H3BECTHWUA

TOMCKOI'c OPIAEHA OKTSBEPLCKOM PEBOJIIOLIMM W OPIAEHA TPYIOBOTO
KPACHOIO 3HAMEHH IIOJIMTEXHHMYECKOrO HMHCTHMTYTA um. C. M. KHPOBA

Tom 209 1976

Ob H3JIOMHOHK TTPOYHOCTH M3HOWEHHbBIX 3VBbBEB

H. &. JEPIOTA, C. M. IYBOBHY

(IlpencraBieHa HayyHbIM CeMHHAPOM Kadeapbl NPHKAANHOH MEXAHUKH)-

B oteuecrBenHO# # 33py6erKHON JuTepaType NMPHBOAATCS, KAK HPaBUIIO,
pe3ynbTaThl HCCASAOBUHHH H3JIOMHOH YCTAJOCTHOIT MPOUYHOCTH 3YObEB HOBBIX
{HCH3HOILEHHbIX) 3y04aThiX KOJCC U He VIeJseTcs] BHHUMAHHsI TMPOUHOCTH
II3HOLUEHHbIX 3yObeB, TOTAA KAK 1ia [PAKTHKe B psijie CAYUaeB B LUENsX yBe-
JIMYEHHs1 JOJTOBCYHOCTH Iepeladd Aomyckaerca pabora 3ybuaThix Kojec
C OTHOCHTEJLHO 6O/IbIINM H3HOCOM. B JHTepaTtype, HanpuMep, He OcBellaert-
Cs1 BJHsIHHe BOIHUMHBI H3HOCA M SMOK BHIKpPalIHBaHHsl, CONVTCTBYIOLICTO
B HEKOTOPBIX CY4asaX H3HOCY, HA YCTAJOCTIYI0 NPOYHOCThH 3y6a. Her Taxxke
YETKHX CBEJEeHHH O JOMYyCTUMOH CTeleHH H3HOca 3yObeB H3 YCJOBHS 0fec-
IIeYeHHs H3JOMHON PGUHCCTH TOCTETHHX.

Henb HacTosilell CTATbH — YaCTHYHO BOCHOJHHTE 3TOT Tpobed.

B kauectBe 0ODBeKTa HCCHeNOBAHHsI aBTOPaMHU ObiAM NPUHATHLL CTalb-
HEle 3aKaJleHHbIe NPsIMO3yOble IHJIMHIPHYECKHE KOJeca PeiyKTopa COPHOTO
371ekTpocBepaa IP-5. OCHOBaHHEM s TA4KOrO BLIBOPA MOCIYHKHIO TO, YTO
3yOuartele mepemayu TODHBIX 3JEKTPOCBEPJ H3-3a MEPETrpPV3KH MO KOHTAKT-
HbIM HaNpsiKeHUsAM, oOYCIOBJEHHON OrpaHnueHrem raGapHTOB U Beca cBep-
J1a, W TIPOHHKHOBEHMsT YIOJLHOH MBIIH B KOPNyC PeIyKTOpa CHIbHO H3HA-
HIMBAKOTCA B YCJIOBHAX 3KcOayatauud. OVHKIHMOHAJBHOE Ha3HaueHHe 3HTHX
iepefay  TaxKOBO, 4YTO M3HOC H OrpaHHYeHHOe BhIKpallHBaHHe PaboyHx Mmo-
BEPXHOCTEH 3y0Obes BMOJHe AOMYCTHMbI H, CJ€A0BATEAbHO, JLOJIOBEYHOCTD
KoJlec JOJIKHA ONpeleNaThCa H3 YCJAOBHS COXPAHEHHs TOCTATCUHON H3J0M-
HOI TPOYHOCTH 3yObED HPH U3HOCE.

Msnawnsanne HeoseyeMbix KOJeC NPOU3BOAMAOCH HA 3AMKHYTOM CTEH-
Je TIpKH HACPY3Kax H yCAGBUAX PaboTHl, OJH3KUX K 3KCIJIYATALHOHHBIM. K-
CIIEDHMEHTAJbHBIE XKOJeca ObIAKM BBLINOAHEHH H3 cTanud 40X ¢ TBepLOCTHIO
HRC=28—45 u umenn 28 3y6bes HOPMAJLHOTO 3ALCIJICHHS; HIECTEPHH —
u3 cranau 20X ¢ TBepAocTeio pabouux nosepxnoctefl HRC = 55— 60 umeau
17 3y6bes. MonyJib 3alienaedns nepefaun m—2 M.

