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CHUMKEHHUE 3SHEPI'OHAI'PY XEHHOCTH IIEPEJHHUX TOPMO3HBIX
MEXAHM3MOB JIETKOBbBIX ABTOMOBHWJIEN

3anporoHOBaHO CIOCIO pETYNIOBaHHS TallbMIBHAX CHJI MDK OCSIMH aBTOMOOINS, SKUH HPUBOAMTH JO
BUPIBHIOBaHHS €HEPrOHABAaHTA)KCHHS TAIIEMIBHUX MEXaHi3MiB IIEPEJHbOI Ta 3aJHBOT OCeil.

BBe}leHHe. IlosiBiienue TOPMO3HBIX CHUCTEM, MCIOJL3YIOIMIMUX AJUCKOBBLIC TOPMO3a Ha
NepeHuX Kojiecax, a OapabaHHbIle — Ha 3aJHUX, NPUBEIO K PE3KOMY YBEIHMUYCHHUIO
HArpy304YHbIX XapaKTEPUCTUK NEPEeIHUX (IMCKOBBIX) TOPMO3HBIX MEXAaHHU3MOB, KOTOpBIE,
obyiaasi MEHbIIEH MAaccoi, HarpeBarOTCs 00Jice HWHTEHCHBHO, 4YeM OapabaHHbBIC, YTO
OPUBOJUT K TMOBBIIIEHHOMY M3HOCY HAakKJIaJOK M JHCKa TopMo3a. OJTO pa3Inyue
3G PEKTUBHOCTH OOYCIOBIEHO HE TOJBKO XapaKTEPHBIMH HM3BECTHBIMH W KOHCTPYKTHBHO
3aJJaHHBIMH TTapaMeTpamMH, HO U (PYHKIIMOHAIBHBIMU OCOOCHHOCTSAMHU pabOTHl pa3HOTUITHBIX
TOPMO3HBIX MEXaHH3MOB, OOBCIUHEHHBIX B OOIIYI0 TOPMO3HYIO CHCTEMY M YIPaBISCMbIMU
0e3 yueTa 3TUX 0COOECHHOCTEH.

IToctanoBka mnpoOiaemsbl. [lonck anbTepHATHBHBIX pELIEHWI, HANpaBICHHBIX Ha
yJIydllEeHWe KadecTBa  YNPABICHWS  PAa3sHOTUIHBIMA  TOPMO3aMH M IIOBBIIICHHE
3ppeKTUBHOCTH OapabGaHHBIX TOPMO3HBIX MEXAaHH3MOB, TIpUBEI K BHEAPCHHUIO B
TUAPABIMYECKHE KOHTYPHl IEPEAHMX JAHMCKOBBIX TOPMO3HBIX MEXaHU3MOB KJIAIlaHOB,
o0ecreunBaroInuX OJHOBPEMEHHOE Hayalo cpabaThIBaHUS MEPETHUX U 3aJHUX TOPMO3OB.
OTO BBI3BAJO YBEIMUYEHHE YCWIMS Ha TOPMO3HOM INeNald, a Takke o0llee CHUKEHHE
ObICTpOJCHCTBUS TOPMO3HOU cucTeMbl. KpoMe TOro, BCce WM3BECTHBIE KOHCTPYKIIMHM TaKHX
KJIallaHOB  3aJep’KKU  OOJNIajaloT  CYIIECTBEHHOM HECTaOMWJIBHOCTBIO — XapaKTEPUCTHK.
CoBpeMEHHBIE TOPMO3HBIE CUCTEMBI C DPa3ACIbHBIM IPUBOJOM M Pa3HOTUIIHBIMHU
TOPMO3HBIMM MEXaHU3MaMH, C Pa3IU4YHOM UIMHOW TOPMO3HBIX MarucTpaieil M rubKux
IJIAHTOB, MCIOJIb3YIOIIME CIIOXKHBIE KOHCTPYKIMHM TIJIABHBIX TOPMO3HBIX IIWJIMHIPOB,
MIPEACTABISIIOT COOOM JUHAMHUYECKHE CUCTEMBI, CBOMCTBA KOTOPBHIX B 3HAYUTEIBHOU MeEpe
OKa3bIBAIOT BIMSHHME HA KAYECTBO yIPABIEHUS MPOLIECCOM TOPMOKEHUS.

