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INFORMATION TECHNOLOGY FOR CONSTRUCTING THE COMPOSITE
INDICES FOR DATA OF DIFFERENT TYPES
USED IN MEDICAL AND ENVIRONMENTAL STUDIES

Introduction. Information technologies used in medical and environmental researches often
deal wiht huge amounts of information processing. These technologies allow us to identify
and investigate previously hidden dependencies and interactions in complex environmental,
medical and biological systems, and on the other hand, it is accompanied by the analysis of
large data sets, some of which (sometimes most of them) have an uninformative (noisy) char-
acter. One of the ways of solving this problem are the methods of constructing composite
indices (CI), i.e. complex indicators, which allow to perform an integral assessment of the
state and functioning of ecological, medical and biological systems.

The purpose of the paper is to develop a generalized information technology for constructing
composite indices for different types of data used in medical and environmental studies.

Results. Medical and ecological researches include two main components: analysis of the
states of both human health and of the environment, in solving such problems it is necessary to
evaluate and analyze the state of the bioobject according to the data of different types: quantitative,
rank, binary and qualitative variables. The developed general information technology is oriented on
supporting the solution of a wide range of medical and hygienic tasks and integrates various ap-
proaches to processing and analysing of data of different types. Proposed technology consists of four
stages: the formation and initial analysis of an initial indicators set, the calculation and normaliza-
tion_for obtainig unnamed equivalents, the actual design of the composite indices, and their verifica-
tion. The implementation of this technology makes it possible to compare data of different dimen-
sions, determine the significance of specific characteristics in a general research totality, to evaluate
the integral state and to classify the research objects.

Conclusion. The proposed information technology for the construction of composite in-
dices based on data of different types: quantitative, rank, binary and qualitative variables, is
an effective tool for determining and comparing the state of bioobjects of different nature,
and its use makes it possible to avoid mistakes in the incorrect application of mathematical
methods for processing medical and ecological information.

Keywords: information technology, composite indicators, processing medical and ecological
quantitative, rank, binary and qualitative variables.
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INTRODUCTION

At present, information technologies used in medical and environmental researches often
deal with huge amounts of information processing. The reasons are obvious: an increase
in the complexity of research tasks, the expansion of the capabilities of recording tech-
nology, the possibilities of Internet technologies for the transmitting digital information,
and the program and technical capabilities of computers used for data processing and
analysis. On the one hand, this allows us to identify and investigate previously hidden
dependencies and interactions in complex environmental, medical and biological sys-
tems, and on the other hand, this is accompanied by the analysis of large data sets, some
of which (sometimes the majority) have an uninformative (noisy) character . These prob-
lems cause development of such methods of the initial convolution, compression of the
initial numerical arrays, in the application of which the loss of information would be
minimal [1].

In mathematical statistics, traditional methods of factor, discriminant, clus-
ter and regression analysis have been developed years ago and successfully used
for these tasks. Modern software products make it easy enough to apply the rela-
tively newer methods of Data Mining: multidimensional scaling, multifactorial
dimensional reduction (MDR), decision trees, graphical methods for represent-
ing and classifying multidimensional data [2].

One of the most popular and rather effective ways of solving this problem
are the methods of constructing composite indices (CI) that is complex indica-
tors, which allow to astimate integrally the state and functioning of ecological,
medical and biological systems [3].

Such evaluation has certain advantages: the complexity of the obtained in-
formation, the ease of use. It can serve as a tool for accounting, analysis and
planning, an indicator of the state and the criterion of comparative evaluation, an
indicator of the effectiveness of decisions taken and the completeness of their
implementation, it can also serve as the basis for selecting the possible measures
and indicators of expected results in the future.

PROBLEM STATEMENT

Medical and ecological researches include two main components: analysis of the
state of both human health and environment.

A comprehensive assessment of human health is done at three levels: indi-
vidual, group and population.

At the individual level, the following calculated indicators are used: those
characterizing the functioning of individual physiological systems of the body
(cardiovascular, respiratory, etc.), generalizing indices characterizing the coordi-
nation of two or more of these functional systems, and integral indices describ-
ing the complex interrelationships of organs and systems (an index of somatic
health, adaptation potential, etc.).

The appropriate formulas are used to calculate these indices, in which the
variables are a limited list of anthropometric and functional indices: height,
weight, chest circumference, respiratory hold-up time, heart rate (before and
after the activity), arterial and systolic pressure, recovery time, dynamometry,
etc. Often, the same indicators are included in the formulas of different indices,
which causes their interdependence. The range of changes in the indices is most
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varied, and criterial scales of health assessment respectively. Their orientation is
also uncertain: the increasing of some indices indicates an improvement in the
state of the body, others — on the contrary, a deterioration. Sometimes a certain
range of "norm" is postulated, and the deviation in any direction is considered as
a negative phenomenon [4-8].