AHann3 reoMeTpUH 3aleleHHs OO0JbUICTO UHCJIA H3HOUICHHLIX 3yOua-
TBIX TTap MOKasas, YTo HCXOAHLIe 3BOJIbBEHTHBIe MpodHAM IO Mepe H3HOCA
3aKOHOMEDHO HCKa)KaloTCAd H OCTAlOTCS CONPAXKEHHBIMH MO TeX Mop, MoKa
K03(pDHULHEHT [IepEeKPLITHA He CHH3UTCH 10 GCJAHYHHBI, OAH3KOH K eIHHUNE.
JIMHHSA 3allelIeHUs] HCKPHBJAETCST TakK, YTO YroJ 3aleljieHus B HauaJe H B
KOHIle 3allellJieHus OJHOR IaDbl 3YGb€B PE€3K0O yBeJIHYHUBACTCA TI0 CpaBHe-
HHIO ¢ HA4yaJbHBIM €ro 3HadeHneMm [l]. DTo AB/eHHEe HPHBOAUT K TOMY, 4TO
KacaTeNbHasgs COCTABJASIOLAS CHJbI HOPMAJBHOI'O AABJEHMS, TIPHIONKCHHOH
K BeplMHe 3y0a, yMeHblUaeTCsi, 4 PaAHaJbHas COCTABJAIOIIAS YBEJHUYHBA-
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ercst. [1o 31O NpUYHHE B CEUEHHSX H3HOUICHHOTO 3y6a M3MEHSeTCs COOTHO-
jleHHe HanpsiKeHuii u3rub6a M cxkaruda. CymMmapHOe HalpsiKeHne Ha pacTi-
HYTOH CTopoHe 3y0a YMEHbIIACTCA M3-32 YBEAHYEHH: Hampmxeﬂun cKaTHs
U YMeHbILIeHHs HanpsixeHH) H3ruba.

PacueTsl, npoBefeHHble N0 (GopmMyaaM, CCHOBAHHBIM Ha THIOTEe [J10-
CKHX CEeYeHHH, NOKa3aJjH, YT0 No Mepe H3Hoca 3yba omacHoe cedeHHe nepe-
MellaeTcss OT HOXKKH 3y0a K ero BeplliHHe, 4 BeJHUMHA HANPSKEHHA B 3THX
ceyeHHAX B NEPBLIH NepHOX U3HOCA OCTAETCHA NMPAKTHYECKH NOCTOSHHOM, a 3a-
TeM DPe3Ko yBeJquuuHBaetcs. DBbu1o ycTaHOBJIEHO, 4TO MpH H3HOCe 3yba 10
209% nepBOHAYANbHCIl €r0 TOJLIMHB, H3MePeHHOIl 10 Ayre JeduTesibHOil
OKPYKHOCTH, CyMMapHOe HalpsiKeHHe ocTaeTcss NPakTHYECKM HeH3MEeHHBIM
H, CJA€40BATEALHO, MPH H3HOCAX O TaKOil CTeleHH H3rMOHas IPOYHOCTHL 3Y-
0a He JOJKHA CHHXKAThCH.

TakuMm o6pasom, BequuuHa H3Hoca, cocTasasiomas 20% nepsonayans-
HOH TOAIMHBL 3vy6a, MOZKET paccMaTpHBATLCA Kax JAONYyCTHMasd BeJHYHHA
H3HOCa U3 YCJIOBHS ofecricuens H3ruGHOI MIPOYHGCTH 3y6a.

" YMeCTHO OTMEeTHTh, YTO NPH BeinuuHe i3noca, 6.1nu3koi k 20%, odHapy-
JKUBAETCA JiBA ONACHLIX CEUYEHHs: V OCHOBAHHsS 3v6a Ha BLIKDYIKKe K He-
CKOJNbKO Bhillle Ha YCTVIe, obpa3viollleMcss B DeaynbTaTe M3noca (puc. l}.
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Pre. 1. ITpoduas 3v0a, ianowen#oro ka 20%, u smopn nanpaxKedii

JIns IPOBEPKH AaHHBLIX PACYETOB M BbiICHEHHS KAapTHHBI paclipe/leseHn
HanpsaxeHni ObLIO NIPCBEAEHO UCCAeAORAHNE HANPAXKEHHOTO COCTOSTHHA H3-
HOIIEHHOTO 3y0a MOAspH3aUHOHHO-ONTHUeCKHM MeTdnoM [2]. PeayabTath
YTHX HMCCACTOBAHHMH MOATBEPAMAH CAEMAHHBIE BbIIE BbiBOAB H IO3BOJIHJIH
ONpeTe Ty TeopeTHUeCKHe KO3(OUUUEHTH KOHLEHTPAUMH HaNpPAKeHHH
B OMACHBIX TOUKAX. T2, HAnpUMep, YCTAaHOBJEHO, 4TO VCTYN, 06pa3oBaHublil
a npodusae 3yda B pesy.abTaTe H3HOCA, BbI3bIBAET INPHUMEPHO TaKYyIO ke
KOHIIEHTPALUHIO HanpsizkeHH#, d BBIKpYKKa Yy ocHoBaHust 3yba. IlosTto-
MY MOXKHO 3aKauHrh, uto npu 20% wusHoca 3v6a nosomxa 3yba Iipu pa-
00Te mepefayd PaBHOBEpPORTHA KaK y OCHORaHHs 3y0a, 7aK U B CeUYeHHH
Ha ycrvrie, 06pa3o3aHHOM H3HOCOM. '

