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Machine Learning Algorithmic Models for Forecasting Fuel Consumption by Vehicles
of the Grain Crops Delivery

The analysis of the state of development and use of machine learning algorithmic models in road
transport logistics systems has been carried out.

The expediency of application of machine learning algorithmic model for predicting fuel consumption
by vehicles during the grain crops delivery from agricultural enterprises to the grain elevator has been
substantiated.

The reggression machine learning algorithmic models: DT (Decision Tree) model and the RF (Random
Forest) model for forecasting fuel consumption by vehicles is selected. On the basis of historical data of the
enterprise that transports grain crops from agricultural enterprises to the elevator, forecasting of fuel
consumption by vehicles with the use proposed models has been carried out. The resulting prediction of vehicle
fuel consumption with the use the RF random forest model, as opposed to the values of individual decision trees,
has a lower ability to retraining and greater flexibility to the limit of vehicle fuel consumption decisions.

Evaluation of the specified models for forecasting fuel consumption by vehicles during the grain crops
delivery from agricultural enterprises to the grain elevator has been performed according the following criteria:
mean absolute error (MAE), root mean square error (RMSE), Total time and Training time. It has been determined
that the best prediction of fuel consumption by vehicles during the grain crops delivery from agricultural enterprises
to the grain elevator is performed by the RF random forest model, which provides a relative error of the obtained
results of 4.6% with a standard deviation of £0.1 and a total machine learning time of 4.8s.

The obtained results of the researches can be used for the selection of the most efficient means of
transport for executing orders of the grain crops delivery from agricultural enterprises to the elevator.
machine learning model, fuel consumption, random forest model, decision tree model, grain crops
transportation

Ooepoicaro (Received) 13.09.2022 Ipopeyenzosano (Reviewed) 20.09.2022
Iputinamo 0o opyky (Approved) 26.09.2022

YK 656.13.072 DOIL: https://doi.org/10.32515/2664-262X.2022.6(37).1.182-187

A.B. MloBueHKO, 011., KAH/I. TEXH. Hayk, A.M. Kpeiina, ct. Buki., €.A. YceHko
Yepracvkuil OeporcasHutl mexHono2iunuu ynisepcumem, m. Yepracu, Yrpaina
e-mail: a.yovchenko@chdtu.edu.ua, a.kreida@chdtu.edu.ua, yevhenii_ck@ukr.net

AHa3 ICHyI0OYUX TaKeJaKHHUX 3aC001B JIJIs
MepEeMIIICHHS, 3aBaHTAKCHHS Ta PO3BAHTAXKCHHS
BaHTaXXy IIpU TPaHCHOPTYBaHHI

BukoHaHO aHai3 ICHYIOYHMX TaKeJaKHHX 3acO0iB JJIsl TPAaHCIOPTYBAHHs, 3aBaHTAKCHHS Ta
PO3BaHTa)XEHHs BEJIMKOTadapUTHOTO Ta BEJIMKOBAaroBoro BaHTaxy. HasexeHo ¢akTopu, sKi HE0OXiqHO
BpaxOBYBaTH IpH BHUOOpI TakeJaXKHWX BI3KIB /s 3MEHILICHHS TpaBM Ta IiJBHIIECHHS e(EeKTHBHOCTI
TpaHCIIOPTYBaHHs BaHTaxiB. Hanano BuMoru Juis epeKTUBHOTO Ta O€311eYHOr0 TPAHCIIOPTYBAHHS BaHTaXKY.
TaKeJaKHUH Bi30K, TPAHCIIOPTYBAHHS, POJIMKH, BeJIMKOTa0apUTHUI BaAHTAK, BETHKOBATOBMIi BAHTAK
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IHocTtanoBka npodJyemu. [lpu npoBeneHHI TakenaXKHUX POOIT BUHUKAIOTH CKJIAJHI
MaHIMyJAIli 3 BaXKUMH 1 00'€eMHMMH BaHTa)XaMU. TpaHCIOPTYBaHHS BEIMKOBAaroBUX 1
BEJIMKOTa0apUTHUX KOHCTPYKIIHM 3A1HCHIOETHCS MPH BUKOPUCTAHHI TaKeNaKHUX 3aco0iB Ta
CIeliai3oBaHol TEXHIKH, HANPUKIIAJ - TaKeJIAKHUX BI3KiB, 0€3 SKWUX 0araTo pi3HHX BH/IIB
IPOMHCIIOBOCTI MaTUMYTh MPOOJEMH 3 TPAHCHOPTYBAaHHSIM Ba)XKUX BAHTaXiB, HEOOX1IHUX
JUISl HAJIGKHOTO BUKOHaHHs poboTu. OmHak, HEOOXIAHO BpaxyBaTH, IO BHJIIB TaKEITKHHUX
Bi3KiB 0e3iu i oOpatu HAWOUIBIN BiANOBIAHUN MOTPIOHMM BUMOTaM IyKe BaXko. B maHiit
cTaTTi Oy/Ie BUKOHAHO aHaJi3 ICHYIOUHX TaKeJaXXHUX Bi3KiB Ta 00J1aCTh iX 3aCTOCYBaHHSI.

