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HEKOTOPBIE OCOBEHHOCTHU TPUBOJIOTUHN BBICOKOCKOPOCTHOI'O
3HAKOIIEPEMEHHOI'O JE®@OPMUPOBAHUA

Annorauusa. CtaTbs IOCBAIIEHA TPEHUIO ¥ M3HOCY CTAJIBLHBIX TIOBepxXHOcTel. J[J1a mpoBeieHus 9KCIIepUMEHTOB
ObLIa paspaboTaHa yCTAHOBKA. ¥ CTAHOBKA BKJIOYAJIA JBA OBICTPOBPAIIAIOIIUXCS IUCKA U IIPHKUMAEMbINA 00-
paserr. Eciu mucku Bpamaimck B pa3Hble CTOPOHBI, TO 00pasel; HaXOIUJICS II0/] BO3IeMCTBUEM OJHOCTOPOHHUX
CIBUTOBHIX Jedopmariuit. [Ipu BpaleHnu TUCKOB B OJHY CTOPOHY OCYIIIECTBJIISIICA PeBepc. Y cTaHOBJIEH adpderT
WHBEPCUU KPUBHIX MUKPOTBEPIOCTH W M3HOCA IIPU PEBEPCUBHOM U OJHOHAIIPABJIEHHOM TPEHUU B 3aBUCHMO-
CTH OT yIJIEpOoda B CTAJIM, KOTOPBIN IIPK OTCYTCTBHU CMA3KH HAXOAUTCS B IpeIesiax MOPAIKA YeThIPeX JTeCATHIX
IIPOIIEHTHOTO COMEPRAHUSA. DKCIEPUMEHTAIHFHO [IOKA3aHO, YTO BBHICOKOCKOPOCTHOE 3HAKOIIEPEMEHHOEe TPEHUe
MOJKET YIIPOYHSATE CTAJb C HOBBIIIEHUEM TBEPIOCTH U H3HOCOCTOMKOCTH B OOJIBIIEN CTEIIeHU, YeM OHOHAIIPAaB-
JIEHHOE TPeHUe, UTO IIPeIJIaraeTcs UCII0Ib30BaTh B IIPAKTUYECKUX IIEJIAX.

KnrwoueBnie cioBa: TpeHume, H3HOC, CKOJbKEHHE, BBICOKHME CKOPOCTH, MHKPOTBEPIOCTH, PEBEPCUBHOCTH
IBMKEeHNA, 9QPPeKT YIPOUHEHMS.
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SOME OF THE FEATURES OF TRIBOLOGY
HIGH SPEED ALTERNATING DEFORMATION

Summary. In modern technology, various machines and mechanisms operating at high friction speeds are wide-
ly used. In technology, the friction effect is extremely negative, that it inevitably involves unproductive energy
costs, abrasion of machines and mechanisms. Accordingly, there are a lot of scientific literature sources on tri-
bology. On the brighter note, one area can be emphasized that has not been subjected to focused research, with
the exception of the works. This is a comparative evaluation of ongoing processes of the state of surface layers
under the influence of unidirectional and alternating shear deformations. So it first proved that the revealed reg-
ularities can be used to increase the service life of machines. The purpose of the work is to show, in comparable
conditions, the differences in the properties of the working friction surfaces that arise under one-directional and
alternating deformation and their effect on the durability. Concept of the work. In order to conduct the research
according to the comparative features of alternating and one-directional sliding friction, there was a necessity
to develop a new technique, as the known technique included the elementary cycles with a stop after each cycle.
Such a technique included the elementary cycles with a stop after each cycle. This one is reasonable at low speeds,
because it led to a rapid stop of the machine spindle. But at higher speeds, during each stop with following accel-
eration to the selected speed the runout led to the friction at different speeds. Consequently the original technique
was developed, in which the friction occurred without interruption before change in the direction of movements.
Conclusions. It is established that under high-speed one-directional and alternating friction, the common denom-
inators in hardening and wear of steels are present. However, under certain condition there is an inversion of the
hardness and wear curves, in which reverse high-speed friction increases the working properties of steels in a
greater degree than one-directional ones. This mechanism can be used for practical purposes.

Keywords: friction; wear; sliding; high speed; micro-hardness; reverse motion; strengthening effect.

