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3AKAIIKO O.I.

OIIIHKA CTIMKOCTI JBOBICHOI KOJICHOI MAIIMHU IIPH 3AHOCI B
MPOLIECI TAJIbBMYBAHHS

OpHi€ro 3 HAWOUTBII MOMNPEHUX MPHYUH BUHUKHEHHS JOPOXKHBO-TPAHCHIOPTHUX MPHUTO]T € 3aHOC aBTOMOOILIS IpH
raJpMyBaHHI MPH BHUIIEPEIDKYEUYOMY OJIOKYBaHHI 3amHiX Kojiic. JlOCHi/KeHHIO TPUYWH BHHUKHEHHIO 3aHOCY MpHU
raJbMyBaHHI IPUCBSYEHA BEIMKA KUTBKICTh HAYKOBUX Tpallb. BiH3HaueHO, 110 MPUYUHOIO 3aHOCY aBTOMOOUIS HE TLTBKH
IIPU EKCTPEHOMY, a 1 [TPU CITy>)KOOBOMY T'ajlbMyBaHHI € BUTIEpeKYIoUue OJI0KyBaHHSs (110 BiJHOILICHHIO JI0 IEPETHIX ) 3aTHIX
KoJtic aBToMo01Is1. OTHaK y X poOoTax mpu No0y1yBaHHI TUHAMIYHKUX 1 MATEMaTHUYHUX MOJIENEl He BPaxOBaHO CTYIiHb
HaJUIMIIKOBOT'O 3arajibMyBaHHsI 33]IHiX KOJIiC, 10 BIUIMBA€E HA MPOTIKaHHS IPOIECy 3aHOCY KOJICHUX MaIlIWH.

[IpoBenene nociiKeHHs 103BOJIMIIO OTPUMATH aHAJITUYHI BUPA3H JUIS OLIIHKU CTIHKOT IIBUKOCTI pyXy aBTOMOOLIA
IpU TaJbMyBaHHI 3 3a0JOKOBAaHUMHM 3aJHIMH Ta HE3a0JIOKOBAaHUMHM IIEpeJHIMHM KOJecaMd MpW pi3HIH CTymneHi
HEJIOBUKOPHUCTaHHS 3UiIIHOI Baru Ha nepeHii oci. BBesieHo HOBHMIT TOKAa3HUK — CTYMIHb HEJIOBUKOPUCTAHHS 34ilTHOT Baru
aBTOMOOIJIS TIPH 3aHOCI 33 THBOI OCI.

KurouoBi cioBa: ranpMyBaHHS aBTOMOOLIS, OJIOKYBaHHS 3aJHIX KOJIC, 3aHOC, HETOBHUKOPHCTAHHS 34ilTHOI Barw,
OI[IHKA CTIAKOCTI..

0. ZAKAPKO

EVALUATION OF THE STABILITY OF A TWO-AXLE WHEELED MACHINE WHEN
SLIDDING DURING THE BRAKING PROCESS

One of the common causes of road traffic accidents is the skidding of the car during braking with the rear wheels
locking in advance. It was determined that the cause of the car skidding is the anticipatory blocking of the rear wheels of
the car. However when building dynamic and mathematical models the degree of excessive braking of the rear wheels
wasn't taken into account. The conducted research made it possible to obtain analytical expressions for estimating the
steady speed of the car when braking with locked rear and unlocked front wheels at different degrees of underutilization
of the coupling weight on the front axle. A new indicator has been introduced — the degree of underutilization of the car's
hitch weight when the rear axle skids. The goal of the study is to improve the accuracy of the evaluation of the car's
indicators when braking with the front non-locked and rear locked wheels by improving the method of determining the
total reaction of the road on the rear wheels. To achieve the goal, the task of determining the total reaction of the road on
the rear wheels was solved. As a result of the conducted research, analytical expressions were obtained for estimating the
steady speed of the car when braking with locked rear and unlocked front wheels at different degrees of underutilization
of the coupling weight on the front axle. In the obtained analytical expressions, a new indicator is used — the degree of
underutilization of the towing weight of the car.

