Jlekuusi 4. Konnueckue v yepBsiUHbIE Mepeaadn
1. Konnveckue 3y04aTblie neperaqn

Konuueckue nepenauu ciyxat sl Iepegadyu BpalleHus: MEXI1y KoJiecaMu C
nepecekarmuMucs ocsiMu. Hanbosee pacripocTpaHeHBI opmocoHaibHble TIepeaa-
YU, OCH KOJIEC KOTOPBIX MEPECEKAIOTCs Mo NpsiMbIM yriioM. [lo cpaBHeHUIO C 11U-
JUHIPUICCKUMHU KOHUYECKHE TIepeIaun CII0KHEe B U3TOTOBJICHUU U TPEOYIOT MO-
BBIIIIEHHON TOYHOCTH MPH MOHTa)ke. B MHOTOCTyIIEHUAThIX 3y0UaThIX peayKToOpax
KOHUYECKYIO CTYIE€Hb CTaBAT NEpBOM 1Mo cxeme. OHAa BOCIHPUHHUMAET MEHBIIYIO
Harpy3Ky |, cjaeoBaTeIbHO, UMEET MEHbIIME rabaputhl. OcTaabHbIC CTYIICHH BbI-
MOJHAOT WJIMHIPUYECKUMH.

Konundeckue xoseca U3TOTOBISIOT NPAMO3YObIMU U C KPY2OBbIMU 3YObSIMH.
[Tocneqnue 061aat0T MOBBILIEHHOW HAarpy304HOM CIIOCOOHOCTBIO M TJIABHOCTHIO
xona. MeHee pacnpoCTpaHEHbI NMepeaadyn ¢ MUKJIOUAAUIBHON U SBOJBBEHTHOM JIU-
HUEH 3yObeB.
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I'eomeTprueckue mapamMeTpbl KOHMYECKOH mepexaun. PaccMoTpum Ko-
HUYECKYIO 3y0UaTyro mepenady ¢ mpsMo3yObIMHU KoJIeCaMH, MEepeIarolly o Bparie-
HUE TIOJ] MEXOCEBBIM YoM X = O + &, = 90°. Ha pucyHke u300pa>keHbI Jeiu-
TeJIbHBIC KOHYCHI KOJIEC 1 0003HAYCHBI CIICTYIONTUE TTapaMeTphI:



Re = OF — BHeIIHEE KOHYCHOE PaCcCTOSIHHUE;

R = OM — cpenHee KOHYCHOE pacCTOSHUE;

b — mupuHa 3y0yaroro BeHIIa,

d; u dy — cpenHUE TEenUTETBHBIC JUAMETPBI KOJIEC,

d.1 m d.2 — BHEITHHE JeUTEIbHBIC JHAMETPBI KOJIeC.

Pasmepsl nmpoduiis 3y0ObeB KOHUYECKHX KOJIEC MPOIOPIIMOHAIBHBI PacCTOs-
HUIO OT CeueHHus 3y0a Jo BepmuHBl O JNEIUTEIHLHOr0 KOHYyca. 311eCh Pas3IHdyaroT
CpEeIHMI M ¥ BHEITHHUI M, MOJTYJIH, KOTOPBIC CBSI3aHbI COOTHOIIICHHEM

m, =mR,/R.
JlenuTenbHbIe AMAMETPhI, B 3aBUCIMOCTH OT YHCJa 3yObEB KOJIEC OMPEACISIOTCS
dbopmynamu:

d=mz; d,=mz,; d,=mz; d,=mz,.
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IlepenaTouHOE YMCIIO KOHUYECKOH Mepeaadn
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HOCKOJ’IBI{y ACIUTCIIBHBIC TUAMCTPBI KOJICC IMPOIIOPHHUOHAJIBHBI CHHYCaM COOTBCT-
CTBYIOIIMX YIJIOB, UMCEEM:
sin g,
Uu=——>:-=

sind,
®opmyna (3.85) cmpaBemnuBa IS JIFOOOTO 3HAYEHHST MEXKOCEBOrO yria 2.
B ciyuae oproronansHol nepenaun (X = o1 + & = 90°) nepeaarodHoe Ynucio
u=ctgd, =tgd, .
BHeniHee KOHYCHOE pacCTOsSIHUE
d, mzVi+u®
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CpenHee KOHYCHOE PacCTOSTHUE
R=R,-0,5b,

rae mupuHa 3youaroro BeHia b = ype Re. KoadhduiueHT ype mmpuHbI 3y04aTOro
BEHIIa OOBIYHO MPUHUMAIOT paBHBIM 0,285.

