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Puc. 11-1: NpuHUMNManbHaa KOHCTPYKLUS PasfnyYHbIX CUCTEM NPUBOJOB

MpuBoabl nogaunM - BaXHeWwue 3feMeHTbl aBTOMaTU3MPOBAHHOIO MPOU3BOACTBEHHOMO
obopypoBaHus. OHWM UCNOMNHAKT obpasylowmne KOHTYp AeTanu 3ajaHHble [ABWXKEeHUS
WHCTPYMEHTa Wnu 3aroToBKW,. MexaHunyeckue, 3NeKTpo- UnuM rmapomexaHnyeckne CTaHKu—
aBToMaTtbl MOMy4alT MHOPMAaUUIO O MNepeMeLlleHnn K cKkopocTu obpaboTkum getanun oOT
crneumanbHbiX KOMaHOHbIX YCTPOWCTB, TaKMX KaK yNpaBrsioLne KPUBOMMHENHbIE KyNayku K
WwabnoHbl. CTaHkM C YMCnoBbIM NporpamMHbiM ynpasneHuem (YY) obecneuynsatoTcs Takumm
KOMaHgamu B hpopme ynpasnawowmux nporpamm. Ynpasndwowmin 610K CTaHka NpousBoauT
OLEHKY WHMOPMAaLUMOHHBIX CUrHanoB M OCYLLEeCTBNAEeT uUX nepefady yepes WMHTeprnonaTop B
MoAyrb nogadn (YCTPONCTBO OTHOCUTEMBbHOrO nepemMeLleHus UHCTPYMEHTa U 3aroTOBKM) Kak
OCHOBHblE€ BenuYMHbl. 3aTem anekTpoasuratenb oTpabaTtbiBaeT M3MeHeHue yrna nosopota C
3aJaHHOM 4acToTOM BpalleHWsi, KoTopas, MoCPeACTBOM MeEXaHWYecKux rnepesaroLumx
3MneMeHToB, NpeobpasyeTcs B COOTBETCTBYOLLEE NepemeLleHne CTaHOYHOro y3na.

[MosiBNeHWe HOBbIX pexyLwux MaTepuanoB MO3BOMSET 3HaYUTENbHO YBENUYUTb CKOPOCTU
pe3aHMs W BenuuuHbl nogady. [na peanu3auum BbICOKOCKOPOCTHOrO pe3aHusi 4acTo
OKa3blBaeTCA HeLOCTaTOYHO TEXHUYECKUX BO3MOXHOCTEN TPAAULMOHHBLIX MEXaHUYECKUX CXEM
npueogoBs. B nocnegHee BpeMa LUMPOKOE NPUMEHEHWE HaxXO4daT HenocpeacTBEHHbIE NPUBOAbI,
XapakTepusyoLwmecss BbICOKOW AWHAMUKON U LUMPOKMMU BO3MOXHOCTAMU pPeryrnnpoBaHus.
HenocpencTBeHHble poTauuoHHbLIE NPUBOALI B POpPME  LUNUHAEMNBb-MOTOPOB U MOBOPOTHbIX
CTONOB ABNAOTCHA CErogHs CTaHAAPTHbIMU KOHCTPYKTMBHBIMU PELLEHUAMWN B CTAHKOCTPOEHUM.
HenocpencteeHHble NpuBOAbI MOCTYNaTeNbHOro ABWMXXKEHUSI MPUMEHSIOTCA pexe, HO aHanus
COBPEMEHHbIX TeHAEeHUM MO3BOMSET npeanonoxunte bonee LWKMPOKOe NPUMEHEHWe Takux
y3roB B bnwxariwem byayuiem.

[nsa BbINOMHEHUA OBWXEHWA nogadvv, U3BeCTHble TUMbl NPMBOLOB BpaLLeHUS KOMOUHUPYIOT C
MeXaHU4YeCKUMM nepeaaTtoyHbiMM YCTPOMCTBAMU, TakKUMU Kak nepefdayn BUHT-ramka KaveHus,
3ybyaToe Koneco-penka unu LWHek-penka. Hegoctatku, KOTopble 30eCb MOXHO OTMETUTb — 3TO
Takme HeraTuBHble 3(PPeKTbl MexaHWYeckux nepepad, kak NodT, 3NacTUYHOCTb, TpeHuEe U
WHEpPTHOCTb. OHU CHWXalT CKOPOCTHbIE M MOLLHOCTHbIE XapaKTepUCTUKW npuBoda, a Takke
ONHAMWUKY U OONYCTUMYLO ONMHY nepemMelleHns. KOHCTPYKTMBHBIM pelueHneM, NO3BONSALW MM
npeogoneTb HEJOCTATKU CUCTEM C MEXaHUYEeCKUMU nepefaToyHbIMU 3rieMeHTamMu, ABNaTCA
nuHenHble asuratenu. lNocnegHne xapakTepusyloTcs HEMNOCPEACTBEHHOM nepegadyen aHeprum
Apuratens K MexaHu4yeckMM CBS3AM MpvBOAa, YTO MO3BONSAET MCKIHYUTL NMIOMTbl U CHU3UTL
anacTU4HOCTb TpaHcmuccum npusoga (Puc. 11-1). [Ona npuBoAoB BpaweHus Obinu
peann3oBaHbl KOHCTPYKLUMM C BbICOKOMOMEHTHbIM arekTpoasuratenem. B obwem 6noke c
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UMdpoBbIM  yNpaBneHneM JNMHEWHbIM  OBuratens obecneuMBaeT LWWPOKMA  AManasoH
perynupoBaHust CO 3HauuUTenbHbIM  KOIdpUUneHToM K,, a Takke BbICOKYHD CKOPOCTb
nepemMeLleHns, MUHUManbHble OTKMOHEHUA OT TPaeKkTopum U BbICOKYKD  TOYHOCTb
NO3MLUMOHUPOBaHUA. [laHHble XapakTepUCTUKM  OTBeYalT BbICOKMM  TpeboBaHuMsAM K
COBPEMEHHbIM MpMBOAAaM MNoJay - BbICOKOM CKOPOCTM 06paboTkM npu COXpaHAEeMoW wnn
BO3pacTalollen TOYHOCTM nepeMeLleHns], BbICOKOM CTaTUYeCKon N ANHAMUYECKOWN XEeCTKOCTMU,
HEeOorpaHU4YEeHHON BESNTMYMHON NepemelleHus. TpaHCMUCCUA NIMHENHOro NpMBOAA MOXET ObiTb
BbINOSIHEHA, KaK B 3TOM cry4ae, cBO6OAHOM OT U3HOCa, NniodTa 1 TpeHus.

O6wumin BO3BpaT (BHYTPEH., BHELLH.) EonHWYH. BO3BpAaT (BHYTPEHHMI)

ALACRE RS : bbb bbby by

WUctouHuk: A. Mannesmann
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UcTouHmk: Bosch Rexroth \
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XogoBoW BUHT

—»||=—  YcTaHOBOYH.
YCTpoONCTBO BO3BpaTa LLapukos Wwanbbl

Puc. 11-2: Cuctema BOo3BpaTa LUapMKOB B Nepeaayve BUHT-Tarka kKayeHus

B wapuvkoBMHTOBOW Nepefade LIapUKU KaTATCA MO HanpasngoWMM nasam Mexgy BUHTOM U
rankon. Wapuvku nmeloT nNpu 3TOM TaHreHuuarnbHbIA UM OKPYXXHOW BbIXO M3 MPOCTpaHCTBa
Hanpasngawwmx. B Takux ycTponctBax HeobxoAMMO nNpeaycMoTpeTb BO3BpaT LUAPUKOB,
KOTOpbIN MOXeT obecnednmBaTbCA TPeMs PasfiMYHbIMW KOHCTPYKLUMAMW XOO0BOM ranku. [Ba
BapuaHTa ramkym nokasaHbl Ha Puc. 11-2. B neeBon 4acTM pucyHka MokasaHa nepefada, B
KOTOPOWM BO3BpaT LUApPUKOB OCYLLECTBAAETCS Yepes BCHO AMNHY ranku nocpeacTBOM OTAeNbHOMN
BO3BpaTHOM TPyOKKW, pacrnonoXeHHOW BHe kopnyca ravku. [lpyM mcnonb3oBaHWM LaHHOMW
KOHCTPYKLIMM LUIAPUKN BLIXOOAAT U3 MNPOCTPaAHCTBa ramkM M BO3BPALLAOTCA MO HaKMNOHHOMY
kaHany, Takum obpasom gocTuraetcs paBHoMepHoe n 6e3ygapHoe nepemelleHe Ten KayeHus
NPV BbICOKOW CKOPOCTM BpalleHus BUHTA. CyllecTBEeHHbIM HELOCTaTKOM TaKOM KOHCTPYKUUK
SABNAETCA BO3MOXHOCTb MOSIOMKU BO3BPATHOM TPYOKM, YTO NPUBOOUT K BbIXOQY M3 CTPOSA BCEW
cuctembl npueoga. [lpaBad 4acTb pPUCYHKa nNpeactaBnseT KOHCTPYKUMIO nepedadn c
HEeCKOMbKMMWN BHYTPEHHUMW KaHanamu Bo3BpaTa. B aToM cnydae wapukoBble HanpasnsioLme
NpoxoaaT Yepes crneunanbHbli BO3BPAaTHbIN Y4acTOK BO3BPATHOrO KaHana, pacronoXeHHbI B
KoHUe pe3bboBoro npoduns. MNMpenmyLecTBomM SAaHHOW KOHCTPYKLUUKN ABMSAETCA KOMMNAaKTHOCTb.
HebnaronpusaTHble yribl BbIxo4a LWIAPUKOB U UX O4HOBPEMEHHOE MpOoCcKanb3blBaHWE Bbi3blBaOT
MOBbILUEHHbIN YpOBEHb WyMa npu pabote nepepayun. [llepcnekTMBHOE pasBUTUE Takow
KOHCTPYKLUMM npegnonaraetT MoCTOSHHOE paccTosHMe Mexay LWapukamn nocpencTsoM
nnacTMaccoBoro cenapatopa. JTO MO3BOMSET CHU3UTb TOPMOXEHME LWapUKOB B KaHane
BO3BpaTa M JOSMKHO obecneyvvBaTh MMaBHOCTb UX ABWXKEHUS. HeqocTaTKoM Takon KOHCTPYKLUUK
ABMSETCA OrpaHNYEeHHOE YUCMO LApUKOB W, COOTBETCTBEHHO, CHWXEHWE >XeCTKOCTU W
Harpy3o4yHom CnocoBHOCTU. KOHCTpPYKTMBHAs KOMMEHcauus 34eCb BO3MOXHA MNyTeMm
yBenu4eHus OfIMHbI Franku.
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[1BoViHas ravika, Harpy>XeHHas Ha pacTsbkeHne [iBoiHagq ravika, Harpy>xeHHas Ha cxaTtune
(O-obpasHbI NpegHaTsr) (X-06pasHblii npegHaTsr)

[arika ¢ ABYXTOYE€YHbIM KOHTAKTOM [arka C YeTbIpeXTOYEYHbIM KOHTAKTOM

MeTounuk: THK
Puc. 11-3: ObecneyeHue npeaBapuTenibHOro HaTsra B nepegade BUHT-raka KaueHus

M3roToBrneHne v MOHTaX LLUApPUKOBOrO XOA4OBOrO BMHTA, LUAPVMKOBOMW Frankm U LLApUKOB B BUAE
MONHOCTLIO  6e3nodTOBON  KOHCTPYKLUMM  SBMSIETCS  CNOXHOM  3ajaden, Tpebyrowien
OOPOroCTOALWMX TexHUYeckux peweHun. Kak npasBuno, BbIGOp 3a3opa OCyLLeCcTBnseTcs
npeaBapuTernbHbIM HaTAroM ABYX nonyraek. Kpome Toro, cosgaHve HaTdra B KaKOoW ramke
BO3MOXHO MnocpeacTtBOM nopbopa AvamMeTpa LapuKoB WU NepeMEHHbIM XO4OM pe3bbbl B
ranke. Ha Puc. 11-3 nokasaHbl o6a KOHCTPYKTUBHbIX pelleHus. MNpumeHeHne AByX nonyraek
nossonsietr obecneunTb npegBapuTenbHble HATAr WX cOnAwXawwuM UM OTAAnNsAoWUM
B3aWMHbIM BpalleHveM. [pu ycTaHOBKe HaTdAra 3a cyeT CMeELLEeHUs nosnyraek B KOHCTPYKUMIO
BKITHOHAKOTCH KanubpoBaHHble AUCTaHUMOHHbIE Konbua (Puc. 11-3, BBepxy cnesa). BuHT npwu
9TOM Haxogutcs nog HaTtaroM pactskeHus (O-Hatar). [py B3aMMHOM JdaBrieHuu 3a cuet
cOnwxkeHnss nonyraek, Hatar obecneynMBaeTcA  YCTAHOBKOW TOHKMX  KanubpoBaHHbIX
OUCTaHUMOHHBLIX Komnewu. B aTom crniyyae BMHT HaxoguTcs MNOA4 HaTArom oxatua (X-HaTsr,
Puc. 11-3, BBepxy cnpasa). [lpyrme KOHCTPYKUMWU LLUAPUKOBBLIX raek obecnednBaloT cosgaHve
npeaBapuTENbHOrO HaTAra NOCPeAcTBOM UX B3aMMHOIO NOBOPOTa OTHOCUMTENbLHO ApYr Apyra.
lMocne aTOro, B MOMOXEHMM ONTUMANbHOIO HaTAra, OHU UKCUPYIOTCA LWTUPTaMN Unn
YCTAHOBKOW MpedoxXpaHuTenbHOro konbua. [Ons ogmHouHbix raek (Puc. 11-3, BHM3Y creBa),
npeaBapuTenbHbI HATAr yCTaHaBMNMBaeTCA MpUM OCEBOM NEpPEMELLEeHUN KaHaBOK pe3bbbl B
ramke, c uUenbo obecrnevyeHnss paBHOro CMelleHus LWwapukoB. [lpegBapuTenbHbIN HaTAr
MOHOrarkyu BO3MOXEH M Npu NCMOMb30BaHMK crieuyuanbHOM hopMbl KaHABOK pe3bbbl HA BUHTE U
B ravike (Pwuc. 11-3, BHu3y cnpasa). TakuMm o6pa3om AOCTUraeTcsl YeTbIPEXTOYEYHbIN KOHTaKT
WwapukoB. 3adaHHbIM NpeaBapuTenbHbIA  HATAr OOCTUraeTcs npu  npaBuibHOM  BbliGope
AnameTpa wapukoB. [na obecnevyeHns BbICOKOM XECTKOCTM HeOOXOAMMO COXpaHeHust
MUHUMAanNbLHOro NpeaBapuUTENbHOro HaTara nof Bo3gencTBUEM BHELLUHEN Harpy3Kku.
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Puc. 11-4: )KecTKOCTb LLAPUKOBMHTOBOM Nepegavun