AHaji3 ocTta”HiX gociigxenb i myOaikamiii. Takemaxxne oOmamHaHHS MOXKHA
YMOBHO PO3UIMTH Ha JIB1 TPYIH - I NMPOBEICHHS JIETKUX TaKeJIaXHUX POOIT (IOMKpaTH,
Taii, 1e01IKK, BaXkemi) 1 IS IepeMIlIeHHs] BA)KKUX BaHTaXiB (TaKeTakKHi Bi3KU, T AHOMHUKH,
aBTOKpaHHU, BaHTaXomiaiomHi kpanu) [1]. TakenaxHi BI3KM IIUPOKO 3aCTOCOBYIOTBHCS TPH
TPAHCHOPTYBaHHI PI3HOMAaHITHUX BaKKUX BaHTaXIB y HAHpPI3HOMaHITHIIIMX yMoOBax. BoHu
BUTIJTHO BUIUISIOTHCS CEPEJl 1HIIOTO TaKEJIaKHOTO 00JIaTHAHHS. Ix 00MparTh B 3aJICIKHOCTI
BiJl HABAaHTAKEHHS Ta 00paHOl cXeMu mepeMilieHHs [2-4].

IlocTanoBka 3aBaaHHsA. MeToO MaHOi poOOTH € aHalli3 ICHYIOUHMX TaKeIaKHUX
3aco0iB, iX mepeBar Ta HEOJIKIB, a TAaKOX IOIIYK ONTUMAJIBHOTO BapiaHTy Bi3Ka 3a
KpUTEPIEM MaKCUMaIbHOI MAaCH BaHTAXYy, 110 TPAHCIIOPTYETHCS.

Bukiaan ocHoBHOro marepiajy. Jlyxke 4acto BUHUKA€E HEOOXiIHICTH MEpEeMILICHHS
BaXXKOTo abo0 BenuKorabapuTHOro BaHTaxy. OcoOMMBO 1€ aKTyallbHO MJIsi CKJIAJCBKUX
MalIaHYMKiB, BUPOOHUIITB Ta IHIIUX MiJMPHEMCTB, HA SKHX HEMOXJIMBO a00 HEIOIIHHO
BUKOPUCTAHHS BWJIOYHUX HAaBaHTA)XyBadiB Ta 1HINOI CKIAJAChKOi TexHIkW. Buxim i3 Takoi
CUTYaIlli — TaKeNaXHi Bi3KH.

TakenaxHui BI30K - MiJKaTHA OMOpa, MpHU3HAYCHA JIS MEPEMIIIEHHsS BaHTaXxy Ha
BIIKPUTUX 1 3aKpUTUX MaiinaHunmkax. PonmkoBa miardopma sBisie co0OI0 BaHTaXHUN
MalJaHYMK, BUTOTOBJICHU 31 CTaJIl 1 OCHAIIICHUH POJTUKAMH VISl IEPEMIIIICHHS.

