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Acxaposa A C_, boneremoea C_ A | bonerenosa C A, Mamenora M P.. Hypryxanoea A 3.

Typby 1eHTTI RAHYIBI CAHIBIK MOJeIBIeY IMIAHKeMIp a1aVel

Tyitinaerre. PHINKATEE HoHE KHHETHEATEIE MOJSIBIED HETI3iHTE HAKTH (DHIHKANLE O0BEKTIMSpIST] EBITY
ANMMAaCy MPOoNecTePiH 3ePTIeY DOMBIHINA eCENTeY IRCIEPHMEHTTEPIH HY3ETe ackIpY YIIH CAHIBE MOIEIBIED J31PIEHIL.
ArrmydHIEKa camacEIHAa TEOPHANHIE 3epTISVISp EYPridy KediHAe CAHTEIE JJICTEp MeH KOMIBIOTEPIE MOJSTEISYIL
KONIAHVIBIH ©3eKTi DaFeTTapeiHa Tammay aypriziom. Amvater K30 BK3-160 kazanmsreiHEIH EHAHY KAMepackl
MEICATEIHIA HAKTEl 3HEPTeTHEATEIK OOBEKTiAe THICTI EAargafiTapia Ta: KOMIIOHEHTTEPIH KAMBINTACTEIPY NPOIECiH
CaHIBIK VITUIEY HITHESIEP] YCEHBIFAH.

Kiar cezzep. Kany, oTEIH, OT HAFy KAMEPACH, KA3AHIEIK, HAHAPFEUTAD, KYITIK, BUTFATIIEIK,

Ackapopa A C., bonerenoea C.A.. boneremoea C A, Mamenosa M.P., Hypymyxanopa A 3.

YncaeHHOE MoZeTHPOBAHEE TYPOYIeHTHOTO FOPEeHNA ObLIeyVToIbHOTo dhakera

Pezronre. Ha ocHore QHanTecKix H KHHeTHIeCKHX MoZeleH pa3paboTaHsl GHCICHHEIE MOISIH 118 PeaTH3alHe
BEIMHCIHTEIBHEX 3KCICPHMEHTOB IO HCCAEIOBAHHIO NPOLECCOB TEIUIOMACCONEPEHOCA B DPEANbHEIX (QH3HYIECKHX
obrextax. [IpoBeneH aHANH? aKTYANBHBIX HaOPaBIeHHH NpPHMeHEHHS YHCICHHEIX METOJOB H KOMIBIOTEPHOTO
MOZISTHPOBAHHA MPH IPOBEIeHHEH TEOPETHISCKHY HCCIeI0BAHH B 0bmacTH Tennodu3uky. [IpeqcTaBneHs! pe3yIBTaTEH
GHCISHHOTO MOIEIHPOBAHHA Npolecca (OpPMHPOBAHHA MA30BEIN KOMIIOHEHTOB IPH COOTESTCTEVIOIHX YCIOBHAX HA
PEATEHOM 3HEPTETHIECKOM 0DBEKTE Ha IpHMepe KaMepr! cropannd koTra BK3-160 Amvatanckoit T3LI

Knamwgeprle c1oea. [ opeHns, Tonanea, TONOTHAS KaMepa, KOTENL TOPEIKH, 30IBHOCTE, BIAKHOCTE.
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? L.N. Gumilev Eurasian National University, Nur-Sultan, Kazakhstan
E-mail: jomartova@mail.ru. nkarymsakoval @ gmail.com abdibaur@gmail.com)

CONTROLLABILITY CRITERION FOR THE FOLLOWING
AUTOMATIC MANIPULATOR SYSTEM

Annotation: Today, the main type of robot handling systems are mampulators. They represent spatial
mechanisms in the form of kinematic chains of links forming kinematic pairs with angular or translational motion and a
drive system. usually separate for each degree of mobility. The degrees of mobility of the manipulator are divided into
portable and orienting. Portable degrees of mobility are used to move the working body in the working area of the
manipulator, and orienting - for its angular orientation. The minimum required number of portable degrees of mobility
for moving the working body in the space of the working area 1s three.

