
118  ISSN 2071-2227, Науковий вісник НГУ, 2012, № 2

І Н Ф О Р М А Ц І Й Н І  Т Е Х Н О Л О Г І Ї ,  С И С Т Е М Н И Й  А Н А Л І З  Т А  К Е Р У В А Н Н Я

 681.5:378.1 

. . , . . , . . ,
. , , e-mail: n_fedo@mail.ru 

N. . Rizun, Cand. Sci. (Tech.), Associate Professor Alfred Nobel Dnipropetrovsk University, Dnipropetrovsk,  
Ukraine, e-mail: n_fedo@mail.ru 

METHODOLOGY OF CREATION OF THE EXPERT SYSTEM  
OF INTEGRATED DIAGNOSTICS AND CONTROL

OF THE STUDIES QUALITY 
.

-
.

. .
. : ,

-
; -

, , -
, ;

’  ( ).  
. -

-
, -

,  – 
,

,
.

. -

 ( ), ’ ,
-

 ( ) . -
. ,

,
. . . , -

 II–IV  6.030502– „ “, -
 10–15%. 

: , , ’ , ,

. 3 -
,

. -
-

 –  ( -
) ,

.

:
1.

-
.

                                          
© . ., 2012 

2. -
,
-

,
-

’ .
3. ’ -

-

, -
-

-
.



ISSN 2071-2227, Науковий вісник НГУ, 2012, № 2 119

І Н Ф О Р М А Ц І Й Н І  Т Е Х Н О Л О Г І Ї ,  С И С Т Е М Н И Й  А Н А Л І З  Т А  К Е Р У В А Н Н Я

. -
,

,
-
-

, -
:

 ( ),
’ ; -

; -
 – .

. -
,

,
:

1.  ( ): -
- ; -

; -  ( -
) ; -

 ( , ELM-ART-II, AST, ADI, ART-Web, 
ACE, KBS-Hyperbook, ILESA, DCG, SIETTE) [1]. 

2.  ( ),
 SCORM, -

 IMS / GLC -
’ -

 AICC, 
, : -

; -
-

; ;
; -

 ( , BaumanTraining, 
 „ “, eLearning 3000, WebTutor) [2]. 

3.
-

’  [3–6]. 
. -

, -
, :

− -
-

,

 ( , ) ;
− ’ ,

,
, -

-

;
− -

, ,
-

-
’ ;

− -

 ( , ) ’ ,
,

 Internet, 

.

:

; ’
’ -

’ ;
, ,

;
.

-
 [7–10]. -

-
-

.
. -

-
-

:
 1. -

, -
:

− -

: -
 – -

, -
,  ( ),  ( ), 

 ( , ); -
’ ; -

 – -
 „ “

( )
;

− -
-

: - -
-

; -
; -

 ( , ) -
;

.
-
-

, -
.



120  ISSN 2071-2227, Науковий вісник НГУ, 2012, № 2

І Н Ф О Р М А Ц І Й Н І  Т Е Х Н О Л О Г І Ї ,  С И С Т Е М Н И Й  А Н А Л І З  Т А  К Е Р У В А Н Н Я

 2. ’

’
’ .

-

- -
 ( ) ’

-
:

–
 ( ) -

;
–

 ( ) -
;

– ’  (
) [9, 10]. 

, ,
-

:
1. -

1K .
2. -

2K , :
2.1. -

, -
21K .

2.2. -
-

22K .
2.3.

23K .
:

) ,
,
-
-

,
, ;

) -
-

, :
− -

,
, ,

, -
21K

’  [7]; 
−

,
, 21K

-
, , 22K 23K –

;
−

( ’ , , -
) ’ , 21K , 22K

23K

’
( ) [8, 10].  

 – 
i-  ( -

, ) 1
iK  – -

n
Q

K i
i =1 ,

iQ  – 
, i- -

; n – 
, .

,
,

.

 1 

,
„

“

 1  2  3 
- 8,0K1

i ≥ 5,0K8,0 1
i ≥> 5,0K1

i <

,  1 -
, -

,  2 – 
 3 – , -

.
,

 (
, -

, -

), ’ -
-

 – -
 ( -

). 
 [7], ’

)Y,X(R iii
-

, -
,

i- -
,

. , -
: 5,0)Y,X(R iii ≥ (  1) 

-

;
49,0)Y,X(R3,0 iii ≤≤ (  2) -

, , ,
,  – 

; 29,0)Y,X(R iii ≤  (  3)

 „ “ -



ISSN 2071-2227, Науковий вісник НГУ, 2012, № 2 121

І Н Ф О Р М А Ц І Й Н І  Т Е Х Н О Л О Г І Ї ,  С И С Т Е М Н И Й  А Н А Л І З  Т А  К Е Р У В А Н Н Я

’ -
, .