Group comprehensive health assessment is meant to evaluate and monitor the
status of identified groups of individuals, in particular children's groups. It is based
on the definition of the health group of each individual using at least four criteria:
the presence or absence of chronic diseases at the time of examination; the level of
the functional state of the body basic systems; the degree of the body resistance to
unfavourable effects; the level of development achieved and the degree of its har-
mony. Group complex health indicators are descriptive expert characteristics [9].

For the comprehensive assessment of population health, morbidity and prevalence
are usually used, on the basis of which standardized coefficients, primary and general
morbidity rates, indices and other characteristics are calculated. Such secondary indica-
tors are the result of a simple ratio of the values of some indicators to the values of oth-
ers, these indicators are analyzed using graphical and descriptive methods [10]. Among
the methods that aggregate the initial population indicators, the method of "per-centil-
profile", the method of the sum of places, methods using age-specific disease rates can
be identified [11-13]. All these comprehensive population indicators in the mathemati-
cal aspect are simply calculated ratios or additive scores of points. When studying the
level of regional demographic development approximation of the preference function by
a linear regression model is proposed for constructing a composite index [14], and also
composite indicators are used to analyze the dynamics of the health status of the
population using mathematical models [15].

Environmental indicators often describe the state of the water and air envi-
ronment. As an integrated index of drinking water quality, the most obvious
formula is the sum of the concentrations of all contaminants (x;) normalized to
their "safe" (x,) value (to the maximum permissible concentration — MPC) [16].
There are a number of similar indicators (for example, the total index of chemi-
cal contamination [17], the combinatorial pollution index [18, 19]), which com-
bine a given number of primary characteristics.

For a comprehensive assessment of air pollution, basically, the following
characteristics are used:

Lox ok nooo noooy.
CIAP= Y (ZL)ki TAPI=Y S p= | Ei )2,
i=1 %0 i:1x0ki i=1 Xok;

where CIAP — the complex index of atmospheric pollution [20]; TAPI — total
air pollution index [21]; P — Pinigin’ indicator of atmospheric pollution [22]. The
dimensionless constant, which depends on the hazard class of the ith substance
(k;), assumes values of 1.5; 1.3; 1.0; 0,85 at the calculation of IAP, values of 0,8;
0.9; 1.0; 1.1 at the calculation of TAPI and values of 2,0; 1,5; 1,0; 0,8 at the calcu-
lation of P respectively, for substances of 1-, 2-, 3-, and 4th hazard classes.

Thus, the analysis showed the existence of many proposed complex indica-
tors used in medical and environmental studies; methods and formulas for their
calculation are very diverse. However, their mathematical contents are reduced
mainly to the standardization of characteristics (mostly by dividing by some
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"norm") and subsequent summarizing (sometimes with calculated or predeter-
mined coefficients). The ranges of their variation are specific for each indicator.
Also, their breakdown by gradation (criteria) and their subsequent verbal quality
assessment are specific and different. Each of the complex indicators is intended
for use in its narrowly restricted field of research.

All these shortcomings make it possible to talk about the expediency and
topicality of developing an unified information technology (IT) for designing
composite indicators for medical and ecological researches that would be appli-
cable to combining private characteristics of various types of data of the health
status and quality of the environment, would have a standard and adequate
mathematical completeness and would be easy to use [23].

The purpose of the paper is to develop a generalized information technol-
ogy for constructing composite indices for different types of data used in medi-
cal and environmental studies.

INFORMATION TECHNOLOGY OF CONSTRUCTION OF COMPOSITE
INDICES FOR QUANTITATIVE VARIABLES

In mathematical statistics, the original data are classified as belonging to one of
four types of scales: quantitative, rank, binary and labels. Information technol-
ogy for the design of CI for each of these types of data has both common and
distinctive stages. Common are the initial and final stages, the specific — the
actual processing of data and technology for the formation of CI.

Taking into account the variety of research tasks, normative or methodical
regulations and expert opinion, the proposed IT design of CI on quantitative
indicators unites various effective and acceptable approaches at all its stages.

The first stage is the formation and initial analysis of the set of initial indicators.