OCTaHOBKA IIPO0JiemMbl. B coBpemeHHOI Tex-

HUKE IIUPOKO KCIIOJIb3YIOTCS PA3JIMIHBIE Ma-
IIIMHBI 1 MEXAHU3MBI, paboTaIOIINe IPX BBICOKHMX CKO-
poctsix Tpernsi. COOTBETCTBEHHO MMEETCS U JIOCTATOUHO
O0IIMpHAST HAYYHAS JIMTEPATYPa, TIOCBSIIEHHAS JTOM
obstactu Tpubosoruu [1-3]. OmHAKO Py BceM MHOTO-
00pasuy MOKHO BBHIIEJIUTH HAPABJIEHUE, KOTOpoe He
TIOJIBEPTAJIOCH IIEJIEHATIPABIIEHHBIM HCCIIEIOBAHMSIM
3a umcrJoueHrieM pabor [4; 5]. OTo cpaBHUTEHHAS
OLIEHKA ITPOTEKAIOIINX IIPOIIECCOB COCTOSHUS IIOBEPX-
HOCTHBIX CJIOEB, HAXOMAIIMXCS II0Jl BO3IEUCTBAEM
OTHOHAMPABJIEHHBIX ¥ 3HAKOIIEPEMEHHBIX CIIBUTOBBIX
nmecdopmartuii. B Hux BriepBbIe OBLIO TTOKA3AHO, UTO BBI-
SIBJIEHHBIE 3aKOHOMEDPHOCTH MOTYT OBITH HCIIOJIb30BA-
HBI J[JIS1 TIOBBIIIIEHNUS CPOKA CITYKObI MATITHH.

IMens crareu. ['naBHas 1es1b 910 pabOTH IOKA-
3aTh B CPABHUMABIX YCJIOBUSIX PA3JIMYHS B CBOMCTBAX
paboYrx MOBEPXHOCTEH TPEHUS, BOSHUKAOIIUX IPHU
OHOHAIIPABJIEHHOM M 3HAKOIEepeMeHHOM medop-
MUPOBAHUHU U WX BJIMSHUE HA I0JITOBEYHOCTbD.

Meronosiorua mposenenus padorel. [Ipesxme
BCETro, OITPEeJIeJIEHHYI0 CJIOMKHOCTh COCTaBJISAIA cama
METOOUKA CO3NAHMS CPABHUTEILHBIX YCJIOBHI BEICOKO-
CKOPOCTHOI'O ¥ OJJHOHAIIPABJIEHHOIO TpeHus. Tak, pa-
Hee [5] MCIIoIb30BaJIMCH OUHAKOBbIE ITUKJIbI, KAMKIBIA
H3 KOTOPBIX BKJIIOYAJ PA3TOH 0] HATPY3KOM, TPeHIe
IPU YCTAHOBUBIIIEHCS CKOPOCTH ¥ BBIOET JI0 TIOJTHOM
OCTAHOBKM C MHOTOKpaTHBIM IToBToperuem. Ho mrpu BI-
COKHMX CKopocTax mopsiaka 50-100 m/c Takas MeToquKa
He MOrJIa ObITh IPHUMEHNMA M3-3a TJIABHOM IIPUYHHEI —
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Puc. 1. Merox ocymecTBieHus 0JHOCTOPOHHETO
(a) u pesepcuBHOTO (0) BEICOKOCKOPOCTHOT'O
TpeHus: 1, 2 - nucku; 3 — NCHBITHIBAEMBbIN 00paser
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Puc. 2. U3uoc u koaddunuest rpeHns o0pasnor
U3 cTajiu 45 Npu OJJHOCTOPOHHEM U PEBEPCUBHOM
Tpenuu 6e3 cma3ku (70 m/c; 100 H). Kpussie:

1, 2 - n3HOC IPH OTHOCTOPOHHEM B PEBEPCUBHOM
TpeHuu; 3, 4 — KoadgpunueHT Tpeuns
IPH OOJHOCTOPOHHEM U PEBEPCUBHOM CKOJIbKEHUN
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Puc. 3. U3ameneHne MUKPOTBEPAOCTH IO IIIyOUHE
B 00pasnax u3 craju 45 mocje BHICOKOCKOPOCTHOIO
TpeHusa 6e3 cmasku. Tpenue 10 ¢, narpyska
100 H. Kpussie: 1 - 0fHOCTOPOHHEE TPEHUE;

