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Po3pobneno HOBY aHamiTW4HY Mojenb kKiHematuku APT3, monens nuHaMi4HOT TOBEIIHKH
KPOKYIOUOTO amapaTry IMpu IepecyBaHHI MO JOBUIbHIA MOBEpXHi, MPOBEIEHO CHUHTE3 CTPYKTYpPHOI
CXEMH B3a€EMOJIl CHUCTeM pOOOTHM30BAaHOTO TPAHCHOPTHOTO 3aco0y 3 Horo Bysnamu. CTBOPEHO
KOMIT' FOTEpHI MOJiel KIHEeMAaTHMKH Ta JHWHAMIYHOI IIOBEIIHKM po0O0Ta, IIOKa3aHO B3aEMOJIII0
BUKOHaBuuX opraHiB APT3 3 1oro CceHCOpHOIO CHUCTEMOIO Yepe3 HaBKOJIUIIHE CEPEJOBHILE.
Pozpobneno eauny Bipryanbny cuctemy (€BC) i1 cTpykTypy B3aemo3B’si3kiB ii 3 APT3, nporpamno-
TeXHIYHI 3aco0M Uil TepMiHanbHOTO crionmydeHHss €BC 1 HaBKOJIMIIHIM CEpeJOBHIIEM, a TaKOX
iHTepderic B3aemomii 3 (izuunuMu Osiokamu pobdota. Po3pobieHo cTpaTeriro TMHAMIYHOI CTIHKOCTI
APT3, matemaTrnuHuii onuc ii JOTPUMAHHS Ta BiTHOBJICHHS IPU ONMPAIIOBAHHI BAHTAXXHUX OIEPAIliii,
cucremy ynpaiiHHs (CY) CTIHKICTIO, SIK 1€papXidHy PO3NOAUICHY CTPYKTYPY Ul YIPaBIiHHI PyXOM
po0oTa, sSika BKJIIOYAE TPU CTPYKTYPOBAHI PiBHI — IHTENEKTYaIbHOTO YIIPABIIHHS MTOBEIIHKOIO, PIBEHb
malbJIoOHIB MPOTPAaMHOrO YIPABIiHHSA Ta pIBEHb PErylIsTOpiB, IO B3aEMOMIIOTH MiX CO00I0.
Po3pobneno apxitektypy Ta anroputmu iHTerpoBaHoi CY pyxoM MaHIMyJSTOPIB, SIKa y3TOJUKYE ix
PYX 3 pyXOM KOPITyCYy Ta PyXOM KiHI[IBOK po0OO0Ta, a NIBUAKICTH HOTO, B CBOIO YEPry, CHHXPOHI3y€EThCS
3 PyXOM TpaHCHOPTHOTO Bi3ka. Po3pobiena CY pyxoMm TpaHCIIOPTHOTO 3aco0y 3a TPAEKTOpi€ro, a
TaKOX aJrOpUTMU 11 ONTUMI3alll, 3 ypaxyBaHHSIM CTIHKOCTI poOOTa Ta MOMIIMBOCTI KOpEKIii 3aJaHoi
TPAEKTOpii 3 BHUKOPHCTAHHSAM pPO3POOJIEHUX CIEUIATbHUX KaHATIB YIPaBIiHHSA. 3arnporiOHOBAaHO
€CKI3HUH MpPOEeKT 3 pEeKOMEHJAlisIMU M0 CTBOpeHHI0 MakeTy APT3, mpoBeneHo KoMl 'roTepHE
MOJIETIIOBaHHS POOOTH BUKOHABYMX MPUCTPOiB Ta ceHcopiB APT3 y cepemoBuill Ko IOTEPHOrO
CTEHILY.

(poc.)

