ISSN 2522-9818 (print)

Cyuacnuti cmamn HayKo8ux 00CAIONCeHb ma mexnoao2it 6 npomuciosocmi. 2017. Ne 2 (2)

UDC 616.12:519.23:004

S. YAKUBOVSKA, O.VYSOTSKA, V. TIMOFEEV

MATHEMATICAL SUPPORT OF THE INTELLIGENT INFORMATION SYSTEM OF
ASSESSING THE OBJECT STATE

At present, information technologies (IT) are intensively used all over the world in various sectors, and today medical institutions
cannot do without them when organizing the process of medical diagnostic. The IT efficiency is determined by the degree of their
intellectualization that is by including knowledge bases as their component and by the transition from data processing to the
processing of knowledge. The efficiency of making decisions in various areas of activity is determined by the quality and quick
delivery of information. Medicine constitutes no exception in this sense. The advanced level of computer technology, applied tools,
diagnostics on the basis of automated systems of decision support made it possible to solve the tasks of assessing the state of the
object at a qualitatively new level. The subject matter of this study is to ensure the mathematical support of the intelligent information
system (IS) of assessing the state of the object. The object is understood as a patient who came through a myocardial infarction (Ml).
The goal of the study is to develop mathematical support of the intelligent IS of assessing and predicting a patient’s condition. To
achieve the stated goal, the following tasks were solved: statistically valid and uncorrelated signs were specified; these signs enable
distinguishing the group of patients who survived from those who died, “decisive rules” were formulated for predicting the MI
clinical outcome. In the process of the study, the mathematical IT of assessing the state of the object was developed. The following
result was obtained: the suggested mathematical models for predicting the outcome of myocardial infarction that were developed with
the use of the method of discriminant function and took into account human blood values can prevent sudden coronary death and
improve the diagnostic efficiency. Conclusions. Mathematical models were developed to predict the state of the object in the event of
uncertainty. The use of the developed mathematical models enables improving the accuracy of predicting the state of the object in a
real-time environment and in the early stages of the disease development by 4.2% and 10%, and applying adequate preventive and
therapeutic and rehabilitation measures in time as well as preventing sudden coronary death. The developed mathematical models

were tested.
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Introduction

At present, IT is intensively used around the world
in various sectors, and today medical institutions cannot
do without them when organizing the process of
diagnostic and treatment. The IT efficiency is determined
by the degree of their intellectualization, that is by
including knowledge bases as their component and by the
transition from data processing to the processing of
knowledge.

The effectiveness of decision-making in various
areas of activity is determined by the quality and speed of
the information received. Medicine in this sense is no
exception. The increased level of computer technology,
the tools used, the construction of diagnostic systems on
the basis of automated decision support systems made it
possible to solve problems of determining the state of the
object at a qualitatively new level.

The efficiency of making decisions in various areas
of activity is determined by the quality and quick delivery
of information. Medicine constitutes no exception in this
sense. The advanced level of computer technology,
applied tools, diagnostics on the basis of automated
systems of decision support made it possible to solve the
tasks of assessing the state of the object at a qualitatively
new level.

Since the decisions making process is weakly
formalized, the development of intelligent information
systems is of vital importance and the experience of
specialists on the basis of expert assessment should be
used which will enable building a distributed information
system (IS) that allow a great number of people who often
do not have enough experience to perform diagnosis.

The need to solve the problem in real time and the
limitations associated with a rapid change in a patient’s
condition, insufficient medical qualification and lack of

reliable information regarding the values of the monitored

state parameters characterize the process under
investigation.
Thus, the task of developing an information

intellectual system for diagnosing a patient’s condition
with myocardial infarction (MI) functioning in real time is
very important.

Analysis of literary sources and problem setting

At present, in connection with the society
information support, the problem of developing object-
oriented 1S becomes particularly urgent [1-4]. Modern IS
have such properties as adaptability, complexity,
divisibility, integrability, and the degree of structure. Any
IT is designed to collecting, storing, and processing
information, and the use of data bases, knowledge bases,
data base management systems (DBMS) and knowledge
base management systems, mathematical models and the
methods of prediction and so on should be used for its
operation [5-7].

Medicine and medical diagnostics are the subject
areas of IT application [8—14].

