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B pabote paccMOTpeHO YCTPOMCTBO yIpaBieHHs! OJHOOCHOTO IMpPHIIENa, O3BOIISIONIEe MOBBICUTh MaHEBPEHHOCTD,
HAJIe)KHOCTh U 6E30MACHOCTD ABIKCHHUS MATOTOHHAXKHOTO aBTOMOE3/1a MyTEeM UCIONIB30BAHMUS IMOKOI CBSA3M B CLIEITHOM
YCTPOMCTBE. DTO TaeT BO3MOKHOCTD UCHIONB30BATh ABTOIIOE3]] B YCIOBUIX UPE3BBIUAMHBIX CHTYAIMH, HA Y3KUX YIIHIIAX
TOPOJIOB, B TEIUTHIIAX, KOPOBHUKAX, BHYTPULIEXOBBIX U CKJIAJICKMX OMEIIEHUSX. YCTPOHCTBO OTIMYAETCI MPOCTOTOM, Ha-
JIEKHOCTBIO M BBICOKOM PEMOHTOMPHUTOTHOCTBIO, TIO3BOJISIONIEH IKCITYaTHPOBATE €r0 MPH MePeBO3Ke HEBUOPOCTONKIX
TPY30B pa3NMYHOrO Ha3HauyeHWs. Ha mpemmaraemMoe ycTpoiicTBO MofaHa 3asBKa Ha M300peTeHue. Paccuntanbl Makcu-
MaJIbHBIE YCIINS B TPOCE, KPIOKE ABIIUIA M YIPABISEMBIX 3JIEMEHTAX CIETHOTO YCTPOMCTBA IPU IKCTPEHHOM TOPMOKEHUN
¢ MaKCUMAITBHO! 3aTrpy3Koif MpHIENa B CIIOXKHBIX JOPOKHBIX YCIoBUIX. OmpeneneHbl KPUTHUECKHE PAJIUyChl TIOBOPOTA
NpH Pa3IMYHBIX CKOPOCTSX IBVKEHUS U KOI(QQUIMEHTaX CLEIUIeHHs Kojeca ¢ JOporoil. BeiomHeHo MaTteMaTHieckoe
MOJIETMPOBAHNE JIBUKEHHS aBTOMOE3/IA. YCTPOICTBO YCTAHOBIEHO M MCIBITAHO C TIOMOIIBIO JTOPOKHOH abopaTopnn
KII-514MII Ha aBToMoOuie ["azens 2705 ¢ mpunenom MATI3-739. ITpoBeneHbl HATYypHbIE HCIBITAHKS B PA3IMYHBIX TO-
POJICKUX ¥ TIOJIEBBIX YCIIOBHUSX C 3aTPYKEHHOCTHIO MPHIIETAa ¥ CMEIIEHISMH [IEHTPa MacC Tpy3a. YCTAHOBKA Tpoca B CIIET-
HOM YCTPOICTBE CYIIIECTBEHHO MEHSET XapaKTep JBIKEHUS 3alHAM XO/IOM U TIPU IKCTPEHHOM TopMosxkeHuu. [1pu aTom
UCKITI0YAeTCs CKIIa/bIBAHNE aBTOIOE3/1a, B TO BpeMs Kak 0e3 Tpoca MOYTH BCEra BO3HMKAET YIpo3a TaKOTo CKIIa blBa-
HUS, UTO KpaitHe HeKeTATENBHO MPHU MEPEBO3Ke HEBUOPOCTONKHX TPY30B. DTO CYNIECTBEHHO BIIMSIET HA aKTHBHYIO 0€30-
MACHOCTh MaJIOTOHHAXXHOTO aBTOIOE3/1a, OIIPEIENISET €r0 TOPMO3HYIO 3P (PEKTUBHOCTD U TIONIEPEUHYI0 YCTOHIHBOCTD TIPU
nerkeHnn. OmmiIcaHa MaTeMaTHIeCKast MOJIENb, MOATBEPXKICHHAS SKCIEPUMEHTATBHO, TT03BOJISIONIAS OICHUTh KPHUTHIE-
CKHE paJuychl OBOPOTA MPH MAHEBPUPOBAHHH, YCIOBHS SKCTPEHHOTO TOPMOKEHHUS  BOSMOKHOCTD JIBIKEHUS 32 THUM
xozmoM. Onpesienuiu, 4To B CLIEMHOM YCTPONHCTBE aBTOMOE3/1a C TMOKOI! CBA3bI0 BO3MOKHO MCIOIB30BATh /IBA THIIA TPO-
coB: TK muamerpom 9 MM ¢ MetammyaeckumM cepaedHukoM umn JIK-0 ¢ opraHmdeckuM cepIeuHuKoM, a TaKKe BO3MOXKHO
IpUMEHEHUE IPYTHX TUIIOB TPOCOB, ECITM OHU BBIACPKUBAIOT yeuius B 4,5-5,0 T.
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The paper deals with the control device for a uniaxial trailer, which makes it possible to increase the maneuverability
and reliability of the movement of a low-tonnage roadtrain by using flexible coupling in the hitch mechanism. This
makes it possible to use roadtrain at emergency situations, in narrow urban streets, in greenhouses, livestock houses, and
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warehouses. This mechanism is simplicity, reliability and high maintainability, which allow to operate it when transporting
non-bump-resistant cargo of different purpose. An application for an invention was filed with the proposed mechanism.
The maximum forces in the cable, the drawbar hook and the controlled elements of the coupling were calculated in case of
emergency braking with the maximum loading of the trailer in difficult road conditions. Critical turn radii were determined
at different speeds and tire-to-surface friction coefficients. A mathematical simulation of the movement of the roadtrain
was performed. The device was installed and tested on the basis of the road laboratory KP-514MP based on the car Gazel
2705 with trailer IAPZ-739. Full-scale tests were carried out in various urban and field conditions with different loading
of the trailer and shifts of the cargo mass center. The cable installation in the hitch significantly changes the geometry of
the movement when reversing and emergency braking. Also the jack-knifing of the roadtrain is obviated, while without
a cable, there is almost always a threat of suchjack-knifing, which is highly undesirable in the transport of non-bump-
resistant cargoes. This significantly affects the active safety of the low-tonnage roadtrain, determines its braking efficiency
and transverse stability of the links during the movement. A mathematical model that had been tested experimentally was
described, which makes it possible to estimate the critical turn radii during maneuvering, the conditions for emergency
braking and the possibility of reversing motion. Two types of cables can be used in the flexible hitch-coupling: one is with a
diameter of 9 mm and has the metallic core, another is LX-0, it consists of 46 wires with the organic core. Also other types

