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O crocobe yueta BIMAHHS 00BEMHBIX YNPYrux Ae(opMaluil ycTaHOBKH Ha BEJIUUYMHY TPEIBAPHTEILHOTO CMEICHHUS

O CIIOCOBE YYETA BJINSAHUSA OBBEMHbIX

Kupuiakos B.A. o
XMeNbHULKIIA HAllMOHAJILHBIH YHUBEPCUTET, YIIPYI'UX I[E(I)OP MAHI/IH YCTAHOBKHU
- XMEIbHHUKHH, Yipaia HA BEJIMYUHY NPEABAPUTEJIBHOI'O
CMEINEHUSA
Beenenune

PesynbraThl paboT pa3nuuHbIX HccienoBateneid [1 - 3], cBA3aHHBIX ¢ SKCHEPUMEHTAIBLHBIM OIpeese-
HHEM BEJIMYMH NPEIBAPUTEILHOTO CMELICHUS, TIOKa3bIBAIOT, YTO, KaK MPABUJIO0, OHU 3HAYNUTEIBHO OTINYAIOTCS
JIpYT OT JIpyra. DTO MOXHO OOBSICHUTH TE€M, YTO MpelBapUTelbHOEe cMelleHne (OyeM Ha3blBaTh €ro MOJHBIM
MIPeABapPUTEIbHBIM CMEIIEeHHEM) (PaKTHIECKH MPEACTABIAET COO0 CyMMYy IBYX COCTaBIISIOIINX: MPEABAPUTEIb-
HOTO CMEIIECHUs, 00YCIOBIEHHOTO 00BEMHOM nedopmarieli KOHTAKTUPYIOIIMX TEJ, U KOHTAKTHOTO IpeIBapH-
tenpHOTO cMmemteHus [4]. Tlocnennee oOycinoBICeHO M3MEHEHHEM HANPSHKEHHOTO COCTOSIHUSI B 30HE KOHTaKTa
TBepAbIX Ted. OObeMHOE K€ TpeIBapUTEIbHOE CMEIICHHE ONPEesieTCsl KOHCTPYKINEH y3i1a TPeHUS ¥ HCTIOb-
3yEeMOH 3KCIIEpUMEHTAIILHON yCTaHOBKU. 1103TOMY COBIazieHuE pe3ynabTaToB, MOJYYEHHBIX HA PA3JIMYHBIX YCTa-
HOBKaXx, €CJIM HE YYUTHIBATH UX OOBEMHYIO YIPYTYIO Ae(OpPMAIIUIO, CTAHOBUTCS MPAKTUUECKH HEBO3MOXKHBIM.

B nannoi1 paboTe onmchIBaeTCs COCO0, MO3BOJSAIOMINI YI€CTh BIUSIHAE 00BEMHBIX YIIPYTHX Aedopma-
I_[I/Iﬁ YCTaHOBKH ITPU OLICHKC BCIIMYUHBI KOHTAKTHOT'O IMTPEABAPUTECIBHOI'O CMEIICHMA.

HccrnenoBanus IpoOBOAMIINCH HA MasTHHKOBOM TpuOoperakcarope [5] U m3noxkeHsl B paboTax [6, 7].
Pabouast gactp Tpubopenakcatopa (puc. 1) mpencraBisieT coboi KoxeOaTeIbHYI0 CHCTEMY B BUAE KPYTHIHHOTO
MAasTHHKA, BKJIFOYAIONIECTO B ce0s MCCIeyeMyro mapy oopasios 1 u 2.

