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BBEJIEHUNE

MupoBasi IpaKkTHKa HWCTOIB30BaHMS aHTHOMOKHPoBOUHEIX cucteM (ABC) Ha
aBTOMOOMIIX moaTBepamia ux ddexkruBHocTs. ABC ycmemHo pemaeT npooiaemy
YCTOWYMBOCTH JABUKEHUA OJMHOUYHBIX aBTOMOOUJIEH, HO HE aBTONMOe3/0B. [IpruunHa
kpoercst B ToM, uTo ABC He mcnonb3yer mHGOpMANKIO O CHIaX B3aUMOICHCTBUS
MEKJTy 3BEHbSIMU aBTOMOE3/a. ABTOMATHUYECKUE CUCTEMbI YIPABJICHUS MOCTOSHHO
COBEPIICHCTBYIOTCS. B mocieaHue rojpl MHTEHCUBHOE PA3BUTUE TMOJYUYWIIU SJICK-
TPOHHBIC CHCTeMBbI crabwnm3anuu 1ewkeHueM (ESP)  aBToTpaHcmopTHBIX
cpencts (ATC). AmepukaHckas HalMOHAIbHAs Ciy>k0a O€30MacCHOCTH JBHKCHUS
(NHTSA) npeacrasnsieT moka3aTesib CHIXKEHHUS aBapuii Ha 35 % 3a cyeT ucmosb3o-
Bannn ESP ma aBromoOmmax. Hemenkue ¢upmbr obemmatoT 64 % mponu3BOAMMBIX
aBTOMOOMJIEH CpedHEro M Bbillle KiIaccoB kKomruiekToBarh ESP. M3 Tekyieit wh-
dopManiu BUIHO, UTO Beaymmue (PUPMBI TOTOBITCS K 3aKOHOAATEIILHOMY BHEPE-
Huto ESP na ATC, 1 TeM caMbIM XOTST TMOBBICUTh KOHKYPEHTOCIIOCOOHOCTh CBOCH
aBTOMOOWJIBHOM MPOYKIIMKM HA MUPOBOM pbiHKE. B mocnennue roasl benopyccko-
Poccuiicknii yausepcuter, OUM HAH benapycu u BHTY BenyT coBMecTHbIE HC-
CJIEIOBAHUA TIO CO3JaHUI0 Y(PPEKTUBHBIX AJITOPUTMOB YIIPABICHUS TOPMOKESHHAEM
CeICNTbHBIX aBTOIMOE3/I0B Ha OCHOBE WH(OpPMAIMU O CHWJaX B KOHTAaKTE KOJIEC C
OMOPHON TMOBEPXHOCTHIO M B IIAPHUPHBIX CBIA3SAX MEKIY WX 3BEHBSIMH, HE YCTY-
MAaKIINX MUPOBBIM aHajioraMm. PellieHue naHHOM 3aauM MO3BOJIUT MOBBICUTH 0€30-
nacHoCcTh MarucTpasibHbix ATC.

[TpotuBobykcoBouHas cucrema (I[1BC) apnsercs Hanbosee pacnpocTpaHeHHON
ABTOMATHUECKON CUCTEMOMW YIPABJICHUS TATOBBIM PEXXUMOM ABUKECHHS aBTOMOOU-
as. OmHako Metoasl dopmupoBanns curHajios ympasnenus [IBC He MoryT ObITh
WCIOIb30BaHbl JJISl YIIPABJICHUA TATOBBIM PEKUMOM ABUKEHUS TPAKTOPA, MPHU KO-
TOPOM MPOUCXOJUT 3HAUUTEJIbHOEC OYKCOBAHUE BEAYIIUX KOJEC, CHUMKAIOIIEE MPO-
U3BOAUTENBHOCTh W MOBBIIIAOIICE PACX0/ TOTIMBA. B pexxume peanvzanuu HOMU-
HAJIbHOTO KPIOKOBOTO YCHIHA (ITax0Ta) TPAaKTOp padoTaeT daine BCero ¢ 3a0JI0KH-
POBAHHBIM MEXKOJICCHBIM Ju(PHEPCHITHATBHBIM MEXAHU3MOM, T.€. HUCIOJHHUTEITb-
Hblii Mexanu3Mm g [IbC orcyTeTByeT. A Apyrod MCHMOJHUTENbHBIN MEXaHU3M —
TOPMO3 TPaKTOpa — HE MPUCTOCOOIIeH Kk cucTteme ynpasiaenus [15C.

IToseimenne 6e3omacHoct ATC u cHM>KeHHE OYKCOBaHHWS KOJIECHOTO TPAKTO-
pa B TSATOBOM PEXHMME C TMOMOIIBIO cO3/1aHns d((HEKTHUBHBIX aJITOPUTMOB aBTOMa-
TAUYECKUX CUCTEM YIPABJICHUS MX JBUKEHUEM MPEJCTABISIET COOONW BAXKHYIO Ha-
POJHO-XO34MCTBEHHYIO 337auy, PELICHUE KOTOPOM CMOXKET MOBBICUTH MPOU3BO/IU-
TEJIBHOCTh U KOHKYPEHTOCIMOCOOHOCTh KOJIECHBIX MAIllMH, MPOU3BOAUMBIX B Pec-
nyonauke bemapycs.

OBLIAA XAPAKTEPUCTUKA PABOTDBI

Cas13p paboThI ¢ KPYNMHBIMH HAYYHBIMH MporpamMmamu, TeMmamu. Vccre-
JIOBaHUS BBIMIOJTHSUIACH B pamMkax mporpammbl «bemasrorpakropoctpoenuey (I'b
AT-02.03.02/1-2000, Ne I'P 19994544), 3ananus MunncrepcTsa odpazoBanus Pec-
nyonmuku benapyce (I'b-0619¢, Ne I'P 20021603), 3amanus MunnuctepcTBa TpaHc-



nopta u kommyHaukaruii PecrryOmmku bemapycs (X/J1 Ne 1/0156 ot 10.04.03 1.). Ilo
TeME JUCCEPTAIlMK BBIMIOJHEHA HAy4YHO-MCCeaoBarenbckas padora ['B-09¢
Ne I'P 2000500. B Hacrosiiiee BpeMsa OpOJIOJKAKOTCS UCCIEA0BAHUS IO CO3JIaHUIO
HOBBIX KOMIIOHCHTOB CUCTEMbI YIIPABJICHUA TOPMOXKeHHEM 1o 3aaanuio OMMM HAH
benapycu (I'b-0619¢) u mo 3amanmio MunucrepcTa obOpaszoBanus PecmyOnmuku
bemapycs (I'6-068).

Heas u 3aaaun uccaenoBanus. Llenp uccienoBanuii — yJayulmTh JUHAMHU-
Ky JIBUDKCHUA KOJICCHBIX MAIIIMH MYTEM CHUHTE3a aJITOPUTMOB YIMPABJICHUS UX JBU-
KEHHUEM Ha OCHOBE aHAJIN3a CHJIOBHIX (DaKTOPOB, MO3BOJIAIOIINX MAKCHMAILHOE MC-
MOJIb30BaHUE KOA(D(PHUIIMEHTOB CHETUICHWH KOJIEC MAIllWH C OMOPHOW IMOBEPXHO-
CTBIO.

JIns TOCTHIKEHHUS MMOCTABIEHHOM LIEJTM MOCTABJIEHBI CIEAYIOINE 3a1a4u:

— COCTaBUTh YPaBHEHUS HETOJIOHOMHBIX CBA3EH KAuEHHs KoJjieca, MPeACTaB-
Jstomye co0oi (pyHKITMOHATBHBIE 3aBUCUMOCTH MEXKTy TlapaMeTpaMu nedopmarin
MMHEBMATHUKA U KUHEMATUYECKUMU MapaMeTpaMu JBUKECHHS LIEHTpa 00oda KoJjeca,
MO3BOJIAIOIIME COXPAHUTh JCHUCTBUTEIbHBIC HAYAIbHbBIEC YCJIOBUS YPABHEHUN JBU-
JKEHUSA KOJICCHBIX MAIIIMH W OMPEACICHUE CUJI B KOHTAKTE KOJEC ¢ OMOPHOM Mo-
BEPXHOCTBIO;

