
By factors ¢, =0,000537 v, =2 53 =0,000268
Residual ¢p = 0,022063 vp =15 §; =0,022063

The calculation of the disperse ratio F is performed using formula:

2
F=54_00121831
(12) ¢z :
YR

The obtained disperse ratio (12) is compared with the table value F_ at
significance level o = 0.05 [2] and it is observed that F > F_, which evidences
that light dissipation affects image brightness.

Accounting for the fact that the contrast K depends on the object’s
brightness B | and the background B,, K may be determined from:
Bys — By
By
and, accounting for the additional brightness AB, due to light dissipation, which
may be written as:

(13) K=

(14)  AB=(B,+By)
the contrast of the image K recorded by a visual optic system during
observation of a remote object will be equal to:

. By — By K K
(15) K = = = .
By +B(Bys +By) 14B(Byg+By 1+AB
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From expression (15) it follows that, with definite object contrast with
respect to the surrounding background, the image contrast K will be reduced,
while the light dissipation factor increases.

In Fig. 2, the curves for the appropriate dissipation factors are shown.
Apart from the image contrast’s reduction with the light dissipation factor B’s
increase, the curves presented in Fig. 2 also reveal that the contrast K™ of the
recorded image drops abruptly when the background’s brighiness exceeds
(24...30) cd/m?, i.e., the specified background contrast with respect to the
object, which is 0.3, does not provide proper image of the observed remote
objects. Therefore, at some given contrast of the object with respect to the
surrounding background, the contrast of the recorded image K' is reduced
while the light dissipation factor increases. At background brightness within
the range from 102 to 10° cd/m? it may be shown that, when the value of
background brightness increases, while the background contrast with respect
to the object K = 0.3, the image’s contrast drops abruptly.

Kll
0,30 =
‘:'*-\.\
0,25 N
\ \\?ﬁ(B.)
0,20 X
3 AN
0,15 :
O AFKE)
0,10 N
~0N
0.05 - >N
0,01 K(ﬁs)/ ﬁh"‘%b___
0,01 0,1 1 10 100 1000

Fig. 2. Dependence of the image contrast on the light dissipation
factor

The graphic relationship displays reduction of the image confrast with
increase of the light dissipation factor B. Moreover, when the background’s
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brightness exceeds 24...30 cd/m?, the contrast of the recorded image drops
abruptly.
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3ABUCHMOCT MEXKJY CBETOPASCERBAHETO H SIPKOCTTA
HA OBEKTA IIPU HABJKJAEHHUE C BU3UPHH OIITUYHHA
YPEJH

K. Kexos
Pezrome

CreTopazceiiBaHeTO € XAPAKTEPHCTHKA HA ONTHYHHTE YPEIH, KOATO
BNHAE BLPXYy KOHTpacTa Ha PeracTpHpPaHOTO M300paxeHHe OT OKOTO Ha
Habmozparesd. OOEKT Ha TEOPETHYHO H3ICNIEBAHE Ca PE3YITATH, ONYYECHH OT
EKCIIEPHMEHT C BH3WpHA TCNSCKONAYHA CACTEMA NpPH H86HIO,[[CHH6 Ha
OTHaNeueHl O0eKTH MpH pa3mHYHA SPKOCT Ha $oHA MPH 3aJa)CHH TPH
Pa3IHYHHA KoeDHLMEHTH Ha CBETOpa3ceHBAHE H TOCTOSHEH KOHTPACT Ha oHa
Ha obexra. HanpaBeHH Cd H3BOOH 34 3aBUCHAMOCTUTE MCHKIY KOHTPACTA Ha
u3obpaxeHueTo, KoePHIHEHTa Ha CBeTOpa3cedBaHETO, KOHTpAcTa Ha
PETHCTPHPAHOTO H300pakenHe # SPKOCTTA.
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ASTRONOMICAL OBJECTS THROUGH OPTIC-ELECTRONICAL
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Abstract

Among the methods for determination of the angular coordinates of astronomical
objects, particularly topic is the Turner method based on static processing of data information
for star number of three and more.

With regard to optical electronic apparatuses used in astronomical practice which
high resolution and vision field lower than one degree feature the methods for angular
coordinates determination with minimum number of supporting (catalogical) stars become
topical. In such conditions it is necessary to re-exgmine the gititude to orthogonal methods,
whose accuracy can be increased rhrough statistical analysis.

The calculation of the ideal coordinates and the equatorial coordinates of an
astronemical object is shown as well as the possible errors in their determination.

A priori it is supposed that the orthogonality methad is more effective because of
the fact that the possibility for appearance of two stars in the vision field is greater than for

three ones.
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Among the methods for determination of the angular coordinates of
astronomical objects, particularly topical is the Turner method based on statical
processing of data information for three and more supporting stars number k =
3 and the method of four constant (orthogonal) ones using two supporting
points [1,2, 3].

In relation with the widely spread optic-electronical measuring systems
in astronomical practice, which have high-resolution ability and relatively a
narrow vision figld- smaller than one degree [6], the methods for determining
the angular coordinates arises with minimum number of points of support
(catalog) stars. Become topical in these conditions, the attitude to the orthogonal
methods has to be reconsidered, the accuracy of which can be increased by
way of statistical arrangement in k > 2.

The influence of differential effects on optical systems with a narrow
vision field is insignificant.

A method for determination of angular coordinates of astronomical
objects, spreading on stars number k > 2 and calculation of objects coordinates
by the least square method is presented.

The correlation between the ideal and the measured coordinates is
expressed by formulas [1,3]:

L =ax; +by; +¢

(1) n; =-bx; +ay; +f if i=Lk,

where: x, y — calculated coordinates of supporting stars;
£, n — ideal coordinates of supporting stars.

The expression (1) can be also wretten in the following way:
(2) Vi =Xy ;4 +X2,i32+133+03+§1’j
or in matrix form:

(3) v=Xa+§

56



where: X is a matrix made by rows

Rl,i{ia,ia X1 >0}
(4) and
Xy (%o, —%1.5.1,0}

and calculating the equations
(5) Q=XXK=Q"' , L=X¢i=-KL ,

where: G — vector evaluating the constant staff;
Q — a matrix with normal equations as follows:

i+ 3] 0 ] o]

® 0 [xf]a—[xﬁ] x:] =[x,]
x;] Ix;] K 0
[Xz] ~x/] 0 k

The cell method for matrix calculation [10] with regards to the
symmetry and other characters of the matrix Q applying, it allows to find the
most suitable form for passing from the calculated coordinates to the matrix
K elements, forming and transporting the matrix X, and forming and rotating
the matrix Q. The matrix K is as follows:

7 K=Q'=(xx) =$,
where: R= [x§]+ [x%] ;

wesm b
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The elements of the vector [, have the following values:

[Xl.‘:l]Jr [x28,
=X = [x26) ]+ [x€:]
®) 2]

[&.]

i

For ideal coordinates of the astronomical object, the following
expression holds:

Ei:—KL E)
(9) §I=}7:1,5 \
E.'Z _2275 s

and its equatorial coordinates’ estimates at known formula [1]:

(10) a—arctg[ S ; ]+A

cosD—&,sinD

sin D + &5 cosD)cos(a — A)}

5 = arctg)
(ab e g[ cosD—£&,sinD

where A and D are the equatorial coordinates in the stuff centre.

The errors in obtaining the coordinates of the object A_ and A, are
collected from the error in the reduction A, and the error of the calculated
coordinates of the object A .

(12)  Ag=4g +MA, and Ay=A, +Ma,
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Here, the scale multiplier: M = ﬁ(alz + a% [1].

The reduction error in solving a system of 2k equations of four
unknowns by the least square method is determined by dispersion {11]:

2
vi ; V3

(13) 0‘2(551]_ (klz) L, Z(Aaz)=2(k_2)1’z

where the weight coefficients P, and P, are determined by formulas [11]:

2
_ x| % 1t %l |
el
082 %2 | K2 b

o vl

Having attention to = X, P, and P, can be presented in square

oa

form suitable for the vectors X, and ¥, and the matrix K [8}:
(] 6) PI = _;;K;I' and pz = XIE KX2

The final formula accuracy estimating is the accuracy:

2

an  sla,)= \/ 1 (k""_ 2)P, + Mzsz(ﬁxl):os[)
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v

(18) 3(A5)=\/1(k—2)p2+M202(Ax3)

In conclusion it has to be marked the question for comparison of the
effectiveness of that and the other methods can be a topic of special
investigation but apriori it is supposed the orthogonality method is more
effective because of the fact that the possibility for appearance in the two stars
field of vision is bigger than of the three ones.
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ONPEJAEJISAHE HA BIVIOBHUTE KOOPAUHATHI HA
ACTPOHOMHYHHA OBEKTH YPE3 U3ITIOA3BAHE HA
OIITHUKO-EJIEKTPOHHH U3MEPBATEJIHH CHCTEMHA

A Kexos, I Mapoupocan
Peziome

HM3nom3BaneTo B aCTPOHOMMYHATA NPAKTHKA HA ONTHKO-CNEXTPOHHH
CHCTEMH C BHCOKa [[POHHIATETHA CIOCOGHOCT M CPABHHTENHO TACHO 3PUTENIHO
IIOJI¢ MOTHBUpa AKTYalHOCTTA Ha METOJMTE 3a ONpeeiisHe Ha BITIOBUTE
KOODAHWHATH HA MEHHEMaJeH Opoit OMOpHM (KaTIONKHN) 3BE3/H.

Ilpennoxen ¢ MeTOL 3a ONpemeNsHe Hd BINOBUTE KOOPDAHHATH Ha
ACTPOHOMUIHM O0EKTH, paslIpOCTpaHeHH Ha OpoH 3B€311 Kk > 2 W M34HCIIBaHe
Ha KOOPAWHATHTE Ha O0EKTH 10 METO/a Ha HaH-MaJIKUTE KBaIPATH.

B 3akmoueHne e orbens3aHo, ye npobieMbT 3a CPABHABAHE HA
e(peKTHBHOCTTA HAa TO3H U APYTH MeToau Tpsabea ma ObJde nmpeaMeT Ra
CHEIMANHO H3CAEABAHE, HO ATIPHOPHO MOXKE Ja €€ IIPEAIION0XKH, Y€ 38 OIITHKO-
€EKTPOHHH CHCTEMH OPTOrOHATHUAT METO/ € IO-¢(PeKTHBEH Nopany PaKta,
3¢ BEPOATHOCTTA 3@ [I0BA B 3PHTEIHOTO NOJE HA [BE 3BE3MAH € TIO-TONIAMO,
OTKOJIKOTO Ha TPH.
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Abstract

The paper presents an analysis of remote sensing satellite and airborne oil detection
systems and describes the use of their capabilities in exploration programs, monitoring,
emergencies by oil and gas companies.

The detection of discharges, legitimate or illegal, can be performed by remote sensing
techniques from aircrafl and from satellite. Satellite observations complement aerial
surveillance due to their wide area coverage with regular revisiting and to some degree is
considered to be less weather -dependant.

Furthermore, satellite monitoring is one of the major monitoring components for
large sea areas, where other means for swveillance purposes are toa expensive or not
available. Aerial surveillance aircraft have the capability to carry additional equipment to
quantify and classify oil spills. The combination of both may increase the deterrent effect
and can assist in optimising the flight acivities of the surveillance aircrafl.

Two types of remote sensing systems for oil spill detection and
monitoring can be defined: space platforms or satellites including onboard
sensors for collecting data, and systems with sensors mounted on airborne
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platforms. Each type of system include a range of possible instruments onboard
which operate sensing the energy in fixed parts of the electromagnetic spectrum,
thus providing to determine different features of oil pollution. The satellite
systems include the use of visual observations, thermal infrared (TIR) and UV
imaging and satellite synthetic aperture radar (SAR). Aircraft remote sensing
is based on visual observations, infrared imaging (IR), ultraviolet (UV),
hyperspectral imaging, side-looking airborne radar (SLAR), airborne synthetic
aperture radar (AIRSAR), down-looking thermal infrared (DTIR) and forward-
looking infrared imaging (FLIR) [9]. Radar systems and airborne laser
fluorosensor (ALF) are examples of active sensors and IR, UV and microwave
radiometers are examples of passive sensors. All sensors must be calibrated
and require highly trained personell to operate them and interpret the results.
The strenghts and weaknesses of satellite and aircraft remote sensing systems
are summarized on Tablel.

Table I
Platforms Strenghts Weaknesses
Satellite §Large field of view, Long revisiting time and fixed time of
spacial coverage of several km. overpass and high initial cost of sensors
Ground infrastructure can be Difficult 1o develop algorvthms for
ocated in area of choice detecting oil spills; cannot determine
the types of oil
No distance to the coast Predictable flight, difficuit and expensive to
restrictions for operation shift once stabilized
Absotute need of clear skies (optical and
infrared sensors}
Aircraft  JEquipment can be maodified, Restricted spatial coverage
updated and maintained easily
The devices are less cost by than Require a number of resources for
the space ones continuous coverage
Fiexible and manoeuverable, Man power
can fly in different hights and
below clouds
Highly visible to ships and
this insreases the different effects
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Satellite observations complement aerial surveillance due to their wide
area coverage with regular revisiting and to some degree are considered to be
less weather-dependant. Furthermore, satellite monitoring is a major monitoring
component for large sea areas, where other means are too expensive or not
available for surveillance purposes. However, aerial surveillance aircraft have
the capability to carry additional equipment to quantify and classify oil spills.
The combination of both may increase the deterrent effect and can assist in
optimising the flight activities of the surveillance aircraft. Fig.1 shows a typical
case of a combined satellite and aerial surveillance system {14] .

Remote sensing is useful in several modes of oil spill control, including
large area surveillance, site-specific monitoring and tactical assistance in
emergencies. It is able to provide essential information to enhance strategic
and tactical decision-making, decreasing response costs by facilitating rapid
oil recovery and ultimately minimizing impacts for oil companies [10].

Fig. 1. Interaction diagram of the means of an integrated surveillunce system to
detect oil spiils at sea. The oil spill (1), discharged during a ship disaster is detected
by a regular SAR (synthetic aperture radar) satellite overpass (2). The oil can be
detected due to the damping effect of oil on capillary waves. After transmission to
the ground station (3) and data estimation (4), the aircraft (5) will be alarmed to
verify the spill in terms of quantity and type with an advanced set of further remote
sensing instrumenis. In case the quantity or the hazardousness of oil exceeds a
certain threshold, the combating vessels will operate to remave the oil from the sea
(6). These vessels are co-ordinated and instructed by the surveillance aircraft.
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Visual observations of spilled oil from the air, along with still and
video photography, are the simplest and most common method of determining
the location and extent (scale} of an oil spill. Many devices employing the
visible spectrum, including the conventional video camera, digital single-lens-
reflex (SLR) cameras and camcorders are now available at reasonable prices,
Dedicated remote sensing aircraft often have built-in downward looking
cameras linked with a GPS to assign accurate geographic coordinates.

In the visible band, oil has no sharp spectral features. The similarity in
the spectral signatures between 0il and gas in the visible region of the spectrum
explains the problems assosiated with oil slicks identification. For example,
the capability of Landsat TM band 7 platform for identification of oil in water
does not provide sufficient contrast to distinguish between oil and the
background without intensive time processing. Oil slicks form very thin films
on the sea surface and the thickness can vary from a tenth of a micron to
hundreds of microns. Depending on thickness, oil spills are visualized by
satellite optic sensor in colour from silver to black. The visual analysis of the
image does not allow to determine oil thickness based on color and is unreliable.,

Spills detection by visual observation 1s limited to favorable sea and
atmospheric conditions and is inoperable in rain, fog, or darkness; visual
observations are restricted to spill documentation because there i1s no
mechanism for positive oil detection. Oil can be difficult to see in high seas
and among debris or weeds where it can blend in to dark backgrounds, such as
water, soil, or shorelines. In addition, the sun angle, glare, sea state and satellite
and airborne camera view angle can affect the appearance of oil slicks 8] .

Infrared semsors, which detect infrared radiation levels given off
surfaces, have been developed into relatively inexpensive sensors for ship-
board and aerial observation of oil slicks.

There are airborne downward-looking thermal IR and forward-looking
IR (FLIR). Thick oil (>0.003mm}) appears hot or white in infrared date, middle
oll thicknesses appears cool and black, and thin oil {0.0001mm) or sheens are
not detected. Oil becomes “visible’ on thermal channels during daily images
while at night the opposite is true- the oil body will lose heat faster than the
surrounding water and will be seen as a cooler area on the image. These sensors
are capable of detecting thicker parts of a slick only (>100 pm),
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so they are useful for guiding response to the thicker oil parts.  Infrared
devices cannot detect emulsions and could be combined with an ultraviolet
sensor for complete imaging of both the thick and thin portions of a slick [8].

Tests of a mid-band IR system MIR (3.4 to 5.4 um) over oil spilt showed
no detection in this range, however, ship scars were visible. Studies in the
thermal infrared TIR (8 to 14 um) show that there is no spectral structure in
this region. Oil detection in the infrared is not positive as several false targets
can interfere, including weeds, shoreline, and oceanic fronts. Infrared is
reasonably inexpensive, however, and is currently the prime tool used by the
spill remote sensor operator.

Since thermal imagers, also known as forward locking IR (FLIR)
devices, became commercially available, they are increasingly installed on
smaller and mid-size aircraft. In September 2003, a StarSAFIRE thermal
imaging system with a newly developed covert action laser tlluminator (CALI)
started operation as part of the second German surveillance aircraft, enabling
the operator to read the ships name in the absence of daylight or investigate
areas of specific interest. The laser is illuminating the NIR sensitivity of the
inbuilt CCD camera which normally use an IR-cut filter during daytime,
blocking unwanted NIR radiation from its detector and during night time and
in combination with the CALI, this NIR cut filter is removed and the laser
illumination is available up to a distance of 1500 m (Fig. 2).

This thermal imaging capability brings an important step towards night
operation and polluter identification. It is also a sensor with a wide range of
application, like SAR or border patrol, making it a perfect device for multi-
role aircraft, often only equipped with basic maritime surveillance sensors [1]
A disadvantage of any type of infrared detector, however, is that they require
cooling to avoid thermal noise, which would overwhelm any useful signal

15].

(] Oil sticks have been detected using several types of optical and thermal
satellite imagery but in all cases the oil position should be known in advance.
Most optical satellites provide data from the visible part of the spectrum.
Satellite sensors like Landsat TM (with spatial resolution of 120 m) and NOAA
AVHRR provide thermal data. The SPOT platform is able to identify the sheen
area of the slick due to the wider spectral bands it employs. Optical and thermal
satellite imagery offers little potential for oil spill detection while SAR satellites
are nowadays the most useful space system for this purpose.
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Fig.2. Helicopter approach to a non-moving ship on the Columbia River near
Portland, Oregon. Left: Approaching the vessel using the thermal camera and the
autotracker. Middle: Close-up to medium field of view, still observing the IR image
and using the autotracker. Right: Laser-illuminated stern of the ship, supplied by
the CCD camera with disabled NIR-cut filter.

At the end of the Persian Gulf War in the spring of 1991, 732 o1l wells
were setf ablaze in Kuwait. The only source of objective information during
the military conflict were the satellite images of the territory of Iraq which
provided a means to locate the sources, monitor oil fires during military
operations and present visually smoke plumes. Some of those wells were
burning for seven, eight, nine months, the oil field fires provided air pollutant
of greatest concern, environmental land and marine damage, drilling oil
companies losses, Coalition military forces and people health damages. Troop
reports of battlefield operations in conditions of heavy smcke and petroleum
rain verified the severity of the actual exposures to the oil field fires. Equally
important as a toxic exposure was the oil rain from the oil fires [13] .

The total area of Kuwait is covered by four TM scenes of approximately
185 km x 177 km . In Fig.3, oil fires and offshore oil slick are taken from the
Landsat-5 Thematic Mapper, the fires appear as red dots. The black smoke
plume extends south along the Persian Gulf coast as a strip about 25 kilometers
wide in areas near the fires. Unburned pools of oil on the ground and oil offshore
in the Persian Gulf reflect sunlight, the same way as water does, and appear as
white or light toned features. Oil slicks drifted south toward the Arab Emirate
States [16].

This scene of the Persian Gulf was taken hours before the Desert
Storm operation began on March 11, 1991 (Fig. 4). A week later, Iraqi soldiers
began blowing up Kuwaiti oil wells in response to the multinational offensive.
The following image shows the dramatic development of the environmental
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catastrophe and the capability of the visible and IR sensors of NOAA Advanced
Very High Resolution Radiometer (AVHRR) for early detection and monitoring
of oil spills. Thick and thin oil layers and the boundary between water and oil
were possible to detect by the IR channel, but the oil spills could not have a
significant different temperature signature from the surrounding water at night.
Oil spills could be detected in the visible images only under highly favourable
lighting and sea conditions [2] .

Fig. 3. Color infrared view Fig.4. Scene taken fron NOAA-11

of the Kuwait oil fires AVHRR multispectral color image of
and offshore oil slick the Persian Gulf.

taken from the LandSat-

3T™

(GIS-based risk management system uses the latest spatial information
technology to store data required for oil spill risk assessment, response,
planning, training and risk management. The integration of remote sensing
with GIS techniques offers an effective tool for analysis in the risk management.

Exploration companies are always looking for ways to efficiently and
cost-effectively monitor assets, make better-informed decisions and meet
environmental guidelines. Oil seeps and oil-impacted soils are often too subtle
to detect using multispectral satellite-based sensors because they are diluted
on the surface when mixed with other materials and are of limited surface
area. By confrast, airborne hyperspectral sensors have sufficient spectral
resolution to identify different surface materials based solely on spectral
signatures. On land, hyperspectral data has been used to delineate the extent
of an o1l well blowout.
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Most past and current hyperspectral sensors have been airborne,
with two recent exceptions: NASA's Hyperion sensor on the EO-1 satellite,
and the U.S. Air Force Research Lab’s FTHSI sensor on the MightySat I1
satellite. Several new space-based hyperspectral sensors have been proposed
recently. AIG during 1995 using the AVIRIS instrument as a first attempt to
broaden the use of hyperspectral data. A hyperspectral AIG/HyVista Group
Shoot has been organised in the USA during 1999 using the commercial HyMap
sensor [9] .

(il and gas explorers have remained interested in the technology for
many years and companies, such as Shell and ChevronTexaco are known users.
Recently, effort towards detection and mapping of offshore hydrocarbon
seepage has been made, especially at well-known seeps, such as those off of
Santa Barbara, CA, USA. The HyMap scanner provides 126 spectral channels
spanning the wavelength range from the 0.4 to 2.5mm (visible to shortwave
infrared) spectral region over a 512-pixel swath. HyMap is mounted in a gyro-
stabilised platform Zeiss-Jena SM2000 augmented with a Boeing C-MIGITS
GPS/INS. Fig.5 (Hy Map) shows searnless data product mosaics of the 4 flight
lines imaged some of the world’s largest natural oil seeps located just offshore
of Santa Barbara, CA covering the area of offshore production platform Holly,
with different seep specific spectral components highlighted in the images
91

A joint research project was organized by Geosat and sponsored by
Chevron, Exxon and Shell in 1999, The goal of the project was to determine
the viability of hyperspectral technology for detecting oil seeps (Fig. 6) [11].

The two basic types of microwave radar that can be used to detect oil
spills and for environmental remote sensing in general are Side-Looking
Airborne Radar {(SLAR) and Synthetic Aperture Radar (SAR).

The Side-Looking Airborne Radar (SLAR) is the primary sensor for
long-range detection of oil pollution on the sea surface. SLAR sends out short
pulses in the X-band perpendicular to the flight direction to left and right side
of the aircraft and receives their reflection from small gravity and capillary
waves up to a distance of typically 30 km, depending on wind conditions and
aircraft altitude {8] .

An airborne surveillance system has been used to monitor the German
territorial waters in the North Sea and Baltic Sea for oil discharges and marine
pollution. A SLAR unit will cost between $760,000 to $1,000,000.
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Fig.5. Left up - 'Faise’ colour composite mosaic of the survey area highlighting
different water constituents using spectral ratios in the visible and near infrared
spectral region. The coastal turbid water maps in yellow while darker currents map
inred/orange. Open waters are in blue colors with darker tones representing offshore
currents. Darkest blue tones represent slick areas. Right down- Spectral component
map of slick areas. The land areas, open water and kelp beds have been masked out
deliberately and the remaining data spectrally processed to highlight variation.

Fig.6 . A wharfwhere an oil spill was documented in 1992. Hyperspectral imaging
detects oil-impacted surfaces (red) along the edge of the wharf.
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Satellite Synthetic Aperture Radar (SAR) is shown to be an important
tool for oil spill remote sensing because it is the only sensor that can be used
over large areas and that can “see” at night and through clouds or fog. This
“all-weather” operation and the wide swath width provided by the available
SAR satellites have been the major reasons why satellite-based SAR has been
most commonly promoted for operational detection of oil slicks.

There are presently three SAR satellites in orbit with global coverage:
RADARSAT, ERS-2 and ENVISAT. These provide revisit times for most places
on the globe that are impractically long and irregular for operational sensing
of a given spill. RADARSAT has a repeat cycle of 24 days for coverage of a
given area of latitude, while ENVISAT and ERS-1 have revisit frequencies of
35 days and have the ability to image surface oil seeps remotely with wide
swath coverage (typically 100 x 100km scenes for ERS and 165 x 165 km for
Radarsat Widel ) [8].

Monitoring illegal oil discharges is thus an important component in
ensuring compliance with marine protection legislation and general protection
of the coastal environments. Fast delivery SAR products are proving to be of
great value in the optimisation of airborne surveillance resources, due to the
large area they can image at any one time. Size, location and dispersement of
the oil spill can be determined using this type of imagery.

The Arabian Gulf region is the largest offshore oil development area
in the world producing over 27% of the world’s oil in 2000. The area also
holds 65% of the world’s oil reserves. The study area has one of the busiest
and most important tanker shipping lanes in the world; more than 40 % of the
world’s total oil transportation passes through the region. The oil sludge,
released by tankers cruising in the Arabian Gulf is estimated to be around 8
million metric tons per year, representing 60 % of the total pollution in the
area. The Japan Oil Development Co., Ltd. (JODCO) with the collaboration
of the Japanese Information Centre for Petroleum Exploration and Production
(ICEP) have supported the Satellite Image Processing project of the offshore
waters of the United Arabian Emirates (UAE) [4].

Atotal of more than 300 frames of ERS-1/2, Landsat-7 ETM, JERS-1
SAR, Terra ASTER, RADARSAT, and Space Shuttle images derived from
different platforms that covered most of the offshore water of the UAE have
been used {required within the period 1980°s and early 2001). Attention has
been focused on the area of the offshore from Abu Dhabi to Ajman with analysis
using seven ERS-1/2 C-band SAR images including 2 tandem mode
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24-hour interval image observed on 24 April, 29 May and 30 May 1996 (Fig.7).
Observed slicks and bright spots in the 3 images acquired on different dates
are confirmed as leakage oil slicks from same oil production platforms. In
addition, known well location correspond to the leaking pints as well. (il
platforms and ships are observed as brilliant punctual reflectors in the back-
ground generally indistinguishable unless the well locations are superimposed
on the images. This detection depends on the sea conditions, incidence angle
increasing provide more contrast on the SAR image among the ship and the
sea, it is possible to detect the ship trace depending on the size and speed of
the ship. A ship can be distinguished by the presence of short, faint lines sug-
gesting that the slicks are ephemeral surface events from a moving source,
probably oil spills from a passing vessel moving down from north to south [4].

' ‘:: Flatiat iy
,
Fig.7. ERS-1/2 SAR imuges including 2 Fig.8, RADARSAT data ©
tandem mode 24-hour interval image Canadian Space Agency
observed on 24 April 29 and 30 May1996. 1987, Received by the
Canada Centre for Remote
Sensing

Three oil drilling platforms can be seen in this RADARSAT image on
Fig.8 off the northwest coast of Australia. The dark trails in the water in the
east and northeast of the scene may indicate surface oil pollution from the
production platforms [3].

Influx of il from tankers and offshore oil operations are major causes
of pollution in the marine environment. According to statistics of the US Coat
Guard (1990), sources of oil in the sea are classified into 6 categories. By far
the highest contributor to oil pollution in the ocean, about 52%, result from a
mix of materials and waste which make up urban runoff and discharge from
land-based industrial plants. Another 19% of the oil in the sea is directly
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attributable to world oil industry, Two per cent of this occurs in spills from
rigs and platforms during the exploration and production phases, and only 5 %
of oil pollution in the oceans is attributable to accidents involving oil tankers.
The remaining 13 % of hydrocarbons in the oceans is absorbed from the
atmosphere by particle settlement and rain-wash.

According to the European Space Agency (1998), 45% of the oil
pollution comes from operative discharges from ships. When taking into
account how frequent such spillages occur, controlled regular oil spills can be
a much greater threat to the marine environment and the ecosystem than larger
oil spill accidents like the Prestige tanker (carrying N77,000 ton of fuel oil
accident at Galice, northwest coast of Spain in 2002) (Fig.9) and the Sea
Empress supertanker (Fig.10} {5] .

Fig.9. 4 satellite image of Fig.10. The Sea Empress, a 147,000
November 20, 2004. ton supertanker accident the south
This SAR image shows tanker, of Wales February 15th, 1996.

Prestige, 100 km off the Spanish Seven days later, RADARSAT
coast. The ESA'ENVISAT ASAR captured this image, clearly
was operating in its wide-swath delineating the remaining oil
mode covering an area of slick. The spill appears
approximately 400 km by 400 km.  on the image in black tones.

In June 2004, the Russian oil company “Lukoil” launched the exploi-
tation of D-6 oilfield on a platform raised on the Russian Baltic shelf. Gbvi-
ously, the least accident on the oil platform or pipelines connecting platform
with coast terminal is capable of causing an ecological disaster in the region.
In order to control the situation and to take timely measures and operationally
predict the propagation of pollution in the case of disaster, experimental moni-
toring of the area using satellite remote sensing has been established.
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The ESA’s ERS-2 and ENVISAT radars conduct remote sensing of the sea
surface and send back medium or high resolution images in emergency
situations (after a large oil spill has been detected), wide swath (from 100 to
500 km) and keen sensitivity to sea surface roughness.The D-6 platform’s
locatton point will appear on the tmages regularly, 19 times a month, on the
average. Most of these spills are produced by ships. No spills caused by leakage
from oil exploitation installations have been detected. This is an evidence of
the platform’s ecological safety guaranteed by modern technologies used in
its construction and operation. '

RADARSAT International (RSI) has signed a multi-year, multi-satellite
oil spill and oil seep momnitoring contract with the Marine North East Region
(MNE) of PEMEX Exploration and Production (PEP) of Mexico in establishing
a maritime surveillance strategy for the Gulf of Mexico, including offshore oil
seep exploration and environmental monitoring. PEP produces 3 million barrels
of oil and 4,500 billion cubic meters of gas daily, ranking fourth in international
production capacity. It will use RADARSAT-1 and ENVISAT imagery as well
as RADARSAT-2 imagery when it becomes available. The contract includes
imagery acquisition, processing, interpretation and services designed for oil
spill and seep detection. Using this multisateilite program, PEP-MNE will be
able to maximize imaging opportunities over their area of interest [17].

It is important to recognize that potentially damaging discharges of
crude oil or petroleum products can and do occur at every point in the oil
production and transportation system. The costs resulting from a spill are
numerous and include economic, social, recreational, and ecological losses.
The cost of recovering or eliminating oil offshore is typically 10 to 100 times
less than removing the same oil from shorelines. On March 24, 1989, the
tanker Exxon Valdez grounded on Bligh Reet in Prince William Sound carrying
53 million gallons of crude oil. Federal agency costs for the EXXON VALDEZ
1989 cleanup season alone were $110 million. EXXON’s response costs
exceeded $2 billion. Union Oil of California spent $13 million to clean up the
oil and settle claims resulting from a 6,300 gallon oil spill from a near shore
pipeline in south-central California in 1992 [19]. The conclusion is that the
potential ecological disaster in the area of oil exploration is very dangerous
and the regular monitoring of oilfields based on satellite SAR is very effective
means of oil spills primary detection and tracking [6,12].

A number of limitations with Satellite SAR for oil spill detection have
been recognised for some time. SAR systems rely on the detection of surface
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roughness and wind speed. Detection is difficult or impossible for some oil
types. SAR images are also known to return many “false positives” for oil
slicks caused by natural phenomena which generate patches of similar
appearance, Automatic analysis of SAR images is not applied routinely yet.
Several algorithms based on application of different approaches are suggested,
realized and tested. The major limitation in the use of satellite remote sensing
in the monitoring of oil slicks is the relatively ‘poor’ temporal resolution of
the higher resolution near polar orbiting satellites. SPOT and RADARSAT
have the ability to aim its sensor toward a designated area (at low incidence
angles RADARSAT cannot differentiate slicks from sea water but the images
will require extensive geometrical correction as the images are off nadir). A
single satellite cannot provide the necessary cover of the area. Therefore SPOT
should be used in conjunction with other satellites, such as Landsat. At present
the two SPOT satellites have the ability to provide frequent data coverage of
the higher latitudes. The same is true for the current SAR satellites, using the
ERS and RADARSAT platforms in tandem it will be possible obtain greater
number of slick images for a given period of time.

SAR is the preffered radar technology and a unit cost between
$2,000,000 to $4,000,000.

The line scanning microwave radiometer (MWR) enables quantitative
assessments of detected oil slicks by analysing the radiant emission from the
sea surface and oil slicks at two or three frequencies for avoidance of
interference (18.7, 36.5 and 89 GHz with geometrical resolution respectively
22 m, 11 m and 5 m) and allow to determine the thickness and volume for
thicker and thin layers. This detection method has not been very successful in
the field, however, as several environmental and oil-specific parameters must
be known. In addition, the signal retum is dependent on oil thickness but ina
cyclical fashion [8] .

The microwave scatterometer is a device that measures the scattering
of microwave or radar energy by a target. The main disadvantages include the
lack of discrimination for oil and the lack of imaging capability.

Airborne Laser Fluorosensor (ALF) [9] seepage detection system
is a seep detection system that uses a sophisticated, solid state laser to generate
UV light which is pulsed from a low flying aircraft, The laser induces
fluorescence in any fresh hydrocarbons on the sea surface. Due to the
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differences in the composition, the fluorescence spectra of different oils show
variations with respect to the spectral form and the intensity of the fluorescence
observed. Flying height is typically 80 m (to 600 m} and flying speed is typically
270 km/h. A surface swath width is 100 m at 300 m flight altitude conical
scanner for two-dimential mapping of the sea surface.

The ALF acquisition system performs using excimer laser at 308 nm
for the analysis of oil and organic pollutant (MKII system, Barringer’s
Fluoroscan} and the newest MKIII with NdYAG laser at 266 nm with 176
recorded channels and records fluororsensor data at the 50 Hz acquisition
rate.

ALF detects 01l sea surface films that may be too thin for satellite or
other airborne methods and detects oil spills below the sea surface; estimates
the oil volume - quantity and type of oil, identification of the oil through its
spectral form; can be used during day and night if the visibility is sufficient
and within certain limits is practically independent of the sea state. ALF gives
information about hydrocarbon source, charge rates, trap integrity and oil
degradation, helping reduce risk in further exploration of the area.

Airborne laser fluorosensor {(ALF) survey was flown by World
Geoscience in the Timor Sea, Australia in 1997 for BHP Petroleum and joint
venture partners using the ALF MKIII system to detect natural o1l seepage over
the permit in an effort to refine the petroleum prospectivity assessment. The
survey covers a triangular area over the northern two thirds of the permit and
extends about 60km north to south and nearly 50km east to west, a total of 285
fluorescence anomalies {fluors) are picked out of the 1,751,550 recorded spectra
in the final interpretation [9] .

