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NPEAWCI/IOBHE

CratHyeckH Heonpefenumble (epMbl H3yueHB! JaBHO. YCTaHOBJEHO, YTO AAf MmO-
AIB/IEHU CTATHYECKOH HEONPeNeqHMOCTH HEOGXOAMMO Ha/lHyHe JHILHEro 3BeHa. JTO
nosoxeHnue GLUIO MepeHeceHO Ha MeXaHH3Mbl. ORHAKO MeXaHH3Mbl C JIHIUIHMM 3BEHOM
BCTPEYaloTCA OyeHb pPeXKO, MO3TOMY MX H3yueHHe CYHTAJOCh HEHYIKHbIM.

CraTHyecKasl HeONpefeJMMOCTb B MeXaHH3MaX OblBaeT H 6e3 HaJMYHA JIMIIHHX
3BeHbeB, €C/H KMHEMaTHyeCKHe Maphl HaKJaAblBAaIOT H3GHITOYHbE CBA3H, T. €. CBA3H,
HeyMeHbIUAIoIlHe MOABHXHOCTb MeXaHH3Ma (paHblle 3TH CBA3H HasblBaJHCb NAacCHB-
HbiMH). OKa3asiochb, 4TO GOJLIIHHCTBO MEXaHH3MOB, NMpHMeHAeMbIX B MaUIMHAX, HMEIOT
TaKHe CBA3H.

Ha6uiTounble cBA3M npuHOCAT Goapluolt Bpef. OHHM Tpe6ylOT GOALIIOA TOUHOCTH
MpH H3TOTOBJEHHH, YTO 3HAYMTEJLHO YAOpOXKAeT MaIUHHY, HHOTAA JeJaeT ee CGOPKY
HeBO3MOXHOM. V36bITOuHbIe CBA3H CHHXKAIOT HAarpy304Hy1o cnoco6Hocts Mawuubl, KITI,
YBeJIHUHBAIOT ee Maccy H ra6aputsl. [TosToMy 3aKOHOM KOHCTpyHpOBaHMs — BhIGOpa 1O
HayKe KHHEMaTHYeCKHX nap (COu/ieHeHHi 3BeHbeB) AO/KHO OhITb OTCYTCTBHE H36LITOU-
HBbIX cBfideil. Mexann3mel 6e3 H3GHITOYHBIX CBf3elf caMoycTaHaBiHBaloTcs. Bce copepxa-
HHe JAaHHOTO CTPaBOYHHKA MOCBSAIUEHO METOaM HCCEef0BAHHS H NPOeKTHPOBAHHA TaKHX
MEeXaHH3MOB M NpHMepaM MNPHMeHeHHS MX B CaMblX pas3jHYHLIX 06JacTaX.

Pasgen 4.16 nanucan aBTOPOM COBMECTHO C KaHA. TeXH. Hayk laiinenem f. 1.,
pasfen 5.2 — coBMecTHO € KaHA. TexH. Hayk Pycak JI. JI. Bce ocrambuble pasiesst
Hanucannl PemertoBbim JI. H.

ABTop BhIpaxaeT Gaarogapuoctb akagemuky AH CCCP ®ponosy K. B. sa nomouup
NpH HanHCaHHH 3TOH KHHIH,



Fnasa l

HU3BbITOYHLIE CBSI3U
H NOJABM)KHOCTH B MEXAHHU3MAX

1.1. OBIUUE CBEJEHHA

Ipn maccoBoM npon3BoxcTBe, OCOGEHHO B TAaKOM OTPac]HM MAlIMHOCTPOEHHS, Kak
aBTOTPAKTOPHAs, TEXHOJMOrHA COOPKH AeTasell CBORUTCA K CKJAABIBAHHIO M CBHHYHBAHHIO
Jerajeii H MOITOMY HeTpyAoemka. B ciyuae elHHHYHOro MPOW3BOACTBA KPYNHBIX Ma-
WIHH, HEeCMOTPA Ha MHOTOMPOXOAHYI0 O6paGOTKY, TOYHOCTb H3rOTOBJEHHBIX AeTaleil
yacTo HepocTaTouHa. Ilostomy BO BpeMs cGOPKM NPHXORHTCH NPUMEHATh PYYHYIO
NPHIOHKY JeTajeif, MJIOXO NOAJAAIOMYylocs MeXaHH3alHH. [Ipuronka Gonibliux peraneit
BPYYHYIO oueHb TpypoeMka. CO6opka KPYNHO{i MallHHB 3aTATMBAeTCS Ha LJHTEeJbHHIi
CPOK, TaK KaK ee HeJb3s MOpyuyaTb CPa3y HeCKOJbKHM GpuragaMm. B uacTHocTH, COB-
MeCTHOH pa6oTe nmpenATCTBYeT HeOOXOAHMOCTb NMPOBOPAaYHBAaHHS IJIaBHOrO Bajia, BO3HH-
Kalomas y pasHelX 6pHraj B pasHoe BpeMs (H Ha pasHble YIVIBI).

Oco6eHHO TPYAHO BBIMOJHHTbL TOUHblE PasMepbl 3BeHbeB, TAaK KaK OHH 4acTo CO-
CTOAT M3 HECKOJNbLKHX HeTaslefl, NPH COeAHHEHHH KOTOPBIX NONYCKH Ha HX pa3Mepsl
MOryT cKaaabiBaThcA. [To3TOMy BaXKHO BEIGPAaTb TaKylo CXeMy MeXaHH3Ma, NPH KOTOpOil
Tpe6OBaHHA K TOYHOCTH 3BeHbeB HeBbICOKHe, CllefoBaTesNbHO, Jyullle NPHMEHATb CTaTH-
YeCKH ONpejesHMBe MeXaHM3Mbl, T. e. 6e3 M36LITOYHEIX ! (macCHBHBIX) CBsied, KOTO-
pule B paibHeiineM 6yaeM Ha3elBaTb CaMOYCTaHaBJIMBAIOIHMHCA.

H36uiTouHEMH (MACCHBHBIMH) CBA3SIMH Ha3blBAlOT CBA3HM, YCTDaHEHHE KOTOPHIX He
YyBENHYHBaeT MOLBHXXHOCTH MeXaHH3Ma.

Pa3mepbl 3BeHbeB MOrYT H3MEHATHCA H BO BpeMfl 3KCnayaTauHu MawwuH. Ilpuum-
HaMH 3TOro SBJAIOTCA OcafgKka (QyHAaMeHTa, H3HALIHBaHHe H peryJHpPOBaHHEe 3a30pa
KHHeMaTHYeCKHX map, ynpyrue aedopMaunu (Hanpu™ep, nporubbl BajoB), paclliHpeHHe
OT Harpesa, a TaKxe OWHOKH, KONYIleHHble NPH pPeMOHTe H c6OpKe (HampHMep, nepe-
NyTaHbl BKJAAjbILH NOAWHNHHKOB). Ha cTaTHyecKH onpepesHMbi MeXaHH3M H3MEHeHHe
pasMepoB 3BeHbeB He BaHseT. Clief0BaTeNIbHO, CTaTHYeCKas OMpeNeJHMOCTb MeXaHH3Ma
pelaeT He TONbLKO npob/ieMy CHHMEHHf TPYAOEMKOCTH, HO H OLHOBpeMEHHO mpoGremy
NOBLILIEHHA €ro HaJeXHOCTH.

Hanuune H36GLITOUHBIX CBA3eil B MeXaHM3Me sIBAfeTCSs BPeAHBIM (aKTOpOM.

B kuHeMaTHyecKoit nape H36biTOUHble CBA3H Ge3BpefiHbl, TAK KaK €e OGLIYHO JIErKo
M3rOTOBHTb € HOCTaTOYHON TO4YHOCTbiO. IIpHMephl: wIMHLEBOE COeAHHEHHe, H3rOTOBJsAe-
MOe MPOTArHBAHHEM OTBEPCTHA H (pe3epOBaHHEM BaJHKa yepBAYHOH ¢pe3ol; syGuathie
Koneca ¢ Ko3ddHIHEHTOM NepeKpLiTHA 6oJblue eNMHHUB; MOAWMMNHHK KayeHHs. [lpn
COBPEMEHHBIX MeTONaX H3roToBjeHHA NPOodHIA 3y6a MOXKHO 06ecneynTb BO3IMOXKHOCTb
OLHOBpeMeHHOH pa6oTH ABYX nap 3y6beB, a 60JbwIOH KO3(P(HIHEHT NepeKPHTHA Yayy-
mwaetr pa6ory 3y6uaThiX KoJjec.

3a30pbl B KHHEMAaTHUECKHX MapaX BPeiHL B TeX CAy4asiX, KOTAa MeHAOTCA Hanpas-
JIEHHSl TlepeflaBaeMblX CHJI, HanmpHMep B Y€TBIDEXTAKTHHIX AM3eJaAX, [Je OHH BHI3HIBAIOT
CTyK. B JBYXTakTHbIX JIH3eMSX, TAe CHJbLl B TOJOBKaX He MEHMIOT 3HaKa, 3a30pHi
MOryT GHITb GOJILLIHMH, TaK KaK Ha CTYK 3TO He BiansieT. K coxasenHio, IByXTaKTHHE
KapGlopaTOpHLIe ABHIaTeJH H3-32 APOCCENBLHOrO PeryJiHpOBAHHS STHM CBOHCTBOM He
o6najfaior.

TouHocTs 3y6uaThiX KoJiec, AHHAMHYeCKHe Harpy3skH H ypOBeHb LIyMa 33aBHCAT
OT OKPYXKHOHl CKOPOCTH (CKOPOCTH NepeKaThlBaHHS Kojiec). B HEKOTOpPHIX muiaHeTapHHIX
MeXaHH3MaX CKOPOCTH NepeKaThiBAHHS JOCTHTAalOT BHICOKHX 3HaueHuil. [IpaBrabHo
BbIOpaB cXeMy, 3TH CKODOCTH MOXHO 3HAauHTeJbHO CHH3HTb, YTO OCOGEHHO BUXHO
B GHICTDOXOAHBLIX MeXaHH3MaXx.

1 3peck GyAeM NpHAEPXHBAaTbCs TepMHHa «H36bITOUHBIE CBASH®, npeanoxennoro H. H. Kon-
YHHBIM, KOTOPHIA Jydlle BCero oTpa)kaeT UX CYUIHOCTb. TepMUH «OBTOPAIOILHECS CBASHY, NpeAJo«
KeHHuH M. A. CKYpHAMHMWM, HENpaBHJbHuIM, Tak KaK NO CyL{eCTBY 5TH CBSA3H NOBTOPAIOLIHE,
a He NoBTOpslolLHeECS.
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@ — npaBuAbHAA; 6 — HeNpaBHJAbHAR

INpu nocnepoBaTe/bHOM COEAHHEHHH 3y64yaTo W 4YepBAYHON nepexauy HeOGXOZHMO
GLICTPOXOAHYIO CTYNeHb BBINOMHATE UYepPBAYHOM, a THXOXOAHYIO — 3yGuaToli, a He
Hao6opot, Ilpu 3ToM mosnydyaercsa HeBbICOKas OKpYXHafi CKOPOCTh 3y6uarToit nepejads,
nepefayy MOMHO BHIMONHATbL C MeHbIUEH TOYHOCTBIO.

CraTHueCKH Ompejie/iuMble H HeONpele/HMble CHCTeMBI XOpOLIO M3y4eHH B (depmax,
OnHaKo mpUMeHeHHe TaM CTAaTHYECKH ONpeJe/IHMBIX CHCTeM He JaeT CYIeCTBeHHBIX BbI-
rof. Pasmepsl cTepxkHeil BCerna MpHroOHAIOT NO MeCTy — PaccBepJHBaHHEM B KJeMaHbIX
H NPHUBApPKON 3/eMEHTOB B CBapHBIX KOHCTPYKLHMAX, MOITOMY CTaTHYECKH ompejesHMas
cucrema B pepMax He JaeT CHIXKeHHS TPeGyeMolt TouHocTH. PaGoTa pasiinyHbIX cTepxHefl
(epMBl NpH TeMMepaTypax, Pas/NHYalOUIUXCA HAa COTHH FPajycoB, NPaKTHUECKH He BCTPe-
qaercs.

Boiwe mJaa peub O BHYTpeHHelt cTaTHueckolft HeompegeanmocTu depmel. Kpome
Hee MOXeT OblTb M BHEIIHAA CTaTHYeCKas HeompefeJHMOCTb, HampHMep B MHoroonopHoft
¢epme. Takas depma uyBCTBHTE/IbHA K Pa3/HYHBIM OcajKaM ¢yniamenTtoB onop. UTo6w
H36eXaTb 3TOro, B MOTOCTPOEHHH IPHMEHSIOT CTaTHUeCKH onpefenumble cXemsl [epGepa
H Buuepra.

B Mexannsmax, rae Buirofnl CHCTeM 6e3 H3GHLITOYHBIX CBf3efl OYeHb BeJHKH, BOMPOC
CTaTHYeCKOft OMpeeSHMOCTH H3Y4YeH MaJo.

INokaxeM 3HayeHHe MEXaHH3MOB Ge3 H3GHITOYHLIX CBSidel Ha JBYX YNpOLIEHHHX
npHMepax.

B 06bIYHOM KPHBOIIHMHO-NMOJA3YHHOM MeXaHH3Me JJIMHBE! 3BeHbeB MOTYT OTJHYaThCA
OT HOMHHAJIbHEIX HA HECKOJbKO MHJJIMMETPOB. DTO MPAaKTHYECKH MCIOJB3YIOT A/ pery-
AHPOBAHHMA PACCTOAHHA MEXAY NOPIUHEM H KPHIUIKOM, yCTaHABJIHBAas MPOKJAaAKH MeXAY
TENIOM H rosioBKOM mwaTyHa. Ecin ke B3fiTb CABOEHHBI MeXaHH3M (fBa ILATyHa COEAH-
HeHbl € OOUIMM MOJ3YHOM), TO AONYCKH HAa AJIMHBI 3BEHbEB H3MePAIOT yKe He MHJIH-
MeTpaMH, a MHKpoMeTpaMH. C GOJbLION TOYHOCTHIO NMPHUXOLHTCA TaKKe BHAEPXKHBATh
yCnOBHe napasieNbHOCTH KPHBOLUHIIOB.

B KauecTBe mpHMepa BO3bMeM TaKxKe BaJ, ONHPAOWHK{icA Ha ABa MOAUIMMHHKA
(puc. 1.1, a). Eciy nmOmWMNHMKH BHIMOJHMTG, KaK MOKAa3aHO Ha 3TOM PHUCYHKe, TO
HX MOX(HO YCTaHOBHTb C OYeHb WIHPOKHMH ROMYCKaMH (HeCKOMbKO MuaJauMeTpoB). Koraa
e BaJl ONHpaeTcs Ha TPH NOAWHNHHKA (puc. 1.1, 6), TO HE3aBHCHMO OT HX BBINOJIHEHHA
noTpe6Has TOYHOCTb YCTaHOBKH H3MepseTcs YKe MHKDOMETPaMH.

Honyckn Ha pasMepel 3BeHbeB 3aBHCAT OT TOro, fBNAETCA JIH MEXaHH3M CTaTHye-
CKH onpefeHMOfi cHcTeMOR WM HeT. EcllM MeXaHH3M CTaTHYeCKH OmpefeNHMbldl, TO
pasMephl 3BeHbEB NOYTH He BJHAIOT Ha MepeflaBaeMbie CHJIBLI, H MOITOMY AONMYCKH Ha
pasmepnl MOryT GhiTb OueHb GonbwinMH. K 3ToMy Heo6xogumo cTpeMmuThes. Ecan xe
MEXaHH3M CTaTHYeCKH HeOMpeleNHMHil, TO mepefaBaeMble CHJIb 3aBHCAT OT fedopMalui
ssenbeB. Tak Kak 3Tu AedopMauuu oueHb mannl (npu HampsiKenuu MaTepuana 20 MIla,
4TO G/IH3KO K JeHCTBHTEeJbHOMY, YYHTHIBass MPOAOJbHLI H3ru6, AedopManus AIs CTanH
¢ E = 2-10% MIla noayuaercs 0,1 MM Ha kaxnelit MeTp), pasMepsl 3BeHbEB HEOGXOLHMO
BLINONHATL ¢ 6ONbIOA TOYHOCTblO. MHaue 3BeHbsl, MpeaHAa3HauYeHHble M COBMECTHOM
pa6oTel, MOTyT HayaTh PaGoTaTh HABCTPEYY OAHO APYTOMY W MepefaBaTb OdYeHb GOMblUHE
CuIB (MHOTAA Jaxe c60pKA MeXaHu3Ma GyleT HeBO3MOXHOM). Tpexue B 3TOM ciyuae
cuabHO BospacrtaeT, a KIIJ ymenburaercs. IloaToMy npuMeHenne CTaTHueCKH Heompes
BeNHMBIX MEXaHH3MOB HeXesaTesbHO.

CrnenoBaTenbHo, A48 HafeXHON paGoThl MeXaHH3Ma C WIHPOKHMH NOMYCKAMH HA
pas3mepnl 3BeHbeB B HeM He JO/KHO OBITb HSGHITOYHBIX cBfidedl. Mckiiouenne moxer
GHTb CclelaHO TOJNBLKO B TOM CJyuae, €C/M B 3BEHbAX MMEIOTCH NMPYKHHB HIH €CIHN
8BeHbA PaGoTalOT Ha HSrH6 ¢ GoMblIMMH AedOpMauUUAMH.
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Xopowo wu3BecTeH Bpej H3GHITOYHLIX CBs3efi B napoBeix Kornax. Oco6enHo ne-
9aJbHYI0 CIaBy HMeeT napoBo3Hbii KoTes Credencona. [TapoBo3HbIM MaMHMCTaM 6hlIO
XOpOLIO H3BECTHO, YTO JaXke Mporapbi B TonKe (OroseHHe KOJOCHHKOBOH pellieTKH) Bbl-
BHIBAIOT Teub AbIMOTapHbIX TpyG6. [IponcxoauT 3To moTOMY, UTO CTPYA XOJOAHOrO
BO3lyXa, nonafas B HEKOTOPHIE H3 ABIMOTapHBIX TPYG6, BLI3BIBAET HX OXJaxKIeHHe, a CJe-
JOBATe/IbHO, CXaTHe H Teyb.

IlpaMble nbiMorapHble M 2apoBbie TPYGbl, 3aBa/ibllOBaHHble B JBe JKeCTKHe TpYG-
Hble pelleTKH, NPeACTaBJfAOT CHCTeMy MHOFOKPAaTHO CTaTHYeCKH Heonpefeanmyio. Tax
KaK HMX TenJOBOH peXHM, a CJELOBaTeJbHO, H TENJOBOe pacliHpeHHe He MOryT GhlTb
OJ\HHAKOBbIMH, B TPy6aX BO3HHKAIOT GOJIbIIHE HANpsKEHHSA, KOTOpble NPHBOAAT K TeYH
B MeCTaX 3aBajqbllOBKH. TO e camoe UMeJO MeCTO B CTAallHOHAPHBIX BEPTHKAIbHO-BO-
BoTpy6HLIX KoTaax [IapGe.

IToaToMy B HacToOsllee BpeMsi BMECTO MPAMbIX TPY6 B KOTJIaX Np MMEHSIIOTCA H30THY-
Thie, THOKOCTb KOTOPHIX yCTpaHfieT Teub. KoHeuHO, Hesb3st AonycKaTb, 4TOGH Raxe
yacTb TpY6 OCTaBasiaCb MpPSMBIMH.

ITo Toit xXe NpHuKHe CHATH C MPOH3BOACTBA BOAOTPYGHble KOTab LllyxoBa ¢ npsimbiMK
Tpy6aMH, cTpouBliecs B PoccHH B TeyeHHe MHOFHX JieT B OTPOMHBIX KOJHYECTBaX H
c/les1aBlliHe NepeBOPOT B KOTEJbHOH TeXHHKe 6J1arofapsi MHOTHM CBOMM NpeHMYUleCTBaM,

Hcropuyecks nepBbie KOHCTPYKUHHM MallHH HMeJdH O6OJbILOE YHC/IO H3GbITOYHBIX
cBaseil. B To BpeMs He CuHTa/HCh C 3aTpaTaMil TPyAa H BpeMeHH Ha WX M3rOTOBJeHHe
H c6opky. [loToM mocTeneHHO HauaqH BHeAPSATb MeXaHM3Mbl 6e3 H3GLITOUHBLIX CBR3eil
(nomwunuuku Cennepca, CaMOYCTaHABJIHBAIOLIHECS NOAWHNHHKH KauyeHHsS, UWJIMHAPH-
ueCKHe NOJ3YHbH H T. A.). OKHaKO KO CHX MOP BO MHOTHX MAaIIHHaX H MeXaHH3MaX
6e3 BCAKOH HafOGHOCTH OCTaJIHCh H36bITOYHBIE CBf3H, YTO YCIOXHAET H YAOPOXaeT
HX H3rOTOBJEeHHe H 3KCMJIyaTalHio.

Oco6eHHO Ba)XHO KOHCTPYHpOBaTb Ge3 H3GbLITOYHBIX CBf3efl Te MeXaHH3MHI, YacTb
3eHbeB KOTOPHIX paGoTaeT B YC/JIOBHAX BLICOKHX TeMmnepaTtyp (Hanpumep, MeXaHH3Mbl
PeryIHpOBaHHA NAapoBbLIX H ra30BbiX TYPOGHH), TaK KaK 8a CYeT 3TOTO MOBBILIAIOT HajeX-
HOCTb MX DPa6OThl H YMEHbINAIOT TPEeHHe.

YHca0 H3GBITOYHEIX CBAA3elt AJA MHOTHX MeXaHH3MOB O3Ha4yaeT YHCJIO pPasMepoB,
TpeOyIOUHX TOYHOro BbinoJHeHus. IHOrxa sto uucio pasmepoB 3HAuUHTENbHO Goablue
YHCIAa H3GLITOYHHIX CBA3EH.

IlpuBenenHbie MpuMepnl Bpela H3GLITOYHBLIX CBA3eil NO3BOMAIT CPOPMYTHPOBATH
JBa OCHOBHLIX NpaBHJa KOHCTPYHMPOBaHHsl DalMOHaNbHLIX MEXaHH3MOB:

KaXJblii Ban JOMXKEeH OMHpaTbhCA HAa JBA, a He Ha 6oJjbllee YHCIO MOALIHMNHHKOB;

HELONYCTHMO NpHMeHeHHe CABOEHHBIX MeXaHH3MOB, T. €. NPU OJMHAKOBHX Hayalb-
HBIX H KOHEYHHIX 3BeHbAX HeJIb3s MPHMEHATb MeXXAY HHMH JIBa NepenaTouHbIX MeXaHH3Ma
(MCKMOYeHHe MOXKHO [eJaThb TOALKO MPH HAJHUMH yPaBHHTENbHOIO YCTPOWCTBA).

1.2. ONPEJAEJIEHUE KJIACCOB KHWHEMATHYECKHX NAP BE3 Y4YETA
BJHSAHUSA 3A30P0B HA HX NOABH)XHOCTb

KuHeMaTHyeckoil napoii (CouJieHeHHeM) Ha3blBAeTC TaKOe COEJHHEHHE 3BeHbLeB,
KOTOpOe OJHH OTHOCHTE/IbHBIE ABHXKEHHSl OrpaHMYHBaeT, a Apyrue ponyckaer. Hucno
OrpaHHueHHbIX ABHXXEHHil (yC/NOBHil CBA3H) — JIHHeHHBIX BAOJb 3aJlaHHOH OCH KOOpIH-
HaT WIH YIJIOBBIX BOKDYT 3aJaHHOM OCH KOOPAHHAT — OyleM Ha3blBaTb KJacCOM napul
H 0603HayaTb PUMCKHMH nHppamu. OHO O3HauaeT TaKKe YHCIO CHJI HAH MOMEHTOB,
KOTOpbie MOXeT nepefaTh AaHHas napa. UHCI0 CBOGOAHBIX OTHOCHTeNbHEIX ABHXKEHHi
6yneM HasblBaThb NMOABHXKHOCTbIO mapbl, CyMMa KJiacca KMHEMaTHUYeCKO# nmapel M ee no-
JHXHOCTEl paBHA LIECTH.

CBsi3sIMH B KHHEMaTHUeCKOH nmape Ha3blBalOT OrPaHHYEHHble OTHOCHTEJIbHBIE Nepeme-
IUEHHA MO 3aJaHHOH OCH KOOPAMHAT H OrpaHHYEHHble YIJIOBble MepeMelleHHsi BOKPYr
9TOil OCH.

OrpaHuyeHHOe JIHHeHOe MepeMellleHHe BHI3biBaeT HeOOXOAMMOCTb Mepefayn CHILL
B KHHeMaTHYeCKON nape MeXAY 3BEHbSIMH, a OrpalHYeHHOe Yr/0BOe nepeMellieHHe —
MOMEHTa MeXXJly 3BeHbsIMH 3TOit napel. [To3TOMy NOHATHIO «YCJIOBHSI CBA3H» B CTPYKType
COOTBETCTBYIOT MOHSITHA <«NepefiaBaeMbie CHJIbI» HJIH «NepellaBaeMble MOMEHTH» B AHHa-
Mitke, Ha TH CHJIbI HJIH MOMEHTHI C/lefyeT pacCUHTHIBATh KHHeMaTHuecKylo napy. Toabko



Onpedeserse KAQCCO8 KUHeMAMU4eCKUx nap 9

NpH YCJIOBHH, KOTAa Napa BbIAEPIKHBAET 3Ty CHJY HJIH MOMEHT, MOXKHO CKa3aTh, HTO CBA3b
JIeACTBHTE/IbHO HasaXeHa.

Ilpn paccMOTpeHHH OTAENLHBIX KHHeMaTHYeCKHX Map pacnojoXHM HX B Ta6a. 1.1.
3nxecy Kaaccsl 0603HaueHnl pUMcKuMH nndpamu /—V. Cron6usl o603HayeHbl apabCcKuMH
uuppamu I1—5. Kaxnpyio napy GyleM 0603HauaTb PHMCKOH UHGDPOH C HHIEKCOM, CO-
OTBETCTBYIOLIHM HOMepy cToi6na. Takoe o603HayeHHe MO3BOJIAET JIETKO HalTH mo Ta6-
AMIle KHHEMaTHYeCKylo Mapy, NpHMEHEHHYI0 B pacCMaTpHBaeMoOil cXeMe MeXaHH3Ma.
B kpaiinem cron6ile cnpaBa 0603HayeHa MOABHXKHOCTb KHHEMaTHYECKOH NapHl, T. €. YHCJIO
JUHEeRHbIX M YTJIOBBIX ABHXEHHil, KOTOpLle OHa OCTaB/JfeT MeXAy 3BeHbsMH. BooGime,
cymMMa Kjacca mapsl H MOABHXHOCTH BCera paBHa IUECTH.

IpocTeiiiell KHHeMaTHyecKoli mapoii sBiseTcs napa [, ¢ TOYEYHBIM KacaHHeM
pa6ounx nosepxHocTed (cM. Ta6a. 1.1). YcaoBHMcss HA3biBaTb ee TOYEYHOH napoiil.
Takyio napy npuMeHSIOT B KYJaUKOBbLIX MeXaHH3MaX ¢ 604KOOGPa3HbIM POJIHKOM, 3JeK-
TPHYECKHX KOHTAKTaX MPH MajbiX Harpy3Kax u 3y6bAX 3y6uaThiX KOJeC C COCPefOTO4EH-
HhIM NSATHOM KacaHHAl (60uKoo6pa3Hbix). M3 Hee, kaK BHAHO HHXe, NyTeM JIOTHYeCKHX
npeo6pa3oBaHHi MOXHO MOJYYHTb BCe H3BECTHble KHHEMaTHYeCKHe Maphl.

Toueunas nmapa Gyner napoii nepBoro KJjacca, Tak Kak OHAa NPensATCTBYeT OTHOCH-
TeJbHOMY TNepeMellleHHI0 H NepefaeT CHJAY, HanpaBieHHYI0 No ofwell HOpManaH X pa6o-
YHM TNOBEDPXHOCTSIM, OCTaBJisifi CBOGOAY BCeM APYrMM OTHOCHTEJbLHBLIM MepeMelleHH iM
(RByM nepeMenieHHAM MO O6EHM KacaTeJbHBIM H BpalleHHSAM BOKDYI BceX TpeXx ocei),
T. e. SBJSIeTCA Napoil C MNATbIO NOABHXKHOCTSMH.

YacTHBIM CllyyaeM TaKoil napbl siBJfeTCA cayudail, KOrja OfiHa H3 noBepXxHocTed 00-
pauaercd B TOYKY. YCJOBHMCHl TaKylo KHHeMaTHUeCKYyK Napy Ha3biBaTb «TOYKa Ha
MOBEPXHOCTHY.

Uro6el NONYYHTh Mapy BTOPOro Kjacca (ABa YC/JOBHSA CBSI3H), HEOOXOLHMO CO€AH-
HHTb JBe NMapnl MepBOro KJacca, TaK KaK KaXAas M3 HHX JaeT ONHO YCJIOBHE CBSI3H.
Boo6uie, aas nonyyeHHs mapel Ji060ro Kjacca WX CJeLYeT COeAHHATb MapalJeNbHO.
ITpu 3toM cyMMa KJaccoB COefHHfieMBIX Nap paBHa KJjacCy MojyyaeMoil mapel, a NMpH
HaJuYud M36GbHITOYHBIX CBsA3efl Ha YMCJIO 3THX CBA3ell — Gosblle Kjacca MOJyyaeMoi
napsl.

P BMecTO ToueyHOro KacaHHsi MOXeT HMEeTb MeCTO KacaHHe NO HeGOsbLION MJoajKe.
Torma uucno sTHX niomajnoK, Harpy3ka Mexay KOTOPbIMH pacnpefieiieTC CTaTHYECKH
onpeie/IHMO, PaBHAETCS KJacCy Mmaphl (NPH CHIOBOM 3aMBIKaHHH). DTH NJOWAAKH MOFYT
COEHHATLCH B ONHO Hesoe. TOrja KacaHue MPOHCXOAHT NO NOBEPXHOCTH (B mapax
TPeTbero KJjacca H Bblllle).

[Mpn napannenbHOM cOelHHEHHH HECKONbKHMX Nap HH3IIEro Kjacca MOJydaeTcs
mapa BHICLIETO KJacca.

Ilpn o6pa3oBaHHu nap BTOPOré KJacca H3 TOYEYHBIX NMap MHTepeCHH! ABa cay4as:

TepBuil cayuait, KOrja NJIOCKOCTH, MPOBEfeHHblE Yepe3 TOUKY KacaHHS KacaTelbHO
K pa6ouuM MOBEPXHOCTAM OGEHX TO4YeYHbIX map, coBnapalor. Torga paGouue noBepx-
HOCTH 3THX Nap, NpHHajJexalue ORHOMY 3BeHY, MOXHO CJHTb B OJHY LHJIHHApHUE-
CKyl0 (MM BooOGLie JHHefluaTyi0) MOBepXHOCTb. B peaysnsTate nosmyuaerca napa [lg
C JIHHeRYaTHIM KOHTaKTOM, KOTOPYIO YCJIOBHMCS Ha3blBaTb JIHHeHuaToM.

JluHefluaTan napa MoXeT nepeaaBaTb MeXAY SBEHbMH CHJY, HanpaBjieHHYIO MO
HOPMaNH, H HeGOJbIIOH MOMEHT BOKPYT OCH, NepneHAHKYJISPHOH HOPMAAH H JIHHHH
conpHKocHOBeHHst. B 3Toli mape nomkeH ofecneunBaThCsl JIMHEAYaTHIl KOHTAKT 3a CueT
ApYFHX KuHeMaTHuecKHX nap. Ecau nHHefiuateii KOHTaKT GyneT HapyueH (Hampumep,
NPH CPe3aHHH HanpapJAslomled INMOHKH POJHKOBOrO TOJNKaTels), TO 3Ta Mapa BhIPOX-
NaeTcsl B TOYEYHYI0 Napy MepBoro kJacca 2.

Jlpyrofi ciyyait HMeeT MeCTO NMpPH COeAHHEHHH ABYX Nap THNA «TOYKa Ha MOBEpX-
HOCTH», KOrJa pAacCTOSiHHe MeXAY TOYKaMH, paGOTalolHMH Ha ABYX MOBEpPXHOCTAX,
paBHO HyJo. CiiefoBaTebHO, TOUKa JOJIXKHAa OLHOBPEMEHHO ABHraThCs MO ABYM MOBEpX-
HOCTAM, T.e€. NO JHHHH uX mepeceyeHust. [lomyuaercs knHeMmaTHueckas mapa Il
¥TOyka Ha JHHHH». KOHCTPYKTHBHO ee MOXHO OQOPMHTH B BHAe W1apa, JABHTalOMIErocs
BHYTPH TPYOKH. YC/NOBHMCA Ha3biBaTb ee KosblleBoH. OHa mnorpebyeTcsi B AajibHefilueM

! B panbHefliieM 6yaeM HasmBaTh KHHEMAaTHYeCKHE Naphl NO BHAY KOHTaKTa MeXAy
BBEHbAMH,

% HecKosbKO CayduaeB BHDOXAEHHS APyrux nap paccmorpenn C. H. Koxemunkosum [10],
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NPH PacCMOTPEHHH HOAWNIHHKOL Kauchuu. KObueBas napa MOXKeT nepeaasalh ABe
CHABI B JIBYX HanpaB/eHHAX, NEPNeHANKYAADHbBIX K OCH TPYGKH.

Ipn o6pasoBanHH nap TpPeTbero Kjaacca H3 TPeX TOYEHYHHIX Nap BOIMOXKHH ABa
cayvas.

B nepBoM cayuae paGouHe MOBEPXHOCTH TOYEUHBIX Nap, NPHHaLJEXIHIHe OAHOMY
3BeHy, ABAAIOTCA 4aCTSMH ORHOA apoBoH moBepxHocTH. Toraa mosepxHocTH Apyroro
3BeHa MOFYT ObiTb TaK)Ke L1apOBLIMH (LleNeBOii WK pPa3fieleHHOM Ha TPH YacTH), H SBEHbA
GyAyT CONpPHKAcaTbCs NO WAPOBOH NMOBEPXHOCTH. YcaoBuMmcs 3Ty napy //[; nasmath
mwaposoii uau cdeprueckoir. lllapoBas napa orpaHHuMBaeT nepeMelleHHS TIO BCEM TPeM
OCSIM H MOXET NnepelaBaTb COOTBETCTBYIOUlHE CHJH, OCTaBJAs CBOGOAHBIM BpalleHHe
BOKpPYr Tpex oceil (1peXnofBHXHas napa).

Bo BTOpOM cayuae paGoune NOBEPXHOCTH TOYEYHHX NMap, MPHHAAJNEXKAUIHX ORHOMY
3BeHY, ABJAIOTCA YaCTAMH OAHON NNOCKOCTH. TOra H NOBEPXHOCTH APYTOro 3BeHa MOI'YT
6LiThb 11eIOR NJOCKOCTbIO WM pasjieleHHON HAa TPH YacTH, M 3BeHbA GYAYT conpHKa-
€aTbCsl NO MJOCKOCTH. YcaoBuMcs 3Ty mapy /115 HasuiBaTh NJIOCKOCTHOM.

Ewe oany napy //I'y MOXHO NOJAYYHTb H3 KOJbLEBOH M TOUeYHOH HJAH JHHelya-
Tolt nap. B nochenHeM cayuae B Heli nosyuyaetcs ofina H3GHITOYHAs cBA3b. Takas
napa, KOTOpylo GyleM Ha3biBaTb KOJblieBO# €O INTHGTOM, OTpaHMUUBAET NepemelleHHs
B ByX HanpaBJleHUsiX, NepneHAHKYAAPHHX K OCH TPYOKH, H BpalleHHS — BOKPYT OCH
TPYOKH, T. €. MOXeT CJAYXHTb YHHBepcaJlbHbIM KapRaHoM. [1apa /113 oyeHb HEKOHCTPYE-
THBHaA. [loaToMy npHMeHsieTcd OHa TOJAbKO B BHAE HCKJIOYEHHS.

INapy ueTBepTOro Kjacca MOXHO MOJIYYHTb H3 yeThipeX TOYEUHHIX nap, paccMOTpeB
TOT cayvail, Korja HX paGouHe NOBEPXHOCTH ABJAAIOTCA YaCTAMH ORHOH LHJIHHApHYE-
cKkoii noBepxHocTH. Toraa M conpuKacalomasics NOBEPXHOCTb JAPYTrOro SBEHa MOXeT
OHITb LM HHAPHUECKON.

YcaoBumes a3ty napy /V, HasbiBaTh uHAHHApHuecKofi. OHa OrpaHHuMBaeT nepeme-
IlEHHSA, NepreHARKYyASpHbie Bally, H NepeiaeT COOTBETCTBYIOLIHE CHIH, a TaKXe OrpaHH-
YHBaeT BpalleHHe OKOJO Oceil, NepneHAHKYASPHbIX BaJy, U NepefaeT COOTBETCTBYIOMHE
MOMeHTH. DTa napa ocTaBAsieT CBOGOAHLIMH BpalleHHe BOKPYT OCH BaJa M NepeMelleHHe
BJIOJb OCH BaJja, T.e. fiBJsercd ABYXNOABHXHOH napoi.

Lunnnapuueckas mapa BHIFOJHO OTJIHYaeTc OT APYFHX MPOCTCGTON H3rOTOBJEHHA:
TOYeHHe W uinGoBaHKe 1JiIs OXHOTO 3BeHa, CBepJieHHe H pa3BepThiBaHMe — [l APYroro.
Pa36upaior sty napy nyTem 0CeBOro nepemeleHHsi OAHOTO U3 3BeHbEB, T. €. H3rOTOBJE-
HUSl pa3beMHbIX 3BeHbeB He Tpebyercs.

Hpyryio napy [Vg uerBepTOro Kjacca MOXHO MOJYYHTb COeAHHEHHEM ILapOBOH
napwu /115 ¢ Toueunoit /', unu nnnenuatoir I/, napamu; B nocienHem ciayuae B Heft noay:
HaeTci OfHa M36bITOuHas cBA3b. [lapa orpaHMuMBaeT nNepeMellleHHS NMO TpeM OCAM
H BpalleHHe OKOJO OfHOH OCH KOOPAHHAT M OCTaBJAET CBOGOAHBIMH BpalleHHS OKONO
IBYX APYrux ocefi KOOPAMHAT, T.e. TOXe ABJAETCA ABYXnoiBHkKHOH napoil. Taxas
napa, Kotopylo 6yfemM Ha3sbiBaTb WapoBoil co WITH(TOM, BcTpeyaeTcss B KauecTBe OnopH
BK/ajbilla  CaMOYCTaHaBJIHBAIOWIHXCA MNOAIIMNHHUKOB CKOJbXKEHHA; K COXKaJIEHHIO,
B nape / Vg, ecnin OHa nepeaaeT MOMEHT, BOSHHKAIOT OYeHb BHICOKHE HaNpsiXXeHHs MEXAY
HWTHOTOM M NasoM, a NpH HaJMYMM CKOJbXKeHHs Gyner Goaploe H3HamuBasme. [lo-
STOMY napa IV He MoXeT nepefaBaThb CYLIeCTBEHHbIH MOMEHT M pa6oTaTh B KauecTpe
KapaHHOTO IapHHpa, XOTs MO KHHeMaTHKe 3TO noayuaercs. Ilostomy napa /Vj nmeer
OyeHb OrpaHHYEHHOEe NpPHMEHEHHe, XOTA OHa OueHb HYXKHa. He yaaercsi BHINONHHTHL
€e B NOAWIMNHHKAX Kauenusi. To e camoe oTHocutcs M K nape //I5 xonbuerofi co
WTHPTOM.

I1. T. Mynpos npennoxua BMecTo napu / Vg KMHeMaTHuecKoe coeiHHenHe U3 cdepB-
veckoft mapu ///], Bpamarenbnoit napu V, u naockoctHoit [/15. Takoe coennnenie
MOXeT nepefaBaTb HarpysKu 3HauuTenbHo Gonbuwide, uyeM napnl /Vy. K coxamenno,
KOMOHHALlHA H3 TMOMAIHMHMKOB KayeHHWS M CKOJbXKEHHS HeBHITOAHA.

Tpetbio napy 1V, ueTBepTOro kjacca MOXKHO NONYYHTb B TOM Ciyyae, KOTAa paGoune
TIOBEPXHOCTH YeThipeX TOYEYHLIX Map ABJAIOTCHA YaCTAMH NOBEpXHOCTH KPYIJIOrO KOJbHa
(topa). Takas napa BcTpeuaeTcsi B COWIEHEeHMM 3BeHbeB CBApHbIX ueneil. [ToaTomy Mu
GyleM Ha3biBaThb e€e LenHol. B CTPYKTYpHOM OTHOLIEHHN OHAa PaBHOLEHHA WapoBofi nape
€O IUTHPTOM, TOALKO NO-APYrOMY KOHCTPYKTHBHO OdopmieHa. OHa MOXeT NepenaBath
CHIH B TpeXx HanpaBJeHHSX W MOMEHT BOKPYT OfHOH OCH, OCTaBAfASl CBOGOJHBIMH Bpa-
WeHnss OKoJIO ABYX oced KOOpAHHAT.
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IMapu naToro Kjaacca MOXHO MOJYYMTb M3 NATH TodeuHslx map. HurepecHo paccmo-
TpeTb cayual, Korga paGouHe NOBepXHOCTH BceX TO4YEYHLIX Nap, NpPHHAAJIeXKalHe
OXHOMY 3SBeHy, ABASIOTCA YaCTAMH OAHOH BHHTOBOH noBepXxHocT.Torza v nosepxHo-
CTH APYrOro sBeHa MOTYT ObITb YacTAMH BHHTOBOHl MOBEDPXHOCTH W 3BeHbfl GyLYyT co-
NpHKAcaTbCA NO BUHTOBON noBepXHocTH. TaKyio napy V, nmpuHATO HAa3LIBaThb BMHTOBOIl..

BuHTOBasi mapa c 0HO3aXOAHbIM BHHTOM He HMeeT M3GbITOUHbIX CBA3ell, 3 C MHOro-
8aXOAHBIM KaJKAbIH 3aX0A CBepX ORHOTO BBOAHT NATb H36bITOYHbIX cBfidefi. H36biTouHbie
CBfI3H B nape 6e3Bpe/lHbl, TaK KaK 3Ty Napy Jerko BbiMOJHHTb C JOCTATOYHOH TOYHOCTBIO
nyTeM 06paGoOTKM BCeX BHHTOBBIX NOBEPXHOCTeH ¢ OAHOMN yCTaHOBKM Ha cTaHKe. Heo6xo-
AUMO TOJbLKO OGeCneuHTb paBHOMEpPHOe pacnpejesieHHe CHJ MeXAY 3aXOfaMH BHHTA.

BpamarenpHyio napy V, MOXHO MOJY4HTb NyTeM COEAHHEHHS LHJIHHAPHUECKOM
napsi ¢ NJIoCKocTHoi. OHa MMeeT ABe H3GHITOYHBIE CBA3H, MOITOMY TPeGyeTcss TOUHO Bbl-
NlepXKHBaTh NEPNEeHAHKYAAPHOCTb MJIOCKOH Napbl K OCH UMJAHHAPHYECKON napbi B ABYX
HanpapJeHusiX. 3Ty TOUHOCTb JerKo’ MOJNYYHTb, €CAH TOPLOBYIO H LHJAMHAPHUECKYIO
NoBEPXHOCTb 06paGoTaTh C OfHOM YCTAHOBKH Ha CTaHKe.

Moctynarenbryo napy Vs MOXHO MONYYHTb H3 ABYX MJIOCKOCTHLIX Nap TPeTbero
Knacca. OHa uMeeT ONHY H36bITOYHYIO CBfi3b, MO3TOMY TpeGyeTcsi TOUHOe COBNajeHne
yIya MeXAY NMJOCKOCTSIMH y OGOHX 3BEHbEB.

CiiefiyeT oTMETHTDb, uTO NpH obOPMJIEHHH NMOCTYNaTeAbHON Napel B BuAe IJIHLEBOTO
COeHHEHHA YHUCA0 H3ObITOUHBIX CBS3eH MOXeT GblITh OYeHb BesHKO. [locsent ne Geaspeansl,
TaK KaK OGblYHO LIJIHLEBble COeAHHEHHS BLINOJHAIOT C JOCTATOYHONR TOYHOCTHIO.

. Tlpn HanmuMM NOAIIHNHHKOB KayeHHS OGLIYHO He NPEeACTABASIOT HHTEPECa NOLBHNKe
HOCTH, MOJy4YeHHble 33 CYeT ABHXEHHA IIAPHKOB, DPOJNHKOB, CEeNnapaTtopoB, KoJjel Ha
CKOAb3slel Mmocajike H T. A. (32 MCKJIOYEHHEM CJyyasi, KOTAa HCCAeAYyIOT CaM NOALIHM-
HuK). [TosToMYy NMOAIIMNHHKK KaueHHS Ilenecoo6pa3HO pacCMaTpHBAaThb KaK KHHeMaTHue-
CKHe napbl N0 OTHOCHTEJbHOMY JABHIKEHHIO TeX 3BeHbeB, KOTOpLIe OHH COeAHHAIOT (B 3a-
BHCHMOCTH OT HX KOHCTPYKILHH H cnoco6a 3aKpenJeHHs KoJiell), H BKJIOYaTb HX B TAaGJHLY
KHHemMaTHyecKuX nap (cM. Taba. L.1).

. .B.panbHeflieM AJS YNpOWEHHS BblYEPYHBAHHA CXEM MEXaHM3MOB NOAUIHNHHKH
bylem K306paxaTb TaK Xe, KaK M KMHeMaTHyeCKHe Mapbl C TPEHHEM CKOJAbXKEHHSl, Ha-
‘KNIalbiBAIOIHE Te e YCJIOBHS CBf3H.

) Iepsuiit cTonGer (Ta6a. 1.1) OTHOCHTCA K MOAIIHNHUKAM KaueHHs. 3[eCb NOKasaHbl
‘HanGosee ynoTpeGuTe/bHEIE KHHEMaTHYeCKHe napbl. B Gosee paciuinpeHHOM BHe KHHeMa-
THYeCKHe Napbl M3 NOAIIMNHHKOB KauyeHHs AaHbl B Taba. 1.2

INepenabaemas cuyia M OrpaHHuYEHHas JHHelHas MOJABHKHOCTbL 3/€Cb NOKa3aHH Bep-
THKaAbHO, CBOGOJHbIE JHHEAHEIE NOABHXHOCTH — ropH3oHTajlbHO. OueHb BaxeH cnocob
‘8afleIKH HeMOABMIKHOTO KoJblla. B 3aBHcHMoeTH oT cnoco6a 3aaesiKH, OMH H TOT Xe
NOAIIMNHUK MoXeT OblTb napofi ABYX W faxe Tpex pPas3jiHYyHbIX KJaccos.

Toueunass napa /{, Jyulue BCEr0 OCYIIECTBASETCA YNOPHbIM POJHKOMOALIHIHHKOM

co cepHueckuMu potnkamu THna 39 000 (FTOCT 9942—80), y kOTOpOro Hapy:KHoe KOJIbLO
ONHpaeTcsl Ha MJIOCKOCTb., TaKof MOAUIMNHUK MOXET MepefaBaTb O4YeHb GOJbLUHE CHJbI
TIPH CaMOYCTaHOBKE C MaJbiM TpeHHeM. DTOT e NOALWMNHHK, €CAH HapyXHoe KOJblO
3aKpenuTb B LEHTpHpYloWel pacTouxe, 6yxer yxe napoir //1{,. Toueunywo napy /,,

JaeT ynopHuit mapukonofwunuuk Tuna 18 000 ¢ noaknagusiM koablom (TOCT 6874—75).
Ero camoycranoBka npoucxoaur ¢ 6oaburuM TpenueM. IToatomy nopmunuuk thna 18 000
‘HeCTaHAApPTHHIH. DTOT ke NOAWMNHUK, €CAH HapyXKHOE KOJbLO 3aKPemHTb LEHTPHpY-
towefi pactoukoit, 6yner yxe mapoit [//p.

Toueunylo napy /i3 MOXXHO NMOJNYYHTb M3 PaZHaAbHOTO IBYXPARHOro cdepuyeckoro
mapuxkonopwnnauka tuna 1000 (POCT 5720—75), ecan omepeTb Ha MJIOCKOCTb He-
NOJBHXHOE KOJIBIIO.

ABanornuHbiM 06pa3oM TodeuHylo napy /;6 MOXKHO MNOJNYYHTh M3 PaiHaJbHOrO
ABYyXpsigHOro cdepuueckoro poaukonoawuniuka tana 3000 (FOCT 24696—81), ecau
TO JKe HeNoABHKHOEe KOJMbLO ONMpaeTcss Ha MaockocTb. K coxanenuio, chepuueckue noa-
IIHNHUKH OYeHb MJIOXO NepefaloT oceBbie cHbl. [Toatomy napsl /15 U I16 roasaTcs TOALKO
AJISL CyyaeB, KOTAa OCeBble CHJIbLl HE3HaUHTeJNbHbi, HanpHMep A5 GHKCALHH NJaBAIOLIHX
3BeHbeB [UIaHETapHbIX MeXaHH3MOB.

* 3/ecb U HHXKE PHUMCKas Uudpa o6o3HadaeT CTPOKY B TaGa. 1.2; a HHAEKC == cTosGew,



Onpedeaerue Kaaccos Kuxemamuueckux nap

13

Tadnuya 1,2
Ta ¢ 76 72
7 S S
S S
il S IN)
4 S S
Z///_:-_E—’/{é//é
il = e —
19000 8000
I I & S
“ s -
tm
- § N SN Y, i e
N
77000 79000 8000

M3 nopwmnuukos Tuna 1000 uau 3000 MOXHO MOAYYHTb KOABLEBHE napnt /lja
win Il;6, ecnu HapykHoe KONbLO NMOCTaBHTL Ha MOJBHMHON mnocagke. M3 mux ke
MOXHO MonyunTe M chepuyeckue napw //1{, unu I1l{q, ecnn saxpenutb HapymHOe

KOJIbLLO.

Taxum o6pasom, M3 Kaxaoro us nopwunHukos Tuna 1000 man 3000 MoXHO nony-
YHTb TPH pa3/HYHble KHHEMAaTHYECKHE NapH B 3aBHCHMOCTH OT CMoco6a SaKpen/eHug

HapYXXHOTO KOJbLa,
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[lhockoctnyo napy ///7p MOXHO MOJAYYMTb H3 YNOPHOLO LIAPHUKOMOAUIMMHHKA
Tuna 8000 (TOCT 6874—75), ecu HapyxHOe KOJbLO ONHpaeTcd Ha MJOCKOCTb. ToT
e NOAWHMNHMK JAacT BpamaTe]bHyo napy Vip, ecli HapyXHoe KOJAbLO OMNHpaerca
B LEHTPUPYIOMYIO PAacTOuKY.

AHalIOTHYHBIM 06pasoM nJIOCKOCTHyI0 mapy [/I7, MOXHO MOAYYWTb M3 ynopsoro
PONHMKONMOJIIMNHHKA ¢ KOHHYeCKHMH poaukamu tuna 19000 (OCT 37.006.005—79), ecau
HapyXHOe KOJbLO OMHPaeTcsi Ha MJIOCKOCTb.

M3 TOro Xe noAlIMnHHKa MOXHO NOJYYHTL BpallaTeabHyi0 napy Vg, eciu Hapyx-
HOe KOJbLO ONHPaeTcsi B LEHTPHPYIOULYIO pAaCTOUKY.

PonuKoBblfl yNOpHBI NOMUMTHMK ¢ HHAMHADMYECKHMH pOMMKaMH Tuna 9000 no
cBoefl npupoze sABAfAeTCA niockocTHo# napoit ///”. Ero negoctaTok — npockanb3visanue
MeXAY PONMKAMH H KOMbLAMHM BCJIEACTBHe NepeMeHHOR CKOPOCTH Ia pa3HbIX pajgHycax.

[TnockocTnyo mapy //I{, MOXHO MOMYuHTb H W3 OXHOPAZHOrO LIAapHKOMOALIMM-

sinka tuna 0000 (FOCT 8338—75*), eciu HapyXHOE KOJAbLO ONMPAETCA HAa MJOCKOCTb,
Takas cxema nejsecoo6pasHa AIsi oYeHb GOJBLIMX YIJOBBIX CKoOpocTel, npH KOTOPBIX
YNOpHble NOAIWHUMHUKH BCIeICTBHE 3aKJIHHHBAHHSA IIAPHKOB OT GOMbIUMX LEHTPOGEK HbIX
CH/1 paGoTaloT MJ0XO0,

W3 wapukonoawunuuka tuna 0000 MOXXHO NMONYYHTb LMJAMHAPHUeCKy0 napy /Via,
€CJIH HapyXHOe KOJblOo NOCTaBHTh Ha MOABHMHYIO NOCaAKy, H BpallaTeabHylo napy Via,
€C/IH HapyXHOe KOJbLO SaKpenuTh,

LlunuHApHYeCcKyto Napy MOXKHO OJNYYHTb 3 NOAIHIHMKA C KOPOTKMMH LIMAHHADHYes
CKHMH DOJIMKaMH, eC/M 3aKpenuTb HapyXKHOe Ko/buo: napy /V,s — u3 nogwunHuka
THna 2000 6e3 6opToB Ha HapyxHoM Koabue (FOCT 8328—75*) u napy /V;5 — u3 nog-
wuninka THna 32000 Ge3s GopToB Ha BHYTPEHHEM KOJblle.

INapa /V;¢ Boirognee, ueM /V;p, BCJeacTBHe MeHbllell cHIb, Tpebyloumedcs aas
CaMOYCTaHOBKH.

K coxanenuto, napet /Vyg, [Vy6, 1Vy5 H Vg He MOryT nepenaBath GOMbIUMX BH-
BOPAuHBAIOIHX MOMeHTOB. I103TOMY, €C/lM OHH HMeIOTCS, MPHXOAMTCA ONHpaTh Bai
Ha [iBa MOAWMNHMKA, JONycKas H3GHTOYHbIE CBA3H.

Ilpu oueHp GonbliuX HarpysKax, uToGbl MOMYUHTH BpawaTeqbHylo napy Ve, npu-
XONMTCA MNpPHMEHATb  POJMKOBHIE YeThipeXpfiiHble MNOAIIMNHMKH  THna 77000
(FOCT 8419—75).

B HacTosiee BpeMsi 3a py6exoM H3roTOBASIOT nopwHnHUKu [/17 co cdepoit Ha
BHYTpEHHeM KOJblLle M BOTHYTHIMH poJukKaMH (cM. pHc. 4.23). HapyxHoe Kombno
JJISL Pery/IMPOBaHMA yaute JenaloT ¥3 AByX uacTtefl. [Ipy BO3MOXHBIX nepekocax Hapyx-
HOTO KOJbLIAa OTHOCHTENbHO TeOMETPHYeCKOi# OCH BpalleHHSl BHIFOJHEe HCNOJb30BaTh
MOALIMNHUKY co cdepoit Ha HapYXHOM Kojblle, @ B Clyyae NepeKOCOB BHYTPEHHEro
KOJIblla — MOAIIMNHHKE co cdepoit Ha BHyTpenHeM Koabue. Ilpn coGmomennn sTx
YCJI0BHH MepeKoCh MOTYyT GbiTh OueHb GOJBLIKMH (ML OH PONTMKH He BBIXOAMAM 32
npegeast chepsr). Ecam sTH ycnoBHS HapylIeHH, POJIHKH NpH NepeKkocaXx HauyHHAIOT
CKOJIb3HTb, 2 MOMEHT, BbIBOPayMBaIOLLH{ NOAWHNHHK, BO3paCcTaeT BMECTE C yBeJHYEHHEM
yrja nepekoca.

Ilpu Hanuyuu ru6KHX cBfA3ef (Tpochl, KaHaTH, PeMHH H JIEHTbl KOHBeiepoB) Liese-
€006pa3Ho KaMJAyl0 H3 HHX PAacCMaTpMBaTh KaK KMHEMATH4YecKylo Napy, COe{HHSAIOLYI0
JKeCTKHe 3BEHbSl U BCera MMEIOLLYI0 CH0BOe 3aMbiKanue (Ta6a. 1.3). [lostomy npu noa-
cueTe YHCJa 3BeHbeB CjelyeT HMeTb B BHAY TOJbKO XKECTKHE 3BeHbSl. ‘

JHeranu, nebopMauun KOTOPHX NPAaKTHYECKH He B/MAIOT HAa MOLBHXHOCTb, Gynem
paccMaTpuBaTh KaK KecTKMe 3BeHbs. lleTann, fedpopMallu KOTOPHX BJHSIOT Ha NOA-
BHXHOCTb, OyseM CyMTaTh FMOKHMH H paccMaTpHMBaTb KaK KHHeMaTHuYeCKHe Naphl.

B cnucoK KMHeMaTHueCKHX Nnap Heo6XOAHMO J06aBHTL ABe napu, oOpa3yeMmbie TH0-
«uMu cBA3AMH (Hutb M AucT). Hute ABNfeTcs napoit I3 nepsoro Kiacca M OrpaHMuH-
BaeT MepeMelleHUe MO JJIHHe, OCTaBJfAS CBOGOAHBIMH NSATH OCTAJbLHHIX OTHOCHTEJbHBIX
NepeMelienudl (NATHNOABHKHAS napa). JIucT (MpH AOCTAaTOYHOH LIMPHHE) fB/sieTCA Na-
poit /117 Tperbero Kaacca. OH OrpaHHYHBAaeT NepeMellleHHs B CBOefl MJIOCKOCTH H
BpalleHHe BOKDPYT OCH, MepreHJHKYJSPHO! K 3TOH NJOCKOCTH, OCTaB/sif CBOCOXHBIMH
ZApyrHe nepeMellieHus (TpeXNMOABHKHAA Tmapa).

Oco6eHHO HHTepeCHa BHHTOBas Napa, KOTOpas MNpeACTaB/sieT cOGOM CKpYYEHHYIO
B UWIHHAP JaeHTy. IIpu pacTaAruBaHMM OHAa PacKpyuuBaerTcs, H Nojyuaercs npeoGpasosa-
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HHe MOCTynaTeJbHOTO IBHXKEHHs BO BpallaTe/ibHOe HJIH CHIE B MOMEHT (aHaJOTHYHO
BHHTOBO/ nape). Creflyer Takxe yuMTHBaTh, YTO BHHTOBAas TMOKas napa COCTOMT M3
ABYX JIEHT, 3aKPY4YeHHbIX B NPOTHBONOJOXKHbIE CTOPOHEI, T. €. COOTBETCTBYET BHHTOBOM
CTRXKKe.

TIpH pacKpyuuBanuM JNEHTH WSMEHSETCS WIAT, 109TOMY OHA COOTBETCTBYeT BMHTOBOR
Dape nepemenHoro wara. CKkpyuennasi JieHTa fiBJsieTcsi THOKOM, NMOSTOMY OHA MOXKeT
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nepeaaBaTh TOJLKO HeGoJbluHe nonepednsie cuib Qx ¥ Q; H HeGoiblIHe BbIBOPAuYHBA-
1ol He MOMeHTH My u M.

I'u6Kkue coegnneHus paGOTAOT NpaKTHYeCKH Ge3 TPeHHs, 4TO fABJSAETCA OYeHb GO/Mbe
WHM HX NPeHMYILecTBOM.

Kom6uHHpys HUTeBHE U JHCTOBbIE Naphbl, B KOTOPbIX OHH COEAHHAIOTCA NapaaebHO
(yc/0BuS CBSI3M CK/IaAbIBAIOTCA), MOXKHO MOJYYHTb KHHEMAaTHYECKHE COeJHHEHHS JIOOLIX
KaaccoB (cM. Ta6a. 1.3): coepnHeHHe ABYX napasJe/bHblX HHUTEBbIX nap aaet napy [/,
aHAJIOTHYUHYIO JIMHeHuaToll; COelMHeHHe TPeX HHTEeBLIX Map, NepeceKaloUWUXcA B OAHON
TOuke, — napy ///;, aHaJOrHUHYIO IIAPOBOH; COeAMHEHHe TpeX NapasJieJbHBLIX HHTe-
BHX nap — napy ///3, aHanoruynylo NJIOCKOCTHOH; COelHHEHHE YeTbipeX HHTEBuiX
nap, nepeceKarmouuxX OfHY NpAMYIO B ABYX TOuKaX, — napy /V,, aHaJOrHuHYIO 1uIuH-
ApHyecKoil; cOefHHEHHe JUCTOBO Napbl U NapanjenbHOH et HUTeBOH — napy !V, uer-
BEpPTOro Kjacca; COefHHeHHEe JIUCTOBOH Napbl M HHTEBOH, KOTIa OHH NepeceKaloT OfHY
npsamyio, — napy /V,;, asanorsunyio wapoBoil co IUTHPTOM HJH LEMHON.

CoeuHenyre ABYX JHCTOBHX Nap HaKJajwBaeT WIeCTb ycaoBHil cBA3H. OfHo us
HHUX SIBAIETCH H3G6LITOUHBLIM, NPH KOTOPOM 06pa3yeTcsi COeMHEHHe MATOrO Kjacca,
Hs6biTounan cBasb TpeGyeT TOUHOH COOPKH JIHCTOBLIX nap.

Ecnu nucToBble napel nepeceKkaloT NpAMYIo, TO NoJyuyaeTcs BpaulaTeabHas napa V,
(BpaieHue BoKpyr aToil npsMoit). Takylo napy WHPOKO NPUMEHSAIOT Ha NPaKTHKe B BuJe
€KPECTOBOTO IUApHHpa». 3Aechb OCbLIYHO JIKCTOBbIE NAphl CABHHYTH BAROAb ocH. [lpu
9TOM KaXKAYyl0 H3 HHX MOXHO COEJHHHTb C OGOMMH 3BEHbAMH H4 DaBHBIX PACCTOSHHUAX
OT-OCH (a He Ha oCH), 4uTO 6ojee 6JAaronNpHATHO A/l ee MPOYHOCTH.

Ecau aucToBble napnl napajiesibHbi, TO NOJYyuaeTcl nocTynartenbHas napa Vi,
npHMeHsieMasi, Hanpuvep, B YepTeXHbIX KpOHHHMPKyJAX. Takum obpa3oM, Bce kaaccul
KHHEMAaTUYeCKHX Nap MOXHO BLINOJHHTL H3 FHOKHX COeQMHEHH, 4TO Ba)KHO AIA TexX
cnydaeB, rae Hafo usbexatb TPeHHA.

KunemarHueckoe coefuHenHe Kjaacca V, MOXKHO MOJNYYHTb H M3 OJHHUX HHTEBbIX
nap — ux tpe6yerca nAThb (HHXKHHe cxeMbl Ta6a. 1.3). Takue coeauHeHus npeAcTas-
JIAIOT MHTepec LI NOABEIIHBAHHA AeTajell NPH onpeeJeHHH MOMEHTOB HHEPLLHH METONOM
Kose6aHuil. B ra6i1. 1.3 BHH3y cieBa nmokasaHa nojsecka A KojeGaHuil BOKPYT
TOPH3OHTaJbHON OCH, a BHH3Yy clpaBa — MOABeCKa AMA Ko/eGaHMH BOKPYT BepTHKaJbe
HOlt ocH.

[lpn KOHCTPYHpOBaHHH TaKHX MOABECOK BaXKHO CJEAHTb, 4YTOOBl HHTeBble MapH
GblTH BcerAa HaTARYTH. Haanexaunm Bbi6GOpoM pa3MepoB (VIHHEHBIX W YIJIOBLIX) MOXHO
JIOCTHYb PaABEHCTBA HArpy30K BCeX HHTEBBHIX mnap.

Llenu uesnecoo6pa3Ho paccMaTHUBATh LENHKOM Kak FHOKHE CBfI3H: CBApHYIO — HH-
TeBYI0, WIADHHPHYIO — JIUCTOBYIO. YUYMTHIBAasl, YTO LENH He MOTYT CKOJb3HTb MO 3Be3«
JIOUKaM, Ka)cABll y4yacTOK lenu MeXAy ABYMS 3Be3JouKaMH cJefyeT paccMaTpHBaTh
KaK OTAeJbHYIO THOKYIO CBf3b.

B yncI0 KHHeMaTHYeCKHMX Map MOXHO BKJIOYHTb M HeMOABHMHble COEJHHEHHs, pace
CMaTpHBasi UX KaK naphbl mectoro kaacca. OaHako u3-3a 6osbLWIOro HX yuchaa B a6, 1.1
OHH He NOKa3aHbl, [T03TOMy HeMOABHXKHLIE COEMHEHHA PAcCMOTPeHH B m. 2.1.

1.3. ONPEAEJNIEHHE KJIACCOB KHHEMATHYECKHX MNAP C YYETOM
BJIUAHUA 3A30POB HA HUX NOABH)KHOCTb

Jlo cux nop NOABHXXHOCTb KHHEMAaTHYECKHX map onpefeisjH 6e3 yueTa 3a30poB.
Tak ¥ nNpuxopuTCA AenaTb, e€CIH KMHeMaTHYeCKHe Maphl BBHIMOJHEHH B BHAE MOALIHMM-
HHKOB KaueHHfl, 3430phHl B KOTOPHIX HHMYTOXHH H Aax<e MOryT ObiTb Hartsird., Ilpu
Ha/IM4HH 3a30pPOB MOJy4aercs JOMNOJHHTENbHAA NOABHKHOCTb, KOTOPYIO HHOIAA HCMO/b-
8yl0T s paGoTH MeXaHH3Ma.

B kauecTse mpuMepa MCNOJb30BaHHS 3a30pOB AJSA YBEJHUeHHS NOABHMKHOCTH yKa-
JKeM Ha sy6uateiit kKapAan ///%, npuMeHsieMblil HA HEKOTOPLIX aBTOMOGHJAX AJNSl COENH-
HeHHs KOpPOGKM Mepeay ¢ MPOMEXYTOYHbIM BaloM. 3y6uaThiii KapAaH mpeacTaBiser
co6ofi LJIHLEeBOe COeHHEHHE C OYeHb MaJloit JIMHON NO CPaBHEHHUIO C AHAMETPOM, OGLIYHO
BLINOJIHSIEMOE C 3BOJIbBEHTHHM MpoduieM.

Yro6nl yCTaHOBHTb, KaKHe YCJOBHS CBSI3H YCTPaHSAIOTCA B KHHeMaTHYeCKHMX Mapax,
paccMOTpHM B KayeCTBe NpHMepa BPaIATeIbHYIO Mapy O HHIHHADHYECKHM ma/jbleM
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(puc. 1:2).. 3a cuer 3a30pa OTHOCHTEJbHOE MOCTYIATENbHOE b
nepeMelleHHe SBeHbEB paBHO TOXe §, T. e. npu npakTu- —
4eCKH BCTPEUAIOLIUXCA 3a30PAX OHO OYeHb HeBeJHKO. 3a30p %&;
GHICTPO OKa3biBaeTCAl BbIOpaHHBIM, H Jajibllie Napa nepeaaer

CHTY H OTDAHHUMBAET OTHOCHTE/NbHOE MOCTYynaTeJqbHOE ABH-
#enne. ClefoBaTeNLHO, NPH HAJHUHH 3a30POB COXPAHAIOTCS J
CHMH, NepeliaBaeMble KHHEMATHYeCKHMHM NapaMH H orpa-
HHYHBAEMbIE HMH NOCTyNaTe/bHble MNepeMelleHus. | ]

3a cuer 3a3opa § oTHOCHTeLHBIH NOBOPOT 3BeHLEB PaBeH %
yray 2 arcsin 8/b, nepememerine Apyroro KOH1La 3BeHa MOXHO ~z
HaiiTH ‘U3 NOAOGUS TPeyrobHHKOB (cM. pHc. 1.2):

s/2 &, _
—L———b—, S—2(L/b)6.

Mpaktnuecku L/b = 10+ 100, otkyaa s=(20+200) 8. ro
nepeMelleHHe MOXHO HCUOJb30BaTb AJA PaboTbl MeXxaHH3Ma r
M ycTpaneHHs M36LITOuHbX cBsiseit. Ecan L =b,10s = 2§, J

T. €. TOXEe HeBeJHKO.
CiegoBaTenbHO, NMPH HAaJHYHH 3a30POB MOXHO YCTpa- 57

HHTb T€ MepepaBaeMble MOMCHTH M OTpaHHYHBAaeMble OTHO-

CHTeJbHble Bpallenus, B [JIOCKOCTH AeHCTBHS KOTOpHIX

KHHeMaTHueCKasi mnapa HMeeT He3HauMTe/lbHble pa3Mepbl ::;; 1~2-mzll’:llll‘l::°ﬁ“;:§

NO CPaBHEHHIO C LJHHOH 3BeHa. NOAHMTEALHYIO ~ yroBYIO
[lpn nanuunu 3asopos BpalaTeabHast napa V, (CM.  nopsumuocTs 3a cuer sa-

Ta6n. 1.1) TepsieT BO3MOXKHOCTb nepeiapaTh MOMeHTol M,  sopos

u M,, obpawasce B waposylo napy [I/[j; wuuaunzpu-

yeckas napa IV, Tepsier BosMoxHOCTb MepeaaBats Mx u M, u ofpaliaercs B KoJblie-
Byto napy /l,; noctynatenbHas napa Vg TepsieT BO3MOXHOCTb nepefaBath My u Mz,
ofpawance B wmunuuesylo napy [/ (moment M, nepenaBaemblii 3auenJisOWHMHCH

8y6bsIMH, COXpaHSeTCs1); BHHTOBasfi napa V, JIHIIaeTC BO3MOXKHOCTH NepeaasaTh Mo-
Meutsl M, u M,, obpamasice B BunTOBYIO napy /1l

IMnockoctnas napa /715 (cMm. Ta6n. 1.1) npu Manbix pa3mepax ee Mo CpaBHEHHIO
C pa3vepaMy SBeHa He MOXKET mepefaBaTb MOMeHTsl My W My n obpamaercs B miolna-
JouHyio napy /4 nepBoro Kjaacca. Ecau Ke HMeeT MeCTO reoMeTpuuecKkoe 3aMbiKaHHe,
TO mapa npejcTasisieT coGOil 3JEMEHT OJHOTO 3BeHa B Buje Ky6HKa, PacroNOXKeHHOro
B a3y 3/JeMeHTa BTOPOro 3BeHa. Torja nepeaaBaeMsie MOMeHTHl My B My MOMHO ycTpa-
HHTb TONLKO NMPH HaJHYMH 3a30pDOB H MalblX pa3Mepax mapbl o CPaBHEHHIO ¢ pa3-
MepaMH 3BeHa.

[pu cunoBoM 3aMbIKaHHH 3a30pbl OTCYTCTBYIOT, TaK KaK OHH YCTPaHSIOTCH SaMbl-
Kalouteit cusoif. PaccMoTpuM, Kak 6yleT OGCTOATb AeNO € YIVIOBLIMH NOABHMHOCTAMH
Ha nphMepe naomagouHod napu /4. Tlpu nosopoTe ogHoro u3 3BeHbeB BOKPYT OCH X
flepeflapaemMas CuJa nepeiieT Ha Kpail MJIOMIAfAKH, U BO3HUKHET JOGaBOYHBIA MOMEHT
Q (v/2). Ecau wupHHa naomanky b He3HauuTe/bHA NO CPABHEHHIO C pasMepaMH 3BeHa,
TO 100aBOYHBII MOMEHT GyJeT HEBE&JIHK W He yMeHbIUHT noisuxHocTH. [losToMy H npu
CHJIOBOM 3aMBbIKAHHH OCTAeTCH MOJIOXEHHe, YCTaHOBJEHHOE Bhblllie NJs TeoMeTpHYecKoro
8aMblKaHHA, T. €. NPH MalblX pa3Mepax KHHeMaTHUeCKOH mapel N0 CpaBHEHHIO € pas-
MepaMH 3BeHa yIJoBaf CBA3b YCTpaHAETCH.

MS‘I‘IHI)COOGpa)KeHHﬂ clefyeT VYHTBIBaTb M NpH pacemoTpenuu nap Il uw I (cM.
Ta6a. 1.1).

JluctoBasi napa nepeaaeT fBe CHJIbI M MOMEHT TOMbKO MPH KOCTATOYHON LIMPHHO
nenthl. B npoTHBHOM ciyuae OHa paGoTaeT TONLKO KaK HHTeBasl, T. €. HAKAaLLIBaeT OfHO
ycnosue cBa3n I3 (cm. Ta6a. 1.1). Ficxoas u3 sTHX coobpakenuil, B Tabaulie 3a KHPHOR
JuHHed (cnpaBa) NOKa3aHbl KHHEMaTHYECKHe Maphl, YCJIOBHS CBA3H KOTODHIX HaiiieHHl
C yueToM Hajuyus 3a3opoB. Hassanus 3THX nap Xaubl B cKoGkKax.

Ecnu yuntbiBaTh 3a30pbl B KHHeMaTHUeCKHX Napax, TO CPOEKTHPOBATb MEXAHH3M
Ge3 u30LITOUHBIX CBSI3efl FOPa3fo Jerue, 4em 6e3 yueTa 3a30poB. OJHAKO TaKOH MeXaHH3M
B H3rOTOBJIEHHH, C6OPKe H SKCIJIyaTalMy He JaeT BCeX BHIFON MeXaHM3Ma 6e3 H3GbITOUHBIX
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cBfA3efl, TaK KaK eclM TOT e MeXaHH3M paccuuTatb 6es yyeTa 3a30poB, TO OCTAaHyTCH
n36uiTouHble cBA3H. [TosToMy pacueToM C yyeTOM 3a30pOB CJelyeT NOAb30BaTLCH TONLKO
npu GoJbIIMX pa3Mepax 3BeHa MO CPAaBHEHHIO C Pa3MepPOM KHHEMaTHYeCKOR Naphi.

HaunGonee BaKHbIM NpHMeHEHHEM pacyeTa C yueTOM 3a30pOB SIBJISETCH onpefieacHue
H36bITOYHHIX CBAA3ell, KOTOphle MPUXOAUTCA OCTABHTb B TeX CAYdasiX, KOrAa MOJHOCTbI®
HX YCTpaHHTb He yHaeTcsl.

1.4. MPOBEPKA MEXAHH3MOB HA H3BbITOYHbLIE CBSI3HU

Beile 6bi10 YCTaHOBJIEHO, YTO JIHHEHHbIE H YIJIOBble OTK/IOHEHHS B Pa3MePaXx 3BEHbEB
He BJIHAIOT Ha Pa6oTy MeXaHH3Ma 6e3 H3GHTOuHBIX cBfisefi. OTClOfa BuTeKaeT ofuiee
NpaBUIO, NPHTOAHOE AJf MPOEKTHPOBAHHA CXeM DalHOHAJbHBIX MeXaHH3MOB: PalHO-
HaJbHbIi MEXaHM3M JOJXKEH coOMpaThcsi 6€3 HAaTAroB, Jake €CJAH B Pa3vepax 3BeHbLEB
HMEIOTCS OTKJIOHEHHS! OT HOMHHaJbHBIX (NIMHeAHble U yraosuie). MHaue, npn uamenennu
JUHEeAHHIX M YIJOBHX pasMepoB 3BeHbEB B PAllHOHAJLHOM MeXaHH3Me He AOMMKHO
TO/Ny4aTbCH HATATOB (MMeeTCA B BUAY W3MEHEHHe Pa3MepOB TOJbKO 3BEHbEB, a He KHHe-
MaTHYeCKHX mnap).

ST0 NpaBKJIO MOXKHO NP UMEHHTDb H CJEAYIOLHM 06pasoM. PaspexeM OfHO u3 3BeHbeB.
KunemaTka paunoHajJbHOrO MeXaHH3Ma JO/MKHA 06ecneduTb BO3MOXKHOCTb COEAHHEHHS
€ro BHOBb 6e3 HaTAra cOiMXeHHeM MOJOBHHOK 3BeHa MO TPEM HAaMPaBJEHHAM H NyTeM
OTHOCHTEeJILHOTO NOBOPOTa MX BOKPYT TpeX oceit KOOpAHHAT Ge3 jedopmanuii 3sennes.

Ipu cnocobe, npemnoxennom C. A. IlonoBbiM, coefHHEHHe 3BEHbHEB HEOGXORHMO
npocJeauts Bo BpeMs c6opku. HyxHO paccMOTpeTh KHHeMaTHYeCKYo napy B KOHTYpe,
KOTOpYI0 COGMpaloT mociefHed, M NpOCAEAUTb 33 CONHIKEHHEM 3BEHbEB: JHHEHHHIM —
IO TPeM OCfIM KOOPAMHAT H YIJIOBEIM — NOBOPOTOM BOKPYT TpPeX ocefi KoopAHHAT. B uncno
STHX JBHXEHHMl He BKJIOYAlOTCH OTHOCHTEJIbHble ABHXXEHHS S3BEHbeB, KOTOpHe AaeT
NIOBHXXHOCTb CAMON Naph, HO OHH PacCMaTpPHBAIOTCA NPH ONpeAeNeHHH NOABHKHOCTH,
OCTaBIUIEAC B MeXaHU3Me.

Ecau HeKoTopble NepemelieHnsi NpH COMHMMEHHH AOCTHTAlOTCHA ABIKEHHeM OGOHX
3BeHbEB, KOHTYp 3aMblKaeTcfl, Nocje 4ero B MeXaHH3Me OCTaeTCfl OAHA TOXBHXKHOCTB.
Ecnu HexoTopele nepeMelieHHsl NPH CONHMKEHHH He JOCTHTAIOTCH 3a CYeT MOABMIKHOCTH,
@ NoJYYaloTCs TONLKO 33 cyeT AedopMaLHil 3BeHbEeB, 3TO YKaXKeT Ha HaJHUHe U3GbITOUHRIX
cBA3el.

PaccMoTpum 3To Ha npuMepe KpHBOLIMIHO-KOPOMBICAOBOro Mexanuama OABC
¢ ABymsi BpawmateabHbiMu napamu O u C u nBymst mapostiMu A u B (puc. 1.3),
Iycts nocaepueit napoii, co6upaemoil B KoHType, Gyaer B.

PaccMoTpuM c6amKenns 3BeHbeB NMpPH COOpKe:

mo oc¥ x — nosopotoM Kpusownna AQ u KopoMmelicia BC; ocTaercsi NopgBHK-
HOCTb — OCHOBHafi B MeXaHH3Me;

no ocM y — nosopotoM warysa AB Bokpyr waposoil napn A;

Mo OCH z — NoBOpPOTOM laTyHa AB BOKpyr wapopoil napu A;

BOKDYT OCH X — OBOPOTOM WaTyHa AB BoXpyr waposoii mapu A;

YUYHMTHIBafi YIJIOBYIO MOABHKHOCTb CaMoit naph B, ocTaeTcs MeCTHasi NOABHAKHOCTD —

BpalleHHe IIaTyHa BOKpYr ocH AB;
BOKPYI' OCH Y — JAOCTHTaeTcsi MOABHMKHOCTBIO

A 8
P V& camoii napu B; )
/24 v BOKPYT OCH 2z — JOCTHTaeTcfi MOABHMKHOCTBIO
camoil mapn B.
ody ¥ Jna cpaBHeHHSi PAacCMOTPHM TaKXe aHajo-
z THYHBII MeXaHH3M, HO Yy KOTOPOTO OflHa H3 cde-
T AC

puueckux nap A 3aMeHeHa BpaluaTeJbHOH.
C6nuxkeHnne 3BeHbeB NPH COOpPKe:
no ocH X — nosopotoM Kpubowuna AQ
H Kopombicna BC; ocraeTcs nOABHXHOCTL —
Puc. 1.3. Cxema ueTbipexmapHUPHO- OCHOBHas B MeXaHHU3ME,
T'o MEXBHMSMA AAS BHABACHHS HATS- Nno OcH Y — NOBOPOTOM laTyHa AB BOKpyr
roB npH c6opke napu A4;
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N0 OCH 2z — 3a CYET HaTHra u Jedopmauuil 3BeHbes.

Bokpyr oceft x, ¥ 4 z nopBmXkHOCTe# He Tpebyercf,, TAK KaK OHM JOCTHUTaiOTCH
3a cueT MOABHMKHOCTEH caMoil napHl.

HanoxenHoe Bbllle MOKa3biBaeT, YTO B KayecTBe nocaefHeil napm ayuwe Gpath
napy ¢ HaWMEeHbLIHM YHC/IOM YCJAOBMA CBfI3H, TO[Aa NPHAETCA PacCMaTPpHBaTb MEHbLIE
BHIOB cONHIKEHH 3BeHbeB NpH c6opke. BapuaHTOM onpenesieHHs H3GLITOYHBIX CBfA3el
no HaTAraM npu cG6opKe fABASETCA METOA MOJCYETa YIJIOBHX MOABHIKHOCTEf, LieJecool-
pasHuil Aaf 3y6uaThiX MeXaHH3MOB.

B sy6uaToM 3allenyieHHH ¢ UMJIHHAPHYECKMMH 3yObfiMH, 4TOObl OGecrnedyuTb JHHeH-
qaThil KOHTAKT C PaBHOMepHO# Harpy3Koil no AnuHe 3y6a JAsl CaMOYCTaHaBJIHBAEMOCTH,
Heo6XOAMMa OJHAa YIVIOBas NOJABHKHOCTD HA KaXkJ0e 3alenJeHHe.

Eciiu 4uc/I0 Yra0BbIX NOJBHXKHOCTEH B MeXaHH3Me MeHbIle YuCJa 3alenJeHHuid, TO
GynyT u3GBITOUHBIE CBA3H, HapYyLIalOlHe PaBHOMEPHOE pacnpeje/ieHHe HArpy3KH No AJHHe
sy6a. [TogpoGuee o6 stom cM. B ri. 4. ONHH M3 €nNOCOGOB pelleHHs TOHl Ke 3ajauH
npeanoxkun A. ®. Tlonos.

Kpome Toro, npoBepHTh MEXaHH3M Ha HaJH4YHE B HeM H3GBITOYHBIX CBSI3ell MOXHO
NOACYETOM HX NO CTPYKTYPHHM dopmynam. HspecTHo, u10 aBTOpH CTPYKTYpHBIX ¢hop-
MY/ OpefHa3HauyajH NOCAeAHHe AAS OnpeleseHHs MNOABHKHOCTH MeXaHH3Ma, CUHTaf
H3BECTHBIM YHCJIO YYHTHIBaeMbIX H3ObITOUHBIX cBsf3eil. [ToABHIKHOCTbIO MeXaHH3Ma Ha3hl-
BalOT YHCI0 060CLIEHHBIX KOOPAHHAT (JHHEHHBIX H YrJIOBbIX), KOTOpble HeO6XOAHMO 3a-
aTb AJAA ONpeleJleHHOCTH MOJNOXEHHS MeXaHH3Ma.

[NoaBHXKHOCTL MeXaHH3Ma JIerKO YCTAHOBHTb H NPH BHeLIHEM OCMOTpPe MeXaHH3Ma
(nonyuaetcs npollle H HajexxHee, ueM Nno CTpykTypHoi ¢opmyse). Takum nyTem uene-
coo6pa3nee OnpefenTb MOLBHMCHOCTb, NMOACTAB/IfA €€ 3HAueHHe B CTPYKTypHylo ¢op-
MyJy M HaXoffl M3 NocjaefHefl 4uMCIO M3OGbITOUHBIX cBA3el. OwHOKH MPH ompejesieHHH
MOABHMHOCTH JIErKO OGHAapYXHTb MO HeJenoMy 4YHCJAy H3GBITOYHBLIX CBfisedi (HampuMep,
OTpHLATENLHOMY).

Ecan 6yzer nponylieHa NOABHXHOCTb, TO OHa 0OHapyXHTCA B BHJe OTpHUATeNbHOR
u36biToyHON cBA3H. Eciin xke GyleT 3annHcaHa HeCylleCTBYIOIAsi NMOABHIKHOCTb, TO NMpPH
pacuere STO JACT JIMIUHIOI H3GBITOUHYIO CBA3b.

[TogBHKHOCTL MeXaHHM3Ma MOXeT ObiThb OOllas H MeCTHas (nmaccuBHas). MecTHoi
ycnoBHMCA Ha3biBaTh TAKYl0 MNOABHMXHOCTb, KOTOpasf He BJHAIeT Ha NOABHXXHOCTb Me-
XaHu3Ma B LeJoM. TaKyio NOABHXXHOCTb MMEIOT POJHKH (BCJIEACTBHE BO3MOXHOTO Mpo-
CKa/lb3biBaHHs), OJOKHM, IIKHBH, MJaBalolU{He BTYJKHM M Najblbl, IWIATYHH H LHJAHH-
IpHYecKue MON3YHbl C LIAPOBHIMH TFOJOBKAaMH, a TaKxe KOJAbla MOAUIMNHMKOB KaueHHsS
npu uX noasuxkHoft nocagke. Illapuku B KenoGe, KpoMe NMPOCKaAb3blBaHHA, HMEIOT
TPH MeCTHble NOJBHXHOCTH — BpallleHHsl BOKPYT TpeX oceil KOOpAMHAT. 3BeHbS C MeCT-
HOfl NOABHXKHOCTHIO MHOrAA MpPHMeHAIOT A obecrneveHHs pPaBHOMEPHOTrO H3HALIMBaHHA
KHHeMaTHYeCKHX nap (MyiaBaloli(He NaJblbl H BTYJAKH, MJIOCKHe TONKaTeJH B KyJayKOBbIX
MexaHH3Max).

MecTHYI0 NMOABHKHOCTL MOTYT HMeTb M Tpynnbl 3BeHbeB. B GoabLiMHCTBe ciaydaeB
TaKas MOJABUKHOCTb HELOMYCTHMA. STOT BONPOC PAacCMOTPEH HHKe.

Hns BbiBoAa CTPYKTYpHO# (GOPMYJBl BOCNOJb3YeMCH KJacCaMM KHHEMaTHYeCKHX
nap, T.e. 4HCAOM cCBsi3eil, OOYCJOBJEHHBIX AAHHOH napof.

Ecau unciio NOABMXHBIX 3BEHbeB PaBHO 7, TO OHHM HMeloT 6n cremeHeil cBoGOAbI
(KaXxxgoe 3BeHO — TPH MNepeMelleHHs MO TPeM OCHAM KOOPAMHAT H TPH BpalleHH).
Hns onpenesienHsl NOABHAKHOCTH MeXaHM3Ma M3 HMX HaJO BbIUECTb CBSI3H, HaK/aajblBae-
Mble KHHeMaTHYeCKHMH NapaMu.

Uueno p; KuHemaTHuecKMx mnap {-ro kjacca HaK/IajblBaeT ip; YC/IOBHH CBA3H,

=5
a Bce KHHeMaTHyecKue napu—z‘,ip, ycnoBuit cBfsH. OfHAKO BBHIYMTATL CJefyeT
=l
He Bce CBfi3H, TaK KaK H36bITOMHBbE CBfI3H, YHCJO KOTOPHIX 0603HauuM ¢, AyOGAHPYIOT
Apyrue CBfi3M, He yMeHblnaf MOABHKHOCTH MeXaHH3Ma, a TOJbLKO ofpauiasi ero B CTaTH-
YeCKM HeompeneqnMyio cucreMy. IToaToMy NOABHXKHOCTD MeXaHH3Ma

=5
w=6n— (Zipi—‘I)-

i=l
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dra ¢opMysa (B HECKOJbKO HHOM BHAe M 6e3 TOuHOH (OPMYJHPOBKH H3GHITOMHHX
cBaizelt) npeanoxena A, Il ManvimesbiM. s
==
Orciozia g=w—6n+ Y)ip;,
i=l
HJH, B pPa3BepHYTOM BHJe,

g=w—6n+5p,+4p,, +3p,,+2p,, +p, (1.1)

Qopmyny A. Il Manbiuepa MOXHO TaKxe BHIBECTH H3 PaccMOTpeHus Qopmya
AN onpefeseHHss KaK BHEWHHMX, TaK U BHYTPEHHHX (B KHHEMaTHYEeCKHX Napax) Harpy-
80K B MeXaHH3Me.

B cTaTHuecku onpejesHMOM MeXaHH3Me YpPaBHeHHH pDaBHOBeCHs 3BEHLEB XBaTaeT
AJS OnpefieieH|s 8THX Harpy3ok. B Mexanuame ¢ H3GHITOUHBIMH CBA3AMH UX NPUXOAHTCH
JOTIONHATL ypaBHEHHAMH Aepopmauuil. Uucno Takux ypasHeHHit W GyleT paBHO uucay
H36bLITOYHBIX CBSA3eH.

Ync/10 BHELIHHX HaTPY30K — CHJl HIH MOMEHTOB PaBHO @ —+ 1, uTo JIerKo npoeepuTs
Ha MexaHHuaMax ¢ w = 1; 2 u 1. A. Ofna Harpy3Ka Bceria 3ajiaHa, MO3ITOMY UYHC/IO He-
H3BeCTHHX — w. Kaxpas kuHemaTHuecKasi napa i-ro xjiacca nepeniaeg { Harpy3ok (Cua

H MOMEHTOB), KOTOpble H 6yAyT HeH3BECTHLIMH, a Y BceX nap Gyaer 2 ip; HEeW3BECTHBIX,
i=1
i=5
Bcero B Mexanuame w - Eipi HEH3BECTHHIX; YPABHEHHH DaBHOBECHSI N 3BEHbEB
i=l1
6yzner 6n. HenocTalomux ypaBHeHHil, KOTOPble BOCMONHSAIOTCA YPaBHeHUAMH JedopMa-
1=5

uufi, g = w + Zip; —6n,1. . nonyuaercs ¢opmysna A.Il. Manwiuesa.
i=l1
HurtepecHo OTMETHTb, YTO y 3BeHa C MECTHOR NOABHXHOCTHIO MOMEHT BHELUHHX CHJ
BOKPYT COOTBETCTBYIOLIEH OCH JONMeH G6biTh paBeH HYJIO, YTO MOXET CAYXHTb AJf
KOHTpPOJSA BLIYHCJEHHH.
Hpyryo cTpykTypuyto ¢opmyay npepaoxun O. T. Oszon [20]). Ou nopnepxusaer
nenecoo6pasHoOCTb YCTpaHEHHS H3GLITOUHBIX cBAidell U cpasy jaeT GOPMyJy Anf Onpeje-

JieHuss HX uHcaa, T. e.
g=w-+ 6k—f, (1.2)

rjae k — 4ucJO He3aBUCHMBIX KOHTYPOB B MeXaHH3Me, OTJIHYAIOWHMXCH OT APYTFHX KOH-
TypOB MO KpaiiHeil Mepe OIHHM 3BeHOM HJH OAHOH KHHeMaTHUecKOR napot; f = py+
~+ 2ppy + 8ppyp + 2ppp + pp— cyMMa  NOXBHXHOCTER  KHHEMaTHUYECKHX map.

BuisegeM ¢opmyny O. I'. Osona Metomom, npemnoxennsM E. 10. Byzawxoit [2].
Jns c60pKHM OQHOrO HE3aBMCHMOI'O KOHTYPa HEO6XOAMMO MMETb TPH JIHHEiHble MOABHMK-
HOCTM H TPH YIJIOBble BOKPYI TpeX ocell KOODAHHAT, a AJA BCEX KOHTYPOB @ - 6k.

Yncno H3GLITOUHBIX CB3eil ¢ eCTb Pa3sHOCTb UMCJIAa HEOGXONHMBLIX MOABHXKHOCTeR
w4 6k u noaBuKHOCTEHl f, MMEIOWHXCA y KHHeMaTHueCKMX Nap, OTKyAa ¢ = w -}
—~+ 6k — f, T. e. Ta xe dopmyaa O. I'. Osona.

Yro6H BbiBecTH QopMyJay AJf onpeneneHus k, npupasHseM ¢opmyan A, I1. Manul-
weBa (1.1) u O. T'..O30na (1.2) u NoACTaBUM 3HaueHHe

w—6n +5PV+4P,V +3P”, +2P” +P,=w+6k"’
—(py + 2y +3pyy + 4Py +50))

HIH
— 6n + G(PV + pIV + pl” + P” + pl) = 6kl
HO
Py +pr + b +P” +p1=po
no3TOMYy

k= p—n, (1.3)
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310 camas ofinan ¢opmyaa aas
olpeje/leHHs UYHC/IAa  HE3aBHCHMbIX
KOHTYpOB, HO OHa cnpaBelJHBa
TOAbKO MJIA TeX MEXaHH3MOB, ¥ KO-
TOpbiX HmeeTcA cToiika. Ecan meno-
IBHXXHOTO 8BEHA HeT, TO K pe3y.b-
TaTy, MNOJyyYeHHOMY N0  ¢opmy-
ae (1.3), Hago NpHGABAATL €LHHHILY.

H. E. llamaiinenko npennoxua
HE3aBHCHMBIM  KOHTYPOM  CYUHTATb  puc. 1.4. MexaHHsMbi:
TAKO#, KOTOPbIi OT/IHY4aeTcs OT ApY-
rHX NO KpaiHell Mepe OAHHM 3BEHOM
WIH ONHOH KHHeMaTHuecKoH napoii.

1. 1. Taiinesb NpeAOXKI 4MCIO KONTYPOB CUHTAIb KaK JBE CYMMbl KOHTYPOB:
y NepBoit CTOPOHOi BCeX KOUTYPOB CAYXHT CTOHKAa, y BTOPOHl KOHTYPBl 3aMBIKalOTCH
BHYTPH NOJABHXKHBLIX 3BEHbeB. [lepsas CyMMa DaBHa 4HC/y 3BeHbeB, COEAHHEHHBIX CO
CTOliKO/ 6e3 elMHHUbl; BTOpas JIErKO HAXOAWTCH BHEIIHHM OCMOTPOM MeXaHH3Ma.

Ha ocnopauun ¢opmyas (1.2) O. . Osonom crenanbl caepyiouthe o6o6ieHHs,
11o/1e3Hble AN MPOEKTHPOBAHHA MeXaHH3MOB:

Pa3OMKHYTaf KHHEMaTHueCKas LeNb He HMeeT M3GbITOUHBLIX CBfi3el;

B ONHOKOHTYPHOM MeXaHH3Me C MOABHXKHOCTbIO, PaBHOH elMHHLe (nojabasiollee
GOMBUIMHCTBO C/1y4deB), B OCHOBHOM KOHTYPe MHOTOKOHTYPHBIX MEeXaHH3MOB CyMMa Mmo-
JBHXKHOCTEH KHHEMATHYECKHX Nap PaBHAa CeMH (eCAH HeT H3ObITOUHBIX CBfA3eil).

MOXHO 3TO JONOMHHTL €ele OAHON 3aBUCHMOCTbIO: KOT1a K OCHOBHOMY KOHTYPY MpPH-
COeAMHﬂlOTOIlByXSBEHllytO rpynny (puc. 1.4), cyMmMa noABHXKHOCTei ee NMap paBHA LIECTH
(npn g = 0).

®opmyan O. I. Osona u A. [1. MaabiueBa paBrouedus. Kpome dopmya A. IT. Ma-
aviesa W O. [, Osona ussectua ctpyktypuas ¢opmyaa [1. O. Comosa:

w=n+f—p—>5-+gq,
g=w—n-+p+45k—f.

B 3ty ¢opMyay BXOAAT OueHb MHOIO NapaMeTPoB: H MOABHMHOCTH MEXaHH3Ma, H YHCJIO
3BeHbEB, H YHC/IO KUHEMATHUYECKUX Nap, H YUCIO KOHTYPOB, H NMOABHXKHOCTH KHHEMATH-
yeckux nap. [loab3oBaTbcs €0 HeylO6HO, MOSTOMY OHa HMeEET TONbKO HCTOPHYeCKoe
aHaueHde. Ecau B ueil samedutb p — n = k, 10 nonyuum ¢opmyay O. I'. Osona ¢ =
=w -+ 6k — f.

[ npOeKTHPOBaHUS MeXaHH3MOB 6e3 M3GbITOUHBIX CBSI3ell MOXHO MPHMEHHTb H
MeTOX HaCJIoeHHs rpynn, npeasnoxeHHbiii Accypom. [lpu aTom Mexanuam o6pasyercs H3
Haua/JbHOrO MexaHH3Ma (06biYHO KPHBOLIHNA) H NPHCOEAHHAEMBIX K HeMy Tpynn HyJeBOi
noaBHXKHOCTH., UTo6bl n36exaTb H3GLITOUHBIX CBfi3edl, HeOGXOLMMO HX OTCYTCTBHE KaK
B Haua/JbHOM MeXaHHu3Me, TaK H B NMPHCOEAHHAEMbIX Tpynnax.

B uucTOM BHIe 3TOT MeTOX He MO3BOJAET HCMOAb30BaTb Bce BO3MOXKHOCTH. B rai. 2
OyleT MOKasaHo, YTO B HAYa/lbHOM MeXaHH3Me WIH B MPHCOENMHSEMO} Fpynmne MOXHO
OCTaB/IATb MOABHXKHOCTH, KOTOpbie OYAYT yCTpaHeHbl CBA3SMH CJaeAylolleil NpHCOeAHHse-
MOH TPyNmH, T, €. NPHCOEAHHATL CPA3y CHCTEMY H3 ABYX Tpynm, B KOTOpOHl He JAO/IKHO
GbITb HH H36LITOYHLIX CBSI3eH, HH BPEAHBIX MOABHMKHOCTEH.

B. B. ConoMuH ANl npOeKTHPOBAHHS MeXaHU3MOB 6e3 H3GLITOUHBIX CBs3eil npea-
JIOXH TabaHuHblil MeTon. B Ta6auuax B 3aBUCHMOCTH OT 4MC/Ia 3BEeHbEB MEeXaHH3Ma
npuBeleHsl BO3MOXHble KOMGHHAlHM KHHEMAaTHYeCKHX nap, M3 KOTOPLIX H BbGupzeTcs
HauBHIrOfHeHIas A1 JAHHOTO KOHKpeTHOro cayuas [35].

B HacTosiee Bpems HauGoJbllee pacnpocTpaHeHHe NONYHH/IH MIOCKHE MeXaHU3MBI,
B KOTODHIX 3BeHbSl ABHXKYTCA B NapauleNbHbIX MJA0CKOCTAX. OnpeaensiTs YHCI0 H3GHITOY-
HBIX CBfi3edl AJ 3THX MeXaHU3MOB cJaeayer no c¢opmysaam A. I1. Maabiuesa H
O.T. Osona. Ognako npHU pelieHHH BOMPOCA O TOM, KaKHe M3GLITOUHbIE CBA3H CJeNyeT
OCTaBHTb, KOIJia He yHaeTcst yCTPAHHTb HX MOMHOCTbIO, MOXKHO MOAb30BaThCA M IMJIOCKOH
cxemoit, [Insi 3TOro MOXKHO paccMaTpHBaTh NPOEKIHIO BCEX 3BEHLEB Ha OXHY MJOCKOCTH
WU COBMeWaTh BCe 3BeHbS C OAHOH MOcKOCcTbio. TakHe npHeMbl ABJSIOTCA MCKYCCTBEH-

Ji/3

g

a — ABYXKOHTYDHbill; 6 — AByX3BeHHas rpynna

HJIH, onpeaeasds q, UMeeM
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HBIMH, TaK KaK OObIYHO 3BE€Hbf M KHHEMaTHYeCKHe Napbl PacrnoaraloTcsi B napaiienbHbix
TJIOCKOCTAX (HanpHMep, KPHBOWIHN M INATYH).

Ha naockoit cxeMe Heab3si OGHAapYXHTb CHJBI, JefCTBYIOUIHE NO OCH z Y, ¢ cooTmer-
CTBYIOI[UMH H36GbITOUHbIMH CBA3SIMH H MOMEHTH BOKDYT OCEl X M Yy TaKkKe C COOTBeT-
CTBYIOIIMMH H3GLITOYHBIMH CBA3AIMH, KOTOpble ObIBAlOT Yy ILIOCKMX MeXaHusmoB. Ha
BTOl CXeMe MOXKHO HCCJIefloBAaTb TONbKO CHJbLI MO OCAM X H Y, MOMEHTH BOKPYF OCH 2
K COOTBETCTBYIOUMIHE UM W3GLITOYHbIE CBA3H, KOTOpPbie OGO3HAUHM uepes gy.

Boo6e, niockasi cxeMa He MOXeET MOJHOCTbIO OTPa3uTh paGOTy MexaHH3ma, Tak
JKe KaK OJlHa MpPOeKLHsi He MOXET MONHOCTbIO ero H3o6pa3utb. [loaBHXHOCTL Wy Mexa-
HHU3Ma Ha NMJOCKOH cxeMe OTJIHYaeTCH OT AeHCTBHTeNbHON MOABHKHOCTH W, TaK KaK NJo-
CKasi cXeMa He YUYHTHIBaeT BpallleHHsl 3BeHbeB BOKPYT ocell, paClOJIOXKEHHBIX B NJOCKO-
CTH X0y (HanpHMep, BpallleHHsl IIATyHa C IIapPOBLIMH TOJOBKaMH BOKPYI CBOell ocw).

BriBesiem ¢dopmysny Ans naockolt cxembl. Jlio6oe MoABHMXKHOE 3BEHO HA MJOCKOCTH
HMeeT TPH CTeneHH cBoGoAbl, a Bcero 3n cremeHneil cBOGOAML.

Kaxpas BpamarenbHas napa, He3aBHCHMO OT TOTO, IBAfETCS JIH OHA NapoR nsATOro,
9eTBEPTOro, TPETbEro WJM Jaxe BTOPOro KJjacca (KoJblleBaHHA), Ha MJOCKOH cxeme
HaKJafbiBaeT JBa YCJOBHA CBSiI3H — OTPaHHYMBAeT TMepeMellleHHA 0 OCAM X H Y.
Kaxpas nocrynatesbnass napa, He3aBHCHMO OT TOTO, fIBJSIETCSl JIH OHa Mapoil nATOro,
ueTBepTOro (Hampumep, TPOHKOBHI MOpIIEHb) HJH TPeTbero Kjacca, Hak/AajbBaeT Ha
NJIOCKOR CXeme JiBa YCJIOBMA CBSI3H — OTDAHHYHBAeT nepeMellileHHe B HanpaBJeHWH,
NIepNesAHKYJAAPHOM K NepeMelleHHI0 B 9Tofi nape, M orpaHHYHBaeT BpalieHHe BOKPYT
OCH, MepreHAHKYJAAPHON K MJIOCKOCTH MeXaHH3ama. CiefloBaTe/ibHO, Ha IJIOCKON cXeme
HH3lIMe Mapel HajoXaT 2pp YCJIOBHR CBf3H 2.

Kaxpas Bbicluas napa (BTOpPOTO WJIH NMepBOrO KJacca) HAJNOXKHT Ha MJIOCKOA cXeme
O[IHO ycJIOBHE CBSI3H — OIDaHHUUT mepeMellieHHe Mo HOpManH. I'HOKHe cBSI3n (HHTeBHe
HJIH JIMCTOBHIE) HA NJOCKON CXeMe HaKJaAblBAalOT OJHO YCJOBHE — OrpPaHHYMBAlOT NPO-
JonbHoe mepeMemenue. CliefoBaTesbHO, BCE BhICUIHE Naphl H THOKHe CBA3H HalOXaT Pp
YCNIOBUIt CBSI3H, TAe pp — CyMMa YHCJA BHICIIHX Nap ¥ THOKHX cBsi3edl.

ToaBukHOCT, MeXaHH3Ma MO NJOCKOM CXeMe, YUHTbiBasi H3GLITOUHBE CBS3H,

wg = 3n — (205 + P» — qu)- (1.4)
Ota ¢opMyna Toxe BnepBbie npefnoxena A. Il. Manbuwesom. M3 nee
gn = wg— 3n + 2py + ps. (1.5)

VYcaoBumesa HaswiBaTh ee «mjockoit ¢opmydioit A. I1. Manbiwesa» 3. CTpykTypHy1O
dopmyay ans naockoit cxemel Aan taxkxke u O.T. Oson:

gn=wp + 3k — [q, (1.6)

riae fg — YMCJAO MOABHKHOCTEH KHHEMAaTHYECKHX Map Ha mJjockoll cXeme. DTy 3aBHCH-
MOCTb MOXHO TaKxe BhBecTH u3 ¢opMmyan (1.5). TlocTynarenbHas W BpamarenbHas
napbl 31eCb HMeIOT N0 ORHOM MOABHXHOCTH, BhICIIasi W ru6Kas — 1o IBe.

Ilnockas cxema He fiBAsieTCA €IMHCTBEHHOM HCKYCCTBEHHOH cXeMol, npuMmeHsiemoi
NPH MCCIeOBAHHH MeXaHH3MOB. BcerTpeualomuecss Ha npaktuke chepHueckue MeXaHH3MBI
(xoHnuecKHe KoJeca, KapJjaHHble LIapHHPH) OueHb YAOGHO HCCIe10BaTh Ha cepHuecKoRt
cXeMme, pacCMaTpHBas NPOEKILHIO BCeX 3BeHbeB Ha cdepy H/H COBMeLIas BCe 3BeHbS C ORHOI
1apoBOil MOBEPXHOCTHIO. . '

BriBox ¢opMyJibl A5 NOABHMKHOCTH We H YHC/IAa M3GLITOUHBIX CBA3e# g¢ no cdepHue-
CKOMf cXeMe OTJIHY3eTcs OT BbIBOAA AHAJNOTHYHBIX GOPMYJ /A MJIOCKON CXeMB TOMLKO
OTCYTCTBHEM THGKHX CBfi3eil M NOTOMY 3/leCb He TNpPHBEMEH.

1 3pech M HHXe Ha BCexX uepTexax OyjaeM CYHTaTh, YTO OCb X HanpaBjieHa FOPH3OHTaJbHO,
OChb y — BepTHKaNbHO B TJOCKOCTH 9epTexa, OCb Z — NEepNeHAMKYJSPHO INJOCKOCTH HepTexa.

2 3pech Noa HHSUWIHMHK NapaMu CJeAyeT MOHWMaTh NOCTyNaTeAbHYIO W BpauaTeabHyio. BunTto-
BYIO Napy He pacCMaTpHBaeM, TaK KaK MeXaHH3MHl C TaKHMH NapaMH He MOTYT GbiTb NJOCKHMA.

? Tounee — 3To popmyna A. I1. Manbiesa s naockoi cxemu. Ee 9acTo HasmBaoT ¢popmy-
no#t I1. J1 YeGnwena, 4To HenpaBuabHO, TaK Kak I1. JI. YUeOnnes nan popmyny 3 m — 2 (n + v) =
= ], TA€ M — YHUCJO NOABHXKHKX 3BeHbeB , N -+ U — HUCJIO IUAPHUPOB, T. €. OH He pacCMaTpH-
BaeT NoCTynaTeNbHBIX Nap, BHCLWIKX Nap, H3OLITOYHEIX CBsA3eit M GepeT NOABHXKHOCTb, PaBHYIO
enuHuLe,



Memod nodsuxcrocmed 8 Konmype 23

OkouuaTe/bHO uMeeM (opMyJabl
we = 3n — 2py — ps + 4

gec =wo — 3n + 2py + ps. an

Cka3aHHOe MNOJHOCTBIO O6bscHseT saMmeuenHyio M. K. AproGoneBckuM npuMeHH-
MocTb «naocKoi» gopmyan A. I1. ManbiiueBa K cpepHyecKHM MeXaHH3MaM.

Criepyer OTMETHTb, YTO CBOM CTPYKTypHble (OpPMYJHI NMpeiJarali MHOTHe yueHble.
Cpenn uux U. U. AproGonescknit, B. B. Jo6posonbckuit, Kyru6ax, Buren6aysp, Cuib-
Bectp, Foxman u Ap. OnHako AaTb GOpMYJIH, NPHTOAHBIE 115 NPAKTHYECKOTO NPHMEHEeHHUH,
cmoran Toibko A. I1. Manbies u O. T. Oson. Ilnockue ¢opMyas MOXKHO BEHIPa3uTb
yepes 1Ba napametpa u3 wectu: n U p (no A. I1. Manwuuesy), & u f (no O. I'. Ozony),
a TaKXe MOJHOrO YHC/a 3BeHbeB S M GHC/IA Y3/10B depMbl py. KomMOUHHMPYS HX, MOXKHO
noryyuts 13 ¢opmysa. 3t ¢opMmyan npHBefeHH B NePBOM H3JAHHH KHHTH; MPAaKTH-
YECKOTO 3HAYeHHUs] OHH HEe HMEIOT.

1.5. METOA NOABH)XHOCTEA B KOHTYPE AJig HUCCJAEROBAHHUSA
CTPYKTYPbl MEXAHH3MOB

CrpykrypHas ¢opmyaa A. I1. ManbiweBa uik paBHoueHHaa eif dopmyaa O. I'. Ozona
JaeT ONHY 3aBHCHMOCTb MeXAY CTPYKTYPHHIMH nmapameTrpaMH MeXaHH3Ma, a HX MHOrO,
[TostoMy oaHO3HAuHOrO pelueHHs O Bbi6Ope MapaMeTPOB MeXaHH3Ma 9TH (OPMYJH He
RaioT. Jlyywe peiaercs BOMpoC N0 yc/aoBHIO c6OpKH (cM. c. 18).

[lp# KOHCTPYHpPOBaHHM PalHOHANbHEIX MEXaHH3MOB HaJO YMETb ONpeJe/NHTb B 38
JaHHOM MeXaHH3Me (T. e, MPH H3BECTHHIX KHHEMaTHYECKHX Mnapax H HMX Pacnosoxe-
HHUH), TAe H KaKHe MMeIOTCH NMOABHXHOCTH M H30niTouHble cBA3M. OTBET Ha 3TOT BONPOC
JaeT HcClefOBaHHe MOJABHXHOCTEH B KOHType MeXaHH3Ma, 4TO H MPHBOJAHUTCHA HHIXKe.

H 1.2
3 dopmyst (1.2) fe Gt w—g,

rAe ¢ — H3GLITOYHBlE CBA3H; W — MOJABHXHOCTb, BK/IOYast H MeCTHYIO; R =p — n —
YHCJIO HE3aBHCHMBIX KOHTYPOB; f — CyMMa MOABHMKHOCTEI.

YTo6ul pelHTL 3TO ypaBHeHHe, PA3JIOXHM CyMMY MOABHIKHOCTEH KHHEMAaTHYECKHX
nap f mo ocaM KoopanuaT. Tak kak f npeacTaBisieT apHpMETHYECKYIO CYyMMY MONBHX-
HOCTeil, TO H B pas3/ioxKeHHe BoljeT apudMeTHueckas cyMma

F=F+f+hL+f+f+1 (1.8)

3echb f, — cyMMa JHHeRHBIX MOABHMHOCTEH MO OCH x; fy — CyMMa YIJIOBEIX NMOABHX-
HOCTEH BOKPYI OCH X H T. A.

Bonbioe yno6cTBo 3TOf 3aBHCHMOCTH COCTOMT B BO3MOMKHOCTH MOJIB30OBAHHA Pas-
JUYHBIMH CHCTEMAaMH KOOPAHHAT. MOXXHO NMpPHMEHATb KaK NPAMOYTOJNbHYIO, TaK H KOCO-
YrofbHYI0 CHCTEMy KOOPAHMHAT, HO HeJb3fi TOJbKO pacnojaraTb BCe TPH OCH B OJHOR
IUVIOCKOCTH, TaK Kak TOTAa He OyJeT yuTeHa MOABHIKHOCTb B HanpaBJEHHH, NMepneHAuKy-
JIFIPHOM K 3To# nuocKocTH. Jif JIHHeHHBIX W YTJIOBBIX MOABHXKHOCTEH MOXKHO 6paTh
OlHAKOBblE HJH Pa3/HuHble OCH KOOPJAHHAT, a MOABHKHOCTb PaCCMAaTPUBATH MO YIJIOM
K aHHOA OCH KOOpAHMHAT, HO 06si3aTeabHO OTAHYHBIM OoT 90°, uTO6Bl OHAa AaBaja MpoeK-
UMI0 Ha STOH OCH KOOpAHMHAT.

CxeMy MOJIBHXHOCTEH NMOKaXeM Ha MpHMepe YeTbipeXLIapHHPHOrO MeXaHuaMa € na-
pamu naToro Kaacca (puc. 1.5). PaccMorpuMm Koutyp ABCD. Ha 3toit cxeme NoA-
BHXKHOCTH pasfie/ieHbl HAa IJIOCKHe M Henaockue. Ilnockne NoABUXKHOCTH WIS IIO-
cKocTd xoy 6ynyt f, = f, + Iy ~+ f;, ofecneunBaloe ABUXKEHHe B 3TOH MJIOCKO-
¢TH, — Ha CXeMe MOKa3aHH B J€BOM MpAMOYroabHHKe. HensmockHe NMOABHIKHOCTH f, =
= fx+ I + [, obecneunBaiomue nBHXKeHHEe BHE 3TO NJOCKOCTH, MOKa3aHBl B mpa-
BOM TNpAMOYTO/bHHKE. :

Kaxpnas 6yxpa, o6o3nauaioliasi KHHEMaTHYeCKYIO Mapy Ha cXeMe MeXaHH3Ma, Ha
CTPYKTypHOR cxeMe 0603Ha4yaeT OAHY MOABHXKHOCTb. Hanpumep, A B JeBom npsiMo-
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yroJibHHKe H TpeTbeM CToJ6le 0603HauaeT OfHY YrJo-
BYIO MOABHXKHOCTb BOKPYF ocH 2, T. e. f,. Ecin napa
HMeeT NATb MOJABHXKHOCTEH, TO B CXeMe OHa 3allu-
ChlBaeTCi NATb pa3, H T. A.; Takxe OGCTOMT aelo
c napoit Ay B MexaHH3MaXx, MOKa3aHHHX Ha puc. 1.7,
1.9, .11 u 1.13. ,
Ciepuueckne mapel By u Cypp (Tpexnomemx-
Hble) Ha puc. 1.7 NOJIKHBI 3aNMHCHIBATLCA B Tpex
e e o
PO P ctoa6uax: f;, fy u f,. Jluneiluatas napa By, (vetn-
pexnoaBuKHas) Ha puc. 1.9 JOJXKHA 3anHCHIBAaTbCA
\any ’ n ,
/) [glﬂ‘ﬁ 01 01 01 B ueThIpex croaéuax: f,, f;, f; u f;. Ecin uaMenntest
Hanpap/ieHHe MNapbl, TO M 3aNHCHIBATLCA OHA JOJIKHA
Phc. 1.5. MoasumnocTs » konry- B cooTBeTCTBYlomMX cTonbuax. Kaxnasm kunemaTHue-
pe  uermpexmapumpnoro mexa- CKafl 11apa JOJIKHA 3aNHCHIBAThCR B CTPOKE TONBKO
HH3Ma C NapaMH nATOro Kiacca csoero Koutypa. Ha puc. 1.5 B KHHEMaTHuecKHX
napax JaHHeHHbIX NMOABHIXHOCTEH HeT, MO3TOMY B Je-
2 ”
BOM npsAMoOyTo/bHHKe GYyAyT ABa HYJA H B NPaBOM OAHH HYaAb. Her yrnoBux fy u fy:
M03TOMY B npaBoM cToaGue GyAyT eme Aa Hyasd. OTCYyTCTBME OZHOM M3 LIECTH MOABHXK-
HocTeil B KOHType (HyJb Ha CXeMe) 03HauaeT U3GBLITOUHYIO CBSI3b, KOTOPYIO 0GO3HauaeM
CTpPesNKO#, HanpaBJeHHON BHM3. AHaJNOrHYHO, CTPeJKa, HampaB/eHHasd BBepX, 0603Ha-
YaeT BHELIHIO MOABHXHOCTb (CTenenb CBOGOAB) MeXaHH3Ma.
Jlns ONHOKOHTYPHOrO MeXaHHW3Ma, 4TOGbl KOHTYP COMKHYJCS 6e3 HaTAra, HeoO-

"

XOAHMO Ha/nMuMe BCEX TPEX YIJIOBHIX MNOABHXKHOCTEH, T.e. [, > 1; f'y' =L >0

OrcyTtcTBue XoTsi Gbl ONHOH M3 3THX NOABHXHOCTEH GYJeT 03HAayaTb HATAT H H3GHTOY-
HYIO CBfi3b.

s auuedinbiX MOABHXKHOCTEH, NMPH HaAWYMM H36BLITKA YIVIOBBIX NOABHMHOCTeH,
aHaJIOTHYHOE YCJOBHe HeoOs3aTenbHO. IlpuunHa — auHefiHoe cOGauxenne npu cGopxe
MOXeT NPOHCXOAHTb HE€ TOJbLKO 3a cueT JHHEHHOH MOABMKHOCTH KHHEMaTHYeCKHX map,
HO H 3a CYeT NOBOPOTA 3BEHbEB BOKPYT OCH, NEpPNEeHAHKYJAPHOH K HanpaBJeHHIO JHHefi-
HOM NOABHXKHOCTH (cM. pHC. 1.5). ITosToMy JuHeliHasi MOABHIKHOCTb MOXeT OHITL 3ame-
HEeHa YIVIOBOH MOABHIXHOCTBIO OKOJIO OCH, MEPNeHAHKYJISAPHOH HANPABAEHHIO JHHeRHOH
noasuxHoctH. Heo6xoAUMO TONbLKO NPOBEPHTb HalM4He 3BEHA, KOTOpoe -lIPH STOM MNO-
Bopore fano 6bl JHHeliHOe MepeMellleHHe B HY>KHOM HanpaBJeHHH H YTOGH 5Ta BO3MOX-
HOCTb He Hapyllajacb B HEKOTOPHIX IOJIOXKeHHAX MeXaHH3Ma, HanphMep B MepTBBHIX
TOUKaXx.

PaccMorpum 3ameny nenocrtaiomedt noaBHXHOCTH fy. OHa HyKHA, 4TOGH 32MKHYTDb
KOHTYp, HanpuMmep, B nape D (puc. 1.6, a). 3xecb MOABHKHOCTH H306paxeHH B BHIe
nepeMellieHui, 4To ¥ 6yaeT B AeHCTBHTENbHOCTH, €ClH M306pa3HTh MEXaHM3M B Haua/lb-
HOM M KOHEYHOM IOJIOXKEHHAX 3a KOHeUHbI NpOMeXYyToK BpeMend. [las 9Toro Hamo
noBepuyTh Kpupowun AB, torga wapuupnt B, C u.D nepemectsrca Ha f,. Hanpas-
qenns BC u CD ocralorcsi HeuaMennbiMH. B nosopore yuactsylor napu A u B. O6o-
3HayeHHe: Ha cxeMe puc. 1.5 oHu coeluHslOTCA CKOGKON, HAywell K 3uraaroo6pasHoft
crpeaxe. Oana cko6ka 0603HauaeT OAHY MOJABHUKHOCTb Ha. o6e napui. B 3ToM Her Huuero
abcypaHoro, Tak Kak, HanpuMmep, oAHa ofliasi MOJBHXXHOCTb MeXaHH3Ma oGecneuyHBaeT
IBHXEHHE MHOTHX KHHeMaTHueCKHX nap. 3aecb f, — 3aMensieMas JHHeAHas MOJBHK-
HOCTb (TOpH3OHTaAbHasA), [, — 3aMeHsAIOWAsA YI10Baf NOABUXHOCTb (BOKDYT OCH 2,
K Hefi mepnenaukynspuan), AB — 3aMensiiolllee 3BeHO, nepneHaMKy/aspHoe K f, H f,,
HanpasJ/leHHe KOTOPOTO HaXOJHTCA MO pacnooxenuio AB na cxeme Mexanusma (BepTu-
KaJlbHoe).

Boo6iie 3amensieMass M 3aMeHfIOmasi NMOABHIKHOCTH, a TaKe 3aMeHsiollee 3BEHO
HanpapJieHbl 10 TPeM B3aHMHO MepNEeHAUKYJNSPHBIM OCAM KOOpAMHAT (ToyHee — GIH3KO
K NepneHauKyaspHbIM).

Ananornuno samensiercs f, uepes f; u 3seno BC (BC; u BC, — 18a nosnoxenus 3toro
ssena) (puc. 1.6, 6) u sursaroo6passas CTpeJiKa Ha CTPYKTYpHoil cxeme (cM. puc. 1.5).
Cko6ka, coepunsiomiasi C u D, ocraerca Kak o6llasi NMOJABHIKHOCTbL MEXaHH3Ma.
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Puc. 1.6. 3aMeHB JHWHENHHbLIX NOABHKHOCTeH Puc. 1.7. MOABHKHOCTH B KOHTY~
yrAOBBIMH: pe MexaHH3Ma C AByMs WapoBbiMH

a — f}, uepes ,,;; 6 — ,; uepes ,; napammu

Noasuxuocru f, fy, u f; (cm. puc. 1.5) ocraoTcs paBHBIMH HYJIO; 3aMEHHTb
HX 1edYeM, MOo3ToMy 3hecb GyayT H3GLITOYHBlE CBA3HU.

Ha puc. 1.7 n36HITOuHbIX CBSI3eH HET, HO ROGABAAIOTCA YI/IOBble MOABHIKHOCTH [y
H /; BOKpYT oceil x H y y chepnueckux nap B u C.

Moxsuxnocty f; y aByx nap B u C naloT MeCTHyI0 MOABHXKHOCTL (MOKa3aHa CKo6-

Koil) — BpallenHe LIaTyHa BOKpYr cBoeil ocu. CielyeT OoTMETUTb, YTO H B MECTHOMH Mo~
JIBHXKHOCTH BCerla yyacTBYIOT ABE€ KHHeMaTHYeCKHe Maphbl.
MNoxsuxnocty [, nap B u C npu 3amensiomem 3pene BC 3ameHfiiOT JuHEfHYIO

TIOABHKHOCTb f; H YCTPAHAIOT COOTBETCTBYIOILYIO H3GBITOUHYIO CBSI3b. JTa 3aMeHa MOKa-

sana Ha puc. 1.8, 2. Ha 3ToM puCyHKe nOKa3aHbl BCe LUeCTb BapHaHTOB 3aMeH JHHeR-
HBIX MOABHXKHOCTe!l YraoBbiMM. OPHEHTHPOM CJYKUT pacueTHas IJIOCKOCTb, B3fiTaf mep~
NeHIMKYJAAPHO OCH 2, TNOKa3aHHas NpPAMOYTOJbHUKOM.

Ha puc. 1.8, a n 6 nokasaubl NJIOCKHe 3aMeHbl. 31€Ch 3aMeHsIOLAs IOABHKHOCTD f7.

Atu caydau pa3o6panbl Bbilie Ha puc. 1.6, @ u 6. Onu BCTPEUaloTCA Y MHOTHX MEXaHH3-
MOB, B TOM UHMC/J€ U Y NPOCTPAHCTBEHHBIX.
Ha puc. 1.8, 6 n 2 — nensiockHe 3aMenbl. 3aMeHsieMasi MOABHIKHOCTB f3. DTH sa-

MEHbl He BCTPeualoTCs B 3yGuaThiX mMepefayax C npsMbIMH 3yGbsAMH M KyJ1auKOBHIX MeXa-
HH3MaX, TaK KaK y HHX €CTb COOTBETCTBYIOUAsi MOABHUMHOCTb.
Ha puc. 1.8, 0 u e — Hennocko-njaocKue 3aMenbl. 3aMensiolliee 3BEHO MO OCH 2.
OHH He BCTPEYalOTCH B ORHOIMJIOCKOCTHBIX MeXaHu3Max, y KoTopelx 2= 0.
Boo6iue Bce TpH BHAA 3aMeHbl XOPOLIO XapaKTEPH3YIOTCH OCbIO 2, NMepPrneHAuKyasp-
HOR K pacueTHOH mJIOCKOCTH. .
Ipy nuIoCKKX 3aMeHaX 1O OCH 2 — 3aMeHSIOas NOJBHKHOCTE [y, MPH HEMIOCKHX

Mo OCH 2 — 3aMeHseMas MOABHXXHOCTb f;, NpH HeNJNOCKO-MVIOCKHX — 3aMeHslollee

8BEHO 2.

Ha puc. 1.7 Bcero Tpu 3aMeHbl, H3 HUX JBe IJIOCKHMe H OfHAa HensocKas. Henaocko-
IVIOCKHX 3aMeH HeT.

HHTepecHo paso6paTbcsi B AMHAMHUeCKOH (CHJOBOI) CYI[HOCTH 3aMeHHI MOABHXKHO-
cTeit. B Heit yuacTByIOT yryioBasi MOABHIKHOCTb, 3aMeHSIONIEE 3BEHO H JHHEHas NoABHXK-
HOCTb (aHAJIOTHYHO MOMEHTY, MJedy U CuJe).

Ha puc. 1.7 ypaBuenuit cratiku 6 X 3 = 18, U3 nux ypaBHeHuit MoMeHTOB 3 X
X 3= 9, a samen — 3. Pa36epemcsi, Kakue e U3 ypaBHEHHII MOMEHTOB HCNOJNb3YIOTCH
B 3THX 3/1eMenTax. B napax A u D — MOMeHTBI BOKPYT OCH 2, T. €. Te MOMEHTH, KOTOphie
OHH He MOTyT nepelaTb BCJEICTBHE HaJHUMA COOTBETCTBYIOLieH noABHKHocTH. B na-
pax B u C (chepnuecKHX) HCNIONB3YIOTCS MOMEHTHI BOKPYT BCeX TpeX oceil, T. €. TOMe
Te, KOTOpble OHH He MOTYT nepeiaBaTb. OTCiOAa BBIBOA: B ypaBHEHHS MOMEHTOB, HHTep-
NPETHPYIOWHX 3aMeHY MNOABHMHOCTEH, BXOLAT TONbKO (MKTHBHbIE MOMEHTHI, T. €. MO-
MeHTbI, KOTOpble KHHeMaTHueCKHe nmaphl He MOTYT NnepeiaBaTb BC/JEICTBHE HaJHYHA CO-
OTBETCTBYIOUIHX NoABHAKHOCTeH. Takne GDHKTHBHBIE MOMEHTH BXOAAT B 3aMeHH AJf 06~
mek u MecTHoH mnopBHXKHocTell. Koneuno, pneficTBHTe/bHEIE MOMEHTHI H CHJBI COXpa-
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Puc. 1.8, Bo3aMoxHubie 3aMeHbl MOABHXHOCTEH

HSIOTCA M MepeflaloTCs COOTBETCTBYIOUIHMH YCNIOBHAMH CBSI3H B KHHEMAaTHUYeCKHX Mapax,

B kauecTBe nmpuMepa paCcCMOTPHM OJMHapHYIO 3y6uaTyio mepeiauy C JHHEHYaTRIM
KOHTaKTOM 3y6beB ?l I3) 1 c onHBM H3 BaJIOB, ONMHPAIOMHUMCS Ha UWJIHHAPHUECKYIO Napy [V,
(puc. 1.9). 3peck yRO6HO OCb X HaMpaBHTH NO KacaTesIbHON K 8y6Y, 0Cb ¥ — N0 HOpMalH
B OCb 2 — BJIONb OCH BpAIleHHSA KoJaec.

JlunefiHEle MOABHMHOCTH: MO OCH X — CKoJbXeHHe 3yGbeB B nape By, f, = 1;
10 ocH y — HOpMasb Kk 3y6y, f, = 0; no ocu z — oceBoe CKOJbKeHue 3yGbes B mape B
H oceBas MOABHXKHOCTb Naphl Cpy,, f; = 2. YTa0Bas NOABHKHOCTL BOKPYT OCH ¥ [y =
= 0, BOKpYr OCH Y — OTHOCHTe/JIbHOE BpallleHHe BOKDYT HopManu By f;= 1* &
BOKPYT OCH z — BO BCeX TpeX KuHeMaTHueckux napax ABC f; = 3.

Pacnpesenenye nogsuxHoctefi: f, — Ha 3aMbiKanHe KOHTYpa; f, — Ha 3aMblKanue
KOHTYpa H Ha MECTHYIO MOJBHXHOCTb MeXanuaMa — BpeiHylo; f, = 0 Bhi3oBeT H36H-
TOYHYIO CBAA3b — HEePaBHOMEPHOE pacmpefielieHue HArpysku no AMuHE 3y6a; f, = 1 —
Ha 3aMblKaHWe KOHTypa; f; = 3 — Ha 3aMblKanHe KOHTYpa, SaMeHy [, W Ha OCHOB-

HYI0 TOABHXXHOCTb ME€XaHH3Ma.

PaccmoTpennbifi MexanusM nepaGortocnocoGeH, Tak KaK B HeM He Te NOABHIKHOCTH,
KOTOpBle HYXKHbI, TI03TOMY B MeXaHH3Me OCTaJIHChb OCeBasl NMOABHMKHOCTb ONHOTO H3 BaJIOB
(xoneca pasoitaytcsi nmpu pa6orTe) H H3GLITOUHAs CBSI3b, BbI3HIBAIOLIAs HEPAaBHOMEPHO®

pacnpefieleHHe HarpyskH No AauHe 3yO6a.

[Ipennaraemuiii MeTol MOMHO NPHMEHHTb H

y LNst MPOCTPAHCTBEHHHIX MEXaHH3MOB. 3Jech Mo-

A X [ ABHXHOCTb KHHEMaTHYeCKOR mapul (IHHeAHas WK
% 7 812 %5 YI10Bas) MOMKeT Pacrno/arathCsi MOA YIJOM K OCAM

KOODJMHAT M €ro He Bcelda MOXKHO H36exaTh
BHIGOPOM JaXe KOCOYFOMbHBIX OCell KOOpAHHAT.
— T Toraa cieflyer Bce NOABHMKHOCTH OTHECTH K OJHOM
fx+lytl; | +fy+1; M3 STHX oceil — Toil, Tle OHH MOFYT OHTb HC-

MONb30BaHbl, H }XeJaTelbHO OCblO, COCTaBJSAIOLIEH
ABcC|8 (ﬂ?i.j L el ' i

* Ilpu 9TOM MNPHHATO, 9TO JHHeHHbIH KOHTakP

3y6beB COXpaHsieTCA. ITO AOMYCTHMO, TAK KaK INpHBe«

Puc. 1.9. MOABHKHOCTH B KOHTYpe  JAeHHbe NOACYETH MOKA3aJH, 9TO KaxKe NP HaHGOAbLIHX
AHAMHAPHYECKON 3y6uaTofi meperayM  OTKJIOHEHHAX OCefi OT MapajIeIbHOCTH 3a30pDH MO KOHe
€ BpCAHOH MOABHXHOCTHIO naM AJinHB 3y6Ga HaMHOTrO Mexblue gedopMmailuil 3yGbes.
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C MOABHXKHOCTbIO HeGoabluoil yroa. 1o ecTe-
CTBEHHO, TaK KaK TOAbKO 1O ORHOM OCH KOOp-
JAMHAT MepeMellleHHe HE3aBUCHMO, a MO APYroi
OHO GyJleT 3aBHCCTb OT TAHIeHCA YIJa HaKJOHA.
3nech 06CTOMT JIE/IO TaK Xe, KaK H B BHHTOBOM
nape, y KOTOpPo# eCTb M JIMHEHHOE M YIJIOBOe
NepeMelleHNsl, HO He3aBUCHMOE NepeMelucHHe

TONLKO OAHO, MO3TOMY €€ CUHTalT OJHOMNo- POPTITE FLTY
IBUXHOIL. Xy zix § 2
Jas  npuMepa  pacCMOTPHM  MeXaHH3M ABCDEF 015 ¥/} A_dﬂ{g

ABOMHOIO Kaplawa, HO 6e3 ILAHIEBOro COelH-

Henus (puc. 1.10). Ocb x Bo3bMeM NO OCH 110, n
Puc. 10, OABHXHOCTH B KOHTYpE

NIPOMEXXYTCUHOTO Baja. 3jech BCe LIeCTb P inors EapASAROTO GapHNDS

KHHeMaTH4YeCKuX nap — BpaluiarteJbHble NATOrO

KoJieca — He HMEIOT JHHeHHOMN MOABHXXHO- ) , ,

CTH, MOSTOMY BCC TPH JIHHeAHble NOABMMHOCTH fy, [, W [, paBuE HyJIO. YIiO0BHE

NOABHXKHOCTH BeAYLUEro U BeOMOro BaJlOB Ha OCHOBAaHHH BBILIECKA3aHHOI'O OTHECEM K OCH X,

nostomy A u F sanuceiBaem B croaGen f,. Ilpu noxcuere YIVIOBHIX MOABHXHOCTeR

BOKPYT OCH § H OCH 2 MOXHO: WJIH OCH y M 2 B3fTb NapajJie/lbHO OCSIM INapHHPOB
KapllaHOB, WJIH PACCMOTPETb MEXAaHH3M B NOJIOKEHHH, KOT/a C MJIOCKOCTbIO oceft coBnajaior
BHJIKH KaplaHOB Ha MPOMEXYTOYHOM Basy, W/AH OTHECTH NMOABHXHOCTH B IIapHHpax
KaplaHOB K OHON M3 oceit Koopaunat. Bo Bcex cayuasx B cronben f, sanucniBaem B

u E, a B cronGen f; C u D.
MMonsuxnocTs BaoMb ocH x orcyrcrsyer, f, = 0. 3aMeHHTb ee YIJIOBOA NOABHXK-

HOCTBIO HeNMb3fl, TaK KaK B MeXaHH3Me HeT 3BeHa, NepneHJAHKYAAPHOTO OCH X, MOBOPOT
KOTOpOro faj Ohl COOTBETCTBYylolllee NepemelieHye, H HET H30bITKa YIJIOBHX MOABHK-
Hoctelt. TloaToMy nonyuaercs M3GbITOuHasi CBfA3b, CO3/alOWasAs HATAT BOJb OCH Bafa.
310 W NoKasaHo cTpesKolfl B Tabnulie na puc. 1.10.

OTcyTcTBYIOIWMKE MOABHKHOCTH fl’, M f, 3aMeHSIOTCH YIJIOBHIMH MOABHXHOCTSMH fz
U [;, MMelomKMHCA B H3OhiTKe 61arofaps HAJHUKIO NMPOMEXYTOUHOrO Ba/la, epHeH Ky~

JIAPHOTO OCAM Y H 2, 3aMeHsiouwuM 3seHbsi CD u BE, xoTophi MoxeT clleslaTh COOT-
BETCTBYIOUWIHH MOBOPOT.

BTopast nomBHXKHOCTD BOKPYI OCH X 6YZeT NMOABUIKHOCTBIO MeXaHH3Ma.

CrenoBate/bHO, 1BOMHON KapJaHHBIA LIAPHKD NPH KHHEMaTHYeCKHX napax, MoKa-
8aHHbIX Ha puc. 1.10, uMeeT oAHY MOABHXKHOCTb M OAHY H3GHTO4YHYIO CBf3b, CO3Ja-
IOIYI0 HATAT BJoJAb OCH Bana. [lsa ee ycTpaneHHsi HeoOXOAMMO Ha Bajly NoOCTaBUTb MO-
JABHXKHOE LJIHIEBOE COeJHHEHHE.

Kapaan B nnockocTu 8y6uaToro Kojeca ycTpaHsieT B HeM JBe M3GBITOUHBE CBA3H.
MoxXHO cTaBHTh ZBa KaplaHa B 9TOH MJIOCKOCTH, HO 06513aTeNbHO HAa PAa3HBIX 3BEHBbAX,
9TO YCTPAHHT 9YeThipe H3GHTOYHHE cBA3M. KappaH, cMeleHHH Ha JAJMHHY KapJAaHHOTO
BaJa, YCTpaHfieT JBe JHHelHbleé H3GHTOUHBIE CBA3H.

Henb3s cTaBuTh Ha ofHOM Baly JBa CMellieHHBIX KapAaHa, TaK KaK BMeCTO yCTpa-
HEHHA elle ABYX H36bITOYHBIX CBA3EH NoNy4YHM JiBe nonepe!mbxe JIHHei{Hble MOABHKHOCTH.

H36uiTounbie ¢BA3H U NOABHKHOCTH B MeXaHH3Me MOXHO ONpeflefiTh, PacCMaTpHBas
NOJABHXHOCTH B KOHTYpPE, KOTOpHE YAOGHO pa3noXHTb Mo TPeM ocsM KoopAuuat. Jas
8aMBIKaHHA KaXJOFO KOHTYPa HEOGXOLMMO ILeCTb MOABHXKHOCTEl: TPH JiMHeliHHe H
TpH yraoBbie. JIHHENHYIO MOABUKHOCTL MOXET 3aMEHHTH YIVIOBass BOKPYT OCH, NepmneH-
JMUKYASPHOH K JMHeRHOM MOBEPXHOCTH, €C/H YIJIOBasi MOJABHXKHOCTb MMeeTCA B H36bITKe
H €C/H eCTb 3B€HO, MOBOPOTOM KOTOPOTO AOCTHraeTcsl 3Ta 3aMeHa, T. €. HamnpaBjleHHOe
no -r(gizbeﬁ OCH KOOpIAHHAT HAH GJM3KO K HeR.

YTCTBHE OJIHOH H3 NMOJABHIKHOCTeH YyKa3blBaeT HAa HATAT M H3GHITOUHYIO CBS3b.
Hanuune aByx nmoxsuxHoCTe#i OAHOrO BHAa YKashiBaeT HA NMOJABHIKHOCTb B MeXaHH3Me —
O6IYI0 HIH MECTHYIO.

MeTox uCmONb30BaHKA NOABUIKHOCTEN B KOHTYpDe MOMXHO NPHMEHHTb M K MHOTO-
KOHTYpHHIM MeXxaHu3maM. [TosicHHM 9To Ha npuMepe MexaHH3Ma C NPHIENHbLIM IIATYHOM
(puc. 1.11). IMepsbiti kontyp ABCD Bo3bMeM Hepe3 KPHBOWIMN, OCHOBHON WATYH H
I'OpH3OHTANbELIA Mon3yH. Bropoit ABEFG — uepe3 KpuBOLIKN, OCHOBHOH WIaTyH, NpH-
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Puc. 1.11. MoABHKHOCTH
B NBYXKOHTYPHOM Mexa=
HHU3Me
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HenmHOil WaTyH H BepTHKadbHHII NoA3yH. B mepBoM KoHType yrioBble NOABHKHO=
ety f; u [; nofAyT Ha 3aMeny JiMHelHbIX NoaBHXHOCTed [, u y VISl 3aMbIKAHUS KOH-

typa. OcraBlascs yrioBas MNOABHXHOCTb f, Mo#JeT Kak oflias MOXBHMHOCTb Me-
XaHu3Ma, a f, Kak MeCTHas — BpauieHHe noasyna CD Bokpyr cBoelt ocH.

Bo BTOpoM KOHType OAHA Yr/I0Basi MONBHXKHOCTb [, MOHAET Ha 3aMeHY JHHeiHON
NOJBHXHOCTH f,, APyras — ANf 3aMbIKaHHA KOHTypa. OfHa YIJIoBast MOJBHMHOCTb [y
nofileT Ha 3aMeHy JHHeHHOR f;, npyras — AJA 3aMblKaHHsd KOHTYpa.

TakuM nyTeM, nepexois OT KOHTYpa K KOHTYPY, MOXKHO HCC/1€10BaTh BeCb MEXaHH3M-

B cnoXHBIX MeXaHH3MaX, HanpHMep MJ1aHETapHBIX, YHCAO KOHTYPOB JOXORHT JO
12 u Gosee. IloaToMy BaXXHO COKPAaTHTb YHCJO KOHTYPOB, 4TOGbl YNPOCTHTH pellieHHE.
3aech npuBeleHb TPH cmoco6a.

IepBoiii cmoco6. Korza faBa 3BeHa coeAHHEHHl HECKOJIbKHMH KHHEMaTHYeCKHMH
napaMH, BKJ/IOYeHHBIMH MNapajjelbHO, HaKJ/JaAblBaeMble HMH YCJOBHA CBSI3H CKJajbl-
Balorcsi. M3 atoro ycjoBHA ciefyeT HaWTH 3aMellalOIYI0 KHHEMaTHYECKYIO Mapy, Ko-
HeYHO, YUYHTHIBasi BO3MOXHOCTb BO3HMKHOBeHMs M3GBLITOYHBIX CBsi3eH, KOTOphie 31ech
clenyer onpenenatb. Toraa 3 dopmyabn k= p — n cielyeT, 4TO M YHCJO KOHTYDOB
YMEHbIIHTCH. :

Hanpumep, Mexay KojecHOit napoft H penbCaMH MOXHO pacCMaTPHBATh TPH Touedy-
Hble Mapbi: B2 KaCaHHA KOHHYECKHX uacTeil 6aHlaXa M KacaHHe peGOpJAbl, HIH pacCMa-
TPUBATb KaK OAHY napy TpeTbero Kaacca (///3). Toraa Ha KaxIyl0 KOJNECHYIO mapy
YHCJIO0 KOHTYPOB YMEHbIUHTCH Ha JBa.

Bropoit cnoco6. MoxHO OTAeNbHO PaccMOTPeTb G/OK H3 HecKoNbKHX 3BeHbeB. Ha-
TpHMep, B NJaHeTapHBIX MéXaHu3Max YAo6HO paccMoTpeTb 6JIOK H3 COMIHEUHOro KoJseca,
BEHIla, BOAHJA U COEJHHAIOUWHX HX CaTeJJIHTOB H HaWTH B HeM H3GLITO4YHBIE CBA3H H Mo-
ABuxkHocTH. Toraa 3TH M3GLITOYHbIE CBA3H BONAYT B YHC/IO H3GHITOYHBIX CBA3eH Mexa-
HH3Ma, 2 MOJABHUKHOCTH A06GaBATCH K YHC]Y MOABHKHOCTell KHHeMaTHUeCKHX nap B OCTaB-
LIMXCA KOHTYpaX. UHCJIO 3THX KOHTYPOB YMEHBLUHTCH Ha YHCJAO KOHTYPOB, PacCMOTpeH-
HBIX B 6JoKe, H GYyJeT oueHb HeBeJMKO, [TO3TOMY HX PacCMOTpeHHe TpyAHOCTedl He Co-
crasutr. Takoit mpuem B HanbHeiiuieM GyAerT H3loxeH B m. 5.5.

Tperuit cnoco6. [ToaABHKHOCTH MOXKHO paccCMaTpUBaTh Cpa3y B HECKOJbKHX KOHTY-
pax. KoHeuyno, 4HC/IO MOABHKHOCTER A/f 3aMblKaHHf KOHTYPOB BO3pacTeT Npomnop-
IIHOHANBLHO YHCJY 3THX KOHTYPOB. BBIfiBleHHe MeCTHBIX MOABHXKHOCTEH H H3GHITOYHBIX
cBf3seil 3flecb GyleT HECKONbKO TPYZAHee, yeM INPH Ppa3fe]lbHOM pPacCMOTPEHHH KOH-
TYpOB.

P KpoMe Toro, MOXXHO ynpocTHTb paGoTy Mo pacnpefeseHHI0 MexXAy KOHTypaMH mo-
ABHKHOCTelt Tex nap, KOTOpble BXOAAIT B HECKOJAbKO KOHTYpoB. Ilns obJeryenus pacue-
TOB HHXKe NPHBOAATCA npejsiaraeMbie mpaBHJa.

Mpasuia KccienoBaHHS CTPYKTYDHi MEXAHH3Ma METOAOM NOABHKHOCTEA B KOHTYpe.

A. Cnoco6bl COKpallleHHS] YHCJa paCYeTHBIX KOHTYpOB.

1. Ecau Mexay ABYMs 3BEHbSIMH HMEETCHi HECKOJbKO KHHEMaTHYeCKHX nap, Hajo
3aMEHHTb MX ORHOi, YC/JOBHE CBA3H KOTOPOHl PaBHO CyMMe YCJOBHH CBS3H 3THX nap.
3To COKpATHT YMC/A0 KOHTYPOB, YTO YNPOCTHT pellieHHe, a B HEKOTOPBIX Cayyasix Aact
€MHCTBEHHO BO3MOXKHOe pelleHHe.

2. Ecau Mexay AByMA 3BeHbIMH MMeeTCH 1Ba MOBOJAKA NEPBOro. K/1acca, 3aMeHHTb
MX OJHHM TOBOJAKOM BTOPOrO KJacca H T. A- IlpeumymecTsa Te xe, yto H B § L.

3. NMelomuiica CTPYKTYpHHA OG/NOK paccMaTpPHBaTb Kak CTPYKTYpHYIO rpynmy
C H3BECTHHIMH MOJABHXHOCTAMH H CBSI3SIMH.
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B. Cnoco6rl Bbi6Opa pacyeTHOH MIOCKOCTH M KOHTYPOB.

4. Bui6upaTbh pacueTHyIO NJOCKOCTb (M3 TpeX KOOPAHHATHHIX MJIOCKOCTEH) Tak, YTOOHI
GhI0 HaUMeHbllee YHCJIO HeNJIOCKO-TVIOCKHX 3aMeH, T. €. HaHMeHbllee 4YHC/IO SBeHbEB,
nepreHAHKYAsIPHBIX STOR MJIOCKOCTH.

5. KoHTypn BHIGHpaTb TaK, 4YTOOW YHCJIO KHHEMAaTHYeCKHX Nap, HaXOAAIHXCS
TOJIbKO B OIHOM KOHTYype (OJHOKOHTYpHBIX), GblTo Goablue, a map, KaxAad H3 KOTOpPBIX
BXOIMT B HECKOJbKO KOHTYPOB, MeHblue. [ls 9TOro OXHOKOHTYpHHE NMaphl 0603Hayarhb
TOYKaMH HaJl GyKBaMH.

6. Crapatbca 6paTh KODOTKHE KOHTYPHl, TaK KaK NOBTOPEHHE KHHEMaTHYeCKHX
nap B Ta6JHLE TOMbKO YCJAOXKHAET Pa6oTy. B KOHTYpPH [AOJIKHBI BOATH BCe 3BeHbS H
BCE KHHEMaTHueCKHe Napbl, OH AO/)KEH HAYMHATbCA M KOHYAThCA Ha OLHOM H TOM Xe
sBenie (OGHIYHO CTOfiKe).

B. Tlopajok 3anoiHeHHs CTPYKTYPHOH CXeMbI.

7. B cpeaHem npsAMOYrojibHHKE 3alHCHIBATh MJIOCKHE MOABHIKHOCTH fy, @ B IpaBoM —
HensockHe fy. TToABMXKHOCTL KHHEMaTHYeCKOH Maphl MOXHO 3aNHChHIBaTb TOJNbKO B TOT
KOHTYp, B KOTOPbIi OHAa BXOAMT. B CTPYKTYpPHYyIO CXeMy ROMKHHI BOHTH BCce KHHe-
MaTlyeCKHe Napbl W BCe MOABHXKHBIE 3BeHbS, BKJAIOYaf H HX 4acTH.

8. HaunnaTb ¢ 3ankceit ONHOKOHTYpHLIX map.

9. Hayunath ¢ ycTpaHeHHsi U3GLITOYHRIX CBsi3edl MyTeM 3aMoJHEHHS BCEX MeCT
B CTPYKTYPHOH CXeMe H TOJbKO MOCJAe BCeX 3aMeH OCTaBLUHeCH MOABHIKHOCTH KHHeMa-
THYeCKHX Nap MCHO/b30BaTh AJSl YCTAHOSJIEHHS MECTHHIX NOABHIKHOCTEH MeXaHH3Ma.

10. ITopBHKHOCTH MHOrOKOHTYPHHIX KHHEMATHYECKHX Nap OTHOCHTb K TOMY KOH-
TYPY, Tlie OHH YCTPaHAIOT H3GHITOUHYIO CBfi3b, a HE K TOMY, I'lle OHH CO3JalOT MECTHYIO
NOJBHMHOCTb.

11. IMoxBHXKHOCTD MHOTOKOHTYPHHIX Map, BXOASIHX B GO/MbILOE YHCJAO KOHTYPOB,
OCTaBJIATL HANOCJENOK, TaK KaK el JIerko MaHeBPHPOBaThb,

12. OrcyTcTBylOmKe MOABHKHOCTH SamUCaTh HYJAAIMH B CTPYKTYPHoR cxeme, Ha ux
MECTO nepelaBaTh NOABHXXHOCTH H3 JAPYTOro KOHTYpa, MHCNOJbL3YS MHOTOKOHTYpHHIE
naphl.

13. Ecan HeT COOTBETCTBYIOWUX JHHeRHbIX MOABHXKHOCTEl, NepelaBaThb YIJIOBbIE
MOABHKHOCTH, BHIGHpass HX TaK, YTOOB BMeCTE C yiKe HMEIOLIHMHCS YIJIOBLIMH MOABHXK-
HOCTSIMH OCYIIECTBJISAITb SaMeHy HeJAOCTAIOIHX JIHHEHHBIX.

14. Ecan u36biTouHble CBA3KH XOPOLIO H3BECTHH, TO X Cpasy 3anmucaTb B CTPYKTYp-
HYIO CXeMy.

15. KuneMaTHuecKue napbl B CTPYKTYPHOH CXeMe 3alHCHIBATb B TOMA MOC/TeAOBATENb-
HOCTH, B KOTOPOH OHHM CTOAT B KOHType, HauMHasf C napel, COeflHHeHHOH co cTofikoil.
IMoaBHKHOCT KHHEMATHUECKOH Maphl MOXKHO 3aNUCHIBAThb TOJABKO B TOT KOHTYp, B KO-
TOpHIii OHa BXOAHT. MoxHO 0Ge yIJIOBble NMOABHKHOCTH 3aNHCHLIBATH B OJMH KOHTYP,
a 3aMeHeHHYIO JIMHelfiHYl0 nepelaBaTb B APYroil.

Y nap / u /] npu cocTaBleHnH TaGNHLb MOABHXKHOCTEH BHIFOAHO CHAuyaJja NPOCTaB-
JATb HYJAH, Tle eCThb CBA3H (KOTOPHIX HAMHOrO MeHbllle, 4eM MOABHIKHOCTEH), a MOTOM
8aMoJIHATb OCTaBIIHECS MeCTa.

I'. CTpyKkTypHble CXeMbl JJsi CHOXKHBIX MEXaHH3MOB.

16. B TpexnoBoAKOBOii Ipynmne OCTaBlLIafcsA MOABHKHOCTb OAHOTO KOHTYpa HIET Ha
8aMbiKaHHe BTOpPOro (BMeCTO MOBOpPOTa 3BeHa) — MepefiaeTcsi M3 KOHTYpa B KOHTYP.

17. B CIIC rpynne! npu 3ameHe JHHe#HOR MOABHMHOCTH BCA TPYNNa NOBOPauH-
BaeTcsi BOKPYT OCH, COEAMHAIOLlEH HEMONBHXKHYIO OMOPHYIO Mapy C TpeTbell omopHof
napoit. Ee o603nauenne 3anuchiBaeM Ha OfHON BEPTHKAJIH C HEMOABHIKHOM Maj'off, B CKOG-
KaxX, Tak _Kak OHa He BXOAHT B MOACYET YHCJ]A MOABHIKHOCTEH.

18. EcaM NOABHIKHOCTH HHKaK He YKJajblBalOTCS B ONHY CHCTeMy oCeli KOODAMHAT,
TO MOXHO 6paTbh HeCKOJBKO CHCTEM, HO CJAENUTb YTOGH B KaXKAOM KOHTYpe Bce TDH JiH-
HeliHble WJIH BCe TPH YTJIOBble NMOABHMKHOCTH HE MONajaiM B ONHY MAOCKoCTh. Kaxnoe
NJaBalolliee SBEHO MEXAY IJIOCKOCTSAIMH JaeT 1Be 3aMeHbl NMJOCKHX JHHEHHBIX MOABHXK-
HocTel HEMIOCKHMH YTJIOBLIMH.

Ilp# HCIONB30BAaHUMH TPOCOB KaXAblll 610K yMeHblUaeT HAa EAHHHIY YHCJIO KHHeMa-
THYECKHX Map, a C/Jef0BaTebHO, H KOHTYPOB, MOITOMY HYHCJIO KOHTYPOB MOXET CTaTh
OTPHLATENbHbIM.

1 O CNC rpynne GyaeT cka3aho B § 2.12,
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[Tonesno KOMGHHMPOBATbL METOA MOJBHIKHOCTH B KOHTYPe C METOAOM YTOUHEHHBIX
CTPYKTYpHBIX (opMys; 3To nos3BosisieT H36exkaTb OWHGOK, @ TaKXKe YKa3wniBaeT MYTH
8aMeHbl MOJIBHXKHOCTeH.

Oco6ble cly4yan NPH 3aMeHe MOABHIKHOCTE.

1. B koco3y6bix Ko/ecax — BHHTOBBIM JBH)KEHHEM BMeCTO MOBOPOT3; B STOM CAy-
qae YrJoBasi MOABHIXHOCTb 3aMeHfeTCH JMHEHHOH BOKPYr TOH K€ OCH.

2. B CIIC rpynnax noBopoTom Bceli IPyNnu BMeCTO OAHOTO SBeHa.

3. Moxer 6biTb H MOBOPOT BCEr0 MeXaHH3Ma BOKPYI OCH, NMpOXOAsuiell yepe3 fBe
napsl.

s obseryeHHs. HCCIEIOBaHHA CTPYKTYPH MEXaHH3Ma B HEKOTOPLIX CAYYAsiX MOXKHO
F]as‘nosxun. CJIOXHBI MEXaHH3M Ha HECKOJIbKO NMPOCTHIX M PacCMaTPHBATh HX OTHENbHO.

polie BCEro 3TO MOJy4aeTCs, KOTAa JBe MallHHBI COeJHHEHb! LIapHUPHON MY(TOH, He
Jonyckaioieii H36bITOUNBIX CBsi3eil.

HaBno u3BecTen MeTon Accypa, KOPAA C/JAOKHLIH MEXaHH3M Pa3JiaraeTcsi Ha Hauajib-
HBli C MOABHIKHOCTBIO €JHHHMIA M NPHCOEJHHEHHBE TPYNNbl HYJEBOH NOABHIKHOCTH.
Ho 3To He Bcerna BO3MOXHO M He JiaeT Jyullee pelleHHe.

MoxHo paccmaTpuBaTh ofwuit cayuvail. HauaabHbiii MexaHH3M MoXHO 6patb c ro-
JABHXHOCTbIO GOMbIle €AHHHIB H C MECTHHIMH MOABHXKHOCTAMH. BaxHo ToMbKO, uTOGH
Ha ero MOABHXKHOCTH He BJIHAJH NPHCOeAUHEHHbIE IPYNNbl. AHAMIOTHYHO HA MORBUIKHOCTD
NpeabiAYIHX TPYNN He MOMKHBI BAHATH NOC/AENYIOIHe NPHCOeAHHEHHble TPYNMbl, KOTO-
phie TOXe MOTyT ObiTh M HeHYJIeBOi MOABHXKHOCTH. TOrra KOHTYPH H MOABHXKHOCTH
UETKO Pa3feNfilOTCH MeXAY HayalbHHIM MEXaHH3MOM H MPHCOEAWHEHHBIMH TPYNNaMH.

MeTox KOHTYpPOB BLIFOJEH TeM, YTO NPH PacCMOTPEHHH BapHAHTOB YMeHbLIEHHA
H36GBITOYHKX CBf3€il H3MEHAETCH TOMbKO YHCJAO KHHEMaTHUeCKHX Nap, TaK KaK 4IC/IO
KOHTYPOB OGLIUHO COXpaHsieTcss (a NPH CBA3AX H3MEHAIOTCH Cpa3y JBa napamerpa:
YHCIO 3BEHbEB H YHCJO Map).

Pacnpenenenne NOABHIKHOCTed MeXKAY KOHTYPaMH Ha HX CXeMe PacCMOTPHM Ha
NpHMepe YPAaBHHUTEJAbHOTO MEXaHH3Ma M TPeX MOANATHHKOB Vj, SaMeHSIOWEro OfHY
cdepuueckyio napy /11, 1. e. obecneunsatoutero fy = 1, fg=1n fz=1 (puc. 1.12,
JeBasi 4acTb CxeMbl moaBHikHocTeif). Ha 9ToM pHCyHKe MOKka3aHa MoOC/1e4OBAaTeNbHOCTb
SanoJIHeHHs CXeMbi MOABHIKHOCTeH. 3JeCb MHOrO KOHTYPOB, MO3TOMY YHOGHO MOKa3aTh
pacnpefenenne NoOABHiKHOCTefi. B nepsomM npsiMoyronbHHKe TOYKaMH Hal OyKBaMH
0603HaueHbl OXHOKOHTYPHble Naphl.

HaunnaeM ¢ OZHOKOHTYPHBIX Nap, T. €. TaKHX, MOMBHXKHOCTb KOTOPHIX YuacTByerT
TOAbKO B ORHOM KOHType. O603HauaeM MX TOuKamMH Haji GykBamH. B nepmmix mpamo-
YroJbHHKAaX 3alHChiBaeM OGO3HaYeHHs KOHTYPOB; BO BTOPHX 3aMONHfEM TOJNbKO OJXHO-
KOHTYDHbIE NOABHXHOCTH. I'ie BO3MOXKHO, MPOH3BEeM 3aMeHy H 0603HauaeM BHELUHION
nopsuxHocTb  (cembMofi Koutyp fy, y nap E, u Ey). B TperbHx npsMoyroJbHHKax
3anoJiHEHb NYCThie MeCTa BBeJICHHEM MOJABHIKHOCTEH MHOTOKOHTYDHHIX Nap — HCNOAHEeHH
BCE BO3MOXHOCTH YCTPaHeHHMsi H3GLITOYHHIX CBsideli. B 4eTBepThIX NPAMOYroJbHHKAaX
OCTaBIUKeC MNOABHXKHOCTH MHOTOKOHTYPHBIX Nap HCMOMb30BaHB AJS MOJAYHUEHHS NO-
IBHXKHOCTEl MeXaHH3Ma — OGLIHX H MECTHBIX.

Pacnpegenege Haf0 HauaTh C TeX KOHTYPOB, KOTOpbie GO/bILE 3anOJHEHH OJXHO-
KOHTYPHBLIMH MOABHXHOCTAMH. DTO KOHTYPH /—4, B KOTOPHX HeT JIHHeHHOH MOABHXK-
HOCTH f;. Takasi MOABHMHOCTb €CThb TOMbKO y MapH D, oHa oaHa M ee fIBHO He XBa-
TaeT Ha ueripe Koutypa. [lostomy yryioBble MOABHXKHOCTH HAj0 pacnpefensitb TaK,
yTO6H OHHM JaNH 3aMeHy HeHoCTaiolledi JuHefiHoH. Ilns 3TOro B MexaHH3Me eCTb YIJo-
BHe nojBuxHocTH f B napax By—B,. Pacnpelensitb X HalO TaK, 4TOGH 3aMeHs-
fomee 3BeHo, Hanpumep B;C;, 6bulo HampasjeHo NO OCH X (TaK KaK 3ameHseMas no-
HBHXKHOCTb f, HanpaBjieHa NO OCH 2, 3aMeHSAIOLIan f; — 1o OCH Yy, a Heo6X0oauMO,
yTO6M NpH 3aMeHe YYacTBOBAaJH Bce TPH OCH X, y M 2). [losromy B, Hano BBeCTH
B nepsuifi KoHTYp, By — Bo BTOpORt M T. A. Torja HemocralolMe JHHEHHbBIE NOABHXK-
HOCTH f; BO BCEX MEPBBIX YeTbIpeX KOHTYpaX GYIyT 3aMeHeHH (CM. TPeTbH MPAMOYrob-
HHKM CXeMbl MOjBHXKHOcTefi Ha pHc. 1.12).

B ceabMOM KOHTYpe HeAOCTalOllast MOJBHXKHOCTD f;, & TaKwme f, sameHAOTCH yie
HMelomuMucss  nopsuxuocTamu i nap Ey, Ep u f; tex xe nap. Ilopsnxrocts fx
tex e nap E; u E, nofiger kak MecTHas MOJBHKHOCTb — Bpaiienue ssena Ej, E,
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Puc. 1.12. CeMHKOHTYPHbIH MexanusM (nokasaHa NOCAEAOBATENBLHOCTh 3aNOJNHEHHA CXEMH NOX-
BHMHOCTEH

BOKPYT ocH x. B stoM KonType He xBaraer smueiinoi nomsmxuocth f;. Ho B nsTom
H IIECTOM KOHTYPaX €CTb M3GLITOK YIVIOBBIX MOABHKHOCTEIl fy a umenno: Bg, Bg, C,

Cs. IlBe W3 HHX MOHLYT Ha 3aMBIKAHHC KOHTYpoB. B uiecToM KoHType ofHa noiimer
Ha 8ameHy f;, B NATOM TaKoll 3aMeHH He TpeGyeTcs, Tak Kak ecTs mapa D, Koropyio
MBl 3anHChiBaeM B STOT KOHTYp. OcTaercsi NOABHIKHOCTb fy napu Cy, xoTopylo Mu
nepefiaeM B cesibMoit KoHTyp. Bmecre ¢ napoit E; ona Aaer samensiouee apeno CyEj,
HanpaB/ieHHOe MO OCH 2, 4YTO M Tpe6yercs.

ChrenoBatesibHO, 3aMbIKaHHE BCEX CeMH KOHTYPOB 06ecrieueHo H HM3GLITOYHBIX CBS-
sell Her.

[Tepexomum K MOABHKHOCTAM (4€TBEPTHIE NPAMOYTOJLHHKH CXeMbl INOXBHXXHOCTEN
Ha puc. 1.12). OcraBwnecs nomsuxuocTH f; nap A;—Ag u For f; u f; napu D noit-
ZYT Ha MecTHhle noaBHxHOCTH. Ilapy A, sannmem B nepsbit koutyp. Toraa mmecre
¢ napoit Cy OHa JaeT MeCTHYIO NOABHIXHOCTb BPALIEHHS HHIKHEro MOALIAMHAKA. 3aMeTHM,
YTO C OJHHAKOBbLIM MPaBOM ee MOXHO 3aNHCaTb W BO BTOPOH KOHTYp. Torja oHa jpaer
MECTHYI0O MOABHKHOCTb TOFO )K€ MOAUIMMHHKA BMecTe C napoft C,, 4TO TO e Camoe.

ONBHXKHOCTb Napel Ag 3anuiueM B MATHIA KOHTYP H NOAYuMM BMecTe ¢ Mapoii Cy

BpallleHHe BepXHero nOAWHNHHKA. B Hero ke sanuwem u nomsmxuocts A, TOTAa
BMeCTe C Napoit Ay oHa JaeT NOABHXKHOCTL (BpallleHHe) IVIaBHOTO Baja.

Bcee Tpu yriioBue noasuxuocTH napwi D sanuiuem B TpetHit KouTtyp. Toraa nonyuum
BpallleHHe CpefHero NOAWIMNHHKA BOKPYT BCeX Tpex ocelf. 3Jech OCOGEHHO Ba)KHBI
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NOABHXKHOCTH [y H y» TAK KaK OHW NepeflafyTcsi IJIaBHOMy Baly M MOHAYT Ha camo-
yCTaHABIMBAEMOCTb BCEHl MalUMHbI; [, — MECTHasf MOLBHMKHOCTb.

Jleast u cpenusisi 4aCTH CXeMbl MOABHMIKHOCTeNl JaHbl /A [OAICHEHHS NOCTeJ0Ba-
TeNbHOCTH paccyxjenuii. [IpakTuueckn uenecoo6pasHO YEPTHTL TOALKO MPABYIO YaCTi
CXeMBbl.

CoBrnajenne 3ameH MOABHXKHOCTEl BMeCTe C METOIOM pa3/OXKEHHS NOXBHXKHOCTEft
N0 OCAM MOXeT CAYXHTb AJsi KOHTPOJAS NPAaBHJAbHOCTH pacueTa.

HesaBucumoe ompeneneHue H3GLITOYHBIX CBsidefi U MOABHXKHOCTEl B MEXaHH3Me
MO)KH('iQCln]eJIaTb MeToom rpacoB. Takoit mMeTox mpeasoxuna u paspaborana JI. A. [Nas-
J10Ba .

1.6. HCCIIEJOBAHHUE MEXAHU3MOB C MOMOLibI0 YTOYHEHHBIX
CTPYKTYPHbBIX ®OPMYJI

Gopmyant A. 1. MaabimeBa u O. I, O3ona uMeIOT OrpoMHOe NPEHMYLIECTBO AJIS
pacuera BcsepcTBHe cBoeit mpoctothl, OHM ToxAecTBenHbl. B dopmyne A. [1. Manu-
1eBa H3GbITOUHbIE CBA3H Bbipa)KeHbl Yepe3 YHC/IO 3BeHbEB M CBf3ell B KHHEMATHUYECKHX
napax, a B ¢opmyae O. I'. Osona — yepe3 uuca0 KOHTYpOB H mopBHxKHocTeii. Hemo-
CTaTOK HX B TOM, YTO OHH JAlOT TOJbKO YHC/IO M3GLITOYHBIX CBsi3eil, HO He ONpefensiioT
XapakTepa H MecTa HMX pacmosoxeHusi. [ToatoMy Goablloe 3HaueHHe HMeeT NpeaJoxKe-
uue E. 0. KauanoBoil AenuTb NOABHIKHOCTH M CBSI3M Ha MAOCKMe M Hensockue [10].

