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[TIOBOJbITALE EOUKACHOCTH OVIYUUBAKA Y PYJIAPCTBY
[TPUMEHOM JIMHEAPHUX OIITUMU3ALIMOHUX MO EJIA

PE3UME

OpsiydrBalbe M yIpaB/bakbe y PYyAApPCTBY je 3axTeBaH M CJIOXKeH 3aJlaTaK M3JI0KeH
pusuiuMa. KoHBEHIIMOHATHU-UCKYCTBEHU MPUCTYIIH JIOHOLIEHhA O/JYKA, Y MPAKCU 4eCTO
M0Ka3yjy cJ1aboCT Koja ce orJyiefia y HeJIoBOJbHOj MOY3JJaHOCTH U MPELU3HOCTH.

[IlpegMeT wucTpakMBawa [JOKTOPCKE JucepTanuje, noj Ha3uBoM ,llobosbliame
edUKACHOCTU OJJlyuuBama y pPYyJAapCTBY NPUMEHOM JIMHEAapPHUX ONTUMH3ALMOHUX
MoJzesa“ je Jia, carjeflaBalbeM HayyHUX MeTOJa JIMHEAapHOI NporpaMupama, NPUCTYIH
dbopMUpamy JIOKAaLMjCKUX MoJesJa KOju OM OWJIM 3aCHOBAaHM HA aHajJIUM3U U
npujarobhaBamwy nocrojehux u yBohemwy HOBUX NPETIOCTABKHU 3a C/y4vajeBe Kao LITO je
eKCIlJIoaTalMja ¥ NOTPOIIka KpeymbaKa.

Y nucepranuju je npyuKasaH JUHEApPHU MOJeJl JIOKAaLMjCKe OITUMHU3al1je eKCIJioaTaluje U
NOTPOLIe Kpeuwaka y MakeJoHHUjH, ca 29 NpPOU3BOJHUX €HTUTETA — MOBPIIMHCKUX
KOIIOBQ, Y /iBe ONLUje eHTUTEeTa NOTpollme, ca 15 u 16 noTpomaya Kpeuwaka. U3smMmeHom
jefHe oJ, MOJIa3HUX MPETIOCTABKH, Opoja MoTpolllavya, UCTPaKHUBame MOKasyje Aa je 3a
NOTIYHO M IIOy3[laHO carJie/laBame IOHallaka CUCTEMA HeONXOJaH MaTeMaTHU4Ko-
MOJIeJICKM TPUCTYN aJieKBaTHe OCET/bMBOCTHM Ha IpOMeHe peJIeBaHTHUX IapaMeTapa.
Mopen omoryhaBa mnoThnyHuje U T1Oy3/laHUje carje/laBalmbe JejioBakba MNpOMeHa
pesieBaHTHHUX NapaMeTapa Ha ONTUMaJlaH LiWJb, Npy»a MOrYhHOCT eKcepUMeHTHCamba
MemamheM OCHOBHMUX NpPEeTHNOCTaBKU U ycMepaBajyher gesioBawa Ha ucxof. OBe HaBoze
WJIYCTPYjy U NOTBPhyjy pe3yTaTh UCTPaKMBaka U3HETH Y AUCEPTALU]jH.

K/bYYHE PEYU: OIITUMU3ALU]A, TUHEAPHU JIOKALIM]CKU MOJEJI, TMHEAPHO
[IPOI'PAMUPAIBLE, EKCIIJIOATALUJA U ITIOTPOIIHA KPEUIBAKA, MAKEZIOHUJA
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IMPROVING DECISION-MAKING EFFICIENCY
IN MINING USING LINEAR OPTIMIZATION MODELS

ABSTRACT

Decision-making and management in mining is a demanding and complex task, dealing
with risks. Conventional and experiential decision-making approaches, in practice, often
show a weakness reflected in insufficient reliability and precision.

The subject of the doctoral dissertation research, entitled "Improving decision-making
efficiency in mining using linear optimization models" is by observing the linear
programming models to consider the formation of location models that would be based on
the analysis and adaptation of the existing as well as the newly introduced assumptions for
cases such as limestone exploitation and consumption.

