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Y pobomi po3a/isiHymi 00C/1iOXeHHS 8 2a/ly3i MEXamPOHIKU, CrIPsIMOBaHi Ha CMBOPEHHS 3ac06i8 pO6OMOMEXHIKU,
Wo 6asytombCsl Ha MEeXHIYHUX cucmemax | Komrsiekcax. OCHOBHUM HarpsiMOM 3aCmOCyBaHHSI makux cucmem 3a/iu-
waemsCsl MPOMUC/I0BICMb, 30KpEMa MallUHO6YOyBaHHSI ma npu/1adobydysaHHs. Y po6omi 6ys nposedeHull aHasi3
i po3pobrieHa Knacudpikayisi MeXHOM02IYHUX KOMIT/IEKCIB i3 BUKOPUCMAaHHSM po6omis. Takox 6y/10 npoaHa/1i308aH0
CK/1ad as120pumMIYHO20 emarly PO3PO6/IEHHST 07151 BUSHAYEHHSI al20pummis (OyHKYIOHYBaHHSI BCb020 KOMII/IEKCY
ma U020 CK/1adHUKIB, @ Makox BUMO2 00 MPUCMPOIB KepyBaHHS, KaHasig 38’93Ky ma 00rnoMiXXHO20 06/1a0HaHHSI.

BusHayeHo, Wo 8 a/l20pUmMIYHOMY PO3PO6/IEHHI MEXHO/I02IYHUX KOMI/IEKCIB akmya/lbHUM € 3abe3rneyeHHs
dompumaHHsi BUMo2 00 IXHbOI HaditiHocmi. Y pobomi po3pob/ieHO (OyHKYIOHa/IbHY CXeMy opaaHisauii yrnpas/iiH-
HSl MEXHO/I02IYHUM KOMI/IEKCOM, 3aBepuia/ibHUM emarioM fpoyecy MpOEKMyBaHHsI MEXHO/I02IYHO20 KOMII/IEeKCY
€ lioeo mexHiyHa peasnizayis. Lieli eman sk/rouae, 30kpema, po3pobrieHHs1 abo BubIp npoMuUc/108Ux pobomis, npu-
CmMpoiB ix KepyBaHHSI, MexHO/102i4H020 0b6/1a0HaHHSI, MPAaHCIOPMHUX W/ISXi8 | BUOIB MpaHCropmy, KaHasls 38’S3KY,
3acobis 3axucmy iHghopmayii Ha 0OCHOBI BUMO2, BUSHAYEHUX Ha rornepeoHix emanax npoekmysaHHs. 3a pesysibma-
mamu pobomusayii mexHo/102i4HUX KOMII/IEKCIB Yy BUPOBHUYMBI, W0 Oi€, yCmMaHOB/IEHO, WO 3aB0aHHsT KOMII/IEeK-
CHOI asBmomMamu3sayjii HasiBHO20 BUPOBHUYMBa Marmb cymmesi 0Cco6/1UBOCMI, SiKi YCK/IaOHIOHMb X BUPIWEHHS,
MOPIBHAIHO 3i CMBOPEHHSIM HOBUX MEXHO/I02IYHUX KOMIT/IEKCIB. []/19 BUPIWEHHI 3aB0aHHS KepyBaHHS BCiMa KOMI/IEK-
camu MPUHYUNOBE 3HAYEHHs Mae BaHMaxomioloMHICMb MPOMUC/I0BUX pobOMIB8 ma iHWo20 poboMOMmMEexXHIYHO20
06/1a0HaHHSI, OCKIi/IbKU BOHa B OCHOBHOMY BU3Ha4ae IXHi PO3MIpU, OMXe, MOX/IUBICMb PO3MIULEHHSI Ha POboYUX
Micysix 3amicmb BUBI/IbHOBAHUX MPaYIBHUKIB. YCmaHOB/IEHO, WO MopyY i3 MPOMUC/I0BUMU pobomamu 0/1s1 3a3Ha-
yeHux suwje yiseli MOX/1UBE WUPOKE 3aCmOCyBaHHsI 36a/1aHCoBaHUX MaHiny/1smopis i3 pyyHUM KepyBaHHsIM, sIKi
00380/15110Mb CymmMeB0 ro/ie2uiumu yMosu rpayi, niosuwumu npodykmusHicme npayi, mum camum 3MeHwumu
yucesibHicms npayisHUKIs.

