On the basis of up-to-date tribology sources the analytical review of the ways to resolve the prob-
lem of choice accounting for the operation of antiwear and frictionproof mechanisms in the tribolinkings
of an oil material appropriate for the specific conditions of maintenance is presented. The requirements
are systematised for determining the threshold values for the outcome of joint action of thermal and me-
chanical load when the friction surfaces become chemically and catalytically active that is needed for
the intensification of an effective chemically modified layer formation processes.

Keywords: a package of additives, chemically active substances, friction surface, chemisorption,
and a chemically modified layer.
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MATEMATHYECKOE MOJEJIUPOBAHUE IIJIOINAAKHA
KOHTAKTA 3YBBEB C YYUETOM BAPUAIIUU EE TEOMETPUN

Tax Kak CTporoe TEOPETHIECKOE PEIICHHEe KOHTAKTHO 3a1a4di TEOPUH YIPYTOCTH I 3yOUaThIX Mepenad OT-
CYTCTBYET, TO yCHJIHE TIepeaaBacMoe 3yOOM MaTeMaTHYECKH MOJCIMPYETCs KaK Pe3yIIbTaT CHIIOBOTO B3aHMO-
JielicTBrS mapb! 3yObe. [Ipu 3ToM, Omupasich Ha pe3yNbTaThl IKCIIEPHMEHTATBHBIX HCCICIOBAHII U TeOpeTHde-
CKHE JIaHHBIE, YTOUHSETCs MPOLIECC MOZEIMPOBAHKS IUIOMIAIKM KOHTAKTa C BO3MOKHOCTBIO BapHalllM €€ Ieo-
METpPHH NIPH y9eTe Pa3IIHOro MOJ0XKEHHS 110 (ha3e 3aIelICHNUs 32 BECh IIEPHO CONPSDKEHNS Iapbl 3yObeB.

KaroueBble cjioBa: 30Ha MOJIS 3allelUICHUs, MTHOBEHHAs IUIOLIA[Ka KOHTAKTA, dJeMEHTapHas
IUIOMIA KA, Y3I0BbIC TOUKH, TUHUS KOHTAKTa.

BBenenue. B mporecce CHIIOBOrO B3aMMOJCHCTBHS Mapbl 3yObEB BO3HHKACT
HEKOTOpasi MTHOBEHHas! TUIOIA/[Ka KOHTAKTa, Yepe3 KOTOPYI0 B KaXK/AbIA JaHHBIN
MOMEHT BpEMEHH IepeaeTcs pacrpeieieHHOe ONpeeIeHHBIM 00pa3oM yCuiue,
SIBIIIONICECS. OJHUM W3 KPAcBBIX YCIOBHH 3ajaun 00 OOBEMHOM HAIPSKEHHO-
ne(hOpMHUPOBAHHOM COCTOSTHUH 3yObEB.

B 3T0ii CBsI3M BO3HUKAET HEOOXOJMMOCTh B MAaTEMaTHYECKOM MOJEIMPOBA-
HUM psijia €€ TCOMETPUUCCKUX MapaMETPOB.

MopgenupoBanue IJIOIIAAKUA KOHTAKTA. [ [puMEeHUTENBHO K ClTy4aro JIMHEHYaTo-
TO compsbkeHwus [ 1] MrHOBEHHAsI TUTONTAKA KOHTAKTA (JUTUIIC ¢ OOJIBIITMM 3KCIICHTPHCH-
TeToM) (PUCYHOK 1,a) paccMaTpHBaach Kak HEKOTOpasl MOCIEeIOBATeNIbHOCTD 2JIEMEH-
TapHBIX IUIOLIAZ0K, OTHECEHHBIX K y3-
JIOBBIM TOYKaM, DAcIOJIOKCHHBIM Ha
JIMHAY KOHTAaKTAa, T.€. Ha OOJIBIION OCH
JJUTMITUYECKON IUIOM@AAKU (PUCYHOK
1,6). YuuThIBaIOCh TaKXke, YTO MIHO-
BEHHAs! IUIOMIAIKa KOHTAKTa B MPOIIEC-
CE CONPSDKEHHUS Maphl 3yObCB U3MCHSCT
CBOIO JUIMHY 110 (ha3e 3aeIUICHHS.