When forming the initial list of indicators it is necessary to be guided by the follow-
ing principles: informativeness — indicators should characterize the most significant
propetties of the object under study; completeness of the description — the totality of the
recorded characteristics must be exhaustively and comprehensively described; uniguality
— each indicator characterizes only one characteristic; measurement capabilities —
indicators can be recorded; representativeness — they must reflect the immanent quali-
ties of the object; non redundancy — the characteristics should not be interrelated. An
important feature of the chosen variables is their acceptability — the necessity of match-
ing variables to quality in which the CI is non-contradictory.

The evaluation of the informative value of quantitative indicators is determined
by the research task and, accordingly, the statistical methods used in this process.
Thus, in the analysis of variance, the most informative variables are those that have
the greatest variance, when comparing samples — those for which the criteria of
difference are the greatest, in the correlation analysis those having the highest corre-
lation coefficients with the resulting index, in discriminant analysis those the most
reliably entering the classification function, in descriptive statistics those having the
greatest (least) variability of the index, etc.

Decrease in the number of indicators. In the process of collecting initial
data, the problem of their redundancy often arises. The solution of this problem
consists in selecting only significant features by some criteria, for example,
by the threshold value of information content.
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The second stage is the calculation and normalization of unnamed equivalents.

At this stage, the choice of the "basis” of the indicators is performed at first.
As a rule, quantitative variables have different units of measurement and for
their transfer to a dimensionless scale it is necessary to standardize them rela-
tively to a certain "basis". As a "basis," it is advisable to use the parameters of
the original data array, such as the arithmetic mean, the smallest or largest values
of the sample, if they correspond to the notion of the "ideal" of the characteristic.
"Basis" can be configured as the upper or lower limit of the confidence intervals
of the means, i.e. as a limiting value of the average totality. As the "basis" you
may take the values of the characteristics in the control group (if the study con-
sists of comparing the experimental and control groups) or in the same basic
group under more favorable conditions (for example, the values of the indicators
in youth when analyzed in old age). "Basis" may be physiological norms or
MPCs, or can be given by the objectives of the study (for example, as a desired
idealized result).

The procedure for choosing a "basis" should be carried out not formally, but
using the whole set of priori knowledge. Within the framework of one research,
it is necessary to use a unified approach to its basis selection.

The next step is fo calculate the dimensionless equivalents of the original
quantitative variables, i.e. there is a transition to some uniform description for all
characteristics, regardless of the units in which they are measured. To obtain
dimensionless equivalents, it is necessary to use values of the same dimensional-
ity (kg; cm; mm Hg, etc.).

The simplest way to obtain a dimensionless quantity (d;) is to calculate the
ratio of the value of the initial indicator (x) to its "basis" (xy). For this purpose, it
is possible to calculate the relative deviation: d, = (x — x) / x4, which can be
expressed as percentage. It is also simple to use the matching procedure with the
sweep of the sample:

dy=(x-x)/(x"~x")

As limiting values (x” and x"), the real minimum and maximum values in the
sample, or the lower and upper limits of the confidence interval of the arithmetic
mean may be used.

When calculating dimensionless equivalents useful method is to compare
initial values with variability indices, in this case the significance of indicators is
indirectly taken into account (if assuming that the variability is greater, the less
is the significance of the indicator). In particular, when using the arithmetic
mean error S as variability indices, we have d, = x / S. If the standard deviation
as the variability characteristic is used, then obtain ds = x / . The standardized
deviations (d;) or the Student's coefficients (d; = f) may be used:

In the last step of this stage, the normalization of dimensionless equiva-
lents is performed. Best of all the normalization is to be performed so as
new variables have firm limits of the change, for example, changed be-
tween 0 and 1. The transition from the initial data or their equivalents to the
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normalized variables can be described by different functions. Their forma-
tion or choice is determined solely by the research objectives and the art of
the data processor.

By using different transition functions, you can focus either on variables close
to the average value, or on the maximum / minimum values. At the same time, the
greatest "weight" is assigned to either "good" for the biosystem to indicators close
to the "ideal", or, on the contrary, the most "pathological". In fact, the normaliza-
tion operation is equivalent to an expert evaluation of the significance of the data,
with the difference that these "weights" are not equal to discrete values, but are
described by a continuous function.

There should be complete clarity about what is "good" and what is "bad"
concerning the state of the object. If the value of "1" is chosen as a favorable
state of the bioobject, then for each particular registered index of the state of this
object the normalization function should be chosen so that the best values for the
biosystem are close to 1, and the worst values are close to 0.

