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(57) Crnoco6 OTHOCHTCSI K 00NacTd aBTOMOOHMJIECTPOEHHS M MOXET OBITh HCIIOJIB30BaH B CHCTEMaxX PeryIHpOBaHHS

JIBIDKEHHEM KOJIECHBIX MAIlINH, 00SCIIeUMBAIOIIIX [TOBBIIICHNE UX TATOBOW IMHAMHKH, TOIIMBHOI SKOHOMHYHOCTH,
YCTOHYMBOCTH JABWXKEHUSI M S(QEKTHBHOCTH TOPMOXKCHHUS. YKa3aHHbIE pe3ylIbTaTbl JOCTHIAIOTCS TEM, 4YTO
OCYIIECTBIISIIOT ONEPay N3MEpeHH s, 00paboTKy M aHaJM3 IEKTPHISCKUX CHTHAJIOB, IIPOMOPIHUOHAIBHBIX CHIIAM
W/WIM MOMEHTaM B KOHTAKTE KOJIEC C OIOPHOHW MOBEpXHOCTHIO. Omnepanun peryiupoBaHUs ITOJAa4d TOIUIMBA B
JIBUraTeslb BHYTPEHHErO CrOpaHMs, IEepeJaroliero MOMEHT K BEAYIIUM KOJecaM 4epe3 TPAHCMUCCHIO, BKIFOUCHUS
UIEKTPONPHUBOJA TATOBOIO BEHTUIATOPA, CO3JAIOIIET0 PEAKTUBHYIO, TOJNKAIOIIYIO CHIIY TATM MAIlUHBI, U JABICHUS
B TOPMO3HOM IIPUBOJIC HAYMHAIOT IIPH OTPHIATEIbHBIX 3HAKaX NMPOU3BOMHBIX OT CHJI (MOMEHTOB) B KOHTAaKTe KOJeC
MAaIlIUHBI C OIOPHOM MOBEPXHOCTHIO. Omepanuy perylnupoBaHUs HUCIOIHUTEIbHBIMA MEXaHU3MAMU BBIIONHAIOT B
TEYEHHE BCETO BPEMEHH ABIDKCHUS M TOPMOXKEHHS KOJIECHOM MAIIMHBI, a 3aBEpIIAlOT ONepalliy NP PaBEHCTBE
HYIIIO TEPBHIX IPOM3BOJHEIX OT CHJI (MOMEHTOB) B KOHTaKT€ KOJEC C IIOBEPXHOCTBHIO JIOPOTH IO BPEMEHHU.
Pearnmsarnus npeuraraeMoro crioco6a 06ecIeuuT Mo CPaBHEHHUIO C CYIIECTBYIOIINM IPOTOTUIIOM OoJiee Ka9eCTBEHHOE
pEryaupoBaHue PEeKUMAMHU ABMKCHUS KOJIECHOI MaIMHBI, ITOBHIIIAIOIINX HX TATOBYIO AUHAMHKY, SKOHOMHIHOCTD,
YCTOIYMBOCT IBIDKEHHS U 3()(EKTHBHOCTH TOPMOXKCHHS 3a CUET COINIAaCOBAaHHOTO ympasienus paboroit [ABC,
TPAaHCMHCCHEH U SJIEKTPOIPHBOAOM BO3IYIIHOTO BEHTHIATOPA, 00ECHEUHMBAIONIET0 MAKCHMAIbHYIO PEan3aIuio
YCIIOBHH CHEIUICHHUSI KOJEC C OMOPHON MOBEPXHOCTHIO M TIOBBINICHHE TATOBOH CHIIBI, HE 3aBUCAIIEH OT YCIOBHUH
CIIEIICHUSI KOJIeC.
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CI1IOCOBb PET'VJIMPOBAHMSI PE2XKUMAMMU JABIDKEHMA
KOJIECHOM MAIIMHLI C TEIUIOBBIM W PEAKTHMBHBIM
[TPEOBPA30BATEJISIMU OHEPT I

Croco6 OTHOCHTCS K OGJacTH aBTOMOGWIECTPOSHHS M MOXET OBITh
HCIIONB30BAaH B CHCTEMaxX DPETyJHpOBaHMs pPEXHMMaMH JBHXCHHEM KOJICCHBIX
MAIIMH, OGECTeYMBAIOMIMX TOBBILIEHAe MX TArOBOM NMHAMHMKH, TOILTMBHOM
SKOHOMHYHOCTH, YCTOMYMBOCTH ABIKEHUA ¥ ) PEKTUBHOCTH TOPMOKEHHUS.

VI3BecTeH CIIOCOO CO3MAaHMS TATOBOM CHJIBI aBTOMOOWIIS, OCHOBAHHBIM Ha
TOTyYeHHH DPEaKTHBHOM CHIBl TAMM, CO3JaBaeMOM BOZAYIIHBIM BHHTOM.
PeakTHBHAS CWJIa TATM OCYIIECTBIAETCA 3a CYeT IMepefavyd BpaLICHUS OT
KOJIEHYaToro Baja nBuratens BHyTpeHnero cropanus ([IBC) BosoymHOMY
BHUHTY Y 3aBHCHT OT YIJIOBOM CKOPOCTH BpAIUEHHs BHUHTA, €r0 reOMETPUICCKUX
xapaktepucTuK. OJHMM M3 NPEHMYIIECTB TaKoro criocoba SBJISETCS TO, YTO
CHJIA TATHM, OT KOTOPOH 3aBHCHT TArOBas JMHAMHKA KOJECHOH MAlIMHEI, HE
3aBUCHT OT YCIOBHI CIEIUIEHMs BeAylUX KOJIeC MalllMHbl C OTIOpPHOM
MOBEPXHOCTBIO (Hampumep, noporoi). Ilpu aToM, cuima TArd MOXET OBITo
GoJbIIe, YeM TO MO3BONAIOT yCIOBHS CLEILICHHs BEIyLIMX KOJIEC C OMOPHOH
TIOBEPXHOCTh, TAK KaK PEaKTHBHAS BO3/YIUHAs CHJIA TATH «TOJIKAET» MAIIKMHY U
OHA MOXeT UMeTh CKOJIb YTOfIHO Goubinoe 3Hauenwue [1].

OMHAKO B PacCMAaTPHBAEMOM CNOCOGE MOBHIMICHHE CHJIbl PEAKTUBHOW CUJIBI
TSTH MPOMUCXOIUT TOJIBKO 33 CYET CKOPOCTH BPAIICHHsS BO3MYLIHOTO BUHTA HIIA
MOIIHOCTH BEHTHUIISTOPA, CBA3aHHOIO CO CKOPOCTBIO BpALCHUS KOJICHIaTOro
Bana JIBC. '

ITpy HCTIONB30BAHKH BO3AYINHOTO BHHTA C IIPHBO/IOM OT KOJICHYATOTO Baa,
eIMHCTBEHHBIM CIIOCOOOM MOBBINIEHUS pEAaKTHBHON CHIBI TATH — OTO
yBenuueHue mofadu Tomwimsa B [[BC ¢ menpio MOBBIICHAS YIJIOBOH CKOPOCTH
BpallleHUs ~ BO3MYIIHOTO  BMHTA, 4YTO  HEMPEMEHHO  NPHUBOAMT K

HEKOHTPOJIUPYEMOMY Pacxojly TOILIMBA.



[Ipi MCTONB3OBAHMM TONBKO PEAKTHBHOW BO3AYIIHOW CHJIBL  TATH
OTCYTCTBYET CHCTeMa KOHTPOJI COCTOSHUS CHEIUIEHHs KOojec ¢ OMOpHOU
TOBEPXHOCTBIO, T.€. OTCYTCTBYeT CHCTEMA YIPABISHM, YTO MOXKET IPUBECTH K
oTepe €€ yCTOMYMBOCTH M YNPABIIIEMOCTH MAaIIMHBI MPH BBICOKMX CKOPOCTAX
ee JBWOKECHHUS U IIPU DKCTPEHHBIX TOPMOXKEHUSX.

Kpome Toro, paccMaTpuBaeMbIi CHOCOO HE NpeayCMaTpvBacT CO3JaHHE
pEeBEPCUBHON DEaKTHBHOHM BO3MYIUHOM CHJIBI TATH, KOTOpas MOXET OBITH
HCIIONB30BaHa [UIs  TOPMOXEHHMS  KOJIECHOH  MaluMHbl.  TopMOXeHHe
OCYILIECTBJIAETCS ¢ [IOMOILBIO KOJIECHBIX TOPMO30B KOJIECHOH MAIINHBL.

W3BecTeH cmoco0 CO3MAHUS CHJIBI TATM KOJECHOW MalIMHBI OT JABYX
pcrounukoB dsHepruun — or JIBC wu sjexTpoiBHraTens, H3BECTHBIX Kak
rubpuaHble aBTOMOOUIH [2].

B pmannoM crocobe MoMmeHTsl oT JIBC M aneKkTpoaBuUratens NEpeaarTcs
Be/yLUM KOJIECaM KOJIECHOM MalMHbI 6€3 OLEHKH YCIOBUH CLEIUIEHHS KOJIEC ¢
JOpOToHf, 4TO MOXET IPUBECTH K OyKCOBAHHIO KOJIEC M CHU3UTH TATOBYIO
NVHAMUKY KOJIecHOHM Mammubl. ITostomy pabGora [IBC u amekTponBuraress
OJDKHA MMETh CHCTEMY yIIPaBJIeHHs, TO3BOJISIOMIYIO COTJIACOBAHHE HX PAabOTEI,
MCXOMS U3 YCJIOBHI CLIEIUIEHHS BETYIMX KOJIEC C ONIOPHOH NMOBEPXHOCTHIO. Tl
COIJIACOBaHHOM Iepefadyli MOMEHTOB OT JByX HCTOYHHKOB SHEPIUM K BEIyLIHM
KonecaM TpebyeTcs aBTOMATHYeCKas CHCTeMa HACHTHQUKALMH YCIOBHH
CIIETUIEHHs BELYIIUX KOJIEC C OTMIOPHOM MOBEPXHOCTBIO.

OHMM W3 HEIOCTATKOB criocoba sSBISETCS TO, YTO OTCYTCTBYET CHCTEMa
[OIONHEHHS  ONEKTPUYECKOM  OJHEPIMHM  aKKyMYJATOpHOH  Oarapeii
seKTpofBHratens. Hamnpumep, NpH YCTaHOBUBIIEMCS PEKAME JBIKCHHSA
KOJIECHOM MAIIMHBI CO3Jal0TCs ONaronpusTHbIE YCJIOBHS UL TOA3APSAKH
aKKyMyJIATOpa TIPUBOZAA 3NEKTPOABMIaTells, TaK KakK CHia TATM B KOHTaKTe
KoNeca C MOpOroil HMMeeT MHHHMAlbHOE 3HaYeHHe (BKIIOYEHA MpsMast
nepegaya). Cuna TATM B YCTaHOBMBLIEMCS DPEXHME IBIKCHHS KOJIECHOM
MAIIMHBI He0OX0aMMa Ui IIPEOIOJICHHS CHIIBI COMMPOTUBIICHUS KAYCHHIO KOJIEC,

3alaHHBIX YKJIIOHOB JOpOTH H CHJIBI BO3OYLIHOT'O CONIPOTUBJICHUA. HpI/I
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YCTAHOBMBILIEMCS PEXMMe JBIDKCHHs KOJECHOH MallMHBI LesnecooOpasHee
HCIIONIB30BaTh TOJNBKo sHepruio JIBC, ycranoBuB nogady Tommsa JIBC mms
NONyYeHHss MOMEHTA, COOTBETCTBYIOLIETO YCJIOBUSAM CLEIUICHHS BEAYLIHX
KOJNIEC KOJECHOM MAIIMHBI C OINOpPHOM IIOBEPXHOCThIO, H NPEOAOJICHHSA
CYMMApHBIX CHJI COIPOTUBIIECHHUS JBHKEHUIO KOJICCHON MAIMHEL, YTO MO3BOJAT
obecrnieynTh MHHHMMAJIBHBIA pacxo]] TOIUIMBA U JKOHOMHIO 3HEPIUH
aKKyMYyJIATOPHOM GaTapey 3IeKTPOJABUraTels, a TaKkKe COXpaHUTh OanaHC CHa
11 TIOJUIEP)KAHHUS [IOCTOSTHHOW CKOPOCTH JBMIKEHHsI KOJIECHOH MAIIIWHBL

HauGonee GNM3KMM K TpeqiaraeMoMy Crocoby sBIseTcs —Crocod
peryJIMpOBaHus PpEXUMOB [BUKEHHM MOOWIBHBIX MallUH, B CHCTEMaX
obecrieueHHss yCTOMYMBOCTH  JIBIKEHHs, OS(P(EKTUBHOCTH  TOPMOXKCHHUA
aBTOMOOMJIEH M J[pYyrMX TPAHCIOPTHBIX CPEICTB, COAEpXallWi oONepanuu
u3MepeHus, OOpabOTKH, aHalM3a CHUIHAIOB, XapaKTepPHU3YIOLIMX COCTOSHHE
CLEIUICHHUs KOJIEC C OMOPHOH ITOBEPXHOCTHIO, CKOPOCTH OCTOBA, JaBJICHHS
paboueil cpelpl B KCIONHUTENBHBIX MEXaHU3Max TOPMO30B, HOPMAlIbHBIX
OTIOPHEIX peaKLuil KoJieC M UX MU3MEHEHHMH, a TaKkKe Ollepallii peryldpOBaHus
HCIIOJIHATEIHHBIX MEXAHU3MOB M IIOBTOPEHHE ITHX OIEpalii B HEYCTONYHBBIX
peXHMax IBIKEHHS, IPHYEM OIEpallMi pETYJIHPOBAaHUS HUCIOTHUTENBHBIX
MEXaHH3MOB HA4HHAIOT NIPU OTPHIATEBHBIX 3HAKaX MPOU3BOIHBEIX OGOKOBBIX
peakiuii Kosec, GakTHIeCKH pealu3yeMbIX KOJecaMHd TOPMO3HBIX MOMEHTOB,
BO3HMKAIOIIMX B IIITHAX KOHTAKTOB KOJIeC MAIUUHBI C ONIOPHOM MOBEPXHOCTBIO,
WWIA KPIOKOBBIX YCWIMHA, a 3aBEpIIAlOT ONEepaliy  PperyJHpOBaHMs
HCTIOTHUTENbHBIX MEXAHHU3MOB IPH PaBEHCTBE HYJIO WM IOJIOXUTENbHBIX
3HaKaX INPOHM3BOIHBIX OOKOBBIX pEaKLUH Konec, (aKTHYECKH peaan3yeMbIX
KOJIECAMH TOPMO3HBIX MOMEHTOB, W/HIIU KPIOKOBBIX yCHIHH [3].

OnHako W3BECTHHIM CIOCOO  perylupOBaHMs  PEXHUMOB  JIBHXKEHMS
MOGHIBHBIX MAIIHH HE MO3BOJSAET YIPABIATh TMOPUIHON KONECHOM MaIlHHOH,
cojepxailieli aBa wucTo4HMKa OSHeprun — JIBC u© onexTpoiBUrareis,
peoOpasyIoIUX JHEPTHIO CTOPAaHUS TOILIMBA U 3JIEKTPHYECKYIO SHEPTHIO Y€peE3

TPAaHCMHUCCHUIO MAIIMHBI H 3JICKTPOABUIaTEeIb B MEXaHHMYCCKYIO pa60Ty IIyTEM
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nepefiauy SHEPTHH K BeIdyIIUM KoyecaM. Taxoke perylupoBaHHE MPOU3BOAUTCS
[0 IapameTpy — MPOU3BOJHAs GOKOBBIX peakuuil Kojec, 4To He 00ecreynBaeT
yCTOMYHMBOCTB JBHKEHHUS THOPHIHOMN KOJIECHOW MallMHBI.

Bamaueii W300peTeHUs SABIAETCA CO3JaHME CIoco0a pPerylnupoBaHMS
peXMMaMH [BIDKEHHS KOJIECHOH MAlIMHBI C TEIJIOBHIM M PEaKTHBHBIM
npeobpa3zoBaressiMi SHEPruM, MO3BOJIAIOIIErO MOBBICUTH TATOBYIO JIHHAMUKY,
SKOHOMHYHOCTh, YCTOWYHBOCTb MABIDKEHHUS M 3(P(GEKTHBHOCTH TOPMOXKECHMUS
KOJIECHOM MAILMHEL, IIyTEM COTJIACOBAHHOI'O YIpaBJieHHs ABYMS HCTOYHHKAMH
sgeprui — JIBC ¥ DIEKTpHYECKOW OHEprued ¢ IeNblo  MOJNy4YeHH]
MaKCHUMaJIbHOM CHJIBI TATH KOJIECHOM MallMHBl IIPH MHHHUMAJBHBIX pacxoaax
SHEPIUH.

VkazaHHas 3ajada JOCTHIAeTCs TEM, 4YTO B CIIOCOOE peryIMpOBaHHS
peXHMaM# JIBIDKEHHS KOJNECHOM MaIUWHBl C TEIUIOBBIM M PEaKTHUBHBIM
npeoGpa3oBaTesIMU SHEPTHH, COAEPXKAIIEM ONepallHy M3MepPeHHsl, 00paboTKH
M aHAJIN3a JIEKTPUYECKHX CHTHAJIOB, XapaKTepU3yIOIUX COCTOSHUE CLICIICHHUS
KOJIEC C OTIIOPHOM MMOBEPXHOCTHIO, PEryIMPOBaHK [TOJa4i TOIUIMBA B JBUTaTe/b
BHYTPEHHEro CropaHusi ¥ IIOBTODEHHEM JTHX Olepaldid B TEYCHHE
HEYCTOMYMBBIX  PEXHAMOB  JBIKCHHS  KOJECHOM  MAaIlMHBI,  COTJIACHO
M300pETEHHIO OMEpalid pPeryJIMpOBaHMs [OJa4Yy TOIUIMBA B JIBHIraTelNlb
BHYTPEHHETO CTOPaHHsl, BKIIOYEHHS HCTOYHMKA MONyYEHHUS PEaKTHBHOM CHIIBI,
CO3JAIOIIETO PEAKTHBHYIO CHWIIy TAT'M H/MIM TOPMOXEHHS, U JAaBJICHUS B
TOPMO3HOM TNPHBOJE OCYIIECTBIAIOT INpPH OTPHLATENBHBIX 3HAKaX HEPBBIX
IPOM3BOMHEIX OT CHJ W/WIM MOMEHTOB B KOHTaKTe KOJEC C OINOPHOM
IIOBEPXHOCTHIO [0 BPEMEHH, a 3aBEPINAIOT ONepaluy perylTHpOBaHHA MONAvH
TOIUIMBA B JBMIraTelh BHYTPEHHETO CTOPaHMsl M MCIIOJHUTEBHBIM MEXaHH3MOM
TOPMO3HOTO TIPHBOJIA TIPH PABEHCTBE HyIIO MEPBON NPOM3BOJHON OT CIII W/HIH
MOMEHTOB B KOHTaKTe€ KOJieC C OIOPHOM IOBEPXHOCTBIO IO BPEMEHH, H
OBTOPEHHEM JTHX OIEpalyii B TeYEHHE BCErO BPEMEHHU [BMIKCHUS KOJECHOHU

MAalINHEBIL.



