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JlabopaTtopHas pabota Nel
IIpsiMmoiuHeHHOE IBUKEHHE
Llens:
Pa3paboTka mporpaMMbl paBHOMEPHOTO M PAaBHOYCKOPEHHOTO TIPSIMOJTMHEHHOTO
JBHO>KEHUS poOOTa.

Teopernueckuii pasae

Pasnomepnoe  npsamonuneiinoe  Ogudicenue  —  TPOCTEUIINA  BUJ
MEXaHUYECKOTO JIBIKCHHUSI, IPH KOTOPOM MaTepHalibHash TOYKa 3a JIOObIC paBHBIC
MIPOMEKYTKA BPEMEHHM COBEPIIAECT OAWHAKOBBIE MEPEMEIICHUS. JTO JBUKEHUE C
MOCTOSTHHOM 10 MOJYJI0 W HampaBJEHUIO CKOpOCThlo. IIpu paBHOMEpHOM
JBH>KCHUU CKOPOCTh MTOKA3bIBAET, KAKOM MyTh MPOIILIO TEJIO B €IMHUILY BPEMEHHU.

Oo6o3HavaeTcsi ckopocTh OykBO#l V, Bpemsi aBuxkeHusi OykBoil t. Takum
0o0pa3oM, CKOpPOCTh Tejla PU PaBHOMEPHOM JBUXKEHUH — 3TO BEJIMYMHA, paBHAs
OTHOILICHHIO ITyTH KO BPEMEHHU, 32 KOTOPOE 3TOT ITYTh MPOUJIECH:

S=V*t

B cucreme «CH» 3a OCHOBHYIO €IMHMIy CKOPOCTH TMPHUHAT M/C (METp B
cekyHay): [V]=[m/c]. Ckopocthb paBHOMEPHOTO HBWXXEHHs, paBHas 1 w/c,
MOKa3bIBAET, YTO TEJIO 3a 1 ¢ mpoxoauT myTh jAimuHOM B 1 M. [V]=[m/c] — 3TO
MPOU3BOIHAS €/IMHUIIA, €€ TMOJIYYaloT COracHO (OpMyJie CKOPOCTH, MOICTABIISA
BMECTO (PM3UYECKUX BEIIMYMH, BXOJAIUX B (POPMYITY, SAUHHUIIBI UX U3MEPEHUS.
Takum 00pa3om, [Jid penieHus 3aa4u TPorpaMMUPOBAHUST PABHOMEPHOTO
JBIDKEHUS poO0Ta MPUHUMAEM:

v=const ;
a=0;
V — CKOpOCTbh; M/C
S — mepeMelIeHue, M;
t — Bpewms, c.
Koopaunara ~ BBIUMCISIOTCS ~ 4Yepe3  KUHEMAaTHYECKOE  YpaBHEHHUE

PaBHOMEPHOT'O MPSIMOJIUHEHHOTO ABMKEHUS IO PopMmyiie: X=Xq+Vyl. (puc.1.1)
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Puc. 1. PaBHomepHoe nBmwkeHue: (1) - TeJIo IBHKETCS B CTOPOHY BBIOPAHHOW OCH;
(2) - Teno ABMWKETCS B IPOTHBOIIOJIOKHYIO CTOPOHY

PaBHOYCKOpPEHHOE JBH)KEHHE - JBIDKGHHE Tella, IIPH KOTOPOM €ro
YCKOpEHHE. MOCTOSHHO MO MOAYTIO M HANPABIEHMIO. TpPaeKTophs HMEET BHI
ydacTKa mapabobl UK IPSMOH.

dopMyna CKOPOCTH TPH PABHOYCKOPEHHOM JBIKCHHM:
V=Vytat,

r7ie Vo — HadaJibHasi CKOPOCTh, M/C; 8 — YCKOpPEHUE, M/c? , a=const.

