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.RPHQVNpPKR .RALFH 6 Ol depeV. doksal@tKE.EKOLND H

* RUHASRQGHQpPQé DXWRU

Abstract:

This study focuses on material handling technology, specifically evaluating Class 1 t and Class
3 t forklift trucks with different drive systems. Using the Design of Experiments (DEE)d,

the research investigated the influence of load capacity, engine type, and fork length on the
maximum traction force of forklifts. Statistical tools from the DOE methodology were applied
to systematically classify and quantify the causes and relationships between the observed
variables (factors) and the response variable, i.e., the maximum traction force. The results of
this work demonstrate the application of the DOE method, which accounts for factor
interactions, to select the most effective design configuration.

Key words:
forklift truck, DOE, traction force, drive systems

OYRG

9\VRNR]GYL&QpP YRJtN\ V~ YR YIpaLQH SULHP\VHOQE&F
PDQLSXODpQéP SURVWULHGNRP &KRL HW DO D V-~ MH
YQ~WURSRGQLNRY~ SUHSUDYX 9LWD DQG *DWWDPHODWD

OHWYyGD '2( MH YLDF~pHORYRX WHFKQLNRX %R[ HW |
REPHG]HQp QD I\]JLNiOQH H[SHULPHQW\ DOH P{4H E\" DSOLI
/IDZ DQG .HOWRQ OHWRGLND '2( MH ~pLQQéP QiVWURNM
hodnRWHQLD 3UL DNRPNR YHN SUREOpPPH V QiYUKRP SOiQR)
YLDFHUR DOWHUQDWtY %DUDG

3UIFD 7DQFR HW DO SUHJHQWXMH PHWRGLNX NW
'2( DNR SUtVWXS QD SUHNOHQXWLH H[LVWXM~FHM SULHSD\
AWDWLVWLENi PHWYyGD VD 3LURNR SRX&tYD Y U{]Q\FK REOD)
QiYUKX YE&YRMD D RSWLPDOL]iIFLH SURGXNWRY L SURFH'
LPSOHPHQWIFLH PHWyYG\ '2( V~ N GLVSR]tFLL XVPHUQHQLEL
3UHPHQQpP Y '2( DNR MH SRpHW IDNWRURY wvislRod@puD ORJILI
VN~PDQLD WHVWRYDQLH FKDUDNWHUL]IFLD DOHER RSWLPI
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([LVWXMH Y&DN PQRAVWYR '"2( QiYUKRY NWRUp VD P{&aX WHI
D SUHWR QLH MH MHGQRGXFKp XUpL" NWRUé QiYUK SRVN'
QDMPHQAtFK JGURMRY -DQNRYLF HW DO

.DaGé '2( QiYUK MH JORaHQé ]J]R VpULH NURNRY SOiQR"
DQDOé]D JRIELHUDQéFK H[SHULPHQWIOQ\FK ~GDMRY SRPRFF
SODWQp D REMHNWtYQH ]JiYHU\ =DKUDHH HW DOerom .Dac
VI\IVWpPX UHVS SURFHVX D LGHQWLILNRYDQtP SUREOpPPX 6
FLH RY QD ]JINODGH NWRUéFK MH SRWUHEQp GHILQRYD" XN
NWRUiIi E\ PDOD SUHGVWDYRYD" NYDQWLWDWtYQX PLHUX VS|

'2( MH QiVWURM SRXatYDQé QD V\VWHPDWLFNé YéEYRM D
%HJ DQG 5DKPDQ PHG]L MHKR YEKRG\ RSURWL NRQY
2014):

1YLDF LQIRUPiFLt SUH MHGQRWOLYp H[SHULPHQW\

IVNUIWHQé pDV SUtSUDY\

fJOHSEHQLH ~pLQQRVWL

VSR DKOLYRV" LQIRUPIFLt

IVFKRSQRV" LQWHUDNFLt

VSR DKOLYHMALD SUHGLNFLD

'2( MH ]|DOR&HQi VN{U QD ]QDORVWLDFK DNR QD ~GDMR
NYDOLW\ D SURGXNWLYLW\ Y UiPFL VDPRWQpPKR H[SHULPHQ\
VD JtVNDYDM~ V pR QDMPHQ4&tP Y\QDORAHQtP J]GWRMRY '2
~GDMRY D ]JiURYH PD[LPDOL]XMH LFK NYDOLWX 5DQGDOO H

&LH RP WHMWR SUiFH MH VWDQRYHQLH YSO\YX Y\EUD
YR]JtNRY QD PD[LPiOQX "DaQ~ VLOX SRPRFRX PHWyYG\ '2(

1 OHWyG\ D PHWRGLND

OHWYGBDVD SRXA&tYD QD XUpPHQLH SUtpLQ YDULIFLt QiMG
GRVLDKQH RSWLPiOQD PD[LPiOQD DOHER PLQLPiOQD R]YD
NRQWURORYDQé&FK SUHPHQQE&FK D Y\WYRUHQLH PRGHOX QD
V WHMWR SUiFL EROD R]JYRX PD[LPiOQD "D&Qi VLOD Y\VRN]
JiYLVORVWL RG LFK W\SX D PRGHOX

'2( MH HNRQRPLFNi WHFKQLND SUHWRAH VSR DKOLYp )
UHODWtYQH PDOpKR SRPpWX PHUDQt UHVS SR]JRURYDQt 6SL
QDYUKQXWpKR H[SHULPHQWX SULQHVLH AWDWLVWLFN\ VS|
PHWRGLFNp VN~PDQLH YSO\YRY IDNWRURY D QDMPI LEK LC
]iNODGQé G{OHALWé NRQFHSW Y PHWRGROYJLL H[SHULPHQV
IDNWRUPL GRFKiG]D NH ~pLQRN MHGQpPKRRYRWRQPKRNRNW
QLH MH URYQDNé QD YaHWNE&FK OGDRBQDNDPKDGD®RKpKR B\
GREUEFK YEVOHGNRY ] QiYUKX H[SHULPHQWRY ]DK D 5DQJ

Xx VWDQRYHQLH FLH D
X YR ED SUHPHQQ&FK
X YEEHU QiYUKX H[SHULPHQWX
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X Y\INRQDQLH QiYUKX
Xx NRQWUROD V~ODGX ~GDMRY V H[SHULPHQWIiOQ\PL GiwWD
Xx DQDO&]D D LQWHUSUHWIFLD YEVOHGNRY

11 1iYUK H[SHULPHQWX

1iYUK IDNWRURYpKR H[SHULPHQWX ER®alf IW¥RUHQ& S
Y\WWRNR]GYLAQp tRAedy\sRGOIDiQEP SRKRQRP HOHNWULEN@ V
UBFKO\P UR]JYRMRP SULHP\VHOQHM ORJLVWLN\ VD wORKD H
REODVWL VNODGRYDQLD QDNODGDQLD Y\NODGDQLD D SUF

7LHWR Y\WVRNR]GYL&Qp YR]tN\ SRQ~NDM~ Y&KRG\ DNF
REVOXKD D Y\VRNi HIHNWLYLWD PW&ORISWHR i ERARIGE RWRFQD Q|
Y\WWRNR]GYL&Q&PL YR]JtNPL VR VSD RYDFtP PRWRURP 3L
]JDULDGHQLDFK NWRUEGFK PRELOQRV" QHPi E\" REPHG]HQ
QDMPDVWHMAELH SRXA&atYD QDIWRY éhrR@ahoRmbtora dd BoPE CSLYHQ R V
PHFKDQL]P\ Pi XUpLWp QHYEKRG\MSRZRAt¥DWXSREPH\GDHQB G
1989).

Tab.1=R]QDP YVWXSQéFK IDNWRURY D LFK ~URYQt

Faktory 'ROQiI ~U +RUQiI ~U
(-1) (+1)
A 1RVQRV" >N 1550 3000
B Motor [-] Elektro 6SD RYI
C ' AND YLGOL 920 1070
Zdroj: autor

2 9éVOHGN\

3DUDPHWUH Y\VRNR]GYLAQ&FK YR]JtNRY EROL Y\X&LWp
'2(V FLH RP LGHQWLILNRYD" YSO\YRY IDNWRURY D LFK LQV
KRGQRWX VD R]QDpXMH DNR ~URYH IDNWRUD 3tbneY\NRQiY
(Tab. GROQi + D KRUQI 3R Y\NRQDQt QiYUKX H[SHU
MHGQRWOLYp IDNWRU\ RYSO\Y XM~ R]YX 9SO\Y IDNWRUD
Y\YRODQi PRGLILNiFLRX ~URYQH WRKWR IDNW RlnedzD SO\Y ID
SULHPHUQ&PL KRGQRWDPL R]Y\ QD KRUQHM D GROQHM ~UR"
LQWHUDNFLD pR JQDPHQi &4H RYSO\YQHQLH R]Y\ MHGQé&P ID
YLDFHU&FK D O(&lbRtgornBriy 2OEOY R Y

9 QiYUKX H[SHULPHQWX ERO DQDO\]JRYDQé& YSO\Y IDN
IDNWRU % D G 4AND YLGOLFH IDNWRU & &LH RP EROR ]LV
SUYpKR UiGX YEUD]QH RYSO\Y XMH R]YX NRQNUpWQH "D&Q-
]JQiI]JRUQHQLH H[SHULPHQWRY SRPRFRX NRFN\ SULpRP Y M
MHGQRWOLYp NRPELQIFLH IDNWRURY

10



22" International Conference t 2628eptember 2025
XXIX u I]v &} v I}v( E v ] 3. t 26. september 2025 i

Research, Production and Use of Steel Ropes, Transport

and Handling Equipment

SEe«lpuU AE E} % }uT]18] } 9q}AE Z o vU }¥%
u vli%po VvE Z 1 E] v

&XEH 30RW GDWD PHDQV IRU OD[ "C

7,7
I
I
53] | 00
VSD RY[DFt :
I
I
I
|
Motor
/
/
/
130

¢

elektro

1550
1RVQRV" >NJ@

Obr.1*UDILFNp ]QI]RUQHQLH H[SHULPHQWX SRPRFR
Zdroj: autor

= YeVOHGNRYVQGDOEWRXEHM MH JUHMPp &H Y]iMRPQp S
Pi VLJQLILNDQWQé& aWDWLVWLFNé GRVDK QD R]YX QD KOD
YSO\YX MHGQRW OLLFYKE ERQ WIHNMWD R BRMY.IDH XYHGHQi Y

)DNWRU\ D Y]iMRPQp S{VREHQLD NWRUp QHPDM~ Y&t
EOtJNRVWL SULDPN\ Y JUDIH QD 2EU )DNWRU\ D Y]iMR
Y\NUHVOHQHM SULDPN\ V~ SRYD&RYDQp ]D G{OH&LWp

= JUDIRY QD 2EU D Y\SOéYD &8H LQWHUDNFLD $& Pi V
VLOX ] K DGLVND a8WDWLVWLFNpKR Y&]QDPX

Pareto Chart of the Effects
UHVSRQVH LV 0D[ "D&Qi VLOD >N1@ $OSKL

3,39
I

ctor Name
1RVQRV" >N
Motor

AC+

Ow>m
o

' A4ND Y LGOL]

ABCH

BA

CA

Term

A

BCH

AB+

T T T T T T T T
0 2 4 6 8 10 12 14 16
Effect

Lenth's PSE=0,9

Obr.23DUHWRY JUDI YE]QDPQRVWL IDNWRURY D LC
Zdroj: autor
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1D ]iNODGH JUDIX LQWHUDNFLt 2EU MH PR&Qp LGHQV
MHGQRWOLY&PL IDNWRUPL .H V~ ]QiJRUQHQpP URYQREHAC
S{VREHQLH PHG]L IDNWRUPL MH PLQLPiOQH DOHER QHSRG\
pLDUDPL WEéP YIpiaLD MH LQWHUDNFLD PHG]L VOHGRYDQé&PL
IHH[LVWXMH Y&]QDPQi Y]iMRPQi J]iYLVORV" PHG]JL IDNW
$Y4ADN PHG]L IDNWRUPL $ D & MH |[D]JQDPHQDQi Y&]QDPQi Y]

Tab.2+0ODYQp YSO\YLARNWWRWRID ®FLt QD R]YX

Faktory
aich A B C AB BC AC ABC
interakcie
Vplyvy 0,6 1,75 0,6 0,6 0,6 14,75 1,75
Zdroj: autor

Normal Plot of the Effects
UHVSRQVH LV OD[ "D&Qi VLOD >N1@ $0OSKELC

Effect Type
® Not Significant
W Significant
mAC Factor Name

‘'AND Y LGOL

Percent
a
3

T T T T T

0 4 8 12 16
Effect

Lenth's PSE =0,9

Obr.31RUPIOQ\ SUDYGHSRGREQRVWQé JUDI YE]QDPQRVW
Zdroj: autor

2EU\WRYp REODVWL KRUQHM D GROQHM ~URYQH 2EU
RVWDWQp IDNWRU\ JRVWiYDM~ URYQDNp 3UHWR REU\VRYp
~URYQLDP $N VD ~URYQH JPHQLD ]JRGSRYHGDM-FRP VS{VR
MH UR]XPQp ]JYROL" SHYQp KRGQRW\ QD QDMQLA&HM D QDM
1D Y\WYRUHQLH REU\WRY&FK pLDU NRQAWDQWQHM R]Y\ V~ E
URYQDN~ KRGQRWX VSRMHQp
IDMLQWHQJtYQHMALH |DIDUEHQi WPDYR]JHOHQi SORFKD R]¢
KRGQRWX OD[LPIiOQRX 'KNAQsou¥LRRX VR VSD RYDFtP PR\
SQRVQRV"RX NJ SUL G &NH YLGOLEH PP
3RURYQDQtP KRGQ{W "DAQ&FK VtO SUL NRPELQIFLIiFK IDNWF
SHOHNWULFN&P SRKRQRP MH VODE&t DNR YRJtN VR VSD R®
aGRVDKXMH QL&&LH QiNODG\ QD ~GUA&EX
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3 =iYHU\

3UL PDQLSXOiFLt V WRYDURP PHEKDQLJiIiFLD X DKpXMH
PDQLSXOIFLX D SUHSUDYX WRYDUX SRXA&tYDM~ Y\VRNR]C
KRULJRQWiOQX GRSUDYX NRPELQRYDQ~ V GRSUDYRX YHUWL
OHWYGRX '2( ERO SRWYUGHQ& YSO\Y IDNWRURY QD PD[ "D
]JDULDAHQtWKSRY Y\WRNR]JGYL&QEéFK YR]JtNRY NWRUp VD Otal
QRVQRVGRANFPX YLGOLFH AWDWLVWLFN\ QDMYé]QDPQHMAL
GYRMIDNWRURYi LQWHUDNFLD $& i PHG]L IDNWRUPL $ QRV(
AWDWLVWLEN\ YE]QDPQé& YSO\Y
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pavel.szkandera@zdb.cz
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Abstract:

This paper explores the use of bio-based lubricants for steel wire ropes in industrial and marine
applications. Bio lubricants represent an environmentally friendly alternative to traditional
petroleum-based products, offering comparable technical performance. The aim of the testing
was to evaluate the current level of bio lubricant performance, focusing on application
conditions, durability, and their potential effect on rope service life. Unlike conventional
lubricants, bio-based variants are biodegradable, non-toxic, and designed to reduce
environmental impact, especially in sensitive or regulated operational environments. The
results suggest that high-quality bio lubricants can meet technical requirements while
contributing to sustainable maintenance practices.

Key words:
bio lubricants, steel ropes, rope lubrication, service life, ecological maintenance, sustainable
technologies

OYRG

4'% '5E7291$ DV SURYR] /DQiUQD Y\UiEt RFHORYi O
QiPR Qt SRXALWt 9 UHDNFL QD URVWRXFt HNRORJLFNp SR:
ELRORJLFN\ RGERXUDWHOQE&FK PD]LY 7D PRKRX QDKUDGL
VSURVW HGtFK V Y\44tP HNRORJLFNéP ULJLNHP QDS tNODC
vU\Ei VWYt 7HVW\ DNWXiOQ SUREtKDMtY RPH]HQpP UR]VDK
D VWDELOLWX PD]DFtKR ILOPX +ODYQt EDULPURX J$VWiYi Y
S UR Y RJl€ntivdss

ODJLYR MH SUR ODQR NOtpRYp 3 L YBURE VQLAXMH W H
SURGOXAXMH ALYRWQRVW VQL&XMH RSRW HEHQt D EUIQt
S LOQDYRVW RGROQRVW SURWL YRG WHSORW L WODNX
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%LR PDJLYD QDKUD]XMt URSQp SURGXNW\ -VRX aHWUQ
ROHM$ QHER VIQWHWLFN&FK HVWHU$ (ODVNRQ 6DFKVHQ *P

1IHREVDKXMt WR[LFNp VORAN\ D QH]S$VREXMt &NRG\ Y
KODYQ Y QiURpPQBVK RERWHOBKWQLFWYt YRGQt VWDYE\ 9é])
PXVt ]JYOIGQRXW WODN YOKNR D V$O 'RVDYDGQt YEVOHGN\
SUR GDO&t YEYRM L SUDNWLFNp QDVD]HQt

1. Metody a metodika

7HVWRYiQt IDKUQRYDOR MDN ELR PD]JDGOD WDN L GY
Nyrosten T-55 a Elaskon SB- NWHUi VORX&LOD MDNR UHIHUHQpPQt JiNO
&tOHP E\OR Y\KRGQRWLW NRUR]Qt RGROQR YV Whikaf WeRiE L O LW X
SUDPHQ\ RFHORY&FK ODQ %LR PD]LYD E\OD KRGQRFHQD Y
NOtpRYi VSROHKOLYRVW PD]JDFt YUVWY\ Y H[WUpPQtFK
VODERUDWRUQtFK SRGPtQNiFK SRGOH MHGQRWQpKR SURWR

/IDERUDWRUQt piVW VH ]DP LOD QD JNRX&N\ GOH QRU
QRUPDOL]DpQt LQVWLWXW Y SURVW HGt QHXWUiIiOQt V
MHGQRWOLY&PL PDJLY\ D XPtVW Q\ GRTR,RAERYIQ tysteRAR U\ 6. %
VROQpPPX DHURVROX SR GREX D& KRGLQ 3RGPtQN\ [NRX:
1D&0O “ J O S+ -DNR NULWpPULXP VHOKiQt E\OD XUpH
QD YtFH QHA SRYUFKX Y]JRUNX 9L]XiOQt NRQWUROD SUR
VOHGRYDOD S LOQDYRVW PD]JLYD VFKRSQRVW SHQHWUDFH

VVRXpPDVQRVWL SUREtKi RY RYiQt PRAQRVWL SU$P\VOR
PD]DFtFK SXPS S tPR S QbrYé URIF WXMM ¥WH JHMPpQD URYQRP
NRPSDWLELOLWD VH VWiYDMtFtP Y\EDYHQtP D HIHNWLYLWD
JNRX4N\ MVRX G$OHALWEP NURNHP SUR RY HQt WHFKQRORL:
] ODERUDWRUQt piVWL VORXA&t MDNR ]iNODG SUR YE&E U YKR
QDVD]HQt

11 3 tSUDYD Y]JRUNS

3UR ND&Gp WHVWRYDQp PDJDGOR E\O\ S LSUDYHQ\ W
QD RFHORYpP SOHFKX &tOHP E\OR RY LW ~pLQQRVW PD]DF
D VWDELOLW)\ Y DJUHVLYQtP SURVW HGt .D&Gé Y]JRUHN E\O
NRQWDPLQDFL PH]JL MHGQRWOLY&PL PDJLY\ =S$VRE ]J]QDpHQ

0D]DGOD E\OD QDQidHQD ]D ODERUDWRUQt WHSORW\ UX
VH G$VOHGQ GRGUARYDOD GRSRUXpHQt YBUREF$ RKOHGQ
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Obr.11DQiaHQt PDJLYD SRPRFt PD]DFt SXPS\
Zdroj: autor

Obr. 2Vzorky mazadel
Zdroj: autor

3 LS tSUDY WHVWX GRAOR NH GY PD SAIREDOHP IH K RDBf
SUYQtKR SRNXVX Y\WYR LOD QD BER VULFRXX PRULYQpY X XSRINDU \|
B3UR GDO&at WHVW\ E\OR PD]JLYR S HG DSOLNDFt NUIWFH SURF
YJRUNS$ E\OR QXWQp ]DMLVWLW URYQRP UQRX YUVWYX PD
Q NROLND WHQNéFK YUVWHY S LpHPa&a PH]JL MHGQRWOLYéP
IDVFKQXWt 3UR PLQLPDOL]DFL YOLYX NRUR]JQtKR WHVWX QI
RGROQRX Y$pL VROQpPX UR]J]WRNX 3 HKOHTGDWHVWRN D IOQFENIK
PD]DGOD VORXALOD MDNR UHIHUHQpPpQt ]JiNODG SUR VURYQ
SURGXNWS$ -HMLFK $atiRKOHG MH XYHGHQ Y
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Tab. 1BIO mazada kWHVWRYiQt

Typ mazadla 7\S D Ei]H .OtpbRYp YODVWQI

9\"VRNi RFKUDQD SURW

Elaskon WR-EAL 6\QWHWLFNp HVWHU\ VODQp YRG ($/ F

Nyrosten Biogrease 9éERUQIi SHQHWUDFH
VGP 02

PD]DFt ILOP
1HWR[LFNp K\GURIREQ
Y$pL VODQp YRG

Bio varianta Elaskonu (detaily 3 HGSRNOIGDQi ELR NI
QHYH HMQp ODQRYp DSOLND

. " , ([ WUpPQt RGROQRVW Y
Biogrease CASX 2 .DOFLRYé VXOIRQIW GORXKi &LYRWQF

'REUIi SHQHWUDFH EH]
Condor Lube 20-10G6| % LR JUHDVH ELRORJ VGP/EAL cert.

Zdroj: Biolubri. (n.d.), 2025, Nyrosten. (n.d.), 2025, CASX. (n.d.), 2025, Condor C
GmbH. (n.d.), 2025

Biogrease, VGP compliant

Biolubri Greaskote 100 Biobased glycerin, USDA certifikace

Elaskon WR-Biolub

Tab.2 .ODVLFNi P BFOURYD Nt

Typ mazadla 7\S D Ei]H .OtpRYp YODVWQRVWL
Nyrosten T-55| OLQHUiIiOQt PD]LYH 'REUI SHQHWUDFH RVY GpHQp

Elaskon SK-U| Mazivo s vysokou viskozitoul 6 LOQi S LOQDYRVW GORXKi YéGUa
Zdroj: Nyrosten. (n.d.), 2025, Elaskon Sachsen GmbH & Co. KG., 2019

1.2 .RUR]Qt IJNRX&N\

IDERUDWRUQt WHVW\ SUREtKDO\ Y VBROOD NRPR XPW&SXM
VLPXODFL H[WUpPQtFK NRUR]JQtFK SRGPtQHN GOH QRUP\ vy
XGUARYiIiQD WHSORWD “ f& NRQFHQWUDFH 1D&O “ 30
depozice aerosolu dosahovala 1,4 ml/@B@d K 9]JRUN\ E\O\ XPtVvW Q\ QD
VWRMDQHFK YH VNORQX f DE\ E\OR ]|DMLaW QR URYQRP U
Y]QLNX YEUD]QéFK NRUR]QtFK SORGXKNWPH QP ivt® HSRHER E X

9éVOHGN\ XNi]DO\ aH Q NWHUi ELR PD]JLYD QDS %LRC
ML& YENRQRY S LEOIBAXBMWNP FRDMNR®IQY&UD]Q ]DRVWiYDMt
ILOPX D Y\VRNi YLVNR]JLWD ]$VWiYDMt NOtpRYéPL SDUDPHW
VORAHQt

2. 9VOHGN\

IHMOHS&t YENRQQRVW Y VROQp NRPR-H (VizlObyBpeD ELR P
Biolubri Greaskote 100 (Viz @ U NWHUp SRVN\WO\ SOQRX RFKUDQX ¢
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]JQiPHN VHOKiQt 2SURWL W R-BXUB &¢BE®D DubeQ® ¥ NRI® KD OD ML
E KHP S UYDHdeiK.

a) konec expozice po 336 h  b) konec expozice po 336 h ¢) konec expozice po 336 h @) konec expozice po 336 h  b) konec expozice po 336 h c) konec expozice po 336 h

2BD]DGOR (ODVNR 2EOD]DGOR %LROXEUL -
XNiJND NF XNi]JND NF
=GURM DXWI =GURM DXWIF

Mazadlo Elaskon SK8 E\OR WHVWRYiQR kot 336 Kodin]\R R 6 (FK
NRPR H 'YD Y]JRUN\ Y\NDJRYDO\ SUYQt YEVN\W NRUR]H Da
YJRUNX GREOR NH NRUR]JL ML& SR KRGLQIFK , S HV WXW
YIRUNS$ QRHNE D& SRYUFKXY RN EBRWFKIXMHPHQRX ~pLQQR

9éUD]Q NUDWAat GRED GR SUYQtKR YEVN\WX NRUR]JH MH
QHS HVQp QHER QHGRVWDWHPQpPSDOOE NDHQNHDYUYIW YD QHE
RNUDM$ 7DWR GRPQ QND MH SRGSR HQD L YL]Xkd@tP SRUR
SDWUQé UR]JGtO Y UR]JVDKX D FKDUDNWHUX NRUR]H PH]L MH
GRED GR YEVN\WX NRUR]JH GHO&t PDMt YEUD]Q URYQRP U(
NRUR]Qt SRANR]JHQt

&HONRY O]JH NRQVWD-\8RBVRD/W\\&KMEDMVNRRQL 6GGREURX DQW
D WR L SL GHOAat H[SR]JLFL Y DJUHVLYQtP SURVW HGt 2GF
RGUiaHMt YDULDELOLWX QDQidHQt QHa YODVWQRVWL VDPRYV

Mazadla Elaskon WR-Biolub a Condor Lube 20* Y\ND]JRYDOD Y WHVWHFK
NRUR]Qt RGROQRVW 6SROHpPQéP ]QDNHP MH aH MVRX QD R
QHER VI QWHWLFNéFK HVWHUS$ -HMLFK PD]DFt IexpézidH PiOR
YOKNRVWL 1DYtF SUDYG SRGREQ SRVWUIGDMt ~pLQQi DQW
Y & NR Q Q RObMS, 6.L ]

-H Y4DN G$OHALWp J]G$UD]QLW &H WHVW E\O NRQFLSF
~URYQ NYDOLW\ ELR PD]JDGHO D MHMLFK PRaQpKR SRXaLWt
7THVWRYiQt SUREtKDOR QD UHIHUHQpPpQtFK SOHFKRYéFK Y]RU
VWDQGDUGL]RYDQ RWHVWRYDW VWHMQéP ]S$VREHP &aoOR
]JDWtaHQt 3UR UHOHYDQWQt ]JiY U\ E\ E\OR YKRGOIpPORRNUL
VSURYR]QtFK SRGPtQNiFK V F\NOLFNéP ]DWtaHQtP DEUD]t
VOHGRYiQtP
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a) konec expozice po 168 h  b) konec expozice po 168 h  c) konec expozice po 72 h

2EWD]DGOR (ODVNRQ
XNiJ]ND NRU
=GURM DX

VTDE

YEVNI\WX SUYQt NRURJH FHONRYi GRED H[SR]JLFH D VWDY Y]

a) konec expozice po 6 h  b) konec expozice po 6 h c) konec expozice po 48 h

2EWD]DGOR &RQGRU /X

XNiJ]ND NRU

=GURM DX

MH XYHGHQR Y\KRGQRFHQt NRWHG @ tYFXQ | NGRREBI |

Q@D SRYUFKX YaHFK Y]JRUN®rMH XYHGHQ Y JUDIX QD

Tab.39éVOHGN\

Dobadol, &HONR| Stav Y]RUNS Doba do 1. &HONRY 6WDY Y]R
Mazadlo YéVN doba H[SR]LFL Mazadlo Y éVN\ expozice [h] expozici
koroze [h]| expozice [h] KpFe) koroze [h] P YEéVN\W
5. Nyrosten
L Elaskon |, 95/0¢ 336 cca 540 % Biogrease | 24/24/120] 240 9IRUNA b
SK-U 11 >50 %
VGP 02
2. Biolubri <
6. Elaskon 9aHFKQ\
Greflosgote 96 /96 /96 336 cca5 % WR-EAL 48 /48 /48 240 > 50 %

3. Nyrosten 7. Elaskon J98aHFKQ\
T-55 96/96/24336/336/9¢ 9]RUHN b WR-Biolub 24124 /24168 /168 /72 > 50 %
4.BIO 8. Condor 9aHFKQ\

Grease |48/48/48 336 cca 3040 % | 6/6/6 6/6/48
Lube 20-10G >50 %
CASX 2
Zdroj: autor

9éVOHGN\ NRUR]QtFK WHVW$ P$aHPH VKUQRXW WDNWR

X

x

x

Elaskon SK-U a Biolubrit UHDV NRWH
QHMOHS&t DQWLNRUR]Qt YODVWQRVWL
Condor Lube 20- * GRVIKOR PD[LPiOQt NRUR]H

QHMKRU&t YEVOHGHN

PDMt QHMSRPDQGHWMtQ il

MLa&a SR

f

Elaskon WR-Biolub, Nyrosten VGP 02 a WRE/ Y\ND]XMt VW HGQ U\FKO

koroze.

BIO Grease CASX2aNyrostenT- VL YHGO\ OpSH QHAa YéaH ]JPtQ Qp
YENRQX WRS SURGXNWS$
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40+ Mazivo
Elaskon SK-U
~— Biolubri Greaskote 100
35— Nyrosten T-55
~—— BIO Grease CASX 2
- Nyrosten VGP 02
—— Elaskon WR-EAL
| — Elaskon WR-Biolub
Condor Lube 20-10G

w
o

N
w
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iy
wm
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Korozni poskozeni povrchu [%]
N
=)

=
o
T

w
T

o
T

6 5|O 160 léO 2(I)O 25lO 360 350
Doba expozice [hod]
Obr.79éYRM NRUR]JH QD SRYUFKX Y]JRUNS
Zdroj: autor

21'LVNX]H YEVOHGNS

3 L RSDNRYDQE&FK P HQtFKoddHylkyNiQIDGR G iHK @&NWEN N pW N
SR KRGLQIFK X MLQDN PWREX OEE\W R FHV|PEHD® HHNRQ]LVY
.ROQNUpPWQ X PD]DGOD %LROXEUL *UHDVNRWH E\O\ KRGQ
1IHMSUDYG SRGREQ M&t S thLQRX RGFK\ON\ MH FK\EQi DSOLN
QHER QH~SOQp SRNU\Wt 7DWR GRPQ QRBUMH 3B BIS\HF XH\DIE
SUYQt YEVN\W NRURYVOQWRK \SQtRE X IO\M$ ¥\ X&tW MDNR GRSO NR"

3L SRURYQiIQt YaHFK PD]DGHO O]J]H VWDQRYLW QiVOHGX
Y$pL NRUR]L
. Elaskon SK8 NODVLFNp PD]JLYR
Biolubri Greaskote 100 (bio mazivo)
Nyrosten T-55 (bio mazivo)
BIO Grease CASX 2 (bio mazivo)
Nyrosten Biogrease VGP 02 (bio mazivo)
Elaskon WR-EAL (bio mazivo)
Elaskon WR-Biolub (bio mazivo)
Condor Lube 20-10G (bio mazivo)

PNOUTRWNE

= KOHGLVND VORaHQt OJ]H tFL &H QHMOHSA&t PD]DGOD
RFKUDQQW\ISIOANY MGH R SURGXNW\ V REVDKHP NDOFLRYpKR
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HVWHURY&FK Ei]Jt *UHDVNRWH 1DRSDN PD]DGOD V KR
VRXGUAQRVWHILFOPXE :5QHER QLA&&t S LOQDYRVW Y H[WUpPQtI

.ODVLFNi PPHME®PQDt (O-DENRQOG. Y\ND]XMt &SLpNRYRX RF
ELR PDJLYD MDNR *UHDVNRWH QHER &$6; VH MLP X& YH
KODYQt S HNiaNRX MHMLFK dLU&tKR SRX&LWt

3. =iY U\

%LR PD]DGOD PDMt S\RODHQ F Nid URSBKIUD SWRG X NW\ EH] ]iV
ALYRWQRVW ODQD 3UYQt YEVOHGN\ XND]XMt VURYQDWHOQ|
NRUR]JL 9\34dt FHQD Y4DN |DWtP RPH]XMH MHMLFK aLU&t QDV

7THVW\ SRWYUGLO\ aH DHNMW®WpHQD PAIRPXEUWEOWHDVNRWH
CASX 2 + GRNiaRX NRQNXURYDW NODVLFNéP PD]JLY$P ] KOHC
PHFKDQLFNp VWDELOLW)\ 1-BifiubDébo X0 Xuia\2D- MG WiRsteéh
selhDO\ 1HMOHS&t RFKUDQX VWiOH SRVNAWXMH NODVLFNp PD

'RNXPHQW 9LSHU :5/ $SSURYHG /XEULFDQBAL/eVW XYiC
VFKYiIiOHQé MDNR 9*3 FRPSOLDQW ($/ WHG\ VSO XMH SRAaDG
$PpNROLY ELR SURGXNW\ |[DWtP S HGVWDY XMt QIiNODIGQ Mat
D IXQNPpQRVWL MH G$YRGHP SURpPp Y WHVWRYiQt D YEYRML (

30iQ\ GR EXGRXFQD ]DKUQXMt RSDNRYiQt ODERUDWRL
]S HVQ Qt GRVDYDGQtFK YEVOHGNS$ 'iOH MH SOIiQRYiQR UR]J:
PD]JDGHO S tPR QD RFHORY&FK ODQHFK Y UHIOQéEKISRGPtQ
SURYR]JRYDWHOS$ MH iE$ QHER |D t]JHQt ]GD VH E KHP SURYR
GRPD]iYiQt 60HGRYDW YéGUA& NRUR]Qt VWDY D SRW HEX C
W FKWR DNWLYLW MH QDOH]HQt PDJLYD NWHUp VSRMt Y\VI
AHWUQRVWt D EXGH SRXALWHOQpP Y E 4QpP L QiURpPQpP S
]JDFKRYiQD S t]QLYi FHQD D YENRQ 'iOH SDN VFKRSQRVW UH
VFKRSQL GRSRUXpLW YKRGQp PD]DGOR

3RG NRYiQt

$XWR L G NXMt WHFKQLFNpPX RGG OHQt ]D VSROXSUi
SURYR]QtPX SHUVRQIOX ]D SRGSRUX S L VE UX GDW 'iOH
SRVN\WQXWt YJRUN$ D WHFKQLFNEFSKRVGBE®tSDRE WHBDKRP
SRG NRYDW 90+4 ]D SURYHGHQpP NRUR]Qt WHVW\
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Winch systems on firefighting vehicles: advancing rescue
operations and safety

, YDQQD %HWOHRHN FFODYPRROBY %HWXa

1 OVWDY JHPVNEBERGGHRKR®LYFNiI XQR¥IHALIDMKD SDUN .RPHQVN|
04384. R4LFH 6O0ORY HQ Vmail: ah§axXietOsowh @ studient.tuke.sk

2 OVWDY JHPVNEFK JGURMRY )% (5RALHFERGKF 18D XQ L.\RHPU]Q WD)
.REALFH 6O0RYHQ Vil tdafek.)IEvcko ® Budent.tuke.sk

3 OVWDY JHPVNEFK JGURMRY )% (5RALHFERGKF 18D X® L.\RHPUH]Q WD)
_.RALFH 60RY HQ il blikbSa¢ Beaus @ Rukesk

.RUHASRQGHQpPQ& DXWRU

Abstract:

Winch systems mounted on firefighting vehicles represent a crucial technological component
in rescue and technical operations. The aim of this paper is to analyze the benefits of steel and
synthetic ropes used in winches and to evaluate their impact on operational time efficiency in
various rescue scenarios. The methodology included a comparative analysis of technical
parameters (tensile strength, weight, service life, thermal resistance) and the evaluation of
three case studies: the evacuation of a person from depth, the stabilization of an overturned
bus, and logistical support during a forest fire.

The results showed that steel ropes achieved the highest tensile strength and relradelity
elevated temperatures, while synthetic ropes offered reduced weight and easier handling but
ZHUH OLPLWHG LQ XVH DERYH f& 7lcorfirmetba® théLV R1
deployment of winches shortened response times by an average3&f@%sompared to
operations without their use.

The discussion highlights the role of winches not only as a technical accessory but agig strate
element of firefighting and rescue tactics. The conclusion emphasizes the neechéor furt
research into hybrid ropes, the integration of smart sensors, and the standardization of testing
protocols. The findings have direct applicability for fire brigades, equipment manufacturers,
and regulatory bodies.

Key words:
winch systems, firefighting vehicles, rescue operations, steel ropes.

OYRG

IDYLMDWWRWpP\ LQAWDORYDQp QD KDVLpPpVNEFK YRI]LG
WHFKQRORJLFNé SUYRN SUL ]JiFKUDQQéFK D WHFKQLFNEéFK
GHVD"URpPLDFK QDUDVWI Y V~YLVORVWL V UDVW~FLP SRpW
SRALDURY GRSUDYQéFK QHK{G pL UR]JVLDKO\FK NDWDVWUR
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DOHER K\GUDXOLFNéEPL ]JiIFKUDQQéPL QiVWURMPL SRVN\W.
PHFKDQLFNpKR YENRQX EH]SHPpQRVWL D RSHUDPQHM IOHJLI
VWDELOL]JiIFLL YR]JLGLHO HYDNXiIFLL RV{E ] K ERN pL P!
(Sundaramoorthi et al., 2023).

ORGHUQp ]JiVDKRYp SURVWUHGLH VL Y\AaDGXMH ]DULDG
aSULVS{VREHQp H[WUpPQ\P SRGPLHQNDP DNéPL V~ Y\VRN
REPHG]HQé SUtVWXS 9 V~YLVORVWL V WéP VD Y SRVOHGC
inovatt YQ\FK SUYNRY GR QDYLMDNRYéFK VA\VWpPRY DNR Y\
PDWHULIORY OiQ GLD NRYp D DXWRPDWL]R YorgjteroRaxii® i GD Q L H
]D"DAHQLD D SUHGLNWtYQX ~GUAEX =KDQJ HW DO

IDMQRY&ALH YéVNXP\ JG{UD] XM~ Yé]QDP PRGHUQéFK C(
KDVLPpVNp D ]JiFKUDQQp VO X &ke Sadety Jdbrinsh iBeXrat@haN R p Y
of Disaster Risk ReductionSRXND]XM~ QD Y]"DK PHG]L UHDNpPQEéP ¢
SULSUDYHQRV"RX D PLHURX SUHALWLD SULpPpRP GRND]XM~
HIHNWtYQRVWL P{aX ]JiVDGQH RYSO\YQL" ~VSHaAQRV" ]JiVDKX

&LH RP WRKWR pOiQNX MH

DQDO\]RYD" YODVWQRVWL D Y\X4&LWLH QDYLMDNRY&FK \
SRURYQD" NRQYHQpPQp D LQRYDWtYQH ULHAHQLD
LGHQWLILNRYD" UL]JLNi SRALDUQHM EH]SHPQRVWL SUL S
D SRXNi]D" QD Yé]QDP VN~AREQtFWYD D FHUWLILNiFLH

X
X
X
X

1 OHWyYyG\ D PHWRGLND

3UL VDPRWQRP VSUDFRYDQt MHGQRWOLY&FK YODVWQR
]JDK DM~FD
x $QDO&]X WHFKQLFNéFK SDUDPHWURY QDYLMDNRY&FK
QRULHP D YEUREQ®&FK ASHFLILNiFLt
x 9\KRGQRWHQLH SUtSDGRY&FK aW~GLt ]iVDKRY NGH E
RV{E DOHER PEQHBKQIFRL V
x .RPSDUDWtYQH KRGQRWHQLH WUDGLpQEFK D LQRY
QBRALDUQR EH]SHPQRVWQp DVSHNW\ D ]Qt&HQLH UL]L
96VNXPQé UiPHF PHWRGLN\ ERO QDVWDYHQé& WDN DE\

poznatkySUH REODV" SRALDUQHM RFKUDQ\ SULpPRP G{UD] ERO
D HIHNWtYQRV" QDVDGHQLD QDYLMDNRY

11 $QDOé]D WHFKQLFNéFK SDUDPHWURY QDYLMDNRYéFK V\V

7HFKQLFNi DQDOé]D EROD ]DORA&HQiIi QD SRV~GHQt N
SRXAtYDQE&FK QD KDVLpPpVNEFK YR]JLGOiIFK SULpPpRP JGURMPL |
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x QRUPDWtY QH ENRAMIZPIPQIY/ \SO 4309:2017, STN EN 12385:2010),
x WHFKQLFNp OLVW\ YEUREFRY 5RVHQEDXHU +ROPDWUR
x D YHGHFNp aW~GLH R ~QDYH D GHJUDGIiIFLL RFH RYéFK ¢

$QDOé]D VD V~VWUHGLOD QD QDVOHGRYQp YHOLpPLQ\
"D&Qi JYOHDMQH + N1 SRG D W\SX YR]JLGOD D ~pHOX
UBFKORV" QUStMD@PLBqi pR XUpXMH pDV HYDNXIFLH RV{
kapacita bubna:20+ P ODQD Y ]JiYLVORVWL RG SULHPHUX

PHFKDQLFNi ~pdlQIRWV" SUHYRGX QDYLMDND D MHKR HQ
WHSORWQi RGRBERWYPDIINQi VWUIFDM~  # SHYQRYV
VIQWHWLFNp DUDPLGRYp ODQi GHJUDGXM~ X& SUL %

1D ]iINODGH WéFKWR ~GDMRY EROR PRAaQW\ QWHYRUFIN'E B R
OiQ NWRUp SRXND]XMH QD LFK YKRGQRV" SUH KDVLpPpVNp SL

X X X X X

Porovnanie vlastnosti ocelovych a syntetickych 1an

1.0 Typ lana
B Ocelové lano
Syntetické lano (aramid/kevlar)

0.8

0.6

©
N

Normalizované hodnoty (0-1)

©
o

°C

—

Pevnost v tahu (kN)
Hmotnost (kg/100m
Flexibilita (1-5
Zivotnost (cykly

Teplotna odolnost

Parameter

Obr.11RUPDOL]JRYDQp SRURYQDQLHQWBWWRENEFKtCRBDHSRXAF
VQDYLMDNRYéFK VA\VWpPRFK QD KDVLPpVNEéEFK YR
Zdroj: autor

1.2 3UtSDGRYp aW~G/MHALWAORRYDYLMDNRY

(PSLULFNi pDV" PHWRGLN\ EROD |]DORaHQi QD Y\KRGQR'
aw~GLt NWRUp UHIOHNWXM~ UR]JGLHOQH W\S\ JiVDKRY
=iFKUDQD RVRHE\ ]YENRS %DpNRDYLMDN ERO SRXa

YHUWLNIiOQ\ HYDNXDpRR P BIUR WAMR MORENMR M Q P
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+RGQRWHQé& ERO pDV ]iVDKXRFMDEL ORLEWID X\KW W
VWDYHEQ&FK SUIF VSDGOD RVREDKGRN@MN]DPHVSHR M
3RX&LWp EROR RBBQRYp \CLIDGRO R NIRY DFtP V\VWPpPRP
VSIWQpPX FKRGX =iFKUDQD WUYDOD PLQ-~W
BWDELOL]iFLD KDYDURYDQpKR DXWREXY QLFO GRSU
+ FLH RP EROR SRV~GL" VFKRSQRV" QDYLMDND
DO&GLHPX SRK\EX . ~pRYéP SDUDPHWURP EROD RGR
UiJRP 6WDELOL]iIFLD NRQA&AWUXNFLH WUYDOD P
]JDEH]SHPHQt SRPRFRX K\GUDXOLFNpKR Y\VORERG
SUHNURpPLO PLQ~-W 3RKOHNRY BX D DAERMRIMDNO R/X
/JRILVWLFNi SRGSRUD SUL OHVQRP SR DYILLM B® ERV
SRX&LWé QD SUHVXQ WHFKQLN\ D PDWHULIOX Y "D
EROL SDUDPHWUH DNR "DA&Qi GUiIKD ]D"DAHQLH D
DYOKNRVWL 9\WLDKQXWLH VEBHENXKD L FRBRMKURY RAHY JK |
~VHN 7UYDQLH PLQ~W SULpPRP SUL PDQXiOQRP S|
DGREZORYEUDN]QpPX I\]JLFNpPX |D"D&HQLX SUtVOX&QtN

.DAGi SUtSDGRYi &4W~GLD EROD DQDO\]RYDQi ] K D
EH]SHPQRVWQ&FK ULJtN D WHFKQLFN&FK OLPLWRY pR X
LQRYDWtYQ\FK ULHAHQt QDSU LQWHJURYDQp VHQ]JRU\ GLD

Porovnanie efektivnosti zasahov s navijakom a bez navijaka
45

40

30

w
o
T

Podmienky
B S navijakom (min)
Bez navijaka {min)

N
o
T

Cas zasahu (mintty)

12
10r

Studia 1
Stadia 3

2
)
Typ zésahu

Obr.23RURYQDQLH pDVX ]JiVDKX SUL WURFK W\SRFK JiFKUDQQ
EH] MHKR SRXALWLD
Zdroj: autor
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2 9éVOHGN\

96VOHGN\ DQDO&]\ SRXNi]JDOL QD ]iVDGQp UR]JGLHO\ PH
aDOWHUQDWtYQ\PL VIQWHWLFNé&PL ULHAHQLDPUHDNRFKXM Q
JiVDKRY&FK VLWXiFLiFK

2.1 3UtSDGRYp aW~G/MHILWIRRIDYLMDNRY

1D ]JINODGH DQDOé]\ WHFKQLFNéFK ~GDMRY -DI®RUPDW 1Y

671 (1 EROR Y\NRQDQp SRURYQDQLH RFH RYéFK D
XYHGHQp QD 2EU NGH V~ SDUDPHWUH QRUPDOL]RYDQp
porovnania.

9éVOHGN\ XND]XM~ aH RFH RYp ODQi GRVDKXM~ QDMY\:
D JiIURYH GOKRGRE~ ALYRWQRV" Da F\SVDOERO'L NR Y B\ PK
AW~GLDPL R ~QDYH PDWHULIORY SUL F\NOLFNRP ]D"DAHQ
VIQWHWLFNp ODQi W\SX DUDPLG NHYODU Y\QLNnopteti YEUD]Q

NJ P SUL RFH RY&FK ODQiFK pR ]Q|IYA X XIMHI\] ERNI-O Hi['IDEL

SUL PDQLSXOIFLL

1DM]iVDGQHMé&t UR]GLH @GpHRe)od@@BICRPAHOQ R YE GDQI VL XGL
PHFKDQLFN~ LQWHJULWX D& GR f& ]DWLD pR VIQWHWL
200+ f& 7HQWR IDNW Yé]QDPQH REPHG]XMH SRXaLWH QRV
SRALDUQRP SURVWUHGt 1D 2EU V~ ]QI]JRUQHQpP MHGQRW(
KDVLpVNéFK DXWRPRELORY

Bubon (a vnutorny brzdovy systém)

Zasuvkovy adaptér
Ocelové lano

Ozubené koleso

Ovladacia skrinka
Spojka

Elektromotor

- ug“; N~ B s

/

“ —
— U
R) Bezpecnostny
opruh

Hak

Dialkové ovladanie

Obr. 3Komponenty autonavijaku
Zdroj: autor
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= SRK DGX DSOLNiFLH PRAQR NRQAWDWRYD" aH RFH R
SRALDUQX]IRAKWDPR VIQWHWLFNp ODQi PDM~ SHUVSHNWtYX
QHKRG\ ]J]GYtKDQLH EUHPLHQ WDP NGH QLH MH UL]LNI
(SAKYSTEEL, 2025).

22 (IHNWLYLWDYNXDKRP MDYLMDNRY

BUDNWLFNp SUtQRV\ QDYLMDNRY EROL DQDO\]RYDQp
AW~GLt yDVRYp YEVQHGN\ \WGH MAIXXWHBHQp SRURYQDQLH ]
EH] MHKR SRX&LWLD

.YDQWL¢{NDWtYQH Y\KRGQRWHQLH SUHXNi]JDOR &H

x (YDNXiFLD ] K EN\ EROD V QDYLMDNRP R UBFKOH

x 6BWDELOL]iIFLD KDYDURYDQpKR DXWREXVX EROD JU&
~VSRUX pDVX

x /IRILVWLFNi SRGSRUD SUL OHVQRP SRALDUL EROD |
PLQ RSURWL PLQ

7LHWR Y&VOHGN\ QD]QDpXM~ &H Y\X&LWLH QDYLMDNRY
JiVDKX NWRUiI MH Y ]JiFKUDQiUVNHM SUD[L MHGQ&P ] UR]KR
SUIFH =KX HW DO R YSO\YH GRSUDYQHM LQIUD&WUXN!
4H DM UHODWtYQH PDOp ]Qta3HQLH pDVRYE&FK VWUIW P{&
]JDFKUD RYDQéFK RV{E

2NUHP pDVRYHM HIHNWtYQRVWL VD QDYLMDN\ SUHMDY|I
SUH KDVLpPRY 'LD NRYp RYOIGDQLH D VHQ]JRU\ PRQLWRUXM ~
YR YIpaHM Y]GLDOHQRVWL RG RKURJHQpPKR SULHVWRUX |
VHNXQGiUQ\FK NRODSVRY pL &tUHQLD SR&LDUX

2.3 Diskusia

3UHJHQWRYDQp Y&EVOHGN\ MHGQR]QDpPpQH SRWYUGLOL
liVDGQ~ ~ORKX SUL HIHNWtYQRP Y\NRQiY D Q& NUD WLHINH FpD \D
JiVDKX Y SULHPHUH R+ VD Y OLWHUDW~-UH SRYD&XMH ]C
R SUH&LWt RV{E Y\WVWDYHQ&FK ULJLNX $QGHUVRQ =
EH]SHPQRVWL D RFKUDQ\ RE\YDWH VWYD MH SUHWR QDVD
WHFKQLFNi SRGSRUD DOH DNR LQWHJUIOQD V~pDV" ]JiVDKR

$QDOé]D SRURYQDQLD RFH RY&FK D VIQWHWLFENEFK O]
ASHFLILFNp Y@KRG\ D OLPLW\ 2FH RYp ODQi JRVWiYDM~ ¢
SsY\WRN&PL WHSORWDPL SULPRP ]JDEH]SHpPXM~ Y\VRN~ SHYC
Y\d33LD KPRWQRV" NWRUi ]JY\&XMH ]i"D& REVOXK\ 1DSURW
aNHYODUX VD RVYHGpPLOL Y WHFKQLFN&FK ]JiVDKRFK D SUL |
SUL SRALDURFK MH REPHG]HQp | G{YRGX WHSORWhQHM GHJ
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YEVNXPX Y REODVWL K\EULGQéFK PDWHULIORY NWRUp E\
KPRWQRV"RX D RGROQRV"RX VIQWHWLFNEéEFK YOINLHQ

SUtSDGRY®ODEBEW~GLFHRVN\WXM~ SUDNWLFNp G{ND]J\ R WRF
]JY\AXM~ HIHNWtYQRV" ]JiVDKRYR®% lHi{\ﬂQNF—)MF\ILHHQ‘i/lQBFD(éiSR Ol
OHVQéFK SRALDURFK ,FK VSRORpPpQéP PHQRYDWH RP MH Q
EH]SHPQRVWL |[DVDKXM~FLFK NWRUt P{éX Y DND GLD NRYpP
RSHURYD" YR YIpadHM Y]GLDOHQRVWL RG JGURMD UL]JLND 7
PRGHUQL]IFLH KDVLPpVNHM WHFKQLN\ Y (XUySHkénbepty 86% N
AVPDUW UHVYFEMA 202R) ROV 3

=D OLPLWXM~FL IDNWRU Y&VNXPX PRAQR SRYDAaRYD" L
aw~GLt 1D RYHUHQLH JtVNDQéFK SR]JQDWNRY E\ EROR
VVLPXORYDQéEFK SRGPLHQNDFK SUL U{]Q\FK W\SRFK QDY
REPHG]J]HQtP MH DEVHQFLD GOKRGREéFK ~GDMRY R ~QDYt
RSDNRYDQRP ]D"DéHQt pR E\ VL Y\ADGRYDOR ODERUDWyYUQ

IDSULHN WéPWR OLPLWRP YéEVOHGN\ SRGSRUXM~ WYU
VWUDWHJILFNé Yé]QDP SUH JiIFKUDQQp RSHUIFLH ,FK DOat |
oblasti:

1. PDWHULIORYY QRN iKVBHULGQEFK 0iQ V Y\33RX WHSORWC

2. DXWRPDWL]iFLD: IDQWHIQURELDNIOL QWHOLJHQWQEFK PRQLW
SUHGLNWtYQX ~GUAEX

3. AWDQGDUGL]iFLEDYABWWLH SUFMDHMatFK WHVWRYDFtFK
SRXAtYDQp Y JiIFKUDQiIUVNHM SUDJ[L

3 =iYHU\

96VNXP ]DPHUDQéE& QO/OUYPFLRDNFOMLPVNEFK YR]JLGOIFK S
Y&]QDP SUH JiIFKUDQQp RSHUIFLH D RFKUDQX RE\YDWH VWY
Y\X4LWLH QDYLMDNRY GRNi&H Y SUBER6P iU SANDIRR "SRV gLV
]Yé3HQLX 4DQFH QD SUHALWLH ]JDFKUD RYDQ&FK RV{E D N ]C

3RURYQDQLH RFH RY&FK D V\QWHWLFNé&FRV®iiQy DXINi]D
QHY\KQXWQéP a8WDQGDUGRP SUH ]iVDK\ Y SRALDUQRP SUR\
SRQ~NDM~ Y&KRG\ SUL WHFKQLFNEéFK JiVDKRFK EH] Y\VRNE&F
MH YEYRM K\EULGQE&FK 0iQ NWRUp E\ VSiMDOL SHYQRV" R]
PRGHUQEFK SRO\PpURY

BUDNWLFNp SUtSDGRYp 4W~GLH SRWYUGLOL &H QDY
HYDNXiFLL RV{E VWDELOLJiFLL KDYDURYDQ&FK NRQA&WUXN
UR]JVLDKO\FK SRALDURFK 6~pDVQH XNi]JDOL &H LFK HIHNW
WHVWRYDQLH FHUWLILNiFLX D VIVWHPDWLFN@& Y&FYLN REV(
'R EXG~FQRVWL PRA4QR IRUPXORYD" WUL RGSRU~pDQLD
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.ULWpULIi SUH WYRUEX PDWHPDWLFNEéF

SHWHU %LQG]iU

1 OVWDY ORJLVWLN\ D GRSUDY\ )DNXOREDL PARBRK 7HFKQLF!
.RPHQVNpPMHRO. R a L. &mMail: peter.bindzar@tuke.sk

* RUHASRQGHQpPpQE& DXWRU

Abstract:

The article deals with mathematical modeling of conveyor belts. It describes the criteria for
creating mathematical models and points out the complexity of solving an apparently simple
task. The article mentions the MoonBwlin theory, which describes the behavior of
hyperelastic materials under load.

