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MOAEJIUPOBAHUE PABOTbI YCTPOfICTBA C
MOINPNLINPOBAHHBIM JIMHEUHBIM JIBUT'ATEJIEM JJIA
HAKJIOHA KY30BA CKOPOCTHOI'O ITIOABUXHOI'O COCTABA

Paccmotpeno monenupoBaHue pabOTBl CHCTEMBI HaKJIOHA Ky30Ba Ha 0a3e NTUHEHHOrO JBHUTraTess s
COBPEMEHHOTO0 CKOPOCTHOTIO IIOABM)KHOIO COCTaBa XKeje3HbIX nopor. IlokasaHo, dro naHHas
TEXHOJIOTHS CIIOCOOCTBYET Pean3allii CKOPOCTHOTO JIBIKCHHUSI HA NMEIOIICHCS CETH JKEJIE3HBIX JOPOT.
[IpennoxeHo NMpUMEHEHHE JIMHEHHOTO IBUTATENsl B KAa4eCTBE CHJIOBOTO NMPUBOJAA HAKJIOHA Ky30Ba.
[TpousBeneHo MoaenMpoBaHHE PAaOOTHI CHCTEMBl HAKJIOHA Ky3oBa. llpemnoxkeHa 3amava yirydqmieHUs
nokasarened paboOThl CHUCTEMBI IMyTE€M M3MEHEHHs] KOHCTPYKIMU JIMHEHHOro JBUTaTels C LEIblo
npuOMKeHnss (OPMBI  €ro TATOBOW XapaKTePUCTHKH K (OpME HArpy304HOM XapaKTepUCTHKH
MEXaHM3Ma HaKJIOHa Ky3oBa. [IpeasioskeHbl W HcClAeAOBaHbl YETHIPE TUIA KOHCTPYKLMHU JIMHEHHBIX
nBurareseil: 0azoBas — C IJIOCKOM 3aKOHIOBKOM SIKOpSI, C CETMEHTHBIM SIKOPEM, C KOHHYECKOH
MPOCTaBKON CTaTopa H C KOHHYECKOW 3aKOHIIOBKOW SKOpsA. BrisBneHo Hambonblliee COOTBETCTBUE
Harpy304YHON XapaKTEpUCTHKE MEXaHHW3Ma HAaKJIOHAa Ky30Ba TATOBOM XapaKTEPUCTHKU JIMHEWHOIO
JBUTATES] C KOHWYECKOH 3aKOHIOBKOW sikops.llpousBeneHo MojaenupoBaHue pabOThI CHCTEMBI
HakJioHa Ky3oBa cpeacrBamu MATLAB Simulink, rie B kadecTBe MpUBOAa MCTOIL30BaHBI 0a30BBIH
JIMHEWHBI JBWUraTelb W JBUTATENb C KOHMYECKOW 3aKOHIOBKOMN sKops.llomydeHbsl pe3ynbTaTsl
MOJICJIMPOBaHMs, IMO3BOJMBILUE CIE€NaTh 3aKIIOUEHHE, YTO 3aJaHHBIH yrojl AOCTUraercs OO0OUMHU
JBUraTeIsIMHM, y JABMrareiass ¢ KOHHYECKOH 3aKOHLIOBKOM sIKOps HaOMoJaeTcs MeHbIlas dYacToTra
UMITyJIbCOB HAIpsDKEHHMsT B 00JacTH, COOTBETCTBYIOIIEH yIJlaM HakjioHa Oosiee 5°, uro obierdaer
peKUM pabOThl HHBEPTOPA, MUTAIOIIETO JIMHEHHbIC BUTAaTeIH. Takol JBUraTeNh IpyU HE3HAYNTEIEHOM
M3MEHEHUN KOHCTPYKIMHU TOKAa3bIBAET MEHBIINKA YPOBEHb YHEPronoTpediieHus: mpu paboTte B 00acTu
YIJIOB HAKJIOHA, OJM3KUX K MakcuMaibHOMy. [IpeanoskeHo ucciefoBaTh BapbUpOBAaHUE MapaMeTpoB
TeOMETPUH JIMHEHHOTO IBUTATENS HA €r0 OCHOBHBIE MTOKa3aTe I paboThl B COCTaBE MEXaHM3Ma HaKJIOHA
Ky30Ba CKOPOCTHOI'O IIOJIBUYKHOTO COCTaBA.

KirodeBble cjioBa: CKOPOCTHOE [BU)KEHHUE, MOABMIKHOM COCTaB, HAKJIOH Ky30Ba, JIMHEWHBIN
JBUTATENb, MOICITUPOBAHNUE, TATOBAS XaPAKTEPUCTUKA, CTATOP, IKOPb, YTOJI HAKJIOHA.

