KBIPI'BI3CKUH T'OCYJAPCTBEHHBIA YHUBEPCUTET
M. U. APABAEBA
KBIPTBI3CKHUI I'OCYJAPCTBEHHBIA TEXHUYECKHA
YHUBEPCUTET UM. U. PA33AKOBA

Hucceprannonnsiii Coser J1.05.18.584

Ha npaBax pykonucu
YK: 681.5.013: 625.031 (043.3)

KAJIBIPKYJIOBA KbISLJI KYJAUBEPIUEBHA

CHUHTE3 CUCTEMBbI YIIPABJIEHUA TPAEKTOPHBIM
ABU/KEHUEM OBBEKTA

CnenmansHocTb 05.13.06 — “ABTOMaTH3aLMS U yHpaBICHUE
TEXHOJIOTUYECKUMU MPOLECCAMU U IPOU3BOJACTBAMU

ABTOpedepar

AUCCEpPTALMU HA COUCKAHHUE YUYEHOU CTENEHHU
KaHIUJAaTa TEXHUYECKUX HAYK

bumkex 2019



Pa6GoTa BeInosiHeHa B KbIPrbI3CKOM rocy1apCTBEHHOM TEXHUYECKOM YHHBEPCHUTETE
nmenu WM. Pa33zakosa

Hay4Hblil pyKkoBoaMTE/Ib: barbipkanoB 7K.M., IOKTOp TEXHHYECKUX
HayK, Kadenpsl «ABTOMaTHYECKOE
ynpasienue» mnpodeccop KITY wum. N
Pa3z3akoBa

O¢unuaabHbie ONIOHEHTHI: AiiTyaHoB b.X., TOKTOp TEXHMYECKUX HAYK,

npodeccop  kadenpel  «KommbrorepHsie
Haykn» YHuBepcuTeta uMeHu CyneiimaHa

Hemupens
Koanomos T.M., k.T.H., AOUEHT Kadeapbl
«MHpopmaTrkar Omickoro

rocyaapCTBCHHOI'0O YHUBCPCUTETA

Beaymas opranusanus: KbIpreizckuii  HallMOHAJIbHBIN arpapHbIi
yauepcuteT uM. K. M. Ckpsiouna, 720005, .
bumkek, yn. Meneposa, 68

3ammra cocroutcs 28 wuroHga 2019 roma B 16.00 yacoB Ha 3acemaHuu
Huccepranmonnoro cosera J1.05.18.584 KBIprei3ckoM  rocy1apCTBEHHOM
yauBepcuteTe uM. M. Apabaesa, o aapecy: 720026, r. bumkek, yin. U. Pa3z3akoBa
51, kopriyc Ne2, koHdepeHIr 3ai, BeO-caiT: Www.arabaev.kg.

C nguccepranueid MOXHO O3HaKOMUThCS B OuOmumorekax KIY wum. U.
Apabaea u KI'TY wum. U. PazzakoBa mo ampecy: 720026, r. bumkek, yi. .
PazzakoBa 51 u 720044, r. bumkek, mp. AlitmaroBa 66

ABtopedepat pazocnan 28 mast 2019 r.
Y4eHslil cekpeTapb

JTUCCEPTAIIMOHHOTO COBETA,
K.T.H., TOIIEHT H.A. Ucpaunosa



OBIIAA XAPAKTEPUCTUKA PABOTHBI

AKTYaJIbHOCTH TeMbI JUCCePTALMOHHOM padoThl. Ha ceromHsamHui 1eHb
BO MHOTHX 00JAaCTAX aBTOMATH3AI[MH TEXHOJIOTUYECKUX MPOIIECCOB CTABUTCA 3a7a4a
YIPABJICHUS] PA3JIMYHBIMU MEXaHU3MAMH 110 33JaHHBIM MPEANMCAHHBIM IPOrpaMMamM
JIBUKEHUS.

OT0, B TEpPBYIO OYepellb, KacaeTcs YNpaBICHUS pPOOOTOTEXHUYECKUM
ycTpoiicTBam, Korjga pabOouue opraHbl (pykKa, 3axBaThIBAIOIIME YCTPOICTBA)
MPOMBINIJICHHBIX MaHUTYJSTOPOB JOJKHBI OTpadaThIBaTh 3aJaHHbIC MPENICAHHbIC
TPACKTOPHUH JIBUKECHUS.

Bo-BTOphIX, 3TO Kacaercs ympasineHus 3D-mpuntepom, Korja neyaTaromiue
opranbl 3D-mpuHTepa JOKHBI  OCYLIECTBIIATH  JIBJKEHHE 1O  3aJaHHBIM
IIPEAIIMCAaHHBIM TPACKTOPHUSIM.

B ycioBUSIX PpPBIHOYHOM SKOHOMHUKH OCYIIECTBIISETCS OBICTPBINA MEPEX0] OT
BBIIIYCKA OJHOM HOMEHKJIATYPBhl M3JICJIUA K JAPYroi, MpH 3TOM OCYLIECTBISETCS
MEJIKOCEPUMHOE U TAKE €NMHUYHOE MPOU3BOACTBO. Takne TEXHOIOTUU OpraHU3aluN
IIPOU3BOJICTBA HNOSIBIWIIMCh ~ Ojarojapss MNPUMEHEHUI0 pOOOTOTEXHMYECKUX
KOMIUIEKCOB W MHCIIOJIb30BaHMsI, B mocienHee Bpems, 3D-rexHonoruil. Takue
TEXHOJIOTMHA OPraHU3allMy IMPOU3BOACTBA OYEHb IIOJIE3HBI JUII OKOHOMHKH
KsIpreizcrana.

Ha ceromHsmHuil €Hb OTCYTCTBYIOT YHUBEPCAJIBHBIE U B TO JKE€ BpEMs
3¢ (eKTUBHBIE METO/Ibl CHHTE3a 3aKOHOB YIPABJIEHUS MO OCYILIECTBICHUIO IBUKEHUS
yHIpaBisieMbIX 0OBEKTOB IO MPOU3BOJIBHO 3aJIaHHBIM NMPEANUCAHHBIM TPACKTOPHUSM.
K Hacrosimemy BpemeHu OoJjiee WIM MEHEE pEIIECHbl 33Jayd  OCYIIECTBICHUS
MPEANUCAHHBIX JABUKEHUH, KOT/Ia pacCMaTPUBACTCS JTUHEHHBIA OOBEKT YIpaBIEHUS
M KOrja TMpeanucaHHash TPAEGKTOpUS JIBMXKEHMsI 3anaérca (ONMUChIBaeTcsA) B
aHAJUTUYECKOU opMme.

B OonblMHCTBE ciayyaeB Ha MPAKTHUKE, KAk B CIydyasX MOCTPOCHHUS CHCTEM
yIOpaBJIEHUS C MPOMBIIUICHHBIMA pOoOOTaMM, TaK W B Ciydasx npumeHeHus 3D-
IIPUHTEPOB MPEANHUCAHHYI0 TPACKTOPUIO IBWKEHUS ONKCATh AHAIUTHYECKU OYEHB
CJIOKHO.

DT0 cCBsA3aHO C TeMm, 4To ¢OpMy U3rOTaBIMBaeMbIX jetaieir B 3D-
TEXHOJIOTUSIX B TMOJABJISIIONIEM OOJIBIIMHCTBE CIIy4aeB AHAJUTHYECKH OIHUCATh
HEBO3MOXKHO. B po0OoToTexHWKe, KOTJa MPUMEHSIOTCS POOOTHI TMOCIETHUX
MTOKOJIEHUM (KOHTYPHO - aJlallTUBHbBIC, NHTEJUIEKTYaJbHBIE), ONUCATh aHAJTUTUUECKU
TPACKTOPHIO ABMKEHHS PYKH MAHHUITYJIATOPA, TAKKE OYEHD TPYIHO.



[IopTOMy, CTOMT O4YEHb aKTyaldbHas KaK B MPAKTUYECKOM, TaK U B
TEOPETUYECKOM aclieKkTe pa3paboTka HOBBIX 3(P(GEKTUBHBIX METOJOB CHHTE3a
3aKOHOB YIPABIICHUS 10 OCYUIECTBICHUIO JBIJKEHUH OOBEKTOB IO 3apaHee
3a1aHHOM NPEANMCAHHON TPACKTOPUU JBHKCHMUS.

B cBsI3u C BBIIECKa3aHHBIM B JAHHOM JUCCEPTAlMOHHOM HCCIEAOBAaHUU
pa3pabaThiBaeTCsli HOBBIM MMOJXOJ K CHHTE3y 3aKOHOB YIOpaBJICHUS TIO
OCYIIECTBJICHUIO JIBMKEHUN OOBEKTOB IO 3aJaHHBIM IMPEAINUCAHHBIM TPACKTOPUSIM
JBH>KCHUSL.

CBsi3b TeMBbI JHCCEPTANMM € HAYYHBIMH NPOrpaMMaMM H HAY4HO-
HCCIeA0BATEIbCKUMHU padoTamMu.

PaGora BbimonHeHa B  KBIPTrbI3CKOM TOCYJapCTBEHHOM TEXHUYECKOM
yauBepcutete uMm. M. Pa3zakoBa B pamkax rocoromkernsix HUP YuuBepcurera u
Hay4yHbIX rpanToB MO 1 H KP B 2011-2017 rr.

