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Caxerak: Efpukacarn usbop mexanusayuje u paHciopiliHiux cpegciiiasa moxce 3HA4AjHO YIHIUUATHU HA TPogyK-
HiUBHOCII U THpouIKose excinoaimiayuje. Y pagy ce ananuzupajy gee eapujaniiie, kopuuihervem nuHeapHol upo-
ipamuparea ysumajyhu y 063up toy3ganoctil cucitiema, ca yumem cMarberva pouKosa y3 3agosomwetbe gHeBHOT
kadayuimewa. Ium paga je pazsuitiu mogesn Koju MuHumusyje ykyiHe mpoukose GUCKOHIUHYANHOT OMIKOUA-
8awa U tpanciopiia yiea, y3 iowiitiosarve oipanHuverwa Kaayuiieitia u Upou3sogHux 3axiiesa.

Kbequ peun: IVICKOHTMHYAJIHO OTKOITABAIBGE, TPAHCITIOPT, MAIIMHE, IMHEAPHO ITPOI'PAMMPAIBE, TTIOY3JAHOCT
CUCTEMA

Abstract: An efficient choice of machinery and means of transport can significantly affect productivity and
labour costs. This paper analyzes two variants, using linear programming taking into account the reliability of
the system, with the aim of reducing costs while satisfying daily capacity. The aim of this paper is to develop a
model that minimizes the total cost of discontinuous coal mining and transportation, while respecting capacity
constraints and production requirements.

Key words: DISCONTINUOUS EXCAVATION, TRANSPORT, MACHINES, LINEAR PROGRAMMING, SYSTEM RELIABILITY

YBO/[, INTRODUCTION

[IpuBpenHO ApyIITBO 3a U3BOhemwe rpaheBuH- The company for construction works in
CKUX pajioBa Y PyAapcKoj MHPPACTPYKTypu U mining infrastructure and excavation of non-
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ekcrroaranujy Hemerana “Komybapa Ipabe-
BuHap~ u3 JlaszapeBua 6aBM ce IpyXameM
ycnyra u3 obmactu rpaheBuHapcTBa, mpous-
BoflOM acdainra, 6eToHa U CTONMApUje, U3-
HajM/bUBalbeM TPAHCIOPTHUX CPeAcTaBa U
MexaHu3aluje, Ipou3BOfmBOM BOhHUX caj-
HUIIA, eKCIUIoATallMjoM HeMeTana (BaTpo-
CTaJIHO-KepaMI4Ka I7INHA, kKpeurmak kao TT'K
U KapOOHaTHa CHPOBUHA, TPAHONUOPUT Kao
ATK n TTK) n npousBojm»oM Kpeua.

Op nonosuHe 2022. rogune, npexnysehe ,,Ko-
nybapa-IpaheBunap” u3 JlasapeBua aHra-
JKOBAHO je Ha IOC/Ty AMCKOHTMHYa/lTHOT OT-
KOIlaBama yI/ba Ha JIOKanurery ,Ckobam*
Y TPaHCIIOPTY OTKOIAHOT yI/ba 1O ,Jpobu-
nane“ — ,TamHaBa 3amaziHo nospe®. Y mepuo-
Iy ofi monosByHe jyHa 2022. ropyuHe 0 Kpaja
anpuia 2024. rogyHe OTKONAHO je U TpaHC-
noproBaHo 1.425.000 ToHa yrI/ba.

JIOKALINJA, OIITNC PATOBA
N IUDTAHVUPAHUM YYMHAK

Ha cnmunu 1 npukasana je fleoHUIIA IO KOjOj
ce TPaHCIIOPTYje OTKOIaHM yrak. TpaHcopT
OTKOIIAHOT yI/ba BPIIN Ce MaKaJaMCKUM IIy-
TeM (HaCyTUM II/baKOM) 11O PajjM/IAIITY/IIO-
BPLIMHCKOM KOIIy, MpPeXOM acdanTupaHux
JIOKa/HUX IIyTeBa Y OKBUPY IOBPIIMHCKOT
Koma o MarucrtpanHor myrta M22 (E-763)
(»Mbapcka maructpana®), u mame mo ,,lam-
HaBCKe MeT/be’, a 3aTUM PEerMOHATHUM Iy TeM
P145 o mecta uctosapa (Ipobunane). [Tpo-
CevyHa Jy)XVHa TPAaHCIIOPTHE [leOHMIle M3HO-
cu 17 xunomerapa.

ITocao pAMCKOHTMHYaTHOT OTKOIABama MU
TPAHCIIOpTA yI/ba OPTAaHM30BAH je€ Yy jeJjHOj
cMeHM (ca IpepacIofie/IoM paJHOT BpeMeHa)
y Tpajamy of 12 4acoBa, CBaKM JaH y TOHuU-
Hu. PajoBM Ha [IMCKOHTMHYa/lTHOM OTKOIIA-
Bamby U3BOJIe ce 1o YnpomheHoOM pygapcKoM
IPOjeKTy ,,/IMCKOHTUHYaTHO OTKOIaBamba I
TPaHCIIOPTa yI/ba Ha JTOKAIUTETY ,Ckobasm".

