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JIEKLIMA NQ 5. lmnuHapuyeckue n KOHM4YeckKue
3ybuaTtbie nepepaum (LLK3M).
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cTp. 125-188.

ConoBbeB B.WU. etann mawmH (Kypc nekumn. I yactb). - HoBocnbupck: HBW,
1997. ctp. 67-120.



KOHCTPYKTUBHbIE OCOOEHHOCTU M NapamMeTpbl
LIK3I.

B 3ybuaTbix Kofiecax MOXHO BbisiBUTb 4 OCHOBHbIX 3fIeMeHTa:

3yb4YambiUu 8eHeu, sKrtoYarowul 3ybbs, npedHasHad4eHHble 01 83auMooelcmeusi ¢
COIMPSIXKEHHbIM 3ybyambiM KOSIECOM;

0600 — 4acTb 3ybyartoro koneca, Hecyllas 3ybuaTsin BeHel, (1 Ha puc. 5.1, 2 1 5.2,
a); Hambonee yacto obog coBmMeLwlaloT ¢ 3ybyaTblM BEHLUOM, HO MHOrAa UX BbINOMHSAOT
pasgesribHbIMK (Hanpumep, U3 pasHbiX MaTepuanos);

cmynuya - 4acTb 3yb4aToro Kosfieca, coeguHsawwlass ero ¢ BanoMm, Hecylwmum
3ybyaTtoe koneco (3 Ha puc. 5.1, 2 u 5.2, a); 3ybyartble Kosieca mManoro gnamerpa no
CpaBHEHUIO C BafilOM, HECYLLIMM 3TO KOJSIECO, BbIMOSTHAKTCSH, Kak NpaBunio, 3a 04HO Lenoe
C 3TUM BarioM 1 Ha3blBalOTCA easl-wecmepHs (puc. 5.1, 0 n 5.2, 6);

o . V" [ duck - 4vacTb 3yb4yaToro
7 5T Koreca, coeaunHgaoLWwas
,é’?, f \ o6opg co CTynuuen; B NUTbIX

" ? MW CBapHbIX  3yb4yartbIX
konecax [AWCK 3a4acTyto
3aMeHsiIeTCa  OTAENbHbIMU

crniuuamu

Puc. 5.1. Ulunnnapunyeckue Puc. 5.2. KoHu4eckue
3ybyaTtble Konéeca. 3ybyartbie Koneca.



KOHCTPYKTUBHbLIE NapaMeTphbl
3ybyaTtbix Konec npeacraBneHbl
Ha puc. 5.3. TonwwnHa oboaa
LMUITMHAPUNYECKUX N KOHUYECKNX
3yb4aTbIX KONEec MOXeT ObITb

f

7
//?%//

,/ % 7 Jl BbiOpaHa No COOTHOLLEHWUIO

if///’ ] % I////Z///j/%}l B KOTOPOM (m — ,MOD,()5/J.'I1|3)
# @ 3auenneHna (ONsg  KOHUYeCKUX
T ; E! Konec cnegyetr  UCMonb30BaThb

BHELUHUW Moaynb m, (m.)), b —

Puc. 5.3. KOHCTpPYKTMBHbIE NnapaMeTpbl LuMpuHa 3ybyaTtoro BeHua.
TOYEHbIX U KOBaHbIX KOJecC.

TonwmHy aucka npuHMUMaroT paBHOM:

ans UMnmHOpUYECKnX Korec , (5.2)

0719 KOHNYECKUX KOmnec : (5.3)

[HnameTtp ctynuubl - dcm = 1,55d, a ee onuHy - lcm =(0,8...1,5)d, rae d — nocago4vHbIn
AnameTp Bana.

Y Konec 60nbLUIOro AnameTpa C Uenbio 3KOHOMUM NermpoBaHHOM cTanun nHorga
NPUMEHSIOT HacagHoM 3ybuaTbln BeHeL (COopHble 3ybyaTtble Koneca), KoTopbIn
Kpenutcs Ha oboae Tak, YToObl NCKMIOYMUTL BO3SMOXHOCTb €ro NpoBOpavynBaHus.