, -
 „ -

“,
,

, ,
-

.
, -

21K , -
:

 1. 
)Y,X(R iii

, -
-

, i- -
,

.
 2. -

)Y,X(R ii
1
i

, )Y,X(R ii
2
i

, )Y,X(R ii
3
i

 1, 2  3 

n
R_Kol)Y,X(DR

1
i

iii
1
i =

;

n
R_Kol)Y,X(RD

2
i

ii
2
i =

;

n
R_Kol)Y,X(RD

3
i

ii
3
i =

,
1
iR_Kol – 5,0)Y,X(R iii ≥ ; 2

iR_Kol –
49,0)Y,X(R3,0 iii ≤≤ ;

3
iR_Kol – -

29,0)Y,X(R iii ≤ .
 3. ,

21K .
, 21K -

’ -
-

.

 2 

,

,

 1 
)Y,X(RD)Y,X(RD ii

2
iii

1
i >

)Y,X(RD)Y,X(RD ii
3
iii

1
i >

 2
)Y,X(RD)Y,X(RD ii

1
iii

2
i >

)Y,X(RD)Y,X(RD ii
3
iii

2
i >

 3
)Y,X(RD)Y,X(RD ii

1
iii

3
i >

)Y,X(RD)Y,X(RD ii
2
iii

3
i >

22K 23K -
’ -

, -
. ,

,
-

, , ,
’  – 

:  ( )
-

, , -
.

,
’ -

22K , :
 1. r

iDis -
r-

,  i- -
, -

k
PosPos

Dis
r
if

r
ipr

i

)( −
= ,

r
ipPos  –  (

’ ) -
; r

ifPos  – -
r- ;

k – .
 2. 

+
iDisP _ −

iDisP _
,

i- -
,

 (
−
iDisKr _ +

iDisKr _ , -
)

n
KolDisP i

i

−
− =_ ;

n
KolDisP i

i

+
+ =_ ,

−
iKol – r

iDis −
iDisKr _ ; +

iKol –
r
iDis +

iDisKr _ .
 3. , -

22K .

 3 

,

 1 22K =0, +
iDisP _ = −

iDisP _ =0

 2 22K =+1, +
iDisP _ −

iDisP _

 3 22K =–1, −
iDisP _ +

iDisP _



122  ISSN 2071-2227, Науковий вісник НГУ, 2012, № 2

І Н Ф О Р М А Ц І Й Н І  Т Е Х Н О Л О Г І Ї ,  С И С Т Е М Н И Й  А Н А Л І З  Т А  К Е Р У В А Н Н Я

, -
,  1, 

1K 21K ,
 ( ) -

 – 
.

2, ,
1K 21K ,

,
 ( ,

). 
 3, 

1K 21K , -
,

.
,

23K -
:

 1. r
iRep -

r- ,
i- -

.
 2. 1Rep =r

i
-

r
iR Rep_  – -

r- -
, i-

: 1Rep_ +=+r
iR , -

; 1Rep_ −=−r
iR ,

.
 3. -

+
ipP Re_ −

ipP Re_
, -

i-
(

−
ipKr Re_ +

ipKr Re_ , -
)

n
KolpP

r
i

i

−
− =Re_ ;

n
KolpP

r
i

i

+
+ =Re_ ,

+r
iKol – ++ ≥ i

r
i pKrR Re_Rep_ ; −r

iKol  – 
−r

iR Rep_ −
ipKr Re_ .

 4. , -
23K .

 4 

,

 1 23K =0, r
iRep =0

 2 23K =+1, +−
ii pPpP Re_Re_

 3 23K = –1, +−
ii pPpP Re_Re_

, -
-

. ,  1 -
1K

,  2  3 -
,
-

.
-

,
, -

-
, -

-
.

-
,

,

 81 (34) .
, , - -

-
U = f ( 1K , 21K , 22K , 23K ).