BbiCOkas TOYHOCTb MO3ULUOHMPOBAHUS LLUAPUKOBUMHTOBK nepefadn TpebyeT OT KOHCTPYKuun
onop npegenibHOM OCEeBOW XECTKOCTU Mo Bcen AnunHe nepemeryeHns. ObbldHas KOHCTPYKLMSA C
O[HOMN HenoaBMXXHOW N OOHOW NNaBatoLLen onopon onpegensetT opMy KPpUBOW KECTKOCTU Npu
nepemMelleHnn canasok B Buae runepbonbl. B cnyyae AByx HenoaBWKHbIX OMOp, KpuBas
XKECTKOCTM NpUHUMaeT cummeTpuyHyto dopmy. Ha Puc. 11-4 nokasaHa ycTaHOBKa BUHTa C
OBYMSI HEMOABWXHBLIMW OrnopamMu U ¢ O4HON HenoABWXHOW onopon. OYeBMAHO, YTO yCTaHOBKa
OBYX YMOPHbIX NOALMMHUKOB CYLLLECTBEHHO YBENNYMBAET XECTKOCTb U B CPeAHEN 4YacTu BUHTA,

1 BGnIM3KM onop.
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Puc. 11-5: Onopbl X040BbLIX BUHTOB

Mpymepbl KOHCTPYKUMM ONOp LUApUKOBMHTOBOW Mnepefadn C npuMeHeHueM paguarbHo-
YMOPHbIX MOALIMNHUKOB MokasaHbl Ha Puc. 11-5. MNpn HeBbICOKMX TpeboBaHMAX K XEeCTKOCTU
MPUMEHSIOT KOHCTPYKUMM C HaTAroM OAHOW OMOpbl, KaK NMOKa3aHO Ha BEpPXHEM U300paKeHWuw.
[Ona npvBogooB Nogayn C BbICOKMMM TpeboBaHMAMM K XKECTKOCTM nepefayvn, MCnosb3yoT
KOHCTPYKLMIO, NpeacTaBrieHHY B HWXHen YacTu Puc. 11-5. BUHT nonyyaeT npeaBapuUTenbHbIN
pacTarMBaloWwmnn  Hatar npu  TaHgemHon O-obpasHoM YCTaHOBKE paamnarnibHO-YMOPHbIX
NOALMNHMKOB C 00eunx CTOpOoH. [oglwmnHUKKM, YCTaHOBMIEHHbIE HABCTPEeYy, BOCMPUHUMAIOT
pasrpyxarLine HarpyskM B cChnyyae HarpeBa LUNUHAENS, CO30al0T CKUMAaKOLWMA HaTar wu
3aMbIKalOT Harpy>XeHne Ha Kopryc.
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Puc. 11-6: BapuaHTbl co3gaHus NpeaBapuTenbHOroO HaTsra B npuBogax sybyaTtoe Koneco-penka

[na 3HaunTenbHbIX NepemMelleHn pekoMeHayeTCa YCTaHOBKa NpuBoda «3ybyatoe Koneco-
penka». YcTaHoBka 3ybuyatonm penkum obecrneymBaeTr MpakTUYECKM HeOorpaHUYeHHoe
nepemMeLleHne ysnoB CcTaHka. PesynbTupylowaa obwasa >XecTkocTb npuBoga «3ybuyaTtoe
Korneco-penka» nmnpu 3TOM He3aBWCUMa OT BENWYUHbI M no3vuun nepemerieHnsa. OHa
onpegenseTcs B OCHOBHOM KPYTWUIbHOWM >XeCTKOCTbIO KOPOBKM MoAday v Bana Komeca, a Takke
KOHTaKTHOM XXECTKOCTbIO 3auenneHus. Nepegada MOLHOCTM Ha KONEeCco OCYLLEeCTBSETCA npwu
HU3KOMW 4acToTe BpaWeEeHWs U 3HAYUTENbHOM  KpyTAWEM MoOMeHTe. JT0 Tpebyet
OONOSTHUTENBHbIX CTyneHen B kopobke. ObecneyeHne 6GeantodTOBOro 3auenneHns B ob6ounx
HanpaBneHnsx AOCTUraeTcs yCTaHOBKOW BTOpOro 3ybyatoro korneca. Kak npegctaBneHo Ha
Puc. 11-6, 3a30p B NpMBOAE UCKNIOYAETCA NpWU 3auensieHMnM C OOHOW PEeVKon OBYX KOCO3YyObix
Konec. B nepBomM crnyyae Koneco ynpyro cMelwaetcs BOOMb LUNMLEBOW YCTAHOBOYHOW YacTu
Bana no ocu BHW3. bnarogapsi kocbiM 3yObAM Korec u perkn, oba koreca BXOOAT B
3auenneHne ¢ perkon NPOTMBOMEXALLMMIN CTOPOHAMM, KOMMNEHCUPYSA, TakuM obpasom, oLnbKm
3auennerns. Euwe oawH BapumaHT peanusaumm 6e3n0TOBOro 3auenneHus B nepefadve
3ybuatoe koneco-penka, MoXeT ObiTb OCYLLUECTBEH NPU 3NeKTpu4eckom Bbibope 3a3opa 3a
CYeT yCTaHoBKM AByx Apuratenen. Tpebyembin obwun MOMeHT Ms, He pacnpegensiercs
paBHbIMM YacTAMU MeXAy ABUratensMu, a gnarpaMMbl MOMEHTOB CMELLAIOTCA Takum o6pasom,
4yTO nNpu Tpebyemom Hynesom momeHTe (Msy=0) ABUraTenm ¢ MOMeHTOM HaTara MV paboTatoT
BO BCTpeYHOM HarnpasneHuu. B neson 4actm Puc. 11-6 nokasaHbl guarpammbl HaTara. Ona
OOCTWXKEHNS1 HYNeBOro MOMEHTa Koreca OBWXKYTCA K MPOTMBOMOMOXHbIM CTOpOHaM 3ybyaTou
pevikn, Bblbupasi 3asop. [pu BbiCOkOM TpebyemMOM MOMeHTe ABuraTenn BpawarTca B
O[MHaKOBOM HanpasIieHUN.
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Puc. 11-7: KoHcTpykuumn mydT: cunbchoHHasa u KkynauykoBasa My Tbl

Mpn MOHTaXe MexaHU4YecKUX KOMMOHEHTOB MpuBOAa pajuaribHble, OCeBble WM YrnoBble
CMeLLeHMs Bara HeBO3MOXHO MpedoTBpaTUTb MOSTHOCTLI. [ononHUTenbHbIE BO3OENCTBUS
OKasbIBalOT OTKNOHEHUA reoMeTpuyeckorn opmMbl AeTanen W YysnoB npuBoda, KOTopble
HeobxoouMO KOMMeHcupoBaTb. [nNs 3TOr0 B KayecTBe COEOUHWUTENbHbIX 3MEMEHTOB
NPUMEHSIIOT XXeCTKuNe, yrnpyrue u ynpyro-aemndupyroLine KoMmneHcupyowme mydTbl.

Ona obecneyeHnss TOPCMOHHOW >XECTKOCTU TpaHCMUCCUW Ban ABuraTens COeauHSAT COo
WNMHAeNeM LWapUKOBUMHTOBOW nepefayn Mmydramu. BpawatensHoe nepemelleHve npu 3TomM
peanusyetca o4eHb TOYHO. B Apyrmx HanpaBneHuax mMydTbl OTHOCUTENbHO MOAATIMBLI, 3@
CYeT Yyero paguanbHble, OCeBble U YrNOBble OTKIIOHEHUS MeXAy KOHUaMu BanoB MOryT ObiTb
KOMNeHcMpoBaHbl. [ns BbICOKOTOYHbLIX MPUBOAOB MoAdad, Kak npaBuro, MPUMEHSAT CUMOBbIE
3aKkpblTble MydTbl. OHM COOTBETCTBYIOT BbICOKMM TPeOOBaHWSAM K KPYTUITbHOWM >XECTKOCTH,
OTCYTCTBUIO NIOPTa M HU3KON WMHEPLMOHHOCTU. KOHCTPYKTMBHOE WCMOSIHEHWE Takmx MydpT
3aBUCUT OT BENTMYUHLI NepefaBaeMoro KpyTawero MOMeHTa, AMaMeTpoB BaroB U KPYTUMbHON
XecTkocTu. Ha Pwuc. 11-7 nokasaHa 4acTto npuMeHsieMasd KOHCTPYKUMSA ynpyrom My@Tbl C
BbICOKOW KPYTUIBbHOM XECTKOCTbIO — cunboHHas mydTa. KOHCTpyKUmnSa BKNOYaeT ABa KonbLa,
XeCTKO (puKcMpyeMbiX Ha Banax gsuratens v nepegadn, CoefMHeHHbIX NoaaTnmebIM B OCEBOW
NSIOCKOCTN CUIbOHOM. MpU 3HAYUTESNbHBIX YIMOBbLIX OTKIIOHEHUSAX, YTO HexapakTepHO And
CTaHKOCTPOEHNHA, MOTYT MPUMEHATLCA APYrne KOHCTPYKUMU, Hanpumep MydTbl C CEKTOPHbIM
3ybuyatbiM 3auennieHnem.

AnacTtuyHble gemMndupyowme MydTbl.

B cnyyae npepbiBuCTOM 06paboTkM C yAapHbIMU YCUNUSMWU, B KavyecTBe COEOUHUTENbHOro
aNeMeHTa MPUMEHSIOT 3dnacTU4YHble gemndupyowme MydpTbl. 3a cyeT NpUMEHEHMUSN
9NacTUYHbLIX MaTepuanoB C BbICOKUM BHYTPEHHUM OeMndUpoBaHNEM, BO3MOXHO MWCKITHOYUTb
BNUSAHWE KPYTUIbHbIX Konebawuh w  ydapoB. Tak npoucxoauT 3awurta  npusoga oT
ONHaMn4eckux neperpysok. Hapsgy ¢ oemnpupoBaHneM KpyTUNbHbIX KONebaHun, anacTuyHble
aemndupytowme mygTbl 06ecnedmBaloT KOMNEHCaAUUIO OCEBbIX, pagnasnbHbIX U YCTAHOBOYHbIX
YINOBbIX  OTKMOHEHUN coeAuHsieMblX BanoB. [lpyMeHeHMe  KynaykoBbIX — Komew 13
CMHTETUYECKOro MaTtepuana C BbICOKMM MOAynem ynpyroctm obecnevnBaetr MydTe
OOCTaTOYHYHO KPYTUITbHYIO XECTKOCTb, Gnarogapsi YeMy OaHHbl€ KOMMOHEHTbI MOTyT YCMeLlHO
NPUMEHSATLCA B CTaHKax B MpuBOAAax rMaBHOMO ABWXEHUA U nodayu. lNMpoctas n komnakTHas
KOHCTPYKLUMS B COYeTaHWM C HEBbICOKOW CTOMMOCTbKO OOYCNoBMAMBAlOT YacToe MNpUMeHeHue
nogobHbix MydT. Ha Puc. 11-7 nokasaHa anactvyHas gemndupyrowias KynadkoBaa mydrTa.
TopueBble 3ybbs Ha driaHUaxX KOPMYyCOB BbIMOSIHEHbI TaK, YTOObI MeXdy HUMKM MOr ObiTb
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YCTAHOBMNEH MfacTMaccoBbin  3ybuaTtbll BeHeu. bessasopHas nepegada BpalleHus
obecne4vnBaeTCca yCTAaHOBKOW 3N1aCTUYHOM AeTanu C HaTArom.

BonHoBasa nepepava LUuknongHaa nepepayva

Bug B paspese
Ban BxogHown

MpuHumn paboTbl

BHeluHve ponuku
KCLLEHTPUK

KynaukoBbin auck
KOnbLO

Ban annuntuyeckoit popmel Wapukv noawmnHmka
(BONHOBOW reHepaTop)

[UCK Ban BbixogHom

Ban npueoga KCLLEHTPUK

MNoBogok

MopaTnuBeblii LMAMHAP C XecTkoe konbLo ¢
BHELUHWM 3auenneHnem BHYTPEHHUM 3aLennieHnem

NcTounmk: Harmonic-Drive WcTounuk: Cyclo-Getriebebau Lorenz Braren

Puc. 11-8: KoHcTpyKLuMM cneumnanbHbIX nepeaay

Ha Pwuc. 11-8 cnesa nokasaH npuHUuMn paboTbl BOSHOBOM Mnepefada, B KOTOPOM BpalleHue
nepegaérca n npeobpasyetca UMKIMYECKMM BO3OyxaeHvem BONH adedopmMauum B Tak
Ha3blBaeMOM rMOKOM anemeHTe (0TCcloga Ha3BaHWE «BOJTHOBAs»)

Hanbonee pacnpoctpaHeHa 3yb4yaTas BOMHOBas nepegada, koTopasi COCTOMT U3 XKECTKOro
anemeHTa - 3yb4atoro kKoneca C BHYTPEHHUMM 3yObsAMM, HENOOBWXHO 3akpennéHHoro B
Kopnyce nepegayu; rubKoro anemeHta - UWIUMHOPUYECKONW TOHKOCTEHHOM LUECTEPHMU,
BbINOSMIHEHHON B BUAE CTakaHa C HapYXHbIMU 3yObAMW, YUCIO KOTOPbLIX HECKOSIbKO MEHbLUe
yncna 3ybbeB XECTKOro Kosieca (CTakaH 3akpensnéH Ha BbIXOQHOM Bany M pacronoXeH BHYTPU
XXECTKOro Konecay); reHepatopa BosfiH gedopmauumn (BonHoobpasoBaTens) - OBanbHOro Kynadka
C HageTbiM Ha HEero LapuKoMnoALMNHUKOM. ['eHepaTop BCTaBfeH COOCHO B rmMbkoe Komeco u
npv BpaLleHun pacTarmBaeT ero. Ymucno BonH gecdopmManmm paBHO YMChy BbICTYMNOB Kyradka. B
BEpPLUMHAX BOJSIH 3yObsA rMOKOro korieca NosiHOCTbH BXOOAT B 3auenneHne ¢ 3ybbsiMn XXECTKOrO,
a BO BMaavHax BOSH MOSIHOCTbIO U3 Hero BbIXxogAaT. [pu BpalleHun reHepaTtopa C TOW Xe
YrnoBOW CKOPOCTbIO ABWXYTCS BOMHbI Aedpopmauumun, T. e. B TMBKOM Konece Bo3byxaatoTcs
Gerywine BOSMHbI, B BepLUMHAX KOTOPbIX MPOUCXOAUT 3auenneHue. PasHuua umncen 3ybbes
XECTKOro n rmbkoro konéc obblMHO paBHa (pexe KpaTHa) 4ucny BonH aedopmauuun. [Npu
BbINOMIHEHMM  ogHOro  obopoTa  KEeCTKOro  Konmbla  ynpyras  BTynka  BbIMOSHSAET
NPOTMBOBpALLEHME, KOTOPOE COOTBETCTBYET pasHuue yucern 3ybbeB BHYTPEHHEW U HapY>XHOW
yacTamn 3auennenus. MNMepegatovHoe yMcno i onpegensaeTcs Ymicnom 3ybbes konbua ZCS u
BTYNku ZF| kak i=ZFI/(ZFI-ZCS)

BonHoBon npuBog obGecneynBaeT nepefatoyHble OTHoweHusa i=30-320 npu  KpyTawem
MOMeHTe npuBoga M=0,5-10000 Hm.. bBrarogapsa BbICOKOM Hecyllen CnocoBGHOCTM
OBYCTOPOHHEro KOHTakTa 3ybbeB (B 3auenneHun HaxogaTtca nopsgka 15% ot obuwiero ymcna
3ybbeB), KpyTUIbHAs XXECTKOCTb OYeHb BbiCOKa. BonHoBas nepepava — 6esntodroBas, nmeet
HU3KUA MOMEHT MHEPLMU.