Key words:
mathematical model, conveyor belt, FEM analysis, Finite Element Method
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96VNXREBODVWL GRS (SDak§) 8FLE; BarabR, 2017)RVWDWQEFK URNI
]ODPQH QDSUHGXMH DM Y DN@RYéBRPWWRYE MP WOHNRK QULHN HP D)
PRGHORYDQLH &LH RP Y&VNXPX O/[H WM R B W LA R UPOFHLGIR RD
vU{]Q\FK VLWXiFLiFK 7R PRAQR GRVLDKQX"

- 98VNXPRMRPNUpPWQ\FK SUHYiG]JNRY&FK SRGPLHQNDFK

- ([SHULPHQWIOQ\P VOBRRIARPYUQ\FK SRGPLHQNDFK ¢

JDULDGHQLDFK Y\UREHQé&FK SUH WHQWR ~pHO

- ODWHPDWLFNé&P .PRGHORYDQtP

3UiIYH PDWHPDWLFNp PREDHVORWINLL HY VKO DG RBzv@ D G RV W
YENRQQHM Y&SRPWRYHM WHFKQ L KHuakgDet al. D20R). YHvRdu S UR J L
YEKRGRX WRKWR VS{VREX ULHE&HQEPURY @DNQIR¥RP Q MASIR M HXJ |
SRVWDWQé&PL PHWyGDPL DO&RX YH NRX YEKRGRWHMH PRAQ
UBFKOH ULHAHQLH U{]Q\FK Y DUedpOhiy2@BVWROHQpPKR SUREO|

1 OHWyG\ D PHWRGLND

-H QLHNR NR VS{VRERY PRGHORDDQVR G RBY® YLEFE] iV
9 V-pDVQRVWL VD SRX&tYDM~ GYD SUtVWXS\ N PRGHORYDQI
SRVOHGQHM GREH VWiOH VD YLDPHW)GEML XR-OHD @ RISKH O U QXF

OHWYyGD NRQHpPQEFK SUYNRY 0.3 MH MHGQRX ] QDMSR
SUL ULHaAHQt QDMU{]QHMA&tFK ~ORK Y LQA&LQLHUVNHM SUD[L
GHIRUPDpQEéFK VWDYRY Y GRSUDYQRP SiVH =QDpQp UR]aA
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MHGQRGXFKRVWL 5LH&LWH ]DGi LED JHRPHWULX Y\EUDQHN
D ]DGi RNUDMRYp SRGPLHQN\ 5LH&GHQLH ~ORK\ VD SRWR
SRptWDpRYéFK SURJUDPRY ORGHUQp SURJUDPRYp V\VWpP\
YESRPpPWRYHM WHFKQLN\ D GRYR XM~ ULH&HQLH DM YH PL ]O

Z DOAtFK QXPHULFNéFK PHWYyG PRAaQR VSRPHQ~" PHWYG
KUDQLpPpQEéEFKIERKODRYDDUDQJHRYX DQDOEé]X

3UH ND&G~ VNXSLQX ~ORK Y&DN H[LVWXMH RSWLPiOQD
JiNODGH MHGQR]QDpPQHM FK|DMPRR@HIKR. VER B X & EAMRHENVY X DD M H
prvkovv UHIiOQ\FK SRGPLHQNDFK

1.2 THRUHWLFNp YEFKRGLVNIi

3ULHVWRURYi 0.3 DQDO&]D GRSUDYQpPKR SiVX MH NRPS
SUHGVWDYXMH N R P&t eant RPSRALIN22SR]IRVWiYDM~FL R ]
K\SHUHODVWLFNéFK JXPRY&FK NRP SRQIHDUNEK Y RF MW RMWeéE® Q)
OROQiU DQG 6WDQRYi

= K\SHUHODVWLFNéFK NRPSRQHQWRY SR]JRVWiIYDM~ N

RFKUDQQpP5RNWBMHiI DQG *UXMLI 8YHGHQpP NRPSRQH!
QHVWODpPLWH Qp

horna krycia vrstva

Kostrova guma

textilna viozka spodna krycia wstva

Obr.1yDVWL JXPRWREWDOQpPKR SiVX
Zdroj: Taraba et al., 2017
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.RVWUX GRSUDYQpPKR SiVX WYRULD palyafidi @l€pp WNDQ
polyesteru ODUDVRYi HW DO 7LHWR NRPSR]LW\ DM~ VLOC
YH PL WXKp QHSUWHDRALAFK P HUWRFK

3UH K\SHUHODV%LPENE DD WWRLUI® SUHGSRNODGIPH &H M
P{AHPH DSEdoNeR-BDYOLQR Y XS WG yDU NXVR UW M WpD SRENDB LYD] " D K X

W Al, 3 BIl, 3 %le 12 (1)

kde A, B +Mooney-5LYOLQRY H[NWPRIQ&WDQW\
I3, I, I3 +Invarianty Cauchy* UHHQRY KR WH Q] Reth¥reG B BRI|YPiFLH Y

M REMHPRYé PRGKIBPaJ]SUXaQRVWL

2A B
L 27

[MPa] (2)

kle R 3RLVVRQR)R ptVOR

,QYDULDQWY\SRptWKDOPHY QEFK GHIRUPDpQéFK SRPHURY

, 100 @
L, 1) @@ [] 3)
R 1 2
kle @ @ @ KODYQp GHIRUP Brpepeh, SRPJHU\ Y
01 &k

01 & [-] (4)
Ol

kle K H AH-KODYQp SRPHUQp GHIRUPIFLH

V SUtSDGH &H PDWHULIO MH GRNRQDOH QHVWODpPLWH Qé

, @0 1 (5)
Potom aj invariants = 1. Rovnica 1 potomQDGREXGQH |[MHGQRGXaHQé WYL
w Al, 3 BI, 3 (6)

Okrem Mooney-RivlinovejWHyULH MH PRaQp SUH QHVWODpPLWH Q]
VWODpPLWH QRV" WDN PDOi aH MX PRAQR ]DQHGED" SRXal
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+RRNHDQ 2JGHQRYD 3ROHN@RPH PNRGHO$UWXGIBIG\ V~ PDWHU
QDWR NR &4H WR QHPWRHO»NR P DIHIYBBRGRX W\XAatY-Ko W]Y %
IRUPXOIFLD KXVWRW\ GHIRUPDpPQHM HQHUJLH 3UH PRGF
doprDYQpKR SiVX VD SRX4tYDLSOHYRY¥QHMHRYRIQB\ NWRUi MH SU
QDMYKRGQHMALD

yL X4 SRX4LMHPH MHGQX DOHER GUXK~ WWMYUMRGYR QidH'
SRPRFRX LQYDULDQWR(W WMNQ)RPR GHBGHUPEEERNODGX &H PD
je LIRWURBRFNEHWNEFK VPHURFK PiL URW QIPRIgFOKIAD2SVEGeR V W L [
aL]JRWHUPLH ]QDpQH JMHGQWGXaXMH Y&SRpHW IXQNFLH

9éVOHGN\

21 .ULWpULD SUH WYRUEX PRGHORY GRSUDYQpKR SiVX

ORGHORYDQLH D YEEHU PRGHOX EXGH RYSO\YQHQé PQR

Pre zakladny princip chovania }47
l P P Jednoduché

‘ Pre detailné skumanie viastnosti }47 Zlozité
Typ pasu Wstupné veliciny Uéel modelu Pouzitie modelu ZloZitost modelu

1 I i i i
Kritéria vyberu -
modelu Charakter vstupnych veliéin
: ’
Ugelovost |« Vyber modelu

I 4>{ Rieseny problém

Barigry i

4>{ Existencia matematickej tedrie ‘

]
: MODELOVANIE : —b{ Dostupnost vypoétove] tachniky
i |

Vierchodnost

)
a2
[
[
[
I
[
[
[
i

‘ h 4 ¥ *
Struktara a ZataZovanie '
kond&trukeia pésu Prevadzka Typ dopravnika Vyrobca

¥ 2 ¥

‘ Statické ‘ ‘ Dynamické | Kombinované

| cykicke | [ Razove |

Obr.2 . ULWpULD SUH PRGHORYDQLH GRSUDYQEéFK .
Zdroj: autor
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SUIVWAHBUKX PRGHORYDQLIY EXBQ HM MURNQRPMWESRPWRYEFK ¢
$NR YLGRHUIINX WYRUED PDWHPDWLFNpKR PRGHOX VL Y
parametrovaEH] XUpPLWpKR |]MHGQRGX&HQLD E\ WYRUED PRGHOX

PreQiYUK YESRPWRYpKR PRGHORYDQLD MH SRWUHEQp S
YHOLPtQ GR YESRpPWRYpKR DOJRULWPX OQRAVWER YVWX:
a]ORALWRVWL SRXALWpKR PRGHOX OHG]L YHOLpPLQDPL HJ
YVWXSQ&FK YHOLpPtQ MH SRWUHEQp Y\NRWBG P GRIQW'Y R HONDy
VN~4DQLD MHGQRWOLY&FK HOHPHQWRY GRSUDYQpKR SiVX
VN~&N\ Y "DKX WODNX D Y NUXWRPW R NDWG-&FHK VADV I & N WW R P p

3 =iYWU

9é]QDP PDWHPDWLFNpKR PRGHORYDQLD UéFKOR UDVWL
QXPHULFNéEFK PHWYG D ]|JGRNRQD RYDQtP VDRRKWIQRRIN DrpeGBR b
VWDY\ Y GRSUDYQRP SiVH MH PRaQp VLPXORYD" SRPRFRX |
NWRUp SDWUt PRGHORYDQLH I\][LNiOQ\PL PRGHOPL D SURJU

OHWYyGD PDWHPDWLFNpKR PRGHORYDQLD P{&H E\" YH P
Y\NRQiYDQtP H[SHULPHQWRY NWRUp PRGHOX SRVN\WXM ~
FKRYDQLH YHULILNXM~ V FLH RP ULH&GL" GDQ~ SUREOHPDWL
kvaOLWQHMAaLH PRGHO\ V Y\d4aRX Y\SRYHGDFRX VFKRSQRV"RX

9 V-pDVQRVWL V~ SUH PDWHPDWLFNp PRGHORYDQLH N
NWRUp PDM~ URYQDN~ DOHER YH PL SRGREQ~ aWUXNW~U:
SUHYD&QH QD Ei]JH PHWyYyG\ NRQHpPQE&FK SUYNRY 0.3 O}
AW\ULGVDYURRM&EP SRVN\WXMH XatYDWH RYL PR&QRVWL
SRFKRSHQLH LFK VSUiYDQLD VD SUL PHQLDFLFK VD IDN!
PRGHORYDQLH PHWYGRX NRQHPQEFK SUYNRY SRVN\WXMH Y
VSUIYQRP BRVAKXSB ] SUDNWLFNpKR K DGLVND ]JDQHGEDWH

3R DNRYDQLH
7THQWR SUtVSHYRN Y]QLNRO Y DXD3I&RAPSR SKHPLSA3R M HNW
0052, KEGA 013TUKE-4/2023, VEGA 1/0728/24 a VEGA 1/0114/25.
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GRSUDYQtNRP
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=X]DQD /RNDMRYi

1 OVWDY ORJLVWLN\ D GRSUDY\ )DNXOWD %(5* 7HFKQLFI
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.RPHQVNpPKR .RALFH 66&Ma¥:daDi¥IAmahscSa@ube % D

8 OVWDY ORJLVWLN\ D GRSUDY\ J)DNXOWD %(5* 7HFKQL
.RPHQVNpKR .RaALFH 6&mRaltHQV NI UHSXEOL
alexander.lokaj@student.tuke.sk
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.RPHQVNpPpKR .RaALFH 6&mRafTtHQVNiIi UHSXEOLNI
zuzana.lokajova@student.tuke.sk

.RUHASRQGHQpPQé& DXWRU

Abstract:

This article is based on a dynamic simulation model created in Tecnomatix Plant Simulation,
which allows to observe how the system changes depending on various parameters. The model
is designed so that it is possible to change the basic parameters of the conveyor: material type
conveyor belt speed, conveyor length, conveyor belt width, and hopper deviations. The
mathematical basis of the model is based on formulas for calculating conveyor throughput,
which are integrated into the program code in SimTalk 2.0. Tables are used to create the model,
which serve as data storage and record the simulation results.

The results of three experiments show that as the width of the conveyor belt s)ctiease
nominal transport quantity of material, total output, and hourly productivity gradually
increase.

Key words:
belt conveyor, belt width, simulation model, conveyor performance
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$XWRUL (PargdNHW DO SRXND]XM~ QD WR aH SiVR
SRURYQDQt V LQéPL GUXKPL GRSUDYQéFK ]DULDGHQt PLPI
SUHSUDYX YH NéFK REMHPRY PDWHULIORY

$XWRU * /RGHZLMNV YR VYRMRP pOiQNX VSRPtQD ]JiNOL
SULHSXVWQRV" GRSUDYQtNRY OHG]L WLHWR SDUDPHWUH ]I
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dtUNX WRKWR SiVX D XKRO VNORQX $XWRU WLH& SR]QDPF
SULDP\ YSO\Y QD SULHSXVWQRV" GRSUMIFAQRIND D QD MHKR Y
S3RG D DXWRURY .DQO'KBWHIMFXO FOi atUND GRSUDYQpKR SiVX
SULHSXVWQRV" GRSUDYQtND SULpPRP ptP MH SiV aLuat Wel
PDWHULIOX D MHKR YODVWQRVWL WLH& RYSO\Y XM~ Yé@EHU
yOiQRN DXWRURY 3 3DU\DQWR - OHUKRI 0 %URVVR
PRAQRVWL YEYRMD GRSUDYQéFK VI\VWpPRY SRPRFRX PHWy(
VRIWYpU V Qi]YRP 2SHQORGHOLFD 3DU\DQWR HW DO
IDMQRY&LH YEVNXP\ SRXND]XM~ QD YéUD]Qé WUHQG VP
VLPXOiFLiP D GLILWIOQ\P GYRMpPpDWiP SUH GRSUDYQp V\VWg
GLIJILWIOQHKR GYRMpPD"D SUH X& H[LVWXM~FL GRSUDYQtN R
2 6WRSND 0O 6WRSNRYi ( 2SHWWRYi $XWRUL WLH& VSRP1
VD SRXatYD SURJUDPRYDFt PRGHORYDFt MD]\N 9éKRGRX WR
VIVWpPX QD ]JPHQ\ YVWXSQéFK SDUDPHWURY OLNXaRYi HW
GLIJLWIOQHKR GYRMpPpLDWD SUH GRSUDYQé V\VWpP Stax Yy VY
0 %DFKHQH 0O 6HGGLNL $ 7REEDO $ +DPUDQL + D %H
GYRMpPLDW LGH UXND Y UXNH V PRGHUQéP WUHQGRP SULHP\
VSUIYDQLH VNXWRpPpQpKR GRSUDYQtND $QLED HW DO

=iURYH WUHED SR]QDPHQD" &4H GRWHUD] aLDGQ\ YéV
SULHSXVWQRVWL SiVRYpKR GRSUDYQtND D YSO\YX atUN\ GR
Tecnomatix Plant Simulation.

1 OHWyG\ D PHWRGLND

SUHGPHWRP Y&VNXPX MH WYRUED G\QDPLFNpKR VLP:
THFQRPDWL[ 30DQW 6LPXODWLRQ ]D ~pHORP VLPXOIiFLH
NRQWLQXIiOQHM GRSUDY\ PDWHULIOX SiVRYéP GRSUDYQtNRI

6LPXODpQé PRGHO XPRa&a XMH PHQL" ]JiNODGQp SDUDPH
UEFKORV" SRK\EX GRSUDYQpKR SiVX G aNX GRSUDYQtND a
SUL QiVo\BEWNHHPDWLFNp JQI]JRUQHQLH YOMYRUHQpPKR PRGHOX M

/

— Dopravnik —»
\
~

Obr.1)RUPDOL]RYDQUNRFKYRDSUHSUDY\ PDWHULIOX GRS
Zdroj: autor
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7DWR VPKpPD]Qi]JRU XMH ORJLNX Y\WYRUHQpPKR VLPXOD
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PULEOLAXMH PRGHO N UHIiOQ\P SRGPLHQNDP SUHWRA&H MH
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Zdroj: autor
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1D Y\WWYRUHQLH PRGHOX VD SRXa&tYDM~ WDEX N\ 60-~a
PRGHO JtVNDYD SRWUHEQpP YVWXSQp ~GDMH SUH XUpLWp Yé
1D ULDGHQLH PRGHOX VD SRXatYDM~ U{]QH H[WHUQpP SUHF
tDNHMWR aWUXNW~UH MH PRGHO IOH[LELOQé D YKRGQé SU
SRXatYDM~ JUDI\ NWRUp V~ ]JDEXGRYDQp GR PRGHOX 1D
QDFKIiG]DM~FHKR VD QD GRSUDYQRP SiVH QLH rdkb SRWUHE
Tecnomatixe.

1.1 9VWXSQp ~GDMH

'UXK SUHSUDYRY D QKR @ B WKL X +

6\SQi KPRWQRV"STRIMHIULIOX +

56FKORV" GRBAMS QtND +

7\S KRUQHM YDOpPpENRMMBRIOPMRBIYFH +

2GFKEOND SUL QiV\SNH3®gaH VLDKD" D& GR
6LPXODp@&opDV +

' AND GRSUMMYQtND =+

AtUND GRSUDYQpPKR SDVX VD EXGH PHQL" SRpDV H[SHUL

2 9éVOHGN\

Experiment 1

IVWXSQp ~GDMH

atuUND 0,8 m:

9éVWXSQH ~GDMH

OHQRYLWpP GRSUDYQp PEBRA&AWYR PDWHULIOX =+
&HONRYp YEVWXZS PDRYHULIOX =

9éVWXS\ PDWHULBOX7]ky KRGLQX =

Obr. XND]XMH DNR VD PHQLOR PQRAVWYR PDWHULIO>
H[SHULPHQWX SRpDV KRGtQ

+RUL]JRQWiOQD RV ]Qi]JRU XMH pDV YHUWLNiIiOQD RV PQF

*UDI XND]XMH &H SR VSXVWHQt VD GRSUDYQtN UBFKOR
DOHM SUDFXMH URYQRPHUQH V PDOé&PL Y&EN\YPL OQRAVWYF
DNR NJ SRpDV FHOpKR H[SHULPHQWX RNUHP MHKR QiEHK
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Zdroj: autor

Experiment 2

9VWXSQp ~GDMH

atUND 0,8 m:

96VWXSQH ~GDMH

OHQRYLWp GRSUDYQp PORIAYM)YR PDWHULIOX =+

&HONRYp YEVWXBYBORYHULIOX =

9éVWXS\ PDWHULBOXS5 K KRGLQX %

Obr. XND]XMH SRGRBI).8 WOHQBQRMRWYR PDWHULIOX QD
MH YIpaLH DNR Y SUHGFKiIiG]DM~FRP H[SHULPHQWH O0OQRAaVvVWw
FHOpKR H[SHULPHQWX MH SULEOLAaQH N J
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Zdroj: autor

Experiment 3
IVWXSQp ~GDMH
atUND 0,85m
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&HONRYp YEVWXRL @D HULIOX +

96VWXS\ PDWHULIBRXSIKgGKRGLQX +

NaObr., MH YLGLWH Q& YéuD]Qé QiUDVW PQRAVWYD PDWH
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Zdroj: autor

3 =iYHU\

Na Obr. V~ JREUD]HQp YéEVOHGN\ WURFK H[SHULPHQWR
PQRAVWYRP PDWHULIOX -H G{OHALWp SR]QDPHQD" aH Yé\
XND]JRYDWH EROL Y\SRptWDQp LED QD ]JiNODGH PDWHPDWLF
QiVISNH PDWHULIOX 2EUI]RN ]JQi]JRU XMH PQRAVWYR PDW
podmienok.

Z Obr. Y\SOéYD &H V NDaGéP DO&tP H[SHULPHQWRP V
PDWHULIOX SRVWXSQH ]JY\@GRYDO 9 SUYRP H[SHULPHQWH GF

WRQ 9 GUXKRP H[SHULPHQWH ERO Y é&WRHG R NWXAH Y&t UHD |SOH-
dal QDMY\adadt YEVOHORRQtPDWHULIOX 7LHWR QiUDVW\ ]RGS
GRSUDYQpKR SiVX *UDI XND]XMH SR]JLWtYQX G\QDPLNX VF
SULHSXVWQRV" GRSUDYQtND ]Y\ARYDOD pR VYHGpPt R YSO\
dopravy.
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Obr. JQi]JRU XMH FHONRYp YéEVWXS\ PDWHULIOX Y WURF
NDaGé DO&at H[SHULPHQW SULQLHVRO SRGVWDWQH OHSAt
H[SHULPHQWH EROR FHONRYR SUHSUDYHQéFK SULEOLAaQH
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Zdroj: autor

Obr.8SRURYQiYD DNé SRpHW PDWHULIOX GRSUDYLO GRS
H[SHULPHQWRFK $NR X&a EROR XYHGHQpP Y GYRFK SUHGFKi
HI[SHULPHQWX PDM~ WHQGHQFLX VD SRVWXSQH ]JY\arRYD" pR
SivX
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9 SUYRP H[SHULPHQWH EROD SURGXNWLYLWD SULEOLAa
WRQ DY WUH"RP H[SHULPHQWH ERERI5GtBrivzA BodiQuUX Wi QDI
7LHa MH PRaQp NRQaAWDWRYD" aH QiUDVW Y H[SHULPHQ
SUYéP D GUXKéP H[SHULPHQWRP MH WRQ D PHG]L GUXI
VYHGpPpL" R U{]QHM VLOH YSO\YX SUHYIG]NRYéFK SDUDPHWUI

3R DNRYDQLH

7HQWR PpOiQRN ERO SULSUDYHQé& V SRPRFRX SURMHN\
A98VNXP PR&QRVWt LPSOHPHQWIFLH VHQ]RULFNE&FK WHFK
SRWUHE\ GLJLWiIiOQHM WUDQVIRUPIFLH SRWjekKNEKEERAK GRSU
013TUKE- A7YRUED D LQRYIFLDPHURBRMRWQPWKRKR ®HOiY DG
GRSUDYD QD Ei]J]H UR]JYRMD GLJLW,iofekts KPBVEYDNWLRNBFK U
NRQAWUXNpPQp D PDWHULIORYp SUYN\ SUH XGUADWH Q~ SUFH
APVV SK-PL-23- AORGHORYDQLH SULHpPQ\FK YLEUiFLt SiVX D
GRSUDYQtNRYS3

/ILWHUDW-~UD
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ORAQRVWL ~GUAE\ Y\VRNR]JGYQa&®AWFISRR]tN

motora
IXFLD yDEDQtXERIPtU $SPEORDWNHRM -HYLFNE

1 OVWDY ORJLVWLN\ D GRSUDY\ )DNXOWD %(5* 7HFKQLF!

.RPHQVNpPKR .RALFH 6 Orial: Hiachbatkiva@kelsiND H

2 OVWDY ORJLVWLN\ D GRSUDY\ )DNXOWD %(5* 7HFKQLFI

.RPHQVNpPKR .RELFH 6 Orfal: vk ambisSERLsN D H

3 SEGULA Technologies, Fabrika 48- X4Qi WULHGD .RALFH G60ORYHC(

e-mail: matej.jevicky@segulagrp.com
" RUHESRQGHQpQé DXWRU

Abstract:

The article deals with the issue of maintenance of forklifts with different typespoipon +

diesel, electric, and LPG. The aim was to compare these trucks' basic maintenance tasks,
identify the specifics of each kind of drive, and provide practical recommendations for their
service and operation. Specific models of forklifts are presented in the paper, analysing their
technical design in terms of maintenance requirements. Particular attention is paid to
lubrication, which plays a key role in the reliability and durability of the trucks. Finally, the
differences in maintenance activities for each type of drive are highlighted.

Key words:
handling equipment, forklifts, maintenance, diesel motor, electric motor, LPG

OYRG

/IRIJILVWLFNp ]DULDGHQLD DNR QDSU Y\VRNR]GYLaQp Y
]JGUXARYDQLD PDWHULIOX D JOHSAHQLH SUHYIGINRYHM HI

DXWRPDWL]iFLD H&WH VWIiOH REPHG]JHQi =KDR HW DO

SUHGFKRGFRY Y\VRNR]GYLaQéFK YR]JtNRY PRAaQR QiMV" Xa
]DpLDWNX GYDGVLDWHKR VWRURpPLD 3UYéP LPSXO]JRP QD L
NH EROR SRWUHEQp pDVWR PDQLSXORYD" V "DhdsiteidL QiNOL
VWRURpPLD VD Xa REMDYLOL SUYp VWURMH NWRUp VD WYD!I

Y\WRNR]GYLaQéP YR]JtNRP &ODUN

9\WRNR]GYLAQp YRJtN\ V~ 4LURNR SRXA&tYDQp ]J]DULDGHC
VVNODGRFK D LQ&FK SULHP\VHOQé&FK ]DULDGHQLDFK 2EVC
Y\ADGXMH Y\NRQiYDQLH NRJQLWtYQH QiURpPQEFK ~@RK DNR

SUHVQi MD]GD Y ~]N\FK XOLpNiFK 8O0XWDV DQG 2]NDQ

SULDPR RYSO\Y XMH YENRQQRV" VNODGX SULPRP ]G{UD] XN\
JDULDGHQt P{&H JQtaL" SUHYIG]INRYp QiNODEH YOI GHS &K'D & UH
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DO 1IDGRQGX HW DO 9\VRNR]GYLaQp YR]JtN\ VD
KODYQéPL SRALDGDYNDPL IOH[LELOLWD D Y\VRNi PLHUD R
Bobick, 1986).

OGUAED SUHGVWDYXMH SURFHYV ULDGHQLD YAHWNEéFK W
SRpDV ALYRWQpPpKR F\NOX REMHNWX |]DPHUDQéFK QD XGUaTL
vVNWRURP P{aH Y\NRQiYD" SRADGRYDQ~ IXQNFLX SUL ]REK
aSRALDGDYLHN QD NY Dd@tedieX(STNHENSIE B@R V" D
$E\ YR]tN\ ~pLQQH SRGSRURYDOL SUHYiIGIJNRYp SURFHV\ |
GRVWXSQp /LQGH . QDMpDVWHM&tP SRANRGHQLDP Y\V
G{VOHGNX QHVSUIYQHKR VHUYLVX OGUA&ED Y\VRNR]JGYL&QE
Y\@DGXMH SUDYLGHOQH GRGUALDYDQé KDUPRQRJUDP D NDa
MH YaHWNR Y SRULDGNX 'REUH RUJDQL]JRYDQp VNODG\

Y\WWRNR]GYLaAQé&FK YRJINNRQHDVE&RMIKPMDWNYIQH ULDGHQLH VHU
(Frontu, 2024).

1 OHWyG\ D PHWRGLND

9\WVRNR]GYL&Qé& YR]tN MH SULHP\VHOQp PDQLSXODpQp Y
NROHVRYp PDQLSXODpPQp YR]ILGOi QD QDNODGDQLH Y\NODG
WRYDUX QD NUIWNX Y]GLDOHQRV" 1DMpDVWHatdtowrw D Y SU
SRX&tYDM~ U{]QH W\S\ YR]tNRY NWRUp JDEH]SHpXM~ LED KR
V GRSUDYRX YHUWLNIOQRX 3RG D NRQAWUXNFLH D PRAQR
YR]tN\ QD SHFLIiOQH GRSUDYQp YRJtN\ YR]JtN\ VR JGYL&AQR.
YR]JtN\ V QHSRK\EOLYRX SORGLQRX %RUR&ND DQG 4aDGHURY

9R]JtN\ V QHSRK\EOLYRX SOR&GLQRX GHOtPH SRG D SRK
2001):

X YR]JtN\ V UXpQéP SRKRQRP SRXatYDM~FH VD QD PDOp
vzdialenosti,

X YR]JtN\ V PRWRURYéP SRKRQRP DNXPXOIWRURYp WUR
VSD RYDFtP PRWRURP DOHER QD VWODpPHQé Y]GXFK
O9R]JtN\ VR ]JGYLAQRX SORAELQRX SRG D W\SRYpKR UIiIG)>

aDGHURYI

X SRG D GUXKX SRKRQX HOHNWULFNé VSD RYDFt DOHER

X SRG D NRQAWUXNFLH YR]tN\ Qt]JNR]GYLA&Qp Y\VRNR]GY

X SRG D REVOXK\ YHGHQp UXpQH VR VHGLDFRX DOHER
ADOGUAED MH V\VWpPRYi 4SHFLDOL]JRYDQi pLQQRV" NWR

]JYéAL" pDVRY~ YéENRQQ~ D NYDOLWDWtYQX Y\XaLWH QRV"
REQRYRYD" Y\OHSARYD" S{YRGQp ~aLWNRYp YO@nNaW QRV WL
WDN DE\ VD GRVLDKOD LFK QDMY\d4aLD PR&a&aQi HIHNWtYQRYV
]JGUDYLD REVOXKbt@QpRRKYDRV YAUCGIKEQ Pt N OGUAED ]DK
SUDNWLFNp ULDGLDFH D DGPLQLVWUDWtYQH RSDWUHQLD
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F\ANOX ]DULDGHQLD V FLH RP XGUAD" KR Y SUHYiG]NRYDWH
NHG\ P{a8H SOQL" SR&DGRYDQ~ IXQNFLX 5DN\WD DQG %XE
GHILQtFLL VD ~GUAED Y PLQXORVWL Y&G\ GH®LOD QD YH N
x EHAQ~ ~GUAEX NWRUi Pi REPHG]L" EGHQO-HGMYURBKHE
SRXAatYDQLD
Xx PLPRULDGQX ~GUAEX NWRUHM FLH RP MH REQRY
SUHYiIG]N\WFKRSQpKR VWDYX

1.1 yLQQRVWL ~GUAE\ Y\VRNR]GYLAQéFK YR]tNRY

OGUAED Y\VRNR]JGYL&QpPpKR YR]JtND MH YH PL G{OHA&LW
LQWHJULW\ DNR DM EH]SHpPQRVWL REVOXK\ D SRVIGN\ 3UD
VR VHERX QHVLH PQRKp YEKRG\ DNR QDSU SUHG &aHQ~ AaLY
pDVRY SUHVWRMRY *UHJRU\ 3RROH /LIW OGUAED Y\VR
ako (Frontu, 2024):

X YEPHQD NYDBPSYWPAQQD VHUYLVRYDQéFK JGYtKDFtFK YR]t
YEPHQRX ]J]iINODGQéFK NYDSDOtQ PRWRURYpKR ROHML
NYDSDOLQ\ D K\GUDXOLFNpKR ROHMD

X pLVWHQOM DRGIRQVHVWpPPX Y\WRNR]JGYLAQéFK YR]JtNRY D
YR]JLGLHO VD GRVWiYD YH D QHpLVW{W JQHpPpLV"XM~FLFI
]JDEH]SHpXMH &H LFK QHJDWtYQH ~pLQN\ QD Y\VRNR]G
QDVWIiYD YEPHQD Y]GXFKRYpKR ROHMRYpKR D SDOLYR)

X NRQWUROD SQIRXQPDWRAD GH]pQX D WODNX Y SQHXPDW
VHUYLVRYDQp ]JGYtKDFLH YRJLGOR Y EH]SHpPQé&FK SUHYi

X NRQWUROSDBN]IZ ¥HP YEPHQD EU]J]GRYéFK GRaAWLpPLHN R
~NRQ\ NWRUp XSUDYXM~ EU]JGRYé V\VWpP

X NRQWUROD RVWDWQEFKIRRE SRQHQWREFFK SUIF VD NRQ
DOHER Y\PLH DM~ DM GLHO\ NWRUp RYSO\Y XM~ RYOIC
YR]JtND K\GUDXOLFNp ROHMRYp pHUSDGOR VSRMN\ SR
SRVLWLYH &UDQNFDVH 9HQWLODWLRQ |]DSD RYDFLH V'’
Y\WWRNR]GYLAaQp YR]JtN\ V PDQXiOQRX SUHYRGRYNRX

1.2 5RJGHOHQLH PRWRURYé&FK SRKRQRY Y\VRNR]GYLAaQéFK YF

'QH4Qp GRSUDYQp D PDQLSXODpQp ]DULDGHQLD V-~ ]O
PRWRU ]DEH]SHpXMH Y&HWN\ NLQHPDWLFNp SRK\E\ 7LHWR
SDXWRPDWLFN\UHUXORYOMA&P UHALPRP =Y\p[HOMHN WU LR R OR
PRKRQRP VSD RYDFtP K\GUDXOLFNé&P DOHER SQHXPDWL]
RYSO\Y XM~ QDVOHGXM~FH pLQLWHOH -HYLFN&

X IXQNAMIDRU~ PD GDQé& PHFKDQL]PXV SOQL"
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X NLQHPDWLQNIDDPDND SRRKMEXSIRKGHSRJLDPRPLDU\ NEéYDYé D(
DWR EZSR&LDGDYNRX QD GRGUALDYDQLH GDQéFK SDUDPI
XKOX SRRWRpHQLD VLO\ DSRG 9R YaHWNéEFK WéFKWR S
VS~a"DQLD EU]JGHQLD pL UHYHU]IFLH

X SULHVWRURYp XVSRULDGDQLBUPHEBYIQR BREKIDFERYINRY D
SURVWUHGLH
6R JUHWH RP QD XYHGHQpPp pLQLWHOH QD YODVWQRVWL

SULPIUQHKR JGURMD HQHUJLH VD pDVWR YROLD SUtSDGQ
QLHNWRUéGFK GRSUDYQéFK JGYtKDFtFK pL PDQLSXODpPQEéFK
E\" REPHG]HQi VD DNR SUYRWQé |]JGURM HQHUJLH SRXatYD
Priamy prenos energe KQDFLHKR PRWRUD QD SRK\EOLYp PHFKDQL]I
SRXatYD VD RBPH®@BIQHWWXSH -DVD DQG .&é@loEHMRNpKR KC
K DGLVND

2 9éVOHGN\

21 OGUAED Y\VRNR]GYL&QEIMKRYRPtNPRYWRURP

I1DIWRYé Y\VRNR]GYLA&Qé YR]tN SDwWUt PHG]L WUDGL
SUHGRY3dHWNéP GR HIWHULpUX -HKR ~GUAED MH QDMNRPSC
SRSLV ~GUAE\ Y\VRNR]GDVLWQNKER PRIWRDRP ERO J]Y-ROOHQé YF
(Obr. 1).

Obr.19\VRNR]GYLaQé Y-RJtN 67,// 5;
Zdroj: VZV.cz

9R]tN Pi VSD RYDFt PRWRU NWRU& JHQHUXMH WHSOR H
EHAQp DXWRPRELORYp PRWRU\ 3UL WRPWR W\SH MH QXWQp
bDVWt OD]DQLH MH UXpQp SRX&tYD VD

X Y\WWRNRWODNRYpzPPDILYRLHRBRNRiGRFERK SUYNRY D
X K\GUDXOLRNS8ORXHHM H K\GUDXOLFNpKR V\VWpPX
X PLQHUIOQ RIDJHMR KQDFHM QiSUDY\ SUHYRGRYN\
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X
X

Y\WRNR"DaQé VSUHRDQDQUH"DPDGNtKDFHM UH"D]H
PRWRURY“éPROQEHG®LH PRWRUD

=iNODGQp ~NRQ\ ~GUAE\ WRKWR Y\VRNR]GYLAQpKR YRJtND V

X

X X X X X X

YEPHQD PRWRURY pXKRGRO PRI RKRGtQ QDSU NDAGE&FK
YEPHQ\ ROHMRYpKR ILOWUD

NRQWUROD D YéPHQD Y{GRPKBYWRRH JDQiEDQLD SUDFK
NRQWUROD FKOD G+ BBRBKRQW\YIWpBPRHER YEPHQD FKODGL
YEPHQD SDOLYRYPHR VSIMYDPX IXQNFLX YVWUHNRYDQLD
NRQWUROD Y&IXNRYpKR MR/QWYE R ADHALIMX VSDOtQ D KC
NRQWUROD SRGYR]NX~D KAEDOBYtKMDFLHKR EDUJADGHQLD
NRQWUROD D YEPHQD aHUBRMDFHERpPVNLEPEWDUWRY D (
PRWRUD

OHG]L YEKRG\ WRKWR Y\VRNR]GYLAQpKR YR]tND SDWUt

"DANp SUHYiIG]N\ pL VSR DKOLYRV" SUL GOKRGRERP SRXatY
Y\daLD KOXIPPQRYH DY SRURYNWMOPRPVRWRURP Y\daLH QiNOD
a~GUAEX

22 OGUAED Y\VRNR]GYL&AQéFK YR]JtNRY V PRWRURP QD VNYDS

9R]tN\ QD Liqdigfied Petroleum Gas V~ YKRGQp SUH LQWHULpPpURY |

SURVWUHGLD ,FK ~GU&ED MH SRGREQi DNR SUL QDIWRYE&FI
NRPSRQHQW\ 3UL YR]tNRFK V /3* PRWRURP MH SRWUHEQp Y
VIVWpPX 3UDYLGHOQi YEPHQD SO\QRY&FK NRPSRQHQWRY |
SRSLV ~GUAE\ Y\VRNR]\G&RWRp WRSRP]FNFDMR UD ERO2$\EUDQ&
(Obr. 2).

Obr.29\VRNR]GYLAaQé Y®|tN /,1'( +
Zdroj:VZV.cz
=iINODGQp ~NRQ\ ~GUAE\ Y\VAIPRRBYRFQRPBRRVNRPDEDOWH C

-HYLFNE
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NRQWUROD /3%\QBWPPYWHVQRV" Y\ VRNRWODNRYéFK SO\
SDFKRYi NRQWUROR 6QQNRYWIJ\RXWGLVND EH]SHPQRVW
YEPHQD |]DSD RYDREtWMISY WYHPRNSURFHY MH JiYLVOé QD L
YEPHQD ROHMDURVYLIDMRRINR SUL QDIWRYéFK PRWRURF
~GUAED FKODGLDEHKRtIM\BRYE D NYDSDOLQRYp FKODG
NRQWUROD V\VWpPX Y¥WWUHWBYBQLIIDSODPEX M HOHNWUR

X X X X X X

OHG]L KODYQp Y&KRG\ WRKWR W\SX YR]tND SDWULD W
OHG]L QHY&KRG\ SDWUt QLAELED"DOERORWOPESN KX BLFN é

OD]JDQLH NRPSRQHQWRY WDNpKRWR YRJtND MH UXpQp SULDp
X K\GUDXOLENGRSIHM QLH DIOGED XY@ PHNMPYV\VWpPH
X VSUHM QD+ WBUBPW]DQLH |GYtKDFHM UH"D]H
x PD]JL“RPD]DQLH OR&tVN GRSOQHQLH PDJLYD GR ORA&tVN
X SUHYRGRY&GRGBMHQLH GR SUHYRGRYHM VNULQH

23 OGUAED Y\VRNR]GYL&Qé&FK YR]JtNRY V HOHNWURPRWRURP

(OHNWURPRWRULFNp YR]tN\ SUHGVWDYXM~ HNRORJLFN
SULHVWRU\ QDSU VNODG\ DOHER SRWUDYLQiIUVNH SUHYiC
Y\WWRNR]GYLAQBOMRWN RPRWRURP Pi QXORYé& GRSD& QD &L
SRK DGX WY QREQEHE MH WR WDN (O HNMWUV D ) FoN WG\ B URRIE
YEURE\ HOHNWULQ\ YRGQi YHWHUQi VROIUQD HOHNWUI
VNOHQtNRYEFK SO\QRY $NR SUtNODG -e@kir&EStordmVIRINR]GY L
]JYROHQE& PRG HO(@bt 3. (

Obr.39\VRNR]GYLaQé ¥RW]tN /,1'( (
Zdroj:VZV.cz
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=iNODGQp ~NRQ\ ~GUAE\ SUHHD\WWRWRRPRWRBERMRMN VHYI
SUDYLGHOQp QD EtMIREBLUHIEDWPQILH F\ANORY D NRQWUROTL
PLVWHQLH SyORY Dt \|PRUDHNVEDRRGLFLL D VWUDWH NR(
NRQWUROD IXQNFLH QDEtMDpN\
~GUAED HOHNYWNRPRMWROD ORA&tVN YLQXWLD SUtSDGQFt
PD]JDQLH SRK\EOLYE&FK pDVWt RLAB Y HKDHN WRHRPKRDNR JF
SUHYRGRYND QiSUDY\
(OHNWURPRWRU Pi PLQLPXP SRK\EOLY&FK pDVWt NWRU
WDNpKRWR SRKRQX UDGtPH Qt]MWH CCUREYXE KR Y UXIDND D B \
SRVWDWQ&PL W\SPL SRKRQRY WLFK~ SYKRIGQRX"ESR XBNR
GDQYKRRNR]GYL&QpPKR YR]tND GR X]DYUHWEé&FK SULHVWRURY
OD]JDQLH pDVWt Y\WRNR]GYLA&QpKR YR]tND QD HOHNWULF
VD Y\XatYD
K\GUDXOLFRENG RSIHM QLH DOHERG YOXIOQ B NRPHWAY Wp P H
VSUHM QDt WRQYHUROD DOHER SUHPD]DQLH JGYtKDFHM L
PDJL¥RPD]DQLH ORA&tVN pDSRY QiSUDY\ pL OR&tVN SRKR
SUHYRGRY&GRGBQPHQLH GR SUHYRGRYHM VNULQH

X X X X X

X X X X

3 =iYHU\

OGUAED Y\VRNR]GYLAQE&FK YR]JtNRY MH N ~pRY&P IDN!
VSR DKOLYHM D EH]SHpPQHM SUHYiIGIN\ 3RURYQDQLH QDIV
SRXNi]JDOR QD UR]JGLHO\ Y VHUYLVQ&FK ~NRQRFK B6HUYLV
dieselovom aHOHNWULFNRP YR]JtNX V~ URYQDNp QR SO\QRYé YR
]GYtKDMRWEH Pi ~GUAEX WRKWR ]DULBSGHRYDE RIGOIUNE S R X & LHD
SRKRQ VSD RYDFt PRWRU NWRU& PXVt E\" FKODGHQé& &KO
YAHWNEFK VSD RYDFtFK PRWRWRMKULBNEPNSRRRGORN Pi HC
FKODGHQé& Y]GXFKRP NGH MH QD KULDGHOL HOHNWURPRW
YR]tN\ QD HOMNVWRKFRNGE V\XatYDM~ DM URYQDNp PD]LYi QT
POKRQX = SRK DGX PD]DFtFK ~NRQRY MH PD]DiadehiarB GY R]N X
YAHWN\ W\S\ Y\WRNR]GYLAQ&FK YR]JtNRY URYQDNp 1D ]iN
PRGHORY YR]tNRY PR&QR NRQAWDWRYD" &H VSUiYQH ]YR
WKkRQiIYDQRX ~GU&AERX YBUD]QH RYSO\Y XMH MHKR HIHNWLYL

3R DNRYDQLH
THQWR SUtVSHYRN Y]QLNRO Y DND SRGSRUH SURMHNW X

54



22" International Conference t 2628eptember 2025
XXIX u I]v &} v I}v( E v ] 3. t 26. september 2025 i

Research, Production and Use of Steel Ropes, Transport

and Handling Equipment

SEe«lpuU AE E} % }uT]18] } 9q}AE Z o vU }¥%
u vli%po VvE Z 1 E] v

ILWHUDW-~UD

Borgehetti, F., et al., 2024. Road infrastructure maintenance: Operative method for
LQWHUY HQW LTrRagspditatiob Qaseatrl Interdisciplinary Perspectives(s),
pp. 1-19.

%RURGBEDGHURYIi - THFKQLFNp TR VRVALLIEBHEDONS\ ORJLV WL

Clark, 100 years of Clark forklifts.  [online]. Available at:
<https://clarkmheu.com/en/company/about-us/100-years>clafAccessed 24 May
2025].

Frontu, IDMOHS&LH W\S\ QD ~GUA&AEX Y\VRNR]GYLMiMEIR YR]tNLC
Available at: <https://frontu.com/sk/blog/najlepsie-tipy-na-udrzbu-vysokozdvizneho-
vozika-komplexny-sprievodca> [Accessed 24 May 2025].

Gregory Poole Lift. Forklift ~maintenance tips. [online]. Available at:
<https://lwww.gregorypoolelift.com/blog/forklift-maintenance-tips/> [Accessed 24 May

2025].

-DVD 9 .RAIEHN - 7HYyULD GRSUDYQ&FK D PDQLSXOTL
47-48 s.

“HYLFNé o0 ASHFLILNIFLD ~GUA&E\ Y\WRNR]GYL&Qe&FK YR

EDNDOiIUVND SUIFD 7HRKQEENFKQIIREHBEH WD Y

Jungk, A., Heiserich, G., Overmeyer, L., 2009. Antenna concepts for RFID on forklift trucks.
In: IMETI 2009 +2nd International Multi-Conference on Engineering and Technological
Innovation, Proceedings, Vol. 1, pp. 112-116.

Lindke. OGU&AED D RSUDYD Y\WRNR]GYLAQéFK Qt]MRIheYLAQEFK
Available at: <https://www.linde-mh.sk/sk/Sluzby/Udrzba-a-opravy/> [Accessed 24
May 2025].

Nadondu, B., Chanpahol, A., Srisawad, S., Thiakthum, S., 2024. Improving forklift efficiency
by ECRS techniques: A case study in a logistics comdawgrgreen 11(1), pp. 306-
313.

5DN\WD 0 %XEHQtN 3 BWUDWPJILD ~ GhivdEity Bf HIHNW
ALOLQD &96.LQD

STN EN 13306: 20180 GU&AED 7HUPLQROyYJLD ~GUA&E\

Ulutas, B.H., Ozkan, N.F., 2019. Empirical studies: Assessing occupational risk factors for
forklift drivers. Travail Human 82(2), pp. 129-149.

Unger, R.L., Bobick, T.G., 1986. Bureau of mines research into reducing materials-handling
injuries.Bureau of Mines Information CircularC 9106, pp. 22-33.

9DOHQpPtN a4 OGUAED REUIEDFtF[gnline} W B\RilifeY at:

55


https://clarkmheu.com/en/company/about-us/100-years-clark

22" International Conference t 2628eptember 2025
XXIX u I]v &} v I}v( E v ] 3. t 26. september 2025 |

Research, Production and Use of Steel Ropes, Transport

and Handling Equipment

SEe«lpuU AE E} % }uT]18] } 9q}AE Z o vU }¥%
u vli%po VvE Z 1 E] v

<https://www.engineering.sk/clanky2/stroje-a-technologie/768-udrba-obrabacicstrojov>
[Accessed 24 May 2025].

VZV.cz. 2015.yHO Qé aWwyY BUNRIHWB0K6e0+ Diesel. [online]. Available at:
<https://www.vzv.cz/sk/aktualne-na-sklade/voziky-skladom/still-rx-70-5060054327?
gad_source=1&gad_campaignid=12268631466&gclid=Cj0KCQjwOLDBBhCnhARISA
MpYIApSmFI8a7WRbQQKLIrAE66NNUadFpM2I3P2ekdfw7Ltb48JoczQ_sYaAjONE
ALw_wcB> [Accessed 24 May 2025].

VZV.cz. 2015. yHOQé awyRWRR GH20RTY £ LPG. [online]. Available at:
<https://lwww.vzv.cz/sk/aktualne-na-sklade/voziky-skladom/linde-h-20- t523807?gad_so
urce=1&gad_campaignid=12268631466&gclid=Cj0KCQjwOLDBBhCnARISAMpYIAr
Qg3FND2dgRt5wz7gW2keQCvtZ81K_K3KgFWhKSgV_H-92MHTzrVO0aAgdcEALw
_wcB> [Accessed 24 May 2025].

VZV.cz. 2015. yHOQé awyY RUNDR @ Y R §1é + AKU. [online]. Available at:
<https://lwww.vzv.cz/sk/aktualne-na-sklade/voziky-skladom/linde-e-20-01-51858?gad_s
ource=1&gad_campaignid=12268631466&gclid=CjwKCAjw3MXBBhAzEIiWAOVLXQ
XelHL50WS5SfLoINhIDtKg2y5c80imSqJAEts8c3PAQMGLjWInskvxoCHhEQAvVD B
WE> [Accessed 24 May 2025].

Zhao, Q., Zhang, X., Wang, P., 2024. Multi-type equipment selection and quantity decision
optimization in intelligent warehousk=EE Accessl12(4), pp. 63515-63527.

56



22" International Conference t 2628eptember 2025
XXIX u I]v &} v I}v( E v ] 3. t 26. september 2025 i

Research, Production and Use of Steel Ropes, Transport

and Handling Equipment

SEe«lpuU AE E} % }uT]18] } 9q}AE Z o vU }¥%
u vli%po VvE Z 1 E] v

9\XALWLH VLPXOiFLt Y GRSUDYQéFK D PDQL
SUtSDGRYiI aw~GLD

-DQD )DEEDQRYRVODYD -MTBLNRDIY 5LJy

1 OVWDY ORJLVWLN\ D GRSUDY\ )DNXOWD %(5* 7HFKQLFI
.RPHQVNpPKR .RALFH 6 Ol faaVdbiandra@XikeG ND H
2 OVWDY SULHP\VHOQpPKR LQALQLHUVWYD PDQD&PHQWX D
IDNXOWD 7HFKQLFNi XQLYHU]JLWD Y .RAaLFLDFK 3DUN .RPF
republika, e-mailjaroslava.janekova@tuke.sk
S OVWDY ORJLVWLN\ D GRSUDY\ )DNXOWD %(5* 7HFKQLF!
.RPHQVNpPpKR .RALFH 6 OriraN: th@slaM.iigb@itekE.skOLND H

* RUHASRQGHQpPQE& DXWRU

Abstract:

Transport and handling processes are an essential part of the production process. These
processes require significant investments in their technical support and also represent a
significant share of processes that do not add value. Optimization of logistics flihigsarea

is currently an integral part of the production strategy of companies. By using simuéadlen
whether during design or changes in production, we can verify and optimize spatial, capacity,
and other production parameters in advance in a virtual environment. The article presents the
optimization of the AGV transport and handling system using simulations in the Tecnomatix
Plant Simulation. The number of AGVs is optimized on a model of a production line served b
an AGV system in order to maximize production. The Experiment Manager, which is a part of
the simulation program, is used as an optimization tool.

Key words:
simulation, AGV system, optimization, Tecnomatix plant simulation

OYRG

6SRORPQRVWL pHOLD QHXVWIiO\P Yé]YDP DNR V~ SUHP
G\QDPLND GRGiIYDWH VNéFK UH"D]JFRY 3UL ULH&AHQt WEéFK
VSROLHKDM~ QD VLPXODpPpQp D RSWLPDOL]DpQp QiVWURMEF
mNiPDOL]J]RYD" QiNODG\ D ]JYéaL" FHONRY~ HIHNWtYQRV" ULH3A

6LPXOIiFLD MH SURFHV Y\WYiUDQLD GLJLWADK)RWRR PR
DQDO\]RYD" MHKR VSUIYDQLH ]D U{]Q\FK SRGPLHQRN ORG
SUtVWXS N YL]XDOL]iFLL ORJLVWLFNéEFK DNWLYtW D WRNRY
VLPXOiIiFLD SRPiKD SRGQLNRP YL]XDOL]JRYD" WHVWRYD" LC
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RYSO\YQHQLD UHIOQ\FK SURFHVRY PIULL S X @ DIHNAFERY DDR FGF
modelovanie sRSWLPDOL]iFLD VYRMH QH]DVW Xett Voitash pe PLHVW
SXEOLNRYDQé& YR YLDFHUeéRK FK ®HFHRI KV SR PRHDFK' WR]VLDK
YEVNXP R PRGHORYDQt D VLP X (Sdawéigéh t.ailli ZDZOWFK RAY ¥ VP DFOR YD
FLH SUHVN~PD" SRWU H Ejtoprdblbntdtke® QRX O®IQ Y PRGHO\ VD ]Y
SRX&tYDM~ SUL SRWUHEH DQDO\]RYD" UR]VLDK®EVEOHER NR
Zajoncova 2018) $SOLNiFLH VLPXODpQéFK 8H W EEEEtM@ Pénsd, QDS U

SUL QiYUKX YKRGQEéFK VLPXODpQE&FK PRGHORY SUH Sl
=DZDG]NL SUL SRVXG]RYDQt QiYUKX D XWULRSALLYRLL | Bo\DIRQ H
HW DO SUL ULH&AHQt NRQFHSWX GLJLWIiOQHKR GYRMpD

2SWLPDOL]IiFLD VD ]DPHULDYD QD QiMGHQLH QDMOHSaAL
GRVLDKQX" VWDQRYHQp FLHO 1D UR]JGLHO RG VLPXOIiFLH N
LGHQWLILNXMH QDMHIHNWtYQHM&LX VWUDWPpPJILX 2SWLPDOL
MH YQ~-WURSRGQLNRYi SUHSUDYD D VNODGRYDQLH 1DVDGHI
SRVOHGQéFK URNRFK YEUD]QH VW~SOR D WR Y DND DXWRP

6LPXODpPpQ& SUtVWXS SUH RSWLPDOLVIFRX IVRK VR R F&* @

.RYIWV D 6NDSLQ\HF] SexzbjeniBka 2tFd.HZDXIN prezentuje
DSOLNIFLX JHQHWLFNpKR DOJRULWPX QD ULH&HQrdéi RSWLP
DO VD WLH& ]DREHUDOL RSWLPDOL]iFLRX ORJLVWLF

GYRMVWXS RYpKR JHQHWLFNpKR DOJRULWPX 3RNURPLOP
ULH&AHQt GDQHM ~ORK\ DOH DNR QD]QDpXMH SUIFD YHGFRY
DM XGVNp AaLYRW\ 3UD[ XND]XMH &H VLPXODpQé VRIWYpU N\
D JORALWEFK SURVWUHGLDFK D SRVN\WXMH HIHNWtYQ\ VS{
SRWUHE\ I\]JLNIiOQ\FK H[SHULPHQWRY 9\daLH XYHGHQp D
VLPXODpQéFK VRIWYpURFK OHG]L A4LURNR SRXatYDQeé VLI
THFQRPDWL[] 30DQW 6LPXODWLRQ $Q\/RJLF D )OH[6LP $X
Lacruz, Eriksson @0 HUJVWU | P Y\XALOL ([WHQG6LP QD RSWLPD(
VR VSUDFRYDQtP GUHYD 9é6VNXPQé WtP RNROR ODUND .OLP!
QD QDYUKRYDQLH UR]JatUHQLD YEURE\ SURVWUHGQtFWYRP
a skladovacie kapacity pomocou TecnomatQP QW 6LPXODWLRQ ,Qé SUtVWXS
NWRUt SRXatYDOL $Q\/RJLF QD Y\WYRUHQLH GLJLWIiOQ

&LH RP WRKWR SUtVSHYNX MH SUH]JHQWRYD" Y\XaLW
GRSUDY@IKRLSXODpPpQpKR V\VWpPX $*9 1D PRGHOL ILNW:
GHPRQ&AWURYDQi RSWLPDOL]IFLD V\VWpPX SRPRFRX QiVWI
V~pDV"RX VLRKXWOMDPRPWORTHFQRPDWL[ 30DQW 6LPXODWLRQ
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1 OHWyG\ D PHWRGLND

11 '"HILQRYDQLH YEVNXPQPHKY FSGIRNEDD iy X NDX P X

2SWLPDOL]IFLD ORJLVWLFNéEFK SURFHVRY MH N ~pRP
QINODGRY D |JOHS&G&HQLX VSRNRMQRVWL ]JiND]J]QtNRY 2SWLPD
PHWyG\ 6RIWYpU 7HFQRPDWL[ 30DQW 6LPXODWLRQ VD Q
YEUREQéFK D ORJLVWLFNéFK SURFHVRY YR YH NéFK SULHF
Y\EDYHQé GYRPD RSWLPDOtb] e pEx@efmen MawageR sHPQH W L F N é
algoritmus.

([SHULPHQW ODQDJHU Y\NRQiYD UDG H[SHULPHQWRY
SUHPHQQHM W M VLPXOXMWRPIHRNNR WLDXXi FSWHH PNAMDRUHM
2SWLPIiOQH ULHAHQLH Y\EHUiIi SRVXG]J]RYDWH ViP ]JR Y&HWN
NULWpULt *HQHWLFNé $OJRULWPXV MH KHXULVWLFENi RSWL
YEEHURP 1D VLPXOiIiFLX D QiWRHGR- YRYWNXPBIOMHFER XA LW E
verzia2302aRSWLPDOL]DpQé QiVWURM ([SHULPHQW ODQDJHU 2E

2SWLPDOL]IFLD EXGH QDNRQILJXURYDQi WDN DE\ LGHQ
PD[LPDOL]IFLX YEVWXSX YEUREQHM OLQN\ |]D GDQéFK SRGP
LGHQWLILNRYDQLH NULWLFNEFK ERGRY Y ORJLVWLFNRP SUI

* Tvorba simulaéného modelu

¢ Definovanie sledovanych parametrov pre experimenty

* Nastavenie rozsahu a kroku pre riadenu premennu

e Stanovenie rozhodovacich kritérii pre vyber optimalneho riesenia

* \yhodnotenie vystupov experimentu

¢ \lyber optimalneho riedenia

Obr.10HWRGLND- YE¥YNXPXSWLPIiOQHKR ULHAHQLD SURVWUI
Manager
Zdroj: autor
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-H PR4Qp SUHGSRNODGD" &H VD RSWLPDOLJIFLRX QiMG
NWRUp EXG~ ]RK DG RYD" DM pDVRYé DVSHNW YEUREQpPKR
YEUREQé SOiQ 6SUiIYQH ULH&AHQLH E\ PDOR RGUifR" U{]QH
SUtSDGQH PDMLWH RY ILULHP

1.2 Tvorba modelu v Tecnomatix Plant Simulation

2SWLPDOL]JIFLD EXGH GHPRQ&AWURYDQi QD VLPXODpPQRF
(Obr. 2).

{ Mt M| AcV load s i AGV cost: 44000€ Product profit: 12€ [ resuLts table |
: 4
L_] Parts M AGV unload '!?E AGV count: 7 Product profit total: 429600€ RESULTS_table DELETE

M|endsim| M| Parts Conveyors ExperimentManager AGV cost total: 88000€ Final profit: 341600€

AssemblyStation

Buffer6

Obr.20RGHO YEUREQHM OLQN\Y 7HFQRPDWL[ SODQ\
Zdroj: autor

6LPXODpQ& PRGHO OLQN\ 2EU JREUD]XMH YEBUREQ-
GLHO\ QD WURFK U{]Q\FK YEUREQé&BR \NSIDFERNMIDLOFK~ G B o
GR ]JiVREQtNRY Bo¥DNDM~ QD Y\]GYLKQXWLH BrX{AGK.DWLFN\
$*9 GRSUDYt GLHO\ GR PHG]LRSHUDBQ#RK PRIDDIAR R X WX\ [H
NWRUHM SUHELHKD ILQiOQD PRQWIi&QD RSHUIFLD D KRWR
GRSUDDRINXGR NRQHPQpPKR VNODGX 3'UDLQ" 3RpHW $*9 REV
SRK\EXM~FLFK VD SR RNUX8QHM GUiKH MH PHQHQé& QD ]iNOI
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1.3 1DVWDYHQLH SDUDPHWURY RSWLPDOL]IiFLH

3UYEP NURNRP N QDVWDYHQLX RSWLPDOL]DpQPpKR Q
A$*9BFRXQW3 GR SR D A'HILQH ,QSXW 9DOXHV: 3UHPHQQi $
P{&H E\" Y UR]JVDKX D& $E\ ([SHULPHQW O0DQDJHU PRKRC
0d1do10,H SRWUHEQp|EGHREQR YRR OV QD V VieReYExpelienN FL X 30
'"HVLIQWHMWR IXQNFL MH RRU®PFPKR SRIGRLPKR DRPWX $*9 QI
A,QFUHPHW:3 DNRREWHU BYWRN.&%H KRGQRWD R NWRU~ VD SR|
merant 1DNRQLHF V~ GHILQRYDQp YEVWXSQp KRGQRW\ NWRU
D WR Y SROL A'HILQH 2XWSXW 9DOXHV?® 2EU 1DALPL FLH
YEURBALBI& PD[LPiOQH Y\X4LWLH YEUREQ&FK |DULDGHQt 3RD
SRQHFKiPH QD KRGQRWH WUL pR ]QDPHQiIi &H NRQHpQeé Yé\
]JRK DGQHQLH DM LQé&FK IDNWRURY YBURE\ SUDRDKIPRDQt

H[SHULPHQWH ]DGDQp DM QiNODG\ QD REVWDUDQLH MHGQp!
YEVOHGNRY RSWIQRRODGRLYHWKIRMK]DGLVND 'RED SRpDV NW
VLPXORYD" MH VHGHP GQt

.Models.Model.ExperimentManag... X Models.Model.ExperimentManag... x -Models.Model.ExperimentManager.Output x

Specify the input values for the simulation stu For the multi-level experimental design you 1| a Specify the output values for the simulation study.
the lower and upper level of the 1 input valu

Please rlnse this tahle hefare vou continue |~
root.AGV_count 1 root.Drain.numin

Input Values Descri ption Input value | root.AGV_count Output Values Description High Values are Better
root.AGV_count

Lower level 1

root.Drain.numin Product_count true

o

Upper level 10 root.AssemblyStation.statWorkingPortion | Assembly line utilization true

1
2
3 | Increment 1

oK H Cancel H Apply |

0K H Cancel H Apply ‘ | 0K || Cancel H Apply |

Obr.31DVWDYHQLH YVWXSQéFK SDUDPHWURY RSWL
Zdroj: autor

2 9éVOHGN\

= YBVOHGNRY H[SHULPHQWRY SRPRFRX QiVWURMD ([
RSWLPiOQ\ SRBIHWRFP*PN[LPDOL]IFLH SR pYNXD BHI DD FY M UYREELIRE
JDULDGHQt 2EU 96VOHGN\ H[SHULPHQWX EROL GRVLDKQ
prezeQWXMH &H RSWLPDOL]DpQé FLH ERO GRVLDKQXWe& V ¢
GRVLDKQXWeé PD[LPiO QP5R,EM kiBow é UR E\
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Experiment|root.AGV_count| Product_count |Assembly line utilization

Exp 09
Exp 10 1

104249 0.861857833037231
104247 666666667 0.861844982261923

Exp 01 1 16901 0.139730533286981
Exp 02 2 33800 0.279432914239362
Exp 03 3 50700 0.419146825396825
Exp 04 4 67600 0.558862433862434
Exp 05 5 84495 0.698547883130246
Exp 06 6[101389.333333333 0.838215105904698
Exp 07 71104251.666666667 0.861878997058396
Exp 08 8|104250.666666667 0.861868415047815

9

0

Obr.49éVOHGN\ RSWLPDOL]IFLH
Zdroj: autor

Z 2EU PRéQR WLHA& SR]RURYD" aH VR [Y\@XM~FLP VD S|
GLHORY GRNRQFD ]QLé’lXMH Y SRURYQDQt V PD[LPRP |]DWLD
NRQAWDRMUFH@PWXiOQRP Y\MDGUHQt MH Y\X4LWLH PRQWIi&Q
na Obr. 5.

