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AHHOTALMA

0bocHosaHue. B HacTofLLee BpeMsA 0Tpac/iv NPOMbILLIEHHOCTU BCe 60/ble HACLILLAKOTCA 3MEKTPOHMKOM, CNOCOBHOM
YNpaBAATb NpoLeccamMu AnA AOCTUMEHWUA HeobXoaMMbIX 3Ha4eHU napaMeTpoB. He UCKNoYeHWeM cTana aBToMobUbHaRA
0Tpac/ib, B KOTOPO/ 60/bLOe BHMMaHWe YAenAlnT BonpocaM 6e30MacHOCTM, BKKOYAIOWMM B CE6A YCTOMUMBOCTD U yripaB-
NAEMOCTb aBTOMobMNeN.

0OHMM U3 HanpaBfieHWI Pa3BMTUA B COBPEMEHHOM aBTOMOOMNECTPOEHUM ABNAETCA MOBbILEHME 630MacHOCTU ABU-
¥KEHWUA TPaHCMOPTHbIX cpeacTs. [PoM3BOAMTENN NEPMAHEHTHO YBESIMYMBAIOT KONMYECTBO M YPOBEHb KOHTPONA Hapg na-
paMeTpaMn OBUHKEHUA KOJECHbIX TPAHCNOPTHbLIX CpeAdcCTB C LeNnbl OOCTUHKEHUA MaKCMMAaNbHOI0 ypoBHA yCTOl‘/'IHVIBOCTI/I
W yNpaBiAeMocTy.

Bonee aKkTyanbHbIM U LienecoobpasHbIM CTAaHOBMTCA MCMOMb30BaHME pasfvyHbIX CUCTEM NOSIHOro npuBoga. Pacnpepe-
leHVe TArOBOro YCUAMA MO BCEM KoJecaM yNyyllaeT AMHaMUYEeCKWe NMoKa3aTesu, NoBLILLAEeT MPOXOAUMOCTb TPAHCMOPTHbIX
CPeACTB B aHaNOMMUYHbIX [JOPOXKHBIX YCNOBUAX, @ TaKHKe NO3BONAET NPUMEHATL anropMTMbl, YNyULLaloLme ynpaBiseMocTb
W KYpCOBYIO YCTOMYMBOCTL aBTOMOOUNA.

Lleny pabomer — onpefenelune 061acT U3MEHEHWUs YNpaBNAoLLEr0 NapaMeTpa AnA obecneyeHns ycToMumMBOro npsa-
MOJIMHENHOTO OBUMKEHMA aBTOMOOUAS C YNpaBiseMON TpaHCMUCCHEN.

Mamepuanel u Memodsl. B naHHo paboTe paccMaTpuBaeTCs ABYXOCHOE TPaHCMOPTHOE CPefCTBO, TPAHCMUCCUA KOTO-
pOro UMeeT BO3MOMHOCTb pacnpedenieHna KpyTALLMX MOMEHTOB MeM[ly nepefHein 1 3afiHei 0CAMU.

B uccnepoBaHuK coctaBneHa cucteMa anddepeHUManbHbIX YpaBHEHWIA B TEPMUHAX YrNOB YBOAA «CPedHMX» Komec
nepegHen 1 3agHen ocu.

Mpu nomoLum anrebpanyeckoro kputepua JibeHapa-LUnnapa onpegeneHbl 06nacT M3SMeHeHWA yNpaBnAoLLero napa-
MeTpa anAa obecrneyeHns yCTOMYMBOrO NPAMOSIMHEMHOrO OABUMKEHWA aBTOMObUAA.