L{uknoudHbie npugods!

[pyras KOHCTPYKUMS KOMMAKTHOro npuBoAa peanu3yeTcs C MOMOLWbK TakK Ha3biBAEMOro
9KCLIEHTPUKOBOro NpMBOAA, CaMbiM M3BECTHbIM TUMOM KOTOPOro fABnseTcs uuknongHoii (LIM).
PaboTa aKCLEeHTPMKOBOro npvBOgaA OCYLLIEeCTBRseTca cneyrowmm obpasom. Kpyrnbidi guck
NPMBOAUTCA B OBWXKEHME SKCLIEHTPUKOM M BpallaeTcs B HENOABWMXXHOM Konbue. Kaxagas Touka
aucka onucblBaeT npyv 3ToM uuknouay. Ha gucke BO3HMKaeT BpallateribHoe OBWXEHME C
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CYyLLIeCTBEHHO MEeHbLUEN YacTOTON BpaLleHNsa B NPOTUBOMNONOXHOM HanpasreHun. daktmnyeckoe
nepegaTodHoe OTHOLUEHWE 3aBUCUT OT COOTHOLUEHWA AMaMeTpoB KomnbLa W gucka. [Ons
CHMXeHUa adbdbekTa CKOMbXeHUs npu KpydyeHun auck LM BeinonHaeTca B hopMe 3aKkpbiTOM
UMKNouabl, @ BMeCTO KOmfbLa MNPUMEHSAIOTCA pPacrofioXeHHble MO Kpyry ponukn. Kaxabin
KyraykoBblA OUCK MMeeT MNpu 3TOM Ha OAHY BNagauvHy MeEHbLUe, YEM YUCHO YCTaHOBMEHHbIX
ponukoB. ®acoHHble BNaanHbl ANCKA KMHEMATUYECKM 3aMbIKalOTCH C POrnmMKaMm HenoaBMXHOMO
BHELWHero KomnbLa W obKaTbiBalOTCA MO HUM. YMEHbLUEeHWe 4acToTbl BpaweHUs ¢)acOoHHOro
ancka peanuayetcs C MOMOLLBIO POSIMKOB, KOHTaKTUPYKOLWMX C OTBEPCTUSAMWU 3TOr0 Xe
dracoHHOro Amcka u nepearolmnx BpalleHue Ha BbixoAHoW Ban. lNepegaToyHoe OTHOLIEHUe
OyoeT onpenenaTbCs YMCIIOM BnaguH PacoHHOro Aucka. Ha wtudTbl HapyXHOro konbua u
BbIXOQHOMO Bara YCTaHOBMEHbl pPOMuKW, KoTopble obecneymBaloT  BpawaTenbHYyo
TpaHcopmaLumio yeunua mexay acoHHbIM AUCKOM U LUTUATOBBLIM  KOMbLIOM, a Takke
¢aCoHHbIM OMCKOM U NpueMHbIMU WITUPTaMN BbIXOAHOTO Bana. Takoe pelleHue no3BonseT
CBECTM K MUHUMYMY TMOTEPU Ha TpeHue, YpoBeHb LWymMa nepedadn un u3Hoc. Mexay
9KCLIEHTPUKOBbLIM BarfioM W KyraykoBbIM OUCKOM PacnofioXeHbl uUronbvaTble Tena KayeHus.
Takum obpasom LI nveeT yeTbipe OCHOBHbIX 3MEMEHTA: NPMBOAHOW Ban C 3KCLEHTPUKOM,
Kyna4koBbI OUCK, HapY>XHOEe KOSbLo CO WTUdTamMu U pofiMkamn, a Takke BbIXOOHOW Basn Co
WwtndTamm n ponukamu. [na ypaBHOBELUMBaAHUSA MacC W yBENUYEHUS nepedaBaeMbliX YCUNni
HEKOTOpble MExaHW3Mbl BbIMOMHAT C ABYMSI KyNaykoBLIMW AMCKAMU, NOBEPHYTLIMM Ha 180°,
KOTOpble NMPUBOAATCA B ABMXKEHNE ABOVHbBIM 3KCLIEHTPUKOM.
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Puc. 11-9: PeMeHHbI ABYXONOPHbLINA LLAPUKOBMHTOBOM NpUBOA nopay

BaxHbIM 3TanoMm npu KOMMOHOBKE NpuBOAa nojadvv sBnseTcs Bblbop ABuratens, KOTOpbIn
3aBMCUT OT NOTPEBHOW MOLLHOCTU, peXmMMoB paboTbl U MexaHusMa nepegayun. B nocnegHve
roAbl HAXOAAT NPUMEHEHNE HenocpeaCcTBEHHbIE NPUBOAbLI 6e3 nepegaToYHbIX MEXaHU3MOB.
OcHoBHOW 3apjaden NPUMBOAOB MNOAAYN SBNSAETCA peanu3aumsi OTHOCUTENbHOro ABWXEHUS
3aroTOBKM M WHCTPYMEHTa, a TakkKe rnepefaya ycunuin nopayv, CKOPOCTEM U YCKOPEHWUA.
KomnoHoBka npusoga nogayum onpegenseTcsa cnegyowumm TpeboBaHnsMu:

- TOYHOCTb NO3VLIMOHMPOBAHUA N NEpPEeMELLEHNS;

- CKOPOCTM U YCKOPEHUS Mpu NepeMeLLeHun.

Cnegytowmne TpeboBaHus:

- CTabOUNbHOCTD;

- HU3Kag cTaTtnyeckas v guHammuveckas nogatnuBoOCTb C JOCTAaTOYHbLIM AeMnupoBaHmem;

- BbICOKas HavanbHasi pe3oHaHCHas YacTtoTa MexaHU4Yeckux nepeaaToyHbIX Y3roB,;

- BbICOKasi reoMmeTpuyeckas n KMHemaTm4eckasi TOMHOCTb y3MoB npveoaa B cbope;

- pPaBHOMEPHOCTb MepeMeLLeHNss MpU  HU3KMX CKOPOCTSX (He3HauuTerbHble nynbcauun
KpyTALLEro MOMeHTa ABuratens npu HU3KMX YyacToTax BpalleHUsl, OTCYTCTBUE 3aKNUHUBaHUA
HanpasnAoLLKMX);

- 3HaYMTErNbHbIM AManasoH perynmpoBaHusa ckopoctu nogaydn (1 k 10000);

- BbICOKME YCKOpsioLas CnOCOBHOCTb U KPYTALLUA MOMEHT ABUraTens, HagexHoe Bocrnpusitue
KpaTKOBpeMeHHOW rneperpysku, HU3Kue TpeHne, Macca U MOMEHT UHepPLUKN YCKOPSIEMbIX Y3I10B;

- He3Ha4uTenNbHbIM 06N BEC CUCTEMbI NPUBOAA B Cllydae HECKOSbKMX Ocel (KOOpAMHATHbLIV
cynnopr);

- HaJeXHble XapaKTepUCTUKN YrpaBrieHUs N MOMEXOYCTOMYMBOCTb KOHTYpa perynupoBaHuns
MOMNOXeHWs.

CoBpeMeHHble aBurateny npuMBOAOB W KOHTYpbl perynupoBaHus, Gnarogaps MX BbICOKMM

ONHaAMWYECKUM XapakTepucTukam, noABepXeHbl BO30yXAeHWio B 06ractM  pe3oHaHCHOM

4YacTOTbl MeXaHW4YeCKOM YacTu. OTO MPUBOAMT K TOMY, YTO AMHAMUYECKUE XapaKTepUCTUKU

asuratens He MOryT ObiTb MCNONb30BaHbl B MONHOW Mepe. [MoaToMy, nNpy NPOEKTUPOBaHUM

KOMMOHOBOYHON CXeMbl NPUBOAOB OCeW, HeobxoAuUMO BblAepXuBaTb rapaHTUPOBAHHbLIN

OvanasoH 4acToT MexOy BO3MOXHbIMW 4acToTaMW pPeryrivupoBaHUA KOHTYpa MOMOXeHUa u

PEe30HAHCHLIMX YacTOoTaMW MeXaHW3MOB. OMMUPUYECKN YCTAHOBIIEHO, YTO YacToTa NepBoro

PE30HAHCHOIO MuKa MeXaHU4eckoh CUCTeMbl OOofKHa OblTb B OBa pasa 6onblie, 4em

cobCcTBeHHas 4yacTtoTa KOHTypa  perynupoBaHus. [lpy  MCNONb30BaHMM  MUHENHbIX

HEeNoCPeACTBEHHbIX MPMBOAOB CUMbl MEepeMeLleHUs MPUKNagbiBaloTCA HENOCPEACTBEHHO K

MOABWXKHbLIM KOMMOHEeHTaM cTaHka. MexaHuyeckne anemeHTbl nepefady B AaHHOM crydae
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oTcyTcTBYHOT. MNepenavya 3Heprum oT ABUraTensi B MEXaHUYECKYH YacTb NMpuBOLA MPOUCXOOUT
no KkpaTyavwemy nyTu. OTO onpedensieT BO3MOXHOCTb peanu3auuy BbICOKMX CKOPOCTEMN
pes3aHusi Npu 3HauMTemNbHbIX BeNUYMHAX CTaTU4ecKoM W [MHAMUYEecKOM KecTkocTu. Ha
Ha4yanbHOM 3Tane MPOEeKTUPOBAHUSI, XapaKTEPUCTUKM CTaHka W €ero y3noB, CBS3aHHbIX C
nepeMelleHneM Macc, a Takke cTaTMyeckass U AMHaMuUYeckass NodaTNMBOCTb 3apaHee He
nssectHol. OcHoBoM pAns Bblbopa pABuratenss M MeXaHUYecKMX SNeMEeHTOB  Ccryar
obsi3aTenbHble TpeboBaHNA COOTBETCTBYIOLLEN OTPACIIEBOM HOpMary.

BbiGop nepeaaTo4yHOro MexaHusma.

BeiGop gBuratens onpenensieTcsi, KpoMe npoynx, BenuYnHamy NpUBOAMMbIX B ABWKEHME MacC
N MOMEHTOB MWHepuun. MNMOMMMO KOMMOHEHTOB HECyLLEe CUCTEMbl, TakMX Kak CTOMKa Wnu
cynnopT, ocoboe BHMMaHWe yaensietcs MydTam, YCTPOMUCTBaAM 3alUMTbl HanpasfsioLnX U
KOnnekTopam arnekTpuyeckux kabenen. [ns pacyeta napameTpoB MeEXaHWYECKUX 311eMEHTOB
npuBoda nNoAayM OCHOBHOW BENWYMHOW SIBNSOTCS LOMNYCTUMbIE MOrPELIHOCTM nepeaaym
ABwkeHnsi. Kakasi u3 Hux OyaeT umeTb Hambornbluee BRMSIHUE Ha OKOHYaTerbHbIA pe3ynbTaT
dopmoobpasoBaHMs - KMHemaTuMyeckasi, cTaTudeckas WM [UHaMU4yeckasl, 3aBUCUT OT
KOHCTpYKUMM MpuBoAda, Buaa o006paboTkM WM NPUMOXEHHOW Harpysku. [lpuHUMn BbiGopa
MEXaHW4YeCKUX 3NeMeHTOB nepefayv onpenensietcs MakCMmarbHbIMU YCUMUSIMU pe3aHns U
YCKOPEHUs1, MakcuMarbHbIM BECOM 3aroTOBKM Mpu 06paboTke U UKCUPOBaAHHLIMK YacToTamMu
konebaHuii mexaHu4eckon YacTu. B npvBogax c nepegayert BUHT-ralka OCHOBHOE 3HayeHue
nmeeT BbIOOp AMaMeTpa XO4OBOro BUHTA MO KPUTEPUIO XKECTKOCTU, NOTepe YCTONYMBOCTU NpU
NPOAONbHOM M3rMbe U KpUTUYECKOW COBGCTBEHHON Wu3rmbatolein vacTtote. YBenuuyeHue
AvameTpa BMHTa YBENMYMBAET XKECTKOCTb BO BTOpOW cTerneHn. MoMeHT uHepummn Bo3pacTaeT
npu 3TOM B 4YeTBEPTOM CTeneHW. Takum o06pasoMm, C YyBenuYeHMeM [uamMeTpa BUHTA
YXYALIATCS XapaKTEPUCTUKN YCKOPEHUsl. TO 03Ha4aeT, YTo BbiGOp onTMMarnbHOro AvameTpa
BMHTA W, COOTBETCTBEHHO, XXECTKOCTW, SIBNSAETCS KOMMPOMWCCHbIM pelleHMeM Ha OCHOBe
[OCTaTOYHOW CTaTUYECKON KECTKOCTU M AONYCTUMOrO MOMEHTA MHEPLUN.

Ob6Luee NpoeKkTUpoBaHWe CUCTEMbI NpeaycMaTpUBaeT, YTO BO3MOXHbIE YaCTOTbl BO30OYXaeHNSs
AOCTaTOYHO OTCTOSAT OT YacTOThbl pe3oHaHca. [N NpoBeAeHUs pacyeToB, BO MHOTUX Cryyasx,
AOCTaTOYHO OMpeaeneHns HU3Len YacToTbl Pe3oHaHca MMM MepBOro Pe30HAHCHOro nuka ¢
MOMOLLLbIO 3KBMBANEHTHOW CMUCTEMbI BTOpOro nopsigka. Criegytolwme cutyaumm OOMKHbl ObiTb
NPUHSTbI BO BHUMAaHUE:

cobCTBEHHAs YacToTa CUCTEeMbl MPMBOAA, COCTOSILLEN M3 MOABMKHBIX KOMMOHEHTOB B BMAE
obLen maccbl M 3NEMEHTOB MNepedaTOMHOrO MexaHusamMa B BuAE MNPYXWH, OOMKHa, Kak
MWHUMYM, B [Ba pas3a MpeBblllaTb COOCTBEHHYK 4YacToTy KOHTypa perynupoBaHus. B
NPOTMBHOM criydae HabnogaeTcss HecTabunbHOCTb PaboTbl MPU UCMONb30BaHWMM MPSIMbIX
CUCTEM M3MEPEHMUSI.

cobcTBEHHas n3rmbarollasn YactoTa BUHTa NPy MakcMMarbHOW Nofave OOMKHA, Kak MUHUMYM,
B [1Ba pasa NpeBblllaTb MaKCUMarbHYH YacTOTy BpaLEHUs LWNUHAENS.

