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r.r. KupanocflH, K.A. Abotmcah, B.C. Me/iKOHflH, AT. llorocflH, MT. nomiuiH

nPOEKTMPOBAHME CMCTEMbl ynPABJIEHMfl ryCEHMHHbIM POBOTOM
C nOMOlUbK) nAKETA MATLAB

Tlpu npoeamupoeaHuu cucmeMbi ynpaeneHua c odpamHOu cea3bio amoneeou npo6neMOu aenaemca 
odecneneHue ee ycmounueocmu.

YcmounuBocmb cucmeMbi c odpamHou CBH3bto HenocpedcmBeHHO cen3aHa c pacnonomeHueM aopHeu 
ee xapaamepucmunecKozo ypaeHeHua. BamHoe 3HaneHue UMetom npaeuna, no3eonaiouiue onpedenumb, 
ycmounuea cucmeMa unu Hem, He Bbinucnaa npu smoM KopHU xapaamepucmunecaozo ypaeHeHua. B daHHOti 
pa6ome paccMompeH BecbMa none3Hbiu Memod aHanu3a ycmounueocmu, u3eecmHbiu kcm apumepuu Payca. 
3mom Memod Hau6onee npocmo noncHnem npednomeHHaa b HeM ma6nupa. CucmeMa ynpaenenun 
eyceHUHHbiM po6omoM ycmounuea moeda, aozda ece 3/ieMeHmbi nepeoeo cmondua madnuubi Payca 
nonomume/ibHbi. Ecnu ecmb xomn 6bi oduH ompuijame/ibHbiu 3/ieMeHm b nepBOM cmondue, mo cucmeMa 
Heycmounuea. Haudeua maame odnacmb ycmounueocmu dna MuaponpoueccopHod cucmeMbi eycenunuoeo 
podoma c noMOutbio Simulink-Mode/iu. B paMxax daunoeo uccnedoeaHun 6bino paccMompeHO deumeHue 
po6oma no oapyntHoemu (1-a mpaeamopua) u paBHOMepHoe npaMonuneunoe deumenue (2-a mpaeamopua). 
PaccnumaHa ycmaHoeueuiaaca oluu6ko kok dna 1-u, man u dim 2-u mpaeamopuu. lloKa3aHO, nmo 
ycmaHoeueuiaaca ouiu6ko dna 1-u mpaeKmopuu paeHa Hynio, m.e. zyceHunHbiu po6om monHO omcnemueaem 
3adaHHbiu exodHou cuzHon, a ycmaHoeueuiaaca oluu6ko dna 2-u mpaeKmopuu He npeebiuiaem 24% om 
BenunuHbi nuHeuHozo exodHozo cuzHana. Pa3pa6omaHa MUKponpopeccopHaa cucmeMa dna ynpaeneHua 
deumeHueM zyceHunHozo po6oma, zde HacmpaueaeMbiMU napaMempaMU aenaiomca K u o , .  JJna nonynenua 
nucneuHoeo pe3ynbmama npu ModenupoeaHuu ycmounueocmu zyceHunnozo podoma 6bin ucnonb3oeaH 
npozpoMMHbiu naaem MATLAB.

KmoneBbie cnoea: zycenunubiu po6om, ycmounueocmb, madnuu,a Payca, xapaamepucmunecaoe 
ypaBHeHue, nepedamonHaa cpyHKuua, o6pamuaa cea3b, cpyHKuua Xeeucauda, capunm.

