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(CaHKT- ITeTep6yprC KJ1H [TY pacnrrern.nux nOJHIMepoB), 
e-mai l: davkaI 2@ramble r.ru 

Cnoco6 nOBbIWeH~SI AOn rOBel.lHOCT~ 
nOAW~nH~KOB Kal.leH~SI 

Ilpennoxeu cnoco6 nOSbiW eHiI151 ,l:\OJlrOSeYH OCTiI1 nO):\WiI1nHiI1 KOS KayeHiI151 Ha 
oo- cae OnTiI1 MiI13a l.\ iI1 i11 pacnpenene- u- a HarpY3KiI1 Ha r ena KayeHiI151 nyreM C03):\a­
HiI1 51 30H nOHiI1 >KeHHOIll >KeCTKOCTiI1 . 

Kruo-reaere cnoaa: nO,l:\WiI1 nHiI1K, ):\OJl roseYHOCTb, uarpyska. npocpunnpoaau ­
Hoe KOJl bl.\O. 

The way of du rabi lity improvement of roller bearings, based on optimizat ion 
of load distribut ion on rolling elements by creati on of low st if f ness zones, is sug­
gested . 

Keywords: bearing, dur ability, load, prof ile ring. 

B TeXHJ.1Ke W J.1p OKO npJ.1MeH51IOT­ Be1..[HOCTJ.1 Y3ll0B MaWI1H J.1 Mexa­

C5I nO,ll,WJ.1nHHKI1 Ka1..[eHYl5I paana-i­ HJ.13MOB. 

HOM KOHCTpyKUJ.1J.1 , xoropue BbI ­ H a npOMbIWJleHHbIX npezmpaa­
n OJTH51IOT Ba)l(HYIO cPYHKUHIO ­ TJ.151X npOCTO J.1 , CB5I3aHHble C TIOTe­

ofiecne-ren ae Haae)l(HOCTH 11ncnro- petf patiorocrrocoonocra nonunm-
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HJ.1KOBbI X yan o s , seztyr K 3Ha1..[J.1­

TeJTbHbIM MaTepJ.1aJIbHbIM nOTep5IM. 

D03TOMY B CaHKT- Ilerepoyprcsov 
ITY pacrrrrensaux nOllJ.1MepOB Ha 

xarpenpe " C o n p OT J.1 BlleH J.1 e MaTe ­

Pl1aJIOB" Be,ll,YTC5I nccnenosaren b ­

CKl1e pa60TbI B 06llaCTJ.1 nossnue­
HI1 51 ,ll,Oll r OBe1..[H OCTJ.1 nO,ll,WJ.1nHI1KOB 

Ka1..[eHl15l. 

Frrasnue npJ.11..[J.1Hbl au xona J.1 3 

CTp051 nO,ll,WJ.1nHJ.1KOB Ka1..[ eHI151 ­

y CTaJIOCTH Oe paapyiuenne [ I, 2] J.1 

npofinera s: CMa3bIBaHJ.151 (36 % OT 

ncex nOJTOMOK nO,ll,WJ.1nHJ.1KoB) [3J . 
OCHOBHa51 narpyaxa B rronunin­
HJ.1Ke npYlXO,ll,J.1TC5I na reno xaxe­
HJ.1 51 ( p OJTYlK, urapnx) , H aXO,ll,51Wee ­

C51 HenOCpe,ll,CTBeHHO na JTJ.1HYlI1 

ee ,ll,e MCTBJ.1 5I, a OCTaBWa5lC5I 1..[aCTb 

(~ l O -:--2 0 %) Harpy 3KJ1 nepepacnpe­
nenaercs na npyrne TeJTa Ka1..[e HJ.151 

[2]. D03TOMY OCHOBHble nccneno­
BaHH51 6bIllH uanpaaneuu na o 6ec ­
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PHC. 1. I'acrorpaaaa pacnpenenenaa uarpysxa P = 12,6 KH ua 'rena Ka'leHHlI B 3aBHCIIMOCTH 

OT TOJllllHllbl xopnyca s = 10 (Eill); 20 (0); 40 MM (~) 

neuenne paanovepaoro rrepepac­

npenenenna aarpysxa na rena Ka­

l.JeHH5I [4, 5]. 
K rpaxropav , BllH5IlOllU1M na 

pacnpenenenne narpysxa Ha rena 
Kal.JeHH5I, cnenyer OTHeCTH ynpyrue 
,Ue<p0pMaUHI1 KOHTaKTHpylOlllHX 

