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TEOPETUYECKUE UCCINNIEOOBAHUA PABOYUX NMPOLIECCOB
B MEXAHU3ME MNEPEKIIOYEHUA NEPEOAY

Paccmompenvt Ounamuyeckue npoyeccul, npomexarowue 6 deMoMamu3UpOSaAHHOM MeXAHU3Me NepeKIoyeHs,
paccmompensl NepCneKmuBbl payuoHAIbHO20 YNPAesieHus KopooKoil nepedad.

Knrouesuvie cnosa. nepexKiyerue nepeéau, cucmembsbl asmomamuiecKkoco ynpaeieHus, mamemamuiecKkoe mo-

denuposaniue.

BBepeHue

Ha coBpemMeHHOM »3Tame pa3BUTHS aBTOMOOWMIIE-
CTPOEHHUSI i1  TOBBIIICHUS
CBOMCTB M TOIUIMBHON 5KOHOMHYHOCTH TPAHCIIOPTHBIX
CPEICTB IIMPOKO MCIOJB3YEeTCS  aBTOMATHYECKOE
yIpaBlIeHWE arperaTaMu TPaHCMHCCHH, B YaCTHOCTU —

TATOBO-CKOPOCTHBIX

KopobOxamu nepenad. Bee mmpe UCTIONB3yIOTCS pasiny-
HBIE CHCTEMBI aBTOMATH3ALINH ITPOIIECCA MEPEKITIOICHUS
nepenad. B Hacrosimiee BpeMsi B aBTOMOOHMIIECTPOCHUH
UCTIONB3YIOT HECKOJIBKO BHJIOB TPAHCMHUCCHH M CIIOCO-
60B ympaBneHus UMH. Pa3BuTHE 3JIEKTPOHMKH U cO3/1a-
HUE MHOTOpa3psagHBIX MUKPOIPOLECCOPOB HOBOTO IO-
KOJIHUS], BHEJPEHHE BBICOKOCKOPOCTHBIX KOMMYHHKa-
LMOHHBIX OOPTOBBIX ceTeil M pa3paboTKa CTaHAapTOB
ISO mo nepenaye MaHHBIX MEXIy BCTPOCHHBIMHU DIIEK-
TPOHHBIMH MOJYJISIMH M MOIIHBIA TONYOK K CO37a-
HUIO M BHEJPEHUIO Ha TPAHCHOPTHBIX CPEACTBAX Mexa-
TPOHHBIX CHCTEM YTIPABJICHUS CHJIOBBIM arperaToM.

Ananu3 nyoaukanuii. OnmauM w3 Hambonee
MEPCIEKTUBHBIX HANpaBICHUH SBIsIETCS pa3paboTka
AaBTOMAaTH3MPOBAaHHONW MEeXaTPOHHOW CHCTEMBI YIIpaB-
JICHUsI CHJIOBBIM arperatoM Ha 0asze cyxoro (hpukiu-
OHHOTO CIEIUICHHS W MEXaHWYeCKOH CTyNmeH4YaTou
KopoOku mepenay. [1o cpaBHEHHIO ¢ MEXaHUYECKUMHU
U TUIPOMEXAHUUECKUMU aHaJIOraMu, aBTOMaTHU3HUPO-
BaHHBIE KOPOOKH mepenad o0JagaroT JTydIIuMHU IOKa-
3aTeNSIMHU KIIJ, a TaKKe UMEIOT MEHBIIYIO YACNbHYIO
Maccy arperara.

Onmpasice Ha pabOTHl MPOBEACHHBIC CIIEIHAIU-
cramu XHAZY [1], u npoaHann3upoBaB UCCIIEAOBaHHUS,
nposenennbie B OMUM HAH benapycu [2], a Taroke ps-
Ja IpYyrux UCTOYHHKOB [3-5] mpHILIM K BBIBOAY, YTO
3HaYMTENbHAs YacTh MHHOBAIMH B aBTOMOOMIECTpoe-
HUM OyJeT CBS3aHO C CO3/IaHWEM CHCTEM aBTOMAaTH3H-
POBAaHHOI'O YHPABJICHUS CHIIOBBIM arperatoM. YUYHTHI-
Bas OCTPOTY BOIIPOCA MO YBEIWYCHUIO KOMIAKTHOCTH H
CHIDKEHHIO MacChl KOPOOOK Iepeniad, CBA3aHHYIO C TEH-
JEHIMENH pOCTa KPYTSIET0O MOMEHTa M MOIIHOCTH JBHU-
rareseii, MOKHO YTBEp)KAaTh, 9TO MEXaHHYECKHE aBTO-
MmaruzupoBanHble KII sBISIIOTCS BecbMa IMepCHEeKTHB-
HBIMH U TTOJIy4aIOT Bce OoJIbIIee pacrpocTpaHeHue.