Mpyv HeOocTaTOMHOM  MPOMEXYTOYHOM  MHTEpBarie 4acTtoT Heobxoaumo  NpPOBOAUTb
BapbUpOBaHME KOMMOHEHTOB MacCbl W XeCTKOCTM npyxuH. [pu ueneHanpaBneHHOM
KOMMOHOBOYHOW  ONTUMM3ALUMM  OMHAMWYECKUX  XapaKTEPUCTUK  MEXaHUYeCcKMX  Yy3IoB
060CHOBaHHO MPUMEHEHNE KOMMNBIOTEPHBIX pacyYeTHbIX NPorpamm.
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Puc. 11-10: MoMeHTbI UHepLUUU ABYX BUHTOBbLIX MPUBOAOB NoAa4Yu ¢ OQHOCTYNeH4YaToM U ABYXCTyneH4YaTomn
nepegayen

B npouecce ontMMmmsaummn oTaenbHbIX 3NeMEHTOB NPUBOAA BO3MOXHO YMEHbLUEHNE MOMEHTa
MHepuMn. IDTO MOKa3aHO Ha npuMepe MexaHusama ¢ 3ybyaTom nepegaden. Ha Puc. 11-10
nzobpaxeHbl ABa NpMBOAA NO4AYM, KOTOpble pPas3nUuYalroTCad  TOMbKO  KOHCTPYKUUEW
nepegaTtoyHoro MexaHusma. [lpuBedeHHbI MOMEHT WHepuuMuM Ha Bany Agsurartens
paccunTbiBaeTCa Ans ogHocTyneHyaTon nepegayn no oopmyne (11-1) u Ansg AByxXCTyneH4yaTon
no copmyne (11-2).

OpHocTyneH4aTa nepegaya

4
|

JRadred = JRad1 []1"'3 =17JRad1 (11-1)
|

[ByxcTyneHuyaTas nepegaya

ifz 1 ifz

JRadred = JRad1 Dl"’? t ot 2|7 6,25JRad1 (11-2)
1o 1o ('12 _'34)

OpHocTyneHyaTas nepefada, nNpu OAMHAKOBbIX NepefaTodHOM OTHOLUEHMU U LUMPWUHE KOnec,
uveeTr B 2,7 pasa GonblMiA MOMEHT WHEpPUMW, YeM [OBYXCTyreHyaTasi, u3-za Gorbluero
AvameTpa BeayLlen wectepHu. HecMoTps Ha 3TO, B KOHCTPYKLMKU NpuBoAa NpeanoyTuTensHee
ncnonb3oBaTb OAHOCTYMNEHYaTY nepeaady, kotopasi, TOMMMO Masior NoAaTiIMBOCTM U Maroro
3a3opa, MeHee 3aTpaTHa B M3roTOBEeHMU. Takum oBpasom, Ha OKOHYaTenbHOe peLleHne npu
BblbOpe okasblBaeT BNNSIHNE U TEXHMKO-3KOHOMUYECKOE pacCMOTPEeHMe BapMaHToB nNpuBoaa.

Bbi6op aBurartens.
Bbibop gBuraTtensi npueoga AOMKEH NPOBOANTLCA COBMECTHO C onpeaeneHnem nepegaTtoyHoro
OTHOLLEHUS MEXaHMYECKMX SNIEMEHTOB (NepeaaToyHbli MeXaHU3M nogayuu, war pesbbbl BUHTA,
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anameTp 3ybuaToro kosieca). ATo onpeaenseT npaBuUiibHOE COOTHOLLEHME KPYTALLLEr0O MOMEHTA
aBuratens u 4acTtoTbl BpalleHUs C YCUNMEM MnoJadvn, CKOpPOCTb WU yckopeHuem. [pu
NCNONb30BaHNM HEMOCPEACTBEHHbIX JIMHEWHBIX MPMBOAOB Takoe COOTHOLLEeHue He TpebyeTtcs.
3pecb TpeboBaHUS onpefensoT No HOPMarnu HarpyXeHus: ycunve nogayv B 3aBMCMMOCTU OT
CKOPOCTW NepeMeLLeHns, a Takke Tunopasmep ABuratens U3 katanora u3rotoButens.

v [M/MUH] &
50 4 YckopeHHoe
No3MLUMOHNPOBaHNE
MakcumansHoe yckopeHne
25 1+
O6paboTtka Maysa
30 t[s]
25 = YckopeHHoe
nepemeLleHne B
ncxopHoe
nosioXxeHve
50 - Bpems uukna

r' '|

Puc. 11-11: Liukn cBepnunbHoit 06paboTku ¢ TpaneueuaanbHbIM pacnpeaeneHMemM CKOPoCcTU

Mpn BbIGOpe ABuratens, kKak NpaBwUO, UCMOMb3YKT rPaHW4Hble (SKCTpeMarbHbIE) YCroBUSA
peanusyemblx cutyauun obpaboTkun n yckopeHunsa B paboyem uukne (Puc. 11-11). TpeboBaHus
paboyero LuMKna cOnoCTaBMSATCA C TEXHNYECKUMMU BO3MOXHOCTAMWU BblOpaHHOro Apurartens
(MOCTOSIHHOrO  TOKA, CWUHXPOHHOIO WKW  aCUHXPOHHOro). Heobxoanmble XapakTEpPUCTUKK
Haxo4aTCa Ha COOTBETCTBYHOLUMX AMarpammax KpyTAwero MOMEHTa OT 4acToTbl BpallieHus
asuratens. PasnuyaloT auarpaMmmbl NS pexuma  npepbiBUCTOW  paboTbl npusBoga U
NpOJOIMKUTENBHOIrO pexunma pabotbl. O6paboTka Ha cTaHke MOXeT TpeboBaTb NpeaenbHoMn
Harpysku gBuratensi, eCnmn TONbKO OHa NpoJospkaeTca He Gornee onpeaeneHHoOro BpeMeEHW, B
Te4yeHne KOTOpPOro AOCTUralTCsl KpUTUYeckne Temnepatypbl Harpesa. [Moatomy npu Bbibope
asuratens, NOMUMO BEMNWYUH KPYTALWEro MOMeHTa U 4acToThbl BpalleHUs paccMaTtpuBaeTcs U
NPOAOIKUTENBHOCTL  paboTbl Npu  npefenbHOM MoWHOCTU. Hwxke npuBegeH npumep
KOHCTPYMPOBaHWNSI pEMEHHOrO NpUBOAA ABYXOMOPHOW LLUAPUKOBUHTOBOW Nepeaaydu.
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MpvBeaeHe MOMEHTa UHEPLI Y J J
_2 W2 _ 2,red Wz 1
BpawjaroLerocsi tena 5 Wy = —2 - Wy Jored =32 —
K Bany npueoaa !
J w J J
Mpueoa—1 - i ' 2red MepepnatouHoe . _ Wi
OoTHoweHue: ~ W,
i W
w, | ]
| ]
J, Harpyska BannpuBoaa Joes = i+ Jae
MpvBeaeHve NnocTynarTenbHO NepemMeLLaemMoro L Jimsed W2 R p— [l}z
Tena k Bany npueoja 2 2 w
MpuBOA NOCpeacTBOM MpuBOA NOCPEACTBOM
MonsyH XOZI0BOrO BUHTa MonayH 3y6uaToii peiiku
,A_‘_ v T v W WeCTepHU
JSP m — v=n -h m >
— F= 0 I wW=2.-1-n - V=r-w
h 2
I'IpVIBOJJ, XBl ‘]m,red =m [EJ Jm,red m rz
h = xon pesb6bl oo = Jp + Jpnres Jges = Jr + Jnred

Puc. 11-12: YMeHbLIEeHMe MOMEHTa MHepLUUN (AUHAMUYECKUIA pacyeT)

Bbibop gBuratenst 1 MexaHU4eCKMX ANEeMEeHTOB nepeaaym nepBoHavanbHO OCYyLLECTBRsEeTCa B
pamMkax cTaTuyeckoro pacuyeta. B cootBeTCcTBMM € 3asiBNEHHbIMM  TpeboBaHMAMUK
onpedensalTCcs NPOEKTHble napameTpbl, Hanpumep, KPyTAWMWA MOMEHT  OBurartens,
HOMWHanNbHaa 4actoTa BpalweHud, war pe3bbbl BWHTA W nepegaTovyHoe OTHOLUEHWe
mexaHu3ma. [lpu 3Ttom pomkHa obecneunBaTbcs Tpebyemass MakcumanbHas CKOpPOCTb
nepemeLLeHns Npu MakcMManbHOW 4YacToTe BpalweHus Bana gsuratens. Kak npasuno, oHa
COOTBETCTBYET CKOPOCTM YCKOPEHHOrO MepeMelleHna B CTaHke. [Buratenb Takke LOIDKEH
obecneynBaTb pPaboOTOCNOCOOGHOCTE MNpM  3afaHHbIX 4YacToTax B PasNUYHbIX  CUTyauusax
006paboTKM 1 BLICOKOW Harpy3ke B Te4EHME onpeneneHHoro nepuoga spemenn (Puc. 11-12).

MM = ML (11'3)
MoMeHT HarpyXeHuns Ha Bany gBuraTens paccumTtbiBaeTcs no popmyne (11-4).
1 E} (11-4)
M| = FMgp
Nges |
lpe:

MM — KpyTALLMIA MOMEHT ABUraTens.

M, — MOMEHT HarpyXeHusa Ha Bany gsuraTens.

Msp - KPYTALLMIA MOMEHT Ha LINUHAENe.

Nces- OOLUNIA K.N.O. MEXAHUYECKMX INIEMEHTOB 6€e3 ranku.

i — nepegaTtoyHOEe OTHOLLIEHME MeXaHM3Ma nogayn.

h — war BuHTa.

KpyTawmin MOMeHT Ha wnuHaene Ms, paccunTtbiBaeTcs Ans nepegayun BUHT-ranka no gpopmyre
(11-5) no obLwemy ycunmio nogayv B HanpasneHUN nepemMeLLeHmns, Wwara BUHTa 1 K.n.4. ranku.

h 1 (11-5)
Mgp = Fges B—O—

27T Nspindelmutter

B cBoto ouyependb, obliee ycunue nodaynm OnpedensieTcss U3 AaHHbIX TEXHOMOrM4yeckoro
npouecca, BECOBbIX XapakTEPUCTUK U CONPOTUBIEHUS TPpeHUsi no oopmyne (11-6).
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Fges = I'_Vorschub,Prozess + Feewicht + I:Reibung (11-6)

OGecneyeHve aBuraternieM MakCMMarbHOM CKOPOCTU nepemMelleHns (0BblYHO, YCKOPEHHbIV
xop) onpepensetcs no popmyne (11-7).

Nmax 2 Nn Eilgang (11-7)

BenunuunHa yckopeHHOro xoda paccumTtbiBaeTcs Ansl nepegayun BUHT-rarika no gpopmyne (11-8).
. _VEilgang (11-8)
NEilgang =! DT

OnpefdeneHHbIi  TakMM  00pasoM  KpyTSLWWA  MOMEHT Ha BUHTE SIBMSIETCS  TOJNbKO
nepBoHaYanbHOW npeanockbinkon ans Bblbopa asuratens. Kak npasBuno, Ans nonyyeHus
)XenaeMbIX YCKOPEHWUIA, KOTOPblE B COBPEMEHHbIX CTaHKax [OCTuralT BenuyuH ot 1 g go 3 g,
TpebyeTcst GONbLUNIA KPYTALLMIA MOMEHT. MNpy oKoHYaTenbHOM BblGope Tunopasmepa ABuUraTens
crnegyeT yuuTbiBaTb, 4TO B MpoLEcCe IJKCnnyatauuuM cTaHka pabota asuratenst c
MaKCUMarnbHbIM YCKOPSIOLLMM MOMEHTOM TpebyeTcs B OTHOCUTENIbHO KOPOTKMX MPOMEXYTKax
BpeMeHn. COOTBETCTBYIOLAN NpoLeaypa pacyeTa NpeacTaBneHa Hke.

OvHamMmunyeckun pcyer

[ns COBpPEeMEHHbIX CTAHKOB XapakTepHbl OOfblUMEe YCKOPEHUSI U KPYTSALWME MOMEHTbI
asuratens. OnutenbHocTb paboTel NpuBoAa nodayv ¢ MakCMMaribHbIM YCKOPEHUEM SIBNSETCS
MOCTOSIHHLIM MapamMeTPOM HeperynmpyemMon CUCTEMbI NOAayn U paccymTbiBaeTcst No oopmyre
(11-9).

T = Jgesred [271[Nmay (11-9)

M Beschl ,max

[Ona npoBedeHWss pacyeToB HeobXoAMMO OMpedenvTb BerMYMHY MOMEHTa MHepuun,
cBsizaHHoro ¢ Banom asuratens (Jgesred), @ TaKkKe Tpebyembld onsi peanus3auuu 3agaHHOro
yCKOpeHUs KpyTALWMA MOMEHT (Mgeschi.max) -

Cny4yan pacyeToB MOMEHTa WHepuMM BpalLaWUXCA W NepeMeLlatomxca 3reMeHTOB
nokasaHbl Ha Puc. 11-12. PacueTbl 6a3npytoTcst Ha NPUMEHEHMM 3aKOHA COXPaHEHMUST SHEPIUN.
B kadecTtBe KpyTALWEro MOMEHTa YCKOPEHUS Mgeschi MPUHUMAKOT MaKCUMarnbHbI MOMEHT
apuratens 6e3 yyeta MOMeHTa HarpyxeHusi. Ha ocCHoBaHMM 3aBUCUMOCTM KPYTSALLErO MOMEHTa
apuratens OT 4acToTbl BpaleHWss M MOMEHTa HarpyxeHusi, pesyrbTUPYIOLWMN KPYTALLNA
MOMEHT YCKOPEHUS ABNSETCA PyHKUMEN YacToTbl BpaweHus (11-10).

Mgeschl.(N) =My (n) =M (n) (11-10)
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,‘JG,Sp h JT,red,Sp (= mr*h2/4n? )
MOMEHT MHepLIN KOPOB KU > l‘_.l

CKOpPOCTEN CO CTOPOHbI /-/ // //:"]Sp' - _; ; ; ; ; ; ; 5'

XO[0BOr0 BUHTa X X<
>| JAntrieb:JM-l-JG,M
Ju
== Jau Jabtrieb = JG,sp + Jsp + J T, red. Sp
Ny | /
MOMEHT nHepLm KopobKu
CKOPOCTEW CO CTOPOHbI ABUraTens
X_MMlh _ Mwm h-1i Mwm i-h
JGesred 1 2m 21 Jan+ V- Jao 27 i2 Jan+JG,sp+Jsp+h2 -m%nz
YckopeHue X ABMAETCA MakCUMarnbHbIM, ECIn c(ij_x =0 n d_x =0
1 dh

2
JG,sp+ Jsp+mr- h
. 472
—> lopt, Beschl. = =
JAn

J Abtrieb

J Antrieb

Jan-12 +JG,sp+Jsp
mV
4r2

Puc. 11-13: YckopeHue B LLApUKOBMHTOBOW nepenaye

= hopt, Beschl. =

YckopHeue [m/c?]

e 00

MepenarovyHoe OTHOLLEHNME i

3 A
Moy, L 0 %0 er B\
S, 0 o0

) ®Mepemeltaemas macca m = 935 kg

| oo WHepuusa asuratens Jy=0.0048 krm?
MowmeHT aBuratens Myac=65 Hm

N [OnvHa wnunaens | =1000 mm
n guametp d =40 mm
Mepepart. oTHOWeEHME i = nepemeHHas

10 20 30 40 s0 LUar BuHTa h [Mm] LLar BuHTa h = nepemeHHas

Puc. 11-14: 3aBMCUMOCTb YCKOPEHUs1 OT NapamMeTPOB LIapUKOBUHTOBOW Nepegayn

Ons  pocTwkeHusi HeobXOOUMbIX YCKOPEHWI [OMyCcKalTCs KpaTKOBPEMEHHbIE Meperpysku
asuratens, B 3 .. 10 pa3 npeBbiliaowme HOMUHaNbHbI MOMeHT asuratens (Mymax)-
MpeaenbHbIi MOMEHT MOXET ObITb CTabUNbHO peanu3oBaH B TEYEHUE KpaTKOBPEMEHHON ¢hasbl
yckopeHusi. Mcxogs w3 ycrnoBusi paBHOBECUMS MOMEHTa W MpUHMMasi BO BHUMaHUe
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KO3 PMUMEHT MOME3HOro OENCTBMS U TPEHWEe B Hanpasnsawowmux B cootsBetcTBum ¢ (11-11),
paccunTbiBaeTca TpebyeMbln ANs YCKOPEHUST KPYyTALWMI MOMEHT asuratens (11-12).

