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POJIA B CPEJIE TAKETA MAPLE

B xauecmese unnocmpayuu 803mMoxicHOCmEN CUCIEMb AHATUMUYECKUX NPeodpa3osa-
Huti MAPLE npugooumcs nucmune npocpammsl 8v61600d YPAGHEHUL O8UNCEHUSL NPO-
CMPAHCMBEHHOU MAAMHUKOBOU MOOENU KONECHO20 dIKUNANCA, KOMOPAsL MOXdcem Dblmb
NpUMEHUMA U K 601ee CLONCHLIM PACHEMHBIM CXeMAM IKUNAICA.
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BBenenne

BbIBoJ| ypaBHEHMI ABMXKEHUS J1aXKe JOCTaTOYHO MPOCTON MPOCTPAHCTBEHHON MOJIENIN KOJIECHOTO
DKUIAXKA SBJSIETCS TPYAOEMKHUM IPOLIECCOM, TPEOYIONIMM aBTOMATU3ALUU, COXPAaHSIIOIIEH 3a Ucclie-
JI0BaTeJIeM BO3MOKHOCTh KOHTPOJIS Haa HUM. Kpome Toro, 3agauu, KOTOpble CTOST IEpes UcClIel0Ba-
TeJIEM, MOTYT OBITh Hall€JIeHbI Ha OJyYeHHE HEKOTOPBIX OOIIUX (C TOUKH 3pEHHs TMHAMUYECKOro I0-
BE/ICHUs1) CBOMCTB MOJIeNH (YCTaHOBJICHHE 3aKOHOMEPHOCTEH CBOWCTB yCTOHYMBOCTH, BCKPBHITUE IIPH-
YMH XapakKTepa MOBOPAYMBAEMOCTH, CUHTE3 YIPABIICHUS), YTO Ipeaonpeaenser HeoOX0IMMOCTh UcC-
JeloBaHus cucTeMbl B 001ieM Buje [1, 2]. B atux cinyyasx yao0HO BOCIIOJIB30BaThCsl CHCTEMaMU YK C-
JIEeHHO-aHAJIMTUYECKUX NpeoOpa3oBanuii [3, 4].

OcHoOBHAA YaCTh

Cxemy MozieNi MOKHO NPEACTaBUTh B BUJE JABYX YacTel (Hecyllel HEeroApecCOPEHHOW U KpeHs-
HIeics MOAPECCOPEHHOM), COeAMHEHHBIX IIMIMHAPUYECKUM HMIApHUPOM (OCh IHIapHHpa FOpPU30HTAIbHA
— COBIAJAeT C MPOAOJIBHOM OCbIO CUMMETPHHM HENOJpecCOpeHHOM Mmiartgopmsel). Touka KpenjaeHus
ITMHAPUYECKOTO IIApHHUpA COBIAJAET C HEHTPOM HHepIHH Hecymiei miardgopmer Co; B HEBO3MY-
IIEHHOM ITOJIOKEHHUH IIEHTP WHEpUUH noapeccopenHoi yactu C npoektupyercst B Touky Co. PaccTos-
Hue Mexay Toukamu Co u C — h. Ilpu kpeHe KopIiyca BO3HUKAET BOCCTaHABIMBAIONIMNA MOMEHT, MPO-
HOPIHOHANBHBIA yri1y KpeHa ¢ (phi) Kphi — koadduieHT nponopiroHanisHOCTH (CyMMapHas JKecT-
KOCTh). Macchl 1 MOMEHTHI MHEpIIUU Jactei: m1, m2, J1zz, J2xx, J2xy, J2yy, J2xz, J2yz, J22z. Cko-
POCTh U3MEHEHUs KypcoBoro yria PS (y —KypcoBoii yroi), CKopocTh u3MeHeHus yria kpena @ (Phi);
U — morepeyHast COCTaBIsIoIIas cKopocTu Touku Co, a V — ee npoonbHast cocTasisitonias. Kuneruue-
ckast sHeprus cuctemsl T, moteHumanbHas sueprus POT; {omegax, omegay, omegaz} — BeKTop yrio-
BOM CKOPOCTH B CBSI3AHHOM C KOPITYCOM (ITOAPECCOPEHHON YacThIO) TOJIBIKHONW CUCTEME KOOPIAMHAT.
[Mocnemyromue o603HaueHUS OyIyT SICHBI M3 KOHTEKCTA MPOTPaMMBbI, HalIpUMeED:

DTu :=diff (T,u) 3amaer yacTHyt IPOM3BOAHYIO KHHETHUECKOIT SHEPIUH 110 U;

DTPsi := diff (T, PS) 3agaer yacTHyI0 MpOU3BOIHYIO KHHETHUECKON dHEpruu 1o Psi;
DDTPsi := diff (subs({u =u(t), psi = psi(t),Ps=Ps(t),gi = 4(t), 0 =D(t)}, DTPsi),t) 3a1aer

YyacTHyto npousBoaHyto DTPSI mo t;
Yi — cBeZicHHbIE OOKOBBIC CHJIBI HA MIEPEAHEH U 3a/IHEH OCAX IKUIIaKa;
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a, b — paccrosnue Touku Cy 10 mepenHeit u 3aaHElH 0ceil COOTBETCTBEHHO.
VYpaBHeHue el cOOTBETCTBYET MepeMEHHOM U,
e2 — Psi(w); e3 —o.