This doctoral dissertation shows the linear model of location exploitation optimization and
consumption of limestone in Macedonia, with 29 production entities - open-pit mines, and
two options of consumption entities, with 15 and 16 lime consumers. By changing one of
the starting hypothesis, the number of consumers, the research shows that mathematical
model approach with adequate sensitivity to changes of relative parameters is necessary
for a complete and reliable overview of system behavior. The model ensures a more
complete and more reliable overview of impact that changes of relevant parameters have
on the optimal goal, provides possibilities to experiment by changing the basic hypothesis
and the directing effect on the outcome. These hypothesis are illustrated and confirmed by
the results in this doctoral dissertation.
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3AXBA/IHOCT

Beauky 3axeasHoct gylyjem ceom meHuwopy upog. gp Hiopy Musbanosuhy, koju mu je, ceojum
WUPOKUM UO3HABAF-EM JUHEAPHOI UpoIpamuparsa U ouepayuoHux UCWpaxcuedarbd, 3Ha4djHO

uomoiao casemwiumMa u ugejama WokKoM uspage gucepuayuje.

IlocedHy 3axeanHocwi gylyjem upog. gp CaodogaHy Byjuhy, ceom meHuwopy ca maciiep
cuyguja pygapckol UHicerbepclied, B6pXYHCKOM UO3HAsaoyy y odaacluiuma UpumeHe
CUCWIeMCKUX HAayka U olepayuoHUXx UcWipaxcuearsa y pygapciigy, Ha KOHcCy/Allayujamd,
KOpUCHUM casewiumd, MOpAaJaHOj U UHWeAeKUyaaHoj uogpwyu u uomohu wokom

uctupaxcusarsd.

HeusmepHo ce 3axeasbyjem 4aaHo8uMa komucuje upod. gp 3opaH [auiopuhy u tupod. gp

Mapuju Ky3amaHosuh Ha KOpucHUM U godpoHAMePHUM cylecluujama u upumegdama.

Csojoj uopoguyu u mojoj gesojyu gylyjem deckpajHy 3ax8a/tHOCW HA pa3ymesarby U Uogpuyu

08UX I0gUHAQ.

08y gokiiopcky gucepuiayujy toceehyjem ceom tiokojHoM oyy gp Ciiedpky Boweackom.

Tpajue bowescku
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BUOTPA®PUJA

HU3JABA O AYTOPCTBY

H3JABA O MICTOBETHOCTHU ITAMITAHE U EJIEKTPOHCKE BEP3U]JE JOKTOPCKOT PAJIA
H3JABA O KOPUII'REWY



1. YBO/J

1.1 IPEAMET UCTPAXXUBAIbA

OpsiydrBalbe W ynpaBJ/balbe Y PYyJApCTBY y NPUHIUIY je 3aXTeBaH W CJIOXEH 3aJjaTak
u3JoKeH pusunuma. Jlo6pa ojJiyka HHUje YyBeK YCJOB 3a Jobap pe3yJsTart.
KoHBEHI[MOHA/JIHU-UCKYCTBEHU MPUCTYIU JIOHOIIEHkA OJJYKA, Y MPAKCH YEeCcTO MOKa3yjy
c1abOCT KoOja ce orJjiefa y HeJ0BOJbHOj MOY3[AAHOCTH M Mpenu3HOCTH. PYHKIMOHAIHO
CrelMjaM30BaHd MaTeMaTHU4YKO-MOJEJNCKH asaTu U3 paMu/ivje MeToAa OINepalnioHUX
UCTpakKMBakba, OBe HEAOCTAaTKe HeMajy y3 IMpeTNOCTaBKy aJeKBaTHOT u36opa U

MPaBUJIHOT MOCTYIKa Y MPUMeEHHU o/iroBapajyhe MeTo/ie 32 MOAPUIKY OAJIyIHUBaAY.

CBaku iaH ce cyodyaBaMo ca OTPeOOM Ja JoHeceMOo oAayKy. OZ/IyKe Cy 4eCTo jeJHOCTaBHE
U Op3e, ajJiu MOCTOje OAJIYKE KOje 3axXTeBajy BHILEe BpeMeHa, pecypca, UHpopManuja U
ajTepHaTuBa. [loHOLIEeme 0Jl/IyKa je MoCTynak u3bopa uaMeby ckymna aatepHatuBa. CBaku
NOCTYNAaK JIOHOLIeHa OJJIyKe Jaje pe3yJTaT KOjU MOXXe OUTH aKIiuja, Ipernopyka W/
mulbewe. EPUKacHOCT mnpejcTaB/ba MOCTU3albe MaKCMMaJHOT yYMHKa KopucTehu

MHUHHMaJIHEe pecypce.