Leab 1 3a1a4M UCCIEIOBAHUSA.

Heabro auccepTallMOHHOM paboOTHI SBISETCS pa3padOTKa HOBOrO MOAXO0MAA
CUHTE3a YIPABIICHUSA, OCYIIECTBIISIOLIErO ABMKEHHUE OOBEKTa MO MPEINMCaHHON
TPaeKTOPHH, Ha OCHOBE MPUMEHEHHS KOHIIEIIIUU OOpaTHBIX 33]1a4 TMHAMUKH.

3agaum uccie0BaHUI:

® aHAJIM3 COBPEMEHHOI'O COCTOSIHUSI MPOOJIEMBbI YIpPaBiI€HUS TPACKTOPHBIM
IBIDKEHHEM OOBEKTA;

e pa3paboTkKa METO/a CHHTE3a YIpPaBJICHHUS TPACKTOPHBIM JIBIIKCHHEM, B
cily4ae, Korja npeanrucanHasi TPAeKTOpHs 3aJa€TCsl B aHATUTHYECKON opme;

e pa3paboTkKa METO/la CHHTE3a YIPaBJICHHUS TPACKTOPHBIM JIBIIKCHHEM, B
cily4ae, KOrja npeanucaHHasi TpaeKTopus 3a1a€Tcs B TaOIMYHON (opMme;

e pa3paboTKa MaTEMaTHYECKUX MOJEJICH NPHUBOJOB JJIsi MPOMBIIIIEHHBIX
MaHUIyJISTOpoB U 3D-npuHTEpOB.

HoBu3HO#1 HAYYHBIX Pe3yJbTATOB ABJIACTCH:

® pacClIMpPEHUME W YCOBEPLICHCTBOBAHME pAaHEE  W3BECTHBIX  METOJHK
CUHTE3a YIPABJICHUSI TPACKTOPHBIM [IBMKEHHUEM, B ClIyyae Korja MpeanucaHHas
TpaeKTOpHUs 3aJ1aE€TCSI AHATUTUYECKH;

® BIIEPBBIE COBMECTHO, C HayyHbIM pykoBoaurenem JK.M. barsipkaHOBbIM,
MPEUIOKEHA HOBAask METOJMKAa CHHTE3a YIPABICHUSA, KOrAAa MpearucaHHas
TPAEKTOPHS ABMXKEHUS 3aJa€TCsl B TAOIMUHOM (opme;

e [IOJyYE€HA HOBasg MaTeMaThueckas Mojellb ImaroBoro mnpuBoga  3D-
MIpUHTEDPA.



IIpakTHyeckass 3HAYMMOCTH MOJYYEHHBIX HAYYHBIX pe3yJbTATOB
3aKJII0YAeTCs B CJIeyIoIeM:

e pa3paboTaHHbIE METOUKU CUHTE3a 3aKOHOB yIpaBICHUS
o0ecreunBarOIUX JBUKEHHE OOBEKTa MO 3aJaHHOM TPACKTOPUU B JOCTATOYHOMN
cTerneHn (HOpMaInu30BaHbl U MO3BOJSIOT 3PPEKTUBHO, KOHCTPYKTUBHO OIMPENEIAThH
MCKOMBIE 3aKOHBI YIIPaBJICHUS;

e pa3pabOTaHHbIE METOJUKH CHHTE3a MO3BOJISIIOT MPOBOJIUTH IPOLELYPY
CHUHTE3a IO TaOJMYHO 33JaHHBIM IPEANUCAHHBIM TPAaCKTOPUSIM ABWXKECHUS, KOTrJa
IPEINUCaHHYIO TPACKTOPUIO HEBO3MOKHO OIMCATh AHAJTUTUYECKH;

® pa3paboTaHHbIE METOAUKHU CUHTE3a OYEHb YCIIECIIHO pabOTaloT, B ClIyyasXx,
KOTJIa MCIIOJIb30BAHNE M3BECTHBIX METOJIMK CHHTE3a 3aTPYIHUTEIBHO: 3TO B MEPBYIO
ouepelb KacaeTcd 3aJad CHHTE3a 3aKOHOB yIpaBJi€HUS Uil MPUBOJOB
MPOMBINIICHHBIX po00TOB M 3D-mpuHTepoB. B CBs3M ¢ TeM, YTO MpakTHUECKOE
npuMeHeHue 3D-IpuHTEpOB, TOJBKO HA4YMHAETCSA, pPa3pabOTaHHbIE METOJUKU
CUHTE3a MPAKTUYECKU OUYEHb 3HAUHMBI.

OcCHOBHBIE M0JIOKEHHS TUCCEPTALMM, BBIHOCUMbIE HA 3A1LHUTY:

® MOJXOJ K CHHTE3y 3aKOHOB YIPABIICHHUS, O0OECIEUMBAIOUINX JBUKEHUE
00BEKTa IO IPEANUCAHHON TPACKTOPHUH JBUKCHHS;

® MOAXOA K CHUHTE3Yy YIpaBlIEHUS B clydyae 3aJaHus MpeANHCaHHOM
TPAEKTOPHUHM JIBHXKEHUSI B TAOIUYHOU (popme;

e pazpaboTaHHas MaTeMaTWyeckas MoOJenb Mmaroporo mnpuBoga 3D-
MpUHTEPA, KaKk OOBEKTAa YNpaBJIEHHs B 3aJa4axX OCYIIECTBICHHS TPACKTOPHOIO
JBUKCHUS;

® MPOTpaMMHOE U TEXHMYECKOE OO0ECIeueHue CHUCTEMBbl YIPaBICHHUS
AKCIIEpUMEHTaIbHBbIM 3 D-ipuHTEpOM.

JINYHBIA BKJAaJ COUCKATEJIA.

Bce HayuHO-TEXHMYECKHE pE3yNbTaThl padOThl MOJIYYEHBI IUCCEPTAHTOM
M0JT PYKOBOJICTBOM HAYYHOT'O PYKOBOIHUTEIIS.

B omyOnnkoBaHHBIX paboTax, B COAaBTOPCTBE C HAYYHBIM PYKOBOIUTEIIEM,
MOCTAaHOBKA 3a/ay M OOMIMIA TMOAXOJ HCCIENOBAaHUN NPUHAICKUT HAYIYHOMY
PYKOBOIMTENO, KOHKPETHAS MpOLIeaypa CUHTE3a M MOACIMPOBAHUS MPUHAIICKUT
IUCCEPTaHTY.

AnpoOauus pe3yibTaTOB AUCCEPTALUU.

Pe3ynpTaThl nucCcepTAaMOHHOM pabOThl JOKIABIBAINCH Ha CIEIYIOUIUX
MEXIYHAPOJIHBIX CUMITO3UYyMaX, PECITyOIHMKAHCKUX, MEKBY30BCKUX KOH(DEPECHIIHSIX:

e HayyHO-TexHH4eckoi koHdpepenimu KCTVY, 2014 r.;



® MEXAYHAPOJHON HAyYHO-TEXHHUYECCKOW KOHGMEPESHITMH MOJIOABIX YUEHBIX,
aCIIMPaHTOB U CTYAEHTOB «Mo00/1€Kb B MHHOBALIMOHHBIX UCCIEOBAHUIX», bUIIKEK
2016 1.;

e MexayHaponHou TenekoHdpepennuu, 2018 r. (MI'Y um. H.II. Orapesa,
MBU u KI'TY um. U. Pazzakosa).

® B CXKErOJHBIX HAYYHO-TEXHUYECKUX KOH(EpPEHIHUAX MOJOJbIX YUEHBIX
acriupaHToB U cTyneHToB KI'TY nm. 1. Pazzakosa, 2007-2017rr.

IMyoankanmu. OCHOBHOE COJEp)KaHME AHUCCEpTallMUd OMyOJMKOBAHO B 24X
paboTax.

CtpykTypa u 00beM AUCCEPTALIUN.

Juccepranusi COCTOUT U3 BBEACHUS, TpPEX TJIaB, MPUJIOKEHUS, U CIIHCKa
nutepatypbl. O0beM aucceptaniii  coctaBisier 175 cTpaHui] MallMHOMHMCHOTO
TEKCTa, BKItoYass 37 pUCYHKOB W 4 TaOJMIbI, CIIUCOK JINTEPATYpPhl, COAEPKAIIUN
115 HauMeHOBaHMI MEYATHBIX U3MAAaHUA U 15 HAMMEHOBAHUN 3JIECKTPOHHBIX
HMCTOYHUKOB UH(MOPMAIIIH.

OCHOBHOE COAEPKXAHUE PABOTbI

B mepBoii rnaBe NpoBENEH aHAIU3 CYLIECTBYIOIIMX IMOAXOAOB M METOJOB
CHUHTE3a 3aKOHOB YIIPABJICHUSA I10 OCYLIECTBICHHUIO TPACKTOPHOIO JBHKCHUS
oOBeKTa.

OTmeuaroTcss JOCTOMHCTBA W HENOCTAaTKH, O00JIaCTH LieJaecooOpa3Horo
IIPUMEHEHUS PACCMATPUBAEMBIX METOJIOB.

