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EXPERT SYSTEMS KNOWLEDGE BASES FOR SOLVING VETERINARY PROBLEMS

Abstract. Undoubtedly, the factor leading to the death of cattle is the spread of diseases that can worsen
the health of animals. Diagnosing animal diseases is difficult if a qualified veterinary professional is not
available, which is usually due to the remoteness of livestock farms from scientific veterinary centres. Thus,
the use of expert systems for solving veterinary medicine problems is proposed as a solution. An expert
system for diagnosing animal diseases is required to simplify the work of veterinarians and subsequently
reduce the incidence of animal diseases.The consequence is that the need to implement decision support tools
is undeniable, as veterinary medicine is a science that involves possible diagnostic errors, decision-making
complexity and an extensive knowledge base. As a result, the use of cognitive maps, the functionality of
which is described in this article, is proposed. The development of these decision support tools includes
both discrete analytical information and intuitive elements that optimise their impact on everyday veterinary
practice. Cognitive maps are active knowledge resources that use animal data to generate case-specific
recommendations to support diagnostic decision-making. The knowledge sources used and the process of
obtaining, analyzing and evaluating knowledge are described in detail. Productive rules are used as a tool
to represent knowledge, which is also used to address the uncertainties that arise in the decision-making
process. Introducing one-dimensional tables when structuring a knowledge library is an appropriate solution
for system design. Creating a knowledge base in the way described can solve the initial goals of developing
a software product for veterinary applications.

Key words: expert system, veterinary medicine, cognitive maps, diagnostics of diseases, database.

Introduction. The course of diagnosis is one of the major decision-making tasks in veterinary medicine.
Undoubtedly, establishing a correct diagnosis is a time-consuming task: a specialist is expected to work
on analyzing the information and processing it accordingly, as well as qualitatively processing it to create
hypotheses about an individual case and the subsequent studies needed to evaluate them. We could describe
the process of making a diagnosis using a simple diagram (see Fig. 1). This significant topic has been
extensively researched, but relatively little is generally known about the clear mechanisms of the course of
animal diagnosis, in both correct and incorrect diagnoses [1,2]. Given the difficulties of the diagnostic process,
the use of decision-making support tools (or decision support tools) in routine veterinary practice can increase
diagnostic accuracy and reduce the chance of error. The concept of decision-making support is a dynamic
source of knowledge that applies information about the animals under study to make recommendations for
certain cases [3].

Figure 1 - The process of making a diagnosis
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Authors such as, K. Stanovich, G. Norman, in their works, described how specialists usually apply
subconscious, intuitive, artificial thinking [4,5]. In this case, a qualified veterinarian will be an exceptionally
rational decision maker, able to be guided by step-by-step algorithms for sure. If errors appear in this process,
it would indicate the occurrence of heuristics and/or incorrect operations due to improper training or human
factors such as a bad mood, stress or distractions such as noisy environment, etc. Most decision aid systems
are based on the idea that veterinarians need assistance in improving their analytical thinking by encouraging
users to abandon intuition in favor of procedural reasoning. Unfortunately, this conceptual framework
limits the practical application of decision-making support systems because most veterinarians, who are
exceptionally experienced, often rely on intuitive reasoning.

However, some researchers have focused on the significant role of intuition in making good medical
decisions [6,7]. For example, Gabbay and Le May described how experienced clinicians develop strategies
based on the use of certain hints to make important decisions quickly without a cumulative information
base about specific diagnostic cases [8]. They called these strategies “mindlines”. The cognitive-balanced
model emphasizes the need for the veterinarian to develop both intuitive and analytical skills, as well as
the unconditional suitability from the use of a decision aid system that helps veterinarians discover a sure
balance in each clear case by adapting the manner of thinking to the true conditions of the problem. Practicing
veterinarians must learn to trust their intuition, but also know how to prevent unavoidable errors involving
heuristics.

The need to adjust to this dynamic balance and the natural occurrence of uncertainty in most medical
conditions requires decision aid resources that can handle this complexity, such as cognitive map (CM)-based
decision-making [9].