3a noc/ieflHMe AecaTi/meTMa MnpoBaa po6oTOTexm/iKa i/i CBH3aHHbie c Hew TexHO/iori/m 
pa3BMBaK)Tca CTpeMme/ibHbiMi/i TeMnaMM, no/iynaa Bee 6o/ibLuyK) B03M0>KH0CTb i/icno/ib30Bam/m 
Mo6n/lbHblX po6oTOB B pa3/lMHHblX o6jiaCTflX HeJIOBeHeCKOM AeflTeJlbHOCTM.

fl/ia penieHi/m TaKoro pofla 3aflan 6bmn pa3pa6oiaHbi pa3/ii/iHHbie Tunbi Mo6n/ibHbix po6otob, 
b tom HMC/ie KoaecHbie, ryceHMHHbie, Luarafomi/ie, 6ecrm/iOTHbie /leiaie/ibHbie annapaibi [1, 2], B 
AaHHOM pa6oie paccMaipuBaeica Mo6i/mbHbm ryceHMHHbm po6oi, npeAHa3HaneHHbm a/ih 
npoBeAem/m noi/iCKOBbix onepaî MM. Bbi6op ryceHi/iHHoro ABMmme/ia o6yc/iOB/ieH pâ OM 
npenMymecTB, a mmchho: MaHeBpeHHocTb, Bbiconaa npoxoflUMocTb, HaAewHbm KomaKT c
nOBepXHOCTbK).

UeabK) AaHHoti pa6oibi aBaaeica pa3pa6oTKa MMKponpopeccopHOM cucieMbi a/ia aHaai/i3a 
ABMweHna, yayHiueHMfl xapaKTepucTMK i/i ycTOMHMBOCTM ryceHi/iHHoro po6oia.
/. OnucaHue KOHcmpyai^uu u npuHiiuna dBumeHua zyceHUHHoao podoma. KoHCTpyKu,na 

ryceHMHHoro po6oia noKa3aHa Ha pi/ic. 1.



Puc. 1. Bhcuihuu Bud ayceHUHHoeo po6oma
1. Kopnyc, 2. eedymuu namon, 3. eyceHuija, 4 . eedoMbiu namon, 5. cucmen/ia aBmoMamunecKoeo 

ynpaB/iemin BneumponpuBodaMu ycmpoucmBa, 6. 6amapeu numamin

Po6ot nepeMemaeTCfl 3a cneT cn/i Tpem/m, B03HHKaK)mnx MewAy onopHon noBepxHocTbK) 
(rpyHTOM) n ryceHMHHbiM ABnwnTejieM po6oia. Beflymuti KaTOK coeflMHeH nocpeflCTBOM peAyKTopa c 
ABuraTe/ieM nocToaHHoro TOKa, ynpaB/iaeivibiM ci/icTeivion aBTOMaTnnecKoro peryanpoBaHna. 
npocKaab3biBaHne MewAy BeAymuMn KaTKaivin m ryceHi/men OTcyTCTByeT, nosTOiviy yraoBbie CKopocTM 
BpameHMB KaTKOB (BeAyLUMX H BeAOMblx) paBHbl.

B 3aBMCMM0CTM ot aaropnTMa nepeMemeHi/m m nHc|3opMai4Mn c asthi/ikob, ci/icTeivia 
aBTOMaTunecKoro pery/ii/ipoBam/m cfDopMupyeT ynpaBJiafomne HanpaweHi/m Â a 3/ieKTponpnBOAOB 
ycTpoMcTBa. fl/ia ycn/ieHna cjia6oTOHHbix curHaaoB c KOHTpojuiepa cucieMbi ynpaBJieHna 
ncno/ib3yK)TCfl cnaoBbie TpaH3MCTopHbie MK)HM-ApaMBepbi ABuraieaeM.

fl/ia noBopoia b ropn30HTaabHOM n/iocKOCTn CMCTeivia ynpaB/ieHi/m c|3opMMpyeT pa3/iMHHoe 
HanpaweHne nmaHna a^  KawAoro n3 ryceHi/iHHbix ABnwi/iTe/ien [3]. CncreMa HaBnraAi/m po6oia 
MoweT BKJihonaTb KaK y/ibTpa3ByKOBbie asthi/ikh paccToam/m, onTunecKne JiMHeMKM a^̂  
nepeMemeHna no Kompacn-ion jiuhum, TaK n KomaKTHbie abthukm npenaTCTBi/m.
2. Cucmejvta ynpaeneHua eycemiHHbiM po6omoM npu deumeHuu no oapyrnHoemu. 