Conclusions

Remote sensing is a critical element for an effective response to marine
oil spills. Remote sensing data can provide information to enhance strategic
and tactical decision-making, decreasing response costs by rapidly determining
oil exact location and ultimately minimizing impacts. Spills detection by visual
observation, despite of the low price and common use, is limited to favorable
sea and atmospheric conditions, there is no mechanism for positive oil
detection. The infrared devices are commercially available at affordable prices,
for ship-board and aerial observation of oil slicks. There are airborne
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downward-looking thermal IR and Forward-Looking Infrared (FLIR). These
sensors can ‘see’ the oil slick

during day and night, detecting thicker parts of a slick only. This thermal
Imaging capability brings an important step towards night operation and polluter
identification. Satellite sensors like Landsat TM and NOAA AVHRR provide
thermal data and oil slicks can be detected but in all cases the oil position
should be known in advance. Optical and thermal satellite imagery offers little
potential for oil spill detection while SAR satellites are nowadays the most
useful space systern for this purpose. The Side-Looking Airborne Radar (SLAR)
is the primary sensor for Jong-range detection of oil pollution on the sea surface.
Fast delivery Satellite Aperture Radar (SAR) products are proving to be of
great value in the optimisation of airborne surveillance resources, due to the
large area they can image at any one time. Regular monitoring of oilfields, oil
influxes from tankers and offshore oil operations, illegal oil discharges,
operative discharges from ships based on satellite SAR is very effective for
companies means of o1l spills primary detection and tracking and oil spills
incidents prevention. As oil becomes harder to find, pursuit of fractured
reservoirs and subtle signs of hydrocarbons at the surface and sea surface will
receive increased attention. Airborne ALF system and hyperspectral
hydrocarbron mapping are the insights of detection oil seeps source on the sea
surface because of their high effectiveness and should be used in conjuction
with GPS and aircraft inertial systems which allow pinpointing the oil’s location
and other airborne geo-data sets.
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H3NOJI3BAHE HA CHBTHUKOBH U CAMOJETHH CUCTEMH

3A OTKPUBAHE HA HE®T B MOPCKHTE 30HU

Il ITanoea, Il. Feyos

Peztome

ﬂOKﬂaﬂBT IpeACTaBA aHalK3 Ha CIITFTHHKOBH K CaMOJICTHH CHCTCMH

33 JHCTEZHITUOHHQ TEPCEHE Ha He(bT ¥ BE3NON3BAHC Ha TCXHHTC BEIMOXHOCTH
oT HetheHH H razoBd KOMIZHWHK 34 OPOYUBATENHH ITIporpaMH U IpH

78


http://www.geog.ucl.ac.uk/~salmond/essay.html
http://eospso.gsfc.nasa.gOv/eos_homepage/for_educators/eos_edu_pack/p
http://www.spacenewsfeed.co.uk/2001/28October2001
http://www.uscg.mil/hq/g-m/nmc/gendoc/coop/coop.htm

aBApUHHH U3THYAHNA U Pa3/IMBH, K&KTO ¥ IpH APYTH H3BBLHPEIHHU CHTYalHH.

Te3n cucTEMH B3aMMHO CE€ EOITBJIBAT U CIIOMAraT 33 KOMILIEKCHO
HaONIOACHAS ¢ Pa3INYHA pasgeNUTeNHa IPOCTPAHCTBEHHa CIOCOOHOCT U
MOBTOPSASMOCT Ha [TOTyYaBaHaTa HHGPOPMAaIHs.

MOHHUTOPHHTBT OT CUBTHHL € SOUH OT OCHOBHHTE KOMIIOHEHTH 3a
HabMoReHUe Ha OGIIMPHY MOPCKY 30HK, KOETO 38 PYTUTE THIOBE 11arhopmu
MOIKE [1a C€ OKKE MPEKANICHO CKBIIO, 0COBEHO 32 HPOYYBATEIIHY LISTIH.

[Tpu camonerure oK, Ha HOpaa MOKe 2 ¢€ MOHTHPA IO BIHHUTEIHO
0bopyABaHEe ITO3BOISBAILG 110 NMPEIU3HO OTKPUBaHE HA HedT U onpenensHe
Ha KOJIMYECTBOTO M BHIR HA HedTeHuTe netHa. Taxa we, caMo CBBMECTHOTO
UM H3II0JI3BaHE MOXE Ja CIIOMOTHE 3a I[IOCTHIaHe Ha HaH—no0pm pesyinraTu
IIPH FOJIEMHS CIIEKTBP OT 3a/aiH, CBEP33HHM ¢ MOHHTOPUHTA Ha OBIIMpHHTE
BOAHY IPOCTPAHCTBA.
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Abstract

The requirement for evaluation of the reliability of electronic devices (ED) for every
day and special use is connected with new methods for design and construction. This applies
most of all to aerospace equioment and sistems. They must satisfy a complex of technological
requirements. The most important of them must be restrictions by size, weight, power
consumption, high stability of output parameters and high reliability in the process of usage.
It should be taken into account that process in question takes place in the condition of a wide
range of change in temperate, humidity, pressure, vibrations, in the presence of active
disturbances, radiation and random variances of the nominal of the elements of ED, provoked
by change in production technology. This paper examines an engineering method for
research of the local sub domains for steble work of the circuits in ED. The method is
continuation of the method of boundary tests, created in 1968 and suggested inf1].

1. Introduction

Satisfying the requirements for ED is a complex and multisides
problem of the optimization and modelling theory. Three basic groups of
methods for optimization of ED work areas with respect to decreasing
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probability for gradual failures are described in technical literature : the method
of statistical tests (normal and speeded) [1; 2], the method of optimization
with analysis of intermediate results {2] and the “Monte-Carlo™ statistical
modelling method [3]. Among the most effective methods from the second
group are the Gauss — Zeidel method, the relaxation method, and the gradient
method [3]. From the point of view of engineering design, the general
disadvantage of the mentioned methods is their complexity, labour-
consumption and poor clearness. The treatment of the problem consists in
dividing the multidimensional domain of the circuit’s stable work into local
sub-domatins and optimizing the last domains with sufficiently high probability
for stable work ( P 2 ,95). Thus, the clearness of the analysis of the local

sub-domains (two-dimensional or three-dimensional) give the possibility to
apply the heuristic approach during the design process.

2. Solution of the problem
The solving of the formulated problem after the proposed method
takes place in 4 steps described below.

2.1. Detrmination of the local sub domains of the ED cicuit’s
stable work
Thus can be done using the system of equations:

) V()= w,(1), (B=12,.....k),
where: V, (1‘) and W, (f) are generalized functions of the ED parameters

q,5q,s--q,» which include the parameters of the electronic elements,

semiconductor depending on one devices and power supply sources common
independent variable, the time 7.

The functions ¥, (t ) and W, (1‘) also depend on the characteristics of

the disturbing signals and the exploitation conditions. Conditions (1) are
obtained from the analysis of ED’s physical model. When the system of
equations {1) is functionally incomplete with respect to the parameters

g (i=1,2,...,n) it is completed based on physical considerations by

introducing new conditions or adopting part of the parameters g,, as
determinative. The stable work domain of ED, determinate by system (1)
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1s multidimensional with respect to the parameters g, . The analysis of such a
multidimensional domain is not very effective in obtaining engineering

formulas to determine the optimal values of the parameters g,. Therefore, it

is advisable to divide the steady work domain of ED into local sub-domains.
The nature of the division is in solving the system of equations (1) in
such a way as to obtain two relations of the type:

(2) quF;(QF)’ mz(Dl(Qr)’ (m,rﬁn,mir),
where: g , g, are two of the parameters, that are searched for.

Conditions (2) determinate the local sub domain {g,_,q ) of stable
work of ED. Moreover, we must take into account that in relation (2) more

than two parameters ¢, can be included . In this case, the boundary of the
local sub domain depends parametrically on the additional parameters g,.

Taking into consideration the values (g, ,q,) in the initial system (1), we
obtain a second local sub domain.

6 225(4,4,8). 220,.0.0). (s <nprs)

from the analysis of which we defines the mean values g ,g. of another two
parameters of the ED.

Using the values G,,,4,,9 ,,4,obtained from the initial system (1), we
determine the next local sub-domain and ete. until we obtain the mean values
of all parameters g,. The values g, must be chosen taking into account the
possible dispersion of the quantities g, and the coefficients, which define the
functions F,F,...,0,D,,...

2.2. Stochastic analysis of the local sub domain of stable
work of the ED

When taking into account the dispersion of the quantities g, and the

coefficients which determine the functions £, F.,...,@,D,,... each of the
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relations of a type (2}, (3) having the following general appearance:

@ #()<v (1), (j=123,...1), (I<n/2)
must be replaced by an additionally specified relation of the following type:

) B)<v () {1+2,()],

where the dimensionless random quantity Z ; (r ) determines the influence of

the destabilizing factorswith time ¢, on the output characteristic Z (3‘ ) of the
ED, i.e. its relative error,
In the general case, the dimensionless random quantity Z_, (t) is

determinated by the equation:

AZ
©  Z(1)=7%,

where: AZ is the displacement of the output characteristics Z (2‘) of the ED

from its nominal value Z (r) caused by the influence of the destabilizating
factors with time ¢,

We assume, that the displacement of the basic perameters g, of the

ED are small (this condition is satisfied with correct by true design and normal
exploitation of the ED), i.e.:

N Ag, << g,
and Av, (t) WV, (t), Apt, << Ji, we represent the relative error Z, (2‘ )

of the functions L, =V, / K, inthe form:

AL Ay, Au,
® Z{)=—"=~ A
’ Lf V_.‘ Ju.f' ‘
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Taking into account relation (6), we represent Z, (t) in the following

form:

%) Z.;-(*‘Fi%-(ﬁ%/@),

i=]

here: 4~ L, (9:9-4,) 9 d the derivati
where: “; ~© L{(3,7 %) - t
i 5q£- L_f(q!’qza“"qﬂ) - o

51:._1r / 0g, are determinated for the points (ql,qz,...,q”).

Equation (9) is the error equation of the error of the output
characteristics of the ED which determines the relation of the relative

displacements Z, (t) at the boundaries of the determined local sub-domains

with the relative displacements Ag / g, of the parameters of the ED.

Based on the theoretical investigations made in [4], equations (9} can
be transformed in the following form:

AZ &(AZ " Aq Y Aq
—_— = —— = a.. l+m°—’ ‘—'L.
w0 ZI[ 3 L 2, ,.( 7 ) Z

Relation (10) is an expanded interpretation of the equation of the
“small” relative errors from (9), which is characterized by the existence of a
“partial” (by ,, { ) influence coefficient, defined by the multiplier, accounting
for the non-linear terms of the second and higher order.

2.3, A priory determination of the parameters of the partial series
from equation (10}
This determination is based on the use of the influence of the artificial

by formed change of the i-th basic parameter (BP) Ag,, on the output

characteristics (OC) (AZ )(’ at constant values of the other BPs.
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Fig. 1. A priory determination of the parameters of the partial series
from (10)

That is accomplished by using the following initial data and procedures:

1. For BP g,, two a priory points are used with coordinates -

p.1 l_q”,. (AZ )% J p2 [(cj + A7, ), AZ, ] which are shown in the Fig. 1, where
g,,Z are the known nominal of the ; -th BP and the OC; Aj,,AZ, are the

given changes of the ;- th BP and the measured change of AZ.
2. For p.1 we determine according by the derivative (62 /6q,_) and

the value of the coefficient @, = l(@Z [0g ,.)Er_ J (('i |z )

3. Along the coordinates of p.1 (the end of the a priory range,
beginning of the a posteriori range of prediction) (AZ -G, ) we determine
the parameter 7z, according to:

— AZ] f(Aqf
(1) M =r—— .

4. From relation (9) presented in suitable a priory form:
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Az -iﬁé.(lwﬁ A4

f
- ) , we obtain after appropriate transforma-

Z ! qr i
tions
12) 5 a,Aq.

T lgl+m(85,/7))

2.4. Prediction of the relative displacement (error) of the
output characteristics of the ED in the case of its complex dependence on
individual BPs

During stable work regimes of the ED, the following is valid for
formulas (7) to (10):

(Ag, /7 )<<1, (AZ/Z) <<(a,.Aq,/q), i<l . From these
conditions we can transform (10) in the following form:

AZ (AL : _ Aq ) Aq,

—_—= — | =>a,.ll+mr —j-——.
( l 3) Z ; ( Z ]‘L ; il ( iti = J q.;

Equation (13) is “expanded equation of the accidental relative error”,

i

which gives the probability for predicting the relative error £,. of the OC
of the ED with complex change of the BP, (!- =1.... n) which determine it out

side the range Ag, for .Aq{.] > ]A"q‘,,] according to:

Q| q!’

As a matter of principle, equation (14) is a refation of relative accidental
errors, which depends on a great number of non-dominating factors with normal
distribution. It is important to note, that in the common case the distribution

(14)  Sac =%Z-525” '[Hﬁ,-ﬁ'%]%.

of the process of change in £,.. as a result of its non-linear character is a
multiplication of Veybul distributions [4].
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with [7.F(Aq,/g )<<1] and in the general case
condition (x/ x ) =M (x)/ M (x2 ) = o, /o) where is satisfied for the

mathematical expectation M(Ag, /4, ) and the dispersion D{Agq, /g, ) of the
individual BP , the mathematical expectation and the dispersion of the OC of

ED (AZ / Z ) can be determined, according to:

AZY o | s o] O Aq,
(15) M[—Z—J=;a”.lil-i-m,.r,.M(—;?_—}:'.M(%-—]’

o D2 \=Yaiemrp 54 || pl A%
( ) Z — il P q E?_ '

3. Case study of an electronic circuit

As a subject of the case study, the circuit of a generator based on the
integrated circuit NE 555 - electronic timer {5}, is chosen. The circuit and its
elements are shown in Fig. 2.

Fig 2. Electronic circuit of a generator
based on the timer NE 555
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The investigation was carried out on the basis of equations (15) and
(16), which were transformed in the following form:

A J — AC AC
(17) M(?f} = gau.{l + i ﬁM(?HM(w(—?_—]’

(18) D{é%} Ega}l[l-i“ﬁffl)(%]}D[%g)

where: f - the mean (nominal) frequency ofthe generated electrical oscillation
at the output of the timer NE 555 (}"_ =1kHz); Af - the displacement of the
timer frequency from f; C - the mean (nominal) value of the capacitor C

from Fig. 2 (E =1nF ); AC - the displacement of the value of capacitor C

from the its mean (nominal) value C; R =54Q; R, =470kQ.

In Fig. 3 and Fig. 4 the graphic simulation investigations of equations
(17) and (18) using the “Mathematics” program are shown, investigating the
functional relations:

a9 M(Af/F)=F[M(ac/CT)],

oy D(&f/F)=F[D(ac/C)]

Functional relations (19) and (20) are investigated under the condi-
tions of the experiments with the timer from Fig. 2, whereas with a change of

the capacitor value C by AC =100 pF' we have Af =10 Hz. Under this

condition, from equations (9), (10) and (11), the following relations for
mathematical expectation M and dispersion D were obtained:
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@) M[IOJ [1+10%AC.Ig (Af]M[mg),

Af

12 40 AC
22) D[m;] 107.[1+10%.1g° (Af)]i)(lo_g],

where M is mathematical eXpectation and D is dispersion.

=0.1 =0.05 C.05

Fig.3. Graphical representation of the function

M(%}:F[M(ﬁﬁﬂ
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Fig.4. Graphical representation of the function
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4. Conclusions

On the basis of the results from this investigation, we can formulate
the following conclusions:

1. Equations for mathematical expectation and dispersion of the output
characteristics of electronic devices for every day and special use have been
derived. From the analysis of these equations the technological conclusion for
the high reliability to externai influence on the test circuit in the connection
regime recommended by the producer has been made.

2. On this basis simulation case investigation of an electronic circuit
(electronic timer) has been carried out. The simulation investigation evidences

of the good symmetry of function M (Af / f) and stability of function
D(af/F).
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3. Based on the type of the graph of function M (Af / f), it can be

ascertained that the probability for generation of the nominal specified by the
producer frequency of the output pulses is maximum in the domain of the
solution of this function. The uncertainty of the dispersion of the generated
frequency is uniform and symmetrical at deviation from the nominal value.
All investigation have been made only for a change of the capacity of capacitor
C from the connection shown in diagram Fig.2, whereas the influence of
resistors R, and R, has not been accounted for.
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METO/ 3A H3CJIEABAHE 1 OHEHKA HA HAJJEAKJHOCTTA HA
EJEKTPOHHH AITAPATYPH B ITPOIIECA HA PAZPABOTKA U
EKCILIJIOATAHUSI

H. Ilempos, b. boiiues
Pesrome
V3uckBaHeTo 33 OLEHKA Ha HAAEKAHOCTTA Ha €ACKTPOHHMTE anaparypy
(EA) ¢ 6uTOBO M CnenManHO NpeIHASHAYEHHE H3HUCKBA (IPHHIHITHO HOBH

METOIM 3a IPOSKTHPAHE H KOHCTpyhpaHe. Tosa e ocobeno akTyanHo 3a aepo-
KOCMHYECKHTE anaparh H cucTeMH. Te Tpa0Ba a YAOBIETROPABAT KOMILIEKC
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OT TAKTHKO-TEXHHYECKH M TEXHONOTHYHH H3HCKBaHUsA, Hali-paxuuTe OT TAX
clensa Ja 6LAAT OrpaHMYEHUs IO OTHOUIEHHE Ha rabaputm, Terno,
KOHCYyMHpaHa H pa3ceiBaHa MOIIHOCT, BHCOKA CTA0HIIHOCT HAa H3IXOIHHTE
napaMeTpH H BECOKA HaZSKAHOCT B IIPOLECca Ha eKCIuIoaTanus. Tpadpa fa ce
HMa npeaByi, Y€ BBIIPOCHHAT NPOLEC CE H3BBPILIBA B YCJIOBHATA HA IMPOK
AHENNA30H Ha H3MEHCHHC HA TCMNEPATYpPaTa, BAAXKHOCTTA, HAIATAHETO,
BUOpaANUNTE, HATHYUETO HA AKTHBHU CMYUICHUA, PATHALHA H HEU30CKHH
crydaifHi BapUallMH HAa HOMUHAIMTE Ha €NIEMEHTUTE Ha EA NpeAr3BAKaHM OT
HM3MEHEHHEeTO HA TEXHONOTHATA Ha NPON3BOACTBO. B HacTosmara craTug ce
pasniexa HHXEHEPEeH METOH 3a H3caeABaHe Ha JIOKaIHH noxodmacTH 3a
ycToduMBa paboTa Ha cxeMHTe B EA. MeTonsT ce ABsaBa NpoARIieHHE HA
MeTojla Ha TPaHAYHUTE H3HTAHUS Ch3AateH nipe3 1968 r. u npexoxen B [1].
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Abstract

A conjugate problem of predicting the kinematic and thermal parameters as well gs
the parameters of the stressed-strained state of o cylindrical shell made of thermoelastic
viscoplastic material and loaded by an internal pressure pulse has been solved in terms of
waves.

1. Introduction

The subject of this research is a thin-wall cylindrical shell made of
elastic viscoplastic material of the Kristesku-Malvern-Sokolovski type [171,
with the latter’s indicial equation describing the properties typical for most
metals — strain and dynamic hardening, as well as thermal weakening in the
process of loading, with the latter being caused by dissipation of inelastic
deformation energy into thermal energy, having taken into account the heat
transfer attending the process. The outer and inner radii of the shell have been
designated R, and r,, accordingly. At a time moment ¢ = (), a radial pressure
pulse p = p(¥), with p(0) 70, has been applied to the shell’s internal surface.
The pulse’s amplitude parameters are such, so as to take the shell out of the
elastic state.
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2. Problem positing

The solution has been carried out in a cylindrical coordinate system
(R, 8 z) within the framework of the hypothesis of planar stressed state. The
stress tensor’s components are g ,, and ¢, which are different from zero
(hereinafter referred to as ¢, and &, accordingly), and the strain tensor’s
components are€ ,,, £, and £, (g, £,,and ¢, accordingly).

The equation of motion of a circular element of the shell with radius
Refr,R,Jand thickness dR has been expressed as follows:

eV, 0o, 0O,—0,
= +
O P ot R R

where ¥V, —tadial velosity; - matgrial density
The relative strains g, and &, and velocity ¥, are interrelated by
conditions for continuity:

™ IB B v
R ___ R, 8 __R
B I® I R

@

The constitutive equations for the shell material have been assumed in
the form [2]:

oo}
e, 1 (aaR_ acrg}+ 7, -ole) \
o E(g’P,T) 2t : o ﬁ(el.)
* 20,9, 1— ! 5E(€’P,T)(O'R —#crﬂ) :

6/7, E? (.s:",T) oer
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o p

e,)
— == (0' +0a )-— \/_ d *
a  Efrt) " sle |

*

6,+0, aE(ef,T)(gﬁ ‘o )}’

|
1—
6\/}:{ Eiis;”,Ti der

where [ — invariant of the stress deviator tensor;

g, — strain intensity,
e* —reduced plastic deformation;
# — Poisson’s ratio;

6& R [aaﬂ oo, ]+ |:\/Z -—o’(sr_ )}a{” ! .
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Fig 1. Approximation of relation Fig. 2. Approximation of relation
a = afe)jor steel 3 B = B(g) for steel 3

The approximating functions o = a(¢), f = f(s)and ¢ = o (g)
have been expressed with reference to steel 3 in the form [2]:

4 a=45-7s;, p=981-232¢g,; o =241+21%6¢,, [MPa].

Figures 1..., 3 illustrate the satisfactory matching between the results
from the experiment (solid lines) and theoretical {design) relations (4) (dash
lines). The relation between the modulus of elasticity and plastic deformation
value has been expressed by means of the exponential function in the
form [31:
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The boundary conditions of the problem have been assumed in the
following form

(5) O‘RLrg,sz O'R{)H(I);O'H (RU’IJZO’
and the initial conditions —

(I (rﬂ ,0J= o, krg ,0J= v, \ro ,D)z €, \rﬂ ,0)= €, lro ,OJZ £_ lro ,0): 0
where H{t) — Heaviside single function.

g,
MPa
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Fig. 3. Approximation of dynamic load diagrams for
steel 3 by means of constitutive equations (3), (4)

The system of equations (1),...,(3) is quasi-linear of the hyperbolic
type. It has been solved numerically by the characteristics method [4] with the

subsequent fintte-difference approximation of the differential relations between
the sought functions along the characteristic directions.
The latter are in the following form:
- along the divisible characteristics dR = 0:
|14

de, =-2dt:
® R
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2 + {4+ B)dt =0
®) ol-u2)) Al )
where
2 -
420 L
6@ E? der R &
2 -
B=u %" % 1 iﬂa ~;m)

Integration of the system of six ordinary differential equations (7), (8)
along the curvilinear characteristic directions has been carried out numerically.
Moreover, at each integration step, a cycle of iterations to £?, has been
organized and temperature 7 has risen as a result of the dissipation of inelastic
deformation energy into thermal energy. Furthermore, heat redistribution in
the shell due to heat transfer has been taken into consideration by means of
the heat flow equation in the form {5]:

o, adr [foT 107
©) o o o’ \6R' ROR

N a 2T , :

in which the term P takes into account the finiteness of the rate of heat

transfer; a — coefficient of temperature conductivity. In calculations, the rate
of heat flow has been assumed to be @= 1800 m/s (divisible by the velocity of
propagation of radial pressure wave in the shell material which for steel 3 is
equal to ¢ = 5400 m/s).

It is convenient to solve equation (9) by the characteristics method,
too. The characteristic directions and differential relations between the sought
functions
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along them are in the following form:

dR = todr;

(10) tadu—tav =2 vt d=0
w a R

In Fig. 4, it is plotted in the phase plane R, ¢, the combined grid of
characteristics for a conjugate solution of the system of equations (7), (8) and
(10). The selection of a numerical integration step for equations (10) with
relation to the integration step of equations (7), (8) is secondary, assuming
that the characteristics lines (10) pass through the node points of the
characteristics of equations (7), (8). At the initial iteration step in the current
node point, the characteristics of the stressed-strained and kinematic state have
been determined, as well as the temperature caused by inelastic deformation
of the material, the temperature being driven to the given point as a result of
heat transfer, The temperatures have been then summarized, and according to
the summary temperature the values of the six sought functions ¢ ,,o . ¥, ,
£ » & , and &, have been defined more precisely, then the values of temperature
T and modulus of elasticity £ have been defined more precisely — and the
iteration cycle has been repeated until the required precision is achieved. The
heat interaction of the shell with the environment has been assumed to be
lacking.
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variables

3. Conclusion and deductions

Some results of the calculations are illustrated in Fig. 5,..., 8. InFig. 5,
snapshots of temperature distribution through the shell thickness at a fixed
time moment of ¢ = 3.3 x10 s have been plotted. The problem has been solved
for boundary conditions (3) at &, =350 MPa, »,= 0.05 m, R, = 0.06 m. The
effect of heat transfer in the process of loading has been analyzed. The solid
line in the figure has been plotted without taking into account the heat transfer
(@ = 0), and the dash one — with taking into account the heat transfer at
a = 0.024 m?/s. Apparently, when taking into account the heat transfer in the
shell dynamic loading, it affects materially the current temperature distribution,
moreover, the loaded shell surface heating decreases.
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Fig. 6. Snapshots of deformation  Fig.7. Variation of deformation
components fort = 1.5 x 107 s components on boundary surface

The variation of deformations and radial stress through the shell
thickness and in time is shown in Fig. 6,...,8. Snapshots showing deformation
components forf= 1.5 x /0"’ s are shown in Fig. 6, the variation of deformations
in time on the loaded surface R = r, is shown in Fig. 7, and the variation of
radial stresses through the shell thickness at a time moment t = .5 x 107 s is
shown in Fig. 8. All curves have been plotted at a =0, the impact of temperature
and reduced plastic deformation on the variation of the material’s modulus of
elasticity has been analyzed. The solid lines in the figures correspond to
E = const, and the dash ones - to the variable modulus of elasticity. Apparently,
when taking into account the shell material heating, it does not affect materially
the variation of the stress-strained state parameters. Obviously, the picture
will change materially in the cases, when loading of the shell’s inner surface
will be attended by its pulse heating by an external independent source, which
1s typical, for example, for the cases of gun firing or loading the shell’s inner
surface by products of detonation of high explosives. In these cases it should
be expected (as confirmed by the carried out calculations, too) that, as a result
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of the intensive heating of the shell’s mner surface, the inner layers of its
material will be in a compressed state, including the layers along the tangential
components of stress and strain, thus increasing artificially the safety factor of
the shell and changing the time-sequence of appearance of microdefects and
destruction through the shell space in the process of its expansion: destruction
begins not from its inner surface, as it follows from the solution of the well-
known Lame’s problem, but in the middle layers, in the area where tangential
stresses change their sign.

o
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Fig. 8. Snapshots showing profiles of radial stresses waves
in the shell for t =1.5x 107 ¢

Tooling has been thereby developed that allows to predict the behavior
of cylindrical shells under conditions of pulse loading on the inner surface as
well as to solve a series of problems of practical importance.
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Abstract

Radar imagery, realized by means of synthetic aperture radars (SARs} is very
important iv exploring planet, satellite and comet surfaces. The most valuable feature of the
autocorrelation function (ACFE) of the SAR signals is the level of their side lobes, because
they determine the dynamic range of the image and the possibility to discover small objects.
With regard to this, our paper suggests a method for applying in spacecrafi-based SARs the
so named generalized complementary signals, whose ACF does not have any side-lobes. It
uses the polarization features of electromagnetic waves.

1. Introduction

Radar imagery is very important in exploring planet, satetlite and comet
surfaces [1, 2]. It may be sketched as follows. The transmitter of the spacecraft-
based radar sends electromagnetic signals,
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Fig 1. Processing of radar signals

The cxamined objccts reflect the signals. producing so named echo-
signals. They are the input to the radar receiver. Usually. in order to maximize
the “signal/noise™ ratio. the receiver (s constructed as a filter, matched to the
sent signals. In this case, the receiver’s output is the autocorrelation function
(ACF) of the sent signals. This is clarified in Fig. 1, where a radar signal is
shown (Fig. 1a). The duration of the signal is 7. but it is separated in »n sub-
signals (or “elementary signals™) with duration 7 (i.e. # =7 /rg}and differ-
ent carricr frequency. This technique is named “discrete frequency shift-key-
ing” (DFSK).
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It allows obtaining a different echo-signal from every “reflected point” of the
object. Usually, the receiver’s output, produced by a single point echo, is
characterized by a main peak V and a sequence of side-lobes with maximal
amplitude ¥, as shown in Fig. 1b. At the end, the radar receiver output
signals ar¢ sampled and processed to extract the object image {3].

In general, the above-described technique of using complex radar
signals provides for both large performance range (provided by the aggregated

power of elementary signals) and high distance resolution (defined by z() of

the spacecraft-based synthetic aperture radars (SARs). Unfortunately, real
objects comprise more than one reflected points. As a result, the echo-signals
of all reflected points interfere, as shown in Fig.1¢. In this situation, it is hard
to obtain a detailed object image, because the side-lobes of the more powerful
signals mask the main peaks of the weak signals.

With regard to this, our paper aims to suggest a method for applying
the so named generalized complementary signals, whose ACF does not have
any side-Iobes. It uses the polarization features of electromagnetic waves.

2. AMethod of Phase-Manipulated Complementary Signals Applied
in Spacecraft-Based Radars

It is known [4] that discrete phase- and frequency-modulated signals
may be presented as the real part of the complex-valued function:

A Z]{Uj.exp(ié’_f).exp[an(jh g (= Jjzg)
=

where ; = /_7; U is the amplitude of the j* elementary pulse j =1.2,...,n;
Jo is the carrier frequency; {f].fa,-.. f,} are real time functions, which

express the frequency modulation; {63 0<6; <2x; j=12,..n} is the set
of numbers, describing the phase modulation and:
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To maximize transmitter efficiency and to simplify the practical
accomplishment of the process of signal receiving, the so-named uniform
signals with

Ty = const; UJ' =const; =1,2,...,n;;8j e{(2x)Y/ m; [=0l,..,m-1} are

most widely applied.
In this case and if only discrete phase shift keying (DPSK]} is applied,
the signal is named “discrete phase-manipulated (PM) signal”. It can be

described precisely by the sequence {{{ j)}f-:I of normalized complex

amplitudes of elementary signals [4]:

Gy SU)=exp(id; ) <(i)e texpQail/m);l = 0,..om—1}

As mentioned above, the signals whose ACF has close-to-zero level of
the side-lobes, are the most attractive for implementation in spacecraft based
SARs, With this regard, 1n the rest part of the paper our attention shall be
focused on the so-named generalized complementary signals, whose ACF is
free of any side-lobes.

It is known that a single radar signal does not have non-periodical ACF
with zero level of the side-lobes. Moreover, the classes of single uniform
discrete radar signals with small level of their side-lobes seem to be very rare.
For this reason, Golay introduced [5] the so-named complementary series (or
signals {CSs)). They are a pair of two uniform binary phase-manipulated signals,
whose aggregated non-periodical ACF is similar to a delta pulse.

It is necessary to emphasize that Golay’s definition of CSs is not useful
in some important cases. This situation has motivated some theoreticians to
extend the classical definition as follows [ 6, 7, 8].

Definition 1: The sef of p sequences (PM signals), whose elements are
complex numbers, belonging to the multiplicative group of the m-th (> 2)
roots of unity:

108



{4 = {51(.}')}j21242 = {52(1)}?:[;-‘-314)0 = {‘fp(j)}jil};
() elexplml/my 3 =0l,...mp —1};6=12,.., p.

are a set of generalized complementary signals (GCCs) if and only if their
aggregated ACF has ideal shape, similar to a delta pulse:

R=nNp ) bt if r=0

P
()  Re(r)= YRy (r)={
k=l

0; if r=12,.,max{n}.

In (5) the non-periodical ACF R 4, (r ) are defined by the well known
formula [ 4]:

n—|r|
SN+l ~m-v<r<o
R()-{ 7

©) S ee (N +k), 0<r <o,
j=1

Consequently, Golay’s codes are a particular case of the GCCs, when
p=2, m=2.The CCs and GCCs are unigue among all PM signals for the

following features:

- their aggregated ACF has ideal shape, similar to a delta pulse;

- if a pair of GCCs, consisting of n elements, 1s known, then it is easy
to create an infinite set of pairs with unlimited code-length.

It should be emphasize that most types of uniform PM signals with
close to ideal ACF have limited code-length. For instance, Barker codes exist
only for » <13, if n is an odd integer.

With regard to the GCCs’ positive features, they are studied very
intensively and a quick reference revealed more than 200 conference reports
and magazine articles related to this theme during the past ten years.
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The natural question, which arises from Definition 1, is “How can the
GCCs be implemented in a real communication system?”. The most obvious

answer is to use p different frequency carriers f;.k=1,2,.., p, phase

manipulated according to the sequences A,k =12,..., p. Unfortunately, this

is not the best approach when the communication system is a spacecraft-based
SAR. This conclusion will be clarified by the following example. Let us assume

that a spacecraft-based SAR exploits GCCs with p =2 and the transmitter
radiates simultaneously two uniform PAM signals with carriers f|, 15,
manipulated according to the sequences A, 4, . As a result of the so-named

Doppler effect, the carriers f,; of the echo-signals will be:

I_VRJ;C

~ f(1-2Vpic), k=1,2
TYATREL S ’

(0 Jek=Tx

where Vp is the radial velocity of the spacecraft relatively to the object and ¢
is the velocity of the electromagnetic waves propagation. [f the explored object
is on the earth’s surface, then ¥ must be at least 27 360 km/h. Then the

difference Af = ‘fel - er‘ will be too significant and it may lead to irreparable
phase distortions between the components of the GCCs.

For the above reason, in the rest part of our report we shall prove a
more appropriate approach to GCCs implementation in spacecraft-based S4Rs.
Namely, we propose the two uniform PM signals, composing a pair of GCCs,

to be transmitted simultaneously on one frequency carrier fy but by means of
different types of polarization. Let the horizontal and the vertical polarized

PM signals be described by the sequences A1={ﬂ(j)}f.=l and

Ay ={n( j»?:; , respectively. Then the signals, reflected by an object
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Fig. 2. Method of GCCs applied in spacecrafi-based SARs

point, will be S, S, respectively. The reflected signals are connected with
the transmitted signals by the following matrix equation:

Sp

Sp

Dy Dy
Dyy Dy

4
Ay

Dy Dy
Dy Dy

®) - ; :

oi-|

where the complex valued matrix “D" is the so-named “polarization matrix of

the target scattering”. Its entries depend on the physical features of the object,
its orientation and position relatively to the radar and the carrier frequency of
transmitted signals. When these parameters are constant, then the entries of

the matrix |D| are also constants and more over, Dy, = D, ;. Accounting that

the size of a single reflected point is small, it may be concluded that Dy; = Dy, .
Consequently, the matrix can be presented in the form:
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o b,

where Dy = Dy =ky; (Dy3/ k) =(Dy/ky) = ks

As stated above, the main obstacle for GCCs practical implementation
by means of polarized electromagnetic waves is the fact that each echo-wave
comprises both horizontal and vertical polarized components. For this reason,
we propose the method of signal processing, shown in Fig. 2. We shall explain

it using the following notation. Let {£'( J’)}jzl be the sequence of normalized

complex amplitudes of elementary signals, composing an arbitrary complex
signal. As mentioned, the result of processing this signal by its matched filter
will be the ACF ofthe signal. It may be presented by the following polynomial:

(10)  P(x)=Fx)F* ).