The normalizing linear functions throughout the sample over (the entire
span of the sample) are the simplest. They are: an increasing linear function (gy),
which is equal to 1 for x = x" and 0 for x = x’, and a decreasing linear function
(2») equal to one for x =x and 0 for x = x

gr=dy=(x-x)/'-x")  g=0"-9/G"-x")

If the "basis" of the indicator is not equal to a strictly fixed value and the

values in a certain range (from x; up to x; ) can be considered normal, then it

makes sense to assign the "best" value of the normalized variable to this entire
range, for example, g = 1.
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Fig. 1. Normalization by piecewise-linear functions "truncated pyramid" and "inverse trun-
cated pyramid" (a) and "pyramid" and "reverse pyramid" (b)
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In this case, the normalization function ( g;) will be written in the form of a
"truncated pyramid" (Fig. 1a):

xX—Xx . _ _
- > if x SXSXO,
.XTO—X

g3 = I, if x) <x<xg,
+
X —X .
— ) if x(J)“SxSer.
+ +
X —)CO

If the range of the "basis" is considered to be the worst for the biosystem,
the normalization function g4 will be a mirror-symmetric of the function g; and
will be written as an "inverted truncated pyramid":

Xg — X . _ _

%, if x <x<xg,

.XTO—X

ga=1 0, if xj<x<xg,

+

X— X .

=0 if xg <x<x.

+ o+

X —.X'O

If the "basis" does not have a range of variation and is strictly fixed, then

Xy = Xg = X the functions g; and g, degenerate in the g5 ("pyramid") and g ("re-
verse pyramid") functions, consisting of two segments (Fig. 1b).

X—x . _
—, if x <x<x,
XO—X

X —x .
— if x0<xﬁx+.
+

X —XO

Xg— X . _
0—_, if x SXSXO,
XO—X

86 =
X—X .
0 if xo<x<xt.

+

X — X0

However, it is more reasonable to use nonlinear transformations to normalize
physiological parameters. Nonlinear functions do not have fracture points; they can
be formed in such a way that they do not reach the limit (anomalous) values, but
only aspire to them asymptotically; their description is more compact and aesthetic.
It is best to use exponential functions for nonlinear normalization.

For example, if the maximum "weight" (equal to 1) is given to the value of
"optimum", and the extreme values correspond to unsatisfactory estimates of the
biosystem state, and the further from the "optimum", the worse, then as the nor-
malizing one can use the symmetric unimodal function "bell" (Fig. 2a):

g7:exp(—a(x—x0)2).
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Fig. 2. Normalization with the help of the unimodal "bell" (a) and "semi bell" function
with asymptotic approximation for the maximum values (b)

The width of the "bell" is determined by the value of the parameter a: in
Fig. 2a, the parameter a in the function g is half the width of the function gg. The
value of the parameter a can be specified through the variability of the original
array, then the "bell" covers a certain number of standard deviations ( ©).

For example, for @ = 1/(26%) the function g, can be written in the form of a
Gaussian curve:

g7 = oxp(~(x— %)/ 20°).

If x is the best value for the biosystem, then the value of the normalizing equiva-
lent is 1, and its values with increasing x asymptotically tend to O ("the more, the
worse"), the normalization functions are logically chosen as a "semi bell" (Fig. 2 b):

go=exp(—a(x-x)%).

Examples of indicators for which this normalization can be used are the
availability of bilirubin and creatinine in the blood, the availability of protein,
sugar, leukocytes and erythrocytes in the urine, etc.

If, conversely, the minimum value of the original array corresponds to the exact
minimum value of the equivalent (g (x = 0) = 0), and the maximum value of x is
assigned to equivalent value close to 1 (the larger, the better), the normalization
function can be written in the form of an increasing S-shaped function (Fig 2 b):

go=l-exp(—a@x—x)?)

This normalizing function is acceptable for a lot of parameters: blood oxygen ten-
sion, visual keenness, intellectual development, minute breathing volume, vital capac-
ity of the lungs.

The third stage is the actual construction of the composite indicators. When
combining the characteristics in the CI, it is necessary to take into account their medi-
cal and biological meaning and clearly understand the goals and objectives of the
study. It is recommended to combine variables related to the same body system (i.e.,
cardiovascular, respiratory, etc.) or taking into account the specificity of the study (in
psychophysiological or psychological testing).

The generalization of the standardized equivalents can be carried out:

- additively as the arithmetic mean or as a weighted average with "weights"
wi (G1);
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- multiplicatively as a simple product or a product with corresponding
power "weights" that characterize their relative importance (the so-called "pro-
duction functions"); using the geometric mean, or the formula for calculating the
probability of independent events:

n n n
Gl:{szglJ/{ZWz]’G2:1_H(1_gz)
i=1 i=1

i=1

For multiplicative convolutions, it is necessary to ensure that the products do not
have 0 or close to 0 values. If these values cannot be eliminated at the normalization
stage, then it is necessary to apply preliminary averaging in these formulas.

