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K BOIIPOCY MCIIBITAHHHW NEPEJAY C NEPECEKAIOLIMMHUCSH
OCSMH HA 3AMKHYTbIX YCTAHOBKAX

A E. BEJIFEB, 10. C. CEMEHOB, T, 10. MHIEHKO, B, M. HIIIEHKO

(ITpeacraBaena HayuyHBIM CEMHHAPOM KadeAphl NPHKJIAAHON MeXaHWKH)

Beuay HM3BeCTHBIX NPEeHNMYUIECTB 3aMKHYTBHIX YCTAHOBOK Mepen pa3oMK-
HYTBIMHE [, 2] OoHM MOJy4YHJM LWIUPOKOE PACHpPOCTPAHEHHEe IIPH HCIbITAHHAX
3ybuarbix nepenad. [Ipn co3mnaHny yCTaHOBKH, NpPeJHA3HAYECHHON 15 HCIIbI-
TaHHs WapHKOBBLIX Nepefay ¢ NepeceKalolluMHCsl OCsIMH, Pa3paboTaHHBIX HA
kKadenpe npuknagHod Mexanuku TITH, BeisiBunuch onpenesenHble 3atpysHe-
HUSI B pelLIeHHH aHAJUTHYECKHX 3aBUCHUMOCTEH JJisi OTpe/lesieHust K. 1. JI. mepe-
Jnad. DTH 3aTpyNAHeHHs1 OoOyCJOBJeHbl TeM, YTO B OTJHYHE OT 3aMKHYTBIX
YCTAHOBOK /s HCIBITAHHUSI IIHAHHIDHUYECKUX Nlepefay B YCTAHOBKAX AJsl HC-
NbITAHKS Tepegad ¢ NepeceKalomUMHACSH OCAMU Helb3ss OCPAHHYHTLCS ABYMH
napaMu 3y6uaTbix KoJiec, a HeOOXOAMMO MHHHMYM 4eTeipe napnl. Kpome
TOr0, MOCKOJIbKY YCTAHOBKH INpelHAa3HadYeHbl AAS HCIOLITAHHST HOBOTO THIIA
nepenay, TpefoBasoCh NMPelyCMOTPeTh BO3MOKHOCTE HCCAENOBAHUSA BJHSIHHUS
TaKHX (DAKTOPOB, KAK H3MeHeHHue YyIJa liepeceucH:xs ocell ¥ U3MeHeHHe Tepe-
IaTOYHOIO YHCJia, YTO BbI3BAJIO NONOJHHTE/bHBIE TPYAHOCTH B KOHCTPYKTHB-
HOM OQOpMJIEHHH CTEeHAa.

Henr HacTosllell cTaTbH: 10KA3aTh NpeAsaraeMble aBTOPaMH BapKaHTHL
pelleHUs 3THX BOMNPOCOR.

AHaJu3 BO3MOXKHBIX CXEM YCTAHOBOK [10KA3aJ, YTO KOHCTPYKTHBHO OCY-
LileCTBHTL H3MEHEHHe YIJla MepecedeHus: ocedl ¢ (MpH PasjHUYHBIX Neperartou-
HBIX YMCHax, HanpuMep: { = 2+6) B 0OJHOH YCTAHOBKe B IIHPOKHX Hpeaesax
(0+90°) MpakTHUeCKH He MpPeACTaBAgeTCH BO3ZMOMHLIM. B ¢BsI3u ¢ 3TUM OBI-
J0 BeIOpaHO TpH 3HaueHHs yraa ¢(90°% 60° u 30°), KoTOpble GHIH PeaNH30-
BaHbl HAa ABYX OTAE/JbHBIX YCTAHOBKAax: ofHa — Aasi @ = 90° apyras — ans
¢ =30 u 60°, OcHoBanneM K 3TOMY INOCIYXKHJIO TO, 4To ¢ = 90° sBAsieTCs
nan6oJsiee pacopocTpaHeHHBIM cJayd4aeM B NpaKTHKe MaIUHHOCTPOEHHs, a
yrael 30° 1 60° ynoGHO OCYIIECTBHTb B OJHOH YCTAHOBKE, KpOMe TOTO, 3TH
3Ha4yeHHUs1 @ ABJAAIOTCSA NIPOMEXKYTOUHBIMH MexXIy ¢ = 0 (nepemaum ¢ napa.-
JIEJIBHBIMU OCSIMH) H ¢ = 90°,