1 (11-11)
[{MBeschl. * MReibung )

MM max =
ges

Mgeschl. =/7ges [Mm max =~ MReibung (11-12)

Mgeschi — KPYTALLMIA MOMEHT YCKOPEHUS.
BoamoxHoe makcumanbHoe yckopeHume (11-15) paccumtbiBaeTcs npu nomowm (11-13) un

B3aMMO3aBNCUMOCTU MPOMEXYTOYHbIX NMHENHbIX YCKOPEHUW Canas3ok W YrnoBbIX YCKOPEHWUi
BuHTa (11-14)

Jeesred [Pm = Mpeschl (11-13)
Fae Jgesred - MPVBEAEHHBIN MOMEHT UHEPLIMM Ha Bany ABuraTens.
dp paccumTbiBaeTca no (11-14).

b = sy =1 x[2n (11-14)

% = L El1-' E!!!Beschl (11-15)

2T 1 Jges,red

ll"JG.F. . JT"CUF‘ [_ |T|T¢djn'l"ll
cpeaHuii MOMEHT- N
WHEPLUMUN PEMEHHOM E B | T
nepegauu i i = 5T |d
pen e EI R I
= |
JH _.-:-_-n--""} Jantrich= I + Jii. w1
pe PR "-'II':_M ,],ﬁhrrluh: _Tl.'1 R+ ,IFL 'F_lr_r-_'-'t E
nM —
o Ma1d Mw dli M i-d
Joies red 1 3 2 Jan+ ]i_. «Jak : i: ,I'l.ll'!'.f';n 1+ —Ll"- R 4
Y ds dx
YCKopeHMe XMaKkcumarnbHO, Korga =i} n — = 1]
i ddd
|
i " i |
= o, Heuht, = s e | Jamiat
# .I Al ]LI Asun b
| Jan-i® + )6 r+1k

== thopi, Baonl |
T |

Puc. 11-15: OnpegeneHue onTMMarnbHbIX XapaKTepPUCTUMK peevyHoro npueoaa
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OnTumanbHoe nepegaTovyHoe OTHOLUEHUE

[na nuHenmHoro nepemelleHnss Maccbl C MakCMMarbHbIM YCKOPEeHWeM, cuctemMa npusoga oT
auratensi, 4yepes3 BO3MOXHYI MEXaHUYECKYl0 MPOMEXYTOYHYIO nepepady, Ao BuHTa LLUBI,
AOMmkHa 6bITb ONTUMAarbHO CKOHCTPyMpoBaHa. Bo3aMoXHble BapuaTVBHble NapameTpbl 3aBUCAT
OT NpUMeHeHus pas3nuyHblix asuratenen (Mymax), NMepeaaToyHOro OTHOLLUEHUS MexaHu3ma
npuBoga nogaum (i), wara pe3bbbl BuMHTA (h) n guametpa koneca (d). Ons KOHKpeTHOro
asuratena  npuv  MakCMManbHOM  YCKOPEHUM MOryT ObiTb  UCMOMb30BaHbl  KOHKPETHbIE
COOTHOLUEHUSA NepefaToYHOro OTHOLUEHWs MexaHu3aMa W wara pesbbbl BUMHTA, a Takke
nepegaTtoyHoOro OTHOLLEHUS MexaHusMa u guametpoB kornec (Pwuc. 11-15). OntumanbHble

3HauyeHnsa i, h un d 4aBngawTca HeobXOAUMbIMM YCIOBUSMW AOCTWKEHUS MNpeneribHbIX
nokasarenemn yckopeHus (11-16)

d—)_( =0; d_x = 0; cCOOTBETCTB EHHO d_x =0 11-16

di dh dd

Ha Pwuc. 11-14 npegcTtaBneHbl (yHKUMOHAmNbHbIE 3aBMCUMOCTM YCKOPEHWUI, LaroB pe3bbbl
BMHTA M nepefaToyHbIX OTHOWEHUM MexaHusMa [Ans  LWapUYKOBMHTOBOWM  Mepedaydu.
MakcumanbHOe yckopeHue ANnd JaHHOro npumMepa coctaengeTr 1,2 g npy Macce MOABWKHOM
yacTtun 935 «kr, ware 30 MM 1 NepeaaTo4HOM OTHOLUEHWUM igetriene=1,8.
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CopepxaHue

KoHcTpyKkuusi npuBoaoB nogay
Cucrtembl NO3NLMOHUPOBAHUA
YnpaBneHue npuBogamu nogav

3aknroveHue
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MeToq HenocpeacTBEHHOW OLIEHKM MeTog cpaBHUTENBHOM OLIEHKN

AnemeHT npueoga v gatyuKk

OnemeHT NpuBoaa ¥ AaTYUK MOEHTUYHbI
NPOCTPAHCTBEHHO pasaeneHsl

MocTynatenbHo nepemellaemas
n3MepuTenbHas cuctema

HenocpeACTBEHHO CBsi3aHa C TpaHcopmaums nocTynaTesbHbIX 1 KoHTponb noctynarensHoro nepemetue-
nonsyHoMm BpaLlaTenbHbIX ABWKEHUA NOCPEACTBOM |HUSI HA OCHOBE BpalLaTenbHOro
3y64aTon penkun u LecTepHu [BWKEHUA XOO0BOro BUHTA
MonayH Xoposom
7 MonayH
Mon3avH Xoposon Y [laTunk

[Osuratens [lBuraTens |jjgcrepHs

[euratenb

Szzzz72227 22022 2 B 2 22T

Xoposown n

Hatumk OnTuyeckas Ratauk M3MepUTENbHBIN BAHT

NosIoXKeHUs nuHerka BpaLleHns Peiika
[orpeluHoctun [orpeuiHocTun [orpetuHocTn
Temnepatypa - MorpeLLHOCTb 3y6uaToro auennequst | - ONacTuyHas Aedopmaums
- Ownbka xopa pesboebl - OKCLIEHTPUCUTET LLIECTEPHM XO[0BOro BUHTA
- MorpewwHocTb pacnonoxenus - MorpeLLHOCTM KopoBKU CKOpOCTEV - Owwmbka xona pesbbbl BUHTa

¥ yrnosoro ycraxosa - Temnepatypa - Tliodpt
- MorpeLLHOCTM NUHElKN B - YapHbIe Harpy3km B - I3HOC X0[0BOrO BUHTA
MecTax KpemnneHus ayBaTON PeilkH - MorpeLIHOCTb AaTUMKOB
- Temnepartypa

Puc. 11-16: UICTOYHMKM NOrpeLUHOCTeN B MPSIMOM U KOCBEHHOW CUCTEMAaX U3MepPeHUi

B tabnuue Ha Puc. 11-16 conocTtaBreHbl NPsiMOA M ONOCPEeAOBaHHbIN CNOCObbI M3MepPeEHUs
BenuumnH. B neeBon 4yactu Tabnuubl NOKasaH NOPSOOK U3MEPEHMI C MOMOLLbIO OMNTUYECKOM
Wwkanbl. lNosnuma canasok cuYuTbiBaeTca MPUEMHbIM YCTPOMUCTBOM C OMTUYECKOW LUKarbl.
OnocpegoBaHHOE W3MEpPEHME BEMWYUHbI NEpPEMELLEHMS canasoKk OCyLecTBNAeTca no
OKPYXXHOMY MyTW BpaLlatollerocd BuMHTa npuBoga nogdayun. [atyuk yrrioBoro nepemMeLleHus
BUHTA un3MepsieT yron noeopota. C nOMOLWbID W3BECTHOMO COOTHOLUEHUS  MeXay
BpallaTenbHbIM ABWKEHMEM XOL4OBOr0 BMHTA U JNIMHEMHONO NepemelleHnsi canasok BO3MOXHO
onpegeneHne nos3vuuu canasok no BenuunHe wuamepeHHoro yrna (Puc. 11-16, cnpasa).
BenunynHa norpelHoCcTn MexaHn4Yeckon nepegayun u ynpyrue gedopmaumm BMHTa BCreacTeme
Harpy>xeHusi n TemnepaTypHbIX gedopmarmii He MOryT BbITb YCTAaHOBMEHbI C MOMOLLbIO SaHHOM
N3MEepPUTENbHON CUCTEMbI U, COOTBETCTBEHHO, HE MOryT ObiTb KOMMEHCMPOBaHbI CUCTEMOWN
ynpaBnenunsa nonoxexHvem. K cnocobam npsMoro namepeHusi OTHOCUTCA M NpencTaBrieHHas B
cepeguHe Tabnuubl cuctema. B gaHHOM criyyae mMexaHM4ecKMM U3MepUTESbHbIM 3TarloHOM
CNYXXWUT KOHTpOmnbHasi 3ybuyataa penka. [MpongeHHbIn NyTb perncTpupyetca  daHueBbIM
OaTYMKOM  YrNIOBOrO MNepeMeLLEeHns, COBMELLEHHbIM C Haxogawmmca B 6e33a30pHOM
3auenseHnn ¢ penkon 3ybyatbiM konecom. OCHOBaHMEM AS11 MCNOSb30BaHUST TaKOW CXEMb
M3MepeHust BNAETCS BbICOKAdA CTOMMOCTb OMTUYECKMX CUCTEM AJSI1 KOHTPONS 3HaYuTemnbHbIX
nepemMeLleHMn No CpaBHEHUIO C AAaTYMKOM LLAroBbIX YrnoBbIX nepemelleHuid. Kpome Toro,
JaHHaa cxema Mo3BONseT npenoTBpaTUTb BO3HUMKHOBEHME MOrpeLUHOCTEN, TUMWYHBLIX And
onocpefoBaHHbix MeTogoB umamepeHun (Pwuc. 11-16, cnpasa). TWMNWYHbIE  UCTOYHMKK
OTKITOHEHMIA MpPU PasnNUYHbIX BUOAX WM3MEPEHUIN MOKasaHbl B HWXHEW 4actu Tabnuubl. B
npouecce MNpAMbIX M3MEPEHUN HETOYHOCTb W3rOTOBIIEHUSI MEXAHWYECKUX W3MEPUTESNbHbIX
3TanoHOB, a TakKe WX TepMoanacTuyHas gedopmaumsa MOXeT NPUBECTU K MNOrpeLuHoCTU
pesynbTaToB u3MepeHUn. TOYHOCTb OnocpeaoBaHHbIX METOOOB W3MepeHus onpenensercs
OWNOKON Lwara BWHTA, PEBEPCUMBHLIM JHOPTOM, CTaTUYECKMMW W TENSOBbIMU  YNPYrumu
hedopmaunamm, a Takke N3HOCOM XOAOBOro BUHTa NpuBoga nogayu. Nogdac satpyaHUTENBHO
OHO3HaYHO onpefennTb NPUHALNEXHOCTb UCMONb3YyeEMON U3MEPUTENbHON CUCTEMBbI K TOMY,
unu gpyromy metofy. B nokasaHHbIX Ha Puc.11-16 npumepax, pasnuive mMeTogoB 3aBUCUT OT
TOro, Kakme afeMeHTbl KOHCTPYKLUNKN BXOAAT B COCTaB U3MepuTenbHON cuctemsbl. lNokasaHHas B
cepeguHe Tabnuupbl 3ybyaTas penka saBnsieTcs, kak U onTudeckas LWKana crieBa, MexaHM4eckom
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YacTblo MPSIMON N3MEPUTESIbHOM CUCTEMBLI. B TO ke BpeMsd, MMEeTCA peLueHnd, B KOTOPbIX
3auernneHne penka-Koneco ABNdeTcsa YacTbio npuBoaa. B Takmx crnyvasix, Korga yacTb npusoja
BbIMOMHSAET U3MepuTenbHble (OYHKUUN, CUCTEMA KOHTPOSS, Kak B NpuMepe crnpasa, OTHOCUTCH,
ckopee, K onocpeoBaHHbIM.

AHanoroBbIN ndpoBom
Hanpumumep, NnoTeHUNomMeTp Hanpumep, ontTn4yeckasa LwkKana
I
L
I
|—> O6pabarTkiBa-
MonayH > owas
ONEeKTPOHUKa
| —9 dotosyelika  LUTpuxoBas Lwkana
I
I MepemelueHne x
I G\
;
— J i
| HanpsbkeHue U Mepemeul. x |
‘—+—’ |
|
I
-5 1 ' I
0 : : Ax
b4
I = |
) -
S U ————_) Z | S
8 | 7 | Lo
T | © | Ly
T | . ' RN
X
|_|ep8M8LLI,EHI/Ie X nepeMeu_lEHme X

Puc. 11-17:AHanoroBbi U LMPPOBON CcNOCOOLI PEerucTPLUUn UsmepeHumn

AHanorosbli cnocob NpoBefeHNs UIBMEPEHNIN OCHOBAH Ha criegyowem npuHuune. B obnactu
NpoBeAEeHNss U3MEPEHUA KaXKAOMY 3HAYeHW0 U3MepSeMOn BenWYUHbI AOSMKHO HenpepbiBHO
COOTBETCTBOBaTbL OnpedeneHHoe 3HadeHne perucTpupyemMoro napametpa. lNpumepom MoxeT
CNYXWUTb NOABWXHbIA NOTEHUUOMETP, KOTOPLIN BOCMPOU3BOAUT HEMNpepbiBHOE COOTHOLUEHUe
Mexay M3MepeHHbIM 3HavyeHneM (MyTb X) U aHanoroBbIM BbIXOOHbIM 3Ha4YeHUeM (HanpsikeHue
U). TMMpun umdppoBom cnocobe npoBedeHUs U3MEPEHUNA, UKCUPYEMOE  3HaYeHue
npeactaenseTcs B BuAEe pPaBHOMEPHbIX pasfdeneHHbIX Yacted W npeacraBnseTcs
MHorocTyneH4yateiM. lMpumep Ha Pwuc. 11-17 nokasbiBaeT nogobHoe AeneHne U3MepsieMoro
MyTW X Ha paBHble y4aCTKM (CTPOYHbIV LIar LUTPUXOBOW LKanbl). 3mepeHHoe 3HauveHne Byaet
onpeaenAaTbcs COOTBETCTBYHOLWMMM yHacTkam YnucrnaMmm unmn npambiM CHUTbIBAHUEM PaspagHbIX
3HAYEHUN N MOXET, Mpu nomoLwm obpabaTbiBalOLMX INEKTPOHHBIX MPMOOPOB, OLEHEHA U
nokasaHa Ha uHgukaTope.
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OTHOCUTENNbHbIN abcontoTbIn

Puc. 11-18: Mpumepbl OTHOCUTENLHOrO U a6COMIOTHOrO M3MEPEHUI NepemeLLeHUst

Mpn n3MepeHun noroXKeHUs nepemMeLllaemMblX KOMMOHEHTOB CTaHKa C MOMOLLBb MNPAMbIX
OMTUYECKUX CUCTEM, pasfniMyaloT ABa BUAa ONTUYECKUX LUTPUXOBLIX LLKa:

- OTHOCUTESNbHO-UNPOBLIE METOAbLI MOMYy4YeHUss pasMepoB (MHKpPEMEHTarbHbIE);

- abcontoTHO-UnpoBble (KOANPOBAHHBLIE) METOAbI NOMy4YEHUS pa3MepOB.