Knrouosi criosa: mexampoHika, CUCMeMU KepyBaHHS, MawuHU, MEXHO/I02i4HI KOMI/IEKCU, PO6OMOMEXHIKa,
eKcn/lyamayisi MalwuH, NPOEKMYyBaHHSI.

Holotiuk Mykola, Nalobina Olena, Holotiuk Viktoriya. Modeling of the mechatronic control system
of the technological complex

This paper describes the study of the peculiarities of mechatronics along with the creation of tools for
robotics that involves the creation of technical systems and complexes based on the usage of these tools. The
main area of application is industry and, primarily, machine building and appliances production. In the research
the analysis and the classification of technological complexes with the usage of robots are developed. The analysis
of the composition of the algorithmic stage of development was carried out in order to find out the algorithms
for the operation of the whole complex and its parts, requirements for control devices, communication channels
and supplementary equipment. It is determined that in algorithmic development of technological complexes
the important issue is to provide requirements for their reliability. In the work the functional scheme of organization
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of management of the technological complex is developed, the final stage of the design process of the technological
complex is its technical implementation. This stage includes, in particular, the development or selection of industrial
robots, their control devices, technological equipment, transport routes and modes of transportation, communication
channels, information security devices based on requirements defined in the previous stages of designing. According
to the results of the robotizing of technological complexes in the existing production has been established that
the tasks of complex automation and rotation of existing production have significant features that make it difficult
to solve in comparison with the creation of new technological complexes. When solving the task of controlling all
complexes, the loading carrying capacity of industrial robots and other robotics equipment is of principal importance,
since it mainly determines their size, and hence the possibility of placement in the workplace instead of released
workers. It has been established that along with industrial robots for the mentioned above purposes the its wide
usage is found in balanced manipulators with manual control, their application allows to substantially facilitate labour
conditions, increase productivity, thereby, reducing the number of workers.

Key words: mechatronics, control systems, machines, technological complexes, robotics, machine operation,

design.

Mpo6nema Ta ii 3B’A30K 3 HayKOBMMU Ta
NPakTUYHUMM 3aBAAHHAMMU. HWHI  NpakTUyYHO
6yab-SKka BUPOOHMYA KOMMaHIs MOXe MOAepHi3y-
BaTV CBOE BMPOOHMLUTBO. 3BUYANHWIA NpomMuco-
BUA POBGOT-MaHinynsaTop 6a3yeTbCA Ha MPOCTO-
poBUX MexaHi3max, SKi MalTb 6arato CTyneHiB
cB06OAN.

Mpomucnosi poboTU BUKOPUCTOBYIKOTLCA [J1A
po60oTn B Hebe3neyHnx abo HefoCTYMNHUX AN
nogen cepeposuwax. OkpiM TOro, MaHinyaTopu
BVKOPUCTOBYHTLCA SK AOMNOMDKHI MPUCTPOI Yy npo-
MMWC/I0BOMY BMPOOGHULUTBI Ta MeAu4Hiii npakTuuj,
Hanpuknag nig Yac CTBOPeHHs npoTtesis. OgHMM
i3 HaMmonynsApHILWWX MaHinynaTopiB y Haw 4ac
€ MexaHiuHa «pyka» [1].

o6 cnpoekTyBatM MpoCTUl MaHinyiaTop,
HeobXigHO nonepeaHbO BUPILLNTK 6e3i4 3aBAaHb,
AK-OT BMOIP TOYHOrO CMIiBBIAHOLEHHA KOPUCHMX
i XOMoCTUX XO0AiB, 3abe3neyeHHs MaHeBPEHOCTI,
CTIikOCTi B MOBCAKAEHHOMY (PyHKLiOHYBaHHi. He
BapTo 3abyBaTy Npo Te, WO MOXe 3Hagobutucs
NMPOEKTYBaHHA poboTa A/1a creLljia/ibHUX CUCTEM.
Y Takomy pasi ioro oneparopy HeobxigHO Biguy-
BaTW 3yCUNNSA, LLLO CTBOPIOETHLCA Ha BAHTaXK03aXo0-
NAeHHi abo poboyoMy OpraHi.