Paspaborana HOBasg aHanmuThyeckas Mojenb kuHematukun APT3, mozens auHamMHUecKOro
MOBEJICHHSI IATAOIIETo armapara MpH MEepPeIBUKEHUN M0 TPOU3BOJIBHON MOBEPXHOCTH, MPOBEIEH
CHHTE3 CTPYKTYPHOM CXeMbI B3aMMOIEHCTBHSI CUCTEM POOOTHU3UPOBAHHOTO TPAHCIIOPTHOI'O CPE/ICTBA C
ero y3nmamu. Co3laHbl KOMITBIOTEPHBIE MOJIENN KWHEMATHKA U JTMHAMHYECKOTO TIOBEACHHUsS padoTa,
MOKa3aHO B3aMMOJEHCTBUE HUCHOJHUTENbHBIX OpraHoB APT3 ¢ ero ceHcopHoil cuctemMou dYepes
OKpyXKaromyto cpeny. Pazpaborano eaunyro Buptyanbhyio cucremy (EBC) u  crpyktypy
B3auMocBs3eil ee ¢ APT3, mporpaMMHO-TEXHHUECKUE CPeACTBa Ui TepMUHANIBHOTO coobienuss EBC
U OKpyXKarolleil cpenoil, a Takke MHTepQeic B3aUMOJEHCTBUS ¢ (u3NYecKUMHU Ojokamu paboTa.
PazpaGorana crparerust nmHamuueckoi ycroumBoctd APT3, Maremarnyeckoe oIucaHue ee
cOOJIO/ICHNUsST ¥ BOCCTAHOBJICHUS TP 00pabOTKe TPY30BBIX omepanuid, cuctemy ympasienus (CVY)
YCTOMYMBOCTBIO, KaK HEPapXMUECKYI0 PACHpPEACNICHHYIO CTPYKTYpY JUId YIpPaBJeHUS IBM)KEHHEM
poboTa, KOTOpasi BKIIOYAET TPH CTPYKTYPUPOBAHHBIE YPOBHS - HMHTEIUICKTYAIBHOTO YIPaBICHHS
MOBEJCHUEM, YPOBEHb IIAOJOHOB MPOrPaMMHOIO  YIPaBIEHUs U  YPOBEHb  PETYISITOPOB
B3aMMOJICHCTBYIOIUX MeXay coboil. PazpaboTana apXuTekTypa U alropuTMbl HHTErpupoBaHHO CY
JBIDKEHUEM MaHUIYJISITOPOB, KOTOpasi COIJIACOBBIBAET MX JBIDKEHHE C JBIDKEHHEM Kopmyca M
JBIDKEHUEM KOHEYHOCTEH paboTa, a CKOPOCTh €T0 B CBOIO OYepe/ib, CHHXPOHU3UPYETCS C IBUKCHAEM
TpaHCcHopTHOH Tenexku. Pazpaborana CY ABH)KEHHEM TpPaHCIIOPTHOTO CPEACTBAa HAa TPAaEeKTOPHH, a
TaK)Ke AITOPUTMBI €€ ONTHMH3AIUU C YYE€TOM YCTOHYMBOCTH paboTa M BO3MOXKHOCTH KOPPEKIIUH
3aJJaHHON TPAeKTOPUM C MCIIOJIb30BAaHHEM pa3pabOTaHHBIX CIEHUAIBHBIX KaHAJIOB YIIPaBJICHUS.



[IpennoxxeHo HCKU3HBIA MPOEKT € PEKOMEHJAUMsIMU MO co3aaHuio Maketa APT3, mpoBegeHo
KOMIIBIOTEPHOE MOJICIMPOBAaHUE PabOThl MCIOJIHUTENBHBIX YCTpOHUCTB U cencopoB APT3 B cpene
KOMIIBIOTEPHOI'O CTCH/A.

(anra.)

A new analytical model of ARTD kinematics, model of the dynamic behavior of the walking
apparatus when moving on an arbitrary surface, has been developed a structural diagram, has been
synthesized for the interaction of the robotic transport device systems with its nodes. Created computer
models of kinematics and dynamic behavior work, shows the interaction of the executive bodies of the
ARTD with its sensory system through the environment. A unified virtual system (UVS) and a
structure of its interconnection with the ARTD, software and hardware for the terminal message of the
UVS and the environment, as well as an interface for interaction with physical units, have been
developed. Developed a strategy for dynamic sustainability of the ARTD, a mathematical description
of its observance and recovery in handling cargo operations, a resilience control system (CS) as a
hierarchical distributed structure for controlling the robot's movement, which includes three structured
levels — intelligent control of robotic transport device, level of program control patterns and level of
regulators interacting with each other. The architecture and algorithms of the integrated control system
are developed by the movement of the manipulators, which coordinates their movement with the
movement of the body and the movement of the limbs, and its speed is in turn synchronized with the
movement of the transport trolley. CS was developed by robotic ransport device movement on a
trajectory, as well as algorithms for its optimization taking into account the stability of work and the
possibility of correcting a given trajectory using the developed special control channels. A draft design
with recommendations for creating an ARTD layout was proposed, computer simulation of the
performance of the ARTD actuation devices and sensors in the environment of a computer test bench
was carried out.
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5. IlopiBHsIHHA 3i CBITOBMMU aHAJIOTaMM.