XapaKTepndnnecKoe ypaBHeHne 3aMKHyioM cncreMbi nMeeT bma:
1 + H{s)G{s) = 0, (1)

rAe H(s) = (s + d)/(s + 2) -  nepeAaTOHHaa c|DyHKAi/m pery/iaiopa;
G(_s) = = Jf/[j(s + 3)(j  + 7)] - nepeAaTOHHaa c|3yHKi4i/m ryceHMHHoro po6oia.

Pa3pa6oTKa cucieMbi ynpaBJieHna ABnweHi/ieM po6oia no onpywHocrn 3aK/iK)HaeTca b Bbi6ope 
AByx napaMeipoB. Ha pnc. 2 n3o6pa>KeHa CTpyKTypHaa cxeMa stom cucieMbi. Hio6bi ocymecTBmb 
ABMweHne no OKpymHOCTn, ABe ryceHMAbi AoawHbi ABuraTbca c pa3HbiMn CKopocTflMn. Heo6xoAmvio 
Bbi6paTb napaMeipbi K v\ a TaK, HTo6bi cncieMa 6bma ycTonnnBa, n HTo6bi npu /lmneni-iOM bxoahom 
cnmaae ycTaHOBnBinaaca 0Lun6Ka He npeBbimajia 24% ot Bejinni/iHbi stoto cwrHajia [4],



YnuTbiBaa c|)opMy/ibi a^  H ( s ) m G ( s ) ,  ypaBHei-me (1) npuBefleM k Bi/iAy
aAs* + f l3j 3 + a2s 2 + a-̂ s + q0 = 0,

r^e a4 = 1, a3 = 12, a2 = 41, at = (K + 42), a0 = Ka.
Hio6bi HatiTM o6/iacTb ycTOMHMBocTM b rmocKocm napaMeipoB Kv\ a, cocraBHM Ta6jiMAy, r^e n - 

nopaflOK xapaKTepucTMHecKoro ypaBHem/m [5].
Ta6nuuia 1.
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fl/ia Toro HTo6bi a/ieiviei-iTbi nepBoro CTOJi6Aa 6bmn no/iowmejibHbiMi/i, napaMeipbi Ka, c±1 v\ 
c21 Aon>KHbi 6biTb 6oJibiue Hy/ia. OieAOBaTeJibHO, AOJiwHbi BbinoJii-mTbCfl HepaBeHCTBa

K  <450,
Ka > 0 (3)

( if  + 42) (450 -  if )  -  144ifo > 0.
Haxo>KAeHMe 06/iacm ycTOMHMBOcm b iuiockoctm napaMeipoB ( if ,a )  a â cucieMbi ynpaBJiem/m 

ryceHMHHbiM po6otom ocymecTB^aeTca c noMombK) Simulink-MOAe/in (puc. 3). fl/ia cjDopMupoBaHna



Simulink-MOAe/iM 06/iacn/i yctomhmboctm 6bmn Mcnoab30BaHbi caeAyioinMe 6aoKM: Ramp, Constant, 
Sum, Product, Divide, To Workspace, Scope, flaa BM3ya/iM3aLii/m CMTHaaa, OKaMiwiaiomero o6aacTb 
Yctomhmboctm, b pa6onyio o6aadb nepeHeceH BupiyaabHbm M3MepmeabHbm npn6op Scope M3 
6n6jinoTeKM Simulink b oTKpbiTOM oKHe Simulink Library Browser. 06/iacTb yctomhmboctm 
M3o6pa>KeHa Ha pwc. 4. PeryaaTop H {s) BbinoaHaeT 3aAany ynpaBaeHMa ryceHMHHbiM po6otom b 
3aMKHyTOM CMdeMe, o6ecneHMBaa, HTo6bi AewcTBrneabHoe noaomeHMe po6oia y (t )  craHOBi/mocb Kan 
mowho 6an>Ke m 6bicrpee k 3aAaHHOM (weaaeMOM) bxoahom cjDyHKpm/i yd(t). B aio6oM caynae 
ycneuiHaa CMCTeivia ynpaBaeHMa AoawHa npn6aM3MTb y (t )  KaK mowho 6an>Ke Kyd(t), Kor^a Bpeivia 
CTpeMHTca k 6ecKOHeHHOCTM. TaKaa CMdeMa Ha3biBaeTca cncreMOM caeweHMa, nocKO/ibKy ee 
AeMCTBmeabHaa BbixoAHaa cfDyHKpna y (t )  nocroaHHO OTcaewnBaeT M3MeHeHMe 3aAaHHoro 
(weaaeMoro) bxoahoto cnrHaaa yd(t ) . 0nm6Ka e (t) = yd(t ) — y (t ) , KOTopaa coxpaHaeTca b npeAeae 
£-»«□, Ha3biBaeTca ycTaHOBMBLuenca olum6kom. flaa ycTaHOBMBLueMca olum6km noayHnivi