Mpn wmncnonb3oBaHUM OTHOCUTENBHO-LMUMPOBLIX METOA0B, Nepuoanvyeckue usMeputernbHble
CUrHanbl BO BpeMs MNPOXOXOEHWA HEKOTOPOro MyTW CYMMUPYIOTCA W NepefaroTcss Ha
nHaukatop. [lpu [JaHHOM MeTo4e HEBO3MOXHO YCTAHOBUTb abCOMOTHOE MONOXeHue
NOOBMXXHOIMO KOMMOHEHTa CTaHKa, a TOMbKO MOMOXEHWEe OTHOCUTENbHO OPYroro, B KOTOPOM
OblTO  Mpou3BeqeHO  BKIYEHWe umdpoBoro gatymka. [aHHbin  cnocob  HasbiBaoT
WHKpeMeHTanbHbIM. [10CTOsSIHHOE Hen3MeHsieMoe 3HaYyeHne mexay abContoTHbIM NONOXKEHNEM
canasoK U M3MepeHHbIM XxapakTepmnsyeT abCconoTHO-LMPOBON METOA NONyYeHns pasmepos. B
npumepe Ha Puc. 11-15 kaxgasi nosvums LWkasnbl NocpeacTBOM onpeneneHHon KomouHaumm
obo3HavyaeT KoOupoBO4YHYK CTpoKy. K npeummywectBam abCOMOTHBIX METOL4OB MOMy4YeHMUs
pa3mMepoB MO CPaBHEHUIO C MHKPEMEHTAarbHbIMM MeTO4aMMU OTHOCATCH:

- KaXgoe 3HadyeHne U3MepeHusi HEM3MEHHO CBA3aHO C YCTaHOBNEHHOW HyreBOW Mo3uumen n
HernocpeacTBEeHHO OToOpaxaeTca Ha uHgukaTope. HakonneHHble owunbkn M3MepeHun unu
OLNBKM LLenn N3MepeHnn oTCyTCTBYIOT;

- pearnbHble 3Ha4YeHWd U3MEPEHUNA COXPaHAKTCA MNocrne BO3MOXHbIX OTKa3oB (Hanpumep,
OTKITOMEHUE HanpshXXeHuns1) 6e3 BcroMoraTesbHbIX MEPONPUSATUNA.

AbcontoTHo-UuMdpoBLIE MeToabl MMET W HegocTaTku. [lpu TpeboBaHWM MNOBLILLEHHON
TOYHOCTM U3MEPEHUSI NPU OONbLUMX NEPEMELLEHUAX 3HAYUTENbHO MOBLILLAKTCS 3aTpaTthl Ha
KOOVPOBaHHbIE NMIMHENKN BCNELCTBME 3HAUNTENBHOIO Ymcna Tpebyemblx CTPOK KOOUPOBaHUA.
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Cnoco6 oTpaxeHHOro ceeTa

Puc. 11-19: MpuHLUMN pOTOINEKTPUUECKOro CYUTLIBAHUA NMPU MHKPEMEHTarbHOM cnoco6e n3mMepeHus

Ocobble TpeboBaHuMsa K paspeLuatoLlen cnocobHOCTM onpenensoT YCTaHOBKY Ha COBPEMEHHbIX
CTaHAapTHbIX W3MEPUTENbHbIX CUCTEMax YCTPOMCTB (POTOSNEKTPUYECKOrO CYUTbIBAHUS
NVUHENHbIX pPa3MeEpPOB WNN  AenNUTENbHbIX AUCKOB Anst yrrnoBbiX. OCHOBHbIM 3MEMEHTOM
(POTOANEKTPUHECKON  U3MEPUTENBHON  CUCTEMbI  SIBAFETCS  ONTMYeckas LKana unu
aenutenbHble OUCKA U YCTPOWUCTBO CUYUTbIBaHWSA. CUMTbiBaHWE MPOU3BOAUTCH B OTPaXEHHOM
unu nponyweHHoM ceeTe. [1pyM UCNOMb3OBaHUN OTPaAXEHHOr0 CBeTa Ha LWKane MeHdTCA
pedriekTuBHble U HepednekTMBHbIE 30HbI. [ns nponyuieHHOro cBeTa Lkana COCTOUT U3
NpO3payvHbIX U HENPO3payHbIX YHAaCTKOB. YCTPOMCTBO CHUTbLIBAHUSA BKMOYaeT UCTOYHWUK CBeTa
(MpakTMyeckn NoBCEMECTHO WUCMNONb3yeTcs CBETOAMOAHAA TexXHUKa), OnTU4eckoe YCTPOMCTBO,
cuvThiBaloLWLyo pelwletky u dotoamnoq. Npu OTHOCUTENBHOM ABMXKEHUN MEXOY CUUTbIBAOLLNM
YCTPOMCTBOM W LWKanou, ¢otoamod npuHMMaeT CBET MOAYMPOBAHHOW OCBELLEHHOCTH.
MepekntovaTtens hoTonpMeMHuKa npeobpasyeT CBETOBOW NOTOK B ANIEKTPUYECKME CUrHanb! Ans
nocregyoLlero onpegeneHns BenmynHel nepemelteHns (Puc. 11-19).
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Puc. 11-20: ®OTO3NEKTPMUUYECKNI MPUHLIAT U3MEPEHUSA C MOMOLLbI ONTUYECKOM LUKanbI

Ha Puc. 11-20 nokaszaHO WUCMOfIHEHME ABYX 4acTO MPUMEHSIEMbIX CUCTEM OMNOCpPenoBaHHOro
N3MEPEHNST NNHENHbIX W YIMOBbIX BenuuvH. Ha pucyHke um3obpakeHa ¢oToanekTpuyeckas

NUHenHaa cuctema, B KOTOPOW
ceeTe.

CUMTbIBAHWE MOKa3aHUW LWKasbl npon3sBoanTCA B nponyweHHOM
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Puc. 11-21: CurHanbl NPy CYMTbIBAHUN MHKPEMEHTaNnbHOW CUCTEMbI MO3ULMOHMPOBaHUS

YcTaHoBKa YeTbipex noBepHyThix Ha 90° n3mepuTenbHbLIX 3NEMEHTOB MO3BOMSET NPOM3BOAUTH
creunanbHyIo OLeHKY n3MepuTenbHbiX curHanos. Curkan 0° (1,)6yaeT cuHdasHo BKoHaTLCS K
curHany 180° (I,). CurHanbl CyMMUPYIOTCS OTAENbHO. AHANOMMYHO (PYHKLMOHUPYIOT CUrHanbl
90° (I3) wu 270° (l,). Bnarogapsi 3TOMy MOMyYalOT CUrHanbl CUHYC-KOCMHYC, KOTOpble
nepmoaudeckn CHmxarTcsa A0 Hynsa. [Ona pganbHenwen o6paboTkm curHanos Heobxogumo
HemMoayrnMpoBaHHOE MepeMeHHoe HanpsbkeHue. Ons nonyyYeHus MMMynbCoB MPSIMOYrofibHON
POPMbI MPUMEHSAETCA PEXMM TpUITEPA NMPU NPOXOXKAEHWUM CUTHANOM HYNEBOro 3HadeHus. [ns
NOBbILEHNSA pa3peLuarolenn CnoCOBHOCTU NPUMEHSAETCSH UHTEPNONAUUSA COrNacHO OMUCaHHbIX
paHee meToAoB (puc.11-18).
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Puc. 11-22: Pacno3HaBaHue HanpaBfeHusi B CUCTEMEe OTHOCUTENbHbLIX U3MepPeHui

B cucteme OTHOCUTENbHBLIX W3MEPEHUA OCYLLECTBRSeTCd CyMMUPOBaHMe Mepuoaos
nU3MepuTenbHbIX CUrHaNoB BO BpeMs nepemMelleHus. [ns obecnevyeHuss BO3MOXHOCTM
pacno3HaBaHWsi HanpaefeHusi nepemMelleHnsi, Heobxoaumbl OBa MNEPUOLMYECKUX CUrHana,
CMELLEHHbIE APYr OTHOCUTENbHO Apyra Ha 90°. MameHeHne HanpaBneHus ABWKEHWS MPUBOAUT
K uameHeHuo dasbl ¢ +90° Ha -90°. MpuHUMN pacno3HaBaHWs HanpasrieHUs NpUBEOAEH Ha
Puc. 11-22. B 3aBUCMMOCTM OT HanpaBreHns (oopMUPYHOTCA pasnnyHble NocrenoBaTenbHOCTH
curHanoB | u |l Ha BbIxoge anemeHToB cuuTbiBaHuMa A u B. pu BknoyeHnn aHanusatopa
(cnpaBa BBepxy Ha Pwuc. 11-22) nocnegoBaTenbHOCTb MPAMOYrOfibHbIX UMMYNbCOB b 1 nx
obpaTHbIX 3HadeHUn “b guddepeHumpytoTca 1 npeobpas3oBbiBalOTCA B curHanbel b’ n b”. B
3aBMCUMOCTU OT TOro, NEpEMELLAeTCs LWKana OTHOCUTENbHO CYUTLIBAKOLNX anemMeHToB A n B
BMEBO WM BMNpaBo, pacrofioXeHue nocrefoBaTenlbHOCTU UMNynbcoB b’ u b~ oTHocuTenbHO
nocnegoBaTenbHOCTU a onpegenseT, CYMMUPYeT arperatMpoBaHHbIN CHETYMK BBEPX UNN BHUS.
Ha npeactaBneHHOM YCTPOMCTBE YUYUTLIBAOTCA TOSbKO NOMOXUTENbHbIE YacTu curHanoB b’ n b’
', KaK cymmupyemble wumnynbcbl. OOLWlee KOMMYecTBO CYMMWUPOBAHHbLIX WMMYNbCOB C
KOpPPEKTHbIM 3HaKOM U ByaeT SBnATbCS BENUYMHON NepeMeLleHns Unm yrinom noBopoTa.
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Puc. 11-23: CTpo4Hoe KogupoBaHue 6a30BbIX TOUYEK

Ha onTuyeckux Likanax MoryT UCnofnb30oBaTbCs MHOMOYMUCIEHHbIE 6a30Bble TOYKW, OTCTOSLLMNE
Ha pasnu4yHble npoMexyTkn (Puc. 11-23). NMpn NpoxoxaeHnn Takmx ABOMHbIX 6A30BbIX TOYEK C
KOOWPOBAHHbIMW  PACCTOSHMEM  OCYLLUECTBIISETCH CYMMWPOBaHWE  PacCTOAHUA  MexXay
WHKpEeMEeHTarnbHbIMU LUTPUXaMK, 32 CYET Yero ycTaHaBnMBaeTCca abConTHOe MOMoXeHue Ha
onTuyeckon Wwkane. [eneHna InMHEWHOW WNU  KPYroBOW  U3MEPUTENBHOW  CUCTEMBbI
obecne4vnBaloTCa NOCPEACTBOM MaKCMMaribHOM NPOU3BOACTBEHHOM TOYHOCTU U abCOMOTHON
YETKOCTU ONTMYECKUX WTPUXOB. OHM BBINOMHAKTCA MNyTEM BaKyyMHOrO OCaXAEHUS OYeHb
TOHKOrO M NPOYHOrO Cros MeTanna, obpasyloLlero Henpo3payHble WTPUXM Ha CTEKNSAHHbIX UMK
MeTannu4yeckMx nofocax WM  CKpanbupoBaHmsa  (CO3O4aHMS  TOHKOW  FPaBUMPOBKM).
MeTannuyeckne nuHenkn, Onarogaps cBoen rMOKOCTWU, WCMNOMb3YKTCA B KOHCTPYKUMUSIX
YCTPOWCTB ANS MU3MEPEHUs YrNoBblX MepemMelleHun, HanpuMmep AN MOBOPOTHbLIX CTOMOB.
YpoBeHb UNPOBOro paspeLleHns ONTUYECKON CUCTEMbI U3MEPEHNSA NepeMeLLeHns Unu yrna
HenocpeaCTBEHHO 3aBUCUT OT Yucna pUcoK U3MepuUTenbHOro YCTPoOnCTBa.
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Puc. 11-24: MaTucTpoyHass OMHapHOKOAMpPOBaHHAA LWIKana

B oTnuume OT MeTOOOB OTHOCUTEMbHbLIX M3MEPEHUA, B KOAMPOBAHHOW CUCTEME U3MepPEeHUi
KaXxoMy 9neMeHTy MyTWU CTPOro COOTBETCTBYET ornpefeneHHoe 3HadeHune. Ha Pwuc. 11-24
MoKasaHO CxXemaTu4eckoe M300paxkeHne KOOMPOBAHHOW LiKanbl C NATbO KOOUPOBOYHLIMMU
CTpokamu. W3BecCTHbl pasnuuHble BapuwaHTbl ANA KOAMPOBaHUS HEKOTOPOro uHTepBana Ha
onTnyeckon Lwkane. buHapHO KogMpOBaHHbIE LUKasbl paBHOW AfWHbLI, UMELWMEe HauMEHbLINI
LUTPMXOBOM LUAr, XapaKTepuaylTCcd pPOCTOM pas3pellarolen CrnocobHOCTU C  KaKaow
nocneayrLlen CTpOYKoM B 2 pasa. YnopsgovmBaHue npoucxoguT COOTBETCTBEHHO BUHapHOMY
3Ha4YeHno «1» Anga CBETNOro ydacTtka M Afs TEMHOro yyactka - GMHapHOMY 3HayeHuto «0»,
TakuMm o6pasom, YTO Npv OLHOBPEMEHHOM CHUUTLIBAHUM BCEX CTPOK Ha KaXkgow Mo3vumm nyTtu
onpegendeTca OOHO [OBOWYHOE UMCNO, COOTBETCTBYMOLLEE akTyarnbHOW nosvumi. B
npeacraBrieHHOM npumepe gsounyvHoe uducno 10110 onucbiBaeT anemeHT rnepemeleHuns 22.
Konnyectso Tpebyembix CTPOK N 3aBUCUT OT 0ONactTu U3IMEPEHUA Xqes W paspeluaroLlen
cnocobHocTu Ax. B aTom cnyyvae ncnonb3yeTtca cnegyroLaa 3akOHOMEPHOCTb:

Xges =Ox[2n(n=1,2,3..)),

npy aToM AX SIBMSETCA MUHUMASTbHBIM LUTPUXOBbLIM LLAroM, @ N — YACNIOM CTPOK, AMs KOTOPOro
cnpaseanuea oopmyna:

n =1g(X9%%) qugiz).