CDOpMyJIa AJI1 HaXOKACHU A MCPEMCIICHMA IIPU PABHOYCKOPCHHOM JIBUKCHUU:

—_2
. . at vi—v?
S=vit+— §=—"<%L
2 2a
0] 051

dopmyna At ONpENEIEHNUS] YCKOPEHUS [P PABHOYCKOPEHHOM IIPSMOJIMHEHHOM

JBYDKCHUU:
— —
L _ V=V
a=—
t
s v alb
5o Vo
£ £ i
ITepememenne CxopocTs YckopeHue

Puc. 2. [lepeMeliienne, CKOPOCTh U YCKOPEHHUE IIPU PABHOYCKOPEHHOM
NPSIMOJIMHEWHOM JIBU>KEHU U
3aganue
1. CoctaBUTh OJIOKCXEMY aITOpUTMA.
2. PazpaboTaTh nporpaMmy paBHOMEPHOTO U PABHOYCKOPEHHOI'O JIBH>KEHHUSI
pobora.
3. [IpoBecTu TeCTUPOBAHUE MTPOTrPAMMBbI U MOJTYYUTh PE3YJILTATHI pacueTa.



JlabopaTtopHas pabota Ne2
HepaBHoMepHOe ABHKEeHUE
Llens:
Pa3paboTka nmporpaMmmbl HEpaBHOMEPHOTO ABUKEHUS poOOTa.

Teopernueckunii pasae

HepaBHOMepHOE NBIKEHHE — CKOPOCTH JBHKYILETOCS Tejla C TEUCHHEM
BpeMeHu MeHsieTcs. [Ipu pa3paboTke mporpaMMbl CKOPOCTh MEHSIETCS OT YCIIOBU,
3aJ1aBa€MbIX OIIEPATOPOM.

HepaBHOMepHOe ABUXKEHUe

— |

CpegHan MrHoBeHHan
YCcKopeHue
CKOPOCTb - — CKOPOCTb
s R Ramdt [—'] - [_M_] - g
—— a=-—— la]l=|5 -
Up = ? At .
/ l \ Yns
& TT 6 = S - 7>
alvwma= 0
CKkopocTb Tena q U &
P atlv U = const
yBenn4uneaetca CkopocTb Tena
yMeHbLUaeTca
3aganue

1. CoctaBUTh OJOKCXEMY aITrOpUTMA.
2. PazpaboTaTh mporpaMmy HEpaBHOMEPHOTO JIBIXKEHHS poOoTa.

3. IIpoBecT TECTUPOBAHKE MPOTPAMMBI M MOJIYYUTh PE3YJIBTATHI pacueTa



JlabopatopHas paborta Ne 3
MartemaTnuyeckasi MoJeJib KOJECHOTO podoTa B Simulink

Llens:
CMoenmupoBaTh JBMKECHHE KoJiecHOTo podoTa B Simulink.

1. TeopeTnueckas 4acThb

KonecHblii pobOT mmeeT ABa KoJjieca € ABUTATEISIMH, THPOCKOI U Hapy
YJIBTPa3BYKOBBIX JaTYMKOB. J[JIs1 OLEHKH NPOMIEHHOIO PACCTOSHUS UCIIOJIB3YFOTCS
HHKOJIEPBl Ha Bally JABUTATENS, JUIsl OPUEHTAIMU po0OTa, U3MEPSIETCS] TUPOCKOIIOM
€ro yrioBasi CKOPOCTb M PAaCCUUTHIBAETCS YroJl MOBOPOTA, a PACCTOSHHUE [0
NPENsATCTBUN U3MEPSETCS YIbTPa3BYKOBBIMU JanbHOMEpaMu. (puc. 1)

Lenw
\

O X

Puc. 1. Ilonoxxenne poboTa B IPOCTPAHCTRE:
p - PACCTOSTHUE JI0 LIEJIEBOM TOUYKH; @ - a3UMYT, Yo Mexk1y ocbio OX u
HaIpPaBIIEHUEM Ha LIeJb; ¥ - Kypc po00Ta; o - KypcOBOM YIrojl, pa3HOCTh MEXKIY
KYpPCOM H a3UMYTOM; V - JIMHEWHAsI CKOPOCTh POOOTa.