Among the developments in this field, the IS of
dynamic monitoring for diagnosing cardiovascular
diseases called “CardioVita” is known [15], this system
allows a physician to choose different types of analysis
(statistical, correlation, dispersion, regression)
independently, depending on their purposes and tasks.
Also, the system for diagnosing the cardiovascular system
of a patient was developed using the Ml as the example,
this system is based on the mathematical apparatus of
fuzzy logic [16]. The diagnosis is made with the help of
the production model of knowledge representation, which
enables reducing the time to find a disease. The
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disadvantage of these systems is the inability to determine
the development of post-infarction syndrome in patients
with MI.

According to the main classification of methods for
forecasting systems and processes, suggested by T.A.
Dubrovaya, three main classes are distinguished: expert,
deterministic and stochastic methods [17]. The expert
methods involve the multistage survey of experts
according to special questionnaires and the processing of
the results obtained. The disadvantages of these methods
are the complexity of the organization of the expert
evaluation, the impact of official relationships; besides,
there may be the ambiguity and insufficient validity of
individual decisions. Deterministic methods presuppose
the existence of functional or rigidly deterministic
connections when a completely certain non-random value
of the effective attribute corresponds to each value of the
factor attribute. These methods involve establishing a
strictly defined functional relationship among the indices.

Since medical problems are usually related to
semistructured or unstructured tasks, labour-intensive
probabilistic-statistical methods or heuristic procedures,
that is fuzzy sets, neural networks, expert methods, and so
on prevail among the methods used in solving medical
problems.

At present, probabilistic methods based on the
Bayesian approach are widely used for solving diagnostic
and prognostic problems in medicine. These methods are
also successfully used to identify a number of cardiac
diseases. However, this group of methods is sensitive to
the form of the presentation of diagnostic information, and
the use of the strategy of diagnosing on the basis of this
approach does not enable preventing a sudden coronary
death and determining the critical period after the old
myocardial infarction, which reduces the quality of further
therapeutic and preventive activities. The sequential Wald
analysis is hyposensitive to the form of representation of
signs. It is close to probabilistic methods on a
mathematical basis and represents a consistent procedure
of examination, where the chosen level of probability of a
diagnosis or a prediction is achieved according to the
results of the evaluation of qualitative and quantitative
indicators. The disadvantage of this type of analysis is the
inability to determine the further development of the
disease.

The logical-and-probabilistic algorithm is also
widely used in MI prediction systems which uses the
value of the conditional probability of the manifestation of
signs (clinical instrumental or clinical laboratory) that are
typical for a disease and its a priori probability, which
ensures the recognition of diseases according to matrix
tables that contain a set of diagnoses or clinical outcomes.
The disadvantage of this algorithm lies in the fact that
only stochastic information is taken into consideration and
that there is no possibility to determine the outcome of the
disease by the available actual quantitative and qualitative
indicators, which reduces the accuracy of predicting the
outcome of the myocardial infarction.

There are the methods for predicting MI that take
into account the process position and the degree of the
lesion on the basis of the operation of multilayer fully
connected neural network with the forward signal

propagation and nonlinear activation functions. The
instability during the operation with data obtained from
different regions and the sensibility to the form of their
representation can be considered as their disadvantages.

A number of ideas show the practicability of using
probabilistic statistical methods in medical research: in
most cases medical data are not accurate, therefore they
can be considered as random variables that are subject to
certain distribution laws; the patient’s condition is affected
by a large number of factors that have a random character;
the prognosis of the patient’s condition can only be
probabilistic.

The human body is an open system affected by
various external factors and the processes that occur in the
body are partly probabilistic in nature and the change in
the body’s homeostasis is also of a probabilistic nature.
The adequate description of such processes is achieved
through the use of statistical methods that are based on
accumulated information on the investigated indicators
and give a probabilistic estimate of the prediction of their
change.

There are many situations in which it would be
highly desirable to determine the probability of a result
depending on the set of variables being measured, in
particular, in predicting the fatal outcome of the
myocardial infarction.

Two common features are typical for similar cases:
first, for many subjects, there is information about their
belonging to a particular group; secondly, each subject
may have additional information to create a model for
predicting the subject’s belonging to a particular group.

The indicators obtained as a result of expensive and
long-term immunological studies are used as the factors
determining the possibility of predicting the outcome, as
well as functional studies such as coronary angiography.
However, these methods do not enable predicting the
outcome in the shortest possible time and making a timely
decision on the course of treatment [19]. Therefore, one of
the statistical methods for determining the belonging of
the investigated object to two or more disjoint groups has
recently become the discriminant analysis, on the basis of
which the clinical outcome of a process can be predicted.

