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Cnoco6 noasuueuas AOnr O Bel.lHOCTl'I 

nOAW~nH~KOB Ka l.l eH~SI 

n pe,D,I10)f(eH cnocof noauuieun a AOJlrOBeYHOCTiII nOAWillnHiIIKOB KayeHiIIR Ha 
OCH OBe OnTiII MiII3a Lj illill pacnpen eneuns HarpY3KiII Ha r ena Ka yeHiIIR nyTeM C03Aa­
HiIIR 30H nOHiII )f(eHHOIl1 )f(eCTKOCTiII . 

KIl104eBbie (IlOBa: nOAWillnHiIIK, .o.OJlroBeYHOCTb, uarp yska. nporpnnnpoaan ­
Hoe KOJlbLjO . 

The way of durability imp rovement of roller bearings, based on optimization 
o f load dist ribut ion on rollin g elements by creation of low st if f ness zones, is sug ­
gested. 

Keywords: bearing, durability, load, prof ile ring . 

B TeXHHKe Wl1pOKO npI1MeH5IIOT­ BeQHOCTI1 Y3flOB MaWI1H H Mexa­

C5I nOL\Wl1nHHKH KaqeHI151 p aamrs ­ HI1 3MOB. 

HOH KOHCTPyKUI1I1 , xoropsre BbI­ Ha nponsuunennsrx npenrrpas­
nOflH51IOT Ba)l(HYIO cPYHKUvUO ­ TH5IX npOCTOH , CB5I3aHHble C nore ­

otiecnevenne Ha)l,e)£(HOCTI1 11 n on r o - pet't pa60Tocnoco6HOCTI1 nonumrt-
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HI1KOBblX Y3J10B, BeL\YT K 3HaQH­

TeflbHblM MaTepl1aJlbHblM norepav. 
nO::nOMY B Canxr-Ilerepfiyprcxov 
fTY pacnrrensnsrx nonnraepoa aa 
x arpenpe "COnpOTI1BfleHHe MaTe­

PHaJlOB" BeL\YTC5I nccnenosarens­

CKHe patiorsr B 06flaCTI1 nonsrure­
HI151 ,UOflrOBeQHOCTH nO,UWl1nHI1KOB 

KaQeHH5I . 

I'naauue npl1QHHbT ssrxona 113 

CTp051 nO,UWHnHI1KOB KaQeHI151 ­

YCTaJlOCTHOe paapyurenne [1, 2] 11 

npotinesn.r CM a3blBaHH5I (36 % OT 

scex nOflOMOK nOL\Wl1nHHKoB) [3]. 
OCHOB H a51 narpysxa B nonunm­

HI1Ke npI1XOL\HTC51 na reno xa-re ­

H 1151 (ponnx, WapI1K), HaXOL\51lUee­

C5I HenOCpe)l,CTBeHHO n a fll1Hl111 

ee ,UeHCTBI151, a OCTaBWa5lC5I QaCTb 

(",,10--:--20 %) n ar pyaxn nepepacnpe­
L\efl5leTC5I na npyrae TeJI a KaQeHH5I 

[2] . n03TOMY OCHOBHbJe I1CCfleL\O­

BaHI151 6bIJII1 aanpaaneuu na o6ec­
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HOMep rena Ka'leHl1.5I 

PHC. 1. I'acrorpasoaa pacnpenenenua Harpy3KH P = 12,6 KH ua Tena Ka'leHHlI B 3aBHCHMOCTH 

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

rre-reane paBHOMepHOrO rrepepac­

npenenennn HarpY3KI1 Ha rena xa­
yeHI1f1 [4, 5]. 

K cPaKTOpaM, Blll1>1JOllLl1M na 
pacnpenenenne HarpY3KH na rena 
KayeHI1f1, cneayer OTHeCTI1 ynpyrne 
necP0pMaUI1I1 KOHTaKTI1PYJOllLl1X 

Tell, paznransuue 3a30pbI 11 uararn 
Me)f()ly H 11 MI1, a raxxe )KeCTKOCTI1 

xoneu 11 xopnyca nonumnnaxa. 
Cnenyer OTMeTI1Tb, YTO BO scex 

CYllLeCTByJOllLl1X MeTOnl1KaX pacue­
'ra rrOnWl1rrHI1KOB I1MeJOTCfI cyme­

CTBeHHble nonyuie H 11 >I, xoropsre 
3HaYI1TellbHO ynpouiaior pac-rer, HO 

I1CKa)KaJOT pesynsrar. B HI1X, KaK 

rrpa BI1110, He yYl1TbIBaJOTCfI 113f116­

nsre )KeCTKOCTI1 xoneu 11 xopnyca 
rtonunrmurxa [2]. 