Here:

(1) Fr@=¢mx"" 4+ n-Da""2 + .+ L@x+£(),

is the so-named “Hall polynomial”, corresponding to the sequence

{’:(j)}i;:] s Fg (x_[) is the polynomial:

(12) Fg (x‘]) ={* (n).x_("*l) +;’*(n—l).x_("_2) +..+<*(),
the coeffictents of the polynomial P(x) are:
pi = Re (k) k=—(n-1),~(n-2},.. wa=2,n-1,

and the values R (k) of the ACF are computed according to (6).

Accounting for the above notation, (8) and (9), the outputs of the
matched filters shown in Fig. 2 may be expressed by the following polynomials:
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Py (6) = Iy [F, (2) + by Ty (01.F (71

Py (x) = ks F,, (%) + ko By (O0LTA, By (27
(13) Py (x)=kilky.F () + F ()5 (x71);

P (x) = by ko Fy () + By (011, Fp (7).

In (13), &, 1s a special coefficient, brought into the scheme by means
of two directed attenuators. Now it is easy to see, that if the attenuators in
Fig.2 are regulated to obtain %, = k5, then:

Sou{X) = Pph(x) - Rf}f?(x)+ Pp(x)— P;m(x) =
=k {[Fy (O F (x4 By 0)F, (D1

(14
~ k3 [ 00 F, (7 4 By (OF, () = by 2n(— k3.

Formula {14) shows that the method of GCCs use, shown in Fig. 2,
preserves the cancellation of the ACF side-lobes, despite the harmful presence
of cross-reflected signals. The signal power losses depend on the relative

coefficient of the cross-polarized reflection &, .

4. Conclusions

The method of GCCs applied in spacecraft-based radars, presented
above, preserves the positive features of the GCCs, especially the cancellation
of the ACF side-lobes, despite the harmful presence of cross-reflected signals.
This result is achieved by small losses of signal power, because mostly

k; <20% and hence (] - kf) > 96%.-
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METO/ 3A HPHJIATAHE HA ®A30BO MAHHITYJIHPAHHU
KOMIINEMEHTAPHY CUT'HAJIH B KOCMHYECKHTE
PATHOJIOKAIIMOHHH CUCTEMH

b. Beosces, K. Tmwuesa, P, Fozoanos
Pesrome

INonygaBaneTo HA panapHu M300paKCHUA HA HOBBPXHOCTTA HA
THIAHETHTE, CITBTHULMTE H KOMETHTE € BAXEH MOMEHT ITPH TAX HOTO H3yUABAHE.
B To3K nponec Hai-RaXKHOTO CBOMCTBO Ha aBTOKOpEJALHOHHATA (QYHKLUHS
(AK®) ra paauonokallHOHHATE CHYHANH € HHBOTO Ha CTPAHMYHUTE THCTH HA
AK®, 3amioTo TO ONpeAsits AUHAMMHUHHS AHANA30H HA H300paKEHHETO K
BBIMOXHOCTTA 3a OTKpUBaHe Ha ManopasMepHH obextu. [To Tazu npuunwxa B
CTATHATA ce 00OCHOBABA METOI 33 H3MOJI3RAHE HA TAKA HapeueHuTe 0000IeHH
KoMIieMenTapad curiany (OKC), quato cymapra AKD Hima crpaHHuHu
aMCTH. MeToasT ce Xapakrepu3nupa ¢ TOB4, Ue 3aMa3Ba [EHHUTE CBONHCTRA Ha
OKC prnpexn eekTa Ha KPBCTOCAHO MONAPUILMHOHHO OTpaKeHHE Ha
paJapHHTE CUTHAIH. TO3H DOJMOKUTEH Pe3ylTaT ce IOCTHra TeXHHYCCKH
NPOCTO ¥ C MMHUMAJIHY 3ary0y Ha CHEPrua Ha €XO-CHTHAUTE,
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Abstract

The binary additive stream ciphers are one of the cryplographic systems that are
often used in aerospace and communication appiications where high speed and low delay
are requirements.

The need for software-oviented stream ciphers has lead to several alternative
propasals in the last few vears. A new Pseudo Random Number Generator (PRNG) named
Shrinking—Multiplexing Generator (SMG) is described in this paper. it uses p-1 parallel
working Linear Feedback Shifi Registers (LFSRs) with large period and one p-adic Feedback
with Carry Shifi Registers (FCSR), which control nonlinearity in the generator.

To be suitable for use in cryptographic systems, PRNG must have large period,
large linear complexiny and good statistical properties. The results from statistical analysis
of SMG are given in the paper. The sequence generated by SMG is uniform, scalable,
uncompressible, with large period; consistent and unpredictable are shown by analysis of
proposed PRNG. This gives us reason to say that the SMG is suitable for particular
cryplegraphic application.

I. Introduction

‘The binary additive stream ciphers are one of the cryptographic systems
that are often used in applications where high speed and low delay are

requirements like modern aerospace and communication information systems.
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In the binary additive stream cheaper, the keystream, the plaintext, and the
ciphertext are sequences of binary digits. The keystream is generated by a
keystream generator, which takes a secret key as a seed, and produces a long
pseudorandom sequence. The ciphertext is generated by bitwisec modulo 2
additions of the keystream and the plaintext.

The goal of stream cipher design is to efficiently produce pseudorandom
sequences that in all senses are “indistinguishable” from truly random
sequences, To do this, the pseudorandom sequence must have various
properties, such as high linear span, high pair-wise Hamming distance, low
cross-correlation value, large linear complexity and good statistical properties.

The need for software-oriented stream ciphers has lead to several
alternative proposals in the last few years. To satisfy this need we propose a
new Pseudo Random Number Generator (PRNG) and give its statistical
analysis.

The paper is organized as follows. A new Shrinking—Multiplexing
Generator (SMG) is described in Section II. The statistical analysis of the
proposed SMG is given in Section III. Finally, some future works and
conclusions are prescnted.

IL The Shrinking—Maultiplexing Generator

In this section we give a brief review of the architecture and
mathematical background of the new Shrinking—Multiplexing Generator (SMG)
proposed by us in [8].

We generalized the architecture of the Shrinking generator [1] by using
ap—adic control FCSR R (Fig. 1) instead of the control LFSR R,. Thise increases
a number of used slave LFSRs from [ in Shrinking generator to p—1 in SMG.
The control register LFSR R, is used to select a portion of the output sequences
of aused LFSRs R, -~ RF_,.

Definition 1: A Shrinking—Multiplexing Generator (SMG) (Fig. 1)
consists of a control FCSR of length I and of p—/ slaved LFSRs of length L,
L, .., L, each capable to produce one bit in its output; and a clock which
controls the movement of data in registers. The algorithm of SMG with control
p-adic FCSR consists of the following steps:

1. Al LFSRs from R, to R ., and FCSR R are clocked.

2. If the p-adic output b, = j of control register R is not equal to 0, the
output bit of register ® forms part of the keystream.
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3. Otherwise, if the output & = 0 of control register R is equal to 0, the
output bits of all slave registers R, to Rp_ , discards.

iy
» LFSR R, >
: i :
U, pj
> » LFSRR,, >
clack
. b b= j=0
sip-adic FCSR | 2y _youtput ai;, j=1..p-1
R
bf': O - .
—»discard «;, j=1...p-1

Fig 1. The Shrinking—Multiplexing Generator

Therefore, the produced keystream is a shrunken version of the output
sequences of LFSRs R, to R , when there is zero output of control FCSR, and
a mixed version of the output sequences of LFSRs R, to R, , when output is not
equal to zero.

The proposed SMG uses the generalization of 2-adic FCSRs [3] with
stage contents and feedback coefficients in Z/(p) where p is a prime number,
not necessarily 2.

Definition 2: A p-adic feedback with carry shift register (FCSR) with
Galois architecture of length L (Fig, 3) consists of L stages (or delay elements)
numbered 0, {, ..., L-1, each capable to store one p-adic (0, 1, ..., p-1) number
and having one input and one output; and a clock which controls the movement
of data. During each clock cycle the following operations are performed:

1. The content of stage 0 is output and forms part of the output sequence;,

2. The sum modulo p after stage i is passed to stage i - / for each i,
I <i<L'I;
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Fig. 2. Galois FCSR

3. The output of the last stage 0 s introduced into each of the tapped
cells simultaneously, where it is fully added (with carry) to the contents of the
preceding stages. The ¢, g, ..., g, are the feedback multipliers and the cells
denoted by ¢, ¢, ..., ¢, ., are the memory (or “carry”) bits. If

(1)  g=-l+q,p+q,p°+...+q, p"
is the base p expansion of a positive integer:
(2) g=-1 (mod p),

then g is a connection integer for a FCSR with feedback coefficients g, g, ...,
g, m Z/(p).

With each clock cycle, the integer sums:
(3) O, =440 +cJ,
1s accumnulated.

At the next clock cycle this sum modulo p
4) a'j._l =0, (mod p)

is passed on to the next stage in the register, and the new memory values are:

5) ¢ =0, divp),
The proposed SMG uses the LFSRs with stage contents and feedback coefficients in

Extended Galois Field GF(p"). There are two architectures for LFSRs, the Galois and Fi-
bonacci. We use the Galois one and next we give its definition [3].
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Definition 3: A linear feedback shift register (LFSR) with Galois
architecture of length L (Fig. 2) consists of L stages (or delay elements)
numbered 0, /, ..., L- 1, each capable to store one bit and having one input and
one output; and a clock which controls the movement of data. During each
clock cycle the following operations are performed:

1. The content of stage 0 ts output and forms part of the cuput sequence;

2. The content of stage i is moved to stage i - / foreach i, /] <i <L”I;

3. The output of the [ast stage 0 is introduced into each of the tapped
cells simultaneously, where it is added (modulo 2) to the contents of the
preceding stages. If g, g, ..., g, are the feedback multipliers then the recurrence
equations are as follows:

r_
(6) a,=4a.. +q;+lao, Jor0<i<L-2

!

4, 1799,

D
D

b 4

h 4

L.

OO

Fig. 3. Galois LFSR

ay > M dn

Suppose a Galois LFSR with connection polynomial ¢(X)
L :
n gX)=-1+2g;X'
i=1
has initial loading (a, a, ..., a,.,). Then the output sequence b= (b, b, ...) of

the LFSR is the coefficient sequence of the function

| BlX)=-
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where
9 hx)=a,+aX+ . t+a X

Conversely, if b is any strictly periodic sequence and let

MX) . : .
( )=—m be its generating function, then ¢(X) is a connection

polynomial of a Galois LFSR which generates the sequence b, and A(X)
determines the initial loading by (4).

II1. Statistical Properties of Shrinking—Multiplexing Generator

Generators suitable for use in cryptographic applications need to meet
stronger requirements than for other applications. In particular, their outputs
must be unpredictable, 1.e. random. To test the statistical properties of SMG
we have used some procedures proposed by the National Institute of Standards
and Technology (¥IST) to be useful in detecting deviations of a binary sequence
from randomness. These tests show as a first step whether or not a generator is
suitable for a particular cryptographic application.

The NIST statistical tests [5, 6] are formulated to test a specific null
hypothesis (#,): “The sequence being tested is random”. Associated with this
null hypothesis the alternative hypothesis (X)) is that the sequence is not
random. For each applied test a decision is derived that accepts or rejects the
null hypothesis, i.e., whether the generator is (or is not) producing random
values, based on the sequence that was produced.

For each test a statistical P-value is computed, which is a function of
the data. For these NIST tests, each P-value [5] is the probability that a perfect

random number generator would have produced a sequence less random than
the sequence that was tested, given the kind of non-randomness assessed by

the test. If a P-vaiue for a test is determined to be equal to 1, then the sequence
appears to have perfect randomness. A P-value of zero indicates that the
sequence appears to be completely nonrandom. A significance level (@) can
be chosen for the tests. If P-value >z, then the null hypothesis is accepted; i.e.,
the sequence appears to be random. If P-value < , then the null hypothesis is
rejected; L.e., the sequence appears to be non-random. The parameter o denotes
the probability of the Type I error. Typically, a is chosen in the range [0.001,
0.01]. In our test we chose o = (.01. This indicates that one would
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expect 1 sequence in 100 sequences to be rejected. A P-value > (.01 means
that the sequence would be considered to be random with a confidence of 99
%. A P-value < 0.0] means that the conclusion was that the sequence is non-
random with a confidence of 99 %.

Two types of errors are supposed by statistical hypothesis testing (Table
1. [51). The conclusion, Type I error, occurs when the data is, in truth, random,
and the test rejects the null hypothesis H, (the data is random). The Type II
error oceurs if the data 1s, in truth, non-random, and a conclusion to accept the
null hypothesis H, is made.

Table 1. Possible statistical rest outcomes

TRUE SITUATION CONCLUSION

Accept H, Accept Ha (reject H)

Data is random (/7 is true) No error Type [ error

Data is not random (/7 is true) Type Il error No error

To determine the randomness of arbitrarily long binary sequences
produced by SMG we used the NIST Test Suite statistical package. It consists
of 16 functional tests. Some of them are decomposable into a variety of subtests.
Here we describe briefly the purpose of the tests and the characteristics that
they detect. More information about the mathematical background of the tests
the reader may be found in [2, 5, 6]. The 16 tests are:

\. The Frequency (Monobit) Test. The purpose of this test is to
determine whether the number of ones and zeros in a sequence is approximately
the same as would be expecled for a truly random sequence. It detects too
many zeroes or ones in the scquence.

2. Frequency Test within a Block. The purpose of this test is to
determine whether the frequency of ones in an M-bit block is approximately
M72, as would be expected under an assumptton of randomness. The test detects
too many zeroes or ones at the beginning of the sequence.
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3. The Runs Test. The purpose of the runs test is to determine whether
the number of runs of ones and zeros of various lengths i1s as expected for a
random sequence. A run of length k consists of exactly k identical bits and is
bound before and after by a bit of the opposite value. In particular, this test
determines whether the oscillation between such zeros and ones is too fast or
too slow.

4, Test for the Longest-Run-of-Ones in a Block. It determines whether
the length of the longest run of ones within the tested sequence is consistent
with the length of the longest run of ones that would be expected in a random
sequence. The small P-values indicate that the tested sequence has clusters of
ones.

5. The Binary Matrix Rank Test. Test checks for linear dependence
among fixed length substrings of the original sequence. The small P-values
indicate a deviation of the rank distribution from that corresponding to a random
sequence.

6. The Discrete Fourier Transform (Spectral) Test, The focus of this
test is the peak heights in the Discrete Fourier Transform of the sequence. The
iest detects periodic features in the tested sequence.

7. The Non-Overlapping Template Matching Test. The purpose of this
test is to detect generators that produce too many occurrences of a given non-
periodic (aperiodic) pattern. If the P-value is very small (< 0.01), then the
sequence has irregular occurrences of the possible template patterns. The test
consists of 148 subtests for different aperiodic patterns.

8. The Overlapping Template Matching Test. Unlike the Non-
Overlapping Template Matching Test, the focus of this test is the number of
occurrences of prespecified target strings.

9. Maurer’s “Universal Statistical” Test. The purpose of the test is to
detect whether or not the sequence can be significantly compressed without
loss of information. A significantly compressible sequence is considered to be
non-random.

10. The Lempel-Ziv Compression Test. The test determines how far
the tested sequence can be compressed, using the number of cumulatively
distinct patterns (words) in the sequence. The sequence is considered to be
non-random 1f it can be significantly compressed.

11, The Linear Complexity Test, The purpose of this test is to determine
whether or not the sequence can be produced by some LFSR. A LFSR that is
too short implies non-randomness.
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12. The Serial Test. The purpose of this test is to determine whether
the number of occutrences of the 27 m-bit overlapping patterns is approximately
the same as would be expected for a random sequence. Random sequences
have uniformity; that is, every m-bit pattern has the same chance of appearing
as every other m-bit pattern.

13. The Approximate Entropy Test. This test compares the frequency
of overlapping blocks of two consecutive/adjacent lengths (m and m+1) against
the expected result for a random sequence, It detects non-uniform distribution
of m-length words.

14. The Cumulative Sums (Cusums) Test. 1t calculates the maximal
excursion (from zero) of the random walk defined by the cumulative sum of
adjusted (-1, +1) digits in the sequence. For a random sequence, the excursions
of the random walk should be near zero. For certain types of non-random
sequences, the excursions of this random walk from zero will be large. Test
consists of two subtests.

15. The Random Excursions Test. The focus of this test is the number
of cycles having exactly K visits in a cumulative sum random walk. The purpose
of this test is to determine if the number of visits to a particular state within a
cycle deviates from what one would expect for a random sequence. This test
is actually a series of eight tests (and conclusions), one for each of the states:
-4,-3,-2,-1 and +1,+2, +3, +4,

16. The Random Excursions Variant Test. The test calculates total
number of times that a particular state is visited in a cumulative sum random
walk. It is actually a series of eighteen tests, one for each of the states: -9, -8,
ces-Land +1,+2, ..., 9.

We test the SMG with 3-adic control register CSR and 2 slave LFSRs.
We test 3 different SMGs with connection tabs gtven on Table 2. For each
generator we make 100 different tests with sequence of 1 000 000 bits, which
is generated with a variety of seeds (different initial states). In all, this resulted
in 300.189 = 56 700 P-values.

The results from all 56 700 tests are given on Table 3. On the table are
given the average values for 100 P-values and 100 proportions for the 3 different
SMG are tested. The number of tests is the same as those reviewed above. The
letter “A” after the number of test indicates that the row gives the average
value from all subtests included in this statistical test. The values of the
cumulative-sums test (number 3.A) are the average from two subtests. The
given values from the random-excursions test (number 12.A) are the average
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from the eight subtests, the values from the random-excursions-variant test
{number 13.A) are the average from the eighteen subtests, the values from
nonperiodic-templates are the average (number 11.A) from 148 subtests, and
the serial test {(number 14.A) are the average from two subtests,

Table 2. Connections for fested SMG

N SMG Connection Connection
Integer g Polynomialsfor RI and R2
1| 3-adic FCSR, L = 16; 160 000 073 PALE S CELD S B e
xl66 + XIO 1 )(3 + XZ
LESR R, LI=131;
LFSR R, L2=166.
2.} 3-adic FCSR, L = i6; 100 000 037 X7+ x7 4 x¥F +xtrxiexi+];
X+t +xf v xt
LESRR, LI =176;
LFSR R, L2= 200.
3.1 3-adic FCSR, L = i4; 13000 229 ¥ rxT+xf 7 + b xtl;
LFSRR, LI = 34; e+t xi 4]
LFSRR, L2 =32

To determine how well the empirical results match their theoretical
counterparts we assess the goodness of fit of the distribution of P-values to a
uniform distribution.

We build the histogram of P-values (fig. 4) among sub-intervals
determined by dividing the unit interval by ten. To make a histogram all 567
average P-values from all statistical tests are used. As one can see from Fig. 4,
the P-values are distributed approximately uniformly in all ten subintervals.
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Table 3. Resuits from statistical analysis of SMG

Ne Average from Average from Average from
of 190 tests of 100 tests of 100 tests of Average
Test 1¢ SMG 2= SMG 3" SMG

P-value Propor- [P-value [Propor-| P-value |Propor-|P-value [Propor-

tion tion tion tion

1. [0,935716 | 1,00000] ©,026948( 1,0000 0,554420{ 0,9700[ 0,50569% 0,990000
2. 10,236810 | 1,00000p 0,437274f 0,990Q 0,12962() 1,0000| 0,267901) 0,996667
3.A J0,357852) 0,98500 0505598 0,990(] 0,5864194 0,9750] 0,483294 0,983333
4, 10,935716 1 §,99000 0,2492841 0,9800 (,16260K 0,9800} 0,449202 0,983333
5. 10,834308] 0,980000 0,867692 0,950Q 0,699313] 0,9700] 6,800434 0,980000
6. |0,085587 1 1,00000] 0,246284] 0,9904 0,055361| 1,0000] 0,130077 0,996667
7. 107791881 0,99000t 0,032923 1,0004 0,835714 1,0000] 0,58260% 0,996667
8. 10,304126] 1,00000{ 0,5558335 0,9804 0,816537] 40,9900} 0,692164 0,9950000
9. {0,964295| 0,96000| 0,162606 1,000Q 0236810 0,9600( 0,45457( 0,973333
10. ]0,7597561 0,990000 0,514124; 0,990Q 0,042808 0,9900] 0,438894 0,950000
11.A|0.480569 | 0,99162] 0,503849 0,989 0,526539 0,9897| 6,503652 0,990292
12.A10,389515 | 0,97759] 0,419667 00,9881 0,55295() 0,9839( 0,454044 0,983183
13.A10,2766551 0,99586] 0,502274] 0,992 0,469981] 0,9866] 0,416304 0,991487
14.A10,679079 | 1,000001 0,513361 1,000G 0,726828 0,9900] 0,639734 8,996667
15, [0,657933 [ 0,99000 0,075719 1.0004 ©,401199] 0.9800] 6,378284 0,990000
16, ]0,262249} 0,97000 0,834308] 0,970( 0,935714 1,0000] 0,677424 0,980000

(10}

Then, the Goodness-0f-Fit Distributional Test is made on the P-
values obtained for an arbitrary statistical test using a distribution of %2
This is accomplished by computing:

PRl A

i=]

where F is the number of P-values in subinterval i and 5 is the sample size.
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Fig. 4. Histogram of P-values

Thenthe P-value of the P-values is computed:

9 2,2
(1) Pevalye = Q{E’TJ’
where O{a, x}is an Incomplete Gamma Function:

o e e

X

where I'(a) is a Gamma Function:

(]3) I_‘(Z)—_- J}Z-leh‘!df )
0

Using the histogram of all 567 P-values in Fig. 4 and equations {10) -
(13) P—value = Of4.5, 11.19) = 0.0055 are found. Because P-value » 0.0001
[5], the sequence generated by SMG can be considered uniformly distributed.
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To determine the proportion of sequences passing a statistical test we
compute the proportion of sequences that had P-values > 0.01. The range of
acceptable proportions is determined using the confidence interval defined
as:

- 1 _ ~
3 |PUT P

(14 pE3 ==,
n

where p=1-«, and m is the sample size. If the proportion falls outside this
interval, then there is evidence that the data is nonrandom. Note that with m =
300 the confidence interval is 0.9728 + 1.0. These bounds are given in Fig. 5
as dashed lines. As one can see from the figure, none of the proportions falls
outside these thresholds.

P 1 e - - -

T * *« * *
0,995 A e —

o L

p 089 > >4 *

D N

, 0985 e e

t 098 -

i o

o 09751+ - -

n 0.97 --i._l— --‘—'-I -'.'- - elivenl . - - Bernlwal d

1t 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Number of Statistical Test

Fig. 5. Proportion of sequences passing a statistical test

The analysis of the empirical results from all 16 NIST statistical test
shows:

1. The sequences generated by SMG are uniform. This means that the
probability of occurrence of a zero or one is equal, i.e. exactly 1/2. The expected
number of zeros (or ones) is 7/2, where n = the sequence length. This property
1s proved by follow tests and results;

1.1. The number of ones and zeros in a sequence and in sub-blocks are
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approximately the same as in the truly random sequence is shown by 1% and
2% NIST statistical tests. The average numbers for all 300 tested sequences are
shown on Table 4.

Table 4. Number of Zeroes and Ones in SMG sequences

SMG Number Average from 180 x 1 000 000 sequences
Number of Zeroes Number of Ones

SMG I 499952 500048

SMG 2 500017 495983

SMG 3 500089 499911

Average from 500019 499981

all GSM

[.2. The number of runs of ones and zeros of various lengths is as
expected for a random sequence which is proved by 3% test.

1.3. The results from 4% and 5% tests demonstrate that the generated
sequences have not clusters of ones and there is not linear dependence among
fixed length substrings of the original sequence.

1.4. The serial test (number 12} shows that every m-bit pattern has the
same chance of appearing as every other m-bit pattern.

1.5. The excursions of the random walk is near zero which is given by
test 14.

2. The sequences generated by SMG are scalable, i.c. any extracted
subsequence of sequence generated by SMG pass any test for randomness.
This property is demonstrated by follow tests and results:

2.1. The approximate entropy test did not detect non-uniform
distribution of m-length words.

2.2. The generated sequences have not irregular occurrences of the
possible aperiodic template patterns which is shown by tests 7 and 8.

2.3. The number of visits to a particular state within a cycle did not
deviate from the number expected for a random sequence.
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3. The sequences generated by SMG are uncompressible. This property
is argued by follow tests and results which is by tests 15 and 16.

3.1. The sequence cannot be significantly compressed without loss of
information which is shown by universal statistical test (number 9).

3.2. The sequence cannot be significantly compressed with Lempel-
Zip algorithm (test 10).

4. The sequences generated by SMG have a large period. This property
1s shown by follow results:

4.1. The spectral tests (number 9) did not detect periodic features in
the tested sequence.

4.2. The linear complexity test (number 11) proved that the generated
sequences cannot be produced by some too short LFSRs with length up to 16.

1V. Future works and conclusions

The empirical results from the above mentioned NIST statistical tests
gives us reason to say that the binary sequences generated by SMG
pseudorandom number generator have properties like uniformity, scalability,
large period, incompressibility and consistency, i.c. the behavior of a SMG is
consistent across seeds. These properties show that the Shrinking—Multiplexing
Generator works unpredictably like a true random number generator.

The proposed SMG is characterized with fast software implementation.
It can be used in cryptographic applications in modern aerospace and
communication information systems where high speed and low delay are
requirements.

The proposed idea of using a p-adic control FCSR in PRNG allows
generalizing all well-known clock controlled generators like p-adic Combiner
Generator [7], Summation-Shrinking Generator [9], Alternating-Shrinking
Generator and so on.
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HSKOU CTATUCTHYECKH CBOUCTBA HA
CBUBANIUSA-MYJITHIIAEKCUPANL TEHEPATOP

A, Tawesa

Pe3ome

JlBoMusMTe MOTOYHH MHGPU ca eJHH OT KPHITOFpadCKuTe
IPUIOKCHUS, KOHTO JECTO €€ H3NOM3BAT B KOCMHMYECKHUTE H KOMYHHKAIMOHHY
CHCTEMH, KBAETO ¢€ H3UCKBAT BUCOKH CKOPOCTH M MaJIKH 33KBCHEHHS.

HeobxonuMoeTTa OT BHCOKOCKOPOCTHHY COMTYEPHH MOTOYHK MIHM{pH
Npe3 MOCHeNHUTE TOMAHHH J0BEAE N0 NMPEAIaraHeTo HAa HAKONKO HOBH
anTepHATHBHY peilicHus. B cTarnsra HakpaTko e NpefcTaBeHa apXUTEKTypaTa
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H IIPUHIIATA Ha paboTa Ha HOB HCeBROCHyYaeH redeparop (PRNG), Hapeyen
Caupam-Myntunnexcupary eneparop (Shrinking~-Multiplexing Generator -
SMG). Toit e u3rpaged oT p - | napanennyu nMuBeHHN MpeMeCcTBalId PETHCTPY
¢ 00parkH Bpb3KH (LFSRS) ¢ roRsM Mepuoi ¥ e1H IPEMeCTBall PerucThp ¢
npedoc u odpatHu Bpb3xku (FCSR), x0lMTO ynpaBnsgBa HeluHelHOCTTa B
pabotara Ha SMG.

3a na Obse NPHIOKKM B xpunrorpadckure cucremu, Bcekd PRNG
TpOBa A2 UMaA FOJEMH TePHOA M JIMHeHHa KOMIUIGKCHOCT, KaKTo ¥ A0SpH
CTATHCTHYECKH CBOHCTBA. B cTaTHATa ¢a IPEACTaBEHU PE3YATATUTE OT
HalpaBeHUs CTATHCTHYECKY aHanu3 Ha 300 pa3nyuHy DOCHeZOBATENHOCTH €
aemxuHa 1 000 000 Oura, resepupans npu pasnuvHY Kiarouose Ha SMG
TeHeparopa. 3a aHanu3a € H3N0oN3BaH OPSAROKCHKS 0T HalHOHANHMS HHCTHTYT
3a CTaHAapTH U TEXHOJOTMH KOMILICKT 0T 16 pazauvyHy (yHKIMOHATHH
CTaTRCTUUECKH TECTORE. AHANU3BT HOTBEPIKAABE, Ye reHepHpanmnre oT SMG
DOCHENOBATENHOCTY €& €AHO0OPa3HY, He3aBH 1M OF U3ION3BAHOTO AAPO HA
resepaTopa, ¢ FOJIIM IIEPHOL ¥ HE MOTAT Jla C& KOMIIpecupar. BeHuke Te3H
CBOHCTBA CE& OTHACHST H 34 BCHYKH NCApCAHIH Ha IeHepHpaHaTta
[IOCNEeIOBATENHOCT. €31 Pe3yRTary HU AB8BAT OCHOBAHUE /13 TBBPANM, 4e
reiepupanara oT SMG DOCNCOOBATENHOCT € HEmpeAcKasyeMa H ce
XapaKTEPH3UPa ChC CBOWCTBATA HA HCTHHCKHU CIIyHAeH FEHEpaTop.
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Abstract

Informative indication is taken from a contour obtained upon filtration of a
radioholography image. Recognition is performed by classification of the types of aircrafts.
BPN and LVQ neural networks are used by making comparative analysis of the two
approaches.

1. Introduction

One of the important directions of the contemporary radiolocation is
the creating of methods for having the whole information that is contained in
the radiolocationable signals and noises. Radiolocationable recognition is a
part of this direction. It includes definition of the radiolocationable
characteristics of different objects, a choice of informative indication and
decisive rules for recognition [1]. There are many ground, overwater, air and
other targets called ‘lying’ targets, which vary greatly by their parameters and
characters. This poses serious challenges and calls for upgrading and following
development of the theory and practice of radiolocationable recognition.
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Using radioholography approaches to synthesize radiolocationable images
provides the opportunity to estimate the shape and the size of the
radiolocationable target, as well as the typical indication of the object, on
which radiolocationable recognition can be performed [6].

The interest of the specialists working in the sphere called ‘inteligent’
modeling to the application of shapes of artifical inteligence (AI) in recognition
systems has suddenly grown up lately. The great variety of types of neural
networks, as well as of radiolocationable recognition systems requires profound
analysis and experimental work which purpose is achieved best when the shapes
of Al are selected. [2 ]

2. Choice of informative indication
2.1, Methods for obtaining a contour
The contour of the object is reputed to be the most informative in
object recognation. Methods for having a contour are separated in two groups;
- gradient methods — based on the mark of the first or the second
derivative;
- methods, based on a functional approximation and on the analysis
of the spectrum of the ingoing image in the sphere of the spatial frequency.
Spatial element with x and y of the function f(x.y) is done in gradient
methods for separation of edge and limits. The module of the gradient value is
defined for this function, which forms gradient image J(x, y):

(1) et 57 - [0 [

From gradient image we pass to its double presentation to the
following formula:

@ een-{o G S

where @ is a threshold.

Usually, the value of the threshold is defined by analyzing the
histogram of the gradient presentation:
(3)  Jxy) x=12..N, y=12..M

The image is stored in the memory of the computer by its discreet
(figure) presentation:
g, j)  iet12.N  jet2..M.(4)
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The marks of the derivative for the function g(i, j) are accomplished
by figure differences, performing in determinate scheme (single, double),
called differential {gradient) operators.

Such gradient methods are Roberts, Sobel, Canny, LoG, Prewitt and
zerocross's.[2]

Another group includes:

- method, based on functional approximation;

- method, based on the analysis of the spectrum of the ingoing image
in the sphere of the spatial frequency.

The methods of this group require a lot of calculations, which makes
difficult their use.

Methods in pawn in MATLAB7.0 are used for receiving the contour
of the image[3]. The method for the contour’s assignment is chosen on the
basis of experiments with tentative objects.

A selection of n=30images is chosen to choose a method for obtaining
the contour. The selection contains images of aircrafts which are accepted as
models.

A contour of the object (aircraft) and the number of the points lying on
it in each method is defined for each image of the selection. The results from
the experiment are shown on Tabie 1. From the received results we can see
that when Roberts’s method is used, the greatest number of points of the contour
15 given, therefore it 15 the most informative. Another priority of this method
15 that the contour hammers out but it does not rend. That is why Roberts’s
method 1s chosen to obtain the contour of the image.

Obtaining the contour and taking the coordinates of its points down is
done accordingly by MATLAB7.0, the functions edge and find [3].

2.2, Finding indication from a contour

2.2.1.General characteristic of the indications of the objects and
vector formation from indications.

Composing of a basis of information related with the characteristics
of the investigated objects is necessary to make concrete classification of flying
objects in the described groups.

These are morphology characteristics describing the shape and the
special geometric features of the investigated objects or their silhouette
projections[2].

The contour curvature of the object silhouctte, its area,
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circumference, fuselage axis, width of the aircrafi’s wings, symmetry of the
contour and others treat to this group.

The properties of the objects related with the shape of the typical
representative plane for the different groups, the location of the wings in relation
to the fuselage axis and others can be estimated based on the analysis of the
morphology characteristics. The analyses of the investigated objects are based
mostly on the morphology characteristics of the objects silhouette images in
many investigations connected with the creating of automation methods and
instruments for aircrafts recognition[5]. In general, the morphological
properties of the silhouette images have great potential. However, the results
of the published investigations show that their potential of aircrafts in 2D-
images is not used enough. This refers mostly to the approaches that ensure
invariant for the scale, rotation and translation of the object in the frame.
Another recognition approach must be searched according to this base.

The following vector from indications has been formed to recognize
separate types of aircrafts (specific ‘Stealth’, military, vehtcular) in a contour
synthesized after a cultivation of radioholographie image:[6]

1. an attitude A of the width to the length of the object where the width
is the distance between the most distant points of the wings and the length is
the distance between the most distant points of the fuselage axis;

2. an inctdence ¢¢r of the right which connects the mass centre and the
most distant point of one wing in relation to the fuselage axis.

3. the position of the mass centre in relation to the geometric
environment of the fuselage axis. The difference ‘geometric environment-mass
centre’- L _is calculated.

4.width of the aircraft’s wing — L.

The indications for ‘F22" are shown in Fig.1.

In this way the introduced indications are invariant in respect of the
scaling and translation of the object in the frame.

The typical values calculated for the relevant indications of the separate
types of aircrafts are shown on Table 2.
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Table 1 Number of points from the contour of the image, obtained in the
different methods.

Numberofthe Method ot 1 thed ot | Methogof § PeMhed I Hetbodal) 0oy
i age Roberbr’s Sothels Prew itt's af ARLASLE R DRI
Carmay's s
| 651 480 e 78 i50 g0
¢ 581 §3b 446 i3 il7 £37
3 625 L {50 58 458 ind
4 B04 449 459 451 1510 50
5 §43 467 451 AE1 463 §03
£ 650 166 518 Lh b i1 ito
7 | 480 476 462 §63 ih3
B [ 432 445 LR 433 §3%
4 [ 2% 4E3 510 478 4§10 140
[N G156 449 502 it LER! iig
it 578 430 148 LKA 129 29
12 [ g0 521 486 4910 iso
11 i3 458 487 156 459 5%
14 [ 482 733 132 491 193
15 603 143 47t 40 143 143
16 [ 457 5410 i%5 4499 119
7 615 4614 {2 i66 LR i6%
[ bif 452 473 T LY iis
i [ (] 154 16 440 £§0
0 &20 129 45§ 29 435 435
21 §77 115 433 i 413 113
2 504 LA (AN 14 LAR| 414
23 554 0 (AR 401 408 13%
2 B0 445t 145 48 450 459
1% [R5 7 e 499 i78 4178 178
6 503 §36 453 §37 438 434
21 §29 58 £97 58 160 450
28 E08 §50 §92 i AT 7
29 5§85 i3 LR 432 32 132
3o fb3 503 520 437 i85y LEE]
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Fig. 1. 4 diagram of aircraft F22
and its geometric size

The following classtfication and the relevant recognition of the aircrafts
can be made by Table 2 according to the enunciated indications and received
costs for the concrete type of aircraft. '

1. The aircrafts can be classified in three groups according to the
indication attitude: Specific, Military and Vehicular.

