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[TokazaHo, 4TO MOBEPXHOCTH Pa3pyLICHUS! MPH TPEHHUH MOTYT OBITH camMoapOUHHBIMH C JIOKaJIHHOM
¢bpakranbHON pa3MepHOCTbIO. OfHAKO HepeceueHne Takoil camoad(MHHON MOBEPXHOCTH C IIOCKOCTBIO
naéT CXOXKHe KOHTYPHbIE JJMHUH, KOTOpbIe, HECOMHEHHO, caMonofo0Hbl. [IpuBeaeHHbIe paccyKAeHUs OTHO-
CHUTENBHO (PpaKTaIbHBIX CBOMCTB HOBEPXHOCTEH Pa3pyIIeHUs JAIOT OCHOBAHUE 110JIararh, YTO IIEPOXOBATas
MOBEPXHOCTH MPU KOHTAKTUPOBAHMH METAITMUECKUX TEJI B IPOIIecce TPEHUs TaKxke camoriofiooHa. B crarbe
NpUBOISATCA (PpaKTaTbHBIE PA3MEPHOCTHU IEPEXOTHBIX PEKUMOB KOHTAKTA (OT yIPYToro K yIpyromiacTiye-
CKOMY U OT yNPYIOIJIaCTHYECKOTO K INIACTHYECKOMY KOHTAKTY) AJIsi caMoaQUHHBIX KPUBBIX, KOTOPHIE SIB-
JISIIOTCS KPUBBIMH OTIOPHOM MOBEPXHOCTH IPH PA3IUYHBIX COYETAHUSIX TIapaMeTpoB MaTeprana — ko3hhu-
nuenra [lyaccona, TBEpIOCTH U MOAYMS yNIPYrocTU. 3a PpakTallbHYIO0 pa3MEPHOCTh KPHBBIX OTIOPHBIX MO-
BEpPXHOCTEH B pacu€rax NMpUHUMANach Pa3MEPHOCTb MMHKOBCKOTO, BBIYMCIICHHAS! KJIETOUHBIM METOIOM.
3T1oT MeToA, 0a3UpYIOLINIiC Ha pACCMOTPEHNN KOHTAKTHOTO B3aMOIEUCTBUS, JIET B OCHOBY METO/Ia pacuéra
KOHTaKTHBIX XapaKTEPUCTHUK TN C YYETOM MX MaKpo(pOpPMBI U IIEPOXOBATOCTH MOBEPXHOCTEH TpeHus. Pe-
3yJIbTaThl HCCIICAOBAHMS UMEIOT OOJIBLIOE 3HAUCHHE ISl Pa3pab0TKU MHKEHEPHBIX METO/IOB pacuéra OfHO-
POAHBIX ¥ HEOJAHOPOAHBIX IIEPOXOBATHIX TEIl.

KiroueBble ci10Ba: 1mepoxoBaToCTh NOBEPXHOCTH, PUKIIMOHHBINA KOHTAKT, (hpakTai, Tpenue, camoadhuH-
Hast KpHBasi, NEPEXOHON PEKHUM, YIPYTOILIACTHIECKUI KOHTAKT, Koaddurment [lyac-
COHa, TBEPJOCTh MaTepHaa, pa3MepHOCTb MUHKOBCKOT'0, CE/UIO KJIalaHa.

DOI: 10.32864/0202-4977-2023-44-6-582-590

Aopec 0na nepenucku:

A.X. [Icanaxmedos

Aszepbaiiocanckas Hayuonanvras akademus aguayuu (AHAA),
Mapoaxauckuii np., 30, . baky AZ1045, Asepbatioxcan

e-mail: dzhanakhmedov@yahoo.com

Address for correspondence:

A.Kh. Janahmadov

Azerbaijan National Aviation Academy,
Mardakan ave., 30, Baku AZ1045, Azerbaijan
e-mail: dzhanakhmedov@yahoo.com

Mns yumuposanus:

A.X. [[rcanaxmedos

AHanu3 (paKkTanbHOM CTPYKTYPHI HIEPOXOBATHIX IIOBEPXHOCTEH
TPEHHS IS yCTAHOBJICHHS [IEPEXOIHBIX PEKUMOB (DPUKIIHOHHOTO
KOHTAKTa.

TpeHue u u3HoC.

2023. - T. 44, Ne 6. — C. 582-590.

DOI: 10.32864/0202-4977-2023-44-6-582-590

For citation:

A.Kh. Janahmadov

[The Fractal Structure Analysis of the Rough Surfaces of Friction to
Establish the Transient Regimes of the Frictional Contact].

Trenie i Iznos.

2023, vol. 44, no. 6, pp. 582-590 (in Russian).