Key words: braking of the car, blocking of the rear wheels, skidding, underuse of tow weight, sustainability
assessment.

Beryn. Brpata cTifiKOCTI KOJICHUX MAIIMH MPH TaJibMyBaHHI € OJIHIEIO 3 MOLIUPEHUX MPUYUH
BUHUKHEHHS JTOPOKHBO-TPAHCIIOPTHUX MPHUTOJl. 3aHOC MAIIMHU BUHHKAE TPH BHUIIEPEIHKYIOUOMY
OJIOKyBaHHI 3a/lHIX KOJIIC B INpOLECI raJbMyBaHHA. J[OCTI/KEHHIO IIbOTO MPOIECY 1 BU3HAYEHHIO
NPUYNH BUHUKHEHHS 3aHOCY TPW TallbMyBaHHI MPHUCBSAYCHO 3HAYHA KUIBKICTh HAYKOBUX IIpallb.
Opnak B 1iux po0oTax, mpu moOyA0Bi TMHAMIYHHUX 1 MATEMAaTHYHUX MOJENIei HE BPaXOBaHO CTYIiHb
HA/IJTUITKOBOTO 3arajlbMyBaHHS 3a/IHIX KOJIIC, IO BIUTUBAE HA MPOIIEC 3aHOCY KONICHOT MalIMHU.

B craTTi HaBesieHO pe3yNbTaTH TOCIIIKEHHS, K1 103BOJWIN OTPUMATH aHAJITHYHI BUPA3H IS
OLIIHKM CTIMKOi IIBUIKOCTI pyXy aBTOMOOLIS NpU TajJbMyBaHHI 3 3aJHIMU 3a0JIOKOBAaHUMH 1
nepeHiMU He3a0JI0KOBaHMMHU KOJIECAMU NPHU PI3HOMY CTYIEHI HEBUKOPUCTAHHS 34YiNHOI Bark Ha
nepeaHiii oci. BUKOPUCTOBYEThCS HOBHMM TOKa3HUK — CTYIiHb HEAOBUKOPHCTAHHS 3YiMHOI Baru
aBTOMOOLIA.

AHaJi3 ocTaHHIX JocsATHEeHb i myOuikaniii. OCHOBOIIOIOKHUKAMHU T€OPIi CTIMKOCTI aBTOMOO1JIS
B Ipoleci pyXy 1 MNpu raipMyBaHHI SBISIIOTbea akajgemik E. A. UymakoB [1], mpodecop
A. M. IleB3uep [2]. Ix poOOTH CcTaau OCHOBOIO IS MIPOBEICHHS MOAaIbINX nociipkens 1. . Emica
[3], B. A. lem’sintoka [4], B. II. Caxno [5], A. C. ®enocosa [6], M. A. Ilogpurano [13] ta iHmmx
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aBTOpiB. I3 ocTaHHiX poOiT, MpoBeneHUX B YKpaiHi CIiJ BIAMITUTH POOOTH HAyKOBOI IIKOJH
npodecopa B. I1. Caxno [5, 7].

B pi3HMX acmekTax NUTaHHS CTiHKOCTI pyxy posrisaanuca B pobotax lO. A. Bypennikona,
A. A. Kamkanosa, B. M. Pe6enaiino [8], I1. JI. I"amyka [9], I. I1. TpostHoBcrkoi Ta C. I1. [ToxxunaeBa
[10], a Takox B poboTax [11, 12].