2. DKBHBAJICHTHbIE MapaMeTPbl KOHMYECKHUX KOJIeC
C uenblo ynpouieHus pacuera KOHMYECKHX Iepeaad Ha MPOYHOCTb, OJ00-

HO TOMY KaK 3TO JCJIAJIOCh B CJIiydac KOCOBY6BIX OWIMHAPUYICCKUX IICPCaad, BBO-
JAT IIOHATHUEC DKBUBAJICHTHOI'O KOJICCA.



OKBUBANIEHMHBIM HA3LIBAIOM Ma-
Koe npamo3syboe yuaunopuieckoe KoJe-
co, ¢hopma 3ybves komopoco coenaoaem
¢ gopmoti 3y0be8 0aHHO020 KOHUUECKO20
Koneca 6 HOPMANbHOM CeYeHUuu, npoxo-
osiugem uepe3 CpeoHro Nno OiuHe 3y0a
mouxy M.

OyeBUgHO, YTO  HOPMAJIBHBIE
npo¢uian Bcex 3yObeB KoJieca JekaT Ha
KOHMYECKOHN MMOBEPXHOCTH, 00pa3yroune
KOTOpPOW MEpHEHAUKYJSIPHBI 00pa3yro-
MM JIEJIMTEIBbHOIO KOHyca. JTa IO-
BEPXHOCTb HA3bIBACTCSI O0ONOJHUMEb-
HbIM KOHYCOM.

Pa3BepTka NONMOTHUTENBHOIO KO-
Hyca KakK pa3 U NpeJICTaBIsIeT cOO0M K-
BHUBAJICHTHOE KoJieco. [lapameTpsl 3TOTO
KOJIECa Ha3bIBAIOT SKBUBAJICHTHBIMH.

OKBHUBAJECHTHBIA  paJHyC, Kak
JIETKO ONPENEIUTh U3 TEOMETPUU PUCYH-
Ka,

r,=r/cosd.
DKBUBAJICHTHBIA THAMETP

d,=d/coso.

JnmuHa nenuTenbHOM Tyru pasBep-
TKH, KOTOpasi MMEET BBIPE3aHHBIN CEK-
TOp, paBHa 27f, a JJIMHA OKPYKHOCTH
MOJTHOTO KBUBAJIEHTHOTO KoJieca — 27t y.
Yucna 3y0ObeB KOHUYECKOTO U HKBUBAJIEHTHOI'O KOJIEC OTHOCSTCS KaK JJIMHBI yKa-
3aHHBIX JYT, I03TOMY SKBUBAJIEHTHOE YUCIIO 3yObeB

z,=12/c0s3.

DOKBHUBAJICHTHBIE TTapaMEeTPhl UMEIOT MPAKTUYECKOE 3HAUCHHE MPU pacyere
KOHMYECKUX Tepeaad Ha MPOYHOCTh, MOCKOJIBKY TMO3BOJISIIOT BMECTO CIIOKHBIX B
r€OMETPUYECKOM IIJIaHE KOHWYECKHX KOJIEC pacCMaTpUBaTh HKBUBAJIICHTHBIC WM
IUJIMHIPUYECKHUE Koleca.

3. Cuibl B 3alCIIJICHUN KOHUYECKHUX KO0JIeC

OnpenenuM COCTaBIISIFOIINE CHJIBI 3aICTUICHNS KOHUYECKUX KOJIEC MO H3-
BECTHOMY BpaIllaloleMy MOMEHTY 71 Ha BXOJHOM Baiy. OKpy>kKHas COCTaBJISIO-
masi MOXeT OBbITh HaiifieHa 1o o01el dhopmyse, cripaBeaJIMBON i 000 Tepe-
Ja4¥l BPAIICHUS:



F =2T,/d,.