of cables can be applicated if they withstand load of 4.5-5.0 t.

Keywords: Low-tonnage roadtrai; Hitch-coupling; Flexible controlled coupler; Maneuverability.
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TPEMUTEIBHOE PA3BUTHUE ABTOMOOUIIBHOTO
TpaHCIIOPTa CTABUT MOBBIIICHHBIE TPEOOBAHMS
K 0e30IacHOi 3KCILTyaTallui MAJIOTOHHAKHBIX
aBtomoe310B (MAII) B CIIOKHBIX JOPOKHBIX YCITOBHSX.

ABTOIIOE3]] ITPEACTABIISAET COOOM TEXHUUECKYIO CH-
cTeMy, 6e30IaCHOCTh KOTOPOM OMPEEISIeTCS SKCILTY-
aTaIlMOHHBIMY KaueCTBAMU OT/IETLHEIX 3BEHbEB. BBI-
XO[Il U3 CTPOSI ONTHOTO U3 3BE€HbEB CHUKAET Oe3omac-
HOCTB IBUKCHUS M YAIIE BCETO MPUBOMUT K TIKETBIM
JOPOKHO-TPAHCIOPTHBIM ITPOUCIIECTBUSIM.

Co3naHue CnennaabHOrO YCTPOMCTBA B CLIETIKE TO-
3BOJISIET [TIOBBICUTh MAHEBPEHHOCTh MaJIOTOHHAXKHO-
r'0 aBTOIOE3/]a B COCTaBe JIETKOBOT'O aBTOMOOUJISA-TS-
radga BBICOKOH ITPOXOIMMOCTHU U OTHOOCHOTO TIPHUIIEe-
Ta IpU MEePEBO3KE HECTAHIAPTHBIX, HEBUOPOCTOMKUX
TPY30B B CIIOKHBIX JOPOXKHBIX YCIIOBUSX, BKIIOYAS
JBUKEHUE 32 THUM XOJIOM.

Cormacuo I'OCT 3107 2012, MmaHEeBpEeHHOCTH aBTO-
Moe3/1a XapaKTepU3yeTCs CIACAYIOMIMME OCHOBHBIMU I10-
Ka3aTelsIMU: MUHUMAJIBHBINH palyC IIOBOPOTA; BHEIII-
HUI Ta0apUTHBIN paaryc MOBOPOTA; BHYTPEHHMUIA ra-
OGapuTHBIN paauyc, rabapuTHas NOJ0Ca ABUKEHUS U
MaHEBPUPOBAHUE ITPU IBIDKEHUU 33 THUM XOJIOM.