KnHemaTtunka n guHammka LUK3T1.

Puc. 5.4. CkonbXeHue 3yObeB B npouecce padboTbl nepegayu

[Tpn paboTte 3BoNbLBEHTHOW 3ybyaTon nepenaym paboune NoBepxXHOCTU 3yObeB
OHOBPEMEHHO 06KaTbLIBAKOTCSA M CKONL3AT APYr No Apyry (puc. 5.4.). YuntbiBasi, 4to
TaHreHumanbHble CKOPOCTN 3yObLEB B NOMIOCE 3aLenieHns ans WecTepHU 1 Koreca
paBHbI Mexay cobon, n pasnarasi TaHreHuuanbHble CKOPOCTU v, U v, KOHTaKTUPYHOLLIMX
TOYEK COMpPsPKEHHbIX 3yObEB Ha ABE€ COCTaBNSOLLMX, OA4HA U3 KOTOPbIX (v,” N v,’)
HanpasrieHa no NuHUK 3auennexus, a BTopas (v,” u v,”) — NnepneHanKynsapHo k Hen (no
KacaTesflbHOM K MOBEPXHOCTU KOHTaKTa), ObHapy>XnMBaem, YTo B MOMEHT MPOXOXKAEHUS
TOYKN KOHTaKTa Yepes Mosoc 3auensieHna KacaTeribHble CKOPOCTU KOHTaKTUPYHOLWLMX
npodunen paBHbl HYIO, U CKOMNbXeHne npodunen otcyTcTByeT (puc. 5.4, 6). Bo Bcex
OCTasIbHbIX Cllydadx KacatesfibHasd CKOpPOCTb YacTu Npoduns, npureratoLen K rofioske,
bonbLle aHanorMYHOM CKOPOCTU KOHTAKTUPYHOLLEro Npodunsa conpsaXXeHHoro 3yoa,
NpuerarLwero K HoXke nocrnegHero (puc. 5.4, a, B).



[TOCKONbLKY MPOTSXKEHHOCTb MPOdUENn HOXKA U TFOSIOBKM MNPUMEPHO OAMHAKOBbI,
HOXKa 3yba paboTtaer B Haubonee HebOnaronpuATHbIX YCINOBUSIX (Aonblue
paboTaeT B yCNOBUAX TPEHUS CKOJIbXEHUS1), YTO BeAeT K eé 6onee MHTEHCUBHOMY

W3HallnBaHuio. Tak Kak NepeHOC TOYKN NPUNOXEHNS
CUIbl MO JINHUK €€ OEUCTBUS HE MEHSIET
pesynbraTtoB AENUCTBUS CUMbl, TO CUMbI
B3anMoaencTBus 3yobeB NPUHATO
onpenenaTtb B Nontce 3auennenus (puc.
5.5). Torga HopMarnbHY CuUny
B3anMMoaencTBmnsa paboumx
noBepxXHOCTEN 3yObEB NPAMO3yHon
nepegavym MOXHO pPasnoXuTb Ha
TaHreHumarnbHyo U paguarnbHyro
coctaensowme. 3 napannenorpamma
CuIn nony4yaem

Puc. 5.5. Cunbl B npsamo3yo6ou
LUNNHOPUYECKOU nepenave.

; 7 . (5.4)

Ho, Bbipaxass TaHreHumManbHyld CUNy 4epe3 nepeaaBaemMble MOMEHTbl U
KOHCTPYKTMBHbIE NapaMeTpbl Nepeaayn, UMeem

F = 1 | I \u+1 _25 "\ J : (5.5)



Puc. 5.6. Cunbl B koco3yboun
LWIMHAPUYECKON nepeanave.

[Mlp 3TOM COOTHOWeHUa (5.5),

B koco3ybon nepegade 3a CYET HaKNoHa
npogonibHOM ocn  3yba K obpasylolen
OENUTENbHOro LUnnuHapa Kpome
TaHreHuManbHoM 1M paguanbHOM  CUI
nosiBNseTcad ocesad cuna (puc. 5.06).
COOTHOLLEHMSA MeXay COCTaBAALWMMN CUTbI
B3anmModencTeus 3ybbeB B 3TOM Criyvae
byayT crneayrowmnmu:

% (5.6)

cBA3blBalOwne TaHreHumnaribHyro Cuity C

reomeTpmn4eCKkMMun napameTpamm nepenaydn, oCtaroTtcd TeMm Xxe CaMbiMN.



