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Cratbs moCBsiIIEHa OOLIEMY CTPYKTYPHO-IHEPreTHYECKOMY aHadn3y (PEHOMEHA TPEHHS U pa3MbIIIe-
HUSM O TpUOOCHCTEME KaK IIEHTPAILHOM IOHSATHH TpHUOOiIorun. TpeHre uccieayercs Kak TpanchopMau-
OHHBIN PHEPTETUICCKHI MPOIecC, KOTOPHIH 001ataeT CUCTEMHBIM CBOMCTBOM W MTOJTYHHSCTCS yYPaBHCHHIO
9HEepreTHYecKoro Oananca. B kauecTBe OCHOBHOrO MeXaHW3Ma TpaHc(opMalMy U paccessHUS SHEPTHU MPH
TPEHUU TPUHUMAETCSI CTPYKTYpHO-dHEpreTHYecKas MOJeb yINPYyrolacCTHYecKon aedopManui KOHTaKT-
HBIX 00BEMOB. O003HaUaeTCs (hakT CyIIeCTBOBAHHE HEKOTOPOTO KPUTHIECKOTOo 00bEéMa TpeHus. Paccmar-
pHUBaeTCs ypaBHEHHE DHEPreTHYECKOTO OanaHca TPEeHUs, PeCTaBIIoNnIee TPEHHE KaK KOHKYPEHIINIO ABYX
OJHOBPEMEHHO AEHCTBYIOMIMX, B3aUMOCBA3aHHBIX M MPOTHUBOMOJIOKHBIX MHKPOMPOLECCOB B KOHTAKTHOM
00BEME: HAKOIUICHUSI CKPBITOH (MOTEHIIUAEHOW) SHEPTHH Pa3IMYHOTO poja Ae(eKTOB KPUCTATUIMIECKON
CTPYKTYpHI U e€ TpaHcopMmanmu u paccesHus. Jlaércs sHepreTudeckass MHTepHpeTanus KodpuIrueHTa
TPEHUs] U aHATU3UPYIOTCS AMArpaMMHBIE 3aKOHOMEPHOCTH CTPYKTYpPHO-3HEPreTHYEeCKOH SBOJIOLHUU TPY-
IIMXCSl TIOBEPXHOCTeH (KOHTakTa TpeHus). Onpenensercs o0acTh CyIIeCTBOBaHUS 3JIEMEHTaApHON TpHbO-
cucreMbl. opMyIHpyOTCS 3aKOHOMEPHOCTH HamboJiee MOITHOW BONIOIMHA PAaBHOBECHOTO KOHTaKTa Tpe-
HUS (3JIeMEHTapHON TpUOOCHUCTEMBI) K 00pa30BaHNIO COBOKYTTHOCTH MEXaHUYECKUX (HAHO) KBAHTOB — TPH-
OonozacucTeM. DieMeHTapHas TpHOOCUCTEMa ONpeAeisIeTcsl Kak 1ejoe, cocrosauiee u3 MHOxecTBa. Oboc-
HOBBIBAIOTCS TMPAKTUYECKHE OOJIACTH AMArPaMMHOTO CYIIIECTBOBAHMS MPHUPAOOTKH U COBMECTHMOCTH; THa-
ITa30HBI (pr/IKHI/IOHHOCTI/I u aHTI/I(i)pI/IKHI/IOHHOCTI/I; Mpeacbl TCXHOJOTHUYCCKOTIO U MAIMHHOTO TPECHUA.
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Abstract

The article is devoted to the general structural-energy analysis of the phenomenon of friction and reflec-
tions on the tribosystem as the central concept of tribology. Friction is studied as a transformational energy
process that has a systemic property and obeys the energy balance equation. The structural-energy model of
elastic-plastic deformation of contact volumes is accepted as the main mechanism of transformation and
energy dissipation during friction. The existence of a certain critical volume of friction is indicated. The
equation of the energy balance of friction is considered, which represents friction as a competition of two
simultaneously acting, interrelated and opposite micro-processes in the contact volume: the accumulation of
latent (potential) energy of various defects of the crystal structure and its transformation and dissipation.
The energy interpretation of the friction coefficient is given and the diagram regularities of the structural
and energy evolution of rubbing surfaces (friction contact) are analyzed. The area of existence of an ele-
mentary tribosystem is determined. The regularities of the most complete evolution of the equilibrium fric-
tion contact (elementary tribosystem) to the formation of a multitude of mechanical (nano) quanta — tribo-
subsystems are formulated. An elementary tribosystem is defined as an integer consisting of a multitude.
Practical areas of diagram existence of run-in and compatibility; ranges of frictionality and antifriction; lim-
its of technological and machine friction are substantiated.

Keywords: friction, deformation, energy, balance, transformation, evolution, dissipation, elementary tribo-
system, mechanical quantum.

DOI: 10.32864/0202-4977-2021-42-2-186-195

Adpec ona nepenucku:
C.B. ®edopos

Kanununepaockuii 20cydapcmeenHblii mexHu4eckull yHueepcumenn,

Cosemckuii npocnexkm, 1, &. Kanununepao 236022, Poccus
e-mail: fedorov@klgtu.ru

Address for correspondence:

S.V. Fedorov

Kaliningrad State Technical University,

Sovietsky Prospect, 1, Kaliningrad 236022, Russia
e-mail: fedorov@klgtu.ru

s yumuposanusn:

C.B. ®eoopos.

CTpyKTypHO-3HEpreTHYECKask UHTEPIPETALHs TPHOOCHCTEMBI.
Tpenue u u3HoC.