PoboT mepememiaeTcsi 3a cueT IBMXKEHHUS JBYX OTAEIBHO YMPaBISEMBIX
Kojec. Takasd KuHEMaTH4yecKas CXeMa HMEET OIPEACIICHHOE MaTeMaTU4YeCKoe
OIMCaHUE:

. w, +
X=cosy - ——2%R

. +
y=5lnl//-MR,

R
1//=(a)1+a)2)E

rac i, z - COOTBETCTBYIOINMC YIJIOBBIC CKOPOCTH BpaAlICHUS KOJECC, X, Y -
COOTBCTCTBYIOIIMC KOOPIWHATLI, R - paanycC KoOJICCa, B - PaCCTOAHUEC MCKIY
KOJICCaMH.

JIBikeHne poOoTa B TOUKY C 3aJlaHHBIMH KOOpPJMHATAMH MOYKHO PEIIUTh
ucrnoas3oBanueM [I-perymstopa. (puc. 2)

Yenosas CKOpocme -»

V201 noaopoma poooma
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1 ' a o
(W
_Eb_r vl.- ) i . . _._Ehr ¥ e P
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L2, —
X

Puc. 2. JIBuxkeHune poboTa K TOUKE C 3aIaHHBIMU KOOpIMHATAMU

B naHHOM 3amaye poOOT MOJKEH JOCTUTHYTh 3a/laHHBIX KOOpPAMHAT
(p—0,a—0).

[Ipu pemienuu 3agad HaBUTALKUKA MOOMJIBHBIX POOOTOB HCHONB3YIOTCS IS
OCHOBHBIX MOJXO0/1a:

e [n00anbpHBIM - ompeneneHue aOCONIOTHBIX KOOPAMHAT YCTPOMCTBA MpHU
JBIWKEHUU TO JAaHHBIM MapuipyTtaMm. TpaekTopusi BbIOMpaeTcs ele a0
Hayvaja JBIKEHUS Ha OCHOBE MOJYYCHHON HHPOPMAIIIH.

e JloxkanbHbIM - oOmpeneneHue KOOPAMHAT YCTPOMCTBA MO OTHOLICHUIO K
HEKOTOpO (0OBIUHO CTapTOBOM) Touke. [lmaHupoBaHue 3aaeT JHIIb
HEOOJILLION OTPE30K TPACKTOPHUH, B KOHEUHOM TOUYKE KOTOPOTO BHIOMpPAETCS
JaJIbHENIIast TPACKTOPHSL.



MaremaTtuueckas MOACIIb, OIIMChIBAIOIAsA HaBUI'allUIO po60Ta K OCJIn B
IOJIIPHBIX KOOPpAHATAX UMECT BU/:

L =-VCOoSx
. sina
a=—ow+V—-—.
2
. sina
0=-v——
P

PoGoT MOXeT ynpaBisITCS C MOMOIIBIO 3HAYEHUM YIJIOBOW M JIMHEHHOM
CKOPOCTH (V,w), TOATOMY HEOOXOIWMO HAWTH TakWe WX 3HAYCHUSA, UYTOOBI

BBIIIOJIHAJIOCH  YCJIIOBHC MOCTaBJICHHOM 3aJa4uun (p —-0,aa—> O) , A1 3TOro

BOCTOJB3yeMcs anmapaTtoM (yHkuuu JlsmyHoBa. DTo KBaApaTH4Has (DyHKIHA,
BKJIFOYArONIasi B c€0s pacCTOSIHUE 10 LIETU U KypPCOBOM yTroOJI:

V(p, a)z%pz +%a2

HpOI/I3BOIIHa}I II0 BpPpCMCHHU HOOJIDKHA 6LITI> HE IIOJIOKUTCJIIbHA JJI1 TOIO,
t{T06I>I PacCTOAHUC A0 OCJIU U KprOBOP'I YT0oJI HC BO3pacCTalIn:
V(p, a)=pp+ad
BrIpa3uB npon3BOAHYIO 4EpE3 MATEMAaTHYECKYIO MOJIEIIb, ITOJy4aeM:

V(p, a)z—pvc05a+a(—w+vsmaj.
0

OTa npou3BOAHAS OTPHIIATENILHO OIPEAENiCHa, €ClId BbIOpaTh B KauecTBE
YIIPABJISIFOIIETO BO3/ICUCTBUS CIEAYIOIINE 3HAYEHUSI CKOPOCTEM:
V=V tanhpcosa,

tanhp
o=K,a+V,, P sin arcosa, k,, > 0.