PiBeHb pO3pOOKH: nepesuuye simuusnanui 3 HapsAMKy robotic transport systems (RTS), momo
CTPYKTypH3allii pO3MOAUIEHUX CHCTeM YIPaBIiHHS, IHTENEKTyali3alii MpoIeciB MOBEAIHKH Ha
MapLIpyTi HepeMillleHHs, onTuMizauii ix cepsiciB, iHTerpauii IT - pecypciB, posmi3HaBaHHS Ta
MiHiMi3aIlil pU3HKiB HECAHKI[IOHOBAHOTO JIOCTYIY /10 iX KOMIIOHEHTIB YU BTPATH JaHUX.

TexHnonoeis 8iOpi3HAEMbCA 8I0 8I0OMUX _Memodie THUM, IO JO3BOJISE aJaNTyBaTH 3aco0u
00poOku naHux Ta ynpaiiHHA APT3 1o yMOB nepecyBaHHs B 3aJI€KHOCTI BiJl MapaMeTpiB BaHTAXY,
XapaKTePUCTHK 30BHINIHBOTO CEPEOBUINA Ta MOXKJIMBHX TEPEIIKO] Ha MapuIpyTi, BpaXOBYBaTH Ta
JMHAMIYHO BU3HAYaTH iX MapamMeTpH, 3MIHIOBATH TPAEKTOPII0 pyXy, 3abe3nedyBaTH cTabiii3arito
pob6ora Ha MapmipyTi. [lepeBaroro po3pobiieHHX 3ac001B HaJ CHUCTEMaMH, IO BHUKOPHUCTOBYIOTHCS
ChOTO/IHI, € TPbOXPIBHEBA apXITEKTypa YIpPaBIiHHS, 1110 3HAYHO MiJBHUINYE HAIIMHICTh ABTOHOMHOI'O
poboTa, a 3acTOCyBaHHS TEXHOJOTIi TMPUKIAIHOI BIPTyaJlbHOI MamMHM Ha 0a3i JWHAMIYHOI
iHTepnpeTanii MeTamojenel 1 creniani3oBaHuX OpokepiB OOpOOKM Hajlae MOXKIMBICTH CTBOPHUTH
KOHKYPEHTOCIIPOMOYKH1 QJITOPUTMH Ta MPOTPaMHI 3aC00HU, 5Kl OLIbIII THYYKI IPH IHTErparii.




6. ExoHoMiuHa NpUBa0JIMBICTH /151 IPOCYBAHHS HA PUHOK.
Po3po6neni CY Ta aaropuTMu JO3BOJISIOTh:

- MIJBUIIMTH TOYHICTH YIPaBIiHHA poOOTOM Ha MapUIPyTi, 3a0€3MEUYUTH IHTETPOBAHE YIPABIIIHHS
pyxom APT3, #ioro KypcoBy i BEpTUKaIbHY CTIHKICTh, 3MEHIIUTH 10 20% BHUTpaTH >KUBJICHHA 32
paxyHOK ONTUMI3aIlii TPaeKTOpIi mepeMileHHS.

- 3um3utu (Ha 10 — 20 %) BuTpar Ha BIPOBAHKCHHS HOBUX CEPBICIB i MOHITOPHHTY, AMHAMIYHO
MoaudiKyBaTH TpoOLECcH iX OOpOOKM 3a pPaxXyHOK IIMPOKOTO BHUKOPHUCTAaHHS YHi(IKOBaHUX
KOMITOHEHTIB 3 AMHAMIYHOIO IHTEpIIPETaLiel0 MeTaMoielieil 0OpoOKHU Ta yIpaBIliHHS.