B po6orax [13, 14] mocmijkeHa CTIMKICTh aBTOMOOUIS TPHU BUIEPEIKYIOYOMY OJIOKYBaHHI
3aJHIX KOJIC B TMpoleci raipMyBaHHsA. B ykazanmx pobGorax [13, 14] BukopucTOByBajach
PO3paxyHKOBa CXeMa, peCTaBjIeHa Ha puc. 1.
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Puc. 1 — Cxema cui, AKi Jil0Th Ha aBTOMOOLIb ITPU 3aHOCI B POIIECi TaJIbMyBaHHS 3
3a0JIOKOBAaHUMHU 33/IHIMU Ta He3a0JOKOBAaHIUMH TIEPEAHIMU KOJIECAMH

Astopamu poOit [13, 14] moka3aHo, 1m0 HAWOLIBIIT ICTOTHUM (DAKTOpOM, SIKMM BIUIMBAE Ha
IHTEHCHBHICTb PO3BHUTKY 3aHOCY aBTOMOOLIS SABISETHCSA CyMapHa OOKoBa peakuis R,,, sika BUHMKaE

MpU B3aEMOJIi TEpEeNHIX HE3a0JIOKOBaHMX KOJIC 3 moporor. Ha BigMiHy Bim rimoTesw, ska
BUKOPHCTOBYBAJIACh paHINIE PO Te, IO BEKTOp R, Ma€ MOCTIMHUA MOIyJb, KM BH3HAYA€THCS

Ry, = \ (/72 : R221 - PT21 (1)

aBTopH poOit [13, 14] mpoBenu OILIHKY JUHAMIKK HOTO 3MiH OTPUMABIIN Ha OCHOBI

3amponoOHOBaHOI TMHAMIYHOI Mozei (puc. 1) Bupas (2):
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Je @ — Koe]iLi€HT 34YeIIeHHs KOJIC 3 Aoporow; R,, — cymMapHa HOpMajbHa peakiis JOpOrH Ha

3anexHicTo (1):

RY1= RB'GB'

HepeaHix Konecax; P, — cymapHa ranpMiBHa CHla Ha HepelHiX Koiecax; a, b — xoopauHatH
HPOEKIil IEeHTpa Mac aBTOMOOLIA Ha TOPU30HTAIbHY ILUIOMHUHY (CM. puc. 1); i, — pazgiyc iHepmii
aBTOMOO1JIsI BIIHOCHO BEPTUKANIBHOI OCl; @ — KyTOBa MIBUJKICTb aBTOMOOLIA B IIOMIKHI gopory; V,
— JiHi}{Ha MBUIKICTb aBTOMOOLIA B HanpsiMKy oci Cx, (auB. puc. 1); m, — maca aBTomo0uIs; Ry —
CyMapHa peaklis JOpOrH Ha 3aJIHl 3a0JI0KOBaHI Kojeca aBTOMOOUIA; O, — KyT MK HampsMKOM

peakuii R; 1 MOB30BXKHBOIO BiCCIO aBTOMOOLIA (1uB. puc. 1).
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B po6ori [13, 14] 3anponioHoBaHa juts BU3Ha4eHHs R, crpomieHa gpopmyna (3):

a
RBme.(l_ﬂé).go'ma.g= l h’ (3)
1+7.¢.f
1-8, " L

ae m, — xoe(illieHT BUKOPHCTAaHHS 34iMHOI Bard aBTOMOOLIS mpu rampMmyBaHHi [6, 13] npu
BUIIEPEKAI0YOMY OJIOKYBaHHI 3a/IHIX KOJIC;

a
m=—Lt @
1-p,+¢p-—
Bs+o L
ne fs — koedilieHT AifiCHOrO pO3MOALTy radbMiBHOI CHIM Ha MEPEeIHIO Bich aBTOM0O1IA [3, 7] (cMm.
puc. 1).
Kyt 6; moxHa BU3Ha4UTH 4K (5):
L L
0, =2—=—"w,
’ O0,A Vy ©)

ne L— noB3moBxxH KoicHa 0a3a aBTOMOOLIIS.
B pesynbTarti, micis nigctaHoBKHU criBBigHOLIEHb (3)—(5) B popmyny (2) B pobotax [11, 13] 6yna
OTpUMaHa 3aJeKHICTH (6):
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3anexHocTi (3), (4) 1, K pe3yJbTat, CHiBBiAHOIIEHHS (6), BKJIIOYAaE B ceOe BETUUMHY AIHCHOTO
KoedilieHTa po3NOAUICHHS [; TalbMiBHOT CHIIM Ha IIEPEHIO BiCh, BU3Ha4YeHOTo [6, 13] HacTymHOIO