ess = lirnt^me(£).

06o3HanMB M3o6pa>KeHMfl Jlanaaca cjoyhku,i/iDi y (t), y^tO m e (t) nepe3 T (s), Yd(s) n E {s )  
cootBeTCTBehho i/i ncnoab3ya BawHoe cbomctbo npeo6pa30BaHna Jlanaaca, a mvieHHO - TeopeMy 06 
OKOHHaTeabHOM 3HaHeHI/ll/l, HaXOAHM

ess = Iira^ os£ (s).
Ilocae Hecao>KHbix npeo6pa30BaHMM e55 6yAeT mvieTb bma

sl’ilO)

B AaabHenLueM paccMaipi/iBaioTca Ase TpaeKTopMM a â ABMweHMa po6oia, T.e. ABnweHne no 
OKpywHocTM n paBHOMepHoe npaMoanHenHoe ABMweHne. llepBaa TpaeKTopna b napaivieTpMHecKOM 
BMAe onMCbiBaeTca c|DopMyaoM

x{t) = R sin (tat), 
y(t) = Rcosfat),

rAe R -  paAi/iyc OKpywHOCTn, a oj -  yraoBaa CKopocTb po6oia. flaa jr-KOMnoHeHTbi ABnweHMa 
po6oia no onpywHocm i/i3o6pa>KeHi/ie mvieeT bma .

Yd00 =
tuJf

lloACTaBMB 3to BbipaweHne b c|3opMyay a^  no/iyHMM, hto ess = 0. flaa y—KOMnoHeHTbi 
ABMweHMfl po6oia no OKpywHOCTM mowho noBTopMTb aHaaomHHbin pacneT m y6eAMTbca, hto CHOBa 
ess = 0. To ecTb b caynae 1-m TpaeKTopMM ryceHMHHbm po6oT tohho oTcaewnBaeT 3aAaHHbin 
bxoahom CMTHaa. BTopaa TpaeKTopna onMCbiBaeTca c|DopMyaoM yd(t) = Atus(t), rAe us(£) -  
eAHHMHHaa ĉ yHKAMa XeBMcaMAa. lloACTaBMB c|DopMyabi Â a Vd(s) = A/s2, H(s) m G(s) b 
BbipaweHMe Â a ess, noayHMM



Puc. 3. Simulink-Mode/ib d/ia o6nacmu ycmounueocmu
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Puc. 4. 06/iacmb ycmounuBocmu

Ec/ibi Bbi6paTb Ka = 175, to nojiynmvi ess = 24%. 3 to yc/iOBue mo>kho yAOB/ieTBopi/iTb, 3aflaB 
TOHKy b o6aacTM ycTOMHMbooth c napaivieTpaMM K = 250 v\ a = = 0,7. flpyroe B03M0>KH0e coneTaHHe 
napaivieTpoB: K = 200 h a = 0,87. Mowho onpefleaHTb h pafl Apyrwx KOM6i/mai4MM napaivieTpoB, 
AaroinHX npon3BeAei-me Ka = 175 v\ /lewamwx b o6/iac™ ycTOMHMBOCTi/i. OAHaKO, nan bmaho m3 puc. 
4, napaMeTp K  He MoweT npeBbiinaTb 450.