B kKoHn4eckoun 3ybyaTon nepegade Kak u B
UWMINHOPUYECKON  KOCO3YyDOW  MOSABNSOTCS
oceBble cocTaBnsoLwmne CUIbl
B3aMMoAdeNCTBNA 3yObeB, HO MNPUYUHOW UX
BO3HMKHOBEHUS ABMNSAETCSA HaKNOHHOE
pacrorioxxeHme 3ybbeB. Curbl B KOHUYECKOM
gybuyaton nepepade OObLIMHO MpPUBOAOATCA K
NSIOCKOCTU CEPEeaNHHOro ceveHnst 3ybyartoro
BeHua (puc. 5.7).

CoOTHOLLIEHMS Mexay S EI
OEeNCTBYOWMMN Ha 3ybe LiecTepHu OyayT
crnegyoLwmmm

(5.7)

A cunbl Ha Komnece BblpaXkalTcd 4epes
cunbl Ha wectepHe Fr, = Fa, v Fa,= Fr,.

Puc. 5.7. Cunbl B npsimo3yo6ou
KOHUYeCcKoun nepepaye.
TaHreHymanbHas COCTaBnsALLAasa BblpaXkaeTcsl B 3TOM Ciny4vae ¢ NoMOLLbHO
KOHCTPYKTUBHLIX NapaMeTpoB nepegayun criegyrowmm odbpasom

GX:)



Pacuet LIK3I1.

OCHOBHbIMU KpUTEPUAMN PabOTOCNOCODHOCTU 3aKPbIThIX 3yDO4aThIX nepeaad,
obecnevyeHHbIX 4OCTaTOYHbIM KONMMYECTBOM CMa3KN SIBASETCA KOHTaKTHasi MPOYHOCTb
B3aMMOLENCTBYHOLLMX NOBEPXHOCTEN 3yObEB U NPOYHOCTb 3yObEB HA NU3rno.

[Mpn HegoCTaTOYHOM KOHTAKTHOW MNPOYHOCTU paboymx NoOBEPXHOCTEN 3yObEB HA ATUX
NOBEPXHOCTAX B 06NMACTM HOXKN MPOMUCXOOANT NPOorpeccmpytoLlLee yctanocTHoe
BblKpallMBaHWe MeTarnsa, Hapywatolee reoMeTpUIo 3auensieHns n ocnabnawLlee
nonepevyHoe cevyeHne 3yba No OTHOLLEHUIO K U3TMOHBLIM Hanps»XXKeHUAM, YTO B KOHEYHOM
nTore NPMBOAMUT K YCTaroCTHOMY M3riomy 3y6a.

Takum obpasom pacyeT BeaeTcs U3 ycroBud

" (9.9)

[Mpy NPOEKTHOM pacyeTe UMINHOPUYECKUX Nepeaay BHaYane BblYNCNSETCs
MEXOCEBOE pacCcTosiHME nepenaydn

; (5.10)

roe ana npsiMmo3y6ot nepenaun Ka = 450 (H/mm?)'3;

o koco3y6oli nepenayun Ka = 410 (H/mm?)"3;



K., — k03pdnUMEHT HArpy3Ku, YUWUTLIBAIOLMI YCIOBKS paboTbl 3yObeB M KaUYeCTBO
X pabouymx MOBEPXHOCTEM W COCTOSALMA W3 MNPOU3BEAEHUS HECKONbKUX APYrux
kKoadduumeHToB; T, — BpalLAIOLMA MOMEHT Ha LuecTtepHe, HM; U - nepeaaTo4yHoe
4YnNCno nepenayu; [fr]H — [OMNYCKaeMble HanpshKeHus A7 MaTepuanoB, U3 KOTOPbIX
M3roToBNEHbl 3ybyaTble Koneca nepegayv, MMa g, — KO3(@UUMEHT LWMPUHDI
3ybyaToro BeHuUa Koneca (BeHel LecTepHU 0BbIYHO BbIMOMAHSETCS Ha 2...4 MM Lupe
3ybuaToro BeHUa Koneca), u3MeHswowmnucas obblyHO B npepgenax 0,2..0,5 B
3aBUCUMOCTM OT cnocoba 3akpenneHus BanoB, Hecywux 3ybuyaTtble Koneca.
lNonyyeHHoe 3HauyeHue a, OKpyrnsieTcs Ao 6nmxanwero 6onbluero CTaHAApPTHOro