Pesynomamei. MonyyeHHble 061acT¥ U3MeHEHMA YNPaBNAIOLLEro NapaMeTpa BXOAAT B AManasoH perynupoBaHuA co-
BPEMEeHHbIX MEXaHU3MOB pacrnpefiefleHNs KPYTALLMX MOMEHTOB, Cliefj0BaTe/bHO, MOMHO FOBOPUTbL 0 BO3MOXHOCTU obecne-
YEHMA YCTOMUMBOCTM NPAMOSIMHEMHOMO ABUMHKEHWUS MONHOMPUBOOHOM KONECHOWM MalUMHbI CYLLECTBYIOLMMM B HacTosALLee
BpeMA MexaHu3MaMu. HayuHas HOBM3Ha UCCNef0BaHUA 3aKNIOYaeTCA B aHaNUTMYECKOM OMpeaenieHnn obnactu n3meHe-
HWUS YNpaBnAIOLLEro napameTpa AnA ciyvas npAMONIMHEMHOrO ABUMEHWUA aBTOMObWNA, 060py[0BaHHOrO CMCTEMON AWHA-
MWYECKOI CTabunmsaumu.

3aknoyenue. [NpakTUyeckasa LEHHOCTb MCCNE[0BAHMA 3aKMIOYAeTCA B YCTAHOBNEHMM BO3MOMHOCTM 0becrieveHus
YCTOAYMBOCTM NPAMOSIMHENHOIO [ABUMKEHUA MOSIHOMPUBOAHON KOMIECHOM MaLLMHbI CYLLECTBYIOLMMM B HAcTOsLLEe BpeMs
MexaH13MaMu.

Knioyeabie cnosa: dsyxocHbie nosHoNpuBodHsle asmomobunu; ycmodyusocmes asmomobuns; nepepacnpedenieHue KpymAWUX
MomeHmos; Kkpumepul JTeeHapa-LLlunapa.
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The straight-line stability analysis of the vehicle
with the electronic stability control

Artem V. Eranosyan

Bauman Moscow State Technical University, Moscow, Russian Federation

ABSTRACT

BACKGROUND: At present time, branches of industry have been increasingly filled with electronics, capable of controlling
different processes in order to achieve demanded paremeters values. Automotive industry, safety issues of which such as
vehicle stability and handling are paid much attention, have not become an exclusion. Vehicle safety improvement is one
of the areas of development of modern auto-motive industry. Manufacturers permanentally increase the number of control
systems and raise the level of control on wheeled vehicle motion parameters in order to achieve the highest possible level
of stability and handling. Using of various all-wheel-drive systems becomes more relevant and reasonable. Traction force
distribution between all wheels improves dynamic performance indicators, makes cross-country ability better in similar road
conditions and allows using algorithms, improving handling and course-keeping ability of a vehicle.

AIMS: Determination of variation range of the control parameter in order to ensure stable straight-line motion of a vehicle
with controlled transmission.

MATERIALS AND METHODS: The two-axled vehicle, which transmission has an ability of torque distribution between
front and rear axles, is considered in the article. The system of diiferential equations in terms of “middle” wheels side slip
angles was made up in the study. The Liénard—Chipart algebraic cri-terion was used to define variation ranges of the control
parameter in order to ensure stable straight-line motion of the vehicle.

RESULTS: The obtained variation ranges of the control parameter are included in the adjustment range of modern torque
distribution mechanisms, consequently, it is possible to speak about ability to ensure stability of straight-line motion of a full-
wheel-driven vehicle with currently existing mechanisms. The scientific novelty of the study lies in analytical determination
of variation range of the control parameter for the case of straight-line motion of a vehicle equipped with the electronic
stability control.

CONCLUSIONS: Practical value of the study lies in establishment of ability to ensure stability of straight-line motion
of a full-wheel-driven vehicle with currently existing mechanisms.

Keywords: two-axled all-wheel-driven vehicles; vehicle stability; torque distribution; the Lié-nard—Chipart criterion.
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TPAHCTIOPTHBIE
W TPAHCTIOPTHO-TEXHOSOT HECKINE KOMITTTEKCHI

BBEOEHWUE

B HacToAwee BpeMA 0TpacnmM NpoMbILLIEHHOCTM Bce 60s1b-
LUe HaCbILLLAIOTCA 3NIEKTPOHMKOM, CIOCOBHOI YNpaBnATbL NpoLiec-
caMK [NA QOCTUMKEHWA HeoOXOOAMMbIX 3HAYEHUI NapaMeTpoB.
He ucknioveHneM cTana aBTOMoOWUNbHasA OTpacib, B KOTOPOW
bonblUoe BHUMaHWE YaensioT Bonpocam 6e3onacHoCTy, BRIO-
yaloLmM B cebA YCTOMYMBOCTb W YNpaBNAEMOCTb aBTOMOBUAEN.