[Tonnas cuna 3anenaeHus JeKUT B HOPMaJIbHOM CEYEHHUH 3y0a Mo/ YIJIOM
3alleIJICHUs & K OKPY>KHOMY HampasieHuto (puc. 3.33) u paBHa:

F,=F/cosa.

HopmaribHoe ceveHue F
3yba (nosepHymo)
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Cocrasnsitomas F ', urparoniasi B BbIBO/IE BCIIOMOTaTENIbHYIO POJIb, TAKXKE JICKHUT B
HOpPMAaJILHOM Ce€uYeHUHU 3y0a U paBHa:

F'=Ftga.

OTa Ke cuia JeKUT B OCHOBHOM MJIOCKOCTH PUCYHKA M COCTAaBIISIET YTOJ 01 C pa-
JMaIbHBIM HampaBiieHueM Juis mectepHu 1. OHa MoxeT ObITh pa3ioKeHa Ha pa-
JUATIbHYI0 U OCEBYIO COCTABIISIOIINE:

F,=FRtgacosd,;; F,=Ftgasing,.

BBuay B3aMHOM OpPTOrOHAJBHOCTH PAJUAIBHOTO M OCEBOI'O HANPABJICHHUM IIe-
CTEPHHU U KOJIECa KOHUYECKOU Iepeayu UMEIOT MECTO PABEHCTBA!

Fr2 = Fal; FaZ = I:rl'

OceBble U paguaibHbIE COCTABIISIIOIIME CHJIBI 3alCIICHUSI CIIOCOOCTBYIOT
MEPEKOCY BAJIOB IOJ HATPY3KOM, YTO SIBJISETCSA OJHUM U3 OCHOBHBIX HEIOCTAaTKOB
KOHMYECKUX nepeaad. Kpome toro, koHM4eckue nepenadyd TpeOyroT aKKypaTHOTO
MOHTaka U TIIATEJILHOU N'€OMETPUUYECKON HACTPOUWKH, & 3HAYUTEIBHBIE 110 BEJIHU-
YUHE OCEBBIC CUJIBI TPEOYIOT IPUMEHEHUS CJIIOKHBIX B U3TOTOBJICHUH KOHUYECKUX
paauaIbHO-YIIOPHBIX MMOAIIUITHUKOB.



4. YepBsiuHble nepeaavu

UYepBsiuHble TIEpeiadynd OTHOCAT K 2unepOooudHbimM 3y0UaThiM Mepeayam,
OTJIMYUTETHHOU 0COOCHHOCTHIO KOTOPBIX SIBJISTFOTCSI CKPEIIUBAIOIIUECS OCH BAJIOB.
B GonpmmHCTBE ciydaeB Bajibl CKpemuBarOTCs mof yriaom 90°. Ilepenaua coctout
U3 uepBsika 1 u yepBsyHOro kojeca 2. UepBsik MMeeT Majoe YUCiIO0 BUHTOOOpa3-
HBIX 3yObeB (3aX0/I0B) ¥ MOX0 Ha BUHT. Yncio 3axo/10B yepBsika 1 = 1 ... 4. Yep-
BSYHOE KOJIECO B IIEJIOM MOXO0KE Ha KOCO3y00e UIMHAPUYECKOE KOJIECO.

PaznuuaroT 4yepBsiuHbIE MEepefadyn JBYX OCHOBHBIX BHUJIOB: YUIUHOPUYECKUE
U 21060uoHble.
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Puc. 3.36. Cxembl uepBAYHBIX NEpeaay: @ — LWIMHAPUIECKOH; 6 — IIT000UHON
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['mobouaHbie epeaaun UMEIOT YePBSIK OXBaThIBatoMIel (GOpMbI, YTO yBEIH-
YUBAET IJIOLIAh KOHTAKTA U MO3BOJISIET MOBBICUTH HECYIYI0 CIIOCOOHOCTH Mepe-
nayu B 1,5 ... 4 paza. OnHako riao00uIHbIC TIepeaadr CIIOkKHEe B U3TOTOBJICHUU U
TpeOyroT Oojiee TOUHOro MOHTaxa. Kpome Toro, oHu 0O0Jaal0T TMOBBIIIEHHBIM
TEIJIOBBIJICJICHUEM U HYKJAIOTCSI B MTHTEHCUBHOM OXJIQXK]ICHUU.