Tell, panaarn.nsre saaopsr H HaT5IrH 

Me)l{)J,y HI1MI1, a 'raxxe )J(eCTKOCTH 

xoneu H xopnyca nonumrrnnka . 
Cnenyer OTMeTI1Tb, l.JTO BO scex 

cyurecrayroumx MeTO,UHKax pac-ie­
Ta rrO,UlllHrrHHKOB HMeIOTC5I cyuie­
CTBeHHble ,UonYJ..UeHH5I, xoropsie 
3Ha l.J I1Tell bH O ynpouraior pac-rer, HO 

HCKa)J(aIOT pesyrn.rar. B HI1X, KaK 

rrpaBI1110, He yYHTbIBaIOTC5I H3rH6­

Hble )I(eCTKOCTH xorreu 11 xoprryca 
rrozuunrnruxa [2]. 

)],1151 'roro 'lT06bI rrOH5ITb, cyuie­
CTBeHHO 1111 BllH5IIOT H3rH6bI xoneu 
11 xopnyca nonunrnan xa na pac­

npenenenne HarpY3Kl1 Me)l{)J,y rena­
MH Kal.JeHI15I , rtpoeenn cnenyrourjni 
3KCrrepI1MeHT. Hcnom.sys 06beM­

nyio Mo,Uellb nonuntnnaxosoro ya­
rra, BKJlIOl.JalOlllYIO B ce65I uanrpy 
Balla 11 rronunmnak (15 Tell xa-re­
HH5I 11 xopnyc), MeTO,UOM KOHel.JHbIX 

311eMeHTOB 6bIll BbIITOllHeH pacxer 
uarpyxeu noro COCT05lHH5I non­
111l1nHHKOBoro Y311a C Yl.JeTOM rrepe­

MellleHI151 11 ,Ue<popMaUHH scex ero 
neranen . BHYTpeHHee KOllbUO non­
unrrtau xa nocaxeno ua uartrpy Ba­

lla C HaT5IrOM , Me)l{)J,Y renaxru ka-te­

HI151 H xonsuasm, HapJ)l(HbIM KOllb­

UOM H xopnycov HMeIOTC5I 3a30pbI, 

COOTBeTCTBYIOll..(l1e 3a30paM B pe­

aJlbHOM nozuunrnuoce. BBH,Uy CHM­

MeTpl1'IHOCTH KOHCTpyKUHH pac­

CMaTpl1BaJ1H rrOllOBHHY nonumrnut­
xosoro Y311a. 

Ha pHC. 1 npencranneua rHCTO­

rpasora pacrtpenenemra narpysxa 
P = 12,6 KH ua Tella Kal.JeHH5I non­
urnnaaxa B 3a BHCH M OCT l1 OT TOll­

lllHHbI s ero xopnyca. AHallH3 no­

xasan , 'ITO npu aeoom.iuoa TOll­

unrn e xopnyca nonunmnnxa pac­

npeneneune narpyaxn no TellaM 

Kal.JeHI151 Ol.JeHb HepaBHOMepHO: 

rrOllOBI1HY BHelliHet! narpyaxn BOC­

rrpl1HI1MaeT reno Kal.JeHI15I 1, aaxo­
MllleeC5I na 11I1HHH ,UetiCTBI15I na­
rpY3KH, rr03TOMY pe3KO ysemrvaaa­
eTC5I KOHTaKTHoe rranpsxenae, 'ITO 

He611arOnpH5ITHO ,U1l51 pa60TbI non­
umrnunca H CHI1)J(aeT ero nonrosev­
HOCTb . ITPI1 YBellH'leHI1H TOllU.(l1HbI 