— pa3palboTaTh MaTeMaTHYECKYI0 MOJEIb KYPCOBOI'O JABMIKEHUS CEACIIBHOIO
ABTOIOE3/1a C UCMOJIb30BAHUEM COCTABJICHHBIX YPABHEHUN KHHEMATHUECKUX CBA3EH
KaueHHsI W METOAMKY €ro Mojaenuposanus Ha [IDBM, mo3Bosstoiiue mpoBecTH
aHaJIu3 JIMHAMUYECKOTO COCTOSIHUSL JBUKCHHS CEJECIbHOTO aBTOMOE3Aa M JAaTh
O1eHKY (PppeKkTHBHOCTH pa3pabaThIBACMbIX aJITOPUTMOB YIIPABJICHUSA €TI0 IKCTPEH-
HbIM TOPMOKECHUEM

— pa3paboTaTh MAaTEMAaTHYECKYIO MOJENb TATOBOrO PEXUMa KOJIECHOTO TPaK-
TOpa C UCIMOJIb30BAHUEM COCTABJICHHBIX YPABHEHUIH KMHEMATHUECKUX CBA3ECH Kaue-
HUA KoJieca M METOJ e€ro mojaenupoBanus Ha [IDBM, no3sossionye paccunuTarh
OyKCOBaHHE BEAYIIUX KOJIEC TPAKTOPA C KPIOKOBOW HArpy3KOW W /1aTh OMEHKY 3(¢-
(hekTHBHOCTH pa3padaThiBAEMOT0 aJTOPUTMAa YIIPABJICHUS TATOBBIM PEKAMOM JIBH-
KEHUA TPAKTOPA,

— pa3paboTaTh, U3rOTOBUTh U UCMIBITATh KOMIIOHEHTHI CUCTEMbI YIIPABJICHUS C
IETBI0 TTOATBEPKACHUA d(PPEKTUBHOCTH pa3pabOTaHHBIX AJITOPUTMOB YIIPABJICHUS
JIBUKCHUEM KOJIECHBIX MAIIIUH.

Ilos10:xeHusi, BBIHOCUMbIE HA 3amuTy. K OCHOBHBIM pe3ysibTaTaM HMCCIEA0-
BAHWM OTHOCATCS:

— YPABHEHHUS HETOJIOHOMHBIX CBA3EH Kaue€HUs KoJieca, MPEACTABIISIONINE CO-
6ol (hyHKIIMOHATBHBIC 3aBUCHMOCTH MEXIy TMapameTpamu aedopManvyd IMHEBMa-
TUKA U KHHEMATUYECKUMU TapaMeTpaMy JABUKEHHUS LIEHTpa 000/aa KoJjieca, O3BO-
JISIOIINE COXPAHUTh JCUCTBUTEIbHBIC HAYAIbHbBIEC YCJIOBUS YPABHEHUH JBUXXCHUS
KOJIECHBIX MAIlIMH W OMPEJECIUTh CUJIbl B KOHTAKTE KOJIEC ¢ OMOPHOM MOBEPXHO-
CTBIO;

— MaTeMaTH4ecKass MOJIENb KypCOBOTO JBH)KEHHS CEIENbHOTO aBTOMOE3]a C
WCIOJIb30BAaHUEM Pa3pabOTAaHHBIX YPAaBHCHUN KWHEMATHUYECKUX CBA3EH KauCHHS
KOJieca U METOAMKa ero MojaeaupoBanus Ha [IDBM, no3Bosidroniue npoBecTy aHa-
JIN3 TUHAMAYECKOTO COCTOSIHHS CEETBbHOTO aBTOIOE3/Ia M AaTh ONECHKY d()(PeKTHB-
HOCTH aJITOPUTMA YIIPABJICHUS €r0 SKCTPEHHBIM TOPMOKEHHUEM



— MareMaTH4ecKas MOJEb TATOBOTO PEXKUMA KOJIECHOTO TPAKTOPA ¢ UCTIOJIb-
30BaHUEM pa3pabOTAHHBIX YPABHCHHM KMHEMATHUYECKUX CBA3EH KaueHUA KoJjieca U
MeTOJ, ero mojaenrpoBanusa Ha [I9BM, no3ponstoiue paccuyutath OyKCOBaHUE Be-
QYIIAX KOJIEC TPAKTOpa ¢ KPIOKOBOM HArpy3KoH M 1aTh ONEHKY 3(PpPEKTUBHOCTH aJl-
rOpUTMA YIPABJICHUS €TI0 TATOBBIM PEKUMOM;

— KOMIIOHEHTBl CHUCTEMbI YIIPABJICHUS W PE3yJIbTaThl MX HCOBITAHWHN, MOJ-
TBepxKAatonTie 3(HEKTHBHOCTh Pa3pabOTAHHBIX AJITOPUTMOB YTPABJICHHS JBHKE-
HUEM KOJICCHBIX MAIIIHH.

JInyHbIil BKJIaA coucKaTess. ABTOPOM JIMUHO TOJYYEHbl YPABHEHUS KUHE-
MaTHYECKOHN CBS3HM KQUCHHS KOJieCa BTOPOTO MOPsAIKa U chOpMyIHPOBAHA KOHIIETI-
1M CUHTE3a aJIrOPUTMA YIPABJICHUS TOPMOKEHUEM CEACIILHOTO aBTOIMOE3/a, OCHO-
BAHHBIC HA AHAJIM3€ TOPMO3HBIX MOMEHTOB U CHJIAX B IIIKBOPHE CEACJIBHO-CIICMTHOTO
yCTPOICTBA celenbHOro apronoesna. Llens u 3amaun nccnenoBanuii chopmyaupo-
BaHBI COBMECTHO C HAYUYHBIM PYKOBOJHTENIEM A-poM TexH. Hayk, nmpod. Y. C. Cazo-
HOBbIM. MaTeMaThuecKkue MOJeNId KYpPCOBOT'O JBHXKCHHS aBTOIMOE3/1a, TATOBOTO
pEeXKUMA KOJIECHOTO TPAKTOpa M METOJIbl X MozaenupoBanus Ha [I9BM pazpabora-
Hbl JINYHO aBTOPOM. 33/1aul TEOPETUUECKUX UCCIICAOBAHUN peaiIn30BaHbl COBMECT-
HO ¢ A-poMm TexH. Hayk B. A. Kumowm, kana. texd. Hayk H. A. KoBanenko, kau.
TexH. Hayk B. JI. Poroxunsim, H. I1. AMenbuenko u apyrumu. COBMECTHO C UHIKE-
HepoM ['. B. boukapeBbiM nMpoBEAEHBI SKCIEPUMEHTAJIBHBIE HCCIEA0BAHUSA. Pe3yib-
TaThl COBMECTHBIX UCCICIOBAHUI HAIIUIM OTPAXKEHHUE B COBMECTHBIX My OJIUKAIUSX.

Anpobanus pe3yabTaToB aucceprauuu. OCHOBHBIC TMOJIOKECHHUS PE3yJibTa-
TOB MCCJICIOBAHWH AOKIAABIBAINCh U 00CYyXKaaauch Ha MexayHapoaHBIX HAy4dHO-
TexHUIEeCKuX KoHpepeHiusax B mepuon ¢ 2000-2007 rr., mpoxoausmux B bemopyc-
cko-Poccuiickom yHuBepcuteTe: «COBPEMEHHbBIE HAMPABJICHUS PA3BUTHS MPOU3-
BOJACTBEHHBIX TexXHOJOTHHA M podotoTexHukm» (1999); «HoBrie koHKypeHTOCHO-
COOHBIEC U MPOTPECCUBHBIE TEXHOJIOTHUH, MAIIIMHBI U MEXAHU3MbI B YCIIOBUSX COBpE-
MeHHOTO peiHKay (2000), «IlepciekTHBHBIE TEXHOIOTHH, MaTepHUaJIbl U 000PyI0Ba-
Hue» (2001), «CoBpeMeHHbIE TEXHOIOTHH, MATEPUAIIbI, MAIIMHBI U 000PYAOBAHUE)
(2002), «Marepuansl, 000opyaoBaHHE U pecypcocOeperatonue TexHomorumy, «Mn-
tepcTpoitmex—2002», «Martepuansl, 000pyA0BaHUE, pPeCypcoCOEpErarIIue TEXHO-
gorun  u wmarepuans» (2006); B BITIA: 53-1 Hayu.-TexH. KoH]epeHIHs
(r. Munck, 1999); 8 UMHMHMAII: «Mexanuka mMammH. Teopuss u MpakTHKay
(r. Munck, 2003); 8 ITTVY: 7-1 MexayHap. Hayd.-T€XH. KOH(]. acCIAPaHTOB U CTYy-
neaToB (T. I'poanro, 2004); B [Toasme: Mexaynap. texH. koHd. «Mechanics 2006»
(r. [Ipemos, 2006); 8 OMUM HAH benapycu: 3-i benopycckuii koHrpecc mo Teope-
TUYECKON W TIpUKIaaHoi Mexannke «Mexanuka-2007» (r. Munck, 2007). Pe3yb-
TaThl UCCACAOBAHUI OOCYKIANIMCh HA COBMECTHBIX 3acenanusax kadenp « Texamde-
ckas Hskcruryatanums asromoOmnei», CHIITMuO, «Asromodmnm» bemopyccko-
Poccwiickoro yausepcutera (mpotokoit 3acenanus kadenpsr TOA Ne 7 ot 07.01.08 1.).