Llllfl 'roro YT06bl nons'n., cyuie­
CTBeHHO 1111 Blll1f1JOT 113rl16bl xorreu 
11 xopnyca nornuanuuxa ua pac­

npezrenenne HarpY3KI1 Me)K.IT.y rena­
MI1 KayeHWI, nposenn cneztyiouurn 

3KCrrepI1MeHT. Hcnonsays o6'beM­

HyJO Monellb rrOnWl1rrHI1KOBOrO ya­

na, BKllJOyaJOllLYJO B cefia uanrpy 
BMa 11 rrOnWl1rrHI1K (15 Tell xa-re­

HI15111 xoprtyc), MeTOnOM KOHeYHhlX 

311eMeHTOB 6bIll asmorraeu pacxer 

narpyxeuuoro COCTO>lHI151 non­

Wl1rrHI1KOBOrO Y311a C yYeTOM nepe­

MellLeHI151 11 necPopMaUl111 acex ero 

neranen. Bayrpeuuee KOllbUO non­

Wl1rrHI1Ka rrOCa)KeHO na uanrpy Ba­

lla C uararov , Me)f()ly renasu: Kaye­

HI1f1 11 xonsuav«, HapY)KHbIM KOllb­

UOM 11 xopnycov I1MeJOTCfI saaopu, 

COOTBeTcTByJOllLl1e 3a30paM B pe-

MbHOM rrOnWI1I1HI1Ke. Benny CI1M­

MeTpl1YHOCTI1 KOHCTpyKUl111 pac­
CMaTpl1BMI1 rrOllOBI1HY nonuurrmn­
xosoro Y311a. 

Ha PI1C. 1 npencraanena rI1CTO­

rpasoia pacrrpeneneana HarpY3KH 

P = 12,6 KH Ha Tella KayeHI151 non­
Wl1rrHI1Ka B 3aBI1CI1MOCTI1 OT TOll­

llLl1Hbl s ero kopnyca. AHMI13 no­
Ka3M, YTO npn He6011bWOH TOll­

umne xopnyca nozuunruunca pac­

npenenenue HarpY3KI1 rro rerrav 
KayeHI151 OyeHb HepaBHOMepHO: 

rrOllOBI1HY aueuraeri HarpY3KI1 BOC­

rrpl1HI1MaeT TellO Kay:eHI151 1, uaxo­
n5lllLeeC5I na 11I1HI1I1 neHCTBI1f1 Ha­

rpY3KM, rr03TOMY peaxo YBellI1YI1Ba­

eTC5I KOHTaKTHoe aanpaxenne, YTO 

He611arOrrpl1>1THO .Ll.J151 pa60TbI non­
Wl1rrHI1Ka 11 CHI1)KaeT era nonronex­
HOCTb. Ilpn YBelll1yeHl111 TOllllLl1Hbl 

Koprryca pacrrpenelleHl1e HarpY3KH 

CTaHOBI1TC5I 6011ee paBHOMepHbIM, 

T. e. npn S = 40 MM -racrs narpys­
KI1 nepexoznrr Ha COCenHl1e rerra 

KayeHI151, ozmaxo no OrrTI1MMbHoro 

pacnpenenenns HarpY3KI1 euie na­

nexo - na)Ke BOCbMI1KpaTHOe yBe­

11l1yeHl1e ronunmu He 06eCrreYI1Ba­

e'r Tpe6yeMoH paBHOMepHOCTI1 [6]. 
TaKI1M 06pa30M, 6bIJ10 noxasa­

HO, YTO )KeCTKOCTb rrOnWl1rrHI1KO­

aoro Y311a nrpaer 3HaYI1TellbHYIO 

pons B pacnpeneneann HarpY3KI1 

rro rerrav KayeHI151. 3aKoH pacrrpe­

nenenus HarpY3KI1 na rena Kaye­

HI151 COOTBeTCTByeT ypaBHeHI1JO na­

paoonsr: 
PT .K = a<p" + c, (1) 