Utilization of machines

— B working
[ Waiting
B Failed

100 -

90 -

a0 -

70+

60 -

50

40 -

304

20

Station1 Station2 Station3 AssemblyStation

Obr.5'LDJUDP FHONRYpKR Y\XaLWLD VWURMRY SUH RS
Zdroj: autor

1D 2EU  V~ XYHGHQpP .YBWNRSHQLEP XSSREUREQMAMAHM W
SRPRFRX PHWyG\ A(QGVLP?® JLVWtPH &H NRQHpQé JLVN SUL
DM REVWDUIYDFLH QiNODG\ QD $*9 D GHILQRYDQp YVWXSQp
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integer
1

maney[£]
2

integer
3

maney[£]
4

string

AGV_count

AGV_cost total

Product_count

Product_profit_total

1

7

308000.00

104257

1251084.00

Obr.6 9éVOHGQiIi WDEX ND RSWLPDOL]JIFLH

} %

Zdroj: autor

96VOHGN\ RSWLPDOLJ]IFLH MH @RAR 1S R R \D G X SN 9V R YNDO [D
SDUDPHWURY 1DMOHS&t YEVOHGRN WDN QHPXVt E\" RSWLF
VIVWpPX 3UL SRX&LWt VLHGP\FK $*9 VD Y\UREdoWtiaH QDMY
REVWDUIYDFLX FHQX $*9 E\ ERO QDMOHS&t YEVOHGRN GRYV

.RQHpPQ& JLVN Y WRPYRRESRI {(SD.GH MH

7UHED WLH& SR]QDPHQD"
QDSUtNODG pDV Yé@URE\

bDV PRQWiadH pDV SRUXFK\

integer
]

money[£]
2

integer
3

money[£]
4

money[£]
5

string

AGV_count

AGV_cost_total

Product_count

Product_profit_total

Final_profit

1

6

264000.00

101384

1216728.00

952723.00

264000.00

101394

1216728.00

952728.00

264000.00

101380

1216560.00

952560.00

2
3
4

6
6
T

308000.00

104257

1251084.00

943084.00

8H QD YEVOHGN\ P{&X PD" YS
FHQD

Obr.73RURYQDQLH YEVOHGNRY SUL |1RK DGQHQt REVWDU|
Zdroj: autor

3 =iYHU\

96VOHGN\ XVNXWRPQHQHM VLPXOiFLH SRWYUGLOL &H
SURVWUHGt THFQRPDWL[ 30DQW 6LPXODWLRQ SUHGVWDY XN
GRSUDYQé&FK D PDQLSXODpPQEFK VIVWpPRY $*9 ([SHULPHQW
REMHPX YEBURE\ D Y\"DA&HQLD Y&UREQéEFK ]DULDGHQt ERO |
JRK DGQHQt REVWDUiIYDFtFK QiINODGRY QD $*9 VD Y&aDN DNR
MDYt QDVDGHQLH Z3LHVWLFK YRJLGLHO pR SRXND]XMH QD G
SHUVSHNWtY

6LPXODpQp PRGHORYDQLH SRVN\WOR QLHOHQ SUHVQH!
SRPWRP $*9 D YENRQRP OLQN\ DOH DM PRAaQRV" LGHQWLILN
EH] QXWQRVWL ]JiVDKRY GR UHIOQHM SUHYiIG]N\ 7HQWR SL
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VWUDWHILFENRP SOIQRYDQt D UR]JKRGRYDQt Y PRGHUQEéFK Y
, QG XVWU\ NGH IOH[LELOLWD D HIHNWtYQH Y\XaLWLH ]JGU

=iYHURP MH QXWQp SR]QDPHQD" &H GRSOQNRY&P SUtV\
7HFQRPDWL[ 30DQW 6LPXODWLRQ DM QiVWURM *HQHWLELN
HYROXpQpKR K DGDQLD RSWLPIiOQ\FK ULH&HQt 1D UR]GL}
YAHWNRPELQiIFLt DNR MH WR SUL ([SHULPHQW ODQDJHUL
SULHVWRU ULHaAHQt VHOHNWtYQH D GRNidH HIHNWtYQH QDF
SRPWX SUHPHQQ&FK 9\XaLWLH RERFK PHWyG Y NRPELQIFLL
] ~SOQpKR SUHK DGDQLD V UEBFKOR ]JtVNDQE&PL Y&VOHGND
K\EULGQé& SRVWXS E\ PRKRO SULQLHV" OHS&aLX URYQRYiK
QiURPQRV"RX RSWLPDOL]DPQpKR SURFHVX

3R DNRYDQLH
7HQWR pOiQRN ER®RESHBDRRYDWEQWRY SURIMMBNWRY .(*
VEGA 1/0674/24, KEGA 001 TUKE-4/2025, APVV-21-0195, a SK-SRB-23-0054.
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& ~Y D QdhtbzenieaQHEH]SHpHQVWYR SUL SUH®
GRSUDYQéFK |[DULDGHQt

Gabriel Ferencz”

1OVWDY JHPVNE&FK JGURMRY )DNXOWD % (5* 7HFKQLFNi X
.RPHQVNpPKR .RALFH 6ORYHQVNiI UHSXEOL
e-mail: gabriel.ferencz@austinpowder.sk

* RUHASRQGHQpPQE& DXWRU

Abstract:

Reversing is one of the riskiest maneuvers when operating transport equipment, especially in
industrial and construction operations, where people, vehicles and mechanisms move in a
confined space. This paper deals with the identification of the main risks associated with
reversing, including limited visibility, blind spots, insufficient signaling and operator
inattention. Statistical data on the accident rate when reversing are analyzed and the most
common causes of collisions and injuries are pointed out. Special attention is paid to technical
and organizational measures to reduce the f@kch as the use of reversing cameras, sensors,
acoustic signaling, operator training and correct marking of movement routes. The aim of the
paper is to raise awareness of the dangers of reversing and contribute to the creation of effective
safety strategies in an environment with high movement activity of transport equipment.

Key words:
reversing, transportation equipment, work safety, movement in confined spaces

OYRG

IHEH]SHPp HRKMWWRYHQLD V~ QHRGGHOLWH QR XPL-QDRVRIX S
Y\NRQiYDQ&éFK ]DP HXYYHEH@HXMRL GEYRGX MH ]DPHVWQiYDWF
QHEH]SHPREVWM LD SRVXEJIRYDFRMDEINR VIR P BR G-ROKPH Q \
MziND SUL YAHWN&FK pLQQRVWLDFK YONPFEQiBDQERK QB P K \RB® I
EH&QH Y\NRQiYD DM REVOXKD GRSUDYQeéFK ]DRIOL@IGH®i FNW R
PDQLSXODpQEFK MHGQRWLHN

6DPRWQi SUHYIG]JND GRSUDYQéFK ]DUUDBHQS WDHF R 3 UDN
NWRUp SUHGVWDYXMH XUpLWEP VS{VRERP RKUDQNpWRM~SU
QHRGVWUIQLWH Qp SUHNid&N\ DOHER LQp IDNWRU\ SUDFR
NRREH]SHPQ~ SUHYIGINX GRSUDYQEéFK & DURQERRDYDQERE Q é
QHEH]SHPpHRXWRIH®tDSUL SUHYiIG]NH GRSUDYQéFKk YDQLBEGHC

DOHM DNR AGRSDQYQ®PV]DpPRDOHMEPtRDM PQRAVWYR ~UD]
VV~YLVORAPWRYV~NRQRP GRAOR 7HQWR SB+Y®HY RS LEXGH S
EH]SHpQRRAKWID @\ ]GUDYLD SUL SUIFL
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1 OHWYG\ D PHWRGLND
11 &~ YDQNRQWH[WH EHRSKPQRV\WAUDYLD SUL SUIFL

&~YDQLH VD Gi FKDUDNWHUL]JRYD" DNR VS{VRE RYOiGDQ
VD SUHGPHWQp GRSUDYQp ]DULDRSMLGIRPRKREXIMH GHRY DMK M
SRK\E 7HQWR PDQpYHU VD Y\NRRGWIWQ P R PD QU @A) DN RQY DR
RWipDQt Y\FKNFAXQSULHVWRURY DOGHER BER PP R Q LSXDME RIYLL W

ZXYHGHQpPKR MH JUHMPp &8H F~YDQLH SUHGVWDYXMH Y\
YHGLH GRSUDYQp ]DULDGH Q/ILA GIFELODLGPD W B RWRU HKUDBGRI Q t f
SURVWULHGNDPL NWRUE&PL MH ]DULD@)QDH YVEDXHQp GRH
REVOXK\ QD Y]QLN QHEH]SHPQHM VLWXiFLH MH GOKALD DNF

12 =ivDG\ EH]SHpPQRVWER\YOH SFO/MWONM OHIJLVODWLtY\

$NR Xa& ERORGHN QD]QDpHQp PQRAVWYR aRHBR]SHpPQEF
Y\SOYDM~FLFKIiPFDR]E&R SAIDWAYMW BFEMDQ Y HFGHQpKR G{YRGX
]JINODGQp EH]SHPQRVWQp ]JiVDG\MHGIROQLOLYERR GXNMVMIPQBM
legisIDWtY\

+ODYQéP SUHGSLVRP XSUDYXM~FLP SRG/PLEIPM\ SRHYHD @
aozmene & GRSOQHQt QLHNW RUMHERKQHVRBREtFK SUMMBILAN,RY =iN|
2009, 122) :

9RGLp QHVPLH SUL F~YDQt RKUR]JL" RVWDWQEéFK ~pDV W (

$N WR Y\4DGXM~ RNROQRVWL QDMPlI QHGRVWDWRpQé U
RWipDQLH DOHER F~YDQLBIi9RRARWRXSRX{PHREH.I® HRW E \

9RGLp VD QHVPLH RWipD" D QHVPLH F~YD"

a) QD QHSUHK DGQéFK DOHER QD LQDN QHBEHHKHPpG&EKM
JINUXWMWHHM WHVQHM EOt]NRVWL SUHG QHSURIR DGQEéP
alD QtP

b) QD NULARYDWNH V ULDGHQRX SUHPiIYNRX RWipD" VI
]ODpND DOHER GRSUDYQp ]JDULDGHQLH

c) QD SULHFKRGH SUH FKRGFRY QD PLHVWH QD SUHFt
cyklistov,

d QD AaHOH]QLPpQRM IBKIR HNFFHWOHNM EOt]NRVWL

e) vtuneiavMHKR WHVQHM EOt]NRVWL

f. QD MHGQRVPHUQHM FHVWH YRGLp Y&DN VPLH F~YD"
na zaradenie do radu stojacich vozidiel alebo na vyjdenie z neho,

g) ha moste.

DO&tP SUHGSLVRP SERMIBGEQ QMOWMIEISFUR F-EYH] QH IMHR V VKIO
SUIFWHFKQLFNéFK J]DULDGHQt RSBIUBVUIRKIGRHG -@,aRBHK Oi 4
1991, t5 ods. St\Wip, c) ad))

9RGLp DOHM
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b) nesmie sa ¥ RILGORP RWiPD"IDN QHPi GRVWDWRpQé UR]K |
QHY\KRYXMH SRYDKD WHUpQX

c) PXVISYtSDGRFK DN WR Y\4DGXM~ RNROQRVWL QDMPF
EH]SHPQp FRWDIDLL B SRPR F ROXOHS{MRE LSSRHM HDQHM RV R
RVREX VGRKDOMGXY MH SRYLQQé LKQH ]DVWDYL"

d PXVt ]DpLDWRMN URSDIEGLDDN QHPi GRVWDWWEPQDE VSIW
aF~YDQLH QLH MH ]DEH]SHpHQQi CBHREPLRAFHR XS R/SH M R E IVO
]G{UD]QL" JYXNRYé&P YEVWUDAQ&P VLIJQiORP

3UL VWDYHEQ&FK SUiIFDFK MH F~YDQLH VR VWDYHEQE&FP
t Y\KOiaMv {2013, NWRURX VD XVWDQR Y ®PMYWHREBR E G R/HPL
aRFKUDQ\ JGUDYLD SUL SWiFDFEPE K- Bl BoFdSERX odborne;
VS{VRELORVWL QD Y&NRQ QLHN VWORIQEF & HSANRAREY DK FKU B IGEQ F
b8, bod 1. StVp

3UL SUHYiG]NH VWURMD VD R]QiPL XYHGHQLH VWURMD
YEVWUD&QEP ]JQDPHQtP DN MH QtP VWURM Y\EDYHQ&

V SRGPLHQNDFK SRYUFKRY&FK EDQVNE&FK SthWiG]RN X
JGUDYLD SUL SUEFL SYHKQRAANDIDRH ]G UD YELHD] SHHQ BVVEL BUHY |
SUL EDQVNHM @ RERYRALWLNDR QiY D QH MpEEciulMNAPRWS{M RERR QD
XUPpHQp SRGPLHQN\ EH]SHPQpPKR F~YDQLD DOH SULND]XMH
PLOQQRV" EDQVNEéP VS{VRERP Y\NRQiYD DE\ WLHWR SRGPLI
GRNXPHQWiFL Ldopt& @ Pgrisdku@\ KOiaND p 136 ods. )

2SDWUHQLD QD ]DLVWHQLH EH]SHPQRVWL RV{E SUHG
poriadok.

9éVOHGN\

21 5L]JLNi VSIFMMDQRtWV

3URFHV F~YDQLYLMHAHWUSRM HQEGLW R YWeHPM WERNNADRSWLRVLR @ H V-
KODYQp UL]JLNi NWRUp PDM~ YSO\Y QD WR &H F~YDQLF
QHEH]SHpHRKWRIRR) P

2EPHG]HQé YEéK AFG YDRGIHMH VSIWQé FKRG GPREBRDYQpk
Y\SOéYD &H YRGLp P{aH NROMUHRORY®"' CHQHYWRWUYHGQtF
]JDULDGHQt DNR V~ JUNDGOiIi DOHER ]DGQi NDPHUD 8YHGH
nedRVWDWRDPpQ& SHMiKNDBHRIM F~WMQNDVDHSEFK ]JyQ P WYH XK

1HSULURG]HQé VS{VRE YHGHQLHGRQUB YZRKURD MQKRG H
VSIWQH MH RGOMIPWRG]MDUBE WQtP YSUHG 3UH NDAaGpKR
SULURGJHQKMAED D WR FUNWRLWLDF~YDQLH Y\aDGXMHO KAEaHQ -
WUpPQLQJ

BUtWRPQRVEORM{EVWL F~YDM~FHKR SRS DOWBRR]DULD
RV{EE®GtINRVWL GRSUDYQpKR |]DULDGHQLD NWRUptakL QHXYF
VD SRVWDYLD GR MD]|GQHM GUiIK\ GRSUDYQpKR J]DULDGHQLL
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RNROQRVWt UEéFKORV" F~YDQLD UR]K DGRBLHWWHR WYWMWMXS
k JUIANH GRSUDY Q p KARD NIRXIWDRG HRYIRIEER/X QDNR NR YRGLp QHF
NnaDGHNYIWQX UHDNFLX

Hiukv SURVWIUHGHIiG]NRYé KOXN P{aH VS{VREL" &H DM NH
Y\EDYHQp ]JYXNRYéP YéEVWUDAQéEP |]QDPHQGRV OYHE NX XKD @
SURVWUHGLD |DQLNQ~ DOHER EXG~ YH PL JOH YQtPDWH Qp

=Op RVYHWOHQLH]@@A@HBER YSRIHPIDVHHRV" YEUD]QH RYSO'
YRGLpD YpDV UHDJRYD" QD NUt]JRY~ VLWXIiFLX DMieS&JL EHAQ
HAWH SUL BYYPMGEHI9F~YDQLD MH ]J]QtaHQi YLGLWHIQRV" Gf{
QDYiG]DpD

IHGRVWDWRDPQPp RIQBDIHQBHMH WSRK\ED GRSUDYQEéFK
aRVHEOHGRVWDWRpPQp DOHER QHYKRGQpPp Y\PHG]JHQLH SULHYV
aRV{E Pi ]D QiVOHGRN QH3AEOQGNXRNV\8R K3 E SRMPGEHQ pDU LD GI IR
ich prejdenia.

22 3UtNODG ~UD]JRYF¥YSRPRHQEFK V

1L&4LH V~ XYHGHQpP SUtNOD-@DOQUP | RIWR SR MEHRDAFEUH G P |
sporu spolusXYHGHQtP WHVWX SUH YRGLpD GRSUDYQpKR ]DULDG

3UL SUIFDFK VRSUDYRKLFKWW\ ULDGLO YRGLp QiNODGUC
WRKWR YRGLpPD SRYD&RYDO ]D RGERUQH VS{VRELO~ RVRE)
3UHGPHWQpP QiNODGQp PRWRURYp YRJLGOR EROR Y\EDYHC
upozor XM~FLP QD F~YDQLH YR]LGWRP NO/DRUp QW& NPROR 3WU
naY\IUpJRYDQRP ~VHNX SUDYpKR MD]GQpKR SUXKX QDUDI]LO
7iWR RVRIEFDWGNX QiUD]X VSDGOD PHGI]L ]DGQp QiSUDY\ YR]I
MD]GQ&P YQ~-WRUQ&P NROHVRP NWRUEéRN SN R EYLFO|R QVO-RVI SSR\4
DYHM GRM\HPQRX UDQRX Y\N EHQLH SUYpKRQDWAO &G QBRW p K
DPSXWiFLRX SUYpKR D& WUHWLHKR SUVWD sporBimeh®LQX NR
NRA4H QD DYRP SUHGNROHQt =UDQHQLD VS{VREHQpP SRVWL
"DANpP JUDQHQLD Y\&DGWMYDBI)L\H SOLiF bY@ VHF KR SE3BEWL QD M
9RGLp ERO RGV~GHQé& QD WWH DIGstRE D\ R D O RERKEQ YW UHV
SRGPLHQHPQH RGORAHQW QDDWNVARERQY GGREXRGQXWLH 2NU
.R & L FoKolie, 4T/47/2015).

9RGLpPp YLHGRO Y\VRNR]GYL&Qé& YR]tN SULpPpRP SUL F-~YL
SUHYiG]NRYpPX SURVWUHGLX EOt]N\P SHYQémdbBIOHER
NnaEH]SHPQRV" XRWMHBHQPKR G{YRGX YRGLp QiVOHGQH SU
Y\WWRNR]GYLAQBIRR YRHMDQRKH WDP VWRMD FG{R/R R X RIGRIK
XWUSHO RWYRUHQ~ ]JORPHQLQX RERFK NRVWt DYpKR GROQf
NRVWL UR]WUKOD/B{MRELOOBDPDRFMRIRANRGHQE WDNWLHA& X
pomiad GHQLH FKUEWRYHM S/MOUADQ\D DM M RIRKV® JORPHQLQR:
SDOFD QiVOHGNRMPHRKBRFEROQHFRGNi]DQé QD SRPRF GUXKH
na O{&NQXIWOHGQH REMRKGFHQEOMPRKRO VD SRVWDX tHoddD DY~ «
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]D SRPRFL EDULHO ERQHEPAMGIBDE YHPRKRO Y\NRQIYD" G
OLHpHQLDRERDKROXYSULEOLAQH &LHVWLFK PHVLDFRY 9RGLD
slobody vW U Y Dni@gsiacov sSWéP aH YéNRQ WUHVWX ERO SRGPLHQHDC
dobuvWUYDRPHVLDFRY 5R]KRGQXWLH & NU/EB2QRKR V~GX 7UQDY

9éVOHGN\

31 IDYUKQXWp RSDWUHQLD

=D ~pHORP ]Y&3HQLRFKH|SGOQRYOIWLLD VD SUL F~YDQt R
QDVOHGRYQ&FK RSDWUHQt

9\0~pL" SRWUHBEXPFtYDOBRYYLVKQ~" WUDV\ GRSUDYQG&F
URJOR&HQLH SUDFRYIQPNRSBIUIFLH WDN DE\ MHGQRWOLYp p
EH] SRWUHE\ F~YDQLD XYHGHQp VL Y\4DGXMHFGRWRINRP
RUJDQL]IFLX SUIiFH

3RX&tYDQLH VHQ]JRURY FHINHNKLNOREGRVIEBDWRPQE UR]K
PR&Qp Y\NRPSHQ]JRYD" VHQ]JRUPL XSR]JRU XM~FLPL QD SUHNI
JDULDGHQtP QHY&KRGRX WRKWR V\VWpPX MH ~$®H QQQYRU\
IHQ SUL XUPLWHM UBFKORVWL F~YDQLD OpPLQQHMAatP RSDW
VO~&LD QD RNDPALW~ NRQWUROX SULHVWRUX ]D GRSUDY Q¢
DM SRpDV VDPRWQPpPKR F~YDQLD Q HQWEK RNG Fer WdDBonshbi U H V O H ¢
REUD]RYpKR Raherp P X ]

3RX&tYDQLH JYXNRY&FK DOHER VY HM ¥ONRWN HVEN /YD &
YeVWUD&Qp JQDPHQLD VO~&LD SULPiIUQH QD X®R]JRROWMDL
GRSUDYQpKR ]DULDGHQLD QD F~YDQLH 1DMHIHNWtYQHMAI
Y\X&4tYD KODYQH SUL Y\WRNR]GYLAQ&FK YR]JtNRFK /HQ SUH
YR]JLGOiFK MH LQAWDOIFLD JYXNRY&FK YéVWihpske@laté ][QDPH
OHJLVOODRWRURYp YRIMGMiaRX WHFKQLFN\ SUtSXWWQRX F
SUHY\aXMW RIDWHJIYULINW®Wp V~ SULKOiIVHQpP SdRerskel GHQFL
UHSXEOLNH PXVLD E\" Y\EDYHQp GRSOQNRY&P JYXNRYEéP °
VIDGQHM pDVWL YR]JLGOD NWRUp SpHLchbdd) DaBokQ/BPY IV SIW Q F
SUHUXARYDQp Y&VWUD &8 sk N RWKO Z¥RRPLO Z. 1. ktorou sa
XVWDQRYXM~ SREYREQRVHRAMREQHY $QHOiYNHVKRUZLIFK SUH

BWDQRYHQLH SUDYLSUBIYLS OH XU pOM+FH SRGPLHQN\ F~
XYHGHQpP YR YQ~-WRUQ&FK GRSUDYQéFK SUHGSLVRFK NWI
pracovisko, vVUiIPFL NWRUpKR VD SRK\EXMH PRELOQé& GRBUDYQEé S
XUpXM~ SRYLQQRVWL YRGLpD SUHG ]DpLDWNRP F~YDQLD NI
XSR]JRUQHQLH EOt]NR VWRMDFLFERREV{E RMp PVp ED WIRQIL B ~ VI
UBFKORV" F~YDQLD SR® W URRND \R SRIDIFRYQ HM RSHUIFLH \
PRELOQpPKR ]JDULDGHQLD QD QDNOIGNX DOHER Y\NOiGNX D
SRWUHEQpP Y\NRQD" SRPIPOHEXWB{SRERLOBNMDRVRE\
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ANROHQLD Y&®@draRy+GSRU~pD VD Y\NRQiYD" WHPDW
]JDPHUDQpP QD RVRELWQp SRGPEHOQXNUYDSRIY LVSMD YR IGHOME P\
F~-YDQtP SUDYLGOiI SUH F~YDQJdH SRYLQQRVWL FKRGFRY D

2GGHOHQLH WUiV SUH G&iSdyDW 9@ QR LYDISEMIBDQE Y\]Q D
VSULHVWRUH WUDV\ SUMWGRSUBVYE pFKRIAPREH @INDRDDM X UpL™
NGH GRFKiG]D NX VW\NX WEFKWR WUiV

9HGHQLH ]i]QDFREHRWRFKFYSRYPODFINODGH LFK DQD
SULMtPD" DGHNYiWQH RSDWUHQLD

&LH RP SUtVSHNYNGDEBRERK UIZWRFK SRXNi]D" QD KODYQ]|
z~NRQX F~YDQLD DOH DM QiYUK SULPiUQ\FK RSDWUHQt N
EH]SHp QHMRADW MPHQ&AtP RKURJHQtP RNROLWE&FK RV{E %H]S}H
QLH OHQ SOQp V-VWUHGHQLD VD YRGLpPD QD Y\NRRM¥YDQé PL
SRK\EXM~FLGHNRVWL GRSUDYQpKR |DULDGHQLD

/ILWHUDW-~UD

S5RIKRGQXWLH 2NUHYV QkoKeRspVznGHX/47REISF H +
5RIKRGQXWLH 2NUHVQpKR V~GX. 7UQDYD VS ]Q 7

9\KOiaND p =E R EH]SHPQRVWL D RFKUDQH JGUDYLD S
EDQVNHM pLQQRVWL D pLQQRVWL Y\NRQiYDQHM EDQVNElI

9\KOiaND p = ] NWRURX VD XVWDQRYXM~ SRGUREQI
SUHPiIYNH Y ]QHQt QHVNRU&tFK SUHGSLVRY

9\KOiaND p = ] NWRURX VD XVWDQRYXM~ SRGUREQR\

]JGUDYLD SUL VWDYHEQé&FK SUIFDFK D SUIFDFK V QLPL \
VS{VRELORVWL QD YENRQ QLHNWRU&FK SUPi$OoRYQEFK pLC

9\KOiaND p =E R EH]SHpQRVWL SUIFH D WHFKQLFNEéF
RSUDYiIFK.YR]JLGLHO
=iINRQ p = ] R FHVWQHM SUHPiIYNH D R ]JPHQH D GRS(

QHVNRU&tFK SUHGSLVRY
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Economic efficiency and risks associated with investment in a
road milling machine

-DURVODYDY, @ PEYDA®RIYHWHU® . UDMQé

1 OVWDY SULHP\VHOQpPKR LQALQLHUVWYD PDQDA&PHQWX D
IDNXOWD 7HFKQLFNi XQLYHU]JLWD Y .RaLFLDFK /HWQIi
e-mail: jaroslava.janekova@tuke.sk

2 OVWDY ORJLVWLN\ D GRSUDY\ )DNXOWD %(5* 7HFKQLFI
.RPHQVNpKR .RALFH 6 Oral: faaVdbiandta@XikeGL ND H

$ OVWDY SULHP\VHOQpPKR LQALQLHUVWYD PDQD&PHQWX D
IDNXOWD 7HFKQLFNi XQLYHU]JLWD Y .RALFLDFK /HWAQIi
e-mail: peter.krajny@student.tuke.sk

* RUHASRQGHQpPpQE& DXWRU

Abstract:

The article provides a comprehensive approach to assessing the economic profitability of an
investment project - a Wirtgen W 200 Fi road milling machine. The assessment is carried out
in two steps. The economic efficiency of the investment project is assessed usingatadit
deterministic methods in terms of profitability and liquidity, while comparing purchizis¢he

rental alternative. The risk of the investment project is analyzed using the stochaste M
Carlo method using the Crystal Ball software tool. The analysis of the risk ofvisment
project is based on 13 stochastic variables with different types of probalkslitipdtions. The
output includes sensitivity analyses, percentile distributions and identification of risk inputs
with the greatest impact on the monitored output variable. The results are processed in the form
of histograms, sensitivity graphs and scatter diagrams. Finally, the investment degision
implement or not to implement the investment project is presented.

Key words:
investment, economic efficiency, risk, simulation, Monte Carlo method

OYRG

,QYHVWLpPpQp UR]JKRGRYDQLH SUHGVWDYXMH N ~pRYé SL
QDMPI Y SURVWUHGt UDVW~FHM QHLVWRW\ WODNX QD HIF
PHWYyG\ KRGQRWHQLD HNRQRPLFNHM HIHNWtYQRVWL DNR
YEQRVRYp SHUFHQWR ,55 LQGH[ JLVNRYRVWL 3, pL GL\
SRVN\WXM~ ][iNODG SUH SRV~GHQLH UHDOL]JRYDWH QRVWL S
YDULDELOLWX YVWXSRY DQL PR&Qé& YSO\Y ULJLNRYé&FK VF
SRNURpPLOp PHWyYyG\ PHG]L NWRUp SDWUt DM PHWYGD ORQW
QHLVWRW)\ QD YEVOHGQ~ KRGQRWX LQYHVWtFLH
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,QYHVWLpPQi pLQQRV" MH SULURG]JHQH VSRMHQi V Y\VRN
LQYHVWLpQEFK SURMHNWRY pDVWR Y\SO&YDM~ ] QDGKR:
URJ4LURYDQt YBUREQE&FK NDSDFtW pL ] QHSUHVQéFK RGK
QiNODGRY 3UHWR MH DQDO&]D UL]JtN QHRGGHOLWH QRX V~{
SUHGPHWRP SRPpHWQEFK YEVNXPQeéFK SUiF 1DSUtNODG )U
UiPHF SUH DQDO@&]X ULDGHQLD ULJtN D ILQDQp®étreRKk SROLW

QDYUKOL UiPHF SUH Y\NRQiYDQLH HNRQRPLFNHM DQD
REQRYRYDFLH LQYHVWLpPpQp SURMHNW\ B6RQJ HW DO
HNYLYDOHQWQpPKR SUtMPX |DOR&HQ& QD U LKtiAkR YénkoK QiNOD
PRGHO ]RK DG XMH VXEMHNWtYQH DM REMHNWtYQH IDNWI
XPR& XMH DGHNYiWQH KRGQRWL" LQYHVWLpPpQp SURMHNW\ V

6WUDWpPJLH URJKRGRYDQLD D SUtVWXS\ N KRGQRWHOQL
JOLARYDQt UL]LND VWUiIW YR YH NéFK LQYHVWLpPQEFK SURMFE
VD YHQRYDOL VSUDFRYDQLX SUHK DGRY&FK SUiF D SUtSDGF
LQYHVWLpPQEFK UL]JLNiFK Y U{]Q\FK RGYHWYLDFK SULHP\V
LGHQWLILNRYDOL Y]"DK PHG]L UL]JLNRP SH D&QéFK WRNRY
SUHYiIG]JNRYé&PL SH D4QéPL WRNPL 3HUHLUD HW DO Ql
ORQWH &DUOR NWRUi XPR& XMH RGKDG HNRQRPLFNéFK SDU
V RK DGRP QD UL]JLNR XGU&DWH QRVWL SURMHNWX 3UtVW X
&DUOR ]JRK DG XM~FL FHOé& &LYRWQé F\NOXV LQYHVWLDpC
REQRYLWH QHM HQHUJLH SUHGVWDYLOL $UQROG HW DO

&LH RP pOiQNX MH SUH]JHQWRYD" NRPSOHHDOLYRALW X
LQYHVWLPQpKR SURMHNWX Y VWDYBEQ@FKWNXNHRISRVK XSDMM
SRV~GHQi HNRQRPLFNi HIHNWtYQRV" UHIiOQHKR LQYHVWLp
ILQDQpQéF KK NDUGIMYINDL tY BAIRNAQRBMLWYL DLiVOHGQH MH DQDO\]RY
VLPXODpPQHM PHWY G\ XBROWM EDIWOR WRYpKR QiVWURMD &U\\
UR]JKRGQXWLH UHDOL]JRYD" UHVS QHUHDOL]RYD" GDQé& LQY

1 OHWyG\ D PHWRGLND

96VNXPQé& SUREOpPP MH GHPRQAWURYDQé& QD SUtSDGRY
UR]JKRGRYDQLH R UR]YRMR Y-RRFE I Q' DR\DWY L [HIQRHPY SWEBEMFH NI\ L
V SUDFRYQRX ®RNROULDGHQLH MH XUpHQp QD IUp]RYI
asfatoEHWYQRYpKR SRYUFKX D MHKRR SQWROHIQ I \ X SIUDIER YDV
PDWHULIiOX '{YRGRP REVWDUDQLD FHVWQHM IUp]\ MH VNXW
V YLDFHU&PL SUHYiGIJNRYé&PL Y&]YDPL PHG]L NWRUp SDWU
UDVW~FH QiNODG\ QD PDWHULiO\ D HQHUJLH QHGRVWDWR
JiYLVORV" QD SUHQiIMPH 4SHFLDOL]JRYDQHM VWDYHEQHM WF
YODVWQp ]JDULDGHQLH EXGH Q~WHQi ]DEH]SHpPRYD" MHKR ¢
HIWHUQE&FK GRGiIYDWH RY PR MH VSRMHQp V Y&UD]QH Y\aa
QDSU REPHG]HQi GRVWXSQRV" WHFKQLN\ SRpDV VH]YQ
SUHQDMtPDWH D D SRGREQH
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OpHORP UHDOLJIFLH LQYHVWLPQPKR SURMHNWX MH Y\KC
]QtaL" ]JiYLVORV" RG H[WHUQ&FK GRGiIYDWH RY JtVND" NRQW
Y\WWYRUL" GRGDWRpPQé& SUtMHP Y SUtSDGH SUHQiMPX LQYH
SULPiIUQ\FK VXURYtQ SURVWUHGQtFWYRP RSIWRYQpKR Y\X
PQR&VWYR VWDYHEQpPKR RGSDGX 8YHGHQpP IDNWRU\ Y\WY|
]YEEAHQLH ILQDQPQHM QH]iYLVORVWL ]JQtaHQLH YEUREQE&FI!
XNDJRYDWH RY VSRORPQRVWL

2. krok

‘ Analyza rizika investi¢ného

1. krok projektu metddou Monte Carlo

Tvorba stochastického finanéného
modelu

Hodnotenie ekonomickej
efektivnosti investicného
projektu

- Identifikovanie rizikovych
vstupnych premennych

- Stanovenie pravdepodobnostnych
rozdelenf pre rizikové vstupné
premennné

Tvorba deterministického
finanéného modelu

- Definovanie vstupnych premennych - Stanovenie wstupnej veliciny

- Vypocet dynamickych financnych

M - Spustenie simuldcie
kritéri

Posudenie vysledkov simuldcie
Postdenie vysledkov ¥

Obr.13RVWXS SUL UR]JKRGRYDQt R LQYHVWLpPQRP ¢
Zdroj: autor

1D 2EU MH |D]QDPHQDQi PHWRGLND UR]JK&GRYDQLD
krokoch, tM Y SRV~GHQt HNRQRPLFNHM Y MX B NWFY QR\OWP LEQ ¥
GHWHUPLQLVW DRNEF& \PHIWYSDDSUL XSODWQHQt VLPXODpPQH

11 9VWXSQp GGIMWMHURLQLVWLFNé SUtVWXS

.YDQWLWDWtYQH SRV~GHQLH HNRQRPLFNHM HIHNWtYQFR
QD ]iNODGH RpDNiYDQé&FK URpQEFK SH D&a&QéFK WRNRY ] SUF
MHM 8LYRWQRVWL 9VWXSQp ~GDMHMaSWH LFK YESRpHW V~ ]I
986SRpPW\ V~ UHDOL]JRYDQp SUH GYD VFHQIiUH
$+ 6FHQiIU $ MH EH] GRGDM RIRXKE BIG XUV M BIBRNID MIWSR UKUJH W F
Y\X&tYDQLH IUp]\ MH LED SUH YODVWQp JiND]N\
$t 6FHQIU BHUMMIPRP WK D RNUFRJHQSRRX PM NRPHUpPQp
IUp]\ SUtSDGQH SUHGDM DVIDOWRYHM ]JPHVL
3UH ND&4Gé VFHQiU V~ DSOLNRYDQpEQRE®KOHGRYQp Y]"DK)

=LVN SUHG ]GDQHQtP $OWHUQDAWYRRYQiE OB &\GUMRS b HWi iNK
=LVN SR ]JGDQHQt =LV Nké&lici¢ shazByQahez B tM P X )
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3H DaQé SUtMHP =IOdpNsy8R |GDQHQt * (3)

'LVNRQWRYDQé& SH Da4Qé SUtMHP 3H DaQé SUtMH R4 NR

Tab.19VWXSQp ~GDMH SUH YESRpPHW HNRQRPLENHM HIHNWtYC
8ND]RYDWH Hodnota 3R]QiPND

2EVWDUIYDFLD FH( x (8 -HGQRUD]JRYi LQYHVWCtFL

"RED ALYRWQRVWL 6rokov| 3RG D JINRQD p =

5RpQé RGSLV x (85 (600000 EUR/6 rokov

3RPHW GQt Y\X&LW GQt| 2GKDG QD JINODGH VH]y(

YODVWQp JiND]N\

3RPHW GQt NRPHU| GQt| 9\X&LWLH QHY\"DAHQEFK

SUHQIMPX

&HQD SUHQIMPX x (85 ( TUKRYi FHQD |D GH

OVSRUD ] QDKUDG x (85 GQti x (85

SUHQIMPX YODVW(
]JDULDGHQtP

96QRV | NRPHUpPQp x (85 GQt 1 «x (85
SUHQiIMPX

0]J]GRYp QiNODG\ x (85 ]JDPHVWQDQFL T x (85
1iNODG\ QD SDOLY| 57750EUR/rok 3ULHPHU ] UR]S66\0DMEUR
1iNODG\ QD ~GUaAE X (85 ] REVWDUIYDFHM FHQ
Poistenie zariadenia 200 EUR/rok| )L[Qi SRORAND
'LVNRQWQi VDG]JED 497 %| 9i&HQp SULHPHUQpP QiNO
Zdroj: autor

1iVOHGQH VD Y\SRptWDM~ ]JYROHQp G\QDPLFNp ILQDQpC
KRGQRWX SH D]t D SRVN\WXM~ UHOHYDQWQp LQIRUPIiFLH ¢
YODVWQtND NDSLWiOX DM FHONRYHM NDSLWiORYHM &WUXN'

12 9VWXSQp VOMMRFKHDVWLFNEé SUtVWXS

,QYHVWLpPQp UR]JKRGQXWLD Y REODVWL VWDYHEQéFK SU
YVWXSRY 1D UR]JGLHO RG WUDGLpQéFK GHWHUPLQLVWLF
VWDQRYHQéPL KRGQRWDPL VLPXOIFLD PHWYGRX ORQWH ¢
rLILNRYéFK IDNWRURY SURVWUHGQtFWYRP VWRFKDVWLFNpPK

3UL WYRUEH VLPXODpQpKR PRGHOX PHWYGRX ORQWI
LGHQWLILNIFLH UL]JLNRYEFK IDNWRURY ]JYROL" YKRGQé& W\S
NWRUp XUpXMH V DNRX SUDYGHSRGREQRV"RX VD MHGQRW
vwsN\WXM~ Y VLPXOIFLL
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Tab.2 , GHOQWLILNIFLD YVWXSQéFK ULJLNRYéEFK SUHPHQQEéFK

S5L]LNRYIi| Jednotka Rozsah BUDYGHSRGRI
9VWXSQi SU rozdelenie
SRWHQFLIOQ dni/rok Min.120; max. 150; BetaPERT
GQt Y VH]yQ likeliest 130
1IHSULD]QLY dni/rok Min.10; max. 15 S5RYQRPHUQ(
7THFKQLFNp 9 dni/rok Min. 5; max 7 5RYQRPHUQ(Q

Logistika (presuny) dni/rok Min. 5; max. 10 S5RYQRPHUQ(
.RRUGLQIFLL dni/rok Min. 10; max. 15 5RYQRPHUC(Q
YEVWDYEH
BRGLHO LQW, % Min. 0; max. 100 S5RYQRPHUC(
Y\XaLwLD
5HIiOQH Y\Xa dni/rok Min. 0; max. 20 5RYQRPHUC(Q
NRPHUpQEé
SUHQIMRP
1iNODG\ QD (85 GH| Min. 2 400; max. 2 600 BetaPERT
SUHQIMRP likeliest 2 500
EUR/mesiac| Min. 1200; max. 1700; BetaPERT
Mzda zamestnanca P
likeliest 1 500
. EUR/I Min. 1,50; max. 1,80; BetaPERT
1INODG\ QD likeliest 1,65
Spotreba paliva O GH Min. 300; max. 400 5RYQRPHUQ(
1iNODG\ QD % Min. 5; max. 30; 7TURMXKROQ
] FHQ\ IUp likeliest 17
Poistenie zariadenia EUR/rok Min. 180; max. 250 5RYQRPHUQ(

Zdroj: autor

96EHU SUDYGHSRGREQRVWQpPKR UR]JGHOHQLD Y\FKiG]D
GRVWXSQRVWL KLVWRULFN&FK DOHER H[SHUWQé&FK ~GDMR"
RPDNiYDQE&FKKREWRWS UXSDGH V~ SRXALWp W URetSRERIGHSRGR|
URYQRPMWWEMRBKROQtNRYp 7DNWR ]DGHILQRYDQi NDA&Gi UL]
VWRFKDVWLFN@E MNODIELH) RXPXOiFLH PHWYGRX ORQWH &DU
YSO\Y MHM YDULDELOLW)\ QD-¥OWBRYBQPWEYWRSQRWNKOBRRE
100 000.

2 9éVOHGN\
SRV~-GHNRAHRPLFNHM HIHNWtYQRVWGHWMHPWQPpQWK RNEURLU

S3RV~-GHQLH HNRQRPLFNHM HIHNWtYQRVWL LQYHVWLpPpQ
G\QDPLFNéEFK ILQDQpQEéFK NULWpULt XYHGHQéFK Y 7DE
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Tab.3 (NRQRPLFNi HIHNWtYQRV" LQYHVWLpPQpPKR SURMHNWX

NULWpUL't
| . 3RGPLH(
OHUQ| 6FHQiIU| 6FHQIU
)LODQOpQp NU SULMDWH
MHGQ[ EH] suty v sutMA P oo
YLVWi V-pDV{ |
R GORWD (85 139 |
QGH[ JLVNRY NRH| 3, 1
5Q-WRUQp »
YEQRVRYp Sk 55 1 :3&¢&
"LVNRQWRYD ,
GRED Qivupy YRN} 33 UR
Zdroj: autor

9 RERFK VFHQIURFK EROL VSOQHQp ]INODGQp SRGPLHQ
MHGQRWOLY&FK ILQDQpPQEFK NULWpULt yLVWi V~pDVQi KRG
UHIOQHM GLVNRQWQHRG YPWIEWQ~WRUQPKR YEQ®UWRYpKR S
VFHQIiUL $ DY VFHQIUL % Yé&UD]JQH SUHY\aXM~ YidHQp SUL
(WACC = 4,79 PR VLJQDOL]XMH VFKRSQRV" LQYHVWtFLH Y\W
DEVRUERYD" SUtSDGQp ]YéaHQLH NDSLWiIORYEFR5 @iINODGR
VFHQIUL $ D Y VFHQIUL % SRWYUG]XM~ &H ND&Gp L
KRGQRWH YEQRV NWRU& SUHY\aXMH FHONRYp LQYHVWLpPQp
NDSLWiOX D SRGSRUXMH UR]JKRGQXWLH R UHDOLJiFLL SURMI
KRGQRW X URND Y VFHQIUL $ D URND Y VFHQIUL %
HAWH SUHG XNRQpPHQtP MHM SOiQRYDQHM &LYRWQRVWL .U
]JY\aXMH SUHGYtGDWH QRWKOEXG~FLFK SH DAaQéF

5R]GLHO\ PHG]L a¥F KQNIDJXIM$ &H X& DM VDPRWQi ~VSRL
LQYHVWtFLH MH GRVWDWRpPQi QD QiYUDWQRV" LQYHVWtFLH
UHJHUYRX YRpPL ]JPHQH YVWXSQéFK SDUDPHWURY 1DRSD
ZSUHQIMPX LQYHVWtFLH YHGLH N Y&UD]QpPX JOHS&HQLX Y
SRWYUG]XMH SRWHQFLiO SURMHNWX Y\WYiUD" KRGQRWX DN

$QDOEé]D UL]JLND LQYHVWLPpQpKR SURMHNWX PHWYGRX OR

$QDOé]D UL]JLND PHWYyGRX ORQWH &DUOR XPR& XMH |
SUHPHQQé&FK D JHQHURYD" SUDYGHSRGREQRVWQp UR]JGHOF}
V~pDVQHM KRGQRW\ 6LPXODpQé& PRGHO MH LPSOHPHQWRYD
sof WYpURYpKR QiVWURMD &U\VWWDO %DOO 9&8VOHGNRP VLPXC
DQDOé&]\ FLWOLYRVWL UL]JLNRY&FK SUHPHQQé&FK QD YéVOH
UHIOQHM&t REUD] R SRWHQFLIOQHM QiYUDM@RMWL SURMHN

9\KRGQRWHQLH AWDWLVWLFNE&FK ~GDMRY 2EU D
GLVWULE~FLRX SRWYUG]XM~ &H SURMHNW MH VWDELOQG®&

77



22" International Conference t 2628eptember 2025
XXIX u I]v &} v I}v( E v ] 3. t 26. september 2025 |

Research, Production and Use of Steel Ropes, Transport

and Handling Equipment

SEe«lpuU AE E} % }uT]18] } 9q}AE Z o vU }¥%
u vli%po VvE Z 1 E] v

EHAQE&P SUHYiIGINRYé&P UL]JLNiP 6SUiIYDQLH Y&EVOHGNRY Y Ui
D YKRGQH PRGHORYDQp pR JY\@&XMH G{YHUX Y NYDOLWX LQ

Ohforeta iV ie6 i) = O Forecast: NPV (na 6 rokov) = O =
Edit View Forecast Breferences Help
100 000 Trals Frequency View @7 Dsaved || Edit  View Forecast Preferences Help
NPV (na 6 rokov)
100 000 Trials Statistics View Sheet1!D30
Statistic Fit: Beta Forecast values
b | Trials 100 000
Base Case — £447091.77
Mean € 376 567,05 £ 376 567,05
L0 Median £37415834 £373684,90
= Mode € 368 389.69
r‘; Standard Deviation £ 6656844 £66568.77
i Variance £4431357 151,18 £4431 40748520
Skewness 0,1857 0,1857
Kurtosis 270 270
Coeff. of Variation 0.1768 0.1768
Minimum £ 16124480 £154 04434
Maximum €693 14841 £ 646 355,69
Mean Std. Error — £210,51
‘ =

b - Certainty: 100,000 % q -

Obr. 2Rozdelenie pravdepodobnoéti NPWBHM aWDWLVWLFNp FKDUDNW
Zdroj: autor

B3UH NRPSOH[Qp SRFKRSHQLH VSUIYDQLD SURMHNWX
SHUFHQWLORYi DQDOé]D VLPXORYDQéFK KRGQ{W pLVWHM
SRVN\WXM~ SRGUREQé SRK DG QD WR DNR VD P{aX YEVOHG
PUDYGHSRGREQRVWQéFK KODGtQ 7LHWR KRGQRW\ 2EU 1
QDNR NR DM Y QDMKRU&tFK SUtSDGRFK VLPXOIFLD XND]XMH
SRPRFRX %HWD UR]JGHOHQLD ]DEH]SHpXMH &H PRGHO V¢
LQYHVWtFLH D SRVN\WXMH SHYQé& J]iINODG SUH NYDOLILNRYD

O Forecast: NPV (na 6 rokov) = O >
' Edit View Forecast Preferences Help
100 000 Trials Percentiles View Sheet11D30
Percentile Fit: Beta Forecast values
» 0% € 16124480 €154 044 34

10% €251 15738 €251512.84
20% €317 854,74 £31811372
30% €338 384,81 €338 23859
40% € 356 625,02 € 356 228 60
5% €£37415834 €373 6B 07
B0% €352 010,99 €391 544 11
70% €41133631 £41152344
B0% €434 04452 €434 472 67
90% € 465 257,39 € 465 157,77 |
100% €693 14841 £ 646 359,69 |

Obr.33BHUFHQWLORYp UR]GHOHQLH KRGQ{W 139 D LFK SRU
Zdroj: autor
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| O Sensitivity: NPV [na & rokov) = O b'e
Edit View Sensitivity Preferences Help
100 000 Trials Contribution to Variance View

Sensitivity: NPV (na 6 rokov)
-110% 00%  110% 220% 330%  440% 550%  66,0%
\ \ \ \ \ \ \

Potencidlny poéetdniv sezdnem

Udrba (% z ceny frézy) -81%
Logistika (presurny)
Mepriaznivé pocasie 456%

Koordinacia vo vystavbe

Cena prendjmu 3%

Obr. 4 Graf citlivosti NPV
Zdroj: autor

*UDI FLWOLYRVWL 139 2EU GRNXPHQWXMH &H QDMY!|
SURMHNWX PDM~ IDNWRU\ VSRMHQpP V HIHNWtYQ\P Y\XALWtP
Y VH]yQH ORJLVWLENpP SUHVXQ\ QHSULD]QLYp]iYREDVLH
SRGSRUXMH DM SRJRURYDQi Y\VRNi SRILWtYQD NRUHOIFLD F
D KRGQRWRX 139 pR SRWYUG]XMH &H SURMHNW MH Y&UD
VFKRSQRVWL HIHNWtYQH ULDGL" VWDYHEQpP PLQQRVWL 2EU
D RUJDQL]DpQp YESDGN\ ORJLVWLND SRpDVLH NRRUGLQIF
YENRQQRV" LQYHVWtFLH WéP &H ]JQLAXM~ GRVWXSQRV" VW
2VWDWQp QiNODG\ DNR V~ P]G\ ]DPHVWQDQFRY VSRWUHE
UiIPFL PRGHOX ]DQHGEDWH Q& YSO\Y QD pLVW~ V~pDVQ~ |
REPHG]HQ®é& Y&]QDP ] SRK DGX FHONRYHM JLVNRYRVWL SURM

o
°
£ =z >
g § - 'S
e e @
© © ©
g g g | E
> d X N z A . y
E & ; & “;’é % 5 % @ 3 : o’ :_' 2
§ R - X § [ e § 34
S ¥ Corelation: 0.8373 S Correlation: -0.2379%, S Correlation: -0.2159°
@ - é" T o, “ 90 © @ 3— |
13000 | 143,00 006 012 018 024 520 650 780 910
Jotencialny pocetdniv sez. UdrZba (% z ceny frézy) Logistika (presuny)
? oa‘l '3' iv) g
e . ® a ° =
= e 3 2
o U0 R0 o i
L - fo=,
o Y o 9 %
2 N N 2% g ; ::_. _
> b B2 D
b4 ® %’u ‘ g $ lve,
54T A I % s o Y lag
S 5 Correlation: -0.213 ¢ 8§
‘;y : o_do A ——at08
12,00 14,00 12,00 14.00
Koordinaciavo vystavbe Nepriaznive pocasie

Obr.53UtNODG\ 6FDWWHU GLDJUDPRY
Zdroj: autor
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Scatter DQDO&]D 2EU SRVN\WXMH MDVQé SUHK DG R
RYSO\Y XM~ 139 1DMYIp&t YSO\Y PDM~ SRpHW SUDFRYQEéF]
NRRUGLQIFLD YéeVWDYE\ ]DWLD pR P]G\ SDOLYR D SRLVWF
grafy SRWYUG]XM~ JLVWHQLD ] SUHGFKiG]DM~FLFK DQDOé&] D |
QHH[LVWXMH Y&UD]Qi PXOWLNROLQHDULWD pR JY\AXMH G{Y

3 =iYHU\

96VOHGN\ G\QDPLFNHM DQDOé&]\ SRWYUG]XM~ &H LQYH
'LUWJHQ : )L MH ILQDQpQH UHDOL]JRYDWH Qi D HIHNWtY(
QiYUDWQRVWL WHGD VFKRSQRVWL JHQHURY Eli'te?HMJELOQp F
3URMHNW Pi VLOQé& SRWHQFLIiO Y\WYiUD" JLVN D SUHGVWD
Y\44tFK QiINODGRFK QD NDSLWiO DOHER PLHUQH QHSULD]QL

$QDOé]D FLWOLYRVWL UHDOL]JRYDQi VLPXODpPQRX PHWY
LQYHVWtFLH MH SULPiUQH GHWHUPLQRYDQ& RSHUDWLtYQ\P .
VWUDW\ HIHNWtYQHKR SUDFRYQpKR pDVX ODQD&pUVNH RG!
PD[LPDOL]iFLX SRpWX HIHNWtYQ\FK SUDFRYQé&FK GQt RS\
VWDYLHE QD HIHNWtYQX WHFKQLFN~ VSUiYX |JDULDGHQLD \
,PSOHPHQWIiFLRX WEFKWR RSDWUHQt MH PR&Qp Y&]QDPQH |
VWDELOQ~ QiYUDWQRV" LQYHVWtFLH 9&8VOHGN\ DQDOE&]\ X1
VS{VRELOR SRNOHV pLVWHM V~pDVQHM KRGQRW\ SURMHN
447 091,77 EUR na 376 567,05 EUR.

3R DNRYDQLH
7HQWR pOiQRN EBB VSRDRRYDQOWRY SURIIIBNBGAY .(*$
038TUKE-4/2024, VEGA 1/0674/24 and VEGA 1/0219/23.

/ILWHUDW-~UD

Arnold, U., <L O G L ]201%. Economic risk analysis of decentralized renewable energy
infrastructures - A Monte Carlo Simulation approdebnew Energy77, pp. 227-239.

Dheskali, E., Koutinas, A.A., Kookos, I.K., 2020. Risk assessment modelling of bio-based
chemicals economics based on Monte-Carlo simulat©nemical Engineering Research
and Design;163, pp. 273-280.

Dranka, G.G., Cunha, J., Lima, J.D., De Ferriera, P., 2020. Economic evaluation methodologies
for renewable energy projec&IMS Energy8, pp. 339-364.

Froot, K.A., Scharfstein, D.S., Stein, J.C., 1993. Risk management: Coordinating corporate
investment and financing policieBhe Journal of Financel8, pp.1629-1658.
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Harris, C., Roark, S., 2019. Cash flow risk and capital structure deciEioasice Research
Letters,29, pp. 393-397.

Pereira, E.J., da S., Pinho, J.T., Galhardo, M.A.B., Macedo, W.N., 2014. Methodology of risk
analysis by Monte Carlo Method applied to power generation with renewable energy.
Renew Energy69, pp. 347-355.

Song, Y., Li, X,Y., Li, Y., Hong, X., 2021. Risk investment decisions within the deterministic
equivalent income modeKybernetes50, pp. 616-632.
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1iYUK VA\VWpPX KRGQRWHQLD GRGiIYDWH R
UR]JKRGRYDQtP SUtSDGRYiI aW~GLD VSROR

3SHWHU .BpRDINXE .RY DWWY MW t Q D3, NaHih Siakaf
1 THFKQLFNi XQLYHU]JLWD Y .RaLFLDFK )DNXOWD %(5* OV

.RPHQVNpKR .RALFH 6 Oral: idedey hdcra@tide kL ND H
2 7THFKQLFNi XQLYHU]JLWD Y .R4ALFLDFK )DNXOWD %(5* OV
.RPHQVNpPKR .RALFH 6 Oial: fhkub. kovalbik@tdke.SKLND H
8 THFKQLFNi XQLYHU]JLWD Y .RALFLDFK )DNXOWD %(5* OV
.RPHQVNpPKR .RALFH 6 OrRal: HridtMdklelndv&3teEke.skN D H
4 THFKQLFNi XQLYHU]LWD Y .R4ALFLDFK )DNXOWD %(5* OV
.RPHQVNpKR .RALFH 6 Orial: imartinitrakbl@BKeess® LND  H

* RUHASRQGHQpPQé& DXWRU

Abstract:

This study focuses on designing a supplier evaluation system for TerMo s.r.o., the Slovak
company engaged in the sale and installation of plumbing, heating, and sewage materials. The
evaluation is based on the application of Multi-Criteria Decision-Making (MCDM) techsjque
incorporating key factors such as discount levels, delivery time, supplier reliability, financial
condition, and payment and delivery terms. The methodology includes both theoretical and
practical analyses using several MCDM methods, with data processed in MS Excel. The
findings highlight the effectiveness of MCDM in strategic supplier selection and underline the
potential benefits for company competitiveness.

Key words:supplier evaluation, multi-criteria decision-making, Supply-Chain-Management,
forecasting, logistics

OYRG

9 GQHAQRP NRQNXUHQpPQRP D JOREDOL]JRYDQRP SRGQI
GRGiYDWH VNpKR UH"D]FD 6&0 VWDOR N ~pRYé&P IDNWRU
KRGQRWHQLH GRGiIYDWH RY MH MHGQé&P ] QDMVWUDWHJILFN
YENRQQRV" GRGiIYDWH RY P{&H YLHV" N RQHVNRUHQLDP ]
]JiND]JQtNRY 3UHWR VSRORpPQRVWL pRUD] pDVWHMAELH Y\X&
GRGiIYDWH RY DE\ PLQLPDOL]JRYDOL ULJLNi D ]DEH]SHpLOL
2024).