B Hacrosmee BpeMst pa3paboTaHo O0IbIIoe KOIH-
YECTBO CUCTEM aKTHUBHON 0€30MacHOCTU. DTUMU BO-
MMpocaMu B OCHOBHOM 3aHUMAJIUCh HAYUYHBIE KOJLIEK-
tuBbl MAMU, MAJZIN u BUM [1-3]. Ux paGoTsI mo-
3BOJISIIOT PEIINTH MHOTHE TPOOJIEMBI MAHEBPEHHOCTHU
MAaJIOTOHHAXHBIX aBTOIOE3/I0B, OHAKO XapaKTepu-
3YIOTCS CIIOKHOCTBIO TEXHUYECKOT'O UCTIOTHEHUS U HEe
obecrieunBatOT MAaHEBPUPOBAHUS TTPH IBUKCHIH 3a]1-
HHUM XOIOM.

B 3apyOexHBIX cTpaHaX UMEIOTCSI YCTPOICTBA, Ha-
LIeJICHHbIE Ha TOBBIIIEHUE MAHEBPEHHOCTH U YCTOMUH-

BOCTH MaJIOTOHHa)XKHOT'0 aBTomoe3aa. ECTb KOHCTpYK-
WU, CHIDKAFOIIINE KOJIeOAHM S TTPU BOSHUKHOBEHHH PhI-
CKaHUs MpHUlIlena.

B HEKOTOPBIX U3 HUX HUCTIOTB3YIOTCS CACTEMBI IIPY-
KVH WITH THJIPABIINYECKUX JeMII(hepOB, CBI3BIBAIOIINX
MIPUIICTI C TATAYOM. DTUX HETOCTATKOB JIMIIIEHA DKCIIe-
PUMEHTAJIBbHO allpoOHpOBaHHAS CHCTEMAa C THOKOH
VIIpaBIIsieMOH CBS3BIO B ClIeTHOM ycTpoicTBe [4]. OHa
JTOCTaTOYHO MPOCTA, IIOCKOJIBKY MOXET OBITH coOpa-
Ha B [TOJIEBBIX YCTIOBUSIX, 00IaaeT BBICOKOH PEMOHTO-
MIPUTOTHOCTHIO U 0OecrieunBaeT MAaHEBPUPOBAHUE ITPU
JBIOKCHUM 33 JHUM XOJI0M [4].

Ucnonp3oBanue MAII ¢ Takum ycTpoHCTBOM He-
00XOINMO JIJTSl TOPOJICKUX HYK/T ITPU ITEPEBO3KE TOBA-
PpOB, 060pyIOBAHUS, BBIBO3€E PA3IUUHBIX OTXOOB, HC-
noyb3oBaHuu B cucteme MUC, a Takke mpu 00CITyKH-
BAHUU CTPOUTEIbHBIX, IPOMBILIJIEHHBIX U CEILCKOXO-
351ICTBEHHBIX KOMILJIEKCOB. BbICOKME MAaHEBPEHHOCTD
U 9KCILTyaTallnoHHasl HaAe)KHOCTh Takux MATI 1mo-
3BOJISIIOT IPUMEHSTh UX MPU HEOOXOIUMOCTH Tepe-
JIBIDKEHUS IT0 MECTHOCTH CO CJIOXKHBIM peibedoM U y3-
KHUM TOPOACKUM yauIam [3].

LIEnb MCCNEQOBAHUS — OIICHKA YCIOBUS IKCILITYa-
Tal1 MaJOTOHHAXKHOT'O aBTOIIOE3/1a C THOKOII CBSI-
3BI0 B CLIEMTHOM YCTPOMCTBE MpU KPUTHUUECKUX TOKA-
3aTeNSIX IBIKCHI S, TIOATOTOBKA PEKOMEHTAIIHIA IO TI0-
BBILLIEHUIO €M0 MAHEBPEHHOCTH U GE30MaCHOCTH JBU-
KEHUSL.

MATEPUANBI N METOALI. MHOTOIIETIEBOE HCITONIB30-
Banue MAII TpedOyeT BRICOKOM SKCIUTyaTalIMOHHOM Ha-
JIEXHOCTH 1 0€30TTaCHOCTH. B CBSI3M C 3TM paccMo-
TpuM nBuxenne MATI mpu KPUTHYECKUX YCIIOBUSX
MaHEeBpUPOBAaHUS. [JI51 9TOTO UCITOTB3yeM MaTEMAaTH-
YECKYI0 MOJIeNb [4, 6].
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MaremaTuueckas MOJENb IBUKEHUSI ABTOMOOUIIS
¢ IpuienoM cpopMrupoBaHa HA OCHOBE U3BECTHBIX
ypaBHEHU IBUKEHUSI CHCTEM TBEPIBIX Tell. ABTOMO-
OMJIb U IIPUILIETI CYUTAIOTCS TBEPABIMU TEJIAMH, COBEP-
LIAIOLIMMHU IPOCTPAHCTBEHHOE JBM)KeHUE. KpeneHue
JIBITILIA K (hapKOITy MOAETUPYeTCs CheprUIecKUM Iap-
Hupowm [7, §].