TakenaxHi Bi3KM HOIUISIFOTHCS HA TPU BUJIM 32 iX BUAOM KEPOBAHOCTI [5]:

Bizok kepoBanmii — mpucTpiid, oOJagHAHUN TOBOPOTHUM MEXAaHI3MOM 3 KEPOBaHOIO
PYUKOIO, IO J03BOJISIE€ TUIaTGOpMi BUKOHYBaTH MaHEBpU HpU pyci. BHKOpPHCTOBYeTbCS K
CaMOCTIHHMH MeXaHI3M I TIEPEeMIIICHHs BaHTaXiB, TaK 1 B mapl 3 peryJbOBaHUMH
aThopMaMH.

Bi3zok perynpoBaHui — MPUCTPIH, IO CKIAMAETHCS 3 JBOX TUIATPOPM 1 3'€THYIOUMX
mrradr. [lITaHru perynorThes, MO T03BOJISIE 3MIHIOBATH BIJCTaHb MO JOBXKHWHI 3'€THAHHS
MDK miatgopmamu. 3pydHi Uil PO3MOJITY Bard BEIWKOraOapUTHOTO BaHTaXy. MOXYyTh
BUKOPUCTOBYBATHCS SIK CAMOCTIMHO, TakK i1 B mapi 3 KEpOBAHOIO MIAT(GPOPMOIO.

Bizok mOBOpOTHWH — TPHUCTPiA, OCHAIIEHWNA TOBOPOTHUM JIMCKOM, Ha SKHUH
OITyCKA€THCS MEPEMIIlyBAaHUH BaHTaX. 3aBISKH MOBOPOTHOMY JIUCKY — 3HAYHO 301TIBIIYETHCS
MaHEBPEHICTh MEPEMINTYBAaHOTO BaHTaXy. BUKOPUCTOBYETHCS B KOMILJIEKTI 3 KEPOBAHUMU 1
peryiapoBaHUMH TIaTGopMamMu

OCHOBHUM €JIEMEHTOM TaKeJaKHUX BI3KIB € POJIMKH, SIKI BUTOTOBJISIIOTH B OUIBIIOCTI
BUMAJKIB 13 moJiyperaHa abo moisiaMifa (MaroTh OUIBIITY BAHTAXKOIMIAHOMHICTh, JKUTTEBUI
UK, HIXK KoJieca 13 TyMH, CTIHKI IO Maces 1 PO3YMHHHKIB, BUTPUMYIOTh E€KCTpeMasbHI
TEMIEPaTypH, 3aMo0iraloTb OyAb-IKHUM MOUIKOMKEHHSIM Ha Miio3i). BoHH SBISIOTE c00010
JIOBT1, IMIIHAPHYHI KOJIeca, MO 3a0e3MeUyI0Th XOPOIIU OMOPHUI KOHTAKT 3 TIOBEPXHEIO Ta
3HWKEHHS TepTsl MpH TPAaHCHOPTYBaHHI BaHTaXy. 3O0UIBIIEHHA KIJIBKOCTI POJIMKIB Y
TaKeIXHUX Bi3KaX TPOMOPLIHHO 30UMbIIye 1X BaHTaXomigiomMHIcTh. Hampukman:
TakenaxHui Bizok Mark 2, ¢pipmu «Cherry’s» 3 1BoMa poiaMKaMHU Ma€ BaHTaXKOMiJHOMHICTb
2,5 tounu, Mark 12 3 12 pomukamu — 15 TonH. ToMy, Ha TANMPUEMCTBI HEOOXITHO MaTH
[IMPOKUN aCOPTUMEHT TaKeNa)XKHMX Bi3KiB, BUTOTOBJICHHUX 3 PI3HUX MaTepialiB, 3 PI3HOIO
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BAaHTAXKOIIJHOMHICTIO, IO 103BOJINTH TPAHCIIOPTYBATH BaHTAXI1 3 Pi3HUM HaBaHTAXECHHSM IO
pi3Hi# miio3i [1-4].