Keywords: manipulator, control criterion, mterval, portable. orienting, induction method, Gronwall-Belman
lemma
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IIL TmomapTosal. H. Kapeimcarosal, b. A6ames’
(‘On-®apabu atemnarst Kazak ¥ arTe Vausepenteti, Amvares, Kasakeran
JLH. T'ynmines athiaarsr Eypasua yiTTek yEuBepenteti. Hyp-Cyatan., Kasakcran
E-mail: jomartova@mail ru., nkarymsakoval @ gmail.com abdibaur(@gmail.com)

ABTOMATTBI MAHHITY. IATOPIbIH BAKBLTAY JKYHECI YIIIH
BACEKAPY KPHTEPHHI

Angarma: Byringe poboTTapablH MAHHIYISIHATEE AYHeIepiHIH Herisri Typl MaHHOYIATOPIap OoIeIn
Tabeuranel. Omap OYPEINTEIK Hemece YIeMell KO3FANBICH Oap KHHEMATHEANEIK AYNTApIsl KYPaHTHIH OVBIHIApIBH
KHHEMAaTHKAIBIK, Ti30eKTepi TYPIHIEr! KeHICTIKTIK TeTiIKTepai OULmipel EaHe 37eTTe Jpbip KOIFamy A3pemeci YImH
benek merekrep myfeci bap. MammmynaTopaslH kozramy gapemeci TACEIMANIE! EIHe ODaFgapisl Doneln  GemiHemi
FermaemManel Ko3ramy Zopekeci MAHHOYIATOPIEIH AYMEIC AfMAFBIHIA #OMEIC OPTaHBIH AVBICTHIPY YINH, al
bargapraymel — OHBIH OYPEINTHE OaFgapbl YONH KBI3MET eTeli. JAYMBIC afMaFBIHBIH KeHICTITIHIET1 MYMEIC
OPTaHEHEIE OPEH aYBICTHIPYE! VINH FHEUDERIMAIEL 2peelIepilH el a3 KaieTTl CAHE YIIKe TeH.

Tyiiinoi ce3gep: MAaHHIYIATOpP, 0ACKADY KPHTEPHIHL, HHTEPBAN, TACEIMALIEL, OAaFgapibl, HETVEIHA 3TICI
I'porvonna-bemvan meamacsn

Kipicme. ABTOMATTEI MAHHITYTATOPIBIHE 3ISKTPOMEXAHNKATBIE, OAKBLTAY &yiieci TI30eTiHIH Kafl-KyiiiH
CHIATTAHTHIH VIIHIN PeTTi TeHAeyIep &yleci KapacTeipsiaazst [1]:

i=Ax+Bu. (1)
Mymnarer

x=x(f)= (fx (). Qr). 6(1 ))* - :xylie KYiiiHIH BeKTOPEL

u=u(r)=(£2, (1) &, (1) - IMEKTeyIepi Oap, :KYHeHIH OACKAPYILEI Kipic BEKTOP-CHTHATEI

I'<u <I7i=12 te[t.t]. )
( 1 kﬂck}uRw I‘ ! k J{FIJE—T*»""E'Pnf I klkwkn )
(L Eoka) (K Kok )y
T, L L, L ) L,
k
_A = M _L 0
J T,
0 1 |

wen |
LR Lx
B= 0
0

A xome B matpumazap ko3dHIIHEHTTepiHIH CaHIBIK M2HIEpPl :KYHEHIH NapaMeTpIepl MeH
KYPBLIBIMBIHA OAHTAHBICTEL
Taarer1ay. [lekTeyai KAHAFATTAHIBIPATEIH (2) DACKAPY KaHe DACTAIKEI KYIIeH avaapy yfieci dap
Ma CKEHIH AHBIKTAY KAKET
x(0) = x, (3)

COHFEI DepireH Kyiire
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«(T)=x, )
derritenrer ] yakBITKA.

-1 _ o .
O, 1) =0(t)*0 (7). Gomchm. Mynmarsr 6(f)- OGIPTEKTI BEKTOPIBIK mbdepCHIHALIBIE
TeHIEYMEH CHMATTATATHIH &YHe MENTiMISPiHIH iPreT MATPHIIACK]

X=Adx, (5)
R aprpuie1 matpuuans cenrineiins

R=(B.AB, 4'B...A"'B). (©)

- yyHOa A :xoHe B Matpunamaps: (1) TeHaeyae aHBIKTaIFaH.
Bepinres tanceipma yimiH (2) mekTeyIep O0IMaraH JKaFIaiina Keaecl dacKapy KpHTEpHIll Oap.
Teopema [2]. CTauHoHAPIBIK CBISBIKTBIK :kyife (1) Oackapsuiansl erep (0) epHeKIeH aHBIKTATFaH R
MATPHIOACHHBIH parri 1l =3 [2].
Benrinevnep eHriseiiix:
fiL,og2 o2yt
gy [ R BE
u=v+I1. 1=0.1) = T |
L2 2

%, .l'l
Omnza (1) myleni keneci TypIe KepeeTeli

X=Av+Bl+Bv. (7
MYHTATEI

I=0.1). —L=v, <l i=L2 Vie[i.t] (8)

(7) TeHmeyaH mMemiMIH MBIH TYpAe KopceTce Donaxsi]2]

x(1) = Dt 1,)x(1,) + fjcp(:. r)Bdr+ jcp(x. r)Bv(r) dr - 9

Ty Ty

(3) xmome (4) TeHOIKTEPI] eCKEPE OTBIPBITL, MBIHA DENTLIEYIEPIl SHT13EMI3:!