C KaxJIbIM U3 TBEPIBIX TEJ, COCTABIISIIOIINX CUCTE-
MY, CBSI3bIBAETCS NOABUKHAS cucTeMa orcuera XYZ ¢
HayaJjioM B LIEHTPE MAacC COOTBETCTBYIOLIErO TeJa

(puc. I).

Puc. 1. Pacuemnas cxema OUHAMUKU OBUIICEHUSL MATIOMOHHAIIC-
HO020 a8Monoe30d ¢ Npuyenom

Fig. 1. Analytical model of dynamics of movement of low-
tonnage roadtrain

PE3YNbLTATBI M OBCYXAEHVE. J{J1s1 pacueTHOI OlleH-
KU BBIIIIEHA3BAHHBIX TAPAMETPOB MPUHSITO CYUTATD,
YTO MOBEPXHOCTH TOPOTH (MUKPOIIPOQUIIS) TIIOCKAS.
BzaumogeiicTBre KoJIeC aBTOMOOUIIS U MPUIIETIA C J0-
pOFOfI B BCPTHUKAJIbHOM HAIIPaBJICHUU OIMHNCBIBACTCA
YIIPYTO-BSI3KOM MOJIENTBIO C yUETOM BO3MOXKHOCTH IO~
TEPU KOHTAKTA:

- clpr-'-"tﬂdﬂ e P|}u
%=1, ecnm p.<0|

rae R;— KpUTHYECKHI! paguyc IoBOpOTa;

Po Pe— nedopMarug 1 CKOpOCTb TOUKHM KOHTaKTa
KOJIeca OTHOCUTENIBHO FPYHTA;

Cr — KO3((PUILIMEHT )KECTKOCTH CUCTEMBI KOJIECO—
JI0pora;

R — KO3 GULUEHT BA3KOCTU CUCTEMBI KOJIECO—0-
pora.

B kauecTBe He3aBUCHMBIX OOOOIIEHHBIX KOOPIH-
HAT MPUIIENa BBIONPAIOT KOOPIAUHATHI €T0 IIEHTPa Macc
Endu yTaIbl y, 0, p TOBOPOTA OCEl TPAHCIIOPTHOIO CPEe/I-
CTBa B HETIOJBUXHOM cucTeMe oTcueTa. Toraa ypas-
HEHUS TMHAMUKH IIPOCTPAHCTBEHHOT O IBIKEHU S TTPH-
Liena 3aMuchIBatoT B B 12-Tu nuddepeHImanbHbIX
YPaBHEHUH NIEPBOTO MOPSIKA.

IIlecTp KMHEMATUYECKUX COOTHOILIEHUI, CBSI3bIBA-
IOIINX MIEPBbIe MPOU3BOAHBIE OT OOOOIIEHHBIX KOOP-
JIVHAT ¥ IIPOEKIIUYN JUHEWHON U YIIIOBOM CKOPOCTEN
Ha OCH MOABUKHON CUCTEMBI OTCUETA, BBITJIS ST ClIe-
YIOIUM 00pa3oMm:

1)

§=Va,+¥Va,+Va,;
n=Va,+Va,+Va,;
{=Va,+Va,+Va,;

_ @)
¥ = (gcosp— psing)/cosd;

8 = pcosp—gsing;

@=r+1g8(psing+ gcosg),

rae Vi, Vi, Vo, p, q, ¥ —TIPOEKIUU CKOPOCTHU LIEHTPA MACC
U YIJIOBOM CKOPOCTH TBEPAOTO TEJIa HA OCH OABHUXK-
HOU CUCTEMBI KOOPAUHAT;

ap, Ay, Ay, A1, Ao, A3, A3, A3, 33— HAIIPABIIAIOMINAC
KOCHUHYCBI MEX 1Y OCIMU IMOJABUKHOU U HETIOABUXKHOMN
CHUCTEM OTCUETA.

