
,  

—————————————————————————————————   . . . . 2016. . 14. 4 76 

,,,         
         

 669.771               DOI:10.18503/1995-2732-2016-14-4-76-84 

  
  

 

.1, .1, .1, .2, .1 

1 . . , ,  
2 , ,  

  
 ( ): -

 « »  
.  

, -
,  

,  
. :  « -

» -
. : -

3  08 -
,  

. . 
. .  

 Ra . :  
 « -

» . :  
 « »  

. , -
. :  

. 

: , , , , -
, . 

 
 

 02.G25.31.0178  01.12.2015 .),  
 2013–2016 . -

 PBS2/A5/32/2013 

 

 « -
»  

-
 

                                                                                              

 ., ., ., .,  
., 2016  

. 
-
 
 
 

,  
-

 [1–18].  
-



 … ., ., ., . . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 77

-
-

, , , 
-

. -
-

 « -
» (  

»),  
 
, 

, -
. 
-
-

 [19–21]. 
-

, , -
-

, -
.  

-
 

 « »,  
,  « -

» Ra -
-
-

 ( ). , -
-
-

 (Ra) -
-

. 
 

, -
. -

-
 

, -
-

 [22–24]. -
-
, 

, -
-

, -
.  

. 
 
 

,  
,  

-
 [25–33].  

 «  
 

. . »  
, -

 « » 
Ra  [34]. 

, , 
 

 2789-73 « -
. -

»  
 . 1), -

-
, -

 
. 1 . , -

,  
 

-
. 

 
. 1.   

 (  2789-73) 
 

,  « -
» -
, . .  

,  « » -
,  

, -
. , « »  

 
,  

.  
 

-
, -

, -
, , 

 . 2. 
-
-

.  
-
 

 ( ) 
. 



,  

—————————————————————————————————   . . . . 2016. . 14. 4 78 

 
 

. 2.   
 

 y1, 
2, …, n,  

 

2

,
i jkn n

k jjY y e  (1) 

 k=0, 1, …, n–1.  
 Yk -

, -
 k , -

 Yk  
.  

-
-

. 

2
1 .

i jkn n
j kky Y e  (2) 

 
 « » -

 08 3. -
 

. -
-

. -
 

 «  HOMMEL-
TESTER 8000»,  
Surtronic 25.  

, -
, -

 –  
.  

, -
 . 3, 4)  

.  
-

 « »  « -
-

. . » -
3  08  

 

3D  2D  . 5, 6) [34–37]. -
 Microsoft Office 

Excel.  «  
» -

.  
 256 , -

 
:  

 2n.  « » 
 

 (1)  
uj 

: Yk=a+bi,  a –  
, b – . 

 

 3  
RPc = 4,77 1/ ; RSm = 64,9 ; Ra = 1,23 ; 

Rdq = 16,8 ; Rku = 2,99; Rsk = 0,12; Rz = 8,02  

0,0 1,0 2,0 3,0 4,0 5,0 6,0
mm

m

-5
-4

-2

0

4
5

2

R

 
 

 3  
RPc = 5,24 1/ ; RSm = 51,3 ; Ra = 0,54 ; 

Rdq = 9,7 ; Rku = 3,25; Rsk = 0,16; Rz = 3,89  

. 3.   
  

 ( 3) 

 
 3  

RPc = 4,9 1/ ; RSm = 63,8 ; Ra = 1,21 ; 
Rdq = 16,7 ; Rku = 2,94; Rsk = 0,08; Rz = 7,79  

m

 
 3  

RPc = 8,18 1/ ; RSm = 43,9 ; Ra = 0,84 ; 
Rdq = 15,0 ; Rku = 3,26; Rsk = 0,12 Rz = 5,95  

. 4.   
  

 ( 3) 



 … ., ., ., . . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 79

, -
, -

 (2), 
 j  

-
. 

 
. 5.   

3 

  
. 6.  

 08  

 

 
256 ,  1.  

-
-

, -
-
-

 . 7, 8).  
, -

, -
-

 (  j  (2)).  
-

 (  . 7–9 -
). 

 . 9 -
-

3  08  
. -

, -
, -

 j (  
(2)).  . 9,  

,  
-

.  

-
-

,  
 

. ,  
» -

, -
, -

, , -
, -

, -
-

. 

 
 

 

 
. 7.   