BBenenme.  Uuterpamus  YkpauHel B MHUPOBOE  COOOIIECTBO
[IMBUJIM30BAHHBIX TOCYJIAapCTB TpeOyeT BHEIPEHHS CKOPOCTHOTO MOJABHIKHOTO
cocraBa [l]. IIpoknaaka HOBBIX, BBICOKOCKOPOCTHBIX MarucTpajel Bpsa v
BO3MOXHAa B MMEIOILIENCS IKOHOMUUYECKON CUTyaluu. BHeIpeHne TEXHOIOTMHU
HaKJIOHa KY30BOB B KpPHUBBIX IIO3BOJUT HA MMEIOIIMXCSA MarucTpaisix
peanu3oBaTh CKOPOCTHOE JBMIKEHHUE [2].

AHaJu3 OCHOBHBIX JOCTHKEHHMH U JUTepaTypbl. B KauecTBe CHUIOBOTO
IPUBOJIA HCHOJHUTEIbHOTO MEXaHM3Ma HakKJIOHAa Ky30Ba IpeajiaraeTcs
npuMeHeHue JuHenHHoro asurarenss (JIJ[), cBoOOJHOro oOT HEAOCTAaTKOB
MpUMEHsIeMbIX mpuBoJOB. Jlisi oOecriedeHus: NpUEMIIEMBIX I[OKas3aTesen
MeXaHu3Ma, HeoOXOoJAMMO oO0ecrednTh HauOOJbIIEEC COOTBETCTBHE TATOBOM
XapaKTepUCTUKA  MPUBOAA  HArpy304YHOM  XapaKTEpPUCTUKE  MEXaHU3Ma
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HaKJIOHA[3].

Haubonbuiee pacrnpocTpaHeHue g HAKJIOHAa KY30BOB CKOPOCTHBIX
MOEe3/70B MOJyYusia CXeMa C PhIYaXHBIM IMOJBECOM MPOMEXYTOUYHOU OanKku K
pame Tenexku. EE Harpy3ouHas XapakTepHCTHUKa MpPEACTaBIsieT coOoi
MPAaKTUYECKU JIMHEWHYIO 3aBUCUMOCTh €CTECTBEHHOM BO3BPAILAIOIIEH CHJIBI OT
yrjia HakjJoOHa Ky30Ba. Takol Harpy304HOM XapaKTEpUCTHUKE MEXaHU3Ma B
HanOOJbIIEH CTENEHH COOTBETCTBYET TATOBAasi XapaKTEPUCTHUKA KOAKCHAIBHOTO
3JIEKTPOMArHUTHOTO JBUTATEIsI MOCTOSHHOIO TOKA C IEPEMEHHBIM BO3AYIIHBIM
3a30pOM M MMOJIC3HOM CHUJION, JCMCTBYIONIEH BII0JIb 3a30pa [4].

Jns uccnenoBaHusl BIUSHUS TIOKa3aTeliell CUCTEMbl HAKJIOHA Ha ee
rmapamMeTpsl, ¢ MOMOIIBI0 TporpaMMbl Simulink, SBIAOIIEHCS MPUIOKEHHEM K
nmaketry MATLAB, co3gaHa uMHTaUMOHHAsT MOJEJIb MEXaHUW3Ma HaKJIOHA
Ky3oBa [5]. Kak moacucrtemMa, 3Ta MOJiedb BOILJIA B COCTaB MOJIEIU CUCTEMBI
HakJioHa Ky3oBa [6].Il0 pe3yinbTraraM wuccileqOBaHUsS MOJAEIM IOKa3aHO
BIIMSIHUE MapaMeTPOB YCTPOWCTB HCHOJHUTEIBHOIO MEXaHM3Ma HAaKJIOHA C
MPUBOJOM OT JIMHEHHOTrO JBUTATENSl HA OCHOBHBIE €I0 XapaKTepUCTHKH[7].

JlanpHeWiee MNOBBIMICHUE TIOKAa3aTEeJIe CUCTEMBl HAKJIOHA Ky30Ba
BO3MOKHO IYTEM BBEJICHUS B CHUCTEMY JIOMOJHUTEIbHBIX 3JIEMEHTOB [8],71100
OTpaHUYCHUS yrja HaKJoHa Ky3oBa [9].