3anuiieM mecTh ypaBHEHU M TMHAMUKHU B TTOIBUXK-
HOM CUCTEMe OTCcUYeTa Ha OCHOBE TCOPEMBI 00 u3MeHe-
HHUW KOJTMYECTBA ABKEHUS U TEOPEMBI 00 H3MEHEHU U
KHHETUYECKOIO MOMEHTA:

AT "5)'E+R-+R,+Ta+fn—m.;
M[F;? +r¥, -pi:]=1§ +R R+ 1, + 1, —Gay;

m[f’. +p¥y—gq¥, |=F,+ R+ R_+T,+T,~Ga,;

S p=dyq=dur+ U, =, Jar + L0 = ¢ )+ plyr = Lur)=
=E e+ Ryu+ Ry + Ty + T —
Bz Rz R~ D= L2 3)
=~y prtdy = d, 7+ =4 ) p+ L (0 =)+ alp = 1) =
= Rz Rz, +R +z, ~Tz +T 2 —
—Ex + R —R e — T2 — T X
~T - du g+ I, (0, - S )pg + T (g7 - )+ U g T )=
=M, +M +FEx. + Rxy+ B x + L+ x -
= Ve = BV~ B Yo = B Yo = T Ve
TJI€ M — Macca aBTOIOEe3/1a C yYeTOM MaCcChl aBTOIPU-
1emna;

F,, F,, F, — coctaBnsromue peakuuu F dapkona,
JIEHCTBYIOIINE CO CTOPOHBI aBTOMOOMJIS HA TIPHUTIEIT;

Ry, Ry, Ryz, Rix, Ryy, Ry, — COCTABIIAIOIINE YCUIIHA HA
JIEBOM U MIPABOM KOJIECaX MPUIIETIa COOTBETCTBEHHO;

Tix, Tiy, Tiz, Tix, Try, T, — IPOEKIIMU CHIIBI HATSIKE-
HHS TPOCa B CIIEITHOM YCTPOMCTBE Ha IMMOABUXHBIC OCH
KOOPJIMHAT Ha JIEBOW U MPABOM YACTSIX TPOCA, ACUCTBY-
FOIIIME CO CTOPOHBI AaBTOMOOUJIS HA TIPUIIETI;

o Jys 25 Jxys Jxzs Jy, — KOMIIOHEHTBI TEH30pa UHED-
IIMU OTHOCUTEIBHO OCel MOJABUKHOM CUCTEMBI KOOP-
JIMHAT;

M), M, — MOMEHTBI COITPOTUBJIEHU S IOBOPOTY HA
JICBOM U IIPaBOM KoJIiecax;

G — o01muMii Bec aBTOIOE3/1a C yUETOM Beca ITPUIIETIA;

XF, VF>» ZF> XR15 VRI> ZR1> XRrs VRrs ZRrs XTI VTls ZT1> XTrs
V11, Z1r — KOOPAUHATHI TOUEK TTPUIOKEHUSI COOTBET-
CTBYIOIIIUX CUJI B MOJIBUKHOM CUCTEME OTCUYETA, CBSI-
3aHHOM C IPULEINOM.

IToBepXHOCTH TOPOTU cuMTaeTCs MII0CKOH. B3an-
MOJIEHCTBHE KOJIEC AaBTOMOOUJIS Y ITPUIIETIA C TOPOroi
B BEPTUKAJILHOM HAIIPABJICHUU OIUCHIBACTCS yIPY-
rO-BSI3KON MOJIEBIO C YUETOM BO3MOXKHOCTHU MOTEPU
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KOHTaKTa. Bce aneMeHThl KOHCTPYKIUY B JAHHON MO-
JIeNTA CYUTAIOTCS KECTKUMH (HeepOpMUPYEMBIMHU).

OCHOBHOE AUAJIOrOBOE OKHO HACTPONKHU Napame-
TPOB MOJIEJIU MOKAa3aHO Ha pucynke 2. B mporpamme
MPeTyCMOTPEHA BO3MOXHOCTh BHOCUTD ITApaMeTPhI
CUCTEMBI, TAKHE KaK MAaCCOBBIE XapAKTEPUCTUKU TATa-
4a ¥ IpHIIeTa, COCTOSHHE I'PyHTa (acalbT, TPYHT, Cy-
Xasl UK BIIA)KHAS TOpOTa U T. 11.), PACIIONIOKEHHE TPy-
3a B IIpUIIETIe, BHEITHUE BO3ACHCTBUS (HEPOBHOCTH UJTU
YKIIOH IOPOTH), TO €CTh MOYXHO OIIEHUTH KA4eCTBO Ma-
HEBPUPOBAHUS B pa3InyHbIX ycnoBusx. Ha pucyurxe 3
ToKa3aH MpuMep MoaenupoBaHus ApmkeHns M AT
3aTHUM XOAOM IIPU BXOJI€ B TOBOPOT C YIIPABISIEMBIM
TPOCOM B CIICITHOM YCTPOUCTBE U O6€3 Hero.