B nepenavax Hebompiioit MontHocTH (10 3 KBT) npuMeHsIOT 4epBsKu, KO-
TOPBIE M3TOTOBJIAIOT W3 TEPMHUYECKH YIydIIaeMbIX cTajged Mmapok 35, 45, 50,
35XM u ap. [ToBepxHocTh umeeT TBepAocTh < 350 HB 1 He nungyercs.

[Tpu 6OIBITUX MOIIHOCTSX MPUMEHSIOT SBOJIBBEHTHBIE YEPBSIKU, U3TOTOBIIS-
€Mbl€ W3 CTajel, JOMyCKaroIuX LHeMeHTanu, Mapok 15X, 20X, yraepoaucTeix
craneit mapok 40, 45, 50 u nerupoBanubix cranei 40X, 20XH, 40XH, 30XI'CA u



np. [loBepxHocTtHas TBepaocTh BUTKOB H = 45 ... 50 HRC. Ilocne Tepmuyeckoii
00pabOTKN BUTKH SBOJIBBEHTHBIX YEPBSAKOB NUTHU(YIOT U TOJUPYIOT.

UepBsiuHble KOJ€Ca OTKPBITBIX IE€pelad M3rOTOBJIAIOT W3 YYT'YHOB
CY 10, CY 15, CY 20, a kosieca 3aKpbIThIX MEpPeaay, B 3aBUCUMOCTA OT CKOPOCTH
ckonmkenus, — u3 OpoH3z bpA9XK3JI, bpA10XK4H4JI, bpO6ll6C3, bpOSL5C6,
bpO10®1, bpOH®, naryneit JIAXKMu66-6-3-2, JIMuC>58-2-2 u ap. C nenbto
PKOHOMHH OpPOH3BI KOJIECA YACTO BBHITIOJHSIIOT COCTABHBIMH: C OPOH30BBIM 3y0Oua-
THIM BE€HIIOM U YyTYHHBIM WJIM CTAIBHBIM LIEHTPOM.

JlocToMHCTBA YepBAYHbIX Nepeaay:
- IUTABHOCTH X072 U OeCIIyMHOCTh paOOTHI;
- BBHJIy MQJIOCTH YHCJIA 3aX0JI0B YEPBSIKa Z1 MepeAaTOYHOE OTHOIIICHNE

MOxeT focturath 10 100, a B HEKOTOPBIX Cilyyasix u Bbille. Peanu3anus 60abInx
MEPEIATOUYHBIX YHCEI SIBISIETCS IIaBHBIM JOCTOMHCTBOM YEPBSIYHBIX MEPEIay;

- TIpU yIJie TOAbeMa BUHTOBOM JIMHUU, MEHBIIIEM YE€M yTOJI TPEHHUS, YEPBSIK,
10100HO BUHTY B pe3bOOBBIX COECIMHEHUAX, 00JaAaeT CBOMCTBOM CaMOTOPMOXKeE-
HUSI, YTO Ta€T BO3MOXKHOCTD BBIIMOJHUTH MEXaHU3M 0€3 TOPMO3HOTO YCTPOMCTRBA.

Heoocmamkxu:

- 3HAYUTEJIbHOEC OTHOCUTEIHLHOE CKOJIbKCHHE BUTKOB UYEpBSKa M 3yObeB
KOJieca BBI3BIBAET YCHJICHHOE TEIUIOBBIJICIICHHUE, MOBBIIICHHBI W3HOC H
CKJIOHHOCTb K 3a€JaHHIO;

- HU3BKHA KOA(DQPHUIIMEHT TOJE3HOr0 JCHCTBHS YEPBAYHBIX IIepeaad:
n=20,7 ... 0,92, Kak cIeICTBHE CKOJILXEHUS B KOHTAKTE U CBSI3aHHBIX C 3TUM I10-
TE€pb MEXaHUYECKON YHEPTUH;