B aT10ii rnaBe, npoBeAEH KPUTHUECKU aHAIN3 padoT U3BECTHBIX YU€HBIX: E.A.
bap6ammuna, H.I1. Epyruna, A.C. 'amnynuna, B.J[. ®ypacosa, JI.M. boituyka, C.B.
Emenbsnona, I1.JI. Kpyteko, A.Il. Kpumenko, M.B. Mupomnuka, A.H. Illanaesa.
Kpome ananuza paboT BblllIEHAa3BaHHBIX YUEHBIX MPOBEAEH aHAIN3 paOOT U3BECTHBIX
- yuénbix Keipreiscrana u Kaszakcrana: JK.II. apmenanuesa, B.I1. )KuBorisinosa,
T.T. OmopoBa, Y.H. bpumkynosa, JK.M. barsipkanoBa, P.O. Owmoposa, E.JIL.
Mupkuna, M.®. baiimyxamenoBa, b.X. AnrtuanoBa, J[[.JK. CeigeikoBa, M.A.
beiicenOu u apyrux.

[Tpou3Ben€éHHBIM  aHANU3 COBPEMEHHOTO COCTOSIHHUS MpOOJeMbl CHHTE3a
3aKOHOB YIPaBJCHMS, IO OCYLIECTBICHUIO [BHWXEHHUS OO0BEKTa IO 3aJaHHON
IIPEANMCAHHON TPACKTOPHUHM MO3BOJIAET CAEIATh CIEAYIONIEE BHIBOBIL:

¢ PCHICHUC HpO6J’IGMBI CHUHTC3a Ha JAaHHOC BPCMA JO KOHIA HC PCIUICHBI, 3TO
CBA3aHO C TPYAHOCTAMHU IIpHU paCCMOTPCHHUHA HEJIMHEHUHBIX U MHOI'OMCPHBIX CUCTEM;,



® MIPOIEAYpPbl CUHTE3a HA OCHOBE NMPUMEHEHUSI KOHIIENIIMKU OOpaTHBIX 3a7a4y
OUHAMHUKH TIO3BOJISIIOT 3aJaBaTh JKEJIAEMbIE MPOLECCHI, ABMKEHHUS B IPSIMOM
He(OopMaJIbHOM BUJIE;

® DPAacCMOTPEHHBIE HEMHOTOYMCIICHHBIE METOAbl CHHTE3a OCHOBAHHBIE Ha
KOHIICTIIIUSIX OOpATHBIX 3a7a4 JWHAMHKHA, B OCHOBHOM, OTPAaHHYCHBI KJIACCOM
OJHOMEPHBIX CHUCTEM;

® B IIOJABJISAIONIEM OOJIBIIMHCTBE CIIYYaeB CYHIECTBYIOIINE METO/bI CUHTE3a
paboTalOT TOJILKO B CIy4asiX, KOIJa TNpeINUCaHHbIe TPACKTOPUHU JBUXKEHUS
3a/1al0TCs B aHAIMTHYECKOU (popme.

® K CEroJHSIIHEMY JHIO BO MHOTHMX NPUKIQJAHBIX 3a7ay, TaKuX, Kak
yhnpaBlieHHEe pabOYUMU OpraHaMy MPOMBIIUICHHBIX MaHHUIYJSTOPOB, pPaboYMMU
opranamu 3D-NpUHTEPOB, YNpPaBJICHUE JIBMKEHUEM KPBUIATBIX PAKET M B JPYTUX
CTaBSTCS 3aJa4¥  OCYIIECTBICHUA JBWXKCHUS IO 33JaHHBIM IPEINHCAHHBIM
TPACKTOPHUSM.

B cuiy BbllIeIEpEeYUCIICHHBIX MPOOJIEeM CHHTE3a, a TaKXKe BCJECIACTBHUE
pacCHIMpPEHUs]  UCIOIB30BAaHUS MPOMBIIUICHHBIX POO0TOB W 3D-mpuHTEepoB AJis
pa3IUYHBIX chep MPAKTUKU, MOCTAHOBKA 33/1a4l KOHCTPYKTUBHBIX METOJIOB CHUHTE3a
3aKOHOB YIPABJICHUS MO OCYIIECTBICHUIO ABMXKECHUS MO 3aJlaHHOW NPEANACAHHOU
TPAGKTOpPUM JBIKEHHS C TIO3UIMM OOpaTHBIX 3ajay JIUHAMUKH  SIBJISICTCS
AKTYaJILHOM, KaK B TECOPETUYECKOM, TaK U IPAKTUYECKUX ACIICKTaX.

B-BTOpO# r1aBe OMMUCHIBAIOTCS MOAXO/bl CUHTE3a YIPABICHUN TPACKTOPHBIM
JIBDKEHHEM OOBEKTa B CIIydasX: KOTJa NpPEINUCaHHAs TPACKTOPHS JIBUKCHUS
OMHCHIBACTCS B aHAIMTUYECKOU (DopMe; KOoria npeAnucaHHas TpaeKTopus 3a1a€Tcs B
TabnuyHoi (opme. OmnuChIBaeTCS TaKkKe, MOJIXOJA aJalTUBHOTO YMpPABJICHUS B
CJIy4ae mapaMeTPUUYECKUX BO3MYIIECHHUI.

PaccmaTpuBaercsi OOBEKT ONUCHIBAEMBIM MAaTEeMaTHYECKOM MOJEIbI0 B
KJ1acce

x=F(x)+ Gx)u, (1)

T
rie X= (Xl’XZ""’Xn) — 6eKMop COCIMOSIHUA,

.
u= (u1’U2 yous ,Um) — 8eKMOp VIPAGTIeHUA .

F(x) — B 001eM citydae HelUHEHHAsS BEKTOP QYHKITUS;
G(x) — w™arpuia D>JEeMEHTbl KOTOpPOW,  HEJIMHEHHBIC
bysakmu ot “ x 7
[IpennucanHas TPaeKTOPHUsl JBWDKEHHS 337aéTCsi B BHIC CHUCTEMBI
AHAJTMTUYECKUX BBIPAKCHUIN



Y (x,t)=0, r=1I,5s (2)

BBenas noHaTHe omMOKY BBITIOJHEHUS 3alaHHOM IPEANUCAHHON TPACKTOPUU
5, =¥ (x,t)#0, r=1I,5s . (3)
Hasnauas, mamee, TpeOyeMblii 3aKOH OTpPAOOTKH OIMMOKH BBITTOJTHCHHSI

IMporpaMmsbl ABUKCHUS B BUAC

C;—Str =R,(6,x,t), R.(0,x,t)=0, r=15s, &, =¥, (xt)=+0, (4)

MOJIy9aeM COOTBETCTBYIOIIHE alreOpandecKue COOTHOIICHUS W3 KOTOPBIX
OTIPENICIITIOTCS MCKOMBIE 3aKOHBI yIpaBiieHus. Beibop mpounsBonbHOM (QyHKIMHA R,
OCYIIECTBIISIETCS W3 TpeOyemMoill IWHAMHUKH OTPA0OTKH OIMMOKH W YCJIOBHUM
(br3MUECKON peaan3yeMOCTH.

B 3aBucuMOCTH OT JMHEWHOMN 3aBHCUMOCTH MJIM JUHEWHON HE3aBHUCHUMOCTHU

0w —
BekTopoB GT —=, 1 = I,s, mpolLeaypa CUHTe3a OYAET OCYIIECTBIAThCA Pa3HBIMU

ox
T 0¥, — .
nytamu. B Tom cnydae, korma BekTtopel G e r = I, s OpencTaBisioT coOoi

HHHeﬁHO HGBaBI/ICI/IMyIO CHCTeMy, HpOHeI[ypa CHUHTEC3a OCYHIGCTBHHGTCH Ha OCHOBC
Y A Y LY
(6T 52 v) =Rr<“"’“'t)‘( y )

@) -5, r =T (5)
KoTopasi onpeaessieTcs us (4).
Otcroma, B COOTBETCTBHH C pe3yJbTaTaMH, KOTOpPHIE TPUBEICHHI B
MIPWIOKEHUH 2, BEKTOP YIPABIICHUS OMPEACIICTCS KakK

ov;
U=Y%5, G602 (6)

rae koddduuuentsl C; , = [, s onpenenseTcs U3 CIeayolel CUCTEMBI:

AGE W@ = R- (S F@)-Shi=Ts (@)

T, 0%, —
B Tom ciydae, korja cuctemMa BEKTOpOB G (x)E, r = 1,5 He gBusgeTCs

JUHEWHO HE3aBUCUMOM, MpOIeAypa CHUHTE3a OCYIIECTBISETCS C HCIOJIb30BaHUEM
CJIEAYIOLIEN CUCTEMBI:

oW, oW oW —
GU) =R, — LF(x))|——=, r=1,s 8
(ax ) ) T ax ) ( ) at ) ) ( )
W3 »3TOW CHCTEMBI, B COOTBETCTBHHM C TMPUIOKECHHEM 2, TEPBOHAYAILHO
OTIpeIeIIACTCS

GO =35, 620, (9)

rae ko3 durmenTsl C; ONPenesoTCsS U3 CUCTEMBI



ox ' ox dx ot
Jlanee UCKOMBIN BEKTOp ympaBieHus ompeneinsercs u3 (9). 3mech HCKOMBIM
BEKTOp YIPABJICHHS I TPeOyeMOi MPeaTuCaHHON TPACKTOPUHN CYIIECTBYET TOIBKO
B TOM ClIy4ae, KOr/a BBIMOIHSIETCS yCIOBUE