[Tnockumu Ans naockoctn xoy GyRyT noaBHxHOCTH f = f, + f; + f;, obecneun-
BalOWlUe [BH)XKGHHE B 3TOH MIOCKOCTH, a HeMIOCKHMH — moasmxuoctw [, = f7 +
-+ f; + f;, ofecneunBaiomine ABHXKEHHE BHE 3TOH MJIOCKOCTH.

H36uToutble CBA3H TOXe AENATCA HA NJIOCKHE g H HEIVIOCKHE Gy, T. €. BJABOE yTOU-
HAETCH HX Xxapakrtep (Taba. 1.4).

B panbuefiieM Bce paccyxienusi GyaeM BeCTH, MCIOJAb3Ys KOHTYPH H MOJABHK=
HOCTH, a uYepe3 3BeHbSI M CBf3M JaJHM TOJbKO OKOHYATENbHBIK DPe3ynabTaT, TaK KakK
B GO/IbIINHCTBE MeXaHH3MOB YHC/IO KOHTYPOB MeHblile, 4eM 4Hc/10 3BeHbeB. Hanpumep,
Ha puc. 1.13 oauH KOHTYp M TpH NOABHXKHHIX 3BeHa. ITo3toMy pewenune GyleT npoiue.

I'naBHOe — KaXAblilt KOHTYp TpeGyeT Ha 3aMblKaHHe (C6OPKY) LIECTb MOABHIKHOCTEN
BXOAfILMX B HETO KHHEMaTHYeCKHX Nap, K HAM NPHOABJIAIOTCA MOJABHXHOCTH MeXaHH3Ma.
ITosToMy npu HcCefOBaHMH MeXaHH3Ma ero yAo6HO pa36HBaTh Ha KOHTYpH. OTAenbHOe
SBEHO aHAJOTMYHOH 3aBHCHMOCTH He HMeeT. [lo3ToMy pa36uBaTb MeXaHH3M Ha SBEHbA
B 3TOM Cjyuyae G6eCCMBbICJIEHHO.

MeTo KOHTYPOB BLIrOfieH ellie TeM, YTO NPH PAcCMOTPEHHH BapHaHTOB YMeHblue-
HHSA H3GLITOYHBIX CBAA3€il YHC/IO KOHTYPOB COXPaHSETCA, a NPH CBA3AX H3MEHAIOTCHA Cpasy
IBa Napamerpa — YHCJO 3BeHbeB M 4YHCIO Tap.

B rta6a. 1.4 Raxpuiit croaGeln NpeacTaBisieT CBOO CTPYKTYpHYIo dopmyay. [lepseie
ABa — ¢dopmyant A. I1. Maabimesa u O. I'. O3ona. B kaxaom cilepyouem cToabue —
CTPYKTYpHast ¢opMy/aa AJs CBOEro BHAA NMOABHXKHOCTell H cBs3eit (KOTOpPHIA 0603HayeH

Tadpuua 1.4

Fmtyehy | KB R

W w | wa werw [ uy gl whwiwy
K -6n| bx=3x+¥Ix| K + K +Kx| K +K + K

r r_prr 7 pnrf_pt

v Sov|~bvFoaFon | e g\~ Frg oz
l/ _Z H_/-__f _J__/.l__ | _prro prrg,

P D\ =207 T enl T avi vy e "l aex Tivg v

b et e e s e s L e e ]

7 | g | g=garqu| gr+eitel] 98+ 9i+gz




Hccenedosanue mexaHuamMos ¢ nomMowpio cpyxmyprowx opmya 33

4 ’ 7, ’r, 4
s | Feborhy | K/ 8]| KR S= 8,450 | Sy+Syy| SYESFES:

w=/ 1|7=1+0|0+0+1| 0+0+0 w=1 1=71+0| 0+0+7 | 0+0+0
k=1 <181 6=3+3 | 1+71+1 ]| 1+1+1 n=J -18=-9-9 -J—J—J'-J"J-'J
J

py=3 15|-3=3+0|0+0-3| 0+0+0 ov= 15=6+9 | J+3+0 | 3+3+3
4 |-2==1-1|0—-1+0| 0-1+0 Prv= 4=2+2 | 140+1 | 1+0+1

n=Jd 212=0+2|1+0—-1|1+0+1 x=7 2=0+2 | 1+0-1 | 1+0+1

] ]

v
ABLD | 7 7 4aC|0 70+

Puc. 1.13. Tipumep HCCrenOBaHMA MeXaHW3MAa METOAOM YTOYHEHHBLIX CTDYKTYpPHBIX dopmya
M NOABMXHOCTe# B KOHTYpPe (TPOHKOBHLIA KPUBOWIMNHO-NMOJ3YHHbIA MEXaHH3M)

HaBepXY M TMO3BOJSIET HAWTH H3GHITOYHYIO CBA3b CBOErO BHAA, YTO 3HAYHTENBHO YTOUHSeT
pewenue). Gopmyny O. I'. Osona ¢ = w + 6k — f nanumem cTON6HKOM; TOTAA Jlerko
BLINOMHHTL Pa3/I0XKeHHe BCeX YNeHOB 9TOH GOPMYJIbl Ha MJIOCKHE H HEMJIOCKHE, 3 MMEHHO
w = wy + wy. Ewe npouwe pasnoxenne 6k = 3k + 3k. 3gecb w u 6k HRYT B cTONGLE f;
Wy W3k —B fg; Wy U 3k — B fu.

TIpn pasnoxeHuH NOABHAKHOCTEA KHHEMaTHYeCKHX Nap, Hanpumep f, = p, =
= fyg + fyy, HARO yUHTHIBATb HX HanpaBieHHe. Hanpuwmep, ecin Bpawmarenssas napa

pacroJioxKeHa Mo OCH 2, T. €. NeprneHAHKYJAPHO pacueTHOH MJOCKOCTH, TO OHAa H ee Mof-
BHXHOCTb GYAYT NJIOCKHMH, €C/IH N0 OCH X WIH Y, TO HenJocKuMH. To e camoe MOXHO
CKa3aTb M PO napel Apyrux knaccos (I'V, 111, II n I). Cnenyer OTMETHTD, YTO N/IOCKHE
dopmyan A, 1. Manviwesa u O. I'. Osona 3THX HanpaB/JeHHH He YUMTHIBAIOT.

Has npumepa Ha puc. 1.13 npoBeneHo Hcc/efoBaHHE TPOHKOBOFO KPHBOIIHMHOTO
noa3yHHoro Mexanuama. dopmysaa O. I'. Osona (cronGen f) nana oTeer ¢ = 2, Ho Ge3s
yKa3aHuit, Kakue 3T0 H36biTouHbie cBasu. Popmyna E. 10. Kavanoso# (cronbust fy
H fy) yTouHuna oTBeT gy = 2, T. e. o6e H3OLITOUHBIE CBfI3H HEMNJOCKHE.

[Nnockne MexaHH3Mbl AeNATCS HAa ORHONJIOCKOCTHbIE H MHOIOMJIOCKOCTHbE. B ofuo-
NJIOCKOCTHHIX MeXaHHW3MaX Bce 3BeHbfl PacnojaraloTCs B ORHOIl MJIOCKOCTH, B MHOTOMJIO-
CKOCTHBIX — B HECKOMbKHX Napa/jsieJbHbX NJIOCKOCTAX. [lpuMepom HX MoXer GbITb
ABYXCTYNeHYaThlfi NJaleTapHbifi PeLyKTOp, Y KOTOPOro 3BeHbs NepBOH M BTOPOH CTy-
neHefi pacmosnaraloTcsi B PasHbIX MJIOCKOCTAX.

Teopust E. 10. KauanoBok 10CTaTOYHO CTPOrO NMpHMEHHMa K ORHOMIOCKOCTHOMY
MeXxaHuaMy. B 3ToM ciyvwae naockue M HenslocKHe NMOABHMKHOCTH MOXKHO PaccMaTpHBaTh
COBEpIIeHHO OTAE/NbHO, TaK KaK HenJoCKO-NJIOCKHX 3ameH HeT. Ilpuuuna B TOM, 4TO
I TaKOK 3aMeHbl HYXHO NJaBaiollee 3BEHO, HamnpaBJleHHOe MO OCH 2, a 3Jech z = 0.
Kaxpoe Takoe 3BeHO MOXeT JaTh [ABE HeNJOCKO-MJOCKHE 33aMEHbI.

B mHoron/sockocTHoM MexaHH3Me yxe GYAYT HeNJIOCKO-NJIOCKHE 3aMeHbl, TaK KakK
25 0.

Pasnoxenue nopBmKHOCTEll HA HeMJIOCKHE M NJOCKHE MOMHO MPHMEHSITb M K MpO-
CTPaHCTBEHHBIM MeXaHH3MaM. DTO 1eseco06pa3Ho, Koraa B ORHON MJAOCKOCTH MHOTO MOA-
BHXIiocTell. B KauecTBe pacueTHOH 0O6GLIYHO GepeM MJIOCKOCTb ABHIKEHHS MeXaHH3Ma.
Ho moxno 6pats u apyryo miockoctb. Hampumep, B KeleaHONOPOXKHEIX TeslexKax
MOXHO G6paTh FOPH30HTAJIbHYIO MJIOCKOCTb, TOTA3 YHCJO HEMJIOCKO-MJIOCKHX 3aMeH Mof-
BHXXHOCTeli OyneT MeHblue.

Iast yno6eTBa pacuetoB AaHa TaGAHLA NMJIOCKHX M HENJIOCKHX MOABHIKHOCTEH KHHe-
MaTHY4eCKUX nap (Taba. 1.5). 3pech Kiacchl KHHEMAaTHYECKHX nap 0603HAaueHbl PHMCKHMHU
LH(PaMH B COOTBETCTBHH ¢ Ta6s1. 1.1, HHAEKCH COOTBETCTBYIOT CTO/NIGLAM TOf 3Ke TaGMHUBL.
CieBa nokasaHbl KHHeMaTHYeCKHe Napbi, KaK MPaBHIO, B ABYX NONOKEHHAX, KOTOPHIM
COOTBETCTBYET Pa3/HYHOe YHC/O MJIOCKHX H HeNJIOCKUX MOABHXKHOCTell. HMcKaouenne co-
craBasier chepuueckas napa //1’, y KOTOpO# M/IOCKHe M HeMJIOCKHe MOABHIKHOCTH He
3aBHCAT OT €e MNOJOXEHHS.

KunemaTHueckHe napei, HMelOliHe OXHMHAKOBble NOABHXKHOCTH, 3aNMHCaHH BMeCTe,
Hanpumep [/y34, 4YTO HAMHOTO COKPAaTHIO TaGMHILY H O6/Merduao ee HCMoAb30oBaHUe. TL1o-



34 Heboumounsie c6a81 0 nOOBUNHOCME 6 MEXAHUBMAX

Tabruya 1.5
Obosnayenue naps £y + £, Dlosnayenue naps 7, 1-}‘
n N n H
I X 2+3 . @ 0+3
2345 $27
J+2 I 2+1
M5 = b/ Z+2 ) @ b+2
134 Xa
=5 © 1 +3 /’?ZWR”{””—[E- 1 +1
gy <O~ 11/,’,";'” rezfl R | 140
O |s+off "oz * [ [0+

CKHe H HemJIOCKHe MOJABHXHOCTH JaHH CpaBa B COOTBETCTBYIOIIHX cTonGuax. Ta6auua
yjaoxuaach B 12 cTpouek — wecTb CJeBa H LIeCTb CNpaBa.

H3o6paxenye nap BhIGHpasoch TaKuM 06pa3oM, 4yToGbl OHH, KaK MOXHO 6o.blue,
GLJIM MOXOXKH Ha JeNCTBHTeJbHbIE KOHCTPYKIHH.

Toueunasi napa lyg5 — mepBasi ctpoka B Taba. 1.5. Ec/iM 3BeHO BHINOMHMTL n3
KBajipaTHOro 6pyca co cpepHueCKHM KOHIIOM, TO OHO H306paKaeTcsi ABYMs OKP Y XKHOCTSMH,
9TO H NpHMeHeHO B Ta6/Hue. B oTiinune ot Hee y suHeituaToi napul //,5 (TpeThs CTpoOKa),
3BEHO € UHJIHHAPHYECKHM KOHLOM H306Pa3HTCH OAHON OKPYXKHOCTHIO.

Cdepnueckan napa /1]’ pans nonyyeHus Tex e AaBAeHUH, 4TO M Y UHIHHADPHUECKOI
H BpallaTe/]bHOf, JOMXKHA BHINONHATLCA yBeJdHueHHOro AHamerpa. [lostomy ona H306-
pa)keHa KpyroM YyBeJHYeHHOro JHaMeTpa (nsitas CTPOKa).

nannapuueckas napa G6e3 sakpaun / V, (necsaTas cTpoka) u306paxeHa OLHUM KpYX-
KOM MaJioro AHameTpa.

Bpawareabnast napa ¢ 3akpauHamu V, (ofnHHaAuaTas cTpoKa) H3o6pa)keHa ABYMs
KPYXXKaMH; BTOpOil KPYXKOK H306pakaeT 3aKpaHHbI.

ITnockocTHas napa /115 (nATas cTpoka) H3o6paXkeHa NpsIMOH, KacaTeJabHOil K moJ-
3yHy (NJIOCKHH MNOJ3YH).

MNoctynatesabias napa Vg (oAMHHajuatas CTpOKa) H306pakena npsMol, nepece-
Kalollleil nona3yH (Keao6uaThlii MOJN3YH, Kak OBJIO Yy NapoBO3OB).

PasBuBasi gajbwie nJoCKMe W HenJOCKHe MOABHXKHOCTH, HX MOXHO Da3JIOXHTb MO
ocsIM KoopAHHAT (Taba. 1.6 u puc. 1.13). B aToM ciyuae KHHeMaTHueCKHe Mapsl NpHIL-
JIOCb pacCMOTpeTb yxXe B TpeX NOJIOXKeHHAX, KpoMe JHHeiiuaTolt napel /]y, KoTOpylO
HeOGXOMHMO PacCMOTPETL B LIECTH MOJIOXKEHHAX, U cdepuueckoit [1]],4, KOTOPYIO AOCTa-
TOYHO PacCMOTPETh B OAHOM MOJOXKEHHH. B COOTBETCTBHH € 3THM YHCJIO CTPOK BO3POCJIO
no 31:16 caesa u cnpasa 15. .

B ra6n. 1.6 nanst nuockue NOABMKHOCTH fy, fy, W [, NOKasaHHEIe B cpefHeM nps-

MOYTOJIbHHKE, H HeriockHe f7, f; u f,, noKasaHHble B npasoM npsimoyronbHuke. Koney-
HO, CyMMa BCeX MOABHMXXHOCTEl KMHEMAaTHYeCKOH Maphn paBHA ee MNOABHXHOCTH, T. €,
IIeCTb MHHYC ee KJiCC, YTO MOXEeT CJYXKHTb JJISl KOHTpOASA.

AHa/IOrHuHBIM 06pa30M MOXHO HaMTH NJOCKYIO TMORBHMKHOCTb, cxnanuaaa'f';, [;
u f3, 3anucaHHble B cpefieM MPAMOYTOJbHHKE, H HEMIOCKYIO, CKNaibiBas [y, f;’ nfy
SanHCaHHbLle B NPaBOM NPAMOYrojibHUKe. DTO OfHO3HAUHble LeJble YHCIA, U CIOXKEeHHe
HX 6O/MbLLIOTO Tpyha He cocTaBuT. [losTomy B Ta6a. 1.6 He npuBefieHnl fp H fy.

INopsigox nonb3oBaHusi AaHHOW TaGiuuedl PacCMOTPHM Ha NpHMepe MeXaHH3Ma
puc. 1.13. Tlomsuxnocte w = 1 3anuchiBaeM B cTosGew f, Ha 3aMLIKaHHe KOHTYpa,
6k = 6-1 — no opHO#t Ha KaXnawii cronGell.

Mopsuxuocts nap Ay, ByCy HanpaBieHa BOKpPYr OCH 2 (cM. CTpOKy 28
B Ta6a. 1.6); sanuchiBaeM ee B cTonGeu f.

loxsuxunocts nopmns Dy, nanpasrena BloAb OCH Yy W BOKPYT TOif XKe OCH,
ctpoka 21 B Taba. 1.6, sanuchBaem B cronbue f", (njockas) H f; (nenyockas).
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Tadnruua 1.6
|0s0smavenue naps:| £ + Fg +F7 | £+ £+ A || Ovanavenue mapw| £+ Fg+ 7| £+ FG+F

1+0+1 | 1+1+1 —[:E- 1+0+71 | 0+1+0

29

Lzsvs O+1+1 | 1+1+1 -mﬁsEH o+74+17 | r+o0+0
1+7+1 | 14140 @3 o+0+0 | 1+1471
1T+0+1 | 0+1+1 xa

: 1+0+v0 | 1+0+0

O+1+71 | 1+0+1 W, alg o+1+0 | o+ 140

T+o+0 [ 1+ 1+1 0+0+1 | o+0+1
Ups

O0+7+0 | 1+ 1+1 0+0+71 o+1+0

7T+1+1 |1+ 0+70 V3, 0+0+1 | 1+0+0

1+7+1 1 0+1+0 0+0+0 | 1+1+0

lal= =X

1+0+1 | 1+1+0
llmb o+1+1 | 141+0 Vie
O |o+o+1 | 1+14+1

O~ 0+0+1|1+1+0

g+0+0 1+0+0

0+0+0 | 0+1+0
o0+0+1 a+0+0

+ 0+ o+
B | 1v0+0 |01+ 1040 | 0+ O+G
”1/’2,3] 0+1+0 | 1+0+1 s

0+1+0 | 0+0+0

: U
1+ +1 0+0+0 0+0+0 o0+0+7

Ha puc. 1.13 oana nsiockas u36bITOuHAsi CBA3b NOJY4YHIAaCh OTPHLATENLHOH, T. e
3TO CBOGOAHAS YI/IOBas MOABHXKHOCTb, KOTOPAsl 3aMEHHT JHHEMHYIO H YCTPAHHT COOTBET-
CTBYIOULYIO H36GLITOYHYIO CBSI3b. Takylo 3aMeHY mOKa3kiBaeM TOHKOIl JIHHHel cO cTpesKoit
aHaJI0l HYHO 3Ur3aroo6pas3Hoil JHHHH, HCNO/b3yeMOil NMPH HCCAENOBAHHH METOAOM NOA-
BHXKHOCTeH B KOHTYype.

Ecan oTpunateabHblX H36bITOUHBIX CBsi3eft HECKONBbKO, TO C/lefyeT MOCTyNaTh aHa-
JIOTHYHO METOLy MNOABHXHOCTel B KOHType.

Takum 06pasoM, MeTOJ YTOUHEHHbIX CTPYKTYpHBIX (OPMYJ TO3BOMKJ OMNPeNeNHTb
XapaKTep H MeCTOHaXOXXAeHHe H3GLITOUHbIX CBSi3€il, @ He MPOCTO HX YHCJIO, KaK 3TO NoJy-
yaerca no ¢opmyaam A. Il. Manbiuesa u O. I'. O3ona. Bropoit HeRocTraTok 3THX
¢dopMya — OTCYTCTBHe OnpejieneHHst NOABHKHOCTel MOXHO YCTPaHHTb, Pa3BHUBAasi METOX
3aMeHbl MOJBHXKHOCTEH.

HyxeHn Metoa, no3sonsowiii N0 CTpYKTYpHLIM GopMyJaaM HaXOAHTb OAHOBPEMEHHO
H H30bITOYHBIE CBA3H H MOABHXKHOCTH. TaKoH MeTOA M npeinaraeTcsi HHXKe.

s 3TOr0 Hago CTPOro OrOBOPUTL MOPAJOK 3aMeHbl MOABHIKHOCTeH, a BMeCTe C HHMH
H M36BITOUHbIX ¢Bfi3eit. Hanpumep, ecan na puc. 1.6 f, =0 u f, =1, 70 MoXHO

CKa3aTb, 4TO q;t =1 u q; = 0.
Ho ecnu npoussectn 3aMeny, 1o nonyunm g, = 0 u g, = 1. Ilo puanyeckomy cmbl-

C/y 3TO OfHO M TO e, TAK KaK JHHeiHbIl HATAT 1O OCH X BbI3bIBaeT YIVIOBOH HaTdr
BOKpPYF OCH 2.

YcnoBHMCS 3aKOHHBIM CYHTaTh BTOpPOfi BapHaHT. 3ameHamH GylieM YCTPaHATb CHa-
Yaja JuHelHble H36GHITOYHbIE CBf3H, @ NMOTOM (€C/TH BO3MOXKHO) YIJIOBLIE.
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cn Credencona

Yncso saMeH onpellessieTcsl HaJlHYHeM 3aMeHAIOHKX 3BCHbEB (YYHUTHIBAs HX Hanpap-
aenne). 1o OZHOMY H3 TaKHUX 3BeHbEeB OCTAETCH Ha BHEIIHIOO MOABHXKHOCTL MEXaHH3Ma —
o6yl MM MeCTHYIO (0603HauaeM BepTHKaJbHOW cTpenkoil). Hauunaem ¢ nepenucel-
BaHHA 3aMeHSAIOWMX 3BeHbeB. [locne 3aMeH ocTaHeTCs CTPOKA, B KOTOPOR NOJOXKHTENb-
HEle YHCAA JafyT H3GHITOYHbIE CBSI3H, @ OTPHUATENbHble — COOTBETCTBYIOUIHE TOABHIK-
HocTH. OTpHLaTeJbHble BEJWYHHBI HEe OCTAlOTCA B BHAE CROGOLHLIX NOABHXHOCTeH, a
HAYT HAa 3aMeHY HeJOCTAIOWMX JHHefiHHIX NOABHXKHOCTeH. UTOGH He MPOMYCTHTL 3TOIY,
Halo MPOM3BECTH 3aMeHY JIMHEHHBIX MOABHHOCTEH YI/NOBLIMH BO BCeX Cyuasx, Ifie ecTb
saMmellapollee 3BEHO.

PaccmoTpuM 3amensiiomne 3Bedbst, Mix 6ylem 3anuceiBaTh B JIEBOM NPSAMOYTO/NbHHKE
TaGauUBl NOABHXKHOCTe# (puc. 1.14) nocaenoBaTtenbno B TpeX CTPOYKaX: B BepXHed —
HanpaBJieHHble 110 OCH X, B cjelyiollefi — Mo ocH y H Aajee — o ocH 2. JIna naockux
MEeXaHM3MOB MOCJEJHHE OTCYTCTBYIOT.

~ 3ameHsiiolHe 3BeHbS MOTYT ObiTh Pas3/HYHEIMH B 3aBHCHMOCTH OT KHHEMAaTHUECKHX
nap no ux xoHuam. Ecau no koHuam cdeprnueckue napnt (3Beno /K Ha puc. 1.15),
TO NPH 3aMeHe 3BEHO MOXKHO BPallaTb BOKPYT ABYX OcCell, NEPNeHAHKYAAPHBIX K HeMy,
T. €. BO3MOXHH H NJOCKAas H HeIJIOCKAas 3aMeHH. TaKue 3BeHbs OyJeM 3anuChIBaTb
AByms GykBamHu Ge3 cko6ox. Ha puc. 1.14 Takux 3BeHbeB HeT,
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Eciu Ha OZHOM KOHUe BpaumarteibHas napa V, Hampap/ieHHas no ocH 2z, To, Ge3-
pa3siuuHO OT KJacca Mapbl Ha APYroM KOHIle, 3aMeHa BO3MOXHA TOJNbKO BpaleHHeM
BOKPYT OCH, Napa/ieJbHON OCH 3TOft Maphl, T. €. TOJbKO MJockas 3aMeHa. Takoe 3BeHO
Gynem oGosHauatb ABYMSi GyKBaMH B KpYr/biXx cko6kax (cm. puc. 1.8, a u 0).

Ecan no ocu z nanpamiena 3aMeHsieMasi MOABHXKHOCTBb IE, TO GyAeT HeniocKas

sameHa (cM. puc. 1.8, 8 u 2); cooTBeTcTBYIOLIee 3BeHO GyfeM 0603HauaTb B KBajpat-
HBIX CKOGKaXx.

Eciu no ocH z HanpaBleHO 3aMeHsollee 3BeHO, TO GyfJeT HeNJIOCKO-NJIOCKas 3a-
MeHa; Takoe 3BeHO GyjgeM 0603HauaTb OAHOH KPYIJOH M OAHOH KBagpaTHOH CKOGKOH
(cM. puc. 1.8, 0 u e).

Hakouen, 3BeHo, Hanmpap/ieHHOe Napa//eibHO OCH BpallaTeNbHOW MNaphl, BooGiue
HMKaKHX 3aMeH JaTb He MOXeT, a JacT TOJbKO BpallleHHe BOKPYF CBOEH OCH.

3ameHy JHHEHHbIX TOABHUKHOCTEH YIJIOBBIMH NaeT TaKXKe NJaHETapHblil MeXaHH3M.
Yucno 3aMed B KaXKJOM MeXaHH3Me Ha eJHHuLY 6oJiblle YHC/Ia ero CaTe/NIHTOB, 3TO MO-
JKHO 06OCHOBATh, HCC/IEAOBAB ONHOP ANHBIH MeXaHH3M MeTOAOM MOABHKHOCTH B KOT_p2.
3ameHbl pacnpefensloTcsi NOPOBHY MeXJAY OGeHMH NomepeyHbLIMH OCSMH (TPH HEYETHOM
YHCJe MOXeT GbiThb pasHHua Ha efununy). [lpu 3ToM nnaHeTapHblit MeXaHu3M faaer
TO/IbKO 3aMeHBl fzx H fzy W He 1aeT 3aMeH fxz M fyz. [lonpoGuee sTO H3/M0XKEHO B TiI. 5.

He sapaBasice noasux#ocTblo w, no d¢opmyre O. I'. Osona ¢ — w = 6k —
onpepensieM 6k — f, pasnaras HMX Ha Bce BHAbl NOABHXHOCTet (cM. puc. 1.14), rme
B3AT JBYXKOHTYDHBIl MeXxaHusM.

B nsitoit ctpoke nonyunaoce 2+ 2 — 5 u 1+ 1+ 1; nosoxutenbHbe BelTHUHHBL
COOTBETCTBYIOT H36GLITOUHBIM CBSI3SIM, OTpHUATelbHble — mogBHKHOCTAM. Ho 310 ewe
He pelleHHe, TaK KaK OCTaJoCb BHIMOJHHTb 3aMeHbl JIHHEHHbIX NOABHKHOCTEH YI/IOBbIMH.

Yurem 3ameHsiioliHe 3BeHbsi Ha puc. 1.14: Hanpab/eHHble no ocu x (BC) u (DE);
HanpasienHole no ocH y (AB), (CE) u (FG).

3BeHbeB, HanpaB/ieHHbIX MO OCH 2, HeT, TaK KaK MeXaHH3M NJIOCKHI H HeT He-
MJIOCKO-NJIOCKHX 3aMeH. HemlocKuXx nNoaBHXKHOCTEHl He OCTaJoCL, NMO3TOMY HEMJOCKHX
3aMeH HeT H OCTAIOTCHl BCe TPH HeNJIOCKHe H3GbITOYHbIE CBA3H: ), = 1, q’y' =1lngq, =1

[nockue samenst: 2f, 3amensiem uepes 2f7, uTO BNOJHe BO3MOXKHO, TaK KaK eCTb
JIBa 3BeHa N0 OCH 0x, 0603HauaeM 2fzy; 2f, 3ameHsieM uepes 2f;, TaK KaK eCTb 3BeHbA

no oy (maxe TpH 3BeHa), 0603HauaeM 2fzy.

Peayabrat: g —w=0+0—1u 14 1 I, T. e. oAua naockas yrjioBas noA-
BHXHOCTb f, = | M BCe TPH — HEMIOCKHE H3GbITOUHLIE CBA3H.

Her Toabko oTBera, B KaKMX KOHTypax GyRYT 3TH H36bITOUHbIe CBA3H. DTO jaer
TOJIbKO METOJ MOABHMKHOCTeH B KOHTYpe, KOTOpbiii NpHBeleH B HHXKHell uacTu pHc. 1.14,

B KauecTBe BTOpPOro npuMepa A/ NpeljaraeMoro MeTofa BO3bMEM TPeXKOHTYp-
Hbllt Mexauuam (puc. 1.15). 3nauenue 6k — f onpeleqnM aHaJOrHYHO NpelbAyLiEMY
MEeXaHH3MY.

3amewiaioune 3Belibf M0 OCH 0X — myockoe (DE) u «nondoe» Bl; B mociegHee
BOLUVIH TPYNMH 3B€HLEB, YTO BNOJHE BO3MOXHO. 3aMellaoliiHe 3BeHbs N0 ocH oy — [K
H BE, B XOoTOpoe BOLLIH MHOTHe 3BeHbfl, H mjockue — CD u EA.

[lpn 3ameHax cjenyeT NGMHHUTb, YTO MOBOPOTOM 3BeHA BOKPYT OAHON H TOH XKe
OCH HeJIb3fl chesaTh jBe 3ameHbl. OCOGEHHO OCTOPOXKHLIM HAafo GbiTb C MHOTOMJIOCKOCT-
HbIMH MEXaHH3MaMH, KOrla 4aCTH OXHOTO H TOTO JKe 3BeHa HampaBJieHbl 0 Pa3HbIM OCAM
KOOPAHHAT H JIErKO MOFYT GblTb NPHHATH 33 Pa3Hble 3BEHbS.

Ilnockne 3amenni: 2f, samensiem uepes 2f;, Tak kaK ecTb ABa 3BeHa no ox, Bl

u (DE); 2f, 3amensieM uepes 2f,, Tak Kak ecTb JBa 3BeHa no oy (naxe TpH), (CD)
u /K.

Hennockue samensi: [, samensiem uepes [y, Tak kak ecTb ofHo 3BeHo B/ mo ox
[sTopoe (DE) me roautcs, Tak Kak oxo maockoel; 2f; samensiem uepes 2f,, Tak Kak

ecTb ABa 3BeHa mno oy, BE u [K. Hennocko-nJocKHX 3aMeH HeT, TakK Kak z = 0.
PeaysibraT: ¢ —w =04 0—1;, —1 — 14 0=0, T. e. u36LITOYHHIX CBsA3eH
HeT, @ €CThb YIJIOBble NMOJBHXHOCTH: mMaockas f, = | (sseno EA) n uennockue fy = 1

ssena [GH] u f = 1 ssena [/K]. CornacHo npuHATOMY NpaBHIY 3HAKOB OHHM BOLITH
B GOpMyJly CO 3HAKOM MHHYC.
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INon yTounenHbiMH dopmysamMu Ha pHC. 1.15 nokasaH MeTOX MOABMIKHOCTEH B KOM-
Type; B HHXXHell 4aCTH cXeMBl nofABHXHOCTeA npuMeHuTesnbHO K CIIC rpynne (cMm. B ra. 2).

MoxHo noacyuTath obuee yncjao 3aMeH. OHH HAYT Ha yCTPaHEHHE JIHHEAHHX H36H-
TOUHBIX CBfi3eff, YHC/IO KOTOPHIX 3k. 3aMeTHM, YTO 3aMeHH! HE YHHUTOXKAIOT YIJIOBHIX H3-
OLITOYHLIX CBfi3eil, A1 KOTOPLIX HAJO BBOAMTH AOMOJHHTeJNbHbE LIADHUPH MM CHHXKATDL
KJnaccel KHHemaTHueckKHx nap. M3 umcia 3k Hajo BHYECTh UHCJO JHMHEAHBIX MONBHXK-
HocTell f° B KHHEMaTHYECKMX NapaX H OCTABIIHECH JHHeHHbE H3GLITOYHHE CBA3H g’
H nphGaBuTh OCTaBlluecs NoABWXHOCTH W'. [Toayuum

k—f —q¢+ . (1.9

Ha puc. 1.14 ¢’ = 1; f; ectb y napu By, nostomy 3k — f' — ¢’ = 3.2 —1—
—1+0=4. Hapuc. 1.15 k=3; f, ectv y napm Hyy u f",—-y napu Fy,
nostoMy 3k — f' — ¢ = 3.3 —2=17.

Pa3anoxeHHe NOABHIKHOCTER Ha HeNJOCKHE H MJIOCKHE OKA3aJo BiUAHHE H Ha odop-
MJIeHHe MeTOJa MOABHXHOCTeH B KOHType. PaHbine B OXHOM NMPAMOYTrONAbHHKE SaNHChIBa-
JIHCh JIHHEeHHbE NOABHXKHOCTH [y, f) W f;, a B mpyrom f7, f; u f;, Tenepp B ORHOM

8anuChHBaeM IJIOCKHE MOXBHXHOCTH fy, [, H f7» a B npyrom — Hennockue fy, f;,, fa

IMnockne 3saMeHb MOMYYHAHCH B CPEAHHX NPAMOYTONbHHKAX, HEMIOCKHE — B NIPaBhIX.
M TonbKo HennocKo-nAOCKHE 3aMeHbl COEAHHSAIOT NPaBhle NPSMOYTOALHHUKH C JIEBHIMH,
9TO MHOrO CTPOiiHee, TaK KaK HaMHOTO YNMPOCTHJAHCb 3Hr3arooGpasHeie JHHHH (CM.
puc. 1.13 u 1.14), o6osHayaiomue 3ameHH.

o cHx mop MM Belu HcCJefOBaHHe MeTOAOM KOHTYpOB M noaBuxHocTed. To ke
camoe MOXHO CHeJaTh METOJOM 3BeHbeB H CBfidell (HUXKHAA wactb puc. 1.13). B cror-
Oue BMECTO MOABHXKHOCTei BOHAYT CBASH — NIOCKHe sy -+ s, + s; M Hennockue sy +

=+ s+ s;. Ctpoka BHewHHMX NOABWXKHOCTER W MexaHuaMa coxpausiercs. - Crenyiowas

CTPOKAa — CTENEeHH CBOGOAH 3BeHbeB — 6n JeAMTCH MexAy wectbio cronbuamu. IMony-
yaeTcs N0 n cTemeHeit cBo6OAbl CO 3HAKOM MHHYC B KaXXJOM.

Ilpu 3aMeHe cBfAiseli B KHHEMaTHYECKHX Mapax cJefyeT YYHTHBATb, YTO CBSi3b €CTb
TaM, e NOABHXHOCTL paBHa HYJIO, a Fle eCTb MOABHMHOCTb — CBA3H HET (HYJb).

CoOTBETCTBEHHO 3aNoOMIHAIOTCA KBaApathl B Ta6auuax cBsisefl W MOJABHXHOCTEH.
Bumecto TaGiuubl NOABMXKHOCTel 3ecb NoTpeGyeTcsi TaGiuua CBsA3eidl KHHEMaTHUECKHMX
nap ¢ yueroM ux HanpasjeHuil. [IpaBaa, MoXHO oGoiiTHCh M TaGJHlell NOABUKHOCTEH,
HCXOJlfl H3 YC/IOBHS, 4TO CBSI3H GYAYT TaM, Iie MOABHAKHOCTH paBHb HyMo. KoHeuHniil pe-
3yJbTaT MOJYYHICH COBEPLIEHHO ORHHAKOBBIM.

3aneH MHOTO, HO 3TO HeM36eXHO, TaK KaK MeXaHW3M CJOXHBI, OHH NOJYYMIHCH
T€ Xe, 4TO M NPH HCC/NEeJOBAHMH METOAOM MNOABHXKHOCTEH B KOHTYpe.

BcTpeualoTcsi MeXaHW3Mbl, MCC/IefOBaHHe KOTOPHIX He YHaeTcsl YJOXKHTb B OLHY
CHCTeMy ocefl KOOPAMHAT M MPHXOZHUTCHA GpaTb MX HecKoJAbKo. [IpuMepoM Takoro cayuas
MOXeT CAYXHTb MATHWAPHHPHBIA MeXaHH3M.

Ipy coctaBnenun Tabnuubl noasuxHocteit y nap / u /1, y KotopbiXx uHca0 cBsizel
HaMHOrO MeHbllle YHCJaa MOABUIKHOCTEll, BHIFOAHO, [Jie €CThb CBSI3H, NPOCTaB/ATbL HYJIH MOA-
BHXXHOCTel, a MOTOM OCTaBLIHECH MeCTa 3anOo/HATb COOTBETCTBYIOWUHMH 4YHCJAaMH MOA-
BHXXHOCTeH.

Yro6n u36eXaTh UPe3MEpPHOTO YC/NOXKHEHHS pelleHHsi, BMECTO Das/oXeHHS: Nof-
BHXHOCTell N0 OCAM MOMXHO OTPaHHYHTLCA pa3/NOXEHHEM HX Ha JIHHe{iHble M YIJO-
Bble, T. €.

fo=Ffn+fy 8 Fo="Fo+ Fu

’ v qm »
re fp=l,+1,; fh=Is =1 hh=FL+1,

Ta6a. 1.7 pas aToro cayuas nosnyuaercs npoiue Ta6a. 1.6 u gaer Gosiee npoctoe pe-
lleHHe, HO MeHee TOYHOe: 4YeThipe MapameTpa H3GLITOUHOR CBSI3H BMECTO MIECTH.

Ta6a. 1.7 cocrour u3 20 ctpok Bwmecto 31, Kak B Ta6a. 1.6, Tak Kak 3jfech Kax-
AYI0 Napy Hajlo pacCMaTPHBATh TOALKO B ABYX NOJOXKEHHAX, a He B TpeX. DTOT METOR 0CO-
6eHHO NpHrofieH AJf NJaHETaAPHHIX MEXaHH3MOB, Y KOTOPHIX KHHeMaTHYeCKHe Naph pac-
NOJNOXKEeHH NMOJ OYeHb MHOTMMH YIJIaMH.
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1.7. KHHEMATHYECKHE COEAMHEHHSI C THAPABJIMYECKUMH
U NEKTPUUHECKMMH CBA3AMU

CuapaBauuecKHe H 3JIeKTPHYECKHe YCTPONCTBA HaKMa4blBAIOT HAa MeXaHH3M TaKHe Xe
YCJI0BHA CBfI3H, KaK H KHHeMaTHuyecKHe napbl. OHaKO Ha3blBaTb HX KHHEMATHYECKHMH
napamu 6yJeT HeTOYHO, TAK KaK B HHX BXOAST He 1Ba 3;1eMeHTa (napa), a HMEIOTCS npo-
MexyTo4yHble 3neMeHTh. Knaccuduunposath ux GyleM TaK XKe, KaK H KHHeMaTHuecKHe
napoi, T. €. MO YHCIY HaKNalblBaeMbiX YCJIOBHH CBA3H.

[Tepexopum Tenepp K 0630py OTAE]bHBIX KHHEMaTHYECKHX COeIHHCHHH.

O6bemHasi ruapab/iHyecKass Mepefaya HaKAaJbiBaeT Ha MeEXaHH3M yC/aOBHE no-
CTOAHCTBA Oo6beMa JKHAKOCTH, 3aK/MIOYeHHOH B JaTyHKe, NPHEMHHKe H Tpy6onpoBoje,
T. e. V = const. [Ipn 3TOM H JaTyHKOB H MPHEMHHKOB MOXKeT GbiTb HeCKOJIbKO. JlaTunku
H NPHEMHHKH MOTyT GbiThb MOPLIHEBBIMH — OJHOLMJIHHADOBLIMH HJIH MHOFOLHJIHHAPO-
BbIMH — H/IH MOTYT GbiTb KOJMOBPATHBIMH MAlLlHH: MH.

[MocTosncTBO 06bEMa KHAKOCTH TpeGyeT, yToOLI cymma 0o6beMOB, MOJaBaeMbX Aar-
YHKaMH H NPHEMHWKaMH, paBHAJaCb HYJIO, T. €.

Vi+ Vot Vo4 .+ Vo =0,

Ho V; = f,S;, rae f; — naowans nopwHs B MOPLIHEBOH MAaliMHE WM aHAJOTHYHAR MpH-
BeJleHHasi BeJqMuMHA B KOJOBpaTHOHl; S; — nyTb nopwHs. IToatomy

f1S1+ foSe + faSa + ... + faSn = 0.

Hannune onHoro ypaBHeHusl, CBfI3biBAIOLLErO NepeMelleHHst RaTYHKOB H NpHEMHH-
KOB, NMOKa3blBaeT, 4To oGbemMHasi THAPABAHYECKas Nepejaua HAaK/IaJAblBaeT OQHO YCJOBHe
CBA3M, T. €. ABASETCH KMHEMaTHueCKHM COefiMlieHHeM MepBoro Kaacca. Ero 6ynem nasn-
BaTh FHAPaBAHYeCKHM GIOKOM H paccMaTpHBaTh Kak 0coOyio KHHEMAaTH4ecKYio mapy nep-
BOroO KJacca. ['napasnnueckuit 610k He umeet 3BeHbes. [loatomy no dopmynek = p —n
ApH n = 0 yHcao RoGaBisieMbiX HM KOHTYPOB PaBHO YHCJY THApaBJHYeCKHX G/0KOB.
3TH KOHTYpbl HaJ0 NOHHMAaTb MaTEeMaTHYeCKH, TAK KaK OHH MMEIOT HECKONLKO HeoGbiy-
Hblit cMbics. OHO yc/IOBHE CBI3H Ha OfHH KOHTYP: 6 — 1 = 5 nmoka3asiBaeT, uTO Kax/bli
ruapo6/I0K AaeT nsith noABHxKHOCTell. Hanpasnenne aTHX mopBMKHOCTel 3ajaeT He THA-
po6/IOK, TaK Kak OH He HMeeT 3BeHbeB, a FpaHHyallHe C HUM KHHeMaTH4YeCcKHe napsl, Ha-
npHMep THAPOUUAHHAPH. THAPOLMAMHAPHI MPHMEHSAIOT B MHOTOKOMECHHX YCTpOHCTBAaX
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C — ANl BHIPABHHBAHHA HAarpy3oK MeXay KoJje-
camMH (BMecto Ganaucupos). Hanpumep,

CyNOBO3Has Kamepa, uMeiowas maccy 9700 T

onHpaerca Ha 78 JABYXKAaTKOBBIX TejexeK

g « F=1 P yepe3 rHApaBauyecKHe onopbl. as camo-

. X, YCTaHaB1HBaeMOCTH (6e3 BpefHBIX MOABHX-

2y fy=0 fy=1 HOCTef) HYXHB TpH YycaoBuA cBasu. [lo-

fi'= =1 9TOMY THApPaBJAHYeCKHEe LHIHHAPH AOKHbI

Puc. 1.16. TinemmaTnuecknil ypasumtespupt  OBITb OObEIMHEHLl B TPH OTlebHble THAPO-
MEXaHM3M Ha PEe3HHOBLIX NOAyWKax CHCTEMbl, B KaXJIOff M3 KOTOpbIX LHJIHHAPH

COe/lHHeHbl TPy6GOnpoBOLaMH.

JuHamuueckas (M0NaTouHas) THAPAaB/IHYeCKasi Nepeiaya He fBJAETCA KHHeMaTHye-
CKHM COeJlHHEHMEM, TaK KaK B Heil nepeMellleHle NPHeMHHKA He NPONOPIHOHAIBLHO nepe-
MelleHHI0 faTunka. Hanpumep, npu neperpyske TypGuHa MOXeT faxe OCTaHOBHTbCHA,
a Hacoc 6yleT MpoOAOKATb BPaWATbCA.

INHeBMaTHueCcKan mnepeflaya He ABASETCA KHHEMAaTHYECKHM COeJHHEHHeM, TaK KaK
BO3AYX CXHM3aeM M, C/1€[lOBaTeJbHO, MPONOPIHOHAJLHOCTD NepeMelieHHs JATuRKa H
npreMHHKa He obecneunBaercs. VickioueHue nmpeAcTaBisieT NHeBMAaTHUecKas nepeaaua,
npuMeHeHHas AJ1f ynpaBJeHHs ABHrartesem tenjoso3a B (nusenbnoro, Tuna B). B stoit
nepejaye JaTYHK C NOMOULbIO Pely KIIHOHHOTO KJanaHa ycTaHABAHBaeT NaBJenHe B Tpy6o-
NpoBOA€e YNpaBJeHHs, 8 NPHEMHHUK (MOpLIeHb, HATPYXKeHHbIA NPYXKHHON) nepemeliaeTcs
NpONOpPUHOHANLHO 3TOMY AaBieHHI0. Takas nepeflaua ABAAETCS KHHEMaTHUECKHM COEllH-
HeHHeM NepBOro KJjacca.

B ypaBHHTeNbHBIX YCTPOACTBaX NaBieHHe NMPAaKTHYECKH NOCTOSHHO, M PacCllHpeHHs
pa6ouero Bosjyxa He outywaercs. [IpuMeHenne nHeBMAaTHUECKOro ypaBHHTEJIbHOIO yCT-
POACTBA BBITOAHO, TaK KaK HCKJloyaeT 3amep3anne. UToOn u3Gexatb yTeuek, npod.
I'. B. PaeBckHil 3aMeHH THAPABIHYECKHE LHIWHAPLE PE3HHOBLIMH NMOAYUIKAMH, @ NIOTOM
CTalbHbIMH MeMOPaHaMH.

Hannuke onHoro ypaBHeHMsi, CBA3BIBAIOLIETO MepeMelieHHs 3BeHbeB THAPOCUCTEMB
(MK NHeBMAaTHYeCKOH YPaBHHTENLHON CHCTeMbl), MOKa3bBaeT, YTO FHAPOCHCTEMAa HaKJja-
AbIBaeT OLHO JIMHeiH10e YCJIOBHe CBSI3H, HE3aBHCHMO OT YHCJIA MOAYLIeK, B HanpaBleHHH
nepepaBaeMoil cuanl, T. e. f, =0 (puc. 1.16).

Ocratotcsi nopsuxHoctH (cM. puc. 1.16): naockue [, = 1, f; = 1 u HenaocKue
=1 f; =1 u f; =1, 1. e. TepeTcs 0AHa JHHeAHAS NOABUMHOCTL B HaNpaBIeHHH

niepelaBaeMofi CHJIbl, @ OCTAalOTCH OCTajlbHble ABE JIHHefiHble M BCe TPH YIJIOBble MOABHX-
Hoctd. OfHa THAPOCHCTEMA He3aBHCHMO OT YMC/a LHWJAHHAPOB MMeET Te JKe CBA3H H MOA-
BHXHOCTb, YTO M OJIHA TOUEYHAsl KMHeMaTHUecKas napa (cM. Ta6a. 1.1). 1o HeobGxonuMO
IIOMHHTb MPH NOJb30BAaHHH METOAOM MOJABHXKHOCTeH B KOHType. BbiBelleHHble MOABHKHO-
CTH COXPAHAIIOTCA M AJR cJyuasi, KOTa BMECTO MOAYLIEK YCTaHOBJEHb THAPOLMAHHAPLI.
CBfI3H U NOABHIKHOCTH MOPIIHeA H NepefaTOYHbIX MeXaHW3MOB HajO0 YYHTHIBaTb OT-
AeJbHO.

SneKkTpHuecKHil Baa (ceqbCHH) npeicTaBisieT co6oil ABa Tpexda3HblX aCHHXPOHHBIX
JBHraTeNs ¢ KOHTAKTHBIMH KOJbLLAMH, ¥ KOTOPbIX OGMOTKH CTAaTOpPa MHUTAIOTCA OT obuiei
CeTH, a OGMOTKH POTOpa COefHHeHH napaJjJesbHo. [10BOPOT Basa OAHON H3 STHX MaWIKH
BBEI3bIBa€T PABHBIH €My NOBOPOT Baja Apyroii MawuHbl. [loaToMy snexTpHuecKHit Ban Ha-
KJafbiBaeT OfHO YCJOBHE CBf3H W, CJe[OBaTeJbHO, ABISAETCA KHHEMaTHYeCKHM COelnHe-
HHEeM TNepBOro KJjacca.

[lpn HanWuHM MOMEHTa NOJIE3HOTO COMPOTHBJEHHS HAa NpHEMHHKE NOsABJAETCA
«YyroJl paccoriacoBaHUA», KOTOPblil COBEPUIEHHO aHAJOTHYeH YIJy 3aKpy4yHBaHHA OGhbIu-
HOro MeXxaHHueckoro Baja. lisi yMeHbllIeHHs! YIa PacCcOraacoBaHHSA BpallleHHe MarHHT-
HOTO MOJIsi CTaTOPa HanpabJfilOT B CTOPOHY, MPOTHBOMOJNOXKHYIO MOBOPOTY POTOpa, HJH
NPUMEHSIOT COOTBETCTBYIOLLYIO 3y6uaTylo nepegauy. [IpumMeHsIOT H Apyrue cXeMbl 91eKTPH-
4yecKoro Baja.

dneKTpHyecKan nepejaya NOCTOSHHOrO TOKA Jlaxe C ABHraTeseM C JKeCTKOR Xapaxre-
PHCTHKON (WIYHTOBLIM) HE MOXET CAYXHTb KHHEMaTHYeCKHM COelHHEHHeM, TaK KaK He
ofecneyHBaeT NpPONOPLHONAJbLHOTO MOBOPOTa reHepaTopa.

dnexTpHyecKas MNepelaya MePEMEHHOTO TOKAa MOMET CAYXHTb KHHEMATHUECKHM
Coe/lMHEeHHeM TOMbLKO B CJly4yae HCMOJb30BaHHA CHHXPOHHLIX TeHepaTOpa M ABMraTens.
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BciieacTBHE BO3MOXXHOCTH BhINafleHHsl 3 CHHXPOHH3Ma 3TOT Clyuyail uMeeT OueHb OrpaHH-
YyeHHOe MpHMEHEeHHe.

T'u6xuit Bas1 TOXe NMpeacTaBasieT co60fi KHHEMaTHUECKOe COelHHeHHe MepBoro KJacca,
TaK K4aK HaKJaAblBaeT OAHO YCJOBHe CBSi3H — PaBEHCTBO YIJIOB NOBOPOTa BEAYLLErO H
BelOMOr0 3BeHbeB — H OCTaB/jsieT CBOGOAHLIMH MATbL OCTAJbHBIX NMepemelleHHii BelOMOro
3BeHa (TPH MepeMeLleHHst N0 TPeM OCSM KOODIHHAT H 1B BPallleHHsi BOKPYT APYTHX OCed
KOOpJAHHaT).

1.8. MPUMEHEHHE KHWHEMATHYECKMX COEAWHEHHHA
B PALMOHAJIbHBIX MEXAHU3MAX

YcTpaHeHne H3GLITOUHBIX CBsided TpeGyeT YMeHbLIEHHS KJacca KHHeMaTHUeCKHX
nap. B napax Ha MOAWHNHHKAX KayeHHs 3TO NMOJNY4aeTCHA OueHb JIETKO, TaK KaK HMeloulu-
ecsi B [OCTe noAIIHNHHKH NOYTH PaBHOLEHHO OGECTeYHBAIOT BCE KNacChl KHHeMaTHye-
cKHX map (cm. Ta6a. 1.2). B ocTanbHbIX ClyyasiX CHHXEHHE KJacca KHHeMaTHuYeCKHX nap
MOXXeT NPUBECTH K NMapaM C JIHHeAuaTbIM H J1aXKe TOUeYHbIM KOHTaKTOM, KOTOpbie HelpH-
TOLHbI A/l Mepefaun GOJbIIHX CHI H MOMCHTOB.

ITOro MoXXHO H36eXaTb, €CJH BMECTO KHHEMaTHYeCKHX Nap NPHMEHHTb KHHeMaTHue-
CKHe COeJlHHEHHsl, COCTaBJIeHHble H3 HeCKOJbKHX MOCJeNOBaTebHO COelHHEHHBIX KHHe-
MaTHYeckHX nap. MHoro Takux coenunenkii paspa6oran C. C. Apyrtionos. OfHako ou
He NOGH/ICS YCTPaHeHHA H36GbLITOYUHbLIX CBf3€l, N03ToMy ero Tab/iuia 31ech He NpHBeAEHa.

Kak ycranosun H. E. llamaiinenko [39], npu nocinenoeaTennnom coeinHenuu nap
HX NOABHXHOCTH CKJIAAbLIBAIOTCH. DTO NO3BO/NAET NOJYYHTb KHHEMAaTHUECKHE COeHHEeHHA
C OlHOM, BYM#l, TPeMsl H YeTbIPbMS YCJIOBHAMH CBA3H M3 Nap C NOBEPXHOCTHHIM KOHTaK-
TOM MSATOrO, YeTBEPTOro M TPeTbero KaaccoB. Ilisi cpaBHeHHs HaMOMHKM, YTO NPH napan-
JeJbHOM COeJIHHEeHHH Tap CKJAajblBalOTCH HaKJajlbiBaeMble MMM YCJOBHS CBS3H.

B ApyroM Buje 3aKOHOMEPHOCTb AJIf TNOCJIEAO0BAaTeNbHOrO COEAHHEHHA KHHeMaThue-
ckux nap ycranosuna E. 0. Byavika. Fimenno npu TakoMm coefHHeHHH COXPaHAIOTCA
TOJNLKO CBA3H, OOLIME /5 BCEX KHHEMATHUECKHX map. DTO ecTeCTBEHHO, TaK KaK el y
OJLHO# W3 nap eCTb COOTBETCTBYIOIAA MOABHXHOCTb, TO CBA3H 3TOr0 BHAA M 3TOTO Hanpas-
JleHUsl OHa He mepelacT. ITO NOJHOCTIO CTIPABEAJIHBO AMA CAYyyast, KOTAa LEeHTPbl KHHeMa-
THYeCKHX Nap COBNajaloT, KaK, HanpHMep, 06bluHO GbiBaeT B 3JIeKTPOBO3HBIX KOHCTPYK-
LHAX.

Ecau neHTpHl map He COBMagaloT, TO A€JI0 OCNOXKHSAETCH 3aMeHOi JHHeAHO/ NMOABHK-
HOCTH YIJIOBOil MOABHXHOCTbIO (cM. c. 24).

MocnepoBaTesbHbLIe COERHHEHHS NMpHBeAeHH B Ta6a. 1.8, a coexHHeHnus, He BoLIeJ-
wHe B Hee, HMeIOLIHE MECTHYIO MOABHIKHOCTb HJIHM JIHHeHuaThli KOHTaKT, MOKa3aHbl Ha
puc. 1.17. Kaxnpan ctpoka Ta6aullbl COOTBETCTBYET CBOeMY KJacCy COeIMHEHHs, T. €.
YHCJY YCJIOBHIl CBA3H, HM HaKJaabiBaeMbiX. CTos6ubl 0603HaueHb 6YKBaMH B OTJIHUHE OT
Ta6JIHILbl KHHEeMaTHUeCKHX nap.

Hanpaeacnus oceft KoopAHHAT LJA BCeX CXeM OILHHAKOBH: X — Ha HalJionaTens,
Yy — BNpaBo ¥ z — BBepX. B npaBoM BepXHeM yray KaxJofi CXeMbl nepeuyHC/eHbl CHJILI H
MOMEHTBI, NepeflaBaeMble NaHHbLIM COEJHHEHHEM; B JIEBOM BepXHeM yriy — o603HauyeHHe
no tabnHile KHHEMAaTHYECKHX nap (TOH napel, KOTOPYIO 3aMeHsieT JaHHOe COefHHEeHHe).

Ha HekoTopbix cXeMax Takoe 0603HayeHHe OTCYTCTBYET, YTO YKasblBaeT Ha OTCYT-
CTBHE COOTBETCTBYIOLIeli KHHEMaTHYeCKOl napbl, KOTOpas MOTJa Gbl MepefaTh TaKylo Xe
KOMGHHALLMIO CHJ H MOMEHTOB. B 3TOM 60/IbiLO2 MPeHMyLIIeCTBO KMHEMAaTHYECKOTO COelH-
HeHHSI Tepel KHHeMaTHUeCKOH napoi.

Kak nokasan M. M. Apro6oneBcKuil, KHHeMaTHueCKasi napa He MOXeT nepelaBaTh
TOJIbKO MOMeHThI 6e3 nepeflaud cul. KnnemaTHuecKkoe coeliHeH e HMeeT 3Ty BO3MOXHOCTD,
nanpumep, I, I, 11le.

Ta6anua KHHEMaTHueCKHX COeIMHEHHI COCTaBleHa U3 BpaulaTeJbHHX V,, uH-
Jauuapuueckux /V,, waposbix [113, nnockoctublx /11 u yacTHYHO M3 noOCTynaTelb-
HbX V3 nap. IMocTynateabHbie napbl 34ecb NPHMEHEHb! MaJjO, MOTOMY YTO MPH HECKOJb-
KHX TaKMX Napax COeMHEHHe NOJNy4aeTcss HeKOHCTPYKTHBHbM ([11y, I11g u IVy).
TTosToMy MX NpHMEHAIOT TO/ILKO TaM, Fie HeO6XO4HMO AaTh MepeMellleHHs NO OCAM KOOp-
aunat (ctanku). Kpome Toro, mocrynateipHbie napsl He MOTYT AaTh BpallaTesbHhHIX
noasmxHocteit. CriefoBaTeNbHO, Goblile TPeX B COeAMHEHHM MX NPHUMEHHTb HeMb3d,



42 H36sumounsle 6881 U NOOBUNCHOCMU 8 MEXAHU3MAX

Tabnuya 7.8

a 9 8 g 4 a

5=Jt2 (73 Eatici dp | 5=2124 Q| F=2t1rte1 Gy | S=Hiiri Qg | S=prwpd My

[z 1% Iy Iz 25
z
% v 1A A
¥2 Yz
v, A | % %

~N
<
5]
=
RIS
N ]

[ &
VA /4 YL
b=3tl Qg g | 4217 Gy |WPFIT N2 Gotg) 4727 g Py 41172 42 Gy
I yA 7. SV S
- | 7 % &—J 7,
1l %o ||t s %
[ AP 7 A
= Y ]
Z 2

il

Tl Gy 0| TP Qe 3172 2\ Gl
7,

o2
g Tps \ V" | Wis
_ A 9,
VANA 4 A
X
A e

]
[~

2211 G @y My 2711 2} Qg y| 22741 Ay, Qy,| 22141 QxQp M, | 2514 2, Gy, /Yy,
Mx My z 'M!,M, v, My My, Mz

B ; L LRy £
i Y;
“l g (4 x 2 A y
X ~ X y 4
X7

3
S

12 @z {z @z 5331 My [7 Gz Txs ax My
S=7+4 J=3+3-1 S=J3+3-7/ F=2+7

i} 77!
%
'/_/—-/'zl
(I} m TN ©
a g 8) 2 d)

Puc. 1,17, KuneMaTHYecKHe COEJHHEHHH C MOCTHOH NOABHAKHOCTHIO HAH JHHEAYATHIM KOHTAKTOM




Owiubku npu 6sibope cCMpPYKMypHOIX CXEM 3

O6pasoBanHe KHHEMAaTHYECKHX COeIMHEHHIl MOXKHO NPOCJAeAHTb MyTeM NoJcyeTa NOX-
BrxHocTell. CoelHHEH s NEepBOro KJaacca (MOABHMHOCTb pPaBHA MATH) MOXHO MONYYHTD
fiyTeM pasiMuHBIX KOMGHHauuit yucen 4, 3, 2 u |, Korga uX cymma paBHa MSATH.

1.9. BOBMO)KHBIE OIUWBKH NPH BbLIBOPE CTPYKTYPHBIX CXEM
MEXAHH3MOB

Ilpn npoexTHPOBaHKH CXeMbl MEXaHM3Ma BO3MOXHbLI TPH OCHOBHbIE oliHGKH. TepBan
owH6Ka 3akJio4aeTcs B NoTepe MOABHKHOCTH MeXaHu3Ma. B03MOXHOCTb TaKOH OLUMGKM
M cnoco6bl ee yCTPaHEHH XOPOLIO M3BeCTHbI KoHCTpykropaM. Kpome Toro, ona He cesa-
3aHa c yCTpaHeHHeM H3GHITOUHLIX CBfideil, MOITOMY 31e€Chb He pacCMaTPHBAETCH.

Bropoit owk6Koii sBaseTcs BO3HMKHOBeHHe JullHeil noaBHxKHOCTH. [1py sTOM Hapy-
11aeTcs OMpefeNeHHOCTb ABHMEHHS M MeXaHH3M nepecraeT pa6oraTtb. OHa MoOXeT BO3-
HHKHYTb NPH HENPaBHJILHOM YCTPaHEHHH H3GbITOUHBIX CBsi3eif, KOTOPOe OCYLIECTBJIAIT
TIyTeM yMeHblIeHHs! KNacCOB KMHeMaTHYeCKHX Tap WJIH BBeJeHHS AONMOJHHTENbLHBLIX Nape
Moxer cyuntbes, uTo GyAYT YCTpaHeHbl He Te CBSi3H, KoTopbie Tpe6yercs. Toraa octa-
HYTCSi H36bITOYHEIE CBA3H H BO3HHKHYT JIHLIHHE MOABHKHOCTH, KOTOPbLIE MOTYT OKa3aTbCR
BpennbiMH .Tak mosnyuaercs B rpynnax Accypa npu UX BblpoxAeHHH. [leno Oc/10XKHAeTCA
TEeM, YTO BCe CTPYKTYPHble GOpPMYJibl He JaIOT YHC/IA H3GBITOUHLIX CBA3el H MOABHXHOCTER
B OTAEJbHOCTH, 8 HAlOT TOJbKO HX Pa3HOCTb.

Hns npumepa pacecmotpum depmy (puc. 1.18, a), onucanuyio M. M. Pa6uHoBnuew,
B KOTOPOH HeT H3GBbITOYHLIX CBSA3eH M JIMIIHHX NOABHXKHOCTEIl, YTO MOXHO NPOBEPHTL NO
¢dopmyaam A. T1. Manviwesa wau O. I'. Osona aas niockoii cxembl. Ho ecan nepecra-
BHTb OJIHO 3BeHO (pHc. 1.18, 6), TO NpH TOM XKe yHcie 3BeHbeB (1 = 14) H WapHHPOB (p =
=21) B npaBoii uacTu (epMbl NOSIBUTCH BPefHas NOABHKHOCT Wp= 1, a B JIeBOH — H3-
GLITOYHAR CBA3b Gn = 1, 4TO M noaTBepxaaet dopmyaa (1.6), T. e.

qn=wn + 3k — fn,

TiekR=p—n=21—14=7 wim 1 =1+ 3.7 — 1-21. Orciona BbTeKaeT nepsuiil
npHeM BHISIBJEHHA TaKHX JAedeKTOB.

MexaHusM cieflyeT paccMaTpHBaTb MO YacTAM (B JAHHOM CJyuae OTAEIbHO MpPaByio
H JIeBYIO MOJOBHHBE) H BHISIBJSITb B HMX MOABHXHOCTH M HM3GLITOUHBIE CBSA3H.

B apyroM npuMepe KpHBOLIMMNHO-KOPOMBICJOBHI Mexanusm (puc. 1.18, 6) BKilo-
4aeT OQHY BpaulateabHyio napy Vs v Tpu umaunapuueckue /'V,. Takoit Mexanusm Hepa-
60TOoCnOco6eH, TaK KaK KOPOMEICJIO H IIATYH MMEIOT NOABHXHOCTb BJIOJb OCH H BO BpeMsl

> a) A o 0) »éf
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Puc. 1.18. HenpaBuabHbie CXE€Mbl NAOCKHX MEXAHH3IMOB C BPEAHBLIMH MECTHBIMH NMOABRAXHOCTAMB
H N3GLITOYHBIMH CBA3AMKA
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_, , pa6oTel MoryT cBanuTbes. [loatomy nomBux-
7 s HOCTb COCTOHT H3 OCHOBHONH MOABHXHOCTH H
MECTHBIX MOABHMXKHOCTEH LIATYHa M KOpOMHICJA
B OCEBOM HanpaB/leHHH, T. e. w = 3. [lo
¢opmyne (1.1) =3 —6-3+5-144-3=2.

HM36biTouHbie CBfI3H CO3JAIOT YrjoBbie Ha-
TATH B KHHEMAaTHYeCKHX Mnapax. IDTO MOXHO
OGHapyXHTb, paccMaTpHBasm COOPKY Mexa-
Hu3ma. Ilpu c6Gopke mnocaenHel KuHeMaTHuye-
CKoft napbl (HanpuMep, Ha naJibile KpUBOLIKNA)
MPOUCXOAAT  OTHOCHTeJNbHble  MepeMelleHHs
(c6nuxelne) ee 3J1EMEHTOB: MO OCH X — 3a cyeT
NOBOPOTa KOPOMBIC/IA (KPHBOLIMN CYHTaeM He-
MOABHXHBIM); MO OCH Y — 3a CYeT MNOBOPOTa
waTyHa; TPH NOABHXHOCTH NO OCH 2 — 3a CueT
0CeBOTO NepeMelieHHs B TPeX LHIHHADHUECKHX
napax (aByx JauwHuX). Kpome Toro, umelor
MeCTO YIJIOBble COJIMKEHH BOKpPYyr oceit 2
M y 3a cuet Hatsra. Bokpyr ocu 2z yriosoro
cONMXKeHHss He TpebyeTcd, TaK Kak 3Ty no-
IBHXHOCTb 1aeT caMa co6upaemas napa. Ciue-
N0BaTeNbHO, BO3HWKAIOT ABe JIHILHHE NOABHX-
HOCTH H JABe H36biTOouHble cBA3u. Orcioaa Bul-
Puc. 1.19. Henpasmaban cxema mexa- TEK2€T BTOPOH npHeM BbisIBIEHHS CTPYKTyp-
HH3Ma TOKONPHEMHHKA € BPCAHOH rpynno-  HbIX JedeKTOB MeXaHH3Ma.

BOH MOABHKHOCTRIO PaccMoTpHM coeluHeHHe 3JIEMEHTOB MO-

cneiHell KHHeMaTHuecKoii napel npu c6opke
KOHTypa MexaHu3ma. [I11 3TOro Heo6XOAUMO OGeCMeyHThb IIeCTb OTHOCHTENbHBIX JBHXKE-
HHil NPH COJIMAKEHHH 3/1eMEHTOB Naphl (TPH NepeMellleHHs N0 TPEM OCAM KOOPAHHAT H TPH
BPAILeHHsI BOKPYT Tpex oceil KoopauHar). HacTs H3 HHX o6ecrneyuBaeTcs NOABHKHOCTAMH
camoit napul. Ecin nepemeltenne uau BpauenHe oGecrneuyBaeTcss HeCKONbKHMH Napam,
TO HUMEIOTCSH JIHI'HHe NOABHXHOCTH. Koraa ke kaKoe-1uGo repemelieHne HJaH BpalleHHe
He ofecneyyBaeTCss KMHEMATHUeCKHMM NapaMu (HaTAT), TO UMEIOTCH H3GbLITOMHLIE CBA3H.

B uekoTopuiX cayuasx HedeKibl CTPYKTYpPbl MOXKHO OOHADPYXHTb TOJNbKO Mpu pac-
CMOTpeHHH MexaHH3Ma B uesoM. [las npumepa ua puc. 1.18, 2 mokasaHa HenpaBu/bHast
NJIOCKasi CXeMa CTPOHTENIbHOTO KPdHa HA ueTbipeX TesleXKKax (YCJOBHO NOKa3aHbl B BUAE
NOJ3yHOB). 3eCb Kaxaas Napa HOT MOXeT NMOBOPAYHBATHLCHA HA ‘PaBHble YI/bl B NPOTH-
BOMOJIOXXHOM HanpaBJIeHHH, YTO OGeCNeyHBalOl COeIHHAIOUIHEe HX IapHUPHBIE MeXa-
Husmbl. BeaeactBue 3toro kpan (M3obpakew B BHIe JABYTaBpa) MOXET nepeMelaThes
nonepek penbCoOB, YTO fIBJfETCH BPeRHOM, JullHeli noaBuxHOCThIO. [Ipucnocobastbes
K HemapasJeJbHOCTH PebCOB KPaH He MOMeT, TaK Kak IIapHHPHble MeXaHH3Mbl M03BO-
JSIOT eMy MepeMeIlaThCsi OTHOCHTENbHO PesibCOB TOJbKO MOCTYNaTeqbHO, T. €. 3[1eCh HMe-
ercsi H36LITOUHas CBA3b. KICIIPaBHTb 3Ty CXeMy MOXKIO, €C/IU WADHHPHLIMH MeXaHH3MaMH
COeMHHTb HOTH TeJIeXEeK, OMHPAIOUIHXCA HA Pa3Hble pesbChi.

HenpaBuabuana cxema mnantorpada (TOKONMDUEMHHKa 3/JeKTPOBO3a) MOKa3aHa Ha
puc. 1.19. 3pecb uMeeTCst JIMIIHAS MOABHMKHOCTb (MeCTiasi TPYnnoBas) — B pe3yJbTaTe
BepXHAA paMa najaer. B aToM Mexanu3Mme uer H36biTOuHBIX CBa3eil (¢ = 0), Noatomy
JIMIUHIO TOABHKHOCTbL MOXHO HailTH Mo CTpykTypHoit dopmysae A. [1. Maabiwesa
(1.1). 3aecp nogBuxHOCTL W = 8 (OAHA OCHOBHAsA, 11ECTh — BpALIEHHS INATYHOB BOKPYT
CBOMX OCeH M 0lHa — HAKJOH BepXHHX paMm); ¢ =8 — 6:8+ 5:-2+4 3-10= 0.

BeIfiBHTL JIMILHIOW MOABHXHUCTb MOXCHO MYTeM PacCMOTPeHHA COOPKH MeXaHH3Ma,
4TO Caefyer Aenath no yacTaMm. CHavasa pacCMOTPHM MEXaHH3M HHXKHHX PaM C COCAHHH-
TesabHolt TArof. INocnenniolo craBsit Ha mecto Ge3 natara. [Ipu 3TOM ocTaercss MecTHas
NOJABHKHOCTb — BpalleHue ee BOKPYF CBoeit ocH, uTo 6easpenno. Kpome toro, nmeercs
OCHOBHasi MOJABHXKHOCTL — MOABEM NaHTOrpada.

Ilpu c6opke BepXHHX paM BO BpeMsi MOCTaHOBKH FOPH3OHTAJbHON TATH COMMMKEHHS
MOXXHO JOCTHYb NOBOPOTOM K4K MPaBoi, TaK H JIEBOH Map BEPXHHX paM. 3Jecb HMeeTCs
JUUIHSAS MOABHIXHOCTb, KOTOpas Jie/laeT MeXaHusaM Hepaborocnoco6ubiM. WenpaButb 310
MOXHO MOCTaHOBKOH IHMArOHaJbHOW TATH Y OJHOH M3 BepXHHX pam.
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pynnoBasi NOABHXHOCTb B I'PY30NOABEMHBIX
ycTpoiicTBax o0co6eHHO omacHa, TaK Kak OHa
MOXKET NPUBECTH K MaleHul0 rpysa. ABTopy u3Be-
CTeH CJyuyail NajleHHst XeJe3HOH [AbIMOBOH TPYGb
npu ee nogneme. [lpuunnofi He Mor GbiTb O6GPLIB
Tpoca, TaK KaK ero Harpy3ka MaKCHMajlbHa
B HHXKHEM TOJIOXEHHH, a aBapHf MpPOH3oLLIA
B KoHlle moawvema. [Toatomy cienyer oco6oe BHH-
Manue o6paulaTh Ha BbifiBJEHHE H YCTpPaHeHHe
HMEHHO TPYNNOBOH MOABHMKHOCTH.

Tpetbeit owun6koit npu BeIGOpe KOHCTPYK-
THBHOM CXxeMbl MeXaHH3Ma MOXeT GbiTb OTCYTCTBHe
CaMOYCTaHaB/JHBAaeMOCTH MeXaHHW3Ma BCJeICTBHE
Tpenus. PaccMoTpum 3TO Ha nmpuMepe ABYCTOPOH-
Heil 3y6uaroii mepefauu ¢ Kockim 3y6om (puc. 1.20).
3pech CaMOyCTaHaBJIMBaeMOCTb  JOCTHraeTcs 3a
CYeT O0CEeBOr0 MepeMellieHHs OJHOrO H3 BaJIOB,
B MOMIIHNHHKAX KOTOPOro MpejycMOTpeH COOTBeT-
CTBYIOUIHHA 3a30p.

Ilpu HepaBHOMEDHOM pacnpefelieHHH Ha-
IPY3KH, BbI3BAaHHOM HENPaBHJbHBLIM KpeIleHHeM

/v,
l— 12
v 4
Sm— —
777772 V777773
I
v
m& Zmll
\—VZ —1

Puc. 1.20. JBycTOpoHHAsa Koco3yGasa
nepepada ¢ HIGHITOUHLIMM CBR3AMMH

OAHOTO H3 KOjeC B OCEBOM HJH OKPYXINOM Hanpab/IeHHH, MEXaHH3M CaMOyCTaHaB-
JINBaeTCs B nepBble 060p01‘b1 33 cYyeT BHHTOBOI'O ABHXEHHUS KoJieca, yCTaHOBJIEHHOI'O C oce-
BbIM 3330pOM. 310 MPOHCXOHT NaXe IpH YCJOBHH, €CJH Yroj CNHpajH MeHblle yIJia

CocmabBums
CXeMy MexaHusmMa

Onpedenums
Yucno woHmypol

Pasdums

MEXAHUIM Ha KOHMYpPb!

1 llododpams
KuneMomuyeckue naps!

Hoe uccnedobarue

w30b1noynbIX chR3ed

Hem

TpoBecmu crmpyrmyp-

Mlpobepums Hapuuue | Ecms

Ecms | lpobepums nanuyue
Bpedner

edHbIx nodfumnocmed

Hem
lpobepums

Comoyema -
wobre mewaem

pabrobecue cun

Coroycmanobae
we mewaem

Crodas

NpoBepums

Xopowas

noNepeEYHYK) Kecmuocmb

/TpoBepums npobopa-
vfloﬂge Jﬂe/.s.el ”

L Padoyud vepmen

TPEHHS, TaK KaK CHJa TPeHHS 3lecb jeficTByer
B IJIOCKOCTH, MePNeHAHKYAAPHON K OCH BpalLleHud,
M He BJIHSIET HAa OCEBbie CHJIHI.

Ecnn ke HepaBHOMEDPHOCTb CHJ  BbI3BaHa
nepeKocoM OJHOIO M3 KOJIeC, TO KOJeCO C OCEBOM
NOABHXKHOCTbIO BCE€ BpeMs CKOJNb3HT BHOJb OCH
C nepHoAoM, paBHbIM ORHOMY 0GOpOTY mnepeKo-
IIEHHOTO KOJleCa, H TPeHHe BJHSET Ha CHJIbl — NPH
ManblX yriax chnupaiu 3y6a sddexra camoycTa-
HaB/JIHBaeMOCTH He OyneT. 3paecb ONATbH YeTKO
BhISIBJSIOTCA JBa CJyuas CaMOYCTaHaBJHBAaeMoO-
CTH: B HayaJjle IBHXXEHHS (CHIbl TPEHHS He BJIMSIOT)
H B Tpoliecce BCero JBHXXeHHS MallMHBI, KOTZa
CHJbl TPeHHs HEeO6XOAHMO YUHTHIBATh.

Ecnn u36biTouHble CBSI3M  OTCYTCTBYIOT, TO
JOMYCKH Ha pa3Mephl 3BeHbeB MOTYT ObITb 3HauH-
TeJbHO YyBeJHYeHbl, 4YTO BbI3OBET HCKaXeHHe
3aKOHA JBHMeHHA BefoMoro speHa. OGBIUHO 3TO
HCKa)eHHe NPaKTHUECKOTO 3HAYEHHS He HMeeT,
HanpuMep, Korja NopllieHb KOMMpeccopa ABHXKETCs
no He COBCeM TapMOHHuYeCKOMY 3akoHy. Opnako
B HEKOTOPHIX CMeLHaNbHbIX CJAyYasiXx HCKaxKeHHWe
33aKOHA JBHXXEHHSl MOXET MOBJHATb Ha pabory
Mexanu3aMa. [IpoBepHTb cTeneHb BJHSHHUS MCKaXKe-
HHA MOXHO pacuertoM. [locsie BbiGopa cxeMbl H Ku-
HEeMaTHYEeCKHX Nap Halo NPOBePHTL CHJIOBOE PaBHO-
BecHe (Ha BPefHYIO MOABHXKHOCTD).

Pekomenyemuiii mopsifok paGoTH MpH Npoek-
THPOBaHHH CaMOYCTaHABJAHBAIOWIUXCA MeXaHH3MOB
(6e3 u36LITOUHLIX CBSI3ei) XOPOLIO HAJIOCTPHPYETCH
cxemoit, npenyioxentoii 1. 1 Taiinenem.

1.10. BbIBOAbl H PEKOMEHJALMH

CamoycTanapauBaolnecss MexaHusvu  (Ge3
H3OLITOUHBIX  cRs3efl)  Bcaeactse  GOJABIIMX
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HX TNpeHMYILeCTB  LejecooOpa3Ho  NpPHMEHATb QA BCeX  CIyd4aeB  MpaKs
THKH.

MexaHn3M 6e3 H3GHITOUHHRIX CBfidefi COORpaeTcs Ge3 HATATOB AaXKe MPH OTKIOHEHHH

pa3MepoB SBeHbEB OT HOMHHAJIbHHIX. JTOT npueM yAoGeH /ISl MPOEKTHPOBAHHS.

30bITOYHBIE CBSI3H MOXHO ONpeNeJHTb N0 CTPYKTYpHEM dopmynam A. I1. Ma-
abieBa uiau O. . Osoma. StoT npuem ynoGeH Aia NpoBepKH BHIGPaHHOA CTPYKTYpPHOM
CXEeMBL.

H36biTounble CBSA3H MOXHO BbISIBHTb MO CTPYKTYPHBIM (OpMYJiaM ANs MJOCKOR HIH
cepuueckoil cxeMbl MeXxaHH3Ma. STOT NpHeM YNO0GeH M O4eHb C/IOXHBIX C/ydaeB, TaK
KaK o6/eruaer 3ajauyy BHISIBJIEHHS H3GLITOYHBIX CBfi3efl.

_H36uiTounas cps3b H BpefiHas NOJASHIKHOCTb B CTPYKTYpHOH (OpMyse KOMIEHCHPYIOT
JADPYF Apyra M MOTYT OCTaBaThCsl He3aMeYeHHBIMH.

Jns paspesbHOTO onpejeseHHs MOKBHMKHOCTER H H3GHITOYHBIX CBSi3ell MOXKHO MPH-
MeHATb METOJ MOABHMKHOCTeR B KOHType. [/l yCTaHOBJeHHs XapaKTepa M MeCTa pacno-
JIOXKeHHS H3GLITOUHBIX CBAA3ell HCMO/MBL3YIOT YTOYHEHHBbIE CTPYKTYpHHE GopMyJaH. B stom
cJ1yyae MOJABHXKHOCTH JAENATCA Ha NJIOCKHE H HEMVIOCKHE, a €CJH HYXKHO, TO elle H Ha Ju-
Heliuble, YraoBble H T. A, Kax1eiit BuA moxBuxKHOCTel Hecenyercs oTaenbHo. ITo HumM mo-
JKHO OMpelesHTh H BCe BHAB NMOABHXKHOCTeH. [lJsl 9TOro no yTouHeHHbIM GopMysaam cie-
ZyeT ONpeje]nTh ¢ — W, & MOTOM MPOH3BECTH 3aMEHBI JIMHEHHBIX MOABHKHOCTEH YIJo-
BLIMU (aHAJOTHYHO MeTOAY NOABHXKHOCTefi B KOHType). Toraa B mosyueHHofi cTpouke
[O/I0KHUTE/IbHbIE YHCJa JafyT H3GHITOYHble CBA3H, a OTPHIATENbHbIE — MOABHIKHOCTH.

Ecnn u3BecTHHe KHHEMaTHYeCKHe Maphl He YAOBJIETBOPSIOT KOHCTPYKTOPA, TO MOXHO
MPUMEHHTb KHHEMaTHYeCKHe COeJMHEHHS M3 Map, COeAHHEHHHLIX MOC/HeNOBAaTebHO HJIH
napajnienbHo. IIpH nocienoBaTesbHOM COEAMHEHHH CKJIaAbIBAIOTCA NMOABHMXHOCTH KHHE-
MaTHYeCKHX Map, HO Ka)Xpasi napa nepejaer MOJHYIO Harpy3Ky (CHJIOBYIO HJIH MOMEHT-
Hyio). Ilpu napananeqbHOM COeiHHEHHH CKJIAAbIBAIOTCA YCJOBHA CBfI3H, HaKJaJblBaeMbie
KUHEMaTHYeCKUMH napamu. Harpyska pacnpegensiercs Mexay napaMu, 4to obserdaer
ux paéory. ’

O6beMHas TH7paBJHYeCKas Nepelaya HaK/JajAblBaeT YCJOBHe MOCTOSHCTBA 06beMa
JKMIKOCTH, 3aKJIOYeHHOH B JAaTUHKaX W NMPHEMHHKaX, T. €. OJHO YC/IOBHe CBSI3H, CJelo-
BaTeJIbHO, SABJASETCA KHHEMaTHYeCKHM COeJHHEHHeM MepBOro kjaacca. Takoe e KHHeMa-
THUECKOE COeJMHEeHHe MepBOro Kjacca JaloT M HEKOTOpble 3.TeKTpHUYeCKHe YCTpoiicTBa
(cenbCHHBI).

OcHOBHOH OLIHGKOH NPH MPOEKTHPOBAHHH CaMOYCTaHAB/UBAIOIMXCA MeXaHH3MOB
ABASIETCS] BO3HMKHOBEHHe BPeJHON MONBHKHOCTH.

Tpenue MOXKeT noMelllaTb CaMOYCTaHaBJHBaeMoCTH (camoTopmoxenuio). [lostomy
LUNHHIPUYECKYIO Mapy MIs BpPallaTe/JbHOTO JABHMKEHHS MOXHO CTaBHTb TOJAbKO TaM,
rae 6y eT noaHblit 060poT. 15 nocTynaTe/bHOTO ABHXKEHHS ee MOXKHO NMPHMEHATh BCeria.
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NJOCKHE MEXAHHU3MBbI
C HHU3UWIMMH NAPAMH

2.1. PAUHOHAJIbHBIE CXEMBI HEMOABH)XHbIX COEAWHEHHA

Henoasuxuule coelHHEHHS NPHMEHSIOT AJMA KpelleHMss MallHH Ha ¢yHAamenTe,
COeJIHHEHHS OTAEJbHHX arperaToB H KpelJleHHs CheMHBIX AeraJeil. BrinosaHeHue Takux
coeiHeHuil Ge3 M3GHITOUHLIX CBfA3eH MO3BOJNAET 3HAYNTENDHO CHH3UTb TPYAOEMKOCTD HX
uarotoBaeHus. [IpH HEeTOUHOCTAX H3TOTOBJEHUSA 3aTsXKKa 6OJTOB He BHI3bIBaeT JepopMa=
Ouii AeTaseil H COOTBETCTBYIOWMX HanpsixeHuit. He 6yayT BO3HHKaTh 3TH HanpsiKeHHS
npH ocagke ¢yHJaMEHTOB M paClUIHPeHHH 3BeHbeB OT HarpeBanHd. IIpuronka (ecam oua
TpebyeTcsl) Y CTaTHYECKH OMNpeJesUMbIX COeJHHEeHHH HaMHOro Mpolle, YeM y CTaTHYeCKH
HeonpepeauMbiX. Ha nepBelx BHAHO, rie CiefyeT CHATb MeTalJ HJH YCTaHOBUTb MpoO-
kaapky. Ee Heo6X0AHMO yCTaHABIHBATh TONLKO B ONHOM MeCTe, IPH 3TOM He Haflo CNeAHTb
3a pacmpelesieHHeM Harpy3KH MeXJy HeCKOJbKHMH omopamH. Hakouelu, coesuHenue
MOXXHO CKOHCTPYHPOBaTh TaK, YTOGLI BO BpeMsl PUTOHKH OBITO JIETKO TOYHO BbiJepKaTb
TpeGyembiii pa3Mep (Hanpumep, Mapa//eNbHOCTb ocelft 3y6uyaThiX KoJec).

CraTHuecKH onpefieJiuMOe HeMOABHXKHOE COelHHEHHe JAOJIKHO HaKJaJBBaTh LUECThb
YCJIOBHIi CBSA3H: YCTPAHATL NePeMellleHHs MO TpeM OCSIM KOOPJAHHAT H YCTPaHATL BpallleHH st
BOKPYT Tpex ocefi KoopAuHaT. Jlas WiecTH yCAOBHA CBA3H B 3aBHCHMOCTH OT MX KJaccoB
Tpe6yeTcsi OT ABYX HO LIECTH KHHEMAaTHUYeCKHX Map, YCJOBHS CBSISH KOTOPHIX CKJafbl-
BalOTCH.

CoeHEHHA U3 LIECTH KHHEMaTHUeCKHX nap Heo6XOAMMO BHIMOJNHATL H3 Nap nepBoro
Kaacca. B kauecTBe napml /4 3TOro Kjacca MOXHO NpHMeHATb GOGLIIIKH, Ha KOTOpPbIE OMH-
paercsi coeuHseMoe 3BeHO. BaxHo, uTo6bl pa3Mepbl 606LIILKH GbIIH HE3HAYHTENbHbI B CPaB-~
HEHHH C Pa3MepaMHu 3BeHa, HO NMPH ITOM YTOOH He Obl10 Ype3MeplbIX KOHTAKTHBIX Hanps-
xenuil. Kpome Ttoro, Kpensuine GONTH JOJXKHBI yCTaHAaBAHBATbCA C NOCTATOMHBIMH 3a-
aopar;m, 4To6bl He HaK.1aiblBaTh JIMIUHHX YCJOBHH CBfI3H (Ha PHCYHKaX OHH He MOKa-
3aHhl).

INotpe6yercs mwectb (6= 1-+1-41-41-4 14 1) nap nepsoro kuacca
(puc. 2.1). Ha pucysxe nokasaHo TO/IbKO OIHO 3BeHO COeAHHEHHS, ApYroe 3BeHO YCJIOBHO
H306pPaXKeHO WITPHXOBLIMH JIHHHSAMH.

Ha puc. 2.1, a Ha kaxpoli KOOpAMHATHOH MJOCKOCTH MOCTaB.eHH ABe GOOHIIUKH,
KOTOpble YCTPaHSIIOT MepeMelieHHA N0 OocH X (Ha MJIOCKOCTH y0Z), BPAlEHHA BOKPYr
ocd x (Ha MJOCKOCTH X0y), NepeMelieHHs Mo ocH y (Ha MJIOCKOCTH X07), BpallleHHe BO-
KpPyr OCH y (Ha NJOCKOCTH yoz), NepeMelicHHs MO OCH 2 (Ha IJIOCKOCTH X0y) H Bpa-
IieHUst BOKPYr oCH 2z (Ha MJOCKOCTH x02).

Pacnonoxenne 6oGbilllek MOXeT OnWTb M HHbIM. Heob6xoaumMo ToabKo, 4TOGH OHRM
x‘cmauanu nepeMellieHHsI MO TPeM OCAM KOOPAMHAT M BpallleHHs BOKPYT 3THX ocefi.

O0XHO Ha OJHOH MJIOCKOCTH PacnoJIOXHTb TPH GOOBIIIKH, Ha APYrol — ABe M Ha Tpe-
Thell — oany (puc. 2.1, 6). Ha oaHoli NI0OCKOCTH He.1b3s CTaBHThL GoJiblie TPeX GobhilleK,
TaK KaK TOTJa MnoJyuyaeTcsi CTaTHYECKH HeonpejejquMasi cHCTeMa — OAHa H36LITOUHas
CBfi3b H OlHa MOABHXKHOCTb, HapyllaoWas HenoABHXKHoe coeunenue. CoennHenne, n3o6-

aXeHHoe Ha puC. 2.1, 6, MMeeT MeHblyl0 BHICOTY, YeM COeiMHeHHe Ha puc. 2.1, a.

3TOM CJ1yuae o4eHb YAOGHO BHIBEpSITh MOJOXKEHHe Mo ocH x (0AHa 60CBILIKA), HO MeHee
YA06HO BHIBEPATb YroJ YCTAHOBKH BOKPYT ocelf ¥ M y (OHH B3aUMOCBf3aHHI) M MOJIOXKe-
HHe no ocH 2 (TpH GoGuiluku). Ha puc. 2.1, a auHusdA, coepunsiomas naps /4, pacnono-
JKEeHHble Ha KaXACH KOOpAWHATHOH MJIOCKOCTH, NapaJiesibHa OLHOA H3 OCell KOOpAHHAT;
HanpuMep, Ha MJIOCKOCTH X0y 3Ta JIMHMA NapaijeibHa oy. Takoe pacnosioxeHne Heo6s-
3aTeJbHO. 3Ta JHHUS MOXET MPOXOAUTb NMOJ YIJIOM K OCH KOOPAMHAT, HaNpuMep moj yr-
JoM 45° (puc. 2.1, 6). Heb3s TonbKo, 4TOOH! BCe TPH JHHHM llepeceKaanch B OAHON TO-
uke (CM. puc. 2.6. a), Tak Kak TOrJa NoJy4YuM H3GLITOUHYIO CBA3b H BPeJHYIO BpallaTelb-
HYIO MOABHMXHOCTh.

Cxema pacnonoxenuss nap /4 Moxer GWTb H WHON, HanpuMep Maphl MOXHO pace
TIONIOXKUTbL M0 yraaM npsiMoyroabHuKa (puc. 2.1, &): Ha ABYX yrJiax mo ofHo#t mape ¥
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Puc. 2.1, HenoaBHXHBIE COCAHHEHHS W3 (WECTH nap
nepBoro Knacca (NA0WAAOHHBIX)

Ha ABYX Apyrux no ape. Takas cXemMa XOpOLIO KOMIOHYETCS C arperatoM MpsMOYrofib-
HoOro raGapura.

Bcero nosnyuaercs uethipe BapuanTa coefuHenuii W3 wwectw nap. CoefMHeHHS H3
LIECTH Map NepBOro KJacca MOXHO PeKOMEHAOBaTb 0COOeHHO B TeX Ciy4asiX, Korja Tpe-
GyeTcsi NPHTOHKA.

CoeiHeHHS M3 NATH KHHeMaTHYeCKHX nap (puc. 2.2) MOXHO MOJAYYHTb, NMPHMEHHB
OJIHy Mapy BTOPOro KJaacca M yeThIpe maphl mepBoro kaacca (6 =2- 14 1414 1).
B KauecTBe napel BTUPOTrO KJ1acca MOXHO NMDHMEHHTb JHHeHYaTylo MOJOCKOBYIO mapy
Il5 c compuKocHOBeHHeM 3BeHbeB M0 y3KOH mpsAMoil nosocke (puc. 2.2, a, 6 u 2).
dra nmonocka Moxer GbIThb MapajjenbHa ool u3 oceft Koopauuat (puc. 2.2, a u 6)
WM HanmpasJeHa MoA yraom K ocu (puc. 2.2, o).

Ha kaxpoft KoopAHHAaTHOH MIOCKOCTH MOTYT pacnojaraThCsi Mo ABe Naphl NepBoro
Knaacca (puc. 2.2, a B &) WIH Ha OAHOH u3 HUX TPH (HO He Gosblle), a Ha APYrci
olHA napa nepBoro kaacca (puc. 2.2, 6).

CoenunHenue, 06pa30oBaHHOE M3 KOAbLEBOH napbil//, C CONPHKOCHOBEHWEM 3BeHbEB
no y3Koil LHIHHAPHYECKON noBepXHocTH (pHc. 2.2, 8), MOXKHO peKOMeHA0BaTb IS Kpyn-
HBIX MallkH (31€KTPOABHTaTeell, LeHTPOGEMHBIX HACOCOB, BEHTHIATOPOB) C PELyKTOPOM.
KpyTsuwuit (peakTHBHDBIA) MOMEHT MepejaeTcsi OT CTATOPAa HENOCPEACTBEHHO GOOLILIKAMH
Ha TJIOCKOCTH X0y M He HarpyX<aeT NOAIUMMHHKOBbIE WHTHL. [losoXenHe ocH MallHHBL
M0 OCH Z H OCH Y He peryJHpyioT. [OpH30HTaAbHOCTE OCH MalUHHBI (OTHOCHTEIBHO OCH Y)
YCTaHaBAHBAOT 606LILIKAMH HAa MJOCKOCTH X0y, HANpaBjeHHe CCH MAlMHH B TOPH30H-
TaNbHOM MJIOCKOCTH (BOKPYr OCH 2) — GOGLIUKAaMH HA MJOCKOCTH yo0Z.

Hs nath nap noayumnoch 4YeThlpe BapHaHTa coeiuHenuil. [IpemmylnecTsa u Heno-
CTaTKH Pa3jHYHBIX CX€M PacCMoJIOKCHHIT 3THX Map OCTAIOTCS Te XKe, Y4TO H NPH COeTHHEHHH
H3 LIeCTH Map MmepBOro KJaacca.

CoenvHeHHst M3 ueThipeX KiiHEMaTHYeCKHX nap (puc. 2.3) MOXHO MOJYYHTb H3
JIByX Map BTGPOrO KJacca M ABYX mnap Tnepsoro kaacca (6= 2-- 21 14 1).
Moxuo npuMenutsb (puc. 2.3, €) omHy napy TpeTbero Kjacca M TPM Napbl NepBOro
Knacca 6=3+ 1414 1),
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M3 nap BTOpOro xaacca MOXHO TNPHMEHHTb  [Be MosocKoBble mnapnl [l
(puc. 2.3, a ¥ 6). 3TH cXeMbl OTJHHAIOTCA OT CXeM Ha pHC. 2.1, @ W 6 TeM, UTO ueTbipe
napnl mepBoro Kjacca /, 3ameHennl AByMsl napamu //;. Jlas coennHeHmii, nepeiaiomux
6oJiblliMe CHJIBI, STH CXeMbl BHITOAHee BCJEACTBHEe HANHYHA OOJBILOA MOBEPXHOCTH CO-
npukocHoBeHnsi. Cxema Ha puc. 2.3, a BBIFOAHA NpH GOJLIIMX CHJAAX B HanpapJeHHH
oceit y u 2. IlyreM u3MeHeHUsi BBICOTHI GOGbILIEK HA MJOCKOCTH YOZ JIETKO BLIBEPHTH MO-
JIOXeHHe BAOJb OCH X H YIoJl YCTaHOBKH BOKPYT ocH y. OcTasbHble JIHHeHHbIE H YIJIOBLIe
NOJNOXEHHSA BbIBEPATb TPyJHee, TaK Kak MPUXOLHTCH 06pabarbiBaTb GOJBLIYIO MOBepX-
Hoctb nap Il.

Ecau npuMeHuTb OLHY MOJOCKOBYIO napy //5 u opny KoJbueByio //;, To moayuum
JlBa BapHaHTa HEMOABHXHbIX coeauHeHuit (puc. 2.3, 8 M ¢). OHH OTIHYAIOTCA OT CXeMbl
Ha puc. 2.2, 8 TeM, 4TO ABe napu /, 3ameHeHbl ofHO# napoit //5. Ix npenmyinectsa u
HeJIOCTaTKH Te XK€, YTO M y CXeMBl Ha pHC. 2.2, 6. DTH CXeMbl MOXHO PEKOMEHJOBaTh
IJISl COEJlMHEHHS KPYMHBIX MaIUMH C PelyKTOpOM.

Ipu Hcnosb3oBaHHM ABYX KoablieBbiX map (cM. puc. 2.3, d) ocu nap I/ cosna-
AaioT (Ho 3TO Heo6s3arenbHo). IlaockocTu nap mepBoro KJjacca A0JMHbI GbITb pacnoso-
XeHbl MOA YIJIOM, HHaue MOJYYHTCH H3GBLITOYHAsA CMeCh M MOABHXKHOCTb, Hapyliaiouias
HernoJBHXXHOe coellHHeHHe. Takofi BUA coefnHeHus YA06eH TeM, YTO OH XOPOLIO KOMIOHY-
ercs ¢ KOHCTPYKIMel MalUMHB, TaK KaK 3[eCb KHHeMaTH4YeCKHe Maphl pacnonaraiorcs
Mo yrjaM npsMOYrONbHMKA.

B HenoaBH)KHOM COeIMHEHHH, COCTOSIleM M3 OLHOM NMaphl TPETbero KJaacca H Tpex
nap nepBoro kaacca (puc. 2.3, e€), neppas siBjsieTcss mJocKoctHol /715, Ho Moxer
Ouite B waposoil ///;. IllapoBylo napy H3roTOBHTb HaMHOTO TPYyAHee, YeM MJIOCKOCT-
uyto. [TosToMy Ansl HEMOABKKHOTO COENMHEHHS €e DEKOMEH[OBAaTh Helb3d, Ha PHCYHKaX
OH2 He MOKa3aHa.

Puc. 2.2. HenoABMKHbIE COEAHHEHUS H3 NATH nap —
OAHOI BTOPOro KJacca M YE€Tbipex nepsoro
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Puc. 2.3. HenoABHXKHBIE COCJHHEHHs1 M3 YeTHpeX nap:
a—0 — JABYX BTOPOTrO H ABYX NepBOTo KJacca; € — OAHOM TpeTbero M Tpex NepBOro Kjacca

CxeMa Ha pHuC. 2.3, e BHIrOHa B TOM CJyuae, KOTAa CHJH, AefCTBYIOUIHE B OXHOM Ha-
npasieHHH (HarpyKalollne napy TPeTbero Kjaacca), HaMHOro GoJiblile CHJI, AeHCTBYIOWKX
B ABYX APYTHX.

KnneMaTHuecKHe napn nepBOro Kjaacca pallMOHANbHO pacnosnarath B MJOCKOCTH
JIeHCTBHSL TOPH3OHTANbHBEIX CHJI. OJHaKO 3TO Heo6f3aTe/NbHO, HX MOXHO pacrnonaratb
Topasfio HHXe ee (LIS SKOHOMHH MecCTa).

TaxkuM 06pa3oM, COeliHeHHs H3 ueTbipeX Nap, CYHTasi M CoelMHEHHe C IIapoBoil Na-
POil, MOXHO BLINOJHATH B CEMH BapHaHTax.

CoearHEHHSA H3 TPeX KHHEMaTHUECKHX Map NONYUYHTb He TaK MPOCTO, KaK 3TO KaxeTcs
¢ nepBoro B3rasaa. Henb3s, 4ToGH! TPH TOUKH ONHOH JeTalH ONHPaJHCh HAa MAOCKCCTh
Jpyroii feTalu, TaK Kak MPH STOM HA/N0XKATCA TOJAbKO TPH YCIOBHS CBSI3H B OCTaHYTCH
TPH NMOABHXKHOCTH 3BeHa Ha NJocKocTH. IIpaBia, 3TH NMOABHIKHOCTH MOXHO YCTPaHHTDb
CHJIaMH TpPeHHs NpH 3aTsKKe 60aToB. ONHAKO Takas KOHCTPYKIMS TpeGyeT peryJnpo-
BaHHMAl MoCJe KaXJAOoi pa3GOpKH, TaK KaK JeTalH He MOTYT TOYHO BCTaTh Ha NpexHee
mecto. KpoMe Toro, Bo BpeMsi pa6oThbl A€TalH MOTYT CABHHYTBCS C MECTa, YTO MOXET NpH-
BECTH MHOrJAa K OYeHb TsXKeJbIM MOCAeACTBHAM. Heab3si B Tpex TOuKax NOCTaBHTh
NJIOTHO MPHTHaHHble 6ONITHI, TaK KaK TOTAa B KaXJ0i H3 HUX GYAyT TPH YCJIOBHS CBSI3H.
CaegoBatesbHO, MOJYYaTCA TPH M3OBITOUHHE CBSA3H.

IToaToMy coefvHeHufl M3 Tpex Nap clefyeT O6pa3’oBbIBaTb Ha OCHOBaHMH oOLlei
TEOPHHM NYTEeM MNOACYETAa YHCJIA YCNOBHH CBA3H.

MoXHO NpHMeHHTD:

6=3-4 2+ 1 —no oauoii nape TpeThero, BTOPOrO M MEPBOro KJacCoB
(puc. 2.4, a—o);

6=2-4 2-+ 2 —1pn napm BTOporo knacca (puc. 2.4, 2 n 2.5, a—0);

6=4-41-+1—opsa napa ueTBepTOro KJacca H JBe Nnapbli NepBoro.
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B coepunennn Ha puc. 2.4, a ofHa AeTajib NOCTaBJeHa HA TPH GOOHLILIKH, BLINOJIHEH~
Hble Ha Jpyroft Aetann. Oaun 60AT, YyCTaHOBMeHHbIA 6e3 3a30pa (NOA pa3BepTKy), BMecTe
¢ 6o6biKoit o6pasyer napy /I/;, Hak/IafbBaIOWYIO TPH YCJIOBHA CBs3H. Jpyroi Goat
pacno/ioXeH B Na3y JeTaJH H BMecTe C GoOblIKOA HaKJaAaWBaeT [Ba YCJOBHA CBA3H.
Tpetnit 6onT pa3mellleH C 3a30pOM B NIACTHHE U BMecTe ¢ GoObILIKO# o6pa3yeT napy /g,
HaKJa[ibIBalOLLyI0 OJHO YCJIOBHe CBfA3H. Bcero mects ycjoBHit cBf3H, YTo H TpebGoBa-
JI0Ch.

Ha puc. 2.4, a ocp nasa Broporo 6osita MpOXOAHT depe3 [eHTP nepsBoro 6oJTa,
HO 3TO HeoOS3aTeJIbHO — MEXJY STHMH HanpaBJeHHAMH MOXeT ObTb HeKOTOpHit yrou,
Ho TonbKo He 90°. Takoe coepunenne B. H. KanuxoBnu ycneiuHo npuMeHH aJjsi Kpen-
JIeHHst KoXyxa 3y6uaTofi nepeiauH 3JeKTPOBO3a.

B zpyrom coenunenun (puc. 2.4, 6) npuMeHensl nnockoctHas [/75, xomvuesas /1,
H MtowanoyHas [, napul. Takoe coennneHue Leecoo6pa3Ho AJA CAyuas, KOTAa AOMHHH-
pPyeT NJOCKOCTHas napa.

AHanornyHoe coefiHeHHe, B KOTOPOM, NpaBJa, BMECTO KOJIbIEBOH Mapbl MOCTaBJeHa
napa Il; ¢ KacaHHeM No TMOJOCKe, NOKa3aHO Ha pHc. 2.4, 6.

MoxHo Bce Tpu maphl cliesaTh OJHHAKOBBHIMH — KOJbLEBHIMH BTOpOro Kiaacca [/,
HIH B BHe GoGbilikM M GoaTa, BXoAsiuero B ma3 (puc. 2.4, 2). 3aech Bce TPH Nasa
HanpasJeHbl K LEHTPY, HO 3TO YCJOBHe Heo6S3aTeJbHO — Na3bi MOTYT OTKJAOHATHCA
OT 3TOr0 HAMpaBJeHHS, HO HEHaMHOro.

KnnematnueckHe mapu nepBoro M BTOPOTO KJaccoB Iesiecoo6pasHO pacmosarathb
B IVIOCKOCTH AeHCTBHS TOPH30OHTaJbHBIX CHI. OJHAKO MOXHO pacnosaraTb MX ropasfo
Gauxe K miaockocTHoi nape ///3 (ans sKoHoMHHM MecTa). ITpaBja, npu 3Tom pacnpe-
JleleHHy HArpysKa na nape ///; cTaneT HepaBHOMEPHO#, 4TO OOBIYHO 3HAYEHHS He HMeeT.

Coennnenns, nao6paxenHnle Ha pHC. 2.4, 6 H 8 BMECTO IVIOCKOCTHOM Naphl TpeTb-
ero xsacca ///5, MOXHO BHIMOJNHATH C WIApOBLIMH napamu [/[;. IlpaBpa, u3-3a Tpya-
HOCTH HM3rOTOBJIEHHA ILAPOBOH Mapbi MO CPaBHEHHIO C NJIOCKOCTHOH TaKoe COeJHHEHHe
MOXHO DPeKOMEeHJ0BaTb TONbKC B HCKJ/IOYHTEJIbHBIX CJydasx.

Coegmunenne n3 Tpex mnap //g BTOporo kjacca € KacaHHeM MO TNOJAOCKE (CM.
pHc. 2.5, @) aHaJOrHYHO COelMHEHHIO Ha pHC. 2.1, @, TOMBKO NMOBEPXHOCTH COMPHKOC-
HOBeHHS 3Jecb GoJibllle, TOITOMY €ro MOXHO PeKOMEHIOBaTb AJIsl GOJIBIIHX CHJ. 3Hech
napa, pacno/IoXKeHHas Ha MJOCKOCTH X0y, YCTPaHSIeT nepeMellleHHe JAeTaJld 10 OCH 2
H NOBOPOT BOKPYT OCH X; Napa Ha IVIOCKOCTH X0Z — MO OCH Y H MOBOPOT BOKPYT OCH Z;
1apa Ha INIOCKOCTH Y02 — MO OCH X H NOBOPOT BOKPYT OCH Y.

MoxXHO Bce TpH naphl BTOPOTO KJacca PaclofIOKHTb MOA YIVIOM K OCSAM KOOpAMHAT
{puc. 2.5, 6). Cxema pacnosioxeHusi aHanorHuHa cxeMe Ha puc. 2.1, 8. Heab3s Tonbko
pasmemlath TpH JHHeHuaThle napbl //; Tak 4TOOBl WX KOHTAaKTHble JIMHHH NepeceKanu
onxy npamyio (puc. 2.6, a), Tak Kak BO3HHKAIOT H3GBITOYHAA CBA3b H BpeAHAst MOABHXK-
HOCTb BOKPYT 3TO¥ npaMmoii. Hesb3s TakKe AONMyCKaTb NapajieJbHOCTH KOHTAKTHBIX JIH-
HHA 3THX map (puc. 2.6, 6), Tak Kak MOJNYYHTCH BpeAHas NOABHXKHOCTb — BpallleHHe
BOKDYT JIHHHH, MapaJjelbHOH 0x, a MOBOPOT BOKPYT OCH 2z 6yfieT GHKCHpPOBaH ABYMS
napaMH, T. €. NOJYYHM H3GbITOUHYIO CBSi3b.

Axanornusble HenpaBHJbHbIE CXeMbl, COCTaBJeHHEE H3 Map MepBOro KJacca, Moka-
3aHHl Ha puc. 2.6, 6, a.

Coenunenne M3 Tpex nap BTOPOTO KJAacCa MOXKHO BHIMOAHHTb H3 ABYyx map [/g
€ KaCaHHeM 10 NOJOCKe W OAHON napw [/4 ¢ KacaHueM No y3KOH IHJIHHAPHYECKOH IMo-
BepXHOCTH (CM. puc. 2.5, 8). OHO HMeeT MHOro o6LIEro € COeXHHEHHSMH, H306paxKeH-
HBIMH Ha pHC. 2.2, 6 ¥ 2.3, 6, 2, ero MOXHO PEKOMEH0BaTb H JAJIfl COeAHHEHH I KPYIHHIX
MallkH ¢ peRyxTopoM. [ToBepXHOCTb CONPHKOCHOBEHHM 3/iech GoJbille, YeM B CXeMe Ha
pHc. 2.2, 6, MO3TOMY cxeMa Ha pHc. 2.5, 8 mejecoo6pa3Ha Ang Goablkx cul. Bricory
OCH MAlIHHH H TOJIOXEHHE ee MO OCH Y B 3TOM CJydae pery/jHpoBaTh HeJb3fi.

['OpH30HTa/IbHOCTL OCH MALIHHH PeryJHPYIOT KHHEMAaTHYeCKO! Napolt Ha MJIOCKOCTH
X0y, TOJIOXKEeHHe MalliHH BAOJb OCH X H NOBOPOT B FOPH3OHTaNbHOM IVIOCKOCTH BOKPYT
OCH z — KHHeMaTHYeCKOH Nnapoil Ha IOCKOCTH Y0z, KOTOpas Ha pHc. 2.5, 8 pacnojaoxeHa
BHH3y. OniHako OHa MOXeT OWTb M HaBepXy, H IO LEHTPY MallHHbL.

B HemoaBriKHOM coeiMHeHHH H3 TpeX KOJblieBbIX nap //4 ¢ KacaHueM no y3koi mu-
JIHHAPHYECKOH NMOBEpXHOCTH (CM. pHC. 2.5, 2) OCH nap mepeceKaloTcs NMOA NpAMBIM yI-
JIOM, HO OHH MOTYT MepeceKaTbCsl K MOJ JIOGHIM APYTHM YIJIoM, HanpuMep 120°, MoryT u
CKpellHBaTbCHA. TaKoe COeMHEHHe MOXHO PeKOMeHJO0BaTh MJIA HeOOIbLIHX JeTaell,



62 I aocKkue mexanusmbl ¢ HUSWUMU napamu

Puc. 2.4. HenoaBnXHble COCHWHEHHA W3 Tpex nap:

a—é — mo OAHOH nape TpeTbero, BTOPOro H NEPBOro Kiacs
COB; 2— Tpex nap BTOpOro Kaacca

Puc. 2.5. HenoaBumnbie COCAHHEHNA H3 TpeX nap BTOPOro Kjracca
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Puc. 2.6. HenpaBHabHBIE HENOABHKHLIE COSAHHEHHS C
OAHOA BpeaHON NOABHKHOCTLIO H OAHOW H3IGLITOUHOM
CBA3bIO

0COGEHHO KOT/1a NOABHIKHYIO eTallb ylepKUBAET ee CH/IA TSIKECTH (BaxHo, 4TO6H jAeTalb
Cpa3y M TOYHO CTAHOBWJACh Ha CBOE MeCTO).

Konbuenbie naper Benenctsue aunefiuatoro xowtakTa paGoTaloT ¢ GONbIIHMH KOH-
TaKTHBIMH. HANpsKeHUAMH. [TosToMy na7 oueHb HanpsKeHHBIX KOHCTPYKUHil, Hanpumep
L/l CaAMOJIETOB, OHH HENPHTOLHHI.

B Takux cayuasx napa /I, samensercs coeaMHenneM 3 nap IV, u 115 (cm.
puc. 2.5, 0), HanpuMep, B Pa3bLEMHOM COENHHEHHH Kpbl1a C LeHTPONJIAHOM CaMoJeTa.

Henoxsuxnoe coennnenne 3 Tpex KuemaTHuecknx nap MOXHo 06pa3oBaTh OAHOI
UHIHHADHYECKOR Napoit yeTBepToro kaacca M AByMsl napamu nepsoro knaacca (6=
= 4+ | + 1). Tapul nepporo knacca no3soasIOT YCTaHaBJHBATb NOJIOXEHHEe CHEeMHOM
ACTa/M BAONb OCH UHIMHAPUUECKOH Maphl H YroJ noBopoTa BOKPYT Tolt xe ocH. Takoe
COCJHHERNE Ue/1eCO06PA3HO NPUMEHNITh ANS HeGOMbUIMX NeTanell H feTadeii, noasepra-
foLHXCs YacToit pas6opke.

Takum o6pasom, u3 Tpex KuuemaTueckux nap, BKJOuasi JBe CXeMbl C IIapOBbLIMH
flapaMu H ONHY C LIM/HHAPHUECKOH, MOXKHO NOMYIHTb OAMHHALUATL BapHAHTOB HEMONBH-
XKHbIX COeJlHHeHHH,

CoellMHEHHS H3 1BYX KHHEMATHUECKHX Nap MOJKHO NOJy4HTb H3 NMapsl NATOro Kjacca
H napul nepsoro kjacca (6= 5- 1) uau u3 naphl 4eTBEPTOro KJacca H napel BTOpoOro
Kaacca (6 = 4+ 2).

Henonsuxuoe coeqnnenne us gByx nap Tpetvero kmacca (waposoit /115 u nno-
CKOCTHOH /1]7]) Henb3st MOMYUHTL HH 1IPH KaKHX HX KoMGHHALUAX, TaK Kak Bcerna 6yaer
OIHa H30LITOYHAs CBfA3b, @ ONHA H3 MOABHKHOCTEH OCTaHeTCH HeYCTPaHeHHOI.

Coennnenne M3 BpamatenbHol napet Vy v napwt I, (puc. 2.7, a) npuMensiioT Aas
TPAMBAHHOrO MOABELUMBAHHS TATOBLIX ABHTaTelefi TOBapHbIX 3/1eKTpoBO30B. [IBHraTens
Onupaercsi Ha OCb KoJieca MPH MOMOUM BPallaTeJbHOit napbl V. PeaKTHBHEI MOMEHT
9epes HOCOK (mapy /; M MPYKHHHYIO TpaBepcy) mepeiaeTcsi Ha TeMeXKy. AHanmOrHYHO
KPEnAT (uianleBble 3/1eKTPONBHIaTeNH, TONBKO Y HHX Napy V, BHMOMHAIOT B BHAe ¢uranua
€ LEHTPHPYIOWMM KOJbLUOM.
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Puc. 2.7. HenoaBnixHbie cCoeqMHEHHs M3 ABYX nap.

a—u3napVmul;6 —n3napl/Vull,éne — npumensieMbie AJIS KpenJeHus 11POBOJIOYEK 3aHa»
BECOK (6 — HenpaBHJIbHOe ¢ § = | n 2 — npaBuabHOe ¢ ¢ = 0); 0 K € — NpHMEHAEMbIE AJ51 Kpe-
NJIEHWA BaroHHbIX TpadapeToB (0 — HenpaBuJbHOE ¢ § = | M e — npaBuabHOe ¢ ¢ = 0)

CoenuHennsi H3 nocrynatenbHoil napol Vg u napbl /o NpUMEHSIOT Ml ChEMHBIX pY-
KOAITOK M puiuaros. [loctynaTeqbHylo Napy BLIMOJHSAIOT KBaApaTHON HJH ULIHLEBOH.

CoegnnHenne H3 BUHTOBOR napbl V, H napul /, B noc/ieaHee BpeMs CTalH NPHMEHSATb
A5l CXEMHBIX PYKOAITOK. IlepejaBaeMblli MOMEHT B 3TOM COelHHEHHH 0GecreunBaeT CHJIO-
Boe 3aMbIKaHHe. Takoe coejHHEHHe TOJMTCS TOJNbKO ANS Nepejayd MOMEHTa B OJHOM
HanpaBJeHHH, TaK KaK NpH BPAIEHHH PYKOATKH B OGpaTHYIO CTOPOHY OHA OTBHHYMBa-
eTcel.

HenoaBuxkHoe coeawHenne H3 UHJAHHApHueckoit [V, u Koabuesoit 1/, nap
(puc. 2.7, 6) nmeeT MHOro oGLIETO C COeAMHEHHeM, H3C6paXKeHHHIM Ha puc. 2.5, e, M
npefHa3HaucHO Aaf Tex e ueaell. [letaaw npu ux c6opke (cM. puc. 2.5, e n 2.7, 6)
MOXHO CGJIMXKaTb B BePTHKaJbHOM HanpaBJeHHH.

LIHMHApHYECKYIO Napy MOKHO CAeNaTh 3aKpHITOH, a AeTaaH npH c6opke cOauAKaTh
BAOJIb ee OCH. BHIpe3 y KouiblleBO# Naphl CJefyeT HarmpaBHTh BIOJAb OCH LHJIHHAPHYECKOR
napel. Ecin BbIpe3 OCTaBHTb TaKHM, KaK OH clenaH Ha puc. 2.7, 6, Toraa yacTH napel
HEOOXOAMMO COENMHATb ABYMS JABHXKEHHSMH — OCEBHIM NepeMellleHHeM H INOBOPOTOM.

K coennHennsiM M3 IByX Nap MOXHO YCJIOBHO OTHeCTH KpeNJeHHe NMPOBONOKH AJS
3aHaBecok (puc. 2.7, 6 M &) M KpemleHHe BaroHHbix TpadapetoB (puc. 2.7, @ u e€).
OG6bIuHO TaKas NPOBOJIOKA ANSl 3aHABECOK BLINOJIHAETCS B BHJie CKOGH H BCTaBJ/IsieTcAl B JiBe
nemn (puc. 2.7, ¢ u &); B Kaxnuoil netse ABe mapbl //g u /5 KOTOpble MOXHO paccMa-
TPUBaTh KaK oAHy napy ///,. Ocraercsi ofiHa H36bLITOYHAsl CBA3b — HATAT NO OCH X,
KOTOpasi TpeGyeT TOYHOIO BHIMONHEHHS MJIHHBI CKOGbl — PaBHOrO DPacCTOSIHUA MeXAy
neTaAAMH. 3TO TPYAHO BHITOJIHHTb, a €CJIH H BbIOJIHEHO, TO €CTb ONAaCHOCTb CNYTaTh CKOGbI,
YTO NPHBOJAHT K BLIBOPAUHBaHHIO MeTelb.

H36exaTb H36bITOYHOM CBA3M MOXKHO, MNpPHMEHfisi NPOBOJOKY B BHAE KpioKa
(puc. 2.7, &). Onna neT/s B 3TOM Cayyae COCTOHT u3 map //g u I, KoTopele paccMaTph-
BaeM kak oiuy napy /I1/;. Idpyras netis — napa [/g. HM36uTOuHas CBA3b yCTpaHeHa.
IogBrXKHOCTE BOKPYT OCH x 6e3BpefHasi, TaK KaK OHa NPOHCXOIHT B mpejieiax 3a30poB.

AnanoruyHoe MOXHO CKa3aThb TpO KpeIlleHHS Tpadapera K CTeHe Barola.
Ha puc. 2.7, 0 noxa3ana HenpaBHAbHAs KOHCTPYKIHS C H3GHTOUHOI CBA3bIO, TpeOylo-
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asi TOYHOI'O BHIMOJHEHHsl PACCTOSIHAA MeXAy LYypyNaMH B COOTBETCTBHH C TpadapeToM;
Ha puc. 2.7, e — nMpaBHIbHaA KOHCTPYKIHS, He Tpe6y.ouas 3Toi Tounoct. Taknum oG-
pa3oM, monydaercsi LeCTb BApDHAHTOB COeJHHEHHH H3 HBYX KHHEMaTHYeCKHX mnap.

Bcero nonyueno 32 BapHaHTa HENOABHIKHBIX COeHHeHHil 6e3 H3CLITOYHbIX CBf3el:
YeThipe — M3 IUECTH KHHEMaTHYeCKHX Nap, YeTblpe — H3 NATH, CeMb — H3 ueThIpex,
O/MHHAZUATh — H3 TpeX W WecTb — M3 ABYX. K3 Takoro uncna coeanHeHHA MOXHO mo-
RoGpaTh TpeGyeMblii BapHaHT LISl BCeX C/lyyaeB NpPaKTHKH.

2.2. ONOPLI JJ11 BPAIMATEJIbHOIO ABW)XEHHUSA

Kaxnoe Bpaluaiomeecss 3BeHO MallHHBI JOMKHO ONHpaTbCsl HA ABa MOAWIHMHHKA.
Torza TOYHOCTb YCTaHOBKH KaXXJOro NMOAIIAHIHKKA B pajAHaJbHOM HaNpaBJeHHH onpeaens-
eTCcsl AONYCTMMBIM NepeKocoM ocH Basa. Ecan Baa onmupaercss Ha TpH NOJAWIHMNHHKA, TO
TPeTHil 3 HUX NPHAETCS LEHTPHPOBATh N0 OCH ABYX MepBHIX € 60/blloi ToyHoCTbIO. [To3-
TOMY YCTaHOBKA KaXJOro 3BeHa Ha JBa, a He Ha GoJbllee YHCIO MOALIMITHHKOB JOJKHA
CTaTb 3aKOHOM KOHCTpyHpoBaHHf. Ilo Toit e npuuMHe ABepH HalO NOABELIMBATH Ha
ABe MeT/H, a He Ha TPpH. [Ipopesb Ana 3acoBa 3aMKa Heo6xoauMo feath Ha 8—10 MM
Govibllie IIMPHHBI 3aCOBa, YTOOBI HCKJIOUHTb BJHsSHHE OCajKH AoMa Ha paboTy 3aMKa.
Iletsn cnenyeT ycTaHaBAHBaTh WITHIPEM He BBEpPX, a BHH3, Kak jenaior B Jlutse. Toraa u3
Ko/mauka He GYyJeT BbiTeKaTb CMa304HbLIH MaTepuaJ M netas GyneT Jyuile pa6oTaTb.
«[ToIOBHHKY» METJAH CO IUTHPEM HAA0 KPenuTb K JABEPH, a He K KOCAKY.

JlnHHble Basbl C/lelyeT BHIMOMHATbL ISl XECTKOCTH TPy6uaThiMH (MOCTOBbIE KpaHbI)
HH pa3pe3HbIMH, COEAHHAS MX Y4acTH NPH MOMOUIH ABOMHLIX KapHaHoB (0ObIYHO 3y6ua-
TRX WIH THOKHX). TaKylo KOHCTPYKLHIO NPHMEHSIOT B NapoBblXx TypGHHAxX, rie Bajbl
KaxJoro KOpryca H BaJl TeHepaTopa OMHMpAlOTCHA KaxAbii Ha ABa NOALIMNMHHKA H COelu-
HAIOTCA My(QTaMH, COOTBETCTBYIOIIHMH JABOKHOMY KapJlaHy.

Ipu apyroM cnocoGe (korjia MOAIMMHMKOB Go/iblie ABYX) HAf0 BCe MOAIHMNHHKH
B KOpNyCe MalllHHBI JenaTh 6e3 BKJIajbllleii H 06pa6aThiBaTh C OXHOH YCTAaHOBKH HHCTpY-
MeHTa. JTHM obecreunBaeTCsi COBNMajeHHe ocelf, M B CTPYKTYPHOil OpMyJie HX MOXHO
paccMaTpHBaTh KaK OAHY KHHEMaTHUecKYlo napy. Tako#i cnoco6 NpuUMeHSIOT AN KoJdeH-
YaToro BaJa aBTOMOGM/IbHBIX ABHraTeseil. OJHaKO OH Xy»Ke NMpeAbIAYIEro TeM, YTO He
no3Bo/ISieT NPHMEHATb CaMOYCTaHABJIMBAIOLHECS MOMILHIHHKH.

B oceBoM HanpaBieHun BaJ ciefyeT (HUKCHPOBATb TONLKO OAHMM MOALIMITHHKOM,
HHaye MoJyyaercsi U36LITO4HAsA CBA3b W NMPH TCMMepaTypHBIX febopMaUMAX MOANATHHKH
HCTIBITHIBAIOT NEperpy3Kky M MOTYT CropeTb.

Pa3pe3Hoit Bas1 MOXHO GUKCHPOBATh LENHKOM HJH OTAENbHO KaXAYyl0 ero 4acTb, HO
TOrJ1a cjaefyeT COeAHHATb 3TH YacTH MYQTOH, AomycKaiouleil oCeBYI0 MOABHKHOCTb. BTo-
poit cnoco6 npeianouTHTebHee, TaK Kak NpH HeM 3HAYMTENbHO MeHbllle 0ceBOe CMelleHHe
Npu TeMmepaTypHbIX jgehopMauusx.

B MHOrouM/nMHAPOBLIX MOPIUHEBBIX MalUHHAX KOPEHHON BaJ MOXeT ONMMpaThCH Ha
JBa moiWwMnHuKa. [Ipn HeCKONbKHX UMJAMHADAX AJA 3TOro CAeAyeT NMPHMEHATh 3Be3[o-
o6pa3Hoe HX pacnosioxkeHue. TaKyl0 KOHCTPYKUHIO IIHPOKO HCMOAB3YIOT B aBHAUHOHHbBIX
ABHraTeNAX, a TaKxke M AJA APYTHX leaei, Hanpumep M1s komnpeccopoB. Ilpn Tpex
UHIHHAPAX npuMeHsiercs W-o6pa3Hoe pacnosiodeHHe UMJAMHAPOB, NpH ABYyX—V-06pa3-
Hoe. Ilpumepom nocseHell KOHCTPYKUHH MOTYT CJAYXKHTb YIJIOBble KOMMPECCophl, y Ko-
TOPbIX OJHOKOJEHUaThiil BaJl ONHpAeTCss Ha ABA MOJWMNHHKA C KOHCO/MbHBIM pacnoJsoxe-
HueM poTopa 3nekTpoMoropa. OT OAHOTO KOJNEHa MPHBOAATCH IUAaTYHbl BepTHKaJbHBIX
H TOPH3OHTa/NbHbIX LHJAHHAPOB, T. €. OHO pa6GoTaeT Kak ABa KoJeHa. MexanusaMm xo-
poiwio ypaBHoBellleH. MeCTO MeAy TOpPH30HTaJbHBIMM W BepPTHKaJbHEIMHM LHJIHHADPAMH
MOXKHO HCIO.1b30BaTh M1l IPOMEXKYTOUHBIX XOJOAH.IbHHKOB C MHHUMAJIbHOI AJTHHOM COellu-
HHTE/IbHBIX TPYGONMpPOBOAOB.

[Tpu paanoM pacnonoxeHHH HUJIHHAPOB Ba/l MOXKHO ONMMpaTh Ha [Ba NOALIMMIHHKA
TONbKO NMPH MaJOM 4HC/Ie UHAHHAPOB. IIpH ABYX UMJIMHApPAX Takas KOHCTPYKUHA obLie-
npuHATa (MOTOUMKJbLI). K3BecTHa KOHCTPYKLMsl JaXe 4eThIpeXUHJIMHAPOBOIO PsIHOrO
ABUTaTeJIsi C BaJIOM, ONHPAIOMMCA Ha 1Ba nojwunuuKa (apurateab CT3 15/30). [papna,
B 3TOfl KOHCTPYKIHH Bajl MOJYUHJCA OdeHb TsXKeabiM. ITpH BHICOKO# cTeneHM cxKaTus
(8 an3easx) oHa BooGllE HeNMpHMEHHMa.

B ropHsonTanbHBIX ABYXUHJIHHAPOBBIX MapoBbIX MallHHAX M KOMIpeccopax WHpPOKO
NPHMEHSAIOT KOHCTPYKUHKIO C KPHBOILMNAMH 11O KOHLIaM Basa, OMHpAIOerocs Ha ABa NOA-
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Puc. 2.8. CamoyctranasBauBaiouiuecss noA- Puc. 2.9. CamoycTraHaBiHBawIinWecs MNoOA-
WHNHHKH Ha CcPepHyecKHX BKJaAbiliax WHNHKKH Ha KOJbLUEBBIX ONOpax

WIHMHAKA. Mexly NOAIUHNHAKAMH PaCMoONaraioT NPHBOLHOM IIKKUB HIH POTOP SJAEKTpHue-
CKOH MalIHHHI.

Y BHHTOBBIX TeMJOXOAOB OOILeNpPHHATON KOHCTPYKUHelH ObIO pacrosiokeHue ABHIa-
TeJIl HelaleKo OT CepeMHH AJHHbI cyfAHa. ['pe6Hoii Ban monyuyancs oueHb AJHHHBIM (no-
JIOBHHA JJIHHBI CyJHA) C MHOTHMH MOAWKNHMKaMH. [IHeM HajBOAHAs 4aCTb Kopnyca Ten-
JIOX0Ja HarpeBaeTCsi CHJIbHee TNOJABOAHOH, KOpPNYC, a C HHM H rpeGHoil Ban u3ruGa-
10TCSl B OJHY CTOpoHY. Houblo HaaBoAHas 4aCTb XOMOAHee MOABOXHON, H Basl M3ruGaercs
B 06paTHyI0 cTopoHy. M36exann 3Toro ycTaHoBKoii ABHraTessl B KOPMOBO# uactu. [pu
STOM JJIHHHBI TIpeGHOl Ban ycTpansieTcsi. DTy CXeMy HaualH NPHUMEHATb BrepBbie
B AH3e/1b-3/1eKTPOXOAAX, e rpeGHbie 3/IeKTPOABHTaTeH HEH36EXKHO pacrosaraiy B Kop-
MOBO# YacTH; 3aTeM B TaHKepaX H CyXorpy3ax, a B HacTosllee BpeMs ee NPHMEHSIOT
B naccax<HpCcKHx Tennoxofax. [Tosromy pacnonoxenne ABHrartesiss B KOPMOBOH YacTH ciie-
JyeT CYMTaTb OCHOBHOH CxeMO# CYJOBOro NMpHBOJa.

IMoAIHTHAKY XKeJaTebHO BLINOJAHATL CAMOYCTaHABIHBAIOIWMHCS. Takas KOHCTpYK-
LHus Mo3BoJiseT H30exaTb oueHb TPYAOEMKOi pa6GoTbl Mo o6ecneueHHIO COBMANEHHS HX
ocefi H MpH nporu6ax oceff COXPaHHTb PaBHOMEPHOE pacnpejeNeHue Harpy3KH no AInHe
BKJajblllIa.

CaMoyCTaHaBJIHBAalOIHeCSt  BKJAAbIIH  MOTYT OMHDAaTbCs HAa HIAPOBYK Napy
(puc. 2.8). Bpaulenne BKAajbllla yCTpaHAETCA WTHHTOM, BXOAAIIHMM B NPOROJbHBI na3
Bkaagbia. CnefloBaTeNbHO, CoeIHHeHHe BKJaAbIILA CO CTOHKON mosiyuaercs napoi /Vg —
wapoBoii co wTHOTOM. [Tosoxenne wrugpra Gespd3nnUYHO, OOBIYHO €ro CTaBAT CBEPXY,
4T06bl MOXKHO OBbINO, He MOAHHMAs BaJa, BHIHYTb HHXHHI BKJafblll MOBOPOTOM BOKPYT
ocH Bana.

B oceBoM HanpaBJeHHH Baa (PUKCHPYIOT Ha OAHOM moAwMmnHuke (napa V,), apyroi
NOJAWINNHAK BBINOJHSAIOT KaK MHAHHApHUecKYI0o napy [V, YUTo6bl ynpocTHTL H3roToB/e-
HHE, MOXHO BMECTO IApoBOil napbl NPpUMEHHTL KOabLEBYI0 //4 — C KOHTaKTOM MO Y3-
KoMy UHAMHApHuecKoMy nosicky (puc. 2.9). lllTudTom B 3TOM cayuae GUKCHPYIOT BKJa-
"Il M OT BpalleHHs H OT NPOAOJAbHOTO NnepeMellenus. [1o3ToMy IUTHGT KOMKEH BXOLAMTL
B OTBepCTHe BO BKJajbllle, T. e. OH Gyner Toxe napoit //,.

Yro6sl BKMafbllLl Jyulle CaMOYCTAHABIHBAJCH, HEOGXOAHMO YMEHbIIHTb TpeliHe,
JJ1S 4ero WTHRT ceyeT CTABUTb CHU3Y (C HAIPYXKEHHOR CTOPOHLI), H NPH NOBOPOTE BKJa-
Ablla wTHT 6YAET HMeTh MeHbIUHH NyTb cKonbKenus. IlpaBaa, npu 3ToM Henb3s Bol-
HYTb HMXHHH BKJajbilu Ge3 noabema Bana. Bo nsbexanue aBapuu npu cpese wrndra
KOpNycC NOAIIHNHHKA 0653aTeJbHO CHA6GXAI0T COOTBETCTBYIOUIHMH 3aKPaHHaMH, OTPaHH-
YHBAIOWMMH OCeBOe mnepemelLieHHe BKJajpla (cM. puc. 2.9).

Tax :Ke, Kak U B NpeAblAYyLIeM Cyuae, ONHH MOAWHNHHK J0/KeH GbiTb BpalLaTeb-
noit napoit V,, a apyroii — umiaHuapuueckoii /V, B o6oux cayuasix He 6yner u3bhi-
TOUHBIX CBfi3ell, B ueM MOXHO y6GeauTbcsi ¢ nomowsio dopmyn (1.1) wiu (1.2).

Ipu ManbiX HArpy3Kax M KOPOTKHX BKJAAAbILIAX NOALIMNHHKH MOXHO paccMaTpHBaTh
kKak napw Ill; n Il (puc. 2.9—2.10).

Onopbl, H3o6paxceHHble HA PUCYHKAX, He TOAATCS /A NepefayH 3HAaUHTENbHbIX OCe-
BbIX YCHJIHil, 0COGEHHO KOTAa BCe OCeBOe YCHJHe nepenaercs yepe3 wrhudt (cM. puc. 2.9).

Ilpn Bane, onupaiomuMcst Ha HECKOALKO MOAIIHMHHKOB, CJefyeT PeHTb BOMpOC:
CYUNTATb /M HX 33 OJHY KHHeMaTHyecKylo napy (kak fenaa A. Il. MauabiieB) wiu 3a
HECKOMBKO.

[lepBbiit cayvaii: Koria NOAWMNHHKH PAacTAYHBAIOT € OAHOH YCTaHOBKH Ha CTalKe,
KaK 3TO GblBaeT Yy aBTOMOGHJBHBIX WJIH CYAOBHIX ABHTaTesel, Y KOTOpPLIX NOJWIHMNHHKH
pacnosoxennl B obiwel pame. COOTBeTCTBEHHO NapaM NATOro kJjJacca 3fiech CJeRyeT TO-



Onopvt 028 8paujamensHozo O0suNCeHUs 57

YHO BbI€PXKATb TPH JIHHEHbIX pa3Mepa — NPOAOJbHbI, NONEpPeYHbli H BepTHKANbLHHMA
H B2 YIJIOBBIX — BOKPYT MoONepeuyHoil H BepTHKaJbHOM oceii. BuiilepXXHBaTbh pa3mepsi ne-
006X01HMO OAMH pa3, YTO H COOTBETCTBYeT OJHOH KHHEMaTHUeCKOM nape.

Bropoii cayuait: Korga nojlUMNHMKH M3rOTOBJAIOT OTAeJbHO. TOrAa y KaXJaoro us
HHUX NPH H3rOTOBJEHHH H CO60pKe Heo6XOAHMO BbIAEPXKHBATh NATb Pa3MepoB (eCH napu
NATOr0 KJjacca) WIH yeTbipe (ecqH 4eTBepTOro). BhizepkaTb pasamepbl HaAO HECKONLKO
pas COOTBETCTBEHHO YHCJY NOALIMMHUKOB, T. €. CHCTeMY B 3TOM CJyyae paccMaTpHBaloT
KaK HeCKOJbKO map.

Orciona BbIBOA: €C/H NMOAWHMMHHKH H3TOTOBJSIOT C OAHON YCTAaHOBKH, CleAyeT pac-
CMaTpHBaTh MX KaK OJHY napy, a ecJH OTAeJbHO, TO KaK HEeCKOJNbKO nap.

Jas 60nbLIHX OCEBLIX CWJI NPUMEHRIOT MOANATHHKM MHTUeNsl ¢ caMOyCTaHaBJ/IHBA-
IOLMMHUCSA CerMeHTaMH. YPaBHHTeNbHbI MeXaHH3M JOJKeH 06ecrneyHBaTh PaBHOMepHOe
pacmpefiesieHe Harpy3kH MeXJy CerMeHTaMH H NpPaBHIbHOe HX pacnpejelieHHe BIOJbL
cerMenTa (15 06pa3oBaHHA MaCASHOrO KJIHHA). MexaHH3M J0/KeH ObiTb 6e3 H3GLITOYHbIX
CBfi3eil, TaK Kak MHaue Aedopmaunu GYAYT BJHATL Ha pacnpepenenHe cha. OfHH H3 Ta-
KHX MeXaHH3MOB noKa3aH Ha puc. 2.1l. Ycl10BHO pafnaibBbiii noMHnHHK /Vs no-
Ka3aH Haj NOANATHHKOM, XOTH OGbLIUHO €ro pacnojaramT nod HuMm. Harpyska nepegaetcs
yepe3 Iaphl, KOTOpble PACMONOXeHbl B xeao6e Ha cToiike (napa //g) W B xXeno6ax na
cerMeHTax (toxe napbl //3). lllapni BbIpaBHHBAIOT Harpy3kH, HeHCTBYIOUIHE Ha cer-
MEHTb.

JKenaemoro pacnpepenenns Harpy3kH BAOJb CerMeHTa JOCTHTalOT CMeLIeHHeM e
cepelMHbl CerMeHTa OTHOCHTEJNbLHO CepeliMHbl PacCTOAHHA MexAay lapamu (e = 0,05+
=+ 0,1 pauHbl cermenta). Toro xe MOXHO AOCTHYL Pa3HbBIM HAKJOHOM eJ10GOB Ha
nepefiHeM d 3ajlieM KOHLU4X CerMeHTa.

Uro6bl cerMenThl ¢ WIapaMHu He Hayaau BPalATLCA, HEOGXOLHMO OfHH H3 HHX COEAM-
HHTb €O CTOKOII mapoil nepsoro kjaacca. Yucao cermentos i GepyT ot 4 go 16 B 3a-
BHCMMOCTH OT pa3mepa noAnATHMKA. Ka6blTouHHE CBA3H OTCYTCTBYIOT, B YeM MOMXKHO
y6enutbesi, moabsysics Gopmyaoit (1.1). Hao TonbKo NMOMHHTb, YTO KaMAHl wap 3a
CUET CKOJIbXKEHHS! MOXKEeT MMeTb TPH MeCTHble MOABHXXHOCTH — BpalleHHSi BOKPYT Tpex
oce. Tostomy w = 1+ 3i; n=1+2i; py=0; pyy=1 by =14 py=3i
py=1. Toraa no dopmyre (1.1) nonyunm ¢ =w — 6n -+ 5p, + 4p,, + 3p,,, +
‘2%, +p. T e g =14+3i—6(0+20+41+3+23+1=0.

[o pannbiv  Wn6ens nopnartunxu

€ CaMOYCTaHaBJIMBAIOUIHMHCH CErMEHTaMH
HMEIOT Hecyuylo cnoco6Hocts B 6—
8 pas Goabwyio, a Tpenne B 10—
20 pa3 MeHbluee, YeM MOANATHHKH C i

HEJIbHBIM KOJILUOM. ﬂoa'romy nocJjieiHue
NPHXOAWIOCL BHINOJHATH rpedeuqarbl-
MH. 370 elle pa3 noirBepKiaeTr uene-
cooGpaaﬂocn NpHUMEHEeNIHl MeXAaHH3MOB

6e3 M36GLITOUHLIX CBA3EH. ~— e m);
B onopax ¢ noxwununkamu Kaue- £
HHA M3CBITOYHLI> CBH3H  YCTPAHSAIOTCS

€aMOyCTaHaB/ HBAIOLL UM HCS pagnafb-
HbIMH CepHYECKHMH ABYXPSAHBIMH LIa-

R \—/—
PHKO- ¥ poaukonopwHnHukamu. K Hum INSSSN SRR NN
OTHOCATCA M MOAWIMNHHKH CKOJbXKe- ¢
uus I, 210, WC, 21IC, Buinyckaembie W=1+J; 7+3¢ 1432
n=1+2¢ -6 -2 6+72¢
VA A vt * 2
. w4 ﬁ///=’-. Ji -3
: Pu=3i 6i -12¢
S — AN M
7773 v77A K=1+2i 0+0 0+4a
Puc. 2.10. MoawHNHKKK ¢ npubanxennoil Puc. 2.11. MNoANATHHK C CaMOYCTaHaBAM-

CaMOYCTaAaHaZBAHBAEMOCTLIO BAlOWHMHCH CErMEHTaMH
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Puc. 2.12. JiByxonopunit Bax Ha PONHKOBBIX MOAWHNHHUKAX NPH GO/NBLIKX OCEBHIX Harpy3kKax

N0 CTaHAApTaM TNOALIHNHHKOB KayeHHs H COOTBeTCTBYIOWIHe cdepHueCKHM NOALIHN-
HHKaM.

Ban jpo/xeH OMHpaTbCs TOJAbKO HAa [Ba, a He Ha GOJsbliee YHCIO NOALIMIHHKOB.
Y oaHoro H3 HHX creiyeT 3aKpenuTb o6a xkosbua (napa /1), a y apyroro Hapyxuoe
KOJIbLIO OCTaBHTb MOABHXKHLIM (napa /I).

Ecan neo6xoaumo, uTo6bl BaJl OMHpaJCA Ha ueThipe MOMILHIHHKA KadyeHus, TO NOX-
LIMMHHKH CJefiyeT OOBelHHATb MOMAapHO B CAMOYCTaHaBJMBalolUlHecs Kopnyca. Mexay
KaXXJbiM KOPNYCOM K BaJIOM MOX<HO NMOCTaBHTbL MO ABa cepHUeCKHX NOALHNHHKa. B Jo-
KOMOTHBaX W BaroHax o6HYHO T2aKHM KOpPNyCOM CJYyXHT Kopnyc 6ykcel. Kopnyca nyuie
BBINOJIHATL HePa3pe3HbIMH. Y OJHOIO H3 YeThbipeX MOAUIHNHHKOB HeOGXOAHMO 3aKpenHTb
o6a kosmbua, TOraa oH GyleT GHKCHPOBAaTb Bal B OCeBOM Hanpab/ieHHH. HapyxHbie ko-
JbLIA TpeX APYrHX MNOAWIHMHHKOB CJleayeT JeJaTb Ha MNOABHXKHON nocajke.

IpH Tpex MoOAIIMMHHKAX, ABAa M3 HHX OGBEAHUHAIOT B CAMOYCTaHABJIHBAIOIHICA KOp-
nyc, a TpeTHH COeNHHAIOT HenocpeACTBeHHO cO CTOHKOH. OceBylo GHKCALHIO AOHKEH Bhl-
NOMHATL TONbKO OJHH M3 Tpex.

Ipn Heo6XOAHMOCTH pery;MpOBaHMS 3a30pa M NpH GOJbLIHX OCEBHIX HArpyskax
MOXHO OJHH KOHell Bajla OfepeTb Ha KOHHYeCKHe PONHKOMOMAUHMNHHUKH (pHc. 2.12, a).
YCcTaHOBHTb HX HeOGXOAHMO TaK, YTOGB HOPMAJH K Cepe/lHHe KOHTAKTHOH JIHHHH PONNKa
C Hapy>HbIM KOJIbIIOM NEpeceKaJnch € 0cbio B 0AHOM Touke. Torjaa ocTaBuinecs H3GLITOU-
Hble CBA3H HaMMeHee BPefHbl, W MOAWMMHHKH cooTBeTcTBYyIOT nape ///]. PerynupoBatb
HX 3a30pbl H HAaTATH ClefyeT HapyXHbIMH KosbuaMH (Ha puc. 2.12, a ycrpoiicTBO anf
peryJIMpOBaHHA He NOKa3aHO).

Bropoii KoHel Basa ciiefyeT onHpaTth Ha cdep HueCKHH NOAWKIHHUK C NOABHXKHBIM Ha-
PYXHbIM KoabuoM (mapa [1;).

IMpumep KOHCTPYKUMHM, B KOTOpOil BaJ ONHpaeTc Ha TPH MOAWIHKMNHKHKA — OYyKCa
anekTpoBo3a KoHcTpykuun BIJTHUU, nokasan na puc. 2.12, 6. [leso B TOM, yTO NOA-
IUAMHUKH C KOPOTKMMH IMJIHHADHYECKMMH poiuKamu Tena 62 000 uan 92 000 naoxo
Bbi1eP>KHBAIOT UCeBhbie HarPY3KH, OLHODPAAHbIE apUKONOAWHKNHUKH THNA 0000 BbixepXKHU-
BalOT HX Xopouwo. [To3ToMy pagna/ibHbie HarPY3KH lienecoo6pa3Ho nepeiaBaTb Ha POMH-
KOBble MOAIUMIHUKH, @ OCeBble — HAa OXHOpAAHbIE WapuKosble. UTo6s H3GexaTb Heo6-
XOAMMOCTH TOYHOTO LEHTPHPOBaHHS LIAPHKOMOAUHNHHKA MO OCH DOJNHKOBBIX MOMLHII-
HHKOB €r'0 Hapy>HOoe KOJbLO BHIOJHEHO NOJBIHKHbIM B painaJbHOM HanpasJeHuu (C 3a-
30pOM MEXAy HHM H KOpIYCOM).

UTo6hl poJIMKOBBIE NOAUIMMHHKH He HarpyXaqHCh OCEBbIMH CHJIAMH, HX BBINOJHSAIOT
6e3 GOpTOB Ha BHYTpeHHeM KoJjblle (nopwHunHukH THna 32 000), T. €. KaK KuHeMaTH-
4eCKHe mapbl YeTBepTOro KJjacca.

INoxBuxHOCTL B TaKOi omope paBHA ABYM — BpallleHHe BaJa H BpallleHHe HapyX-
HOrO0 KOJIbLIA ILIAPHKOMOAUIHIHHKA.

Mo ¢dopmyne (1.1) nadigem ¢=2—6-24+ 54424 3-1 = 6.

HM36biTouHbIX CBfA3€Hl XOTS H MHOTO, HO OHH He BpelHbl, TaK KaK I10CajloyHble MoBepX-
HOCTH Ha BaJly AJfl BceX TpeX MOAWMNNHHUKOB BHIMOMHAIOT C OAHOH YCTAHOBKH Ha CTaHKe.
Takxe ¢ OfHOH yCTaHOBKHM 06paGaThHIBAaiOT NMOCaJ04YHble MOBEPXHOCTH AJISl NOMIKWNHHKOB
B Kopnyce 6yKchl. [103TOMY OTKJIOHEHHS OT COOCHOCTH H NepeKoch! ucK.iouenbl. Haitnen-
Hble H3GHITOYHEIE CBA3H PaBHOLEHHbI M3GLITOUHBIM CBA3fM B KHHEMaTHYeCKOH mape M no-
9TOMY He BPEeJHBI.
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Puc. 2.13. Onopul CTOAA KapyceabHOI0 CTaHKa:
a — npaBRJbHAas KOHCTPYKUMsl; 6 — HenpaBuJbHas; 6 — CTPYKTyDHasi cxema

Oco6biM cJyuyaeM OMOpH AJs BpallaTeNbHOTO ABHXKEHHs ABJISETCH ONOpa C OYEHb
MaJILIM OCEBHIM Pa3MepPOM, HO C 60/bLIHM AHamMeTpoM (pHc. 2.13, a). Pannonanbuyio cxemy
B 3TOM CJyuae MOXHO MOJYYHTb H3 njockocTHoll //15 n konbuesoit /1, nap. Ilo ¢op-
mynae (1.1) onpepennm ¢ =1 —6-1+3-142-1 = 0.

Taxkas onopa Hy»XHa Kak HanpaBafiowas AJS CToJa KapyceJlbHOro H BepTHKAJIbHOrO
3y6odpesepHbIX CTAHKOB.

B crapuix koHCTpyKunsax (puc. 2.13, 6) 6bi10 Gosbinoe YHC/IO0 H3GHTOUYHBIX CBA3ei.
IlpHMeHsinn [Be KOHHYeCKHe UYTyHHble KpyroBble Hanpasasiomue I[[;, T. e. opny
Y-o6pasuyio. B 1eHTpe CTaBHIH LHIHHADPHYECKHH PeryJupyeMbiil MOAUIMNHHK CKOMbXe-
HHa [V, u maposyio naty [, pa3rpyxaioulyio KpyroBne HanpasJslOLLiHe.

H36biTouHne CBA3H YyXYAWAIOT TOYHOCTb CTaHKa. UToGbl YMEHBLIHTb HX YHCJO,
B OAHOIl H3 KOHHYeCKHX Hanpasasiomux [/[; ctann paBatb 3azop 0,05—0,08 mm,
Baaropaps stomy ozna u3 nap /// Buik/ouaeTcs u3 paGoThl, a YHCAO H3GLITOUHBIX CBSi-
3eil ymenbwaercs Ha TpH. Henoctatkn HM3GLITOYHBLIX CBA3€H 3aCTaBHAH HHXKEHEPOB ne-
PeATH Ha KOHCTPYKUHH, ONIH3KHe K cXeme Ha pHc. 2.13, a.

Ha puc. 2.14 nokasaHm Hanpasasioliie KapyceabHOro cranka ¢upmbni Koucomu-
Reiiten—bBeTc ¢ gnametpoM naauHmaf6ul 4750 MM. 3iech NpHMEHeHa OfHA MJOCKas Ha-
npasasiowan /115, olHako ueHTpupyercs naaHwai6a He mapoit /I, a nByMs Kouu-
YeCKHMH POJIHKOBbIMH MOJALIMNHHKAMH, KOTOphle Hajo cuutaTh napoit V. Chepuueckuit
MOMIIKNHHK € GOYKOOGPasHLIMH DONHKAaMH 3JeCb He NMPHMEHHWIH, TaK KaK OH He Jo-
MyCKaeT NOATATHBAHHA, HEOGXOAHMOro jJ/ifi oGecreyeHHs TOYHOCTH H3lennsi. B stom
cJyyae c/1e/I0BaJo NpHMEHHTb cepHuecKHil NONLIHTHAK C BOTHYTHIMH POJIHKaMH, KOTOPHi
AonyckaeT MOATArMBaHHE.

Mo dopmyae (1.1) Hafigem g = 1 — 61 + 5-1 4 3-1 = 3. Opna U3 M3GHTOUKHX
CBf3eli — JIMHeiiHas N0 BEPTHKAAH — CO3/1aeT HAaTAT (KOTOPHIi CNelHalbHO PEryanpyIoT),

3
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Puc. 2.14. Onopa cTona KapyceabHoro ctaHka dpupmMum Koncoanaefiten-6erc ¢ TpeMsa HIGLITOINLIMHE
CBA3AMH
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pasrpyxaromuit niockue Hanpapasomue. [ToaToMy 3Ty cBfA3b HeJb3sl CYUMTATb BPELHOH.
Jipyrue nBe H36bITOYHbIE CBA3H — YIVIOBble BOKPYr oOceit X H .

Ecnu Kaxpoe 3BeHO 3TOH ONOPH! BPaILATEeNbHOrO ABHXEHHA H3rOTOBJIATL C ORHOM
YCTaHOBKH Ha CTaHKe, TO MepeKoChl HMCKJ/IOYAOTCA H YIJIOBble H3GBITOYHbIE CBA3W Ha-
TAToB He BbI30BYT. OueHb BaXKHO, YTO TemJioBble AedopMaluy MIaHWANGH B AaHHOM CJY-
Yyae He BBI30BYT HH HATATOB, HH BPeNHBIX MOABHIKHOCTeH, TaK ke KaK H B KOHCTPYK-
uuu Ha puc. 2.13, a. ITosToMy paccMOTPEHHYIO KOHCTPYKUHIO C/efyeT NMPH3HATL XOPO-
wei. AHaJOrHUHYIO KOHCTPYKIHIO NPHMEHAIOT Ha KoO/MOMEHCKOM 3aBoje TAXKeN0ro
CTaHKOCTPOeHHs (CTaHOK Mmopenn 1540 puamerpoM nuanwaii6er 4000 mm).

2.3. HAIPABJIAKOIMHE AJig NPAMOJIMHEAHOI0 ABW)KEHUA

Hanpapasiomue /s NpsIMOJHHEAHOTO IBHXEHHS MOXHO BHIMOAHHTL KPYIVIbIMH
B BHJe LHJIHHAPHYecKo# mapbl /V,. B 3ToM ciyuae Bpauienne BOKPYT OCH maphl ycTpa-
HAETCHA CBA3AMH B MeXaHH3Me (HanmpHMep, B KDHBOILMMHO-MOJ3yHHOM). B ppyrom ciy-
yae CaMH HanpabJ/IfilOIHe HAKJIaLblBAlOT YCJIOBHS CBSi3H, KOTOPble YCTPAaHAIOT H 3TO
BpallleHHe, T. €. HaK/JaAblBAalOT NMATb YCJIOBHH CBA3H.

Jasi nepBoro c/ayyas THNHYHON KOHCTpyKuHMell siBJsieTCS TPOHKOBBII Mopluenb
(GeckpeitulkondHbIi1) ABMraTe/ i BHYTPEHHEro CrOpaHUA HIH KOMIpeccopa MpOCTOro el
cTBUA. KOHCTPYKUHA 3Ta NpaBH/IbHAA, TaK KaK H3GbITOUHblE CBA3H OTCYTCTBYIOT.

CoBepleHHO MHON SBJSETCA KOHCTPYKLHA Kpeiinkonda co ChbeMHbLIMH GaliMakamu
(puc. 2.15, a). Coenunenusl Kopnyca ¢ 6alIMaKaMH B Hefl BHIMOJHEHB! KaK BpallaTe/lbHble
napol V,. PaccmoTpum kpefiukond BmecTe ¢ nopiuHeM, KOTOpBIfi BC/IeACTBHE OGbIYHBIX
3a30poB Gynem cuutaTh napoit //,. CalbHHK He yuHTbiBaeM, TaK KaK ero MOXHO clie-
JlaTb MJ1AaBalOIIMM, M TOTAA HAa YCJOBHA CBAI3H OH HE BJIMSET.

Hanpasasiomue ans kpeiiukonda BbinosHeHsl UWHIHHAPHYeCKHMH. [Tostomy mexay
HHMH H GamMaKaMH GyARyT nwinHipuyeckue napnl /V,. 3jecb HMeeM nATb map H TPH
NONBHXHLIX 3BeHa, MO3ToMy GyayT ABa KoHTypa. [loaBuxnocte mopuins (napa I/,)
3anuiieM B nepBblif KOHTYp. Toraa Tabiuna noABHXKHOCTeH MpUMeT BHA, MOKa3aHHbIIl
Ha pHc. 2.15, a. ,

B nepsom koutype ABC BTOpasi suHefilias NOABMKHOCTL fxr no OCH X ABAseTCA
OCHOBHOIt MOABHXHOCTbIO MexaHu3Ma. Bropas yriioBas noiBHXHOCTE fr BOKPYT oCH X

COCTABHT BTOPYI0 NMOABHXHOCTb MEXaHH3Ma. BTOpaﬂ yrioBas MOABHXKHOCTb fy BOKpYT
OCH Y 3aMblKaeT KOHTYp BAOJb OCH 2, TaK KaK €CTb 3BE€HO (nopmeub co IUTOKOM),
MOBOPOTOM KOTOpPOro AOCTHraeTCsl ero 3aMblKaHHE.

3amblkaHHe KOHTYpPa MO OCH Y NOJNIYYHUTCA BCJAEACTBHE NOBOPOTA MOPIUHA CO LITOKOM

BOKPYT ocH 2. Tak Kak BTOPOH YI/IOBO# NONBHIKHOCTH fz TYT HeT, MOJMYYHTCH H3GBITOU-
Has cBA3b. Takas xe H3GLITOUHAR CBA3b 6yzeT y BTOporo 6auiMaka, TaKk Kak BO BTOPOM
KOHTYpe HeT yIJIOBOi MOABHMHOCTH fz BOKPYT ocH z. Bo BTOpoM KOHType HeT JIHHEeHHbIX
NOABHXKHOCTEH f; H f’z Mo 0cAM Y M 2. DTO Bbi30BET COOTBETCTBYIOLIHE MM ABe H36bITOU-
Hble CBAI3M M HATACH: NepBas H3 HHMX — NMpPHXKaTHe BTOpOro GaiiMaka —HeH30exHa,
BTOpasi CO3[aeT HEpABHOMEPHYIO HArpysKy B MONepPeYyHOM HanpaBJeHHH. STy KOHCTPYK-
IIMIO MPUMEHSAJIH B MapOBbIX MALIHHAX M JaXKe HAayaJlH HCMONb30BATL B KOMMPECCOPAX Bbi-
COKOro JasjleHHsl /11 XUMHYeCKOH MPOMBbIILEHHOCTH.

B Gosbwimx napoBubiX MalIHHAX ~ BCTpevajach KOHCTPYKIHS  Kpeiiuxonda
(puc. 2.15, 6) dupmbl 3yabuep (LlIBefinapus), y Kkotoporo 6amiMaku COefIHHEHbl C KOp-
MycoM IApPOBbIMH ILAPHHpAaMH. BbinyK/jas noBepXHOCTb THX WIAPHHPOB PacnoJoXeHa
Ha Kopnyce, a Boruytas — Ha Gawmake. )Kenateabno cienats HaoGopor. Torpa umewtp
mapHupa 6yfeT pacnosoxeH 6JHKe K paboyeii NOBepXHOCTH GauMaKa, U pacnpene’enie
Cul Ha HeM Gyger Gosiee 6MaronpHATHBIM s 06pa3oBaniisi MAc/AsIHOTO KJHIa.

PaccMotpum atoT Kpeiiukond BMmécte ¢ nopwHem. B nem Toxe aBa koutypa. Ta-
6J1MLa NOABHXKHOCTel npuBeleHa Ha puc. 2.15, 6. Pacnpenenenne nonanxmoc:eﬁ B nep-

’
BOM KOHTYype: fx — Ha 3aMblKaHH€ KOHTYpPa H Ha OCHOBHYIO NMOABHXHOCTb; fx -— Ha 3a-
’
MblKaHHWe KOHTYpa, Ha BTOPYIO MOABHXHOCTb H Ha 3aMeHY fz. TaK KaK €CTb 3B€HO (Gam-
”
MaK), HanpaB/jeHHOe TNeprneHfAHKYJAPDHO OCAM X H 2; fz— Ha 3aMblKaHHW€ KOHTYypa
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Puc. 2.15. Kpefiukondn ¢ HHIMHAPHYECKUMH HANPABAAICWHMHK:
@ — HeNpaBWIbHAA KOHCTPYKUHMA; 6 — npaBhJibHaR

H Ha 3aMeHy /y, TaK KaK eCcTb 3BeHO (NOpUIeHb CO IITOKOM), HanpaB/leHHOe MO TpeTbei
ocH x.

”
Pacnpenenenne noiBHXKHOCTell BO BTOPOM KOHTYpe: fy — Ha 3aMblKaHHe KOHTYpa
’ o
H Ha 3aMeHYy [z, TaK KaK ecTb 3BeHO (BTOpoii 6allMak), HampasJeHHOe MO TpeTbed

OCH; f; = 0 co3gaer u36LITOYHYIO CBfI3b (HeH3GEXKHYI0) — MpHXKaTHe BTOporo 6aui-
MakKa.

B nepsom Konrype ocTaercs CBOGOAHON OfHA YIJIOBasi NOABHKHOCTb BOKPYT OCH y.
3710 6yneT NOBOPOT NOPIUHA C TeJOM Kpeillkonda BOKPYT OCH Y4, NPOXOAsillell yepe3 ce-
pelliHy MOpIUHS, ¢ ONHOBPEMEHHbLIM NOBOPOTOM OGOHX GalUMaKOB BOKPYr OCH X B Mpo-
THBONOJIOXKHBIX HAaNpaBJIeHUSAX.

Eciu B KpHBOWHMHO-NOJA3YHHOM MeXaHu3Me MPHMeHeHbl Mapbl MATOro KJjacca, To
9Ta NOABHXXHOCTL OylleT faxe Moje3Hoi, TaK KaK OHa GyleT yMEeHbLIAaTb YHCJAO H3GHTOY-
HbIX CBsi3el,

B kpynnbix ausensix o6biuHO MPHMEHSAIOT MOJN3YHBI C MJIOCKHUMH HanpaBsOMHMH.
PannonaabHylo cxeMy TaKoro Mexaiu3mMa MOXKHO MOJy4HTb MPH LABYCTOPOHHEM Kpelill-
konde (puc. 2.16, a). as storo nonepeudHy Haao COeAMHUTb C GALIMAKAMH LIAPOBLIMH
wapuupamu /115 wan 1115 [pyn KOpOTKOM nopliHe, KOTOPLIH HMEETCS B 4eThblPEXTaKT-
HBIX JIH3eMIf1X NPOCTOro JeiCTBHS, €ro CoefHHeHHe C LHIHHAPOM MOXKHO NPHHATH 33 KOJb-
ueBylo napy //,.

pu onpenenenun yucia ycaoBHil CBA3H MOXKHO CUMTaTb, YTO PaBOTalOT TOJLKO Te
MJIOCKOCTH, KOTOpbie B NaHHbIl MOMEHT MPHXKATH, T. €. MMEIOT MecTO ABe MOCTynarelb-
Hble napb V.

Mo dopmyne (1.1) gy =1 —6:34 5-2+ 3-2+4 2-1 = 1. Ira usbuiTouHas CBA3bL
BO3HMKaeT BCJEACTBHE MPWXKATHA 3aKpauH o60HX non3ynoB. Oua TpeGyeT cTporoit na-
pasjieNlbHOCTH 06enx Hanpapasiiowux. HaGexaTb 3Toro MOXHO, ec/iH OfMH H3 MOJI3YHOB
CAeNnaTh C ABYMst 3aKpauHaMH, a ApYroii 6e3 HUX, MPH 3TOM MOXKHO OTPaHHYHTD JIHLIKIO
NOABHKHOCTb COOTBETCTBYIOUIHMH YMOPaMH.

Jnunnbifi nopiienb ABYXTaKTHBIX LHu3eseil, HEOOXOAMMbIA LJIsi MepeKPbiBAHHS Npo-
AYBOYHBIX H BbIXJIONHKEIX OKOH, 6YyleM CuHTaTb LHJAHHAPHYecKo# napoit [V, Urobn us-
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7 GexaTb H3GHITOYHBIX CBfA3efi ero ciepyer
i COEIMHHTb CO MmTOKOM mnapofi [V — ma-

posofi co wrudprom. Takoe coeguHenne
nokasaHo Ha puc. 2.16, a Bsepxy. [lpu-
a0 [  MEHHTb IIAPOBYI0 MNapy 3[ech He/lb3sl, TaK
KaK HeOGXOHMO O6eCHeyHTb Nepexop CThl-
/ KOB MOpIIHEBBIX KOJel MO fnepeMbluKaMm
/ NpPOAYBOYHBIX H BBIXJIOMHBIX OKOH.

! K coxanennio, B nopiuxe, oxnaxaaeMoM
/ Yepe3 LITOK, 3TY KOHCTPYKUHIO NPHMEHHTb
3aTPYAHHTEJIbHO.

AR ITpu onnoctopoHHeM Ho/M3yHe H36GHITOY-
THN/ Hble CBSI3H MOXHO YCTPaHHTb, eC/lH GamMmak
, , COElHHHTb C MONEpeYHHOH C MOMOILBIO Ila-
Wy unu 7, posoro wapuupa [I[l;, (puc. 2.16, 6).
Pacnonoxenne Takoro mapHuHpa MexAy
IUTOKOM H pa6oyell MIOCKOCTbIO OalMaka
OyeHb O6JAronpHATHO JJiA  0O6pa3oBaHHA

AANNNNY

g MacAfiHOTO KJHHA, KOTJa MOJI3YH Kacaercst
i e Hanpap/IfoOIHX ABYMA Y3KHMH MJIOCKOCTSI-
dy wnu 2 Ly 5) MH. B 3TOM ciyuae naBsenHe oueHb GoJbluoe,

NO3TOMY OCOGEHHO BaXKHO OGecreyHTb XOpo-
Puc. 2.16. PauKoHakbHple CXeMbl MoOJ3yHoB  LIHE YCJOBHA I/ 06pa3oBaHHMsi MacjasiHOrO
AUaeneit: KJIHHa.
@ — ABYCTOPOHHero; 6 — ORHOCTOPOHHEro Ilpu cKoNbXKeHHH MOJ3yHZ MO Hampa-

BJAIOIEH OCHOBHOIl OMOPHOH NJIOCKOCTHIO
lapJ/leHHe HAaMHOTO MeHbllle, MO3TOMY PAacloJioXKeHHe IIapOBOrO LIAapHHPA, MOKa3aHHOe
Ha puc. 2.16, 6, BnosHe fonycTumMo. B TakoM MexaHH3Me KPOME OCHOBHOM MOABHXHOCTH
(mocTynaTe/bHOrO ABHXKEHHf) HMEETCH elle BpalueHue BOKPYT HAKJIOHHOW OCH, MpOXoasi-
LIeit yepes LIEHTP MOPIUHA M NEHTP 1apoBo# mapsl (cM. puc. 2.16, 6). dTa NOABHUKHOCTL
ycTpausieTcsl CBA3SIMH B KPHBOLIHIHO-NIOJI3YHHOM MeXaHH3Me (KaK B TPOHKOBOM MOPLiHe),
4TO CMOCOOGCTBYET JIMKBHAALHH B HeM H3ObITOYHEIX CBsI3eil, KOTOPbie B MOJI3YHE C LIaPOBbIM
HIaDHUPOM OTCYTCTBYIOT, T. €. § =2 —6-2-+ 5-14 3.1+ 2-1 = 0. [lpu piauasom
nopuiHe (1ByXTaKTHble ABHTaTesd) TpeGyeTcs AononHHTeAbHb wapuup /V; Ha wToKe,
TaK e KaK W NMPH ABYCTOPOHHEM MOJI3YHe.