The discriminant analysis is similar to the cluster
analysis. However, in the cluster analysis objects are
classified on the basis of their differences without any
preliminary estimation of the number and composition of
classes, which further reduces the accuracy of predicting
the belonging of an object to a particular group [18].

Like most statistical methods, the discriminant
analysis is based on the formulation of a regression
equation that is derived on the basis of the objects whose
group membership is known, which enables selecting the
coefficients of regressors in the most accurate way. After
the regression equation has been derived, it can be used to
predict the behaviour of objects.

The goal and objectives of the research

The goal of the study is to develop the mathematical
support of the IS of the assessment of the object’s state,
which enables predicting the threat of fatal outcome by
blood tests as soon as possible, which is especially
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important in the acute and the acutest periods of the
disease.

To achieve this goal, the following tasks should be
solved:

- to identify statistically significant and uncorrelated
characteristics that distinguish the patients who survived
from those who died;

- to formulate “decisive rules” for predicting the MI
outcome.

The development of mathematical support of
predicting a patient’s status

To develop the mathematical support of the IS of
predicting the object’ state, the following task was
considered.

Let the attribute space X = x; is set, its elements

are the vectors of the states of individual patients with the
anterior or posterior MI, where i is the patient’s serial
number i=1.n. The vector X = X; that describes the

state of each patient consist of n elements that contain the
values of clinical anamnestic and laboratory signs of this

patient, where j is the serial number of the sign, j=1..m.
Each patient belongs to one of two subsets of the set
Y= vy,.,Y, . The subset y, comprises the patients who

came through the MI. The subset y, comprises the

patients who died of the MI. Then, to determine the
probability of the affiliation of the ith patient to one subset
of the set k Y the pattern of the function should be
determined: y; = f(x;); X ey, if By >F;, xey, if
F5i > Fy.

To develop the mathematical support of the IS, a set
of formal decisive rules should be determined, which
enables predicting the clinical outcome for a patient with
the anterior or posterior MI who has random values x
from X.

The data of 649 patients were analyzed to build
mathematical models for predicting the clinical outcome
of the patients with the anterior or posterior MI.

Determining the indicators predicted as
significant. As a result of calculations using the
discriminant function method, 23 informative signs

characterizing the patient’s condition were identified from
34 investigated indicators. The objects can be divided into
the selected groups according to the values of the
discriminant function with the appropriate accuracy. For
this, the canonical coefficients b, and b, of

discriminant functions are determined according to the

formulas
by =Vik/N—9 @

by = —Z By X; (3)

where n is the general number of observations in all groups
(the patients with the fatal outcome and the patients who
came through the anterior or posterior Ml);

g is a number of groups (2 groups of patients with
the posterior Ml /2 groups of patients with the anterior
MI);

X; is the mean variable value i in all classes
(general mean);

v; is the latent vector of the discriminant function.

Usually, in similar cases, the linear regression
models are used as computationally simplest ones. To
assess the model coefficients, the least square method
(LSM) was used, and the computational procedure is as
follows:

A=(XTX)xTy (4

However, according to the specificity of the
controlled process, LSM prerequisites are often violated,
which leads to the multicollinearity. In this case, the task
has the degenerate solution. To cope with this factor, the
regularized procedure was used:

A=(XTX —al)*XTy, (5)

where | is the unit matrix,

o is the parameter of regularization (predetermined
number).

Using the above model enabled obtaining the
following relationships that determine the outcome of the
disease in patients with the posterior myocardial
infarction:

F1=-158.421-3.399* X1+10.549* X2 +2.17* X3+4.145* X4 -0.991* X5+1.383* X6 +
+1.742* X7 +1.261* X8+1.474* X9+0.688* X10 +1.053* X11+0.264* X12+0352* X13+ (6)
+0.967* X14 +0.04126* X15+0.02703* X16

F2=-151.647-3.143* X1+13.656* X2 +5.822* X3+5.372* X4 -0.387* X5+1.163* X6 +
+2.015* X7+0.97* X8+1.47* X9+0.726* X10+0.802* X11+0.183* X12+0.666* X13+  (7)
+0.852* X14-0.0839* X15+0.01247* X16

where X; — X, are informative coefficients that affect the prediction.