Ony0/IMKOBAHHOCTH pe3yJbTaToOB uccjaeaoBaHuii. [lo Teme auccepraimmn
onmyONMKOBaHO 22 Hay4HbIE padOTHl OOIIMM 00beMOM 2.2 aBTOPCKUX IEYATHBIX
JIUCTOB, 7 CTaTeH B PEUEH3UPYEMbIX )XYpHaJlaXx U COOPHUKAX HAYUHBIX TPYJIOB, pe-
komeHnoBanHbIX BAK, 8 crareit B cOopHMKAx MEXAYHAPOAHBIX KOH(DEPEHITHH,
3 Te3uca MOKIA0B HA MEXKIyHapoaHbix kKoH(pepennusax. [lomydeno 3 marenra, B
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ToM uucie 2 narenta Pecnyonuku benapyck u 1 matent Poccuiickoit Denepanuu.
OtnenbHBIE PE3yIbTaThl UCCIICIOBAHNAN TPUBEACHB B MOHOTpadvu MO1 peIaKIuei
N.C. CazonoBa «/lunamuka xonecHsix Mamuny (2006).

Crpykrypa u o0bem auccepranuu. J(uccepranms coaepxkutr 100 crpanmiy
OCHOBHOTO TeKcTa, 96 pucyHkoB u 6 Tadbnuil. Jluccepraius COCTOUT U3 OTJIaBJICHHUA,
BBEJICHUA, OOIIEH XapaKTEePUCTUKUA PadOThl, YETHIPEX IJIaB, 3aKJIIOUCHHS, CIHUCKA
UCIOIb30BAHHBIX UCTOUHMKOB M3 108 HammeHOoBaHM, U3 HUX 7 HA MHOCTPAHHbBIX
A3bIKaxX, CIIMCKA HAYYHBIX TPYJAOB COMCKATEN U3 22 HAMMEHOBAHUH, TPUJIOKEHHH K
rJiaBaM JUCCEPTALMKA U aKTOB BHEAPCHUH.

OCHOBHOE COJAEP) KXAHME PABOTbI

Bo BBeneHuu u o01eii xapakrepucrtuke padoTbl 000CHOBAHA AKTYAJIbHOCTh
TEMBI JTUCCEPTAIMMOHHON paboThI, ChOPMYIMPOBAHBI TIETh U 3a7aUd UCCIICIOBAHNMN,
Hay4YHasd HOBH3HA M MPAKTHUYECKAs 3HAUMMOCTH TIOJTYUCHHBIX PE3YJIbTAaTOB.

B nepBoii riaBe npeaCcTaBICHBl PE3YIbTATHl aHAIHM3A TCOPETHUSCKUX U IKC-
MEPUMEHTANBHBIX HCCIICOBAHUM KadueHHs Kojeca, momydeHHsix FO.E. Aramano-
BbIM, B.B. I'ycekoBbiM, B.I1. boiikoBbiM, /[3x. Bonrom, B.M. Knopo3zom, A.A. Ilo-
ayursaom, B.A IlerpymossiM, FO.B. ITupkosckum, M.B. Kenapiiiem, B.A. Kumom,
IO M. Heiimapkom, U.C. Cazonoseim, H.A. ®ydaessim, 1. Rocard, J. Greidanus,
H.Springer w np. AHanu3 pe3yabTaToOB MO3BOJWI pa3paboTaTh HOBBIE yPaBHEHUS
HETOJIOHOMHBIX CBSI3€H KoJieca BTOPOTO Mopsaka. Jlo HACTOSAIMIETO BPEMEHH OBLITH
W3BECTHBI YPABHECHHS HETOJIOHOMHBIX CBSI3€H TIEPBOTO TMOPsAKa, KoTophie nudde-
PEHITUPOBAIIACH JJIS TIOJIYUSHHUST 3aMKHYTOW CHCTEMBbl TudPepeHIMaTbHBIX YpaB-
HEHUH ABWKEHUS KojecHbx mamuH. [Ipn muddepennmpoBanuu ypaBHEHHA KUHE-
MAaTHYECKHAX CBA3CH MEPBOTO MOPAIKA BCET/Ia CTOSUT BOMPOC O KOPPEKTHOCTH TPO-
U3BOAMMON (popmabHOW omepanuu ¢ depeHIMPOBAHUS, TIPH KOTOPOM BO3MOXK-
HBI OBLJTH TOTEPYW HAYATBHBIX YCIIOBHH ABMKCHUS KOJIECHBIX MaIuWH. B OCHOBY mO-
JY4CHUS HOBBIX YPAaBHCHWN KMHEMATHUECKHX CBSA3CH BTOPOTO MOPSAKA IMOJIOXKEHA
TUMOTe3a O PA3HOCTH W30XPOHHOUW BapHWalvi KPUBWU3HBI JTUHUWA KAUEHUS TATHA
KOHTAKTa MMHEBMATHKa U TEOMETPHUCCKOTO IEHTPA 000/1a KOJIeca, UMEIOIIAs BU/T;

Ko, —Kc, =Rsiny *+AE + BO + Cy + Dt+E3, (1)

rae &, T, & — mapaMeTpsl OOKOBOM, KacaTeIbHOW W HOPMATBHOU JedopMariuid
COOTBETCTBEHHO;, O — TapaMeTp YTriIoBoH AehopMaimy BOKPYT HOPMaJIW, ¥ — Mapa-
METp YIJIOBOH AehOpMaIiy BOKPYT TPOJOIBHOM OCH.

Tak kak B 00IeM cilydyae KpUBH3HA JIOOOW JMHUM JBHXEHHUS MOXET OBIThH
IPEeACTaBICHA H3BECTHOM (hOpMYJIOit

X5 -y %
K= ()‘(2 +§/2)3/2 ’ (2)



rae x,y,x,y — ICPBBIC U BTOPBIC NPOU3BOAHBIC OT OPTOrOHAIBHBIX KOOPIHU-

HaT, TO BeIpakeHue (1) ¢ ydaerom (2) MOKHO TIpeACTaBUTH B BUAE AuddepeHinaib-
HBIX YPABHEHUN BTOPOTrO MOPAAKA:

aXe, +ay,, +a,p+a,l+af+ai+ay +ald=
=bl+b,0+b,y+b,r+bS5+b.y, 3)

rae a;...ag, by...bg — KO3 PHUIMEHTHI, coaepKaIIue KOOPAHHATH KYPCOBBIX
YTJIOB, TApaMeTPOB AehOPMAIHH U WX TIEPBBIX TIPOU3BOIHBIX 110 BPEMEHH.

[Tonyuennsie ypaBHeHus cBs3ei (3) Moryt ObITh TpaHC(OPMUPOBAHBI B
ypaBuenus J[. Pokapa. [IpoBepka opTOroHaaIbHOCTH BEKTOPOB OOKOBOM peakiuu U
CKOPOCTH TI'€OMETPUUYECKOTO LIEHTPA Kojieca MoKa3aja, YTO OHU HE OPTOTOHAIbHBI
MpU BO3HUKHOBECHHHM yTJIa YBoJAA KoJieca. CrnenoBarenbHo, OOKOBas peakiys co3/a-
€T COMPOTHUBJICHWE KAueHUIO Kojieca mpu ysoae. Ha pucynke 1 mnpeacrasie-
HO:1 — KOJIECO; (@ — yroa moBOpoTa Kojeca, 0 — yroa ypoma, R — Bekrop Goko-
BOW peaKIu, NEPNEHIUKYJIAPHbIA K TPOJOJIbHON MIOCKOCTH KECTKOro 000/a KO-
neca, I — BEKTOp TaHIeHIMAIBLHOM COCTABJSIONIEN PEaKIMK, HAMPABIECHHBIA 110
KacaTeTbHONH K OKPY)KHOCTH JKECTKOTO 0007a Kojeca, V — BEKTOpP CKOPOCTH Teo-
METPUUECKOro 1ieHTpa 00oa koseca. Toraa nmorepsa sHeprur AA mpu BOBHUKHOBE-
HUU OOKOBOTO YBOJIa & OMPEACIATCA 1O (hopMyIIe

AAs =V -N-@, -(1-cosd+sind), 4)
rae ¢, — KodphuumenT
CLIETIJIEHUSA KOJIECA C ONTOPHOU
MOBEPXHOCTHIO; N — HOpMaJIb-
Has peaKkuus OMOPHON TTOBEPHO-
CTH Ha KOJIECO.