2. The second group of aircrafts can be separated according to the
indication position of the mass centre in relation to the geometric environment
of the fuselage axis on Bombers, Destroyers and UAV.

The following classification and relevant recognation of the aircrafts
can be made by table 2 according to the enunciated indications and received
costs for the concrete type of aircraft:

Because of the fact that UAV have a typical cost of the attitude A that
is notable from the cost for the other types of aircrafts, this group could be
separated and classificd correctly in aftitude.

3. The vehicular aircrafts could be recognized by the indication A asa
type An or as a type Boeing. The number of the aircraft’s engines can be
defined by the indication width of the wings because those with more engines
4, 6 have greater width of the wings.

For their obteining the program environment MATLAB7.0 is used [3].
The program for assignment and calculating the relevant indications conditions
the received images in the following way:
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. the obtained image passes through a cultivation that separates
the contour of the object.

. calculates the coordinates of the mass centre.

. the coordinates of the last points of the wings and the fuselage
axis (conditionally represented as head and tail} are extracted.

. calculates the costs of the indications.

2.2.2. Estimation of the information of the enunciated indications

Interval marks are used for estimation of the information of the
introduced indications [1]. A confidential interval is made for the middle cost
and Student’s distribution is applied:

(5) ;oo X -EX ] 4

where ¥ and s are the marks of the middle cost and the middlesquare diversion

of the costs of the relevant indication accordingly;
n - volume of the extract data;

E[X] - middle cost of the indication .
The confidential interval usually has symmetrical frontiers according to the
point mark. The cost of these frontiers depends on the stages of familiarity
k = n —1 and the wished confidential probability ¥ . The confidential interval
for the middle cost is in the equation:

s

jeb =[?—r,k X+t iJ
6y I« Iy Iy
where  , is Student’s criterion.

The conterminous relative mistake A, that is allowed in an exchange
of the middle cost and its mark is calculated:

s
(D du=ty s 100%

The confidential intervals of the indications, estimated at (6) for
particular types of aircraft are presented on Table 3, 4, 5 accordingly.
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Tabie 2. Values of Hie indicalions for tie particular types of zitcraft
Type of |Xw [Yw |Xw |Yw [Xn itn A= Nes Xe- Amd
aircraft 1 1 2 2 3 :!ax Xopt |Yopt | X | Yo wile. Alta
F22 328192 |328 |65 (73 }232 41 I23? 274 | 238 0.B07 6683 .32
F117 T2 |125 | 250 |i28 [1B1 ir351 161|418 1181 [203 0.755 |41.25 [-30.5
Witlitary aircraft
Exterminators
Mirag
2000 363|275 | 363 (109 491 ;123 [191 [409 [ ;304 0.58 £494 .38
(=]
Su-34
RU 275|145 | 275 |3%3 (8 270|387 | 270 |2XT |70 G654 |72 -39.5
éﬁguar zegiz1a lzss (32 (17 [123 337 [+23 [224 123 |0.366 [206%r |27
Fi6 |
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Table 3. Confidential intervals and border relative
error for indication 4

* 0

Type of aircraft | Down border Upper border ;,/°
Stealth 0.7575 0.8077
Military

Exterminators 0.56 0.6789
Bombers 0.486 0.647

UAV 1.4706 1.8238
Transports

Boeing 0.912 0.9814

= AL = 40,95

Table 4. Confidential intervals and
border relative error for indication .

Type of Down Upper > % %

aircraft border border e ek
Other

ypes of |53 9316 |85,0434 {4,2520 |7.8103
military

aircraft

U_AV 00

aircrafis

*= A_w? = o T 0w




Table 5. Confidential intervals and border
relative error for indication I,

Type of [Down Upper * % * %
aircraft {border |border ** b
Extermi- | 34915 | 46.585
nators
Bombers | S 24
d— A‘]‘K; Y . )t:U,‘)S; PE T 099
1able 6. Confidential intervals and
border relative error for indication L ¢
Boeing
2 engines [4 engines
Lk <566.02 =56.02
Table 7. Confidential intervals and border
relative error for indication I. .
An
2 4 6
engines |engines [engines
80.85<Lk-
LKk <48.145 <48.145 >80.85
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They are obtained using the program environment MATLAB 7.0 [3].

3. Using neural nctworks for objects recognition by classification.
Comparative analysis of two types of neural networks - BPN and LV(Q is made.

3.1. Presenting of the entrance data for the neural petworks

The application of the neural networks requires special preparation of
the data, at which it will accomplish aircrafts recognition.[4] These indications
are defined in p. 2.2.1. When working with real numbers, the error teaching of
the neural network is relatively big. That is why, the entrance data are coded
with 0 and 1.

The entrance data are coded as follow:

Indication attitude A: This indication is changed in 5 intervals,
characteristic for three classes of aircraft — Stealth, Military and Transport,
presented in p.2.2.2. The coding of the entrance is the following:

Lo ik I o B e B
S oo = O
oo OO
o O OO
—_o o OO

To the first column corresponds first class (Stealth);
To the second and third — second class (Military});

To the third and fourth — third class (Transports).

The coding of the wished exit (target) is the following

D =
e B
== O
—_ O O
— O

L

where to first class corresponds coding 0 0 1;
to second class - coding 0 1 0;
to third class - coding 1 0 0;
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> Indications N

The coding depends on the intervals:
Exterminators - 34,915 - 46,585 - [0 0]

Bombers — 9 — 24 -1

Respectively, there are two classes at the end of the neural network
[10
01].

» Width of the wings L,.

If the attitude is in the following borders:

- from 0.8701 —~ 1.0059 - codingis 1;

- from 1.035 - 1.1458 coding is 0.
Respectively the neural network has two exits:
- 0 0 — Boeing;

-11-An,

3.2. BPN neural network

3.2.1. Creating a neural nefwork

Diffusive neural network with converse spreading of the error (BPN)
can be created in two ways — by program code or by using dialogue windows.

» Creating of the network by dialogue windows.

It is using Neural Networks Toolbox of the program package

Matlab 7.0.

» Creating by program code:

The function, which creates diffusive neural network with converse
spreading of the error is newff. The first step in creating a “feadforward”
network is initializing the network object. The function newff creates
“feadforward” network by the code, written as follows:

net=newff{[],[1,{**});

Thercfore, the code for the data from the table has the following aspect:

net=newit{[{0 1; 0 1; 0 11,[3,8,3],{ tansig’, ‘tansig’});

This command creates network object, and initializes the weights and
the diversions of the network. Thus the network is prepared for training. Before
starting fraining of “feadforward” network, the weights and the diversions
have to be initialized, which is done by the function newff.
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3.2.2. Algorithm for training of the network

The presented algorithm uses the gradient method, which decreases
the weights. [7] The gradient method is called backpropagation, which is a
training algorithm, in which the weights are moved in the direction of the
negative gradient. There are many varieties of the backpropagation algorithm:
the most simple implementation of backpropagation is the renovation of the
networks weights and diversions in the direction in which the function
decreases — negative gradient.

A training multitude of last-number vector couples is used, presenting
input image and wanted image. The input image is presented on the entrance
layer of HM. The information is spread on the initial layer of the network and
then concrete image appears.

The difference between this image and the wanted image represents
the operation error of HM. The value of the error can be estimated like
middlesquare. If the value of the error is lower than a given threshold, then a
next couple is chosen. Otherwise, the vector of the error in the initial layer is
used for estimation of the imitial errors of the neural from the nearest layer.
These errors spread to the previous layer and so on. The errors from each
layer are used for correction of the weights of the connections to this layer.
The procedure is repeated for all couples from the trained multitude of (input-
wanted image).

One round of all couples from the trained multitude is called cycle or
epoch. In other words, the meaning of every epoch is the presentation of each
couple input-wanted image from the trained multitude only once. The process
is repeated for as much epochs, as required that the costs of the error become
less or equal to a given threshold (the operation accuracy of the neural network).

3.2.3. Simulation of the neural network.

The function sim imitates network. Sim takes network input p and
network object net, and returns network output g. Below is presented the general
appearance of the function sim:

p={ Ib

y=sim{net,p).
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3.3.LvVQ

3.3.1. Creating the neural network.

LVQ neural network analogy of BPN network can be created in two
ways — by program code or by using dialogue windows.

3.3.2.Creating LVQ by program code

The LV network could be created by the newlvg function,

net= newlvg (PR,S1,PC,LR,LF)

where:

— PR is 2 R6 2 matrix of minimal and maximal values for R input
elements.

— S 'is the number of the first layer of hidden neurons.

- PCisa S?element vector with the percentage for the typical class

— LR is the precision of education{by understanding 0.01).

— LF is the educating function (by understanding learnlv1).

After calling the newlvg, a net with 10 neurons in the first and 15
neurons in the second layer will be created with its arguments, The first layer
of weights are initiated in the center of the input range with a midpoint function.
The prime values of the first layer of the weight matrix are checked with:

net.IW{1,1}

ans =

The weights of the second layer are checked with:

net. LW{2,1}

ans =

In this way, the competitive neuron and the neurons in the line layer it
is connected to can be determined.

All other weights between the competitive and the line neurons are
equal to 0.

3.3.3. Algorythm of education.,

The educating function for the L¥Q net is learniv, and it is used by
understanding. The education in the competitive layer is based on a pair of
input and target neurons.

The simulation of the LV neuron network is done in a way similar to
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the simulation of the BPN neuron network, and this procedure is described in

point 3.2.3.
3.4. Comparison of BPN and LV neuron networks according to

the number of the training epochs.

200, 500 and 1000 epochs have been offered. A comparative analysis

of the training errors of the two networks with reference data has been made.
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Fig. 2. Training of the neuron nets for 200 epochs —
@) BPN neuron network, b) LV neuron network.
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Fig. 3. Training of the neuron networks for 500 epochs ~
a) BPN neuron network, b) LVQ neuron network.

1000 epochs.
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Fig.4. Training of the neuron networks for 1000 epochs —
a) BPN neuron network, b) LVQ neuron network.
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The desired level of mean square level of erroneous answers 1s 0.001,
The average values of the reached level for both networks is presented on
Table 8. The number of the epochs needed for reaching the level is shown,
too.

Table 8. Values of the average level of errors and number of
epochs for training BPN and LVQ neuron nets.

BPH Ly
Kumbar Bumber
Number gl of
s f Average spochs Avarzge epochs
epsehs levelel heeded levelef needed
arrors for BIIO IS for
reashing reaching
the Tevel the level
208 0.000343 5 0 B
500 §.600954 ] ] b
1000 g.0003357 |12 0 12

Conclusion: We see from the results, that the LVQ neuron network
reaches the wanted level of precision 0.001 unlike the BPN neuron net. The
LVQ network gets trained for 12 epochs when 1000 are given, while if a smaller
number of epochs is given (200, 500) it gets trained faster. Therefore, when
experimenting with real objects it is better to use an LVQ neuron network
with 500 epochs of training.
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Hzo0paxeHHe ca cHeTH HHPOPMaTHBHH npH3unaud. M3pspmeno ¢
pasno3Hasane ypes Knacuuxanus #a Tunose camonety. Msnompanu ca BPN
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APPLICATION OF FUZZY LOGIC
IN THE QUALITY OF AFUZZY IN
IDENTIFYING ADYNAMIC TARGET
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Abstract

A stage of an “intelligent” system for identifying a flying target (airplane}, making
a classification according to features taken down from a contour via a neural network is
treated in this paper. Aiming at correct and true coding of the input data of the neural
network for all the intervals o f the values of the features, a FUZZY system, which uses the
Mamdani algorithm, is synthesized in its quality of a fuzzy inference.

Key words: features, intervals, coding, fuzzy inference, fuzzy logic

1.Introduction

An important factor for a correct classiftcation at solving problems
connected with identification is the preceding preparation, ensuring optimal
setting of the intervals of the features. A particular radio-location problem
is treated, connected with identification via a classification of dynamic targets
(airplanes) according to features taken down from a contour drawn at
processing a radioholographic image. [3] It is possible, due to the great
variety of flying devices, planes with values of a certain feature close to the
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limits of a respective interval but beyond them or getting inio an interval
characteristic of another group of planes not to be classified or to be classified
incorrectly, i.e. a correct coding cannot be realized. This problem is solved by
applying fuzzy logic in the quality of fuzzy inference. The fuzzy system
guarantees a correct coding in cases where there are uncovered intervals or
coinciding (overlapping) intervals. In the rest of the cases it reacts as a fuzzy
inference.

2.Theoretical part

Definition: Fuzzy logic inference means reaching a conclusion in the
form of a fuzzy multitude, corresponding to respective values of the input,
using a fuzzy data base of knowledge and fuzzy operations.

The fuzzy inference is on the grounds of Zadeh’s compositional rule. [1]

Definition: Lotfi Zadehs compositional rule of the conclusion is
formulated as follows.
if the fuzzy ratio § between the input variable (x) and the output variable (y)

are known, then when the fuzzy value of the input variable x= A, the fuzzy
value of the output variable is defined by the expression:

(1)  y=AoR
where o -is the maxmin. composition.

The fuzzy logic inference according to Mamdani °s algorithm is as
follows 1 ]:

@ UNx=a,m1>y=4

p=l =
j=l+m
Let us assume that 4 ,,(X;) is the membership function of the input
X; Fuzzyterm 4, ,,,ie.
Xi

@ e Jrpbidi x elx 7]
%
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pd ; (y)-is membership function of the output y of the fuzzy term

d_."’ i.e_dj = ﬂdj(y)/yﬂ .

[ q_.___.‘{l

@ yely]
The degree of membership of the input wvector

X*=(x*x,%,....,x, *)of the fuzzy term dj is defined as follows:

where V(A) -are the logic operations OR (AND). This results into & fuzzy

multitude ¥, corresponding to the input Y *:

pe X KD kg (X

© 3= dy dy 7 dpy

For a transition from a sub-multitude of the universal multitude of the

fuzzy terms {dI ,d, ,....dm} to the fuzzy multitude of an interval y €[y, V]
it is necessary: to “cut” (agg) the function of belonging 4d ; () at level

¢ (X*), and to join the resulting fuzzy multitudes, which can be written
down as follows:

- Y . )
mn T I mi“(“dj X7, by (sz] ny
I=lmy

The crisp (non-fuzzy) value of the output ¥, corresponding to the in-
put vector y* is determined as a result of a defuzzification of the fuzzy multi-

tude ¥. Defuzzification is applied mostly in accordance with the method of
-the weight centre.
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3. Methodology for creating a Fuzzy system

3.1. General characteristic

One of the effective approaches for choosing an optimal decision to
which interval to consider the values of a given feature is the so-called approach
for the logic conclusion in the conditions of obscurity and inconclusiveness
{(fuzzy logic inference).

The methods of the fuzzy multitudes are applied in the quality of a
formal apparatus. To be more exact, fuzzy relations are introduced about quality
values of the area factors and the target function (the criterion for optimality).
A fuzzy relation is characterized by a membership function, which is a
subjective measure of the degree of fulfillment (truthfulness) of the factor-
criteria ratio. Using the Bellman-Zadeh compositional rule, the fuzzy ratio is
applied for calculating the value of the conclusion (the so-called composition
-based inferencing).

A suitable apparatus for formal description of the conclusion are the
multi-valued logic probabilities and respectively the fuzzy multi-valued logic
functions. They are based on the multi-valued logic (k-valued logic), k> 2,
which is a generalization of the two-valued logic.

The functions of the é-valued logic f(x, ... X, .., X}, X, i=1=n,
where for each x, there are k number of logic truth values, can be presented in
a table or analytically.

3.2.Application of a fuzzy inference for a given localizing task.

3.2.1.Formulating the task:

Digital radicholographic images of ten types of airplanes are treated:
F16, An 124, McDowell, B52, Bucaneer, F117, Jaguar, Mig 29, Miraj 2000,
Su 34. A filtration of the noisy images is done using a CNN neural network.
Candy software is used to achieve the filtration via a CNN neural network.[2]
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The method used for taking down a contour from the filtered radio-
holographic image of the target is Robert’s method because it provides the
biggest number of points of the contour, therefore it is the most informative:
the contour only gets thinner but is not broken.

For identifying particular types of planes (specific “Stealth”; military
and transport) the following vector of features is synthesized from the produced
contour:

1. Ratio A of the width to the length of the target, where the width is
the distance between the endmost points of the wings and the length - the
distance between the endmost points of the fuselage axis:

2. Slope ¢ of the line linking the centroid (the mass centre) and the
endmost point of one of the wings, toward the fuselage axis:

3. The position of the mass centre in relation to the geometric centre of
the fuselage axis The subtraction “geometric centre — mass centre” - L is
calculated.

4. Width of the wings of the plane — L, .

The characteristic values are calculated for the respective features of
the given types of planes.

The following classification of planes is done according to the
formulated features and the values calculated for the particular type of plane:

- According to the feature ‘relation’, the planes can be classified in
three groups: specific, military and transport.

- According to the feature ‘position of the mass centre in relation to the
geometric centre of the fuselage axis’, the second group of planes can be divided
into bombers, exterminators, and unmanned.

Due to the fact that the unmanned planes have characteristic value of
the ratio A, different from the value of the other types of planes, this group of

planes could be classified correctly as a separate one according to this ratio.
- According to the feature ‘A’, the transport planes can be identified
either as type 4» or as type Boing. According to the feature width of the wings,
the number of the plane engines could be identified as those with more engines,
e.g. 4, 6, have a larger width of the wings.
The confidence intervals of the features of the separate types of planes,
shown in tables 1, 2, 3, 4, 5, are given by means of statistic methods.
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Table 1.

Confidence intervals and limiting relative error for the feature ‘A’

* 0
Type of plane Lower limit | Upper limit ;*/0
Stealth 0.7575 0.8077
Military
Fighters 0.56 0.6789
Bombers 0.486 0.647
Unmamed 1.4706 1.9238
Transport
Boing 0.912 0.9814
An 1.0524 1.1361
*= Ay'_k ; **:}/ o 0195
Table 2. Confidence intervals and limiting
relative error for the feature ¢t :
Type of | Lower Upper * % *, %
plane limit lirnit w* ok x
Other
types of |78,9316 |85,9434 [4,2529 |7,8103
planes
Unmanne-
d planes %0
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A, =y =095; *=y = 099

¥,

Table 3.

Confidence intervals and limiting relative error for the feature L

Type of | Lower Upper *% ¥, %
plane limit Limmit & FEE
Fighter 34915 | 46.585

Bomber 9 24

*:Aylk > **=.'V = 0195;***=y = 0’99

Tuble 4.
Confidence intervals and limiting relative error for the feature L,
Boemg
2 engines 4 engines
Lk <56.02 >56.02




Table 5.
Confidence intervals and limiting relative error for the feature L,

2 engines 4 engines 6 engines

80.85<Lk=<-
Lk <48.145 48.145 >80.85

The Matlah programme medium is used for getting these intervals [3].

On Table 1 it is seen that the intervals of the feature ratio A , determined
for each type of plane have both overlapping and not overlapping plots. For
example:

1. When the ratio A is in the interval from 0.677 to 0.748, a concrete
decision cannot be imposed how to code the input of the neural network — it
could go into group 2 or into group 1.

2. When the ratio A is in the interval from 0.8056 to 0.8904 — it could
go into group 3 or into group 1.

3. When the ratio A is in the interval from.1324 to 1.2516 — it could go
into group 3 or into group 2.

Because of this, a great deal of planes, which have values of a certain
feature close to the limits of a respective interval but beyond them or get into

an interval characteristic for another group of planes, cannot be classified or
can be classified incorrectly, as a correct coding cannot be realized.

In order to eliminate this problem a second feature is introduced: the
angle ¢, defined in (10) and Fuzzy Logic is used with the aim of covering a
larger interval of the values of the feature.

3.2.2. Getting optimized values for the feature ‘A’.
The input variables for the Fuzzy system are the two features: the ratio
A and the slope . The membership functions of A are set by 9 linguistic
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variables in the range from 0.4617 to 2.016. The limits are chosen in accordance
with the following:

- the lowest value of the ratio is 0.486 which corresponds to a plane
type “Military”. An admissible deviation from this value is set in the limits of
5% - A=0.4617.

- the highest value of the ratio is 1.92 (type of plane “Military”). An
admissible deviation of 5 % from this value is set — A=2.016.

The linguistic variables and their intervals of operation are shown on
Table7.

The limiting values of the feature A for the three groups of planes are
shown on Table 6 in ascending order.

Table 6. Limiting values of A for the types of planes:

Lmmiting values of A
Type of plane
Min Max
Miltary 0.486 0.678%
Stealth 0.7575 0.8077
Military 1.4706 1.9238
Transport 0512 1.1361

For the linguistic variables A,, A,, A, and A, as a mean value is
assumed the upper limit of each interval for the preceding type of plane enlarged
by 5%. The linguistic variables A, A, A, and A_ cover the interval for the
respective type of plane.

The Matlab 7.0 programme medium is used for modelling and
simulation of fuzzy logic.[5] The ratio A as an input variable in fuzzy logic is
shown visually in Fig.1
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Table 7. Linguistic variables for A and their intervals

Intervals
A

Min Mean Max
Al 0.4617 0.486 0.5103
A2 0.486 0.599 0.7128
A3 0.677 0.7128 0.748
A4 0.7128 0.7804 0.848
AS 0.8056 0.848 0.8904
A6 0.848 1.02 1.192
A7 1.1324 1.192 1.2516
A8 1.192 1.556 1.92
A9 1.824 1.92 2.016

Fig.1. Fuzzy logic according to feature A.
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The membership functions of the other input variable - the slope ¢
are represented by 8 linguistic variables in the range 19.6745 < 94.5. For each
type of plane the values of ¢ are shown on Table 8. The admissible intervals
of the linguistic variables are shown on Table 9.

Table 8. Limiting values of ¢ for each type of plane

% ©
Type of plane ,
Jaguar - Military 20.71
Stealth - Specific 41.25
Transport 54
Mirag 2000 - Military 60
Stealth - specific 66
Su - 34 - Miltary 72
F16 - Miltary 78
UAV - Miltary S0

*=o

This angle varies in small limits depending on the position of'the plane
in the frame. Due to that fact, overlapping of the limiting values is impossible
to be set for the types of planes. Therefore, the intervals of that input variable

are formed by the limiting value and an admissible deviation from it, + 5 %.
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Table 9. Linguistic variables for ¢ and their intervals.

Intervals

! Min Mean Max
F1 19.6745 20.71 21.7455
F2 39.1875 41.25 43.3125
K3 513 54 56.7
T4 62.7 66 69.3
F5 68.4 72 75.6
F6 74.1 78 81.9
F7 85.5 90 94.5
F8 57 60 63

Visually the relation ¢, as an input variable in fuzzy logic, is shown in Fig.2.

Fig.2. Fuzzy logic according to feature 'or .
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The output variable is determined by the discrete levels 1, 2, and 3,
which correspond to the respective group of planes: Stealth, Military and
Transport. It 1s shown in F1g.3

Triangular membership functions to the linguistic values of the variables
are chosen. The transforming of the input variable into output ones is done by
the algorithm of Mamdani [4]. Thirty-nine rules are introduced for control
which are shown on Table 10.

-k Meentvod shig | ant 1196 diior: geuckl1
fa B Yow

KA ES
2

Fig. 3. Fuzzy logic for the output variable

These rules are introduced in the Fuzzi Logic editor of Marlab and can
be visualized as follows :

<4 Ml ToiZ0s preeaa?

bobepedanp

Fig 4. Fuzzy logic for introducing rules.
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4,Computer simulation

The result from the operation of the Fuzzy system for the following
mput data is:

1. When A=0.69 and ¢ =21° - the expected result is coding of the
input into Group 2. The result from the Fuzzy system is shown in Fig. 5.
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Fig.5. Result from the operation of Fuzzy logic

2. When A=(.73 and ¢ =39° - the expected result is coding of the
input into Group !. The result from the Fuzzy system is shown in Fig. 6.
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Fig 6. Result from the operation of Fuzzy logic.



3. When A=0.81 and (¢ =63.1° - the expected result is coding of the
input into Group 1. The result from the Fuzzy system is Group 1.

4. When A=0.856 and =59.7° - the expected result is coding of the
input into Group 3. The result from the Fuzzy system is shown in Fig. 7.

<4 Rute Viewer: procht

Fig.7. Result from the operation of Fuzzy logic

5. When A=1.17 and @ =62.4° - the expected result is coding of the

input into Group 3. The result from the Fuzzy system is Group 3.
6. When A=1.21 and =73.8° - the expected result is coding of the
input into Group 2. The result from the Fuzzy system is Group 2.
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Tabie 10. Rules for getting input data for a fuzzy conclusion

F
A
3 F2 B3 K F5 1353 F7 F8

Al [ K2 - K2 - Kl | Kbl | Kad -
A2 Ke2 - Kb - K2 | K2 | K2 -
A3 K2 Kl K2 | Kisl | K2 | K2 | K2 -
M - Kksl - Khs] - - - -
Al - Khs! - Kl - - - Kis3
A - - - - - - - K3
A7 | Kb - K2 - K2 | K2 | K2 | K3
A} KisZ - K2 - K2 | K2 | Ki2 -
A3t K2 - K2 - Ke? | Kl | Ka2 -

Conclusion:

The use of Fuzzy Inference as an element of an intelligent classificatory
on the basis of a neural network provides correct and true coding of the input
data for all the intervals.
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IHPRJIOKEHHE HA FUZZY JIOTHKA B KAMECTBOTO HA
PASMHUT W3BOJ 3A ONTHMU3SUPAHE HA BXO/IHU TAHHHA
I1PH PA3IIO3HABAHE HA TUHAMHWYEH OBEKT

M. Kocmosa

Pesome

Pasrmexpa ce eTan oT “HHTENMICHTHA” CHCTEMA 33 PAa3NO3HABaHEe Ha
NeTAB] 00EKT (caMoJIeT), H3BbplIballla KNacHQUKALHA 110 IPH3HALUM CHEeTH OT
KOHTYp.4pe3 HeBpoHHA Mpexa. C 1len KOpPeKTHO U MMPABMIHO KOJHpaHE Ha
BXOIOHUTC NaHHHW Ha HEBPOHHATA MPEKa 38 BCHUKH HIITCPRAIH OT CTOHHOCTH
Ha npusHaiute e cunreznpana FUZZY cucrema B KadecTBOTO HA PA3MUT
M3BOJ, KOATO M3IOJI3Ba anropuThMa Ha Mamdani.
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Abstract

This paper presents a summary of the activities of the Sofia branch of the Data
Collection Network that Eurocontrol set up to perform data collections and analysis with the
ESTB signal. The actual performance achieved at Sofia location is computed and checked
against the RNP requirements, and any anomalies identified are analysed in detail to identify
the cause.

1. Introduction

The existing satellite navigation systems GPS and GLLONASS, as single
systems, do not satisfy a number of user requirements, first of all for safety
critical applications, in particular for precision approaches. The European
Satellite-Based Augmentation System (SBAS) covering Europe is called the
European Geostationary Navigation Overlay Service (EGNOS). EGNOS is
the first phase of the European Union’s policy on a global navigation satellite
system (GNSS 1). EGNOS is being developed by the European Space Agency
(ESA) in co-operation with the European Union (EU} and Eurocontrol.

The system provides additional signals to users of satellite navigation
services, broadcast through geostationary satellites guaranteeing the integrity
of GPS so that it can be used in support of life safety services such a civil
aviation.
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ESA is performing an extensive EGNOS verification campaign but
this is focusing on the signal-in-space (SIS} as seen by a network of independent
reference stations. Operational validation includes all activities that will
demonstrate that EGNOS is ready to be used to support the flight operations
for which it is intended. Within the frame of activities in preparation for the
EGNOS operational validation, Eurocontrol has established a standardized
data collection environment to perform regular EGNOS System Test Bed
(ESTB) performance monitoring. ESTB is a prototype of EGNOS will a limited
nwnber of monifor stations. Monitor station have been set up at six different
universities geographical by distributed around Europe. The ESTB has been
providing a SIS since February 2000 to support the system development as
well as to give potential users the opportunity to gain experience with EGNOS-
like signals. Currently, this data collection network is using for daily records
and first glance analyses and weekly and monthly data collection and
evaluation, as well for analysis and assessment of the SBAS system
performance. The actual performance achieved at each location is computed
and can be checked against the PRN requirements, and in addition all revealed
anomalies are analyzed in detail to identify the cause and the probability of re-
occurrence.

2. Data Collection Activities in Sofia
The authors of this paper as representatives of the Technical University
of Sofia are a part of this monitoring network since November 2003. A
standardized data collection environment for the ESTB has been set up at the
Department of Aeronautics. The precise position of the receiver (antenna phase
center) in W(GS-84 co-ordinates is:
[X, ¥, 2] =[4313692.39, 1862642.84, 4299661.79] (in meters), and
[longitude, latitude, height (in meters)] ={23.3545800101, 42.652809301,

660.1147].
The used receiver is a NOVATEL OEM-3 “*Milenium” with a Novatel

Pinweel 600 S/N antenna. This L1/L2 receiver has 12 channels (11 GPS+1
SBAS). The data is logged on a personal computer using the SLOG software
from Novatel. The broadcast signal complies with RTCA’s Do229A(B) Minimum
Operational Performance Standards (MOPS) and is broadcast through the
geostationary satellite Inmarsat IOR {(PRN 131).

The data is collected at 1Hz frequency and processed with Pegasus*Plus
v3.x.x software. Pegasus is software prototype capable of processing receiver-
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native data from a limited set of SBAS receivers and computing the position and
integrity solution in accordance with the RTCA MOPS Do229 standards. It
conststs of three major software components. The CONVERTOR program
translates receiver-native GNSS data into generic format. The WinGPSAll
program uses the output of the CONVERTOR to determine a GNSS navigation
solution. The ALGORITHMS programs uses the output of the CONVERTOR
and the WinGPSAIl programs to analyse the constellation, to determine
predictive integrity monitoring qualifiers and to perform integrity monitoring
using Receiver and Aircraft Autonomous Integrity Monitoring Algorithms.
MATHLAB™ files are provided as a support for the user to automate and
standardise the evaluation of the performance of the ESTB.

3. The ESTB Signal in Space

The raw navigation message of the SBAS contains 500 bits, transmitted
n each second. It is 1/2 encoded with a Forward Error Correcting (FEC) Code.
Thus, the baseline data rate of the SBAS SIS will be 250 bits per second. The
block format for the 250 bits includes Preamble (8 bits), Message type identifier
(6 bits), Binary message (212 bits) and Parity (24 bits). The message type
identifier is a binary coded integer value (range 0-63), thus resulting in 64
different possible message types (MT) for the SBAS SIS.

4. Pegasus Data Processing

The real data collection and evaluation, together with the theoretical
analysis, modeling and simulation is a part of the validation process of the
EGNOS system. This process requires adequate demonstration of the accuracy,
integrity, availability and continuity of the positioning service provided.

The measured pseudo range is corrected using the ESTB correction
parameters. The corrected pseudo range will be [1,5]:

(1) P = Pmeas + Rcfast - RCiono +RC ropo + RCclock

with p,,.. - measured pseudo range: RC RCion» RCpp and

tast »

RC - fast, ionospheric, tropospheric and satellite clock corrections.

clock
The position solution is then calculated by means of a weighted least
square algorithm [1,5]:
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with R — pseudo ranges; H - line-of-side matrix, W — weighting matrix.
A column of the matrix H for a particular satellite is:

(3)  H, =[-cos(E)cos(A) —cos(E)sin(A) -sin(E) 1],
with E and A — elevation and azimuth of the satellite.

The weighting of the last squares is achieved by a matrix, which contains
on its main diagonal a medel of the pseudo range error after its correction by
the transmitted ESTB parameters:

@ W =diaglo?).

Since the actual variance of the pseudo range measurement can not be
observed in real-time, the variance for an individual satellite is modelled based
on the model parameters supplied in the following equation:

(5) U:'Z = Gfﬂl + GEZUIRE +oL, +o;

12ir itrupe *

2

. 2 2 . .
with Sie> Ciure and Clyropo - variance of the residual error after

application of fast and slow, ionospheric and tropospheric corrections, G?air -
variance of the contributions of the receiver to the residual error.

The contribution of the fast and slow corrections to variance of range
measurement is determined mainly by the actual restdual variance of each
range correction and by taking the degradation of the variance with respect to
time into account.

(6)

2

(5 + 00 +g +e 4+g +¢ ) ; RSS pre =0
0_2 _ UUDRE UDRE te me Ite e
it — 2 5
2 2 2.
+ =

(GUDRE +60UDRE) +e “+8 “HE THE 7RSSy 1

mc < er

r
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with o—meE - variance of User Differential Range Error (MT2 —MTS5,

MT6); 8652 pee - increment for the variance of the UDRE (MT 27); &, &

e’

Scr , Em— degradation parameters for fast correction data (MT 7), range rate

correction data (MT 10), long term correction data (MT 10} and flight phases
en-route through non-precision approach (MT 10); RSS, .. . - root-sum-square

flag for UDRE (MT 10).
The user lonospheric Range Error Estimate is calculated by:

2
R, cos(E
7) Slire = 1‘[‘?‘;51—)} Shve |

with R, — Earth radius (assumed to be 6378 km); E — elevation of
satellite.

To determine an upper boundary of the vertical error for the location
of the ionospheric pierce point, it is necessary to use the four or three point
interpolation scheme [1,5]:

4
2 2
(8) Suive = 2 W, (x, )’)Gmnognd , or
i

(9) GEJIVE = Z Wi (X, Y)Giznnogrid .

i=}

with W (x,y) — weighting function; Gfmgﬂd - grid 1onospheric vertical

error boundary with degradation over time (MT 18 and MT 26).
The model for the residual error for the tropospheric delay estimate
for a particular satellite is given as [1,5]:

2z

X 1.001
ol . =0.12 ,
(10) itrop [0.002001+Sln2(Ei)]
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The standard deviation receiver noise for an SBAS satellite, including
the multipath is:

2 2 2
(1 ]) Giair = Cinoise + Gimp .

The variance of a normal distribution that models the residual miltipath
error of an airborne subsystem can be obtained to [1,41:

E.
ch., =0.2ex (— —‘J
(12) imp P 75 -

As minimum requirements representing the worst case signal reception

condition are used [1,4] ofmise =138 m.

For certification of GNSS based navigation systems for aviation, it is
necessary to guarantee that the user is informed of his position with sufficient
integrity. The probability that the navigation system supplies the so-called
hazardously misleading information (HMI) should be proven to remain
extremely small, The integrity is specified in terms of the horizontal and vertical
protection level (HPL and VPL), which is related to the probability that the
alert limit may be exceeded. The SBAS protection levels are functions of the
satellite constellation and the estimated SBAS performances. Thus, using SBAS
correlation data, the protection levels can be determined without using actual
pseudo range measurements. However, based on the pseudo range error model,
the HPL and VPL provide an estimation of the upper boundary of the horizontal
and vertical position error:

(13)  HPL =k, (H"WH), +{[HTWH),, ;

(14)  VPL =k, (H WH], .
with k= 6.0 (integrity risk: 2.10°)and k = 5.33 (integrity risk: 2.10)-
horizontal and vertical level of integrity [ 3 1.