YxazaHHas 3ajlada NOCTUTaeTcs Takke M TEeM, 4TO B IPOLECCe pasroHa
KOJIECHOM MAINMHBI OIlepallid peryiupoBaHus mojgauu Tormkea B JIBC u
BKIIOUEHUS  WCTOYHMKA  IIONYYE€HHS  pPEaKTUBHOW  CHJIBl,  HalpUMEp,
3MEKTPOJBMIATENlsi [PUBOAA BEHTHIATOPA BO3AYIIHOH CHIBI TATH, [JIA
NpHBeEHUS MOMEHTAa [BHUrarelli BHYTPEHHEro0 CropaHusi B COOTBETCTBUC C
YCIOBUSMHU CLEIUIEHUs BEAyIIMX KOJieC, M TOBBIIICHHMS CHIIBL TAW, HE
3aBUCAIMX OT YCNOBHH CLEIUIEHHMs KOJeC, Ha4YMHAIOT NMpH UIAEHTH(HKALNU
OTpHIIATEIbHBIX 3HAKOB IEPBOM INPOU3BOAHOM OT CHII W/Ud MOMEHTOB B
KOHTAKTE KOJIEC C OMOPHOM MOBEPXHOCTHIO MO BPEMEHH, U MOBTOPEHHEM 3THX
onepanuii B TeYEHHE BCETO BPEMEHH pasrOHa KOJECHOH MalllMHBI Ha KaXXJ0#
nepenave.

VkazaHHas 3ajada JOCTUTaeTCs TaKXe U TEM, YTO B PEXUME TOPMOXEHHA
KOJIECHOM MAIIHMHBI OCYILECTBISIOT Olepallid TPHUBCACHHUS NaBICHUA B
TOPMO3HOM IIPHUBOJE B COOTBETCTBHUE C YCJIOBMSMHU CLEIUICHHS TOPMO3AIIMX
KOJIEC C OIOPHOW TIOBEPXHOCTBIO, BKJIIOUYEHUS PEBEPCHBHOIO BpAIICHHUA
JMCTOYHMKA TIOJYYEHHS pEeaKTUBHOM CHIIBI, Hampumep, BEHTHIATOpA A
yBeIMYEHHs CHJBI TOPMOXCHHUS, HE 3aBHCAIICH OT YCIOBHH CLEIUICHHA
TOPMO3SIIHMX KOJIEC, 3aBEPIUAIOT OIlepallid MpH pPaBEHCTBE HYJIIO nepBoY
IPOM3BOAHOM OT CHJI W/HJM MOMEHTOB B KOHTAaKTe TOPMO3AINMX Kojec C
OTIOPHOM IIOBEPXHOCTBIO, U TOBTOPEHHEM O3THX OIEpallMKd B TE4YEHHH BCEro
BpPEMEHHU TOPMOXXECHHsI KOJIECHON MallWHBI.

Vka3zaHHasg 3a7a4ya JOCTHUTAeTCs Takke U TeM, YTO B CHCTEMeE YIIpaBIICHHS
KOJIECHOM MAaIIMHOM, OCHOBAaHHOM Ha MAECHTH(GUKALMH CKOJIB)XCHHUS KOHTAKTOB
KOJIEC, MCIOJB30BaHbI JATYMKHA M3MEPEHUs W aHalu3a YCKOpEeHHMH ee Macc,
QOpMHpYIOIIME ~ CUTHAJBl  YNpaBlIeHMS  KOJNECHOW  MAallMHOH  IpH
MICHTU(GUKANY OTPULATENBHEIX 3HAKOB IPOM3BOAHBIX OT YCKOPCHHH, H
3aBepIIAlOIIUX pPEryJHpOBaHME IIPH PABEHCTBE HYIXO IPOM3BOAHBIX OT
YCKOpPEHHH II0 BpeMeHH, W IOBTOPEHHEM OTHX OIEpaldi B TEUCHHM BCEro

BpEMEHHU OIBHIKCHUA KOJIECHOM MAaIlIUHEI.



Vka3aHHas 3a/a4a JOCTHTaeTCsl TaKXKe U TeM, YTO B Ka4eCTBE HCTOYHHKA
NONy4YEeHHsT PEAKTHBHOM CHIIBI TATM H/UIM TOPMOXEHHS  HCIHOJIB30BAHBI
CHJIOBBIE YCTAHOBKH, CO3JAIOLIMX pPEaKTHBHYIO CHIly, Kak BEHTHJATOD,
ra3oTypOMHHEIE ABUTATENH U T.I1., IPH HICHTHQUKALUYA OTPULATEIbHEIX 3HAKOB
TIIPOM3BOJHBIX OT CHJI W/HIM MOMEHTOB B KOHTakTe KOJEC C OIOPHOH
TIOBEPXHOCTBHIO.

Jlns peureHWs MOCTABICHHBIX 3aJa4 DPacCMOTPHM OCHOBOIOJIArarolHe
(byHJaMeHTabHbIE PE3YJbTaThl, MOJYy4YEeHHbIE MHOTMMH HCCIICJJOBATENAMH,
KOTOpBIE COCTABJIIIOT OCHOBY IIPEANaraeMoro crnoco6a, MOBBILIAIOIIETO
TATOBYIO AWHAMHKKY, TOIUIMBHYIO 3KOHOMHYHOCTb, YCTOWYMBOCTD JBMXXEHUSA U
3¢ HeXTHBHOCTH TOPMOKEHHUS KOJECHOM MAIIMHBI.

PaccMOTpUM  M3BECTHYKO  [HarpaMMmy H3MeHeHuH  Kod(uLHeHTOB
CIIeTJIEHHS KOJIeca ¢ OTIOPHOI OBEPXHOCTHIO B 3aBUCUMOCTH OT KO3 QHIMEHTa
OTHOCHUTEJIHOTO CKOJIBKEHHUS €r0 KOHTAKTa, TIpeiCTaBlIeHHyIo Ha ¢ur.1 [4].

Ha ¢ur.] nokasana guarpaMma H3MeHEHHS KO3(OHIHEHTOB CLEIUIEHHH
Kojeca B IPOJOJBHOM M B GOKOBOM HAaNpaBIeHUSX K IUIOCKOCTH KaueHHUS
KoJieca B 3aBUCHUMOCTH OT CKOJIBKEHHS KOHTAaKTa KOJIeCa OTHOCHUTENIBHO €ro
OIIOPHOM MOBEPXHOCTH. B 3aBHCHMOCTH OT PEXHMOB Ka4€HHUs KOJIeCa, TArOBBIH
WI¥ TOPMO3HOM, Ha JHarpaMMe OTMEUYEHBl 30HBI PETYJIMPOBaHHS, B KOTOPBIX
AJTOPUTMBI COBPEMEHHBIX CHCTEM aKTUBHOH 0€30MaCHOCTH aBTOTPAHCIOPTHBIY
cpenctB  (mamee CAB ATC) <¢opMupyroT  CUTHaIBI  yMpaBICHUS
UCIIOJIHUTENBHEIMA MEXaHU3MaMHU KOJIECHON MAllMHEIL.

Ha ¢ur.l: Q,,,>Ps, — KPHUBBIE H3MEHEHU] KOIPOUIMEHTOB CLEIUICHHSA

KoJieCa C OIOPHOM ITOBEPXHOCTHIO B IPOJOJIBHOM (CHia, AEWCTBYIOINAs B
IIPOJOJIBHON IJIOCKOCTH KadeHHs Kojeca) U B 66KOBOM HarpaBieHusIx (cuia,
NEepIEHAMKYIsIpHas K [PONONBHONW IUIOCKOCTH — Ka4YeHHs Koneca); S-—
K0>(h(GUITMEHT OTHOCHUTENHFHOIO CKOJIBXKEHHS KOHTAaKTa Kojieca B TSTOBOM H B

TOPMO3HOM pPEXHUMax €ro KaiuCHus, %.



Touku «1» B «1'» (¢dur. 1) COOTBETCTBYIOT MaKCHMAJILHBIM 3HAYEHUIM
K03(QHUIMEHTOB CLEIUICHUs Kojleca C ONOPHOM IMOBEPXHOCTBIO B MPOJOJIHHOM
HAIIPaBJIEHMH €0 KayeHus (TArOBBI I TOPMO3HON PEXHUM).

V3 anann3a u3MeHeHu# KOd(pQUIMEHTOB CLUEINIEHUH Kojieca B IPOJOJIEHOM
¥ B 60KOBOM HaIlpaBJEHHH K IUIOCKOCTH KadyeHHs Koneca (cM. ¢ur.l) cuenyer,
YTO CKOJIBXKEHHE KOHTAaKTa KoJieca B MPOMOJIHPHOM HAlpaBICeHUH KOCBEHHO
OKa3plBacT BIHMAHME Ha H3MeHeHHe KkoddduirenTa cuemnaeHus OOKOBOM
HanpasieHud. C yBeJIMYeHHUEM CKOJBXEHHS KOHTAaKTa Kojieca B MPONOJIbHOM
HalpaBJIeHUH yMEHbIIaeTcss KO3(QGHUMEHT CLEIUIEHHs B MPOIOJBHOM U B
OOKOBOM HamNpaBJICHUAX.

JuarpamMma,  TpeAcTaBleHHas Ha  ¢wWr.l,  gBiOjgercs  OCHOBOH
¢ynkiponuposanus Beex cymectBylomx CAB ATC: anTUONOKMpOBOYHAs
cucteMa (manee ABS), mporuBoGykcoBouHas cuctema (manee ITBC), cucrema
crabmwin3anuu AsmxenneM (nanee ESP) u npyrux cucrem [5].

AJNTODUTMBI ~ CHCTEM  yTNpaBleHUS JBHXCHHEM  KOJIECHBIX  MalllMH
PacCYMTHIBAIOT KOIPPHUIIMEHTH OTHOCUTENBFHOIO CKOJIBKEHHs KOHTAKTa KoJieca
Ha OCHOBE M3MEpPEHHs] KHHEMAaTHYECKUX MapaMeTpoB 110 HopMyiaMm:

- B TOPMO3HOM PEKUME!

S = Va0 1 100%: (1)
Va
- B TATOBOM pEXHMe:
S = &%i -100%, )

a

rae V,— CKOpOCTh IIOCTYNATeNBHOTO [BMXKEHHs KOJIECHOW MAIlMHbI
(CKOpOCTh OCTOBA KOJISCHO!M MaIlIMHBI), M/C; O, — YIJIOBas CKOPOCTb BpallleHHs
xoneca, pad/c; 1, — IMHAMHYECKUN paflyc KadyeHHUs KOoleca, M.

CnemoBaTeNlbHO, B CYIIECTBYIOIIUX CHUCTEMAX YIPaBJICHHS JBHXXKCHHEM
KOJIECHOM MAaIMHOM HCTOYHMKAMHM TMEPBHYHOM HMH(OpPMALUH  SABISIOTCM

JaTYUKH, HU3MEPAIOLIUE YITIOBBIE CKOPOCTH BpallICHHA KoJIeC w, U CKOpPOCTb

NOCTYNaTeIIbHOTO ABMIKCHUSL OCTOBA KOJIECHOH MAaIllWHbI Va, npeaAcTaBAIOIIUE
7



coboii kuHeMaTH4yeckue mapameTpsl. Ha ocHOBe 3THX aHHBIX OCYILIECTBIIAETCH
ANTOPUTM YIPaBJIEHHs ABHKEHUEM KOJECHOW MAINHOM.

KputeprieM (opMHpOBaHUs CHIHAJIOB ynpaBneHw{ HCITOJIHUTETbHBIMU
MeXaHM3MaMHK YIpaBlieHus IBHXKCHHEM KOJIECHOW MalllWHBl B TArOBOM H B
TOpMO3HOM pexumax, B coBpeMeHHbIX CAB ATC sBnstoTcs 3a/aHHBIE
IIOpOroBhle 3HAUEHUS KOI(PUIMEHTa OTHOCUTENBHOTO CKONBXEHHS KOHTAKTOB
Koinec S.

IIpu mpoBenennu pacuetoB 1o ¢opmynam (1) u (2) nonarailT, HTO

ﬂI/IHaMI/I‘-IeCKHﬁ paauyCc KadeHUs Kojecal; HMMCECT MOCTOSTHHOC 3HA4YCHHC, a

CKOPOCTb NOCTYIIATENBHOrO BHKEHHsS KOJIECHOW MaIlHMHBI V, ONpelensercs
IyTeM ONpoca YIJNOBBIX CKOPOCTeH BpallleHHs @ BCeX ero Kosec. Taxum
o6pa3oM, ompeaensercss yCpeIHEeHHas CKOPOCTh IIOCTYNAaTEIbHOrO JBMKECHHS
KOJIECHOM MAIIMHEI.

Kpome Toro, mojararoT, YTO OpOroBOe 3HaYeHHe KodduImeHTa
OTHOCHUTEJIFHOTO CKOJILKEHHMS KOHTaKTa Kojieca S HaXOAUTCS B JHamnasoHe OT
20% nmo 23%. HeoOxoauMO OTMETHTH, YTO B CYLUECTBYIOIIMX pe3yJIbTaTay.
uccienopanuii o cosganuio CAB ATC HeTr 4eTkoro oOOCHOBaHHS JAHHOTO
JMana3oHa U3MEHEHHss KO3 @HUIIHeHTa OTHOCUTEIBHOIO CKONIBXEHHSI KOHTAaKTa
Koseca S, B KOTOPOM OCYIIECTBIISIETCS PEryJIMpOBaHUE.

Pe3ynpTaTsl SKCIIEPUMEHTANBHBIX MCCIIEN0BAaHUH, MPOBEICHHBIX aBTOPAMH,
IOKa3bIBAIOT, YTO [UANA30H M3MEHEHHS CHJI B KOHTAKTE KOJIEC C OMOPHOH
MIOBEPXHOCTBIO 3aBHCHUT OT MHOXECTBa (AKTOPOB, HampHMep, OT DEXUMa
TOPMOXEHHs M  pasroHa, (H3UKO-MEXaHMYECKMX  CBOWCTB  ONOPHOH
MOBEPXHOCTH, PHCYHKA IPOTEKTOpAa IUMHBI, CKOPOCTH IOCTYNATEIbHOTO
IBWKEHHS KOJEeCHOM MallMHBI ¥ MHOTMX JpYrux napameTpoB. Bce
nepeunclieHHble (aKTOpPhl HaXOJAT CBOE OTpaXeHHEe Ha KOHEYHOM BBIXOJHOM
napaMeTpe — U3MEeHEeHHe CHJI B KOHTAaKTE KOJIEC C ONIOPHOH MOBEPXHOCTBIO TIPH
PasIMYHBIX PeXHUMaX KadeHHUs Koneca (Belyu, BEJIOMBINA).

Tak kak k0o>h(HUIMEHT OTHOCHTENBHOTO CKOJIBXEHHsS KOHTaKTa Koneca S

3aBUCHT OT erIOBOf;I CKOPOCTH BpAIICHHUS KOJICC Wy, KOTOPYIO B HACTOSLIEC
8



BpeMsT MOTYT HM3MepsTh C JOCTaTOYHOH CTENEHbIO TOYHOCTH C IOMOLIBIO
anpoOUpPOBaHHBIX JATYUKOB, HAIPUMEP, MHAYKTOPOB, TO TOYHOCTh M3MEPEHUSA

CKOPOCTH IIOCTYHATEJIbHOI'0 ABHIXCHHUA KOJIECHOH MAallUHBI Va BBI3bIBACT

OIIPCACIICHHBIE COMHECHUA. Kaxk YK€ OTMEYAJIOCh, CKOPOCTH IIOCTYIATCJIBHOID
ABHXCHHUA OCTOBA KOJIECHOM MAaIIMHBI Va B COBPEMCHHBIX CHCTEMax
YIOpPaBJICHUA ONPEACSIIOT IIYTEM OIIpocCa YTJIOBBIX CKOpOCTeﬁ Bpalll€HUA BCEX
KOJIEC @, KOJIECHOM MalllMHBI, TOrga CpeaHssA CKOPOCTb ABHXXCHHI KOJIECHOM

MaIlllHhHbI:

Zroz'wxi

raec V;ch —CpeaHsAA CKOpPOCTh IOCTYNaTeJIbHOTO JABHIXKCHHA KOJIECHOH

MaHII/IHBI,U)Ki —YyrijioBas CKOPOCTb BpalliICHHA i-ro KoJieca, [ - 4MCJIO KOJIeC, 7, 0~

JMHAMHYECKHM pagryc Ka4eHHus i-ro Kojeca. |

Takum 0Opa3om, CpenHssi CKOPOCTb HOCTynai‘eJILHoro JIBIDKEHHUS KOJIECHOU
MAIIIMHEI V., ONpe/ieNnseTcs MyTeM ONpoca yrioBbIX CKOPOCTEN BpallleHHUs BCeX
KOJIEC .

KpOMe TOro, IpHM MNPOBECACHHH PpaCYE€TOB IOJIaraloT, 410 AHHAMH4YCCKHC

paanycCol Ka4€HUA ¥, »i BCEX KOJICC ONMHAKOBBI.