HJIaHI/IpaHI/I AHEBHN Yy4YMHAK Ha OTKOIIaBamby

u Tpa"cnopty usHocu 2.000 ToHa yr/ba fHEB-
HO, OTHOCHO OKO 145 m?/h.
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metals of ,,Kolubara Gradevinar® (“Kolubara
Constructor”) from Lazarevac is engaged in
the provision of services in the field of con-
struction, production of asphalt, concrete
and joinery, rental of means of transport and
mechanization, production of fruit seedlings,
extraction of non-metals (refractory ceram-
ic clay, limestone as TGK and carbonate raw
material, granodiorite as AGK and TGK) and
production of lime.

Since mid-2022, the company “Kolubara-
-Gradevinar” has been engaged in the work
of discontinuous coal mining at the “Skobalj”
site and transport of the excavated coal to
“Drobilana” - “Tamnava West Field”. In the
period from mid-June 2022 to the end of
April 2024, 1,425,000 tons of coal were drawn
out and transported.

LOCATION, DESCRIPTION
OF WORKS AND PLANNED EFFECT

Figure 1 shows the section on which the ex-
cavated coal is transported. Transport of ex-
cavated coal will be carried out by macadam
road (filled with slag) on the site/open-pit
mine, along the network of asphalted local
roads within the open-pit mine to the main
road M22 (E-763)(“Ibar Highway”), and fur-
ther to the “Tamnava Interchange”, and then
by regional road R145 to the place of unload-
ing (Drobilane). The average length of the
transport section is 17 kilometers.

The work of discontinuous mining and trans-
port of coal is organized in one shift (with the
redistribution of working hours) for 12 hours,
every day of the year. Works on discontinu-
ous excavation are carried out in accordance
with the Simplified Mining Project “Discon-
tinuous Mining and Transport of Coal at the
“Skobalj” Site.

The planned daily output on excavation and
transport is 2,000 tons of coal per day, or
about 145 m*/h.
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Crnuxa 1, IIpukas mapanchiopitite geoHuye 0g Mecitia gUCKOHTUUHYAIHOT OTUKOTLABAA
Yipa go meciia uciiosapa

Figure 1, Presentation of the transport section from the place of discontinuous
coal mining to the place of unloading

ITOJIASHE OCHOBE 3A 1I350P
MAIINHA

HeonxonHo je HarmacuTu, fia je OTKpMBKa Ha
MPOCTOPY Ha KOMe Ce BpIIM AMCKOHTUHYaI-
HO OTKOIIABAIbe yI/ba YK/IOHEHa IIpe JleceTak
TOfIMHA, TAKO Jla jeé caM TEXHOJIOUIKM IPOIeC
OTKOIaBarba M TPAHCIIOPTa yI/ba MOJE/HEH Ha
cnenehe pagHe onepanuje:

— OTKOIIaBambe yI/ba,
- yTOBap y KaMIUOHe,

— TPaHCHOPT yI/ba o [Ipobuane,
— JICTOBAp yI/ba.

360r crenyUYHNX JIOKMUIIHUX YCIOBa, raba-
pUTa MeXaHu3alyje ¥ TPAHCIIOPTHUX CPefCTa-
Ba IIpVIMEHeHe Cy JIBe BapyjaHTe 3a 00aB/bame
HIOC/Ia AVICKOHTMHYATHOT OTKOIIaBama U TPaH-
criopTa yrpa. Y Tabemu 1 far je mpukas msa-
OpaHe MexaHusauuje ¥ TPAHCIIOPTHMX Cpefn-
CTaBa ca KOjuMa ce peannsayje AUCKOHTUHYATHO
OTKOIIaBame ¥ TPAHCIIOPT yI/ba. [IpnkasaHe cy
IBe BapMjaHTe Koje MOTY 3a[JOBO/BUTY IOTpebe
TEeXHOJIOIIKOT Tpolieca (cruKa 2).

STARTING POINTS FOR CHOOSING
A MACHINE

It is necessary to emphasize that the overburden
in the area where the discontinuous coal
mining is carried out was removed about ten
years ago, so that the technological process of
coal mining and transport is divided into the
following work operations:

- coal mining,

- loading into trucks,

- transport of coal to the plant.
- unloading of coal.