526 (G5 = R (52 F0) -5 i = Ts (10)

rank (G(x) P i1 G %) = rank G(x) (11)
Ecnu naHHOE yCIOBHE HE BBIIOJIHSETCS, TO 3TO TOBOPUT O HEBO3MOYKHOCTH
OCYIIECTBJICHUSI JIBI)KEHUS YMPABIAEMOU CHUCTEMbI MO 3aJaHHOM (TIpenrnucaHHoOm)
TPACKTOPHH.
B uwactHOoM ciydae, korma F(x) = Ax, G(x) =B wuMmeeM NIMHEWHBIH
00BEKT BUIA
X = Ax + Bu, (12)
rae A,B — uwuciioBble MaTpULbl KOAP(HUIIMEHTOB
IMoaxox Kk CcHHTE3y 3aKOHOB YNpPaBJeHUS] B CJIAy4Yasax 3aJaHusd
NPeANMCAHHON TPACKTOPHH IBUKeHHUS B Ta0JAM4YHOU dopme.
B sToM monaxone mpennucaHHYIO TpPaeKTOPHUIO ABMXKEHHUS OTOOpaXaroT B
BUJE TaONUIbl U3 KOHTPOJBHBIX TOUEK Yepe3 KOTOPYI0 MPOXOAMUT CHCTEMa B
COOTBETCTBYIOIINE TUCKPETHBIE MOMEHTHI BPEMEHHU.
[IycTh OOBEKT OMUCHIBAETCS CUCTEMOM

x=f(x,u,t) (13)

TpeOyeTCs CHHTE3UPOBATh 3aKOH YIIPABJIEHUS MO OCYLIECTBICHUIO IBHXKCHHUS
VOPABJISIEMON CHUCTEMBI MO MPEANHCAHHOW TPACKTOPUHU, 3aJaHHON B TAOIUYHOU

dhopme.

Tabmuua 1. - [Ipenmucannasi TpaeKTOpUs ABUKEHUS, 3aJjaHHAs B TAOIHMYHON (hopme

t, t, t, t, ts
Xl X10 Xll X12 X13
X, X0 X5 X2, X3
Xn XnO an Xn2 Xn2
Jlst yI[O6CTBa NpuHUMaeTcd f, = K, k=012,.., TO €CTb BBOIUTCSA

36CTpaKTHBIe JAUCKPCTHBIC MOMCHTBI BPCMCHU.
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MaremaTtudeckas MOJICIIb 00BEKTa 3aIMChIBACTCS B ,ZII/ICerTHOﬁ (bopMe

X(k+1) - x(k) _ f (x(k), u(k), k),
tk+1 T
HIH M — £ (x(K), u(k), k), (14)
X(k +2) = x(k) + f (x(k),u(k),k)A, (15)
rae x(k) - rexymiee coctosinue, X(k +1)- cCOCTOsIHME Ha CJIEAYIONIEM Iiare. JTo
BBIP@&XXEHUE CBA3BIBAET TeKyllee cocrossHue x(kK), Tekyumiee ymnpasiaeHue u(k) u
coctosiHue X(k +1) B CIEIyIOIMI MOMEHT BPEMEHH.

N3 Beipaskenus (14) Mmoxxuo onpenenutsb u(k):
u(k) =U (x(k), x(k +12),k, A);
Opnako Takoi crmoco0 He TapaHTUPYET YCTOMYMBOIO  OCYIIECTBICHUS
JBIDKEHUS TIO0 TPeOyeMbIM TMPEANUCAHHBIM JTUCKPETHBIM TOYKAM JIBMDKCHHS.
[TosToMy, MckOMOeE yrpaBiieHHE OyAeM HaXOJIWTh MyTEM MUHUMHU3ALUU
KBaJpaTa HEBSI3KU MEXAY TPEOYeMBIMU U TEKYIIUMH JUCKPETHBIMHA 3HAYCHUSIMU
COCTOSIHHUS YIIPaBJIsIEMOro 0OOBEKTa.

Takum 0O6pa3om ympasieHue OyJemM UCKaTh B BUJIE:

(k-+D)[ = mip (16)

Hx (k+1)—x nir

mabn mexkyuwy

rae X _(k+1) — Tabnuunoe 3HaYEHHE, X (k+1) — Tekyuiee 3HaUEHMUE.
maobn mexkywy

Pacnumem Beipaxkenue (14) moapo6HO

(Knazn (K +1) = X, (K1), X5, (K +1) = X
(X (K +1) = x(k) = T (x(k), u(k),k)A, x

ey (K1) =
(k+1) = x(k) — f (x(K),u(k), k)A = min

maén

mabn

3arem B35B 4aCTHYIO NMPOU3BOAHYIO MO0 U(K) OT 3TOro BhIpaKCHHMS, HaIEM
HE00X0IMMOE yIpaBJIeHHE

06 _ 0=u(k)="?
ou(k)
Pacriumiem sty mpoueaypy Uit THHEHHOTO 00BEeKTa
x(K +1) = X(K) + AX(K)A + Bu(k)A
170101
x(k +1) = (AA + E)x(K) + Bu(K)A ; (17)
[ToncTaBUB KOHKpPETHBIE BBIPAXKEHHSI, BO3bMEM CKaJISIPHBIC MPOU3BEACHHUS, U
MOJIy4rM 0O1IIee BhIpaKeHHUE:
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X - (k+1) = (AA+E)x(K) + BAU(Kk), X, (K +1) = (AA + E)X(k) + BAU(K)) = X" maca(K +1) =
X" (K)(ATA+E)—u" (K)B"A,x . (k+1) — (AA + E)x(K) + BAu(K) =
(X maga (K +D)(X - (K +1) = (X" maca(K +1)(AA + E)X(K) = (X" masa (K +1)BAU(K) —

X" (K)(ATA + E)(X masa(K +2) + (X" (K)(ATA + E)(AA + E(x(K) +

X" (K)(ATA+E)BAu(k) —u" (K)B"Ax__ (k+1) +u' (k)BTA(AA + E)x(k) +u’ (k)BT ABAu(k)
Bo3pMméM yacTHyr0 mpon3BoaHYy0 o u(k)

maon

-B"AX,, ., (kK +1)+ BT (AA + E)AX(K) - B AX,, . (K +1) +

BT (AA + E)Ax(K) + B"BA2(K) + B BA2U(k) = 0
OTCI-OI[a, 3daKOH YIIPABJICHUA YIIPABJICHUC OIIPCACIICTCA B BUIC

u(k) = _z_i?- (B"B)'[2BTAX_ (k +1)— 2BT (AA + E)Ax(K)] =

maon

(k +1) — BT (AA + E)Ax(K)] = (18)

mabn

—%(BT B)'[-B" Ax

(k +1) — BT (AA + E)Ax(K)]

- (BB)[B"Ax,,,,

AJJanTHBHOE yIIpaBJieHHe TPACKTOPHBIM JIBUKEHUEM

PaccmoTpum  moaxoxn K CHHTE3y QIANTUBHOTO 3aKOHA  yIPaBJIEHUSA
TPAeKTOPHBIM JABUKEHHUEM B CITydae MapaMeTpUYeCKUX BO3ZMYILEHUN B OOBEKTE.

OOBEKT OMUCHIBAETCS CUCTEMOM

X = Ax + Bu + AAx, (19)

rae A,B — 4HCIOBBIE NETEPMUHUPOBAaHHbIE MaTpulbl, AA — maTpuna
napamMeTpruueCKuX BO3MYILEHUN

Martpuiia HEM3BECTHBIX MNApaMeTpoB  O00BEKTa  YAOBIETBOpPSET  Tak
Ha3bIBAEMOMY YCIJIOBHUIO KBa3WCTAMOHAPHOCTH, IPU KOTOPOM MPEIIOIATraeTCsl, YTO
napaMmeTpbl O0BEKTa H3MEHSIIOTCS HaMHOTO MEJUICHHEe, 4YeM IepeMEHHbIe
COCTOSIHUSA. B COOTBETCTBUM C 3TUM, NMPUHUMAETCS

d(AA)
— =~ 0 (20)

[Ipennucannas mporpaMmMa JABHKEHUS 3a0aE€TCS B BUAEC YPAaBHEHUN
Y(x,t)=0, r=ILs s<n (21)

ow
[Ipenmnosiaraercs pu 3TOM, 4TO PaHI MAaTPULIbI 5, PaBeH “s”.