To construct CMs, veterinarians are not required to numerically assess the significance of providing
information; they only need an intuitive awareness of the medical scenario and certain factors that need
to be considered. As all sorts of experiential studies have shown, CMs can enhance the diagnostic process
by connecting a cognitive-balanced solution [10]. A huge superiority of this approach is that it provides
the opportunity to incorporate heuristics and intuitive information into the conceptual schema posed [11].
This includes both analytical and synthetic components, often framed as divergent concepts in the course of
decision-making, but absolutely integrated into a balanced CM model.

Methods and materials. The mathematical apparatus and apparatus of fuzzy compositional inference
theory have been used in the construction of fuzzy set theory and fuzzy logic. The mathematical theory of
fuzzy sets and fuzzy logic are generalizations of classical set theory and classical formal logic.

Statistical methods, on the other hand, have been used as statistical expert information processing systems
in the general theory of automated systems.

Systematic, analytical and logical analyses have been used in the processing of expert weakly structured
data.

The comparison method has been applied when comparing existing intelligent systems in the veterinary
medicine field and in processing the experimental data obtained.

The knowledge source determines to some extent the accuracy, reliability, practicality and efficiency of
knowledge acquisition. Considering the vast amount of knowledge needed to create an expert system for
animal disease diagnosis, 4 main areas have been selected: books, subject matter experts, other materials,
literature and information from the internet.

Results and discussion. Cognitive maps are a graph simulating a complex system consisting of nodes
(C) and relationships (eij) between concepts, expressing causal relationships between them.

General formula expressing the significance of each concept C. appears to be one in which the significance
of any concept C, is calculated through calculations of the effects of other concepts on a particular concept
with the support of calculation rules expressed by the equation:

xi=f (Z?:l x;(t — 1)Wij>J (1)
J#i
where x, (1) is the value of the concept C. at time t; X, (t - 1) represents the value of the concept Cj at time
t- 15w, is the weight of the connection between G and C;; frepresents a sigmoid function:

1
f =1 @)

227



ISSN 2224-5227 5.2021

The weights W, characterize the interconnections. They describe the level of causality between two concepts
and can have values in the interval [-1, 1]. The weight symbol indicates a positive causal relationship, that
is, an increase in the value of concept C. initiates an increase in the value of concept C. or a negative causal
relationship. In this final case, an increase in the value of the concept C, will cause a decrease in the value
of C ora decrease in C. will initiate an increase in C If the weight is zero, there is no relationship between
the two judgments. Thus, the effect of weight W, reflects the degree of influence between concepts C. and C.

To model the two-way exposure of S1 and S2 (intuitive and analytic thinking), these connections are
described by Equations 1 and 2, introducing the transformation of weights W, as follows. The team of
specialists is asked to analyze all the individual concepts, attributes, relationships, and conditional weights
that represent a graphical description of the provided medical scenario (linked graph). Subsequently, the
specialists are asked to formulate two parameters: one formulated based on their experience and intuition (S1)
and the other based on objective data and precedent-based analysis (S2). The new weights W' in formulas 1
and 2 will be obtained through summing the weights validated by experts, namely S1 and S2, consistent with
the two systems of thought: w';; = S1 + S2.

x;(t) = ff=1 x;(t — Dwy) 3)
J#i

x; () = flhy =1 x;(t — Dwyj + kpx; (¢t — 1)] 4)
J#i

We chose summation because it is an elementary calculation that preserves the value of the weights in the
formulas, both as related to direction (positive or negative influence) and magnitude. All sorts of CM acquired
in consequence of the work of the team of experts will be evaluated by the automatic system, comparing the
results with the expected ones.

To illustrate how the model works, a simplified but realistic model of differential diagnosis between
such contagious diseases of cattle as anthrax and foot-and-mouth disease is proposed. The differentiation of
the two diseases is often nontrivial, since the symptomatology of both anthrax and foot-and-mouth disease
is extremely variable. The complexity of this task suits our purpose because CMs are especially useful in
controversial contexts and when incomplete or incorrect information must be used. Fig. 2 presents a simple
model of the problem: the clouds focus on the decision-making concepts, that is, the two diagnoses we are
considering; the ellipses outline the mainly significant moments (factor-concepts) involved in distinguishing
the two possibilities, the inputs of our CM.