2 — peBepCHUBHOE TPEHUE
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JUTHUTETHHOTO TIPOITecca OCTAHOBKHU (PPUKITMOHHBIX JTHC-
KoB muramMerpoM kaskabii 300 mv. 3a BpeMs BeIOera 1o
OCTAHOBKH OKPYsKHAST CKOPOCTH JIFICKOB H3MeEHSETCS
OT IIPUHATOM paboUeil 10 HyJIs, YTO O3BOJIAIIO YETKO
HICCJIETOBATH TIPOITECC TPEHUS IIPU 3aJaHHOM BBICOKOM
cropoctu. [ToaToMy OBLIIA HETTPUTOTHOL.

VEKasaHHBIA HEIO0CTATOK OBLI IIPEoIoJIeH 0JIaro-
Japs paspaboTaHHOM MeTOIWKEe WCIIBITAHUN C IIPH-
MeHeHIeM KMHeMaTUYIeCKOM CXeMbl, BKJIIOUAIOIIell He
OIvH (PPUKITMOHHBIA IUCK, KAK IIPUHATO, a aBa [4].
Kasxaprit Taxoil 1UcK BMeJI caMOCTOATE ILHBIHN IIPHUBO/T
C 2JIEKTPOIBUTATEJIEM U TIOJIYYMJI BO3SMOKHOCTh He3a-
BHCHMOI'O BPAIIIEHMsI B JIF00YI0 cTopoHy. Ho HebombIoin
BPAIATOIIMICS ¢ 3TAaHHOM CKOPOCTHIO 00pa3err, IIpH-
SKMMAEMBIN OJTHOBPEMEHHO K JIBYM IMIHHIPUIECKIM
TIOBEPXHOCTSAM JIMCKOB, ITOJIyYMJI OJHOHAIIPABJICHHBIE
TN 3HAKOIIEPEMEHHBIE C/IBUTOBBIE BHICOKOCKOPOCTHBIE
nmecdopMartiy 6e3 OCTAHOBKH TIPOITECCA TPEHUS U M3Me-
HeHne TpUHATOM cropocTH. [lpuHInma pHas cxema
TaKOH YCTAHOBKH IIOKa3aHa Ha pUCyHKe 1.

NccnemoBanusa. OxcrneprMeHTaJIbHBEIE JaH-
HBIE TI0 U3HOCY U K02(pPUITHeHTAM TPEHUS JIJIS CTa-
u 45 mpuBeneHbl HA pucyHKe 2. VI3 oTHX TaHHBIX
BUJTHO, UTO C YBEJIMUYEHHEM BPEMEHU TPEHUS HU3HOC
YBEJIMYUBAETCS, KaK JJIS OJTHOHAITPABIEHHOTO, TAK
" s peBepcuBHOTO Tpenwus. OmHAKO TIpHU peBep-
CHUBHOM TPEHUU M3HOC 00PA3IIOB 0KA3AJICST MEHbIITE,
yeM TIpH ogHOHAIpaBiaeHHOM. COOTBETCTBEHHO W3-
MeHUINUCh U KoadpduimeHTs TpeHus. Takas 3ako-
HOMEPHOCTb HAOJII0TaIach U JIJIsI APYTHUX CTAJIEH.

Bruno coemano mpedmososkeHne, YTo TpU 0OJTh-
IIUX CKOPOCTSX TPEHUS 3HAKOIIePEeMEeHHOCTDH Jie-
dopmariumii mpuBOoAUT K 00Jiee BBICOKOM CTEIeHH
VIIPOUYHEHUsT PAb0YMX TTOBEPXHOCTEHM, YeM OHOHA-
mpaBJIeHHOe TpeHue, ¢ 00pa3oBaHUEM BTOPHUYHBIX
CTPYKTYp THuma OeJibix cioeB. VamepeHre MHUKPO-
TBEPOCTU TTOITBEPIUJIIO ITO TIPE/IITOI0KEHE.