5. ESTB Results in Sofia
The receiver-native data obtained by the Sofia set of the SBAS receiver
is processed by the PEGASUS software, and position and integrity solution
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are computed in conformity with the above mentioned expressions. Daily First
(lance reports and weekly reports are generated. These reports summarize
the results obtained after applying the proposed algorithms on the
measurements. In this way are generated performance values that can be
checked against the PRN requirements. Summary of the performance obtained
during the ESTB campaign in Sofia is presented in Fig. 1, 2 and 3.

Fig. 1 presents the position errors (HPE and VPE) of the navigation
solution with respect to the precisely surveyed antenna location. They are
obtained when applying all available differential corrections {fast, slow and
ionospheric corrections) from the ESTB. The accuracy requirements are derived
from ICAO’s GNSS Standards and Recommended Practices (SARPS). The
obtained results prove that the horizontal and vertical requirements are
fulfilled for all categories (NPA, APVI, APV II and CAT I).
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Fig. 1. Statistic data of the position errors

The computed protection levels (HPL and VPL), which represent the
upper boundary of its position error are presented in Fig. 2.

The alarm limits against which a user has to compare its protection
levels are defined in the ICAOQ’s GNSS SARPS. We can see that the
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horizontal integrity requircments for all categories are fulfilled (with one
exception on January 27). The vertical integrity requirements are fulfilled
for categories NPA and APV-1.
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Fig. 2. Staristic data of the protection levels

The availability is defined as the percentage of time during which the
system fulfils the accuracy, integrity and continuity requirements for the intended
operation. The summary results obtained during the ESTB campaign in Sofia
are presented in Fig. 3.

%o

Fig. 3. Statistic data of the availability
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It i1s important to highlight that the systemt was improving from the
start {October 2003) to the end (July 2004) of the ESTB campaign in Sofia.

6. Anomaly Investigation

If any anomalies arc cncountered a detailed analysis will have to be
done on possible measured integrity failures. discontinuity of service or other
anomalies, to assess whether those are really related to system malfunctions or
are caused by the data collection and valvation environment. The anomaly
investigation aims to identifv whether they were related to local effects such
as multipath, antenna/receiver effects, SIS malfunctions, or other wnexpected
cffects like ionospheric storms, GPS satellite clock malfunctions, ¢tc.

Anomaly 1: Big jumps in XPL {somctimcs rcaching to scveral hundred
meters). XPE 1s normal or Iittle bigger than normal (Fig. 4),

The anatysis shows that the possible reason for the integrity failures
appearing is directly related to the contents of the GEQ signal messages. As
presented in Fig. 5 and 6. the fast corrections {(MT 2 and MT 3 messages) are
absent during the periods of the first and sccond jumps. The cause of the
third jump is the interruption of the broadeasting of all types of messages
by PRN 131, except MT 0 {Fig. 7).
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Anomaly 2: No position data during a period of 7648 seconds (for
GPS time from 173591 to 181239) and big peaks in XPL (sometimes reaching
to several hundred meters) (Fig.8). The possible reason is the interruption of
the broadcasting of all types of messages by PRN 131, including MT 0 (Fig.
9). This causes the interruption of the ionospheric and fast corrections
(Fig. 10 and 11).
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Message Distribution by time for PRN 131
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Anomaly 3: A jump in the XPE with magnitude of several hundred
meters and duration about 10 s. The XPL did not cover this jump
(XPE>XPL>XAL for APV Il and CAT I} and therefore HMI were created
(Fig.12). The analysis shows that the possible causes of this event are the
problems with the fast corrections. The MT 2 is transmitled at the start of the
period and then repeated 4 times in the next epochs. This fact shows that there
had been an “alarm situation” and that the ESTB had transmitted that
information to the users (according to the standard requirements [1,2]). Since
the CONVERTOR was running in SBAS mode 0/2, it interpreted an incoming
MTO with non-zero bits as MT 2. We discovered that indeed the MTO
transmissions contained bits set to”1”. Thus, the explanation for XPE jump
and HMI creation can be found in the ESTB SIS.
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7. Conclusion

The ESTB, a prototype of EGNOS, broadcasts ranging information,
pseudo range corrections and integrity information for GPS. In order to gain
experience with the Eastern and Southern Europe Region implementation of
the SBAS system, confidence in the performance of that system has to be
established. The good experimental results and their successful analysis
demonstrate the working capacity and effectiveness of the ESTB monitoring
station in Sofia. These results raise a lot of hope for the real EGNOS validation
activity, which started in September 2004.
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CbBHYAHE H OBPABOTKA HA TAHHM 3A CHCTEMATA
EGNOS 3A PETHOHA HA H3TOYHA M FOXKHA EBPOIIA -
H'bPBH PE3YJITATH

b. Bacuneg, Ile. Cmonnoe
Pe3rome

B crarusta ca npeacTaBeHH DLPBHTE Pe3yATaTd OT AeHHOCTTA Ha
co(uiickua KIOH Ha Mpexara, cs3fafena or EUROCONTROL, 3a cubupate
M AaHAJH3 Ha XaHHH 33 eBpomelickaTa CIBTHUKORA AH(epeHUHaIHA
HaBHTauMoHHa cucTteMa EGNOS, namupaina ce B npoluec Ha Banuaalus.
IipuBenenn ca xapaKTepHCTHKHTE Ha NeHcTBAINaTa Ha TepuTopuata na TVY-
Cotust crannus, xapayephute U copTyepHuTe ¥ CpeACTBa 3a NpPHEMaHE H
0Opaborka Ha HaBHIanHoHHaTa HH(opMmanus. IIpencrapeHure pesynraru ca
nony4deny ¢ nmomoluta Ha cucrtemara ESTB, npencrapnseaimma Tecrosn
npotoTuin Ha EGNOS.

B paborara ca H3BE/ICHH MATEMaTHICCKHTC 3aBACHMOCTH, C ITOMOLIITA
Ha KOUTO ce ONIPEAe/IST OCHOBHUTE XapaKTepHCTHKY Ha cucteMatd. Ha Dazara
Ha pueTuTe oT GPS CIBTHUIMTE CHrHANH H CHTHAJIIHTE OT PeTPaHCIIUPAIIHS
reocrauuoHaped ¢ibTHUK IOR (PRN 131) ot cuctemara INMARSAT, socetnm
HABUTAIIOHHA ChHODOINEHHUS ¢ KOPUFUpaniHTe NMOMPABKHU, ¢4 H3YHCIECHU
XapaKTepHCTHKUTE Ha CUCTEMaTa (accuracy, availability, integrity 1 continuity)
3a fepuoia Ha jnelicteue Ha cuctemara ESTB. Maentnduuupanu ca 1 ca
aHANH3MPAHHU AeTAWHO Hafl-xapakTepHUTE aHOMANMH B MONYUCHHTE
pe3yNTaTH, KaTo € ThpceHa IPUUUHATA 34 TIOABATA M.
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Abstract

The paper describes the operation principles of signal-security systems using wireless
channel for transmission of messages. The hardware and software shortcomings are described,
The message transmission Jrame and the restrictions on objects’ numbering imposed by it
are discussed. A model for using muitiple communication channels based on the available
hardware is proposed. A method for logical extending of the message transmission frame is
described, as well as the functionality of applied module, supporting multiple communication
channels. New trends for development of signal-security systems are presented.

Key words: signal-security system; communication channel; message frame.

1. Introduction

Companies dealing with security, design and build security systems to
restrict access 10 certain objects, watch the movement of people through the
pertaining area of a certain object, signalling the violation of established
restrictions and documenting violations. Each of these purposes is
accomplished by an individual subsystem. All such subsystems, interacting

*HoKnageT € W3HeceH Ha HayuHnata kOH(pEpeHUMA ¢ MEXTYHAPOLHO yyacTHe SENS 2006
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between themselves and exchanging information, constitute an object’s
complete security system, named signal-security system [1).

Centralized security is implemented by monitoring centres, comprised
of hardware and software. The hardware acquires the incoming signals and
the software processes, analyzes, and stores the received messages, indicating
the changes in the objects’ status.

The communication between the different objects and the monitoring
centre can be realized by means of different independent message transmission
systems: wireless security system, telephone line security system and GSM
transmitter security system [2].

2. Operation principles of signal-security systems

Each signal-security system has its message transmission technology.
This technology includes installed hardware, both in the security objects and
the monitoring centre.

The system software provides information about all registered objects,
whereas the received signals are analyzed, printed and saved in physical files
in the form of messages [3].

Wireless security system. The wireless security is realized through
cellular digital wireless network using two wireless frequencies. The
transmitters, located in the security objects, broadcast signals in one wireless
frequency, in contrast to repeaters and receivers which communicate between
themselves in another wireless frequency. Usually, each monitoring centre
has an individual receiver station [2).

Each security object delivers a test signal over a certain span of time.
This signal indicated the status of the security system.

Fig. 1 presents the connection circuitry between the hardware and the
security object,

The designation of the inputs and outputs of the security station are:
AC — alternating current, AUX — direct current output for detectors’ power-
supply, GRND - grounding, SIRN - siren output, PGM, PGM,, ..., PGM, -
programmable outputs, Z , Z2, ..., Z,_ —inputs for zone detectors connected in
series, COM — grounding, R, G, Y, B —- keypad interface.

The outputs of the security station - PGM,, PGM,, ..., PGM_ are
programmable. Each of them (PGM,) can be programmed to transmit two
events, one when there is voltage (i.e. “high potential”) and second, when
there is no voltage (i.e. “low potential™).
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Fig. 1. Hardware connection circuitry

A coder and a transmitter are connected to the security station. They can
be assembled in one module, or can be autonomous. When starting, the coder
generates a message about the current status of all zones. The coder has its
own control, comprising a central processor, an operating memory, registers,
and message coding software. In the transmitter, the coded message is
modulated by a higher frequency and is sent in the air.

The sent messages from the security objects are received in the monitoring
centres. The receiver station demodulates (separates the low frequency from
the high one), after which sends a message to the decoder. In the decoder, the
received message is transformed into standard R§232 asynchronous signal
and then is transferred bit by bit to a communication port of an application
server. After analyzing the message by the application server, it is transferred
to the database server where it is stored. Fig. 2 presents the schematic diagram
of the described process.
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Fig. 2. Receiving, transforming, and storing a message

The frame of the message is fixed (i.e. with constant size) and its length
is 24 bytes (24*8 = 192 bits). Fig. 3 presents an example frame of a message.

yyd7 o 7 HE s 7orlaltl [z]olnlelll]] #3

object | messageg message text end
number| code

Fig 3. Example frame of a message

For each object, only 4 (four) symbols (0..9) are used, which sets the
restriction for a total number of objects not exceeding 10,000. The paper
suggests a solution for this problem.

3. A model for using multiple communication channels in signal-
security systems

In the security station, the number of objects can be programmed and it
may vary between 0 and 9999. The transmitter may be set up to broadcast
signals of a second wireless frequency, thus creating a system of objects
transmitting messages over a new transmission network. We shall name this
transmission network “communication channel”,

During this implementation it is possible that, in the monitoring centre,
two identical messages are transmitted from two receivers to the decoder, the
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difference between them being the frequency by which they are sent and the
receivers that receive them.

The described problem can be solved in two ways:

Hardware solution to the problem. This solution requires reconstruction
or replacement of a part of the hardware which codes and decodes the messages,
received from the security objects. The purpose of the reconstruction is to
extend the physical frame of the sent messages so that the object numbers be
coded in more than 4 (four) symbols. This solution has the following
disadvantages: the reconstruction will affect a great part of the hardware
{coders, decoders or/and transmitters and receivers); it will take time and
money. Taking into consideration these disadvantages, the conclusion may be
drawn that it 1s necessary to find another, more effective solution in terms of
time, money and use of the available devices.

Software solution to the problem. This article suggests another possible
solution to the above-described problem. The idea is to use the possibility of
building different communication channels, which is possible with the available
hardware. The setting of the receivers and transmitters to another frequency
does not resolve the problem with the length of the messages’ frame, but only
creates a new communication channel, which nevertheless provides to extend
the frame of the message at its receiving. This solution to the problem has the
following advantages: the available hardware can be used without
reconstruction; a new comrmunication channel requires only a program setting
of a definite number of receivers and transmitters, using the available hardware,
as well as new ones. A prerequisite for this solution to the problem is the
design of an applied module providing the required functionality.

4, Requirements to the applied module, complying with the
functionality of the proposed model

The applied module must provide for the extending the messages’ frame,
when they are received, but before being analyzed and saved. In this way, the
maximal possible object number is increased and the probiem of receiving
two identical messages from two different objects is resolved. This can be
achieved by adding to the number of the object in the message the number of
the communication channel that has received the message. The applied module
should provide for registration of the communication channels, security objects,
messages from objects and hardware (including coders, decoders, transmitters,
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receivers, and communication ports). Fig. 4 presents the frame of a message,
that has been extended by the applied module.

Q11 (110171011 |7 [REIS|ITIAR Al L |24 Q N|H|Y|#13

channel | object message message text end
humber number code

Fig. 4. Frame of the message after the number of the channel has been
added to it

S. Conclusion

The size of the paper does not allow to describe all aspects of signal-
security systems, but the proposed ideas might be used as a basis for further
development of these systems, by building an integrated information system,
oriented to them. This system should provide the for registration of hardware
and messages, computer processing of documents, automated dispatching (GIS
and GPS), Web- and WAP-based information system for customers, and data
and applied modules security system.
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MOJEJI 3A U3ITOJ3BAHE
HA MHOXECTBO KOMYHHKAITNOHHH KAHAJIA
B CUI'HAJTHO-OXPAHUTEJIHHTE CUCTEMH

B. Kpanes
Pezrome

B crarusara ¢a pa3rielaiy HPUHIMOATE Ha XeHCTBHE HA CHIHAIHO-
OXPABUTEIHUTE CHCTEMH, 3T10/I3BAILHA PAIHOKaHAN 38 IPECROC Ha CROOINCHHUS.
Onucand ca XapayepryTe U copTyepHHTE HEHOCTATHIN Ha arlapaTHoTo H
IPOTPaMHO OCHUTYpABaHe. PasriesaH e Kagbpa 3a NPEeHOC Ha ChobmeHus u
HaTOXEHATE OT HETO OIPAHMYCHNA 32 HoMepHpaHe Ha obexTu. Hpemnoxen e
MOJEJN 32 W3II0J13BaHe HAa MEOKECTBO KOMYHHKALIOHHH KAHAM, € IIOMOIITA
HA CBIUECTBYBALIOTO anapaTHo ocurypsisane. ONHCaH € HAYHH 33 JIOTHYECKO
pasmupdBaHe Ha KaAbpa 32 NIpeHoc Ha cbhobmeHHA. OnHcaHa ¢
GYHKIHOHANHOCTTA HA NPUIOKEH MOAYN, NOAABPKAU MHOXECTBO
KOMYHHKAIHOHAHHK KaHaiH. [[peacTaseHH ca TEHASHUMHTIE 3a pa3sBUIMC Ha
CHTHATHO-OXPAHUTCHAHHUTE CHCTEMH,
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YIIPABJIEHUE HA KAYECTBOTO B IIPOEKTH 110
AKBW3NNUA - CTAHJIAPTH ¥ ITIPAKTHKHA*

Bpanumup Kexos

Boenna arademus “I.C. Paxascku”™
e-mail: bzhekov@yahoo.com

Peziome

B doxnada ca nocoven NpUNYUNKME 30 u32paXdciane fd Cosnume nyaruxayuy Ha
HATO za ocuzypagane na xauecmeomo AQAPL “2000", xamo e omdeneno cneyuains
EHUMAHUE HA ME3N, KOUMO ONPECERAIN USUCKBANUAMA KoM PATTUNHUME MOOCTU CUCMEMY 30
ynpasnenue Ha kaiecmeomo. Hadenu ca xpumepttime 3a uzbop HaG Kodxo0su Moden 3a
SKAKHBAHE KAMO UIUCKEGHE 8 dozogopa 3a pearusayus Ha npoexma. Pazanedanu ca
KONYEeNYUUMEe NG UNMESPUPAHUR CUCIREMER NOOX00 KbM KAYECMEOMO Npes Yehus HCUIHeH
Yuxwl Ha ombpanumennume hpodykmu. flocoweno e cudvprcanuemo wa npoyeca Ha
YNDUBACHUR HA PUCKA RPU PLAANIUPAHEMO HA NPOEKMY N0 AKEUIUYUS U OCHOBHUME 3a0a4Y,
KOUMO e1edea 0a Ce pewasam & PAMKLME Ha 03U HPOYec.

Krovtoeu yMu: Kavecmes, CUCIeMa 34 YRpAgTEeHUe HY KAYeCmeomo, ombpanumenku
APOGYKIY, GREUINYUS, YRPAGREHNE HA PUCKA.

KasecrBoro npy ynpas/icHHe Ha IPOeKTH

[TonuTukara 3a MopepHI3aIuA M cCHaOAABAHE HA BbOPLIKEHHTE CHIIH
Ha CTpaHHuTe-WIeHKH Ha HATO HaMupa CBoATa IPakTHHeCKa Peau3alisg upes
TOYHO Ac(PUHHPAHH U BCECTPaHHO 000CHOBAHU MHBECTHIIMOHHH HAHOHATHH
U MEXTYHAPOAHH IPOCKTH, HapHYaHH IPOSKTH 110 aKBU3NIUA (puaofuBane).

*lownanbT e u3HeceH ua HayuHara wouepertuns ¢ mexayHapomso yuactee SENS 2006
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IIpu TOBa OT 0cOOeHo 3HaueHue ¢ GakThT, Ue Ka4eCTBOTO Ha
TTOCTBHIBALIATE Ha BROPBKeHNE OTOpaHUTENHA TPOAYKTH H CUCTEMHM ONIPEALTIA
B 3HAYHTEAHA CTENCH OYaKBAHOTO YAOBIETBOPSIBAHE Ha CHOTBETHHTE
oneparrBHY cnocobHOCTH KHa polickure. DUHAHCOBUTE DAZXOAM U PA3XOOUTE
Ha BpeMe, CBBP3AHM ¢ pa3paboTBaHeTo Ha TE3M NPOCKTH, H3UCKBAr
IpeiIpueMaHe Ha KOHKPETHHA MEDKH 3a rapadTipaHe Ha TAXHOTO KauecTRo,
olle npean aa ObOaT A0CTaBeHM OT CHOTBETHUTE KOHTPAreHTH.

B orrosop Ha BaXHOCTTAZ HA npodieMa “KauecTBO”, B
Mexcryraponrara opranusaius no crangaprusanus ISO ca cp3naneHy pequna
HOKyMeHTU. OCHOBEH IOKYMEHT 110 IPOSIIEMUTE Ha Ka4eCTBOTO € CTAHAAPTHT
1ISO 10006:2003 “YnpasicHiie Ha KAYECTBOTO. YKA3aHHSA 33 KAYSCTRBO MpH
yIpaBcHAE Ha npoextute” [4].

[le ce crpem Ha HakoNKO onpeaeneHus, cpracHo 1SO 10006:2003,
KOUTO UMAT OTHOLIEHHE KBM PAsHIEKAaHUTE IIpobIeMu B HacTosara paboTta
[1].

Ilpoexkm e ynuxanen npoyec, KOHmMo Ce CoCmou Om CHeKYNHOCM oM
KOOPOUHUPAHY U YNPABAAGGHU OeliHocmu ¢ 0ama HA 3anoyeéane U HA
3asbpuLsaite, NPEONPUEMAnY 30 ROCMUAHE HA YENl, CbOMEEMmemedud na
KOHKDEMHU USHCKOAN A, GRIIOUEANY 0ZPAHUMEHUS N0 CPOKOBE, YEHU U PECYDCU.

Tpsbra pa ce o10enexu, e eNUH OTACICH IPOSKT Moxe da Obnme
493acT OT CTPYKTYPAaTa Ha IO-TOJASM HPOEKT, B HAKOH IIPOESKTH LEJHTE ¢
YChBBPUIEHCTBAT U XapaKTEPHCTHKHUTE Ha TIPOMYKTa Ce OIPEAENIT B IpoLeca
Ha PasBUTHE Ha NPOCKTA, PE3YITATHT OT NPOeKTa MOXe 1a Obje eAHa Uil
HKONKO SXMHULH OT IPOTYKTA.

Kaueemeo - cmenenma, 00 KOSIMO CHEKYRNHOCM OM NPUCHUY
XaPAKMEPUCMUKY UINBAHABA UFUCKBaNUA. 3aDCICKKH KbM ONPEIeICHHETO:

»  TepMMHBT ‘KaYeCTRO” MOXE Jia C€ H3MOJI3YBA ¢ MPHIATaTe/IHH Kato
A0110, A0Op0 HAN OTAWYRO;

> “npucelM’ 32 pa3ANKa oT “IIpUNEcaHy’”’, 03Ha4aBa ChIECTBYBAIH
B HEH{O, 0COBEHO KaTo HOCTOSHHEM XapaKTEPUCTHKH,

H3ucxearne - nompebrocm uru ouaxeéane, xoemo € obaseno,
OBUKHOGEHO CE NOOPA3DUDA URYU CE ABAEA 3AOBANCUMENHO.

[Ipoyec - cvgryRHOCT OM 63AUMHO CEBPIAHY U EIAUMOOLHCMEAL{U CU
Setinocmu, xkoumo npeobpasyseam exodogeme & uzxpou. 3abenexKy KbM
OIPEACIEHUETO;

» 32 J1aCe OCBINCCTBHA A3/ICH IPOLIEC, OCBECH HEOOXOMUMHTE AeHHOCTH
TpadBa Aa ¢a HaNU4HH ¥ CBLOTBETHHTE PeCYpPCH - IEPCOHAN], (UHAHCH,
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CBOPBXEHHS, HHCTAJIALIHH, TEXHHKH H METOJIH;

» BCEKH npouec nMa Bxoll. Ha usxosia ca pesyntarute ot nponeca.
Topa ca MPOLYKTHTE, MATSPUATIHY WK HemaTepuaiiHi. CamMusT IPo1ec € SAHO
npeobpazyBaHne, koeTo RoBaBsa cTodHOCT. BXOAOBETE Ha eNuH OpoLec
OOMKHOBEHO Ca H3XOAH Ha APYTH NPOIECH.

IIpodyxm na npoexma - moea, koemo e Oeunuparno 6 ofixeama xna
npoexma u ce docmaesn na nompebumens.

Oyenxa Ha X004 _HA NPOEKMA - CYEHKA HA pezyamamume om
Qetinocmume O NPOEKMA, NPOGENCOAHA NPe3 NPOYecUme HA HPOeKma, 8
ROOXOO0RUY BYIKINOGE OM JICUSHEHUA MY YuKvA, Ha 0a3a KA onpedeneny
KpUMEPUY 3G NpoYecume u POOYKMa na NPOEKma.

Moxe na ce U3MCKBa PeBH3HS Ha NNaHa Ha NIPOSKTa B PE3y/Tar OT

OLCHKATA Ha X044 Ha U3NIBAHCHUCTO Ha IIPOCKTA.

3auHmepecosan ont NPOEKmMa - OMOERHA TUYHOCIN UAY 2PYNA UHOUBUOY
¢ 0bwu unmepecu ¢ pabomama HA OP2AHUIAYUAMA - QOCMABYUK U Cpedama,
8 xoamo ms pabomu. 3abenenKy XpM ONPeaSIEHRETO:

» OpraHyu3alusiTa - OCTABUHK ¢ OpTaHu3aluaTa IO IpOeKTa;

> 3aHHTEPECOBAHEM OT IIPOEKTa MOTAT Ja ¢a KJIHEHT, toTpeburel,
coOCTBEHHUK, NapTHHOP, QUHAHCUPAI, NOAUINEIHATEN, OOMIECTBEHOCT,
BHTPEIIeH [IePCOHAIL

[Ipouecure Ha npoeKxTa OCHOBHO C€ IPYNMpAT B JABE Kareropuu [4]:

» OpouecH, CBbP3aHH C YIIPaBIeHHETO Ha MIPOEKTa,

» [IpPOUECH, CBLP3aHU ¢ MPOAYKTa B PE3YATAT OT MPoeKTa (Kacaemy
€AHHCTBCHO MPOAYKTA OT NMPOEKTAa, Karo njiaHupade, paspaborBane,
IIPOH3BOACTBO H IIPOBEPKA).

IIponecuTe, CRBP3aHM ¢ YIIPABICHHETO Ha IIPoeKTa, morar fa Obaar
obocodenun B cnegnure rpynu {(dur.l):

lispBara rpyna e taka HapedeHuaT cmpamezuiecku npoyec. Upes nero
cc 0O0OCHOBABA H OIPEIENs] HACOKaTa Ha MMPOEKTA.

3a cTpaTern4eckus IIPOLEC € XapaKTepHO;

» 3aJ0BOJISBaHE Ha NOTPeCHOCTUTE Ha MOTPeOHUTENs M HPYrH
3AUHTEPECORAHHY € OT IEPBOCTENCHHA BAXHOCT,

» IPOEKTHT CE U3IIBITHSABA KATO KOMILIEKC OT NNAHUPAHH ¥ B3AHMHO
32BUCHMH IPOIIECH;
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» 3a fa ce NOCTHTHAT LUENHTe Ha [POCKTa ¢ HeoOXoauMo fa ce
I0CcTaBH POKYCa BEPXY KAUECTROTO Ha MPOIECHTE B MPOAYKTATE Ha IPOEKTa;

»” PBKOBOACTBOTO € OTTOBOPHO 3@ Cb3AABAHC Ha NOAXOJAMIa cpeaa
38 HOCTHIAHE IEITUTE TI0 KAYSCTBOTO,

» PBKOBOACTBOTO € OTTOBOPHO 3a HEMPEKBCHATOTO MOAOOpPSBaHE.

Bropara rpyna obxeaua ynpasrenuento Ha 63GUMHUME 3ASUCUMOCTIY
MedicOy Opyzume npoyect, npeou 8CUYKO 658 BPEMEMO HQ NPOEKMA ~ HAYAN0
HG npoexmd, YApAsieHue Ha 63aumodelicmeuemo, YNpasneHue Ha
USMEHEHUSMA, NPEKPAMAGAHE.

Decer rpynu npoyecu, cBbLP3aHN ¢ YNPaABAEHUETO
Ha npoeKTa

CTPATEMAYECKNU
APOUEC

CNPERENAHE HA HACOKWTE 1
YMNPABITEHWE HA PEATTMIALIMATA

B3AUMHO3ABMCUMM NPOLIECH HA
YNPABREHWE

Havano YRPEBABHKE K BIIUMOALATTIHGTO

Mpexpa

Ha NPOAxTA YNpapnexwne Ha KIMEHEHMATA

NPOLECW, CBBLPIAHK CBLC:

ofixeata BPEMETO paaxognre peCYpouTE

HOPCOHARS KOMYHMKALMATE pBEXa JAKYNYBAHOTD

Duz. 1. Cxemamuino npedcmagaie Ha decemmie 2pynu NPOYecHy,
COBLPIAHU C YNPAGREHUEMO HA NPoeKmd
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IlpuHnunuTe 3a ynpaeji¢HHE Ha H3MEHEHHATA C¢ OCHOBABAT Ha
Mexaynapogans cragaapt [SO 10007:2003 “Cucremu 32 yopapneHHE Ha
Ka4ECTBOTO — YKa3aHHA 34 yIpaBleHne Ha konpurypauusara”’, STANAG 4159,
u3nanue 1 ot 1999 r. Jlonutukara u npodenypute Ha HATO 3a ofmpo
YIpaBJICHHE Ha KOHQUIypauusATa Ha MATCPHATUTE 32 MHOTOHAIHOHANIHHTE
cbBMecTHH TipoektH”, STANAG 4427, uananue 1 or 1999 . , BbBexnane Ha
CBIO3HATE TyONHKalMH 1O 00INO yrpasjieHHe HA KOH(PHUTYPAIHATA H Ha
curosuute nydnukaimu Ha HATO 3a ynpasnenue Ha konduryparmsta ACMP’s,
Tasu rpyita npouecu (Prr.2) obxealna: Hadaro Ha NpoeKT U pazpaboTBaHe Ha
IJIaH Ha MPOCKTa, YIPABICHUE HA BR3AUMOJCHCTBHETO, YIpaBIcHHE Ha
U3MCHEILHATA, IPCKPATABAHE,

OcTaHanute QceM rpyIy ca IPoNecH, CBEP3aHH ¢ 06X8amd, 6pememo
pasxooume, pecypcunte, NePCOHANA, KOMYHUKAYUAMA, PUCKA U 3AKYNYEaHemo.
OT TAX HAKpATKO 1HE Pa3rIeiaMe Ccamo MPOLecHTe, CBBP3aHu ¢ Bpemeto [8].

OcHoBHAaTa LEJT Ha IPOLECHTE, CBBP3AHHU C BPEMETO € /18 C€ OIPEASTST
3ABHCHMOCTHTE H IIPOABIKHTSIHOCTTA HA ACHHOCTHTE M Jla Ceé rapaHTHpa
HaRpEMEHHOTO 3aRbPIIBAHE HA IPOEKTA. [IpoLiecHTe, CBBP3aHH C BPEMETO Ca;

¥ naanupaue A 3asucumume Oeilinocmu — ONUpEACNdHE Ha
BBTPCIHATE 3aBUCUMOCTU U JIOTHYECKHTE B3AAMOACHCTENS ¥ 3aBUCHMOCTH
MEXTY NeHHOCTHTE Ha MPOEKTA;

» oyeHka HA npoOvRdNCUMEAHOCMMA — OLEHABAHE Ha
APORBIKUTENIHOCTTA HA BCAKA JEHHOCT BBB BPB3Ka Che CEUHGHUHUTE
YCNOBHSA M ¢ HEOOXOXUMHTE pecypen;

¥ pazpabomeane Ha npozpama — B3aUMHO 0OBBP3Ba BPEMEBHTE LEAN
Ha IIPOCKTa, B3aMMHO 3aBHCHMHTE ACHHOCTH H TAXHATA NPONBLIDKUTENHOCT
KaTo paMka 3a paspaboTeaHe Ha oOLIH H NOAPoOHH NpOrpaMu;

P ynpasiexue Ha NPo2pamMama — YNPaB/ICHUC Ha peajiM3auuaTa Ha
JIEMHOCTHTE Ha MPOCKTa B CHOTBETCTBHE € NPOTPAMATa WM NPEANpHEMAaHE
Ha CBOTBCTHH ﬂCﬁHOCTH 34 KOMTIEHCHPpAaHS HA 3aKBCHEHHATA.

PasnuuHy MEeTOJH 3a YNPABNEHHE Ha MPOEKTa (MporpaMara) ca
HAMCPHIH NPAaKTHYECKO IIPUIQKEHHE, KATO I0-U3BECTHH Ca:

» epagpur na [anm (renmog epaux);

['paduxsT Ha [aHT He Npe/icTaBAABA TOSMa CTATHCTHYECKA [IEHHOCT,
HO C& M3MIOJI3Ba KaTo CPEACTBO 3a ONEPATHBHO BB3/ICHCTBUE BBPXY X0Ja Ha
pa0oTara ¢ 1{e] OCHI'ypABAHE Ha HEHHOTO CBOEBPEMEHHO 3aBEPIIBAHE,
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Hauaae Ha npeekT : ¥upasnedue Ha fpexpnrensue

paipabuTeane ua BIuIMaaeiicTemeTa i d . Quewna u

nAanl HE NPEEKT -Mponcaypn 33 ynpasachxe  Ha | j A0KYMEHTHpass
- O nnan J HuTepdefica, MPHENIOIEIHETO Ha
AXTYANNTHPANE, | - Qepuonuyua DUEHKA Ha ADANHTE]
- DdELpspane HA FunTepdeiicnn npobaenn, ll - Menck npernen va
HUNCKEAH AT 0 LR ARTE. | - Koopauawpane A2 HHTepdelcare [ HITBIHEHKRETO,
Ocm-)-pafaue LS _J\ B TOUERKTE £ TOJAM PUCK. - Bxmoveane Ha
nuTepdeRca; - naTpedsTena 1
- RAPAKTEPHCTHEN KA

] JAMATEDECOBAHNTE B

MPEOYKTA b pead 1a " — x — npermeza;
I ERBI L H
OLUEHABARE, )"I‘ll‘ll BAEHIIE HA HIMEHEHITATI ) nf),.‘erTOBKa Ha
: 3:::2::;{:""”: ” —l/ - HeolixoauMocT,  ued  CTenew, ‘[\ :::::fu:mu
- DdpnpiBaHe oBe N - Chpmuaanng

- [per. GpEHHE;
CHETEMOTR 30 KAYMECT BO: ype AL

. M .
. I'IHT'.‘T‘DHD&HC na NPABNEHHE HA HEIPARAHETO,

g L
NTAKOBETE W@ APVEH VRpamleHHE HA JOKYMENTHTE 23a —l/
MIIECH HY NPOrKTa | HAMEHEHHATO

DROEECTABENE HYA
NPEKPATABIHE T

Duz. 2 Bagumuo 3aeucumu npoyecu Ha ynpasrentie

»  mMemoo Ha Kpumuynus nom u memoQ [HEPT.

Mpexorusat rpaduxk, cszgane no Mmerona [IEPT (MeTon 3a ouenka u
Npernea Ha OpoeKTHTE), ChAbpKa HH(popManus Kato B rpaduxa Ha [anT, HO
OCBCH TOB2 [I0KA3Ba BPB3KaTa MeXY ChOUTHATA ¥ ONpeIeNid KAKBH ONEPaliu
¢ HeoOxoauMo fia ObAAT U3ITBJIHEHH, 33 13 HACTHITH €/{HO WY APYTO CHOUTKE.
Ot rpaduka ce onpeaens 1 KpUTHYHHUA ITBT.

HHTQ]‘pHp&H CHCTEMEN MOIX0T KEM KAYECTEROTO

B ocuosara Ha noauTHkara no KauectsoTto Ha HATO e nmocraseno
pazOHpaHeTo, Y€ YIpaBACHHETO Ha Ka4eCTBOTO € HENPEeKbCHAT, MHTErPUpaH
npoiec, KoHTo € OCHOBaH Ha KOHLIGNIHHTE, CBbP3aHH ¢ Ga3HTe Ha XU3IHECHHA
INHKEI, C npouecu"re Hu y‘IaCTHHLIHTe B HEI'O H CBC CHCTCMATA 34 ynpaBneHHe.

VIHTErpupaHusT CUCTEMEH IIOXON € HACOUYCH KAKTO KBM YIIPABICHCKHTE,
TaKd H KbM TEXHHYECKHTC SICMCHTH U ¢¢ OCHORABA HA CIENHOTO:

» pa0orara Ha OpraHU3aAUMATA IPE3 PA3IHMYHUTE (ha3d OT KUIHECHHA
ITHKBII C€¢ OCHHIECTRABA YPE3 MPEXKa OT B3aHMHO CBBD3aHH MPOLECH, KOUTO
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Tpa6Ba a ce HAEHTUOUIMPAT, AHATTMIUPAT, YIIPABNABAT U YChBBPIICHCTBAT;

» OTICNHUTE CIEMCHTH Ca HHTETPHPAHH B CHCTEME;

» WHTEPECHTE HA BCHYKM YYACTHULHM B XXU3HEHHUS LMKbJI CE B3GMAT
Ol BHHMAHKE;

» YYaCTHHIMTE B KMU3HEHHS LUK H3IOM2BAT 00Ima CTPYKTYpa H
TEPMUHOIONNA 33 CH3JaBaHe U yNpPABICHUE Ha CUCTEMaTa IO Ka4eCcTBOTO;

» TPHHIMIINTE 33 YIIPABIEHHE HA KAYECTBOTO H CBBP3AHUTE ¢ TOBaE
JEHHOCTY ce IIPUJIaraT KakTo KbM IPOAYKTa, TAKA ¥ KbM BCHYKH TIPOLIECH Ha
KUIHCHUA UK.