- HE0OXOIMMOCTh TPHUHSITHS KOHCTPYKTHUBHBIX MEp IO OXJIAKICHUIO TIepe-
Ja4¥, MMOCKOIbKY Hm3-3a HU3K0ro KII/[ 1 Manmbix rabapuToB YepBSIYHBIX Iepeaad B
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HUX IIPOUCXOJUT MHTCHCUBHOE TEIUIOBBIIENeHUE. Hampumep, B 4epBsSYHBIX pe-
TYKTOpax MpH OKPYKHOM CKOpOCTH 4epBsika Ooibiued 7 ... 10 M/c mpuUMEHSIOT
HUPKYJSILMOHHO-TIPUHYAUTEIBHYIO CMa3Ky, P KOTOPOW MAacjio OT Hacoca 4epes
GUIBTp U XONOAWIBHUK TMOJAETCS B 30HY 3alleTUICHHS, CMasbIBas M OXJIaXKIas
neranu nepenadu. Kpome Toro, NpUMEHSIOT BEHTUIISATOPBI, 3MEEBUKH, a JIETAIN
KOPITYyCOB PEAYKTOPOB BBITIOJIHSIOT PEOPUCTHIMH, YBEIMUMBAs TUIOMIAIb TEIIOOT-
JAOIIEN TTOBEPXHOCTH.

5. 'eomeTpu4yecKkue mapamMeTpbl YePBAYHOM Nepeaaun

Pa3Mepsbl neranell 4epBSYHOM Iepeayd ¢ HEKOPPUTHMPOBAHHBIM KOJIECOM

OIPEIEIISIIOT CIEAYIOIIME TJIaBHBIC TapaMETPBI:
Z1 — YHCJIO 3aXO0JI0B YEPBSAKA;  Zp — YUCIO 3yObEB UEPBIYHOIO KOJIECA;
M, — OCEBON MOJYJIb; g — ko3 pULMEHT TuaMeTpa YepBsKa.

\
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3HaueHHs] OCEBOTO0 MOJYJIA 3alleIUICHHs] U COOTBETCTBYIOUIME MM KO3(D(PULIUEHTHI
naMeTpa yepBsika BeiouparoT u3 tabnuie 'OCT 2144-76.

[IpuBenem ¢GopMyIibl JUIsl OCTANBHBIX MMapaMEeTPOB MEpPEeaavu, KOTOpPhIE sB-
JISIFOTCS IPOM3BOJHBIMH OT NEPEUYHCIIEHHBIX BBILIE TJIABHBIX IAPAMETPOB.

OceBoil mar yepBska

p=mnm,.
JlenuTenbHbIN quaMeTp YepBAKa

d, =m.q.
JlenuTenbHBIN TUaMETp KoJieca:

d2 = mX22



JlrameTpsl OKPYHOCTEH BEPILUH 3yObEB:
dy=m,(q+2); d,,=m(z,+2).
JlnaMeTpbl OKPY>KHOCTEU BITAJIH:

dflzmx(q_2’4); df2:mx(22_2’4)-

JlenuTenbHbBIN YroJl MoAbeMa BUHTOBOW JIMHUU YepPBsIKa orpenesseTcs Gop-
MYJION, aHATOTHYHON (hOpMyJIe )1 yTJia MoabeMa Pe3bObI:
pz, z
tgy = —dl =—.
zd;
MexoceBoe pacCcTOSIHUE HEKOPPUTHPOBAHHOM MEpeladyd PaBHO MOJYyCyMME
JEIUTENIbHBIX INaMETPOB:

a=05m,(q+2z,).

6. KunemaTtuyeckuii pacuer YepBsYHbIX Nepeaay

JIBMJKEHME YEpBAYHOU IEepefadyu COIPOBOXKAACTCA OTHOCHUTEIIBHBIM CKOJIb-
JKEHHEM €€ 3BEHBEB.