Due to the specific reservoir conditions, the
dimensions of the machinery and the means of
transport, two variants were used to perform
the work of discontinuous excavation and
transport of coal. Table 1 provides an overview
of the selected machinery and means of
transport with which continuous mining and
transport of coal is carried out. Two variants
are shown that can meet the needs of the
technological process (Figure 2).
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Tabena 1, IHupu uszbop mexanusayuje u WPAHCUOPIIHUX cpegciiiasa

Table 1 Wider choice of machinery and means of transport

Papna onepanuja
Bapujanta Mammraa Working operation
Variant Machine Vickon YroBap Tpancnopt 1 ucToBap
Excavation Loading Transport and unloading
| barep / Bagger 0 O
Kammon / Truck O
bynposep / Bulldozer ]
2 YroBapusau / Loader O
Kamuon / Track O

BapujanTa 1

l T BapwujanTa 2

Cauxa 2, Ilpukaz mexnonowkoe npoyeca no apujanmama

Figure 2, Presentation of the technological process by variants

C 063upoM Ha rope M3HETO, [Be BapujaHTe
pasMarpama TEXHOJIOIIKOT Mpolleca 3a MINC-
KOHTVMHYa/THO OTKOIIABaIbe 1 TPAHCIIOPT yI/ba
CBOJle Ce Ha [IBAHAECT Bep3Mja PafHUX rpyma
mamnHa (cmka 3 u tabena 2).

In view of the above, the two variants of
considering the technological process for
discontinuous coal mining and transport are
reduced to twelve versions of machine working
groups (Figure 3).

1
o]

Cnuxa 3, Moeyhe eep3uje mexnonowkoe npoyeca

Figure 3, Possible versions of the technological process
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ITOJIASHM ITAPAMETPU

Y HapenHOj Tabemu 2 IpUKa3aHM Cy IOTA3HK
IapaMeTpy MeXaHM3allMje ¥ TPaHCIOPTHUX
cpefcTBa Koja ce KOPUCTH Y TIOC/Ty U Ha OCHOBY
KOjux 61 Tpebaso fa nobujemo (13abepemo) om-
TUMajHy BapujaHTy. [log oBuM mapamerpuma ce
HofipasyMeBajy BpCTa U TUII MaIllMHe, LieHa paj-
HOT CaTa, IOY3/JAHOCTH Y TPAKTUYHU YIMHAK U
IIpey3eTy Cy U3 JOKYMEHTAlMOHOI MaTepujasa
npenyseha ,,Konybapa-Ipabesnnap®

STARTING PARAMETERS

The following table 2 shows the initial parame-
ters of machinery and means of transport used
in the business and on the basis of which we
should obtain (choose) the optimal variant.
These parameters include the type and kind of
machine, price of working hours, reliability and
practical performance which are taken from
the documentation material of the company
«Kolubara-Gradevinar».

Tabena 2, Ilogayu o mexanu3auuju u paHcHOPIHUM CPegCiieuma

Table 2, Data on machinery and means of transport

Yyunak
Performance
i Bpcra mammze | OsHaka Mapka u Tun He}ll—?(,}iillm?;tzam IoyspanocT [m’/h]
) Machine Mark | Brand and type Y Reliability :
[€/h] BapujanTa
Variant
1. 2.
] | 1 [Pynmosep d |Caterpillar CAT D6 100,00 0,9375030 379
Bulldozer
| | 2 |Pynmosep D |Caterpillar CAT D8 135,00 0,9544080 558
Bulldozer
2 | 1 |Parep b  |LiuGong 925E 66,70 0,9548700 | 135
Bagger
2 | 2 [Parep B |Hyundai R290E 70,00 0,9604560 | 146
Bagger
3 | 1 |YToBapusad u  |LiuGong CLG 856 67,50 0,9655170 437
Loader
3 | o |YToBapusal U |XCMAG ZL50GV 76,00 0,9664940 470
Loader
401 ?f;ﬁ”k“"* k  |Iveco Trakker (8x4) 61,00 0,8749970 122 | 12,8
412 ?fi’éﬁo‘* K [Iveco Trakker (4x2) 63,50 0,8964060 | 17,1 | 18,1

JEOVHVICAILE OYHKUMJE M PEHIEILE
(KOHAYHU M350P MAIINHA)

IInpHa QyHKIMja je KOHILENT KOji ce 4ecTo
KOPUCTH y MaTeMaTU4IKOM IIpOrpaMupamy U
OIlepalIOHNM HCTpaXuBamuma. To je Mare-
MaTHYKM M3Pa3 KOju Tpeba ONTMMM30BATH,
OOHOCHO MaKCUMM3NpPpATU MIN MUHVIMNU3VpPpaA-
TI, Y OKBUPY 3a[aTor IpobieMa ONTUMMU3a-
mje. InpHa GyHKIMja 06MYHO 3aBUCH Off jefi-
HOT VI BUIIIE€ IMIPOMEH/BMBUX M MOXXE MMATU
pasmunTe OOMMKe, Y 3aBUCHOCTY Off IPUPOJie
npo6nema. Hekn o7 OCHOBHIX acrieKaTa Iib-

He QyHKIVje Cy:

DEFINING THE FUNCTION AND
SOLUTION (FINAL SELECTION
OF THE MACHINE)

A target function is a concept that is often used
in mathematical programming and operations
research. It is a mathematical expression that
needs to be optimized, that is, maximized
or minimized, within a given optimization
problem. A target function usually depends on
one or more variables and can take different
forms, depending on the nature of the problem.
Some of the basic aspects of the target function
are:
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- neduHMCame pobemMa (KOHKPETHY 1{U/b),
~ IIPOMEH/BUBE,
~ OrpaHMYeba.