CxeMbl ycTaHOBOK 1OKa3aHpl Ha puc. 1. Kak BuaHo us puc. 1, yCTaHOBKH
BHINOJHEHBl B PAa3JHYHOM KOHCTPYKTHBHOM HCIOJIHEHHH. YCTAaHOBKAa A
®=90° (puc. 1, a)) cOCTOHT M3 NBYX OJUHAKOBLIX PEAYKTOPOB, Ka:KIblil H3
KOTODBIX BKJIOUACT [(B€ Napbi MCIOBITYEMbIX llepefay. JTO MO3BOJASET MOJAY-
YUTb OGOJbUIYI0O KOMIAKTHOCTb YCTAHOBKH H, KaK IOKa3aHO HHXKe, H30ekKaTb
[ipH ONpefiejleHHH K.II. 7. CJOXKHOH aHaJHTHUYECKOH 3aBHCHMOCTH, He HMeIO-
el CTPOroro peuleHHs.

B ycranoske, mokasannoi Ha puc. 1, 6) (mas ¢=30°u 60°), okazanoch
KOHCTPYKTHBHO ynoOHee KaXKIyi0 H3 HCIBITYEMbIX Nepefay MOMeCTHTbL B OT-
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JeJbHOM KOpIlyCce, TaK KaK B NPOTHBHOM CJyuae KOH(HIypauus KOplyca
CTAHOBHUTCS OUeHbL CJIOXKHOH. .

[TockoabKy npuHUHN paGoThl 3aMKHYTBIX YCTAHOBOK MJISI HCIbITAHHS
3y0uaThiX nepelav J0CTATOYHO IUMPOKC H3BECTEH B TEXHHUECKOI Jutepartype,
a ycJoBHble 0603HAuYeHUs JeTastel (3a HCKJIIOUeHHEM lUIapHKOBbIX fepeiau)
ifa p!’IC. l COOTBGTCTBy}OT CTaHﬂapTHbIM, O[‘paHI’l‘-IHMCﬂ JIHUIL KpaTKHM Onuca-

HHEM YCTAHOBOK.

N
Hawnaon Baebo-cung Bruz

Puc. 1. CxewH YCTaHOBOK 15 UCTIBITAHHS Tepelay ¢ TepeceralouiiMicy
OCHMI: @) — BpH yrie mepeceucHud occil ¢ =907, 6) — npu yr.ie nepe-
cevenun ocefi ¢ = 30° u 60°

Harpyxenue 3aMKHYTOro KOHTYPa YCTAHOBOK OCVIHECTBJAETCH MO CIO-
coby npog. B. H. Kyapsasuesa [ 1] ¢ nomoutsio rpy3os Q.(12u 16, puc. 1, a)
it 1,6) cOOTBETCTBEHHO), MPHIOKEHHBIX K pbidaraM KOPIYCOB HaTPYKaAIOLLUX
peaykropos. [Tocaeanne noaBeliensl B cniopax Ha LIAPUKONOAIIHNHMKAX H
MOTYT IIOBOPaUUBATLCSI OTHOCHTENbHO oceft onop. CXeMbl cHJ, AeHCTBVIOIHX
Ha 3J2MeNThl Mepeaad, noxasads Ha puc. | (cuiaa P ¢ COOTBeTCTBYIOUIHM
MHAEKCOM IPHJICKEHA K KoJecy, cuaa P’ ¢ COOTBETCTBYIOUIHM HHIEKCOM —
K BaJ-llecTepHe).

[IpuBoa MCNBITYEMBIX XOJeC YCTAHOBOK OCYILECTBJIAECTCS ¢ fIOMOUILIO
3JIEKTPOJABHraTe el OCTCAHHOIO TOKa 1, 4TO MO3BOJAET U3MEHATH CKOPOCTh
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EpallleHHA B LWIHPOKHX npeaenax. MoumHocTs 3JjekTponBurartens | pacxo-
AveTcs JIMLDb Ha NMOKPBbITHE PAsJHYHBIX [10Tepb B YCTaHOBKe. {1 H3MepeHus
MOMEHTa, a CJIeL0BaTe/bEO, H PACXOAyeMOH MOIIHOCTH, CTaTOpP 3JIEKTPOABH-
rate’as NOJBellleH ¥a ONnopaX KayeHHUs.