[IInpokoe pacnpocTpaHEHHE TOPMO3HBIX CHCTEM C JAWCKOBBIMU IIEPEJHUMH H
O6apabaHHBIMU 3aIHUMH TOPMO3HBIMH MEXaHU3MaMH, MHOIOBAPHAHTHOCTh CXEM Pa3/IeiCHUs
TOPMO3HOTO NPHBOJA U CIIOCOOOB €ro KOHCTPYKTHBHOT'O OCYLIECTBJIECHHUS, BBIABUIAIOT Psiji
Hay4YHBIX M TEXHMUYECKHUX 3aJay, PELICHHE KOTOPBIX IO3BOJUT OMNPEAEIUTH BO3MO>KHBIE
HaIPAaBJICHUS COBEPUICHCTBOBAHNUS CYIIECTBYIOIIMX TOPMO3HBIX CHCTEM.

AHaJIM3 MOCJeTHUX HCCAe0BAHMH W nyOaukanuii. CyliecTBYIOIIME B HalIel
CTpaHe M 3a pyOeKOM METOIUKU MPOSKTUPOBAHMUS TOPMO3HBIX cucTeM [1-4] crocoOCTBYIOT
NOJy4YeHHI0 0oJiee HArpy>KEHHBIX MEPEeHUX U MEHEee HarpyK€HHbIX 3aJHUX TOPMO30B. JTO
NPUBOJUT K MEperpeBy u notepe 3(G(HEeKTUBHOCTH MEPETHUX TOPMO3HBIX MEXaHHU3MOB IpHU
LUKJINYECKUX TOPMOXKEHUAX U TOPMOKEHHSX Ha FTOPHBIX CKJIOHAX. [lombITKa yCHIIUTE 3aHHE
TOPMO3HbIE MEXAHU3MBbl 10 M3BECTHBIM METOAMKAM HE JAeT 3HAYMTEIbHOTO IOBBIIICHUS
SHEPrOEMKOCTM TOPMO3HBIX MEXaHM3MOB, a TakXe MPUBOJUT K TIOTepe KypCOBOM
YCTOMUMBOCTH M HE BBHIIIOJHEHUIO TPEOOBAaHUI TEX ke CTaHIaPTOB.
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Heobxogumocth obecriedeHnsi MakCUMaidbHOW 3(h(OEKTUBHOCTH TOPMOKECHHS TIPH
COXpaHEHMH TpeOyeMoil KypcOBOW yCTOMUMBOCTM M HPUBOIUT K TOMY, YTO MEpeIHHE
TopMo3a nornomarT 10 80 % Bcel KMHETUYECKOW SHEPruu MalllMHBI, PACCEUBAEMOM MpuU
TopMOXeHHHU. Takoe pacipeesieHue MoraouaeMoil 3Heprul COXpaHsIeTcss U IpHU CIIy)KeOHBIX
TOPMOXKEHHUAX, COCTABIIAIOMNX ~98 % OT 00Iero 4ucia TOPMOKEHHUM, HO MPOUCXOIAIINX
IIpY MEHbIIEM TUHAMUYECKOM IepepacupeieleHMH Harpy30K U ¢ MeHbIlel 3¢ (peKTHBHOCTBIO
[5].

[[Inpoxkwmii 1rama3oH MCCIECIOBAHUN PEKUMOB PAOOTHI TOPMO3HBIX CHCTEM JIETKOBBIX
aBTOMOOWJIEH TO3BOJSIET C JOCTATOYHOMH TOYHOCTBIO OLEHHTh HX HArpy>XKeHHOCTh NpHU
Haun0oJiee XapaKTepHbIX yCIOBHIX ABMKeHUs. Ha puc.] npuBeneHa 3aBUCUMOCTD 1aBICHUN B
TOPMO3HBIX CHCTEMax JIETKOBBIX aBTOMOOWIeH [5] ans Hambosee XapaKTepHBIX YCIOBHIMA
skcrutyatauuu.  OTkyna — cliegyeT, 4YTO — HaumOoNblee  KOJUYECTBO  TOPMOKEHHI
OCYUIECTBIISIETCS NPU JaBJIeHUM B npuBojae okoiso 1,0 MIla B ropHbIx ycnoBusix, u npu 1-
1,5 MIla - B ropogax v Ha 3arOpoJAHBIX JOPOTax.
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Pucynoxk 1 — Pacnipenenenue mioTHOCTH BEPOATHOCTH JaBICHUN B TOPMO3HOM IIPUBOJIE
JIETKOBBIX aBTOMOOMIIEH