me a, n, C - K03cPcP11Ul1eHTbl, KO­

Topble MO)KHO paCCYI1TaTb 113 YCllO­

BI151 06eCrreyeHI151 MaKCI1MallbHOH 

nOllrOBeYHOCTI1 rrOnUII1rrHI1Ka npn 
yCTMOCTHOM paapyureiuut, T . e. 

rtony-nrrs TaKMe I1X 3HayeHI151, npn 
KOTOpblX nOCTl1raeTC5I MaKCI1MMb­

Ha51 yaCTOTa BpallLeHI151 BHyTpeH­

Hero xortsua npn BbmOllHeH1111 YC­

1l0BI151 

(2) 

me N, - YI1CllO UI1KllOB npn Ha­

rrpIDKeHI1H (Ji; - nonroses­NLi 
HOCTb noruunnauxa (YI1CllO UI1K­

1l0B no YCTallOCTHOra paapyuremra) 
npn nanpaxennn (J i : 

Ha PI1C. 2 noxasaaa 3aBI1CI1­

MOCTb pacnpeneneaus HarpY3KI1 na 
rena Kay:eHH5I B COOTBeTCTBHI1 C 

ypaanemres: (1), rne <p = <Po = 360jZ 
(Z - YI1CllO Tell KayeHH5I; <PO - yrorr 
Me)f()ly HX ueHTpaMI1). 

Llll51 onpenenemrs K03cPcPI1UH­

eHTOB a, n, C 6bllla COCTaBlleHa rrpo­

rpaMMa na >I3blKe Turbobasic, C 

rrOMOllLbJO KOTOpOt'I MeTonOM cnn­
pansuoro KOOpnl1HaTHOro cnycxa 
BbIYI1C1l5lJOTC5I 3HayeHI1>1 K03cPcPl1­

Ul1eHTOB, 06eCrreYI1BaJOllLI1e ycno­
Bl1e (2). 

MaKCI1MMbHa51 uarpysxa Ha ca­

Moe narpyxennoe reno xaxea 1151 

cocrasnner rrOllOBI1HY OT pannans­
Hoil COCTaB1l5lJOllLeH HarpY3KI1 na 
rrOnWl1rrHI1K. 3Ha>l 3aKOH pacrrpe­

nelleHI151 HarpY3KI1 Ha rena Kaye­

HI1>1, MO)KHO ee OrrTI1MI13HpOBaTb 

[4]. C 3TOt'I uern.io nllfl nonunman­
xoaoro Y311a 6blllO paspariorauo 
KOllhUO [7] nepesteanof 'ronum Hbl 

(pHC. 3). Paasiepu xonsua nll51 KOH­

xpernoro rrOnWHrrHI1Ka 3aBI1C5IT OT 

era pasvepos 11 neHCTBYIOllLet'I na 

0,85PI----.=..,.......
 

0,60Pf----t---~'!'.... 

2<jlQ 

P
PHC. 2. 3aBHcHMoCTb H3MeneHHlI narpysxa 

T •K na TeJlO Ka'leOHH OT yrna q> KOOTaKTa 
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P}lC. 3. IIPOIlllUlJlpOBaUHoe KOJlbU.O:
 

Ro - HapY)f(HhlK pannyc xonsua ; el H e2 ­


CMelllemUl uetrrpos n yr OKPY'A<-HocTetl, no 
KOTOpblM BhInOJlHeHO npodmnnponan ae 
KOJlbua 

5 
~ 

4 % 

~ 
~ 

3 
~ ~ % ~ ' ~ ~ 
~ ~ 0 ~ ~ 2 ~ ~-~~ ~
 
~ ~~. ~ . ~
:-. ~ ~H»» ~ 
~ .~ 0 ~ % ~ 
~ '" ~ ~ ~ ~ ~ o 

234 
HOMep r ena KaqeHl15l 

P}lC. 4. Facrorpaaaa pacnpeneneaas H3­

rpY3KJ1 B 06bPllIOM nO)lUl}lmIllKOBOM Y3Jle 

(BiJ) }I Y3JTe C npoljJ}IJl}lpOBaHHblM KOJlhU.OM 

nepeerenaon :lKeCTKOCT}I (lm) 

Hero Harpy3KI1 , I1X 3Hal.Jem15l orrpe­

.ueJl5lIOT MeTo.uOM KOHeYHblX 3J1e­

MeHTOB. 