AHani3 oCTaHHIX gocnimKkeHb Ta Nyo6aikawii.
JocnifxeHHs 3aCTOCYBaHHA MEXaTPOHHUX CUCTEM
y MalnHOOyayBaHHI Ta poboTu3auii TeXHOsoriy-
HMX NPOLeCiB onpauboBaHi B po60oTax Takmx aBTo-
piB, sk M.H. bensHiH, €.MN. Monos, B./A. LiMraHkos,
iHWKX. MUTaHHA, NoB’A3aHi 3 hopMyBaHHAM i pO3-
BUTKOM POOGOTOTEXHIKM, & TakoX T BU3HAYEHHS
Ta 3aCTOCYBaHHS, PO3MNAHYTI B AOCNIIKEHHAX
B./1. AdboHiHa, B.J1. KoHtoxa [2; 3].

Y npausix T.B. TMMonoka, C.B. LWaHuriHa,
B.M. Hikonanuyka, |.A. Kansesa, /1.C. Amninb-
cbkoro, B.B. MaukeBuya po3rnsgalTbCs CyvacHi
MOX/IMBOCTI 3aCTOCYBaHHA pPOOOTIB, AKi MatloTb
hyHOAMEHTa/IbHE 3HAYeHHs /19 AaHOro Aochi-
[OKeHHs [4; 5].

MexaTpoHika, OKpiM CTBOpPEHHS1 3ac006iB po6o-
TOTEXHIKW, Ma€ 3aBAaHHs pPO3PO6AATU TEXHIYHI

CUCTEMM Ta KOMMJIEKCU, WO 6a3ylTbCA Ha LKX
3acobax. 0/10BHUM HanpsiMOM X BUKOPUCTaHHS
3a/IMWAETbCA NPOMMUCNOBICTb, 0CO6G/IMBO Malluu-
HOOYAyBaHHS.

Pesynbtatm  pocnigkeHHs.  [1poMUC/IOBI
pPO6OTH MNOAINATHCA HA TEXHO/OTYHI, L0 BUKOHY-
t0Tb OCHOBHI onepauii, i 4oNoOMDKHI, SiKi 3a6e3ne-
YyloTb 0BC/TYyroByBaHHA OCHOBHOIO YCTaTKyBaHHS.
TexHONOoriuHi  Komnsaekcn 3 Takumu poboTamu
BBaXalTbCA poboTM3oBaHMMn. 3acobu poboTo-
TEXHIKW B MalUMHOOYAYyBaHHI KiacudikyloTb 3a
TakMMKM 03HaKamu, sK:

— XapakTep TEXHO/IOTYHOro npoLecy;

— BUA BUPOBHMYOrO Nigpo3ainy;

— 3MiHa BMPOOHMUTBA, NOB’A3aHa 3 BUKOPUC-
TaHHAM NPOMMUCIOBUX POOOTIB;

— KINIbKICTb BUKOHYBaHUX TEXHOMOTYHUX one-
pauii;

— TWUN i KINbKICTb BUKOPMUCTOBYBAHOIO yCTaTKy-
BaHHS;

TUN i KiNbKICTb BUKOPUCTOBYBaHUX POOOTIB;
CEPIliHICTb | aCOPTUMEHT NPOAYKL,T;
KOMMOHYBaHHS KOMMJIEKCY;

NPUHLMN YNpaBiHHA KOMMIEKCOM.