Kak cenyer us prucynka 3, kpuBas 2, 0TBEYAOIIAS
VIIPOYHEHUIO ITOBEPXHOCTHBIX CJIOEB IIPU PEBEPCUB-
HOM TPEeHUU JIEKUT BBIIIe KPUBOM 1 oJTHOHAIIpaBJIe-
HOTO TpeHwusi. M ara 3aKOHOMEPHOCTh PACIIPOCTPAHSI-
eTCs OT [OBEPXHOCTHU TPEHU Ha MIyouHy 6osree 50 Mmm
¢ 00pas3oBaHHEM TBEPIBIX OEJIBIX CJIOEB (PUCYHOK 4).
ITpuBenenHbIe BEINNIE OMBITHRIE TAHHBIE HA 00pa3riax
U3 cTasu 45 TO3BOJIMIN PACIITUPUATD 00bEM SKCITEPH-
MEHTOB JIJII OIIPeIeIeHUs BIUSIHUS 3HAKOIIEPEMEeH-
HOTO HJIM OJHOHAIIPABJIEHHOTO BBICOKOCKOPOCTHOTO
TPEHUS U COIEPIKAHUS YIJIEPOAA B CTAJISIX Ha UX MU-
KpPOTBEP0CTh U u3Hoc. Takue BecbMa 00bEMHBIE J9KC-
TIePUMEHTHI OBLIIV ITPOBEIeHEI ¥ 0000IIEHEL.

Kpusble Ha pucyHke 5 IMOKA3BIBAIOT M3MEHEHUE
MHUKPOTBEP/IOCTH TIOBEPXHOCTHBIX CJI0EB, M3MEPEHHOM
HA 00pasax ¢ Pas3IMIHbIM COAEPIKRAHNEM yTIIePOIa OT
apMKO-JKesie3a 0 MHCTpyMeHTaIbHoi crtaau ¥ 10 mo-
cJIe OJHOCTOPOHHEro (KpuBasi 1) 1 peBepCHUBHOIO Tpe-
Hus 0e3 cMasku (KpuBad 2) B TedeHnn 10 CEKYHT IIpy

Puc. 4. Bessriit cioii Ha crasiu 60 mocsie peBepCcuBHOTO
Tpenus 6e3 cmasku (70 m/c; 100 H; 40 c)
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Harpyarxe 100 H u cropoct 70 m/c. Bummo, uro 1mo-
BEPXHOCTHBIE CJIOU IIOJIyYAIOT 3HAYUTEIBHOE YIIpOY-
HeHMe IS CTaJIell ¢ Coep:kaHueM yriepona Oosee
0,3%. Ilpm srom HAGIIOHAETCS MHTEPECHAS 3aKOHO-
MEPHOCTh TPU KOTOPOM MAaJIOYTJIEPOIVICThIE CTAJIA
IOJIyYatoT OOJIbIllee YIIPOYHEHWe IPH OIHOHAIIPAB-
JIEHHOM TPEHHUHU, YeM IIPU PEBEPCUBHOM, YTO BUIHO
10 BEPXHEMY PAaCHOJIOMKEHUI0 KPUBOM 1 HAJ KPUBON
2 IJIs cTayv, HaunHas OT apMKO-:Kese3a 1o craytu 30.
3areM IIPOMCXOIUT MHBEPCHUS B PACIIOJIOMKEHUN KPH-
BBIX, KOTOPAs BBIPAYKAETCS B BEPXHEM PACIIOJIOMKEeHIHT
KPHUBOI 2 HAJT KPUBOM 1, YTO CBUIETEJIHCTBYET 0 Oostee
BBICOKOM CTEIIEHU YIIPOYHEHMS II0BEPXHOCTHBIX CJIOEB
IpH 3HAKOIIEPEeMEeHHOM MIPOTeKAHUM CIBUTOBBIX I€-
dopmatuit Ipu BBICOKOCKOPOCTHOM TPEHWUH HEMKeIn
IIPH OJTHOHAIIPABJIEHHOM J1epOPMUPOBAHUH.