3aJIeKHICTIO:
P
B=—1l -
’ PTl +PT2 ( )
B Bunazaxy, sikuii MM po3IIsIIa€EMO
P ,=¢ Ry, (8)

ne R,, — cymapHa HOpMasbHa peakiiis JOpOrH Ha 3aHiX (3a0JI0KOBaHUX) KoJecax.
[Ticnsa migcranoBku (8) B (7) orpumaemo Bupas (9):
B = P, B 1
’ PTl"'(D'Rzz LRZZ’ (9)
PTl
Ananiz Bupazy (9) nokasye, L0 BeJMYHHA [f; y IHpoleci raabMyBaHHA 13 3aJHIMU

1+

3a0JI0KOBAaHMMU Ta MEPEIHIMU HE3a0JI0KOBAHUMH KOJIECAMH € BETUYMHOIO 3MIHHOIO Ta MpUAMAaTH il
HOCTIHHO0, PIBHOIO KOHCTPYKTHBHOMY 3HAY€HHIO HE MOXHA, OCKUIbKH P, Moke 3MiHIOBaTucs i

R,, =const.

MeTta Ta HOCTAHOBKA 3a4a4i. MeTO0 TOCIIIKEHHS € MIABUIIIEHHS TOYHOCTI OL[IHKY ITOKa3HUKIB
CTIKOCT1 aBTOMOO1IISI IPpU TajlbMyBaHHI 3 MEPEAHIMH He 3a0JI0KOBaHUMU Ta 33HIMH 3a0JIOKOBAaHUMU
KOJIECAaMH TMUISIXOM YJOCKOHAJICHHS METOJy BU3HAUEHHS CyMapHOi peakilii JOpord Ha 3ajaHiX
KOJIECaX.

Jnist TOCSATHEHHS TIOCTaBJICHOI METH HEOOXiTHO BU3HAYUTH BEIIMYMHY CyMapHOI peakiii JOpOrH

Rg mpu 3MiHHOMY 3Ha4yeHH1 P, .
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Buxkian ocHoBHOro marepiany. CymapHi HOpMaibHI peakiii JOpOrd Ha MepeaHid Ta 3aaHIN
OCSIX aBTOMOOLIS TMpH TaJbMyBaHHI 13 33 HIMU 3a0JIOKOBAaHMMH Ta TMEpPEAHIMU HE 3a0JIOKOBAaHUMU
KoJIecaMH MOKYTh OyTH BH3HA4eHI 3a 3anexHocTssmu (10) ta (11):

RzlZma'g'E+(PT1'H+¢'R22'DJ'COSW’ (10)

L L L

Rzz:ma'g'2_(Prl'h_—rg+¢7'Rzz'DJ'COSl//' (11)
L L L

ne § — OpUCKOPEeHHs BUTbHOTO majiHHsg, g = 9,81 m/c®Th — Bucora [EHTpa Mac aBTOMOOLIIS;T r,—

JUHAMIYHHUNA pajilyc KOJic; i/ — KyT HOBOPOTY IOB3/I0BXKHBOI OC1 BIJIHOCHO 33JJaHOTO HAPSAMKY PYXYy
(KypcoBHii KyT).
Bupasumo cymapHy raiasMiBHy cuily P, Ha mepenHiX Kojecax 4epe3 IpaHHuYHy CHIy IIO
3YETUICHHIO:
P =@ R, —AP,,, (12)
ne AP, — 10JaTKOBa YaCTUHA CyMapHOI TaJIbMiBHOI CHIIH, SIKY HEOOX1IHO CTBOPUTH AJIsl OJIOKYBaHHS
MepPeIHIX KOJIiC.
OueBUIHO, IO MK CyMapHUMU HOPMAJIbHUMHU PEAKLISIMHU JI0OPOTH iICHY€E B3a€MO3B'S30K:
R, +R,, =m, -0, (13)
Pipusians (11) 3 ypaxyBanusaMm criBBinHomieHs (12) ta (13) npuiime Burisia (14):
h—r,

a h
Rzz:ma'g't_[(p'(ma'g_Rzz)_APTl : 'COSW_¢'R22'E'COSW’ (14)