Mpouec CTBOPEHHS TEXHOMOTMNYHUX KOMM/IEKCIB
MOXe ByTV po3iNeHnii Ha TPM OCHOBHI eTanu: Tex-
HOJOTIYHWIA, aNTOPUTMIYHUIA | TEXHIYHWIA. MepLunii
eTan BK/OYA€E aHasli3 TEeXHOMOorYHOro npoLecy,
Lo AornomMarae BU3HAYUTK CTPYKTYPY KOMIJIEKCY.
Ha pucyHky 1 nokasaHa TunoBa CTPYKTypa LbOro
etany.

AHania TexHOsIor4yHOro npouecy € OfHUM i3
KNHOYOBUX eTaniB, Bif SIKOro 3Ha4HOK Mipoto 3asie-
XNTb eqEKTUBHICTb PO3P06/1H0Ba/IBHOIO  KOMI-
nekcy. OcCKiflbku Uel eTan BK/IOYA€E MOPIBHSHHSA
BE/IMKOT KiJIbKOCTI MOX/IMBMX BapiaHTiB PO3Mi-
LLIEeHHS yCcTaTKyBaHHSA, TPaAHCMOPTHUX MapLUpyTiB
TOLLO, B&X/IMBUM IHCTPYMEHTOM iOT0 BUKOHAHHS
€ KoMN'toTepu3adis.

Ha anroputmiyHomy eTtani po3pob/ieHHs BU3Ha-
YalTbCa aropuTMu  OYHKLIOHYBaHHSA BCbOrO
KOMMEKCY Ta ioro cknafoBmx YacTuH, BUMOTM A0
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Puc. 1. CTpyKTypa TEXHO/IOTYHOro eTany NPoeKTYBaHHsA
TEXHO/IOTIYHOTO KOMMIEeKCY

NPUCTPOIB KepyBaHHA, KaHaniB 3B’A3KYy Ta O0Mo-
MDKHOTO ycTaTkyBaHHS. PyHKLIOHa/IbHO anropuT-
MiYHWIA eTan MOXHa NPeACTaBUTY Tak, SIK NOKasaHo
Ha pPUCYHKY 2. Ha LbOoMy eTani TakoxX Bif0yBa€eTbCA
Y3ro[pKeHHS 3 aBTOMAaTM30BaHO CUCTEMOIO Kepy-
BaHHSA NiANPUEMCTBOM.

Mig yac anropuTMiYHOro NPOEKTYBAHHSA KOMIM-
Nekcy HeobXxigHO BpaxoByBaTu Taki BUMOTU:

— Halibinbw NoBHe Ta pauioHaslbHe BMKOPUC-
TaHHA BUPOOHMUMX (DOHAIB;

— MOXNUBICTb KOPEKTYBaHHA 6aHKy AaHux
y NPOLECi BUKOHAHHS BUPOBHNYOI Nporpamu;
noeTanHicTb  YBEAEHHS  TEeXHOOriYHOro
KOMMJ/IEKCY Ta MOro YacTuH.

B anropntMiyHOMY pO3p06NEHHI TEXHOOTIYHMX
KOMI/IEKCIB BaXK/IMBMM acrnekToM € 3abe3nevyeHHs
AOTPUMaHHA BUMOT A0 TXHbOI HagiiHoCTi. Buxig,
3 nafly 6yAb-KOro KOMMOHEHTA Y/ MPUCTPOID He
Ma€ NpU3BOANTY A0 3YMUHKM BCbOro BUPOOBHNYOTO

30

npowecy. YacTKkoBO A/19 YCYHEHHSA KOPOTKOYaCHUX
BIAMOB yCTaTKyBaHHA MOXYTb C/Y>XUTW MKonepa-
LiliHI pO3p0o6KK, asie ONa Has/IeXHOro BUPILLEHHS
nNpoGnemMn HafinHOCTI Ha eTani a/ropuTMIYHOro
NPOEKTYBaHHSA HEOOXiAHO PO3PO6IATU aNIrTOPUTMM
aBTOMATWYHOI AjarHOCTMKN A OnepaTMBHOIO yCy-
HEHHS HecrnpaBHOCTEN.