To construct composite indices, the use of regression models is possible. In this
case, the direct use of the initial variables for CI not standardized (dimensionless)
equivalents is possible, which greatly simplifies CI construction and practical use.
With this approach, the choice of informative variables takes place automatically (as-
suming that the informativeness in this case is determined by the reliability of the coef-
ficients), the significance and action direction of the initial characteristics action is
determined by the B-coefficients of the model, the adequacy of the CI is easily calcu-
lated (i.e., by the Fisher criterion).

The only fundamental problem is the lack of the function empirical values,
which are required in regression analysis for constructing models. However, it
can be solved if the values of the CI calculated by one of the above methods or
expert estimates are used as the output function. At the same time, it is natural
that the list of variables included in the regression model should differ from the
set of characteristics by which the external function (CI) was calculated. If these
values are enclosed in the interval [0,1], then the range of the regression func-
tions will also be between "0" and "1".

After calculating the CI for any of the variants, it is possible to successively
combine the CI in a community of a higher level, taking into account the hierar-
chy of the organization of the biosystems. For example, it is possible to obtain
separate Cls for the state of various physiological systems (blood, cardiovascu-
lar, respiration, etc.) for specific characteristics, and then to combine them into a
general "super comprehensive" index of the physical state. Further, these as-
sessments, for example, physical, mental and social status, can be combined into
an even more general indicator of the individual health state.

With complex indicators, you can carry out any mathematical processing — statisti-
cal analysis, comparison, the identification of dependence on time and other factors, etc.

At the final, fourth stage, verification of the CI takes place, i.e. verification
of the correctness and adequacy of its obtaining. This check can be carried out
by experts using the selected assessment procedures. For a qualitative evaluation
of the result, the expert's opinion can be expressed in the categories "capable",
"corresponding", "effective" or vice versa. It is advisable to choose "contrasting"
examples for testing. In this case, the worst object, in the expert opinion, should
be expressed by the minimum value of the CI, the best object should be ex-
pressed by the maximum value. If some object is "ideal" by the expert's opinion,
then after evaluation it should receive the greatest value on condition of CI cor-
rect construction. Naturally, the importance of the expert evaluation increases if
there are several experts and/or they compare several Cls obtained by different
methods or with some other CI, already recognized.
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Mathematical verification of CI can be done by various methods, for example,
by calculating the correspondence of the CI to the entire spectrum of variables that
are included in its construction. To do this, you can use pair and multiple correlation
analysis, differentiation criteria, etc.

Naturally, if the result of verification is unsatisfactory, it requires the recalcula-
tion of the entire design of the CI.

The effectiveness of CI use increases significantly if it is given the practical
meaning, understandable to any user. For example, the range of CI possible changes
can be divided into several gradations, each of them will have a verbal (semantic)
assessment. The number of gradations can be determined arbitrarily. The division
into two gradations is acceptable for strict selection (as "suitable"/"unsuitable").
Three or four grades correspond to the traditional division into "bad", "satisfac-
tory", "good", "excellent". Gradation limits are either simply established, based
on the convenience of classification, or are calculated mathematically. In this
case, there can be a simple partitioning into equal intervals (i.e., the range from 0
to 1 as 0-0.33, 0.34-0.66, 0.67-1). Either there is partitioning by statistical meth-
ods based on empirical data: using sigma deviations (when there are three, four,
five ranges) or quartiles (when there are four ranges, each containing an equal
area of the CI normal distribution).

As aresult, the researcher gets a tool with which he can evaluate the significance
of a set of informative characteristics expressed by one number. This is the verbal
integral evaluation (IE).

Upon completion of the work on the CI and upon obtaining the 1O, their visuali-
zation and implementation of these results are necessary. Such block is similar to the
final stage in the performance of any scientific work.

COMPOSITE INDICES FOR RANK AND BINARY VARIABLES

For rank variables a technology developed for quantitative variables can be
implemented with the exception of options for calculating group parameters and
normal distribution parameters. More over, instead of the arithmetic mean for
rank variables, it is customary to use the median.

When forming the composite indicators for rank variables, it is easiest to
use the method of direct points evaluation. In this case, all significant character-
istics of the object are normalized in the same interval, as a rule, between "0"
and "1". At the same time, the highest value is assumed maximum "good", for
example "1", and "0" is regarded "bad". Next, we compare all the attributes by
their significance for the object’ integral evaluation and introduce points (meas-
ures, multipliers) of this significance (weights) for each of the attributes.