Heab uccaenoBaHusi, MOCTAHOBKA 3axauM. [Ipeanaraercs yJaydlIUTh
nokasaTteiau paboThl CHCTEMbl NMyTEM H3MEHEHUS KOHCTPYKUHUH JIUHEHHOTO
JIBUTATEJIs, HAIIPABJICHHOTO Ha MpUOJMKEeHUE (POPMBI TATOBON XapaKTEPUCTUKHU
K ¢popMe Harpy304HOM XapaKTEPUCTHKHU MEXaHu3Ma HakjIoHa Ky3oBa[10].

MarepuaJjbl uccjeaoBanui. Mceienosano nusMeHeHne KOHCTPYKIMU KaK
AKOpsl, TAaK W NPOCTaBKM cTaropa. PaccMOTpeHbl dYeThlpe BapHaHTA
KOHCTPYKIIUM JUHEHMHOTO ABurarens. B pacuere nmpunsto 3HadeHue MJIC B
oomorke 200000 A-B. 3a30p MeXay SKOpeM M TIPOCTaBKOW cTaTopa
BapbupoBajcs B auanazone 0 — 100 mm ¢ marom 10 mm.

HccnenoBaHa KOHCTPYKLMS JIMHEHHOTO JBUTATENsl, IPUHATas 32 0a30BYIO.
Ee reomerpus mnpuBeaecHa Ha puc. | a. Takxke paccMOTpEH JHHEUHBIN
JIBUraTe€Ib C CErMEHTHBIM sikopeMm (puc. 1, 6), ¢ KOHMYECKOH NIPOCTAaBKOU
craropa (puc. 1, 8)u ¢ KOHUUECKOU 3aKOHIOBKOU siKOpsA (puc. 1, 2).

[IyreM MoAE€nMpOBaHHS MAarHUTHOIO IIOJISI Ka)XJO0ro0 W3 JBUrareieu B
FEMM [11] c¢ mnociaenyrmuM HMHTETPUPOBAHUEM, IIOJYYEHBI TSTOBBIE
XapaKTEPUCTUKH HCCIEAYEMbIX KOHCTPYKIUUM, MPUBEIEHHbIE HAa pHUC. 5, rae
MPUBEJICHA TAKK€ HArpy304YHAs XapaKTEpHCTHKAa MEXaHH3Ma HAKJIOHa Ky30Ba.
OueBuaHO, UTO el HamboJiee COOTBETCTBYET TATOBas XapakTepucTuka 4 —
JIMHEHHOTO JIBUTATENS C KOHUYECKOU 3aKOHILIOBKOU SKOPS.
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Puc. 1 — BapuaHTBl KOHCTPYKILMY JUHEHHOTO IBUTATENSA:
a — 0a3o0Bas; 6 — ¢ CETMEHTHBIM SIKOPEM; 8 — C KOHUYECKOU NMPOCTABKOM cTAaTopa;
2 — C KOHMYECKOH 3aKOHILIOBKOU SIKOPSI.

Pe3yabTaThl ucciaenoBanmii. MsmMenenue (Gpopmbl 3aKOHIIOBKHU SIKOpS U
MPOCTaBKH HAMOOJIBINE BIUSHAE OKa3bIBACT B 00J1aCTH MaJIbIX 3HAYCHUH 3a30pa
N. CerMeHTHBIM SIKOph HE MOXKET OBITh NMPUMEHEH B IMpejiaraéMoM BHJIE,
MIOCKOJILKY €ro TAroBash XapaKTepUCTUKA 2 HMMEET JOKAJIbHbIH MUHUMYM,
JIe)KAIIMM HUKE HATPY30YHOW XapaKTEPUCTHUKHU, TO €CTh JABUIraTelib B JaHHOU
00ytacTi HEe CITIOCOOCH BBITIOTHATH CBOIO (DYHKITHIO.

R, xH

0 20 40 60 80 N, s
Puc. 2 — Pe3ynbTaTsl MOJIEIMPOBAHHUSI TMHEWHBIX JIBUTATEIECH:
l...4 — TATOBBIE XapaKTEPUCTUKHU JIUHEUHBIX JBUraTeNIen Mo puc. 1 a...e —
COOTBETCTBEHHO; 5 — Harpy304Hasi XapaKT€pUCTHKAa MEXaHU3Ma HaKJIOHa;
F — cuna; N — 3a30p MeXy SSIKOPEM U MPOCTABKOM CTAaTOpa.
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[Ipy aHamOrM4HOM HUCHOJHEHWH, JIBUTATENIb C KOHUYECKOW MNPOCTABKOM
CTaTOpa MMEET HECKOJBbKO XYAUIUE TATOBBIE IOKA3aTE IO CPAaBHEHUIO C
JIBUTATEJIEeM C KOHMYECKON 3aKOHIIOBKOU SIKOPS (TATOBBIE XapaKTEPUCTUKHU 3 U
4 — COOTBETCTBEHHO).