> restart:
> Ti= %'(lez .Ps? + m1~VCO)+%~(J 2xx-omegax? + J 2yy -omegay? + J 22z -omegaz® —
—2-J2xy-omegax-omegay —2-J 2Xz -omegax-omegaz — 2- J 2yz -omegay - omegaz + m2 -Vc);

T:= %lez Ps® +%ml Vo +%J 2xx omegax? +%J 2yy omegay’ +%J 27z omegaz®

—J2xy omegax omegay — J 2xz omegax omegaz — J 2yz omegay omegaz + % m2Vc
> Vco:=u®+V?;
Veo =u? +v?
> Ve = (u—Phi- h-cos(phi))2 +(v+ Ps~h~sin(phi))2 ;
Vei=(u-dh cos(¢))2 +(v+Pshsin (;/5))2
> omegax = Phi;
omegax = ®
> omegay := Ps-sin(phi);
omegay := Pssin(¢)
> omegaz := Ps-cos(phi);
omegaz := Pscos(¢)

> DTu:=diff (T,u);

DTu:=mlu +%m2(2u —2®hcos(4))
> DTv :=diff (T,v);

DTv = mlv+%m2(2v—2Pshsin(¢))
> DTpsi :=simplify(DTv-u—DTu-v);

DTpsi :=m2h(u Pssin(g)+vdcos(g))
> DTPsi :=diff (T, Ps);

DTPsi := J1zz Ps + J2yy Pssin (¢5)2 +J22z Ps cos(¢)2 —J2xy dsin(¢)
— J2xz D cos(¢)— 2J2yz Pssin (¢)cos(4)+m2(v + Pshsin(g))hsin (¢)
> DDTu = diff (subs({u =u(t), psi =psi(t), Ps=Ps(t),phi = phi(t),® = d(t)}, DTu),t);
1 d

DDTu = ml(%u (t)j+zm2(2(au (t))— 2(%®(t)jhcos(¢(t))
+2®(t)hsin(¢(t))(%¢(t)n
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> DDTPsi = diff (subs({u =u(t),psi=psi(t),Ps=Ps(t),p=p(t),®=D(t)}, DTPsi),t);
DDTPsi = J1zz (% Ps(t)j + J2yy[% Ps (t))sin (;/5)2 +J222 (% Ps (t)j cos(¢)2
—~ J2xy(%<l>(t)jsin(¢)—\]2xz (%@(t))cos(m
—-2J2yz (% Ps(t)jsin (¢)cos(g)+ mz(% Ps (t)j h? sin (¢5)2

> DT¢:=diff (T,¢);
DT ¢ = J2yy Ps’sin(¢)cos(¢)— J2zz Ps® cos(¢)sin (¢)— J2xy ® Pscos(¢)
+J2xz ® Pssin (¢) - J2yz Ps? cos(¢)° + J2yz Ps?sin ()’
+%m2(2(u —®hcos(¢))®hsin(g)+2(v+Ps hsin(¢))Pshcos(¢))
> DT® =diff (T, D);
DT® := J2xx D — J2xy Pssin(¢) — J2xz Pscos(¢) - m2(u ®hcos(¢))hcos(4)

> DDT® = diff (subs({u =u(t), psi = psi(t), Ps = Ps(t), phi = phi(t (t)}.DT®).t);
DDT® = szx( ] J2xy(%Ps jsm —J2xy Ps(t)cos(g(t) )( ]
—JZXZ( jcos( t))+ J2xz Ps(t)sin (4 ( )[dtgb(t)j

—mZ(%u(t)—(%@(t)jhcos(¢(t))+®(t)hsin(¢(t))(%¢(t)nhcos(¢(t))
+mz(u(t)_cp(t)hcos(¢(t)))hsin(¢(t))(—¢(t))

dt

> POT ::%-(Kphi-¢2—m2-g-h-¢2);
_1 Lo 1 2
POT = —Kphig* ~—~m2g

> DPOT :=diff (POT, phi);
DPOT = Kphig—m2gh¢
> el:=DDTu+omega-DTv-Y1-Y2;
d

el:= ml(%u (t)}r%mz[z(au (t)j— 2[%®(t)]hcos(¢(t))+ 20 (t)hsin (¢(t))(%¢(t)D

+a)(mlv+%m2(2v+2Pshsin(¢))j—Y1—Y2

> eli= simplify(subs({u(t):u, psi (t) = psi, phi(t)= phi,%¢(t): Phi,%w(t):w,

Ps(t) = omega, Ps = omega,%u (t)=U ,%Ps (t)= Omega,%@(t) = PP},elD;
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el:=mlU +m2U —m2 PP hcos(¢)+m2®(t)hsin(¢)®+wmly
+om2y+m2e®hsin(¢)-Y1-Y2
> e2:=DDTPsi—DTPsi—a-Y1+b-Y2;

e2:=J1zz (% Ps(t)j+ JZW(% Ps(t))sin (¢)" + 222 (% Ps (t)j cos(¢)’
_ Jny(%cD(t)jsin (¢)—J2xz (%@(t)) cos(¢)—2J32yz (% Ps(t)}sin (¢)cos(g)