' o

JlanHasi MaTeMaTudeckasi MoJieib MO3BOJUT poOOTY JOCTUYL CBOEH LIETIH B
OTCYTCTBUU mpenarcTBuil. s u3deranus npensaTcTBUl HEOOXOAMMO BHECTH
MIONIPaBKY B BBIYMCIIEHUU KYypPCOBOT'O YIJIA:

a=0-y-K,(dy, —d) dy, —d>0

{0{=9—l//, dy, —d<0.
rae K, - koaddunmenT nponopuruoHanbHOI cocTaBisiomel Kypcosoro yria; d -
pacCTOsSHKE JI0 MPENATCTBUS; Uiy - MUHUMAIIBHOE PACCTOSIHUE JI0 TIPETISITCTBHSL.

Takum 006pazom, C TOMOIIBIO BIMIEU3TI0KEHHOW MaTeMaTHIECKOW MOACITH MOKHO
peann3oBaTh IBIKEHUE POOOTA U3 TOYKU B TOUKY U JBHIKEHHE pOOOTa U3 TOUYKHU B
TOYKY ¢ 00b€3710M MPENSATCTBUM.
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3naueHus rpadpuka

Main  Callbacks

Medel Properties: untitled

History

OB E N

Madel callbacks
PreLoadFcn
PostLoadFcn
InitFen™
StartFen
Pausefcn
ContinueFcn
StopFen
£ PreSaveFcn
PostSaveFcn

CloseFcn

Description Data
Model initialization function:

r = 0.1; % wheel_radius
a=0.2;

=

Help

Apply

3aganue:

CMoaenupoBaTh ABMKEHUE KOJecHOro pobora B Simulink

Vi

Wy



JlabopaTtopHas paborta Ne 4
MarteMaTnyeckoe MOAeJTMPOBAHUE IBUKEHUS KOJIECHOT0 podora B Simulink
10 CJIOKHOU TPACKTOPHH

Hean:
CMmonenupoBaTh JBWKEHHE KoyiecHoro pobGora B Simulink mo  cioxHoi
TPaeKTOPHH.

3ananue:

Ha ocHoBe mnpenpiaymero 3aHsaTus pa3paboTaTh CXEeMy JBUXKECHHS
KOJIECHOTO po0OTa MO CI0KHOW TPACKTOPHUHU.

JIBrmxeHne poOoTa B TOYKY C 3aJaHHBIMH KOOPAMHATAMH MOXKHO PEIIUTH
ucnojb3oBanueM [1-perymnsropa. (puc. 1)

Yenosas cKOpOCME -»
y2os1 noaopoma poboma
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Bbiyucnenue mexkyuwie2o y2na nosopomad,
3adanue y2nosol ckopocmu

Puc. 1. JIBmwxenue poOoTa K TOUKE ¢ 3aJaHHBIMU KOOPIMHATAMU

¥
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Rigid Transform? | 4
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Ramp Simubnk-PS PS-Semulink

Solver Convener Converter
Configuration
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£l Soba1
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Puc. 2. Mexanuueckast Mojieib kKoaécHoro pooora B SimMechanics
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Puc. 3. KunemaTuueckas Mmozens podota-tenexxku B Simulink.

3axanue:

CmMopnenupoBath JBMKEHUE KoJecHOro poborta B Simulink 1o cioxHoM
TpaeKTOpHUH Ha 0aze MOJIeu poOOoTa-TENEeKKH (puc.3).