Consequently, determining the clinical outcome in
the patients with the anterior MI is described with the
following discriminant functions:

+3,532% X, +0.04% X +4,998% X, + ®)
40,554+« X, —23,144
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F, = 4,891 X, +1,36% X, +0,013% X; +
+3,843% X, —0,0327 % X5 +0, 747 * X¢ + 9
+1,282* X, — 27,860

where X, — X, are informative variables that affect the

prediction.

To confirm the statistical value of the obtained
discriminant functions of assessing the state of a patient
with the anterior or posterior MI, Wilkes A- statistic is
used, which is calculated according to the following
formula:

9 1
A =1 ; (10)
I icks1 1t A

where k is a number of calculated functions.

Wilkes A-statistic is the measure of differences
among the classes according to several variables
(discriminant variables). The nearer A is to 0, the better is
the difference among the classes, and the nearer A is to 1,
the worse is the difference (the classes coincide). For the
patients with the posterior myocardial infarction 2=0,021,
for the patients with the anterior myocardial infarction
2=0,406.

To determine the separative power and significance
of the discriminant function, the coefficients of canonical
correlation are determined according to the formula:

Ao
= ,
1+

where i is the number of the corresponding discriminant
function; 4; is the latent root.

The procedure for assessing the state of the object
involves predicting: the obtained values of the variables
F1 and F2 are compared and if F1> F2 with the accuracy
of 91.5% it can be interpreted that the patient with the
posterior IM will come through the disease, and if F2> F1
— the patient will die. If F3> F4 with the accuracy of
92.3%, it can be interpreted that a patient with the anterior
IM will come through the disease, and is F4> F3 — the
patient will die.

(11)

Discussing the results of the mathematical
support of the information system of assessing the
object’s state

The estimation of the quality of the developed
regression models (6-9) for the information system of
assessing the object’s state is presented in table 1.

Table 1. Assessing the results of modelling (the adequacy and the quality of the models for predicting the clinical outcome of the

patients with posterior and anterior MI)

o The coefficient of the . 2 o
MI localization canonical correlation, T Wilkes A x Significance, p
Anterior myocardial infraction (N = 229) 0,871 0,406 105,405 0,0013
Posterior myocardial infraction (N = 193) 0,990 0,021 13,762 0,0001

The more the value r;, the better separating power
of the discriminant function. For the patients with the
posterior M1 r, =0,990 ; for the patients with the anterior
MI r, =0,871.

The results of checking the models for predicting the
clinical outcome of anterior and posterior myocardial

infractions are given in Tables 2, 3 (nl is a number of
patients in groups MamMEeHTOB B TpymHmax ‘‘prototype
model”, “training set” u “test set” that are classified as
true; n2 — is a number of patients that are classified as
false (according to the group).

Table 2. Assessing the accuracy of determining the clinical outcome of patients with the anterior Ml

A number of patients with the anterior M1 (N=382)
Study group The developed model (N=382)
The prototype model (N=382) Training set (N=229) Test set (N=153)
Group 1 (fatal case) nl n2 nl n2 nl n2
179 25 115 9 81 6
Group 2 (non-fatal case) 24 153 13 92 7 59
The model accuracy 0,872 0,903 0,915

Table 3. Assessing the accuracy of determining the clinical outcome of patients with the posterior Ml

A number of patients with the posterior M1 (N=258)

Study group _ The developed model (N=258)
The prototype model (N=258) Training set (N=193) Test set (N=65)
Group 1 (fatal case) nl n2 nl n2 nl n2
160 29 107 10 39 3
Group 2 (non-fatal case) 17 52 7 69 2 21
The model accuracy 0,822 0,912 0,923
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To check the validity of the developed mathematical
models 382 patients with the anterior M1 were examined
and 258 people who came through the posterior M.

Practical realization of the development results

Example 1.

F1=-158.421-3.399*0.5+10.549*5.08+ 2.17*0.38+ 4.145*2-0.991*11.2+1.383*18+ 1.742* 4.5+
+1.261*2+1.474*78+ 0.688*5+ 1.053*6.84+ 0.264*135+0.352*6+ 0.967* 73+ 0.04126*150+

+0.02703*11.11=132

F2=-151.647-3.143*0.5+13.656*5.08 +5.822*0.38 +5.372*2-0.387*11.2 +1.163*18 + 2.015* 4.5 +
+0.97*2+1.47*78+0.726*5+0.802*6.84 +0.183*1.35 + 0.666 *6 + 0.852* 73 - 0.0839*150 +

+0.01247*11.11=134
The analysis of the results showed the increase F2
over F1, which enabled predicting the given patient’s fatal
outcome. The obtained result is verified practically.