CpaBHuTeNnbHAA  OIICHKA
pPE3yJbTATOB pacuera ¢ pe3yJib-
TaTaMU MCCIIEAOBAHUM, TIONY-
yeHHbix B.A.  IlerpymoBbiMm,
O .B. INupkosckum u H. Springer,
Jaja MX yJOBJIETBOPUTEIBHOE
COBIAJICHHUE.

Bropasa riaBa nocpsiieHa pa3pabOTKe AMHAMUYECKUX MOJENEH, MeToaaMm
MOJICTUPOBAHUA JBUKEHUA CEACIIBHOTO aBTOMOE3/a U aJITOPUTMA YIPABJICHUS €ro
SKCTPEHHBIM TOPMOXEHUEM, HUCKJIIOUAIOIINM CKJIaJbiBaHWE 3BeHbEB. [Ipobnemam
JUHAMUKH JIBVKECHUS KOJICCHBIX MAITUH W YTPABJICHUA WX JBUKCHUEM TTOCBSIIICHBI
dbynnamentanbrabie paboter [1.A. Amenpuenko, O.U. I'mpyukoro, A.U. [ pumkesu-
ya, C.I'. I'opuna, M.C. Bricorkoro, JI.I'. Kpacuesckoro, I'.O. Kotuesa, H.®. Met-
moka, SI.H. Hedenpena, A A. Jluteurosa, A.A. Pesuna, A K. ®pymkuna, P.1. Oy-
pymxkuena, A.A. Xauaryposa, A.T. Ckoitbeasi, B.I1. Tapacuka u MHOTHX 1p.

[Tpu pa3padoTke AMHAMUYECKOW MOJEIN JBUXXEHUS CEIEIbHOTO aBTOMOE3/1a
(pacueTHas cxeMma JBIKEHUA CENETLHOTO aBTOIMOE3/1a MPEACTABICHA HA PUCYHKE 2)

Pucynok 1 — HanpasJjienue peakuuii cBsizeil B
KOHTAKTE KoJleca ¢ ONOPHOH MOBEPXHOCTHIO MPH
00KO0BOM YBOJE KOJIeca
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(6) u (7), MO3BONAIOT PEIINTh NPAMBIE U OOPATHBIC 33aJa4X AUHAMUKH JBUKCHUS
aBTOMOE3/1a B 000O0IIEHHBIX KOOPANHATAX.

Jlns pemienns oOpaTHBIX 3a7a4 AWHAMUKHA JBW)KCHHS KOJIECHBIX MAIIWH —
OTpeAeNiCHUE CUJI B KOHTAKTE KOJIEC C OMOPHOM MOBEPXHOCTHIO — Oonee 3¢dek-
TUBHBIM CIIOCOOOM SIBIIAETCSA MCMOJB30BAHUE KBA3MKOOpAWMHAT. s mepexoda oT
00OOIIEHHBIX KOOPAWHAT K KBA3WKOOPAMHATAM HMCIOJIb30BAaH METOJ JIMHEHHOTO
npeoOpa3oBaHUs KOOPAUHAT:

(Ds = aslql +...F aann > (8)

r1e  ®; — KBa3UCKOPOCTh; a,...a, — KO3PQPHULHMEHTH NMpeoOpa3oBaHUs KO-

n
OpJWHAT.

IIpeoOpazoBaHne KBa3UCKOPOCTEH B OOOOIIEHHBIE CKOPOCTH MPOMU3BOIAT C
ITOMOIIBIO 0OPaTHOM MaTPHIIEI EPEXO/Ia:

cosq; smg; 0 0 O O

—sinq; cosq; 0 O O O

1 0 0O 1 0 00
4 =

0 0O 01 00

0 0O 0 0 1 0

0 0O 0 0 01

Hcnosnp3oBanne KBa3MKOOPAHUHAT CYIIECTBEHHO CHMIKAET MOPSIOK CHCTEMBI
YPaBHEHUN.
Jlna  aHajmmM3a  OLICHKH
YCTOMYMBOCTH U YIIPABIISEMO-
= CTH pa3paboTaHa METOJHKA
0175 MOJEITHUPOBAHUS  JBHKCHHS
1 2 aBTomnoe3na Ha IIDBM. MeTo-
> IS JMKA TPEIyCMAaTPHUBACT MOJIE-
) JUPOBAHHE IBMKECHUS aBTOIO-
oagrs | o] Jawers Jovehoag e3/1a 10 «3MEMKey», «IepecTaB-
— —d Ke» W JBM)KCHHE C (DUKCHPO-
T BaHHBIM  YIJIOM  IIOBOPOTA
VIOPAaBIAEMBIX KOJIEC TATaYa.
AHanmu3 pe3yabTaToB MOJCIH-
pPOBaHMS IIOKA3BIBAET, YTO HA

PucyHnok 4 — I3meHeHue CKOPOCTH yIJjia NOBOPOTA YIPABJIIEMOCTh aBTOIOE31a
0CTOBA TATa4A B 3ABHCHMOCTH OT CKOPOCTH MOBOPOTA  CyyiecTBEHHOE BIMSAHHE OKa-
yIpasJjisieMbIX KoJec Tsirada («3meiika»)

-0,175

LT 1
Q

1 — 6e3 CKOIMBKCHHSA YIPABIACMBIX KOJIEC,
2 — C YUETOM CKOJIBKSHHS VIPABIICMBIX KOJICC

3bIBAET M3MEHEHHE HOPMAJIb-
HBIX pE€akIui Ha ocsax TAraya. [Ipw ABMIKEHWMM TO KPUBOJIIMHEWHOW TPACKTOPUH
Pa3HOCTh OOKOBBIX PEAKIMI HA OCSAX TAraya BO3PACTAET C YBEIMUYEHUEM MACCHI MO-
JIYTIPULENA, YTO MPUBOJUAT K BBIXOAY CEAEIBHOrO aBTONOE3]a U3 3aJaHHON TPACK-
TOPUH JBWOXKEHUWA. [|nsd ynep:kaHusd aBTOMOE3/Aa HA 3aJaHHOW TPACKTOPHUH, MPHU



YIOPaBIAEMOM JBUKEHUU, HEOOXOJAUMO OCYIIECTBIIATh MOJATOPMAKMBAHUE KOJjieca
3a/IHEH OCH Tsraua, pacroj0KeHHOTO OJMkKe K LICHTPY KPUBU3HBI TpaekTopuu. s
OLICHKW PEAKLWH TATa4a HA MOBOPOT €ro yNPaBJISIEMbIX KOJEC MPHU PA3JTUYHBIX BH-
Jax MaHeBpa mpemiokeHa (a3oBad auarpamma, MpeacTaBisiomias coboil u3MeHe-
HHE YTJIOBOM CKOPOCTH OCTOBA TATaya B 3aBUCUMOCTH OT YIJIOBOM CKOPOCTH MOBO-
poTa ero ymnpaBJisieMbIx Kosec (pucyHok 4). V3 pucyHka BUIHO, YTO NP ABHIKEHUHN
aBTOMOE3/1a TI0 TPACKTOPHUH «3MENKA) CYIICCTBEHHOE BIMSIHUE HA PEAKLHIO TATaya
MPU MOBOPOTE YIPABJSAEMbIX KOJEC OKAa3bIBACT CTAOWMJIBHOCTh KOHTAKTa KOJIEC C
OMOPHON MOBEPXHOCTHIO. [l aHanmM3a yCTOWYMBOCTH KypPCOBOTO ABWMIKCHUA CE-
JIETBHOTO aBTOMOE3/a MPU TOPMOKEHUH HA KPUBOJIMHEHHONW TpaeKTOpUM pa3pado-
TaHa METOAUKA MojaenupoBanusa Ha [IDBM.