The total complex score of the whole object is obtained by adding up the points
relating to the particular characteristics. In this case, as in the case of quantitative vari-
ables, it is possible to normalize the final CI from "0" to "1" dividing it into the maxi-
mum possible value of the sum of points.

The option of binary variables is the simplest to calculate: the informative indi-
cators are highlighted, the criterion of assigning the indicator to the "necessary quality"
is formulated, as a result of which a list of "unidirectional" binary features is compiled,
and weights are assighed to these characteristics. If the research task is to classify an
object, the decisive rule for this classification is additionally established. Mostly, this
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rule consists of comparing the sum of points (weights) of characteristics taken into
consideration with the previously chosen limit.

CONSTRUCTION OF COMPOSITE INDICES
FOR QUALITY VARIABLES (MARKERS)

When obtaining a CI for qualitative variables, the main difficulty is in their transform-
ing into a quantitative scale (digitization). This is done with the help of expert evalua-
tion. If the characteristics are few (up to ten), the ranking of characteristics can be
used, followed by normalization of the sum of ranks, a direct score or pair comparison.

In the latter case, it is best to apply the hierarchies method of T. Saati, which is
well described in literature [24]. It should be noted that the expert, comparing » char-
acteristics, actually holds n(n - 1)/2 comparisons. If the number of characteristics is
estimated by the ten, then to facilitate the work of experts, it is recommended to use
the step-by-step calculation of the significance by the following algorithm.

Step 1. Partition of the array of analyzed characteristics according to seman-
tic contents into m groups, each of them contains #; characteristics.

Step 2. Determining the importance of the ith attribute in each jth group by
the kth expert (w;;) by the Saati method using matrix procedures (calculation of
vector eigenvalues (A ) and their normalization):

Step 3. Determining the significance of the signs, which (like the eigenvectors
values) depend on the dimension of the feature matrices in each group (7). The
more features, the less these values are obtained on average. To compensate for
this effect, it is recommended to use a correction coefficient with the appropriate
normalization:

Step 4. Comparing the significance of the feature groups by experts for the
constructed CI and calculating the normalized coefficients of the significance of
the groups:

4

ij
m
Y
ij
J=1

Step 5. Calculating the coherence of expert assessments. Since the expert evalua-
tion assumes the activity of a group of experts, it is necessary to evaluate the consis-
tency of their estimation, mostly with the help of correlation analysis. Since the values
obtained by the Saati method are quantitative, the correlation can be calculated by the
Pearson’ formula. If the assessments of some experts do not correlate with the opinion
of the rest of the group, these experts are mostly excluded from the group.

ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. 1 Bbra. Texi. 2018, Ne 3 (193) 37

ij



M. Yu. Antomonov

To assess the consistency of the results suggested by the kth expert when fill-
ing in the matrix of paired comparisons (the lack of "logical chains"), the index for
consistency (IC):

1C4 = Mmax — 1)/(n;— 1),

An expert evaluation is considered agreed if the IC <0.1.

Step 6. Assigning the classification ratings to experts. The skill levels of ex-
perts may be different. Therefore, it is advisable to assign to each of them a certain
standardized qualification coefficient e, based on the length of service in this sub-
ject area, academic degree and rank, position, etc.

Step 7. Calculating the total significance of each sign carried out by the formula:

W,-j = Wik V kg je-

Since normalization was performed at each stage of calculations and the
"weights" of experts and groups in the formula have already been taken into
account, therefore the sum of the significances of all characteristics is "1", and
they can be compared regardless of their belonging to the group.

Thus, the developed technology allows to design a complex indicators for data of
any kind of scales (relations, ranks, binary variables and markets). The technology has
been tested on a variety of medical, biological and environmental data sets.

CONCLUSIONS

The developed generalized information technology is oriented at supporting the solu-
tion of a wide range of problems of medical and ecological researches and integrates
various approaches to the processing and analysis of data of different types. Proposed
technology consists of four stages: the formation and initial analysis of an initial indi-
cators set, the calculation and normalization for obtainig unnamed equivalents, the
actual design of the composite indices, and their verification. The implementation of
this technology makes it possible to compare data of different unnamed, determine the
significance of specific characteristics in a general research totality, to evaluate the
integral state and to classify the research objects.