Example 2.

F1=-158.421-3.399*0.13+10.549*4.06 +2.17*0.38 +4.145*3-0.991*8.4 +1.383*16 +
+1.742*6.8+1.261*2+1.474*82+0.688*5+1.053*3.42 +0.264*1.15+0.352*4 +
+0.967*78+0.04126*123 +0.02703*6.84 = 136;

F2=-151.647-3.143*0.13+13.656*4.06 +5.822*0.38 +5.372*3-0.387*8.4 +
+1.163*16 +2.015*6.8+0.97*2+1.47*82+0.726*5+0.802*3.42+0.183*1.15+
+0.666*4 +0.852*78—-0.0839*123+0.01247*6.84 =138.

The analysis of the results showed the increase F2
over F1, which enabled predicting the given patient’s fatal
outcome.

Example 3.

F3=-158.421-3.399*0.25+10.549*4.84 +2.17*0.38 +4.145*1-0.991*6 +
+1.383*18+1.742*3.9+1.261*4 +1.474*85+0.688*20 +1.053*6.84 + ;
+0.264*1.35+0.352*4 +0.967*73+0.04126*148 + 0.02703*8.55 =152

F4=-151.647-3.143*0.25+13.656*4.84 +5.822*0.38 +5.372*1-0.387*6 +
+1.163*18+2.015*3.9+0.97*4 +1.47*85+0.726*20 +0.802*6.84 +
+0.183*1.35+0.666*4 +0.852* 73 -0.0839*148 +0.01247 *8.55 =149

The analysis of the results showed the increase F1
over F2, which enabled predicting the given patient’s
favourable outcome.

During the research, the authors proposed The
mathematical support for the information system of
making decisions regarding the patient’s state was
suggested in the context of the research. Mathematical

models are developed taking into account the prediction of
the object’s state under the conditions of uncertainty.

The use of the developed mathematical models
enables increasing the accuracy of predicting the patient’s
state in real time and at the early stages of the disease
development by 4.2% for patients with anterior M1 and by
10% for patients with posterior M1 and applying adequate

preventive and therapeutic-rehabilitation measures timely.
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MATEMATHUYHE 3ABE3NEYEHHA IHTEJEKTYAJBHOI IHOOPMAIIHOT
CUCTEMMU OLHIHIOBAHHA CTAHY OB'€EKTA