370 0bycnoBneHo, BO-NePBbIX, NMOCTOAHHLIM YBENIMHEHUEM
CKOPOCTU MepeaBUHKEHNA TPAHCTIOPTHBIX CpeacTB. Bo-BTopbix,
OrpaHUYeHHbIE BO3MOMHOCTM YeSIOBEYECKOr0 OpraHu3Ma
Mo BOCMPUATUIO M 0bpaboTKe nony4aeMoin MHOPMaLWK 3a4a-
CTYI0 He NO3BONIAIT 06ecneunTb aleKBaTHoE, a rNaBHOe, CBOe-
BpeMeHHOe pearmMpoBaHuMe Ha ObiCTpoe M3MeHeHWe XapaKTepa
[BUMEHWS aBTOMOOUNA.

0aHUM 13 cnoco6oB peLUeHnA JaHHOM NpobneMbl ABAETCA
MPUMEHEHWE CUCTEM aKTMBHOMW Be30MmacHoCTW, KoTopble mpe-
[0TBPALLAIOT He TONTbKO Pa3BUTME, HO M B MPUHLMNE BO3HWK-
HOBEHME SKCTPEMabHOM cuTyaumu. [puMepaMu Takux cuctem
ABNAIOTCA CUCTEMbI AHaMMyecKom ctabunm3saumm (CAC).

(OyHOaaMeHTaNnbHbIMU - UCCNEAO0BaHUAMKU  YCTOWYMBO-
CTU WU YNPaBRAEMOCTU [BMMKEHUA KONECHbIX TPaHCMOPTHbIX
CPEACTB 3aHMMaNMCb MHOMME OTEYECTBEHHbIE M 3apyberHble
yueHble [1-3] ewwe B 70-e rofbl NPOLLIOr0 CTOMETHA.

BonpocamMu co3aaHMA cUCTEM aKTMBHOM 6e3onacHocTy,
obecneumBaloLLMX MOBbILIEHWE YCTOWYMBOCTM WU ynpaBnse-
MOCTM aBTOMOOMNEN, aKTMBHO 3aHWMMalOTCA 33 pyberoM.
BonbLumx ycnexoB B 3701 0611acTh JOCTUIAM KoMNaHun Bosch
(Tepmanun), Continental-Teves (Tepmanus) u Delphi (CLUA).

Ha aHHbIA MOMEHT McCnejoBaHWUA BEAYTCA N0 HECKOMBKUM
HanpaeneHuaM. Hanbonee OOCTYMHBIM M PacnpoCTpaHeHHbIM

Tom 16, Ne 4, 2027

Vzgectua MITTY «<MAMM»

CMocoboM MOBLILLEHWA YCTOMYMBOCTM W YNPaBASEMOCTU AB-
NIAETCA NOATOPMarKMBaHMe OTAeMbHbIX Konec [4-3].

Bonee aKTyanbHbIM U LienecoobpasHbiM CTaHOBUTCA UC-
Mnoib30BaHWe pasnuyHbIX CUCTEM MoAHOro npusoga. Pac-
npegeneHne TArOBOrO YCUIIMA MO BCEM KoJlecaM MOBbILIAET
[VHaMWYEeCKMe NOKasaTeNv M NpOXOAMMOCTb TPaHCMOPTHbIX
CPeACTB B aHaNorMYHbIX LOPOXHbIX YCNOBMAX, a TaKke No-
3BOJIAET NPUMEHATb aNrOPUTMbI, YyULLIAIOLLME YNPaBAAEMOCTb
W KypcoBYIO YCTOMYMBOCTL aBTOMObMNA. PaspaboTke 3Tnx Me-
TOA0B NOCBALLEHbI paboTbl [6—11].