AX

CuunTbiBaHNE 3HAYEHWI B ONUCAHHOM METOoOEe MOXET COMPOBOXAATbCA HannumMem ownboyHon
WHpopMaumMm MNOToMy, YTO NPU OAHOMOMEHTHOM WM3MEHEHMM HECKOSbKUX CTPOK ABOUYHOrO
MOMOXEHWS, OKOHYaTENbHbIE 3HAYEHUs] CYMTbIBAEMbIX pPa3MEpPOB MOryT ObITb HETOYHO
oTpaboTaHbl Npu yCTaHOBKE.
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CopepxaHue

KOHCprKLIMﬂ npuBoaoB noaay
Cuctembl no3nunoHunpoBaHunsA
y"paBneHMe npunBogamum nogay

3aknroveHue
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Puc. 11-25: CpaBHeHue perynupyroLmx KOHTYpPOB U Lienu ynpaBneHus

OcHOBHOWM 3aayen YMCnoBoro NporpaMMHOro ynpaBreHus CTaHka ABNAeTcs nepegada KomaHz
npvBogam nodayn Ans obpaboTkum 3aroTOBKM Ha OCHOBAHWM WHpOpMaumMmM O BenUYUHE
nepemMeLleHMn n ckopocTer. TpaHCcHopMMpOBaHME [aHHbIX BXOAHbLIX KOMaH (BpemeHHas
yCTaHOBKa MO3ULMOHMPOBAHNS Xs) B COOTBETCTBYHOLME 3HAYEHWS KOOPAMHAT U CKOPOCTU
obecrneynBaeTca nMBO C MOMOLWBI MNOCTOAHHO [OEWCTBYIOLWEro npuvBoga B CcocTaBe
NPUOPUTETHOIO KOHTYpa ynpasrieHusl, MM60 ¢ MOMOLLbIO LLAroBOro ABMratens B OTKPbITON Lenn
ynpaBnenunsa. Kaxpgasa ocb uMMeeT COOCTBEHHbIN KOHTYp YNpaBreHusi, Kak npaBuIio
He3aBUCUMbIN OT Apyrnx ocel, wunn CcobCTBEHHY LUenb ynpaeneHns. B Teopun
aBTOMAaTMYECKOro  ynpasrfieHUs  pasHuua  Mexay  TepMuHamu  «YnpasrieHue» U
«PerynupoBaHue» onpegenseTcad Ha OCHOBaHUN MPOXOXAEHUS npoLecca Mexay BXOAHbIMU U
BbIXOAHbIMW BeNUYMHaMK CUrHanoB. B aHrnuMnckom ssbike He gaeTcs YeTkoro ob6ocHoBaHMSA
Mexay ynpaeneHnem u perynuposaHmem (control, feedback control). Llenb ynpaBneHus
onpegendeTca OTKPbLITOW MOCNefoBaTeNIbHOCTLIO BO3OEWCTBUA, NPU  KOTOPOM nepefavya
CUrHarnoB NpouCxXoamuT TOMbKO B OAHOM HanpasneHuun. [ns npueoada nogadv ¢ ynpasrneHueM rno
MOMOXEHMI0 3TO O3HayaeT, YTO MUCTMHHOE 3HaveHue MOonoXeHus He OydeT cpaBHUBATLCA
BXOQHOM KOMaHAOW C 3afaHHbIM norioxeHnem. [ns ynpasneHus No MonoXeHu B KavyecTBe
npueoda NPUMEHSAIOTCH LLaroBble ABUraTenu, B KOTOPbIX POTOP pearupyeT Ha MNpoxXoxaeHue
yrnpaBnsawLwero MMnynbca COOTBETCTBYIOLMM MOBOPOTOM Ha onpederneHHbl yron. Obuee
KONMYecTBO UMNynbCoB OyaeT NponopuuoHanbHO 3agaHHOMY Yriy MoBOpoTa WU BENUYMHE
nepemelleHns OBWXKeHWA nogdayn. Yrnosad CKOpPOCTb perynupyeTcs 4depe3  4acToTy
cnefoBaHusa  ynpaenswowmx  mMmnynbcoB  (Puc. 11-25, BHu3y). [lpn  u1cnonb3oBaHuu
HenpepbIBHbLIX MPUBOAOB MPUMEHSIIOT KOHTYP perynupoBaHus, HasblBaeMbld KOHTYPOM
nonoxexusa (Puc. 11-25, BBepxy), KOTOPbIN MOCTOSSHHO OTpabaTbiBaeT pasHULy MONOXeHUs
MeXAY UCTUHHBLIM U 3a4aHHbIM 3HAYEeHNEM.
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Puc. 11-26: KOHTYp perynMpoBaHuUsi C UHTErPUPOBaHHON 0GpaTHON CBA3bIO MO CKOPOCTU U TOKY

MogpobHasa cxema HeMnpepbIBHOTO KOHTYypa perynvpoBaHust nogayn nokasaHa Ha Puc. 11-26.
Ona  noBblWeHWs  OMHAMWYECKUX  XapakKTepucTUK  npueBoda, CTaHAAPTHbIA  KOHTYp
perynupoBaHusa 6asvpyeTcs Ha KOHTypax CKOPOCTU U Toka. KOHTYp perynupoBaHus no3sonsieT
perynupoBaTtb YrrOBYH CKOPOCTb ABUratend npvBoda BXOAHbIMW KOMaHaamu. KOHTyp
perynnpoBaHust COCTOUT U3 cnegyoLwmx KOMNOHEHTOB:

- BrioK perynmpoBaHus;

- cuctema npmsoga (ycunurenbs, ABuraterb, SNeMeHTbl MeXaHUYecKux nepeaady);

- cucTemMa usmMepeHun.

B 6noke ynpaBneHus NpoBOAUTCHA COMOCTaBfiEHWE aKTyanbHOro yrna noBopoTa ABurartens u
WUCTUHHOIO MOJSIOXKEHUSA X; CTOra CTaHka C BXOOHOW KOMaHOOW Xs 3a4aHHOro MOfoXeHus.
PeaynbTaT Kak NorpeLlHocTb perynnupoBaHus onpegenderca no oopmyne:

Xw= Xs=Xi.

OTa BennynHa BBOAMUTCS B KOPPEKTOP NonoxeHus. B koppekTope chopmupyeTcsa ynpasnstoLliee
BO3JeNCTBUE ONa ABuratend npueBofa Ha OCHOBE pasHUubl MeXay 3adaHHbIM U UCTUHHbLIM
3HayYeHneM C Yy4eTOM OUHAMUYECKUX COOTHOLUEHUN cucTeMbl. [JOCTUXKEHME KOpPEeKLUOHHON
BEMUYNHOW X,, HYNEeBOro 3HayeHus o3HadaeT oTpaboTKy NPUBOAOM 3a4aHHOIo NnepemeLLeHuns.
Cuctema npuBoda BKMOYAET YCUNUTENMb MOLLUHOCTW, cepBoABUratesls U MexaHuyeckue
nepegayn. Ycunutenb MOLWHOCTM obecnednBaeT HEOOXOAMMbIA SHEPreTUYECKUA YPOBEHb ANS
npuBoga. B kayecTBe HenpepbiBHbIX MPUBOAHLIX ABUraTenen B HacTosillee Bpems
UCNONb3YITCA MNPEVMYLLECTBEHHO acCUMHXPOHHble [OBWUratenuM nepeMeHHoro Toka. [ns
He3HauuMTEmNbHbIX YPOBHENW MOLLHOCTU MNPUBOLOB WCMNOSb3YIOT ABUraTesiv NoCTOSHHOrO TOKa.
BpawaTtensHoe OBwkeHue Bana gsuratens npeobpasyeTca B MOcCTynaTeNnbHOe ABWXKEHWe
ctona oO0blMHO C NOMOLLbLIO nepefadn BUHT-ramka. [Mpu BbICOKMX TpeboBaHUAX K OCEBON
OVHaMUKe NPUMEHSIOT HenocpeACTBEHHble IMHENHble MNPUBOAbLI, B KOTOPbLIX OTCYTCTBYHOT
MexaHnyeckMe nepefaTtoyHble MexaHusMbl. W3meputenbHas cuctemMa coeguHeHa 4epes
yCTpOMCTBa OOpaTHOW CBA3W MO MOMIOXEHUIO C KOHTYpPOM perynupoBaHus. KoopawuHaTta
NnosioXKeHus X onpeaenaeTcss NocpeacTBOM YrioBOMN UN NIMHEWHOWN U3MEPUTENBHOW CUCTEMbI K
nepegaetca B 6N0OK perynvpoBaHus ANs CPaBHEHWUS UCTMHHOMO WM 3adaHHOro nonoxexus. C
MOMOLLLbIO KOHTYpa perynmpoBaHnst UICTUHHOE NOMOXEHUs1 CTona NpuBoOAMTCA B COOTBETCTBUE C
TpebyeMbiM, NPOTUBOAENCTBYS, TakuM obpasom, BNUAHUIO BO3MyLLaoWwmux cun. NepemelleHve
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cTona M3 UCTUHHOW B 3aaHHyl Mo3vumio 6e3 MOorpeLuHocTen peanuayroTca NocpeacTBOM
BbINOSIHEHWSA CNEeAYOLLMX YCIOBUN:

- 3HaUUTENbBbHOE YCUITEHNE KOHTYpa pPerynnpoBaHus;

- BbiCOKasi gemndwupyowasa crnocobHOCTb ANs MCKMIOYEHUS HECTaburbHbIX COCTOSHUA U
dnyKkTyauum;

- H3KNE BPEMEHHbIE KOIPPULIMEHTLI CUCTEMbI PETYNIMPOBAHNSA NPUBOAA;

- HE3HAYUTENbHbIE UHEPLMNOHHbIE MOMEHTbI BpaLLaloLLNXCH YacTen;

- BblCOKasi COOCTBEHHAasi YacToTa MexaHU4YeCcKux KornebaHui;

- 3HAYUTENbHAs XXECTKOCTb MEXaHMYECKUX 3NIEMEHTOB CUINOBOW CXEMbI MPUBOAA;

- coyeTaHne COOCTBEHHOM 4acToTbl KonebaHMM MexaHM4Yeckon nepeparolen CUCTEMbI U
KOHTypa perynmpoBaHusi.

MpencraBneHHble JONONHUTENBbHO Ha Puc. 11-26 6a3oBble CUCTEMbI PErYNIMPOBAHNA CKOPOCTH
N KOHTYpa perynupoBaHusi cnyxaT Ans ynyyweHUss ANHaMUYECKMX XapaKTepucTukK npveoaa.
OHn obGecneumnBatoT ycuneHMe KOHTypa perynmpoBaHuMsi C OAHOBPEMEHHbLIM MOBbILLEHWEM
gemnduvpoBaHusa. [Ond onucaHuMs AWMHAMUYECKUMX XapaKTEPUCTUK CUCTEMbI YNpaBreHust
MONOXEHMEM [OOIMKHbl ObITb M3BECTHbl HE TOMbKO MapamMeTpbl CUCTEMbI MPOXOXAEHUS
CUrHanoB, HO W OTAENbHble nepefaToyHble COOTHOLUEHMSI OOLWEen CUCTEMblI U OTOENbHbIX
nogcuctem. [ns TOYHOro aHanusda OUHaAMUMYECKUX XapakTepUCTMK KOHTypa perynupoBaHust
NOMOXeHMs HeobXoaNMbI 3HaHUSA TEOPUMN aBTOMaTUYECKOro PerysimpoBaHus.

Veu i &t " Hanaarenk || Mexanuuecraq Backb |
¢ eleme ol ¥ npSenem L
K kT kT FL K : 1 12" 1
X n i U | - - "1 I1.U kS b 2”7 n L K X
x | Perwmarop | ° Perwmarop [ PemmArop (HiMaTEm KoHeranma hobameHT ' flexamuacs.
NANSEEHHA | YT ot AL ABMATENA [ KPYTALLEM HHEPLLAK . nepaaarouH.
a EpAWeHHA TOKa MOIMEHT3 ¥ ANeM eHTE
EE K :
il 28 U :
HEE ¢ — :
zul -=4 ANeKTpOMOTopHEA :
u % - E = I: K OHRTHTA :
o I At '
1 . z TOKa K '
1 | .
O P T T
JMCKPETHOE EPEMEHHDE Tam-
I K EpEHIMpO E3HME FeRepaTop
K

Ve ]
. =
Perynvpoea ma noncseHMa
u CHCTEMEA KOCEEHHOM
C MOMDULERD MEANH HEmepeHMA
HAH KSSEEHHOG
CHCTEME HEMEREHKA

K,

=

CHCTEMa NpAmond HEMEPEHHA (0rma)

Puc. 11-27: Cxema B3auMOAENCTBUA KOHTypa perynvpoBaHUsi MNOJIOXEHUA C 6a3oBbIMU KOHTypamu
perynMpoBaHnUsi CKOPOCTU U ToKa