B pesynbpraTte MonenupoBaHus Ipolecca JBUXKe-
HUS ONIPEACICHBI KPUTUYECKU PaJUYChHI IOBOPOTA
0OBITHOTO OJTHOOCHOTO IIPHIIETIA TPY30MOABEMHOCTHIO
B 1 T mpu ABMKEHUU NIEPETHUM U 3aTHUM XOJOM B 3a-
BHCHUMOCTH OT ckopoct MAII nipu pa3nuyHbIX cO-
CTOSIHUSIX JOPOTHU U 3arPy’KEHHOCTHU IPULIETIA.

MBI IpeAI0OKUITN KOHCTPYKITUIO C THOKOH CBSI3BIO
B CLIE[THOM YCTPOMCTBE, KOTOPAsi II03BOJISET CyLlIe-
CTBEHHO IOBBICUTH MAHEBPEHHOCTh aBTOMOE3/1A (B TOM
YUCIIe MAHEBPEHHOCTH IIPH IBIKEHUH 33 THUM XOJIOM),
TEM CaMbIM ITOBBIIIAs 0e30MacHOCTD nBHKeHUs MATI.

Ha pucynxe 4 conocrapieHbl KpUTUUECKUE 3HAUE-
HHUS PalyCcoOB IMOBOPOTA (HUXKE KOTOPHIX JIBIKEHHE
CTaHOBUTCA onacHbIM) 1J1st MATI ¢ TuOKOi1 CBSI3BIO B
CIIETTHOM yCTPOWCTBE 1 Oe3 Hee IIPH IBUKEHHH C TI0-
POXXHHUM TIpHUIETIOM. AHAJIOTUYHbIE TAHHBIE TOTyYe-
HEI 1 1181 iBrokeHuss M AT ¢ mpuiieniom pa3mudHoH 3a-
TPY’KEHHOCTH.

Ha pucynke 5 orpaxxeHo noBe/ieHrE aBTOMOE3/a MpU
TOPMOXEHHH. YTOI KpeHa 1 iuddepeHTa Mpu HATNIIH
TUOKOM CBSI3U B CLIEITHOM YCTPOICTBE BCera ocTaBa-
cst MeHee 1°, a cuyta HaTsSHKeHUS Tpoca IIPH YKa3aHHBIX
napameTpax cocranisuia npumepHo 0,1 T. [Tpu Topmo-
JKeHHH 0e3 Tpoca HAOII0IaeTCs CKIIaIIBAHUE aBTOIIO-
€3/1a e1lle 0 3aBepIIeHu s TOpMOXeHus (puc. Sa). Ha pu-
cyHKe 56 TIOKa3aHO MOJIOKEHUE aBTOMOE31a C TPOCOM
IIPU TEX )K€ YCIOBUSIX B MOMEHT IIOJTHOH OCTAHOBKH.

[Ipu aABUKEHUU 33 THUM XOA0M SKCIIEPUMEHTHI ITPO-
BOJUJIN TOBKO JJIs1 aBTOTIOE3/1a C YIIPABIISIEMBIM TPO-
COM B CLICITHOM YCTPOMCTBE, TaK Kak 0€3 Tpoca He yaa-
€TCSl OYYUTh YCTOHYHUBOIO MAaHEBPUPOBAHMUS (ITPaK-
TUYECKHU TAKOE MAHEBPUPOBAHUE BO3MOXXHO TOJIBKO
MIPU OYEHBb MAJIBIX CKOPOCTSIX M BBICOKOM KBaTuGuKa-
LMY BOAUTEIIS).

ITockonbky ABUKEHUE aBTOIMOE34a PACCMOTPEHO
TOJIBKO IIPU HEOOIBIINX CKOPOCTAX (10 15 km/4), He-
POBHOCTH TOPOTH (paKTHUYECKHU TOIHKO YMEHBIIAIOT
KO2(PUIIUEHT CLETICHU S KOJIeca ¢ JOPOroi ¥ He OKa-
3BIBAIOT BIMSIHUSI HA BO3MOXKHBIIN BbIE3] aBTONOE3/4a
3a MPEeHeIbl MOJIOCHI IBUKEHUS 32 CUET CUJI HHEPIUU
IPHU GONBIINX CKOPOCTSIX, KOTOPBIE UMEIOT MECTO B
cllyyae IBUKEHUS EPEIHUM XOIAOM.