+m2(% Ps(t)jhzsin(¢)2 —m2h(uPssin(g)+v®cos(g))-aYl+bY2
_ . - d d
> e2:= subs({u(t) =u,psi(t)=psi,phi(t)= phl,a(é(t) = Phl,at/j(t) =
d d d
Ps(t)=omega, Ps = omega,au (t)=U St Ps(t)= Omega,acb(t) = PP},er;
e2:= J1zzQ + J2yy Qsin(¢)’ + 3222 Q2 cos(¢)° — J2xy PPsin(¢)
— J2xz PP cos(¢)—2J2yz Qsin(¢)cos(¢4)+m2Qh?sin (¢)2
—m2h(uewsin(g)+v®cos(4))-aYl+bY2
> e3:=DDT®-DT¢+ DPOT,

e3:= JZXX(%CD(t)j— J2xy(% Ps (t)jsin (#(t))-J2xy Ps (t)cos(qﬁ(t))(%(/ﬁ(t)j
—JZXZ(%Ps(t)jcos(¢(t))+J2xzPs(t)sin(¢(t))(%¢(t)j
e[ Su()-(So ())hcos( () +@()hsin(e(0) $4(1)) Jncos(4(0)

dt

Ly
dt
+J222 Ps? cos(¢)sin(¢) + J2xy @ Pscos(¢)— J2xz @ Pssin(¢4) + J2yz Ps’ cos(gﬁ)2

— J2yz Ps?sin(¢)° —%mz(z(u —®hcos(¢))®hsin(¢)+2(v+Pshsin(g)) Pshcos(¢))

+ Kphig—m2ghg

+m2(u(t)—CD(t)hcos hsm #(t))| —o(t jJZnys sin(¢)cos(¢)

> e3:= simplify(subs[{u(t):u, psi(t) = psi, phi(t)= phi,%¢(t): Phi,%w(t):a),

Ps(t)=omega, Ps = omega,%u (t)=U ,%Ps (t)= Omega,%qb(t) = PP},e3] ;

e3:= J2xx PP — J2xy Qsin (¢)— J2xz Qcos(¢)—m2hcos(¢)U + m2h’ cos(¢5)2 PP
—2m2h?*cos(4) D (t)sin(¢)® — J2yyw’ sin(p)cos(¢)+ J2zzew’ cos(g)sin (¢)
+2J2y100° cos(¢)2 —J2yze* + M2 ®*h?sin (@) cos(¢)—m2whcos(g)v
—m2w’h?® cos(¢)sin(¢)+ Kphig—m2gh¢
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> subs({sin(¢):0,cos(¢):1},e1);
miU +m2U -m2PPh+omlv+om2yv —-Y1-Y2

> subs({sin (¢)=0,cos(¢) =1}, e2);
J122Q2+ 3222 Q- I2Xx2 PP-m2hv®—-aY1l+bY2

> subs({sin(¢)=0,cos(¢)=1},e3);
J2xx PP —J2xz Q—m2hU +m2h’® PP + J2yz > —m2whv + Kphig—m2g h ¢

BriBoabl

IIpenuiaraeMselii MeTO/| BBIBEICHUS YPaBHEHHH JIBUXKEHUS JA€T BO3MOXKHOCTb MOIYYUTh KaK HUCXO-
JTHbI€ HEJIMHEWHbIE YpAaBHEHUS ABM)KEHUS, TaK U IPOBECTU MX JIMHEAPU3ALMIO; JOCTATOYHO IPOCTO
«KOHTPOJIUPYETCSA» U UMEET ONPENEICHHBIN 3a1ac BO3MOKHOCTEH 110 €ro peaau3alyy B cllydae yCcio-
KHEHHUS PaCUETHON CXEMBI.
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Anomauia. B saxocmi intocmpayii modcausocmeri cucmemu ananrimuyHux nepemeoperv MAPLE
NPUBOOUMBCA JICMUH2 NPOSPAMU BUBOOY DIBHAHL PYXY NPOCMOPOBOI MAAMHUKOBOI MOOeN KONICHO20
eKinasicy, AKka Modice Oymu peanizo8ana iy 6unaoxy Oilbid CKIAOHUX PO3PAXYHKOBUX CXeM eKINaiCy.

Knrouosi cnosa: xonicnuil exinasic, KiHemuuHa eHepeis, Mooelb, NOMEHYIAIbHA eHepP2is, PIBHAHHS

Pyxy.

Sahno V.P., Verbitsky V.G., Kuplinov A.V., Lysenko A.A. The equation of motion spatial
model of a wheeled vehicle based Lagrange equations of type Il in the environment of MAPLE

Abstract. Program listing output equations of motion of the pendulum spatial model of a wheeled
vehicle is given to illustrate the capabilities of the system of analytical transformations MAPLE that
can be applied to more complex calculation scheme vehicle.
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