B kommpeccopax BbICOKOTO AABJIEHHf A/ XUMHUECKOH MPOMBILIJIEHHOCTH LIHPOKO
NPHUMEHSIOT MHOTOCTYNEHYaTbie MOPIUHH, NMPH HeNnpaBHIbHOM KOHCTPYKUHH KOTOPHIX No-
JyyaeTcsi G6OJblIOe YHCJAO H3OBITOYHBIX CBfi3el.

Paccmotpum aByxcryneruathiit nopuenb. Ilpu KecTKOM cocfiHHeHHH MOpLIHeH ro-
Jy4aTcs yYeTbipe H3OLITOYHBIE CBSA3H, MPH 3TOM TpeGyeTcH TOYHOE COBNajeHHEe OCeH.
Yro6bl H36¢KaTh 3TOTO, CIeyeT ie1aTh NOABHXKHOE COeiHHEHHe Yepe3 MIOCKOCTHYIO napy
1173, I1p0M€)K)'TO'-lH0e 3BeHO H waposyio napy I/15 (puc. 2.17, a) uiu yepes ase wapo-
Bole napet [//5 n npomexyTounoe 3BeHo (puc. 2.17, 6). Bropas cxema npeanoyTHTE/b-
Hee, TaK KaK B 3TOM CJyuae TpeHHe MeHblie. B oGeHX cxemax NOABMXKHOCTb paBHa
ueTblpeM: MPSAMOJIHHeHHOe ABHXKEHHe H BpallleHHe OGOWX NopLIHeH H MpPOMEXYTOYHOro
3BeHa. Eciu HesaBHcHMOe BpallleHHe MOpIUHeil HEJONMYCTHMO (YTO MOXKeT GbiTb NMPH Ha-
JHYHH B LHJIHHIPAX BNYCKHbIX OKOH, KOTAAa HEOOGXOAMMO, 4TOGbl CTbIKH TMOPIUHEeBLIX
KoJiell ABHTAJIHCh 10 MepeMbiyKaM MeXJy OKHaMmu), MOXKHO MocTaBHTh maphl [V — wa-
poBble €O WTHPTOM.

IMpuMennts oAMH wapoBoi wapuup (puc. 2.17, 6) Henb3sl, TaK KaK TOrAa oOCTa-
IoTCsl ABe H36bITOuHble cBA3H. [IpaBaa, ecnn Masblil mopuIeHb CAesaTbh HACTONbKO KOpOT-
KHM, 4YTO €ro COeAMHEHHe C LHJIHMHAPOM MOXKHO paccMaTpHBaTh KaK mapy I/, BTOporo
KJacca, TO H3GLITOUHBIX cBA3e#t He Oyner (puc. 2.17, &). [IpakTHueckH nopiuieHb BBICO-
KOro JaB/ieHHA HeJb3sl JelaTh KOPOTKHM H3-3a GOJIbLIOFO 4YHMC/a MOPLIHEBBIX KoOJell,
Kpome Toro, yMenblienne AHaMeTpa Tesa MOPIUHA YBeJHYHBAeT BPELHOE MPOCTPAHCTBO
npefbiAyweil CTymeHu, YTO TaKkKe HexeaaTelbHO BC/IEACTBHE YMEHbIUEHHS MPOHM3BOAH-
TeJIbHOCTH Komnpeccopa. OGoiiTHeh oAHOMN milocKocTHoit napoit [115 Toxe Heab3st — npH
9TOM OCTAOTCA JABE H3GLITOYHBIE CB3H, XOTHA H MeHee BpPeJHbLIE, UeM MpPH LIAPOBOM Coe-
JHHEHHH,
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Puc. 2.17. CoeanHeHHs noplIHER AN MHOTOCTYNEHYaThHIX KOMNpeccopos

B craukocTpoeHHH H MPHGOPOCTPOEHHH HaNpaBJIAIOIIHE HAKJIAAHBAIOT NATh YCJIO-
BHl CBS3H M OCTaBJSIOT OAHY TOJABHKHOCTb — MpsMOJNHHeliHOe nepeMmemmenue. Takue
Hanpas/siOLIHE MOXHO BHINOJHUTD B BHJE ILJIHIEBOro coeguHenus — mapol V. Xora
B HeM H eCTb H3GHTOYHHE CBA3H, HO OHH 6e3BpefiHbl, TaK KaK AefCTBYIOT TOJNbKO B Mpefie-
Jax KHHeMaTHuecKOil mapbl, a He B MpefieaXx MeXaHHama. Kpome TOro, muinieBoe co-
elHHEeHHe MOXHO BbIMOJHUTb O4YeHb TOYHO: OTBEPCTHE — MPOTATHBAHHEM, BAaJIHK — ¢pe-
3epoBaHHeM YepBAYHOK ¢pesoit.

Ilnnuesoe coefHHeHHe NPUMEHAIOT AJIA NEPeABHKHLIX 3y6uaThIX KoJjiec B Kopo6Kax
nepenau. OIHaKO OHO He AONYCKAaeT pPeryJHpOBaHHS 3a30pa W MOTOMY He oGecreyuBaer
60/IbILOA MECTKOCTH COeHHeHHs, HeoGxoAumoit B crTaHKkax. Hesnroano ero npu-
MEeHAiITb M TaM, TAe HanpaB/leHHe TiepefiaBaeMbiX CHJ MNOCTOAHHO (B MOJI3YyHaXx),
TaK KaK He/lb3fl PacnojioXHTb paboude MJIOCKOCTH MEePrNeHAHKYJAPHO 3TOMY Hampa-
BJICHHIO.

[Mostomy HHOrZa Ileneco00GPa3HO BHIMONHATL HAMPaBJAIOLIHE H3 HECKOJNbKHX KH-
HeMaTHyecKHX nap (puc. 2.18). I1aTb yc/IOBHil CBA3H MOXHO NOJYYHTb H3 LHJIHHAPHye-
ckoit napu IV, u Toueunoit I, unu I, (puc. 2.18, a). Takoe coenuHenue uesecoobpa-
3HO MPHMEHATb B MPH6OPaxX NMpPH HeGOMbIIHX AEACTBYIOMHX cHiaX. OHO yA0oGHO eme H
TeM, YTO MO03BOJIIET OTKHHYTb MOJN3YH MOBOPOTOM BOKPYT OCH ILHJIHHAPHYECKOM Napl,
YTO BaXKHO /I OCMOTPA, PEMOHTa MEXaHH3Ma H APYTHX LeJeil.

Ilpyu GOJLIIKHX HArpy3Kax napa C TOYeYHbIM KOHTAKTOM HempHroxna. B stom ciyuae
€e Haj0 3aMeHHTb KHHEMATHYECKHM COeJHHEHHeM Map NATOro, YeTBEPTOro HJIH TPEThero
KJacca, JAlOUMX TMOBEPXHOCTHLI KOHTAKT.

m; I unuly 5] m /l'l
N\ | Smt—
2) ‘ 7) %
I I unu m,), A
— 15 7
4) : 9=/

Puc. 2.18. HanpaBaswumue, COCTABAEHHBIE M3 HECKOALKMX KHHEMaTHUECKHX nap
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Puc. 2.19. CraHo4YHble HanpaBasOUiHe

[ nonyuyeHHA NATH MOABHXKHOCTeH (KaK y Mapbl NepBOro Kijacca) HeoGXOZHMO
B3ATb JiBe Mapbl YeTBEpPTOro Kjacca H oAHy maTtoro. [Ton3yH ¢ TakuM coefHHeHHeM mo-
KasaH Ha puc. 2.18, 6.

MoxHO TakXe NPHMEHHTb OAHY waposytro napy /115 wau I11; w ogHy nsockocrt-
Hywo I113. 3pecb Bo3HHKaeT MecTHas (MACCHBHAsl) MOXBHXKHOCTb — BpAIUEHHE IMApo-
BOr0 cyXxapsl BOKpYI BepTHKaJbHOH OCH B Npejesax ynopos, KoTopas Ge3BpenHa. Takoi
No/N3yH NoKasaH Ha pHc. 2.18, s.

Ecin wapoBylo napy 3ameHHTb BpawmaTenbHOH Vp, TO MecTHafi MOABHXHOCTb MCue3-
HeT, HO BO3HMKHET OJiHA M30bLITOYHAs CBf3b, KOTOPAs 3aXKHMaeT COefMHEHHE H yBeJlHuH-
BaeT TpeHHe B cjyuyae OTKJOHEHUs OT mapasienbHocTd nap IV, u [115 (puc. 2.18, ).
Tak Kak 3TO OTK/IOHEHHE OObIYHO HEBEJMKO H HMMEIOTCSl 3a30pbl, TAKYI0 H3GBITOYHYIO
CBA3b B HEKOTOPHIX CJAYYafX MOXHO JOMYCTHTb.

EcTb eme OfHH NyTb ROCTHYL CEMH NOABHXKHOCTEH B KOHTYpe — 3TO COEAHHHTb
06a non3yHa cchepuueckoir napoit I115 (puc. 2.18, 9). Ilpn HeGosbluux Zomyckax Ha
YIJH nepekoca ee MOXHO BbINOJHMTb Kak mapy [/l4, W TOrpa cTOMMOCTb €e H3rOTOB-
JieHus 6yneT HeBblcoKol. Heo6xonuMo TOJBKO CJELHTb, YTOGLI CMelieHHe Mapbl OT OCH
HanpaBJ/AWEH GblI0 HE3HAUHTENbHBIM N0 CPABHEHHIO C JJIHHOH MOJ3YHa.

JInsl CTaHOYHBIX HanpaB/sIOWHX TPeGOBAHHA K TOYHOCTH H JKECTKOCTH COeAHHeHHs
OYEHb BHLICOKH. M3roToB/IAIOT 3TH HanpasJsolHe ¢ 6o/blieil TOYHOCTbIO, YeM B APYTHX
mawuHax. [ToaToMy B HMX AONYyCTHMbl M36GbITOuHble CB3H. IIpaBuwibHaf KOHCTPYKIUS
COCTOHT H3 KJIHHYaTOTO H MJOCKOro noJidyHos (puc. 2.19, a). Eciu koHTaKkTHbie nJjoc-
KOCTH cuHTaTh napamu [/, 10 GyneT oxHa H36bITOYHAA cBA3b. Korxa 3TH MJIOCKOCTH ne-
peceKaloTca MO HemapaJieJbHbIM MPSAMbIM, TO H36BITOUHAA CBA3b MPUBOAHT K HEPaBHO-
MepHO#l Harpyake B NpoAoJLHOM HanpapJieHHH. [IpakTHueckn OTK/IIOHeHHE OT napaJiiefib-
HOCTH 3/leCb HCKJIIOUaeTcsl, TaK KaK BCe MJIOCKOCTH 06paGaThbiBaloOT C OXHOH yCTaHOBKH Ha
cranke. Beerna paGoraioT Bce TPH napsl NJIOCKOCTel M NPeNATCTBYIOT HAKNOHY MOJ3YHa.

Ecnu xe nnockocTH cuutats napamu [/13, To Gypet uetbipe H3GBHITOYHbIE CBH3H,
KOTOPble MpPH HETOYHOCTH H3TOTOBJIEHHS NMPHUBOAAT K HEpaBHOMEPHOH HarpysKe 3THX
TUVIOCKOCTeH B IONepeyHOM Hanpab/ieHHH. TakHMH e CBOACTBaMH 06/1aAal0T HanpasJsiio-
e PopMbl «JIaCTOYKHHA XBOCTa», 4aCTO NPHMeHAeMble BCIeACTBHE YAOOCTBA peryJ/iupo-
BaHuA 3a30pa.

HenpaBuibHasi KOHCTpYKLUHS ¢ JABYMSl KJHHYAaTbIMH TMOJ3YHaMH IOKasaHa Ha
puc. 2.19, 6. 3necb oueHb 6GOJbILIOE YHCIO H3OBLITOUHBIX CBf3ed, MOITOMY PaboTaloT He
YeThlpe MJIOCKOCTH, a ABe (ueTbipe MJIOCKOCTH GyAyT paGoTaTh NMPH OYEHb TOYHOM H3ro-
TosaeHuH). [Ipu paGore AByX mjockocTelt, cuntas WX mapamu [/5, nonydynm uerbipe yc-
JIOBHS CBA3H BMECTO NMATH. TO 3HAYHT, YTO MOJI3YH MOJYYHT BTOPYIO NOABHKHOCTb — Bpa-
IEHHe BOKPYT LEHTPa P MrHOBEHHOTO Bpaulenus (NpH paGoTe BHYTPEHHHX MJIOCKOCTeH)
Io ynopa TpeTbeil napel mjockocteil. Takas NMOABHMKHOCTb BJIHMAET HAa pa3Mepbl H3Je-
aust. TlosToMy Hanpas/siouye, BbINOJHEHHble H3 ABYX KJHHYaThX MOJ3YHOB, B CTaHKaX
HexeJaTe/IbHbI.

2.4, KJIUHOBbIE MEXAHMU3Mb!

K/IHHOBOM MeXaHM3M COCTOMT M3 ABYX KJHHbeB H TpeX KHHeMaTHYeCKMX nap
(puc. 2.20), T.e. n = 2; Py + Py +p ;77= 3, TaK KaK napbi BTOpOrO H NepBOro Kiac-
COB OTCYTCTBYIOT.

Mpn =0 u w=1 no dopmyse (1.1) naiigem 0 = 1 — 12+ 5p, + 4p,y +
+ 3pyy + 20+ py. Orcrona Spy -+ 4ppy + 3pyy + 20 + pp = 1L
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PHc. 2.20, CxeMbl KAHHOBOTO MeXaHH3Ma:

f’=/ -0 a — aydwasn; 6 — RONyCTHMan € OAHOW u3Gh~
Z P4 1 TOYHOH CBA3bIO; 6 — HeNnpaBHJibHadA C ABYMsS H3-

GbLITOYHBIMH CBA3AMH

g
2)

YpaslieHHs! YIOBNETBOPSIOTCS TIPH P py = 2u py =171 e =7 (puc. 2.20, a).

Taxylo KOHCTPYKIHIO MOXXHO BCTPETHTb B 3aXKHMHBIX YCTPOi:lCTBaX, NpHMEHAEMBIX B NpH-
cnoco6eHUuAX Iaa MGTaJlJlOOﬁP&GaTb[Ba!OU.lHX CTaHKOB.

OnpenennM NOABUKHOCTH H M3GLITOYHbIE CBA3H B 3TOM ME€XaHH3Me MyTeM PaccMo-
TpeHHfl UX B KOHTYypaxX: afllecb p = 3; n = 2; nostomy R = 1. Pacnonoxnm ocuH Koop-
IHMHAT X; H Y; N0 OCSAM KJIHHbEB, OCb Xp B MJIOCKOCTH CONMPHKOCHOBEHHS KJHHLEB, OCb Yg
NepreHAUKY/NSIPHO K Heil M OCb 2 MEPMEeHAHKYJIAPHO K MJOCKOCTH uepTexa. JIuneit-
Hble TOABHXHOCTH MO OCAM X; H Y| — CKOJbXKEHHWE KIIMHbEB, f;l =1 f'y' =1;
MO OCH X — OTHOCHTe/bHOE CKOJIb)KeHHe KJHHbeB B TMJIOCKOCTHOH Mape B MJOCKO-
CTH YepTexa, f;‘ = 1 H N0 OCH 2z — MepNeHAHKYJIAPHO K MJIOCKOCTH uepTexa, f, = 1;

N0 OCH Yo, — TMepNeHAHKY/IAPHO TMJIOCKOH mape, f;’ = 0 (CKOJIb)KeHHS HeT).

3zmech UMeIOTCS JMHeilHble MOZBHXHOCTH MO OCAM X3, ¥; H 2, He JIeXalluM B ORHOA
TIOCKOCTH, 4TO AOCTATOYHO AJIA SaMblKaHMA KOHTYpa. UeTBepTasi MOABHXKHOCTL f,

NofileT Ha ABHXEHHE MeXaHH3Ma.

Vr/i0Bbie MOABHXHOCTH: BOKPYI OCeil X; M Yy — BpalleHHe KJHHbEB B [MJIHMHADH-

YeCKHX Napax ueTBepToro kaacca, f = 1 W fy = 1 W BpaleHHe BOKpYT HOPMAJH Yy

K MJIOCKOCTHOH nape MeXAy KJIHHbSIMH, f;’ = 1. YrioBble NOABHMHOCTH BOKPYT OCeil X3
H 2, PAcHO/OXEHHLX B MJIOCKOCTH MJIOCKOH mapbi, oTcyTCTByMT, f3 =0 1 f, = 0.

[onyuunuce yriaoBsble NOABHMKHOCTH BOKPYT Ocelt X5, ¥; H Xy, PACHOOKEHHHX B ORHOM
IJIOCKOCTH, YTO HE [iaeT 3aMbIKaHHS KOHTYPa, TaK KaK HeT YIJIOBOH MOABHXHOCTH BO-
KPYT OCH z U nosiyuaercsl H3GbITOYHas cBA3b. OCTaeTCs 0fHA HEHCIOJL30BAHHAA YIJIOBas
MOBHXHOCTb, KOTOpas mNOMNET Ha BTOPYIO MOABHXHOCTb MEXaHH3Ma — BpAlUEHHe
KauHbes. [lostomy B paccMoTpeHHOM MexaHH3Me w = 2 1 ¢ = 1. Ha6biTouHas cBA3b BH-
30BeT HePaBHOMEPHYIO HAarpy3Ky B MJIOCKOCTHON mape MeXAy KJAUHbSMH. TOILKO MPH
8; + 8, << O KnuHBA caMOycCTaHaBIMBAIOTCS TNyTeM MOBOPOTAa BOKPYT CBOHX oceil.
Torza ocb Y BHIXOLMT M3 MJIOCKOCTH uepTexxa. B 3ToM cillyuae ocH Xj, Yy M Yy yKe
He pacho/araloTcsi B OQHON MJOCKOCTH, M MX YIVIOBBIE MOABHXHOCTH LOCTATOYHH JJIft
3aMbiKanus KoHTypa. Torma w = 1 u ¢ = 0. MeHee yAauHyi0 KOHCTPYKIHIO, NOKa3aH-
Hyl0 Ha puc. 2.20, 6, NPUMEHSIOT ANS COEAHHEHHS WITOKA C MOJ3YHOM. 3fech pp, =
= 3 — BCe TPH KHHEMAaTHuYeCKHe Mapbl BBIMNONHEHbl LHIWHIPHIECKHMH.

o dopmyae (1.1) g = 1, T. e. uMeeTcst OfHa H3GLITOUHAA CBA3b, KOTOpas TpeGyer
TOUHO BbAepXKaTb OAHH pa3Mep — YroJl KJIHHAa B COOTBETCTBHH C YIJIOM B LUTOKe. Buimos-
HATb B ONHOM MJIOCKOCTH OCH HampaB/AIOUIMX KJHHA B IUTOKE H MOJ3yHe He TpeGyetcs,
TaK KaK STH Hanpap/ieHHS BbIPaBHHBAIOTCA BCJEACTBHE MOBOPOTA IUTOKA; €C/IH OCH
Hanpas/SIOWHX U KJIHHA He COBMajyT C OCbIO IITOKAa, TO 3TO MPHBEJET TOMbKO K He-
KOTOPOMY TMOBOPOTY KJIHHA.
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HenpaBuibHas KOHCTPYKIHSA, COCTOfAs u3 ABYX MOCTynartejbHuX nap Vi u
onHoit nyockocTHoit //J5, nokasana Ha puc. 2.20, 6. Y Hee ABe H3GLITOYHbIE CBA3H,
BCJIEZICTBHE KOTOPHIX TpeGyeTcsi TOYHOE H3roTOBJeHHe (MPHTOHKA) ABYX YIJIOB y OLXHOrO
H3 KJHHbEB.

2.5. BAHTOBbIE MEXAHHW3MBbI

B BHHTOBBHIX MeXxaHH3MaX BeAyllee 3BeHO (BHHT) OGbIYHO MMeeT BpalllaTelbHOE JBH-
JKeHHe OTHOCHTEJAbHO CTOAKM (MOAWHMNHHKH — mapa V,), a Bepomoe (raiika) — nocry-
naTteJbpbHOe NMpAMOJMIHHeHHoe (Hanpasnsiomue — napa Vg). Ecau BMHT M raiiky Bunos-
nuth Kak napy V, (puc. 2.21), To, noacrasass B (1.1) w =1, n= 2, p, = 3, nony-
M ¢ =1—6-24+5-3 = 4.

YeTbipe M3GLITOYHbIE CBA3H TPEGYIOT TOYHOIO COBMAAEHHA OCH TaiiKH C OCbIO BHHTA
B BeDTHKaJbHONH B TOPH3OHTaJAbHOH NJIOCKOCTAX H NAapa//ielbHOCTH MEXAY OCbl0 BHHTA
H HanpaBAsIOLIHMH B BEPTHKaJbHOH W TFOPH3OHTaNbHOIl miockocTax. Ecan paxe Bce
STH YC/NOBHS COGJIOAEHEl BO BPEMSl M3rOTOBJIEHHS, TO NMPH H3HALIMBAHHH HanpasJs-
IOIHX H HX MOATATHBAHHH HEH3GEXHO CMelleHHe OCH TailKH OTHOCHTEJbHO OCH BHHTAa
H pa6oTa POHCXOLHT 3a CUeT 3330pOB H H3ru6a nocjenHero. [ToaTomy Takas KOHCTPYKLHS,
npuMeHseMass B CTaHKOCTPGEHHH, OTJIHYaeTCA GOJIBLIMM TPeHHeM H GOJbIIHM MepTBbIM
xonoM. M3GexaTb H3GLITOUHHIX CBAI3eH MOXHO YBEJIHYEHHEM YHCJI3 3BeHbeB M KHHe-
MaTHYeCKHX map. BcTpeyaercss KOHCTPYKIMsI, Y KOTOpO# rafika cOefiHHeHa C NOJI3yHOM
LHJAMHAPHYEeCKOR napoit /V,; 4HCI0 H3OLITOUHBIX CBSi3ell y Hee Ha JBe MeHblIe.

Kouctpykunio Ha puc. 2.21 MOXHO YJIYYIIHTb, €C/IH BMHT OyIeT OnHpaTbCs ONHHM
KOHILIOM Ha MOAMIHMHHK; APYyroil omopoft 6yaeT CNyXHTb rafika. [Ipn Hannunn 3a3opos
H MaJIofl J/IHHE NOJWHNHAHKA H TaflKH NO CPABHEHHIO C IJIHHOR BHHTA HX MOXHO CYHTaTb
napamu II15 u 1115, Torpa no ¢opmyae (1.1) nafinem ¢ =1—6-24+ 5+ 3-2=0.
Takas KOHCTPYKUHA NPHMeHsIETCA B MeXaHH3Me THHOMR 3aaHel 6a6KH TOKapHbIX CTAHKOB.

YcoBue OTCYTCTBHS M3GHITOUHHIX CBAsell Jyume RalTH H3 ¢dopmyan (1.2): ¢ =
= w+ 6k — f, Tak kak no dopmysne (1.1) 4HCIO ycnOBHH CBA3H H3MEHSETCA NpH
H3MEHEHHH YHCJa 3BeHbeB. B cayyae OJHOBHHTOBHX MeXaHH3MOB (ORHOKOHTYpHBIX,
k = 1) npu ¢ = 0 noTpe6HOE YMCAO MOABHXXHOCTeH KHHeMaTHueckux nap f = 6+ w.
Ecin w=1, To f=7, T. e. TpeGyercsi ceMb HOLBUKHOCTEl.

BHHTOBble MEXaHH3MB NPHMEHAIOT ABYX BHAOB: C OTAE/IbHO BbINOJHEHHHIMH HAMpaB-
AsiowuMH (pHC. 2.22) W ¢ HanpapJAKOIWKMMH — BHHTaMH. [TocjeqHHe NpHMEHAIOT B BUH-
TOBbIX MOABEMHHKaX. B MeXaHH3MaX C OTAeJbHbIMH HanpaBASIOUIHMH BHHT H Hampas-
Jf0WAs KaK Naph NMATOro Kjaacca BMecTe AalOT ABe MOABHXHOCTH. Ha octasbube napul
OCTaeTcsi MNSATb NOABHIKHOCTEH (U3 CeMH).

Ecau npuMeHHTL nmapnl msTOro KJjacca (ORHOMOABHXKHLIE), MOTpebyeTcsl mATb Nap
(puc. 2.22, a). [asa ayuwedl BHAMMOCTH NOCTynaTtelbHas mapa Vg (monsyH — Hampas-
AAIOLLHE) PaclONOKeHa HUXKe BHHTA. B JeHCTBHTEJbHOCTH OHAa NOJXKHA PacroJararbcst
CHMMETPHUHO OTHOCHTeNpHO BHHTAa. To Xe camoe cfie/laHO H Ha JPYFHX cXemax, MpH-
BeAeHHHIX Ha pHc. 2.22.

Ha puc. 2.22, a rafika coefuHena ¢ noJ3yHOM 4epes fBa mapHupa V,, a8 BHHT
€O cTOfKOit — uepe3 TpH mapHupa V,. MoxHO raflKy coelMHHTb uepe3 TpH ILIAPHHPA
€O CTOKO, a BHHT yepe3 JBa IIapHHpa C NoJ3yHoM. Ilonyuaercsi pasHouenHas cxema.

Ecan npuMenuTh OfHY mAapOBYW TpexnoisuxHylo napy /713, To ans monyveHHs
CeMH MOJBHXKHOCTEA KpOMe BHHTa H Hamnpasisiomel HEOOXOXHMH JBe OfHOMOABHXHHE
napu nsToro kiacca (puc. 2.22, 6). MOXHO H3MeHHTb STY CXeMy: WIAapOBOW NOAIIHIM-
BuK /11 coelMHuTL € MOJ3YHOM, a Tafiky yepe3 JBa IIapHupa Vy — co CTOHKOM.
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Puc. 2.21. HeuenecooGpasHas CxeMa BHHTOBOTO MEXaHH3Ma C TETHIPbMS H3GMTOYHBIMH CBA3AMM
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Puc. 2.22., BHHTOBbIE MEXaHHIMBI

[MpuMenumn u xBe uunuuapuueckue nape IV, (puc. 2.22, 6). Onpeaesum nopBHx-
HOCTH B KoHType: f=T7 = (1 4+ 1)+ 24 24 1. 3gecp kKpome BHHTA U Hampasis-
oKX TpeGyeTcs ellle OAHA OXHOMOABHXHAf napa V, (NOMUHNHHKH BHHTA).

Cxema Ha puc. 2.22,8 npouwe, 4yeM Ha puc. 2.22, a (NATb Nap BMEeCTO CEMH).
Kpome Toro, B mepBoM ciyyae BHHT HMeeT TOJNbKO BpaliaTe/lbHOe ABHXKEHHe, 4YTO YMpo-
IaeT MPHBOX K Hemy.

Eciu ucnosnb3oBate ABe napbl /Vy — mapoele co wtHdToM (puc. 2.22, &), noay-
YaeTcsi MeXaHu3M, UIHPDOKO MpHMeHfeMblii B C/ecapHbIX THCKax (cTysoBeix). IlpaBaa,
TaM He MOCTynaTesbHasi mapa V3 coenHHAET MOABHXKHYIO I'yGKy co CToiiKoif, a Bpama-
TesabHan V.

AHaJIOrHYHY10 KOHCTPYKIHIO, HO C ABYMSA HeMHBIMH napamu /V,, npuMeHANH B BHH-
TOBbIX CLENKaX XeJe3HONOPOXKHbIX BaroHoB. Takasi KOHCTPYKIMS OYeHb HampsXKeHHas,
TaK KaK Macca CUenKH Obl1a orpaHHyeHa cHjofi cuenmuka. Eciu 6bl B Heilt GbliH
H3GbITOUHBle CBfA3H, TO OHH CAeJaJH Gbl KOHCTPYKIHIO HepaGoTOCNOCOGHOM.

MoxHO B3fiTb TaKKe OiHy IIApOBYIO mapy Iyl 15 (TpexnoaBHKHYI0) U OfHY napy [Vs
(ZBYXNOABHMXKHYIO) 1IApOBYI0 CO WTHTOM (pHC. 2.22, ). Uncio nojBHXKHOCTeR B 3TOM
crysae f=7= (14 1434+ 2.

Tpu nByx Tpexnopswxuuix napax /115 u 11135 (puc. 2.22,¢) f= (1+ 1)+ 3+
~+ 3 = 8. TogBuKHKOCTeNl NONYYHIIOCH HA eAHHHIY GOJibllle, YTO YKA3bIBAET Ha HAJHYHE
MECTHOH MOXBHXHOCTH — BpallleHHe MNOAKJIAAKH MeXLy BHHTOM H mnondyuoM. Takas
KOHCTPYKIIHA BCTPeyaeTcsl B PyYHBIX Mpeccax, B KOTOPbIX BHHT paGoTaeT Ha NPOAOAbHBIR
H3ru6. OfHaKo, eC/IH U3MEHHTb PAacloJIOXKeHHe 3BeHbeB, MOXHO cflefiaTb BHMHT pa6ora-
I0HM Ha paCTAXKEeHHe.

B mogbeMHHKax (BOMKpaTtax), Tle CaMH BHHTHl CJYXaT HaNpaB/flOLUMH, Jerde
H36exaTb H3GHITOYHBIX cBfA3eil. B oxHOBHHTOBOM moxbemHuke (puc. 2.23) pasi aToro
HeO6XOMMO MPHMEHHTb CaMOYCTaHABJHBAIOULYIOCH ILAPUKOBYIO MNATY, T. €, napy nep-
BOro Kjacca. B Takux noapeMHHKaX OGHYHO railka MMeeT BpamaTelbHOEe ABHKEHHe,
a BHHT — [0CTYNaTeJbHOE, TaK KaK OH CHaGXeH LIMOHOYHON KaHABKOM M HampaB/ifeTcs
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Puc. 2.23. OpnoBnuTOBOI
NOABEMHHUK

Mo BTyJIKe CO LIMOHKOM. 3xech py = 2 n p,=1 Caeanc-
BateabHo, f = 7. [To dopmysne (1.1) Hafitem ¢ =1 —
6:24 524 1-1 =0.

Ec/lM ONpUMEHHTb HECaMOYCTaHaBJIHBAIOILYIOCH lia-
PHKOBYI0O MATY, T. €. Napy TpeTbero KJjacca, TO Noay-
uuM ¢ = 2. JIBe u3GbLITOUHbIE CBA3H TPeGYIOT TOYHOIO
BbIMOJIHEHHS TOPLOBBIX MOBEDPXHOCTEH TralKH H BTYJ/KH
nepneHAMKY/pHO OCH BHHTa. [l 3TOrO STH nNoBepx-
HOCTH Heo6X0AHMO 06paGaThiBaTh C OLHOH YCTAaHOBKH la
CTaHKe ONHOBPEMEHHO C Hape3aHueM pe3bObl AJA FafikH
M pacTauHBaHHeM OTBEPCTHA LJIA BTYJKH.

BHHT OLHOBHHTOBOrO MNOAbeMHHKAa NPH HecoBMa-
IeHHH TOYKH MPHJIOXKEHHA HArpy3Ku C ero ocbio Mmoj-
Bepraercs H3ruGy, YTO SIBJIIETCS €ro HeLOCTATKOM.

JlBy XBHHTOBOM MOABEMHHK (pHC. 2.24) TakXe MOX-
HO CKOHCTPYHPOBaTb 6e3 H36bITOuHLIX cBf3eil. B Takux
NoAbeMHHKAaX BHHTH pPa6oTaloT OT oO6llero MpHBOAa.
OpHako MeXaHH3Mbl G6e3 H3GLITOYHBLIX CBfi3efl JOMIKHbI
AOMYCKaTb M pa3fesbHbIl MPHBOA, T. €. w = 2. B 3Tom
clyyae  Y4YHTbIBaTb B pacyeTe MeXaHH3M NpPHBOJA He-
o6s13aTesbHO. 'aifKH NMOJbeMHbLIX BHHTOB HeJb3fl KeCTKO
COeNHHATb ¢ nyaTdopmoit. Jlyuue ofHy raiKy COELHHHTDb
BpawarenbHoil Vy u uniaunapuyeckoii / Vy napamn, a apy-
ryio — BpamatenpHoit napofi V,. Torma no dopmy-
ge (1.1) g=2—6-64 56+ 4:1=0.

Bnaronaps OTCYTCTBHIO H3GBITOUHBIX CBsidefi TaKOH MexaHH3M MoxeT G6€30TKa3HO
pabotath Aaxe NPH LIHPOKHX HOMYCKAaxX MPH H3rOTOBJIEHHH, cOOpKe H 3SKCIIIyaTallHH
(ocagka ¢pynnamentoB). Ero MOXHO MpHMEHATb H B TeX CIyuasix, Korjia KpoMe moabema
naatgopMy HAAO ellle HAKJIOHATD.

IBYXBHHTOBOM MOABEMHHMKe BHHT He NOJABepraercsi H3ru6y, ecnH Harpy3ka COB-
najgaer ¢ OCblo MIAaTdopMbl, T. €. 3Aecb YC/IOBHS Gojee 6aaronpHsITHHE, 4eM B OJHO-

BHHTOBOM MOABLEMHHKE.

CoBeplieHHO H36€XXaTb H3THOAIOIWHX MOMEHTOB B BHHTAX MOXHO B TPeXBHHTOBOM
nogbeMHHKe (pHc. 2.25), 4TO uenecoo6pasHo npH GoJbluofl miatdpopme. B oaToM nojbem-
HHKE BHHTB MOTYT pa6oTaTh KaK OT OGulero npHBOA3, TaK W Pa3felbHO,

Puc. 2,24. JABYXBHHTOBONH mnOAB™ Puc, 2.25. TPeXBHHTOBON NOABEMHHK

€MHHK
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PaccmoTpum nocsepHuiit caydait, T.e. Koraa w = 3. B 3ToM nogbemHuKe rafiku
BCeX TpeX MOAbEeMIIbIX BHHTOB CJeflyeT COeAHHATh € NJIaT¢OpPMOil ¢ MOMOILBIO BpalllaTelib-
HBIX M unIunapuueckux nap. Toraa no ¢opmysne (1.1) =3 —6-104 5-94 43 =
= 0. Ero MoXHO npuMensiTe B Tex clyyafX, Koria kKpome noibema msat¢opMy Hano
NOBOPauHBaTh BOKPYT ABYX oOcCeil.

[MoxbeMHHKH C YMCJIOM BHHTOB 6OJblie TpeX AJIfl YCTPaHeHHst H3ObITOYHBIX CBsidel
TpeSyIOT ChelHalbHbIX YPaBHHTEJNbHbIX YCTPOHCTB, NO3TOMY MNpHMEHEHHE HX HelleJe-
coo6pasHo.

2.6. KPHBOUWIMMHO-NOJI3YHHbIA MEXAHH3M

KpuBOWNNHO-NION3yHHBIH MeXaHH3M, Npeo6pa3yloUMi BpallaTeNbHOE JBHXEHHe
B NOCTYyMaTe/lbHOE MM OGPaTHO, MPHMEHAIOT Hau6Gesee 4yacTo. B HeM nMpHMeHeHH maphl
C MOBEPXHOCTHBIM KOHTAKTOM. MeXaHH3M NpOCT MO YCTPOHCTBY H MPHrojeH AJIA MNepe-
Jaun GoJplIHX HArpy3ok. OH Mo3BoJfeT BaJy Je]aTb NOJHbIH 0GOPOT, CJefOBaTeNbHO,
€r0 MOXHO HCMNOJIb30BaTb JAJsl HeNpepblBHOTO BpamleHHs.

Ha njockoit cxeme, He3aBHCHMO OT KJacCOB KHHeMaTHYeCKMX map, no ¢opmyJe
(1.5) mexaHusM He HMeeT H3GbLITOYHBIX cBfidei: gy = 1 — 3:34 2-4 = 0.

Ecin B3sTh Bce napel V kiacca, To no dopmyse (1.1) ¢ =1 —6-34 5-4 = 3.
3To 3HAuMT, YTO NPH HETOYHOCTAX H3rOTOBJIEHHS! BO BpeMA CGOPKH B MoCJefHell KHHeMa-
THYeCKOfl mape BO3HHMKHYT HAaTATH Tpex BHAOB. Ecim 3Toil mapoit sBafieTcsl MON3YH —
Hanpas/siomwas, T0 HaTATH GYAyT C/eAylollHe: NepBbii HATAT BO3HHKaeT, KOrAa MOA3YH
He nonajaeT B HampaB/siollHe BAOJNb OCH Baja (B HanpaBJIeHHH, MepneHIHKYIAPHOM
K OCH Baja, MOJI3YH MOXHO BCerfia 3aBeCTH B HaMpaBJIsOLIHE 33 CueT MOABHXHOCTeH
roJIOBOK LIAaTyHa); BTOPOl M TPeTHH HATATH NOJY4alTCS NPH YIVIOBOM HecOBMajeHHH
HanpaB/fIOIKMX B ABYX MJIOCKOCTAX, MapajilefbHbiX OCH Baja, — FOPH30HTAJbHOH H
BepPTHKa/IbHON (B MJIOCKOCTH, NeprneHAHKYJAPHO# K OCH Bajla, 3TOro COBMafeHusl BCerAa
IOCTHralOT BCJEACTBHE MOABMIKHOCTEH TOJIOBOK LIAaTYyHA).

STH H36LITOUHbIE CBS3H TPeGYIOT GO/bILION TOYHOCTH H3rOTOBJIEHHSI H CGOPKH Mexa-
HHM3Ma, 4TO OCOGEHHO TPYAHO OCYIIECTBHTb NPH GOJbLLIMX €ro pa3Mepax.

YcnoBde OTCYTCTBHA M36bITOYHBIX cBsideil mosiyuum mo dopmyae (1.1), noacraBus
BHen=3, w=1u1nqg=0:

1 "’3'6+5PV +4p'V +3P”I =01

HIH 5pv+ 4pyy + 3pypp = 17, T.e. CcyMMa KJIaccoB KuMHEMAaTHYeCKAX nap (4Hcio
HaJIOXEHHBIX YC/IOBHIt CBSA3H) LOMKHA GbITh paBHa ceMHajuat. [lapu mepBoro u BToporo
KJacCcoB He BOWVIH B ¢opMyJy, TaK KaK B 3THX MEXaHH3MaX HX He NPHMEHSIOT.

B apyroM Bupe yc/a0BHE OTCYTCTBHS H3GBITOYHBIX CBSi3ell MOXHO MOJIY4HTH MO ¢op-
myne (1.2): g = w -+ 6k —f.

IMNoncraBu ¢ = 0, @ = | u k = 1 (4HCI0 KOHTYPOB), monyuuM f = 7, T. e, cymmMa
NOABHXHOCTefi KHHEMAaTHYECKHX Map AOMKHA ObITb PaBHA CeMH.

Monyuenntie uncna 17 u 7 cnpaBefyiMBbHl TOMLKO IJA NOABHXHOCTH @ = 1. [lpu
APYrUX 3HAuUEHMAX MOABHXKHOCTH OHHM COOTBETCTBEHHO GyAyT paBHbl [no dopmyaam

(L) s (1.2

WL S | 2 3
iy .. ... ........ 17T 16 15
e £ 8 9

B paunHoHalbHBIX CXeMaX KPHBOIIHMHO-MOJN3YHHOTO MeXaHH3Ma 1enecoo6pasHo
NpHMeHSATb apoBele napnl ///j, koTopele MOryT GbiTh ChepHYeCKHMH LIApHKOBBIMH
WIH CPepHYECKHMH POIHKOBBIMH C 3aKperVIeHHbIM HapyXHBbIM KOJbLOM, H/JH Maphl Ha
TOAWHNHHKAX cKoubxeHHs1 [/];. KOHCTpyKnus Takoil mapel, mpHMeHsieMas B JBHra-
TeJifiX BHYTPEHHEro CropaHus, mokasaHa Ha puc. 2.26, @, a npuMeHsieMas B mpeccax —
Ha puc. 2.27.

B nasnbHeitiueM Ha cxeMmax waposylo napy GyieM H306paaTb KPYXKOM, AHAMETP
KoToporo Gosblile AMaMeTpa KpyXxKa, H306paxaiomero Bpamwareapuyio napy. [apu IV
waposbie co WTHPTOM GyleM H306paxkaTb TOXKe KPYKKoM GoJbluero guamerpa, a wrudr
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Puc. 2.26. lllaTyHp panMoHaaAbHBLIX KpHBOWINN- Puc. 2.27, KoOHCTpPyKuHs WaTyHa
HO-TIOASYHHLIX Mexa , np be B € wapoBoi napoii, npumensemasn
ABHTraTeNAX BHYTPEHHEro CropaHus: B npeccax

a — cwapoBofl napoit; 6 — ¢ Ao6aBOYHBLIMH WAP-
rupamu (npeanoxenm B. C. CaneHko ana aBTO-
MO6HAA «MOCKBHYY)

YCJIOBHO HanpaBifiTb BKOCb. B AeficTBHTENLHOCTH IWITHPT ROJKEH HMeTb HanpabieHHe
Nno TeoMeTPHYeCKOfi OCH WIapHHpa.

Naput /13 nan Il uwe paccmaTpuBaeM, TaK KaK KoabueBas napa /lg Henpuroaua
sl GONbIIMX CHJ H3-32 JIHHEHUaTOTO KOHTaKTa, a napy [/, M3-3a GOJbILOTO TpeHHs
Hapy>XHOTO KOJbLla HeJb3fl NDHMEHATb TaM, rle ABHMEHHEe CaMOYCTaHAaBJIHBAaeMOCTH
sIBfieTCA MePHOJMYECKHM, T. €. OHA He FOAMTCA [Jf rosoBoK waTtyHa. Koneuwo, napy /7,
BMecTe ¢ napoii ///; MOXXHO NPUMEHHTL Ha KOPEHHOM Bany, Iie OHH o6pasyior napy Vi,
KOTOpasi TaK H 0GO3HayeHa Ha CXeMmax.

B KpHBOWIHMHO-NMON3YHHBIX MEXaHH3MaX INOJ3yH MOMHO BHINOJHATL WIH B BHJe
uunusapugeckoft napu {V, (puc. 2.28), nau B BHAe nocTynartenbHoi napu Vs (puc. 2.29).
Liununnprueckyio napy /V, ycaoBso n3o6paxkaeM B BHAE TPOHKOBOTO NOPUIHA, @ NOCTY-
nareibHylo Vg — B BHIE OXHOCTOPOHHEro noJi3yHa (aHaJIOTHYHO NMapOBO3HOMY).

ITocTaBneHHOMY BHILIE YCJIOBHMIO pallHOHaJbHOH cxembl (17 ycnoBui cBSI3H) MOryT
YAOBJETBOPHTL: OfiHa napal Vi, m TpH napH 4eTBepTOro Xjacca (cM. puc. 2.28, a, 6).
Ilpn stom He pomKHO GHITL ABYX LMAHHADHUecKHX nap [V, c napanienbHbIMH OCSIMH,
lmaqel lnsoaaﬁ-rca MeCTHasi BpelHa#d MOZBHMAKHOCTH H OJHAa MH36BITOYHas CBA3b (CM.
puc. 1.18, 6).

Tomy ke ycaoBuio yaosaerBopsioT napel Vyg u Vg, IVs u 1117, (puc. 2.29, a, 6).

Ilapa /V3 — wapoBas co wTHPTOM HMeeT JIHHeHUaTHIH KOHTAKT, MO3TOMY HeNnpH-
rofiHa AJisl nepefayd 6onbuiHX cHl. OHA OueHb HEKOHCTPYKTHBHA H €€ NMOYTH HEBO3MOXKHO
BLINOJHHUTL HA MOALUIMMHHKAX KaueHHS. IJo3ToMy ee 3aMEHAIOT LHJIMHAPHUECKO# na-
poit 1V, (puc. 2.29, 6 — npeccl H pHc. 2.29, 2 — napoBo3b Ha NOAWIMIHHKAX Kave-
Hug). Heo6Xonumo oTMeTHTb, 4TO B MeXaHH3Me Ha pHC. 2.28, a Henb3s Ase napu /Vg
SaMeHHTb IBYMs napami /V,, Tak Kaxk TOrja NosBHTCA M3GHTOYHAS CBA3b H HeJOMYCTH-
Masi MeCTHasl MOABHMKHOCTb (WATYH (CHHMaeTcsi» C MeXaHH3Ma).

B cayyae npumeneHns mHAMHApHueckKHX nap /V, caMOyCTaHaBJIHBaeMOCTb JOCTH-
raeTcsl 3a CueT OCeBOTO CKOJIbJKeHHS B 3THX napax. Heo6xozuMo, uTOGH STO CKOJIbXEHHE
GLIJIO BO3MOJKHO, a He YCTPaHAJIOCh 3 CYET CAMOTOPMOXKEHHS.

PaccMOTpHUM MeXaHH3M C IMJAMHIPHYecKoH napoil /V, Ha najblle KpHBOWIMNA (CM.
puc. 2.28, 6 nan puc. 2.29, 6). JlnA BO3MOXKHOCTH OCEBOTO CKOJBXEHHS Harpyska s lH-

! lapa V4, 06o3HauyaeT napy NATOro Kjacca M3 cToabua 1 uam 2 (cM. vaba. 1.1).
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JUHIpHUECKOH nape Ao/MKHa €HITb Hepasho-
MmepHOil. Bygmem cumratb, uyTO 3niopa Harpy-
30K Mo BCeil J/uHe napul 6yfeT uMeTs Gopmy
tpeyroapuuka (puc. 2.30). Torna uentp Tsxe-

= CTH TPEYroJbHWKa Harpysku OyJeT OTCTOATb
'*'-f N \ OT OcHM mWaTyna Ha paccrosuue b/6, Cuna Q,

nepefiaBaeMasi IIAaTYHOM, NOMKHA NPOXOLKTH
uepe3 3TOT LEHTDP TSAXKECTH M LEHTP LIapOBOH
FOJIOBKM H Il BO3MOMHOCTH CKOJIbXEHHS
COCTABAAATL C HOPMAJLIO YTOM TPEHHS (p.
7 L Torna

=~ b> 6L tg qq. @.1)

Puc. 2.30. Cxema cuabl, AefAcTByowed Ha

4
:Inaa:;rz; OT KPHBOWHKNA C UHAUHAPHYECKOH o tg g = fo = - f. 3mecb fm— npu-

BefleHHbH K03b(duIHEeHT TPeHHs no ¢opmy.e
Ins npupa6orasiefica uangu. IloncraBnas suauenue fy B dgopmyay (2.1), nonyunm

24
b> -n— fL. 2.2

dopmyna (2.2) naer oueHp GosbliMe pa3Mepbl KMHEMAaTHYECKHX mMap; HanpuMmep,
npu f = 0,1 6> 0,76L.

ITOT cyyall BO3MOXKEH NPH NPUMEHEHUH NMOALIMNHUKA KaueHus, y KOTOpPOro oceBas
NOJBHXKHOCTb KOCTHIAeTCS 3a CYeT MOABHXKHOH MOCAafKH HapyXHOro Koabua. [Tostomy
TaKas KOHCTPYKUHS Hejonyctuma. CiieflyeT NpHUMEHATb PONUKOBBE MOAUIMMHUKH THNa
2000 wnau 32 000 Ges 60pTOB Ha OJHOM M3 KoJell.

B nomwmunsukax cKojbXeHHs Heo6xoiumas NJAMHA b TNOAWIMNHMKA MNOJyyYaeTcs
‘HaMHOTO- MeHbllle, €C/1H OLHOBPEMEHHO C OTHOCHTE/IbHLIM OCEBBIM MepeMellleHHeM Mpo-
HCXOJMT OTHOCHTeJNbHOE BpallleHHe. B 3ToM cayuae cusa TpeHHsl, HampaBJieHHe KOTOPOit
NPOTHBOMOJIOKHO MOJHOA OTHOCHTEJbHON CKOPOCTH, noJyuaer Gonee GaaronpusTHoe
HanpaeJieHHe, YMeHbIIAeTCH ee oceBas cjlaraemas Fp, onpefeifiomasl yroJ TpeHus no
¢dopmyae

Fq

t‘g(PlIl= Q .

O603HayHM Uy — OCEBYIO CKOPOCTh, @Fp — OKPYMKHYIO CKOPOCTb; TOTA3 CKOPOCTb

2p2 2
CKOJIbXKeHHst GyfieT paBHa 1/ wri + vi.

TNonyunm
Fp _ Un
P Vet
HO .
F==-1Q
N03TOMY

4
-

tgq) —.—4—f Un =
Un

(2.3)

Tak XaK CKOPOCTb OCEBOTO CKOJNbXKEHHs (CaMOyCTaHaBJIMBAHHS) OYeHb Maja no

CPaBHEHHIO C OKPYXHOf CKOpOCTbIO ®Wry, elHHULeHd NMOA KOPHEM MOXHO mpeHeGpeub.
Toraa

Uny
.
©rg

g gy =—F 2.4)
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INoxcraBuB 310 BhipaxkeHHe B Gopmy.ay (2.1), noayuum

b>—-24 _.L_fﬂ_,
oIy ®

(2.5)
Yro6bl onpefennTs AONYCKH HAa JAONYCTHMbie MEpPeKOochl 3BeHbeB MEXaHH3Ma, naiilieM
H3 Qopmyanl (2.5)
s Un n b oy
= AL | N 2.6
W e UL ] (2.6)
OTHOCHTeIbHOE JBHXKEHHE B LIMJIHHAPHYECKON Mape IaTyHa NONYYHAOCh BHHTOBLIM,
MaKCHMaJIbHb 1Iar KOTOPOTO § MO YCJOBHAM TPEHHS (OTCYTCTBHe 3aKJIHMHHBaHMSA) onpe-
nensierca no ¢opmyne (2.6). Dror war 3aBUCHT OT KO3(h(dHLLHEHTA TPeHHS f W OT
3MIopHl pacrnpefiesieHHsl Harpy3kHu no AJiHHe nandgwl (TpeyronbHHK).
Mpu L =565, rg=77,5 u b= 100 (aeuratear 64Y 23/30, xpusowmunuas ro-

JOBKa
’ o T b W 100 TS
*TT12 L 12 565 0,1 :

Jna cpaBHenHs HaiileM pajiHyc Kpyra TPeHHS B TOil XKe TOJIOBKe:

4 4
ox = fra = =7 0.1-771.5 = 9,9 wu.

Jas nopuneBoit ronoBkH, y Koropoit L == 565 rp = 45, b = 92,

_n* b rg_ n* 92 45
=g T F =12 565 01 002w

a pajguyc Kpyra TpeHHs pg= %—frn = —:-0,1 -45 = 5,73 Mm.

Yro6bl onpefieninTh AONYCKH Ha MepeKOChl 3BeHbeB, HafileM, MPH KaKHX nepekocax
B KPHBOIUHMHOH rOJIOBKe MOJYYHTCH 3TO NpelelbHOE BHHTOBOE JABHIKEHHE C LIAroM .

PaccMOTpHM  KPHBOLIHMHO-NON3YHHBIH MEXaHH3M, Y KOTOPOrO naJel, KPHBOLIHNA
nepexoiuex Ha yron y (puc. 2.31). B atoM ciiyuae HaHGoJbLIee OCEBOE NepeMelieHHe KpH-
BOLIMNHOA TOJOBKH Ha ONHY CTOpoHYy kR = L tgv.

Tpunss, uTo oTHOCHTENbHOE OCEBOE MepeMelleHHe NPOHCXOAHT NO FapMOHHYECKOMY
3aKoHY, H 0603HaYMB YroJ NOBOPOTa Baja yepes §, monyyum Texyiiee nepemeisenne

x="ksind =L tgysind u ckopoctb v = wL tgy cosb. 5
MaxcumanbHass  CKopocTb  (HauGojee  onacHas) N
ug = oL tgy.
Haiinem orcrona % E
Sk Un _
2n @ Ligy.
PemnB 3TO ypaBHeHHe OTHOCHTeNBHO YIvla NepeKoca k Nt
Najbla KPHBOLIMNA, NOJYUHM
s
tgy= 7““_1‘- . (2.7)
Jas Toro xe npumepa (mBuratear 64U 23/30) E
_ 13,0 1o
gy = 37565 0,0318; y=1,8°

PaccmotpuM caiyuait nepekoca Hanpaeasiomux Ha  Puc. 2.81. Kpusommnuo-nos-

yron y (puc. 2.32), T. e. Koria HanpaBasiiOllHe He Mep- :;:ﬁ:‘lﬁ“ﬂg’f““:’e:eﬁ oﬂ.‘;’:";‘“::

NeHAMKYASPHH KOpeHHoMYy Bany. 3zece 2k = 2R tgy. Ha yroa y
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Puc. 2.32, Kp{BOWMNHO-NOAIYHHBLIAI MEXaHHM3M C NEPEKOWEHHbLIMH HANpPaBARIOLIHMH

IpunsiB rapmoHMyecKHii 3aKOH OCEBOTO CKOJIbXKEHHA, 3anuueM X = k sin § =
- s v
=Rtgysind;, v=w0R1tgycosd; vgy= wRigy u 2; =-E"-=Rtgv. 3nech
MBIl TIO-NpeKHeMy MpeHeOPErJH YIJIOBOH CKOPOCTbIO LIaTyHa, KOTOpasf He3HayHTelbHA
NO CPaBHEHHIO C YIJIOBOH CKOPOCTbIO KPHBOIIHMNA.
M3 nocnenneit ¢opmyab Haiinem

tgy= %, (2.8)

Jas Ttoro xe gsuratens 64 23/30 (R = 150) nonyuum

_ 13,0 . @ go
tg?—m—o,l2, v=6,8%

Ecau nepekoieHa KPHBOLIHNHAS TOJOBKA LIAaTyHAa, TO ee CMellleHHe B OCEBOM Has
npasjieHHH OyAer nocTosHHHIM. ClefoBaTeNbHO, CHJA TPeHHs B 3TOH FoJioBKe Gyjer
HanpaB/leHa MO OKPYMHOCTH, T. €. NPOTHBOMOJOMHO CKOPOCTH CKovbKeHHA. Ocepoil
CHJIbI TPEHHS 3Jecb He GyJieT, H, CJIeloBaTe/IbHO, He MOXKeT GhiTh caMoTOpMOXKeHHUS. Byner
OJlHHApHAafA CaMOyCTaHaBjiHBaeMOCTb. [103TOMY 3TOT cayuyait HaMH He paccMaTpHBaercs.

IepefineM K MeXaHH3MY, Y KOTOPOro HuHHApHuecKass napa /V, cTOHT Ha moasyHe
(cM. puc. 2.28, 2 u 2.29, ). PaccmoTpuM cayyait, Korga B nosisyHe najell MepeKoileH
Ha yroil Y B TOPH30HTAaJbHOA TNJOCKOCTH, NpPOXOAsileil yepe3 OCb KOPEHHOIO Baja
(puc. 2.33). Ha pucyHke noxasaH BHL CBepXY Ha MeXaHH3M B TPeX €ro NOJIOXEHHsX,
B JBYX MeDPTBbIX TOYKaX M MPH BePTHKAJbHOM [MOJOXKEHHH KpuBowuna. B MepTehX
NOJIOKEHHAX MOpIIHeBas TOJOBKA IIATyHa CMECTHTCH B CTOPOHY Ha BelHunny L tgy.
Hmenno 3Ty Be/IMuMHY M cllefyeT YuHTHIBaTb NMPH ONpefie/leHHH HeOGXORHMbIX 3a30DOB.

B cpexHeM noJioKeHMH IIATYH HaKJOHHUTCA HAa yroad Omax (pHc. 2.34), npoexuus
€ro Ha FOPH30HTaJAbHYIO MJAOCKOCTh 6yfeT paBHa L cos Omax, a CMellleHHe nopuiHei ro-
JN0BKH — L cos Opay tg .

Puc. 2.33. KpHBOUWHNHO-MON3YHHMA MEXaHH3IM C NEPEKOWEHHHM NOPIIHEBLIM NaAbUEM
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Puc. 2.34. Naockaa cxe-
Ma KpHBOWMUMNHO-NOAIYH=-
HOTO MéXaHH3Ma

Pa3HocTb cMelleHHit B 3THX NONOXKEHHAX JaeT BeJTHYHHY NMPOROJbLHOrO CKOJNbXEHHA
NOpLIHEBOH TOJIOBKH

2% = Ltgy—LtgycosOmax = 2L tgysln’—e%-. 2.9

B XpHBOLIHNHO-NOJ3YHHOM MeXaHH3Me (puc. 2.34) sin9=%sin 6.
INocne anddepenunposanus mociesHeit Gopmysnl no ¢ noayyum

Ouar €0S 0 = © % cos 6,

HaH

R cosd @.10)

Omar = 7" "cosq *
o R
an 8 = 90° sin Omax = I
R 1 °
Tak xak o6muHO T<_ H Opax < 17°,

3,5

Omax _ _R
2 T 2L ¢

IMoncraeuB 310 3Hauenue B ¢opmyay (2.9), nonyunm

TO npuMeM sin

R2
k=127, @.11)

JonycTHM, uTO nepemelleHHe MNOPLIHEBOHA FOJOBKH BJOJb Najbld NMPOUCXORHT NO
rapMOHHYeCKOMY 33KOHY; KOHeuHO, 3TO 6yieT FapMOHHKa BTOPOTo nopsigka x = k cos 26.
IloaToMy cKopocTb (omycKas 3HaK)

2
v=2wksin26=m-§—L-tgysin26.

INonenns nonyyenHoe 3Hauenne Ha (2.10), Haiizem

14

= R tg ycos0sind.

Omar
IMpu 8 = 90; 6 = O,x ¥ v = vy nNonyunm

Sn Un

o omar R tg v cos Opax.
Orciona
tgy N N . (2.12)

= "27R c0s Omax
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.4
R \\ \¢
() R
'anl
Puc. 2.35. MexaHMaM ¢ nocTyna- Puc. 2.36. MexaHH3M C LHAWHADPHYECKOH napofi Ha noa-

TENbHBIM MNOJ3YHOM ¥ nepekoweH- 3yHe H nepeKkoWeHHbIMH HaNpasAROWHMH
HbIM NOPLIHEBBIM najblem

Jns ykaszanHoro sbiue asuratens 6U 23/30, yuutwiBas, uto B ¢opmyay (2.12)
BXOJAMT LIAT Sy AJS MOPUWIHEBOH TONOBKM, KOTODHIi MeHblue, 4eM AJf KpPHBOLIHMHOM,

HMeeM
R 150 |
sin Opax = T =565

Omax = 15,4°.
[To dopmyne (2.12) naitpem

v €0,2
87 217150 cos 15,4°

Heo6xonumo paccMoTpers ele cayyail nepekoca NOPIIHEBOro Najiblia B NPOLOILHOI
BepPTHKaAbHON maockoctn (puc. 2.35). [lpaeaa, sToT cayuait BCTpeuaercss TONLKO MpPH
BbINO/IHEHHH HaNpaBJfAOUIMX B BHAe Napnl NATOro Kaacca. Ecau xe nanpasasiomue
BLINOJIHEHEl B BHJE LMJIHHAPHYECKOH Mapbl YeTBEpPTOro kjaacca (TPOHKOBHIA MOPLIEHB),
TO 3a CYeT CaAMOYCTaHABJIMBAEMOCTH 3TOT yron yctpauurca. Ha puc. 2.35 k£ = R sin y.
Cuutas CKOPOCTb OCEBOrO CKOMbXKEHH H3MEHSIOWEHCH MO FapMOHHYECKOMY 3aKOHY,
noayunM v = @ k cos § = @R sin y cos .

= 0,0664; y=3,8°

, v
Onpeznenum p , TOLeJHB MocJefHee BbipaxeHHe Ha Bbipaxkenue (2.10):
war

= L sin ycos 6.
Omar

,MakcumallbHOe 3HaueHHe 3TOro oTHoweHuss npu 6§ =0 u 6 =0
Sn Un

2n ®mar

= Lsiny, (2.13)

OTKyZa
siny=—2‘:—;'r. (2.14)

Paccmotpum eme ciyyait nepexoca HanmpaBJSIOMIHX HA Yroa ¥, T. €. KOrAa Hanpas-
JISIOINE He NepNeHAHKYJSAPHE KopeHHOMYy Bany (puc. 2.36). 3mech k = R sin y.

TMo-npexxHeMy cuHTaeM 3aKOH OCEBOTO CKOJbXKEHHsS rapMOHuyecKuM. OfHaKO npu
0 =0x==F, npn § =90° x =0 u npu 8 = 180° x = —k.

OTHM YCJIOBHAM YJOBJETBOPSET 3aBHCUMOCTb X = k cos 8, mam x = R siny cos 6.
Juddepennnpys ee u onyckas 3Hak, noayuum v = @R sin y sin 8. ITogenus 3to Bmpa-
JKeHHe Ha Opap #3 dopmyan (2.10):

v
—— = Lcos0tg4. (2.15)
Omar

MaxcumanbHoe 3HaYeHHe 3TOro0 OTHOmeHHMA npu & = 90°

Un

sp=2n = oo, (2.16)

Omar
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dopmysa NOKa3biBaeT, YTO CaMOYCTaHaBJHBaeMOCTb 34eCh HeBO3MOxHa. Ilostomy
HHIHHADHYECKYIO Napy BCeria Halo CTaBHTb Ha KPHBOILHMN, a WIApOBYID HA NOJ3YH
(UMIHHAPHUYECKYIO Napy Ha MOJ3YH CTaBHTb Helb3f).

O606mast 5TH CBeleHHsl A/l BCEX MeXaHH3MOB, MOXKHO CAe/NaTb BBIBOX, YTO L(HJIHH-
Apuueckvio napy IV, crenyer craBuTb TONBKO TaM, Ijie OHa JejlaeT NOJHBINK 0GOpOT.

Tonesano paccMoTpeTs OpMyJbl A/l Pa3NHYHBIX Cly4YaeB MepeKoca.

Jns napei / Vg Ha nasbue XpHBoOWKNa npH ero nepexoce u3 gopmya (2.6) u (2.7) umeem

n 1 b .

€v<(gr7 7)1

npH flepekoce HanpasasioWHX H3 gopmya (2.6) u (2.8)
b n

t AL b\
gV<(24 FT) R

Has napw /V, Ha nopuwHeBo#t TON0BKe NPH NepeKkoce NOPUIHEBOrO Najiblla B FOpH-
8OHTaNbHOI NAOCKOCTH H3 dopmya (2.6) u (2.12) umeem

n 1l b rm .
‘g?<(ﬁTT)——Rcosem’

NpH Nnepexoce NOPLIHEBOro Najblia B BepTHKaAbHOM oceBOH naocKocTH u3 dopmya (2.6)
H (2.13) -
n g .
Si“"Y<(24 T ) L’
nepeKoC Hanpasasiomux y = 0.

[NoxcueTn nokasanu, yTo B MexaHH3Me Ge3 H3GLITOUHBIX CBSi3eil ZOMYCKH Ha mepe-
KOCHl OyeHb Gosbiine, CieyeT NOMHHMTb, YTO OHH HaiileHbl M3 YCJIOBHS TPeyroibHOTO
8aKOHa HarpyskH uandsl. Llenecoo6pasno ux 6paThb MEHbIMMMH, YTOGH YJAYULIHTL YCJAO-
BHA pa6oTbl KHHEMATHYeCKHX nap.

B cnyyae npuMeHeHHs NOMAIIMNHUKOB KaueHHs B LHAHHApHYeckol nape /V, caepyer
NPHMEHSITb POJIMKOBHE MNOALIMNHHKH Gea 60pTOB Ha opgHOoM H3 Koaen (Tun 2000 wim
32 000). Ecan Tpebyercsi Gonbluas Harpy3ouHast CNocoGHOCTb NPH Majlofi CKOPOCTH,
uesecoo6pashbl HrosbuaTble NoAwMnHuKkH (puc. 2.37). B stom cayuae

b
L< =——. 2.17
< 21g ¢g 2.17)

Ecan 6e3 6opToB BHINOJHEHO BHYTPeHHeE KOJbLO, TO Aasl onpelejeHus tg ¢pg=
= Fy/Q cnenyer naittu Fp no dopmyne, npesnoxennoit H. E. Illamaiizenko:

B 1400y 5k (D—dy
Fn—f{[0,92+0,37arctg e ]Q 2 },

a ecn 6e3s 6OPTOB BHINONHEHO HapyXHOe Koablo, T0 Fp onpesensieM mo dopmyse
— 2
Fp= {[0,92+ 0,37 arctg —20%n ]Q _ S5kD—4d },

46

3D +d) o

rie D u d — COOTBeTCTBEHHO JHaMeTpHl Ha-
PYXKHOTO H BHYTPEHHEro Kojew no Kpyry
Katauus (cM. puc. 1.21); z — uuciao posHKOB
B MOAIINNHKKE; A — OTHOWIEHHE NJMHB POJHKAE
K €ro Juamerpy.

CpaBhenne 3Tux ¢OpMYysT NOKa3blBaer,
YTO B MOCJENHeM CJyyae TpeHHe MeHblle, TaK
¥ak 3D + d > D 4 3d. TMostomy nyume npu-
MEHATb MNOAWIMNHHKH C 6e360pTOBbLIM HapyX- ]

HHM KosbloM (tuna 2000). 1

Ilpn unnuuppuueckoM non3yHe MOXKHO
COBCEM H3bexaTh WAPOBOA Napul CO WITHPTOM,  pag’ ooo7. CXeMa matyua © xphsouwn
€CIH 3aMeHUTb ee wapoBod napolt [//{, (M.  mukax ’
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puc. 2.28, 6). Tlpu 3TOM NOABIAGTCA MECTHAA NOXBHKHOCTbL — BpalleHHe MOPIIHA BO-
Kpyr cBoeft ocu (® = 2). Ona Ge3BpeAHa B 4eTHLIPEXTAKTHBIX JBHraTeniXx; B ABYXTaKy-
HBIX — HEJONyCTUMA, TaK KaK B HHUX CTHIKYM TOPIUHEBHIX KOJel He HOMHB RONAajaTh
Ha BNYCKHblE M BHINYCKHblE OKHa.

Ilfaposyio napy [I//], HYXHO CTaBHTb Ha MNOPLIHEBYIO TOJIOBKY iAaTyHa {cM.
pHc. 2.28, 6); Ha XPUBOILIUNHYIO (CM. pHuc. 2.28, &) ee CTaBHTL ONacHO, TaK KaK B MEPTBOM
NO/IOXEHHH LIATYH C NMOPLIHEM MOXEeT NOBEPHYTbCA BOKPYT KPHBOIUHNHONK TOJOBKH {//],
M BO BpeMsl NyCKa MallMHB TNPOH3OHAET ee MOJOMKAa. ITO elle pa3 NOATBEPMKAAeT,
YTO HEJONYCTHUMO CTaBUTb Ha MOJA3YH LMJAMHAPHYecKylo nmapy [V,

Liununapuueckas napa /V, orpaHHYHBaeT BO3MOXXHOCTH CaMOYCTaHOBKH. IloaTomy
Ha MOpPIIIEeBOM NaJjiblie ee LeNeco06pa3Ho 3aMeHHTs Ha waposyio /117, (cM. puc. 2.28, 0
U 2.29, 0). Ipu 3Tom no6apisieTci MeCTHAast MOABHIKHOCTb — BpalleHHEe LIaTYHA BOKPYT
cBoeit ocH (B npefenax ynopos). B ABYXTakTHbIX MalllMHaX 3Ta cXeMa HeNnpHrofHa, Tak
Kax OHa MO3BOJIsIeT NPOXOA CTHIKOB KOJell Yepe3 BNYCKHble H BLIMYCKHBE OKHA, YTO He-
JHOMYCTHMO.

Jpyro#t nyTs u36exkatb npumeneHHsa nap [Vy u IVy, COCTONT B 3aMeHe HX KHHeMa-
THYecKHM coenuHeHneM [V, (cM. Taba. 1.8 u puc. 2.28, e, o, 2.29, e, o). Ha cxeme
pHc. 2.29, e, o Ge3pa3aHyHO, HAa KaKOH rOJIOBKe LaTyHa CTaBHTb WiapoByio napy [1/;,
M KHHeMaTHYeCKoe coefiHHeHHe H3 IBYX nap Vi, Ha cxeme puc. 2.28, e ctaButs 11apoByio
napy Ha KpHBOLIHNHYIO FOJIOBKY TaKXe OMacHO, KaK H Ha cxeme 2,28 a.

B Tex cayuasx, KOrja OTKJIOHEHHS Pa3MepOB 3BeHbeB OYeHb BeJHKH, JOOABOYHbHIE
YIJIOBble MOABHXXHOCTH chepHyeCKHX MOMIIMMNHHKOB KayeHHs MOTYT OKa3aTbCA HenocTa-
ToyHbiMU. Torga u mapossie napoi //1,, 1enecoo6pa3Ho 3aMeHHTb KHHEMATHYECKUM COEJHU-
senueM /114 (ta6a. 1.8, puc. 2.29, 8). Tpetpa napa Vi, nepenaer TonbKO oceBYIO CHAY,
MO3TOMY OHa BblHeCeHa B CTOPOHY OT TOYKH mMepeceveHHst ocelf, uTO ynpomaer
KOHCTPYKIHIO.

[Mpu ouaunppuyeckom nonsyue IVy ofe roJOBKH IIATYHA JOMMKHBI GbiTh COELHHE-
HHAMH 4YeTBepTOro xaacca (/Va, puc. 2.28, 8). TIpuMeHAIOT TaKylo cXeMy B MeXaHH3Max
PeryJjHpoBaHUs NapoBblX TYpOHH.

B xuHematuueckux coeguHeHusix Ha puc. 2.28, e, o, 8 u 2.29, e, %, 3 OCH Bpa-
HIaTEeNbHLIX TIap mepeceKaloTcA. TaKas cXeMa TeOpeTHYeCKH HaWly4mass, HO KOHCTPYK-
fIMS TIPK STOM NoJyyaeTcs rpomo3akod, [ToaToMy STy cXeMy npuMeHSAIOT, HanpHMep, B na-
POBLIX TYpOGHHaxX, Tfe CMellleHHs 3BeHbEB OT HMX pACLIHpEHHS MPH HAarpeBaHHH OuYeHb
BeJIHKH, B Tex ciayyasix, Koria cMellleHHS SBeHbeB HE3HAUHTENbHB (ABHIaTe]H BHYTPEH-
Hero CropaHms), Lesecoo6pa3Ho NPUMEHATb CXeMbl CO CKPEIUHBAIOUIHMHCA OCSMH BpaILa-
TEJbHHIX Map B KHHEMaTHYeCKHX COefHHeHHAX (cM. puc. 2.28, u—a u puc. 2.29, u—a).

Cxemy Ha puc. 2.28, 2 npeajsoxun B.C. Canenko, KOTOpHi mnepepenan Ha STy
CXeMy [BHrartelp aBTOMOGHAs «MockBuw». HoBas KOHCTDYKUMA 1IaTyHA NOKa3aHa Ha
puc. 2.26, 6. MicnuiTanus ee noxasaji, 4YTO YMeHbIINJIOCh TPEHHE MEXaHH3Ma, OCOOEHHO
CH/IbHO YMEHbUIWJICA M MOMEHT B Hauaje JABHMEHHA. DTOrO H CJeL0BakO OMHAATH, TaK
KaK B MeXaHH3Me 6e3 M36BITOYHBIX CBA3efl HATATH OTCYTCTBYIOT. Y CTPaHHJIHCH MepeKoChl
TODUIHSA, YTO YJY4UIHJIO IepMETHYHOCTb. ITO MPHBEJO K TOMY, YTO JIBHTaTedAb CTald ro-
Pasfo Jerue 3amycKatbcs.

HcnbitaHuft na M3HalIMBaHMe MOPUWIHA H LKJAHHADPA NMOKA He MPOBEACHO, OJHAKO
C/lleflyeT OXHAATb yMeHbLIEHHS MX H3HAlIHBaHHA. B Henom 3Ta cXeMa OueHb mepcrex-
TuBHa. Eume Gonee mepcnekTHBHAa cxema Ha pHC. 2.28, #, TaK KaK OHAa Mpolle CXeMul
Ha puc. 2.28, 2 ¥ Gonee TexHOJOruYHa, yeM cxema Ha pHC. 2.28,a u 6.

2.7. KPHBOWIHITHO-KOPOMBICJIOBbIA MEXAHHM3M

Ilnockas cxeMa KpPHBOWIMMHO-KODOMHICJAOBOTO MeXaHH3Ma H3o6paxieHa Ha
puc. 2.38, a. ITposepka ee no dopmye (1.5) uau (1.6) nokaswiBaer, uto gp =0, T. e,
HeT 0c000 BpPeAHbIX H3OHITOUHHIX cBs3ell, UTOOM He ObI0 HAKAKHX H3OLTOYHBIX CBA3eH,
riofctaBuM B ¢opMmyay (1.1) ¢ =0, w =1, n =3 u, yunTelBas, 4T0 B MeXaHH3Me
HeT Nap MepBOro H BTOPOro kJacco (pp = 0 u p,, = 0), moayusM BHpaXKeHHe AN
qHCAa YC/OBHE CBA3M KHMHEMaTHYeCKHX mnap 9Toro MexanusMa: 5py -+ 4py, 1

3pyp = 17,
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Pnc. 2.38. Cxembl KPHBOUINNHO-KOPOMAICAOBLIX MEXaHH3MOB

To e ycnioBHe B BHJe YHC/Ia NMOXBHMKHOCTeH MOMHO HaliTH aHaJOrHYHOR noAcTa-
HOBKoit B popmyiy (1.2). Torpa mas uucia nogBHKHOCTEH KHHEMAaTHUECKHX Nap 3aMKHY-
TOTO KOHTypa MoAyyum f = 7. DTH ypaBHEHHS Y/IOBJETBOPSIOTCA NPH ABYX mapax V,,
onHolt I Vg 1 onnoit 1115 (puc. 2.38, 6). K coxanenuto, napa IV, (apopasi co mrudrom)
HMEeT y Moc/elHero JIMHeiuaThli KOHTAaKT 3BeHbeB H HEMPHUrofHa AJis GonbLIHX CHI,
noITOMy cxema Ha pHc. 2.38, 6 npuUrogHa TOJALKO A/ OYeHb JIEFKHX MEXaHH3MOB
(c Manoii maccoii). M36exaTb npuMerense napu / Vg MOXKHO, eC1H 3aMEHHTDb €e L1apOBOH
napoit 1115 (puc. 2.38, 6). IlogBHXKHOCTD MeXaHH3Ma CTaHeT paBHOM ABYM, A06aBHTCA
MecTHas Ge3BpefHas NOABWKHOCTL — BpAlIEHWe IuaTyHa BOKPYr cBoeil ocu. Ilpn-
MEpPOM TaKOit CXeMbl MOXKET CJ1YXKHTB IIHPOKO PacpoOCTPaHEeHHas H NOJHOCTbIO Ce6si onpas-
JaBlias pyseBasi Tpamenuss aBTOMOGHMS.

STy cxeMy coiepXaT W 6GHosornyeckue MexaHu3Mmu. QueHb OTBETCTBEHHHI Mexa-
HH3M B OpraHu3Me yeJiOBeKa — nepefiaua oT 6apa6anHOil nmepenoHKH X BHYTpEHHeMY
YXy — BHINOJHEHa Ha WapoBHX WapHHpaX. ITepenaua cocTomT M3 KpuBOmIMNA (MOJO-
TOyKa), WaTyHa (HAKOBaJbHH) H KOPOMBICHA (CTPeMeyKa), COCTAB/SIOUIEr0 OfHO LieJoe
C BHYTPEHHHM YXOM.

OcoGenno 1enecoo6pasHa cxema, NpHBeJieHHass Ha pHc. 2.38, 6, B ciyuae HIAPOBHIN
nap Ha cdepHueCKMX MONUHTHHKAX KaueHHA. KoHeuno, o6e mapoBhie MapH AOKKHE
OhTb Ha rojioBKax maryHa. EcaH jake OLHY H3 HUX HOCTaBHTb MEXJY KpHBOLIKIOM
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W CTOKOi1, TO MeCTHasi NOJABHXKHOCTb MPHBEIET K TOMY, YTO KPHMBOLUHMN C LUIATYHOM ¢I10-
BanATCA» W MeXaHH3M GyleT HepaGOTOCMOCOGHBIM.

Jpyroit nyTe nosyuyeHus pallMiOHANLHOTO MeXAHH3Ma 3aK/IOYaeTCs B 3aMeHe Iuapo-
Boit co wTtudToM napul /V3 uununapuueckoit IV, (puc. 2.38, ). Camoycranasnupae-
MOCTb NPH 3TOM JOCTHTAeTCH 3a CUET MPOAOJBLHOIO CKOJbMKEHHS mapbl. JTol camoycTa-
HaB/JHBAaeMOCTH MewaeT TpeHHe. [To3ToMy ycranaBjauBaThb Napy HajO Ha KPHBOLIHME,
a He Ha kKopombicie. [IpoBepky Ha CaMOyCTaHABIHBAEMOCTb MOMHO NPHUGJHKEHHO
npoBoAuTL no ¢GopMyJiaM, BbiBeAEHHbIM Bbille JJf KPHBOWIHMHO-MOJ3YHHOrO Mexa-
HH3Ma.

Tperufi nyTb mnonyyeHH CaMOYCTAaHABJHMBAIOUIMXCH MEXaHH3MOB 3aKJIOYAETCA
B MNPHMEHEHHH KHHEMaTHYeCKHX coefuHeHHit (cm. Tabn. 1.8) Bmecto nap /Vg u 111,
(cMm. puc. 3.38, 0). Ilapy /Vj samensiioT coeqnnennem /Vg,, coctosilumM H3 ABYX Bpauia-

Tensubix nap Ve, a napy /112 — coenunennem /114, BKIIOYAIOUMM TPY Napbi Va. B pe-
3yJbTaTe MOJNyyaeTcss MeXaHH3M M3 ceMH nap (cemp MOABHXKHOCTell B KOHTYpe) H ceMH
3BeHbeB (BKJOYasi CTOHKY).

MexanHu3mbl Ha pHC. 2.38, 6 ¥ 0 MOXHO NPHMEHHTL H B C/YyYae NePNeHAUKYIAPHBIX
oceil kpusownnoB (puc. 2.38, ). Takasa cXema BcTpeyaeTcss B MeXaHH3MaXx peryJupopa-
HHA napoBeIX TYpGHH. OfHAKO B OGBIYHBIX KOHCTPYKIHSAX BpallaTe]bHas 1apa Ha OCH
IIATYHa OTCYTCTBYET, H, C/A€J0BaTeJbHO, OCTaeTCA H30bITOYHAS CBA3b.

MoXHO 3aMeHHTb KHHEMaTHYeCKHM COelHHEHWeM Tosbko napy [Vy, a wapoByio
napy [1l; coxpauutb. Ilonyuaercs MexaHu3M H3 ueThipeX BpaulaTeAbHbiX map V, u
onHoR waposoi [/1l5; oHH TOXKe AAIOT CeMb MOABHXKHOCTel Ha KOHTYp (puc. 2.38, o).

Hakounen, npu ouenb 6o/bluHX pasMepax 3BeHbeB MO CPaBHEHHIO C Pa3MepaMH KHile-
MaTuyeckux nap (B 50 pas u Gosiee) napol Ha Na/bllaX KPHBOLIHNA H KOPOMBIC/IA, C YUETOM
8330pOB, MOXHO CUMTaTb wWaposbiMu [/l ¥ npHMeHATb cXeMy, MOKa3aHHYIO Ha
puc. 2.38 3.

HutepecHblil ueThipexmiapHHpHbLIA MeXaHH3M NpHMeHeH B Kochake (puc. 2.38, u).
MexaHusm npeo6pa3yeT BpauaTe/NbHOe JBHXKeHHE [VIABHOTO Bajla B KauaTeJlbHOe BOKPYT
OCH, MeprneHAUKYAAPHON K OCH Baja H mepecekaiouneii ee. TaKoit MEXaHH3M XOPOILO KOM-
MOHYyeTCA ¢ KOCHAKON, I'/le OH MepeflaeT ABHXKeHHe pexylieMy annapaty. [lasa usbexanus
H36LITOYHKLIX CBsA3ell HaJl0 OHY OMNOpY Cle/1aTh Napoil BToporo Kaacca (yao6uee scero //y),
TaK KaK HanpaB/eHHe 9TOrO Baja MOYTH He MeHAeTcs. [ToABHXKHOCTH B KOHTYpe NOKa3aHbl
Ha puc. 2.38, 4. 3xecb yraoBasi MOABHAKHOCTL Ha MaJblle KPHBOLIKIA OTHECEHA K OCH Z,
TaK KaK yroa Mexjy HHMH He BIHsIeT Ha 3aMblKaHHe KOHTypa.

2.8. MEXAHHU3M MNAPAJUIEJIbBHOTO KPHBOLIHMIA

B GoablIMHCTBE MeXaHH3MOB MOJABHXKHOCTb BO BCeX MONOXKeHUAX oAuHaKosa, Hckaio-
YyeHHeM M3 STOr0 MNpaBHAa MOMKHO CUMTaTb MEXaHH3M Mapaj/elbHOr0 KPUBOLIMMA
(puc. 2.39), sBAsomuiicA YaCTHLIM CAy4YaeM KpHBOLIMMHO-KOPOMBICJIOBOTO MeXaHH3Ma,
y KOTOpPOrO B MepPTBOii TOUKe MOJBHXKHOCTb BO3pacTaeT Ha eAuHuuLy. Ha pucyHke, ytobul
H36eXaTh COBNajeHus JuHuil, watyn AB u croiika OC ycnoBHO H306paKeHBl NMOAKOBOOG-
PasHbIMH, XOTA B JeHCTBHTEJbHOCTH OHH TIpSIMbe.

PaccMoTpuM MOABHMKHOCTH 3TOrO MeXaHu3Ma B MepTBO# Touke. CuuTaeM, 4TO B TOU-
kKax O u C ycraHoB/JeHbl BpauwareapHbie napol Vy, a B Toukax A u B — mapoBue
napu /113 Toraa AuHeiiHble MOJABHXKHOCTH MO BCEM TPEM OCSM PaBHB HYJIO, T. €.
fe=0; f!', =0 u f; = 0. Yrnosble NOABHXHOCTH BOKDYF ocefl X W y GYAyT HMeTb
TONbLKO WapoBbie napbl B Toukax A u B, 7. e. fy = 2 H [ = 2; yr/0Bble NOABHXHOCTH
BOKpPYr OCH 2 GyAyT MMeTb BCe ueThipe MapH, T.e. f, = 4.

PaccMoTpuM pacnpelielenne YIVIOBBIX NOABHMHocTelt: fy = 2 nofiner Ha 3ambi-

KaHue KOHTYpa H Ha MeCTHYIO MOABHMHOCTb — BpallleHHe WIaTyHa BOKPYr cBoefi ocw;
fy = 2 nspacxopyercs Ha 3aMbIKaHHe KOHTYPa H Ha 3aMeHY JNHHEHHOA MOABHKHOCTH fj.

D10 BO3MOXKHO, TaK KaK €CTb 3BeHO (IIaTyH), HalpaB/JeHHOE 1O OCH X, T. €. Mo TpeTwbefi
OCH KOOpJAMHAT, MePreHAHKYASPHOA K Y W z; f, = 4 noiijleT Ha 3aMbIKaHHe KOHTYpa,

Ha 3aMeHy JIHHeAHOi MOABHKHOCTH f; (TaK KakK ecTb IUATYyH MO OCH X), H ABe MOJBHX«
HOCTH GYAYT MOABHXHOCTAMH MeXaHH3Ma,
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Puc. 2.39. MexaHM3M napaanebHOro KPpHBOWKHNA B MEPTBOM MOAOKEHUH (CNJAOWHLIE AHHHH) H
B NPOH3BONbHOM (WLITPHXOBBIE NHHHH)

JIuHefiHasi MOABHXKHOCTb MO OCH X OTCYTCTBYeT (f; = 0), u 3aMeHHTb ee YrJOBOI

BOKPYT OCH 2 He/b3fl, TAK KaK HeT 3BeHa, mapaaneibHoro ock y. Iloatomy Gymer oaxa
u36bITOuHa CBASb ¢ = | W MOABHXKHOCTL W = 3.

Bo Bcex MONMOXEHUAX, KPOMe MepPTBHIX TOYeK (3BeHbfl NMOKAa3aHbl LUTPHXOBBIMH JIH-
HHAMH Ha puc. 2.39), MOABMXHOCTb PaBHA JABYM — OCHOBHOH H BpalleHHIO IIATYHa.
Ilpu sapanuoft v, CKOPOCTb Up BMOJHE ONPefe/NeHHA M PaBHA V4.

B MepTBO#i TOuKe CKOPOCTb Ug TePHET ONpele/IeHHOCTb H MOXET HMETh BEJHYHHY Up;
TOra COXPAaHAETCA MEXaHW3M MapanafeNbHOr0 KPWBOLIMMA, CKOPOCTb Up MOXKET mojy-

YHTb MPOTHBOMOMOXHOE HAamMpaBl€HHE, M MEXaHH3M CTaHEeT aHTHNApal/eNorPaMMOM.
CiiefoBaTeNbHO, AN TOTO YTOOB ABHXEHHE B MepTBOH TOuKe GblJIO ONpefeNeHHbIM, He-
06X0MMO 321aBaTh He TOJAbKO CKOPOCTb TOYKH A, HO M CKOPOCTb TOUKH B; TOraa noiBHIK-
HOCTb YBeJHUMBAeTCss Ha eXuHHIy. XapaKTepHO NpH 3ToM, uTo 3BeHbst OA u AB u
OHOBpeMeHHO ¢ HHUMH 3BeHbst OC u BC BHLITATHBAIOTCA B NMPSAMYIO JHHHIO, T. €, HMeeT
MECTO JBOHHAsl MepTBasi TOYKa.

YBennueHHe NOABHMKHOCTH Bbi3blBA€T BO3HHKHOBEHHE H3GLITOYHBIX CBA3edt. ITo
caepayer u3 dopmyant (1.5).

Ipu yBenuyenHu MOABMIKHOCTH Wy HA eAHHHIY B MeXaHH3Me 6e3 M3GLITOYHBIX CBSA-
seft gy = |, Tak KaK ocTajbHble napamerpol B 31O dopmysne coxpaHsiorca. To ke
camoe MOXHO monyuutb M no dopmyaam (1.1) uau (1.2).

B MexaHuamax c npocTtoii MepTBOfi TOYKOA (HanpuMep, B KPHBOLUHMHO-MOJ3YH-
HOM) yBeJHYeHHf MOABUXKHOCTH B MepPTBOA TOUKe He GLiBaeT.

H36biTounasi cBA3p B MeXxaHH3Me Napajjie/ibHOrO KpHBOlMNa TpeGyeT TOYHOrO
Bhinoanenust ycaosuss OA + AB = OC -+ CB. Ecau xe Tpebyercs mepexoj uepe3 oGe
MepTBble TOYKH, TO HEOGXOAMMO BLIMOJNHHTL BTopoe yciosue: OC 4+ OA = AB + CB.
CkaafniBasi M BHIYMTAast 9TH ypaBHeHHs, mocie npeoGpasoBanuit nonyuum OA = CB
u AB = OC.

B Nn0KOMOTHBHBIX Mepefauax, rjae AJs Nepexofa yepe3 MepTBYIO TOYKY NPHXORHTCA
NPHMEHATb CABOEHHbLI MeXaHU3M Napa/ie/bHOrO KPHBOILHKNA, T. €, HAPYIUAThL OCHOBHOE
NPaBUWJIO KOHCTPYHPOBaHMf, H36GbLITOYHAA CBA3b MPHCYTCTBYET BO BCEX MOJOKEHHAX
MeXaHu3Ma. DTO MPHUBENO K TOMY, YTO 3TOT MEXaHH3M, LIHPOKO NMPHMEHMBIIHIHCA B na-
pOBO3axX, B COBPEMEHHBIX JIOKOMOTHBaX He MpHMeHsOT. BMecTo Hero B 3/eKTpOBO3HBIX
OJHOMOTOPHBIX Te/NeXKaX MCHO/b3YIOT 3y6uaTylo nmepejiayy ¢ NPOMeXYTOYHHIM KOJIECOM.

Bennko uncno u36bITOUHBIX CBfi3efi B MajlblEBOM MeXaHU3Me Mapaj/ielbHOrO KpH-
BOIIUNA, NPHMEHSIEMOrO B MJAaHETapPHO-3KCUEHTPHKOBBIX MeXaHH3Max JJfA nepejauH
BpallleHHsl OT caTeMIuTa Ha Befomblil Bad. [IpH OGbIUHO MpHMEHSEMOM uHC/e MaJblieB
(6—8) unc10 U36BITOUHBIX CBsA3efi paBHO 5—7, T. €. oueHb BeJIHKO. D10 Tpe6GyeT GONbLIONH
104HOCTH H3rotoBienns. Kpome Toro, Kak nokasan B. H. Kyapssues, nanbuesoit me-
XaHH3M TIPH 3BONbBEHTHOM 3aleN/JIeHHH TPYAHO pasMecTHTb B cartesnute. [Toatomy HeoG-
XOJHMO MPHMEHATb WAH NajbUbl OUYeHb MAJOTO JHaMeTpa, HIH OTBepCTHS GOJbLIOro fHa«
MeTpa.

OTH HeAOCTaTKH YCTPaHeHbl B MPefJoXKeHHOM M HcnbitanHoM Q. A. T'puxom penyk-
Tope ¢ KpecToBOH MY(TOii KaueHHs.

MexaHusM napanneqbHOro KPHBOLIMNA He MOJYYHA pacrnpOCTPAaHEHHS H B MHOFO-
IINHHAGALHBIX CBEPJIM/IbHBIX TOJOBKaX H3-33 OTPOMHOTO YHC/IA H3GLITOUHBIX CBA3eil
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Puc. 2.40. MexaHHIM AAR MHOTOWNMHAEAL- Pnc. 2.41. MexaHH3M AAsi MHOTOMINMRAENLHOH
HOH FOAOBKH C NPOMEXYTOYHBIM KOJECOM TOJOBKM C WaPHHPHBIMH NapaiiesorpaMMaMu

(no onnoRt Ha KaXAufi WnNHHAenb). B HAX MPUMEHSAIOT MEXaHH3MBI CO MHOTHMM MpoOMe-
JKYTOYHEIMH KOJIECAMH, XOTSl NapaJielbHbIA KPHBOIIMN MOr GH JaTh 6osbLIoe yrpolue-
HHe KOHCTPYKUHH.

YcTpaHuTh H3GHITOYHYIO CBSI3b MOXKHO, €CJIH B KpuBowHIe (puc. 2.40) BTYJKY OZHOTO
M3 IIapHKPOB 3aMEHHTD Na3oM. B MePTBHIX ONOMKEHUAX 3TO ycTPaHsieT HIGHITOUHYIO CBA3S,
BO BCeX OCTa/JbHBIX MOABHXKHOCTb YBeJHYHBaeTcsl Ha elununy. Ilpu stoM ycrpaHsercs
nepeMeHHast MNOJABHXKHOCTb, HO MNOMBASETCA JHIIHAA MOABUXHOCTb — BO3MOXKHOCTh
BpallieHusl WATyHa B NJOCKOCTH MeXaHH3Ma. M3bATh ee MOXKHO BBeJleHHEM JOMOAHHTENb-
HHIX YCJOBHil CBSA3H. B KOHCTpPYKIHH, MOKasaHHON Ha pHc. 2.40, IAsi 3TOTO mMpuMeHeHa
3y6uaTasi nepefauya c NPOMEXYTOYHHIM KOJeCcOM, a Ha puc. 2.41 — Mexanusm H3 napan-
aenorpamMoB CyELE,Cy u ByDyDyB,, 06uiuno mpuMensiembiii B peficiuunax «Kyabmany,
MoXHO NpHMEHHTb W ApYyrHe aHaJOrHYHbie MEXaHH3MBl AJf NAapajaeNbHOTO Nepemelle-
nus, Hanpumep Mydpry Oapirema.

B mexaHu3me Ha puc. 2.4]1 Bce OHH MOryT GbiTb HCMOJNb30BAaHb! NS CBEPAHILHBIX
mnunjene, a Ha puc. 2.40 — Bce, KpOMe OCH NIPOMEXYTOYHOrO KOJMeca, TAK KaK nocjes-
Hee BpallaeTcss B HanpaB/eHHH, TIPOTHBOMOJIOXHOM HaNpaB/ieHHIO APYTHX TO/OBOK.

Cheayer OTMETHTb 3HAUHTEIbHYIO POCTOTY MeXaHH3Ma, MPUBEAEHHOr0 Ha pHc. 2.40,
No CpaBHEHHIO C MeXaHH3MOM, HMeIOIKM 3y6uaThle Kojeca (BCEro OHO NpoMeXYTOuHOe
KOJIecO BMeCTO HecCKo/IbKHX). Kpome Toro, MexaHuaM, BHITOJIHEHHbIt mo puc. 2.40, no-
SBOJISIET JIEFKO MEHSATb PacCTOSHHS MeXAy LIEeHTPAaMH OTBEPCTHM, Yero MexaHHu3M c 3yGua-
THIMH KO/€CaMH He NOMYyCKaeT.

Ilpu KoHCTpyHpOBaHHH MeXaHu3Ma coriacHo puc. 2.40 cieayeT MOMHHTb, YTO IDa-
TyH (M/1acTHHA) AO/KEH KPENHTbCS HAa Tpex Toukax. [lTostomy Tpu nambua ([F1g, 1,4+ I
u I, + I;) Heo6X0AHUMO BHINOMHATL C 3aKPaHHAMH, Bce OCTaJbHble BO H3GexaHue H3Gbl-
TOYHBIX cBsfideil — 6e3 3aKpauH.

AnanoruyHeiM o6pasoM IuaTyH (maacTuna), nokasanHelii na puc. 2.41, cnenyer
(])HKCHFIOBaTb N0 TPeM TOYKaM B HanpaB/eHHH, NEPNEHAUKYJAAPHOM K IJIOCKOCTH 4Yep-
Texka. [Toatomy nanbunt Ay, Ag 1 Ag LOMKHBI GHITH HITOTOB/EHB C SaAKPAaHHAMH, @ OCTalb-
Hble — Ge3 3akpauH. [l Gosnbiued TOYHOCTH (HKCHPOBAHHA IKeNaTeJbHO 3aKPaHHH
BLIIOJIHSITL Ha TeX NanbllaX, paccTOsHHE MeXAY KOTOPEIMU caMoe Goabiioe (cM. puc. 2.41).
Takum ke o6pasom pamy E;D{E,D, crefyet GHKCHPOBAaTh MO TpeM LIHPOKO PACCTaBJIeH-
HbIM ToukaM E;D; u E, B Hanpap/ieHHH, NMEPNeHAHKYASPHOM K MJIOCKOCTH uepTeXa.
Jas atoro mwapuupbt C;B; u C, 1e06X0AUMO BHIMOJHATb B BUIE BPallaTeNbHHX nap V.
Octanbhble wapuupu (ByDy, E1E5 u D) RonKHb 6b1Th wiaposbivu 114, Tpu sTOM 3B€HO
B,D, 6ymer uMeTb MeCTHYIO MOJBHXHOCTb — BpallleHHe BOXPYr OocH sBena. IlosTomy
ofmasi MOABHKHOCTD MeXaHuaMa w = 2.
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Bo3moxHa japyras cxema KHHeMaTHYe-
CKHX Nap MeXaHH3Ma, H306paKeHHOTO Ha
puc. 2.41. Hanpumep, ecnn naacTHHKY H pamy
CHA6AHTL  AJOCKOCTHBIMH  HanpaBASIOMHMH
(napwt [I{3), TO BCe mnanbubl HeOGXOLHMO
BHIIOHMTL Ge3 3aKpaHH, a BCe MOBOAKH —
¢ waposuiMu napamu [115,

Jpyro#t cnoco6 ycTpaHeHHA H36LITOYHLIX
cBsideil nokasaH Ha puc. 2.42. Ias yctpa-
HeHMsl M3OLITOYHHIX CBA3efl IIATYH BHNOJ-
HeH Da3pe3HbiM C COeJAHHEHHEM LHAHHIApHue-
ckoii napoit [V, KoHusl matyna npHcoenu-
HeHbl K [OJIOBKaM C MOMOLIbIO WAPHHPOB V.
OTH napsl MOXHO BBHIMOJHATL OYEHb TIPO-  pyc, 2.42, MexaHusm napaasessHoro
CTBIMH, TMNOCKONbKY OTHOCHTE/NbHOE ABHXKEHHE KpHBoWHNa C HE3aBMCHMMBIM MNPHBOAOM
B HHX HHuTOXHO. Hanpumep, napy V, mox-  Kpusowunos
HO ceflaTb B BHAE BajHKa, a 3aMeHseT OHa
HECKONbKO GONTOB, COENHHMIOUIHX AETalH B CTAaTHYECKH HEONpeNeSHMOM MeXaHH3ME.
IMosToMy ycTpaHeHnue M3GHITOYHBEIX CBsideil B MexaHH3Me Mo puc. 2.42 He yBeaHuHBaeT
€ro CTOWMOCTH. JIMIUHSS MOJBHIKHOCTb YCTPaHeHa COefMHEeHHeM OGOMX KpPHBOLIHIMOB
uepe3 uepBsYHble flepelayd M NPOMEXKYTOYHBIH BaAHK, OT KOTOPOre OHH MOJAYYalOT Bpa-
IeHHe (YCNIOBHO MOKa3aHO WITPHXOBHIMH JIHHHSAMH).

IIpu npoBepKe Hanuuusi M36LITOUHBIX cBaAseil fo0 ¢dopmyae (1.1) nenecooGpasHo
9TH Niepeflayu He pacCMaTpPHBaTb, a CYMTATb, UTO KPHBOLUHMBI MMEIOT He3aBUCHMEIA MpH-
BOI, T. e. w = 2. K coxanenuio, npeasaraemblit NpHeM YCTPaHeHH: CBf3ell Herpume-
HUM B TOM cJyuae, KOTQa NapajJeibHbiil KPHBOWIHM CIYXHT LA Nepefayd MOMeHTa
(cnapHHK JIOKOMOTHBA).

2.9. KYJIHICHBIE MEXAHH3Mbl

TLiockHe KyJucHble MEXaHH3MbI B 3aBHCHMOCTH OT ABMMKEHHMA 3BeHa, HeCyllero na-
Jell KYAMCHOTO KaMHs, H IBHXXEHHS KYJHCH MOryT ObiThb TpexX BHIOB:

KPHBOUIMIHO-KYJIHCHBIH C Bpallalolledicd WJIH Kayalollelca KyJaucoi — o6a 3BeHa
BpamanTca (cM. puc. 2.43);

Ky/IUCHHI CHHYCHbIi — najell pacno/oXeH Ha BpaulaolleMcs 3BeHe, a KyJ/HCa
ABHXKETCH TpsMONHHelHO (pHC. 2.44, a—6);

KY/JMCHBI TaHreHCHBbIi — Majell pacnonoXeH Ha 3BeHe, JIBHraloOWEMCH MpSAMOH-
Hefino, a Kyauca Bpaumaercs (puc. 2.44, e—oxk).

PaccMOTpHM KPHBOLIKMHO-KYJMHCHBIA MeXaHH3M C Bpamaouleiics (Win Kadalomefics)
Kyaucolt. IlnocKast cxema sTOro MexaHusma nokasana Ha puc. 2.43, a. Ecnu pammyc
kpuBownna OA > 0,0, (paccTosiuns MexAy UeHTPamH), Ky/luca gejiaer NojaHsifl 060poOT
(pamaercs); ecau ke 0A << 0,0,, Kyauca Henaer yacTb 060OpOTa (Kauaercs).

U3bLiTounbie CBA3H ANA 3THX ABYX CAyuaeB OAHHAKOBbl, Mo3TOMy OyjAeM HX pac-
CMaTpHBaTL OfHOBpeMeHHO. [TpoBepKa nJockoll cxemu ¢ momoubio Gopmyant (1.5) uau
(1.6) nokaswiBaer, 4TO B He#l OTCYTCTBYIOT U3GLITOYHbIE CBSI3H.

IIpn paccMOTpeHHH AEHCTBHTENLHBIX MEXaHH3MOB 6e3 M3GHITOYHHX CBsidell BUIHO,
9TO 3aBHCHMOCTH A/l KPHBOLIMMHO-MOJ3YHHOTO MeXaHHU3Ma COXPAHSIOTCA, TaK KaK OHH
TONyYeHH A TOTO JKe YHC/Ia 3BeHbeB M KHHEMaTHueCKHX map, T.e. 5py -+ 4p,, +
+3pp = 17; py+ Pry + py;r = 4. K aTuM 3aBucHMOCTAM 10GaBisieTcsi yC/AOBHE
Py = 2, KOTOpOE BHITEKAaeT U3 HEOGXOLHMOCTH (PHKCHDOBAHHMA B OCEBOM HanpaBJeHHH
BeAyLIEro U BEOMOro BafoB. DTH YCIOBHS MOKHO YAOBAETBOPHTb NPH py=2,py=1
H prrr =1 (puc. 2.43, 6).

Takas KOHCTPYKLUSA MEXaHH3Ma OYeHb YAOGHA NPH H3rOTOBJEHHH M IKCILUIyaTalHH,
OXHAKO OHAa MMeeT TOT HEJOCTAaTOK, 9TO 3JieCb NPHMEHEH CMeIleHHbIl MON3YHOK (UeHTP
HIaPOBOro NafAbna Ha KPHBOLIKIME HEe COBNAaJaeT € OCbI0 LHJIHHADHYECKOi NMaphl KYJIHCH).

an KOHCTDYHPOBAHHH 3TO CMelleHHe HEeOGXO0LUMO npeaycMaTpHBaTbh BO3MOXKHO
MEHbBIIHM,
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Puc. 2.43. CxeMm MexaHM3Ma C Bpauwawmeifics Ha¥ Kavawomeics Kyancohn

TIpocTyio KOHCTPYKUUIO Ge3 MIOLITOUHBIX CBSi3ell MOXHO OCYWIECTBHTb MPH P, = 2;
Py =2 n w=2 (puc. 2.43, 6). B sroM ciiyuae monmyuaercs OLHA MeCTHas MOABHX-
HOCTh — BpallleHHe KYJHCHOrO KaMHSl BOKPYT wapoBoro nanbia. OHa npaKkTHyeckH Ges-
BpelHa, TaK KaK Yrol MnOBOpPOTa OTPaHHUYHBAIOT COOTBETCTBYIOLLHE YIOpH,

KoHCTpyKuuio ¢ OfHON H36bITOUHON CBA3BIO (pHC. 2.43, 2) NPHMEHSIOT B CTaHKaX.
B sroii kouctpykuuu py, = 3, pyy = 1 u w = 1. 1o dopmyse (1.1) naitnem ¢ = 1. J1a
H36LITOYHAsL CBfA3b TPeGyeT CTPOrofl napasiie/ibHOCTH MeX1y OCAMH BpallaTeabHBIX Nap U
nyiockofl napoft (MAOCKOCTbIO COMPUKOCHOBEHHA KYJAHMCH H KYJHCHOTO KaMHfl) BO BCeX
TIOJIOXKEHHAX MeXaHH3Ma.

MexanusMm c Bpawaomeicss KyJHCOH NPUMEHANH B aBHAllHOHHLIX 3Be3L006PasHbIX
ABHTaTeNSIX C BPAUAIOUMMHCS UWIHHAPaMH (puc. 2.43, d). B aroit KOHCTpyKuuu py, =
= 3up;y = 1. [odopmyne (1.1) naiinem ¢ = 2. M36uTOUHbIE CBASH MOXKHO YCTPaHHTD,
NOCTaBHB Ha LIaTyHe 1iapoBble rosoBKH. ONHAKO NMPH 3TOM BOSHHKHYT JiBe MeCTHbie
NOJABHXHOCTH — BpalleHue NMOPIIHS H BpallleHHe ILaTyHa BOKPYT CBOeH OCH.

MexaHHu3M ¢ Kauaouweics KyAHcolt NPHMEHSIOT B MaCJAHbIX HACOCaX C KayalolHMCs
nuAHHApOM (pHc. 2.43, €). B stom mexauusme p,, = 2 u p;, = 2. Toraa no gopmyse
(1.1) uafigeM ¢ = 1. 3ra u3bhiTouHas CBA3b TpeGyeT CTPOrOi MNapanneNbLHOCTH OCei
Ba/la, OCH KauyaHHS LHJAHHADA H OCH 3KCUEHTPHKA BO BCeX MOJOXEHHAX MEeXaHH3Ma.

Kyaucublit cHHyCcHbIN MexaHusM (C GecKOHeYHbIM INAaTYHOM) NMPH MOCTOSHHOH cuae
Ha ToA3yHe NaeT HaWGO/MbIIMH MOMEHT Ha KPHBOLIHNE B CepelHHe XO0JAa, HaHMeHbliHe
MOMEHTH — MO KOHIaM XOfa. JTa XapaKTepHCTHKAa MOMEHTOB BLITOJHA /A 3/EKTpHue-
CKHX aNnapatoB, TaK KaK HCK/JIOYaeT BO3MOMHOCTb 3aCTPeBaHHs annapata B NPOMEXY-
TOYHOM nosnoxenuu. Ilnockas cxema 3TOro MexaHusma (cM. puc. 2.44, @) H3GBITOUHBIX
cBsideil, onpefensiembix no ¢opmynae (1.5) uau (1.6), He umeer. B sToft cxeme ABe no-
CTynaTeJbHble U JiBe BpauaTteibHble Naphl. B Hefl BO3MOXHO NpHMeHeHHe TPeX ILHIHHAPH-
YECKHX T1ap C B3aUMHO NepHeHAHKYAAPHBIMH OCSIMH, T. €. py = 1 u ppy, = 3. I[Ipn atom

He BO3HHKaeT HH MECTHHIX MOJABHXKHOCTEH (KaK MOAYUHAOCH Gbl, €CTH OCH LIHAHHAPHYECKHX
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nap 6oy 6bl mapasuienbHbl), HU H3GBITOUHBIX cBsA3eil. Takas KOHCTpYKuHS MoOKa3aHa
Ha pHc. 2.44, 6.

HenpaBunbhas, HO K COXaJleHHIO, pacnpocTpaHeHHAas KOHCTPYKUHS, B KOTOpofi
TOJLKO Napbl MATOro Kjaacca, NokasaHa Ha pHc. 2.44, 6. B 310it cxeme umeiorTcss Tpu
H30LITOYHbIE CBA3H, BCJEACTBHC 4ero HEO6XOAHMO TOYHO BbAEPXKHBAaTb PHA Pa3MepoB.

BeTpeualoTci KOHCTPYKIHH, Y KOTOPHLIX OAHA H/AH JBe Napbl LHAHHAPHUECKHE.
OTH KOHCTPYKIHH HMEIOT COOTBETCTBEHHO MeHblllee YHC/JIO H3OLITOUHBIX CBsi3eil.

Ozanako, uToObl MOJHOCTLIO H36aBHTBCA OT H36GLITOYHBIX CBfA3eil, HEOGXOAHMO MpH:
MEHHTb TPH UWHIMHADHYECKHE Mapbl, KaK 3TO ClielaHO B CXeMe Ha puc. 2.44, 6.

KyaucHBIi TaHTeHCHbil MEXaHH3M NpPH NOCTOSAHHON CHJIe HA MOJ3yHe JaeT HaH-
60.1bUIM MOMEHT Ha KysHce (Ha Bajqy) MO KOHUAM XOAa, HaHMeHbLIuit — MOCpeldHe.
XapakTepuCTHKa MOMEHTOB BBIFOAHA JJIS CYAOBbIX pYyJeBbIX MallWH, TaK Kak OHa
6n1n3ka K MOMeHTaM Ha Bany py.d. Ilrockas cxema Takoro Mexanusma (puc. 2.44, o)
H36bITOYHBIX CBA3ell, onpeiensieMbix no ¢opmyne (1.5), ne umeer. B 3atom mexanusme
MOXHO NMPHUMEHHTb TPH WHIKHAPHYECKHE MapHI, OCH KOTOPBIX Hemapaanesbhbl (py, = I;
Py = 3;w = 1; ¢ = 0). Takyio KoucTpyKuuio (puc. 2.44, 9), npeanoxennywo A. H. Hpa-
HOBbIM, NPHMEHSAIOT B HACTOsillee Bpems B MPUBOAAX PeBEPCOPOB, TOPMO3HBIX MepeKaiouas
Tejeil M Mepek/ioyarTeneil HanpsXKEHHA MOTOPHBIX BaroHOB.

B nenpaBunbhOM KOHCTPYKuuH (puc. 2.44, ¢) oaHa napa uMJaMHApHYeckas (moJ-
3yH, HanpapAfiOllHE), OCTajlbHbie — NATOro Kaacca. Ha ocxoBanuu. dopmyant (1.1)
CXeMa HMeeT J1Be H30LITOYHble CBSI3H, BCJEACTBHE 3TOro TpeGyeTcsi TOUHO BblAepXKaTb
neprnesAHKyAPHOCTL OCe UMAHHAPA M Baja H MOJNOXEHHe LIWIHHAPA BAOJb OCH Baja.

BetpeuaioTcsi KOHCTPYKLHH, B KOTOPHIX NpHMEHEeHH [Be WWJIMHADPHYECKHE Maphbi
H JiBe napbl NATOro Knacca. B HuX oaHa W36BITOYHAs CBA3b, MO3TOMY TPeGYeTCs TOUHO
BbiJlepXKaTh MepHEeHAHKY/IAPHOCTL Oceil HHJAMHApa W BaJja.

| A7)
U77777A

a

ENSINRNNY
W
WL s e P

TSR

w={

Puc. 2.44. CxeMBbl KYJIHCHBIX MEXaHHU3MOB:
a—6 — CHHYCHBIX; 2— % — TaHIEeHCHBIX
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B caHTexHHKe BCTpPeuaeTcst TPeX3BEeHHbIl TaHFeHCHbIi MeXaHH3M (MOMNAaBKOBHI
KNanan CMHIBHOrO Gauka) (puc. 2.44, a). B mexaunusme py = I; pry=lup =1

H36GBITOYHbIE CBA3KH OTCYTCTBYIOT. HepocTaTkoM 3TOro MexaHu3Ma fiBJIfeTCf napa nepBoro
KJacca ¢ TOYeYHHIM KOHTaKTOM, Majiasi Harpy3ouHasi CmocoGHOCTb KOTOpO#t He no3possier
PEKOMEHJI0BaTh 3TOT MeXaHH3M AAf GonbuiMX Harpy3ok. M3-3a Gosbluoro ckombxkenus
H Goabiuoro kosdduuuenTa TpeHHs (pa6oTra B BOJE) 3TOT MEXaHH3M B CMBIBHHIX 6GauKax
paGoraeT BecbMa Maoxo. OHAKO MOXKHO TaK noao6partb pasaMepl, YTOGb MPU 32KPLITOM
KJanaHe He GbUVIO CKOJIbXKEHHs pbluara o Tonakatesb. IlpaBaa, ato notpe6yer packJsensi-
BaHuSl LIapHHpPA phblyara.

Bonee npocroit cnoco6 — nofo6path ANHHY KJAanaHa TaKoi, YTOGbI NPH 3aKPHITOM
MONOXKEHHH phiYar bl HAKJIOHEH Ha yron TpeHus. Toria pasrpysstca Hanpasisiolue
K/ManaHe, M 3aK/JAHHHBaHHE MHCKJIOYHTCA (MPOBEPEHO aBTOPOM).

CpaBHHUM CHHYCHHIi KYJHCHBII MeXaHu3M (cM. pHC. 2.44, 6) c TaHTeHCHBIM (CM.
puc. 2.44, 0). OHu pasnHYalOTCA TOMLKO HanpaB/JeHHeM OCH IHIHHAPHYECKOH maphl,
CoeiHHSAOMIEH KYNHCHBII KaMeHb C BaJIOM. ¥ CHHYCHOTO MeXaHH3Ma 3Ta OCb NapaJiie/ibHa,
T. €. COCTAaBAfET C OCbIO Bana yroa 0°, a y Tanrencuoro — 90°. Mexay 3THMH KpaiiHuMH
NOJIOKEHUAMH YIJIa MOXXHO NPHMEHHTb JII060e MPOMEXYTOuHOe (NPOBEPEHO Ha MOJENH)
H MOAYYUTb NMPOMEXKYTOYHYIO XapaKTEPHCTHKY MeXJY CHHYCHHIM H TAaHTEHCHBIM MeXa-
Hu3MaMH. EcCJIH 3TOT yros cjenatb pery/iHpyeMmblM, TO MOXHO DeryJiHpOBaTb H Xapak-
TepHCTHKY.

EnuHCTBEHHBIM HEROCTATKOM TaKOro MeXaHH3Ma fBJAETCA TO, YTO OH MpPOCTpaH-
CTBEHHBIl H €ro0 TeOpHA HAMHOTO CJOX(Hee TEOPHH IVIOCKOTO MeXaHH3Ma.

MexaHusM ¢ NpoMeXXyTouHOf XapaKTepucTHKofi HccienoBaH A. A. Kacamansnom.
Ecau a — paccTofHHe MeXAy OCAIMH Bajla H MOJ3YyHa, 0. — YroJ MeXJy BajoM H OCbIO
IHAHHADHYECKOH Naphl, COeQUHSAIOLIeil KYIHCHHA KaMenb ¢ BanoM, & — yroa mosopora
Bajia M } — COOTBETCTBYIOILIHII eMy Yro/ MoBOPOTa MO/M3yHa (MPHHYXAEHHHI), TO MOXHO
sanucath P = a — arctg (tga cos 0).

[MepeMemmenye noasysa OT cpeisero nonoxenus x = asin?(a - P) tgd+ a X
X cos ? (@ — P) sin 6.

Mpuoa=0uf=0x=asind — Mexanuam obpamaercss B CHHYCHHIi; NpH @ =
=90°u Pp=0 x=atgd — B TaHreHcHmIil.

2.10. BbIPO)KAEHUE TPYNIN ACCYPA

Ins npoeKTHPOBaHHA CJOMKHBIX IUAPHHPHBIX MEXaHH3MOB NOMBL3YIOTCH TeOpHeH
J1. B. Accypa. ITo 970t TEOpHH MEXaHH3M COCTaBJISETCS H3 FPYMNN HYJ/eBOI NOABHXHOCTH,
T. e. TAKMX TPYNM, KOTOphle, GyAyuH MPHCOENHHEHH K CTOiHKe, JAIOT HY/eEBYIO NOABHXK-
HOCTb M Ha TJIOCKOH CXeMe He HMEIOT H3GLITOUHHX cBfiselt (g = 0).

Onnsako 3T0 He Bcerga Tak. [IpH HeKOTOpPOM pacnosoXeHHH MOBOJKOB rpynna
nonyuyaer MOABHXKHOCTb U COOTBETCTBEHHO H3OHITOUHYIO CBA3b. [lpu 3ToM Hapymaetcs
OCHOBHOe YC/IOBHE — HYJeBasi OABHXKHOCTb, W Tpynna Bhipoxjaercsa. Eciu He yuects
STH Cly4aH, TO MOJYYHM MEXaHHU3MBbl C BPeJHLIMH MOJABHXHOCTAMH H H3CBLITOUHBIMH CBS-
3aMH. PaccMoTpuM 3TH CiayuaH.

JsyxnoBoaxosas rpynna. B mepTBoit TouKe 37eCb BO3HHKAeT MOABHXHOCTb M COOT-
BETCTBEHHO H36BITOUHAsi CBSI3b. DTO BCTPeuaeTcsi B MeXaHH3Me NapasjieNbHOrO KpHBO-
WHNa, KOTOpPHi#l MOApoGHO paccMoTped B pasi. 2.8 (cm. puc. 2.39).

Tpexnosoaxosas rpynna. Bce TpH TMOBOJKAa TepeceKkalOTci B OAHOH TOYKe
(puc. 2.45, ). dta TouKa P GyAeT LEHTPOM MTHOBEHHOTO BpalleHHs 3TOro 3BeHa. Tak
KaK TPETHii IOBOLOK NPOXOAHT Yepe3 3Ty TOUKY, OH He YCTPAHHT MOLBHXKHOCTB, @ TONLKO
AacT H36GBITOYHYIO CBfI3b.

TpexmnosojKkoBasi rpynna M Bce TPH MOBOAKA Mapamienshl (puc. 2.45, 6). Ecau sce
TPH MOBOJIKA HMEIOT OAUHAKOBYIO ANHHY H ONHHAKOBOE HampasjeHHe, TO BOSMOXHO Jiaxe
KOHeuHoe mNepemelllenue. TOraa rpynna cpellercs K MeXaHH3MY Napas/iellbHOrO KpHBO-
wHMna ¢ TpeMms KpuBollnnamH. B 3Toft cxeme Bce TPH wWapHHpa 6a3oBOTO 3BeHa JBH-
FalTCs C OAHHAKOBHIMH M MMEIOLUIHMH OJlHO HanpaBjeHHe CKOPOCTAMH (nepneHxHKyasp-
HHMH K TOBOJKaM), T.e. ABHXeHHe IIOCTynaTeqapHoe. IlosTomy TpeTuil MoBOJOK
HE MOXeT NpPensTCTBOBaTh STOMY JBHXKEHHMIO, & TOAbKO CO3MaeT H3GLITOYHYIO
CBA3b.
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Puc. 2.45. Buipoxaenne rpynn Accypa (o6pasoBaHue NOABHKHOCTH M M3GHTOUHOMN CBAI3H):

@—@ — TPEeXnoBOAKOBbIE HA NJOCKON CXeMme; 2—u — YeTHPEeXMOBOAKOBHLIE Ha MJOCKOR cxeme;
K—AM — TPEXNOBOAKOBHE HA NPOCTPAHCTBEHHOM CXeMe; H—n — YeTLIPeXNOBOAKOBHE Ha Npo-
CTPaHCTBEHHOA cxeme
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TpexnoBoaKoBasi rpynna, y korepoil nBa noBojxa pacnosioXeHbnl Ha OXHOW ApaAMoON
(puc. 2.45, 6). B Touke nepeceuenuss 3ToH MpPSAMONl C TPETbHM NOBOAKOM (WAH C ero
npojo/keHHeM) 6yleT eHTP MFHOBEHHOI'O BpaIleHHs H COOTBETCTBYIOLIAS MONBHMKHOCTD.

Jlns TPeXnOBOAKOBLIX TPYNI NPOBEPKY 3TOTO MOXKHO BHLIMONHHTL MO CTPYKTYPHO!
dopmyse (1.5) ans niaockoit cxemsl. [Toayuum gp=1—3-4-+4+ 2.6 = 1.

YeroipexnoBoakoBasi TPyNna M Bce HETHIPe MOBOAKA MEPECEKalOTCsi B OAHOM Touke
(puc. 2.45, 2). dta TOuKa GyJleT LEHTPOM MFHOBEHHOrO BpalleHHS AJs 610oka ABYX Ga-
SOBbIX 3BEeHbEB.

YeThipexnoBonkoBasi rpynna M BCe YETHIPE NOBOAKA napasneabhnl (puc. 2.45, 0).
B atom cayuae 6J10K H3 ABYX 6a30BbIX 3BEHLEB ABHXETCHA NOCTynaTteJjbHO B HanpaBJ/JIEHHH,
neprneHaAnKyJAspHOM K TNOBOAKaM.

YernipexnoBoikoBas rpynna H ABa NOBOAKA OJHOro 6a30BOro 3BeHAa nepecekaloTcs
B IlEHTPE WaPHHPa, coelHHslowero 6asosnle 3BeHba (puc. 2.45, €¢). B stom ciyuae Touka
nepeceuenus ABYX NOBOAKOB GyAeT LEHTPOM MCHOBEHHOrO BPAUIEHHA NS MX 6a30BOro
sBena. Hlapuup mMexxay 6a30BbiMH 3BeHbSIMH He 6yJieT NPensiTCTBOBAaTh 3TOMY BPALlEHHIO,
a 6yleT TONbKO CO3aBaTh H36GLITOYHYIO CBA3b.

YeTnipexnoBoaKoBas rpynna 4 Touku P; u P, nepeceueHHsi NoBOJAKOB KaXaoro 6a3o-
BOro 3BEHA JE€XAaT Ha OJHOA npsMOi C IWAPHHPOM, cOeAHHSAIOWHM 6a30Bbie 3BEHbA
(puc. 2.45, o). B aTom ciayuae 6a30Bble 3BeHbS MOTYT BpalarbCsi BOKPYT CBOHX LIEHTPOB
MTHOBeHHOro BpauleHusi Py u P,. Llapuup, coeinHsomuii 6a3oBrie 3BeHbst, GyAeT ABH-
raTbCsl B HanpaBJieHUH, NepneHIHKYIAPHOM K JHHHH PPy, 0 He 6yler npensitcTBOBaThH
STOMY [BHXKEHHIO, @ TOJAbKO GyleT CO34aBaTb H3GBITOUHYIO CBA3b.

Y ueTbipexnoBOAKOBO{l FpPynmbl, B cAyuae, eclH ABa NMOBOAKA PacCMoONOXKeHbl Ha
ORHOIl NPAMOM, BLIPOXKJAEHHE NOJYUYaeTCH, €CAH OHH NPHCOeAHHEHBH K OJHOMY 6a30-
BoMy 3Beny (puc. 2.45, 3). Ilpu 3TOM UeHTPH MrHOBeHHOTo BpauieHHsi Py u Ps pacno-
JIOXKAaTCA Ha OAHOIH NPAMON C IUAPHHPOM, COEAHHSAIOWHM 6a30Bbie 3BeHbA (AHANOrHYHO
cxeme Ha puc. 2.45, ). Ecnu Ke NOBoiKH, pacnojomeHHble Ha OLHOM NMPAMOil, mpH-
HaJJIeXXaT pa3HbiM 6a30BuM 3BeHbAM (pHC. 2.45, u), TO AN BBIPOXKAEGHHA HEOGXOLMMO
JOTIONHUTEJIbHOE YCIOBHE: 3Ta NpfAMas LOMKHA NPOXOAHTb Yepes WapHHpP, COeRHHRAIOLAN
6a30Bbie 3BEHbS.

JInsi 4eThIpeXNOBOAKOBLIX IPYMNN NPOBEPKY MOJYYEHHLIX Pe3yJbTaTeB MOXKHO BhINO-
HHTb M TNO cTpyKTypHO#t dopmyne (1.5).

Ins cxeM MexaHu3MoB Ha pHc. 2.45,e—e gp =1 —3-6+ 2:9 = 1. H no ¢op-
myse (1.6) ans cxem Ha puc. 245, au6qgp =14+ 32— 1.6 =1, a aad cxeM Ha
?IH(;} 2,45, e—e gy = 1 + 3-3 — 1.9 = 1. IlpoBepKy MOXHO BHIMOJHUTb U MO GopmyJae

HuTepecHo OTMETHTH, YTO YHC/AO KOHTYPOB AJsi ABYXNOBOAKOBOM FPYNMEl PaBHO
efMHHLe, A TPEXHOBOAKOBOH — JABYM H LJIfl YETHIPEXTIOBOAKOBOH — TpEM, T. €. YHCJO
KOHTYPOB Ha €JIHHHLY MEHbIUE YHCJA MOBONKOB.

36bITOYHBlE CBSI3H Ha MJOCKOH cxeme (puc. 2.45, a—u) co3naior Xo6aBoukble npo-
NO/IbHble HATPY3KH (pacTsKeHHe MIAH CXKaTue) MOBOAKOB; H3rHOHble HAarpy3KH 6a30BbiX
3BeHbeB (PbIYaroB) M JIHHeMHble HArpy3KH BpamlaTesNbHEIX Map. YTJIOBHX Harpysok
BOKPYT oOCelf, Pacno/MOMeHHbIX B IVIOCKOCTH MeXaHH3Ma, BpallartejbHble Naphl OT Gp
He MoJyyaloT, TaK KaK Ha MJIOCKO{l cXeMe 3TH MOMEHTHl He paccMaTpHBalOTCH.

Ilnockas cxema He JaeT HWCuepMLIBAIOLLETO OTBETA HA BOMPOC O CTPYKType MeXaHH3Ma,
TaK KaK B 3TOIl CXeMe OCTaIOTCsl HEHCC/IENOBaHHBIMH HEKOTOPble MOJBHXKHOCTH H H3GLITOY-
Hble cBsi3h. [loMHBIA OTBET RAOT MPOCTpaHCTBEHHblE CTPYKTYypHbie dpopMyan A. I1. Ma-
avieBa uau O. I'. Osona.

INoBopKH MOryT BBIMOMHATHCHA C MapaMH TPeTbero, YeTBEPTOTO W MSATOrO KJacCoB.
B 3aBHCHMOCTH OT MX KOMGHHAUWH Ipynna HY/AeBOHl TMOABHMHOCTH C OAHHM G6a3’oBbIM
3BEHOM MOXeT ObiTb ABYX-, TpeX-, YeThlpeX-, MsTH- M LiecTunoBoAkosoit (Cm. § 2.11).
3lech paccMOTPUM TONLKO TPEXMOBOAKOBYIO IPYyNMy, KaK HauGojee NpOCTylo H Haubosee
pacnpocTpaHesHylo. 31eCb HAa KaXIOM MOBOJAKe (LNl OTCYTCTBMSl M3GLITOUHBIX CBA3eH)
JOMKHBI OHITb OfHA BpallaTelbHas napa V u oaua cdepuueckas //1'. Haubirognefimee
HX PacnosoXeHHe MOXKeT GbITb YCTaHOBJIEHO CH/IOBbIM aHanu3oM. Ciepyer yuecTb, YTO
€CJIH NOCTaBUTH ABe cdepuueckue napst //1' na onyuH NOBOAOK, TO OH MONYYHT MECTHYIO
NOABHKHOCTh — BpallleHHe BOKPYT CBOEHl OCH M COOTBETCTBEHHO (CM. CTPYKTYpHYIO
¢opMys1y) BO3HHKHET H36GLITOUHAsl CBA3b.
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PaccmoTpum Gosiee onacHblii ciaydail, KOFAa TPH WIapOBbIE€ Napel pacrosiaraioTcs
Ha oHoit npamoit. Ecain cdep HueckHe napel HaXoRATCA Ha 6a30BoM 3BeHe (puc. 2.45, k),
TO OHO ofpallaeTcsi B MPAMYIO — BO3HHKAaeT MeCTHas MOJABHXHOCTL (npaBja, GesBpen-
nasl) — BpauleHue 6a3oBOTO 3BEHa BOKPYT CBOef OCH M, KOHEYHO, H3OLITOUHAf CBfA3b.
Tak MOXeT NoNyuuTbes B npsaMuie dBaHca. XyKe, eClH TPH chepHUeCKHE Napbl HAXo-
JSTCA CHA CTOMKE» H PACNONOXKelkl Ha ofnoll npsimoil (puc. 2.45, 2). Torna 6asoBoe 3Beno
BMECTe C MOBOAKAMH TMOBAJHTCS», YTO COBEPIIEHHO HEJONYCTHMO, H BO3HHKHET OJHA H3-
OLITOYHAs CBSA3b.

To e camoe MOMYYHTCA NPH LIAPOBBIX Mapax, HAXOASIIHXCA M Ha 6a30BOM 3BeHe
H Ha «CTOfiKe», ec/iy OHH PAcnoNOXKaTCs Ha OfHOM npsmoil (puc. 2.45, #). 3necb 6a3oBoe
3BenO ¢ JABYMSl NOBOAKaMH «MOBAJHTCA», T. €. BO3HHKHET BpeiHas NOABHXKHOCTb. Cie-
JOBATeNbHO, MPH TPEXNOBOAKOBOI Ipynne Heb3s AONycKaTb, 4TOGbl TPH cepHuecKne
napsl ///' cTaHOBMIMCH Ha OAHY NpsAMYIO. AHAJOrHYNOE YCJOBHE MOXHO YCTaHOBHTb
M AN8 4eTbipeXMOBOAKOBOH Tpynmbl.

Mo popmyne A. 1. ManbiiueBa npu n = 6 u ¢ = 0, cunTas, uTo GYAYT TONBLKO Naphl
NATOrO W TPETHEro KJacca KaK HauGosee KOHCTPYKTHBHbe, NoiyunM 0 = w — 6-6 +
-+ 5pv+ 3p; 1+ OTRYynA 5pv+ 3p; = 36 —w, wo p,+ Priy= 9.

TH ypaBHeHHS YIOBIeTBOpSIOTCH MPH W = 1; p, = 4 upy,=2>5 (puc. 2.45, n).

3nech 6a3oBbie 3BeHbsl TPHAETCS COEAMBHTbL BpawlaTeapHod mapoit V,. Ecau na Ttpex
noBoAKaxX noctasuth napel V, I11', T0 oHu ¥ 6yayT HanpaBiaTb 6a3oBble 3BeHbsl B 3a-
IaHHOil naockocTH. Ha ueTBepTblil MOBOAOK (MOMNEPAKHBAIOUIHA) HAZO YCTAHOBHTL ABE
chepuueckue napsl I[/1', I11I'. Y nero Gymer MectHas (Ge3Bpeinast) MOJBHIKHOCTbL —
BpallleHle BOKPYT CBOil OCH.

Y 4eTHIpeXnOBOAKOBOi TPYMNNLI C TAKHMH MapaMH KpoOMe CJyuaeB, pacCMOTPEHHBIX
HA TUIOCKOH cXeme Ha pHC. 2.45, e—u, BO3MOXeH cile OAMH cayuail BOSHHKHOBEHHS
TIONBHXKHOCTH H M36LITOMHON CBA3M (puc. 2.45, 1): Korjaa Tpu cepHuecKHe napsl Hanpas-
ASIOLWMX NOBOAKOB MONagyT Ha oiHY npsamyio. [Ipu arom Gespasnuuno, GYAyT /MR STH
napsl yCTaHOBJIEHbl CO CTOpPOHbI 6a30BLIX 3BeHbeB (puc. 2.45, H), CO CTOPOHBI CTOHKH
(puc. 2.45, 0) unu u ¢ Toit M ¢ Apyroii cropoHul (puc. 2.45, n). BasoBbie 3BeHbA (OANM
WIH C MOBOAKAMHM) «MOBaNATCA». PacnonoxeHHe WIApOBbLIX Nap NOAAEPXKHBAIOLIErO MO-
BOJIKa Ha 3TO He MOBJ/IHAET, TaK KaK OH He siBAseTcs HanpasasiomuM. Ma6uTouHbe CBS3H,
BO3HHKIINE 33 CYeT pacnosoXeHHs Tpex cepHuecKHX nap Ha OfHOH MPFAMOMH, BbI3O-
BYT J06aBOuHble NONepeuHble HATPY3KH (M3ruGalollHe) NOBOLKOB H CJIOXHOE HArpyXKeHHe
6asoBuix 3BenbeB. Cdepuueckue napbl nojyuyart 106aBOYHblE HArpy3KH OT CHJ, MepreH-
OHKYJASPHBIX K TMJOCKOCTH MeXaHH3Ma, a BpallaTe/lbHble Napbl — JROMOJHHTE/NbHbI®
Harpy3kH OT MOMEHTOB BOKDYT oceil, epneHAHKYASPHBIX K MOBOJKAM H PAaCMoNOXeHHbIX
B MJOCKOCTH MeXaHH3Ma.

Bpennbie NOABHKHOCTH M H36GLITOUHbIE CBA3H B MeXaHW3Max Ha pHc. 2.45, k—n
MOryT A00aBHTLCS K BpelHbIM MapaMeTpaM cxeM Ha puc. 2.45, a—u u euwe Goabiye
YXyMIIHTs paboTy MeXaHH3MOB.

2.11. CTPYKTYPHbBIE TPYIMbl HYJEBOA MNOABH)XHOCTH

B Hacrtosimee Bpema H3 TeopuH Accypa u3BECTHbl C/leAyIOUlMe TPYNNB HYJeBOH
NOABHXKHOCTH: Ge3 6a30BOTO 3BeHa — [BYXMOBOAKOBasi, ¢ OAHHM Ga30BbIM 3BEHOM —
TPEXMOBOAKOBAAA H C JABYMS — YeTHIPEXMOBOAKOBaf.

Huxe Gyner nokasaHo, YTO 3TH IPYNnbl SBAAIOTCS YacTHBLIMM CJAydYassMu Tpynn
HY/IeBO# MOABHXHOCTH, a B O6UL M CAyuae YHCJAO MOBOJKOB MOXET GbiTb OT ABYX AO
ceMH. 31eCb H HHXe PacCMaTPHBAIOTCH TOMNbKO CTaTHUECKH ONpefeJHMble TPYMMbL.

Heno B TOM, YTO UHCIO YCJAOBHII CBA3H, HAK/IA[biBAEMbiX KaXIbM MOBOJKOM, 3a-
BHCHT OT KJ/IaCCOB €ro KMHeMaTHuecKux nap. [1osToMy noBoaku MOryT GLITb OfHO-, ABYX-,
TpeX- H UYeThIPeXCBASHHIMH. UTO6bl YCTAHOBUTb YHCAO 3THX CBf3eill, MOXHO HCXOAHTHL
u3 ycnosusi H. E. llamaiinenko, uTo npu noc/efoBaTesibHOM COEAHHEHHH KHHeMaTHUeCK#X
nap MX MOABHXHOCTH CKJaJblBAIOTCS, WJIH HCXOAuTb H3 ycaoBus E. 10. Byabiku, uto
COXPAHAIOTCA TONbKO Te YCJOBHA CBSI3H, KOTOpbIE €CTh Y BCEX MOC/Ie0BATENbHO COelHHEeH-
HBHIX KHHEMaTHYeCKMX map.

OnHocessubifi NoBofoK nonyuaercss u3 nap I/1° w 111’ wau [11' u IV. B nepsou
CJyyYae OCTaeTc OfiHa MeCTHas MOABHACHOCTb — BpailleHHe NMOBOJKa BOKPYI CBOeil OCH,
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Puc. 2.46. I'pynnpi HyneBoi NOABHKHOCTH 6e3 (a30oBnIX 3BEHBEB — JABYXMOBOAKOBBLI®

JlpyxcBsi3HBit moBofok nouyuaerc u3 map [/I' u V unu IV ® IV; TpexcAsuuil —
u3 nap IV u V u versipexcBasHuit — u3 nap V u V.

PaccmMoTpuM Tpynnb HyJeBOH MOXBHKHOCTH Ge3 6a3oBHIX 3BeHbeB, B miockux
MeXaHH3Max 310 OYAYT TOMbKO ABYyXnoBoAkoBoe rpynnel. Takas rpynma jpas camo-
yCTaHABJIWBAaEMOCTH JOJXKHA HMeTb OJHY Mapy nAToro kaacca Vy u aBe chepHueckue
napu [115 (puc. 2.46, a). Y Hee GyleT OfHa MecTHasf MOXBHXHOCT> — KakK IpaBuIo,
Geaspeguas — Bpaulenne nosopka [/15, 1115 Bokpyr coeh ocu. CiieayeT ocTeperaThes
npumenats napul [/15, 1115 Ha crofike (puc. 2.46, 6), Tak Kak TOTAA 5Ta NOABHMHOCTb
MOXKET OKa3aTbCfl BpelAHOM — BCA TPYNNa <«moBaiuTcA». [103TOMy Takylo cCXeMy MOXHO
NPHUMEHATb TOJILKO TOTAa, KOrJa 3Ta BpelHasl MOABHIKHOCTb YCTpaHAeTCs APYTHMH KH-
HEMaTHYeCKHMH TNapaMH.

MOXHO NpHMEHATb OAHY BpallaTelbHyl0 napy Vs, oany uuanugpuueckyio IV,
u onuy cdepuueckyio I115 (puc. 2.46, 6); pacnonoxkenue map Gespasauuso. IIpu stom
HaJ0 NpOBepATb, YTOOH TpeHue B mape [V, He npenATCTBOBaNO CaMOYCTaHABJIMBAEMOCTH
(oceBoit noaBmKHOCTH). O6buHO napy IV, MOXHO NMpUMEeHATb TOJALKO TaM, TXe OHA Je-
JlaeT TOJHBIK 06OPOT.

B npocTpaHCTBeHHHIX MEXaHH3Max TIpynna HyJeBOH NOABHXHOCTH Ge3 G6Ga3oBHX
3BeHbeB MOXKET OHTb H JABYXMOBOAKOBOH, KaK Ha pHC. 2.46, H TPexmoBOAKOBOf, KaK Ha
puc. 2.47, a. [Ina caMOYCTaHaBJIMBAaeMOCTH MEXaHH3Ma ee MOXHO BHINOJHHTL TOJbLKO Ha
chepuueckux mnapax //1; (puc. 2.47, 6). Tlpasna, Torna y uee Gymer Tpu GeappeaHuie
MeCTHBle MOABIMHOCTH — BpallleHHs TpeX MOBOAKOB BOKPYT cBOMX ocefi. [Ipe MecTHble
NOJBHXKHOCTH MOXHO YCTPaHHTb, NIPHMEHHB A/ COeXMHEHHMs MOBOAKOB napy Vs Bmecio
naput /115 (puc. 2.47, 6).

MOXHO YCTPaHHTb H MOCJIERHIOI (TPeTbl0) MECTHYIO MOABHKHOCTb, MPHUMEHHB UH-
auHApudeckyio napy IV, Bmecto naput 115 (puc. 2.47, &), 3xech HeoO6XOAHMO NPOBEPHTb,

Puc. 2.47. Tpynnus Hyaesoft MOABHEHOCTH Ges
6a30BLIX 3BeHbEB — TPEXNOBOAKOBLI®
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Puc. 2.48. KoHCcTpyxuuu, obpas’oBanHhle H3 TPeXnoBoAKoBWX Trpynn 6es Ga3oBmXx 3BEeHbLEB)
a — Kapkac spanus; 6 — croa

He GylleT JH TPeHHe MellaTb caMmoycTaiaBjuBaeMocTH. IIpocTpaHCTBeHHEIE TpeXnoBoA-
KOBble Tpynnbl yROGHH ANS NMPOEKTHPOBAHHSI MEXaHH3MOB, HalpHMEp JKeJe3HOAOPOXK-
HLIX TOKONpHEMHHKOB (puc. 2.52 H 3.43, 6).

PaccMoTpAM NnpHMep NPOEKTHPOBaHHKSA KapKaca 3naHus (pHc. 2.48, a) (Bw6op yHCcIa
A pacnoNoXeHHs packocoB). PaccMOTpHM KapKkac M3 JABYX TPeXNOBOAKOBRIX rpynn (no-
Ka3aHbl JXHPHOA JIMHHEA) H K HHM NMPHCOEAHHHM ellle B€ TPEXNOBOAKOBLIE FPYNMH (MO-
Ka3aHbl TOHKOH JHHHeR).

Cron. B KoHCTpyKuHHu 06eReHHOrO CToMa, NMOoKa3aHHOl Ha puc. 2.48, 6, HalIH Npu-
MEHeHHe JBe TpYyNnbl HyJeBOH NOABHIXHOCTH 6e3 6a30BBIX 3BeHbeB, M3 TpeX MOBOA-
koB AC, BC, E w FH, GH, KI (nokasansl cnaowHoit nunueit). Cronemnuny ABFG
npuHuMaeM 3a cToiiky. [lpomomxkenns nosogkos AC, BC, FH u GH (nokasaHsl MyHK-
THPOM) cAyXKaT HOXKamu. Ecau counenenuss Hoxexk C M H cuuraTh napaMH nsToro
knacca V,, a Bce ocTaibHble — cdepHueckumu /1[5, TO B KOHCTPYKHHMH H3GHTOYHBIX
cBs3eit He Oyner.

BMecTO MpOROABHBIX KOCHIX MJIAHOK B HeGONbLIMX CTOJAX NPHMEHSIOT LIHPOKYIO
JIOCKY, MPHOHTYIO K HOXKaM, a B Pa36OPHLIX CTO/JAX MPOAOJbHbLIN 6pyc, COeAHHEHHHH
C HOXKAMH KJHHbSIMH (aHAJOTHYHO KOHCTPYKLHH CTONSPHBIX BepcTakoB). KoHCTpyKius
OYeHb NPOYHAS H XeCTKafd, TAK KaK COCTOMT TOJLKO M3 TPEeyrONLHHKOB, H NMpoCTasg—
B Heii BCero eCTb CTepXHell. B OTAHuHe OT Hee TPALHIMOHHAS KOHCTPYKLMA CTOJMA CO-
CTOMT TO/IbKO H3 YeTHIPeXYTOJbHHKOB H NMO3TOMY MHOTO CJOXHee — HMeeT 8—12 cTepxk-
Heil. Y3ibl B HeM, BEHITOJHEHHbie HA LIMNAX, HaTPYXXeHH MOMEHTaMH M NMOTOMY HMeIOT
Majylo MNpOYHOCTH.

PaccmoTpum rpynnbl ¢ ORHHM 6a30BHIM 3BeHOM. /1Sl Hy/IeBOil MOABHXHOCTU MOBOAKH
JIOMXKHbl JaTb HeNOABHXHOE COefjHHeHHe 6a30BOTO 3BeHa €O CTOMKOH, T. e. B CyMMe
JaTh IWeCTb YC/IOBHA CBA3H. TyT BO3MOMHEI ClepyloliHe CJAydYau:

a)6=4-42
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Ciyuan a) W B) — ABYXNOBOAKOBbIE
rpynnu. K coXaneHHIO, HeT yBepeHHOCTH
B OCYLIECTBHMOCTH CJy4Yas B), MO3TOMY
ocTaeTcsi TOMbKO cayuait a). Cnyuyau 6), r)
H €) — H3BeCTHble TPeXMOBOAKOBLIE Ipyn-
nbl; &) M X) — 4YeTHIPeXNOBOAKOBbE; 3) —
MATHNOBOAKOBAA; M) — LUECTHMNOBOAKOBAS.
PaccMoTpHM  npxMensieMble Ha MpaKTHKe
Puc. 2.49. Jisyxnosonkosas rpynna ¢ ox-  CAY4aH a), e), X) — H).

HHM Ga3oBLIM 3BEHOM Cayuvait a) nokasai Ha puc. 2.49. 3necs
H HHXe MHOTONMOBOAKOBas Tpynna noka-
3aHa MHDHOH JMHHeH, a OCTalbHble 3BeHbs MeXaHM3Ma H BCMOMOraTe/bHble MOCTpOe-
#usg — Tonkoi. Ha puc. 2.29, e cayuvail a) npepnoxen Iasi yCTpaHeHHs H3GBITOUHBIX
cBA3ell B KPUBOLIKIHO-NOJN3YHHOM MeXaHH3Me. 31echb WATYH NPUCOEIHHEH K KPHBOLUIKNY
nosonkoM VoV, 1 K cTofike noBogkoM 1115V, Tpasaa, kunemaTuku Accypa TyT He noay-
4aercsl, HO HyJeBas MNOABHXKHOCTb H CTaTHUECKasl OMPeNeSMMOCTb OGecreyeHHl.

Cnyuait e) noxka3an Ha puc. 2.50. OH WIKPOKO M3BECTeH W MOTOMY 37eCb MOAPOGHO
He paccMaTpHBaeTcs.

B kauecTBe npHMepa 4eTHIPEXNOBOAKOBOH Ipynnbl BO3bMeM cayuait ) — o6uieus-
BECTHYIO ABYX3KCUEHTPHKOBYIO Kyancy Credencona (cM. puc. 1.15). 3aech aBa aAByXCBA3-

’ ’
HLIX MOBOAKA: 3KCHUEHTPHKOBhHE — TArH BHICV w EnDv, ¢ ABi ORHOCBA3HBLIX NO-
A N
soaka, noasecHas Tara /111Kl H KyJHCHHIH KaMeHb C 30JOTHMKOM # ¢ napamu Frii,

Gi11, Hiv. Tlocnenuuit XoTs ¥ HMeeT TPH KHHeMaTHUeCKHe Napbi, HO AAeT OJHO YCAOBHE
CBSI3H, T. €. AIBAAETCH OXHOCBA3HbIM NOBOAKOM. Bce ueThipe MOBOfKA HEOGXOLMMHI AJift
dukcauuu nasosoro 3BeHa KyJauch. Hanpumep, ecau y6path KyaucHblii KaMeHb C 30/10T-
HHKOM, TO Ma3oBoe 3BEHO «noBaduTCA». B KauecTBe nmpuMepa MATHMNOBOXKOBOH Ipynmbi
cayuasi 3) BO3bMeM TPEXIKCUEHTPHKOBYIO Kyaucy CredencoHa Ha puc. 2.51. Takne
KYJHCH NpPUMEHANHCb HA GOJBbLIMX CyRax. 3jech OAHH ABYXCBSi3Hulit moBomok [11{V,
M yeTbipe OJHOCBSI3HBIX: TPH SKCUeHTpHKOBHe Taru [//5/115 w KynucHulit KameHb ¢ 30-
JIOTHUKOM ¢ napamu Vo, [115, 1V,. B KauecTse npuMepa ciyuast M) — LIECTHNOBOAKOBOM
rpynnbl — BO3bMEM BepXHHe PaMbl CTATHYECKH ONpefie1 KIMOrO TOKONpHeMHHKa (pHc. 2.52).
3nech mecTb ORHOCBA3HLIX MOBOAKOB /1141115, U3 HUX YeThlpe NPOAONBLHLIX M ABa JHAro-
HaJIbHBIX MOJJIePXKHBAIOT OCHOBaHHE BepXHell kaperku [[/14/114.
IOns rpynn ¢ aABymMA Ga30BHMH 3BeHbSIMH BO3MOXHHI CJAefyIOLLHE CaAydYau:

a)7=4-43
6)7T=4+2+1

B)7=4+ 14141
NDT=34+242

e 7=3+2+4+141
K®)7=3+14+14141
8)7T=2+2+2+41

W) 7=2+4+24+14+1+4+1
K7=2+14+14+1+4+1+41
NT=1+1+1+14+141

w=4k & &
nw=l «42 %
p=2 0 -2
VA Uz far 4 -2
=8 2% -2%
A<« 0 0

Puc. 2.60. TpexnosoakoBana rpyns Puc. 2.61, MATANOBOAKOBAA rPynna c 0AHUM 6a30BLIM 3BEHOM
na ¢ OiHUM 6a30BbIM 3BeHOM (TpexskcueHTpukoBan Kyaunca Credencouna)
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Puc. 2.52. lllecTHnoBoakoBan rpynna ¢ OJAHHM
6a3oBbLIM 3BEHOM (BepXHAA paMa TOKONpHeM=
MuKa, a. ¢. M 333080)

Cayuail a) — ABYXNOBOAKOBasi TIpyn-
na; G6), r) U &) — TPEXMOBOAKOBHE; B), €)
H 8) — YeThIPEXMOBOAKOBhLIE; XK), M) — NATH-
NOBOAKOBLIE; K) LIECTHNOBOLKOBafl; J)—
CEMHMOBOAKOBAS.

Ha npakTHke nNpHMEHAIOTC TOJBKO
yeThIpeXnoBofKoBble rpynnu. OcrajabHbie
H3-32 CBOell CJOXHOCTH HMEIOT TONbKO
TeopeTHuecKoe 3HaueHHe. Eciu  6asoBbie
3BeHbSl  COEAHHHTb chepuueckoit  ma-
poit III', 70 HauGoibluee YHCAO MNOBOAKOB GyzeT ReBATh, [losTomMy sTa
CXeMa MOXeT MNpPHMEHSITbCH TONbKO B HCKJIOYMTENbHBHIX CJyyasx.

2,12, CAMOYCTAHABJINBAIOIMUECH, IUIOCKUE CTPYKTYPHBIE
reynnbol 3BEHbEB MEXAHH3MOB

HanGonee yHuBepcaibHOe pellleHHe JAlOT LiapoBHe — cdepuueckne napet /7173,
Hx npoue Bcero npHMeHATh, Xesasi chepruecKuMH o6e ronoBKH watyHa, OXHaKo Takoe
pelleHHe He SBAfAETCA HAHWBHTOMHEHAIIMM, TaK Kak B 3TOM cAyuyae BBOAHMTCH MeCTHafl
NOABHXHOCTb — BpallleHHe WIaTyHa BOKPYT CBOefi OCH, 4TO Tpe6yeT npoBepKH, ne Oy-
JeT Ju OHa BpeAHOi. ['1aBHOe, 4TO ANS MOJyueHHs 9TOH NMOABHXHOCTH YCTaHABJAHBAIOTCSH
JononHHuTesNbHBle cdepuyeckHe napel (cdepHuecKkas napa JOpOXe BpalaTeJbHOR
knacca V).

TlpaKTHuecKH 3ajiaua CTABHTCA TaK: laHa CXeMa MHOTO3BEHHOrO MJIOCKOro MeXaHH3Ma
(nanpumep, npuBefenHoro Ha puc. 1.15). Tpe6Gyercs pewntb BOMPOC, B KaKHX TOYKaX
NOCTaBHThL BpallaTeJbHble mapel Vy B B Xakux — cephueckue /115 u3 ycioBus, 4TOOH
MeXaHH3M Obl CaMOYCTaHaBJIHBAIOLIHMCS.

Pewatbh 3ajiauy ¢ npuMeHeHuem rpynn Accypa 3aTpyRHHTeAbHO, TaK Kak Accyp
paccMaTpHBaeT NPOCTO MJOCKYIO CXeMy 6€3 yueTa KJaccOB KHHeMaTHdecKuX map. Ecau
YueCTb KJacChi KHHEMaTHYeCKHX Map, TO B IpyNne HYJeBOH MOABHXKHUOCTH C 6a30BLIM
8BeHOM GyJieT OT ABYX O LUECTH MOBOAKOB, a CJ1el0BaTeNbHO, MOXKHO OGONTHCH MHHHMaJIb-
HbIM YHCAOM CepHYECKHX nap € MOMOIIbIO CAMOYCTAHABJIHBAIOUHXCS IOCKHX CTPYKTYP-
Hux rpynn — CIIC rpynn.

CTpyKTypHOil TPyNnoil YCJIOBHMCS HasbiBaThb FPYNMNY 3BeHbeB MeXaHH3Ma, 0Gbelu-
HEHHBHIX MO Onpefe/IeHHOR 3aKOHOMEPHOCTH M INpeXHa3HaYeHHHX IS HCCIeAOBaHHA
cTpyKTYpH. M3 CTpYKTYpHBIX Ipynn H3BecTHH rpynnu Accypa, MOABHKHOCTb KOTOPBHIX
Ha NJOCKOH cXeMe paBHa HYJIO.

CamoycTaHaBNHBAIOWIEACS TJIOCKOH CTPYKTYPHOM Tpynmo#f YCJAOBMMCA Ha3uBaTh
Tpynny 3BeHbEB, COEAHHEHHHIX TAKHMH KHHEMAaTHYeCKHMMH MNapaMu, CBSI3H KOTOpHIX
YAEPXHBAIOT BCe 3BeHbSA 9TOH IPyNnbl B OAHOM MJOCKOCTH (pHC. 2.53); TaK KaK noJioxeHHe
NJIOCKOCTH onpepensiercds Tpems Toukamu, To CIIC rpynma Ro/KHa COEXMHATHCHA C Me-
XaHu3MoM TpeMms cdepuyeckuMH napamH. Mx GymeM HasbiBaTb OMOPHLIMH M HAa cXeme
8aLUTPHXOBLIBATH.

Jas Gonbliell XKeCTKOCTH OHH AO/KHBI ObiThb MOCTAaBJEHBl Ha BO3MOMHO GOJBIIHX
paccTosiusix apyr ot apyra. Kpome sTux Tpex mnap, ¢ukcupyiomux mnaockocts CIIC
Tpynmbl, B 3aBHCHMOCTH OT ee noaBHxHOCTH CIIC rpynna Moxer cOeiMHATLCS C MeXa-
HH3MOM «CBOGOAHBLIMH NMOBOLKaMu», T. €. HMeIOWHUMH ToAbKO napul /115 (puc. 2.55).

HauGonee unTepeceH cayuyait, KOraa COeAHHHTEJNbHLIMH MapamMu GYIyT BpaulaTesib-
HHe napu V, ¢ OCAMH, MeprneHAHKYJASPHBIMH K MJOCKOCTH IPYMNbl, HO MOT'YT OWTb H
noctynateabHsie V3 u naockocthele [113.

B o6wiem BHpe, ucnonbsys pa6ory E. 0. Kauanosoit, Mbl MOXeM CKa3aTb, 4TO KH-
HemaTuueckue napel BHYTpH CIIC rpynmel ROKHBI HMeThb TOJbKO MJIOCKHE TMOABHX-
HOCTH H He ROJXKHBI MMeTb HemslocKMX. Takas rpynna GyieT OTJHYaTLCA OT rpynnul
Accypa u Gyjer umeTh Apyroe YMC/IO MOABHXKHOCTEIl.
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PaccmoTpuM OTKpHITYIO (He3aM-
KHYTYI0) KHHEMaTH4YeCKylo Uellb, CO-
CTaBJEHHYIO W3 BpalaTe]bHHX Map
AATOrO Kjacca, C OCfIMH, TepheH-
DMKYJNSDHBIMH K NJIOCKOCTH MeXa-
HH3Ma, KOTOpasl, Kak MoOKasan
O. I'. Oson, He uMeeT H3GHTOYHBIX
cpaseil. Takam rpynna MoxeT ObiTh
Hepa3BeTBJEHHON M Pa3BeTBJIEHHOM.
[Mapw nsitoro xsaacca GyRyT ynep-
JKHBaTb BCe 3BeHbA TPYNAH B ORHOM
niaockoctH. UYrobs 3apHKCHPOBATHL
MOJIOXKeHHe 3TOM MJIOCKOCTH, HYXHH
TPH TOYKH, He pAacrOJIOKEHHble Ha
oxHolf mnpsamoil. B TakMx TOuYKax
Hago YyCTaHaBiHBaTb cdepHuecKHe
naput //1', xoToprie ycjoBHMCH Ha-
3LIBaTh ONOPHLIMH. YHCJI0 BpallaTeb-
HbHIX Map MoxeT ObiTb pPa3JHYHO.

5) e) Ecau OHO  PaBHO  HYJIO,
(puc. 2.53, a), rpynna o6paTHTCs
Puc. 2.53. CAMOYCTAHABAHBAWINUECS MIoCKuE CTPyk- B OAHO 3BEHO C Tpems chepHuecKH-
TypHue Tpynfisi: MH MMapamHu,
a@ — Ge3 BHYTPEHHHX KHHeMaTHUeCKHX nap; 6 — o ecsu paBHo eaunuue (puc. 2.53,6),
ORHO# BRAYTPEHHeA KHUHEMATHYECKOA mapoA; 6 —c o rpynna 6yAer COCTOSITb H3 ABYX
ABYyM%; ¢ — C TpeMsi H T. A.
3BeHbeB, COEAHHEHHHIX BpamaTeNb-
Ho#t mapof;

ecsiu paBHO ABYM (pHC. 2.53, 6), 3BeHbA COeAUHEHH ABYMs Mapamu;

ecin paBHo TpeM (pmc. 2.53, 2), uernpe 3BeHa COefMHEHH TpeMA Bpa-
aa'renbu)uuu TapaMM; STO  TPEXNOBOAKOBAA TIpynna HyJeBOH  MNOABHXHOCTH

ccypa);

ecaH paBHO ueThipeM (puc. 2.53, 0), NATH 3BeHbEB COEAMHEHH YETHIPbMS BpatlaTe/b-
HEMY NapaMH; OHa OTJINYaeTCl OT 9YeTHPEXNOBOLKOBOH TPYNMEl TOALKO TeM, 4TO He
paccMaTpUBaeTCA ueTBepTHIA TOBOAOK (NMOKa3aHHH MyHKTHpOM Ha puc. 2.53, 9), xoto-
PHifi JOMKEH BHIMOJHATHCA Ha ChepHIECKHX Mapax # He yYacTBYeT B (HHKCAUMH NJIOCKO-
CTH TPYNMHL.

Yucao BpawarelpHBIX Nap B CaMOYCTaHABAMBAIOWEACA, TJIOCKOH, CTPYKTypHo#
rpynne (CIIC rpynne) moxer GuTb H Goabiwe 4ethipex (puc. 2.53, €). Hempssa 8 CIIC
rpynme CTaBuTh IBe ChepHueCKHe Hapbl MO KOHNAM LIATYHA, TAK KaK TOTAa BO3HHKHET
MEeCTHafl MOJABHXKHOCTb — BpalIeHHe H COOTBETCTBEHHO H3OhTOuHafl cBA3b. CKa3aHHOE He
OTHOCHTCA K 3BEHY C TpeMs mapamu (puc. 2.53, @), Tak KaK TpeTbsl mapa yCTpaHsieT 3T0
BpameHne. KoHeuHo, B MexaHu3me OylyT BpallaTeJbHble MapH MATOrO Kjaacca 4 Bhe
CIIC rpynnu.

Tlpu BbiGOpe KHHEMATHYeCKHX Nap HaJ0 YUHTHIBaTb, YTO MJOCKaf CXeMa AaHHOro
MexaHH3Ma MOXeT GHTh yxe pa3paGoTaHa, TOTJa ee ClefyeT CuuTath 3afanHHofi. Heo6-
XOAHMMO MOMHHUTb, YTO nojoxenue naockoctd CIIC rpynnu onpejensierc TpeMfl TOUKaMH,
npuyeM caeayet 6path HauGoJee WIHPOKO PACCTABNEHHBIE TOUKH (HanpuMep, NeJib3sl 6paTh
TOYKH, PacnojioxeHHble GIU3KO K NPSAMOH JHHKH) H TaKHe TOYKH, Tlie JiHHeAHad CBA3D
B HanpasJIeHHH, NeprenaAnKyaapHoM K naockoct CIIC rpynnsl, o6ecniennBaetcs Haubosee
JKecTKo. B 3THX TOYKax WAH BONM3M OT HHX CJEAyeT CTaBHTh OnopHbie cdepuiecxkue
napsl, JIas KOHTPOJIA MOXHO MOJB30BAThCS 3aBUCHMOCTHIO: CyMMa MOABHXKHOCTER Bpa-
warejbHex nap CITC rpynns — BHYTPeHHHX H BpallaTe/bHbHIX Map ee HanpaBisfOUHX
NOBOAKOB PaBHA TPeM INIIOC YHCJIO MJOCKHX MUIBHXXHOCTER.

Huke npuBeflennl npuMepnl Bbi6Opa KHHEMaTHYEeCKHX nap /A HEKOTOPHX Me-
XaHH3MOB.

Mpumep 1. Mexanu3M € NpuUEnHuM WaTyHoM (cM. puc. 1.11). F'naBum#h waryn BC u npu-
uentoit EF Moxmno paccmarprsaTh kKak CIIC rpynny BCEF ¢ onopammn roukamu B, C, F (ana+

JorugHo puc. 2.53, 6), rAe creAyer nocraButs napu {113 u oAun waprup E ¢ mapod Vs.
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Puc. 2.54, CNC rpynna c AByMsa BHYy- Puc. 2.5656. CNC rpynna ¢ AByms BHYTPEHHMMH KHHe=
TPEHHUMH KHHEMaTHYeCKHMH MapaMH  MaTHYeCKHMH napamn (MexaHH3M Kyaucsl Baancxapta
(MexaHH3M noONepeYHo-CTPOraabHOro Tei3nHrepa)

cTaHka)

Npumep 2. KyaucHuil Mexanu3m CTpOTanbHOTO CTanKa (puc. 2.54). BuGepem CIIC rpynny

DBCEF c onopubiMu Toukamu D, B, F, rpe CTaBum napn lllé. W BHYTpeHHHME napaMn C u E;
rAe ctaBuMm napw Vs u V, (amanoruvso puc. 2.53, 6).

Npumep 3. Kyanca Credpencona (cM. puc. 1.15). PaccmaTpupaeM CTpYKTypHYW Fpynny
BCFGD E. Bu6upaem onopHbie TOYKH, B KOTOPHIX CBSI3H MEX2HH3Ma YCTPaHAIOT JHHeAHHE MOABHX-

HOCTH, MepNeHAHKYASpHRe K naockocty CIIC rpynnsl. TakuMu Toukamu 6YAYT SHCUEHTPHKH B,'”
H E'", H SOJIOTHHKOBbIA WIAPHHP G;”. rAie CTaBUM Naphl Illé (ananoruuno puc. 2.53, ). MNapwm C;
F uw D paccMaTphBaeM KaK BHYTPeHHHE M BHINOJHSeM NATOro kaacca. Mosofok J,'”K'," He BKJ0-

vaem B CIIC rpynny u BunoJHsieM CBOGOAHKWIM Ha Mapax lllé; B HeM, npaBjla, BO3HHKaeT 6esBpell-

Has MeCTHasl NMOABHXXHOCTb — BpallleHHe BOKPYr CBOel OCH. .
Npumep 4. Kynnca Banbcxapra lefaunrepa l((pnc. 2.55). B weThpexnopogkosol rpynne

¢ 6asoBbiMu SBenbsimu HL n HG u nosoakamu LM, JK, GF B QR (ananorudHo puc. 2.53, é) » na-

qeCTBe ONOPHHX TOYeKk BuOHpaem Toukn M, J n G, rae cTasum napu /77 é Touky R 6paTb HeBbI-
TOAANO, TaK KaK OHa pacnoJioXKeHa 6auxke K AuHHH GJ, 9em Touka M, H 6yJeT naoxo ¢HKCHPOBaTh
CIIC rpynny. IostoMy nosoAok QR He Bkmouyaem B CIIC rpynny M BhINOJIHSieM €BOGOAHBIM Ha
cdepuueckux napax. CoeAHHeHHs 3BeHbeB L u H BhinosHseM Ha napax Kjaacca V.

Bo3MOXHO Apyroe peleHHe: BMECTO TOUKH M B KauecTBe ONOPHOH TOYKH MOMHO B3RTb TOY-

Ky L 1 noctaBuTb napy Illé, a B Touke M noctaButh napy Vs OGa pelieHHs paBRORERHL.
Cuapyxu CIIC rpynns, Kak M CJelOBaJi0 0XMHJAaTb, OCTaJMCb MECTHhHE MOABHXMNOCTR —
Bpallende waTyHoB QR, BD u CN.
Her mapo6rocTH cdepuueckne napol ///’ BHMONHATL MmIapPOBLIMH. MOXHO HX BHNOJIHHTH

’
napamu /]/]4 — DHAHHADHYECKHMH C 3330PaMH H MaJoOR ANMHOM BTYJKH. BpallaTesibHHe Napn
Ha/lo BLIMOJHATL C ABYMSl IWIHPOKO PacCTaBJEHHBIMH BTYJKaMH, AJS 4ero COOTBETCTBYIOWMHA NOBO-
JIOK /le1aTb BHJIbYAaThIM, YTO OOLIYHO M Jle1aeTCsi B MCINOJHEHHBhIX KOHCTPYKUHAX.

2.13. UEHTPOBE)XHBIE PETrYJISATOPbI

YcTpaHenHe H3GBITOYHLHIX CBfi3efi B LEHTPOOEKHBLIX PEryJiiTopax KpoMe OOGbLIYHHX
BHIFOJl RaeT elle YMeHblUEHHE TPeHHS, a CJIeNOBaTeJbHO, YMeHblueHHe KoadduuHeHTa
HeYyBCTBHTEJLHOCTH DEryJISITOPOB, YTO OuYeHb BaXHO.

PaccMOTpHM THITHYHbIE CXeMBl COBPEMEHHHIX LeHTPOGEXKHHX PeryJasaTopoB. B pery-
JASITOpaX OGBHYHO CTaBAT ABa rpy3a H COOTBETCTBEHHO ABa NepeJaTOYHRIX MeXaHH3Ma
OT rpysa K Mydre. Hannyne ABYyX MeXaHH3MOB He HapyllaeT CTaTHYeCKOH onpeleNH-
MOCTH, TaK KaK KaxAblii mepepaeT CBOIO LEHTPOGEXHYIO CHAY (CABOEHHBII MEXaHH3M,
HeJlONYCTHMbIH MO H3GLITOYHHIM CBA3AM, MOJY4YaeTcs, KOrja ABHXKEHHE OLHOrO 3BeHa
nepenaercs JAPYroMy ABYMs Napaj/iejbHO PacloONOXEHHHIMH MeXaHH3MaMH).