OHWYG\ YLDFQiVRE QpPRRKRGIRW DPWLLDY HKRO VL JtVNDOL SR
VYRMHM VFKRSQRVWL JRK DG RYD" U{]QH SURWLFKRGQp NU
6DDW\KR WHFKQLN\ 0&'0 DNR MH DQDO\WLFNé KLHUDUF
UR]JKRGRYDWH RP PRGHORYD" |JOR4LWp SUREOpPP\ |DK DM~F
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3RGREQH DM &KRSUD D OHLQGO ]G{UD] XM~ ~ORKX KRGQI
VWUDWHJILFNHM NRPSDWLELOLW\ Y VWUDWpPJLL GRGiYDWH \

7HQWR pOiQRN SUHGVWDYXMH YEYRM PRGHOX KRGQRW!
VUR VORYHQVNé PDO& D VWUHGQ& SRGQLN S{VRELDFL Y
NDQDOL]DpQéFK PDWHULIORY 6SRORPQRV" pHOt UDVW-~F
REMHGQiIYRN &LH RP MH DSOLNRYD" WHFKQLN\ 0&'0 QD ¢
REMHNWtYQH KRGQRWHQLH D YEEHU GRGiIYDWH RY QD ]iNOD
2007).

1 OHWyG\ D PHWRGLND

OHWRGLND WHMWR aW~GLH MH ]DORAHQiIi QD aAaWUXNW -
SRGSRUHQiIi WHRUHWLFNéEPL ]JINODGPL Y WHyULL UR]KRGR"
programe MS Excel.

,GHQWLILNIFLD KRGQRWLDFLFK NULWpUL't

.ULWpULi EROL Y\EUDQp QD ]iNWDHN H/\8 UDRPLM HV SRPRYR @
NRQ]XOWRMELFKRGQEOHUIOQ\P ULDGLWH RP EROR Y\EUDWGE&F
SUH W~WR aW~GLX

&HQD ~URYH ] DY\

'RGDFLD GRED

6SR DKOLYRV" GRGiIYDWH D

)LQDQpPpQi VLWXiFLD VROYHQWQRV"

'RGDFLH D SODWREQpP SRGPLHQN\

X X X X X

1. BULUDGHQLH YiK

9iK\ EROL SULUDGHQp SRPRFRX PHWYG RGERUQpPKR SRV~
SRURYQDQLD 7LHWR YiK\ RGUiaDM~ UHODWtYQX G{OHAaLW
YiK NULWpULt ERO SRXaLWé H[SHRERKRIBQYY¥WXDBGNGEH WSt L
NULWpULiP ] XUpHQHM ERGRYHM VWXSQLFH NGH SUHGV!
QDMYEé]QDPQHMALH NULWpPULXP -HGQRWOLYp YiK\ EROL °
SRPRFRX VWJI'MOKX YHGQRWOLYp YiK\ D YéEVIRIHMGRN MH JQi]R!
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1.

Tab.13ULGHOHQLH YKIVWUHG/@UQRUPDOL]IFLD

.ULWpULXP SULHPHU 1RUPDOL]JRYDRP
&HQD ~URYH ] DY 8,5 0,27
Dodacia doba 7 0,23

6SR DKOLYRV" 7,5 0,24
)LOQDQPpQi VLWXIiFL| 3 0,1
DodacieaSODWREQpP S 5 0,16

Zdroj: autori

+RGQRWHQLH GRBKYD®M NRWLWpULt pLDVWNRYi X&LWRpQR

7RWR KRGQRWHQLH VD |DNODGiI QD aNiORYRP KRGQRWH
VWDQRYHQpP NULWpPULXP XMé&®R R pDER\D' (i MWPLKR BERDPODW H D ¢
WRP NULWpULX OGDMH R GRGiIYDWH RFK EROL ]R]JELHU
7HUOR .YDQWLWDWtYQH QDSU GRGDFLH OHKRW\ DM NYI
QRUPDOL]JRYDQp SRPRFRX VWXSQLFH X4LWRpPQRVWL 'R KR
GRGiIYDWH RY

x &HQD ~URYH ] DY\ + SUL KRGQRWHQt GRGiIYDWH RY
IDNWRURP +RGQRWHQLH QDUDVWI SHUFHQWRP ] DY\ N
KRGQRWHQLD GRGIYDWH RY SUL NULWPRLXP7UXGIQR Y+

X '"RGDFLD GRED = ptP NUDWALD GRGDFLD GRED WEéP Y\aa
WLHA DM VFKRSQRV" ULHAL" QHRpPDNiIiYDQp SUREOpPP\ ¢
VD SRALDGDYNiP ]iND]Q/MHMDYLVSR®SRUSDOIGH UHNODPIF
KRGQRWHQLD GRGIYDWH RY SUL NULWpULXP £+ GRGDFLC

X 6SR DKOLYRV" VD WéEND VFKRSQRVWL GRGIYDWH D PLQL
YR VYRMLFK SURGXNWRFK VOXAaEiFK DOHER SURFHVRF
DVOXAaLHE SRpWX UHNOEOFKORtY" VSEYMRBQDD QHGRVWD
KRGQRWHQLD GRGIYDWH RY SUL NULWpULXP £ VSR DKO

X )LQDQpPQi VLWXIiFLD + WHQWR XND]JRYDWH SRVN\WXMH
Pi GRGIYDWH D pL VD GRVWiYD GR VLWXiFLt NHG\ Q
96VOHGRN KRGQRWHQLD GRGiIYDWH RY SUIZDNULWDpPULX
7UXGLpPRYi

X 30DWRER®DFLH SRGPLHQN\ RYSO\Y XM~ ILQDQpQp D OR
Y]"DKX PHG]L GRENMIO@WHNRP DGH R IDNWRU\ DNR OHKRYV
PRAQRV" ~KUDG\ Y KRWRYRVWL SODWREQp PHWyG\ QD
SRGPLHQN\ ~KUDG\ WHUPtQ\ GRGDQLD PR&QRVWL GRS
IDNWRU\ .RQNUpWQH VS{VRE\ GRSUDY\ V~ NXULpPURP Y
GRGiIYDWHOLD QHGLVSRQXM~ &LDGQRX GRSUDYRX D QF
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NXULpUVN\PL VSRORpPpQRV"DPL 9VOHGRN KRGQRWHQLD
DGRGDFLH SRGPRLEHQN\VMXGLPpRYI

Tab.2+RGQRWHQLH Y&aHW $&KK DEGRXGNYULW/H IR JpLDVWNRYIi Xa

Dodavatel’: ABCDEFGHIJKLMNOPQRSTUVWXY
Cena(urovefizlavy) 6 3 5 8 3 1 3 2 7 3 2 8103 51 4210926617
Dodacia doba 86 7691748229103 5536108827135
Spol'ahlivost’ 9105 9 8107 6 7 5108 2 5108 9 6 5 7103 6104
Finan¢na situacia 4881 858107259101 6448597134414
Platobnéadod.podm. 3 5 4 7 5 4 3 7 5 4 1 5103 5 5 2 4 9 8 2 4 5 6 5
=GURM DXWRUL

2 9éVOHGN\

1D XUpHQLH FHONRYHM XaLWRpPQRVWL MHGQRWOLYéFK
VXP\ DOHER DM LQDN SRPHURYR LQGH[RYi PHWYyGD NWRU]
PHWyG\ 9éSRpHW FHONRYé&FK XaLWRPQRVWt VD YNRRptWDO
PLDVWNRYHM; XaOWRKQRBRMID ULHAZHQi DNR PD[LPDOL]DpQI
NWRUé GRVLDKRO QDMYLDF ERGRY MH QDMYKRGQHMA&tP S
XAaLWRPQRVWL MHGQRWXELY éHAR UDWH Q QW B B Q/iFNYW.H W¥ DS U F
jev 7D EanaObr. 1.

+RGQRWHQLH~VBEABWHREWAMIVQL" YH N~ PLHUX VXEMHNW
NRQJLVWHQWQp pR E\ PRKOR SRWYUGL" VSR DKOLYRV" W
Y\WWYRUHQp WUL VNXSLQ\ GRGiIiYDWH RY NWRUp E\ VD GDOL

X6NXSLQD $ £+ PDM~ Y\VRNp VNyUH QDG ERGRY D V~ W|
Y\MHGQiYDFLX VLOX V~ VSR DKODYXYalSRYEKWEM~6¥\MBR
QDMYIpatPL GRGiIiYDWH PL DNR DM Y SRpWH GRGiIYRN W]

X6NXSLQD % + V~ WR GRGIYDWHOLD NWRUt VD QDFKiG]DM
VWDELOQé GRGiIYDWHOLD V NWRUéPL MH RGSRU~pDQi D
NDAGRURpPQp SUHKRGQRFRYDQLH

X6NXSLQD & * VODEt D SUREOpPRYt GRGiIYDWHOLD PDM~|
NWRUéFK MH RGSRU~pDQp QDKUDGL" $M NH GR WHM
GLVSRQXM~FD 4SHFLILFNEP WRYDURP RGSRU~pDQp QiMC
SUH SUtSDG QHPDNDQpKR SUHUX&G@HQLD VSROXSUIFH
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Tab.38UpHQLH FHONRYHM XaLWRpQRNONRM H KQRFEW B MYHEG KHY G R

.ULWpULXP
Cena Dodacia | 6SR DKO JLODQpQ 30DWR
~URYH ] doba VLWXiFLl dod.podm.
Norm.Y i K 0,27 0,23 0,24 0,1 0,16 1
'RGiYD
A 6 8 9 4 3 6,5
B 3 6 10 8 5 6,19
C 5 7 5 8 4 5,6
D 8 6 9 1 7 6,92
E 3 9 8 8 5 6,4
F 1 1 10 5 4 4,04
G 3 7 7 8 3 5,38
H 2 4 6 10 7 5,02
| 7 8 7 7 5 6,91
J 3 2 5 2 4 3,31
K 2 2 10 5 1 4,06
L 8 9 8 9 5 7,85
M 10 10 2 10 10 8,08
N 3 3 5 1 3 3,28
@] 5 5 10 6 5 6,3
P 1 5 8 4 5 4,54
Q 4 3 9 4 2 4,65
R 2 6 6 8 4 4,8
S 10 10 5 5 9 8,14
T 9 8 7 9 8 8,13
U 2 8 10 7 2 5,8
\Y 6 2 3 1 4 3,54
w 6 7 3 5 577
X 1 1 10 4 6 4,26
Y 7 5 4 4 5 5,2

Zdroj: autori

Tab.43RUDGLH KRGQRWHQLD GRGIYDWH RY
A'E OB UWTZ CGTYHTZ RO QZPXK

Dodavatel” S
Celkova
uzito¢nost’

Zdroj: autori

T M L D

|

81 81 81 79 69 69 65 64 63 62 58 58 56 54 52
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Zoradenie dodavatelov
10

~N o w0

Celkové hodnotenie

(= ST N -
T
|
|
|
[
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

s T Mm L DI A E O B UW C G Y H R QP X K F V J N
Dodavatelia

Obr.1=RUDGHQLH GRGIYDWH RY QD ][iNODGH FHONRYHM X
Zdroj: autori

3 =iYHU\

9 UIPFL WRKWR SUtVSHYNX VD LGHQWLILNRYDOL KODYQ
Y\SUDFRYDOD VD PHWRGLND QD LFK ]JKRGQRWHQLH SRPRF|
YKRGQp NULWpULIi SUH W~WR NRQNUpWQX VSRORpPQRV" VD
GRGIYDWH D VSR DKOLYRV" D GRGDFLH D SODWREQpP SR
SUHKRGQRWHQéFK GiW VD GRVSHOR N JiYHUX &H KRGQRWH
GRGIYDWH VNRP UH"D]JFL D Pi YE]QDPQé GRSDG QD FHONRY
7iIWR a4W~GLD GHPRQAWUXMH SRXAaLWH QRV" D YéKRG\ SR
GRGIYDWH RY Y NRQWH[WH PDOéFK D VWUHGQéFK SRGQLN
TerMo s.r.0. poskytuje, WiPFL PRAQRVWt REMHNWtY @t pre@&iNoteneS O D W Q
GRGIYDWH RY QD ]JINODGH N ~pRYEFK YENRQQRVWQEéEFK IDUV
RSWLPDOL]RYD" VYRMX VWUDWpPJLX REVWDUIYDQLD P{ax
AWUXNW~URYDQEéEFK PRGHORY KRGQRWHQLD

3R DNRYDQLH

98VNXP MH V~pDV"RX SURMHNWX V HtVORR$SODRMKD. (
Y]JGHOiYDFtFK URERWRY Y SURFHVH Y&XpE\ &WXGLMQpKR SU
9(*$ A98VNXP ORJLVWLENEFK V\VWpPRY QD ]iNODGH
pOptWDPRYHM FJURJAQVERMDQLH EROR SRXALWp QD SRV~GHQLH
D REMHPH REMHGQiIYRN SRPRFRX WHFKQtN pDVRY&FK UDGR"
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Possible risks in supply chain management
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Abstract:

Supply Chain Management (SCM) is currently facing increasing complexity and risks that can
seriously threaten the continuity of production and deliveries. Effective risk management is
therefore becoming an essential part of strategic business management. This studyfocuses
the identification and analysis of logistical risks in the company Alfa, which operates in the
automotive industry and follows the just-in-time principle. Using tools such as the lahikaw
diagram and Pareto analysis, the most critical risks were identified, including delayed delivery
of components, poor communication with suppliers, and lack of warehouse capacity. Based on
the findings, measures were proposed to mitigate these risks, such as the implementation of
RFID technology, regular audits, and improved planning. The research confirms that
systematic risk management increases the resilience of the supply chain and contributes to the
stability and competitiveness of the company.

Key words:
Supply Chain Management, automotive industry, risk identification, efficiency

Introduction

In today's dynamic and globally interconnected environment, supply chain management
faces increasing complexity and vulnerability. Organizations are exposed to a wide range of
risks £from disruptions in material flows and unreliable suppliers to unforeseen production
outages that can significantly threaten operational continuity and customer satisfaction.
Effective risk management in logistics has therefore become a strategic necessity for
maintaining business stability and competitiveness.

A supply chain represents a set of processes that include the flow of raw materials,
components, information, and finances from the original supplier to the end customer. Its
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efficiency depends on the interconnectedness of individual links in the chain and the ability to
UHVSRQG WR XQH[SHFWHG FKDQJHV RU GLVUXSWLRQV %LO
include delayed deliveries, damaged goods, unavailability of storage space, technological
failures, as well as risks arising from human error or external events such as geopolitical
conflicts, natural disasters, or pandemics.

Managing these risks requires a systematic approach, including risk identification,
analysis and assessment, the selection of appropriate tools, and the implementation of corrective
actions. Risk management is the process of identifying, assessing, and regulating potential
DGYHUVH HYHQWYV ZLWK WKH DLP RI PLQLPL]JLQJ WKHLU LPS
The risk management process consists of several stages: risk identification, evaluation of its
likelihood and consequences, proposal of mitigation strategies, selection of appropriate tools
and methods, and finally, implementation and continuous evaluation of the effectiveness of the
adopted measures (Han and Um, 2024).

The advantages of effective risk management include reduced uncertainty in decision-
making, process optimization, resource savings, and increased company credibility in the
market. On the other hand, disadvantages include the complexity of calculations, dependence
on external data, and high demands on qualified personnel and the implementation of systemic
measures (Han and Um, 2024).

Systematic risk management is an integral part of the modern supply chain.
Organizations that are able to effectively anticipate, identify, and mitigate risks gain a
significant competitive advantage and are able to respond flexibly to the challenges of a
turbulent market (Gurtu and Johny, 2021).

The company Alfa, which was the subject of this research, is part of a global technology
leader specializing in the development and production of turbochargers for the automotive
industry. The plant in Slovakia plays an important role within the supply chain, ensuring the
production and delivery of turbochargers directly to car manufacturers (OEMs). The company
operates on the principles of just-in-time logistics and uses the SAP R/3 planning system to
manage material flows, production, and inventory tracking. Given the high demands on
timeliness and faultlessness, effective risk management and the ability to respond operationally
to problems arising in the supply chain are critically important for the company.

1 Materials and methods

For the purposes of this article, various quantitative and qualitative methods were used
to identify, analyze, and classify risks in the logistics processes of the company Alfa. Each tool
plays a specific role in identifying sources of uncertainty, assessing their severity, and
proposing measures to eliminate or mitigate them. The main tools used are described below:
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1. Ishikawa Diagram (Cause-and-Effect Diagram)

The Ishikawa diagram*also known as the "fishbone diagramt'is used for the
systematic identification of the causes of problems or risks that may affect the logistics
process. Its advantage lies in its visual structure, which categorizes causes into areas
such as people, machines, materials, methods, environment, and measurement. The
Ishikawa diagram (Fig. 1) was used to map out risks affecting the supply chain in the

production process (Hayes, 2022).

Transportation Management Suppliers

> -+ > -+ > -+
> < > < > <

) Improper Lack of
. Insufficient number of Ck O Incorrect
Incorrect route setting . employees m:z:gp:nqzm information information
Delayed component EX‘eﬂdetd time at Mistake during Production Delivery of incorrect
customs component ordering failure i
Component loss . quantity
Poorly set system at the Unsallsfaclory_
Road failure port component quality Material delay
> < > /< > /<
Inventory discrepancies 'Unpaid Terrorism, Economic
invoices strike, war, and Delay of Defect
Uncertainty in component Poor supply natural political subcontractors
inspection chain disasters situation
management
Employee error in Incorrect
rdering components delivery date

Company Safety Material

Fig. 1 Cause-and-Effect Diagram
Source: author

Possible causes influencing risk in the supply chain include:
x provision of incorrect information by the supplier,

delivery delays,

inventory discrepancies within the company,

delivery of incorrect quantities of components,

insufficient quality of delivered parts,

limited storage capacity,

inefficient logistics system setup at the port,

employee errors during material ordering,

uncertainty in the component inspection system,

lack of qualified personnel,

loss or theft of parts during transport,

material damage during import,

X X X X X X X X X X X
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incorrectly set delivery dates,

IDLOXUH RU HUURU LQ WKH VXSSOLHUYV V\VWHP
high rate of defective products in production,

delayed invoice payments by Alfa.

X X X X

2. Pareto analysis (80/20 Analysis)
This was used to identify the key risks with the greatest impact on the functioning of
the logistics system. Using a chart, it was possible to visualize which risk factors occur
most frequently or have the highest intensity of impact (Bigelow, 2023). The Pareto
chartin Fig.2YLVXDOL]HVY WKH PDLQ ULVNV LQ WKH $0ID FRP

%O0OXH EDUV UHSUHVHQW WKH VHYHULW\ RI LQGLYLGXDC
The red line shows the cumulative percentage of impact,

The 80% threshold (gray line) indicates where the most critical factors lie (to the left of

this boundary).

Pareto Analysis of Supply Chain Risks
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-40

-20

Risk Factor

Fig. 2 Pareto analysis of supply chain risks
Source: author

Among the most serious identified risksvhich account for the majority of the total impagt

are inventory discrepancies, which make the most significant contribution to risk. The
accelerated implementation of electromobility creates pressure for rapid adaptation in
production. The energy crisis significantly increases operating costs and reduces predictability

in planning. Lack of information from suppliers limitstfeRPSDQ\JfV DELOLW\ WR SOZCL
and respond quickly to changes. Added to this is the impact of the COVID-19 pandemic, which
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caused supply disruptions and limited production capacity. A major issue is also the shortage
of qualified workers, which reduces the flexibility of the production process. Low levels of
automation decrease overall efficiency and increase the likelihood of errors. A significant risk
is also the shortage of chips, which threatens the smooth continuity of production.

2 Results

Several analytical tools were used to identify and analyze risks. The first was the
Ishikawa diagram, which was applied to the production area and served to systematically break
down the causes of potential problems in the supply chain. Among the most critical causes
identified through the diagram were delivery delays, insufficient quality control of components,
machine breakdowns, and human errors. These factors directly contribute to the risk of
production interruption and disruption of deliveries to customers.

The results of the Pareto analysis showed that the highest share of overall risk stems
from the threat of production stoppages due to delayed delivery of components, followed by
insufficient warehouse capacity and weak communication with subcontractors. These three
factors represent key areas that must be addressed as a priority, as they account for
approximately 80% of all identified impacts. Solutions include optimizing warehouse capacity
and carefully planning the delivery of critical components.

Based on the identified and analyzed risks in the supply chain of company Alpha,
specific measures were proposed to eliminate or mitigate the negative effects on logistics flow
and production continuity. In the area of technology, the implementation of RFID gates at
critical warehouse and production points is recommended. In addition to technological
solutions, it is also recommended to introduce regular internal risk audits and employee training
in logistics risk management. Finally, the creation of an integrated reporting tool is advised,
which would connect inputs from analyses, risk matrices, Red Alerts, and audits into a single,
clear visualization. The goal of this tool is to provide company management with a
comprehensive overview of current risks, their development, and the measures taken.

3 Conclusion

The aim of this article was to identify risks in the supply chain of the company Alfa,
analyze them using selected tools, and propose specific solutions for their elimination. Tools
such as the Ishikawa diagram and Pareto analysis were used. These methods made it possible
to gain a systematic and multi-dimensional view of logistics risks and their impact on business
operations. The analysis confirmed that the most significant risks include delayed delivery of
components, technical failures in production, and the escalation of problems. These factors can
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directly threaten the continuity of production and deliveries, which has a major impact on
reputation and financial performance in the automotive industry. The proposed measures
focused on strengthening response mechanisms (e.g., improving the Red Alert system),
increasing transparency through RFID technology, diversifying supply channels, and
improving analytical capabilities in risk management. If these solutions are implemented, the
company can significantly increase its resilience to supply chain disruptions and gain a stable
logistics advantage.
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=Y\AaRYDQLH otlHDNMRIYWO APYHKR SURFHVX FHVW)>
dopravou

3HWHU YREOMNWLQD . RAPIQRYOD OREDVRYi
XERPtUD 6F|NHRYi
1 DWHGUD PDQDAPHQWX OHWHFNHM SUHYiIG]N\ /HWHFENi IDN

SDPSRYi .RALFH 60 R ¥taQ peter.kosdsk@takelsiND H
2 DWHGUD PDQDAPHQWX OHWHFNHM SUHYiG]N\ /HWHFNi IDN
5DPSRYi .RALFH 60 R ¥t MadtindKdssak&/Q@ thke.skH

3 OVWDY JHPVNEFK JGURMRY )% (5* 7HFKQLFNi XQLYHU]JLWD
_.REALFH 60RY HQ \il: thHi€@XrEaeakdV?2@ttlike.sk

“* DWHGUD PDQDaPHQWX OHWHFNHM SUHYiIG]N\ /HWHFNi IDN
5DPSRYi .RALFH 60 R YtiQ Mbomitd ldz8ke&/a@ tNke.skH

.RUHASRQGHQpPQ& DXWRU

Abstract:

Tension between the desire to maximize security and, at the same time, minimize inconvenience
for passengers at airport security checkpoints has increased over the years. With the constant
growth in air traffic volume, the need arises to improve the efficiency of individual steps in the
passenger check-in process and to streamline the procedures of baggage collection, screening,
and handover at airports. The aim of this article is to identify hidden bottlenecks in the current
system and thus reduce passenger stress. First, we describe the baggage handling system at
airports. Then we specify the critical areas that contribute to system congestion. Next, we
analyze the management of passenger flow in these zones and propose a predictive model for
efficient baggage movement, from its handover by the passenger, through security screening,
to its transportation and retrieval. To highlight the topicality of this issue, we also provide an
extended literature review addressing the subject matter.

Key words:

baggage handling, passenger flow management, automation and digitalization, security
screening

OYRG
/JHWHFNé SULHP\VHO ND&GRURpPQH SUHSUDYt PLOLDUG\

MHKR IXQJRYDQLH ]iYLVt RG SUHVQH QDVWDYHQ&FK SURFI
FHVWXM~FLFK D EDWRALQ\ NWRUp pDVWR ]JDEH]SHpXM~ H[W
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3UH SO\QX0é SULHEHK OHWRY MH SRWUHEQi RSWLPDOL]
D& SR QDORAHQLH QD VSUiIiYQH OLHWDGOR 98VNXPQi RWi]
SURFHVY RGEDYHQLD EDWRALQ\ DE\ EROL OHW\ Y\EDYHQp Y]

OR&Qp ULHAHQLD ]DK DM~ U{]QH VS{VRE\ RGEDYHQLD
EHISHPQRVWQp WHFKQROYJLH LQWHOLJHQWQé& QiVWXS QT
'{OH&LWé MH DM ]JEHU VSIWQHM YI]JE\ NWRU@& SULVSLHY]
efeNWtYQHMALHPX Y\X4LWLX ]JGURMRY D ]Y@aHQLX SUtMPRY O

1 OHWyG\ D PHWRGLND

7RN FHVWXM~FLFK R]QDpXMH SRK\E RV{E FH] GRSUDY
ULDGHQLH QHY\KQXWQp QD SUHGFKiIG]DQLH ~]JN\P PLHVWDP
SRK\EX FHVWXM~FLFK RG SUtFKRGX D& SR RGOHW D SUtOHW
$E\ VD WR ]DEH]SHPLOR OHWLVNi PXVLD ULDGL" SRK\E
D REODVWL YUiWDQH
x UHJLVWUIFLH
EH]SHPQRVWQHM SUHYLHUN\ ,PLJUIFLD D FOi SUH PHG]L
QiVWXSQE&FK EUIQD D V~YLVLDFLFK pDNiUQt
YEVWXSX D YEGDMD EDWRALQ\
WUDQ]JLWQE&FK D SUHVWXSRY&FK SULHVWRURY SUH FHV\
REFKRGQ&FK D YHUHMQéFK SULHVWRURY DNR V~ PD
aVDOyYQLN\
5LDGHQLH WRNX FHVWXM~FLFK Y WEFKWR REODVWLDFF
G{E ]Qt&8HQLH SUH"D&HQLD D ]DEH]SHPHQLH KODGNHM SUHY
(IHNWtYQH ULDGHQLH WRNX FHVWXM~FLFK VD ]DptQD ]E
D OHWLVNRY&FK VI\VWpPRY 7LHWR ~GDMH XPR& XM~ VOHG]
LGHQWLILNRYD" ~]NH PLHVWD D SUHGSRYHGD" LFK YSO\Y «
WEéFKWR LQIRUPiFLt V~ VRIWYpURYp ULHAHQLD NWRUp SUH
QHP{4X IXQJRYD" LIRORYDQH .H VD pDV\ SUtOHWRY JPHQLLE
bR XPR& XMH SUHVQH DORNRYD" SHUMMRQIiO D JGURMH D VNU
96GDM EDWRALQ)\ EEYD QiFK\OQé QD SUH"D&HQLH pR P{:
SUtSRMRP 1D ]DEH]SHpPHQLH SO\QXOpKR WRNX EROD Y\YL
EDWR&ALQ\ NWRUi RSWLPDOL]XMH Y&ENRQ LQIUD&WUXNW~U\
SRPiKDM~ OHS&LH Y\X&tYD" SULHVWRU OHWLVND D PD[LPD
SULUDGHQLD SiVRY VD Y\X&tYD FHORpPtVHOQpP SURJUDPRYDC
YSO\Y U{]Q\FK IDNWRURY YUiWDQH SRpWX SUDFRYQtNRY D F
1HVSUiIYQH ULDGHQLH V\VWpPX PDQLSXOiFLH V EDWRAL
DOHER VWUDWH EDWRALQ\ D ]JKRUAHQLX LPLGA&X OHWLVNE
]JDPHULDYD QD RSWLPDOL]iFLX QiINODGRY D ]JY&&EHQYH HIHNV
SULHVWRUX D pDNDFHM GRE\ Y AW\URFK ~URYQLDFK SUH(
QHGRVWDWRpPQi )UH\

X X X X X
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Tab. 1O0URYQH NYDOLW\ WRNX FHVWXM~FLFK Y OHWLVNRYE&FK

OURYH 7RN FHVWXM Komfort OHANDQLD
FHVWXM~
9I\QLNDM~FTI YR Qé Y\QLNDM A EH] PHaAND(
9\VRNi % VWDELOQ ¢ Y\VRNEé YH PL JULHG
'REUI & VWDELOQ ¢ GREUE@ SULMDWH
'RVWDWRpPQ QHVWDELO GRVWDWH SULMDWH Qp
obdobie
1IHGRVWDW QHVWDELO QHGRVWD QHSULMDW
1HSULMDWH NUtaHQLH WRN QHSULMD QHSULMDW
V\VWpPX

Zdroj: autor

1IHRSWLPIiOQH WRN\ PDQLSXOiFLH V EDWRALQRX VS{VRE
SR SUH"D&HQp ~VFKRYQH EDWRALQ\ D ]JE\WRpPpQp GOKp pDN
IUXVWURYDQéP D QHVSRNRMQéP FHVWXM~FLP 100BkRSWLPDC
MH QHY\KQXWQp GRVLDKQX"PORAY IV B R FKRFHKQEH BB ¥XND ED \
SRNLD LGH R SRFKRSHQLH SUtFKRGRY EDWRALQ\ MHGC
NWRUp PiPH N GLVSR]JtFLL MH EDWRALQRYé aWtWRN %DWR
PDVRFK VNHQRYDQLD EDWRA&LQ\
X 6SUIYD R ]JGURML EDWRALQ\ %60
0 6SUIYD R]GURML EDWRALQ\ REVDKXMH LQIRUPIiFLH
pbDV D GiWXP OHW GHVWLQiIiFLD D pL MH EDWRALQ
X 6SUIYD R VSUDFRYDQHM EDWRALQH %30
o 6SUIYD R VSUDFRYDQHM EDWRALQH MH DNWXDOL]IiF
OHWLVNR D DNWXDOL]J]XMH VD LQIRUPIFLDPL R ED
SUHSUDY\ EDWRALQRYéP V\VWpPRP YUIWDQH SRWH
odbavenie, kontrolu, triedeni/ NRUdGLH XORAHQLH EDWRALQ\ D I
,QIUDAWUXNW~UD OHWLVND JRKUiIYD G{OHALW~ ~ORKX
GRS\WX QDMPI LQIUDAWUXNW~UX SUH EDWRALQX 3UL RS
QHY\KQXWQp JRK DGQL" LQIUDAWUXNW~UX SUH RGFKiG]
(Procter 2024)
7UL VS{VRE\ DNR RSWLPDOL]JRYD" HIHNWLYLWX OHWtVN
1. 6SUDFRYDQLH- NBDPWREVWVEXERP NLRVN\ &866 D DXWRPL
RGRY]GDQLH EDWRALQ\ XPR& XM~ UéFKOH VNHQRYDOQL
R]QDpHQLH EDWR&ALQ\ 6NUDFXM~ pDNDQLH D J]QL&AXM~ S
2. ODQLSXEBPWRADRFAWRKRPDWL]IFLD XPR& XMH IOH[LELOQp U
DNWXiOQ\FK ~GDMRY R SUtFKRGRFK D ]D"DaHQt 6\VW|
RSWLPDOL]XMH WRN EDWRALQ\
3. 9LUWXiOQXRPBROWH FHVWXM~FLP UH]JHUYRYD" VL pDVR"®
NRQWUROX FH] DSOLNIFLX DOHER ZHE =0HS&XMH ULDC(
]JY\@XMH VSRNRMQRV" FHVWXM~FLFK DM SUHYIGJNRY~ H
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%DWRALQD MH N ~pRY&P SUYNRP OHWLVNRYHM SUHYIiG]
3RG D VSUiY\ 6RFLHW)\ , GCivirUn@aitvis Re@DIDX WAL T K B YA GRAO
YBUD]QpPX QiUDVWX REMHPX FHVWXM~FLFK D EDWRALQ\
miLYQRY LQFLGHQWRY V QHVSUiYQH ]DREFKiG]DQRX EDWR
PLOLDUG\ 86' 3R SRNOHVH SRpDV SDQGpPPLH + VD
JOREIiOQD RVREQi OHWHFNi GRSUDYD ]JGYRMQiVREt 9ROW

3URFHVY RGEDYHQHM EDWRALQ\ |DptQD MHM RGRY]GDQt
NRQWURORX WULHGHQtP D SUHSUDYRX N SUtVOX&aQpPX OLF
SUH HIHNWtYQH Y\X&LWLH JGURMRY D EH]SHPQRV" QR QHC
VWUDWIiP 9&8VNXP VD GRWHUD] ]JDPHULDYDO QDMPI QD WRN\
EDWRALQ\ RVWiYD PHQHM SUHVN~PDQé

98VNXP& BKHQ XNi]JDO &H WUDGLpQp &WDWLVWLFL
EDWRALQ\ PDM~ OLPLW\ ORGHO\ 6$5,0% pL *%'7 QHGRNIi]D
HNRQRPLFNp YSO\Y\ SUHWR MH SRWUHEQi NRPSOH[QHMA&LD
PHWYG

1.1 Algoritmy predikcie dopravy

SUHGLNFLD GRSUDY\ VD GHOt QD NYDOLWDWtYQH D N
]JDOR&AHQpP QD VXEMHNWtYQ\FK ~VXGNRFK QDSU SULHVNXP\
NYDQWLILNRYDWH QRV" . YDQWLWDWi&Q B WLHMWWLGrERY \ R &RtG D G
VLYp PRGHO\ *0 .DOPDQRY ILOWHU .) D DXWRUHJUHVQEé L
$5,09% LOQWHOLJHQWQp DOJRULWP\ DNR SRGSRUQpP YHNWR
VLHWH $11 D LFK NRPELQIFLH 1HXUYyQRYp VLHWH GRNiaXx
QR P{aX VD ]DVHNQ~"Y ORNIOQ\FK HI[WUpPRFK .RPELQRYDC
SUtVWXSRY ptP ]JY\&XM~ SUHVQRV" D VSR DKOLYRV" SUHGLN

+ODYQp OHWLVNiI PDM~ aW\UL KODYQp SURFHV\ PDQLSX

1. ODQLSXOIFLD V RGEDYHMRRKAEQW RBALIQRXDM~ FHVWXM-~F
OHWLVNR 1D RGEDYRYDFtFK SXOWRFK VD SULFKiG]DM~

2. ODQLSXOIFLD V RGFKiIiG]D&HFREMBEDRMARIPOQRERY]GDQ~ SU
SRFKiGIDM~FX ] SULFKIiG]DM~FLFK OHWRY 3R YVWXSH
DOHER SUHSUDYHQi GR |DULDGHQLD NGH VD SUHVXQLF

3. ODQLSXOIiFLD V WUDQVMHURYBMNQEDQWRAEUQPRXM QEé OHW =
FH] %+6 DNR RGFKiG]DM~FD EDWRALQD QR Y QDOLHKDY
priamo medzi lietadlami.

4, ODQLSXOIFLD V SULFKiGEDM-FRXQBOVWWRAIFERX]DM~FLFK O
%+6 GRSUDYt QD YEGDMQ~ KDOX NGH VL MX Y\]GYLKQ~
SURFHV\ PDQLSXOIFLH V EDWRALQRX RYSO\Y XM~ U{]Q

EDWRALQ\ GR %+6 SOIQXMH D ULDGL OHWLVNR SRWUHEQ]
REVOXKXM~FL SUDFRYQtN 1D GHUHJXORYDQéFK OHWLVNiFk
SULGHOHQp QLH MHGQHM DOH YLDFHUéP VSRORPQRVWLDP
SUDFRYQtND ]iYLVLD RG UR]JKRGQXWt ULDGHQLD OHWRYHNM
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RYSO\Y XMH YaHWN\ SUtWRN\ D RGWRN\ OHWRY NRRUGLQ
IDNRQLHF OHWHFNiIi VSRORPQRV" MH DNWpURP NWRUé MH
QD SRJHPQ~ SORFKX DNR DM |]D DOA&ALH UHéetDQWQp SURF

Tab.29SO\Y DNWpURY OHWLVND QD SURFHV PDQLSXOiFLH V E

Subjekty BURFHV\ PDQLSXOIiFLH V E
OORKD 2GFKiG]DN 7UDQVIp| 3ULFKiG]D
BUHYIGINRYDWHOLD OHW

ODQLSXOIiFLD V RGFKIiG]E {

ODQLSXOIiFLD V SULFKIiG] {
ODQLSXOIiFLD V WUDQVIH { { {
BULUDGHQLH OHWX EUi { { {
%DWRALQRYIi LQIUD&aWUX { { {
awiwQbD VSUiYD

&ROQi VSUIiYD { {
/IHWHFNi VSRORpPQRV"

Check-in {

Triedenie kontajnerov { {

3RJHPQé SHUVRQIO

ODQLSXOiIiFLD V NRQWDM!¢ { { {
3HUVRQIOQH |DEH]SHpHQ { { {

Zdroj: Frey, 2014

1.2 '"HILQtFQDVWDYHQLH DQDO\]RYDQ&FK SURFHVRY D REMHN!
3RpDV Y\NODGDQLD D QDNODGDQLD OLHWDGOD VD Y\NF
MH FHOé& SURFHV QDNOIGN\ DObr.\NOjiGWR Y|iQ R R UNDHH QB EQJD |H Q

GRSUDYD 2EUiI]RN WLH& JREUD]XMH pLQQRVWL NWRUp SU}L
SURFHVH Y\NOIiGN\ D QDNOiGN\ ' &N\ MHGQRWOLY&FK pLQQF

i i i triediaci priestor
vilblanie c E} vykladanie E €

et L ISR ST - i
pakladanie T8 ¢ M nakladanie ﬁ

Nakladaé € M vyykladanie  pauza nakladanie M,
fimnosti v . g Lo Ll presun medri
vkomavang ¥ Cimnosti vykonivané B8 i’;d““:;um PrIpojeme o triediacim priestorom
priestore na ua stojiska pri RR * OCPojeRie oz = | A stojiskom listndla
triedenie batofiny Lietadle m— vybavexis (GSE) “ glebo po ploche letiska

Obr. 1Rozvrh vykladania a nakladania lietadiel
Zdroj: autor
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3UH NDA4Gp Y\NODGDQLH D QDNODGDQLH OLHWDGOD SO
xADNODGDpH VD SRXatYDM~ QD QDNODGDQLH EDWRALQ\ ]R
OLHWDGOD D QD Y\NODGDQLH EDWR&LQ\ ] QiINODGQpPKR
x1lDNODGDpPH VD N OLHWDGOX SULYH]~ QD VWRMLVNR QD
QiNODGQéFK GYHUt 1DNODGDpH RS~3"DM~ VWRMLVNR S
SRpDV FHOpKR pDVX Y\NODGDQLD QDNODGDQLD D pDV
r0zGLHO RG V~SUDY YRJtNRY VD QD Y\NODGDQLH DM QD
1IDNODGDpPH QLNG\ QHYVWXSXM~ GR WULHGLDFHM ]yQ\ E
Xx6~SUDY\ YR]JtNRY VD SRX&tYDM~ QD SUHSUDYX EDWR&LQ\
NGH VD OLHWDGOi QDNODGDM~ D Y\NODGDM~
x6~SUDYD Y&G\ SRJRVWiYD ] "DKDpD D DVSR MHGQpPKR YR]
RG SRVWXSRY NRQNUpWQHKR PDQLSXODpPQpKR RSHUiIWR
x1D QDNODGDQLH D Y\NODGDQLH EDWR&LQ\ VD Y&G\ SRXA&
VD Y&G\ SUHNUéYDM~ 3UHWR V~ QD ND&Gé& OHW SRWUH
V~SUDYD MH XUpHQi QD Y\NODGDQLH EDWR&LQ\ D GUXKi
Xx6~SUDYD YR]JtNRY XUpPHQE&FK QD QDNODGDQLH GR OLHWI
WULHGHQLH EDWRALQ\ 7X VD SRpDV RGEDYHQLD FHV\
EDWRALQRX 3R QDOR&HQt V~-SUDYD SRNUDpPXMH QD VWi
WRPWR ERGH VD NRQpt MD]GD V~SUDY\ SUH GDQé& OHW
x6~SUDYD YR]JtNRY XUpHQEFK QD Y\NODGDQLH ]DptQD VY
RNDPLKX NH VD ]DpQH Y\NODGDQLH 6NRU&t SUtFKRG
V~SUDYD E\ QD VWRMLVNX OLHWDGOD pDNDOD OHQ QD
SUtFKRG V~SUDY\ E\ PRKRO YLHV" N PHANDQLX 3R Y\OR
V~SUDYD SRNUDpXMH GR SULHVWRUX QD WULHGHQLH E
EDWRALQ)\ QD YEGDMQp NDUXVHO\ 9 WRPWR ERGH VD NI
X2GEDYHQLH FHVWXM~FLFK ]DptQD Y XUpPLWRP pDVH SUHG
SUH NUIWNH OHW\ DOHER WUL KRGLQ\ SUH GLD NRYp
FHVWXM~FLFK ] WRKWR OHWX SULFKiG]D" GR WULHGLDF
G &N\ SUHSUDYQé&FK pDVRY D RWYiUDFtFK KRGtQ RGED
XUPHQi QD QDNOIGNX Y&G\ |[DptQD VYRMX FHVWX Y WULH
Y\NOiIiGNX KRFL VDPRWQp QDNOiIGND QD VWDQRYL&AWL Y.

13 ODWHPDWLFNp PRGHORYDQLH

1D QiIMGHQLH RSWLPIOQHKR SRpWX OHWLVNRYéFK ]DUL
ERO Y\WWYRUHQé PDWHPDWLFNé RSWLPDOL]DpQé PRGHO OC
OLQHIUQHKR SURJUDPRYDQLD &LH RP ~ORK\ MH RLQLPDOL
Y\NOIGNX OLHWDGOD 7iWR RSWLPDOL]DpQi ~ORKD EXGH Y
~pHORYRX IXQNFLRX

ODWHPDWLFNé PRGHO MH WLHa& ]DORaHQé QD FKDUDN
QDNOIGNX D Y\NOIGNX D SRVWXSRFK PDQLSXOiFLH V EDWRA|
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NWRUp UHSUH]HQWXMH ]DULDGHQLH QD QDNOIGNX D Y\NOi
VSRWUHELWH RY UHSUH]HQWXM~FLFK OHW\ SRpDV GHILQR)
EROL ]JRK DGQHQp U{]QH W\S\ OLHWDGLHO D GRSUDYFRY

5R]GLHO PHG]L Qt]NRQiINODGRY&PL D WUDGLpPpQEPL GRS
U{]Q\P SRpPWRP *6( SUH Y\NOIiGNX D QDNOiIGNX QDSU SUH Q
SiVRY&FK QDNODGDpPRY MHGHQ %ROD GHILQRYDQi NDSDFL
VRItNRY VD NDSDFLWD URYQi G &NH V~SUDY\ W M SRpWX Y
D SRpDV PRGHORYDQpKR REGRELD VD QHPHQt 3UH ND&GEé ¢
Y URYQDNEFK MHGQRWNiFK DNR SUH NDSDFLWX V~SUDY\
GHILQRYDQLH NDSDFtW D GRS\WX SR *6(

DO4LD NRQAWDQWD SUHGVWDYXMH PD[LPiOQ\ SRpHW \
Y\NOIiGNX DOHER QDNOiGNX &LH RP WHMWR NRQAWDQW\ M
QDNOIGNX QHSRX&tYDO YH Né SRpHW Qt]JNRNDSDFISWQ&FK
YIpaRX NDSDFLWRX 7DNpWR ULHAHQLH VD MDYt DNR HIHN\
"DKDpRY D WHGD DM PHQHM YRGLpPRY V~SUDY

3UH QDNODGDpH VD EHULH GR ~YDK\ LED MHGQRWNRYi I
PXVt WLH& ]DEH]SHpL" DE\ Y SUtSDGH V~pDVQpKR REVOXKR'
SULUDGHQp YLDFHU&P OHWRP

-H YH PL SUDYGHSRGREQpP &H QD OHWLVNX EXGH V~pD\
3UHWR MH SRWUHEQpP Y QDYUKRYDQRP PDWHPDWLFNRP PR
SULUDGHQpP YLDFHUé&P V~pDVQH REVOXKRYDQ&P OHWRP .H
WR LVWp *6( QHPRAQR SRXA&L" V~pDVQH 7\S\ SUHNU&GYDM~FL
SUH VDG\ EDWRALOPA IRVIRHGXMH FIHSUHNUEBYDM~FH VD D S|
K DGLVND Y\X&LWLD QDNODGDpRY

Lety bez prekryvania
LetA vyldadanie a naldadanie

LetB L

Prekryvajice sa lety
Let A vylladanie a nalladanie

Let B vylladanie a nakladanie

Obr.23UtNODG
Zdroj: Page-Gernaus et al., 2020

101



22" International Conference t 2628eptember 2025
XXIX u I]v &} v I}v( E v ] 3. t 26. september 2025 i

Research, Production and Use of Steel Ropes, Transport

and Handling Equipment

SEe«lpuU AE E} % }uT]18] } 9q}AE Z o vU }¥%
u vli%po VvE Z 1 E] v

2 9éVOHGN\

6\WWpP DXWRPDWLFNpKR RGEDYHQLD EDWRALQ\ QRYHM
PLHVWD D XGUALDYD" SURFHV Y SO\QXOHM SUHYiG]INH ,QW
SUHEHUDQtP DXWRPDWLFNé&P RGRY]GiYDQtP EDWRj&LQ\ D R
SULHSXVWQRV" D SULVSLHYD N SRJLWtYQHM VN~VHQRVWL F
]JDPHVWQDQFRY ]JQL&XMH SUHYiG]JNRYp QiNODG\ D Y DND P
SULVS{VREL" NDSDFLWQé&P D SULHVWRURY&P SRWUHEIP Mt
YUIWHQLD SUHSUDYLHN VWDELOL]XMH WRN ptP DOHM JHIHN
SULHSXVWQRV" L QL&aLH QiNODG\

'{OHALWEP SUtQRVRP V~ DM QRYp IXQNFLH PRQLWRUR
/IRNiOQH GLVSOHMH V FK\ERY&PL KOiIVHQLDPL Y UHIiOQRP
SUREOpPRY ]DWLD pR LQWHJIUIFLD V ULDGLDFLPL SODWIR!
umod XMH FHQWUIOQX NRQWUROX VYL]XDOLJiFLX D DQDOE&]X
IOH[LELOQHMALX VSUiYX ]JGURMRY D RSHUIWRURY 3RURYQC
EDWRALQRX JiIURYH SRGSRUXMH ULJLNRYR RULHQWRYDQé
Y\X4LWLH WHUPLQiORY&FK NDSDFtW D ]JDPHUDQLH VD QD Y\

DO&RX Yé]QDPQRX LQRYiFLRX MH FHQWUDOL]JRYDQp K
UIQWJHQRYp VQtPN\ ] NRQWUROQEFK VWDQRYta" RGRVLHOD
VQtPN\ Y SRNRMQRP SURVWUHGt PLPR WHUPLQIiOX pR Y
rozhodnuL DP  7HQWR SUtVWXS JiURYH XPR& XMH PXOWLSOH
VSUDFRYiYD VNXSLQD RSHUIWRURY D JGURMH MH PR&Qp 10
GRS\WX 98KRGRX MH DM PR&QRV" DSOLNiFLH QD YLDFHU®&
WAN siett pR SRGSRUXMH NRQFHSW RWYRUHQHM DUFKLWHNW -~

3RNURpPLOp GHWHNpPQp DSOLNiFLH JDOR&HQpP QD XPHOHI
JOHSEXM~ Y&EVOHGN\ VNUtQLQJX ,QWHOLJHQWQp DOJRULW
]JDNi]DQ&FK SUHGPHWRY SULPRP REURYVNp PQRAVAWYR GiW
WUPQRYDQLH PRGHORY 9\VRNi PLHUD SUHVQRVWL SUL GHYV
]JY\AXMH EH]SHPQRV" D JiURYH QHEU]Gt WRN FHVWXM~FLFK

3UHYiIG]INRYp GiWD Y UHIOQRP pDVH SRVN\WXM~ OHWL\
VIVWpPX D YENRQQRVWL pR XPRA& XMH UEGFKOH D LQIRL
RSWLPDOL]IFLX JGURMRY SOiQRYDQLH DXWRPDWL]iFLX S
ORGHUQpP VNUtQLQJRYp V\VWpP\ WDN VSiMDM~ Y\VRNé& Y
FHQWUDOL]JRYDQ~ VSUiYX V G{UD]JRP QD ,7 EH]SHpPQRV" RFK

3 =iYHU\
(ITIHNWtYQ\ SRK\E FHVWXM~FLFK MH QHY\KQXWQé QD ]Qt
SUHWR PXVLD RSWLPDOL]JRYD" XVSRULDGDQLH WHUPLQIOR

Y\XatYD" PRGHUQp WHFKQROyYJLH DNR V~ VDPRREVOXaQp N
G\QDPLFNi VLIQDOL]iFLD 5RYQDNR G{OHaLWp MH XSODW R
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URYQRYiK\ PHG]L UéFKO\P RGEDYHQtP D SUtMHPQéP SUR\
GRVWDWRN NRPIRUWX D VOXALHE SUH FHVWXM~FLFK
7HUPLQIO YHUHMQHM GRSUDY\ PRAQR YQtPD" DNR WUL
SUItVWXSRYp UR]JKUDQLH WHGD ]JyQD SUtFKRGX FHVWXM-~FL
'"UXK~ WYRUt REODV" VSUDFRYDQLD NGH SUHELteWaDeRGED Y H
VOXAaLHE 7UH"RX MH GRSUDYQp UR]JKUDQLH NWRUp ]DEH]SE
9]iMRPQiIi V~KUD WéFKWR pDVWt MH ]IiNODGRP SO\QXOpKR D |

3R DNRYDQLH

7HQWR pOiQRN ERO SULSUDYHQE& V SRPRFRX SURMHNMW
VHQ]JRULFNEFK WHFKQROyJLt D YL]XDOL]DpQEFK PHWYG S
SRWUXEQ&FK GRSUDYQtNRY&FK V\VWpPRY? 9(*$ A7YF
acelbALYRWQpPKR Y]GHOiYDQLD Y RGERUH GRSUDYD QD Ei]H
JUXpQRVWt? .(*$ 780 ALRYp NRQAWUXNpPQp D PDWHULIORY
SUHSUDYX KURPDGQE&FKR3MBMHULIORY?® $399
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Abstract:

The article focuses on analyzing the current state of intra-company material handling in
industrial environments, with an emphasis on modernization opportunities through the
implementation of modern technologies. The research identified key shortcomings in existing
handling processes, such as low efficiency, high labor intensity, and increased risk oberrors
ergonomic issues. Based on these findings, a solution involving automated and robotic systems
was proposed, with the potential to streamline material flow, reduce costs, and improve
workplace safety. The article also presents a methodological approach to implementing such
technologies and evaluates their benefits for internal logistics operations.

Key words:
intra-company logistics, automation, robotic systems, process optimization

Intorudction

The implementation of modern technologies in intra-company logistics represents an
essential step in the digital transformation of industrial enterprises in line with the principles of
Industry 4.0. Due to increasing demands for efficiency, flexibility, and cost reduction,
companies are increasingly focusing on the automation and robotization of logistics processes.
A key area within this transformation is the optimization of internal transport, which plays a
crucial role in ensuring the smooth flow of materials and information (Shalik et al., 2023).

Modern technologies such as robotic manipulators, automated guided vehicles (AGVSs),
autonomous mobile robots (AMRSs), and, notably, drone-based solutions offer extensive
opportunities to streamline internal logistics operations (Sujit et al., 2022; Rahman et al., 2021).
The use of drones in intra-company transpddr instance, for the rapid delivery of lightweight
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components, documentation, or samplespresents an innovative approach that can
significantly reduce downtime, shorten delivery times, and relieve employees from repetitive
tasks (Zhang et al., 2021; Delmerico et al., 2020).

These technologies also enable the digitalization and precise monitoring of material
flows, contributing to the collection of valuable data for analytical and strategic decision-
making. For example, the integration of UAVs with RFID and blockchain technologies
enhances transparency and traceability in warehouse environments (Cai et al., 2020). Another
significant trend is the localization of drone charging stations and the optimization of flight
paths for more efficient inventory operations (Zhou et al., 2019).

The result is improved operational efficiency, enhanced workplace safety, and increased
competitiveness of the enterprise in a dynamically evolving industrial landscape.

1 Methods and methodology

In many manufacturing companies specializing in electronic production and assembly,
manual intra-company transport systems are still commonly used. This system is often based
on manual material handling and the use of simple transport tools such as pallet trucks and push
carts. In practice, this mode of transport has proven to be time-inefficient, labor-intensive, and
prone to errors.

1.1 Key issues in intra-company transport

,QHIILFLHQW VXSSO\LQJ Rl SURGXFWLRQ OLQHV

Delays in the delivery of components to production units cause downtime, which directly
impacts production continuity. Losses caused by machine idling represent a significant
economic burden.

ODQXDO WUDQVIHU RI VHPL ILQLVKHG SURGXFWV WR LQ

If an operator is unavailable, quality control delays occur, which can lead to production
backlogs and disruptions in delivery schedules.

+DQGOLQJ HUURUV DQG ZRUNSODFH VDIHW\

Manual handling often results in component damage, material mix-ups, or tipping of transport
boxes. These errors increase repair costs and lead to customer complaints.

'"HSHQGHQFH RQ SHUVRQQHO DQG WKHLU DYDLODELOLW

The transport system depends on the availability of employees, which is risky during illness,
vacations, or shift changes. Insufficient capacity often requires reallocating workers from other
departments.
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3RRU PDWHULDO IORZ DQG GLVRUJDQL]HG VWRUDJH

Unoptimized warehouse routes and the lack of a transport prioritization system lead to delays,
collisions, and a loss of oversight of material movement.

+LJK ODERXU DQG RSHUDWLQJ FRVWYV

Staffing intra-company transport is financially demanding but does not provide proportional
performance or efficiency.

)DOOLQJ EHKLQG FRPSHWLWRUYV

While other companies have already implemented automated solutions such as AGVs and
robotic carts, traditional manual systems lose competitiveness.

1.2 Transport packaging for the delivery of printed circuit boards (PCB)
Within intra-company logistics, printed circuit boards (PCBs; Fig. 1) are not transported

loosely but in specially designed transport boxes that provide protection against mechanical
damage and electrostatic discharge.

Fig. 1 Printed circuit boards (PCBSs)
Source: https://www.elektrolab.eu/blog_images/standardy-v-hrubkach-dosiek-plosnych-
spojov-1140x500.png

Boxes for Drone Transportation
x Type: ESD (Fig. 2) plastic box with snap-on lid

x ([ WHUQDO GLPHQVLRQV i i PP
X Internal volume: approx. 8 liters

106



22" International Conference t 2628eptember 2025
XXIX u I]v &} v I}v( E v ] 3. t 26. september 2025 )

Research, Production and Use of Steel Ropes, Transport

and Handling Equipment

SEe«lpuU AE E} % }uT]18] } 9q}AE Z o vU }¥%
u vli%po VvE Z 1 E] v

Maximum load capacity: 4.5 kg

Weight of empty box: 0.9 kg

Capacity: approximately 280 PCBs (depending on board thickness)

Safety features: antistatic surface, lockable closure, internal reinforcement with foam
material

X Purpose: Optimized for drone handlinglow weight and rigid construction ensure
stability during flight.

=P Iy

Fig. 2 ESD Euro containers with hinged lid
Source:https://www.auer-packaging.com/images/categories/banner/ESD-euro-
prepravky-s-vekom-so-z%C3%Alvesmi-AUER--83.jpg

X X X X

2. Results
2.1 Proposed solution

Based on the preceding analysis of internal logistics flows within the production
environment, the implementation of a system utilizing autonomous industrial drones emerges
as an appropriate solution. These units would ensure regular and efficient material transport
between key points of the production process, such as the warehouse, assembly line, inspection
workstation, intermediate storage, and dispatch. The objective of this solution is to enhance the
flexibility, reliability, and speed of intralogistics while reducing dependence on manual labor.

2.2 Operational model

The proposed system architecture is based on a rotational model, in which a portion of
the drone units (Tab. 1) perform active transport tasks, while the remaining units are in charging
mode or prepared as technical backup. This model ensures the continuous operation of the
logistics system even in cases of temporary unit failure or during maintenance breaks. The
solution thus represents a balanced compromise between performance, operational reliability,
and the need for uninterrupted material flow within the production process.
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Tab. 1Drone parameters

Drone Parameters
Load capacity DSSUR]J 1 1 i
Dimensions 1 1 FP
Flight altitude 2 +3.5 m above floor level
Navigation Visual (optical sensors)
Navigation accuracy “ FP
Safety features Motion detection, automatic stop
Average transport time 20 +40 seconds per route segment
Flight speed 1 +2 m/s
Minimum daily transports 150
Battery Endurance approx. 12+15 minutes
Charging Automatic in two docking stations
Control System Central route planning, fleet monitorin

Source: author
2.3 Key advantages of utilizing drones in the logistics environment

(QKDQFHG WUDQVSRUW HIILFLHQF\

7TKH LQWHJUDWLRQ RI GURQHYVY HQDEOHV VLIJQLILFDQWO\ ID
PLQXWHYVY SHU VHIPHQW2UHVXOWLQJ LQ WLPH VDYLQJV RI ?
PHWKRGV

5HGXFHG SK\VLFDO VWUDLQ DQG ULVN RI GDPDJH

7TUDQVSRUWLQJ VHQVLWLYH FRPSRQHQWYV VXFK DV WKRYV]
SURWHFWLRQ LQ VWDELOL]J]HG GURQH PRXQWHG KROGHUV
UHGXFLQJ WKH OLNHOLKRRG RI PHFKDQLFDO GDPDJH

SHUWLFDO VHSDUDWLRQ IRU VDIHW\

%\ RSHUDWLQJ DW HOHYDWHG KHLJKWY DERYH JURXQG OHY
SHUVRQQHO DQG WUDGLWLRQDO WUDQVSRUW FDUWV WKF
SDWKzZD\V DQG ZRUN JRQHYV

IRZHU ODERXU FRVWYV

,PSOHPHQWLQJ D GURQH IOHHW Rl WR XQLWV FDQ UHGXF
E\ DSSUR[LPDWHO\ = SRWHQWLDOO\ OHDGLQJ WR DQQXI
Ya DQG %

,PSURYHG PDWHULDO IORZ PRQLWRULQJ DQG SODQQLQ.
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:LWK GLJLWDOO\ PDQDJHG WUDQVSRUW FRPPDQGYVY DQG UHD
EHFRPHY PRUH WUDQVSDUHQW OHVV SURQH WR HUURU D
GHPDQGV RU FXVWRPHU RUGHUYV

By implementing drone-based transport, the following benefits can be achieved:

X VLIQLILFDQW FRVW UHGXFWLRQ VDYLQJV RI XS WR %
x faster and more predictable material transfer,

X improved traceability and safety,

X elimination of dependency on human resources at critical points.