MeTtoanka mnOpeaycMaTpuBaeT MC-
CIIEIOBAHUE BAPUAHTOB SKCTPEHHOIO TOP-
MOKE€HUA CEIEIBHOTO aBTOMOE3Aa C SIBHO
BBIPAXKEHHBIMU  CIyYasiMU  Harpy>KCHHs
€ro IWKBOPHA. TOPMOKEHHE TMO€31a C 3a-
OJIOKMPOBAHHBIMHU KOJIECAMH TMOJIYTpPUIIE-
na, TOPMOXKEHHE TNoe3Ja ¢ 3a0J0KHUpO-
BAHHBIMH KOJIECAMH 3aJHCH OCH TATaua,
TOPMOXKEHUE C 3a0JIOKUPOBAHHBIMHU KOJIC-
caMu mepeaHed ocu TArada. Pesynbrar
MOJICJIAPOBAHUS TOPMOKEHUS aBTOMOE3/1a
OJTOKMUPOBAHUEM KOJIEC OCH MOJYMPHULIENA
MPA HAYAJIBHOM CKOPOCTH TOPMOKCHUA
V = 40 km/4, koopdunuente cuennenusa ¢ = 0,7, pamuyce nosopora R = 120 m

Pucynok S — Topmoxkenue asromoes3aa
KOJIeCAMH MOJIVIIDHLENA

NPEJICTaBICH Ha puCYyHKe 5. [Ipy TOpMOKEHHH aBTOMOE3/1a KOJIECaMH IO Ty IPHIIeTa
TATAY TMPAKTHYECKHA COXPAHSI 3aaHHYIO
TPACKTOPHIO JBHXKCHHMS IO KOHIIA TOPMO-
KCHHS. YTOJ OTKJIOHEHHS TPOJOIbHOMN
OCH TIOJIyTpHIIETIa OTHOCHTEIBHO TMPO-
MOIbHONW OcH TArada He mnpesbiman 12°
(cM. pHCYHOK 5).

[Ipn TOpMOKEHMH aBTOMOE3da KO-
JIECaMU 3aJIHEM OCH TATaya caM TArad He
COXPaHWJI 3aJaHHYI0 TPACKTOPHIO JIBFIKE-
HUS B KOHIIE TOPMOXEHUS (PUCYHOK 6). B

Pucynok 6 —Topmozxenne asTonoesna KOHIIE TOPMOKEHHS aBTOIOE3/1a yrojl OT-

KOTeCaMU 3a/THEH OCH THrata KJIOHEHHA MPOJOIBbHON OCH TOyNpHUIIEna
OTHOCHTEJIBHO HPOAOIBHOM ocH Tsrada coctasmi okono 90°. Tlomympurien B KOHIE
TOPMOYKCHHUS TIPAKTHUSCKN COXPAHWIT 3aJJaHHYIO0 TPACKTOPHIO IBIKeHUS. [Ipu Top-
MOXKEHUH CEICIIBHOTO aBTOMOE3/1a MEPESIHUMH KOJIeCaMH TArada HU TOJTyTPHUIIET,
HU TATa4 HE COXPAHWIH 33JJaHHYIO TPACKTOPHIO IBH)KCHHS B KOHIIC TOPMOMCHHS
(pucyHok 7). CKOpOCTh U3MEHEHHS yTJIa MEXKIY MPOIOJIHBIMH OCSIMH TATaua U MO0-
JyTIpUIIeTIa TTPH TOPMOXKCHHWH T0€3/1a KoJiecaMW TIEPETHEH OCH TArada 3aMeTHO

v =40 km/u
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MPOrpeccCUpoBall B Havasie TopmoxeHus. [Ipudem, npu paznuyuHbIX HA4aJIbHBIX CKO-
POCTIX TOPMOXEHHSI BBIHOC TArada W NOJYNpHLeNa MPOUCXOIWI OT LEHTpa KpHu-
BU3HBI 33/1aHHOM TpaekTopuu (cM. pUCyHOK 7). M3 aHanmza pe3ynbTaToOB MOJEIH-
poBaHus Mpolecca TOPMOXKEHHUSI aBTONOE3/1a YCTAHOBJIEHO, YTO NIPU Hae3/Ae MOoJy-
MpuUllena Ha TsIrad ¢ COOTHOUIEHHEeM Macc 2,4 B IIKBOpPHE Moe37a BOZHUKAET CHIIA,
MpeBOCXOsIast B 2—3 pa3za CHJIy CUENJICHHS KOJieC TArada ¢ OOPHOW MOBEPXHO-
CTBIO, YTO CO3/1a€T YCJOBHE ISl CKJIaJbIBAHUS €ro 3BeHbeB. llosToMy amroputm
YIIPaBJICHUsI B CUTyallMd Hae3Ja MOJIyNpHIeNa Ha TArad JOJDKEH MPeayCMOTPETh
CHSITUE CWJIbl, NEHUCTBYIOIIECH Ha UIKBO-
peHb. HOBBIIi anroput™ ynpasiieHUs NPea-
CTaBJIEH Ha pUCYHKE 8.

Kpurepuem dbopmupoBaHusi CHTHaNIA
yIpaBJieHUs TIpU Hae3[e MOJIyIpHUllena Ha
TsIray SIBJISICTCSI MPEBBILICHUE MOAYJS CH-
JIbl, NEWCTBYIOIIEH Ha IIKBOPEHb, MO yC-
JIOBHUSIM CLEIUICHUSI KOJIeC Tsraya ¢ Omnop-
HOW MOBEpPXHOCThbIO. B naHHOW cuTyaumnu v =40 kw/u
IIPHOPUTETHBIM CHUTHAJIOM (DOPMHUPOBAHMS
yIpaBJieHUs SBJISIETCS pa30JIOKUpoBKa Ko-  PucyHok 7 — Topmoikenue aBronoesaa
Jec TArada, a TOPMOXEHHE aBTOIMOE3/a KOJIeCaMHU MepeHeil ocH TArava
OCYIIECTBIISIETCS] TOJIBKO KOJIECAMH IOJIY-
npunena. Pa3biokupoBka kojiec TsArada
BeleT K YyBEIUWYeHHIO Kod(ppuLreHToB
CIIETIJICHHs ero Kojec B OOKOBOM HampaB-
JeHuHu, oOecreuuBasi TeM CaMbIM YCTOM-
YUBOCTh M YMNPABJISEMOCTb aBTOIOE3A.
Kpome Toro, anroputm yrpaBieHHUs Ipe-
NyCMaTpUBAET TMOCTOSHHBIA  KOHTPOJIb

R=120m

WaMepeHue curHanos
Py, N

WUcnonHuTensHbIe MexaHu-|
3Mbl KONECHbLIX TOPMO3OB

Mpueoa TopMo3os nony-|
npuuena (Mpuuena)

3HAKOB MPOU3BOIHBIX TOPMO3HBIX MOMEH- —
ToB. [Ipu oOHApYy>XeHMH OTPHIATEIBHBIX (1PUCOR TOpNOs08 ATt

3HAKOB MPOU3BOIHBIX TOPMO3HBIX MOMEH- S

TOB Ha KakoM-JTH0OO Kojece Mojaaercs Ko- PucyHok 8 — Aaroputm ynpas.ieHust

TOPMOIKCHHEM bHOI' BTOII
MaHJIa Ha ero pasblOKMPOBKY, TEM CaMbIM OPMOIEHUEM CEACARIOTO aBTONO0E /1A

MOBBIIIAs KO3GGUIMEHT CUETJICHUS KoJe-

ca B OOKOBOM HampaBjeHUH. Pe3yiabTaTaMH MOAEIMPOBAHUS YCTAHOBJIEHO, YTO
cuHTe3 anroputMoB ABC u anroputMa ynpasieHUsI TOPMOKEHUEM CEAEIbHOrO aB-
TOIOEe3/]a Ha OCHOBE aHaJu3a TOPMO3HBIX MOMEHTOB U CUJIbI B €r0 LIKBOPHE, pac-
CUMTAHHBIN U3 yCIOBUS CLEIUIEHUS KOJIeC Tsrada ¢ ONOPHOU MOBEPXHOCTHIO, TOBbI-
CUT YCTOMYMBOCTb U YIPABJISIEMOCTb TOPMOXKEHHUEM CEIEJIbHOTO aBronoes3na. Pe-
3yJbTaThl MOJIECIMPOBAHUS NMOKA3ajid, YTO yIpaBJIE€HHE TOPMOXXECHHEM Ha OCHOBE
[peyIaraeMoro aJirOpuTMa MO3BOJUT MOBBICUTh MPEAEIBHYIO HAYAJIBHYIO CKOPOCTh
TOpPMOXKEHUsl apTonoe3za a0 70 KM/4 MO KpUBOJMHEHHOM TPaeKTOPUH pPainyCcoM
130 M ¢ koadpunHenToM cuenenus konec ¢, =0,7, 1.e. Ha 15 KM/4 GosblIe, UeM