B konHnueckoM peryastope (Ha puc. 2.56 oH noka3au Ge3 NPYKHH U Fpy3a HA MydTe)
TPY30BHE pHYarK COeAMHEHH C BajJOM NMpPH MOMOILM BpauartelbHHX nap V,, uepe3 Ko-
TOPHIE Ha IPY3H NepefaeTcs] HHEPUHOHHLIA MOMEHT NMPH NepeMEeHHON CKOPOCTH MAlLIHHH.
UTo6H 3TOT MOMEHT BHI3bIBaJl BOSMOXHO MeHbllee TPeHHe, [andkl STHX nap HeoGXOLHMO
JenaTb KaK MOXKHO JjiuHHee. [l 3TOro rpy3oBble pblYard 3aKaHYMBAIOT LIHPOKHMH
BH/IKAMH, OXBAaTHBAIOMUMH HAnQw.

Mydra perynstopa nepemelnaercs no Baly Ha nocTynateibHoit nape Vg (ua
mnonke). YTo6H Ipy3oBble PHUYAry COEAUHHTL C MydTOil 63 HAaTAroB, CAeAYeT NPUMEHHTh
TATH C WapoBuMu napamu /11y, 1113 wau 11, B nocnemseM ciyuae uange AeaioT
04€Hb KODOTKHMH H C 3a30poM.
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Puc. 2.56. PeryasaTopsl 1{eHTPOOEKHbIE;

a — BecoBOft ¢ NpAMbIM NojiBecoM; 6 — BecoBoil
C o6paTHbIM MOABECOM; 8 — C KaTALWMMHCA Wa-
pPaMHu; 2 — PLIYAXKHBIl NPYXHUHHLIA

HccnenoBanue CTpYKTyp MeXaHH3MOB PeryJiiTODOB MOXHO [POBOAHTb ABYMS CMO-
co6amMu:

paccMaTpHBATL BeCh MEXaHHM3M PeryJsfitopa, BKJ04ass NOALIMNHHKH €ro Baja (B 310M
cayyae GyayT ABe OOlLHE NMOJABHXXHOCTH, He CYMTasi MECTHbIX, — BpalleHHe Peryasropa
H nepeMmeuieHHe MYyQThi);

CYUHTaTh KOpMyC peryJfTopa s8a CTOHKY M PaccMaTpuBaTb TOJNLKO MepeMelleHHe
My(TH (MOABHKHOCTL B 3TOM Cllyyae paBHA eRHHHLE).

Janee GyneM noJb30BaTbCsA MEPBHIM CNOCOGOM.

IMoaBHXHOCTL PacCMaTpUBAaEMOro Pery/siTopa COCTOMT M3 BpalleHHs Baja, nepeme-
mweHuss MyQTH H MECTHBIX MOABHXHOCTeH (BpauleHHe ABYX TAr BOKPYT CBOHX CCeil),
T.e. w=4.

ITo ¢opmyne (1.1) Haiinem ¢ =4 —6-6 4 5-44 3.:4 = 0.

Cxema Ha puc. 2.56, a npuMeHHMa JAA BCeX KOHHYECKHX PEryJsiTOpOB € MpAMbIM
NoJBecoM rpy30B, T. €. C OTKPHITHIMH H MepPeKpeCTHHIMH TATAaMH, C MPAMBIMH H H3OTHY-
THIMH phiyaramH. B cayuae o6paTHoro noaBeca rpy3oB cxema NpHMeHHMA TOJILKO MPH
npsaMbiXx poiyarax. IIpu H3OTHYTHIX phiyarax MecTHble NMOABHXHOCTH GYAYT BPENHBIMH,
TaK KaK OHH NMO3BOJIAT PbiYaraM NMOBEPHYTHCH BOKPYT HX OcCeil, MPH 3TOM NpaBHJIbHOE
nosoXeHHe TIPYy30B HapyLIHTCS. .

KoHnuecKhe BecoBbie peryJsiTopbl NPHMEHSIOT TOJbKO C BEePTHKaJbHBIM BajiOM, KO
HHYECKHe NPYXHHHbE — KaK C BepTHKaJbHBIM, TaK M C TOPH30HTaAbHbIM BanoM. [lpu
TOPH30HTAJAbHOM Bajie CHJa TSXKeCTH Ipysa TO NMpHGaBAseTCH K LeHTPOGeXHOH' CHie
(B HHXHeM MOJIOXKEHHH IPy3a), TO BLIUHTAETC H3 Hee (B BepXHEM IIOJIOMEHHH Ipy3a),
T. €. Ha Tpy3 JefiCTByeT nepeMeHHasi CHJa, BbI3bIBAlOlAsl HeNpepbiBHOE OTHOCHTENbHOE
JBHXKEHHE 3BeHbeB PeTyJsATopa. TO ABHXKEHHE YMEHbLUaeT TPeHHe, a CJIefOBATE/IbHO,
H KoapdHUHEHT HeuyBCTBHTEJLHOCTH peryasTtopa. IIpu BepTHKa/lbHOM Baje PaBHOJEis
CTBYIOILASl CHJABl TSXKECTH H UEHTPOGeXHOH CHJIbl NMOCTOSHHA MO BeJHYMHE H Hampabie-
HHIO (OTHOCHTEJILHO Bajla PEryjsiTopa) H He MOXKET BH3BaTb ABHXEHHH, YMCHbIIAOUIHR
TpeHHe. B 3TOM 3aK/iouaeTcsi CylleCTBEHHOe MPEHMYIECTBO TOPH3OHTANbLHOTO peryJs-
TOpa mnepel BEPTHKAJbHBIM.

[lenTpo6exKHbie CHIBI ABYX T'PY30B peryasTopa GblBalOT HepaBHHIMH H3-3a BJAHSHHS
Ha HHX ROTMYCKOB HAa CHJAbl THXKeCTell TPY30B H pa3Mepsl 3BeHbeB. DTH LEHTPOOEXHbie
CHJIBI, MepefaBasicb Ha My(QTy, HarpyXaioT ee FOPH3OHTaJbHOH CHIOH M MOMEHTOM BO-
KPYT OCH, MepNeHRHKYIAPHO K NJIOCKOCTH YepTexka. OT 5TOro Bo3pacTaioT TpeHHe H Koad-
GHUHEHT HeuyBCTBHTEJbHOCTH PETyaATOpa, TOT MOMEHT MOXHO yCTpaHHTh, lns sToro
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Halo COBMECTHTb TOYKH MPHCOEAHHeHHS TAr K Mydre (cM. puc. 2.49, 6), T. e. TATH
0(OpMHTb B BHAE BHJIOK, OXBaThIBAIOWHX MY(DTY, H MPHCOENHHUTDL K Hell 1BYMSA nandamu,
NpencTaBJAIMMMH BpamateapHylo napy V,. Uro6ul n36exaTb H3GHITOUHLIX CBA3ei,
CXeMy NPHXONHTCA YCJOMHHTbL — A0GaBHTb OAMH wWwapHup V, HaBepXy peryasropa,
a WINOHKY Ha MybTe y6paTh (cAenaTh UHAHHAPHUYecKYIO napy /'V,). B aroit cxeme Mydry
BPALAIOT TATH TPY30B, a WINOHKA CO3lana Gbl TONLKO M36HITOUHYIO CBS3b. ['OpH3OHTaD-
HBlil BaJIMK CJYXKHT YPaBHHTEJIbHbIM MeXaHH3MOM NDH nepefaye BpallalOUlero MOMEHTa.

o ¢opmyne (1.1) Haiigem ¢ =2 — 67+ 56+ 4-1+ 3-2=0.

B cxewme (puc. 2.56, 6) Bo3moxeH 06paTHbI# N0ABEC TPY30B C H3OTHYTHIMH PbIYaraMy.
Heo6xoauMo n03aGOTHTLCA B O paBeHC1Be LEHTPOGeXHBIX cHa. Ilis aToro cieayer npu-
MeHATb Ipy3bl NPOCTOi GOPMBI, Y KOTOPhIX Pa3MEPOB MeHLIIE H Macca NoJyuaelcs ToyHee,
Ipysul.ciefyer BbiBepAThL Ha Becax,a peryssatop GajnaHcupoBaTh 6e3 IPy3oB H C Ipy-
3aMH.

B peryasiTope ¢ KaTAlMMHCA Wapamy (puc. 2.56, 6) nocieaHne pacnosioxkeHsl Mexay
HEnoABHXKHON KOHMYECKO! M MOABHXKHOM MJOCKOH TapenKamu. [IBHXKeHHe LIAPbI NOJY-
4aloT OT KPeCTOBHHbI (cemapaTopa), COelMHEHHOH ¢ Bajsom ABHrateas. IloaBuxHas Ta-
penKa, HarpyxewHas MDYXHHOR HeNocpelCTBEHHO HJHM uepe3 puiyar (puc. 2.56, 6),
MMeeT 1Ba ABHXXEeHHs — OcCeBOe (NPH H3MEHEHHH CKOPOCTH) H BpallaTelbHOe (MoJyyaeMoe
OT CuJl TPEHHs KaTAWHXCA Wwapos). Takoii peryastop npeacrapisieT co6oil NAaHeTapHblil
MeXaHH3M, y KOTOPOroO Laphl C1YXaT CaTeJIHTaMH, 8 KpecToBHHa — BoauioM. Tloasux-
Haf TapeJKa MoayuyaeT BpallleHHe NPHMEPHO C YABOEHHOH YIJIOBOH CKOPOCTbIO KpPecTo-
BHHHI, C KOTOpOil M paGoTaeT LIAPHKOBbLIN MOANMSATHHK, Nepelalouiuil ee nepeMelLleHHe Ha
MeXaHH3M peryaupoBatusi. [IpH H3MEHeHHHM CKOPOCTH Liapbl KaTATCA NO COHPalfM Ha
Tapenkax. [103TOMy CKO/bXKeHHe HE3HAUHTENbHO, M DEryJasfiTOp HMeeT Majloe TPeHHe.

PaccMoTpum CTPYKTYpYy STOro peryasTopa Ge3 nepefaTouHblX phiyaroB. Bymem
CUUTATh, YTO OH HMEET LIeCTb WapoB (B pery/asaTopax GubiBaeT OT ABYX AO LIECTH LIAPOB).
TMoaBMAKHOCTE MeXaHH3Ma: OCHOBHOE BpallleHHe, BpalleHHe Tapenku, MybTH H IIecTH
LIapoB BOKDPYT TpeX ocell KOOPAHMHAT 3a cyeT MPOCKalib3blBaHHs, epeMelleHHe My(QThi:
BCero w = 22.

o popmyae (1.1) naiinem ¢ = 22 — 6-9+ 5:24- 4.1 4 18 = 0. CirenosaresibHo,
cxeMa NpaBHJIbHas M H3MeHeHHH He TpeGyer.

B pbiuaxkHom peryastope (puc. 2.56, e, npyKHHK He MOKa3aHbl) NPHMEHSIOT MpO-
ROJbHBIE MPYXKHHbI, AefiCTBYIOUIHE Ha MYQTY HJIH NnepegaTodHbe Pbluark, a Takxke mnore-
peuHble, AeACTBYIOLIHE HENOCPEACTBEHHO Ha rpy3bl. [IpofosibHEIE NPYXKHHH LIHPOKO HC-
noJb3yIOT B TPAHCMOPTHBIX AH3eNSX H3-33a YHOGCTBA H3MEHEHHMs MX HaTSKEHHA MIs
pery/aHpoBaHHs cKopocTH. IlonepeuHble NPYXHHbLI NO3BOASAIOT CHIbHO YMEHbIUHTb CHJIbi
B KHHEMaTHYEeCKHX Mapax peryjasropa, a ClielloBaTejbHO, YMEHbIIMTh TPeHHE H Koaddu-
UHEHT HeYyBCTBHTeNLHOCTH. [lna 3TOro HeO6X0AHMO, uTOGH HanpaB/ieHHe AeHCTBHA Npy-
JKHHBl TPOXOAHJIO Yepe3 WEHTpP TAXKeCTH rpy3a. Toraa camblie G6osblune CHABL (LLeHTPOGEXK-
Hasl M CHJIa MIPYXXHHbI) HENOCPEACTBEHHO YPABHOBELIMBAIOTCA W HE nepeRaloTCs Ha wuap-
uupbl. TlosToMy perynsaTopsl ¢ monepeyHbIMH NMPYKHHAMH NPHMEHSIOT B CTALLHOHAPHBIX
YCTaHOBKaX, FJIaBHbM 06pa3oM B MapoBbiX TypOHHaX, rie Tpe6yercs TOYHOE PEryJiH-
poBaHHe.

H36uTounble cBSAI3H B MeXaHH3Me fnepeaaud oT My$Thl K pery/JHpYyIOUIEMY phluary
(puc. 2.57, a) BLI3bIBAIOT HePaBHOMEPHYIO HarpPy3Ky MJOCKOCTHOH napwl 11/ U ee npexe-
BDEMEHHOE H3HAIIHBAHHE. ITO 0COGEHHO BaXXHO B OTKPHITHIX KOHCTPYKUMAX, A€ TPYAHO
c6ecneunTh XOpoiuee cMasbiBaHHe. Tak nosyuanoch, KOTAa pblyar COeHHSANH CO CTOHKOR
BpalaTenbHOA napoit V, (naposbie MamuHel) (puc. 2.57, 6). [NpaBuabnasi KOHCTPYKUHsE
ROKa3aHa Ha puc. 2.57, 6. 31echb pbluar COEAMHEH CO CTOfKo# cdepuueckoil napoi /117,
a JIMWIHAA TIOABHXKHOCTh YCTPaHsiercs ynopom [, Koabua B My¢Ty. Kosbllo BHNOJAHEHO
C MPORONrOBaTHIM OTBEPCTHeM ((popma OTBePCTHS MOMKET OhiThb MHOM). TaKyio ke KOH-
CTPYKUHIO 1e/1eCO06Pa3HO NPHMEHATb AJNS OTBOAKH GOPHKIHOHHON MY(TH.

B ruppapnnueckux Typ6HHAX NPHMEHSIOT PErYJAATOPH C THOKUMH CBS3SIMH, KOTOpbie
NPAKTHYECKH HMCKJIOYAIOT TPEHHE H CBONAT K HYJI0 K03dHIHEHT HeyyBCTBHTENbHOCTH.
Taxue perynsTopel 06bIYHO HA3LIBAIOT MAATHHKAMH. H13BeCTHBI 3BOILBEHTHbIH JEHTOUHBIH
MaATHHK (KOHCTPYKUHUH A, T. Po3oBa) n poM6uuecKuii nentounsiii (puc. 2.58) Jlenuurpan-
CKOr0 MeTaJJIHYeckoro 3aBoaa uMmenu 22 cvesna KIICC. Ionepeunoro wapHupa Vp BHU3Y
MeXaHH3Ma B HCMONHEHHOH KOHCTPYKUHH HeT. OH MOX0X Ha KOHHYeCKHH peryasrTop,
TOIbKO TATH H PbiYalH B HEM 3aMeHeHbl THOKHMH CBSI3IMM — JIMCTOBLIMM Tapamu /113,
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Puc. 2.57, MNepepaua oT MydTH K peryaupywouieMy puvary

INoaBHKHOCTL peryasTopa W = 4 BKJIOuaeT BpaileHue, NepeMelleHHe MYPTH H
MECTHYIO TMOABHXHOCTb ABYX TPY30B (BpalieHHe BOKPYF TOueKk nepeceyeHHs Pg H Py
TIPOJOVIXKEHHA JIHCTOBHX nap). Jinf yCTOHYHBOCTH LEHTP Macc I'PY30B AOJDKeH JexaTh
CHapyXH sTuX ToueK. I[To dopmyne (1.1) nafizem g =4—6-4+ 5+ 4+ 3-4=1.

36LITOYHAA CBf3b O3HAuYaeT HePABHOMEPHOCTb Harpys3kH rHOKHX JucToB. UroOwl
€e YCTPaHHTb, HAa OJIHOM H3 LIEHTPaJbHLIX 3BeHbEB B NJOCKOCTH uepTexxa HeOGXOAHMO Nos
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Prc. 2.58. PomGnuecknit  aene
TOUHLINK MaaTHHK JleHHHrpaa-
CKOTO METaJAHYeCKOoro 3SaBOAa
(wTphuxosoit auHHeHl  nowxadsaH
WapHHP ARA YCTPaHEHHs W3I6LI-
ToYHMX CBRsER)

CTaBHTb Bpauxa're.nbﬂylo napy Torna ¢g=4—6X
X5+4+524+4+34=0

B stom peryasTope My¢ra (oHa npexctaBasier
co6oii 30/I0THHK CEpPBOMOTOpa) BpallaeTcss B Heno-
IBHXHOH BTyJKe, M TPeHHe B Hell HanpasjJeHO NO
OKPYXKHOCTH H OCEBbIX CJAraiollHX NPaKTHYECKH He
umeer. [losToMy KO3(QHIHEHT HeuyBCTBHTEbHOCTH
9TOr0 peryasitopa paBeH HYJIO.

Heo6x0aHMOCTb  yCTaHOBKH  TOPH3OHTaJLHOrO
WapHUpa MeXAY HHXKHHM YIaoM H MydToit (3ou0T-
HHKOM) MOXXHO BLISICHHTb TaKiKe H3 YCJIOBHSI COOpKH
MexaHu3ma 6e3 Hatsra. [lpemnonoxum, uto nocaen-
Heil co6upaemoil napoit Gymer [V, (30710THHK —
BTY/1Ka). UTOGH COBMECTHTb MX, 30JOTHHKY Heo6X0-
AHMMO COOGLIUTL ABa MOBOPOTAa BOKPYTI ABYX oceif KO-
OpAHHAT M ABa NepeMellieHus no 3Tum ocaM. [losopora
BOKPYT OCH z H NepeMellicHHA MO 3TOi OCH He Tpe-
6yercsl, TaK KaK HX obeciueynBaer cama napa (30oa0T-
HHK — BTyaka). [loBopor Bokpyr ocH x oGecneun-
BaeTCsi FOPH30HTAaJbHbIM LIAPHHPOM, BOKPYT OCH y—
NpH NOMOWH UeHTpa P, MIHOBEHHOro BpalleHHs.

[Nepemerenns no ocu x obecneuHBalOTC LEHTPa-
MH P, u P, MTHOBEHHOTD BpalleHHsl, a N0 OCH Y —
CKpyuHBaHueM JeHT PP, u PPy (Menbiue ae¢opMH-
pyloTcs JBe ZAPYrHe) H MOBOPOTOM HHXKHEro yana
BOKpYr ocH X. UTo6bl STOT NOBOPOT He MNepeAacs
SONOTHHKY, NPeAyCMOTPEH FOPH3OHTaJbHLIA LIAPHAP.

TakuM o6pa3oM, NMOBOPOT BOKPYr OCH X H Tepe-
MellleHHe MO OCH Y ABJRAIOTCA HE3aBHCHMHIMH TOJIbKO
NpH ropH3OHTaNbHOM wWapHupe. Ecan Takoit mapunp
He BKJIOYHTb B CX€MY MeXaHH3Ma, MOJYYHTCH HATAr
H HepaBHOMepHasi pa6oTa THOGKHX JeHT. YcTpane-
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HHe 3TON H3GBITOUHON CBA3M NO3BONHMT CAe]aTb TaKoil Pery/fiTop JAYullHM H3 COBpeMeH-
HbIX, H €ro NMpHMeHeHHe lienecoo6pa3HO PacnpoOCTPaHHTb HA APYTHe CMeXHble 06J1aCTH.
CTOHMOCTb JOMOJIHHTENIBHOrO IIADHHPA COCTABHT HHUTOXKHYIO 4acTb CTOMMOCTH BCeil
YCTaHOBKH.

Ecau cuntath MowHOCTb TypOuHH 100 Thic. KBT M cToMMOCTb KHJOBaTT-yaca 4 K.,
100 000- 4
100-60-60
BC/IeACTBHE COKpallleHHsi npoctos Ha 10 ¢, a mpocToit MOXeT ObiThb H3-332 Pa3pyLIeHHSA
JIEHTH PeryJsTopa NpH HaJTHUYNH H3GHITOYHHIX CBA3eil. TOT pacuer He YUHThIBAeT YOLITKOB
OT aBapHH NMpPH Pa3pylUeHHH PEryasTopa, KOTOpble MOTYT GhiTb OrpoMHbl. Bce 3T0 ewe
pa3 TOBOPHT O MOJib3e peryJasiTopoB 6e3 M36BLITOUHBIX CBfi3eH.

DBONbBEHTHHI MasATHUK HMeeT ABe M3GLITOUHble CBA3H; elle Go/blue H3GHITOYHBIX
cBsa3eli B MasTHHKe A. . Po3oBa. YcTpaHeHHe HX Bbi30BeT GOMIbILUOE YCA0XKHEHHE peryJis-
TOpOB, MO3TOMY 3TH MEXaHH3Mbl 3[eCb He paccMaTpHBaeM.

TO YCTaHOBKa 3a | € jaeT 3HepPTHH Ha =1 p. Il K., T. e. IapHHP OKyMHTCA

2.14. KJIATAHbl H 3AJABH)XKH

[MoBopoTHEIE KJAaMaHbl NPHMEHAIOT B apMmaTtype Tpy6onpoBOROB (KakK o6GpaTHbie
KJIanaHel) H B XMMHYECKHX annapaTax KaK repMeTHYHble ABepUbl H KaK ABeplbl MapoBbX
KOTJIOB H ABIMOXORO0B. KOrAa-To HX MpHMeHS/IH B PYUHBbIX NOXKAPHBIX HacocaxX (MOXKapHbIX
Tpy6ax), HO OHH OBUIH BLIMOJHEHH C H3OLITOYHLIMH CBSI3AAMH, H3-32 KOTOPHIX MJIOXO
pa6oTanH, OCOGEHHO B 3arps3HeHHO BOAE, H MOITOMY HX R3aBHO yXe He HCMO/Mb3YIOT.
Crapasi KOHCTPYKIHS OGpPaTHOTO KJafaHa AJas TPy6onpoBOAa MOKasaHa Ha puc. 2.59,
PaGouasi noBepxHOCTb KJaanaHa 3jecb MNuockas — napa [[/5; wapuup — napa V,.
B 3akpuromM nonoxenwn w = 0, n = 1. Ilo dopmyne (1.1) nafigem ¢ =0 —6-1 -
+ 514+ 3.1=2

JiBe u36bITOUHBIE CBAA3H BbI3bIBAIOT NMEpPeKOoC KjanaHa BOKPYT BePTHKA/IbHON H rOpH-
30HTaJbHOM oceil. OTCiOfa HapYlueHHe repMeTHYHOCTH. McnpaBasior aTo Tpems cnoco6amu.

1. Bomonusior wapuup /1§ Ha ocu knanaHa, -kOTOpHIH H ofecreyHBaeT CaMOyCTa-
HaBJHBaeMocTb (pHc. 2.60). B 3akpbiToM mosoxkennn w = |; 3necb [06aBHIOCH BpaleHHe
KJanaHa, NpaBfia, OHO MaJlo, HO B CTPYKTYpHOil ¢popmyse npHcyTcTBYeT ¢ = 1 — 6-2 4
+ 514 3-2=0.

2. Knanas noaBelunBaloT Ha ABYX MOBOAKAX ¢ wapHupamu /114 (puc. 2.61). B 3akphi-
TOM MOJIOXKEHHH @ = 3 — BpalleHHe IBYX OBOAKOB BOKPYT CBOHX OCEil M O6LIasi IOABHK-
HOCTb B MJIOCKOCTH, MapaJJeJbHoit paGoueif MIOCKOCTH. ITH ABUKEHHS HE3HAUHTEJbHHI,
TaK KaK NMPOHCXOAAT M3-332 3330pOB B LUapHHPaX H noToMy GesBpenHb. HaGuiTounbie
cBA3n ¢ =3 —6:34 3:5=0.

3. OrBepcTua B wiapHupe V, (cM. puc. 2.59) 3aMeHAIOT FrOp H30OHTAbHBIM 1230M (J1yyLe
B HEMOABHMKHOH 4acTH), KOTOpblit H ofecreyHBaeT CaMOYCTaHABJIHBAEMOCTb.

IMopbeMHble KnanaHB P HMEHAIOT B 3aMOPHLIX BEHTHAAX TPYGONpOBOAOB (PHC. 2.62).
3atBOp Ha3bIBaeTCsi 30JOTHHKOM. 30JOTHMK Hanpae/isercsi pe6paMH — BepXHHMH HAM

7
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Puc. 2.59. TMosoporHuii o6paTHm Puc. 2.60. MNMoBopoTHni#l o6paTHBIA KAa~
Enanad (HenpaBuALHAA KOHCTPYKUMA MaH C CAMOYCTaHaBAWBAIOWNMCA 3010THW-
C U3GLITOYHBLIMK CBR3IAMH) -KOM ¢ = 0
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Puc. 2.61. MoBopoTHLIA 06paTHLIA KJanaH C 30JOTHHKOM Ha Puc. 2.62. BeHTHIbL C CaMmoO=-

ABYX noBoaKax 6e3 M3GBLITOYHBIX CBA3EH YCTaHaBJIHBAIOU\MMCA 30NOTHHKOM
3a CcYeT 3a30p0B B HanpaBARIO-
mHx

HIXKHHMH WIH LeHTPaJbHBEIM CTepXHeM. B 3aKpEITOM noJloXKenuu HanpabJsiollee yc1poil-
CTBO BMecTe ¢ pa6oueil MOBepXHOCTbIO 06pa3yloT BpailateabHylo napy Va. Uto6n obec-
NeYUTb CaMOYCTaHaBJHBAaeMOCTb H YCTPaHHTb M3OLITOYHbIE CBA3H MeXAY WINHHAeNeM H
B0JIOTHHKOM, IOXKHA 6bITh Napa nepBoro Kjaacca /,. JIJIfl 3TOro KOHell LINUHAENH AOJIKeH
GBITb LIAPOBHIM H OMHPAaTbCA HA MJIOCKOCTb B 30JIOTHHKE.

B 3akpeiToM nonoxenuu w = | — BpaileHue 30M0THHKA. F36uHTOUHbIE CBA3M
qg=1—6-245-24+1-1=0.

B MeJKHX BOLONPOBOAHBIX BEHTHJAX NPHMEHAIOT KOHCTPYKIHIO 30JOTHHKa Ge3
HanpaBasouux. Toraa KHHeMaTHueckasi mapa 30JOTHHK — CeIO GyLeT MJIOCKOCTHOM
1115. Bo n3bexxaHue BPeAHBIX MOABHXKHOCTEH MEXAY 30JOTHHKOM W IUTHHAEEM BHINOJ-
Hserca cdepuyeckan napa [//5. H36bitouHsie cBs3u
OTCYTCTBYIOT, T. €. § =1 —6:24 5-14 3-2=0.

3ajBIXKKH MONYUYH/IH LIHPOKOE PacnpocTpaHenme
B Tpy6onpoBoaaX G6O.bIIOTO AMaMeTpa BCJEACTBHE
=% = 3HAYHTENbHO MEHbLIMX THAPABJIHYECKHX COMPOTHBIE-

HHil, yeM B BeHTWIAX. KaunoBas 3agBuXKKa cTapoit
CHCTEMbl ¢ H36bLITOYHBIMH  CBSI3SIMH NOKAa3aHa Ha
w=0 0 0 puc. 2.63. Pacuer no dopmynam (1.1) n (1.2) nau na
n=2-1218 npaBoil CTOpPOHe 4yepTeXa (BHHTOBOH MeXanH3M He

f b1 4 -Z paccMaTpHBaeMm).
=3 9 -9 HecmoTps Ha noaBuKHOE COEAMHEHHE KIHHA €O
o1 1 -F IINHHAeJdeM, KOTOPOE COCTaBA€HO H3 ABYX mnap /113
W, k=3 2 Z u [y, B 3agBuxKe 1Be u3bbiTouible cBAsn. Onn Tpe-

6YIOT TOYHOTO PABEHCTBAa YIVIOB KJHHA W YIJIOB KOp-

nyca B IABYX OCEBBIX MJIOCKOCTHX — BepPTHKaAbLHOI

. W ropusoHTanpHoil. TlpakTuueckn Heo6XOAHMas TOY-

1 HOCTb HEJNOCTHXHMAa, H NOTOMY H3 ABYX pabouux

e A nJaocKocTeii pa6oTaeT OHA B 3aBHCHMOCTH OT Ha-
NpaBJeHHA JaBJleH usl.

Jas  ycTpaHeHHst U36LITOUHLIX CBA3ed KJHH
JIeNaloT M3 ABYX uacreil, MeXX1y KOTODPbIMH 3aJ0XKeH
VA &y cTanbHON wapuk (puc. 2.64). lllnuuzenp 3axsaThl-
BaeT 06e MNOJOBHHKH KJAMHA. MeXay IInuHAeNeM
' M ONHOH MONOBMHKOH G6yfeM cuutate napy I/, a

MeXAy LINHHAENeM H APYroil nosoBHHKoR — napul [/,
u Iy, Tak KaK KJIHHbS JO/DKHBI NPENATCTBOBATL Bpallle-
TP HHIO WINHKAes. PacueT noaBHXKHOCTEH H H3OHITOYHBIX
BnaeHan KoncTpyKumA ¢ mmyma  CBASell no dopmynam (1.1) u (1.2) nan Wa npasoi
M36LITOUHBIMH CBAISAMH) CTOpOHe vyepTexka. B 3TOM MexaHnusme ueThipe no-

ZIN
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7] D
7 wW=4 4 & wez 2 2
4y 4, no=4-2% % n =% -2 30
77 , _, -/17'1 og=1 4 -2 py=2 8 -4
< /A k pp=2 6-€
Pi=2 4-8 ! H _ pi=3 6-7Z
pr=1 1-§ T =2 21
k=4 7 7 k=85 00
Puc. 2.64. CxeMa ycTpaHCHUA M3GLITOYHLIX CBfl~
sef, BAMSIOWHUX HA FePMETHYHOCTb 3a/iBHKKH

A g
(/4 Py “171 Jiif Z”

Puc. 2.65. 3aaBuxka cncremut Jiyano (6e3 u36ni- -
TOYHBIX CBsi3efl) 12
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JABHXKHOCTH: BpallleHHe IUapHKa BOKDPYT Tpex ocefl KOOPAHHAT H MonepeyHoe nepemeleH e
o6oHX KAHHbeB B Kopnyce (10 ynopa). M36uiTounas cBssb ¢ = 1. Ona paeT HepasHo-
MepHOe pacnpejieieHHe CHJ MeXAY LUNHHAeNeM M KIHHbAMH. Ha repmeTrnusocts Kou-
CTPYKIIHH 3TO He BJIHseT.

3agBuKKa C napaiafielbHBIMH PaGOuYHMH IJIOCKOCTAMH CHcTeMbl JIyajo nokasana
Ha puc. 2.65. 3nech npuxKaTHe THCKOB B KOHIUE 3aKPHITHA NPOH3BOAHTCA OIHHM UEH-
TPaJibHO PacoJOXeHHbIM PACNOPHEIM KJIHHOM. CnpaBa Ha puc. 2.65 nas pacuer no cTpyk-
TYpHbIM (hopMyaam.

YT06b M36exKaTh H3GBITOUHBLIX CBAI3eH M MONYYHTb MONHYIO CaMOYCTaHaBJHBAeMOCTD
MeXaHH3Ma, GyleM CUMT4Tb, YTO MEXAY PAacNOPHbIM KIHHOM M ONHHUM JHCKOM HMeeTCs
napa /Vy, a Mexx1y KIHHOM H APYruM LHCKOM — napa //y. [logpuxkHOCTell B MexaHH3Me
3alBUXKH [Be: MONepeuHoe nepeMellieHie OGOHX NHCKOB BMECTE C PACMOPHLIM KJHHOM
(R0 ynopa) u BpalllenHe KJAHHA BOKpYT cBoeil ocu. Toraa H36bITOYHBIX CBsidell HeT, T. e,
q= 0.

2.15. BbIBOAbl H PEKOMEHIALHH

CaMoyCTanaB/IHBAIOULHEC HENOLABHMKINE COEJHHEHHA BO MHOrO pas YCKOPSIOD
cvmeHy arperatoB. B Hauase riaBul onucaHo 32 cxeMbl TaKHX COefHHEHH.

Ina camoycTanaBJIHMB4€MOCTH BaJ JO/KEH ONMPAaTbC HAa JBa, a He Ha GoJblues
YHC/IO MOAKNHHKOB. B nopiiHeBbiX MalinHaX STO JOCTHraeTcs 3Be3/l006pa3HOl KOH-
CTPYKIHEH, B KPaHOBbIX MOCTaX — NpHMeHeHWeM TPY6YaThiX BaJiOB, B TeMJOXOAAX —
KOPMOBLIM PacnoioXXeHHeM MallHHHOTO OTJe/1eHHA, IIPH KOTOPOM HCKJIOuaeTcs AIHHHBIN
BajonpoBol. Bpauwalouinecs cTonbl CTaHKOB (KapyceabHblX H 3Y60(ppe3epHbIX) AOMKHB
ONHPaTbC Ha MJOCKOCTHYIO H LEHTPANbHYIO KO/MbLUEBYIO OApH.

B kpefiukondax nopuikeBbX MalliMH JJIS CAMOYCTaHAaBIHBAaeMOCTH 6alUMaKu Cllelyer
COCIMHATDL ¢ KopnycoMm Kpe#nkonda chepuueckumy napamu. [lpn HecKoIbKHX NOpIHSAX,
paboTaloliHX OT OAHOro Kpefinkonda, HX cjefyeT COEAHHATb MEXAY CcOGOM MOBOAKOM
< AByMa cdepuueckumu napamH. CraHoulble HAanpaBJsioOUlHe CJelyeT BEINOJAHATb H3
K/JIHHOBOTO H NJOCKOIO MOM3YHOB.

KanHOBO! MeXaHH3M Jlyullle BLINOJHATL H3 LHIMHAPHUECKHX KJIMHLEB COCAHHEHHEM
NJIOCKOH napoi.

BHHTOBble MeXalH3Mbl NPHMEHAIOT ABYX BHAOB, € O1A€AbHO BbIOJHEHHHIMH Ha-
PaBARAIOIHME H KOTAA HAnpaB/ASIOUHMH ABASIOTCA BHHTH. B OLHOBHHTOBBIX MeXaHH3«
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Max C OTACAbHBIMH HAaNpPaBJsIOUIMMH BHHT H HanpasJjsloue JAlOT jABe MNOABHXKHOCTH.
Pkt )camoyc‘ranasausaemocm OCTaJlbHHe MapH JO/KHH JaTh NATb NOABHXKHOCTeH (H3
CeMH).

MexaHu3Mbl ¢ HanpaBJASIOMHMH BHHTAMH MOIYT GHTb OJHO-, ABYX- H TPEXBHHTO-
BeiMH. OJHOBHHTOBOH MeXaHH3M mNpollle, HO JAdeT TOJbKO NOCTYyNaTeJbHOE IBHXKEHHe.
BuHT noaBepraercsi H3ArH6Y NpH CMeLlEHHH IPy3a B 0GOHX HanpaBieHHAX. JIBy XBHHTOBO#M
MeXaHH3M CJIOXKHee: NIPH Pa3fie/IbHOM NPHBOJe BHHTOB MEXaHH3M KpOMe NMOCTynaTeJbHOro
JBH)KEHHSl MOXET JaTh HaK/JOH nuatgopme BOKPYr ofHoit ocH. CMelleHHe rpy3a BAOJb
naatgopmMel He BHI3bIBaeT H3rH6a BHHTOB. TPeXBHHTOBOH MeXaHH3M CaMBIil CJOXHHIN:
NPH pa3fielbHOM NPHBOJE MeXaHH3M KPOME NOCTYNaTeJlbHOrO JABHXEHHS MOXeT AaTb
HakJIOHH NuaTtgopme BOKPYr ABYX oceil (T. €. BOKpYr Jo6oii ocu). BHHTH coBeplieHHO
He MOJABEpPraloTCA HIrHOY.

KpRBOWIMNHO-MOJN3YHHHA MeXaHH3M C [HJIMHAPHYECKHM TOJ3yHOM (nOpLIHEM)
HMeeT JiBe H3GLITOUHBIE CBSI3H. YCTpaHeHHe HX O6JieruaeT MyCcK ABUTaTeJss M yMeHblIaeT
H3HallMBaHHe NMOPIUHEBBIX KOJIEL H BTYJOK LHJIHHAPOB. YCTpaHeHHe H3GBITOUHBIX CBfl-
3efi HOCTHraeTcsi NOCTAHOBKOH JABYX J06aBOYHBIX LIADHHPOB Ha LIaTyHe HWJH 3aMeHOH
napu V, na napy I11;5 na nopuuse u napu Vy Ha napy IV, Ha najbie KpuBOWIHNA HAH
KOMGUHauuell Toro ¥ gpyroro. Llnnusapuueckyio napy IV, ciiefyer CTaBHTb TOJBKO TaM,
TJie OHa JeJlaeT MOJHBEI O0GOpPOT, H NPOBEPATh ANHHY BKJAAbILA HAa CaMOyCTaHaBJHBae-
MOCTb.

B KpHBOIIHNHO-KOPOMBICJIOBOM MeXaHH3Me JJSl CaMOYCTaHaBIHBAaeMOCTH KHHeMaTH-
yecKHe napel KpoMe NOALIMNHHKOB KPMBOWIMNA H KOPOMBICJA AOJXKHH HMETb NATH NoO-
ABHXKHOCTeH. DTO JOCTUIaeTCs YyCTaHOBKON J06aBOYHBIX INADHHPOB (MeXaHH3MBl napopac-
npejeieHHs TyYpOHH, NOJABepXeHHble GOMBIIHM TENJIOBBIM PaCIUHPEHUSIM) HJIH NpHMe-
HEeHHeM 1IapoOBHIX Map H T. A.

B MexaHH3Me napaJJjieslbHOTO KPHBOLIMNA B MepTBOM TOuKe BO3HHKaeT 1006aBOYHafl
NOABHXHOCTb — OGLIYHO BpeHasi W H3OLITOYHAs CBA3b. BpefHYIO NMOABHKHOCTL MOXHO
YCTPaHUTL NpuMeHeHHeM J06aBOYHOrO MeXaHM3Ma, a8 H3OHTOYHYIO CBSsb ROGABOUYHOI
napoit, jaiomeil JHHeAHYI0 MOABHXHOCTb BLOJb OLHOIO H3 SBEHbEB.

B KyJHCHBIX MeXaHH3MaX (CHHYCHOM H TaHI€HCHOM) H3GHITOYHblE CBA3H XOpOLIO
YCTPaHAIOTCA NPHMEHEHHEM TPeX MHAHHApUUecKHX nap /Vy, H TONbKO NOALIHMHHKH I/1aB-
HOTO Baja OCTalTcA napamu V,.

TIpH npoeKTHPOBaHHH CaMOYCTaHABJIHBAIOLUIHXCA MHOTONOBOIAKOBEIX MeXaHH3MOB
BOCNOJIb30BaThCAA TeOpHe Accypa 3aTPYAHHTENbHO MO CJIeAYIOUIHM TNPHYHHAM: eCTb
MHOTO CJly4yaeB, KOTJa rpynnel Accypa HMeIOT HeHYJIEBYIO NOIBMXHOCTb W H3GLITOYHYIO
CBAI3b: TPYNNHl C OAHHM 6a30BbIM 3B€HOM B 3aBHCHUMOCTH OT KJ3acCOB KMHEMaTHYeCK:X
nap MOryT GhiTb He TOMbKO TPEXNOBOAKOBbLIMH, HO IBYX-, TPeX-, UeThipeX-, NATH-, WECTH-
noBopKosbiMH. Ellle coxHee npuMeHHTb TeopHio Accypa npu ABYX 6a30BbLIX 3BEHbAX,
NPH NPOEKTHPOBAHHH KOTOPHIX HHOTJA BbiTOJHee B OAHOH MpPHCOENMHAEMOM Tpymre
OCTaB/IfATb MOJABHXHOCTb, KOTOPYIO HeOGXOLHMO JIMKBHAMPOBATb CJelyiolleli Ipynncil
(cM. puc. 1.11).

Onun M3 CnocoGOB HCCEAOBAHUA CTPYKTYPHl SIBJISIETCA pasfoKeHHe cBA3ell M no-
JABHXHOCTeHl Ha NJIOCKHE H HemuocKHe. JIis MIOCKHX CBA3eil H MOABHXHOCTel OCTaloTCA
¢opMyJIE A1 NJIOCKOH cXeMbl MeXaHH3Ma; AJA HeMJOCKHX (HanpamBjleHHHX NeprneHAH-
KYJI5IDHO MJOCKOCTH ABW)KeHHA Mexanusma) E. 0. KauanoBoil npemnoxens ¢opmyasi,
npusefieHHsle B . 1. [To HEM yno6HO onpenensiTb H3GHITOUHLIE CBA3H, KOTOpbie, Kak
NnpaBHJ0, OLIBAIOT HEMJOCKHMHU.

CaMoyCTaHaBIIHBaeMOCTb B LEHTPOGEXKHBEIX PETYJNATOPaX AaeT YMeHblueHHe TPeHus,
a cjeloBaTelbHO, H YMeHblleHHe Ko3pdHIHEeHTa HeuyBCTBHTedbHOCTH. Ko3ddHiumnent
HEYyBCTBHTEJLHOCTH TaK)K€ MOXHO YMCHBIIHTb NpPHMEHEHHeM TOpH30NTaJlbLHOrO Bana
peryJsiTopa BMeCTO BePTHKAJbHOTO, 3aMeHOH LIapHHPOB FHOKHMH JIEHTaM# H HCKJOue-
HHeM BLIBOpPayHBAIOler0 MOMeHTa Ha MydTe WIH 3aMeHON My(DTH 30JOTHHKOM, Bpallaio-
HIHMCH B HENOABHXXHOM BTYJIKe.

CaMoycTaHaBJIHBaeMOCTb B KJaNaHaX H 3aJBHMCKaX YJyullaeT HX FepPMLTHUYNOCTb.



I'nmaBa 3

NMPOCTPAHCTBEHHBIE MEXAHH3MbI
C HHU3UWIUMH NAPAMH (LLUAPHHPHDLIE)

3.1. MHOTOMOBOAKOBBIE TPYMNIbl

IpH KOHCTPYMPOBAHHMH CTaTHYECKH OMNpelAeNHMbIX MeXaHU3MOB HauGosee TpyHHOR
safaueit sBJsieTc BbIGOP CTPYKTYPHOH CXeMbl MHOTOMOB AKOBOH Tpynnel, OCOGEHHO
NIPOCTPaHCTBEHHOM. Momgr MONYYUTHCS, YTO B ONHOH YacCTH TPyNNbl NOABATCA H36LITOY-
Hble CBf3H, a B ApYyroil — BpelHble NOABHXKHOCTH.

Hccnenyem MHOronoBoaKoBble TpyTibl, COCTOSILLHE H3 6a30BOrO 3BeHa H HECKOMbKHR
noBoAKoB. CHayasla pacCMOTPHM TOMbKO MOBOAKH, HaKJaJblBAloOLlHe OJHO YCJIOBHE CBA3H,
KOTOpHIe MO aHaJOTHH C KHHEMAaTHYECKHMH NapamH GyAyT Ha3blBaThCA MOBOAKaMH nep-
BOro xnacca. Takue NMOBOAKH MOTYT BbIMOJHATbCA H3 CTEPXKHA C ABYMS IUAPOBHLIMH MNa-
pamH TpeTbero Kjacca. BMecTO TakHX NMOBONKOB MOXHO B3fiTh KHHEMAaTHueCKHe napul
nepBoro Kjacca (HHTeBble WM ToueuHble). [10BOMOK, HaKJaABIBAIOLIMI HECKONLKO ycil0-
BHH CBSI3H, MOXHO PAacCMaTpHBaTb KaK HECKONbKO MOBOLKOB NMepBOro KJacca.

BasoBoe 3BeHO MOMET HMeTb LIecTb cTeneHell cBo6oAbl. UTOOB UX yCTPaHHTb, HAA0
NOCTaBUTDH wiecTb N0BoAKOB. CileloBaTeNbHO, TPYNNa HYJIeBOH MOABHXHOCTH B MPOCTpPaH-
CTBe SIBJISIETCS LIECTHMOBOAKOBOH. AHaJOTHYHO Tpynna, HMeioas OAHY MOIBHXHOCTb,
6yner nATHNOBOAKOBOH H T. A. ['pynna ¢ nATbIO NOABHXKHOCTAMH GyleT OLHONOBOAKOBOL.
Kak 6b10 nokasano B pass. 1.3, KaxjJoe ycjoBue CBA3H — 3TO nepelaBaeMas CHJIa HJu
moMeHT. [T03TOMY HCC/Ie10BaTh NOABHXHOCTH H YCJIOBHSA CBA3H YA06HO CHIOBLIM CIIOCOGOM.

Jns 6a30BOro 3BeHa HMeeTCSl 11eCTb YpPaBHEHUH CTaTHKHU:

L0x=0; 3.1
Q=0 3.9
L0:=0; 3.3)
L Mx=0; (3.4)
LM, =0. (3.6)

CucreMa oceif KOOpAHHAT MOXeT ObITb H OPTOrOHAJLHOH H KOCOYrO/lbHOMA. MOMEeHTH
MOTYT 6paThCsl KAK OTHOCHTE/NLHO TeX JKe oceil, YTO H CHJIbI, TaK H OTHOCHTEJBHO APYTHX
oceil KOOpAHHAT.

OG6palueHHe B TOXKIECTBO OJHOTO H3 YPaBHEHMH CTATHKH YKa3biBaeT Ha COOTBeT-
CTBYIOULYIO MOABHXHOCTb., COOTBETCTBEHHO YMEHbIIAETCH YHC/IO YPaBHEeHHUH, a ANfA coXpa-
HeHHS CTaTHYeCKOil OnpelesHMOCTH JOMKHO YMEHbIUATbCHA M YHCJIO MOBOAKOB.

Ecau aas onpefesieHHS! CHJ B NOBOAKaX YpaBHeHHiHl paBHOBECHSl He XBaTaeT, HX
cefyeT AONOMHHTb YpaBHEHHAMH AedopMaliuil, YTO yKaXKeT Ha HaJHYHe H3GBITOYHBIX
cBsA3eH.

PaccMOTpHM OLHOMOBOAKOBYIO IPyNNy ¢ MOBOAKOM, HalpasJsieMbiM o ocH ¥. PaBeH-
ctBa (3.1), (3.3), (3.4), (3.5) n (3.6) o6pawiaorca B TOXAECTBA, CENOBATENbHO, TOABHNK-
Hocth paBHa natH. OcTaetca ypasHenHe (3.2). M3 Hero MoXHO HaHTH TOABLKO OLHY CHJY.
Otciofa BbiTeKaer NepBoe YCJIOBHE CTaTHYECKOH onpelenHMOCTH, KOTOpOe NpPHTOXHO
H 15l MHOTONOBOAKOBOIH IPynnul: No ONHOH NpAMON# MOXET pacnodJa-
ratrbcsa He 60Jee ONHOTO NOBOJXKAa. B MHOrONOBOAKOBBIX rpynmax
HEJONYCTHMO TaKe, 4ToObl BJOJIb 3TOTO MOBOJKA Gbljia Hanpas/eHa PaBHOJEHCTBYIOLLAA
cwJt Ha APYTHX NMOBOAKAX. TO NepBoe yc/l0BHe AaHO B Ta6al. 3.1, B KOTOpOA AN Pa3nHy-
HOTO YHCJa MOBOAKOB CHOPMYJIHPOBAHb YCJOBHA MX PAcroOJIOXKEeHHS, HeOOXOAHMble NJIA
€aMOyCTaHaBJIHBaeMOCTH.

PaccmorpuM ABYXMOBOJKOBYIO TPYNNy ¢ NOBOJIKAaMH, HanpaB/eHHbHIMH NapajJeabHO
ocu y (puc. 3.1, a). Ypasuenus (3.1), (3.3), (3.4) u (3.5) o6pamnaiorcs B Toxaectsa. Creso-
BATe/IbHO, GyleT YeThpe MOLBHXHOCTH, NOKa3aHHbie Ha pUCYHKe cTpenxamu [moasmx-
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HOCTb, MePNeHAHKYNAPHas K MIOCKOCTH YepTeXa, NOKa3aHa KPecToM B KPY:KOouKe (XBOCT
CTPeJIKH) H TOUKOH B Kpysouke (ocTpue crpeak) ]. Ocraiores gBa ypahenns: ¥, Qy =0
H Y M; =0, u3 KOTOpPbIX MOXHO HaiTH He 6GoJjblue ABYX CHJ.

Cilef0BaTe/IbHO, KPOME NEpPBOro YC/IOBHS HaJO BHIIONHHTL W BTOpoe (cM. Taba. 3.1).
BoaHofi nnocKOCTH MOXeT pacnosarartbcs He 6olee ABYX
napaJjJgeilbHBX NOBOJAKOB.

PaccMOTpHM JBYXNOBOLKOBYIO IPYMNy € MOBOAKAaMH, MepeceKalollHMHCH B OLHOM
TOYKE C JIHHHe# JeHCTBHA 3aJaHHON cuibl (puc. 3.1, 6). Ypasuenus (3.3), (3.4), (3.5)
u (3.6) o6pawmaiorcsa B Toxaecrsa. [TloaToMy GyaeT ueThipe MOABHKHOCTH, NOKAa3aHHHIE HA
pucynke crpenkamu. OcTtalorcs ABa ypaBHeHHA: ¥, Qx =0 u ¥ Q, = 0, u3 Koropbx
MOXXHO HalTH He Gosiblue ABYX cHJ. CielloBaTesIbHO, KpOMe MEPBOrO YCJOBHS HAalO Bbi-
NOJHHUTb M Tperhbe (Taba. 3.1). B oaHoOll NnaocKocTH MoXeT pacnoda-
raTbcs He 6oJee ABYX NOBOJAKOB, NepeceKawImMHUHXCA B Of
HOM TOoOuKke ¢ 3afaHHON cHuAOIL

PaccMOTpUM TpEXMOBOAKOBYIO TPYNny ¢ NOBOAKAMH, PAacnoJOXKeHHHIMH B ONHOH
njockoctd (puc. 3.2, a); ypasHeHusa (3.3)—(3.5) o6pamaiorcs B ToxaecTa. Ilostomy
GyZeT TPH NOABHXKHOCTH, OKa3aHHble CTpenkaMu. OcTaiotcst TpH ypaBHeHusa: ¥ Qx = 0;
Y Qy=0n ¥ M;= 0, 13 KOTOpPLIX MOXKHO HaiiTH He Gosbiue Tpex cHa. CilenoBarenLHO,
KpOMe TpeX MNpelbAYUIUX YCJIOBHH HAlO BLINOJHHTb YeTBepTOe: B OAHOH nJo-
CKOCTH MOXeT pacnojaratTbcs He 60Jblie TPEeX NOBOAKOB
(eciH Bce TpH He mapaJiiesibHbl H He NepecekaloTcst B OQHOH TOuKe).

PaccMoTpuM TPEXNOBOAKOBYIO IPYynny ¢ napajJjelnHbIMH MOBOAKaMH (puc. 3.2, 6).
Ta ke rpynna c ToueunsiMu napamu (chepamMH, ONUPAIOLUIUMHCSH HA MJIOCKOCTb) NOKa3ana
ua puc. 3.2, s.

Ypasuenus (3.1), (3.3) u (3.5) obpaitaiorcs B TOXKIeCTBA; C/Ne10BATENbHO, GyneT
1PH NOABIKHOCTH, NOKa3aHubie cTpenkaMu. Octalorcst ypaBhennst ¥ Qy = 0; T My =10

Puc. 3.1. JIBYXNOoBOAKOBH®
rpynnbi YeThbipeXnoABHKBLIE

Ta6nanwua 3.1

HauGonbwer
Ne ycnoBusn PacnonoXxeHne NOBOAKOB (onpefensieMbiX CHJ) AONYCTHMO®
4HCAO NOBONKNR
Ha naocxkocmu
1 Ilo omHoft npsamoit 1
2 B oaHoft nyiocKocTH napanfeslbHo 2
3 B onHolt NIOCKOCTH H NMPOXORAAT Yepe3 OAHY TOUKY 2
4 B omno#t naockocTH obuiee 3
B npocmpancmee
5 Iapannenbno 3
6 IpoxoAAT 4yepe3 ofHY TOIKY 3
7 B napaajielbHBIX TJOCKOCTSAX H NEpecekaloT NpaAMylo nep- 4
NEeHAHKYNAPDHO K STON MJIOCKOCTH
8 IlepecekaioT ABe CKpEWHBAOIHECH NpsiMbie 4
9 B napajjielbHHX NJAOCKOCTAX 5
10 TlepecekaloT npsaMyio WX NapajseJbHu SToft npsmoi 5
11 OGee 6
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Puc. 3.2. TpexnoBoAaKOBbi€ FPpynnbi TPEXNOABHKHbLIE

H ¥ M, =0, u3 KOTOpPLIX MOXHO HaliTH He Gosibiue Tpex cua. CienoBaTeNbHO, HaAO
BLINOJHHTL NATOe ycaoBHe (cM. Taba. 3.1): pacnonaraTtb napaJJjgejbHo
MOXHO He 60Jblle TPeX NOBOJKOB (ec/JH OHH He B ONHON NJIOCKOCTH).

PaccMoTpuM TpeXmoBOAKOBYIO Tpynny ¢ NOBOAKAaMH, NepeceKalOMHMHCS B OAHOM
Touke (puc. 3.2, 2). Ta xKe rpynna c ToueuHbIMH NapaMeTpaMH (C LIAPaMH, OMHPAIOIIHMHCS
Ha cdepy) nokasaHa Ha puc. 3.2, 0. YpasHenusn (3.4)—(3.6) o6pawaoTca B TOKIECTBA;
€/1e10BaTebHO, HMeeM TPH MOIBHXXHOCTH, NOKa3aHHble cTpeJKaMH. OcraloTcsi TpH ypas-
HeHHs YL Qx =0; ¥ Qy =0 u ¥ Q; = 0, u3 KOTOpbHiX MOXHO HafiTH He Gosblse
TPex CHJ.

Otciofa nojyyaercs 1IeCToe ycjloBHe: B ONHONH TOYKe MOTYT nmepe
ceKkatTbcfl He 60oJblie TPeX NOBOAKOB (ecjH OHH He B OLHOR mao-
CKOCTH).

PaccMOTpUM 4YeTHIPEXNOBOAKOBYIO TPYNNy C MOBOAKaMH B napaJeNbHbIX MJIOCKO-
CTSX H nepeceKaloUMMH NPpAMYIO, NeprneHAHKY/JAAPHYIO K 3THM nuockocTaM (puc. 3.3, a).

Takas e rpynna ¢ ToueuHbIMH napamH (cdepamH, OMHPAIOUIMMHCA Ha LHJIHHAP)
nokasasa Ha puc. 3.3, 6. Iocnennsas 6bia pa3pa6oTaHa aBTOPOM AJIfi TOTO, YTOGH OT
KaXXI0ro KOH11a BHHTOBO! NPYXHHbI NOJYYHTb PAaBHOMEPHOE HAXKaTHE YeTbipeX KOHTAKTOB.
AnajiornuHeiM 06pasoM cxeMsl Ha puc. 3.2, 8 H 0 MOTYT GbiTh NPUMEHEHLI I/ paBHOMep-
HOTO HaXXaTHA TPeX KOHTAKTOB OT ONHOM NPYKHHb. YpaBHeHHus (3.1) u (3.4) obpamarorcs
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Puc. 3.3. YeTnipexnoBoaAKOBLIE TPYNNb ABYXNOABHKHLIE
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Puc. 3.4. MATHNOBOAKOBLIE FPYNNbl 0AHONOABHKHbDIE

B ToxkjectBa. CirefloBate/ibHO, GyJeT ABe NOABHKHOCTH, NOKa3aHHbIe cTpedkaMu. OcTalorcs
yeTipe ypaBHenus: YL, Qy =0; 2Q;=0; T My, =0 u L M; =0, u3 KoTopuix
MOXHO HafiTH He Gosblle YeThipex cHJa. OTciola Mo/Jy4YaeTcs cefbMOe YCJOBHe (CM.
Taba. 3.1): NpH NOBOXAKAX,PacCNONAOXKEHHHX BnapaaaeabHBH X
NIOCKOCTAX M NepeceKalwWIMHUX NPAMYIO, IeDPNeHAHKYJAp-
HY! K 3THM NJAOCKOCTHAM, AJA CaMOYCTAaHaBJIHBAaEeMOCTH
AONYCTHMO He 6OoJabIle YeTHpPEX NOBOXKOB.

PaccMOTpHM ueTHIPEXNOBOAKOBYIO TpPynmy, y KOTOpPOH Bce NOBOAKH MepeceKkaioT
JABe CKpewlMBaiouluecs npsAmble XX M yy (cM. puc. 3.3, 8). YpaBuenuss MoMeHToB (3.4) u
(3.5) oTHOCHTeNbHO 3THX oceil ofpamaiotcs B ToxaectBa. CienoBatenbHo, Gyaer jBe
NORBHXKHOCTH. OCTAIOTCA YeThipe ypaBHEHHS, U3 KOTOPBIX MOXKHO ONpelesUTh He GoJiblue
yeThipeX CHJ. OTCIONa BbITEKaeT BOCbMOe YCJIOBHE MOJyYeHHA MHOTONOBOAKOBOI rpymisl
Ge3 H3OLITOYHLIX cMecefi: MPH NMOBOXKax,NepeceKaloMHUX ABe CKpe-
MHBAaKOMHecCss NPAMHeE A0oNycTHMO He GoNee YeTHpex no-
BOJ K 0B. KoHeuHO, B 4eTLIpeXMOBOAKOBOH Ipynne JOMKHbLI BHIMOJHATHCH YCJOBHS,
BbiBeJleHHBe I OAHO-, ABYX- H TPEXMOBOAKOBBIX Tpym.

PaccmoTpHM NATHNOBOAKOBYIO IPyNNy ¢ MOBOAKAaMH B NapajiebHbIX MJIOCKOCTAX
(puc. 3.4, a). Takas Xe rpynna c TOue4HLIMH NapaMH NoKa3aHa Ha puc. 3.4, 6. YpaBHeHHe
(3.3) obpamaerca B ToxaectBo. CeXoBaTebHO, NOABUXKHOCTL GyjeT OfHA, MOKa3aHHAA
cTpesikoit. OcCTaloTCsl NATh ypaBHEHHi, H3 KOTOPbIX MOXHO HaiiTH He Gosiblue NATH CHI.
Orciofa nosnyyaercst gepsitoe ycaosne (cM. Ta6i. 3.1). [Ipu noBoakax,pacno-
JOXEHHHX B nNnapaiaJelbHBHX NAOCKOCTAX, AONYCTHMO He
6oJblle NATH MNOBOJAKOB.

PaccMOTpHM NATHNOBOLKOBYIO Ipynny C NMOBOAKAMH, NMepeceKaloHMH NPSAMYIO HIH
napanjenbHbIME 3Toi npsaMoii. Takas rpynna ¢ TOYEYHHIMH Napamy, OMUPAIOLIHMHCA Ha
NOBEpXHOCTh TeJa BpalleHUsi, NOKa3aHa Ha pHc. 3.4, 6. B Hell HekoTOphle mapbl MOTyT
ONUpaThCsl HAa MJOCKOCTH, NeprneHinKyaApHble K 3TOH npsMoi. YpasHenue (3.4) obpa-
waerca B ToxkAaecTBO. OcCTalOTCs MATb YPaBHEHHH, H3 KOTOPHIX MOXHO ONpeNe/HTh He
G6onpuwe natd cwia. OTciofa mosyvaetcss AecATOe YCJOBHE: NMpPH MOBOJAKAX, Ne-
peceKalomWHUX OpAMYIO HJIH NapanjeJbHBX 3TOH nNpaAMON,
ELONYCTHMO He 6oJbuie NMATH NOBOJKOB. .

Ipu noBoakax, pacnoJoXeHHbIX N0 HOPMaNAM K BHHTOBOI MOBEPXHOCTH, yPaBHEHHE
(3.4) paBHouenno ypasnenuio (3.1). YpaBuenHne (3.6) paBHOLUeHHO ypaBHeHHiO (3.3) —
HCKJIIOYAIOTCA ellle ABa ypaBHeHHs W ocTaioTcs Tpu. CleloBaTesbHO, NPH NOBOAKAX, pac-
NOJIOKEHHBIX 110 HOPMaJI¥ K BHHTOBOMH N0BEPXHOCTH, JIONYCTHMO He 60JIbliIe TPEX NOBOAKOB.

KoHeuHO, B nATHNOBOAKOBO! Tpynie HONMKHH BHIMNOJHATLCA YC/OBHS, BhlBelleHHble
JAJs TPYON € MEeHbLUIMM YHCJIOM TMOBOJAKOB.

PaccmoTpum mectunoBoakoByio rpynny. UTo6bl oHa Gbla CTaTHYECKH ONpene]HMOoil
H He HMeJia BPeJHHX MOABHKHOCTEN, HAall0 BHINOJHHTL BCE AECSTh YCJOBHH, BhiBEJEHHBIX
AN TPYINIT C MeHbIUHM YHCJIOM NoBOAKOB. [Tonyuaercs 3To NoTOMY, YTO YaCTH LIECTHNIOBOA-
KOBOIf FPYNNbLl MOXHO PacCMaTpHBaTh KaK IPYNIB C MEHbUIHM YHCJIOM NOBOAKOB. Takas
rpynna nokasasa Ha puc. 3.5, a (c noBoakamu) 3.5, 6 (¢ ToueuHbIMH napamu). B aTom
Cllyyae COXPAHSAIOTCH BCe WECTb YPABHEHHN CTATHKH H, C/1el0BATEJbHO, MOXKHO HAaHTH
CHJIbl B HIECTH MOBOJKaX.
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BMecTo npoBepKH LIECTHNOBOAKOBOH TPYNMbl MO NMPHBEAEHHLIM Bbliie AECATH YCJO-
BHAM MOXHO HCC/I€J0BAaTh €€ MO WeCTH YPaBHEHHAM CTaTHKH, T. €. POBEPHThb, He O6pa-
L13aeTcsl JIM B TOMAECTBO KaKoe-1HOO M3 3THX YPaBHEHHH.

MHOronopoaKoBbe TPYNNb NPUMEHAIOT IS KPENIeHHs ra3oTypOHHHEIX JBHIraTeed,
OrtcyTcTBHE H3GHITOMHBIX CBA3eil B 3TOM ciyuae 0COGEHHO BaXXHO JJIs1 TOTO, YTOOH Aedop-
MallHH camoneTa He MepefaBaluch ABHraTen0. BceieacTBue ManocTH 3a30poB Meay
NOJABHXHLIMH H HENOABHXHBIMH JIONaTKaMH AedOpMallHH RBHUraTeNss MOTYT NPHBECTH
K 1OJHOMY ero paspyileHHIO.

PaccMoTpuM BO3MOXKHBIe CXeMbl MHOFOMOBOJKOBHIX KpensieHHi Ge3 H3GBHITOUHHX
cBazeil (puc. 3.6). Tlpu KpensleHHH, CMMMETPHYHOM OTHOCHTENBHO OCH JBHraTenst
(puc. 3.6, a u 6), MOXHO B3fiTb BCE MOBOAKH OJHHAKOBHIMH H COBMECTHTb NONapHO
napel /113, XOTOpbIMM OHM TMPHCOENHHAIOTCH K ABHIATeN0 H K camogery (pHc. 3.6, a).
310 Gyner obmwuil cayuail pacnosoxeHusi NOBOLKOB, aHANOTHYHLIN CXeMe, NpHBeJeHHORA
Ha puc. 3.5, 6. MOXHO pPacnoJIOXXHTb TPH NMOBOJKA B ONHONH MJIOCKOCTH, @ TPH APYTHX —
NepeceKalomUMHCH B OfHOIl Touke (puc. 3.6, 6). BMecTo nepecekaloimnxcst Tpex NOBOAKOB
MOXHO B3iTb TPH TNapaJelbHbiX.

Ipu oproroHanabHOM pacnoyioXkeHHH NOBOAKOB (puc. 3.6, 6) MOXKHO B3fAITb uyeTHpe
NOBOJiKa, mepeceKaloulHX OAHY MPAMYIO, a ABa APYTHX PAacnoONOXKHTb OTAeJIbHO. ¥ 3TOl
CXeMbl eCTbh HeJIOCTaTOK: MaJia JKeCTKOCTb B 6OKOBOM HanpasieHHH. Kpenjenue nosoaxkos
K ZBHTaTe/i0 MOXHO Pacno/NOXHTb B ABYX MJIOCLOCTAX MEPNeHAHKYJAPHHX K OCH Bpa-
enns (puc. 3.6, ¢). Ha stoit cxeme cemb noBoakoB. UTo6el H36exaTb H3GHITOUHLIX CBA-
Seil, 1Ba M3 HHX coefiMHeHbl GanaHcupoM. DBiarogapsi 3ToMy CHABl NMOBOJKOB MeHblue
ZehOpMUPYIOT KOpPMYyC ABHraTens.

MoxHo npumMeHHTh KOMGHHHPOBaHHOE KpPeNJeHHe H3 KHHeMaTHueCcKOH mapel M 0:-
BonkoB. Takoit ciyuaii co chepuueckoit napoit /115 nokasan Ha puc. 3.6, 9. [Tpu Takom
KpenJieHH Tpe6yloTcs TPH NOBOAKA, KOTOPHIE Ha 3TOH CXeMe pacrojioxeHn B ONHOM MIo-
ckoctH. KpenseHue ¢ opHoil BpaiwateabHoil napoit V, nokasano ua puc. 3.6, e. B stom
ciyqae Tpe6yercsi OfHH NOBOAOK. Ha cXeMe npuMeHeHbl JBa NMOBOAKA H YPaBHHTEJIbHHIA
MeXaHH3M, KOTOpHle PacnpeiessiloT MX CHIbl Ha TPH TOYKH JBHraTessl, 4TO, KOHEYHO,
yJayyliaeT ycJoBHS ero paGoThl. MHOrONOBOAKOBLIE TPYNNbl NPHMEHSIOT TaKXKe B MeXa-
HU3MaxX peryaupyemoro comjia TypGOpeaKTHBHbIX JIBHraTesed.

UTo6bl NONYYHTb MHOTONOBOAKOBYIO TPynny 6e3 H3GHITOUHBIX CBsi3edl, HaJO BHINOM-
HHTb yCJI0BHSA, nepeuncenHble B Ta6a. 3.1. TIpH wecTunoBoaKoBo# rpynne He06X0AHMO
BBHINONHHUTDL BCE 3TH yCJaOBHA. B rpynne ¢ MeHbILIHM YHCJIOM NOBOJKOB HAjO BLINOIHHTL He
TONLKO YCJIOBHS, K Heil OTHOCSALIMECS, a TAKXKe H NPeAblAyllHe, KOTOPbie OTHOCATCH K a-
CTAM 3TOH Trpynnwl.

HccnepoBanne craTuueckoir onpefeMMOCTH MHOTOMOBOAKOBOH TPYNNBl CBeJOCH
K Pa3/oOXeHHIO 3aaHHON CHJIbI, NMPHJIOXKEHHOK K 6a30BOMY 3BeHYy, Ha CHJH, AeHCTBY-
IolllHe MO NOBOAKAM, T. €. K PA3/OXKEHHIO CHJIBI NO 3afaHHBIM JHHUAM feficTBHg. Yucao
STHX CHJI MOXeT GbiTb OT OJHOTO AO ILECTH B 3aBUCHMOCTH OT Pacrno/iOXeHHs, KOTOpPOe
YKasano B Taba. 3.1.

Puc. 3.5. lllecTHNOBOAKOBLIE TPYNNKl HyAEBOH NOABHEHOCTH
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Puc. 3.6. Moaseckn TYypooOpeakTHBHBLIX ABHrarTeseidl 6e3 M3OGLITOYHBLIX CBA3E:

a — ¢ CHMMETPUUYHBIM PACMOJIOKEHHEM TAT; 6 — C TPeMst TAraMu B OAHOHK MNOCKOCTH NepreHAHKY-
AAPHO OCH M TpeMsi TATaMH, NMepecekaiolMMUCA B OAHOA TOYKE WU MapansiebHLIMH; 8 — C uYe-
THiPbMSA TAMaMH, NepeceKaiolUMU NPSAMYIO, NePHeHAUKYJIAPHO OCH, W ABYMSl PacCroOXKEeHHbBIMH
OTAEeNbHO; & — C PhY4aroM, BbipaBHHBAIOUIHM CHJIH, AEACTBYIOUlHC Ha ABE TOYKH ABUratesn; 9 —

’

co chepuueckoft mapofi ///9 u Tpems TAraMM B NJIOCKOCTH, NepHNeHAUKYNsPHOA oCH; ¢ — ¢ Bpama-
TenbHol napoft V, u ypaBHUTe/JIbHBIM MEXaHHU3MOM JJIsl MOJIyYeHHS OAMHAKOBBIX CHJ, AEACTBYiO-
U(HX Ha TPU TOYKH ABHraTess



Mnozonosodkossie 2pynnut 109

Qe Qy My
Q &y
o—0a| @”
Y
X
A P
a) j > 6)
Qx 0y My Mz

Ut 3
I__._l_—_} o
" § 2
7 1/
b ——— mA=— B'
6) e)
Puc. 3.7. MHOTOCBA3HLIE NOBOAKM:
a — JABYXCBA3Hple; 6 MU 6 — TPEXCBA3Hble; & — UYETHIPEXCBA3HbIE

Boiwe 6blid paccMOTpeHbl TONLKO NMOBOAKH ¢ napamu //15, HaKJaablBaoUl#e OXHO
ycaoBue cBsidH. [Tpumensis napbl APYrHX KJaccOB, MOXKHO MOJNYYHTb NOBOAKH, HAKAAAbI-
BatouHe GoJibiee YHCAO ycoBuil cBA3H. Hanpumep, moBogok BTOPOro Kjaacca MOXHO
NOJY4YHTb, MPHMEHUB COOTBETCTBEHHO MO ONHOH Nape TPeTbero H MATOrO KJaccoB
(puc. 3.7, a), TpeTbero kaacca — no OJHO Nape YeTBEPTOro H NATOro Kaaccos (pHc. 3.7, 6
H 6) MM 4YETBEPTOro Kjaacca — JBe Maphl nATOro Kjaacca (puc. 3.7, o).

Ha puc. 3.7 B npaBoM BepXHeM YrJy NoKa3aHbl YCJIOBHSA CBA3H B BHJe NepelaBaeMuX
NOBOAKOM CHJI U MOMEHTOB.

[pu npoekTHPOBaNMH MHOTONOBOAKOBOK TPYNNbl: C MHOFOCBA3SHBIMH MOBOAKAMH
cnefyeT paccMaTpHBaThb ypaBHeHUs cTaTHKH (3.1)—(3.6), TaK Xe KaK U NPH OAHOCBASHBIX
NOBOJKaX.

MHOrocBsi3Hble MOBOAKH MOXHO 3aMEHHTb COOTBETCTBYIOLIHM YHCJIOM OLHOCBASHBIX
NOBOLAKOB C HAAJIEXKAUUM MX PacrnojoXeHHeM.

Kax bt noBogok nepepaer culy (Hak/aalblBaeT JHHeHHOe YCJOBHe CBf3H) BHOJb
cBoeil ocH. [lBa napaje/bHblX MOBOAKAa KPOME CHJIB MepenaloT MOMEeHT (HaKJaAbiBaioT
YIJI0BOE YCJIOBHE CBSI3H) BOKPYT OCH, NepNeHlHKYJIsPHOIl K X NVIOCKOCTH (cM. pHc. 3.7, 6).
IMoatoMy nuBoAKM MOryT nepefaBaTh MOMEHT TONbKO, KOrAia OHH nepeaaiot cuny. Caeno-
BaTe/1bHO, NPH NOBOAKAX MEPBOTO KJacca YHCJO NepeaBaeMblX MOMEHTOB HE MOXeT GhiTh
6omblie yucaa nepenaBaeMbiX cui. [loaTomy noBomok TpeTbero Kaacca (cM. puc. 3.7, 6),
KOTOpbIii epefaeT JBa MOMEHTA H OJHY CHJY, HeJlb35l 3aMEHHTb TPeMsi TOBOAKAMH NEPBOro
KJacca.

IMpu onpegenenun 3aMewalomnX NOBOAKOB HAJO HAayaTh C MOBOAKOB, NepefaloUIMX
cuasl. Ha puc. 3.7, a, 6 u 2 nepepaorcst cuinl Qx B Qy. CelloBaTesbHO, 31eCh AOMKHO
OLITb MO OJHOMY NOBOAKY, HANpaBJEHHOMY NO OCH X H NO OCH Y.

Jas nepeaayu MOMeNTa napajvieJbHO MOBOAKAM, MepefaloHM CHJILI, HAJ0 CTaBHTbL
BTOpule nosoaku. Ha puc. 3.7, 6 u & Ana nepenayn Momenta My Hano cTaBHTb BTOPOM no-
BOJOK BJ0Jb OcH X. [10BONOK BAOJb OCH Y He TOAHMTCH, TAK KaK OH He CO3JacT MOMEHTa
BOKpYT stoii ocu. Ha puc. 3.7, 2 n1s nepenayn moMenta M; MOXHO NOCTaBHTb HJH MO-
BOIOK, NapaJijielbHblil OCH X (CpeliHsis cXxeMa), HJH NMOBOJOK, NapaJe/bHbli OCH ¥ (npa-
Bas cxeMma).
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8.2. MEXAHHU3MbI THAPONPUBOJA

B ycTpoiicTBax aBTOMAaTHYECKOTO YNpPAaBJeHHA IUHPOKO NDHMEHAIOT OGBeMHBIR
THAPONPHBOJA, COCTOSAMMHUA H3 THAPOHACOCA, NOJAIOWEro pabouyio XKHAKOCTb NOA GOMBIIHM
JlaBleHHEeM, U THIPOMOTOpA, paGoOTaloOUEero Ha STOM XXHAKOCTH. PeryjHpoBanHe 4acToThl
JIOCTHraeTci Kak BO3JAeHCTBHEM Ha NPOH3BOLHTEJBHOCTb THAPOHAcoca, TaK H BO3feil-
cTBHeM Ha ruapoMoTtop. HuxKe 6yayT paccMOTpeHEl HacOCH C AaKCHAJIbHBIM PACTONOXKEeH HeM
UHAHHAPOB (mpocTpaHCTBeHHble). O6bluHBIe HACOCH B ABHALHOHHBIX YCTPOHCTBAX HMEIOT
yacToTy Bpauierus 3000—4000 o6/muH, a ynukabusle 20 000—30 000 o6/mun. Iapne-
HHe, cO3JaBaeMoe OGBHIYHBIMH HacocaMH, coctabiser 21—35 MIla, a yHHKalpbHEIMH —
n0 70 MINa. MowmHocTb YHHKAJbHBLIX NPHBOAOB AocTHraeTr 4000 kBT. YcrpoiicTBo ruapo-
Hacoca M THAPOMOTOPA OGHIYHO OXHHAKOBO.

HAns ypobctBa OyieM paccMaTpHBaTh TOALKO THAPOHACOCHI.

AxcHaJbHBIA MOPUIHEBOH I'MAPOHACOC C HEMOABHXHHIM 6JIOKOM LIMJIMHAPOB MOKa3aH
Ha pHc. 3.8. OH COCTOHT H3 ILWIMHAPHYECKOro (0CeBOro) KyJiayka, ToJKaTeJIiMH KOTOPOro
CJIyIKaT NOPUIHH LIHJIHHAPOB (YHCIO KOTOPBIX OOLIYHO PaBHO 7). [/l CHIOBOrO 3aMbIKaHHA
ClyXKaT NPYXHHH, BO3JeHCTBYIOLIHE HAa NOPIIHH, HJH JaBJeHHe Mac/ia, MNOJaBaeMoe
B THPOHACOC CMelHaJbHEIM NOJKAYHBAIOMIHM HAcoCOM. I/l yMeHblIeHHS TPEHHS BMECTO
POJMUMKOBLHIX TOJKaTeseil pabouast yacTb KyJauKa, KOTOpPYyl0 OyAeM Ha3biBaTh ai6oi,
cflelaHa Bpamamoulefics Ha MNOAUIMNHHKAX KayeHHS.

Macsnio pacnpepensiercs KpYTJIBIM TNJIOCKHM 30JIOTHHKOM, NMPHBOAMMLIM OT KpHBO-
LIKHNA Ha KOHLE Baja. DTOT 30JIOTHHK HMeeT MeCTHYIO Ge3BpeJiHYyI0 MOABHXKHOCTb — Bpa-
LeHHe BOKPYT NaJjblla KPHBOLIHMA.

IMogcunTaeM H3GBITOYHBIE CBSI3H B MeXaHH3Me 30JOTHHKa. JIJfi npocToTel Gynem
cyuTaTh NPHBOA HenoiBuwxHbM, Torma w=1; n=1; pypr=Lpy=1g9= 6 3+
4 2= 0, T.e. camoycTaHaBIHBAaEMOCTb 30JIOTHHKAa obecreueHa.

B rnaBHOM MeXaHH3Me MNOABHIKHOCTb CKJaJblBaeTCH M3 OCHOBHOMH, MOXBHXKHOCTH
NpocKaJIb3LIBaHHSA 1afi6bl M BpallleHHs CeMH NOpIuHed, T.e. W = 9

INoacuer H36bITOUHLIX CBAA3efl npHBefeH Ha puc. 3.8; 3pecs ¢ = 0. CienoBaTtenbHo,
MEeXaHH3M CaMOYCTaHaBJIMBAIOIMHKICA, H3OLITOYHLIX CBf3eil He HMeerT.

HepocraTtok — TOoueyHHI! KOHTAaKT mopuiHed ¢ wai6oil U GOKOBbE CHJH, AEHCTBY-
IOIHE HAa CTeHKH LHAHHAPOB. [TocsieinHe BBI3LIBAIOT HEPAaBHOMEPHOE M3HAILIHBAaHHE CTEHOK
UWIHHAPOB H MOPIIHEHl H MOMEHT, nepeflaBaeMblil Ha 60K UMIHHAPOB. UTOGH! ero ycrtpa-
HHUTb, MPHMEHSAIOT COellHHeHHe mopiuHe# ¢ waii6ofi ¢ NOMOUIBI0 LIATYHOB C IIAPOBLIMH
ronoBkamu I1I' 111' (puc. 3.9 u 3.12). Bo usGexanve BpeHOil NOABHXHOCTH B 3THX
C/1y4asix Heo6XONHMa KHHeMaTHYeCKas CBfidb MeXAY GJIOKOM LHIHHAPOB H Inaiboi:
Ha pHc. 3.9 OHa BHINOJIHeHa KapjaHHbLIM WwapHupoM /115, a Ha puc. 3.12 — nyTem ynopa
LIAaTYHOB B NOPIUHH, KOTOpble CAeNaHbl YAJIHHEHHBIMH.

INpu HeCKOJbKHX NOPUIHAX 6YAYT H3GHITOUHbIE CBA3H, HO OHHM HE BPeAHH!, TaK Kak
MexaHH3M GyjieT paGoTaTh, Aaxe eCJHH OKPYXKHAf CHJIA NepefaeTcsl TOMLKO OlHHM MOpLI-

w=9 9 9
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Puc, 8.8, Hacoc C ToTKaTeAssMH B HENOABHEHLIM WHAHHAPOBHM G610KOM (HeperyaupyeMeifl, 80=
JOTHHE CAMOYCTAHABAMBAIOWHNACH)
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Puc. 3.9. HacoC ¢ waTyHaMH H BPalaloIUMCS UHAMHADOBLIM G1OKOM (HeperyaupyeMnlii, 30J0T=
HHK CAMOYCTAHABANBAIOIMIACSH)

HeM. HakJonbl 11aTYHOB 3/leCh He3HaYHTeNbHb, T0ITOMY AaBJeHHe HA CTEHKH LIHJIHHAPOB
H MOMEHT, nepejlaBaeMuii Ha 610K LWIHHAPOB, NPAaKTHYeCKH PaBHH HYJIO.
TlpoMeXyTOUHHIMH CBOMCTBaMH 06JafaeT KOHCTPYKLMA ¢ GaumMakamu (puc. 3.10).
TMapw /115 n 1115 uMeIOT NOBEPXHOCTHBI KOHTAKT, HO HAarpy3Ka Ha CTEHKH LHIHHAPOB
H MOMEHT Ha GJIOK LHJIHHAPOB OCTaloTcA. Takas KOHCTPYKLHMSA NpOUIE, YeM C IIaTyHaMH,
TaK KaK He TpeOyeT KHHeMaTHYecKOil cBA3H 6/10Ka LHJIHHAPOB C wWwaiboil. Hurepecna
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Pnci 3.;0. Hacoc ¢ 6aluNakaMy ¥ BpalalOMWMCR WHAHHADOBLIM GoKoM (peryanpoBanne Hak3oROM
wanon
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Pucﬁﬁs.;l. Hacoc € TONKATEAAMH H BPALLAIOLUHMCA NHAHHAPOBLIM GJA0KOM (peryinposatne HakKAOHORT
Wanobt
KOHCTPYKUHA Galimaka. [Tox Hero uyepes KaHaj .B NOpLIHe MOZBOZHTCA Mac/JoO H3 LH-
JuHIpa, pa3rpyxaer ero H TeM yayumaer KI1[ u yMeHblIaeT H3HAlIHBaHHe MEXaHH3Ma.
Mexanunam, nokasanHblil Ha pHc. 3.8, Heperyaupyewmbliil. CleaTh ero peryJaupyembim
TPYAHO, TaK KaK 3TO MOTpeGoBajo Gbi H3MEHATh NapaMeTphbl BPAlAIOIErocs Kyjauka
1o xony. INosToMy OH O6GBIYHO NpHMEHsETC KaK FHApOMOTOp. YToG6hl clenaTh 3TOT Mexa-
HH3M peryJIHpYeMbiM, NPHMEHSIIOT THAPOHACOCH C BpallalOWHMMCH GJOKOM LHJIHHAPOB
H HenoABHXHBIM KysnaukoM (pHc. 3.10 u 3.11). PerynupoBanse BHINOMHAIOT H3MEHEHHEM
HAKJIOHA IWaii6bi, YTO COOTBETCTBYET H3MEHEHHIO NapaMeTPOB KyJauKa; NPU HENOABHAKHOM
KyJlauke 3TQ JOCTHTaeTcfl OYeHb MPOCTO. 30JOTHHKOM B MeXaHH3Me CJYMKHT CaM UHJHII-
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Puc. 3.12. HacocC ¢ WwaTyHamH, BPailalOUHUMCH LHIHHAPOBMM GJ10KOM H NPUBOAOM K waide (Hepe-
TyAUpyeMbili, 30AOTHMK CaMOYCTAaHaBAWBAMOUIHHCA)
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ApHuecKHit G6NOK, KOTOpbIA NPpH BpallleHHH
COMPHKACAETCH C HEMOABHXHBIM 3epPKaloM —
naockuM (cm. puc. 3.10 u 3.11) uau cdepu-
yeckuM (puc. 3.12). CamoycTaHaBAHBaeMOCTb
30/IOTHHKa (OTCYTCTBHEe HM36GBLITOUHBIX CBf3eH)
BeCbMa BaXHa JJs ero TepMeTHYHOCTH.
310 6BINIO0 XOPOIIO H3BECTHO KOHCTPYKTO-
paM napoBblX MAaUIHH, KOTOpble BHIMOJHAIU
CaMOYCTaHaBJIHBAIOLIHMHCA BCe NJIOCKHe 30-
JotHukH. CaMoycTaHaB/JHBAIOLHeCH 30J0T-
HUKM TNPHMEHSIOT BO BCEX XKeJe3HOJAO0pPOX-
HBIX 'BO3AYLIHBIX TopMo3ax. B ruaponpu-
BOJIaX 3TO YCJOBHe He BCerja BblMOJHEHO.

Ha puc. 3.9 unaungpuueckuii 6aok
¢dukcupyercss naockoctHoit napoit [115 u
3y6uaThiM KapfanoM //[7 (waTysbel H nop-
IIHH mojoXeHHe 6JI0Ka He QHKCHPYIOT).

[lo ¢opmyne (1.1) naitteM ¢ =0—  pyc, 3.13. nogsuxwoe corauuenue sonactn
—6-1+ 3:2 =0, T. e. H3GLITOUHbIX CBSI3€ll  Hecyuero BUHTA C BTYAKOil
HeT; ofecneyeHbl CaMOYCTaHaBJHBAeMOCTb
H HajleXHas pa6ora.

Ha puc. 3.10 unnunaposbiii 610K BpalliaeTcsi Ha ABYX NOMIUMNHHKAaX, KOTOpHE

MOXHO cuMTaThb napamu [/, u naockocTHoii napoi III';. [To dopmyae (1.1) wuaitnem
g=1—6-1+3142.2=2.

CnenoBate/ibHO, MOAYYalOTCA ABe H3OLITOYHbIE CBfA3H, MOITOMY TePMETHYHOCTh
30JI0THHKA MOXeT GbiTb JOCTHIHYTa TOJNbKO 33 CUET OYeHb TOUHOH MPHTOHKH H Jerko
MOXeT HapYyWIHTbCH.

Jinst ucnpas/eHus CXeMbl HAA0 YAJMHTL OAMH H3 noawHnHuKoB. Ha puc. 3.10 octaercs
HesICHbIM, YeM BOCMPHHHUMAeTCA peakiHs 6alIMaKoB Ha mwaiby, TaKk KaK BHHT, paGora-
OWIHIT KaK KOHCONbHAs 6Gajaka, BpSL JH BbIA€PXKHT 3Ty CHAY.

Ha puc. 3.11 6a0k Bpamaetcs aaxe Ha Tpex onopax [lg, I/ v 11 u naockocTHoOR
nape /115, TTonyyunoce ueTbipe H3GbITOUHBIE CBSI3H, MO3TOMY JIBE ONOPHI 31€Ch ABAAIOTCH
JIHIIHHMH.

B MexaHu3Me C WwaTyHaMH H BpaUAIOWIHMCH GNOKOM UMAHHAPOB pabouHil MOMEHT
fiepegaercst Ha waiify, a He Ha 6/10K. Toraa eaecoo6pasHo ¢ MPHBOAOM COEJHHHTD LIAIHGY
(cMm. pic. 3.12), a och uHAHHAPOBOro 610Ka PacnoNOKHThL NOJ yrioM. [1ns peryauposanus
fIPOH3BOAHTENLHOCTH 3TOT YI'OJl MOXHO H3MEHATb, AJMA 4ero UWHAHHAPOBLIK 6JOK noBopa-
9HBAIOT BOKPYT MOMNepeyHOH OCH, 4epe3 KOTOPYIO H MOABOLHTCA Macao. 3epKajio 30/0T-
HHKa BLINONHEHO cepHUeCKHM.

PaccMOTpuM UHAHHAPOBBIA GJOK BMECTe C LEHTpaldbHbIM cTepxHeMm. Ilo ¢opmyne
(1.) g=1—6-24 3-3+ 2-1 =0, 1. e. camMOyCraHaB/JMBaeMOCTb 30JIOTHHKA obec-
neueHa H MexaHH3M OyfeT Xopouwo pa6oTaTb.

3.3. MEXAHHU3Mbl BEPTOJIETOB

CaMbiM CJIOXHBIM 3JIEeMEHTOM B YCTPOHCTBe BepTOJeTa SBJAETCS aBTOMAT-MepeKoc.
On wu3o6peren B 1911 r. crysestom MBTY B. H. IOpbeBbiM (BnocaeicTBHH — aKa-
JemuxoM). KM ke u306peTeH BepTOJIeT C OAHHM HeCyLUHM BHHTOM H OJHHM 3aJHUM —
pyJeBbIM, KOTOpHIf B HacTosillee BpeMsi siBJfeTcs HauGo/Mee pacnpoCTPaHEHHBIM.

ABTOMAT-niepeKOC KOHCTPYKTHBHO OGOpMASIeTCA [10-pasHOMY, HO TMPHHLHI ero fAei-
CTBHS OCTAaeTCH ONHMM H TeM Xe.

BunThl Beproseta, KaK HecyliHil, TaK H pyJeBOil, BbINOJHSAIOTCH NEePEMEHHOro luara
C NOBOPOTHLIMH JIONACTAMH, KOTOPHIMH H ynpasiasieT aBTOMat-nepekoc.

JlonacTh Hecyuero BHHTa OGLIYHO COEJHHAIOT C BTYJAKOH C MOMOIUBIO FOPH30HTAJb-
HBIX H BEPTHKa/NbHbIX WapHUpoB (pHuc. 3.13), 6rarogaps KOTOPLIM JIONACTb CAMOYCTaHAB-
JIWBaeTcsi BAOJNbL PAaBHOREHCTBYIOULEH a3pOAHHAMHYECKOIl, LIEHTPOGEXKHON H TaHTEHIHAJb-
HOH CHJI HHepIIHH. DTHM YCTPaHsAeTCH H3rHGAIOUHii MOMEHT Y OCHOBAHHA JONacTH. ATo
OYeHb HHTepPecHbIi cayual, 3fech MOABHIKHOCTL yMeHbllaeT HanpsikeHHs. OGbIUHO
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Puc. 3.15. ABTOMaT-nepeNoC ¢ naykoM (camMoycTaHaBAHBAOIAACA CXe€Ma € RECATLIO
3BEHbAMH)

w=7 7 7
n=13 -18 &2
-5

w=3 3 3

n=t0 -60 30

p=6 30 -6

7 =9 27 -7
P

a) K=5 0 0

Puc. 3.16. ABTOMAT-nepekoC ¢ naykom:

@ — HCNONHEHHan KOHMCTPYKuus (6e3 H3GHTOYHHX CBRseR — 13 sBeHbeB); 6 — C NOBOAKaMM, HE
TNIOABEPT IO NMUCA HITHOY (6e3 H3OLTOUHLIX CBssel — 10 spenben)
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Puc. 3.17. ABTOMaTbl-nepeKoChl KoJbLEBOT0 THNa:

a — WCTONHEeHHasn KOHCTpykuus (16 3BenbeB); 6 — Ge3 u36niTouHbiXx cBa3e# (11 3BeHseB, ecau
He CYHTaTb YNPABJAIOUHX TAT U PhiYaros); 6 — 6e3 U3GLITOUHBIX CBA3ef C BpalaTeabHoi napoi V
MeXAY BepXHHM H HHXHHM KoJjbuaMu (11 3BeHbeB)

CUHTAIOT, YTO GblBaeT Ha060POT. DTOT NPHHIHN CIeAYeT NPHMEHATh H B APYTHX KOHCTPYK-
LHAX, HanpHMep B JIOKOMOTHBAX.

ABTOMaT-MepeKkoc BO3JeHCTBYeT He TOAbKO Ha OOUMi wwar JonacTeff, YTO HyXHO
JJsi ynpaB/JeHHs BePTHKaJbHbIM NBHXKEHHeM BepTo/eTa, OH BO3JeHCTBYeT TakXe H Ha
UHUKNHYECKHH IUar, T.e. LIar, H3MeHSOUWHUACH C YrJoM MOBOPOTa BHHTA.

Jns ABHXeHUS BepTOJeTa Bnepel HYXKHO, 4TOObI LIAT BHHTA 3ajHell JONAacTH Gbln
Gosbine wara BuHTA nepepHeil. Torna obpasyerca caaraiomas cHAa, Hanpab/eHHas
Bhepes.

BospneitcTBHe Ha «MPOKOJbHbLIH» LWHKAHYECKHI 1Al NPOH3BOAHTCA NMPOAO/ILHBIM nepe-
MeIleHHeM DYYKH YnpaBJeHHs.

Jlns HaKnoHa BepTOJIeTa BJIEBO HYXKHO, 4TOOBI 1Al BHHTA MPaBOW JIONACTH Gbla
Gonblue 1m1ara BHHTA JeBOH sonacTH. BoajeficTBHe Ha «rmonepeyHbli» HKJIHYECKHH wIar
NPOH3BOAUTCA NOMepeyHbIM MNepeMelleHHeM PYYKH ynpaBleHHs. YTpasasiollee 3BEHO
3TOr0 MeXaHH3Ma MOXeET pacnoJaratbCs BHYTPH MOJOro Bajla H TOFAa 3a cBOO ¢opmy
HasbiBaeTcA maykoM (puc. 3.14—3.16). Moxer oHO pacnojaraTbcsi M CHapyXH, TOTAa
KOHCTPYKILHA Ha3biBaeTcs KoJAblleBo#A (cM. puc. 3.17—3.18).

YnupasJisiioulee 3BeHO UMeeT TP MOABUXKHOCTH COOTBETCTBEHHO yNpaBJIeHHIO — 06-
LWHM IIaroM, NMPOAOALHO H3MeHsieMbIM LIarOM H ronepeuHo uaMmeHsiembiM. Mcnonnennas
KOHCTPYKUHSA C MayKoM mnokasaHa Ha puc. 3.14. B Heli g = 2.

PaccMoTpnM aBTOMaT-riepekoc THMa «nayk» (cM. puc. 3.15) npH Tpex/ionacTHOM
suute. [layk HMeeT Tpu ecTKue Jamnbl. Jlansl cOeIHHEHB! € JIONACTAMH C NOMOLIBIO PHuYa-
ros /113, V,. Iayk Bpauiaercs BMecTe C BUHTOM. DTO BpalleHHe, a TaKKe NOJBHKHOCTH
J0NacTH 3a CYeT MAPHHPHOTO MPHCOeJHHEHHS HX K BTYJKe JJs YNpPOLIEHHS PaccMatpu-
BaTb He 6GyleM, TaK KaK 3TH TNOABHXKHOCTH He HYXHbl JAJfi YCTPAaHeHHH H3OLITOYHBIX
cBA3eH.

PaccMoTpuM TO/IBKO MOABHMHOCTH NPH YNpaBleHHH, a2 HMEHHO: ynpaBjeHHe OGLIHM
{1aroM nyTeM MogbeMa nayKa H ynpaBJeHHs MPOJOJbHBLIM M MOMNEPeYHbIM LHKIHYECKHM
11aroM MyTeM {I0BOpPOTa MayKa BOKDYT ABYX TOPH3OHTaJbHHIX ocefi.
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Jlns ynpouesust HccaefoBaHHsi OyfeM paccMaTpPHBAThb 3aKpenvIeHHbIMH TDH Ynpas-
asowne taru [115/115. Torna BMecTO NOABHXHOCTeH ynpaBjeHHsi B CTPYKTypHHE ¢op-
MyJibl BOHLYT MeCTHbleé MOABHXHOCTH (BpallleHHe BOKPYT CBOHX oceif) 3THX TpeXx TAT.
B Hell%o-ropux cayyasix BOMAYT H IpyTHe MeCTHble NOABHXKHOCTH, HanpHMep, Ha puc. 3.14
u 3.16, a.

IMayx nanpaBasiercsi CTaKaHOM H3 MNOC/Ae0BAaTeNbHOrO COefHHeHHA ABYX nap 11
u IV, (koropbie Ha pHc. 3.14 1 3.16, a He nokasaHH). D10 COeAHHEHHE JAET OHY MECTHYIO
NOJBHXKHOCTL — BpallleHHe COefHHHTeNbHOH BTYAKH. Takum obpasoMm, w = 4.

INoncuer u36GLITOYHBLIX CBfideit Aan B Ta6nnue Ha puc. 3.14. Tloayuunocs ¢ = 2,
T. e. pa6oTa MeXaHHW3Ma NMPOHCXOAHT 3a CUeT HaTAroB H Aedopmanuit 3BeHbeB.

JIpyrHM HeOCTaTKOM 3TOFO MeXaHH3Ma SIB/ISeTCS Manas JNHHA WapHupa V,, nepe
Iaowux MomeHT. [losToMy pa6oTa HX OueHb HampsixKeHHas.

MexaHH3M, NOBOPaYHBaIOLLKIl JIONACTb, COCTOHT M3 pbluara Ha napax /I13V, u wap-
HHUpa AJis MOBOPOTa jonacti V,. Phluar Hanpas/eH NepneHIHKYJIAPHO CHJe, nepefaBae-

w0 6
n=15 ~-90
pg‘g 45
=¥ 39
k=7 0

iy xs

Puc. 3.18. ABTOMaT-NepeKoc KOMLUEBOTO THNA C HHXKHHM KOMbUOM Ha ABONHOM uapaane (Ges
n3GLITOUHLIX CBA3ER, 15 3BeHbLEB)
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mofi mapoi [115V,, u n3ru6aercs MOMEHTOM 3TOH CHJIH. TTOABHIXHOCTL KHHEMATHUECKOTO
COe/IMHEHHS MeXJy NMayKoM H KOpnycoM BHHTAa OMNpeleJHM, CYMMHDYfl TOXBHMXHOCTH
KHHeMaTHYeCKHX Map, COeAHHEHHBIX mocjegoBatenbHo: 3+ 14 1 = 5, a Hanoxenuyio
cBfA3b: 6 — 5 = 1. Tpu ynpasasiouHe TATH MOXXHO BBLIMOJHHTL TaK XKe KaK OfHOCBA3HBIE
NOBOAKH.

CrnepgoBaTe/lbHO, NayK AePXKHTCA Ha LIECTH NOBOAKAX MepBOro kKjaacca, 4TO H Tpe-
6yercsi 1Sl CaMOYCTaHaBJHBAlOerocs MexaHu3Ma (aHanoruuyno puc. 3.16, a, 6). Llen-
TpanbHas Hanpasasiouas W3 nap [11; u IV, TonbKo BBORUT H3GLITOUHBIE CBA3H, NO3TOMY
ee uesecoobpasno yganutb (cm. puc. 3.15) (npoBepeHo Ha MopmenH). Takoit MexaHH3M
AIB/ISIETCS CAMBIM NMPOCTHIM M3 MPHBeAEHHBIX; BMECTE C TATAMH YNPaBJeHHR B HEM TOJbKO
JeCATb 3BeHbeB.

Jipyroe ucnosHenHe MexaHH3Ma C NMayKoM noka3aHo Ha puc. 3.16, a. Mexanusm
TI0BOPOTA JIONACTH COCTOHT U3 nosoaka [//5/115 nepsoro Kaacca 1 Wwapuupa Ans NOBOPOTa
nonacth V,. Takne KHHeMaTHYeCKHe COeIMHEHHS He MOTYT BpauwaTh nayk. Jlas nepepauu
BpAlleHHsA MOCTABJEH UIIHU-IIADHHP» — MeXaHH3M, COeJHHEHHbIl M3 ABYX 3BEHLEB M
nap V,, 111, u V,.

PaccMoTrpenHblil MEXaHH3M aBTOMAaTa-mepekoca — CaMOyCTaHaBJIHBAIOULHIACHA; B HeM
¢ = 0. Ero npenmyuiecTBO — BO3MOXHOCTb NMPHMEHEHHs AJf JI060ro YHcsa Jomacreil,
HO er0 KOHCTpYKIHUSA CJIOXKHee, BK/MoyaeT 13 3BeHbeB. DTy KOHCTPYKUHIO MOXHO ympo-
CTHTb, YCTPaHHMB IAHU-WApHUP. /N 3TOrO OAHH H3 NOBOAKOB NMEpPBOro Kjaacca Hano
3aMeHHTb MOBOJKOM BTOPOToO Kjacca Ha napax ///;V,. [ToBogok pa6oTaer Ha pacTsKeHHe
u cxartne. [Tapa V, nepenaer TobKO cayuaiiHble MOMEHTbl. ITHM OH OTJHYAeTCS OT pbi-
uara //13,V,. Y 3T0i CXeMbl €CTb MPEHMYIIECTBO — BO3MOXKHOCTb NPHMEHEHHS NPH M060M
4Hcae gonacteil. MOXKIIO H Bce TPH NOBOAKA BLIMOJHHTH BTOPOro Kjaacca. Torga cienyer
YCTPaHHUTb LEHTpaNbHYI0 Hanpasasiomylo (cM. puc. 3.16, 6), H moayyHTcs cCxema, aHa-
JIOrryHas npuBeleHHO# Ha puc. 3.15, — B Hell Toxe TONbKO AecATb 3BeHbeB. Ee MOXHO
NPHMEHHUTb PH LECTH JIONACTAX, BbINOHSAS TPH NOBOAKA BTOPOTO KJacca i TPH 11epBoro.
Boo6uwe noBosiok BTOpOro kjaacca 3ameHsieT ABa MOBOAKA MepBOroO KJacca, MpHiueM NOBG-
IlOK BTOpOTO KJacca ropasgo npouie — ase napbl Vy, /115 — no cpaBHEHHIO C YeTbIpbMst
cdeprueckumu napamu /15 y noBoika nepsoro xjacca. IlpuMeHsis NOBOAKH BTOpOro
KJ1acCa, MOXHO 3HAUYHTEJbHO YNPOCTHTb MEXaHH3M.

HcnonHenne KOMCTpYKUMHM aBTOMaTa-nepeKkoca KOJLUEBOrO THMAa MOKa3aHO Ha
pHc. 3.17, a. 9Ta KOHCTPYKLUA OYEHb CJIOXKHA, BKAIOYaeT 16 3BeHbeB. B aBTOMAaTe C naykom
YNpasasioulHe TATH NPHCOeAMHEHb! LIaPHHPAMH, PaCnoNOXKeHHBIMH Ha eTr0 OCH BPalleHHs.
B KOMbUEBO# KOHCTPYKUHMH STOTO CAeNaTb HeNlb3s, NMPHUXOAHTCS NPHMEHATb eule ORHO
KOMblIO — HHXKHee, HeBpaULAloeecs H MO3TOMY COeJHHEHHOe C KOPNYCOM ILJHI-UIapHH-
pom. Ha puc. 3.17, a npuMeHeHsl MOBOAKH MepBOroO KJacca M MO3TOMY AJIS BpalleHHst
BepXHero KOJbLa npHIULIOCH NOCTaBHTL BTOPO# IIVIKI-LIaPHAP. PaccMOTpPeHHYI0 KOHCTPYK-
UHIO MOXXHO 3HAUHTENILHO YNnpocTHTL (¢M. puc. 3.17, 6).

CoelHHA JIONaCTH ¢ BEPXHUM KOMbLLOM C MOMOILLIO NOBOXKOB BTOPOro Kiacca Vol 115,
MOXHO H36eKaTb YCTaHOBKHM BepXHero LUIJIHI-UAPHHPA H LEHTPaJbHOR Hanpasaslolleil.
CoefHAR ynpaBasiOUlHe TATH ¢ HAXHHM KOJbLIIOM TOXE C NMOMOLIbIO MOBOXKOB BTOPOTO
Kiaacca VolJ 15, MOXHO n36eXaTh YCTAHOBKN M HHXKHero minu-wapuupa. [pasaa, B toit
cXeme COefHHeHHe BEDPXHEro W HHIKHero KoJjell Hajo AeJaTb MJOCKOCTHO# ‘mapofi //1;
OpH MOALIMNHUKAX CKOJMbXKEHHS 3TO JIETKO BhINOJHHMO. i

[pn noamurnHUKax KayeHHs XKeJaTeJbHO HMeTb 3JeCb BpallaTeJbHylo napy Vi,
Ilns s7oro Hago ABa MOBOAKA BTOPOro KJacca 3aMeHHTb Ha JIBa NOBOJAKA MepBOro KJjacca
(cMm. puc. 3.17, 6). Be3spasnuuiio, rae aTo clieslaTb — HaBepXy HJIH BHH3y. PaccMoTpeHHasn
CXeMa NPHMEHHMa W AJs IIeCTH JIONnacTedl, TONbKO TPH H3 HHX JAO/KHBI CHabXKaTbCHl MO-
BOJIKaMH nepBoro kjacca. [IpyMennma oHa u AR J11060r0 YHCAa JonacTeil NPH NPaBHIb-
HoM BbIOOpE YHC/a MOBOXKOB BTOPOTO H UHCJA MOBOAKOB MepBOro Kiacca.

BcTpeuaeTcss KOHCTPYKUHA aBTOMaTa-nepeKoca, Yy KOTOPOH BMeCTO HHMKHEro INIHL-
wapHHpa (KaK Ha puc. 3.17, @) NOCTaBNeHO HHXKHee KOJAbLO Ha KapAaHHBI LIapHHP
(puc. 3.18). DTa KOHCTPYKUHS mnpoule, HO Bce XK€ OYeHb CJOXKHa — BKJIOYaeT
15 sBenbes.

Heo6xonuMO OTMETHTb, 4TO B LIApOBOM IIApHHPe GOJbLIOE TPEeHHe CKOJbXEeHHf,
KOTOpOe MPHXOAHTCH Mpeofo/ieBaTh NMPH YNPaBJIEHHH, YTO yTAXejseT paboTy JieTYHKa.
ST0ro HEIOCTATKA HET B aBTOMaTe-MepeKoce C HHXKHHM KOJIbILOM Ha KapAaHHOM LIapHHpe,
foKazaHHoM Ha puc. 3.18.
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XBOCTOBLIE BHHTH HMEIOT YTpaBJeHHe TONbKO o6umuM waroM. KoucTpykuus mx
npolye, yeM HeCyIMX BHHTOB, H NOTOMY 3JeChb He paccMaTpHBaeTcsl.

ITpHMeHeHHeM NMPHHIHNA CAMOYCTaHABJHBAEMOCTH B MeXaHH3Me aBTOMaTa-TiepeKkoca
BepPTOJIeTa er0 KOHCTPYKIIHIO MOXKHO B HEKOTOPBIX C/1y4asiX ynpocTHTb ¢ 16 3Benbes g0 11,
YTO CYIIECTBEHHO ee O6Jeryaer (B aBHALMM 3TO OYEHb BAXKHO), H CHU3UTb TpeGOBaHHA
K TOYHOCTH H3TOTOBJIEHHS.

3.4. MEXAHU3Mbl THPAUHOHHBIX IPOBHIIOK

'npanHoHHas APOGM/IKA COCTOHT H3 ABYX KOHYCOB, MEXAY KOTOPHIMH TPOHCXOAHT
ApoGnenHe npofyKTa. HenogBHXHbIH KOHYC HMeeT BHYTPEHHIOW paGouylo MOBEpPXHOCTb,
OG/IHIIOBAHHYIO TJIHTAMH H3 H3HOCOCTOMKOH cTanH. TIOABHXHBI KOHYC pacrnosoXeH
BHYTPH HENOABHXHOFO H HMeeT HapyXHYI0 paGouylo NOBEPXHOCTb, TaKKe OGIHLOBAHHYIO
nautaMi. Och NMOABHXHOTO KOHYCA MPH ABHXEHHH OMHCHIBAET KOHHUECKYIO MOBEPXHOCTD
(c BeplIHHON HA OCH APOGHAKH) UM LUAHHAPHYecKYIO. [ToABHKHbIi KOHYC BOKPYT CBOefi
OCH BpalaeTcsi CBOGOJHO, T. €. HMeeT MeCTHYIO NMOABHXHOCTb.

B npobHnkax Ajsi nepBHYHOTrO ApOGJEHHS BCTPeyaeTcsl CTaTHYECKH HeomnpefeJHMblit
MexaHH3M (pHc. 3.19). Bas nogBHXKHOro KOHyCa ONHpaeTcs BEPXHHM KOHIIOM Ha IIapOBYIO
onopy II13, Kotopas KpoMe TOro, BOCMDHHHMAeT €ro CHAy TaAxecTH. HHMHUM KOHLOM
BaJl BXOJZHT B KOCOe CBepJIeHHe CTakaua, o6pa3ysl ¢ HHM LHJIMHApHuecKylo napy [V,.

CrakaH, COelHHEHHBIi CO CTOHKOH BpallaTelbHOH napoit Vg, noayuaer BpalleHHe
OT NpHBOAA (O6HIYHO H3 KOHHYeCKHX KoJgec). CTaKan ABUXKeET NOABHKHbLIA KOHYC, OCh KOTO-
poro nepemeniaeTcss no KOHHYECKOH MOBEPXHOCTH.

B TakoM MexaHH3Me n = 2, w = 2 (OCHOBHAsl MOABHMHOCTb H BpallleHHe KOHYCa
BOKPYT cBoeii ocu). [Tostomy no gopmyae (1.1) nonyunmg = 2 — 62+ 5444 3 = 2.

JlBe H36bITOuHblE CBA3M TPEGYIOT, u4TOGHl OCb KOCOTO CBEpPJAEHMS CTakaHa Bcerja
NPOXOAK/Ia yepe3 HEHTP LIAapoBOi Napbl. [ 3TOro HeO6XOXMMO TOYHO BHIAEPXKATb MHO-
rHue pa3mepnl. Kpome Toro, oT orpoMHbIX CHJ, 1eACTBYIOIHX B 1pOGHIKe BO BpeMsl paGOTh,
€e 3BeHbst AeOPMHPYIOTCH, YTO TaKKe HAapyllaeT PABHOMEPHOCTb HAarpy3KH B KHHe-
MaTHYeCKHX Napax H YCKOPsieT HX H3HAlIHBaHHe. YCTPaHHTb STOT HEJOCTATOK MOXKHO,
€CH MeXAY BaJOM MONBHXKHOTO KOHYCa M CTAKAHOM KpOMe LMIHMHAPHuecKo# napu /V,
nocrasuTh eule maposywo ///5 (puc. 3.20). Ha 3Tom pHCyHKe nOKa3aHbl TOJAbKO HHXHAS
onopa M NMpPUBOZHON IUKHB. BepXHHiHl NMOAWKMNHMK BBINOAHAIT CQepHYeCKHM. 31ech,
npasna, npH6aBasieTcss OJAHA MecTHasi Ge3BpefHas MOABHMKHOCTb — BpallleHHe 111apOBOro
BKJIajbilua BOKPYT OCH MOJBHIKHOTO KOHYCa, No3ToMy n =3, w =3ug=3—6-3+
+54+44+32=0.

Mexanu3M 3TOT NpHUMeHMM 1af MajlblX APOGHJIOK, TaK KaK y GOJbIUHX APOGHIOK
Pa3MeCTHTb I1AapOBOEe COeflMHEHHWe BHYTPH CTaKaHa TPYIHO.

OueHb NPOCTOil MeXaHu3M (6e3 H3GBHITOYHBIX CBA3EH)

noayuyaercs, ecJAH OCb MOABHIKHOTO KOHYCa Mnepemellatsb

,772' NOo UHMAMHADPHYECKOH (a2 He KOHHMYECKOH) NOBEpPXHOCTH

- (puc. 3.21). CrakaH BHIMOJHAIOT SKCUEHTPHUHBIM, H OH

BpalaeTcsi BOKPYT HEMOXBHXKHOM OCH Ha BpallaTeJbHOi

nape V,. Ha crakaHe cBo6oiHO (Ha BpalaTeJbHOM na-

pe V,) Bpamaerca mnoxBuxkHbIH xoHyc. [lpum sTOM
§=2—6-2-452=0.

3TOT Xe MeXaHU3M MOXET O0eCMeyHTb ABHMKEHHE OCH
NOABHXKHOTO KOHYCa He TOJbKO NO LHJIHHAPHYECKOH NO-
BEPXHOCTH, HO TaKXe H Mo KoHHuecKoil. Hajzo Toanxo
cpenaTbh KOCYIO DacTOYKY CTaHKa W COOTBETCTBEHHO 0O-
pa6otatb TOpLHI, MpaBlia, YroJ KOHyca MOMYYHTCH He-
iV 60MbILOH.

- B 3TOM MexaHH3Me MNOBEPXHOCTH BpaulaTeNbHHEIX
nap oueHp GOJbLIHe, YTO MPH OTPOMHBLIX CHJAX OueHb

=2 g=2 BaXHO, TaK KaK yMeHblllaeTCS H3HALHBaHHe.
ITpocTofi MexaHH3M, MPHIOAHBIA IS BCEX C/yuaes,
Puc. 3.19. TupauMowmas  MoKHO NOJYYHTH, €CJTH B MeXaHU3Me HA pHC. 3.19 uuInn-
B e onne e Do Toas  IPHUECKH} CTaKaH SamenuTs mapouM /15 (puc. 3.22, a).

cxema) 3necb n=2, w=24u g=2—624+443-2=0.

L<l
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W
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Puc. 3.20. Jpo6uaka Keuueau (HHUKHAS y g = \§!
onopa ¢ A06aBOYHLIM WIaPOBLIM IAPHHPOM
AJAfl YCTPaAHEHHA H3OGLITOYHBIX CBsi3eil)

Puc. 3.21. Apob6uaka TeaCMHT AAsi nepBUY-
HoTo ApoGaeHHs (Ge3 HIGLITOYHBIX CBA3el C
GoabWHMH pa3sMepaM¥ BpallaTeALHBLIX nap)

IllapoBofi cTakaH HMeeT TOJLKO OLHO BpalllaTeJbHOe ABHXEHHe, TaK KaK JBe OCTaNb-
Hble BpaulaTe/bHble MOABHXHOCTH YCTpaHeHbl COefHHEHHEM C BaJOM NMOABHIKHOTO KOHyca.
IMostomy Ha wapoBoil cTakaH Tak XKe, KaK H Ha LHIHUHAPHYECKHIl, MOXHO NOCaAUTb MpH-
BOJIHOe 3y6GyaToe KOJeco.

Paccmorpennasi Bbiwe cxema (cM. puc. 3.20) HMeeT TOT HeJOCTaTOK, YTO CTaKaH
nosyyaercs 6OAbIIOrO AHaMeTPa H3-3a TOr0, YTO B HEM NOMELUAIOTCSt LHAHHAPHuecKas [V,
nmwaposas ///; napsi. JluameTp cTakaHa MOXHO YMEHBUIHTb, €CJIH LHJIHHAPHUECKYIO Napy
nepeHeCTH B BepXHIolo waposylo onopy /115 (puc. 3.22, 6). Cuna TsxecTH KOHyca TOraa
nepeflaeTcsi Ha HWXKHHI CTaKaH, YTO O6/leryaeT BePXHIOO YacTb APOGHAKH.

INonsuxHocTe Ha puc. 3.22, 6 w = 3 (OcHOBHasi M ABa BpalleHUs 3BeHbeB); N = 3
H §g=3—63+5+443-2=0.

KoHcTpykitns nonyuaercst npoiie, ecjiH BepXHIOIO ONOPY BHINOJIHHTb Ha chepHIECKOM
NoJAUHNHHKe KaueHns (puc. 3.22, 6) Ha MOABHXKHOH Mocajke HapyXHOToO Koabla, T. e.
OH cTaHeT napoii //,. Toraa ornagaer HagoGHOCTb B LHIHHAPHUeCKO# nape. B sToM Me-
XaHHaMe N =2; w=2 B ¢=2—6-24+54+34+2=0.

Ipu GoabiioM yrie MOABMXHOTO KOHYcCa, KaK 3TO Bcerja jenaercd B ApobHAKax
A5 BTOPHUHOTO Apo6JieHHsi, B 06bI4HOR KOHCTPpYKuHH (puc. 3.23, a) waposyio napy I1];

RAYE]]

w=z g=0
a)

Puc. 3.22. Panuonaabuble CXeMbl THPAILHOHHLIX APOGHAOK
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pacnojaralotT NoA HHM, a MOABHXHBIA
KOHYC COeJHHAIIOT CO CTAaKaHOM KOHHuYe-
CKHM IWIHNOM (A1 MPOYHOCTH), T. €.
BpauateabHoit napoit V,, a He unaun-
npudeckoil. CTakaH COEAUHSIOT €O CTOli-
KOi BpawaTeabHoii napoit Vp, u oH
TaKxe NoJyyaeT BpallleHHe OT NPHBOjA,
Kak H crakai Ha puc. 3.19. B mexa-
HuaMe Ha puc. 3.23, a n=2nw=
=2,T. eq..2—-62+52+3_3
ITH u36LITOUHblEe CBA3H TpeGYIOT,
uTOGbl OCb KOHHYECKOH pacTOYKH B CTa-
KaHe Bcerja Npoxoxunaa qeplza LLeHTp Lia-
OBOJf Napul (IBe CBA3H). oMe TOro,
Puc. 3.23. Cxembl apoOHJOK 1A BTOPUYHOTO geoﬁxonnﬁ«on(m\epma-rb l?lpaml:nbnoepac-

waz  g=J
a)

ApoGaeHns:
@ — HenpaBUNbHAs C TPeMRA WIGLITOMHbIMH cBa-  CTOfIHHE MEXIY CTaKaHOM H apoBOH
3aMH; 6 — 6e3s MIGHTOYHBIX CBsI3el napoit (Tperbsi HM36LITOUHAas  CBA3b).

H36biTouHble CBA3M MOXKXHO YCTPaHHTh,
€C/lM KOHell MOABHIXHOTO KOHYCa COeJHHHTb CO CTaKaHOM LMJIMHAPHYecKoil mapoit /V,
u waposoit [[l; (puc. 3.23, 6). 3mecb onHa ofwWwas W JBe MeCTHble IOLBHXKHO-
¢, =3 w=3u¢g=3—63+5+4+3.2=0.

Berpevaercst ouenb npocTasi KOHCTPYKLHS, KOTOPYIO MOXHO MOJY4YHTb, €CJIH B Me-
XaHH3Me, NpHBEJEHHOM Ha puc. 3.23, @, OTKas3aTbCsi OT WIAPOBOH MATHI, @ HATPY3KY
nepeiaTtb Ha cTakaH (puc. 3.24), onmHpalowmiics Ha MOAWMNHUKH KaueHus. Jinamerp cro
nosiyyaercst 60JbLION, HO 3T0 6e3BpefHO, TaK KaK Giaroiaps 60/1bUIOMY yIy1y NOABHXHOTO
KOHYCa Ha ero BaJl AefCTBYIOT IVIaBHbIM 06pa3oM oceBbie CHJbl. 31eCb BCEro ABe Bpalla-
TesMbHble Napsl M ¢ = 2 — 6-2-45-2 = 0.

3.5. IIAPHUPHBIE KAPJAHDI

OnHHM M3 3THX MexaHHu3MoB sBasietcsi wapnup Kapaana ([yka), nokasanubii va
puc. 3.25. B 3TOM MexaHu3Me Bce KHHeMaTHUeCKHe Napbl, KPOMe ONHOMH, BbiGAHAIOT Bpa-
waTeJabHbIME Vo — IHAHHAPHYECKUMH € 3aKpanHamH. CoejluHelnne MeXAY BWIKOH H

= | L]
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Puc. 3.24, ipo6uaxa TeacMHT aAs BTOPHUHOTo Apo6GreHHs paunoHasbHas cxema 6es waGum-
TOMHLIX CBR3EH
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Puc. 3.25. OpvHapHbIA kap-

AaHHBA WapHMp Yy
pe L
IN\\\Y

KpeCToM CJleflyeT PaccMaTpHBaTh KakK OfHY KHHEMaTHYeCKYIO Napy, HecMOTps Ha To, YTO
8TO COEHHEHHE COCTOMT M3 JBYX 4acTeil, TAK KaK HX H3rOTOBJISIIOT C OAHOH YCTAHOBKH Ha
cranke. CllefoBaTe/bHO, COBnajeHHe HX ocell BHIMOJHAIOT C GOJMbILOA TOYHOCTHIO.

TMocnennsns napa /lg — Koabuesasi, ee O6LIYHO BHIMOJHAIOT H3 chepHUECKOro noa-
LIHNHHKA KayeHHsi C HapyXHbIM KOJMbIIOM Ha MOABHXHOH nocajike. B TakoM MexaHuame
w=1n=3 py=3 py=1ng=1—63+53+ 2 = 0, T. e. H3GHITOUHHX
cBA3eil HeT.

B kapaanuoM wapHupe A He6ONbLIMX HArpy30K, ONMHPAIOLEMCH HAa MOALIHNHHKH
CKOJIbXKEHHS, KHHeMaTHuecKyio napy //g MOXHO BHLIMOJIHHTb KaK IHIHHAPHYECKYIO Ge3
3aKpaHH C 3a30paMH NpPH YCJIOBHH JOCTATOYHOFO YAaJleHHs ee OT LleHTpa wapuupa (naTb—
AecsATb PajuycoB BHJIKH) H HeGOJblIONH AJIHHB BKJAajbiila (He Gojblie LHaMeTpa Baja).

3a30pbl B KHHEMATHYECKHX N1apaX yBeJIHUHBAIOT yIJIOBbie MOABHXHOCTH H He BIHSIOT
Ha JuHeinble. [TosToMy 3a30pbl, chenaHHble B LHJIHHAPHYecKoit nape [V,, o6pawaior
ee B napy //,. .

Ecsnn Bmecto napst /1 nocraButh coepuyeckyto napy /715, To NosyunTcss MeXaHH3M
C OLHOI H36LITOYHO CBA3bIO, B KOTOPOM PacCTOSHHS MEXAY LeHTpoM cdepbl H LEHTPOM
KPecTa Ha CTOMKe H BeJJOMOM Bajly CjlellyeT BbiOJIHATb TOYHO OAHHAKOBLIMH. Ecsin BMecTo
napu /I3 noctaBuTh LMAMNIPHUecKYi0 napy [V, (6e3 3aKpanu), TO NOJYYHTCSH MeXaHHU3M
¢ IByMs H36bITOuHbIMH cBA3AMH. [loTpe6yeTcs TOuHOe coBnajeHue oceit STHX IHIHHAPOB
Ha CTOMKe H BLIXOLHOM Bajy (&Ba pa3mepa).

Ecain BMecto napul //3 nocraBuTh BpallaTedbHylo napy V,, To monyyuTcs MeXaHu3M
C Tpemsi H36bLITOYHBIMH cBA3AMH. [loTpeGyeTcs coBnajeHHe Tpex pa3MepoB Ha CToiike
M Ha BLIXOLHOM Bajly: COBNajeHHe OCel LMJIMHAPOB H PAaBEHCTBO PACCTOSIHHH OT mnapu
N0 ueHTpa Kpecta. Tpe6oBaHHe TOYHOrO BBIMOJIHEHHSI 3THX Pa3MepoB YAOpPOXKaeT H3ro-
TOBJIEHHE MEXaHH3MA H CHUXKAeT ero HaJleXKHOCTb B SKCIUIyaTalHH, TAK KaK NPH H3MEHEHHH
pa3mepoB (Hanpumep, OT HarpeBa WJH NpocafKH ¢yHAaMeHTa) MEXaHH3M Harpymaercs
J106aBOYHBLIMH CHJIaMH, KOTOpble YBEJHYHBAIOT TPeHHe M MOTYT NMpPHBECTH K MOJOMKe
3BeHbeB. [103TOMy KapaaHbl ¢ H36LITOYHBIMM CBS3SMH NMPHMEHATb He CJAeAyeT.

B npakTHKe BO3MOXeH ciyyail, KOTAa H Ha BelylleM H Ha BeOMOM BajaX Heo6Xo-
JAHMMEl BpaulaTeJbHble napbl Vs, T. €. HH HA OLHOM Bajly Hesb3fl cTaBuTb napy /g (Koje-
Ganusl BaJla HeONYCTHMbI). B 3TOM cilyyae MOXKHO [IPHUMEHATb WM ABOMHON KapAaH, Win
KaplaH ¢ Ky6ukom (puc. 3.26, a). DroT MexaHu3M NPH HAJTHUHK 3330pa B OCEBOM Hanpas-
JIEHUH MeXXLy KyGHKOM H BHJIKOM JOMYyCKaeT YTo/ MeX1y HanpasJeHHsAMH BajnoB. Toro xe
MOXHO JIOCTHYb CKOCAMH YIJIOB KY6HKa. JIOMyCTHMbii yros 3aBHCHT OT 3a30pa WM BeJiH-
UMHH CKOCa yryoB Ky6uka. B 3ToM MexaHH3Me MOABHXHOCTb W = 2, TaK KaK Kpome
OCHOBHOH MOIBHMHOCTH (BpallleHHs) HMeeTCsl OCeBasi NOIABHIKHOCTbL KYGHKAa B mpeiesax
islfagpgs; H36BITOUHbIE CBA3H OTCYTCTBYIOT, 7. €. no ¢dopmyse (1.1) g =2 —6-3+ 5-2

-2=0.

DTOT MeXaHH3M B KayecTBe KapAaHHOTO WAPHUPA 4O CHX NOP He NPHMEHSJIH H CYH-
TaJH BO3MOXKHBIM HCMO/b30BaTh €r0 TOJbKO MPH NapajjenbHbiX OCAX, T. €. B KauecTBe
MydThi Onbarema. Jlake B KJacciuecKOM ucnoiiHeHud mydra OsibArema npH HajaHuUH
3a30pa B OCEBOM HaNPABAEHHH MOXKET CIYXHTb KapAaHHbIM wapHuUpoM. [leso B ToM, uTo
NJI0CKOCTHast napa ///5, npuMeHeHHas MeXLY KPECTOM M BHJIKOW, AOMYCKAeT OTHOCHTEb-
HOe BpalleHHe, T.e. MOXeT 3aMeHWTb BpallaTeJbHYIO mapy.

Kappan ¢ Ky6MKOM B KHHEMaTHUeCKOM OTHOLIEHHH PABHOLEHEH OOHYHOMY ORMHap-
HOMY KaplaHy, T. e. JaeT HeNOCTOfHHOEe MepefaToyHOe OTHOLIeHHE € KoaddHiueHTOM

HEPaBHOMEPHOCTH, NPHGIHKEHHO paBHEIM KBAaIpaTy yrjia (B palHaHax) MexAy
OCSIMH.
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Puc. 3.26. Kapaann (Mosean ka6buuera TMM MBTYVY):
a — ¢ Ky6ukoMm; 6 — c napamu IV

MexanuaMm c ogHoit mapoit V, v Tpems napamu /' V, (puc. 3.26, 6) He uMeeT H3GHTOYHHIX
cBaseit, T.e. ¢=w—6n+ Spy + 4pry+ o =11 —6:3+ 514 4-3=0.

OnHaKo OH HEe MOXKET CJIYXHTb KapAaHHbIM IIaPHHPOM, TaK KaK NPH HAJHYMH CLBHIa
ocCeit U yria MexAy HHMH Baa c mapoi [V, coBepliaeT Koje6aTelbHOe IBHXKEHHE BIOJb
OCH C YABOEHHOM 4acTOTOH. AMIVIHTYLY MOXHO PEryJHpoBaTh CIABHIOM OCell HWJIH H3Me-
HeHHeM yrJyia Mexay HuMH. [ToaToMy MexaHH3M MOXKHO NMPHMEHATb LIS NpeoGpa3oBaHHA
BpallaTeJpHOTO ABHXKEHHS! B NOCTynaTelbHOe, KOTAa TpeGyeTcsl peryJiupoBaHHE aMILIH-
TyAB, NpaBAa, MOCJEIHAs MNOJNYyyaeTcsl OYeHb HeGOJIbLIOH.

Ha npakTHKe NpHMeHsSIOT ABOifHble KapAaHbl. Ec/iH MeXaHH3M cocTaBisIOT H3 ABYX
mapuupos Kapaana (puc. 3.27, a), T0 He06X04HMO Ha OHOM U3 BaJIOB (Be1ylEM, BELOMOM
HJIH TPOMEXYTOYHOM) NOCTaBHTb CBOGOAHOE LIJIHIlEBOe COefHHeHHe (MocTynaresbHYIO
napy Vj). IlpomexyTouHbifl BaJHK He HO/XKeH MMeTb MOAWIHNHHKOB. IIpH BeimOJHEHHH
9THX YCJOBHH H36LITOYHbIE CBSI3H OTCYTCTBYIOT, T.e. § =W — 6n + 5pv+ =
=1—6-6+4 57 = 0 u Mexanu3am 6yzer Hajgexno pa6oratb. IIpu oTcyTcTBHH wIIHILE-
BOrO COeHHEHHS] OCTaeTcsl OfHa HM36bITOYHAsl CBA3b, YTO B TaKHX MeXaHH3MaX BeleT
K MOJIOMKaM.

H3abexarp WHIEBOro coe[MHEHHS MOXKHO, €C/IH OfHH WIH 06a KapAiaHa B3fiTb YHH-
BepcaslbHbIMH, T. €. JONYCKaIOUMMH OCeBYIO NMOABHKHOCTL (puc. 3.27, 6). B sTom ciyuae
OJMH M3 KaplaHOB BbinojHeH 3y6uatbiM. IlpH stoM g =1 —6-44 544 3-1 =0,
T. €. M30bITOYHble CBA3H TaKXXe OTCYTCTBYIOT.

Ciienyer mpefoctepeyb OT NpPHMEHEHHS MOALUIHIIHHKOB Ha MPOMEXYTOUHOM Basly
IBOIHOTO KapAaHHOrO MeXaHHM3Ma, TaK KaK OHH HAMHOTO YBEJHYHBAIOT YHCAO H3GHITOY-
HbIX CBfi3eil.

% J'f
T, =
/%(%y

3
2 a)

r, B

& YZ Puc. 3.27. KapaaHwei:

% a — ABofiHOA; 6 — ABOHHOR C
6) \U(Y > OMHHM YHMBEPCaNbHbM 3yG-
2

YaThiM KapAaHuom
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Puc. 3.28. KapaaHbl € nNJAOCKOCTHBIMM napamu:

a — ABoiHOl TpakTa; 6 — NpoOKaTHBI; 6 — nplMensieMbli B TIHJIHTPHMOBBLIX CTaHax; 2 =
pekoMenAyembill (6e3 H3GHIT(YHBIX CBA3ER)

HniepecHo peinena npo6nema ycTpaneHHs H3GBITOUHBIX CBSi3el B Mexann3Me Tpakra
(puc. 3.28, a). T'o cBoeit KHHeMa1HKe 3TOT MeXaHH3M NPeAcTaB/seT cO60M ABOMNON MapHUP
Kappana, HO BMeCTO 1ecTH MOJABHXXHbIX 3BeHbeB B HeM yeTeipe. KpecThl B HeM coefHHEHH
He yepe3 Ba IPOMEXYTOUYHBIX 3BeHa H BpalllaTe/IbHYI0, NOCTYNaTeAbHYIO H BPalllaTelbHYI0
Napel, a HeNocpPeACTBEHHO yepe3 MJIOCKOCTHYI0 napy //13, T. e. coXpaHeHbl TPH OTHOCH=
TeJIbHble NOABHIKHOCTH. [110CKOCTHASA mapa BbiNOJHEHa B BHAE rJ1yGOKOro nas3a Ha ORXHOM
3BeHe, B KOTOPbii BXOLHT MJIaCTHHa Kouua.apyroro 3BeHa. OHa o6ecrneuHBaer 3BeHbSAM
(Xpeciam) TaKoe XKe OTHOCHTeNbHOEe HABHXeHHe, KaK H B OOGbIYHOM ABOIiHOM KapiaHe,
Jlas c60pKH BpawaTeapHbiX nap V, noBepxHocTb uX Hand cnuiena. [las c60pku uangu
nosep1biBaioT Ha 90°. H36biTounble CBA3H B MeXaHH3Me OTCYTCTBYIOT, T. €. § = W — 6n -
+ 5oy +3pyp=1—64+54+31=0.

Mexanusm TpaKta TPYAHO BLINOJIHHTL HAa MOJWMNHHKAX KadyeHHs. Ilas o6paGoTkm
€ro 3BeHbeB HYXHbl CrellHaJjbHble NpHcnocobnents, 6e3 KOTOPbIX 3BeHbsl TPYAHO 3aKpe-
NUTb Ha CTaHKe, NO3TOMY OH He NMPHrOfieH AJS HHAMBHAYaJbHOro H3rotoBjenus. Kpome
TOro, B HeM TPYAHO MOJYUHTb GOJILIIOR YroJ MeXAy OCSMH.

Kapnau, npumensieMblii B NpOKaTHbIX cTanax (puc. 3.28, 6), Tak Xe BiseTCH YHH-
BepcaibuLIM. Bpamaiomuit MoMEHT B HeM mepelaeTcsl yepe3 ABa BKJaibllia B BHLE LH-
JIHHIDHYECKHX CErMEHTOB C 8aKpaHHaMH. Jlpyrasi cTopoHa BKJIaJbllIa COCTaBJASAET C BENO-
MOH BHJIKO#R nyiockocTHYI0 napy I115. UTo6bl BefoMas BWIKa He BEICKOUHJIA B PajiHailbHOM
HanpaB/eHHH, NOCTAaBJeH KYJHCHbIR KaMeHb B BHJAe Napajlleenuneia, COeAHHEHHOTO
€ BKJIaJbliiaMH BpallareJbHbIMH napamu. Tak KaK BOJb OCH €ro MOXeT (MKCHPOBaTh
TOJIbKO OfiHa W3 3THX nap, KoTopas sBjseTcs napoit V,, To BTOpYIO CleAyeT CUMTaTh na-
poii /V,. Onopuble moAwMnHUKK (€c/aH paccMaTpHBATh ORMHAPHBIA KapAaH) AO/KHH
6uiTb Wapamn V, u 1115 (na puc. 3.28, 6 ne nokasanbl). Uncno u3GLITOUHLIX CBA3el ¢ =
=1—65+54+4-14+34=7.

Kyaucublit KaMeHb JO/MXKeEH UMETh BpalllaTelibHOe ABHXKEHHE OTHOCHTENbHO BKJAAJH-
wefl, T. e. MEXAY HHMH JLONKHO GblTb MATb YCJIOBHH CBA3H, a HMeeTc 5+ 4 = 9. Ye-
Thipe H3 HUX M36LITOUHBE, OHH MOTYT BbI3BaTb HEPaBHOMEPHYIO HAarpy3Ky ABYX IIHNOB
B ABYX niockocisx. ITostomy Heo6xopmmo obecrneynTb cOBNajenHe oceil OTBepCTHH BO
BKJaJLIIAX H COBNajeHue ocefl INMNOB Ky/iucHoro KamHsi. Ilocsensee ycnosue nerxo
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A
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Puc. 3.29. JisoiiHoi#t Tpexno-
BOAKOBLINi KaplaH KOHCTPYK-
uur LLHHHM Mnc

BLINOJIHUTL, OGTOYHB OCH B LeHTpaX. Tpu Apyrue H3GHITOUHbIE CBSA3H MOTYT BHI3BATh
HepaBHOMEPHYIO HarPy3KY MJIOCKOCTHBIX nap /115 MexAy BKAaJbIlIaMH H BUJIKO# H MEXLY
KYJIHCHbIM KPEMHeM H BUJKOW. [103TOMY TeXHONOrHA H3rOTOBJCHHA MeXaHH3Ma AOIKHA
6bITb XOPOLIO MPOAYMaHa M 06ecneynBaTh HaNJIEXKALLYIO NapaielbHOCTh H MeprenauKy-
aspHocTb niockocTelt. TosmuHa BWIKH J0MKHA COOTBETCTBOBATb PACCTOSHHIO MCXKAY
BK/IAAbILIAMH,

Bonbuioe 4HCAO HM3GLITOYHBIX CBA3EH — CYUIECTBEHHbIH NEAOCTaTOK NPOKATHOro
Kapaana. CBo6ojieH OT 3TOr0 HeAOCTaTKa KaplaH, NpuMeHseMblil B MHIHTPUMOBLIX CTaHaX
(puc. 3.28, 6, nonepeuHuiit paspes). Buiku Beayuiero M BelOMOro BajioB, MOKa3aHhble
JleBOi U NPaBoil WUTPHXOBKOH, BXOAAT APYT B APyra. MOMeHT nepeaaloT yeTbipe wapoBbIX
cerMenta — 1Ba AJf NPAMOro BpallenHus H JBa Aas o6patuoro. [Ipu npsiMom Bpamennu
CerMeHTbl AJISi O6PATHOrO BPAIUEHHS LEHTPHPYIOT BHIAKH. [103TOMY OHM AO/KHBI GbiTh
NPHKATHL, YTO U BbI3bIBAET OJHY M3GLITOUHYIO CBfA3b (CM. MOACYET Ha puc. 3.28, 6), KoTO-
pasi, OAHAKO, HE HApYLIAeT CaMOYCTAaHABJIWBAaeMOCTH M PaBHOMEDHOTO pacrnpeleneHust
Harpy3KH MeXAy TPYLIMMHCS MOBEPXHOCTAMH, MO3TOMY BPel OT Hee MHHHMaJIeH. YcTpa-
HHTb 3Ty CBA3b MOMKHO, €CJIH MPHUMEHHTb KaplaH C LIecTblo cerMenTaMmH (puc. 3.28, &) —
TpeMsi A1 NPAMOTO H Tpemsl s 06paTHoro spauienns. [Ipu npsaMom xolie Tpu cermexTa
GyAyT XOpOIIO LIeHTPHPOBATb KapiaH, H CerMeHThi OGPaTHOro XoAa MOTYT He KacaTbCH
H He CO3AaBaTb H3GbITOUHOM CBA3HM (CM. noiacuer Ha pHc. 3.28, o).

B npoxatHbiXx cTanax OGLIMHO MPHMEHSIOT ABOHHble KapiaHb. ClelyeT MOMHHTb,
YTO MPOMeXKYTOUHBIH BaJ HMeeT NPOOJALHYIO MOABHXKHOCTD B Npefeaax 3a3opos. [loatomy
npH pacuerax cielyeT 6paTh w = 2.

IllapHupHble KapAaHbl O CHX MOp BHINOJHAJIM HA BpamaTelbHbiX napax V, (kpome
ofnoit onopsl). Ecin npumenutsb chepuyeckue wapuupbl ///;, T0O MOXHO NONYYHTH HOBbIE
KOHCTPYKUUHH KapfiaHHbiX MexanuamoB (puc. 3.29). YwuusepcaibHbili luapHup, T, €.
WApHUp, nepefaiowHil MeX1y BajaMH MOMEHT BOKDYT OCH Bajla M CHJIBI MO OCAM, Mep-
NeHIHKYASPHLIM K OCH Bajla, COCTOMT M3 JBYX TPOHHLIX BHJIOK, COeAHHEHHBIX TpeMs
TAramu. Ha puc. 3.29 nokasan ABoOitHOil TpeXnoBOAKOBbIA Kapaan KoHctpykuunn LIHHMH
MIIC na peaunoBbix 6/70Kax, KOTOpble CilelyeT paccMatphBaTh Kak napy //1'. B weit
Najblibl COeJHHENbI C BUWJIKaMH, a BTYJIKH — c noBoakamu. B. H. Epmak coefnnna BTyikH
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Puc. 3.30. TpexnoBoAKOBBHA Kappam
KoHcTpykuuu B. H, Epmaka

Puc. 3.31. YeTnipexnoBOAKOBLIA  Kap-
AaHHBIA WapHUP

¢ BUAKaMu (paanuamu), a najbiel ¢ nopogkamu (puc. 3.30). IloBoxku momyunauce u3
JBYX MJIaCTHH, YTO HE ONACHO BCIEACTBHE 3/1aCTHYHOCTH PE3HHOBBbIX GJIOKOB. YMeHbLiH-
JINCb MOMEHTHI, H3rHGaioliHe Najblbl, H YCTPAHHIHCh MOMEHTbI B 3ajle/IKe 3THX MaJblieB.
®nauubl NpHOGAH3WINCL APYT K APYry, MOSTOMY COKpaTH/Jach OCeBas JJIHHA Kapiana,
u4TO B JIOKOMOTHBAX OUY€Hb BaM{HO.

MexaHU3M 0COGEHHO BbIFOAEH A/IAl XKeJe3HOAOPOMXHOro TPAHCMOPTa NPH BHMNOJHEHHH
IIapHHPOB Ha caillenT-60Kkax (Ha pe3nHe). [IpH HeGOJbLLWIKHX YrJaX MeXAy OCAMH HX
MOJKHO BHIIOJIHATb TaK3Ke Ha chepHYECKHX NOAWUNHUKAX KadeHusi. Ha puc. 3.29 nokasan
IBO{HOl TPexXnoBoAKOBbLIi Wwaphuup. Onopbl Belyllero H BeAOMOro Baja — napbi Vo —
He noKa3anbl. CoelHHUTENbHbIE TATH HMEIOT MeCTHbie MOJABHXXHOCTH — BpallleHHe BOKpyr
CBOEii OCH, YTO AaeT LiecTb NOABHXHOCTell. Kpome TOro, uMeercs oceBasi MONBHIKHOCTD
NPOMEXYTOUHOrO Bajla B MNpejeiaX 3a30pOB H OCHOBHAs MNOJBHIKHOCTb — BpalleHHe
MexaHusma. [lostomy w = 8. Tlo ¢opmyae (1.1) ¢ =8 —6-9+ 5-24.3:-12 =0,
T. €. U36bITOYNBle CBA3H orcyTcTBYI0T. Harpyaka Ha wapuupel B 1,5 pasa MeHblue, uem
Yy O6blyHOrO KapAaHHOrO wWapHHpa.

KuneMaTuka TpeXmOBOAKOBOrO KapiaHa uccileroBana M. A. daxpuesum [37).

" 1
On yCTaHOBHII, YTO LEHTP BEAOMOIl BHIAKH OMHCHIBAET OKP yXKHOCTb PafHYCcOM P = T Ry?,

rae R — panuyc BHJIKM; Y — YroJ MeX1y OCAMH. Ty OKPYKHOCTb UEHTP BHIKH OMHCHI-
BaeT 3 pa3a 32 O HH 060pOT Kapaana. [1o3ToMy TPeXnOBOLKOBbI} KapAaH HeypaBHOBeLIEH.
Ou npurogex AJs 3J1eKTPOBO30B, Tlle yroJ MeXAy OCAMH Y OueHb MaJl, H He FOLHTCH Anf
aBTOMOGHJIeH, Y KOTOPLIX 3TOT yroa ropasio Goblue.

Yron noBopota BeLOMOro Baja

_ n 1 .»
‘P-—a—'—3-+;‘—17§-?,

Tie @ — yroj nosopoTa Beayulero Baja. Tperuit ujied B ¢opMyjie NOKasbiBaer, 4To
BEJIOMbIl BaJl no/yyaeT 106aBOUHbIA YroJ NOBOPOTa, NPONOPLHOHAJIbHBIA KBaAPATy yria
Mexay ocamu v. [lpn ¥ = const, kak o6biuHo K GbiBaeT, nepefaToOyHOE YHCJIO MOCTOSHHO.

OO6bIKHOBCHHBIH KapAaH NepellaeT Mex]1y BajaMHM uyeTbipe YCJIOBHS CBSI3H, MOMEHT
H CHJIBI 110 TpeM ocAM KoopAHHAT. [TosToMy noTpe6ylOTCH yeTbipe COefHHUTeNbHBIE TATH,
Tarn ¥ BWIKH NOMXHBI GbiTb PAcnoNOKeHbl B Pa3HbIX MJIOCKOCTAX, HHAue MNOJYYHTCS
cfaTHuecKas Heonpele/eHHOCTb H JIMWHSAS NOLBHXKHOCTb BAOAL OCH Bana (puc. 3.31).

IMpn npaBuabiioM pacnosoxenun: w = 1 + 4 = 5 (yeThipe MeCTHbIe MOXBHKHOCTH
TAT) H36BLITOUHble CBA3H OTCYTCTBYIOT, T.e. ¢ = 5—6-6-+ 5-1 4+ 3.8+ 2:1 = 0.

B 4eTbipexnoBoKOBOM KapiaHe Harpy3Ka Ha WApHUPH NOY4TH B 2 Pa3a MeHbllle, YeM
Yy OOBIYHOTO KapAAHHOTO UIApHHpA.
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3.6. KAPAJAHbI C BbLICHIUMH TNAPAMH

B nociennee Bpemsi NOJYYHJIH pacnpocTpaHeHHe COeIHHEHHs BaJOB, B KOTOPHIX
CHJILI MepelaloTcsl uepes WapHKH. B Takux MexaHH3Max JIerko J0CTHYb NOCTOSIHCTBA Nepe-
IaTo4YHOro oTHoweHHs. OLHAKO KOHCTPYKUHH TaKHX MEXaHH3MOB OTJIHYAIOTCA GOJbLIMM
4MC/IOM U3GBITOYHBIX CBfA3eH.

B mexanusme Beiica (puc. 3.32, a) cuabl OT Bepyuel BWIKH K BeJOMOA mepeRaloTcst
He yepe3 KPecT, a Yepe3 JiBa IlapHKa, KOTOpbie KAaTATCSA 10 KPYTOBLIM 3Kejl06aM, BbIOJIHEH-
HbIM Ha BWIKax. [IBa ApPYrHx IIapHKa cJyXKaT Ajs nepeiayH MOMeHTa B OGpaTHOM Ha-
NpaB/ieHUH, a NPH NPSAMOM HaNPaBJIEHHH MOMEHTa OHHM He paGoOTalOT, MOSTOMY YUHTHIBATH
uX He 6yfeM. CpelHHil IIaPHK CAYXKHT JJIsl HEHTPHPOBAHHA BHJIOK. BcesencTshe cumme-
TPUYHOCTH MeXaHH3Ma OTHOCHTEJbHO BeAyllell M BEeJOMOH BHWJOK HX YIJIOBHE CKOPOCTH
ONMHAKOBHI, MO3TOMY MepejaTOYHOE YHCJIO MOCTOSIHHO H paBHO efHHuuUe. UHCI0 noaBHK-
HbIX 3BeHbeB (1Be BUIKH U TpH 1apuKa) n = 5. IIpu onpenesneinH NOABHMKHOCTH caefyeT
MOMHHTb, YTO KaXAblil IapHK BCAEACTBHE BO3MOXXHOIO MPOCKaMb3biBaHHA HMEET MeCTHble
(nacc_lil_ngug) nolzgamxnocm — BpallleHHe BOKPYT Tpex oceil KOOpAHHAT, MO3TOMY W =
= l . = .

CoeuHenHe MApHKOB Mo xesnoly sB/seTcss KHHeMaTHuecKoi napoit [/ (kosbue-
Boit). llenTpa/spHEIl WIAPHK C BWIKAaMH cocTabjisieT cdepudyeckue mapet /15, Tlo (1.1)
paiitem ¢ = 10 —6:5-+4 524 3-24 2.4 = 4,

MeXaHH3M MOXHO YCOBEpILEHCTBOBATb, €CJAH JABOHHble BHJIKH 3aMEHHTb TPOHHBIMH
H NepefaBaTb MOMEHT uepe3 TpHM mapuka. Toraa Harpyska Ha WAapHK yMEHbLIHTCS
B 1,5 pa3a; cpeanuft apHK He HYXeH, TaK KaK TPH IIapHKa CaMH LEHTPHPYIOT BUJKH.

OnHy M3 KHHeMaTHueCKHX nap V, Halo 3aMenuTb napoit /1/; (chepuueckoit). B stom
mexanusme w=1+4+3-3=10 u n=5, ¢=10—6-54+5-14+3-14+2:6=0.
Takoit MexauuaM paspaGoran B. B. Cmupuosuim (MBTY).

Mexannam Puenna (puc. 3.32, 6) cocToHT H3 3BeHbeB cepHUeCKOil HOPMHI C XKeJOo-
6aMu /Al LIAPHUKOB B OCEBOH MJIOCKOCTH (MepHAHOHaNbHbIMH). OZHO H3 3BeHbeB HMeeT
BHELIHIO CdepHuuecKyto MOBEPXHOCTb, a ApYroe — BHYTPeHHIOW. B keno6ax sanoxeHnl
apHKH (OOHYHO IIECTb), KOTOPblE NPH MOMOLIH Cenaparopa H LeJHTeNbHOrO MeXaHH3Ma
YAEPKHBAIOTCH B IJIOCKOCTH, Aeqsilllell yroa Mexay ocsiMH monosiaM. IToaBHXKHOCTH
MeXaHH3Ma CKJaibiBaeTCi H3 OCHOBHOH MOABHXKHOCTH, MECTHOH MOABHXKHOCTH ILECTH
IIapHKOB M MECTHOH MOABIKHOCTH (BpallleHHs) pbluara feuteabHoro Mexanusma. Ilo-
aToMy @w =1+ 6-3+ 1 = 20.

Kax bt wapuk coefHHeH ¢ cenapaToOpoM H rOJIOBKaMH BeAylero H BeLOMOro BajoB
TpeMs KoJbLieBbIMH napamu [/3. JIBe TaKHe Xe Napbl HMEIOTCH MEXKAY AeHTEIbHbIM pblua-
TOM M TOJIOBKOW H pblyaroM H cenapatopoMm. OnopHvie MOJWIHMHHKHM cuMTaeM mapoit V.
Yucno u36bTOUHBIX cBA3eH ¢ = 20 — 6-10 + 5:2+ 3-1 + 2:20 = 13. TIpn TaKoM
OrPOMHOM 4HCJle H3GHITOYHBIX CBSi3eil MeXaHH3M MOXET pa6oTaTb TOMABLKO NMPH OYEHb TOY-
HOM H3TOTOBJIEHHH.

Konokonbubiit Kapaan (puc. 3.33, a) sBAsieTCA yHHBEPCAJbHLIM, T. €. AOMYCKaer
oceBoe nepemeteHne oceil. [loaTomy oH He Tpe6yeT oceBOil MONBHKHOCTH B NOALIUIHHKAX.
Tocneanne BoimonusOTCS: OAMH KaK BpallateabHas napa Vs, Apyroft Kak cdepHueckas
napa /115, Kaxnabii poJuk pa6oTaet no ABYM MOBEPXHOCTAM — IJIOCKOCTH H IMJIHHADY
M CaM COCTOHT W3 LMIMHAPHYECKOH M cdepuuecKolrt paGounx nosepxuocteii. ITostomy
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Puc. 3.32. lapHupbl € MOCTOAHHLIM NEPEJATOUHBIM THCAOM:
a — Be#ca; 6 — Puenna




Kapdanet ¢ évicuumu napamu 127

# T,
I
AW 2 sy
( I 1, s
I ~
é | [y
—="
N {73 W7,
4 m,
I 0 §=3

Puc. 38.33. YHuBepcalbHLIE KONOKOJbHbLIE KapaaHbi:
a_— ¢ TpeMsl H3GHLITOYHLIMH CBA3AMH; 6 — Ge3 H3OHTOUHLIX CBA3eR

STH Y4acTKH HEOGXOAUMO PacCMaTpHBaTh Kak OTAebHble napul /1, u /13. B paananpnom
HanpasJleHHH MOXeT MPHXXHMATbCS TOJNbKO OXHH POJIHK, 3 B OKPYXXHOM — 06a, Mo3TOMY
pII =3

TMonBHKHOCTL MeXanuama (OCHOBHAs M MPOCKaJb3nBaHHe ABYX POJHKOB) w = 3.
Io ¢opmyne (1.1) g=3 —6-44 53431+ 2:3=3.

V36niTounbie CBA3M MOT'YT BhI3BaTb HepaBHOMepPHOe pacmpefieleHHe Harpy3KH no
obpasyiomeil poinka H cdepuueckoit moBepxHocTH. [TosTOMy HeO6XOXHMO TOUHOE H3ro-
TOBJIEHHE MeXaHM3Ma. YCTPaHHTb 3TH CBA3H TPYAHO. MOXHO POJIMKH BbINOJIHUTL chepH-
yeckumH (puc. 3.33, 6), a pa6oune NOBEPXHOCTH KONOKO/IA — B BHJI€ ABYX MapaJjljieJbHbiX
nuaunapos. Toraa uncio KuHeMmaTHueckux map tuna //g (Koabueswx) p,, = 2.

KnnemaTHuecKylo napy MexxAy ORHHM POJHKOM H BOXHNOM CJ1efyeT CYUHTATh Napoi Vg,
3 MeX1y APYTHM POJMKOM W BOAWJIOM — napoit /V,, Tak KaK BOAH/IO B PajHaJbHOM Ha-
NpaB/jeHHH MOXKET NMPHKHMATbCA TOJIbKO K OLHOMY PONHKY. Kak W y BCAKOro yHuBep-
CaJIbHOTO KapjaHa, €ro ONOPHbLIMH MOALIMMHHKAMH BbIGHpaloT: ofHH V,, a apyroii —
1115. s6uitounble cBsi3n g = 3 — 64 + 5-2+4 4-1+4 3-1+ 2-2 = 0. K coxanenmuio,
B 3TOM MeXaHH3Me MPH HAJHYHH YIJ1a MeXAY OCSMH BOAHJIO He GyNeT TOUHO LEHTPHPO-
BaTbCHi, MO3TOMY MEXaHH3M SBJAETCS HeypaBHOBeLIEHHBIM.

He uMeer u3GhiTounbIX CBfi3ell 1 MexaHu3Mm, pa3pa6otaunniit M. H. JlbicoBuM. B Hem
POJIHK BHIMOJIHEH cePHYECKHM, 8 COOTBETCTBYIOIHA eMy KeJlo6 LHIHHApHYeCKHM. Mexa-
HHM3M mepelaeT TOJNbKO CHNY (OAHO YCJOBHE CBSI3H), NO3TOMY OMOPHl O60HX BaJOB BHINOJA-
HeHHl Ha BpalatebHbiX napax V, (puc. 3.34, a). INoaBuxHOCTb W = 2 (OCHOBHaA U Npo-
CKanb3biBaHHe pojinka). Is6biTouHble cBA3M ¢ = 2 — 6-3+ 5-2-4 4-14 21 = 0.
TMomuunuuke 3TOr0 Mexanu3Ma HarpyXeHwbol OKPYIKHOH CHJION.

Jlast ycTpaHeHuss H3GHTOUHBIX CBsidell (C1yyail HeGOABLIOTO YIJ1a MeEXAY OCHAMH)
oueHb yA06eH 3y6uaTwlit kapaaH. lllnnneBoe coefinHenye MpH MaJoi A/1uHe 32 cyeT GOMb-
IIHX 3330pOB NOJy4aeT JONOJHHTENbHbIE YIJIOBble NOABHIKHOCTH, T. €. CTAHOBUTCS COERH-
HeHuem He Vg, a [1]%, uto TpeGyeTcs LISl YHHBepcaJbHOTO KaplaHa. B sy6uaThx xap-
AaHax A/is yAo6CTBa H3TOTOBJEHHS NPHMEHSIOT 3BOJbLBEHTHOE 3alenJienne. BHyTpenHni
BeHell BLINOMHAIT 3y6ononbnenveM. Ha BHewineM BeHue fenaloT 6oukooGpasuuil 3y6.
Ipasna, B ayGuaroii Mydre Harpyska pacnpenensieTcsi MexXAy MHOTHMH 3yGbfiMH, T. €.
TIOJIy4aeTCsl CTaTHYECKH HeOmpelesUMOe pacrpefiesleHHe CHJI C MHOTHMH H3GHITOUHLIMH
CBA3AMH. OHAKO OHH fIBASIOTCH W3GLITOUHBIMH CBA3SIMH B KMHEMaTHUeCKOl Mape, KOTO-
PYIO MOXXHO BHLINOJIHHTD OYeHb TOUHO (HampuMep, OAHHAKOBHI IIar 3y6LeB), NO3TOMY STH
H3OLITOUHBlE CBSI3H He BPEAHbl M MX NMOACYMTHIBATb He Tpe6yercs. BpeAnuMHu sBARIOTCA
H36bITOYHblE CBA3H B MeXaHH3Me, [ie Ha pacnpeleieHHe HaTPY30K BAHSIOT pasMepH MHO-
THX 3B€HbEB M MOXET HMETb MECTO CyMMHpPOBaHHe NorpemHocTeil narotopnenus. [loaromy
B, pacyetax syGyaToe COeJHHEHHe CJieiyeT PacCMaTpHBaTh KaK KMHEMaTHUeCKYl0 mapy

115, Tlpu onpepesenuM MOABHKHOCTH ABOMHOTO 3y64aTOro KaplaHa HalO YYMTHBATh
NpoLoNbHEA pa3ber My¢TH, No3ToMy w = 2. M36uTouHbIE CBA3M B Npefielax MeXaHH3Ma
OTCYTCTBYIOT, T.€e. § = 2—6-3+ 5-2+ 3-2=0. .

K coxanennto, 3y6uaThiii Kapian AONYCKaeT TOJNbKO HEGOMBILON YTOM MEXIY OCAMH,

T. €. He Gosbuwe 1°30’.
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Puc. 3.34. Kappanm:
a — KoHCTpyKuuu M. H. JlbicoBa; 6 — ¢ uenHof napo#

KaphanublM wWwapHHpoM MOXKeT CJAYXHTb TaKxke uenHas mapa /V,, Koropas jaer
Heo6X04HMble YeTbipe YCIOBHSA cBA3H (pHc. 3.34, 6). H3-3a n10X0ro KOHTaKTa M GOJbLIKX
3a30pOB TaKoii IIAPHHP HENPHTrOZeH L1 MEXaHH4YeCKOro NPUBOAA; €r0 MOXKHO MPHMEHATL
TOJIbKO MPH PYYHOM NPHBOJAE (AJ51 OTKPbIBAHHsA JBepell, 3acIOHOK, XKaJiosH). Jljs Tex xe
nene MOXeT Cl1yXHTb napa /Vs — waposas co wTHTOM.

3.7. THBKHE KAPJAHbDI

B nocnenHee BpeMsi HayaJH IIHPOKO NPHMEHATb FMOGKHe COeLHHEHUS BaJOB, He Tpe-
6ylolllie cMa3biBaHHSI, He GOsillHecs 3arpsi3HeHHsl, He MNOABEpIKEeHHble H3HALIHBaHHMIO.
Taxkue coeuHeHHsl NPU NPaBUALHOIH KOHCTPYKIMH paGotaloT 6e30Tkasno. Ha puc. 3.35, a
nokasaH JABoiHOi ru6Kkuit Kapaan DBpoyn-Bosepu, npuMeHsiemblii Ha 3/1ekTpoBO3ax.
KapnanHbiit BaJ NPOXOAHT BHYTPH MOJIOTO Bajla 3JeKTPOABHraTedsi. ITHM o6bACHAeTCS
HeoObiuHOe pacnoJioxkenue onop. Ha anekTpoBo3ax npumensiior ABoiHON Kapiau. Has
ApPOCTOTHl PAacCMOTPHM OAMHapHbI KapAaH, CUMTas TNOAUWHNHHKH BajioB mapamu V,
u /115, KaK M JeNaloT y BCAKOrO YHHBEpCaJbHOrO KapiaHa. OH COCTOMT U3 THOKOro
CTaJIbHOTO JIHCTA, K KOTOPOMY KpensiT BWIKH BelyLlero H BeAOMOro BasioB JIHCT Haknajbi-
BaeT TPH YCJOBHS CBA3M, T. e. siBAserca napoit /1], uto TpebyeTca AN yHHBepCalb-
Horo Kappaua. Ma6eitounsie cBsiau ¢ = | — 6-2 - 5-1 4 3-2 = 0, uTo ykKasuiBaer na
TNPaBHJIbLHOCTb KOHCTPYKILHH.

Iu6kuit kapaau Cewepon npuMeHed Ha ajektpoBosax YUC-1. B uem Bmecto oanoro
JINCTA HCNOJIL3YIOT 12 nilacTHH, KaXAYI0 H3 KOTOPbIX MOXHO paccMaTpHBaTh Kak THOKHit
auct (napa //73). KoHun mjacTHH CleAyeT CYUMTAaTb KECTKHMU 3BeHbAMH. C BuIKaMH
HMX COEJHHSAIOT C noMoulbio Tpex uand (napwt V). TTostomy kKaprau Cewepon umeeT 6osb-
11108 YHC/IO U3GHITOUHBbIX cBsi3eil. OH TpeGyeT OueHb TOYHOIO WU3rOTOBJAEHHs W COOPKH. D10
BaXXHO MOMHHTb NPH PEMOHTE M 3aMeHe JeTajeil TAKOro MeXaHH3Ma.

Ha snexkTpoBosax kapaaubl CeluepoH, Tak e Kak M Kaplauot Bpoyu-Bosepn, npu-
MeHSIOT ABOMHbIMH. CTaBAT UX Ha GLICTPOXOAHOM BaJy, NpHYeM KapAaHHLIH Ba/JuK pac-
N07araloT BHYTPH M0JIOT0 BaJia TATOBOrO 3/eKTpoABHraTeasl. [n6Kne Kapaanbl HHKAKHMH
KOXYXaMH He 3aKpbIBalOT. YTOJ MeXAY OCAMH HeGOJIbIIOH, YTO CNOCO6CTBYET JOJIrOBey-
HOCTH MEXaHH3Ma, HeCMOTpSl Ha ero GbICTPOXOAHOCTb U GOJblLIHE MepefaBaeMble MOMEHTbI.

[MpumensioT W pesnHOBbie THOKHe COEJHHEHHS BaJIOB: B Buie Jucta (puc. 3.35, 6)
WIH B dopme aBTOMOGH/IbHOW WHHBL (puc. 3.35, 6). IlocnenHss KOHCTpyKUMSI COOTBeT-
CTBYeT LBOIHOMY coelMHeHHIO nepBoro Tuna. [TogBHXHOCTE B 3TOM ciyyae yAoGHO Onpe-
JeJHUTb MCXOASl M3 TOTO, UTO MPH MOCJAEeLOBaTeJbHOM COeAHHEHHH KHHEMaTHYeCKHX nap
MX MOABMMKHOCTH CK/ajpbiBailoTcs. CiielyeT y4ecTb, YTO NOABHKHOCTL B OCEBOM HampasJe-
HUH co3jaloT 06a coelHHeHHs, a NojydyaeTcs OfHa ofuwas oceBasi MOABHXHOCTb, T. €.
3:2 — 1 = 5 — Tpu nepemelleHHss NO TPeM OCAM KOOPAHHAT W 1Ba BpaleHHA BOKPYT
JBYX OCeil, mepnenaHKyAsApHbIX K ocH Baja. HaknaneiBaemoe ycnopue cBsisn 1 = 6 — 5
COOTBETCTBYET MNepejaBaeMOMY MOMEHTY BOKPYI OCH Baja.
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Puc. 3.35. F'ubkue xapaamnsl:

a — psoftHoft BpoyH-BoBepu; 6 — oAMHADHBIL Pe3uHOBbIAA; 6 — ABONHOA THMA aBTOMOGHALHOR
WHHb

Mexanuam, u3o6paxeuusblii Ha puc. 3.35, 6, BHINONHAIOT HAa MOAUIMNHHKAX, MPEACTaB-
JFIOWHKX co60fi BpalaTesbHbie napu V,. H36biTounbie cBSI3H 3fech OTCYTCTBYIOT, T. €.
g=1—6-24+52+4+1-1=0.

K coxanennio, Ha monepeunble JHHeHHble MOXBHXXHOCTH 3TOT KapAaH AaeT O4eHb
60.TbIIYIO JKECTKOCTb. DTO BLIABUIOCH MPH 3KCNJAyaTauHH BaroHoB DP (BbiXoh M3 CTPOR
NONWMNNHHKOB Belyliero 3y64aToro Kojeca H HepaBHOMEPHOCTb HATPy3KH MO JJIHHe
3y6a). ITostoMy paccuuTbiBaTb Ha monepeuHbie JHHeHHble NOJBHXKHOCTH B HeM HeueJse-
coo6pa3no. CuiefoBaTesbHO, KapAaH THNA aBTOMOGW/IbHOR LIHHBI HAAO HCMOJb30BaTh
TOILKO KaK OAMHAPHHI, a He KaK JBOHHOM.

3.8. 0 HEOBBIYHOA CXEME JBOAHOI0 KAPAAHHOI'0 LIAPHHUPA

Jns KapAaHHLIX IIaplHpPOB OGLIENPUHATHIMH HBIASAIOTCA CJAeAYIOLIHe MOJIOXKEHHS:

B ABOHHOM KapjaHe LJISi MOJyueHHA NMOCTOAHHOTO MepefaTOYHOTrO OTHOWEHHS BHIKH
060MX KapAaHOB Ha MPOMEXKYTOYHOM Bajly AOJUKHLI pacrnosaratbcsi B OZHON MJIOCKOCTH;

B KaXJIOM KapJaHe yroJ Mexay OCAMH J0JIKeH GbiTb He Goslee 45° H BO BCAKOM cilyuae
He MOXeT cocTaBaaTL 90°.

Ha wmexnmyHaponnoii xumuueckoit BeicTaBke B Mockse (1966 r.) skcnomuposaJjics
CMecHTesb Bekinapckoil dupmbl Buaun A. Baxoden (BAB), Mexanusm kotoporo onposep-
Faer 3tu monoxenns (puc. 3.36 u 3.37).