, -
 i-  ( ,

)  ( 11 =iK ),

-
 33 = 27 

-
-

, , -
,

-
 ( . 5 

). :
− U1,1,1,3; U1,1,2,3; U1,1,2,3 -

-
, -

1K =1,
21K =1,

23K =3
, , - ,

1K ,
- − -

21K ;
− U1,3,1,1, U1,3,1,1, U1,3,3,1,

U1,3,1,2, U1,3,2,2, U1,3,3,2 – -
1K =1 -

 „ “ -
21K =3.

,
, -

U2,1,1,2, U2,1,2,1, U2,1,3,2, U2,1,2,3, U2,2,1,2, U2,2,2,2,



ISSN 2071-2227, Науковий вісник НГУ, 2012, № 2 123

І Н Ф О Р М А Ц І Й Н І  Т Е Х Н О Л О Г І Ї ,  С И С Т Е М Н И Й  А Н А Л І З  Т А  К Е Р У В А Н Н Я

U2,2,3,2, U2,3,1,2, U2,3,2,2, U2,3,3,2 ( -
. 6): 

 – 
-

 ( 222 =K 322 =K ) -
-

 ( 223 =K );
–

-
 ( 21 =K ) -

, ,
 ( 221 =K 321 =K ).  

, -
,

31 =iK .

 5 

11 =iK

-

(1,1,1,1) (1,1,1,2) (1,1,1,3) 
(1,1,2,1) (1,1,2,2) (1,1,2,3) 
(1,1,3,1) (1,1,3,2) (1,1,3,3) 
(1,2,1,1) (1,2,1,2) (1,2,1,3) 
(1,2,2,1) (1,2,2,2) (1,2,2,3) 
(1,2,3,1) (1,2,3,2) (1,2,3,3) 
(1,3,1,1) (1,3,1,2) (1,3,1,3)
(1,3,2,1) (1,3,2,2) (1,3,2,3)
(1,3,3,1) (1,3,3,2) (1,3,3,3)

21 =iK
. 2. 

 6 

21 =iK

-

(2,1,1,1) (2,1,1,2) (2,1,1,3)
(2,1,2,1) (2,1,2,2) (2,1,2,3) 
(2,1,3,1) (2,1,3,2) (2,1,3,3)
(2,2,1,1) (2,2,1,2) (2,2,1,3)
(2,2,2,1) (2,2,2,2) (2,2,2,3)
(2,2,3,1) (2,2,3,2) (2,2,3,3)
(2,3,1,1) (2,3,1,2) (2,3,1,3)
(2,3,2,1) (2,3,2,2) (2,3,2,3) 
(2,3,3,1) (2,3,3,2) (2,3,3,3)

-
 10 ,

’ -
. ’ -

: -

,  –  ( -
,

’
,  [9, 10]). 

 3. 

 ( . 7) -
-

, -
-
-

.

 7 

-
- -

 1 U 1,1,1,1;
U 1,1,2,1

 2 U 1,1,1,2;
U 1,1,2,2;
U 1,1,3,2;
U 1,1,3,1

-
.

-

 3 U 1,2,1,1;
U 1,2,2,1;
U 1,2,3,1

-

-

 4 U 1,2,1,2;
U 1,2,2,2;
U 1,2,3,2;
U 1,2,1,3

,
-

 ( -
)

-
-

’
. -

 „ “
 5 U 2,1,1,1;

U 2,1,2,1;
U 2,1,3,1

 ( -
)  ( -

, ,
)

 6 U 2,1,1,3;
U 2,1,3,3

 ( -
)

,

-
-

-
-
-

 7 U 2,2,1,1;
U 2,2,2,1;
U2,2,3,1;
U 2,2,3,3

 ( -
)

-
-

’ -
.

 „ “
 8 U 3,1,1,1;

U 3,1,2,1; 
U3,1,3,1;
U 3,1,2,3, 
U3,1,1,3

-
-

 9 U 3,2,1,2;
U 3,2,2,2;
U3,2,3,2;
U 3,2,2,3

-
.

10 
U 1,3,1,2;
U 1,3,2,2;
U1,3,3,2;
U 1,3,1,3;
U1,3,2,3;
U 1,3,3,3;
U 2,3,1,1;
U 2,3,2,1;
U2,3,3,1

- -
-

 [8, 10] 



124  ISSN 2071-2227, Науковий вісник НГУ, 2012, № 2

І Н Ф О Р М А Ц І Й Н І  Т Е Х Н О Л О Г І Ї ,  С И С Т Е М Н И Й  А Н А Л І З  Т А  К Е Р У В А Н Н Я

 [9]: 
1. -

:
)  ( , .