OcCHOBAHH Ha JOTOBOPHUTE H3HCKBAHNA (BKIMIOYHIETHO HA FOCOUCHHA B
JIOTOBOPa MOJIEN HA CHCTEMA 3a YNIPARIIEHHE Ha KA9ECTBOTO B CHOTBETCTBHE C
HAKos OT nnyonukauuure Ha HATQ 3a ocurypsieaHe Ha Ka4eCTBOTO OT CepUATA
AQAP’s ,,2000”), meliHocTHTE MO yHpaBIeHHe Ha KadecTBOTo Tpsabsa jaa ce
HPHNIArar 3a BCHYKY TPOLECH.

YYacTHHIUTE AUPEKTHO BKIIOUEHH B IPOLECHTE HA XUIHEHUS [UKHI
MM B aCOIMHPaHy KBEM TSIX JEHHOCTH ca; noTpednTen, Kymysad, COOCTREHNK,
JOCTaBYHK H IICpcona, H3bpuBan] J{bpikasHa rapanius 3a kauectso (J{I'K)
[6].

3a ga MOCTHTHAT MAaKCHMalHa e(pEeKTHBHOCT, OpraHH3aluHTe Ha
YYACTHHIIUTE B XH3HCHHUS [HKBJ TpAGBa Ja H3rpanst, JOKYMEHTHPAT,
TIOATBPKAT ¥ pa3sBHBAT €(EKTUBHH U eMKAaCHN CHCTEMM 3a YIIPABIEHHE HA
KauecTBoTO [2, 3]. CHcTemara 3a ynpasjeHHe Ha Ka4eCTBOTO € Ta3H 4acT
(noacHCTEMAa) OT CHCTEMATa 34 YIPaBACHHE HA OPTaHH3alMATa, KOATO
YCTAHOBABa MOJIUTHKATA M0 KAYECTEO M LIE/MTE MO KAYECTBO, U (okycupa
BHUMAHUETO BEPXY IOCTHTAHETO HA TE3H LENH,

B Anexc C Ha AQAP 2000 ca fafieHH HAKOK UIHPOKO H3MIOI3BAHH METOAH
3a OLEHKa ¥ ToZo0pABaHE - OCEMTE MPHHLIUIA 32 YITPaBIeHHE HA KaYECTROTO
ot ISO 9004:2000 (oprenTaiys KsM KIHEHTA, JHISPCTBO, ChIIPHYACTHOCT Ha
Xopara, TpoueceH 1Moaxon, CHCTCMCH JI0AX0d B YIPAaBJICHHCTO, TIOCTOAHHO
nogobpenne, QaKTONOTHYEH NOXX0J NpH H3paboTBaHe HA pellleHHS,
B3aUMHOM3IOHH OTHOLICHHS ¢ MONAOCTABYUIIUTE), HATPANHTE 338 KAIECTBO
Malcolm Baldnge, monen EFQM.

Crio3an nmybauxamun ga HATO AQAP’s “2000”
Enna oT Hall-BaXHUTE IICNIM HA CTAHAAPTHRAIUATA, B TORA YHCIO H
Ha cTaHAaprH3anuaTa B HATO, € nocTHraHe Ha BHCOKO KadyeCTBO
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(CLOTBETCTBUE C NpeAHA3HAYCHHETO, HANEKAHOCT, OE3I0OMACHOCT,
EProHOMHYHOCT, CHBMECTHMOCT, B3aUMO3aMEHIEMOCT H Jp.) HpH
PEAIH3HPARETO HA NPOAYKTHTE U YCIYTUTE, YAOBIETBOPSBALA B HAl-BHCIIIA
creneH norpebHocTHTe OT TaX. Cranpaprazauusta B HATO nmopuiaga
e(heKTMBHOCTTA NIPH M3NON3BAHETO Ha HANMYHMTE OTOPAHMTENHH PeCYpPCH,
KaTo TOB& BKIIOYBA, OCBEH BCHYKO Jpyro, 3aabn0odaBaHe Ha
CHTPYAHMYECTRBOTO H ENUMUHUPAHE Ha HINUIIHOTO NyONnapase Cpe CTpaHHTE
Ha AnHaHca IpH W3CNeABaHHUATA, pa3paloTBaHETO, IIPOMIBOACTROTO,
cHa0AABaHETO U NIOAAPHKKATA Ha NPOJYKTUTE, MPeAHAZHAUEHH 34 0TOpana.

AQAP’s “2000” [5] ce Oasnpa Ha TpeTaTa BepeHSA Ha (HAMUINATA
[SO 9000:2000. ACMP’s umat 3a 0CHOBA MEXIYHAPOAHWS CTAHAAPT 32
yrparyienve Ha koudurypanusra ISO 10007, a ARMP-1 “Hsncksanna Ha
HATO 3a 6e30TKa3HOCT B peMoBTOnpHrogHocT ot cepuara ARMP’s uma 3a
octiosa crauaaprute SAE JA 1000 (cramnmapr 3a “IIporpama mo
HezoTkazHoCT ) M JA 1010 (cranaapr 3a,,IIporpama 1o peMOHTOIIPUIOAHOCT ™),
3aeAHO ¢ TexHUTE pbKopoacTa SAE JA 1000-1 u JA 1010-1.

H3nonsraneTo Ha crro3uMTe nybnukanuyu Ha HATO 3a ocurypsasane
Ha xauecTBoTO AQAP’s “2000” {7] ce ocHopaBa Ha CTaHAAPTH3AUOHHOTO
cnopazymenne STANAG 4107 (uzpauue 6 ot 1997 1), koero onpenens
NPUHIMKIHTE 32 B3aNMHOTO NpH3HABaHE Ha JAbpKABHATA TapAHIHA 3a
kauecTBoTo (JII'K) Ha mpoaykTHTE, Mpeanaskadeny 3a ordpana. Criopes Hero
CRIIGCTBYBAT ABa BuAa noxyMeHTH AQAP’s:

» 0dozesopen mun - AQAP 2110, -2120, -2130, -2131, -160, -150, -
2105, xoHTO Ca BBB RUJ] Ha “TeXHHUYECKd COeiMbHKAIINA ™, MpeAHa3sHadcHa 3a
JIOTOBOPHO H3MON3IBAHE;

»  pwrosooen mun — AQAP-2000, -2009, -159, 169, -2070, -2050,
KOUTO OCHTYPSBAT OBIIOTO PHKOBOACTBO 33 OLICHKA HA M3NON3BAHETO Ha
AQAP’S OT JOTOROPEH THII, KAKTO M PHKOBOAICTRO 33 THYHHSA CHCTaB HA OpraHa
sa JI'K npu pazpaGoreaneTo na niaadosete 3a JII'K, mocpencrsoM KoMIuiekT
OT CTAHAAPTUINPAHH TIPOLISKYPH.

IpuRnMNNTe K KpUTEPHKTE 3a IIPUJIaraHe Ha JOTOBOPHUTE H3MCKBAHHA
34 OCHI'YPSBaHe H& KaUeCTBOTO Morar Aa Ob1ar 0000IMeHH KAKTO CIICABA:

» CBIO3HUTE MYyONHKALMY IO OCUTYpABaHe Ha KauecTBoTo AQAP-
2110, -2120, -2130, -213!, -160 ca nmpeAHA3HAYEHY 334 M3TOTRIHE HA
[IPEAMACAHNE KBM JOTOBOPHHTE U3HCKBAHKA 3a YIIPAB/IEHAE HA KaYeCTBOTO;

»  NPHIOKHMOCTTA HIIH HENPHIOKHMOCTTA Ha HAKOH 0T Te3H AQAP’s
3aRHUCH OT BIHAA U CJIOKHOCTTA HA AOCTABEHHSA IIPOAYKT;
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» noaGopbT ¥ HPHIOKEHHETO Ha IOAXOMSAINH M3HCKBAHHA 32
YIpaBIE€HHe HA KadeCTBOTO TPAOBa Ja clefBa “TIpollec Ha eNMMUHHpaHe”,
KOHTO Aa 3all0vBa € PELICHHE OTHOCHO HEOOXONMMOCTTa OT IIpHjlaraHe Ha
AQAP’s. B norosopa He Tpa0Ba za 0bJaT BKIIOUCHH U3RCKBAHHA 3a TIPHIAraHe
Ha AQAP’s xoraro:

e He ¢ HeoOXOAHMMO BIUIIOYBAHE Ha CHCHUPHYHH M3HCKBAHHSA B
JOTORODA 3a YHpaBICHUE Ha KaYeCTBOTO K He € HeobXoAuMo aa Obaar
H3IBJIHEHH AeHCTBHA DO ocurypasaHe Ha JI'K;

*  XapaxTepUCTHKUTE HA 3aABCHHA NPOAYKT ca TAKHBa, 4e
TOIMOCTTa My O MoIIa Aa 6BA¢ NOIXOMAII0 ONpeAeicHa CIIE TIOIYIaBAHETO.

B cnyuait, ue npunarauero Ha AQAP’s ¢ HeoOxoauMoO, NpPoUECHT
NpOALIKABA ¢ B3eMaHe Ha pemenue ganma AQAP-2131 ¢ pocrarpucH. B
crydal, ue AQAP- 2131 e nocraTsuen u ynorneTBopsea HallmoHanHus oprad
10 TAPAHTHPAHE Ha KaYECTROTO, TO TO3M JOKYMEHT TpsOBa fa 61/i¢ JOTOBOPHO
OTIpeNeNicH.

»  aHaJOTUYEH NPOIIEC Ha eIMMHHMpade TpaGBa fa ObJie H3BbpIIEH
u 80 oTHOWEeHNE Ha AQAP-2130, B cryygail, ye AQAP-2130 e nocTarsuen,
AQAP-2120 ne Tpabsa Aa ce u3bupa xaro usuckBane. AQAP-2120 tpsbra na
Onze u3bpad caMo, ako e CUrypro, ue AQAP-2130 uama na 6ba¢ edexTHBeH.
AQAP-2110 Tpabea na ObAe BKJIIOUEH CaMO, aKo HOCOBOPHT BKIIIOYBA
M3HCKBAHE 3a MpoeKTHpane i paspaboTBane Ha IPOAYKTH,

» Koraro paspaGoTBaHETO Ha COQTYEP € YacT OT U3UCKBAHUATA Ha
nmanen xorosop, AQAP-160 Tpadsa na 6v.ae npunoxen B kombuaanus ¢ AQAP-
2110.

Jaxynouenne

Baskaa poss 32 yCIENHOTO peaTH3HPAHEe HA IPOSKTHTE IO AKBU3UIIAS
HMa BCEOOXBATHOTO U [THTHOICHHO NIPHIATAHE HA [TOJIUTHKATE [T0 KaUeCTBOTO
Ha HATO, Hazupaina ce Ha paibupaneTro, e YIpaRIeHHETO HA KAUYeCcTROTO e
HENPEKBCHAT HpOoUEC, NPOTHYAlL IIpe3 LU XH3HEeH HUKBI Ha
oTOpaHHTedHHTe IPOAYKTH H CHCTeMH. HeilinaTa npakTHYecKa peanH3alHd
BOXM O IPOBOKHpaHe HA NPEXU3BUKATENCTBA 3a OTOpaHHTEHATa
IPOMUIIICHOCT, AKIICHTUPAIGH BLPXY JSHROCTHTE 110 IIaHHPaHe, yIIpaRienye,
QCHI'YDARGHE H no,uoﬁpﬂaaﬂe Ha KayeCTBOTO, KAKTO Ha IIPOLCCHTE, CBEP3aHN
€ IPOEKTUPAHETO, pa3paboTRARETO U IIPOM3BOACTRBOTO HA CAMHTE IPOAYKTH,
TaKa ¥ Ha MIPOUECUTE IT0 YIIPABICHHES HA IIPOCKTUTE NPH TAXHATA peau3aus,
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QUALITY MANAGEMENT OF ACQUISITION PROJECTS -
STANDARDS AND PRACTICES

B. Zhekov

Abstract

In the paper the principles of construction of allied publications of NATO
for maintenance of quality AQAP’s “2000” are considered and the special
attention is allocated by what define requirements to different models of
control systems of quality. Criteria of a choice of suitable model which is
necessary for including as the requirement in the contract for realization of
the project are given. Concepts of the integrated system approach at all stages
of life cycle of defensive products are considered. The contents of managerial
process by risk during realization of acquisition projects and the primary
goals which should be solved within the limits of this process is specified.

Keywords: quality, control system of quality, defensive products,
acquisition, management of risk
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Peztome

B oowcnada e npedcmasen KpamvK AHATUI HA SIMONCHOCTINA 30 APUIGZAHE HA
CUCHEMNUA NOGX00 KAMO MemoBdoNe2URs HA QHARU3D I CUNMEIL M CUCHEMU 34
uHGOpMayonna sauuma. Hanpagena e Oyenka Ha NPURCOICKMECIITA HA Chl ECMEYeay ama
HOPMAMUSHG U Memodorouiecka 6a3a 30 OYEHKA HA ePEKMUSHOCIIMA HA CUCMEeMU 30
unopmayuonka auuma. Hpednoowen & gepoamuocmen nodxod 3a oyenka na
eHemUeHOCMMA HA CHCTHEMAMA 3 URGOPMANUOHHA 3QWUMA, KAMO ca Oeunupanu
CHLOMEEMHY NOKAIAMENY HA EPEKMUBHOCIIMA KA CHCMEMAMQA ¥ 4 0a0en Kpumepuu 3a
HERNAMA QUEHKA.

Kawvoeu dpmu: cuzyprocm, uHBOpMayuoRRa sauuma, CUcemMen RoOXoo, yenesq
GYHKYUR, KOYECMBO, ehekmuanocm, nOKA3GMent, KpumMepuy.

CTpeMHTENHOTO Pa3BHTHe H IMOBCEMECTHOTO BHEApPSABAHE HA
MH(POPMALIHOHHN M TEIEKOMYHHKAUHOHHH TEXHOIIOTHH, Mpe3 MOCIESAHOTO
AeceTUeTHe, CTaHa HOR €Tall B HKOHOMHYECKHS ¥ HAay4HO-TEXHUHCCKUs
Iporpec Ha YOBEMIKATA LHMBHIIM3ALMS, KaT0 IPH TOBAa Bee MO-ACHO Ce
0003Ha4aBa YCTONYHBATA TEHAECHUMS KbM (POPMHPaHE HA MH(POPMAIMOHHOTO
001mecTBO.

*JloxnansT e wivecen Ha Hayunata xoudepenuus ¢ Mmexaynaponto yractae SENS 2006
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PBCTHT Ha HHGOPMaMOHHES (AaKTOD B CHBPEMEHHMA CBAT, MaCOBOTO
ch371aBaHe, BHEJPHBAHE M KCINI0ATauMsd Ha WHGOPMANKOHHH CUCTEMM ca
NPeIN3BUKAIN H NPOAbJDKABAT Ja MPEXU3BHKBAT BH3HHKBAHE HA J0OCTA
3HAYMTEIHO MHOXKECTBO OT mpolneMu B cdepara Ha CHTYpPHOCTTa Ha
JTHYHOCTT?, 0OLICCTBOTO B AbpKaBaTa.

HaMma chbMHeHHe, Ye 3a 3aI0HTa HAa KPHATHUYECKH BaXHHUTE
AH(QOPMANMOHHHN CHCTEMH ce pa3paboTBaT M Ha IPaKTHKA C& B HAIMYHOCT
MHOXECTBO MEKIAYHAPOAHH, HAallMOHANHH, OTPACIOBH, (PMPMEHH U JPYTH
CTaHAPTH3ANHOHHH, HOPMATHBHO-TEXHHYECKH U METOIHYECKH JOKYMEHTH.
Brnpeku Topa ofaue, HIMa CAHO3HANCH H KATETOPUYCH OTTOBOD Ha HAH BAYKHHAS
BBIIPOC — JOKOJIKO TPeIaraHoTO UNH PeaTi3IupaHoTo pellieHHe € nodpo, Kakea
€ HEroBara IUTaHKpaHa WM pealHa e(eKTHBHOCT. 3a CHLLIECTBYBALIOTO
TONMKEHHE B OONACTTA HA MHPOPMALMOHHHUTE CHCTEMH, U 10 KOHKPETHO B
obnacrTa Ha HAGOPMALIMOHHATA CHI'YPHOCT, ChIECTRYBAT PeAMIAa IPUHUHHA
[6]:

* nperebpersaHe Ha CUCTEMHHS [ORXOHA KATO MeTOIONOTHA 32

aHAIH3 H CHHTE3 HA CHCTEMH 32 HH(OPMauHOHHA 33HINTE;

* JIMTICATA HA MEXAHU3MH 32 OBIHO U JOCTOBCPHO NOTBHPIKAABAHE

Ha KaueCTBOTO HA CHCTEMHTE 3a MHGOPMAIHOHHA 3AILHTA;

* HEIOCTAThiuu Ha HOpMAarTHBHATa U METOAMUecKara 6aza mo

HHEGOPMAIHONHA CHI'YPHOCT, PE/IH BCHUKO B 00NacTTa Ha
NOKA2aTeNUTe U KPHTEPUATE.

CucreMHaTa napaaurma

PeanuszauusaTra Ha KOMIJIEKCA OT MEPONPHATHSA H MEPKH IO
ocurypssase Ha uHGOPMAHOHHA 3aIMUTA MPEAH BCHUYKO € HacO4eHa KbM
IIOCTHIAHE Ha ONPEAENICHa LN, T. €. T4 HMa NENEB0 MpeaHasHayeHue, KOeTo
Ha opManHo HHBO MOXe A4 Opie NpelcTaBeHO MOCPEACTBOM KOHKpETHA
uenesa Gynkuns. [Ipyd Topa Moke Jla ce O4Yakea, e KelaeMHUAT PesynTar we
fble MOCTHUTHAT B TONKOBA IMO-rodAMa CTEMEH, KONKOTO IO-TOYHO, I10-
eHO3HAYHO M MO-KOHKPETHO € Jed)MHUpaHa caMard (yHKIHS, KOIKOTO IOo-
3areN00YEH0 U HO-MPENU3HO ¢4 3ajadeHd H YTOUYHEHH IIapaMeTpuTe 3a
nefiHoTo MOCTUraHe, ¥ KOJNKOTO MO-IIBIHO €A NOCOYECHH ChIIECTBYBAIMTE
PECYPCHH, TIPOCTPAHCTREHO-BPEMEBH Y IPYTH OTPAHHYCHUA.

Axo 1eneBara GYHKIHEA ¢ C HHCKA CTEIISH Ha CIIOXKHOCT U CHILECTBYBA
CPaBHHUTCIIHO BHCOKA BEPOSITHOCT 34 HEHHOTO [IOCTHIAHE, T. €. TS MOXE Ja
OBJe 3azazeHa upe3 ckanapeH MOKa3laTel, TO KaTo IPABHIQ HeWHara
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peanu3aiis c€ OCBINECTBABA MPE3 U3TION3BAHE HA OTPAHUYCH U CPABHUTENHO
HECJIOMEH TI0 CECTAB H CTPYKTYPa KOMITIEKC OT MepPOIIPMATHS U MEPKH.

Ipu pasmmupsBane Ha Kpbra oT npodneMu, KOHUTO cieapa aa Geaar
pElIeH! 33 NOCTHIaHe HA UANOCTHA U KOMIUIEKCHA HHPOpMAlMOHHA 3aIKTa,
nenesara GyHKIUA NpHioOHBa MEOTOMEDEH, BEKTOPEH Xapakrep. [IpH ToBa
KOe(UUMEHTHT HA 3HAYHMOCT Ha OTAENHO B3ECTUTE CIEMEHTH CE HAMAIIABa, 4
Ce NOBHLIABA PONIATA H 3HAYCHHETO Ha 0OLIOCHCTEMHUTE 38/1a4H — OTIIPECTIAHE
Ha ONTUMANTHATA CTPYKTYpa M PEXUMHUTE Ha (QyHKIMOHHpaHe, OpraHu3alms
Ha B3aUMOIEHCTBUETO MEXKIY OTASIHMTE eNleMEeHTH A NOACHCTEMMU, OTYHTAHE
BIMAHRETO HA BHHITHATA CPERA U Ap.

enernacoyeHoTo obeauHsBaHe Ha KpallHOTO MHOXECTBO OT
B3aNMOAEHCTRAIIN U B3aUMO3aMeHsAeMU (YHKIHOHATHY €JIeMEHTH Ha
HHGOPMAIMOHHATA 3aIlUTa ¥ OTHOIICHUATA MEXIY TAX (GOopMUpa TOTATHO
IsJI0 ¢ BXOJHY M H3XOJHH HHTepdeiicu, T.e. oOpa3ysa ce chcreMara Ha
uH(popManuoHHa 3amuTa. OTIHYHTENHO KAa4YeCTBEHO CBOMCTRO Ha
arperupaHeTo Ha OTACNHATE CIEMCHTH Ha HHGOPMALIMOHHA 3aIIKTA B €THO
110 (B CHCTEMA) € EMEPreHTHOCTTA, KOETO B CIIy4as H3MBIHABA POIATA HA
cucteMoobpasyBail axTop, T. €. B HOBOCB3AAASHOTO A0 C& Cb3laBar
YCIOBUS 32 BLIHWUKBAHE HA T. Hap. CHHeprudeH edext. ChIUHOCTTA Ha TO3H
etheKT e cBexkaa 10 NOoABaTa Ha cnenddHYHN, KaueCTBeHO HOBH CBOHCTBA B
AIOTO {CUCTEMATa), ITBPBOHAYATHO HENIPHMCHINH 33 HHTO eHA OT HETOBHTE
(HefinuTe) chCeTABHE ¢nNeMEHTH. TpAbBa Aa ce HMa DpeABHJ, 4€ IpH
arperupaHeTo Ha eNeMEHTHTE OBPBOCTENEHHO 3HAYEHHE HMAT CaMoO OHE3H
TeXHH CBOMCTBA, KOUTO OMNpeJIeNAT B3aUMO,IeHCTBHETO IIOMEXAY UM H OKa3BatT
BIUSHUE HA CHCTEMaTa KarQ 150, 4 CHINO Taka U HA M3NBIHEHHETO Ha
Aepurupanara neacsa Qyskuws. lpu ToBa nocouenute B [1] ocHOBHE
NPpUHOKOH 33 U3TpaXKJaHe HAa ChBPEMEHHHTE CIIOKHH CTPYKTYpPHO-
byHKIMOHATHN OCTPOSHHUA MOFaT Aa ObAAT IIPHUIIOKEHH ¥ KbM CHCTEMATA 3a
HHGOPMANHOHHA 34IMHTA, CBOTBETHO B MopdronordycH, GyHKUMOHAIEH H
HHPOPMALHOHEH CMHUCHIT:

®  CH21ACYEAHOCM — CTPYKTYPHO-(PYHKIIMOHAIHA CTAaHAAPTH3ALHS,
YHAPUKaALUA, TPHUMHHO-CEICTBEHA B NPOCTPAHCTBEHO-
BpPEMERA CBBP3AHOCT;

®  OPMOZOHARHOCH — MOOYAHOCT, arperarusHOCT ¥ @BTOHOMHOCT,

® ‘ChomEemcmeue — MAKCUMHU3ANUS HA KpUTEpHUaNHAaTa
eheKTMBHOCT 10 MNEIHOTA, AOCTOBEPHOCT, TOUHOCT, HAIENHOCT,

o ukonomuunocm — edekt, ePEKTHBHOCT, LENeChoOpa3HOCT U
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HOJIE3HOCT;
* npospayrnocm — ofila HAOMOTAeMOCT 1 YIIPaBlAEMOCT;
¢ 06uHocm — MMKNKHIHA 33BHPLICHOCT, 3aTBOPEHOCT, YCTOHYHBOCT
K CXOHUMOCT;
¢ omKpumocm — MakCHMallHa NOTPeOUTEIICKA H HepapXHJHO-
YIIpaBICHCKA JOCTBIHOCT;
®  AbaHOMA — MakcEMH3auus Ha GYHKUHOHANHATA e(heKTHBHOCT
IIPU CTPYKTYPHO-IIAPAMETPHYIHA OIPAHHYEHOCT;
®  PegepcusHa KAy3aRHOCH — HHTSIIMICHTHH NOJIOKHTEIHH 00paTHi
BPBE3KH HA YIIPABICHHUETO, HAACTPOCHH Hax (YHKUIHOHAIHATA
XOMeocTasza Ha CHCTEMaTa.
Ot npHBeREHUTE [10-TOPe NPHHIHINY, TPHHIKIILT “HKOROMHYIHOCT”
B CMHCBJ eieKT, ¢heKTHBHOCT, UeAeCEOGPAsHOCT U MONE3HOCT Ha CHCTEMATA
3a HHQOPMAIIHOHHA 3AUTA IPEICTABIISABA ONPEIEICH HHTEPEC OT TEOPETHUKA
H NPaxTHYHA IMEAHa TOYKa, MopaaH KoeTo € o0eKT Ha [Io-HaTaThirHUTe
ChKICHUS.
Karo ce uMa npeBUJ, He 8 OCHOBATA HA PCAIM3AIIUATA Ha CHCTEMHHA
MOIXON IEKH U KIHYHO-PEBEPCHBHOTO IPUIIOKEHYIE HA METOAMTE HA ARANTN2a
¥ CHHTe3a [2], TO pe3yITTaTHBHO PELIEHHE IIPH IPOSKTHPAHETO U H3CICABAHETO
Ha CHCTEMaTa 3a ¥HOOPMALlMOHHA 3aUTa HE MOXKe Ja Ob1e NoIydeHo camMo
4pes JIOrHYECKY CHKACHHS 34 HEHHOTO NMOBEASHHE TIPH PasIHUHU CUTYalTUH
u yciuosus. Ilpeobnagapama vact ot npobreMuTe, HMalWHd KOHKPETHA
NPAKTHYECKA HACOYEHOCT, H3HNCKBAT KOJMYECTBEHH, 8 HE KaIeCTBEHH OLEHKH
HA CHOTBETHHTE XapaKTepHCTUKH. HeobxoquMY ca KOHKPETHU AaHHH, KOHTO
Jla pasKpPHRAT CBOHCTBATa Ha CHCTEMAara. B TO3H CMUCHT 00MKHOBEHO BE3HHKBA
ocTpa HeOOXOAHMOCT OT KOJTHYECTREHA MAPKA 38 KAYECTRBOTO HA ChOTRETCTBHE.
3a oLleHKA Ha KayecTBOTO Ha CHOTBECTCTBHE HA CHCTEMarTa 3a
HHGOPMAIIMOHHA 3alUATA B PEAUNA CIYHad € Lelecho0pasHo H3MOM3BAHETO
Ha €/1HO OT OCHOBHHTE CEOHCTRA HAa CUCTEMATa, 3 UMEHHO ¢()eKTHBHOCTTA Ha
HelinoTo (GyHKIHOHMpPAHE, IO KOATO CBITIACHO [3], ce pa3bMpa HAKaKea
KOJIMYECTBEHA XapaKTepUCTHKA Ha KaYeCcTBOTO H obeMa Ha U3IThIHSBaHAaTa OT
cucTeMara paboTa no UHGOpMAIHOHHATA 3AIMKTA, WK C IPYTH AYMH CTENEHTa
Ha CHOTBETCTBHE HA PE3yNTATHTE OT 3amiuTara Ha HHPOpMALHATA Ha
nocTaBeHara Hen. Karo xonduecTBeHa XapakTepHCTHKA Ha KadeCTBOTO HA
CHOTBETCTRHE, C(PEKTHBHOCTTA € HENOCPEACTECHO CRBP3AHA C IPYTH CHCTEMHU
¢BOHCTBA, KATO Ka4eCTBO, HAJEKAHOCT, YCTOMUHROCT, yNpaBiaaeMocT,
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HymMosammteHocT. [Topaas ToBa KONHICCTBEHATA OLIEHKA HA eleKTUBHOCTTA
HO3BOJIABR Ja C¢ H3MepBaT B 0OeKTHBHO Ja ce aHalM3ApaT OCHOBHHTE CBONHCTBA
Ha CHCTEMATA 33 HHGOPMAIIHOHHA 3alMTa Ha BCUYKH eTani OT HellHHY KH3HEH
HUKBJI.

AKpeauTalny, cepTHPHKALHNA, Ka9¢CTBO

HEdopMallHOHHHTE CHCTEMH, B KOMTO Ce Ch3iaBa, o0paldoTBa,
ChXpaHsiBa W mpeHacsa knacupuoupaHa HHQOpPManusd, OOANEXKAT Ha
3abIDKATENHA aKpeadTalisa B CLOTBETCIBHE ¢ ASHCTBALIKTE 3aKOHOBH H
HOPMaTHBHH NOKYMEHTH. IIpH ToBa 00a4yc BB3HHKBa BBIPOCHT JOKOJIKO
cepruuKanusiTa Ha CHOTBCTCTBHC Ha H3HCKBAHUATA € HaH-JoOpusr
HHCTPYMEHT, ¢ KaKBa CTENeH Ha JOCTOBEPHOCT c¢e NOTBBPIKAARA TOBA
CHOTBETCTBHE U JaBa JiM T4 HeoOXoaumuTe rapanidu. M ako ce gomycHe, 4e
CTEIICHTA Ha ZOCTOBEPHOCT BCE MMAK € H3BECTHA, 03HA4Yaea IH TOB4, 1€ TO3H
TCPMHH € €KBHBAJICHTECH Ha BEPOSTHOCTHO-CTATHCTHYECKOTO pazOmpaHe Ha
TOBa NoHATHE. Heino nosede, KOHTPOJIBT H OTTOBOPHOCTTA 33 ROCTOBEPHOCTTA
Ha pesylTaTHTe ¢a HENOCPEACTBEHO BBLINONKEHH HA CHOTBETHHTE
ceprudunupany opraHu (HaboparopuH), T. €. T€ CaMM M3BHpPIIBAT
M3MepBaHHATA H CaMu ce KOHTponupar. Ilpu enHa TakaBa CHTyauMs
HOPMATUBHOTO H3UCKBAHE 34 OCUTYPABAHE HA OIPEAENeHa JOCTOBEPHOCT Ha
PE3yITATMTE OT W3ITHTBAHHATA HA OTACMHUTE CPEJACTBA, U OILE IOBEUE Ha
HsJIaTa CHCTEMa 3a WHGOpMAUMOHHA 3aliMTa, MOXe OH IIe OCTaHEe TPYIHO
OCBINECTBAMA ACKIIapaLusl.

HeonpeneneHocTTa Ha IOCTHTHATHA PE3YITAT CE 3aCHIIBA H 0T (akTa,
Ye MHOTO YECTO 3aABHTEJIUTE HA CHCTEMH 38 HHQOpMallHOHHA 3allMTa He ¢a
3a03HaTH B JOCTATEhYHA CTENeH ¢ QYHKIHOHANHUATE BHIMOXKHOCTH Ha
OTAENHATE CPEACTRA H ChC CTCIICHTA HA TAXHOTO BIHSHHE BEPXY 0OIMOTO HABO
Ha nadopManHOHHA CHI'YPHOCT U H3BBPUIBAT HeoOOCHORaHH paixonu. B
Pe3ynTaT Ha TOBA, 3aABHTENA He BHHATIH ITONYYARA TORI, OT KOETO PDEATHO HMa
HYXIa M HE € B CHeTOSHME OOEKTHBHO A NPOBEPH KM OLEHM Ka4ecTBOTO H
CQ)CKTHBHOCTT&} Ha HpC)IJ'[O)KEHOTO PEINCHHE. )

Kaxro Gewe rocoueHo mo-rope, 3aTpyI(HEHUSTA IPH 0GEKTHBHOTO
TOTBLPX/aBaHe Ha e(heKTHBHOCTTA Ha MH(POpMALMOHHATA 3a1UTA IPOM3THYAT
KaKTO OT ChIIeCTBYBAaHlaTa HOpMATHBHA 0a3a, Taka ¥ OT HEAOCTaTbYHO
paspafioTeHara cHCTeMa OT IIOKA3ATENM 3a HHQOpPMallHOHHA CHrypHOCT (4],
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He ynomsteTBopsiBa HAILAHO NOTPEGHOCTHTE B CHIIECTRYBAINATA CHCTEMA OT
KpPUTEPHH 32 HHOPMaHOHHA CUTYPHOCT, B TOBA YHCIO H TAKHBA, KaTo
eeKTHBHOCT Ha CHCTEMaTa 3a HE¢pOopMaldoHHa 3amuTa, KoM CepHO3HNTE
npobleMy ciaensa na ObjJe OTHECCHO H YECTOTO MpeHebpersaHe Ha
CTOXACTHYIHATA TIPHpPONa Ha CLOUTHST2 U ABJICHUNTA, KOUTO BLZHMKBAT B
npoueca Ha 3allUTa Ha HHpopmanusrTa, abcrpaxHpaHe OT TAXHOTO
MKOHOMHYESCKO ChABPKAHUE B HOPMATHBEH, METOAHYECKH M IIPHIOKEH
acmekT [5].

[To TO31 HaumMH, CHIHECTBYBAINTE HAMOHATHH H MEXAYHAPOIHU
CTAHAAPTH M AOKYMEHTH HA TAXHA OCHOBA HE AaBaT OTTOBOP Ha peAHIaA
IUTIOYOBH BRIIpocH [6}:

e Kax na ce cpagage HHPOPMAIUOHHA CHCTEMA, KOATO Aa
NpHTEXaBa HEGOPMAMOHHA 3a1IHTa CBC 33/1aIEH0, H3MEDHMO,
0OEKTHRHO NPOBEPAEMO HUBO?

o Kax Ha IpaKTUKa Za ce OpraHusKpa pekuMa Ha HHEQOpMaIuoHHa
33IUTA ¥ TOH Ha ce NOAABPXA B YCAOBHATAa Ha MOCTOSHHO
HM3MEHSLIATA CE BRHIIHA Cpefla H CTPYKTYpa Ha caMara cucTeMa?

¢ KaxBo € peamHoTo HHBO Ha CUTYPHOCT M KOJKO € e(eKTHBHA
cucTeMara 3a HHpopManuoHHa 3aimTa’?

IToxasaTe/ i K KpHTEPHH

Tw# KaTo Ka4eCTBOTO Ha KOHTO M Ja € OBeKT, B TOBa YHLIO K
cucTEMaTa 3a HH(OPMANHOHRA 3aillUT4, ChIacHO [7], ce nposiBa caMo B
POLECa Ha HCTOBOTO M3IIOJI3BAHC II0 NIPEAHA3HAYCHHE, T.€. [IPH HETOBOTO
neneBo GyHKIHUOHHpAHE, TO Hall o0CKTHBHATa OLIEHKA Ha TO3H OOCKT ¢
OIT€HKATA 110 €(PEXTUBHOCTTA Ha HETOBOTO H3MONI3BAHE.

[1poeKTHPareTo, GPrauH3alUugTa H U3TIQA3BAHETO HA CHCTEMATa 3a

HEPOPMAIHOHHA 3a11ATa (aKTUYECKH Ca CBbP3aHU C HEHM3BECTHH CHOUTHS B
6EOeeTo H IOPAAH TOBA BHHANM CBABPIKAT SIICMEHTH HA HCONPEACICHOCT.