3. Ahqjiu3 ycmounuBocmu eycemwHozo podoma. Ha puc. 2 n3o6pa>KeHa cTpyKTypHaa 
cxeMa CHCTeMbi ynpaB/ieHi/m ABHweHHeM po6oTa no oKpywHocTH. Ue/ib pa3pa6oTKn coctoht b 
Bbi6ope napaivieTpoB K h a, npw KOTopbix CMCTeMa 6yAeT ycTOMHMBa, m ycTaHOBHBLuaacfl oi±m6Ka 
npw JikiHeHHOM bxoahom CHTHane He 6yAeT npeBbimaTb 24% ot Be/iMHi/iHbi 3Toro curHa/ia. fl/ia 
pemeHHfl 3toh 3aAann HaMH 6bm ncnojib30BaH KpHTepHH Payca [6].
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V\3 Ta6/ii/mbi Payca 6bi/iH no/iyneHbi flBa yc/iOBHa ycTOHHHBOCTH: K < 450 h Ka > 0. 3 to 
3HaHm, hto mowho orpaHMHMTb o6/iadb noncKa 3HaHeHMBMM 0 < K < 450 h a > 0. CHana/ia c 
noMombK) nporpaMMHoro cpeflCTBa MATLAB HaHAeM rpaHHAy ycTOHHHBOCTH b n/iocKOCTH 
napaMeipoB K v\ a. 3aieivi HaHAeM napbi 3HaneHHH (K, a), npi/maA/iewamMx 06/iac™ ycTOHHHBOCTH, 
KOTopbie yAOB/ieTBopa/iM 6bi orpaHMHeHMKD Ha ycTaHOBHBLuyiocfl onm6Ky. 3 ia  npoAe^ypa BK/uonaeT 
b ce6a 3aAaHne Anana30Ha 3HaneHHH K v \ a v\ BbiHHC/ieHne nopHen xapaKTepncTHHecKoro ypaBHeHna 
Aaa KOHKpeTHbix 3HaneHHH sthx napaMeipoB. fl/ia KawAoro K HaHAeM nepBoe 3HaneHHe a, npn 
kotopom no KpaMHew Mepe oahh KopeHb xapaKTepncTHHecKoro ypaBHeHna nonaAaeT b npaByio 
nonynaocKOCTb. 3 tot npoAecc noBTopaeica ao Tex nop, noKa He 6yAeT npoHAen Becb Anana30H 
3HaneHMM K h a. HaHAGHHbie napbi nnce/i (K, a) onpeAejiaiOT rpaHHAy MewAy 06/iacTflMH
yCTOHHHBOCTH H HeyCTOHHHBOOTH.

<t>yHKi4Hfl, oTAenaioinafl 06/iacTb ycTOHHH booth ot 06/iacTH HeycTOHHH booth, HMeeT

CJieAyfomHH bha:
a — (Jf+42)(4&Q-iiO 

144J:
ripn 3aAaHHOM orpaHHHeHHH eS3 < 0,24A HMeeM

42A < 0,24A,
Ka

H/1H
Ka > 175. (5)

Jlio6bie 3HaneHHa K v\ a, /lewamne b o6;iacTH ycTOHHH booth Ha pnc. 4 h yAOB/ieTBopaioinHe 
ycnoBHK) (5), 6yAyT CHHTaTbca npHeMJieMbiMH. Hanpniviep, 3HaneHHfl K = 250 h a = 0,7 6yAyT 
yAOBTieTBopaTb BceM BbiABHHyTbiM Tpe6oBaHHflM. llpH 3thx 3HaneHHflx nepeAaTOHHaa c|)yHKAHfl 
33MKHyTOH CHCTeMbl npHMeT BHA

r&0 250:? 4175
M s )  rf*412sB441^429ZE+175 ' 

rio/lKDCbl 3aMKHyTOH CHCTeMbl 6yAyT HMeTb 3HaneHHfl
s  = —10,5352, s  = —0,6476, s  = —0,3036 + 5,O370i H s  = —0,3036 — 5,O370i.