IIpH HEYIIPaBJIsieMOM TOPMOKEHHH.
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Tperbsi rjaBa mnocBslieHa pa3padOTKE alropuTMa YMOPABJIEHUA TATOBBIM
PEKUMOM JBWKEHUS KOJECHOTO TPAKTOPa C UCIIONB30BAHUEM HUACHTUYHON WH(DOP-
Malliy, 9TO W JUIS aJITOPUTMA CENEIBHOTO aBTOmNoe3[a — WH(pOpMaIuu o0 Cuiie B
IAPHUPHOUN CBSA3M 3BEHHEB MAIIMHHO-TPAKTOPHOIO arperara. [[jis TeopeTnueckoro
obocHOBaHUs anropuTMa (POPMHUPOBAHUSA CUTHAJIOB YIPABICHHUS TATOBBIM PEXKH-
MOM JIBUKEHHUS KOJIECHOTO TPAKTOPA PAaCCMOTPEHA TJIOCKAs TUHAMUYECKAsh MOJIEIb
JBYOKEHUS TPAKTOPa ¢ KPIOKOBOW Harpy3koil. Cucrtema TMHAMUYECKHX ypaBHEHUI
JIBUKCHUS TPAKTOPA C KPIOKOBOM CUJION MpeACTaBIEHA B BUJIE:

Mm&=ZE+gga

JTP'([.)TP:ZM(Fi)+ZCj'a12<'(P+Zaj'a12<'(P; ©)
JiK Bl = ZM(Fuc);'
rne M — Macca Tpakrtopa, X, [3 — 0000IIIeHHBIE YCKOPEHUS,
- p p (Y VR

P, (t) — cyuaiiHoe M3MEHEHHE KPIOKOBOI CHIIBL.

JIns mosydeHnsi 3aMKHYTOW CHCTEMbI YPaBHEHHUH NBYVKCHHS WCITOIH30BAHBI
ypaBHeHUsT kuHeMmatmueckux cBsized (7). I[lyrem mnTerpmpomanus muddepeniim-
ANBHBIX YPABHECHUW JBVIKEHHUS TPAKTOpPA MOMy4eHBI (hopMyIsl pacuera koddduim-
€HTOB MOTEPh MOLIHOCTH OT CHJI CONMPOTHUBIICHUS ABUKEHHUIO T, M OT OyKCOBaHMS

BEAYLIHUX KOJIEC T)s, KOTOPBIC MOKHO IIPEACTABHUTH B BUIEC!

M, -f-g-x-Ae-o,
T]f_1\/IH.((’OXX_(”‘)).iTp.(.sz.r/:ucj
(10)
_ AV-M, Ao
n6 r/ilz MH (O‘)XX _O‘)).iTp .(.sz 7

rae AV — moteps CKOpPOCTH 3a c4eT OykcoBanus; M,, — Macca Tpakropa;

M, — HOMHHAJILHBIII MOMEHT JBHUTATENISA, HEOOXOTUMBIN U pean3allid HOMH-
HaJIbHOW KPIOKOBOW CHJTBI, T — KOA(h(PHUIIMEHT COTPOTHBIICHHS ABUKECHHUIO TPAKTOPA,
X — CKOPOCTh ABMKEHUS TPAKTOpa, A® — U3MEHEHHUE YTJIOBOW CKOPOCTH BPAICHUS
ABUTATENIA; 1y, — NEPEAATOYHOE UUCIO TPAHCMHUCCHUM, Iy — JUHAMUUYECKUH paauyc
Ka4eHUs BeNyIUX KOJEeC, (, — YIJIOBasg CKOPOCTb BpallleHWs BEAyLIMX KOJIEC,
P, — KOOPOHUIMEHT CUETUICHHS KOTIEC.

VYcnoBue MakCUMAaJIbHOTO MCIIOJB30BAHUA CIEIJICHUA Ha Ka)KJIOM Iare Mo-
JETMPOBAHUA MPOBEPAIOCH U3 HEPABEHCTBA

T 6
S BK BK , 11
P <3 . (11)

BK BK

rae J,, — MOMEHT MHEpLMH BEAyLIEro Koyeca, Ny — HOPMaIbHAS PeaKIHs
Ha BEIyINUE Koleca, §, — YIVIOBOE YCKOPEHHUE BENYIIUX KOJIEC.
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— BKJTIOUCHWE B TOJBECKY TATAua JIEMCHTOB pejlakcauu AeMIUPOBaAHUS
MO3BOJISIET MOBBICUTh CTAOMJIBHOCTh KOHTaKTa Kojec ¢ aoporoi Ha 10—15 % [4, 5,
21];

— Ccroco0 ynpaBJICHUs, OCHOBAHHBIA HAa CHUHTE3€ ABYX aJTOPUTMOB — aJro-
putMa ABC U ajiropuTMa yrpaBjieHHS TOPMOXKEHUEM CEACJIBHOTO aBTOMOE3[a —
OCHOBAHHBIX HA QHAJIM3€ CWJI B KOHTAKTE KOJEC U B IIKBOPHE, MO3BOJIACT UCKIIIO-
YUTh CKJIQ/IBIBAHUE 3BEHBEB ABTOMOE3A MPHU SKCTPEHHBIX TOPMOKCHUSX W TMOBBI-
CHUTbH TPAHCTIOPTHBIE CKOPOCTH €ro aBvkeHus Ha 15 km/4 [1, 2, 6, 10, 13—15, 20, 22].

3. PazpaboTanbsl MareMaTH4ecKas MOJEIb TATOBOTO PEXUMA JABUMKEHUS KO-
JIECHOTO TPAKTOpPa, BKIJIIOYAIOIAS HOBBIC YPABHEHUS KUHEMATHUYECKUX CBSA3EH Ka-
YEHUA KOJIEC, U METOJMKA e€ro MojaenupoBanus Ha [I9BM. Pacuetamu ycraHoBlie-
HO, UTO CIOCO0 YMpaBJICHUS, OCHOBAHHBIA HA aHAJIU3€ KPIOKOBOW CHJIbI, TTO3BOJIUT
noBbicUTh TAroBeit KI1/] 3a cueT ymeHbIieHUs: OYKCOBaHHUS BEAYIIHMX KOJIEC TPak-
topanal2 % [3,7,9,13,16,17, 20, 22].

4. Pa3paboTaHbl U UCTIBITAHbl MAKETHbIC 00pa3Iibl HOBBIX AAANTUBHBIX KOM-
MOHEHTOB CUCTEMbI aBTOMATUUYECKOTO YIPABJICHUS, TPEICTABIISIONINE COOO0M:

— YCTPOMCTBO M3MEPEHUA CHII B IIIKBOPHE ceneNibHOro apromnoesaa [1, 2, 10,
13, 14, 20, 22];

— YCTPOMCTBO U3MEPEHUA TOPMO3HOro MoMeHTa [1,2, 6,9, 15, 19];

— AIIEKTPOHHBIN 010k 00paboTKH W (hOPMUPOBAHKS CHTHAJIOB yrpaByieHus [1, 2,
7,15].

Pesynmprarer uictipiTanmii oATBEpAWIN (hHEKTUBHOCTH pa3pabOTaHHBIX ajl-
ropuT™MOB ympasieaus. OXumaeMblii SKOHOMUYECKAN 3(PPEeKT OT BHEAPEHUSA pe-
3yJbTAaTOB WCCJECMIOBAHUN COCTABHT OKoOJio 120 MuyummoHOB pyOsied B TOA (aKTHI
BHEAPEHUS pe3ysibTaToB uccienoBanuii Ha PYII MA3 «MoruneBckuil 3aBoj
«Tpancmarnmy) 3a CYET CHHUKEHHUS TOPONKHO-TPAHCTIOPTHBIX MPOUCIICCTBUH, TTOBBI-
IMIEHUST CPETHAX TPAHCIIOPTHBIX CKOPOCTEH Ha 15 KM/4 M KOMMEpPIHAIHU3aIliN CO3-
JTAHHOW HAYKOEMKOU MPOAYKIHAH.

PeKOMeHI[aHI/II/I o NMPAKTHYICCKOMY HCII0JIb30BAHHUIO PE3YJIBTATOB

Hcnmonb3oBanre aieMeHTa perakcanud AeMIUpPOBaHUS TTOBBICHT CTaOWIIb-
HOCTbh KOHTAKTa yIPaBIAEMbIX Kojiec Taraua ¢ goporoit Ha 10—15 % [21].

