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1. Ha nepiomy etari JOCIIiIPKEeHb [1I0CTABJIEHO 33/1a4y HalalTyBaHHs KoedinienTis [11]1-peryastopa ns
peryIIoBaHHS PyXy CUCTEMH "KpaH-BaHTax'. 3a JONOMOroo MoaudikoBaHOro MeToay poio yactok ME-D-PSO 6yiu
OTpUMaHi po3B'sI3KU 17151 Pi3HUX HAOOPiB NapameTpiB cucTeMu: Macu BaHTaxXy m2 Bizg 500 kr 1o 20000 Kr 3 KpOKOM
500 Kr Ta JOBXUHU THYYKOTro NifBicy BaHTaxy | Bix 2 1o 12 MeTpiB 3 KpokoM 1 MeTp. B pesysbrarti 6ys10 OTpUMaHO
451 na6ip xoediuienTtis KP, KI, KD IIIJI-perynstopa. Ha 0CHOBI 1IUX JaHUX PO3PO6JIEHO aITOPUTM, SIKUI JO3BOJISIE
po3paxyBaTu 3HaueHHs1 KoedilieHTis [11/]-perynsropa 1s XPOKOTo Aiara3oHy Macu BaHTaXy Ta JOBXUHU
THYYKOro nifBicy. [lepinm KpoKOM aJroOpuTMy € BU3HAY€HHS BEPXHbOI Ta HUJKHBOI MeXX ITapameTpiB m2 Ta 1, nys
SKUX 3[ilICHIOETbCS nomyk KoedinieHTis II]]-perynsaropa. [10TiM BCTaHOBIIOETBCS IOYATKOBE HAOIVMKEHHS
3HaueHb KoedilieHTiB i 3a gornomoroi metogy ME-D-PSO Br3Ha4a0ThCS OKpeMi 3HaUeHHS KOKHOTO KoedinieHTa.

Anroputm 103BOJIsIE IIBUIKO HasamToByBaTu [11[]-perynarop s 3amayi yCyHeHHSI MasiTHUKOBUX KOJIMBAaHb



BaHTaXy. PO3B's13aHO 3a/1a4i CUHTE3y ONTUMAJIBHOTO PETYJISITOPA [1J1s1 PEXKUMIB PO3TOHY, FaJIbMyBaHHS Ta NOBHOTO
LIMKJIy TIEpEMIllleHHsI KpaHa 3 BAHTa)KEM Ha THyYKOMY IifBICi, IKMI Jae 3MOTy YCYHYTU MasiTHUKOBI KOJIMBaHHS
BaHTaXy. B pe3ysbTaTi po3paxyHKiB OTPMMaHO HACTYIHI KoeQillieHTH JIiHIIHOrO peryysaTopa: 6e3 KOMIIOHEHTa
No3ulioHyBaHHS BaHTaxXy K1=-1898126, K2=611392, K3=25709; i3 BpaxyBaHHSIM BUMOTH I10 IIO3UL[iOHYBAaHHIO
BaHTaxy K1=3,171-10"5, K2=-110"6, K3=-110"6; K4=2,127-10"6. Po3po6s1eHO nporpamy IpoBeieHHS
eKCIIEpMMEHTaJIbHUX JIOCiIKeHb. [Iporpama BKitodae 16 ekcrieprMeHTiB, sKi 3i0paHi y 3 6s10Ka. ¥ 1ux
€KCIIEPMMEHTAaX He3aJIEXKHUMU (PaKTOPaMU €: HasBHICTb 30BHIlIHIX 30ypeHb HA PyX BaHTaXYy, 104aTKOBi YMOBU PYXy
BaHTaXy, Maca BaHTaXy, IOBKMHA 'HY4YKOro MiABiCy i 3aJjaHa BillcTaHb NlepeMillleHHS Bi3Ka. AHaIi3
€KCIIEpMMEHTAJIbHUX JIaHUX [10Ka3aB HACTYIIHI pe3yJ/IbTaTu: HallMeHIIi BiIX1JIeHHS eKCIIePUMEHTaIbHUX JAHUX Bif|