BpJio je 6UTHO o//lyKe JOHETH Ha 6a3U HAyYHUX MeTO/a, 0CO6eHO MeTo/aMa JMHeapHOT
nporpaMupama, Koju Jjajy MHOTY 60/be TEXHOJIOLIKE, TEXHUYKE U EKOHOMCKe edeKTe, HEro
IITO OM ce AOGUIM HUXOBOM 3aHeMapHBameM. OBO je passior BHIlle KOjU ONpaBJaBa
NPaKTUYHY MPUMEHY W TOBOPH O HEONXOJHOCTH HHUXOBOT Kopullhewa y mpouecy

NpaKTUYHOT oJi/ly4uBatba [90].



Ca pasBojeM HUHAYCTpHje, MpobseMu ce mnoBehaBajy. TpoLIKOBH, KOjU HArJo pacry,
NpeJICTaB/bajy OrpOMaH HM3a30B KOjU ce Mopa CTAabU/IM30BaTH M JOBECTH [0 HHUBOA
ONTHMAJHOCTH. Y PyJlapCTBY Ce 4ecTo cycpeheMo ca c/I0KeHUM NMpo6IeMUMa pPa3IuIUTe
NPUPOJE, TAEe UHTYUIMja U UCKYCTBO HUCY YBEK YCJIOB 3a JIOHOLIEHE HCIPAaBHE OJJIYKE.
Yecte UHAHCHUjCKe KpH3e Cy AO0JATHU pasJor 3a NpUMeHy MeToJa U MoJeJsa Koju he
no6osbiiaTH ePUKACHOCT OJJlyuMBalba, He caMo y pyaapcTtBy, Beh u y Japyrum

VHAyCTpHUjama.

[IpeaBubame mnocieaulia NpoMeHa y CHUCTEMY Kao ILITO je CUCTEM eKcCIJloaTaluje U
NOTPOIIE KpeuakKa, IPobJeM je KOju 3axTeBa OAroBapajyhv aHaJIMTUYKHU PUCTYI KOjU
obyxBaTa CBe orpaHuhyaBajyhe ¢akTope, HUXOBa JeJiOBakba, 3aBUCHOCTH, NOXKeJ/bHE U
Helo)KeJbHe IMpPOMEeHe, U HCOYyele IO0CTaB/beHOI Lu/ba WJIMU BHIIEe Lu/beBa. bes
dbopMHpawka MaTeMaTUYKOT MOJiesia ¥ IpHMeHe O/iroBapajyhe MeTo/ie 3a pelllaBamwe, HUje

Moryhe peliewe npob6semMa Ha ONTUMAJTHOM HUBOY.

[lpegMeT wHcTpakuBamwa [JOKTOPCKe Aucepranuje, noja HasuBoM ,Ilo6ospliame
edUKACHOCTU OJJlyuuBama y pPYyJApCTBY NPUMEHOM JIMHEAapPHUX ONTUMH3ALMOHUX
MoJziesa“ je Ja carjejaBalkbeM Hay4YHUX MeToJia JIMHeapHOI NporpaMupama NpUCTYIIH
bopMHUpawy JIOKallMjCKUX MoOJesia Koju ©6u OWId 3acHOBAaHM Ha aHa/lM3Uu U
npusarohaBamwy nocrojehux M yBohewy HOBUX NPETHOCTABKU 3a C/ly4yajeBe Kao LUTO je

eKCIJIoaTalMja U OTPOIHha KpeyrakKa.