T
M =x—D(7.0)x, —qui(f. r)Bdr,
)

SO =D, D)B.

Conza dackapy ecedi (8) mapTThI KAHAFATTAHTBIPATHIH HHTESIPATLAL] TEHASY MISITIMIHIH Oap OOTyBIHA
aKenem

»=[f@)=v(r)dr. (10)

Bepinres TancelpMaHEI IENTy YINIH APATHIK TA/LIAy HaTHXEISP! KOILIaHBITATEL [3].
Ox xarpiHIa HETerpatas! (10) aysicTeIpaners

hEDfE (11)
i=1
MYyHTAFBI
f‘l = f{!* n. V= P(f £h) . g, =£_ n=0.
n
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=00 APKBLTEL - f! WeHTpi X3He panuychl ( GoIaTHIH HHTEPBAILIEL v =(0.1) APKBLTEL —
menTpi 0 :kaHe paguycsl L GoIaTHH HETepBaLibl Geriteiins [2].

=1 OomceH. FF = (0. |f1.ni'|) - meHTpi (0 HYKTeCIHIETI E2HE pPagHyCHI ‘fl %]
HHTEPBANABL €CENTEHMI3. MYHIAFBl OapibIK APH(QMETHKATBIK ONEPALHATAD APATHIK ECEITEYTE CaliKec
&yprisizen [2].

{h fhey!

) OOmAaTEIH

vyl e(=LDY) KeIMyIIeci OepLICiH

1 L L
he(0, | f* f|) Ve 7/ = 0. HHIePBAIBIMEH cafiKec OOICHIH.

MaTeMaTHRAIBIK HHIVKIHEA 21ici APKBUIB KSIIMYIICHIH OPHEIH KOPCeTyTe 00Ia1s!l

{h *ifi 9
=1

Vv e(H.Di= ﬁ} h#(0, Z‘fl *f‘) .ymiz T/ = 0. uaTeppatsIMen cafikec.
i1

T T
Byn wepaen }I flon(r)dr|v(t) e (-1.1). ¥t €[0.T]; xemumemin v, = J'f(r)‘l_ dr.
0 [i}

HMHTEPBANBIMEH Calikec KelleTiHI KePiHIT TYp.

MyH71aFs1 HApIBIK apHQMETHRATBIK ONEPALIATAD APATBIK €CEITEYIED YIIiH OEITiNeHTeH epekenep
OofipIHIIA OpBIHIATALEL [3].

Ocprnafima kexeci TeOpeMa IISIICHT].

Teopema. (7)-(8) :xyiteci OacKapbLIATBIH OOMy YINIH y, BEKTOPHL y, APaiblK BEKTOPBIHA THECLI
OOTYBI KAKSTTI JKAHE KETRIMIKTL.

IMackamp TiMIHIE CAHIBIK MOIEIBICY YIIIH YCHIHBUFAH OAcKapy KPHTCPHIUIEpPIH €CeNTeyli KaHe
HHTEPBaLIBl €CENTEYIIH apH(pMETHRAIBIK ONCPALIATAPBIH XY3€Te achIPaThIH OaraapiamMa a3ipierres [4].

x, =(LL1). (12)

oomcsid. Corza (1) Terneynep &yiiect MbiHA

TYpI& YCBIHBLIATBL
i, =-1.057,-08Q-3.08-3.082,+2.00,.

0O=047,-025Q.
§=Q+4.
Bacrapymer BekTopra U = (O-u (7). &, (t ))* MeKTeyIep Oepelix
-04<Q,<06. re[0.1]. (13)
~025<6,<125. r<[0.1].

Jlenma (I'poryonna-beman) [5]. Cramapisl y3aikeis x(7) :kase g(7) = O QYHKIHATAPE MBIHA

TEHCI3OIKTI KAHAFATTAHIBIPCEIH

x(7) < e(?) +j'g(s)x(s)ds 120, (14)
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Py
f

g(s)ds i

A

MYHIAFBI ¢(f) - Kelioip keMiMelTin dyrkmma. OHIA (7)< o () exp

(=L I——

\
"

I'poryomna-benvas nemvacsH (1) skame (4) ecenTepre KOIIaHy apKBLIBI 013 Kellecl TEHCI3MIKKE KOT
EETKIZEMI3.