Puc. 3.36. Jisofivoit xapaaHHBLIf WapHUP,IpUMeE-
HAeMbill B cCMecHTeanx

Puc. 3.37, Jipyroe noloXenHe KapRaHHoro wapuupa,
NPUMEHACMOr0 B CMECHTEaNX
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Yron Mexay ocsimMu B HeM cocTaaser 180°, T, e. no 90° Ha kaxawii Kapaan. Ha npo-
MEXYTOUHOM Bajly IJIHHON [n BHJIKHM OGOHX KapiaHOB CTOAT NoA yraom 90°. Ogopmaen
OH B BHA€ NMPOCTPAHCTBEHHOH paMbl, BHYTPH KOTOpOH pacnonaraercs Gapa6an (Ha pu-
CYHKe He NI0Ka3an) O CMelIHBaeMbiM MaTepHajJoM. CIOXKHOe ABHXKEHHe 3TOrO 3BeHa Cno-
COGCTBYET XOpoileMy mnepeMelnBaHHI0. KpecTOBHHEI 060OHX KapAaHOB BLINOJHEHB! CO
CKpelleHHHMH OCIMH — DaccTofiHne MeXAy ocsiMH Ag. LllnnneBoe coepnneHue Ha mpo-
MEXYTOYHOM Bany oTcyTcTBYeT. [I03TOMY B MEXaHH3Me HMeeTCs OJiHA H3GLITOUHAS CBA3b.
B srom MoxHO y6eantncs, ucnoabsys gopmyay (1.1): g=1—6:54+56=1.

YCTpaHHTb HaTATH, CO3AaBaeMble 3TOI CBA3bIO, MOXHO, eCJIH BeAOMbI BaJ yCTaHO-
BHTb Ha NOABHXHOMN (Bpalarolleiics) pame, YTO NO3BOJIHJO Obl MeXaHH3MYy paboTaTb NpH
NnepeMeHHOM PACCTOSTHHH MeXJAYy OCAMHM BaJIoB, MJIH, KaK npeaioxua OBaKHMSAH, onopy
OLHOrO H3 BaJoOB caeaaTb napoit /V,.

[Mpu koadppunuente nepabnoMepHocTH & = 0,034 (61H3KOM K HYAI0) H3MEHEHHE MEX-
LLEHTPOBOI'O paccTosiHua coctaBaser 0,19/k, T. €. AOBONBHO 3HAYHTEJILHO, NOITOMY HeJlb3A
n36eXaTb KOCTAaHOBKHM MOALIHNHHMKA BeJAOMOrO Baja Ha Kaualoumylocs pamy.

HnTepecHo OTMETHTb, 4TO MepHOA M3MEHEHHSi MEXLEHTPOBOFO PAacCTOSHHA B 3TOM
MeXaHu3Me cocTasaser !/, 060poTa, B TPEXMOBOAKOBOM XKe KaPRaHe MePHOL CMeuleHHs
NOABHXKHOTO Baja pasen !/3 o6opoTa. B Mexannamax, noayueHHbiX u3 My¢te Oabirema,
nepuoA cMellcHUs paBed '/, 060pota, a B OOBHIYHLIX MJIOCKHX MEXaHH3MaX C HH3WIWMH
napamMy — oJHOMy 006OpOTY.

. K coxanennio, 3TH paccykjeHMs NOKa MMelOT TONLKO TEOPeTHYeCKHH HHTepec,
TaK KaK aMnjinTy1a 3TOTO KoleGaHus CAHLIKOM Maja A NPaKTHYeCKOTro NMpHMEeHeHHs.

3.9. JIOKOMOTHBHbBIE MEXAHH3Mb!

B HacTosiuiee BpeMA B NacCaMHPCKUX JOKOMOTHBaX B CBS3H C POCTOM CKOpocTei
BO3HHKJIa HEOOXOAHMOCTb YMEHblIEHHS ero HemojApeccopeHHoit Maccol. Tpampaiinoe
nojJBelHBaHHe TATOBOrO ABHFATes, Y KOTOPOTO NOJIOBHHA €r0 CHJIbI TAKECTH NepefaeTcs
Ha OCb yepe3 MOTOPHO-OCeBble MOAWHNHHUKH JBHraTelsi, CTajO HeNpHroiHbM. Tenepb
CTaJdH KpenHTb ABHTaTelb K TeJ€XKe C nepefauell BpalleHHS HAa OCb Yepe3 WAaPHHUPHBIA
MeXaHH3M. DTOT MeXaHM3M Heo6XO0aHM, YTOObl 1aTb BO3MOXKHOCTb JJOKOMOTHBY K0Oe6aTbCH
ua peccopax OH HoaXeH nepefaBaTb MOMEHT BOKPYT OCH KoOJeca M OCTaBJISiTb CBOGOA-
HbIMH OCTa/ibHble MOABMXKHOCTH, MepeMellleHHsl N0 TPeM OCAM KOOPAHHAT M BpalleHHA
BOKPYF ABYX oceii, mepneHAHKYJAADHLIX K OCH Kojeca, T. €. MEXaHH3M JOJKEH HMeTb
TaKHe XKe MOJABHMHOCTH, KaK ABO/HOI ynuBepcaabhulil wapuup Kapaaua (cm. ta6a. 1.8.¢).

JIBoiHOM KapAaH WHPOKO NPHMEHSIOT AJS STHX ueieit B BaroHax cepuit Il u E metpo-
noaHTeHa, anekTponoesnax AP, aaektpoposdax llkona UC-1, YC-2, YC-3 u UC-4 u B npu-
Bojax )KakmeHa (paHIy3CKMX 3/1eKTpOBO30B. Bce OHM He HMEIOT H3GBLITOYHEIX CBfi3eil
H MO3TOMY YIOB/JIeTBOPAIOT MOCTaBIeHHbIM yCI0BHAM. JBOiHOI Kapiah Xopowo ypaBHO-
Bewed. Mydra Onparema (¢ nocTynarelbHbIMH KHHEMAaTHYECKHMH MapaMu) He noJyun.a
pacnpocrpanenus u3-3a 60O/LILOTO TPeHHS M H3HaluuBaHHA. Kpome Toro, ona HeypaBloO-
BEllleHa, YTO fBJISETCR OYeHb GOMbIIHM HEeNOCTATKOM IS CKOPOCTHBIX 3/1€KTPOBO3OB.

Mexann3Mbl MPHBOLOB C BpallaTelbHbIMH NMapaMH MNOJHOCTBIO ceGsi ONMpaBlaJH H
NOJY4YMJIH UIHPOKOE pacnpocTpaHerne. MOMEHT B TAKHX MeXaHH3MaX NMepelaeTcsi ABYMS

TATaMH, PpacnoOJIOXKEHHbLIMH B MJOCKOCTH,
NeprneHJHKYASiPHO K  OCH  BpallleHHs
, (puc. 3.38). Tsaru cHa6xalOT WAapOBLIMH
7 waphupamu (napwt /113). Baaropaps stomy
BeIOMOE 3BEHO HMeeT JBe YIJOBble NOA-

d BHXHOCTH  OTHOCHTEJbHO  Befylero —
- BpallleHHs1 BOKPYT oOceil, pacno/ioeHHbX
o | B MJIOCKOCTH 4epTexa. ITH WIapHHPH TaKKe

o6ecrieuHBalOT JBe JiHHeilHble MOABHMKHOCTH:
A [ OlHYy — BJOJIb OCH Kojeca (nepneHAHKY-
bl JISIPHO MJIOCKOCTH YepTexka) H OXHY — TFOPH-
30HTabHYI0 S; (puc. 3.38, a) B naHHOM

Puc. 3.38. OTHocHTeabHbie nepememenus s NONOKEHHH MeXaHH3MaA.
MEXaHH3ME AOKOMOTHRHOT© NPHBOAA: Uro6n o6ecneunTb BEPTHKANBHYIO NOA-
@ — ropusoHTajbHbie; 6 — BepTHKaJbHHe BHXHOCTb (B JaHHOM nOJIO)KeHHH), TATH
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Prc. 3.39. JIOKOMOTHBHBIE NPUBOABI CHCTEM:

a — Cumenc-lllykkepr; 6 — Byxau (Bpoyu-Bosepu); 6 — dpnukon-I; e — Tlauy; 0 —=
llIkoAa; e — A. H. KpaBueHko; % — AJabctom; 3 — B. H. Epmaka

C BEJIOMBbIM 3BE€HOM HeOO6XOJMMO COeIHHHTD C NMOMOLIbI0 MeXaHH3Ma, KOTOPbIil N03BOIH 6
HM nepeMelllaTbCH TONBKO HAa paBHble paccTofHuA S, (puc. 3.38, 6) OTHOCHTENLHO ITOTO
3BeHa. JlonycTHTb HepaBHble NepeMeleH st S, Henb3st, TaK KaK TOrjla BO3HHKHET NOBOPOT
BEJIOMOrO 3BE€HAa OTHOCHTEJBHO BeAyLIEro.

B kauecTBe MexaHM3Ma JJIi TAKOTO COeJJHHEHHS! MOTYT NMPHMEHATHCA Bal C ABYMA
KpuBowunamu — Mexanuam Cumenc-lllyrkept (puc. 3.39, a); nBa priuara, coefHHeHHble
sy6uaroii mepenaueii (puc. 3.39, 6); ABa NpsIMBIX pHIuara, coefHHeHHule TATOH (pHC. 3.39,6);
JiBa YIrJ0BHIX pblyara, coefinHeHHbie Tarof (puc. 3.39, e); ABa KOCHIX phyara, CoefiHHeH-
Hole TAroft (puc. 3.39, 0); MexaHuam napaineapHoro Kpupowuna A. M. Kparuyenko
(puc. 3.39, e); MexanusM auTunapaanesorpamma Asbcrom (puc. 3.39, ox).

HurepecHsliit MHOronoBoxKoBhiit Mexanuam npepnoxua B. H. Epmak. Takoh mexa-
HU3M MOXCHO BHIMOJHATD C UETHIPbMS, ¢ WecTblo (puc. 3.39, 3) u ¢ eue GOMBLIMM YHCIIOM
NOBOAKOB (HO 0653aTe/IbHO YETHLIM), 3a CYeT Yero YMeHbIaloTCs Harpy3KH B IapHMpaK.

Ha Bcex 9THX cXeMaX wapHupHI, COeJiHHeHHble C BeAOMbIM 3BEHOM, NMOKa3aHH JeBofl
UITPUXOBKOM, a COellHHEHHHEIE C BeAYLIHM 3BEHOM — npaBoii. CliefyeT OTMETHTb, YTO NO-
HATHA Bejlylllee H BeloOMOE 3BEHO B 3TOM CJyYae YHCTO YCJOBHEIE H HX (eC/H 3TO ynoGHee
KOHCTDYKTHBHO) MOXXHO NOMEHSITb MecTaMH. Bce mepeuHcieHHble MeXaHH3MBbI OXHOBpe-
MEHHO SIBASIIOTCA yPaBHHTENbHBIMH, T. €. BHIPaBHHMBAIOT Harpy3kH Ha Tarax. bnaronaps
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9TOMY Ha Bejylilee H BeAOMOe 3BeHbsi MeEPeJaloTCss TOJNbKO MOMEHTH, H NOITOMY HCKJIO-
4al0TCA A06aBOYHblE HArPYy3KH Ha MOAUIHMHHKH.

Mexannam Cumenc-Llykkepr (cM. puc. 3.39, a) — cambift npocroif H3 HuxX. B Hem
H3 LIECTH SBeHbLeB NATb MOABHXHblE. Ero Jierko BLINONHHTL 6e3 H3OLITOUHHIX cBsA3efl.
JLns 5TOro TATH BLINOJHSAIOT C WAPOBLIMK FoioBKaMu /115, a ocTaibHuIe Napul MOT'YT GLITh
BpamaTeabHbIMH V,. TIOAIHNHKKY BeRymiero H BeioMoro sajios (naput V,) Ha puc. 3.39
He nokasanul. [ToxBHXHOCTb 3TOTO MexaHH3Ma W = 3 (OCHOBHast NMJIOC ABe MeCTHble —
BpaLIeHHS TAT BOKPYT CBOMX Oceii), a uabbirounsie cBaA3u no (1.1) g =3 — 6-5-4- 5-3+

CHJIIH B IIaDHHPAaX HEBEJHKH, OHH PaBHbl MPHOGIH3HTENLHO CH/IaM, MepefaBaeMbIM
TAraMH, MeXaHH3M JIETKO yPaBHOBECHTb, LISt 3TOTO HeO6XOAUMO MOCTaBHTL MPOTHBOBECH
HA ypaBHHTeJbHBIA Bal. EXHHCTBEHHbIM HElOCTATKOM TAKOTO MeXaHH3Ma SIBJSieTCH KpYy-
TAUIMA MOMEHT, NepefaBaeMblii YPaBHHTEJbLHbIM BaJIOM.

Mexanunam Byxan (cMm. puc. 3.39, 6) Gonee Cl0KeH — HMMeeT CeMb 3BEHbEB, H3 HHX
mecTb NOABHXKHBIX. UT06bl H36exaTb H3GHITOUHBIX CBSI3efl NMPH JIHHEHYaTOM KOHTaKTe
MeXAy 3y6bsimu (napa //,), 4TO oueHb BaxKHO H3-3a GOJNBLIWIHX CHJ, OAMH H3 PHIUAroBs
JoJKeH onupaTbest Ha napy [ Vj. Jlas atoro Heo6s3aTesIbHO ie1aTh ee LIapoBoil co WTH-
ToM. MOXHO pHiuar onepeTb Ha CepHUECKYIO ONOPY, a JHIIHIO MOABHXHOCTb YCTPAHUTD
BLICTYaMH B KOpnyce, OrpaHHUHBAIOUIMMH nepemellleHne o6oaa BRoAb OcH: no ¢op-
myae (1.1) naxoamm ¢ =3 —6:6-4 5-3-+ 414344 2.1=0.

Jlyuwie npuMeHHTb apouHmlit 3y6 — napy [[3, a OXHH M3 pHYAaroB NMOCTaBHTb HA
napy IV,.

Ecnu o6a pbiyara onHpaloTcs Ha BpamaTtesibHble napel Vs, TO Ansl ycTpaHeHHs H36b-
TOYHBIX CBfi3ell 3y6bs cJieflyeT BLINOJHHTb C TOUEYHHIM KOHTaKTOM (mapa /,), uTo He-
BLITOAHO M3-3a GoabWHX CHa. Cuibl, NepeflaBaeMble 3y6bSIMH YPaBHUTEIbHOIO MEXaHH3Ma,
NPHMEPHO paBHBI CHIaM B TATaxX (NpH paBHBX pajgHycax). Culla Ha OCfAX STHX PHYAroB
(ecny He yuuTHIBaThb LEHTPOGEXKHBIE CHILI) B 2 pasa GoJbLie, YTO HeBHIOAHO. MeXxaHu3M
JIETKO yPaBHOBECHTb.

Mexanusmst dpaukon-1, Mann, Ulkona, A. M. KpaByeHko u AnbCTOM HMEIOT BOCEMb
3BeHbeB, H3 HHX CeMb MOABHIKHBIX.

. B mexanusme dpauxon-I (puc. 3.39, 6) ana npefoTBpalmieHHs M3GLITOYHBIX CBA3eil
KOHIH BCEX TpeX THAT AeJAlOT Ha INapoBLIX onopax (nmapa //1;), a onopul pbiyaroB — Ha
BpaumareipHbiX napax V,; no ¢opmyae (1.1) g =4 —6-7-+ 544 3:6 = 0.

Cuabl B IIapPOBBIX Napax paBHBI CHJaM B TATaX, a CHJIH BO BpallaTe/lbHLIX B 2 pasa
Goubitie uX (6e3 yyeTa LeHTPOGEXHBIX CHI). MexaHH3M Xopomwo ypasHoBelleH. [1pu npa-
BHJIbHLIX Pa3Mepax 3BeHbeB OH He TpeOyeT MPOTHBOBECOB.

Mexanuam lann (cm. puc. 3.39, &) ans ycTpaHeHHS H3GLITOYHBIX CBsi3ell AOJIKEeH
MMeTb TaKHe JKe KHHeMaTHuYecKHe NapH, KaK M MeXaHH3M JpauKoH-1. Cuib B 11apOBLIX
napax paBHH CHJaM B TArax (NMpH PaBHHIX NJeyax), a CHIH BO BpalllaTeJbHEIX Napax

B 1,4 pasa (/ 2) Gonblue, ueM B TArax. MeXaHH3M MOXKHO ypaBHoBecHTb. Jlasi sTOrO He-
O06XOIHMO CTaBHTb NPOTHBOBECH HA YIVIOBble pHIYaru.

Mexanusm llkona (cM. puc. 3.39, 0) Ko/KeH HMETb TaKHe JKe KHHeMaTHYeCKHe NapH,
KaK H MexaHh3Mmbl JpankoH-1 u Iann. CHiH B KHHeMaTHYeCKHX mapax 3aBHCAT OT COOT-
HOIIEHHA NJied W YIr1a HakaoHa pbiyaroB. OHH NMPHMEPHO PaBHH CHIaM B MeXaHH3Me
Tanu. YpaBHOBecHTb 3TOT MeXaHH3M TpyAHee, ueM MeXxaHu3M [aHu, Tak KaK nporu-
BOBECH Ha pblyarax MOTYT BBHIHTH 3a raGapHT.

B mexanuamax A. Hy Kpasuenko (cM. puc. 3.39, €) n Asnbctom (cM. pHc. 3.39, %)
BpaLIAIOUHi MOMEHT MepefiaeTcs yepe3 MJIABaIOULYyI0 paMKY, KOTOpas BHCHT Ha NOBOIKaX,
Yro6bl pamKa ocTaBajach B 3aAaHHON NJIOCKOCTH, OHa HOJXKHA HanpaBJisTbCA TpeMs
NOBOAKAaMH, TaK KaK IJIOCKOCTb ONpeAeNSIOT TPH TOUKH. UeTBepThlil NOBOJOK BO H30exa-
HHe H3GLITOYHBIX CBsizeil He JoJMKeH GbITb HanpapJsiomuM. [ToaToMy HAa OGOHX KOHUAX
Y Hero A0/XKHH 6HITh WapoBbie naphl //15. 3nech MeeTcs 04HA MeCTHAs MOABHKHOCTD —
BpallleHHe BOKPYT CBOeil OcH. Y KaXXJOro HanpasjfiOuIero MoBOAKAa ROMMKHA GbiTb OAHA
BpawaTtelbHas napa V, u ogna cepuueckas ///; onopnas Touka. Uro6u Ayuiue Hanpas-
JATb NJaBalOUWYI0 paMKy, ClefyeT OMOPHHE TOYKH PacnONOXHTL KaK MOXHO jaJblie
JPYT OT Apyra. B cOOTBETCTBHH ¢ 3THM Ha pHc. 3.39, e H o BHIGPaHO pacnosioXeHHe Bpa-
waTeJpHHX M maposbix nap. Ilo (1.1) g=2—6-7-45.54 3:5=0.

Ipu BHINONHEHHH 3THX MeXaHH3MOB Ha PeSHHOBHX G6JIOKaX, KOTOpble, XOTSl H fiB:
NAIOTCA LHAHHAPHUECKHMH, HO 82 cueT Aed)OPMallHH pe3HHH AONYCKAIOT HeKOTOPhIi MOBO-
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POT BOKPYF JABYX APYIHX oceif, BCe WapHHPHl AeNalOT OAHHAKOBbIMH. CHJbl, nepeia-
BaeMble KHHEMaTHYeCKHMH NapaMH, B MexaHuaMax Ha puc. 3.39, € ¥ % HeBeJHKH. B me-
XaHu3Me AJIbCTOM BCe YeTbipe TArH PaboTalOT WM Ha pacTAXKeHHe, HIH Ha CXatHe,
B Mexanuame A. M. KpaBuenko iBe TArH paGoTaloT Ha pacTsXKeHHe, iBe — Ha CXKaTHe,
4TO crnocoGeTByeT Gosee CnoKoiHo# paGoTe. MexanusM AJibCTOM JiaeT HEKOTOPYIO Hepab-
HOMEDHOCTb MepellaTOuHOrO OTHCLIEHHS, TPAKTHYeCKH HeomyTHmylo. B Mexanusme
A. M. KpaBuenKo nepenaToutoe OTHOLIEHHe CTPOro noctosnHoe. Mexanuamnt A. M, Kpas-
4eHKO M AJibCTOM He ypaBHoBeweHbl. [IpH HaJlHuHH CMelleHHs oOceii MiaBaioilas pamKa
IBUXKETCS MO OKPYXHOCTH, JHaMeTp KOTOpOil paBeH 3TOMY CMelleHHIO (KaK B mydTe
Ouparem). [Ipn 310M 33 0K 06OPOT Kosieca LEHTP TSKECTH PaMKH OOXOAHT OKPYXKHOCTb
2 pasa. [loaToMy B CKOPOCTHBIX 3JIeKTPOBO33aX LieHTpPoGexKHasi CHJa OrpOMHa.

Ha ¢pannyackux 31eKTpoBo3ax, NOCTaBHBUIHX peKop ckopocTH 300 xM/u, meHTpo-
GexHasi cuna gocturna 75-1073 H. YpaBHoBecHTb 3TH MeXaHH3Mbl NPaKTHYECKH HEBO3-
MOXXHO, TaK KaK JJs 3TOro NnoTpe6oBajoc Gb CTaBHTb NMPOTHBOBECHI HA NMPOAOIKEHHH
NOBOAKOB, T. €. BHIiTH 3a rabapur. Kpome Toro, cHin HHEPUHH NPOTHBOBECOB 3MeChb
HacTO/ILKO Gbl YBeJMYHINW HAarpysKH B KHHEMaTHuUeCKHX Mapax, YTO OCYLIeCTBHTb HX
CTajJo 6bl HEBO3MOXHO.

Mexanuam B. H. Epmaka (puc. 3.39, 8) COCTOMT M3 YIJIOBBIX PaBHOIJIEYHX PHIYAroB.
OznHa MONMOBHHA MX ONMHpaeTCs Ha BeAyLHH Baj ¢ noMollbio nap V,, a apyras — Ha Be-
JOMBEIl BaJl C NMOMOILBIO TaKUX XKe nap. Pbiuaru coepmusioresa nosoakamn I115, 1115,
MexaHuaM xopowo ypabHoBeweH. [lepenaToynoe uHc10 B Hem nocTofHHO. CHIIBI B HIap-
HHpax He6OMbIIHE, a yBeJHUMBAs YHCIO NMOBOAKOB, MOXHO HX elile YMeHblINTb. B Mexa-
HH3Me eCTb elle MeCTHasi, FpynnoBasi MOABHKHOCTb — BpallleHHe BCeX pLIYaroB BOKpYr
cBoux oceit, IlosTomy Hano npeiycMOTpeTb Hamjlexalilie ynoph, 4yToObl OHa He OblIa
BPERHOM.

IMpu i noBoAKax NOABHKHOCTL W = 1 -+ i -~ 1 (ocHOBHas MJIIOC BpallienHe { NOBOAKOB
nmgc rpynnosas). Ilo ¢gopmyne (1.1) g =24 i) —6 2+ 2)+ 52+ i)+ 3-2( =

AHanu3 nepeuncseHHbIX MEXaHH3MOB M0OKa3al, 4TO OAHH CXeMbl XOPOLIO ypaBHOBe-
HIeH:!, HO UMEIOT Gosblliie HATPY3KH B WIApHUpaX, APYyrHe, Ha060POT, HMEIOT Majble Ha-
FPY3KH B LIapHHPaX, HO NJOXO YpaBHOBEIIEHbI.

IlpH npoeKTHPOBaHMH HH)KeHepy HeOGXONHMO MPaBHJBHO OLleHHTb, KaKof H3 3THK
(haKkTopoB Ba)kHee, H Ha OCHOBaHHH 3TOrO BLIOHpaThb CXeMy MEXaHH3Ma.

CpaBHeHHe PAaCCMOTPEHHBIX MeXaHH3MOB, NpHBeleHO B Ta6a. 3.2, OueHb BaXKHBIM
napamMeTpoM, XapaKTepH3YIOLIHM MeXaHH3M, sIBJIfieTC HaHOO/IbIIAA Harpyska B KuHe-
MaTHyecKO/ mape, TaK KaK B TATOBbIX Mepefayax 4acTo GhiBaeT TPYAHO pa3MecTHTb B ra-

6apuTe napy JAOCTaTOYHHIX Pa3MepOB.
Ta6bauua 3.2

é U
- = s g
- E] = a L3
Mapametp 2u| = 2 ) %o e xe= g!
SRR S |=z| & | 283 (32
> . a.a
g8l a | & Pt g <3| < we? |2
YHC/I0 NOABHIKHBIX SBEHb- 6 7 7 7 7 14 ()
eB
YHCJIO0  KHHEMAaTHYECKHX 7 9 10 10 10 10 10 20
nap
HauGosbuian Harpysxa Q2] 2| V2o v2Q Q Q| 0,578Q Q
CyMMapHas Harpyska 6Q 9Q | 10Q 8,8Q 8,8Q 8Q 8Q 7,46Q 8Q
YpasHOBemIHBaHHe * 172 | 172 1 1/2 1/2 0 0 1 1

* IloNHOCTLIO ypaBHOBEUIEHHBE MEXAHH3IMH 0603HAuYeHH |; MEXAHH3IMB, KOTODHE MOXHO
YPaBHOBECHTb, — 1/2; MeXaHHU3MBI, IS KOTOPHX AaBTOPY HEH3BECTHH MNyTH YpaBHOBEUIHBa-
Huda, — 0.
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Puc. 3.40. Mexannim o¢HURTHBHOTO Puc. 3.41. Mexannsm Ge3BaabHOTO TreHepaTopa
wKBOPHA (WTPHXOBOH ANMHMeH noka- rasos

8aHM 3BEHbSA, YAANEHHbIE AJA yCTpa-

Heuns u3GHITOYHHX CBa3ed)

CyMMapHas Harpy3Ka B KHHEMaTHYeCKHX napax ropaspo Jyuile, 4yeM YHCJO nap,
XapaKTepH3yeT MeXaHH3M; KpOMe TOro, B NepBOM NpPHOGJIHXEHHH OHa XapaKTepuayer
NOTepH Ha TpeHHe.

[MonnocTbio ypaBHOBelIEHHLIMM MEXaHH3MaMH H3 MPHBEJEHHHX B Ta6i. 3.2 sBas0TCA
Spauxon-1, Mmexannam Epmaka u nBoiinoit Kapaan. MIx u ciefyer npuMenaTh AAsi CaMBIX
GLICTPOXOAHBIX JIOKOMOTHBOB.

ITo nauGonpwedt Harpyske (cM. Ta6a. 3.2) ayumum siBiasiercs MexaHnsm Epmaka
(0,578Q), saTem aBofinoit Kapaan W Xxyme BceX IpaukoH-I u Byxau — 2Q. Ilostomy
B JIOKOMOTHBaX ONpPaBAaHO NMpHMeHeHHe GONBLIOrO uMc]a 3BeHbeB (y Mexanusma Ep-
Maka — 14).

CaMmyl0 npoCTyIo KOHCTpYKuuio uMeeT Mexannam Cumenc-Illykkept (naTh nogBuxHHEX
8BeHbEB).

Bce nepeunciensble MeXaHH3MHl 06eCNIeUHBAIOT NOCTYNaTeabHOE ABHKEHHe BedyLIero
3BeHa OTHOCHTEJIbHO BELOMOTrO (B TJIOCKOCTH, NEpNeHAHKYJspHOii K OCH BpalmeHus),
KOTOpOE aHaJOTHYHO JBHXEHWIO B UEPTEXKHOM NpPHCNOCOOJEeHHH KyabMaH. [lostomy
3HaueHHe 3THX MEXaHH3MOB ropasjo GoJblue, 4eM JOKOMOTHBHHX npHBojoB. Hanpuwmep,
HX MOXXHO NMPHMEHATb AJf HanpaBJ/ieHus BelylleHl MJacTHHH B MHOTOLIMHWHJEJIbHOR CBep-
JHJIbHOH TOJIOBKE.

B n0KOMOTHBaX NpHMeHSIOT MeXaHH3M (GHKTHBHOro WKBOPHA (pHc. 340), KoTopHIit
CJYXKHT A/l COEJHHEHH A TeJIeXXKH C KY30BOM B TeX Cy4YasiX, KOTAa MeCTO INKBOPHSA 3aHATO
IPYTHMH YCTpOHCTBaMH (Hanpumep, TATOBLIM ABHrartesem). Mexanusm Qoiit npexcras-
Jaset co6oi napannenorpamMM (Ha puc. 3.40 yacTb ero 3BeHbeB NOKa3aHa WTPHXOBLIMH JIH-
HusAMH). CepelHHbl NOMepeuHbIX PLIYAroB COEJAMHEHbl C KY30BOM (YC/IOBHO CUMTaeTcsl He-
noaABHXHbIM). CepeiHHb MPOAOJBLHBIX PHYAroB COENHHEHB! C TeJleXKoil (H3o6paxena yc-
JIOBHO KPYXKOM).

Mo dopmyane (1.5) naitnem gn = 1 — 3-5 4 2-8 = 2. JIBe H36HTOUHbIE CBA3M CO3-
AaloT 1Ba HatAra (MpH c60pKe mapajjesorpaMMa Ha Ky3oBe H COeAHHEHHH €ro C Telex-
KO#) H BHI3BIBAIOT HEPAaBHOMEPHYIO HAarPy3Ky MOMEePeYHbIX H NPOAOAbHBEIX pbiuaros. Jias
YCTP2HEHHSi HATATOB HeOOXOAMMO Y6paTh Yu4aCTKH PLMaroB, NOKa3aHHble IITPUXOBLIMH
AUHUAMH, H ofuH wapHup. Toraa no ¢popmyae (1.5) gn =1—3-542:7=0.

Oco60 BpeaHbIX H3GHITOYHLIX CBsidel He GyneT. UTOOH H3GHITOMHLIX CBf3ell He 6HJO
COBCEM, CJlelyeT MPHMEHHTb KHHEMaTHYeCKHe Naphl, MoKa3aHHbie Ha pHc. 3.40.

[MopBHKHOCTH MeXaHH3Ma — BpalleHHsl TeNeXKH BOKPYT TpeX ocefl, BEpTHKaJbe
HOe mepeMmelienHe (Hrpa peccop) W BpauleHHS TpeX 3BeHbeB BOKPYT CBOMX ocefi (mapel
111%). Bceero nogsmxknocTeil ceMb. Haiitem unciio uabbitounnx casiseit no gopmyae (1.1):
g=7—65-4+51-43.6=0.

[Meckapom npensioxeHb Ge3BaJibHble TeHepaTOpH Ta30B, KOTOpHe Tenepp H Mpu-
MeHSI0T B TennoBosax. Ilopinn GesBajJbHOrO reHepatopa rasoB JROJKHE ABHraThCs Ha-
BCTpeyy APYT APYTY € OXHHAKOBOH CKOPOCTBIO H, CJIeflOBaTeALHO, NPOXOAHTb OXHHAKOBLIE
nyTH. 370 obecreunBaeT WIAPHHPHHI YpaBHHTENbHLI MexanuaMm (puc. 3.41). Bupaior
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M ApyrHe cHCTeMbl, HanpHMep 3y6uaTsie. CJIOXKHOCTb YPaBHHTE/ILHOrO MeXaHH3Ma OOGBAC-
HSETCH MaJIbiMH raGapHTaMH H NO3TOMY GOJBIUMMH YIJIaMH MOBOpoTa Kopomeicen (180°),
yero He JONYCKaeT CABOEHHbI KPHBOLIMMHO-MOJ3YHHBIA MeXaHH3M.

Yro6sl H36ekaTh 0CO60 BPeAHBIX H3GLITOUHBIX CBSI3el, HAAO LEHTPaJbHbIA LWapHHD
JeJlaThb CaMOYCTaHABJIWBAIOUIHMCA B BePTHKAJbHOM HamNpaB/jeHHH HA NOJ3yHe (Kak Ha
puc. 3.41). Ilo dopmyne (1.5) naiineM gn =1 — 3-94 2-13=0. B Ge3paibnom
redepatope Ileckapa 0co60 BpelHble H3GHITOYHbIE CBSI3H OCTaJHCh.

IMpn CcTPYKTypHOM NMpPOEKTHPOBAHHH MeXaHM3Ma (Ha3HAYEHHH KJIACCOB KHHeMaTH-
YeCKHX nap) AJA OTCYTCTBHAI H3OLITOYHBIX CBsi3ell Heo6X0AHMO, 4To6bl He ObIIO HAaTATOB
NpH 3aMbIKaHHH KOHTYPOB MeXaHH3Ma.

[MopwHn Ge3BanbHOro reHepaTopa SBASIOTCA MNOCTYnaTeNbHBIMH mapamu Vg, Tak
KaK HX BpallEHHIO NPensiTCTBYIOT 3KCLUEHTPHYHble WTOKH. IloctaBuM BcnoMmoratessHblit
NoJ3yH Ha MocTynatenbHyio napy Vg, a xopombicja — Ha BpaumartesbHbie napu V.
[Ipn coepHHeHHH ANHHHOTO KOPOMBICNA C MOPWIHAMH (06pa3oBaHHe ABYX KOHTYpOB) Aifi
NpelOTBPaLIeHHsl HATATOB NPHUMEHHM 3BeHbsi (PHIYaru) ¢ WwapoBbiMH mapamu [//; no
KoHnam. [lonsyHbl npu 3TOM MOXHO MepejBHraTb, a KOPOMBICJO NMOBOPaYHBATL A0 COB-
najeHHs 3/1eMeHTOB COefARHsieMbIX nap. CepefHHbl 3THX PEIYAaroB C KOPOTKHM KOPOMBICIOM
TOXKEe MOXHO COEAHHATb 3BeHbSIMH C WwapoBbiMH napamu I1]; no xonnam (o6pa3oBaHue
ellle ABYX KOHTypoB). OnHaKO coelHHEHHe C PbLIYaroM Jyuille BHNOJHHTb BpallaTe]bHOR
napoit V,;. C6opKe 3TO He MOMelIaeT H HaTATOB He BBI3OBET, TaK KaK mpu cGopke Apy-
roit kouel ///§ nosoaka V, Il cMoXeT IBHraThCfl B NMJOCKOCTH 4YepTeXa BCJEACTBHe
NOBOPOTa BOKPYT BpallaTeibHOH napu Vy, a neprnenjHKyAAPHO NIOCKOCTH YePTeXa H3-3a
Bpauenns poivara [115 V,I11; Bokpyr map II13/11;. Sth nBa pBHXeHHH obecneyar
6e3 HaTAra COBNajleHHe 3J1eMEHTOB COeNHHSEMOR mnaphl.

IlpuBeneHnbii nopARoOK CGOPKH Hesecoo6pa3eH TONBKO NJf BbISIBIEHHS HATATOB M
YCTaHOBJIEHHS K/13CCOB KHHeMaTHYecKHX nap. C60pKy npH MOHTa)<e MOXHO BeCTH B Jiio-
6oM mopsaKe.

IpoBeputh MeXaHu3M Ha H36LITOUHBE CBA3H MOXHO no dopmyne (1.1): g=1—
—6:9+4+5743:6=0.

8.10. NTABHBIE MEXAHHM3Mbl TOKONMPUEMHUKOB

Mantorpad npeAcTarasieT co6oii CACKHBIN NPOCTPaHCTBeHHHH MeXxanuaM. Ilpn or-
KJIOHEHHH pasMepOB 3BeHbeB OT HOMHHAJbHBIX 83 CYeT JONYCKOB NMPH H3rOTOBJIEHHH,
a TaKXe NepPeKocoB OCHOBAHHA NaHTorpada NpH MOHTa)e Ha Kpble B OGLIYHBIX KOHCT-
PYKIHAX NanTOrpadoB CHALHO Bo3pacTaeT TpenHne. [ToaToMy TpyanO GbiBaeT BhIAEPKHBATHL
sangauylo pasHHIY AaBjeHHA Ha KOHTaKTHHIA NPOBOA NMPH NOABEME H OMYCKAHMH IAHTO-
rpada.

Yro6u 061eryHTb H3rOTOBJIEHHE M SKCNJIyaTalHIO NaHTorpada, ero MeXanHu3M ciielyer
KOHCTPYHPOBaTb TaK, 4TOOGH OTKJAOHEHHS B pPa3MePaX He BHI3bIBAJIH YBeJIHUeHHS TPEHHA.
STOMYy YCJOBHIO YNOBJETBOPSAIOT MeXaHM3Mbl Ge3 W3GHTOYHHIX cBsidefi. ['M1aBHBle Bajn
naHTOrpadoB COENMHAIOTCH MEXaHH3MOM aHTHNapajaesorpaMma, KOTOpHii obecneuunBaer
flepemelieHHe N0J03a NO BepTHKAJH.

[ManTorpad sBAsieTcs HanNpaplAIOLIMM MEXaHH3MOM, COGECMeYHBAIOHIUM I1PAMOJH-
HellHOe ABHXKeHHe JIbKH Nno BepTHKaau. Hanpapienne sToro ABMXeHHA MOXHO peryJu-
poBaTh ANHHOH TATH, coeHHSA0OLIEN IMaBHEe BaJbl. IIpyu yBesvueHHH AJIMHL NpAMas Ha-
K/IOHHTCS BNpaBo, a NPH yMeHblIeHHH — BJeBo (puc. 3.42, 6).

Mexanuam anTHnapasienorpaMma BHIMOJHSETCA C OXHONH uau ¢ ABYMA TAramH. Ilpu
OJ(HO# THAre COeAHHHTENbHHH MEXaHHU3M He HMeeT H3GHTOYHHX cBA3edl. Bnaronaps stomy
HeGOMbIIHe OTK/IOHEHHS Pa3MepoB TATH, PACCTOAHAI MeXAY OCAMH II1aBHLIX BaJlOB H pa-
IHYCOB KPHBOIIHIOB HAa TPeHHe He BJHSIOT. [IpH IByX Tsrax BCJeACTBHE HA/IHMYHA H3OH-
TOYHBIX CBA3elfl OTKJOHEHHA B pa3Mepax BHI30OBYT neperpyaky mapHupoB. Ilostomy
TV1aBHble BaJbl naHTorpada JOMKHLI COeNMHATLCA OAHOI, a He IByMs TAramH. Onacatbcs
MOJIOMKH 3TOM TATH He CJeAyeT, TaK KaK B HEKOTOPHX KOHCTPYKUHSX COeAHHHTeJbHbIE
TATH BHIOJHAIOTCA AePeBAHHBIMH H CJIYXKaT NPelOXpaHHTebHHIM 3BEHOM, KOTOpOe pas-
pymiaercs, e/ naHTorpag 3auenuT 3a KOHTaKTHYIO CeTb, PH STOM APYTke, 6onee 10po-
THe AeTanu COXpaHsATCA. B npaBmabHOM KOHCTPYKUHH RaHTOrpada Takoe mpeioxpa-
THTeJIbHOE 3BEHO AOMKHO OHITb mpefycmoTpeHo. Jlyuule BCero ero BKJIOYHTH B COEIHHH-
HeqpHylo TAry. CaMy TArY AAA 9TOTO MCNIONL30BaThb HeLENeCOO6Pa3HO, TAK Kak Mpu
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Puc. 3.42. IByxanxHLA nanTorpad:

a — cxeMa HaTAroB NpH cGOpPKe TrJaBHOTO
MeXaHH3Ma, COCTaBJIEHHOIO H3 XEeCTKHX pam;
6 — cxeMma rJIaBHOro MexaHHaMa (6e3 u36bi-

TOYHBIX CBfi3ef); 6 — cxeMa BepXHell Kaper-
KH (6e3 M3GHTOYHHX cBaseil)

JE— -OJJ!: JjE C

b ANG m;éjo m

9)

JABHKEHHH 10€31a B OAHOM HaNpaBJeHHH OHa PabOTaeT Ha PacTsXKeHHe, a NPH ABHKEHHH
B NPOTHBOMOJIOXHOM HanpaBjleHHH — Ha NPOJAOJIbHH H3TH6, M, CleloBaTeJbHO, Gyjler
paspyuiatbcsi NpH CHJIAaX, CHJIbHO OTJIHYAIOWHUXCH APYT OT Apyra.

PaccvotpuM raaBubit Mexanusm. B nanrtorpade JDK-4, KaK nokasbiBaeT Teopus,
HMEIOTCA TPH H30bITOYHbe CBA3H. OHH OOHapyXXHBalOTCS NpH cGOpKe naHTorpada
(puc. 3.42, d). Ecnn coefHHHTb BepXHHE paMbl C HIKHHMH, YCTAHOBJIEHHBIMH Ha OC-
HOBaHHH NaHTOrpada, TO COEAHHATb MEXAY COGOA BepXHHE PaMbl NMPH OTKJOHEHHH HX
pasMepoB OT HOMHHaJbHBIX NMPHXOAHTCA C HAaTATOM, YBeJHYHBAIOLIHM TPeHHe, TaK Kak
OJIHH H3 IIapHHPOB He COBNajaeT B oceBoM HanpaejeHud (O Ha puc. 3.42, a), a apy-
rofl, KpoMe TOro, B TODH3OHTalbHOM (2) H BePTHKaJbHOM (6) HanpaBJeHHSAX.

Uro6bl yMeHbIIMTb BpeR OT 3THX HaTATOB, CJAefyeT YCTPaHHTb HJHM YMEHbLIHUTb HX
Ha cepeiHHe paGoyeii BLICOTHI.

Jlis ycTpaneHHs OCeBOro HecoBnajeHHs wapHHpoB O MojA OAHH H3 H3ONATOPOB
clleflyeT NOAKNAAbLIBATh Maf6bl; A1 YHHUTOXEHNA FOPH3OHTAJbHOIO HECOBNAJCHHS LIap-
HHPOB 2 HeOGXOIHMO HapYIIHTb NapajielbHOCTh TIAaBHLIX BaJOB; J/IAl YCTpPaHEHHS Bep-
THKA/JbHOTO HeCOBNajieHHs IIAPHHPOB 6 BepXHHe paMbl CJelyeT H3rH6aTb (BBHIKpYuH-
BaTb). OxHaKo NOGHTLCA COBMAJEHHS IIAPHHPOB MOXKHO TOJBKO B HeGOJBbIIHX Npejenax,
H HaTATM GYAyT YCTpaHeHbl TOJAbLKO MPH ONHOM MOJOXEHWH naHtorpada. YCTpPaHuTth
HaTAT MOJKHO, MPHMEeHAA KOHCTPYKUHIO IJIaBHOTO MeXaHH3Ma nantorpada, nokasaHHyio
na puc. 3.42, 6. 3mecb BepXHHe PaMbl NPeACTABASIOT COGOi ABA «TPEHOXHHKA», ONUPAIO-
HHXCS CBOHMH ¢HOTaMH» HAa WIAPHHPHI HHXHHX paM. «TpEHOXHHKH» MPEACTaB/sIOT CO-
Goit TpeXmOBOAKOBLIE FPYyNmbi HYJEBOH MOABHXXHOCTH 6e3 6a30BHIX 3BEHbEB, MO3TOMY
HX MOXXHO co6paTh 6e3 HaTATa NpH JIOGHX OTKJIOHEHHSX Pa3MepOB SBeHbEB OT HOMHHA/b-
HEIX. OHaKO NpH 3TOM PacCTOSTHHEe MEXAY IIAPHHPAMH COWIEHEHUS BEpXHHX PaM TaKxKe
6yJeT OTIMYaTbCH OT HOMHHAJLHOTO H MOXET OKa3aTbCA Pa3HBIM NMPH Pa3jHYHEIX MOJO-
KEeHHAAX MexaHH3Ma (pa3iHuHON BHcoTe JbDK). CieloBaTeNbHO, STH LIADHHPH He/b3A
COEAAHHATL XECTKHMH TAraMH, TaK KaK TOrja BO3HHKaeT W36nTOuHas cBa3b, [locnenHes
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yCoBHe TPYAHO BbIMOAHHTb B ORHOJMBDKHLIX NaHrtorpadax, Tak Kak y HUX OGLIYHO Cama
JIBKA JlaeT TakKoe coeaHieHwue.

Ipu skcusyaTauun Takux navtorpagos, 4TOGbl YCTPAHHTb NOBhLILIEHHOE TpeHue,
BLI3bIBaeMOe HATATOM (€C]H He BLIAEPXKHBAETCSH XapaKTeDHCTHKA JaBJeHHS HAa KOHTaKT-
Hbil NpHUBOA), ClelyeT CHATb BePXHIOO KapeTKy H JOGHTbCA NMOCTOSHCTBA PacCTOARHMH
MEX1y IIaPHUPAMH COYJIeHEHHIl BEpXHHX paM NPH Pa3NHUHBIX MOJOXKEHHAX MeXaHH3Ma.
IMoaxnansiBaHHeM Waik6 Ha ONHH H3 H3OJSITOPOB CJEAYeT YCTAHOBHTb PAaCCTOsIHMHE, COOT-
BEeTCTBYIOLIee AJIHHE KapeTKH, yToGB MOXHO 6bl1o cob6paTh MeXaHH3M 6e3 HaTsAroB. 10
JIOCTHFaeTCsl WIH H3MEHEHHEM JTHHBI KOCBIX TAT, WIH MepeKaliHBaHHeM OCHOBAHHS MaHTO-
rpada, yto MOXeT noTpe6oBaTh YBEeJHYEHHS OTBEPCTHH AMA GOJTOB, Kpensiumiux ero
K H30JsTOpaM.

Hanpotus, B ABYyJbKHBIX MaHTOrpadax 310 yC/JIOBHe BHINOAHUTL Jerko. s sToro
KapeTKa ROJXHa GbiTb YCTPOEHa TaK, YTOOLl Kam1as JbXKa OTHOCHTENbHO OJLHOTO «Tpe-
HOXHHKa» MMeJNa, a OTHOCHTeJbHO APYFOTO He IlieJa OCeBOTO (NomepeyHoro) nepeme-
wenus. Iaa storo caeayer ofnu puiuar V,I/11§, noanepxusalomuii JbiXKy, COXPaHHTb,
a apyroit 3amenutb naactuHont [11,/11;, koTopas BCJeNcTBHE 3a30pOB B LIaDHHPax He
GyleT NpensiTCTBOBAaTb OCEBOMY NeCPEMEIEHHIO JIbIXKH.

Ha puc. 3.42, 6 3Tu wapHupLl yCIOBHO NOKAa3aHbl IIAPOBbLIMH, @ CaMH JIBKH Yc-
J0BHO MoBepHYTH HAa 90° (CKOGE! KapeTKn He MOKa3aHbi).

B oaHOABOKHBIX NaHTorpadax H3GbITOUHbIE CBA3H MOMHO YCTPAHHTb yAaJeHHeEM Of-
HOM M3 KOCHIX TAT BepXHHX paM. Takas cXema BcTpeuyaeTCs B KOHCTPYKILHSX NaHTOrpagos
WVSS-54 (Ascrpusi) u DBS-54 (®PT). Ona uMeer TOT HeIOCTaTOK, uTO GOKOBYIO JKeCT-
KoCcTb ofecneuynBaeT TOJAbKO OJIHA MOJOBHHA MeXaHHW3Ma, a ApYyras JHUb YTAKeNRer
nantorpap. Takas KOHCTPyKuus nautorpadoB orpaHHYyHBaeT HX NpUMeHeHHe QA CKO-
POCTHOrO MOABHMHOTO COCTaBa, Tie 0COOHHO BaXKHbl JIETKOCTb H GOKOBasi 3KeCTKOCTb.
TosToMy a5t ofHONBLDKHOrO NaHTOrpada cxeMa BepXIHX PaM H3 ABYX «TPEHOXKHHKOBY He
roautcsi. PaccMOTpuM 3Ty cxemy (phc. 3.43, 6). Bepxuue pambl JOMKHH GHITH Ipynnoi
HY/1€BOH NOJBHXKHOCTH, T. €. €CJH HX HHXKHHE IIapHHDHl NPHCOENHHHTb K CTOliKe, TO
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Puc. 3.43. Bepxnue pambl OAHOABLIXHOTO NMaHToOTpada
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CHCTeMA JIO/DKHA GhiTb HenoABHxHOA. B TakoMm Buge (ana ynpomenus) ee n GyAem pac-
cMaTpuBaTh. KoHeuHO, KOrjla BepXHHe Pambl P HCOEAHHAIOTCA K HHIKHHM, CHCTeMa BCJef-
CTBHE MOABHIKHOCTH HHXHHX PaM MOJy4aeT NOABHMKHOCTb.

Topu3oHTaAbHAA MomepedHas TATa, KOTOPas CJAYMXHT OCHOBaHHEM BepXHell KapeTkd,
JIepIKHUTCA Ha WeCTH MOBOAKAX: YeTbipeX NMPOAO/bHLHIX TArax H ABYX AHaroHaabuuix. K co-
JKa/lleHHI0, BCce LIECTb NMOBOAKOB MNepeceKkaloT OChb 9TOA THATH, T. €. HApYLIEHO YyCJIOBHe
Ne 10 B ta6s. 3.1. CucreMa CTAHOBHTCSI CTATHYECKH HeONpejAeqHMOil H BO3HHKaeT MecT-
Has NOABHXXHOCTb — BpallleHHe OCHOBaHHA KapeTKH BOKpYT cBOeii OCH.

Jns ycrpanenus sTolft moABHxHOCTH B nantorpade 10PP nocraBneHn KyiucHeie
MeXaHu3Mbl. [l ucnpaBJieHHss CXeMBl HaJl0 CMeCTHTb He MeHblle OXHOro MOBOAKa (naf
CHMMeTpHH — JIBa) OT OCH MonepeuHoil TArH. B KauecTBe TakHX MOBOAKOB CJENyeT B3fTh
JHaroHajbHele TATH H CMeCTHTb HX BHH3, TaK KaK HaJ nonepevyHoli TArO# MecTo sausto
nonosom. Ipupercs TakKe H3IMEHHTL HanpaBJieHHe ONHON M3 AKATOHAJILHBIX THAT, Hampa-
BHB 06e JHaroHa/lbHble TATH K OAHOMY BepxHeMy yaay (puc. 3.43, a), uHaue ocra-
HYTC MOABHXXHOCTH (Bpallenue nonepeyHofi TATM € OJHOBPEMEHHBLIM MOMNEPEeYHbIM Mepe-
MellleHHeM) B HaTHAT BCJENCTBHE BTOPOW AMArOHaJbHOH TATH.

Ha puc. 3.43, a (a. c. Ne 333080) kunematnueckue napsi C u D, a takxe F
u H pns ayumeil BUAMMOCTH pasHeceHbl. B HcnonHenHoH KOHCTPYKIHH OHHM COB-
napaior. KM36biTouHble CBA3H MOACYMTAHB B TaGaHie, NPHBEAEHHOl Ha STOM DHCYHKe,
Tonyunnoce nate KontypoB. Ha npumepe 3Toro MexaHnaMa MOKaX<eM, KaK MOXHO HX
4HCJIO COKPaTUTh. JlJIfi 3TOT0 MOBOAKH MepBOro Kjacca oObelHHAEM MOMapHO M paccMma-
TPHBaeM KaK NMOBOAKH BTOporo Kiacca (puc. 3.43, 6). Ilosonkn AC u CB o6pasyior
TPeyrolbHHK, Bpamalomuiics okono ocu AB, KOTOpylo paccMaTpHBaeM Kak napy fs-
Toro knacca. Ilapa D coxpausercs, u monyyaercs nosojok AD.

AnanornyHo u3 AByX NOBOAKOB mnepsoro kKiacca L/ u MK nonydaercs nosonok
BToporo kiaacca LI. W u3 nosogkos FE u FG — nosopok EH.

UHCI0 KOHTYDOB YMeHbWIMAOCH A0 JABYX {(CM. TaG/lHIY TNOABMXHOCTeH Ha
puc. 3.43, 6), uTO 3HaUHTENBHO yNpoulaeT nX ucciaeroBanne. Cxema NoaBHIKHOCTEN B STHUX
KOHTYpax NOKa3aHa Ha TOM )K€ PHCYHKe.

Yro6b nono3 nepememiajcss BepTHKaAbHO Ge3 MOnepevyHOro CMELIEHHS, Hal0 HHXK-
HHe KOHIbl JHAarOHaJbHLIX TAT MPHCOEAHHHTb He K BEDXHHM PaMaM, a K HHXHHM, COOT-
BETCTBEHHO BHIOPaB TOUKY npHcoeiuHeHHA. KyJHCHble MeXaHH3MB JJIfi HanpaBJIeHHS
BepXHell KapeTKH TOrla CTaHOBATCA HeHyxHHMH !, 1o npoekTy, BHINOMHEHHOMY CTyAeH-
yeckum CKB MBTY, B snektpoBosnom fieno Mockpa 1II usrotoBneHnl Takue nauro-
rpagul. IIpu 3TOM vacTb OXHOPARHLIX APHKOMOALIMNHHKOB 3aMeHeHa JABYXPAZHBIMH
chepuyecKHMH. YJ\BOeHHafi CHJa TpeHMf, MpUBEJEHHAR K NMOJNO3Yy, CPa3y yMeHbLIWIach
¢ 256—30 H o 8—9 H u nepecrasa saBuceTb OT SKCNJyaTalHOHHHX pa3MepoB (Ha-
TpuMep, BBICOTH H3O0JAMITOPOB), PEMOHT 3HAYHTENbHO YMPOCTHJCH, a NPOBepPKa Xapakre-
PHCTHKH CTajla HeHyXHOA. [36uitounbie cBs3u no dopmyne (1.1) g =2 —6-7+ 5 X
X 24 3-10=0.

OGo6uian cKka3aHHOE, MOMKHO CHeNlaTb BBIBOJ, YTO NMPH BHIGOpe CXeMBbl OIHOMOJIO3-
Horo naHrorpada AnaroHalbHHE TATH Haj0 HanpaBlsiThb K OLHOMY BepXHeMy ysJay
(puc. 3.44) ¥ BHNOMNHKTL elle JBAa YCJIOBHA: BBECTH MOABHXKHOCTb, YCTPaHAIOUIYIO Ha-
TArH; OGeCHEeYHTb PaBEHCTBO HAarpy3oK AHAroHa/JbHLIX THAT MDH BO3AEHCTBHH Ha NOJO3
nonepevyHol CHJIHI. )

PacCMOTPEHHOM MeXaHH3Me 06a STH YCJOBHSA BLINOJHSIOTCA C MOMOLIBLIO MOmepey-
HOR TATH (OCcHOBaHHe BepXHeil KapeTKH) nyTeM NPHCOENHHEHH KOCHX THT HHXe
ee OCH.

Y toxonpuemunkos [I-1, T1-3 ocHoBanme BepXHeli KapeTKH COeIHHAETCA C BepX-
HUMH PaMaMH C NOMOILLIO Na30B, HaJeTHX Ha BaJHKH. B stoM ciyuae caenyer Kochle
TATH HaNPaBUTb K OXHOMY BepXHeMy yaay (pHC. 3.45) M NMPHCOEJHHHTb HX He K NPOAOJb-
HBIM TATaM, @ K OCHOBaHHIO BepxHefi KapeTkH. [ToxBHXXHOCTb NMpH 3TOM NONYYHTCH 3a
CyeT MepeMelIeHAs B MMa3aX, 8 PaBEeHCTBO Harpy3o0K TAT — BC/AEACTBHE CHMMETPHYHOTO

! Pewetos JI. H., Conomun B. B. TOKONDHEMHHK SJeKTPOMOABHXHOIO COCTAaBa. =
:Ofrxgﬁi“)%g.) H306peTeHusl, MNpOMbIIIeHHHe o6pas3unl, ToBapHume 3SHakM, 1972, Ne 11 (a. o,
2 .
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Puc. 3.44, Cxema nanTorpaga ¢ Auaro- Puc. 3.45. Cxema mnanTtorpada ¢ paHaroe

MAALHMMH TATAMHW, HanNPaBACHHLIME B OA- HaJbHBIMH TATaMH, npHCOeAHHEHHBIMHA

HOMY BepXHeMy YsJay K ocHOBaHMI0 BepxHeli kapeTkn (a. ¢
N 350340)

pacronoxenns cwi, AefCTBYIOLIHX HA OCHOBaHMe BepxHell kapeTKH. Bo3amoxHE! emme xBa
pelueHus Toit ke npo6remu * (puc. 3.46 B 3.47 — Kocble THTH He NMOKa3aHbl).

B cxeme Ha puc. 3.46 NOIBMKHOCTL JOCTHraeTCs 8a CYET OCEBOro (MOMepeyHoro)
nepeMellieHHSs B lIapHHpe, COEAHHSAIOMEM BepXHHE paMHl.

PaBroMepHOe pacnpeflefieHHe Harpy3oK OT MomepedHOl CHJH JOCTHTaeTCS PHIYAroM
C Na3oM, HajleTHIM Ha BaJHK, K cepellHe KOTOPOrO NMPHCOeAHHEHO OCHOBaHHe BepxHeil
KapeTKH.

Ha puc. 3.47 nponoibHble TATH BEPXHHX PaM COEJHHSIIOTCH ABYMH MePEKPECTHHMH
TAraMH C WapOBLIMH roJOBKamH. Biarosaps mapoBLiM rofioBKaM NpOROJAbHBIE TATH NO-
JIYYal0T OTHOCHTeJIbHYIO MOJBHXHOCTb B OCeBOM HanpaBieHHH. ONIHa H3 TepeKPeCTHhX
TAT CJIYXHT DbIYaroM, BHIPAaBHHBAIOUIHM HarpysKH KOCHIX THAT OT NOMEPedHOH CHIH.
Touka nepeceueHHsi KOCHIX THAT ABJISETCS LEHTPOM MFHOBEHHOrO BpalleHHS OfHO# mpo-
JOMbHOH TATH OTHOCHTENIbHO ApYrof.

Cxembl, mpefcTaBfieHHle Ha pHC. 3.45—3.47, npoBepeHH aBTOPOM Ha MOAENSX,
uMelomuxes B MBTY.

IMonBmxHOCTL, NpefHa3HauenHas AJA YCTPaHEHHS HATAra, MOXeT GHTb Hanpap/eHa
BJIoIb IOKOMOTHBA (cM. puc. 3.43, 6 n 3.45) uau nonepek (puc. 3.46 n 3.47), uto npak-
THYeCKH 6e3pasiinyHo.

lFopasgo Jnerue uaGexath H3GLITOYRHIX cBsi3ei B aCHMMETPUUHOM nNaHTOrpade
(puc. 3.48), KoTopHil MpuMeHsieTcs B Noc/efHee BpeMsl AJf 9JeKTPOBO3OB NepeMEeHHOro
Toka. IIpu nepemMeHHOM TOKe BCJIeACTBHE BHICOKHX HaMpsixKeHHH CHIa TOKa, noTpeGasieMan

! Pewertos JI. H. TOKONDHEMHHK 3JIEKTPONOABHIKHOTO COCTaBa, — OTKpuTUS, H306peTeHns,
npoMblluJeHHbie 06pa3ubl, TOBapHbie 3HaKu, 1970, Ne 36

PHC. 3.46. Cxema rnaBHOro BepxHero Puc. 3.47. Cxema raaBHoro BepxHero yaja
y33a C oCeBbIM pa3beroM MEXAy npe- € nepeKpeCTHBLIMM TATraMH, (a. c. N 288017)
A6abHbLIMH TaTamKu (a. ¢. M 288017)
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9/eKTPOBO30M, YMeHbIUHJIachb B 7—8 pa3 mo
CPaBHEHHIO C MOCTOSHHBIM. [losTomy cranu
HEHYXXHLIMH JBYXJIBDKHBlE naHtorpadbl To-.
xeJ1oil cepuu. K nanrorpadam nerkoii cepun
OTHOCHTCA aCHMMETPHYHBI TOKOMPHEMHHK
(nonynantorpad). OH COCTOMT H3 HIXKHeH
Tpy6uatoit pamnl VV B BHAe AByTaBpa u
BepxHeil, B ¢popme Tpaneuuu. Tara /1141115
obecneynBaeT ABHKEHHE BepXHell pamuol.
KiiHeMaTHKa 3TOro MeXanu3ma AOJIKHA
JaTb JbKe NpsIMOJHHeliHOe BepTHKalbHOE

QD
= ]7 ABUKEHKE, T. €. MEX4HH3M ABASEICA Mnps-
, ”lb\ MHJIOM (TaK e, KaK M CHMMETPHYHBIH nan-

p//4 Wlﬁk torpad). [IpoekTHpoBaHHe TaKOro MeXxaHus-
% Ma MOXXHO BeCTH TaK ke, KAK ¥ NOpPTa/b-
\‘ HOTO Kpana ¢ JKeCTKOH OTTSXKKOH (cM.

puc. 6.25).
Puc. 8.48. TnaBubiii MEXaHHIM aCHMMETPHY- IMpn nopcuere H3GBLITOUHBIX  CBA3eil
Horo nantorpada (noaynautorpagpa) K OCHOBHOH MOABHMXIOCTH Npu6asasier-

ca  Bpauwenne Ttaru  [II4111;  Boxpyn
cBoeit ocu, nostomy no d¢opmyne (1.1) §=2—6:3+52-+32=0.

[MpomexkyTouHO# cXeMoit MexXAy CHMMEeTpHUHbIM NaHTOrpadoM (YeTbipeXpbiuarkHhIM)
4 nonynantorpadomM (OAHOPBIYAXKHBIM) SIBAAETCHA MNOJYCHMMETPHYHBIN (TPeXphiyarKHbiii)
nautorpad (puc. 3.49). OaHa NONOBHHA ero COBEPIIEHHO TaKas XKe, KaK H B YeTbipeXphl-
Ya)XKHOM TOKONPHEMHHKe, ApPYras NOJOBHHA COCTOMT M3 OJHOPLIYAXKHOI HHXHEH pambl
H TpeyrosbHOi Bepxueil. OCHOBaHHe 3TOrO TOKONPHEMHHKA KPEMHTCH HA TPH H30/MATOPA.

Jna ycrpaHennsi M3GHITOYHBIX CBAA3eil BMECTO OTBEPCTHil CAeslaHbl Ma3sbl (HEMOABHK-
HOe coefiHleHHe no puc. 2.4, &), KOTOpble MO3BOJSIOT H3GexaTb HAaTATOB M MOJOMOK
H30JATOPOB MNpH MOHTaxe nantorpada. [lo cpaBHeHHIO ¢ nosynanTorpadom B HeM 3Ha-
YHTEJbHO MeHbllle HarpyXKeHbl LIAPHHPBI.

Jna coBpeMeHHBIX NaccaX{HPCKHUX JOKOMOTHBOB TPeGyIOTCH TOKONpPHEMHUKH, 0Ge-
CrleyHBAIOLMe HaJeXHbiH TOKOCheM Npu ckopocTh 200 km/u. [Ipy Takoil CKOPOCTH OUeHb
Ba)KHA Macca TOKONMPHeMHUKa, NpuBefeHHan K nono3y. Uro6u ee yMeHblnnth, M. A, Be-
JIfieB NPEAJIOXKH/ «aBTOYNpaBJfeMbiii> TOKOMPHEMHHK, KOTOPLIH COCTOMT U3 BepXHero
naurorpada, ABHXYIIEroCA OT HAXaTHA KOHTAKTHOTO MPOBOAA, M HMMKHEro, npHBOAH-
MOI'0 MHEBMAaTHYECKHM LHIHHAPOM. BMyCKOM H BBIMYCKOM CXaTOro BO3AyXa B 3TOT LH-
JUHAP ynpaBiseT BepXHuit nantorpad. Bepxuuit nanrorpad noayumiacs oueHb masieHb-

;,_m

2~ hodseme

8- Jp:,(;;e//d!

w=ig "
W= 7 %
n=13-78 4
Pr= 4 20 ~¢
Pa=T6 4§ -4

————————
k=7 0 ¢

2 1)

ot
v U
7A 772

Puc. 3.49., MoaycHMMeTpHUHHA (TpexpH- Puc, 3.50. AsToynpaBaseMBil TOKONPHEMHHE
qaxHBli) Tokonpuemuux (a. c, M 233001)
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KHM, H COOTBETCTBEHHO YMEHbLIH/ach H €ro npuBefieHHaa Macca. PaccMOTpHM KOHCTPYK-
1LHIO aBTOYMPAB.IAEMOr0 TOKONPHEMHHKA, TA€ H3GbITOUHDIE CBA3H YCTPAHEHbI MOJHOCTHIO *
(puc. 3.50). Huxuuit MexaHu3M B TOKOMNpHeMHHKe MpeACTaBaseT CO60H MeXaHH3M na-
pastenbHOro Kpusomnna. Kaxabiii KpHBOIWIMN COCTOUT W3 HUXKHEro Baja H ABYX phlua-
roB. OH coeaunsiercsi napoil V; ¢ ocHoBaHuem u napoil Vy ¢ rIaBHbHIM BajJioM BepXHero
naurorpada. HuxHuii MEXaHH3M NPUBOANUTCA NMHEBMAaTHYECKHM LWIHHAPOM C MOMOILBIO
KPHBOLIUNHO-NOJA3YHHOTO MeXaHH3Mma, KoTopblfi Ha pHc. 3.50 He mokasaH, Tak KakK 3TOT
MeXaHH3M Gbl1 paccMOTpeH Bbillle (cM. puc. 2.28). BepxHuit MexaHH3M npeacTaBisieT
co6oit cumMerpuunblit nantorpad (naTnyronsHuk). MabriTounbie cBA3H B HeM YCTPaHAIOTCA
C MOMOLLbIO OXHON W3 ONMHCAaHHbIX BLILIE CXeM, NpHBeAeHHbIX Ha puc. 3.43, 3.45—3.47
(na puc. 3.50 ucnoan3oBana cxcma puc. 3.43).

Y106bl ycTPaHHTb H3GbITOUHBIE CBSI3H B HUXKHEM MeXaHH3Me, y BepXHero nanrtorpada
HeT OCHOBAHHA (paMbl), a BMECTO Hero eCTb BTOPOH MeXaHH3M aHTHMapaJJenorpamma,
COeIHHSAIOWIErO T1aBHble Basbli. Pa3Mepnl 3BeHbeB 3THX AHTHNAPaJseNOrpPaMMOB AOIKHbI
GbiTb HailfieHbl U3 yClOBHIl HaUGOJbIIEH TOYHOCTH NepefaTOYHOrO OTHOLIEHHA (eAHHHIIbI),
Teopusi KoToporo AaHa B. B. ConomuubiM [35], Tak Kak uHaye paccTosinHe MeXAY I/iaB-
HbIMH BaJjlaMu GyJeT nepeMeHHbIM. PacueThl moka3aju, 4ToO MPH NpaBUIbHOM BbiGOpe pas-
MepOB H3MeHeHHe MEeXIeHTPOBOTO PACCTOSHUA BbIpaXKaercs ROJAMH MUJauMeTpa. B pe-
3yJIbTaTe 3KCNEPUMEHTOB GbIIO YCTaHOBJEHO, YTO Y aBTOYMpPAaBJfeMOrO TOKONMpPHeMHHKa
PacXoi HaKJalOK COKPATHJICA B HECKOJbKO pa3. COOTBETCTBEHHO H3HAIIHBaHHE KOHTAKT-
HOTO MPOBOA3 JAOJIKHO YMEHbUIHTLCH.

Toxonpuemnuk, usobpaxenHblit Ha puc. 3.50, HMeeT ABa HeAOCTaTKa: BO-MepPBLIX, OH
C/IOXKeH (ABa NMHEBMAaTHYeCKHX LHJAHHAPA); BO-BTOPbIX, HHXKHHI MeXaHU3M HeCHMMeTpHY-
BH, Y4TO 3aTpyAHfeT ero npuMeHeHue A OGOMX HanpaBieHHH ABHXKeHUS. DTH HeJO-
CTaTKH YAANOCb YCTPAHHUTb 2.

3.11. PABOTA TOKOMPUEMHHUKA, HUMEIWOMEro ABE NOABH)XHOCTH

KoHTakTHan ceTb MpeacTaBisieT co60il MHOTOMAcCOBYIO CHCTEMY C MHOTMMH CTene-
HAMH cBOGOAH!, MCC/IelOBaHHe ABHXEHHS KOTOPOil MPeNCTaB/AeT OYeHb CJIOXKHYIO 3afiauy,

Yro6ul ee ynpoctuth, pomyctuMm (kak B. ®duuk, M. Beitep, ®. Hurxamep u
H. A. BeasieB), uto no.io3 ABMKercss no cunycouae (puc. 3.51):

y= —-—y';“ (1 — cos t), @.7)

rje O — yrioBasi CKOPOCTb BEKTOPA, BEPTHKANbHAA NpOeKIHs KOTOPOTO RaeT nepeme-
IleHHe T10J103a;

©=2n %, (3.8)
rae A — AJMHHA BOJIHHL.

O6o3nayuM Maccy 1oJ03a uepe3 Ny, Maccy MOABHMKHBIX DaM, NPHUBEJEHHYIO K BepX-
HeMYy LIapHHUPY, KOTOPYIO 6yAeM CYUMTaTb MOCTOSIHHOM, Uepe3 my, CHNY MOABEMHBIX MPY-
XUH, IPHBEAEHHYIO K BEDXHEMY LIapHUPY paM, yepe3 Qp; GyNeM CUHTaTb €e MOCTOSHHOM.
310 ycnoBre 0COGEHHO TOYHO BHINONHACTCA Y NaHTOrPadoB C LEMHO Nepesauell OT MOfb-
€MHBbIX MNpPYXKHH K TIJIaBHOMY Bagy.

OGo3HayuM uepe3 h; BLICOTYy BEpXHero LIapHHpa Haj OCHOBaHHeM maHrtorpada (me-
PeMeHHYIO) H uepe3 h, — BBHICOTY KapeTKH — PacCTOsiHHe OT BepXHero apHupa Ao no-
Josa (Takxe nepemennasi). Toraa

hy-Fhe=yo+ v, 3.9
TAe Yo — HaHMeHblIasl BLICOTA MPOBOAA Haj OCHOBAHWEM TOKOMPHEMHHKa,

! Beases M. A. TlauTorpad 5JeKTPONOABHXHOTO cocTaBa. — OTKpHITUsi, u3o6peTenns,
NpoMbillJIeHHble 0oGpa3lbl, ToBapHble 3HakH, 1970, Ne 10 (a. c. 262932).

Peweron JI. H., BeasieB H. A. u Ap. ToKONpHEMHHK AJA BLICOKOCKOPOCTHOI'O NMOABHXKHOTO
coc'raaa.loggoc))'mpmua, H3o6peTeHusi, NMpombllijieHHbie 06pasibl, ToBapHbie 3Haku, 1974, N 2.
(a. c. 4 .

2 beasies U. A., Peweto JI. H. u Ap. TOKONMpHEMHHK 3JEKTPONOABHIKHOIO COCTaBa., =
OTKpHITHA, H306peTeHHs, NpOMbilJIeHHble 06pa3iibl, TOBapHble 3HaKK, 1976, No 16 (a. ¢. 512087).
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Puc. 3.51, TOEONPHEMHHE C ABYMS NOABHK-

% HOCTAMU
Px '
o Mn §"!_ BricoTy KapeTkH B CBOGOAHOM CO-
& — ____ CTOAHHH 0003HauuM uepe3 h,cg, XKecT-
7p KOCTb MPYXXHH KapeTKH — uepe3 Cq.
R Toraa ypaBHeHHe ABUXXEHUA Mac-
< a cal my OyAeT HMeTb BHI
S|
> dzh
< '—dt—;'mp=Qp-(hacn—hz)¢u—
pay pay — mpg =haty + Qp — hgenln — myg.
TMoacraBuM ciopa HaiigesHoe u3 ypasHenuit (3.7) u (3.9) sHauenHe
hy = yo + L (1 — cos o) — hy. @.10)
TMoayuum
fh—’m = yoo 4 max_ . _ _Ymax o5 of —h Q,—h —m
e p = YoCn 9 T 2 o 16n + Qp — hacsln pg
HIH 2
1 n _ _ _Ymax _Cn Cu Ymax )
e + A mp 2 m, cos ot + my (!/o += hacs ) +
Qp
+ mp —g. 3.11)

Mo na6monenuam M. A. Bensesa, cBoGoaHbie Kone6anus GLICTPO 3aTyXalOT M OCTa-
f0TCA TOILKO BHHYXAeHHble, [ToaToMy B AanbHeliiem 6yaeM paccMaTpuBaTb TOMLKO Bhl-
HyXAeHHble KoneGanud. [lpeAcTaBuM ABMKeHHe [VIABHBIX PaM B BHJAE ypaBHEHUA

hl = Bl cos (l)l+ Cl’ (3.12)
OTKyAa 0 »
h
=1 ¢ 1 — — 02
o oB;sin of u an ®2By cos wt.
IMoactaBup 3TH 3HaueHus B ypaBHenue (3.11) M npupaBHAB KOIQPHUHEHTH NpPH
cos W!, Haiiaem
- 2 ﬂ.) = — Ymax_ o
By ((o my ) 2 mp’
OTKyJa
— YmaxCo
By = T — o) oimg) * (3.13)
INpupaBHuBasn cBOGOAHLIE WIEHH, MOMYYHM
m
Ci=yo+ y";"‘ — hyen + ——8" —Lc P, (3.14)
o a

Toacrtasnss B dopmyny (3.10) anauenue oy u3 (3.12) u 3nauenusn By uCi u3 (3.13) u
(3.14), nonyuum
hy = yo +- !/n2iax _ ygax cos ot + oL YmaxCn

—cmar it ! — g —
. — (l)zmp) Cos ® Yo

_ !/néax + hacs _,21’_.{...% = By cos 0t + Cy,
Cn Cn
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OTKYAa

_ Ymax®2my
By = ot @.15)
']
= — Q Lmp
Ca = hyen + P (3.16)

Haiinem xonraktHoe Haxatue Py. [las storo no npunuuny JanamGepa paccmotpun
NPOEKUHH Ha BePTHKa/Db BCeX CHJ, AeHCTBYIOLHX Ha N0JI03: KOHTAKTHOE HaxaTHe — Py,
CHAY THXECTH — Mpg, CHAY NPYXHH KapeTKn

¢ (hyep — ha) = cphacp — Baep cos wt — Cycp,
d2y
diz *

CHIy HWHEPLHH TN0J03a — My
3anuiuem

d3
— Py — myg + cphgep — Bacp cos @t — Cqcp — m"'dt_!’, =0.

2
Onpepensis Py u noacrasass Zt’ u3 (3.7), B, u3 (3.15) u C, us (3.16), nomyuum

Ymax®2Mmpcy

Py = —mpg + cyhacn — 2 (¢g — wPmp)

cos ®f — cphycp +

+ Qp — mpg — 02my ‘"';"‘ cos wt.
Orciona

Pa= Qp — 08 L% cos ot [r’""«fi’m tmg| = (my+mp)g. @)

Ipu ¢y = oo (KecTkas KapeTKa Ge3 TNPYKHH)

Py=Qp— —"’M (mg + mp) cos ot — (mg + my). (3.18)

[lpu KpuTHYECKO! CKOPOCTH @, M3 BIpaXeHHA ¢, — @2m, = 0 HmeeM

P

0= 0g= V ‘o H 3.19)

BEJTHUHHH Ay, hy B Py obpamalotcst B oo (Ge3 yqe'ra TPeHHA).
IMpu @ << wy u3 dopmya (3.15) 1 (3.13) BHAHO, 4TO paMbl ABHKYTCSA B OAHOH dase
¢ noso3oM. [lpu ® > wy pamel ABHXKYTCS B npoTHBoda3e ¢ nonosoMm. M3 (3.17) Buawo,

YTO nph ——pﬂ— + mg =0 KOHTaKTHOe HaxaTue Py = const uau
Cp— "’0 p
2
myey + myc, — wgmym, = 0.
Otciona
mp + m
w0y = Vc,, p t Mn (3.20)
mpmu

WM, MOJeIHB 9TO Bhpaxkenue Ha (3.19),

mp
mR l/ +1 3.21)

Tak kax obwuno my = 2my, TO

Wo ~
-~ LT3 (3.22)

K
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Hpnes cospanus nantorpada, pa6oraioutero mpH CKOPOCTAX BbIle KPHUTHYECKOM: H
B 0coGeHHOCTH npu Py = const, Ouenb npuBieKaTeNblla, TaK KaK ClelyeT OXKHAATh
yaydlIeHHA TOKOCheMa Ha GoablIHX cKopocTaX. [ToaToMy Goabuioft uHTEpec npeAcTaBasier
pab6ora O. M. Iosausakosa u B. Il. MuxeeBa, koTopble OCYlLIeCTBHIH NaHTOrpad ¢ Ka-
peTKoli NOoBbILIEHHOM 3J1aCTHYHOCTH H MOMYYHJIH Xopoluuil pe3yibrtaT. [To-Bugumomy, onu
paboTajH Ha CKOPOCTAX Bbillle KPHTHUECKOH M GNU3KOH K (.

Ananoruunbie pe3yabTaThl NONYy4YHAH BO PpaHUMH C TOKONPUEMHHKAMH, HMEIOLUIIIMA
OyeHb GOMbIIOH XON BepXHel KapeTKH.

3.12. MPOEKTUPOBAHUE MEXAHHM3MCB TMOABEMHBIX [MPY)XHH

HasHauenue sTHX MeXaHM3MOB — MOANEPXKHBaTb MOCTOSIHHOE MpHXKAaTHe [10/1033
K KOHTaKTHOMY MpPOBOAY BO BCeX MOJNOMEHHAX.

B cummerpuutom maurtorpade (puc. 3.52) npyxuHa oOblYHO BO3AeHCTBYeT HAa KpH-
BOLIUNKL Ha OGOMX IVIaBHBIX Bajax M MO3TOMY OCTaeTCA FOPH3OHTANbHON. TO ympouiaer
pacyeT ¥ MO3BOJIAET BLIMOJHHTL €r0 alaJHTHUYECKH.

B MexaHu3me mOXbEMHBIX MPYMHH PajinyC KPHUBOIIWMNA 7 H YroJ MOBOPOTAa IJaB-
Horo Bana 20 cuutaem 3aganHmMu. HeuaBecTHble BeNHUHHBI: HATsXKEHHE NPYIKHHBL
B HIKHeM nojoxeHud Ty (HauGoibliee), JKecTKOCTb MOJOBHHBI MPYMHHBI Cp (TaK Kak
B RaJbHefilllem GyeM paccMaTpHBaTh OAHMH IJIaBHBI Bajll M MOJOBHHY MPYXXHUHB) H yroa
YCTaHOBKH KPHBOLIHNA B CpPeiHeM NoJoXeHuu @. [as HX onpejejeHHs BO3bMeM TPH
ypaBHeHHs 33JJaHHLIX MOMEHTOB B HHXHeM nojioxeHuu My, B cpeaneM Mg u B Bepx-
HeM Mp, T. e. Gyiem BeCTH pacyeT NoO TpeM TOYKaM:

My = Ty rsin (¢ — 0); (3.23)
M = {Ty — ¢ [cos (¢ — O) — cos @] r sin @; (3.24)
My = {Ty— cor [cos (@ — 8) — cos (¢ + 6)]} 7 sin (¢ + 8). (3.25)

Hajigem u3 (3.23)
My

(3.24) " m; o
u3 (3.
o= rgl—nccp-l- ¢pr [cos @ cos 8 + sin @ sin § — cos @]; 3.2n
n3 (3.25)
- MB
Ty= m + ¢r2 sin @ sin §. (328)

MoxcraBus suauenne Ty u3 dopmynnt (3.26) B dopmyant (3.27) u (3.28) u chenas
Heo6XoauMble NpeoOpPa3oBaHHsA, MOJTYYHM

My M,
r sin (¢ — 0) rsin @
MH — MD
rsin (¢ — 0) rsin (¢ + )
Ins HCKIOUeHUA Cp MOAeNMM 3TH (GopMyJBl APYT HA Apyra: 5
sin @ sin § — 2 cos ¢ sin? -

= ¢y [slntpsin 8 — 2 cos ¢ sin? %].

= ¢r-2sin @ sind. (3.29)

Mysing — Mgsin (p—8) sing
Mysin (@ + ) — Mysin (9 —0) ~ sin(p + 0) 2sin@sin d

Puc, 3.562. MexaHu3M noAbeM=
HBIX NPYRHH CHMMETPHYHOIO
nauTorpada
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Mocne mnpeoGpasoBaHus noayuum

My sin @ — M, sin @ cos 8 4- M, cos ¢ sin § -
My sin @ cos 8 + M, cos @ sin § — Mp sin ¢ cos 8§ + M cos @ sin §

1 1 4}
Tsmq)-—Tcosmtg-—Q—-

sin ¢ cos 6 - cos ¢ sin §

’

WIH, YMHOXHB Ha JBa M MOJEJHB YHC/IHTeNH H 3HAMeHaTeqH oGeuX uacTefi Ha cos Q,
noJy4HM

tgg—tg -
2Mg tg @ — 2M, tg @ cos & + 2M,, sin 6 _ Be—kg
Mytgqcosd 4+ Mysind — Mg tg @cos 8 + Mgsind ~ tg@cosd +sind °

OCBOﬁO)KIlaﬂCb OT 3HameHarena, MNOJYyYHM
2Mpg tg? @ cos & — 2M tg? @ cos? § + 2M tg @ sind cos & + 2My tg @ sin § —
—2Motg @sin§cos & 4+ 2Mo sin?2 8 = My tg= @ cos § + My tg psind —

—M.,tg‘(pcosﬁ+M.,tgq>sln§—M,,tgcpcos6tg—g—-—Mﬂsinstg-g—-l-

+ Mgtgo cosétg—g——Ma sin 6 tg %,

T.e, MMeeM KBaAPaTHOe YypaBHeHHe BHAA

Atg2o+ Bt 94 C=0, (3.30)
rae A = 2M,; cos & — 2M cos® 6 — M, cos & + My cos 8, uan
A = (My — 2Mg cos § + Mp) cos §; (3.31)

B = 2M, sin 8 cos 8 4 2My sin 8§ — 2M,, sin § cos § — My, sin & —

-—M,,sln6+Mﬂcosﬁtg%—M,cosﬁtg—g—,
WIH

8

l

sin § cos % -+ cos -8 sin -

N

B= (Mg -M,)(sin &+ cos & tg%) = (Mg — Mp)

co 8 )
52
Orciona
sln%&
B = (Mg — My) —=—; (3.32)
coS ——
2
C =2M;sin?d + My sin&tg%— 4+ M, sinﬁtg—g—,
ua

C = 2Mg sin® 8 -+ 2 (My + M) smz-g—. (3.33)

U3 dopmynn (3.32) Bugno, uto B Bausier Ha Mg u My, T. e. Ha HAaKJOH CHiQr
BOH XapaKTepHCTHKH TOKONPHeMHHKa. AHanoruuHo u3 dopmyau (3.31) Buauo, uto A
BJIHAET Ha BOrHyToCTb. CJlep0BaTe/NbHO, H3MeHAA A B B, MOXHO ympaBisTh Mapamer-
paMH XapaKTepHCTHKH,
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INpu npoeKkTHpOBaHMH MeXaHu3Ma c/iefyeT HaiiTH no cdopmyae (3.30) yron ¢, no
(3.26) HanGo/bIyIO CHAY NPYXHHH ¥ 3 (3.20) JKecTKoCTb, T. e.
My _ My
sin (¢ — &) sin (y + 0)
T 2r2 sin ¢ sin & :

M3 nByx Kopmeit kpagpaThoro ypaenenus (3.30) cienyeT 6paTb TOT, NPH KOTOPOM
KeCTKOCTb Cp 6yaer Gojee KOHCTPYKTHBHOM.

Jna KoHTpons uenecoo6pasHo no ¢opmynam (3.23)—(3.25) noacuutaTh 3Hauenus
MOMEHTOB M NPOBEPHTb HX COBMajeHHe C 3aJaHHbIMH.

CiiefyeT OTMeTHTb, uTO B ¢dopmyay (3.29) BXOAMT ¢pr?, MOSTOMY Heo6si3aTesbHO
8a]1aBaTbCsl BEJHYHHOMR 7, 8 MOXHO NPH 33JaHHOH XECTKOCTH NPYMXHHH Cp roaobpatb
COOTBETCTBYIOIHI pajHyC r.

Npnmep. PaccmoTpuM TokonpuemHuk I1-1. IpuBeaeHHan CHAa TAXKECTH 3BeHbeB NPHHATA
80 .

NnoCTofsHHON. CYHTaeM SajlaHHLIMH MH = 48908 H.cm; 6 = 18°45'; Mc = 44 214 H.c™m; 7 =
= 10 cm; Mn = 34 935 H.cm.

Mo ¢dopmyne (3.31) nainpem A = (48 908—2.44 214 cos 18° 405;+ 34 935) cos 18° 45’ =»
= 102,1; no dopmyae (3.32) onpefenun B = (48 908—34 935) Z'T“s;ﬁ,,?;—, =6676; no gopmyne
(3.33) mansem C = 2.44 214 sin® 18° 45’ + (48 908 + 34 935) sin? 9° 23’ = 11 361; no (3.30)
onpenennM

t‘p_—B:tVB'—«tAC __ P V_p_’_ L2y \—_4 .
ge= 74 —=—gi) T3 @)
2
rae B 6676
p_B _ 6616 _ . .
T =W ey 2T
c 11 361
=Z ="z, - M

— T
tgo=—32,7 (1 iV'_W)'

@y = 119°48’ n @, =90°54".

Tak Kak nepBoe SHaueHHe RAET OYeHb HEBLITOAHYIO BENIHYHHY XKECTKOCTH NPYXMHHH, €ro
onyckaeM, H npuinMaem @ = 90° 54’, H3 dopmyanl (3.29) XKeCTKOCTb NOJOBHHb NMPYXHHH

My My 48 908 _ 34 935
sin (¢ — 0) sin (@ +8) _ sin (90°54” — 18%457) _ sin (90°54” 4 18°457) _ Hyen
o 2r3 sin ¢ sin 0 - 2102 sin 90°54° sin 18°45° .

29 Tak kak B TokonpuemHuke I1-1 NpUMeHAIOT B MPYXKHHbI, KECTKOCTb Ka)XXAOA H3 HHUX paBHa
-5 = 55 H/cm. Tlo dopmyne (3.23) HauGosblliee HaTsKeHHEe KaXKAOA TNPYXHHBI

T My 48 908

H __ —_ =
T2 T 2rsin(@ —08)  2-10 sin (90°54° — 18°45") 2580 H.

B acuMMeTpPHUYHBIX TOKONPHEMHHKaX OAMH TJaBHblit Bad. [Tostomy BTOpO# KoHew
NPYXHHbl HENb3fl COEAMHHTb CO BTOPbLIM KPHBOIIMMOM, a NPHXOAHTCA NPHCOCAHHATH
K HemloABHXHOMH TouKe (puc. 3.53). TaKoil MeXxaHH3M BCTpPeyaeTcss ¥ B CHMMETPHYHBIX TO-
KonpHeMHHKaX, HanpuMmep B TokonpuemHHke M7. IIpyXuHa siecb npH nogxbeme NanTo.
rpada H3MeHseT CBOe HanpapJjieHHe, MO3TOMY 3aBHCHMOCTH AJIA ee AJIHUHbI S M TJjeya p
gg}xyqaro'mﬂ Gostee CJIOMHBLIMH M MPaKTHYECKH pacyeT MeXaHH3Ma BhIrOAHee BecTH MOX-

pOM.

¢ QopMysa oueHb yAoGHa AJIs pacueTOB Ha MHKpPOKaJbKyJaaTope (Pemerton JI. H. Pewenne
KBaZpaTHOro ypaBHEeHHSl Ha cYeTHON Junefike. — Tpyan MBTVY, 1973, Ne 160, c¢. 112—115),
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Puc. 8.53. MexammsM NOABEMHBIX HPYKHH
acCHMMETPHYHOT O nanvTorpaga

Tak ke, KaK # B CHMMETPHYHOM TOKO-
npuemMHuKe, pacuer GyAeM BEeCTH O TPeM
TOYKaM:

HUKHER ¢ Xy =@ — 0 M s = &

cpenHelt ¢ Xo = @ H § = Sg;

Bepxheil ¢ x3 =@+ 0 U 5= 5.

HaliieM XKeCTKOCTb NPYKHUHbl HA y4acTKe MeXAY HHXHUM M CPEAHUM MOMOMKEHHAMH

Ta—T
o=—"——L (3:34)
Su— Sc¢
M Ha yuaCTKe MeXAy CPeAHHM H BEPXHHM MOJOXKEHHAMH!
Te—T
g =—"2—"B (3.35)
S¢— S8

OTH XKeCTKOCTH IOJIKHB GbITh PABHH, YTO H 1e7ec006pa3Ho HCHO/b30BaTh AR MOA-
6opa 3HauyeHHA yraa @.
M3 tpeyrombuuxa OAC (cM. puc. 3.52) Haiinem

s=Vre+4+ 12+ 2rlcosx.
Jlna pemenns Ha CueTHOM JHHefiKe BHIPaXKeHHe LeNeCOOOPA3HO {IPHBECTH K BHAY

s=Vr2+12V1+%,—cosx

Wi .
s=V AV 1+ Bcosx, (3.36)
TAe OfMH pa3 ANA BCeX 3HAYEHHH YINa BHIYUCAAIOTCA BelHYKHbI
2rl
—rt L __cr
A=PilnB=—s.

KoneuHo, onpesensiTh s MOXHO Mo A060H H3 GOPMYA AAA PelICHHA TPEYroAbHHKA
no AByM CTOpOHaM H opuomy yray. [lnowazp Tpeyromsunka OAC paBHa

L ps=-—l—rl sin x,

2 2
oryaa rlsinx
= T .
Cuna npymuHst M M
s
= wm T=—eor (3.37)

Ipu nonGope caeayer, 3apaBasicb 3HaueHuem @, 00 ¢opmyne (3.36) HaxoxuTsb
Sg, Sc H Sp H no dopmyne (3.37) — Ty, T¢ u Ty. 3arem onpelenats ¢y U cg no (3.34)
K (3.35). Llenecoo6pa3so BruepTHTL rpadHK 3aBHCHMOCTH 3THX XKeCTKOCTeH OT yriaa @.
310 nO3BONHT OGHAPYXKHTb OLWIHGKH pacueTa M YCKOPHTb pelleHHe 3ajau.

Ecan cg > cg, yron @ ciefyer yBeJHUHTb, 4 €CHH Cy < Cp, — YMEHbIIHTb,

Toasemuble NpYXKHHH, OGLIYHO BO3AEHCTBYIOUIHE HA KPUBOILMNL, COEAHHEHHHle
C rJaBHbIMH BajllaMH (pHc. 3.54), MOMKHBI 0GeCmeYuTb MOCTOAHCTBO MPHXKATHA JLDKH
K KOHTAKTHOMY NPOBOAY. [l 3TOr0 B KOHCTPYKIHH NaHTOrpada npeaycMoTPEHO peryJin-
poBaHHe He TOJIbKO CpeJHero SHaYeHHA CHIH HaXKaTWf, HO M CHJLl B OTAENbHBIX TOYKaX,
Hns takoro perynuposanus B maurorpape JIDK-4 mpeaycMoTpeHo iBa KOMIJeKTa mpy-
IKHH (puc. 3.54, ). Y HapyXHBIX MPYXHH KPHBOILKME 3aKPeneHsl noj 60/Ib1HM YIIOM,
YeM Yy BHYTpeHHHX. Bnarogaps sTOMy NOATArHBaHHEM HAPYXHBIX NPYXKHH MOXKHO YCH-
JIHTh HaXKaTHe [PH BBICOKHX MOJNOXEHHAX MaHTorpada, a MOATATHBAHHEM BHYTPEHHHUX —
NpH HHU3KHX.
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Puc. 8.54. MexanH3Mbl, NpHMEHSIEMBble AJs PEeryiMpoBaHHA KOHTAKTHOro Ha)XATHA B OTAEALHBLIX
TOYEax paGoveil BbLICOTH mnaHTOrpagos:

a =~ )K-4; 6 — I1-7; 6 — I1-3A; 2 — 9PP u 10PP

Heckonbko MHOe peryjnupoBanue npumeHeHo B naHrtorpadax I1-7, B HUX MoOXKHO
peryJupoBaTh CHIy MyKHHH H YroJ KpeluieHHs Kpupowuna (puc. 3.54, 6) (XoHCTpyk-
uus B, A. Ilusna).

B nantorpage I1-3A (puc. 3.54, 6) majen KpHBOIIMNA HacaXKeH HA SKCUEHTPHK,
NOBOPOTOM KOTOPOTO M3MEHAIOT Yrol KperjeHHA. IKCUeHTPHK QUKCHPYIOT 6OATOM,
TMocrosnCTBAa CHAB HaXaTHA AOCTHralOT MyTeM mpo6. DTO TPyAHee, YeM Yy MaHTorpada
JDK-4, Tem 6o/iee, 4TO nPH NOBOPOTE 9KCLEHTPHKA MEHAETCA He TONLKO YTOJ, HO M PajHycC
KPHBOIIMNA, KOTOPHIi TakXKe BJIHAET HA CHJIY HAXKAaTHA JbKH.

PerynupoBanue B Tpex TOuKax HMmeercA B nantorpadax 9PP u 10PP wemckux
anekTpoBo3oB cepun UC-1, UC-2 u UC-3 (puc. 3.54, 2). 3nech MeXXAy NPYXKHHON H r1aB-
HbIM BaJIOM YCTaHOBJEHa lenHas nepegada. CHAy HaxkaTua B BepXHeil TOuKe paGoueil
BHICOTHl PEryJHUpYIOT HaTAXeHHeM MPYKHHbI; B CcepejHHe paboueil BHICOTH — NepPBLIM
6OJITOM, YCTaHABJIHBAIOLMM TJ1€YO CHJIBI MPYXKHUHL B 3TOM NOJIOXKEHHH; B HHXKHell Touke
paGoueil BLICOTHI — BTOPLIM 60/TOM. EJAHHCTBEHHBIM HEJOCTaTKOM 3TOTO MeXaHU3Ma fiB-
JIfeTCA €ro CJOXKHOCTb.

PerynupoBanyie M3MeHEHHeM MECTKOCTH MNPYMXHHH NyTeM BBHHUHBAHUA TapenoK
H H3MeHeHMfl yHuc/a paGOTAIOULHX BHTKOB (MPHMEHAETCA B UEHTPOGEXKHBIX peryasropax)
B nanTorpadax He MOJNYYHIO PacnpoCTpaHeHHs.

Jlns nonyyeHusi NOCTOAHHOTO KOHTaKTa HaXKaTHA HAJ0 He TOJNbLKO MPaBHIBHO CMpo-
€KTHpOBATh MEXaHH3M MOABEMHBIX MPYXKHH, HO H OTPEryJHPOBaTh €ro, YTOGH YCTPaHHTb
BJIHSIHHE BCEX JOMYCKOB, HEM3GEXKHbIX NMPH H3TOTOBIEHHH. MeXaHH3Mbl AJIA TAKOIO pery-
JHPOBaHUA OLIIM OMHCaHH BHUe (cM. puc. 3.54).

Paccmorpum Mexanusm naurtorpada I1-7 (cM. puc. 3.54, 6), y kortoporo peryau-
pyercs yron @. OH no3BojisieT OTPeryJHpoBaTh HaXaTHe B ABYX TOUKaX, OGHYHO Bepx-
Hell M HHXKHeHl (TaK KaK PeryjupyioTcs ABa NapaMeTpa — CHJIa NPYXKHHH W yroa Q).
Ecnu ciona 106aBuTh peryjMpoBaHHe KeCTKOCTH NPYKHHbl BBUHUHBAHWEM M BHIBHHUH-
BaHHEM TapesoK, TO MOJYYHM PeryJupoBaHUe MO TPEM TOUKAM, YTO BIOJHE HOCTATOUHO.

Yc10BHMCS XapaKTePUCTHKH maHTorpada, T. e, 3aBHCHMOCTH CHJIbI Ha)aTHs OT Bbl-
COTBI, Ha3biBaTb C Y4E€TOM TOTO MeCTa, Tie HMeeTcs neperpyska H, CJefoBaTesbHO, TAe
MOMEHT GoJibllle pacueTHOro: neperpy3ka HaBepxXy — BEPXHsf, BHU3Yy — HHXKHAA,
B cepelluHe — CpefHad.

BepxHio10 neperpysky ycTpaHflOT yBeJqHueHHeM yria @ (OTBHHUMBaHHEM BHHTa, pe-
TYJHPYIOUErO Yrojl) UK yBeJHUEHHEM JKECTKOCTH NMPYXUHBI, COKpaliad YHCa0 pabounx
BHTKOB NyTeM BBHHYMBaHUA TapeNoK. HHXKHIOIO meperpysky ycTpaHSIOT yMeHblUeHHeM
yria @ 3aBMHUMBAaHMEM BHHTA, PETYJNHPYIOWEro YroJ, HJIM BbIBHHYHBAHHEM Tapesiok
NPYXKHHBI (YMEHbILEHHEM JKECTKOCTH).

CpenHiolo neperpy3ky, KakK NMOKa3ajlH pacueTbl, YCTPaHSIOT yBeJHUYeHHeM yriia @
(OTBHHUMBaHMEM BHHTA) C OJIHOBPEMEHHBLIM YMEHbLIEHHEM JKECTKOCTH NpPYXKHHBI (BHl-
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BUHUMBaHHEM TapenioK), [Ipu cpexHell Heforpyake cieiyeT 3aBUHYHBATh BHHT KPHBOLIKNA
¥ TapeJdKH NpPYXHHHL.

Jns noBbllieHHA OPOM3BOAMTENbHOCTH TPyJa HJHM fAPH PEryJupOBaHHH CJlefyer
pa3pa6otath Tab.1ulbl, B KOTOPhIX AJA OTKJOHEHHA KOHTaKTHOTO HAaXaTus B JaHHOA
Touke Obln 6Ll AaHbl BCe PeryJHPOBOYHLIE MapaMeTphl.

Takum o6pa3om, MOXHO 060fiTHCh Ge3 CJOMHON LenHOfl mepejaud H B MPOCTOM Me-
XaHu3Me obecneyuTb peryJHpOBaHHE XapaKTeDHCTUKHW MO TpeM TOYKaM.

3.13, TAroBAs CETb AJIS HU3KHUX TEMNEPATYP

Llentpanbubie pafionnl Cu6upn HauGosee yaaneHbl oT okeana, Ha moporax Cubupu
KJUMAaT Hau6osiee KOHTHHEHTA/bHBIH, T. €. HMeeTcs 1lauGOJMbIIKH mapenaj Temneparyp,
MO3TOMY FAroBas CeThb NOJKHA GBITh pacCyH1aHa Ha TaKue mepenaibl Temnepatyp. Cna-
6biM 3BEHOM STOH CeTH ABJfAETCA M30AATOP, TOUHee coeAHHeHHe ¢apdopa ¢ WanKoi.
[lpu Hu3KuX TemmepaTypax wwanka (BcjeAcTBHe GOJBIIOTO TEMNEPaTypHOro Kosddulu-
eHTa JIHHEHHOI'0 pacllupenus CTaju MO CPaBHEHHIO ¢ (HOPGHOPOM) CIHKHMAETCA CHJIbHCE H
BbI3LIBAaET YCTadoCTHOe pa3pyluenue dapdopa. 1o paspyiueHue BO BpeMs CHILHBIX MO-
PO30B CTalO HACTOSLIMM GeicTBMEM. PaiuKaJbHBIM pellleHHeM fBJisgeTcs BooOlle OTKa3
oT wanok, Takoe peweHue A1A MOABECHBLIX H30JATOPOB NAaBHO M3BECTHO. JTO CeAe/NbHHIE
n3oaATopH U u3oaaTopn Hewlett. Mx m cienyer npuMeHsiTL B yCJOBHAX HH3KUX TeM-
nepatyp, HekoToprie uX HefOCTaTKH MOXHO YCTPaHUTh yBEJHYEHHEM YHCJIA H30JATOPOB
B rupasuge. Ouenb BaXKHOe MPEUMYUIECTBO ITHX H3OJATOPOB, YTO MPH UX pa3pylLieHHH
TATOBAf CeThb He MajJaeT, a OCTaeTCH BHCETb.

Ecan €cTh npHYMHBI COXPaHHUTb OGLIYHBI THI MOZBECHOTO H30JIATOpa, TO IIAMKY
clelyeT Jenatb camoycraHasiauawouteiica (puc. 3.55). Has artoro wecymyio nosepx-
HocTh (apdopa Heo6x0AMMO BHINONNATL KOHMYECKOH, € yrJIoM KoHyca GoJblle yrad
Tpenusd. [1paBaa, wanky npuercs AenaTb COCTaBHOM U3 ABYX MOJOBHHOK, 3aKPHTbIX KOJ-
naKoM, KaK MOKa3ano Ha puc. 3.55, WM NPUMEHHTb aHANOTHYHYIO KOHCTPYKUHIO.

Tpynnee pewuTs 3ajauy AJAA CTEPXKHEBOrO M30JATOPA, TAaK KaK OH MOXeT pa-
60TaTb KaK Ha CXKaTHE M pacTsKeHHe, TaK H Ha u3ru6. Maru6a moxHo u3bexarb, cHAG-
XKas H30JMATOp WAPHHPAMHU MO KoHUAM. M3bexaTb pacTAMEHHA MOXKHO Hajjexaied
nonepeyHoli KoHcTpykuuelt cern (puc. 3.56). 3necb KOHCONb — H30JMMPOBaHHafA, Mo-
BOPOTHafl, M30JATOP CHaGXeH IapHupaMd — apoBbiM //1; u BpawatenbHbiM V.
Toraa BMecTo WwanoK MoXHO npuMeHuTb WThIpU (puc. 3.57). Tako# wusonsTop Moxer
X0opowo pa6oTaTh, TaK Kak 61arojlapi HaJIHYHIO WADHHPOB OH MOYTH He MOABEPraeTcH
n3aruby. Msru6 Gyaer TonbKo oT BeTPOBOil Harpy3Ku B NMPOJ0NBHOM Hanpas/ieHuH. UroGbi
n36€KaTb €ro MOoJHOCTbIO, CJleyeT JBa CTEPKHEBBIX M30JATOPA CTaBHTb TPEYrOJbHHKOM
B FOPH3OHTa/JbHOM njockocTH. Hapo Tonpko Tak noao6paTh mapameTpbl MOMNEpevyHOM
KOHCTPYKIIHH C€TH, YTOGbl CTepXKHEBOH H30JATOP HHKOTAA He MOABEprajcA pacTske-
Huo. {ns pamukaneHoro peweHus 3Toil NMpoGNeMbl Jyyule COBCEM OTKa3aTbCA OT

MC. 3.68. THPASHAHLIA M3OAATOP AN HHIKMX Puc. 3.56. Koncoas, npeporspaimaio
‘eMnepaTyp (6e3 M3GLITOYHWIX CBfi3eil) Haru6 cnpxuenoro'm:’a:rop: faatotas
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Puc. 3.67. CTepmHeBoill HIONMTOP Ba WTH-
pax
2]
— A
Pnc. 3.58. Monepevnas noasecka:
a — Ges CTepXXHEBhHX H3OJATOPOB C 3ase-
MJICHHBIMH KOHCONAIMH M HMI)KHHM Nonepeu-
HKM TpocoM; 6 — ru6Kas; 6 — C yMeHblIEH- —
HO# BHICOTOR onop 5)

CTEPXHEBHIX H30/15TOPOB. [N STOTO NpPHMEHMTENLHO K ABYXNYTHHM YuacTKaM
MOXHO YHKa3aTbk TpH cnoco6a.

1. TlpuMenuTh 3a3eMieHHYI0 KOHCOMb (puc. 3.58), a) W HEMHHE MonepeyBnit PHK-
cupylomnit Tpoc. K HeMy npucoennnsTs ¢puKCaTOPH C NOMOLIbIO HAKJIOHHHX (HKCATOP-
HBIX CTOEK HJIH (HKCAaTOPDHHX YFOJBHHKOB, KaK NOKa3aHo Ha puc. 3.58, a. [paeja,
KOHCOJIb 3[€Ch MOJYy4aeTcs JOBOJLHO BLICOKO#H 61aronapsi TpeM NOABECHHM H30JIATOPaAM.
OxnHaKo nNpu KOMMEHCHPOBAHHON NMOABECKE 9TH H3OMATOPH AaAyT LOCTATOMHYIO MONBHXK-
HOCTb HECYIIEMY TPOCY H NMO3ITOMY KOHCOJb MOXKHO GyJeT chesaTb HenoBOPOTHOM, UYTO
SHaUHTENbHO YMPOCTHT €e KOHCTPYKIMIO.

2. [NpuMenHTh FHOKYIO NONEPEYHYI0 KOHCTPYKUHMIO (puc. 3.58, 6) ¢ HaKJOHHLIMH
(uKcaTopHHMH cTolikaMu. Bepxnero dukchpyiowero tpoca uenecoo6pasHo He JenaThb.
370 o6ecneynT NPOIOJLHYIO NOABHXHOCTL HECYIeMy TPOCY, HeOGXOAHMYIO NpH KOMNEHCH-
POBaHHOI MOJABECKE, H YMEHBIUHT YHCJAO NOTPeGHBIX H30JATOpOB. MecTHas MOABHIKHOCTD
6yneT B 3HaUHTEJLHOH CTeMeHH YCTPAaHEHa HAKNOHHBIMH (HKCAaTOPHBIMM CTOMKaMH,
Crenyer oTmeTHTb, YTO TWGKHE NONepeyHHe NOABeCKH 6€3 BEPXHEro (HKCHPYIOLLETo
TPOCa NMPHUMEHANHCb H 6e3 HaKJOHHbIX (PMKCATOPHBIX CTOEK.

HenocraTkoM paccMOTpeHHCH KOHCTPYKIHHM SIBASiETCS YyBeJMYEHHas BHICOTa OMnOp.
3T0oro MoXHO H36eXKaTb NPUMEHEHHEM MMONEPeYHON KOHCTPVKLUMH C LeMHOH NOABECKON
H JKeCTKHMH cToiikaMu (puc. 3.58, 8). YCTONYHBOCTD KECTKMX CTOEK 06GECMEeYHBAIOT Ha-
KJIOHHBIE CTOMKH, KOTOphle 31echb 06A3aTesIbHbI.

3. Tpy6Gy ¢ukcaTopa AenaTb H3 H30JMPYIOUIEr0 MaTepuana.

Bo Bceft KOHCTPYKUHH TATOBOH CETH He NOJ/DKHO ObiTh H3GHITOUHHIX cBsded. Harsxk-
HOif GJOK Hajo YyCTaHaBJHBaTb Ha OAMH noawunHuk cepun 0000 mam 2000, a we
Ha JiBa, TaK KaK 3TO HajexxHee. Hesb3ss NMpUMeHATb KoOHMYeCKHE NOALIMIHHKH CCPUH
7000, Tak KaK OHM TpeGYIOT peryJHpOBaHHs, KoTopoe MoxeT GHTb HapyweHo. Takxe
HeJIb3S IONYCKaTb W3GBITOUHLIX CBsi3ell B KOHCOJNH H KpenslliUX ee H30JATOpPax, OHH MO-
TyT BHI3BIBaTb MX Meperpy3ky u paspyuenue. TakuM o6pasoM, TATOBYIO CeTb, HaJeXHO
pa6oTaiollyio Jaxe NpH HU3KMX TeMNepaTypax, CKOHCTPYHPOBaTb MOXHO.

3.14. BbIBOJAbl H PEKOMEHJAALHH

B MHOronoBoaKOBOit Tpymme, €caM KaXJblil MOBOAOK HAaKMaJblBaeT OJHO YCJOBHE
CBSI3H, MOJABHXXHOCTb PaBHA ILECTH MHHYC YHMCJIO MOBOAKOB. [l CaMOYCTaHaRIHBaeMOCTH
Hall0 BLINOJHATL ONpEJeNeHHbIE YCJIOBHS PachoNOXEHHS MOBOAKOB.

B MexaHuamax THAPONPHBOJOB H MeXaHH3Max BEpTOJIETOB BCJEICTBHE LIHPOKOro
NMpUMEHEHHUs WAPOBLIX NMap u36GLITOYHBIE CBA3M OTCYTCTBYIOT H MOSABJAIOTCA TOMLKO NMPH
KOHCTPYKTOPCKHX OIUHGKax. MexaHH3M aBTOMaTa MepeKkoca BHHTA BEPTOJNETA MOXHO
3HQYWTEJILHO YMPOCTHTH MPaBUABHEIM BHGOpOM €ro CIPYKTypHOH cxemm (¢ 13 mo 7
3BEHbLEB).

H3BeCTHH KOHCTPYKUMH THAPAUHOHHBIX APOGHIOK Ge3 H3OGHTOYHHX CBfi3ed KakK Ais
NEPBHYHOTO, TaK H AN BTOPHYHOro ApoGieHHs, HCNMHTaHHWE MuoronerHed paGoToi,
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B KapiaHHbIX fHaPHHPAX NPH NPaBHJIbHOM KOHCTPYKLHH H3GLITOUHBIX CBfA3ER HeT.
B KapigHe NpPOKAaTHbIX CTAaHOB OLJIO CeMb H3GHITOYHBIX CBf3ef, & B HOBOA KOHCTDYK-
Iuu, NPHMEHseMOA B MUAHIPHMOBBIX CTaHaX, OHH ycrpaHneHnl. MuTtepecno ormetHTs,
uro Mypra OsbareMa MOXeT CAYXKHTb KapAaHHbLIM LWApHHPOM (KapiaH C KyGHKOM).

B 7OKOMOTHBHBIX MeXaHHSMaX — IIAPHHPHBLIX Nepejayax MeXAy Mapaie/bHHIMH
OCSIMH H3GWTOYHBIE CBS3H JIETKO yCTpaHuTb. IIpu BbiGope cxeMbl HaJ0 YYHTHIBaThb ypas-
HOBEIIEHHOCTb, YHCJIO APHHPOB, MAKCHMAJbLHYIO HarpySKy Ha WIapHHP H CYMMy Harpy-
BOK Ha Bce IIAPHHPBHI.

B JIOKOMOTHBHHIX TOKONpPHEMHHKAaX YCTpaHeHHe H3GWTOYHBIX CBs3efi Mmo3BoJIAeT
yMeHbIUWTb TpeHHe B 3—4 pasa M CAeJaThb €ro He3aBHCHMbIM OT AONMYCKOB Ha pasMepH
sBeHbeB (MpoBepeHO paGoOTOfl OMBITHOH NMApTHH). YCTaHOBAEHO, YTO HMEETCH CKOPOCTb,
MPH KOTOPOH KOHTAKTHOE Ha)KaTWe MoJI03a MOCTOSHHO (mpoBepeHO B J1aGopaTopuH).
MexanH3M NMOXBEMHBIX MPYXKHUH CJeAyeT NPOEKTHPOBATh IO TPeM TOYKaM,

Pacuyer 3ecTKOCTH AJS C/ydasi, KOra MeX1y NPYXKHHOA H pacuyeTHOR TOUKOR uMe-
eTCAl nepelaTOYHbI MEXaHH3M, N0Ka3aJ, YTO MECTKOCTb MPYXHHBH 3aBUCHT OT KBajpara
nepejaToyHoro 4ucia.



F'nasa 4

MEXAHHU3MbI
C BbLICLIMMH NAPAMH

4.1. KYJIAYUKOBBIE MEXAHHW3MbI

Han6onee pacrnpocTpaneHa KOHCTPYKHHSI KYJauKOBOTO MEXaHH3Ma C DOJHKOBHIM
TonKaTejqeM. TosaKaTeJb ABHXKETCA B HaNpaBJsIOWUX npsiMoauHeiino (puc. 4.1) nan
0 OKPYXKHOCTH Ha phlyare, MexaHHW3M, KPOME OCHOBHOIi, HMeeT OIHY MECTHYIO HOA-
BHXXHOCTb BCJEJICTBHE BO3MOXHOTO MPOCKaJb3biBaHHS POJHKA, T, €. w = 2,

Ecnu paccMaTpuBaTh MJIOCKYIO CXEMY STOTO MEXaHW3Ma, TO, MOACTaBMB B GopMyay
(1.5) 3Hauenus n=3, py=3 u pp= 1, nonyunm gy =2—3-34+ 2.3+ 1=0,
T. €. HE3aBHCHMO OT KJacCOB KHHEMaTHYeCKHX Nap Ha NJOCKOH cXxeme KyJauoOK ¢
POTHKOBHIM TOJIKAaTe/JIeM H CHJIOBBIM 3aMblKaHHEM H3OBITOUHLIX CBA3€l He MMeeT.

[lpn KHHEMaTHYeCKOM 3aMblKaHHH HEe3aBHCHMO OT TOrO, BLINOJHSAETCS JH OHO na-
8OBHIM KyJauKoM (puc. 4.2, a) uam cIBOeHHHIM Mexanuamom (puc. 4.2, 6), noGapas-
€TCs1 OJlHa BhICIlAs napa, MNO3TOMy gp = 1.

IMpu na3oBoM Kynauke, KOTOPbIH 06paGaThiBalOT MaabLeBOi Gpe3oi AHaMeTPOM, paB-
HLHIM IHAMeTPy poJKKa, 06a npoduas o6paGaThiBaiOT 332 oAuH npoxox. [TostoMy H3GHITOY-
Hasg CBA3b 37ech He odueHb BpefHa. [lpn ciBoeHHOM Mexann3me CBfi3b TpeOyeT OveHb
TOYHOr0 HCROJb30BAHHA MeXaHH3Ma BO M36eXaHHE 3aKNMHUBAHUA HJH CTyKa OT upe3-
MEepHHIX 3a30poB. [TosToMy 3Ta W36biTOUHAsl CBA3b OCOGEHHO HEXeJaTeJbHa, KaK W BO
BCeX CJy4asX CHBOCHHBIX ME€XaHH3MOB,

Ipa paccmoTpeRuH AEHCTBHTEJIbHBX MEXaHH3MOB C CHJIOBBLIM 3aMblKaHHeM, MO1-
craBuB B ¢opmyay (1.1) snavenus w =2, ¢= 0 u n = 3, noayuum 0= 2 — 6-3 4-
Spy + 4ppy + 3y, + 20, + Py, oTRYRA Bpy + 4ppy, + 3pyy, + 29+ Py =
= 16. Tak Kak B MexaHH3Me ueTbipe KWHEMaTHYeCKHe Mapui, To py + Pry + Prr;
+ =4

OTH ypaBHEHHA YIOBAETBOPSIOTCA MPH Py, = 3, Ppy = Pyyp = Py =0n py =1
(cM. puc. 4.1, a). B atoM cayuae fas nonyyeHuss KHHEMaTHYECKOIl Naphl NepBOTO KJ1acca
(Toueyno#l) npumeHsOoT 60uK006pa3Hbii posnK. Takas KOHCTPYKUHSI NPHMEHHMA Kak
K JIHCKOBbIM, TaK H K UMJIMHAPHUECKUM KyJaukaM C TOJIKATeJeM, IBHXKYILHMCH Ha
nosN3yHe HJH phluare,

YpaBHeRHS YNOBJETBOPAIOTCA Takxe npu p, =2, pry =1, pr;;=p; =0 0
Py =1 (cM. puc. 4.1, 6). B arTom ciyuae npuMeHsIOT UMJHHAPHYECKH poauk. Kpowme
TOrO, AJil TMOJYYEHHS Maphl YETBEPTOrO KJacca HanpasJsIOLLYIO TOJKATeJsl BBHITOJHAIOT
BHAHHApHYecKol. KoHcTpyKuus uenecooGpasua npu GoJbwiux yriax gasjenus. Heo6-
XOJHMO TOJbLKO OTPaHHYHTb BPalIEHHE TOAKATeJst B MpejeJax, NOCTaTOYHBLIX AAS MO-
JIY4EHHS] CaMOYCTaHaBJIHBAaeMOCTH. TaKas KOHCTPYKUHMS NPHMEHEHa B MeXaHH3Me peo-
CTaTHOTO KOHTpOJJIepa CHCTeMH aBTopa (a. c¢. Ne 56607) pas BaroHoB NpPHTOpORHOrO
COOGLIERHS H METPONOJIMTEHA W NMOJHOCTbIo cebs onpasrana. [Moasyn Tonkarens, OxBa-
ThIBasi KyJayoK, OrpPaHHYHBAET MOBOPOT TOJKATeNS.

ITHeBMaTHuecKuil npuBox Koutpoanepa ITKI-320 (uanpsixenne 3000 u 1500 B)
(puc. 4.3) Bpamaer KyJayKoBbIfl BaJi KOHTPOJJEpa TOJBLKO B O/IHY CTOPOHY C MOMOMILIO
3y6uaToii mepenauu (TOK BBIKJTIOYAeTCS APYTHM anmapaToM — JHHEHHbBIM KOHTAaKTOPOM).
Kynauox (3Be3na) npuapeH K BaJdy npuBoja. Posnku KyJayKoBOro MexaHHsMa Bpauia-
I0TCA Ha HroJb4aThiX MOAWHMHHKaxX. [TOAWMNHHKK Baja CMOHTHPOBAaHB Ha QuiaHue,
BMECTEe C KOTOPbIM BHIRHMAIOTCS BaJ H 3Be3fia. DTOT XKe (aHell CAYXHT AT KpenieHus
NPHBOJA.

Peocrarubiit KoutpoJasep ITKI-756 npuMenen B BaroHax MeTponoJuTeHoB. Ban B hem
NPOXONHT CKBO3b NPHBOX (PHC. 4.4) N1 Oonee HaJlexKHOH OMOpHI BaJla H OTNEJEHHS HH3KO-
BOJLTHOMN YacTH anmapara OT BHICOKOBOJLTHOH. [Ins Bajna B lITOKe npoppe3epoBaH mnas,
310 notpe6GoBano yBeNTHUEHHA TOJIMHB WTOKA (cM. puc. 4.3 u 4.4). UToG6h BcTaBAATh
INTOK Yepe3 LHJIMHAD, TapeJKH MOPLIHA BBLIMOJHEHH cheMHBIMH. Kpome Toro, mosepx-
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Puc. 4.1. Cxema KynaukoBs ¢ poanKo- Punc. 4.2. Kyaauyku ¢ KHHEMaTHIeCKHM 3aMbiKaHHEM:
BhLIM TOJMKATENEM W CHNOBLIM 3aMbiKa~ @ — nasoBnii; 6 — CABOEHHDIR

HHEM:

a—e6 — Ge3 H3GLITOYHBIX CBfided; & —
¢ OAHOA H3GLITOYHOH CBASLIO

noctu 1, 2 (cM. puc. 4.4) npuuioch O6TOYMTL MO UHJIHHAPHYECKOA NOBEPXHOCTH, OCh
KOTOpOIi CMellleHa OTHOCHTEJIbHO OCH LHJIHHApPA, 3 OCb MOBEPXHOCIH 3 COBMAjaeT € OChI0
HHJIHHAPA.

KoHnerpykuusn, udo6paxennas Ha puc, 4.1, 6, BnoJHe MPHroaHa U JJIs LHJIHHAPRUE-
cKoro Kynauka, OfHaKO OHa HempUMEHHMa JJs1 KyJauKOB C BPALAIOLHMCS TOJKaTeNeM,
TaK KaK B 3TOM C/yuae OCb UHJIHHAPHYECKON MapH OKa3biBaeTCs MapaJieJibHOH JHHHH
KacaHHfl KyJIauKa H POJIHKA H BMECTO CaMOYCTaHABJIHBae€MOCTH MOAYYaeTcs HEeJOnyCTH-
Mas  MOABHXKHOCTb  TOJIKaTeJs
BOJbL €ro OCH BpalleHHS. AA

MMonyunTb KOHCTPYKuHIO Ge3 &

A306LITOYHBIX CBAA3ed C HHJIHHAPH-
9eCKHM pPOJHMKOM MOXHO NyTeM
NpHMeHeHHS [UapoBO# KHHeMa-
THUuecKoi napb  (cdepuueckoro
NONIKMHAKA KaueHHs) Ha OCH
BpalleHns POJaHKa (cM. puc. 4.1,6).
Ilpn sToM ponuk nonyuaer ewe f @
OJIHY MECTHYIO MOJBHXHOCTH — 13
BpalleHue BOKPYT OCH, MepIeH-

AHKYJSAAPHOH K JIHHHH COMPHKOC-

HOBEHHsl C KyJaykoM. Ity mo- g
JBHXXHOCTb HEOGXOJIUMO OTpaHH- =
YHTL B TIpefenax, Heo6XoAMMbIX A N e Tmme)
JJs CaMOYCTaHaBJIHBAaeMOCTH, YTO A ol
OYeHb JIETKO, TaK KaK OGHYHO *

POJHK MOMEWaioT B  TPOPE3n
NOJI3yHa TOMKaTens.

Ilo ¢opmyne (1.1) npu
w=3, n=3 u py,=2 Hail-
ReM  pry=p =0, py =
=1; p;=1n9g=3—6X
X3+52+34+2=0.

PaccMoTpennasi KOHCTpYKUHS
NpHMEHHMa KaK JAJS JAHCKOBBIX, A-l
TaK M JJs UHJIHHAPHYECKHX Ky-

JIGYKOB C TOJKAaTeNeM, ABHKY-  pyc, 4.3. MnesmaTnuecknét KynaukoBhA NpPHBOX KOH-
mMUMCA Ha MNOJI3YHe HJH phiyare, tpoanepa NKI-320 na 3000/1500 B aas saexTponoespa
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Pac, 4.4. NMuesBMaTHYECKHA KynaukoBbil npHBOX KOoHTposnepa MKI-756 ua 750 B aas saroua

MEeTPOnoJHTEHA

Ecnd npuMeHHTh LMAHHAPHYECKHH PONHK (MMHefiuaTas mapa BTOpOro KJacca) H
OCTa/bHbIE MapH MATOrO Kaacca (cM. puc. 4.1, &), To no dopmyae (1.1) mpn w =2,
n=3, p,=3 u p, =1 HaitneM q= 2 —6-34 534 2-1 = 1. Haauune u36mu-
TOYHOA CBSI3H TPeOyeT TOUHOrO BLINOJNHEHUA PAXA pa3MepoB B STOA KOHCTPYKLHH.

JIerko ycTpaHsIOT M36HTOYHbIE CBSI3H B MEXaHH3MaX C BPawlalomuMcs (PHYaXKHbIM)
To/NKareseM (puc. 4.5) mocTaHOBKOK pbiuara Ha chepuueckyio onopy /715, Bropas yrio-

s t G’+@,+&” ,’I/_‘_@[I_‘_”I
w=2 22|0+0+1]|0+1+0
K=2-187122+2+2]12+2+2
by=1 §-1|0+0 -1 0+0 +0
mw=1 4-2]0-1+0]| 0-1+¢
=1 3-310+D—1]-1-1+0
Opa=1 2-4)-1 +8 ~1 0—-1-1
Prs=1 2-4|-1+0—-1]-1-1+0
n=3 0 0|0+ 1—110—1+1

ill 7

3 " 1c ac o

ABC IRA A
A8DE 7 £ p |0 2E}E

Puc. 4.5. CaMoyCTamasamBaloaOmMiic Xyaad-

KOBul MEXaHU3IM

Bas MOJBHMKHOCTb PhiYara yCTPaHSETCHA KOJb-
ueBoil nmapo#t [lg, coeauHsIowWed ero ¢ Toa-
KateneM KJanana., Takas KOHCTPYKUHSA AR
NJAOCKOr0 TOJIKaTeNsl ABHTaTeJNfd MOKa3aHa
Ha puc. 4.5, BHH3y Ha pHCYHKe npuBe-
HeHbl NMOXBHXXHOCTH B KOHTYpe,

4.2. CHJIOBbIE KOHTAKTBbI
JNIEKTPUHYECKHX AIMAPATOB

B sjekTpuueckux annapartax IWHPOKO
NPUMEHSAIOT JHHeHuYaThie KOHTAKThl — naphl
11,, TaK Kak ILIOCKOCTHOIH KOHTaKT ce6fl He
onpasjan. JIuHeiluaTblii KOHTaKT Tpebyer
XOpOLIEero COMPHKOCHOBeHHA Ty6ok. Ecau
pa6oTaer He3HAuHTeNbHafA YaCTh TEOPETHYE-
CKOf JJIHHBI KOHTaKTa, TO Harpy3ouHas cno-
coGHOCTb NajiaeT u ry6ku ropsar. Pasmep pa-
6oueli YaCTH KOHTAKTa KOHTPOJIHPYETCHA NpH
npuemke annapata. Ho npH skcniyaTaudu
OH HapylllaeTcs, YTO H MPHBOJAHT K NoArapam
ry6oK. JlocTHYb XOpOIIero KOHTAKTa MOXHO,
€CJIH HCMOJIb30BaTb MPHHUHN CAaMOYCTaHa-
BJauBaeMocTH. [lpumepoM npaBuabHOTO pe-
IIEHHA MOTYT CJYXHTb KOHTaKTH PeBepco-
pa 18MP snektpoBosa YC-2, y koroporo
NpH HOMHHAJbHOA cHJIe TOKa 550 A Ha-
JKaTHe mnajbleB HAa CETMEHTH COCTaBJsier
Bcero 22—25 H. Jas cpaBHeHHA YyKa-
JKeM, 4YTO NPH OTCYTCTBHH CaMOYCTaHOB-
xu B pesepcope [1P-156B npu Toke 400 A
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g=0-61+31+2-1+11=0 A
Puc. 4.6. CnaoBoi KOHTAKTHLIA nasen Pnc. 4.7. CHaoBofi =EoHTakTop (6es
(6es N3GLITOYHMX CBRA3eH) M3GBITOMHBIX CBA3eH)

CHJIa HaXaTHs KOHTAKTHHX naibues paBia 70—90 H, ee yBeanunpaior xo 150—
200 H, 2 nasmblibl BCé paBHO TOpHT.

Kon1akTHEI najell Ge3 H3OWTOUHEIX CBf3eR mokasan Ha puc, 4.6. C cermentom,
NpHBEpHYTHIM X Gapa6any, o o6padyer napy //,. C H3oaHpoBaHHOR CTORKOA OH
coeinHeH mapoBoit napoit £//;. CerMeHT NpuXuUMaeTCs NMPYXXHHOH, WINHHAEAL KOTOpOXk
DPOXOANT 9epe3 na3 B cerMeHTe M o6pa3yeT ¢ HHM NMapy nepBoro Kaacca /. Ynopsuit
6onT, NOKa3aHHH| Ha puc. 4.6, CAYXKUT AJIsi OTPaHHYEHHSA «NPOBaJa» nanblla, KOT/1a NpH
MepEKTIOUEeHHAX H3-TIOJL HETO YXOAMT ceIrMeHT 6apaGana. UTo6kl TOK He Harpepas napu /I,
u /115, napannesbHO UM CTaBAT THGKUil WYHT (Ha puc. 4.6 He nokasan).

lMo ¢opmyae (1.1) Haiinem g =0 —6-1-+4 314+ 2-14+1-1=0, 1. e. n36u-
TOYHHIX cBsi3efl HeT. [IpH HMCMOJIHEHMH 3TOH KOHCTPYKUHH HEOGXOAHMO CTPOTO CJENHUTH,
uTo6m napul [, u I1]; obecneanBasu HeoGXOAHMbE TOJBHMKHOCTH,

HabexaTh u3CGHTOUHHIX CBA3eH MOXHO H B CHIOBHX Kontaktopax. Ha puc. 4.7
NOKa3aH KOHTaKTOP C KyJauyKOBbIM NPHBOAOM BO BKJIOUEHHOM nosioxeHHH. KonTaktop
BRJIIOUAETCS MPYXKHHOH H BHIKJIOUaeTCss KyJauKoM. H36exaTh H36HTOYHBX CBA3elH 3jech
MOXKHO, NPHMEHHB IapoBylo napy [//; MeXay FIaBHBM pHIYArOM H jepXKareleM Moa-
BHXXHOTO KOHTaKTa. BpenHylo YI/0ByIO NOABHXKHOCTL MOXHO YCTPaHHTb YMOpaMH [y
JepXarenss B IEKH TJaaBHOro puivara. Takyio cxeMy mnpeanoxua A. B, Tlaaanxo.
OTH e pacCyKIeHHS NMPHTOJHBI TaKXKe I/ KOHTAKTOPOB C MHEBMaTHYECKHM H 3JIEKTPo-
MarHHTHBIM NPHBOJAOM, TaK KaK pacCMaTpHBaeTcs He MNpPHBOJ, a TOJbLKO 3BeHbS, Ha-
TPYXEHHHE BO BKJIOYEHHOM NOJIOXEeHHH.

4.3. KOHTAKTHBIE YCTPOACTBA LEMH YNPABJIEHHS
(CTABOTOYHBIE)

KoHTaKTBl uenu ynpaBjeHHs BCJIEACTBHE MaJbiX TOKOB OGHUHO BHIMOAHSKT TO-
qeqHbiMH — J,. [Insi Ge3oTka3HoM paGoOTHI (YTO 31eCh OCOGEHHO BaXKHO) B HHX NOJKHBI
6urms_oGecneueHsl HaleXKHOE CKOJIbXKeHHe (PHTHPaHHE) M TOYHOE KOHTAKTHOE HaXKaTHe,

Ins nonnepXaHHA NOCTOSHCTBA KOHTAKTHOTO HaXaTHS TPYXKHHA JO/KHA HMETh
Mallylo XKeCTKOCTb H COOTBETCTBEHHO GoJbmylo nedopmauuio. [lmockHe NPyXHHH, NPR-
MeHsieMbleé B KOHTAKTHHX najibnaX TATOBHX aNnapaToB, H 0COGEHHO pyO6sllHe KOHTaKTH
B PajHOTEXHHKE K€ YNOBJETBOPAIT 3TOMY YCJIOBHIO H MO03TOMYy paGOTaloT MJIOXO.

Xopouyio (Manyio) KecTKOCTb AaiOT BUHTOBHE npyxuubl, Ho mpu Gonbmom uuche
KOHT2aKTOB HX TPYAHO pa3mecTHTb. [To3TOMY BO3HHKaeT mpofJieMa HarpyXeHHsI HECKOJbe
KHX KOHTaKTOB OAHOMA NpymHHOA. JlaBHO H3BECTHBI MOCTHKOBHE GIOKHPOBKH, Y KOTOPHUS
NPYXHHA, PacMOJIONEHHasi B CepelHHe NPAMOJHHEIHOTO MOCTHKA, NMPH)KUMAeT Ba KOH-
TaKTa (ycnosre Ne 2, Ta6a. 3.1). B sToM cyuae cuia NpYHHH B Harpy3sKu ABYX HOH-
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TaKTOB HamnpasJ/ieHbl MapaJJjej]bHO H B OJHOH MJIOCKOCTH.

7 L1, IOns yBequueHHs YHCAA KOHTAaKTOB HAaj0 BMECTO TOTO,
=2 uyTo6Gbl pacrmojaraTb X B OJHOH MJIOCKOCTH, B3ATh Na-
7 A w pajsieNbHble CHJIbI B NpocTpaHCTBe (yciaoBue Ne 5,
ta6a. 3.1). Toraa omHa npyxuna GyJeT NpHKHMATb TPH

. 3 KOHTaKTa, a €CIH MCMOJMb30BaTh CHJAY M IPYroro KOHUA

MPYXHHBI, TO WIECTb KOHTAaKTOB (puc. 4.8).
310 ycTpoicTBO 6B110 Pa3paboTaHO aBTOPOM H MpuMe-
HEHO IS TPYNNOBOro KOHTpoJJepa Ha 14 nosuuuii Motop-

Horo BaroHa (a. c. Ne 65376). Ilposona uenu ynpase-

7 - HUS MOIBOAATCA K CETMEHTAM, YKPEIUIEHHBIM Ha TeKCTO-
4y~ ==—1; NUTOBBIX AHCKaX I u 2. CerMeHTH BHIMOJHEHb Pa3pe3HbIMH
% “ C H30/ALHOHHBIME BCTaBKAMH COIVIACHO PasBepTKe LEemH

6 ~—~%  ynpasnaeHus. JUCKH CTATHBAIOTCA NPYXKHHOH 3 (B ONBIT-
ﬁ HOH KOHCTPYKuuH GbIO JB€ MPYXKHHbI), o6ecneunBaiowei

KOHTaKTHoe Haxarue. JlNsl ycTpaHeHMsi Bpallennsl Kax-
Puc. 4.8. KouTakTHoe ycir- I QHCK COeJIMHEH MOBOAKOM C KOPMYCOM annapara,
PoicTBO, B kKoTopom oana UTO OGeCneunBaeT CaMOYCTaHOBKY aHcKOB. [ToxBuxmbie
NMPYyXHUHA nMPHKNUMAET WeCTb KOHTAKTbHl — TPH MNapbl — YCTAHOBJEHH HAa TEKCTOJHTO-
KouTaxkTon BOM JHcKe ¢, 3aKpenJeHHOM Ha BaJly KOHTpOJJepa.

Jas co3naHuss ONMHAKOBOM HAarpy3KH KOHTaKTOB, paGo-
TalOWHMX HA CErMeHTax PasNYyHbIX Pag¥yCOB, LEHTPaJbHbie YIJL COOTBETCTBEHHO
BBHINOJHERBI PA3JHUHLIMH. TaKas KOHCTPYKLUHMA OYeHb HaleXXHO paGoTaja B TeueHHe He-
CKOJIbKHX JIET.

UHC/10 KOHTAKTOB MOMHO yBEJHUYHTb, 3aMEHHUB OJHH H3 HHX DPaBHOIJIEYHM pHIYAaroMm
(6anaHcHpOM), KOHTRKTHPYIOIHM C 1BYyMs cerMenTamMu. Takoe yCTPOACTBO GLIIO HCTIBITAHO
Ha BaroHe METPOMNOJIMTEHAa U TOXe paGoTalo HajexHo. Ecin ke KOHTaKThl 3aMeHHTb phi-
Yarami, TO NOJYUYHTCH 12 KOHTaKTOB OT ONHO! NMPYXHHBI; TAKOE HX YHCJIO He TpeGyeTcd,
TaK KaK Ha npakTHKe 6oJblue BOCbMH KOHTAKTOB HMKOTAA He NMPUMEHSJIH,

JlannHefiulnit NyTb yBeJHYEHHS YMCJIA KOHTAKTOB, MPUIKHMAEMHX OJHOH MpYXH-
HOl — 3TO Hcrnoab3oBaHue Gosiee o6uiero cJaydyas MPOCTPAHCTBEHHOrO PACIOJNOMKEHHS
cua (ycnosue Ne 7, ta6a. 3.1), rie cHJIBI KOHTAaKTOB AeHCTBYIOT B MapaJJesbHHX MJI0-
CKOCTSIX H nepecekanoT npsaMyio (cM. puc. 3.3, 6). ITosToMy Kaxnablfi KOHel[ NMPyXKHHBI
NPHXHMAET YeThipe KOHTAKTa. ABTOPOM YCTaHOBJIEHO, YTO MPAKTHYECKH 3TO O3HAUaeT,
YTO CErMEHTH JIO/KHbl GbITb PacloNOXKeHbl HAa MOBEPXHOCTH UMJAHHApa (a. ¢. Ne 68668).
KoHnTakTHas nm/acTuHa ROJKHA COEAMHSATHCA C MPHBOJAOM KOJbleBOM napolt Ils, och
KOTOPOR mnepneHaHKyJsipia ocH UMaMHApa. Eciau ncnoab3oBath o6a KOHLA NMpYXKUHB,
TO MOCJeAHsAs NaeT NMPUXKATHE BOCBMH KOHTAKTOB. [IpeHMyIIecTBO 5TOff CXeMbl H B TOM,
4TO OHa MPHIOJHA KaK JJs MOCTYNaTeJbHOTO JBHXKEHHA YNpPaBAAIOWEr0 3BeHa, TaK H
AASl BpamaTteabHOTO,

HaxoHel, MOXHO MOMYYHTb OT OJIHOrO KOHLA MPYKHHb NPHIKATHE WECTH KOHTAKTOB
(cM. puc. 3.5, 6). Iast 3TOr0 Hajo HCNONBL30BaThb OOWHMH cJAydall PacrOJOKEHHH CHJ
(ycnoBue Ne 11, ta6n. 3.1). K coxasenuio, B 3TOM Cjyyae CKOJbXKEHHE (IPHTHpaHHE)
KOHTaKTOB He ofecrneyeHo, MOITOMY €ro MOXXHO IPHMEHATb TOJNLKO TaM, Tje 3arpsA3HEeHH®
KOHTaKTOB a6COJIOTHO HCKJIIOYEHO.

4.4. PANOBLIE 3YBYATHLIE NEPEJAYHU

B coBpemeHHHIX 3yGuATHIX Mepefauyax Ko3(bHUHEHT MEepeKpHTHA & Bcerna GbiBaeT
Gonbllle eHHHUB., DTO yKa3biBaeT Ha TO, YTO B Hayaje M KOHIlE JHHHH SalelIeHus
OJIHOBpeMeHHO paGoTaloT ABE napnl 3y6heB (npu & << 2), Harpy3Ka Mexy KOTOpPHMH pac-
NpefieNAeTCA CTaTHYECKH HEOMNPeLeNHMO, T. €. HMeeTCs OAHA H3OLITOYHAA CBfASb B KHHe-
MaTHYECKO#H mape, a He B MEXaHH3Me, H NO3TOMY OHa He ABJISETCS BPEAHOH, TaK KaK KH-
HEMATHYECKYVIO Napy Nerko BBIMOJHHTB C JOCTATOYHOH TOYHOCTBIO.

[Mpu GoabioM KospdulHeHTe nepeKpHTHS 3y6uaThle nepelaud cnoxoiiHee paGoralor
H MeHee TpeGOoBaTeJbHE K TOYHOCTH H3TOTOBJIEHHS 3y6beB, OGBACHHTL STO MOXHO cJe-
AyomuM obpa3om. Ecau paGoraer ogHa mapa 3y6beB, TO BCAKHA nepekT B mpoduie
(nanpuMep, BbIeMKa) BBI3HiBaeT M3MEHEHWE 3aKOHA ABHIKEHHs BeJOMOTO KoJjeca, CONpo-
BOX/AI0MIeeCA AHHAMHUECKHMH HATpy3KaMu, LIyMoM H T. m. Ecnn se paGotawor oaud-
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Puc. 4.9. CxeMn unanHapuueckod sy6uaroi nepepaum:
a — naockas; 6 — Ges H3GWTOYHHIX CBsisefl} 6 m~ ¢ ONHOR H3IOLTOYHOA CBA3BIO

BPEMEHHO J1Be napH 8y6beB, TO BHleMKa B OfHOM H3 npoduieli BH3HBaCT TOAbKO nepepac-
npeleJieHHe Harpy3oK Mexay 3yObsIMH H IIOYTH HE BJHAET HA 8aKOH ABHIKEHHS BEJO-
moro Koseca, I[109TOMy HSGBITOUHYIO CBSi3b, BO3HHKAIOULYIO BCJIGJCTBHE OJBOBPEMEHHON
pa6oTul HBYX nap Sy6weB, B NanbHefmeM He GyleM YUHTHIBaTb, CUHTast, 9TO paGoTaer
TONbKO OfHa mnapa 8yCbes.

Mo dopmyne (1.5) ans nnockoit cxemul 8y6yaTass nepefaua Mex1y napasjesbHEMH
ocsimu (puc. 4.9, a) HE3aBHCHMO OT KOHCTPYKIUHH KHHEMaTHYECKHX Map HSOHITOYHbIX
cBasefi He umeer. B sToM Jerko yGeluTbCs, NOACTaBASIA SHaueHusA a = 2, wp= 1,
pa=2n py = 1 B dopmyay (l.gl): qu=1—32+42-241=0,

CoBepILeHHO Te XK€ SHaYeHHsl W3OLITOUHBIX CBA3el MOMYyuYaloTCA AMA KOHHYECKOd
nepesiatud MeXJy NepeceKaloUHMHUCH OCAMH, €M HX OmpeleauTb no dopmyne ansa cde-
pHuecKofl cXxemsl.

[MpH pacCMOTPEHHH JEHCTBHTEJIbHHIX MeXaHusMoB mpu w =1, n=2 n ¢=0
no ¢opmyae (1.1) noayuum

0=1—6-2 4 5py + 4p1v + 3p1i1 + 2p11 + p1,

orkyna 5py + 4pp, + 3p;;, + 29, + pp = 1L

Tak kak B MeXaHH3Me TPH KHHeMaTHyeCKHe MapH, TO pv+ p,v+p,” +p;,+
+p =23

OTn ypaBHEHHS! YJOBJETBOpSIOTCA TpH p, = 2:

piv+pitt+p11=0n py=1 (puc. 4.9, 6).

CaepnoBarenbHo, 3yGuaryio nepefiady 6e3 H3GLITOUHBIX CBA3efl MOXHO MONYYHTBL
nyTeM NpHMEeHeHHs 3y6beB C COCPE/IOTOYEHHBIM NATHOM KacaHhA (604KooGpasHbiX),
KOTOphie 06pa3yioT napy nepBoro Kaacca !, OnHako 370 Masi03¢deKTHBHO, TAK KaK Ju-
HeAYyaThii KOHTaKT 3aMEHAETCH TOYEYHBIM, YTO MOBhLIaeT AaBjaenud. [Ipn nepexocax
60uko06pa3Horo 3y6a paBHOAEHCTBYIOUIAfA OKPYXKHOH CHJIBI CHJIBHO CMEILAaeTCsi K TOPLY
8y6uaToro KoJjeca, YTO TaK¥Ke MOBHILAET KOHTaKTHbE H H3rHGHbie HanpskeHus. Kpu-
BYlo, OuepuuBaloulyl0 60uKooOpa3Hblfi 8y6, mpHHHMaeM 3a okpyxHoctk (puc. 4.10, a)
H HaXouM ee pajiuyc P H3 YCJOBHS

A b2
b2 (20—4)°

B, npeHeGperas BeqnMyHHOM A B 3HaMeHaTese, noJyuaeM

b2

JlonroseyHocTh 3y6beB Pe3KO yMeHbllUaeTcsi MPH CKpelluBaHHH oceil Kojec, Ckpe-
IMBAaHHE NPOMCXOJHT BCNEACTBHE HArpy3Ku 3yGbeB, KOTopasi M3ruGaeT Beynud m
BEJIOMBIR BaJIbl B POTHBOMIOJOXHBIX HanpaBienuax, Oco6elHO BEeJHK Yroa CKpeulHBaHus
B 3JIEKTPOBO3HEIX MepefayaXx Ha MOAWMMHUKAX CKOJNbKEHHS.

1 YenopuMcs Ha cXemax Takue 3yObsi M306paxaTh CO CJerkKa BHINYKJOH ¢OpMoA o6oza
(CcM. puc. 4.9, 6).
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Puc. 4.10. Boukoo6pasumil

3y6:
a — nuHun 3y6a; 6— cumelres
b /m qf HHEe TOYKH KacaHMa npu ne-

U pekoce; 8 «— SMIOPAa Harpysok
2
4 A b b
A X ¥ 7|

b

— ]
7\ ¢

a 2]

g

Mpu ckpewuBanuu oceit nox yraom O cmewenue pasropeficTBylomeR okpyxHuof
cuanl (puc. 4.10, 6) or cepeauHn 3y0a

x=p 6 HIH X = 5%
) T 16A?
T. €, CMellleHHe CHJbl X yMeHbllaeTcs C yBeJuueHueM A, HO 3aTO TONuUIMHA 8y6a yMeHb-
maeTcs A0 TOMMHB Sy — 2A

CpaBHHM HanGOMBIIYIO Harpy3Ky §e MO AJuHe 3y6a MPH COCPENOTOYEHHOM RNATHE
KacaHH$ C Harpy3KoH gy npu JAuHeiuatom KoHtakre, Ha puc. 4.10, 8 nokasaHu smiopul
Harpy3ok Ha 3yG6. Ilpu JHHefluaTOM KOH1aKTe CaMOYCTaHaBJIHBaIOUIErocs KoJeca Smiopa
Harpy3ok OyneT npAMOYrolbHHKOM, W Harpyska Ha 3y6

Q= qqb. 4.3)

[Mpu GoukooSpasnom 3y6e npuMeM, YTO NATHO KOHTAKTa HE IOXO/IHT 0 TOPLOB HA PAacCTOA-
HHe b/8, Tak Kak GoJbliero NATHAa AOCTHTHYTh TpyaHo. HonycTuM, uTo smiopa Ha-
rpy3ok Syaer mapaGosoit. Torna Harpyska Ha 3y6 H300pa3uTCA NJIOLIAfblo MapaGoJbi:

2 3, qeb

(4.2)

INpupaBuuBaa Harpy3ku (4.3) u (4.4), nonyuum
9c = 2q5. 4.9

Takas Harpy3ka Gyner B TOT MOMEHT, KOTJ1 NMATHO PaGoTaeT caMoil MMPOKOA da-
ctelo. B apyrux nonoxenusix gc Gyxer ewme Goabiue, [ToaTomy BaxkHO npu nepekocax
oceffl o6ecrneunTb PaBHOMEPHYIO HarpysKy no JJIHHe 3y6a npH JHHEAYaTOM KOHTaKTe,
npuUMeHs 604Kko06pa3nblil 3y6 TONILKO B TeX CJaydasiX, KOrja JHHeHuarblil KOHTaKT ocy-
LECTBHTb HE yJaJoCh.

[TosTOMy BaXKHO MpH mepekocax ocefi o6eCneyHTb PaBHOMEPHYIO HAarpy3Ky Mo JJHHE
3y0beB NpPH JHHEHYaTOM KOHTaKTe.

EcaH npuMeHHTh UHJIHHAPHYECKHH 3y6 C JHHeHYaTBIM KOHTaKTOM, TO MeX1y 3yGb-
fIMH TOJyYHM napy BToporo knacca (cM. puc. 4.9, 6),tae p, = 2, pyy = Py =
=p,=0up, =1

B atom ciyuae ¢ = |, yTO TpeGyeT TOYHOrO BBINOJNHEHHS Mapa/eTbHOCTH ocel
Benymero m Begomoro BanoB. Ilpn nepekocax u nepopmaliyp BajsoB Harpyska no JJHHe
sy6a CTaHOBHTCA HepaBHOMEpHOI.

[NpumeHnTs B NOAUIBTIHHKE UMJIMHIAPHYECKYIO napy [V, Heab3d, TAK KaK OHa KpoMe
OCHOBHO# MOJABHXXHOCTH — YIJIOBOH MMeeT OCeBYIO JIHHeifiHyi0, a AJA YCTPaHEHHA H3Ob-
TOYHOH CBA3H HYXHA YIJIOBasf MOJBHXXHOCTb BOKPYT OCH, NMEpPNEHIHKYJAPHOH K JHHHH
8y6a. Ha6uiToynast cBf3b BHI3HIBAaeTCA MOMenToM My, nepelaBaeMbiM MeEXAY 3YObAMH
aunefuatoft napoit I/, (cM. Taba. 1.1). YcTpaHUTb ee MOXKHO TaKKe, 3aMeHuB napy [/
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Puc. 4.11. Uuavuapuueckas nepenaua ¢ Puc. 4.12, TaroBpifi npuBoJ ¢ CAMOYCTaHABANBA-
apouHLIM (KpHBOAMHEHHBIM) 3y6om WO HMHACA KoJeCaMH

KoJbleBol mapoi /3, KOTOpas nepenaer aBe CHJH 1O XBYM OCAM KOOPIAHHAT H He nepe-
JlacT MOMEHTOB MeX1y 3yGbsMH. 3y6bs Toraa 6yayr vo‘moﬁ ¢opmbl (puc. 4.11).
Onopbi BaJIOB KOJIeC HalO0 BHIMOMHATb — OAHY Kak napy V, a mpyryio Kax napy /V,.
INoxcyeT H36HTOUHBIX CBSI3€# O CTPYKTYPHEIM (JOPMY.1aM H MOJBHKHOCTH B KOHTYpe JaHHW
na puc. 4.11. Takas nepenaua 6ynet uMeTb GOJbINYIO HECYMYIO CRIOCGGHOCTD BCNENCTBNE
MaJblX KOHTAKTHBIX HanpsiKeHuH.

[MonbiTKa NpuMeHHTb TaKylo nepejauy 6blna clejaHa apTopom eule B 40-x rozax.
Ho ocywecTBute ee He yaanocb. B HacTosiuiee BpeMs 3aHMMalOTCsi pa3paGOTKoOH apos-
HOTO 3y6a MHoTHe yueHble 1. ApouHyio ¢popMy 3yGbeB npuMeHseT ¢oupMa auccon (CILA)
B KOHHYECKHX KOJ€cax, JOCTHTHYB TeM CaMbIM CYIIECTBEHHOTO YBEJHYEHHS HX Hecyllel
cnoco6HocTH. Takue Koseca WIHPOKO NPHMEHAIOT B aBTOMOGHJIAX. ONHAKO MOJHOCTHIO
HCNOJIb30BaTh BHTOJbl OT YCTpaHeHHs H3OBLITOYHBIX CBA3€H HE ylalocb, TaK KaK OCeBas
CHJ1a B KOHMYECKHX KOJIECaX HE M03BOJSET AOMYCTHTb COOTBETCTBYIOILYIO 11OABHMHOCTS.

®upma Spaukon (LlIBefiuapus) npuMeHsieT HeNpepLIBHYIO Hape3Ky apOYHbIX 3y6beB
MHOr03aXOHOH NJIOCKOIl pe3LoBoil ON0BKOIl. YBeJHueHne uncia 3axonos (1o 11) ouens
3HaYHTEJbHO MOBLILIAET MPOH3BOIMTENLHOCTb npouecca (B 11 pas). [las Hape3anus
npAMO3y6HIX KO.1€C NMPHUMEHSIOT TOJbLKO OJHO3aXOIHble uepBAuHble (ppe3n, TaK KaK ype-
JIHYEHHEe YHCJA 33aX0J0B B 3TOM CJy4yae CHHXKAeT TOYHOCTb Npoduas 3yba.

B npocToii unanHApHUecKoil nepejade ¢ napaMu V, uMeercs ofHa H3GLITOUHAS CBA3b,
-KOTopasi MpH nepekocax H nedhopMaUHsX BajOB BbI3bIBAET HEPaBHOMEPHYIO HarpysKy
no anuHe 3y6a. Uro6ul 3Ty HepaBHOMEPHOCTb YCTPaHHUTh, HEOOXOAMMO 3aMEHHTb OARY
napy V, napo#t /Vy — wapoBoii co wrudToM. TaKyio napy TPyIAHO OCYLIECTBHTb KOH-
CTPYKTHBHO. Jlerye HeOGXOJAMMYIO YIJIOBYIO MOLBHMIKHOCTb MOJNYYHTb YCTaHOBKOA Kop-
nyca peiyKTopa Ha cjepHuecKylo Onopy, PacmojiOXKeHHYI0 B CpejHell MIOCKOCTH 3y6-
yaThiX KO.TeC BHYTPH GoJbworo Koseca ? (puc. 4.12). Peayktop nonsewnBaercs Ba

' Kpososo3os I'. M., EpuxoB M. JI., Patmanos 3. B. Cnoco6 06paBoOTKH KPYroBhX Sy6hen
KOJ1€C UHJIHHAPHYECKHX H BHUHTOBHX MNepefad. — OTKPLITHNA, H306peTeHHs, NpPOMbIUNEHHble Of-
pasub, TOBapHbie 3HaKH, 1974, Ne 20 (a. c. Ne 429909).

Epuxon M. JI. Cnoco6 06paGoTKH KPYrOBbIX 3y6beB LIHJIHHAPHIECKHX H BHHTOBLIX nepefay. —
OTKpHITHA, H306peTeHusi, NPOMBILINEHHMEe 06pa3lisl, ToBapHble 3HakH, 1970, Ne 30 (a. ¢c.Ne 282897).

KopocTexes JI. B., Slcbko B. B. Cnoco6 06pa6oTku 3y69aThix Kojiec. — H3o6peTenusi, npe=
MHIlJeHHbie 06pa3lbi, TOBapHbie 3Haku, 1968, Ne 27 (a. c. Ne 225669).

KopocTenes JI. B., ficbko B. B. Cnoco6 u3roTosienns 3y6uaThiX Kojec. == H3o6peTenns,
NpOMHIINeHHble 06pa3lb, TOBapHLie 3HakKH, [968, Ne 32 (a. ¢c. Ne 229190).

Mowrkoscxui I'. H., loropa M. H. Cnoco6 Hape3aHHS KPHBOJHHEAHBIX NO AJHHEe 3yCnes
UHJHHADHYECKHX 3y6YaThiX Kojec. — H306peTeHusi, npoMbllJieHHbie 06pa3ilbl, TOBAPHHE 3HaKw,
1968, Ne 29 (a. c.” Ne 227066).

2 PeweTos JI. H. OceBoil peAYKTOp JIOKOMOTHBA. — OTKPHTHS, M306peTeHHs, NPOMBIIAeas
nhle o6pasun, ToBapHwe 3naku, 1971, Ne 11 (a. ¢. Ne 299138),
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Puc. 4.13. Cmelmensve oOkpyx-
HOM CHABI 3a CHYeT TPEHHA B
3y6uaToM kapaaHe

Puc. 4.14. CamoyCTaHaBAHBAIO-
uuecs 3y6uaThie KoJaeca:

a — cuctemst A. H. Beasesa;
6 — BoJarorpaAckoro  TpakTop-
HOTO 3aBojia

ABYX TArax: BepTHKaJbHOH, mepejalouieff BpaulaiomHi MOMEHT (Kak O6bIYHO), W To-
PH30HTa/NIbHOA, YyCTpPaHAIOUEH JIHUIHIOW YIVIOBYIO MOABHMHOCTD,

Euwe oauy nyTb ycTpaHeHHsi H36LITOYHBIX CBfi3eil B oAMHApHOH 3yGuaToil mepenaue
¢ JHHeHuaThiM KOHTAaKTOM SyGbeB — 3TO COEJHHEHHE BEHUA OLHOTO H3 KOJeC CO CTy-
nyued ¢ noMmoubio uvHIeBoi napel /Vg; NOABHXXHOCTL YBEJHUHUTCA Ha €AHHHLY H Gyxer
paBHa aAByM. [lojcTaBuB 3HaveHns n = 3, w = 2, py = 2, Py = 1 u Py =18 dop-
myay (1.1), nonyuum ¢ = 2 —6-3+ 5-2+ 4-142:1=0,

Bropas noaBuXHOCTb MeCTHas — BpailleHHe 3y6YaToro BeHUa BOKPYF HOpManu
K npoduasaM 3y6beB. Kak nokasan onwiT, oHa 6e3BpeaHas, TaK Kak xopowo aeMmndupy-
eTca TpeHueM B 3y6bax. K coxaneHHio, TpeHHe B 3y6uaTOM KapjaaHe (WHLEBOH mape)
HapyllaeT paBHOMEpPHOe pacnpejesieHHE Harpysku no pauue 3y6a (puc. 4.13).

Ecau B3ATb MOMEHT TpeHHs B 3y6uatom kapgaHe My = 0,1M (M — momenr,
nepepaBaeMbiii KapJaHOM), TO CMeIEHHe X OKPYXHOH cuibl Q HaiizeTcd M3 yca0BHA
Qx = My = 0,IM = 0,1Qr, orkyaa x = 0,lr.

Ecnu B3aTh, Kak KpaiHuit cjayuail, pacnpeaesnenue Harpy3kd Ha 3y6 no TpeyroJb-
HHKY, TO cMemenue Gyner b/6. [ToacTapass 3To 3HaueHHe B GOPMYay HJIA X, NONYHHM
b/6 > 0,17, orkyna |

0

r<— b (4.6)

r0 ycs10BHE BHINOJNHAETCA TONbKO B TOM C/yYae, €ClIH Ha 3yG4yaThil KapiaH MoCTaBJeHO
MaJjioe KOJeco.

Xopoulylo  KOHCTPYKuMi0 uMnueBoR  maput npemioxkua A. H. Begses!
(puc. 4.14, a). CoennHeHne BeHlUa CO CTyNHUEd B KOHCTPYKLUHH OCYIIECTBJIEHO C MOMO-
b0 604K000Pa3HLIX POJIHKOB, B3ATHIX U3 cepuueckoro poukonogwunHuka. OceBast
MOABHKHOCTb YCTPaHEHa Pe3HHOBBLIMH KonbLaMH. OJHO U3 HHX NMOCTaBJEHO MEXJY BTO-
pbiM rpeGHEM Ha BeHIE W FaiKoil, Kpensllefl CTyNHiIly Ha Baly; BTOPOe — MeXIy rpeG-
HAMH yepe3 CTalbHYI0 Wail6y. [loAWKMNHAK KayeHHs, MOCTaBAEHHBIR Ha TOpue Baha JIBH-
rateds, CIYXKHT ONMOPOH KOXKyXa pefyKTopa. Pe3ynbTat UCMBITaHHA TEIVIOBO3HOTO MpH-
BOJa C TaKoil LIMHMLIEBOX mapoil MOJOKHTENbHBI — npekpaTuica wyM. [locae crenpo-
BOTO HCMBITAHUS, COOTBETCTBYIOLLET0 NPOGETY JIOKOMOTHBA B 250 ThiC. KM, MOBEPXHOCTB
3y6beB CTajla 3epKaJIbHOi; M3HOca HeT. Pa6oraiouas BMeCTe C KCNILITYEMOH crapas mne-
penada (B 3aMKHYTOH cxeMme) CHIbHO LIyMeJa M HMMeJa 3HAUMTEJNbHbIH HM3HOC.

! Beasies A. H. IlepeaaToYHnift MeXaHHU3M AJA SJIEKTPHYECKOrO MOABHKHOIO COCTaBa. =
H3o6peTenus, npoMbilllieHHble o6pasibl, TOBapHble 3HaKH, 1967, Ne 23 (a. c. Ne 205060).
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Puc. 4.15. UuauHapudeckan nepeaada ¢ enovHbLIM 3yGOM M OlHHM M3 Konec Ha cdepxucci ot onope

OKcnepHMeHTH MO0 CaMOYCTaHABJIMBAIOIMMCA Konecam B GOPTOBOA mepejaue Tpak-
Topa BeAyTCA Ha 1paKTOpHbIX 3aBonax (puc. 4.14, 6). JIoCTHTHYTO 3HAUHTE/NBHOE YMEHB-
IIeHHe HEPAaBHOMEPHOCTH HATPy3KH MO JA/HHe 3y6a, HECMOTPSA Ha TO, YTO BeHell 60JbLIOro
3y6uaTtoro Kojeca cTaBuAH Ha 3y6uaTeli KapaaH.

[Tpu weBponHbiX 3y6bfAX H LEAbHBIX KoJecax H36exaTb H3GBITOUHBIX CBSi3eR He-
BO3MOXHO Jaxe npu chepuyeckoii omope onHoro u3 Kosec (puc. 4.15).

B sToM Mexanu3Me Mexcly 3yGuaTeIMH KOJIECaMH ABE JNHHeRuaTie napel By u Cp,,

COeNMHEHHbIE Mapaie/nbHO. 3aMeHHM X OAHOM, KOTOpyto 0603HauuM 6yksoit LI (wes-
poHHas KHHeMaTuueckas napa). CBA3W, HaknajbiBaeMbie 3Toii Mapoil, nalinem cyMMupo-
BanueM cBs3efl caaraembix map. B kauecTBe pacueTHOH MAOCKOCTH BO3bMeM MIOCKOCTb
sauennedds. OcH x M y BO3bMEM B 3TOH MIOCKOCTH KaK KacaTeJbHble K JHHUAM 3yGa
oboux noJyuwespoHoB. Ocb z HanpaBHM MO OCH KoJec, OCb W — MepneHAHKYAAPHO
K Heil B MUIOCKOCTH 3alleryIeHHs, OCb U — MEpHeHIHKYAAPHO MIOCKOCTH 3alenaeHds
(pacueTHOM MJIOCKOCTH).
Jlunwellnoie cBsizu no Taba. 1.1

_ o a

Sp=238,+38,

- -7 =7

S, = Sy + S,

Su=2358,+ $, -+ 25,

— TMOJIBMKHOCTH WEBPOHHOM Maphi; TaK KaK JHHeHAHas CBA3b MO OCH U OTCYTCTBYET,
To 6yner TOAbKO f,. YrNOBLIX CBA3CH BOKPYT oceil X W y HeT, CJae0BaTeqbHO, GyAyT

frm ;; B CyMMe

=T+ Fe+ 1,
Yrnoswie noasuxkHocTH f; W f, pacnonoxeHHbe B MIOCKOCTH 3alLeMJeHHs, MOKHO CJI0-
JKHTb FeOMETPHYECKH, a 3aTe€M Pa3/0KHTb 10 IBYM OCSIM, PACMONIOKEHHBIM B TOf e nJIo-
cKocTH, HanpuMep z u w. Torna f, = f, + f, -+ f;,. [NoaBuxKHOCTH W CBA3H Y WeEBPOH-
HOIl mapbl MOJMYYHAHCH TaKHE e, KaK M y yHuBepcaJbHOro 3yGuatoro kapaaua II1g,
YTO MBI H HCTMOJIb3YeM 115 ee 0603HaYeHHs. PaccMOTpeHHas 3aMEHa — MTHOBEHHAf H A A
HENpepHIBHOA nepefaud BpawleHust Henpuroana. [lpu cymmupoBaHuu nosyuuiaocs 2s,
01Ha M3 HUX W3GbiTouHan. CnenosatensHo, g = 1. [TosToMy noayuunnach KHHEMaTu-

yscKas Mapa TPeThbero Kjaacca, a He 4YEeTBEpToro.
[MonyyentHyio H3GLITOUHYIO CBAI3b MPaBHIbHEE OTHECTH K CBA3AM B KHHEMaTHYECKHX
napax, a ue Bo BceM mexanusme Hepaswomepnoe pacnpenenenne Harpy3sku no AHHe 3y6a
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GyleT NpH BLINOJNHEHHH KOJEC C HEONHHAKOBLIMH YIJIaMH CNHpaJH 3y6a, a HX MOXHO
BHINOJHHTL ¢ 6oJbilelt TouHoCTbio. [Ipu ckpemuBaHuK ocel WeBpoHHble 3y6bA KacaloTcs
B IBYX TOUKAaX, f103TOMY HX HArpy30uHas CNoOCOGHOCTb BhIILE, YeM Y NPSMbBIX HJIH BHHTO-
BHX 3y6beB, KOTOpble MPH CKPeWMBAHHH KacaloTcs B OAHoM Touke. HepaBHomephocTb
HaIpy3KH 3y6a, BO3HMKalOWlas 3a CYeT CKPEIlHBAaHHA LUeCTEPHH, 31eCb HHYeM He
yctpausertca. [TosToMy BMeCTo WeBPOHHBIX Nyullle MPHMEHATL apouHble 3y6bR, YUHTHIBAA
TaK>Ke OUeHb BBICOKYIO NMPOH3BOAHTENbHOCTh H3TOTOBJNEHHS TAaKHX 3y6beB Ha 3y6ope3HbIX
CTaHKax.

Hccnenobanne CTpyKTypbl 3TOrO MeXaHH3Ma MO YTOYHeHHHIM QopMyJaM H MeTo-
JIOM TOABHXXHOCTH B KOHTYpPe NaHOo Ha pHc. 4.15; B kauecTBe pacueTHOIl NJIOCKOCTH B3fATa
NJOCKoCTh 3auemennsi. M36biTounbix cesseit B Heli He npubaBuioch. OGnapyxniaach
ONHA MeCTHasi NOABHXHOCTL fj = 1, HO oHa O6esBpeisa, Tak KaK TpeHHe B 3yG6bsix

OOLIYHO XOpowo AeMndHPYeT TakHe NOABHXXHOCTH.

4.5. MEXAHHU3Mbl C OAHHM MPOME)XYTOYHbBIM KOJIECOM

3ajnauy BbI6Opa palMOHANbHOR CTPYKTYPHO!H CXeMbl NMpolle BCEro PelIHTb ANf ne-
pefay C MpOMEXYTOuHbLIM KosiecoM (pHC. 4.16), KoTopble HauHHAIOT MPHMEHATL B ABYX-
OCHBIX SJIEKTPOBO3HLIX TeseXXKaX C OXHOMOTOPHBIM NPHBOAOM H IUHPOKO HCHOAb3YIOT
B TJIaHeTapHHX MeXaHH3MaX. JIJfi MonyueHHs palHOHANbHON CTPYKTYpPHOH CXeMH Jo-
CTaTQuHO NPOMeXKYTOUHOE KOJeco B 9TOil Mepefaue MOCTaBHTL Ha chepuyeckHi MoawHn-
HHK 1.

[lpu Bcex BHJax MepekoCOB, KaK NMOKA3HIBAIOT TEOPETHUECKHH pacyeT H SKCnepu-
MeHTaJbHble Pe3yJbTaTH, NMPOMEKYTOUHOE KOJNEeco CaMOyCTanaBJHMBaeTCsi, NMOBOPayHBa-
ACb BOKPYT ABYX OCefl KOOPAHHAT, NPAKTHUECKH COXPaHsA JHHeAuaThil KOHTAaKT 3y6beB.
IpaBna, mpH STOM NPOMEXKYTOYHOE KOJECO MOBOPAYHBAETCA BOKPYT HOPMANH K MoBepX-
HOCTH 3y6a, H MO KpasM obpasyercd 3a3op. OnHaKo AaXe MPH caMbiX GOJNBIUHX mepe-
KOCax 3TOT 3a30p HacTONLKO Man (He Gosee 1 mMkM) mo cpasHenmio ¢ nedopmanuefi cms-
THsl 3y6beB, YTO NMPAKTHYECKH €ro MOXKHO CYHTaTb DaBHbIM HYJIO.