ConocraBisiss  pe3ynbTaTbl  HUCCIENOBAaHMM [5-7] HarpyX€HHOCTH TOPMO3HBIX
MEXAaHU3MOB JIETKOBBIX aBTOMOOWJIEHI B pPaBHMHHOM W TOPHOM pailoHaX B pa3IU4HbIE
HEepUOJIbl I0Jla, HETPYIHO BHUIETh, YTO MaKCHUMaJbHasl Harpy>KEHHOCTh JUCKOBBIX MEPEIHUX
TOPMO30B COOTBETCTBYET PEXKUMY CIY>KEOHBIX TOPMOXKEHUMH, KOTJa 1aBJIEHUE B MPUBOJE HE
npesbimaer 1,5 MIla, a Hambonee XapakTepHBIM U HCIIOJIB3YEMBIM PEXKUMOM pPabOThI
TOPMO3HBIX CUCTEM SIBJISIETCS] PEKUM CITYKEOHBIX TOPMOKEHUNH. TOPMOXKEHHUS C TaBJICHUEM B
npusojie 6osee 4,0 MIla BcrpeuatoTest kpaiiHe peako u cocTtaBistoT 1,5-2,0 % ot ux olrero
KOJINYECTBA.

B peanbHBIX YCIOBUSX 3KCIUTyaTallMd M3MEHEHUE NaBJIEHUS B IPUBOJAE TOPMO30B
JIETKOBBIX aBTOMOOWJIEN B 3aBUCUMOCTH OT KJIMMAaTHYECKUX U JOPOXKHBIX YCIOBHH MOXKET
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OBITh MPEACTABIECHO C MOMOUIbIO OO0OOIEHHBIX TEOPETHMUYECKUX BBIKIAJOK pacHpeacIeHun
[5].

[IpencraBneHnsie B TpaduveckoM Buae KpuBbie (cM. puc. 1) pacmpeneneHuit
JIaBJIEHUs B TOPMO3HOM IPUBOJE OrPAHMYMBAIOT O00JACTh HauOojiee BEPOSTHBIX €ro
3HAUEHUH, NpPU KOTOPHIX IPOUCXOAMT PACCEMBAHUE KHHETUYECKOM SHEPruM aBTOMOOMIIS
NEPEIHUMU U 3aJHUMH TOPMO3aMH. JTOT JUana3oH JaBIEHUI cOOTBETCTBYET 0Tpe3ky OA Ha
XapaKTEPUCTHUKE PErYJIUPOBAHUS TOPMO3HBIX CHII MEX]LYy OCSIMU aBTOMOOMIIA (puc.2).

PTZ: kH

2,94

1,96
0,4 0,8
76 0,7 >

0,3 0.4 0,5 i Oml®
G, o103 . e B
0,98 :

0 0,98 1,96 2,94 3,92 4,9 5,88 6,86
PT]) kH

PucyHok 2 — 3aBUCMMOCTH UI€aJIbHOTO PACIPEEIICHNS TOPMO3HBIX CHII MEXY OCSIMU
asromobmierd SENS u npeqaraemplii crmoco0 WX peryJupOBaHUS:
1, 2 - KpuBblE HACATBLHOIO pACIPEAEICHUS TOPMO3HBIX CHJI MEXIY OCIMH
aBTOMOOWJIS CO CHApsDKCHHOM U TTOJTHOW MacCoM;
3 - CYIIECTBYIOLIEE MOCTOSHHOE PacIpeeeHne TOPMO3HBIX cun ipu 3 = 0,73 ;

4 - IOCTOSHHOE pacnpe/enenre TOpMo3HbIX ¢t npu 3 =0,5;
0AB - perynupyemoe pacrpeesieHue 1Mo mpeajiaracéMomy Crocooy.