KoHTakT 00pa3noB OCYIIECTBISIETCSI IO CXEME «ILI0C-
KOCTh (HIDKHHUI 00paselr) - Topell Mmojioro HWwinHApa (BepXHUI
obpaser)». KonplieBass miiomazaka KOHTaKTa UMEET Hapy)KHBIN
JIUaMeTp PaBHBIN 5 MM W BHYTpPEHHUH paBHBIN 3 MM. BepxHmii
obpasenr 1 wmccnemyemMoll mapbl HEMOJIBHIXKHO 3aKPEIUIIEeTCS B
Jiep>KaTesie yCTaHOBKH, HIDKHUN - HA MHEPLHOHHON JeTanu (Ma-
STHUKE) 3 1 onrpaeTcs Ha OECTPEHUEBYIO OTOpPY 4 B BHJIE UIJIHL.
OO0pa3upl IPWKUMAIOTCS OPYr K APYry KOHTPOJIMPYEMOH HOp-
MaJbHOU CHUIIOH P.

Puc. 1 - Cxema koseGarennoii [IporyckanueM Yepes KaTyIKy 6 KOPOTKOTO MMITYIIbCa MOCTO-

ccTeMbl Tpubopeakcaropa SHHOTO TOKa MasTHHUK IIPUBOJHUTCS B KPYTHIIBHOE KoJieOaTenb-

HOE JIBIDKCHHE B TOPU3OHTAIBHON IUIOCKOCTH. BenmmumHa Toka

YCTaHAaBJIMBAETCsl TAKOM, YTOOBI B MPOIECCE COBEPIICHUS KOJICOAHUN HCCIIEeyeMblil KOHTAKT HaXOIUIICS B PEXKHU-

M€ TIPEIBAPUTEIHFHOTO CMEICHUs. BO3HUKaromMe KPyTHIbHBIE KOJIeOaHNsT HOCAT 3aTyXaloIlUi XapakTep, 9To

OTIPEIETISIETCSI MPENMYILIECTBEHHO THUCCUIIATUBHBIMU CBOMCTBAMU M3y9YaeMOro KOHTAaKTa. BennmumHa aMIumTy bl
KoJIeOaHMH ONpeeNsuIach Ha CPEAHEM PaJiyce KOHTAaKTHOM IIJIOIIA/AKH, PABHOM 2 MM.

Konebanust MasTHUKA PErHCTPUPYIOTCS €MKOCTHBIM JIaTYMKOM 5, CUTHAJ ¢ KOTOPOTO MOJaeTcs Ha J[Ba
ANIEKTPOHHBIX YacToToMepa. OIMH U3 HUX M3MEpSET YacTOTy KojieOaHWH MasTHHKA, IPYrod OTCUMTHIBAET KOJIHU-

4ecTBO Koaebanuii IV,, COOTBETCTBYIONEE yMEHBIIEHUIO aMILTUTY b KoneOanuii B e pas (e = 2,72).

ITockonmbKy cucTeMa OTCYETa MEPEMEICHHH TprOopenakcaTopa perucTpUpPyeT MOTHOE IPEIBAPUTENb-
HOE CMEILEHHE, TO JUI ONpEeAETICHUs BENTUUMHBI KOHTAKTHOTO MPEABAPUTEIBHOIO CMELIEHHS B JOMOJIHEHHE K
WCTIBITAaHUSIM OCHOBHOHM mapbl oOpa3uoB 1 m 2 (puc. 2, a) NMPOBOAMINCH HMCIBITAHUS, TO3BOJIAIONINE YYECTh
o0beMHbIe JleopMali YCTaHOBKU. J[JIsl 3THX UCIIBITAaHWI MCIOJIB30BAJICS CIIEIHANIbHBI MOHOJUTHBIA 00Opa-
3ell, IMEIOLIUH BHEIIHIO KOHQUTYPAIMIO TaKyIo JKe, KaK y CONpsbKeHHOHU mapsbl (puc. 2, 0).