Tak Kak KOHTYp 3y0a B TOPIIOBOM
CEUCHUH 3aMEHEH yraMU OKPY>KHOCTEH
[2] (pucyHOK 2), TO 3TO HO3BOJMIIO BBE-
CTH HA TIOBEPXHOCTH 3y0a KPUBOJUHEH-
HYIO CHCTEMY KOOPIWHAT, /TS MOJIEIH-
POBaHMsI MIHOBEHHOW ILIOIIAIKH KOH-
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a
Pucynoxk 1 — [lapamerpu3zariyist MTHOBEHHO
TUIOMIAAKN KOHTaKTa!
a — DJUTMITHYCCKas IIoIanaKa,
(= TIOCJICAOBATECIIbHOCTE SJICMCHTAPHBIX ITUIOIAI0K
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takTa. OCsIMH 3TOM cHC-
TEMBI CIIy>KaT KOHTYp
TOPIIOBOTO CCUCHHS 3Y-
0a, 0003HaYCHHBIH Uepes3
A, W HampaBIsIoNIas o,
MOJIOXKUTELHEIE Ha-
MPaBJICHUsI KOTOPBIX MO-
Ka3aHbl Ha pUCYHKe 1,0.

B pa6ore [3] mocTa-
TOYHO MOAPOOHO pac-
CMOTpeH 00U ciydai
OIPEIICIICHUSI  KOOPMHAT
Y3JIOBBIX TOYCK MTHOBCH-
HBIX IUIOIIAZ0K KOHTAKTa,
TPA KOTOPOM YYacTBYET
BCsl OOKOBast TOBEPXHOCTh
3yba (pucyHok 3). Pac-
CMOTpPEH YacTHBII CIIy-
Yai, KOrja B CONPsDKCHUHN
HAaXOOUTCA YacTb OOKO-
BOM TOBEPXHOCTH, Orpa-
HHYCHHAS 30HOM ITOJIS 3a-
uermenus L, wMerommas
TIPUOJIMDKEHHO  AJUTHITTH-
4YecKuil xapaktep (pucy-
HOK 4). A Tarke paccMoT-
peHa METOJMKA BBIUKCIIC-
HUS IUIOIIAJM 3JICMCHTap-
HOM IUTOIIAIKU dS B Kak-
JI0i y3JI0BO# TOuKe A(X,Y,7).

Haxoxnenue CBO-
OOMHBIX YJICHOB MATPHIIBI
Purtna sBiisercss BbIMHCIIE-
HHE MHTErpaja 1o TOH I1mo-
BepxHocTH [4], mpencras-
JICHHOTO B BHJIC CYMMBI
MPOU3BE/ICHUI 3JICMEHTAp-
HOM IUIOIAAKHK dS Ha 3Ha-
YEHHWE TIO/BIHTETPATbHON
(yHKIMH B Y3JI0OBOM TOYKE
A(x,y,z) 3TOTO 3JIEMEHTA.

OpHako,  OmMmuUpasch
Ha  DKCICPHMCHTAJBHBIC
HCCTeOBaHus  (PUCYHOK
5), cremyer, 4TO TMpea-
CTaBIICHHE  MTHOBEHHOM
IUTOIAAKA KOHTAKTa, Kak
SJUIAIICA C OOJIBIIMM DKC-