Henbio naHHO paldoThI SABISETCA CHUKEHUE DHEPrOHATPYKEHHOCTH NEPEIHHUX M
HOBBIIIEHUE HHEPrOHArpy’KEHHOCTH 3aJHUX TOPMO30B 3a CYET BBEACHUS PABHOTO
pacrpeiesieHusi TOPMO3HBIX CHJT MEXKTY OCSIMU aBTOMOOMJIA.

N3in0:xxeHne OCHOBHOIO MaTepHajla HCCIeI0BAHHMA. OHEPrOHArpy>KEHHOCTh
TOPMO3HBIX MEXaHU3MOB ONpEAEISeTCs AOISIMU PAcCeMBAEMON UMU KUHETUYECKON SHEPrUH
aBTOMOOWJII M 3aBUCUT OT BEJIMYMHBI TOPMO3HBIX MOMEHTOB, Pa3BUBAEMbIX TOPMO3aMU B
npoliecce TOPMOKEHHsI, KOTOPbIE MPH MPOUYMUX PaBHBIX YCIOBHUAX ONPEIEISIOTCS BETUUYNHON
nasieHuss B npusoge [6, 7]. Ilockonbky 3((EKTHUBHOCTH TOPMOXKEHUS ONpEIeseTcs
K03(pPULIMEHTOM HCIIONB30BaHMSA CLEMHOT0 Beca Ha OCiIX aBTOMOOWIS, TO U
HHEPrOHArpy>KEHHOCTh TOPMO3HBIX MEXAaHHU3MOB OyAeT 3aBUCETb OT €ro peanus3aluu B
KOHKPETHBIX JOPOXKHBIX YCIOBHUSX.
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ﬂﬂﬂ IIOJIHOI'O HCIIOJIb30BaHUs CHCIIHOI'O BECa aBTOMOOUJIA IIpu  TOPMOXKXCHUU
HCOGXOILI/IMO CO31aBaTb Ha KOJIECaX TOPMO3HBIC CHJIBI, PAaBHBIC MPEACIBHBIM CHJIaM II0
CICIIIICHHUIO

6.,=G-p-p=2 (/)'(‘2“” h), (1)
d~z=G-¢-(1—ﬂ)=G'¢'(‘Z_¢'h), @)

rae G — Bec aBTomooOms, H;

¢ — KOO(PPUIUEHT CLETUICHHUS,

B — ko3¢ duireHT pacupeaeneHust TOPMO3HOM CHITBI;

a, B, h—KOOpIMHATHI LIEHTpa Macc aBTOMOOWJIS: COOTBETCTBEHHO PACCTOSHHE OT
nepeiHel, 3aiHel OCH U BbICOTA HaJl TOBEPXHOCTHIO JOPOTH, M;

L — npononbHas 0a3a aBTOMOOMIIS, M.

CrnepnoBarenbHO, €ClI YMEHBIIUTH KO3(PPUIIMEHT pacpeesieHuss TOPMO3HOU CHIIBI Ha
MIEPETHIOID OCh aBTOMOOWJIS,, TO YMEHBIIUTCSA U peain3anus Ko3(pPHUIHeHTa CrenHoro Beca
Ha TepedHe OCH, HO YBEIHYMUTCS €ro peajau3alus Ha 3aJHed OCH B JaHHBIX YCIOBUAX
TOpMOXeHHA. B 3ToM ciydae wuaeanbHO moxxoauT 3HadeHune [ = 0,5 (paBHOe
pacnpenenenue). Ho npu topmokenmsix B auamnazone ¢ < 0,2 misi aBTOMOOWJIS C TOJHOU
Maccoit u @ < 0,3 s aBTOMOOMIISI CO CHAPSHKEHHOM Maccoil UMeeT MeCTO MOTeps KypcoBOi
ycroitunBoctu (cM. puc. 2). OnHako, NMpH CYIIECTBYIOLIEM ITOCTOSHHOM pPacIpeaesieHIH
TOPMO3HBIX chJI (TIpsiMast 3, CM. pHC. 2) MOTEPsI KyPCOBOM YCTOMYMBOCTH TaKKe HAOIIOIACTCS
npu ¢ > 0,45 s aBTOMOOUIISI CO CHAPSDKEHHOW MacCoi, HO IIPU 3TOM HEBO3MOKHO CHHU3HTh
HHEProOHArpy>KEHHOCTh MEPEIHUX TOPMO30B. MeanbHO pemuTh Takyro 3aJadyy MOXKHO IPU
yctanoBke ABC, uTto 06xoauTcs J0poke, HEXKENH YCTAaHOBKA PETYJISITOPOB TOPMO3HBIX CHIL