Koprryca pacrrpe,UelleHl1e HarpY3Kl1 

CTaHOBI1TC5I 6011ee paBHOMepHbIM, 

T. e. rrpa s = 40 MM xacrs narpys­
KH rrepeXO,UI1T na cocennne rena 
Kal.JeHI15I, O,UHaKO,UO orrravansaoro 
pacnpenenenna narpysxn euie na­
lleKO - na x e BOcbMHKpaTHoe yae­
llHl.JeHHe TOlllllHHbI He 06eCnel.JI1Ba­

er Tpe6yeMot! paBHOMepHOCTH [6]. 
TaKHM 06pa30M, 6bIllO no xasa ­

HO, 'ITO )I(eCTKOCTb rrO,UlllHnHHKO­

aoro Y311a nrpaer 3Hal.JHTeJIb H YlO 

POJIb B pacrtpeneneann HarpY3KH 

no renav Kal.JeHI151. 3aKOH pacnpe­
,UeJIeHI151 narpyaxn na TeJIa xase­
HH5I COOTBeTCTByeT ypaaaenmo na­

pa60JIbI: 

PT.K = a<pfl + c, (1) 

me a, n, C - K03<P<PI1UHeHTbI, KO­

'ropsie MO)I(HO pacc-nrrars 113 YCllO­

BH5I 06eCrrel.JeHH5I MaKCHMaJ1bHoti 

,UOJIroBel.JHOCTI1 nomunrtnnxa npJII 

YCTaJ10CTHOM paapyurenua, T. e. 

nOJIyqJIITb TaKHe I1X 3H a l.J e H JII 5I, npn 
KOTOpbIX ,UOCTJllraeTC5I MaKCJIIMaJ1b­

Ha5I l.JaCTOTa BpallleHJII5I BHyTpeH­

Hero KOJIbua npn BbIITOllHeHJIIJII YC­

11 OBJII51 

LNJNLi = 1, (2) 

me N, - -ntcno UHKJlOB npn Ha­

rrpmKeHHH Gi ; NLi - nonroses­
HOCTb nonuntrmaxa (l.JJIICllO UJIIK­

1l0B ,UO YCTaJ10 CTHo ro paapyuremot) 
npJII nanpnxemr« Gi ' 

Ha pHC. 2 noxa aana 3a BJIICH­

MOCTb pacrtpenenenna HarpY3Kl1 Ha 

rena Ka'leHJII5I B COOTBeTCTBHJII C 

ypasnenaev (1) , me <p = <Po = 360/2 
(2 - l.JHCllO Tell Ka l.J eH JII 5I; <PO- yrOJI 

M e)l{)J,y JIIX ueHTpaMJII) . 

)l,J15I onpenenenna K03<P<P HU J1­

eHTOB a, n, C 6bllla COCTaBJIeHa npo­
rpaxoaa na 51 3bIKe Turbobasic, C 

novoun,ro KOTOpOt! M eTO,UOM cnu­
pansnoro Koop,UJIIHaTHOro crrycxa 
Bb['lJIIC1l5ll0TC5I 3Ha 'leH H 5I K03<P<PJ1­

UHeHTOB, otiecrte-maaiouute YCllO­

ane (2). 
MaKCHMallbHa51 n arpysxa na c a­

Moe narpyxennoe reno Kal.JeHJ1H 

COCTaBll5IeT rrOllOBHH Y OT pannans­
HOt! COCTaB1l5l1Oll..(et! Harpy3KJII ua 
rrO,UWJllrrHJIIK . 3Ha51 3a K OH pacnpe­
,UelleHJII5I HarpY3KJII na rena xa-re­
HH5I , MO)I(HO ee orrTHMH3J11pOBaTb 

[4]. C 3TOt! uensio nns rrO,UWHrrHJ1­

xosoro Y311a 6bIJ10 paspafiorano 
KOllbUO [7] nepevennoji 'ronuutnu 
(pac. 3). Paavepst xonsua ,U1l51 KOH­

xpernoro nO,UWHrrHJIIKa 3aBJII C5IT OT 

ero paavepoa H ,Uet!cTBYlOlllet! na 

PT .K 

0,85Pf-----""-,--. 

0,60P f--- - +--- -----"..... 