  
  

3 

-50

-40

-30

-20

-10

0

10

20

30

40

0 50 100 150 200 250 300

 

4

-50

-40

-30

-20

-10

0

10

20

30

40

0 50 100 150 200 250 300

 

10

-50

-40

-30

-20

-10

0

10

20

30

40

0 50 100 150 200 250 300

230

 



,  

—————————————————————————————————   . . . . 2016. . 14. 4 80 

   
 

 
. 8.   

 08  

     
. 9.   

3  08  

 

 
 « -

»  
-

,  
 
 

-
 

 

1. -
 / ., ., ., ., 

., . // -
. . . 

2014. 1. . 92–96. 
2. -

 
 / ., ., ., -

., ., ., . //  
-

. . 2014. 1. . 43–47. 

-50

-40

-30

-20

-10

0

10

20

0 50 100 150 200 250 300
 

4

-50

-40

-30

-20

-10

0

10

20

0 50 100 150 200 250 300
 

10

-40

-30

-20

-10

0

10

20

0 50 100 150 200 250 300

 

230

-60
-50
-40
-30
-20
-10

0
10
20
30
40
50

0 100 200 300

 

-50

-40

-30

-20

-10

0

10

20

0 100 200 300
 



 … ., ., ., . . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 81

3. ., ., . -
 
 

 //  
. 2014.  2. . 32–41. 

4.  / 
. , . , . , . , .  // 

. 2012, . . 15-21. 
5.  

 / ., 
., ., ., ., 

., ., ., ., 
., ., ., ., -

.; . . . . , 2014. 
6. -

 
 / ., ., ., ., 

. // . 2014.  4. . 92-95. 
7. -

-
 / ., ., 

., ., ., . // -
. 2014.  1. . 5-9. 

8. ., ., . //  
 

. 2013.  4 (34). . 106-111. 
9.  

 / ., ., ., -
. , 2012. 

10.  / 
., ., ., ., . // 

. 2012.  7. . 15-20. 
11. -

 / ., 
., ., . // . 

2012.  12. . 8-16. 
12. -

 / ., ., ., -
., . // . 

2012.  11. . 25-27. 
13.  / ., ., -

., ., ., . -
, 2011. 

14. -
 / ., ., ., ., -

. //  
. . . 2008.  1. . 24-27. 

15. ., . -
-

. , 2006. 
16.  / ., -

., ., ., ., -
., ., . . -
, 2005. 

17.  / 
., ., ., ., ., 

. //  
. . . 2003. 5. . 67. 

18. ., ., .  
-

 // . . . 1982. 8. . 62. 
19. . -

 // -
. . 2014. 1. . 63–68. 

20.  
 / . , 

. , . , . // . 2012. 
2. . 51-52. 

21. -
-

 / ., ., 
., ., . // -

. 2014.  11. . 11–15. 
22. ., .  

-
 // - : -

: . 
.- . -

 ( ),  145-  « ». : 
 « », 2010. . 8. . 1–5. 

23. .  
 // . 2011.  4. . 31–36. 

24.  3D  
 / ., ., -

., ., ., . //  
 

. . 2014. 1. . 73–80. 
25. ., ., . -

 
-

 //  
: . . .:  

, 2012. . 202-204. 
26. Potapov A.A. Application of the Fractal Theory and Scaling 

Effects During Processing of Low-Contrast Images and Super 
Weak Signals in the Presence of Intensive Noise // . 11-  

. «  – 2012», 
. 95- . -
. :  - , 2012. . 311–312. 

27. .  
 

: -
. . … . . . , 2012. 20 . 

28. . .  
 
 

: . . … . . 
, 2015. 33 . 

29. ., ., .  
: . .: -

, 2011. 184 . 
30. T. Blachowicz, K. Cwikiel, M. Binkowski, H. Zghidi. Analysis of 

the three-dimensional TGS crystal spatial inhomogeneity of 
the fractal structure // Chaos, Solitons & Fractals. Volume 75. 
June 2015. P. 185–190. 

31. Mohamad Ghassem Mahjani, Reza Moshrefi, Ahmad Sharifi-Viand, 
Ahad Taherzad, Majid Jafarian, Fatemeh Hasanlou, Maryam Hos-
seini. Surface investigation by electrochemical methods and appli-
cation of chaos theory and fractal geometry // Chaos, Solitons & 
Fractals. 91. October 2016. P. 598–603. 