B To ke BpeMsi, YIJIOBasi CKOPOCTh BpAIlleHHsI KOJIEC M, KOJIECHON MAIlNHEI,
B 00IeM ciydae, HaXOIMIIMXCS B pPa3IUYHBIX YCIOBHAX CHEIUIEHHUS H
BO3JEHCTBUS  HEPOBHOCTEW  OMOPHOM  NOBEPXHOCTH  (IOPOTH)  MOTYT
3HAYATEIFHO OTJIMYAThCS M BpalaThes ¢ pa3lNM4YHBIMU CKopocTsaMHu. Hanpumep,
HAJIMYHEe CHMMETPHUYHOTO MeXKoJiecHOro nuddepeHiinana NO3BONSIET BEAYIIHM
KOJIECaM BpAIlaThCA C Pa3IMYHBIMH YITIOBHIMH CKOpPOCTAMH. Takum oOpas3oM,
ecu KO3QQHUIHEHT OTHOCUTENBHOTO CKOJIBXEHHsI KOHTaKTa KOJIEC S, KOTODbIH
ABJISETCS KpUTEpHEM (GOPMHUPOBAHUS CUTHAJIOB YNPABICHUS UCIIOJHUTEIBHBIMH
MEXaHM3MaMH YIPaBJICHUs KOJECHOH MAIIUHBEI B TATOBOM M TOPMO3HOM
peXuMe U3MEPSETCs NECATHIMH HOJSIMU €IUHUL, To oumbka (GopMHpoBaHMsA
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CHTHAJIa YITpaBJIeHHS MOXXET OBITh CYIUECTBEHHOM, YTO, HECOMHEHHO, OKaXeT
BIusHre Ha OS((EeKTHBHOCTh M KavyecTBO YIpasileHHs B ueinoMm. M3
NIPUBEJICHHBIX JaHHBIX BUIHO, 40 B AIFOPUTMAX COBPEMEHHBIX CHCTEM
yIpaBJieHUsI OTCYTCTBYET IIpsiMasi CBS3b MEXAY CHJIaMH B KOHTAKTe KOJeC H
KO3 PHUIIIEeHTaMU X CLIETUICHHUS C OITIOPHOH II0BEPXHOCTEIO.

B Oonee coBepIlleHHBIX COBPEMEHHBIX CHCTEMaX AKTUBHOM 6e30MacHOCTH
KOJIECHOM MAIIIMHBI B IIEJIAX MOBHIIIEHHS 3} ()EKTHBHOCTH CUCTEMBI YIIpaBJICHHUS
MX aJITOPUTMBI OCHOBaHBI Ha pacyeTax CHJI B KOHTaKTe KOJIEC, OCHOBAaHHBIX Ha
H3MEPEHUAX KHHEMAaTHYeCKHMX MapamMeTpoB (YIJIOBBIE CKOPOCTH KOJIEC,
YCKOpeHHs] Macc MalluMHbl). [ ompejieneHust CUil HCIOJIB3YETCS M3BECTHBIM
NPHUHIMI KIaCCHYECKOo MexaHWKH — NpuHnun I'epmana-Oiinepa-/lanambepa
[6]. Onpenenenune cus, Ha OCHOBE H3MEPEHMs M aHaIM3a KHHEMATHYECKUX
[IapaMeTpoB KOJIEC M OCTOBa KOJECHON MalllMHbl TpeOyIOT 3HAUYUTEIBHOIO
HapaluBaHUs HWHGOPMALMOHHBIX KaHAJIOB, YTO CYILUECTBEHHO YCIOXHSIOT
AJITOPUTMBI yNpaBJIeHHs, C KOTOPHIMH HalpsIMyl0 CBsA3aHa CTOMMOCTH CaMoOM
CHUCTEMB! YIIPaBIICHHUS.

B pasButuu coBpeMeHHBIX CADB KoJIeCHBIX MalllMH HaOIr0AaeTCs TEHACHIIMS
HapalllMBaHUs YHCJAa JAaTYMKOB KHHEMATUYECKUX I1apaMeTpOB, YTO B CBOIO
odepenb BeAET K YCIO)XXHEHHIO AITOPUTMOB YIPABJICHHWS W IOBBIICHHID
croumoctu CAB.

[TosToMy uaes MpSIMOro M3MEPEeHHs] U aHajiu3a CHJI B KOHTAaKTe KOJEC C
OIIOPHOM MOBEPXHOCTHIO JJISl [IOCTPOCHHS AJITOPUTMOB YIIPABJICHHS IBHKEHHEM
KOJIECHBIX MAIlWH, C Halleii TOYKH 3pEHHUs, MpejAcTaBiseTcs Hauboiee
NEePCIEKTHBHOM.

[TosscHUM  CYHIHOCT,  B3aUMOCBSI3H MeXAy cwiaMd (MOMEHTaMHu),
JEHCTBYIOIIMMU Ha BeAyllee KOJIeCO C HCIOJIL30BaHHEM TEOPHH KaueHHs
Kojieca mo omnopHoi mnoBepxHocTH D. Koieco cosepiraer kadeHHe Mox
JefCTBUEM, TIPHIIOKEHHOTO K HeMy MOMeHTa M), (dwur.2).

Ha ¢ur.2: N - HOpMaibHas peaklus ONOpPHOM moBepxHocTH D Koneca,

N=G; G-Bec xoneca; M » — MOMEHT, IPUJIOKEHHBI K Kojecy (MOMEHT,
10



(dopMHpYEMBIi CHJIOBOM YycTaHOBKOW); D - omopHas MOBEpXHOCTh; F, —
KacaTelbHas cuia (CHJIa TATH, peakUys OINOpHOH MOBEpXHOCTH D) B KOHTaKTe
KoIleca ¢ OIOPHOM moBepxHOCTEI0 D B Touke O; F, —cHia CONMPOTUBIECHHS

IOCTYNATCIIbHOMY ABHMXXCHHIO KOJIECA, M p MOMCHT, peanmyeMLH‘/’I B KOHTaKTC

KoJleca C OIOPHONW MHOBEPXHOCTBIO D Mo yCIOBHAM CLEIUIEHHS KoJjeca; 7, —
IMHAMHUYECKHM paauyc KadeHHs Koiieca; f, —KO3(QQUIHEHT CONPOTHBICHUA

KaQ4uCHHIO.

HOpMaJIBHa}I p€aKLusi OHOpHOﬁ IMOBCPXHOCTHU KOHCC&N 3aBUCHUT OT BE€Ca

koneca G M yria HakioHa oOmopHod mnoBepxHoctd D. Moment M,

NPWIOKEHHBINH K Kojecy, GopMHpyeTcs ONepaTopoM IIyTeEM BO3IEHCTBHS Ha
CWIOBYI0 ycTaHOBKy, Hampumep, JIBC, oanexrponsurareiib, TOPMO3HOH

MEXaHH3M U T.I.. MoOMeHT M, KOTOpbli MOXET OBITh PEanu30BaH KOJECOM,

3aBHCHUT OT YCJIOBI/Iﬁ €ro CHCINICHUS C MOBEPXHOCTHIO D, N XapaKTEpU3yeTCs

KO3 HIIMCHTOM CHCIIJICHHUA . CI/IJIa COINPOTHUBJICHUA IIOCTYIIATCJIABHOM
cy

JBHXCHHUIO KOJIeCa 3aBHCHT OT (1)I/I3I/IKO - MeXaHHYECKHMX CBOHCTB KoJjieca U

ONOPHO# MOBEPXHOCTH, a TaKXke OT Beca KojecHOH mawmmusl, F, =G - f, roe

f —K03GhGUIUEHT CONIPOTHBIIEHHUS IBMIKEHHMIO.

CnenoBaTeNbHO, MAaKCHMANBHBIA peanu3yeMblii MOMEHT M, 3aBHCHT OT
K03(PHLIHEHTa CUETUIEHNS KOJIECa ¢, C ONOPHOM MOBEPXHOCTHIO, HOPMAIbHOH

peaKImei/'I N u nuHaMHYeCKOro paguyca Konecairo , H €ro MO>XHO OIIPpCACIINTD

110 (opMyJIe, €CIIM KCIOJIB30BATh BHIIIE IEPEYHCIEHHbIE ITapaMETPEI:

Mp=N-@g 1 =G Qg -1, 3)

OtMernM, 4YTO (QOPMHPYEMBIH MOMEHT M, He OrpaHH4YeH YCIIOBHUAMH

CLEIUICHUSI KOJIECa C OIOPHOM IMOBEPXHOCTHIO, TaK KaKk OH (QOpMHpYeTCs
OIlepaTopoM MaUIUHBL. B ToXe BpeMs, MaKCUMAJIbHO Pealu3yeMblii MOMEHT M

11



He [PEeBHIIIAeT MOMEHTA [10 CLEIIEHUIO KoJleca C OIOPHOH MOBEPXHOCTBIO M,

KOTOPBIii OrpaHAYEH CLEIIEHHEM KOJIEC C OIIOPHOM NOBEPXHOCTEIO, PaBeH:

Mcu =N.¢cu.ro’

rie N —HOpMaibHas peaKiys ONOPHOW IIOBEPXHOCTH Kojeca, @, —
K09(hD(HUIHEHT CLUEIUICHHs KOHTAKTa Kojieca C OIIOPHOH MOBEPXHOCTEIO, 7, —

JMHAMAYECKUH pajuyc KadeHus Kojeca (MepeMeHHbIA pafuyc).
Jliisi COXpaHEHMs «UMCTOro» KadeHHs Kojeca (CKOpPOCTh KOHTAaKTa KOJieca
paBHA HYJII0) HEOOXOMMO BHIMOJIHEHHE CIIEXYIOIETO yCIOBUA:

My <M,. 4
C ydyeToM MexaHuW3Ma (TPAaHCMHCCHH), [EPEIAIOIIEr0 MOMEHT OT
WCTOUHHKA DSHEPruM K BeOylleMy KOJIeCy, «4HUCTO€ KadeHHe» Koiyeca
00ecrieynBaeTCs MPH yCIOBUU:
M, i, <M, (5)
I i, —TMepe/iaTO4HOe YHCIIO TPAHCMUCCHH KOJIECHOM MaIlIiHBI.

TIpy HapymeHuy ycioBus (5) BO3HMKAIOT OyKCOBaHME BEIyIMX KOJEC, T.C.
CKOJIbKEHHE KOHTAKTa KOJleca OTHOCUTENIFHO ONOPHOM MMOBEPXHOCTH.

[Ipy CKOJIBKEHMH KOHTAKTa KOJIeCa NPOMCXOAUT MaJeHue k03¢ HUIIHEHTOB
CLIeIUIHHsT Kojlec, KaK B MPOJOJBHOM, TaK ¥ B OOKOBOM HampaBieHHH (CM.
¢ur.1).

TlosToMy, 3ajadya yCTAHOBNIEHHS KpHTepuss (GOPMHUPOBAHHS CHTHAJIOB
yIIpaBlieHus, Ha OCHOBE M3MEPEHUs ¥ aHaJIU3a CUIl B KOHTaKTe KOJIEC C OIMOPHOI
IOBEPXHOCTHIO, IIPEJICTABIAET cO0OH MepBOOYEPEHYIO 3a/1ady IpH pa3paboTke
ANTOPUTMA YIpaBieHus. Pelenne JaHHON 3a[a9M MO3BOJIUT yCTaHOBHTD dbakT
CKONBKEHMsI KOHTAKTa KoJleca IPH pPa3M4YHbIX PEXHMax €ro KavyeHus B
3aBHCHMOCTH OT XapaKTepa U3MEHEHUs CHUl B KOHTaKTe KoJjeca

BaKOHOMCpHOCTB HU3MEHEeHHs CWJI B KOHTAKTE€ Kojieca IO3BOJUT ONPEACIHTH

12



KpuTepuii  (QOPMHPOBAaHUS  CHTHAIOB  YIPaBlIeHHS  MCIIOJHUTEIBHBIMU
MeXaHH3MaMH KOJIECHOHM MalllMHEI.

Pe3ynsTaTsl HCOBITaHUM, MONyYeHHBle aBropamu  (¢ur.3), KOCBEHH(
MOATBEPIAAIOT CIIPABEIMBOCT AUAaTPaMMBI, [IPEICTABIEHHOM Ha (ur. 1.

VMeHbIIIEHHE CHJI B KOHTaKTe KOJIEC C OIOPHOM IMOBEPXHOCTBIO - 3TO
CIIEICTBUE CKOJIBKEHHsI KOHTAKTa KoJieca OTHOCUTEIBHO OITOPHOH ITOBEPXHOCTH
[7].

Pe3ysTaThl MCHBITAHMH MpOLEcca SKCTPEHHOTO TOPMOXEHHs aBTOMOOHIIA
BA3 - 2108 (¢wur.3) moka3slBalOT, YTO TOPMO3HbIE MOMEHTHI, PEATU3yeMbIe
KoJecaMi B KOHTAaKTe KOJIEC C OIMOPHOHM MOBEPXHOCTBIO, IIOCI]E MOCTIIKCHHUS
makcuMyMa (TOukd A u B), mperepneBator cnaj. MakcHMyMm MOMEHTOB (CHJI)
XapaKTEPU3YIOTCS ~ PaBeHCTBOM  HyJII0O WX  MEpBBIX  MPOU3BOAHBIX
M, =0, =0,

dt dt

crang MOMCHTOB MOXHO I/I)leHTVl(bI/I HHUpOBaTh no

dM1<O,dM2<O., e M, -
dt dt

OTPHULIATCIIPHBIM 3HAaKaM HX IIPOU3BOIHBIX,

MOMEHT Ha IepeHEM KoJieCe C TUCKOBBIM TOPMO30M; M , — MOMEHT Ha 3aJHEM

Konece ¢ 6apabaHHBIM TOPMO30M.

TakuM 00pa3oM, CKOJBXEHHE KOHTAKTOB KOJIeC TIIpH 3KCTPEHHBIX
TOPMOXEHHSX MOXXHO HIEHTHOHIHUPOBATh YCTAaHOBICHHEM OTPHLATENIBHBIX
3HAKOB MPOM3BOIHBIX OT CHJI B KOHTaKTe KOJIEC C ONIOPHON MOBEPXHOCTBIO IO
BpeMeHH. JlaHHBI KpUTepui MOXHO HCIIONB30BaTk IIPH  CO3[MaHMU
AaBTOMATHYECKUX CHCTEM YIIPABJIEHHS TOPMOXKEHHEM KOJIECHOM MalldHbI Ha’
CHJIOBOM aHamu3e [8].

Jins uaeHTHUKapu OyKCOBaHMS BEAyIIMX KOJIEC B TATOBOM pPEXHME
obpaTuMcsi K pe3yJIbTaTaMm, TTOJTy4eHHBIX npodeccopom B.B. T'yCBKOBBIM
(pur.4).

Ha ¢mur. 4 mnpenctaBieHbl pe3yNbTaThl M3MEHEHUs KPIOKOBOH CHIIBI
KOJIGCHOTO TPaKTOpa B 3aBUCHMOCTH OT U3MeHeHMs OyKcOBaHMs BENYIMX KOJIEC

[9].
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OTMeTHM, YTO KpPIOKOBas CHJIa TPaKTOpa IMPONOPLUOHATIEHA CHIIaM B
KOHTaKTe BEAYIIHUX KOJieC TPAKTOpa C OIIOPHOHM MOBEPXHOCTBIO.

3 rpadukoB, NpeACTaBleHHBIX Ha ¢ur. 4 ciepyer, 4TO IpH pabote
TpakTOpa C KpDIOKOBOl HAarpy3kod HaOuoJaeTcs Ta e XapakTepHas
3aKOHOMEPHOCTD, UTO U NIPH IKCTPEHHOM TOPMOXKEHHH KOJIECHOH MAIMHBI (em.
¢ur.3).

Criaj, KPIOKOBOH CHJIBI CBSI3aH C YMEHBIIEHHEM KOd(QGUIHEHTa CLETLICHHS
BeIyLIMX KOJieC C ONOPHOH IOBEPXHOCTBIO H3-332 CKOJIBKCHUS KOHTaKTOB
BeyIIMX KOJIEC TPAKTOPa OTHOCHUTEIBHO OIIOPHOH NMOBEPXHOCTH. JlanHblid QaxT
TaK)Ke KOCBEHHO IIOATBEPIXKAAET IUarpamMmmy, IIpeJICTaBIeHHyo Ha ¢ur. 1.

Vi3MeHeHNe KPIOKOBOM CHJIbI B 3aBHCHMOCTH OT GyKCOBaHHs BEAYIMX KOJIEC
TpaKTopa, [IpH ero paboTe ¢ KPIOKOBOH Harpy3koH, MOXHO yCJIOBHO pa3buTh Ha
TpH dTala.

Oran | — Tepuox HapacTaHus KpIOKOBOM cuibl. [laHHBIA TepHOA HE
HCKJIoYaeT OykcoBaHus Bexymux kojec. [losromy — Hcnons3oBaHMe
KMHEMaTHYeCKUX [apaMeTpoB B KadecTBe KpHTepus (pOpMUpPOBaHHS CUTHAIOB
yIpaBJIeHHs] HCIOJHUTENBHBIMM MEXaHW3MaMH  YNPaBJICHUS  ABIDKCHUCM
KOJIECHBIX MAIIIHH SIBJISIETCS HEOAHO3HAYHBIM.

Dran II- mepHon MOCTHXKEHMS MaKCHMyMa KPIOKOBOM CHIIbl ([MamnasoH
6ykcoBanus 20% -23%).

Dran IIl — mepuox cmaga KprOKOBOHM cuikl. B mocnenyromem, Iocie
JOCTHXKEHHsST MAaKCHMyMa, MPOHCXOIMT HEKOTOpas CTabMIM3alus KpPIOKOBOH
CHJIBL.

M3 KpUBBIX HM3MEHEHHs KPIOKOBOM CHJIbI, NPEACTaBJICHHBIX Ha ¢dur. 4

BUAHO, YTO CIIag KpIOKOBOi:I CHJIBI xapaKTepmyK)TCH OTpHIATEIIBHBIM 3HAKOM

kp

IIepBOii MPOM3BOJHON OT KPIOKOBOW CHIJIBI IO BPEMEHH, ., rae Pgp —

KproKoBasl CHJia KOJICCHOIo TpaKTOopa.
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[lpuyem, mnpouW3BOAHAs OT KPIOKOBOW CHJIBI 10 BpEMEHH HMEET
OTpHMLATENBHBIM 3HAK MPOXU3BOAHON MpU Hadaye ee Claja, U UAECHTUQUIMPYET

6yKCOBaHI/Ie BEAYIIUX KOJICC KOJIECHOI'O TPAKTOpa, T.C.