KpoMe Toro, ogH1M 13 cnocoboB NOBLILLEHWA YCTONYMUBO-
CTV M YMpaBNIAEMOCTM ABNAETCA BBEAEHWE aBTOMATU4ECKOro
KOPPEKTUPYIOLLEr0 M3MEHEHWA YrTia NMoBOpOTa YMpaBiAEMbIX
Konec (noapynueanuA) [12—14]. Bo3aMorKHO KOMBMHMPOBaHHOE
ynpaBreHVe Ha 0CHOBe YKa3aHHbIX Noaxoaos [15].

Manoe  pacnpocTpaHeHMe  NOAOOHbIX  CUCTEM
B OTEYECTBEHHOM aBTOMOOMNECTPOEHUW ABNAETCA CNeLCTBU-
€M He[l0CTaTO4HbIX MCCIe0BaHMIA pacnpefeneHnsa MOLLHOCTM
B CNELMUUECKMX YCNOBUAX ABUHKEHWA, XapaKTEPHBIX 1A Nier-
KOBbIX MOTHOMPUBOAHbIX aBTOMObMNEN.

Lienbio paboTbl fBNAeTCA onpeaenequne 06nacty U3MeHe-
HWA YNpaBnALLEro napameTpa AnA obecrneyeHns ycTomumBo-
0 NPAMOJIMHEHOTO IBUKEHWUA aBTOMOOMIIA C BO3MOMKHOCTbIO
nepepacrnpeneneHns KpyTALLMX MOMEHTOB MeMY 0CAMU.

ONPELENEHUE OBNIACTU
YCTOUYUBOCTU

CucrteMa ynpaenenusa (CY), Kak 1 noban gpyras aBToMa-
TMYECKaA CUCTEMA, MOMKET YNYYLIMTb, OCTAaBUTb HEU3MEH-
HBIMU WK e YXYALLNTb NOTPEBUTENBCKIUE XapaKTEPUCTUKM

7

Puc. 1. Bo3MoHble TpaeKTOpUM OBUMKEHWUA NOCNE MPUIIOHKEHWA BHELLHEH BOKOBOW Cuibl NPW: HeAoCTaToOuHOW (a), HerTpanbHoi (b)

1 136bIToYHOM () noBopaumnBaeMocTn KM.

Fig. 1. Possible motion paths after applying an external lateral force in case of understeering (a), neutral steering (b) and oversteering (c)

of a wheeled vehicle.
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KOHEeYHoro npoaykta. BaHo, uTobbl coyeTaHne obbeKTa OnpegenvM npuHUMaeMble JONYLLEHUSA:

un CY obecneunano nyywwue notpebutensckue xapaktepu- 1) yribl yBoAa Konec 0AHOM 0CY O[MHAKOBbI;

CTUKM (ynpaBnAeMocTb M YCTOMYMBOCTD), YeM MU ee OT-  2) Yr/ibl YBOAA KONEC Marbl;

CYTCTBUM. 3) yrnbl noBopoTa ynpaenAeMbIx Konec He npesbiwaioT 10°;
B cBA3M ¢ 3TMM Ha atane pa3spabotku CY HeobxogMMo  4) LeHTP MacC TpaHCMOPTHOrO CPeAcTBa PacnonoKeH

ybeouMTbCA B peanusyeMocT HaMepeHWUi Mo MoBbILLIEHWIO B6/IM3M cepevHbI KONeCHOM 6asbl;

YCTOMYMBOCTM U ynpaenseMocTu TC ¢ y4eToM JOCTYMHbIX  5) KO3pdMUMEHTBI CONPOTUBNEHUA YBOLY KOMEC 0AHOM OCK

B HaCTOALLMIA MOMEHT aBTOMOOMIbHBIX MEXaHWU3MOB. O[MHAKOBbI M U3MEHAIOTCA MO JIMHEMHOMY 3aKoHy [1]
TunuuHble TpaekTopum (puc. 1) pukenna KM nocne B cooTBeTcTBUM C (1).