3amauyy CHHTE3a AaJanTUBHOTO 3aKOHA YMPaBICHUS MPOTPAMMHBIM
IBUKEHUEM chopMyIupyeM cieayromuM ob0pa3oMm. TpeOyeTcss CUHTE3UpPOBATh
aJlalTUBHBIN 3aKOH yNpaBIIEHUS B KJ1acce
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{U = Upp(x,t) = C 22)

C = ¥(xct).
rne C — Marpulla HacTpauBaeMbIX MapaMeTPOB PEryJsATOpa, MPU KOTOPOM
nBkeHue cucteMsl (19) ocyiecTBisieTcs no npeAanucanHon nporpamme (21).
Jns  pelieHWss TOCTaBJICHHOM 3ajlaud  BBOJUTCS TOHSTHE  OIIMOKH
BBITIOJTHEHUS MPEINMUCAHHON IPOrpaMMBbl JBUKECHUS

8, =¥, (x,t) # 0,
{6r—>0, r=1s" (23)
Hanee ucnons3yercst Mmetoa pyHkuuii JIsimyHOBa B CIEAYIOLIEM aCEKTE.
®yukuus JlssmyHoBa popmupyercs B BUAE
V(6,y) =X7=167 + i (vu v, (24)
rne y; = (AA — BC); — i-as ctpoka matpuibl (AA — BC)
Hns OTBICKAHHSI HCKOMOTO 3aKOHa CIEpBa, BBIYUCIISIEM TIOJIHYIO

MPOU3BOJIHYIO (PyHKIMM JISTTyHOBA Ha JBMXKCHUSX CHCTEMBI, 3aTE€M MPUPABHSIECM €0
K TPOU3BOJIBHOM 3HAKOOIpeaeIeHHON (YHKIIMH OTHOCHTEIBHO IEPEMEHHBIX
01, s Opy

PaccmoTpuMm 3Ty cXeMy MOCTPOCHHS HMCKOMOIO 3aKOHA YIIPABIICHUS.
Brraucnsem mosiHyr0 npou3BOAHYH (PyHKIMH JISmyHOBa Ha JBUKEHUSX CHCTEMBI.
HNmeem

v =yn 1zw( TAx+Bunp)+Z 1zw( T(AA+BC)X)

. owz
+2r=12(yi V) + + X7 ot (25)

no2w (55 0A-BOY) = T 2% B, SRy (26)

[IpousBost mpeoOpazoBaHUs MOTYUYUM

V=302 (32, Ax + Bug, )+

T8 20070 + By whx| 42, 2D @)
[TorpebyeM BBITOJIHEHHS YCIOBHS
V =a(x) R(5; ..., 60, %) (28)
rae a(X) — 3HakooTpuIarenbHas (QYHKIUS BbIOMpacMas W3 YCIIOBHS
(bHU3NUECKON peaTn3yeMOCTH CHHTE3UPYEMOTO 3aKOHA YITPABIICHHUS;
R(64,...,6,,X) — TPOU3BOJIbHAS  TOJOXHUTEIBHO  OMpPEACIEHHAs 10

MEePEMEHHBIM §1, ..., 0, QyHKIHS.

12



Ecnu 3akoH ymnpaBieHus onpenenuTb u3 cuctemsl (27), (28), To o4eBUIHO,
YTO COTJIACHO M3BEeCTHBIM TeopeMaM B.B. Pymsnuesa, niens ynpasienus (20) Oyner
nocturyta. Takum oOpaszom, u3 cuctem (27), (28) onpenernseM, BO-NEPBHIX, 3aKOH

HaCTPOMKH IapamMeTpoB peryn;{Topa B BUJIE

. G‘Pr
V1i=-— =1 LIJT T' (29)

U BO-BTOPBIX, OMNpEIEsieM nporpaMMHon 4acTh 3aKOHa ymnpasieHMs. [[ins
OTIpe/ieNICHUs MOCIEHErO UMEEM

_1 2%, (alpr Ax + Bunp) + Y

rae 6; = W, (x,t # 0).
3amuiieM ocieIHee BRIpaKEHNE B CICAYIOIIEM PABHOCHILHOM BHUJIE:

a(‘Pr)

a(x) - R(6; ..., 6, x) (30)

oW, (W2 alpr
n_ 2y (E,Bunp) =a(x-R(,.,.) =S, 2 (zr 2w 2 Ay ) (31)

u3 ypaBHeHUs (31) OKOHUATENbHO UMEEM

2 n
np_ a(x) R(' ) ) z a( ) lequ %,Ax

awr ow, \~1 oW,
(BT Za 2w, 5 BTZlewr;,) BTSN 2%, ST
(32)

C yuétoM 0003HaUCHUI JJIs ¥; U YCJIOBUMA KBA3UCTAIIMOHAPHOCTU aJITOPUTM
HacTporkH (29) OKOHYATENIHHO 3AMUILIETCS B BUJIC

. oY, .
(BO)i = X ¢ 5z i = 1Lm (33)

rie yepes (BC); , 0603HayaeTcs i-s1 cTpoka MaTpuubl BC.

B Tpethelt rmaBe paccMartpuBaeTcs MpUMEHEHHE pa3paOOTaHHBIX MOIXO0JI0B
CHUHTE3a K HEKOTOPBIM 3a/lauaM U3 MpakTUKu. Bo-mepBhIx, paccMaTpuBaeTcs 3amadya
CHUHTE3a YIpaBJIECHUS JJIs IIAaroBBIX MPHUBOAOB 3X-3BEHHOTO MAaHMITYJISATOPA.
PaccmarpuBaercst 3X-3BEHHBIH MAHUITYJSITOP KaXKI0€ KHHEMATHYCCKOE 3BEHO
KOTOPOTO TPHUBOJUTCS B JABMKCHHUE CBOMM IIAroBBIM TpHBOJOM. [IpenmmcanHas
TPAeKTOPHs IBIKCHUS pabovyero opraHa MaHUITYJISITOpa (3aXBaTHOTO YCTPOWCTBA) B
nmpocTpaHcTBe 3aaaéTcs B TabnuuHon Gopme. Ha ocHoBe pazpaboTaHHOM BO BTOPOH
rJIaBe JUCCEPTAIMH, TEOPUU CHHTE3a M pa3padOTaHHON MAaTeMAaTHYEeCKOW MOJAENH
IIar0BOTO MIPHUBOJIA, KaK 00BEKTa yMpaBiICHUs MPUMEHUTEIHHO K TaOIUIHON Gopme
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3alaHusl  TPEANUCAHHOM  TPAeKTOPUM  JIBIDKEHHMS  3aXBaTHOTO  yCTpOICTBa
OTIpe/ieNICHbl NCKOMBIE 3aKOHBI YIIPABJICHUS I KaXK0TO MPUBO/IA.

[IpoBenéHHOE KOMIBIOTEPHOE MOJICIMPOBAHUE CHUHTE3UPOBAHHON CHCTEMBI
VOPABJICHUS TOATBEPAWIO, YTO IBWKEHHE pabodero opraHa MaHUMYJSTOpa
POUCXOJIUT COTIIACHO TAOTUYHBIM JAHHBIM.

B TpeTheilt TnaBe, Takke pelraercs 3ajada MOCTPOEHUSI CUCTEMBI YIIpaBICHUS
nporotunioM 3D-npunTepa. PaccmarpuBaercs 3D-npuntep padotarommii mo FDM
TEXHOJOTHH TO €CTh, MO TEXHOJOTHUU HU3TOTOBJICHHS JAETAIH IyTEM MOCIOMHOTO
HAIUTaBJICHUS] MaTEpUATIOB.

[udposoit 00pa3 M3roTaBIMBAEMON AETAIM NPEICTABIAECTCA B TaOIMYHON
dbopme. Tabmuynast QopMa H3roTaBiIMBaeMoi (medaTaeMon) JeTald OTpPaKaeT
MPOCTPAHCTBEHHBIE KOOPJIMUHATHI KOHTPOJHHBIX TOYEK B M3rOTABIMBACMOM JETalu
yepe3 KOTOpble, NPOXOJIUT ToJIoBKa JKcTpydepa 3D-mpuntepa B 3agaHHBIC
JTUCKPETHBIC MOMEHTHI BPEMEHHU.

[To TpeOyeMoit mpOCTpaHCTBEHHON MoOJeNu U3roTaBivBaeMoi neranu (Puc.
1.) ctpoutcs Tabiuia AJis1 TPEANUCAHHON TPACKTOPUM ABMXKEHUSI pabouero opraHa
3D- npunrepa (Tadi. 2.).

Puc.1. [IpocTpancTBeHHast MOZENb AETAIN C HAHECEHHBIMU HA HEE
KOHTPOJIbHBIMUA TOYKaMH.
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Tabnuua 2. - [IpeanucanHbie KOOPAUHATHI KOHTPOJIBHBIX TOUYKaX TPACKTOPHUHU

t, t, t, t, t., t LI
X, X X, Xy Xy 1 X, X1
Y, Y1 Y, Y Yia Yo Yia
ZS Z, Z, Z L1 Z Z

Hayano nBmkeHHs redyaTarolieldl TOJIOBKM OCYIIECTBIISIETCS C MOMEHTA t, U
Ha4yaJIbHOTO MOJOXKEHUs (X,,Y;,Z,). 3aTeM BBIIOJHAETCS IEPEXO] B IOJOXKEHUE
(X,,Y,,Z,), COOTBETCTBYyIOIIEEC MOMEHTY BpemeHu t,. Jlanee nBuUXeHuHe
OCYUIECTBJISIETCS. AaHAJIOTMYHO W B KOHIIE NEPBOr0 IHUKIA, COOTBETCTBYIOIIETO
«TIEPBOMY CJIOIO» BOCIIPOM3BOJUMOrO OOBEKTa, IedaTarolasi rojioBKa MPUXOJIUT B
HaydaJpHOE IIOJIOKEHUe, T.e. (X,,Y,,Z;). M3 3TOro mnoyoKeHHs OCYIIECTBISAETCS
nepexos B monoxenue (X,,Yy,Zy) H 3aTeM JABMKEHHE OCYLIECTBIISIETCS 110 BTOPOMY
1010 00BEKTa, BOCTIpOoU3BOAUMOT0 3D - mpuHTepoM. Jlanee 1BUKEHHUE BBITIOIHAETCS
no 3-eMy ciow U.T.A. B KoHIEe paboThl OCYyIIECTBISETCS MEPEXo] K KOHEUHOMY
nosoxenuro (XY, ,Z,).