P eaK A H fl CHCTeMbl Ha JlHHeHHblH BXOAHOH CHTHa/1, H3MeHflK3L14HHCfl C eAHHHHHOH CKOpOCTbKD,

npHBeAeHa Ha pnc. 5. ycTaHOBHBLuaaca oniH6Ka MeHee 0,24, hto h Tpe6oBa/iocb AOKa3aTb.

16
14

12
10

2
0

0

/

/
/

2 4 6 8 10 12 14 16 

T im e(s)

Puc. 5. Pecwiiufi MunponpoiieccopHOu cucmeMbi ynpaBneHua KpuBonuHeuHbiM dBumemieM po6oma
Ha nuHeuHbiu bxoBhou cuzho/i



Pa3pa6oiaHa Mi/iKponpopeccopHaa ci/icieivia a/ia ynpaB/ieHi/m ABi/iwem/ieM ryceHi/iHHoro po6oia 
no OKpywHOCTM. npoBefleH Taume aHann3 ycTOMHi/iBOCTi/i ryceHnnHoro po6oia c noMombfo 
nporpaMMHoro cpeflCTBa MATLAB. n pn nccJieAOBaHnu ycTOMHnBOdn po6oia 6bmn ncnonb30BaHbi 
anre6panHecKne Kpmepun, b nacTHOCTn, Kpmepi/m Payca. HacroTHbie Kpmepnn ycTOMHnBOdn b 
A3HHOM pa6oie He paccMaipi/iBa/iMCb.
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Q.C. >n[ipuil|nu|Uiti, £.UL ULiLbin|iujUiti, 4 .U . Ub[pntijuiti, U..^. 'nnrpiujujti, U.Q-. Onpfiljjiuli

fa-pfa-nKPiunp n-npnsh inurujw .upum  cu im iiu n q -h  LUKiuq-nnM JQ m a t l a b

oura-bra-h irhansrM

bqiuiquipd ijiULLjni[ L/umujLlujpdujb huudujljujpq buifuuiqdbifiu uinuibgpuijfib fvbq[ip b huibqfiuLubmd 
bpui LnnjnLbmpjuib luuiiuhiulriLdp:

bqiuiquipd iiuiLqiu[ huiduiL/uipqli liuijnLbnLpjnLbb uibdfyuiliuibnpbb liujunlujd b bpui 
pbrnpuigpuiliuib huu(uiuuipduib uipduiqibbp[i qibquilquijduib hbqi: 9uipbnp b2uibuilinLpjnLb mbbb uijb 
iiuibnbbbpp, npnbp pnqi bb qiuiipu npn2b[ Iquijmb b huidiuLiLupqp, pb  n$, uiiuubg pbrnpuigpuiLiLub 
hun(uiuuipduib Lupdimpbbpp hui2i(b[ni.: <nqi(uidni.d q/iipuipL]Llni.d b LjuijmbnLpjuib i(bp[mdmpjLub oqqiuiljuip 
dbpnq, npp huijqib/i b npigbu n-uimu/i ^uiifiuibfo: Ubpnqfi bmpjmbb Lut(bip ujuipq pLugLuhLujqit(nLd b bpuu 
umuipuipl/uid LuqjriLULuljnLl: (d-ppnLpLui(np nnpnqifi IjuinuiLluipduib huiduiljuipqp Ljuijmb b, bpp n-uimu/i 
LuqjnLULuljli Luiuuptib ujmbuiljli pn[np qiuippbpp qpuiljuib bb: bpb  iiiiuuptib ujmbuiljnLd L/ui Lunbi(Luqb dbif 
puiguiuuilpub qiuipp, uiupu huiduiljuipqb uibL/uijmb b- flpn2L(b[ b buib pppnLpLut(np nnpnqifi huiduip 
dfi^pniqpngbunpujjfib hLuduilqiupqfi IjuijnLbmpjuib qifipnqpp Simulink dnqbifi dfigngm(: Ungb 
hbqiuiqnqmLpjuib 2P2UJtJwlibbpnLd qfiqiuipLp(b[ b nnpnqifi 2P2UJbuiqdnLl 2mpdmdp (1-fib hbqiujqfid) b 
mqquiqfid huuluiuuipui^uufi 2uipdmdp (2-pq hbqiuiqfib): ^ui2L[ujpliL[b[ b hujuqiuiquluid ufuuJip fityu/bu 1-fib 
hbqiuiqdfi, uijbuqbu bl 2-pq hbqiuiqdfi qbu/gnLd: 3nqg b q p̂4 b̂ nP huiuqwjquluid ufvui[p 1-fib hbqiuiqdfi
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huidujp huji[iuuiup L qpnjji, uijujibpb pppmpujL[np nnprnpp 62q.pipnpbb hbqiUnuI b ippijuid dnuppLujfib 
LuqpLub2Lub[ib 2P2 Lubuiqd[i ipbupmj: 3mjg b Lpptjbp np hiuuLpiuLpi[iud ujuuj[p 2-pq hbqiuiqdji qbLqprml ĵi 
qbpuuquubgmJ qdiujfib dnLLppuijfib uiqqujb2Lubfi dbdrupjiub 24%-p: U2lulplbi b dfiLipnuipngbunpiujfib huidiu- 
iiuipq' pppriLpimlnp nnpnipfi 2Lupddiuh LjiunuiLliupihub hLuduip, npipbq huniuj[LupiJuib uquipuidbippbpb bb 
K-b b a-b: fd-pprupiutlnp nnpmpji LiiujnLbnLpjuib dnqbumlnpdiub duidiubuiLi pijujjbib Lupqjmbpbbp uipujbvu- 
[riL hiuduip oqipuiqnpdL[b[ b MAT LAB ifiuipbpp:

UnuibggLujfib puinbp. pppnLpuiLlnp nnprup, iiLujmbmpjnLb, n-uinLufi LuqjnLULuL/, pbrupuigpLuLiLub 
him[LUULupnLiS, LfinfiiLubgilLub mbl/glnu, hbLpuiqLupd Lpuiij, Cb/iuujjqli nLbiigjnu, dpuigpLuj/ib Ljnq:

G.H. Kirakosyan, K.A. Avetisyan, V.S. Melkonyan, A.G. Poghosyan, M.G. Potikyan

DESIGNING OF THE CONTROL SYSTEM BY A TRACKED ROBOT USING THE MATLAB
PACKAGE

When designing a feedback control system, the key issue is to ensure its stability. The stability o f a 
feedback system is directly related to the location o f the roots o f its characteristic equation. The rules that 
allow to determine whether the system is stable or not without calculating the roots o f the characteristic 
equation are important. In this paper, a very useful method o f stability analysis is considered, known as the 
Routh method. This method is most simply explained by the Table he proposed. The tracked robot control 
system is stable when all elements o f the first column o f the Routh Table are positive. I f  there is at least one 
negative element in the first column, then the system is unstable. The stable region for the microprocessor 
system o f a tracked robot was also found using the Simulink model. Within the framework o f this study, the 
movement o f the robot in a circle (1st trajectory) and uniform rectilinear movement (2nd trajectory) were 
considered. The steady-state error is calculated for both the 1st trajectory and the 2nd one. It is shown that 
the steady-state error for the 1st trajectory is equal to zero, i.e. the tracked robot accurately tracks the given 
input signal. It is shown that the steady-state error for the 2nd trajectory does not exceed 24% o f the value o f 
the linear input signal. A microprocessor system has been developed to control the movement o f a tracked 
robot, where the adjustable parameters are K and a. To obtain a numerical result in modeling the stability o f 
a tracked robot, the MATLAB package was used.

Keywords: tracked robot, stability, Routh array, characteristic equation, transfer function, feedback, 
Heaviside function, script.
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