PRC. 2. 3aBHcHMoCTb R3MeneOHli HarpY3KH 

PT • ua TeJlO Ka 'lCII HJI OT yrna <p KOHTaKTaK 
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PRC. 3. Il porpanupoeaanoe KO.1bl\O: 

~ - Hapj')KHbII1 paan yc xon sua; e l H e2 ­

CMelUeHHH uea rpos nyr O K pj')KH O CT e ~l, no 
xoropsrx: BbInOJIHeHO np O¢HlTHpOBaHHe 
xonsua 
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H OMep r ena Ka4e HIUI 

PRC. 4. I'ncrorpaaaa pacnpea eneuua na­
rpYlKH U 06b1'lHOM nO,lllIIllnUHKOUOM Y3JIe 

(EJ) " Y3JIe C npodmanposauuu a KO.lbl\OM 

ncpeMellHoH lKeCTKOCTH (1m) 

Her o Harpy3KYI , Y1X 3H a lJe H WI onpe­

nenmor MeTO,UOM KOHelJHblX ane­
MeHTOB . 

L(aHHble Y1CCJIeJJ.OBaIHHI npOBO­

,llI1JII1 11 JJ.JI51 paJJ.Y1aJIbHbIX nonunrrt­
HI1KOB. Ha puc . 4 npeJJ.CTaBJIeHbl 

peaynsraru, nonyxennue JJ.JI51 p a­

nnarn.aoro nO,UWI-mHYlKa C TOJImYl­

HOM xopnyca 10 MM, Z= 15, npn 

a arpysxe P = 12,6 K H . YCTaHOB­

KOI1 npotpannposanaoro KOJIbua 

,llOCT l1r aeTC51 paanovepnoe nepe­

pac n penenemre Ha rpY3 KYI Ha TeJIa 

KalJe HYl51 , '-ITO 3Ha'-lYlTe JIbHO noasr­
w an JJ.OJIr OBe'-lH OCTb nOJJ.WYlTlHYlKa . 

Ilpn pafiore MeXaHYl3MOB nepen­

KO MeH51IOTC51 HanpaBJIeHWI spaure­

HI151 BalIOB Y1, COOTBeTCTBeHHO, KO­

ne u nO,UWYlnHYlKOB, npu 3TOM Me­

H5ll0TC51 HanpaBJIeH Yl51 JJ.e i1cT By lO ­

llU1X n a nOJJ.WYlnHYlKYI narpysox. 

Ha PYlC. 5 noxasana cxeva peven­

HOi1 nepena-nr C B03MO)!<JIOCTbIO pe­

BepCHpOBaHH51 . OpH pesepce BeK­

TOp yCHJIH51 PI TlOBOpa'-ll1BaeTC5I na 
yrOJI a , BeJIl1'-1l1Ha xoroporo 3aBYI­

CHT OT COOTHOW eHl1 51 JlH a M eT p OB 

W KH BOB H Me)l{OCeB Or O p aCCT05l­

Hl151. B peztyxrope, KaK npaB YlJIO , 

y r OJI nOBopOTa Be KTopa Harpy 3Kl1 , 

nericr nyrourej; aa nOJJ.WYlnHYlK, Y1 3­

BeCTeH, a HanpaBJIeHl151 spaurenns 
BalIOB - HeT. 

Ha PYlC. 6 npnaenena cxexra 3y6­

lJaToi1 rrepena-nr. OPYI pesepce Ha­

n p a BJIe H Yle Be KTopa Harpy3Kl1 Y13­

MeH51eTC51 na yrOJI a = 180 - 2a w' 

me a w - yrOJI HalJalIbHOrO 3a u e n ­

JIeHYl5I; B cTaH,UapTHoH rrepena-re 
a w = 20°. 8 MeXaHYl3MaX nanpaane­
HYl5I apauieunn BalIOB, a CJIeJJ.OBa­

TeJIbHO, l1 KOJIeu nOJlWYlnHYlKOB 

nepl1o,UYI'-IeCKH MeH5IIOTC5I, COOT-

j;:~ , ~­
n l ~ 'fl 

- I 

PHC. 5. CxeMbl pea ennoa nepeaaxn C 
peuep CHpouallHeM npH pa3HOM HanpaUJleHHH 
apame nua WKHua: 
a - F1 > F2; 6 - F1 < F2 

a 

PHC. 6. Cxeaa 3y6 '1aToii nepenaxa UpH 
peuepCHpo uaHHH 

2 

5 

J 

4 

J 

6) 

4 

J 

PHC. 7. CxeMbi nO,llIDHnHHKOUbIX Y3JIou: 
a - C KOJIbUOM nepeMeHHOI1 ;KCCTKOCTI1; 
6 - C 30HaMI1 CHl'lTOrO MaTCpHaJIa II x oprryce 
n onurunauxoe oro YJJla; 6 - C JOHaMlI CH51­
roro MaTCpl1aJIU no n apyxaon rtosepxa ocr u 
nonunmuuxa 

BeTCTBeHHO l13MeH5IeTC51 YI na npaa­
JIeHYle BeKTOpa narpysxn xa non­
Wl1nHI1KOBbllf Y3eJI. 