[lwpHa QyHKIMja MOXKe Ce HaIMCaTy Kao:

Fmin: Z

i=1, Ny, j=
e cy:
Crsij - 1leHa pajHor cata Mainse [€/h];
P, - mOysjaHOCT MalIMHE;

Up, — npakruyan yunsax Mamuse [m/h];

X, - 6poj MaruHa;
N - 6poj pas3nmMunTMX BpCTa MallMHA Y Ba-
pujanTH k.

YcnoBu orpannyen-a n3paskapajy ce IpeKo jef-
HaylHe:

1n

— definition of the problem (specific objective),
— variable
— restrictions.

The target function can be written as:

Crs,-]- €
P,;-Up i [E]
ST ik

where they are:

Crs, — the cost of working hour of the machine
[€/h];

Pij — the reliability of the machine;
Up, - the practical effect of the machine [m?/h];
Xg — the number of machines;

N - the number of different types of
machines in variant k.

The conditions of restriction are expressed in
terms of the equation:

n;

m3]
Epij'Upij,k'XiZQd Ny Ai=1,N; x5 =20
j=1

e je:

Q, - IHEBHM KaraljuTeTe Ha MCKOHTIHYaTHOM
OTKOIIaBakby 11 TPAHCIIOPTY yI7ba [m*/h].

BAPUMJAHTA 1

IlwpHa dyHKIMja KOjy Tpeba MUHUMUSKUPATH je:

135 146

nF,= X
M 1= 66.7:0.95487

where they are:

Q, - daily capacities for discontinuous coal
mining and transport [m*/h].

VARIANT 1
The target function to be minimized is:

12,2 17,1

+ . —+ . —+ .
70-0,960456 Xp 61-:0,874997 X 63,5-0,896406 Xi

minF;=2,12-X,+2,17-X,+0,229-X;+0,3-Xx

Orpannyema LybHe QyHKIHje Cy:

The limitations of the target function are:

1. 66,70,95487-X,+70-0,960456-X5>145
63,7-Xy+67,2-Xp>145

2. 61-0,874997-X,+63,5-0,896406-X>145
53,4-X,+56,9-X,>145

HlobujeHe BpemHOCTH, pafy MPErIefHOCTI
IpuKasaHe Cy y ,,simplex“ rabemn 3:
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For the sake of clarity, the obtained values are
shown in the “simplex” table 3:



Mogen oiimiumusayuje usbopa mexaHusayuje u MPAHCHOPTAHUX CPeGCIIABA HA UPUMEPY GUCKOHTIUHYANHOT 0TKOHABAA U TAPAHCAOPTHA Yifbd
Ha nokanuiteiiiy Ckoban (,Tamnasa 3atiagro Ilomwe") tipumerom nuneapHoi ipoipamuparea u ioysganocimiu cuciiema (97-109)
Model of Optimization of ihe Choice of Machinery and Means of Transport on iihe Example of Discontinuous Coal Mining and Transport at izhe Skobalj Site
(»Tamnava West Field“) by Applying Linear Programming bnd System Reliability (97-109)

Tabena 3, Jlobujere spegrocitiu iipomermpusux S;, S, u F

Table 3, Obtained values of variables S,, S, and F

[Tpomen/brBa C1060mHY YIaH
Variable X, X, X, X Free item
S1 129 140 0 0 145
S2 0 0 10,7 15,3 145
F -0,517 -0,499 -8,52 -6,1 0
BAPUJAHTA 2 VARIANT 2

LwpHa dyHKIMja KOjy Tpeba MYUHIMUSHUPATH je:

379

558

The target function to be minimized is:

437

e X+ X+ X+
T = 700-0,937503 9" 135-0.954408 P 67.50.965517 *

470

12,8

17,1

+ . + . _|_ .
760,966494 V" §1:0,874997 %" §3.50,896406 *X
minF y=4,04-X,+4,33-Xp+6,71-X,+6,4-X+0,24-X,+0,3- Xy

Orpanndema unbHe QyHKIUje Cy:

The limitations of the target function are:

1. 100-0,937503-Xy+135-0,954408-X>145
93,8:-X,+129-Xp>145

65,2:-X,+73,5-X>145

67,5:0,965517-X,,+76-0,966494-X,>145

3. 61-0,874997-X;+63,50,896406-X>145
53,4-X,+56,9-X,>145

Ilo6ujeHe BpeHOCTH, Pajiyt PET/IEHOCTH IPH-
KasaHe Cy 'y ,,simplex” Tabemn 4:

For

the sake of clarity, the obtained values are

shown in the “simplex” table 4:

Tabena 4, Jobujere spegrocitiu tipomerpusux Sy, S, Sz u F
Table 4, Obtained values of variables S,, S,, S; and F

i B N N N N
S, 355 533 0 0 0 0 145
S, 0 0 422 454 0 0 145
S, 0 0 0 0 11,2 15,3 145
-0,281 -0,253 -0,16 -0,167 -8,13 -6,1 0

Periterbe nMHEAPHOT MPOrPAMCKOT MpobieMa
U3BPIIEHO je KopuihemeM IPOrpaMcKoOr aja-
Ta Excel Solver:

IIpBu KOpaK, 3a BapujaHTy 1 je yHOC ITojlaTaka
y Excel pagum nmucr:

YHoC koedunmjeHara umwbHe GyHKIMje 1
orpaHmyema y Excel Taberry.

Bpennoctu mweHe QyHKUMje ce yHOCE: y
henujy B3, 135 (Bpennoct 3a X, ), y hennjy

The solution of a linear programming problem
is accomplished using a programming tool
Excel Solver:

The first step, for variant 1, is to enter the data
into an Excel worksheet:

Entering target function coefficients and
constraints into an Excel table.

The values of the target function are entered:
in cell B3,135 (value for Xb), in cell C3,146
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C3, 146 (Bpennoct 3a X,), y hemnjy D3,
12,2 (Bpemuoct 3a X, ) u y hennjy E3, 17,1
(Bpennoct 3a X, ).

BpenHocTn 3a orpaHuueme Ly/bHE (QYHK-
nuje ce yHoce: y henujy B7, 63,7 (BpegHOCT
3a Xb), y henujy C7, 67,2 (Bpennocr3a X,), y
henujy D8, 53,4 (Bpennoct 3a X ) u y henmjy
E3, 56,9 (BpegHOCT 3a XK). Y hennje D7, E7,
B8 n C8 ynocu ce BpenHocT 0 (Hyrna).

YHOC MHMIVja/THUX BPETHOCTH.

Y henuje B4, C4, D4 n E4 yrocu ce 0 (nyna),
uHuumjanae spegHoctn 3a X, X, X, n X, .
Yroc dpopmyrna 3a WbHY QyHKIH]Y.

Y hemmjy F3 yHocm ce dopmyma
=SUMPRODUCT(B3:E3;B$4:E$4).

YHoc popMyria 3a OrpaHuYebe.

Y hemjy F7 yHocu ce ¢opmyna
=SUMPRODUCT(B7:E7;B$4:E$4).

Y hemjy F8 yHocm ce ¢opmyna
=SUMPRODUCT(B8:E8;B$4:E$4).

YHoc ¢opmyna 3a ycBojeHe (KOHadHe)
BPEHOCTH — 3a0KPY>KMBatbe MHNIIV]jaTHIX
BpegHOCTM (Ha 1ipBU Behw, e 6poj).

Y hemnjy B9 yHocm ce dopmyma
=ROUNDUP(B4;0).
Y hemjy C9 yHocm ce ddopmyna
=ROUNDUP(C4;0).

Y hemjy E9 yHocm ce ¢opmyna
=ROUNDUP(E4;0).

(value for XB), in cell D3,12,2 (value for Xk),
and in cell E3,17,1 (value for XK).

The values for the target function constraint
are entered: in cell B7, 63.7 (value for Xb),
in cell C7, 67.2 (value for XB), in cell DS,
53.4 (value for Xk), and in cell E3, 56.9
(value for XK). In cells D7, E7, B8, and C8,
enter the value 0 (zero).

A few initial values.

Cells B4, C4, D4, and E4 contain 0 (zero),
the initial values for Xb, XB, Xk, and XK.

A formula for a target function.

In cell F3, enter the formula =
SUMPRODUCT(B3:E3; B$4:E$4).

A formula for the restriction.

In cell F7, enter the formula =
SUMPRODUCT(B7:E7; B$4:E$4).

In cell F8, enter the formula =
SUMPRODUCT(BS8:E8; B$4:E$4).
Entering formulas for adopted (final) val-
ues — rounding the initial values (to the
first larger, integer).

In cell B9, enter the formula =
ROUNDUP(B4;0).

In cell C9, enter the formula =
ROUNDUP(C4; 0).

In cell B9, the formula = ROUNDUP(E4; 0).