Pucynok 2 — Annpoxcumanus TOpLOBOTo ceueHus 3yoa
JyraMH OKpY>KHOCTEH
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PI/ICyHOK 3 — VY3II0BbIC TOYKU HA JINHUUA KOHTaKTa
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LEHTPUCUTETOM, OTPAaHMYMBACT MPOBEICHNUE YUCICHHBIX JKCIEPHMEHTOB HA CTaJUU
MIPOEKTUPOBAHMS 3y0UaTOl Mmepeadn, Tak KaK MpH ONpeAeTIeHUN KOOPANHAT y3JIOBBIX
TOYEK AJIEMEHTAPHBIX IUJIONIAJI0OK MTHOBEHHOW IUIONIAJIKU KOHTakTa [1], cumranocsk,
YTO BCE OHH JISKAT HA OHOW KOHTaKTHOW JIMHUM JI V. U i1st onipenenenrst KoopauHat
Y3JIOBBIX TOYEK JIEMEHTAPHBIX IUIOIIAIOK MOCIEAYIOIEe MITHOBEHHON TUIOLIAAKA KOH-
TaKTa, HEOOXOIMMO MEPEXOJIUTH K CIICIYIOIIEMY MOJOKESHHUIO KOHTAKTHOM TMHUH J11 V.
CrenoBatesbHO, IPH OMPENESICHUH KOOPMHAT Y3JIOBBIX TOUYEK MTHOBEHHBIX ILIO-
b, b IAJ0K KOH’l:'aKTa H€06)'('0,HI/IMO
YCTaHOBUTH "MHIUKATOP", TIPO-
BEPAIOLINA  yCIIOBHE TPUHAI-
JIOKHOCTH Y3JIOBBIX TOYEK Xa-
PaKTEPHBYIONMK pealbHOe 3a-
Buewnan uacms  LieTUieHne (pucyHok 6). Taxum
3y0a "MHIUKATOpOM" MOXeT OBbITh
KOHBIOHKTUBHO-M3LIOHKTHBHAS
(hopMa MIrHOBECHHBIX ILIOIIAIOK
koHTakTa &,(N) (pECYHOK 5), TiperycMaTprBaromasi 0oJbvi Habop BapHaIyii reoMeT-
Y TTOCITEMHAX (V — YMCITIO0 MTHOBEHHBIX IDIOMIAIOK KOHTAKTA &).
PaccMOTprM METOIMKY BBIMHCIICHHSI KOOPMHAT Y3JIOBBIX TOUYEK HA MTHOBEHHOM
~ IISITHE KOHTAKTA JUISt OOIIETO CITydast.
Kaxk yxe roopuioch BbILIE,
TOPLIOBOE CEUYEHUE AKTUBHOHU IO-
BEPXHOCTH 3y0a ammpOKCHMHUPO-
BaHO Iyrod OKPYXHOCTH pajuyca
r7, @ TANTEIb — Paguyca rg, COps-
YKEHHE ITUX JIyT TPOUCXOJIUT B TOUKE
K (pucyHok 3), Tae rs — paamyc OK-
PYKHOCTH, TIPHHAUIEKAILEH KOHYCY,
Ha KOTOPOM OCYIIECTBIISIETCS CO-
npspkeHue. Jyra KE mnpenctaBisieT
co00ii anmpPOKCHMHUPOBAHHBIA TIPO-
(Wb HIKHETO TOPLIOBOTO CEYEHHS
3y0a, JIGKAIETO B IUIOCKOCTH
Pucynoxk 7 — I'panunbl akTHBHOM MOBEPXHOCTH 3y0a  z—z;=( (pHCYHOK 7),

Pucynok 6 — Onpeznenenne KOOpANHAT Y3JIOBBIX TOUEK
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__Licoss, o
Zl Fl
cos(8, —98)
rae L; — IyiMHa HauMeHbIIel o0pa3yiolield OCHOBHOTO KOHYyCa; yra K'E' - BEPXHETO,
JIEKAIIETO B INIOCKOCTH 7—2,=0.

(L +b)cosd,
= - (2)
cos(S—Sf)

JIyru KK' u EE' (pucyHOK 3) SBISIOTCS MPOCKIMSIMHE HA IUIOCKOCTh 7—2>=0
BUHTOBBIX JIMHUH, pa3rpaHUUUBAIOIINX, COOTBETCTBEHHO, TaJITE/Ib C aKTUBHOM IO-
BEPXHOCTBIO 3y0a M KPOMKY 3y0a Ha €ro BEpIIHHE.