B ycranoske, nokasanuol Ha puc. 1, 6), kopnyca peayKTOpPOB NPHCIOCORH-
NEHBl KaK 444 nepexad ¢ yraom ¢ = 30° Tak u Ajas nepenau ¢ ¢ = 60°. [oa-
IUHNHUKA BaJ-LICCTEPHH KaKAOIC pPeAYKTOPa IMOMelleHbl B CHelHaJbHOM
CTakaHe, Ha OPOTHBONOJOCKHLX TOPLUAX KaXKA0I0 PEIVKTOPa PACTOYEHbBl THES-
Ja TOJ CcTakaunl OJHHAKOBOrO JHaMeTpa: OZHO AJ1si cayuyas ¢ = 30°, apy-
roe aag ¢==60°. ITosToMy npu 3aMmeHe 3aUeNICHHS ¢ YIJIOM IepeCedYeHHs
ocedt 30° Ha 60° 10CTATOYHO NepeCcTaBHTbL CTAKAH C BaJ-IIECTepPHeld ¢ OIHOI0
TOpUa KOpilyca peLyKTopa Ha NPOTHBOIMOJIGKHLIH, NOJMOKeHHe Ke KoJeca
OTHOCHTEJBHO KOpIyca PeAyKTopa He MeHsieTcs. Bau-wecrtepHu y o6Genx BH-
J0B 3allenyIeHHs OMHAKOBBI, PA3JHYHB! JIHIIL KoJeca.

PepykToprr u aeKTpoaABHraTesu yCTaHOBKH (puc. 1, 6)) 3aKpeneHb Ha
asyx miurtax 14 u 15, [lpyu nepecrpolike yCTaHOBKH AJAsi HCABITAHUS Mepepad
¢ OJLHOTO yIJia ¢ Ha ApYrof KapAaHHble UIaPHHPBI, COeUHSIOUHE ¢ TOMOIIbIO
LIPOMEXKYTOUYHBIX BaJCB BaJj-wecTepuu 3, 4 u 9, 10 OTCOeNUHSAIIOTCA OT 1O-
ClNeXHHUX, B PEAYKTOpax IIPOH3BOAUTCH COOTBETCTBYIOILAs 3aMeHa Illepenay
Ha ZIpyro#l yroa ¢, sateM nauth 14 u 15 (BMecTe CO 3aKpelyieHHBIMH Ha HHX
pedyKTOpaMH H 3JEKTPOABHTaTeneM) MOBOPAUMBAIOTCS Ha paMe YUTaHOBKH
a 90° (10 yacoBOi CTpedKe OTHOCHTEJIBHO MOJOXKCHMS, IOKA3aHHOrO Ha
puc. 1,6)) n Ban-wecreptu 3, 4 1 9, 10 BHOBb COCLMHSIOTCSH € MOMOIUILIO TEX
He KaplanublX WapHUAPOB H NPOMEKYTOUHLIX BaJOB.

YcTaHOBKH TO3BOMAIOT NPOBOAHTL HCHbITAHAS WAPHKOBLIX cepHUECKIX
H 3BOJIbBEHTHLIX KOHUYECKHX 32lleIVIeHHH Ha KOHTAKTHYIO, H3JIOMHYIO NPOU-
HOCTb M M3HOCCCTOHKOCTL, & TaKKe TMO03BOJAIOT ONpefetaTh K.IL . 34-
LeNeHHS.

s onpefeieHns yCuauH B UCHBITYeMbIX nepexadax H K. II. . 3alere-
HHH HeOOXOAHMO HMETh 3aBHCHMOCTH, MO3BOSIOMINE NOJYYHTh K. 1. . Iepe-
Aad ¥ BEJHMYHHBI KPYTSAILUX MOMEHTOB Ha BaJjax.