7)  ( ),
, -

, ,
/ -

-
;

) -

 ( . 7) 
, :

– -
 ( , , , -

, , );
– , -

’
( , , );

– -
 ( )

’ , -
-
-

.
2.

:
)  ( -

, , ) -
-

 ( );  
)

 –  [10]. 
 4.

-

 [10]: 
1.

-
 MS Office ( -

 VBA) -
,

.
2.

’ , , -

( )  Internet- .
3.

-
, ,

: -
’  Internet- ;

’
;

( ) .

. ,

:
1. -

, :

; -

 ( -
), -

’ .
2. ’ -

’ -
’ ,

: -
-

.
3. , ,

-
,

.
4.

.

 / References 
1. Brusilovsky, P., “Adaptive and Intelligent Technolo-
gies for Web-based Education”, In C. Rollinger and C. 
Peylo (eds.), Special Issue on Intelligent Systems and Te-
leteaching, Konstliche Intelligenz, no.4, pp. 19–25. 
2. . . , -

; -
 / . . ,

. .  – : . – 1997. – 64 .
Atanov, G.A. and Pustinnikova, I.N. (1997), Diag-

nostika znaniy umeniy s pomoshchyu ekspertnykh sistem
[Diagnostics of Knowledge / Skills with the Help of Ex-
pert Systems], Tutorial for physical faculty students, 
DonNU, Donetsk, Ukraine. 
3. . . -

 / . . // -
-  „

 IT- -
-

 E-Learning“. . . – .:
 – 2007 – . 219–226. 

Rybina, G.V. (2007), “Development and use of teach-
ing integrated expert systems in the study process”, Proc. 
of Russian Scientific Methodological Conference “De-
velopment of the preparation of IT-specialists in the 
sphere of applied informatics on the basis of innovation 
technologies and  E-Learning”, MESI, Moscow, 
pp. 219–226. 
4. 3619U. :
7G09B7/07. -

. / . . , . . , . . ,
. . ; : -



ISSN 2071-2227, Науковий вісник НГУ, 2012, № 2 125

І Н Ф О Р М А Ц І Й Н І  Т Е Х Н О Л О Г І Ї ,  С И С Т Е М Н И Й  А Н А Л І З  Т А  К Е Р У В А Н Н Я

 „ -
“. – 2004010029; . 08.01.2004; 

. 15.12.2004, . 12, 2004 .
Ermolenko, .V., Kovaliov, V. ., Lisnoy, . . and 

Serkov, . . The way of creating an adaptive study sys-
tem: efficient model license no.3619U. Ukraine: 
7G09B7/07; The declarant and license owner: National 
Technical University “Kharkov polytechnic institute”. – 

2004010029, declared January 8, 2004, published De-
cember 15, 2004, bulletin 12, 2004. 
5. Kudryavtsev, V.S., Waschik, K., Strogalov, A.S., 
Aliseytshik, P.A., and Peretruchin, V.V. (1996), 
“Educational computer system of automatic machine 
type”, In the book: Problems of theoretic cybernetics,
Publishing center RSHU, Moscow, p. 111. 
6. . .

 / 
. . // XVI -

 „ “,
14–16  2011 . – , C.120–125. 

Khmelev, .G. (2011), “Neuronet technologies in the 
systems of automated students’ knowledge control”, 
Proc. of the XVI All-Ukrainian Scientific Methodologi-
cal Conference “Problems of Economical Cybernetics”, 
14th – 16th September 2011, Odessa, pp. 120–125. 
7.  97149 : G06F 7/04 
(2006.01). 

’ . / . ., -
. ., . ; :

 „
“. –  a200912950; . 14.12.2009; .

10.01.2012, .  1, 2012. – 11 .
Kholod, B.I. Taranenko, Yu.K. and Rizun, N. . The 

way of measuring students’ knowledge level by means of 
computer testing: license  97149 Ukraine: IPC G06F 
7/00 (2006.01); Declarants and license owners: Kho-
lod, B.I., Taranenko Yu.K., Rizun N. .,  a200912950, 
declared December 14, 2009, published. January 1, 2012, 
bulletin no.1, 2012, 11 p.  
8. . . -

/ . . // „ - -
“. – 3/11 (45) – 2010 – C.40–49.  