1.2 HAYYHHU DM/bEBU UCTPAYKUBAIBA

JloHOIIemhe YIPaB/bAUYKUX OJJIYKA Y €KCIJIOATAllUju MUHEpPAJHUX CHPOBHUHA Y MPUHLUITY
nojJijpasyMeBa carJjie/laBakbe, aHAJIMTUUKY UHTErpanujy U carjejjaBambe QyHKIUOHATHUX
yTHLIdaja OpOjHUX YMHMWJALA, MOHEeKaJ, MehycoOHO CynpoTCTaB/beHUX, Kao IITO Cy:
IPUPOJHU YCJIOBU (TEeOJIOLIKH, WHKEHEPCKOTEOJOWKH, XUAPOTe00IKH, XHUPOJIOIIKH,
KJIMMAaTCKA W [p.) TPXKUIIHO-eKOHOMCKU (06ep3aHCKH), TEXHUYKH, TEeXHOJIOIIKH,
KOMYHUKALlMOHU, YPOAHUCTUYKU, €EKOJIOIIKH, COI[UOJIOUIKH, TOJUTHYKH U  JAp.
OpsiydrBame U ynpaB/balbe y pyAapcTBY 6e3 003Mpa Ha XUjepapXUjCcKy CTENEeHUTOCT U
Pa3JIMYUTOCT KOja U3 TOra MPOU3uJIasy, IU/bHO je yCMepPeHO Ha MPOU3BO/IbY, Ca UCXOJHUM
ebekTUMa HCKA3aHUM EKOHOMHMKOM TNOCJI0Bamka pyJHHUKa, 6e3benHomhy pajga u
noysgaHoiihy npousBozmwe. C 063UpoM Ja Cy pPyAHUIM y NMPHUHIMIY NpPBE KapuKe y

NPOU3BOJAHUM JIAaHLIUMA, aHAJIOTHO QUCHUjU y PU3uLM, epeKTU pajila pyJHUKA MPEeHOoCce ce



Ha KapUKe Koje y JlaHIly cyiefie (Ha mpuMep: pyAHUK Kpeubaka — GpabprKa 3a IPOU3BO Y
XUJIPATHCAHOT Kpeya — MOTpPoIlka Kpeya). OuursieHo je fa ce pedJieKcHja yrpaB/bayKux
OJ/IyKa y PyAHHULMMA MpeMBa Ha CBE eHTUTETE Y MPOU3BOAHOM JIAHLy KOjU CJIeJie, LITO
ynyhyje Ha cTaB 0 MOCJAeAUYHOj MOBE3AHOCTU U NpedepeHnHju oJJIyurBakba Ha HUBOY

pyAHHKA.

Jla 6u onyyrBame U ynpaB/bakbe 6MJI0 ePpUKACHO, MOpa OUTH YCIIOCTABJ/bEH HA/I30p HA/
CBUM UHTEPHUM M eKCTepPHUM YMHHUOLMMAa OMTHUM 3a JOHOLIeHe OJJIYKa, jacHa CJMKa
HBHUXOBUX Y3POYHO-TIOCJAE€UYHUX Be3a, MOTeHMja/IHUX PU3UKA U aZleKBaTaH MPUCTYM 3a
NOAPLIKY oAJy4YMBamwy. OBaKo ocMaTpaHoO, OJJIyYHBakbe CIpexe y IeJMHY: aKBU3ULU]jy
pejieBaHTHUX IHojaTaka M uWHopMalyja y peaJHOM U HPOLIMPEHOM BpeMEHY,

JIOKYMeHTalujy, IpaBUJia ¥ NpoleJype JoOHOIIewka 0JJIyKa.

Y TOM cMUCNy, UIeHTUPUKOBAHU Cy ciefiehr LIM/beBU UCTPaXKMBakba Y OKBUPY JAOKTOPCKe
JicepTalyje: carjefilaBambe OCTBapeHOr Ha M0JbY IpMMeHe JIMHeapHUX ONTHMU3alMOHUX
MoJiesla Kao MPUCTyNa 3a MOJPUIKY OJAJy4YUBamy y PYAApPCTBY, aHajJU3a NPOO6JIEMCKO
(TeMaTCKM) OpHUjeHTHUCAHUX MOTYhHOCTM W oOrpaHUYerma M[pUMeHe JIMHEapHHUX
ONTUMHU3ALMOHUX MOJeJa Y pyAapCTBY, TeCT-eKCIepUMeHTa/lHa HUCTpakKuBakba

JIMHEApHUX MOJieJia 3a IOAPUIKY OJJIYIYUBAbY U OLl€HA [TPAKTHUIHHUX ecl)eKaTa.