NPUOKEHNA BHELUHeN 60KoBOW cunbl (puc. 2).
BbinosHMM aHanu3 ycToM4MBOCTU NPAMONMHENHOMO K,=K,+yX,, K,=K,+vX,, (M

LBUKEHUA aBTOMOBUNA C cUCTeMOW pacnpefieneHna Kpy-

TALLWX MOMEHTOB Mex [y BefyLLMMM 0CAMM (3aMKHYTOM cn-  rae K, — KoadduuMeHT conpoTuBieHNA yBoay npu oT-

cTeMbl) no anrebpaunyeckoMy Kputepuio JibeHapa-LUnnapa.  cytctBum cunbl Tarw, H/pag; ¥ — Koag¢uumMeHT nponop-

LMOHanbHocTU (oTpuuateneHein), 1/pag; X,, X, — cuna
TArM NepegHen U 3agHen ocer COOTBETCTBEHHO, H.
A CocTaBuM «BenoCcUNeHylo» PacyeTHYI0 CXEMY, B KOTO-
P.(t) POVt 06a KoMeca Kaw/oil OCK 3aMeHeHbl OfIHUM KOMecoM,

PacnonoXeHHbIM Ha MNPOAONLHOM ocU aBTOMObMNA,

Mpu 3TOM cunoBble GakTopbl 060MX KoNeC Takxe npueee-

Hbl K 0[JHOMY Konecy. PacueTHaA cxeMa npefcTaB/ieHa HUHKE

(puc. 3).

Po B cootBeTCTBMM C pacyeTHOM CXEMOWM 3anuLieM
NMHeapu3oBaHHble  Aud¢epeHUnanbHble  ypaBHEHUS
OBVMEHWS B TepMMHAx YrioB YyBOAa CPedHbIX Konec
obeunx oceit ana AByxocHoW KM ¢ BO3MOMHOCTbIO pac-
npegdeneHVA KpYTAWMX MOMEHTOB Mex[y Beayliumu
ocamu (2).

MonyyeHHble YpaBHEHUA YUMTLIBAIOT BO3MOXHOCTb pac-
= NpefeneHns KPYTALLMX MOMEHTOB MeXOY OCAMU, 0 YEM

0 t CBUAETeNbCTBYET napameTp /,, nNpeacTaBnAlowWmMin coboil
Puc. 2. LmknorpamMma npunoeHns 60KoBOW Harpysku. [0/110 OT MOJIHOW CWJIbl TAMK, MepeaBaeMoi TpaHCMUCCHEn
Fig. 2. The lateral force applying cyclogram. Ha nepegHIol0 OCb.

&

Puc. 3. PacyetHan cxema: C — LieHTp Macc aBToMobuns; L — KonecHas 6a3a; g, b — pacCTOAHMA OT LeHTpa TAMKECTM aBToMObMISA
F0 NepBOM 1 NOCeHeN 0CU COOTBETCTBEHHO; J, j, — NPOEKLMM YCKOPEHUA LIEHTPa Macc aBTOMOGWUNA Ha NPOJOIIbHYI0 W MonepeyHylo
0CM COOTBETCTBEHHO; X;, ¥; — COOTBETCTBEHHO NPOAO/LHAA M GOKOBaA peaKLuy, AeNCTBYIOLLME Ha CPeAHME KOEeCa i-0i 0CU CO CTOPOHSI
[0pory; &, — cpeHWiA yron YBOAA KOMEC j-0M OCH; ( — YrON Mey BEKTOPOM YCKOPEHWA j, U MPOAONBHOM OCbio aBTOMOBUNA.

Fig. 3. The analytical model: C — vehicle center of mass; L — wheelbase; g, b — distances between vehicle center of mass and first
and last axles respectively; j,, j, — projections of vehicle center of mass acceleration to longitudinal and lateral axes respectively; X,
Y, — longitudinal and lateral reaction forces, acting at middle wheels of the i-th axle from the side of road; §; — average sise slip angle

of wheels of the i-th axle; ¢ — angle between the j, acceleration vector and vehicle longitudinal axis.
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. K, +vh X I V.o v K,+yXy—-vh X I
812_ # £+_ +_”+w 61_|_ _a _ N v z v z é__ 82’
v, G 4. ) L 7 L 2 G, 4J.