Ha Pwuc. 11-27 nokasaHa 4acTo MpUMeHsieMasi CTPYKTypa perynupoBaHus Ons yrnpaBneHus
npuBogamu nogadu crtaHkoB. C ee MOMOLLbI BO3MOXHO HarnsagHo NpeacTaBuTb NPOLECcChl
B3aMMOAeNCTBMSA B npuBoae. [apameTpbl MexaHW4ecKOW KOHCTPYKLMU OTXOAAT 34echb Ha
BTOPOW NnaH. AneKkTpuyeckne ycTponcTea 1 GrokM ynpaBreHust COCTaBMNSAT OCHOBY CTPYKTYpbI
perynupoBaHusi. Mpu pacCMOTPEHMM KOHTypa perynupoBaHWs Ha NepBbIA MnaH BbIXOAWUT
AVHaMMYeckoe MOBeAEeHUE KOHTypa perynvpoBaHusi, a He AWHAaMWYEecKUe XapaKTepUCTUKK
MexaHunyeckux nepegay. O6GbIMHO MexaHUYeCcKMe SrIeMEHTbI YNPOLLEHHO paccMaTpuBaloTCS Kak
naeanbHO XECTKME 3NeMEeHTbl, Korga HeobXoauMmo MpeaycMOTpPeTb NUlb NPUBEAEHHbIN
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MOMEHT MHepLuun Ha Bany asuratens Jges. Kpome Toro, ocratoTcs HeKoTopble nepeaatoyHble
MeXxaHn4yeckme COOTHOLWeHUs (war BuHTa h n nepegatovyHoe OTHOLIEHWE i), ydUTbiBaeMble C
nomoLbo KoaddpuumeHTa Kg. BxogHas komaHOa Xs KOHTypa perynupoBaHus rnepBoHavansHo
CpaBHMBAETCA C akTyasibHbIM MOSIOXKEHNEM canasoKk CTaHka X;. Pasnuune mexagy aTummn OByms
CUrHanaMmu ycunmBaeTcs MponopLMOHarnbHbIM PErynaTtopom nosfioXeHus. Ynpasnsiwllee
BO3JENCTBUE perynatopa MnosfioXeHuss nepedaeTcss B KOHTYP YnNpaBneHus CKOPOCThIO,
CBSI3@HHbIN C KOHTYPOM ynpaBneHus no Toky. Yepes perynatop Toka U cuctemy obpaTHown
CBSI3X MO CKOPOCTU CYLLECTBEHHO MOBbIWAeTCa AMHaMuKa npusoda, a nykryauunm, 3a cuyeT
ynyylweHHoro aemndupoBaHus, cHwkawTca. B npumepe Ha Pwuc. 11-27 npeacrtasneH
perynaTop CKOPOCTW npornopunoHansHo-uHTerpansHoro (PI) Tuna ana  perynupoBaHus
He3HaunTenNbHbIX OTKNOHEHMN 6e3 OCTaTOYHbIX OWWBOK. ArperatMpoBaHHbLIN C PeryrnsaTopom
CKOPOCTWU perynaTop Toka No3BONSeT MPOU3BOAMTL yrNpaBneHue YCKOpeHUsaMWU ABuratens u
yMeHblWaTbh (ryKTyauun npu yCKOPEeHUM u TOPMOXeHuW aBuraTens. M3 pasHuubl mexagy
3a0aHHbIM 3HAYeHWeM perynaTopa CKOPOCTU Vs U UCTUHHBIM 3HayeHueM V; onpeaensieTcs
HeobxoaMmas Harpy3ka Ha aBuratenb (perynupoBaHue TOKa), peanudyemasi nocpencTtBom
BXOOHOM KOMaHAbl. YcuUnutenbs MOLLHOCTU nepeBoauT chOpMUPOBAHHYO BXOOHYKO KOMaHOy B
COOTBETCTBYIOLLIEE HanpshkeHne Ha obmoTkax asuratens U, (Puc. 11-27. B cooTBeTcTBMM C
SNEKTPUYECKMMM XapakTepucTukamm obMoToK ABuratens (cConpoTmerieHne Ry M MHOYKTUBHOCTb
La) bopmumpyeTcst 3HavyeHne Toka. OTO cosgaeT nponopumoHanbHbin (daktop Ky) KpyTawmi
MOMEHT Ha [BuraTerie, KOTOPbli COBMECTHO C MOMEHTOM HarpyXXeHus Ha MHEPLMOHHOCTb Jges
(Puc. 11-27) Bo3gencTeyeT Ha ocb npuBoga. B cooTBeTcTBMM C 3aKOHOM HblOTOHA, yrroBoe
YCKOpEHMe W, Yepes3 nepecyeT U UHTErpMpoBaHue, onpegenser Yncro obopoToB ABUraTens.
Cnegylownn war WHTErpupoBaHUA oOnpeaensieT YrrnoBoe MONoXeHne Bana gBuratens.
MoMHOXMB nocrnegHWn pesynbTaT Ha nepeaaTtodHoe YUCHO peadyKTopa nepegayu, onpegenstoT
NOMNoXeHne X, canasok cTaHka. [lna onpegeneHns n nepegayn UCTUHHOMO MOMOXEHUS cana3ok
Ha Pwuc. 11-27 npeacTtasBneHbl ABe BO3MOXHOCTU MOMNYYEHUS 3HAYEeHUs NyTU — C MOMOLLbIO
NPsSIMOro 1 OnocpefoBaHHOro MeToAoB. VICTUHHAs CKOPOCTb Af1S UHTErpupoBaHHOIO KOHTypa
CKOPOCTU oOnpefensieTtcd Ha COBPEMEHHbIX CTaHkax nocpeacTBOM AnddepeHUMpoBaHUs
MU3MepeHHbIX CUrHanoB nepemMelleHnd. B cpaBHeHWW, Ha CTapblX CTaHKax C aHanoroBow
NPUBOAHON TEXHUKOW, CUrHamn YacToThbl BpPaLLEHUs U3MePANU ¢ NOMOLLIbIO TaxoreHepaTopa.
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KoHmyp peaynupoeaHusi nonoxeHusi 6e3 uHmMe2pupo8aHHO20 KOHMYypPa pe2yiupoeaHusi 4acmomsi epaujeHust
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Puc. 11-28: YnpolieHHble KOHTYpPbI perynmpoBaHusi

Ha Pwuc. 11-28 nokasaH BecbMa YMpOLLEHHbIA KOHTYp perynupoBaHus npuBoda nogad, Ha
OCHOBE KOTOPOro NpoOBOAAT pacyeTbl. XapakTepuCTUKM cepBOABUraTens C Harpyskon B Buae
HEKOTOPOM MaccChbl YMNPOLLEHHO OTOOpaxeHbl BBeAEHHbIM anemeHTom PT,. [ns nepecdeTta
yucra obopoToB NS, B 3aAaHHOe HanpsbkeHne Us BBOAAT TOT e MOCTOSAHHLIN KO3 uULmeHT Ko,
4YTO M AN perynatopa 4acToTbl BpaLLleHus.
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Puc. 11-29: CucteMa pacuyeTa KOHTYPOB pPerynMpoBaHusi NOJIOXXeHUs!

1/2)

[ns pacyeta napameTpoB KOHTYpa peryrimpoBaHus NONOXeHNsA YacTo NPUMEHSAIOTCS O4HO UMK
Heckonbko ynpouweHun (Puc. 11-29). HekoTopble nepegatodHble CUCTEMbl MOryT 6biTb
npeactaeneHsbl B Tabnuue B dopMe yHKLUIA 4acTOTHbIX XapakTepucTuk. ConocTtaBneHue
MeXay WCTUHHBIM U 3adaHHbIM MONOXEHMEM, a TakkKe perynMpoBaHue MonoXeHus B
COBpeMeHHbIX cuctemax UMY peanunsoBaHbl B uUudpoBOoN GopMe U  O0SMKHbl  TOYHO
onpefensaATbcs BPEMEHHO-AUCKPETHBIM perynaTtopoM. [lpu paccMOTPEHUM TOMbKO HWDKHEN
4YacTu 4YaCTOTHOro AmanasoHa, BO3MOXHO OCYLLECTBIIEHVE PerynvpoBaHns NONoXeHUs B BUae
KBa3u-HenpepbIBHOro npouecca. [1na onMcaHns cocTaBnAoLNX KOHTypa perynvpoBaHnst MoryT
ObITb NCMONb30BaHbI NAapaMeTpbl, NPUBEAEHHbIE B Tabnuue.
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KoHTyp perynupoBaHus nonoxeHusa 6e3 KoHTyp perynmpoBaHus NonoxeHus ¢
MHTErpuPOBaHHOIo KOHTYpa perynupoBaHusi| UHTErPUPOBaHHbLIM KOHTYPOM
CKopoCTH perynupoBaHusi CKOPOCTH

CpaBHeHme C nponopunMoHaribHbIM 3JIeMEHTOM BTOPOTIO nopdaka
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Puc. 11-30 Cuctema pacyeTa KOHTYPOB perynmpoBaHUs MOJIOXeHUA (2/2)

OnucaHue nepefgaToyvHbIX NapameTpoB KOHTYpa PeryrnupoBaHWUs MOSIOXKEHUA MNpeaCcTaBrieHo
HWwKe. BaxHenwnin nuHerHbIM pasMepHbld  napaMeTp Ang  XapakTepucTUK  KOHTypa
perynnupoBaHusi — 3TO KoadhdpuumeHT ycuneHust ckopoctn Ky (Ky-tbaktop). OH gBnsieTca
COOTHOLLEHMEM UCTUHHOWM CKOPOCTU K OTKITOHEHUIO MOSIOXEHMs (owmnbka nepemeLleHuns) X, B
COCTOSIHUM  COBCTBEHHbIX KonebaHnun. KoadpdpuumeHT ycuneHua ckopoctn Ky umeet
pasmepHocTb S*. B NPOMBIWNEHHOCTY 4acTO WCMOMb3yT PasMepHOcTb M/(MUH  MM).
Koacpdbmument Ky  npegcrtaenser cobow  BenuumHy  obecneyeHust  cTabunbHOro
BOCMPON3BEAEHMS CTAHKOM KPUBOSIMHENHbLIX ABWXXEHMW Ha MIOCKOCTU UMM B NPOCTPaHCTBE.
OTKNOHEHMA pa3MepoB AeTanu, Bbi3BaHHbIE OLLIMOKOM nepemMeLleHuns, nponopunoHansHbl X/Ky.
ObwenprHATbIE BEMWYUHBI YCUITEHUS CKOPOCTU NPW 3MEKTpOMEexXaHU4eckoM Tune npusoaa

HaxoaaTcs B npegenax Ky=0,6-4,8 M/MuH Mmm (cooTBeTcTByeT 10-80 s™).

BbicokogMHaMn4yHble OMNTMMU3NPOBaHHLIE MPUBOAbI Ha 0a3e HenocpedCTBEHHLIX JMHEMHbIX
[aBuratenen xapaktepusyloTcs BenuuuHon KV Gonee 10 m/MuH Mm=166,6 st. Ycuneuue
ckopocTn Ky SIBNSIETCA HM YEM UHbIM, KaK YCUIIEHWEM KOHTypa pPerynumpoBaHus MONOXEHUS.
OHo onpegensieT OTKIIOHEHWE MOMOXEHUA MNPU MNepeMeLleHUn C MOCTOSIHHOWM CKOPOCTbH WU
nmeeT GonblIOe 3HAYEeHUE MNpU CO3OAHUN KOHTypa PerynmpoBaHus ONs HECKOSbKMX OCEW.
Hapsigy ¢ koadbdpuumeHToM Ky, COBCTBEHHYHO 4acTOTy Wy onpegensieT agemndupoBaHue
cuctembl D. BnusiHne gemndpupoBaHusa U co6CTBEHHOW 4acTOThl KonebaHuin NpeacTaBneHo Ha
Puc. 11-30. CobcTtBeHHaa 4actota wo (Mnm fy) sBnseTcs mepon [OOGPOTHOCTM nepepauyn
curHanoB. Bbicokaa 4actoTa o3HadaeT cnaboe uckaxeHuio curHanoe cuctemon. OObIMHO
BenuunHa fo= we/2 T B npegenax ot 10 go 30 Ny (ocHoBHas yrrnoBasi YacToTa = cobCTBEHHAs!
yacTtoTa). YpoBeHb AemndumpoBaHns D onucbiBaeT xapaktep kornebaTenbHbiX NpoueccoB B
cucteme. Bbicokun ypoBeHb AeMndupoBaHnSa o3Ha4YaeT 3HaYMTENbHbIE BO3MOXHOCTU CUCTEMBI
yMeHbLUaTb KonebaHus. MNepemelleHne B KOHEYHY0 no3uunio 6e3 nepeBo3byxaeHnsa Tpebyet

BbICOKOro YpoBHs AemndupoBaHus (B npegenax 0,8 < D< 1).
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Puc. 11-31: U3ameHeHMe KOHTYpa perynmpoBaHusi NpU pa3fnyHbIX HAaCTPOMKaxX CKOPOCTU perynuBaHus
perynsitopa nonoxeHus

Ha Puc. 11-31 npeacTtasneHo nepeMeLleHne canasok X no BpemMeHu. B HUXHEN YyacTn pucyHka
npeacTaBrieHO 3Ha4YeHWe CKOPOCTM B HanpasneHuu X. NMapameTpom sBngeTcs KoapdpuumeHTt
ycunenuns ckopoctu K,. BospacTatowas BenuumHa ycuneHusi npuBoanT K YMEHbLUEHMIO OLLINOKK
perynupoBaHus 3a 0Gonee KOpOTKOE BpPeMSA [OOCTUMXKEHWS 3adaHHoOM ckopocTu. [lpwm
3HAYUTENBbHOM YCUMNEHUM KOHTYpa MPOUCXOAUT CHWXeHWe aemndupyrowien cnocobHOCTH, YTO
BeAeT K BO3HUKHOBEHWIO konebaHuin Npu pasroHe n TOPMOXeHUU. [103TOMY BENUYMHY YCUNEHNS
HeobXoaMMO orpaHuyMBaTh 3HAYEHUEM, MPU KOTOPOM ObICTPbIN Mepexon canasok 3adaHHYo
nosvuuio npoucxognt ©6e3 nepeBo3byxaeHnsa. [Oemndupytowan cnocobHoctb D 3gech
ABNSAETCS MapamMeTpoM, XapakTepusylLwmMm CnocobHOCTb K nodaBrneHuto KonebaTenbHbIX
BO3MyLLeHUn. CkaykoobpasHoe M3MEHEHUE CKOPOCTU NO3BONSET rMyboKO U3y4nuTb U OLIEHUTb
OVHaMMYecKMe XapakKTepuCTUKM KOHTponupyemoro npueoga. Ha npaktuke, U3MeHeHus
CKOPOCTU [OBWXKEHUS] KOHTPONUPYETCA CKOPOCTHbIM KOHTYPOM, 4YTO MO3BONSAET npuBoAam
cnefoBaTb  3afaHHbIM  BenMYMHAM M OOHOBPEMEHHO npefoTBpallaTte HegonyCTUMble
konebaHus CTPYKTypbl, Bbl3blIBAEMbIE U3MEHEHUSIMU YCKOPEHUNA.
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3aknroyeHue

B B CTaHKOCTPOEHMM, B 3aBUCMMOCTU OT TpeboBaHUIN, MPUMEHSAIOTCS PasfiMyHble TUMbI
npuBO4OB

u anBOD,bI noaay COCTOAT U3 Pa3rfinyHbIX SNMEKTPOMEXaHUYECKMX N MexXaHN4YeCKNX
KOMIMOHEHTOB

B K MexaHW4eCckuM KOMMNOHEHTaM OTHOCSITCS BCE AeTanu, Haxoaswmecs: B NOTOKe CUn
Mexay ABuratenem, MHCTPYMEHTOM U 3aroTOBKOM

®m OCHOBHOW 3aa4yelt MexaHU4ecKnx KOMMOHEHTOB siBNsieTcs npeobpasoBaHme
BpaLlaTenbHOro ABWKEHUSI B MOCTyNaTeNbHOe

m Cuctembl 4ns HenocpeacTBEHHOro 1 onocpeaoBaHHOIo N3MepeHna nonoXXeHusa
NPUMEHAKTCA ANA yCTaHOBNNIEeHNUA HalmiM4YHOro OTKIOHEHUA OT 3a4aHHON BENUNYMHbI

u PeryﬂﬂTOpbl NPUMEHAITCA ANd YMEHbLUEHNA pa3HOCTN Mexay 3adaHHbIM 1N HAaCToALLUM
3Ha4vyeHnem

B BenuunHamu oGpaTHON CBA3M SABASAOTCS TOK, HANpPsKeHne, CKOPOCTb U NOMNOXeHNe