[HmIi eneMeHTH TaKelaKHUX BI3KIB BHTOTOBJIEHI 31 CTalll 3 BHCOKOIO MILHICTIO, IO
3a0e3mnevye JTOBrOBIYHICTh, HEOOXINHY HJii BUKOHAHHS POOOTH Takelnaxy. BoHum MinHI Ta
MaroTh MaJly IUIOILY KOHTAKTy i3 MOBEPXHEIO, M0 301UIbIIYy€ X BaHTaXOMiAiHoMHIcTh. KoxxeH
TaKEeJIAKHUM BI30K JOCTATHHO JIETKUM, TOMY HOTO JIETKO MOXXHA MIACYHYTH TiA TiTHATHN
BAaHT@X, IO MOJErNIye 3aBAHTAKEHHS Ta PO3BAHTAKEHHS OONAJIHAHHA. IX KOHCTPYKIIis
3a0e3neuye MakCUMaJIbHUN HaBaHTKYBAJIBHHHM MPOCTIP 1 MOTpeOye MIHIMAIBHOTO IMiIHOMY
BaHTaXXy. MakCHUMaabHUIA HaXWI MOBOPOTHOI IUIAT(OPMHU TAKEJTaKHOTO Bi3Ka HE MOBHHEH
nepesuiyBaty 4°, o poGHTH HOro GLIbLI CTIMKMM IIiJ| Yac TPAHCIIOPTYBAHHS BAHTAXKY.

BaxJnBO BUKOPUCTOBYBATH BHCOKOSIKICHE OOJIaJJHAHHS, 1HAKIIe BUHUKAIOTH PU3UKU
MOIIKOJUTH TPAHCIIOPTYIOUMA BaHTaX. Ha#OuIbm MIUPOKO y MPOMHCIOBOCTI IS
TPAHCHOPTYBaHHS BaHTa)Xy BHMKOPHUCTOBYIOTh TakelaxHi 3acobm ¢ipm «Cherry’sy, «Hevi
Haul», «Hilman Incy.

®ipma «Cherry’s» BUIyCKae TPaHCIOPTHI 3aCO0M, SIKI CKIIAJAIOTHCS 3 TaKEIAXHHUX
BI3KiB 3 PEryJbOBAaHUM CTEPKHEM, 110 JIIATHCS HA MPSMOITIHINHI Ta KEpOBaHi (3 MTOBOPOTHOIO
3aBaHTA)XyBAJIBHOIO IIaT(HOPMOIO Ta PYUYKOIO, sKa JO3BOJISIE MOBEPTATH BAHTaX B Oy/b-
SKOMY HamnpsMKy) (puc. 1).

IcHye "4oTHpHM THNM TaKeIaKHUX Bi3KIB 32 MOKJIMBICTIO PETyJIIOBaHHS BIJICTaHI MiX
pOJIMKOBUMHU  TuTaTopMaMu: IHAWBIAyaldbHI (BUKOPHCTOBYIOTH 13  IIATYHOM, IS
peryJIloBaHHS Jiana3oHy MIUPUHH); TaHAEMHI (MalOTh JIBI POJIMKOBI IUIATGOPMH, YOTHPHU
TOYKH KOHTAKTy JUIsl TIOKpAIeHOi CTIMKOCTI Ta BaHTAXKOMIIHOMHOCTI); KepoBaHi (3
NPUKPITUIEHOIO PYYKOIO Ta TOBOPOTHOIO BAHTAXKHOIO IIIAT(GOPMOIO).

-
P

/

s

Pucynox 1 — Buan TakenakHUX Bi3KiB 3 peryJIbOBaHUM CTEPIKHEM

Lbowcepeno: [1]

[lepeBaramu naHuX TakeTaKHUX Bi3KiB €: Mil[HA pama, MiJAIIUITHUKY, SKi po3paxoBaHi
Ha Te, 00 BUTPUMYBAaTH BEJIMKY Bary Ta 3a0e3ledyyBaTd IUIaBHUH 1 HamiHUN pyX;
MPOTUKOB3KI MOBEPXHi; KepoBaHiCTh. Hemomik: co6iBapTicTh MPOIYKITii.