8 cnyxae pesepca npu H alIYllJYIYI 

TOJIb KO OJlHOi1 30 Hbl C Y13MeHeHHoi1 

)I{ eCTKOCTbJO (,UJI51 OJJ.Horo nanpas­
JIe HYl51 sexropa aarpyxeana ) JJ.OJI ­

rOBelJHOCTb nO,UWYlnHYl KOB x a-r e ­

HYl51 CH YI)I{ a eTC51 [8]. 003TOMY ,UJI5I 

p eWeHYl5I 3 T0 i1 npotinevu CJIeJJ.yeT 

OnTYlMYl 3l1pOBaTb pacnpenen exue 

HarpY3KYI aa TeJIa x a lJeHl151 JJ.JI 5I 

JJ.Byx Han paBJIe HYIH sexropa Ha ­

rpY3KYI [91 . LI.JI51 sroro BbInOJIH 51 IOT 

,UBe 30 H bI C Y13MeHeHHOH )I(eCTKO­

CT b JO Y1 JIYI n a KOJIb u e , xoropoe y c ­

TaHaBJII1BalOT Me)I{,Uy nO,UWYlnHYI ­

KOM YI KopnYCOM (puc . 7, a) , l1JIH 

Ha BHyTpeHHei1 n OBep XHOCTYI KOp­

nyca (puc. 7, 6), Y1 JIYI aa napyxuoj« 
KOJIbue n ozunammx a (puc. 7, 6) . 
OpH 3 TOM nJIOCKOCTYI C MeHbweH 
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.lKeCTKOCTblO pacnonaraicr non yr­ 6aeTC5I B 60JTbweti CTeneHM, lJeM aa MaeMoro MaTepHaJTa TaK, Y:T06bl 

• 
JTOM, COOTBeTcTBylOWHM yrrry nOBO­ ,UPYTMX y-racrxax, CHH)f(aH narpysxy ofiecne-nrrs OnTHMaJTbHOe pacnpe­

pora sexropa uarpyakn, nencrsyro­ ua 6JIH)KatiwHe K nJTOCKOCTYI CYlM­ ,UeJTeHHe YCI1JIYlti ua TeJTa Ka'-leHYl5I. 