A B D E F
Xp Xy Xk
DyHKUMK]A
_y u, . 0,517 8,52 6,1 0
3 |Function
MHWuMjanHe
BpeaHOCTH 0 0 9,47712
a4 |Initial values
5 -
6 —
OrpaHuyerba
o 129 0 1] 0
7 | Limitations
8 | 0 10,7 15,3 0
YcBOjeHe BpeaHOCTH
Bojene BpeA 0 0 0 0
9 |Taken values

Cnuxka 4, Vsineg pagrot nucitia y Excel-y fiocne yHoca iogaitiaka (3a sapujaniiy 1)

Figure 4, Layout of a worksheet in Excel after data entry (for variant 1)
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- YHoc popmyIie 3a MCIIUCUBabe TaYHE BPeJ-
HOCTM TIOCTIe pelllerha LV/bHE (QYHKIMje 1
YCBOj€HUX BPESHOCTH.

Y hemjy F9 yHocm ce dopmyna
=SUMPRODUCT(B9:E9;B$3:E$3).

Wsrnen Excel pagHOT MMCTa ITOCTIE YHOCA TOfiA-
TaKa OIMCAHOT Y IIPBOM KOpaKy IpMKa3aH je
Ha cnuuu 4.

IOpyrun Kopak, 3a BapMjaHTy 1 je IOKpeTame
nporpamckor anara Excel Solver.

- OrBapame Excel Solver.

Ha xaptuny Data (Podaci) y Excel-y rpynn
Solver xuknyTH Ha Solver'.

- TlocraBmame nmapametapa y Excel Solver.

Kapa ce orBopu kapruia Solver Parameters
y Set Objective: HeoxomHO je M3abpaTu
henujy F3 (henmja ca umpHOM dyHKIIjOM).
Koz onuje To: msabparty gyrme 3a omumjy
Min.¥Y onunju By Changing Variable Cells:
usabparu hemmje ox B4 no E4.

- ,[[onaBaH,e OrpaHmnvemAa.

Kmukuytn Ha pyrme Add. Y xaptunm
Add Constraint, y nposopy Cell Reference:
usabparu hennjy B7, a y nposopy Relation:
usabparu “>=" u Ha Kpajy y nposopy Con-
straint: ynucatn 145 (WiaHMpaHM THEBHU
yumrHak) (cnmka 5). 3aTuM IOHOBO Tpeba
HpUTUCHYTU AyrMe Add pma 6u ce mopma-
N0 #pyro orpanmdeme. Y mposopy Cell
Reference: nzabparu hemnjy C7, a y npo-
30py Relation: usabpatu «>=» 1 Ha Kpajy y
nposopy Constraint: noHOBO ymucaru 145.
C 0063upoM fa Cy yHeTa CBa OrpaHNYerba,
noTpe6Ho je mputrcHyTH fyrme OK, ma 6u
ce Bpatunu y mposop Solver Parameters.

Cell Reference:

SFS7 2| |>=

- Entering a formula to print the exact value
after solving the target function and the ad-
opted values

In cell F9, enter the formula =
SUMPRODUCT(B9:E9; B$3:E$3).

The layout of the Excel worksheet after entering
the data described in the first step is shown in
Figure 4.

The second step, for variant 1, is to run the
Excel Solver programme tool.

- Opening Excel Solver.

On the Data tab in Excel, in the Solver
group, click Solver'.

- Setting parameters in Excel Solver.

When the Solver Parameters tab is opened
in Set Objective: it is necessary to select
cell F3 (the cell with the target function).
To option: Select the button for the Min
option. In the By Changing Variable Cells
option: select cells from B4 to E4.

- Adding restrictions

Click on the Add button. In the Add
Constraint tab, in the Cell Reference: select
cell B7, in the Relation: select “> =" and
finally in the window Constraint:, type 145
(planned daily output) (Figure 5). Then
the Add button should be pressed again to
add another constraint. In the window Cell
Reference: select cell C7, and in the window
Relation: select “> =" and finally in the
Constraint window, type 145 again. Since
all the constraints have been entered, you
need to press the OK button to return to the
Solver Parameters window.

Constraint:

145

2

Add Cancel

Crnuxa 5, Ilpuka3 kapiauue Add Constraint (ynoc ipsoi oipanuuerva Xb y sapujanitiv 1)

Figure 5, Display of the Add Constraint tab (entering the first constraint Xb in variant 1)

1 Axo ce He B KOMaH/a Solver HEOIIXOHO je MHCTAIN-
paru Solver Tako 1to ce opie y Excel Options y rpymy Add-ins.

105




Mogen ouimiumusayje u360pa mexanusayuje u MPAHCHOPTAHUX CPegCifiasa HA IPpUMepy GUCKOHITUHYAHOT OTHKOUABAA U TAPAHCHOPIA Yiba
na noxanuiieiniy Ckobam (,Tamnasa 3atiagHo Iomwe") ipumerom nureapHol ipoipamuparea u ioysganocitiu cucitiema (97-109)
Model of Optimization of itihe Choice of Machinery and Means of Transport on inthe Example of Discontinuous Coal Mining and Transport at ithe Skobalj Site
(»Tamnava West Field“) by Applying Linear Programming bnd System Reliability (97-109)

- W36op metope paga Solver-a.