Bisku Hevi-Haul Oymu  pospobmeni s mpodeciiHUX —aBTOTPAHCIIOPTEPIB,
TaKeTa)KHUX KOMIIaHil Ta KJIIEHTIB 3 TOTpebaMu MepeMillleHHs] BaHTaxy. BaHTaxH1 cucteMu
CTBOpPEHI JUISI TOTO, MO0 NPOCIYXHTH JIOBrOBIYHO, 3a0€3MeUyodr MIIHICTh Ta SIKICTh
aMEepUKaHCHKOTO BUPOOHHUITBA SIK y (YHKIIOHAIILHOMY, TaK 1 B Tu3aiiHepchKoMy Iu1aHi. s
pyXoMHUX MOTped AOCTYIHI TPH Pi3Hi KaTeropii MalIMHHNX KOB3aHIB, SIKi IOKa3aHO HUXKYE.

[IpsmoniHiiiHI Takena)XHi Bi3KK 3 POJIMKAMHU 3aCTOCOBYIOTHCS JJISi TPAHCIIOPTYBaHHS
BEJIMKUX BaHTaxiB mMacor Bix 2,5 mo 100 ToOHH y mpsMOIIiHIHHOMY HampsMKy (puc. 2, a).
Skmo BaHTaX MOTPIOHO TMEpeMilllyBaTH IO KPHUBOIIHIWHIA TpaeKTOpii 3aCTOCOBYIOTH
yHIBEpCallbHI TaKeJaXXH1 BI3KH 3 BaHTaKomigioMHicTio Bix 1,5 1o 37,5 TouH (puc. 2, 6). s
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TPAHCHOPTYBaHHs JIETKUX 1 CepeAHIX HaBaHTaxkeHb Bix 1,5 1m0 12,5 TOHH 3acTOCOBYIOTH
KOMITaKTH1 TIOBOPOTHI TaKeJa)H1 Bi3kH (puC. 2, B).

B)

: @) Maca TpaHCIOpTyBaHHS Bix 2,5 10 100 TOHH y NPsAMOJIIHIHHOMY HalpsIMKY;
0) maca TpaHcrioptyBaHHs Bix 1,5 1o 37,5 ToHH; B) Maca TpaHcriopTyBaHHs Bix 1,5 1o 12,5 TonH
Pucynok 2 — Buam TakemnaxHHUX Bi3KiB

Iicepeno. [4]

[lepeBaramu TakenaXHUX Bi3KiB €: MillHA pamMa, MiJIIUITHUKH, SKI pO3paxoBaHi BEIUKY
Bary; KepoBaHicTh. Hemomik: coOiBapTicTh MpoAyKIli. ICHYIOTh pi3HI THUIM TaKeIaXHUX
Bi3KiB. BoHU momiOHI Mik cO0010 32 KOHCTPYKIII€IO, aJie BiPI3HAIOTHCS 32 PO3MIPOM 1 Baroro.
VYHiBepCcalbHUX TaKeJaXXHUX BI3KiB HE ICHYE.

Jlnst mepeMillieHHs, BCTAHOBJICHHS Ta TEPEBE3CHHS BAXXKOI TEXHIKM Ta BEIMKOIO
obnmamuanHs; Hilman mpomonye mpocTi, 6e3medyHi Ta eKOHOMIYHO €(DEKTHBHI PIlIEHHS IS
MIMPOKOTO Koja ramysei mpomucioBocti. Cepis Hilman Bull Dolly - 1ie noBue, ekoHOMiYHO
e(eKTUBHE pIIIeHHS JUIsl TIEPEeMIlIeHHS Ba)XKoro oOsanHaHHs. [IpomoHye pi3HI BapiaHTH
KOJIIC /IJIS1 3aXUCTY MiAJIOTH Ta PI3HOMAHITHI CTUII JUIS IPSMOTO MEepeMIlIeHHs: a00 TOBOPOTY.