[TIpousseneno MO/JIEJTUPOBAHUE paboThI CHUCTEMBI HaKJIOHA
ky3oBacpeactBamu MATLAB Simulink [12], rme B kadecTBe mpuBojaa
MCMOJIb30BAHbI JUHEHHbIE JABUIaTENd, BHINOJHEHHbIE MO puc. 1| @ — 0a30BbIU
JIA n 2 — npunsatelid JIJ[. Pe3ynpraThl MOAEIMpOBaHUS PUBEAEHBI HA pHUC. 3 —
5. DuepromoTrpebienne 3a mepuoa 6 cex. cocrtaBmio: mius 6azoBoro JIJ —
274 100 [Hx., nis mpunaroro — 271 600 [Ix.

T T T T T T T

a o
Puc. 3 — IIpomecc mocTu)eHUs 3aJaHHOTO yriia HakjaoHa (7°) BO BpeMEHHOM 001acTH:
a — 6a3zoBbiit JIJ1, 6 — npunsatsiii JII.

a o
Puc. 4 — IIponecc nameHenus HanpsixkeHus Ha oomotke JI/[ Bo BpemeHHol obnacTu:
a — 6a3zoBbiit JIJ1, 6 — npunsatsiii JI/I.

f\/i?ﬁﬁj

a o
Puc. 5 — Ilponecc nsmenenus cpennero Toka nutanus JIJ[ Bo BpeMeHHO# o0nacTu:
a — 6a3zoBblit JIJ1, 6 — npunsartsiii JI/I.
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N3 puCyHKOB BHUJHO, YTO 3aJaHHBIA yroia JOCTUTaeTrcs o00ouMU
neuratessiMmu 3a 4,5 cek. Ilpu 3ToM y HpUHSATOro JBUraress HaOIrogaeTcs
MEHBIIIas YacTOTa HMMITYJIbCOB HANpPsOKEHHS B 00JaCTH, COOTBETCTBYIOIICH
yriaM HakJoHa Oosee 5°. D10 o6Onerdaer pexuM pabOThHl HHBEPTOPA,
nutarouero JIJ[. Takke O4eBUIHO MEHbIIEE 3HAYECHHUE CPEIHETO MUTAKOLIETO
TOKa, 4TO OOYCJIOBJIEHO OONBIIMM MPHUOJMKEHUEM TATOBOW XapaKTEPUCTUKU
npuHATOro JIJI Kk Harpy304HOM XapaKTEpPUCTUKE MEXaHU3Ma HAKIIOHA Ky30Ba.

Cnenyer, OoIHAKO, OTMETUTh, uTO Oa3zoBbii JIJ| HamexHee yaepKuUBaeT
3aJJaHHBINA yTroJI HAKJIOHA, YTO OOYCIOBJIEHO OOJBIIUM 3alacoM CHIIbI 3TOTO
ABUTATENS B 00JIaCTH MaKCHUMAaJIbHBIX YTJIOB HakioHA. OIHAKO, MPEII0KEHHOE
paHee BpaboTe [8] YCTPOMCTBO yJepaHHUs 3aJJaHHOTO yrIja HaKJOHa B BHUJIE
yIpasisieMoro aemrndepa, no3BoJisieT NpeHeopedb 3TUM (HAKTOM.

BoiBoabl./{5is1 o6neryenus pexuma padboThl MPIMOXOJ0BOTO HHBEPTOPA,
PEKOMEHJYeTCSl BBIMOJHATh JIMHEWHBIA JBUTATEh C KOHHYECKOW QopMoit
3aKOHIIOBKHM sIKOpsi. Tako¥l JBWUTrateiab NTpPH HE3HAYUTEIHPHOM HW3MECHEHUU
KOHCTPYKIIMHM TTOKA3bIBACT MEHBIINH yPOBEHb dHEPTOMOTPEOICHUS MpHU paboTe
B 00JIaCTH YTJIOB HAKJIOHA, OJM3KUX K MAKCUMAJTBLHOMY.

B nanbHelllmeM IUIAaHUPYETCS HMCCIEN0BaTh BIMSHUE MapaMeTpoOB
reometrpun JIJ[ Ha ero OCHOBHBIE TMOKa3zaTeduW PabOTHI B COCTABE MEXaHU3Ma
HaKJIOHA Ky30Ba CKOPOCTHOT'O MOJABHUKHOTO COCTaBa.
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