TEOPeTUYHUX CIIOCTEPIralThes y ekcriepuMenTi N2 3. BinHocHa noxubka nepeminieHHs KpaHa ckiagae 0,09 %,
noxu6Ka MBUIKOCTI pyxy KpaHa - 19,5 %, moxubka aMILIiTyI1 KOJIMBAHHS BaHTaXYy - 5,9 %, a MOXMUOKa MBUIKOCTI
KOJIMBaHHS BaHTAXY - 4,5 %. Haii6inpui BixuieHHs eKCIIepUMEHTAIbHUX JJaHUX Bif] TEOPETUYHUX
CIlocTepiraloTbcs y ekcnepumenTax N2 5, 7 Ta 11. BinHocHa noxu6ka repeMileHHs KpaHa CTaHOBUTD 2,3 %, [10X16Ka
IIBUJIKOCTI pyxy kKpaHa - 70 %, noxnbKa KOJIMBAaHHS BaHTaxy - 27,7 %, a HOXMOKa MBUIKOCTI KOJIMBAHHS BAHTaXYy -
24,6 %. [lepmuii 610K €KCIIEPUMEHTIB [T0Ka3aB HE3HAYHI BiIXMJIEHHS Bill TECOPETUYHUX JAHUX, OCKIJIBKU MiJ] 4ac
IIPOBEJIEHHS LIMX eKCIIEPUMEHTIB Ha BaHTaX He OyJ10 BIMBY. Hail6inbIi BiiX1yleHHS CIIOCTEPIraloThCs B
€eKCIIepUMEHTAX I1if, YaC IPOBEAEHHS SIKMX HAa BAaHTAX 3[iMICHIOBABCS 30BHIIIHIN BIJIMB. 3arajom, CUCTEMA
PEryJI0BaHHs PyXy KpaHa YCIIIIHO yCYBae MasgTHUKOBI KOJIMBAaHHS BAHTAXY Ta 3a0e3Ievye IepeMillleHHsI KpaHa Ha
3a[laHy BiJICTaHb 3 3a6€3MeYEeHHSIM BUCOKOI TOYHOCTI [TO3MLIIOHYBAHHS BAaHTaXy 3a MiHiMasnbHUI yac. Po3pobieHo
CTPYKTYPHY CXEMY ONITUMAaJIbHOTO KEPyBaHHS PyXOM KpaHa 3 BaHTa)XeM Ha F'HY4YKOMY MifBici, SIka CIIpOMOXKHA
e(EeKTUBHO yCyBaTU MasITHUKOBI KOJIMBaHHS BAHTaXXy Ta IIOKPAIMTH €KCIIyaTalliliHi XapaKTepUCTUKU POOOTHU
KpaHa, TaKi K IPOAYKTHBHICTh, EHEPrOe(PEKTUBHICTD Ta 6e31eKa. Ha 0CHOBI aHasi3y TEXHIYHUX XapaKTEPUCTUK
0yJi0 OOI'PYHTOBAaHO peKOMeHIallil CTOCOBHO BUGOPY arapaTHOi CKJIaloBOi CUCTEMU ONITUMAJIBHOTO KEPYBaHHS
(mporpaMoBaHui1 MiIKDOKOHTPOJIEP, AaTYMKU II0JIOKEHHS KpPaHa, JOBXUHY THYYKOTO MiJBiCy BaHTaXy, KyTa
BiIXWJIEHHS KaHATy 3 BAHTAKEM BiJ] BEPTUKAJIi Ta YACTOTHMI NI€PETBOPIOBAY). Bys10 BCTAHOBJIEHO, 110 3aCTOCYBAHHS
CHCTEMH OINTMMAJIbHOTO KEPYBAHHS PyXOM KPaHa J03BOJIsI€ JOCIITY €KOHOMIUYHOI €(DEKTUBHOCTI MIJIIXOM
NiABUILEHHS 10r0 IPOAYKTUBHOCTI. PO3paxyHKN eKOHOMIYHOI epeKTUBHOCTI Oy IPOBeeHi [1JIsl AeKiIbKOX TUIIiB
KpaHiB, 30Kpema: Ko3710Boro kpaHa Weihua MG25t, moctoBoro kpaHa Aicrane AQ-NLH Ta HaniBK03710BOTro KpaHa
60 /12,5 T. [lng yX KpaHiB piyHa eKOHOMiuHa epeKTUBHICTb BapiloeThcs Bim 28521 mo 67550 rpuBeHs Ha piK Y LiHax
2023 poky.