Cucrema ynpaBjieHusA, OCHOBAaHHAs HA aHAJIN3€ TOPMO3HBIX MOMEHTOB U CHJI
B IIKBOPHE, MCKJIIOUMUT CKJIQJIbIBAHUE 3BEHHEB ABTOMOE3/Ia U MOBBICUT TPAHCHOPT-
HBIC CKOPOCTH ABMXEeHUS Ha 15 km/q [20, 22].

VYeTpoiicTBO U3MEPEHH TOPMO3HBIX MOMEHTOB U CHJI B IIKBOPHE CEJEIIBHOTO
ABTOIOE3/1a MOKET ObITh MCMOJIb30BAHO B aBTOMATHUYECKUX CHUCTEMAX YIPaBJICHUS
TOPMOKEHUEM CEJICJILHOTO aBTOMOE3/]a U B CUCTEMAX JUATHOCTUKH CUHXPOHHOCTH
cpalarbiBaHUA TOPMO30B CEIETbHBIX aBTOMOE310B.
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P23I0OMD
BUIBIK Bonasra Banep'eyna

[TAJIATIIISHHE JBIHAMIKI KOJIABBIX MAINBIH MUIIXAM CIHTA3Y
AJITAPBITMAY KIPABAHHS IX PYXAM HA ACHOBE AHAJII3Y
CUIABBIX ®AKTAPAY

KnarouaBbisti CJI0BBI: KPBIHIIBI TiepmiacHail  1H(apMmanbli, KpPBITIPHI
(hapmipaBaHHA cirHajay KipaBaHHs, BRICOKaiH(apMaTHIYHbIS KPBIHIIE 1H(apMaIlbii,
CIEKTpPaJbHBl aHANI3 BaraHHSY, aJrapbITMbl KipaBaHHS AaHTHIOIAKIPOBAUYHAM
cictambl  (ABC), cympanpOykcipoBaunbisi cictombl (CBC), cicToMbl  akThIyHAM
OsiCTIeK1 ayTaTpaHCIapPTHBIX CPOJKAY (CAB ATC), ycTpolicTBa BBIMAPIHHSA
TapMa3HbIX MOMAaHTaY, a0aryJIbHEHHBIA 1 KBA31KaapAbIHATHI.

A0’ekt npaciemaBanHs — wMarictpasbHas ATC MA3, konaBel TpakTap.
[Ipagmeram nmacienaBaHHS 3 AYISAIONIA CICTAMBI  ayTaMaThldyHara KipaBaHHS
pyxaM KOJIaBbIX MaIllbIH.

Mbpraii paboThl 3’ ayseria CiHTI3 ajlrapbiTMay KipaBaHHSA pyXaMm KOJIaBBIX
MaIblH Ha aCHOBE CLJIABOTA aHAJI3y — CLI y KAHTAKIE 3 aloOpHAi MaBEPXHSIO 1 ¥
IMapHIpHai CyBsA31 KOJIABBIX MaIlbiH (IIKBOPaH, KPyKaBOE YCTPOWCTBA TpaKTapa),
NaJIANIIAIYBIX  YCTOWIIBACI, PYXy ayTallTHIKA 1 IATaBa-CUAIHBIA YJIacIliBacI
TpakTapa, TNPaKThIYHA plaii3aBailb acoOHBISI BBIHIKI JAcCTCAaBAHHAY TUIAXaM
CTBAp HHS HOBBIX KaMIaHEHTAy CICTAMBI KipaBaHHA. /[ poram3ainell Jgaa3eHait
MATBI OBUIl pacmlpaimaBaHbl TIAPITHIUHBIA METAAbl aHAMI3y, fAKIS VKIIOUYaAOIh
pacnpanoyKy ypayHEHHSY, MaTAMaThIUHbBIA MaJdjl PyXy ayTaisrHika 1 KojiaBara
TpakTapa 3 KpyKaBai Harpy3kai 1 Metaapl 1x MamdaipaBanas [IDBM, naszpanstoubis
JaciieiaBanae (PEKTHIYHACI pacparioyBaeMbIX aJirapbiTMay KipaBaHHS.

Ha acHoBe BBIHIKAY THAPITHIUHBIX JACNIECNAaBaHHAY pacmpaiaBaHbl
aJanThIYHBl ANTapbiTM TapMa)KdHHS CEUTaBOTa ayTallATHIKA, SKI BBHIKAPACTOYBae
aHam3 ci1 (MOMaHTay) — CUIBI, I3CHHIUAIOYBIS HA MKBOPAH CEIJIaBOTA ayTalarHika
1 TapMa3HbIi MOMAaHTHI, (paKThIYHA PAATI3YEMBIs  KOJiaMl  ayTallsrHiKa.
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®dapmipaBaHHe CITHAJAY KipaBaHHSA BBIKAHAYUBIMI TapMa3HBIMI MeEXaHI3MaMi
QXKBITIIAYIISCIIA TPbl 1IPHTHI(IKAIBI TIEPABHIIISHAS 3a/1aI3¢HHAra MOIYJIS CLUTHI,
J3CWHIYAIOUBISI HAa TIKBOPAH CEIJIaBOTa ayTalsrHiKa, 1 TapMasHbIAI MOMAHTHI,
(bakThIUHA prami3yemMbis Kojiami aytarsaraika. @apMipaBanHe cirHajay KipaBaHHS
BHIKAHAYYBIMI TapMa3HBIMI MEXaHI3MaMl AXKBIMIAYIAea Npbl 1IHTHI(IKAIBI
MIEPABBINIPHHAA 33/1a/I3CHHAra MOJMIYJS CUTBI, J3C€HHIYar0odYara Ha INMKBOPAH, sSKas
Oe3ynblHHA BbI3HAUACIA 3 plajbHAi yMOBBI CUAIJICHHS KoOJiay 3 amnopHai
MaBEPXHAID TUISIXaM  BBIMAPOHHSA TapMasHbIX MomaHTtay. Jlns  mpaBepki
aeKThIYHACIII  pachpaliaBaHblX ajrapeiTMay KipaBaHHS ObLIl  BBIPAOJICHBI
MAaKETHBISL Y30pbl YCTPOUCTBAY BHIMAPIHHS TapMa3HOra MOMaHTY Jjia OapadaHHara
TOpMaza 1 CULI y IIDKBOPHE CeIIaBOra ayTarsarHika. OKCIEePHIMECHTAIbHBIS
JaclielaBaHHl TANBEP/3UII MardbIMacilb aTPbIMAHHA YCTOHIIBBIX AJICKTPHIYHBIX
CITHQJIay, TpanapublIHaIbHBIX TapMa3HbIM MOMAaHTaM 1 CUIaM y TIIKBOPHI.
CtBOpaHbl MakeTHHI Y30p 3JIeKTpoHHara 6j10ka (papMipaBaHHs CirHAJIAy KipaBaHHS.
BBIHIKI 3KCHEPHIMEHTAIBHBIX Jaclie/TaBaHHAY TanBepa3uUIl  d(PEeKThyHACHD 1
MardpIMacilb TPAKThIUHAW PAaITi3alrblli HOBBIX ayTaMaThldYHBIX CICTAM KipaBaHHS Ha
aCHOBE pacIpalaBaHbIX aNrapbiTMay, Aa3BaJIAIOYbIX MABBICIIH YCTOMIIBACIE PYXY
CeUTaBOTa ayTalATHIKA, BHIKIIOYBII CKIIAJBAHHE ATO 3BEHHSAY TMPHI SKCTPAHBIM
TapMax>HHI. J[aa3eHbI arapbhIT™ BHIKAPACTAHbI TS KIpAaBAaHHS IATABBIM PIKbIMaM
pyxy KoyiaBara TpakTtapa. Yakaemas 3(eKTHIYHACIh aa yKapaHEHHS BBIHIKAY
nacieaaBaHHY ckian3e kansa 120 mimbeHay pyOie y rog.

PE3IOME
BWJIBIK Onvsra BanepseBHa

YIIVUIIEHUE JTUHAMWKHU IBUXXEHWA KOJIECHBIX MAIIIMH ITYTEM
CHUHTE3A AJII'OPUTMOB VYIIPABJIEHUA UX IBUXKEHUEM HA OCHOBE
AHAJIM3A CHUJIOBBIX ©®AKTOPOB

KumroueBble cjI0Ba: MCTOUHWKH TIEPBUYHOW HWH(pOPMAIUHU, KPUTEPUU (HOpMH-
pPOBaHUS CHUTHAJIOB YTPABJICHHUSA, BHICOKOMH(POPMATHBHBIE WCTOUHHWKH TEPBHUHOMN
uH(OpPMAIK, CIEKTPAIbHBIA aHaNW3 KoJieOaHWH, aJTOPUTMBI YIIPABJICHHUS aHTH-
onoxupoBouHoi cucteMbl (ABC), mpotusoOykcosounsie cuctembr (I16C), cuctemsr
akTUBHOM Oe3omacHocTH aBTOTpaHcmopTHHIX cpeactB (CAb ATC), yerpoiicTBa m3-
MEPEHHUS TOPMO3HBIX MOMEHTOB, 0000IICHHBIC W KBA3UKOOPIMHATHI.