CKOpOCTBh CKOJIBXKEHUSI OIpPEACIUM C IIO-
MOIIbIO BEKTOPHON (pOpMYIJIbl KHHEMATUKHA OTHO-
CUTEJIBHOTO JIBUKEHUS TOUKH:

— —

Ve =V —Vs.

OKpy>KHbIE CKOPOCTH Y€pBSIKA U YEPBAYHOIO KO-
Jieca MO>KHO BBIPa3HTh Y€PE3 YIJIOBBbIE CKOPOCTH
3BE€HbEB MJIM YaCTOTHI UX BpAICHHUS:

v, =a@d, /2 =rmnd,/60;
v, =w,d,/2=7rn,d,/60.

BennunHy CKOPOCTH CKOJIBXEHHUSI MOKHO HAUTH KaK OJHY M3 CTOPOH B Mapajie-
JIOrpaMMe CKOPOCTEM:

_ v _ 7nd
cosy 60cosy’

CK

N3 nonyyenHot GopMyibl BUAHO, YTO CKOPOCTh CKOJBKEHUSI B KOHTAKTE
YEpBAYHON Mapbl MPEBOCXOIUT OKPYXKHYIO CKOPOCTh Vi YepBsika U, TeM Ooiee,
OKPYKHYIO CKOpPOCTh Vo Kosieca. COIyTCTBYIOIIEE CKOJIbKEHHIO TPEHUE CyIlle-
ctBeHHO cHIkaeT KII/[ uepBsuHbIX nepenay.



7. CJIbl B YepBAYHOM 3aleNJIeHUun

KoadduimenT mone3Horo AeHCTBUS YEPBAYHON TMEpeNadydl BBIYHCISIOT IO
NpUOIMKEHHOUN hopmyIie:

n=095_ 9
tg(v+p)
B KOTOPOW MpUONMKEHHBIM sBIsieTcsl KoadduiueHT 0,95, yuuThIBaOmMi ruapo-
JMHAMUYECKHUE TIOTEPH MPHU JBUKEHUU CIIOS CMa3KU, B TO BpeMsi, Kak JIpoOb crpa-
Ba — TeopeTnyecku TouHoe 3HaueHue KII/[ BUHTOBOro Mexanusma, €Cim paccMar-
pUBaTh 4EepBAK Kak BUHT. [lapamerp p' = arctg f’ MpeCTaBIsIeT cO0OM TpuUBe-

JICHHBIN YTOJI TPEHUS B KOHTaKTe yepBsiuHOU napsel. 13 onpenenenns KII/] cnenyer:
Ny =nN; - T0, =nho.

3 MMOCJICAHCIO paBCHCTBA HAXOAMWM, YTO BpallaroIrMc MOMCHTHI Ha BajlaX CBsA3a-
HBbI COOTHOIIICHUEM

T, =unT,

rae u =Zp/71 — nepeaaToyHoe YucIo.

Ha pucyHke n300pakeHbl CHIIbI, IEHCTBYIOIINE B 3al[CTUICHHUH.

CorniacHO TNPUHLMUITY pPaBEHCTBA JEHCTBUSA NPOTHUBOJAECHCTBUIO OKPYKHAS
cuia, AEMCTBYIOIIAs HA YEPBSK, PaBHA OCEBOM CHWJIE, AEHCTBYIOIIEW Ha KOJIECO, a
OKpYXHas Cuja, JEMCTBYIOIIAasl Ha KOJIECO, pABHA OCEBOM CHUJIE, JEUCTBYIOUIECH HA
YEPBSIK:

F,.=F,=2T,/d;; F,=F,=2T,/d,.

PanuanbHbie crutbl HAXOAT 1O (popMysie st paAuaIbHBIX CHJI B KOCO3YyOOM
3alCIIJICHUN, HOCKOJ’II)Ky I-IGpBSI‘-IHO@ KOJIECO ABJIACTCA, 110 CYTH, KOC03y6I>IM KOJIECOM.
F,t0a

Frl = Fr2 = C037/

[TonHast cuia B 3alleTUICHUH TAKKe
MOET OBITH ompeseneHa mo (opmyie
-~ KOC03yOOro 3allerIeHuUs:

F Ft 2
n b ]
COS & COS ¥/