Rizun, N. . (2010), “Heuristic algorithm of im-
provement of evaluation technology for the testing quali-
ty”, Eastern-European Journal of Advanced Technolo-
gies, no.3/11 (45), pp. 40–49.  
9.  64873 :
G06F 7/00. 

’ . / . , -
. ., . ., . . ; 

: . ., . ., -
. ., . . –  u 201104040; .

04.04.2011; . 25.11.2011; .  22/2011. – 31 .
Rizun, N. ., Taranenko, Y.K., Tarnapolsky, O.B. and 

Cholod, B. ., The study system with the use of computer 
testing. [Text]: efficient model license 64873 Ukrane: 
IPC G06F 7/00; Declarants and license owners: Rizun, 
N. ., Taranenko, Y.K., Tarnapolsky, O.B. and Cholod, 

B. . no.u201104040, declared April 4, 2011, published. 
November 25, 2011, bulletin no.22/2011, 31 p. 
10. . .

-
(

) / . . // 
„ “. . :

. – :
„ “. – 2011. –  33. – . 83–101. 

Rizun N. . (2011), “Theoretical bases of building the 
scientific innovative multilevel complex of study process 
intensification (aspect of subsystems formalization)”, 
Visnyk NTU “KhPI”, Thematic issue: New Solutions in 
the Modern Technologies, issued by NTU “KhPI”, Khar-
kov, no.33. pp. 83–101. 

. -

.
.

-
.

. -
:

, -
-
-

;

-
,
, -

,
 ( -

).  
. -

-
-
-

, :
; -

 – 
-

, -
; -

.
. -

-

-
, -

,
-

- -



126  ISSN 2071-2227, Науковий вісник НГУ, 2012, № 2

І Н Ф О Р М А Ц І Й Н І  Т Е Х Н О Л О Г І Ї ,  С И С Т Е М Н И Й  А Н А Л І З  Т А  К Е Р У В А Н Н Я

 ( ) .

. , -
, -

.
. . , -

-
 II–IV  6.030502– 

„ “,

 10–15%. 
: ,

, , ,

Purpose. To increase the quality of teaching and effi-
ciency of education due to the development and introduc-
tion of expert system of integrated diagnostic and quality 
control of self-maintained and class work in the higher 
education institution.  

Methodology. The research methodology is based on 
the system analysis of complex systems and the theory of 
pattern identification.  

Findings. The following research results have been ob-
tained: formalization of methods of system analysis and 
study content structuring, which provides the compact sto-
rage and quick search of any packages of portions of cor-
related content forms; development of the model of inte-
grated diagnostic of the studies quality with the use of 
pattern identification for intellectual analysis of the rate of 
independent, current and total learning of study material; 
to the effectiveness of students’ individual work organiza-
tion; to the quality of reverse connection organization (in-
dicators of reliability and validity of test material).  

Originality consists in the statement and resolution 
of the problem of improving the instruments of diagnos-
tics and quality control of education in the higher educa-
tion institution – by means of reasoning the appropriate-
ness and effectiveness of using four criteria of integrated 
diagnostic of education quality, namely of the criterion of 
quantity level of study material learning and criteria of 
quality level of learning. There are three indices of the 
quality: the index of correlation between the rows of real 
and standard time, which is spent on the right test answer; 
the index of displacement of the testing tasks sequence rel-
atively to the set order of their displaying; the index of 
testing tasks selection for the repeated answering.  

Practical value of the work consists in forming the 
expert knowledge base and the algorithm of intellectual 
support of decision making for determination of the most 
effective forms of study work and study elements. These 
elements require specific forms of explanation and setting 
as well as the possibility of automated adjustment of the 
current lectures’ slide-summary or some portions of prac-
tice (laboratory) works. The concept of the maximum ef-
fective integration of expert system into the study informa-
tional sphere among Ukrainian higher educational 
institutions is offered. The expert system, which realizes 
the authors’ methodology, is fulfilled at the department of 
Department of Economic Cybernetics and Mathematical 
Methods in Economics in the Dnipropetrovsk Alfred No-
bel University. This system’s approbation by means of or-
ganizing the study process in the core subjects for students 
of II–IV courses (field 6.030502 – “Economic Cybernet-
ics”) during two semesters allowed to increase students’ 
absolute progress in average by 10–15%. 

Keywords: expert system, studies quality, reverse 
connection, pattern identification, diagnostics
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