3HayeHus.
LLInpmHa 3ybuyaToro BeHLia Koneca B 3TOM C/lyYae CoCTaBUT

(5.11)

[anee onpeaensaeTcd MMHMMasibHO A0nyCctnMoe 3Ha4eHne Moaysisa nepenayu

; (5.12)

rae K = 3,4 103 ang npsMo3y6bIx niepeday u

K = 2,8-10° pnsa koco3y6bbix nepeaay;
K, — K03(DMULMEHT Harpysku, 3aBUCSLIMIA OT TOYHOCTM U3rOTOB/IEHUS Nepeaayn,
pexvMa e€ paboTbl U KaUecTBa MaTepuanoB 3ybuaTbIX Konec.



MaKcMMasibHO BO3MOXHOE 3HayeHue MOAYNSA 3aLersieHust Onpeaensior U3
yC/I0BUSI HENOAPE3aHMS 3YObEeB LLECTEPHU Y OCHOBAHUS

(5.13)

B nosnyyeHHOM AvanasoHe m . ...m BblOMPAIOT CTaHAAPTHOE 3HAYeHue
MOZYNS, YuUMTbIBas, 4YTO NPU ManoM  3Ha4YeHWM MoAyns YBeIMuMBaeTcs
KoapduumMeHT nepekpbiTua 3ybbesB, nosbiwaetcs KI1[, CHMXaeTcs YpOBEHb
LLyMa, YMEHbLLAKTCA OTXOAbl METasi/la B CTPYXKY, COKpALlAeTCca TPYAOEMKOCTb
N3roTOBJIEHNS KOMeca, HO npu BOoMblUNX 3HAYEHUSX MOAYNS Mnepeaada MeHee
YyBCTBUTENbHA K HETOYHOCTM MEXOCEBOr0 pPacCTOSHWUS, Bbllle W3rnbHas
NPOYHOCTb 3ybbeB €€ Konec.

[ns koco3ybon nepegayuun onpeaensieM MMHMMAsbHbIA Yo HakoHa 3yba
(5.14)

[Janee onpenensoT Yncia 3y6beB LLECTEPHM U KOJIECa
Y (5.14)

[lo/slyYeHHbIE pacyeTOM umncna 3ybbeB OKPYrnstoT A0 6nvxauero Lenoro
3HAYEHMS U YTOUHSIIOT (PaKTUYeCKoe rnepeaaTovyHoOe YMCI0 U (PaKTUYECKUUN Yron
HaK/Io0Ha 3ybbeB



" 3 = arccos(z, +2,) - m/A2-a,)] (5.16)

[Mpyn HanMuMM nepevncrieHHbIX NapaMeTpoB OCTalnbHble MNapamMeTpbl nepenaqu
BbIYMCNAKTCS MO NPUBEAEHHBIM paHee hopmMynam.

[Mpy nNpPOEeKTHOM pacyeTe KOHW4YEeCcKUX 3ybuaTbix nepedady B MNEpPBYH ouvepedb
BbIYNCNAIOT BHELLIHWMIA OenUTENbHbIA AMamMeTp 3yb4aToro Kkoneca, NockornbKy MUMEHHO OH
onpenensieT B KOHEYHOM UTOre MakCcMManbHbI rabapuUTHbLIA pa3mMep nepeaayn.