Tab. 2Cost comparison: Drones vs. Employees

Parameter Drone System Manual Transport
Initial Investment Costs Ya Ya
Annual Operating Costs Ya Ya
Estimated Annual Cost DSSUR[ % *

Savings
Number of Daily 150+ max. 130
Transports
Reliability High Variable (human factor)
Transport Speed 20 +40 seconds 2 +4 minutes
Risks Technical malfunctions Fatigue, errors,
absenteeism
Safety Predictable Variable

Source: author

3 Conclusions

This study investigated the potential of implementing autonomous aerial systems in
intra-company material handling with the goal of enhancing logistical performance, reducing
operational costs, and improving working conditions. The findings underscore that integrating
autonomous drones into internal transport processes can significantly reduce transpdért times
cutting a typical 3@ min. manual cycle to under one min&tihereby minimizing production
downtimes and increasing workflow efficiency.

In terms of labor reallocation, the automation of routine transport tasks enables a shift
of human resources toward higher value-added activities. This aligns with findings by
Winkenbach et al. (2018), who emphasize the strategic advantage of using automation to
repurpose human labor in manufacturing and logistics operations. The proposed system
addresses not only productivity but also ergonomic and safety concerns. By reducing manual
handling, the likelihood of musculoskeletal disorders and workplace injuries decreases,
contributing to better overall worker well-being (Santos et al., 2020).
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From an economic standpoint, the simulation suggests potential annual savings
HIFHHGLQJ Y LQ ODERU FRVWYV FXUUHQWO\ DOORFDW
findings are consistent with previous research highlighting the cost-saving capabilities of
automation in intralogistics (Ten Hompel and Henke, 2017). In addition, drone-based systems
offer high operational stability, unaffected by common human factors such as fatigue or
absence, thus increasing system reliability and predictability.

Quality control in handling sensitive components also benefits from drone
implementation. Enhanced navigation and load stabilization mechanisms reduce the probability
of damage, which directly translates into lower costs for repairs and complaints, as well as
improved final product quality. This resonates with broader trends in smart warehousing, where
precision and consistency are critical performance metrics (Mourtzis et al., 2019).

Furthermore, the deployment of contactless, aerial material handling solutions supports
the flexibility and scalability of production lines. The ability to dynamically adjust routing and
scheduling without reconfiguring physical infrastructure provides a competitive advantage in
volatile manufacturing environments. As highlighted by Lu and Weng (2018), adaptive systems
are key to maintaining efficiency in demand-driven production settings.

In conclusion, the implementation of autonomous drones in intra-company logistics
represents a forward-looking step toward Industry 4.0. The proposed solution demonstrates
practical viability and measurable benefits in terms of time, cost, safety, and operational quality.
This work contributes to the growing body of research advocating for intelligent automation in
internal logistics, and offers a replicable model for organizations seeking to optimize their
intralogistics under the principles of digital transformation and sustainable operational
excellence.
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=EDYHQLH VD |[RGSRYHGQRVWL |[DPHVWQiYL

$OIUpPpGLR]iU
1 OVWDY ]JHPVNEFK JGURMRY )DNXOWD %(5* 7HFKQLFNi
.RPHQVNpPKR .RELFH 6O0RYHQVN alukiZx@mdilédn HPDLO

* RUHASRQGHQpPQEé DXWRU

Abstract:

This case concerns a work-related injury sustained by an employee who served as a technical-
HFRQRPLF ZRUNHU DQG ZDV DOWHRS UHYHQWDUHLGY #inve DX BGQ 0
business trip, the employee was involved in a car accident and subsequently sought
compensation for reduced social engagement. The employer denied liability, arguing that the
VROH FDXVH RI WKH DFFLGHQW ZDV WKH HPSOR\HHfV YLRO
The employee contended that he was not employed as a professional driver and that ed qualifi

fault had been proven. He claimed the accident was caused by microsleep following a long
workday, which he argued could not be considered culpable behavior. He also asserted that

the employer failed to provide adequate training or enforce compliance with safety regulations.

The Supreme Court ruled that the employee had been properly acquainted with traffic
UHIJXODWLRQV WKURXJK KLV GULYHUYYVY OLFHQVH TXDOLILFELC
ongoing responsibility. Microsleep was deemed a foreseeable risk, and the driver was expected

to assess his fitness to drive. The court emphasized that a driver must not operate & vehicle

their ability is impaired and that it is their duty to adjust their behavior accordingly. Asudtye

the employer was found not liable for the work-related injury.

Key words:
injury, driver, microsleep

OYRG

3ULPIUQHEHN]SHPQRVWQEFK SUHGSLVRFK XYHGHQpP SRY
JiNODGQé EH]SHDpQRWR@EHIWH @S \2006) & H]SH p Quehvanel D
JGUDYLD SUEM&H@BIRDPOQHQt QLHNWRQEPK QINWRQRYANFK SUH
aSUHGSLV XSUDYXM~FL SUDFRYQRSUiIYQH zanjédnéncomHG]L ]
(=iN Rp@11/2001 Z. z., 2001) =iNRQQtN SOIFWQRP ]QHQt DOHM DM DI
SUiIFH® RNUHP SRYLQQRVWt SUL]QiYD ]DPHVWQDQFRP DM
Y\NRQD" SUiFX DOHER RRXR/BVD " SWID.BRY EMNFH PL D

1LadLH XYHGHQpPp UR]JKRGQXWLH 1DMY\4aaLHKR V~GX
NRAaQHY\XAaLWLH WRKWR Sdhiexte pi&ipisov VIQ\DVQ @ B MY S WHIPWYHN iV ~ Y
SRXaLWp RGWLOFILHD SODWQéFK VORYHQVNEéEFKHMUWNRXSYHWR YL RW
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1 OHWyG\ D PHWRGLND

11 6WUXpPQé SRSLVY XGDORVWL

=DPHVWQDQHF Y\NRQiY DR VYSQRNF UX NMHKRK SUPRRYQtND |
naVWDYEiFK SR FHOHM YyHVNHM UHSXEOLNH 2NUHP XYHGHQ]|
AYRGUHIHUHQW? ]D pR SREHUDO NX P]GH SUDYWk&zb@Qp PHVI
]JDPHVWQDQFRMku Y986 BIQ® HWWQDQHF SUDYLGHOQH DEVROYFR
YRGLPRY UHIHUEHRQWVNEFK YR]JLGL

V QRFL NH m@ed&R N KRG QDVDGRO |DPHVWQDQHF
VOXAaREQpKR YR]J]LGOD ptP VD ]DpDOD MHKR SUDFRYQi FHYV
SUHVWINDVYHORNROAR VNOHVDQt SUHG WLDKORX SUDYRWRDpPLY
v priamom smere mimo vozovku, kde narazil do dvoch stromov. Konanie zamestnanca bolo
SROtFLRX Y\KRGQRWHQp DNR YYGUHYQRS RIR QDO X ® R aEHRYD [5 |

SULHVWXSNX SURSQ\@KOFRHPQIR FWVYWQHM SUHPIYN\ VD C
YAHREHFQH ]iYI]Qé SEI|GH SQRWVBWYXDRVWL FHVWORMpEBHP
G{VOHGNX Y]JQLNQH GRSUDYQi QHKRGD SUL NWRUHM LQpPX
na majetku =i N R Q7231990 Zb., 199022 ods. St \OP

1.2 3RALDGDYN\ |DPHVWQDQFD QD |DPHVWQiYDWH D

=DPHVWQDQHF FKFHO SR ]DPWVYWW.YIYRWHLRWR YDELNPXXYV
Y\SODWLO QiKUDGX ]D V"D&HQLH VSRORPHQVNpKR XSOD
ZXYHGHQpPKR G{YRGX VD ]DPHVWQDQHF SRGDQRX &DORER
zaplatil za S DAHQLH VSRORpPHQ 830K RO0OSID D WIGIRED RG{YRGQLO
VV~YLVORVOHQHMW VL VYRMLFK SRYLRUIRPRNQ YKKO ERPMYKLF
naSUDFRYQHM FHVWHD BHDWRYDERISRYIOI Y\SODWLAOHQ Qik
QD ]JiURENX SR GREX SUDERVMNWQHVFKRSQRVWL D

1.3 3SBRVWRM |DPHVWQiIYDWH D

=DPHVWQiYDWH Y]QLHVRO QiPLHWNX &aH AQD ]iNODGH
MHGLQRX SUtpLQRX 4ANRG\ SUDFRYQpKR ~UD]X EROR SRL

2 Y\KOi&abbnopl zb. oy EFYLNXRERQD RYDQt RGERUQHM VS{VRELORWRNLGLRI®L pNRW RAH \
SRMHGQSRYQD RRVWL &NSFRYIRODRGEIDERQD EH] QiK UNBN998I2XzA S QiH PiiV RIQ R@Dp
SR]JHPQ&FK NRPX®UMNWRIERG D SODWQHM VO RRHUEXNIHNWR OHQLDODR\G Y p RAS {AMRHEI
YR]JLGLHO® VL XUpXMH ND&Gé ]DPHVWQiYDWSIUNGSLYRB MH WR XSUDYHQp RVR
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zamestnanca W HGD DNR ]DPHVWQDGHVHR ¥ DNRQQtNRP SUiFH WE@P
JRGSRYHGQRVWL ]D Y]QLNQXWé& ~UD]

=DPHVWQiYDWH VD JEDYt |[RGSRYHGQRVWL FHONRP DN
EROD VNXWRpPQRV" &H aNRGD EROD VS{VREHRQItRVEDPY AQHBR
SRUX&L Qr&lpisfyAHHE R RVWDWQp SUHGSL V\ociany dravidVgi Q LH E H
SUIFL DOHER SRN\Q\ QD |RENWMH@\LH: BB Y HDphr@@M\gddnB L KRFL
aSUHXNiI]DWH QH ®R&R]QIPOINERGVALBY DWHWNDYQH Y\aDGR®
a kontrolovali (=i N R @1p2001 Z. z., 2001196 ods. St \ap.

=DPHVWQiYDWHSNXNYHV|WX&E&NRYRP NRQDQt EROR SROtFLR

a) t4ods. StVP =iNRMOPZ. z.oFHVWQHM B bntRe 3RS DQH Q'
QLHNWRUEFRQHNRQRYWNXRUEGtFK SUHGSLVRY
9RGLPp MH SRYLQQE& YHQRYD"aWID H®RWD " BEGHER LIXL X RY]
SUHPiYNH

b) 116 ods. =iNRQ&20p9Z. z. FHVWQHM SoriméheYdGHR SLD QH Q't
QLHNWRUEFHRQHNRQRYWNXNRU&tFK SUHGSLVRY
9RGLp MH SRYLQQEé UEFKORV" $udirhG4&chéphostia®{VREL"
vlastnostiam vozidla HINODGX SRYHWHUQRVWQémvaBeRGPLHQ
vozovky aL Q édkolnostiam, NWRUp PR&aQR SUHGYtGD" 9RGL}p
SULPHUDQRX UEFKORV"RX DE\ ERO VFKRSQé |DVWDY
Pi UR]JK DG

VV~YLVAGRSRY M |DSODWHQéPL QiKUDGDPL J]DPHVWQI®
aVWUDWD QceljowejpsmMeR MYs 526.p EROL Y\SODWHQp EH] SUiYC
aSUHWR QDYUKRYDO DE\ V~G BBDREKH&MNIQREFXKR YRLP KB W RIO
]DSODWL" IDPHVWQiIYDWH RY1LYFHUORONKXRIVBDWRAQRG/ EBXYRSOD!
rozsudku do zaplatenia".

1.4 Postoj zamestnanca

=DPHVWQDQHF SUL]QDO a3l O®GRWMWIDPDWRSUAFHOEWRANY N
AYRGUHIHUHQW?3 DOH ]JiURYH XYLHGRO &aH WHQMeR SUtSOLC
QD KR QHPRAQR QD]HUNWRNR KR WHRFH@IDHQLH YR]&UGOD MHE
QiSO RXKaMR NWRIKR Y\SOéYDM~FLPL G{VOHGNDPL =DPHVWAQI
]JDPHVWQDQé DNR YRGLp PRWRURYpKR YRHYVGODY DWH PD@DLY
PRKRO SRXatYD" VOXAaREQp PRWRURYp YR]JLGOR SUL SOQHQ

=DPHVWQDQHF ERO WRKR Qi]JRUX NHDPXIQNMERDR®RpGRNL
VO Y]"DKRKHVWQéP SUHGSLVRP 7R ]QDPHQiIi &H PX QHEROR
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RER]QiP H@dpishi adH LFK ]J]QDB®RBWALDYDQLH EROL V~VWDY
aNRQWURORYDQp 3UHWRAH QHERO ]DPHVWQDQé& DNR YRC
Y\NRQiYDQLH ANROHQt WeNDNMLFLEKN DHMBRSLPERYROHQLH SU
IRUPiOQH

=DPHVWQDQHF Y\W&NDO V~GX &H QHY]DO GR ~YDK\ VN
SRUXALO SODWQ\EQHGISEVUHRIY NGH VWU SRS NKHPYUBNURVSIQNX Q
ULDGHQLX PRWRURYpKR YR]EGODX 0PRARWRSINRNOWHNRYD"
okolnRVWt DNR pANDN@/QR YéFK SRG VMG B3 X]¥ N R CIRefor. ¥.
aWR Q@p RNROQRVWL NWRUDDFPRAGRtISDBEYPEGNURVSIQNX Ya
Qi]RUX ]|DPHVWQDQFD QLH MH PR&Qp KRYRUL{P)XSBHAMRAH E
G{MV" QH]iYLVOH RG Y{OH YRGLpPD 9]K DGRP QD WR &H |
FHORGHQQHM GYDQiV"KRGLQRYHM SUiFL FH] QRF ]DPHVWQ
QHKRG\ ERO QHYKRG Q& &éPRNVQQGIIS RIGUA R @L HisowHAcStan) R VW Q é
]JDPHVWQiYDWH D

2 9éVOHGN\
21 5RIKRGQXWLH QDMY\aaLHKR V~GX

6~G QHV~RORVIR® YVDPHVWQDQFD &H QHEpRAdistiLDGQH
na]DLVWHQLH EH]SHPQRVWL D RAKQBBR Q& UDYH ONS|DIQ [ U AFL
aGRGUALDYDQLH EROD VNRQWYRBRMARGRYDQi D

3UHWRAH SRYWODDMQBPL SUHGSLVPL Qd@hijdDy 2dia@LH EH]S
SUIFL VD WREX P BEHFIG RS U pradPisy 139ods. =iN R GDL/P001 Z. 2),
MH ULDGQH RERJDPRHERGIPYBEQNRX WRPKRGXWB ARRHRVWQiYD\
P{F" JEDYL" ]JRGSRYHGQRVWL ]D SUDFRYQé ~UD] Y]QLNQXWE&
SREVDKRP SIRVQ\FW@EFK SUHGSLVRY QrdiyzafavHQ B LE 8 US Hip
VSUDYLGOD RER]QDPXMH ]DPHVWQDQFD MBRR |IMREHS WY\
SUHGSLV QHY\OXpXM~ DE\ WRVGR\RERWR BB MHPY HRQ LXQZEOV
RGOL&AQé& RG |[DPHVWQiYDWH D

VREODVWL GRSUDY-Q@PKHSUMIGESLMPHVWQDQHF JtVNEC
RSUIYQHROH RNUHP LQWKRVIREBREGIDGRYDQEFK JQDORVW!t S
VFHVWQHM SUVDRGYENHH SHPQHM MD]G\ XUpR YYDAG ISNDOBRPEPL S
]JY\ARYDQt RGERUQRVWL YRGLPRY FHVWaR &KkoKje RARW RjURY & FK

3 3UiYQH SURGWDW QP SUHGSLV\ QD RFKW/DHQ L]i6 LE S B pRRY WUIiBL V~ SUHGSLV\
aSUHGSLV\ QD RFKUDQX [SSUFOWLIDS LKA BHIPHGNBNPUBIGSLVY WHFKQLFENp SUHGSLV
predpisy, predpisy 8 R4ALD U Q H MorRIFisy WP D@ LB X @RWIDYLQDPL YEEXAQLQDPL JEUD DPL
OIWNDPL LPEBPIODVNDPL 8NRGOLY&PL ]GUDY LR FBN XSUSDAMEW-DRIVi]N\ WENDM ~
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VV~pDVQRVWL OURYH GRVLDKQXWHM RGERUQHM VS{VRELC
VN~GaRGERUQHM VS{VRELORVWL QD ULDGHQLH PRWRURYEéFK
VN~AaREQéP NRPLVIURP GRSUDYQéFK zm@iESSHONDMRIH W RO'H J I3NRC
GRKOLDGD GRKOLDGDODBO\QRO KW S HpiQY RAQ IV IDR GXFH{F/IR Bt
VSROXS{VRELOD SUL MHM ULDGHQt

ZXYHGHQpPKR Y\SOéYD &aH SUL VN~PDQt WRKR pL VD ]D
zaSUDFRYQé ~UD] IDMRWIEKRRQFD UXDGHQLH YR]JLGOD SUHGP
RVYHGPpXMH RER]QiPHQIGR SIDIPHYAPQD GEDI GB L \bBorneXd VN~ 3
VS{VRELORVWL QD ULDGHQLH PRWRURYéBIO\ORQRE\L'HEGH\3W}
SUHPiIYN\ YUiIWDQH GRGUALDYDQLD SUDYLGLHO FHVWQHM
SRWUHEQpP VN~PD" NERRGWAROX DQDB RWANFKBWW R SUDYLGLHO ]D

1i]RU ]DPHVWQWDLQ\PDIFEH Bekode BAVAGHY INV MRAPER WX 3 H Q L X
GRSUDYQéFK SYWHGHEMRYPYNURVSIQNX YRELYDQHQMHGi YDHKR
-DNR XYK®IDNURVSiIQNX P{&8H G{MV" QH]iYLVOH RG Y{OH YRGL
]D URJKRGXM~FH NULWpPULXP SUH WRWR KRGQRWHQLH SRYL
EH]SURVWUHGQH SUHGFKiG]DM~FHM QHKRGH 8YHGHQé Q
SRYLQQRV"RX YRGLpD PRWRURYpKR YR]LEWDP EROR/ &R G R ¥IH
SODWQéPL SUHGSLVPL SR \¥FB QR dRESHNPD]IGI\R @/R039 Z. z.
OFHVWQHM ®UhtRé ¥ORISDQHQt QL H N WRUHEFKQHVRIRRIEtIFK SUH G
XVWDQRWHRGLpABIHVPLH YLHV" YR]ILGOR DN MHKR VFKRSQR
~UD]JRP FKRURERX QHYR Q-RVSRWRPHER VR®LYWRY L DE\ SR
HILVWHQFLX WéRKRPK SWHNBYRRBDLO VYRMH VSUiIYDQLH ]D X
QHVPHO MD]GX EX BHEWEH\NSFRN'DPRY DOHSRSRNSIDHIR YWD " |
SULPHUDQPKR RGSRpLQWHKREQRWIW Y RICL GOLMRGHQLH YR]LGO
aPXVt Y\FKiGFOQNUpWQ\FK RNROQRVWt NWRUp SR]Qi DOHE
napr. vSRVXG]RYDQHM YHFL &H XGVNé RUJBOQL]P®XGBRWIDMRE
VSIQNX]IMMARYEFK VLWXiFLiFK QiFK\OQHM&t QD ~QDYX $N ]I
E\" Y\WODQé& QD SUDFRYQ~ FKHRGLQRYRHMHOREHGEHQPRF SU
nato, aby si zame¥ QDQHF VSOQLO VYRMX SRYLQQRV" GRGUALDY!I
EH]SHpQRAKWID @\ ]GUDYLD SUL SUIFL KMHG QWON R I \ HE\H RQY M 3
]liVDG SRV~GLO pL MH ]D GDQ&FK RNROQRVWbL M HE D/ RKPS (
VENRQ WHMWR SUiFH RGPLHWQX" DOHER DN MX QDVW-~SL ]

=DPHVWQiYDWH QHVPLH SRVXG]RYD" DNR QHVSOQHQLH
Y\NRQD" SUIFX DOHER VSOQL" SRN\Q NWRUp

a) V~WR]SRUH VR YAHREHFQH ]iYI]QéP L GSRIEVY® PRL PSADH®S |
b) bezprostredne & i&aQH RKUR]XM~ 8LYRW DOHER JGUDYLH ]DP
47 ods. =iN R GDL/P001 Z. z.)
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=DPHVWQDQHF Pi SUIYR RGPLHWQX" Y\NRQBRGRBLAX' DO|
VD GR EH]SHpPLD DN VD G{YRGQH GREAQHHRKU RJH Q& NEHKRUR
JGUDYLH DOHER 4LYRW DARER |SIWERY EH RQEREGTVAE 1

= XYHGHQpPKR Y\SO&évYD &R ®INp |2 P SWWHGDI@HBWtP MD]G\
AH MX P{a@H EH]SHpPQH Y\RRROPRVWRBEK LNWRUp E\ PRKOL P
naMHKR VFKRSQRV" RYOIGDQIPRILRNRWRPVRWERVRR MRMNROQRYV
DQL UHALP VYRMHM MD]G\ QDMPI| |DSADL RN DR OAR K DA/RAEHRNK 8 RFEKS
idevSUtSDGH SUDFRGRBKR YUBDYXQHKRG\ VS{VREHQHM VWUDW
VG{VOHGNX QiKOHM LQGLVSR]tFLH Y\YRODGQ@&IMDYYGEHQH X
SRUX@HQLH SUIYQ\FK SUHGSLVR¥FIQUDDDLMONVBDQLIBD BHLS 8P FR\
predpisov).

3 =iYHU

8YHGHQp URI]K R.QiX 1L0do I236/2000, 2008)R X ND]XMH QD ]iNOTL
SUREORPODVWL EHRSKPQRVWEUDYLD SUL SUIFL NH ]DPHV\
VWUDFKX SUHG VWUDWRX ]DPHVWQDQLD VD VQDA&t ]D
]JDPHVWQiYDWH D REPDV DM EH] RK D GXU CHD ®IHH KYR QY. O X VK
KDYiULH DOHER LQHM PLPRULDGQHM XGDORVWL Y&DN Ylpal
QHRFIDMRDEROR XYHGHQp EXGH PX WRWR MHKR NRQDQLH V

/ILWHUDW-~UD

5RIKRGQXWt 1HMY\ad8tKR VRXGX YyHVNp UHSXEOLN\ VS ]Q

=iNR@/2009Z. z. FHVWQHM DUhePeBWBIRSDQHQt QLHNWRUEEK ]iNR
QHVNRU&tFK SUHGSLVRY

=iNR QL24/2006 Z. 2. EH]SHPpQRNKMUDQH ]GUDYbDPISQH BUGFRSDQHC
QLHNWRUEGFHRQHRQRYWNKRUAtFK SUHGSLVRY

=iNRp@11/2001Z] =iNRQQtNSODWDWHKRP JQHQt
=iNR @7%/1990 Zb. o priestupkochSODWQRP JQHQ't
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5LJLNRYp IDNWRU\ RYSO\Y XM~FH pPORYHND &
PDQLSXODpPQEFK |DULDGHQt Y NRQWH[WH G
Priemyslu 5.0

-DQD .UR*QIEI{ULDP 3HI\?D@I|dVNI-RLYi“7,MHEOKIiment4,
Michal Baluch ®

1 DWHGUD SULHPMNYIHWIQEKHRKR LQALQLHUVWYD 6WURMQtFND
v.RALFLDFK 3DUN .RPHQVNPHERYHQVNI,R&ISEKHEOLND
e-mail: jana.kronova@tuke.sk

2 DWHGUD SULHPLYIHWIQEKHRKR LQALQLHUVWYD 6WURMQtFND
v.REALFLDFK 3DUN .RPHQVNpPKR ,RALFH 6O0ORYHC
e-mail: miriam.pekarcikova@tuke.sk

8 DWHGUD SULHPLYIHWI@QEXKHRKR LQALQLHUVWYD 6WURMQtFND
v.RALFLDFK 3DUN .RPHQVNPFRRYHQVNI,RIHFXEOLND
e-mail: peter.trebuna@tuke.sk

4 DWHGUD SULHPLAYVIHWIQEKHRKR LQALQLHUVWYD B6WURMQtFND
v.RALFLDFK 3DUN .RPHQVNARRYHQVNI,RHFXEOLND
e-mail: marek.kliment@tuke.sk

S7DXULV *URXS 9@UREQi SUHYIiIG]IND 5<%$ .24,&( -XaQi W
6 ORY HQV N i, &rhas: b&Eh@idurisgroup.sk

* RUHASRQGHQpPQEé DXWRU

Abstract:

This paper focuses on the use of digital ergonomics in the rationalization of manual operations
in line with Industry 5.0, with particular emphasis on risk factors affecting workers diléng

use of transport and handling equipment. Through the Ergo-Plus software, which combines
simulation, motion capture, and Al-based analysis, it is possible to identify and evaluate
ergonomic risks related to body posture, physical load, repetition, and the operation of
transport devices. The method enables early detection of potentially harmful conditions before
the actual implementation of work processes. The collected data allows for a detailed
assessment of biomechanical exposure and helps in the proposal of preventive ergonomic
interventions. A case study focused on manual box handling illustrates the practical application
of the approach and demonstrates measurable improvements in work safety and efficiency. By
simulating real tasks in a digital environment, the method supports the design of safer, more
efficient workplaces while minimizing the risk of musculoskeletal disorders. This conttdbutes

the sustainable development of human-centered workplaces and demonstrates the potential of
digital tools in modern ergonomic practice.

Key words:
Industry 5.0, ergonomic digitalization, Ergo-Plus software
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OYRG

9 pUH GLJLWDOL]iIFLH YEUREQ&FK SURFHVRY FKDUDNWE
PRUD] YIp&LD SRJRUQRV" YHQXMH QLHOHQ WHFKQLFNHM LQF
YEUREQpPKR VI\VWpPX ODQXiOQH pLQQRVWL NWRUp VL Y\&DG
YE]QDPQRX V~pDV"RX PQRK&FK SUDFRYQé&FK SRJtFLt D SUH
HUJRQRPLFNp XVSRULDGDQLH 9]K DGRP QD VNXWRpPQRV"
Y&]QDPQ~ pDV" G D MH Y\WYiUDQLH RSWLPiOQ\FK SRGPLHQ
]JGUDYLD QHRGGHOLWH QRX V~pDV"RX VW@ VRGLILFNpKR UR]

.YDOLWQH QDYUKQXWp SUDFRYLVNR SULQidaD PQRAVWY
SRYRODQLD D SUDFRYQé&FK ~UD]JRY SRGSRUXMH GX&aHYQ
SV\FKLFNpPX Y\pHUSDQLX ]JY\&XMH SURGXNWLYLWX SUiFH
zamestDQFRY 1DRSDN |DQHGEDQLH HUJRQRPLFNé&FK DVSH
FKRUREQRVWL SRNOHVX YENRQQRVWL D UDVWX SUHYiG]NR
HUJRQYPLDAHYDM~FD SRNURPLOp VLPXODWYIQYD IN B-Q R DEW LFUNDN
QiYUKX PRGHUQPKR SUDFRY @@mKROBYRVWUHGLD 7UHEX D

9\X4LWLH VRIWYpURYé&FK QiVWURMRY SUH GLJLWiOQH P
SUDFRYQ&FK pLQQRVWt HAWH SUHG I\]LFNRX UHDOL]iFLRX
KRGQRWL" SRORK\ WHOD UR]JVDK SRK\EX GRVDKp ~URY}
QDPiKDQLH D QD WRPWR ]iNODGH LGHQWLILNRYD" SRWHC
PRGHORYDQLH ]JiURYH RWYiUD SULHVWRU SUH RSWLPDOL]i}
LPSOHPHQWIFLX ]JPLHQ NWRUp YHG~ N Y\d3HM EH]SHpPQRV
SUtVWXS\ XPR& XM~ QLHOHQ ]QLARYD" I\]JLFN~ ]i"D& SUDF
XGUADWH QRV" IOH[LELOLWX D NRQNXUHQFLHVFKRSQRV" ¢
SULHP\VHOQpKRtaNamRe). %HUOLQ

1 OHWyG\ D PHWRGLND

11 'LIJLWIiOQD DQDOEé]D UL]JtN SUL REVOXKH PDQPBEXODpPpQEFK

9 UIPFL QDYUKRYDQpKR SUtVWXSX GLJLWIOQHM HUJRQy
Ergo-3O0XV NWRUiIi SUHGVWDYXMH NRPSOH[Qé QiVWURM QD
HUJRQYPLH SUDFRYtVN Y V~ODGH V SULQFtSPL I&Fdrmd,P\V O X
NWRUiIi LQWHJUXMH DQDO\WLFNp Y]JGHOiIYDFLH D KRGQRWI
XFHOHQpKR HUJRQRPLFNpKR SURJUDPX Y UiPFL SRGQLNX

6~pDV"RX IXQNFLRQDOLW\ VRIWYpUX MH PRGXO QD
SRVN\WXMH RQOLQH NXU]\ ]DPHUDQpP QD ]iNODG\ HUJRQYPLH
SOIQRY |JOHS4HQt D SULHEH3aQp VOHGRYDQLH SRNURNX 9]G|
SRXatYDWH RY D SULVSLHYD N ]JY\aRYDQLX SRYHGRPLD D !
]JivDG Y SULHP\VHOQRP SURVWUHGt

1D DQDO\WLFN~ pDV" KRGQRWHQLD EROL Y\XaLWp YVW
Quick Screen, Job Screen, NIOSH Lifting Equation, REBA (Rapid Entire Body Assessment),
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58/$ 5DSLG 8SSHU /LPE $VVHVVPHQW 6QRRN 7DEOHV D
PHG]LQIURGQHM SUD[L B6RIWYpU JiURYH Y\X&tYD XPHO~ LQ!
YLGHQLD pR XPR& XMH HIHNWtYQX D SUHVQ~ DQDChe]X UL]L
PLOQQRVWt V G{UD]RP QD G\QDPLFNp DVSHNW\ SRK\EX D |D"D

'{OH&LWRX V~pDV"RX PHWRGLN\ MH DM PRAQRV" VLI
SURVWUHGQtFWYRP W]Y ApR DN3 VFHQIURY NWRUp XPRA& X
QXWQRVWL I\]LEFNE&FK J]iVDKRY GR SUDFRYLVND 6RIHNYpU SR
VOHGXMH QiNODG\ D Y\KRGQRFXMH ~pLQQRV" LPSOHPHQW
GHILQRYDQ&FK XNDJRYDWH RY 7LHWR XNDJRYDWHOH ]DK I
UHDOL]JRYDQp RSDWUHQLD ]JPHQ\ Y ULJLNRYRMKYSURILOH SUL

9]K DGRP QD VYRMX &NiORYDWH QRV" MH SODWIRUPD
RUJDQL]iIFLH SULpPRP |DEH]SHpXMH NRQJLVWHQWQRV" D WUI
SUDFRYLVNDPL pL YEUREQE&PL MHGQRWNDPL 3RXAWYPXVH VN
DM SUH SRX&tYDWH RY EH] SUHGFKiIG]DM~FLFK VN~VHQRVW¢t
N GLVSR]tFLL RGERUQé& SRGSRUQé& WtP NWRU& SRVN\WXMH
HUJRQYPLH

6RIWYpPURYp UBBXNQLD RVWYRIGPLOR DNR YKRGQé& QiVWU
XGVNEFK ]JGURMRY PDQDAPHQW YE&URE\ D DOA&tFK ]DLQ
LGHQWLILNRYD" NULWLFNp ERG\ Y UiPFL SUDFRYQé&FK pLQQ
opDWUHQLD D Wé&P SULVSLHYD" N JQLA&RYDQLX ~UD]JRYRVWL
]JY\ARYDQLX HIHNWLYLW\ SURFHVRY

12 6QtPDQRLE@DME]D I\]JLFNHM DNWLYLW\ SUDHFROYQYRR DGR RFR

9 QDGYI]QRVWL QD GLJLWiOQH PRGHORYDQLH SUDFRYQC
DQDOé&]\ Y\X4aLWé DM PRGXO QD VQtPDQLH SRK\ERYHM DN
SURVWUHGQtFWYRP YLGHD 7iWR IXQNFLRQDOLWD XPR& X
]D"DAHQLH SRPpDV Y\NRQiIiYDQLD NRQNUpWQ\FK SUDFRYQ&FK
PR YEUD]QH ]Y\AXMH SUDNWLFN~ Y\X&LWH QRV" Y UHIiOQ\FK
96VOHGNRP DQDO&]\ MH W]Y FHONRYp VNyUH UL]JLND 2YHUL
]li"D&H U{]Q\FK pDVWt WHOD SRpDV MHGQpPKR SUDFRYQpKR F
SUHQRVX NUDEtF GRVLDKOR FHONRYp VNyUH KRGQRW X b
6NyUH MH DOHM UR]JGHOHQpP QD UL]JLNR KRUQHM pDVWL WH ¢

D EROR YL]XDOL]JRYDQp JHOHQRX IDUERX pR LQGLNXMH Q
GROQHM pDVWL WHOD GULHN EHGUiIi GROQp NRQpPpDWLQ\ G
VLIQDOL]XMH VWUHGQ~ ~URYH UL]JLND
1D DYHM VWUDQH UR]KUDQLD EROD ]JREUD]HQi PDSD N EF
]JD"DARYDQp pDVWL SRK\ERYpKR DSDUiIWX SRpDV Y\NRQiYDQ
YVWXS SUH RSWLPDOLJiIFLX SUDFRYQ&FK SRO{K UHRUJDQI
QiYUK\ ~SUDY SUDFRYLVND
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7TDNIiWR IRUPD YL]XDOL]iFLH D NYDQWLILNiIiFLH I\]JLFNpKR ]D
DNR LGHQWLILNRYD" HUJRQRPLFN\ ULJLNRYp PLHVWD Y UHic
JINODG SUH QiYUK SUHYHQWtYQ\FK RSDWUHQt D JOHS&a@HQt Y

B ErgoPlus sovress 3motionAl Matt Middlesworth 49943 risk / 511"

R & | 5
[ - R * 1 |
M Joint Risk - Cumulative = B L Ergo Risk Score {
o = 4 | | |

Upper Body

l Lower Body

37

Hand Load 15.01b

y/

Obr.1$QDO&]D ULJtN SUL RswVEDgs-Rlts
Zdroj: autor

DU GHQt Y

9 ~YRGQHM Ii]JH SUDFRYQpKR F\NOX 2EU SUDFRYQtN
SULEOLaQH NJ 6RIWYpU DQDO\]XMH MHKR SRKhenSRPRFR)
ODN"RY ERNRY NROLHQ D pOHQNRY 9éVOHGN\ XNMD]XM~ V
QDMYLDF ]D"D&AHQp V~ UDPHQi GULHN D NROHQi =LVWHQI
SUDFRYQéFK SRGPLHQRN V FLH RP ]Qté’lL" UL]JLNR SUH"DaHQ
s bremenami.

I ErgoPlus seweeets 3motionAl Matt Middlesworth 49943 risk / 511"

R . .
- A = |
||| JointRisk - Cumulative m | b ) . Ergo Risk Score \
L =3 v b

19

Lower Body

= 37

HandLoad  15.0lb

c (G
i | W& b 4 |
= = : J‘
e Frequency 0.8/ min
v 3“’ .5' IR
E il 1.25min

Duration

Obr.2QDOé]D UL]JtN SUL Rﬁ/.\/EDg)ékIHsﬂU]_DDGHQt Y
Zdroj: autor

121



22" International Conference t 2&23eptember 2025
XXIX u I]v &} v I}v( E v ] 3. t 26. september 2025 )

Research, Production and Use of Steel Ropes, Transport

and Handling Equipment

SE«lpuU AEE} % }uT]18] } 9q}AE Z o vU }¥%
u vli%po VvE Z 1 E] v

9 DO&HM Ili]H 2EU SUDFRYQtN XNODGi ER[\ QD SDOI
5L]LNR EROR Y\KRGQRWHQp DNR VWUHGQpP SULpPRP pHUYH
]li"D& Y REODVWL EHGLHU D GULHNRYHM FKUEWLFH
9 JiYHUHPQHM li]JH ~ORK\ GRFKiG]D N XORAHQLX EUHPLHQ Y
QDMY\44LX ~URYH ]D"DAHQLD Y FHORP F\NOH ULJLNRYp VI
SUDYGHSRGREQRV" Y]QLNX PXVNXORVNHOHW i< OBt "DANR\
(UJRQRPLFNi DQDO&]D WDN SRWYUG]XMH SRWUHEX LQWHUY
RSDWUHQt QD JQtaHQLH ULJLND

I ErgoPlus ey 3motionAl Matt Middlesworth 49943 risk / 5'11"

] - S =

N Joint Risk - Cumulative W o Ergo Risk Score [‘

g = - =
)

y i | Overall
% ¥ d 28
‘ L I Moderate Risk
g Upper Body
e

‘.i] ol Sl E

£l 37

Frequency 0.8/min

\ / {  / HandLload  15.01b
; \ ;;;(" .

Duration 1.25min

Obr.3$QDOé]D ULJtN SUL RﬂNE(DgN-IPIHsU]_[DGHQt Y
Zdroj: autor

2 VéVOHGN\

21 3BRV~GHQLH FHONRYpKR VNyUH SRK¥WEX Y\XAaLWtP VRIWYpU

&HONRYp VNYyUH SRK\EX SUHGVWDYXMH DJUHJRYDQé LQ
KRGQRWHQLD UL]JLND QD ]JiNODGH YLDFHUéFK SUHPHQQéFK
KRUQéEFK NRQpDWtQ WUYDQLH pLDVWNRYéFK ~ORK D LFK IU
nal0O0ERGRY~ @NiOX SULpRP YEVOHGNRP MH MHGQRWQp VNyl
&HONRYiI KRGQRWD SRK\EX Y\SRptWwWDQi DNR SULHPHU UL]LT
SRVN\WXMH NRPSOH[Qé XND]RYDWH I\N]JLFNHM QIiURpPQRVYV
klasifikuje nasledovne:

x 1t]NH ULJP4NR
x 6WUHGQpP BA]JLNR *
x 9\VRNp ULNOOR +
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7HQWR SUtVWXS XPR& XMH HIHNWtYQH SRURYQiYDQLH D KR
SUDFRYQ&PL RSHUIFLDPL &HONRYi ]i"D& SUL SUIFL QD ]iN
VWUHGQHM UL]JLNRYHM NDWHJIyULL SULpRP QDMYLDF MH
Y\ND]XMH Qt]NH UBJLNR YL 2EU

Celkovo Horna £ast tela Dolna éast tela

50 10¢ |E‘

Obr.4 &8HONRYp VNYyUH SRK\EX
Zdroj: autor

22 $QDOé]D pDVRYpKR SULHEHKX SRK\ERYpKkRu¥ NyUH SRPRFF

3RK\E ERO KRGQRWHQé& Y NDA&GRP MHGQRWOLYRP JiEHU
5DSLG (QWLUH %RG\ $VVHVVPHQW NWRUE&rizk@ Ak& QD NY
YEVOHGQp VNYyUH SRK\EX VD SRX4LOD QDMY\34LD KRGQRWD
G &N\ YLGHD NWRUi UHSUHJHQWXMH NRQNUPpSY.Q3taf|[D]QDPt
JREUD]XMH KRGQRW)\ VNyUH SRK\EX SR MHGQRWOLY&FK VQtF
RG GU&DQLD WHOD SRpDV FHOpKR VOHGRYDQpKR pDVRYpKR

1HSULURG]HQp DOHER QHSUtMHPQp SRORK\ JQL&XM~ Y¢
HUJRQRPLFN\ SULD]JQLYp SRORK\ YHG~ N MHKR ]Y&aHQLX 9
VHN~QG ERO SRVWRM SUHYDAQH RSWLPiOQ\ EH] ]YEaHQpK
Y\WWN\WRYD" PHQHM YKRGQp SRVWRMH pR VD SUHMDYLOR S
SUL SUHGNORQH D |GYtKDQt NUDEtF 7HQWR PLHUQ\ VWXSH
VN~PDQpPKR ~VHNX

/ \/"’\’“\/\

° 10 11
Sul

Obr. 5yDVRYe SULHEHK SRK\ERYpKR VNyUH
Zdroj: autor

123



22" International Conference t 2&23eptember 2025
XXIX u I]v &} v I}v( E v ] 3. t 26. september 2025 |

Research, Production and Use of Steel Ropes, Transport

and Handling Equipment

SE«lpuU AEE} % }uT]18] } 9q}AE Z o vU }¥%
u vli%po VvE Z 1 E] v

23 $QDOé]D XKORY GUADQLD WHOD D UL]JLNRYRV" ]D"DAHQLD

+RGQRW\ XKORY Y MHGQRWOLY&FK VQtPNDFK YLGHD ]
SUDFRYQtND SRpDV FHOHM ]D]QDPHQDQHM pLDVWNRYHM
YL]XDOL]RYDQp IDUHEQé&P RGOt&HQtP pLDU Y JUDIH SRG D
Y \V R Noir. 62.

)DUHEQp SiV\ Y JUDIH QD]QDpXM~ SUH"DAHQLH MHGQRW
NRV" D NUN V~ LGHQWLILNRYDQp DNRUQYBIQY L@ D] D "DRERIKDNR
]liSIVWLH D NROHQR Y\ND]XM~ QLA&A&LX ]i"D& NWRUi MH SUHY

Shoulder

Wrist

+ |
-~ Low Back

| +

Obr.6 +RGQRWHQLH GD3aD&H@L WV HNOPRDY
Zdroj: autor

24 .LQHPDWLFNi VSUiYD D pDVRYp UR]JGHOHQLH ULJLND SRpD

.LQHPDWLFENi VSUiYD XYiG]D SHUFHQWXiOQ\ SRGLHO
REODVWLDFK V Qt]N\P VWUHGQé&P DOHER Y\VRNéP HUJRQF
PLDVWNRYHM ~ORK\ 2EU

3RG D V~KUQX HUJRQRPLFNpKR UL]JLND QDMY\34LH ]D"D
EROR Y pHUYHQHM Y\VRNp ULJLNR ]yQH pbDVX D Y &40W
'ULHNRYi FKUEWLFD EROD Y VWUHGQH UL]JLNRYHM 380WHM ]y
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]y QH pbDVX 3UDYp UDPHQR Y 80WHM ]JyQH D NROHQR
NULWLFNp

1DRSDN NUN NU~WHQLH GULHNX SUDYé& ODNH" D
EH]SHPQRP UR]JVDKX ]J]HOHQHM ]yQH +0ODYQp ULJLNRYp RE!
SUDYp NROHQR

Neck Flexion

Neck Twist

H

L Shoulder

R Shoulder 74%

L Elbow

R Elbow

Low Back Flexion

rs
ES

Low Back Twist

L Knee 94% 5%

R Knee 89% 10%

Obr.7.LQHPDWLFNi VSUIiIYD
Zdroj: autor

3 =iYHU

1D ]JiNODGH DQDO&]\ Y\NRQDQHM SRAYRAERE(GXMUSOM M L QW
LGHQWLILNRYDQp YLDFHUp HUJRQRPLFNp UL]JLNRYp IDNWRU
]JYEAHQPPX Y&EVNI\WX PXVNXORVNHOHWIOQ\FK SRUDQHQt X S
PDQLSXODpQp pLOQQRVWL OHG]L KODYQp JLVWHQp IDNWRU\
RKEEDQLH D RWipDQLH WUXSX SUL ]GYtKDQt D XNODGDQ
ELRPHFKDQLFNp ]D"D&HQLH =iURYH EROR ]D]QDPHQDQp F
Y\WRNé&PL SRALDGDYNDPL QD VLOX SULpPRP SUDFRYQtFL Y\
JUHNYHQFLD W&FKWR SRK\ERY JY\&XMH ULJLNR Y]QLNX SRUTL

1D ]iNODGH LGHQWLILNRYDQ&FK ULJtN EROL QDYUKQX
JOHS&AHQLH HUJRQRPLFNEFK SRGPLHQRN QD SUDFRYLVNX
Y@aNRYR QDVWDYLWH Q&FK SUDFRYtVN NWRUp XPR& XM~ S
plocK\ LQGLYLGXiOQ\P SRWUHEiP 7é&P VD JQL&XMH SRWUHED
VD QHXWUIiOQD SRORKD WUXSX SRpDV SUiFH

DO&tP RSDWUHQtP MH Y\X&tYDQLH JGYtKDFtFK SRP{FRN
]GYtKDQLH DOHER SUXALQRYp SOR&LQ\ 7LHWR WHFKQLFNp
SUL PDQLSXOiFLL V EUHPHQDPL D SULVSLHYDM~ N JQtaHQL:
]JD"D&HQtP SRK\ERYpKR DSDUIWX
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'{OHALWRX V~pDV"RX HUJRQRPLFNpKR JOHSEHQLD MH D
VSUIYQH SRK\ERYp VWHUHRW\S\ D WHFKQLN\ PDQLSXOiFLH
XpLD SUDFRYQtNRY ]iVDG\ VSUIYQHKR GU&DQLD WHOD HIHN
INJLFNpKR VWUHVX SUL SUDFRYQ&FK pPpLQQRVWLDFK SUH
PXVNXORVNHOHWIOQ\FK SRU~FK

6 FLH RP URYQRPHUQpPKR UR]JOR&HQLD I\]JLFNHM ]i"D&H F
]JDYLHV" URWIFLX SUDFRYQé&FK SRJtFLt 6WULHGDQLH SUDF
XPR& XMH ]Qt&L" NXPXODWtYQH ]D"DA&HQLH MHGQRWOLY&F
jednoVWUDQQpPPX SUH"DAHQLX

1DSRNRQ SUH ]DEH]SHPHQLH WUYDOpPKR JOHSARYDQLI
LPSOHPHQWRYD" VIVWHPDWLENé& SURJUDP HUJRQRPLFNpKR
YI]JED XPR& XM~ LGHQWLILNRYD" QRYp UL]JLNRYp IDANWRU\ R
SRGSRURYD" NRQWLQXiOQH JOHSARYDQLH HUJRQRPLENEFK

3R DNRYDQLH

7HQWR pOiIQRN Y]QLNRO UHDOL]IFLBX JUB®NRWEFKDS L
SUYNRY GLJLWIiOQHKR LQA&LQLHUVWYD SUL LQRMi®418 D RSW
A, QWHOLJHQWQpP ULHEHQLD QD ]Y@4HQLH LQRYDpPQHM VFKR:
QD LQWHOLJHQWQp SRGQLN\® 9(*$ A, QRYDWtYQH D C
D ORJLVWLFNEFK SURFHVRFK D V\VWpPRFK3 9(*$ A2
SRGQLNRY D LFK GLJLWDOLJIFLD V Y\X&LWtP SRNURpPLOEFK
KEGA 020TUKE- AB\WWHPDWLFNé& UR]JYRM NRPSHWHQpPQp!
SULHP\WHOQpPKR D GLJLWiOQHKR LQALQLHUVWYD Y SURFH\
003TUKE- A,QRYIiFLD SURILOX DEVROYHQWD StedP\VHOUC
SRADGRYDQ&FK ]JQDORVWt D 4SHFLILFNéFK VFKRSQRVWt SU
VI\VWpPRY EXG~FQRVWLS?

/ILWHUDW-~UD

Berlin, C., Adams, C., 2017. Production ergonomics: designing work systems to support
optimal human performance. Ubility Press, London, pp. 127-138.

Chundela, L., 2013. Ergonomie. 3rd Edition, Czech Technical University in Prague, Prague,
173 p.
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SURFHV ~GUAE\ PDQLSXODpPpQéFK ]DULDG

ODUFHOD ODOLQMAP NBYELPRQRYi
1 OVWDY O Rapravyl) DN\XD WD % (5* 7HFKQLFENi XQLYHU]JLWD Y

.RPHQVNpKR .RALFH 6 ©MRalHarvahimdiddkBva@nNHR.sk
2 OVWDY O Rdpavy)) DNNXD WD % (5* 7HFKQLFNi XQLYHU]JLWD Y
.RPHQVNpPKR .RALFH 6 &MRail:HiQedNimdnblStEke.skN D

* RUHASRQGHQpPQEé DXWRU

Abstract:

The purpose of the contribution is to focus on the maintenance process in IS SAP. With the
current problem of a low number of maintenance workers in companies, when companies are
forced to respond to malfunctions. Setting specific conditions for predictive, planned and
corrective maintenance can be contributed to by appropriate coordination of work as well as
increasing the reliability of machines and equipment. The task of each comparmydate a
methodology oriented towards the correct maintenance strategy for specific handling
equipment. The presented contribution provides a proposal for steps for restoring the object
(handling equipment) to the desired state.

Key words:
IS SAP, maintenance planning, coordination of maintenance work, handling equipment

OYRG

6~pDVQi GRED VL Y\&DGXMH Y\X&L" PRGHUQpP WHFKQLFN
D VSR DKOLYpKR ]DEH]SHpHQLD ~GU&E\ ,PSOHPHQWIFLD D
XPR& XMH Y\WYiUD" SOiQ\ SUHGLNWtYQHM D SUHYHQWtYQH]
SUtND]RY 7é&P GRFKIiG]D N HOLPLQIiFLt PD Q XoGRterthoSiUiFH D |
DNWLYtW V~YLVLDFLFK V ~GUA&ER Yodmédub Blant MRiGR@AncéR J LV W
SRVN\WXMH QiVWURMH QD VOHGRYDQLH VWEBYUEERULDIGR @I
Y\X4LWLH JGURMRY pR Y NRQHPQRP G{VOHGNX JOHS&AXMH FH
HIHNWtYQHMALH ULDGHQLH D NRRUGLQIFLX SUiIF &LH RP SI
QRWLILNIFLH D SUDFRYQp SUtND]\ Y SUtSDGH JLVWHQLD SU
QD SRUXFK\ V FLH RP ]QtaL" pDV SUHVWRMRY D ]Y&4L" VSR D
6 6$3 30DQW ODLQWHQDQFH V RVWDWQéPL SRGPRGXOPL
ODQDJHPHQW D 30iQRY D Qjridpi¥v@ WIRIEAN WURGKEXW LRIOH DQLX L
D NRRUGLQiFLt ~GU&E\ V LQ&PL REFKRGQ&PL SURFHVPL /LH
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1 OHWYy Gletddika

,6 6$3 MH NRPSOH[Qé LQIRUPDpPQé V\VWpP NWRUé XPI
ULDGL" U{]QH SURFHV\ DNR V~ ORJLVWLND ~GUAED ~pWRY
Prepojenie dvoch podmodulox SAP MM (Materials Management) a SAP PM (Plant
MaintenancexV~ N ~pRYp SUH |JOHS&@HQLH ULDGHQLD ]JiVRE PDWH
DNR DM ]DEH]SHpHQLD ~GUAE\ 9 SUtVSHYNX SRG SRMPRI
]JDULDGHQLH 7éPWR VS{VRERP MH PRaQp ]JYéaL" HIHNWLYLW

3UH SRWUHE\ JOHSEHQLD SURFHVX ~GU&E\ MH SRWUHEQp C
2020):

f JOHS&L" NRRUGLQIFLX PHG]L ORJLVWLNRX D ~GUAERX SUH
f DXWRPDWL]JRYD" SURFHV REMHGQiYDQLD PDWHULIiORY SU}
f IDEH]SHpPL" U{]JQH IRUP\ ~GU&E\ SUHGLNWtYQX SOiQRYDQ

91p4LQD SRGQLNRY Y V-pDVQRVWL Y\X&tYD ,6 6$3 NWRU& M
D ULDGHQLH SURFHVRY ~GUA&E\ YR YBUREQ&FK DNR DM QHY.
2017).

9 ]P\VOH QRUP\ 671 (1 ,62 SURFHV ~GUAaE\ ]D
aNRRUGLQRYDQp ~ORK\ V SRGSRURX J]GURMRY NWRUp V-~
VWUDQDPL ]D ~pHORP GRVLDKQXWLD SRADGRYDQpKR YéVOH

= K DGLVND WHUPLQRORJLFNpKR QRUPD (1 MH PRAl
RSHUiFLt pPpLQQRVWL WHFKQLFNéFK DGPLQLVWUDWtYQ\FI
ALYRWQpKR FANOX REMHNWRY NWRUp Y NRQHpPQRW, G{VOHG
Y NWRURP MH PRaQp Y\NRQiYD" SRADGRYDQp IXQNFLH

1RUPD 671 (1 3URFHV ~GU&E\ D V~-YLVLDFH XN
~GUAE\ QDWEbHIERY QH

- LGHQWLILNRYD" pLQQRVWL NWRUp MH SRWUHEQpP Y\NRQTCL

- XUpL" YVWXS\ YEVWXS\ MHGQRWOLYéFK pLDVWNRYéEFK SL
V~ VSRMHQp D JiURYH XPR& XM~ UHDOL]IFLX FHOpKR SUR

- ASHFLILNRYD" XND]JRYDWHOH PHUDQLD UHDOL]IFLH NDa
HIHNWtYQRVWL SURFHVX
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Tab.1ASHFLILNIFLD SRVWXSX ~GUAE\ QRUPD 671 (1

OpHO ~pHO\ SURFHVX

2EQRYHQLH REMHNWX GR SR&DGRYDQpKNRROWD EX DRVRRSREQ F

DOHER SR JLVWHQt SRUXFKRYpKR VWDYX

ASHFLILNIFLD N ~pRYEFK pLQQRVWt ]INODGQEéFK SURFHVRY

1. =DLVWL" EH]SHPp GRRME REEPMGRQ IDH SR X4 M D QIXS REMHKN BRRO)
RVREQ¥NKPLQRYEFK RFKUDQQéFK SURVWULHGNRY

2. 9\NRQD" AEH]SHPQRVWQ~3 NRQWUROX

3. 9\NRQD" RSDWUHQLD SRWUHEQpP QD Y\NRQDQLH ~ORK\ SUtS

4. 9\NRQD" YRSUHG XUpHQp SRVWXS\ ~GUAE\

5. 56HDOL]JRYD" NRQWUROX QD XNRQPHQLH NRQWINR-CRL PK RV [
aSUtVWXSRY&FK ERGRY

6. =DEH]SHpPL" NRQWUROX VSUIYQHM pLQQRVWL REMHNWX YR

7. 8UpPL" RSDWUHQLD QD ]K @GOWNDLHXRGRKPQRN ]SUL NRQNUp

9VWXSQp ~GDMH SURGXNW\ 96VWXSQp ~GDMH SURGXNW

- REMHNW\ NWRUp VD PDM~ |- objektvULDGQH IXQIJXM~FRP
~GU&E\

- DNWXDOL]RYDQp SRVWXS\ ~(
GLDJQRVWLN\ WHFKQLFNEéFK
KRGQ{W FKDUDNWHULVWLFN
DW ]JDEH]SHpL" SUDFRYQtN

- ORJLVWLFNp SRGIDRUQG QMWD
GRGDQLH QiVWURMRY SRGH
LQIRUPDpPQpPKR VAVWpPX

- QiKUDGQp GLHO\ QD ~GUAEX

=~pDVWQHQpP VWUDQ\ Prepojeniesc QéPL SURFHVPL

9\SOQHQLH ]DEH]SHPLHR RFPD R Gi

WLHWR RWIi]N\

- .WR UHDOL]XMH NRQNUpWQ\ §

- .WR MH JiND]QtNRP SURFHVX"

2EPHG]JHQLD WSFROMHQiFFVRX SURFHVX

- 3RVN\WQXWLH REMHNWX QD ]JiNODGH QDYUKRYDQpKR KDUP

- %H]SHpQpP SURVWUHGLH ~GUAE\

- OLQLPIiOQ\ pDV QHSRXALWH QpKR VWDYX REMHNWX

BUYN\ GHILQRYDQLD XND]Rp@&¥éinRY V~YLVLDFLFK V

- 6NXWRpPpQé pDV DNWtYQHM ~GUAE\ QD ~ORKX

- 2GKDGRYDQé& pOSNUFGMAEDPtYVR VNXWRpPQEP pDVRP ~GUAE\

- BNXWRpPpQp ORGPUQYL¥W DWtYQH RQHVNRUHQLH QD ~ORKX

- 6NXWRpPpQEé pDV QHSREGIVOHANIKROMMEY QDY ~ORKX

- 1HSOIQRYDQp YéEGDYN\ SR ~ORKiFK SUHYHQWtYQHM ~GUAaE\

- 2SDNRYDQp ~ORK\ QHGRVWDWRDPQi NYDOLWD ~GUAE\

- 6NXWRpPpQp Y\ MDGUHQLH pORYHNRKRGtQ QD ~ORKX

- =RVWiYDM~FH ~ORK\ NRUHNWtYQHM ~GUAE\ QD NULWLFNp R

- OORK\ pDNDM~FH QD GRNRQpPHQLH

3R]QiPN\

B3RXAatYDWH PXVGGODSREMHNID NGUAEX QD JiNODGH QDYUKQX

-H SRWUHEQp ]DEH]SHpL" DE\ REMHNW\ NWRNAatWDWSRRY¥G U\

YA\NRQiYD" LFK SRADGRYDQp IXQNFLH

Zdroj: STN EN 17007:2020
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2 9éVOHGN\

3URFHV ~GU&E\ MH SRWUHEQpP YRSUHG QDSOIQRYD" 3¢
~ORKiP NWRUp XPR& XM~ SRGQLNRP Y\WYiUD" VI\VWHPDWLF
]JDK DM~ SUHYHQWtYQX DNR DM SUHGLNWtYQX ~GUAEX Op
PLQLPDOL]iIFLD SRU~FK Y ]JP\VOH NRQNUpWQHKR pDVRYpKR K
~GUAE\ V~ Y\X&tYDQp SUHGSRYHGQp PHWYG\ V LGHQWLII
.RUHNWtYQD ~GU&ED VD |DPHULDYD QD UL KZDPDLH i Bl B R-G3QUEHF
VPHUXMH N HIHNWtYQHMALHPX ULDGHQLX DNWLYtW ~GUAE!
YEUREQPKR SURFHVX ODOLQG&iINRYi

NaObr. MH IRUPiW REMHGQiYN\ QD ~GU&EX 3UH WYRUEX F
SRX&L" WUDQVDNFLX ,: 9 UiIiPFL WYRUE\ REMHGQiYN\ MH
ASHFLILNRYD" ]|DULDGHQLH NWRUp SRWUHEXMH ~GU&EX QD
WHUPtQRY Y\NRQDQLD SUiF D VWDQRYL" SULRULWX DO&RX
QiNODGRFK D W\SH SRWUHEQHM ~GUA&E\

6~pDV"RX REMHGQIiIYN\ MH A&SHFLILNIFLD SUtVOXaQéFK R
~GUAE\ -HGQRWOLYp RSHUIFLH V NRQNUpWQ\P SRSLVRP DN
2EU SBURVWUHGQtFWYRP ,6 38 (PR DA WR DIDVQWFLIHN M H P R ¢
SRWUHEQpP RSHUIFLH ~GUAaE\ VWDQRYL" SUHGSRNODGDQEé p

9\JHQHURYDQé& IRUPXOiIU YEGDMN\ SUHGVWDYXMH NRC
~GUAE\ 7HQWR IRUPXOiU SRSLVXMH N ~pRYp DVSHNW\ YéGC

1. NWR EXGH Y\NRQiYD" ~GUAEX VPHQD $
2. na ktorom pracovisku (PRAOVI-SK-1 +tSUHYiIiG]ND QD PRQWia iXW
3. DNp NRPSRQHQW\ GLHO\ V~ SRWUHEQpP SUH ~GUAEX
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¥ . Display Mairtenance order 4000003; Operation Overview
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Sys.Smabils  (BEL  FEI MEFT FHC 1 |
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Zdroj: autor

.DAGi SRUXFKD
SURVWUHGQtFWYRP WUDQVDNFLH ,:

V Y\ptVOHQtP SOIQRYDQE&FK QiNODGRY QD ~GUA&EX
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~GUAEX SUH REMHGQiIYNX V ptVORP SUH SRWUHE\ |
RUJDQL]IFLL

(¥ . Display Maitenance order 4000003; Cost Overen
P ERASm

Crder w1 laancana [ ———— o
Pa gy BE S MEOT B ﬂ

HealiMets | Opealons [ CODonEs O | Pamme | objidts | ASORGRGl Dafa  § LoCatEel, | Fanndig | conool
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+ [ wearshouss pmue 000 aHelELK 0.00E

Obr.33UHK DG QiNODGRY QD ~GUAEX
Zdroj: autor

3UH JOHSAHQLH pLQQRVWt ~GU&E\ MH G{OHALWp LPSOHP
SUtND]X 2EU 7YRUED SUDFRYQpPKR SUtND]X ][DK D SUtV!
GRGiIYDWH DNR DM NRQNUpWQH PLHVWR UHDOL]iFLH ~GU
JOHSEHQLD D RGVWUIQHQLD SRU~FK FKEE Y SUtVOXEQRP S
SUtVWXS LED JRGSRYHGQi RVRED NWRUi YI\WWYRUt SUDFRYQ
NRQNUpWQ\ SUDFRYQtN ~GU&E\ Y\NRQi SUHGPHWQ~ ~GUA&E
SUtND]X MH SUHK DGQi DKNR pLWDWH Qi LGHQWLILNRYDW

'{OH&LWEéP GRNXPHQWRP ] UHDOL]JiFLH ~GU&E\ MH HYLG
2EU 7HQWR ]i]QDP REVDKRYD" WHUPtQ D pDVRYp WUYDC
VWURML DOHER ]DULDGHQt RVREQp ptVOR ]DPHWWQDQFD
NRQNUPpWQHKR ]JDPHVWQDQFD ~GU&E\

133



22" International Conference t 2&23eptember 2025
XXIX u I]v &} v I}v( E v ] 3. t 26. september 2025 )

Research, Production and Use of Steel Ropes, Transport

and Handling Equipment

SE«lpuU AEE} % }uT]3]
u vli%po VvE Z 1 E] v

} q}AE Z o vU }¥%

28.03,2025 Job Ticket MALINDZAKOVA
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,PSOHPHQWIFLD ,6 6$3 SRGPRGXA @i@D Q¥R G®QLRRH PO
YE]QDPQEFK Y&KRG SUHGRY&HWNEP Y REODVWL HIHNWY
HIHNWtYQRVWL SUHYiIG]JNRY&FK SURFHVRY OpPHORP SRGPR|
VIVWHPDWLFNp SOIiQRYDQLH RUJDQL]JRYDQLH VOHGRYDQLE
PLQQRVWt NWRUp V~YLVLD V ~GUAERX WHFKQLFNE&FK ]DL
DSOLNiFLH SUHGLNWtYQHM D SUHYHQWtYQHM ~GU&E\ MH PF
LP pR Y NRQHPQRP G{VOHGNX ]Qti&L SUDYGHSRGREQRV"
SUHVWRMRY 3R]JLWtYRP ,6 6$3 SRGPRGXO 30DQW ODLQW
SOIQRYDQLX D VOHGRYDQLX RSHUiFLt pLQQRVWt ]DPHUDQ
HIHNWtYQRVWL D VSR DKOYL BRWWILGYNHJREBRE® @LNXULDGHQ't

3R DNRYDQLH

THQWR PpOiIiQRN Y]J]QLNRO V SRZBBKE-R2024 AdpEHINAV X . (*$
Y]JGHOiIiYDQLD VR ]DPHUDQtP QD VWUDWHILFEN~ SRGSRUX ILU
procesov.