B)
a) Maca TPaHCIOPTYBaHHA 10 4 TOHH; 0) Maca TPaHCIIOPTYBaHHS 10 24 TOHH

PucyHok 2 — Buny takenakHHX Bi3KiB
IDicepeno: [6]

dakTopu, iK1 HEOOX1THO BPaXOBYBaTH MPU BUOOPI TAKEITAKHOTO 00JIaTHAHHS:

— CTa0UIBHICTh: OUIBLIICTh TaKETKHUX Bi3KIB HU3bKOI KOHCTPYKIIil, IO JTO3BOJISE
YTpUMYyBaTH IICHTP Bard BaHTAXY SKHAWHWKYE [0 IMJJIOTH, IO HE Ja€ BaHTaXYy
NIEPEKUHYTUCH;
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— 3pYYHICTh TPAaHCHOPTYBAaHHS Ta PO3TAIIyBaHHsS: HAsSBHICTh 3HIMHHX DPYYOK, SIKi
JI03BOJISIFOTH TPAHCIIOPTYBATH iX, HE BaXKKi, 3 JIETKICTIO MOKJIMBO TIEPEHOCHTH iX B pyKax Ta
KJIACTH MiJ MAHSTI BAaHTaXI, 10 CIIPOIIY€E MPOLIEC 3aBaHTAKECHHS 1 PO3BAaHTAKEHHS;

— pyX BaHTaxy 0e3 KOB3aHHS: NMOBEPXHS IUIATPOPMH BHKOHAHA 3 TYMH, IO HE Ja€
BAaHTAXY PYXaTUCh MiJ] 4aC TPAHCIIOPTYBAHHS;

— MilHa cTajJeBa KOHCTPYKISA: KOpHyC 1 pama IOBUHHI OYyTH BHUIOTOBJICHI 3
BUCOKOMIITHOI CTaji, Mo 3a0e3MeunTh MIlHICTh, HEOOXITHY IUIsi BUKOHAHHS TPAHCIIOPTHUX
pOOIT;

— HeoOXiJHa BAHTAXKOIIIJHOMHICTb.

[Ipu TpancmopTyBaHHI BaHTaXy OOOB’S3KOBO HEOOXITHO TOTPUMYBATHCHh TMPaBHII
TpaHcnopTyBaHHs. J{1s1 epeKTUBHOTO Ta 0E3MEeYHOro TPAaHCIOPTYBaHHS BAaHTAXiB HEOOX1IHO
[2-4]:

— OLIIHUTHU PU3UKHU NPU TPAHCIOPTYBAaHHI BaHTAXY, 3aBKH BUKOPUCTOBYBATHU 3ac00U
iHAMBiTyansHOTO 3axucTy (313), Taki Sk 3aXHCHI OKYJISIPH Ta KaCKH;

— BIEBHUTHCH B HASIBHOCTI Ta MEPEBIPUTH HA HECIIPABHOCTI 4 JeEeKTH HEOOX1THOTO
oOnagHaHHsA JUIs TPAHCIOPTYBAaHHS Ta MiTHOMY BaHTaXy, BU3HAUUTH iX OOMEXKEHHS Ha
HaBaHTAXXCHHS Ta NEPEMILICHHS;

— PEeryJsIpHO BUKOHYBATH T€XHIUYHE 00CIYrOByBaHHs, a P HEOOX1THOCTI PEMOHT 200
3aMiHy TOIIKOPKCHUX JIETAICH TaKeIaKHOTO 00IaTHAHHS;

— He MepPeBaHTaKyBaTH TaKeJIaXHi BI3KHU (0/IHA JIFOJJMHA MOKE TATHYTH J10 2 TOHH);