Ha puc. 2 xpuBble 1 1 2 COOTBETCTBYIOT UJ€AIbHOMY PacHpEesIEHUI0 TOPMO3HBIX
CHJI MEXIy OCSIMH TpH YacTUYHOW M TIONHOM 3arpy3kax coOTBeTCTBeHHO. [Ipsmas 3
WUTIOCTPUPYET CYLIECTBYIOLIEE TOCTOSSHHOE pacipeielieHne TOPMO3HbIX cuil. B aToM ciyuae
OJIHOBPEMEHHOE OJIOKMPOBAaHUE TMEpPEeIHUX W 3aTHUX Kojec OyAeT MPOUCXOAUTh B TOUKE
¢ = 0,45 npu yacTuuHOi 3arpy3ke u B Touke ¢ = 0,8 npu monnoit. Ilpu B = 0,5 npsamas OA
nepecekaercs ¢ npsMord AB B Touke A, rie MPOUCXOAHUT yBEIWYECHHE TOPMO3HOW CHUJIBI Ha
3aIHUX KoJecax. JDTO 3HAUUT, YTO B PEATBHBIX JOPOKHBIX U HATPY30YHBIX YCIOBHUSIX PaBHOE
pacmpenenenue Topmo3Hoit cwibl (B = 0,5) nmpuBeneTr B HaYaJIbHBIK MOMEHT TOPMOKEHHUS K
CHI)KCHHMIO DHEPrOHArpy>KeHHOCTH TOPMO3HBIX MEXaHU3MOB mepenHeil ocu (oTpe3ok OA),
IIOCKOJIBKY pacTeT JHEPrOHarpy>KEHHOCTb TOPMO3HBIX MEXaHU3MOB 3aaHeld ocu. [lpu
JanbHEWIIEM pocTe MPUBOIHOTO JABJICHHS OT TOYKU A 110 TOukd B mpoucxomut MmeHee
JUHAMAYHOE YBEJIMYCHHE HArpy3KH Ha TOPMO3HBIX MEXaHM3Max IEpelHEl OCH B CHIy ee
JTUHAMHYECKOTO JIOTPY>KEHUSI U TOPMO3HON CHUJIBI HAa 3aJHUX TOPMO3ax (peryiaupyemasi BeTBb
AB). Jlns aBTOMOOMIISI cO CHapshDKEHHOW Maccoi B Touke B (¢ = 0,8) koneca obenx oceit Ha
rpaHu OJIOKUPOBaHUS, TOPMO3HbBIE CHJIBI Ha MEPEIHUX U 3aJHUX KOJecax JOCTUTal0T CBOETO
npenena.

[Ipu npennaraeMoM peryJupoOBaHUU TOPMO3HBIX CHUJI MEXAY OCSIMH ONEpekKarollero
OJIOKMPOBaHUA 33aJHUX Kojec He mpowusoiner B nuamnazoHe 0,2 < ¢ < 0,8 mpu TOPMOKEHUU
ABTOMOOWIISI C TIOJTHOW MAacCOM, TIOCKOJIBKY B TOYKE A MPOU30HAET YMEHBIICHUE TOPMO3HON
cuJIbI (TPUBOAHOTO JIaBJICHUSI) HA 3a/IHMX KoJjiecax (CM. puc.2).