Y mposopy Select a Solving method:
usabparu Simplex LP.

Set Objective: SFS3

To: O Max O Min

By Changing Variable Cells:
SBS4:SES4

Subject to the Constraints:

- Choice of Solver’s working method.

In the Select a Solving method window:
select Simplex LP.

>

() Value Of: 0

I

SFS7 »>= 145
SFS8 >= 145

o Add

Change

Delete

Reset All

Load/Save

(] Make Unconstrained Variables Non-Negative

Select a Solving
Method:

Simplex LP

Solving Method

¥ Options

Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear. Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver

problems that are non-smooth.

Help

Solve Close

Cruxa 6, Hzeneo xapmuye Solver Parametars nocie yHoca nooamxka 3a npgy 8apujamunty

Figure 6, Appearance of the Solver Parameters tab after entering data for the first variant

- Tlokpetame Solver-a.

- TIlocne yHoca cBux moparaka (cmmka 6)
HEOIIXOZHO je HpUTUCHYTM Ayrme Solve.
OtBopuhe ce xaptuua Solever Results rae
Tpeba IPOBEpUTH fia /U je M3aOPaHO OKHO
Keep Solver Solution (3amp>xaTu peleme
Solver-a), a 3atum nputncuyt OK.

Hakon yHoca nogataka, Excel Solver he nzpauy-
HATJ ONTVMAaJTHe BPEJHOCTY 3a IIpOMeH/blBe Xb,
XB, Xk nXK, xoje MMHNMM3Yjy IM/bHY DYHKIM]y
Y3 3a/I0BO/beHE JIATUX OTpaHNdera. Pesynratn
he 6wty npukasann y hemmjama B4, C4, D4 n E4,
nok he MuHVMaNTHa BpegHOCT LWbHe (QyHKIMje
6ty npukasana y henuju F3 (cnuka 7).
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- Launch of the Solver.

- After entering all the data (Figure 6), it is
necessary to press the Solve button. The
Solver Results tab will open where you
need to make sure that the Keep Solver
Solution pane is selected, and then press
OK.

After entering the data, Excel Solver calculates
the optimal values for the variables Xb, XB, XKk,
and XK, which minimize the target function
while satisfying the given constraints. The re-
sults will be displayed in cells B4, C4, D4, and
E4, while the minimum value of the target
function will be displayed in cell F3 (Figure 7).
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A | B | C | D | E | F 1
X5 Xg Xy Xy
HHEUM]a
‘_W u, J 0,517 0,499 8,52 6,1 58,327
3 _|Function
MuuunjanHe
BpeaHOCTH 1] 1,03571 0 9,47712
4 | Initial values
6
OrpaHuuerba
N 129 140 0 0 145
7_ Limitations
| 0 0 10,7 15,3 145
YceojeHe BpeaHOCTH
0 2 0 10 61,998
9 |Taken values

Cnuxka 7, Wsineg pagroi nucitia y Excel-y ca gobujenum pewterouma iiocze ipumere
apoipamcxol anaitia Excel Solver (3a sapujaniiy 1)

Figure 7, Layout of a worksheet in Excel with the resulting solutions after applying
the Excel Solver program tool (for variant 1)

Pemteme 3a Bapujanry 1 je: The solution for variant 1 is:

szo; XBZZ,' szo,'XKZIO

€
minF1=62,00—3
m

C 063upoM Ja je MOCTYIAK yHOCA HOJaTaKa 3a Since the data entry procedure for Excel Solver
nporpamcku anat Excel Solver getapHO ommcaH is described in detail in Variant 1, for Variant 2,
y BapujaHTH 1, 3a BapujanTy 2 camo he ce mpuka- only the appearance of the worksheet in Excel
3aTy M3IVIe] pafHor micta y Excel-y mocne mpu- after applying Excel Solver will be displayed
MeHe nporpamckor anara Excel Solver (cmuka 8). (Figure 8).
A | B | c | D | E | F | G | H |
74| Xa Xp Xy Xy X Xk
DyHKUM]a
S 0281 0253 0,16 0,167 813 61 57,9326
3 |Function
MHuumMjanHe
BpEegHOCTH 0 0,27205 0 0,31938 0 9.47712
4 |Initial values
57
67
OrpaHuyerba
A 355 533 145
7 |Limitations
8 | 422 454 145
9| 11,2 15,3 145
YcBOjeHe BpeHOCTH
0 1 0 1 0 10 61,42
10 |Taken values