7. Horenuiiini kopucryBaui (eanysi, minicmepcmea, idomcmea, nionpuemcmea, opeamizayii).
I[Ip AT «HBK «KYPC»» (M. KuiB) Moxe BHKOPHCTATH pe3ylbTaTH POOOTH UIsI CHCTEMHU
VIOpPaBIiHHSA YCTAJIEHUM pPyXOM pOOOTH30BAaHOIO CXBAaTy KOCMIYHOIO amapara. 3acTOCyBaHHS
KibepHeTHUHOT POOOTH30BAaHOT CUCTEMH Tependadae po3poOKy HOBOTO PI3HOBUAY PO3BAHTAKYIOUUX
cucTeM Ha 0a3l KpOKYHUYHMX arapaTiB i 3abesnedeHHs motped modminii, MHC, myHinunampHUX
CIIy’k0, MEIWYHOTO 3aCTOCYBaHHs, BUKOPUCTOBYIOUM €IUHY IpOorpaMHoO-amapaTHy ©Oazy Tta Ii
KOMIIOHEHTU. [lepcriekTHBHUM Ui 3aCTOCYBaHHS pE3yJbTaTiB poOOTH € 00JacTh MPOTE3yBAHHS

OIIOPHO-PYXOBOTO arapaTa JIOUHH, 110 3a0e31euye MOKIUBICTh BITHOBICHHS PyXOMOCTI JIFOIMHH.

8. Cran roroBHoCTi po3podku. Po3po0iaeHO KOMIT FOTEPHUN CTSH]T TSI MOJICTTIOBAHHS Ta
TEPMIHAIBHOTO YIIPABIiHHS aHTPOITOMOP(GHUMHU pOOOTU30BAHHUMHU TPAHCIIOPTHUMH 3aC00aMH,
CTBOPEHO MOJIEJI Ta CHCTEeMH yrpaBimiHHA pyxoM APT3, po3po6iieHo BiAMOBIIHIIA €CKi3HUH
IIPOCKT.

9. IcHymoui pe3yibTaTH BIPOBA/IKEHHA.

Po3pobuuK 6e3k01mTOBHO nepenas 10 KHuiBChbKoro creniaaizoBaHOTO KOHCTPYKTOPCHKOTO
bropo CKb — IlepcniekTrBa HayKOBO-IIPAaKTHYHI pe3yJabTaTh y BUTIISAAL:
a) Crpykrypu cucremu ympaBiaiHasa (CY) pyxoMm po0OoTa 3a TPAEKTOPIEI 3 ypaxyBaHHSM HOTO
KypcoBOi Ta BEPTHUKAIBHOI CTIMKOCTI Ha MapuIpyTi mnepemiiieHHs, apxitektypu CY KyToBUM
MIOJIOYKEHHSIM JIAHOK KiHI[IBOK 1 MaHIITyJIATOPIB;
0) anropuTMH omepaliii 3aBaHTaKEHHS POOOTOM OO0’€KTIB BaHTAXy 3 BUKOHAHHSIM iX MONIYKY Ta
imenTudikamnii 3a rabapUTHUMHU PO3MipamMH, Ha OCHOBI PO3Mi3HABaHHA 3a MITPHX-KoaoM Ta 3a RFID
MITKaMH; aJITOPUTMH MOBEIIHKY poOO0Ta Mpu MEepeMillieHH] Ha MapIIpyTi Ta IpU 00X0/11 NEepPeIIKO;
B) MpOrpaMHMX 3aco0iB MOJENIIOBaHHS IMPHUBOJY BHUKOHYIOHYOIO MEXaHI3MY MAaHINYJISITOpa B
cepenoBuili nakery Simulink 3 #ioro crangapTHUMHU 6i67i0TeKaMu Ta po3po0IeHN aBTOpaMu poOOTH
PEryasTop KYTOBOTO TOJOXEHHS JIAHOK ISl JIOCSTHEHHS ONTHMAJIBHOTO YIPABIIHHS 332 KPUTEpieEM
HIBUJIKOAIT Ta IPUCKOPEHHS, 1110 JJO3BOJISIE MIABUILUTH MOKa3HUKU TOYHOCTI MO3UIIFOBAHHS JIAHOK.
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