8 __ Ky0+yhan é_L_z +£ 6 n ﬂ_jaCOS(p_Kyo_i_’YXZ_yhnXZ £+ L2 6 (2)
: v \G, 47 ) L)' (L 7 4 G, 4J.)] "

a a a a a

roe Xy =X, +X, — nonHaa cuna TArK; X, — cyMMapHaa cuna TArM Ha nepegHen ocu; X, — CyMMapHaAa cuna TAru
Ha 3afiHel ocK; 4, — [ONA OT MOSHOMA CUNbI TAMM, NepefjaBaeMan TPAHCMUCCHEN Ha NepefiHio ock; K — cyMMapHbii
(ana ocv) KoaPULMEHT CONPOTUBAEHMA YBOAY LWKH; O, — CPeOHWIA Yron YBoAa KOMEC i- 0CK; Y — TEMMN CHUMEHMA Ko-
appuMUMeHTa conpoTUBNEHMA BOKOBOMY YBOAY.

[na aHanu3a ycToMuMBOCTM NPUMEHUM anrebpanydeckmuin Kputepun JibeHapa-LUunapa. CoctaBuM onpegenutent (3)
cuctemol 1Y (2).

a, — A a
11 12 :0' @3)
ay ay =
r _ Kyo—i_yhnXZ i L2 ﬂ ja COS(P i _&_Kyo—i_yXE_yhnXZ i_ L2 .
oe a,, = + + t—; a4, = ;
V. G, 4J.) L v, L v, G, 4J,

Ky0+Yhan g I v, V. j,cose K, +yX;—vh X
dy == +—|;a,,=—"- -

g I
— = —+—— | — K03 NUUEHTHI
% L L v Vv [ J douu

G, 4J.

a

a G _E a a

a
npu 9,.
1-%2+(—a11—azz)-k—i-(a”azz—a12a21)=0, (&)
roe a,=1; a,=—a, —a,; a, =a,, - a,, —a,, - d,, — KOIPOULIMEHTbI XapaKTEPUCTUYECKOT0 YPaBHEHUS.
CoctaBvm onpegenutens ypBuLa AnA cucteMbl 2-ro nopagka.

©)

ay, a,

[na obecneyeHuns yCTOMYMBOCTM 3aMKHYTOM cucTeMbl (KM ¢ cucTeMoi pacnpeneneHna KpyTALLMX MOMEHTOB Mexay
0cAMM) HeobxoamuMo, utobbl: @, =1> 0, yTo BLINONHAGTCA BCErAa;

. 2K 2 2
=2]acoscp+ o £+L +YX2 £+L
V v, \G, 4J, V. \G, 4J,

a a a a a

a, J>0, nocne aHanusa nopAgka BeJIMYMH, 04YeBUAOHO,

YTO [NIA CYLLECTBYIOLUMX [BYXOCHBIX TPAHCMOPTHbIX CPEACTB B TAOBOM PEMME HEpPaBEHCTBO BbIMONHAETCA BCErAa;
a, =a,, - a,, —a,, -a,, >0 — gaHHoe ycnoBue BLINOHAETCA, KOrAa BEPHO BbiparkeHue (6).

+4J.j, cos Q2K o + X )+ ML j, cos (2K , + X)) +4K  LyX;  Mmy? |

- +, (6)
2yLX PATD, GO

\/Lz (4K +(¥X;)?) + M2V} + 20 Mj? (14 cos(29)) +
h

G
roe M=—%- — macca aBToMo6UNA.
g

CornacHo KpuTepmio JlbeHapa-LLUnnapa HeobxoanMo TakKe BbinonHeHWe ycnosua A, = a, >0, ogHaKo oHo Jyb6nupyet
YCOBUE BbiLLE.
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Hurke Ha rpadwke (puc. 4) oTparKeHo CEMENCTBO Kpu-
BbIX, OMWCLIBAIOLLMX MUHUMANbHO AOMYCTUMOE 3HaueHne
napametpa /, B 3aBMCMMOCTM OT CYMMapHOW CUbl TAMW
Xy Npu pa3nnyHOM OTKNOHEHUM BEKTOPA MOJHOMO YCKO-
PeHns j, LieHTpa Macc OT NpOAJ0NLHOM 0cK aBToMobuNA.