,UaHHble I1CCJle.uOBaHI151 rrposo­

.u11JJ11 11 .uJl51 pannansusrx nonnnrn­

HI1KOB. Ha puc. 4 rtpencraaneuu 
pesynsrarsr, nony-reunsre .!J,JJ5I pa­

nuam.uoro nonunmuxxa C rornua­
HOt'! xopnyca 10 MM, Z= 15, rrpu 

narpysxe P = 12,6 KH . YCTaHOB­

KOt'! npodmnnposaxnoro xorrsua 

.uOCTl1raeTC5I paanovepnce rrepe­
pacnpeneneune uarpyaxa ua rena 
KaQeHI151, l.JTO 3HaYI1TeJlbHO noau ­

uraer .uOJlrOBel.JHOCTb nonunuuuuca. 

Ilpn paoore MeXaHI13MOB nepezi­

KO MeH5IIOTC5I HarrpaBJIeHI15I spauie­

HI151 BaJlOB 11, COOTBeTCTBeHHO, KO­

rteu rro.uWl1nHI1KOB, npn 3TOM Me­

H5IIOTC5I HarrpaBJleHI151 .uet'!cTBylo­

urnx ua no.uWI1ITHI1KI1 aarpyaox. 

Ha PI1C . 5 noxasaaa cxexra peven­
HOt'! nepezia-m C B03MO)I(HOCTblO pe­

BepCl1pOBaHI151 . Ilpn pesepce BeK­

TOp YCfUlH51 PI nOBOpaYl1BaeTC5I ua 

YTOJI a, BeJll1lfl1Ha xoroporo 3aBl1­

CI1T OT COOTHOWeHI151 .ul1aMeTpOB 

WKYlBOB 11 Me)KOCeBOro paCCT05l­

HI15I. B penyxrope, KaK rrpaBI1J10, 

yroJl rrOBopOTa BeKTopa HarpY3KH, 

.uet'!CTBYlOll.I,et'! Ha ITo.uWl1rrHI1K, 113­

BeCTeH, a HarrpaBJleHI151 apautenna 
BaJlOB - HeT. 

Ha PI1C. 6 npasenena cxeva 3y6­
YaTOt'! nepena-m. Ilp» pesepce Ha­
npaaneune sexropa narpysxa 113­

MeH5IeTC51 ua yron a = 180 - 2aw, 

rne a w - yroJl HayaJlbHOrO sauen­

JleHI151; B CTaH.uapTHOt'! nepenaxe 
a w = 20·. B MeXaHI13MaX nanpaane­

HI151 spauienna BaJlOB, a cnenosa­

TeJlbHO, 11 xo.neu ITO.uWl1ITHI1KOB 

ITepI10.uI1l.JeCKI1 MeH5IIOTC5I, COOT-

j;:~,~­

nl~ \f 

, , 

PHC. 5. Cxeau peMeHHoH nepenasa C 

peBepcHpoB3HHeM npH P33HOM n3np3BJleH}lH 
Bp3meUHlI U1K}lB3: 

a - F, > F2; 6 - F1 < F2 

a 

PHC. 6. CxeM3 3y6'13roH nepenasa npn 

peBepC}lpOB 311l1H 

2 

5 

3 

a) 

4 

2 

3 

6) 

4 

3 

PHC. 7. Cxestst nO.lJ.U1HnHUKOBhIX Y3JlOB: 
a - C KOJlbUOM nepcvcnaoii )I(eCTKOCTH; 
6 - C 30HaMH CHlITOfO MaTep,laJla B xopnyce 
nO)llllHnHHKOBOfO Y3JIa; (3 - C 30HaMH CH51­
r oro xrarepuana no H ap~Hoi1 rtoaepxaocrn 
nO)lWHnHH Ka 

BeTCTBeHHO 113MeH5IeTC5I 11 nanpas­

JleHHe BeKTopa HarpY3KI1 Ha no.u­

WI1ITHI1KOBblt'! Y3eJl. 

