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K PACUETY TPAEKTOPUU IBUXKXEHUSA
C MUHUMAJIBHBIM PBIBKOM

Onughep B.U.

B pabore [1] Obuia paccMorpena ciieayromas 3aaava: <« [OJMHOMOM KakoW CTENEHH MOYXHO
OIUCATh TPACKTOPHUIO JIBMIKEHUS TOUKU TPH 3a/IJaHHBIX HAYAIIbHBIX U KOHEYHBIX YCIOBHSAX ?%»

y(0) = 0; Y(tn) = Yn;
Hauansuele 1 koHeunsle yenosus: y(t) < y(0) = 0; y(0) =0;
y(0) = 0; y(0) = 0;

JlomonHuTeNbHOE YCIOBHUE: MiNte(o ] fony(t)zdt, IJIe TPEThsl IPOU3BOAHAsA Y (t) Ha3bIBacTCS

psiBKOM (jerk).

Astopel [1] 3amaBamuch BompocoM, Kakas ¢yHkius y(t) Hamboyiee IUIABHO COEIUHSACT
HAaYaJbHYIO TOYKY C II€JIEBOM TOYKOM 3a 3ajaHHOE Bpems t,. Irta pynkuus y(t), cpeaum Bcex
BO3MOKHBIX (DYHKIIMH, JOJDKHA UMEETh MUHUMAIIBHOE 3HAUY€HUE PBIBKOB. Takoil (yHKuuen
OKas3aJics MOJIMHOM S-if cTerneHu

y(t) = ag + a;t + at? + ast3 + aut* + astd, (1)

Ipu t, = 0.5 u y, = 10 3HaucHUs KO3)PHUIMEHTOB 3TOTO MOJMHOMA PABHBI Ay = Ay = Ay =
0, a; = 800, a, = —2400, as = 1920.

bproc Xodpd wm Maiikn Apbubd [2]  mnpenokuiIM HOPMAJIW30BaAaHHOE IO t ypaBHCHHE
MHHMMAJILHOU TPAEKTOPHS PHIBKA, KOTOPOE TAKKE ABJIAETCS MOJIMHOMOM IIATOM CTEIIEHH.

Llens Takoi HOpMaM3alM Ipeodpa3oBarh UHTEpBal t € [t,, t,] B uarepsain [0, 1].

Ecnu T 0603Ha4aeT 370 HOPMAITH30BAaHHOE BPEMSI, TO UMEEM:

t—t
:%, t=D"1 D=t,—ty t(t) =0, ©(ty) =1, t=1D+t,
Torma TpaeKTOpHs ¢ MUHMMAJIBHBIM PHIBKOM MMEET CIIEAYIOIIYIO (OpMY
y(@) = ag + a1 + ay71% + az13 + autt + asT® (2)
y(0) = yo; y(tn) = Yu;
[pu HavanbHBIX ¥ KOHEYHBIX yeioBuax: y(t) { y(0) = vy; y(0) =0;
y(0) = po; y(0) = 0;

ucyuérom T = 1/D momyuum

y(1) = (ay + 2a,7 + 3a31% + 4a,73 + 5a5t*)/D;

3
(1) = (2a, + 6a3T + 12a,72 + 20as73)/D?; @)
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y(r) = (6as + 24a,7 + 60ast?)/D3,

rie.
ap =Yo, @y =Dv, a; =Dpy/2,
3D?
az = — Zp" — 6Dv, + 10Ay,
. 3D?p, D?p,

a, =5 +8Dv— 158y, as=- —3Dvy +64y), Ay = (¥n —Yo)

Ipu yo =v9= po=0 u Ay = (y, —yo) HMeeM

Qg =ay = Ay = 0, a; = 10Ay' a, = —15Ax, as = 6Ay
y(t) = (1073 — 157* + 67°)Ay;

v(7) = y(r) = (30t% — 6073 + 307*)Ay/D; @
a(t) = y(r) = (60t — 18072 + 12073)Ay/D?;

j(@) = ¥(r) = (60 — 3607 + 36072)Ay/D3

2.5 a(7)

Puc 1. rpagpuku y(1), v(1), a(t), j(r) npu yo =v9= po=0u Ay =10, D =0.5

B Hacrosiieii pabote, mpuHUMasi B pacder cooTHolieHus (3), AenaeTcs mombiTka y4ecTb
BJIMSIHUE YTJI0BOM CKOPOCTH HA YPaBHEHHE MUHUMAJILHOM TPAEKTOPHSI phIBKA.
[TycTh ABMKEHUE TOYKH MPOMCXOIUT B IUIOCKOCTH 0Ty 1 Z MOJIBMKHOW cCHUCTEMe OTcueTa (CM.
puc. 28B), KOTOpas BpaliaeTcsi C MOCTOSHHOW YIJIOBOM CKOPOCThIO W, OTHOCHUTEIHHO
HETOJBIKHOM cucTeMbl orcuéra (cMm. puc. 2a). Torma cornmacHo [3], IBWKEHHE TOYKU TPU
MOCTOSIHHOM YTIJIOBOM CKOPOCTH B HEMOJBHKHOM CUCTEME OTCUYETA OMUCHIBAETCS YPABHEHUSMM:
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Puc 2. Henoosuoicrnas (a) u noosudicnas (6) cucmemvt omcuema