B manwit gac indopmaniiini texaosnorii (IT) iHTeHCHBHO 3aCTOCOBYIOTH Y BCHOMY CBIiTI B Pi3HHX Taly3sX, 1 BK€ CHOTO/IHI B MEJHIHNX
yCTaHOBaX IPAKTHYHO HEMOXJIHMBO OOIWTHCS 0e3 IX BHKOPHCTAHHS IIPU OpTraHizamii JiKyBaJIbHO-JIarHOCTHYHOTO IIPOIECY.
Edexrusuicts IT BH3HAa4YaeThCsl CTyNmeHEM IX IHTENEKTYyali3amii, TOOTO BKIIOYEHHSM OO iX ckiamy 0a3 3HaHb, MEPEXOJOM Bif
00poOKH maHuX 10 00poOkM 3HaHb. EQEKTHBHICTH NMPUHHATTS pilleHb B PI3HUX 0ONACTSAX ISUIBHOCTI BH3HAYAETHCS SIKICTIO 1
ONEPATUBHICTIO OJIEPXKYBaHOI iHpopMariii. MeauIrHa B IIbOMY CEHCI HE € BUHATKOM. 30UIbIICHUI PiBEHb 00YHMCIIIOBAIBHOT TEXHIKH,
[0 3aCTOCOBYETHCS IHCTPYMEHTApil0, JIarHOCTHKM Ha 0a3l aBTOMATH30BAaHUX CHUCTEM IIATPMMKH HPHHHATTS PillicHb JT03BOJIUB
BHUPIIIYBaTH 3aBJaHHS BU3HAUCHHs CTaHy 00'€eKTa Ha SKICHO HOBoMy piBHI. IlpeameTroM 1aHOrO AOCTIIKCHHS € MaTeMaTHUYHE
3a0e3nevyeHHs iHTeNnekTyanpHol iHpopmaniinoi cuctemu (IC) oniHtoBaHHs cTany o0'exTa. [1in 06'ekToM OyeMo po3yMiTH Talli€HTa,
SIKHA Tiepenic iHpapkT miokapaa (IM). MeTorw nOCHiKEHHS € po3poOka MaTeMaTHYHOTO 3a0e3ledeHHs iHTeNnekTyarbHoi [C
OLIIHIOBAHHSI Ta IPOTHO3YBAHHS CTaHY ManieHTa. /{11 TOCSATHEHHS MOCTaBICHOI MeTH OyiM BUPIIICHI HACTYIHI 3aBJaHHS: BUSIBICHO
CTaTHCTHYHO JOCTOBIPHI O3HAKH, II0 HE KOPETIOIOTh MK cO0O0I0, SIKi JO3BOJISIOTH BIPI3HUTH IPYIy THX, IO BIDKHIIN HAI[IEHTIB Bif
moMepiux, MmoOynoBaHi "BUpimainbHi mpaBwia" JUIs NPOTHO3YBaHHsA pe3ynbrary IM.Y mporeci IOCHiKEHHS po3poOJIeHO
marematnuHe IC omiHroBaHHs craHy o0'ekra. Pesyawrtar. IlponoHoBaHi MareMaTW4HI MOJET HMPOTHO3YBaHHS pe3ynbTary IM,
pO3po0IIEH] 3 BAUKOPUCTAHHSAM METOY AMCKPUMIHAHTHUX (BYHKIIH Ta 00JIKOM MOKAa3HHUKIB KPOBI JFOJAMHH, H03BOJISIIOTH IONEPEIUTH
panToBy KOPOHApHY CMEpTh 1 MiJABHIIMTH €(EKTUBHICTh JiarHOCTUKK. BucHOBKH. Po3poOieHo MaTemaTWyHi MoOZeml s
MPOTHO3YBaHHsI cTaHy 00'€KTa MPHU HASIBHOCTI HEBU3HAYCHOCTI. BUKOpHCTAHHS pO3pOOJCHUX MaTeMaTHUYHUX MOJIENIEH JT03BOJIMIIO B
peanbHOMY 4Yaci MiJBHIIUTH TOYHICTH MPOTHO3YBAHHS CTaHy 00'€KTa Ha paHHIX CTAamisIX PO3BUTKY 3axXBOpioBaHHS Ha 4,2% 1 10%, a
TaKOX, CBOEYACHO 3aCTOCYBATH aJIeKBaTHI NPO(QUIAKTHYHI Ta JiKyBaJbHO-pealbuIiTaIiiHI 3aX0/1, MONEPEIUTH PANTOBY KOPOHAPHY
cmepTh. byna npoBezena anpoobartis po3po0IeHHX MaTeMaTHIHUX MOZEIICH.
KonrouoBi ci1oBa: MaTeMaTnuHe 3a0e3medeHHs, iHpopMalliitHa cucTeMa, iHpapKT Miokap/a, MOJENb IPOTHO3YBAaHHS.