1.3 OCHOBHE ITOJIA3HE IIOCTABKE Y UCTPAXKUBAIbMUMA

YBUZOM ¥ aHAJMU30M JIMTEPATYPHUX U3BOpa MPHUMETHA je GPOjHOCT pafoBa HAYYHOT U
CTPYYHOT KapaKTepa O JIMHEAPHUM ONTUMHU3AIMOHUM MeToZaMa U lbUXOBUM NpPUMeHaMa
y pasauyuTuMm chepama. MehyTUM, CynpoTHO OYEKHUBAHY, HCXOJHU 3aK/bY4aK OBe
aHanmu3e je Ja eQPUKACHOCT OJAJy4YMBamka y PYAHUIMMA y3 MOAPIIKY JHHEapHUX
ONTUMHU3ALMOHUX METO/la HUje UCTpakeHa NPHUMEPEHO aNJIMKAaTUBHO] MOAECHOCTH OBUX
MeToza. OBO je MHUIUPAJIO TEMY U YyTULAJIO HA AePUHUCAhe KOHIENIHje UCTPAKUBabha Y

OKBHUPY AUCEPTALHje.

OcHOBHe I0J1a3He [TOCTaBKe 3a UCTpPakKUBakba y OKBUPY JUcepTalLuje Cy:
1. HepoBosbHa carsieZJaHOCT NPUMEH/bBUBOCTH JIMHEAPHUX ONTHUMHU3ALMOHUX METOAa

3a NOAPUIKY OJ/IyYMBakby Y PyapCTBO;



OTBOopeHoCT nmnuTawa edekaTa U ePUKACHOCTH TMpPUMeHe JIMHEeApPHUX
ONTUMHU3AIMOHUX MO/ieJa PU JIOHOLIehY YIIPaB/bauyKUX OJJYKa; U

HemnocTojame npenopy4/eMBOr aJITOPUTMA U KPUTEPUjyMa IPUMEHE OBUX MOJeJa

3a OJPIUKY OAJYYUBaY Y PyAapCTBY.

1.4 IIPOT'PAM UCTPA’KUBAIbA

Ha ocHOBY cajjammer carsefjaBamwa orncera npo6seMa, JaHupa ce ia ce UCTpaKMBamba y

OKBUPY [OKTOpPCKe JucepTalidje OJBUjajy y [ABe ¢ase: TeopHjcKa HCTpPaKHMBama HU

NpaKTHUYHe MpoBepe.

[IpBa ¢dasa Tpeba fga carjiesja, OTBOPU U JeTepMHHHUIIe NpPo6GJeM M TNOCTAaBU
aJropuTaM INpUMeHe JIMHeapHUX ONTHMHU3alLMOHUX MoJesa KoJ, MOJpLIKe
O/l/ly4MBama Y pyAapCcTBY,

Y napyroj ¢asy Ha KOHKpPETHHM pYJAHUYKUM Ipo6JsieMrMMa, ob6aBuhe ce TecT-
eKCrepuMeHTa/IHa UCTPaXKUBaba U OLeHUTH ePeKTH WU NOTeHLHUjaTHU edeKTH

INpUMEHe JIMHEAPHHUX OITUMHU3AIUOHUX MOJZieJia Yy OAJIYyIHBaAbLY.

[Iporpam ucTpakMBama 06yxXBaTa aKTUBHOCTHU:

BN

U

WUpentudukanuja npobsiema,

CarsiejaBame UCKYCTBA Y PyZAapCTBY Ha IPeMeTHOM I0JbY,

OneHa nocrojehux UcKycTaBa ca NIpeJ/I0roM NOoCTyINKa Ja/buX UCTPAKUBaAA,
M360p pyAHUYKHUX Npob6sieMa MEPUTOPHUX 3a UCTPaKWBakba NPUMEHJbUBOCTU
JIMHEapHUX ONTUMU3ALMOHUX MO/iesia KO/, o/IpLIKe O/ Iy4YMBama y pyapCTBYy,
TecT excnepuMeHTa/IHA UCTPAXKHUBakba U aHA/IM3a Pe3yJITaTa,

3anaxkama ca npeaJsoroM Ja/bMX HCTPaKHUBakba.

CazHawa y TOKy HCTpaKMBakba MOTY YTHLATH Jla Ce€ y HU3BECHO] MepH OJCTYIU Of,

MJIAHUPAHHUX dKTUBHOCTH.