ILWHUDW-~UD

ILHEVW<FNHO . %XVLQHVYV XVHU JXLGH 30DQW PDLQ
Rheinwerk Publishin, Bonn, 689 p.

ODOLQGAaiNRYiI O OB RSB RGISHR UR X (53 131 \aditiop P X
7HFKQLFNi 8QRVUHMBILIDWRSZRALFH

ODOLQGAaiNRYi O *DUDM 3 TUSPHYVNiI - ODOLQGaiIN
optimizing the production planning proceBsocesses10(4), pp. 1-17.

ODUDVRYi aDGHURYIi - $PEULANR 6LPXODWLRQ ¥
equipment in the operation proce@pen Engineeringl0(1), pp. 216-223.

1RUPD 671 (1 ,62 6\VWpP\ PDQDapUVWYD NYDOLW\ 3

1IRUPD 671 (1 SURFHV ~GUAE\ D V~YLVLDFH XND]JRYD)
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Technicko tHNRQRPLFNp KRGQRWHQLH PDQLSXC
'‘DULQD ODWLVNRYi

1 OVWDY SULHP\WHOQpPKR LQALQLHUVWYD )DBNHEWRDHYE&URE
THFKQLFNi XQLYHU]JLWD Y .RaLFLDFK %D\HURYD 31
e-mail: darina.matiskova@tuke.sk

* RUHASRQGHQpPQé& DXWRU

Abstract:

The technical-economic evaluation of material handling is a systematic process aimed at
assessing the efficiency, costs and technical suitability of a selected material handling method
in production, warehousing, logistics or other areas. It is a key part of the design
optimization of production and logistics processes. The paper focuses on the technical side of
the solution and therefore the suitability of the selected equipment and handling method in
terms of the requirements of a specific operation. The economic evaluation focuses ais the cos
associated with handling, i.e. the direct and indirect costs of operating the handling system
based on the selected criteria.

Key words:
material, handling, costs, efficiency, economic evaluation

OYRG

ODQLSXOiFLD V SUHSUDYRX VISNpKR PDWHULIiOX D V RX
IDNWRURY D WR RG YODVWQRVWt VDPRWQpPKR PDWHULIiOX C
SUtVSHYNX XYiG]DPH FKDUDNWHULVWLNX VISN&FK PDWHUL
SLHVRN RELOLH FHPHQW SHOHW\ PDM~ VYRMHVNAXSPFIHLFNY
E\" SRWUHEQi 4SHFLiOQD RFKUDQD SURWL SUD&QRVWL 6\¢
YEEHU GRSUDYQpPKR SURVWULHGNX SJ LQ ilNOIDDLE\X QRiEM H ANRAYR L
GRFKiG]D" N VWUDWiP DOHER ]JKXW RYDQLX 8YHGHQRX SUR
napr. 1. 7RYDUR]QDOHFWYR D PDQLSXIODBLW D/ PDW MUIMR RPR (
Y\WWRNR&NROVNi XpHEQLFD ]DPHUDQiI QD WHFKQROYJLX PDQI
S8HOH]QLFD FHVWQi GRSUDYD QDYUKRYDW@bthalSct/®@ 8HVRY I
PDQLSXOIFLD \+ XEWNUNRIRPAW DO LGH R NODVLFNé W
QD PDQLSXODPpQp SURVWULHGN\ Y GRSUDYH D ORJLVWLNF
3.0DQLSXODFH V PDWHULIOHP V\VWpP\ D SURBOWMIGN\ PD(
+ODYHQND LGH R XpHEQé& WH[WRY& PDWHULIO VR ]DF
prostriedky + iNODGQp UiPFH PDRLISKWLRNIDH,, /RJLVWLNER ]JGURM
Cibulka (2015)+ pUHK DGRYi Y\WWRNR&NROVNi XpHEQLFD LQWHJUXM
ILQDQpPQp WRN\ SURFW&NDRBQddistikawt praxReBazda et al. (2008)
REVDKXMH NDSLWRO\ DNR 6NODGRYDQLH D PDQLSXOIiFLD
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bL 2SWLPDOL]iFjeDto GREBRIWDWY& SUDNWLFNé SUHK DG Y REO
SUHSUDYQéFK UH"D]FRY 9('(&.e y/El.< $6$MaialFovwa70", (
Optimization as a Tool for Improving Logistics Processes in the Comp@aynaj et al. (2025)
AW~G6LlELJLQVNHM XQLYHU]JLW\N NWRUiIi VN~PD RSWLPDOL]IFL
SRGQLNX VY\XatYD DQDO\WWLFNp QiVWURMH ; P.REddtorRYDQLH
OHWKRG IRU :DUHKRXVH O0DWH #HDdba@3 et 8l.JZOZD) ¥EIOG\N LFRL\Y HUL & é
YEEHU PDQLSXODpQHM VWUDWpPIJLH SUH VNODGRYDQLH Y
]JDPHUDQtP QD ORJLVWLFN~8NROWNEXYB CF IPHDVAKRXIQJIRIVD V PD
SR QRKRVSRGOMRGAYNM iN2021) putVSHYRN VXPDUL]XMH aSHFLIL
VSR QRKRVSRGVIHJWOYRR V" YODVWQRVWL PDWHULIORY L C
0('=,1E52'1e a7 0'9.(Large Scale Robotic Material Handling: Learning, Planning,

and Control +Spinelli etal. (20258W~GLD ] REODVWL DXWRPDWeéerhovLH PDQI
PDWHULIOX SRPRFRX URERWLFNéEFK PDQL3IX®BurYenY D UHI
Performance Analysis of Warehouse Carousel Systehitvak & Vlasiou (2014) pPJHK DG
YENRQQRVWL FLUNXOIUQ\FK VNODGRYéFK VI\VWpPRY NDUXV
VNODGRYéFK PHFKDQL]PRY

10HWyG\ D PHWRGLND

7HFKQLFNp KRGQRWHQLH MH ]DPHUDQp QD WHFKQLFN
]JYROHQpPKR ]DULDGHQLD P K/ S{&/IRENXD PORBLDGEDKEBN i BEMY iG]
etal., 2016)0HWYyGRX NULWLFNHM FHVW\ EROL QDYUKQXWp WLHV

7\S PDQLSXORYDQEKPRWOQRWULREMHP WYDU NUHKNRV"
9]GLDOHQRV" D WUDVD PDQLSXOIiFLH

JUHNYHQFLD D UGFKORV" PDQLSXOiFLH

'RVWXSQi LQIUDEWD XXNWYWD YEAND VWURSX SUtVWXSRY
%H]SHPQRV" SUiFH

(UJRQYPLD SUH SUDFRYQtNRY
YOH[LELOLWPRMQRWEPXULVS{VREHQLD ]JPHQiP YEURE\
6SR DKOLYRV" D ~GUAED ]DULDGHQt

X X X X X X X X

(NRQRPLFNp KRGQRWHQLH MH ]J]DPHUDQp ,Qdédla Qrid@RG\ VSRI
QHSULDPH QINODG\ QD SUHY i ®apka, \2021)V. pR XV PDIQ LK NXB QFRLRHL F I
hodnotenia:

L QYHVWLPpQHQINXSDBULDGHQt LQAWDOIFLD ]DANROHQLH
3UHYiIG]NRY pHOMODGD P]G\ REVOXK\ ~GUAED RSUDY\
1iNODG\ QD SSRWUWRQN SORFKD VNODGRYp SULHVWRU\
yDV PDQLSROSPLN XMH SULHEHK YEURE\ SURGXNWLYLW
ALYRWQRV" |DULDGHQLD D DPRUWL]IiFLD

1iYUDWQRV" LQYHVWtFLH 52,

X X X X X X
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x &HONRYp QIiNODG\ QD YODVWQtFWYR 7&2
9VOHGNRP MH SRURYQDQLH DOWHUQDWtY D YagHU QDMYKI

5XpQi PDQLSXOIFLD

ODQLSXOIFLD SRPRFRX YR]JtNRY 9=9 SDOHWRYpP YR]JtN\
$XWRPDWL]JRYDQp GRSUDYQtN\

S5RERWL]RYDQp PDQLSXOiIWRU\

AGV (Automated Guided Vehicles)

X X X X X

=iYHU WHRAKG@DRWVR FNpKR WREBQRWHRBNPKR K DGLVND REVDKX

2GSRU~pDQp ULHAHQLH V RG{YRGQHQtP

2pbDNiYDQp SUtQRV\ QDSU VNUiIWHQLH pDVX ]QtaHQLH
3RWHQFLIOQH ULJLNi D QiYUK\ QD LFK HOLPLQIFLX
1iYUK KDUPRQRJUDPX LPSOHPHQWIiFLH

X X X X

Obr.11iNODGQi ORNRPRWtYD
Zdroj:
https://pixabay.com/sk/images/search/n%C3%A1lkladn%C3%A1%20lokomot%C3%ADva/

1 3UtSDGRYi aW~GLD

8YHGHQI SUREOHPDWLND QiNODGRY QD PDQLSXOIFLX EI
IRUPRX SUtSDGRYHM a@8W~GLH NGH MH XYHGHQé& NRQNUpWQ\
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a porovnanie cestnej dopravyéaH O H{@bL B)H 9\SRptWDQp V~ RULHQWDpPQp Qi
WUKRYéPL SUH®PRNEONDPGIRL]IRUQHQLH

2.9VOHGN\
|. Variant

x 3RpHW Mi]& FHVWD

x BSROX QiNODG\ FH&MIH]QLFD Y% Yy
x -HGQRWNRYp QiNODGE FHVIWEN NFOHEQ MED (=0,270 ¥4 W
Y W) NP

x Bodzvratu:SULEO 68,0kinBHIGQRVPHUQH |DptQD E\" &HOH]QLFC
NRQNXUHQFLHVFKRSQi SUL Y\44tFK Y]GLDOHQRVWLDFK

Celkové naklady - 100 t na 50 km
1400+

1200
1000+
800
600
400+

2001

0

Cesta Zeleznica
Varianta

Obr.2*UDILFNp J]Qi]JRUQHQLH QIiNODGRY QD GYH YDULDQW\ |
Zdroj: autor

VUIPFL SUtSDGRYHM aw~8R HREYRIXOLQP UHESIRN HWIDUHOWD. 2W aW U N
a3)V XSUDYHQéEPL QiNODGPL NGH SDWULD QDSUtNODG Y\a:

NDPLYQRY GOK&t pDV QDNOiIGN\ Y\NOIiGN\ DM WHUPLQiIORY(
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600CDelkové naklady - 500 t na 50 km (upravené predpoklady)

5000
4000
W 30001
20001

1000

Cesta Zeleznica
Varianta

Obr.3*UDILFNp ]Qi]JRUQHQLH QiINODGRY QD GYH YDULDQW\ |

Zdroj: autor

8SUDYHQpP QiNODG\ SRXaLWp Y NDONXOIiFLL

x Objem: 500t
x 9]GLDOBOCKkRVMHGQRVPHUQH SRptWDPH WDP D VSI" SUH I
x .DPLYQtQINODG
x 1INODG\ NDPLYQBDOLY.RNWRGLp PéEWR DPRUWL]IFLD
x yDV QDNO iGN R0miN QLbGri\
x ODQLSXODpQi WHFKQLND v, K
x BH]JHUYD QO2MONDQLH
x aHOH]QLFD , YYWMWAMWURPQIO QDNOIGND D Y\NOIGND SRV
SDXaio
Il. Variant
x 3RpHW Mi]& FHVWD
x &HONRYp QIiNODG\ &HWWHB]QLFD Ya Ya
x -HGQRWNRYp QiIiNODG\a RGINMPL F D Ya W W
x %RG ]JYUDWX ¥B&EBOMOBQOR\WGOKAtFK WUDVIiIFK Xa VD RSOD\

1D NRQNUpWQH SRURYQDQLH EROD XUREHQObDAProé]D FL
vzdialenostiach 1800 km NURN\ SR NP V URYQDNE&PL XSUDYHQéP
SUHGWEéP
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Citlivostna analyza: naklady vs. vzdialenost (500 t Strku)

Cesta (sklapace)

20000 . :
Zeleznica

17500+

15000+

7500

Celkové naklady (€)

5000F «~ Bod zyraty =-40-knf

2500

2I5 5‘0 7|5 l(l)O 12|5 150 17"5 2(|)0

Vzdialenost jednosmerne (km)
Obr.4$QDOé&]D FLWOLYRWYWVYORMNQiRGBEYGOWN R IR QYPWIOD GR
Zdroj: autor

%ROL Y\SRptWDQp pFeHoDe\VBriapty ceht® BBOH]QLFD SUH NDAG-~ Y]
10,20,.., NP 1DNUHVOHQ& ERO JUDI R]Q DDH®RE 5bd HEMILBEQE QR

1D ]iNODGH XYHGHQpPKR EROL j&¢VWHQp N ~pRYp YEVOHGN\ L

x Bodzvratu=40km SULEOLaQé SUL Y]GLDOHQRMW LODIFKQ KM WBEWE
FHVWD VNOiISDpPL SUL @DKAESPOWi@UHDOIHQRNWLDFK
3UL NP DNR SUHGWéP &HOGDOQLFDYMH ODFQ¥WMALHD FH
AHOH]QLpQp QINODG\ UDVW~ SRPDO&LH V G aNRX YDUL
Y« W NP ]DWLD pR SUL FHVWH GRPLQXM~ YDULDELOQp
UDVW~ VWUPR

9]K DGRP QD Y\ddLH XYHGHQp MH JUKMPHQ HH FHYO 88 8N DYHN
NDSDFtW 9]K DGRP QD QHXVWIiOH J]QLARYDQLH NDSDFLW\ SI
EXGH SUHELKkbgdeitu BPMNRIWNRGRE~ SUHSUDYX EXGH SRWUL}
ceny. 7R MH RE]YOia" QHSUtMHPQp SUH GRSUDYQp VSRORpQI
]JPOXY\ ]D DNWXiOQIBPHOHGHEM MH]YWRQ\FK YEN\PRMUEXBMAGR F
FHQRYéP 1i]DP FHONRYiI JRYVRWIHQH EXGa8E DH ®MKEICB YD M ~
rokoch (Cibulka, 2015).

Pre porovnanie, ak sa R N X ]JYéAL GRS\W SR QiNXNG G S&MKX FPUIHHMWM
KRVSRGIUVNHKR UDVWX SUHWUYiYDM~EBRQ t@®¢HGRR/MHQHR Y\ OR |
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FHQ\ E\ PRKOL RALYHQLD UEFKOR JQLPND]QRNYPYL NQRUNH B
IDNWXUSpviddli* et al., 2025). =DEH]SHpHQLH NDSDFLW\ SURVWUH
]JDREFKiIiG]DPRMND\WRYDWH PL VOXALHE Y GRSUDYH MH QD DO
RYOIGDQpKR NWEXM~FYOLGMQpPX SUHGIYDM~FLPL MH pRUD]

3.=iYKHU

ODQLSXORPMPHVLIORP SUHGVWDYXMH QDMALUALX REOD
]JDKU XMH YaHWN\ RSHUprepravollsSNUMR UH WW YRYWDL.QtR PDWHULIO
MH WR QDSU SUtMHP PDWHULIOX W{BMG t WLHF KRIRDHRU L FON
PDQLSX®@IFWHWLIORP SDWULD DM pLQQRVWL V~YLVLDFH VR
DM SDOHWL]iFLRX PDWHULRDWH D B G RPD ®\LADXAX MIHD X\W p L W p
SWEPLWR pLGQURWRPMHDY&G\ SRWUHEQpP |[DPHUD" VD QD ]QL
QiNODGRY -HGQi]QDARYD®@PH RERSUDYQEFK Y]GLDOHQRVW
]YEEAHQLH VWXS D P/HNRKIDGER ¥DREAKKSIRIS HREMWLPBOL]iFLt PDWH
tokovapLQQRVWt VSIRQLSXERKL\R X PRYE P IGRRPDMI X" SRPHUQH
ILQDQpPQp ~VSRU\

SR DNRYDQLH
7THQWR SUtVSHYRN Y]QLNRO Y DND SRGSRUH SURMHNW X

ILWHUDW-~UD

Bazala, J., et al /IRIJILVWLND Y SUD[L 9HUODJ 'DVK|IHU %UDWL

Camaj O % XONRYI - *DaSDUtN O ODWHULDO IORZ RSW
logistics processes in the compaApplied Scienced 5(6), 3116.

&LEXOND 9 /IRJLVWLND ,, /RILVWLND JGURM HIHNWtYC

'RERV 3 7DPiV 3 ,O0pV % 6HOHFWLRQ PHWKRG
strategy supported by optimized running of demand - driven storage Systesport
& Logistics: the International Journa20(48), pp. 24-33.

+ODYHQND % ODQLSXODFH V PDWHULIOHP V\VWpP\ D
CERM, Brno.

.ODSLWD 9 TRYDUR]QDOHFWYR D PDQLSXOIiFLD V PDW

. XEDVINRYi * *RJROD O -DJHOPpIN - 6RVHGRYI - axold

PDQLSXOiIFLD V PDWHULIORP &LOLQVNi XQLYHU]JLWD A&L¢

Litvak, N., Vlasiou, M., 2008. A survey on performance analysis of warehouse carousel
systemsMemorandum Department of Applied Mathemati&64, pp. 1-29.
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Sinelli, M. et al., 2025_arge scale robotic material handling: learning, planning, and control.
[online] Available at: <https://arxiv.org/abs/2508.09003> [Accessed 20 Aug. 2025].

=DYRGVNEé |/ X iN - 'RSUDYD D PDQLSXOIiFLD V PDW
5R QtFNH . QoRlivid] QAvailable at: <https://rno.sk/doprava-a-manipulacia-s-
materialom-v-polnohospodarstve/> [Accessed 18 Aug. 2025].
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1iYUK SRKRQX V RK DGRP QD ]JQtaHQLH
SRWUXEQPKR GRSUDYQtND

ODUHN ORUDYLp

1 OVWDY ORJLVWLN\ D GRSUDY\ )DNXOWD EDQtFWYD HNRO}
XQLYHU]JLWD Y .RALFLDFK 3DUN .RrRai: erdkoioRvic@tuke.sk. RaLFH

* RUHASRQGHQpPpQE& DXWRU

Abstract:

This study analyzes the choice of drive unit for a pipe conveyor in terms of its impact on
reliability, maintenance, and performance. It compares the connection of the drive drum shaft
to a gearbox and an indirect connection by an intermediate member in the form of a belt drive,
taking into account their advantages and disadvantages in various applications. It evaluates
that the memory drive can effectively dampen vibrations, which is especially important in the
operation of conveyor belts, where vibrations are frequent and can cause the need and
breakdowns. In addition, belt drives simply require less regular maintenance and can improve
the reliability of the entire system. Based on this issue, the selection of the optimal drive unit
for the selected application is presented.

Key words:
pipe conveyor, vibrations, belt drive, drive unit

OYRG

9 SRVOHGQ&FK URNRFK SDWULD SiVRYp GRSUDYQtN\
SURVWULHGNRP Y U{]Q\FK SULHP\VHOQ&FK RGYHWYLDFK 9
VWUIQNH NRQAWUXNpPQHM QDMPI V RK DGRP QD LFK Y&ENRQ
najr{]QHM&tFK SUHYiIGINRY&FK SRGPLHQNDFK QDMPI Y NRC
PDWHULIORY 9éKRG\ SiVRY&FK GRSUDYQtNRY Y SRURYQDQ
QDMPI pR VD WéND Y&NRQQRVWL KRVSRGiIUQRVWL SUH
0DUDVR.Y2006W D

9 V~-pDVQRVWL VD ]JY\4XMH G{UD] QD PLQLPDOL]JiFLX YLE
VWURMRY D ]DULDGHQt SUHWRAH WLHWR IDNWRU\ SUHZC
EH]SHPQRVWQé SUREOpPP 9LEUIFLH P{&X QHJDWtY Q@i RYSO\Y
D EH]SHPQRV" SUHYiIiG]N\ WéP &H JQLAXM~ LFK VSR DKOLYRV
NWRUp SULVSLHYDM~ N Y]QLNX YLEUiIFLt Y NRQAWUXNpQEFI
QHV~RVRYRVWL PHFKDQLFNpKR RSRWUHEHQLD XORA&HQt U
D QDGPHUQpPKR RSRWUHEHQLD OR&tVN ORUDYLD
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1 OHWyG\ D PHWRGLND

1.1 3BRWUXEQé& GRHIR QitNOI GQp NRQAWUXNpPQp SUYN\

SRWUXEQé GRSUDYQtN Pi SRGREQpP ]JINODGQp SUYN\ DN
VD OHQ Y VWDYEH QRVQHM NRQAWUXNFLH D WYDUH YDODF
GRSUDYQtNRY IRUPXMH GRSUDYQé SiV GR WYDUX NRUéW
vaOpHNRYi VWROLFD IRUPXMH GRSUDYQé SiV GR WYDUX SRW

K]JINODGQéP NRQAWUXNpPQEP SUYNRP SRWUXEQpKR GRS

QRVQi NRQAWUXNFLD NWRUi MH WYRUHQi NRYRYRX N
NWRUEFK V~ SULSHYQHQpPp SUVWHQFRYp YDOpPHNRYp VWI
KRUQi YHWYD GRSUDYQpKR SiVX NWRUi QHVLH PDWHUL
GROQi YHWYD GRSUDYQpKR SiVX MH YR YIpaLQH SUtSDC
VOXpN\ Y\XALWi WLH& QD SUHSUDYX PDWHULIOX
SUVWHQFRYi YDOpHNRYi VWROLFD QDMpPDVWHMALH MH
WYDUX SUVWHQFD SULpRP QD MHGQHM VWUDQH QRVQ!
QRVQHM GRVN\ V-~ WLH& WUL YDOpPHN\ DE\ VD ]JDEUIQLC
SUHNU\WLD RNUDMRY SiVX

f SRWUXEQ& GRSUDYQtN Y\&DGXMH ASHFLiOQH SiV\l NWRI
SRALDGDYN\ 7LHWR SRWUXEQp GRSUDYQtN\ PXVLD PD
Y\WYRUL" REO~N\ PDOpKR SRORPHUX PXVLD E\" VFKR
SRPRFRX SUVWHQFRY&FK YDOpPHNRY&FK VWROtF D PXV
VWDOpPHNPL

SRKRQQi VWDQLFD WYRUHQi HOHNWURPRWRURP VSRMN
YUDWQ~ VWDQLFX WYRUt QDStQDFLH ]JDULDGHQLH D KQI
SUtGDYQp ]DULDGHQLD DNR pLVWLpPH QiVISN\ Y@éV\SN!
A8HOH]D D LQp ODUDVRYi HW DO

=  ThTh T

~h ~h ~h

1.2 SRKRQ SRWUXEQpPKR GRSUDYQtND

OpHORP SRKRQX MH Y\WYiUDQLH "DAaQHM VLO\ QD KQDF
UBFKORV" SiVX V SUHSUDYRYDQ&P QiNODGRP D WR Y RN
VWDFLRQiIUQRP UHALPH 1DMVSR DKOLYHM&at D NRQAWUXNp
VAHREHFQpPKR SRXALWLD D QDMPI SUH FKHPLFNé D SRWUD)
GRSUDYQtND V MHGQéP EXEQRP

3RKRQ SiVRYpKR GRSUBR{RMWiIYPEJ HOHNWURPRWRUL
SRKRQQpPKR EXEQD D SUX&4QéFK VSRMRN 3iV MH SRKi DQé& W
%HAQH MH SRKRQ LQAWDORYDQé& QD QRVQHM NRQAWUXNFLL
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1

Obr.16FKpPD SRKRQX SiVRY p K&ktrarirost) Bx3pojkay D +
3 tprevodovka, #KULDGH KQDFLHKKFROEXERBRFUDX QEé SiV
Zdroj: autor

2 9éVOHGN\

21 9VWXSQp GiWD SRWUXEQpPKR GRSUDYQtND

96NRQ SRWUXEQpPKR GRSUDYQtND ]iYLVt RG FHONRYpK
SRK\ERY éFR XSRYDN) &oej a dolnej vetyS RWUXEQpPKR GRSUDYQtND
QD ]JiNODGH Y&SRpWX SDUFLIOQ\FK RGSRURY SULpPRP SODW

(G LG EWEGE 1)
kde:
(AaxtKODYQp RGSRU\
( +tYHG DM&LH RGSRU\
(gxSUtGDYQp RGSRU\

3RWUHEQE& SUHY DG | NRIWONRENRID KOQDFRP EXEQH SRWUXEQpPKF

E®é
2 L5 )

kde:
VvUBFKORV" GRS[F®RY:Q.pKR SiVX

=R YVWXSQéFK KRGQ{W D SRXALWtP PHWRGLN\ SRG D D>
D ODUDVRYiI HW DO MH YEVOHGNRP 7DE
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Tab.19\SRptWDQp MHG QRUHOLE PNRGE 8 F

O9HOLpPLQD Hodnota

(a [N] 542,66

( [N] 2253,53

(e [N] 0

(G [N] 2796,19

2 [kW] 3,36
Zdroj: autor

22 9R ED YKRGQHM SRKi DFHM MHGQRWN\

1D 2EU  MH SRK DG QD V~pDVQé VWDY SRKRQX WHVWR"
SRWUXEQpPKR GRSUDYQtND 3RKRQQ~ MHGQRWINRQRPSUD)
P N: SUHYRGRYND V SUHYR ®RYEBRMHPHIURBULDPR QD KU
EXEQD 3UL SRURYQDQt YENRQX SRX&LWpKR HOHNWURPRWR
H[SHULPHQWIiOQX OLQNX VPH JLVWLOL &H MH QHSRVWDpXN
QRYpKR SRKRQX 98EHU HOHNWURPRWRUD VPH XURELOL ] N
PiPH GREUp VN~VHQRVWL SUL WHVWRYDQt V~pDVQpKR V
Y\SRptWDQHM KRGQRW\ SRAHNAB]NRRQKRL YSMNRQXRY& SRKRQ
&+7 0 % V YANRQRP D V SRpWRP 1LEOWiinRaprevodovku
&+2 % % V SUHYRGRYé&P SRPHURP L

DO&tP ERGRP QiYUKX QRYpKR SRKRQX MH SULGDQLH SU
SUHYRGRYN\ D KQDFtP EXEQRP $NR SUX&Qé& HOHPHQW VPH
SRPRFRX NWRUpKR WDNWLH& DM SULVS{VREtPH SUHYRGR
SRADGRYDQHM UEBFKORVWL SiVX 3UH QDaX SRKRQQ~ MHGQR
W\SX 9% ', 1 WYRUHQ~ Y SRpWH NXVRY V URJPHUPL
9R YEVOHGNX PiPH QRY~ VFKpPX QiYUKX SRKRQX NWRU~ ]Q
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1

Obr.26 FKpPD QRYpKR ULHAHQLD SRKRQX SRWUXEQpK
1 telektromotor, 2+spojka, 3tprevodovka, £#UHPH RYé SWKHMP&GH KQDFLHKF
bubna, 6tKQDFt EXEERBEUDX Qé SiV
Zdroj: autor

3 =iYHU\

1DMSUY VPH SUHSRptWDOL SRWUHEQ& YENRQ SRWUXEQ
VSUIYQHKR FKRGX =LVWLOL VPH &H SR&DGRYDQé& Y&NRQ N
SRKi DFHM MHGQRWN\ 98NRQ S{YRGQHM MHGQRWN\ ERO
N: 7HQWR UR]JGLHO YLHGRO N UR]JKRGQXWLX R YE@EHUH
YENRQRP N: D W\SRYR URYQDNHM SUHYRGRYN\ DO&tP ERC
EROR RGVWUIQHQLH YLEUIFLL QHV~RVRYRVWL VSRMHQLD K
W\SPL SUHYRGRY&FK MHGQRWLHN EROR QHY\KQXWQp ]Yial
NRQNUpWQH SR&LDGDYN\ D SRGPLHQN\ DSOLNiFLH 9 QD&
UHPH RYé& SUHYRG 5HPH RYé SUHYRG QiP SRQeNBnt& FKRSQTF
IDNWRU MH N ~pRYé& OQDMPI SUL SUHYIG]NH SiVRYpKR GRSU
YLHV" N YIpaLHPX RSRWUHEHQLX D SRUXFKiP VWURMD G5HG
SRILWtYQ\ YSO\Y QLHOHQ QD VDPRWQé& SRKRQ DOH DM Q
3RWODpPHQLH YLEUiIFLt ]QDPHQi PHQALH QDPiKDQLH NRQA&W
SUHG &HQLX LFK &LYRWQRVWL D Wé&P ]QtaHQLX SRpWX SR
MHGQRGXFK&t QD ~GU&EX Y SRURYQDQtWWHQ®HE O E LY\ \PW KRED
RSRWUHEHQLD D Y\ADGXMH PHQHM SUDYLGHOQ&FK ~GUAERY
UHPH RYé& SUHYRG GRYR XMH X&HWUL" pDV D QiNODG\ Q
QHSOIQRYDQ&FK Y&SDGNRY Y SUHYiGJNH 1DVOHGRYDOR
UHPH RYpPKR SUHYRGX NX SRALDGDYNH QD U&GFKORV" GRSU
PiPH UHPH RYé SUHYRG GRUEGFKOD pR QLH MH EHA&QéP ]
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SRALDGDYNiP .HE\4H Y]QLNOD SRWUHED ]JPHQL" SUHYRGR
JUHDOL]RYD" Y&PHQRX UHPHQtF $ NH &H ]JREHULHPH GR -
HOHNWURPRWRUD SRX&tYDPH IUHNYHQpPQé& PHQLp WDN SRW
JUHDOL]RYD" OHQ ]JPHQRX QDVWDYHQLD IUHNYHQpPQpKR P
AHWUQHMAELX SUHYiIG]JNX FHOpKR PHFKDQL]PX @R & éVOHG!
Y\SURGXNRYD" SR&DGRYDQé& YENRQ SUH SRWUXEQé GRSUDY
Y]QLNDM~FH YLEUIFLH

9 DO&HM Ii]H QiYUKX EXGH JUHDOL]JRYDQé& SRGUREQE
]JDPHULDPH QD PHUDQLH YLEUiFLt NY{OL NRPSDUIFLL V S{Y
PLHVWDFK SUL S{YRGQHM NRQILJXUiFLL SRKRQX X& SUHEH
POIQNX ORUDYLp D .XEDOD

3R DNRYDQLH
THQWR pOiIiQRN ERO SRGSRIB-BAAE APU\R MHKAMLVRFA052$ 3 9 9
VEGA 1/0728/24.

/ILWHUDW-~UD

$PEULANR ODUDVRYI ' OHWyG\ H[SHULPHQWIOQ\
GRSUDYQéFK SiVRY 9\WRNi aNROD Ei VNi 2VWUDYD

ODUDVRYi JHGRUNR * OROQiIU 9 +DGLFRYé GRSUD
parametrovActa Montanistica Slova¢&(2), s. 101-107.

ODUDVRYi ' 7TDUDED 9 JHGRUNR * %ULQG]IU 3 +XVD
THFKQLFNiI XQRYHRADWK YRALFH

ORUDYLD 0 2YOIGQXWLH QHEH]SHpPQEéFK YLEUIFLt ¢
'LIHUWDPQi SUIFD 7HFKRAIFALDF®LYROIEWD Y

ORUDYLp O .XEDOD ' ORAQRVWL PRQLWRURYDQLD

Spravodaj ATD SR1(2), s. 2-7.
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6LPXOIFLD SUHSUDY\ SDOVRWVSRBRFRX
TaraVRbuilder

SDWUtFLD OXFKRYi

1 OVWDY ORJLVWLN\ D GRSUDY\ )DNXOWD EDQtFWYD HNROY
XQLYHU]JLWD Y .RALFLDFK 3DUN .R-mMEIQVNpPpKR
patricia.muchova@tuke.sk

.RUHASRQGHQpPQ& DXWRU

Abstract:

AGV systems represent an efficient element of intralogistics automation, enabling the
optimization of material flows and the reduction of operational costs. As part of tlaeatese

a simulation of pallet transport using automated guided vehicles (AGVs) was carried out in the
TaraVRbuilder software. The paper focuses on comparing the quantity and flow intensity of
pallets transported by an automated guided vehicle and a forklift when handling four types of
pallets in a warehouse environment. The aim of the work was to create a simulation model of
the logistics process that illustrates the movement of pallets between warehous8asees

on the simulation, the quantity of transported pallets and the flow intensity of padsta 12-

minute time interval were analyzed. Experiments were conducted and evaluated based on the
average values obtained during the simulation. The results show that the forklift achieved
higher values in both monitored parameters in all cases, confirming its greater efficiency and
flexibility in the compared experiments. Despite its lower performance, the AG\¢er{ma
promising solution for intralogistics automation, especially in environments with safety
requirements. The research confirms that the use of AGVs and simulation tools émables
efficient design and testing of logistics solutions before their implementation in real operations.
This approach contributes to increasing the productivity of modern warehouse systems.

Key words:
simulation, AGV, TaraVRbuilder, pallet transport, warehouse logistics

OYRG

9 V~-pDVQRVWL GRFKiG]D N G\QDPLFNpPX UR]JYRMX NRQF
D 3ULHP\VOX PR YHGLH N UDVW~FHPX GRS\WX SR DXWR
SUL UHDOLJIFLL U{]JQ\FK VNODGRY&FK SURFHVRY 9LV
IOH[LELOLWX Y UiPFL GRGiIYDWH VNpKR UH"D]FD YUiWDQH
RULHQWRYDQé& QD ]JOHSARY D QY W UIiShjitdayvdl F 2089).KV SRV W X SR
V~YLVORVWL VD DXWRPDWLFN\ ULDGHQp YR]JLGOi $*9 pDV
IOH[LELOQpPKR V\VWpPPX YQ~WURSRG QL&thBretaM 2G0R)SAGY Y\ 6L JI
EROL SR SUY&NUiIW ~VSHEQH Y\YLQXWp D XYHGHQp GR SUD
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%DVUUHWW (OHFWULF &RPSDQ\ :LX)HQ HW DO $*9 Y
Wé&P &H SULVSLHYDM~ N DXWRPDWL]iF L(BavatidiRtAaQ 20EB). SUH YiC

6LPXOIFLD MH pDVWR Y\XatYDQé&P QiVWURMRP QD SRVXC
WYRUE\ VLPXODpQpKR PRGHOX YaDN P{4aH E\" PLPRULDGQH
4H MHKR ]iNODGRP MH GHWDLOQ#& QiYUK XVSRULMGB®QLD VN
MHKR Y&YRM -DFTXHV HW DO 1DVDGHQLH G\QDPLFN
XPR& XMH ULDGHQLH D RSWLPDOL]iFLX ORJLVWLENEFK SUF
PRGHO MH YiDN OHQ SRGSRUQé&P QiVWURMRP SUL UR]KRG
V~YLVLH" VR ]JOHS4HQtP ORJLVWLN\ DOHER SRWUHEDPL SOif
PRGHO SUH]HQWRSYHDYQNEX YE R O/ R \W Y RWANREPYQiVWURML 7DUD ¢
VO~4L QD MHGQRGXFKp Y\WYiUDQLH YLUWXiOQ\FK YEUREQG®&
YL]XDOL]iFLX ORJLVWLFNEFK SULHVWRURY &LH RP WRKWR
PRGHOX NWRU& QDSRGRE XMH UHIiOQX SUHYiIGINX VNODG
YEVOHGN\ H[SHULPHQWRY ]DPH U D Qa&i&tKpor@adouVauRxX@ickyL X SU
ULDGHQE&FK YRJLGLHO $*9

1 OHWyG\ D PHWRGLND

$XWRPDWLFN\ ULDGHQpP YR]JLGOR $*9 MH EH]REVOXaQe

KRUL]JRQWiIOQX SUHSUDYX PDWHULIOX 0-OOHU $*9
SULHP\VHOQéFK DSOLNIiIFLIFK QD SUHPLHVW RYDBKadéH PDWH
(YasudaHW DO $*9 VD P{&X SRXatYD" YR YQ~WRUQRP DN\

REODVWL YEURE\ GLVWULE~FLH SUHNOIGN\ D SUHSUDY\ 9
QD SUHSUDYX YAHWNEFK GUXKRY PDWHULIORY V3RGVDDFLF!
DXWRUD *|WRABLYHMDYY IBYLHP\VOX Y\X4t9D SUIDPARPNEK SRXAatY
VD RSGDRVYWBDAXW ~FLPL VD SUHSUDY Q é RrosSGRFFNHLMPIR YQPD ¢
FHQWWEFKXKWR REODVWLDFK VD SRX&tYDM~ QD YQ~WRUQ~ SL
RGGHOHQLDPL DNR V~ REODVWLH{SHGRRLKNNQNGRWPGLD W
SRptWDpPRYHM VLPXOIiFLH V~ YH PL X4&LWRpQp SUL YEBEHUH F
SR]IRVWiYDM~FHKR ] $*9 6LPXODpQp WHVW\ QD VSUiIYQH QI
ODFQHMALH D EH]SHpQHMALH DNR WHVW\ Y\NRQiYDQp Y L
VLPXOiFLH GRSUDYQ&FK SURFHVRY Y\NRQiYDM~ QD YLUW:
JiYRGX SULPRP PRGHO RGUWAMD VG K VDRHER SRRKUEEXQRP SURYV
XPR& XM~ SRX&tYDWH RYL Y UHIiOQRP pDVH VOHGRYD" ]JPHQ\
PRAQRV" RSWLPDOL]JRYD" VIVWpP $*9 ] K DGLVND DNWXiOQ\F
al., 2021).

3UL QDYUKQXWHM VLPXOiFLL V~ DXWRPDWLFN\ ULDGHQ
SDOLHW PHG]L MHGQRWOLY&PL VNODGRYé&PL X]JODPL SULpPR
VRIWYpUX 7DUD 95EXLOGHU 3UH Y\WYRUHQLH UHDOLVWLF]
DE\ YHULILNRYDOD SRK\E $*9 SUL PD @ILBKIOJlYLU¥>S B DSHVUDL PL
VD SUtVSHYRN ]DPHULDYD QD SRURYQDQLH Y\X&LWLD DXV
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Y\WRNR]GYLAQé&P YR]JtNRPYQUWRUDYKRBDWIN.GIMGK QD EDOLDFX
boli 4 typy paliet:

- paleta 800x600 QiNODGRP

- Euro paleta 1200x800@ INODGRP

- paleta 1000x800 Q iINODGRP

- paleta so sudmi.

1D SRURYQDQLH YENRQX EROL QDY UK QMINGH QYD YH XSAH. WL

$*9 D GUXKeé V Y\XALWtP Y\VRNR]GYLaAaQpKR YR]JtND Y NWRUE
DNR PQRAVWYR SUHSUDYHQéFK SDOLHW TXDQWOQW R UDXIM-W |
SUtVOX&aQp VLPXODpQp SURVWUHGLD Y\WYRUHQpPp Y VRIWYpL

Obr.16LPXODpQp SUBVINGHGIPHSYY QD SUHSUDYX SDOL
Zdroj: autor

Obr.26LPXODpQp SORVIWEHGIPHYMVRNR]GYLAQPKR YR]JtND QL
Zdroj: autor

3UH VLPXOiIiFLX EROL QDVWDYHQpP URYQDNp SUHYIG]NR"
YR]JLGOR VD SRK\ERYDOR UéFKORV"RXS3,61 mR pv pSebune$erHSUDY
QINODGX 9\VRNR]GYLaQé YR]tN GRVDKRYDO URYTEBDN~ UEFK
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KRGQRW\ EROL SRXAaLWp QD ]DEH]SHpHQLH UHDOLVWLFNpKT
SRURYQDQLH YENRQQRVWL RERFK GRSUDYQéFK SURVWULHC

2 9éVOHGN\

1D ]iNODGH SRVWXSRY RStVDQéFK Y PHWRGLSIBIYEROL L
Y\XatYDM~FL DXWRPDWLFN\ ULDGHQp YR]JLGOR D GUXKE&
6LPXORYDQp EROL SUHVXQ\ a@&W\URFK W\SRY SDOLHW ] Y
SRpDV VLPXOiFLt EROL |D]QDPHQiIYDQp KRGQRW\ N ~pRYEFK
VHN~QG Y FHONRYRP WUYDQt PLQ~W = QDPHUDQéFK KRG
KRGQRW\ NWRUp VO~3aLD DNR ]JiNODG SUH SRURYQDQLH YéN

2.1 Experiment 1

9 SUYRP H[SHULPHQWH EROD VLPXORYDQi SUHYIG]ND D>
]JDEH]SHPRYDOR SUHVXQ a&W\URFK W\SRY SDOLHW ] YQ~WRL
SUHELHKDOD SRpDV PLQ~W SULpRN HNOQGREERKE QWD P
1D JiINODGH QDPHUDQéFK ~GDMRY EROL Y\SRptWDQp SULHPE
PQRAVWYD SUHSUDYHQéFK SDOLHW 4XDQWLW\ D LQWHQ]LYV
v Tab. 1.

Tab. 13ULHPHUQpP KRGQRW\ PQRAVWYD D LQWHQ]JLW\ SULHW

Druh palety OQRAaVWY Intenzita prietoku paliet
SUHSUDYH [%0]
paliet
3DOHWD 1 25 13,27
QiNODGRH
(XUR SDOHWI 13 12,89
V QiNODG
3DOHWD 25 11,95
QiNODGRH
Paleta so sudmi 25 12,51
Zdroj: autor

= YEVOHGNRY XabH YNRE@EXDY aH $*9 SUHSUDYLOR QDMYIp
[ V QiINODGRP D SDOHW\ VR VXGPL SULpRP WLHWR SC

LQWHQ]LW\ SULHWRNX NRQNUpPWQH D 1DRSDN
Y\Ni]DOD QDMQL&4LH PQR&VWYR SUHSUDYRYDQé&FK SDOLHW
SUL SDOHWH T V QINODGRP 3RpHW SDOLHW TV QiN

W\S DYADN QDMQL&ELX LOQWHQ]JLWX SULHWRNX pR QD]QDpX
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1D OHS&LX YL]XDOL]iFLX UR]JGLHORY PHG]L VOHGR3DQéPL S
NWRUé& JQi]JRU XMH Y]"DK PHG]L PQRAVWYRP SUHSUDYRYDQ
MHGQRWOLYp W\S\ SDOLHW

a2:'\e}:UlU 2e062 eilUUX 6e:'jUUXBUXI}:}Iiz

30 13,50%
25
20
15

13,00%

12,50%

1 12,00%
5 11,50%
0 11,00%
,I+06elUWO O o U CED paleta ,i+6elUP OO0 O oRaetddd sudmi
21 +101:1 PQOOoWOOU\2T'+iT:1
21 +107:1

mmm a2:'\e}:UUXOUXI}062t é=la=bllitendita prictoku

Obr.39éNRQ $*9 SRG D W\SX SDOHW\
Zdroj: autor

2.2 Experiment 2

([SHULPHQW ERO |DPHUDQé& QD DQDO&]X YENRQX Y\VRN
VR aW\UPL W\SPL SDOLHW Y URYQDN&FK SRGPLHQNDFK DN
BOHGRYDO VD SRpHW SUHSUDYHQE&FK SDOLHW D LQWHQ]
elHNWtYQRV" WUDGLpPQpPKR PDQLSXODpPQpKR ]DULDGHQLD
YR]JLGLHO 98VOHGN\ PHUDQt SUH MH&QRWOLYp W\S\ SDOLH

Tab.23ULHPHUQpPp KRGQRW\ PQRAVWYD D LQWHQ]JLW\ SULHW

Druh palety OQRAVWY Intenzita prietoku paliet
SUHSUDYH [%0]
paliet
3DOHWD 1 29 25,42
QINODGRE
(XUR SDOHWI 29 25,26
V QINODG
3DOHWD 28 24,47
QINODGRH
Paleta so sudmi 28 24,88
Zdroj: autor
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= YEVOHGNRY FRabH YNSE@E&EKDY &4H Y\WRNR]GYLA&Qé& YR]JtN GR
VOHGRYDQ&FK SDUDPHWURFK Y\43LH KRGQRW\ Y SRURYQTL
1IDMYIpiLH PQRA&VWYR SUHSUDYHQE&FK SDOLHW EROR ]D]QD
NWRUEé JiURYH GR\dDARE@eQMMY\534L1IDRSDN QDMQLAALH P«
SUHSUDYHQé&FK SDOLHW EROR ]D]QDPHQDQp SUL (XUR SDOH
SULHWRNX EROD Y\44LD QH& SUL SDOHWH VR VXGPL 98VOH«
RYSO\YWHSRP PDQLSXORYDQHM SDOHW\ D MHM UR]JPHU\ P|
SUHSUDY\ 1DPHUDQp KRGQRW)\ |REURPONHQPURDBLRABY Y P
SUHSUDYRYDQ&FK SDOLHW D LQWHQ]JLWH SULHWRNX SUL SR

a2:'\e}:UlU 2e62« eflUUX 6e:'jUUXOBUXI}:}i2
35 26,00%

30

o5 25,50%

20
25,00%
15

10 24,50%

24,00%
,i+6eiUW O O oU ORDU paleta ,i+06eiUPOOO0oRraRt®id\sudmi
21" +101:1 PQOOoWOOU\U2T'2T+1i:1
mm a2:'\e}:UUXOUXI}02 T é=ig=illiitendita prietoku

Obr.49éNRQ 9=9 SRG D W\SX SDOHW\
Zdroj: autor

3 =iYHU\

98VOHGN\ VLPXOiFLH XND]XM~ YéUD]Qé UR]JGLHO PHG]L
YR]LGOD D Y\VRNR]GYLRQQRR RPRPDVR YOBR L QWHQPNAM WaF
9=9 GRVLDKRO SUL Y4&HWNé&FK aW\URFK W\SRFK SDQLHW Y\a
LQWHQJLW\ SULHWRNX Y SRURYQDQt V $*9 1DMYIpat UR]GL
W\'S X i NGH $*9 GRVLDKOR QDMQL&at YENRQ ]DWLD
efektivitu. $*9 YADN Y\ND]JRYDOR NRQJLVWHQWQHMALSDRRBWR R |
SRWYUG]XMH MHKR VWDELOQé& YENRQ SUL RSDNXM~FLFK V
LQWHQJLWH SULHWRNX $*9 SRVN\WXMH Y&KRG\ | K DGLVN!
PRAQRVWL QHSUHWUALWHM SUHYiG]N\
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&HONRYp YEVOHGN\ WHGD SRXND]XM~ QD WR &H 9=9 MH
YENRQX ]DWLD PpR $*9 SUHGVWDYXMH YKRGQHMAaLH ULH&HC
SURVWUHGLDFK V Y\ VRNRX PLHURX RSDNRYDW preg&®&y¥ WL 1D
SDOLHW SRPRFRX $*9 MH PRaQp NRQAWDWRYD" &H W\S SDC
VI\VWpPX 3DOHWD VR VXGPL GRVLDKOD QDMQLaaLH KRGQR
SRXND]XMH QD QiURpPpQHMAELX PDQLSXOiFLX D GOK&t pDV S
]JYéaHQLH HIHNWLYLW\ MH SRWUHEQp RSWLPDOL]JRYD" WUL
SURFHV\ NRQNUpWQHPX W\SX SDOHW\ 6LPXOIFLD SRWYU
QiIVWURMRY SUH WHVWRYDQLH U{]Q\FK YDULDQWRY H&WH S
2EU V~ ]Qi]RUQHQpP SULHPHUQWHW&JDOWG S U PKWRWMW SO DS U L
Experimentu 1 a Experimentu 2.

X 016X26U12:'\e}:UIU 2e62+ efilUUX de:'juU

Exp. 2)

35 26,00
30

25,50
25
20 25,00
15 — A 24,50
10

24,00
5
0 23,50

.i+06elUW OO0 o U CEOr paleta ,I+6elUP OO O oRde®Dd sudmi
21 +i1:1 PQOOoWOOU\21"+i1:1

21 +101:1
mmm 22:'\e}:UUU [ E2P\e}:UUI+ 6eU(Q
Intenzita prietoku Elss===|ntenzita prietoku E2

Obr.59éNRQ $/A/ [E&xp.1aExp. 2)
Zdroj: autor

= NRPELQRYDQpKR JUDIX MH JUHMPp &H 9=9 Y\ND]XMF

KRGQRW\ LQWHQ]JLW\ SULHWRNX RSURWL $*9 9\XAaLWLH $*9
SRALDGDYNRX QD PXMERBQWVYI]iFLX D

3R DNRYDQLH
BUtVSHYRN ERO Y\SUDFRYD @8-084RLiPFL SURMHNWX $399
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, QWHJUIFLD ORJLVWLFNéEFK WRNRY Y PXOWLI

doprave
Marek Ondov!® /XNid +RULDMIVDUtQD} yXONRYi

1 OVWDY ORJLVWLN\ D GRSUDY\ )DNXOWD %(5* 7HFKQLF!

.RPHQVNpPKR .RALFH 6 Oial: mhaéekMdndovidBiIXessk LND H

2 OVWDY ORJLVWLN\ D GRSUDY\ )DNXOWD %(5* 7HFKQLFI

.RPHQVNpPKR .RALFH 6 Oial: Hikay. MorizkakBukeEsR LN D H

3 OVWDY JHPVNEFK JGURMRY )DNXOWD % (5* 7HFKQLFNi »

.RPHQVNpPKR .RALFH 6 Orfalkh@indl cuMdvEXEKOIKN D H
* RUHASRQGHQpPQé DXWRU

Abstract:

The paper addresses the integration of logistics flows in multimodal intercontinental transport
between Asia and Europe, approached from the perspective of a small business entity. The ai
is to analyze and visually demonstrate the integration of material and information flows within
the overall supply chain, highlighting the mutual interdependence of these flows in
intercontinental transport. The systems analysis covers the entire pédcessthe end of
production to the delivery of goods to the custoteith an emphasis on multimodal transport,
where maritime shipping dominates due to its capacity, safety, and low costs. The outcome is
demonstration and algorithmized visualization of logistics flows, emphasizing the
interconnectedness of material and information flows which, when integrated, form a unified
information-material flow. The financial flow, in contrast, moves in the opposite direction and
is presented through the main financial operations. Based on the nature of these financial
operations, the possibility of integrating the financial flow into the information-material flow
has also been identified. Understanding all three principal logistics flows as mutually
dependent and interconnected can improve the efficiency of logistics processes in
intercontinental multimodal transport.

Key words:
material flow, information flow, international transport, algorithm

OYRG

OHG]LQIURGQé& REFKRG QLH MH OHQ KQDFRX VLORX KR
V~pDV"RX GLSORPDFLH NWRUi SRGSRUXMH Y]"DK\ PHG]L
REFKRGX YLHGOD N ]Y&3HQLX Y]iMRPQHM ]JiYLVORVWL PH
neusWiOHKR UR]JYRMD PHG]LQIURGQpPKR REFKRGX MH HIHNW
N ~pRY&P IDNWRURP ~VSHFKX Y PXOWLPRGIOQHM LQWHU
PDWHULIORY&FK D LQIRUPDpPQEFK WRNRY XPR& XMH RSWLP
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GRGiIYRN D ]DEH]SHpL" SO\QX0Oé SRK\E WRYDUX QDSULHp NF
and Bojkovska, 2017).

IRIJLVWLFNp WRN\ VD WéENDM~ SRK\EX D ULDGHQLD WF
GRGIYDWH VNpKR UH"D]FD =DK DM~ U{]QH SURFHV\ DNF
GLVWULE~FLD NWRUéFK FLH RP MH RSWLPDOL]JRYD" HIHNW
iIQIRUPiIFLt D ILQDQFLt MH Y ORJLVWLNH UR]JKRGXM~FL SUH
UH"D]FD ,QWHJUIFLD WEFKWR WRNRY JY\&XMH HIHNWtYQRV'
Y ORJLVWLFNéFK RSHUiIFLIFK 3HUH] HW DO

ODWHULIORYé WRN ]JDK D SRK\E WRYDUX RG GRGiIYDWH
SRWUHE\ VOXALHE (IHNWtYQH ULDGHQLH WRNRY PDWHULI
SUHGVWDYXM~ SULEOLA&QH FHONRYé&FK QiIiNODGRY QD
ODWHULIORYé ORJLVWLFNé WRN VD WéEND V\VWHPDWLFNpKR
GRSUDYQRP DOHER VWDYHEQRP SURVWUHGt ptP VD ]JDEH]S!
pbDVH D QD VSUIYQRP PLHVWH 7HQWR NR @&/ pkeQosH J U X M +
D NRQWURO\ PDWHULIORY (OGKRVH DQG %DEX , QW
ORJLVWLNRX JDLV"XMH HIHNWtYQH SULGH RYDQLH ]JGURM
SRVN\WRYDQLD VOXALHE 7iWR LQWHJUISEUDY % RIAZRU K IWMNR O
NDSLWiIiOX ]JOHS&@HQLH UR]JKRGRYDQL®DD VOIRQH VMM, FANAH M YEN

7RN LQIRUPDpPpQHM ORJLVWLN\ VD WEND V\VWHPDWLFN|
]DK D DQDOé]X QiYUK D LPSOHPHQWIFLX LQIRUPDpPQéFK \
YéEPHQX ~GDMRY D |DEH]SHpXM~ DE\ VD VSUIYQH LQIRUPIFL
VSUIYQRP pDVH ORGHUQpP LQIRUPDPpQp WHFKQROYJLH VD ]
XGVNérPL D VWURMRYéEPL DNWpUPL D Y\WYiIUDM~ KRGQRW
UR]JKRGRYDQLH 'XEH\ DQG -DLQ ,QIRUPDpPpQ& WRN MH Q
DNWXDOL]iIFLL VWDYX GRGiIYN\ NWRUp VO~ALD DNR NULWLF
UH"D]JFD (IHNWtYQH ULDGHQLH LQIRUPiFLt P{&H LGHQWLILN
PHG]L IDLQWHUHVRYDQéPL VWUDQDPL pR YHGLH N JOHS&HC
and Kormushyn, 2024).