-

a 0

Puc. 2 — O6pasubl:
a — OCHOBHAsi apa 00pa31oB JJIsl HCCJIe 0BAHMIi;
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0 — MOHOJIMTHBIH 00pa3en

[lepeiinem Teneps HEMOCPEACTBEHHO K BOIPOCY MOJEIMPOBAHUS KoJeOaTeNbHONH CHCTEMBI TpHuOope-
nakcaropa. Kak u3BecTHO, cpeiu BcexX CIydaeB PaCCEMBAHUS SHEPTHH NMPOCTEUINNM C TOUYKH 3PEHUSI MaTeMaTH-
YECKOTO MCCIIeIOBAHUS SIBJISIETCS ClTydaild, B KOTOPOM JieMII(pUpyIolIasl Cuiia MporopIHoHaibHa CKOPOCTH — TaK
Has3bIBaeMoe Bs3Koe JieMripupoBaHue. [109TOMy cuIilbl CONPOTHBIICHHUS, UMEIOIINE OOiee CIOXKHYIO MPUPOY,
OOBIYHO 3aMEHSIOT TPU MCCIICJOBAHUSIX YKBHBAICHTHBIM BSI3KMM CONPOTHBICHUEM, a SKBUBAJICHTHOE JieMIT(pH-
pOBaHKE ONPENEIISIOT U3 YCIIOBHUSI, YTOOBI 32 OIMH LUK [P HEM PAcCEHBAJIOCh CTOJILKO )K€ SHEPTHH, CKOJIBKO
TIpH AEUCTBUH PEaTbHBIX CHJI COMPOTUBICHUS [2].

Vcnone3ys OnMCcaHHBIN BBIIIE MTOJXOJ, MOXKHO NPEICTaBUTh KOJIEOATENbHYI0 CHCTEMY YCTaHOBKH C
YCTaHOBIICHHOW Tapoii 00pa3noB B Buje Tena ['yka M rmociaeqoBaTenbHO COSTMHEHHOTo ¢ HUM Tena KenbBuHa-
®oiirra (puc. 3). Teno ['yka OymeT MoxenrpoBaTh 00BEMHBIC YIIPYTHE CBOMCTBA KOJEOATEIFHON CHCTEMBI yCTa-
HOBKH, a Tes1o KenpBruHa-Doiirra - BI3KOynpyrue cBoicTBa KOHTaKTa Mapbl 00pasIioB.

CocraBuM ypaBHEHUs KosieOaHMi Takol cucteMbl. OOO3HAYMM YIIIOBOE OTKJIOHEHHE OT ITOJIOKEHHS

paBHOBECHs KOHTAKTHO TIOBEPXHOCTH BEpXHEro obpasma { | » @ YITIOBOE OTKJIIOHEHHE OT IOJIOKEHHS PaBHOBE-

CHsI MasiTHUKA COOTBETCTBEHHO ¢ , (puc. 3).

N

T
LL
ey

2

Puc. 3 — Moaeib kosedaTeIbHON cHCTeMbI TPHOOpeEIaKcaTopa
B cJIyYae HCII0JIb30BaHUsl MAapbl 06pa3uoB

Torna 1yt KOHTaKTHOH ITOBEPXHOCTH BEPXHETO 00pasiia, pacCMaTprBasi €€ Kak HeKOe OEe3bIHEPLIMOHHOE
Telo, OyJaeM UMeTh cieaymomee aupdepeHInaIbHOe ypaBHEHNE JIBIKCHHUS:

0=-cd,tc,(0,-0)+b0,-9,), (1)
a JUTSl HHEPITMOHHOM JeTaH, C 3aKPETUICHHOM Ha Hell HIDKHAM 00pasiioM, — ypaBHEHHE BUJIA:

1,7 -c(0,-0)-b0,-9)), ()
rae € — ko3 PHUIHUEHT )XeCTKOCTH, 00YCIOBICHHBIH YIPYTUMHU eOopMaIUsIMU YCTAaHOBKY;
C, — KO3 QUIUEHT KECTKOCTH KOHTAKTa;
bK — K03 (PUIIUCHT BA3KOCTH KOHTAKTA;
[ — MOMEHT HHEepIUK HHEPIIMOHHOM JIETAIH OTHOCHTEIBHO BEPTUKAIBHOM OCH KOJIEOATEIBHON CHCTEMBI;
0, — yryoBas cKOpOCTh KOHTAKTHOI IOBEPXHOCTH BEPXHETO 00pasLa;
0,u 0 , — COOTBETCTBEHHO YIIIOBasi CKOPOCTb M YIJIOBOE YCKOPECHHE HHEPLUOHHON JeTany (MasTHUKA).