ICTOTHOIO YaCTVHOI LbOro eTany € CTBOPEHHS
6asn gaHux, WO MICTUTb YCH iHhopmalilo npo
TUNW Ta XapaKTepUCTUKM YCTaTKyBaHHSA, MNpu-
CTPOIB KepyBaHHSA, KaHaiB 3B’A3Ky Towo. BoHa
MOBMHHA MOCTINHO KOpUryBaTuUCa Ta po3LUMpOBa-
TUCS i3 BK/IHOYEHHSIM HasiBHUX PilLEeHb 3 OKPEMUX
€NEeMEHTIB KOMM/IEKCY i OKPEMMX TEXHOMOTIYHUX
onepauiii. basza gaHux mae BkvaTucs B bydep
OnepaTUBHOIO KepPyBaHHS, Yepes3 SKWi 3A4iACHIo-
€TbCA OOMIH faHUMKN 3 aBTOMAaTM30BaHOK CuUCTe-
MO YNpaBniHHA NiANPUEMCTBOM, € 3aHOCATbCA
napameTpu nepeobiry BUpOOGHMYOro npoLecy.
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Puc. 2. CTpyKkTypa a/iropuTMi4HOro eTany npoeKTyBaHHA TEXHOOTIYHOIO KOMMJIEeKCY

Ha pucyHky 3 HaBefeHa TunoBa yHKLiO-
Ha/lbHa cxema opraHisauii kepyBaHHSA TEXHO/IOrIY-
HUM KOMM/IEKCOM.

OcTaHHiIM eTanoMm Yy npoueci MpPOEKTYBaHHSA
TEXHO/I0TYHOro KOMMJ/IEKCY € MOro TeXHiYHa peani-
3aujis. Lleli etan Bktovae po3pob6sieHHs abo BubGIp
NPOMUCNOBMX POOOTIB, X MPUCTPOIB KepyBaHHS,
TEXHO/I0TYHOro 06nafgHaHHA, TPaHCNOPTHUX LUAS-
XiB i CNOCO6IB TPAHCNOPTYBaHHS, KaHasiB 3B’s13KY,
NpucTpoiB iHopMaLiiHOrO 3abe3neyeHHs Ha
OCHOBI BUMOT, BU3HAUYEHMX Ha nonepeHix etanax
NPOEKTYBaHHS.

Po6oTunzauis TEXHONOTYHMX KOMI/EeKCIiB
y Aito4nx BUPOBHULTBaxX Mae CBOI 0CO6G/MBOCTI,
AKI  YCKIAAHIOKTL 1 peavtizauilo MOPIBHAHO 3i
CTBOPEHHAM HOBMX KOMIJIEKCIB. Y pasi MoAepHi-
3auii BUpo6HMLTBa NOTPIGHO BpaxoByBaTy obme-
YKEHHS, MOB’AI3aHi 3 TUM, LLLO TEXHOJOTIYHE yCTaTKy-
BaHHA He 3aBXAW ajanToBaHe 419 3aCTOCYyBaHHA

3ac006iB poboTOoTeXHiKM. Lle mMoxe noTpebyBaTtu
NnpoBefeHHSA po6IT 6e3 3HAYHOT 3YNUHKN BUPOOHM-
uTea.

Ha ubOoMy eTani TakoX BaK/IMBO BpaxyBaTtu
MOX/IMBOCTi 3aCTOCYyBaHHSA NPOMMUCNOBUX POOOTIB
i MaHinynATopiB, WO NOCTaB/SATLCA B KOMMIEKTI
3 OCHOBHVM YCTaTKyBaHHSM, a TakoX 3abe3neqnTu
CMONYYEHHA CUCTEM KepyBaHHS BCiX CKI1a[0BUX
YacTVH KOMMIEKCY.