In order to differentiate between the two diseases in amzbiguous variants, all clearly articulated subsequent
characteristics of the presented diseases should be taken into account. All of this information must be combined
to suggest a final conclusion, because each independent source of information may almost equally suggest
either foot-and-mouth disease or anthrax.

Following the simpler CM model, only clinical data are used to aid in the decision-making process. To
illustrate this process, experienced veterinarians have considered the likelihood of differentiating anthrax from
foot-and-mouth disease based on their experience. The source of the information is based on the experiences
of veterinarians.

Damage to the CVS

Aphthae, oral ulcers Ympania of the
% stomach
-
-

Discharge from the nasal cavity . _
vesicles, nodules in the aot-and-mou
mouth disease
Hemorrhages in the mucous
membranes
Sweling in the larynx, dewlap,
abdomen

Figure 2 - Simplified model of the Anthrax/ Foot-And-Mouth disease differentiation problem. Dotted
lines indicate weak or unreliable relationships. Clouds represent decision concepts and ellipses represent
factor concepts. Factor-factor connections can be either positive (synergistic) or negative (competitive).

Feces mixed with blood, mucus, gas
bubbles
Fanosis of the mucou:
membranes
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Attributes Anthrax Foot-and-mouth disease
Salivation 0 high
Stomatitis 0 high
Hemorrhage on the oral mucosa high 0
Oral lesions 0 high
Aphthae, oral ulcers 0 high
Vesicles, nodules in the mouth 0 high
Tympania of the stomach high low
Feces mixed with blood, mucus, gas bubbles high 0
Discharge from the nasal cavity high low
Swelling in the larynx, dewlap, abdomen high 0
Defeat of the CVS high low
Cyanosis of the mucous membranes high 0
Hemorrhages in the mucous membranes high 0

Table 1 - Table of differentiation of diseases

The following simple rules were used to sum the associated weights: 0 + any value = 0; Low + Low =
Low; Low + Medium = Medium; High + Low = High; Very high + low = medium; Medium

+ Medium = Medium; Medium + High = High; Medium + Very High = High; High + High = High; Very
High + Very High = Very High.

The resulting values need to be treated as random and can be modified to fit specific contexts and/or the
degree of belief of the veterinarian in models based on experience or evidence. This means that practitioners
who choose to use this decision aid mechanism can adapt it to their decision-making style by making
appropriate adjustments to the weighting rules.

A balanced weighting operation was performed on each attribute based on the veterinarians’ experience
(see Table 1). The values can be summed to include the final weight of the simple syntax, then the two values
are summed, obtaining the final weight of each attribute in the CM software.

The above Table 1 is used to populate the CM model, determining the relative importance of each of the m
factor concepts in relation to the n probable decision-making concepts. These weights will be translated into
numerical weights using the algorithm used. For example, a very high corresponds to 90% of the relevance
of a given factor, and the assigned weight will be 0.9. Consequently, the CM algorithm will act with two
matrices, W and X. Matrix W covers all connection weights and may include negative values if there are
competing relationships between factors, while X covers values assigned in a particular case. To place values
in X, the decision maker will assign values to each attribute present in the CM model using the same degrees
(0, low, medium, high, or very high). Obviously, only truly available data will be placed in X, while the input
factor will correspond to nodes that are not activated (0 values). For example, in this case, a veterinarian
might use the CM decision tool using only body temperature, and skin condition, assigning high, medium,
and low degrees and 0 to all other factor models, respectively (the model will then suggest an ES (expert
system) diagnosis).

Diagnosis is a problem solving based on a static database (fact base) of initial factors. e.g. age of the
animal, sex, course of the disease, medical history, etc. As these factors play different roles in the diagnosis
of disease, it must be decided which factors should be chosen as the basis for the diagnosis of disease. If too
many elements are chosen, it weakens those factors that are really important in diagnosing the disease; if too
few are chosen, some important factors are missed. Thus, the choice of symptoms is largely up to the experts.
Thus, the symptoms and information relevant to the diagnosis of disease provided by the experts have been
divided into several levels.

According to different levels of knowledge and connections between knowledge, the fact base can be
divided into tables with a certain logical causal relationship.