MATEMATHUYECKOE OBECHHEYEHHE UHTEJUIEKTYAJBHOM
NHO®OPMAIIMOHHOU CUCTEMbI OLIEHKHU COCTOAHUSA OFBEKTA

B Hacrosiee Bpemst uabopmarmonusie Texnogorun (MT) HHTEHCHMBHO TPHMEHSIOT BO BCEM MHPE B Pa3IMYHBIX OTPACIAX, U YiKe
CEerOHSI B MEIUIUHCKUX YUPSKJCHUSIX MPAKTUYECKH HEBO3MOXKHO OOOWTHCH 0e3 MX HCIOJB30BAHUS MPU OPraHU3aliu Je4eOHO-
JMarHOCTUYEeCcKOTro mporecca. DhdexruBHOCTs UT onpeesnsiercs CTeNeHbI0 UX WHTEIUICKTYalH3al[iH, T.¢. BKIIOYEHHEM B UX COCTaB
0a3 3HaHWIA, TepexX0a0M OT 00pabOTKH HaHHBIX K 00paboTke 3HaHWUH. DPPEKTUBHOCTD MPUHSITHS PEIICHUH B PA3MHYHBIX 00IACTAX
JeATETBHOCTU OIIPEACISSTCS] Ka4eCTBOM M OIEPAaTHBHOCTBIO MONTydaeMoi MH(popManuyu. MequIiHa B 5TOM CMBICJIE HE SBISETCS
HCKIIOYeHHEeM. Bospocmmii ypoBeHb BBIMHCIUTENBPHOH TEXHHKH, HPUMEHSIEMOTO WHCTPYMEHTapHs, JMAarHOCTHKH Ha 0ase
aBTOMATH3UPOBAHHBIX CHUCTEM IOJICPKKM MPUHATHS PELUICeHHH MO3BOJIMII PElIaTh 3aJadd OIpeNesieHHs COCTOSHHs O00BeKTa Ha
KaueCTBEHHO HOBOM YypoBHe. IIpeamMeToM JaHHOrO MCCIEHOBAHUS SIBISIETCS MaTeMaTHYecKoe OOECIeUeHHe HHTEIUICKTYalbHON
uHpopmarmontoit cucrembl (MC) oreHunBanus coctosiusi oobekta. [log 00bekTOM OyJaeM MOHMMAThH IMAlMEHTa, TEePEHECIIero
uHpapkT muokapaa (MM). Lleablo uccrienoBanust sBsSeTcs pa3paboTKa MaTeMaTHUeCKOTo oOecreueHusi MHTeUIeKTyanbHon WC
OIIEHUBAHUSI U POTHO3MPOBAHUS COCTOSHHUS MaruenTa. JJisi JOCTIKSHUsI TIOCTABICHHOM 1[en OBUTH PEIICHBI CIEAYIONIHe 3a1au:
BBISIBJICHBI CTATHCTUYECKH JIOCTOBEPHBIE M HEKOPPEIUPYIONIHEe MEeXKIy CO00il MpPU3HAKH, MO3BOJIAIONINEG OTIHYUTH TPYIITY
BBDKHBIIUX IAI[MEHTOB OT YMEpIINX, IMOCTPOeHbl "pemaromue mnpaBuia" Juisl nporHosumpoBanmst ucxoma MM. B mporecce
uccienoBanus paspaborano maremarmuyeckoe MC onenuBanust coctosiHusi oObekTa. Pesyabrat. [pemnaraeMble mMatemMaTH4ecKHe
MOJIeM MPOTHO3MpoBaHus ucxoga MM, paspaboTaHHbIE ¢ HCIIOJIB30BAaHMEM MeETOJA JAMCKPHUMHHAHTHBIX (QYHKIMH U yd4eToM
roKasaresiell KpPOBH UeNIOBEKa, IO3BOJLSIIOT MPEAYNPEeIUTh BHE3AMHYI0 KOPOHApHYIO CMEpPTh M MOBBICHTH 3()(EKTUBHOCTH
JMAarHOCTUKH. BBIBOABI. Pa3zpaboTaHsl MaTeMaTHYeCKHe MOJEIH JUIS IPOTHO3HPOBAHUS COCTOSIHUSL OOBEKTa IPU HATHIUH
HEOTIpeeIeHHOCTH. VICIoNb30BaHne pa3padOTaHHBIX MaTeMATHYECKHX MOJENeHl MO3BOJMIO B PEATLHOM BPEMEHH MOBBICHTH
TOYHOCTH ITPOTHO3MPOBAHHS COCTOSTHHS 00BEKTa HA PAHHUX CTaJUAX pa3BuUTHs 3a0omeBanus Ha 4,2% n 10%, a Taxke, CBOEBPEMEHHO
MIPUMEHHTH aJIeKBaTHBIC TPOPHIAKTHISCKUE U JIeIeOHO-PeabrINTAMOHHBIC MEPOTIPUSATHS, TIPEAYIPEAUTD BHE3AMHYIO KOPOHAPHYIO
cMepTh. bbina mpoBeeHa arnpobarus pa3paboTaHHBIX MATEMATHYECKAX MOJIEIICH.

KnroueBble cj0oBa: MaremMaTHueckoe obecrieucHue, HWHPOPMAIMOHHAS CHUCTeMa, HWH(PAPKT MHOKapaa, MOJCb
TMPOrHO3UpPOBaHUS.