JlabGopaTtopHas pabota Ne5
MaremMaTH4eCKO€e MOIeJTUPOBAHNE IBUKEHHS IBYX KOJECHBIX POGOTOB B
Simulink

Llens:
CMmoiennpoBaTh IBIKEHHE ABYX KOJECHBIX poO6oToB B Simulink, kotopsie exyT

HaBCTpeuy APy Ipyry. (4 gaca)

Teopernueckunii pasjaeJn

JIBikeHne poOoTa B MPOCTPAHCTBE MOJAPOOHO OBUIO PACCMOTPEHO Ha
JICKIIHSX.

.................

.....................

Y

¥ : body pitch angle 0 wheel angle (/, 7 indicates left and right) . _ - DC motor angle
Puc. 1. JIBmxenue poboTa B IPOCTPAHCTBE

MaremaTuyeckasi MOJI€JIb COCTOUT U3 3 YpaBHEHUH, Tak KaK y Hac Tpu
KOOpJIUHATHI.

NHepUMOHHbIE MOMEHTbI BHelWHne MOMEHTbI

(em+M)R? + 27, +2n2T, |+ (MLR - 2027, Jji = F,

m

(MLR-2n*J, )0+ (ML* +J, +2n*J, Jil=F,

m

=

, W )
l’””f- +Jn +_~(Jw +”-Jm) ¢ il F
7 ¢ 7R-

@

BremBane MOMEHTBI



MomeHT cunbl MomeHT aBuratens TpeHue o non

TAXEeCTU ~

F,, = av — 6,
F,=MgLoO F., =—f.0
g ) a=nlI;—[,[j’=nK£Kb+fm w fw

0= Fmr & le 4 F\v,~+ﬁtfl
Y =_Fm[_Fmr+P_‘q

IIpocTpaHCTBO COCTOSTHUN:

x =Ax + Bu
y=Cx+Du

rae A - matpuna cucremsl; B - matpuna ynpasienus; C - marpuna Beixona; D -
MaTpuULA NPSIMOU CBA3H;

X1]| Bektop U] Bekrop V1] Bektop
Y= X2| coctoanua o = U2| ynpasnenuna — Y2| Bbixopa
Xn ’ Un ’ n

Mojenb npoCTpaHCTBO COCTOSTHUM:

I$ + ] = K(v, —v))

E CocTosHuA E
; : L X = ¢ :
¢ = —74’ +7 (vr — ) | YnpasneHue |

U =g :
Xq = x2] LUy = i
X2 —7x2 + I (uZ - ul) E BbIXOA E
Y1 =% § 1= ¢ E
V2 =% 2=

3ajaeM nmapaMmeTpsl



@ \E A DGR
= g = 9.81 ¥ ycxopesme CHIN TANSCTH
i m= 0.024 % Bec xoneca, Kr
SH= R = 0.027; % pamyc X
= Jw=m* R*2 / 2; % MoMeHT xoneca, Kr*m*
= M=0.8; ' K
S = W = 0.105;
== D=0.1; $ rayou M
= h = 0.21; % LoL F
A L=h/ 2; paccro IeHTPa MacC pofoTa MO UeHTPa Xoseca, M
10 - Jpsi =M * L*2/ 3; % MOMEHT Wit podora ( HafJIoOHe) , RO M2
0 == Jphi = M * (W*2 + D*2) / 12; ¥ MoMe 14 poGoTa (npx nosopoTe), Kr*M*2
= fm = 0.0022; ¥ KOAQPMUMEHT BASKONO TPEHMA B MOTOpDe
15 = fw = 0; ¥ KOSQOMUMEHT BASKOIO TPEHMA MERIY KONSCOM M NONOM
14 ¥ NapameTpu nsurareneft
1S - Jm = le-5; % M
3= Rm = 6.69; tc
7= Kb = 0.468; LIRS F
18 - Kt = 0.317; LI A
B == ne=1; ¥ xoSQMUMEHT nepenauM penykropa