ear mannoi cratbu. llenpio ucciemoBaHus
SIBIIICTCS. MAaTEeMAaTHIECKOE OMHUCAaHUE AUHAMHYCCKHX
MPOIIECCOB, MPOTEKAIONINX B CHIIOBOM 3JIEKTPOIBHUTA-
Tese MexaHusMa ynpasieHus KII, moctpoenue rpa-
(MKOB TEepeKIIOUEHUs Tepeaad U mpoBepka paboTo-
crmocoOHOCTH MexaHu3Ma yrpasieHus KII.

Ha ocHOBaHWUW MpOBEIECHHOTO aHanuW3a MyOJH-
Kalui OmpeneseHo, YTO MEXaHU3Mbl MEePeKITIOUYCHUS
Ha 0a3e 3JEKTPOJABUTATENICH MOCTOSHHOI'O TOKAa WC-
MOJB3YIOTCSA B aBTOMOOMIIBHOM TEXHUKE.

Ho B nurepatrype HET ONHUCAaHUS METOAUK
yIpaBJieHUs TAaKUMH ABUTATEISIMH, KOTOpHIe paboTa-
10T B mape ¢ peaykropoM. CII0)KHOCTH B yIPaBICHUH
BBI3BIBACT HAJIMYHE PEAYyKTOpa, KOTOPHIA Bcerga Oy-
JIeT UMETh CBOIO YIPYTrOCTb WJIM KPYTUIBHYIO KECT-
kocTb. KoTopast B cBOlo odepenr OyAeT BHOCHTH 3Ha-
YUTENBHBIA PEe3ylbTaT B pabOTy BCErO MEXaHU3MA.
BrimosiHeHHass padoTa TMOCBSINEHAa KCCIICIOBAHUIO
9TOrO SIBIICHHUS.

UccnepoBaHue gUHaAMU4YeCKUX
npoLeccoB B 35ieMeHTax npuBoaa
MeXxaHU3Ma nepeKknyYeHus

Bo Bpems nepexioueHus Inepepayd B KOpoOke
nepefad NPOMCXOAWT BBIPAaBHUBAHUE CKOpPOCTEH Bpa-
IICHUSI CHHXPOHU3aTOpa U IIeCTepHH, Ha KOTOPYIO Mpo-
UCXOAUT TepekmoueHue. lcnplTaHus sKcnepuMeH-
TaJIbHOrO 00pa3sla 3JIeKTPOMEXaHHMYECKOT0 MEXaHH3Ma
YIOpaBJICHUS KOPOOKOW mepenad MPOBOIWINCH Ha Ha-
IPy304YHOM CTEHJE B Ja0OpaTOpHBIX yCIOBUAX. TecTo-
BBIE BKJIIOYEHHS OCYIIECTBISUINCH MPU pabOoTaromeM
JIBUTATEJIC M UMUTALUH JBHKCHUSL.

TITocie npoBeeHHs IPEABAPUTENLHBIX CTEHIOBBIX
UCIIBITAHMI MEXaHU3Ma MEPEKIIOYEH s Tepeaad ObuTd
HOJIyYEHBl 3aBHCHMOCTH NEPEMEIIEHHUS TOJI3YHOB KO-
poOKu mepeay oT BpeMeHH [4].