2. The first stage of the research addresses the problem of tuning the coefficients of the PID-controller for the
control of the "crane-load" system. Modified particle swarm optimization (ME-D-PSO) method application brought
solutions for various sets of system parameters: load mass m2 ranging from 500 kg to 20000 kg with a step of 500
kg and flexible suspension length I ranging from 2 to 12 meters with a step of 1 meter. As a result, 451 sets of
coefficients KP, KI, KD of the PID-controller were obtained. Based on this data, an algorithm was developed that
allows calculating the values of the PID-controller coefficients for a wide range of load mass and flexible
suspension length. The algorithm first step determines the upper and lower bounds of the parameters m2 and |, for
which the coefficients KP, KI, KD of the PID-controller are searched. Then, initial approximations of the coefficient
values are set, and using the ME-D-PSO method, individual values of each coefficient are determined. The
algorithm allows tuning the PID-controller, that ensures elimination of load oscillations. The problems of
synthesizing an optimal controller for acceleration, deceleration, and full-cycle crane motion with a load on the
flexible suspension were solved. As a result of the calculations, the following coefficients of the linear controller
were obtained: without load positioning component K1=-1898126, K2=611392, K3=25709; with load positioning
requirement taken into account K1=3,171-10"5, K2=-1-10"6, K3=-110"6; K4=2,127-10"6. A program for conducting
experimental research was developed. The program consists of 3 modules, totaling 16 experiments. These
experiments include independent factors such as the presence of external disturbances on load motion, initial
conditions of load motion, load mass, flexible suspension length, and the specified distance of the trolley final
position. The analysis of experimental data revealed the following results: the smallest deviations between



experimental and theoretical data were observed in experiment N 3. The relative error in crane final position is
0,09 %, the error in crane movement velocity is 19,5 %, the error in load oscillation amplitude is 5,9 %, and the
error in load oscillation velocity is 4,5 %. The largest deviations between experimental and theoretical data were
observed in experiments N2 5, 7, and 11. The relative error in crane final position is 2,3 %, the error in crane
movement velocity is 70 %, the error in load oscillation amplitude is 27,7 %, and the error in load oscillation
velocity is 24,6 %. The first set of experiments showed minor deviations from theoretical data because there were
no external impacts on the load during these experiments. The most significant deviations were observed in
experiments where external impacts were applied to the load. Overall, the crane motion control system
successfully eliminates pendulum oscillations of the load and ensures crane movement over a specified distance
with high positioning accuracy in minimal time. A structural scheme for optimal control of crane motion with a
flexible suspension system was developed, which effectively eliminates pendulum oscillations of the load and
improves the operational features of the crane, such as work capacity, energy efficiency, and safety. Based on the
analysis of technical characteristics, recommendations were made regarding the selection of hardware
components for the optimal control system (programmable microcontroller, crane position sensors, length of the
flexible load suspension, deviation angle of the load from the vertical, and frequency converter). It was established
that the implementation of the optimal crane motion control system allows achieving economic efficiency via
increased work capacity. Economic efficiency calculations were conducted for several types of cranes, including
the Weihua MG25t gantry crane, Aicrane AQ-NLH bridge crane, and 60/12,5 t semi-gantry crane. For these cranes,
the annual economic efficiency ranges from 28,521 to 67,550 hryvnias per year in 2023 prices.
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