Tak xe kak 1 B pabore [1] Oyznem cuurtarh, YTO B MPOLIECCE COMPSDKEHMS Mapbl
3yObeB Y3VIOBbIE TOUKH PACTIOJIOKEHBI HA JIMHHI JyVx (pucynok 3). Haqanbﬂoe noJo-
JKEHHUE TOM JIMHUH 1) OH OTIpEICIIACTCSI TOUKON F, KOHEUHOE /1 — TOUKOH K. [pu sToM
COTIPSDKEHHE B OOIIEM CITydae OCYIIECTBISICTCS B TPEX MPUHIHIKATLHO OTIHYHBIX 30-
Hax. HepBa;{ 30HAa HAYMHAETCS B TOUKE £ U B JAbHEUIIIEM OIPENEIsIeTCs] TOUKOU Vi Ha
nyre EE' Y1 Touxoii JI;, KOT1a OHa eIle HaXOZUITCA Ha Jyre EK. Bropasi 30Ha HauMHaeTcst
C MOMEHTA COBIIAJICHHS TOUKH Vi C TOUKOH E' 1 3aKAHUMBACTCS B MOMEHT COBIa/ICHHA
TouKH JIj; ¢ TOUKOH K|, TJIe H HAYMHACTCS TPEThS 30HA, OKAHIMBAIOWIASCS B TOUKE K.

OpnHako mpu OONBIINX yrijlax Hak/IoHa 3yObeB TepBasi 30HA MOXKET OKaHYH-
BaTbCsl B TOUKE JIH, coBmnajamolei ¢ Toukoil K, B TO BpeMsi Kak Touka Vi emie He
pocturia Touku E', DTO ycIoBHE HEOOXOAMMO YUHTBIBATH TPH ANTOPUTMU3ALIHH
Tporiecca COMpPsDKEHMS Maphl 3yObeB, 3a1aBasi COOTBETCTBYONIYIO JIOTHKY, TO3BO-
JIAONIYIO CPABHUBATH KOOP/IMHATHI TOUEK JIy n K, a taxxke Touek Vi u E'. Coot-
BETCTBEHHO IPUHATOH pa30WBKE IO 30HAM, ONPENEINM TOYKH BXOJa M BRIXOJA W3
AKTUBHOM MOBEPXHOCTH. J[JIs1 3TOr0 CHavama OnpenelsitoTes: 001acTH KacaTeIbHbBIX
IUTOCKOCTEHN MyTeM BBIYHCIICHUS yIioB O, u & . (i,j=1,2):

J

i
Y Iy : i 1 | Vi
_1V 00| K 0,j 1V _0j [7FE
+H=1) z. +(-1) e
i I, xKl a, j a, j XE
Glmx > Pmin — 4
¥ 2 y/ 2
T ; . I ; T ;
0,i _ i+ | Vgl _| o 0,j JHI| 0,j
iy |2 | O () 1|
55, Xl \J5. ) R, X R,;

Koopauuatsl X'z, ¥z, X', y'x' onpenensores myTeM BhaHCICHHi:

1
Is; = Ztg| — | Ra,j = thgﬁa, 4)
Z)‘l
T/ie I's; — HAUMEHBIINK W HAaNOOJIBIINH pagiyChl KOHyCa, Ha KOTOPOM OCYIIECTBIIS-
eTCsl COTpsDKEeHUE, R,; —HaUMEHBIIMA W HauOOJBIINN pajlyChl KOHYCa BEPIIHH.
Omnpenenenne KOOPIUHAT TOUEK JIy U V, MIpH mepeceueHn: OKPYKHOCTH pannyca
r7 CO CIEAOM IIJIOCKOCTH hlo JIOCTaTOYHO TIOJTHO OCBEIEHBI U pabote [S].
OcTaHOBUMCS TIOJPOOHEE HA OMpPEICICHUH KOOPJMHAT TOUEK Jyu Y, ciena
IJIOCKOCTH /', KOI/Ia OHU JIEKAT Ha CIUPAJIX KK' v EE'. Touku BBIXOJIa U3 3a-
uenneHI/m JUHAN KOHTAaKTa, Ha KOTOPBIC pa3OuBacTCs MepBas 30HA, JIEXKAT HA CITH-
pamu EE'. Ecin uepe3 A; 0603HauuTh mar mo ocu OZ, To KOOPAHHATH TOUEK BbI-
X0Ja ¥, onpenensioTcs U3 CUCTEMBl YpaBHCHHU:
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i p(k_l)Al ( 2 2 ) T-m
=@/ —————+arccos| g, g, +./[1- 1- n :
P =i cosd 81782 ( & )( 8 ) 4z, tgdcos(arctg( pz,tgd))
X =R,co80,;  y, =R, sin@; Z =tg5a\/x13+)’1%v ®)
e