O6paboTaB mMONy4YeHHBIE PE3YIBTATHI JKCIIEPH-
MEHTa, BBISBHJIACh OCOOCHHOCTH IIpOIiecca MepeKIIo-
YeHHs. YTOJ HaKJIoHa KpuBOW Ha y4yacTke AB Oonee
nosioru#i, yem Ha y4yactke CD puc. 1. 3to roBopur o
TOM, 4TO Ha JTHUX YYacTKaX CKOpPOCTh IOJ3yHa KO-
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poOKM mepesad He OAMHAKOBA, @ OHA YBEJINYHBACTCH
Ha ygactke CD.
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Puc. 1. I'paduk nepemereHus nonzyHa
KOpPOOKM Iiepesiad NpH MepeKIIOYeHHN

[MomoOHbI 3¢ dekt HaOIrOANICS BO BCEX CITydasx
MEePEKIIIOYCHUH € CHHXPOHM3AIMEH IMPH CTEHIOBBIX
ucnpltanusx. DPdext HaOmMogaNC U TOCHe YAaICHUs
IITAaTHBIX (PUKCATOPOB BKIIOUEHMs mepenad. [loatomy
ObUIa Ipe/IIoKeHa TUIOTe3a O CYIIECTBEHHOM BIIMSIHUH
KPYTHJIBHOM KECTKOCTH PEAYKTOpa CHIOBOTO 3JIEKTPO-
JIBUTATENs Ha IPOLECC EePEKITIOUSHHUSI.

Puc. 2. O6muii BuI cTeHAa ONpeneIeH s
KPYTHJIbHOM )KECTKOCTH:
1 — cranuHa cTeHAa; 2 — phIYar NePeKITIOYCHUSI
nepenay; 3 — peayKkTop; 4 — ANeKTPOIBUraTeNb,
5 — JaT4uK 4acTOThI BpalleHHs

Ha ycraHoBke puc. 2 ObUIM IPOBEICHBI JAOMOTHU-
TeNbHBIC JKCIICPHUMCHTANbHBIC HCCIICAOBaHUS OMpee-
JICHUSI KPYTWJILHOM JKECTKOCTH PEIyKTOpa CHIIOBOTO
AIIEKTPOJBHUTATEIISl B MpOIiecce HArpykeHus. B pe3yib-
TaTe IKCIEPUMEHTa OblIa IOJIydyeHa 3aBUCUMOCTD yriia
MOBOPOTa CHJIOBOTO JJICKTPOABHIATEINSI OT CHJIBI TOKa
10J[aBaeMoii Ha ero 0OMOTKH puc. 3.

KaK 9TO BUAHO M3 MOJYUYCHHBIX PE3YyJIbTaTOB 3KC-
MEPUMEHTAa NPU OCTAHOBKE phlYara MEPEKITIOYCHUS B
YIIOp BO BpeMsi CHHXPOHHU3AIMH, POTOP JIEKTPOJIBUTA-
TeNs 32 CUET KPYTHUJIBHOM JKECTKOCTH €ro peryKropa
3aKpY4YHMBAETCsl Ha CYILIECTBEHHBIN YTOJI.

dusnveckas MOJIeNb, UCIOJIb30BAaHHAS TMPH MO-
CTPOCHHU MATEMaTHUYECKON MOJENH, UMEeT BUJ, Tpel-
CTaBJIeHHBIN Ha puc. 4. JI7sg ynpoieHus: npeacTaBieH-

Hasi MOJeNb ObUIa CBEJEHA K YIPOIICHHOW MOJemH
HUMEIOIIICH CIICYIOIIUI BUIT pUC. 5.
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Puc. 3. 3aBucHMOCTD yriia 3aKpyTKH
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Puc. 5. [IpuBenennas ympomeHHast MOJIENb

OO0paboTaB pe3yNbTaThl AOTOJHHUTENBHBIX JKCIIE-
PUMEHTOB, ObLTa COCTaBJICHA MaTeMaTHYeCKas MOJCIb
MeXaHU3Ma TEPeKIIOYCHUS Iepenad, KOTopas yJuThHI-
BaJa KPYTHWIBHYIO J>XECTKOCTh PEIyKTOpa, HMEoIIas
CIeAYyIOIINi BU!
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. doe
. R+ K, —-U(t
ﬂ: m m dt ()
dt L, '
d2®:Kr'i'n_Mc_Cp'((a_Up'q)). 1)

dt? —
d2¢ CP.(®_UP.¢).UP_Cy'lop.((l)_(bwwp)_':d

dt? I

np

Ie | — CHJIa TOKa Ha OOMOTKAxX JIBMIaTElId,
R,, — akTUBHOE COIPOTHUBIEHHE IKOPHOH LIEIH,

L, — MHAYKTUBHOCTb SIKOPHOH 1ieny,;