B ilesqsx omnpegeneHus VCTaJOCTHOH MPOUYHOCTH H3HOLUIEHHOro 3yda
H BBbIICHEHHS OTPHIATEALHOrO BAMAHUA SIMOK BBbIKPAMIHBAHHUSA, KOTOpLIE Ha-
OJI01aJHCh Ha H3HOLICHHLIX KOJecax CHJLHO MeperpyyeHublX 110 KOHTAKT-
HBIM HampsiKeHHUsM, OblIH 1IPOBCIeHbl HATYPHbBIE WCOBITAHHA HEH3IHOMICHHbLIX
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Puc, 2. Kpusbie yeradoceti 3y06bes Koaec ¢ t8epaoctbio HRC=45
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Puc. 3. Kpusete veradocru 3ySees womec tsepiocteio HRC=98

1. 3aka3z 3135,



H H3HOmeHHbLIX (Ha 209, neppboHayaJbHO{l TONLIMHLI 3y6beB) Kojgec Ha
H3J0M 3yObeB INPH LHKJIHYECKOH IepeMeHHOHl Harpy3ke. DTH HCIOBITAHHA
NpPOBOAMJINCL Ha CHEeNHadbHO CO3JAaHHOM IyabcaTope, ofecnedyuBaBuieM
HarpyXeHHe [0 cXeMe «3y64aToe KOJeCcO — pelKas ¢ KO3(p(PHIHEHTOM
ACHMMeTPUHU LHKJA, OJH3KHM HYJIO. ’

PesyabTaTbl yCTaMOCTHBIX MCHBITAHHH, o6paboTaHHble ¢ IPHBJAEUEHH-
eM MeTOJOB MaTeMAaTHUeCKOH CTAaTHCTUKH, NpeJACTaBJeHBl Ha pHc. 2 4 O.

Ha puc. 2 mnpexcrasienbl XpHEble VCTalOCTH B JOrapHMMHYECKUX KO-
OpAMHATaxX [JJisi HEH3HOLIEHOTO KoJsieca ¢ TBepaocTbio ARC = 45 (auuus 1)
M KoJieca TOH Ke TBePAOCTH ¢ 3yObsiMH, u3HouwleHHbiMH Ha 20% mo Tou-
muHe (nuHus I11), KOoTOpOe He MUMeJO NPH3HAKOB KOHTAKTHOrO paspyiie-
HHsA. MOXHO BHIETh, UTO B TOM CJydYyae HaJH4yHe HM3HOCA He BBI3BAJO
CHHXKEHHs] HeOTPAaHHYCHHOTO npefena BBIHOCJAHBOCTH NpH u3rubGe 3yba.

Ha pnrc. 3 mpencraBieHbl pe3vabTathl QJIsI KOJeC MaJjoil TBePIOCTH
(HRC=28). Ilpu H3HaIIUBAHHUHK KOJEC ITOH TBEPAOCTH UMEJO MEeCTo Orpa-
HHYEHHOe BHIKpallliBaHke, TI03POMY paboude NOBEPXHOCTH H3HOUIEHHbIX
3yObeB B OKOJIOMOJIOCHO!H 30He OBIJIM MOpaxKeMbi pakoBuHaMu. CpaBHuBast
HeorpaHHYeHHble INIpeJesbi BBIHOCAMBOCTH (pHC. 3) HEHU3HOLIEHHOrO KoJjeca
{(7muHua 1I) u uspoweHnsoro (nuuus 1V), MOXKHO BHIETh, YTO B 3TOM CAV-
Yyae yCTaJOCTHAsg IPOUHOCTb 3v0a CHUAKaeTCsl NPH H3HOCE NPHMEPHO Ha
20%, T. e. Ha BeJIMUHHY, PaBHVIO NPUMEPHO BeJHUYHHE OTHOCHTEJLHOTO H3-
Hoca 3yb6a. IlpuumMHOil TOHH)KEHHsT HPOYHOCTH B ITCM CJyuae SBJACTCS
KOHILIeHTpAUHs HANpPsKEHHWH, BbISBAHHAS AMKAMH BbIKpauuBaHus., Taxoe.
06bACHeH e NOAKPElssieTcss TeM, UYTO VCTAJ0CTHAs TPellHa pa3BHBaJach
¥3 30HBI, NOPAXKEHHOH BbIKpAILIHBAHHEM.

Takum 06pasoM, Ha OCHOBAHUHM TIPOBEIECHHOIO HCCJAEIOBAHHA MOKHO
2aKJIOYHTb, YTO TIPM OTCYTCTBHH BHIKPAIIMBAHMUs PAOOYMX HMOBEPXHOCTEN
3y6beB H3HOC HX 10 209 mepBOHAUAJBHON TOAIIMHLEI Ge30MaceH ¢ TOYKH
3peHHst U3ru6HOH npounocTd. CHHIXKeHHe H3JOMHCH NPOUYHOCTH MOZKET HMETh
MECTO TOJbKO IIPH HaJiMYHW BbIKpaliuBalHug paboyux NOBepPXHOCTeH 3vObesn.
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