Kak nsBectno, y Beaylux 3y6uaThiX KOJEC CHJB B 3alleIJIeHHH HANPaB-
J€HBl NMPOTHB HX BPALICHHS, Y BeJOMbIX — N0 Bpailenn. CoraacHo cxeman
CHJI B 3aMKHYTOM KOHType (pHc. 1) npH BpalleHHu Bajia 3JEKTPOABHIATENS
110 YaCOBOH CcTpeske (w;) BeAyMUMU 3yOuaTLIMH KosecaMu sSBasOTCS 3, 5, 8,
10 (puc. 1, a) & 2,4,8,10 (puc.41,6), a BegomMuiMu 4, 6,9, 11 (puc. 1, @) nu
3,5,9, 11 (puc. 1, 6). Hanpasaenue nupKy/IsALHN NOTOKA MOMIHOCTH (Nyg )
B 3aMKHYTOM KOHTYpe 0603HaueHO cTpeJKaMu Ha puc .l. TIpu uameHenuu
HalpapJeHHs BpauleHus Ha oO6paTHOe BeayIlHe H BeAOMbIC KOJIECa MEHSIOTCH
MeCTaMH, MEeHsieTCs Ha oOpaTHble HaNpaBJaeHHS U UMPKYJALHA [OTOKA MOLI-
HOCTH.

Ecay npuHaATL K. 0.1, 3aMeMISIOIHX H YCKOPSIOWMX Mepenay OfHHA-
KOLBIMH, KaK 3TO Jie1aeTcst NMPH ONpefleiCcHHH K. II. X. IBOJbBEHTHHX Nepexay
Ha 3aMKEYTBIX YCTaHOBKaX, TO MOXKHO TMOJYYHTH GOPMYJIL AJs ONpeAeeHHs!
K. I . Iepefay 3aMKHYTOIO KOHTYDA, a TakKe KPYyTsllde MOMEHTHI Ha Bajaax
DU PA3/MYHLIX HaNpaBJeHHAX BpamleHus (tala. 1). '

Iockonbky B ycTanoBKe, MOKasaHHOH Ha pHuc. 1, @), NCHBITLIBAeMBIE fe-
peiadu CMOHTHPOBAHBI IMIIb B IBYX KOPTIycax PeNyKTOPOB H YIJIOBHIE CKOPO-
CTH BXOAHOTO 5 ¥ BEIXOAHOTO 9 BAJOB HAarpyKaIoLUlero peAyKTopa OQHHAKOBbI,
TO MpH ONpPeAeJeHUH K. M. I. OJHOH mepeNayn (v) He3aBHCHMO OT HampapJe-

HUs BpallleHHs! Bajla 3/1eKTPOABHraTess | nonyyaeM OfHO H TO e KBaipart-
HOE YpaBHEHHe

Mtz‘i'”42+M1"G—M12'i:0, (1)

KOTODOE€ JIErKO PellaeTcsl, yYUTLBas TOT GAKT, UTO 1) MOKET ObITb TOABKO MO-
JIOXKHTEJbHOH BeJTHUHHOH.
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B ycranoske xe, nokaszanHo# Ha puc. 1, 0), Kaxknas nepenaua BHINOAHe-
Ha B BUje OTAeJbHOr0 PeAyKTOpa, BXOAHCH 7 H BRIXOAHOI 9 BaJsbl Harpy:Kaio-
IIero peyKTopa HMEIOT pasJyiMuHble YIJIOBble CKOPOCTH, IIO3TOMY [P Onpese-
JEeHUH 1 noaydyaeM (B 3aBHCHMOCTH OT HATpAaBJeHHS BpallleHHs BaJja 3Jck-
TponBUrarteds 1) pasaHukble ypaBHEHHS.

[Tpu BpauieHUH MO HAaCOBOH cTpeake (v, puc. 16)

Mygi-ngt — M+ M, iov? — M- i =0, (2)
NPH BPAIEHHH TPOTHB YACOBOH CTPEAKU
Mlﬁ'i‘m+M;'i'712“M;"4_M16‘i:O- (3)

YpaBHeHHst 2 H 3 He HMEIOT CTPOTOro pelleHHs, HX MOXKHO PEUIHTh JHLlL
npubanzKeHHo (HanpuMep, ¢ NOMOUIbIO ypaBHeHus Kaprana). MoxHO npex-
JIOXKHTb TaKxKe H cjaeAyiouiui npueM. Ilpu HcmblTaHEAX mnepejay B MOMeNT
onpejeseHus K. . 1. IPOU3BONUTCSL 3aMep MOMeHTa M He TOJbKO NPH NPHH-
TOM HaNpaBJeHWH BpalleHus, HO W [PH INPOTHBONOJOMKHOM, TOrJa YPaBHC-
Hus 2 ¥ 3 MOXKHO pellaTbh COBMeCTHO. Pe3yabTaT TaKOro pellieHHs NpHBeXLH