Y po3B’A3aHHi LbOro 3aBfaHHA AN1s 4ilyoro
BMPOOHMLTBA HEOOXiAHO BpaxoByBaTW 0bOMe-
XKEHHS, 3yMOBJ/IEHI TWM, LU0 4acTo NAETbCA Npo
MOZJEpPHI3aL,it0 TEXHOMOMNYHOro ycTaTkyBaHHs, ske
He 6y/10 cneujaslbHO agantoBaHe A/ BMKOPUC-
TaHHS 3aco6iB po60TOTEXHIKM. BogHouac 4acto
He MOXHa AONYCTUTU TPMUBaOT 3YNUHKN BUPOOHM-
uTea.

OCHOBHVMMY TpyAHOLWAaMU Mif 4Yac pO3B’A3KY
LibOro 3aBAaHHs €:
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Puc. 3. Cxema KepyBaHHA TEXHOJIONYHUM KOMIMJIEKCOM

— HeoOXiAHICTb PO3MILLLEHHA MPOMUC/IOBUX
po60TiB Ta iHWNX 3ac06iB PO6OTOTEXHIKM HA HEOO-
MEXEHUX NAOoLLLAxX TEXHOOMNYHOro KOMMIEKCY, LU0
[ie, 30KpeMa i1 3ab6e3neyeHHst TpaHCNOPTHMX one-
pawii;

— HeoO6XigHICTb AOCUTbL MOBHOrO i1 paLioHaslb-
HOr0 BMKOPUCTAHHSA MOX/IMBOCTEN 3aCTOCYBaHHS
NPOMUC/IOBUX POBOTIB i X NPUCTPOIB KepyBaHHS,
LLIO 3HAYHOK MipOoK BU3HAaYa€e BapTICTb | epeKTnB-
HICTb pO60TM BCbOr0 KOMI/IEKCY, & TakOX 3pyu4-
HICTb i0ro ekcnyaTauir;

— 3abes3nevyeHHss HeobXigHOT NPOAYKTUBHOCTI,
TO6TO i ICTOTHOrO NiABULLEHHS, 30KpEeMa i 3aBAAKN
Bi4MNOBIAHIN LUBMAKOA(T NPOMNCNOBUX POGOTIB.

ICHYIOTb 1 iHLUI BMKNWKK, NOB’SA3aHi 3 KepyBaH-
HAM KOMI/1IeKCaMu, KOHCTPYKLIE YyCTaTKyBaHHS
Ta NpoAykKuieto, NpoTe BOHM MEHL KPUTUYHI.

BucHoBKW. 3a3Buyail NPUAHATHAM pPillEHHAM
€ BWKOPUCTAHHSA MigBICHMX MNMPOMWUCIOBUX PO6O-
TiB, AKi PO3MILLYIOTBCA Hag OCHOBHMM YCTaTKy-
BaHHsAM. Lleii nigxig WMPOKO 3aCTOCOBYETHLCS,
30KpeMa B MexaHiui. YacTto BMKOPUCTOBYHOTbCS
MOGi/TbHI MPOMMC/IOBI POGOTK, SKI PyXatoTbCs peit-
KOBUM LLSIAXOM Haf, yCTaTKyBaHHSM, L0 [03BOJSISE
obcnyroByBaTu Kifibka BepcTaTiB 0gHUM PO6GOTOM.

[nsa Takux 3aBAaHb TakOX LUMPOKO BUKOPMC-
TOBYHOTb 36asiaHCOBaHi MaHinynaTopu 3 pyvyHuUM
KepyBaHHAM, sKi PO3MILLYIOTLCSA Ha BepTUKaslb-
HUX KO/TOHax. BoHW noTpebytoTb MeHLWe Micuda Ta
[03BONATb NpauoBaT 6e3 nepemillleHHss OCHO-
BHOrO ycTaTkyBaHHA. Taki MaHinynatopu Aellesi
Ta NPOCTI B ynpas/liHHi, NOMErLLy0Tb YMOBW npaL,
NiABULLYOTb NPOAYKTUBHICTb i 403BO/ISATL CKOPO-
TUTU KINIbKICTb POBITHUKIB.
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