DOI: 10.32864/0202-4977-2023-44-6-582-590

582



Tpenue u usHoc
2023. —T. 44, Ne 6. — C. 582—590
A.X. [Preanaxmedos

Friction and Wear
2023, vol. 44, no. 6, pp. 582—590
A.Kh. Janahmadov

The Fractal Structure Analysis of the Rough Surfaces of
Friction to Establish the Transient Regimes of the Frictional
Contact

A.Kh. Janahmadov

Azerbaijan National Aviation Academy,
Mardakan ave., 30, Baku AZ1045, Azerbaijan

Received 26.07.2023.
Revised 11.12.2023.
Accepted 12.12.2023.

Abstract

The fracture surfaces can be, at best, self-affine with own local fractal dimension. However, the intersec-
tion of such a self-affine surface with a plane creates lines similar to shorelines, which are undoubtedly similar
and have a fractal dimension. The provided reasoning on the fractal properties of the fracture surface suggests
that the rough surface is also self-affine during friction of the contacting metal bodies. For the self-affine
curves, which are the supporting curves at various combinations of the Poisson coefficient, the values of
hardness, modulus of elasticity and fractal dimension are given in the paper (from elastic to elastic-plastic
contact and from elastic-plastic to plastic contact). The Minkowski dimension, calculated by the cellular
method, was used as the fractal dimension of the curves of the supporting surfaces. This method, which is
based on the contact interaction, is the foundation for calculating the contact parameters of bodies with respect
to their macro-shape and surface roughness. The results of research are of great importance for the develop-
ment of engineering calculation of homogenous and non-homogenous bodies.

Keywords: rough surfaces, frictional contact, fractal, friction, self-affine curve, transitional regime, elastic-

plastic contact, Poisson’s ratio, Minkowski dimension, material hardness, destruction of the seat.

DOI: 10.32864/0202-4977-2023-44-6-582-590

Aopec 0na nepenucku:

A.X. [Icanaxmedos

Aszepbaiiocanckas Hayuonanvras akademus aguayuu (AHAA),
Mapoaxauckuii np., 30, . baky AZ1045, Asepbatioxrcan

e-mail: dzhanakhmedov@yahoo.com

Address for correspondence:

A.Kh. Janahmadov

Azerbaijan National Aviation Academy,
Mardakan ave., 30, Baku AZ1045, Azerbaijan
e-mail: dzhanakhmedov@yahoo.com

Mns yumuposanus:

A.X. [[rcanaxmedos

AHanu3 (pakTaabHOH CTPYKTYPHI HIEPOXOBATHIX IIOBEPXHOCTEH
TPEHHS IS yCTAHOBJICHHS [IEPEXOIHBIX PEKUMOB (DPUKIIHOHHOTO
KOHTAKTa.

TpeHue u u3HoC.

2023. - T. 44, Ne 6. — C. 582-590.

DOI: 10.32864/0202-4977-2023-44-6-582-590

For citation:

A.Kh. Janahmadov

[The Fractal Structure Analysis of the Rough Surfaces of Friction to
Establish the Transient Regimes of the Frictional Contact].

Trenie i Iznos.

2023, vol. 44, no. 6, pp. 582-590 (in Russian).

DOI: 10.32864/0202-4977-2023-44-6-__ -

583



Tpenue u usHoc
2023. —T. 44, Ne 6. — C. 582—590
A.X. [Preanaxmedos

Friction and Wear
2023, vol. 44, no. 6, pp. 582—590
A.Kh. Janahmadov

CucoK HCOJIb30BAHHBIX HCTOYHUKOB

1.

2.

10.

11.

12.

13.

14.

15.

Mandelbrot B.B. The Fractal Geometry of Na-
ture. — New-York: W.H. Freeman. — 1982
Janahmadov A.Kh. and Javadov M.Y. Synerget-
ics and Fractals in Tribology. — Springer, Switzer-
land. — 2016

Motoyoshi Hasegawa, Jiancheng Liu, Koichi
Okuda, and Masayuki Nunobiki. Calculation of
the Fractal Dimensions of Machined Surface Pro-
files // Wear. — 1996 (192), 40—45

HBanoBa B.C., banankun A.C., Bynun UK. n
ap. CunepreTnka u (QpakTaibl B MaTepHAIOBEIE-
Hun. — M.: Hayka. — 1994

Edgar G.A. Measure, Topology and Fractal Geom-
etry. — N.Y.: Springer. — 1990

Byaar A.®., Apipaa B.U. ®Opakransl B reomexa-
Huke. — Kues: Haykosa Jlymka. — 2005

. Berry M. and Hannay J. Topography of Random

Surfaces // Natura. — 1978 (273), 573

Sayles R.S. and Thomas T.R. Reply to Topography
of Random Surfaces by M.V. Berry and J.H. Han-
ny // Natura. — 1978 (273), 573

