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We analyzed modern digital microscopy. In order to
categorize digital microscopy, the following criteria are in-
troduced: level of automation, software level, the level of ap-
plication of network technologies. To quantitatively estimate
the quality of image segmentation, we devised the technique
based on a metric approach using the Fréchet and Hausdorff
metrics. Modern algorithms for calculating the Hausdorff
and Fréchet distances were analyzed.

We have introduced the Fréchet distance between trees.
It was proven that the Fréchet distance between trees is
a metric. We devised a method for estimating a distance
between trees of the non-convex regions, based on finding
skeletons of regions and determining the distance between
them. The algorithm for finding the Hausdorff distance bet-
ween the non-convex regions is described. We constructed
the algorithm for finding a distance between the non-convex
regions based on the Fréchet metric between trees.

The developed algorithms are included into a hybrid in-
telligent system for automated microscopy, which is designed
to process histological and cytological images.

The algorithms were tested using the results of segmenta-
tion of histologic and cytologic images from a database as an
example.

Keywords: Fréchet metric, Hausdorff metric, non-con-
vex regions, biomedical images, segmentation error.
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The problem of formation of sample estimates of correla-
tion matrices of observations by the «computational stabili-
ty — consistency» criterion is considered. The problem of zero
eigenvalues inherent in the problem of static regularization
of sample estimates of correlation matrices is revealed. The
solution of this problem by the static regularization method
leads to the fact that the sample estimate of the regularized
matrix is similar, but not identical to the original one in terms
of consistency. Therefore, the problem of investigating the
regularization of the sample estimate of the correlation mat-
rix with respect to the solution of inverse problems under
a priori uncertainty is actualized. In such a situation, the reg-
ularizing parameter of the inverse problem should be updated
in real time as the input data arrive. To solve the revealed
problem, an alternative method of dynamic regularization is
proposed. In the study, the computational stability, conver-
gence and consistency of sample estimates of correlation ma-
trices of observations under a priori uncertainty are analyzed.
The optimum function of dynamic regularization of sample
estimates of correlation matrices of observations is obtained,
the evaluation of which does not require prediction data and
additional computing resources to search for the optimum
value of the regularization parameter. The numerical results
confirming the main findings are presented. The developed
method of dynamic regularization of sample estimates of cor-
relation matrices is an alternative to static regularization and
allows resolving the «computational stability — consistency»
contradiction when forming sample estimates of correlation
matrices. Unlike static regularization, the procedure of dy-
namic regularization unambiguously connects the optimum
dynamic regularization function with the matrix dimension
and the size of the observed sample, which allows eliminating
the problem of choosing the regularization parameter under
a priori uncertainty with respect to the input data of the
computational problem. In addition, the dynamic regulariza-
tion method is characterized by simplicity of computational
operations in real time in the absence of a priori information.

Application of the method of dynamic regularization of
sample estimates of correlation matrices extends the capabili-
ties of a wide class of information systems that are designed
to solve ill-posed inverse problems under a priori uncertainty.

Keywords: static regularization, dynamic regularization,
stability, convergence, consistency of estimates, correlation
matrix.
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We resolved the scientific and technical problem to im-
prove the efficiency of a decision-making processes carried
out by a head of emergencies elimination of accidents at
potentially dangerous objects by forecasting an emergency
explosive environment under conditions of uncertainty.

We completed a formalized statement of the problem of
identification of the concentration of an explosive gas-air
mixture, which makes possible to use fuzzy input and output
data. We determined the aspects of solution of the problem
of forecasting with a use of expert conclusions in the case of
absence or unreliability of input data.

We developed the technology of forecasting of para-
meters of an emergency explosive environment based on the
obtained results. The proposed technology can be used in
the post-emergency period to clarify fields of an explosive
environment. A neuro-fuzzy network can be re-trained in the
shortest possible time and used to solve a forecasting problem
at all possible points in the zone of explosive environment on
the base of the results of measurements of explosive concen-
tration of devices. In addition, this technology can be used to
clarify initial values of parameters of an accident, which will
improve and objectify a decision making carried out by the
head of emergencies elimination.

Keywords: gas-steam-air explosive environment, models
and methods of forecasting, fuzzy data, emergency.
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The procedure for analysis of logical-dynamic processes
of argument conversion in arithmetic devices of digital con-
trol systems was developed. Disadvantages and limitations
of the formal methods used to describe processes in control
systems were described and a graph-analytical method for
describing the processes of argument conversion was pro-
posed. Analysis of the logical-dynamic processes of conver-
sion of data arguments in adders and multipliers used in digi-
tal control systems was performed. Sign-positional notation
makes it possible to significantly increase speed of adders and
multipliers in digital control systems. In this case, a necessity
of formation of scientifically substantiated analytical rules
for conversion of logical arguments and functional structures
through which they are implemented appears. The analyti-
cal description of the processes of conversion of information
arguments in digital control systems allows one to form their
mathematical models with increased technological and in-
formational qualities as well as solve optimization problems.
The summation process in arithmetic devices is realized in
accordance with the logic of argument conversion of the
ternary notation. The axioms of the ternary notation can
serve as a theoretical basis of the process of summation of
arguments implemented in the binary notation format. The
proposed approach enables evaluation of speed of the per-
formed arithmetic operations with the use of various digital
codes and opens up the possibility of improving the methods
and algorithms of data processing in digital control systems.