)LOQDQpQé WRN Y ORJLVWLNH ULDGL ILQDQpQp JGURMH
]JDEH]SHPpXMH DE\ ILQDQpQp WUDQVDNFLH EROL Y V~ODGH \
QHY\KQXWQé SUH QRUPIOQX SUHYIGINX ORJLVWLFNéFK V\VW
V SRK\ERP WRYDURY D VOXAaLHE 6XPHWV HW DO JLQL
SODWREQpPp SOiIiQ\ D YODVWQtFNH WLWXO\ NWRUp V~ QHY)
]JDEH]SHPHQLH OLNYLGLW\ 9&8VNXP QD]QDpXMH &H ILQDQDQ
GRGiIYDWH VNpKR UH"D]JFD SULpPRP JG{UD] XMH SRWUHEX LQ
ORJLVWLFNéFK V\VWpPRY )RR DQG =DLODQL B3RSDG\QH

9 LQWHUNRQWLQHQWIOQHM GRSUDYH V~ LQWHJURYDQ|
G{OHALWRV" VSUIYQHKR ULDGHQLD D NRRUGLQIiFLH ORJLVWI
D LPSOHPHQWIFLD GLJLWDOL]IFLH Y NDAGRGHQQRP ALYRWF
Y\ADGXMH HIHNWtYQHMALH ORJLVWLFNp ULHAHQLD OpLQQF
SUHNRQDQLH JORALWRVWt Y REODVWL NRRUGLQIiFLH NRF
SUHGSLVRY 3RXAaLWLH aAWDQGDUGL]RYDQEéEFK NRQWDMQHU!

159



22" International Conference t 2628eptember 2025
XXIX u I]v &} v I}v( E v ] 3. t 26. september 2025 i

Research, Production and Use of Steel Ropes, Transport

and Handling Equipment

SEe«lpuU AE E} % }uT]18] } 9q}AE Z o vU }¥%
u vli%po VvE Z 1 E] v

UHALPDPL GRSUDY\ ]JY\aXMH UéFKORV" D JQLAXMH QiNODG\ (
2007; Romeo and Nautwima, 2024).

&LH RP WRKWR SUtVSHYNX MH Y\NRQD" DQDOé]X Ol
PXOWLPRGIOQHM GRSUDY\ Y LOQOWHUNRQWLQHQWIOQRP REF!
Y\WépL" QDVOHGXM~FH ~ORK\ QHY\KQXWQp QD MHKR GRVLD

X VI\VWpPRYi DQDOé]D ORJLVWLFNéFK SURFHVRY REV
dopravy tovaru,

X DSOLNIFLD DOO®ULNYWPW)TFILIHFLX ORJLVWLFNEéEFK WF
dopravy,

X GHPRQAWUIFLD LQWHJIUIFLH D Y]iMRPQHM ]iYLVC(
LOQWHUNRQWLQHQWIOQHM GRSUDYH

OHWyG\ D PHWRGLND

9LHURKRGQp ]DFK\WHQLH ORJLVWLFNéFK WRNRY PXVt
$QDOé]D VI\IVWpPX MHKR SUYNRY D YI]JLHE MH YODVWQH DQD
SUtSDGH LQWHUNRQWLQHQWIOQHM GRSUDY\ ODWHULIORY&
YLIXDOL]JRYD" Y NRQWH[WH DQDO\IRYDQpKR V\VWpPX 6\V
KRGQRWHQLH D RSWLPDOL]IFLX SURFHVRY D aWUXNW~U NW
PDWHULIORY LQIRUPiIFLt D XGt 7iWR DQDOé]D MH UR]KF
KRVSRGIUQRVWL Y UiPFL ORJLVWLFNéFK V\VWpPRY /RJLVV
YEEHU GRSUDY\ UR]JKRGQXWLD R WRYDUH YéEHU GRGiYDWH
DE\ PDWHULIORYé D LQIRUPDpPQé WRN EROL HIHNWtYQH D ]
6\VWpPRYi DQDOé]D VL Y\aDGXMH SRGUREQ~ PDQLSXOiFLX \
GHILQXM~FH JtVNDQp ~GDMH D LFK Yé]QDP 'DJDQ]R

$OJRULWPL]IFLD J]QDPHQi VA\VWHPDWLFNp Y\WYiUDQLH
SUREOpPRY DOHER ULDGHQLH SURFHVRY 9 ORJLVWLNH
]JY\ARYDQLX HIHNWLYLW\ D VSR DKOLYRVWL GRGiYDWH VNEéF
~GDMRY R ORJLVWLFNéEFK WRNRFK D LFK QiVOHGQi YL]XDOL
]JR ]1iNODGQéFK V~pDVWt ORJLVWLN\ -RQiIN HW DO 'LD
PDWHULIORY LQIRUPiIFLt DOHER WRYDUX Y GRGIYDWH VNR!
7TDNpWR GLDJUDP\ X DKpXM~ SRFKRSHQLH NRPSOH[QéFK SUI

S3UH DQDOEé]X D YL]XDOL]IiFLX ORJLVWLFNéFK WRNRY M
SURFHV D MHKR WRN\ 9 LQWHUNRQWLQHQWIOQHM GRSUD
SULpRP VD LFK IRUP\ SRGQLNDQLD OtaLb 7LHWR IRUP\ ¢
iFHQFRYDQLH IUDQFKLVLQJ D |DNODGDQLH SUHGDMQEéFK
GLVWULEXpPpQéEFK ]JDULDGHQt OQRKt DNWpUL VD JGUXa&XM~ Y |
V FLH RP ]GLH D" VYRMH JGURMH D WEéP S ddpka®ylatdbBciodd | HN W L°
(Grozdanovska et al., 2017).
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9 WRPWR SUtSDGH VD SUtVSHYRN YHQXMH IRUPH SRGC(
WRYDUX .RQNUpWQH VD MHGQi R &LYQRVWHQVNpP SRGQLND
SUHSUDYQp VOXAE\ D RUJDQL]IFLX GRSUDY\ Y HXURJJLMVNRI
J\][LFENi RVRED VYRMLP NOLHQWRP SRVN\WXMH RUJDQL]IFLX |
+(XUySD PXOWLPRGIOQ\P VS{VRERP |]DEH]SHpHQLH GRpPDVQ
SUHQIMRP YODVWQéFK VNODGRYéFK SULHVWRURY Y (XUySl
NOLHQWD D RGERUQp SRUDGHQVWYR 2UJDQL]IFLD D UHDOL
]JINODGH ]POXY\ SUHEHUI |[RGSRYHGQRV" |]D YaAHWN\ REVWDU
D UHDOL]XMH DOHER GRKOLDGD QD I\][LFNé SUHVXQ WRYDU)>

$QDOé]D D VSUDFRYDQLH LQWHJUIFLH ORJLVWLFNEéFK
podnikania prebehne nasledovne:

x ]JEHU ~GDMRY RG I\]LFNHM RVRE\

DQDOé]D D VSUDFRYDQLH SRGQLNDWH VNHM pLQQR
DSOLNIFLD DOJRULWPLFENpKR SUtVWXSX QD YL]XDOL
LGHQWLILNIFLD PXOWLPRGIOQHKR FKDUDNWHUX PD
GHPRQ&WUIFLD LQWHJUIFLH D ]JiYLVORVWL ORJLVWL

X X X X

2 9éVOHGN\

ODWHULIORY& WRN WRYDUX VD Y SRGVWDWH ]DptQD HA&\
,GH R YEUREQ®& SURFHV SRGQLNX Y\UIEDM~FHKR WRYDU 1
INJLFNi RVRED DOHM ASHGLWpU A&LDGQ\ YSO\Y iatbkXWRpQé
QDOR&HQtP WRYDUX Y PLHVWH YBURE\ GR QiNODGQpKR
SUHQDMDWpKR VNODGX Y EJLL D WRYDU Y\OR&t 9 WRPWR V
NRQWUROD VSULHYRGQ&FK GRNXPHQWRY 9 VNODGH VD JiVL
OR Y SUtVWDYH QLH MH SULSUDYHQi QD QDNOiIGNX 9 &SHF!
WRYDU SUHSUDYHQ& GR VNODGX DOH SULDPR GR SUtVWDY

3RPpDV GRSUDY\ VD Y\X4atYD MHGQRWQW B BQHSX GBMNp S U INIC
WRYDU ]DSOQt FHO&@ REMHP PDQLSXODpQHM MHGQRWN\ MF
VNODGH 9R VYIpaLQH SUtSDGRY Y&DN SUHELHKD NRQWD
0odosiHODM~FHKR SUtVWDYX Y EJLL 3UHVXQ GR SUtVWDYX MH ]
SR QDOR&HQt WRYDUX Y SUHQDMDWRP VNODGH 9 i]JLMVNRF
QiVOHGQH MH NRQWDMQHU GRSUDYHQé& QiPRUQRX GRSUD
QHY\X&tYD LQWHUNRQWLQHQWIiOQX OHWHFN~ GRSUDYX ] Qil

(XUySVND pDV" PDWHULIORYpKR WRNX ]DptQD SUHNOIGN
SRJHPQHM GRSUDY\ 5R]JKRGQXWLH R FHVWQHM DOHER &H
SUtVWDYX D FLH RYHM GHVWLQiFLH FHOHM GRSUDY\ WRY
ZiND]QtNRYL DOHER GR VNODGX ASHGLWpUD $N MH FLH RP
YR ERX MH FHVWQi GRSUDYD SUHWR&H 8HOH]QLpPQi LQIUDA
7RYDU MH Y VNODGH Y\OR&HQé D ]iND]QtN \padmiémy DU ViP
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QHGRYR XM~ MH PR&Qi GRGDWRpPQi GRSUDYD N ]JiND]JQtNR"
ASHGLWpPUD QDVWiYD Y\ORAHQtP WRYDUX Y NRQHPQHM ORN!
1D ]iNODGH Y\NRQDQHM DQDOE&]\ YIJE\ MHGQR]QDpPQH S
LQIRUPDPQpPKR WRNX Y URYQDNRP VPHUH DNR PDWHULIORY
PDWHULIORYé ,QIRUPDpQé& WRN ]DptQD SRGDQtP REMHGQiY
OEGUADQt REMHGQIiYN\ ]DptQD UH"D]JHF Y&PHQ\ LQIRUPIiFLt C
VOX&EiIFK GRVWXSQ&FK WHUPtQRFK D SUiIYQ\FK SRGPLHQNE
VS{VRERP RVREQH D GLAWDQpPQH ASHGLpPQi VSRIOMRPQRV" S
]JiND]QtN RGV~KODVt SRGSLVXMH VD GRKRGD R GRGDQt WR
]JRGSRYHGQRVWL RERFK |~pDVWQHQ&FK VWUIQ
3R SRGStVDQt GRKRG\ ]|DptQD &SHGLWpU V REVWDUIYD
SULSUDYXMH D JtVNDYD SRWUHEQpP GRNXPHQW\ SRWUHEQp
stranami+ GRSUDYFDPL 1iVOHGQH NH Pi JPOXY\ V GRSUDYFDF
ALDGRVWL R FROQp NRQDQLD FHUWLILNiIiW\ R NYDOLWH D L
3R SULMDWt WRYDUX GR SUHQDMDWpKR VNODGX MH Y\
WRYDUX V QLPL .D&Gp EDOHQLH WRYDUX MH R]QDpHQp D |D
SUH SRWUHE\ VOHGRYDQLD WRYDUX 'RSUDY R IEROBQURYWQ Y X
SUHWRAH LQWHUNRQWLQHQWIiOQD GRSUDYD pHOt Y\WRNpPX
SUtVWDYH X& SUHELHKDM~ SRPHUQH UEBFKOR Y]K DGRP QD
P{&H E\" DM GRSUHGQp WULHGHQLH WRYDUX DOH VDPRWOQ)|
GRSUDYFX VD Y\NRQiYD V~pDVQH V QDNODGDQtP WRYDUX G
Y\NRQi FROQi NRQWUROD ]R VWUDQ\ ~UDGRY RGRVLHODM
RGRY]GDM~ QiPRUQHM GRSUDYQHM VSRORpPQRVWL D WiWR '
LQIRUPDpPQpPpKR V\VWpPX QD VOHGRYDQLH ]JiVLHON\ DOHER L
3R SULMDWt WRYDUX Y HXUySVNRP SUtVWDYH aSHGLWp!
NRQDQLH Y HXUySVNRP SULHVWRUH =iVLHOND P{&H Y\aDGR"
]JD PR MH ]JRGSRYHGQé& 4SHGLWpU D GRKOLDGD QD GRGUAD!
WUDQ]JLW 'RGDQLH GR VNODGRY&FK SULHVWRURY aSHGLWp
RVWiYDM~ 8SHGLWpPURYL D& GR SUHY]DWLD WRYDUX ]iND]Q
]JiND]QtNRYL RSURWL SUHEHUDFLH®RXORANDXN 33RKERH3HD Rt ®R.G
QD XNRQpPHQLH GDQHM GRKRG\ 3UHEHUDFt OLVW J]JEDYX)
ODWHULIiORYé DM LQIRUPDpQé WRN LQWHUNRQWLQHQWIiOQH
= 2EU MH MDVQi Y]iMRPQi ]JiYLVORV" RERFK WRNRY $¢
EH] WRKR GUXKpKR 9 UiPFL WEFKWR GYRFK WRNRY MH MHC
GR MHGQpPKR -RPRQWRHUPDPARPpKR WRNX LQWHUNRQWLQHQWI
UHSUH]JHQWXM~ pHUYHQp &tSN\ Y REUIINX ,QWHJURYDQ& V
SRNUDpXMH LQIRUPDpPpQé&PL pLQQRV"DPL ]DGDQLD D SUtSU]
SRWUHEQ&FK WUHWtFK VWUIQ LQIRUPiIFLt D VarfieNoX®@HQWRY
PHG]L YEUREFRP VNODGPL D SUtVWDYPL VD GHMH V~pDVQF
FROQé&PL NRQDQLDPL D VOHGRYDQtP ]iVLHON\ 7HGD LQWHJ
Y DOJRULWPH IRUPRX MHGQRWQHM pLQQRVWL EH] GLYHU
PLOQQRV"RX &HOE& LQWHIUIWRNDQI® RYERWRNpPMRQ Pt I\JLFNEP R
D GRNXPHQWRY ]JiND]QtNRYL D V~pDVQH SRGSLVRP SUHEHUI
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,QWHUNRQWLQHQWIiOQD GRSUDYD MH VSUDYLGOD PXOW
NRQWLQHQWRY (XUyS\ D EJLH MH Y\X&tYDQi QiPRUQi GRSUDY
RVRERX NWRUi QLH MH V~pDV"RX ]GUX&HQt GRSUDYFRY D
Qt]JN\FK QiNODGRFK Y\VRNHM SUHSUDYQHM NDSDFLWH D
DOJRULWPX D V\WVWpPRYHM DQDOé&]\ VD GHILQXMH LED SF
A4HOH]QLpPQ~ D FHVWQ~ -H WR VS{VREHQp &SHFLILFNEéPL
SULVS{VRERYDQtP GUXKX GRSUDY\ LQIUDAWUXNW~UH RGRV
iI[LMVNHM pDVWL VD Y GUYLYHM YIpaLQH Y\WN\WXMH FHVWQ

9 DOJRULWPH QLH MH JDEK\WHQ& WUHWt D QHPHQHM
VIVWpPRYHM DQDO&]\ ILQDQpQé WRN SU~GL RSDpQé&P VPF
PDWHULIiORY& WRN 1D ]iNODGH LGHQWLILNRYDQ&FK D DQ
ILQDQpPpQé& WRN GR pLQQRVWt Y 7DE

Tab.1, GHQWLILNRYDQp pLQQRVWL ILQDQpQpKR WRNX LQWHUN
)i]D GRS Udata D YVLQQRV" ILQDQpPpQpKR
B3UHG GRSUDYRX ]i| Platba za tovar
OKUDGD ]JiORK\ QD RNDPALWp Y
3RpDV GRSUDY\ 4S| OKUDGD FROQé&FK NRQDQt
=DSODWHQLH QHRpPDNiYDQEéFK
3R XNRQpHQt GRSUIl 3ODWED IDNW~U\ 8SHGLWpURY
3R XNRQpHQt GRSU| 3ODWED ]D SUHQiIMRP SULHVW
OKUDGD IDNW~U RG JPOXYQEéFK
=DSODWHQLH QiMRPQpKR ]D P

Zdroj: autor

3 =iYHU\

&LH RP WRKWR SUtVSHYNX EROD DQDO&]D D GHPRQA&W L
LOQWHUNRQWLQHQWIOQHM GRS U DiYIHV \8NJ+ VEBRIYRINY X DW]R P BI WX
SUIYQ\P VXEMHNWRP 9 UiPFL V\WVWpPRYHM DQDOsd]\ EROL
]JDPHUDQtP QD PWDWHKWDYRF¥E: LQIRUPDPQE D ILQDQPpQE 6\V)
RStVDOD PDWHULIORYé& D LQIRUPDpQé& WRN RG |DN~SHQLD W
6\WWpPRYi DQDO&]D MHGQR]QDpQH GHNODUXMH SRX&tYDQLH
GRSUDYD MH Y&G\ V~pDV"RX GRSUDYQpKR SURFHVX Y DND
NDSDFLWH 9 SUtSDGH UR]JKRGRYDQLD PHG]L FHVWQRX D &
LQIUDAWUXNW~UD ORNDOLW\

$SOLNIFLRX DOJRULWPLFNpKR P\WOHQLD D A&WUXNWXUL
NWRU@& YL]XDOL]XMH PDWHULIORYé D LQIRUPDpQé& WRN IRU
$OJRULWPXV SULDPR XND]XMH JiYLVORV" RERFK WRNRY D G
LQIRUPDPWRULIORYé WRN LQWHUNRQWLQHQWIOQHM GRS
LGHQWLILNRYDQ&FK YIJLHE MH PR&Qp SRNUDpPRYD" YR Y\
LQWHJURYDQpKR WRNX
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7UHWt KODYQé ILQDQpQé WRN ERO DQDO\]RYDQé& SRPHL
D LQIRUPDpPQpPPX =R V\WWpPRYHM DQDOé&]\ MHGQR]QDpQF
VSUDFRYDQp Y 7DE D GHILQRYDQLH RSDpQpKR VPHUX IL¢
PredmeRP EXG~FHKR Y8@VNXPX EXGH WHGD KODYQH LQWHJUIFL
]Y\3QéP GYRP D NRPSOHWQi YL]XDOL]iFLD ORJLVWLFNéFK W

3R DNRYDQLH
BUtVSHYRN ERO Y\SUDFRYDQ é23Y034pi LIRLY 5 UINFRRNDH MW X N$p3I P
PDWHULIORYp SUYN\ SUH XGUaADWH Q~ SUHSUDYX -KURPDG
7YRUED D LQRYIiFLD Y\ WVRNRANROVNpKR D FHORALYRWC
Ei]H UR]JYRMD GLJLWIOQ\FK D SUDNWLFNEFK JUXPQRVWt

/ILWHUDW-~UD

Amaro-ODUWtQH] ' -6SFAHWHGRA0-ODUWIQH] 7KH LQWHJI
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6\QHUJLD 3'0 $36 0(6 Y NRQWH[WH SRGSR
SRGQLNRYéFK SURFHVRY

OLULDP 3HNDUPHNRYU 7 UHDEXD D. URNRNK Kliment*

! DWHGUD SULHPLNYIHWIQEKHKR LQALQLHUVWYD 6M) 78.( 3DU
.RALFH 6O0RY HQ Vmiail: thiHi&Xdekautcidva @Huke.sk

2 DWHGUD SULHPLYHODIQEKRKR LQALQLHUVWYD 6M) 78.( 3DU
.RALFH 60RY H Q VMiil: [JeteB teBuDa@itike. $k

3 DWHGUD SULHPLYIHOI@QEKRKR L J8L(Q LBHDUMW.RIP HEW)N p K R
.RALFH 60RY H Q \il: [hRaSkroBoDA@iUBe . SK

4 DWHGUD SULHPLNYHWI@EKXHKR LQALQLHUVWYD 6M) 78.( 3DU
.RALFH 6O0RY HQ Vmail: ther8iokE@ ht @ ke sk

* RUHASRQGHQpPQé& DXWRU

Abstract:

The transition from isolated systems to an integrated digital enterprise is a key trendsitnyndu
4.0. Growing demands for flexibility, quality and speed of product development in industry have
led to the introduction of advanced digital tools such as manufacturing data management
(PDM) systems, MES systems and the digital twin (DT) concept. The synergy oMEISM,

and digital twin enables intelligent decision-making, flexible response to changes and building
a learning organization. This is a strategy that leads not only to cost optimization, but egpeciall
to increasing quality and innovation potential. This article presents an overview of key concepts
and technologies for supporting the digital transformation of production with an emphasis on
the product life cycle, data integration and simulation of production processes.

Key words:
digitalization, data, decision-making, production

OYRG

'LIJILWIiOQD WUDQVIRUPIFLD MH QHY\KQXWQi SUH XGUAD
SRGQLNRY -HGQéP ] MHM SLOLHURY MH HIHNWtYQD VSUIiYD
3'0 D 0(6 V\VWpPRY D ]DYiIiG]DQLH NRQFHSWX GLJLWIiOQHKR
RSWLPDOL]IFLX YEYRMD D SUHYIG]J]N\ SURGXNWRY ]JOHS&HQ
UR]JKRGRYDQLD QD ]JiNODGH DNWXIiOQ\FK GiwW 9H Ni YDULI
Y\@aDGXMH XUpLWp SRUDGLH WDN DE\ XPRAQLOD XatYDWH R
LQWHUDNFLH 9 QHSRVOHGQHM UDGH GRGIYDWHOLD LQIRUI
WDN DE\ LFK VA\VWpP ERO pR QDMSUDNWLFNHMAat awDQGDU!
VPHURY 6\VWpPRYi aWUXNW~UD UHSRUWRY GiWRYp D LQIR

9 SRVOHGQHM GREH VD QRYp @&WDQGDQDBEUALARGD, &¥$V D (
Predchodcom ISA-95 bol ISA- Y\YLQXWé Y URNX VO~aLDFL QD UF
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SURFHVQRP SULHP\VOH awbDQGDUG NODVLILNRYDO SUDYLG
SRGQLNX D YEUREQPKR SURFHVX 3RXatYDQtP GDQpKR awbD
YEURE\ QD UR]JGLHOQ\FK PLHVWDFK = SRK DGX SRNURpPLOp
QDMYLDF |DXMtPDYé MHHQWR EWD® GO G SRYDAXMH (53 (
30DQQLQJ VI\VWpP\ DNR ]JiNODGQé JGURM LQIRUPIiIFLt Y REF
]IDGiIYD SUDYLGOI LQWHJUIFLH V LQéPL \b\Wstep BptaPdvaniaH Q W R ¢
LQIRUPiIFLt RG YEUREQéFK DNWLYtW SR SRGQLN 1XORYi Y
Senzorov.

3UYi YUVWYD V~ ]DULDGHQLD V 3/& NRQWUROpPUPL Q
DXWRPDWL]RYDQp V\VWpP\ 6&%$'$ 'UXKi YUVWYD WDNWLHa ]
/,06 NWRUé& SRVN\WXMH NRQWUROX Y UHIOQRP pDVH 6&%$":
MES syWWpP QDFKiG]DM~FL VD QD YUVWYH O0(6 ULHAHQLH S
V\VWpP 7DE ODXHUJDX] ODXHUJDX]

Tab.1-HGQRWOLY-p WYUNDAYRY,6B KRUL]JRQWRP

OURY 6\WWpPRY& +ODYQi IXQNFLO yDVRYé U
(53 7HFKQLFNR HNRQRPLH 'QL WeacG
SUHUR]GH RYDQLH ]Gl PHVLDFH
0(6 96UREQH SOIQRYDQLH OLQ~W\ K

6&%$'$ /,06 | 3URFHVQpP a4W~GLH D H6HNXQG\
=iNODGQp N| IDVWDYRYDQLH SUDF[ OLOLVHNX
QDSU &1&
6HQJRU\ =EHU GiW ROQWLQX|
JEHU GiW

Zdroj: Mauergauz, 2016; Mauergauz, 2012

1 OHWyG\ D PHWRGLND

=DYHGHQLH DNpKRNR YHN LQIRUPDpPQpPKR V\VWpPX Y Ui
PQRAVWYR YEKRG DOH QD GUXKHM VWUDQH WUHED XYDA&R
SUREOpPPRY SUL DDNYQIEMQSRGQWNR GREUH QDVWDYHQp VDPRW
QDFKiG]DM~ 7R P{&H VS{VREL" &H V\VWpP QHEXGH ]JREUD]
7DNWLH& VR ]DYHGHQtP ,6DRXYEB VEFL ] IVIRFMWRMQBIQEL VSROR
YHGHQtP

1 3'0 V\VWpP\ D VSUIYD WHFKQLFNHM GRNXPHQWIFLH

3'0 XPRa XM~ V\VWHPDWLFN~ VSUiYX YEYRMRYHM D
9é]QDPQH VNUDFXM~ pDV SRWUHEQé QD ]JPHQRYp NRQD
SURMHNWRYDQLH -HGQi VD R VDGX QiVWURMRY SUH VSUIiY X
alebointegd RYDQp SURVWULHGN\ SUH DUFKLYIFLX YéPHQX D DQ
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PHG]L VHERX GiWRYp YEVWXS\ ] MHGQRWOLYéFK DSOLNiFL:
DKNp XSUDYRYDQLH H[LVWXM~FLFK GRNXPHQWRY D GiW Y I
VIVWpPRY V~ QiVWURMH SUH SRGSRUX VFKYD RYDFLHKR D ¢

'i\WD V~ Y 3'0 VA\VWpPRFK DQDO\RYDQp D NODVLILNF
XatYDWH VN\ GHILQRYDQéFK DWULE~WRY QD ~URYQL QiYU
VA\VWpP\ X DKpXM~ D JHIHNWtY XM~ SUIFX V UR]JSLVPL NX
dokumentmi. PO QiVWURMH SRGSRUXM~ pDVWR FHOé UDG GiWRY¢
SUH SRGSRUX WtPRYéFK SURMHNWRY &6&: &RPSXWHU 6XSS

1 0(6 D YEKRG\ LPSOHPHQWIFLH YR YEUREH

BNXWRpPQE& SUtQRV 0(6 V\VWpPX MH Y LQWHJUIFLL GiW
SURILWXM~ ] XFHOHQHM GRNXPHQWIiFLH ND&GpKR SURFHV)
VWDYHEQ&FK GLHORY DOHER YIpatFK SURGXNpPQEFK MHGQR
DXWRPDWL]iIFLH DNR DM UR]OLpQp PDQD&pUVNH VWXSQH Y
VI\VWpPPX LQIRUPIFLHRSMIEFIOGHRMQDEBHQpP Y]K DGRP QD SR
D SOIQRYDFRP KRUL]JRQWH =DYHGHQLH 0(6 ULHGHQLD SULQ

Xx GRVWXSQRV" DNWXiOQ\FK D VSUiIiYQ\FK ~GDMRY

Xx JOHSAHQLH WUDQVSDUHQWQRVWL RSHUiFLt D pLQQI
x HIHNWtYQH ULDGHQLH YEUREQ&FK SURFHVRY

Xx JUBFKOHQLH UHDNFLH QD Y]QLNQXWp QH]KRG\

Xx HOLPLQIiFLD QHSURGXNWtYQ\FK pLQQRVWt D RIl OLC

OHG]L UL]JLNi SDWUt SUHGRY&@HWNéP ]JDYHGHQLH GR JOH QD
VNUHVOHQLH UHDOLW\ D QHGRVWDWRN DNFHSWIFLH ]R VWI

1 $36 DNR SRGSRUD GLJLWIOQHKR GYRMpD YEURE\

5RIYUKRYDQLH Y&URE\ 3URGXFWLRQ 6FKHGXOLQJ P{&at
]D ]Y\PDMQH QiURpPQ~ GLVFLSOtQX ] G{YRGX PR&QRVWL U{
QLHNR N&FK YEURENRY NWRUp YEURED SURGXNXMH 5R]YU
MHGHQ ] QDMG{OH&ALWHMA&atFK SURFHVRY SUH ND&G~ YBUREQ

BRIWYpURYp QiVWURMH DNR $GYDQFHG 30DQQLQJ DQ
]JDGHILQRYD" DNR YEUREQé& VIVWpP NWRU@& Y VSROXSUIFL \
ODQXIDEFWXULQJ ([HEXWLRQ V\VWHP 0(6 RSWLPiOQH DORN X
[iND]JQtFNH LQWHUQp DOHER H[WHUQp SRALDGDYN\ $36
MHGQRGXFKp SOIiQRYDFLH D UR]YUKRYDFLH PHWRGROYJLH \
YEURE\ DOHER SR&ALDGDYLHN ]JiND]QtNRY 3UHVQp UR]JYUKR
GLHORY pDVWt YEURENX Y pDVH NHG\ MH SRWUHEQé& 5R]YU
NUIWNRGREpP SOiIiQRYDQLH DOH WDNWLHA& JREUD]JHQLH Y\XAatY
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id

Advanced Planning an6 FKHGXOLQJ $36 MH G{OHAaLWRX V~pDV'
UR]J]GLHO RG NODVLFENpKR 053 ,, $36 LQWHJUXMH SOIiQRYDC
VFHQIURY -HGQi VD R VRIWYpU SUH VWUDWHILFNp UR]KF
VWUHGQRGREpPKR SOIQRYDQLD 3RGSRUXMH UR]J]KRGRYDQLH
D SRG 7DNWLHA& XPRa XMH XUpL" pR NR NR D NGH VD Y\URI
EXG~ QD WR SRWUHEQp 7HQWR SOIiQRYDFt QiVWURM XPR&
neobmedzeB FK NDSDFtW Y pDVRYRP KRUL]RQWH PHVLDFRY WE
SURVWUHGLD V YEURERX QD REMHGQIYNX UHVS SUH Y
NRPSOH[QéPL NXVRYQtNPL D pDVWEéEPL JPHQDPL Y UiPFL SOi

6DPRWQp $36 ULHAHQLH RERMVWUDQQH FHORSRGQLNRY
YEURERX 7DNPHU GiW WHpLH ] (53 VA\IVWpPX GR $36 DOH G
PXVLD E\" VSUIYQH LQWHJURYDQp V (53 ULHAHQtP WDN DE
ObMHGQiYNDFK 1D ND&4Gé QRYé& UR]JYUK SRWUHEXMH JtVND"
D VWDY YEUREQéFK |DULDGHQt D UR]J]SUDFRYDQRVWL SULDP/|
PX XPR4a XMH YR YIpdaLQH SUtSDGRY SUiIYH 08ABLHAHQLH WD

Pracovné objednavky

Samotna vyroba

Obr.1=iINODGQp SUHSRMMNRLAPSHG]L (53 %
Zdroj: autor

1 .RQFHSW GLIJLWIiOQHKR GYRMpD

'LJLWiOQH GYRMpPD ]JKURPD& XMH LQIRUPIFLH SULDPR ] \
'iWD QHXVWiOH ]JELHUD D Y\KRGQRFXMH 3ULVSLHYD N RS
ORJLVWLFNE@FK SURFHVRY 9&]QDP Pi Y UiPFL EXGR¥DQLD LQ
SURGXNW EXGH DXWRQYPQRX LQWHOLJHQWQRX HQWLWRX V
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RNROtP $PEtFLRX MH DSOLNRYD" WHQWR WHFKQRORJLFNEé |
SRGQLNRY QD 60RYHQVNX 3ULHP\VHO E\ PDO UHDJRYD" Q
MHGQRWOLYé&FK RGERURFK 8PRa&a XMH

X VLPXOIFLX D RSWLPDOL]IFLX SURFHVRY

X SUHGLNWtYQX ~GUAEX
X LQWHUDNFLX PHG]L Ii]DPL aLYRWQpKR F\NOX
X HYRO~FLX PRGHOX QD ]iNODGH DNWXiOQ\FK GiW

2 9éVOHGN\

-H PQRKR WHFKQRORJLFNE&FK D VRIWYpURY&FK PRAQRV
SOIQRYDQt D UR]JYUKRYDQt Y\X&L" OQRKR VRIWYpURYEéFK
LPSOHPHQWXM~ $36 GR UREXVWOQpPKR (53 ULHEHQLD =iNC
VWDYDQpKBRLEBRHGED MH QHYENRQQé DOJRULWPXV UR]JYUKR)
SRX4LWLH 6DPRWQi LPSOHPHQWIFLD $36 ULH&AHQt MH NRPS
]JPHQX VI\VWpPX DOH DM ]JPHQX VDPRWQé&FK SURFHVRY 9 SU
NWRQRLHNWRUEGFK SUtSDGRFK WUYDM~ YLDF QH& PHVLDFI
QDVWDYHQtP SURFHVRY D QXWQRVWL LQWHJUIFLH $36 ULH
0(6 VIVWpPX REU 9 UiPFL ,QGXVWU\ LQLFLDWtY GLJ
LPSOHPHQWIFLD $36 ULHAHQLD WHFKQROYJLRX NWRUi GRN
YEVOHGN\ D WDQGDUGQi GRED QiYUDWQRV Wamea¥dd.VWtF L H
96]Y\ LQWHJIUIFLH

X Y\WRNi SRpLDWRpPQi LQYHVWLtFLD

X QIURN\ QD LQWHURSHUDELOLWX V H[LVWXM~FLPL V
X JPHQ\ Y RUJDQL]DpPQHM NXOW~UH

.RPELQIFLRX 3'0 $36 0(6 D GLIJILWIiOQHKR GYRMPD"D Y]QLN
SULMtPD" UR]JKRGQXWLD QD ]JiNODGH SUHVQéFK DNWXiOQ\F
VD pHUSDM~ aWUXNW~URYDQp LQIRUPIFLH R SUPRKBXNWRFK
GLIJLWIOQH GYRMpPpD XPRa XMH LFK VLPXOIiFLX DQDOé]X D R
X IMHGQRWHQé SRK DG QD SURGXNW D SURFHV Y FHO

X UEFKOH D SUHVQp UR]JKRGRYDQLH Y DND YL]XDOL]iF
X PRAQRV" WHVWRYD" ]JPHQ\ HAWH SUHG LFK I\][LFNRX
X Y\aadLD WUDQVSDUHQWQRV" D DX@&RB LWRYDWH QRV" Y.
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Priemysel 4.0

PDM udaje o prdoke_ Digitélne
| "\ dvojéa

——| MES
udaje postrehy
0 vyrobe

A4

Rozhodnutia

Obr. 2Prepojenie PDM,MES & LJLWIOQH GYRMpD
Zdroj: autor

3 =iYHU\

7H[W ,QWHJUIFLD 0(6 $36 3'0 VIVWpPRY Y NRQWHI[W
N ~pRYé SLOLHU PRGHUQHM LQWHOLJHQWQHM YEURE\ 7
RSWLPDOL]IFLX YEUREQEFK SURFHVRY ]Y\d4XM~ WUDQVSDUF
potreEQ& QD XYHGHQLH QRY&FK SURGXNWRY GR YBURE\ 9 S
SUHSRMHQLH GLJLWIiOQHKR D I\]JLFNpKR VYHWD SURVWUHG
3'0 ULDGHQLH YEURE\ 0(6 D PRGHORYDQLHD. TetiOQRP p
WHFKQROYJLH QHSUDEXM~ L]JRORYDQH ,FK VI\QHUJLD YHGL|
YEUREQ&FK V\VWpPRY 6 SRNUDpXM~FLP UR]JYRMRP WHFI
LQWHOLJHQFLH PR&QR RpPDNiYD" DO&LH JHIHNWtYQHQLH Y
Y]QLN QRYEGFK REFKRGQ&FKHRRGABRY W\SX ADV

3R DNRYDQLH

YyOIQRN ERO Y\SUDFRYDQé& V SRBGSRUBXOSNFRNMBNSIRWN I
GLJLWiOQHKR LQALQLHUVWYD SUL LQRYIiFLL D9-GSSVLPDOL
,QWHOLJHQWQp ULHAHQLD SUH ]Y&4HQLH LQRYDpPQHM VFKR:

naLQWHOLJHQWQp SRGQLN\ 9(*$ A, QRYDWtYQH D GLJ
ORJLVWLENEFKVBWRFMR/RKE K 9D* $ 2SWLPDOLJIFLD pLQ
SRGQLNRY D LFK GLJLWDOL]IFLD SRPRFRX)MAVISKMEWAF K YLU\
020TUKE- 6\WWHPDWLFNé& UR]JYRM NRPSHWHQpPQpPKR SURIL

GLILWIiOQHKR LQALQLHUVWYD Y SURFHVH Y\VRAPRENROVNQp
,QRYIiFLD SURILOX DEVROYHQWRY SULHP\VHOQpPKR LQALQLF
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ASHFLILFNéFK VS{VRELORVWt SUH Yé&VNXP D LPSOHPHQW:IF
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/ILWHUDW-~UD

APS, 2025. A key element to digital transformation[online] Available at:
https://resources.sw.siemens.com/en-US/infographic-advanced-planning-and-
scheduling-for-discrete-manufacturirigiccessed 27 Jun. 2025].
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=PHQD Y NYDOLWH RFH RYéFK OiQ SR |DYHGF

Pavel Peterkd® ODUFHOD ODOLQGAINRYI

1 7THFKQLFNi XQRAIHUJDPKD YDNXOWD %(5* 3DUN .RPHQVNpKI
BORYHQVNI Lhialh Mm@ peefka@iuke.sk

2 7THFKQLFNi XQR¥IHAUL]DMWD YDNXOWD %(5* 3DUN .RPHQVNpPKI
6ORYHQVNI WhhiB ka&réelaMBlinddakova@tuke.sk

* RUHASRQGHQpPpQE& DXWRU

Abstract:

A steel wire rope as a machine element must meet the customer's needs with its beality. T
most important attribute of a steel wire rope is its operational reliability and optimal service
life. There are many ways to declare the quality of a steel rope. In this artictBseuss the
parameter of the tensile dispersion of steel rope wires as a qualitative parameter affexting th
service life of the rope. The ideal situation would be if all the wires of the rope vibeesaime
tensile value. In reality, this situation cannot occur from a technological point of view, therefore
manufacturers should ensure that the selection of wires woven into the rope structure has the
narrowest possible tensile dispersion. In terms of wire tensile dispersion, 112 steétstpes

in the period 2000 - 2025 were evaluated. The outputs of the article point to a change in the
guality of steel wire ropes in terms of the strength dispersion of individual wirgstladte
introduction of the EN 12385 series of standards.

Keywords:
steel wire rope, steel wire, quality, service life, wire tensile dispersion, standards

OYRG

BN~VHQRWMH J[SUL YENRQH QHGHAWUXNWROREKWNRQW QF
SRGUREHQ&FK PHFKDQLFNpPX SRWIDGHQLQiVY]YDKE ORHGI]L
RFH RYpKR VD@MDVRX YVWXSQpKR PDWHULIOX RFH RY&FK G
lana. VPLQXORVWL VD GDQHM SUREQURDSHMKRY HERRLO LV B L]
VWUHGQ~ KRGQRWX SHYQRV WY DEUWWRWtREH RRPE&ROQLDQ DO
ALYNRI3WRVSHFKRY 1D SProBpéchavaYadidali BBra N D
a0ROQiIU %RURANIDQIU ODOLQGAINRYi DQG 3HWHU
Y\KRGQRFRYDOL PLHUX UR]SW\OX SHYQRVWL GU{WRY OLHU
SDUDPHWHU SRPRFRX NWRUpPKR VD Y\KRGQRFXM~ ODQi SUL
z0iQ 1RUP\ SRXBROWID@®RNVWL 671 y61 DIN RICPEMEpRAAISAP D
PD[LPiOQ\ UR]JSW\O SHYQRVWL VN +dnB QiatErkales-3>109Rokoly \S O H W
SULHPHUQHM KRGQRW\ SHYQRVWL YAHWN&FK VN~4DQ&FK G
VV~pDVQRVWL V~ SODWQp QR UBMAENGI2365- GRY RN WWY L R]SW
VSHYQRVWL G U{W RSOMRaB1526Q (ENH LP8IBAHG {YRGX SUHGSRNODG
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JRVODEHQLD GU{WRY LFK YSOHWHQtP GR NRQA®DONKFLH

XYHGHQEéFK YEVOHGNRY Y\NRQDQEFK DR|S0W]} VRNBEBQLD RFH
MH JUHMPp &H YEUREFRYLD SRPRFRX ULDGHQpPKR YEEHUX Y
RFH RYEFK OiQ YHGLD RYSO\YQL" YEVOHGQ~ NYDOLWX RFH

1 OHWyG\ D PHWRGLND

.YDOLWD RFH RYéFK OiQ VD NRQWUROXMH Y JP\VOH QR
YFHONX D VN~abDQtP ODQD SR GU{WRFK G6NXWRpPpQi WUKD
Y\KRGQRFRYDQt SRURYQiYD V PLQLPiOQRX WUKDF@X VLORX
uvedenom v norme EN 12385-2 odstavec 3.10.10.

A E 4
(aual =or. G @ (EN 12385-2) 1)
kde: d +priemer lana [mm],
R+tQRPLQIOQD WULHGD SHYQRVWL GU{WRY ODQD >03D@
K+tIDNWRU PLQLPIiOQHM WUKDFHM VLO\

J)DNWRU PLQLPIiOQHM WUKDFHM VLO\ VD XUpt SRPRFRX IDNYV
GU{WX ODQD VS{VREHQp MHKR YSOLHWDQtP GR NRQ&aAWUXI
Y\MDGUXMH PLHUX Y\SOQHQLD REYRGX RFH RYpKR ODQD NR

- L 29N 12385-1) @)

=D NYDOLWQp ODQR VD SRWRP SRYDAXMH WR X NWRUpKR
Y\SRptWDQHM PLQLPIiOQHM WUKDFHM VLO\ SRG D Y]"DKX

3UL WUKX ODQD SR MHGQRWOLY&FK GU{WRFK VD NYDO
EN 12385- $QQH[ % RGVWDYHFE % % % D % 9 N
QRUP\ V-~ XYHGHQpP NULWpULi SRQtaHQLD VWDQRYHQHM PLQ
Y QRUPIFK (2aEN10264- 3RQta&HQLH KRGQ{W SUH PLQLPiOQH R
Y QRUPIFK ]JRK DG XMH SRQtaHQLH QRVQRVWL GU{WRY ] G{Y
+RGQRW\ XYHGHQp Y Q@RERILB264(3AplatiDHQ SUH GU{W\ VN~aDQp
YSOHWHQt GR NRQAWUXNFLH ODQD 3UHG URNRP N H ¢
VORYHQVNEFK UHVS pHVNEFK WHFKQLFNEFK QRULHP SUtS
SRQtaHQLD QRVQRVWL GU{WX QHERO Y QRUPH XYiG]DQé& 9\
D QRUPD ',1 Y pOiQNX ]JKRGQH SRYDARYDOL ]D SUt
SHYQRVWL MHGQRWOLY&FK GU{WRY ]D URYQDN& SUH GU{W\
ODQD 5R]SW\O VNXWRpPQHM WULHG\ SHYQRVWL VN~aDQE&FK
RG VWUHGQHM KRGQRW\ SHYQRVWL VN~a3DQ&FK GU{WRY
]JDYHGHQtP QRULHP UDG\ (1 GRAZOR N |[DYHGHQLX ID
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zG{YRGX MHKR YSOHWHQLD GR NRQAWUXNFLH ODQD 3UH V
VN~aNH MHGQRWOLYéFK GU{WRY Y\SOHWHQéFK ]-RFH RYpl
v Annexe B 3.3 toleranciu -50MPa/+15% (EN 12385- 3UH GU{W\ SUHG YSOH\
NRQAWUXNFLH RFH RYpKR CBUQHIE RIRMUIAMH (LQWHUYDO VNXWR
QD 3UH XUpHQLH NYDOLW\ GU{WRY OBRDRRINBRG D S
aL Y NRmRIYr@&pechov, 1953y 8]QDP VOHGRYDQLH UR]SW\GXndULHG\ S
RK\ERY D NUXWRY QLH V~ VPHURGDMQp D QLH MH SRG D WE
PDWHULIOX GU{WX RFH RYpKR ODQD 9 PLQXORVWL VD VOH!
UR]JSW\OX VNXWRpPpQH QDPHUDQHM \20UQ; PhRUEBEANDERWWR Y HQR
and Prospechov, 1953).

2 9éVOHGN\

9 6N~G8REQL RFH RYé&FK OiQ EROR\WNU&KRDIRFKK PHWRGLN

GU{WRFK OiQ 3UL Y\KRGQRWHQt YaHWNEéEFK VN-~&aGDQEéFt
VN~aDQéFK RFH RYéFK OiQ SR URNX URN ]JDYHGHQLD UD
2EU JREUD]XMH SRPpHWQRV" QHY\KRYXM~FLFK RFH RY¢

VNXWRpQHM WULHG\ SHYQRVWL MHGQRWOLYéFK GU{WRY Y
normou EN 12385-1 annex B 3.3. -50MPa/+15%.
Z priebehu zobrazenom na Obr. MH JUHMPé QiUDVW SRpPpWXYRGXDGHC
QHY\KRYXM~FLFK PHFKDQLFNéFK YODVWQRVWt Y]K DGRP N
12385-1.
1D 2EU MH JREUD]Qé SULHEHK SUM\JMH QW M)SWHOLR 8 RHHHYQ

GU{WRY NWRUé ERO VIMDOQRNG@DGEDP\DMH) WWHMMOSRNOHV SR}
URNX 5RYQDNR MH YLGLH" SRNOHV SRpHWQRVWL Oi
Y\KRGQRFRYDQp NULWpULDPL VWDQRYHQéPL QRUPDPL ',1

7X EROR VWDQRYHQpP NULW pUL XIB/H10R( So\MrienXrnsjotiQoRyY WL QI
SHYQRVWL VN~aDQEéFK GU{WRY
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Obr.23ULHEHK SRpWX VN~aDQKERKRRFH RYSFRM+EHYNULWpPUL
rozptylu triedy pevnosti -5%/+5%
Zdroj: autori
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Obr.33ULHEHK SRpWX VN~aDQKERKRRFH RYSFRM+OEHYNULWpPUL
rozptylu triedy pevnosti -10%/+10%
Zdroj: autori

SRURYQDQtP 2EU D MH YLGLH" DNR URN RYSO\YQLO

ALURNpKR LQWHUYDO UR]JSW\OX VNXWRPQHM SHYQRVWL GU

rozptyl v intervale - 3R URNX VD SRpHWQRMA vRe/aRYEFK OiC
03D PR SUH]JH@WXMH 2EU
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Abstract:

This scientific article explores the possibilities of using artificial intelligencei{®he field of
logistics. It presents an overview of Al technologies and their potential applications in various
logistics processes, such as cost optimization, distribution planning, route generation, and
inventory management. The article focuses on comparing traditional methods with Al-driven
approaches, highlighting differences in efficiency, accuracy, and adaptability of solutions. The
aim is to demonstrate the potential of artificial intelligence to streamline logistics operations
and to identify opportunities for further research and development in this rapidly evolving area.

Key words:
logistics, artificial intelligence, optimalization

Introduction

In the continuously evolving global trade environment, the logistics sector plays a
crucial role, facing complex challenges related to efficiency, costs, and customer satisfaction.
Intelligent solutions based on artificial intelligence (Al) impact many aspects of these processes
2 from route planning and predictive inventory management to warehouse automation
(Hendriksen, 2023; Shahzadi et al., 2024).

A comprehensive overview shows that technological, organizational, and environmental factors
significantly influence the adoption of Al in supply chain management, with implementations
affecting operational, economic, and sustainable performance of organizations (Shahzadi et al.,
2024). Further research indicates that Al supports the emergence of intelligent and adaptive
logistics networks, especially in the context of growing needs for resilience against disruptions
(Allahham et al., 2024). In the area of prediction and sustainability, it has been demonstrated
that Al helps small and medium-sized enterprises (SMESs) utilize resources more efficiently,
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reduce energy consumption, and improve environmental performance (Paul et al., 2024).
Simultaneously, combining Transformer architectures with graph neural networks (GNN)
enables route optimization that reduces overall transportation load (Luo).

In logistics, ant colony heuristics have proven effective for complex route planning of
autonomous logistics robots (Zhao et al., 2025). Significant progress has also been made by
combining reinforcement learning with genetic algorithms, achieving substantial computational
speedups in solving Vehicle Routing Problems (Greenberg et al., 2025).

Al also plays a key role in risk management within supply chainsodels such as Random
Forest and XGBoost significantly improve predictive accuracy and help managers anticipate
potential threats in real time (Jahin et al., 2023). The benefits of Al in transparency and decision-
making are evident in highly dynamic environments, helping reduce errors and improve data
access (Ahmed, 2023).

Finally, literature reviews emphasize the need for interdisciplinary approaches when
implementing Al in practice, as well as the importance of adapting organizational processes
and investing in digital competencies (Gomes and Morais, 2023). These findings provide a solid
scientific framework for further research and effective implementation of Al in logistics
practice.

1 Methods and methodology

Logistics, as a crucial component of economic processes, ensures that goods are
delivered to the right place, at the right time, and in the required condition. In the environment
of the modern digital econonfycharacterized by extensive use of the internet and data
platforms? favorable conditions have emerged for the implementation of artificial intelligence
(Al) in logistics processes. Al enables the automation of supply chain management without the
need for constant human intervention, fundamentally transforming logistics operations.
Organizations that fail to adapt to these technological changes risk losing their long-term
competitiveness.

The rapid development of artificial intelligence and its interdisciplinary nataosnecting
mathematics, computer science, linguistics, psychology, and other?fieddsled to a broad
spectrum of applications in logistics. Algorithms and data flows, which are the foundation of
Al, vary in complexity depending on the specific level of implementation. Al is becoming a
key element of the digital transformation of supply chains, increasing their transparency and
ability to respond to dynamically changing market conditions. Supply chains generate vast
amounts of structured and unstructured data, which Al can process efficiently and convert into
actionable insights.

The use of artificial intelligence in logistics can be identified in the following areas:
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5RXWH RSWLPL]DWLRQ $, DQDO\]HV KLVWRULFDO DQG F
VXLWDEOH GHOLYHU\ URXWHV DLPLQJ WR UHGXFH WUI
GHOLYHU\ WLPHYV

'HPDQG IRUHFDVWLQJ %DVHG RQ GDWD DQDO\VLV $,
SODQQLQJ KHOSLQJ WR SUHYHQW VWRFNRXWV DQG RY
‘'DUHKRXVH DXWRPDWLRQ ,QWHOOLJHQW URERWLF V\V
LQYHQWRU\ PDQDJHPHQW OHDGLQJ WR FRVW UHGXFWL
6XSSO\ FKDLQ PRQLWRULQJ $, DOORZV UHDO WLPH WU
LVVXHV DQG TXLFN UHVSRQVH WR GLVUXSWLRQV
B3UHGLFWLYH PDLQWHQDQFH $, SUHGLFWV WHFKQLFC
LPSURYLQJ WKH UHOLDELOLW\ Rl HTXLSPHQW DQG YHKL
1IDWXUDO ODQJXDJH SURFHVVLQJ 1/3 (QKDQFHV FRP
SDUWQHUV WKURXJK FKDWERWY DQG DXWRPDWHG UHVS
5LVN PDQDJHPHQW $, HYDOXDWHVY H[WHUQDO IDFWRU\
VXJIJHVWY DOWHUQDWLYH VROXWLRQV

$XWRQRPRXV YHKLFOHV 6HOI GULYLQJ WUXFNV KDYH
WUDQVSRUWDWLRQ E\ UHGXFLQJ ODERU UHTXLUHPHQW'
'\QDPLF SULFLQJ $, FDQ DGMXVW SULFHV LQ UHDO WLF
DQG FRPSHWLWLYH EHKDYLRU

3URFXUHPHQW DQG VRXUFLQJ 6XSSRUWV HIIHFWLYH
SURFXUHPHQW SODQQLQJ

3URGXFWLRQ PDQDJHPHQW ,Q HPHUJHQF\ VLWXDWLRC
IOH[LEOH SURGXFWLRQ PDQDJHPHQW EDVHG RQ GDWD |
‘DUHKRXVH PDQDJHPHQW $, LQWHJUDWHG :06 V\VWHPV
RUGHU IXOILOOPHQW DFFXUDF\

6PDUW SDFNDJLQJ $XWRPDWHG V\WVWHPV VXSSRUWHG
SURGXFW LGHQWLILFDWLRQ DQG UHYHUVH ORJLVWLFV
'LVWULEXWLRQ $, JDWKHUV DQG DQDO\HV GDWD WR RS
RSHUDWLRQDO SHUIRUPDQFH

&50 DQG FXVWRPHU DQDO\WLFV $, VXSSRUWYV GHPDQG
LQYHQWRU\ UHSOHQLVKPHQW &3)5 FXVWRPHU VHUY
EHKDYLRUDO DQDO\VLV

2WKHU DSSOLFDWLRQV 7KHVH LQFOXGH SHDN ORDG S
VXSSRUW KHDOWKFDUH ORJLVWLFV DQG F\EHUVHFXUL
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x ,W IROORZV WKDW DUWLILFLDO LQWHOOLJHQFH LV QRW
DQ LOQWHJUDO SDUW RI PRGHUQ ORJLVWLFV ZLWK WKH
GHYHORSPHQW 'LOPHJDQL

1.1 Application of artificial intelligence in logistics process optimization: comparative
approaches

In the context of the growing importance of digitalization and automation in logistics,
increasing attention is being given to the effective use of artificial intelligence (Al) as a tool for
enhancing the performance and adaptability of supply chains. This section focuses on the
analysis of selected logistics-related problems and compares traditional solution methods with
approaches based on Al principles (Pamilerin and Lorriane, 2024).

The focus is placed on key areas such as distribution planning, route optimization, inventory
management, and resource allocation processes. By comparing the outcomes of both
approaches, it is possible to observe differences in efficiency, cost-effectiveness, and
adaptability. In this context, Al emerges as a significant tool for increasing decision-making
accuracy, reducing response times, and lowering operational costs in dynamic environments
(Sharma et al., 2024).

The analytical evaluation of these approaches also provides a foundation for further research
aimed at a systematic comparison of traditional allocation methods based on quadratic distance
and modern algorithmic solutions powered by Al. Such a comparison will enable a more in-
depth assessment of performance differences between deterministic and intelligent systems in
the spatial distribution and allocation of resources within the logistics network (Chen et al.,
2025).

2 Results

2.1 Recalculation using manual math

The quadratic distance allocation method represents an effective computational
approach for determining the spatial location of a logistics facility, considering the square of
the Euclidean distance between the distribution centre and individual delivery points. This
method is particularly suitable in scenarios where transportation costs increase non-linearly
with distance, thus penalizing more distant locations more heavily.

In this case, the task was to identify the optimal location of a distribution centre (DC) serving
VHYHQ H[LVWLQJ FXVWRPHU ORFDWLRQV ZLWK{Hg. WKH .R&L
Each city was assigned Cartesian coordinates (X, Y) along with specific values for cargo
volume and unit transport cost (Tab. 1).
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Tab.ldput data

Customer | Quantity | Price| X Y
> 1
.RAaLF 200 20 | 5.2 | 24
3UHA&HR 170 15 5 4
Bardejov 150 17 | 51| 55
+XPHQ 100 10 | 75| 3.6
Michalovce 120 16 | 7.7 | 25
SNV 145 13 | 28 | 3.6
Poprad 155 17 2 4

Source: author

The optimization was carried out using the weighted centre of quadratic distance formulas:

Where Mi represents the quantity transported, CiC_iCi the unit transportation cost, and (Xi, Y1)

&’?L

&7L

the coordinates of the respective location.

After inserting the input values, the optimal location of the distribution centre was calculated
to be at point [4.8;3.6] This point was visualized on a map, revealing that its position does not

EGHT

AE By

EGHT

AﬁEL(Bg

FRLQFLGH ZLWK DQ\ VSHFLILF FLW\
locations (Fig. 2) outside the existing network nodes (Drezner and Hamacher, 2002).
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This computational approach forms a foundational component for further comparative analysis

in subsequent sections, where it will be evaluated alongside alternative methods, such as
UHFWLOLQHDU GLVWDQFH DOORFDWLR QthB réaadér RdestildJ 1V LW
investigation, the results will also be contrasted with Al-driven solutions, providing a
comprehensive understanding of the suitability of various approaches for supporting decision-
making in distribution logistics (Pamilerin and Lorriane, 2024).

2.2 Solving the allocation problem using artificial intelligence (ChatGPT)

The growing capabilities of generative artificial intelligence open new perspectives for solving
classical logistics problems through human-language-based interfaces. In this context,
transformer-based models such as ChatGPT offer not only the ability to communicate in natural
language but also to execute symbolic reasoning, perform numerical calculations, and interpret
optimization tasks without the need for custom software development (Pamilerin and Lorriane,
2024).

To demonstrate this, the same allocation problem described in Section 2.1 was
reformulated as a language-based query. The goal was to determine the optimal location of a
distribution centre using the method of quadratic distance, considering the transport volume,
unit cost, and coordinates of seven delivery points.