_(_r72 + Zlftgzsa + ZIztgzapl )

o (—}’72 + z,ftg25+ z,ftg25 1 ) )
228,485, 52 2275475,

tgd @, cosd /. - - ;
R, = 20,0, A, 7, =kA, +(2z, bcosS)cosSaﬁcosscos(sl_8),

T — yruoBoii kooddumuent cnega miockoctn 7,°: 1=tg@y; N — HOMEp IMHHH
JgYy;, Oy — TEKyIHNA yToJl, ONMpenesSIONINiA MOJI0KeHHE ClIe]a; e — BeIMIHHA OT-
pe3ka, orcekaemoro Ha ocu OX cienom hIOT: e=roNCcos®y; m, — HOpMaJbHBIA MO-
JIyJIb TIO CPEeTHEH 00pa3yromIe.

3anaBas m3MeHeHus k=1,2.3,... W11 KaKI0ro (PUKCHPOBAHHOIO 3HaYeHuUs NN, ompene-
JIsieM KOOPIMHATBI TOUKH BbIX0Ja V. Kak TOJIbKO paBeHCTBO X;=—Ty,+¢e BBIIOJIHEHO, Nepe-
XOJIMM K CJIETyIOILEMY 3HAYEHUIO N, ONPEEIISIOEMY HOBOE MOJNOKEHNE JIMHUU J1 ;Y k.

AHaJOTUYHO ONPEAEIISIOTCS KOOPAUHATHI TOYKU BXOAA JI Al TPEThei 30HbI
W3 CHUCTeMBl ypaBHEHHUH (5) ¢ TIEpeMEHHBIMH g, U Rp, OTMCHIBAIONIUMH CITHPAITH
KK' Ha 1aHHOM 5Tare BHIYHCIICHHUS:

81

i
-5 + 7018 = |8, +271g’ tg] = |g, cosd

2y zZ I
§7 ; PR, = gl =g B 47 (6)
3,
27,18’ 2—5 tg”d,, p

n

Ecmu gepe3 A 0003Ha4UTH MIar MEXITY Y3JIOBBIMH TOUKaMH TI0 JIMHUHU J1; Yy, TO KO-
OPIMHATHI Y3JIOBBIX TOYEK JUTS BCEX 30H ONPEIEIBIFOTCS TI0 CIISYOIINM 3aBUCHMOCTSIM:

xg =X +SA Sinysin®,; yg =y —SA, sinysin®,; zg =ZIJV7” +SA cosy, (7)
rie

Wzt =2 ) (e =)+ (i )
" — K

3anaBas nocnenoBarenbHo S=1,2,3,..., MOIy4YUM 3HAYEHHs] KOOPAUHAT Yy3J10-
BBIX TOUYeK Ha JUHHUH JI; Y. OmHako Mpu BeIYHCIeHUSX Ha DBM HeoOxoauMo yc-
TaHOBUTH "MHAUKATOP", (PUKCUPYIOMMHA MPUHAMIC)KHOCTh Y3JIOBBIX TOYEK MTHO-
BEHHOMY IIATHY KOHTakTa. TakuM "WHAMKATOPOM'" CIy’)KaT KOHBIOHKTHBHO-
JIU3BIOHKTUBHBIE ()OPMBI MTHOBEHHBIX IUIOMIAZ0K KOHTaKTa &,(N) (pPUCYHOK 5).

Ipu BBMHCIICHII KOOPAMHAT Y3JIOBBIX TOUCK KXKIBIA pa3 MPOM3BOUTCS TPOBEPKA IO
"MHIUKATOpY", U, KaK TOJIBKO Y3/10Basl TOUKA BBIAJAET U3 KOHBIOHKTUBHO-TU3bIOHKTUBHON
(hopMBbI, HEOOXOIMMO MEPEXOIUTH K CIISIYIOIIEMY 3HAYCHHIO N, TO €CTh K CIICIYOIIEeMY T0-
JIOXKCHHIO JIMHUH J1; Y, TIOKa He OyIyT ONpelIeNicHbI BCE Y3NIOBBIC TOUKA MTHOBEHHOM ITIO-
aake KoHTakTa & (V) (prcyHoK 6). 1 mporiece IOBTOPSIETCST, HO YoKe TS CIISITYFOIIEH MIHO-
BEHHOH TUTOIIA/IKA KOHTAKTa CO CBOEH KOHBIOHKTHBHO-TM3BIOHKTHBHOM (hopMoii &,(N).