1.5 METOJ0JIOTUJA HCTPAXKHUBAIHA

MeTozo/ioTMja HWCTpaXkKMBamba, MpuaaroheHa mnpob6JseMy, nporpaMmy M LH/beBUMa
UCTpaXMBala y OKBUpY AucepTaluje, obyxBaTa: NpoydyaBaibe NMOCTOjehuX MCKyCTBa U
Ca3Halba aHa/M30M JINTEPAaTYpPHUX M JPYTrUX paclnosIOKMBUX H3Bopa HHopMalyja.
3ak/byylBakhe 3aCHOBAHO Ha MPETXOJHUM Ca3HambUMa U JebUHUCAkbe ,MIJIOBHOT" Kypca
JlaJbUX UCTPaXKUBamwa, H300p pyAHUYKUX [OpobjeMa MepUTOPHUX 3a  TecCT-
eKCIlepyUMeHTa/IHa HMCTpaXKMBama, eKCllepMMeHTa/lHa UCTPaXKUBaa, 3aBpLIHY OLeHy M
3ak/by4ak. /lakjie, y OCHOBU MeTO/0JI0THja UCTPaKMBawka KOMOHUHYje U Craja TeopHjcKa U

OIIMTHA UCTPAKHBakba.

Y npBoj ¢a3u pasa cnpoBesieHO je CBEOOYXBAaTHO UCTpPaKUBame Npob6seMa JMHEeapHOT
nporpamupama. MeToZie Koje ce HajBHUlle NPUMEYj)y y JHUHEAPHOM IPOrpaMUpaAmby

OIIKMCaHe Cy Ha IIPpaKTHU4YaH 1 je,ZlHOCTaBaH Ha4YHH.

Y npyroj dasu HanpaBJbeH je nperJies npobjemMa eGpUKaCHOCTH OJJIyYUBamba U yIpaB/bamba

M MOTYNHOCTH no6oJblliaka y pyAapCTBY.
Y Tpehoj a3u pasa U3BpLIEHO je TeCT-eKCIIepUMEHTAJHO UCTpakuBamwe, OpMHUpaH je
JIOKALIMjCKU MOJieJl U Ha OCHOBY TOra HallpaBJ/beH je ONTUMaJaH IJIaH eKcIlJloaTaluje U

MOTPOLIE KpeykaKa.

Y yeTBpTOj pa3u paja aTa je 3aBpIlIHA aHA/TIU3A U OLleHa.



1.6 JOCTUTHY'HhA HA IPEAMETHOM I10/bY Y CBETY

Y oBOM aAurhTajHOM 00y, UHTEPHET je cjajaH HU3BOp 3a AoOHjambe HHPoOpMalHja O
JocTiuruyhuMa y npeiMeTHOM M0Jby Y CBeTY. [IpeTpakvBakheM Ha HHTEPHETY Ha K/by4yHe
peyd Ha3uWBa JAuceprandje ,no6osbliarbe, ePUKACHOCT, OJAJyYMBalbe, pPyAapCTBO,

JINHEAapHO NMporpaMupame, ONTHUMHU3alUja, Mojen” obujeHo je 1.760 pesysiTaTa.
13 n06ujeHux pe3yJTaTa MOTy Ce U3/JBOjUTH:

- Vuji¢ S, Cirovi¢ G. Production planning in mines using fuzzy linear
programming, Yugoslav Journal of Operations Research, 1996.

Hum o060l paga je Upuka3 oumwiumusayuje Upou3gogree y UpPAKCU HA UpUuMepy
UOBpWUHCKUX Kouosa doKkcuula ige je KopuwheHno ¢a3u auHeapHo Upoipamuparbe
upatiehu kpuiiepujym o upuxogy. IIpomeHsbuge y KpuliepujyMckoj yHKyuju cy
JIUHIBUCWUUYKE UpOMEH/bUBEe, gOK CYy U UpPOMEH/bU8e U OIpaHUYEerd UPOMEH/bUBUX
lpegcuias/beHu wipoyliacuum ¢asu dpojesuma. U3pa3s ,3agososmasajyhu tipuxog” je
lipegctias/beH wipoyinactium ¢asu dpojesuma ymectio ,MaKCUMU3UpArLA Upuxoga”,
IIpumep uayciipyje kako ce ogpeheHu Upodaemu CU8APHUX UPOU3BOGHUX cuctiema

Moly wipetwiupatiu WeopujoM o pasu cKytuosuma.