K,, — k03¢ ¢HIIEeHT NPONOPIHUOHATBHOCTU MEXKILY

ckopocteio 1 J]IC;
® — yroJ OBOPOTA Bajia JIEKTPOIBUIATENS;
K, — K03(Q}HUIHEHT TPONOPIHOHATEHOCTH MEXIY

SHGKTpOMaFHl/ITHI)IM MOMCHTOM U TOKOM SIKOp)I;
F, — cuna nemnduposanus;

®yop — YTOJI IOBOPOTA PbIYAra 10 KacaHus KOHHYE-

CKUX TIOBEPXHOCTEH CHHXPOHM3aTOpa (MPOCTPAHCTBEH-
HO BPEMEHHas 3aBHCHMOCTh OTPAHHYCHHS IepeMerie-
HUH pbIuara);

C, — JKECTKOCTh PEAYKTOPA;

U, — nepeaToqHoe neio peayKropa;

(p — YroJI IOBOPOTa BBIXOHOTO Bajla peAyKTOpa,

Cyuop — HKECTKOCTB yTIOPA;

|, — NPMBEIEHHbII CyMMapHbI MOMEHT HHEPLUY;

— TPUBEJICHHBII MOMEHT HHEpPLUHM poTOpa

TP g
JIBUTATEIs,
U(t) — HanpspKeHUE TUTaHKS 3JICKTPOABUTATEIS.

Koappunment K

ObUT OmpeJieNieH, UCXOs U3 3aBUCUMOCTH, MOJTy4YEeHHOM
W3 TIPOBEIEHHBIX SKCIIEPHMEHTATBHBIX HCCIEIOBAHMM
(puc. 6) mo Tako# 3aBUCHMOCTH:
F-h
pbryara

=, )

I'n
rae F — cuma Ha peraare mepeKIroueHus;

Npprara — AVTMHA pBIYAra;

HCTI0JIb30BaHHBINA B pacuerax,

R

K

T

i — cuna Toka Ha ooMoTkax asurarens; 1 — KII/I.

KectkocThb pPEaAYKTOpa ObLia OIpeacCiiCHa 110 3aBU-
CUMOCTH

c Koim ©)

IMony4eHHble JaHHBIE OBUTM MOJCTABIEHBI B
ypaBHEHHsS MOJEIM M 3amucansl B cpeae Simulink.
Pe3yibraThl MaTEMaTHYECKOTO MOJEIHPOBAHMS MOJI-
TBEPKJAIOT CYIIECTBEHHOE BIHMSHUE KPYTUIBHOM
)KECTKOCTH PEIYKTOpa Ha paboTy CHPOEKTHPOBAHHO-
ro MexaHu3Ma MepeKIIYeHus nepeaad. M coBnajarot

C pe3yibTaTaMH 3KCIIEPUMEHTAIbHBIX HCCIEIOBAHUH,
YTO BHUJHO M3 HAJIOXEHHUs TpadHKOB, IOIYYEHHBIX
9KCIIEPUMEHTAJIBHBIM IIyTEM C rpad)uKoM MaTeMaTH-
YeCKOr'0 MOJESIHPOBAaHUS puc. 7.
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Puc. 6. 3aBHCHMOCTD YCHIIMS Ha phIYare MeXaHu3ma
HEePEKITIOYEeHHs OT CHIIbI TOKa Ha OOMOTKax
CHJIOBOTO JBUIATEIs
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Puc. 7. CoBmemnieHne pe3yabTaToOB TEOPETUIECKOTO
¥ MaTeMaTHYECKOT0 UCCIICIOBAHUS