Knowledge in the field of animal disease diagnosis has its own unique properties. While traditional
methods of knowledge representation for handling animal disease diagnostic information simply use a very
large number of rules, it does not take into account the fact that disease symptoms and associated information
are generally not segregated into specific disease categories. This means that many diseases have common or
similar symptoms, so it is difficult to have a very clear and structured expression of the relationship between
these diseases and symptoms when writing rules.
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Fact base
General information table Signs and symptoms table
Name Name
Values table Values table
Value name Value name

Figure 3- Relationship between fact database tables

People have become accustomed to putting information about an object into a single record when
processing information, whereas the brain puts information about an object into different ‘records’ when
storing information. This way of storage can be well modelled using a one-dimensional database [19]. A rule
library created using a one-dimensional database can not only satisfy the different knowledge requirements
of disease diagnosis, but also simulate the input and output of the brain during reasoning. Thus, the rule base
structure of the expert system for animal disease diagnosis is as follows:

Table 2 — One-dimensional database

Rule_name Premise Action w Active
(symptoms) Conclusion (illness)

The weighting factor of a symptom (w) can be determined by the expert based on its importance. Diseases
and symptoms can be sorted according to a tree structure. After sorting, relevant symptoms can be found by
disease name as well as other information relating to the disease. In the library, the total weighting factor for
each disease is 100%.

The data structure of this simulation rule library is very simple, but its function is powerful. The expert
system created in this way is based on a request in the process of diagnosing a disease, using only a few
judgments, and does not require writing a large number of rules, and the time period for creating a knowledge
base is short. In addition, there is no need to change the entire system to change knowledge in the knowledge
base, so the output mechanism can exist as a separate module.

Facts are at times somewhat ambiguous - (the meaning of the facts is unclear or ambiguous and must be
determined by the context), incomplete (e.g. no complete information can be obtained), inaccurate (the actual
observation result differs from the actual situation), random, ambiguous, etc. The uncertainty of facts is
usually expressed by a weighting factor, and the range of its values is:

0KKw <K, K w<K100% (5

Uncertainty rules reflect patterns of objective things. In solving practical problems, the knowledge
possessed by experts is empirical rather than precise. Exact knowledge is mainly formulas, axioms, laws,
theorems, etc. When empirical knowledge is expressed in the form of rules, the rules are uncertain [20]. The
uncertainty of rules can also be expressed by weighting values.

For example, IF cough, THEN pneumonia w = 0.2;

Indicates that when an animal is coughing, the chance that the animal has pneumonia is 0.2 (20%). The
formula for calculating the reliability of the diagnosis when the elements of the symptoms are linked by the
«AND» operator:

IFEyAEy A ... A E, THEN H w(R) (©)
The reliability of the diagnosis H is:

w(H) = w(R) * MIN{w(E,), w(E,), ... w(E;)} (D
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This formula reflects the fact that the reliability of the diagnosis H is the reliability of the rule w (R) and
the reliability of the preamble. - preamble value;

The formula for calculating the reliability of the conclusion when the symptoms are associated with the
«OR» operator:

IFE,VE,V..VE,THENH w(R) (8)

w(H) = w(R) * MIN{w(E1), w(Ey), ... o (Ex)}9)

After entering the initial data, the system will search for the disease that best matches. To achieve this,
the system will first search for a disease that can explain all of the input symptoms. If such a disease is not
in the database, the system will search for a disease that can explain one less symptom, and so on, until
a possible disease is found. In this process, a hypothetical conclusion is actually made. In this process, a
hypothetical conclusion is actually drawn. After further investigation and testing, the hypothesis is rejected or
accepted. If the hypothesis is not found based on the current set of input symptoms, another hypothesis will
be found based on the next new set of symptoms. For example, if there are 3 input symptoms S1, S2 and S3,
the hypothesized disease will be searched based on the following set of symptoms: {S1, S2, S3}, {S1, S2},
{S1, S3}, {S2, S3}. If all symptom sets have been tested and the hypothetical conclusion is not reached, the
reasoning process is aborted (unsuccessful reasoning).