Kp

=tga.<0., TOe 0 — Yrojl HakjIoOHa rpaukKa KpIOKOBOW CHIIbl IIpH

HayaJie ee CIiajia.

CnemoBaTesibHO, CKOJIB)XEHHE KOHTAaKTOB BEAYIIMX KOJEC B TATOBOM
pexXuMe TpaKTopa C KpIOKOBOM Harpy3koi, IPEeBbILIAET OIpPeaeIeHHOe
3HAYEeHHE KPIOKOBOM Harpy3kd, BbI3bIBaeT OyKCOBaHME BeOyIIUMX KOJiec
TpaKTOpa, ¥ TEM CaMbIM YMEHbLICHUE KO3 (PUIMCHTaA CLEIUICHUS €ro BeAyIIUX
KOJIEC C OINOPHOW MOBEPXHOCTBIO, KOTOPYIO MOXHO YCTaHOBHUTH IIyTEM
HICHTH(OUKAIMH OTPHUIATENIBHOIO 3HaKa IEepBOM MPOU3BOJHON OT KPHOKOBOM
CHWJIBI IO BPEMEHH.

JlaHHast 3AKOHOMEPHOCTH MOXET OBITh MOJIOXKEHA B OCHOBY MJAEHTH(UKAIIMU
CKOJIbXKEHUSI KOHTAaKTOB KOJIEC KOJECHOW MaIllMH, OTHOCHUTEJIBHO OIIOpHOM
IIOBEPXHOCTH, KaK B TATOBOM, TaK U B TOPMO3HOM pEXHMMaX KadyeHUs KOJIEC
MallH.

Jnga  wuaeHTHOUWKALMK  COCTOSHHUS  CHEIUIEHHUS KOJeC C  OMNOpHOHM
[TOBEPXHOCTHIO HEOOXOAMMO YCTAHOBUTH ellie OJIHY 3aKOHOMEPHOCTb, KOTOpas
MOJXET IOJATBEPHUTH, UYTO MajieHHe KOo3(PPHIreHTa CLUelIeHUsI B IIPOJOJIEHOM
HanpaBlIeHHH KadeHWs Kojieca BJiedueT 3a cobodl mnajeHue Kodd¢uIMeHTa
CIeIUIeHHss B OOKOBOM HamnpaBlieHWH. [lageHne k03QGhULHEHTOB CLEIUICHUH
KOJIEC C OMOPHOM MOBEPXHOCTHIO B MPOJOJIFHOM U B GOKOBOM HalpaBlICHHIX
CBSI3aHBI C TEM, YTO MOMEHTBI, IPHJIOKEHHBIE K KOJlecaM, IPEBBIIIAI0T MOMEHTBI
IO YCIIOBHSAM CLEIUICHHS KoJiec ¢ Aoporoi (cm. ¢ur.1).

W3 puarpamMMbl, mNpuBeJeHHOW Ha @ur.l creayer, 4YTO YBEIHMYEHHUE
K03 GHUIIHEHTAa OTHOCHTENBHOTO CKOJBXEHHUS KOHTAaKTOB KOJIEC S B TOPMO3HOM
¥ B TATOBOM pEXUME [BIDKCHHS KOJECHOM MalMHBI BENET K DPE3KOMY
CHIDKEHHIO K03 dHUlIMeHTa CIEeIeHUs1 KojieC B OOKOBOM HallpaBIIEHUH KOJIECa,

a, CjJIegoBaTClIbHO, BSICT K Cllaay CHII B O0oKOBOM HaIllpaBJICHHUH. HNmenno cnan

15



K03 duIleHTa CIeTUIeHHs] B G0KOBOM HAIllpaBJICHHH KOJIECA, MPH HApaCTaHHH
CHIBI B IPONOJLHOM HaIpaBlIEeHHWH Kojieca, M TOCIY>XHWJI CO3NAHMIO IEPBOM
CHCTEMBI aHUTUOIIOKHPOBOYHOM cucTeMbl (ABS) xonecHO# MallMHBI (KOoJecHas
MallliHA Tepsia yNpaBIsIeMOCTh M yCTOMYMBOCTE JBMIKEHHUS IPH 3KCTPEHHBIX
TOPMOXXECHHUSX).

Ilpy TOPMOXXEHHWH  KOJECHOH MallMHBI MO  YCIIOBUIO  «MHKCT»
(cyliecTBeHHas pa3HHLA MeEXJYy 3HAaueHUSAMHU KO3(QOUIHMEHTOB CLEIICHHH
KOJIEC KOJIECHOM MAIIIMHBI T0 ero 6opTaMm) BiedeT 3a cCO0OM BO3HHKHOBEHHE
MOMEHTA, CTPEMSIIEerocs pa3BepHYTh KOJIECHYIO MAILUHUHY OTHOCHUTEIBHO OCH,
NEePIEHAUKYISIPHOW K IUIOCKOCTH ONOPHOH IOBEPXHOCTH (M3MEHAETCS
KypCOBOH yroi), T.e. CTPEMHTCSI U3MEHUTh 3aJJaHHOE HallpaBJIeHHE KypCOBOIO
IOBM)KEHUS KOJIECHOM MAaIlMHBI.

Ha ¢wur.5 npuBeneHs! pe3ynbTaThl 3KCIIEPUMEHTAIBHBIX JaHHBIX MpoLecca
3KCTPEHHOTO TOPMOXKEeHHUs KonecHoi MaiuHbel BA3 2108 110 yCclIOBHIO «MHKCTY,
IIOJTYYEHHBIX aBTopamu [7].

Ha ¢ur. 5: R —G6GokoBas peakiusi IOBEpXHOCTH AOPOTH, AeHCTBYIOIIEH Ha
TOpMO3sIlee 3afHee Koyieco IpaBoro Gopra kosnecHod mamuHbel BA3 2108;

@, — YTJ0oBas CKOpPOCTb BpAaIllI€HHS 3aTHEIO0 TOPMO3SAIICTO KOJIECa aBTOMOOMIIA

BA3 2108.
Touka E Ha ocimiorpamme ( GUr.5)  cOOTBETCTBYET JOCTH)XEHHUIO
MaKcuMmyMa 60koBo# cuiel, R.
Touka E' COOTBETCTBYET GJIOKHPOBKE TOPMO3SIIEro Kojeca, T.e. @, =0.
Touka E" COOTBETCTBYeT MHHUMAJILHOMY 3HAYE€HHIO OOKOBOIl peakiuu

IOBEPXHOCTH JOpord Ha Kosieco. IlpomsBoaHas oT OOKOBOM peakuyH

dR
noBepxHocTd Hopord R mo Bpemenu B Touke E paBHa Hyimo, 7E=O, U
t

XapaKTCpU3yEeT Ha4dalo OOKOBOI'0 CKOJIBEXEHHS KOHTAKTa TOPMO3AILET0 KoJjieca.

ITocne noctHxeHus MaKCuMyMa OokoBas p€aKkuus npeTeprieBacT pe3KHfI cran,

dR

O3HavaroIliasa, 4To 7E<O., YTO O3Ha4YaeT OOKOBOE CKOJIBXXEHHE KOHTAaKTa
t
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Kojeca. CKoOJIb)XeHHE KOHTAaKTa KoJleca MPUBOAAT K  YMEHBIUICHHIO
Koo dHUIMEeHTa CLUEIUIeHUsT Kojleca B OOKOoBOM HampabieHud. ClienoBaTesbHoO,
HAYaJI0 CKOJIEXKEHHS KOHTAaKTa Kojleca B OOKOBOM HAIPABJIEHHH MOXXHO TaKxke
HIEHTH(QUIIUPOBATh IO OTPHLATETHHOMY 3HaKy II€pBOM IIPOM3BOAHOH OT

dR

OOKOBO# peaklliy 110 BpeMeHH, T.€. & <0, 4yTo He MPOTHUBOPEYUT JUarpamMMme,

npencTaBieHHONM Ha ¢ur. | ¥ JaHHBIM, MONYYeHHBIX aBTOopamM (cM.pur.3 u
¢ur.4)

3 xapakTepa u3MeHeHHs OOKOBOM peakuuu R, mpenacrasieHHoro Ha ¢ur.5
ClIeyeT, 9TO craj GOKOBOM peakuuy (CHIbI) MPOUCXOMUT 0O0jice MHTEHCHMBHO,
YeM [IPOAOJIbHASE TOPMO3HAsl WK TPOAOJIbHAS TATOBasi CUJIbI B KOHTAKTE KoJjeca.
DTHM M OOBSACHSETCSA OMACHOCTh TOTEPH YNPABISIEMOCTH U YCTOWYHMBOCTH
IBIDKEHHS KOJIECHOW MAIIMHBI TPH TOPMOXXEHHWM U B TATOBOM DpEXHME
IOBH)KEHHH KOJIECHOM MAIlMHBI, OCOOCHHO NMpU ABM)XEHHH 110 KPUBOJIMHEHHOM
TPAEKTOPHUHU KM IPH 3KCTPEHHOM TOPMOXXEHHH T10 YCIIOBUIO KMHUKCT». |

CiemoBaTebHO, OCHOBOH 00ecTedeH s YCTOMYUBOCTU ABHXKCHUS KOJIECHOM
MalMHbl,  3(Q(EeKTHBHOCTH  TOPMOXEHHsS  SBIAETCS  MaKCHMMaJbHOE
UCIIONB30BaHMe KO (UIIMEHTOB CIEIUIEHHS KOJeC MAIlUHBl C OIOPHOM
IIOBEPXHOCTBIO, KaKk B MPOJOJBHOM, TaKk M B OOKOBOM HampaBlCHUAX K
IUTOCKOCTH Ka4eHHs KoJieca.

Bce auHaMuYecKHe IIPOIECCHI MEXaHHYECKHX CHCTEM  IOJYMHSIOTCSH
3aKOHAM KJIAaCCHYECKOH MeXaHHWKH - 3akoHaM HrpioroHa. Tak, mo TpeTbeMy
3akoHy HbBIOTOHA: «BCSIKOMY [IeHCTBHE €CTh CHUja NPOTHUBOACHCTBHS», CHIIBL,
BO3HMKAIOIIME B KOHTAaKTE€ KOJEC C OIOPHOH IOBEPXHOCTHIO, SIBISIOTCS
CIIEICTBHEM NEUCTBHS CWI ¥ MOMEHTOB, TIPHIOKEHHBIX K Konecy. Her cui
MOMEHTOB, PUJIOKEHHBIX K KOJIeCcy, — HeT peaKLMi CBsi3el B KOHTAKTe KOJIEC C
ONOPHOM TOBEPXHOCTBIO (CHJIa THATH, TOPMO3HAs CHJIA), BBI3BIBAIOIINX
IBIDKEHHE WM TOPMOXKEHHE MAIlIUHBI.

VcioBre CKONBXEHHS KOHTAaKTOB KOJEC MOXKHO ONPENENUTh U Ha OCHOBE
u3MepeHHss W 00paboTku MHQopMamMu 00 YCKOPEHHHM Ky30Ba M YIJIOBBIX
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CKOpOCTEM BpallleHHs Kojec KOJeCHOM MammHbl. Tak, 3anuIlieM YypaBHEHHS
IVUHAMUKM IIOCTyNaTeJsHOro M  BpalaTreabHOro JIBHXKEHHH Tenm, U3
KITaCCHYEeCKOH MEXaHMKHM YpaBHEHHE IIOCTYNaTEJIbHOrO JIBIXKEHHS BJOJb

HamnpaBJieHus: och X

m-x=>»F,

rge m- macca Teja; X- YCKOPC€HHE ITOCTYNaTEJIbHOI'0 JABHXXCHHA TCJIa,

Z E =R - pe3synpTupylolas cuiia, AeHCTBYIOLIas Ha TeJIO.

Torna, npousBoaHas OT CHIbl R IponopLuoHaibHa TpeTheH IIPOU3BOAHOM

OT KUHEMAaTH4YCCKOTo rnmapamMeTpa.

dR .d3x_ . dR

—=m m-xX=—.
dt dt’ dt

CnenoBaTeNibHO, YCJIOBHE CKOJIBXEHMS, OCHOBaHHOE Ha  aHauuse
KHHEMATHYECKAX MapaMeTpOB MNPH MOCTYIATENbHOM [BMXKEHHH Tela, MOXHO
3amucaTh B BUJE:

dR d’x

_=m. 3

dt dt

<0.

T.e. ecid B CHCTEMe aBTOMATHYECKOTO yIIpaBJIeHHsl ABI)KEHUEM (TATOBBIH,
TOpPMOJXKEHHe) KOJNeCHON MAIUMHBL, TO B KadecTBe WCTOYHMKOB MH(GOpMALMU
MOXXHO HKCIIONB30BaTh [JAaTYHKH YCKOPEHUH, M Ha OCHOBE aHalu3a 3Haka
NPOM3BOJHOW OT CHTHAJa, MPOINOPLHOHAIBHOTO  YCKOPEHHMIO, IIyTeM
HIeHTUQUKALMA OTPHLATENHFHOTO 3HAaKa [POU3BOJAHOW OT  YCKODCHHMS,
(GopMHpOBaTH CUTHAJIBI YIIPABJIECHHS UCTIOJHUTENIBHBIMA MEXaHU3MAMM.

AHaJIOTMYHEIM 00pa30oM MOXXHO ONPEAETHTh CKOJNBXEHHE KOHTAKTOB KOJIEC
IpH €T0 BpaIaTeIbHOM JBHKEHHH.

Tak, 3anuiueM ypaBHeHue Ditiepa Ajs BpallaTeIbHOrO ABHKEHH KoJeca:

3 2
dM:J.d(sz.d(p

dt dt’ dt’ B

16,
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rIe @- Yroa IIOBOpOTa KoJeca;(- YIoBas CKOPOCTb koneca; ¢, 0-
NPOM3BOJHAS OT YIVIOBOIO YCKOpeHHs; M- pe3yibTHDYIOIIMH MOMEHT,
NPUJIOXKEHHBIH K KOJIECY, J- MOMEHT HHEPIIMH KOJeca.

Torna CKOJbXEHHWe KOHTAKTa Kojleca MOXXHO MWACHTH(QUUMPOBATH IO

OTpHIATEILHOMY 3HaKy IIPOM3BOJHON OT YIJIOBOTO yCKOPEHMS:

3 2
dt dt dt

T.e. npu uaeHTHGUKALME OTPHIIATENHLHOTO 3HaKa IIPOU3BOJHOH OT yIJIOBOTO
ycKOpeHdst pOPMHUPYETCs YIPABIEHHS UCIIOTHUTEIBHBIMU MEXaHU3MaMH.

AnroputrM  GOPMHPOBAaHMS CHTHAIOB YIPAaBIEHUS HCIIOJHHUTEIBLHBIMHA
MeXaHH3MaM{, OCHOBaHHBIM Ha WICHTH(UKAIMM OTPULATEIHHOIO 3HAKa
IIPOM3BOJHOM OT YCKOpeHHs (IOCTYNaTejbHOr0 WM  BPALIATENBHOTO
ABIKEHUI) IpeacTaBisier coOOH aHalor airopuT™Ma, OCHOBAHHOIO Ha
MACHTHOMKAIMA OTPUIATEIBHOrO 3HAaKa MEPBOH MPOM3BOAHOH OT CHJIBI MO
BpeMeHH. KpoMe TOro, 3aMeTHM, YTO CHCTeMa aBTOMAaTHYECKOTO yIpaBIeHHS
JBMXKEHHEM  KOJIECHOM  MAIIMHB, OCHOBaHHas Ha  HMICHTHU(UKaLUH
OTPHIIATENFHOTO 3HAKa IPOW3BOJHOM OT YCKOpeHHs HMeeT Gosee BBICOKHH
TIOPAZIOK, H, CJIEN0BAaTeNbHO, KadyeCTBO M TOYHOCTH YNpPABICHUsS CYHIECTBEHHO
HOBBICUTCSL.

PaccMoTpuM m3MeHenust napamerpos JIBC, ¢popMupyromux MOMEHTBl Ha
BeIYyIIUX KOJECaxX KOJECHOH MALIMHBI, U KOTOPBIE CO3JAK0T CHIy TATH KOJIECHOH
MaIuHbI (ur. 6).

Ha ¢ur.6:(® —yrioBas CKOPOCTb BpallleHMsI KOJICHYaTOro Bajla JBHIaTels,

pad/c; ® ;. — MAHUMAIbHbIE 000POTHI ABUraTels (060POTHI XONIOCTOrO X0J1a);

min
O)M - O60p0TI>I JABUATraTeis, COOTBCTCTBYIOIHI/IG MaKCHMaJIbBHOMY MOMCHTy

neuratens (touka By, O\ —000pOTHl JBUratTess, COOTBETCTBYIOIIUE
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peau3allid MaKCHMalbHON MOIIHOCTH (TOuKa «Ap; M, —3¢deKTUBHBIN
KpyTAIMii MoMmeHT nBuratens (3QQeKTHBHBIA — C Yy4eTOM MEXaHWYECKHX
noteps B asuratene), H-M; Oper — Dy — 30Ha peETYJHpOBaHHS OOOpPOTOB;
N, — (g dexTrBHAs MOIHOCTh JBUraTels (MOWHOCTE C yHETOM MEXaHHYCCKHX

noreps), BT; G, —4acoBoi pacxol TOIUIMBA, kela; g,— YyHEIbHBIH

> PEKTUBHBIN PacXoJ TOILINBA, 2/ Ken - 4.

MOIIHOCTh B TOUKE «A|» COOTBETCTBYET MAKCHMAJIbHOH MOLIHOCTH N , —

HOMHHAJIbHAas MOIIHOCTD ABUTaTCIIsA npu KOTOpPOM oOecrieynBaeTcs

MHHMMANBHBIH YAENBHBIM pacxon TOIUIMBAg ,,.2/kBm-u. OtMmeTuM, UTO

O60pOTI>I, COOTBCTCTBYIOLIIUE HOMHHAJIbBHOMN MOIIMHOCTHU Ha3bIBAKOTCA

HOMHHAITBHBIMH 060pOTaMy, @,,, -

U3 ckopocTHol xapaktepuctuku JIBC (¢ur.6) BuaHo, 4T0 ¢ BO3pacTaHHEM

060pOTOB JBUTATENS YaCOBOH pacxoj TommuBa G,k /4, MOMEHT M MOLIHOCTb

BospactaroT. Touka «B;» (Qur.6) COOTBETCTBYET NOCTHIXXEHMIO IBUraTe/IeM
MaKCHMAaJIFHOI'O MOMEHTA.