Pemenus ypasuenwuii (1) u (2) 6ynem uckate B popme:
- Nt
0,7 0ge ", 3)
- !
0,=0,e"" “4)

Hoxncransis (3) u (4), a Taxke ux npousBoubie B (1) u (2), HOIy4nM OJHOPOAHYIO CUCTEMY YPaBHEHHUI:

(C+ CK+ brc)\)¢01_ (CK+ bK)\)¢02 = O’

)
- (CK ¥ b;c)\ )(1) 01 * (CK * brc)\ * 1)\2)4) 02 - O
CucteMy ypaBHeHHH (5) MOXKHO 3amucaTh B MAaTPHYHOM BUE:
Octec.tbh -(c.+bA)0 0
¢ CK K (CK K ) D¢Ol :0. (6)

F (et b ) et bh+ I T f

I[J'ISI TOTO, 4TOOBI CYHIECTBOBAJIN HECTPUBUAJIBHBIC PCHICHUS JTOHU CHUCTEMbI, €€ OIPCACIIUTECIIb JOJIKCH
OBITH PaBCH HYIIIO. T0 YCJIOBHUC MMO3BOJIACT 3alIUCATh CIACAYIOMICE XapaKTCPUCTUUCCKOC YPABHCHUC!
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)+ I(ct c, N+ bk +cc.=0. (7

COOTBETCTBEHHO MOPSIJIKY MOJIYUYEHHOTO XapaKTePUCTUUECKOro ypaBHeHus (7) paccMarpruBaeMasi Mexa-
HHYECKas CHCTeMa 10 A.A. AHIPOHOBY [8] ABJISETCSA CHCTEMOI C YMCIOM CTENEHEN cBo6o b 1'/; m OTHOCHTCS K
BeIpOXIeHHBIM. Cpeu KopHeii ypaBHeHus (7), o KpaiiHeil Mepe, OJiH OyIeT BEIeCTBEHHBIM OTPUIATEILHBIM.
Yro6bl yIOCTOBEPUTHLCS B ITOM, PACCMOTPHM JIEBYIO YacTh ypaBHerus. [Ipu N = 0 oHa, O4EBHIHO, TIONOKUTEb-

Ha, a IPH JOCTAaTOYHO GOJBIIMX OTPUIATEIBHBIX 3HAYEHHUSAX \ CTAHOBUTCS OTpMUATENbHOH. CleI0BaTeNIbHO,
cymectByet kopers A | = =0, (0, > 0).
IMoce TOro Kak mepBblii KOPEHb HAN/IEH, MOXHO Pa3/IE/IUTh JIEBYI0 YacTh YPaBHEHHsI HA Pa3HOCThb
A=A | ¥ IPUATH K KBaJPaTHOMY YPaBHEHHMIO, PEIICHHE KOTOPOTO IACT JIBA IPYTMX KOPHS BH/IA:
Moy =-0,8 8 (a,>0,i=+-1)
IoncraBnss 3HaUCHUS ITUX KOPHEH B ypaBHEHUE (6), MOIYYUM CICTYIONINE BBIPAKEHUS I OTHOIIIC-
HUHW aMILTUTY]T
c +b).
poz —X 7 i=1.2.3
j B (J - 9 9 )9 (8)
cte t bl

Takum o0pa3oMm, KoneOaTeapbHOe OBIKEHHE KOHTAKTHOW IMOBEPXHOCTH BEpPXHETo obOpasia u Kojeba-
TENbHOE [IBIKEHHE MAsTHHKA PACCMATPUBAEMOI CHCTEMBI OYyT OIMCHIBATHCS CIEAYIOIINMH BBIPAXKECHUAMHU:

- -0yt Rl Y :
0,=nd,e " +e ¥ (r,A,sinp t+ r,4;cosp 1), ©)
- =0yt YA .
0,= Aye "t e (A,sinp 1+ Ajc08p 1), (10)
rue Al 1 Alz 5 A13 — IIOCTOSTHHBIE, OIIPEENAEMbIE U3 HAYAIIbHBIX YCIOBHIA.
Tak kak BIUSHUE TPEHUS Ha TIeproJ KoiebaHui Malo, To, MOJI0XHB B (7) bK =0 , IOJIyYHM:
2 -
I(ctec, )" tcc =0 1)
OTCIOI[a 4acTOTa KoJIeOaHWH MasTHUKA paCCManI/IBaeMOfl CHCTCMbI
P
2n\I(ctc,)

Ecnu ycTaHOBUTH B TpHOOpEIaKcaTop MOHOJIUTHBIN 00pasell, TO B 3TOM Cllydae KoyebaTesbHas CUCTe-
Ma MO>KeT OBITh IPECTaBIeHA MOIEIBIO, H300pakeHHOH Ha puc. 4.

(12)

7,

Puc. 4 — Moaeab koJiedaTe/IbHON cHCTeMbI TPHOOpeIaKcaTopa
B CJIy4yae HCI0JIb30BAHHS MOHOJIHTHOIO 00pa3ua

YacToTra KojiebaHU TAKOr0 MasiTHUKA OIPCACIINTCA YPABHCHUCM:

1 ¢
Vo= — |&. (13)
* on V1

OTHoIeHNE YacTOT KosleOaHui V_ ¢ yaerom (12) u (13) Oyner onpenensatsest GOpPMYITOi:

(14)

Janee, nonoxus B (8) b, = 0, npuzem k Gosee MPOCTOMY BBIPXKEHHMIO ISl OTHOLIEHHS AMILIATYL:
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vy = r3:r:—C+Kc . (15)

BBeI[eM JUISI OUCHKHU KOHe6aTeHLHOFO JOBUXKXCHUA HeHOCpe)lCTBeHHO B KOHTAKTC HOByIO HepeMeHHyIOZ
0=0,-0,.
OGO3HAYNM OTHOIICHHE AMILTHTYIBI KOJeOaHuil B KOHTakTe § , K aMImuTyge KoneGaHuii MasTHHKA

¢ 02 » KOTOpast PETUCTPUPYETCS TaTYUKOM YCTAHOBKH, 4EPE3 k@ . Torna, c yuerom (14) u (15), 3HaueHue kQ Mo-
KeT OBbITh HailICHO MO W3BECTHHIM 3HAYCHHUSM YaCTOT KOJCOAHHI CHCTEMBI MPU MUCIIBITAHUU Tapbl 00pasios V

U IIPpU UCIBITAHUU MOHOJIMTHOI'O 06p213ua VO H3 CIICAYIOLICTO BbIPAKCHU:

:¢_0:—¢02_¢01:1—¢&:]— :1——0’< :l—ﬁ
b r 7. (16)
0 02 0 o 0 o2 ct ¢, Vo
ITockonbKy B XOz€ MPOBEACHHS UCIBITAHUN HAa TPUOOPEKCATOPE PETMCTPUPYIOTCSI HE YITIOBBIC, a JIH-
HEHHBIE NEPEMEILIEHUSI Ha CPEAHEM paJuyCce KOJIBLIEBOM KOHTAKTHOM IUIOLIANKH, TO C YYETOM H3JI0KEHHOIO
BBIIIE, BBIPAXKCHUE AN ONPENENICHHsS HA4albHON BEIUYMHBI JIMHEHHON aMIIIUTYIbl KOHTAKTHOTO IPEIBapH-
TEJIFHOTO CMELIEHHUSI OKOHYATEIBHO MOXKET OBITh 3aHCAHO B CICAYIOIIEM BUJE!