32. Cho, Y., Shin, J.-H., Costa, A., Kim, T.A., Kunin, V., Li, J., 
Lee, S.Y., Yang, S., Han, H.N., Choi, I.S. , Srolovitz, D.J. En-
gineering the shape and structure of materials by fractal cut // 
Proceedings of the National Academy of Sciences of the 
United States of America. Volume 111. Issue 49. December 
2014. P. 17390–17395. 

33. Arman, A. , lu, ., Luna, C., Ahmadpourian, A., Naseri, M., 
Molamohammadi, M. Micromorphology characterization of 
copper thin films by AFM and fractal analysis // Journal of Ma-
terials Science: Materials in Electronics. Volume 26. Issue 12. 
December 2015. P. 9630–9639. 

34. ., ., .,  
 

 // Science Time. 
2015. 3(15). . 359–362. 

35.  3D- -



,  

—————————————————————————————————   . . . . 2016. . 14. 4 82 

-
 / ., ., ., -

., . //  
. 2016.  3. . 44–47. 

36. Lukyanova K.S, Chukin M.V., Golubchik E.M, Rubin G.Sh. 
The development of the analysis model for quality indicators 
of metalware having fractal structure // European Science and 

Technology [Text]: materials of the XIII international research 
and practice conference, Munich, April 20th – 21st, 2016 / 
publishing office Vela Verlag Waldkraiburg – Munich – Ger-
many, 2016. . 100–104. 

37. :  / 
. . . . :  

. . . . . , 2016. 371 . 
 

 10.10.16. 
 

 INFORMATION ABOUT THE PAPER IN ENGLISH 

DOI:10.18503/1995-2732-2016-14-4-76-84 

FRACTAL STRUCTURES AS A STEEL PRODUCT  
QUALITY MANAGEMENT TOOL 

Gennadij Sh. Rubin – Ph.D. (Eng.), Associate Professor 
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia. E-mail: rubin@mgn.ru 
Eduard M. Golubchik – D.Sc. (Eng.), Associate Professor 
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia. E-mail: golub66@mail.ru 
Kseniya S. Lukianova – Postgraduate Student 
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia. E-mail: lukks@list.ru 
Henrik Dyja – D.Sc. (Eng.), Professor, Director of the Institute of Metal Forming and Engineering Security 
Czestochowa University of Technology, Czestochowa, Poland. E-mail: dyja@wip.pcz.pl 
Valery L. Steblyanko – D.Sc. (Eng.), Professor 
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia. E-mail: v.steblyanko@mail.ru 

 

Abstract 
Problem Statement (Relevance): This article presents 
a study into how the parameter of surface roughness is 
formed in a technological system and provides an ade-
quate representation of surface microtopography while 
enabling the prediction of possible changes. As the 
processes of cold rolling, heat treatment or skin pass-
ing  are  not  allowed  in  strip  production,  it  makes  it  a  
much greater challenge to monitor and control the sur-
face microtopography, which presents a very important 
problem. Objectives: The objective is to develop and 
test a surface roughness management tool based on 
fractal structure and using hot-rolled pickled strip as a 
test material. Methods Applied: For the purpose of 
this study, samples of hot-rolled pickled strip of grades 
St3 and 08ps produced at Magnitogorsk Iron and Steel 
Works were examined, and the model of surface mi-
crotopography decomposed into fractal structures to be 
studied. It was proposed to apply Fourier transform as 
part  of  the  the  model  basis.  Scientists  from  Nosov  
Magnitogorsk State Technical University offered a 
new approach to the description of the parameter of 
surface roughness (Ra) which is based on the fractal 
structure. Originality: One of the original features of 
this research includes the application of the fractal 
structure when forming the "surface roughness" pa-
rameter for a hot-rolled pickled strip. Findings: The 
authors describe a new quality management tool, 
which basically is an algorithm for building the fractal 
structure of the surface roughness parameter. It was 

proved that the proposed approach provides a high 
convergence between calculated and actual values of 
the studied parameters. Practical Relevance: The new 
approach will enable to obtain the required surface 
microtopography in steel products. 

Keywords: Surface roughness, quality indicators, fractal, 
fractal structure, Fourier transform, pickled steel strip. 
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