OOBIYHO, Ha JTalle pa3rOHa KOJECHOW MallWHBI BOIUTENb, HCXOHs H3
cy61>eKTn1§H0171 OLIEHKH IpoIlecca pasroHa KOJECHOM MAaIIWHBI, OCYIIECTBIIAET
mepeKiodeHne KOpoOKy mepead ¢ Hu3IIel Ha BelcuIylo mepepady. IIpu sTom
MOMEHT Ha BEJyILEM Kojiece yMeHbaeTcs. HauMeHbInii MOMEHT Ha BEAYLIEM
KoJlece HOCTHraeT Ha IpsAMOH Iepejade. MepeiaTouHoe JUCIO TPAHCMUCCHH Ha

npsMoii Itepefiade 630K K exuHune (i, ~1).

ITpu pasroxe KOJIECHOI MallIMHBI BOAUTEIND YBEIMIHBAET II0aYy TOIUINBA, U
TeM caMbIM yBEJIMYHBAOTCS 000pOoTHI ABUraTeis. [Ipu 3TOM BO3pacTaeT MOMEHT
JBUTaTeNsi, © MOMEHT, MepeiaBaeMblii K BeIyIMM KOJecaM, KOTOpPBIH TaKkKe
3aBHCHUT OT 3aJaHHOr0 IMepedaToYHOro 4YMcja TPAHCMHUCCHH, U3MEHAEMOro C
IOMOIIBIO NEPEKIIOYeHHs KOpoOKH mepeiad. Y aBTOMATHYECKOH KOPOOKH

nepenav nepexkiItoYeHuc OCYILIECTBIIACTCA aBTOMAaTHYICCKH.
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Ecii TNPUIOXKEHHBI K KOJIeCy MOMEHT, He TMpEBBIIACT MOMEHT IO
CIEIUIEHHIO BeIYIMX KOJIEC C OTIOPHOM MOBEPXHOCTBIO, TO TArOBAsA AHHAMUKA
KOJIECHOM MainMHbl noBelmiaercsa. CKONbXEHHe KOHTAaKTOB BEIYLIMX KOJEC
yBenuumMBaeT 3aTpaThl sHeprur [IBC 1 CHIDKAET TATOBYIO TUHAMUKY KOJIECHOM
MaIiH1HBbIL.

JInsg OIGHKM YacoBOro H YIeNBHOrO pacxoja TOILIMBA MOTONHHTENBHO
paccMOTPUM Harpy304Hble XapaKTepUCTUKH IBUTATEN,

g, =g.(N,),G, =G,(N,). Ha ¢ur.7 u ¢ur.8 mpeacTaBieHbl, COOTBETCTBEHHO,

Harpy3o4HBbIC XapaKTCPpUCTUKH O€H3UHOBOI'O U JU3EJIBHOIO ABAraTelIs.

CpaBuuBas 3(Q(eKTHBHbIE MOLIHOCTH nBuratenei N, (cM. ¢ur.6,7 u 8),

MOYHO OTMETHTb, 4710 MOMEHT [BUTATENIs, MCIIOIb3yeMBbIi KOJIECHOH MAlIMHOH
B Mpollecce €ro 3KCIUIyaTalyH, HEe MNPEBBIIIACT 65% OT ero HOMMHAJIBHOH
MOII[HOCTH.

Cnioco6 co3/aHMs PeaKTUBHBIX CHJI, MPHUIOKEHHBIX K KOPIYCY KOJIECHOM
MaIIMHBI, KOTOphle HE 3aBHCAT OT YCIIOBHH CLEIUIEHHS KOleC C OTIOPHOH
HOBerHOCTLIO, MOET OBITh pPEaln30BaH C MCIOJIB30BAaHUEM M JPYTHX
CHJIOBBIX YCTAHOBOK, HAaIpHUMeEP, ¢ MCIOJIL30BaHHEM ra3oTypOMHHBIX ¥ HHBIX
DEaKTHBHBIX JBUraTelieil, KOTOpble MOCTOSHHO COBEPLICHCTBYIOTCA IS HX
JICIIOIB30BAHMS Ha Ha3eMHBIX TPAHCTIOPTHBIX CPECTBAX.

PaccMOTpMM OIWH W3 BO3MOXXHBIX BapHaHTOB yBENHHCHHUA TATOBOW CHIIBI
KOJIECHO# MAILIMHBI - 9TO HCHONB30BAHHE JOMOJHUTEIBHON CHIBI TATH, HE
3aBHUCSILEH OT YCIOBHS CLEIIEHHs BEAYLINX KOJIEC.

Hanpumep, MOXHO HCIIOJNB30BaTh PEaKTUBHYIO CHIy TATH, co3/1aBaeMOH
BO3JyIIHBIM BHHTOM, KOTOpas «TOJNKaeT» KOJIECHYI0 MalliHy B TATOBOM
peXuMe, W 3Ta Xe CHIa MOXeT IPOTHBOJCHCTBOBATH JBMKEHHMIO MAIIHHEI
(peX¥uM TOPMOXEHHS) IPH PEBEPCHBHOM BPAILCHUH BUHTA. Cuna, coznaBaeMas
IpA  PEBEPCHBHOM BpAllleHHMH BHMHTA, TOPMO3WT KOJIECHYIO MAlMHy M HC

3aBUCUT OT yCJIOBI/Iﬁ CLEIUIEHUS TOPMO3ALHX KOJICC.
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HpI/I HMCIMOJIB30BaHUHU BO3QYUIHOIO BEHTHUIATOPA, CO3JAaI0IIY0 PEaKTUBHYIO
BO3AYLIHYIO CHITY, 3HAa4CHHUC TSATOBOM CHIIBL BO3JyIIHOI0O BHHTa MOXHO

paccyuTaTh 110 GopMyIIe:
FB=a.p.D:uum.a)§unm’ (6)

rae o« — Ko3(QOHULUUEHT TATH, KOTOPBIA ONpPEAeNsiOT KCIEPHUMEHTAIBHBIM

nyTeM U KOTOpI:Iﬁ 3aBHCHT OT q)OpMI)I " KOJIMYECCTBA HOHaCTeﬁ, a TaKXe OT 1iara

U NOCTYNHM BHHTA; L —IJIOTHOCTD BO3ayXa, D — JHaMeTp BUHTA; @, —

euHm

yriaoBas ckopOCTL BpallleHus BUHTA [1].

3aBHCHMOCTH PEAKTHBHON BO3LYLUHOM CHJIBI OT MOIIHOCTH, [OTPEOIsIeMOH
BHMHTOM, IIpeJicTaBlieHa Ha ¢wur. 9 [1].

I'a6apuThl BO3AYIIHOIO BHHTA, [IPH €ro HCIOJIb30BAHMM Ha KOJIECHOM
MaInvHe, orpanrdeHbl. [103ToMy npy BEIOOpe BO3LYLIHOIO BHHTA HE00X0UMO
MCXOJHUTh U3 BO3MOYKHOCTH IIOJyYEHHs 3a[aHHON pealbHON PEaKTUBHOW CHIIBI
IIpH 33JaHHBIX XapaKTEePUCTHKAX MCTOYHUKA dHEPTrHHM, NPUBOMSAIIEIO BHHT BO
BpalleHye, i TeOMETPHU CaMOro BO3/yIIHOTO BUHTA U T.J.

HanpuMep, mns monydeHus Tsarood cumibl 100xec HEOOXOOMMO HMETH
JMaMeTp BHHTA 1,2M, TIpH NepeiaBaeMoil MOIHOCTH BUHTY 30xkBm (cM. ¢wur.3).

TIpy KCIIOJB30BAHKM [BYX CHIOBBIX ycTaHOBOK — JIBC u anexTponsurarens
IPUBOAA BO3AYLIHOrO BHHTA TIJaBHOM MpoOneMoil  sABIseTCs  3ajadia
COTJIacOBaHMA UX paboT, ¢ LENbIO0 MONy4eHHs] MaKCMMAIbHONW CHIIBI TATH NPU
MHHHIMATbHBIX 3aTpaTaX dHepruu. [Ipu 3TOM pacXo/ SHEPTHH aKKyMyJISTOPHOMU
6aTapeu, IUTAIOLIEr0 EKTPOABHIaTellb IIPUBOJA BUHTA, TAKXKe JOJDKCH OBITBH
ONTUMAJIBHBIM.

Wcxons W3  BBILEHM3JIOKEHHOrO,  HEOOXOAMMO  OTMETUTh,  4TO
OJJHOBpeMeHHas repegadya MoMeHTa oT JIBC u 3/eKTpOIBHraTeNs K Benyan
KoJIecaM, yBeJIMYMBaeT MOMEHT Ha BeIyIHX KolecaX MpY pa3sroHe MallMHEL

OI[HaKO YBCJIMYCHHE MOMCHTa Ha BeAyIIUX KoJiecaX HC BcerJga ITOBBILIACT
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TATOBYIO [MHAMHKY W SKOHOMHYHOCTH KOJECHOW MalIWHBI, €CIiM Mepejada
momenta J[BC He corjiacoBaHa C YCJIOBUSIMH CUCIUICHHS BEAYLIMX KOJeC
MAIIIMHBI.

CyIIHOCTB H300pEeTeHUs IOACHAETCS QUrypaMH.

Ha ¢ur. 1 mokaszaHa quarpaMma H3MEHEHHs KOI((HIHEHTOB CIETUICHUN

KOJIEC @, Ps, C OMNOPHOMH IOBEPXHOCTBIO B NPONONBEHOM U O60KOBOM

HaNpaBJIEHHUSAX B 3aBUCHMOCTH OT KO3 (uIMeHTa OTHOCHTENBLHOTO CKONBXEHHS
KOHTAaKTa Kojeca S; Ha Qur. 2 - cxema KadeHHs Kojeca MOA NeHCTBHEM
IIPUIOKEHHOTO MOMEHTa; Ha ¢ur. 3 - CLHWUIOrpaMMa M3MEHEHHS TOPMO3HBIX
MOMEHTOB, ()AKTHYECKH DEalM3yeMBIX KOJIeCaMd C OIOPHOH MOBEPXHOCTHIO,
TIpH SKCTPEHHOM TOPMOXXEHHH aBToMoOwis BA3 2108; Ha ¢ur. 4 - rpadpux
M3MEHEHHs KPIOKOBOH CHJIBI B 3aBHCHMOCTH OT Kod(hduuueHTa OyKCOBaHHS
Be[yLIUX KOJIEC KOJIECHOTO TPAKTOpa; Ha (Ur.5 - OCLHJIOrpaMMa M3MEHCHH:
GOKOBOM CHJIbI Ha 3a7HeM Konece asTomobuiisi BA3 2108 npu ero KCTpeHHOM
TOPMOXKEHHH 10 YCIOBHIO «MHUKCT»; Ha QUr.6 - CKOPOCTHAs XapaKTepUCTHKa
JBUTaTelisl BHYTPEHHErO CropaHus; Ha (ur. 7 - Harpy304Has XapaKTepHCTHKa
GeH3MHOBOTO aBMrareins (Harpy3ka H3MEHSETCS IOJOXKEHMEM JpOCCelns); Ha
dur. 8 - Harpy3odHas XapaKT€PUCTHKa JAU3EIBHOIO JBUIATeIId (marpyska
U3MeHSeTCs TOJIOYKEHHeM peliki TOIUIMBHOro Hacoca); Ha ¢ur. 9 - rpaduku
B3aMMO3aBHCHMOCTH MEXIy NHAMETPOM BHHTA, PEaKTHBHOH BO3JYLIHOW CHIION
M MOIIHOCTBIO, TTOTpebnseMol BUHTOM; ¢ur. 10. - obmas cxemMa peanu3aluu
TIPEVIOKEHHOTO CIoco6a M CHJIbI, NEHCTBYIOIIME Ha KOJECHYIO MallWHy; Ha
¢ur. 11 - cxema cui, OEHCTBYIOLUIMX Ha KOJIECHYIO MAIIWHY H 3JICMEHTHI
CHCTEMBI YIpAaBIeHHMs KOJNECHONW MammHel 4x2; Ha ¢ur. 12 - OJI0K-cxema
AlOPHTMA DETyJMpOBaHWs DEXHMAMH JBWKEHHEM KOJECHOH MAllMHbI C
TENJIOBBIM U PEAKTUBHBIM peoOpa3oBaTeiIMU SHEPTHH.

O6wasi CTpaTerdsi peaiu3alyyl IpeanaraéMoro crocoba peryrHpoBaHHs
peXXMMaMH IBIDKEHUS KOJIECHOM MAUIMHOM C TEMIOBBIM M PEaKTUBHBIM

peo6pa3oBaTesAMU CXEMAaTHIHO TIPeJICTaBNeHb! Ha ¢ur. 10 1 ¢bwur. 11.
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KonecHas mamuna coaepxur octoB 1, JIBC 2, TpaHCMHCCHIO KOJIECHOH
mammesl 3 (TPKM), Biiovarolryro KOpoOKy Iepenad, UCIIOJIHUTENbHBIH
MexaHu3M TopMo3Horo npusoza 4 (MMTII), 3apuuit MOCT 5, monyocu 6 3a/HEro
MocTa 5, Beaymue Kojeca 7, BeJOMBIE Kojeca 8, xonecHsle Topmo3a 9 (KT),
TpyGOIPOBOABI TOPMO3HOM CHUCTEMBI 33[JHErO M IEPEAHEro KOHTYpPOB 10, 11
COOTBETCTBEHHO, akKyMyssaTopHas Garapes 12 (AKB), smexrporeneparop 13
(OI'), MCTOYHMK IIOJyYECHHUS peaKTHBHOM CHIIBI, HalpuMep, BeHTHIATOp 14,
snexTpoasurarens 15 (manee DJI) npuBoaa BEHTUIATOPA 14, 6nok 06paboTKH
MHGOpMAMM ¥ (OPMUPOBAHHMS CHTHAJOB YMNPABJICHUS HCIIOIHATEILHBIMA
mexagm3Mamu 16 (1 BOU u ®CY HIM), maT4vKy HM3MEpPEHHs TOPMO3HBIX
momeHToB 17 (JIUTM), naTyuK¥ H3MEpeHUs TATOBBIX CHII 18 (ATC),
crabunusarop manpspkeHus 19 (CH).

Ha ¢ur. 10 F,,- BeKTOp CHIBI TATH, CO3[ABaeMblil BEAYIIUM KOJICCOM 7;

P, — cria BO3IYIIHOTO CONPOTHBJICHUS IBHXCHHIO KOJIECHOM MAaIIUHBL, Py, 5os -

chjia COIPOTHUBJICHUA BO3YyXa, P — Ppe€aKTuBHasiA CHIIA TOPMOXKCHU,

WTOPBO3J
co3aaBaeMasi BEHTHJIATOPOM 14 TIIpH €ro peBepCUBHOM BpAICHHH.

Ha ¢ur. 11 npezcrasieHa cxeMa pacloloKeHUs 3JIEMEHTOB, II03BOJIAIOMIMX
pealH3aliio MPearaeMoro crocoba, ¥ CHibl, NEHCTBYIOLME Ha KOJECHYIO

MallluHY: sz’Pf1 — CHJIBI COHpOTI/IBJ'IeHI/UIIKa'-IeHI/II_O BeJyLIUX U BE€AOMBIX KOJEC

cooTBeTCTBeHHO; N,,N, — HOpManbHBle pPEaKUUH OMOPHOH MOBEPXHOCTH

BEJIOMBIX M BeIyIIHX Koyiec KonecHod maummusl; F,F, —TOpMO3HEIE CHUIBL B
KOHTAKTaX BEJIOMBIX U BELYIIHX KOJIEC C OMIOPHOU IIOBEPXHOCTHIO.

B npenmaraeMom crocobe wucrounukoM nurtanus OJ| 15 npuBoma
BO3QYLIHOTO BeHTWIATOpa 14 sBIsSeTCs AKB 12. Tlomsapsaxy AKB 12
ocymecTBisitoT 0T OI' 13, mpeobpasyomero 4acthb teroBoil suepruu [IBC 2 B
37IEKTPUYECKYIO SHEPTHUIO I IPUBOJIA BO3AYIIHOr0 BEHTUIIATOPA 14.

Tak Kak HaHboyee HArpy>KEHHBIM PEXHUMOM JIBHKEHHUS KOJICCHOH MAllMHbI

ABJIETCS PEXXHUM pa3roHa, [103TOMY, IPEXAE BCCro, pacCMOTPUM BO3MOXXHOCTb

penmcHusA IOCTaBJICHHEBIX 3a4a4 IIpHU pa3roHe KOJIECHOM MAaIlIAHBEI.
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3adauu noeviuieHus Mazoeoll OUHAMUKU U MONRJAUBHOU IKOHOMUYHOCMU
KOJleCHOUl MAUIUHbL BPU ee PA320He KONEeCHOU MAULUHbL PEUalOmca TeM, 4TO
npu pasrone kojecHoii MamuHsl JITC 18 HenpephIBHO BBIAAIOT 3JEKTPUYECKHE

CHUTHaJIBl, IPOIOPHHOHAJIBHBIE MOMCHTAM Mp, pC€aanu3yeMbIM BEAYIIHMH

KonecaMd 7 B KOHTAKTE€ C OIOPHOM MOBEPXHOCTBIO «A». DIEKTPUYECKHE

CHTHAJIBL, TIPONIOPIIHOHANIBHEIE MOMeHTaM M, noctynatotr 8 BOU u ©CY UM

16, roe 61nox 00pabGoTKM HWHGOPMAIMH OCYIIECTBIAET AU(QepeHIHpOBaHe

CHUTHAJIOB MOMCHTOB Mp H I/IIICHTI/IQ)I/IKaHI/IIO OTPHUUATCIIBHBIX 3HAKOB

NPOU3BOJHEIX OT MoMmeHTOB M, mo Bpemenu t. Ilpu UAeHTUGUKALMH

OTpHUATENBHBIX 3HAKOB MPOU3BOJHBIX OT MOMEHTOB M, 7”<0, OJ10K
t

(GOpMHpPOBAaHUS CHUTHAIOB YNPABIECHHS HCIIOJHUTEIBHBIMU MEXaHH3MaMH
¢dopmupyer curHan Bikmodenus OJ] 15. B pesynprate BpalleHHs BHHTa
BeHTMJIATOpA 14 co3jaeTcs peakTUBHAasi CHIIA TATH  Pigoyy, «TONKAIOIIASN

KOJIECHYIO MAIlINHY.