C peaimisanusTa Ha IPOEKTa HHBOTO H& Ta3y HEONPEAEICHOCT C& HaMalsiBa,
HO HUKOTra eQEeKTHBHOCTTA Ha CHCTEMATa 32 HHGOPMAITMORHA 331U Ta HE MOXE
Ja OBje aIeKBaTHO U3PA3CHA M OITUCAHA upe3 NCTEPMHHHPAHU IIOKA3ATENH,
IIpouenypuTe M0 H3NMUTBAHE, CEPTUQULMpPAHE UM JIMIEHIUpAHe He
OTCTPaHABAT HANBJIHO HEOIPCACNCHOCTTa HA CBOMCTBAaTa Ha CHCTEMATa 3a
HHPOPMAIMOHHA 3all[UTa WIH Ha OTASJHUTE HEHHE CACMEHTH H HE OTHYHTAT
cltyqalfHus Xapakrep Ha aracute. ETo 3amo 00exTHBHA XapaKTCPHCTHKA Ha
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Ka4ecTBOTO HAa CHCTEMATAa 3a HH(OPMaLMOHHA JalllMTa — CTENICHTAa Ha HelHara
aoanTUPYEeMOCT 32 AOCTUIAaHE Ha 3a7aJ¢HOTO HHBO HAa HH(OPMalHOHHA
CHTYPHOCT B YCIIOBHSATA HA PEalHO Bh3/IelCTBHE Ha CIyJaitHH (aKTOpH, MOXe
Ja CIIy)XH BEpOSTHOCTTA, XapakTepU3Hpailla CTeNeHTa Ha Bh3MOXHOCTHUTE
KOHKpETHATa CHCTEMA 34 WHOOPMAITMOHHA 3ALHTA, PH 3aAAJEH KOMIUIEKC
ot yenoeud. CrritacHO 001aTa TeOpHAs Ha CUCTEMUTE TakaBa BEPOATHOCT Ce
HapHya BepOATHOCT 3a AOCTHUraHE HA IISJITa Ha OI€palHATa HITH BEPOATHOCTTA
32 M3ITBIHCHHUE HA IIOCTABCHUTE 331241 NIPe/l cucTeMara. J{anenara BeposTHOCT
cnenBa Aa ObJe MOCTABEHA B OCHOBATA HA KOMNJEKCA OT AOKA3aTenu U
KpHTEPHH 3a OLCHKA Ha ¢PCKTHBHOCTTA Ha CHCTeMara 3a HHMOpMaluoHHA
3aunTa. [Ipy ToBa B KaYeCTBOTO Ha KPUTEPHH 3a OLEHKa MOTarT Aa ©C H3I0/3BaT
MIOHATHATA TOAHOCT K OIITHMAIHOCT, KaTo N'OJHOCT 03Ha4yaBa M3NBIHCHHE Ha
BCHYKH H3HCKBAHHS, IOCTABEHU KbM CHCTEMATa 3a HHOPMAHHOHHA 3aLIMTA,
a ONTHM@IHOCT — JOCTHTaHe HAa €HA OT XapaKTepUCTHKHTE HA ONMTHMATHO
3HAUCHUE IPH CTIa3BaHe Ha ONPAHHYEHUATA M YCIIOBHATA HA IPYTHTE CBOUCTBA
Ha cucTeMara. Ilpn u36opa Ha xonkpereH kpurtepuit ¢ HeoOxoAumMo TOH Aa
OnAe ChINACYBaH C IETa, IOCTABEHA NpE/ CHCTEMara 3a WH(OPMauHCHHA
zamuTta. B Tabn.l ca nameHd pp3MOXHH MOKasaTeNnu 3a e(peKTHBHOCT, 4 B
Tabn.2 — BE3MOMNHH KpHTEPHH 3a eeKTUBHOCT Ha CHCTeMa 3a HHOOPMALIHOHHA
3ammTa [6).

Tabnuya |

Ne

HivckpadHa KbM CHCTEMATa

[Tokasareny 3a edeXTHBHOCT

1.

[MoAea “NH OTCHCTEME HA CHOHTHE

Bepoarunoct Ha cebutHETO

2,

HAocrirane Ha 3a1aleHH XAPAKTEPHCTHEH

BeposTHOCT 39 JOCTHIAHE HA PE3yITar
HE [0-HUCHK OT 3aJaJeHO HHBO

OTiiwlenHe 0T 3anaae8h XapaxkTepHCTHEW

CpeaHo KRANPATHYHO OTKIUHCHHE Ha
PE3VITRTA OT 3aaJeHa CTOHHOCT

Ocrirypssase Ha rapaHTHPAHO HHBO ¥a
XADAKTENUCTAL I,

KBalTH/ Ha 3a2a0¢H0 HHRO Ha FApaHLHA

He ¢a npenssenn

s MareMarHyecko OUAaKBaHE HA PEIYITAT
s Jlucnepcns Ha peaynTar
s CDCICH PHCK
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Tabnuya 2

Ne|  Kosuenuns 3a edextuBHOCT Kpurepuk 32 edexrtHsrOCT

Ha cCheTeMaTa

1. Tonnoet + [Ipuemaue pesynrar
» JlomycTyma rapaHums
» JlonycTum rapaHTHPaH pe3ynTar

2. OuruMantocT ¢ Hait-1065p pesynrar

» Hait-nobsp cpenen pesynrar

L] Haﬁ-mnama BCPUHTHOC‘T 3a rapam‘ﬂpaﬂe Ha
pesyaTar

« Hali-romgm rapanTipas pesynrar

B cpBpeMeHHUTE HOPMATHBHYE QOKYMEHTH IO MHQOpMandoHHA
32I1MTa, KAKTO € UIBECTHO, OCHOBHO C¢€ U3IONI3BA KBANU(HKAITMOHHUAT TOIXOLI.
3HAYWHTENHO IO-KOHCTPYKTHBHM Ha IIPAKTHKa ¢4 BEPOSTHOCTHHTE METONH,
HaMEpHIHM UWIHMPOKO PazIpOCTPaHERHe B OpPyrH o0nacTy Ha Hayxkara H
npaxktrkara. CEITACHO Te3H MEeTOMM, HUBATA 33 FapaHTHPaHe Ha CUTYPHOCTTA
Ha cHcTeMara 3a HH(GOoPMaliHOHHA 3aIUHTa C€ TPAHC(HOPMHUPAT B IOBEPHTEIHH
BEPOATHOCTH Ha CHOTBETHHTE OUCHKH Ha IIOKazaTenuTe. 3a pellaBaHeTO Ha
Ta2d 3a7aa MOXE Jad CC M3NIOJ3BA TCOPUATA HA CTATHCTHYECKHUTE PEIICHHS
[7], mo3BongBaila Aa ce ONpPeAcsAT ONTHMAaiHN HWBA Ha rapaHTHpaHe Ha
CUI'YPHOCTTA.

IIpenn BCHUKO, OLIEHKATA HA ONTHMAIHOTO HMBO HA rApaHTHPAHE HA
CHI'YPHOCTTA B ONpeHeAcHa CTENCH 3aBUCH OT 1eTara, CRHP3aHa ¢ rpeHikaTa
npu n36opa Ha KOHKPETHOTO 3HaYCHUE Ha NoKa3aTess Ha edeKTHBHOCTTA.
OceeH TOBA, 38 TOy4YaBaHe HA YHCJIEHH CLCHKH HA PHCKa € H806XOIIHMO Ja
Obie H3BECTHO PARNPENCICHACTO Ha MHOXKECTRO CAydYaiiHu BeJU4HHH. B
peamiia IPaKTUYECKH CITy4aH TaKUBa OLICHKH € BL3MOKHO fa ObJIaT OJy4eHH
10 PE3YITATATE OT AKTHBHHUTE ORATH HA CHCTEMUTE 33 HH(POPMAIMOHHA 3alUTa
HJIH ¢ TTOMOINTA Ha CUMYIAIHOHHO MOZICIIAPaHS.

CHMYAaUHOHHO MOJeTHPAHE

KaxTo € U3BeCTHO, UeNTa Ha NPOTPAMHATE CUMYyTNAlus € upes
NPOHUIPABAHE Ha CH3AAACHHTE 3a UEITa CHMYIAMOHHN MO A3 CE U3CAEKBA
HNOBESACHUETO HA OOCKTH IIPH pasiH4HH IapaMeTpH Ha BB3ACHCTBYBALIUTE
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(axTopu u ananuzupane ehexra, KOHTO Tazn NPOMIHA OKA3BA BLPXY KPAMHHA
Pe3YITAT, NP XapaKTEPHUTE 3a TOBA IPEAUMCTEA — H3CTIEABAHETO C& H3BLPLIBA
B nabOPaTOPHU YCHOBHA, NUCBAT NpOOIeMH, CBLP3aHH ¢ NPEAU3IBHKBAHE HA
Bb3MOXKHH PEaNIHU IOBPEAH, HaAHUYHE HA ONpellecHa HKOHOMHYECKa
eeKTHBHOCT.

CuMynanHoHOTe MOACIHPAHE OCBEH 3a OLICHKA Ha PazipecIeHHETO
Ha clyvalfipy BeJwurHH, HeoOXOMUMY 3a MpHiAraHe Ha TEOPHUATA HA
CTATUCTHYECKUTE PEIEHHs, MOXE Jla HaMepU IONe3HO NpakTHUECKo
NIpUAOKEHHE, chrNacHo [8], 3a H3cneasaHe Ha eDEKTHBROCTTA Ha
nHbopMallMOHHATA 3aIUMTAa W MO-KOHKPETHO MpPH ajamu3 Ha pHcka OT
MOTEHIIHATIHH aTaKH, OeHKA 1 BEPOATHUTE IETH, OLCHKA Ha HAACKAHOCTTA
Ha TOIIOJIOTHATA, CHMYITMPAHe HA araku | Jp.

ChluecTReHa poJid IPH U3MOJ3BAHE Ha CUMYNalMKTe B 00NacTTa Ha
HH(OPMaUMOHHATA 3aLIMTa HMAT HHCTPYMECHTHTE 32 MOACIHPAHE Ha MPEXH.
Texen ocnoBen npeactasuten ¢ npogykra Opnet (Optimized Network
Engineering Tool) Ha ¢upma OPNET Technologies Inc. ¥ no koHKpeTHO
HETOBHS MOIYJI, IPpeTHA3HAYCH 3d AHANIM3 HA MpeskoBara carypHocT, NetDoctor.

He3aBUCUMO OT CHOXHOCTTAa HAa MpPEXKOBHTE CHMYIATOPH,
CHMYJTALIATA 0CTaBa CAWH AOGHD NOAXO/ 33 aHANH3 HA NIPOLIECHTE B PEATHHTE
MpexoBu KOHOHIYPalKK H 32 OlleHKa Ha e(heKTHBHOCTTA Ha TAXHATA 3alIATA.

Zarmrouenmne

[IpnnaraHeTo Ha CHCTEMHHA MOAXOA NMPH MOJYyYaBaHE Ha
KOJIHYECTBCHH OLICHKH Ha edeKTHBHOCTTA HAa HH(OPMAIHOHHATA 3aMIATA
CB3JABa YCIOBHA 3a KOHKpETHA 00CKTHBHOCT ¥ 3HAYMMOCT Ha Pe3y/ITaTHTE.
BepodTHOCTHHAT XapakTep Ha NPOUECHTE, rolsiMara ZUHAMHKa Ha
TEXHOJOTHYHUTE HHOBALMH M PA3HOPOAHMTE 3aILIaxH IPEAONPEREJIAT
CHMYTALHOHHOTO MoZieNupane B 065acTTa Ha HHGOPMaLHOBHATA 3a1MTA KATO
COHH NMEPCHCKTHEEH H IICHCH NMOAXOA.
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ONE APPROACH FOR AN ESTIMATION OF EFFICIENCY
OF INFORMATION PROTECTION

B. Zhekov
Abstract

In the report the short analysis of an opportunity of the appendix of the
system approach as methodology of the analysis and synthesis of systems of
information protection is presented. The analysis of applicability of existing
normative and methodological maintenance for an estimation of efficiency of
systems of information protection is made. The likelihood approach for an
estimation of a system effectiveness of information protection is offered,
corresponding parameters of system effectiveness are certain and criteria of
its estimation are given.

Keywords: safety, information protection, system approach, criterion
function, quality, efficiency, parameters, criteria.
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CHBPEMEHHH CPEICTBA 3A 3AIIIATA H JIHKBHJIHPAHE
HA INOCHEACTBUATA 1IPM TEPOPUCTHUHH ATAKH
C TOKCUYHH XUMHYECKH BEHHECTBA*

Hsean Honos’, Feopzu Honog®

'Boenra axacemun I C, Parogcru "~ Hucmunym 3q HEPCREKmueHY U3CTe08anunR
3a ombpanama
‘Kunzemon Ensaiipenmenman Cepeucus, Kanzac Cumu, CAL]

Peziome

KoHGeHYUORATHAMA CRIDAMEZUA HA OBPJCABUME N MEXHUME APMUN, OMHACAWA Ce
00 6o0enemo Ha “xumuyecka solina", npemepna ocobena npeoyeuxa cned 11 cenmemeapy,
KO20MO0 WMepopuIMsM 34R0YRG 04 C8 pa3znexncoa Kamo Cbuecmaend 3gnraxa 3a
HARUOHAREGMA Cu2yprocm. O CAMOMOo Cl Cb30GBAHE XUMUYECKOMO ODbIHCHE CE € CHUMAAD
U ce e pazenexcdano kamo opvxcue Ha caabume. B momenma auepuxanckume CReyUaRICmu
20 OeAABam Kame Hali-MOWHOMO U GEPOAMNO 38 UINOA3YEAHE RpU OYaKeanunte
mepopucmuyHy amary. Edun om naii-coujecmaenume eneMenmy Ha XUMWYECKA 3atyuma ca
CREGCINGUMA 30 IGWUMA Ha OUXGMETRUME OPEARY U koxcamd. B Qornada cd pasanecany
CoBpeMeHHUMe cpedcmeq 3a UHOHGUAYANHE NPOMUEOXUMUNECKA 3AUWMA HA QUXGMETHIme
OP2AHL U KOFCama Kamo eexmussu Cpeocinea 36 TUKGUOUPANE HA ROCACOCIBURMA 8 OZHUL Y
HQ NOPANCEHUE C MOKCUYHY XUMUYHY geryecmea, yrompebenu om mepopucmu. Pasanedanu
ca OCHOSHUME XAPUKMEPUCHMUKY HG CPeOCMEana 3a 3auiiima 4 GbIMONCHOCHIUme 34
u3nORIBAHEMO UM 8 DARIUYNY cumyayun. Onucany ca cnocobume u cpedomeama 34 oraseake
Ha Hoped oMo HA NOPAZEHUME U AUKEUOUPANE HA NOCREOCMEUAMA § PAUCHWME, 3apaseny

*JloxnambT € H3HeceH Ha Hayunara kondepeduns ¢ mexayHapoaHo yqactue SENS 2006
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C MOKCUHRY Bety ecmaa. Oyenentt ca npeduMemeama u kedocmambyume Hu ChEPEMEHHYNE
cpedcmea sa chewuanna u canumapua obpabtomka. [locovery ca nepenexmueume Na
DAZGUMUS U YCLOOPUICHCMBAHE HA CPEOCMEAMA 34 3QWUMA, CREYUAIHA U CAHUMAPHA
obpabomxa.

Hecetnnerns Hape/ ce BOAST KOHCTPYKTHBHH MPETOBOPH 3a 3abpaHa
H YHULIO’KaBate Ha PafnoIOTHYHHTE, XUMHYecKuUTe 1 Oronornyeckute (PXE)
opexus. [JoonncaHuTe # paTHGUUHUPaHH KOHBEHUWH H XOTOBOPH
HEJIBYCMHCIEHO NOKA3BaT, Y¢ YOBSICCTBOTC C& NpHUOHKaBa KBM ITBJIHATA
3abpaHa W JMKBHIUpaHe Ha HATPYNMAHHTE 3ANACH OT TE3H OPBIKHIL.
HesapscumMo OT TOBa, CEOMTHATA Ipe3 MOCNEAHHTE TONMHH (SAPSHU aBapHHU,
TEPOPUCTHYHH AKTOBE, CKPHTO MPOH3BOACTBO HA XMMUYHH U OMONOTHUHU
OPBXUA) OKA3BA, U BEPOATHOCTTA BOACKOBITE QOPMHUPOBAHHS, YIACTBAIH
B pa3Hoo0pasHy MUCHH M ollepariud aa cpeinat PXb arexwtu € sucoka. Tora
Hallara CBOCBPEMEHHO M3y4aBaHE Ha NMOpa3sBamoTo ph3geiicTsme Ha PXb
areHTHTe, CPEKTUBHHUTE CPEACTRA 38 3AIIUTA OT TIX, KAKTO H CIOCODUTE M
CPEICTBATA 32 TAXHOTO OTCTpaHABaHe H 00E3BPEXAAHE 0T 3apa3eHuTe 0DeKTH.

Baxen A4 B apceHana Ha TEPOPUCTHYHUTE OPrailH3ailuM 3aeMar
XMMHYECKHTE OphiKust, XUMUIeCKOTO OPBIKUE ABIT0 BPEME € PasmIeKIaHO
Karo “aToMHaTa OomMba Ha DeaHHTE” NopajH HHCKara cH cebecToMHOCT H
JIECHOTO MY NPOM3BOACTBO. XUMHYHHTE areHTH JIECHO C& PaslipbCKBAT H
3apa3sBar MUPoKH obnacT, a OTKPHURAHETO UM e TpyaHo [1,2].

TepopHCTHTE NPEABIAMIAT TEKKH TIOpakeHUs OT ynorpebara Ha
XUMHYHYU areHTH, pa3duTaiiki # Ha daKtopa Ha [OoKa.

OCHORHHTE U3HCKBAHUA 32 BUCOKA eeKTHBHOCT IIPH yrnoTpedaTa Ha
TOKCHYHH XHMHYHU areHTH €A 13 NMPUTEKABAT BHCOKA TOKCHYHOCT, A ca
CPAaBHUTEIHO YCTOHYKBH KbM BOAATA, KHCIAOPOAA BB BH3AyXa i CBETIHMHATA
W J1a NIPUTOKABAT (PH3HYHA 1 XUMWAYHH CROMCTRA, OCHI'YPSABAIIH BHBEXKIAHE
Ha TOKCHYHUTE BEILISCTBA B IPH3eMHHA cloll Ha atMocdepara B 1apoaOpasHe
HIHA 38})0305'[}'!0 CBCTOAHHC,

Hall-bJIHO OTTOBapaT Ha Te3H H3UCKBaHHA (ocopopraHHUHHTE
DoiiHy OTPOBHA BEMIECTBA OT THUMA HA 3apUHA X V-ra30BeTe.

@yopasXBANPRIA Ha H3ONPONHIIOBUS ecTep Ha MeTiidochoHoBaTa
KHCEJIHHA - 3apHH € IPUTO/ICH 3a H3MOI3BaHe LUEeIorofuinHo. Temneparypara
My Ha xuneHe e 151C, a Ha ronene - 53°C. lIMa BHUCOKa JETIUBOCT

(C i‘;x" =13mg/1). CMBpTOHOCHATA My KOHLIEHTpAINS JIPH eXCIIo3uuus 1 min
¢ 0,1 mg/l.
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Ilo xapakTep Ha TOKCHYHO ZCHCTBHE 3apPHUHLT CE€ OTHACH KBM
OTPOBHHTE BEHIECTBA C HEPBHOMAPANMTHYHO ¥ MHOTHYHO AclicTBHe. Tolt
(epMeHTHA OTPORBA, IPEU3BUKBaIA OIIOKHpaHe Ha XIIOHHECTepas3ara, KoeTo
BOZAH JIO TeXKH [TOPAKEHUS HA HEPBHATA CHCTEMA U L(ENUs OPraHu3sM [2]:

@ ChE D

|
iC,H.0_ .0
(1) 37 ~p

H,C™ F

ToxCHYHOTO My NieHCTRHE C€ IPOABSIBA IIPH BCEKH CHOCOD Ha MONaRaHe
B OPTaHH3Ma H JIpeIU3BKHKBA NOpameHHA KaKTo B [1apoodpasHo, Taka U B
KaOKOTeYHO CBCTOsHHE. Malki KOHLUEHTpallul Ha 3apUHa [IPEAN3BHKBAT
MHO032 H CTATaHE B rbpauTe. CMBPTOHOCHATA 034 33 YOBEKA [IPH HHXAJIALUS
LCt100 e oromo 0,1 mg.min/l, a kosxknooOpusanara My zosa ¢ 7-9 mg/kg.
CbC 3apHH MOXKE A2 €€ 3apa3saBarT I'OJICMH IUICILH 38 IIPOABIDKHTEIHO BPEME,
a BHCOKATa MY JIETIIHBOCT QCHTI'YPSBa PAa3slipOCTPAHCHME HA MAPHTE MY HA
roneMH pascrosuud (o 10-12 km) [2]. 3apur Ge usnon3ysaH OT TEPOPHCTH B
TOKHHCKOTO MeTpo npe3 1995 .

DochopuntuoxonuHuTe {V-razopere) NpUTEXKABAT NO-BUCOKA
TOKCHYHOCT OT 3apuHa. [IpHdMHa 32 TOBa € HalWYUEeTO B MOJNEKYIAra Ha
JHANKATAMEHOBH €CTEPH C HalIM4HC HA AHUOHEH UEHTHP, KOHTO croco0cTRa
3a mo-OBP30 H Ho-Tpaiino OIOKUpaHe Ha eH3UMAa XOIMHEeCTepasa.

!
i
> !
\ L
@ H,C” ~S$—CH;yCH;N
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Hanpumep 3a HaHacAHe HAa CMBPTOHOCHH MOPAKEHUS HA YOBEKA BHPXY
He3aUuTEHa Koxa ca HeoOxomumu 0,005 mg, noKaro 3a 3apHH Ta3y CTOMHOCT
¢ 0,5 mg. OcroBHoTO G0itHO ChCTOAHHME HA V-ra30BeTe € aepo30NHO Nopaay
HE3HAYMTENHATA UM JICTVIMBOCT H BHCOKATA TEMITEPATYpa Ha KHIICHE (OKOIO
280C). IlpenBuaeno € [Na ce HANONZBAT Ype3 CHAPS/H, PAKeTH, aBUOCOMOH,
KOHTeHHepH W Jp. Ha npaktuka ce nem na ce ch3fale TAKABa aepo3ONHa
KOHLEHTpaHnus, clIoco0Ha Aa peau3BHKa Hail-0bp3 CMBPTOHOCEH edeKT, aopH
HpY €AHO BJHIIBANHE,

EdexTuBHO cpencTBO 3a OKasBaHe IbpBa MOMOM] Ha NOPa3CHUTE ¢
HEepPBHO-NAPAINTHYHH OTPOBHM BellleCTBAa ca INNPHI-AaMOYJIATE B
HHAMBHAYATHHS 3aHUTCH HaKeT, AHTHIOTHT B aMNIyJIiTe OCUrypsana Osp3o u
chuxacHo nebmoxupane (peakTUBHpaHe) HA €H3UMa XONWHECTepala M
BBL3CTAHOBABAHC HOpMaNHata QyHKUHOHAHA JeHHOCT HAa OpraHu3Ma.

Makap u ¢ no-ManKa TOKCHYHOCT, KOKHOOOPHBHUTE OTPOBHY BELIECTRA
CBINO CC NPEABHKAAT B apCeHana Ha TCPOPHCTHTE.

OcHoBeH npencTaBuTeN Ha TO3M Kitac O0HHY OTPOBHH BEINECTRA €

B A -MAXAOpAMETHNCYAHABT ¢ TPHBHAIHO HA3BAHNE

CH,CH,CI

RIIPHUT -

N
CH,CH,CI

UnpuThT € 06LI00TPOBHO REINECTBO ¢ APKO H3PA3ECHO KOXKHOOOPHBHO
H 3aYLLIMBO AcHCTBHE. XMMUYECKH YHCTHAT HOPUT NPeACTaBaIBa Oe3LBeTHA
TEYHOCT C TeMIleparypa Ha 3ampb3pane 14,4°C u remneparypa Ha KHIICHE

217°C. MakcuManHaTa My JIETIHBOCT C;‘;;" =0,625mg /1, a OTHOCHTEHATA

My maca e 1,27, Cp3napa yCTOHUUBH 3aMBPCIBAHUSA — MIPe3 IATOTO A0 HAKOIKO
JCHOHOINHAA, A IPE3 3UMaTa A0 HAKOJNKO CeIMHILH. 3a MpeAOTRpaTABAHE Ha
HO-TCXKKHM NOCASHMIN OT [OPa3aBalloTo NeHCTBUE Ha MNPHT4 OT ocobeHa
BaXHOCT € HBP30TO OTCTPAHABAHE HA KATIKUTE Ha HIIPUTA U CBOCBpEMCHHATa
06paboTKa Ba 3apa3eHOTO MACTO C YHHBEPCAJIHHA A€TasHpall pa3Tsop OT
HHIMBHIYANHHUS 3aIHTEH IIaKeT.

HWupusuayandy CpeacTea 3a MPOTHBOXUMHYECKA all[UTa HA THYHUS
CHCTAB Ca CPeACTBATA 3a 3alllHTa Ha JUXATCIHUTE OPraHHd U KOXKaTa.

CpencTBara 3a 3aHINTa HA AMXATEAHUTE OPraHd Ca €AWH OT Hali-
CBUIECTBEHHTE €leMEHTH Ha NPOTHROXHMHUYCCKATA 3allHTa.
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HeszaBucuMO OT ChINECTBYBAIIOTO pasHOoOpasHe HAa CPEACTBA 34
3aI0ATa HA JUXaTEeIHUTE OPraHld OCHOBHU CH OCTAaBaT TPHTE THIA, C KOMTO
Hak-MacoBO ca cHa0IEHH ApMUNTE - PHITPHPALH MONMYMACKH, GUATPHPALIM
MPOTHEOTA3H H H30MPALLU NPOTHBOIa3H [1]. ApMMHTE OT Pa3THUHETE CTPaHH
H3NOJI3BAT OCHOBHO (MITpHpanty noaymacku ot Kinac P3. Mackure ot T03H
KJIAC UMAT MHOTO-700pH 3alMTHH CBOMCTBA IO OTHOLICHHE Ha QUHHU
TOKCHYHH W DaKkTepHaNHU aepo30id, palHOAKTHEHHU 2ep0O30fH U TE4YHH H
TBBPJK acpo30JH Ha CHBPEMEHHHTE Apa3zHellld areHTH. Te Tpabea ga
oTrosapaT Ha HoBHA ctangaprT EN 149:2001, xol#iTo pernaMeHTHpa
MHHUMAITHATE H3UCKBAHHA K'bM TE3HU cpejcTra [4].

Benuxn apMub B cpera ca cHabnenn na 100 % ¢ ¢unrpupamu
IIPOTHBOTA3M H PECITHPATOPH.

C nmoMoiTa Ha GUITPUPAIIUATE NPOTHBOTA3M C€ PEINABAT BCUYKH
OCHOBHH 3aJ@44 3a 3allliTa Ha AUXaTCIHKWTE OpraHy B YCIOBHSATA HA BOCHHH
NeiicTBHA H TEPOPUCTHYHH aTaKH. Te ca HPESIHA3HAYCHH 34 3allUTa Ha
JHXATETHUTE OPraHH, JHUUETO H OYMTE OT Bu3jeHcTBueTo Ha bOB,
PAIHOAKTHBHY H DaKTEPUAIIHH ACPO30IH.

OCHOBHM XapaKTEepHCTUKH Ha NPUETUST Ha cHabasBaHe B BA
duwiTpupam nporusoras [10-90, npoussoacTeo Ha ,,3edpa’™ AJl ca:

- CBIIPOTHBIICHHUE PH BIHIUBAHE [IPH HENPEKLCHAT BB3AYLIEH MOTOK
30 n./min — maxcumym 0,3 pbar;

- CBIPOTHBRIICHKE IIPH HIAHIIBAHE IPH HENPEKBCHAT BB3AYIICH MOTOK
30 n./min — maxkcumym 0,8 pbar;

- KoehHIMEHT Ha IPOCMYKBAHE Ha MaclieHa MBITIa /IPU KOHLICHTPAlHs
H4 MacjieHara Mbeiia 2500 mr/m3 — no 0,0001 %;

- IEPROJ HA 3aIHTA Ha KoXKaTa Ha IIEeTo oT Bh3JeliCTBHETO Ha Kallko-
TEYHH OTPOBHH BEINECTBA — MUHUMYM § Yaca;,

- 061110 mone Ha 3peHne — MHHEMYM 70 %,

- 6bp30 1 yroGHO OCTABAHE H CBATIHE OCPEACTBOM 6 — TOYKOB [yMeH
3aKpenBal] eICMEHT.

TIp¥ M3BBPUIBAHE HA ACHHOCTH B PaOHH ¢ HEHOCTHT HA KMCIOPOX
HIH KOM6HHHpaH0 3apasasaHe H ¢ DPOMHILJICHH OTPOBHH BCILICCTBA CC
N2NONM3BAT REIXVINHO-AUXATCIIHA arraparh.
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Que. 1. Qunmpupary npomueozaz [1P-90

Duz. 2. Bvsoymno-ouxamenen anapam , [pezep”

TeHaeHUKATE B YCHBBPUICHCTBAHETO HA BBE3IYHIHO-AWXATESIRUTE
anapaty ca:

- ONeKOTsABaHe Ha OYTHIKUTE W yBeNHYaBaHe NTPOABIDKATEIHOCTTA Ha
M3HNOA3BAHE;
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- OIITIMHU3NPAHE ChCTABA Ha MOJABAHAA BB3AYX (KMCIODOA, BIAra

H AP.);

- BHCAPABAHE HaA AIAPMEHM CHCTEMH.

Edexrusnn cpencTra 3a 3ampra Ha KoXara OT PAIAOHYKIICHAH, OOHHH
OTpOBHM BelleCcTBa ¥ OMONOTHMYHHM areHTH ¢a (JUATPUPAIRUTE 3alIHTHH
otnexna. C mail-gobpy xapakrepucTuky ca obiaexiara Ha dupma ,,buroxep”
CBC 3a1{UTHE Marepus “Saratoga’™:

(OCHOBHM XapaKTEPUCTHKH:

- 3alMMTa OT HapH M Kauke Ha GOHHHU OTPOBHM BENIECTRA — HE NIO-
Manko ot 12 h;

- YCTOHYMBOCT CPERLY TOIUIMHHA Paguanus — UMIyiic ot 60 J/cm?—3a
66 s.;

- MPONYCKITMBOCT HA BB3AYX — MUHEMYM 167 mm/sek, MakCHMyM —
915 mmvs,

Duz. 3. Quampupawu 3auyumny 0BreKaq, NPOUILOOCMEO HA dupma
., broxep”
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Ilpu neHiHOCTH ¢ BHMCOKH HHBA Ha PHUCK (HENOCTHI Ha KHCIODOI,
TI0XXapy, CBBP3aHH C OTAENsHE Ha pa3sHooOpa3Hu TOKCHYHH BeLIecTBa U Ap.)
Ce€ H3MNOI3BAT H30IHPAIH KOCTIOMH 33 MHOTOKpaTHa yrotpeda. C nait-no6pu
XapaKTepHUCTHKHU ca ofurexknara Ha ¢upma , Jperep™

Duz. 4. Hzonupawu 3auumny obrexaa, npouzeoocmso na gupma ,, [Jpecep”™

Baxen ns1 ipu NMKBHIMPaHETo Ha MOCHEACTBRATA OT ynorpebara Ha
PAIMONIOTHYHY, XUMUYIHHA H OMONOTHYHY areHTH 3aeMa AEKOHTAMUHAIIUATA.

TOKCHYHHTE XMMKUYHH areHTH MOTaT Ja ObJaT OTMHTH H OTCTPaHEHY,
H3CYIICHH, O00e3BpeACHH NOCPEACTROM XUMWYECKH AKTUBHH pellenTypH d
copbupamu cybcTaHIMu HITH NOCPEACTBOM TepMHEYHA 0OpaboTka.

BonHuTe XHIIOXIIOPHTHA PELIENTYpH ¢ NoHukeHo pH Ha cpenmara (o
8,5-9) nputexasar BHCOKa Jerazupaina ¢eKTHBHOCT N0 OTHOMICHHE HA
BHI0Be OOHHM OTPOBHH BEHIECTBA U Ca HAMEDHIH MPHIIOKEHHE KaToO
yHHBEPCATHH PEIENTYPH 32 era3alii Ha BBOPHKCHHE H TEXHHKA. BUCOKHAT
HM OKHMCIHTENICH NOTEHIHATl OCHIYPABa epekTuBHO obe3spexane Ha bOB
ot Trira Ha mnpuT (Cxema 3).
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S(CHZCHZCI);2 + cCa0Cl), — O,5(CH,CHLCl), + CaCIz

(3) 0,5—CHCICH,C|
H,CH,C!

# V-raz (Cxema 4),

H,C.. -0

+ 3 Cal(OCy + 2 H,O —_—
R,07 “SCH,CH,NR, aloch, z

H,C. .0 X
SN — [Rsojp’(,o_] ca’+ {R,NOH,CH,$0,0),Ca + CaGi, + 4HCI
t

2

Taxosa pH rapaaTHpa 1 0Bp3a Zerazalns Ha OTPOBHH BEINECTBE OT
THOA Ha 3apuHa (30MmaHa), fnarojapesye Ha KaTaMTHYHOTO ACHCTBHE Ha
xunoxnoputeug HoH (OCl-), ¢ xoeTo peuenTypara ¢€ IPEBPHING B
nomirerasupara {Cxema 5).

RO, y e
o+ HEC)P(? —_— czo&\p;’o—F _— PE/P:O"I + HOO
®) u

CrannuHuTe 34 JUKBHAMpPAHE HA [OCIEACTBHATA OT THIZ HA
»CaHuaKeT” OCHTYpsABRaT oule Mo-¢heKTHBHO M OBP30 pasrpakiane Ha
TOKCHYHHTE BeHIECTBa 10 HETOKCHIHK HPORYKTH OlIarolapeHne Ha BUCOKaTa
TEMIEparypa Ha [ofaBaua 3a 06padoTka XUIOXNOPUTEH PasTBOP.
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BucokoedekTuBHa € 0 Jera3auudara Ha TEKCTHITHH MATepHaild 110
HapoaMoHSUHHA ¢nocod npu TeMnepatypa okoxo 100°C. Honyuenure
TIPOAYKTH B PE3yIITaT Ha peakiysTa ca HeToxcuunu (Cxema 6).

CH,CH
S(CH,CH,C), + 2NH, —— 8727 2™, NHHCI + NH,CI
6) 2= iz-lly 3 \"CHZCH2> 4

XUMOXIOPHTHHTE peuentyps obesspexaar cheKTHBHO M
OaKTepHOIOTHYHH areHTH.

CpoeBpeMeHHaTa 06paboTKa HA 3apa3eHUTe ODEKTH € rapaHumus 3a
OBp30 oTcTpaHsRaHe W 0De3BpeKIaHE HA TOKCHUHH XHMHUYECKH AreHTH H
CBCIKOAHE 10 MUHEMYM Ha TIXHOTO BpPeIHO Bb3IECTBHE.

Jhareparypa

1.Dr. Norbert Gass. Degradation in opetational capabilities due to decontamination
of force unit, Canada, 2004,

2. ®panxe 3, Xumus Ha oTpoRHKTE BellecTRa”, Mockea, 1976,

3Cnmeonos A,E.Xpucros uap. I'paxaancka oropana, Codun, 1986.