JIist TaOMYHOTO MPEACTaBICHUS TPACKTOPUHU JBUXKEHUs paboyero oprana 3D-
npuHTepa (TOJOBKA 3KCTpyaepa), pazpaboTaHa MaTeMaTUYecKas MOJEINb IIaroBOro
MPUBO/IA, KaK 00BEKTA yIpaBJICHUS B BUE

Zia=2Z +ng, 1,

rne X,,Y,,Z,- TEKylIHe KOOPAUHATH PabOYMX OPraHoB MPHUHTEPA I10 OCAM
X,Y,Z B x - bl MOMEHT BpeMeHU; X, ;, Y..1, Z,, — KOOPJAUHATHI pab04YrX OPraHOB
mo ocsiM X,Y,Z B (k+1) MOMEHT BpeMeHH; Ng,MN,MN,- KOINYECTBA HMITYJILCOB
MOJIaHHBIX Ha TraroBbix aBuraressix (L) mpuBomoB mo ocsM X,Y,Z 3a yKa3aHHBIN
npomMekyTok Bpemend; |, l,,,l,. — Bennunnsl nuneitHbIX 11aros paGodero opraxa 1o
ocsIM X,Y,Z OT JIEUCTBHS OJIMHOYHBIX MMITYJIbCOB Ha cooTBeTcTBYytomue III/].
I'ne mapamerpst |,,.l,,.,1,. — onpenensitorcst KOHCTPYKTHBHBIME TaHHBIMH IIIATOBBIX
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JIBUTATENIed M TIOCAXEHHBIX Ha BaJl IIaroBBIX JBUTATElICH IepeaaTOYHBIX
MEXaHH3MOB.

W3 mpennrcaHHON TaOIHIIBI IBWKEHUS Ta0d. 2. U cucteMbl (34) onpenenstor
HMCKOMBIE KOJTMYECTBA HMITYJILCOB TTO/IaBaEMbIX Ha OOMOTKH IIArOBBIX JBUTATENICH Ha
OTpEe3Ke BPEMEHH [ty, tj41] B BUIE

_ Xk+1—Xk
(nkx - Ly ,
il
_ Yg41—Yg
_ Zg+1—Zg
knkz - L ,
il

Jns TeXHUYecKOW peanv3aldd CHHTE3UPOBAHHBIX 3aKOHOB YIIPABICHUA
IIarOBBIMM  TIPUBOJIaMU  HMCIOJB30BaHbl [I9BM, Mukpokontposiep Arduino wu
COOTBETCTBYIOIIIME MUKPOCXEMBI.

Jnst  anpoOanuu  CHHTE3MPOBAHHBIX 3aKOHOB YIPABJICHHS IIarOBBIMU
MPUBOAAMH OBbUT pa3pab0TaH W W3TOTOBJICH AdKCIIEpUMEHTanbHBIM 3D — mpuHTEp.
CrpyktypHO - (yHKIIMOHaJbHAs cxeMa cucTeMbl ynpasieHuss 3D — mpuHTtepa ¢
HCIojib30BaHueM Arduin0 moka3aHo Ha puC. 2. BHCIIHUH BUJ MakKeTa MpeCTaBIICH
Ha puc. 3. Pe3ynbTaThl HATYpHBIX UCHBITAHWI pa3paboTaHHoro mporotuna 3D —
MpUHTEpA TMOKa3aldW, 4YTO JIEUCTBUTENbHO paboumii opran 3D — mpuHTEepa
OCYIIECTBIISIET ABUKEHUE COTJIACHO 3aJJaHHBIM TaOJUYHBIM JTAHHBIM.

Puc.2. ®ynkunoHaneHas cxema cuctemsl ynpasienus 3D — npunTtepa ¢
UCIoJIb30BaHueM Arduino.
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Puc.3. Buemnuii Bug Makera npororuna 3D-npuHTepa

BriBoabI

B pesynpTaTe AuccepTalMOHHBIX MCCIEAOBaHUN pa3zpaboTaHa Teopus U
KOHCTPYKTUBHBIE MPOLEAYPHl CUHTE3a YIPABJICHUS 10 OCYIIECTBICHUIO JBUXCHUS
00BEKTa MO NPEANUCAHHON TPACKTOPUH:

* pa3paboTaH TOAXOA  CHHTE3a B Cily4asX 3aJaHusl MpeANHCaHHOM
TPAEKTOPUHU JIBH>KEHHS B aHATUTUYECKOU (popme;

* pa3paboTaH TOAXOA  CHHTE3a B Cily4asX 3aJaHusl MpeANHCAHHOM
TPAEKTOPHHM JIBH>KEHUSI B TAOMUYHOU (popme;

* A JIMHEHHOTO MHOT'OMEpPHOTO 00BEKTAa, IIOJIBEP’KEHHOTO
napaMeTpuuyecKuM BO3MYILIEHUSAM, pa3padOTaH MOJIXOJ K CHUHTE3Yy aJalTUBHOIO
YIPABJIEHUS TPACKTOPHBIM JIBH)KEHHEM;

* JUI1 paccMaTpUBAEMbIX KJIACCOB YIPAaBIAEMbIX OOBEKTOB pa3zpaboTaH
KPUTEPUI  OCYLIECTBUMOCTHM  TPACKTOPUM  JBWKEHUS HA  s3BIKE  paHra
COOTBETCTBYIOIIUX MaTpPHILI;

* pa3zpaboTaHbl ~ MaTeMaTUYeCKHME€  MOJENM  IIAroBbIX  JBUTATENEH,
npuMeHseMbIX B 3D-npuHTepax, Kak 00bEKTOB YIPABICHUSI.

Pa3paboTaHHble TEOpETHUECKUE TMOJIOKEHUSI allpoOOUPOBAHBI HA MHOKECTBE
MOJEJIbHBIX 33/a4, & TaK)Ke IPU PEUICHUU KOHKPETHBIX MPUKIAIHBIX 33/]a4.

Pesynbratel MogenupoBanus Ha [IOBM, a Takxke HaTypHbIE HCIBITaHUS
pa3paboTaHHoro nportotumna 3D-npuHTEpa MOTHOCTHIO MOATBEPKAAIOT MOJIOKESHHUS
pa3paboTaHHON TCOPHH.

Pa3pabotannblii moaxoA K CHHTE3Y B CiIydae 3aJaHUsl MpearucaHHON
TPaeKTOpUM B TaOJMYHON (PopMe MO3BOJIAET CHUHTE3MPOBATh 3aKOHBI YIPABICHUS
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npuBogamu 3D-npuHTEepa AN AeTaliel J0ObIX QopM, H3roTaBiMBaeMbix Ha 3D-
MIPUHTEpE.

CIHIUCOK OINIYBJIMKOBAHHBIX PABOT

1. Bbarbipkanos, K.U. 3aiaua ynpasieHus Mo 3aaHHON MTporpamme [TeKCT]
/ K.N. bareipkanos, A.Jl. Maapaumona, K.K. Kansipkynosa // U3sectust KI'TY um.
W. PazzakoBa, Nell. — bumkek, 2007.— C. 144 -147,

2. barbipkanoB, K.U. Cunre3 ympaBieHUs MO TaOJIMYHO 3aJJaHHBIM
nporpammam [Tekcer] / XK.M. bateipkanos, K.K. Kanmeipkynosa /  Marepuansr 50-
I00WIeHHON HaydYHOM KOH(EpEHIIMH  MOJIOALIX YUYEHBIX U CcTylaeHToB. «HoBas
reHepanus yu€Hsix - oyayimee Koiproizcranay. KI'TY um. U. Pa33zakoBa. — bumnikek,
2008. — C. 177-180.

3. barpipkanoB, K.U. Cunre3 ympaBieHuss M0 TaOJIMYHO 3aJaHHBIM
nporpammam aBwkenus [texcr] / JK.M. bateipkanoB, K.K. Kaasipkynosa //
Marepuansl mexayHapoaHoit koHdepennuu. KI'TY uMm. W. Pa3z3akoBa. — bumikex,
2008. — C. 203-207.

4. barbipkanos, K.M. AnantuBHoe yrpaBieHUE TPACKTOPHBIM JBUKEHHUEM
[Tekct] / XK.M. bareipkanoB, K.K. Kaneipkynosa // Uzpectuss KI'TY um. U.
Pas3akoBa, Nel19. — bumkexk, 2009. — C. 130-132.