Bupiuryrouu piBHsHHS (14) BigHOCHO R,,, oTpumaemo (15):
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CymapHa peakiiist B IUIOIIMHI IOPOTH Ha 33aHIX KoJiecaX J0piBHIOE Bupazy (16):
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ne L, — cTymniHb HeTOBUKOPUCTAHHS 34ilHOI Baru aBTOMOOLIS,
LX _ APTl =1_mx' (17)
m,-g-¢
[Ticna migcranoBku Bupasy (16) B piBHAHHSA (2) oTpumaemo (18):
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I3 Bupazy (18) BuaHO, 1110 BEKTOP peakiii JOpOru R_Yl Oy/e MaTH HaNpsIMOK, SIKUH CIiBMIajae 3

HanpsMkoM Ha puc. 1 mpu a-b>i>. Tlpu a-b<i? 3mina Hanpsmky Bektopy R, Ha mpoTHIEKHUH

CTaHEThCS B BUIAJKY BUKOHAHHS YMOBH (19):
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Bupimusnm HepiBHIcTb (19) BigHOCHO diHIHHOI mBUAKOCTI V,, oTpuMaemo (20):

a

h—r,

ab) | (1-L,)-o- [ cosy

Vi > g-go-L-[l— 7 ] - . (20)
z 1+¢-—E~c051//

ITpu 3MmiHi HanpsMKy peakuii R,, Ha NPOTHIEKHUHA MOMEHT oOyprorounit M, =R, 3MIHIO€

803M

CBill HANIPSIMOK Ha MPOTWJICKHUH 1 cTae cTadbinizyrounm M

cmab *
[Ipu i; =a-b npaBa yactuna HepiBHOCTI (20) MOpiBHIOE HyIHO. e 03HauaE, 110 B IIbOMY BHITAKY

CTIMKICTh aBTOMOOLIS 3a0e3medyeTbcss Ha OyAb-fKii IMIBHIKOCTI. 3 HEpPIBHOCTI BUJIHO, IO IPH
BHCOKHX IIBUIKOCTSAX PyXy aBTOMOOUIb CTilikuid. [Ipu mamiHHI MBUIKOCTI B MPOIIEC] TaIbMyBaHHS
Ta JOCATHCHHSI KPUTUYHOTO 3HA4YeHHS (IpaBa yacTuHa HepiBHOCTI (20)) MoxkiuBe 3aHeceHHs. [Ipu
L, =0 (mepemni koseca 3HaxXoJATbCA Ha MeEXi OJIOKYBaHHS) IIpaBa 4acTHHa HepiBHOCTI (20)

3MEHIIY€ETHCS, 1110 CIPUSIE MiABUILIEHHIO CTIKOCTI aBTOMOOIIS.

BucHoBku.

1. B pe3ynbTati NpoBEIEHOTO IOCIHIKCHHS] OTPUMAHO aHATITHYHI BUpPA3U AJIS OIIHKU CTIHKOI
HIBUAKOCTI PyXy aBTOMOOUISI HpH TajbMyBaHHI 13 3aJHIMH 3a0JIOKOBaHUMHU Ta IEPEAHIMHU HE
3a0JIOKOBAHUMU KOJIECAMU TPHU PI3HOMY CTYIEHI HEJIOBUKOPUCTAHHS 34iIHOI Bark Ha MepeHil ocl.

2.B oTpuMaHMX aHANITUYHUX BHpa3aX BHKOPHCTAHO HOBUHM TIOKa3HWK — CTYIIiHb
HE/IOBUKOPUCTAHHS 34ilTHOI Baru aBTOMOOUIA, OOJIK SIKOTO J03BOJIMB YTOYHHTH BiJIOMi paHilie
3aJIeKHOCTI.
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