NEW TECHNICS AND TECHNOLOGOES

Puc. 2. OcHosHoe 0uanoe060e 0KHO NPOSPAMMHOIL CUCEMbL 0151
HACMPOTIKY NApamempos aemonoesoa

Fig. 2. The main dialog box of the program system for

settings of roadtrain parameters
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Puc. 3. Heusicenue MAII ¢ npuyenom 3a0num xooom (noposic-
Huil npuyen, ckopocmv V=15 km/a; paduyc nogopoma oopocu
R=20 m; kosppuyuenm cyennenusn 0,6): a — ¢ mpocom, 6 — 6e3
mpoca.

Fig. 3. Low-tonnage roadtrain reverse movement (empty trailer,
speed is V=15 km/h; road turn radius R=20 m; tire-to-surface
friction coefficient 0,6): a — with wire rope cable; b — without
wire rope cable
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Puc. 4. Kpumuueckuii paduyc nogopoma 0ns pasiuutslx cKopo-
cmeti 08UIICCHUS ¢ NOPOICHUM NPUYENOM:

— — — asmonoeso 6e3 mpoca 8 cyenHom ycmpoticmee;

—— — agmonoe3sd ¢ 2uOKoIl C6513b10 8 CYENHOM YCmpoticmee

Fig. 4.Critical turn radius for different speeds at movement with
the empty trailer:

——— the road train without cable in the hitch mechanism;

—— the road train with flexible cable in the hitch mechanism

IToaToMy 3KCIIEpUMEHTANIBHO 3aMEPEHHBIE 3HAYE-
HMSI KPUTHUECKOTO pajiuyca MAHEBPUPOBAHUS IIPU
JBYOKEHUH 38 THUM XOJIOM OKa3bIBAIOTCs OJIMKE K pac-
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YETHBIM IaHHBIM, TI0JIyYeHHBIM TPH HECKOIBKO MEHb-
IIUX 3HAaYeHUIX KoadunmenTa cruernenus (puc. 6).

Bperaa 3.70
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Puc. 5. ITogeoeHue ManoOmMOHHAINCHO20 ABMON0e30a NPU MOPMO-
JHCCHUL 80 BDEMSL OBUNCEHUS NEPEOHUM XOOOM C HAUATLHOU CKOPO-
cmwvio 60 km/u (2py3 850 ke, cmewyennsvlii 6 nonepeuHom Hanpaesie-
nuu na 0,2 m): a — 6e3 mpoca; b — ¢ mpocom

Fig. 5. Low-tonnage roadtrain geometry when braking at forward
movement and speed of 60 km/h (850 kg truckload displaced in
transverse direction on 0,2 m): a — without cable; b — with cable
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Puc. 6. Conocmasgnenue pacuemnuix u 9KCHEPUMEHIMATHbIX 3HA-
uenuil KodghGuyuenmos cyenienus Koieca ¢ 00po2oti 0Jist Kpumu-
ueck020 paouyca nogopoma npu OBUNCEHUU 3A0HUM X00OM Ois
NOPOJICHE20 Npuyena:

—— — pacyemmvle 3HAYEHUsL,

® — IKCHEPUMEHMATIbHBLE SHAYEHUS.

Fig. 6. Comparison of design and experimental values of tire-to-
surface friction coefficient for critical radius of turn at reverse
movement for empty trailer:

—— —design values;

® — experimental values

Bo3MoxxHOCTH MaHEBPUPOBAHHS B 3HAUUTEIIBHOMN
Mepe 00ecIeunBaIOTCS JOTOTHUTEIBHBIMU YCUTTUSIMU
B TPOCE, TO3TOMY ITPH (POPMYITHUPOBKE PEKOMEH TAIIHIA

NEW TECHNICS AND TECHNOLOGOES

0 BO3MOXKHOCTSIX MAaHEBPUPOBAHMUS CIIEAYET UCIOIb-
30BaTh TPOC IUaMeTpoM He MeHee 9 MM. Bo Bcex pac-
CMOTPEHHBIX BBIIIIE CITy4Yasx YCUIIME B TPOCe He Tpe-
Bocxoauio 3-4 T.

[TosTOMy B OOTBIIMHCTBE CITy4YaeB UCIIOIH30BAHNE
Tpoca tuna TK auamerpom 10,5 MM ¢ MeTaTIIIMYECKUM
CEPICYHUKOM TapaHTUPOBAHHO oOecreunBaeT 6e30-
MacHOE MaHEBPHPOBAHUE.

ITpu ucoTb30BHUHU B CLIETTHOM YCTPOMCTBE yIIPaB-
JIIEMOTO TPOCa MOXHO 00ECTIEYUTD HaIe)KHOE MaHEB-
pUpoBaHUE MAJIOTOHHAXKHOTO aBTOIOE3/1a IPU JBU-
KCHUU KaK TIEPETHUM XOIOM, TaK U 33 JHUM.