5. bareipkanoB, K.U. TpaektopHOe ymnpaBieHHEe OOBEKTOM MO TaOIUYHO
3amanHbIM  Tporpammam [tekct]| / JK.M. bateipkanoB, K.K. Kaneipkynosa //
Marepuanbl MEXIyHApOAHOW KOH(EPEHINH, MOCBAIMICHHBIA /0-JIeTHI0O akajaeMuKa
A. XKaitnakoBa. M3Bectuss KI'TY um. U. Pa33akosa, Ne 24. — bumkek, 2011. — C.
290-295.

6. KappipkynoBa, K.K. Co3manue amnmapaTHO-TIPOTPaMMHBIX CpEACTB
KOHTPOJII W YINpaBJEHUs »JJeKTpoMexaHudeckuMu oObekTamu [tekct]| / KK
Kansipkynosa // 3sectus KI'TY um. U. Pa3zakoBa, No27. bumkek, 2012. — C. 121-
123.

7. Kanbipkyaoa, K.K. AxantuBHoe yrpaBieHue Mpu TaOJIMYHO 3aJIaHHBIX
npeanucaHdbix TpaekTopusx aBwkeHus [Texcr] / K.K. Kagsipkynosa // U3Bectus
KI'TY um. U. Pa3zakosa, Ne29. — bumkek, 2013. — C. 255-257.

8. barbipkanoB, /K.U. CuHTe3 3aKOHOB YIIPaBJICHUS MO OCYIIECTBICHUIO
JBUKEHUS YIpaBIsieMOro o0beKTa Mo mpeanucaHHou mnporpamme [Texcr]| / XK.H.
bateipkanos, K.K. Kansipkysnosa // Bectauk nayku KCTY um. 3. Angamkap, Ne3 —
Kocranaii, 2013. — C. 29-34.

18



9. Kansipkyaosa, K.K. IIporpaMmMmHOoe ynpaBieHHE MHOTOMEPHBIX CHCTEM
Ha OCHOBe pemieHHs oOpaTHbIX 3amau auHamuku [Texct| / K.K. Kageipkymnosa //
MzBectus KI'TY um. U. Pa33akoa, Ne30. — bumkek, 2013. — C. 141-144.

10. barbipkanoB, K.!A. CuHTe3 3aKOHOB YIPABJICHHS IO OCYIIECTBICHHUIO
JBYKEHUSI YNPaBIsieMOro oObeKTa Mo mpeamnucaHHoi mporpamme [tekct] / K.
barsipkanoB, K.K. KaxgbipkynoBa // AkTyanabHble TIPOOJIEMbl TEOPUH YIPABICHUS,
TOTOJIOTUH U ONEepaTOpHbIX ypaBHeHUM (Te3uchl nokianoB). KPCY um. b. Enbruna.
— bumxek, 2013. - C. 40-41.

11. barsipkanoB, K.MU. Crabunuzatop yrioBoii ckopoctu [Tekct] / XK.U.
barbipkanoB, A.M. Mawmsimo, K.K. Kageipkynosa // M3sectus KI'TY um. HU.
Pas3akoBa, Ne31. — bumkek, 2014. — C. 112-114.

12. barbipkanoB, K.UA. CunTe3 3aKOHOB YIPABJICHHS IO OCYIIECTBICHHUIO
IBWKEHUs 1o mpennucanHod mnporpamme [texcer| / K.U. Bateipkanos, K.K.
Kanpipkynosa // Bectauk Hayku KCTY um. 3. Angamxap, Ne3. — Kocranaii, 2014.
—C. 40-47.

13. barbipkanoB, 7K.U. CuHTE3 3aKOHOB YMPABICHUS ISl OCYIIECTBICHHUIO
JBYKEHUS 00BbEeKTa 1Mo npeanucanHoil mporpamme [teker] / XK.M. barsipkanos, K.K.
Kanpipkynosa // Tlpukacnuiickuii >KypHaJI: yIpaBiI€HHE M BBICOKHE TEXHOJOTHH.
Hayuno-texauueckuit xxypHan, Nel (29). — Acrpaxans, 2015. — C. 181 —192.

14. KagbipkysaoBa, K.K. KomnbiorepHoe ymnpasinenue mnporotunom  3D-
npuntepa [Texcr]| / K.K. Kageipkynosa, B.3. Hlakupos // U3ectuss KI'TY um. U.
PazzakoBa, Ne 35(2), — bumikek, 2015. — C. 74-78.

15. BarbipkanoB, JK.M. YnpapieHue maroBsiM mnpuBogoM 3d — mpuHTepa
[Texct] / XK.M. barsipkanos, K.K. Kangeipkynona, III.A. bensnos // U3sectust KI'TY
uM. U. PazzakoBa, Ne3(36). — bumkek, 2015. — C. 35-42.

16. BarpipkanoB, JK.W. YmpasieHrue maroBsiM MpuBojgoM 3d — mpuHTEpa:
MaTeMaThyeckass MOJENIb M BOIPOCHl TEXHUYECKOM peanu3auud [DIeKTPOHHBIN
pecypc] / K.W. bareipkanos, K.K. Kagsipkynosa, I11.A. bensinos // Tlpukacnuiickuii
’KypHaJ: yIpaBJICHHE U BBICOKHE TEXHOJIOIMU. HayuHo-TexHnueckuil kypHai, Ne 1
(33), — Acrpaxans, 2016. - C. 128-138.

17. KagbipkysaoBa, K.K. Pa3paboTka cucTembl yhpaBlieHUE ABUKECHUEM
pobota no npeanucanHoi Tpaektopun [Tekct] / K.K. Kageipkynosa, N.3. CokeHoB,
B.A. Illunkapea // “Monoaéxs — nwxkymas cuia Hayku . KI'TY um. W
Pas3akoBa. Yacts |, — bumkek, 2016. — C. 122-128.

18. bBarbipkanoB, JK.M. YmnpasieHue marossiM mnpuBogoMm 30 — mpuHTEepa
[Texct] / XK.U. Bateipkanos, K.K. Kagsipkynosa // Bectauk nayku KCTY um. 3.
Anngamxkap, Ne3. — Kocranaii, 2016. — C. 9-19.

19



19. Batyrkanov, Zh. Management stepper of 3d — printer [electronic
resource] / Zh. Batyrkanov, K. Kadyrkulova, Sh. Belialov // The international
Journal of Engineering and Science, V.5, Iss. 11. India, 2016. — P. 16-21.

20. barpipkanoB, K.M. CuHTe3 3aKOHOB yNpaBICHUS HA OCHOBE
KOMIICHCAIIMK BHYTPeHHHMX W BHemHux cui [tekcr] / XK.M. Bateipkano, K.K.
Kanpipkynosa // Bectnuk Hayku KCTY um. 3. Anmamxkap, Ne4. — Kocranaii, 2016.
— C. 26-30.

21. barpipkanoB, K.M. OO0 omHOM mTOIXOJE aJalNTUBHOTO YIPABICHUS
TpaekTopHbIM aBMKeHHEM [TekcT| / JK.M. bateipkanos, M.®D. baiimyxamenos, K.K.
Kanpipkynosa // N3Bectust KI'TY um. U. Paz3zakosa, Ne 1(41). Yacts 2. — bumikek,
2017.-C. 110 -117.

22. barpipkanoB, K.U. Cunre3 ajJropuTMOB YINPaBICHUS IArOBBIMU
npuBogaMu  3d-pUHTEpa MO  OCYINECTBJICHUIO  MPEANMUCAHHBIX  JIBUKCHUMN
[DnexTponnsiit pecype] / XK.U. bareipkanos, K.K. Kaneipkynosa, I1I.A. Bensiios //
Bectauk Mopnosckoro ynusepceureta, Ne 15. — Capanck, 2017.

23. barbipkanoB, K.M. CunHre3 3aKOHOB YIPaBJICHHUS IIATOBBIMU
ANeKTporpuBoAamMu 3-x 3BeHHOro Manumysstopa [Teker] / K.U. bateipkanos, K.K.
Kanpipkynosa, 1.M. Mamat6ekoB // U3Bectust KI'TY um. U. Pa3z3zakona, Ne 1(45). —
bumrkek, 2018. — C. 19-24.

24. barbipkanoB, K.U. Pa3paboTka cucTteMbl YIpaBiCHHS IIAarOBHIMU
MpUBOJAAMH 3-X 3BEHHOTO MaHHWITyJIsATOpa [OnekTpoHHbi pecype] /  XK.M.
bareipkanoB, K.K. Kagsipkynosa, M1.M. Mamar6ekoB // BectHuk MopaoBckoro
yHuBepcutera, Nel3. — Capanck, 2019.

20



KaasipkynoBa Keisin KynaiioepaneBHAHBIH
05.13.06—“TexHO010TUATBIK npoueccTepau KaHa OHIYPYLUTY
aBTOMATTAIUTHIPYY KaHa Oamkapyy” aauctura O0owHYa “O0beKTHHUH
TPACKTOPAYK KbIMMBLUIBIHBIH 0OalIKapyy CHCTEMHMH CHHTEe3100” aTTyy
TeMAChIHAATBI ATKAPBLITAH JUCCEPTANMSACHIHBIH

Kbickauya masmyHy

Herusru ce3mep: eHAypywItyk po6Oot, 3D-npuntep, 3D-TexHonorus,
CUHTE3, KaJIaMJIbIK KbIMBUIIATKbIY, OCPUIIT€H TPACKTOPHSL.