Dauskardt R.H., Haubensak F., and Ritchie R.O.
On the Interpretation of the Fractal Character of
Fracture Surfaces. Overview n.88 // Acta Metall. —
1990 (38), no. 2, 143—149

Mandelbrot B.B. Self-Affine Fractals and Fractal
Dimension // Phys. Phys. Scr. — 1985 (32), 257—
266

Voss R.F. Random Fractals: Characterization and
Measurement // In: Scaling Phenomena in Disor-
dered Systems / eds. R. Pynn and A. Skjeltorp. —
New-York: Plenum Press. — 1985, 1—11

Lee Y.H., Carr J.K.,Bazz D.J.,and Hass C.S. The
Fractal Dimension as a Measure of the Roughness of
Rock Discontinuity Profile // Int.f. Rock Much. Min.
Sci. and Geomech. Abstr. — 1990 (27), 453—464
Kpareabcxknii U.B. Tpenne u wuznoc. — M.:
Marmrus. — 1968

Bowden F.P. and Tabor D. The Friction and Lubri-
cation of Solids. — Oxford: Clarendon Press. —
2001

Janahmadov A.Kh., Javadov M.Y., and Dy-
shin O.A. Diagnosis of the Contact Interaction of
Solid Bodies at Friction Using Fractal Analysis
Methods // Journal Science and Applied Engineering
Quarterly. — 2014, no. 04, 5—16

1.

2.

10.

11.

12.

13.

14.

15.

References

Mandelbrot B.B. The Fractal Geometry of Na-
ture. — New-York: W.H. Freeman. — 1982
Janahmadov A.Kh. and Javadov M.Y. Synerget-
ics and Fractals in Tribology. — Springer, Switzer-
land. — 2016

. Motoyoshi Hasegawa, Jiancheng Liu, Koichi

Okuda, and Masayuki Nunobiki. Calculation of
the Fractal Dimensions of Machined Surface Pro-
files // Wear. — 1996 (192), 40—45

. lvanova V.S., Balankin A.S., Bunin 1.Zh i dr.

Sinergetika i fraktaly v materialovedenii. — M.:
Nauka. — 1994 (in Russian)

. Edgar G.A. Measure, Topology and Fractal Geom-

etry. — N.Y.: Springer. — 1990

. Bulat A.F., Dyrda V.l. Fraktaly v geomekhani-

ke. — Kiev: Naukova Dumka. — 2005 (in Russian)

. Berry M. and Hannay J. Topography of Random

Surfaces // Natura. — 1978 (273), 573

. Sayles R.S. and Thomas T.R. Reply to Topography

of Random Surfaces by M.V. Berry and J.H. Han-
ny // Natura. — 1978 (273), 573

. Dauskardt R.H., Haubensak F., and Ritchie R.O.

On the Interpretation of the Fractal Character of
Fracture Surfaces. Overview n.88 // Acta Metall. —
1990 (38), no. 2, 143—149

Mandelbrot B.B. Self-Affine Fractals and Fractal
Dimension // Phys. Phys. Scr. — 1985 (32), 257—
266

Voss R.F. Random Fractals: Characterization and
Measurement // In: Scaling Phenomena in Disor-
dered Systems / eds. R. Pynn and A. Skjeltorp. —
New-York: Plenum Press. — 1985, 1—11

Lee Y.H., Carr J.K.,Bazz D.J.,and Hass C.S. The
Fractal Dimension as a Measure of the Roughness of
Rock Discontinuity Profile // Int.f. Rock Much. Min.
Sci. and Geomech. Abstr. — 1990 (27), 453—464
Kragelskij 1.V. Trenie i iznos. — M.: Mashgiz. —
1968 (in Russian)

Bowden F.P. and Tabor D. The Friction and Lubri-
cation of Solids. — Oxford: Clarendon Press. —
2001

Janahmadov A.Kh., Javadov M.Y., and Dy-
shin O.A. Diagnosis of the Contact Interaction of
Solid Bodies at Friction Using Fractal Analysis
Methods // Journal Science and Applied Engineering
Quarterly. — 2014, no. 04, 5—16

E-mail: FWJ@tut.by

J1n1st nproOpeTeH st MOTHOTO TeKCTa CTaThH, 00paIlaiiTech B peAaKINIO )KypHaIa.

Anpec pemakuuun: 246050, yi. Kuposa 32a, r. 'omens, benapycs. Tenedon/dakc: +375 (232) 34 06 36 / 34 17 11
Full text of articles can be purchased from the editorial office.
Address: 32a Kirov Street, Gomel, Belarus, 246050. Phone: +375 (232) 34 06 36. Fax: +375 (232) 34 17 11

584


mailto:FWJ@tut.by