PaccmMoTpHM TNOABHXHOCTH JBYX He3aBHCHMBIX KOHTYPOB 9STOr0 Me€XaHH3Ma
(pHc. 4.17). BuiGepem creflylomHe OCH KOOPLHHAT: Xy W X, HanpaBjieHHLIE MO HOP-
MaJiSiIM K {IOBEPXHOCTH 3Yy6beB; Yy H Y — IO KacaTeJbHuIM K npoduasM; 2 — no OCB
KoJec.

PaccMOTpHM JIHHE/iHHE NOABHMHOCTH:

N0 HOPMaAsiM OHH OTCYTCTBYIOT: I;’ H f;, = 0;

no kacateqbHbiM B napax B u Il — croubXenue 3y6bes, f;' =1mn f;h =1

Mo OCH 2z B 060OHX KOHTYpPaX — NPONOJbHAs MOABHXHOCTb B SaleNJIeHBH, f,
B napax B u D.

PaccmoTpuM  yriioBbie  nMOABHMKHOCTH:

N0 HOpMaasM — BepueHHe SyG6beB, f;, =1lu f;’ = 1, B mapax B u D;

! peweros JI. H. 3y6uaThift TATOBLIA NPHBOA SJIEKTPOBO3a C NPOMEXKYTOTIHRIMH KONECAMH. —
BioaneTeHb n3oGpeTenuil 4 TOBapHLIX 3HaKOB, 1962, Ne 20 (a. c. Ne 150848).

i E nL pm o 2 E\Yz
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A

Puc. 4.16. Nepeaata ¢ uPoOMEXYTOYHBIM
EONECOM H FMHEHYATHM KOHTakTOM (Oes
BIGHLITOURKIX CBASEH)

R 0, Bif

Ade 4| |8} cln

7 Asl 8 f

fer 7 D%

LDE ;;'z 2 L {f;

Puc. 4.17. TIONBUMHOCTH B KOHTYpax 124 hE A

mMex < np YTOUHLIM KOJaeCOM
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Puc. 4.18. Cxemul nepekoca: oGenx ocefi B NN10CKOCTH YOz 10 camoycTanoskn (@) W nocJae camoyCra-
RoBKU (6); 0Genx oceil B NNOGCKOCTH XOY A6 CaMoyCTanoBkK (8) U nocre (2); 6XHONH OCH B NAOCKOCTH
Y02z (CKpeulHBaHue) 10 CaMoyCTaHOBKH (0) U nocae (€); OAHOIH OCH B NAOCKOCTH X0y (OTKJIOHEHUE
OT NapajneabHOCTH) A0 CaMOycTaHOBKH (k) u nocae (3)

no xacaTeibHbiM B mapax B u D yraoBas noABHXHOCTb OTCyTcTBYeT. [loaTomy
Ha 3aMblKaHHe KOHTYPOB MOHAYT MOABHXKHOCTH cheprueckoit mapel C, KoTopble H obe-
crmeyat camoOyCTaHaBilWBaeMocTb. [lpn sTom f!”/l =0+1=14u ’y" =0+ 1=1L
[MogBHXHOCTH BOKpYT oceit z — Bpaulens B mapax Ay u Ey kauenus 3y6bes
B o6oux 3auennenuax B, wD,, u Bpawenue B nape C;;;, KOTOPOE OTHECEM K MEPBOMY
KoHTypy. [losToMy pmast nepsoro koutypa f; =2+ 1 =3, ans sropore f, = 2.
PaccMoTpuM pacnpesernenne AOABHXKHoOcTeH. B KaXJoM KOHTYp€ Mo OgHOM MOABHMK-
HOCTH [, mofiner Ha 3ameny f,. DTO BO3MOXKHO BC/IEICTBHE NMOBOPOTA BeAyllero H BelO-
Moro Kousec. Ocraercss ofna cBOGOAHAA MOABHXXHOCTG f, B MEPBOM KOHTYpe, KOTOpas

H GyjeT obweil MOABHMHOCTbIO MeXaHH3Ma.

[lpoBepuM H36biTOUHBIE CBA3H Mo dopmy.ae (1.1) Las mepenauu C MPOMEXKYTOUHBIM
Konecom: § =1 —6-345:2+43-1+2:2=0.

[Ipn 3BonbBEHTHOM 3allenJeHHWHM Ja)Ke HPH Nepekocax ocell JNHHeRuaTbifi KOHTAaKT
MOXHO COXPaHHTb C JOCTaTOYHOIt TOYHOCTBIO.

Byznem cuuTaTh MJIOCKOCTL OCeif X0y ropHaoHTanbHolt (puc. 4.18), a oce 2z, napan-
JIeIbHYIO OKPYXXHOR CHJle H MePNeHAHKYASPHYIO K IUIOCKOCTH uepTexa, BepPTHKAJbHOR.
PaccmotpuM, Kak 6yneT CaMOyCTaHaB/JMBAaTbCA NPOMeXYTouHoe Koseco (puc. 4.18, a,
6). Cuan, felicTBYIOLLHE Ha 3TO KoJeCco (OMOPHYIO M OKPYXKHHhe), H306paxcaeM TouKoft
(HayaJo CTpPeNKH) WIH KPeCTHKOM (KOHel, CTPeJKH), pajHajlbHble CHIbl B 3yObAX —
crpeikamu. OnopHas CHAa B MOALIKNHHKE MPOMEXKYTOUHOro Kojleca B 2 pasa Goablue
OKDYXHOil CHJB. AKCOHAHbIE MOBEPXHOCTH KojeC 6yAyT IHJIHHIDAaMH, a HanpasjeHHe
MepeKocoB BHAHO MO H306paXKeHHIO HX TOpPLOB.

Ipu nepekoce oGeux oceil B MJIGCKOCTH y0Z B ONHOM HamnpaBleHHH, MOKA3AHHOM
Ha puc. 4.18, a B npeyBeJHueHHOM BHULe, PajHajbHbie CHJH YPaBHOBEIUHBAOTCS H Ha
nepemeuieH e NMPOMEKYTOUHQrO Koseca He BAHAIOT. OKpyXKHble H OMOpHble CHJB CO3[a-
IyT MOMEHT, MOBOPAYHBAIOUIHA MPOMEXYTOYHOEe KoJeco BOKPYr OCH X HO TeX mop,
NOKa 3TK TPH CHJBI HE PACNONOKATCA HA OAHON MPAMOA, a OCH TPex KoJieC He CTaHyT
napaanejbHuMu (puc. 4.18, 6).
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Ipu nepekoce o6enx ocefl B MJIOCKOCTH Xoy B OJHOM HanpasieHHH (pHC. 4.18, 6)
OKPYXHHE CHJH BMECTe C OmOpHOM peakllHelt pacnoJsiaraloTcsi Ha ofHoil npsimoft H Ha
nepemelnesie NPoMeXyTOYHOr0 KoJieca He BJIHAIT. PainasbHbEIe CHIH CO3J3I0T MOMEHT,
NOBOpaYHBAOMHMA NPOMEXYTOUHOE KOJECO BOKPYI' OCH 2 JO TexX Mop, MOKa 9TH CHAH
He pacnoJoxarcia mo olHo# mnpsimolfi (puc. 4.18, e), T. e. MPaKTHYeCKH Ha CepeluHe
JJIMHH 3y6a.

Takum o6pa3om, NMpH COXpPaHEHHH MapaJJebHOCTH OCell Bellyllero ¥ BeJOMOro Ba-
JIOB HE3aBHCHMO OT HanpaBleHHSA H BEJHYHHH HX OOGUIETO OTKJIOHEHHS OT HOMHHAIb-
HOTO MOJIOXKEHHA OCb NPOMEXKYTOYHOrO KOJMeca YCTaHaBJIHBAeTCA MNApaIeNibHO HM.
OT0 NPOHCXOIHT HE3aBHCHMO OT HanpaBjieHHs mnepeJaBaeMoro MOMEHTa.

JlunefiuaThifi KOHTAKT 8y6beB C PaBHOMEPHHIM pacrnpefieleHHeM HarpysKH NMOJNHO-
CTbIO COXPaHAETCH MPH mepekoce 8y6beB, HaNpHUMep M3-3a HETOYHON YCTAHOBKHM Hampas-
JFIOUWHX Ha 3y6ocTporajbHoM craHke. [Ipu HapylleHHH napaJlieIbHOCTH BCJEACTBHE
nepeKoca oJHOTO H3 BaJioB B JIOGOM HanpaB/eHHH JHHeHYaTHil KOHTAKT 3y6beB Takxe
NPaKTHYECKH COXpaHAeTCs.

Paccmotpum rnepekoc ofiHOH ocH B mJockocTH yoz (pue. 4.18, d). Hampasnenue
nepeKoca MOXHO NPOCJENHTh Mo H306pa’keHHIO TOpIa aKCOHAHOrO UMAMHAPA. Paguanb-
Hble CHJIBl CO3JAIOT MOMEHT, MOBOPAYHBAIOIHA NMPOMEXYTOYHOE KOJecO BOKPYI OCH 2,
OKDYKHbie — MOMEHT, NMOBOPaYHBAIOUHA €r0 BOKPYT OCH X. DTH MOMEHTH YCTaHaBJIH-
BAlOT NPOMEKYTOYHOE KOJIECO B TaKoe NOJIOXKEHHe, MPH KOTOPOM OKPYXKHBe H PalHa/lb-
Hble CHJH H PeaKkIHH pacnoJaraioTcs B ofHoil maocKoctH (puc. 4.18, e). Cuan, pedct-
BYIOIIHE MEXJAY NepeKOLIeHHBM H MPOMEXYTOYHLIM KOJNeCaMH NPH H3MEHEHHH Hampas-
JIeHHS MepejaBaeMOr0 MOMeHTa, MOKa3aHbl LUTPHXOBHIMH JHHHAMH (cM. puC. 4.18, 0).
PapuanpHbie CHIN COXPaHAIOT Hanpas/eHHe, HO SHAaK HX IJieya H3MEHAeTCH, H MO3TOMY
NPOMEXYTOYHO® KOJIeCO CaMOYCTaHaBJAHBAeTCs OTHOCHTEJNbHO OCH 2 B 06paTHOM Hanpas-
JAeruH. OKpyKHblE CHJIB MEHAIOT HanpasieHHe. MiaMensieTca u anak Hx nieva. [Toatomy
MPOMEXKYTOUHOE KOJIECO CaMOYCTaHaBJIHBAeTCS OTHOCHTENbHO OCH X B TOM JKe Hanpas-
JIEHHH.

Bhille mpeamnosiaranoch, YTO HampabBJeHHe NMepeKoca He 3aBHCHT OT HampaBJ/eHHs
nepegaBaeMoro MomeHTa. dT0 GyAeT cCnpaBeANMBO AMA CIyuyas, KOrja nepekoc oceft
NPOHCXOANT BCJEJICTBHE HETOYHOCTH H3rOTOBJEHHA  KOJeC.

Ecan nmepekoc BO3HHKaeT H3-3a 3a30pOB HJAH JepopMallHfi 3BeHLEB, TO NMPH Nepe-
MeHe 3HaKa MepeiaBaeMOro MOMEHTAa 3HAKH OKPYXHBIX CHJ M HampaB/leHHe MepeKoca
B MJIOCKOCTH Y02 H3MEHAIOTCA Ha obpatubie. CiiejoBaTesibHO, HaNpaBJeHHe CaMOYyCTaHaB-
JIUBAaHHS NPOMEXYTOUHOTO KoJeca BOKDYT OCH 2 He H3MEHMeTCH.

INepekoc ofHOM OCH B IVIOCKOCTH X0y NMoKa3aH Ha pHc. 4.18, o (CHaBHO npeyBenn-
yeH). PaguanbHble H OKPYXXHbIE CHABI 31€Ch PacloN0XKeHH TaK XKe, Kak U B Mpeblyiem
ciyvae (puc. 4.18, 0). Tak ke ycTanaBiMBaeTCAi H [NPOMEXYTOYHOE KOJIECO
(puc. 4.18, 8). Tlpn H3MeHeHUM HampaB/eHHA NepelaBaeMOr0 MOMEHTa HampaBjelde
nepeKoca B IJIOCKOCTH X0y Bcerga coxpausercd. Ilns nepexoca, BHI3BaHHOTO HETOYHO-
CTbIO HBTOTOBJIEHHA, 3TO OyeBHAHO. [l mepekoca, 06yC]OBJEHHOTO 3a30paMH H Je-
dopMauUAMH 3BeHbEB, CIEAYET YUeCTh,uTO MePeKOC B MVIOCKOCTH X0y BHI3HIBAaET PafHa/lb-
HEE CHJIbI, KOTOpbie HampaB/JeHHA He MEHSIOT.

[lpn wu3MeHeHMH HanpaBjleHHA MOMEHTa pajHaidbHble CHJIL H HX IVIEYH 3HAKOB
He MeHsOT. [losToMy HanpaBJeHHe TOBOpPOTa NPOMEXYTOYHOTO Kojleca BOKPYr OCH x
coxpansierca. OKpyXHble CHIB H3MEHAIOT HaNmpaB/eHHe, a HX IVIeYH COXPaHAIOT CBOA
3HaK, MO3TOMY MOBOPOT NPOMEXYTOYHOrO KoJeca BOKPYT OCH X MpH H3MEHEHHH Ba-
NpaB/ieHHs MepesaBaeMoro MOMeHTa GyXeT NMPOHCXOXMTb B OOpPaTHOM HampaBJ/eHHH.

Takum o6pasoM, MpH BceX ClyyasX MEpEeKOCOB Ocedl NPOMEKYTOYHOE KoJeco Ha
ceprueckoii onope caMOVCTaHaBJIHMBAeTCA, 4YTO OOECMeYHBACT XOPOWHH KOHTaKT 3y-
6beB NpH PaBHOAEHCTBYIOLIEH OKPYIKHOI CHBI, PACNOVOKEHHOH NPAaKTHYECKH nocepefHHe
JJIHHB 8y6a. [pn sTom MoryT paGoTath ABe napnl 3y6beB, CiefoBaTe/bHO, COXPaHAeTCA
Ko3dduiuMeHT nepekpuiTHA. BEABHHYTHIE MOMOMEHHS MOATBEPXKAEHH HA SKCIEpHMEH-
TaabHOR yctaHoBke B MBTY.

Lluaunapryeckue 3y6bs, 3allenvisiiolmineci ¢ GOKOBHIM 3a30poM, o6pasyioT JHHeil-
4aTyl0 KHHeMaTHuecKylo napy [/, DT1a mapa HaKJaibBaeT JBa YCJOBHS CBI3H — OIpa-
HHYHBAeT OTHOCHUTEJIbHOE mepeMellieHHe MO HOPMAaJH H OTHOCHTEJbHOE BpallleHHe BO-
KPYT OCH, MephneHAHKYJspHOA K obuiefl HOPMaJIH M JHHHH KOHTaKTa 3y6bes. Ocraiorcs
YeTHpe OTHOCHTeJIbHHIE MONBHXKHOCTH: ABAa NeEpeMelleHUs N0 HANPaBJIeH UM, NIepreHan-
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KyJAspHBIM K o6lleit HopMaaH, H
BpallleHHst BOKPYr ofiweR Hop-
MaJH M BOKPYT JHHHH KOHTaKTa
8y6bes.

Ha pa6oty 3sBonbBeHTHOrO
3auen/eHHs MNOCTynaTeNbHble ne-
peMellleHHsi He BJHAIOT, M03TOMY
onpeneJMM TOAbKO YIJAL nepe-
Koca. Ilpu 3TOM BeKTOp yrJ0BO#
CKOPOCTH, KaK OObIYHO, Hamnpa-
BHM 10 OCH OTHOCHTeJIbHOTO Bpa-
wenHsa. HuTepecyiomue nac Bek-

7y

TOpPH BCJIEACTBHE MaJblX YIJIOB
nepekoca COCTaBJSAIOT C IJIOCKO- ﬂ 95
CTbiO, MePNeHAHKYAAPH Off K OCAM, 72

oyeHb HeGonbiine yrasl. Ouu

PeRKo TNpeBLILIAIOT 1° ¥ TOAbBKO Puc.4.19. BeKTopnl YT10BHIX NEPEKOCOB B nepeade c npo-
B HCK/IIOWHTEJbHHIX  Clyuasx  MEXYTOUHbLIM Koaccom

(ycraHoBKa A/ JAEMOHCTpaLHH

NepeKocoB) MOTyT XoxoauTb A0 5°. [osToMy ¢ HocTaToyHOM TOUHOCTHIO MpPHMEM HX
PacnonoXeHHbIMH B IIOCKOCTH, MEPNeHAHKyJAsipHo#d K ocsim (puc. 4.19). Baaropaps
3TOMY YTJIOBBE CKOPOCTH BpallleHHs KOMeC M3 DAacCMOTPeHHs HCKJIOUaLTCA.

B kuHemaTHueckHX napax MeXAy 3yObIMH DPacCMOTPHM TOJIbKO OAHY MOXBHX-
HOCTb — OTHOCHTEJIbHOE BpallleHHe BOKpPYr o6uleil wopmand Kk npodunsim 3y6bes. Bece
CBOJHTCSA K pelueHHio NIOocKoi 3aiaun. COOTHOLIEHHe MeXAY YIJIOBHIMH CKO)OCTAMH, Bhi-
paxcaeMoe BEKTOPHbIM MHOTOYFOJbHHKOM, OCTaeTCfi MOCTOSHHBIM, MO3TOMY NOTyyaeTca
TaKoe JXe COOTHOLLeHHe MeXAY yrjJaMH. Yron nepekoca s CK/IalbIBaeTCA TeOMETPUUECKH
u3 yraa 8, mepexoca BOKpYr panManbHoOil ocH M yraa O, mepekoca Bokpyr TaHreHuu-

anbHON ocH 1: _ _ .
83 = 8p + b 4.7

C Zpyro# CTOpOHbLI, 3TOT Yroa CKiaabiBaeTcss H3 yraos 8y u 83, T. e. yroB no-
BOPOTA BTOPOTO KoJeca OTHOCHTEIbHO MEPBOTO H TPETbero OTHOCHTENBHO BTOporo. Bek-
Toptt yrnoB 8 H O3 Hanpasiensl no JWHHAM 3auenseHus. [lostomy

83 =8y + 83a. 4.8)

CoorseTcTByloumHil MHOrOyrofbHHK NMoKasad Ha puc. 4.19. IpoexTupya BekTOpHUA
MHOTOYFOIbHHK Ha TOPW30HTalb M BePTHKa/lb, IOJNYYHM

8,y sina 4- 85, sin (@ + ) = 6, 4.9
" — 831 cos @ + 852 cos (@ + P) = & (4.10)
Ymuoxan seoipaxenne (4.9) Ha cos (x+ ¢), a (4.10) na sin (@ 4 ), Hmeem
83y sin & cos (@ + ) + O3 5in (@ + V) cos (& + ) = 8p cos (@ + P);
— 8y cos a sin (& + ) 4 85, sin (@ + ¥) cos (@ + ) = 8y sin (@ + P);
BbLIYHTAA nocjheaHee ypaBHEHHEe H3 npennoc.nennero, noJay4yum

82 [sin @ cos (@ + ¥) + cos a sin (& + )] = by cos (2 + ) — 8 sin (@ + ¢),
orysa (4.11)
or — 8p cos (o 4 P) — 8 sin (& + P)
A sin (22 + ¥) :
YmHoxan Boipaxenns (4.9) Ha cosa u (4.10) Ha sin &, umeem
6, sina cos a + 8 sin (@ + ¢) cos & = 8 cos ;
— 8. sin a cos & - 83, cos (@ 4 V) sina = 8, sina.

! OcH B3AThl NO OTHOWEHWIO K NEPBOMY KoJecCy.
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Mocne cnoxenus AByX nocaeAHuX GOpMys, NOIYYHM
832 [sin (@ + ¥) cos & + cos (@ + ¥) sina] = 8, cosa + By sina,
OTKyZa
8p cosa } Oy sina “12)
sin(Qa+vy) ’
IMpu nepemeHe HampaBjeHHs NepelaBaeMOr0 MOMEHTa MeHSIeTC SHAK nepeX $ H
dopmyan (4.11) u (4.12) npuuumaloT carepylomuil BHA:

8pcos (@ — ) — 8, sin (@ — )
81 = T
sin (2a — V)
P 8p cosa + Oy sina
32 sin Q& —¢)
Mpu Y = 2a 8;; = 835 = 00; camoycranasnusaemoctn uer [14].
Iaxe npu Manbix yraax y caMoyCTaHaBJAHMBaeMOCTb YXyAWaeTcsl, TaK Kak 9TOT
yToZl COOTBETCTBEHHO yBenuunBaeT yrau Oy u 83, Tonbko npu $ = 4a yram 6 Boccra-
HAB/JNBAIOT TO 3HaueHHe, KOTOpoe OHM Mmenn Tpu P = 0. INosToMy B AanbHeiimem 6y-

Zem cuutath Y = 0, T. €. UTO JIMHHA LeHTPOB npsmas. Torna ¢opmyau (4.13) u (4.14)
NpHMYT BHA

-

: “.13)

(4.14)

) L

81 = Zsina  2cosa ’ (.15)
_ 8¢

892 = 2sina + 2cosa * (*.16)

Vron 8,; npexcraBnser co60fi MoAHBIA Yron NOBOPOTAa NPOMEXYTOUHOTO Koseca
npu camoycraHasnusauu. OH CKnajpiBaeTcsi U3 YTJIOB Mp — TIOBOPOTa BOKPYI TOpH-
SOHTa/IbHO# OCH M Ny — BOKPYT BEPTHKAAbHOA OCH:

np = Oyy sina; 4.17)
ng = —bg; cos . 1.18)

_ Han wactroro caywas 8y = 0 (cm. puc. 4.18, 9, ¢) no ¢opmyaam (4.15) u (4.16)
Haliiem

621 = 632 = T;in—a. (4.]9)
Mo dopmyaam (4.17) n (4.18) onpenennm
fp = .‘;L , @.20)

T. €. Ha TPOEKUMH Ocelil Ha BePTHKaJAbHYIO IJIOCKOCTh OChb NpPOMEXYTOYHOrO Koseca
Ze/IUT NONOJaM YIOJ MeXAY OCSAMH KpailHHX Koec:
6
Np == c——tee 4.2l
BT 2tga * “.21)

Ins gactnoro cnywas npu 8y =0 (cM. pme. 4.18, o, 3) no dopmynam (4.15) u
(4.16) naitzen

—0y1 = O3y = 2—(2;7. (4.22)

Hs dopmya (4.17) n (4.18)
np = 62—"' tgo; 4.23)
ny = .%!., @.24)

T. €. OCb MPOMEXKYTOUHOTO KOJIECA ACJNHT NOMOJAAM YroJ MeXAY OCAMH KpalHHX KojeC.
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JAs 3/1eKTPOBO3HBIX Nepejay C MOALIMMHHKA-
MH CKOJIb)XEHHS C GO/NbLIMMH 3330paMH Y TpeTbero
Kojleca (MOALIA Bajn) JOTHYHO MPERNONOMXHTH Ha-

ApaBJeHHe NepeKoca COBMAJAIOUIHM C HamnpabJe- A
HHeM CHIBI MeXJAy 3y6bsimu. B namem H306pa-
XeHud 370 Gyper npu Ogy 1 Os. )
Torna Asind
8r = —bBptga. (4.25)
Moacrasus 8T0 paBeHcTBO B opmynbl (4.15)
n (4.16), monyuum
% .
b = Sra cosa (4.26) )
Puc. 4.20.
= 2 (4.27)  saucnacunn hon nepexoce wa'yeon 8
tg 20 cos @ BOKPYr 06we# HOpManu
H3 ¢dopmya (4.17) u (4.18) maiinem
tga
ne =38y S0 (4.28)
H
np = —8, — (4.29)
B P sin 2a ° :

o HanGonbuleMy M3 MOAYYeHHBIX YIA0B Ogy WK Oy (HiKE ero Gyaem 0603HayaTh O)
c/ielyeT pacCUUTHIBATH KOHTAKT 3yGbeB.

JlBa UMAMHIDPHUECKHMX SBOMbBEHTHBIX 3y6a NpH HanHuMM NMepekoca Ha yroa & so-
Kpyr ofuleli HOpMalH HauHHAIOT pa6oTaTh kak Goukoobpasnbie. OmpenequM ctpeny
604k006pa3HoCTH. K3BeCTHO, UTO 3BOJILBEHTHOe 3allel/ieHHe MOXKHO paccMaTpHBaTh Kak
TeHTY ANHHON A sin &, mepeMaTbIBAIOULYIOCS C OJHOrO OCHOBHOTO IMJIHHAPA Ha ApYTroii,
¢ Toukamu KacaHusa Ny # N, (puc. 4.20). [Tpu nepekoce 3y6beB Ha yron O JeHta ckpy-
yuBaetci (M306paxkeHa MXUPHOH JIMHHel), a KpaiiHHe ee CJIOM pAacTATHBAIOTCH OT
NiNj= NNy no NiN;. Yaauuenne 2f = NYN;— NiN; naeT 3a30p Mexay 3yGbAMH.
Ha crpeany 604k006pa3HOCTH KaXAoro 3y6a NPHXOAMTCA TOJOBHHA 3TOrO 3a30pa.

Ha ocHoBaHHH OGBIYHBIX COOTHOLIEHHH MeX1y XHaMeTPOM OKpYKHocTH 2 (A sin o 4-

-+ 2f), moayxoppoit NiNT = 12’-6 H CTpeJiofl AyTH 3Tofi OKPYXKHOCTH 2f HmeeM

b

of -8

_b_6 T 2(Asine+2f) *

2
MpeneGperas B 3HameHaTene udeHOM 2f (OH oueHb Maja), MONYUHM

L (4.30)
~ 16Asina ° ’

MMoxcraBuB 3xayenue A = m%—ﬁ, nony4nM

fo o

8m (2 + 25) sine * (.31)

Paccmotpum, kKak Gymer BuirasifeTb ¢opmyaa (4.31) Ans pasauyHbiX caydaes nepe-
xoca. [Tpu ckpewuBaHuu Kpaitnux oceil (cm. puc. 4.18, 0, e), korga 8; = 0, Ha ocHo-
BaHHH ¢opmyan (4.19)

3

8= = —r
82 2 sin &
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ToacraBnsass 3to sHawenue B (4.31), nonyuum

fe= (bdp)?
T 32m(zg + zg) sindx °

Tpu nepekoce B nuockoctu oceil (puc. 4.18, o, 8), korza Gp =0, no ¢opmyre

(4.32)

(4.22) naiigeM 8 = O WT— [MoacraBass sTo SHauenue B (4.31), moJyuum

os o
- (b6r)?
~ 32m(z; + z;) sinacos?a °

f

Ilpn mepekoce B MJIOCKOCTH CHJ, RefiCTBYIOIIMX Ha 8y6 TpeTbero Kojeca, no ¢op-
MyJe (4.26) naitzeM 8 = 8y =

(4.33)

——P ___ Tlocne noactanoBkH B (4.31) nonyuum
sin 2a. cos & A ( ) nony

(b8p)?
4m (z; + 2,) sin3 2a cos o *

f= (4.34)
Toncuurtaem crpeny sToit 604KO0GPAa3HOCTH Ha NMpHMepe 3JEeKTPOBO3HHIX Tiepelay.
Myctb 2 = 29; 2, = 43; m = 14; & = 20° u b = 140 mm. PaccTosiHne MeXIy KOHLaMH
NOAWHKNHHKA MOAOro Bajia (Bad Tperbero koseca) 1000 mm. 3asop B mogwMnHukax (no
HopMe) 3 MM. IIpHHAB, YTO OAHMH KOHeL MOJIOTO Ba/ja NMPHKHMAeTCs K BepXHell uacTH
NONWMNHUKA, a APYroil K HHXKHeil, noay4yuM JuHefiublll mepekoc Ha kpaw 3y6a bd =
140
= 6.0 1500
Mepe pacueta GoukooGpasHoro 3yb6a.
CunTan 3TOT mepeKoCc BOKPYF paiuanbHo# ocn no ¢dopmy.e (4.32) nmonyuum
0,842 0,705

I= @ T @ sw o — 32.14.72.0,040 — 2000546 = 0,5 mxm.

CiriefoBatesiLHO, JiaXKe NMPH TaKHX OTPOMHbiX MEPEKOCAX KOHTAKT MpaKTH4eCKH OCTaeTcs
JauHefyaTeiM. CTpena moayuaeTcss elle MeHblle, €C/H MEPeKoC PAaCCYHTHIBaTb BOKPYT
TaHTeHUHAJIbHOH OCH.

B stom cayuae mno ¢opmyne (4.33) noayuum

re 0,84
T 4.14-72 sin 20° cos? 20°

Ecan B3siTh nepekoc B MIOCKOCTH CHJ, AeHCTBYIOIIHX Ha 3y6 TpeTbero KoJueca, To no ¢op-
myJae (4.34) naiinem

= 0,84 MM. 310 B 2 pa3a Goablue TOif BeIHUHHK, KOTOPYIO GpaqH B MpH-

= 0,000072 ~ 0,07 MkKMm.

f 0,842
T 32-14-72 s 40° cos 20°
Tlpu noBOpOTE NPOMEXYTOUHOTO KoJaeca Ha yroa ng (puc. 4.21) Bo BpeMsl caMOyCTaHaB-

= 0,000699 ~ 0,7 MkmM.

JHBaHHA palMalbHbIi 3a230p yMeHbIIAETCA Ha Mg 5 [Moxacrasus ciofla 3HaueHle ng
u3 (4.18) u 6y u3 (4.19) ¥ onycTHB 3HaK, MONYYHM
an _ b6p
2 qiga’

YTo6H onpefeuTh yMeHbUleHHe 3a30pa MO HOPMAJH, HAfO MOJNYYEHHYIO BEJHUHHY
YMHOXHTp Ha 2 sina. [lostomy

(4.35)

)
ngbsina = -2~p cosa. (4.36)
M3 BelMuHHB ng HAAO BHYeCTb 4f, TaK KaK y TOpla Kojieca AaXe NPH OTCYTCTBHH
HOPMAJIBHHIX 3a30DOB NOCepellMHe NMpPH NepeKkoce 00pasyloTCA JBa HOPMANbHBIX 3a30pa
00 2f xamzamd.
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]

PHc. 4.22. Mpusoa € BeAYWHM TNPOMEXYTOYHBLIM
Koaecom

Jnsa paccmoTpenHoro mpumepa no ¢opmynae (4.35) HalineM pasMepH, MM3

ngb _ bdp 0,84
2 T e 4gew

= 0,578,

a no (4.36) .84

n,,bsina=bsicosa= 5

2

cos 20° = 0,394.

Buiunran 2f = 0,002 u3 0,394, nosyuum 0,392. DTH BeUYKMHE NOKA3LIBAIOT, YTO NOTPe6-
Hble 3330pbl OYeHb HeBENHKH, OHH He OGYyRYT CTECHATb KOHCTPYKTOpPa NMpH NpOeKTHPOBa-
Hun 3auenteHus. Heo6XoxuMo TONBKO CJeNHTb, 4TOGH 3TH 3a30pbl AEACTBHTENbHO Cy-
IIeCTBOBA/IH, a He GblIH MOIVIOLIEHbl HETOYHOCTAMH H3roToBjeHHs M c6opku. Ciaenyer
TakKe 06ecneyuTb 3a30pPbl MeXAY MPOMEXYTOYHBLIM KOJNECOM H KOPNyCOM pelyKTopa,
notpeGuble AN NOBOPoTa Ha yroa Oy Npu camoycraHasamBannd. K coxanenuio, cnoco6-
HOCTh NPQMEXYTOYHOTO KOJeca CaMOYyCTaHaBJIMBATbCA NpPH JHHHH LeHTPoB Ge3 H3noMa
He coXpaHsieTcsi A/s cayuasi, KOrka 3TO Kojeco sBafeTcs Beayuium (puc. 4.22); toraa
HOpMaJli K NOBepXHOCTSIM 060MX pa6oTaloWuX 3y6beB Napamienbbl [cayuau, ananornu-
Hole P = 2 (cM. puc. 4.19)]. JIaA camoycTaHaB/iHBaeMOCTH KOJeC JIMHHIO LEHTPOB
HaNo BHINONHATH ¢ yriaoM P > 2a [14]. .

B 3y6uartbix mepegauax ¢ npoOMeXXYTOUHBIM KOJIECOM, KOTOpble Tefepb HayaiMu NnpH-
MeHATb KaK TATOBble NMepeaayH 3JeKTPOBO30B H B ONHOPAAHLIX NJaHeTapHLIX nepefauax,
MOXHO MOJNYYHTb JIHHeWYaTbiil KOHTaKT C PaBHOMEPHBIM pacrpefefNeHHeM OKPYXKHOH
CHJIBb MO AnuHe 3y6a. [lns 3TOro npoMexyTouHoe KoJeco (caTelauT) HeO6XOXHMO JenaTh
€aMOYCTaHaBJIMBAIOWMMCS, ONHpasi ero Ha cdepuyeckuit noawunuuk. Ilpu Maabix yr-

JlaX mepeKoca MOXXHO NMpHMeHATb o6bluHble cepHuecKHe MOAIMMHHKH. B cayyae Gosb-
IIHX YrJ0B, npeBblaiowix 0,5°, Tpenue MelnaeT camoycTaHaBauBaeMOCTH. Ilostomy
cneflyeT NPHMEHATh NOAWHNHHKH C BOTHYTHIMH POJHKaMH M cdepoit Ha BHYTpPeHHeM
koable (puc. 4.23). B 3TX nopWHNHHKAX TpeHHe He BAHSAET Ha CaMOyCTaHaB/uBae-
MOCTb MPOMEXYTOUHOr0 KoJjeca.

CaMoycTaHaBNHBAIOIHECH NPOMEXKYTOYHbIE KOJ€Ca C JIMHeHYaThiM KOHTAKTOM He-
NPHIOAIBI A KOCO3yGbIX KoJec, B 3THX CayyasX clelyeT NPHUMeHATb GOuKooGpas-
Hbllt 3y6.

Ins chepuyeckoil onopbl caMOyCTaHABJUBAIOUIETOCA KO/MeCa MOXKHO MPHMeHHTb
H NOAWMNHHKY C UUAHHAPHYeCKHMH poankamu. Tak caenan . M. Illatkyc aas sepHo-
BbIX KOMGaitHoB. Ero onopa nokasana ua puc. 4.24. On npumeHua IBa POJNHMKOBBIX NOA-
wunuuka (tun 2000), n3rotoBuB O6llee Hapy»KHOEe KOAbLO cO chepHUeCKOH BHeuiHeil
noBepXHOCTbIO. [l c60pKH B caTeanuTe GbIMH mMpope3aHsl ABa masa. [Ipu chepuyeckux
Onopax MOXHO NPHMEHATb OYeHb GOMbLIYIO AJAHHY 3y6a, Gnaronaps ueMmy paiHajibHble
raGaputhl peayktopa ywmensinaiorcs (E. JI. ®deabaman ans poTopHOro skcKasaTopa
npuMeHHn AAuHY 3y6a 32,5 mopy.as, 6aaronaps 4emMy pefyKTOp pasMeCTHJCH BHYTPH
potopa).

[pu Manbix nepeRaToyHbiX uucaAax (Manblii AMaMeTp .caTelaMTa) B CATEIMTE He
yMewaetcs CchepHYeCKHit NONIIMMHHK AOCTaTOYHOH paborocnoco6HocTH. Pamukanbroe
pewenne aag storo cayuas npepaoxun B. H. Epmak (puc. 4.25, a), B KOHCTpYyKIHH
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Puc. 4.23. MoAWHNHHK C BOTHYTHIMH Puc. 4.24. CateanutT C CaMoycTaHa-
ponankaMu M chepoit Ha BHYTPEHHEM BAUBalomeica onopo# CUCTEMBI
Konece R. K. HarTkyca

KOTOPOro Bajl CaTe/N/IHTa ONHPAeTcs Ha JABa MOMIWHIHHKA, Pacno/oXKeHHble B BOAHIE,
MO3TOMY HX XAHAaMeTp He OTpaHHYeH.

Heo6xonumele  yrioBble MOABHXXHOCTH MNOJYYalOTCs CEepHYECKHM COeIHHEHHeM
BeHna ¢ BanoM. [na c6opkn chepa cocraBieHa H3 TpeX CerMEHTOB C [EHTPaNbHBLIMH
yraamu 135°, 135° u 90°. CermeHTH! 3aK/aiLBAIOTCA B noBepHYTOM Ha 90° MosoXeHHH
(puc. 4.25, 6), nocie yero Bcsi cdepa pasBOpayHBAeTC B HOPMadbHOE MONOMKEHHE.

B xByxcryneHyaToM pegyKTope ANS MOJYYEHHS CaMOYCTaHABJHBAeMOCTH CTaBHTb
6/10K MpOMeXYTOUHBIX Kosec Ha chepHyecKylo onopy Henb3s. Eciu Tak cienars, TO pac-
MOpPHBIE CHJIbI, KOTOpbie JefiCTBYIOT He MO OAHOiH MpAMOH (KaK NMpH Mapa3HTHOM KoJece),

JIR

T\
[/

il

- -

Puc. 4.26. JIByxcTyneH4aTuii
PEAYKTOP € NPOMEKYTOUHBLIM
6/0KOM WIECTEPEH Ha chepuye-
Puc. 4.25. CateanuT C camMoyCTaHaBausaloweitcs CKOM omnope H pPa3pBOEHHOMH
onopoit cuctemp B, H. Epmaka THXOXOAHOI CTYNeHbIO




Mexanuans ¢ 08YMR NPOMEIYMOUHEIME KONLCAMU 171

BHIBEPHYT GJIOK H KoJeca pacuenstcs. Uto6H atoro HaGexarb, PelyKTop cjleflyeT cienaTh
CHMMETPHYHBIM, BHIOJNHASI THXOXOAHYIO CTyneHb (pHc. 4.26) HAM GHICTPOXOIHYIO pas-
naBoenHoil. Hapesky 3yGbeB pa3fBoeHHON CTymeHH cCjelyeT BeCTH € QZHOTO NPOXOAa,
WIH JO/KHO ObITb OGecrieyeHO HX TOYHOe coBrnafieHHe. K coxaneHHio, TIPOYHOCTb OCH
NPOMEXYTOYHOro 6JI0Ka OTPaHMUHBaeT AMAMeTp LIECTePHH THXOXONHOW CTYNEeHH, & CJe-
JoBaTeNbHO, M nepefatouHoe oTHoweHHe. UTo6n u3Gexars storo, B. H. Epmak npexn-
JIOXKHJ JeNaTb pa3fBoeHHHIMH o6e cTynedH. ChepryecKH#i NOAHAHHK OPOMEXKYTOYHOFO
6JI0Ka TOTAA pacrosiaraeTcsi MeX1y KoJeCaMH H pa3Mephl ero He OrpaHHuYeHbl, COOTBET-
CTBEHHO He OTPaHHueHa H NPOYHOCTb Baja MPOMEXYyTouHoro Gioka. Koueuro, yciaoBue
TOYHOTO COBMajieHHs 3y6beB NOJOBHHOK pa3JiBOGHHOM CTYNEHH SIeCh OCTAETCH.

4.6. MEXAHH3MbI € IBYMSA [NMPOMEXYTOYHbLIMH KOJIECAMH

B nuaHeTapHBIX Mepefayax BeAyLMH M BeJOMHIN Bajlbl COOCHH, YTO B GO/NbUIHHCTBE
ClyuyaeB BAfETCS HX NPEHMYyLlecTBOM. B HeKOTOpHX ciyuyasix, HanpHMep B SIEKTPO-
BO3aX, pacnojioXeHHe BaJoB HecOOCHOe. Torja iienecoo6pasHO NMPHMEHAThL Mepelauy
C ABYMS NPOMEXYTOUHbIMH KoJecaMH (pHC. 4.27), KoTopas DPaBHOIEHHA T1aHeTapHOM
¢ AByMsa careJiHTaMH. EciK cpaBHMTb 3Ty nepejauy € ABYCTODOHHelH (CABOEHHOR)
nepenaveii, To XOTf YHCJIO KoJieC W OJMHAKOBO, HO B Heil BMeCTO GOJIBILOro 3y64aToro
KoJeca, YBEJIHYHBAIOWEro HEMOAPEeCCOPEHHYI0 MacCy CKaTa, HMeeTcsi He6Govibllioe npo-
MeXYTOUHOe.

Kpome Toro, B nmepepaue ¢ AByMS MPOMEXYTOUHEIMH KOJeCaMH ocTaercsi Gosbiue
MEeCTa JNA pa3MellleHHsi TATOBOrO ABHraTeJs, YTO NMPH JajbHelilleM POCTe MOLIHOCTER
BMeeT Gosblioe 3HauedHe. KoneuHo, B Takoil nepenaye HeoGXOAHMO 0GECTEYHTL PaBHO-
MepHOe pacrnpefiefleHHe CHI MeXIy NPOMeXYTOuHbLIMH KosiecaMH. IIpH peBepcHpoBanuu
H3MEHSETCA COOTHOLIEHHE CHJ, JEHCTBYIOUIHX Ha NMPOMEXYTOYHBIE KOJIEca, YTO OCJIOXK-
HfieT 3allayy BHDaBHHBAHHS HArpy3okK. Jlyullle BCero BHIPOBHATh HAarpy3KH MOXHO € no-
MOIBIO YDABHHTENLHOrO MeXaHH3Ma (cM. pHC. 4.27), o6ecneuHBaloOliero paBeHCTBO yCH-
anit Q, nepepaBaembix 3yGhAMH
STHX KoJec. lns sToro paccMot-
PHM  CHJH, JeRCTBYIOLIHE Ha
OMOpH NPOMEXYTOYHBIX KOJIEC:

Ry =2Qsin(f—a) u
Ry = 2Qsin (B + @),

rae 2B — yron mexay JHHuAMR
LEHTPOB NPOMEXYTOUHOTO H Befy-
IIero KoJeC, a TaKke NpOMexy-
TOYHOrO H BEJOMOTO.

Cunbl R; W R, He paBHH.
CnenyeT OTMETHTD, 4TO NPH nepe-
MeHe HanpaB/JeHHf mnepeiaBa-
€MOTO MOMEHTa (peBepCHpOBaHHe
HIH NEepexol oT TATH K 3/eKTpH-
YECKOMY TOPMOMEHHIO) CHIH R,
B R, wMensiorcs wmectamu. [lo-
STOMY TMepeAaTOyHOoe YHCAO ypa-
BHHTEJILHOTO MeXaHH3Ma JOJKHO
OhTb pasNHuHBIM A8 PasHBIX
HaMnpas/ieHHR nepelaBaeMoro Mo-
menTta. Takoit Mexauusm ! no-
KasaH Ha puc. 4.27.

! Pewetop Jl. H., Epmax
B. H. 3y6uatas nepepaya. — Or-
xpu-ru:;Es u306peTeHusl, NpPOMbILLJIEH-
Hne Pasubl, TOBapHbe 3HAaKH, Puc. 4.27. llepegaua ¢ ABYMA NPOMEKYTOYHBLIME KoJee
1972, Ne 7 (a. c. Na 329055). €aMM ¥ YPaBUMTEAbHBIM MEXaHHU3IMOM
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CooTHOlWIEH e TITeY B HEM arenymouee:;
a R _ sinf—oa)

b Ry  sin(B+a)’

INpoBepuTb  CaMOyCTaHABIHBaeMOCTb  ypaBHH-
TeJIbHOTO MEXaHH3Ma MOXHO [OACYETOM YHCIA M3«
OLITOYHbIX cBsizell no ¢opmyae (1.1):

g=1—6:6-4 544324 2.441=0.

IMepenaun ¢ XByMA MPOMEKYTOUHBIMH KOJECAMH MOX-
HO NPHMEHATb H TaM, Ife BeHell GO/bIIOTO KoJeca
JIO/IXKEH BHIMOMIHATBCA C HEMOMHBIM YHCJIOM 3yGbeB no
3y6uaToMy BeHLy. B sToM ciyuae jBa npoMexyTou-
HBIX Kojeca o6ecrneuyHBalOT KHHEMAaTHYECKYIO ornpefe-
JIeHHOCTb pPaboThl MeXaHH3Ma, a He ClOCOGCTBYIOT
YMEHbLIEHHIO CH/I. YCTaHaBIHBaTb 31€Cb YPaBHHTE/b-
Hbl/i MEXaHH3M HeJOMyCTHMO, TAaK KaK OH Hapyluaer
Puc. 4.28. Yram B nepepawe ¢  ONPENETEHHOCTb JBHXEHHA MDH MPOXOJle OMHOTO
ABYMA MPOMEKYTOMHBLIMHM KoJe- H3 CaTTEeJTHTOB 4epe3 pa3pbiB 3)’6beB Ha BeHUe.
camu [eperayn ¢ JBYMA nNPOMEKYTOUHBIMH KoJe-

CaMH MOXHO BBINOJHATL € JIOGBIMH  YMCIaMH
8yObeB, ONMHAKOBBIMH H HEOJHHAKOBLIMH MPOMEXKYTOUHbLIMH KO/ME€CaMH, C HOPMalb-
HbIM H YyJy4lleHHBIM (KOPDHTHPOBaHHLIM) 3alernyieHHeM. To/NbKO PacCTOSHHA MEXAY
LEHTPAMH CaTeJJIHTOB (HAH COOTBETCTBYIOLIHE MM LEHTPaJbHble YIJbl) Helb3f BHIGHPATh
NPOH3BOJIbHO, HX HEOGXOLHMO TOYHO PacCUMThIBaTh, TaK KAaK MHaue C6OPKa MOXeET OKa-
3aTbCi HeBO3MOXHoOMH. OnpepeneHHe STHX MapameTpoB Wi OGWEro ClIyvyas HEONMHA-
KOBBIX MPOMEXKYTOUHbIX KO/MeC MPHBENEHO HHXKe.

PaccMoTpHM [Ba KPHBOWMMHO-MOA3YHHBIX Mexanusma (puc. 4.28) OAB u OCB
€ MOJA3yHOM, KBHTAIOUIMMCA BepTHKaAbHO, W wapHiipamu 0, A, B, C, pacnonoxeHHbIMH
B UeHTpax Kosec. [lonyuaercs ABa WwapHHPHO-N/aHETAPHBIX MEXaHH3Ma — OfHH C KO-
necamu I, 2, 3'; apyro#t ¢ konecamu I, 4 u 3”. O6wee xojeco | 060MX MEXaHH3MOB CuH-
TaeM HenmoABWXHBEIM. IIpH aBHXKeHHH non3yHa Koseca 3' u 8" BpawawTcs B IPOTHBO-
MOJIOXKHBIX HaNpaBleHHAX.

Haiizem Te no/ioxeHHs, B KOTOPHIX MOXHO OCTaHOBHTb MOJI3YH H 3aMeHHTb KoJeca 3’
H 3" o6wnM KosecoM. D10 GyaeT, Koraa 3y6bs Koaec 3’ H 3" noAHOCTBIO COBNANYT WK
cymMMa yrJIoB NoBOpOTa 3THX koJsec 85 - 03 GyAeT paBHa LeNOMY YHCHY YI/IOBBIX LIArOB
obiero koneca, T.e. k(360°/2z), rme k — uenoe uuciIo.

[Monyuaem ypaBHenue

0
6, + 85 = 607 (4.37)
23

[pu onpegeseHH yraoB HaualbHbIM NONOXKEHHEM MexaHuW3Ma GyJleM CUHTaTb Ta-
Koe, npu KotopoM wapuupsl O, A, B n C pacnonaraiorcs Ha onHoil BepTHkanu. [Ipu
3TOM BCe yeThipe MoJIOCa 3auervieHus cosnalaiot. Toukn O w B pacnonaraioTcs CHU3Y
noaoca 3auenseHus, a Toukn A u C — ceepxy.

[NpH onMHAKOBHIX MPOMEXYTOUHBIX KO/IECAX 32 HAyaJbHOE MOMOXKEHHe MOXHO 6paTh
Jpyroe KpafiHee foJiOXeHHe, MPH KOTOPOM Touka B pacronaraercs cBepXy, a MOJIOCH
3aleNyieHHs] MOMapHO COBMAAaloT.

[MonoxuTenbHLIM HanpapjieHHem MOBOPOTA KpHBOWHNA Aas Mexanusma OAB 6y-
JIeM CYMTaTb [OBOPOT MPOTHB 4acoBoi CTpeNKH, a 1A MexaHuama OCB — no uacoBoit
crpesike. Boanaa wapHHpHO-NJIaHETADHBIX MEXAHH3MOB 0603HAYHM PHMCKHMH HudpamH,
Hx anudy Haiigem no o6biuHbiM GOpMYJNaM H3 TeOpHH 3allelUIeHHil; nanpumep, AJf BO-
auna I ona 6yner

cos a 21+ 2
= . 4.38
! Ccos ay m 2 (4.38)
Banaemcs yraom O;. Yron nosopora Bopuna [l Haiinem W3 TpeyronbHHka OAB:
sin §;y _ Uy (4.39)

sin §; T
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Tepemeiuenne non3yxa, Kotopoe HamepsieM oT Toukd O,
sin (877 — 61)

S=1lu sin §;

. (4.40)

¥Yras nosopora Boaua I/1 u IV wuaiigem H3 Tpeyronbiuka OCB:

S+, =1y .

cos O7y1 = — X, (4.41)
S+, -4
cos 8y = ——# . (4.42)
Koutponbuas dopmyna HmeeT BHA
sin 6711 _ v (4.43)

sin 8,y L

Yrabl nOBOpPOTa KoJec MOXHO HalTH no ¢opmysne Buaauca, B KoTopofi BMeCTO yr-
JIOBHIX CKOPOCTeil HCIO/Mb3yeM MPONOPUHOHANIbHbIE HM YIMB TIOBOPOTa.
[TosTomy zns 3BeHveB I, 2 u |

6-3—6[ _ 21 c
61'—6[ —-—z, HO 61-—0.
CaeioBaTesIbHO,
a,=5,(1 +§—; . (4.44)
Jns 3senveB 3', 2 u 1]
65 -9, __ 7
6] - 6[ - 23 ’
OTKyJa
, 2 2
G=—8+8y (1+7:- . (4.45)
MoacraeumM B (4.45) 3snavenme O, us dopmyas (4.44):
. 21 + 2 25 + 2
8,=—20 128 2 +6), zz.« >, (4.16)
Ananoruyso

&=—8, 2t 15, Ltn

23 23

. (4.47)

3anaBascb pasJHuHbIMH 3HaueHusaMu yraa O;, no ¢opmynam (4.39), (4.41), (4.42),
(4.46) u (4.47) moxHO HaiiTH yriibl O, 1 83 1 NoK6OPOM yCTAaHOBHTH SHAYEHHE BTUX YSJIOB,
ylosjieTBopsilolHe ypaBHelnio (4.37).

KoHeuHo, HEO6XOANMO CJleInTb, YTOGbI MPH 3TOM BHINOJIHAMHCH ClelyIOLIHE YCJI0-
Bus (cM. puc. 4.28):

s> Latla (4.48)
AC > LQD"‘, (4.49)

rie Dy, Dgg, Doz B Doy — HApYKHBIE AHAMETPHl KOJEC.
3ajaua 3HayHTeJbHO yrnpowaeTcs A1d OAMHAKOBHIX NPOMEXYTOUHHIX KOJeEC, T. €,
Korla z, = z,. B aTom cnyuae us-3a cummetpuunocTH Mexanuama O = 87, a Ha ocnoBa-
HHH ypaBHeHHus (4.37)
180°

3

8 =0)=h—n. (4.50)
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[To dopmyne (4.39) onpenensiem yroa 6,,, no dopmyne (4.46) — yroa 8; n noabu-
paeM Takoe SHauyeHHe yriaa §,, aToGb yHOBIETBOPHTb ypaBHeHuio (4.50).

YciaoBHA CGOpPKH NepeayH ¢ ABYMs Napa3sHTHBIMH KoJleCaMH, KHHEeMaTHKa ¥ OLHGKH
nonoxeHus paspaGorausi B. H. Epmakom!.

4.7. NEPEJAYH rPY30NOADBEMHBIX MALUHH

HHuTepecHbIM 11t pacCMOTpeHHs ABJsiETCH MEXaHM3M Hamopa sKckasaTopos. [Ipume-
HAIOUHACA B HeM peeyHbIf MeXaHH3M B KDYNHbIX MAalIHHaX O4eHb GHICTPO H3HALIH-
BAeTCsl BCJEACTBHE 0OJbIIHX JAaBaeHHH. UToGbl yMEHBIUHTb 3TH JaBJeHHA B MOPTaib-
HBIX KpaHaXx (B MeXaHH3Me J/Isi H3MepeHHS BHJIeTa), MPHMEHSeTCs CABOEHHLIN PeeuHbli
MEXaHH3M C ypaBHHTeJbHHIM pBHIYaroM Mexnay pefikaMH. HanHuHe 1ByX peek H ypaBHH-
TeJbHHX DHIYAaroB OYEHb YTAXKeNsieT MeXaHH3M. MoXHO oGOMTHCL ofHON peRKoH, Cie-
NHB C Heit ofe HamopHble WecTepHH (pHC. 4.29), HO MPH 3TOM NPHMEHHB YpaBHHTeNb-
HbIl MeXaHH3M, oO6eCneyHBalOllHil pacnpejeneHHe CHJI MeXJy IUeCTeDHAMH MOPOBHY H
OCHOBAaHHBLIH Ha BBIDABHHBAHHH OCEBbIX HAarpysokK Kocosy6bix kosuec. Hamopuble we-
CTEPHH JOJXKHBI GBIThb NpsiMO3yGble. Bee GonbinHe 3y6uaThie Koneca JOMKHBI UMETb OHO
HanpasJieHHe cnupaas (HanpHMep, MpaBoe), a BeAyllas M NPOMEXYTOYHAs LIECTepHH —
apyroe. [IpHBOX MOXKeT GHITh HJIH OT CPeAHEH NPOMEKYTOYHON LEeCTEPHH HIH OT 6OKOBOM.

MexaHH3M MOXeT C/IYXKHTb H JJ1f NPHBOAA HECKOIbKHX HAMOPHLIX LIECTePeH, yCIoXK-
HHTCA TOJAbKO KOHCTDYKUHA PBIYaXKHOTO MexaHH3Ma. [Ipu AByX IIECTepHAX OH MOXeT
COCTOfITb H3 IBYX pbluaroB, COeJHHEHHBIX TArof. BniGopoM BeqHuyHHB! yria cnupand
MOXHO OrDaHHYHTb OCeBble HAarPy3KH, NepefaBaemMble 3THM MeXaHH3MOM, a pacroJioxe-
HHEeM pbiyaroB A0GHTbCS pPaGoThl TATH Ha PacTAXEeHHe.

MexaHHu3M NMONYYHTCA 3HAYHTEJNHLHO MPOLULE NPH NMPHBOAE C KOHHYECKHMH KOJIeCaMH
(cM. puc. 4.29, 6). 3aech HeT HeO6XOAMMOCTH B PLIYRXKHOM MeXaHM3Me, TaK KaK YypaB-
HUBaHHe JOCTHraeTcsi OCeBbLIM NepeMellleHHeM GlOKa BelylHX KOHHYECKHX wLIeCTepeH.
Hano TonbKo o6ecrnednTb BO3MOXKHOCTb TaKOTO nepeMellleHHs! MOCTAHOBKOH COOTBETCTBY-
foulefi MypTel Ha BefylleM Bany, a elle Jayulle — npsaMo3y6ofi LMAHHIpHYECKOH mepe-
IauyM, TaK Kak Torja TpeHHe He GyleT HCKaxaTb CHabl. ClefyeT OTMETHTb, YTO YpaBHH-
TeJIbHble MeXaHH3MBI, OCHOBAHHHBIE HA OCEBLIX CHJIaX KOHHYECKHX Kojec, cefs IONHOCTbIO
onpaBjaiH B aBHALMOHHBIX peAyKTopaXx. OnHcaHHbBIE MeXaHH3Mbl MOTYT NPHMEHSATbCH,
KOrla MOMEHT OT OAHOTO JBHraTeJf HYXHO [epefaBaTb 4Yepe3 JBe HJAH HECKO/NbKO
ecTepeH, HaNpHMep B MeXaHH3MaXx NMOBOPOTAa KPAaHOB HJIH 3/eKTPOBO3HLIX Mepelauax.

lNocneanss cTynmeHb MexaHH3Ma NOBOpOTa BHIMOJNHAETCH Kak 3y0yaTas nepejaua
¢ GOJNbLIMM KOMECOM KaK BHEIIHEro, Tak H BHYTPEHHEro 3auemyieHHs. B Kpynuux
MallHHAX HarpyskH B 3TOM MeXaHH3Me OrpOMHble, 4YTO BbI3bIBAeT MepeKoc

! Epmak B. H. JIByXnoTOUHb TATOBbIH NMPHUBOA JIOKOMOTHBA. — OTKPHTHA, H306peTeHHS,
npoMbiulieHHble o6pa3ibl, ToBapHbie 3Haku, 1974, Ne 15 (a. c. Ne 424751).

Epmak B. H. My¢Ta, — OTKDHTHA, H306peTeHHs, APOMbIMJEeHHbe 00pasisl, TOBapHbe
SHakH, 1975, Ne 22 (a. c. Ne 473859).

Epmak B. H. VYpaBuuTenbHbi# MexaHu3dM. — OTKpbITHA, H306peTeHHs, NPOMBILJIEHHBI®
o6pasusi, ToBapHbie 3HaKH, 1976, Ne 12 (a. c. Ne 508614).

EpmMak B. H. Puuaxuas komneHcupymoumas MybdTa. — OTKPHTHA, HIOOpeTeHus, mpo=
MBlllJIEHHbIe 06pa3ibl, TOBapHuie 3Haku 1978, Ne 1 (a. c. Ne 587278).
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Puc. 4.29. MexaHH3Mbl A5l BbiDaBHHBAHMA Harpy3o0K Ha JBa HamopHbIX 3yG4aTblX KoJeca C HC<
noab3oBaHHEM 0CeBOH CHAbI:

@ = KO0CcOo3y6hiXx KoJsec; 6 — KOHUYECKHX KOJes
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KoJllec, BCJEICTBHE 4Yero Karacrtpo- :
duyeckHn pacTeT H3HAIUKWBaH He 3y6beB. R
OcofeHHO BeNHK NMEPEKOC NMPH KOH-
CONLHOM DACIONOXEHHA IIeCTePHH, 14
a NpH BHYTPEHHEM 3aleNnJIeHHH H3-
6exxaTh TaKOro pPacnoViOKeHHs Npak-

THYeCKH HeBO3MOXHO. IlosTomy pa- m}(u —

6OTY MOXHO 3HAUHTEJIbHO YJYUIOHTB, I | |J/ _l_'z\ l YZ
€C/IH IIeCTEPHIO CAenaThb CaMoyCTa- = ==
HaBJAHBaOWE#ACA, uTo  o6GecneyuT 4| | T I

JUHENYaTH# KOHTAKT C PABHOMEPHHIM

pacrnpefiefienHeM HArPY3KH Mo JVIHHE W/{{/, l///r/ T4

3y6a. Jlyuwe Bcero 310 pemaercs Wad-18 &
npHMeHeHWeM  apoyHoro  3y6a. pE=3 15 -3
To/NLKO HEBO3MOXHOCTb MpPHMEHHTD pr=1_ 2 -4
€ro NS BHYTPEHHero 3alleMeHHs k=10

H OTCYTCTBHe 60oabLIBX 3y60pe3Hle Puc. 4.30. PepykTop na oaHOMN BpamaTeabHoil nape,
CTAaHKOB He TO03BOJIfieT IIHPOKO  PAacnofoXeWHOW Na KpoHwTeiine
TIpHMEHAITL Tako# 3Yy6.

Jlnsi caMHIX KPYMHBIX MallHH CJelyeT PEKOMEHA0BaTb MEXaHH3M € ABYMS npome-
KYTOYHBIMH KOJIECAMH R YDaBHHTeAbHbIM MeXaHH3MOM (cM. puc. 4.27 u Ha c. 171). Tlpo-
MEXYTOUHBIE Ko/leca CJleflyeT YCTaHaBJHBaThb HA CHEpHYECKHX DOJHKOBHX NOAIIHNHM-
Kax. UTo6H He HapyWHTb CaMOyCTaHaBJIHBaeMOCTb, HeNb3f NOMYyCKaTb, 9TOGH Yroa
H3/J0Ma LEeHTPOBOIl JHHHH Gbil paBeH 2a.. B mexanu3me Hamopa ypaBHATENbHHIH MeXa-
HH3M CHJIBHO ympollaeTcsi, TaK KaK NMPaKTHYeCKH MepelaBaTb CHJY HAlO TOIbKO B Ofi-
HOM HanpaB/neHHH. Baarojaps pasjeneHHIO MOLWIHOCTH Ha IBa NMOTOKA HAarpyska Ha can-
THMeTp 3y6beB yMeHbIlaeTcsi B 2 pasa, a TJlaBHoe, 06ecneyHBaeTCsi PaBHOMEPHOE pac-
npeleneHHe Harpy3kH no jiHie 3y6a. MexaHHsM nofyuaercs npome, JelueBle H KOM-
nakTHee, 4Ye€M MEXaHH3M C IBYMs pefkaMH H YDaBHHTENbHBIM DhIYaroM MeXIy HHMH
(B KOTOpPOM, Kpome Toro, He obecneuuBaercsi JHHeiiuaThifi KOHTaKT 3yGbeB).

B MeHee KpPyMHBHIX MallHHax Lesecoo6pa3HO NPHMEHHTb Mepejauy C OIXHHM Npo-
MEXVTOUHBIM KOJeCOM. MeXaHHW3M MOJYYHTCS Mpome, Harpy3ka 3y6beB GyjeT Gosbine.
CoBpeMeHHble MallIHH bl BLIMOIHSAIOT C 3JIEKTPONPHBOJOM, a IBHTaTeNb H pEAYKTOP — B BHLE
onnoro 610Ka — MOTOp-pefykTopa, 6aarofapsi ueMy He TpeGyeTCsi MPHMEHEHHs ABOM-
HOro Kapjasa (cM. pHC. 4.12). MoTop-peayKTOp cleRyeT COeIHHHTb C KOPMYCOM 3KCKa-
BaTOpa rOPH30HT4JIbHBIM LIaPHHPOM, OCb KOTOPOTO NepecekaeT JHHHRIO 3y6a mocepe-
anne. Takad cxema AJsi MeXaHW3Ma MOBOPOTa C BHYTPEHHHM 3allel/leHHeM NOKasaHa
Ha puc. 4.30. PerynHpoBanHe MeXUEHTPOBOrO pPacCTOSAHHA S7eCh AOCTHraeTcs TOA-
KJAalbiBaHHeM waii6 B 3TOM ILapHHPe.

C6opka TOPH3OHTaNbLHOrO ILApHMPa, eCJH OH pacnosnaraercs mnof mnuargopmoR,
MOXET 0Ka3aThCsl 3aTpyanuTeabnodl. Toraa BMecTo BpaulaTeJbHOR NMaph MOXHO NpB-
MeHHTb Wwaposylo ///; u aBe niomwanounsie /4, KOTOphie JAIOT Te Xe NATb YCAOBHIA CBASH.
Takasn cxema A1s MeXaHH3Ma NOBOPOTA C BHYTPEHH HM 3alleNieHHeM NOKa3aHa Ha pHc. 4.31.
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Puc. 4.31. PepyxTop Ha oaHo#R /770'
chepuieckoit W AByX Touey-
HBX napax
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MoxHO Bce KpemJeHHe MOTOp-pelyk-
Topa BHHeCTH Hasepx (pHc. 4.32), Hcnoab-
30BaB JJIfi STOrO LEHTP (0Cb) MTHOBEHHOIO
BpalleHHss P, KOTOpHA 3aMeHseT TOPH30H=
TaJbHbIAl IUADHHD H HAXOJZHTCA B Touke
nepeceuenuss moBoakoB [II{I1I; u V,V,.
Hasa storo nosogok V,V, npumercs BH-
NMOJHHUTb B BHIE XeCTKOH DaMbl, COeqHHEH-
a HOll BpawlaTeJbHBIMH NapaMH Kak C nJjar-
¢dopmoit, Tak H ¢ MoTop-penykTopom. [lo
cpasHenHio ¢ kpaiom KB 100.1, rxe kpe-
1 N/IeHHe JOCTHraeTCsi IIApHHPOM H THAIOM,
MeXaHH3M YCJIOXKHSETCH BCero Ha OfHH
LWIapHHP, HO 3aTO JOCTHralOTCA CaMOycCTa-
HaBJHBaeMOCTb H JIHHeH4aThli KOHTaKT
3y6bes.

B MexanHsmax ¢ nJaHeTapHbIM DeIyKTOPOM CaMOyCTaHaBJIHBaeMOCTb IECTEPHH
nocieiHell CTYNMEHH MOXeT ObITb JOCTHIHYTa MCHOJb3OBAaHHEM MOIBHXHOCTH TUIaHe-
Tapuoro Mexanuama. B xpane KB 100.1 wecrepusi nocraBiesa Ha JBa WapHKOBLIX MOA-
WIMMHHKA, PACHONOXKEHHBX BHYTPH Hee. [lna ycTpaHeHHs H3GBHITOYHBIX CBf3efl Cae-
AyeT 3aMEHHTb MX ONHHM C(epHYECKHM, POJHKOBBIM, DACMOJOXEHHBIM B CpeiHel mio-
cKocTH urectepuH (puc. 4.33). CaTe/nIuTH clefyeT MOCTaBHTb Ha cepHUeCKHe MOAIIHAI~
HUKH. Tak KaK MeXaHH3M TpeXCTyMeHuaThifl, TO XKeJaTelbHO MeXAY NepBLIM H BTOPHIM
COEAHHHTEJIbHLIMH 3BEHbSIMH YCTaHOBHTb ChepHYeCKHil NOAWHMHHK. DTO YMEHbIUHT
YHCIO MeCTHBIX noABHXHOCTeH, OCTaeTcs ofHa MeCTHas IOABHXHOCTb — BpallleHHe
[IecCTepHH NOCJAEAHeR CTYNeHH BOKPYT OCH, MepHeHAHKYAAPHOHR K MJIOCKOCTH YepTexa, —
6e3BpelHas, TAK KaK ONbIT IOKA3bLIBAET, YTO TaKHe MOABHXKHOCTH XOPOILO AeMNHPYIOTCA
TpeHHeM B 3yObsiX H HHKOT/a HE BBHI3HIBAIOT Pe30HAHCHLIX KosneOGaHHH.

Crelyoiiee peuieHHe, Gojee NMPOCTOE — MOCTaBHTb LIECTEPHIO HAa 3y6uarhifi Kap-
JaH C OrpaHHYHTENIbHBLIMH KoibLaMH [Vy (puc. 4.34). [Ipu sToM GyneT Takas XKe MecT-
Hasi OABHXHOCTb, KaK H B MeXaHH3Me Ha puc. 4.33, oHa Takxe Ge3BpenHa. [Jns pasme-
ImeHHsA 3y64yaToro KapjaHa B 3TOM CJvyae BO3MOXHO NPHIETCS YBENHUHTh JHAMETP
WeCTepPHH, 4TO, B CBOIO Ouepeflb, MOTpPe6GyeT yBeJHYEHHA NepefaTOYHOro 4HHCIa peayK-
TOpa.

" Haxkonen, u36exaTb H3GLITOYHBIX CBSI3eff MOXHO MPHMEHEHHeM LIeCTepHH C GOYKO-
06pa3H6IM 3y6OM, HO NMPH 3TOM KOHTAKT 3yGbeB CTAHOBMTCH He JIMHEAYaThiM, a TOuey-
HbIM, BCJAEICTBHE 4Yero BO3PacTYT KOHTaKTHble Hanpsokenns. [lostomy Gouko-
obpa3Hblfi  3y6 (XOT KOHCTPYKLHS pelyKTopa H NOJy4YaeTcs CaMmoit MNpOCTOH)
MOMHO PEKOMEHIOBaTb TO/JbKO LISl CaMblX MajblX MAaLIHH.
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Puc, 4.32, PeaykTop ¢ noaBeckoft Ha ABYX
noBoAKAxX

C Puc. 4.33. Naanertapubifi pefyKTOP C CoONHEd~
HbIM KOJECOM Ha cepHuecKoit onope
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Puc. 4.34, Mpusog ¢ 3yGuaThiM KapaaHoM s
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4.8. 39PEKT CAMOYCTAHABJIMBAEMOCTH B TSArOBbIX NEPEJAYAX

AnexTpoBo3Had mepegaua ¢ m = 10 MM ¢ Tpyjaom nepenaer MowHocts 800 kBT,
Ha ee BoccranoBnenne, no moacueram LIHUUW MIIC, pacxonyercs 8 maH. py6. B rox.

CpaBHHM 3JIeKTPOBO3HYIO NepeAayy C NoRo6HOH mepepaueil, NpHMeHseMOH B Mop-
CKOM TpaHcnopTe. 3y6GuaTas nepefaya BTOPOH CTYNEeHH TYPOHHHHIX MAapoXOAOB THMa
«JIeHHHCKHIT KOMCOMOJI» paGoTaeT MHOTO JieT 6e3 BCAKOro PeMOHTa, H HHKAKOro paspy-
weHHA B Hell He 3ameTHo. Ee mapamerpbl: m = 7 MM, OKpYyXHasi CKOpPOCTb NMPHMEPHO
Ta Xe, 4TO U Ha SJEKTPOBO3ax, a nepepaBaeMas MougHoctb 10 000 kBT.

U3 cpaBHenHs BHIHO, YTO B TATOBO# Nepejaye ecTb GO/bluHe HEHCIONb30BaHHLIE
pesepBbl, a NPHYHHA NJIOXOH paGOTHl 3aK/AO4aeTcss B HeNPaBHIbHOM KOHCTPYKIHH
npHBoza.

PaccMOTPHM HeNpaBHABHOCTH 3TOM KOHCTPYKUHH. [lepBas HenpaBHabHOCTL — Ie-
peKoc oceil BeIOMOTro H Beayulero BanoB. Pa6oTaeT He BCAl WIHPHHA 3y6uyaToro KoJjeca,
npHyeM paGoTalollas yacTb HarpyeHa HepaBHOMEPHO, YTO B OOJbLIOM CTeNeHH COKpa-
1aeT NOJNroBeuHoCTh. [lepeKkoc BLI3bIBAETCH H3HOCOM MOTOPHO-OCEBBIX MOALIHIHHKOB.
Oco6eHHO BeJIHK OH NMpPH OAHOCTOPOHHE! nepefaye H NMpH oceBoM (TpamBaiiHOM) nojse-
IIHBaHHHK ABHrarens. [IpHunHOM nepekoca sABAseTcs Takxe AedopMauHs TATOBOTO NpH-
Bofia. CHMMETPHUYHBIM €ro cfienaTh HeBO3MOXHO, TaK KaK cepelHHa JIOKOMOTHBA 3aHATa
TArOBbIM ABHraTteseM. Henb3s yBelqMuHTb KECTKOCTb, TAaK KaK ee OrPaHHYHMBAIOT Macca
npHBOAa H JOMYCTHMas Harpy3ka Ha ocb. TpeTbsi MpHuHHA nepeKoca — JHOMYCKH Ha
pasmepnl fetanel mpusoxa. Hanpumep, B peaykrope UC-2 HMeeTcs oAHHHAZUaTb CO-
e/[HHeHUH, BKJIOUAOUHX JONYCKH Ha OTK/JIOHEHHe OT MapaJjJelbHOCTH oceii 3y6uaThix
konec. ITepekoc oceit Henb3s aonycTuTb Goabwe | MkM (Hanpumep, B pexyktope HC-2
pabouas nedopMauus 3y6beB npH uyacoBoM Toke paBHa 0,02 MM, a nepekoc, KOHeuHO,
Jloy2KeH GbiTb HAMHOTO MeHblue 3Toil AedopMatiun). HacoBbIM TOKOM MPHHATO Ha3bIBaTh
TaKofl TOK, KOTOpHIHl ABHTaTelb MO HarpeBy MOXeT BbllepXHBaTb B TeueHHe yaca. Ha
Takofl TOK BegyTCA BCe pacueTbl 3JeKTPOBO3OB.

Bce ke B paMHO-0CeBOM NpHBOJAE (paMHas nojBecka ABHraTeJsd H OoceBas — pefyK-
TOpa) H3-3a YaCTHYHOrO YCTpaHeHHs NepBOil MPHYMHBI — Iepekoca — 3yGuaThie KoJseca
paGoTalOT 3HAYHTENbHO Jyullle, YeM B IPYy30BbiX JOKOMOTHBaX. KoHeuHo, npHuHHa 3TOro
He B TOM, YTO MalHHA «NaccaX<HpCKas» (TaK KaK MOLHOCTb TATOBOTO ABHraTte/ns y Hee
He MeHblle, yeM Yy rpysoBoii), a B 6oJiee MpaBH/IbHON KOHCTPYKIHH NpPHBOAA.

Hapnexnee Bcero MOCTHYb MapaaeibHOCTH OCeil MOMHO NyTeM NPHMEHEHHd CaMo-
ycTaHaBJIHBalOUIUXCA Konec. B ceabckoxossficTBeHHblX KomGafiHaX OHH JalH YBeJH-
yeHde JIOJTOBEYHOCTH B 4 pa3a, H MO3TOMY Temepb UX NMPHMEHAIOT BQ BCeX KOMOGafHax,
u3rotosnsieMux B CCCP.

B oamnnapubix nepenayax xopouueil paGoThl mepefay MpH NEPEKOCaX MOXKHO JIOCTHYbL
€ MOMOLIbIO 3BObBEHTHBIX 3y6uaThiX Kojec ¢ apouHbim 3y6om. Takue koneca He 6oaTcs
nepekoca. Mx paspa6atniBaer M. M. Jlorofa B npo6ieMHo# J1a6opaTtopHu 3y6ope3Hbix
craHkoB mpH KpamatopckoM HHAYCTpHa/IbHOM HHCTHTYTe (B KOTOpO# HMeeTcA 3yGopes-
HbIfi CTAHOK AN TaKHX 3y6beB). AHanornunyio pa6otry seset npod. M. JI. Epuxos B l&p—
TaHCKOM MalUHHOCTDOMTENbHOM HHCTHTYTe.

Jlns JIOKOMOTHBOB TaKHe MNepefayH oO¥eHb MePCHEeKTHBHbI.

BTopas HenpaBHIbHOCTb CYWECTBYIOUIHX TATOBHIX MPHBOAOB — YHaphl Ha CTHKAX,
KOTOpble MepefaloTcs Ha 3y6uyaTyio mepefayy H pas3pywialoT ee; KPOMe TOro, OCHOBa-
TeNbHO Pa3spylaeTcsi IKOpb TATOBOTO JBHraTeJfl. Y CTPAHHTb 3TH YAapbl MOXHO TaKoi
KOHCTPYKLHeil TArOBOro MPHBOJA, NPH KOTOPOi Hrpa peccop He BLI3blBaeT JOMOJIHHTEb-
HOro moBOpOTa siKops. JIpyruMH cjoBamH, TATOBBI NPHBOA [OJXKEH INepelaBaTb Ha
CHCTeMY KOJIECHOi Mapbl TOAbKO MOMGHT HJIH FOPH3OHTaNbHYIO CHAY (CHAY Ha 3y6), HO
HellomyCTHMO, YTOGbl Cuaa Obl1a BepTHKaJAbHON WAH HakaoHHOH. O6a 3TH NONOXKeHH#A
MPHBOAATCA 3hecb 6e3 JOKa3aTeNbCTB. ¥ IOBJETBOPAIOTCA 3TH YCJIOBHS B NPHBOAAX
C monbM BajoM H B mpuBoje )KakMeHa C IBOMHBLIM KapJaHOM Ha OCH KOJECHOWM napbt.
HocTuraercss 3To B CKOPOCTHOM NMpPHBOAE H MPH PaMHO-OCEBOM NPHBOJE NMpDH MOABECKe
penyKTopa ropH3oHTadbHON TaAroll (npemnoxenuwe M. B. Bupiokosa). He noaxoctblo,
HO B JOCTaTOYHOH CTeneHH YCTPaHAIOTCA YAaphbl MOCTAHOBKOH NPYXHH WIH PE3HHOBBIX
6710K0B BHYTPH G0sblIOro 3y6uyaToOro KoJeca WM TOPCHOHHOTO Baja BHYTPH SIKOpS.

YcaoBusi, 61u3KHe K TpeGyeMbiM, GbUIH BHINOJHEHB B OueHb CTapOM 3/€KTPOBO3e
cepun [1B. 3pecy npumenssach nepegaua ¢ noibiM BanoM. [nsi TOYHON yCTaHOBKH Lue~
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CTePEH C ILeabl0 IMOJYYeHHA XOpo-

Iero KOHTakKTa 3y6beB IleCTePHH

HacaXeHb Ha BaJl C MOMOILLIO PPHK-

IHOHHBIX COeJHHEHHH, 3aXKHMaeMbIX

no0 OKOHuYaHHH peryaupoBanus. Kpy-

TAUWHKA MOMEHT OT 6oabulioro 3y6ua-

TOro KoJieca TmepejaeTcsi Ha KoJec-

HYI0 Napy € NOMOUbIO CMHPaNbHHX

NpPYXHH, KOTOPble HCKJIOYanT nepe-

nauy ynapoB Ha crhiKax. CrneloBa-

TelbHO, 3y6uaTble Mepefaud sJek-

TpoBo3a cepun [1B pomxkHH oueHb

. xopouwo pa6orate. OcMOTp mIecTepeH

:;:éelrfss.oaum?'p:: saexTpoBo3a cepuu NB nocae (pHC. 4.35) 3TOFO  S/AEKTPOBO3a,

Haxopsuerocss B [lepmn «Ha 3acay-

JKeHHOM  OTAblXe», TNOKasal, uTo

RHKaKMX CleloB pa3pylleHHf H W3HALIMBAHHA HeT, a npober SJEKTPOBO3a COCTa-
Bua 900 THIC. KM.

Hano eme yuecTb, YTO 1IeCTepHH, H3TOTOBJEHHble B TO e BpeMs LAf S/J€KTPOBO-
80B C TpaMBafHbIM NOJBEIUHBAHHEM, MOJHOCTBIO pa3pylladnch yxe uyepe3 200 THIC KM.
310 Ha60eH He N03BONSAET BLIPa3HTh MOJAHYIO YBEPEHHOCTb B TOM, 9TO YCTPaHEHHe ABYX
YKa3aHHbIX HENPaBHIbHOCTEH KOHCTPYKLIHH MO3BOJNHT CAeJaTh TATOBYIO 3y6yaTyio nepe-
Aauy Gonee nONTOBEYHOM.

4.9, KJACCH®HKALIUA TATOBLIX TPUBOJIOB

Bo3pacTtauue cKOpoCTeil BEI3BaJO MOSBJEHHE HOBbLIX KOHCTPYKUMA TATOBHIX NpH-
BojioB. OflHaKO ellle 10 HACTOALIEr0 BpeMeHH MPHUMEHHTEJIbHO K HHUM MONb3YIOTCA yCTa-
peBluef, cryyafiHoil, a HHOTa W HenpaBHJbHON TepMHHOJOTHell. Hanpumep, B TepmuHe
€OTMOpHO-PaMHOe MOJBEIIHBaHHE» CJIOBO «OTMOPHOE?» TONBKO YCJAOKHAET ROHHMaHHWe Cyll-
HOCTH TaKOTO MOABElIHBaHHA. TepMHH <«HE3aBHCHMOE IOABEIIHBAHHE® NPOTHBOPEYUT
o6LIENPHHATOMY TMOHATHIO B 8BTOMOGHJLHOM JieNie, Tle NPH He3aBHCHMOM NOABEIUHBAHHH
KoJ1eca He COe[JHHEHB! OCblOo, a MOTYT COBeplIaTh Ko/JeGaHus Ha peccopax LeHCTBHTENbHO
HEe3aBHCHMO.

A. A, Wlanunao pasgesns TAroBble NPHBOAbLI Ha ueThipe Tpynnb. K coxanenuio,
HOMepa TpyNn JaHBl YCJOBHO H He OTPaMaloT WX cymHocTb. Huxe npeanaraercs vep-
MHHOJIOTHSi, OTBeuaowas (H3MYECKON CYUHOCTH PacCMaTPHUBAEMOrO C/AYyuYasi, MpPH STOM
YUHTBIBaeTCs HEOGXOIMMOCTb JOCTATOYHOM XpaTKocTH. TsAroBuili npuBOA COCTOMT H3
JBUTATENsl, PEAYKTOpa H MEPejaTOYHOrO MeXaHH3Ma (KapiaHbl, MEXaHH3M AJbCTOM
H Ap., cM. 0. 3.9). IlosToMy nepBasi yacTb TepMHHA J0JKHA XapaKTepH30BaTb THA NOA-
BelIMBaHUA ABWTATeJifi, BTOPAas — THN MNOJABEIIWBAHHA PELYKTOpa M TPeTbH — nepe-
JAaTouHbl# MexaHuaM. Ecau nprm noiBellyBaHHM JBHraTeJs BCe ILECTb YCAOBHi
CBA3M MepejaloTCss Ha paMy, TO TaKoe TNOJBeLIMBaHHE Uenecoo6pa3HO Ha3biBaTh
PaMHbIM.

Ecan npu nmoxBemHBaHWH IBHTaTeAss NATb YCJOBHHA CBf3H MEPENalOTCH HAa OCb H
OJIHO Ha paMmy (TpaMBaiiHOe NOJBELHBaHHe), T. €. JIOMHHHPYET OCb, TO TAKOE NOABELINBA-
HHe 11e1eco00pa3HO Ha3biBaTh OceBbiM. TaKasi e TEPMHHOJOTHS Uesecoo6pasHa M s
noABelIMBaHHA PelNyKTOpa.

Taxkum 06pasoM, NPHBOJLI C OCEBLIM TOJBEIIHBAaHHCM IBHTaTeNs H peayKTopa (Tpam-
Baiinoe) GyIyT HaA3bIBAaTbCA OCEBLIMH, C PaMHbIM MOJABEIUHBAHHEM ABHIATEJs M OCEBHIM
peaykropoM (I, 3P, UC) — paMHO-OCeBLIMH, C PaMHbIM MOABEIUHBAHUEM LBHraTeNs
H PeIyKTOpa — PaMHBIMH.

[pn Takoii TepMEHO.JOTMH He TpeGyeTcsi MOSICHATH, Tle 6yleT nepeiaTouHbIA Mexa-
HA3M, TaK KaK NPH PaMHO-OCEBOM MOJBEIUHBAHHH OH GYNeT MeX1y ABMTaTe/leM H penyK-
TOPOM, a8 MpPH PaMHOM — MeXIy peIYKTOPOM H OCbIO.

TlepeiineM K TpeTbeli yacTn TepMHHAa — KjaaccHdHKalliH TEPelaTOuHOTO MEXaHH3Ma.
PaMHO-0CEBLIE NPHBOLB B OCHOBHOM Pa3HYaloTCA AJHHON KapAaHHOTrO Bala: KOPOTKHil
€ pacnonioXeHneM OGOHX KaplaHOB MEXK]Y ABUTaTesleM H peayKTopom (Baronwn i1 w 3P),
Cpeaunil ¢ PacmoiOKeHHeM OAHOTO KaplaHa BHYTPH WKOPS ABHTaTeAs (N€KTLOBO3b
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YC-2, UC-3, UC-4) u AnHHHBIA C PACONOKEHHEM OJHOrO KapAaHa 3a JBHraTeseM (KOH-
crpykuuu Bpoys-Bosepn, Cewepon, HC-1).

B pamHbix NpHBOJaX KapiaHHas Tepejaya MOJIYYH/IAa pPacnpOCTPAHEHHE TOJbKO
B npuBoae )KakMeHa, e OHa pacrmoJioXXeHa MexJy KoJecaMH (CPeIHHR KapAaHHbIf
Ban). [lpuBoasl YaHna c HapyKHbIM PeJyKTOPOM KaK C KOPOTKHM KapAaHHbIM BaJiOM,
TAK M C IMOJOH OCbIO C PACMOJOMXKEHHbIM BHYTPH Hee JIHHHHIM KapAaHHHM BaJOM He
noJyunan pacnpoctpaHenus. [TosToMy KmaccHuLHPOBaTh paMHbIe NMPHBOXb MO AJHHE
KapJaHHOTO Ba/la Heueaecoo6pa3Ho. llenecoo6pa3Ho TpeTblo yacTb TePMHHA KJjaccudu-
LIHPOBATh MO CHCTEME MepejaTOYHOTO MeXaHH3Ma, a elle Jyuiue (€CTH 9TO BOIMOMKHO) —
Mo ero KuHeMaTHKe.

[Npeanaraemas TepMHHOJOTHS NO3BOASET CAENATb YTOUHEHHS, HEOOXOLHMBIE B KaX-
JIOM KOHKpETHOM CJyyae, NMyTeM COOTBETCTBYIOWHX NOMONHEHHH, HAalpHMEp: «C NMpome-
JKYTOYUHBIM KOJIECOM», «C KOHHYeCKOM nepefaueil W BepTHKAJIbHbIM ABHTaTeNeM» H T. .
ITosicHenne 3TOif TePMHHOJOrHH NPHBOAUTCA B Taba. 4.1 NN LIHPOKOM3BECTHBIX MpH-
BO/108B.

Ta6bnuua 4.1

CucTema Ipynna no KOHCTPYKTHBH e HpenJnaraemoe
npuBoAa A. A. Wla- 0COGEHHOCTH Ha3BaHHe NPHBOAA
uHJano :
Tpampaes — OceBoe nopBewnBauue papurare- | Ocesoit
N W peAYKTOpa
Barouos 1 u 9P 11 Pamuoe noaseitnBanue ABurarte- | Pamuo-oceBo#t, Kopor-
N5, oceBoe noABewHBaHHe pe- | KH# KapRaHubil Bax
AYKTOpPa, KODOTKHHA KapRaHHBIi
Ban
S1eKTPOBO30B 1 Pamuoe noasemnBaHue XBHrate- | PamHo-oceBoft, cpemuHuft
YC-2—YC-4 N5, ocepoe MNoABewInBaHHe pe- | KapAaHHL| Baj
AyKTopa, cpeguuil KapRaHHBIA
Ban
D1IeKTPOBO308 i1 PamHoe nojpeiuuBaHue ABurate- | Pamno-oceBoi, AJHHHbIA
-1, NfA, oceBoe MNoOABelIWBaHHe pe- | KapAaHHRA Baa
Bpoyu-Bosepu, AyKTOpa, ANHHHBHA KapmaHHBHI}
Ceuwiepon Ban
KouncTpykuus 11 Pamuoe noasewnBanue ABurare- | Pamubifi ¢ mpomexyTod-
JKakmeH N H PelYKTopa T NMpPOMEXYTodu- | HBIM KojsecoM H KapAaH=
HBIM KOJleCOM H KapiaHHo# ne- | Hoil nepepmaueit
penauei
AnscTom v PamHoe noaBewnBaHue ABurate- | Pamum#t co cABoenHoft
(dpanuusn) I W pPEAYKTOpa cO CABOeHHON | mepemaue#t AabcToM
wWapHHPHOA nepefadeit AabcToM

4.10. PAUHOHAJIbBHBIE CXEMbl TArOBblX PEJAYKTOPOB

[TpumeHenne NpOMEXYTOUHBIX CAMOYCTAaHABJIMBAIOUMXCSA KOJEC, T. €. KOJIEC Ha che-

puyeckux onopax (cM. npumep Ha c. 1€8), no3sonsier uMeThb JHHEAYATbI KOHTAKT 3y6beB
Jaxe NpH He3HAYHTENbHBIX NepeKocax ocefl. ITO AaeT BO3MOXKHOCTb HCIOJIb30BaTh 6OMb-
uyi0 WHPHHY KoJseca (M1HHY 3y6a), YTO COOTBETCTBEHHO YBEJHYHBAeT Harpy3ouHYIO
CMOCOGHOCTh M JOJIFOBEYHOCTb MepeiauH.

OnHako MOUIHOCTH, MPHXOAAIIHECS HA OAHY OCb, HENPEPLIBHO PACTYT: €C/IH Ha 3ape
3JeKTPHHKAUHH TNpuMeHsnach MowHocTs 300—400 kBt, To Tenepr He Menee 700 —
800 kBt. 1o 3acraBiseT Mo yMaTb M O APYTHX MyTAX YBEJHYEHHH HATPY30YHOH CIO-
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Puc. 4.36. Huausmayanrnnmh Puc. 4.37. NpuBoA C OAHMM ABHMTaTeNeM Ha ABe OCH:
npPHBOA C ABYMA NPOMERYTOM- g _ cycremm )KaKMeHa (C TpPeMS H3GHTOUHLIMH CBA3siMH); 6 —
HBIMH ‘0'”;“““ W naasalomed  gnexrpoposa BJI-40 (Ges HIGLITOUHBIX CBR3EH); 8 — C TPeMA Npo-
wecTephe MEXYTOUHLIMH IECTepHAMY (6e3 H3GHTOYHHIX CBa3el)

co6HocTH 3y6uaThix mepefiay. Kak u3BecTHO, NJaHeTapHble mepejaud NPH TeX Xe raba-
PHTax nepeialoT BO MHOTO pa3 GOJbLIYI0 Harpysky, YeM MNepelayd C HENOABHMKHLIMH
ocsiMH. IT0 O6BACHAETCA TeM, YTO Harpy3ka B HHX NepejaeTcs yepe3 HECKOJLKO caTel-
JIHTOB.

IpuMeHHTL NMAaHeTapHYIO Mepejauy Ha 3JEKTPOBO3e BpSAA JH BO3MOXHO, TaK Kak
OHa norpe6yeT COOCHOCTH BELYUIEro W BeJOMOro BaJoB. Bas skops mpuaercs jJenatb
NOJLIM H PacnoJaraTb COOCHO C OCbI0 cKaTa. JKCIyaTallusi TaKoro ABHTaTelss noTpe-
6GyeT MHOTOKpaTHO/l pacnpecCOBKM CKaTa NpH peMOHTe (HampHMep, CMEHe SKOPHHIX
noAWMXNHUKOB), TaKoro HejocTaTKa HeT y mepejay ¢ MpOMeXYTOUHbIMH Kosecamu. [le-
pefaua MOIIHOCTH NapajiebHO yepe3 1Ba, TPH HJH Jaxe ueTbipe MPOMEXYTOYHBIX KO-
Jeca IO3BOJIHT COOTBETCTBEHHO YBEJHYHTh H Harpy3oulyio CHOCOOHOCTb.

Ilpn nepemenHOoM TOKe CTajJlH NMPHMEHATb NPHBOALI OT OAHOTO ABHIraTeNs Ha 1Be
H HAa TPH OCH, BCJEACTBHE TOTO YTO OJMH JBHTaTeJb Jerde, JeileBje B H3rOTOBJEHHH,
06y KUBaHHH, HMeeT Gosee Boicokui KIIIL u 3aHuMaeT MeHblie MecTa, yeM /iBa JBH-
rarefiss NMOJOBHHHOH MOWHOCTH KaXAbifi.

IpuMeHeHne NOCTOAHHOTO TOKa TpeGoBaio GOJIBLIONO YHC/Ia ABHTaTeel Ha SJEKTpo-
BO3€, TaK KaK e3]0Bble CKOPOCTH MOJYyYaJHChb NyTeM KoMGHHauu#t WX BKaiouenus. [lpu
NPHUMEHEeHHH TIepeMeHHOro TOKa co6JI0JaTh 3TO TpeGOBaHHWE He CJefyeT, TaK Kak H3-
MeHeHHe CKOPOCTH AOCTHIaeTcs CTYNeHYaThiM TpaHcpopmatopoM. IlosToMy paccMOTpuM
cJeylolmue Cayyan: OAUH ABHraTeJb Ha OCb (HHAMBHAYaJbHbIH MPHBOL), ONMH ABHIaTeJb
Ha JiBe OCH, OJHH [BUTaTeJb HAa TPH OCH H 1Ba IBHraTens Ha Tpu ocu. Yucjao 3y6uaThix
KoJIleC H 3HAaueHHsl OKPYXKHBIX CHJ 6yleM CpPaBHHBaTh C NapaMeTpaMH HHAWBHAYyafib-
HOTO NPHBOAA NPH OAHOCTOPOHHeH mepenaue.

Hunueupyanbibifi npuBoa (04HH ABHraTeslb Ha OCh). B cayuae AByX npoMexyTouHbIX
KoJiec Tpe6yercsi ypaBHHTeJbHbIi MeXaHH3M, OGecnedyuBalOWNA pPaBEHCTBO OKDYXKHbIX
CHJI, TlepefaBaeMbiX 3THMM KoJjecaMH (cM. puc. 4.27),

VYpaBHHBaHHE OKPYIKHBIX CHJI MOKHO BBINOJHUTb N0 ApyroMy npuHuuny (puc. 4.36).
Jaf 3TOro Hajo LIeCTepHIO CAeJaTh MJABaiolled, COeAUHHB ee C SIKopeM C TNOMOLIbIo
olHHapHOro KapaaHHoro wapHupa. Ha puc. 4.36, a Takxe u Ha cJepyloluX PHCYHKaxX
STOT BaJl YCJOBHO pa3BepHYT Ha 90° W COBMewleH C MJIOCKOCTbIO yepTexa., Kpome Toro,
pa3Mepbl MPOMEXKYTOYHBIX KOJieC NOJIKHBI ObITb TaKHMH, YTOGbI LIEHTPH 3THX KOJEC H
IIECTEPHH JieXKaJH Ha OAHON npsamoil. UHcao 3y6beB MpoMeXyTOUHOro Kojeca HanjeM
no dopmy.ie

= 2wt zm (7w + 3).
2k —2m
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MexaHuU3M MO pacnoJOXEHHIO
KaplaHHOTO BaJa IOXOX Ha Mexa-
Hu3m asektpososo UC-1, UC-2,
YC-3, UC-4. Tonbko y HEro OAHH
KapAaHHbI/l WapHHP BMECTO JABYX
H J06aBJieHBl J1Ba NPOMEKYTOYHbLIX
Kojeca, B MexaHu3Mme ecTb JIMIIHASA
NOJBHKHOCTb — NepeMellleHHe  le-
CTEPHH MeXJy IPOMEXYTOYHbIMH
KoJIecaMH B Tpejesiax pajHajbHBIX
3a3opoB. OnacaTecsi ee He mNpHXO-
JIHUTCA, TaK KaK TpeHHe B 3y6bAX
6y/eT YCTPaHATL BO3MOMKHOCTb BO3-
HHKHOBEHHs KoJeGanufi. OKpyXHas
cuna 6yner B 2 pasa MeHblle, 4yeM
NMpy ONHOCTOPOHHEH nepepaue.

K coxanenuio, u3-3a ra6aputos
HHXKHETO TIPOMEXYTOYHOTO KoJjeca
5Ta CXeMa NPHMEHHMa TOJBKO B CJAY-
yae, eCIH OCb AKOPA PacroJoxeHa
HECKOJIbKO Bbllie ocH Koseca. Urto-
6bl YCTPAaHHTb  STOT HELOCTaTOK,
B. H. Epmak npeanoxun naa-

BAIOLILYIO LIECTEPHIO CHa6XKaTb ABYMS Puc. 4.38. MpuBoA c oaHUM JBHTaTeleM HA TPH OCH
a — c ABHTaTeseM Haj cpefHefi OCbio; 6 — C ABHUra«

ynopaMn, pa6oTalOllUMH TOOYEpe-  yo o MEXZy OCSIMH U TPeMfi NPOMEXYTOYHBIMH Lue-
AHO B 3aBHCHMOCTH OT HaNpaBJI€HUS CTepHAMHA

nepeaBaeMoOro MOMEHTa,

Mpusox ¢ oauum aBuratTeneMm Ha jase ocH. Jlas 3Toro ciyyas H3BECTEH NMPHBOA KOH-
cTpyKuun YKakmena (puc. 4.37, a), npumenenublii pupmoit )Xemout (Ppanuus) Ha cko-
POCTHHIX 3J1eKTpPoBO3ax. [lpomexKyTOUHOE KoJIecO 3/iech He CaMOyCTaHaBIHBalouleecs,
TMI03TOMY NPHLLIOCH NPUMEHHTb 604KO06Pa3HLIA 3y6 C TOUEYHBIM KOHTAKTOM, CHHIKAIOMIUM
Hecylylo cnoco6Hoctb. M36biTounbix cBa3eft ner. Harpyska na 3y6 wectephu B 2 pasa
6onblle, a Ha OCTa/lbHbIX Takasd »Ke, KaK M NpH OJNHOCTOPOHHEH nepegaue,

Ha puc. 4.37, 6 nokasau npusos sjekrpososa BJI-40. B npuBone npuMeHens camo-
yCTaHaBJIMBAIOIHECH MPOMEKYTOUHbIE 1IECTEPHH. ITO NO3BOJSET HCNOJb30BaThb OYEHB
ANMHHBIA 3y6 NpY JUHEHYaTOM KOHTAKTe H 06ecneynTb GOJbIIYIO HECYILYIO CMOCOGHOCTD.
Harpyaka na kaxaulif 3y6 sjgech paBHa Harpyake Ha 3y6 mpd OLHOCTOpOHHeii nepejnaye
# B 2 pasa MeHblue, ueM B npuBosfe YKakmeH. MoxHo eie 6ojee YMEHLLIUTb HarpysKy
Ha 3y6. [las sToro cjenyeT MOCTaBHTb TPH MPOMEKYTOUYHBIX KOJieCa, YCTaHOBJIEHHBIX
C O1HHAKOBBIMH YIaMu BOKPYT Beayuwet wectepuut (puc. 4.37, 6), a Beayuyio uiectepHio
cnenath MJaBaoweif, COELHHHB C BaJOM SKOPA ABOHHbIM KapJAaHHbIM LapHHpoM. Bu-
COTYy BajJa MOTOPa MOXHO 3a/1aBaTh NPHMEHEHHEM MPOMEMYTOUHLIX KOJeC C pa3Juu-
HbIMH YHCJIaMH 3yObeB.

KoHeuHo, /1 TOro 4toGbl NMPOMEXYTOUHLIE KOJeCa CLUeMHJIHCh C IiecTepHel M Ko-
7ecoM (a He Hase3aqu Ha UX 3y6bsl), YHCaA HX 3Y6beB HAJ0 BbIGHPAThL MO COO1BETCTBYIO-
wemy pacuery (cMm. § 4.6).

Harpy3ka ua 3y6 3gece B 1,5 pasa menbiue, ueM npu OAHOCTOpOHHell mepenaue,
# B 3 pa3a Menbue, yem B npuBone )KakmeH. Harpy3aka Ha 3y6bs HHIKHETr0 npoMeKyTOU-
HOro KoJieca, 3aUPNJIAOLIErocs C BeNOMbIMM KoJiecaMH, elle MeHslie (B 2 pasa),

MpuBoa ¢ oxnum ABHravesem Ha TPH ocH. [IpH pacnoJiokeHHH ABHraTens Haj Cpea-
Helt ocbio (pHc. 4.38, a) mpuieTCA NPHBOA HAa STy OCb OCYUIECTBJAATbH Yepe3 NpOMexky-
TouHoe Koseco. MHaue HeBO3MOXHO BnHcaTh ABHraTesab 60JiblIOH MomHocTH. [lpuBos
Ha KaXJAylo KpaliiHIOIO OCb OCYILeCTBJSIeTCH 4epe3 TPH NPOMEXKYTOUHBIX Koaeca, M3
NPOMEXKYTOYHBIX KOJeC ABa HaJl0 CTaBHTh Ha BpawaresabHbie napu (V) u natb Ha cde-
puyeckue (//1'). KonTtakT Mexxay BCeMH 3y6bsIMH JHHeHYaThlfl, NOTOMY 3y6bsl MOXHO
nesaTb odyeHb AJMHHHbIMH. Harpyska Ha 3y6 paBHa marpy3xke npu OQHOCTOPOHHeEH nepe-

! PeweroB JI. H, MepenaTodusifi MeXaHH3M NOKOMOTHBA. — OTKPHITHS, U306peTeHUs, Mpo-
MLilINeHHble 06pa3ub, ToBapuhie 3naku, 1969, Ne 27 (a. c. Ne 250974).
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nave. Uncao 3y6uathix Kodec 11, T. e, NpHOIHKAETCH K YHCAY KOJIEC TIPH ABYCTOPOHHER
nepepaye. OnHaKO TYT NPHMEHeH ONMH JBHTaTelb BMECTO TPEX, HCKJ/IOUEHO BIHAHAE
nepeKocoB Ha paboTy syGbeB, Ja H KoJjeca MEHbIUe {10 pa3MepaM, ueM GoJbline KoJeca
npH OAHOCTOpPOHHeR mepenade.

ITpu pacnoJioxeHun ABHraTeNn Mexay ocsiMA (puc. 4.38, 6) ero wmecrephio Bajlo
cliesaTh IUIaBalolled,, COEJHHHB ee OJHHapHLIM KaplaHOM c BajoM sKops. Tpm npome-
JKYTOYHBIX KoJleca Ha cdepHuecKHX Onopax Haj0 PacNoNOKHTL PaBHOMEDHO BOKPYT
MOTOpHO# mecTepHH, OT ONHOA U3 HUX NPUBOA HAET HA KpaiHIOK OCb, OT ABYX APYTHX —
Ha cpexuiolo. Ha apyryio KpaiiHiolo ocb npHBoA MAET OT CpejiHeil OCH Yepe3 NpoMexy-
TOUHOE Kosleco Ha cdepHuecKoit onope,

Boicory Bana moTropa Tak ke, Kak M Ha puc. 4.37,8, MOXHO BHOHPAaTb COOTBETe
CTBEHHO HM3MEHAA pPa3Mephl NPOMEXYTOYHBIX KOJeC,

Harpyska Ha 3y6 B 3TOM cJyyae paBHa Harpyske Ha Hero NpH OJHOCTOPOHHefdl me-
penavye. Uncsio KoJjlec paBHO BOCHMH, T. €. NPHOJIHIKAETCA K YHCAY KOJieC NPH OXHOCTO-
pouneit mepenave. Kpome Toro, 3pech oaHH ABHraTeNb NMPHXOIMTCA HA TPH OCH, H BAH-
fIHHEe TNepeKocoB Ha paboTy 3yObeB HCKJIOYEHO.

INosToMy oGe cXeMbl C NPUBOLOM TPeX OCelf OJHOTO JIBHTAaTeJNs BecbMa TepCNeKTHBHLL,
B nocnegnell cXemMe MOMEHTH, NepelaBaeMbie Ha OCH, OoJuHaKoBH. IIpu pasnnanoM
H3HalUMBaHNMH GaHia)eil H noJyyalollefics BCJAEACTBHE STOTO NMPOGYKCOBKE MOMEHTH Ha
ocH GyRyT OTJIRYaTbC APYT OT Apyra, Uro6kl 5TO He BapyWIHJIO PaGoTy NPHBOAA, MOXKHO,
BO-NIEPBLIX, MOTOPHYIO LIECTEPHI0O CHaGIMTb YNOPaMH, KOTOpble OTPaHHYHBAJH Ol ee
nepemellesne. Ynopo yAo6HO CaesiaThb B BHAE LHJIHHAPOB PajHyca, OAHHaKOBOroO ¢ NoJ-
JIOHZHONX OKDPYXXHOCTBIO, H TOCTaBHTb HX Ha MOTOPHYIO WIECTEPHIO H OKpYXKalomue ee
TPH NPOMEXYTOUYHBle; BO-BTOPHX, HH)KHEE NPOMEXYTOYHOE KOJEeCO CUENHTb C OGOHMH
GosnblinMu Kostecamu (puc. 4.37, 6). [IpaBaa, npu 9TOM NMpPHIETCH MOTOPHYIO LIECTEPHIO
COEAHHHTDb C AKOPEM Y)Ke He OJHHapHbIM, 8 JABOHHBIM KapJaHHLIM IapPHHPOM; B-TPETbHX,
HH)KHEe TNPOMEXKYTOUHOE KOJIeCO CLENHTb CO BTOPHIM GOJIBIIHM € GOKOBLIM 3a30pOM.
Toraa npu HopMaJbHOM pa6oTe 9TO cLenJieHHe He GyleT MellaTh CaMOYCTaHaBJIHBAEMOCTH,
a OyjaeT BKJO9aTbcsi B PaboOTy TOMbKO NpH GYyKCOBaHHH.

TlprBOR € ABYMS ABHraTeJsiMH Ha TPH OcH. [[Ba ABHraTels Ha TPEXOCHYIO TEJEXKY
MOTYT NOTpe6oBaThCH, €CAH He YAACTCH BMECTHTb OJHH JBHFaTeAb TPEOYEMOH MOIMHOCTH,
Ilpr EBYX XBHraTeJqsiX LEHTP TeJEXKH CBOGOJEH M MOXET HCMOJIb30BaThCA AJs pa3me-
IeHHs IUKBOPHA, YTO YNpOULaeT KOHCTPYKuuio Tedexxu. Kpome Toro, spece xopouwo
KOMMOHYIOTCSI 3y6uaThie nepeiauu.

Ipu Gonvwioil AAnHHE TeN€KKH Llenecoo6pa3’HO NMPHMEHEHHE TPHBOLA, H300paeH-
Horo Ha puc. 4.39, a. Ocu MOTOpHBIX INECTEPEH ONHPAIOTCH HA BPalaTeNbHLIE NapH,
2 TIPOMEXYTOuUHbE KoJeca — Ha ccdepuueckne onopn. Harpyaka ma sy6 B nepepauax
K KpaiiHHM OCIM PaBHa HarpysKe NpH OJHOCTOPOHHeR nepellaye, a Harpyska B mepela-
yax K cpexHeii ocu B 2 pasa
MeHbllle, T, €. TaKas XKe, Kak
H TIPH ABYCTOPOHHE(1 nepezaye.
Yucjao KoJec JOMKHO OHTh
PaBHO AEBATH.

Ilpu manoit Gase ueneco-
o0pa3eH npHBOJ, NPHBEAEH-
Huil na puc. 4.39, 6. Morop-
HHe IIeCTepHH SJech NJAaBa-
10lllHe — COEXHHEHH C BajJlaMH
AIKopeil OAHHAPHLIMH KapjaH-
HBHIMH LIaPHUPAMH: € KaX1Oi
MOTOPHOM  1lecTepHeH  3aue-
NJSIOTCH TPH NPOMEKY TOUHBIX

Punc. 4.39. TMpusex ¢ asyms
ABHraTEeARME Ha TPH OCH:

a — npu  GoabwoRt OGase Te-
nexxku; 6 — ¢ Tpema npome-
XMYTOYHHIMM IECTEpHAMM (2. C.
Ne 250974)
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Ha cpepuueckux omopax. C KaxaAbM GONbLIHM KOJECOM 3aLENJISIOTCS N0 ABA MPOMEXY-
TouHbix. UTO6H MpOGYKCOBKa KoJlec He Hapyilaia paGoTy NpHBOAA, Hal0 NPHHATH Ta-
KHe e Mepbi, KaK H NpH OJHOM JBHrareje Ha TPH OCH.

Harpyska Ha 3y6 Bcex KoJec 3JleCb OAHHAKOBa M DaBHa NOJOBHHE Harpy3KH NpK
ofiHocTopoHHe#d nepenade. Yucao 3y6uarthix KoJgec paBro Il, T.e. naxe MeHbuie, yeM
npH ABYCTOPOHHE# Nepefaue, NPH 3HAYHTENbHO MEHBIIHX pa3mepax Koaec. Kpome Toro,
MCK/IIOUEHO BJIHSIHHE NEPEKOoCOB Ha paboTy 3y6beB. [ToToMy nocsenuss cxema ocoGeHHO
BhIrOAHa.

4.11. CKOPOCTHOA TSATrOBbI NPHBOA

[Mpu GosbLIMX CKOPOCTAX MOe3[a BePTHKAJbHbie YCKOPEHWS KOJIECHOH Maphl OYeHb
BeJHKH. 3UMOi NpH NpoMep3lieM BEPXHEM CTPOEHHU MYTH, YTO YBENHYHBAET €f0 XKeCT-
KocTb, OHit aocTiraior 50 g. IToaToMy BaXKHO TaK CKOHCTPYHPOBATk NMPHBOALI, YTOGHI 3TH
YCKOPEHHSI He Bb3bIBANH AOMOJHMTENbHBIX AHHAMHYECKHX HAarpy3oK Ha 3y6uaThle Ko-
Aeca M SKOpb ABHTaTeNs, T. €. HalO HPEeJyCMOTPeTb HalJeXallylo NOXBHMKHOCTb. [las
3TOr0 BOCHOJb3yeMCSl TEOPEMOfi O AOMONHHTEJbHbIX TaHTEeHUHAJIbHbIX YCKOPEHHSX.
Hokaxem ee. ITycte Touka A MexaHW3Ma, ABHXKYIIAfiCH CO CKOPOCTBIO Uy, MOJNYYHT
AOMOTHUTEbHOE TAaHTEHUHAILHOR YCKODEHHE @4y Toraa uepes npomexyTok BpemeHu df
Toyka A GyaeT HMeTb CKOpPOCTb vA+ dv,. CooTBeTCTBEHHO Apyras Touka B Tore

v + dug 7]
Ke MexaHuama OyjleT HMeTb CKOPOCTb U dv,., Torpa —=—— =
ya P 5T dog A A ¥ doa va
vg+dvg _ va+dug
Up vA
B3sB oTHouleHMst pa3HoCTell NpeibIAYUIEro H NOCJEAYIOUWEro 4JieHOB NPONOPUHH K CBO-
€My TOC/IeNyIoeMy, MOJYYHM

dvg dvg dug vp
= K =—
up v4 dvg v4
YMHOXKasi YHC/AHTENb M 3HAMEHATe/b JeBOH YacTH Ha df, mmeeM
dUB dt __Us "
dt  dvg ~  vuya
aps _ U
="
LY.V vA

T. €. ONOJIHHTE/IbHbIE TaHreHUHAJIbHble YCKOPEHHS TOYEK MEXaHU3Ma MPONOPLUHOHAILHHE
HX a6COJIIOTHHIM CKOPOCTSAM.

A Tak KaK 3a 6eCKOHEYHO MaJblfi MPOMEXYTOK BPEMEHM MepeMelleHHA TOYeK Mpo-
NOPUHOHANBLHEL HX CKODOCTAM, TO MOXHO CYHTaTh, YTO AOMOJNHHTEJbHbIE TaHTE€HUHAMb-
Hble YCKOPEHHS TOYeK MeXaHM3Ma NpPOMOPUHOHAJIBbHLI HX aGCOJIOTHBLIM MepeMeIeHH M.
Jlas TATOBOrO NPHBOJA STO O3HAYaeT, YTO BEPTHKAJbHBIE MOCTYNATE/NbHbIE NepeMELIeHHST
KOJIECHOH mnapel (BC/JEACTBHE HIPbl peccop) He AOJKHbI BBI3bIBATb JOMOJHHTENBHOrQ
NoBOpOTa SKOPs. DTO YCJOBHE HapyLIEHO TPH OCEBOM (TPaMBaiHOM) IMO/BElIMBaHHH
IBHraTess, MnJoxasi AHHaAMHKa KOTOPOTro Xopoulo H3BecTHa. [Ipu pamHo-oceBoM nog-
BeIlHBaHHH (PaMHOE MNOJBeLIMBAHHE IBHTATeJSt H OCEBOE — PEAYyKTOPa) BHIMOJHEHHE
TNOCTaB/JIEHHOTrO YC/JOBHSI 3aBHCHT OT HaNpaBJIeHHS TATH, Ha KOTOPOil MojBelleH peiyk-
10p. Ecan ona ropusoHTtanbHa (npeasoxkeHHe BHpIOKOBa), TO yCJOBHE BBHIMOJHEHO, HO
TOrAa KapiaH JoJKeH ObiTh PAacCYATaH Ha MOJIHYIO UIPY peccop, YTO AOBOJbLHO 3aTpyi-
nuTeabHo. IlpH BepTHKa/NbLHON WJIH HAKJOHHOH THAre YCAOBHE XODOLIEH AUHAMMKH He
cobitonaercs. [Ipu pamHOM noaBeliBaHMH M J1I060M Nepe1aTOYHOM MEXaHHW3Me (HanpH-
mep, mexaHusMax Cumenc-Ulykkepr, Byxau, Spaukon, lanu, Llkona, Kpapuenxo,
AnscToM) HAIR ABOWHOM KapjaHe Ha ocd KosecHod mapsl (DKakmeH) nocrasienHoe yc-
JIOBHE TMOMHOCTBIO BhinoAHseTcA. [l NMpHBOAA C NMPOMEXKYTOYHEIM KOJIECOM 3TO YCJO-
Bie MOXHO BLIMONHHT H B GecKapXaHHOH KoHCTpyKuuu ! (puc. 4.40). Heob6xoaumo

! PeweTtos JI. H. TaroBuiili NpuBOA NOKOMOTHBA. — OTKPBLITHS, H306peTEeHHsA, MPOMbIILJIEH-
Hble 06pa3ubl, TOBapHble 3HakH, 1976, Ne 46, (a. ¢. No 538929).
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Puc. 4.40. CkopocTHOM npuBoOA C npaMoii JH-
HHell HEeHTpoB

s v
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Puc. 4.41. CKOpPOCTHOM npHBOA C YrA0BOH A=
HHeA ueHTpoB

TOJILKO, YTOObl PACCTOSHHA OT OCH NPOMEXYTOUHOrO KoJieca 10 TOYKH NMOABECAa H A0 OCH
KOJIECHO# napbl OblIM paBHB. TpeyroJbHHKH CKOpOCTEf, OHH K€ TPeyroJibHHKH JomnoJ-
HHTEJbHBIX TaHr€HLHAJbHBHX YCKOpPeHHiHl, nokasaHw Ha puc. 4.40.

LleHTp npoMekyTOUHOrO Kosleca NOMYUHT yCKOPEHHE a/2, JieBast ero CTOpOHa — yeKo-
PeHHe a; Torja npaeas CTOpoHa GyjeT HMeTb YyCKOpeHHE, PaBHOE HYJI0, 4TO H TpeGyercs.

Koneuno, B Touke, rae BaJl SKOpst MPOXOAUT Yepe3 CTEHKY PEAYKTOPa, AO/IKHA OHTb
HajjleXamas NOABHXKHOCTb, MPelycCMOTPEHHast KOHCTpYKuUueH ymioTHeHus. JlnHus
HEHTPOB B TaKOH nepejaye MOXeT GubiTb MPAMOM, KaK Ha pHc. 4.40, HJIH C H3JIOMOM, Kak
Ha puc. 4.41. HenonyctuMo TonbKko, 4TOOBI Yros H3jJoMa Obl1 paBeHn 2, TAK KaK ToOria
napasuTHOe KoJieco, NOCTaBJeHHOe Ha cepHyecKyio onopy, He GyAeT CaMOyCTaHaBJIH-
BaTbest. Heo6xoauMo Takike, 4ToGH pacCTOSHHA OT OCH MAapa3sHTHOTO KOJ€Ca A0 TOYKH
nojseca H X0 ocH KosecHOR mnapunl OblJIH PaBHHI.

4.12. MEXAHHU3Mbl C KOHMYECKUMH KOJIECAMH

KonuueckHe Koseca HeBHIFOAHO NPHUMEHATb B MalIHHAaX BCJAEACTBHe GONLUIOA CJOXK-
HOCTH HX HM3TOTOB/MEHHSA M SKCMAYaTauuH (MO CPaBHEHHIO C UMIMHApHYecKHMH). OnHako
VIS TeX ClydaeB, Koria oGOHTHCh 6e3 HUX He yJaeTCs, MOMHO BBIMOJHHTb HX 6e3 H3Gbl-
TOUHBIX CBS3eH.

Jlns 3TOrO NMpH ABYXCATENJIMTHOM HCHOJHEHHH BbiPaBHHBaHHS OKPYXKHMIX CHA Ca-
TeJVIHTOB MOXHO JOCTHuYb TNyTeM HCMOJb30BAHHS PABEHCTBA MNpPOMOPUHOHAIbLHLIX MM
OCeBBIX CHJ caTesIuTOB (pHC. 4.42). CaTennuThl celyeT CBA3aTh o6ulel OCblO, KOTOpas
HMeeT OCeBYI0 MOABHKHOCTb B MOAIIHNHHKAX BoAWsia. Kak W NpH UHIHHADHYECKHX KO-
Jlecax, 3fleCb BO3MOXHBbI JABa peleHHsl. CaTe/JIHTEI MOXHO CRenaTh CamMOyCTaHaBJHBAIO-
IHMHCSA Ha chepuueckux onopax /115 (puc. 4.42, a). Ilpn sToM nentp chepnl aoxen

Puc. 4.42, JIByXCaTeAmIHT-
HblA cHMMeTpHUYHBLIA Audde-
peHnHaN:

a — ¢ JauHefidaThiM KOHTaK-
ToM; 6 = C TOYEYHHIM KOH*
TaKTOM
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Puc, 4.43. ApTtoMoGuabHLi aAnddepeHuHan C KOHHYECKHMH CaTeANHTaMH:
@ = ¢ TpeMsi} 6 — C 9YeTHpbMA

pacnosiaraTbCfi Ha NPAMOM, COEAIHAIOUIEH TOYKH NPUJIOKEHHS OKDPYKHHX CHJ KOHH-
YeCKHX KoJeC. TH TOYKH CMellleHbl OT CepeinHbl 3y6a B CTOPOHY, NMPOTHBOMOJOXHYIO
BeplllMHE KOHYCa, Ha BeJHYHHY

b r—r"

T
rie 7' — HauGOJIbLIKI pafHyC aKCOMIHOTO KOHyca; r” — HaHMeHbIIHH pajHyC akco-
naHoro Kouyca, 3y6bs 3fech clefyeT NPHMEHATb ¢ AHHefiuaThiM KOHTakTOM //,. MoXHO
yCTaHaBIHBATh CAaTENIHTHI TAKXKe H HA BpallaTeJbHIX napax V, (puc. 4.42, 6), Ho 3y6bs
B 3TOM Cjlyyae HeO6XOAMMO JHesaTb GOYKOOGPa3HLIMH C TOYEUHBIM KOHTaKTOM [,, H3-3a
XOTOpOTO Hecyllas CrocoGHOCTh GyleT Hiuke. B o6onx cayuasnx H3GbITOUHbIE CBA3H OT-
cytcerByior. Takoit MexaHH3Mm lesecoo6pa3sHO NMpUMEHATb B AHddepeHllHalaX MajoONHT-
PaXHbIX aBTOMOOMJE! M MOTOUMK/OB. Jlnsl YCTpaHeHHS TPEHHAA B YDABHHTENbHOM Me-
XaHH3Me OCb Haj0 JesaTh Bpalllaiouieficsi, COEIHHAA ee C ONHHM H3 CaTeJJHTOB.

IMepeiinem k nuddepennnany ¢ Tpemsa cateanutamu (puc. 4.43, a). Urobbl oGecre-
YHTb paBHOMEpHOe pacnpejesieHHe OKDPYXHOH CHJBI MeXAy CaTeNJHTaMH, Halo MnoJay-
oceBble LECTEPHH Clles1aTh N/1aBAIOULMMH, HCTIOMb3Y A NIOABHKHOCTL cepHuecKHx onop /177
WK rH6KocTb noayoceif. [TpaBaa, MoxHno 6b10 Gl caenaTh naaBaiowledl TONbKO OfHY
NoJIyoCeBYIO ILIECTEPHIO, HO AN CHMMETpHH lesnecoo6pasHo caenarb oGe. Toraa x asym
OGLWHM MNOABHMHOCTAM AH(depeHLHana 106aBATCA JBe MeCTHble — IepeMellleHHe Toay-
OCeBbIX LeCTepeH B BePTHKaJbHOM H TFODH3OHTaJbLHOM HanpasjeHHsX. [lostomy w = 4.

BoipaBHHBaHHE OKDYXHhHIX CHJI MPH YeTbIpeXCAaTEeNJHTHOM HCNIOJHEHHH NOCTHTHYTO
B nnddepenunane TopHion ITaysp Jlok, nokazanHom Ha puc. 4.43, 6 C yCJAOBHO Heno-
ABHXHBIM BOAHJOM. KpecTOBHHbI B HeM 3aMeHeHbl MepreHAHKYJIAPDHBIMH OCSMH, KOTOphie
NIPHXHUMAIOTCA APYT K APYTY MJOCKOCTHOH mapoit //13, K BOAHAY — HaKJOHHbLIMH na-
pamu [,. PaBeHcTBO cun B napax [, onHOH OCH RaeT
PaBeHCTBO MOMEHTOB, NepeJlaBaeMblX CaTeNJIHTAMH Ha
onHo#i ocH. PaBeHcTBO IefCTBHS H npOTHBOAEHCTBUSA
B nape ///3; paeT paBeliCTBO MOMEHTOB, MepeLaBaeMbiX
napaMH CaTeNJIHTOB Ha ABYX OCHX.

[Mpn uncae caTenaHTOB 6Oablie TpeX AN BhIPaBHHU-
BaHHA OKPYXHBIX CHJI TpeGyeTcs ypaBHHTelbHbIH Mexa-
Hu3M. Koraa ocu caTensinToB nepneHAHKYAsipHbl OCAM
OCHOBHBIX 3BEHbEB, YDPaBHHTEJNbHble MeXaHH3Mbl MOJY-
4alTcA 0COGeHHO npocTbiMH. OHM TpeACTaBAAOT OGOt
IIapHHPHBIE MHOTOYTOJbHHK, COEAHHSIOUHA OCH caTel-
JIHTOB M BbIDaBHHBAIOWIHA WX ocCeBble CHbl (pHC. 4.44).
lNpn oceBoM nepeMellleHHH KOHHYeCKHX KOJeC Hapy-
WaeTcsl COBNajleHHe BepLUIMH HX KoHycoB. [loaTomy Takue
YDaBHHTeJbHble MEeXaHH3MBl TNPHFOAHW TOAbKO jgas  Puc. 4.44. Tlaaverapuuit pe-

KT C KOHHYECKHMH KoJe-
KoJjieC € TOYEeYHbIM KOHTAaKTOM. ‘clzmuop

n
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[Tonb3ysick H3NOXMEHHBIMH NpPHEMAaMH, MOXHO pa3paboTaTb DPALHOHAJbHLIE CXEMH
(6e3 M3GBITOYHBIX CBfi3efi) H AJA APYFHX aHAJOTHYHLIX MJIaHETAPHHIX MEXaHH3MOB.

OueHb TpPyAHO H3GAaBHTHLCH OT H3GHITOYHBIX CcBA3efl B NBOMAHBIX AuddepeHuHanax
(MexaHH3MbI NOBOPOTA T'yCEHHYHHX MaUIHH). Y HHX KaXAblii CaTeJJHT, COCTOAULHI H3
JBYX KOJIeC, 3allen/ifieTcsl ¢ YeThipbMfA KosiecaMH. UTo6h H36eKaTh H3GLITOUHLIX CBs3el,
npHAeTcs AeNaTb OYeHb MHOTO NUIABAIOIIHX 3BeHbeB H 3y6uyaThIX KapJaHOB, pa3MeCTHTb
KOTOphle NMpPaKTHYeCKH HeBO3MOXKHO. IlosToMmy nBofiHbie nuddepeHuHansl He MOTYT Xo-
polo pa6otate. Eciin yuecTp H ApyrHe HeZOCTaTKH («He JepXKaT JOPOrY»), TO X NpHMe-
HATb HelleJecoo6pasHo.

4.13. LWJIIMHAPOKOHUYECKHUA PEJYKTOP

[Tony4ynTe caMoOyCTaHaB/JHBAIOUIHECH KOJMeCa MOXHO H B JBYXCTYNEHYaToM pe
AYKTOpe, COCTaB/JeHHOM H3 Mepellayi C KOHHYECKHMH KOJIeCaMH H MepefauH C LHIHHApHe
yeckuMH KosecaMu ! (puc. 4.45). Tak e Kak H B nepeiaye C MPOMEKYTOUHBIM KOJIECOM,
37ecb NpHAeTCA GJOK MPOMEXYTOUYHBIX KOJEC, COCTaBJEHHBI H3 GOJILIIOrO KOHHYECKOro
KoJleca M LHJIHHADHYECKOM LiecTepHH, NMOCTaBHTb Ha cdepHueckyio omopy ///'. Beny-
lee KOHHYECKOe KOJIeCO H BelloMOe LHJIHHIADHYECKOe Haf0 CTABHTb HAa BpallaTebHbe
napel V. MexanuaM GyneM NpPOEKTHPOBATh H3 YCJOBHA NOJNYueHHS JHHEHYAaTOTO KOH-
Takra napn knacca [/, Mexay 3y6bsMH KoJsec.

[Moacuer no dopmyae (1.1) nokasniBaeT, yTO H3GHITOYHHIE CBSI3H OTCYTCTBYIOT.

PaccMoTpuM noaBHXHOCTH B KOHTypax. [lepBmii KoHTyp — crofika, mapa Ay,

Majloe KOHHuecKoe Kosieco, mapa Byy,, Gonbuioe KoHuueckoe KoJeco, napa Cjyy,
cTofika. Btopoit KoHTyp — cToiiKa, napa Ey, Gonblloe LHIHHAPHUECKOE KOJIeco, napa
D”., wectepus, napa Cj,;, croiika. Ocu KOOpAMHAT mMOKa3aHb Ha puc. 4.45. Ocu x
B 060MX 3alleNJIEHHAX HanpabJieHH NO HOPMaJfAM K NPOQHJIAM, OCH y — MO KacaTelb-
HbIM H OCH Z — [0 OCAM BpAalleHHS KoJec.

Mapa Cj;; BXxoauT B 06a KOHTypa. Tpu ee yrioBble MOABHXXHOCTH BO3bMeEM MO

OCSAIM Yy, Yg H 25. DTO BMOJHE JONYCTHMO, TaK KaK 5TH OCH He JIeXaT B OIHOMH MJIOCKOCTH;
€CJIH e OHH OKaXyTCsi B ONHOH MJOCKOCTH, TO CaMOYyCTaHaB/JHBaeMOCTb GyAaeT OTCyT-
cTBOBaTb. PacrnpeneneHne NoJBHKHOCTell MoKa3aHo Ha pHC. 4.45. M3 3T0il cXeMbl BHAHO,
4TO HHM H3GBITOYHBIX CBfi3el, HH BPeJHBIX MECTHbIX TMOJABHXHOCTEH B MeXaHH3Me HeET,
PaccMOTpHM paBHOBeCHe NJIaBaIolLero 3BeHa M3 BTOPOTO H TpeTbero Konec (puc. 4.46).
BhinosiHeHHe STOTO YC/HOBHS HEOGXOAHMO JJs CaMOyCTaHaB/HBaeMOCTH. OGHIYHO OHO
co6M101aeTC aBTOMAaTHYECKH, HO B JIAHHOM Caydyae HeOGXORHMO COGNIOCTH OnpeleseHHbie
YCJIOBHSI, K BbIBOAY KOTOPBIX H NepeXOiHM.

Bynem paccMaTpHBaTb OTAeqbHO TaHTeHLHanbHele Qrp, u Qrg M pacnopHble Qp: H
Qps cunel. Ecau yrab 3alleniieHust CUHTaTb Da3JHYHBIMH B 060HX 3alelJIeHHAX, TO

Qpz= Qrztgas 1 Qps = Qs tg as,

! Peweros JI. H. [IByxcTynenuaras 3yGuaTas nepeflada. — OTKPHTHA, H306peTeHHsA, Npoe
MullaenHue o6pasubl, TOBapHbie 3HakH, 1975 (a. ¢. Ne 460387).
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Puc. 4.45. LINTHHAPOKOHHYECKHIA PEAYKTOD
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Puc. 4.46., Cxema paBHOBECHA naasawero

sBeHa

Qo3 K5 15 ”J

oTKyZa . | f x
sz — QT’ tga2 (4.51) o 2 )
Qps Qrs g0y

VpaBHeHHs paBHOBECHS CBELyTCs K ypa- / ¥ K
BHEHUAM MOMEHTOB OTHOCHTEJLHO TpexX o -

ocefl, npoxoaswnx uyepes Touky O (cMm. 2
pHc. 4.46). Ha ®Tom pHCyHKe pacnonoxe- L juiia,
RHe oceil KoOpAuliaT B3ATO APYroe, yeMm Ha 1‘ x o
puc. 4.45, a HMeHHO: OCb X — MO OCH

Manoro KOHHYeCKOro KoJieca, OCb 2 —
no ocH Goabiloro, ocb § — WM nepnennuxyaspua. M3 ycnosua ¥ M, = O nonyuum

0Ny, Q.
= 12 4.52
0Ny = Qne (4:52)

KsNs _ Qra £

K2N,g Qrs ra’

ONs _ KaNg
ON; ~— KNy’
T. e._TpeyronbEHkE ONgKy m ONgK3 nono6uu. Caeposatenvno, K,0Ks— npamas.

TosToMy waposas onopa JO/MKHA JeXaTb HA NpPAMOH, CoeaMHsAIOmER CepeAHHH
8y6beB OGOHX sallenJieHHil.
)

Hs ycaopus TMy =0 nony-mm—=—0£-. Toacraans cioga COps H3 dopMyan

hy Qps Qps
u3 ¢opmyan (4.52), monyurm

n3 Y M; = 0 naxozum

Oraoja

5y nSe — O
(.51 m Ty Qrs
hy 1y tgay

hy rs tgag *

Ho us puc. 4.46 Bumno, uto hy=rztgy u hy= cor:v sin[90° — (y+ 8)] =7y X
cos (y + 8) n hg
sy ONCTaBAAA STH SHaueHHs B ¢opMyay aas Fo H COKpalasi Ha rq
H g, NOAYyYHM
1gycosy _ tgoy
cos(y+8) tgag’

siny  _ tga,
cos(y+6) tgag”

{4.53)

Has wacthoro cayuas ag = ay

cos (90° — y) = cos (y + 6).

Ha ycnosus pasumx kocunycos 90° — y =y + &

y=45°— —g—. (4.54)
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B o6wmem Buge H3 ¢opmyas (4.53) noayuum

cosycosd —sinysin§ _ L eins . 8%
ST =ctgycos§ —sind = ey’
HJIH
__ tgoy
ctgy= tg og cos 6 +1g8

a

gy = ! = ! 4.55)

gy= tgay |1 +1gd T tga, | +l)tg6 “.

tga, cosd tga, sind
Paccrosnne MeXay cpefHell MIOCKOCTbIO LHAMHAPHUECKHX KONEC H OCbIO Befyliero

Roseca

h=(ry+rg)tgy+ry (4.56)

PenyxTop npuMeHHM H AJS Koco3yGbix Kosec. Hano ToabKO BHINOMHHTHL YC/A0BHE
paBHOBeCHs TNJiaBaiollero 6J0Ka OTHOCHTENbHO OCH Y.
Heo6xonumo, 4TOGH OTHENBHO YpaBHOBEWIHBANHCh CHJB], HampasJeHHbEe BROb

o6pasyolux, T. e.
Qoz = Qratg B2 ¥ Qos = Qratg fis, (4.57)

H OTAeNbHO pacniopubie cHAB Qps M Qps.

3TO Heo6XONHMO MOTOMY, 4TO NPH H3MEHEHHH HANpABJEHHs BPAUICHHS NepeiaBae-
MOTO MOMEHTa H3MeHS'OTCSA HanpasaenHs CHI Qog, W Quy a HampaBnenus cual Qpg ¥ Qpg
COXpaHAIOTCA.

Jlns pacnopHbix cHJ coxpaHsieTcs ypaBHenHe (4.53). Ilnsi cul BRoJb 06pa3ylouix
LMy = 0. Torna QuK3Ns = QuaKaNy. [ToacTaBasis ciona 3uauenus Qg M Qog M3 dop-
myn (4.57), a Takxe

KsNa =Tg H KaNK =T, cos [90°co—s ‘(Y? + 6)] =Ty smé:s-; 6)

noayum
ir + 8
Qr3tg Bsrs = Qra tg Pors %—l .

Ho Q,373 = Qqyrp, mo3aTOMY
tghs _ sin(y +9)
tg Ps cos ¥

. (4.58)

4.14. ABTOMOBHJIbHASl KOPOEKA MNEPEIAY

[MoayuuTh camoycTaHaBAHBAIOLHECA KOJME€Ca HA BCEX mepelayaX MOMHO, MPHMEHUB
apouHblii 3y6. Takas KopoGka C NATbIO CTYNeHAMH AN XO4a BRepel, H3 KOTOPHLIX OAfHA
ycKopsfiomasi, H C OAHOH CTymeHblo AJf XOAa Ha3aA NokasaHa Ha puc. 4.47. 3peco
BCe Mepefayd MOCTOSHHOrO 3alenyeHHs — BKJIOYEHHE HX OCYLIeCTBAAEeM MyQTamu.

OceByl0 NOABHXXHOCTb, HEOOXORHMYIO LA yCTpaHeHHs H3OLITOUHBIX CBsA3ed npH
apouHoM 3y6e, MOXHO 1aTh TOJTbKO NPOMEXKYTOYHOMY BaJjly, NOCTaBHB ero Ha mapy /V,.
Benyuemy © BeioMOMy BajaM OCeBOiH MOABHXKHOCTH JaBaTb Heab3sd. [lostomy BTOpylo
OCEBYIO MOABHXXHOCTb MOXHO NMOJNYYHTb B COeAHHEHHH BEIOMBIX KOJeC C BEAOMbIM Ba-
oM. Jlis aToro Haao BeAoMble KoJeca CTaBHTb Ha UHAHHApHueCKHe napu [Vy, a BKAIO-
yaTh MX UMIMHIAPHYeCKHMH MybTamu [/, ocTaBAAIOWHMH OCEBYI0 NOABHXHOCTb. Ha
pHc. 4.47 BKJIOYeHHOH MoKasana BTopas nepenaua. [lojcueT H3GLITOUHLIX cBA3eH no
CTPYKTYpPHEIM ¢opmysiaM JaH Ha TOM Xe DHCYHKe CJeBa BHH3y.

Jlns 3ajHero xona cjenyeT NPHMEHHTh NpsMo3yGule KoJjeca, NMOCTaBHB NpOMEXY-
To4HOE Koseco (Ha pHc. 4.47 He nokasaHo) Ha cdepHueckyto napy ///]. OceBoi noasux-
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HOCTH 3Jiecb He TpeGyercs, To-
STOMY COEfHHeHHe Kojeca 3aj-
HEro XOfa C BEJOMbIM BajioM CJie-
AyeT BHIOJHHTL BpalllaTeJbHOR 17, ‘2 Vz e

1

1
3

J, g
ﬁzpoﬁ Vi. Jlna 3apsero xona -l;,;{z/r, waep OF
JCYeT H3GLITOUHLIX CBsi3ell Mo el // W1 V&) ,;j' Y 7
CTPYKTYpHBIM  ¢opMyJaM  JaH y == L 7
cnpasa BHH3Yy Ha pHC. 4.47. yA £ P ,/
Ly
= I// ==
4.15. MHOTOCTYNEHYATAS L Z, )
KOPOBKA CO CTYINE- ~
HSMH BO3BPATA \\
Takune kopo6kH G6aaronaps I Vi
MaJoMy uHCay 3y6uaThiX KoJec 2- Gneped Hasad
nejJecoo6pasHel  Ana  GOMbIIKX
KOJIECHBIX M T'YCEHHUYHbIX MalliMH. w=71 1 1 w=7 71 1
Kopo6ku Jserko chenaTb camo- n=s-30 30 n =6 -36 3
YCTaHaBJAHBAIOMHMHCA,  HCNONb- Pi=1 5§ ~1 Py =2 10 -2
30BaB My(®TH Kak 3yGuaThie Kap- fa=1 8 -4 PL-V =7 4 =2
JaHBl, YTO XOPOLIO BHAHO HA MpH- . - - -
Mepe BOCLMHCTYMeH4aToll KOpoG- A =§ g _‘9 Pm =% 12 _72
KM (puc. 4.48). B 06IuHOfM KOH- P & -1 bpp =% 8-16
CTPYKUMH  Kaxjoe  3y6uaToe pp=1 1 =5 pr =1 _1 =5
KoJlecO ONHpasoch Ha JBa mnof- k=5 0 0 k =6 0 ¢

IUHNHWKA,  PaCnojJOXEHHbIX B
NPOMEXYTOUHBIX Meperopoakax.  Pnc. 4.47. AsToMoGuabHas Kopobka nepenad ¢ camoycra-
TaK“X ﬂeperopOIlOK y BOCbMH-~ HaBJIHBAOUIHMHCA KONeCaMH H apOYHLIMH 3y6|-uuu
CTyMeH4aTol KOpPOOKH MOJayuH-

aoch BoceMb. OHH OueHb Yy OpOXAJH ee NMPOH3BOACTBO H YTAXKeIAJIH KOpoGKy. Hs-
6exkaTb 3TOrO H YCTPaHHTb H3GHITOUHbIE CBI3H MOXHO, €C/1H NPOMEXYTOuHble KoJeca
6yAyT ONHPATbCA HA BTOPHUHBIA H NMPOMEXKYTOUHBLIA Bajabi C JOCTATOYHbIMH JHaMmeT-
pamn (puc. 4.48).

Jns caMOyCTaHaBJHBaeMOCTH IPOMEXYTOUHOe KOJeco 3aJHero xoja (KoTopoe He
NoKa3aHo Ha pHc. 4.48) cTaBuM Ha cepHueckHii NoNWHNHHK. B Kaxnoi nape sauenas-
IOIUXCA KOJieC ORHO CTaBUM Ha chepuyecKuil nofawHnHHK. [Ins sToro BuGHpaem Goub-
woe KoJieco, YTOGH Pa3MeCTHTh MOAWHMHHK AOCTATOUHON HArpy3ouHo# ciioco6HoCTH, Y
KaXJIOro TaKoro Kojeca OCT4eTC ONHAa MeCTH3s UOABHXKHOCT. Ho ombiT mokasaa,
410 OHa Ge3BpesHasn.

Uepea ¢ o6o3HauaeM 3HaMeHaTelb reoMelpHUYecKoro paja nepejay. ITepepatounie
4HCsIa KaXAOH napel 3y6uaThiX KOJEC MOKa3aHbl MOA HHMHY.

B paccmarpusaemoli KopoGKe OfHOBpPEMEHHO NepeKAIQualoTcst My(Thl BTOpHYHOrO
H TNPOMEXYTOYHOro BajJoB (Ha pHC. 4.48 OHM coelHHEHB! OCeBBIM NYHKTWDOM).

Homepa nonoxennit Mypt Ha pHc. 4.48 o6Benenb kBaapatom. Hymepauus Bbinoa-
HeHa C y4YeTOM TOro, YTO CyMMa HOMEPOB BKJIOYEHHBIX MY(®T 1aBana HOMep BKJIOYEH-
Hoii nepexaun (ckopoctH). CTpeJKH Yy HOMEDOB NOJOMXEHHH HanpasJeHbl BBepX (MOLL-
HOCTb Ha 3TOM y4acTKe nepejaeTcst 1o BTOPHUHOMY BaJly) HJIH BHH3 (110 IPOMEXYTOYHOMY).

HanpaBsieHlie NOTOKa MOLIHOCTH NMOKa3aHO JIOMaHOMH JIHHHell NOA cxeMoil MeXxaHH3Ma
Ha puc. 4.48. CreBa OT Hee laHH HOMEpa nepejay, CNpaBa — NepejaTOYHble YHCIA.
Homepa Bk/ioueHHEIX My}T nokas3aHbl Ha JOMaHOH JHHHH (moj HHmH). BHu3y cnpasa
Jlad MoAcYeT H36LITOUHLIX CBsi3el AT BTOPHYHOH nNepejaun — Xoia Bnepej (camoii
GnoXHOM). [ToABHXKHOCTL CKJIAALIBa€TCH H3 OCHOBHOH H MeCTHBIX: MPOMEXYTOYHOI'O
BaJla H yeThipeX 3y6yaThIX KoOJIec, NMOCTaBJEHHBIX Ha cdepHyecKHe NMOAWHNHHKH. BHH3y
CnpaBa JaH NOACYET nepenayH Ha3ad. [ToABHXKHOCTL CK/IaAbIBa€TCH M3 OCHOBHLIX H MeCT-
HBIX TMPOMEXYTOYHOTO Baja H TPeX YIJIOBBIX MOABHXHOCTeH JABYX 3yGuaTbix Koiec,
NOCTaBJIEHHBIX HAa cPepHueCKHe NOAMHNHHKH. ¥ OLHOTO H3 3THX KoJec, BTOPOro Ha npo-
MEXYyTOTI4OM Basy, OCTaeTCs JBe MCCTHble MNOIBHMXHOCTH, TaK KaK ero 8y6bsi He rmepe-
MAlOT MOMEHTa.
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Puc. 4.48. KopoGka nepesad €O CTyneHAMA BO3BpaTa C MNPAMbIMH 3y6bLAMH

Jpyroit Bap#auT TaKoit KOPOGKH BO3MOMEH NpPH NMPUMEHEHHH KOJEC C apOYHBIM
3y6oM, KpoMe y3na 3ajJHero Xoj1a, rie ocralorcs npsaMo3y6bie Kojeca M MPOMexyTou-
HOe KoJieco Ha cdepuueckoil onope (puc. 4.49). B 3ToM BapuaHTe HeT Kojec Ha cdepu-
YeCKUX MOAUIHITHMKAX, pasMellleHHe KOTOPHIX MOXeT BCTPETHTb 3aTpPyJHEHHE MpM ycTa-
HOBKE HX B KOpPOGKAaxX C YCKOPSMIOUIHMH CTYMEHSIMH, H CBSI3aHHBIX C HHMH MECTHHX yTI-
JIOBBIX TOABHXKHOCTeH. VY KaX/lof Naphl 3alen/siOW#ACA KoJeC OXHO JIOJKHO HMeTb
OCeBYIO MOJBHXKHOCTb, T. €, JOMXKHO ObiTb IOCTaBJEHO Ha KuHeMaTHueckKyio mapy [V;.

BHuu3y Ha puc. 4.49 nan noicyeT H3GBITOUHHX CBf3ell A/ BTOPOH mepejauu — Brie-
pex H nepBoit nepegaud — Ha3ag. ¥ BTOPOro cjaydas @ = 3 — OCHOBHAs MOJBHIKIOCTb
H JBE€ OCeBhie NOJIBHXKHOCTH ABYX KoJjec Ha moJunuukax /V;. STu nogsmxKHOCTH NPH-
XOMHTCA BBOJAHTb B CTPYKTYpHbie OPMYJIbl, TAK KaK MB HE pacCMaTpHBaeM 3allenyIeHuns
STHX KOJIeC, KOTOpble JHKBHAMPYIOT MECTHHIE IOJBHXHOCTH,

PaccmatpuBaeMble KOPO6KH MOTYT GbiTh BBIMOJMHEHBl M C YCKOPSIOUWHMH Mepefa-
4Yamy — c ogHoiF (puc. 4.50) i c aByMsa (puc. 4.51), O603HaYeHHS MPUHATH Ha HHX Te
XKe, yTo W Ha puc. 4.48 n 4.49. Kpome Toro, cnpaBa JaHbl YuCJIOBble 3HAYEHHA NMepeaa-
TOYHOTO YHC/IA JJIA cyuyasi, Korja Ha MepBofl nepejaye OHO PaBHO BOCHMH.
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Puc. 4.49. Kopo6xa nepenay o CTyneHssMH BO3BpaTa ¢ APOUHBLIMY sy6mnu
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Puc. 4.50. Cxema Bkyiouenuil ¢ oanoi ycxo-
paiomeil nepepavuen
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Puc. 4.51. Cxema BKmouennil ¢ AByMs ycko-
PRICILUMH nepeRavyamMu
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4.16. MEXAHHU3Mbl ®PHUKLHOHHLIX BAPHATOPOB

B nacrosiiee BpeMsi mMeeTcsi GOJIbIIOE YHUCIO CHCTeM (PHKUHOHHBHIX BapHaTOPOB.
IMpumep ycTpaHeHHS H3GLITOYHBIX CBS3eil MOKAMKeM HAa OJHOM M3 JIYYLIMX BapHaTOPOB —
MHOTOJIHCKOBOM (pHc. 4.52),

OCHOBHBIM HEJOCTaTKOM (PUKUMOHHBIX nepejay sABJIAETCA GoJblIasi Harpyska

HAa MOJWMNHUKH: N = -To- (Qo — oxpyxHas cuna; f— Ko3QOUUHEHT TpeHus), T. e,

ona B l/f pa3 Gonbiue, ueM B 3y64aThix nepejayax, Ile Harpy3Ka MOAWMIHHKOB PaBHa
npumMepHo Q,. B MHOroZHCKOBEIX BapHaTopax 3TOT HEJOCTaTOK YCTPAHEH TeM, YTO HOp-
MaJibHble CHJIbI 3aMbIKAlOTCSi BHYTDH NaKeTa JHCKOB H HE MNepejaloTCs Ha MOAWHIHHKH.
CyuwiecTByeT W ApPYroit MyTh YMEHbIUEHHS HArPY3KH Ha MOAWHIHHKA — HCNOJb30BaHHE
HEeHTPOGEXHOA Ccubl caTenauToB. OH NpHMEHSeTCs B MJIaHeTapHO-GPUKUUOHHBLIX Ba-
puatopax. PaccMOTpuM ¢pHKUHOHHYIO Nepefayy € KOHHYECKHMMH AHCKaMH, JHHeilua-
TBIM KOHTakToM (mapa [/;) m HaXaTueM QHCKOB NmyTeM HaTsira npu c6opke (puc. 4.53).
PeryJupoBaHue nepejaToYHOrO YHCJa 3/eCb BO3MOMHO H3MEHEHHEM MeXLEHTPOBOro
paccrosiius. B aroit nepemaye w = 2 — BTOpas NOJABHIKHOCTb BCJEACTBHE MpPOCKalb-
3bIBaHUSA, TaK KaK CHJY TPEHHS Mbl He CYUTaeM YCJIOBHEM CBA3H B KHHEMATHUeCKHX na-
pax. ITo dopmyne (1.1) HaitneM ¢ = 2 — 6-2 -+ 5-2+ 2.1 = 2, Ileppas u3bbiTounas
CBfA3b BO3HMKJA BCJIEACTBHE JHHEAYaTOro KoHTakTa, OHa /laeT HepaBHOMepHOE paciipe-
JieJIeHHe Harpy3KH BJOJb 3TOTO KOHTaKTa H YCTPaHAETCH NMpPHUMEHeHHEeM TOYEYHOIO KOH-
TakTa — naphl /.

Bropass n36biTO4Has CBfA3b — CTaTUYECKH HeONpejesuMas 3aBHCHMOCTb CHJIBI Ha-
xkatus N ot pepopmaunit 3sseHbeB. OHa ycTpansercss camoperyaupoBaHneM. s storo
OJHO 13 QPHKLMOHHBIX KOJIeC COeJHHSIeTCs C BaJoM BHHTOBOH napoit V4 (puc. 4.53, 6),
u ocesas cuia Buuta N cos f ucnossayercs ans naxatus N. O6o3naunm: R — panuyc
IMCKa; r — pajnyC BMHTa; 0. — YroJ MojbeMa BHHTOBOH JuHuu; S = 2nr tg @ — war
BuHTa. MoMeHT, nepenaBaembliit cuaoft Tpenns, M = fNR; MomeHT, nepeiaBaemblit
BuHtoM, M = N cos Br tg a. 3necb Mbl He yuaH TpeHHe B Hape3Ke, TaK KaK mpu pa6ote
6yaeT MeHAThCS HampaBJeHHe JBHXKEHHS B BHHTOBOH MNape, T.e. MOMEHT GyleT H3me-
Hatsca oT N cos Br tg (a + @) 10 N cos Pr tg (¢ — @), rae ¢ — yron Tpenus, a cpen-
Hee 3nauenue 6yner M = N cos Br tg . [TpupaBuuBas 3tH MoMeHTsl, noayuum fNR =
= NcosPrtga, Ho Tak kak rtgoa = S/2n, nostomy

R___S = const
Tsﬁ__2_n[_ onst.
2 AA
JrN
g R
“¥A =
= L = ?2"}\_’/‘:}
£ =
Y

Puc. 4.52. MHOTOAHCKOBBLIA BapuaTop
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Puc. 4.63. ®pukuvonHasn nepepada C KO- Puc. 4.54. HanpaBneHue OKPYXHOA CHJMBI,
HHYECKHMH JIHCKAMH: peficTByomeffi Ha wecTepHio GokoBoro Gaoka

a — DYYHLIM pPeryJanpoBaHMeM HaxaTus (c  AHCKOB
ABYMSI H3GBITOMHKIMH CBSI3AIMH); 6 — C 8BTO-
MaTHYECKHM perysJHpoBaHHeM HaxxaTus (Ge3
H36GLITOYHBIX CBsA3el)

B muoroauckoBom Bapuatope fi = const, nostomy u R= const, T. e. ycrpofictso, pery-
Jupylolee Haxartne, AOMKHO GbITb YCTAHOBJIEHO HA OTOYPTOBAHHOM JHCKE, paiuyc
KOTOpPOro He u3MeHsieTcd — 6e3pa3iuyHO, BeNyWHH OH MJIH BEJOMbIH.

[lns BapuaHTOB C nepemeHHHIM YrioM f AHMCK, Ha KOTOPOM CTaBHTCS YCTPOHCTBO,
peryanpylouee Haxarthe, AOJKeH HMeTb npoduab R/cos P = const.

B MHOTOAMCKOBBIX BapHaTopaX BCTpeyaeTcsi ocoGblfi BuJ u3GhITOouHhIX cBssefi. ITo
CBOEMY MNPHHIUMITY TaKHe BapHAaTOPH! ABJSIOTCH MHOTOMOTOYHHIMH. EcaM B pasnmunbix
NIOTOKaX MepejaTouHble YuCaa (BCJAEACTBHE HETOYHOCTeH H3rOTOBJEHHS M CGOPKM) OKa-
JKYTCHA Pa3NHYHBIMH, TO HEeH30EXHO NPOCKA/Ib3bIBAHHE H C HHM H3HAIUHBaHHE H YMeHb-
menne KI1IA. ITosToMy MexaHH3M Hajl0 NMPOEKTHPOBATh TaK, YTOGL NepefaTOYHBIE YHC/Ia
B pa3HYHBIX NOTOKaX CaMH BHIPABHHBAMHCh, a4 JJS 3TOTO JOJXKHH BbIPABHHBATHCH
nepejaBaeMble CHJIbI H MOMeHTHI. PaccMOTpHM cHJIHI, AeficTByomue Ha 3y6uyaToe KoJeco
nepudepuitHoro nakera gucKoB (puc. 4.54), rie yrJoBbie CKOPOCTH MOKa3aMbl CTPEJKaMH.
YrioBass CKOpOCTb UEHTPaJbHOH IUECTePHH NPOTHBOMOJOKHA YIVIOBOH CKODOCTH LeH-
TPaJBHOrO NMaKeTa NHCKOB.

PaccmoTpuM ciyuait, Korja STOT NMakeT BHINOJHEH C YCTPOACTBOM, PEryJHPYIOIHM
HaXKaTHe, H C OTOYPTOBaHHBIMH JHCKaMH. DOKOBEIE MakeThl JNO/IKHH MMeTb KOHHYe-
cKue JUCKH. B cxemax a u e (cM. puc. 4.54) cuna, jeficTBylomas Ha 60KOBYIO LIECTEDHIO,
BTATHBAET NMakKeT AUCKOB, a B CXeMaX O H 6 BhITaJKHBaeT. % cxeme a.(cM. puc. 4.54), ecau
GOKOBOH MaKeT ONYCTHTCA HHXe JPYTHX, TO €ro yrJioBas CKOpOCcTb GyJeT CTPeMHTbCA
yBesqHuHBaThcA. Bo3pacTyT nepesaBaeMelii MOMEHT H BTAruBamoowas cuia. CireoBaTesbHO,
naker GyJeT ONyCKaTbCs elle HHXKe, U paboTa Gyzer HeycToiuuBofi. B cxeme 6, ecan
60KOBO/ MaKeT ONMYCTHTCH HHXKE APYTHX, TO €ro yIJoBas CKOPOCTb GYI€T YBEJTHUHBAThCS.
Bo3pacTyT nepenaBaeMblii MOMEHT H BHITAJKHBAIOWasi CHJA, KOTOpas CTPeMHTCS MNpH-
MOJHATh NAKeT H BOCCTAaHOBHTb paBHOBecHe, T. €. paGoTa GyjaeT ycToiuuBo#. AHajsorud-
Hble PacCYXKJeHHS NOKa3biBAIOT, YTO cXeMa 8 GyJeT HeyCTOHYHBOM, a cXeMa 2 YCTOHYMBOH.

OGobwuB BCe CKa3aHHOE, MOMHO CHeJaTh BHIBOX, UTO NPH OTGYPTOBaHHEIX RHCKax
Ha LEHTPaJbHOM MNaKeTe AJs YCTOAYMBOA DPaGOTH BOAMJIA GOKOBHX MAKETOB NOJMHEI
6LITb PacnoJIOXKeHH MOMepPCTHO (MO HaNpaBJIEHHIO OKPYKHOH CKOPOCTH) 1O OTHOIIEHHIO
K LUEHTPaJbHOMY NaKery.

[pu oT6ypTOBaHHBIX AMCKaX Ha GOKOBHIX Nakerax ycToiuuBas pabora Gyael mpu
NPOTHBOLIEPCTHOM DPAacHONOXKEHHH HX BOIHJI.
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Puc. 4.55. VYpaBHHUTeJAbHLI MEXaHHM3M [Jf MHOrOAHCKOBO=
ro BapuaTopa

Jns BLIpaBHUBAaHMA pPeryJUPYIOLUX CHJI  3BEHO,
ynpaBJsiouiee INepefaTOYHBIM UYHCJIOM, JOJMXKHO OBITH
niaBaipomuM. [lpoute Bcero ero nocTaBuTh Ha MydTy
OubpreMa, Takas cxema npeanoxena JI. H, Pewerto-
BoiM u 1. SI. Taiinemem (puc. 4.55). Ilpeasnaraemas
cXeMa JaeT peryidpoBaHHe NP MOCTOSHHOA Moui-
HocTH. Ilpu 3TOM MOMEHT aBuraTesisl NMOCTOSIHHBHIA, a MO-
MEHT Ha BeJOMOM BaJ/y YBeJHYHBAeTCH NPH YMEHbLICHHH
CKOPOCTH, 4TO Hau6Gosiee BBITOZHO. JKCIEpUMEHTHI
SI. §1. Taitnens nokasanau, 4TO 3a CYeT CaMOYCTaHOBKH
snauenue KIIJl Ha nosnofi Harpy3ske BospacTaeT HAa 5—
10 %, a notepu Ha TpeHHe yMeHbwalTCH BABoe. [lpasja, AJs 3TOro Hajxo ewe ypa-
BHOBECHTb MacCy mepHpepHiiHBIX mnaKeTOB, 4YTO OBLIO CHEJTaHO TpPYXKHUHOH.

4.17. BbIBOAbl U PEKOMEHJAALMH

B Ky/nauKoBbIX MeXaHH3Max CaMOYCTaHABJMBAEMOCTb MOXET [aTh pPaBHOMEpHOeE
pacnpefieJieHHe Harpy3ku MO IJHHE KOHTAaKTa H COOTBETCTBYIOLIeE YBEJHYEHHE Hecy-
e CrocoGHOCTH H JOJITOBEYHOCTH.

[lpu privaxkHOM TOJIKaTesle CaMOYCTaHABJIMBAaeMOCTb IOCTHMTAeTCs MOCTAHOBKOH €ro
Ha CHEpHYECKYI0 ONopy, BTOPYIO NOABHXHOCTb MOMHO HCNOJIB30BaTh AJf YCTPaHEHHS
M36LITOYHOM CBSI3H MEXAY TOJKaTeJeM H BEJOMbIM 3BEHOM.

[lpn non3yHKOBOM TOJIKAaTesJe CaMOYCTaHaBJHBAaeMOCTb NOCTMIAeTCs NMPHMEHEHHeM
UMAHHApHYecKoro noasyHa (/V,), HO TOJNBLKO Npu yrje AaBjeHus, OTIHYAIOUEMCH OT
HYJIS, X TOCTAHOBKOH DOJIHKA Ha ChepHYeCKHH MOAMMMHUK, HO NPH STOM OCTaeTCH
OJlHa MeCTHasl MOJBHXXHOCTb,

B CH/JIOBEIX KOHTAaKTHBIX MNaJ/bllax CaMOYCTaHAaBJHBAaeMOCTb MOXKET JaTh YMeHblle-
HHE TOTPe6HOro KOHTAKTHOrO HAaXXaTHA B HECKOJbLKO pas,

B uensx ynpaB/neHus NMPHUMEHSIOTCA «MOCTHKOBhIE GIOKMPOBKH», Y KOTOPbIX OAHA
NPYKHHA NpPHXKHMaeT [Ba KOHTaKTa. B camoycTanaBiuBawouiuXxcsi G1OKHPOBKaX MOXHO
ONHOR NpYXHHOH ofecrieyHBaTb PaBHOMEDHOE INPHIKATHE TPeX, YeTblpeX M Jaxe NATH
KOHTaKTOB, a MPH HCNOJb30BaHHH OOOHX KOHIIOB MpPYXXHHBl — Jaxie 1O BOCbMH KOHTaK-
TOB H FapaHTHPOBATh CKO/bXKEHHE, HeOGXOAHMOE /s HaJeXKHOH paGoThl (CaMOOYHILIEHHE)

B 3y6uaThix nepejayax caMOyCTaHaBJHBAaeMOCTb MOXET 1aTh YBeJHYeHHe Hecyuiei
CNIOCOGHOCTH B HECKOJbKO pa3. CaMOycTaHaBJIHBaeMOCTb MOMET JOCTHraTbCS NMpPHMeHe-
HHEM apoYHOro 3y6a ¢ OCeBOH IMOJBHKHOCTBIO OJHOT'O U3 KoJlec (OJUHApHBIE NepeiauH):
cepuyeckux noAwunHuKoB (///]) (nMpoMexyTOYHEIE KoJeca W CJOXKHBIE PelyKTOphI)
H 60uKo06GpasHbiX 3y6beB (/;), noc/efHHe HexeJaTeNbHbl H3-32 HEBLICOKOH Hecymed
CMOCOGHOCTH, TaK KaK NMpPH OJHHAKOBOM MepeJaBaeMOM MOMEHTe HauHGoJbluas Harpyska
no njaune 3y6a B ABa pa3a GoJblle, YeM MpH JHHEAYaTOM KOHTAKTe,

B penykTopax c ABYMS NpPOMEXYTOYHBIMH KoJiecaMu HeOGXOIMM YyPaBHHTEJbHHIH
MEXaHH3M, NepeJaToOYHOe YHCIO KOTOPOTO. PA3fIHYHO I/ KaXKIOTO HANpaBJIEHHS Mepe-
NaBaeMOro MOMEHTA.

B pepykTopax ¢ KOHHYECKHMH KoJiecaMH (aBTOMOGU/bHBbIE AH(depeHHasn) BLPaB-
HHBAHHSA HAarpy30K CaTe/VIMTOB MOXHO JOCTHYb: NPH ABYX CaTe/NJIHTaX — IJIaBaiouied
QCb10, BEIDABHHBAIOIIEH HX OCEBLIC CHJIbI; NPH TPeX — IJIABAIOKM OZHHM H3 OCHOBHBLIX
3BEHBEB; MNpPH 4YeThipeX — KJHHOBHIM MeXaHH3MOM, BHIDaBHHBAIOMIHM MOMEHTHI, Mepe-
JlaBaeMble KaxXJofl mnapoff caTe/VIHTOB; KOrJa CaTeJVIHTOB MHOTO—IIapPHHPHLIM MHOrO-
YTONBHHKOM, BBHIDABHHBAIOIIMM HX OCEBBIE CHJIBI.

CaMoycTaHaB/IHBaeMOCTb PeyKTOpPa, COCTABJIEHHOrO U3 KOHHUeCKOR H LMIHHADH-
YyecKOH mnepejay, JOCTHTaeTCs MOCTAaHOBKOH G6JIOKa NMPOMEMXYTOYHBIX KoJec Ha cdepu-
YeCKHil NONWHNHHK NPH COGMIOJEHHH CJELYIOIHX YCJIOBHI:

9TOT MOAWHMHHK JO/KEH JexaTb Ha mNpsaMoif, coenuamomeﬁ cepelMHy 8yObeB
060oMX 3auemVieHHit M CocTaBJsOmEH ¢ OCbI0 wecTepHH yroa 45° — 6/2;

YIVIBI CMHpad B OGOHX 3allerVIEeHHSX AO/IKHBI ONPEAESATHCH M3 YCJIOBHA PaBHOBE-
cus GOKa NMPOMEXYTOYHBIX KoJIec;
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OCH BeJYUIEro NPOMEXYTOYHOTO H BEJOMOro Ba/OB AOJ/IKHBI JIeXaTb B ONHOH MO
CKOCTH.

B aBTOMOGH/IBHO KOpOGKe Mepefau AJsi CaMOYCTaHABJIMBAEMOCTH HAalO NMPHMEHHTDb
(ay;x;gl;ue 3y6bsi (/1g), a OceBYI0 NMOABHKHOCTb BHIMOJHHTH B My(Te BKIIOUEHHS mepeiay

B kopoGke nepeiay co CTyneHsiMu BO3BpaTa LieJJecOOGpa3HO BeJIOMbIl H IpPOMEXy-
TO4HBIA BaJK HCNOJb30BaTh KaK OCH 3y6GUaThIX Kosec. MOXHO MPHMEHUTb NpsAMbe 3yObs
(I1,), Torpa Gosbline Kojeca Kax IO nepejaud CJAefyeT NMOCTAaBUTb HAa CepHueCKHE
onopbl (//17). MoxHo npuMeHHTh apouHble 3y6bsi, TOTAa Bce Koseca CJaefyeT CTaBHTb
Ha Bpawareqbnele napbl (V) u umaunapuveckue (/V;), a oceByio NOABHXXHOCTb BBINOJ-
HHTb B MydTe BK/ioueHus nepenau (//13).

Y (QPHKUMOHHHIX BapuaTOPOB NpPH KOHCTPYHPOBAHHH HAfO NpPOBEPATb YCTOMHuH-
BOCTb camoycTaHosJeHHss. OHa Moxer Aath nosoiuenne KITI mo 10 %, ymenblienue
OOTePh BIBOE M COOTBETCTBYIOUlEE YJyylleHHe NOJTOBEYHOCTH H TeMIepaTyphl.



Fmasa b
NJAHETAPHBIE MEXAHH3MbI

6.1. NOABH)XHOCTH B OJAHOPAJAHBIX MEXAHHM3MAX

B camoycTaHaBMMBAaIOIMXCH MeXaHH3Max NONYCKH BLI3BIBAIOT JOMOJHHTENbHbIE
JIBHXEHHS, JJIS BHIMOJHEHHS KOTOPHIX Haj0 NMpPelyCMOTPeTb COOTBETCTBYIOIHE MOIBHX-
HocTH. PaccMOTPHM BJIHSIHHE OTK/IOHEHHS B pa3Mepax (AOmMycKoB) Ha paGoTy OLHOPAA:
Horo Mexanusma. Jlis 3TOro BO3bMeM 3aMeHSIOWMH MeXaHH3M C HH3WMMH TIapaMH.
Kak Hn3BecTHO, SBO/MBLBEHTHYIO Sy6uaTylO Mepefauy MOXKHO 3aMEHHTb YeThipeX3BeHHbIM
wapuupHuiM MexanuamoM ONiN;C (puc. 5.1), y koroporo mapuuput O v C pacnoJo-
JKEHBl HA OCAX KoJiec, a WapHUpH Ni u Nj — B TOUKaX KacaHHs JHHUM 3aleIVIEHHs C OC
HOBHBIMH OKDYXHOCTAMH. [Toatomy

ON{=rn=rcosa; CNj=ryp=rycosa;
NiP12=flsina; NéP12=fgsina;
NiN; = (ry + rp) sina.