B cnyxae pesepca rrpn HaJlI1Yl111 

TOJlbKO O.uHOt'! 30Hbi C 113MeHeHHOt'! 

)KeCTKOCTbIO (Wl51 O.uHOrO nanpas­

JleHI151 BeKTOpa Harp)')KeHI151) non­

rOBeYHOCTb rrO.uWl1nHI1KOB Kaye­

HI151 CHI1)KaeTC5I [8]. D03TOMY .uJl51 

peWeHI151 3Tot'r rrp06J1eMbJ cnenyer 

OnTI1MI1311pOBaTb pacnpenenenne 

HarpY3KI1 na rena KayeHI151 .!J,JJ5I 

zisyx nanpaanemrn sexropa na­
rpY3KI1 [9]. ,UJl5I sroro BbIITOJlH5IIOT 
nne 30Hbi C 113MeHeHHOt'! )KeCTKO­

CTblO 11J111 Ha xonsue, xoropoe YC­
TaHaBJlHBalOT Me)K)J,y nonurarnur­

KOM 11 xopnyco» (pnc. 7, a) , HJlI1 

Ha BHyTpeHHet'! nOBepXHOCTI1 KOp­

nyca (puc. 7, 6) , 11J111 ua Hap)')I(HOM 

xonsue no.uWI1ITHI1Ka (puc. 7, 6). 
Ilpn 3TOM rrJlOCKOCTl1 C MeHbweM 
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:>KeCTKOCTblO pacnonaraior non yr­
JlOM , COOTBeTCTBY!OWJ1M yrny nOBO­

pora sexropa HarpY3KH , n e K cTBy lO ­

UJ,eK aa nonWHnHHK. Paavepu H 

cPOpMy 3 THX 30 H paCC'-IHTbIBalOT C 

yxerov KOH cPYlryp a U H H xopnyca YI 

nanpaanenas narpyaxn. 

Ha pHC. 7, a rtpencraaneu non­

wHnHHKOBbIK Y3eJl C KOJlbUOM ne­
p eMeHHoK :>K eCTKOCTH. Mexcny KOp­

n YCOM I H HapY:>KHbIM KOJlbUOM 2 
noruuarmaka YCTaHOBJleHO KOJlb­

UO 5 C nBYM ~ 30HaMYI (3 YI 4) nepe­

MeHHOK :>KeCTKOCTH . H a Hapy:>KHOK 

nOBepXHOCTH xori sua B 30 Ha x B03 ­

MO:>KHOrO H aH60JlbWerO narpyxe­
HH5I BbInOJlHeHO JlOKaJIbHOe CH5I­

rue MaTepHaJIa no nyre OKpy:>KHO­

CTH. B pesynsrare aroro )l(eCTKOCT b 

xonsua B 3TOK 30He CH H3 HJlaCh , '-ITO 

n03BOJlYlJlO aanar s OnTHMaJIbHhlK 

3a K OH pacnpenenenna Harpy3KJ1 no 

TeJlaM Ka4eHYl5I B 30 Hax narpyxe­
HH5I . T aKHM 06pa30M , Me)l()],y KOJlb­

UOM 5 H Hapy2KHbIM KOJlbUOM 2 
nOnWHnHHKa BbInOJlHeH He60Jlb­

WOK 3a 30 p, KOTOPblK n03BOJl5IeT 

MeLLJIeHHO BpaUJ,aTbC5I HapY:>KHoMy 

KOJlbU Y 2 OTHOCHTeJlbHO xonsua 5, 
YCTaHOBJleHHOrO C H aT5IrOM B KOP­

n yce I, 06eCne'-lHBaH UYlPKYJlHUYI­

OHHbJK pe:>KHM HarpY:>KeHYl5I . Ilpa 
pesepce sexrop Harpy3KYI H3 nOJlO­

)l(eHYlH PI nepexoznrr B nOJlO:>KeHHe 

P2 YI cosrtanaer C 30 H OK MHHH­

MaJIbHOH )l(eCTK OCTH xons ua 5. 