M
IMpu wuneHTHGUKAINIA d” =0, o3HAYalOIlell OTCYTCTBHE HapacTaHHs
t _

YCKOPCHHA JABHXXCHHUA KOJIECHOH MAalliuHBEbI, T.C. —=0 onepanus

p

dt

=0 Onok

peryiaupoBaHus 3aBepuiaercs. Kpome Toro, nmpu paBeHCTBE

06paboTku uHPOpMaMK GUKCHPYET TEKyIlee 3HaY€HHEe H3MEPEHHOI0 MOMEHTa

M XapaKTCPpU3yIoIero MaKCHMAJILHBII MOMEHT 10 YCIIOBUSAM CHCILICHUS

pt >
BEAYLIUX Kojiec 7 B TeKyluii MOMeHT BpeMeHH. B mocienyromem 5O U @CY

MM 16 dopmupyer curtan ynpasierus [IBC 2, npuonsiero MomeHT M B
COOTBETCTBHE C YCIIOBHMSAMH CIETUIEHHs Beaymux Kojec 7, T.e. M, =M, myTem

yMmeHblenus mogaud tormiea B JIBC 2 (cm. bwur.6). OtMeTnM, 4TO TeKylnee

3HAaUCHHUEC MOMCHTAa Mpt’ peau3yeMoro BEAyIIHM KOJICCOM 7 ¢ OHOpHOﬁ

MOBEPXHOCTHIO, PaBHO:
25



M, =M, i, =M, =N, Qg Ty

rae M, —MoMeHT, pasBuBaembidi [IBC 2; §

wp 3alaHHOC IIEpCAaTO4YHOC

yncno TPKM 3; M, — MOMEHT, NPHIOKEHHBIH K BEIyIIEMY KOJIECY 7, N,—-

HOpPMaJIbHAs peaKlys OIOpHOM IOBEPXHOCTU BeAyUIMX Koiec 7; Iy -
IMHAMMYECKHH paiyc KaueHHs! BeLyLMX Kojec 7.

PaccMOTpHM JIMHAMUKY pa3roHa KOJECHOH MalMHBI C LENbI0 0O0CHOBAHUSA
peIaracéMoro croco6a peryjJupoBaHHs €€ peXXUMaMU IBHXKECHHUS.

Ha ocHoBe aHanu3a pemeHus aupdepeHIHaNbHbIX  YPaBHEHHH,
ONHMCHIBAIOIIKX JAHAMHUKY Pa3roHa KOJIECHON MaILHHbI, TOTyYeHHBIX 0e3 yyera
JOTIONHUTEIBHON PEAKTUBHOM CHIBI TATH Pgeyy U C YYETOM JOTIOJHHUTENBHON
PEaKTUBHOM CHIIBI TATH Pgeyy, MOKaXKEM OOOCHOBaHHOCTH IIpEIaraeMoro
criocoba peryIupoBaHus.

JIomyCTHM, 4TO B Ha4yaje pasroHa, NpH f, = 0, CKOPOCTH KOJIECHON MallIWHbI
Obita paBHa Hymo, V,=0. [duddepenunansHoe ypaBHEHHE IBIDKCHHUS
KOJIECHOM MAIlIMHBI 3aITUIIETCS B BUJE:

M-X=Fo—G (fi +f2) — Py (7)
rne F,, — cwia TIrd B KOHTAKTe BeAyILIUX KoJec 7 C OIOpHOH

IIOBEPXHOCTEIO; M —Macca KOJNecHOU MallMHEl, G —Bec KOJIEeCHON MalluHEL, Py,

— CHJla BO3AYIHHOT'O COIIPOTHUBJICHHS IABHXXCHHIO KOJIECHOH MAIlIUHBI; f;, f2 -

KOS(b(bI/ILII/IeHTBI COIPOTHUBJICHHUS ABUXKCHUIO KOJIECHOH MallIUHBbI, 3aBUCAIIHE OT

2

XapaKTCPHUCTHUK OHOpHOﬁ ITOBECPXHOCTU U IIIHH, X= — YCKOPEHHUC KOJIECHOM

t2
MAIITHHBI.
MakcuManbHass cwia TIrd  Fy,,, 0OpH IIOJHOM  HCIIOJB30BaHHHU

ko3(hdUIIMEeHTa CIEIUieHHs BeIyliero kojeca 7 ¢ OINOPHON MOBEPXHOCTHEY

paBHa:

Fwax=l.G'¢cu=%.imp’ (8)

¥
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rie A —Ko3hGUIMEHT pachpeJeleHus Beca, 3aBUCAIIMHA OT Beca H
reoMeTpUIEeCKUX NIapaMeTpoB KOJIECHOI MalllWHBbI.

OrMeTHM, YTO MaKCUMaJIbHasA cuna Tara F, wmax HE 3aBHCHT OT BCIIMYHHBI

M
MomenTa M., = —2 mepenasaemoro JIBC 2 k BeylIUM KOJIECaM 7.
Kp rs

TToJ0XKHMM, YTO BeAyLiye Kojeca 7 pealu3yroT MakCHMAalbHbld MOMEHT M,
[0 yCIOBUSM HMX cuemnenus. Toraa ¢ y4eToM ypaBHeHH# (5, 8) mepenumeM

ypaBHenue (7) B BUIE:

$=12 00 No—g (it f) =5 Pws ©)

2
rie g — yCKOpeHHe CBOOOQHOro NajicHus, M/c”.

Br/II04YeHHE BeHTHIATOPa 14, MpH UASHTHGHUKALNH CKOJBXEHNS] KOHTAKTOB
\ M,

BeAyIIUX Kojec 7 (—d— <0), co3aaeT HOIOJHUTEIbHYIO PEaKTHBHYIO CHILY TATH
t

P,,., KONECHOW MaIllMHBI, HE 3aBHCAILYIO OT YCIIOBHH CLIEIUICHUs BEIyLIHX
koiec 7 C OIMODHOW NOBEPXHOCTHIO. HeycTaHOBUBIUMHCS DEXHM pasroHa,

03HAYAOLIMH CKOJIBKEHHe KOHTAKTOB BeAyIHX Kojec 7, UIEHTHHUIUPYETCSA
[10 OTPMIIATEIHHOMY 3HaKy MPOU3BOIHOH —f <0.
t

C y4eToM JOMOJHHUTENHHOH PEaKTHBHOM CHJIBI TSITH P,.,. nepenuieM

ypaBHeHue (9) ABHXEHU KOJIECHOM MAIlTUHBI B BUJIE!

L 1 1
x=;,"(/1'(pcu'N2+PBeH'r)—g'(f1+f2)_'A;'Pw- (10)
U3 cpapHenus ypasHenuii (7) m (8) BHIHO, 4TO YCKOPEHHE KOJIECHOH

MAIIMHEI IpH paboTe BUHTA BEHTHIIATOpA 14 BO3pacTaeT Ha BEIMINHY:

. 1
x=ﬁ.PBeHT’ (11)

CrleZoBaTebHO, TATOBas AMHAMMKA KOJIECHOW MAallMHBI BO3PAaCTeT Ha

o 2

BeJTUMYMHY BO3PACTaHUs YCKOpeHus AX, M/c”.
Jlnst Toro, 4TOGHI OMNpPEENNTh, HACKOIBKO COKPATUTCS BPEMS JOCTHXECHHS

3a/[aHHOM CKOPOCTH ABIDKEHHS X, , IPOMHTEIPUPYEM yPaBHEHNA Qu7)u(l0n
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8) mpM 3aJaHHBIX HAYaNTBHBIX YCIHOBHAX: t,=0,X,= 0,x,=0(%,=0 -

HadvaJIbHasA CKOpOCTB), ITOJIy4YUM:

ve 1 1
x(p=E'A'(Pcu'N2't_g'(fl+f2)'t—ﬁ'Pw't+C1;

L1 1 (12)
x(p=ﬁ'(/1'¢cu'N2+PBeH'r)'t—g'(f1+f2)'t—1'w"Pw't+Cz,

e X,— ypaBHEHHE W3MEHEHMS CKOPOCTH KOJIECHOM MAaIIuHBI 0€3 ydera
JIOTIOJTHUTEIIbHOM PEaKTUBHON CUINBI TATH Peeym; X, — YPABHCHHC H3MEHCHUA

CKOPOCTH C YYETOM JIOTIOJIHUTENbHOH PEaKTUBHON CHIIBI TATH Peeym-

Tpu 3a1aHHBIX HadanbHbIX yenosuwsix C, =C, =0.

Cuctema ypaBHeHui#i (12) npeacrapiser co0oit 3aKOH H3MEHEHHS CKOPOCTH
IBUKEHHS KOJIECHOM MAaIIMHBI BO BPEMEHU 0e3 yuera M C YYETOM
JIOTIOHUTENBHON PEAKTUBHON CHIIBI TATH Py

W3 cuctembl ypaBHeHuit (12) ompeienuM BpeMs NOCTHXXKCHHA 3a/laHHOM

MAKCHMAJNBHOH CKOPOCTH X, KOJNECHOM MAlIMHBI TPH OTCYTCTBMM W Halu4Hi

JOTIONHUTENBHON PEaKTHBHON CHIBL TATH Py OT BO3/AYIIHOTO BEHTHIATOPA
8
14:
t, = ad: ;
1= /71 1 ’
(ﬁ'l'(Pcu'Nz—9'(f1+f2)_;,“1)w)
— Xk
2 1 1 ’
(ﬁ'(l"Pcu'Nz+PBeHT)—g'(fl+f2)—§'Pw)

t
(13)

rae t; — BpeMs JBWXEHHS KOJECHOW MaIlHHBI 6e3 BeHTHiATOpa 14; t, —

BpeMs ABWDKEHHS MAUIMHBI C BEHTUIITOPOM 14. 3 ypaBHEHMH BHIHO, 4TO

t >t

i

PasHulla BpEMEHH pa3roHa KOJECHOW MalllMHbl C BCHTHIIATOPOM 14

COCTaBHT.

At = M2k o (14)

P, BEHT

CrnengoBaTenbHO, yCKopeHHBIﬁ pa3ron KOJIECHOM MAaIlUWHBI YMCHBIIUT

yacoBoii pacxon Tormsa JIBC 2 G, mpu 3aJaHHOM MOIIHOCTH N..
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YMeHbllIEHHE pacxonga TOILINBa QTB IIpH HCIIOJIB30BaHHH BCHTUJIATOpPA 14

COCTaBHUT:

M-x
Qry = Gr - At = Gr -5

BEHT

, D(xTr). (15)

OTCIeXXHBaHHE CKONBXKEHHS KOHTAaKTOB BeAYIIMX Kojlec 7 KOJECHOH
MaIlMHbl TO3BOJIUT SKOHOMHIO pacxopa rtomnusa JIBC 2 3a cyeT orpaHM4eHHs
ux OykcoBaHUS, IIPU MOMEHTax, MepelaBacMBIX OT JIBC 2 uepe3 TPKM 3 k
BeLyIMM KoJiecaM 7, HapyUIAIOLIMX yCIOBUS CLEMJIEHHS BEAYLIUX KOJeC 7c
OIIOPHOM NOBEPXHOCTHIO.

[Toka)keM 3TO Ha IIPUMEDE.

JIOMyCTHM, YTO NMpPH «YHUCTOM» Kade€HHH Bé,uymnx Kojiec 7 MX YrioBas

CKOpOCTB paBHa o , a P OYKCOBaHMHU ;. [IprieM o, > o .

Toraa pasHOCTH MEXAY YIJIOBBIMHA CKOPOCTAMH COCTaBUT:
Ao =0 -,
IToTeps MomHOCTH Ha GykcoBaHHe N BeTylux Kojec 7 OyJeT paBHa:

N, =M, -Ao, kBT.

KonuecTBO TOILINBA, 3aTpadnuBaeMoro Ha GykcoBanue Qg Oyner paBHO:

QT6 =ge .NG =gc .Mp .A(’O’ e (KZ),
rie g, — yAelbHBIN pacXoy TOMIKBa, 2(ke)/ kBm 4.

TakuM o06pa3oM, NpPeIONKEHHBIH CIOCOO perylnpoBaHMs OCHOBaH Ha
YCTaHOBIICHMH CKOJNBKEHHS BelyllMX Komec 7 MyTeM UaeHTHPUKALIH
OTpUIIATEbHBIX 3HAKOB IEPBBIX NPOM3BONHBIX OT MOMEHTOB (cun), npu

KOTOPOM OCYILIECTBJISIETCS pUBefieHne TeKymero Momenta JIBC 2 K MOMEHTY

M,, =—%, COOTBETCTBYIOLIErO YCIOBUAM CHEMIIEHHS BEAYLIMX KOJEC 7. Tlpu

Lp

OTPHIATENHHOM 3HAaKe MPOM3BOAHOM OT CHJI B KOHTaKTE€ BEIyLIHMX KOJIEC 7 ¢
OTIOPHO}M MOBEPXHOCTHIO OJHOBPEMEHHO OCYIIECTBIAETCS BKIIIOYUCHHE 1 15

TIpHBOJA BEHTUISTOpa 14, CO3JAMOIIErO IONOTHHTEIBHYIO PEAKTHBHYIO CHILY
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TATU P,,,m, HE 3aBHCAILYIO OT YCIOBHIA CLEMUIEHHs BeAyLIHX KOJeC 7 KOJNECHO!
MalllUHBI.

I[ToBTOpsIOT oOnepanuu peryianpoBaHus mnojauu Tommuea B [IBC 2 u
pkmoueHuss JDJI 15 mnpuBoga BeHTHNsTOpa 14 Ha Kaxmod nepemade, a

3aBepIIAIOT OIEPAllUM TMpPH PABEHCTBE HYMIO MEPBOA NPOU3BOAHOM OT

14

peau3yeMoro KOJECOM MOMEHTa IO BpPEMEHH, =0 (ycraHoBUBLIUHCS

peXHMM JBIDKCHHMS MAIlWHBI), O3HAYAIOIIEr0 3aBepilieHHe Ipolecca pasroHa
KOJICCHOM MallluHBI.

[IpennaraeMeiif CIoco0 peryJMpoOBaHUS MPOIECCa PpasroHa KOJNECHOH
MAalllMHbI [T03BOJISET:

1. TloBhICHTH TATOBYIO JWHAaMHKy KOJECHOM MaIllMHBI 3a CYeT
JOTIOHUTENBHON PEAKTUBHOM CHIIBI TATH Py, CO371ABAEMOI BEHTHIIATOPOM 14,
KOTOpask HE 3aBUCHUT OT YCJIOBHH CLEIIIEHHs By KX KoJec 7.

2. TToBBICHTH TOIUIMBHYI) SKOHOMHUYHOCTH B TATOBOM PEXHME JBHKCHUS
KOJIECHOW MAILHHBI 3a CYET COKpAIEHHs BPEMEHH pa3roHa, 00ecreyrBacMOro
JOMOTHUTENILHON pEaKTHBHOW CHUIOW TATH Pgm, CO3/1aBA€MOW BHHTOM, HE
3aBUCAILIEIN OT YCIOBUH CIEIUIEHHs BeIyIIMX KoieC 7 KOJECHOW MalllMHBI C
ONOPHOU ITOBEPXHOCTHIO. i

3. IloBBICUTBH YCTOMYHMBOCTH TATOBOIO pEXHMa JIBHXKEHHs KOJIECHOH
MaIIMHBl 332 C4eT OTPaHHYEHMs CKOJBKEHUs KOHTAaKTOB BeAyIIHMX Koiec 7 B
IIPOOBLHOM HANpAaBJIEHWH, YTO OOECIeYrBaeT COXpaHEHHE KOd(Q(HUIHMEHTOB
CLIEIUICHHs BeqyIuX Kojiec 7 B OOKOBOM HaIlpaBJICHUH.

Ipolecc peryiaupoBaHusl pa3roHa KOJIECHOHM MAIIWHBI MO MpeAjaracéMomy
croco0y MOXeT OBITh OCYILECTBIEH IyTeM coriacoBaHus paGotel JIBC 2 ¢
mo0oil  Opyroif CHJIOBOM YCT@HOBKOM, CO3JarOUIeld  JOMOJTHUTENHHYIO
PEaKTUBHYIO CWIy TATH P, HE 3aBHCAIICH OT YCIOBMH CIEIIECHHs KOJeEC,
HanprMep ra3oTypOUHHBIM U JIPYTMM JIBHraTeNIEM.

IepeiimeM K pacCMOTPEHUIO HaMOONee ONACHOr0 peXUMa JBHKEHMA
KOJIGCHOM MAIIMHEI — PEXHMM €ro TOPMOXEHHs, AN KOTOPOro HeoOXoaumo
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PELIMTD 32/Ja4H yCTOHYMBOCTH JBHXECHUS KOJIECHOH MalIMHBI U 3¢ ()EKTHBHOCTH
€ro TOPMOXKEHHS.