Keywords: logical-dynamic process, argument conver-
sion, partial product, graph-analytical model.
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Biomedical images are used for diagnosis and treatment
of malignant neoplasms. Images of normal and pathological
cells and tissues are derived using light microscopes. These
images are the objects of study in histology and cytology. One
of the most important stages in the automation of measuring
optical and geometrical parameters of images is the segmen-
tation of micro objects. Analysis of biomedical images is
complicated due to the highly variable parameters and weak
contrast in most micro objects.

The use of point connections for segmenting the im-
ages has several advantages: processing images of any type,
splitting micro objects that are in contact, insensitivity to
noise. A method of image segmentation based on preliminary
markup implies splitting a color image into homogeneous re-
gions, calculating the coefficient of relation between adjacent
points, and merging points into homogeneous regions. The
algorithm allows for the automated segmentation.

A texture segmentation method involves computing va-
lues of spatial moments for each point of the image. A feature
space, obtained in this way, is segmented by the algorithm.
The algorithm calculates thresholds based on mathematical
expectation. This makes it possible to identify such complex
micro objects as the layers of cells, cross-sections of blood
vessels and ducts.

The quality of segmentation was estimated using a metric
approach. The developed segmentation algorithms made it
possible to improve quality of the biomedical image segmen-
tation by 18-21 % on average.

Keywords: histological and cytological images, segmen-
tation, preliminary markup, spatial moments, segmentation
estimation.
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The mathematical model of evaluation of road-and-trans-
port assets based on the level of real qualitative state was
developed. The study was performed in connection with the
lack of evaluation methods that take into account specifics of
the assets of the road-and-transport complex. This problem is
caused by absence of scientifically substantiated criteria for
property evaluation of road assets.

As a result of this study, the conceptual model for
evaluating the road-and-transport infrastructure assets was
developed. Unlike the conventional approach, the con-
structed conceptual model of the evaluation procedure is
based on application of a qualimetric model and a multilevel
hierarchical system of indicators. This approach has enabled
elucidation of the real physical wear converse to the level
of qualitative state of the asset which is the basis for a fair
evaluation.

The conceptual model of evaluation was laid in the basis
of construction of a mathematical model that, in contrast to
the conventional approach, takes into account the qualitative



state of linearly extensive objects. The disadvantages of ap-
plication of the developed mathematical model include the
necessity of estimation of errors and the level of expert com-
petence. However, the calculations made in testing of this
model gives the right to assert fairness of the asset evaluation
which is an input parameter to the information-and-manage-
ment system of the road-and-transport infrastructure.

The study results create a favorable environment for
making managerial decisions on the assets as the objects of
management in the road-and-transport complex and can be
used by enterprises and organizations of the complex.

Keywords: asset value, evaluation, information-and-
management system, level of qualitative state, qualimetry.
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The methodology and means of ontological support of the
processes of constructive-synthesizing modeling of complex
information technologies have been developed in the study.
The requirements for the applied ontology of constructive-
synthesizing modeling have been formulated along with
developing and specifying the conceptualization methods,
axiomatics, the output system and performers that provide
effective modeling for a wide range of subject areas.

The theoretical basis of constructive-synthesizing mode-
ling has been devised as the underlying principle of applied
ontologies, with examples of the formation of concept models
of subject domains.

In ontology, constructive-synthesizing models of subject
domains have been formed and presented on the basis of
a single constructive structure containing primary classes
of ontology instances, active binders of operators of actions
and performers. It ensures universality and opportunity to
use the models for developing and setting them in subject
domains of modeling,

The completed formalization of the ontology design al-
lows improving the quality of automated processes of crea-
ting intelligent information technologies for structurally
complex areas of modeling. This methodology is based on
the paradigm of constructivism of all components of subject
domains, on the revealed properties and unified models of
representing concept structures, concepts and basic relations
in CSM. At the same time, it has been made possible to create
and maintain models of conceptual systems of subject do-
mains that are different from taxonomy, given the uncertain-
ties in the choice of the structure of conceptual models, both
for systems of concepts of subject areas and their distinctive
features.

Keywords: constructive-synthesizing modeling, onto-
logy, conceptualization, unification of models, constructive
object.
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Statistical methods are widely used in solving problems
of automatic management of industrial objects, as they
enable us to determine the dynamic characteristics during
normal operation of objects. The statistical correlation meth-
od for determining these dynamic characteristics is based on

the solution of an integral equation that includes the correla-
tion functions Rxx(iAt) and Ryy(iAt) of the input X(iAt) and
output Y(iAr) signals. It allows one to obtain the dynamic
characteristics of an object without disturbing its regular
operation mode. However, the application of these methods
for constructing mathematical models of real-life industrial
objects presents the following certain difficulty. Interferences
and noises are imposed upon the useful signal, hindering the
calculation of the estimates of their static characteristics. The
paper presents one possible option of creating alternative
methods and technologies for eliminating the error induced
by noise during the formation of correlation matrices. The
proposed algorithms allow for reducing these matrices to the
similar matrices of useful signals.

It is demonstrated in the paper that in the traditional ap-
proach, due to the normalization of estimates in the diagonal
elements of the correlation matrices, the noise-induced errors
disappear, while appearing in the remaining elements. As
a result, the expected effect of improving the conditionality
from the transition to normalized correlation matrices is not
achieved. The technology and software for eliminating this
defect are proposed, despite the problems with matrix condi-
tioning. A new software for the rapid formation and analysis
of numerous computational experiments confirming the ef-
fectiveness of the developed technology is proposed.

Keywords: real signal, noise, correlation function, nor-
malized correlation matrix, equivalent correlation matrix,
input signal, output signal.
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