When diagnosing animal diseases, it is common that the input set of symptoms is explained by multiple
diseases, and the importance of the symptoms in these sets of symptoms is different for each disease, which
means that the validity of these hypotheses is different. Therefore, in accordance with the expression of the
production rules that we used: «IF ..., THEN ...», the values of the weighting factors of each disease are added
so that the probability of hypothetical conclusions drawn from the same set of symptoms is different.

For example, if the conditions of the input data are: cough, nasal discharge, wet wheezing, fever.

From the above conditions, the following diseases can be found in the knowledge base as hypothetical
conclusions: bronchial pneumonia; lobar pneumonia. Then, if they are written in the form of rules:

IF cough AND nasal discharge AND moist wheezing in the lungs AND fever, THEN bronchial pneumonia;

IF cough AND nasal discharge AND wet wheezing in the lungs AND fever, THEN croupous pneumonia.

According to our proposed method of representing knowledge and the method of creating a knowledge
base, the above knowledge can be expressed in the form of table 3.

Table 3 - An example of the knowledge base of the expert system for the diagnosis of animal diseases

Rule ID Premise Action w Active
1 Cough Bronchial pneumonia 0,08 1
2 Discharge from the nose Bronchial pneumonia 0,07 1
3 Moist wheezing in the lungs Bronchial pneumonia 0,1 1
4 Cough Croupous pneumonia 0,15 1
5 Discharge from the nose Croupous pneumonia 0,06 1
6 Moist wheezing in the lungs Croupous pneumonia 0,2 1

Creating a knowledge base in the way described above can solve the following problems in the process
of entering symptoms during the diagnosis of disease: 1) All information selected by the user is provided by
the system, and there is no problem that the information entered does not match, 2) in the rule base we have
assumed that each part of the input information corresponds to at least one rule, that is, there must be one or
more diseases with information entered by the user as a diagnostic condition, 3) when several diseases are
selected, their active states differ.

Conclusion. We affirm that cognitive maps, already generally recognized and validated in the field of
medical diagnosis, have not gained appropriate attention from scientists and veterinary physicians. It is likely
that in the near future, more CM-based decision-making tools will become available both during veterinary
training and in everyday medical practice, providing a better balance of analytical and synthetic processes
with beneficial effects on decision setting and outcomes. The property of cognitive maps allows us to visualize
levels of causality between concepts, and their graphical device allows us to freely consider the connections
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between concepts. In addition, we affirm that teaching veterinarians to balance intuitive and analytical
thinking will allow them to - increase their cognitive awareness of how they reason, solve problems, and pay
attention to the consequences of making decisions, both positive and negative. In this way, veterinarians will
strengthen their ability to learn by doing, forming a freely adaptable experience that is extremely useful in
environments of high difficulty or rapidly changing data.

In general, the knowledge base tools mentioned above have proved their effectiveness in developing an
expert system for veterinary tasks. To date, 11 algorithms for the prevention and eradication of contagious
diseases such as anthrax, vesicular stomatitis, colibacillosis, rickettsiosis, foot and mouth disease, salmonellosis,
tuberculosis, brucellosis, rabies, pasteurellosis and trichophytosis have been developed and entered into the
database. The database stores the knowledge in the subject area that is essential for a diagnosis, including
age, breed, symptoms, photographs and other important information. In total, the database includes 251
veterinary medicinal products, including 61 preparations used for surgical diseases, 75 preparations used for
obstetrical diseases, 72 vaccines and sera against infectious diseases, and 43 preparations against parasites
and 34 veterinary facilities.
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BETEPUHAPUA MIHAETTEPIH LHEINYTE APHAJIFAH CAPATITAMAJIBIK
JKYWUEJIEPIIH BLJIIM KOPBI