Ananornuno NoNj = (r3 — r,) sin . Ho B oqnopsinom Mexanusme rg = ry + 2r
wam ry —ry = r, + r,. Cueposareasno, N{N;= N(Nj.

Tak kak HonyckH HeBeJHKH, GyJeM CUHTaTh, YTO Pa3Mephl 3BeHbeB SaMeLlAIoIero
MeXaHH3Ma MOCTOSHHBI. YCTAaHOBHM, KaK BJHMSeT OTKJIOHeHue pa3Mepa Boauida OC Ha
pa6oTy OfHOPAZHOrO MeXaHH3Ma, PaccMOTpHM HemoABHMKHOE BOJAMJIO H MepeMelalouics
B PajHaJbHOM HANpaBJIeHHH CO CKOPOCTbIO Uy HMEHTp caTeJIuTa (TOAbKO B Mpejesax 3a-
sopoB). Lleutp P MrHOBeHHOrO BpallleHHS CaTeNJIHTA HaXOAUTCA B TOUKE MepeceyeHHs
HopMaaun CP k Ttpaextopun Toukn C c Hopmaneio N¢N3P k TpaekTopuu Touku N,

Ecau yraw sauensenus kosec / u 2 u koaec 2 u 8 pasuel, To PN coBnajaer ¢ npo-
RomkenueM watyna NNy u ckopocTb Uy ToukM Nj mepneHiuxynspHa waryny NiNp.
[ostomy Touka N{, a ¢ Heit u Kosmeco / mepeMemaThcsi He 6yayT. CiegoBaTesbHO, Ha
paGoTy MexaHH3Ma JNONYCK Ha PajuyC BOJM/IAa He BJAMSET. DTOT AONYCK HEOGXOXHMO
BHIOHPATh 110 PajHaJbHBIM K GOKOBLIM 3a3opaM 3yGbeB Kodec I u 2 u Koaec 2 ¥ 3 TakK,
4TOOE KO3(hGHUHEHT NEPeKpLITHA He Obll MeHblle eNMHMUbI, T. €, JONYCK Ha paiuyc
BOJH/IA MOXET GhITh JOCTaTOYHO GOJMBLIMM.

Ins onpejneneHdst BAMAHHA JONYCKa Ha UEHTPANbHBIA Yroa MeXAy caTe/VIMTaMH
H Ha paGoTy MeXaHH3Ma pacCMOTPUM MeXaHU3M C HeNOJABHUKHBIM BoauiaoM (puc. 5.2),
B KOTOPOM IeHTP OJHOTO caTeNJIWTa MepeMelaeTcss B TaHreHLUUaJbHOM HANpaBJIeHUH
CO CKOpOCTbIO Uy, HenoasuxHbIMH GyIyT ONMOpHOE Koseco ¢ TouKod N3 H caTe/HTH

~
¢ Toukamu Nj u Nj. LlentpannHoe Koneco / GylieM CYHTATh IVIABAIOUIMM, TOITOMY Ha

CXeMe OHO coemuHeno ¢ TpeMs nosogkamu NjNj, NiNy u NNj.

YcTaHOBUM BJIMSIHUE MepeMellleHUsi caTeJMTa Ha CMelleHHe LEHTPaJbHOro KoJjeca,
LleHTPOM MIHOBEHHOro BPaLIEHHS CaTeJINTA SBJSETCS NOMIOC Pyg €T0 3auelsieHust C onop-
HHIM KosecoM. CKopocTh v, Touku N paBHa ckopoctd Touku Ny, Iloaromy

Vo _ PasNo _ 21
Ur PgsC £
LlerTpoM MTHOBEHHOTO BPaleHKS LeHTPATLHOTO Koseca Gyier Touka T’ mepece-
" "
genns npofomkenus wmarynoB N{Ny u N|N;. [lpu stom
ON?
sin 30°

= 2cos a.

OoT' = = 2r,.
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Puc. 5.1. PaanaabHOe CMELleHHE CaTeNIHTa

Puc. 6.2, TaHreHuHaabHO€ CMeEUleHHe caTeJ-
aHTa

Cxopocts v uentpa O onpeeauM H3 IpPONOPIHH
L oTr 2’01 2
vu NT 3y 3°

v
YMHOXHM TNOJMyYeHHOe YypaBHEHHE Ha —vl = 2cos s
T

4
= -3—- Up COS QL.

YMHOXHM 5TO BHIDaXKEeHHE HA MPOMEXYTOK BpemeHH Af:

vAt =%v, At cos a.

Ho vAt = Eye — cMemenue nentpa Koseca I, a vy Al = e — TaHreHunaibHoe
cMmemenne carenanTa. [losromy

Epe =%ecosa; (5.1)
npu o == 20° 5
Eue ~ _4' é. (5~2)

B nonyuennnie hopMyan He BoOmUIH pajuychl kodec, CienoBartensHo, Eqe He 3aBhe
CHT OT MNepejaTOYHOro YMcJaa y3Jia,

Kpowme Toro, popmyna ans Epe 0AHHAKOBO NPHTOLHA U V1A CIy4asi, KOT/ia M1aBalOLHM
sBJIsSieTCA KoJeco 8 ¢ BHYTPeHHHM 3allenvieHueM. [Ipu paGoTe MexaHH3Ma 3a CUET TaHIeH-
uaJbHOTO CMeLIeHHsl caTe/JuTa Ha BeJIMUMHY e LEeHTp MJaBaiowero Kodeca I (wam 3)
ONHCHIBaeT OKPYKHOCTb panmuyca Epe, Aesnas ofuH o60poT 3a BpeMsi 060pOTa BOAMJIA.
INosToMy ero uentpoGexxHasa cuiaa mEne(og HeBeJHKa, TaK KaK 3HaueHHe YIJIOBOH CKO-

POCTH BOAHJIA My Majo,
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Ec/i4 BOAM/IO BHIMOJNHEHO C SKC-
nesrpucureroM E, (puc. 5.3), TO
napaJyiebHO, Ha BEJIHYHHY 3SKCLEH-
TPHCHTETa, CMECTATCS LEHTPH - BceX
Tpex caTeJuiuToB. JlAsi mosoxKeHus,
NMOKa3aHHOTO Ha cXeMe puc. 5.3,
TAaHTeHUHATbHOe CMEIeHHE BEepXHEro
careqauta Gymer pasHo E4, 1BYX
GoKOBHIX — Kaxpgoro mo E4/2.

CMmeutenne ueHTpa Koseca I,
BHI3bIBaEMOE TaHTeHUHATbHBIM CMe-
LWEeHHEM BepXHEro caTeslTUTa,
4/3E, cos @ cocraBaseT yroa a
C HamnpaB/JIeHHEM SKCIEHTPUCHTETa,

CumeweHue Kosmeca I, BHI3h-
BaeMOe  TaHTEHUMAJbHBHIM  CMelle-
HHEM KaXJOro H3 HHXKHHUX caTesJIH-
ToB u paBHoe 2/3E,cosd, co-
CTaBJsieT C MepPBBIM  CMeleHHEM
yrast 60°, TlonHoe cMmelneHue Koseca / HalfileM KaK HX FEOMETPHUECKYIO CYMMY, T. €.
Ena =—g- Egcosa 4 2 %5‘4 cos a cos 60°,

OTKyZa

Puc. 5.3. CMemeHHe Boauaa

Ensa = 2E, cos a. (5.3)

ToT e BBIBOJ MOXHO CHeJaTh NpPH IOMOIIY MHOTOYTOJLHHKOB CKOpocTel (I1aHOB
’ " "
NOBEPHYTHIX CKOPOCTedd), npuBeneHHbx Ha puc. 5.4, a u 6. Toukn N3, Ny u N3 onop-

HOTO KoJleca HENOABHXKHEe. B”onu.uo MOCTYNaTeNbHO CMEILeTcsi BJIEBO, NMOSTOMY CKO-
poctr Bcex nenTpoB C’', C” u C”’ opuHaKOBH K K306paxKeHbl 0Tpe3koM pc (cM. puc. 5.4, a).

’ ” "w
Ckopoctn Touek N, N. u N HaiiieM npoBenenneM napanneneli k 3pedbsaM. Ilpu

’ ” L]
STOM TOYKH M., M. H N, PAacloaralTcs Ha OKPYMXHOCTH AHaMeTPOM pc, TaK Kak yrod,
onupalomKACT HAa AHaMeTp, NPAMON, a BeKTOphl CKOpOCTe# MONMapHO MepneHAuKYJspHbL,
, " w
Ckopoctu Touek Ny, Ny u N, Takxke HaiineM NnpoBefileHHeM NapauIeNd K 3BeHbSIM — CTO-
’ ’ ’ ” L " ’
poHaM paBHOGenpeHHEIX TpeyronbiukoB C N N,, C N’;N; u C N_N,. lostomy cn, =
= cng u cocTaBiser ¢ HuMu yroa 180° — 2a.. To xe MOXHO CKa3aTh NPO OTPe3KH Cng
» L4 "
H Cng, Cng W CN.
4 ” L4
Touku ny, ny U n, pacnosaraloTcs Ha TaKOH e OKPYXKHOCTH AHaMeTPoOM pc, Kak
’ ” " ’ ’ "o " "
H TOUKH N, n. u n . [nasarowee koneco / BucHT Ha Tpex nosonkax NNy, N\Nyu Ny Ny,
MOSTOMY HaXoX/JeHHe CKOPOCTH STOro 3BeHa HEOOXOJMMO HaUMHATh C ONpelesieHHS CKO-
pocteit ocobuix Touek: 1, T” u T"' nepeceyeHus noBOAKOB.

BeneacTBue nonapHof  MepHeHAHKYJASPHOCTH 3BeHbEB W COOTBETCTBEHHO MapaJ-
JIEJIbHBIX HM OTPe3KOB CKOpOCTel H306paKeHHs 0COOLIX ToueK 6YAyT HAXOAHTHCH Ha KOHIle
zuametpa ¢ (t', ", t"') u coBnmapyT Mexay coGoit. Tak KaK 3TH TOUKH mNpeaCTaBJSIOT
coBoit TOukH KoJseca I, CKOPOCTH KOTOpHIX paBHBI, TO Koseco / jpBuraercs mocryna-
TeJILHO H er'o CKOpOCTb u306paxaercst oTpeakom pt. M3 paBnoGespeHHOro TpeyroibHuKa
pet (cM. puc. 5.4, a)

Eny
4

-ft—=2cosa=
[

’

T. €. noayyaercs Ta xe dopMmyaa (5.3). LlenTp nuaBarowero xoseca GyAeT ABHraThcst
M0 OKPYXHOCTH pajanycoM Eyy, BBI3BAHHOTO 3KCUEHTDHCHTETOM BOJM/IA, Je/Nasi OJHH
o6opoT 3a BpeMsi 060poTa BOjauJa. DTOT pajMyC, TaKxkKe CBA3AaHHBLIA C YIVIOM nepeKoca
H CTpeaoit 604K006pa3HOCTH, JOMMEH CAYXKHTb OCHOBOH A/sl ONpejeNeHHs JOMyCKa Ha
SKCUEHTPHCHTET BoAuJa. BuiBeneHHass 3aBHCHMOCTb I03BOJISIET JIEFKO PacCMOTpPeTh CIy-
yait nnaralomero Boausa,
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Puc. 8.4. OpHopsaaHLIA nJaHeTapHbfi MeXaHH3M C TpPEeMA CATEJJIHTaAMH:

a'— MHOTOYroJbHHK CKOPOCTei INpH IepeMemeHHH BOAMJA; 6 — CXeMa MeXaHHU3Ma; 6 —
MHOTOYTrOJIbHHK CKOpDOCTeA NpH INepeMelleHHH 3y6YaToro BeHLa

Ecin ueHTpalbHOE KoJeco NMepeMecTHTCH B PafHaNbHOM HaNpaBJeHHH Ha BeJH-
auny Ej;, TO CMelieHHe NJaBAIOWEro BOAMIAa

Ej
Eni=555a

Ecin nepBoe meHTpa/bHOE KOJeco MOCaXeHO HAa BaJd C SKcleHTpHcuteToM Ej, TO
nJ1aBaiolnee BOAWJMO GYyAeT ONMMCHBaTb OKPYXKHOCTb paiuyca Ep, Aesas OAuH 0GOPOT
3a BpeMsl OHOTO 060pOTa MEPBOTO LEHTPAbHOTO Kojeca, LlenTpoGexHas cuiaa BOAMJIA

mBEl
2cosa *

Tak kak ©; uMeeT GOJMbLIYIO BEJHUMHY, TO LEHTPOGEKHAs CHJIA MOXeT GLITh 3Ha-
9HTeNbHONA., UTOGH ee yMeHbIIUTb, CJAelyeT BeNHUHHY JOMYCTHMOTO SKCLEHTPHCHTeTa
UeHTpaNbHOrO Koseca GpaTh HeGOJBINOH (NMpH mJaBalolleM BOAHMJIE).

Cayuait skcuentpucutera Ey (GueHHsS) BEHLIA MOXKHO TaKXKe PacCMOTPETh C NMOMOIIbIO
MHOTOYro/bHHKa cKopocTel (cM. pHC. 5.4, 6, 6). ByneM cuuTaTh BOAHJIO HEMOABHIKHLIM.
Torna Touku C’, C" u C"’ coBnanyT ¢ nomocoM p. CuntaeM, UTO BEHEl| ABUTAeTCs TOPH-

, ” " .
sonTanbho. Torma ckopoctn Touek N3, Nz, Ny GynyT oiuHakoBE H H306pa3siTcs OTpes-

’ » L4
KoM png. Touku n., n. u ng, Tak Xe Kax H Ha puc. 5.4, a, HaliileM nIpoBeJieHHeM Napan-

nenefi x 3peHbAM. OHHM PacmoJaraioTcs Ha OKPYIKHOCTH AMaMeTPOM png. AHAJOTHYHO

TOYKH n., n. u n'; HaiileM npoBefieHHEM mapaJjiieseil K 3BeHbSIM — CTOPOHAM JKECTKHX

2’ T2
paBHOGEPEHHBIX TPEyroJbHHKOB. MeCTOM HX pacrmoJoXeHHs GyIeT OKPYXKHOCTb JHa-
MeTpoM pt = png.

Bce Tpu oco6bie TOYKH COBMajaloT B OfHONH Touke ¢ Ha KoHUe AuaMerpa pt. Cireno-
BaTe/IbHO, NJIaBaioilee Kojaeco / JBHXKETCH MOCTYNAaTeNbHO, H CKOPOCTH BCEX €ro TOYeK
u3o6paxatorcs otpe3koM pt. [Nostomy skcueHTpucuteT Eg BLI3LIBaeT paBHOE €My CMelie-
HHE LeHTpa KoJeca /. Hanpasiienue 3Toro cMeuenus coctaBut yroa 180° — 2a ¢ manpa-
aenuem Ejg.

Uro6bl ycTaHOBUTH BJHMSHHE SKCUEHTPUCHTeTa (GHEHHs) caTe/sIuTa Ha paGoTy Me-
XaHH3Ma, PaCCMOTPHM Mepefauy € HENoABHXKHLIM BOJHUJIOM H NJIABAIOUMM LEHTPaJbHBIM
KosecoM (puc. 5.5). LleHTp carennura (NMpOMeXYTOUHOrO KoJeca) 34ecCh ABUIKETCA MO
OKPYXXHOCTH palHyCa, PaBHOTO €ro SKCUeHTPHCHTeTy E,. Pa3noxuMm cMemenue cares-
JHTa Ha pajHa/JbHOE H TaHTeHUHaJbHoe, [TepBoe M3 HHX He MOBJIHAET Ha INOJIOXEHHE
LUEHTPANLHOTO KoJieca, BTOPOE H3MEeHseTCs N0 FapMOHHYecKOMY 3aKOHY, TaK KaK OHO
AIBJAETCA NpOeKUHell TOYKH, ABHTaowWeNcss PaBHOMEPHO MO OKpYyxHOCTH. TanreHInasb-
HOE CMelleHHe CaTe/JIHTa BLI3HIBA€T INPONOPLHOHAILHOE €MY CMelleHHe IJaBaloWero

2 2
mlmBEnl = 0
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UeHTpaJbHOrO Kojseca, CiefoBaTesqbHO, HEHTP mJa-
Baiolero Koseca OyAeT [ABHraTbCsl NPAMOJHHERHO
N0 TrapMOHHYECKOMY 3aKOoHy ¢ ammautyzoft 4/3
(Eg cos ). HanpaBienne 3Toro JBHMEHHS COCTa-
BJSIeT YroJ © C HanpaBJeHHeM TaHreHUHAJIbHOro
CMELIEHHS, a ero MepHOL COOTBETCTBYeT ORHOMY
o6opory careqsnta. EcaAM SKCUEHTPHCHTET HMEIOT
BCE TPH CaTe/JIHTa, TO NepeMelieHHs LEeHTPaJbHOro
Kojleca, BHI3BaHHbIE HMH, CKJAABIBAIOTCA TEOMETPH-
yeckd. [l camoro He6JaronpHATHOrO CJyuas 9Ta
cymma 6GyfeT paBHa

Y3cos &y 4 4
) o An=TE3COSG+2-—3—E3COSGC0560°=
A =i Egcosa, (5.4)

3

T. €, aMIUIHTyJla YyJBaHBaeTcs, a He YTpaHBaeTcsd.
MakcuMmanabHas cuJaa HHEepUHH lleHTpa.'[bHorO
Puc. 6.5. Mepemeluenne naasalpo- KOJM€Ca paBHA

ero Koaeca 3a CYeT OKCUEHTpH- 8
CHTeTa caTeaIMTa m%m,—s- E, cos a.

Ecu nuraBaiouiuM siBJSIeTCS BOJAMJIO, TO OHO GyAeT ABHTAThCS MO TOM Ke MpAMON M
C TeM e MepHOJOM, HO C aMIUIHTYHOH B 2 cos & pasa Menbuied [cM. dopmyny (5.3)],
T. e. ¢ ammInTynolt 4E,/3.

4
MaKcHMalbHas CHJIa HHEPUMH BOJMIA paBHAa @am, —— Ey.

B nunaHerapHOM MexaHH3Me OCTaeTcsl TapMOHHYecKoe KoJieGaHHe IJ1aBaIoIero
3BeHa, BbI3BaHHO® JKCLEHTPHCHTETOM caTe/ITa. AMILIHTYZa B cJyyae IJIaBaIoOWIEro
LeHTPaNBLHOTO Koseca Mo-npexHeMy cocTaBaser 8/3 (Ej cos @), a NpH IIaBaioWeM Bo-
nune 4E,/3.

Toabko npAMas, MO KOTOPON IPOHCXOAAT 3TH KoJeGaHHs, He OCTaeTCH HeMOIABHXK-
HOMt, a BpalaeTcs BMecTe C BOAMJIOM. [lepuox atoro Kose6anus, T. €, BpeMs MeX1y kpail-
HHMH TIOJIOXKEHHSAMH, COOTBETCTBYET BpeMEHH OJHOT'0 OGOpOTa CaTeJIUTa OTHOCHTENbHO
BOZAHJIA.

BiansHue GHeHus caTeJJIMTOB Ha paGoTy MexaHM3Ma MOXHO HCKJIOYHTb WJIH BO BCSH-
KOM CJy4yae CHJIbHO YMEHBUIHTb MPaBHJIbHONA YCTaHOBKO!M HamnpaBJeHHR 3KCUEHTPHCHTe-
TOB CaTe/UIMTOB NpPH C60pKe, TaK 4YTOGbl HX BO3JAEHCTBHS Ha MeXaHW3M YpaBHOBELIHBAJIH
Ipyr Apyra. Ilas 3TOro HampaBJEHHS SKCUEHTPHCHTETOB (HampaBjeHHS GHeHHs) IMpH
c60opKe YCTaHaBJIHBAIOTCA B PasHble CTOPOHHI MO «Beepy» H CTABAT B PEAYKTOP CAaTe/UIHThI
C ONMHAKOBBIM IJKCUEHTPHCHTETOM INyTeM CeJeKTHBHOro moa6opa.

®opmyant (5.1)—(5.4) MoxHO cBecTH B Ta6a. 5.1, B KOTOpO#l 1O aprymeHTy (&o-
MycKy) JIerKo HalTH, KaK OH NMOBJIHAET Ha IKCLHEHTPHCHTET IJ1aBaloLIero Koueca HJIH IJa-
BalOLIeT0 BOAMJA.

CaMBIM HeBHITOJHBIM CJIy4aeM fIBJfeTCH TOT, MPH KOTOPOM SKCLEHTPHCHTETH CKJa-
IBIBAIOTCA M BJMSAIOT Ha CyMMapHBI NepeKoc MJaBaIOLIEro 3BeHa,

Ipu niaBaloLIeM LEHTPAILHOM KOJIeCe ero SKCIEHTPHCHTET CKJIaJbiBAeTC H3 IKCIEH-
TPHCHTETOB: €ro co6cTBeHHoro E;, omopHoro Kojeca Eg, BHI3BaHHOTO TaHTeHIHAJbHBIM

CMEIIeHHEM caTeJlJInTa Ene = —3—8 COS &, BLI3BAHHOT'O 3KCUEHTPHCHTETOM BOAHJA Ell4 =

= 2E4 cos @ H GOKOBOTO CMEUIEHHS, BbI3BAaHHOTO SKCLEHTPHCHTETOM BCEX TpeX caTes-
8

anToB, T.e. Ap= = E, cos a..

Tak kak NnepeyncjeHHble 3KCUEHTPHCHTETH ABJAIOTCA CJIy‘IaﬁHHMH (Heaaaumoaa-
BHCHMHMH), ne.necoodpaaﬂo NPHUMEHHTb KBaJpaTHYHOE CJIOXKEHHe, I'IoaTomy MOJIHOE CMe-

menne En = Ent + Ea3 + Ene + Eha + A2, wmn
2 2
El=E+E+ (—;—e cos a) + (2B, cos @) + (%E2 cos a) . (5.5)
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Ta6banunga 5.1

DKCUEHTPHCHTET DKCUEHTPHCHTET
nebeKTHOrO 3BeHa
nJaaBaollero 3BeHa NJaBaoOLEro BoAHJA
e Eue=%ecosa Ese=?2'¢
= _ E,
o Eur =51 Esl = Soosa
Ayy == 4
E2 u2 =3 Ezcosa AB2=—3—EZ
= _ E,
£ Fus = Fs Es3 = Soosa
Es Ey4 = 2E4cos o Egpqy = E4

BriBezeHHast QopMysa chnpaBeiJiMBa KaK INpH IVIaBAalOEM MajJoM LEHTPAJbHOM
KoJlece, TaK H NpH MJaBaiOUEM KoJece ¢ BHYTPeHHHM 3auemeHueM. IIpH muiaBalolieMm
BOJU/IE €r0 cMeleHHe GyZeT B 2 cOS & pa3 MeHblue, T, €.

- () et ()
E; = @ cos @) + 3¢ + E{ + 3 E)) . (5.6)

CMelenye miaBaliowero 3peHa Bhi3biBaeT ero nepekoc. HanGosee HeGiaaronpusTHHIM
clyyaeM SBJISeTCA TOT, KOTJa CMELIeHHS B y3/JaxX, Ha KOTOphle NJaBaiolliee 3B€HO OIH-
paercsi, HampaBJeHH B MPOTHBONOJOXHBE CTOPOHH. CuHTas STH CMEUIEHHS OAWHAKO-
BbIMH, NMOJYYHM yroa nepekoca 8 = 2E/I, rie | — aJuHa nJaBaiouero 3Bena.

[Mepexoc oceli BbI3bIBaeT 3a30pH MO KpasM 3y6heB, T. e. paGoTa HX CTAHOBHUTCS
aHaJIoTHYHOR 609K006pasHLIM 3y6bsaM. [IpaBaa, mpaKTHYeCKH CTpesa GOUKOOGPa3HOCTH
COBEpIIEHHO HHYTOXHa, BCe JKe ee BeJMUHHY cJelyeT NpoBepuTb Mo cdopmyne (4.31):

(66)2
= —,
32m (2, + 25) sind
Ilo BennunHe 3TOH CTpesbl MOXKHO YCTaHOBHTb JOMYCK Ha jerajsu MexaHusma, Ko-

HEYHO, 3TH JOMNYCKH 3HAYHTEJbHO 6GoJiblle, yeM JJS CTaTHYECKH Heonpene/JHMoro Me-
XaHH3Ma.

rae b — napHa 3yGa.

Mpumep. [Oaa nJaaBapoluero ueHTpasbHOro Kojeca m = 3; 2, = 20; 23 = 40; a = 20°;
¢ =20,2 MM; b =25 mMm; [ = 100 Mm; E, = E; = E; = E, = 0,05 mm.
Toraa no dopmyne (5.5)

Ei =E %+ Eg + (% esin a)2 + (254 cos a)2+ (—g— E, cos a)?;
E2 —2.0,05 + (% 0,2 sin 20")2 + (2:0.05 cos 20°)2 + (% 0,05 cos 20°)2;

Efl =2.0,05% 4 0,251% 4 0,094% 4 0,125%; El-l = 0,303 Mm;

2E 2.0,303 (25-0,00606)*

d=— =——— =0,00606; f= 32.3.60 sin’ 20° =0,0000998 MM =~ 0,1 MKM;

T. €. HeCMOTpPS Ha Takue 6oMbliMe AONYCKH, NPU chepHUYECKHX OMOpax CaTeJJHTOB cTpesa GOYKO-
06pa3sHOCTH OKa3ajach COBEPLIEHHO HHYTOXHOM, H, CJeAoBaTeJlbHO, MPAKTHYECKH SyObS HMeEIOT
JHHeAYATHIA KOHTAKT.

5.2. IONNYCKU B OAHOPAAHBIX MEXAHH3MAX

Ipenycmorpennie TOCT 1643—81 3HaueHMs HaMMeHBLIMX CMeLIEHHA HCXOAHOrO
KouTypa Ay M 3HaueHHs JONMYCKOB Ha CMelleHHe HCXOJHOro Koutypa Ty He TOJbKO
06ecneynBaioT CO3aHHe TapaHTHPOBaHHOTO GOKOBOTO 3a30pa jn, HO M YYHTHIBAIOT TaKkKe
BO3MOXKHBEIE TOTPELIHOCTH H3rOTOBJICHHS H MOHTaXa, BbI3BaHHBE OTKJOHEHHEM MeX-
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OCEBOT0 pacCTOSAHMA fq, GHeHHeM 3y6YaThIX BeHUOB Fr, OTKJIOHEHHEM B HarnpaBJeHHH
8y6beB Fg, OTKJIOHEHHEM OT NMapa/uIeNbHOCTH fx, MepeKocoM ocelf fy, OTKJIOHEHHEM OCHOB-
HOTO Wara Ha o6oMX Kosecax maphl fpb.

[MnaneTapHHM MexaHH3MaM Hapsily C YKa3aHHBIMH MOT'PELIHOCTAMH, YYTeHHBIMH,
CTaHJapTHHIMH IOMYCKaMH Ha 3y6yarhble niepejayuy, NPHCYIIH crieldHUecKHe IOT pelIHOCTH,
CBS3aHHBEIE C HaJHYHEM BOJHJA H HECKOJbKHX caTe/uInTOB. OHH TPe6GYIOT CelHaTbHOTOo
nmoaxoja K BH60p¥ K03GbdHIHEHTOB CMEIleHHsT H TeoMeTpHYEeCKOMy pacuery mepepad [7].

Mnanerapunil oxHOpAAHBLIA MexanH3sM 6c3 maaBalolHX 3BeHbeB. CrenudHuecKHMH
MOrpeIIHOCTAMH, NPHCYIHMH MHOTOCATE/VIHTHOMY IIaHETADHOMY MeXaHH3MY, SIBJISIOTCS
SKCIIEHTPHCHTET Boaus1a E4 W TaHTeHHUAJIbHOE NepeMellleHHe e, OnpelessieMoe JI0MyCKOM
Ha YroJ MeXJy caTeJIHTaMH. [lJf KOMIeHCalluH STHX MOrPELIHOCTe! HeOGXOAHMMO YMEHb-
UIHTh HOMHHAJbHYIO TOJIUIHHY 3yObeB KoJiec,

OnpefieJinM JOMOJHUTEJbHEA K03(pGHIHEHT CMElleHHst HCXOAHOro KoHTypa Ax,
YYHTHIBAIOLIHA TaHIeHIHAIbHOE NepeMelleHne LEHTpa CaTeJJIHTa H3 «HJeaJbHOro» Mojo-
XeHHs Ha BeduunHy Eqa. ITocKoabKy HanpaBieHus e W E; He3aBHCHMH, TO

Eu=Vé +E. (5.7)

LlenTpaibHbe KoJieca B MHOrOCaTe/VIATHOM MEXaHH3Me MOXKHO CYMTaTh 3acdHKCH-
POBaHHBIMH B IaHHEIA MOMEHT BPEMEHH OTHOCHTEJILHO ApYT Apyra. [lepemelnenne nentpa
care/uInTa Ha BeJHYHHY Ery BLI30BeT HajloxeHHe npodusel 3y6neB. HUto6hl c6opka
0Ka3asach BO3MOXHOM, HEOOXOAUMO YMEHBLIHTb TOJIIHHY 3yGbeB MO JAyre HayajabHOH
OKPYXHOCTH Ha BeJHYHHY

jio = 2Ezs. (5.8)
BokoBoft 3a3op mo KoHTaKTHOfl HopMajin
Jn = Jw COs &y (5.9)
HononnuteabHblll K03bOHUUHEHT cMelleHHs, obecneunBaoWui j,,
in
Ax' = Smsing (5.10)

JononHuTeAbHER KO03(Q(HUUHEHT CMELIeHHs] MOXeT GHhiTh OTHECEH KaK K LEHTpalb-
HOMYy KOJecy 2;, TaK H K CaTeJlIuTy 2. IIpu mepenaTouHOM uuc/le MeXaHH3Ma u > 3
M Mano3y6oM KoJece 2; yMeHbllleHHe KodbhHIHMEHTa CMelleHHs X; MOXET BhI3BaTh HEAO-
NycTHMBIA mojpe3 8y6beB Koseca 2;, B 3TOM cuayuyae uesecoo6pasHO KOMIIEHCHPOBATb
MOTPELIHOCTH 33 CYET YMeHbIIeHHH K03(p(HULUEHTa CMeLIeHHs CaTeNnuTa, T. €, MPHHATh
Ax; = Ax’, xaK STO H CIeNaHO HHXe,

KoshpuuueHT cMmemeHns caTelInuTa

X5 = Xg — Axj. (5.11)

Tpu npoBepke reoMeTpuuecKHX MOKa3aTe/edf KauecTBa 3alleIVIEHHH CJelyeT y4HTH-
BaThb BO3MOXHOCTb COBIAJIeHHs HaNpaBJieHHs SKCLeHTpucuTeTa E, BOAMIA C JIHHHER
LeHTPOB.

Maanerapunfi MEXaHH3M C MJIaBAIOWHM 3BeHOM. PaccMOTpHM BIHSIHHE KaX[IOro
M3 JIONYCKOB, MNDHCYUIMX [MJIaHETaDHOMYy MeXaHH3My, Ha [epeMelleHHe IJIaBaIOLIEr0
3BEHA 2; U CBSI3aHHOE C S5THM NOTPeGHOe M3MeHeHHe FeOMETPHUYECKHX NapaMeTpoB Kosec,

Honyck Ha LeHTPaJbHHHA yroal MeXAY CaTeAJHTaMH
(puc. 5.6, @) BHI3LBaeT nepeMeleHHe NJIaBalOLEro 3BEHA Z;, ONpejieJleHHOoe 1o GopMyae

Epe = —g-e €08 Oyy.

TTpu STOM MEKOCEBOE PaCCTOSIHHE G, B SAUCIVIEHHH 2, YMEHBUIMTCA A0 BEIHUHHH
" " ’
a, = 0, 0 ~ 0,B. Torna
" o
g 19 = 84 — Eq cos (30" —a,,). (5.12)

Yron 3sauenyieHHs YMEHBUINTCA A0 3HAUYE€HHA

Oy 1g = Arccos M'LS)_ cosa | . (5.13)
Ay 12
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Puc. 5.6. Cmemenue naasaio-
mero Koseca B SaBHCHMOCTH:

@ — OT TaHreHIHaJbHOTO CMe-
IeHHs1 e caTeanauta; 6 — oT
SKcUeHTpucHTeTa E, BoAu-
Ja; 8 — E; CaTeJUVIMTOB, & —
E, Bennta; 0 — E; KoJeca

Yro6el nepeMellieHne IJ1aBamwulero 3séHa He BhISHIBAJIO S3aKJHHHBaHHs ME€XaHH3Ma,
Heo6X0HMO YMEHbUIHTh TOJNLHHY 3y6beB 1O CpaBHEHHIO C €e TEOPDETHYECKHM SHaY€HHEM.
Takum 06p330M, NnpH HAEAJbHOM pACMOJOXKEHHH LEHTPOB KOJIEC BO3HHKaeT HeKOfl‘Opblﬁ

]

GoKOBO# 3a30p, KOTOpBIt JO/IKeH GBITb TaKHM, YTOGH MPH MEIKOCEBOM PACCTOSHHH @y, 1o
L4

sallelieHHe 2, 2 cTajio 6essasopHbiM. [Jonomnnreabubiit KoahguuueHT cMemenns Ax, (@9

KOMIIEHCHPYIOIIUI YMeHblIeHHe MeXO0CeBOr0 PacCTOSHHUSA,

(inv oy o — inv @) (z; + 2,)

Axole) = % + x5 — Tiga

. (5.14)

DkcunenrpucureT E, BoaHaa Bh3uBaer (cM. puc. 5.6, 6) nepememe-
HHe IUIaBalollero Koseca 2; Ha BeqnunHy Epy = 2E, cos 0. Ipn 5TOM Bce MexoceBhle
paccTosiHus u3MeHnsarcsi. Han6osbluero JOMOJHHTENLHOTO KOI(OHUHEHTAa CMemEeHHs

"
L5l KOMNEHCAllMH H3MEHEHHS MEXOCEBOTO DacCTOAHHs TpeGyeT 3alemVIEHHE Zy, 2.
MexoceBoe paccrostHHe B STOM 3alemyieHuH (cM. puc. 5.6, 6)

ag o = 0, B = a,,— E, cos (2a,, — 30°). (5.15)
Mo Buipaxenuio (5.13) ompexeaum yroa a;w, no Beipaxenuio (5.14) — nonoaun-

TenbHbifl  Kospduument cmemenns Axy (.

dkcuentpucurer EgcaTeaauTOB B CaMOM He6JIaronpusITHOM Caydae
BBI30BET MepeMelleHHe IIABalOLEro Kojeca 2; Ha BEJHYHHY

Aug = % Ej cos agy.
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IMpn onpenenenuH H3MEHMBUIMXCS MEXOCEBbIX PACCTOSTHHH yyTeM JIHIUb MepeMelle-
une Ape NIJIABAIOLIETO 3BeHAa, TaK Kak OueHne Ey 3y6uaThIX BEHIOB CTaHAAapTH30BAHO,
Ilo puc. 5.6, 6

81 =, — Ay cos (30° —ay,). (5.16)

"
ITo Bupaxennam (5.13) u (5.14) ompenennM COOTBETCTBEHHO Gy H Axy (g,
Skcuentpucuter Eg Kosmeca zz BH3OBET NepeMelleHne NJaBalOUIero 3BeHa 2

Eys = Es. (5.17)

Buenne Ey 3y6uaToro BeHLa CTaHAapTH3oBaHO. HammeHbliee MexkoceBoe paccrosi-
HHe MPH NepeMelleHHH NJIaBalouero 3BeHa 2, Ha BeJuunHy Eyg B caMoM HeGnarompHsT-
HoM cayuae (puc. 5.6, 2) cocraBHT

0;0' = a:, 2= Ay = Eua' (5.18)

LJ

Yron 3aueMVIeHHst Gy M AOMONHHTENbHbIH KOSGOHUHEHT cMemenus Axy g,
KOMMEHCHDYIoWuR nepeMelieHue 2;, OMPeAeIHM COOTBETCTBEHHO MO BhIpaxkeHHsM (5.13)
u (5.14).

Akcuentpucurer Ej Komeca 2; CTaHAapTH30BaH.

IMockoMbKY paccMOTpeHHBIE€ MOT'PElIHOCTH SBJSIOTCA CHAYYaRHBIMH, HE 3aBHCAIIMMH
JApYr OT JApyra, CyMMapHBbI JONMOJHHTEJbHBIA KO3(pdHLHMEHT CMelIeHHS MOXeT GObiTh
NoJy4eH KBaJpPaTHYHBIM CJIOXKEHHEM:

Aty = VAR, + A2, + A5, +AZ e, (5.19)
Koapduuuent cMemenns careninta
Xy = xy— Axy. (5.20)

HauMenbliee MexXoceBoe paccTOSIHHE NMaphl BHELIHEro 3allelVIEHHS Qgis min MOMKHO
"
ONpeNIeNINTb MO HafileHHOMY 3Ha4YeHHIO X, MO H3BeCTHHM 3aBHcuMocTaM (5.10) u (5.11).

Koadduuuent nepexpuTus €, ciefiyer NpOBEpPHTb MO HauGOJbLIEMY 3HAUYEHHIO, KO-
TOpOE MOXKET NMPUHATH B pe3yJibTaTe «IJIaBaHHS» KOJIEC MEXXOCEBOTO PacCTOAHH A Gyia max.

5.3. TPEHUE B COEAMHMTEJIbHBIX MEXAHHU3MAX

CaMoycTaHaBJIHBAIOMEeCsT 3BEHO COEAUHSIOT C NMPHBOAHLIM BaJOM MPH NMOMOLIH MO-
IBHXXHOT'O COeAuHEeHHs (3y6uaToro KapAaHa, My¢dThl OubareMa, LWIapHUPHOTO KapAaHa).
TpeHne B NOABHXKHOM COGJMHEHHH HapyllaeT PaBEHCTBO CHJ, AGHCTBYIOMIHX Ha caren-
autsl (puc. 5.7).

O6o3Haynm: Q, — cpefHsas OKpyXKHas cuia; Qi, Qp m Qz — HOpMAJbHBE CHJH,
nepe/aBaeMEle caTeJJIHTaMH; F — CHJa TpEHHA B NMONBHXKHOM coefuHenuu; P — yroa
Mexnay stoit cuioit u Q. 30

— 0
Torna Qi +Qa + Qo = -
IMpoektupyeM cuabnl Ha HanpaBieHne Qy:

_Q1+_Q’-2I_—Q3+Fcosﬁ=0,

YMHOXHMM NOC/IEHee BbhIpa)keHHe Ha JiBa H BBHIYTEM H3 MEpBOro, MOJYYHM

3Q; — 2F cos’ =ﬂ—

cosa *
Orciona Haitnem 0 0
o —

Q=5 + 3 Freosh.

PaCCMOTpHM, KaK 6y,lly'l‘ H3MEHATBCA CHJILI, NepenaBaeMble CaTENNHTAMH, Y OAHO-
PAAHOro IJIaHETapDHOTO ME€XaHH3Ma G IJIaBAIOIHM LEHTpaJbHbIM (COJ!He‘lHHM) KoJiecOM
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Puc. 65.7. BauaHHE TpPEHHA Ha
CHJbI, mNepeAaBaeMple caTeaau-
TAMH

BCJIEACTBHE TPEHHA B COeJHHHTEJbHOM MexaHusMe. IIpH akcueHTpucureTe Boiuna E
IiaBaollee Kojseco cmecTHTC Ha Epg = 2E,cos 0 B HanpaB/eHHH, COCTaBJAIOLIEM
yroa1 o c HanpaBjenueM E,. Ilpu BpauieHnu BoauJa IEHTP MVIaBalollero Kojeca 6ynaeT
IBHTaTbCA MO OKPYIKHOCTH paauycoM Epy c TeM 3Ke MepHOIOM, T. €. MOJI0OXKEHHe IeHTpanb-
HOTO KoJleca OTHOCHTENbHO BOAWJIA He MeHsercs. 3HauuT, § = const, a cuas Qq, Q,
H Qg GyLyT MOCTOSAHHBIMH, HO, KOHeyHO, He paBHbIMH. CoBepllIeHHO Tak e Gyfger oG-
CTOSTh JeJI0 TpPH TaHTeHUHAJbHOM CMEIeHHH caTeJIuTa,

PaccMOTpPUM SKCUEHTPHCHTET ornopHoro Koseca Eg, KOTOpbIif MoXeT 6HITb 0cOGeHHO
BEeJIHK, TaK KaK Ha Hero BJIHSET TOYHOCTb HeCKOAbKHX coeluHeHHA. OT SKcueHTpH-
cureta Eg lleHTp NU1aBalolero Kojeca cMecTHTCH Ha Eng = Eg B HanpaBJIeHHH NOA YIJIOM
20 ¥ GymeT ocTaBaThCA HEMOABUIKHEIM. [losToMy lh 6yleT paBeH yray MoBOpOTa BO-
Anaa, a cuibl Qy, Qg 1 Qs 6yAYT H3MEHATBCA 10 CHHYCOH/aM NepBOro NOpAAKa, CABHHYTHIM
OTHOCHTEABLHO Apyr Apyra Ha 120°,

AHanorHYHBIM 06pa3oM B 3aBHCHMOCTH OT SKCIEHTPHCHTETa ILIaBAIOLIETO KoJeca
cuabl Qp, Qg 1 Qg GyAyT H3MEHATbCSA MO CHHYCOHMAAM C NEPHOAOM, PaBHEIM OJHOMY 06O-
POTy 3TOro KoJieca OTHOCHTEJbHO BOJHJA,

Mpn p=0 Q= —_ 1 2F,

cos o 9

Hafinem xosadduuuent Bo3pacTaHUst CHJ, T.e€, OTHOWIEHHE MAaKCHMAJbHOH CHJH
K cpeiHeii:

Q= gi _— Q=l+%%cosa. (6.21)
cos o

B my¢re Oubarema (cM. puc. 5.7)
F =3Q, .r’L : (5.22)
M
re rny — cpelHuit paauyc MydTHI.
[loncraBass sTo Bhipaxenue B dopMyay (5.21), noayunm
Q=1 +2ﬁ-fcosa.
™

Ipu f= 0,1, npuuss -:L cosa =1, moayunm Q= 1,2,

M
Eciiu yuecTs, 4To 6€3 ypaBHHTE/JBHOTO MeXaHH3Ma MPHUHATO CHJALI CYHTATD AeACTBY-
IOLHMH Ha JIBa CaTeJJIHTa M3 TpeX, TO MpaKTHYeCKH My¢Ta OJbireMa HHKaKOTO ypaBHH-
BaHMA HE JaeT H NpHMeHATb ee He caeayer, Mckmiouenne Gyjer B TOM ciyuae, eciu
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NOJA3yHH B Hell 3aMEHHTb POJMKaMH Ha MONWMMHHKAX KaueHHs. TaKue MeXxaHH3MBI
npennoxens 10, A. TpuHOM, H MX NPUMEHSAIOT B IJIaHETAPHBLIX MeXaHH3MaX, COCTABJIEH-
HHX H3 JBYX KOJec BHYTpEHHero sauemnjeHus (cM. puc. 5.23).

3y6uaThli KapiaH HaK/JaJhBaeT TPH YCJOBHS CBSI3H — MepejaeT CHJH MO JABYM
OCIM H MOMEHT BOKpYT TpeTheil ocH, T. €. siBJIseTcs KuHeMaTuuecKofl mapo#t /11§ Tperbero
knacca. Ho ecin B HeM MocTaB/IeHH OTpaHHUYHTE/bHBEIE KOJIbIA, TO KapllaH MOXeT nepe-
laBaTh CHJIy H 1O TpeTbeil ocH. [TosToMy 8yGuaThiii KapAaH C OrpaHHYHTENbHBIMH KOJIb-
uamu Gynem cuutath nmapodt /Vg uerBepToro k.acca.

Ins ymenbienus koagpduuueHTa Bo3pacTaHHs CHJI AJIHHY KapAaaHa ! crepyer 6patb
BO3MOXHO GoJblllell (YTO BHI3LIBAET YBeJMYeHHe raGapHTOB), a 7 BOSMOXHO MEHbUIHM.
INosToMy BhIrOfHEe Bcero mJaBaioOMM 3BEHOM JesaTh MaJioe LEHTpajibHOe KOJeco M
XyXe Bcero GoJblioe onopHoe. [ln1aBaioiee BoauaO 3aitMeT NpoOMEXYTOYHOE MeECTO.
MopcunraeM Ko3hhHUHEHT BO3pacTaHHA CHJ.

Ins opuentnpoBouHoro pacuera BossMeM My = 0,1 M. Toraa

— MM — O,IM — 0,1'3Qor

F= [ ] *
IoncraBuB sto 3uauenne B dopMyay (5.7), monyuum
Q=1+021-cosa. (5.23)

Sty ¢opMyay cliefiyeT paccMaTpHBAaTh KaK OpHEHTHPOBOUHYlo. ITpn MaJjoM muiaBaloLieM
r
LeHTPAJILHOM KOJece BO3bMeM —— == — U a = 20°.

[ 10
W3 ¢opmyam (5.23) Haifinem Q=1+ 0,2 —l%cos 20°=1,13, 1. e, 3nauenue Q

Bospactaer Ha 13 %. UTo6H ero ymeHbWHTb, HaJ0 YBEIHYHTH JJIMHY KapAaHHOrO Baja.
r
Ipu nraBajoueM ONMOPHOM BeHlle BO3bMeM T=7= 4 uu3 dopmyan (5.23)

nonydum Q = 14 0,2-4 cos 20° = 1,75, 1. e. 3nauenne Q Bospacraer Ha 75 %. [lo-
STOMY TaKoe YCTPONCTBO MOXET KOMIEHCHPOBaThb TOJNbKO SKCIEHTDHCHTET caMoro Omop-
HOTO KoJeca, TaK KaK 3Ta KOMMEHCalMsi MPOHCXOAMT OAMH pa3 NpH Nycke, H TPeHHE
3leCb He BJHSeT Ha pacrnpefiejerne cui. KoMmeHcHpOBaTh HETOUHOCTb APYTHX 3BEHbEB
OHO He MOXET, TaK KaK 9TH 3BeHbs BHI3HIBAIOT KOJIEGATENbHOE JBHIKEHHe OMOPHOro Ko-
Jeca, # TpeHHe B 3y6YaToM KapjaHe 3Jecb NpOSBJAseTcs NoJHOCThio. [IpaBna, snmech
He yuTeHa ynpyrocTb BeHILa, KOTOpas HeCKOJbKO BHIDaBHHBAaeT HAarpysku. PaccMOTpHM

CHJIbI NIPH IIAPHUPHOM KapjaHe (puc. 5.8). Harpyska Ha mun KapnaHa paBHa 3201'{ .

MomeHT or TpeHns B KapjaaHe (c yueToM paGOTH ABYX LIHIIOB) paBeH
3Qr m | dy
23212
3neck TpeHHe (/15 3anaca) B3sTo M0 GopMyJre HOBOM LandH ¢ NpuBefieHHHM Kospduimens
TOM TpeHHus 2if.

IpuBenenHas cuna TpeHHs
3“00’ d‘(f

F e Rl (5.24)
MoncraBuM 310 3HaveHue B ¢opmyay (5.7):
_ nor dyg
Q=1 +T—I-?fcosa. (5.25)
Ipn ;— =0,7 (kak u Bume), f=0,1 u %=% no ¢opmyde (5.25) noayunm

Q=143 0,7 50,1 cos20° = 1,021.



Tpenue 8 coeOuHUMeNbHOIX MEXAHUBMAX 207

J camennuma

e

Puc. 5.8. MexaHHW3M C WIADHHUPHBIM
KapaaHom

Puc. B5.9. UllapHupHbie COefHHH-
TeAbHble MEXaHH3M bl

ToabKO TPYAHOCTD  KOHCTPYKTHBHOrO  O(OPMJIEHHA  MelllaeT NPHMEHUTb STy

cxemy.

){Jm YMeHbLIEHHS TPEHHS MNPHMEHSIOT WIApHHDHHE COEJHHHTEJbHBIE MeXaHH3MBbI.
Hix xkoHcTpyKuMs moJyuyaeTcs OCOGEHHO NpPOCTOH, €C/IH NJIaBalOUHM SBJISETCS OINOPHOE
3BEHO,

Ha puc. 5.9, a nokasan wapHupHbifi MexaHusM, npejnoxenHsilt I'. A, AHonoBEIM
n A. ®. KpaiineBriM 1as MoTop-GapaGaHa; Ha K:c. 5.9, 6 uso6paxena 6oJjiee KOMIaKT-
Hasi CcXeMa, NOBTOpSIOLUIas CXeMy MeXaHH3Ma AJIbCTOM, NPHMEHSEMYIO B JIOKOMOTHBAX.

IMpuMeHslOT M THApaBJHYECKHE COEJHHHTENbHbIe MeXaHH3Mbl, KOTOphle OJHOBpe-
MEHHO BHLIPABHHBAIOT Harpy3Ky MeX1y AByMs BeHHauu (puc. 5.9, 6). Llunuunpsr coenu-
HeHbl LIADHHPAMH C KOPIYCOM, NOSTOMY TPYGKH AOJKHH GHTb THOKMMH. IIITOoKM HMIHH-
JIPOB TaKXe COeAHHSAIOTCA MeXJy oGO0k LIapHHPOM B TOYKE NMPHCOEAHHEHHS HX K BEHILy.
Ipu nmepenaye MoMeHTa paGoTaeT oiHa I'MApaBJHYECKass CHCTeMa (OJHO YCJIOBHE CBSI3H),
KOTOpasi BHIpaBHMBaeT HAarpy3KH B YeThlpeX UMJIMHApaX. B npyroft cucreme naBieHne
B STO BpeMs OTCYTCTBYeT.

B KOHCTPYKUMH JOMKHO GOHITb NpPEIyCMOTPEHO YCTPOACTBO, KOMIeHCHpYIollee
yTeYKH Macja.

HckiiounTh BIIHAHHE TPEHHA B COCAMHHTEJbHBIX MEXaHH3Max MOXHO, ecjH clesarhb
NJIaBAIOIHMH BCE TPH OCHOBHBIX 3B€Ha — LEHTpaJIbHOE KOJIECO, BOAHJIO H BeEHel.

PaccMoTpHM OZHOPAAHBIA MEXaHH3M C LEHTPaJbHLIM KOJIECOM, IIaBAIOWIHM Ha ABOH-
HOM 3y6uaToM KapjiaHe; SKCUEHTPHCHTeT sToro koaeca Ej (puc. 5.10, a). IlnaBaiouee
KOJIECO 3afiMeT LeHTpaJbHOe NOJIOXKEeHHe MeXJy TPeMs CaTeJJIHTaMH H OyleT BpaulaThcs
BOKPYTI CBOEro reoMeTpHYecKoro LEHTpa, a KapAaHHHIH Baj GyJleT ONMHCHIBAaTb KOHHYe-
CKYIO moBepxHocTb, MexanuaM 6yjer pa6oraTh Tak, KaK GYATO OH HMeeT HJeaJbHOe IeH-
TpajabHoe Kojeco. Benymuit kapaaHHbIfi BaJl M LeHTpajJbHOE Koseco GYAyT BpallaThCs
KaK OJIHO Lie1oe, H TPeHHs B 3y6yaToM KapJaHe He GyJeT. DKCLEHTPHCHTET BHI30BET LeH-
TPOGEXKHYIO CHJY, TMOSTOMY Hajo CJIeJuThb, 4TOObl OH G6bl1 HeGoubiiofi. [Ipu ABOiHOM
KapjaHe GYLyT yCTPaHeHH H NMEepPeKOCH LEeHTpaJbHOro KoJeca.

CoBepuieHHO HHaye  GyfaeT paGoTaTh MeXaHH3M, €CJH 9KCLEHTPHCHTET GyJeT y UeH-
TPaJbHOTO KoJleca, a MJ1aBalolMM 3BeHOM 6y eT BoAuJIo KK Beren (puc. 5.10, 6). B atom
chyyae KapJaHHbie BaJibl BOAWJIA HJH BEHIA TOXE GYAYyT ONHCHIBATh KOHHYECKHE MOBepX-
HOCTH 33 BpeMsl OJHOTO 060pOTa LEHTPaJbHOro Kojeca, OfHAKO STOT NepPHONX He COBMa-
JlaeT C DepHOJAOM 06OpoTa MJIaBalowero 3seHa, BceJejacTsHe 3TOro BOAHJIO, KapAaHHBIH
A BeIOMHI Bajbl He GYAyT BpalaTbC KakK OAHO lesoe. [TosToMy B coepHHHTENbHOM
MeXaHH3Me BO3HHKHET TPeHHe.

Boo6le Kaxnoe miaBaioliee 3BeHO yCTpaHsSeT CBOM JedeKkT 6e3 TpeHHs, a AedeKTH
APYTHX 3BEHbeB YCTPAaHSET C TPEHHEM B COEAHHHTENbHOM MexaHn3Me. KoneuHo, mnpn
TPeX MJIaBAIOUHX 3BEHbAX GYAYT MECTHbe NMOABHMKHOCTH, HO OMMIT M0Ka3aj, 4TO B TaKHX
MeXaHH3Max He BO3HHKaeT KoJie6aTeJbHBIX MPOLECCOB, TaK KaK OHH XOpowlo AeMmngH-
pyiorcss TpeHueM B 3y6bsax. Kpome TpeHus, Ha paGoTy YpaBHHTEJbHOIO MeXaHH3Ma
MOTYT TMOBJHATD H CHJH HHEPLHH,
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a)
Puc. 5.10. JiBMxeHHe COEJUHHTENbHOro MexaHH3Ma:
a — NpPH SKCUEHTPUCHTETe NJaBaiollero 3BeHa, 6 — NMPH IKCUEHTPHCHTETe APYroro sSseHa

KappanHblfi mapHup MoXeT pacnosiaraTbcsi B INIOCKOCTH 3y6uaToro Koseca (CM.
uc. 5.10, @) uiu GHIThL CMelleHHEIM Ha LJIHHY KapAaHHoro Bajia (cM. puc. 5.8 u 5.10, a).
X BJIHSIHHE HA CTPYKTypy MeXaHH3Ma COBEpLIEHHO pa3JHYHOe,

Kaxnplil IOCKOCTHBI KapliaH yCTpaHseT ABe yIJOBble H3GHITOYHbE CBsA3H. B ofHo-
PANHOM MeXaHH3Me MOXHO [IOCTaBHTb Ha ABa 3BeHa JBa IJIOCKOCTHBIX KapjaHa H ycTpa-
HHTb YeTbipe YIJIOBble H3GHLITOUHBIE CBA3H.

Kaxnapiii cMeueHHbI KapiaH (3a cyeT NMOBOPOT2 KapAaHHOTO Bajia) yCTpaHsSeT JBe
JInHeiiHble H3GBITOYHbIE CBA3H, KOTOPBIE CO3JaI0T HepaBHOMepHOE pacnpefieeHHe Harpy3Ku
MeX]y caTeJUIHTaMH. YTJOBbHIX H3GHITOUHBIX CBfi3el OH YCTPaHATb HE MOXET.

IlocTaHOBKa BTOpPOro CMEMIEHHOro KapJiaHa Ha BTOpoe ITaBaiollee 3BEHO (fBa MJIa-
BaIOIMX 3B€HAa Ha JBOHHBIX KapJaHax) He YCTPAaHHT YIVIOBbIX H3GBLITOYHBIX CBA3eil,
a co3jacT JBe JHHeilHble MoONepeyHble NOABHXKHOCTH (CM. puc. 5.4, a—a@).

5.4. CWJIbl TSA)XECTH H PACIIOPHBIE

PaBHOMEpHOCTb pacmpefeJeHHst Harpy3KH MeXAy CaTeJJIMTaMH HCKaX<aeT H CHJa
TAXKECTH IUIaBaioulero 3BeHa, PaccMOTpHM, KaK BJHSIOT Ha 3TO MCKa)KeHHe pasMephl
MeXaHH3Ma, KOTOphleé MNpONOPLHOHaAbHbB MoayJio m. Cuja TsxkecTu (Bec) 3y6uaToro
KoJleca, KOTOpbIH, KaK OGBIYHO, 6yJAeM CYHTAaThb NPOMOPUHOHANBLHEIM OGBEMY AeJNHTeNb-
HOTO UMJHHApA, 6yner

nd? L1 T
G = pgV = vg —— b = 7 pg (m2)* Ymm = - pgz*Pmm?,

T. €. IPONMOPLHOHANEH Ky6y MOAYMI0. ITO MOXKHO 6blIO 6bl MOJYUHTb Cpasy H3 NMOAOGHA
pa3MepoB PeLyKTOpOB, Jaxe He Jejas NMpHBEJEHHOTo Bhillle JoNylleHHs. PaccMorpum
IBa MexaHH3Ma a W b, mapaMeTpsl KOTOpbIX 6yneM 0603HayaTh COOTBETCTBYIOUIHMH HH-
nekcamu. Toraa

3
Ga ma
G e

OkpyXHble CHAH NpH pacyeTe Ha M3ru6 Haitzem u3 [27]:

3 SOVFKM
2Ym [O]y ’

rae Yr — koapduunent ¢opmu 3y6a; K — Koapduuuesr Harpysku; M = Q-g— -

nepeaaBaeMbiit MOMeHT; P, = b/m — Koadduunent AJAuHH 3y6a; [0], — Hanpskenue
u3aruba.

MoxcraBasast B oty dopmyny sHavenus M u d = mez, noayuum

YFKQ

=V Yol
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Jlna MexaHu3MoB @ H b

YikQ . 1/ VK@
fMa = 1/ Ym [0]y’ Mo = Ym [0]a’
oTKyAa p— \
Mo _ 1/ 2 pu Qa _ Mo
=V 4w & .20

T. €. 3aBHCHMOCTb He KyGuuuas, Kak B c¢opmyae (5.26), a ksaaparHas.
Takan e 3aBMUCHMOCTb NOJAYYaeTCHA NMPH pacueTe Ha KOHTAaKTHYIO MpouHocTb, U3

(27
q u=+1l
on = ZnZmZ ]/— 1=
H HLMLE 4, PR
Tie 0, — KOHTaKTHOe Hanpsxenue; ZyZ, Zy — Ko3pdHUKEHTH, yuuTHiBalomue HopMy
COMpPHKACAIOWIMXCS MOBEPXHOCTEN, MeXaHHUYeCKHe CBOHCTBAa MaTepHaJioB KoJec H TOPLO-
23
Bblit KO3p(HLHEHT NEPeKPHITHA; U = Sov 4= dy =mz;; Y= -
1
[MoacTaBasia 3TH 3HAuEHHA, TNOSYYHM
Q u-+1
on = ZuZmZ ]/—_—--_
H HIMZZ Yoz u
OTKy/a

_ ZnuZmzz 1/ EEL m
m= = s Va.

2
m

nonyqum-ﬂ‘l—= V Qa 0} Qq =~—'2’-, T. e. Ty ke dopmyay (5.27).
mp mb

Qb Qs
[Monenns ¢opmyay (5.26) na (5.27), Haiizem
G G m

F. €. ueM 6oJblie MOAy/lb (pa3Mep pelyKTopa), TeM GoJbllle CHJIA TSAXKECTH MJaBaloLUIEro
3BeHa HCKaXaeT pacrpeje/eHHe Harpy3KH Mex1y carenjutamu. [loatromy npu GoJb-
IWHX MOAYJAfAX 0CcoGeHHO Ba)XHa Majas Macca IVIaBalOLIEro 3BeHa, T. €. B KauecTse
TJ1aBaloIIEro 3BeHa HEeo6XOJHMO 6paTh COJHEYHOe KOJeco, a He BeHel H He BOAHJIO.
B uspecthom Mexanuame llltekuxta 3To ycsiosue Hapyuweso (cM. § 5.5).

CKa3aHHOE NOJIHOCTBIO OTHOCHTCA K MeXaHH3MY C FODH3OHTAJbHLIM BaJOM C TpeMs
NPOMEXYTOYHBIMH  (Mapa3HTHBIMH) KOJIECaMH.

B MexaHH3Max ¢ BepTHKaJbHbIM BaJOM CHJIA TSXKECTH IL1aBAIOILETO 3B€Ha HE BJAHSET
Ha pacnpejie/leHHe Harpy3KH Mexay cateaantaMu. OIHaKo LeHTpOGeXHble CHJBI caTe-
JIHTOB, XOTA M He BJHAIOT Ha pacrnpejieJleHHe Harpy3KH MEXAY HHMH, AOJMKHBI GbITh
YUTeHHl NPH NPOEKTHPOBAHHH, OCOGEHHO Y GBLICTPOXOAHBIX PElyKTOPOB, Ije OHH Ghl-
BaIOT OYeHb BEJHKH.

CpaBHHM LeHTpOGeXHbIe CHJIBI CaTeJJIHTOB AJS JABYX CJy4aeB: NPH OAHHAKOBHIX
YTJIOBHIX CKOPOCTAX BOAHJIA H NpPH OJHHAKOBHIX OKPYXXHBIX CKOPOCTAX LEHTPA cares-

auTa,
Hdas mepBoro cayuas L] = m2m-z—!+721-9—%1, OTKyaa
M _ ma Ga

Ly my Gp*
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4

. G, 1, m,
INoncrasanss ciopa u3 ¢opMyan (5.26) shaueHue , nonyysM ——— = ——, [loge-
Gp Ly mt
auB Ha ¢dopmyay (5.27), nmeem R
Lla Ub ma
P L R 5.29
Q Qb m;: ( )

T. €. NPH OJHHAKOBBIX YIJOBLIX CKOPOCTSIX BOAHJA BJIHSIHHE LCHTPOGEXKHOM CHABI HA
pacnpejesieHne HarpyskH MeXAy HUMH NpONOPUHOHANLHO KBaapary MOAYAs.

Vs

2 2 W81
m I‘; 2 B

L, my G,

Ly my Gp )

Jas Broporo cayuas L= OTKyAa

IoactaBnsa u3 ¢opmyarr (5.26) snauenue Ga noJay4YHM

Gp’
ua _ mp ”l?l _ m121 .
Ly my m:z mf, ?
nogennB Ha ¢opmyay (5.27), nainem
ua . Ly —
Qa Qv ’

T. €. NPH OJAHHAKOBHIX OKPYMHbIX CKOPOCTAX LEHTPA CaTeJJIHTA BAHSHHE LEHTPOGeXHON
CHJL Ha pacnpeiesieHHe Harpy3KH He 3aBHCHT OT MOAYJA.

OCHOBHEIM HeJOCTATKOM NPOCTOil nepefaun ¢ GO/bLIMM YIJIOM 3allenJIeHUsl CYUTAIOTCH
Gosbllie pacnopHbie cuanl, MHaue o6CTOMT Jesi0 B NJIaHETapHbIX MEXaHH3Max C He-
CKOJIbKHMH CaTeJ/IHTaMH H B MEXaHH3MaX C HECKOJbKHMH TNapa3HTHBIMH KOJeCaMH.
Tam pacnophbie cHJIBI, JeHACTBYIONHE Ha COJHEYHOE KOJIECO, KOTOPOe K TOMY K€ OGHYHO
BLINOJNHAETCA NJABAIOIIHM, B3aHMHO YPaBHOBELIWBAIOTCA H HE MnepenaloTcs Ha Noj-
IWIHNHAKA., AHAJIOTHYHO OGCTOMT JeJ0 H C PAacCNOpPHLIMH CHJAMH, LeiCTBYIOIHMH Ha
BeHell BHYTPEHHETO 3allelyieHH s, KOTOpHIe TOXEe He nepefaloTCs Ha MOAWHIHUKK. B oaHo-
PANHBIX MEXaHM3MaX pacloOpHBIE CHJIBI, AEACTBYIOUHE HA CaTe/VINT (Napa3uTHOE KoJjeco),
NpY OAMHAKOBHIX YIJ1axX 3alleNJeHHs C COJHEYHbIM KOJIECOM H BEHLOM YPaBHOBEUIHBAIOTCSH,
TakuM 06pa3oM, B OJAHOPAZHHIX MeXaHH3MaX pPacnopHble CHJBI, IEHCTBYIOLIME Ha KO-
Jieco, YPaBHOBELIHBAIOTCA M HE HalPyMaloT NOAWHIHHKA.

B nsnaHerapHHX MeXxaHu3Max npH BhIGOpe YIJIa 3aUeNJEHHs B MHOrOCATENJINTHHX
nepefayax 3TOT yroa caefyer 6GpaTh G6GoJbIIMM, Y€M B NPOCTHIX Nepejaqax.

Ecnn yroan sauenneHnsi caTeJinTa C BEHIOM B3AThb Goablle, YeM B 3alENJeEHHH
C COJIHEYHEIM KOJIECOM, TO Pa3HOCTb PACNOPHBIX CHJA GyleT KOMNEHCHPOBaTh (MOJHOCTbIO
HAH 493aCTHYHO) LEHTPOOEKHYIO CHJY HHEPLUHH CcaTesJIHTa.

6.5. METOJ CTPYKTYPHBIX BJIOKOB

HccnenoBanue caMOyCTaHAaBIHBAEMOCTH METOLOM MOABHMKHOCTER B KOHType Io3-
BOJIfieT PasfieIbHO ONpefeJuTh BCE NOABMKHOCTH M H3GLITOYHHE CBA3H, a TaKkKe HX
MecToHaxoxeHne. IIpH HeGOJBbUIOM Yucjae KOHTYpPOB NpHMEHEHHE 3TOrO METOJa OueHb
onpaBjaHHO, B mJlaHeTapHBIX OXHOCTYMEHYaTHIX MEXaHH3MaX UYHCJO KOHTYpPOB, Kak
npasuio, 6, B xaByxcrynmeHyathix — 12, 18 u Goabuwe, T, e, ouenp Beanko. [losTomy
npu pacyeTe BaXXHO MAKCHMaJbHO YMEHBIUHTb YHCJIO KOHTYPOB.

Jlng wapHUpHBIX MEXaHH3MOB MNPpelJIOXKEH MeTOX CaMOyCTaHaBJHBalOUHXCA MNJo-
ckux cTpyKrypHeix rpynn — CIIC rpynn, 31eck OTAENBHO PacCMaTpPHBAlOTCS BHYTpeH-
HAg B BHewHAs ctpykrypn CIIC rpynnoi, Kaxnwit stan storo pacuera u 4MCIO KOH-
TYpOB B HEM 3HAYHTEJILHO YNPOLIAETCH.
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Puc. 5.11. CTPyxTypubie GnOKH RAaHETAPHLIX MEXaHH3IMOB (MECTHBIC NOABHXHOCTH B Tabauny
He BKJIIOYEeHb)

Ananoruunbiit npueM, paspaGotanHbifi aBTopom cosmectho ¢ I', A, UepHosoft, npex-
JIOXEH M B IVIaHETapHbIX MexaHu3MaXx. CTPYKTYpHylo Ipynny siech (4TOGbl He NyTaTh
¢ CIIC rpynnoil) OyaeM Ha3biBaTh CTPYKTYpHbIM GJoKOM. B KauecTBe cTpykrypHoro
610Ka BO3bMEM OJHOPSIAHbIA GJIOK SBEHBEB, COCTOAIMA M3 COJIHEYHOTO KoJleca, BEHLa,
BOJHJIA M TPEX CaTEJJIHTOB C MX moawunHuKamu (puc. 5.11, cxeMnt a u 6). INogumn-
HHKH LEHTPaJbHBIX 3BeHbEB (COJHEYHOro KoJieca, BEHLUA M BOAMJA) B STOT GJNOK He
BKatouatotess. Ecim onu ecTb (a npu naapalouux 3BeHbAX HX MOXKET M He GHTb), TO
HX TOABHXKHOCTb YYHTHIBaeTCfi Ha BTOPOM 3Tane pacyera,

Ha puc. 5.11 npusenesbl (a1 cnpaBoOK) JAeCATb NMPHMEPOB CTPYKTYPHHIX GJOKOB,
B TOM 4YHCJE H C M3ObITOYHBIMH CBSI3fIMH (CXeMbl @ M 6), TaK KaK OHM MOTYT MOHa-
ROGHTBCA IAs HCCTEN0BaHHA HENpPaBHJAbHBLIX KOHCTpYKuuil. Jis Kaxaoro 6;10ka gaHM
TabJHUBI TJOCKHX H HENJIOCKHX JIMHEAHbIX H YIVIOBBIX TNOABHXHOCTEH,

PaccmotpuM, Kak y nap [/, (3y6uaTbiX), a uX B OJHOPALHOM MEXaHH3Me ILeCTb,
pacnpefesisoTcs MOABHXHOCTH, KOTOpHIX 3aech 24. JIMHHA KOHTaKTa Bcex 3yG4aThiX
nap HanpasJeHa 1o ocH z (0CH BpauleHHs), NO3TOMY KaM/Jafl H3 HHX A3CT OJHY MOABHX-
HocTh f, m ommy f;, a Beero f, =6 u f, = 6.

Hopmanu ko BceM 3y6bAM pacnoJoxaTcs B IVIOCKOCTH BPaLUEHHSA X0y, HMEIOT pa3Hoe
Hanpas/ieHHe, HO pacnpeiesioTcss pPaBHOMEPHO B 5TO IJockoctH, [Ipu oy = 15°
paBHOMEpPHOCTh GyleT nosHas, ¢ HHTepBaioM 30°, mpu Oy = 20° uuTepBadbl GynyT
40°, 20° u 1. 5. CoOTBETCTBEHHO pacnpeleNsiioTcsi M YIJIOBBE TNOABHKHOCTH. OCH £
H Y 3Jlecb PABHONPABHbI, IO3TOMY €CTeCTBEHHO Pa3Jie/IHTh YIJIOBble NOABHXHOCTH IO-
posuy, T.e. B3uTh fy=3 u f, =3

Ananoruunbie coo6paxkeHHsi MMEIOT MECTO M NPH pPacnpeseseHHH JHHEeAHbIX IO-
ABmxKHocTed, T. €. f, =3 u f, = 3.

PaccmoTpuM Koco3y6Gbie MexaHH3Mbl — CTPYKTYpHbie GJIOKH 8 H & (cM. puc. 5.11)
€ Koco3y6biMu KapaaHamu V. BaxHo OTMETHTb, YTO HaKJOH 3y6a He BJIHAET HA Ha-
NpaBJeHHe TNOABHXHOCTEA, T.e. ocrairca Te xe fr =1 n f,=1L

Kocosy6uii kapaan paccynTaH Ha nepeiauyy MOMeHTa M OCeBOM cHJbl Ge3 Harpy-

XKEeHH YNOpHbIX KoJeu. IIpaAmo3y6uiii KaplaH NpH TeX XKe yCJOBHAX NepeiaeT TONbKO
MOMEHT, & OCeBble CHJH OYAyT HarpyxaThb KOJhUa, 9TO HEJONMyCTHMO.
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CTpyKTypHEIe GOPMYJIBI, Kaxe YTOUHEHHBIE, YUHTHIBAIOT BCE KHHEMaTHYeCKHe Naphl.
B crpykrypreix Gs0Kax 6 m e (cM. puc. 5.11) Bcero npenaauarte nmap I/, IMostomy
B STHX (OpMYJax MOXKHO 6paTb H CpelHee HalpaBJieHHe KHHEMAaTHYECKHX nap, B wer-
POHHBIX Nepejayax CpelHee HampaBJeHHe KHHEMaTHYeCKHX nap TaKoe Xe, KaK W B nps-
MO03yG6bIX, 4TO Ou€Hb ynpouiaeT pacyeT. KoneuHo, uncno nap // 3peck B iBa pasa 6oJblue,
yeM B NPAMO3YGLIX, ¥ COOTBETCTBEHHO YHCJIO NMOJBHKHOCTEH YABauBaeTcs.

B 1weBpOHHBIX Nepejayax HCINOJIHeH HEOOBUHbIA CJAYyYail 3aMEHH MOABHIKHOCTEN.
Sro 3aMeHa BpallaTeNbHOM NOABHIKHOCTH [, Yepe3 0CeBYIO JHHENHYIO f, yTeM BHHTOBOrO

JIBHXKEHH KoJeca (a He TOBOPOTOM) — OfIHAa HEMJIOCKO-IJIOCKasi 3aMeHa Ha KaXJoe
KOJIeCOo, STO MCKJIOYHTENbHBIA CHyyaf, KOTAa YIJIOBas NOABHXHOCTb SaMEHSETCH JIH-
HeftHoli; 0ObIMHO GbiBaeT HaoGopoT. Biarosaps Takoill 3aMene Harpyska Mexay noayiues-
pPOHaMH BHIPaBHHBaeTCH.

B nanbHefiueM Ha cxemax MexaHH3Ma G6yleM 0603HauaTb GJIOKM MajbiMH GyKBaMi
pycckoro ajadaBHTa M TeMH XXe GYKBaMH — MX TNOABHXXHOCTH Ha CXeMe NOABHKHOCTEH.
KunemaTnuecKkne napbl, He BolweAuwne B 6JIOKH, H HX TNOABHXKHOCTH, KaK OGbIYHO, GyjeM
o0603Hauath G6oOJbWIHMH GYyKBaMu.

Jaa yyera nopsmxkHocTeil B 6JiOKax fg 3anucbiBaeTca B TaGJHIly NOABHXHOCTER
CO 3HAaKOM MHHYC.

Yucao KOHTYPOB (InA KOTOPLIX HafO 4ePTHTb CXEMY NOABHIKHOCTEM) moJydaercs
KaK pa3HOCTb OGLIETr0 YMCJIa KOHTYPOB H YMCJIAa KOHTYPOB B CTPYKTYPHBIX 6JOKax (cM,
puc. 5.11), T. e. 3HauuTeNbHO YyMeHblaeTcs (B cpejHeM B TpH pasa). ITo cyule-
CTBEHHO YNPOLIaeT HCCAeOBaHHE, YTO HMEeT pelualoliee 3HaueHmue,

Ynpowaercs Takxe H TablHLA NOABHMKHOCTEH, B TOM uyucae ¥ Tabauua no yToy-
HEHHHIM CTPYKTYpPHBIM ¢opMyaam.

IloAcHHM 1NOJb30BaHHE CTPYKTYpHbIMM GJIOKaMH Ha NpHMepe OXHOPSAHOTO MJia-
HeTapHOro MexaHu3Ma (puc. 5.12): 1 — mo yrouneHHBIM ¢opMyaam; 2 — NOABHKHO-
CTAMH B KOHTYypax:

1. MoxeuxHoCcTe MexaHHsMa w = |, KOTOpylo 3anuchBaeM B cToJGew [; Gepem
610K a (cM. puc. 5.11) ¢ kg = 4. Ocraerca k= 6 — 4 = 2; NOABHXKHOCTH Ha SaMbl-
KaHHe KOHTypoB 6k = 12 pacnpenesnsiem Mexny Bcemu ctoa6uamu. [loasuxkuoctu 6Joka
fe = 5 GepeM u3 Ta6auubnl Ha puc. 5.11 u 3anuCHIBaEM B COOTBETCTBYIOUIHE CTOJIGLA!
CO SHAaKOM MHHYC.

B 610K He BouWIM Mmapbi AV H BV, T.e py = 2; HX MOABHXHOCTH SamHCbhiBaeM
B CTOJIGeL f;. B cTpoukax MoABHAKHOCTeN CO 3HAKOM MHHYC 1leJ1ecO06pPa3HO AJIA € UHCTBa

H Nepej HYJAMH Nucath 3HAaK MHHYC, a He MJIoC.

CymmupoBaHHe NPoBOAMM N0 cTon6uam. [Tonyuaem ¢ = 6; g, = 1; ¢, = 1, ¢/ =2
H l/'g= 2. Ciona Hano npu6aBuTh H3OHLITOYHHIE CBA3H M3 On0Ka g = 2. Bcero ¢ =
=6+2=28.

2. Bepem koutyphi Aa u aB. Tlapst A u B oaHoKouTypHbie. ITosTomMy Haunnaem
C sanucH uX NojABHXHocTeli f; = 2. Buaok a Bxoaut B 06a KOHTypa, NO3TOMY €ro
NOABHXHOCTH MHOTOKOHTYPHH. Y HEro f, = 2 — XBaTHT Ha 06a KOHTypa; IIOCKHX
nopBuxHocTell: f, =1, f; =1 un f; = | — XBaTHT TOJbKO Ha OIMH KOHTYp. ¥ ApY-
roro moayuntes f, =0 n f, =0, T.e. GyayT n3GHITOUHbIE CBA3H.

B kontype Aa GyayT ABe yrJOBblie MJIOCKHE NMOABHIKHOCTH — OJXHA NOALET Ha 3aMbl-
KaHue KOHTypa, ApYrasi Ha OGLLYI0O NOABHXKHOCTb MEXaHM3Ma. YTJOBHIX HEIVIOCKHX MO~
JBHXKHOCTeH B GsoKe a (cM. puc. 5.11) Her. [ToaToMy B cxeme Ha MecTe 4YETHIpeX STHX
noaBHXKHOCTeH GYAYT HYJH, T. €. H36bITOUHbIE CBA3H. KoHeuHO, H 3lech K MOJy4YeHHBIM
H36LITOYHLIM CBSA3AIM Hal0 NpPHGaBHTb M3GLITOYHBIE CBsi3H B GJoKe a (cM. puc. 5.11).
3aMeH MOJBHXKHOCTEH B 3TOH CXeMe HeT,

B KauecTBe cJeyIOUEro NpuMepa pacCMOTPHM OAHOPALHBIA MEXaHH3M C IV1aBaIOLHM
COJIHEYHBIM KOJIECOM Ha 3y6uaToM KapjiaHe H caTeJsiuTax Ha cdepuyeckux mapax /11’
(puc. 5.13). 3aeck 610K 6 (cM. puc. 5.11) 6yzer ¢ fg = 9 u g6 = 0. Ero noasmxHOCTH
(13 Ta6auUe HA puc. 5.11) BunmuileM B TaOAHLY M CXeMy NMOABHMXKHocTeH (cM. puc. 5.13).

B cTpoke M3GLITOYHBIX CBfi3ell MNOJYYHJHCh OTPHUATEJbHbHIE BENHYHHB YIVIOBHX
HenJockux cesseli, OHH MPeACTaBAAIOT cOoGOfi CBOGOAHBIE MOJBHXKHOCTH, KOTOpHE TMOf-
YT Ha 3aMeHy JHHEAHBIX TOABHXKHOCTEl M YCTpaHEHHE HX M3GHITOYHHIX CBs3ei: ,;
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n=1 £ 5+ + 5 £ 7%
w=1 110+0+71|0+0+0
n=0 | KB er Bnhy a=2 12| 2+2+2]|2+2+2
=9 -9-1-1=1|2-2-2
w=l ({a0+0+1 | 0+0+9 (A
k=2 1202 2+2 | 2¢2+2 oy=2 -2 0-0-2|0-0-0
55| 1-7-10-0-2 Owil=2|0—0+0 |-1-1=-0
pv=2_“0_0_.2 2-0-0 g= 0l1+1+0]-71-1+0
. 7
s e [T
Ae e A2 0404 @ Aba |0 FyAd|z8ad a
ab 17-;0-.3 0.‘0}a. al 2 a Cla aa
016+2-8 g-0
Puc. 5.12. OgHopaaHbLI# nAaHeTapHuifi pe- Puc. 5.13. OaHopAaHbIi naaueTapubifi pe-
AykTop 6e3 CaMoyCTaHOBKH (BoCeMb HIGLITO4- AYKTOP C OAHHM NJABAIOLIKM 3BEHOM H CATEA=
HBIX cBA3eH) ANTAMH Ha cPepHHYeCKHX noaluunuukax (Ges

H36BLITOIHBIX CBR3EH)

3aMeHHT f; H f; 3aMeHuT f,; 3aMeHsiollee 3BE€HO — MJaBAaOLKA KapAaHHbIR Ban —

HalpaBJIEHO NO OCH 2. ITH 3aMeHbl MOKa3bIBaéM FOPH30HTaJIbHLIMH TOHKHMH JHHHAMU CO
crpeskoil B TaGauue (cM. pHc. 5.13) H 3uraaroo6pasHbiMH Ha CXeMe TNOABHXXHOCTEA.

[Mpumenenne APYruX CTPYKTYPHBIX GJIOKOB NMOKaXeM HHXKE, NPH PACCMOTPEHHH CO-
OTBETCTBYIOLIHX MEXaHH3MOB,

5.6, CXEMbl OJHOPAIAHbLIX MJIAHETAPHbIX MEXAHHU3MOB

[MnaHeTapHble Nepefayd B MHOTOCATENJIMTHOM HCIIOJHEHHH BLIOJHO OTJIHYAIOTCA
OT mepejay C HENOABMMHLIMH OCAMH MeHbLUMMH raGaputamu u Maccofi. Hanpuwmep, npu
ONMHAKOBLIX MepeJaBaeMbIX MOMEHTax M TOMepeuHbIXx rabaputax (Koraa cymma guame-
TPOB KOJIeC OJHOCTyMeHuaTOfl 3y6uaTofi mepelaud paBHA JHAMeTPYy ONOPHOTO KoJjeca
OJHOPAHOI TJIaHeTapHOH Nnepejayu), NPH TPeX CaTeJJIMTaXx H TNepejaTOYHBIX YHCJAX
4 = 3--7 OKpyHbIe CHJIbI B IIIaHETApPHOH nepefaue B 6—4 pas3a MeHblle, 4eM B NPOCTOH

u+1
nepenaue (B oflieM BHjaE B 3T+_l pa3). DTH COOTHOIIEHN I CTIPaBeJIHBBI TOJBKO B TOM

cayyae, ecjii TapaHTHPOBAHO PaBHOMEPHOE pacnpelesieHHe OKPYXKHBIX CHJ Mexjy ca-
TEJJIUTaMH,

B oaHopsaHOM miaHeTapHOM MeXaHH3Me 0e3 NJIaBaloOWlero 3BeHa C TpeMs caTeslJIH-
TaMH H NOAWHMNHHKAMH NATOro knacca (cM. puc. 5.11) HMeeTcss BoceMb H3OBLITOUHBIX
cBasedi: ABe u3 HuX [camble BpejHble, KoTopbie o6HapyxmuBaiotcs no dopmyae (1.5)
ANl TUVIOCKOA CXeMbi] BbI3bIBAlOT HEPaBHOMEPHOE pacrpejesieHHe OKPYHKHOH CHJBI MEXIY
CaTe/IJINTaMH; IIeCTb APYTHX CO34AI0T HePAaBHOMEPHYIO Harpy3Ky Mo AJauHe 3y6a B LIECTH
sauenyieHnaX, OrpoMHOe YHCIO H3GLITOUHBIX CBAA3€il TpeGyeT OueHb TOYHOTO HCNONHEHH S
TAaKHX MEXaHM3MOB, HHauye OHH IJIOXO0 paGoTaloT.

HepaBHomepHOe pacnpejenieHHe Harpy3KH MeXAy CaTe/JIHTaMH JIETKO yCTpaHsercs
NpHMEHeHHeM NJiaBalollero 3seHa. HepaBHoMmepHoe pacnpejesieHne Harpyskd No AJHHE
3y6a ycTpaHA€TCS JOMOJHHTEJbHbIMH YIJIOBHIMH NOABHXKHOCTAMH. HX Jyuue Bcero mo-
JYYHTb TNOCTaHOBKOIl caTeJVIMTOB Ha cdepuueckue mapel /11’ (puc. 5.13).

[InaBaromee 3BeHO AOCTATOYHO CTaBMTb Ha OAMHapHOM 3yGuartom Kapaane I[Vj.
Cxema 9Ta HCINTaHa M NOJHOCTBIO ONpPaBiania ce6s B MPOKAaTHOM CTaHe L5 PeGPHCTHIX
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Puc. 6.14. PeayxTop A. H. llaTkyca Ans 3epHOBOro KoMGaiHa C NAABAOINKM HEHTPAABHMM Koae-
COM M caTeaanTaMH Ha Chepnuecknx onopax (6e3 H3GLITOUHBIX CBRIEH)

Tpy6. . U. Illatkye [40] npuMenns ee ajs KoM6afiHOBHIX WACCH, TA€ OHA Jaja TPOiiHOe
yBeJNHueHHe noiroseqHoctd (puc. 4.24, 5.14). IloaToMy oXHOpALHEIT MEXaHH3M C cares-
JNINTaMH KA chePHYECKHX NOAMMNHHKAX MOXKHO YBEpPEHHO PEKOMEHIOBAaThb JJIs BCeX CJIYy-
uaeB NpakTHKH. K coXasleHH10, MpH MaJblX MNepefaTOdYHBIX 4HCJaax (Maabifi auamerp
CaTeJJINTa) B HEM He yMelllaeTcss chepHuecKHH MOAWNMNHHK LOCTaTOYHOH pa6oTocnocod-
Hocth. O6nacTb NpHMEHEHHS STOH CXeMbl MOXKHO 3HAUMTEJIbHO PaCUIMPHTh, €CJIH B Ka-
9ecTBe KOJblla ChepHuECKOro MOAIMNHAKA HCMOJb30BAaTh CaM CaTeLIHT, NPOMNIHGOBaB
B HeM BHYTpeHHIo10 cepy (caTesnuT-nopwnnHuk npeagaoxua I'. A, Cuecapes). Ipapja,
a10 notpebyer paspabotkn 'OCTa Ha Takue caTeJJIMTHl M OPraHH3alMH¥ CHELHATH3UPO-
BaHHOro Mpon3BoAcTBa. OfHAKO yBeqHueHHe Hecyulefi CIOCOOHOCTH NepefayH HacTIJIbKO
CyLIeCTBEHHbIA (aKTOp, YTO M3-33 HEro cjaefyeT MOATH HAa Takue MeponpuaTus. Jpyrof
NyTb PacCIIHPeHHs O6JAacTH NPHMeHeHHA — HCNOJAb30BaTh CaMOYCTaHABJIMBAIOWLYIOCH
onopy B. H. Epmaka (cM. puc. 4.25); Tpetuit nmyThb — NpUMEHATb MHOTOPAAHBIE Ca-
TeJANTH (cM. puc. 5.19), a TaKkke KOHCTPYKUMM, NpeLJIOKEHHHE s SJIEeKTPOMOTOP-
KoJiec.

Ipn weBporHOM (eslouHOM) 3yGe MOJIYuHTb NJIaHETapHYlO Nepejauy 6e3 H3GHITOY-
HHIX CBf3eil TOpa3jo TPyAHee, yeM NpPH NPAMOM, TaK KaK KaxJoe 3alen/ieHHe €JOYHBIX
3y6beB HaKJaJbIBAaeT YyXe yeThlpe Yc/a0oBHA CBA3H. C ApYyroff CTOpOHBI, €NOuHbIl 3y6
N03BOJISIET NMOJY4YHTb GOJIBINYIO HECYWYlo CMOCOGHOCTb NMPH MajabiX ra6apurax.

Ha puc. 5.15 nokasana nepegaua llltekuxra, Kotopas 3a py6exkoM nosayyuia 6osib-
1I0e pacnpocTpaHeHHe. Y Hee LeHTpasibHbE KoJieca H BeHUH — NJaBaloline. Beaencrsne
9TOr0 KpOMe OCHOBHO!H MOABHKHOCTH — BpallleHHs peiyKTopa GYAyT elle JBe MeCTHbie
TIOBHKHOCTH.

Byaem paccMaTphBaTh sauenvieHHe IEeBPOHHBIX 3y6beB KaK JBe napel BTOPOro KJjacca,
Boiwe 6b110 mMoKasano (cM. puc. 5.4, 6), uTo nepeMelieHue BeHLA BLI3biBaeT nepeMelle-
HHE LEHTPAJbLHOTO KoJeca, paBHOE eMy M cocTaBJisiouiee ¢ HuM yroa 180°—2o (stor
YroJ NpH onpefeeHHH TOLBHXKHOCTH HMKAaKOro 3HaueHus He umeer). Ilpu aByx naa-
BalOUIWX OCHOBHEIX 8SBEHbfIX, KaMJ0€ M3 KOTOpble YCTaHOBJEHO Ha ABOAHOM KaplaHe
(B naHHOM KOHCTPYKLHMH — 8y6uaTOM), KOMIVIEKC M3 ABYX INJABalOWHX KOJIEC HMeeT
JlBE MeCTHbIe TPYNNOBbIE MOABHXXHOCTH — B BEPTHKaNbHOM H TOPH30OHTaJIbHOM Hanpas-
JIEHHH, a Bcero w = 3,

Heo6xoaumMo noxuepKHyTh, YTO ONKIT SKCIMyaTaluH penykropos lllteknxra nokasan
6e3BpeJHOCTb STHX NOABHXHOCTEM: KoJie6aTeJbHBIX NMPOLECCOB H yAapoB HE GHJO 3aMe-
geHo. OueBHIHO, TPeHHE B 3yObAX HX XOPOIIO AeMNdHpYeT.

B mexanuame Illteknxta (cM. puc. 5.15) mectb H3GHTOUHBIX CBA3EH; panee B nojxo6-
HOM MexaHH3Me uX 6bino 20, IlITeKuxT BBEN nATH Sy6uaThix KapaaHoB Vg (5-2 = 10),
onun 3y6GuaThiit KapaaH /113 (1:3 = 3) B TpH OCeBHe NOABHXKHOCTH caTeqauToB. Bcero
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Puc. 5.15. Maanerapunifi peayxtop LITEexnx-
T3 C WEBPOHHKLIM 3y60oM (WecTb H3GHITOUHBIX
CBA3Ei)
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Puc. 5.16., Maanerapumfi peaykrop Ges
H3GBITOYHBIX CBR3eil 3a CcYeT ABYX NOA-
BHKHOCTeHl HA Onope KaKAOro CATEAAHTa H
KapAaHHOro WADPHHPA MeKAY NOJOBHHKAMH
CONHEUYHOrO Koseca

16 nmozsuxHocTeit, C yueToM ABYX MeCTHBIX NMOIABHXKHOCTell HMeeM 14 moasmkuocTefr.
IMNonyyaem 20 — 14 = 6 wu36LITOYHLIX CBA3€H.

CrpyKTypHOe uccienoBanue MexanudMa IlITeknxra upesBbiuaiiHO TPyAHOE, TaK Kak
HeoGxouMO paccMoTperb 13 cucrem oceil xoopimHaT B mpocrpancrse. [lostomy merox

CTPYKTYPHbIX GJIOKOB 3/1eCb OCOGEHHO MnoJe-
3eH. M3 crpyktypHoro 6.10ka b (cM. puc. 5.11)
BH/IHO, YTO BC€ IIECTb H3GBLITOYHBIX CBS-
3efl 3jech YrJOBble, HEIIOCKHE,

JlBoiiHOM KapfaH Ha BeHlle B 3TOM Cay-
yae He HYXeH H Jaxe BpejeH. [leso B TOM,
YTO BEHell TsXKejee COJHEeYHOro KoJgeca,
nosToMy 6saropapsi MecTHOH NOJABHXKHOCTH
BeHell ONMYCTHTCS Ha CaTeJJIHTHI, 4TO J0-
NOJHHTENIbHO WX Harpysut. [lpaBuabHas
KOHCTPYKUHA  peiyKTopa Ge3 JBOHHOro
3y6uaToro KapjaHa Ha BeHlle TOKa3aHa Ha
puc. 5.16, a, CTpyKTypHblii G6JOK JAas
Hero — 610k e (cM. puc. 5.11).

B MexaHHsMax ¢ u3GBHITOYHBIMH CBfl-
SfIMH JJIf YMEHbLIEHHA HX BJHSAHUA HC-
nosnp3yerca  ymnpyroctb. llltekuxt npu
IIECTH CaTeJJIHTaX NPHMEHsSeT IJs STOro
ynpyrocTb Benua (puc. 5.17). C 3rtoft ke
uenabto B KoHcTpyKumu Ilkona omophbie
KoJleca COEJMHeHbl C KOPNYCOM C NOMOLIbIO
PesHHOBbIX BTYJOK (puc. 5.18).

Puc. 5.17. ¥Ynpyrufi BeHen B peaykTopax
LliTekHxTa
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Puc. 6.18., Ynpyrue onopul BeHuos B peaysktTope lkona

5.7, MHOTOPAJAHbIA OAHOCTYNMEHYATbLIA PEAYKTOP C NPSAMbIMU
3YBbSIMH !

Koraa BHyTpH caTeasuTa OJIHOPSAHOrO MeXaHu3Ma cepuyecKuil NMOQWHKNHUK A0-
CTaTOYHOM PaboTOCMOCOOHOCTH HE YMeHbluaeTcs, KaXAblff CaTeNJIMT MOXHO pa3pe3aTh
Ha HeCKOJNbKO yacteil, HanpuMep Ha TpH (puc. 5.19), ¥ KaxkAyl0 4acTb onepertb Ha CBOX
NOAWHNHKK, MeXaHH3M CTaHOBHTCH MHOTOPSIHBIM (Ha puc. 5.19 MexaHH3M cTa] Tpex-
PAIHLIM, TIpH 3TOM B 3 pa3a yBeJHYHJIach PaboTOCNOCOGHOCTh NMOAIIHMHAKOB CaTeJINTa).
Has paBHOMepHOTO pacnpejesieHHsl Harpy3KH MeXJAy psiaMH (COXpaHEHHs CTaTHYecKoil
OnpeneNuMOCTH) COJHEYHOe KOJeCO TOXKEe Pa3pesaloT W ero SJEeMeHThl COelHHAIOT 3y6ua-
THIMM KapJaHaMH C KOCHIMH 3yObsIMH, MoOMeHTHI, nepejaBaeMble 3y6UaTHIMH KapJaHaMH,
Gynyt pasunl M, 2M, 3M n 1. A.

3y6uaThle KapiaHbl CJIeAyeT PacCUHTLIBATh M3 YCJIOBHA PaBEHCTBA OCEBLIX CHJ, T. €.

—pmlgh _ tghs tg Ps
Q=M R, = 2M R = v Ry (5.30)

! Pewetos JI. H. TaaHeTapHbt 3yGuaThi peAyKTOp. — OTKPBITHSA, H306pETEHHA, NpO«
MBbluJenHbie 06pasibl, TOBapHbie SHakH, 1976, Ne 10 (a. c. Ne 506707).
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PAc, 5.19. MHoOropsaHbIH OAHOCTYNEHYATHLIA PEAYKTOP C NPAMBIMY 3yGbsMA
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Llenecoo6pa3Ho pajauychl KapiaHoB Ry u R,, KOTOpbE pacrojaraiorcs BHYTPH COJ-
HeyHHIX KoJec, GpaTb OJHHAKOBbLIMH, @ painyc Rj 3y6uaToro Kapaana, COeJHHEHHOro
C BeJyUlMM BaJOM H Nepejalouiero HauGoAblWIHA MOMEHT, 6paTb HECKOJbKO GOJIbIINM,
Ecau B3aTb Ry = 2R, = 2R, n Pg = 45°, noayuum B, = 56,3° u B, = 36,9°, uro
BNOAHE KOHCTPYKTHBIIO.

YTo6Ll OCeBblE CHJIbI KpaillHHX 3BeHbeB BelylieHl CHCTEMBI He NepejaBaluCh Ha ee
NOALIMIHHKH, LUeJecoo6pa3HO 3TH 3BeHbS COEJUHMTb TATOH c OAHON napolt I, uiam
aByMsi napamu /71§ no Kouuam, B nocieanem ciyuae Gy/eT MECTHasi MOABHXHOCTb —
6e3ppe/Has — BpaileHHe 3TOH TACH BOKPYr cBoeH ocH. B paccMoTpeHHOM MexaHH3Me
HeT M36bITOYHBIX CBs3eil, MojcueT KOTOpbIX TNpHBeJeH Ha puc. 5.19,

5.8. ONHOPAJHbIA TJIAHETAPHbBIA MEXAHHU3M C LIECTbIO
CAMOYCTAHABJIUBAIOIUUMHUCS CATEJJIUTAMH ?

H3Bec1Hbl 0/IHOP A HBIE MEXaHH3MbI C TPEMS CaMOYCTAHABJIMBAIOLHMHCS CaTeJJIHTAMH.
OnHaKo B MOUIHBIX Nepejlauax, NpHMEHAEeMbIX KakK DelyKTOpbl, KaK peBepCHBHHE Mexa-
HH3MBl B KaK 3/1€MeHTbl MHOFOKDATHbIX HJIH 3aMKHYTBIX NJIaHETapHbIX Nepejad, Tpex
CaTeJVINTOB HENOCTAaTOYHO, MOITOMY HX YHCJIO NMPHXOAMTCA yBeJHuuBath, Takue Mexa-
HH3MH HYXKHbl B CYIOBbIX YCT4HOBKaxX, B aBHauHW (BepTOJeTax) H APYrux obsacrax,
HO C yBEJIMYEHHEM YHC/IA CaTEJJHTOB YMEHbLIAeTCsi BO3MOXHOE MepejaTOYHOe YHCJO,
Ipu wecTu catessutax oHo pasno npumepuo 3,7. IlosToMy nanbHefimee yBeanueHune
YycsMa CcaTedJIUTOB HeOOXOJHMO TOJBKO B peIKMX CJaydyasx.

Tpu wecTn catenHTax MOXKHO NPHUMEHATb YPABHUTEJbHbIE MEXaHH3MBI, BHIPaBHHBa-
IolLiHe OKPYXKHble CHJIbl Bcex careJyuToB. OJHAKO TaKHe MEXaHH3Mbi NOJYYawTcs
OUYeHb CJ0XHBIMA — YHCJIO 3B€HbEB B HHX AOXOIHMT J0 27 u jgaxe no 38. Ha puc, 5.20
NOKa3aH MeXaHH3M, KOTOpHIH Ty »e 3ajauy peluaer ropasjo npoiie. B HeM cosHeunoe
Koaeco / H THXOXONHBI Ball 7 OMUPAlOTCA Ha MOALIMNHHKH, MpeiCTaBslouue co6oll Bpa-
uiaTe/IbHbie KMHEMAaTHYeCKHe Napbl nAToro kKjaacca. CarenanTsl 2 M 4 ¢ MOMOLBIO che-
PHUECKHX NOMUMMHMKOB Knacca [][' coefuHSIOTCS ¢ ABYMs BOAMJIaMH 3 u 5.

Baaronaps chepuueckum nonunnuukam obecneunBaercs JHHeRYaTbIi KOHTAKT 8y6beB
CaTeJIJINTOB C COJIHEYHLIM KOJIECOM M ONOpHbIM BeHUoM. Ha xaxjom Boausne Haxoiarcs
10 TPH CaTeNJIHTa, PacnoJiokeHHbIx yepes 120°. O6a Boania — nJuaBaouue, yro obecne-
yuBaeT PaBHOMEpPHOE pacnpejiejleHHe Harpy3KH MeXAy TpeMs CaTeJVIHTaMH OfHOro
BoauJia. Kaxnoe BOAHNO COEAHHEHO C THXOXO/IHbIM BaJOM 7 OJHMM CepHIECKHM IIapHH-
poM kaacca //I'. JiBa BpameHHsi — BOKPYr ABYX B3aUMHO MEPNEHAMKYJSPHBIX Oced
9TOTO WapHUPa OOECreYHBalOT MJ1aBaHHE BOAWJIA H PaBHOMEPHOE paclpejesieHHe OKPYK-
HOM CHJIbI MEXJYy ero caTeJsnTamH. TpeTbe BpauleHHe — BOKPYT OCH 2, mapajljiebHOf
OCH BpAIleHUA MEeXaHH3Ma, YCTpaHseTcs TArofi 6, coexuusiomwell o6a Boguira 3 u §
H ofecrieynBalollefi paBHOMEDHOE pacnpejesieHHe MOMEHTa THXOXOJHOTO Bajla MEXAY
060MMH BOJMJIaMH, TAra 6 MOXeT NPHCOeAHHATbCA K BOAMAAM 3 M 5 B TOdYKax, Je-
JKallAX Ha OCAX CaTeNJHTOB, HO MOTyT GbiThb BLIOpAHBI M ApPYTrHe TOYKH, JHIIb Ohl
6LI710 PaBEHCTBO IJIEY CHJbI BJOJb 3TOH TATH, YTO HEOGXOAUMO JJIfi PaBEHCTBA MOMEHTOB,
nepejiaBaeMbix OGOHMH BOJAHJIaMH.

B sToM MexaHH3Me NMOABHXHOCTb PaBHSeTCA ABYM: OCHOBHAasi W MeCTHas — Bpallie-
HHe TATH 6 BOKPYT CBOEH OCH.

B MexanusMe 13 KOHTYpOB, NOSTOMY I/l CTPYKTYDHOTO MCCJENOBaHHS, KOTOpoe
npuBefeno Ha puc. 5.20, npuMeHeH CTPYKTYPHBIT 640K « (cM. puc. 5.11). D10 cokpa-
THJIO YHCI0 KOHTypoB ¢ 13 po 4.

B mexanusme (cM. puc. 5.20) npHMeHeH ILapHMPHO-PHIYAXKHBIA ypaBHHTEJbHHA
:aexauga;l.) MoXHO nNpHMeHHTb M YPaBHHTENBbHBIH MeXaHW3M M3 3yGUaTHX KapAaHOB
puc. 5.21),

B HeM 1Ba nJaBalowMX BOAWJIA, NO TPH CaTeJJuTa B KaxjnoM. Kaxjpoe Boauao
nepesiaeT MOMEHT uepe3 KocosyGuie Kapianbi Birrs u Cliy5, KoTopbie (3a cueT 3a30pob)
o6ecrieyyBaloT NJ1aBaHHe BOJHJ,

! Pewetos JI. H. TMuaanerapuas nepepada. — OTKpbTHA, H306peTeHHs, NPOMLILJICHHNEG
o6pasubl, ToBapHbe 3HaKH, 1973, Ne 46 (a. c. Ne 407118).
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Puc. 5.20. OpHopaAHBfl naaHeTapHbili MeXaHH3M C Puc. 65.21. OpHopaaHmMA naaunerap-

WeCThI0 CAMOYCTAHABJIHBAIOUIHMHCSH CATEMNHTAMH C WAP-  HBIA MEXaHH3M C LWECTHIO CATENIHTAMH

HHPHBIM YPABHHTEAbHbLIM MEXaHHIMOM c yp TEAbHBIM Mex Ha
sy0uaThiXx Kapaauax

Onun KapiaH BHINOJHEH ¢ NPaBoOH CnHPaablo, Apyroit — ¢ nesoit. Baaronaps sromy
OCeBble CHJIB HanpaBJeHbl B MPOTHBOMOJIOXKHBIE CTOPOHbI. MIX paBeHCTBO CAYKHT ANf
yPaBHHBaHHA TepelaBaeMblX MOMeHTOB. sl STOro ofa Bojuaa CoeNMHEHbl MAapoil repe
Boro kKiaacca D;s. B oaHoM Hampap/iennn (nepelHuil Xof) oceBasi CHJIa TNepefaeTcs Hemo-
CPeICTBEHHBIM CONPHKOCHOBEHHEM, B IPYroM — yepe3 IpOMEXYTOUHHII G6OJT,

B mexaHu3me oauH CTPYKTYpHHi# 610K # (cM. puc. 5.11). [IBa niaBatowux BOAuJa,
COEAMHAIOWMX TMJIOCKOCTH MeXaHM3Ma, JAloT YeTbipe 3aMeHbl MOABHIKHOCTeH M3 Hemuo-
CKOil cXeMH B IUIOCKYIO.

Hanuuune kocoro 3y6a jpaert ewe 01Hy 3ameny. Mexanusm 3HauuTe/bHO npolue obiie-
H3BECTHBIX (27—38 3BeHbEB), B HEM BCEro NeBATL 3BeHbeB. Kpome Toro, B npeasaraeMoM
MeXaHH3Me HeT H3GBITOYHBIX CBsf3ef.

5.9. MJIIOCOBbIE MJIAHETAPHBIE MNEPEZAYH [J1s1 BOJIbIIHUX
NEPEJATOYHDBIX YHCEJ

TTM0COBBIMH  Ha3bIBaeM MEXaHM3Mbl C TOJIOMHTEJbHbIM MEPeaTOUHbIM YHCJIOM NpH-
BEJICHHOTO0 MeXaHH3Ma, T. e, MeXaHH3Ma IIpH OCTaHOBJeHHOM BojuJe, s Goabmux
nepeaTouHbIX umces, Korza 3nauens KIIJ He mpeacTaBasloT HHTepeca, NPHMEHSIOT
TJII0COBbIE TJIaHeTapHble MeXaHH3Mbl. Bosiblne npenMylecTa HMeeT KOHCTPYKLUHA, Npel:
noxennas B, H. KyapasueBbiM. B Mexanusme ¢ jByMs BHYTPEHHHMH 3allerVIeHHAMH
(puc. 5.22) Bepymwuit Bas H ABOHHOMA CaTeNJIHT NMOCTaBJEHb KaX/blfi HAa Ba ChepuyecKHx
DOJIMKOBBIX MOAIHKITHUKA, YTOGH 136€XKaTh H3GHTOUHBIX CBA3EH 3yObs CIENyeT BHNOIHATE
GoukooGpa3ubiMi, [lnaneraphas mepejadya COeJHHEHA C NPOCTOA LHJIHHJAPHYECKON mepe-
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Puc. 5.22. NaaHerapuwmil peayxtTop
ANA GOABIINX nNePeRaTouHbLIX OTHO-
weHnit (xoHcTpykuua B. H. Kya-

paBLEBA)
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Puc. 5.23. TMnaHeTapHuii peayKkTOp
AN GOABIUNX NEPenaTouHbIX OTHO-
mwenni (KoncTpywunsa 10. A. T'puna)

Jlauelt, uTo He ABJseTCA 06s3aTesibHBIM. B MexaHH3Me ¢ 0JHHM BHYTPEHHHM 3aLENJEHHEM
M MaJloil pa3HOCTbIO yuces 3y6beB (puc. 5.23) AN nepeiaun MexX1y CaTeJJIHTOM H Bejo-
mbiM BajoM 0. A. T'pun npumennsa mydry OJbarema ¢ mocTynaTeJbHHIMH MapaMu Ha
POJIHKaX, IOCTaBJeHHBIX Ha HIOJbYaThie NOAWHNHHKH, [losToMy norepu B 3TOR nepejave
HeBenHKH. POMMKM BhINOMHEeHbl ¢ 60uKoOGpasHbM oGoxoM (nmapa /;). Ecau u sybpa
BBINOJHUTb G6OYKOOGpa3HbBIMH, TO He G6yleT M3GLITOUHBIX cBA3eH., s TOH Ke Uead
NPHMEHSIOT MEXaHH3M C MapajJielbHHM MHOTonalbueBbiM KpuBomunom. Takoi Mexa-
HH3M HMeeT MHOrO M3GLITOYHBIX CBsi3eil M MOITOMY He pPeKoMeHayercs.

5.10. MJIOCKHA NJIAHETAPHbIA MEXAHH3M C CAMOYCTAHABJIHBAIOIIUMCA
CATEJUIHTOM
B n.10cOBOM NJIaHeTapHOM MeXaHH3ME C ABYMA BHYTPEHHHMH 3aleNVIeHHAMH IIOBH-

cutb KI1 MOXHO, pacmosioXuB Bce ueThipe KoJjeca B OfHOA mJockocTH (puc. 5.24).
B nem uesnecoo6pa3HO caTeNJIMT NMOCTaBHTh Ha chepuyeckuil nomwunuuk //71], Torza
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Puc. 5.24. Maockuit naaHeTapHuli peaykTop ¢ camo-
YCTaHaBANHBAIOWHMCH CATEAAUTOM

06€eCNeynTCss €ero CaMoyCTaHaBJHBAEMOCTb H JIHHEf-
qaThii KOHTaKT 3y6beB B 060oux 3auenJeHusx. Takoi
MexaHH3M npeasoxen Buabarabepom.
CaMOyCTaHaBJIHBaeMOCTb 3/1eChb BIOJIHE BO3MOX-
Ha, TaK KaK Ha caTeanuTe o6a KoJseca 2 W 3 BHeui-
Hue, [losToMy HopManu K paGoTaiomiuM npoduaam
3y6beB, MOBOPOTOM BOKPYT KOTOPBIX MPOHCXOIHT
CaMOYCTaHOBKa, He NapaJuieJIbHbl, @ COCTaBJAIOT
Mex1y coGoit yroa 180° — 2a., uto u Tpebyercs aas

camoyctaHoBkH. [lo ¢opmyae (1.1) waifizem ¢=
=w — 6n+ 5p, + 4p;, -+ 3p;;; + 20, + Py
T. &, ¢=6:3+51+3.2+23=0. B we-

XaHu3Me 3y6bsi UMeIOT JHHeluaThiil KOHTAKT (napa /1/,).
B 3stom ero Gosbwoe mnpeumywectso nepes APYTHMH (IJTIOCOBBIMH) MEXaHH3MAMH,
Y KOTOpBIX KOHTaKT 3y6heB ToueuHblii. [103TOMYy m/IOCKHi nJaHeTapHbil peayKTop
Jact Go/IbUIYI0 HAarPY30YHYI0 CMOCOGHOCTE H GOMIBbUIYIO JIOJTOBEUHOCTD.

5.11. MEXAHHU3M CO CBOBOJHBIM BOJIUJIOM

B Mexanusme co cBoGo1HbIM BoAuaOM (puc. 5.25) BOAMJO BpallaeTcs CBOGOMHO
H HHKaKUX MOMEHTOB He mepenaer. OTciofa ¥ Ha3panue, HauGoJiee TOMHO mepejaioliee
CYIHOCTb 3TOro Mexanu3ma. CylllecTBYeT W Apyroe Ha3BaHHe — MeXaHH3M 3K, npeisio-
wenHoe B, H. Kyapssuesvim.

CrneayeT OTMETHTb, YTO BOLHJIO MOXeT GbiTb WCIOJb30BAHO B TeX CAyyasX, KOTAa
Tpe6yloTCs JBa COOCHBIX BEJOMbIX BaJia, BPalLAIOWMXCA C 3a1aHHBIMH YIJIOBBIMH CKOpO-
cTamu, Hanpumep, npuBoj CTpesioK GalEHHBIX 4acoB, Y KOTOPBIX BOJIMJIO MOXeT Bpa-
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Puc, 5.25. MexaHH3M €O CBO-
GOAHLIM BOAMAOM

PHc. 5.26. PeaykTop (cm. puc. 5.24) B ucnoanesun Kosposckoro
SKCKaBAaTOPHOro 3aBoaa
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Puc. 5.27. PepykTop co CBOGOAHBLIM BOAMAOM (KORCTPYKuHS
B. M. SflcTtpeGoBa)

IIaTh MHHYTHYIO CTPe]Ky, a BeJoMOe KoJeco — yacoBylo. Uucsna 3y6beB MOXHO B3fiTh
caenyiomue (no B. M. fcrpe6osy):

53 =12,2=36,2=33 u 2= 2,= I1.

3mech B3AT OHOBEHLOBBLIN CaTe/IMT, KOTOPHIH wesiecoo6pa3HO MPUMEHATb BO BCEX CJY-
9afx nepejay co cBoGOAHLIM BOJIMJIOM, BO H36exKaHHe aBapHil H3-3a HENPaBHIbHOR COOPKH
(nonananne He B TOT 3y6).

Ilpn ycTpaHeHuH H3GBITOUHBIX CBsi3efl CTOAT QB 3ajauu:

1) obecneyenne paBHOMEPHOrO pacnpefesieHHs HArpy3KH MeXAy CaTeJJIMTaMK;

2) ycTpaHenue H36GbLITOYHBIX CBfA3efi B 3allenJeHUAX.

IepBas 3apaua Hau6oJee npocTo peweHna aBTOpoM (cM. puc. 5.25) myrem mpume-
HEHHA BOJHJIA COBEpLIeHHO 6e3 MOAWHIHHKOB H TOJbKO 3ahHKCHPOBAHHOIO OT MPOXOJIbe
HbIX NepeMelleHHii ¢ MOMOLLbIO Napbl MepBOro Kjacca. JTa cxeMa NoJy4ua NpHMeHEHHe
B npombiuienHocTH (puc. 5.26 u 5.27),

B koncTpykuuu KoBpoBckoro 3skckaBaTopHoro 3asoga (cM. pHc. 5.26) oceBas
(bHKcalusa A0CTHraeTCs CTaJbHBLIM WIAPHKOM, YMHPAIOUWKMCA B IVIOCKOCTb, B KOHCTpYK-
IHH penykTopa (cM. puc. 5.27) BOAH/IO COeAHHEHO ¢ GLICTPOXOAHEIM BaJOM ABYMs LIapH-
KOMOJAIHNHUKAMH, HO YCTaHOBJEHHBIMH C GOJIbIIMM PpajuajbHbIM 8aSOpPOM, KOTOpHRt
H ofecneunBaeT HEOGXOAHMYIO TMOABHXKHOCTD,

Bropas 3azaua — ycTpaHeHue H3GbITOUHBIX CBsidefi B MeXaHH3MaX €O CBOGOJAHLIM
BOJM/IOM — MOXKeT ObiThb pelleHa MOJHOCTBbIO TOJbKO NMPHMEHEHHEM TOYeyHOro sallenne-
Buf — napa /[;. Jlaa storo 3y6bsi caTe/JIMTOB Hajf0 BHIMOMHATH GOYKOOGPa3HEIMH.

B mexanuame (cM. puc. 5.25), ecain cOJIHEYHOE KOJIECO MOCAXKEeHO Ha BaJl C SKCIEHTPA-

cutetoM E;, To Boausno cMecTHTCA Ha BeauuunHy Epy = H OyZeT ONHCHBATHL

—_t
2cosa
OKPYXXHOCTb C 3THM PajHycoM, feJast OfHH 060POT 3a OJIHH OOGOPOT COJIHEYHOro KOJeca
(cM. § 5.1); uUeHTpOfexxHass CHJA €ro MOXKeT ObiTb 3HauyuTeJabHOH. IlosTomy Aas cko-
POCTHBIX PeAyKTOPOB MpejJjaraeTcsi cxema, MOKasansas Ha puc. 5.28. B Helt cosnes-
HOe KoJeco — NJiaBaiouiee Ha 3y6yaTOM KapjaHe, a BOJHMJIO COEXHHEHO € BeJOMEM
BaJoM cepuueckoil mapoit /11'. HccrepoBaHne CTPyKTyphl MexaHH3MOB Ha puc. 5.25
# 5.26 npoBeseHO NO yTOUHEHHBIM (OPMYJIaM.

Jlpyrue cnoco6bl yCTpaHEHHA H3ObITOYHBLIX CBA3el MPHBEJECHH B MPeJbIAYUIHX H3Ja-
HHAX KHHTH aBTOpa.

5.12. MHOTOKPATHBIE U 3AMKHYTBIE TUIAHETAPHbBIE MEXAHHU3MbI

O}lHOPﬂJlelﬁ I'IJIaHeTaprlﬁ MeXaHH3M MOXHO BbINOJHHTb CTaTHYECKH onpefeIiMhbiM,
€CJIH CaTeIJIHTH C LHJAHHAPHYECKHM 8y60M NOCTaBHTh HA CC])epH‘leCKHX onopax, a OAHO
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Puc. 5.29. Maanetapubifi MeXaHH3M, COCTORIUA U3 ABYX OAHODPAAHBIX ]
a — ¢ UMAHHADHYECKHM 3y6oM; 6 — ¢ 604koo6Gpa3HbiM 3yGoMm

¥3 OCHOBHBIX 3BEHbEB CA€JaThb [J1aBAIOIMHM, COEAHHHB €ro KapAaHHbIM IIAPHHPOM
C CoOTBeTCTBYIOWIMM BaJjoM (puc. 5.29, a).

Jpyroit myTh peweHHs 3TOH 3ajauM 3aKaIO4aeTCA B MPUMEHEHHH GOYKOOGpa3HbIX
3y6beB (mapu [,). Kosneca c takumn 3y6bsiMH ycaoBHO OyAeM MOKa3blBaThb C 3aKpy-
TJIEHHEIM 06070M. CaTe/UINTHI B 3TOH CXeMe ONMMpaloTCA Ha BpallaTesJbHBE MNapbl i;,
(puc. 5.29, 6). Ilpu BHyTpeHHeM 3auemieHuH no pexkomenmauuu J. M, JlyxkuuyeBa
JJIA  YNpPOIUEHHA H3TOTOBJEHHA Lesaecoo6pasHo GoukooOpasnbe 3y6bsA JenaTh Ha
KoJlece BHEIUHEro 3alen/eHus, a 3y6 KojJeca BHYTPEHHEro 3aleNJieHHSl BbITOJHHTh
uuITHBApuYeckuM, Huxe paccMaTpHBalOTCA HMEHHO TaKHe KOHCTPYKIMH.

Cxema Ha puc. 5.29, a BriroaHee, 31ech Jaxe NpH NepeKocax BO3MOMHO COXPaHHTH
JiuHefiyaThill KOHTaKT 3y6beB H LEHTPaJbHOE MPHJIOKEHHE OKpYyXHoit cuanl, Oanako
OHa MPUMEHHMA TOJbKO [J/f OXHOPALHBIX CaTeJVINTOB. Ec/n caTesNIMT COCTOMT H3 ABYX
xoqec (puc. 5.30), 3Ty CXeMy NpPHMEHHTb HeJb3fl, TAK KaK paclOpHHE CHJLI BbI3BIBAIOT
paclenenne 3y6eeB. I10o3ToMy Ha puc. 5.30 caTeJnut caenad no BTopofi cxeMe, a npo-
MEXYTOUHOE KOJeco, Mepejaloliee 3HAYHTEIbHO GOJbllMe CHJBI, — mo nepsoil. Ecuau
HanpaB/ieHHe MepefiaBaeMOro MOMEHTa He MEHSeTCA, TO MOMEHT PAaCMOPHBIX CHJ MOXHO
YPaBHOBECHTb MOMEHTOM OCEBbIX CHJ, COOTBETCTBEHHO BHIOPAaB HaMpaBJieHHE H YroJ
cnHpanu 3y6beB. Takoii ciiyyall ABAACTCA HCKIIOUHTEIbHLIM, H MOTOMY NPH ABYXPALHOM
careJl/IuTe MPHXOAUTCH NPHUMEHATb GoukKooOGpa3Hpie 3yOGbf.

Kapaauuufi mapHup, HecMOTpPS Ha mpocToe odopmienne (aBofiHOA 8yGuatbifi),
YCJAOXKHACT KOHCTPYKLHIO OAHOCTYMeHYaToro MexaHnaMma. Kpome Toro, Tpenue B HeM
CYLIeCTBEHHO BJMAET Ha paclpefiesieHHe Harpy3KH Mexay carelauTamMu, Uro6el nsbexars
9TOro, aBTOPOM AJfl IABYKPATHHIX M 3aMKHYTHIX IJIaHETAPHHIX MEXaHH3MOB MpelJIOXKeHa
fl1aBaiolee nepejlaTouHoe 3BEHO MeXAYy NEPBBIM H BTOPHIM y3iaoM (puc. 5.29 u 5.30),
KOTOpO€ OJIHHM KOHLIOM OMMPAeTC Ha TPH KOJeca OJHOrO y3/1a U BhIPaBHHBAET HX OKPYXK-
Hbl€ CHJIB, @ APYTHM — Ha TpH KoJeca Apyroro
yaJna u obecneynBaeT paBeHCTBO MX OKDYMHBIX
cun. TakuMm o06pa3oM, OfHO mepelaToOuHOE
nJaBaiollee 3BEHO BHIPABHHBAET CHJIH B ABYX
y3aax.

Ilpu HepaBeHCTBe YIVIOB MeXALy care-
JIUTAMH 83 CYeT HETOYHOCTH M3TOTOBJIEHHUS,
a TaKkKe IpH HeKOHLEHTPHuHON mocagke 3yG-
YaThIX KOJIeC [aBaiolero 3BeHa IMocC/efHee

nepekaiunsaercs, JlAuHy nJjaBaiouero 3BeHa

(paccTosHHe MeXAy IJIOCKOCTAMH KoJec) cJe-

I; I— nyer 6paTb BO3MOXHO GoJblueil, yToGb yMeHb-

“ IHTb 3TH nepeKockl. B oceBoM HampaB/eHunH

N/1aBaioliee NepejaToOyHOe SBEHO HeoGXOAHMO
Puc. 5.30. Maanverapuwit Mexaumsm no (DHKCHPOBAaTh YNOPaMH, pacCMAaTPUBAeMbIMH B
samkByToH cxeme CTPYKTYpHOH ¢opmyse Kak mnapa [, Ymopn
STH MOTYT GHITb OUY€Hb NMpPOCTHIMH, TaK KaK B

JaHHOM Me€XaHH3Me OCEeBHIe CHJH OTCYTCTBYIOT.
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Prc. 5.31. KoHncTpykums peayktropa (cM. puc. 5.29, a):
a — BhiNONHeHHasi OJIeCCKHM NOJHTEXHHYECKMM HCTHTYTOM; 6—BunonHednas H. JI. Pemerormm

Mexanusm, nokasasnbii Ha puc. 5.29, a, npuMeHsior B npombiuniensoctd. Hcnoa-
HeHHble KOHCTPYKLHMH MOKa3aHbl Ha puc. 5.31 u 5.32. B KoHCcTpyKuuu Ha puc. 5.32 ca-
TeJIHTH NIOCTaBJAEHa HA ABYX MOAIUIHMHHKAX, MIO3TOMY OCTaeTCA HepaBHOMEpHOEe pacnpe-
JeJieHHe Harpy3Ku mo Aauxe 3y6a, Ha puc. 5.31, 6 nana KOHCTPYKUHSA, KOTOPYIO HHTe-
PecHO CpPaBHHTb CO CTapof, T1e NPHMEHAIHCh JBA CABOEHHbIX 3y6uaThiX KaplaHa, a B TEe
XOXONHOM CTyneHH — uveThipe caTeJsiuTa. [IpH HOBOM cxeMe YHC/A0 3YGUaThIX BEHIIOB
cokpatwioch ¢ 19 go 10, a yucoro nogwWHNHHKOB Kauenusa ¢ 17 po 10. T'naBHoe
NPEUMYILECTBO STOH CXeMBl B TOM, YTO Harpy3ka 34eChb PaBHOMEPHO pacrpelesieTcs
no jAJuHe 3y6a M MeX]y caTeJJIMTaMH BCJEACTBHE HCKJIOYEHHS TPeHHA B 3y6uaTHX
KapaaHax. KoHcTpykuuio, nokasaHnyto Ha cxeme puc. 5.31, 6, B CIIIA npumenuna pupma
Jlektpa Xayn ana camocBasna rpysonofbeMHocThbio 180 T. 310 camblii MOWHLIA penyk-
Top. K coxanenuio, Ha cepuuecKne ONMOpPHI MOCTABJIEHBHl CATEIHTHI TOJABLKO MepBOik
CTYNeHH.

Kuesckuit BHWHpeiykTop npuMenusn cartennuthl Ha cdepuyecKHX onopax st
BTOPOIl cTyneHn MoTop-peaykropa MI1a2-80 [43]. B nepsoifi cTynenu ocraduch Hecamo-
yCTaHaBJ/IHBAIOIHECA CAaTe/JIHTB, TaK KaK HX paboTa H TaK yIOBJETBOPUTENbHaA.

BHHHsemMall H3roTOBHJ TArau ¢ JHaMeTpoM Kojec 2 M C MOJHOCTbIO CaMOYCTa-
HaBJIMBAIOWHUMHCS 3y6UaTBIMH KOJiecaMH, KOTOPbIH YCMEWHO NpoweJ] HCNBITaHHA (KOH-
crpykunsa 3. E. I'ap6y3osa).

B yeTbipexkpaTHOM peiyKTope, KaK 3aMKHYTOM, TaK W IPOCTOM MHOTOCTYEHYaTOM
(puc. 5.33, @) Heo6X01MMO HalMyHe ABYX IIaBAIOLIMX MEPEAaTOUHBIX 3BEHBEB — MEXAY
NnepebIM H BTOPbHIM H MEXJY TPeTbHM M UYETBEPTHIM Y3JaMH., 3BEHO MEXAY BTOPHM H
TPETbHUM Y3/I0M JO/IKHO OMHPAThCs HA MOJAWHMHHKH, TaK KaK CHJBI B 3THX Yy3Jax yxe
BHIPOBHEHB! MJIaBAIOUIHMH 3BEHbSIMH. MOXHO MOAIIMNHHKH CHeJaThb HeMOABHMHEIMH,
HO ropasfio Jyuuie, YTOGb 3TO 3BEHO OMHPAIOCh HA MJlaBalollHe 3BEHbA C MOMOLLBIO lLa-
posuix nap /II;. Tlonyuaetcsa oueHb AelleBas KOHCTPYKLUHS, B KOTOPOH HHM ORHO H3
MPOMEXKYTOUHBIX 3BEHbEB HE HMEET HEMOJABHXKHbIX NOAWHIHHKOB H, CJAeJ0BaTeNbHO,
CUIBHO YMPOLIEHAa pacToYKa Kopryca peaykropa. [lpaBaa, B 4eTHipeXKpaTHOM MexaHH3Me
GbICTPOXOAHbIE CTYMEHH BbIFOAHeE AesaTh PSANOBBIMH Nepenauamu. [IpuBefeHHas cxeMa
Ites1eco06pa3Ha TOAbKO B HCK/IIOUMTENbHBIX CayYasaX. 34ech oHa JaHa AJsi OGBACHEHHA
MeToJa BbLIGOpa NJIABAIOUMX 3BEHbEB,
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Puc. 5.32. KOHCTPYKIHA peAyKTopa (CM. puc. 5.29, 0), BuinoauenHan KoBPOBCKHM 9KCKaBaTOp+
HBIM 32B0f0M

N

Puc. 5.33. CroxHbe mnaaHe-
TapHble MEXaHH3Mbl:

a — 4YeTbipeXKpaTHbfl; 6 —
TpPeXKpPaTHbIA ¢ COeAHHEHUEeM
nJasaiollHX 3BeHbeB, pacro-
JIOXKEHHBIX B TJIOCKOCTH Cpel-
Hero Yy3aJa; 6 — 3aMKHYTHIt
C COGHHEHHEM TJaBaolUIHX
3BeHbeB, BLIHECEHHHWX BXOJIb
OCH OT IIJIOCKOCTH Cpejuero
yana
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Puc. 5.34. PeAyKTop C LUAHHAPHYECKHM 3y- Prc. 5.35. PeaykTop C pa3gBoeRHOi BTO-
60M Ha CONHOYHBLIX KOJECAX W CATEATHTAX M poit  cTyneHblo (aAR o4eHb GOJABWIHMX MO~
6oukooCpa3HbiM — Ha BeHuax MEHTOB)

TpexcTynenuaTbiii MeXaHu3M TeopeTuecKH Tpebyer | 1/2 nnaBaiowux nepenarod-
HBIX 3BeHbeB. MOXHO NpUMEHHTh IBa MJaBAIOLIHX 3B€HA, HO JIHLIHHE NMOJBHXKHOCTH
YCTPaHHTb, COENHHHB 3TH 3BEHbA IAapOBOH KHHemaTuuecKoi nmapoi (puc. 5.33, 6). Ana-
JIOTHYUHAAl CXeMa /S 3aMKHYTOTO MJaHeTapHOrO MeXaHu3Ma nokasana Ha puc. 5.33,a.

CoeMHEHHA NJIABAIOMUX 3BEHbEB MOMHO pacnojaraTb B CpefHeil MIOCKOCTH 3y6ua-
THiX Kosec (cM. puc. 5.32, 6) W/IH BHIHOCHTb HX B CTOPOHY B OCEBOM HampaBJieHHH (CM.
puc. 5.33, 6). llepBast cxema naeT MeHblIHE YI/Ibl MepeKoca NpH TeX e JOMycKax,
O1HaKO KOHCTPYKTHBIO OCYLIECTBHTb €e TPyJHee, a MPH MajoM JiHaMeTpe COJHEeYHOro
KO.1€Ca OHA MOXET OKa3aThCsl HEeOCYLIECTBHMOIT.

MMpaBunbHOCTb MpeOXKEeHHBIX cxeM (cM. pHc. 5.29 u 5.30) MOXKHO NMPOBEPHTH MOA-
CueTOM 4HCAa U36bITOuHBIX cBAsed no d¢opmyae (1.1). Ha Bcex cxemax npumeHeHbt
CaMOyCTaHABIHBAIOUIHECS CATEeJLIHTBI Ha cepuueckux napax [/l ¢ UMTHHApPHYECKUM
3y6oM, jatomue Juueiiuartblii KOHTAKT (napa /lz). MoXHO NMpPUMEHHTb W CaTeJHTH Ha
BpaulaTeJbHbIX napax V, c 6oukooGpasHbiM 3y6oM, Naiolipe Toueurblit KOHTakT (napa /o),
TaK KaK B OGOMX CJYy4dfix YHC/AO HAKJ/JIaJAblBaeMbiX YCJHOBHH CBA3H oAHHaKoBo. s
npumepa 06a BapHaHTa cxeMbl AaHbl Ha puc. 5.29, a u 6. OQHAKO 3TH BapHaHThl HEPABHO-
ueHHbl. BapuaHt ¢ GouxkoofpasHbiM 3y60M naeT GosiblliMe LaBJEHHHA, a CJENOBATENbHO,
¥ MeHbLIYI0 HarPy304yHylo cnoco6HOCTb, [103TOMY NPHMEHATH €ro cjelyeT TOJbKO TOTAa,
KOTJa BHYTPH caTe/VINTa He pa3meraercs cepuueckuil MOAWHNHUK AOCTAaTOYHON paboTO-
crnoco6HocTH. Ho B 3TUX cayuasx KejaTesbHO NMPHMEHATh UHJAHHAPHYECKHi 3y6. [an
yCTpaHeHHsl H3GLITOUHbIX CBA3€H 3/1eChb NOTPe6yeTCs CTaBHTbL CAaTe/UTHTBI Ha KaualouiHecst
paMmbi, a UEHTPaJbHbIE KOJeca H BeHLbl — Ha ABOfiHbe 3y6yaThie KapAaHbl. DT0, KOHEYHO,
CHJILHO YCJIOXKHHT KOHCTPYKLHIO, Ja H TpeHHe B 3y6uaTbiX KaplaHaX YMEHbIUHT paB-
HOMEDHOCTb Harpy3KH CaTeslsIHTOB.

[TpomexxyTounyto KoucTpykuuto npeanoxui A. E. Hlycrep (puc. 5.34) .OH npume-
HHJl UMJHHAPHYECKHA 3y6 Ha LEHTPaJbHBIX KOJIECaX H CaTeJJuTax M 604K006pasHblii —
Ha BEHLAX, TJe BIHAHHE 604KOOGPa3HOCTH 3y6a He TaK OILYTHMO BCJEICTBHE BHYTpPeH-
Hero 3auenJieHust H paboTsl BbiMyKjoro 3y6a mo BoruytoMmy. B srtoit cxeme nse u3Ghl-
TouHble cBsA3H. HexocTaTok ee 3aK/iouaeTcsi B TPYAHOCTH H3TOTOBJAEHHUSI GOUKOOGPA3HOrO
3y6a Ha BeHUaX. 3necb OCOGEHHO BaXXHO NOOHMBATbCA MaJbiX 3HaueHH#l lo; H [yg, TAK
KaK HHaye TpeHHe YCTPaHHT BCE MpPEHMYIIECTBAa YCTaHOBKH ABOMHOTO KapiaHa Ha mpo-
MeXyTOYHOM BaJy.

Bo Bcex paccmaTpuBaemMbix B 9TOM pasjiesle CXeMaX MpPHMEHEeHbl TPH CaTeslJIHTa
B Kaxxaom psay. Ecau morpebyercss npuMeHuTh GoJiblie CaTeJIHTOB, TO AJ1f1 3THX MeXa-
HH3MOB MPHIOAHbI TOMBKO CXeMbl YPaBHHTEJbHBIX MEXaHH3MOB C MJIAaBAIOIHM BOJAHJIOM,

[nsa ouedb GONBbIIHX MOMEHTOB MOMHO MPHMEHHTb Pa3XBOEHHYIO THXOXOIHYIO CTY%
MIeHb, HCNOJb3ys OLICTPOXOIAHYIO B KauecTBe YPaBHHUTeNbHOrO MexaHudma (puc. 5.35).
B xaxiaoM psay 3jece Mo TpH caTeuTa.

BuipaBHHBaHHE OKPYXKHbBIX CHJI CaTeJJIUTOB 2, M NPOMEKYTOUHLIX KOJEC 25 NOCTHs
raeTtcsi c MOMOLLbIO MJIABAIOLIErO 3BEHA M3 KOJeC 232,

BbipaBHuBaHue OKPYXKHbIX CHJl CaTe/THTOB 2g OGecreunBaeT MJIaBaiollee KOJAeco Z;.
H36biTounbie cBs3u 3TOro MexaHu3Ma HaiieM no ¢opmyae g = 1 — 6-13 + 5:2+ 3 X
X10+2:184+1=0,
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5.13. 3JIEKTPOMOTOP-KOJIECA

Ha Goabliux MouiHocTell Han6ojee BHITOAHBI PELYKTOPH, COCTaBJEHHHE H3 OJHO-
PAAHBIX MEXaHU3MOB, TaK KaK OHH NO3BOJIAIOT H36exaTh H3GLITOUHLIX CBA3eH Npu JiH-
HeflyaTOM KOHTaKTe 3y6beB, KOTOPHIA JaeT O0JIbLIYIO HECYULYIO CMOCOGHOCTb M AOMTO-
BEYHOCTb, YeM NpH ToueuroMm (6OuKOOGpa3Hbuiil 3y6).

H3sBecTHBI KOHCTPYKUHH, COCTaBJEHHBIE H3 OAHOPAJHBLIX MEXaHH3MOB, HanpHMmep
Benopycckoro aBrosaBosa (puc. 5.36).

IlpuBeseHHbIE HHXKE 3/J1E€KTPOMOTOpP-KOJeca BHIMOMHEHB MO OJHOH KHHEMaTHYeCKoh
cxeme. [IlepBas crynenb — naaHerapHas. CoJHeyHoe KoJeco — Beayiiee. Benombie
3BEeHbA: BOAHJIO, COEJHHEHHOE C COMTHEYHBIM KOJIECOM BTOpPO/ CTyNeHH, H BeHel, COelH-
HeHHHI ¢ KoJlecOM aBTOMAaWMHbI, BTopas cTynmeHs — pajoBasi ¢ TpeMs Napa3HTHLIMHU
KOJIecaMH.

B o6enx cxemax co/iHeyHhe KoJeca ofeHx cTyneneii — maaBatowne. IToatomy
obecreyeHO paBHOMEPHOE pacrpeie/ieHHe Harpy3KH MexXJy caTeJJIMTaMH H MeXay na-
Pa3HTHLIMH KOJIECaMH.

Jlas npoBepKH MeXaHH3Ma Ha H3GHITOYHEE CBA3H GY/eM M0Jb30BaThCA YTOYHEHHLIMH
¢dopMysaMH M CTPYKTYPHHIMH GJOKaMH.

Hs6urounnix cBaseit Ha cxeme puc, 5.36 wects, IlpoucxoAAT OHH BeNeACTBHE
YCTAaHOBKH CaTeJVIMTOB M NMapa3HTHHEIX KoJec, KaXioe Ha IABYX noawunsukax. [Tostomy
OHH He CaMOYCTAaHAaBJHBAIOUHECH H HET PABHOMEPHOTO pacnpejefeHHfl HAarpy3Ku no
JAauHe 3y6a. Ha puc. 5.36 naHa cxema mj1aHeTapHOTrO peAyKTopa — S/1eKTPOMOTOp-KoJeca
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Puc. 5.36. PepykTop 9aeKTPOMOTOp-KOJ€ca Puc. 5.37. PepykTop camocpaia JlekTpa Xoas

(BesopyccRoro aBTo3aBOAa) rpysonoAbLeMHOCTLIO 180 T
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camocBana BeaA3 rpysonoabeMHocThiO 75 T,
B cxeme npumeHeHbl CTPYKTypHble OJIOKH Gq U Oa
cxemnt (cM. puc, 5.11). Ha pucynke npusenerb
Taban1a U CXeMa NOJABHXXHOCTefi— MEeTOAOM CTpPYyK-
TypHbX 610KkoB. [lpuMeHeHHe CTPYKTYypHBIX 6J0-
KOB MO3BOJIHIO COKPAaTHTb YHCJO  KOHTYpOB
c 12 50 4, T. e, B Tpu pa3a. MexaHu3M — MHO-
ronaocKocTHbiit, B HeM ogHo naaBaiowmee 3seHo BC,
coeflHHAIOEE TJIOCKOCTH MexaHu3aMa. [losTomy
6ynyT ABe 3aMeHbl NOABHXHOCTH H3 HEJIOCKOH
CXeMBl B IVIOCKYIO.

IMonyunsoce 1wecTb H3GHLITOYHBIX CBA3EH —
BCE HeIVIOCKHe YIJIOBblE, CO3JalolllHe HepaBHO-
n&epnoe pacnpelie/ieHHe Harpy3Kd Mo JJHHE 3y0a.

TOGLI YCTPaHHTb 9TOT HENOCTAaTOK, B CaMocBaje
TPYSOMONLEMHOCTSIO 120 T (OMBTHAR KOHCTDYK:  meyanwomoe (663 noGurrotnmin conseh)
UuA) CaTe/JINTH MNOCTABHJAM Ha chepHuecKHe
NOAIIHITHUKH,

Ha puc. 5.37 npuBegeHa cxeMa miaHeTapHOro peiyKTopa — 3JIEKTPOMOTOp-KoJeca
camocBana Jlekrpa Xoaa (CHIA) rpysonogbemuocTsio 180 T. B Heit carensiuThl nepBoit
CTYNeHH Ha chepHUECKHX MOAWHNHHKaX (CTPYKTYPHBIi 60K ag), @ BTOPOA CTyneHH
Ha Mapax NATOro Kjacca (CTPYKTYpHHH 610K 6a), TaK Kak CdepHYECKHA MOAWHMHHK
JOCTaTOYHOM T'Py3OMOABLEMHOCTH He yMecTuiacs. OCOGEHHOCTbIO STOTO MeXaHH3Ma fB-
JSeTCA COeJHHEHHE BOJWJA NepBOA CTYNMEHH CO CTOMKOM, BHIIOJNHEHHOE MIOCKOCTHOH

4
napoit Ci11. ToaBuxHoCTH 9TOR napsl HHbe, ueM y coepuueckofi J/1, 4TO Hafo yUHTH-
BATb NPH ONpeJeNeHHH MIOCKHX H HEIVIOCKHX MOJBHXKHOCTEH M CBA3eil, a HMEHHO: cde-
%nquKaa napa MMeeT TPH YIVIOBblE HOJBHXKHOCTH — OAHY IJIOCKYI0O H JBE HeIJIOCKHE,
HHEAHBIX MOJBHXKHOCTER HeT.

[MnockocTHasa mapa ¢ IVIOCKOCTbIO, NMEPNEHAMKYJAAPHONR OCH BpalleHHf, HMEET [Be
JUHEAHbIE H ONHY YIVIOBYIO NOABHXHOCTH — BCE OHM Muockue. Henmnockux moasux-
HocTell HeT. AHa/JOTHYHO LuJIMHApHYecKas mapa [V, mmeer 1Be MOABHIKHOCTH — IJIO-
CKyI0 yIJIOBYIO M HEMJIOCKYIO JHHEHHYlo, wanuesas ¢ ynopoM [Vy (3yGuarniit KaplaH)
HMeeT [Be yIJIOBHE HEMJIOCKHE MOABHXKHOCTH. IIOCKHX MOXBHXKHOCTEA HET.

DTOT MeXaHH3M 3HAUHTEJNbHO BHIFOJHEE MNpeAbIAYIEro — B HeM JBe H3CHITOYHBLIS
CBA3H NPOTHB WECTH M €ro KOHCTPYKIUMA npoile [BK/aiouaeT Ha yeThipe 3y6uaTbix BeHUA
(1Ba 8yGuaTbix KapjaHa) MeHblIe].

Jas nosHOro ycTpaHeHHs M3GLITOYHBIX CBfi3efl clieayeT CaTeIMTHL H Napa3uTHbIE
KoJIeca nocTaBHTh Ha chepuueckue onophl (puc. 5.38). KoHCTpyKIuA 3HAUYHTEJLHO yNpo-
1(aeTCA: YHCA0 NOAWHNHHKOB KaueHHs yMeHbuaercs ¢ 17 go 11; CTAHOBHTCA HEHYXHBIM
GOJILIWIMHCTBO SY6UATHIX KApJaHOB, NMOSTOMY M YHCJAO 3y6uaThiX BEHLUOB COKpaILaeTcs
¢ 20 (cM. puc. 5.36) go 12 (cM. puc. 5.38).

OpHaKo IVIaBHOE 3HayeHHe 3TOf CxeMbl He B yIPOUEHHH, @ B YBeJIHYEHHH AOJTO-
BEYHOCTH M HAarpy30uHOi CMOCOGHOCTH, a TaKxe (KaK MOKa3al CTEHAOBElE HCMIBITAHHS)
B G€CLIYMHOCTH PaGoThi,

IIpn KoHCcTpyupoBaHuH MoTop-Koaeca (cM. puc. 5.38) MoryT BCTPETHTbCH 3aTPYA-
HEHHS C pasMellleHHeM POJHKONOAMKNIHUKOB BHYTPH Napa3UTHHX KoJec BTOPOH CTYMeHH.
B sToM ciyyae MOXKHO NpHMeHHTb pa3pe3Hnle KoJeca, KaXKaas MOJOBHHKA KOTOPBIX OMHe
paeTcsl Ha CBOA PONHKOMONWHNHHK C HAjJeXalluM ypaBHHTeIbHHIM MexaHusMmoM. Pas-
pesHble KOosieCa MOXHO BBIOJNIHATL B HECKOJIbKHX BapHaHTaX.

IByxcTyneHyaTblii MiaHeTapHbli PEAYKTOpP C pa3[BOEHHON BTOPORA CTYMEHbIO MO-
KasaH Ha puc. 5.39 (a. c. Ne 523217, A. M. 3sarunuena, C. H. Kuma u I'. 1. Maan-
wWweBa), 31ech ypPaBHUTEABHBI MEXaHH3M BHINOJHEH BO BTOPofl cTynenu, JIas 3TOrO OCH
NPOMEKYTOYHBIX KoOJlIeC COeHHEHBI CO CTOMKOM BpamarelbpHHIMH NapaMH Va H cayxar
pbluaramMy, BLIPaBHHBAIOUWHMH OKDYIKHBIE CHJIbI.

B stoM MexaHuaMe CTPYKTYpHbIfi 6JOK Qg BHIIOJAHEH IO cxeMe 6, @ CTPYKTYpHH
610k 6p — no cxeme e (cM. puc. 5.11), 3nech fBa NIaBaIOWMX 3BEHA H COOTBETCTBEHHO
HeThlpe Mepejayn MOABHXKHOCTEH M3 HEMJIOCKOR cxeMbl B IVIOCKYI. CTpyKTypHble GJOKH
81eCb OCOGEHHO BHLIMOAHBI — OHH COKpaWAlOT 4YHCAO0 KOonTypoB ¢ 18 no 4.
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Om ay Puc. 5.39. PeaykTop C OCAMH NapasHTHLIX KOJEC, CAYXAUKMM
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b4 6 ¢ t’.’..” LA Puc. 5.40. CamoycTaHaBanBawueeca 3y6uatoe Koreco ¢ KAHHO-
g=0 BbLIM YPaBHHTEJNbHbBIM MEXAHHIMOM

&

AHaJIOTHYHO pellaeTcsi 3ajaua NPH CaMOYCTAHABJAMBAIOWMXCA 3y6uaThHIX KoJecax
C KJIHHOBBIM YPaBHHTEJNbHbIM MeXaHH3MOM (a. c. Ne 717442), (puc. 5.40). Uto6bl n3Ge-
JKaTb H3OBITOYHBIX CBSI3efi NPHUMEHWIHM YPaBHHTeNbHbIA MeXaHH3M, MOKa3aHHBIA Ha
puc. 5.41 (a. c. Ne 533779), On BuinosHeH B NEpBOi CTYMEHH, [€ BOAH/IO CAENAHO pPas-
PE3HbIM, @ YpPaBHHTENbHbIMH DBEIYaraMH CJYyXaT OCH CaTeJIHTOB.

B sToM MexaHH3Me CTPyKTypHHI 610K ay BHIMOJHEH Mo cxeMe d, a ABa CTPYKTyp-
HBIX 6/10Ka 66 1 85 — MO cxeMe 6 (CM. pHC. 5tfl 1). CrpykTypHBle GIOKH 34eChb 0COGEHHO
BHTOHbI, TaK KaK YMEHbIUIAIOT YHC10 KOHTYpOB ¢ 21 10 6. MexaHnaM — MHOrOIJIOCKOCT-
HH#, B HeM 1Ba niaBalowux 3BeHa, COEHHSAIOMWHKX STH MVIOCKOCTH: BEAYWUH KapLaHHKI
BaX M KOMOHHHMPOBaHHOE 3BEHO M3 BOAMJA NEPBOH CTYMeHH H COJIHEYHOro KoJjeca —
BTOpOfi; mpaBja, TYT ABa SBEHAa, HO OHH COEAMHEHbl BpAILATeNbHOM Napoil V, H moatoMy
HX Hajllo pacCMaTpHBaTh KaK OJHO; 34ech GYAYT HeThbipe SaMeHbl MJIOCKHX MOJABHXKHOCTER
HEeMJIOCKUMH,

B stom peaykrope coBepweHHO HET H3GHITOMHBIX CBfA3efl. DTHM OH BBHIFOAHO OTIH-
YaeTcs OT MpeabllyIHX,

Benen nepBoit cTyneHn MOXHO COEAMHHTb He C KOJECOM aBTOMOGH/IS, a C OJHHM H3
COJIHEeYHbIX KoJlec BTOpoit ctynenu (puc. 5.42). Tak Kak BOAW/IO H BeHell NMepPBOi CTyneHH
BpAILAIOTCA B Pa3HBIX HANPaBJAEHHAX, TO «IOJOBHHKH» BTOPOH CTYNE€HH MpHAETCS Cle-
J1aTh Pa3JHYHBIMH — OJHY OCTaBHTb PAJOBOA C Mapa3uTHLIMH KosecaMH, Apyryio — mnaa-
HerapHo#t (puc. 5.42),

YTO6L! OKpYMHbI€ CU/BI H HATPY3KH HA MOAWHMHHKH BTOPOH CTyNmeHH ObIIH OAMHa-
KOBBIMH, COJIHEYHbIe KoJleca B 3TOH CTYNEHH MOXHO CAe]aTh DPas/JHYHOrO JHaMeTpa.
Jns GHKCHPOBaHHA BeHLA MepBOfl CTYNeHH B OCEBOM HANpAaBJIEHHH €ro CJepyeT CoelH-
HHTb C BOAHJIOM napoft /;. Ee MOXHO BHINOJNHHTL H3 cepHUECKOro MOAWMKIHHKA C pa-
JAMaJBbHBIM pa3beroM Hapy:KHOro KoJblla. MexaHH3M STOT Mpolle Npeabiyliero — y Hero
15 mopwnnHukoB M 15 3yGuarthix BeHUoB. Ilpu Tex e uuciax 3yObeB y 3TOTO Mexa-
HH3Ma IepefaToyHoe uucio Goablwe (npuGIH3HTEAbHO BJIBOE), Bbipaxaercs opmyJaof

(0J] 23 2y 23 2 23 29

Wy 2, 2 7o oz %
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Puc. 5.41. PegykTop C OCAMH CATEAAHTOB NEPBOA
CTYNEHH, CAYXKAWMX B KaYECTBE YPaBHHTEAbHBIX
puiyaros
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pAAAX BTOPOH CTyneHu

Eute npoue noayuntcs peaykTop, ec/iv B NepBOi CTyNeHH NPHMEHHTh 1Ba CaTelIuTa,
Kax/bl#l O CBOHM BOjM/IoM (puc. 5.43). O6a 3TH BOAH/IA HAf0 COEAHHHTH BPAIlATEJbHOA
napoit V,. KoHCTpyKTHBHO 370 cAies1aTh J1€TKO, BBITOJHHB €e W3 ABYX MOAWHMHHKOB,
Pacno/NOXKEHHHIX MO O6EHM CTOPOHAM IJIOCKOCTH KOJIEC MEPBOA CTYMEHH.

B nepBoii cTynenu 3mech ABa caTeNHTa BMECTO OGBLIYHBIX TpeX, MOSTOMY y mJaa-
BaIOIIETO COJIHEYHOTO KOJieca OCTaeTCsi O/HA MeCTHas noasuxkHocTb, Ho ona GesBpexna,
TaK KaK TpeHHe B 3y6bSiIX XOpOlIO AeMN(MHPYET H YCTPAHAET BO3MOXKHOCTb BCAKHX KoJe-
Gannii. [ToSTOMY NOABHXKHOCTL MeXaHH3Ma W = 2.

Ina nepenaun MoMeHTa ABYX CaTe/JJIMTOB B 3TOM Clydae BMOJAHE AOCTaTodHO. OfuH
CaTe/IHT NepBOil CTYNeHH NepejaeT MOTOK MOIUIHOCTH HA TPH Mapa3HTHLIX KoJseca BTOPOR
CTyNeHH.

Ecaun nepenatounoe oTHoOLleHHe NEPBOH CTYNEHH CYMTATh PABHBIM LIECTH (YTO 6MTH3KO
K JIeHCTBHTENIbHOMY 3HAYeHHIO), TO OAHOrO CaTe/VIHTA MEepBOH CTYymeHH XBaTHIO 6bl Ha
IeCTb Mapa3uTHLIX KoJec (MPH OAHHAKOBbIX pasmepax). B sTom penykrtope, HecMoTpst
Ha pa3fiBOEHHYI0 BTOPYIO CTyneHb, 13 moawHnHHKOB H 16 3y6uyaThiXx BeHUOB.

B anextpomoTop-Kosecax BCTpeyaeTcs CxeMa C DacMoOJOMKEHHEM OCH IBUraTeNs
nepneHAHKY/AApHO oCH Koaeca. Hcnonb3oBanHe KOHHUECKOH nepefaun 3/eCh HeH3GekHO.
UTo6ul yMEHbUIHTL HArPY3KH HA 3y6bs, 11e71eCO06pa3HO MPHMEHHTb JBE WUECTEPHH, 3aueft-
NSIOULHECH C OZHHM GOJIbIUHM KOHHYECKHM KOJIECOM H BpAILAIOLUIHEC B NPOTHBOMOJIOK-
HbIX HanpaeJeHHAX (pHc. 5.44).

Konnueckue koseca uesnecoo6pasHo AenaTbh C KPYTOBHIM 3Y60M M C TOYEYHBIM KOH-
rakToM (napa /;), Kak 3TO 06bIYHO H GbIBAaeT MPH H3TOTOBJEHHH HX Ha cTankax Iuccon
“iIH DPIHKOH.

Iins npuBOja KOHHUYECKHX IecTepeH (CM. pHC. 5.44) MpHMeHSIOT OXHOPAAHBIA MJa-
HeTapHu MeXaHH3M, BOAH/IO KOTOPOrO COEAHHEHO C OfiHOH lecTepHedl, a BeHel — C Apy-
roit. [To cpaBHenHiO ¢ OGLIMHOM CXeMOil (C HEeMOJBHKHbIM ONOPHBIM KOJIECOM) NepefaTouHoe



230 M ranemaproe mexanusmo

Pnc. 5.43. PepykTop ¢ ABYMs BOAMAAMH , NO
OAHOMY CATEAIHTY B Kaxpaoh nepsBoi C7Ty-
neHn
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YHCJIO 371eCh YABaHBAETCH, YTO SIBJAETCA CYLIECTBEHHBHIM NPEHMYLIECTBOM, TaK KaK no-
3BOJISIET YNMPOCTHTb KOHCTPYKUHIO pEAyKTOpa.

Jins ycTpaHenHs M3GLITOUHBIX CBfi3ell, NPH TpeX caTeVINTaX, HaJl0 CTaBHTb HX Ha
cdepHyeckHe onophl, a COMHEYHOEe KOJIeCO ClleaTh NJIaBAIOUINM Ha OXHOM 3yG4YaTOM Kap-
Zane.

6.14. BOJIHOBbIE NEPEJAYH

Pa6ora BoaHOBO# nepenaun (puc. 5.45) ocHoBana Ha AeopmalliH BeLOMOro 3yGua-
TOTO KO/Meca, KOTOpOe BHINOJHAETCA B BHAE THOKOI 0600YKH KOJIOKON006pa3Hoil $opMbl.
Jledhopmauns BhI3LIBaeTCA PONHKaMH (ABYMS WJIH TpeMs), BpalLAlOINMHCA Ha BOAMJE,
KOTOpO€ H CJIYXKHT BeJyLIHM 3BEHOM — TFeHepaTopoM BOJH. UHcaa 3y6beB BEOMOrO KO-
Jleca H ONOPHOTO He PaBHLI, H BCJAEJCTBHE 3TOTO NMPOHCXOIHT NMOBOPOT BEJOMOrO 3BEHa.

B BOMHOBHIX mepejiauax OAHOBPEMEHHO paGOTaeT OYeHb MHOTO 3y6beB, T. e. K03(hdH-
[HEHT NepeKPHTHA HX OuYeHb BeJHK. DTO U ABJAAETCH NPHYHHONA GOJIBILON HAarpy3OouHOH
cnocoGHOCTH 3y6beB. M36biTOuHblE CBSI3H, BHI3biBaeMble KO3(QG)HUHEHTOM NepeKpHTHs,
GesBpeliHbl, TaK KaK OHH JeHCTBYIOT B npejielax KHHEMaTHYeCKOH mapH, a He MeXaHH3ma.
TMosTomy onpenensit HX He 6yjneM, a GyjeMm CuHTaTb & = .

Jlepopmauns ru6Koit 060J0UKH MOXKET NPOHUCXOAHTb B ABYX MeCTaxX: B LHJIHHApHUe-
CKOM 4aCTH H B JiHe KoJoKosna. O60m0uKa J0MKHa NepefaBaTh KPYTAILHII MOMEHT, a TaKXe
MOMEHTHI, H3rHGalouye 3y6bsi, OITOMY OHa He MOXeT GhiTb OueHb TOHKOH. OT HaXarTus
pOJNIMKa OHa TOJbLKO nporu6aercs, a objeratb 3y6bss He MoXeT. I103TOMY B 3alen/ieHHH
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BO3MOXEH TOJNbKO TOYEYHBIA KOHTaKT — na-

pa I,. TaKke ToueuHtM GyeT KOHTAKT MeXLy N
pONMKOM H 060N10uKOit — napa /,. KonTakTHOE o2 Egr2
HanpsiKeHHe HEBENMKO, TaK KaK KOHTAKT 4 A
NPOHCXOAMT MeXJLY BOTHYTOH M BHIOYKNOH .4 “a
110BEPXHOCTSIMH. ot |y gz [lomt

[Mporu6 uMMHHApHUECKOH 4acTH OGOJNOUKH
HANPOTHB KAaXJAOTO PONHKA AacT OAHY mo-
ABHXKHOCTb. [losTOMy cooTBETCTBYWHit yua-
CTOK 060JOYKH GyneM CYHTaTb napoii MATOro
Knacca M YCA0BHO 0603Ha4aTb BOJHHCTOR —
aunued. [lpu noacyeTe uHcna 3BenbeB yua- neb Flbshvf|fith+fy
CTOK FH6KOro 3y6uaToro BeHIla, PacnoJiOXeH- we=3 310+0+310+0+0
HBIi HANpPOTHB KaXIOTO pOJHKA, NpHAeTCH k=4 2 4tath]htivh
CYMTaTh KaK OTJeJbHOe 3BeHO. J[HO koJokona Pr=4 =410 -0 -%10 -0 -0
BHINONHACTCA HJAH JKECTKHM, MJAH THOKHM. Pry=2-2{0 -2 -010 -0 -
[Npu XeCTKOM JHE COOTBETCTBYIOWAA MOABHXK- e
HOCTb OTCYTCTBYeT, a AJIi PaBHOMEPHOro pac- q" TTZso =i lovav
npelle/leHusi Harpy3kM Mexjy 3yObsMH TpH- ==
XORHTCA fenaTh nJasaowee Bogwiao. [lpu . -
ru6KOM JHe ero CJleflyeT paccMaTpuBaTb Kak g €& ceff
aucrosylo napy [1I;, u Toria He TpeGyercs 2|, EE | m
Zenatb BOAWNO naaBaiowuM. Takxke He Tpe- S| | labet] ccl|a
GyeTca penaTb BOAWIO TUIABAIOUIHM, eCIH il —0 S 7ALA
060N04KY BBLINONHHTL TPY6uaToil H COEAHHHTb b £ 1—_“;] ool
¢ aHoM wiauuesoll napoi [Vs. i~ ””

PaccMOTpHM BOMHOBYIO Tepefiayy C 3ecT- | DoF D24

KHM [HOM W JByMsl POJHKaMH 6e3 NJIaBalOLIEro
3Bena (cM. puc. 5.45). llomsuxHOCTL 3Jech co-
CTOMT H3 OCHOBHOH H MPOCKa/b3biBAHHA ABYX
pOIHKOB, T.e. @ = 3.

[Moxcuer no ¢opmyne (1.2) (BHH3y Ha pHc. 5.45) maer ¢ = 1, T.e. He Gyner
OJIMHAKOBCH Harpysku 3yGbeB, MPHMKHMaeMblX DasHBIMH DONHKaMH. YGelHMCA B 3TOM
paccMOTpeHHeM TOABHXHOCTell B KOHTypax. OCH KOOpIHMHAT KaK B 9Toii mepejaue, Tak
H B Ja/bHeiilueM, NPH PacCMOTPEHHH JBYXPOJHKOBBHIX BOJNHOBHIX Mepefay, BO3bMEM
clefyiolie: oCb 2 — MO OCH BpallleHHfl; §; — MO HOPMAalH K POJNHKaM; X; — MO Kaca-
TeJbHOM K POJHKaM; Yy — MO KacaTeJbHOH K 3yObfIM; X3 — IO HOPMAlfAM K 3yObsM.

PaccuntaeM uncio kouTypoB no gopmyae (1.3): k=p —n = 10 — 6 = 4. Ilep-
BhIl KOHTYp BO3bMEM CO 3BEHbSIMH: CTOHKa, BOIWJO, MepBHIl POJNHK, y4acTOK 3yGua-
TOrO BeHlla, BelOMbli Bal — CTOHKa W C KHHeMaTHuecKHMH napamu ABCEF. Bropoit
KOHTYp — aHaJIOTHYHO, HO yepe3 BTOPOH POMHK. [l1A ynpoueHHss NOABHXHOCTH 3ITHX
KOHTYpOB paccMaTpHBaeM BMecTe (BHH3y Ha pHC. 5.45). 3Jecb NOJBHKHOCTH
f; = 2 NONYYMNHCh B pe3yJabTaTe NPOrHGOB LMIHHAPHUECKOH yacTH o6on0ukH (napu V).
Tperuii KOHTYp BO3bMeM CO 3BeHbAMH: CTOHKa, 3y6, NpHXHMAaeMEi NEpPBLIM POJHKOM
BelOMbIH BaJ, CTOilKa M C KHHeMaTHueCKMMH mapamu DEF. UeTBepThlli KOHTYp — aHa-
JIOTHYHO, HO 4epe3 3y6, mpHMKHMAaeMblii BTOPLIM POJHKOM.

[MonBrxxHOCTH TpeTbero H YeTBEPTOrOo KOHTYpPOB paccMatpuBaeM BMecTe. OnHa
JIHHeiiHas NOJABHXHOCTb MO OCH X; 3aMEHsAeTCH YIJIOBOf BOKPYT OCH 2, TaK KaK €CTb 3BEHO
DF no ocn y,. Ipyroit aHaJOTHYHOH NOJABHXXHOCTH HET, H MoJayuaeTcss H36bITOUHAS
cBa3b. [loasuxuocTH f, MAYT Ha NOABHXHOCTb MEXAHH3MA H MPOCKANL3bIBAHHE DO-
aukoB. MsbuiTounylo cBf3b cienyer ycTpaHHTb nuaBalouMm 3eHoM. Ilostomy pacemo-
TPHM aHAJOTHYHBHI MeXaHH3M, HO C NJIABAaIOUHM BOAHJOM, COEJJHHEHHBbIM C BeJyLIHM
BaJoM 3y6uaThiM KapianoM (puc. 5.46).

OcH KOOpAMHAT M KOHTYPbl BO3bMEM TaKHe JKe, Kak Ha pHc. 5.45. OnHa HelocTaloWasn
TNOJBUXKHOCTS {5 3aMEHSETCA NOABHKHOCTLIO 7, KaK Ha PHC. 5.45, NOTOMY 4TO ecTb 3BEHO

EG, nanpasniennoe 1o ocH y,. Jipyras nogBHKHOCTb i, 3aMEHSCTCA MOABHKHOCTBIO [y,

KOTOpast BC/IeJICTBHE NOBOPOTa KapaHHOro Basa jjauHoll BC Bbi30BeT nepeMellieHHe BeHlla
NO OCH y;, YTO B CBOIO Ouepejip, M3-3a yIJIa 3allenJieHHs (KJIHHOBHIHOCTH 3yGbeB) mpH

Puc. 5.46. Boanosan nepepaya (c opHol
H36bITOYHOH CBA3BIO)
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Puc. 5.46. Boanoran nepepa- Puc. 5.47. BoaHoBan nepepa- Puc. 5.48. BoaHoBasn nepepa-
9a € KapAaHOM, WMEIWAas  4Ya C OAHMM NONEPEYHBIM Wap- 4a ¢ FHGKHM AHOM (peKoMen~
BPEAHYI0 NOABHKHOCTDL HUPOM (pekoMeHayeMasn) Ayeman)

BEleT K OTHOCHTEJIbHOMY MNepeMeIenHio ero 10 ocH xp [loaTomMy H36bITOUHHE CBA3K
OTCYTCTBYIOT. YTJIOBLIE MONBHIKHOCTH f, Te Xe, 4To H Ha pHC. 5.45.

HostBuaach ofna HOBas yriaoBasi MOABHXKHOCTb l;l B nape B,y 5. Ona ponyckaer
NOBOPOT KaplaHHOro Bada BC BOKpYr BepTHKalbHON OCH 3y6yaToro Kapjasa, cme-
meHHe POJHKOB B TaHreHIMaJbHOM HampasjeHHH (MO OCH X;) M 3aKJAHHuBaHHe. ITo-
BTOMY 3Ta NMOABHXXHOCTD fiB/sieTcA BpeAHOH. Ee MOXHO H36eXaTb, ecli NPHMEHHTb nepe-
Jauy c Tpemsa ponukamu. Ilpamna, nepenaTouHoe yHC/IO TOTAa yBEJHYHTCH, YTO, Kak
NIPaBHIO, HEXeNaTelbHO. DTOM MOABHXKHOCTH MOXKHO H36eXaTb M APYTHM NyTeM — NpH
JIByX PONHKaX YCTPAHHTb y KapJlaHa LIApHHP, PACNOJIOXKEeHHBIH B TMIOCKOCTH Ocell ponu-
KOB (pHc. 5.47). Takylo KOHCTPYKIHIO CJelyeT PeKOMeHA0BaTh JJfi NPAaKTHYECKOro npHu-
MEHEeHHs.

BonxoBas mepejaya ¢ rHGKHM NHOM H JBYMA POJHKAaMH MoOKa3aHa Ha puc. 5.48.
PaccmoTpenne noiBUXKHOCTel B KOHTYpaX NMOKA3blBaeT, YTO M3GHITOYHLIX CBA3EH y nepe-
Jauu HeT, a ecTb nATb noasuxkHocted. [Ipu mopcuete WX MO CTPYKTYpHHIM GopMynam
KOJIbLIO, COeJHHfAlollee LHIHHAPHYECKYIO YyacTb OGOMOYKH C MJOCKOM, ClefyeT paccma-
TPHBATL KaK OTHeJbHOe 3BeHO. Kpome Tpex noIABHXKHOCTeil, HMeIOUMXCH BO BCEX npe-
JBIIYLIHX CXeMaX BOJIHOBBIX Nepefiay, B nepefiaye C FHGKHM [JHOM HMeEIOTCA elle ABe:
f, — npoucxonut BeaeAcTBHe nporuGa AHa 060104KH B nape F (BcielCTBHe ee JKeCTKo-
CTH TMPOTHG HEBEJIMK U TMOITOMY CoBeplleHHO GesppeneH); [y, (TOxe B mape F) — npex-
CTaBJsieT YIJIOBYIO NMOJABHXHOCTb KOJblla, COEAHHSIOLIEr0 MJIOCKYIO H IIHIHHADPHYECKYIO
yacTH 06onouxkH. H3-3a KeCTKOCTH O0GOJIOYKH yrioBas JedopMallusi He3HAUHTENbHA
H noToMy coBepiueHHO Ge3ppensa. BeaencteHe npocToThl 3Ta cxeMa HaHGojlee BHIOAHaA.
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AHaNorHuHas cxemMa MOJYYHTCS, €CJTH NPHMEHHTb LHJIHHAPHYECKYIO OGOJIOUKY M COeliH-
HHTb ee napo# /V; ¢ xectkuM aHom. [lpu 3TOM HcuesHeT JiHHeHHAR NOABHXKHOCTL MO
ocH 2. Takylo cxemy Takke c/elyeT PeKOMeHAOBaTb JJISl MPAKTHYECKOTO NMpHMEHEHHs!.