Cnuxa 8, Vsineg pagroi nucitia y Excel-y ca gobujenum pewerouma iiocne iipumene ipoipamcxoi anaitia Excel
Solver (3a sapujaniiiy 2)
Figure 8, Layout of a worksheet in Excel with the resulting solutions after applying the Excel Solver program tool
(for variant 1)
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Pememe 3a Bapujanty 2 je:

The solution for variant 2 is:

XdZO"XD:];Xu:Oﬁ'XU:];Xk:O;XKZIO

) €
mmF2=61,4ZF

Ha ocHOBY mobujeHyx pelema fom1as3n ce 0
3aK/byuKa Jla BapujaHTa 2 }MMa MUHMMAJHY
BPeJHOCT LybHe (YHKIVje M 3a/jaTUX Orpa-
HIYema:

Fzmin{F],'F2}=F2=6],42

[IpakTiyaH y4MHAaK pajioBa 3a 1M3abpaHy Ba-
pujanty 2 (6ynposep Behu — yropapusau Behn
— KaMMOH Behn) nsHocu:

On the basis of the solutions obtained, it is
concluded that variant 2 has a minimum
value of the target function and the given
constraints:

m3

h

The practical effect of the works for the selected
variant 2 (bulldozer larger - loader larger —
truck larger) is:

nj
U radova=Min Z)q-, PyUpy. k=2t =1-0,9544080-558+1-0,9664940-470+10-0,8964060-18, 1
J=1

3 1’1’13

m
Uy radova=min {535;454;160}=160—>145—

3AK/bYYAK

BapmjanTa 2 je nsabpana jep ¥Ma MUHMMAJHY
BPeHOCT IjybHe QYHKIIMje U 3alaTUX YCIOBa
orpaHndema. Ha 0CHOBY 13abpaHOTL, Ipolietbe-
Ha BPEJHOCT PajjoBa Ha JVICKOHTUHYa/THOM OT-
KOIIaBamby 1 TPAHCIIOPTY yI/ba M3HOCK 61,42 €/
m’. 3a peanusanujy, 6uno 6u nmorpe6bHo Aa ce
aHraxyje jenau (sehu) 6ynnosep, jenan (Behn)
yToBapuBad u fecet (Behux) kammoHa.

Pasnuka y unenu usmeby BapmjanTe 2 u Ba-
pujanTte 1 n3nocnu 0,58 €/m?, ogHocHO 0,944%.
Kop xommumHa o Ha mpuMep MWIMOH Kybuka
yI/ba, pasnuka je 580.000 €.

Kao k/by4HO orpaHmdeme oBOr Mofiena Hamehe
ce HeMOTyhHOCT car/eflaBara CBUX pealHIX yc-
JIOBa Ha TEPEHY U HEMOBO/bHA TAYHOCT YIa3HUX
noyjiataka. Y Cydajy IpoMeHe IapameTapa Mo-
zen 61 maBao Apyraumje pesyntare. HeomxonHo
jé UCIIUTAT HerOBY OCET/bUBOCT Y 3aBUCHOCTH
Of IpOMeEHE CBAKOT Off Pe/leBaHTHIUX ITapaMeTapa
Kako 611 ce IIPOHAIIN OHM KOju MIMajy HajBehn
YTHITAj U KaKo 61 ce MCTMMa IOCBeTH/Ia ITocebHa
MaXEa Y CMUCTY TIaXK/bUBHUjEr OCMaTparba 1 He-
TIeXeHa PeATHNX BPEMHOCTIA.
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CONCLUSION

Variant 2 is chosen because it has a minimum
value of the target function and the given
constraint conditions. Based on the selected, the
estimated value of the works on discontinuous
mining and transport of coal is 61.42 €/m®. To
achieve this, it would be necessary to hire one
(larger) bulldozer, one (larger) loader and ten
(larger) trucks.

The price difference between variant 2 and
variant 1 is 0.58 €/m?, or 0.944%. For example,
one million cubic meters of coal, the difference
is €580,000.

The key limitation of this model is the inability
to perceive all real conditions in the field and
insufficient accuracy of the input data. In case
of changing the parameters, the model would
give different results. It is necessary to examine
its sensitivity depending on the change in each
of the relevant parameters in order to find those
that have the greatest impact and to pay special
attention to them in terms of more careful
observation and recording of real values.
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OnrtumanaH n360p MexaHM3aLuje M TpPaHC-
HNOPTHUX CpeICTaBa 3aBUCU Off CMamberba
TPOULIKOBA Y3 33/[0BO/bEIbe Kallal[UTeTa U 10Y-
37,aHOCTI. Mogiesn IpMKa3aH y 0BOM Pafy, Ipy-
a JoOpy OCHOBY 3a JIOHOIIEeHE OJJIyKe IpK
n360py MexaHM3alyje ¥ TPAHCIIOPTHUX Cpefi-
CTaBa IIpM IVCKOHTUHYATTHOM pajy.
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