Onnako a7 aBTOMOOWIISE CO CHApsDKEHHOM Maccoil Touka A HAXOAWUTCS BBILIE
uJeanbHOM KpuBOil 2 B auanaszone ¢ < 0,35, 4yto He cooTBeTCTBYET [8]. B Takom ciyuae npu
TopMOkeHUU ¢ @ < 0,35 BO3MOkeH OOKOBOIl 3aHOC 3aJHUX KOJIEC, YCTPaHHUTh KOTOPBIN
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MOYKHO JIMIIb BO3JECHCTBUEM Ha pyJieBO€ ylpaBieHue. J[as ycTpaHeHHs] TaKOro HeJO0CTaTKa
CJIeZlyeT PETyJSATOPHYI0 BeTBb AB pacnonoXuTh Tak, 4yToObl OHa MpOIIJIa Yepe3 TOUKY C ¢ =
0,2 (tpuxoas mpsimas A B, cM. puc.2).

OTO 3HAYUT, YTO B PEAJIBHOM JMANa30HE JOPOXKHBIX W HArpy304HbBIX YCIIOBHM
yKa3aHHOE paclpenesieHHe TOPMO3HOM CHJIBI MEXKIy OCSMH aBTOMOOWJIS HpPUBEIET K
HauOOJIbIIEMY CHUKEHUIO SHEPrOHArpyKEHHOCTU NEPEIHUX TOPMO30B MIMEHHO B HAYaJIbHBIN
MOMEHT TOPMOXXEHHUSI C Hambosiee XapakTepHbIM aaBieHHeM B mpuBoae p = 1 Mlla, uto
COOTBETCTBYET 3HAYEHHUIO TOPMO3HOU cuiibl Ha ocu aBTomoomiisi SENS, pasnoit 0,7 kH (cm.
puc.2). Ho B TakoM ciydae CHIDKEHHE SHEPrOHArpyKeHHOCTH NEpPeAHHUX TOPMO3HBIX
MeXaHU3MOB MeHee 3P (EeKTHBHO, YeM B IIepBOM BapHaHte, ~ Ha 30%.

BriBoaBI

1. Ilpemnmaraemblii cnoco0 peryIupoBaHUs TOPMO3HBIX CHJI Ha OCSX aBTOMOOWIIS
MPUBOJIUT K CHIUKEHHUIO SHEPTOHATPY>KEHHOCTHU NEPEeTHUX TOPMO3HBIX MEXAaHU3MOB B
mpolecce, Kak CIy)XeOHBIX, TaK M IKCTPEHHBIX TOPMOXKEHHI, YTO CO3/1aeT YCIOBUS IS
MOBBIIEHUS 3(PPEKTUBHOCTU HE TOJIBKO LUKINYECKUX, HO U OJIMHOYHBIX TOPMOKEHHUH.

2. llpu cobmogernn EnnHo0oOpa3HBIX MpennmucaHui, Kacaoolmmxcs Oo(UIHaIbHOTO
YTBEP)KIICHUSI TPAHCIOPTHBIX CPEACTB B OTHONIEHUH TOPMOKEHHUS [8] B clilyyae
UCIIONIb30BAHUSl PETYJIUPOBAHMUS TOPMO3HBIX CHJ TI0 MpeAsiaraeMoMy croco0y,
3 PEeKTUBHOCTh CHIKEHUSI SHEPrOHArpPY’>KEHHOCTH TEPEIHUX TOPMO30B aBTOMOOWIIS
YMEHBIIAETCSI.

3. B pesynapTate mpoBeNeHUS ~MpejiaraeMod  paboThl  OXKHUAACTCS  TOJyYCHHE
NPUHIUIIUATIBHO  HOBOM  METOJMKM  IPOEKTUPOBAHMS  TOPMO3HOW  CHCTEMBI
aBTOMOOWIIEH, peanu3alys MPUHIUIHAIBHO HOBBIX TEXHUYECKHX PEIICHUH, a TakkKe
pa3paboTKa MpeUIoKEHHI TT0 BHECEHUI0 U3MEHEHUN K TPEOOBAHMSIM MEXIYHAPOTHBIX
CTaH/apTOB, MOBBIIAIOIINX TEXHUYECKUN YPOBEHb aBTOTPAHCIIOPTHBIX CPEJCTB.
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