ITpu aByx posnukax pacnonoXHTb HX B OAHOM NMJIOCKOCTH C 3y6uaThiM BEHLOM He-
BO3MOXHO. [lo3TomMy 060/101Ka HarpyaeTcfi HeXenaTeJbHHIMH H3THGAIOLMMH MOMEH-
TaMH, H36€XaTb KOTOPbIX MOXHO C TOMOLLLbIO TPEXPOTIHKOBOrO reHepaTopa ot (puc. 5.49).
B HeM 13a pONHMKa, pPacmoJOMEHHBLIX HA OLHONH OCH, MOMCHO pacCMaTpHBAaTb Kak OIMH
POIHK, pa3pesaHHblii nononam. B 3Toil cxeme, eciH He jenaTb NJIaBaIOWMX 3BEHbER,
6yayT JiBe H36GLITOuUHHE CBA3H (¢ = 2). Bropas M36biToyHas cBA3b GYyJAeT AaBaTb Hepas-
HOMepHOe pacnpefieieHHe Harpy3KH MeXAy NOJOBHHKAMH paspe3aHHOro PoaHka YcTpa-
HH1b €e MOXHO B10puIM WwapHHpom Cy ¢ oCblo, napanienbHoi nepsoMy By. 3lech naTh
KouTypoB. PaccmatpuBaem oaHospemeHHo Tph Koutypa ABCDEGH u npa xoutypa FGH.

MoxHO H36eXaTb HeXeNaTeNbHOro Mpori6a 060JOUKH APYiHM NYTeM — NPHMEHHTDb
KynayKoBmi resepaTtop BoaH (pHc. 5.49). OH npeaicTaBiasieT co6oil OBaJIbHBIA KyJadoK
¢ Xeo6koM. Mexny xeslo6KoM B 060710 KO 3aJl0XKeH P wapHKos (Ha puc. 5.50 noka-
87HO TOJILKO 1Ba wapHka). BMecTo 1apHKOB NPHMEHSIOT H PONHKH, HO 3TO NMPHBOAHT
K H36HITOUHLIM CBA3AM H NI03TOMY HeXeJlaTelbHO. PacCMOTPHM MeXaHH3M TOJNbLKO C ABYMS
IIapUKAMH, TaK KaK H36bITOYHbIC CRAI3H H3-32 YHCJ/A IIAPHKOB, 6OJIbIIErO Ny X, He BPEAHH,
M NO3TOMY ONpPEfeNaThb uX He Gyaem. Kaxuplil wapHK BCaeCT8He NPOCKaANb3bIBan U HMeeT
4eThbipe MECTHble NONBHXKHOCTH: CKO/MbXeHHe BJOJb Xel06Ka H BpauleHHe BOKPYT Oce,
nosroMy w = 9. [lpu KysnaukoBoM reHepatcpe Bo.1n Ge3 NJaBaloUINX 3BeHbEs YHCIO H3GHI-
TOUHBIX CBs3efl ¢ = 1. 3Ta cBA3b BHI3bIBAT HepaBHOMEPHOE pacmpeieeHHe HATPY3KH
MeX1y 8yObfAMH (TaK Xe, KAK H NPH POJMKOBOM reHepaTope BOJIH). ¥YCTPaHHTL ee MOXHO
TpeMs NyTAMH:
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) npumennTs niaBaomui KyNayoK, COeAHHEHHHH C BajJoM wapuupom Ay, nep-
NeHJHKY/ASPHEIM K OCH BpaileHHsa (cM. pHc. 5.49);

2) NpHUMEHHTb OGOJIOYKY C I'MGKHUM RHOM:

3) CoegHHHTb LHIMHAPHYECKYIO 4acTb OGOMOYKH G JAHOM C MOMOWbI0 8y64yaToro
Kapaaua [V,

CymecTsyloT W ApPYyrde cXembl BOJHOBHIX Mepefay, HanpHUMep CXeMa C BHELIHHM
reHepaTopoM BOJH 1. BHYTpH 0GOJIOUKH ecTb CBOGOAHOE MeECTO, KOTOPOE MOXeT GhITh
HCMO/Ib30BAHO [l pa3MellleHHsl APYrux spedbeB. M3secTHbl repMerHunble nepegaud,
nepefayH a8 GOMbUIKX NEPEJATOYHBIX OTHOLIEHHH U AP. YCTPaHEHHEe B HUX H3GHITOYHHIX
cBs3efl aHAJOrMYHO H3/MOXKEHHOMY BHIIE H MO3TOMY 3JeChb He paccMaTpuBaeTcs.

5.15. BbIBOAbl H PEKOMEHJALUH

MowmeHT TpeHus B 8y6yaToM KaplaHe He 3aBHCHT HH OT €ro pajuyca, HH OT JLMHHBI
8y6beB, HM OT yria MeXay ocamu 0.

leomeTpHyeCKHit MOMEHT MpPOMOpLHOHANEH KBajpaTy NLIHHBL 3y6a b, yray Mexay
ocsaiMH 0 H 06paTHO MPOMOPLHOHaNeH pazuycy MybTH R H cTpenke Touku A,

ITpH6MHIKEHHO MOXKHO CYUMTAThb NOJHHIA MOMEHT B 3y6u4aTOM KapjaHe PaBHBIM ORHOR
ZecaToli mepexaBaeMoro MoMeHnTa. IIpuBeleHHasi CHJa TPeHHA COeAUHHMTEJBLHOrO MeXa-
HH3Ma NPONMOPIHOHAJIbHA OTHOUWIEHHIO pajHyca IVIaBaloulero 3BeHa (kojeca) K AJHHe
KapJlaHa.

Chnenyer H3beraTb NpHMeHeHHS KOPOTKHX KapAaHHHX BaJIOB H3-3a 6O/bLIOTO TPEHHS,
Haumenbluee TpeHHe y CoJIHEYHOrO MUIAaBAIOLIETO KoJleca, 6oabiue y BORIIA, elle GoJbLIe
y IUIaBaIOMIEro BeHLa.

UYem Goabuie Mopy/ab, TeM OoJblIe Macca 3BeHAd HCKAXKaeT CHJHL.

Ecnu BHYTpH caTeannta chepHueCkHil MONIMNHHK He pa3MellaeTcsi, MOXHO NpH-
MenuTh cxemy B. H. Epmaka. MoxXHO npHMeHHTb TaKiKe pa3pesHble CaTeJJIHTHI C ypaBHH-
TeJbHHIM MeXaHH3MOM. Y PaBHHTEJbHBIM MEXaHH3MOM MOT'YT CIYXHTb KOCO3Y6ble LLTH+
Lesble coeguHenna. Ocb caTe/JINTa MOXeT CYXKHTb YPaBHHTENbHBIM MeXaHH3MOM, eCTH
€e COeJMHHTb C BOAMJIOM LIADHUPOM HJH 330CTPEHHBIMH KoHUaMH. Ilpu uHcae cartennu-
TOB OcJibLIe TPpeX HEeOGXOAMM YpaBHHTeNbHbI MexaHH3M. OcoGeHHO MPOCTHIM OH MOXeT
MOJYYHTbCA MPH IeCTH CaTeJVIHTaX.

B nnanetapHoM pefyKTope LIS GOMbILHX MepefaTOYHbIX YHCea (IJIIOCOBOM) ClienyeT
BCE KOJeca PacnoJIOXHTb B OXHOM IVIOCKOCTH H CaTe/JIMT NOCTaBHTb Ha cdepHuecKul
NOAIWHNHHK,

B MexanH3Max co cBOGOJHBIM BOAHJIOM €0 ClellyeT CleNaTh N/1aBaloUHM, OTPaHHYHB
TONIBKO €ro OCeBble TNepeMelleHHs.

B MHOTrOKpaTHHIX H 3aMKHYTHIX IVIaHETaPHbLIX MEXaHH3MaxX MOXHO H36eXaTb 3yGua-
ThIX KapJaHOB H TPeHHS B HHUX, eCJIH COeJHHHTEIbHOE 3BeHO CJeJaTh IIABaIOLMM.

B onexTpoMOoTOp-KONECAX 4AA PpasMellleHHA CHepHYECKHX MOXMHNHHKOB MPHXO-
OMTCA BTOPYIO CTyNeHb feJaTb pAa3lBOEHHOH. YPaBHHTEJbHbHIM MeXaHH3MOM MOXeT
TaKXe CIYXHTb nepBas CTyneHb. MOXHO NMepBYIO CTYNeHb BLINOJHATL C ABYMA catel-
JINTAMH M JBYMS BOJWJIAMH, COEIHHMB KaXJ0e CO CBOHM COJHEUYHbIM KOJIeCOM BTOpOil
cTyneHH. MOXHO BOAWJIO NMepBOH CTymeHH cAenaTb H3 ABYX XHCKOB, COEAHHHB KaXiblit
CO CBOHM COJIHEUHBIM KOJECOM BTOPOHl CTYNMeHH. a OCH CaTeJJIHTOB NepBOA CTyneHH
HCNONb30BaTh B KAyeCcTBe YPaBHHTENbHBIX PHIYAroB

B BO/MHOBHIX peAyKTOpax ¢ ABYXPOJHKOBHIM HJIH KyJauKOBbIM BOSIHOOGp a30BaTeseM,
NoC/efHHA Hafo CHeJaTh MJIABAIOLIMM BOKPYT OCH, NMEPNeHAHKYJIAPHON K OCH POJHKOB.
Ilpu TpexponHKOBOM BOMHOOGpa3oBaTese HaAO €ro ClelaTh MJABAIOUWIHM BOKPYT ABYX
oceff, mapa/JseJIbHBIX MeXAYy CO6OH H MepneHAHKYJISAPHBIX K OCH POJNHKOB.

! Tapa6bapun B. B., Tumodees I'. A. Boaxosasa nepeladya. — OTKPWTHA, H30OpETeHHH,
npoMbilll/ieHHble 06pa3ubl, TOBapHbie 3HakH, 1976, Ne 48 (a. c. Ne 541057).



F'naBa 6
TPAHCNOPTHbBIE MEXAHMU3MbI

6.1. MPUBOA KAHATHOTO BAPABAHA

Buxoanoii Ban peayktopa (puc. 6.1) onupaercs Ha aBa moawmunHuka. DBapaGan
BCJIEACTBHE 60AbLWON AIHHB YCTAHOBHTD Ha BeCy, KakK AeNaloT C KaHaTOBEAYLIHM IIKHBOM
angTos, Heab3f. [IpUXOANTCA CTABHTDL ellle OAHH MOAWHNHHK. [Tonyyaercs Ban Ha Tpex
noginnuukax. UTo6n H3GexaTb CTaTHUECKH HeonpenesiMMOil CHCTeMH, HEOGXOLHMO
COEJHHHTb PelyKTOp ¢ 6apaGaHOM KapJAaHHbLIM WapHHPOM (OGHuHO 3yGuaThim). s
pasrpysKu 3y6uaToi My(dThl OT pagHalbHBIX CHJ (KOTOpPHeE 3Jiech OueHb GOJbIlNe) CTABAT
IapoBoe CoeinHeH He, 06bIYHO B BUe cdep HueCKOro pOoSMKOBOro NoAIHNHNKa (puc. 6.1,6).
Jlns HaumeHbliero TpeHMs HeOGXOLMMO, uTOGH 3y6uaTas My¢Ta HaXOAHJIACh B OXHOM
IJIOCKOCTH C 1eHTPOM cdephl 3T0ro nmonwHnuuka (puc. 6.1, 6). K coxanennio, sTo He
BHINOJIHEHO Ha pHc. 6.1, @, rlie nIocKocTh KyAaukoBol My TH cMelleHa B OCEBOM Hanpap-
JIEHHH.

Jipyroil nyTb HCnpaBicHHS KOHCTPYKTHBHON CXeMH — STO YCTaHOBKa Ha Kopnyce
peayKTopa ONHOro, 8 He JABYX nojwunuukoB. [Ipu sToM B MecTe npoxoxa Bana uepes
KOpnyc pefyKTopa CTaBAT TOJbKO YNJIOTHeHHe H He CTaBAT noAwHnHuk. Ionywaercs
BaJl HA JBYyX ONOpax — BHellHel H B Kopmyce peAykTopa. Takas KOHCTPYKUMS NpHMe-
HeHa B NPHBOJe SCKaJNaTOPOB H TMOJNHOCTbIO Ce6S OnpaBAana.

Tpetu#l nyTb 3aK/II04aeTCa B TOM, 4TO PEAYKTOp (C ABYMS NOALUINIIHHKAMH) ClIeyeT
JlellaTh CaMOYCTaHaBJIHBalOWMMCA. Bueliolo onopy caeayer caeaarts maposodt 111,
a pelyKTOp COeIHHHTb CO CTOiiKOH 3y6uathiM KapAaHoM [/[g. TIpakTHueCKH BMECTO
8y6uaTOro KapJiaHa Jyuilie B3fiTb TOJbKO ABa 3y6a, PACNONOXKEHHEIX B OAHOX rOpH3OH-
TaJbHOM MJIOCKOCTH. Takas cXeMa Hesnecoo6pasHa B TeX clyuasX, KOrja ABHraTels
COCTaBJfIET OfHO LieI0e C PefYKTOpOM. B JApyrux ciyuasgx MoryT moTpe6oBaThCsi H3Me-
HeHUSl KOHCTPYKUMHM COEJHHHTEJNbHOH My(PTH MEXAy ABHrarejeM H pPeAyKTOPOM.

Kouctpyxuua 6apa6aua, npumenennas HUHUCrpoiinopmamem Ans JeGelox Gaiien-
HOTO KpaHa ¥(B-100.l, NIOKa3aHa Ha puc. 6.2. 3xecb pepykTOp coeanHseTcss ¢ 6apabanoM
BpamatesbHOlt napoii V u kpenutcs Kk niaardopme kpawa napami [/1' u I. BrHocHOR
NOAMIMNHHUK coefiuHseTcs C GapaGaHoM cthepuueckoil mapolt //1' u Kpin.iTcda K naar-
topme onopamu /1]’ u I1I'. B uux o6pasyercss H36HTOUHAsA CBA3b — HATAT BAOJb Nps-

1 Ll il DLl L L LLLLLL

OGO TIIIIIIIIINIIIIIIS

a) \

0)

Prc. 6.1, MNpusox xanaTHoro GapaGana:
@ — xoncrpykuus BHHHIITMAIlla; 6 — koHcTpyKuus saBoAa IITO wum. Kuposa
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Puc. 6.2. Jle6eaRa KOHCTPYKuUMM
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Puc. 6.3. Onopw ne6enkH KOHCTPYKLHH &

Moft [11'I11'; us-3a 6onbInX 3a30poB 3Ta H3GLITOYHAA CBA3b GesonacHa. Ona onpefieeHa
no ¢opmyaam (1.1) n (1.2) (cM. puc. 6.2, cnpaba).

Kouctpykuun onop / u /1’ nokasanu Ha puc. 6.3, a u 6. Onu npeacrasasior co6oit
KHHEeMaTHYeCcKHe coefinHenus cpepuueckoit napn ///; ¢ naockoctholt /115 ans napw [/
(puc. 6.3, a) wan c BpamareanbHoit Vy aast napn 111 (puc. 6.3, 6). IMnockoctran napa /11,
OT/IMyaeTcss OT BpallaTeabHOR V, TONBKO AHAMETPOM CBepJeHHs B Jiane OMOPHL
[MpomexxyTounbe 3BeHbA — WIAPOBHE BTYJNKH B 0GEHX ONOPaX MMEIOT MECTHYIO MOJBHIK-
HOCTb — BpallleHHe BOKPYTI' CBOefl OCH.

[lpu oTknonennn ot coocuoctu onop //1' u V Gapabana Bo BpeMs pa6oThi JieGeAKH
peayKkTop nepeMeiiaerca B onope /. B skcmiyaTalHH AONYCKAlOTCA NepeMelLeHHs [0
2,5 MM, npH GoabliMX 3HaueHHsAX JeGeika GpaKyercs.

6.2. BJIOKH

Baok B rpysonoabeMHuX ycTpoficTBaXx He TpeGyeT GoJbIUOH TOYHOCTH BpalIEHHS.
3To He CTOJ KapyCeJbHOTO CTaHKa, rie KomeGaHHs, M3MepsieMble MHKDOMETpaMH, yxke
BJHAIOT HAa TOYHOCTb H3rOTOBJAEMOrO H3JeJHs. MOMeHTbl, nepeKalMBaioiu¥e NOAWMI-
HHK, H OCeBble CHJBI He MOTYT GbiThb 3HAUHMTEJbLHLIMH, TaK KaK BO H36exaHHe GHICTPOro
H3HALIHBAHHSA TPOCA He NONMYCKAeTCs 3HAYHTeJNbHOE OTKJIOHEHHe ero OT IVIOCKOCTH Bpa-
meHHs 610Ka. B noiBHXHBIX 6l0Kax BCAEACTBHE HX CaMOYCTaHABJIHBAeMOCTH 3TH MO~
MEHTH BO0OGllle OTCYTCTBYIOT.

Kpome Toro, nopummnuunku TtHna 0000, npumenseMble 3Jiecb, XOpOLIO NEpPeiaiOT
ocesble CHIbl. MecTa A/ YCTAaHOBKH MOAIIMNMHHKA BHYTPH 6JIOKa BNOJHE JOCTaTOYHO.
IMostomy 1uesnecoo6pasHo GJOK ONMHpaThb HA OJAHMH NOAIIMNHHK KauyeHHS: LIAPHKOBBIA
oxaHopsAHHil THna 0000 HIH PONHKOBHI C KOPOTKHMH LHJIHHADHYECKHMH POIHKAMH
Tuna 92000 (HaM Apyroro aHaJOTHYHOIO THNa),

IpaBuabHAs KOHCTpyKuUA Ge3 H3GBITOUHBIX CBfA3ell nokasana Ha puc. 6.4, a. K co-
XKajeHHIo, OOMENDHHATOR dABAdeTcd onopa 6JOKa Ha J1BAa NOMIIMNHHMKA KaueHHs
(puc. 6.4, 6). B Heil naTh H36BITOUHBIX CBA3el, KOTOpble BCJEACTBHe GIM3KOro pacnovio-
JKeHHS MOAUHKNHHKOB OCOGEHHO CHJIBHO CKas3blBAIOTCA Ha HMX pa6oTe (BAHsSHHe jxomy-
CKOB).

[Mepexox Ha OXHOMOAIMNMHHKOBYIO OMOPY NO3BOJNHT CIKOHOMHTb GOJIbILOE YHCIO
MOAINNHHKOB, a TaKXe YMEHbUIHTb raGapHTHl B OCEBOM HamnpaBJeHHH.

Tak Kak npH onopax Ha NOAWIMMHHKAX CKOJbXeHHA GOJOKH BCErja OMHpaloTcs
Ha OHY BTYJIKY, TOYHOCTb BpalleHHs GJIOKOB MPH 3TOM BMOJHE YAOBJETBOPHTENbHAS,
M03TOMY NpH nepexojie Ha MOAIIHMHHKH KayeHHs, KOTOpHe ropasfio ToyHee, NpHMeHeHHe
OMop Ha /BA MOJWHMNHHKA MOMXHO OGBSCHHTb TOJNLKO MPHBLIYKOA OnHpaTh Bal Ha jBa
NOAIINIHHKA.

TpH KOHCTPYHPOBaHHH KDPIOKOBOH NMOABECKH He CJefyeT YCIOXKHATL ee HeHYXHHMH
noasuxHocTAMH. [TpuMep Takoil HenpaBW/IbHON KOHCTPYKIHHA AaH Ha puc. 6.5, rie kpiok
KpenuTcA Ha YNOpHOM WapHKonoAwHnnHWke THna 18 000 co cepHUeCKHM MOAKIANHBIM
KonbnoM. CdepHueckas NOAKMAAKa SAeCh H3IMHIUHAA — o6e YIJIOBbie MONBHKHOCTH
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Puc. 6.4. KOHCTPYKuUHH KPIOKOBOA ROABECKM:
a — npaBuJbHas (6e3 U3GHTOUHBIX CBA3eH); 6 —
HenpaBHJbHAs (NATbL H3GHITOYHBIX ¢BA3ed)

V%
g
I

45,

i
i

B

a) Puc. 6.5. HenpaBHabHasi KOHCTPYKUHA NATH
L a Kp1oKa (C BpeaHOH NOABHXHOCTDLIO)

BOKPYT TODH3OHTAJbHHX OCeH AOCTHralTCA CaMOYCTaHaBJIHBAaeMOCTbIO CaMOro G6J0Ka.
Ona jaxe BpefHa, TaK Kak B pe3yabTaTe TpeHHs B cdepHueckoli mape 6JOK ocTaeTcs
B NepeKOIIeHHOM COCTOSIHHH, YTO 3HAUHTENbHO CHH)KaeT JAOJTOBEYHOCTb TPOCOB.

6.3. TPEA®EPDI

I'pefidepul 6LBalOT ABY XuemocTHEIE (PHC. 6.6) U MHOrouenocTHbie (pHc. 6.7). [TepBue
NPHMEHRAIOT IS JIeTKHX MaTepHaloB € OrpaHHYeHHBHIM Pa3MepOM YacTHL,, BTOphie —
IS TAXENBIX, KPYMHbLIMM KYCKaMH.

Han6onee pacnpoctpanenbl AByXKaHaTHule rpefideprl, KOTOpHe 31ech H pacCMOTPHM

\

Puc, 6.6, JbyxuemoctHol rpeiidep
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Tpu HaBHBaHHH 0GOMX KaHATOB TAKHUX Ipeit-
¢epoB mpoucxogutr mnopbveM. Ilpu HaBuBaHuH
TONBKO OJHOrO KAaHATa HWJIH HaBHBaHHH OGOMX
KaHaToB C Pa3sHbLIMH CKOPOCTAMH rpeiidep OTKphi-
BaeTCi HJH SaKpblBaeTcs.

B aByxuemoctHoM rpeiidepe (cM. puc. 6.6)
YeNIOCTH COEJMHAIOTCH WADHHPOM (HHAue 3y6bf
HX HE COMKHYTCfl), KOTOpLIi CYHTaeM BpallaTelb-
Holi mapofi V,. K stomy waprupy npHucoeauusior
HUXHIOI0O O060OAMY YyNpaBJfIIOLIEr0 MOJHCHAacTa,
UYeMOCTH TOJBELIHBAIOT K BepxHed o6oiime ue-
THIPbMA HAKJIOHHHIMH TATAMH, WAPHHPbI KOTOPHIX
cleflyeT CuuTaTh chepHuecKuMHM mnapamu [11].
Boablloe 3Hauenne HMeeT pacnonoXkenHe STHX TAT.
Heab3s, yTo6bl OHHM mepeceKajuch B OAHOMN TouKe,
TaKk Kak Toria 6yJeT HapyiuieHo ycjoBHe Ne 6
B Ta6a. 3.1, Mo KOTOPOMY uepe3 TOUKy MOXeT
Puc. 6,7. MuorouesiocTHot  rpefi-  npOXOAMTb He G6OJblLIE TpeX I[OBOAKOB, H Me-
dep XaHH3M TNOJYYHTCS C  H36GHLITOYHOH  CBSA3BIO.

DTo MOXHO NpOCNENHTbL IO HaTAraM npH c6opke
TAr TaKoro pacnonoxedus. [locie nocTaHOBKH Tpex TAT (CuuTas o6oilMy Hero-
JBHXHOM) CHCTEMA M3 HHX M YeNIOCTedl MOXET TOJLKO BPallaTbCs BOKPYT TOUKH HX mepe-
CedyeHHf, H PACCTOAHHE MeXAY TOYKAMH NPHCOEAHHEHHS UETBEPTON TATH, HYXKHOe A
€e yCTaHOBKH, H3MeHHTb GyJeT HeBO3MOXHO. BosHHKIIas H36GLITOYHAR CBfA3b NOTpeGyeT
NPHIOHKH JVIHHB YeTBepTOi TATH. IIpH peMOHTe TATH MOryT 6bITb NepenyTanbl, H TOrAa
npujercs uenpobosatb 4-6 = 24 BapHaHTa, YTO ABHO HEBO3MOXHO. I'IaBHbI HefocTaTOK
TAaKOH KOHCTPYKUHMH — HENpaBWIbHOE HarpyXeHHue 3/eMeHTOB rpefidepa mpu pa6orte.
IMoatoMy H36GhITOuHas CBA3b 3fiech HeJomycTHMa. UTOGH ee HCKAIOYHTb, HA0 CIElHTh,
4TOOH Ha obenx npoekuusx rpeidepa (cm. puc. 6.6) Toukn nepecevenns oceit TAT nepe-
CeKanHCh Ha BO3MOXHO 60Jiee pa3iuyHOM ypoBHe. [IpoBepHM 3TOT MeXaHH3M H 1O CTPyK-
TypHOH cbopug.ne (1.1). OnpenennM MOABHIKHOCTH, CYHTasf CTORKOH BepXHiolo 06oiimy
MOJIHCNAcTa. DTH NMOABHXHOCTH: OTKPbIBaHHE, YeThipe MECTHble NOABHXHOCTH YeThlpex
TAT 4 JBa PacKauHBaHHA B ABYX MJIOCKOCTAX, Bcero w = 7, no ¢opmyae (1.1)

Ecnn Taru nepecekaiotcss B OfHONl TOuKe, TO A0GABHTCA ellle BpalleHHe BOKPYT
BepTHKaJIbHON OCH, H Toraa w = 8;

g=8—66+451+38=1.

Y MHoroueaioctHoro rpeiibepa (cm. puc. 6.7) KoHcTpykuus npasuabHas. Hapo
TOJIbKO YeJIOCTH COENHHATb C HHXKHel 060/MOil monHcnacTa BpallaTelbHEIMH napaMu V,,
a TATH BHNOMHATbL €O cdhepHyeckHMH (3a cueT 3a3opoB) napamu ///;. IIpu BocbMu uedio-
CTAX, CYUHTafl 3a CTONHKY BEPXHIOI0 OGOAMY MOJHCNAcTa, MOABHXKHOCTH: HA OTKPHIBaHHe,
BOCEMb MECTHBIX NOJABHXHOCTeil (BoceMb TAT) H NATb MOABHAKHOCTeH HHMHeH 06OAMB
[oNHCnacTa — JiBe JHHefinble BAONL FOPH3OHTAJLHBIX OCell, B€ YI/IOBLIE BOKPYT TeX Xe
oceil M yrJoBas BOKDPYT BeDTHKAJbHOH OCH, MPOXOAdlleid uepe3 TOYKY nepecedyeHus
T4r. Bcero w = 14. Tlo ¢opmyne (1.1)

q=14—6-17+45-843.16 = 14 — 1024 40+ 48 = 0.

6.4. KPAHOBBIE TEJIE)KKH

Ieperpyaounble MOCTHI, MepeiBHKHEE KOHBeHephl, KO3/10Bble, NOPTANbHLIE H CTPOH-
TeJIbHble KPaHbl NepeMellaloTCH 110 pelbcaM € MOMOMIbIO XOAOBBIX Tesnexek. I1pu ycaoBun
MaJIoif TPY30NOABEMHOCTH TeJeXKH BHIMOJHAIOT OXHOPeIbCcOBHIMH (pHC. 6.8), mpH Gosb-
woll — JABYXPeNbCOBbIMH H Jaxe veThipeXpesibcoBbIMH. OHH DaccMOTpeHb B Npejbi-
JyuwleM H3JaHHH KHHTH.

Byaem paccmaTpHBaTh onopy OXHOft HOTH KpaHa. BBIACHMM YC/NOBHS CBSI3H Mex1y
KoJIecOM H pesibcoM. KOHTAaKT Mo HMIMHADPHYECKOA MOBEPXHOCTH BCIEACTBHE MANOR Wn-
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Puc. 6.8. OnHOpPEALCOBLIE KPAHOBLIE TEJEXKH:
a — JABYXKoJecCHas; 6 — UeThPeXKOJeCHas; 6 — yCnoBHoe o6o3HaveHHe

PHHH pebCa No CPaBHEHHIO C pa3MepaMH KpaHa GyieT napoit nepsoro kiacca. Crenopa-
TeAbHO, €C/IH B pe3yJ/ibTaTe 3a30p0oB pe6oplibl He paboTaloT, TO 6yJeT coelilnHeHHe nepBoro
KJ1acca; ecaM paGoTaloT, TO NpHGaBHTCA elle OLHO YC/NOBHE CBA3H H GYleT cOoellHHEHHe
BTOPOro Kjacca
B cooTBeTCTBHM C 31HM H 0603HaueHHl Napbl Ha pHc. 6.8. CoeaHHeHHe ONHOPEIbCOBOM
TeNeXKHM C HOTGil KpaHa WIH C 6alaHCHPOM JIOJXKHO HMETb JABE YIVIOBble MOJBHIKHOCTH:
BOKpPYI BEPTHKA/JbHON OCH JUIfl BNHCHIBAHHA B KPHBHIe H BOKPYT NONepeyHol oCH ANf
BHIPaBHMBaHHsl HAarpy3kH Ha Koseca. [lns yCTOAYHBOCTH TeNeXKH (Y4TOGH OHA He «Ba-
JIMACh») MOABHAKHOCTH BOKPYT NMPOJOALHON OCH SHTh He JAOMKHO. Y JBYXPeJIbCOBHX
TeJle)KEeK 3Ta MOABHXKHOCTb Heo6XOoAHMa JJfl BLIDABHHBAaHHS HArpy3KH Ha o6a peJbca.
[ToABHKHOCTL MeXaHH3Ma: OCHOBHafi (JBHKEHHe TeJeXKH), TNpOCKalb3biBaHue
KoJiec (W/H oceil) MO HX WHCAY H TPH YIVIOBBIE TOABHXXHOCTH HOTH KpaHa (y OIHOpeIbLCo-
BhIX — OJIHA 3 HHX BMeCTe C TeJIeXKOM). YCJIOBHS CBA3H, HAMIOXKEHHbIe HA KpaH JApYTUMH
TeJ€XKaMH, 3JleCb He pacCMaTPHBAIOTCH, OTCIOAA H TPH NMOABHXHOCTH Y HOTH.
PaccMoTpeHnble MeXaHM3Mbl HanpaBAflOT HOTY KpPaHa MO JIMHHH, NapaljielbHo
e/bCaM, T. €. Ha MJOCKOA CXeMe HaKJaABBAlOT T€ Xe YCJIOBHA CBA3H, YTO H MOJA3YH.
03TOMY B JlajibHefillieM Ha NJIOCKOH cxeme 6yJlieM M306paxarb X B BHAE MoJ3yHa. DTOT
TIOJI3YH TIPH ONHOPEbCOBON TeeXKe GyJieT yeTBepTOro KJacca, a npH ABYXpelbCOBON —
nATOroO.

6.5. MOCTOBbIE KPAHbDI

B MOCTOBHIX KpaHaxX MOJAKPaHOBbIE PeJbCH PAacnoOXeHbl Ha GOJBLLIOM PACCTOSHHH
ApyT OT Apyra (paBHOM NpOJIETY) H MPHCOeJHHEHBl K Pa3IHYHBIM cTeHaM 37anus. Hepas-
HOMepHas OCajika 3llaHHsA BeJleT K HCKaXXeHHIO MOJKPaHOBOTO NYTH B NJ1aHe H B npoduie.
B cTaTHYEeCKH HeonpeleJHMbIX KPaHaX STO BeJieT K YCKOPeHHOMY H3HAIUHBAaHHIO XOA0BOA
YacTH MOCTa, OCOGeHHO pebopll KoJec.

I. I1. INonos n B. A. Heaunos (a. ¢. Ne 140551) npepnoxuau MOCTOBO#H KpaH, B KO-
TOPOM H3GHITOUHHIE CBA3H ycTpaHenbl, Ero cxema nokasaxa Ha puc. 6.9, a.

MocT cOCTOHT M3 IBYX 3BeHbeB, KaXKAOe H3 KOTOPBIX NMpPEJACTABJAET IMaBHYIO H KOH=
HeBYIO GaJlKH, XKECTKO COeHHeHHble MeX]y co6oil. 3BeHbsl MOCTa coefiHHeHbl napamu 1,
KOTOpHIE BHINOMHEHH! B BHJle KoJleca B XesioGe. X0/10BbIe KoJleca COeHHEHbl C MOCTOM Bpa-
maTeqbHLIMH napaMu V. OfHO H3 KosteC clleflyeT clieniaTh GoJiee IIMPOKHM, YTOGH NoJy=
9HTb NApy NepBOro Kjaacca. YMeHblieHHe YHCIa H3GbITOUHBIX CBSA3el 3HaUHTeNIbHO COKpa-
THJO H3HAlUWBaHHe XOMOBOH YacTH.

DT10T KpaH Gbl HCMbITaH Ha AJeKCaHIAPHHACKOM 3aBOfe NONBEMHO-TPAHCTIOPTHOTO
oGopysoBaHHs. McnbiTaHHA NPOILUIH YCNELHO, 3HAYUTENbHO YBEIHYHAACH JOJTOBEYHOCTD.

B sTolt cxeme MOXHO clie1aTe Bce Ko/eca OJMHAKOBHIMH Ge3 yiuiHpenHs o6oAa, HO
TOT/la OJHO KOJIECO TMPHAETCHA NOCAAHTL HA LIMIHHAPHYECKYIO napy (C oceBHIM pasGerom).
OnrHaKoBbie KOleca MOXHO NOJYYHTb H APYTHM crioco6oM (puc. 6.9, 6). g atoro B ofHORA
NOJTOBHHE MOCTA HAJO IVIABHYIO M KOH1eBYIO GaJKH COeJHHHTb BpallaTeJbHol mapoit V.

[Tpowe sTa cxema nonyunrtcs B oaHoGanouHoM Mocte (puc. 6.9, 6). 3aech IIaBHyio
GalKy Hajo COeAHHHTL C OJHON KOHLEBOil 6aNKOl XKecTKo, a C APYroil — uepes Bpalla-
TeNbHYI0 Vy # uunuHapuuecKyio /V, naphl

B sTHX Tpex cxeMaX HanpaBJsiOIMM GyLeT TOIBKO OLMH peabc: Ha puc. 6.9, a —
NPaBhlil, UTO ABASETCS HEAOCTATKOM, NPaBJa, He OYeHb CYUIECTBEHHBIM, TaK KaK MOXHO
CH/IbHEE YKPENUTb 3TOT pelbC B TOPH3OHTAJbHOM HanpaBleHHH. YCTpaHeHHe 9TOro
HEJIOCTAaTKa BbI3LIBAET YCIOXKHEHHE KOHCTPYKIHH KpaHa. MoXHO MOCT ClesaTh WapHHP-
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HoiM (puc. 6.9, 2), BLIMOIHUB COEANHEHHS TIABHBEIX H KOHIEBBIX 620K ABYMS BpallaTe/h-
HbiMH napamu V, u aByms napamu /3. [IpuBOX K TeleXXKaM MOCTa npHAeTCS AeaaTh pas-
HeIbHBIM, YTO BHITOJHO MM KPaHOB C GOJBIIMM NPOJSETOM. JIHLIHIOI MOXABHXXHOCTb —
mepeKoc MOCTa — 3JleCb HEOGXOAMMO YCTPAHUTb 3JIEKTPHUECKHM myTeM. MexaHHuecKHM
nyTeM BCIeACTBHe GOJBIIOTO PACCTOAHMS MeXJY KOHLUEBbIMH 6GalKkaMu STOTO AOCTHYD
TpYAHee.

HanpasJienne MocTa OlHHM pesibCOM Ce6si ONPaBIaNO H MOMYYHJIO LIHPOKOE Pachpo-
CTpaHeHne B MePerpy3OdHBIX MOCTaX H MOCTaX MepelABHXKHbIX JICHTOUHBIX KOHBeiiepoB,
MO3TOMY €CTb BCe OCHOBAHHSA CYMTaTh, YTO OHO BIIOJIHE MPHTOAHO H [/1s1 MOCTOBLIX KPAHOB,

6.6. X0410BASl YACTb CTPOMUTEJIbHBIX KPAHOB

MexaHu3Mbl XON0BOIH 4acTH GalliEHHLIX KPAHOB OCOGEHHO BAaXKHO BBIMONHATL CTAaTH-
YeCKH OnpejeNHMbIMH, TAK KaK PelbCbl VIl HHX (KaK H /s BCeX CTPOHMTENbHbIX KPaHOB)
yCTauaB/IHBAIOT BpeMeHHO. Kpome Toro, KaXnaplil pesibC ka1afyT Ha cBOM naiabl. CKOpocTH
KPaHOB BO MHOT'O a3 MeHbllie, 4eM CKOPOCTH oe3f1oB. [103ToMy TOUHOCTb YCTAHOBKH pelib-
COB 3THX KDPaHOB 3HAYHTEJIbHO HHXKe JKeJe3HOAOPOXKHbIX. [ToBHILIAT 9Ty TOUHOCTbL He-
BBIFOJHO, TaK KaK NPH 3TOM YJAOpOXAIOTCH CTpOHTedbHble paGotsl. Haobopor, aas ycko-
pEeHHs H yAelleBJeHHS CTPOHTENbCTBA XeJlaTeJbHO CHH3UTh TPeGOBaHUA K TOYHOCTH yCTa-
HOBKH pelbCOB. DTO M JalOT MeXaHH3MHl 6e3 H3GBITOUHBLIX CBsi3eil.

TakHe KpaHbl OOGbIYHO ABHXYTCA Ha JABYXKOJNeCHBIX Tejexkax (cM. puc. 6.8, a).
Mexnay depmoit KpaHa H KoJecaMH JO/KHO ObiTb JBa IUAapHUpA: BePTHKAMbHHIA — Jia
MOBOPOTA TeJIeXKKH B COOTBETCTBHH C npodu/ieM NyTH B nJaHe H TOPH3OHTANbHBIH — JUISA
BbIpaBHUBAHHUS HArpy3oK Ha KoJeca.

Ecnn kpan onupaercs Ha TpH TaKue TeJeXKKH, TO €ro CHJa TAMKECTH pacnpefensercs
CTaTHYeCKH OMpeNe MO MeXAy IlecTbio Koslecamt. KoHeuHo, 3TO He 3HauHT, YTO pacnpe-
IelleHne paBHOe, TaK KaK KPOMe CHJIBl TAXKeCTH KpPaHa eCTb ellle ONPOKHALIBAIOLIHE CHIN
(cHIa TAMECTH Tpy3a H RaBJeHHE BeTpa).

OxHako Takoll KpaH He 6yJeT npuCnoco6asaToca K npoduiio nyTH B niave. Hanpu-
Mep, OH He CMOXKeT NpolTH no Ko/iee nepeMeHHOMN mWHpHHbL. Oco6eHHO TPYAHO A TAKOrO
KpaHa MOAOTHATb pelbChbl Ha KPUBBIX. [103TOMYy ero nmpuMeHeHHe NMPaKTHYECKH OTpaHH-
YHBAeTCA TOJIbKO NMPAMBIMH MYyTSAMH.

YeTpaHuTb STOT HEZOCTAaTOK MOXHO, €CIH COefHHHTb Qepmoil ABE TeneXKH, HaXo-
AslllHecsl HA pasHbiX peabcax (a. c. Ne 203869). Kpan nosnkeH omHpaTbCH Ha TPeThbiO
TeJexKy u cepeauny depmu (puc. 6.10, a). Ilpn sTom ueHTp kpaHa RoJKeH GHTb B ABA
pa3a GiHKe K coeJuHEHHIO ¢ hepMoit, 4eM K COeRMHeHuUIO ¢ Teaex ko, Coepunente ¢pepmul
@ KpaHOM JOJIXKHO 06A3aTe/IbHO GbITh Ha BpallaTe/bHoil nape Vs, T, €. BHIIOJIHEHO HA ABYX:
IHPOKO PacCTaB/IeHHHX NOJWHNHHKAX, Takoil KpaH CMOXeT JABUraTbhCA M M0 Kojee mepe-
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Puc. 6.10. Cxembl coeauHEHHH XOAOBLIX TEJEKEK KpaHa:
a—@ — C TpeMfl TeJIeXKKaMH; 2—e — C 9YeThPbMA

MEHHOM IIMPHHH U NO KpuBbIM. BeTpoBas cuia paBHOMEPHO pacnpefieuTC MeX1y TpeMst
TeJIeKKaMH.

B CTpYKTYypHOM OTHOWEHHH Ta e 3ajlaya pelleHa Ha cxeme puc. 6.10, 6. 3gecn
OfiHa HOTa COCTaB/feT ONHO lieJ10e C KPaHOM, JBe APYTHe COeIMHEeHH! C HHM BPalllaTelbHBIMH
napamu Vy, BEINOJHEHHBIMH TaK XKe, KaK H Ha puc. 6.10, a. Kpome Toro, Horu coennsenst
IaPHHUPHBEIM MEXAHH3MOM, JONYCKAIOLIHM HX MIOBOPOT TOJILKO HA PaBHbIe YIJIBI B TPOTHBO~
MOJIOKHEIX Hanpas/eHuaX. K coxanenuio, TeJleXXKH Ha MOBOPOTHBIX HOraX He yuacTBYIOT
B nepejaue BEeTPOBOi CHJIBL. DTy CHJY Nepefaer TONbKO TPEThbs TelleXKKa H TONbKO OJHOMY
peabcy — BepxueMy (puc. 6.10, 6). ITosTomMy Takas cxeMa MOXET HMeTb TOJNLKO OYeHb
OrpaHHYeHHOe MpHMeHeHHe (Hampumep, LIS KDAHOB B 3aKPHITHIX MOMEUIEHHUAX).

3HauuTebHO NpOllle 3TO pellleHo Ha cxeMe pHc. 6.10, 6, rie BeTpoBast cuaa AeficTByer
TaKXe TOJIbKO Ha OfHY TeanexKy. 1To cpaBHenuio co cxemoit Ha puc. 6.10, 6 B sTOM C1yyae
npucnoco6aseMoCTs KpPaHa K H3MEHEHHIO IIHPHHH KOJeH HEeCKONBbKO XYXe.

IMpu ueTwipex TeleXKax HeH36eXHa OAHA M3GLITOUHARA CBA3b BCJIEACTBHE nepepauw
BEPTHKAJbHHX CHJI Ha yeTblpe TOYKH, KOTOpasi MpHBeJeT K CTATHYECKH HeonpefeauMoMy
pacnpeleseHHI0 CHJ MeXAY KOJecaMH.

OrcyTcTBHE NPHCNOCO6/MEMOCTH K Mpodualo NyTH B NJIaHe MOXHO YCTpPaHHTb.
OGBIYHO HOTH COEIMHSIOT C KPaHOM NPH NMOMOUIM BepTHKalbHBIX mapHupoB Vi, Kpau
NepeBO3AT CO CJIOXKEHHHIMH HoraMu. B paGoueM mosmoxeHHH HOTH SakKpemJfOT TAraMH H
OHH COCTABJIAIOT C KPaHOM OIHO lieJoe 3BeHO. UTo6b YCTPAaHHTH H3GBLITOUHBIE CBS3H,
JefiCTByIOUIHEe B FOPH3OHTAJIBHON MJIOCKOCTH, HEO6XOAMMO 3aKPemATh He ueThipe HOTH,
a TOJIbKO JiBe, pacnoJIOKeHHble OaHa NpoTHB Apyrof (puc. 6.10, 2); ABe ApyrHue HOTH Cie-
IyeT OCTaBHTb CBOGOAHBLIMM Ha BpallaTelbHBIX napax. Takol KpaH Moxer pa6oTaTbh H
npH nepemenHolt mwupue koien (kpan KB 100.1 BHHUHMCrpoiinopmama). K coxanenuio,
B nepejave TOPH3OHTANBHON CHJIbI GYAyT Y4aCTBOBAaTb TOJbKO JBe TeJeXKH (Ha 3aKpern-
JIeHHBIX Horaxg, T. €. 3Ta CXeMa 4aCTHYHO MMeeT HeJOCTaTOK cxeMnl Ha puc. 6.10, 6.

H3Gexxatb 3TOro HelocTaTKa MOXKHO, €C/IH BCe YeThipe HOT'H OCTaBHTb BpalllaioM UM HCH
Ha wapHupax V, (puc. 6.10, 8). [Ina ycTrpaHeHus JHIIHAX NOABHIXKHOCTER COCEHHEe HOTH
CeflyeT COeIMHHTb ILADHHPHBLIMH MeXaHH3MaMH, JAOMYCKAIOMMMH HX MOBOPOT TOJbKO
Ha paBHble YIVIBl B MPOTHBOMNOJIOXHBIX HanpasjeHHAX. [ 3TOro Ko/MxHO GbiTh BBINOVI-
HEeHO COOTHowWweHue a/b = c/d.

MexanusM noayyaeTcs Jierkufi H HeJOPOroff, Tak Kak H3MeHeHHe KOJNeH HEBeJIHKO
H, CeJ0BaTe/bHO, pasMepsl priyaroB b H d okaswiBaloTcsl He6osbiuuMHu. TIpH 9TOM HOTH
cllefiyeT COeRMHATD C TeJeHKaMH, ONUPAIOUWMMHCH Ha pa3Hble pebcHl. Heab3s coeqnHATL
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HOTH C TeJeXXKaMH Ha ORHOM peJbCe,
TaK KaK TOTAa 3TH TEJEXKH He CMO-
IyT TepelaBaTb BETPOBLE CHIK
(HemoctaTok cxeMbl Ha puc. 6.10, 6).
Kpome Toro, ne GyayT ycTpaHeHb
H36BITOYHBIE CBA3H M BO3HUKHET
MeCTHas BpeAHaf MOABHXKHOCTB (LBH-
JKeHHe KPaHa MOMnepeK pesbCoB).
BMecto coepuHHTeNbHOrO Mexa-
HA3ma (cM. puc. 6.10, 3) MoxHo
NPUMEHHTb MEXaHH3M aHTHmapal-
JqeasHoro Kpusowuna (puc. 6.10, e).
Mocneanudt MexaHWsM npelle, Ho
CHIBl B HeM H pasMepsl 3BEHLEB

Puc. 6.11. CxeMbl uYeThIpEXTeJNeXEYRMbIX KPaHOB: 6Mbme, YeM B MNEpBOM MeEXaHH3Me.
a — ¢ 3yCuaThMH CexTopamu; 6 — ¢ xpusowunro-  DTOT MeXaHHU3M 3anaTenTosan B [P
TIONSYHHHMA MEXaHHIMaMU (Kanment natent Ne 32213).

Horn mMoXHO coelnmHATb 3y6uaThMH cekTopamu (puc. 6.11, a), a Takxke BOHHLIM
KPHBOIUHNHO-ION3YHHEIM MexaHusMoMm (puc. 6.11, 6). Taxue MexanH3Mhl NpemIOXKHI
Hans Tax (narenr ®PI, Ne 1015587).

6.7. NOADEMHUKH (JINSTHI)

Ha nopbemMHuKaX OGHYHO NPHMEHSIOT Ne6EAKH C KaHATOBeRYMHMM LIKHBOM HA TPH
HIH YeThipe KaHaTa. KaHaTHHIl IUKHB Mo/yyYaeTcsl Y3KHM, NOITOMY ero BCeria pacnona-
raiot «nanecy». Tak Jierko nosyvalotT KOHCTPYKIHIO C ABYMst ONOPaMK BaJja [IKHBa B KOp-
nyce peaykropa. [1o6onanas yepBsiuHas nepefiaua, KOTOPYIO OOLIYHO MDHMENSAIOT B JTud-
TOBHIX JIe6efKaX, NpeACTaBAseT co6ofl cHCTeMy C M3GLITOUHBIMM CBR3AMH, NYTH YCTpaHe-
HUSL KOTODHIX MOKa He HafReHH.

OcTaeTcsi HepelleHHBIM BONPOC H O pachmpefieleHAR HAarpY3KH MEXAY KaHaTaMu.
Ha ka6uHe CTaBAT pHuaXne ypaBHHUTEJbHBII MEXaHHW3M, BHPABHHBAIOMHA HarpysKy
kaHaToB. C MpOTHBOBECOM KaHATH COEJHHSAIOT YEPe3 NPYKHHH, T. €. CHCTEM2 OCTaeTcs
CTaTHYECKH HEONpeeNHMOR, XOTA MPYXKHHBE 9aCTHYHO KOMIIEHCHPYIOT HEpABEHCTBO CH.I.

Ecan opuH H3 KaHaToB JEXHT B Xenobe IMKHBA [Vy6GxkKe (HJAR Melbge) OCTaAbHHX,
TO 3a CYeT MeHbIleH OKPYXXHOCTH OH MPOXOJHT MEHLMIHA MyThb, YeM ocTanbhke. FloaTomy
HATAXEHHe €ro B BEPXHEM H HUXKHEM MNONOXEeHWAX KaGHHbI CTAHOBHTCA pPasNAdHLIM,
H OH HaYHHAeT NMPOCKaNb3WBaTh. Toraa Aanbwefilee H3HAIWBAHHE 3TOTO XKeao6a MueT
ropasfio GbiCTpee, 4eM OCTaJAbHBIX, H IIKHB MPHXOLKTCA 3aAMEHATD.

Tak kak pasmepH XesnoG0B BCeria pasanuHk (B mpeaenrax XOMYCKOB), TO MPHYHHA
HEPABHOMEDHOrO H3HAIHBAHHA 3aN0XKEHAa B CaMOH CXeMe MEXaHM3Ma. YCTpaHHTB STOT
HEJ0CTaToK ovyeHb npocto. Hajo caenath MexaHuam cTaTHyeckn onperensmMeM. s storo
Ha NPOTHBOBECE BMECTO MPYXHH HAaRO MOCTABRTb BTOPOR YPABHHTEJLAHIT MEXaHH3M.
MecTHble MOABHIKHOCTA 3fiech Ge3BpeANH, TaK KaK OHHW YCTDaHATCA TPeHHEM KanaToB
O IIKHUB,

Urto6R ypaBHHTEAbHHE MeXanH3NH PaboTalH OKOJIO CBOEr0 CPEAHErc HOMOMEHHA,
rje TpeHHe Y HHX HanMeRbluee, CIEXyeT NPeXYCMOTPETh YNOPH PHYAroB. YNOp AOANEH
BH3BaTb ocjaGjieHHe W MPOCKajb3biBaHHE KaHaTa B KOHUe xoma (eannuunoe). K coxa-
JIEHHIO, TaKoe YCTPOACTBO aBTOPY He YAalOCh NPOBEPRTH IKCREPHMEHTANLHO.

INoxsecku JnGTOB CAYKAT IS BHIPABHHBAHWA HAarpy3oX MOAbEMHbIX TpocoB. Hak-
Gosee pacnpocTpaHeHHEIE MOXBECKH NOKa3aHH B Taba. 6.1. B nepBoit ctpouke noxasanst
CXeMH MOJBeCOK JJIA TPeX TPOCOB, BO BTOPOil H TpeTbeRl — A ueTHpex, B UeTBepTOR —
Jui AATR (CXeMa &) ¥ A/ wecTH (cXemu ¥ ¥ 0). O6BefieH bl XKHPHOR JIHHHEA CXeNBI OMaCHHIX
NOJBECOK ¢ mMepefavefi Bcel HAarpy3KH Ha ofiMn wapHHp. Oco6eHHO MJIOXa cXema o,
TaK KaK CHCTeMa 9eThIpeX CHJI, AeHCTBYIOLIHX Ha ORHO Te]O, CTATHYECKH HEOmpeaeaHMa.
IlosTomy Takas cxema He JaeT NOJHOrO BHIPaBHABAHHA Harpy3oK KaHatoB. TpocH pac-
CUHTHIBAIOT M3 YCJIOBHSA, YTO OAHH H3 HHX MOXET BBHIJEPKATb NONHYIO HArPY3KY KaGHHH
C MHOTOKPaTHHM SanacoM npouHocTH. CieloBaTe/IbHO, HaleXXHOCTb TPOCOB OYeHb BEJIRKA.
K coxasennio, B STHX NOABECKAX WAPHHP, MPHCOSAHHEHHEIA K KaOAHe, nepefiaeT NOIRYI0
HarpysKky H HHueM He 3angy6nuposad. IIpn ero paspymeHnn kaGuna nagaer. Takne cay-
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Yan yxe MMeJqH Mecto. K36exxarb uX, a 320QHO H YCTPaHHTb TPeHHEe B PHIYAXKHOM MeXa-
HH3Me MOXHO, NpHMeHAs AV KaXJAO0ro Tpoca OTAesbHbIN mpoTHBoBec (puc. 6.12), rae
MOKa3aHa nojBecka AIa TpeX TpocoB. 34ech TONbKO OAMH TPOC MPOXOAUT LEHTPAJIbHO,
M €ro MpOTHBOBEC MOJYYaeTCs CHMMeTpHYHbIM. J[Ba APYruX Tpoca CMeIUeHHl OT LEHTpa
Ha BeJquuHHy y (cM. puc. 6.12).

JTa cHcTeMa 3acTpaxoBaHa OT MajieHusa KaGuHbl. B Heil oTCyTCTBYeT He3aay6aupoBan-
Hbli wapuup. Kpome Toro, xaxe npu o6phiBe Tpoca y BEPXHEro WIH CpeaHero mpoTHBO-
BeCa OH He MajaeT, a JIOXKHTCA HA HHXKHHUN npoTHBoBec. To XKe JOCTHTHYTO H Y HIXKHEro
NPOTHBOBECA MOCTAHOBKOH COOTBETCTBYIOMWIEH NpeXOXpaHHTeNbHOM CKOOHI.

Kom6unupoBannnle cxembl. MOXHO YMEHbLIMTb YHCJIO NPOTHBOBECOB M cAeNaTh
HX CHMMEeTPHYHBIMH. [l 3TOro HAaf0 CTaBHTb OJAHH MPOTHBOBEC HA KaXAYIO Napy TPOCOB,
COeHHHB HX paBHoleunM GajancupoM (puc. 6.13). Ilpu HeyeTHOM uucie TpocoB
(puc. 6.13, a) onuH M3 TPOCOB MPHCOEAUHAETCH K OTAEJIbHOMY NMPOTHBOBECY, KOTOPHIf
IenaeTcs BJABOE Jerye MPOTHBOBECOB CMapeHHbIX TpocoB. ITpH yeTHOM wuCae TPOCOB
(puc. 6.13, 6) Bce oun cnapmaalorcs.

IllapuupHo-pbiyaKHbie MeXaHU3IMBI MoABecoK. Jlis HajgexHOH paGoOTH IOXBECKH ee
3BEHbA JOIKHBI ObITh COEMHEHEl C KaGHHOIM (IJIH NPOTHBOBECOM) MO Kpaiine# Mepe AByMda
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BOBECH

mwapxupamu. B kax oM wapuupe ¢ ka6uHofi coenunsiercs ofuH pruar. C sSTHX ABYX phlua-
TOB Mbl U HayHeM PacCMOTPEHHE CXeM HaJieXXHBIX MoJBecOK. K ofHoMy mieuy Kaxjuoro
pHUara MOXHO NMPHCOEAMHUTL OAMH Tpoc. I Tpex TpocoB (cMm. Taba. 6.1, cxemy )
ApYTHE KOHLB MpSAMBIX PbiYaroB C MOMOLIbIO IVIABAIOMIErO phiuara CjaelyeT COeAHHHTb
€ TPETbHM TPOCOM. DTOT MeXaHH3M MJIOCKHII, MOITOMY €ro yAo6HO CTaBUTb HA MIPOTHBOBEC.
B HeM MOXHO NMPHMEHUTb AJIHMHHBIE PBIYAarH, 4TO yMeHbLUAeT TPeHHe. DTOT MeXaHHIM
HMeeT NsiTh 3BEHbEB, OH CI0XKHEE HAa OXHO 3BEHO MO CPaBHEHHIO CO cXeMo# a (cM. Tabu. 6.1),
HO ofecrneynBaeT GO/bLUYIO HAJeKHOCTL H B HEM MeHbllle MAaKCHMa/lbHasA Harpy3ka B wap-
uupe — 1Y/,Q npotus 3Q. Ouenb nonesHolt XapakTepUCTHKOM MeXaHH3Ma ABASETCA
TaKXe CyMMapHas Harpy3ka Ha Bce WapHHpH (Ha cxeMe 2 — 5Q, Ha cxeme a — 7Q).

[ ueTbipex TPOCOB CXeMy MONBECKH MOMXHO PeIlHTb TpeMms crmoco6aMH. MoxHo
Ha NJ1aBalolEeM phIYare NOCTABHTDL ellle KOPOTKHi 6anancup (cm. cxemy 6). Ilo cpaBHennio
co cxeMoit 6 B CXeMe 6 ILeCTb 3BeHbeB POTHB MATH, C MAKCHMAJIbHONR HArpPy3KO# WapHupa
2Q, a He 4Q, u ¢ cymmapHoii narpyskoii 10Q nportus 12Q. Ipyroit cnoco6 A4St BHIPaBHU-
BaHUA HArpysoK JAByX TPOCOB — HCMO/b30OBaHHEe MOJABHXKHOCTH NJ1aBalOUIEro phluara
BOKPYT BTOPOil rOpH30HTa/bLHO#M ocH (cM cxemy 8). Tpocw Toraa pacnonaraioTcs B IBYX
TUIOCKOCTAIX HAa BEpPIIMHAX KBajpaTa. Mexanusm umeeT nsTbh 3BedbeB. Ho 3ato nse Bpa-
matesbHble napsl Vo npuwiioch 3amenuts waposuiMu /115, Harpysku B waprupax Te Xe,
4TO H Ha CXeMe 8, a CyMMapHas cocTasnsei 8Q.

Tperuit cnoco6 — npuMeHeHHe YIVIOBBIX pbiuaros (cM. cxemy ). [loayuuntes wau-
MeHblliee YHCJIO 3BeHbeB — MATb. OJHAKO €C/IH OTHOLIEHHKE NJey B3STb PaBHLIM TPeM, TO
Hau6oJbwas Harpyska 6yaer 3Q, a cymmapHas 18Q [Mociennsss HamHoro Goabiue, yeM
Ha cxeMax 0, 6, i H 8.

Ilpu naTH Tpocax 1A NONyUYEHHS AOMONHHTENbLHON MOABHXHOCTH HAA0 HMCNOJL3O-
BaTb MOABHXXHOCTb BOKPYr BTOPOM T'OPH3OHTaJbHOM OCH yXe He y ONHOTO, a y IBYX
3BeHbeB. Jl18 CHMMeTpHH Jyuule JIsi STOr0 NMPHMEHHTb NPHCOeNHHEHHble K KabHHe Dhi-
yaru, KOTOpHIE CJeJyeT BHIMOJIHUTL TPeyrolbHbIMH, Kak Ha cxeMe ¢ (Ta6a. 6.1). Yucao
3BeHbeB 3Jlech NATb. TPOCH pacrnoJaraloTcs B BepIUHHAX H B LieHTPe TAXKECTH KBanpara.
31ech yxe ueTbipe napu V, npulercsa 3amenuTs wapossiMu napamu [//y. HauGosnbwas
Harpyska B 3ToM ciayvae 2'/,Q, cymmapnas 7Q.

IllapoBble WApHHPH, COSIHHSIOUWINE TPEYroJbHbE pHUYard C KaGMHOM, AOMKHH
pacnoyiaratbCsi Ha paccTOSHWM /y BHICOTH OT OCHOBanusi (COOTHOWeHHs nuey 1 :4).

Ilpyu wecTH Tpocax s yBeJHYEHHA YPaBHUTEJbHBIX MOABHXKHOCTeR mnoTpeGyercs
HCIONb30BaTh MOABHMKHOCTH BOKPYT BTOPOW TOPH3OHTaJbHOM OCH yXe Y TpeX 3BeHbEB
(cM. cxemy u). Takum 3BEeHOM, KpOMe TPeyToJbHBIX 3BeHbeB (COOTHolieHWe miey 1 : 2),

GyzeT n nuapaiomut puyar CrizDfr1. 3hech yXe BCe IWeCTb BpallaTeAbHHIX Map NpH-
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AeTcd 3aMeHHUTb wwaposbiMH. Tpoch pacnosaraloTcst B ABYX Napaje/bHbiX MJIOCKOCTAX
MO TPH B KaXJoil MJI0CKOCTH. PaccTosiiHe MeXIy HHMH KOHCTPYKTOP MOXeT BHIGHpAaTh
cBOGOIHO, 4TO ABJSAETCA NPEHMYLIECTBOM 3Toi cxeMbl. HauGosbiuas Harpyska spgech 3Q,
cymmapnas 10Q.

HHTepecHo cpaBHUTH MEXaHH3M, IOKA3aHHbI! Ha CXeMe 4, C aHAJOTHYHBIM MeXaHH3-
MoM (cM. cxeMy 0). 3lecb BepXHHe 6alaHCHPH YCJIOBHO MMOKa3aHBl PasBepHYTHIMH Ha 90°.
MecTHble NOABHXHOCTH HA PHCYHKe NMOKa3aHbl CTpeJKaMH. TpPOChl 3/1eCb pacnooXKeHu
B IBYX Napa/lieNbHbIX MIOCKOCTAX. KOHCTpYKUMA, MOKasaHHasm Ha CXeMe 0, HaMHOrO
cloXHee, B Hell JecATb 3BeHbEB NPOTHB MATH, Kak Ha cxeMe u. HauGonbiuas Harpyska
4Q nporus 3Q u cymmapuas 26Q mporus 10Q. CooTBeTcTBeHHO GoMblie H TPEHHE.

Ynpolenne B CXeMe 4 JOCTHTHYTO MPHUMEHEHHeM LIapOBbIX Map, B KaXA0H H3 KOTO-
PHIX TPH MOABHXKHOCTH, a He OlHA, KAaK BO BpallaTeabHbX Mapax. OrpoMHas cymMapHas
Harpyska 26Q (cm. CxeMy 0) no/nyuuaach notomy, uto B Heit Tara [11{]11; nepepaer na-
Tpy3Ky 2Q B HanpaB/JeHHH, NMPOTHBOMONOXKHOM OCTAaJbHBEIM CHJIAM.

Ecau yctpanuTb 3Ty oWHGKY (cM. cxeMy 0), cyMvapHas Harpyska Gyget yxe 22Q.
B 3tofi cxeMe NATh BepTHKAIbHBIX TAT. OT Tpex M3 HHX H36aBHTLCA JIETKO (CM. CXeMy K,
rie cyMMapHas Harpyska 6ylet yxe 16Q). B cxeme x npHMeHeHO Ipyroe pacrnosoxenne
pBIYaroB, Mo3BOVIAIOLlEe YBENHUYHTb HX JVIHHBI, YTO 3HAUHTENBHO YMEHbLIAeT TpeHHe.
CymMapHyi0 Harpy3Kky MOXHO YMeHbIIHTb B0 15Q (CM. cXxeMy n), OCTaBHB TOVILKO OIHY
BepTUKabHYIO TAry. [IpaBra, MexaHH3M nonyunTcs HecHmMeTpHuHbiM. Ha sToil cxeme
IJISl YBeJWUEHHS JJIMHBI DHIYAaroB, MOCAEeIHHE DPAacnoNOXKeHbl MepeKpecTHO.

JINsl nOBBILIEHHS HANEXHOCTH MOXHO CNPOEKTHPOBaTb MOABECKY, MPHCOENHHAEMYIO
K Ka6uHe Tpems wapHupamu. Takas noaBecka s YeTbIpeX TPOCOB N0KA3aHA HA CXeMe H.
C ka6uHoll COeMHSAIOTCH yXKe TPH pbluara ¢ cootTHolenneM miey 1 : 3. 3Ta cxeMa croxuee
Ha OHO 3BEHO, YeM CXeMa 6, H Ha JIBa 3BeHa 110 CpaBHeHHIO co cxeMoit 3. OXHaKo HauGOb-
ivas Harpyska y Hee 4/3Q nportus 2Q, a cymmapuas 6Q nporus 10Q no cpaBHeHHIo co cxe-
Mot 6. Jla ¥ HajeXHOCTL Goablile — TPH LIAPHHPA, a He ABa, Kak Ha cxeme 6. [Ipasja,
NoABeCKa NMPOCTPAHCTBEHHAA, H €e HeBO3MOXHO MOCTAaBHTb Ha MpOTHBOBeC. MOXHO ele
YBEJHUHTb YHCJAO ILADHHPOB, MPHCOEAMHAEMBIX K KaGHHe, H YMEHbLIHTb HaHGOJILHIYIO
Harpy3ky B HHX, €CJIH MPHMEHHTb NMOJABECKY, NMPENLIOMEHHYIO IS MOLABEMHBIX MOCTOB
(puc. 6.14). Ona npuroana a1s orpoMHoro ykcaa kanaros. Ha puc. 6.14 nokasaua cxema
AJIS yeTbipeX KaHaTOB, OHa camas HajeXHas, Tak KaK B Hell npHcoefHHeHHe K KaGuue
BHIMOJIHEHO B NATH TouKax. [IpaBaa, n camas ciaoxHasi, cocTouT u3 15 3BenbeB. OfgHako
3BEHbA Y Hee OJMHAKOBBIE H CaMOil MPOCTO! KOHCTPYKIHH, YTO OYEHb BaXKHO NPH MeNKOCE~
puiiHom mpou3poacTBe. HauGosbias Harpyska y Hee Q — MeHbllle, ueM y BCex mnepe-
YHCIeHHBIX cxeM. Jlaxke cymmapHas Harpyska (11Q) y Hee MeHblue, yeM y IIHPOKO pac~
npocrpaneHHoll cxemsl (Taba. 6.1, 6), rae ona pasHa 12Q. Ipeumyuiectsa 3Toit cxemut
HaXolATCA B NPAMOil 3aBHCHMOCTH OT YHMCJIAa KAaHATOB, MO3TOMY OHH OuYeHb BENHKH J1f
MOABbEMHBIX MOCTOB, Tl€ NpHMeHseTcs GoJbLIOe YHC/IO KAHaTOB.

HIHTepecHO cpaBHUTL paccMOTpeHHBble cXeMul (Ta6a. 6.2) no cymmapHOil U HauGOMb-
wefi Harpyskam IapHupoB. CyMMapHyi0 Harpy3ky GoJibllie BCEr0 YMeHbLUAeT HajlHuyie
cdepHueckHX wapHKpoB. [Ipu yBeMUeHHH YHC/IAa OMOPHBIX ILIAPHHPOB CyMMapHas Ha-
rpy3ka yMmeHbliaeTcsi. To e ¢amoe MOMHO CKa3aTb M NMPO HaHGOJIBILYIO HATPY3KY.

OueHb OTBETCTBEHHBIM MEXaHH3MOM JIHPTA ABJAAIOTCSA JIOBHTENH, OCTAHABJHMBAIOLIAeE
KaGUHB NPH 0o6phiBe KaHaTOB. KJIHHOBHE JIOBHTEJH MTHOBEHHOrO JEHCTBHS MpeNCTaB-
JSI0T co6olt CTaTHYECKH Heornpeneanmyio cHcTemy. Cpa6aToiBaHUs JIOBHTeJNeH Ha OGEUX

q Q q q

Puc. 6.14. Puuakuniit ypas-
HHTEAbHBIH MEXAHHM3M C NATLIO
ONOPHBIMH TOYKAMH
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RanpaBfOWMX JOCTHTalOT WX peryaupoBaHHeM. [IpH naoxom peryaupoBaHHH MOXeT
¢pa6oTaTh TONLKO ONMH JIOBHTEIb, YTO BLI3OBET mepekoc KaGuHu. Her sToro HexocraTka
Y KJellleBHX JoBHTenefl cKoub3smero fefcTBHA. CXeMa HX MeXaHH3Ma o6GecneuHBaeTr
OHHAKOBO€ NnpHXKaTHe KJjelle B 06eHX HanpasAIOIKX.

OueHb OTBETCTBEHHBHIM MeXaHH3MOM SIBJISETCA NONBeMHHH Moa KaGuHH, Ynpaeis-
IOWHA NMOANOAbLHEIM KOHTaKTOM. [IpH oTkase sToro mexanusMa JudT cnocoGeH yexaTb
€ OTKPHITBIMH JABePSMH KaGHHHI, YTO MOXKET MPHBECTH K HeCYaCTHHM cayyasM. OcoGeHHoO
ONacHo, eciM B KaGuHe OKaXyTcs JeTH 6e3 B3pOCAbIX (Harpyska Ha mos Majia). [Tostomy
pa6oTa MOXBEMHOrO MOJIA JAOJNKHA COMPOBOXKIATHCA MaJbiM TpPeHHeM, KOTOpOe He BO3-
pacrajo Gl OT ClyYafiHBIX MPHYHH, T. €. HEOGXOAHMO, YTOGH MeXaHH3M ObI 6e3 H36bl-
TOYHBIX CBf3ef.

B ucnonuenHoft no 'OCT 5746—67* KkoHCTpyKIHH naccaxmupckoro audra, pac-
cuutaHHo#l Ha Maccy 350 kr (pHc. 6.15, a), uMeercst ceMb H3GHTOUHBIX cBA3ell. Tpe6yercs
TOYHO BBIAEPKHBATH PABEHCTBO MJIHH INATYHOB (HenpaBWIbHAas CXeMa — CABOEHHHI
MeXaHH3M) H TOYHOE MOJOXKEHHe IIAPHHPOB, COEAHHSIOWMNX MO C KPHBOLIMMAMHU: TONO-
JKeHHe nepBOro MapHupa He Tpe6yeT TOYHOCTH; BTOPOro — Tpe6yeT TOYHOrO pacCTOSHHs
OT MepBOro IapHHPa; TPeTbero — TOYHOrO PACCTOAHHA OT BTOPOTO H MepBOFO (RHaro-
HaJlb) IIAPHHPOB; YeTBEPTOrO0 — TOYHOI'O PACCTOAHHA OT TPETbEro H NMepBOro LAPHHPOB,
a Takxe, TOYHOIO DACMOJOXKEHHS MO BHICOTe.

B npaBusibHON cxeme Ge3 H3GLITOYHBIX cBsidedt (puc. 6.15, 6) Bajim coefuHeHH ORH-
HapHHIM MeXaHW3MOM NapaJjiesbHoro kpupownna. Ilon onnpaercs Ha TpH TOukH (ofHa —
Ha wapuupe ///§, fpyras — Ha wapHHpe //, C OCeBHIM nepeMelleHHeM, TPeTb — Ha
Tare [1131117). TounocTH sfech He TpeGyeTcs, AHIlb Gbl MO He 3afieBal 33 CTEHb KAGHHHL.

Pama sieGefikH ONHpaeTCa Ha MepeKpHTHE Yepes (ggaunonue NPOKNAAKH (AJ1s SBYKO-
A30JIHH), BHCOTY KOTOPHX PEryJHpYIOT BHHTaMH. OGLIYHO MPHMEHSIOT 1eCTb NMPOKAa-
JIOK, T. €. CTATHUECKH HeonpeleNHMYIO CHCTEMY, YTO, €CTECTBEHHO, BHI3bIBaeT GOJbIHe
TPYAHOCTH npH BeiBepke pambl. HcnpaBuTh 910 ouenb Jerko. Hamo Toabko nepeiitn
Ha TPH NMPOKJAJAKH H TPH BHHTA, COOTBETCTBEHHO YBEJHYHB HX pasMepHI.

HCMIOJIHEHHOA KOHCTPYKUHH MPOTHBOBEC HAMpapJAOT HlecTb 6aliMaKOB — MO
TPH Ha KaXJo# Hanpasisioeii. Takas cxema HMeeT GOJIbLIOE YHCIO H3GLITOYHBIX CBA3ER.
OcoGenHo 60JbLIOA TOYHOCTH TpeGyeT BhIBepKa MO OfHOM MpsiMoil Tpex GamMaKos, paGo-
TalOWMX Ha oAHoll Hanpasasiowen. Llenecoo6pasHo uncjao GalUIMaKOB Ha MPOTHBOBECE
COKpaTHTb 10 TPexX: ABA Ha OXHON Hanpap/siolleli (HaBepXy H BHH3y paMbl) H OAHH Ha
apyroii (mocepeaune pambl). Tpu Apyrux GallMaka MOXHO OCTaBHTb KaK NpeloXpaHH-
TelbHble, BHNOIHHB HX € GOMbIIHM 3a30poM. Torza TouHo# BhIBepKH 6alUMaKoB He Tpe-
Gyercs.

Ka6uny o6biuHo HanpapasloT 4eToipe GamiMaka. Bo3MOXHOCTD NpHIOKeHHA Ha-
TPY3KH He B HleHTpe BCIEACTBHE OXHOCTOPOHHEro PacnoONOXeHHs NMacCaXXHPOB H COOT-
BETCTBEHHO GOJBLIMX CHJ HAa HanpaBJ/AOLIHEe SacTaBjfeT JeJaThb JJIHHHHE GallMakKH.
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Puc. 6.15. CxeMbl MeXaHM3Ma NOABHXKHOIO noJia:
a — HenpaBHJAbHAA (CeMb H3GHITOYHBIX CBA3eil); 6 — npaBusbHas (Ge3 H3GHLITOYHLIX CBA3eA)
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Puc. 6.16. PauuoHanbHbie CXeMbl w3 /
HanpaBAROUWKX GawiMakoB KaOuHDI L
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Takue 6alIMaku Haf0 COENMHATL C paMoll ABYMsl IAPHHDPAMH: BePTHKaJIbHbIM H [OPH30H-
Ta/IbHBIM B IUIOCKOCTH Hanpap/isiomux. [OpU3OHTANbHOrO 1WapHHpa C OCbIO, NMepreHiu-
KyJISIDHOH K MJIOCKOCTH HanpaB/siOUlHX, B HCMOJHEHHBIX KOHCTPYKUHMSX HeT, & 9TOT
IIapHHD HeOoGXOAHM, TaK KaK COOTBETCTBYIOLlHe MepeKoChi HauGojee BeTHKH H 4acTo
6eiBaeT, 4To GaluMak paGoTaeT TONbLKO OAHUM KpaeM. [loaToMy BaxHO co3fiath Takofl wiap-
Hup (puc. 6.16, a). Ha pucynke ne nokasansl ieTajqH, HeOGXOAUMBE AAf Pa3GopKH,
Jns ynpouennss KOHCTPYKUHMH MOXKHO NMOXKEpPTBOBaTb ILAPHUPOM ¢ BEPTHKAIBLHOH OCLIO
(puc. 6.16, 6). 3nech KOHCTPYKTHBHO MOXHO PelIHTb 3ajayy MpHMEHEHHeM OCH, Cpe3ah-
HOH HanoJIOBHHY.

KoneuHo, yulne npuMeHsTs TpH 6alllMaka, HO TOTa KOHCTPYKIHA TpeTbero 6aliMaka
6yIeT OTIHYAaTLCA OT ABYX APYTMX M moTpeGyeTcs B CTeHKe KaGHHbI Aes1aTh ABEPKY s
€ro 06CTYyXHBaHHSA.
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6.8. AYAUTOPHBIE AOCKH

AypurtopHas JOCKa HOMKHA MMeTb JOCTAaTOYHYIO IVIOMIafb, YTOGH Ha Hefi MoOrJo
YMECTHTBCSl COJepXKaHHe JABYXuacoBo#t JekuuH. Bennuuny sTolt naomagn MoxHO cum-
Tatb | M? HA MeTp JJIHHBI ayJHTODHH.

Jas xopouwed BUIAMMOCTH JOCKa JAO/KHA OLITb MOABEMHOH, MO3BOJSAIOUIEH MOAHH-
MaTh ee [oc/e KaMJoi HamuCaHHOR CTPOYKH (4TO6H He 3aropaXHBaTh HaMHCaHHOE)
W MHCaTh C YROGCTBOM — He BHLe 2 M H He HHXKe 1,2 M. JlocKa J0/KHa JIerKO ABHTaThCA
CHJION TPEHHS PYKH O ee MOBEPXHOCTb B J10GO#H Touke. [ls 9TOro OHa MOJIXKHA Hanpas-
AATbCA POJIHMKAMH, BHIMOJHEHHBIMH M3 OXHOPAMHBIX LIAPHKOMOAWMMHHKOB Tuna 0000.

Cxema Takoit Kocku, npumensiemoil kak B CCCP, Tak H 3a pyGexoM, nokasana Ha
puc. 6.17. Ina BHIMONHEHHS YCJIOBHA MaJOro TPEHHS CaMOYCTaHaBJHBAEMOCTb 3[eCh
0coGeHHO BaxkHa. J1Jf MaJloro TpeHHS HanpasJSIOLIHe POJIHKH He JOMXKHB HarpyXarbscs
MoMeHTaMH Qr = Rh, BHI3BaHHBIMH HELEHTPAJbHLIM MPHJIOKEHHEM CHIH Q, ABHramwoued
JIOCKY, KaK STO MOJyuaeTcss B HeNMpaBHJIbHOM KOHCTPYKLUHH (C ABYMSI MPOTHBOBECaMH),
nokasanHo Ha puc. 6.18.

Yto6u H36€XaThb 3TOrO Nepekoca, ClelyeT NPHMEHATb OAWH MPOTHBOBEC, K KOTO-
pOMY HAJO MOJBOAMTE TPOCH OT OGOUX KOHLOB AOCKH (cM. puc. 6.17).

Buioku cieflyer 6path BO3MOXHO 6O/IbILEro 1HaMeTpa, 8 YTOGLl OHH He OrPAHHYHBANK
BEpXHee NMOJIOXeHHe I0CKH, PACnosaraTb HX Hajo He HAaR JOCKOM, a pa3ABHras B CTOPOHHI.
CoefHHATL TPOCH C JOCKOH CJAefyeT C MOMOUIbIO KpOHWITeAHOB. Tpochl AONKHBI OLITh
BO3MOXKHO Dosiee TOHKHe, TAK KAaK BHYTpPeHHee TpeHHe NPOMOPLHOHAJLHO KBaapaTy
JuaMeTpa.

IJapMKONOMIIMNHUKY C/lelyeT NPHMEHSTb TAXeJIOH CepHH, TAK KaK AHaMeTp llapH-
KOB Y HUX GoJblle, a 5TO yMeHbILaeT TpeHue.

BoKOBBIX pONHKOB — GHKCHDYIOUIHX OT repeMellleHHsi MO OCH X — Hajllo CTaBHTb
IBa, U3 KOTOPHIX AOXKeH GhiTb HaIpyXeH TOAbKO OAMH (cM. pHC. 6.17). 3aaHHX PONHKOB
MOXHO CTaBHTb 4YeThipe (BmeCTO Tpex), AonyckKas OAHY H3GHTOUHYIO CBA3b — Ge30MnacHyIo,
TaK KaK JOCKa Ha CKPY4YHWBaHHe NOCTATOYHO 3J1aCTHYHA.

PaMmy caemyer feqaTh M3 TOPH3OHTAMLHHX A0COK pa3mepom 100X40 w 100X 23,
NONOXKEHH KX MIIauIMst 9epes 600 MM H o6peileTHHKA U3 BEPTHKaAbHLIX O6pYChEB passuepoM
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Puc. 6.17. Ayantopsasa aocka (Hanpasasio- Puc. 6.18. HenpaBuabHasR CXE€Ma € neperpys-

Ine AOCKH He noxasaHhl) xoli HanpaBaRWOWKX
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Puc. 6.19. Baokn ¥ Tpocw ayauTopHo# nOCKHM
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40X 25 u 25X 25. Takyio NOCKy pa3amepoM 7X3 = 2] MM® MOXHO JBHT'aTh JaxKe TPeHHeM
MH3HHIA JeBOH pYKH,

Heranu pocku noxasansl Ha puc. 6.19 n 6.20. Ha puc. 6.20 nokasansi Takxke yctpoii-
CTBa, YCTpaHAIOL(HEe BpalleHHe NpOTHBOBECA.

Jlocky Heo6X0uMO 3arpyHTOBaTh (OKPACUTb) H ¢ OGPATHON CTOPOHHKI, YTOGH BJAXK-~
HOCTb BO3/lyXa He BJIMAJIA HA Hee, HE U3MeHAJIa ee MacCy, a C/1efloBaTe/bHO, U paBHOBeCHe.

6.9. PA3BOAHDIE MOCTHI

PasBoanble MOCTH GHIBAIOT: NOBOPOTHLIMH, B KOTOPHIX MPOJIETHOE CTPOEHHE BpallaeTcs
BOKPYI' BEDTHKANbHOM OCH; PacKpHIBAIOUIMMUCH, B KOTODHIX NMpPOJETHOE CTpOeHHe Bpa-
aeTC BOKPYT FOPH30HTA/ILHOH OCH; BEpPTHKAJIbHO-NOABEMHbIMH, B KOTOPHIX MpoaeTHOe
CTpQeHUe ABHraercs mocTynaTe/bHO B BEPTHKAJAbHOM HanpaBieHuu [6).

MosopoThbie MocTH. B 06bIuHOM KOHCTPYKUMH MPHMEHSETCA FOPU3ONTANbHBIN 3J/IeKe
TPOABHraTe b C CHCTEMOR LMK AP HYECKHX Nepejlay U KOHHYecKol nepedaueli Ha BeAyLIYIO
LIECTEPHIO MOC/TefHeR CTYNeHH.

3nech mpHMeHeHHe KOHWYECKOH nepefayd H mocjefHed CTYNEHU HETEXHONOTHYHO
H3-32 OyeHb GoJbWIOro 3yGuaToro Koseca. KonHueckoil nepefaun MOXKHO H36eXarTb,
NpUMEHHB ABHrare/b C BEPTHKAJIbHEIM 3a10M ($1aHeBbIH) H BLIMOAHUB OCH BCEX NpOMe-
KYTOYHBIX KOJeC BePTHKaJLHBIMH.

IMocnenurolo cTynesp 1es1eco06pa3Ho BHINONAHHTL C IEBOYHBIM 3allel/ieHHeM, Toraa
MOXHO OGOHRTHCH 6e3 OrpOMHOr0 3y6Ope3HOro CTaHka, TaK Kak CBepJeHHe Abp MOX UeBKH,
a TakiKe NeJNHUTEeJbHYI0 OMepalHioO MOXHO JesaTh Ha TOM XK€ KapyCeJbHOM CTaHKe, Ha
KOTOpOM NpoH3BoAMNach o6Touka. IllecTepHio MOXHO cAesiaTh SBOJbBEHTHOMH, HCHOIbL30-
Ban npHGMHXKeHHYI0 TeopHio P. B. BecyacTHOBa H npHMEHHUB A/ H3TOTOBJIEHHS LIECTEPHH
cTauaapTHut 3y6opesublit mHcTpyMenT [1]. Urto6nl nonyunth xopowmit auaeiiuaTiii
KOHTAaKT 3y6beB, HaJl0 BOCMO/JAb30BaTbCA MPHEMOM, YKa3aHHbLIM B § 4.5.

Packppisalowdecss MOCThi. B KOHCTPYKUMAX 3THX MOCTOB CTalO 3aKOHOM, 9TOGbI
KaXJblil BaJl OMMpAJICA Ha ABAa MOAIUMNHHKA, KOTOPble BHIMOJIHSIOTCA CaMOYCTaHaBJIHBa-
IOUIHMHCSH, T. €. 6e3 H3GBLITOYHBIX CBfi3el (CM. c. 55).

PackprbiBanne mMocTa npOH3BORHTCS BeAYLIHMH LIECTEPHAMH, 3aUEMJAIOUHMHCA 33
3y6uaTHii CEKTOp, NMpPHKpenJeHHbI K XBOCTOBOH uacTH depM. OGBLIYHO NMpPHMEHFIOTCH
ABe depMbl, U A15 DPAaBHOMEPHOTO pacnpeje/seHHsl HATPY3KH MeXAY 3yGUaThIMH CeKTOpaMH
B MpHBOjJe CTaBHTCHA AHPdepeHUHaT — OObIlYHO KOHHHECKHH.

Bwmecto npumenenus anddepentnana MOXKHO HCNONB30BaTh OCEBbIE CHIB KOCO3YObIX
KOJIeC, yeM ropasjo Mpolle YpaBHHBAIOTCH HArpy3KH Ha 3y6uaTble CeKTOpH (Kak 3To
IesnaeTcs B Mepejavyax C eJOYHBIM 3yGoM).

Jns sToro nocaenuuit Baj «o6iuero» NpHBoAa Hafo AeJaTb C OCEBOH NMOABHIKHOCTBHIO
H CTaBHTb Ha HEro LIeCTepHH: OJAHY — NPABOCMHPA/bHYIO, a APYTYIO JIeBOCIHPANbHYIO,

BeprukanbHo-noabemMubie MocThl. [lis1 HanpasjeHHs NOCTynaTeJbHO-ABHXYylleHcs
MPOJIeTHOM YaCTH MOCTA MPHMEHATD N0/13YH HEBO3MOXHO, TaK KaK OH NMoJayyuacs 6bl orpom-
HbiX pa3MepoB. [To3TOMy NMpPHXOAMTCA NPHMEHATL APYTrHe MEXAHH3MbI: KaHATHbE, POJIH-
KOBbIe; BaXHO COrJIacOBaThb CBSI3H, KOTOpLle OHH HAKNaAbIBAIOT HA MOJABEMHYIO 4acTb.
I'pynnoii KaHaToB yc/l0BMMCA Ha3biBaTb KaHaThl, COeAHHEHHble GaJaHCHpaMH, KOTOphbie
BBIDaBHHBAIOT HX Harpysku. Kaxpaas rpynna HaknaJabiBaeT ofiHO JHHe{HOE BEPTHKaAbHOE
yc1oBHe CcBsi3H. JIns CTaTHyecko#l onpeleqHMMOCTH (OTCYTCTBHEe H3OLITOYHBIX CBf3eit)
MOKeT GbiTb HCMONbL30BAHO He GOJblie TpeX Ipynnm — Tpex napamiennHbix cua. Tpu
rpynnel KaHaToB QUKCHPYIOT NPONETHOE CTPOEHHE B BEPTHKANbHOM HAnpaBJeHuH, BOKPYT
nonepeyHoit H BOKPYT NMpOAONbHON OcCefi, T. . 06ecrne4HBaloT ropHU3OHTANbHOCTb MJIOCKO-
CTH, NpoXxoasuleil uepe3 BepxHue (MM HHXKHHe) nosca epm. K coxaneHHio, KOHCTPYK-
U MocTa TpeSyeT ueThipeXx TIPYNn KaHaToB, PACMONOXEHHbE [0 yraaMm ¢epmul
(B nnaHe), — OJHA MOJYYaeTCsA JIHIUHeH H JaeT H3OLITOUHYIO CBS3b.

B MocTax npuMeHSIOT MPHBOAbLI C KaHATOBEAYIHMH LIKHBAMM HJH C NMPHUBOLHBIMH
G6apaGanamH. B nepBoM ciyvae mKHBaMH C1yXXaT 610KH, MOAAEPKHBAIOLHE MOABECHbIE
KaHaThl, Ha KOTOPhIX BHCAT NDOTHBOBeCH (0GbIYHO 4), YPaABHOBEIIHBAIOUIHE NMPOJETHOE
cTpoerue. JIBa LWIKKMBA, pacno/OKeHHbe Ha OXHOMN GallHe, NOJYyyaloT BpalleHHe OT OAHOro
3M1eKTPOMOTOpA C MOMOLIBIO OOIIEro MeXaHHYeCKOro npHBOAA.

[IpuBOA WKKBOB BTOPOf GalllK COEAHHAETCS C NPUBOAOM NepBoit GallHHU C NOMOLILIO
«a1eKTpUyecKoro pana», CiiefoBaTe/bHO, BCe YeThpe LIKHBA, a C HUMH U YeThIpe Tpynns
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KaHaTOB MOJYYalOT OAWHAKOBOE MepeMmelle- ,
nue. Tlonyvaetcs oana M36LITOUHAA CBH3b— 2._1—“
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GesBpeAHasl, TaK KakK OHAa  BLI3bLIBAETCH
TOJNbKO CHJIOH TpPEHHA, a 3a CueT HeH3bex-
HOTO NPOCKaJib3biBAHKA GyJeT CaMOBLIPaB-
HHBaHHe HarpyskHu.

Ipy kanaToBenywnx 6apabanax NPHBOX
OCyUIeCTBASIETCS CnelHaNbHbLIMH paGouHMH %
kanaTaMH. Konuml nx sakpennsiorcs B 6apa- T E 2
6aHax, NO3TOMY CaMOBLIDaBHHBAHHSA GHITb He Prc. 6.21. HanpaBasiomme pOAWKH Be
MOXET, HeOOXOAHMO peryiupoBanie. Mabbl-  yuxammo-noabeMuoro Mocra p P
TOYHYIO CBSI3b MOXXHO YCTPaHHTb MOCTaHOB-

KO B npHBOZe OAHOrO auddepenlinana, HO 3ITO YCIOXKHAET KOHCTpyKnuio. Bropoit
aubdepenunan HMeeT CMbICJ CTAaBHTb TOJNLKO B TOM CJyuae, eCJIH YIVIOBYKO CBS3b BOKpYr
NpoRO/bHOM OCH Haj0 MepeAaTb Ha HanpasJsIOUIHE DONHKH.

Bhriwe 6b10 CKa3aHO, YTO KaHATH AAIOT MPOJETHOMY CTPOEHHIO TPH YCIOBHS CBA3N,
a HYXHO wecTb. EciH cuMTaTh, yTO XaXAblil pONHK 6Gyner napo# [p, T. €. jaeT OfHO
yCJIOBHE CBSI3H, TO MOTpeGyeTcs TPH HanpapafioWHUX ponuxa (puc. 6.21). o cpaBHenmo
C HCTIONTHEHHBIMH KOHCTPYKLHAMH OHa Npolle Ha AeBATH POJHKOB H 06ecneyuBaeT Jyvuryio
pa6oTy NpHUBOAA M3-33 OTCYTCTBHSl HATATOB H MEPErpy3oK, BHISBAHHHIX H3GBITOUHEIMH
CBA3AMH.

B BepTHKaNbHO-MOABEMHBIX MOCTaxX MPOTHBOBECH NOABENIHBAIOTCA Ha GoJbLIOM
uncae kaHatoB. MX uncio poxoaut no 80 u Gonee. sl paBHOMEDHOrO pacnpeneseHHs
Harpy3kH HeoGXOJAMM YPaBHHTEJbHBIH MeXaHM3M.

HanGonee pacnpoctpanen Mexanusm c paBHONJEYMMH phiuaramu (puc. 6.22, a),
Tlle MTOKAa3aH MeXaHW3M L5 BOCbMH KaHaToB. C DOCTOM YHC/Ia KAHATOB B HeM KaTacTpo-
¢GHYeCKH pacTyT Harpy3Kd Ha wWapHupbi (MOKa3aHBl HA PHCYHKE), PasMephl, MOMEHTH,
u3ru6alouine ppiuary H ra6aput no BhicoTe. I103TOMY TaKOH MEXaHH3M BPAJ JIH NP UMEH UM
NpH YHCe KanaToB 6osiblie BCCHMH.

TeopeTHueckH BO3MOXKHO Ha KaXKAbli KaHaT CTaBHUTb OTAe/NbHBEIA npoTuBOBec. [pe-
HMYLIECTBO STOTO B TOM, 4TO TpeHHe B YPaBHHTEJbHOM MeXaHH3Me He GyleT HapyuaTh
pacnpefeseHHe Harpy3ok Mexjy KaHatamu. HelocTaToK — npOTHBOBeCH! JOMKHE! GHITH
B BHJE TOHKHX NJIHT, 4YTO YAOpPOXKaeT KOHCTPYKIIHIO.

Lenecoo6pasen npomexxyTounbit Bapuant (puc. 6.22, 6). B nem Ganancupamn xa-
HaThl COEJHHEHH AOMAPHO H Ha KaXAyl0 Napy KaHaTOB HCIOJb30BAaH OTAENbHLIN NpOTH-
BoBec. IlpoTHBOBeCH pacnoJioXKeHH B IIaXMaTHOM MOpPSAAKE, MOITOMY OHH AROCTAaTOYHO
KOHCTPYKTHBHBI.

MoxHo npuMennTs OAMH obwuit npoTuBoBec (puc. 6.22, 6). Ho Toraa 6anancupu
HaJlo CTaBHTb KaK Ha KaHaTaX, Tak M Ha IlapHUpaX NpoTHBOBeca. DanaHCHPH NONYYalOTCS
Kochle (puc. 6.22, 6, cneBa), HO BCE COBEpILEHHO OAHHAKOBLIE H C PaBHBIMH HeGOJbIIHMA
narpyakamu Bcero Q » Q/2, a ne 8Q, xak na phc. 6.22, a. Msrotosnenne ux (cBapkoii)
IoCTaTouno npoctoe. 'a6apHT no BhiCOTe HeGOABIUON, 1a H CYMMAa Harpy3oK Ha IIapHHPH
3HAYMTENLHO MeHbllle, YeM Ha cxeme pHuc. 6.22, a. Cxemy, nokasanHyw Ha pHe. 6.22, 6,
MOXHO YNpPOCTHTb, €CJIH B IIADHHpPAX MPUMEHHTb IIApOBHE naphl. IIpH MaabiX yraax
MEXAY pbiuaramu (B nJiaHe) MOXHO NpHMEHUTb naphl //]§ — OueHb TEXHONOTHYHbIE, TaK
KaK JONONHHTENbHbIE NMOXBHKHOCTH Y HHX NOJYYAlOTCH 3a CYeT 3a30pOB H HeT cdepHue-
CKHX noBepXxHocTeit (CM. pHc. 6.22, 2). Torna MOXKHO B KaXXOM KOHTYpe BMeCTO IBYX THF
APHMEHHTbL OXHY, H UHCJO HX COKPAaTHTLCHA Ha . MOXHO COBCEM YCTPaHHTb COERHHHTENb-
Hble TATH (KpOMe ONHOM, Kak Ha puc. 6.22, d), HO TOrAa Bce WADHHDPH NpHAETCH AenaTh
cepuveckums /1]/5, ¥ NpUMEHHMEI OHK GYAYT TONBLKO NPH GONBIIMX YFJIaX MeXAy phHua-
ramn (B nJaue).

YpaBHHUTENbHBI MeXaHH3M elle GOJblLE MOXHO YNPOCTHTDb, €CJIH YacThb €r0 DHYaros
pacmoNOXHTb Ha NpPOTHBOBece, a APYTYI0 4YacTb — HA IIPOJIETHOM CTpOeHMH. 3zech
IWapHHPH MOXHO AeJaTh BpalaTeabHLMH Vy. CpaBHHM CXeMul, NOKa3aHHHE Ha pHC. 6.22.
PaccMOTpBEM HaHGOMBINYI0O HArpy3Ky Ha LIapHHP, KOTOpas N/ MOCTOB HMeeT OdeHb
Gomblloe 3HadeHHe, @ TaKXKe CymMMapHYI0 Rarpys3Ky Ha BCe IaDHHPH, KOTOpas XOpoOllo
XapaKTepH3yeT KayecTBO MEXaHH3Ma H B NepBOM NPHOJIHKEHHH XapaKTepH3yeT TPeHRe.

HannyuwsMu okasanuch cxemul, nokasannhe Ha puc. 6.22, 6 B e, — y HUX HaBMeHb~
mHe YHCIO 3BeHbeB, IIADHHPOB H CyMMapHas Rarpyska. MakcHMalbHas JKe Harpysxa
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Pac, 6.22. YpaBHHTeAbHbIE MEXaHHU3IMbl AJA KAHATOB BEPTHMKANbHO-NOABEMHLIX MOCTOB:

a — OOLIYHBIA PpbiYaXKHbH; 6 — KOMO6UHHPOBAHHBIA; 8 — C KOCbIMH, OAMHAKOBO HATPYXEHHBIMR
PHYaraMi; @ — ynpollueHHbI 32 CYET COKPpAlLLEHHUS YUCJIa TMOBOAKOB, 0 — YNpPOLIEHHbIA 3a cuer
cepHUYeCKAX WAPHHUPOB; ¢ — YNPOLIEHHbIH 33 CYUET pacnoJioXkeHus GaJaHCHPOB Ha NMPOTHBOBece
U Ha depme MocTa

BrOJIHE YROBJIeTBOpHTeNbHasA. CxeMmbl, MOKa3aHHbie HA pHC. 6.22, 6—3, AT HAHMEHb-
wylo MaKcHManbHYyl0 Harpysky — Q. Ho o ocTanbHbIM napameTpaM: YHCIY 3BeHbeEB,
WAPHUPOB H CyMMAPHOil HATPY3Ke 3HAYHTENLHO YCTYNAloT cXxemaM 6 H e. DT napameTpu
PaBHOMEPHO YMEHbLUAIOTCS OT CXeMbl 8 K cXeMe 0, HO He JOCTHIraioT 3uaueHull, xapakTe-
pusyiounx cxeMsl 6 H e. Cxema a xyxe Bcex, 0coGeHHO mo HauGosblueit Harpy3ke — iQ,
Jenaiouwel ee HempHUrogHOM Ans GOJLLIOTO YHCJAA KaHaToB.

6.10. KPAHbI CO CKJIAJIbIBAIOILEACSA CTPEJIOA (MOPTAJIbHBIE)

Kpann co cknagsiBaiomeiica cTpesiofi yCTaHaBJIHBAIOT Ha KO3JaX — MnopTaiax.
BHyTpH nopTana npoxomfiT eje3HoAOpOoXKHbe MyTH. Takue KpaHh! OGLIYHO MPUMEHSIOT
B noprtax AjasA pa3rpysku cynoB. Ck/naAuBaioUlascs CTpesa HEOGXOAHMA AJfi NpPOXOAA
HX MeXJy MauTaMu cyAoB. lJiMHA KaHaTa 3THX KPaHOB CHJbHO yMeHbllIeHa, a CjejoBa-
TeJIbHO, YMEHbIIEHO H paCKauMBaHHe TPY30B, YTO OYEHb BAXKHO [JIS BBHICOKOA MpOH3-
BOINTEJIbHOCTH.

[MpumeHAIOT KPaHbl C ECTKUMHU 3BEHbIMH, COEAMHEHHbIMH WapHHpaMH (pHc. 6.23, a),
o TH6KOM OTTAXKKOHK R ynuTKO# (pHc. 6.24). [Tocnennue naiotT u3MeHeHHe BbeTa B 60/b-
IIHX mpejesaX, HO BO BpeMsi MOBOPOTa YKOCHHA NoABepraeTcs cCKpyuuBanuio. Kpome
Toro, npH o6pniBe rpysa BO3MOXHO 3aNpOKHAbBaHHe X060Ta.

B nepBBIX KOHCTPYKIUAX KPAHOB CO CKJaAbIBAIOLIEHCS CTPeJIOH BCE TPH MOABHKHBEIX
SBeHa: YKOCHHA, XO60T H OTTsxKa (pHC. 6.23, @) BumONHEHH B BHAE KEeCTKHUX ¢epM,
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Puc. 6.23. KpaH ¢ XEeCTKHMH 3BEHbAMM:
a@ — HenpamuJbHas cxema; 6 — npaBHAbHas cxema (Ge3 H3GLITOYHLIX cBA3ef)

COeIMHEHHBIX BpailaTeJbHLIMH napamu V,. Takoft Mexanusm HMeeT TpPH H3GHITOUNHe
CBSI3H, YTO TpeGyeT TOYHOrO BHIMOJHEHHS MapajlyieJlbHOCTH BCeX IIapHHPOB H pacloo-
JKEHHA MX B ONHOA MJIOCKOCTH. BHIMONHHTL 9TH yCJNOBHA mpH GOMbUIOM BHUIETE OueHb
TPYAHO.

YCTpaHHTb H3GLITOYHBIE CBSI3H MOXHO, €CJH OTTAXKKY CAelaTb B BHAEe
TATH, COeNMHeHHOW ¢ Xxo60ToM H cToHKoi cdepuyeckH U wmapHupaMu [113,
(puc. 6.23, 6).

OTH WapHHPH MOXHO BHIMOJHHTL H BpawaTeabHbiMi /715 ¢ 3a3opom. [pu Gonbmoi
JJIHHE OTTAXKKH TaKHe WapHHPH paboTaloT Kak chepHueckHe, Takylo KOHCTPYKUHIO B N0
caeHee Bpems npuMmenser ¢pupma Ilemar (PPI) ans kpanos 60/b10# rpy30NOXBEMHOCTA.
HenoctaTok — npy noBopoTaX YKOCHHA MOABEPraeTCH CKPY4YHBAIOLIEMY MOMEHTY TaK e,
KaK M npH THOKOH OTTAXKe, MO3TOMY ee BLIMOJHAIOT CNJIOLIHONH, KOpOo6YaToH, YTOOH
OHa Jlyullle COMpOTHBJAJIACH CKPYYHBAHHIO.

Ins non6opa pa3mepoB 3BeHbEB KpaHa HCIMONb3yeM METOA NMPOEKTHPOBAHHA MeXa-
HH3MOB MO TpeM Toukam (puc. 6.25).

CuntaeM 3ajaHHbIMHM: JMJIHHY YKOCHHH [ly, pasmepn Xxo6ota Iy M a, BHCOTY
HeHTpa 6J0Ka h M TpH 3Hauenus BbuieTa [, 'l W Iy B pacueTHHIX TOUKax.

HeusBecTHble: ANHHA OTTAXKH [y H KO-
OpAHHATH TOYKH 0 — xo H Y.

Jns  rpaduyeckoro npOEKTHPOBAHHA
BHYEpYHBAaEM MEXaHH3M KpaHa B Tpex
NIO/IOKEHHAX.

Touky O uaiiieM Kak LEHTP OKpYX-
HOCTH, NpOBeleHHON uepe3 ToukH A, A,
n A, Tloctpoenne ynoGHee BecTH MeTo-
IOM, HECKOJbKO OTJIHYaloWUMCA OT Me-
TOAA, ONHCAHHOrO B yuye6HHKe TEOMETpHH
A. T1. Kucenesa.

Hns storo papnycom, GAH3KHM K Iy,
JenaeM 3aCeykH M3 UeHTpoB A;, A, B A,
IMonyyaetcs  KpHBOAHHEHHHH  TpeyroJb-
nuk. HerpyaHo samerutb, uyTO mueHtp 0O
pacnonaraetcs CO CTOPOHH  OCHOBaHH#
9TOr0 TpeyroipHHKa. 3Has 3To, clelyeT
TaK HM3MEHHTb pajHyC 3aCeykH, u4TOGH
Jipyroft KpHBOMHHEAHHIA TpeyroibHUK pac-
NOJOKWICA RO JAPYTyil0O CTOpPOHY TOu-
ku 0. Puc. 6.24. Kpan ¢ rHOKHMH OTTAXKaAMA
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Puc, 6.25. IocTpoeHHe pasMepoB UIAPHHPHOrQ KpaHa NPH SAAAHHLX pasMepax YKOCHHMW H Xolota

Mocne atoro Touxy 0 HafineM B TOYKe nepecedeHUss TpeX NpPAMBIX, COENHHAIOUIHX
CXOJACTBEHHbIEe BEPIIHHH KPHBOJHHEHHBIX TPeyTrOJbHHKOB,

6,11. MEXAHHU3Mbl PACKPBIBAIOIIUXCA KPbIll

B KapKHX MECTHOCTAX HM3BECTHH KOHCTPYKIHM PACKPLIBAIOUIMXCHA KPHIU KPYIJILX
06uecTBeHHBX 31aHHH. OHU COCTOAIT M3 TPEYTOJbHMIX JIEECTKOB, BPAIIAOUXCH BOKPYP
rOpH3OHTANbHHX ocell (napu V). B sakpeiToM BuAE KpHILA npeAcTaBiseT co6ofi MHOrO-
rpaHHyl0 nUpaMuay. B OTKpPHTOM BuJe JienecTKH KpBILIH CTaHOBATCA BEePTHKAAbHO HIH
JlaXke MOTYT 3aXOAMTb 3a BepTHKadb. IIpUMeHeHHe TAKHX KOHCTPYKUH Leaecoo6pasHo
B Haulelf CTPaHe B I0OXHBIX palOHaX; OHH MOTYT OKa3aTbCs JelleBJe, YeM NpHHYAUTEIbHOE
KOHJAMUMOHHDPOBaHHE BO3RYXa.

YTo6bl Takas KpHILUA He npoTeKasa, JienecTKH CleAyeT BHIOJHATH B BUJE TPeyrob-
HHX NpOTHBHeH (pa3pe3 Ha pHC. 6.26, a): HeyeTHble ¢ 6GOPTaMH, 3aTHYTHMH BBepX, a YeT-
Hble — BHH3. DOpTa yeTHBIX /enecTKOB AO/KHHI 3aXOAHTL 32 GOPTa HEYETHBIX.

Pe6pa unu cdepmel, co3paiomive Heo6XOAHMYIO M3THOHYIO NPOYHOCTb JIeNecTKOB, Ha
puc. 6.26, a He nokasanbl.

JI/1s HeMmOABHXKHOCTH KPbILIH Tpe6yeTcs LIecTb YCJAOBHH CBA3H HA KaXKIblii JienecTok.
[NaTb naer BpaaTtenbHas napa, OCTAaeTCs HaliTH elle OAHO ycJoBHe cBsi3u. ClleloBaTeNbHO,
B 3aKpHITOM NOJIOMEHHH JIENeCTKH JOJIKHH COeJHHATbCS NapaMH NepBOro khaacca [a.
K coxaJieHH10, 1PH YEeTHOM 9HCJIe JIENeCTKOB NO/NYyYaloTCs BPeAHasA NOABHXHOCTb U H36hl-
ToyHas cBsa3b (pHc. 6.26, 6, rae nokasaHa mpocTefias cxeMa (B mjaHe) — uyeThipe Jie-
necrtka). B NeiCTBUTENbHOCTH JlemecTKH CTOAT HAKJOHHO, YTO €O3J4aeT HeoGXOogHMoe
npuxaTHe.

3amenuM BpawaTeibHble mapbi (KaK 3TO YacTo AesaeTcs) nmocTynaTeasHbiMH. Toraa
MOXHO GyJeT BOCNOJb30BaThCA MJIOCKOH CTPYKTYpHO#H dopmyoii (puc. 6.26, 6, cnpasa).
INonyualoTcss OZHA MOABHXXHOCTb M ORAHA HM3GHITOYHAS CBA3b.

Ecau nenectky I coo6uuTh ABHXeHHe BnpaBo (cM. puc. 6.26, 6, nian ckopocreil),
JenecTKH 2 v 4 JBHHYTCA B NPOTHBOMOJNOXHBE CTOPOHH, a JienecTok 3 — BJIeBO.

H36niToynas cBA3b MOJNyyaeTCs 3a CueT TOro, 4To paboTa oT JenecTka / K Jenectky 3
nepejaeTcs AByMs NOTOKaMH: yepes JiemecTKH 2 U 4. AHAJIOTHYHO MONYYaeTCs NpH WeCTH
aenectkax (puc. 6.27).

Ipu HeueTHOM uHMcJje JenecTKOB 06a NMOTOKA paGOTH GyAyT CTPEMHTbCA JBHraTh
BeJIoMbli1 JIenecToK B NPOTHBOMOJIOXKHEIE CTOPOHEL; C/Iel0BaTe/IbHO, HX IBHXeHue (BpeaHas
MOABHXKHOCTb) HEBO3MOXHO, 4YTO H HYXHO.
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Tonyuaercs npornBopeune: rep-
MeTHYHOCTb (cM. puc. 6.26) TpeGyer ll || || 'l
YeTHOTO YHCJA JIeNeCTKOB, a mnpa-
BWJIbHAA CTPYKTypHas cXxema (cM.
puc. 6.27) — neuetHoro.  PemnTth
npo6jieMy MOXHO, OGbeAHHUB HeyeT- KRy 5
Hble H YeTHHE JIenecTKH B pa3HHe
IrpynnH, B KaXJoi M3 KOTOpHX
6yleT HeyeTHOe 4YHMCJO, HanpuMmep 3
3 (mmdudur &)

Ha puc. 6.28 nokasann TpH v % o
JienecTKa Ha BpalaTeJbHBIX Napax, 77z
T. e. Ge3 3aMeHBl HX MOCTynaTesib-
HHIMH. 3aKphiBaTbCi JOJMXKHBI CHa- w=7 7 7
yajia HeyeTHHeE JenecTKH (MOXHO n=4-72 712
OXHOBDEMEHHO), a TNOTOM YeTHhIE, 7 /""Z ‘ _‘_;
OTKPHBAaTLCA e — B O6PATHOM uze 47!
nopsaxe. d)

HeuetHne  nemecTku Hano
COENMHMTb MapaMH MepBOTO KAac- :::“:‘it: PackpuiBaloMiasics Xpuwilla M3 YeThpex
ca I3 (cM. puc. 6.28). Hx nerko
cleaTh peryJupyembMH, yto6bl 06eCNEYUTb HaWJyulllee MNOJOXKEHHe JIENeCTKOB B 8a-
KDHITOM NONOXKeHUH. UeTHbie JenecTKH ClelyeT WJIH COeNUHUTb napamH [, MM npocTo
clenaTb, YTOGH KaXJbll H3 HHX JOXKHJICH Ha ABa HeueTHhX. IIpn ueTnipex JenecTkax
(cM. puc. 6.26, 6) HeueTHble NenecTkH I ¥ 3 MOXKHO COEAUHHTL MAapoi BTOPOro Kaacca /g,
a yeTHble 2 M 4 NpHCOENUHUTD K rpynne / U 3, KaX1bii OQHOMA napoil nepsoro Knacca /g,
DTy KOHCTPYKUMIO JIErKO MPHMEHHTb TaKXe ANA 31aHHil npAMOYroibHoR ¢$opMeL

AHAJOTHYHBIM 06pa30M MOXHO ADHMEHHTh BpallaTeJbHbiE Maph H npH GoableM
YHCJIE JIeneCTKOB, HO NMPH 3TOM JIENeCTKH NOMY4YaloTCH DAa3HBIX pasMepoB, 4TO XylXKe,
YeM MpH OMNHCAHHOM Bhillle AeNeHHH ORMHAKOBLIX JIEMECTKOB HA HEYETHble M YeTHHE, H
SaKpHBATbCA OHH JOJMKHBI MOC/IEAOBATENbHO, @ He OJHOBPEMEHHO.

6.12. MOABECKA 3AAHEA OCH ABTOMOBWJIA

IMonBecka 3aaHell ocH aBTOMOGHJIA AOMKHA oGecneynTh e NMOABHKHOCTb, PABHYIO
JABYM, — He3aBHCHMEBIE JleopMalHH NMpaBoit H JIeBOR peccop, WJH, YTO BCE pPaBHO, He-
SaBHCHMOe BepTHKAJbHOE H YIJIOBOEe NepeMellleHHUs] Ky3OBa.

7 3

P A, », I
[Z] [222)
w=I! 7t 7/ w=0 & 0
n=6-18 15 s=3 ~18 M
py=6 12 -6 p=3 15 =3
Pg=6 6 -12 =3 3 -5
a=5 1 7 x=3 e °

Puc. 6.27. PacKpHBaOINaACA KPuila M3 MECTH Je- Puc. 6.28. CxemMa 3aMLIKaHHSI PacEPMe
NeCTHOB Baomeics EpHH
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Puc. 6.29. Mopsecku saaHet oCH aBTOMoOHAA:

a — Ha dYeThipex MOBOAKaX MepBOro Kaacca; 6 — Ha ABYX
TIOBOZIKAX NEPBOTO H OAHOM BTOPOTO Kjaacca; 8 — Ha JABYX
MOBOAKAX BTOPOro KJacca; 2 — Ha OAHOM NePBOro H OAHOM
nape TpeTbero KJjacca; @ — Ha OJAHOM IOBOAKE YETBEPTOro
Knacca

Huxe paccMatpuBaeTcst noABecka TONbKO CO CIHDAJbHLIMH DeccopaMH, KOTOpHE
He MOryT GblTh Hanpasasowumu. [ToIToMy Takass noaBecka JOMXKHA jJaBaTh 6 — 2 = 4
YCJIOBHS CBA3H.

B nau6ounee pacnpoctpanenHoii noapecke (puc. 6.29, a) aTo AoCTUraeTcs ueTHIPLMS
NMOBOJAKAMH MepBOTO KJacca — TpeMs NPOAOJALHBIMH H OAHHM MOMepeyHHM. DTO KOH-
CTpYKUHsA Ge3 H3GHTOYHLIX CBfA3eil (mpaBHabHAn). K coxanenuio, BcTpeuaeTcss U KOH-
CTPYKUHSA C NATbIO NOBOAKaMH (HENpaBWIbHAf) — YETHIPbMS MDOXOJIbHBIMH M OLHHM
nonepeudbiM. B 3TO# KOHCTPYKIHMH OIHA HM3GLITOYHAST CBSA3b.

MoOXHO NpHMEHHTL M MOBOJOK BTOpOro Kjaacca (Buiky) ¢ mapamu [I1' u Vy. Has
aToro noTpebyeTcs ABa MOBOAKA MEPBOro KJjacca M ofuH BTOoporo (puc. 6.29, 6). Takas
KOHCTPYKUHSA npHMeHseTcs B camocBajsax BenaA3.

MoxHo npumeHuTb M 1Ba nOBoiKa BToporo kaacca (puc. 6.29, 6). Onuu
g6ecneua'r yeThipe YCJOBHS CBSI3H, MO3TOMY MOBOAKOB MEpBOro KJaacca He noTpe-

yeTcs.

CosnaBaTb MOBOJOK TpeTbero kjacca HeT Heo6XopumocTdH. Tpu ycioBHf cBR3H
C XOpOLIHM MOBEPXHOCTHRIM KOHTaKTOM (2 He TOYeYHLIM WIH JIMHeiuaTbiM) AaeT coepH-
yeckast napa //['. Ona npurogsa Ajs Gonblunx Harpy3ok. IMoxsecka ¢ Takoil napoit
nosofikom mepeoro knacca /71, I1l' nokasana Ha puc. 6.29, e.

INpumenuTs KHHeMaTHueckylo mapy [V — wapoBylo co WTHPIOM BMECTO MOBOAKA
4eTBEPTOrO KJacca HEBO3MOXHO, TaK KaK BCIEACTBHE MJIOXOTO KOHTAKTa WTHTA OHA
HENpHroiHa AJs nepeaadn GoablwKx MomenToB. [IpuxoauTca npHMEHATL MOBOLOK YeTBep-
TOro xnacca ¢ napamn V, u V,; B npuBenexHof cxeme (puc. 6.29, 9) c B3auMHO nepnex-
JAHKYJASIDHBIMH  OCSIMH.

CpaBHuM cxemul (cM. puc. 6.29) mo uncay nopwunuukoB. Bysem cumTath, 4TO
B nape Vy — gBa nomwmnuuka. Bosblle Bcero moAIIMOHKHKOB — BOCEMb B CXeMe @ HA
MOBOJKAX NepPBOro kjaacca (B MauMHe «)KUIyjau» nx Jaxe JecATb), ceMb — B cXeMe O
C ONHHM IIOBOAXOM BTOPOro KJjacca, WecTb — B CXeMe 8 C [IByMs NOBOAKaMH BTOPOro
Knacca, 4eTelpe — B cxeMe 0 C OJHHM NMOBOJKOM YeTBepTOro Kjiacca, TpH — B Cxeme &
¢ onopo#t Ha napy Tperbero kaacca. Ilpoule Bcex cxema 2, K TOMY Xe OHa JOCTaTOYHO KOH-
cTpykTHBHa. Cxema @ c0MHee CXeMBl 2 BCEro Ha OJHH MOXINMHUK, HO OHA HEKOHCTPYK-
THBHa. Bce paccMorpeHnble cxeMb (KpomMe MamMHBI ©Kurynau») H3GHITOYHBIX CBs3eil
HE HMeIoT.

[NpuBenenHbnle cXeMbl HEpPABHOLEHHH, MOITOMY HX HaRO BHIGHpATh C YueTOM
MeCTHLIX YCJIOBHA, a HEKOTOphle I[eeCOO0pPasHhl TOMbKO B HCKJIOUHUTENbHHIX CIy-
yasx.



ITpoexkmuposarue 6apabarHbix mMopMO308 257

6.13. MPOEKTUPOBAHHE BAPABAHHbLIX TOPMO30B
C PABHOMEPHbLIM H3HAIIMBAHUEM KOJIOAOK

Oco6esHO BpeXHbl H3GHLITOUHBIE CBsi3M B TOpMO3ax. OHH BBHI3LIBAIOT HEPABHOMEPHYIO
Harpysxy o6wuBkH ($peporo) Kononok. OTciolia HepaBHOMEPHOE, NOBbILLIEHHOE H3HALIHBA-
HEe H nofrapbl. Ho rnaBHLI Bpel 3aKjiOYaeTcst BO BJHUAHHH HA TOPMO3HOH MOMEHT H3-
GHITOYHBIX CBfi3eil.

Ec/H CHNBHO M3HAIIMBAETCA Y4acTOK ¢epono, 6nuxKaiiiuit K OCH BPALIEH Ul KOMOAKH
(Manoe nieuyo), To 6ymer Gosblluasi CHJa HaXaTHs, GOJNbLIIOH TOPMO3HOH MOMEHT H BO3-
MOXHOCTb 3aKJAHHHBaHMs Kojieca. Hao6opoT, eciiH CH/IbHee NPHXHMaeTC Y4acToK,
yAaJeHHbll OT OCH BpallleHHs KOJNOAKH, TO TOPMO3HO# MOMeHT Oyner ciabbim. Cnenosa-
TeJIbHO, TOPMO3Hbie MOMEHTH! Ha TPaBOM H JIEBOM KoJlece MOTYT OhiTh pa3nuunbiMH. OTciona
BO3MOXHOCTb 3aHOCOB aBTOMOGHJIA H Cepbe3HbIX aBapHil. TO 3acTaBJjisfeT peryJHpoBaTh
TOpDMO3a, LA Yero B AaBTOXO03AHCTBaX NPHMEHAOT AOPOrOCTOSUIHE pPEeryJHUpOBOYHBIE
crennn. YToO6m u36exaTb 3TOro, Ha bBenopycckoM aBTo3aBole NPOM3BOAAT OGTOUKY
OGIUMBKH KOJOAOK B c60pe C MOCTOM, YTO MPHBOAHT K 60JbILIOMY pacxoly ¢epoao, HO He
HCNIpaBJIfieT MOJOXEHHUA Ha cyuyall CMEHbl KONOJROK NMPHU PEMOHTE, TaK KaK B YCJOBHAX
rapaxa O6TOYKY KOJNOAOK B c6Ope C MOCTOM MPOU3BECTH HEBO3MOMKHO.

JIOCTOMHCTBOM CaMOYCTaHaBJIHBAIOIMXCA TOPMO30B fBJfieTCA paBHOMEpHas pa6oTa
noBepXHOCTH 6apa6GaHa; AaXke NPH SKCUEHTPHYHOCTH HJIH OBaJbHOCTH 6apabana camoycTa-
HaBJHBAIOLUIHeCH KOJOAKH O06eCneyHBalOT paBHOMEPHYIO pa6oTy.

B craTnyeckH HeonpeneJHMBIX MeXaHH3MaX, Hao60pOT, CH/bHee pabOTAlOT BHICTY-
namouHKe yacTH U cjabee yTOMJEHHBIE.

B AHMCKOBBIX TOpMO03aX 3TO CKa3biBaeTCsl Meliblle, MOITOMY HX NPHUMEHSIOT, KOrAa
He MOTYT JOCTHFHYTb CaMOYCTaHaBJHBaeMOCTH B 6apaGaHHBIX.

OTCyTCTBHE H3GLITOUHBIX CBR3ell SBJAETCH HEOOXOAHMBIM yCIOBHEM xopolueil paGoTH
TOpMO3a, He TpeGYIOLIEr0 4acTOro peryJHpoBaHHsA, HO He JAocTaTouHbIM. Heo6xoaumo
eute 61aronpHsATHOE PACNoJIOXKeHHe CHJI, o6ecreuHBalolee paBHOMEPHYIO HATPY3Ky MeXAy
KoJiofKoil H 6apabGaHoM H paBHOMepHOe H3HallHBaHue Qepono.

PaccMOTpHM 3TO Ha NpHMepe TOpMO3a C THAPABJHYECKHM [IPUBOAOM 3aJAHero KoJjeca
aBToMoGuIeit «MockBuy» H «)Kurymaun» (pHc. 6.30). B s3ToM TOopmMO3e H3GLITOUHLIX CBA3ed
HeT, YTO MpPOBEPeHO MO CTPYKTYPHbIM OPMYJaM H MO MOABHMKHOCTAM B KOHTYpe (cM.
puc. 6.30). Ha konoaky meficTBYIOT ropH3oHTa/bHbE CHIL T OT mopmHaA U peakuus Ty
unu Ty B Touke C; Peakuns ot 6apabana Q; u Qp N0 yCJIOBHIO paBHOBeCHS AOJKHA GhITh
TOXE FOpH30HTANbHOI H NMPOHAET KacaTeJlbHO K KPYTy TPEHHS pagHyCcOM P:

4
p - —J'[- fQ:
rie R — pamuyc Gapa6aua; [ — Kospduunedt Tpenus. dta dopmyJa npuGIUKEHHAs.

s 6oJee TOYHOTO pacyeTa HaJO HCXOXUTDb U3 GopMyJ Lis onpefeneHHs MOMEHTa TPEeHHS
TOpMO3a, HanpuMep H3 ¢GopMyJn MeTaioka.

—~ ’ 1

= n=2 flh+tth L +L+F
= w=l 1[o+0+0]7+0+0
T | T k=2 12|2+2+2z2+2+2
8y pg! -2|-1 -0 -01-1 -0 -0
N G P! =4| 0 -0 -1 |0 -0 -1
a Paf! 4|0 =1 =1 |1 -1 -p
z pr=1 =510 =1 =1 -1 -1 -1
& /) I 7  O0|7+0+7 |0+0+0
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Puc. 6.30. Topmo3 aBTomMoOunelt «MockBHY>» u <«)KUryau»
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Puc, 6.31, TopMo3 ¢ ruApPaBARYECKHM NPHBORXOM U PaBHOMEPHON Harpy3xoit Koa0AOK

Cusnt Qp u Q; HaXOAATCA M3 PacCMOTPeHUS paBHOBECHS KOJMOAOK. CusoBas cxema
TIOVIYYHIach OYeHb HEBHITOAHAS, a HMeHHO: CHIH Qp B Q; — pe3ko pasiHuMLie, OHH
CMellleHHl OT CepelHH KOJNOLOK, YTO BHI30BET HEpaBHOMEDHYIO Harpyaky ¢epono.

Jns sbipaBuABanuda cual Qp ¥ Q; THIpABIHYECKHM MyTeM HAAO NMPHMEHHUTb CTYMeH-
YaThlil THAPOLHJIHHAD (BCTPEYaeTCs Ha HEKOTOPHX aBTOMOOMAAX, puc. 6.31). Mexannve-
CKHil IpHeM BRIpaBHHBAaHHA GYyIeT pacCMOTpeH Hixe (cM. puc. 6.34 u 6.35). lna paBHo-
MEepHOro H3HAIUHBAHHA KOJOAOK CHIH Qp H Q; AOMKHBI IPOXOJHTD Yepe3 cepelHHb Koo~
oK P, u P, kacaTeJbHO K KPYTY TpeHHd, T. €. 3a/laHa JIMHHA AAICTBHA CHJB, MPHKHMZ-
Iolleli KOJIOAKY. DTHM yCJIOBHeM H GyleM MONb30BaThCH B JajibHelIieM. DTO MOXHO Bh-
TIONIHHTBL, €CJIH ONOpHBE MJIOCKOCTH KOJOAOK CAe1aTh HakMOHHBIMH (pHc. 6.31). Haknon
(sanpasnenue cun Ty u T,) HailgeM u3 ycaoBHA, uTo cuiIn Ty, Qy w Ty, JAeficTByomue
Ha nepefHIO KOIOAKY, H Tpu cuinl Ty, Q; H T, nepecekaioTcs B OAHOI Touke. Hakion
ONOPHOIt NMJIOCKOCTH A1 nepexHeil KOJOAKH H A/ 3afHeH MOnyuaercs pasjHYHLIM.

Topmos camocBana 549 rpysonoxwemuoctbio 75 T (Benopycckoro asTo3aBopa) —
C THApaBJIHYECKHM NpPHBOAOM. B HeM llecThb H3GHITOUHLIX CBS3ed, NO TDH Ha KamJaylo
KOJIOAKY.

I UX ycTpaHeHus CJefyeT COEJHHHTb KOJOAKH C KOPNMYCOM He BpallaTeJbHOR
napo# V,, a nosogkom 1715V, (puc. 6.32). Hanpasienne noBoAKa, YTOGLI MOJYYUTh pas-
HOMEPHYIO Harpy3xy KOJOJOK, HaXOAHTCA H3 YCJIOBHSA, uTO TPH cuibl — Q, Ty v Ty
nepecexaioTcsl B OAHON Touke. [IpH 3ToM npHKHMaiowas CHia Q coxpaxsieT CBOIO JHHHIO
HAeACTBHSA, T. €. NIPOXOAHT yepe3 CepeliHHY KOJOAKH KacaTeJbHO K KPYTY TPenHs pajny-
COM P, uTO ABJsETCA 06s3aTeNbHbIM. I'MApouMaMHAp M cuaa Ty HanpaB/eHbl B STOM

n

ws= & 4 4
n=8 -48 24
pr=2 10 -2
Pa=4% 16 -8
pg=6 18 -18
k=4 [

Puc. 6.32. Hcnpasxennwilt TopMo3
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Puc. 6.33. Topmo3 camocsana beaopycckoro aBTo3aBoaa (A€BRTb H3GLITOTHLIX CBA3EH)

B'c'p"
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clyyae TOPH3OHTaJbHO, HO STO Heo6s3aTenbHO. Hak/OH UMJIHHADA M MOBOAKA MOXHO
H3MeHHTb, HO HeOGXOAHMO, UTOGHl TPH CHJIBI TMepeceKaluchb B OXHOH TOuKe.

Ha puc. 6.33 nokasas TopMo3 camocBaJsia 540A rpysonoxbeMHocTbio 27 T H CaMocBana
548A rpysonoasemuocToio 40 T (06a Benopycckoro aBTosaBona). B Hem ueTbipe KOHTYypa.
IToaBHXKHOCTH B KOHTYpaX, KOTOphIe pacCMaTpHBaeM NONapHO, TOKa3aHbl BHH3Y Ha TOM Xe
pucyuke. Bapa6an npunnmaeM 3a CTOiiKy. B MexanuaMe XBe MOABHXKHOCTH — MpoO-
CKa/ib3biBaHHe pONUKOB B napax B u C. MaGuTounbix cBaseil AeBATb. B ABYX KOHTypax
ABCD ne xBaTaeT OAHOI NMOABMXHOCTH f;. DTO BHI3BIBAET HEOAHHAKOBOE HaXKaTHe nepen-

Heit U 3aanedi KOONOK. B Tex xe KOHTYpax He XBaTaeT ABYX NOABHXKHOCTeH f7. DTo 06biu-

Hble H3GHTOYHbIE CBA3H JJIf KYJAyKOB C JIMHeHuaThIM KOHTakToM. KX Jierxo ycTpaHuth
NpHMEHEHHEM JKeJoGYaTHX POJNHKOB M BHIMYKJBLIX KYJa4yKOB HJH BHINYKJIBIX POJHKOB
H XKeyio6yaThiX KyJnaukoB. B koutypax D E He xBaTaeT ABYX MOABHMHOCTeH Iy 310 cambie

Bpelnble H3GHITOUHLIE CBSI3H, TAK KaK OT HHX 3aBHCHT, KaKas 4acTb KOJNOAKH OyJeT CHllb-
Hee NPHXHMATLCA K 6apabaHy — BepXHAS MM HHXHASA, T. €. 5TH CBA3H BAHAIOT Ha TOp-
Mo3HOIt MoMeHT. Ee ne XxBaTaeT AByX momBuXHOCTe# f; 4 ABYX f; — COOTBETCTBYIOUIHE

H36LITOYHBIE CBA3H MNpPHBEAYT K HEPaBHOMEDHOMY H3HalHBaHHIO depono.
PaccmoTpiiM, Kak ycTpaHHTb H36bITOYHblE CBSI3H Ha NMpHMepe CXeMbl, NMOKa3aHHOI
Ha puc. 6.33.
B aBTOMOGHMJbLHBIX TOPMO3aX AJs NOJYYeHHs MOABHXKHOCTH KOJNOAKY CJelyeT €Ta-
BUTb Ha noBolok /11,111, (puc. 6.34 u 6.35). Jlunefinas nOABHXHOCTL f,’l SaMeHHTCA

TMOABHXHOCTBIO f; H MOBOPOTOM NOBOAKA. OIHOBpeMeHHO cepHuecKHe WAPHUPEL MO-
BOAKAa AaiyT MOABHXHOCTH [, n fy Henoctaiomyio nomsuxnocts [, (cm. puc, 6.33)

noJy4HM, COeIHHHB KYJ1a4OK C TODMO3HbIM BaJIOM BpalaTeJbHoi napoit By (cm. puc. 6.34).
Torpa kynauok GyneT CAYXHTb MJIABAIOLHM 3BEHOM, BLIPABHHBAIOUWUM HArpy3KH, Jeii-
CTBYIOUIHE HA KONOAKH. M30biTouHble CBSA3H B KyJauKe JIErKO YCTPaHHTb, NpPHMEHHB
XKeJ1o6uaThlit poHK ¢ mapoit /g M BRINYKJLIf KyJayoK HIH, Ha060pPOT, BBIMY KB POTHK
H KejobuaTblii KyJayoK.

Ha puc. 6.35 nna BbipaBHHBaHHMA CIUI MPHXKATHA KONoAOK Qn M Q; mpHmeHeH pEI-
4aXHblil MexaHu3M. B HeM B COOTBETCTBHHM C COOTHOLUEHHeM MJIeY CHIA, nepejaBaeMas
OT pbl4ara Ha 3afiHIOl0 KOJMOAKY, Gonblue CHJBI, nepesaBaeMoii Ha mepexuxiol. BriGopom
3TOr0 COOTHOIIEHHA MOXHO AOGHTHCA paBeHCTBA CHJ HaxaTHa Kovwofok. Ha puc. 6.34
ToukH Py u P, nepeceuenns cun Ty u T, B3ATH HA OKpyXKHOCTH GapaGaHa, HO 3TO He-
0653aTe/bHO. BaXKHO, YTOGK 3TH TOYKH GLITH HA JIHHUAX AEHCTBUA NPHKUMAIOWUX CHI Q,
T. . CHJI, NPOXONAIIHX Uepe3 CepeiHHBl KOJOIOK.

Ha puc. 6.35 Bce noBoNKH B3sATH mapajenbHbiMu cilam Qp H Q5 4TO TOXe He-
0053aTeNbHO.
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Puc. 6.34. TopMO3 C KyaauKoBbIM MEXAHN3IMOM

BMecTO KyJ/1ayKOBOTrO YpaBHHTEILHOTO MEXaHH3Ma (CM. pPHC. 6.34) MOXHO MPHMEHHTL
PHUAKHBIA, @ BMECTO PbIYAXKHOTO (cM. pHC. 6.35) — KyJauKoBbI#l MO OGLIYHBIM NpaBHIaM
SsaMeHbl BBHICIUIHX Nap HH3IWKMH M o6paTHO.

Topmo3a ¢ camoychiensem. B KONOLOYHBIX TOPMO3aX CHIY TPEHHS ONHON KOJMOLKH
MOXHO HCHOJb30BaTh A/fi YCHIEHHS HAXaTHA APYro#l KONOLKH. STO NO3BOVIAET YMeHb-
WHTb pa6oTy HaxaTust Ha 50 %, XOTA paBeHCTBO CHJl HAXKAaTHUS KOJIOAOK HApYLINTCS.
IlosTomMy npH KOHCTPYMPOBaHHH LieJecoo6pa3HO NpelyCMOTpeTh BO3MOXHOCTb NepeBo-
PauHBaHHA KOJNONOK H OOGM€Ha HX MeCTaMH HJIH NPHMEHATb pa3jHuHble YIJIbl OXBaTa
KOJIOZIOK, 4TCGH BBHIPOBHATL JAaBJjeHHs. Takoil mpuHuMn paGoThi GyneM HasLBaTb CaMoO-

n=8 ‘.‘I+ *.yl +ﬁ// f fl""‘fy”""l,

we2 | 0+0 +0 | 2] 2+0+0
k=4 | 4+4+49 24| 9+9+4

pp4| 0-0-4|-4[0-0-0
p2| 0-0-2]-4]0-0-2
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Puc., 6.85. Topmo3, MCnpaBACHHBLI IMAPHHPHLIM MEXAHH3MOM
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Puc. 6.36. CamoaeTHbIfi TOPMO3 C CAMOYCHIEHHEM

ycuiendeM, TepMHHaMH «caMo3aTopMaKEBaHHe» M «CepBOTOpDMOMEHHe», KaK Heyjgau-
HbIMH, NOJNbL30BATLCs He OyleM.

CamosieTHbIi TOPMO3 OAHOCTOPOHHEro BpallleHHs HMeeT uyeThipe H3GbITOYHblE CBA3H,
KOTOpble ¥ NPUBENH K ero nuoxoii pa6ote. [Inf HX yCTpaHeH s T1aBHYIO KOJOAKY C/lellyeT
cTaBHTb Ha nosofok /113V, (puc. 6.36). BcrnomoraresbHYIO KOJOAKY Haj0 COELMHHTb
C nopuHeM ¢ nomotbio nosopka //1;V,. Tlpu Bbi6ope HanpaBiehHii NOBOAKOB CaefyeT
yuecTb, uTO Hanpasjenue cuabl T, W nosoaka [1/,111;, coenMHSIOMEro KOMOLKH (CM.
puc. 6.36), Henb3s U3MEHATb, CJe0BaTeJbHO, 3TO HanpaBJeHHe Halo CYNUTATh 3alaHHbIM.
YciaoBne paBHOMEPHON HAarpy3KHM KOJIOAOK JJisi BCIIOMOraTeJbHOH KOJOAKH MOXHO Bhbi-
MOJHHTh TOJbKO BHIGOPOM YTi1a HAK/JOHA THAPOUMJHMHAPA M CHAB Ty, a JIA riaBHON
KOJIOLKH — YIVIa HaK/JIOHA OnopHOro nopofixa V,/[[;. JIuuuu JeficTBUA CHI npHXKaTus
Koa1omok Q;  Q, Halo cuuTaTh 3afaHHbIMH. Hanpasienus H BeJMYHHBI CHI HallxyTCH
110 yCJOBHIO MnepeceyeHHs CHJI B ONHOH TOYKe, AJs BCIOMOraTejbHON KoJogKH — Ty,
Q, ¥ Ty n aas raasnoit Konogkn — Ty, Qu u Ty,

Topmo3 ¢ MexaHHuYeCKHM NPHBOJOM IBYCTOPOHHErO BpalleHHs NoKasaH Ha puc. 6.37.
YnopaMH KOJIONOK CIYXKaT CTEPXKHH C wai6aMu, KOTOpble BXOJAT C 3a30POM B Nasbl KOJO*
ZOK. Y TJIaBHOIi KOJNOAKH, KOTOPas NMpPH TOPMOMEHHH YNHpaeTcs B CTepXKeHb, ITO COELH-
Hetine 6yner /3, v BCMOMOTaTe/bHOR KOJOAKH, Y KOTODPO#i OCTaeTC 3a30D MEXAY CTepHK-
HeM H na3oM, — [,. OcTajbHbIE KHHEMaTHYeCKHe naphl M PalMOHAJIbHOM CXEeMbl MOKa-
3aHW Ha pHc. 6.37. Tlpu nsmenenHH HanpapJeHHs BpalleHHs IVIaBHas H BCMOMOTaTesb-
Has KOJNOAKM MEHAIOTCA MectaMH. BbiGop HanmpasieHus nOBOAKOB H HCCIeLOBaHHMe CHI
fIpOBEAEHO /Il HanpaBJeHHA BpalleHHs, nokasaHHoro crpeakoit. Cuanl Ty, AeficTByiOUHe

w=1 7 14
n=5 -30 30
pr=2 10 -2
Po=2

ANTA o, A A

Puc. 6.37. TopmMoO3 ABYCTOPOHHEro BPAIEHHUA MEXAHHIECKHHE C CaAMOYCHJACHHEM
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OT MPHBOJA HAa KONOAKH, AOKHH

w=4 ¢ 4 6LITb paBHbl, 4TOOH NPH H3MeHe-

n=7-42 24 HHH HanpaBleHHMs BpalleHHs pa-

_ 60Ta TOpPMO3a He Hapyla.aach.

pr=t 5 -1 Ha puc. 6.37 qna X BbpaBHHBa-

Pw=4 16 -8 HUA NPUMEHEH TPeyroNbHbIi nia-

Px=5 15 -15 Baiowmit puivar Vy, /g, /. Moxuo

Pr=l 2 —4 NpUMEHHTb M APYroi aHajioruy-

- Hblll  Mexanusm. Ha raashywo

k=4 0 0 KOJIOAKY [HEHCTBYIOT uYeThlpe CH-

aut: Ty — ot npusopa, Ty — oT

BCNIOMOT'aTe/IbHOR KOJOIKH MMHYC

Q; — ot 6apaGana u T3 (ucko-

Mas) — OT YNOPHOrO CTePXKHA.

Jlns paBHOBeCHS KOJIOAKH PaBHO-

Puc. 6.38. TopMo3 ABYCTOpPOHHEro BpallleHHs THApaB- neﬁcmylomaﬂ cun Ty u Q2 JOJIXKHA

ANYECKHIA C CaMoyCHaeHHeM ObiTb  paBHa, MNPOTHBOMONOKHO

HanpaejeHa M JeHCTBOBaTb MO

onHoli npsaMoii ¢ pasnopeficTeyiomedt cun Ty u Ty, DTa npsAMas NPOXOAMT yepe3 TOUKY

nepeceuesuss cul ToH Qq H cun Ty n Tg(ua puc. 6.37 noxasana TOHKOH JIHEHEN).

OTciofia Jierko onpefieisieTcs HanpasjeHHe CHAbl Ty, a C/1elOBaTE/IbHO, M TOJOXKEHHe
nasa B KOJOAKe.

TopMo3 ¢ rHApaBIHYECKHM MPUBOAOM JABYCTOPOHHETO BpalileH HA NOKa3aH Ha pHuc. 6.38.
Ha 3anHeM Xopy rnaBHas M BCrioMorartelbHas KOJOAKH MeHSIOTCA MecTaMH. [Tostomy
JIeAI0T 1Ba TMAPABJAHYECKHX RPHBOAA (O6HIYHO B OGUIEM LMJIHMHApE), H3 KOTOPHIX AAf
KaXJIOT0 HanpaBJleHHs BpallleHua paboTaeT OMH, UTO ABJIAETCS HEAOCTATKOM 3TOH CXEMBbI.
Kinaccn kunemarnyeckux nap s ¢ = 0 nokasanbl Ha puc. 6.38. Yc/10BHIO paBHOMEpHOrO
NpUKATHA KOJOAOK 3Ta cXeMa He Yy1oBjeTBOpsieT. UTO6b BHNONHHTL 3TO YCJOBHe, Cle-
JlyeT BMeCTO ORHOrO TMAPOUMJHHAPA NMPHMEHHTb ABa, HAKJIOHHB HX.

B paccmorpenHblXx cxeMax (cM. pHC. 6.36—6.38) addekT camoycuieHus Hesnaum-
Tened. [IpOHCXOAMT 3TO NOTOMY, YTO BTOPYIO KOJNOLKY MPHIKHMAET CHIa TPEHHUS NepBoil.
T'opasfo Goabuiero addexTa MOXKHO KOCTHUb, €CTH MEXKAY KOJOAKAMH MOCTAaBHThL YCHIIH-
Baomuit puuar V,, Vo, 1115 (puc. 6.39). 3nech nepBoii KoMoAKe HajRO AaTh GoOJiblUOE
OKpYIKHOE nepeMellieH He AJf NoJy4yeHus GOJbLIOro npHKartHs BTOpoil Konoaku. IToatomy
HeHTp Vy YCHIHBAIOWIErO phiuara AOJIXKeH COBNajaTh C LEHTpoM 6apabana. DTo He BCeria
BO3MOXHO, TaK KaK OGBIYHO B 3TOM MeCTe NMPOXOAMT OCb KoJieca.

JKeneznonopoxnnie Topmo3sa. s s¢dexTHBHOrO TopMOXEHHR HEOGXOLMMO HaXaThe
KOVIOZIOK NPUBECTH B COOTBETCTBHE C (PaKTHUECKOH HArpy3KOH KouecHOH napbl. JTa Ha-
rpy3ka mensercs. IIpu TopMoX<eHMHM 3a CueT MOMEHTa ONPOKHAHWBAHHA MepefHHE NapH
NOJyYyaloT AONONHHTENbHYIO HATPY3Ky, a 3alHHe pasrpyxaiorca. Kpome Toro, narpyska
Ha KOJIECHYIO Mapy PasjiMyHa MPH IPYXEHOM M NPH MOPOXKHEM peXxHMaXx.

w=1 1 1
n=8-48 24
Pr=4% 20 -%
Pe=3 12 -6
Pm=5 15 -15

Puc. 6.39. TopMO3 €@ SHATHTEALHLIM CAMOYCHNERHEM
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Nn
P
TIT000 0000000000202 7
Puc. 6.40. )KeneauoaopoxHuiii TOpPMO3 C Puc. 6.41. )Keneauopopoxkuuit TOpPMO3 C
KOMneHcauMeli pa3rpyskH ocei KOMMNeHcauHel Harpy3xH BaroHa

YTo6H HCKNIOUHTh BAHSAHHE ONpPOKHMABLIBAIOUIEr0O MOMEHTA, TOPMO3HbIE PHYarH cie-
IyeT HaKJIOHHTb K cepefuHe BaroHa (puc. 6.40). Ha pucynxe nokasano nepeainee koJseco.
Toraa Pl = Npa — fb = Ny (a — {b), oTkyna

Pl
Mo=2—7"
AnanornyxbiM o6pa3oM AAs KONOJOK 3aJiHEH KOJNECHOH mapsbl
Pl
No=2FT5-

BuiGupasi BeIMYHHY b, MOXHO MOJYUYMTb JKeJlaeMOe COOTHOLIEHME HaXKaTHH KOMOXOK
nepeineil H sagHell oceii.

B MHOrOOCHOM MOABHMXHOM COCTaBe HAKJOH TOPMO3HBLIX DHIYAaroB y PpasIHYHbLIX
KOJIECHHIX Map NMPHAETCH BHIGHPaThb pa3HbIM. UTO6H HCK/IIOUMTH BJIHSHHE NOPOXKHEro M
TPYKEHOTO PEXHMOB, TOPMO3HLIE KOJOAKH CJelyeT pacrnojaraTh Bhillle LIEHTpa KoJseca
(puc. 6.41). INpu ocagke peccop KOMOAKH ONMYyCKAOTCA, 3a30p YMEHbLIAETCS, YMeHbUIACTCA
H BHIXOJ LITOKa TopmMo3uoro uuauuapa. Ilpu Topmose BecTunraysa xaBienne B TOpMO3-
HOM LWJHHADE YBeJHYHBaeTcsi, 4To M TpeGyercs. Koneuno, mpH Topmo3de MarpocoBa
uin @. [1. KasaHuepa 3Toro He mosyuuTCs.

6.14. COJIOMOTPSIC 3EPHOBOI0 KOMBARHA

B camoycranaBauBalomwuxcs MexaHu3Max BHIGOD KHMHEMaTHYECKMX Map HpPOM3BO-
AHTCH TEOPETHYECKHM NMYTEM H3 YCJOBUS, YTOGHl MEXaHHW3M GhlJl CTATHYECKH ONpeaeNUMbIM
(6e3 n36GHTOUHBIX CcBs3eif). B Takux MexaHu3Max cuibl B WIapHHPaX NPAKTHUECKH He
33aBHCAT OT JIONYCKOB Ha pa3Mephl 3BeHbeB, JTO JaeT MHOTHe NpeMMYILecTBa, IVIaBHLIE
H3 KOTOPbIX CJjelylouiue:

MOXHO YBeJHUMTh ACMYCKM Ha pa3Mepbl, a CJeJ0BaTeNbHO, YMEHbLIAETCS TPYLOEM-
KOCTb M3rOTOBJIEHMS M CTOMMOCTb MallHHBI;

NOBBILIAETCS HAJeXKHOCTh, TAK KaK H3MEHeHHe Pa3MepoB 3BeHbeB HE HapylllaeT pac-
Npeje’eHnss cu1 B KHHEMaTHUeCKHX mapax, a cjaeioBaTesbHO, H paGoTOCMOCOGHOCTH Me-
XaHi3Ma;

yCTpansieTcsi HepaBHOMEPHOCTb Harpy3Ku B LIAPHHpPaxX; OTCIOAA YBeJMu€HHE Harpy-
304HOII cMOCOGHOCTH M JOJITOBEYHOCTH WJH YMEHblleHHe FaGapHTOB H MacChl;

yMeHbllaeTcsl TPEHHe MW Ip.

CaMOyCTaHaB/IMBAIOLIHECS MEXaHW3Mbl 1aBHO NMPHUMEHAIOTCA B MJIAHETAapHBIX pelykK-
TOpax 3epHoBbIX KoMGailnos «Husa», «Komoc» u «CuGupsik» (xoncrpyxuus . K. Ilart-
Kyca). OHH ce6sl NOJHOCTLIO ONpaBJaliu, AaB yBeJHYEHHE JOJNTOBEYHOCTH B 4eThIpe pasa.

31eck nmpeaJsaraeTcsi CaMOyCTaHaBJMBaeMOCTb PacnpOCTPAHHTb HA MEXaHH3M COJIO-
MoTpsica.
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9

Puc. 6.42. CTpPyKTypHOE MCCAEROBAHME ABYXBAJbHOrO0 CONOMOTPACA MeToAOM cGopku:

@ — NepBOro KOHTYpa; 6 — BTOPOro KOHTypa (o6pa3oBaHHe HaTAra); 6 — NpHMEHeHHe noasyHa D
AnA c60pPKH BTOPOTro KOMTypa 6e3 HaTsra

B 3epHOBHIX KoMGailHaX caMOYCTaHABJIHBAIOLIMECH MEXAHU3Mbl OYEHb MEPCNEKTHBHHI.
IoaTomy caepyer ounaTb, YTO B GyAyIIeM BCe MEXAHH3Mbl 3ePHOBHX KOMGaliHOB 6ynyT
BLINOJIHATBCA CaMOYCTaHABJIHBAIOWHMHCS.

JIByXBaJbHLIN COJIOMOTPAC MpeacTaBiaseT co6oi, B 3aBUCMMOCTH OT YHC/AA KJABHIL,
TPOAHON HJIK YeTBepHOI MeXaHHM3M napaJienbHoro kpusowuna, [Ipumenenne napasnaens-
HBIX MEXaHW3MOB, COE/MHSIOUIMX JABa BaJla, KaK W3BECTHO, BbI3BIBaeT W3GbITOUHbIE CBA3H
W COOTBETCTBYIOUlME HaTArH. B 3ToM MOXHO y6eauTbcs, paccMatpuBas MX cGOPKY
(pHc. 6.42). ByneM cunTaTb, uTO NocaeAHuM coGupaercs wapuup B. C6uxenne no ocu x
MOXHO OCYULECTBHTb MOBOPOTOM KpHBOWHNOB AB u CD. OAuH U3 HHUX NOMAJET HAa 3aMbi-
KaHHe KOHTypa, IPYroff OCTaHEeTCs KaK MOJIBHXXHOCTb MeXaHu3Ma.

Ipu cnBoenHoM Mexanusme (puc. 6.42, 6), cuuras, uto mocjenHeR coGHpaeTcs
napa F, c6inxeHue 3BeHbeB 32 CUeT MOABHMKHOCTH TpeGyeT pa3fesbHOTO MOBOPOTa KpH-
Bownnos AB u CD, a 3To HEBO3MOXKHO, TaK KaK OHH coeauHeHbl watyHoM BC. [TosTomy
¢60pKa MOiIeT TONbKO 3a CYET COOTBETCTBYIOWEH M3OLITOYHON CBA3M W HATAra, Harpyxa-
I0IEero Ky3oB KoMGaiiHa. Hanuune TpeTbero napasJeJbHOro KPUBOIUHNA aHAJOTHYUHBIM
06pa3oM BBI30OBET BTOPYIO H3GBLITOUHYIO CBSI3b, YETBEPTOTO — TPETbi0 H3GLITOUHYIO CBA3b
H COOTBETCTBYIOLIHA HATAT.

Jaa ycTpaneHus u3GbITOYHBIX CBsi3ell mpejJsaraeTcsi MO/ULMNHMKH BELOMOTO Bala
CleJaTbh MOABHXXHBIMH Ha nos3yHax (puc. 6.42, 6) uan Ha noBoakax. Toraa c6opka wap-
HHpa F — c6auKeHHe nNo ocH X MOJYYMTCA 32 CYeT MOBOPOTA BELOMOTO Baja BOKPYT
mwapuupa C ¢ COOTBETCTBYIOUWHM MepeMelieHneM noasyna D.

Tpetuii watyH Toxe MOXHO co6paTh Ge3 natsra. ComuxkeHne anech GyaeT JOCTHTHYTO
MOBOPOTOM BEJOMOTr0 Bajsa BOKPYT JHHHH CE c ONHOBPEMEHHLIM mepeMelleHHeM OGOMX
MOJI3yHOB,

¥ Mexann3ma ¢ noAWKNHMKAMK BEIOMOro Basa Ha moBOAKax (puc. 6.43) Bo nabexa-
HHEe HaTATOB OJMH MOBOAOK Hano B3sTh Ha napax [/[1'111’, a npyro#t Ha Valll’. Pacuer
npubeneH B Tabuuue Ha puc. 6.43.

INpeanaraembiit MexaHu3M MOXHO NPUMEHHTb M NpPH UYHCJEe KJaBHII GoJblue TpeX.
Ha puc. 6.44 nokasan caMOyCTaHaBJMBAIOUWMIACH COJOMOTPSC C MATbIO KJaBHIIAMH.
B HeM TpH K.iaBuLIM BHINOJHSAIOTCHA C WIApOBHIMM mapamu [/Ij, T. e. cOBepIIEHHO Ta-
KHMH e, KaK W NpH TPeXKJIaBHUIHOM cojiomoTpsice, OHu mepefaloT BpalleHHe OT Bely-
Lero Bajla K BeIOMOMY.

w=§ § §
=7 -42 24
pg=2 10 -2
pa=9 27 -27

k=4 0 0

E’

Puc. 6.43. TpexxrapnBmA CONOMOTPRC
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— ’ w=7 7 7
“ Z . n=9 -5 36
B Pz 10 -2

pactf 33 -33

Pz =2 4 -6

k=6 0 0

’
a, I,

Puc. 6.44. NaTHKIaBHWHBIA CONOMOTPAC

JlBe npyrue Kaasuiln (CBepX Tpex) — He nepejaiouiue BpallleHust — BO H36eXanne
H3GHTOYHbIX CBfi3ell W HATArOB NOJ/KHbLI HMeTb JIHHEHHYIO TOJBHIXHOCT B NPOJOJIBLHOM
Hanpasiesud. JIns 3TOro MX caefyeT BHINONHATH HA mapax [[lg wm /1.

Takum o6pa3oM, B 5TOM MeXaHH3Me 1A CaMOYCTAHaBJHBAaeMOCTH HaJO AaTb YeTipe
JMHefiHbie MONBHXXHOCTH B NMPOJOJbHOM HaNnpaBJeHWH: ABe B MOJIHNHHKAX BeJOMOro
BaJla H JBe B KaaBuiax. CoOTBeTCTBYIOUIHE KOHCTPYKUMM JIeTKO yHuduuupoatb. [Ipa-
BHJIbHO Bbi6paHHble MOABHXHOCTH YCTPAHSIOT ylAaphl, KOTOpbIE HMEIOT MECTO B MeXaHHus-
Max, co6paHHBIX 3a CYeT 3a30pOB M HATArOB.

Ipy NATHKIABHIIHOM COJIOMOTPACE MOM(HO Ha MOBOJKAaX MOCTAaBHTb MOMIHNHHKA
OJLHOTrO BaJia, M NMOBOAKAMH e COEIMHHTb 1Ba MOAUIMMHMKA ¢ ABYMA KiaaBuiuamu. Bee
geThbipe MOBOJKA MOXXHO YHHOHUMPOBATb, BLITOJHMB HX B BHJE€ NMOALIHNHHKA, COEIHHEH-
HOTO IIaPHUPOM C KOPNYCOM MJIM KJIapHiLeil (BMECTO HeCKONBKHX 6OJITOB). DTOT WapHUP
BC/IeCTBHE HEGOJILIIOrO MepeMelleHusi MOXKeT GbiTb OYeHb NMPOCTHIM — Mpolle 60JTOBOTO
COeHHEeHHU .

IlpennaraeMble H3MEHEHHsI OueHb He3HauuTeJbHble, OJIHAKO OHM CYLIECTBEHHO YIpoO-
CTAT M3rOTOBJIEHHE W 3KCIUIYaTalUMIO COJOMOTpsCa.

IMAaTHKNaBHIUKBIA COJIOMOTPSIC NMPH STOM MOXHO NMOJHOCTbIO YPaBHOBECHTb (CTaTH-
YeCKH H JMHaMHyecKu) 6e3 MOCTAHOBKH OTAEJbHbIX NMPOTHBOBECOB.

6.15. BbiBOAbl H PEKOMEHIALHWH

Briok cnenyer ycrasaBnuBaTb Ha OLMH NMOMIIMMHMK KaueHus, a He Ha JBa.

Y AByXuemiocTHOro rpefipepa HeNb3A NOMYCKaTh, YTOGbI OCH TAT NepeceKaiHch
B OJ1HOH TOuKe.

Kosieca KpaHOBBIX TenexxeK NOJIKHbI CaMOYCTaHABAMBATLCA KaK B BePTHKAJbHOM,
TaK ¥ B TOPH3OHTAJIbLHOM HanpaBjiennH. OCO6eHHO 3TO BaXKHO AJ1A CTPOHTEJbHLIX KPaHOB,
TJie TOYHOCTb MYTH HAMHOTO HHXKeE,

B MOCTOBbIX KpaH3aX CaMOYCTaHABJIMBA€MOCTb YBEJMUWJIA CPOK CJAYXOH KoJec
C ABYX-TP€X MECHIIEB 10 HECKONbKHMX JIET.

MexaHnamM cknaabiBalonieiicss CTpeJbl 0OCOGEHHO BaXKHO BBINOJHHTb CaMOYCTaHaBJIH-
BAIOIUMMCS, TaK KaK BCAeACTBHE GOJIbIIMX Pa3MepOB €ro TPYIHO M3TOTOBHTb AOCTaTOYHO
TOYHO.

B mexannamax nnroB, 4TOGb M36exaTh GHICTPOTO M3HALUMBAHHA KAaHATOBEAYLIMX
IIKMBOB, Lenecoo6pa3Ho Ba NPOTHBOBECE CTAaBUTb BTOPOH YPaBHUTEJbLHBIH MEXaHH3M.
Hanpapasiomue Gammakn y xa6unbl caegyer nesaTh caMoycTaHaBiwuBaouwsMucs. Ilpo-
THBOBEC HAall0 HAlIPaBAATL TPEMs, a He ecTbio 6amMakamu. Hano ycTpaHHTh H3GHTOUHbBIE
CBS3H H B MeXaHW3Me MOABEMHOro nosia, 4YTO OCOGEHHO Ba)KHO AJs Ge3onmacHOCTH jeTed,
H3-32 MaJIOH Macchi KOTODbIX M€XaHH3M MOXeT He cpaboTaThb.

YpaBHHTENIbHYIO NOABECKY HeJb3sl COCAMHATb C KaGHHON TOJIBKO OAHHM LIAPHUDPOM,
TaK KaK npH ero paspywenun Kabuna nanaer. Heo6xoaumo CTaBHTb HE MeHbLIe JBYX
apHUPOB.

AynuTopHue J0CKH /151 IETKOCTH XOAa CJA€fyeT ypaBHOBELIHBaTh OJHHM (a He ABYMs)
NPOTHBOBECOM, K KOTOPOMY HYXHO NMOABOJAHTb TPOCH OT QOOHX KOHLOB AOCKH.
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B MocTax ycTpaneHHe u3GbITOYHHIX CBsidefi NO3BOJISA€T H36eXKaTh BpeHBIX HanpsiKe-
Huft Npy HepaBHOMepHO# OCajKke ONOP M HEPaBHOMEPHOM HarpeBe OT COJHIA depM H Npo-
€3xed vacTH.

B BepTHKanbHO-NOABEMHBIX MOCTAaX YHC/JO HaNpaBJSIOUHX POJHMKOB, KOTOpOE JO-
XOZHT 10 12, MOXKHO YMEHBIIHTDb 10 TPeX H H36eXKaTh BPEAHBIX HaTPY30K, PacIlaTHIBAIOIUX
onopsl. PaBHOMEpHOCTb HAarpy3KH KaHaTOB MOXHO YJIYYLIHTb, Pa3ReJHB NpPOTHBOBEC
Ha HECKOJIbKO IPY30B M H3MEHHB CXeMy PHYaXHOTO MeXaHH3Ma,

B KoMO#OYHBIX TOPMO3aX CaMOYCTAaHABJIHBAEMOCTb NMO3BOJAET M36eXaThb HepaBHBIX
TOPMO3HEIX MOMEHTOB NpPAaBOrO H JIEBOTO KOJIeC, YTO MPHBOIHT K 3aHOCaM aBTOMALLHHbIL.
Ornagaer HeoGX0AMMOCTb OGTOUKM KOJIOAOK B c6Ope C MOCTOM, UTO yMEHbLIAeT TPYHOeM:
KOCTe ¥ pacxox ¢epofo. JIerko ROCTHTHYTb, 4TOOH CHJIa OT 6apaGaHa Ha KOJOAKY mpo-
XOJH/Ia yYepe3 CepejHHY KOJOIKH, TeM CaMbIM XOGHTHCS PaBHOMEPHOTO H3HAIUHBAHHA

¢depogo.
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MeXYTOUHbIM 6J0KOM 1ectepen 170,
171

— Ha ojiHOH BpalaTelbHOM mnape, pac-
NoJIoXKeHHON Ha KpoHuwitefine 175, 176

— T1AroBuil cM. [Tpueod masazoeviit

— ueHTpoGexHbl 95—98

— UEeHTPOGeXHHA ¢ THOKHMH CBA3SAMHA
(MasTHHK) 97—99

— UHJIMHAPO-KOHHYeckuil 186—188

Pepykrop nuaHeTapHbiid  pis  3epHO-
Boro Kom6aifina 214

— 3aMKHyThil 224

— koHerpykuud Ilkoza 216

— xoHcTpykuuH Ilreknxrta 215

— MHOTOKpaTHbIl 224

— MHOTOp# AHbII OJHOCTYNeHYaTHi
c npsMbIMH 3y6bamu 216, 217

— C KOHHYeCKHMH KoJecamn 185

— C pa3/iBOEHHOM BTOPOii CTyNMeHbIO (Ans
oueHb GOJIBIIHX MOMEHTOB) 225

— C UHJHHADHYECKHM 3y60M Ha coJ-
HeyHBIX KoJecaXx H CaTelJIHTax B
GoukooO6pa3HOM Ha BeHuax 225

— C WeBPOHHBIMH 3y6bsiMu 215

PepykTop  anekTpomoTop-Koseca M3
OIHOPAZHHX MeXaHH3MOB 227

— xoHcTpyKuuH BenA3a rpysonoxbem-
HOCTblO 75 T 226

— camocBana Jlektpa Xoans rpysonofb-
emHocTs 180 T 226

— ¢ aByMa Boausaamu 230

— € KOHHYeCKHMH Kosecamu 230
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— C OCIMH NapasHTHHIX KoJec, CJIyXa-
MHMH YPaBHHTEJbHBIM MeXaHH3MOM
228

— C OCAMH CaTe/IHTOB IepBOfl CTyMNeHH,
CJAYXKalHMH  yPaBHHTEJbHBIMH  pbl-
garamu 229

— C pasHbBIMH CXeMaMH B JByX psjax
Bropoft crymenn 229

c

Cesi3u rH6kue (HHTb M Juct) 14—16 —
Knaccupukauusa 16

— H36biTouHble — OmnpegesieHHe 1O
CTPYKTYpHbIM OopMmysaaM 19—23 —
Ipumeprt BpepHoctH 6—8 — Crioco6bt
npoBepKH MexaHuama 18—23

CoepnHeHHss KuHeMaTHueckHe — CxeMbl
pauHoHaNbHbIX MexaHH3moB 41, 42

— HeMojBHXHble — PanuoHa/bHbIe CXe-
Mol 47—55

— ¢ MECTHOIl MOJABHXKHOCTBIO HJH JIHHEH-
yaToIM KOHTakToM — Cxembi 42

— C OfHOH BpefHON NOABHXKHOCTbIO H
OJIHOil H36HITOYHOM CBA3bIO 53

ConomoTpsic 3epHOBOTO komGaiina
263—265

Comosa dopmyna 21

Cron oGepeHHbiii 91

CTpykTypHuX G6aokoB MeTox 210—213

T
Tenexxku kpaHosbie 239
TokonpuemHHk (naHTtorpad) — Mexa-
HH3MBI JISl  PETyJHPOBaHHA  KOH-
takTHOoro Haxkatus 148 — Cxembi

rJaBHOro BepXHero yama 139

— asroynpasasiembiii 140, 141

— acumMmeTpuuHbiil 140, 146, 147

— AByxabUKHbI 135—137

— ofHoMbXKHbIT 137, 138

— C BpefHO# rpynnoBoii MOABHXHOCTLIO
44

— C JIByMS MOABHXXHOCTAMH — Pacuer
141—144

— ¢ JUaroHaJbHHIMH TAramu 139

— cHMMeTpHuHbI/ 144—146

Topmo3 GapaGaHHbift aBTOMOGHIefi
«Mocksua» u Kuryau» 257

— THApaBJIHYECKHH C CaMOYyCHJEHHEM

262
— XeJIe3HONOPOXKHBIR 262, 263
~— KoHctpykuu#t BenA3a 259
— MeXaHHYeCKHH c camoycu/enueM 262
— caMmoJeTHbIf ¢ caMoycHaeHueMm 261
— C THAPABJHYECKHM MPHBOAOM H paB-
HOMepHOH Harpyskofl 258
— C KyJauKOBbIM MeXaHH3MoM 260

%

PopMyaBl CTPYKTYpHBIE sl onpemesie-
HHSA 4YHCAA H36LITOYHBIX cBR3ell B Me-
XaHuame 19—23

1]

Wapuup KapRaHHbIR  ABoOfiHON  jnst
.rgé(omomsﬂux MPUBOLOB 130—

— nBoiiHolt 122 — Heo6biynasg cxema
539 — OnpegneneHde MOABHXKHOCTE!

— IBOMHON, MpHMeHAeMblii B CMeCH-
Tensix 129

— JABOMHON
125

— KOHCTpyKuuH JlbicoBa 128

— onuHapHbii 121

— ¢ Ky6ukom 122

— ¢ napamu IV 122

— C MJIOCKOCTHbIMH mapamu 123

— ¢ MOCTOSTHHBIM MepelaTOYHbIM YHC-
aoM 126

— ¢ uenHofi napoi 128

— TPeXMOBOAKOBLI KOHCTpyKuuun Ep-
Maka 125

— yHHBepcaJbHBIt  KOJOKOAbHBIH 127

WaTyH, mnpHMeHsieMbIi B JABHraTeNfix
BHyTpeHHero cropanus 70

— C KPUBOLIHMHOK TOJIOBKOR Ha HMIoOJb-
yaTeiX TOAWMNHMKAX 77

— ¢ waposoit napo# 70

UikBopeHb GUKTHBHBIA JOKOMOTHBHbLIN
134

TPEXMOBOJAKOBLIA 124,

3

JnexTpuueckas nepenava — Hceaeno-
panHe Mexanusma 40, 41
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