3adauu NoeblLMEHUA YCMOUMUEOCU O8UNCEHUA U IPdexmugrocmu
MOPMOJCEHUA KONECHOU MAUMUHbL peulaemcs TeM, 4TO TPU TOPMOXCHUH
KOJIGCHOH MAIIMHBI NATYMKAMH W3MepeHHs TopMmo3HbIX Momentos JIUTM 17,
(aKTHUECKM peau3yeMbIX KOJIeCaMH (¢ur.10,11) HempepsIBHO BBIAAIOT
SIIEKTPUYECKHE CHUTHAJIBI, MPONOPIHOHAIBHbIC (haKTHYECKH pean3yeMbIM

topmo3HeM cwiam F, u F,, (mponmopioHajbHbIE MOMCHTAM: M, =E, I,

M, =F, r,), peanusyembiX B KOHTaKT¢ TOPMO3SIIMX KOJEC MAIIMHBL C

ONOPHOM MOBEPXHOCTHIO. ONEKTPUYECKHE CHUTHAIbI, MPONOPIHOHANLHBIC
TOpMO3HBIM cuiiaM roctynaior B BOU n @CY VIM 16 u ynpasnenus IMTII 4
KOJIECHBIX TOpMO3HBIX MexaHm3MoB KT 9. biok o6pabotku HHGOpPMAIUH

ocyllecTBIseT Takke A depeHIpoBaHHE CHTHAJIOB F

Tl

u F, n

I/I,HCHTI/I(i)I/IKaLII/IIO UX OTPHULATEJIBHBIX 3HAKOB NMpOU3BOAHBIX IIO BpeMeHI/I.' HpI/I

dF, dF,

AeHTH(UKAIMY OTPULATEIFHOTO 3HaKa IPOU3BOHOMN, a’tﬂ <0, a’? <0 Bnok

(GOpMHUPOBaHHs CUTHAIOB yNpaBJICHUA dopmupyet curxan Bkmouenrs /1 15
npuBOjia BeHTWIATOpa 14 s CO3JaHMA pPEaKTUBHOM CHJIBI TOPMOXKCHHUSA
Py rop sosn- PEAKTUBHAs CHIa TOPMOXEHUS Py rop posx HE 3aBUCHUT OT yCIIOBUH
cremienust Koneca. IIpd BO3HHKHOBEHWM PEAKTHBHOH CHIIbI TOPMOXCHHA

Py rop sosn YBEMUHMBAETCS CyMMapHas CHJIa TOPMOXCHHSA KOJIECHOM MAIIIMHBI.

dFy, F,
Kpome Toro, mpu <0, <0, Texkyuiee 3Ha4eHHME TOPMO3HBIX CHII
dt dt
MTI MTl
E, = ,F, =—"' coxpaHseTcs B KOHTPOJUIEPE, PE3U/ICHTHO yCTAHOBJIEHHOTO

al n2
8 BOU u ®CYUM 16, mis mociedyrolleldl OLEHKHM YCIOBMH CLETUICHWS
TOPMO3SMIAX KOJIEC M Ha OCHOBE TEKYLIHX 3Ha4YeHHH TOPMO3HBIX MOMEHTOB
F ,F, ¢opmupyer CUrHal yHnpaBleHUS UMTII 4, npuBOAsAIIMX NaBJIEHUS B

12 1

TopmosHoM npusoge KT 9 B COOTBETCTBHE C yCIOBHS CLCTUICHUS TOPMOSAIIHNX
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KoJec MaImHbl, TakuM obpasoM, uto F =N, ¢, ;;F =N, 0,,. Ormernm,

YTO BBHIIOJIHEHHE MAAHHBIX YCJIOBHMH HCKIIOYaeT OJOKHPOBKY TOPMO3SIINX
KOJIEC, @ MOMEHTEI, (OPMHPYEMBIE B poMO3HLIX MeXaHU3MaX, MPUBOJATCA K
3HAYEHHUAM:

M =N, 0y Ly My =N, 9, T,

3aBepuIaeTCs Omepaiys peryJMpoBaHHs JaBieHHs B TOPMO3HOM INPUBOAC

dFy, _ o 9Fr ,
py UAEHTUUKALMH ” =0,—d;—=0, 03HAYaKoIIeil OTCYTCTBHE YCKOPEHHs

3aMe/UIeHHs KOJIECHOM MaIuHbl (YCTaHOBUBIUMHCSA PEXUM TOPMOXEHHs), T..
—=0. B mocieaymomeM OTKIIOYAETCs JJIEKTPOIPHUBOJA PEBEPCHBHOTO

BpallieHus BeHTUIsATOpa 14.
PaccMoTpuM 6oiee MOAPOGHO MPOIECC TOPMOXKEHHUS KOJIECHOH MallHHBL.
uddepeHuransHble ypaBHEHHUs, ONMCHIBAIOLME MPOIECC TOPMOKECHUSA
MAIIMHBI 6e3 yd4eTa M C YY4eTOM PEaKTHBHON CHJIBI TOPMOXEHHS Py ropsosn

HUMEIOT BHA:

. 1
5C1T=—'M‘(FT1+FT2+G'(f1 + o) + Py)

N 1
Xor = _M'(Fn +Frp+G-(fitf2)+h +PWT0p803,a)

(16)

rae %, —yCKOpeHHe 3aMelIcHHs KOJIECHOH MaluuHbl 6e3 peakTHBHOH CUIIbI
TOPMOXKEHUS Py, rop sy  X,, — YCKOPEHHE 3aMEUICHHs] KOJECHOH MAllMHBL C

y4ETOM PEAKTUBHOU CHIIBI TOPMOXEHHUS Py, rop sosns M —wMacca mamnnsl; G —Bec
MaIIMHbL, Py ioprosn — PEAKTHBHas CHUla TOPMOXEHHs, CO3J1aBacMad
BEHTHJIATOPOM 14 IpH ero peBepCHBHOM BpallleHuH; P, — CHjla BO3AyLIHOTO

COIPOTHBIICHHS JBI)KCHHMIO KOJNECHOH MalwmHbL  f), f, - KO3 PUIIHEHTBI

COIPOTHUBJICHUS ABUKCHHUIO KOJIECHOU MAaIlIMHBI, 3aBUCAIIIUE OT XapaKTEPUCTHK
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2

OIOPHOH MOBEPXHOCTH M IIHMH; X =——- —yCKOpEHHE 3aME/JICHHA KOJIECHOM

2
t
MalInuHBbI.

MakcuMasibHasi cujia TOPMOXKEHHA B KOHTAaKTEC KOJIEC KOJIECHOM MAIlIUHBI C

10porot Frmax, IPH MOJHOM HCIOJIB30BAHNH ko3GduLIMeHTa CLEIUICHUs KoJieca

C OMOPHOM NOBEPXHOCTBIO PaBHA!

F..=Gwo,, 17)

Tmax

rae ¢, —KO3(pOUUMEHT CLEMICHN KOolec KOJIECHON MAaIlUHBl C ONOPHOM

OBEPXHOCTBIO, 3aBHCANIMM OT XapaKTEPUCTUK H TOBEPXHOCTH OTIOPHOM
IOBEPXHOCTH (B JalbHEHIIIEM 0JIaraeM, 4T K03 QUIEEHTHI CUETUICHHH KOJIeC

C OTIOPHO# OBEPXHOCTH OJIMHAKOBEL {,,, = ?.2)-

[lepenmiuieM CHCTEMY yPaBHEHHI C y1€TOM (16) B BHE:
" 1
XiT = —(.9 ) (¢cu+f1 +f2) +§'Pw);
s 1 18
x2T=—(g'(¢cu+f1+f2)+;;'(Pw+PW'rop303A)): ( )

W3 cuctemn! (18) HaxomuM 3HA4YEHWE YBENMYCHHUS 3aMeUICHMS, TP

peBepCHBHON paboTe BEHTHIIATOPA 14:

. 1
Ax = M PWTOp BO3A" (19

[MpouHTErprpyeM CHCTEMY YPaBHEHHE (18) momy4uM 3aKOHBI M3MEHECHMS

CKOpOCTI/I Ipu TOpMO)I(eHI/II/I KOHCCHOﬁ MAaIlIUHBbI:
. 1
X117 = _(9 : (¢cu+f1 +f) +E'Pw)'t+ Vo
. 1 20
Xor = — (g ) ((pcu +f1 + fZ) + —I\Z (Pw + PWTOpBO3A)) “t+ Vo, ( )

rac Vo — CKOpPOCTbB IICPC Ha4aJIOM TOPMOXEHHSL.

OnpeneniuM BpeMs TOPMOXEHHS M3 YCIOBHS, HTO CKOpOCTH KOJIECHOM
MaIlUHEl B KOHIIE TOPMOXCHHs paBHa HYJIO C y4eTOM PEaKTUBHOH CHIIBI

TOPMOXKEHUS Py, rop sosn B 0e3 yuera PEaKTUBHOM CHJIBI TOPMOKEHUS Py rop sosa-
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Vo
tyr = ’
T (g-(rpcu+f1+fz)+,—t,--Pw)
Vo | (21)
tar = (

)
g'(¢cu+f1+f2)+‘:7(Pw+Pw TOp sosn))

CnenoBaTelbHO, MpPH TPUIOKEHHH peaKTHBHOH CHIIBI TOPMOXCHHA
Py rop sosns co3aBaeMon BeHTHn;{Tode 14 BO BpCMfI TOPMOXKEHHS KOJIECHOH
MAILHHBI, BpeMsi TOPMOXKEHHUS] yMEHBIIMTCS Ha BETHIHHY:

Aty = —2 ¢, 22)

Py, TOp BO3J
Jiis ONydeHus IyTH TOPMOXEHHs KONECHOH MAlMHEI IIPOMHTETPHPYEM

ypasHenue (20), nomyduM:
1 1
Xir = —5-(9-(<pcu+f1 +f2)+—M--PW)-t2 +Vo-t;

1 1 23
Xor = _E' (g ) (‘Pcu+f1 +f2) +ﬁ'(PW +PWT0pBOBA)> - t2 +Vo 't,( )

OTkyna, OpU TNPHIOKCHUU PEaKTHBHOM CHJIBI TOPMOXXEHHUS Py 1op sosn

BEHTUIITOPA IIYTh TOPMOXEHHUA KOJIECHOU MAIlIMHBI COKPATUTCS HA BCJIUYHUHY

Pw*ropnoa,u. tz M
_— M.

Axr =
T 2-M

CrnenoBaTeNnbHO, OS()PEKTUBHOCTH TOPMOKCHHA KOJIECHOM  MAaIlHHBI
BO3pacTaeT IIpH pEaKTUBHOM CUIIBI TOPMOXKEHHS Py rop sosa-

Onepauyn peryavpoBaHus JaBleHHs B TOPMO3HOM IIpHUBOZC, BKJIFOYEHHUE
3JIEKTpONpUBOAAa INpHBOAa 15 PpEeBEpCHBHOrO BpaIEHUA BeHTUIsITOpa 14
IOBTOPSAIOT B TeYeHHE BCETO BPeMEHHM TOPMOXCHHS, a 3aBEpIIAIOT ornepauuu
yIpaBieHus TOPMOXXEHHEM IIpU PaBEHCTBE HYJIO NepBOM MPOU3BOJHON OT

M
pealM3yeMBIX KOJeCaMu TOPMO3HEIX MOMEHTOB TIO BpEMCHH, d" =0,
t

XapaKTepHBIH Ui yCTQHOBMBIIETOCS —IPONECCa TOPDMOXEHHSI  KOJECHOH
MalIMHbl (IIOJIHOE HCHONB30BaHUE KOIQQHIMEHT cuemyieHu# Kkoyec 0e3
CKOJIbXKEHHMS X KOHTAKTOB).

[IpeiaraeMplif Coco6 peryIMpOBaHUs MpoLecca TOPMONCHHA KOJIECHOH

MAaIllHEBI ITO3BOJINAT:
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1. TloBeicuTh 3PPEKTUBHOCTh TOPMOKEHHS KOJIECHOM MaIluHBI 3a CHeT
JOTIONIHUTEIBHON PeakTUBHOM CHJIBI TOPMOXCHHS Py, rop soans co31aBaeMon
BEHTHJIATOPOM NP PEBEPCHBHOM BpAILEHHH, KOTOpas HE 3aBUCHT OT yCJIOBHH
CIIEIUIEHHS TOPMO3AIMX KOJEC C OMIOPHOM IOBEXHOCTHIO.

2. TIOBBICHTH YCTOWUYMBOCTH JBIDKEHMs KOJNEGCHOH MALIMHBI  IPH
TOPMOYKEHHH 3a CHeT OIPAHUYEHHUsI CKOJIBKEHHS KOHTAKTOB TOPMOSAIHX KoJIEC
B IIPOJIONHEHOM HAIpPABIEHHH, YTO 00ECICYUBAET COXPAHCHUE K03¢ PULIUEHTOB
CLIETUIEHHs] TOPMO3SIIHUX KojleC B G0OKOBOM HaNpaBJICHUH.

OTMEeTHM, YTO AJA ITOJy4YeHHS PEaKTUBHOW CHIIBI TOPMOXCHUA Py 1op noan
KOJIECHON MAIOIMHBI MOYHO MCIIONB30BaTh JIHOOOH MEXaHM3M, CO3[aioLero
PEaKTHBHYIO PEBEPCUBHYIO TOPMO3HYIO CHITY (sanpuMep, ra3oTypOMHHBIE H
npyrﬁe IBUTATEIN).

CyLIHOCTh MPEAIaraeMoro crnocoba perynupoBaHus peKUMaMH JBHKEHUS
KOIIECHOM < MAIMHBEI TIOSCHAETCA OJIOK-CXEMOH alropuTMa peryinpoBaHHA
PEeXHMaMH JBIDKEHHEM KOJIECHOH MalllMHBI C TEIUIOBEIM M pEaKTHBHBIM
npeoGpa3oBaTe/siMU dHepruu Ha ¢ur.12.

[lo paHHOMY QITOPHTMY HpOLEypa pPeryJiupoBaHUs — HPOMCXOAUT
CIIEYIOIIUM 00pa3oM.

B pexuMme pasroHa KOJIECHOHM MaIlUHBI JITC 18 oCyHEeCTBIISIIOT ONEpalyH
M3MepeHHsl DJIEKTPUYECKHX CHTHAIOB, IPONOPLHMOHAIBHEIX CHIaM U/unm
MOMEHTOB B KOHTAKTe BeAYIIMX KOJec 7 C OMOPHON IMOBEPXHOCTHIO CHII H/unu
moMmeHToB, Omoku BOU u OCYHMM 16 OCymECTBISIOT 00paboTKy
JEKTPUYECKUX CHTHAJIOB, IPOTOPUMOHANBHEIX CHJIAM B KOHTAaKTE BEAYLIHX
xoJec 7 ¢ OLOPHO} TMOBEPXHOCTHIO, ONPEEISIOT MPOU3BOJHBIE OT CHUIl, 3HAKH
IIPOM3BOJHBIX OT CHI. IIpH OTpHL@TENBHBIX 3HAKaX MEPBBIX MPOU3BOAHBIX oT
CHN, HMICHTH(UIMPYIOIMX CKOJBKEHHE KOHTAKTOB KOJeC OTHOCHTEIBHO
ONOPHOH MOBEPXHOCTH, GPUKCUPYIOT TEKyIllee 3HaUCHHEe CHJI B KOHTaKTe KOJIEC,
[10 KOTOPOMY OCYIIECTBIISIIOT ONEPAlK yMEHbLICHHUS N0J1a 1 TOILIHEA B JBC 2
M BKIIOYEHWS BEHTHWIATOpa 14 JUIs TONYYeHHs PEaKTHBHOM CMIIBI TArH,

o0ecrieyyBaioIe JOIOJHUTEIBHYIO TATOBYIO CUITy. 3aBepI.HaIOT onepanun
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peryiupoBaHMs [OJa4d TOIUIMBA B IIBC 2 u otwmouenus O 15
BeHTHWIATOpal4 TIpM paBeHCTBE HYJIO IEPBOH IPOU3BOJIHOM OT CHJI B KOHTAKTe
BeLyIIMX Koiec 7 C OMOPHOH MOBEPXHOCTBIO, a TaKkKe MepeKIIoYeHHEM
kopobku mepenad TPKM 3 Ha BhICHIyIO MepeAady, H MTOBTOPEHHEM 3THX
olepalyii Ha Beex Iiepefjadax KOJIECHO! MAlIMHBI 10 KOHIIA €ro pasroxa.

B pexuMe TOPMOXEHHS KOJECHOH MAIIMHBL JaTiHKA 3JIEKTPUYECKUX
curaanos JIUTM 17 OCYLIECTBIAIOT ONepalMy HM3MEPEHHs SICKTPHICCKUX
CHTHAJIOB, IPOTIOPIHOHAIBHBIX TOPMO3HBIM CHIIaM W/MIA  MOMEHTaM B
KOHTAKTax TOPMO3SLIAX KONEC ¢ OMOPHOH INOBEPXHOCTBIO, 650ku 00paboTKH
3JEKTPUYECKHX  CHUTHAJIOB,  OCYLIECTBISIOT 00paboTKy  3JIEKTPUYECKHX
CUTHAJIOB, IIPOIIOPIMOHANBHBEIX TOPMO3AIMIUM  CHJIaM W/WIH  MOMEHTaM,
ONpeNeNsIOTCS NPOM3BOAHBIE OT CHJI M 3HaKH HX npou3BoAHbIX. Ilpn
OTpHIATENBHBIX 3HAKaX I[EpBBIX IMPOM3BOAHBIX OT CHJI MO BpEMEHH,
MIEHTHOULUHUPYIOLIMX CKOJBXEHHEe KOHTAaKTOB KOJEC, 650K  00paboTKH
MH(POPMAIAM COXPaHAET TeKylliee 3Ha4eHHe CHII B KOHTAKTE KOJeC B TEYCHUHU
JAHHOTO IMKJIa TOPMOXXEHMs MU IPUBENCHUS JaBJICHU UMTII 4 B
Tpy6ONMpoBOAaxX TOPMO3HON CUCTEMBI NEPEAHETO U 3aHETO xoHtypoB 11, 10 x
YCIOBHAM CLEIUICHHS KOJIEC, BBINOJHAETCS Olepanis BKIOHCHHUA 94 15
npuBoAa BeHTHIATOpa 14 1UIs moMy4YeHus PEaKTUBHOM PEBEPCHBHON CHUIIbI
TOPMOXKEHMs.  3aBepUIAlOT  ONepallM¥  PeryiupoBanus  ABJICHUA B
Tpy6ONpPOBOAaX TOPMO3HOM CHCTEMBI NIEPEAHEr0 M 3aHCTO xonTypoB 11, 10 #
otxmouenre DJI 15 moTydeHus peakKTHBHOM CHIIbI TOPMOXEHHS NPH paBEHCTBE
HYJIIO TIepBOM [POU3BOJHON OT CHJI B KOHTaKTe BEIyLIMX KOJEC 7 ¢ ONOPHOM
TIOBEPXHOCTBIO, M IMOBTOPEHHUEM OITHX orepanuii B TeYEHHE BCEro BPEMEHH

TOPMOXXECHHS KOJIECHOM MallIuHbI.
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36



Texumueckux Hayk: 05.07.02 / JlesmonkoB Hukuta Bukxroposuy; [Mecto
samuTe:  Ka3zaHCKHMii HALMOHAIBHEIM  HCCIIEJOBATENbCKUM  TEXHUYECKHH
yauBepcuteT M . A . H . Tynonesa - KAH].- Kazanb, 2014.- 98 c.