YcoBepIlleHCTBOBaHHAS METOJMKA AHAJTUTUYCCKOTO MOJICITUPOBAHHS MIHO-
BEHHOU IUIONIAJIKK KOHTAKTa MPEIyCMATPUBACT U BapHUPOBAHKC BEIMYHMHBI DIIc-
MEHTapHOH TUIOIMAIKH dS B IIHPOKOM JTHATIA30HE.

Y = arctg
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BoiBoabl. Bee BBINIEH3I0KEHHOE PACIINPSIET BO3MOXKHOCTH HCCIIEIOBAHMS 00b-
€MHOTO HaIpPsHKEHHO-ICOPMHUPOBAHHOTO COCTOSIHUS KOHUUYECKUX 3yOUaThIX Mepeaad
Ha CTAJWH MPOCKTUPOBAHUS TPH YUCTE PCATFHOTO CHIIOBOTO B3aUMOJICHCTBUS, U BBI-
Oupath HarboJee parroHATLHBIE TTAPaMETPhI TIO0 KPUTEPHIO U3THOHBIX HAMPSDKESHH.
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MartemaTH4eckoe MOJeJHPOBAHHE TJIOIIAJKH KOHTAKTa 3y0beB C Y4eTOM BapHAIUM ee
reomerpun / E.M. UBanos, 3.A. UBanoBa // Bicaux HTY "XIII". Cepis: IIpobmemu MexaHI9HOTO
npusoay. — X.: HTY "XTII". — 2013. — Ne41(1014). — C.44-49. — BiGumiorp.: 5 Ha3B.

Tak sk cCyBODE TE€ODETHYHE DilllcHHs KOHTAKTHOI 3ajaui Teopii MPYKHOCTI JUI 3yO4acTHX repenay
BIJICYTHE, TO 3YCUJUIS SIKE NIEPENAETHCS 3YOOM MaTeMaTHYHO MOJIEITIOETHCS SIK PE3YIIBTAT CHUIIOBOI B3a€EMO-
nii mapu 3youiB. IIpyu bOMY, CIIMPAIOYUCh HA PE3VJBTATH EKCIIEPHMEHTAIBHUX TOCIIDKEHD 1 TEODSTHYHI
JIaHHi. VTOYHIOETHCS MIPOLIEC MOICIIOBAHHS IIONIAKH KOHTAKTY 3 MOXKIIMBICTIO Bapiamii ii reomerpii mpu
00MiKy Di3HOTO MONIOKEHHS 0 (ha3i 3a4YeIUIeHHs 32 BECh IIEPI0 CIOIYICHHS TapH 3VOLIB.

KurouoBi ci1oBa: 30Ha 1moJjis 3a4€IUICHHSI, MUTTEBA IUIOIIA/Ka KOHTAKTY, €JIeMEHTapHa IUIOMIa-
Ka, BY3JIOBI TOUKH, JIiHisI KOHTAaKTy.

So as strict theoretical solution of the contact problem of elasticity theory for the gear is not avail-
able, then the force transmitted tooth mathematically modeled as a result of the force of interaction be-
tween a pair of teeth. In this case, based on the results of experimental studies and theoretical data, clari-
fies the process of simulation of the contact area with the possibility of variation of its geometry when
considering the various provisions of the phase coupling for the entire period of the pair a pair of teeth.

Keywords: the area of the field coupling, instant ground contact, elementary Playground, anchor
points, the line of contact.
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J0 IINTAHHA OIITUMAJIBHO-PAHIOHAJIBHOI'O
IPOEKTYBAHHA KOPOBKH NEPEJAY ABTOMOBLIA

Y po6oti HaBeJIeHI pe3yIbTaTH ONTUMAIbHO-PAIliOHATLHOTO MPOCKTYBAHHS 3yO4acTHX mepeaad Kopoo-
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