The use of the proposed modifications of information technology for constructing
composite indices based on data of different types: quantitative, rank, binary and quali-
tative variables, allows to avoid mistakes in the incorrect application of mathematical
methods for processing medical and environmental information.
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[HOOPMAIIMHA TEXHOJIOI'TSI KOHCTPYIOBAHHS
KOMIUIEKCHUX ITOKA3HUKIB JJIS PI3HUX TUIIIB JAHUX
B MEJIMKO-EKOJIOI'TYHUX JOCJIIKEHHAX

Bcmyn. Oonum 3 epexmuerux wnsaxie eupiulenHs npobiemu 00poOneHHs i aHanizy
senuyesHux 06cs2i8 IHopmayii MeOUUHUX Ma eKON02IUHUX OOCHIONCEHb € 3ACMOCY8AHHS
iHGhopMmayitiHux MexHON02il Ha OCHOBI MemOoi8 KOHCIMPYIOBAHHS KOMNOSUMHUX [HOEKCi8, o
003601UMb  GUKOHYSAMU  IHMeZPAlbHe OYIHIOBAHHA CMAHY eKONO2IYHUX, MeOUdHUx i
bionociunux cucmem.

Memoro cmammi € po3pobnenns  y3aeanvHenol  iHGopmayitinol  mexnoao2ii
KOHCIPYIO8AHHS KOMNIEKCHUX NOKA3HUKIG OISl PI3HUX TUNie OaHUX, AKi 6UKOPUCTHOBYIOMbCS
8 MEOUKO-EeKON02IUHUX OOCTIOINCEHHSX.

Pezynomamu. Meouxo-exonoeiuni 00cniodcents Maiomos 08d OCHOBHUX CKIAOHUKA:
auaniz cmany 300po8's M0OUHU i HABKOIUWHBLO20 cepedosuwa. Y pasi po36 si3anHs maxux
3a60anb HEOOXIOHO 30IlCHIOBAMU OYIHIOBAHHS MA aHANi3 cmany 6i000'ckmy 3a OaHuMU
PI3HUX MUnie. KiNbKICHUMU, PAH208UMU, OIHaApHUMU T AKICHUMU 3MIHHUMU. Pospobneny y3a-
2AbHEHY THOPMAYITIHY MEXHON02II0 OPIEHMOBAHO HA NIOMPUMKY PO36 SI3AHHS UUPOKO20
KONA 3A680aHb MeOUKO-eKONOSIYHUX OO0CHIONCEeHb, MOMY Y MeXHON02is iHmeepye pisHi
nioxoou 00 06pobrenns i ananizy Oawmux pizHo2o muny. Buxowamnms uomupvox emanie
3aNpPONOHOBAHOI MEXHON0RIT (a came QOpMYBaHH MA NEPBUHHULL AHANIZ KOMNLEKCY BUXIOHUX
NOKA3HUKIB, PO3PAXYHOK MA HOPMYEAHHS Oe3DO3MIPHUX eK8I8aeHmis, KOHCIMPYIOBAHHS KOM-
NJIeKCHUX NOKA3HUKIG 1 iX eepuixayis) 0036018€ NPoOBOOUMU NOPIGHAHHA OAHUX DI3HOL
PO3MIDHOCMI,  BUSHAYAMU  3HAYYWICMb  KOHKDEMHUX XAPAKMEpUCUK 6  3d2ailbHill
OQ0CTIOHUYBKILL CYKYNHOCMI, OYIHIO8AMU [HMe2PalbHUll cmaH i 30ilichiosamu Kiacu@ixayio
06'exmie 0ocniodicenns..

Bucnosku. 3anpononosana inghopmayitina mexnonozis KOHCMPYIO8AHHA KOMNIEKCHUX
NOKA3HUKIE 34 OQHUMU DIZHUX MUNIG: KUIbKICHUMU, DPAH2OGUMYU, OIHAPHUMU [ SKICHUMU
SMIHHUMU, € epeKmuUeHUM THCMPYMEeHmom OJisi NOPIGHAIbHO20 AHANIZY cmaHy 6iood'ckmis
pi3Hoi  npupoou, il euKopucmauHs  00360JA€  VHUKHYMU NOMUIOK  HEKOPEeKMHO20
3ACMOCYBAHHS MAMEMAMUYHUX Memo0ie 00pOOIeHHs MeOUKO-eKOI02iUHOI iHGhopmayii.