weH ua nO,UWHnHHK. Paavepsr H 

cP0PMY 3THX 30 H paCCY:HTblBaIOT C 

yxero« KOHqJHrypaUHH xopnyca H 

HanpaBJTeHHH uarpyaxn. 
Ha pHC. 7, a npe,UCTaBJTeH non­

wHnHHKoBbrti Y3eJT C KOJTbUOM ne­

peMeHHoH )/(eCTKOCTH . Me.lK.1lY KOp­

nycon I YI HapY.IKHbIM KOJTbUOM 2 

nO,UIllHnHHKa YCTaHOBJTeHO KOJTb­

UO 5 C ,UBYM5I 30HaMH (3 YI 4) nepe­
MeHHoH .lKeCTKOCTH . Ha Hap~HoH 

nOBepXHOCTYI KOJTbua B 30 Ha x B03 ­

MO)KHOro HaYl60JTbWerO narpyxe­
HHH BbInOJTHeHO JTOKaJTbHOe CH5I­

THe MaTepYlaJIa no nyre OKpy)KHO­

CTYI. B pe3YJTbTaTe sroro )KeCTKOCTb 

KOJIbua B 3TOti 30 H e CHYl3Y1JIaCb, '-ITO 

n03BOJTYlJTO sanan, OnTHMaJTbHbIM 

3aKOH pacnpenenenns HarpY3KYI no 

TeJTaM Ka'-leHH5I B 30 H a x narpyxe­
HH5I. TaKHM 06pa30M, Me)/(,Uy KOJTb­

UOM 5 H Hap)')KHblM KOJTbUOM 2 

nO,UIllHnHYlKa BbInOJTHeH He60JTb­

WOH 3a30p, xoropsm n03BOJT5IeT 

Me,UJIeHHO apauiarsca Hap~HoMY 

KOJIbUY 20THOCHTeJTbtIO KOJTbua 5, 
yCTaHOBJTeHHOrO C HaT5IrOM B KOp­

nyce I, 06eCnelJHBa5I UHpKyJT5IUM­

oHHbrti pe)/(YIM Harp~eHH5I. Ilpn 
pesepce sexrop HarpY3KYI H3 nOJTO­

)f(eHYl5I PI rrepexonnr B nOJTO)/(eHYle 

P2 YI COBna,UaeT C 30HOti MHHYI­

MaJTbHOH )/(eCTKOCTH KOJTbua 5. 

Ha PYlC. 7, 6 nOKa3aH xoprryc I, 
Ha BHyTpeHHeti nOBepXHOCTH KO­

roporo B 30Hax (3 YI 4) MaKCHMaJIb­

HO B03MO)f(}IOro Harp~eHH5Iraxxe 

BbInOJTHeHO JTOKaJTbHOe CH5ITYle Ma­

repnana, n03ToMY uapysoroe KOJTb­

UO 2 nO,UWYlnHHKa B 3TYlX 30Hax 

non ,UeticTBYleM CYlJT PI YI P2 Yl3rH­

MeTpYlH TeJTa Ka'-leHYl5I, HO yBeJTWIH­

Ba5I ee na ynaneunsre OT flJJOCKOCTII 

CYlMMeTpYlYl TeJTa Kay:eHM5I, '-ITO no­

3BOJT5IeT sanaaar i, OnTYlMYl3Y1pOBaH­

Hoe pacrtpezteneune uarpyakn no 

TeJTaM Ka'-leHHH B 30Hax uarpyxe­
HYl5I. Me.lK.1lY xopnycoxr 1M napyx­
HblM KOJTbUOM 2 nO,UWYlnHYlKa HMe­

eTC5I netionsuioti 3a30 p , KOTOpbIM 

n03BOJT5IeT Me,UJIeHHO npaurarsca 
uapyxorosry KOJTbUY 2 OTHOCYlTeJTb­

HO xopnyca, 06eCne'-lYlBa5I UHpKy­

JTHUHOHHblti pe)/(}jM narpvxernrs. 
IlpYl pesepce aekropu PI H P2 COB­

nanaicr C n JTOCKOCTHMYI MYlHHMaJTb­

HOM )KeCTKOCTYI xopnyca I. 

Ha pMC. 7, 6 npencraaneu non­
WMnHHKOBbIH Y3eJT, COCTOHWHti H3 

xopnyca I YI yCTaHOBJTeHHOrO B He­

ro C HaT5IrOM nO,UWYlnHYlKa, no­

3TOMy ero napyxuoe KOJIbUO 2 He 

spauraercs . Ha Hap~HOM nosepx­
HOCTM nO,UWYlnHYlKa B 06JTaCT5IX 

HaYl60JTbWerO Harp~eHH5ICH5IT Ma­

TepHaJT, T . e. C03,UaHbI 30HbI C MeHb­

weti )KeCTKOCTblO, '-ITO OnTYlMH3H­

pyer pacnpenenenne narpyaox no 

TeJTaM Ka'-leJ-IH5I. 

TaKl1M 06pa30M, ,UJI5I nossnue­

HMH ,UOJTrOBe'-lHOCTYI nO,UWHnHYlKa 

He06xo,UYlMO npOaHaJTH3Y1pOBaTb pa­

60TY y 3JTa, yCTaHoBHTb xapaxrep 

H3MeHeHYlH HanpaBJTeHMH BeKTopa 

narpyacenua, onpenemm, BeJTYlY:H­

uy narpyaxu aa nO,UWHnHYlK H 

yrOJT, rra KOTOpbIH nOBOpalJYlBaeTC5I 

BeKTOp HarpY)KeHYlH . 3aTeM C y-ie­

TOM rnnopaavepa nO,UllIYlnHYlKOBO­

ro Y3JTa H BeJTYI'-IHHbl HarpY3KYI pac­

C'-IMTaTh paauepsr 30H HaH60JTbllIe­

ro l'Iarp~eHYlH H TOJTWYlHY CHH­
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