— pO3pOOUTH TPAEKTOPIIO TPAHCHOPTYBAHHS BaHTAXy, OYUCTUTH II BiJ CMITTS,
MO3HAYUTH BCl NEPEIIKOAN Ta HeOe3nekn Ha nuisixy (TOBITPSHI JiHII eJeKTporepenay, Mai
KIIIPEHCH Ta MiA3eMHI KOMYHIKallii);

— BU3HAYUTH KUTBKICT Ta PO3IO/LI TaKeIaKHOTO 00JIaJHAHHS TI0 TUTOIIUHI BAaHTaXY;

— PO3TaIIOBYBAaTH BaHTa)X PIBHOMIPHO Ha BCIO IUIOMIMHY TAaKEJIAXKHOTO Bi3Ka;

— MIBUAKICTH PyXY TaKela)XHOro Bi3ka moBuHHA OyTH MeHIie 10 m/xB. {06 3minuTH
HaNpsIMOK PYXY, BAKOPUCTOBYWTE CIIELiANbHY PYUKY;

— TpUMAaTH TaKeJaXXH1 BI3KM MOAATl BiJ XIMIYHHUX areHTIB, HE BHKOPHUCTOBYBATH iX
MpU 3aHAATO BHCOKii ab0 3aHaATO HU3BKIM TemmepaTypi, MiJ BOAOK abo Ha MICKY, 10 MOXKE
TOUTKOTUTH POJTHKH.

CrenianbHUM MPUCTPIN AJ11 BUKOHAHHS TaKeJIa)KHUX POOIT.

Cnyx00Be TIpH3HAYEHHS TPHUCTPOIO: 3a0C3MEYCHHS TOYHOIO BCTAaHOBIICHHS,
HAJIMHOTO 3aKpimieHHs 1 0a3yBaHHS BAaHTaXy, a TAKOX MOCTIMHOTO IMOJIOKEHHS BaHTAXY
BiZTHOCHO TIOBEPXHi TPAHCTIOPTYBAHHS 3 METOIO O€3IIEYHOTO IePEMIIICHHS.

[lincTaBa nns po3poOKU: HEOOXiAHICTh TEPEeMIlEHHS B OOMEXKEHOMY MpPOCTOpi
BEJIMKOBAroBOro Ta BEIMKOTabapUTHOTO 00JIaJHAHHS.

TexHos0OriuHI BUMOTH 10 PO3pOOKH: MaKCHMalbHa MOKJIMBICTb MaHEBPYBaHHS B
00MEKEHOMY TPOCTOPi, HAIHHICTh, MPAKTUIHICTh, MAKCUMAJIBHO CIIPOIIEHA KOHCTPYKITiS.

XapakTepucTuka poOOYOro MPHUCTPOI:  MAKCHUMaJIbHUH  HAaxXWil  MOBOPOTHOI
MIaTGOPMH TAKENAKHOTO Bi3Ka HE MOBHHEH TePeBHILyBaTH 4°, 3a6€3MeUnTH MaKCHMATbHHH
HaBaHTa)XyBaJbHUI MPOCTip Ta MiHIMAEHUHN MIAHOM BaHTAXY.

BuchoBkn. B po0oTi BHKOHaHO aHami3 ICHYIOUMX TaKeNaXHUX 3aco0iB, IX
KOHCTPYKLIi, Marepiaj, 3 SKOro Kpamie iX BHMIOTOBIATH. JIJii 3MEHIIEHHS TpaBM Ta
IiIBUICHHS €(EKTUBHOCTI TPAHCIIOPTYBAHHS BaHTAXIB HEOOXITHO TPABWIIBHO 0OHMpaTu
TakenaxHi 3acodu. HaBeneHno dakropu, siki HEOOXiTHO BPaxOBYBaTH MPH BUOOPI TaKeIaXHUX
Bi3KkiB. /[l edexkTuBHOro Ta OE3MEeYHOro TPAHCIOPTYBAHHS BaHTaXIB HEOOXIIHO
JOTPUMYBATUCh MPaBUJI TPaHCIIOPTYBaHHA. B HallOmmk4iil nepcrekTuBi OyJie CPOEKTOBAHO
Ta PO3PaxXOBAHO KOHCTPYKIIIO TaKEJaKHOTO Bi3Ka, IO JJO3BOJIUTH 3IIHCHUTH HOTO
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BUPOOHMIITBO Ta 3abe3meynth OinbIl  e€()EeKTUBHO BHUKOHYBATH  TPAHCIIOPTYBAaHHS
BEJIMKOTa0apUTHOTO 1 BEIMKOBAaroBOT'O BAaHTAXY.