B xozme mpoBeneHHBIX 71a00OPAaTOPHBIX OJKCIEPH-
MEHTOB U MaT€MaTHYECKOTO MOJETUPOBAHUS OTYUYEHbI
pE3yNbTaThl, KOTOPHIE SBISIOTCS UCXOAHBIMU TAaHHBIMHU
Juiss (POPMHUPOBAHUSI KPUTEPUEB CUCTEMBI YIPABIICHHUSI.
A nmMeHHO: 3P deKT MPUHOCUMBIN KPYTHIIBHOH KeCTKO-
CTBIO PEIYKTOpa BBI3BIBACT YBEIWUCHHE YAAPHBIX Ha-
rpy3ok B KII 4ro mpuBener k yMEHBIICHHIO CpOKa
ciryk0bl cHHXpoHK3aTopa. [loaToMy, 11l yMEHBIICHHS
YAapHBIX Harpy3ok TpeOyeTcs NpexIeBpPEMEHHOE BBHI-
KIIIOUCHWE TMTaHMUS Ha CHJIOBOM OJIIEKTPOJIBMIATEIE,
PEAYKTOp KOTOPOTO, HAXOACh B YIPYTOM COCTOSIHUH 3a
CYeT CBOEH KECTKOCTH, NMPOU3BENET BKJIIOUEHHE Iepe-
nmaun Oe3 BBICOKHMX yIApHBIX Harpy3ok Ha meramu KII.
BoikitoueHue nuTaHus MPEeXIe NOCTUKEHUS KpalHEero
MOJIOKEHUS IO pe3yJbTaTaM MaTeMaTH4ecKoro Moje-
JMPOBAHMS TTOKA3aIM CYIIECTBCHHOE YMEHBILICHHUS yCH-
nus Ha peryare KII. Pesynbrartel poOOTHI MO3BOJISIOT
palMoHAIBHO TOCTPOUTH anroputM ympasienus KII,
MO3BOJISIIOIIMI MaKCUMalbHO 3(G(EKTUBHO MeEpeKIIIo-
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qaThb nepeaavu, 4YToO MOBBICUT TATOBO-CKOPOCTHBIC CBOM-
CTBa TPAHCIIOPTHOI'O CPCACTBA.

BbiBOoAbI

W3 mpoBeneHHOr0 HCCIEIOBaHUS CIENYET, YTO
JlaHHAas TEMATHKA SBIICTCS TEPCICKTUBHBEIM HaIpas-
nmeHueM, TpeOyromeli BHUMATENbHONH MPOpabOTKH
BBISIBJICHHBIX 3aBHCUMOCTeW. JlanmpHeine ucciemno-
BaHUs 10 JaHHOMY BONpPOCY OyJyT NMpOBeJeHBI B Ha-
MpaBJICHUU ONTHMH3AIUAHA aJTOPUTMOB YIPABICHUS
aBTOMAaTH3UPOBAHHBIM MEXAaHH3MOM IEePEKIIOUCHHUS
nepeaady myrTemM onpeacieHus ONTUMAJIbHBIX IIapa-
METPOB CHCTEMEI. Pa3pa0oTaHHBIA MEXaHU3M aBTO-
MaTH3UPOBAHHOTO TICPEKIIOUCHUS Tepeaad TakkKe
UMEeT BO3MOXKHOCTH JOMOJTHUTENHHOTO PYYHOTO
JIyOMUpPOBaHUsA, YTO B 3HAYUTEIHHOW MEpe MO3BOJIHUT
MOBBICUTH )KHBYYECTh TEXHUKH.
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TEOPETUYHI AOCNIAXEHHA POBOYUX NPOLIECIB
B MEXAHI3MI NEPEMUKAHHA NEPEOAY

M.I'. Muxanesu4, M.M. CujibueHKO

Pozenanymo ounamiuni npoyecu npomikaiouu 6 asmomMamu308anoMy MeXaHizmi NepeMuKants, po32saHymo nepcnekmusu

payionansbHozo Kepysanms KopooKoio nepeoad.

Knrwwuosi crosa: nepeMUKaHHs nepe()au, cucmemu asmomamudHoco KepyeaHHs, mamemamudHe MOOEN0B8AHHSL.

THEORETICAL RESEARCH OF WORKING PROCESS
IN THE GEARSHIFT

N. Mikhalevich, N. Silchenko

Considered the most commonly used automated control system the gearbox in a production car, and analyzed prospects.
Keywords: gearshift, automatic controls, mathematical modeling.
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