11
g' = TBH:KeHHE O3 GOKOBOTO YCKOPEHHS
< — fi=15 deg
S 0,96 i=30 deg
’é — fi=60 deg
g fi=90 deg
2 082
1]
==
=
=
S 0,68
BN
x
0
o
2 054
=
o
S
= 04

0 2x103 4x103 6x103 8x103 1x10

I'Ipo,qoanaﬂ CyMMapHasA cuna Taru, H

Puc. 4. Pe3ynbrathl pacyeta Anf TArOBOro peuMa.
Fig. 4. The calculation results for traction mode.

Mocne npoBefdeHWA aHanM3a MONYYEHHbIX rpaduKoB

(cM. puc. 4) MorKHO caenaTb cnefyroLime BbIBOAbI:

1. npu gBuKeHWM He3 OOKOBOro YCKOpPEHWA napaMeTp
peryivMpoBaHuA [LOO/MKEH HaXoguTcA B [ManasoHe
0,67<h,<1, rge 6onmbluMe 3Ha4YeHWA nNapaMeTpa
COOTBETCTBYKT PaBHOMEPHOMY MPAMOSIMHEMHOMY [BU-
¥EeHuIo;

2. c pocToM HOKOBOMO YCKOPEHWA HEOBXOAMMO HauMHaTh
nepeaaBaTb TArOBOE YCUNIME Ha Koneca 3adHen ocu;

3. B npedenbHOM Cnyyae, KOraa Yrofl OTKNOHEHWUA BEKTO-
pa MOMHOro YCKOPeHWUA NeprneHAUKYNAPeH NPOA0ILHOM
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ocy KM (p = 90°) napaMeTp perynvpoBaHua OSMKEH Ha-
xoouTbeA B AnanasoHe 0,6 <7, <1.

BblIBOAbl

1. Mo anrebpanyeckomy Kputepuio JlbeHapa-lUunapa
onpefeneHbl 0611aCTM U3MEHEHUA YNpaBAAIOLLErO Na-
paMeTpa Ans obecneyeHns YCTOWYUBOrO NPAMOSIMHEN-
HOFO ABMWMKEHMA aBTOMOOMNA C BO3MOMHOCTbIO Nepe-
pacnpefeneHuns KpyTALMX MOMEHTOB Meay 0CAMM.

2. Mony4yeHHble 06MacTM W3MEHEHWA ynpaBnAlLLEro
napameTpa BXOQAT B [Mana3oH peryavMpoBaHuA co-
BPEMEHHBIX MEXaHW3MOB pacnpefdeneHua KpyTa-
MX MOMEHTOB, C/e[jOBATe/IbHO, MOMHO FOBOPWUTb
0 BO3MOXHOCTM 0becrneyeHUA YCTOMYMBOCTM Mps-
MOJIMHENHOIO [BWMEHUA MOHONPUBOAHOM Konec-
HOM MalLMHbl CYLLECTBYIOLMMUA B HAcTOALLEEe BpeMA
MeXaHM3MaMMm.

AONOJIHUTENBHO
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ABHBIX 1 NOTEHLMANbHBIX KOHGIMKTOB MHTEPECOB, CBA3aHHBIX
C Ny6nMKaLUMen HaCTOALLLEN CTaTbM.

UcTouHuK ¢uHaHcupoBaHMA. ABTOp 3aABnAeT
06 OTCYTCTBUM BHELLHEr0 GWMHAHCUPOBaHWA NPy NPOBELEHNN
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