Input prompt to ChatGPT model:
The Al model was presented with a semi-structured query:

Prompt:
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8:H KDYH VHYHQ FXVWRPHU ORFDWLRQV ZLWK FRRUGLQDW:!
costs C. Use the weighted quadratic distance formula to calculate the optimal coordinates (X
Yoc)

The formulas are:

A v i ©

. ? | —

87 I 3)
A:EWOD

. ? el ol

& 7? LS R WD 4)

The values are:
x City 1: X=2, Y=3, M=120, C=0.5
x City 2: X=4, Y=2, M=95, C=0.4
X

>|XOO GDWDVHW HQWHUHG @~
The Al model processed the input and returned the calculated result:
Output:

37TKH RSWLPDO ORFDWLRQ RI WKH GLVWULEXWLRQ FHQWUH

This output matched the result from the manual computation using the same data (see Tab. 1).
The automated processing of symbolic equations, correct summation logic, and accurate
numerical rounding confirm the Al model's capacity to handle complex mathematical
procedures with minimal user intervention (Chen et al., 2025).

3 Conclusions

The analysis conducted in the previous chapters demonstrates that artificial intelligence (Al),
exemplified by models such as ChatGPT, is capable of effectively solving optimization
problems in logistics that have traditionally been approached through mathematical methods.
Using the example of distribution centre allocation based on quadratic distance, it was shown
that a language model can interpret input data, apply the correct formulas, and provide results
that are comparable with manual computations (Pamilerin and Lorriane, 2024; Chen et al.,
2025).

A key advantage of this approach lies in its accessibility and ease of use. The user does
not require advanced knowledge of mathematics or progranfhronty a well-structured
natural language input. This creates the potential for broader application of Al tools in decision-
making processes in small and medium-sized enterprises, as well as in educational
environments (Sharma et al., 2024).
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The results obtained through traditional and Al-based methods are compared in the Tab. 2.

Tab. 2Comparison of allocation by traditional method vs. Al-based approach

Parameter

Traditional Method

ChatGPT (Al Model)

Input Format

Numeric / Tabular

Natural language /
Structured prompt

Output Coordinates [4.8; 3.6] [4.8; 3.6]
Calculation Time Manual (256 min) Instantaneous
Programming Optional None
Required
Interpretability of High High
Result

Required Expertise

Medium to High

Low to Medium

Output Coordinates

[4.8; 3.6]

[4.8; 3.6]

Calculation Time

Manual (26 min)

Instantaneous

} q}AE Z o vU

Source: author

Although the Al-based solution does not perform real-world constraint validation and lacks

transparency in intermediate calculation steps, its strengths lie in speed, flexibility, and low user
input. In the future, such models may be used as prototyping and decision-support tools

integrated into enterprise environmeht®r example, through linkage with ERP or WMS
systems (Sharma et al., 2024).

This chapter highlights the transformative potential of Al tools in logistics decision-making and

lays the groundwork for further research focused on the systematic comparison of classical
optimization methods with Al-generated solutions, taking into account accuracy, computational

time, and real-time adaptability.
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Abstract:

The inspection program, including the design and manufacture of a mobile fixture for using a
multi-channel metal magnetic memory (MMM) measuring device on a hanging rope along its
HQWLUH OHQJWK ZDV GHVLJQHG EDVHG RQ pbrfoachHanXHV W |
inspection of the hanging ropes of the SchRs 1320 excavator. The subject of the inspsction

4 pieces of the excavator's hanging ropes. Two ropes for the suspension ofdigowheand

two ropes for the suspension of the counterweight.

Key words:
inspection, hanging ropes, excavator, MMM method

OYRG

1D ]iNODG SRADGDYNX VSROHPQRVWL 6HYHURpPHVNp C
SURKOtGN\ ]iY VQé&FK ODQ(viz\ShR G)OB\ B RXBYUAHQ LQVSHNpQt
]JDKUQXMtFt QiYUK D YBUREX SRMt]GQpKR S tSUDYNX SUR ¢
PDJQHWLFNp SDP WL NRY$ OFHQP NiNMROHPDFHPIGK WHP
LQVSHNFH MVRX NV ]iY VQéFK -BIBgs/22083DGOD 3YRWBERRO |
]JDY 4HQt NROHVRYpKR YBORAQtNX D GY ODQD ]DY &HQt
1liY VQ&FK ODQOMH. SDWUQp ]
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Obr.23RMt]GQé S tSUDYHN SUR SRXAaLWt YtFHNDQIORY
Zdroj: autor
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1 OHWyG\ D PHWRGLND

1.1 3BRXAaLWi PHWRGLND P HQt

Metoda03. ODJQHWLFNi 3DP " .RY$ MH 1'7 PHWRGD ]DORAat
PDIJQHWLFNpKR SROA JE\WNRYp PDJQHWL]DFH QD SRYUFKX
QHER YtFH VRQG Y QDAaHP S tSDG &aHVW ] QLFK& NDAaGi VC
NROPEFK URYLQIFK =E\WNRYi PDJQHWL]DFH PDWHULIOX
REUIE QtP GVOYBOQRFIQtP RKEEIQtP WHSHOQéP |JSUDFRYI
SURYR]QtP QDPiKiQtP NRUR]t PDWHULIOX DWG

9HOPL G$OHALWEéEP IDNWRUHP RYOLY XMtFtP PDJQHWLF
SURFHV\ Y\YRODQp SURYR]QtP QDPiKiQtP D SRGPtQNDPL
vystavena.

VS tSDG QRVQEéEFK ODQHIIODMHHGCD hYVWPXSKRMEHW $P SRFKRG\
SRG QDS WtP D S tSDG G ®H XKDXWRR QW MBIL YA\ WR YOLY\ NWH!
G$SVOHGNX ALYRWQRVW O]H ]JDFK\WLW DSOLNRYDQRX PHW
JIYLVORVWL LQWHQ]JLW\ PDIJQHW LIXNpERpEWRO X B DHWIIGIOHQR\

6SHFLIiOQtP VQtPDpHP YL] 2EU QD NWHUpP MVRX
povrchu nad lanem WMHKR RVH D HQNRGpU VQtPDFtKR ]D t]JHQt RGI
ZMHGQRWOLYéFK NDQIiO$ VH VSROXGUHLWIGIDIHORGRE BRI
S tVWVirROkrH3) D |REUD]XMH VH QD GLVSOHML Y Hphebhd-Np SRG
v SRGRE JuWBE@EIXHOYW XY ORVWL QR XMHWpPp GUI]JH

'DWD XOREEHQWY O]H SRPRFt S tVOXdQpKR VRIWZDUX S +
VSHFLIOQtKR VRIWZDUX DQDO\IRR®RE S UHDX QW YW\ WR.IY N@QHRVX K
]JiINODG Y\KRGQRFHQt SDN P$aHPH XUpLW ]JyQ\ VH ]YéaHQR
&RQFHQWUDWLRQ =RQHV NGH MH ]YEEAHQI SUDYG
Y PDWHULIOX .RQFHQWUDFH QDS Wt MH ~P UQi QDP H¢
PDIQHWLFNRKNRRORGH pKR PtVWD 3RGVWDWQRX YEKRGRX
P HQt D WDNp Y\VRNi FLWOLYRVW

1.2 3BRXAaLWi P tFt WHFKQLND

3UR SURYHGHQt LQV S HMNHF®Ip PGIMOEGIRXDABD ¥\O QDYU&HQ I
QRVQé YR]tN SUR P tFt YtFHND@iOR 2R XHKRD IRKMEUXRGDH.O0 G
ODQD E\O ]DML&W Q QDYtMHFtP ODQNHP XPRA& XMtFt URYC
RGSRYtGDMtFtKkR HOQNRGpUX ]D]QDPHQiYDMtFtKR P HQt GpOl
E\OD RY HQD ]NX&4HEQtP SURYR]JHP 3UR LQVSHNFL ODQ 0
VVHVWDY

9tFHNDQiORY& VQtPDp 03. W\S 1R 0 2EU

9tFHNDQiORYé& VQtPDp 03. W\S 1R

7HVWHU RI 6WUHVV &RQFHQWUDWLRQ + 76& 0  Y\KRC
- SWMMM-6\VWpP
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9tFHNDQiIORYi DSDUDWXUD Yt RPE&FK SURXGS$ 76& O
6QtPDp Yt LYEFK SURXGS$ 0(&

Obr.39\KRGQRFRYDFt "MHIBQRWND 76&
Zdroj: autor

Obr.49tFHNDQiO RN®E6-YIMPLD b
Zdroj: autor

Obr.50 tFt VRXGUDW&FK SURXGS$
Zdroj: autor
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1.3 Postup inspekce

90DVWQt LQVSHNFH MHGQRWOLY&FK ODQ E\OD UHDOL]R
MHGQRWOLYE&FK ODQHFK ORMWXS P HQt MH ] HMPé |

Obr.6 3BRVWXS P HQt D UR]JPtVW Qt MHGQRWOLYéFK V
Zdroj: autor

96VQHGN

=D]QDPHQDQpPp YEVOHGN\ ] P HQOORWNMRRX BNPRRR@RKE Y
VRXERUHFK D DUFKLYRYiQ\ SUR SRURFRVWR ¥V EXNMR EFOR S UH
PDIJQHWRJUDPW GERSVR/ P B®IQHWRJIUD P H FHpaMrddi¥nt@QirtanEt) D JiY LV
PDJQHWLFNgHsRx OB UI]HLXVRIGE FKQ\ JtVNDQp GDWRYp VR
Y\KRGQRFHQ\ 3R]JRUQRVW E\OD Y QRYIQD W P PDIJQHWRJU
PRKOR GRMtYUEINNWYOQRINWHULIOX YOLYHP SURYR]JQtFK SRGP
koroze apod.
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=iNODGQt SDUDPHWU KRGQRFHQt MH GiOH RYOLYQ Q FI
NWHUp NRULJXMt WHQWWRJKROIRG G & YSFOA)O MHWRX & NWHUp D
S HNUDpXMtFt VWDQRYHQRX KRGQRWX KEGYRGEX QD WDDIRH (
NHURYQRVWL ODQD EOt]NRVWL NRYRYéFK S HGP W$ QHER N
1D ]JiNODG SRVWXSQp LQVSHNFH MHGQRWOLYéFK OD

Y\KRGQRFHQt RSDNRYDQ QDP HQ&FK VRXERU$ GDW GOH
000 6\VWpP

9\KRGQRFHQt YEVOHGNS$ ODQD

98VOHGN\ P HQt QD ODQ MVREUS HKQWGIQ ] LIWB GHIB G
PDJQHWRJUDPS$ Y\ND]XMH Y FHO psPYémQ p NR»O BHR QIRWVRIR A U ¢
lanaccal,7MRG MHKR XNRWYHQt 'HWDLOQt JREUD]JHQt WRKRWR
VWpWR REODVWL E\O\ RSDNRYDQé&P P HQtP JML&®W Q\ Yél
]YEEAHQRX NRQF SQAWMEPRIFGIDSFWt FP MBEN MH]PHMPhQWHQ]
PDJQHWLFNpKR SROH $ 2EU YeUD]Qé JUDW hWRWR FGD W
zZY&3HQEeFK NRQFHQWUDFt QDPiKiQt E\OD DSOLNRYiQD PHWF
8M-4sP tFt VRME®RX SRXAtYDQi QD JMLA"RYiQt SRYUFKRYG&FI
GHIHNWS$ W\SX WUKOLQ OD[LPiOQt FLWOLYRVW WRQ@@\ MH
REODVWL QHE\O ]MLAW Q Y&8VN\W SRYUFKRYE&FK WUKOLQ ¢
VNXWHpPQRVW SRWYUGLOD L GHWDLOQt YL]XiOQt LQVSHNFH

-H ] HMPp &H GDOA&t ]P Q\ S US$ERKXVR DRIYMW RMRIXP X\Y RO G
YODVWQRVWGPQWRBEOMDKXWVY. 7\WR ]P Q\ V YHOPL YBUD]QéPL
NRQFHQWUDFt QDS Wt 6&= PRKRX E&W JS$SVREHQ\ XYQLW ¢
YOINHQ ODRBURIR@XER YEUD]QRX GHIRUPDFt YQdiaN QtFK G
S HWUAHQt ORPX YOLYHP ~QDYRYpKR ]DWta8HQt S L SURY
z DG\ H[SHULPHQWIiIOQtFK SUDFt ]NRURGRYDQ&FK ODQ 2V\
YeUD]Qp ]JPKRYYQt PDWHULIiOX ODQD
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Obr. 7Magnetogram lano 1
Zdroj: autor

Obr. 8Magnetogram lano 1 - detail oblasfy Q\ VH ]JYEAHQRX NRQFHQWUDF
Zdroj: autor
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Obr. 9Magnetogram lano 1P QD LQWHQ]ILW\ PBIR KBWHNMNEK R tSRFRO M D C
YR]tNHP
Zdroj: autor

Obr. 10Magnetogram lano 1YéUD]Qé JUDGLHQW ]JyQ\ NSRIQ SHKDME G Fpit G E
YDG YR]JtNHP
Zdroj: autor
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9\KRGQRFHQt YEVOHGNS$ ODQD

96VOHGN\ P HQt QD ODQ MVRX S HX®WHIHIG NXXY MG HJQN M
4H LQWHQ]LWD P D JBROMUFNYHR YRIODB] XQIBISMD®R YW Q\ FFD
P GpPONREDBVWL P Y\ND]XMH ]Y&3HQp JUD GLRAHQEt B RGRE
UR]JVDKX 7DWR GHWDLOQt REORVWDWHQ}RE UDQH G QPH2ED Q
SRX]H YHOPL Qt]Np JUDGLHQW\ NRQFHQWUDFt QDPiKiQt

Obr. 11Magnetogram lano 2
Zdroj: autor
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Obr. 12Magnetogram lano 2 - detail oblasfy Q\ VH ][YEAHQRX NRQFHQWUDF
Zdroj: autor

9\KRGQRFHQt YEVOHGNS$ ODQD

98VOHGN\ P HQt QD ODQ MVRX S HKOHGQ XYHGHQ\ Q
pole vykazuje VFHOp P HQp GpOFH URY QRFO B D RX]| R OFSIM BEVRAVHAIQW
]YéEAHQRX NRQFHQWUDFt QDS Wt 6&=
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Obr. 13Magnetogram lano 3
Zdroj: autor
9\KRGQRFHQt YEVOHGNS$ ODQD

98VOHGN\ P HQt QD ODQ MVRX S HKOHGQ XYHGHQ\ QI
pole vykazuje VFHOp P HQp GpOFH URY QRFO B D RX]| R OFSIM BVRAVHAIQW
]YéEEAHQRX NRQFHQWUDFt QDS Wt 6&=
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Obr. 14Magnetogram lano 4
Zdroj: autor

=iYy U

1D ]JiNODG SURYHGHQpPp LQVSHNFH pW\ NXV$ QRVQEF
konstatovat:

1RVQp ODQR RENDDMWIH Y P RG VSRGQtKR XFK\FHQt YéU
QDPiKiQt NWHUp PRKRX E&W Y\YROIQ\ GtOptP SRUX&HQtP N
GHJUDGDFt YQLW QtFK SUXW$ NRUR]JH ~QDYRYp SR&ANR]HQ

9L]XiOQt SRYUFKRYRIWRBKVY BONRXVX ]yQ NRQFHQWUDF
]JMLAW Q\ GHIHNW\ W\SX WUKOLQ QD YQ M&tFK YOINQHFK O

9GROQt piVWL ODQDQ D\ BWRMWPR QDQD FFD P D& P

1RVQp ODQR RENDDMWIH Y P RG VSRGQtKR XFK\FHQt YéU
QDPiKiQt 7DWR REODVW YO\DNQMPMHQY.KE &Y URYQNRIQFHQWUDF I

1HS tWRPQRVW SRYUFKRYéFK WUKOLQ QD YQ I
P HQt PHWRGRX:jiMtiUYeFik2 U 2\U6'e6R

8 QRVQpKR ODQD QHE\O\ ]MLAW Q\ ]JyQ\ NRQFHQWUDF
GHIHNWS$P W\SX WUKOLQ

8 QRVQpKR ODQD QHE\O\ ]MLAW Q\ ]JyQ\ NRQFHQWUDF
GHIHNWS$P W\SX WUKOLQ
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9]KOHGHP NH ]MLAW Q&P DQRPiOLtP QD QRVQpP ODQX

SURYR]X U\SDGOD MHGQR]QDpPQ GRSRUXpXMHPH SURY LW
ODQD RY LW WHQ]RPHWULFR&RV P ] YE@HPQ © DNRQ FHQWUDFH
parDOHOQtP P EMHQIRpKN PtVW EH] NRQFHQWURYDQpKR QDP
SRGPtQNiFK U\SDGOD &tOHP WRKRWR P H®©tVEXGBHQRWPL ®W HC
]JyQD NRQFHQWUDFH QDPiKiQt D S LOHKOp FHOLVWYp REOD
VQtaHQt SHYQRVWQt ~QREZERVINGDPROMD GO RE A TPHPWI 3RWYU
WRKRWR VWDYX GRSOQLW P HOtRWL]IQEDI$QAPNXR QYEFQ W BP E
'iOH QD ]iNODG ]MLA&W Qt GHIRUPDpPQtFK JP Q S L FKRGX U\S
QD ~QDYRYp FKRYiQt QDSMDWRVWL QRVQpKR ODQD ]DKUQXI
XUpHQt GDO&tKR EH]SHpPQpPKR SURYR]X U\SDGOD

ILWHUDW-~UD

3URWR N-B-TB56/220 3 . ,QVSHNFH ]iY VQéFK ODQ U\SDGOD
11 s.

202



22" International Conference t 2628eptember 2025
XXIX u I]v &} v I}v( E v ] 3. t 26. september 2025 i

Research, Production and Use of Steel Ropes, Transport

and Handling Equipment

SEe«lpuU AE E} % }uT]18] } 9q}AE Z o vU }¥%
u vli%po VvE Z 1 E] v

ORGHORYDQLH GRSUDYQpKR FA\NOX REUDW

SRG]HPt
-DQND aDGHORWIDQQD 7RPDA&ANRYI
1 78.( )% (5* OVWDY ®RIUDW\L \BDWN .RPHQVNpKR .RE

janka.saderova@tuke.sk

2 78.( 6WURMQtFND IDNXOWD .DWIGUDROQFHIOLWX EHWWSH |
.RALFH HPDLO PDULDQQD WRPDVNRYD#W XN

* RUHASRQGHQpPQé DXWRU

Abstract:

The subject of research in this paper is the modelling of mining rail transport. Simulation is
used as a modelling method. The ExtendSim8 software product was used to simulate the
transport cycle of a train set. The paper presents and describes a simulation model of the
selected transport system. The system is characterized by the fact that the transport of raw
materials is provided from two loading points, while the unloading of these train sets islcarrie
out at one common unloading point. The simulation results in several parameters: the number
of loadings, the number of unloading, the number of trains set cycles, downtime at the loading
and unloading points, time usage for the simulated time (hour, shift, day) and others.

Key words:
modelling, transportation, simulation, model

OYRG

7THFKQRORJLFNp SURFHV\ Y "DAREQRP SWH®EMW®EH |DK D
MH GRSUDYDSR&GURBDPSRYUFKX NWRUi VSRWUHE~YD ]QDpD
aY\WYiUD SRGVWDWQ~ pDV" FHONRYéFK QiNODGRYnQD "DAaE>
SURFHVRP Y KOERNéFK DM SRYUFKRYé&FK EDQLDFK 'RSUD\
YHQXMH YH Ni SRIRUQRV" SUHWRAaH WHFKQLFN\ QHP{aH ]D
QHVWDOD EU]J]GRX FHOpKR WHFKQRORJLFNpKR SahRjEHVX "D:¢
]JDEH]SHpPL" QDNOIGNX Y\NOIGNX D SUHSUDYX SRaDGRYDQpK
PLHVWR MHM DO&ALHKR VSUDFRYDQLD Y SRADGRYDQRP PQT
ADGHURYiI HW DO

SUHGPHWRP Y&EVNXPX Y WRPWR pOiQNX MH EDQVNiI NR
GRSUDYD MH MHGQéP ] N ~pRYEFK GRSUDYQéFK V\VWpPRY
EDQVNéEFK SRGQLNRFK .R DMRYi GRSUDYD VD SRXatYD QD
amateLiORY Y SRG]JHPQéFK EDQLDFK D QD SRYUFKX OHG]L &
GRSUDY\ SDWULD EDQVNi aHOH]QLpQi WUD" EDQVNp YR]\

6\VWpP\ EDQVNHM NR DMRYHM GRSUDY\ VD P{aX Y MH(
WI\SRP SRXAaLWéFK ORNRPRWtY D EDQVNEéEFK YWK&¥niaDOH DM
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9\NODGDQLH QHUDVWQé&FK PDWHULIORY ] EDQVNEFK YR]R
PHWYyGDPL Y\NODGDQLH YR]JRY QD SRYRGKMWDOHER Y\NODG

1D 2EU MH JREUD]HQi VFKpPD GRSUDYQpKR F\NOX S
SULDPR Y SRG]JHPt 9\SUi]G RYDQLH YR]JRY Y WRPWR SUt
RGNORSHQtP GQD YR]D SUHFKRGRP YODNRYHM V~SUDY\ FH
QiVOHGQH YUDFLD QD PLHVWR QDNOiGN\

Obr.16FKpPD GRSUDYQpKR F\NOX SUL YSNRGBDBPIQt QHUL
Zdroj: autor

1D 2EU MH J]QiI]JRUQHQiI SUtNODG GRSUDYQpKR F\NOX |
UHDOL]XMH QD SRYUFKX 'RSUDYD QHUDVWQHM VXURYLQ\ M
NWRUp V~ QiVOHGQH SRPRFRX ]JYLVOHM GRSUDY\ SUHPLHV\
VXURYLQD ] EDQVNéEFK YR]JRY Y\V\SDQi GR ]JiVREQtND QDSU

Nakladk . Presun plnych Odboieni Presun lokomotivy Prinoienie sii P szdnych
Surovina akladka suroviny banskych vozov pojenie vozov v rAmci néraziska ripojenie stiprav resun prazdnycl
v zasobniku zo zésobnika | 7 miesta naklédkyg’ od lokomotivy K prézdnym P prézdnychvozov —» vozov k miestu
do banskych vozov, PR na narazisku . k lokomotive nakladky
k nérazisku banskym vozom
3
v Surovina .
Presun banskych 1DUi@DQLH GYXRMYEH - V zasobni Prézdne Vrérza;nenc'ﬁ
vozov z podzemia [«—  banskych vozov © vozy vozy prezeny
na povrch do>D&eQHM NOL Waraﬂsku na naraziski banskych vozov z
>DeQHM NOL
. . . Presun prazdnych 1DUieDQ|LH .
Ve | o 3\0RmHOLH Ve | prisaenveaoy || e )
Y 0 2 banskych vozov PLHVWR QD Uje® @aoHM NoLNFNT ’ig‘ﬁ.
z>Dae QHM N O LHW NAkladky ) podzemia
vozov do klietky povrchu

Obr.26 FKpPD GRSUDYQpKR FINOX SUL Y\NODGDQt YR]
Zdroj: autor
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7LHWR GYD SUtNODG\ V~ QDMpDVWHMALH UHDOL]RYDQ
VWUHWQ~" DM DO&tPL PRAQRV"DPL UHDOL]iFLH NR DMRYHM

+ODYQéP FLH RP PRGHORYDQLD Y WRPWR SUtVSHYNX
V~SUDY\ SUH SUtSDG NH GRFKiG]D N Y\SUIi]G RYDQLX EDQ\
YEVOHGNRP PRGHO % RpH \8 DAJDFPHIWHIEFK F\NORY NWRUEé P{:
stanovenH NDSDFLW\ GRSUDYQpKR V\VWpPX DO&atPL YEéVOH!
VWDQRYHQLH SRpWX YODNRYéFK V~SUDY NWRUp MH SRW!
SRADGRYDQHM NDSDFLW\ NDSDFLWQp OLPLW\ GRSUDYQp!
SUHYiIiGIN\ VWUDWRYpRL@PV\ SUL GRSUDYH D

1 0 HWyyaGnetodika

9 WRPWR SUtVSHYNX MH SUH SRWUHE\ PRGHORYDQLD Y’
MH Y V~pDVQRVWL Y\XatYDQi SUL U Ipttaikoght (Sirek@atRK 20Z2RK D S|
2QGRY HW DO 6LPXOIFLD MH PHWYyGD Y NWRUHM MH
PRGHORP 1D VLPXODpPQRP PRGHOL MH PRaQp Y\NRQD" PQR:
SRSU RSWLPDOL]JRYD" D YEVOHGN\ DSOLNRYD" QD UHIOQ\ V
P{&H Y\XaL" QD RYHUHQLH Y&VOHGNRY NSRRUPp MHPPRKQry
PDWHPDWLFNéEFK Y]"DKRY DOHER SR]JRURYDQt SULDPR Y SUI

ORGHORYDQLH GRSUDYQpKR FA\NOX REUDWX YODNRYHM
$ ,GHQWLILNIFLD V\VWpPX 9 WRPWR NURNX VD LGHQWLI
VI\VWpPX MHKR RNROLH D JINODGQp FKDUDNWHULVWLN\ V\V
% 9\WYRUHQLH VLPXODpQpKR PRGHOX JYROHQé&P VLPXODpPC
SUH VLPXOIFLX VLPXODpQp EDOtN\ NWRUp X DKpXM~ SUIF
JUDILFNiIi VIPEROLND WYRUED aWDWLVWItN samadindjVi8ene' DQLPIi
PRGHOX WDN DM ]JPHQH YVWXSQéFK GiW
& 6LPXOIFLD D DQDOé]D YEVOHGNRY VLPXOiFLH SUH NRQN!

9éVOHGN\ JtVNDQp ]JR VLPXOIiFLH MH PRaAQp DSOLNRYD" (
DNR QD KRGQRWHQLH V~pDVQpKR VWDYX VI\VWpPX JLVWHQL
VLPXOiFLH MH DM YILREOQDQHMHMWMUDNR VI\VWpPX WDN DM Y
Z experimentov.

2 9éVOHGN\

8YHGHQi PHWRGLND VD DSOLNRYDOD SUH PRGHORYDOQL
SUH GRSUDYX QHUDVWQHM VXURYLQ\ Y SUtSDGH XYHGHQR
SUHSUDYX QHUDVWQHM VXURYLQ\ OHQ Y SRG]HPt $Y&DN
SUtSDGH ] GYRFK U{]Q\FK ]JiVREQtNRY D Y\NOiIGND MH UH
[iVREQtND +ODYQp SUYQDNODWDFELHN YWDQLFH NR DMRYp V
WYRUHQpP ] EDQVNHM ORNRPRWtY\ D EDQVN&FK YR]JRY D Y
GYRFK pDVWt NDA&Gi pDV" SUHGVWDYXMH SUHSUDYX VXURYL
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NGH VD WLHWR GYH pDVWL VWUHWiYDM~ Y MHGQRP ERGH
YUDFDM~ QD PLHVWR QDNOiGN\ 2EPHG]HQLD V~ DNR QD VW
- Y GDQRP pDVH OHQ MHGQD YODNRYi V~SUDY\ P{&H E\" QDI
- Y GDQRP pDVH OHQ MHGQD YODNRYi V~SUDYX P{&H E\" Y\
3UH VLPXOIiFLX GRSUDYQpKR F\NOX YODNRYHM V~SUD
(IWHQG6LP NWRU& MH SURGXNWRP ILUP\ ,PDJLQH 7KDW ¢
GLVNUPWQHM VLPXOIiFLH Y\WYRUHQé& ] EORNRY NQLAQLFH
3ULQW VFUHHQ Y\WYRUHQpPRRE/ LPMB DPHHERQRRERHSAN IR XAl
98VOHGNRP VLPXOIiFLH V~ YLDFHUp SDUDPHWUH SRpH
REHKRY YODNRY&FK V~SUDY SUB¥RRQOEF K F\RIOHRWWS QDNO
PDVRYp Y\X4&LWLH ]D VLPXORYDQé& pDV KRGLQD ]PHQD GH
3R Y\WWYRUHQt VLPXODpQpKR PRGHOX D MHKR YHULILN
YVWXSQp SODEPHWADHSMURY | ([SHULPHQW SUHGVWDY X
F\INORY REHKRY SUH GYH YR]JRYp V~SUDY\ NWRMigty \NRQiVYI
QDNOIGN\ $ D V~-pDVQH SUH &W\UL YR]JRYp V~SUDY\ NWRUp
] PLHVWD QDNOiIGN\ % 3R Y\OR4AHQt QHUDVWQHM VXURYLQ\
S{YRGQHM QDNOiGN\ NGH MH RSI" SULVWDYHQi QD QDNOiG
ERO PLQ~W KRGLQ\ 3UH WHQWR PRGHORYé& SUtNOL
V~SUDY\ Y LQWHUYDORFK DE\ EROR GRGUADQi SRGPLHQNI
V~SUDYD P{84H E\" QDNODGDQi QD ND&GRP PLHVWH QDNOIGI

Obr.33ULQW VFUHHQ VLPEXOBEN®PWMKR PRGHOX Y
Zdroj: autor

1D PLHVWH $ |DpDOR QDNODGDQLH SUYHM YODNJR¥telM V~SU
A GUXKi YODNRYi V~SUDYD EROD JHQHURYDQi SR PLQ~W
1D PLHVWH % ]DpDOR QDNODGDQLH SUYHM YODNRYHM V-~S
(Create B GUXKi WUHWLD D a&WYUWi YODNRYi V~SUDYD EROI
PLQ~WDFK SR JHQHURYDQt SUHGFKiG]DM~FHM YODNRYHM V-
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Tab.13RSLV SRXAaLWéEFK EORNRY
Bloky | Popis blokov

|__/§| Create AaCreate BUHGVWDY XM~ JHQHURYDQLH YVW
o VLPXODpPpQpKR PRGHOX

Get SOQt IXQNFLX ptWDpN\ QDVWDYHQéFK DW,
V~SUDYD D V~-SUDYD

g |Selecttemin URJ]GYRMt SUHSRMHQLH WDN DE\ VD
PRKOD SRVWDYL" GR IURQWX GiIVEOE @Q@HN EBCR&OD E
cyklom.

Select item out] YROt NWRUé YE&VWXS JtVND SUY]
UR]JKRGQXWLD 3ULUDGt V~SUDYX QD YéVWX§
QDNOIGN\

:,—EJE Queue ASUHGVWDYXMH UDG YODNRYéEFK V~SUDY
e | Queue BSUHGVWDYXMH UDG YODNRYéFK V~SUDY
Activity (Loading AD /RDGLQJ % SUHGVWDYXMH QbD
o QDNODGDQLD YODNRYHM V~SUDY\

g—g)ﬂ Activity (Unloading) SUHGVWDYXMH Y\NOIiG NX DNO IYNNRQ
YODNRYHM V~SUDY\

Transport Ala Transport Blpohyb - SUHVXQ SOQHM YODNR
@@ QDNOIGN\ SR PLHYDPR®R MDNOGIGSNDQGHM YODNRYHN
% | Transport A2a Transport B2oohyb -SUHV X Q SUIJ]GQHM Y nedtd
Y\NOIGN\ QD PLHVPDR QMDNO@OVGNNiI]HQHM YODNRY
@;ﬁl@ Information XGiYD LQIRUPIFLX NR NR FA\NORY Y\NRQ
g do bloku Holding Tank.

o[ s |Holding Tank IDSRptWD NR NR \RWN@ROD SYODNRY i
gege | Information.

LEH Discrete EvenfR YVWXSQéFK KRGQ{W Y\NUHVOL" JU
VOHGRYDQEéFK YVWXSRY |DStdH GR WDEX N\
Zdroj: autor

Tab.29VWXSQp SDUDPHWUH GR VLPXOIFLH

Parameter Miesto nakladania | Miesto nakladania B
A

SRpHW Y\R{R ¥hik¥]H 30 40

yDV QDNODGDQLD V~SUL 9 12

yDV Y\NODGDQLD Vv~SUD 3 5

FH] YEV\SQ~ UDPSX >PL(

yDV MDFGHY XQ RG PLHV 12 30

PLHVWR Y\NOIGN\ MD]GI

3RpHW QDVDGHQEéFK V~S 2 4

Zdroj: autor
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9éVOHGNRP VLPXOiFLH REHKX YODNRYéFK V~SUDY V-~ YL!
VD SRpWX Y\NRQDQéFK QDNOiIiGRN YODNRYéFK V~SUDY SUH
-QD PLHVWH QDNOIGN\ $ EROR QDOR&HQEéFK FHOéFK YO
SULVWDYHQi QD QDNOiIGNX PLHVWR QDNODGDQLD EROR SR
PRaAQH SUHGSRNODGD" &aH NDaGi V~SUDYD EROD QDORAHQ:I
-QD PLHVWH QDNOIGN\ % EROR QDORAHQEéFK FHOéFK YODN
QDNODGDQLD EROR SRpDV VLPXORYDQpPKR pDVX Y\XaLWp Q
V~SUDYD EROD QDORA&HQi PLQLPIOQH NUIW

Obr.33ULHEHK SURFHVX QDNODGDQRD QD PLHVWDFK
Zdroj: autor

Obr.43ULHEHK pDNDQLD YODNRYHM V~SUDY\ QD Y\
Zdroj: autor

OLHVWRP Y\NOiIGN\ SUH&GOR FHOéFK YODNRYé&FK V~SUDY 3
YODNRYi V~SUDYD pDND" Y UDGH QD Y\NOIGNX 2EU 3RplI
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Y\NRQDOL VSROX FHOéEFK REUDWRY REUDWRY Y\NRQDO
trase B), Obr. 5.
SR XNRQpHQtBMREOCRXOIFOEDNRYi V~SUDYD QD QDNODGDFHM VW

WUDVH 7UDQVSRUW $ YODNRYiI V~-SUDYD QD QDNODGDF}
TUDQVSRUW % YODNRYIi V~SUDNOD NY P VitV EPIRDi G N\ L
B2.

Obr.53RpHW REUDWRY V~SUDY
Zdroj: autor

3 =iYHU\

V SUtVSHYNX MH SUH]JHQWRYDQé& VLPXODpQé PRGHO ED
FKDUDNWHULVWLFNEé WéP &H SUHSEDRBPKVXIURWW QQ DWHD ® K H
Y\NOIiGND WéFKWR YODNRY&FK V~SUDY MH Y\NRQiYDQi QD
8YHGHQé VLPXODpQé PRGHDOMHHP BB QML YIRYaAtWH RR&QpP KR
GRSUDYQé& V\VWpP NR DMRYHM GRSUDY\ 3UH]HQWRYDQ&é
GRSUDY\ P{&H E\" pDV"RX VLPXODpPQpKR PRGHObanskgiPSOH[Q
SUHYiG]NH

7DN LVWR MH WHQWR PRGHO XSODWQLWH Q& DM SUH L
XYHGRPL" &H SUH SRWUHE\ VLPXOiFLH PXVLD E\" N GLVSH
Y@SRpWRP DOHER SULDPR ] PHUDQt Y SUDJL

98VOHGN\ VLPXOiFLH P{&SRENODMFRNQEPUH KRGQRWHQ]
GRSUDYQpPKRSWHWpPpAOHER SRGNODGRP SUH KRGQRWHQLH ¢

3R DNRYDQLH
3UtVSHYRN ERO Y\SUDFRYDQé&23Y UIiPFRY$ URRIGHNWXXI$B Q
PDWHULIORYp SUYN\ SUH XGUabDWH Q~ SUHSUDYX -KURPDG!
7YRUED D LQRYIiFLD Y\WVRNRANROVNpKR D FHORALYRWC
Ei]H UR]JYRMD GLJLWIOQ\FK D SUDNWLFNEéEFK JUXPQRVWt
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ILWHUDW-~UD

ODUDVRYIi HW DO 9Q~-WURSRGQLNRYiIi GRSUDYD Y
201 s.
2QGRY O 5RVRYi % AaRIUDQNR O JHKpU - yDPEIO - )

Redesigning the production process using simulation for sustainable development of the
enterpriseSustainability 14(3), pp.1-21.

Straka, M. et al., 2022. Simulation of homogeneous production processes. International Journal
of Simulation Modelling, 21(2), pp. 214-225.

aDGHURYiI - ODUDVRYi ' *DOOLNRYI - 6LPXODWLR(
the warehouse: case stud§EM Journal 7(1), pp. 112-117.
aDGHURYiI - aXEDUDQRYLUO 7 $QDO\WLYV DQG SHUIRL

materials in mining rail transporfransport & Logistics: the International Journal
17(43), pp. 76-81.

aDGHURYi - '"RSUDYD XK oprava &I10g93tkal B MPRWH DiGQYMRHp
S. 442-446.
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$XWRPDWLEEDDEFK S SREHPRWHD QHeYl YEURTE
SUtQRV SUH SRGQLN

SHWHU 7 M&ek Khiment? OLULDP 3HN‘DUE[D©I‘{DR.\U4RQRYi
Anton Hovana&

I DWHGUD SULHP)\YIHOIQ@IKHKR LQALQLHUVWYD 6WURMQtFEND
v.RALFLDFK 3DUN .RPHQVNRK&RMail: peter.traRdnb@tdike.sk

2 DWHGUD SULHPLYIHWOIQEKHRKR LQALQLHUVWYD 6WURMQtFND
V.RALFLDFK 3DUN .RPHQYVN$K&mail: marek.kiradnE®tuke.sk

3 DWHGUD SULHPLNYIHDIQEKHKR LQALQLHUVWYD 6WURMQtFEND
v.RALFLDFK 3DUN .RPHQVN$KEe&maimiriam.pRkalcikdva@tuke.sk

4 DWHGUD SULHPLYIHWIQEKHRKR LQALQLHUVWYD B6WURMQtFND
v.RALFLDFK 3DUN .RPHQVN$Xe&mail: jana.kcddéa@tdke.sk

5> DWHGUD DSOLNRYDQHM PDWHPDWLN\ D LQIRUPDWLN\ 6V
vV.RALFLDFK /HWQi SR, e-mailRaatofkbdvan@tukk

* RUHASRQGHQpPpQE& DXWRU

Abstract:

The paper focuses primarily on the design and practical implementation of an automated
system solution with the aim of improving production processes in a company focused on the
production of products for the automotive industry. The focus of the work lies in identifying a
specific problem in production and subsequently designing an effective technical solution using
elements of automation and production optimization. The core of the work is dedicated to the
solution design itself - from the technical analysis of the current state and description of
individual parts of the production system, through the design of the automated system, to its
specific implementation and evaluation of its benefits, together with the evaluation of the cost
side of the implementation of the proposed solution.

Key words:
automation, production, optimization, Kuka robot

OYRG

3UYp ]QiPN\ DXWRPDWL]iFLH VD REMDYLOL X& Y VWR

NH EROL ]DYiG]DQp PHFKDQLFNp ]JDULDGHQLD GR WH[WLOQ
VWRURpPt SULAOR N ]JDYHGHQLX HOHNWULFN&FK SRKRQRY
SURJUDPRYDWH Q&8FK ORJLFN&FK DXWRPDWRY 3/& 7UHEX
2G NRQFD VWRURpPLD ]D]QDPHQIYDPH QiVWXS W]Y
Y\X4tYDQLH URERWRY VHQJRULN\ GiWRY&FK VLHWt D XPHO
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'QHV Y pUH 3ULHP\VOX VD DXWRPDWL]iIFLD VWiYD
JiYRGRY NWRUp Y\X&tYDM~ GLJLWiOQH GYRMpPDWi FORX(
DXWRQYPQH ORJLVWLENp VI\VWpP\ 6DGHURYD HW DO

$XWRPDWL]IFLD MH MHGQé&P | QDMY&]QDPQHMEtFK WL
SULHP\VHO D YEUREX 9 NRQWH[WH G\QDPLEN\ VD PHQLDFHK
QD NYDOLWX D IOH[LELOLWX Y&URE\ VD SRGQLN\ pRUD] pl
XPR& XM~ DXWRPDWLFNp ULDGHQLH YBUREQE&FK SURFHVRY
&LH RP DXWRPDWL]iIiFLH MH GRVLDKQX" Y\aaLX HIHNWLYLWX
VSR DKOLYRVWL SURFHVRY D VNUiIWHQLH pDVX YEURE\ *U]Q

1 OHWyGletddika

6SRORpPQRV" VD ]DPHULDYD QD YEBUREX GLHORY SUH
NRPSRQHQWRY GR SUHYRGRYLHN D PRWRURY&FK pDVWt V
3RGQLN MH QDYUKQXWé& DNR JHOHQi ]JOLHYDUH pR JQDPH
eneUJHWLFN\ HIHNWtYQH SURFHV\ 2NUHP WRKR VD VSRORpPpQ
JOHSARYDQt VYRMLFK YEUREQ&FK SRVWXSRY pR MHM XPRA
JOREIOQRP WUKX 6SRORPQRV" NODGLH G{URn&DaR&GERUQ ~
9 JiYRGH Y .HFKQHFL SOIiQXMH ]JDPHVWQD" D& RGERUQEéFk
QD |DANROHQLH QD QDMPRGHUQHM&tFK VWURMRFK D WHFK(
RULHQWRYDQi GR RRGIMWDOLQRYHFLEURFHVRY ]D SRPR
aDXWRPDWL]iFLH

11 3RSLV YEUREQpKR SURFHVX Y SRGQLNX 30XV

98URED VD |DPHULDYD KODYQH QD SOQH DXWRPDWL]RY
Y\WWRN~ KRVSRGiUQRV" D IOH[LELOLWX SUL YEUREH GLHOR)
YBUREX SUHFt]Q\FK D NYDOLWQ&FK NRPSRQHQWR&a 3R RGC
PRQWi& NGH VD ]DEH]SHpXMH PD[LPiOQD JRGSRYHGQRV" ]I
SURFHVX 7R ]DK D WHVWRYDQLH NYDOLW\ D SUtSUDYX GLF
PHWyG\ QD NRQWUROX NYDOLW\ YUiWDQH NRQWURO\ WHYV
WHFKQROYJLH XPR& XM~ GHWHNFLX DM QDMPHQA&tFK GHII
VSR DKOLYRVWL YEURENRY 6WUDND HW DO
96UREQé& SURFHYQBRORIGWIWHDFLFK pLQQRVWL
x 3UtMHP PDWHULIOX 2GGHOHQLH QiNXSX REMHGQi P
GLVWULEXRYDQé& GRSUDYQ&P SURVWULHGNRP ODWHL
Y RFH RYéFK ER[RFK D MH RGYiaDQé QD VNODG SUtM
PDQLSXOXMH V PDWHULIORP = NDA&GHM GRGIiYN\ VD |
FKHPLFN~ DQDOé&]X QD RGGHOHQLH NYDOLW\ 3UDF

FKHPLFN~ DQDOé]X YVWXSQpKR PDWHULIOX D SRUR
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JORAHQLD V FHUWLILNIWRP SULMtPDQpKR PDWHULIO
SUtMPH VD GR VNODGX YVWXSQpKR PDWHULIOX GR
SURGXNFLH PXVt E\" QD PLQLPiOQH KRGtQ DE\
SUDFRYLVND Y SUtSDGH QHRpPDNiIYDQEFK YESDGNRY ¢
PDWHULIiOX SURGXNFLD PXVt E\" RGVWDYHQi pR QD
REURYVNp VWUDW\ SUH VSRORpPQRV" D ]iND]JQtND
7DYHQLH KOLQtND 2GGHOHQLH LQWHUQHM ORJLVWI
PDWHULIiOX SRA4DGRYDQé& PDWHULIO SRG D REMHGQI
WDYLDFHM SHFL 3UDFRYQtFL JOLHYDUQH VSXVWLD
VLIQDOL]iFLt GRVLDKQXWHM WHSORW\ SRVWXSQH Y1
KOLQtNRYp LQJRW\ + GR SHFH QD WDYHQLH 3UDFRYQ
KOLQtND 3R URJWRSHQt KOLQtND RGVWUD XM~ QHAL
URJWRSHQpPKR KOLQtND 2WYRUt VD VSRGQi pDV" SHFI
VD Y\SXVWt SRADGRYDQH PQRAVWYR WHNXWpKR KOL
NRNLOX V KOLQtNRP D SUHYH]LH GR XGUALDYDFHM &
KOLQtNRP 8GUALDYDFLD SHF XGUALDYD KOLQtN Y WH
2GOLHYDQLH KOLQtND 2SHUiIWRU VSXVWt VWURM NW
RNROR f& 3R QDKULDWt FH] RYOIGDFt SDQHO RWY
SRALDGDYLHN ]iND]J]QtND 3R RWYRUHQt IRUP\ QDVW
]JDEH]SHPpt RGGHOHQLH PDWHULIiOX RGQiVWURMD 2SH
X]DWYRUt IRUPX D VSXVWt VWUHNRYDQLH KOLQtND SR
SURFHV FKODGHQLD SUH ]DEH]SHPHQLH WXKpKR VW
URERWLFNp UDPHQR Y\EHULH RGOLDWRN ] IRUP\ 5RI
RGVWULKRYDGOD NGH VD RGVWUIQL GUREQé& SUHE!
Y\]GYLKQH RGOLDWRN ] RGVWULKRYDGOD D SUHQH
KUXERVWHQQpP QDGOLDWN\ 5DPHQR RGOLDWRN SROR
GR DO&ALHKR SURFHVX 1D 2EU V~ IRUP\ GR RGOL
LQAWDOXM~ ]D SRPRFL SRUWIORYpKR &HULDYX GR VW
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Obr. 1Formy do odlievacej pece
Zdroj: autor

x 3LHVNRYDQLH 3URGXNW SR GRSUDYQtNRYRP SiVH SXW
MH SURGXNW RSLHVNRYDQé& KOLQtNRYé&PL JXOLpNDPL |
RGVWUIQHQLH SUHE\WRpPQpKR PDWHULIOX DNR V~ &SR
GR RWipDFLHKR ]JDULDGHQLD NGH VD URWIiFLRX R [ Y
Y RWYRURFK SURGXNWX 'RSUDYQtNRYé SiV Y\ORAt KR
RSHUIWRU D XORA&t QD GUHYHQ~ SDOHWX SUH DOG&LH V¢
NWRUé& VD VNODGi ] WURFK pDVWt GRSUDYQtNRYp SiV\
NRPRUD V PpGLRP SUH JDEUIQHQLH SUDZQRVWL Y SUR\
RGOLHYDFLHKR SURFHVX SUHG YVWXSRP QD PHFKDQLF
PHG]L VNODGH | G{YRGX Y\VRNHM KOXpQRVWL 3UL SLF
SUDFRYQtFL NWRUt |DEH]SHpXM~F SO\QX0Oé& FKRG SUR
PDWHULIO Y]QLNQXWé& SURFHVRP RGOLHYDQRD pR ]DUL

Xx .RQWUROD NYDOLW\ 3UDFRYQtN NYDOLW\ ND&Gp KR
SLHVNRYDpN\ QD NRQWUROX 'DQ& SURGXNW VD U|QWJF
WODNRYpKR RGOLHYDQLD DNR V~ SUDVNOLQ\ VWXGHQ
VS D SRA&LDGDYN\ NYDOLW\ WDN VD SUHVXQLH QD ' VN
SURGXNW D SRURYQi KR V UHIHUHQPQRX Y]JRUNRX $N G
MH XYR QHQé QD PHFKDQLFNp RSUDFRYDQLH .D&Gé Y\
PXVt E\" MHGQR]QDpQH LGHQWLILNRYDWH Qi 7R XPRA&
GRK DGD" YA&HWN\ SRWHQFLIiOQH FK\EQp NXV\ JLVWL"
Y\UREHQp D DQDO\JRYD" SUtpLQX FK\E\ 6\WWpP NYDO
YI]EX
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Obr.23LHVNRYDFt VWURM
Zdroj: autor

Obr.3$QDOé]D UL]tN SUL R&wVEQERIHsHD UL DGHQt Y
Zdroj: autor

1D 2EU MH ]DULDGHQLH QD PHUDQLH RSUDFRYDQEéF
YVWXSXMH Y]RUND QD PHUDQLH ] G{YRGX RYHUHQLD
QHY\KRYXM~FHKR SURGXNWX MH ]J]DEORNRYDQi FHOI
QHVSUiIYQ\ VWDQLFD Y\aOH VLJQiIO SUDFRYQtNRYL I
XSR]JRUQt RGGHOHQLH NYDOLW\
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X OHFKDQLFNp RSUDFRYDQLH 1D ]iNODGH SRALDGDYN
Y\]GYLKQ~ SURGXNW\ NWRUp YVWXSXM~ QD PHFKDQL
QDYROt SRADGRYDQ~ UHIHUHQFLX QD OLQNH D SR
RSUDFRYDQLD YH]PH ] GUHYHQHM HXURSDOHW\ SURC
]JDWODpHQt WODpPLGOD IL[W~UD V KRWRY&P RGOLDWN
R]QDpPHQLH SURGXNWX NWRUE& VIPEROL]XMH YVWXS S
DOHM QiP Y\WYRUt ODVHURP '0& NyG SUH ]DEH]SH
SURGXNWX 1DMSUY VD RIUp]XM~ SORFK\ D Y\Y WDM~
5RERW YH]PH RSUDFRYDQé& SURGXNW D YOR&t GR pL\
WODNRP pLVWLDFH |JDULDGHQLD W]Y SUDpPND RGVWUI
] RSUDFRYDQLD .D&Gp KRGLQ\ VD RGREHULH Y]
FKDUDNWHULVWtN SURGXNWX ' PHUDFtP VIVWpPRP 3
OLQNX NGH VD PRQWXM~ KRWRYp NRPSRQHQW)\ 3UR
LPSUHJQIFLD SURGXNWRY NGH VD PpGLRP X]DWYiUD
QD WODNRY~ VWDQLFX QD NWRUHM VD X]DWYRULD R
QD PDQRPHWUL VD VOHGXMH PRaQ& SRNOHV WODNX
GRVWDWRPQH KHUPHWLFN\ X][DWYRUHQé& D Y\KRYXMH
OLQN\ VD SURGXNW YL]XiOQH VNRQWUROXMH SRG D S
SRORA&t QD SDOHWX R REMHGQDQRP PQR&VWYH D R]t
KRWRYi SDOHWD VD SUHQHVLH SUDFRYQtNRP ORJLVW
VNODGH V~ XOR&HQpP SURGXNW\ NWRUp pDNDM~ QD R
VL P{&8HPH Y&4LPQ~" QD 2EU

Obr.4 +RWRYp KOLQtNRYp SURGXNW\ SUH ]JiND]Qt!
Zdroj: autor
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2 9éVOHGN\

+ODYQEP YEVWXSRP YéEVNXPX MH QiYUK LPSOHPHQW:I
YEUREQPKRIDURKWRRDWL]IFLX EXGH SRXaLWé UREReN .8.$ .
WR URERWLFNé PDQLSXOiIWRU V XFKRSRYDpRP NWRUEé ]DEH
5SRERW SUHPLHVW XMH GLHO\ ] YR]JtND GR JUDYtURYDFLHKR
N ptWDpNH '0& NyGX D SRWRP EX VSI" QD YR]tN DN MH NyG
UL DNWLYIFLL Q~G]J]RYpKR ]DVWDYHQLD VD DNWLYXMH E
HPHUJHQF\ VWRS 3UL RWYRUHQt EH]SHPQRVWQéFK GYHUt "
SBRGSRUXMH PDQXiOQ\ UHALP 7 SUH ~SUDYX D VN~&N\ WUDWN
EHAQ~ SUHYIiIG]NX

Obr. 56 FKpPD SUDFRYQpKR F\NOX SRPRFRX URERWLFNpP
Zdroj: autor

5RERW .8.$ UHVS URERWLFNp UDPHQR QiP YLH ]JDEH]SHpL"

x 3RK\E\ URERWD V~ QDSURJUDPRYDQp WDN DE\ EROL pR
FHONRYé pDV PDQLSXOiFLH ERO NUDWZ&t DOHER URYQD
PD[LPDOL]XMH Y\X4LWLH VWURMD

x 1HXVWiOD Y&@PHQD VLJQIORY PHG]L URERWRP 3/& D ¢
VIQFKURQL]IFLX D EH]SHpPQRV"

x 6\WWpP PXVt |DEH]SHpPL" &H URERW QHP{&H YVW~SL" G
QHP{&H VSXVWL" F\ANOXV Né&P MH URERW Y MHKR SUDF
EH]SHPQH JDWYRUHQp

1D 2EU MH QDYUKRYDQé W\S URERWLFNpKR UDPHQD NWI
QDNODGDQLD SURGXNWRY ,GH R YLDF RVt URERW NWRUE
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XPR& XM~ Y\NRQiYD" JORALWp SRK\E\ D GRVLDKQX" GR "DAa&NF
RVt .DaGi SULGDQi RV PX XPRa XMH RWipD" VD D QDNOi D"
OHS&LH SULVS{VREL" SUDFRYQpPX SULHVWRUX SUtSDGQH R

Obr.6 5RERWLFNp UDPHQR
Zdroj: autor

5RERW .8.$ KRFL OHQ SUHQidaD RGOLDWN\ KUi UROX Y FHC
AWUXNW~U\ N ~pRYi 3UHVQi PDQLSXOiIFLD URERWD SRPiKD
PRKOR RYSO\YQL" MHKR aWUXNW~UX DOHEReha@aMtedd LW X C
MHGQRWOLYéPL SURFHVQéPL NURNPL 9 QLHNWRUEFK DXW|
GRNRQFD LQWHJURYDQp V NRQWUROQéPL V\VWpPDPL NWRU
VHQ]RURY GHWHNXM~ JMDYQp SRYUFKRYp YDG\ V~YLVLD
JPUDA"RYDFLH ND]J\ D Y\UDGLD FK\EQé GLHO

3 =iYHU

V]iYHUHPQRP KRR RIRURVODQp PR & QRERIWDO R ¥ K NE F
AaQHYEKMEDFRYQHM pLQQRVWL YR YEBUREQRP SURFHVH
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Tab.13RURY QD Q LOIHWEKRG DJRERVWYWE M IDNWRUX YR YEUREQRP SUR

ULWpULXP

Robot KUKA

YyORYHN

5FKORV"

9H PL Y\VRNi SUL
RSDNRYDQé&FK SU
GHILQRYDQEéFK ~(

1LAALD UBFKORV"
PRQRWYQQ\FK ~0

SUHVQRV" D RSDN

(IWUpPPQH Y\VRNI
bDVWR QD ~URYQ
VWRWtQ PLOLPHW,
GRNRQDOi RSDNR

pohybov.

1LA4LD SUHVQRV"
RSDNRYDWH QRV'
~QDYRX V~VWUH
XGVNéP IDNWRUH

9\WUYDORV" D SU

0{2&H SUDFRYD" Qf
KRGtQ GHQQH G
EH] SUHVWIiYRN

SRWUHEXMH SUDY,
SUHVWIiIYN\ RGSR
OLPLWRYDQé SUD

6LOD D QRVQRV"

'RNidH PDQLSXOR
"DaANéPL EUHPHQUL
D& WLVtFH NJ EH
rizika zranenia.

2EPHG]HQi I\]LFNi
JUDQHQLD SUL ]G
DOHER QHVSUIYQ
bremien.

3UIFD Y QHEH]SH{
SURVWUHGHt

,GHiOQ\ SUH SUIF
QHEH]SHPQRP SUI
Y\WRNp QtJNH WH
YéSDU\ SUD&QRYV
hiuk).

9\aDGXMH EH]SHp
HUJRQRPLFNp SUF
QHEH]SHPQRP SUF
SRWUHEXMH GUD
REPHG]XM~FH RFK
prostriedky (OOPP).

.RQJLVWHQWQRV"

9\NRQiYD ~ORK\ Y
URYQDNR pR YHG
SUHGYtGDWH QHM
YEURENRY SURFH

YDOLWD SUIFH P{
YSO\YRP ~QDY\ Q
QiODG\ ]GUDYRW

OQDYD D FK\E\

1IHSRFL"XMH ~QDY
VWUDWX NRQFHQ]
MH PLQLPiOQD D]
QDSURJUDPRYDQ¢
XGUALDYDQ&

1iIFK\OQé& QD ~QDY
JQLAXMH Y&NRQ 4
]Y\AXMH SUDYGHS
FKEE

1iINODG\ SUHYIiG]

3R Y\ WRNHM SRpL
LQYHVWtFLL Pi QL
SUHYiIGI]NRYp QiN
HOHNWULQD ~GU
mzda, odvody, benefity).

9\&DGXMH SUDYLA
RGYRG\ &NROHQU
QiNODG\ QD |DEH]
SUDFRYQ&FK SRG

Flexibilita a adaptabilita

1t]ND IOH[LELOLW
QHPDNDQEFK JPHC(
QRYéFK ~ORKIiFK
zastavenie a
preprogramovanie.

9\VRNi IOH[LELOL
UEFKOR VD DGDSYV
VLWXiFLH ~ORK\
procese.

5LH&HQLH SUREO
UR]JKRGRYDQLH

"RNi&H Y\NRQiYD"
QDSURJUDPRYDQj|
QHPi VFKRSQRV" |
ULHEHQLD SUREDO
]JR VN~VHQRVWt D
NRPSOH[QpKR UR

BFKRSQRV" XpL" \
QHRpPDNiYDQp SUHR
LPSURYL]JRYD" UF
UR]JKRGQXWLD QD
QH~SOQé&FK LQIRU

Zdroj: autor
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3R DNRYDQLH

7HQWR pOiQRN Y]QLNRO UHDOL]IFLEBX JUBRINCRWEFKDS L
SUYNRY GLJLWIiOQHKR LQALQLHUVWYD SUL LQRINi®418 D RSW
A,QWHOLJHQWQp ULHAHQLD QD ]Yé4HQLH LQRYDpPQHM VFKR:
QD LQWHOLJHQWQpP SRGQLN\3 9(*$ A QRYDWtYQH D C
D ORJLVWLFNEFK SURFHVRFK D V\VWpPRFK?® 9(*$ A2
SRGQLNRY D LFK GLJLWDOLJIFLD V Y\X&LWtP SRNURpPLOEFK
KEGA 020TUKE- A6\WWHPDWLFNé& UR]JYRM NRPSHWHQpPQp!
SULHP\WHOQpPKR D GLJLWiOQHKR LQ&A&LQLHUVWYD Y SURFH\
003TUKE- A,QRYIiFLD SURILOX DEVROYHQWD SiteHP\VHOC
SRADGRYDQ&FK ]JQDORVWt D 4SHFLILFNéFK VFKRSQRVWt SU
VI\VWpPRY EXG~FQRVWLS?

/ILWHUDW-~UD
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