2021.—T.42, Ne 2. — C. 186-195.

DOI: 10.32864/0202-4977-2021-42-2-186-195

For citation:

S.V. Fedorov.

[Structural-Energy Interpretation of Tribosystem].
Trenie i Iznos.

2021, vol. 42, no. 2, pp. 186—195 (in Russian).
DOI: 10.32864/0202-4977-2021-42-2-186-195

187



Tpenue u usnoc
2021. —T. 42, Ne 2. — C. 186—195
C.B. ®eoopos

Friction and Wear
2021, vol. 42, no. 2, pp. 186—195
S.V. Fedorov

CHucoK HCIOJb30BAHHBLIX HCTOUYHHKOB

1.

10.

11.

IFOCT 27674-88. Tpenue, uU3HAIIUBAHME U
cma3ka. TepMuHbl M omnpeaegeHusi. — M. —
1988

®énopo C.B. OCHOBBI TpHUOOIPTrOIWHAMUKUA H
(PU3UKO-XUMHUYECKUE MPEANOChIKH TEOPUH CO-
BmectuMocTr. — Kamununarpan: KI'TY. — 2003
Kocrenkunii b.HU., Jluaauk FO.A. Hccienopanue
SHEPreTUYECKOro OajlaHCca MpPU BHEIIHEM TPEHUH
MeTaiioB // Mamunoseaenue. — 1968, No 5, 82—
94

®énopos B.B. TepmoauHamMHuUeCKHE aCHEKThI
MPOYHOCTH W pa3pylIeHus TBEPABIX Ten. — Tam-
kent: ®AH. — 1979

Fleischer G. 1. Die Tross’schen Erkenntnisse aus
heutigen Sicht // Arnold-Tross-Kolloquium, Ham-
burg, am 10. Juni, 2005. — 2005, 215—242
Sadowski J. und Sarnowicz L. Beitrag zu kalo-
rimetrischen Reibungswarmemessung // Tribologie
+ Schmierungstechnik. — 2019 (66), nu. 1, 34—41
Kpareabcknii W.B., Hoobiuun M.H., Komo6a-
J0B B.C. OcHOBBI pacuéTOB Ha TPEHHE U U3HOC. —
M.: MaumHoctpoenue. — 1977

. Bowden F.P. and Tabor D. The Friction and Lu-

brication of Solids. — Oxford: Oxford University
Press. — 2001

®énopos B.B. Kunerrnka noBpexmaeMocTH U pas-
pymenns TBEpABIX Ten. — TamkeHt: ®AH. —
1985

Fedorov S. and Assenova E. Synergy and Self-
Organization in Tribosystem’s Evolution. Energy
Model of Friction // 9™ Int. Conf. on Tribology
(Balkantrib’17) IOP Publishing IOP Conf. Series:
Materials Science and Engineering. — 2018
Fedorov S. Selforganized nano-quantum solid lu-
bricant // Tribologue + Schmierungstechnik. —
2016 (63), nu. 3, 5—13

10.

11.

References
1.

GOST 27674-88. Treniye, iznashivaniye i smazka.
Terminy i opredeleniya. — M. — 1988 (in Rus-
sian)

. Fedorov S. V. Fundamentals of Triboergodynam-

ics and Physico-chemical Prerequisites of Com-
patibility Theory. KGTU, Kaliningrad, 2003 (in
Russian)

. Kostetskiy B.I., Linnik YU.A. Issledovaniye en-

ergeticheskogo balansa pri vneshnem trenii met-
allov // Mashinovedeniye. — 1968, Ne 5, 82—94
(in Russian)

. Fedorov V. V., Thermodynamic aspects of strength

and destruction of solids. Publ. House “FAN”,
Tashkent, 1979 (in Russian)

. Fleischer G. 1. Die Tross’schen Erkenntnisse aus

heutigen Sicht // Arnold-Tross-Kolloquium, Ham-
burg, am 10. Juni, 2005. — 2005, 215—242

. Sadowski J. und Sarnowicz L. Beitrag zu kalo-

rimetrischen Reibungswarmemessung // Tribologie
+ Schmierungstechnik. — 2019 (66), nu. 1, 34—41

. Kragel'skij L.V., Dobychin M.N., Kombalov V.S.

Osnovy raschyotov na trenie i iznos. — M.: Mashi-
nostroenie. — 1977 (in Russian)

. Bowden F.P. and Tabor D. The Friction and Lu-

brication of Solids. — Oxford: Oxford University
Press. — 2001

. Fedorov V.V. Kinetika povrezhdaemosti i raz-

rusheniya tvyordyh tel. — Tashkent: FAN. — 1985
(in Russian)

Fedorov S. and Assenova E. Synergy and Self-
Organization in Tribosystem’s Evolution. Energy
Model of Friction // 9™ Int. Conf. on Tribology
(Balkantrib’17) IOP Publishing IOP Conf. Series:
Materials Science and Engineering. — 2018
Fedorov S. Selforganized nano-quantum solid lu-
bricant // Tribologue + Schmierungstechnik. —
2016 (63), nu. 3, 5—13

E-mail: FWJ]@tut.by

Web: https://mpri.org.by/izdaniya/trenie-i-iznos/

Jns nproOpeTeH s TOJTHOTO TEKCTa CTAaThH, 00palaiTech B PeIaKIHIO KypHaa.

Anpec penakiuu: 246050, yn.Kuposa 32a, r. 'omens, benapycs Tenedon/daxc: +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

195