Kniouosi cnosa: ingopmayiiina mexnonozis, KOMno3umHi noKasHuKu, oopooaenHs MeOuyHux
i eKON0TUHUX KINbKICHUX, PAH208UX, OIHAPHUX | AKICHUX 3MIHHUX.
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NHOOPMAIIMOHHAA TEXHOJIOT A KOHCTPYNPOBAHMA
KOMIUIEKCHBIX ITOKA3ATEJIEN UL PA3HBIX TUIIOB JJAHHBIX
B MEJIMKO-3KOJIOTUYECKUX NCCIIEJJOBAHUAX

Oonum u3 3¢ppexmusHvix nymetl peuteHusi npoodIemMsbl 00PabOMKU U aHaiuza 6oaLUWUX 00ve-
MO8 uHgopmayuu MeOUYUHCKUX U IKOLOSUHECKUX UCCIeO08AHULL S6IAeMCs NpUMeHeHUe
UHDOPMAYUOHHBIX TMEXHONO02ULl HA OCHOBE MeMOO08 KOHCIMPYUPOBAHUA KOMNOIUMHBIX UH-
0eKCcos, uUmo NO360JseMm BLINOTHAMb UHMEZPATLHYIO OYEHKY COCMOSHUS IKONOSUUECKUX,
MEOUYUHCKUX U OUOTIOSUYECKUX CUCTHEM.

Llenvio cmamvu sgasiemes paspadbomka 0600WeHHOU UHDOPMAYUOHHOU MEXHOIOSUU
KOHCIPYUPOBAHUSL KOMNJIEKCHBIX nokaszamenel Ol pasiuidHblX munoe OaHHbIX, UCHONb3Ye-
MBIX 8 MEOUKO-IKONOSUHECKUX UCCLeO0BAHUSIX.

Meouxo-sxonoeuneckue uccne0o8anus umelom 06a OCHOGHLIX KOMNOHEHMA. AHANU3 CO-
CMOosIHUSL 300P06bsL YUeN08eKa U OKpyJicaroujel cpedvl. B cryuae pewenus makux 3a0a4 neoo-
X0OUMO OCYWEeCMEIsAMb OYSHKY U aHanu3 OUu006beKma no OaHHLIM PA3TUYHBIX MUNOS, M.e.
KOUYECMBEHHbIMU, PAHCOBLIMU, OUHAPHBIMU U KAYeCTNEHHbIMU nepemenuvimu. Paspabdo-
mannas 0600WeHHAs UHDOPMAYUOHHASL MEXHOIO2USI OPUSHIMUPOBAHA HA NOOOEPICKY peuie-
HUll WUPOKO20 Kpy2a 3a0ai MeOUKo-IKOI0SUYECKUX UCCIeO08AHUM, NOIMOMY OHA UHMeZPU-
pyem paziuyHvle NOOX00bl K 00pabomke u aHaauzy OAHHGIX pazno2o muna. Beinoanenue
uemulpex ImManog npednazaemoll MmexHoIocul (a UMeHHoO gopmuposanue u nepeutHvlll ana-
U3 KOMNIEKCA UCXOOHBIX NOKA3amenel, pacyem u HOpMuposamue 0e3pasmepHvix IKEUGd-
JIeHMO8, KOHCMPYUPOBAHUe KOMNIEKCHbIX noKasamenel u ux eepuguxayus) no3eoniem npo-
600UMb CpPAGHEHUE OAHHBIX PA3NUYHOU PAZMEPHOCU, ONPedelamb 3HAYUMOCHb KOHKDem-
HbIX Xapakmepucmux 6 obujell uccie008amenscKkol COBOKYNHOCMU, OYeHUBAMb UHINEeSPalb-
HOe COCMOsIHUE U OCYIeCBNAMb KIACCUDUKAYUIO 00bEKMO8 UCCTIe008ANUSL.

IIpeonooicennas un@PopmayuoHHas MexHoI02Usl KOHCIPYUPOBAHUS KOMNIEKCHBIX NOKA-
3ameineti N0 OAHHBIM PA3IUYHBIX THUNOG. KOAUYECNEEHHbIM, DAH2OBbIM, OUHAPHBIM U KaYecm -
BCHHBIM NEePEMEHHbIM, AGNACNCA IPDEKMUSHBIM UHCTNPYMEHTNOM O CPAGHUMENbHO20 AHA-
U3 COCMOsHUA OUO0OBEKMO8 PA3IUYHOU NPUPOObL, ee UCHONb306aHue NO360s1em u3be-
arcams OUUOOK HEKOPPEKMHO20 NPUMEHEHUS MAMeMAmuYeckux Memooos 0opabomxu meou-
KO-9KONI02U4ecKol uHghopmayuu.

Knrousvie cnosa: qubopmauuonnaﬂ mexHoI02us, KOMRNO3ummnsvle nokasameiu, o6pa6omka
Met)ul/;MHCKI/LX U IKOJI02UHUECKUX KOJIUUYEeCMEBEHHblX, PAH206blX, 6uHaprlX U KavecmeeHHblX
NEePeMeHnHbLX.
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