2. Toyota RAV4 EV, ZENN, ZAP Xebra, General Motors EV1, Chevrolet
Volt, Volvo C30 BEV, Tesla Roadster, Tesla Model S, Modec, Reva NXR,
Renault cepust Z.E., Nissan LEAF, Tazzari ZERO, Lada Elladan , ap. Kapamsn
0.10., Yebanos K.A., ConoBeeBa JXK.A. DnekTpoMoOuib ¥ MEPCTIICKTHBBI €0
pasBuTus [OH-Naiin] //@yHnameHTalbHble HccnenoBanus. — 2015. — Ne 12-4. —
C. 693-696; [maiineno 2018-12-22]). Haiineno wu3 MHurepner < URL:
http:/fundamental-research.ru/ru/article/view>.

3. Tlatent P® 2125517, xn. B60K 41/00, B60T 1/02, omy6a. 27.01.1999 -

MPOTOTHII.

4. AK. ®pymkun, UW.AnsiueB, A.W.ITonoB. AHTHOIOKMPOBOYHEIE H
IPOTHBOGIOKAPOBOYHBIE ~ CHCTEMBI  JIETKOBBIX  aBTOMOOMied. - M.
IleHTpasIbHBIH Hay49HO-HCCIIE0BATEeIbCKHI HHCTHTYT HHPOPMALUK U TeXHUKO-
HKOHOMHYECKHX HCCIIeNOBaHHI aBTOMOOHMJIBHON INpoMmblluleHHOCTH, 1989, c.
39-50.

5. DneKTpoHHas cucTeMa crabunusanuu nprmxenns ESP//aBroctpoenue 3a
pybexom. -1998. -Nell. C. 16-17.

6. A.A. S6monckuii Kypc Tteopernueckass Mmexanuka. U.II.J[nHamuka.
YyeGHUK Ans BTy30B. 3. 5-e, uctp. M., «Beicmas 1mkomna», 1977. c.284-289.

7. Kum B.A. MeTomonorus CoO3NaHds CHCTEM aKTHBHOH 0€30MacHOCTH
aBTOTPAHCTIOPTHBIX CPEACTB HAa OCHOBE aHénnsa cun. — MorwmeB: benopyccko-
Poccuiickuii yuuBepeuteT, 2003. ¢.116-117: u.

8. Homep mexaynapomuoii myonukamun WO 98/01332, MKH® B 60 T 8/52.
Crioco6  ympabieHMss  AHTHOJOKMPDOBOYHOW  CHCTEMOH  TOPMOXKCHHA
TpaHcnoptHoro cpeacrtsa / B. A. Kum [1 jp.]; MexayHapojHas 3asBKa —
PCT/BY96/00005; 3asBn. 29.07.96; ony6i. 15.01.98, bron. Ne 01332. —2 ¢.: un.

9. B.B. I'ycskos. Teopus Tpaktopa. - M.: MammunocTtpoenwue, 1982. ¢.69.

37



®OPMYVIJIA U3OBPETEHNA

1. Cnoco6 peryJiupoBaHus PeXXMMaMM JBHXEHHs KOJECHOW MAallMHBI C
TEIUIOBBIM M PEaKTUBHBEIM IpeoOpa3oBaTeisMH  JHEpIHuy, conepxcamﬁﬁ
OlepaliM HW3MepeHus, oOpabOTKM M aHajM3a JSJIEKTPHYCCKUX cnrHanoﬁ,
XapaKTEPU3YIOUX COCTOSHHE CLEIVICHHS KOJIEC C OMOPHOH MOBEPXHOCTHIO,
pery/lMpOBaHHs [OJa4yl TOIUIMBA B JBUraTeslb BHYTPEHHEro CrOpaHHs H
TIOBTOPEHHEM 3THX OINEpaldii B TEYEHHH HEYCTOWYMBBIX PEKUMOB JIBIKEHHSA
KOJIECHOM MAIlIMHEI, OMAUMAIOWUICA TEM, YTO OIEpally pPeryJIupOoBaHHA
[0/la4¥ TOIUIMBA B JBUIaTelb BHYTPEHHETO CrOpaHMs, BKIIFOYCHHUS MCTOYHHUKA
MOJy4eHHs PEaKTUBHOM CHJIBI, CO3JAIOLIEr0 PEAKTUBHYIO CHIy TSATH W/HIM
TOPMOXKEHHS, M JaBIeHUS B TOPMO3HOM [PHUBOJAE  OCYIUECTBIAIOT IpH
OTPHIATENBHBIX 3HAKax IePBBIX NPOM3BOJHBIX OT CHJI H/WIH MOMEHTOB B
KOHTAKTe KOJIEC C OIOPHON TIOBEPXHOCTBIO IO BPEMEHH, a 3aBEpLIAIOT
OTepalvy PeryJIMPOBaHHUs O]9 TOIUINBA B IBUIaTeN b BHYTPEHHETO CrOpaHus
¥ MCIOJHUTEIBHBIM MEXAaHH3MOM TOPMO3HOIO NPUBOJA IIPH PABEHCTBE HYJIIO
IepBOi TPOM3BOMHOM OT CHJI M/MIM MOMEHTOB B KOHTAKTe KOJEC C ONOPHOH
TIOBEPXHOCTBIO 110 BPEMEHH, U MOBTOPEHHEM JTHX OIEpalyil B TEUCHUH BCETO

BpPEMEHH OBUKCHUA KOJIECHOW MAILIUHBI.

2. Cnoco6 no n.l, omauuaoweecs TeM, 4YTO B IIpOLECCe pas3roHa
KOJIECHOH MAIIMHBI OINEpaldd PeryJUpoBaHHs IOJa4YM TOIUIMBA B JBHIATENb
BHYTPEHHETO CTOPaHHs U BKJIFOUEHHUS HCTOYHUKA MOJYUEHHs] PCaKTHBHOH CHIIbL,
HaIIpUMep, JJEKTPOJBUraTeNsl NPUBOJA BEHTHJIATOPA BO3MYIIHOH CHIIBI TATH,
IS IpUBEIEHHUS MOMEHTa JIBUTaTellss BHYTPEHHEro CropaHHs B COOTBETCTBHE C
YCJIOBUSIMH CLEIUIEHHs BEMYIIMX KOJeC, W TIOBBIIEHMS CHIIBI TATH, HE
3aBUCAIIMX OT YCJIOBHH CLEIUIEHHs KOJIeC, Ha4YWHAIOT IIpH HICHTH(UKALUH
OTPHMLATENLHBIX 3HAKOB IMEPBOH MPOU3BOJHOM OT CHII W/MIM MOMEHTOB B
KOHTaKTe KOJIEC C OMOPHOW MOBEPXHOCTHIO IO BPEMEHH, ¥ TIOBTOPEHHUEM 3THX
onepaLyii B TeYeHHe BCEro BPEMEHH pa3sroHa KOJECHOH MallMHBEI Ha KaXkI0H

niepenaue.



3. Cnoco6 mno m.l omauuarowuiics TeM, 9TO B pPEXUME TOPMOXKEHUS
KOJNECHON MAIIMHBl OCYIIECTBIAIOT OMEpallik I[PHBEACHHS JaBIEHHI B
TOPMO3HOM MPHUBOJIE B COOTBETCTBHE C YCJIOBHAMM CUEIICHHS TOPMO3SIINX
KOJIeC C OIOPHOW IOBEPXHOCTBIO, BKIIOYEHHS  PEBEPCHBHOIO BpallleHUS
HUCTOYHMKA TIOJYYEHHS PEaKTHBHOM CHIIBI, HalpUMeEp, BEHTHUIATOpA VIS
YBEJMUYEHUST CHJIBI TOPMOXEHHs, HE 3aBUCALIEH OT YCJIOBHHM CLEIICHUS
TOPMOBAIIMX KOJIEC, 3aBEpIUAIOT OINEpalli¥ TNpH PaBEHCTBE HYJIO I1E€PBOM
MPOU3BOAHOM OT CHJI W/WIM MOMEHTOB B KOHTaKTe TOPMO3SIIMX KoJieC ¢
OMOpHOM MOBEPXHOCTBHIO, M TIOBTOPEHHEM I3THX OIEpPALMH B TEYCHUH BCETO
BpeMeHH TOPMOXKEHHS KOJIECHON MallMHBI.

4. Crioco6 mo oxHoMy M3 NI.l1-3 OTIMYAIOIIMHCA TEM, YTO B CHUCTEME
YIIPaBJIEHNs KOJIECHON MAIIMHOM, OCHOBAaHHOH Ha HICHTHOHKALMH CKOJIbXKEHUT
KOHTAKTOB KOJIEC, MCITOJIB30BaHbl JATYUKH H3MEPEHHs U aHallu3a yCKOPEHHUH ee
Macc, (OPMHPYIOLIHE CHUTHAJIBl YIPAaBICHUS KOJECHOM MAIIMHOW IIpH
HIEHTHQHMKALMM OTPHULATENBHBIX 3HAKOB IPOU3BOAHBIX OT YCKOPEHHH, H
3aBEpUIAIONIMX pEeryJiHpoBaHWe IIPU PpPaBEHCTBE HYIIO IPOM3BOAHBIX OT
YCKOPEHU#H [0 BpEeMEHH, W IOBTOPEHHEM 3THUX ONepaluil B TE€YEHHH BCETO
BPEMEHHU IBUKEHUS KOJECHONW MallIMHBIL.

5. Crioco6 1o ofgHOMy M3 NiL1-3 OTIMYAIOUIMHACS TeM, YTO B KauecTBe
MCTOYHMKA TIONy4E€HUs DPEAKTHBHOA CHJbl TATM W/WIM  TOPMOXKEHHS
HCIIONB30BaHbl CHJIOBBIE YCTAaHOBKH, CO3JAIOIMX PEAaKTUBHYIO CHIY, Kak
BEHTWJIATOP, Tra3oTypOHHHBIE JBUTAT€Nd U T.I., TPH HACHTUDUKALKH
OTPUIIATENBHBIX 3HAKOB IPOU3BOIHBIX OT CHJ W/HMIM MOMEHTOB B KOHTaKTe

KOJIeC C Ol'IOpHOfI IMOBEPXHOCTBIO.



Crioco6 peryIupoBaHus PeXXUMaMHU JBHIXEHHS KOJIECHOM
MAIIHHbI C TEIUIOBBIM ¥ PEAKTHBHBIM IPE0Opa3oBaTe MU
SHEPrUU

P4 lemﬁmu

®ur. 1.
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Croco0 perynupoBaHHUs peXUMaMH JIBHXKEHHUS KOJIECHOM
MAIIIHHBI C TEIJIOBHIM U PEaKTUBHBIM NpeoOpa3zoBaTeniMu
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Crioco6 peryIupoBaHus peXKUMaMH JIBHXKEHUS KOJIECHOH
MAIIHHbI C TEIUIOBBIM H PEAKTUBHBIM Npeo0pa3oBaTeIiMH
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Crioco6 peryIMpoBaHus PeXXKHMaMH JBHXEHHs KOJICCHOR
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SHEPTUU

f

£,

@ = const

\

<*
B
2
3
8
¢
$

Es

®ur.8.

7;4 148 222 296 371 ™



Crioco6 peryaupoBaHus peXKMMaMy JBHXEHHs KOJIECHON MalTUHbI
C TEIUIOBBIM U PEaKTUBHBIM IIpeo0pa3oBaTessMy SHEPIrUH

J —
3 2 T Pw nos
! TOp
| I
TPKM aBC | ! -
11 13 | B aens
-
31 . { —
P
| w
— —— — o—— — . ot ek “
p—iCT] .
T
—~*
17

Buo 4

®ur.10




14

15

Cnocob peryjipoBaHUs peXKUMaMHA OBHXCHU S KOJIECHOM MalllMHEBI
C TCILUIOBBIM H PEAaKTUBHBIM npeo6pa30BaTeJmMn OHEPIrun

Buo A

@cC

120

TPKM

Our. 11.




Crioco6 peryaupoBanus peXXHMaMH JBHKEHHS KOJICCHOH
MAIIKHBI ¢ TEIUIOBBEIM M PEAKTHBHBIM NPeoOpa3oBaTe/IiMU

SHEpPruU

»| H3MEPEHHE CHI'HAJIOB (™

E, <
> e F )
> 3adurcHpoBATH h

mepeqady KIL, i
4 v
PEXHM PEAM PA3I'OHA

Our. 12.



EATIB/OI1-2

EBPA3SHICKOE NATEHTHOE BEJIOMCTBO

HoMmep eBpa3suiickoif 3asiBKH:

OTYET O IIATEHTHOM

TIOUCKE | 201900324
(ctatea 15(3) EAIIK u npasuno 42
INarentHO# uHCTpYKMK K EAITK)

lara nonauun: 17/05/2019 lIlaTa HCIIPAIIMBAEMOrO PHOPHTETA:
[Ha3sanue nzo6perenus: CIIOCOB PEI'YJIMPOBAHHSI PEXXMMAMH JIBDKEHHS KOJIECHOW MAIIIMHEI C TEILUIOBBIM U PEAKTUBHBIM
ITPEOBPA3OBATEJIAIMU SHEPTU

Bassurens: MEXTOCYIAPCTBEHHOE OBPA3OBATEJILHOE YUYPEXIEHME BBICHIETO OBPA3OBAHHS "BEJIOPYCCKO-POCCUNCKHM
IYHUBEPCHUTET"

] Hekoropbie NyHKTbI GOPMYJIb] He NOMAJIEKAT MOKHCKY (cM. pa3aes I 10noJHHTENbHOTO JHCTA).
L] Exuncreo H300perenus ne cobmoneHo (cm. pasge Il JonoaHHTENLHOrO JIHCTA)

A. KITACCUOUKANUA TTPEIMETA U30OBPETEHUA: B6OT 1/12 (01/01/2006)
B6OK 6/00 (01/01/2006)
B6OW 10/04 (01/01/2006)
B6OW 20/10 (01/01/2006)

iCornacHo MexayHapoaHoif nateHTHOM knaccupuxauuu (MITK)

b. OBJIACTD [TOUCKA:
MHHHMYM POCMOTPEHHOM NOKyMEHTalMH (cucTeMa knaccuuxaiuy 1 uHaexcsl MIIK)
B60T 1/00, 1/02, 1/12; B60K 1/00, 5/00, 6/00, 6/20; B60W 10/00, 10/04, 20/00, 20/10, 20/40, 30/18, 40/068

yrasi IpoOBepeHHas JOKYMEHTalUs B Toi Mepe, B Kakoii OHa BKJIOYEHa B 0671acTh MOKMCKa:
B. IOKYMEHTBI, CHUTAIOIIUECA PEJIEBAHTHBIMHA

[Kareropusa* CCBUIKH Ha JOKYMEHTEI ¢ YKa3aHHEM, [I€ 3TO BO3MOXXHO, PEICBAHTHBIX YacTel OtHocuTcs K nyHKTy Ne

A RU 2125517 C1 (KUM B.A. u 1p.) 27.01.1999, 1-5
onucanme, cTp. 5-12, popmyna, ¢wur. 1-10

A WO 2008/074608 A1 (ROBERT BOSCH GMBH) 26.06.2008, 1-5
onucanue, popmyna, ¢ur. 1-2

A CN 109624939 A (UNIV XIAMEN TECHNOLOGY) 16.04.2019, 1-5
pedepar, ¢ur. 1-3

A EP 0925988 A2 (NISSAN MOTOR CO., LTD) 30.06.1999, 1-5
omnucanue, naparpagel [0003-0083], popmyna, dur. 1-7

A CN 109017718 A (UNIV CHINA PETROLEUM EAST CHINA) 18.12.2018, 1-5
pedepar, ¢wur. 1-5

A DE 102007042155 A1 (DAIMLER AG) 12.03.2009, 1-5
onmcanue, rmaparpads: [0005-0025], popmyna, ¢wur. 1-2

D TIOCNIEAYIONMHE JOKYMEHTHI YKa3aHbl B IpoAo/DkeHuu rpags! B D JaHHbIE O MaTeHTaX-aHANIOraxX yKa3aHb! B NPUIOKEHHH

* OcoGBIe KATETOPHH CCRUIOYHBIX JIOKYMCHTOB:

"A" JOKYMEHT, onpeaenAlomui oOmuit ypoBeHb TEXHHKH

"E" Gonee paHHMit IOKYMEHT, HO OMyOIMKOBAaHHBIH Ha JaTy Nojavx

leBpasniickol 3asBKH HIH NOCIIE Hee

"O" JOKYMEHT, OTHOCAIIMHKCA K YCTHOMY PacKpBITHIO, IKCIIOHH-

POBAHMIO H T.IL.

"P" IOKYMEHT, OMyOTHKOBAHHBIH 110 AATHI HOJA4H €BPasHIfCKON 3asBKH,
HO NOCTIE AaThl UCTIPAIIUBAaEMOT0O PHOPHTETA

'D" noKyMeHT, IPHBEICHHEIN B €BPa3HiiCKOl 3aiBKe

"T" Gonee NO3AHHI JOKYMEHT, OMyOIMKOBaHHBIH MOCHE AaThl MPHOPHTETA H
TIPMBEJICHHBIN JUIs TOHHMaHKA H300peTeHHs

"X" noKyMeHT, uMelomuii HanGonee 6MN3KOE OTHOMEHHUE K NMPEAMETY NOUCKA,
NopoYamuii HOBH3HY WITH H300peTaTeNbCKUI YPOBEHD, B3ATHIN B OTAEILHOCTH

"Y" nokyMeHT, HMeIoIui Haubonee 6/TH3KOe OTHOMEHHE K NMPEAMETY MOHCKa,
nopo4amui n306peTaTebCkuit yPOBEHb B COYETAHHH C JPYTMMH JOKYMEHTaMH TO!
e KaTeropuu T

"&" NOKYMEHT, ABJISIOMIMIACS NIATEHTOM-2HATIOTOM

"L" IOKYMEHT, PUBCACHHBIN B APYTHX LIENAX

JlaTa AeHCTBUTENLHOTO 3aBEPIICHHS nareHTHoro noucka: 20/12/2019
YI0IHOMOYEHHOE TULIO:

I'naBHbIi 3kcHEpT B.H. Manaii

Ortnena MEXaHUKH, GU3UKH U ITEKTPOTEXHUKH
Tenedon: +7(495)411-61-60%323
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