; (5.17)

roe K = 165 — BcrnomoraTenbHbl KOIPPULUMEHT; T — BpaljaromMn MOMEHT Ha
3ybyaTom konece (Ha BbixogHom Bany), Hwm; K, . - KoscbcbmumeHT HepaBHOMEPHOCTY
pacnpegeneHna Harpysku no gnuHe 3y6a, 328l CAWMN OT TBEPAOCTU MOBEPXHOCTEU
3yObEeB M XapakTepa 3akpensieHusl BanoBs, Hecylmx 3ybyarele koneca nepegadv; [of, —
[onyckaemble KOHTaKTHble HamnpsbkeHus Onsi MatepuarioB M3 KOTOPbIX M3rOTOBMEHbI
3ybuaTble korneca; v, — KOI(PPULIMEHT, qu/ITbIBaPOU.I,I/II/I ocnabneHne 3ybbeB KOHMYECKOW
nepegadv no cpaBHeano C UUNuUHOpU4Yeckon, ons nps'-||v|03y6om KOHUYeCKOW nepenaydu
v, = 0,85; u — HeobxoAMMOe nepeaaTo4HOE YMCIO KOHUYECKoW 3ybyaTon nepesaqm

[Tonly4yeHHOe 3HaYeHMEe BHELLHEro AeNUTENbHOro AnamMeTpa Koreca cnegyer
OKPYrnnUTb A0 Gnuxanero ctTaHg4apTHOrO 3Ha4YeHus.

LUnpnHy 3ybyaTtoro BeHua MOXXHO OnpeaenuTb No COOTHOLLEHMIO

| (5.18).



rae - KO3 PULUNEHT WMPUHBI 3ybuyaToro BeHua.

Yncno 3ybbeB Koneca BbIYNCASAIOT MO AMNMpuyeckon dopmyne
; (5.19)

rae kKoadduumeHT C nsmMeHsieTcs B npenenax ot 11,2 o 18 B 3aBUCMMOCTH
OT BUAA TEPMUYECKON 06paboTkn paboumx NoOBEpXHOCTEN 3yObeB.

[lanee BbIMMCNSAOT YNCIIO 3YObEB LUECTEPHM
; (5.20)

[MonyyeHHble Yncna 3ybbeB OKPYIASOT A0 OAMKANLLINX LIENbIX BENUYMH U
onpenensitoT akTuyeckoe nepeaaTtoyHoe Yncio ugp = z2/z1 ¢ TO4YHOCTbIO He
HXXe 4-X 3HAKOB Moc/e 3ansaTou.

[ocne 3Toro BbIYNCNSAT MUHUMANbHO AOMYCTUMbIA BHELLUHNUN OKPY>XHOM
MOAY/1b U3 YC/I0BMS MPOYHOCTH 3yba npu narmbe



[locne 3Toro BbIYNCNAT MUHUMANbHO AONYCTUMbIN BHELLUHUN OKPY>XHOM
MOAY/1b U3 YC/IOBUS MPOYHOCTH 3yba npu nsrmbe

; (5.21)

[Janee onpenensoT yribl AENUTENbHbBIX KOHYCOB 1A
7BHEILIHEE KOHYCHOE pacCTOsIHNE "
CpeaHee KOHYCHOe pacCTOsHUE

BHelwHWe anaMeTpbl BEpLUMH 3YGbEB lwectepHn n KosnecCa HaxoaaTt rno MAEHTUYHbIM
BbIPpaXXEHNAM

(5.22)

TakmM 06pa3oM B HACTOSLWENW NEKUUM NPeACTaB/EHbl OCHOBHbIE COOTHOLLEHUS,
HeobxoauMble A1 BbIMOSIHEHUS NMPOEKTHOro pacyeTa UWIMHAPUYECKUX U KOHUYECKUX
3ybuaTbIX KOSleC C 3BOJIbBEHTHbIM npodwunem 3yba. MeToanky NnpoBepoyYHOro pacyera,
a TaKXXe MNPOEKTHOro pacyeTa nepefad C HE3BOJSIbBEHTHbIMM 3ybuaTbiMM KONecaMu

MOXXHO HauTu B Y4eOHOW 1 CNpaBOYHOM NUTEpPATYpE.



Jlekumns OKOHYeHa.
Cnacnbo 3a BHMMaHue!