()| = (0] + j”B(r)”.':(r)d r)exp( j l4)]d -

n "
BEKTOPIE\IH HOPMAachl peIi.H.]e ||T” = Z‘xf| F2HC MATPHIIA HOPMACHL ”r’.{” = llllaK(Z |ﬂf_r' ‘)
. =J=n T
1=l

=1

Tagnaiivers. (12) - (14) tanceipMa TapaMeTpIepiHiH OSAril MIHICPIH OPHATY APKBUIE] KEICCIH] ATAMEI3
(D] < (3+3*1.85)exp(4) ~ 466.6

Onna x(1) = (160,160, 150)" kesinxe xyite 6ackapsrvaiinss, azan 1 = | yaxsrrra syifeni

(1, 1, 1) myxrecizen x(1) = (160.160.150)" mykrecine ayIapaTein GacKapy HOK.
YCBIHBLTFAH KPHTEPHILI KOLIAHA OTBIPBIIL

(494 1229
v 1) x(1)=(160.160.150) BekTOpHI |14 16> | HHTEPBATIBIK BEKTOPHIHA THICTI eMec SKeHIH

433 587
AHBIKTAMMBI3, ce0edl 160>4.94+12.20, 160=0.14+1.62 :xame 150>4.33+5.87, arau Yo afHEIMATE! GOHBIHIIA
DacKapy JKOK.
v 2)  x(1) HykTect petiine [/ yaxeir Meseminae (13) mekTeyal KaHAFaTTAHIBIPATBIH

u= (0ackapybmia, Komm eceoinin memivis (1), (12-13) azamers, corma x(1)=(—4.87,0.12,4.1)".
KopeITbIHABI. YCBIHBITFAH KPHTEpHIini KomzaHa oTeIpeim, 4.94-12.29<-4.87<4.04+12.29, 0.14-

1.62<0.12<0.14+1.62 #2HE 4.33-5.87<4.1<4.33+5.87 O0IFAHIBIKTAH, x(1) BEKTOPBI

(494 1229

1014 162 |HHTEPBALIBIK BEKTOPBIHA THICTI €KESHIH KOPEMi3, AFHH XKYHe OaCKaphITAIEL

{433 587

CaHIplk eceNTeVICPAIH HATIKETSpl YCBHBUITFAH OACKAPY OMINEMIHIH THIMIITITIH K3HE OTApIBI
IPAKTHKATBIK KOCBIMINATAPAA KOMIAHY MYMKIHIIT1H KSpPCETEL.
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monaproea 111 Kapemvcaxosa H., Aoguer b.

Kpurtepnii ynpaepaseMocTH 114 cleIfmeil CHCTeMBI ABTOMATHIECKOT0 MAHHIYIATOPA

Pestome. Ceromus OCHOBHBIM THIIOM MaHHITYIAITHOHHEIX CHCTEM poboToB fBRAioTca MamumymaTopsl Omm
OPedcTABIAIOT CODOH NPOCTPAHCTEEHHEIS MEXAHH3IMEI B BHIS KHHEMATHISCKHX UEMell H3 3BSHBEE, 00pa3yIOmMHX
KHHEMATHISCKHE OAPEL ¢ VIIOBEIM HIH MOCTYIATEARHEIM JEHACHHEM H CHCTEMOH NPHEOIOE, ODEITHO PA3IeIbHEIX A1
KaEgofl cTemsns mofemmaHocTH. CTeneHH MOBHAHOCTH MAHMIYIATOPA JEIATCA HA NSPEHOCHEBIE H OPHEHTHPVIOITHE.
[lepeHoCHSBIE CTENEHH MOABHAHOCTH CIVEAT A4 NepeMelleHHs pabotvero opraHa B padodel 30HE MaHHIVIATOPA, a
OPHEHTHPVIOIIHE — O €ro YIIoBoH opHeHTAmHH. MHHHMaTEHO HeOOXOZHMOE WHCAO MNEPEHOCHEIX CTeleHel
MOJEEDEHOCTH 714 MepeMeleHHd paboTero oprala B IpOCTPAaHCTES pabodeil 30HEI PABHO TPEM.

KimrodeBnie ¢/10BA: MAaHHIVIATOP, KPHTEPH VIPABILeMOCTH, HHTSPEAN, IEPEHOCHEIE, OPHEHTHPVIOITHE, METOL
HHIVENHH, TeMMa [ porvonta-bemaan
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