Po = [t cos(rw,) — py - sin(tw,) [T + [t - sin(tw,) + py, - cos(tw,)]j,
V=p+dXp,

A=0+&x(@xp)+28 % p,
f=ﬁ+wx(wx(pr))+3wx(p+w><p)

rIe:

p=1l+pyj+0k &= 07+0]+w,k,
p=1l+p,j+0k p=r1i+p,j+0k p=1ti+p,]+0k
VUUTbIBasK CIICAYIOUIME COOTHOMICHHS:
@ Xp=w(—pl+ 1)), @ X p=w(—pl+1)),
@ % p = w(—pi+1j), @ X p=aw=pi+1)),
BX(@Bxp)= —0?@T+p)), d% (@%@ xp)=wpl—1)),
@ x (8% p) = —w?@@i + pj),
ypaBHeHus (5) 3amuiryTcs B BHIE:
D=p+dxp=1l+p,j+w, (] —pyi) =

= (T — wpy )T+ (By + w,7)],
?i=ﬁ+a)><(w><p)+2w><p—n+pyj— w?(TT+ p)) + 2w(—pl+ 1)) =

=(z

(1 — w2) — 2w,p, )T+ (ﬁy + w, (27 - wzpy))f,

-

J= p+a)x(wx(a)><p))+3a)><(p+w><p)—
=11+ pyJ + 0 (pT — 7)) + 3w(=pi+ 1)) — 3w?(Ti+p)) =

= (7(1 = 3wd) + wipy, —3w,p,)i+ (py — 03T+ 3w,(T - wzpy))f

Janee nocrasisst (4) B (6) npu Ay = 10, D = 0.5 nonyuum

®)

(6)



Onugpep B.U. K pacuemy mpaexmopuu 08uUdiCeHUSI ¢ MUHUMATLHBIM PbIEKOM

v, (1) = w,T + v(1);
{UT(T) =1T—- (‘)zy(T);

{ay(r) = a(1) + w,(27 — w,y(D);
a; (1) = 1(1 — w?) — 2w,v(7);

{f,(r) =j(1) — w3t + 3w, (1 — w,v(1));
(1) = 7(1 = 3w?) + w7y(1) — 3w,a(7);

(@I = fjfz (© +j5(),

Av(7) = v,(7) —v(T) = w,T,

Aa(t) = a,(7) — a(t) = w, (21 — w,y (1)),

Aj(T) = j, (1) — j(7) = =3t + 3w, (T — w,v (7)),
rie:

y(1) = 10073 — 1507* + 607°>;

v(1) = 60072 — 120073 + 6007*;

a(r) = 24007 — 720072 + 480073;

j(7) = 4800 — 28807 + 288072

Pesynpratel pacuéra ans w, = m/8 UpeacTaBlIeHbl B BHUJIE COOTBETCTBYIOIIWI TpaduKOB B
[punoxenun 1. 3HayeHue KOMIIOHETHI pbIBKA J, B cpeaHem ymenbminioch Ha 0.5%.

EcrectBeHHO 3Ta BenmMuMHa OyAET pPaCTU C YBEJIMYEHUEM YIJIOBOM CKOPOCTH (.

B 3akimiouenue, 3amMeTM, YTO BCE BBILIE IPHUBEIEHHBbIE MaTeMaTHUeCKHUe NpeoOpa3oBaHus,
MPOBEPSUTHCH HCKYCCTBEHHBIM HHTeNekToM COPilot.
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punoxenne 1.
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Puc 3. [paghuku KOMMOHEHM 8eKMopPo8 cKOPOCMU V U ycKopeHus a
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Puc 4. [pagpuku KomnoHeHmM eekmopa pbigka J u e2o modyna |j(T)|
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Puc 5. Ipapuku omknoreruli  Av(t) = v, (1) — v(7), Aa(z) = a,(7) — a(7), 4j(T) = j,(r) — j(r)
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AOcCTpaKT

B oannoui nybruxayuu paccmampugaemes Mooensb ClOACHO2O OBUICEHUS MAMEPUATLHOU MOYKU C YUemOoM PbléKa U
8PAWEHUs NPU 3A0AHHBIX HAYANILHBIX U KOHEUHbIX YCI0BUAX, 4 MAKICe MUHUMYMA 8APUAYUU KEAOPAMa puléKa.

This publication examines a model of complex motion of a material point, taking into account jerk and rotation, with
giveninitial and final conditions, aswell as the minimization of the variation of the square of the jerk.
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KiroueBble €J10Ba: croscHoe dsudicenue, YUEm pui6KA U 8palyeHUsl, MUHUMATbHASL MPAeKmMopusl puleKda,
complex movement, taking into account jerk and rotation, minimum jerk trajectory.
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