N3un166HYH O0BEKTHCH: OOBEKTUHUH TPACKTOPAYK KbIMMBUIBIHBIH
OalKkapyy CUCTEMHU.

N3unneenyn Makcatbl: OepuireH TpaekTopusi OOroHYa OOBEKTHHHUH
KBbIAMBUTBIH UIIIKE alllbIPYYHYH Oalllkapyy 3aKOHYH CUHTE3/106.

N3un106 bIKMAJapbl: ajjablra KOKJTaH MaceleH! YedYyAe JTUHAMHKAHBIH
TECKEpHU Maceseyiep TYUIYHYK HJIeachl KOJAOHYJINY. TYpyKTYyyJdyK TE€OPHUSCHIHBIH
AIIEMEHTTEPU KOJIOHYIITY.

Nmrun  Herm3rm HaTbliiskajgapbl: bepuwiren Tpaekropust 0OoroHYa
OOBEKTHHUH KbIMMBUIBIHBIH WIIKE alllbIPYyCYH/a, OalllKapyyHYH CUHTE3WHUH >KaHbI
BIKMACHI UIITEIUIT YBIKTHI. MBIH/Ia OEPHIITEH TPACKTOPHUS aHATUTUKAIBIK KOPYHYIIITO
’aHa OepuireH TpaeKTopus Tabivua (popMachliHIa CUHTE3/166 bIKMalapbl HILITEIUI
9bIKThl. OOBEKT NMapaMeTpUKaIbIK TaaCUpPUHE Ayyliap OOJTOHIO, BUIAMBIKTAHYY4Y
OamkapyyHyH  CHHTE3/106  BIKMAChl  HINTEIWN  YBIKTBL.  3D-mpuHTepan
Oamkapyyiyydy OOBEKT KaTapblHIa KapajraHja jkaHa OCEpWIreH TPaeKTOpHs
tabnuma  QopmaceiHma OOJTOH  y4ypra, 3D-npuHTEpUHUH  MPUBOAYHYH
MaTE€MAaTHUKaJIbIK MOJEIH UIITEIUN YbITAPbLI/IbI.

N3u11660HYH HATBIKATAPBIH KOJAOHYY: V3ui1eeHyH HaThlixkanapsl 3D-
NpPUHTEPJIC >KaHa OHAYPYIITYK pPOOOTTOPAYH KbIMMBLI OpraHAapblH Oamkapyy
CUCTEMHH HIITEN YbITYyYyJa KEHUPHU KOJIJAOHYAT.

W3unneenyH Hatbiikanapsl «PoOOTOTEXHUKAHBIH JKaHa DJIEKTPOIPUBOIYH
Heru3zepu» cabarsl OOOHYA JTabopaTOpUsIBIK 0a3ackiH Ty3yyae xkaHa KMTYnyn
OKYY MPOLIECCUHJIETH JICKIMsIap/ia KOJAOHYJITaH.

N3unneenepayH HATBINKAJIaPhI bunmum oepyy KaHa AJIUM
MHUHUCTEPJIIMTUHUH TPaHTTBIK npoektunepunae 2012 xpuiman 2017 ra yeilH
KOJIZIOHYJITaH.

Koanonyy Tapmarsi: 3mineenyH HaThklibKalapsl OHTYPYIITYK pOOOTTOPIY
UIIKEe KUpruszyyre xkaHa 3D-TexHosorvsutapplHbIH ap KaHAAal ©HAYPYLUTYKKO
KUPTU3YYIe KOJIOHYNAT.
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PE3IOME

nucceprannu  KagpipkyioBoii Keisin KynaiiOepaueBubl Ha Temy: «CuHTe3
CHCTEMBbI YINPAaBJICHUS] TPACKTOPHBIM JABH:KEHHMEM O00bEKTa» HAa COMCKaHHMe
Y4€HOU CTenmeHM KAHAUIATA TEXHHUYECKHX HAyK mo cnenuajabHoctu 05.13.06 —
«ABTOMATH3aIMd M  YHNPaBJCHHE TEXHOJOIMYECKHMH MpoLeccaMu |
NPOM3BOACTBAMMI.

KuroueBble cjioBa: NPOMBIIIIEHHBIN pOOOT, ABTOMAaTU3UPOBaHHAs CUCTEMA,
3D-mipunTep, 3D-TexHONOTHS, CHUHTE3, IIArOBBI JBUTATENb, MpEANUCaHHAsS
TPAEKTOPHS.

OO0beKT HMccaeNOBaHUsI: CUCTEMBI YNPABICHUS TPACKTOPHBIM JIBH)KEHHEM
oOBeKTa.

Leap ucciieI0BaHUSI: CHHTE3 3aKOHOB YIPABJICHUS II0 OCYIIECTBICHHUIO
JBIDKEHUH 00BEKTa MO MPEANUCAaHHON TPACKTOPHHU.

MeToabl HCCIeA0BAHMSA: TIPU PELIEHUH ITOCTABICHHBIX 3a7a4 PUMEHSIINCH
UJeU KOHIICTIMK OOpaTHBIX 3a7a4 AUHAMUKU. [IpUMEHsUIHCH AJIEeMEHTBHI TEOpUHU
YCTOMYUBOCTH.

OcHoBHbIe pe3yJbTaTbl padoThl M MX HOBHM3HA: pa3padOTaH HOBBIN
MOAXOA K CHHTE3y YIpaBi€HUS MO OCYILIECTBIEHUIO [BWKEHUS OOBEKTa 10
MpeANnuCcaHHOW TpaekTopuu. [Ipu »ToM, paspaboTaHbl MOAXOABl K CHUHTE3Y, KOrnaa
MpeanrCcaHHas TPaeKTOpHUs 3a4a€TCs B AHAIMTUYECKOM BUJIE U KOT/Ia IPEANUCAHHAS
TpaekTopHs 3ajaHa B TabmuuyHOM (opme. B ciyuyae peicTBusi mapameTpuyecKUx
BO3MYILIEHUI Ha OOBEKT pa3paboTaHa METOAMKA CUHTE3a aJallTUBHOTO YIPaBJICHUS.

Pa3paboTtana mMaremarnyeckas Mmozaenb npuBoga 3D-npuHTepa, kak 00ObeKkTa
YIPABJICHUS B CIIydae 3aJjaHus MPEANUCaHHOW TPAEKTOPUH B TaOJIUYHON popme.

Hcnoab3oBanue pe3yabTaTOB MCCJIENOBAHUI: PE3yJIbTAThl UCCIECIOBAHUN
MOTYT IIMPOKO HCHOJb30BaThCS MpPU pa3pabOTKE CHCTEM YMpPaBICHUS pabOuYuMuU
opranamu 3D-nipuHTEpOB ¥ MPOMBINIIJIEHHBIX POOOTOB.

Pe3ynpTaThl McCIenOBaHUM WCIIONB30BAINCH MPU CO3JAAHUH JTabOpaTOPHOM
0a3pl Mo Kypcy «OCHOBbI pPOOOTOTEXHMKHM U DJIEKTPONPHUBOIA», a TaKXKe B
JEKIMOHHBIX Kypcax yueOHoro npoiecca B KI'TY um. U. Pa33akosa.

Pe3ynbraThl HCCIIENOBAHUM, TAKXKE MCIOJb30BAIACH IPHU BBINOJHEHUN
rpantoBbix mpoektoB MO u H KP B 2012-2017rr.

OOJsiacte mnpuMeHeHusi: Pe3ynpTaThl HMCCIEAOBAHMM MOTYT IIMPOKO
HCIIOJIb30BAaThCS MPU  BHEAPEHUU MPOMBIIUIEHHBIX po00oTOoB U 3D-TexHomnoruii B
pasnuyHbie chepbl MPOU3BOJICTBA.
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RESUME

of Kadyrkulova Kyial on the theme: *"Synthesis control system of the object by
trajectory movement ** for the degree of candidate technical sciences in the
specialty 05.13.06 - "Automation and management of technological processes
and production.™

Keywords: industrial robot, automated system, 3D-printer, 3D-technology,
synthesis, stepping motor, prescribed trajectory.

Object of the study: control system of the object by trajectory movement.

The purpose of the research: the synthesis of control laws for the
implementation movements of the object along a prescribed trajectory.

Research methods: when solving the tasks were used, the ideas concept of
the inverse problems of dynamics. Elements of the theory of sustainability were used.

The main results of the work: a new approach has been developed for the
management of the movement of an object along a prescribed trajectory. At the same
time, synthesis approaches have been developed, when the prescribed trajectory is
specified in an analytical form and when the prescribed trajectory is specified in
tabular form. In the case of the action of parametric perturbations on an object, a
method of adaptive control synthesis has been developed.

A mathematical model of a 3D - printer drive has been developed as a control
object in the case of specifying a prescribed trajectory in tabular form.

Using the results of the study: research results can be widely used in the
development of control systems for working bodies of 3D - printers and industrial
robots.

The research results were used to create a laboratory base for the course
"Fundamentals of Robotics and Electric Drive", as well as in lecture courses of the
educational process at KSTU. I. Razzakov.

The research results were also used in the implementation of the grant
projects of the Ministry of Education and Science 2012-2017.

Scope: The research results can be widely used in the implementation of
industrial robots and 3D-technologies in various areas of production.
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