AHHoOTanus. ManapiH eniMiHe dKeneTiH (akTop - Oyl KaHyaplapAblH JCHCAYIBIFBIH HallapiaTaThiH
aypyaapaslH Tapainybl. Erep BerepuHapus canachlHma OLTIKTI MamaH Ooimaca, jkaHyapiap MEH Mail
aypyJapblH JHAarHOCTUKAJAy KUBIHFA COFAJIbI, OYJT OIETTe MaJl IIapyallbUIBIFIHBIH FRUTBIMU BETEPUHAPIIBIK
OpTaJbIKTapAaH KalblK OoxybIMeH OaiyaHblcThl. Ochbliaiia, BeTEpUHApHUs MIHICTTEPIH LICNly YIIiH
capanTaMaliblK JKYHelepai TaiijanaHy IIeNliM peTiHAe YCHIHBUIaasl. Man MeH jkaHyapiap aypyliapbiH
JMATHOCTHKAJIAY/BIH CapanTaMallblK JKYHeci BeTepUHApiapIblH JKYMBICBIH JKCHUIICTY JKOHE KeiliHHeH
KaHyapiapAbIH aypyblH a3aiTy yIIiH KakeT. COHBIH cajiapblHaH, HIeIiM KaObUIAay bl KOJIay KypailapblH
€HT13y KXKETTIJIT KYMOH TyAbIpMaliibl, OTKEHI BeTepUHAPUS - OYJI MYMKiH JHarHOCTUKAJBIK KaTeIiKTep,
meniM KaObUIIAyJbIH KWBIHJIBIFBI KOHE KeH OimiM Kopbl 0ap FeulbiM. HoTwkecinpe, (yHKIIMOHAIBI
OCBhl MaKajajJa CHIATTaJFaH TAaHBIMJBIK KapTajap/pl MaiiianaHy yChIHbUIaJbl. byn memriMaepai Kompay
KypaJlIapblH 93ipJiey JUCKPETTI Tajjiay akmaparblH Ja, OJIap/bIH KYHJENIKTI BETepHHAPIBIK TIXKipHOere
BIKIAJIBIH  OHTAMJIaHJBIPATBIH HMHTYUTUBTI JJEMEHTTEpAl Je¢ KaMTuabl. KOTHUTHBTIK KapTaiap-Oyi
JMATHOCTHKAJIBIK IIeIimMaep KaObuiaayabl KoJjiay YIIiH HaKThI JKarJainap OOWBIHIIA YCHIHBICTAp jKacay
YIIIiH jKaHyapyap Typasibl MOIIMETTep/li MMaiaanaHaTeiH Oencen i 0inimM pecypcrapsl. KonmaHpuiaTeiH 0iimM
Ke371epi )KaHe Oinimai ay, Taniay *oHe Oaranay ypAici emkei-Terkeii cunarrairad. OHIMAUTIK epexenepi
OimiM Oepy Kypasibl peTiHAe KOJJIaHBLIAJbI, COHAal-aK MIemiM KaObliuay OapbIChIHAA TYBIHIAWThIH
Oenrici3/ik MoceneNepiH MIely YIIiH Je KOJJIaHbUIaIbl. bimiM KiTamxaHachklH KYpBUIbIMIAy Ke3iHzae Oip
eJIIIeM/II KecTeJIep/Il eHTi3y JKyleHi jxolanay Ke3iHje KOJIaiibl memriM Oombil Tadbuiaapl. CUmnarranFan
TOCLIIMEH O11iM KOPBIH KYPY BeTEpHHAPHsI MOCEIIeNepiH eIy YIIiH OaFapiaMalbiK OHIM/II 93ipiiey Ke3iH e
OacTankpl1a KOHBUIFaH MaKcaTTap/bl LICIIe aja/bl.

Tyiiin ce31ep: capanTama’bIK Xyie, BeTepuHapHsl, KOTHUTUBTIK KapTayap, aypyJapAbl JUarHOCTHKAJIAY,
JIEPEKTEP KOPBHI.
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BA3bl 3HAHUM SKCIEPTHBIX CUCTEM JIJISI PEHIEHUS 3AJAY BETEPUHA PN