[Mpu nBMXEHWU 32 HUM XOIOM MaHEBPUPOBaHUE
MALII 6e3 Tpoca B CLIEITHOM YCTPOMCTBE KpaiiHe 3a-
TPYAHUTEIBHO, B TO BPEMSI KaK C THOKOI CBS3BIO B CIIETI-
HOM YCTPOICTBE BOZMOXHO YCTOMUYNBOE MAHEBPUPO-
BaHUE B [UATa30HE peajbHBIX CKOPOCTEH JBHKEHUS
(mo 10 xm/u).

Puc. 7. /lsusicenue agmonoezoa 3a0HUM X000M ¢ HOPOHCHUM NPU-

Yenom ¢ 2UOKOIl C653v10 8 CYENHOM YCmpPoticmee
Fig. 7. Reverse movemen of the roadtrain with empty trailer and
flexible cable in the hitch mechanism

Pe3ynbraThl MOIETUPOBAHMS OBLIN TTOITBEPXKIC-
HBI 9KCTIEPUMEHTAIBHO. Bce NCTIBITAHMS TTPOBOIUIIN
cornacHo 'OCT 31507-2012 — ¢ mOpo>KHUM MPULIETIOM
u cTpy3oM 500-850 KT (COOTBETCTBYIOIINM BECY CIIEITH3-
Jenuit) — Ha 6ase komIuiekca «lopoxxHas naboparo-
pus KII-514MI1» n aBTomobumns I'azens 2705 ¢ ogHO-
OCHBIM ITPHIIETIOM T'PY30IOIbEMHOCTHIO 1 T (puc. 7).
Pa3paboTaHbl peKOMEHAAIUH 110 COOIIOAEHUIO CKO-
pOCTH TIpH BXOJIE B IIOBOPOT (mabauya).

PEKOMEHAOBAHHBIE 3HAYEHWS| CKOPOCTU NPU ABVMXXEHUM NEPEAHUM XOAO0M
B 3ABMCUMOCTU OT PALMYCA NOBOPOTA NPULIEMA C FPY30M 850 Kr (K09 ®UUMEHT CLENNEHUS 0,6)
RECOMMENDED VALUES OF SPEED AT FORWARD MOVEMENT
DEPENDING ON TURN RADIUS OF TRAILER WITH 850 KG TRUCKLOAD (TIRE-TO-SURFACE FRICTION COEFFICIENT 0.6)
CkopocTb 1BHKEHHUs, KM/1 Kputuuecknii paguyc nosopora, M
Motion speed, km/h Critical radius of turn, m
10 15
20 20
30 25
40 40
50 60
60 90
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BuiBogbl

IIpu gABUKEHWU ABTOIOE3/1a IEPETHUM XOJIOM Ha
IIOBOPOTAaX CKOPOCTh HE JOJI’KHA MPEBBILIATH 3HAUE-
HUH, YKa3aHHBIX B mab.iuye.

I1pu cocTaBaeHNN PEKOMEHTAIINNA B COOTBETCTBHH
C pe3yJIbTaTaMU HATYPHBIX UCTIBITAHUN 3HAYCHU S KPU-
THYECKOTO pajuyca MoBopoTa yBenmuaeHsl Ha 10%, aTo
rapaHTUpyeT HaJe)KHOE MAHEBPUPOBAHHUE.

ITpu nBMXEHNU 38 THUM XOJOM U paguyce MOBOPO-
Ta 10-20 M CKOPOCTH HE TOJDKHA IMTPEBHITIATh 5-10 KM/,

NEW TECHNICS AND TECHNOLOGOES

HO B 9KCTPEMAaJIbHBIX YCIIOBUAX YCTPONUCTBO MO3BOJISI-
€T BBITNIOITHSATh MAaHEBPUPOBAHUE 32 THUM XOAO0M U IIPU
ckopocTsax 10 20 kM/4. YBeNm4eHne CKOPOCTH 3aBUCUT
OT IPOYHOCTH TPOCa.

PexoMeH1yeTcs B CLIETHOM YCTPOWUCTBE aBTOIOE3-
na ¢ rubkou cBsa3bio B coorBeTcTBUU ¢ [ OCT ucmons-
30BaTh JBa Tuna Tpocos: TK nuamerpom 9 MM ¢ Me-
TaJundeckum cepaedynukoM uinu JIK-0 ¢ opranuue-
CKUM CEepACUHUKOM, a TAK)Ke APYTHE TUITBI TPOCOB, €C-
JIM OHU BBLAEPKUBAIOT ycuuius B 4,5-5,0 T.
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