Crucok mitepatypu

1. Cherry's Industrial Equipment : website. UDC: https://cherrysind.com (hast accessed: 01.06.2022)

2. How Do Machine Skates Work? Hevihaul products that move the wold: website. UDC:
https://www.hevihaul.com/machine-skates-work/ (hast accessed: 02.06.2022)

3. Machinery Skate. EAGLE. Made in Japan : website. UDC: https://toe-jack.com/products/product02/ (hast
accessed: 02.06.2022)

4. Roller Skids vs. Machinery Skates vs. Transport Dollies. Cherry's Industrial Equipment : website. UDC:
https://material-handling.com/blogs/movers-buyer-guide/ (hast accessed: 02.06.2022)

5. Takenaxxae o6namaanas. URL: https://kozakplus.ua/articles/warehouse-equipment/rigging-equipment
(mata 3BepHeHHS: 06.06.2022)

6. BULL DOLLY KITS. HILMAN: website. UDC: https://shop.hilmanrollers.com/collections/dolly-kits
(hast accessed: 06.06.2022)

References

1. Cherry's Industrial Equipment : website. Retrieved from https://cherrysind.com [in English].
How Do Machine Skates Work? Hevihaul products that move the wold: website. Retrieved from
https://www.hevihaul.com/machine-skates-work/ [in English].

3. Machinery Skate. EAGLE. Made in Japan : website. Retrieved from https://toe-
jack.com/products/product02/ [in English].

4. Roller Skids vs. Machinery Skates vs. Transport Dollies. Cherry's Industrial Equipment : website.
Retrieved from https://material-handling.com/blogs/movers-buyer-guide/ [in English].

5. Takelazhne obladnannia [Rigging equipment]. https://kozakplus.ua/articles/warehouse-equipment/rigging-
equipment [in Ukrainian].

6. BULL DOLLY KITS. HILMAN: website. Retrieved from https://shop.hilmanrollers.com/
collections/dolly-kits [in English].

Alla Yovchenko, PhD tech. sci. Alina Kreida, assistant, E. Usenko
Cherkasy State Technological University, Cherkasy, Ukraine

Analysis of Existing Lifting Equipment for Moving, Loading and Unloading Cargo

During Transportation

When carrying out rigging work, there are complex manipulations with heavy and bulky loads.
Transportation of heavy and large-sized structures is carried out using rigging means and specialized equipment,
for example - rigging carts, without which many different types of industries will have problems with
transporting heavy loads necessary for the proper execution of work. However, it is necessary to take into
account that there are many types of rigging trolleys and it is very difficult to choose the most suitable one for
the required requirements. This article analyze the existing rigging trolleys and their scope of application.

The analysis of existing rigging means for transportation, loading and unloading of large and heavy
cargo is performed. The factors that must be taken into account when choosing rigging carts to reduce injuries
and increase the efficiency of cargo transportation. The requirements for efficient and safe transportation of
cargo are given. In the near future the design of the rigging trolley will be designed and calculated, which will
allow its production and ensure more efficient transportation of large and heavy cargo.

Here are the factors that must be taken into account when choosing rigging trolleys. For efficient and
safe transportation of goods, it is necessary to observe the rules of transportation. In the near future, the structure
of the rigging cart will be designed and calculated, which will allow its production and ensure more efficient
transportation of large-sized and heavy cargo.
rigging trolley, transportation, rollers, bulky cargo, heavy cargo
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