B Taba. 1.
Tadbrwua i

Yranl nepece-

A F 1
venus ocet Boipamenne nas KITH

o = 90° =

(M, —M)-i+V (M, =M -i]° + 4M; M} -CosT g
2 M, cosy

¢ =130 u 60° 0=
|

MoMeNTHl Ha Balax NP BPAIEHHH Baja JBUrarens o,

|

ITo uvacosof cTpeike ITpoTue uacoBoit cTpeaku

@ == 90°
M, — Myy-i M, = M- 173
(1447 -7 1+
M Miser2
M, = My = ——12- M, =My =—2T
1+ 7 14
Mis-i- Mys-i-
= = Mtn
I4-y? b4 7*
M2 My
Mg = M10: 1277 M{, — MIO - 2_
1-|-T‘2 1+.q2
¢ =30 u 60°
M M, 13
Mg= M, = X - M3=M4:'.¢L
(i—ncosy) -y i-m—cosg
Mig-i M,.-i-
Mﬁ:MTZ__..L_ MG:MT:J—_Y}_
i—mncosey i-7—cosy
Myg-m My,
My = My = T—LT‘— My = My, = 2
i—rnCcosy i-n-—cose
Miaei—m2 M- i
M12=M13:.m—[n'— M12:M13:.—"L’—
i —mcosy (i-v—cosg)- 7,
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B dopmyaax 1, 2, 3 1 B Gopmyaax, npeicTaBAeHHbIX B Tabu. 1, nHAeKcHl
pH MOMeHTaX Ha BaJax COOTBETCTBYKT 0603HauYeHHSIM BaJOB Ha puc. 1,
a M, — MoMmeHT Ha Bany aJgektpouasurarensi 1. Ilpu onpenenenun v pas
¢=30° u 60°, M, — npu BpauleHHH no 4yacoBoi crpeske, a M, — nporus
4yacoBoH cTpenku Mi; u Mg — MOMEHTE Ha KOpIycax HarpyXaloliux peayk-
TOPOB, co3laBaeMble Tpy3amMu 12 u 16 (puc. 1,a) u 1,6) coorBeTcTBEeHHO)
OTHOCHTEJbHO OCeH Oonop, B KOTOPBIX MOJABELIEHbl KOPNYCa Harpyxaioniux
PENYKTOPOB, | — NepelaTouHOe YHCIO0 OT BaJl-IIECTEPHU K KOJIeCy.

MonMenThl Ha KoJecaX 3aMKHYTOrO KOHTYpa, 3a WCK/AWueHHeM xoJaec 11
2 (puc. 1, a) u 1, 6) coOTBETCTBEHHO), paBHbl MOMEHTAaM Ha COOTBETCTBY-
I¥X Basax. MoMeHTHl Ha kKosecax 1l W 2, NOCKOJbKY OHHM PacHOJOMKEHb!
PANOM C 3JeKTpoABHrateseM 1, paBHBl anreGpavyeckoll CyMMe MOMEHTOB
Bana 2 uau 13 (puc. 1, a) u puc. 1, 6} cOOTBETCTBEHHO) U MoMeHTa M, Ha
BaJy 3JeKTPOABHTATEsI.

Ha ocHoBe mpoBeieHHOr0 aHa/ H3a MOXHO 3aKJIOYHTb, UTO €CJIM He Npe-
BaJHUPYIOT coOOparXkeHnss KOHCTPYKTHBHOTO XapaKTepa, TO YCTaHOBKH IS UC-
NbITAHHS Nepefay C [1IepeceKalolMMHUCA OCAMH TIPeNOUTUTENbHee BhITIOJHATS
no cxeme puc. 1, a) (¢ AByMsi KOpnycaMH peLYKTOPOB), TaK KaK B 3TOM
ciaydae K. M., . nepefayu onpejenasercs ¢ 60Mbliell TOUHOCTLHIO.
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