Puc. 2. 3aganue napametrpoB

JIBu>keHne poOoTa B TOUKY C 3aJaHHBIMU KOOpJUHATAMHU MOXKHO PELIUTh

ucnonb3oBanueM [1-perysstopa. (puc. 3)

Paboma ¢ koopduHamamu, 3adarue nuHelinol ckopocmu

Yenoaas ckopocme ->
V2o nogopoma poboma

Ratation

pme 2 -

Asuzamenu

JlurHelHaa ckopocms -> MeKyjue KoopduHamsi

Bbiyucnenue mexkyuwie2o y2na nosopoma,
3adaHue yznosoll ckopocmu

Puc. 3. JIBmwkenne poOoTa K TOUKE C 3aJaHHBIMA KOOPIHHATAMH

3ananue:

Ha ocHoBe npenpiaymiero 3auatusi pa3padoTaTb CXeMy JABUKEHUS ABYX KOJECHBIX

poOOTOB, KOTOPBIE €IyT HABCTPEUY APYT APYTY.




JlabopaTtopHas pabota Ne6
Cucrema ynpasJjieHusi MOOMJIBLHOIO podoTa

Llens:

Pa3pabotats cuctemy yrpaBieHus poooToMm. (4 daca)
Teopernueckuii pasae

Bpemst mepexogHoro mporiecca, 3a KOTOPBIA JOCTUTAETCS 3aJaHHBIN
pe3ynbTaT 0TOOpaXkeHo Ha puc. 1.

Step Response

Ampitude

0 1 1 1 1 1 1
0 05 1 15 2 25 3 45 4 415
Tune (scoonds)
Puc. 1. Bpems nepexoaHoro mpoiecca
[Tpumep:
System: sys Step Response
2 Peak amplitude 169
Overshoo 265
15 System: sys

Setthng time (seconds) 35

System: sys

L3 Final value: 133
2
s 1
i
<

0.5

0 ! 1
0 05 1 15 2 25 3 35 4 45

Tane (seconds)

Puc. 2. [lepemenienrie podota



Ecnu po6ot orhexats Ha 1 MeTp (KpacHas JMHHA), TO OH MEepEMEIaeTcs 3a
3,5 ¢, ipu 3TOM ero 3aHocuT Ha 0,69 cM B CTOPOHY M OH OIIMOAETCS U OThE3KAET
Ha JsmmHUe 33 cMm. TakuMm 00pa3oM, KOHTPOJUIEp AOJDKEH CHENaTh CUCTEMY
YCTOMYMBOMW, HO U OOECIIEUNTD 33JaHHOE KAUYECTBO PETYIUPOBAHMSL.

Bri6upaem LQR (nuneiiHbIl KBagpaTHUHBIN perynsTop). (puc. 3)

Puc. 3. JIunelHbIN KBaApaTUYHBINA PETYIISATOP
o0

J = f (=" Qz + v’ Ru) dt
0

I7e X - BEKTOp COCTOSIHHS CHCTEMBI; U - BEKTOp yrpaBieHus cuctembl, Q, R-
JaroHaJIbHble MAaTPHUIbl BECOBBIX KO3(PPHUIMEHTOB, MO3BOJIIOLIME HACTPOUTH
Ka4yeCTBO CHCTEMBI.

Yem Oompmie Q, TeM ObICTpee CHUCTEMa CTPEMHUTCS MPHUBECTH K TOMY
COCTOSIHHIO, KOTOPO€ OBLI0 337aHO.
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Step Response

Koaddurmentom marpunibl R yBenmuunBaeTcsi, Hanpumep, ObICTPOICHCTBHUE

JIBUTATEICH.
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Puc. 4. [lepeMenHoe cocTosiHEE pOOOTA
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Puc. 5. Pe3ynbratel ynpasieHus JBUKEHUE pOOOTa
JIBrxeHue poboTa B TOUKY C 33JJaHHBIMH KOOPAMHATAMHU MOKHO PEIIUTh

3ananue:
Ha ocHoBe npeapiayiero 3ausTisi pa3padoTaTh CUCTEMY YIIPaBJICHHUS.