VZ

Ay = i Dy = H1- 004,

k

2
0

rae Ay, — perucrpupyemas JaTIMKOM MepeMeIeHHil TpHOopeakcaTopa HaualbHas BETHIHHA JTHHEH -

HOfI aMHJ'[I/ITyI[I:-I IIOJIHOT'O HpeL[BapI/ITCJ'[LHOFO CMCILICHUA.
BriBoabI

B pabote o6ocHOBaH cnoco0, MAIOIIN BO3MOKHOCTh Y4eCTh BKJIaJ OOBEMHBIX YIPYTHX AehopMarui
9KCIEPUMEHTANIBHOI YCTaHOBKH (TpHOOpENeKcaTopa) B TOJHOE MPEABAPUTENHHOE CMEICHHE, PETHCTPHPYEMOE
B XOJi¢ BBHINONHEHUs ucciaenoBaHui. [lomyueHHas 3aBUCHUMOCTb IO3BOJIAET ONPEAENATh BEIUUYMHY HayaJlbHOU
JUHEHHON aMIUTUTYAbI KOHTAKTHOTO IPEABAPUTEIBHOIO CMEIIEHUS 0 PETHUCTPUPYEMON BEIMUYMHE HauyalbHOU
JUHEWHON aMITUTYbI TOJHOTO IPEABAPUTEIHHOTO CMEIIECHUS.

Jluteparypa

1. ABneeB /I.T. MccnemoBaHre peaBapuUTEIHLHOTO CMEIICHHUS peccoBhIxX coeamnenuii / [1.T. ABxees //
W3Bectus By3oB. MammHocTpoeHne. — 1962. — Ne 4. — C. 5-9.

2. Makcak B.J. IIpensapurensHoe cMeIeHNE U )KECTKOCTh MEXaHU4ecKoro konrakra / B.JM. Makcak. —
M. : Hayka, 1975. - 60 c.

3. lleapos B.C. [IpeasaputensHoe cMelieHre Ha yrpyro-Bs3kom konrakte / B.C. llleapos // Tpenue u
n3Hoc B MammuHax. — M. - JI. : U3n-Bo AH CCCP, 1950. — C. 94-102.

4. Kparensckmit 1.B. OcHOBBI pacueroB Ha TpeHue u m3Hoc / W.B. Kparemsckuit, M.H. J106br4nH,
B.C. Kom6anos. — M. : MamuHocTtpoenue, 1977. — 526 c.

5. I'mamuenko A.H. KoHTakTHBIE penakcannoHHBIE SBIEHHUS B METaJUIONOIMMEPHBIX TpHOocucremMax /
A H. I'maguenxo, B.B. lllesemns, U.B. Illesens // [Ipobnemu tpubomorii (Problems of Tribology). —1996. — Ne 1.
- C. 74-79.

6. llleBenst B.B. Peonornst KOHTaKTHBIX SIBIEHUH NPU peBEepCcHBHOM mpeasapuressHoM / B.B. Illesens,
B.OpioBuy, B.A. Kupuikos // TIpodaemu tpubosorii (Problems of Tribology). —2005. — Ne 2. — C. 152-158.

7. llesens B.B. [luccunaruBHble CBOMCTBA M ()PETTUHIOCTOMKOCT IUIACTUYHBIX cMa3ok / B.B.11lesens,
B.Opnosuy, B.A. Kupunkos, B.I1. @ensina // [Ipobnemu tpudomorii (Problems of Tribology). — 2007. — Ne 3. —
C. 55-60.

8. AunponoB A.A. Teopust xonebanuit / A.A. Aunponos, A.A. Burr, C.O. Xaiikun. — M. : Hayka,
1963. - 568 c.

Hapiiima 06.01.2011

IIpo6aemu tpubomnorii (Problems of Tribology) 2011, Ne 1