Ha pHC . 7, 6 nOKa3aH xoprtyc I, 
Ha BHYTpeHHeK nOBepXHOCTYI KO­

roporo B 30 H ax (3 YI 4) MaKCYlMaJIb­

HO B03MO:>KHOrO HarpY:>KeHYlH r a ioxe 

BbInOJlHe HO JlOKaJIhHOe C H ~T Yle M a ­

r ep n ana, n03TOMY n apyxuoe KOJlb­

UO 2 nomuannnxa B 3TlfX 30 H ax 

non n e K CTB Yle M CYlJl PI YI P2 H3rH­

6aeTCH B 60JlbWeK CTeneHYI, '-Ie M ua 

n pyrnx ysacrxax, CHH :>KaH narpysxy 
ua 6 Jl l1)l(a KWHe K nJlOCKOCTH CYlM ­

MeTpHYI rena Ka'-leHH5I, HO yBeJlH'-IH­

sas ee Ha ynaneuaue OT nJlOCKO CTYI 

CHMMeTpYlYl 'rena K a'-l eHH5I, 4 TO no ­

3BOJl 5IeT aanaaar s OnTHM Yl3Hp OBaH­

Hoe pacnpenenenne HarpY3KH no 

renav K al.JeHH5I B 30Hax na rpyxe­
HYl5I . Mexny xopnycov I M napyx ­
HbIM KOJlbUOM 2 nOnWHnHYlKa YlMe­

eTCH He60JlhWOK 3a30 p , KOTOpbIK 

noasonaer MeLLJIeHHO spamarscs 
HapY:>KH oMy KOJlbUY 2 OTHOCHTeJlh­

HO xopnyca, 06ecne4HBaH UHpKY­

Jl5IUYlOHHbIK pe)l(J1M HarpY:>KeHYl5I. 

Ilpa pesepce sexropsi P, M P2 COB­

nanaior C TIJlOCKO CT5IMM MMHHMaJIb­

HO K )f( e CT K OCTH xoprr yca I . 

H a pHC. 7, 6 npencraanen non­

WHnHHKOBbIH Y3eJl , COCTOHmMH H3 

xoprryca 1M YCTaHOBJleHHOrO B He­

ro C H aT5IrOM nonumrmn xa, no­

3TOMy e r o nap yxuoe KOJlhUO 2 He 

spauiaerca. H a HapY:>KHOH nosepx­
HOCTM nOnWHnHHKa B 06JlaCT5IX 

HaM60JlbWerO HarpY:>KeHMH CMT Ma­

TepHaJI , T . e . cosna u u 30 Hhl C MeHb­

weH :>KeCTK OCTblO, '-ITO onTHMH3H­

pyer pacnpenenenue narpysox no 

rerraxt Kal.Je H HH. 

TaKYlM 0 6pa30M , LLJI5I nossuue­

HHH nOJl rOBel.JHOCTH nOnWHnHYlKa 

He06xo,lJ,HMO npOaHaJIH3HpOBaTb pa­

60Ty yan a , yC TaH oBHTb xapaxrep 

H3M eHeHMH HanpaBJleHH5I Be KTopa 

HarpY:>KeHHH, onpeztemrr s BeJlH4H­

ny Harpy3KJ1 n a TIOnWHnHYlK H 

yron , na KOTOpblH nOBOpa'-lMBaeTC~ 

BeKTOp Harpy :>KeHM5I. 3aTeM C y-re­

TOM T HTIOp a3M ep a nOnWHnHYlKOBO­

ro Y3Jl a H BeJlHl.JHHhI narpys xa pac ­

C'-IMTaTb paasrepst 30H HaH60JlbWe ­

ro HarpY:>KeHMH H TOJlUJ,HHy CHM-

MaeMOro MaTep MaJI a TaK, '-IT06bI 

otiecne-nrn, OnTMM aJIbHOe pacnpe­
nene a ne YCHJl HH ua r ena Ka'-l eHMH . 
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