AnHoranusa. HecoMHeHHO, (hakTOpoM, MPHBOAANIMM K THOEIHM CKOTa, SIBIISETCS PaclIpOCTpaHEHHE
0o0JIe3HEH, KOTOPBIE MOTYT YXYIIIUTh 37I0POBbE )KUBOTHBIX. J{uarHocTika 00Je3Hel JKUBOTHBIX UCIIBITHIBACT
TPYIHOCTH, €CJIM HET KBAIU(UIUPOBAHHOTO CIICIUAINCTAa B 00JaCTU BETEPUHAPHH, YTO OOBIYHO CBS3aHO
C YIAJICHHOCTHIO >KUBOTHOBOAUECKUX XO3SMCTB OT HAYYHBIX BETCPUHAPHBIX IEHTPOB. Takum oOpazoM, B
Ka4ecTBE PelIeHHs TPeIaraeTcsi UCTIONb30BaTh IKCIIEPTHBIE CHCTEMBI IS PEIIeHUs 3a7a4 BEeTEPHHAPHH.
DKcIepTHas CUCTeMa TMAarHOCTUKH 00JIe3HeH )KUBOTHBIX HEOOX0IMMa TSl YIIPOIIEHUS paboThl BETEpUHAPOB
Y TIOCIIEIYIOIIETO CHIDKEHHs 3a00JIeBA€MOCTH JKMBOTHBIX. Kak cieicTtBrue, HEOOXOIUMOCTh BHEAPEHHS
WHCTPYMEHTOB MOAJCPKKU MPUHATHSA PEIICHUN HE BBI3BIBAET COMHEHHUH, MOCKOJIBbKY BETEPHUHAPUSI — HTO
HayKa, KOTOpasi BKJIFOUAeT B CeOsl BO3MOXKHBIC JUATHOCTUYCCKUE OIMIMOKHU, CJIOKHOCTh MPUHSTHS PEIICHUMA
u oOIMpHYyto 0a3y 3HaHUil. B pesynbrare npejjiaraercs MCIOIb30BaHUE KOTHUTUBHBIX KapT, (PyHKIIMOHA
KOTOpPBIX OINHMCaH B JAaHHOW crarhe. Pa3paboTka 3THX MHCTPYMEHTOB TOMJEPKKH TMPHHATHS PEIIeHHH
BKJIFOYA€T KaK JUCKPETHYIO aHAJIUTUYECKYI0 HH()OPMAIUIO, TaK W WHTYUTHUBHO IOHSATHBIE JJIEMEHTHI,
KOTOPbIC ONTUMU3ZUPYIOT UX BIUSHHUE HA MOBCEIHEBHYIO BETEPUHAPHYIO MPAKTUKY. KOTHUTHUBHBIE KapThl —
9TO aKTUBHBIE PECYPChI 3HAHUH, KOTOPBIC UCTIOIB3YIOT JAHHBIC O JXUBOTHBIX JIJISl BRIPAOOTKH PEKOMEH/IAITHI
[0 KOHKPETHBIM CIIy4asiM JUIsl TOJICPKKH MPUHITHS JUATHOCTHUYECKUX perineHuid.[loapoOHbiM 00pa3om
OTIFICAaHBI HWCITONB3YIOMIMECS WCTOUYHUKHM 3HAHWUM M TIPOIECC TONYYCHHWs, aHadN3a W OICHKW 3HAHUU.
[IponykumoHHbIE TIpaBWIIa WCIONB3YyeTCsl KaK WHCTPYMEHT NPEACTaBICHHsS 3HAHWH, KOTOPHIE TaK XKe
WCTIOJIB3YETCS ISl PEeUIeHHS TPO0JieM BOSHUKAIOIINX HEOTPEACICHHOCTEN B TIPOIIeCcCe MPUHSITHS PEIISHHH.
Brenpenue omHOMEpHBIX TaOIUI] MPH CTPYKTYPUPOBAHMHM OHMOIMOTEKH 3HAHWH SIBIISETCS TOMXOJSIIIM
pElIeHUuEM TIPU MPOCKTUPOBaHUU cucTeMbl. Co3anue 0a3bl 3HAHUN OMHCAHHBIM CIIOCOOOM MOXKET PEIUTh
M3HAYAIHHO TTOCTABJICHHBIE IIEITH IMPH pa3pabO0TKe TPOrPaMMHOTO IIPOTYKTa JIJIsl pEIICHUS 3a/1a9 BETCPUHAPHH.

KiioueBble cj10Ba: SKCIIEPTHAS CHCTEMA, BETEPHUHAPHS, KOTHUTHBHBIE KAPThI, THArHOCTHKA 3a00JIEBaHUIA,
0a3a JaHHBIX.
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