Oo0vexT uccaenopanus — MmaructpaibHass ATC MA3, KoJieCHbIA TPakTop.
[IpeameroM wuccnemOBaHUS SBISIOTCS CHUCTEMBI aBTOMATHUYECKOTO YIIPABJICHUS
JIBHKEHUEM KOJICCHBIX MAITIHH.

Ieabro paGoThl ABIIACTCA CHHTE3 AJITOPUTMOB YIIPABJICHHUS JBMXKCHHEM KO-
JIECHBIX MAIIMH HA OCHOBE CHJIOBOTO aHAJM3a — CHJI B KOHTAKTE KOJIEC C OMOPHOM
MOBEPXHOCTHIO W B MIAPHUPHOW CBSA3W KOJICCHBIX MAIWH (IIKBOPEHb, KPIOKOBOE
YCTPOWCTBO TPAKTOPA), YIAYUIIAIONINX YCTOHYMBOCTD JBVKCHHS aBTOMOE3/IA W TH-
rOBO-CIICTTHBIC CBOWMCTBA TPAKTOPA, MPAKTHUECKH PEaJTM30BaTh OTACIHHBIC PE3YJIb-
TaThl UCCJICIOBAHUN IyTEM CO3/IaHAS HOBBIX KOMITOHEHTOB CHCTEMBI YITPABJICHUS.
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JIns peanmuzanmu JaHHOW 11eTH ObUTH pa3paboTaHbl TEOPETUUCCKUE METOIBI aHAJH-
3a, BKITIOYAIONIAE Pa3pab0TKy YPaBHECHUM, MAaTEMAaTHUCCKUE MOJICTH JIBHKCHUS aB-
TOTOE3/1a W KOJIECHOTO TPAKTOPa ¢ KPIOKOBOUW HArpPy3KOH M METOIBI UX MOJICITAPO-
Baausa [I1DBM, nos3Bossoniue uccinenoBarh 3GpGEeKTHBHOCTh pa3padaThIBACMBIX all-
TOPUTMOB YTIPABIICHHUS.

Ha ocHOBe pe3ynbTaToB TEOPETUUECKUX MCCASAOBAHUMN pa3paboTaH alanTHB-
HBI aJITOPUTM TOPMOXKEHHUS CEETHPHOTO aBTOMOE3/a, UCIIOIb3YIOMNNA aHaInu3 CHJI
(MOMEHTOB) — CHWJIBI, IEHCTBYIONIAE HA MIKBOPEHD CEACITEHOTO aBTOMOE3/1a U TOP-
MO3HBIE MOMEHTHI, (DaKTHUECKH peajm3yeMbie KojiecaMu aBTomnoe3na. dopmuposa-
HUE CUTHAJIOB YNPABJICHUS MCIIOJTHUTEIHHBIMA TOPMO3HBIMH MEXaHU3MaMH OCYIIe-
CTBJISICTCS TIPW HMACHTH(PHKAIIMK TIPEBBIMICHUS 33JaHHOTO MOJIYJIA CHJIBI, JCHCT-
BYIOIIIETO HA IIIKBOPEHB, KOTOPask HEMPEPBHIBHO OTPEIEIACTCS W3 PEaTbHOTO YCIOBUS
CIIETUICHHS KOJIEC ¢ OMOPHOM TMOBEPXHOCTHIO IMyTEM M3MEPECHHSI TOPMO3HBIX MOMEH-
TOB. /{7151 mpoBepkm >hPekTHBHOCTH pa3pabOTaHHBIX AJITOPUTMOB YIIPABIICHUS ObI-
JIM U3TOTOBJIEHBI MAaKETHBIE 00pa3Ilbl YCTPONCTB M3MEPECHHS] TOPMO3HOTO MOMEHTA
s 6apabaHHOTO TOPMO3a M CHJI B IIKBOPHE CEENIBHOTO aBTOMOE3/Aa. JKCIEepH-
MEHTAJIbHBIC MCCIICIOBAHUA TOATBEPAWIA BO3MOXKHOCTH TOYUYEHHUS YCTOWUHUBBIX
ANEKTPUUECKUX CUTHAJIOB, TIPOMOPIIMOHAILHBIX TOPMO3HBIM MOMEHTAM M CHJIaM B
mkBopHe. Co3/MaH MaKeTHBIA 00pa3ell JIEKTPOHHOTO O10Ka (pOpMUPOBAHUS CHTHA-
JIOB ympaByicHHs. Pe3ynbTarhl SKCTIEPUMEHTAIBHBIX HCCICAOBAHUMA TOATBEPIUATH
3 (PEeKTHBHOCT W BO3MOXKHOCTh TPAKTUUECKON peain3allii HOBBIX aBTOMAaTHYe-
CKHAX CHCTEM YIIpPaBJICHUS HA OCHOBE pa3pabOTaHHBIX aJTOPUTMOB, TIO3BOJISIONTHX
MOBBICUTH YCTOHYMBOCTD JABHKCHHS CEJACIIBHOTO aBTOIMOE3/1a, UCKITIOUNATD CKJIa/Ibl-
BAHME €TO 3BCHHEB MIPH SKCTPCHHOM TOPMOKEHUH. [[aHHBIN aJITOPUTM HCTIOJIb30BaH
JUTSL YTIPABJCHUS TATOBBIM PEKUMOM JIBMKCHHS KOJIECHOTO TpakTopa. Oxumaemas
3 (PEeKTHBHOCT OT BHEAPCHHS PE3YJbTATOB HWCCACAOBAHUN COCTABUT OKOJIO
120 munnuonoB pyoOneit B ro.

SUMMARY
BILIK Olga Valerievna

IMPROVEMENT OF DYNAMICS OF THE WHEELED MACHINES BY
THE MEANS OF SYNTHESIS OF ALQORITMES OF THE CONTROL OF ITS
MOVEMENT ON THE BASIS OF ANALYSIS OF THE FORCE FACTORS

Keywords: primary information generators, criteria of forming of control
signals, high-informing primary information generators, spectral analysis of vibra-
tions, algorithms of the control of the antiblocking system (ABS), antiskiding sys-
tems (ASS), systems of active safety of vehicles (SASV), devices of measuring of
brakes moments, generalized.

Research object — main road vehicle MAZ, wheeled tractor. The article of
research 1is the automatic traffic control systems of the wheeled machines.

Purpose of work 1s synthesis of algorithms of the traffic control of the
wheeled machines on the basis of power analysis — forces in the contact of wheels
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with a supporting surface and in joint connection of the wheeled machines (hook
device of tractor), making better stability of motion of lorry convoy and hauling-
couplings properties of tractor, to realize practically the separate results of re-
searches by creation of new components of the control system. For realization of
this purpose the theoretical methods of analysis, including development of equaliza-
tions, the mathematical models of motion of lorry convoy and wheeled tractor with
the hook loading and methods of their design by a computer, allowing research of
efficiency of the developed algorithms of management have been developed.

On the basis of the results of theoretical researches the algorithm of braking
of saddle lorry convoy, using the analysis of forces, (moments) was developed.
Forming of signals of management by executive brakes mechanisms is carried out
during authentication of exceeding of the set module of force, which is continuously
determined from the real condition of coupling of wheels with a supporting surface
by measuring of brakes moments. The models standards of devices of measuring of
brake moment were made for the drum brake for verification of efficiency of the
developed algorithms of management. Experimental researches confirmed possibil-
ity of receipt of steady electric signals proportional to the brakes moments. The
model standard of electronic block of forming of management signals was created.
The results of experimental researches confirmed efficiency and possibility of prac-
tical realization of the new automatic control systems on the basis of the developed
algorithms, allowing to promote stability of motion of saddle lorry convoy, elimi-
nate the stowage of its links at the urgent braking. This algorithm is used for the
management by the hauling mode of motion of the wheeled tractor. The expected
efficiency from introduction of results of researches will make the about
120 million rubles of RB in a year.
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