[Tpruem mMeeT MecTO He TOJIBKO 3HAUYUTEIbHAS
pasHUIla B BeJIMYUHE YIIPOUYHEHUs, HO U B TeHIEH-
ITUY TIOBBIITIEHUS TBEPIAOCTU TPU 3HAKOIIEPEMEHHOM
TPEeHUU cTaJIeH ¢ copepskanmreM yrirepoa bosee 0,6%
II0 CPABHEHUIO C OTHOHAIIPABJIEHHBIM TPEeHUEM, IIPHU
KOTOPOM YITPOUHEHWE c1a00 BO3pacTaeT HeCMOTPS Ha
YBEJIMUYEHWE COMIEPIKAHUS yIJIepoaa B CTaJIHU.

OKcIleprMeHTaJIbHbIE JTaHHbIe 10 MUKPOTBEP.IO-
CTU [OIIOJIHUM pe3yJIbTaTaMi H3MepeHUs H3HOoca
W3 CcTaJedl C Pa3JIUYHBIM COAEp:KaHMeM YTJIeponaa,
HUCIIBITAHHBIX II0CJIE OJHOCTOPOHHEIO MJIU 3HAKOIIe-
PEMEHHOr0 BEICOKOCKOPOCTHOIO TpeHus. 110 kpuBbIiM
3, 4 Ha pUCYHKEe 5 BUTHO, YTO C POCTOM ITPOITEHTHOTO
COJTEPIKAHUS YIJIEPO/Ia B CTAJIAX UX M3HOCOCTOMKOCTH
YBEJIMUYMBAETCS KaK IIPU OTHOCTOPOHHEM TaK W IIPHU
3HaKomepemMeHHOM medopmupoBannu. OmHarko B3a-
WMHOEe PAaCIOJIOKeHNe KPUBBIX 3, 4 He ocTaeTcs Bce
BpeMs IIOCTOSTHHBIM, a IT0JIy4YaeT MHBEPCHUIO JIJIs CTa-
neti HaumHasd ¢ 0,35 + 0,40 IpoIleHTHOTO COMePRAHMIS
yraeponga. C pocroMm copepskanus yriiepoma OoJiee
0,35 = 0,40 m3HOC cTaJed IPU PEeBEPCUBHOM TPEHUN
CTAHOBUTCS MEHBITIE, YeM ITPU OTHOHATIPABJIEHHOM.

Kax mosiaraem, ara 3aKOHOMEPHOCTH JOJIK-
Ha CTaTh KJIIOYEBOU ITPU KCIIOJIB30BAHUU BEBICOKO-
CKOPOCTHOTO TPEHUS B IIPAKTUYIECKUX IEJIIX IS
YIOPOYHEHUS CTaJIEH.

Coucok jsureparypsi:
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Puc. 5. Biusauue suakonepeMmeHHOCTH
BBICOKOCKOPOCTHOI'O TPEHMA 0e3 CMa3Ky Ha
YIPOYHEHNE U U3HOC CTAJIEH C PA3IMIHBIM

conepskanue yriepoaa. 70 m/c; 100 H; 10 c.
Kpusste: 1, 2 - mukporsepaocrs; 3, 4 — uanoc; 1, 3 -
OQHOHAIIPABJIEHHOE TPeHUe; 2, 4 — 3HAKOIIepeMeHHOe

BreiBognr:

1. YcraHoB/I€HO, YTO IIPU BBICOKOCKOPOCTHOM
OJTHOHAIITPABJIEHHOM M 3HAKOIIEPEMEHHOM TPEHUN
HAOJII0JAI0TCS 00IIIe 3aKOHOMEPHOCTH 110 YIIPOYHE-
HUIO U U3HOCY CTaJIeH.

2. OgHaKo IIPU ONIpenesIeHHBIX YCJIOBHUSX KMe-
eT MeCTO WHBePCUsS KPUBBIX TBEPIOCTU W M3HOCA,
TIPU KOTOPOM peBEPCHUBHOE BBICOKOCKOPOCTHOE Tpe-
HUe IMOBBINIAET IKCIIyaTaIlMOHHBIE CBOMCTBA CTa-
JIei B OOJIBbIIEH CTemeHU, YeM OJHOHAIIPAaBJIEHHOE.
OTa 3aKOHOMEPHOCTH MOYKET OBITH MCIIOJIL30BAHA
B IIPAKTUYECKUX IIEJISX.
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