4. Stanag 2352 NBC (u3aanue 4} — CHADSKEHUE 33 AAPEHA, XHMUYecka H OHONOrHyHa 3aHIHTA.

NEW DEVICES FOR PROTECTION AND CONSEQUENCE
MANAGEMENT IN CASE OF TERRORIST ACTS INVOLVING
TOXIC CHEMICAL SUBSTANCES

1. Popov, G Popov

Abstract

New means for individual chemical protection of respiratory tract and
skin as effective devices for emergency response in case of use of toxic chemical
substances by terrorists are presented. Methods and ways for providing of
first aid to injured persons and consequence management in contaminated
areas are defined. Perspectives for development and improvement of the
protection devices and special treatment means are indicated.
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ChBPEMEHHH CUCTEMH 3A AEPO30OJIHA MACKHPOBKA HA
BPOHETAHKOBA TEXHHUKA#*

Hean Ionos’, l'eopeu llonoe®

'Boenna arxademun ‘I C. Paxoecku'- Hucmumym 3a nepcnexmugnu uscredsanin
1y 74
30 ombparkama
‘Kunecmon Engaiipermenman Cvpsucus, Kanzac Cumu, CAI]

Peziome

lIpedcmasenu ca nosu yempoiicmea 3a sv3deticmeue vpxy GpoHempancnopmesopu
U CHCIMEMU 3d QepG3oaH0 npomugoedeticmane. Onucanu ca memadume 3a cwebupane Ha
OPUEHMUPOSTYHY OAHNI U ASMIOMUTMUHHO 2EHEPUPANE HA QepoIoner expan. Onpederenu ca
ceolicmeama HA 2EHEPUPAHUME QEPO30RHYN EKPARN U PENCUMUME HQ 3AWUMT CHPAMO
boenpunacume ¢ mouno nacovsane. Hanpasena e oyenxa ng npedumcmeama u

r;edocmambqume HA HOGUME CUCIMEMU 30 AEPO3OAEH Kﬂ.il-fyf‘b}?m Ha 6po#empaﬁcnopmbopu.

HereK'BCHaTOTO PA3BHTHE H YCBBBPRIHCHCTBYBAHC Ha OIITHKO-
CIICKTPOHHHTES CPCRCTRA 38 Ha6mo,nenne 1 pa3y3HaBaHE, KAKTO H OPBKHATA ¢
JUCTAHOHOHBO HaCOUBAHE H YHPABICHHE, HANOXH TEPCEHE H BHEADABAHE Ha
HOBH CBEPCMCHHH crnocobu n CPCHCTEA 3a 3alIHTa. E(I)CKTHBHO CPEACTBO 3a

[IPOTHBOACHCTBHE HAa CHBPEMCHHHTC BHCOKOTOUHH OPBKHA 33 3a&lIHTa Ha

* HokAanbT € H3HeceH Ha Hay4Hata kosdepeHLNA ¢ MeXAyHaponHO yyacTke SENS 2006
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fpOHEeTaHKOBATA TEXHUKA Ca CHCTEMUTE 32 aepo30IIHa MACKHPOBKa. B noxnasa
€4 pasrjieflaHd ChbRPEMEHHHUTE CPEACTBA 3a NopassBaHe Ha OGPOHETAHKOBA
TeXHNKa H CHCTEMH 34 aepo30JIHO NpoTHRonelcTBHe. Pasrmenano e
YCHBBPIICHCTBYBAHETO HA CUCTEMHUTE B PasiMuHU cTpaHd. ONHCaHH ca
cnocobHTe 32 NENCHranMa B aBTOMATH3HPAHO Ch3AaBAHE HA ACPO3ONHHTE
3aBecH. PassiCHEHH ¢4 ONTUYMHHUTE CBOMCTBa Ha CH3MANCHHTE ACPO3OJHHE
JHCIEPCHH CHCTEMH H CIOCOOHOCTTa MM Ja OoCHTypsaBaT ¢peKTHRHA
MacKHpOBKa B OIITHUECKEA H MH{payepBeHuA Auanazod. OOocHOBaHa €
33BHCUMOCTTA HA 3AILMTATA HAa GPOHETAHKOBATA TEXHHUKA OT ChPa3MEPHOCTTA
Ha aepO30JIHNTE YacTHLH H IBDKMHATA Ha BBHIHATA. YKa3aHH ca crnocobuTe
3a 3alATa OT ynpabiaseMu Oocnpmnacd. OLCHEHH ca NPEAUMCTBATA H
HEJOCTATBLUNATE HAa CHBPCMEHHATE CHCTEMH 3a aepo30JIHa 3aHIMTa Ha
OpOHETAHKOBa TEXHHKA H [IEPCIIEKTHBHTE Ha Pa3BUTHE U YCBBBPINCHCTBYBAHE.

Baxken sl B KOMIUIEKCHHTE MHXEHEPHO-TEXHUUECKH MEPOTIPHATUS
3a OCHrypsBaHe OO¥MHHTe ACHCTBHA HA BOHCKUTE 3a€Ma aepO30JIHATa
MacKUpOBKa. 19 HaMajfgBa BEPOATHOCTTA 3a OTKPHBAHE H ONO3HABAHE HA
O00CKTUTE, & B OTAC/IHU CIHy4Yam OCHTYYPSBA H IIBJHOTO HM CKPHBAHE OT
pasy3napasero [11.

TlosBara Ha HOBHTE CHBPEMEHHU BHCOKOTOYHH opbxus (BTO),
ofeHEeH B €OUHHEH CUCTEMHU 32 Pa3y3HaBaHe, [1eJieyKa3BaHe H HACOUBAHE
za Goenpunacure B ocaeAHaTa (as3a OT II0JIeTa KbM LENTa, H3BEIE Ha IPEACH
j7aH PONATA HA CPO30AHATE MACKHPOBKE KaTo €AHO OT HaH- e(EKTHBHHATE
CpeAcTBa 32 IpoTtaBoachcTBie, OcobeHo ronaMo BHEMAHNE B MHOTO CTPaHH
npe3 NOCAeAHUTE TOAMHME Ce OTACIN Ha pazpaboTkara U BHeIPABaHETO HA HOBH
2epO30NHU ChCTABH M CPEJICTRA 3@ 3alMTa Ha OPOHETAHKOBATa TEXHHKA.

EAHO OT OCHOBHHTE H3UCKBAEMA, KOUTO C€ NPEAABABAT KBM
CHbBPEMEHHUTE ACPO30JHU CPeACTBA € CPEKTHBHO NPOTHBOACHCTBHE HA
KBaHTOBO CIICKTPOHHHTE CPEACTRA 33 pasy3HaBaHe M YTIPABICHHE Ha OPBKAATA,
paboTely B ONTHICCKUS H MAKPOBEIHOBHS AManazoH. I'olama 4acT oT TesH
cpeacrsa paboTAT B T.H. “TpO30puyM Ha aTMocepara”, KOMTO Ce HaMHparT B
obxearure 0.7-1.5 MxM., 2 - 2.3 mxm., 3 —5 MxM., 1 8 - 14 mxm.[ pur 1], Hait-
OpeaounTan auanasoH ¢ 8-14 MKM., ThH Karo pasceiiBaHeTO, OTpa3iBAHETO
¥ OOTIBHIGHETO Ha PA3IMIHATE IO YeCTOTA BBJIHH, IPUCHIIN Ha OOMKHOBEHHS
cnoit Ha armocepara, B TO3K AMANA30H ca Hatk-muck { 1]. Ome no-cnoxuo €
acpo30JHOTO €KpaHUpaHe Ha PaauoNOKaHMOHHH CpejcTBa, pafoTemly B
MUAUMETDOBRUSA # YATPAKHCH {(MHKPOBBIHOB) JHAHA30H.,
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Quz. 1. Hponycxane na ammocgepama e obnacmma 0.61-15 mem

Aepo30NUTE NMPUTEKABAT SCHO H3Pa3eHW ONTHYHHU CBOWCTBA,
OsrarofiapeHyie Ha KOMTO MOTaT 1a C€ K3ION3BaT 3a MacKHpoBKa. Te3u cBOHCTRA
¢e OBbJDKAT [IaBHO Ha TPH OCHOBHH sIBICHHA [2]:

- pasceiiBaHe Ha CBeTJIMHATa B aepo3oiHus obmak (Tunaanos edekr);

- IOTILIIAHE Ha CBETIMHATA OT YaCTHIHTE HA [ucrepeHara (asa;

- OTpa3sBaHe HA CBETIMHATA HA TPAHMHATA MEXY JUMHHS oONaK H
JUCTHS BB3AYX.

PazceiiBaHeTo HA CBETIHMHATA € PE3yATAT Ha B3aUMOIEHCTBHETO Ha
¢IICKTPOMArHUTHHTE BBJIHH C €JECKTPOHHATA OOBHBKA HA 4TOMHTE, H3TPKIAINH
YACTHLMTE HA AUCIepcHara ¢asza .

[lagamuTe BHLIHH NPENH3BUKBAT LIEPHONHYHU KONEOAaHHSA B
eNneKTpoHBara 0GBUBKA, B PE3YIITAT Ha KOETO TA H3IMYCKa BTOPHYHH HMITYICH,
KOHTO IpPeCTaBISBaT pa3CcesHa CBETIIMHA. 14 C¢ [ToJ1yYaBa Ha PaHHLETa
MEXTy AUMHATa JacTHa H BE3AyXa H ¢ JbKH Ha ABJIEHMATA OTpasgBaue,
npeuyneane, gudpakuns 1 Ap. [2]. OTpa3sBaHeTo U MPEUYIBAHETO HA
CBETIIMHATA HA IPAHUATA HA 2PO30AHUTE YACTHIHM CTaBa B CIYUAHTE, KOraTo
pa3MepUTe Ha YaCTHLMTE Ca IO-TONAMM OT NBJKWHATA Ha BbIIHATa Ha
najatiara CReTiiHHa. HTeH3INBHOCTTA Ha pa3cesHaTa CBCTNINHA, [TONyYcHa B
PE3YIITAT Ha OTPA3ABaHETO U MPEeYyNBAHETO, CE JaBa CEC 3aBUCHMOCTTA [3]:

KBAETO!
Is - HHTEH3UBHOCT Ha Pa3CesIHaTa CBCTIIHHA,
Kk - KOehHIIMEHT HA TIPOTOPIBOHATHOCT,
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C - MacoBa KOHIIEHTPALKS HA AEPO30IHUTE YACTULH, g/m3;
I - PafHyc Ha YaCTHIUHTE, M.

Korato pasMepuTe Ha HaCTHIEHTC Ha acp030J1a ¢a 3HaUHTCIHO TO-MaJIKH
0T OBJDXHHATZ HA BBRJIHATA Ha IajalaTa CBETAKHA, HHTCH3HBHOCTITA Ha
pa3cesHara CBCTIHHa HapaCTBa OO 23aBHCHMOCTTA:

2y Is=kCrs3.

Haii- rossamo pascelipane, IbKamIo ce Ha ABIEHUETO AUPPaKIms, ce
HaOMIORaBa NpU 9aCTHIM ¢ Pajguyc ONU3BK 0 OBKHHATA HA BBIHATA Ha
IpeMHHAaBallaTa CBeTHHA. J[uhpakiiuaTa € OCHOBHO SBIEHUE, KOETO J0BEXKIA
A0 pazceitBaHE HA CBETIMHATA B a€PO30/IUTE. VIHTEH3NBHOCTTA Ha pazcesHara
CBETIMHA 3HAYUTENHO C€ YBEIMYABA NIpH HAMAJIIBaHE Ha ALIKMHATA HA
BbAHaTd. ChIJIZCHO 3aKOHA HA PCJICﬁ, HHTCH3UBHOCTTA Ha DA3CCAHara CBCTIIHHa
33 KaKBaTo ¥ Ja € JHCIIepCHa cucTeMa ce u3passisa ¢ Gopmynara {3,4]:

k.Cr
3 L= PERE

KBASTO:
I, € HHTEH3MBHOCT Ha NAJAINATA CBCTIHHA,;
| - TBIKMH2 Ha BBIIHATA.

PascelipaHeTo Ha CBETIMHATA OT aCPO3OAHHTE HACTHLUM JICKU B
OCHOBATA HA HEDENOMETPUYHATE ONPENENCHUA Ha CTPYKTYPaTa, ToeMIHaTa
H KOHLEHTPAIUATA Ha aep0o30NuTe. | [OIMBIIAaHEeTO Ha CBETIIMHATA B PA3THUHITE
aepO30JIH CTABA [10 Pa3IHYCH HavunH. TyK OCBCH PasMEpBT Ha YACTHLIMTE OKA3BA

BIMAHAC H XHMUYHHAT ChCTAB Ha AUcnepcHara ¢aza. KonudecTreHa
RABHCUMOCT Mexc,uy IIOTrEAHATATA OT ASpoO30Ia CBSTIHHA, HeTrORBaTa

KOHIEHTpams ¥ AeOenHHAaTa Ha MOrMbIIalius ¢NoH XaBa 3akOHbT Ha byrep -
Jlambepr-beep [1,2]:
@) I=l.e-kd,

KBACTO IG ¢ HHT¢H3HBHOCT Ha CBETIIHHHKA [TOTOK, IIOCTHIIBANIT B ITOTABHIALTHA
aepo3oien CIIOﬁ;
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I - ”HTEH3UBHOCT Ha CBETIIMHHHS JIBY, IPEMHHAI TIPpe3 NOTIBIIAIIHSA a€pO30iIcH
cloii;

€ - OCHOBA Ha HaTypaJIHKTE JOTAPHTMH,;

d - pebeuna Ha acPO3ONKHHA CIIOH.

Onruyeckara IIIBTHOCT (IPO3PavHOCT) HA A€PO3ONHUTE AUCHIEPCHH
CHCTEMH C€ ONpeJels ChC CIEIUANHA CIECKTPOCKONKHYHA ANApaTypa, KOATO
TI03BONABA H3IMEPBAHETO Ha MPO3paqdHOCTTa HA MOAECIHpaHara B KaMmepara
3epO30JTHA CHCTEMA €THOBPEMEHHO B HET CIEKTPAJIHH Kanana. M3MepBaHeTo
CTaBa B OTHOCUTCIHH CAVHHITH, KATO CHFHATET S (1) B 1- THA KAHaN HMA CITeTHUS
BpeMeBH Xon[5,6] (dur. 2).

Bpewme ts]

Duz. 2. Bpemesu x00 HA HPOIPAYHOCIIMA

To3n curaan necHo Moxe Ja GBAe NPEeU3vHCcH B NMPO3PavyHOCT. 3a
LieaTa c€ HaMHupa cpefHara cToiHocT S 1a S(t) B unrepBanmute {A) u (). [1pez
TE3W CH HHTEPBAJIH CHTHANGLT S(t) ce perHCTpHpa IPEAH 3aNalBaHETO
(M3napeHHeTO) HA ASpO3ONHHS CHCTaB B KaMepara # cJiell 3allouBaHe Ha
BeHTIIIANMATA. [lonydeHara cpefHa CTORHOCT S CHOTBETCTRA Ha IIPO3PavyHOCT
T(t) = 1, 1.e. Ha OTChCTBHE HA OTCa0BaHE HA ONTHYHO TbYCHHE BBIpPE B
xamepara. CUrHansT npes uHTeppaaa (B) ce mpen3unciBa B NpoO3pauHOCT
CBIJIACHO 3aBHCUMOCTTA:

_5®
5y T)= S
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Tosa e BpeMeHHNS XON Ha OPO3PAYHOCTTA HA AEPO30IHATA TUCTIEPCHA
CHCTCMa, CH3TIANICHa CIIC/l IBLIIHOTO U3rapAHEe HA CMECTa Npe3 uHTepeana (b).
Ceriacro 3axona ua Byrep

6)  TOt)= exp[-k(ADC().1],

KBIETO | € PeOMeTpHYHA IB/IKHHA HA TS HA THYSHUETO TIPE3 Kamepara (m);
k((11) - koeQMIREHT HA EKCTHHKIAS Ha 2EPO30JIA 38 i- THA CTIEXTpascH KaHail
_ 2z
{g —1lm?),
MacoBuAT KOeQHINEHT € ONTHYHATA XAPAKTEPUCTHKA, KOSTO ITONEKY
HA OIICHABAHC HA CICKTPOCKONHYHHTE H3MepBahnu#A. Ha npaxTHka npu
MHUKpOGH3NIHATE H3MEPRAHHAA ce oneHsBa He C(t), a cpe/iHaTa CTORHOCT;

At
@ C :% et
¢

kpaero [0, Dt] e nogunrtepsan Ha B, npes koiito npe3 memOpaneH
GUNTEHD ce H3BBPIIBA NPoGOOTOOP Ha aepO30iH B KaMepara.

Topa Hanara fa c€ HANpaBd CHOTBETHOTO ycpenaHsBane Ha T(t).
Curnanst S(t) ce percrpupa B HudpoB BAA ¥ HOROOHO yCpeAHsSBaHe He
npenacTapispa rpodiaem. MHuoro yecto B unTepsana {0, Dt] npospaunoctra ce
H3MEHS TI0 MOYTH JIMHEEH 3aKoH, uunTo mapamerpu T, u T, Morar a2 ce
OIIPEJIeNAT 110 METOA Ha Hall-MankmuTe kBagpatu]5,6,7], Te.:

T, -T
® T@)=T, + J—A?—-O—.t, T,>T,

V3m0I3BaHUTE IO CKOPO TUMOOOpa3yBalllH ChCTABH, H3BECTHH KATO
“KIIACH4ECKH ““,AMar pasMepy Ha dacTuuaTe oT 0,3 10 1.2 MKM H OcUTypsBar
¢CKTHBHA MACKApPOBKA HA OOCKTHTE CaMO BbB BHIMMHS M OIHIKHSA
urdpaitepBeH (ONTHYCCKH) AHaNa3oH b oOxpara 0 .4 — 1.5 Mxm [2,3].

Hopure HM3uCcKBaHMA 3a NOBMIIABAHE OOXBaTa HAa MaCKHpPOBKA Ca
NOCTABUIH TIpeA pa3paboTUHNHTE H [POH3BOAMTEIHTE Ha CPEACTBA 32
aepo30JIHA MACKMPOBKA CIOXKHH POBIeMH 3a TTOBHIIaBaHe abcopOiuonHaTa,
pasceHdBaInaTa 1 OTpasABaiara cliocoOHOCT Ha aepo30IHaTa HcNepcHa dasa.
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[Ipy ToBa B MHOIO OT CJIy4aUTe OCTPO € CToAN IpodaeMbT 3a OEp30 Ch3aaBaHe
Ha aepo30JiHaTa 3aBeca. 3a HNpPHBEXJAHE HAa aepO30NHHTE CHCTABH B
CBOTBETCTBHE C HOBUTE H3HCKBAHKA Ca CE OYCPTATH HAKONKO TEHACHIIUH,

Ha nBpeo MSICTO NPOXBIDKABAT 14 C¢ YCBBEPLISHCTBYBAT A€PO30IHUTE
CHCTABH ¢ e(peKTHBHA MACKHpaUla CIIOCOOHOCT B ONITHYCCKHS KHATA30H.

Bropara TeHpeHUUsA € MOau(UIIMpaHe HA TPATUIMOHHHTE CHLCTABH
Ype3 yBEIHYABAHE MACKUPAINATA UM CHOCOOHOCT ¥ B UHppayepreHHus
JHAa30H.

Ocobena akTyanHOCT Npe3 NOCISAHHTE TOAUHH NMPUAOOH TpeTara
TeHACHNHA 32 pa3paboTBaHe Ha HOBH CBHCTaBM ¢ eeKTHBHA MacKupalla
CIOCOBIIOCT B ONTHYUECKHS, HHPPAUSPBEHHA H MUKPORLITHOBUSA JIHANIA3OH.

YCOpEeIHO ¢ Pa3sBUTHETO H YCBBBPIUEHCTBYBAHETO Ha ACPO3OIHUTE
CBCTABH ¢ pa3paboTBat H YCLBBLPUICHCTRYBAT U CPE/ICTBATA 34 TEHEPAIMA Ha
aepo30mu.

OcobeHo ronisMo BHIIMaHHe B MHOTOQ CTPaHy I1pe3 MOCIeAHHTE NOAHHH
ce OTHeNs Ha pa3paboTkara W BHEAPSBAHETO Ha HOBH a€PO30JHH CLCTABH H
CPEACTRA 34 34UUTa HAa OpOHEeTAHKORATA TEXHUKA. Karo OCHOBHO CPeCTRO 34
HHAMBH{yallHA ACpO30JIHA 3a1HTa Ha TaHKoBE H BMII BOCHHHUTE CIIENHANHCTH
CHHTAT MOPTHPHHTC I'paHaTOXBEpPraidl AHMHHR YCTAHOBKH. OcuoBHH
npouzboaurenu ca CAILl, Anrnua, @paHnusa u [epmaHnsa. YCTaHOBKHTE €a
NIpeJHa3HaYeHH 3a H3CTPENBaHE Ha NUMHM IPAaHATH M c4 UHTEFPUPAHH ChC
CHCTEMa OT XaTYUIIM 33 perucTpHpaHe Ha fasepHa NOACBETKa 3a
aBTOMAaTH3upaHa 3aluTa. [IpueTH ca Ha cHabiBaHe 12-CTBOJIHH MOpPTHPHH
YCTAHOBKH 3a TAHKOBE H 8-CTBONHY 38 OPOHHpaHK MAITUHY OT TUna Ha BMII,
BTP u ap.

Tunosara rpanaroMeTHa cHCTEMa MOHTHpaHa Ha TaHKoBe B CAIIl ce
ChCTOH OT JABaHageceT 66 MM. THMHU IPAHATH, Pa3MONICKEHH 110 1ecT Opost
OT BCAKA CTpaHa Ha Kynonara. OcHOBHO ZUuM0o00pasyBalio BEIIECTBO € YepBEH
dochop. 3a 2-3 cek. Ha pascrostne 25-30 M. Moke 1a ObJie TOCTaBEHA THMHA
3apeca ¢ BUCOUHAA 13 M. 1 wpounHa 38 M. (3ammurasan cektop —110 rpamyca),
e(eKTHRHA B IPOALIKEHNE Ha 2-3 MHH.

Hsucksanero 32 MAacKHMpOBKA B MO-IMIHPOK CHIEKTPATEH AHATA30H €
PEIH3UPaHO B ch3AaAcHara 66 MM. rpaHara Ha CAILL, KOATO € mpeaHasHauYeHa
34 Ch3daBaHC HA CMYLICHHA B CPCACTBATA 34 HACOYBAHL, paGOTel[.lH B
OTITHYECKUA ¥ CPEeJHHS HHpauyepBeH aHana3ol. T4 MOXKe Ja ¢ U3CTPeNnBa oT
OONIIWHCTROTO NPUETU HA BLOPBKEHYE I'PAHaTOXBbPradydi YCTAHOBKHY M-239,
M-250, M-258 4 [ip., MOHTMPAHH{ Ha TAHKOBE U OpPOHETPaHCIOPTHOPH.
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JlBe HOBM AMMOBH I'DAHATOXBBLPIAYHU YCTAHOBKU ca paspaboTeHu B
Anrua. Exrara ot Tax, “VIRSS”, ce cheton ot 12 oreeBu KoHTeliHEpa, BB
BCEKH OT KOHTO Ca pasnoioxeHu no 20 AUMHY IpaHati. Aepo30/IHaTa 3aBeca
ce 00pasyBa M NOAABLPXA 4pe3 IOCICIOBATENEH 3aMycK (perynHpa ce
aBTOMaTHYHO) Ha BcuykuTe 240 rpaHaTd OT KOMILIEKTa. B3puBiBaHeTo Ha
TPAHATHTE CL3JaBa o0JIACT HA BUCOKA TEMIICPATypa, OIarofapeHHe Ha KOETo
CE OCHMIYpPsBa MaCKHpPOBKAa Ha OPOHETAHKOBATE TEXHUKA BHB BUAMMUA U
uHbpadcpBeHHA JUANAa30l B NPOABIKCHHAE Ha OKONO 2 MHUHYTH.

B npyrara yeranosia, MBSMR-3, usctpensanero Ha rpaHarute {00mo
12 ©poa) ce n3BbpIBa eAHOBPeMeHHO. ClIe/ TOBA BCAKA IPAHaTa H3XBBPIIA 11O
ABa 3eMHM noadoenpHnaca v euH Bu3ayineH. [locnenuusit or ceos crpaHa
ce pazjcns Ha 6 eleMeHTa che cdiepriHa popMa. B npoasIKeHue Ha 3 cek.
Ha paszcTofnue 15-20 M o1 Maumunata B cextop okono 110 rpanyca ce obpasysa
JUIMHZ 3aBECa ¢ BUCOYMHA 5 M H umpodrHa 10 40 M, KoATo HMA e(peKTUBHR
MacKupallla CnocOOHOCT B CpeNHUs uEdpavepBeH ananasoH 3-5 1 8-14 Mxm B
TeyeHre Ha 35-40 cek, a B ONTUYECKHUs AUanazon IPUKPUHTHETO Ha obeKra
npoabikaba 60-80 cex. YcraHorkara MBSMR-3 e cpBMecTHMA ¢ MHOIO
IpHeTH Ha BhOpbhKeHHe B apMuuTe oT HATO 66 MM rpaHaTOXBbpraddu
YCTaHOBKHM U OCBEGH TORa IT03BOJISBA Ha €KHIa)ka BeqHara clei 3ajimna ja
W3BbPLIM MAHBOBBD — & CMEH¥ MECTONOJOXKCHHETO CH. 3a YCTaHOBKara
VIRSS, MaHBLORBPHT € BE3MOXKEH CAMO CIISN H3CTPEIBAHE HA BCHUKY [PAHATH.

@peHckaTa YHHBEPCAIHA TPAHATOXBRpradHa ycraHoBka GALIX ce
CBCTOM OT 8 ITYCKOBH TPEOH, KOHTO ¢4 OPHEHTHPAHH M0 YH(PTHO B PA3THUHK
nanpagierus. KoiandecTBoToO Ha rpasarute B eanH 3ain € 4, 6 uiu 8 Gpos. B
KOMIITEKTa Ha YCTAHOBKaTa ca BKJIIOYCHH CAEJHUTE BHAOBe DoempHIacH:
JUMHH TpaHAaTH, TONJHHHW AOBYIIKH, CB3JABAIIH CMYINCHHS B
uH{padepBEHUTE paRy3HABATEIIHA CPeJCTBa B NMpoAb/ikeHue Ha 10 cek,
OPOTHBONEXOTHH IPAHATH ¢ MOBMIIEHA 3alllATa HA MPEJHUS CEKTOp Ha
Mall¥HaTd, NPOTHEOIIEXOTHH 6OCHPH1'[E!CH, BCCKH OT KOUTO BKIHOUEBA MBS
OCKOJIOUHH ¥ eftHa (yracHa Tpanars, ChI30TBOPHYU B OCBETHTCIIHY I'PAHATH.

Hsxon aMeprUKaHCKU TaHKOBE €a CHAbJeHU ChC CHCTEMA 3a AUMOILYCK
VEESS. B xadecTBO Ha numo00pasyBaillo BEIIECTBO B HeS Ce H3NON3yBa
JAU3€TI0BO TOPUBO, KOESTO C€ BIIPHCKBA B TOTOKA NOPEIlY raz0Be Ha ARATATENS.
Cuctemara ocuUrypsipa ch3jaBaHe Ha AMMHAa 3aBeca Ha BUcouuHA 10 M,
mupoynta § m 3a 5 cek. IlponsmknrenaocTTa HAa ASHCTBHE Ha 3aBECara ce
oIpenens OT 3amaca Ha TOPHBO. Ta3M CHCTeMa Ce H3MOJI3Ba B ChUETAHHE
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¢ 6oproBara rpaHaToXBhprayHa yecTaHoBKa, KOHKpeTHHAT cioco Ha neHdcTere
ce M30Mpa OT eKHIaXa Ha MallHHATA B 3AaBHCHMOCT OT CKOPOCTTA H
HarpasjieHUeTo Ha BATHpPA, UHTCHIMBHOCTTA HA CITBHUEBATA CBETIHHA H
Xapakrepa Ha AeficTBHE Ha IPOTHBHMKA.

3a camo3auiMTa Ha OpOHETAHKOBATA TEXHHMKA B Pycud e mpuera Ha
cuabjsaBaHe rpaHaTOXBBEpravyHa ycradoBka “ Tyda” [dur. 2]. Makcnmannara
aanexkoboHHOCT HA H3cTpenBanure rpauatd 3[-6 noctura 300 — 400 M,
BPEMETO 3a pasrapsAHe H4 JHMHATa CMecC € 0Koio 15 cek, a BpeMeTo 2a
WHTEH3UBHO NuMOo00pasyrane oT | 10 1.5 MuH. DpoAT Ha MOpPTHpATE 3a
H3CTpeJIBAHE HA rpaHaluTe € ¢boOpa3eH ¢ XapaKTCPHCTHKHUTE HA
GpoHeraxkoBara rexuuxa. Ha BTP ce montrpar 4 moprupu, MTJIB (BMII),-
6, neku TaHKOBe-8 M TewkH TaHkoBe-12. B 3aBHcuMOCT oT Opos Ha
M3CTPENIBAHUTE JMMHHA TPaHATH IIHPOUYHHATA HA 3ACTENABAINATA 3a
TIPOTHBHUKOBHTE OTHEBHM CPEJCTBA IOA0CAa MOXKE Jja JOCTUrHe o 140 M.

A€pO30JIHHIT ChCTAB HA TPAHATHTE € METAIXJIOPHIEH, C pasMEPH  Ha
AEPO30JIHATE YaCTHIH Ha JicnepcHara (aza B ueTepBana ot 0.1 mo 1.7
MUKpOHA. CBCTABBT C€ OTHACS KBM “KIacCH4eCKHTe” ¥ OCHIYpABa CPEeKTHBHA
MacKHpalia 3aliTa caMo B ONTHYECKHS ApanazoH [3 |. TopeHeTo Ha cheTaBa
e 6aBHO (3a oxono 1.5 MHH), MpH TeMmeparypa okojio 900 rpanyca u €
CHIPOBOAEHO C OTIESAAHE HA METANIHM XJIOpPHAK. Te 0T ¢BOA CTpaHa MOIVIBILAT
Bjiarara oT Bp3yXa U o0Opa3ysar KalluuI| pa3TBop:

Quz 3. Cucmema “Tyua”
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3atoBa, 0OpasyBaluusaT Ce IIPH FOPEeHeTo AMM HBbPBOHAYANIO HMA CHB
UBAT, KOHTO BIOCHAEACTBYHE IIPEMUHABA B CIIAMEHO JXbBIIT.

Io cxBamauus Ha PyCKHTE BOCHHH CHEHHMIUCTH, TPAHATHTE ILE ¢
H3CTpeNBaT IIpH JOCTHTaHe Ha 2 — 3 KM OT [IpeIHHEA KpaH Ha IPOTHBHHKA 34
H3BBPLIBAHE HA CKPUT MaHBOBBP Ha OORHOTO MONE.

Cucremara “Tyua” e ycBOEHa IO JIALIEH3 H B HanlaTa ctpasa. [onobra
cucrema “Tenyp” e paspaboTeHa M npuera Ha cHabzsBade B Ilonura. IIpes
MOCHe AHUTE NOAUHH [FOJICKUTE CIEIHATHCTH Ca pa3pa60THnH 38 CNTeMaTa HOBH
JUMHH T'paHaTH, 3afedcTRally ¢e 10 B3pHUBHES cnocod [4]. B cpueranue ¢
JaTHYHLM 3a PErUCTPALMA Ha JadepHa NOACBETKA, HOBUTE JUMHY IPaHaTH
OCTYDPSBAT 3a OKOJIO 15 ¢eK edeKTHBHA 3alluTa B CPCAHHA HH(padepBeH
JHAa3’oH U OKOIO 2 MUH. B ONTHYECKUA AHANA30H.

B CHOTBECTCTBHC C HOBHTC [TOCTAHOBKH H H3HCKBAHHA PYCKHTE BOCHHH
COSOUANTUCTH ¢a pazpaboTusn rpe3 2001 r. HoBa TaHKOBA MPaHaTOXBBPrayHa
CHCTEMa 3a 3aIMUTa OT BHCOKOTOYHHTE Opbxud THIY-1C (“Iltopa-
1").Cucremara 3amuTapa ¢OCKTUTE Ha OpOHETAHKOBATA TEXHHUKA OT
BHCOKOTOYHUTE OPbIKYS, H3NON3YBAILH DY CBOATA pab0Ta Ta3ePHO H3Tb4BAHE.
Cre creremara ce peimapaT ABTOHOMHO CIIEAHUTE IO BAXHH 34,1a4M:

- OIIPEASIA C€ BUABT ¥ M3TOYHUKBT HA JIA3EPHO U3JIHLYBAHE,

- OpOHeTaHKOBHAT O0CKT Ce 3allUTaBa aBTOMAaTUYHO OT H3TOYHHMKA Ha
Jla3epHa IOACBETKE Upe3 NOCTABIHE Ha aep0o30JIHa 3aBeca;

- OIOBECTABAT C€ YWICHOBETE HA €KUMAXA 38 PErUCTPUPAHO Ja3epPHO
obrrupane;

- Ch3J1aBa C€ JHMHA 3aBeca ¢AHOBPEMEHHO OT BCHUKU I'PaHaTOMETH B
SKCTPEMANHY YCAOBHSL.

Cucremara “IHtopa —17, CbBMECTHO ¢ €NeKTpooOOpYABAHETO HA
00eKTa, OCUIypsABa aBTOMATHYHA 3aliUTa HA OPOHCTAHKOBATA TEXHHUKA M
HOHUKABA NPUIIENHIS OI'BH Ha YIPABIAEMHUTE NPOTHBOTAHKOBH CHCTEMHE C
gepostiocT 0.8-0.9. BEeApaBaHEeTO HA CHCTEMAT2 OCHTYPABA HaJeHJHA
3alMTa ¥ 3HAYHTENHO HOBHINABAHE Ha TAKTHKO-TEXHHUYECKHTE
XapaKTePUCTHKY ¥ )KUBYYCCTTa Ha OPOHETAHKOBATA TEXHHUKA.

CoBpeMcHHara GPOHETAHKOBA TEXHHKZ HA CTPAHKTE OT OMBIIHS
“Bapruarckn porosop” e obopyapana cbe COOCTBEHA CHCTEMA 34 AUMOTIYCK,
AEPO3ONHAAT CHCTaB HA KOSTO € JM3eNI0BO ropuso. CHCTeMara OCHTYDABa
Ch37aBaNe Ha acpoO3CiIHM EKpaHH 34 CaMoO3aIluTa IIpH MaHLOBBD Ha
OpoHETaHKOBATa TeXHHKA.
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Bpouerankopara TexHuka Ha boirapkara apmMus € KOMIIIEKTOBAHA ¢
TPaHATOXBLPradHy YCTAaHOBKH “Tyua” u CHCTEMU 32 TUMONYCK ¢ JIU3EMOBO
FOPHUBO.

HoBuTe m3HCKBaHHUA 3a ONEPATHBHA M TEXHHUECKA CBBMECTHMOCT ¢
apmunte oT HATO nanarar npepasriexxaaHe Ha ChlUECTBYBALINATE CHCTEMH H
3aMAHATA UM C [I0-BACOKOSHEKTHBHH.
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NEW SYSTEMS FOR AEROSOL CAMOUFLAGE OF ARMOURED
YEHICLES

1. Popov, G Popov
Abstract

New devices for impact on armoured vehicles and systems for aerosol
counteraction are presented. Methods for taking the bearings and automatic
generation of aerosol screen are described. Properties of generated aerosol
screens and modes for protection against Precision Guided Munitions (PGM)

are determined. Advantages and disadvantages of the new systems for aerosol
camouflage of armoured vehicles are assessed.
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