- Radosavljevi¢, M., Vuji¢, S, et al., Single-Phase Linear Model of Optimum Supply
Limestone Thermal Power Plants From the Quarry of Serbia, Journal of Mining
Science, Springer, Vol. 52, No. 4, 2016

Y pagy je tUpegciuassmeHn jegHoasHU /A0KAYUOHU MOgesa Kao UOgpwKa upoyecy
goHoulerba 0g/ayKad U CHAdgesary Kpeurakd UWepMOoeHepleliCKUM CUClieMoM
Enextupotipuspege Cpduje. Yckaahusare paga uiepmoeHepielicKux Uocuipojerba ca
30KOHOgABCWBOM U HOPMAWUBHOM pelyAaiiugom y yusmsy 3auiuuile easgyxa o0g
emucuje 3aiahyjyhux matiepuja ykmyyyje aHaauzy molyhHocliu cHadgesaroa
wiepMoeHepielwicKux UOCWpojera KpeurakoM Koju he ce kopuctuutiu Kao pegyKyuoHo
cpegcwigo y gumy upoyec ogcymuopasarea laca. M3y3es Keaauulewa MUHEpPAAHUX
CUpOBUHA Kao 00ase3HOl yc/a08a Koju uipeda ga Oyge 3a0go80./bEH, CHAdgesarse
lwiepmoeHeplelicKuX UOCWPOojerbad KpeurbaKoM je y OCHO8U JO0KAUUJCKU UpOod/aeM,
OgHOCHO UpodsiemM ogadupa pygHuka ca Yusmem UOCWU3ara HAajHuxcux moiyhux

WipowKo8a uctopyke.



Xynej M., MyJaTuBapujaGW/IHM MOJeJiM ynpaB/baHa y PyAApCTBY, [loKTOpcKa
fucepTtanyja, YHuBep3auteT y beorpagy, Pypapcko-reosomku ¢axkyartet, beorpag,
2013.

Y gucepwiayuju M. Xygeja uctipaxcusarba cy ycmepeHa Kpullu4Kum Cuiagom upemd
upuciyuuma 3dCHOBAHUM HA U300pY Hajoosbel mogend 3a aHAAU3Y (OHOUWEHE
yupas/msa4kux O0gJaykKa y pYJHUYKUM yca08umd. Ymecuwio u3dopa Hajéoosbel,
HajuologHujel uau HajupukaagHujel Mogead 3a UOgpWKY 0g/1y4usary, upegaadxce ce
upoyegypaiuu upuaa3. 0gakaeg upuaas3 uogpasymesa UcCUo8pPeMeHO YK/AbYUUBdrbe )
aHa/u3u euwe mogeaa ca KOPEeKWHOM QaUpOKCUMAYUjOM MYJAUUBAPUJAOUAHUX
pygHu4Kux ycsaosa. llowitio yuse Huje uzdop Hajdosbel Mogena eeh Hajdboswel pewersa
3agawiol upodsema, Upema UOCWAB/HEHOM AAIOPUWIMY UOCUWIYUAK u3d0pa HAjd0/be
paHiupaHe ajauwiepHawiuge UAU Hajoéosbel UOpelika aallepHawuea, 3deucu 0g
Ko/1ebarba MyAWUMOgeaCKUX paHiosa. Y cayvajy ekeueaseHyuje MyAulumMogeackKux
paHiosa, gopmupaHu topegak aiiliepHawiuea Upuxeailia ce Kao ge@duHUWUBAH, Y
CyUpOUuIHOM KOHAYHU UOpegak aaulepHauiusa geguHuue ce toHgepucarbeM. Ako je
yusb Hajoosba anulepHawiusd, aHa.au3a je OouUYyUOHA 3ad8UCHO 0g culetueHd

ekguga/ieHyuje MyAuUuMogesacKux paHiosa.

CteBaHoBuh /I, OnTuMu3apMja Y IUIAaHMpake MNOBPIIMHCKMX KOIIOBa
CTOXaCTUYKUM MojAeauMma, /lIoKTopcKa AucepTalivja, YHUBep3UuTeT y beorpagy,

Pynapcko-reosiomku pakyartet, beorpag, 2015.

Y o0e0] gucepuwiayuju aHaau3upa ce yuouwipeda CWOXACWUYKUX MAWEMAWUYKUX
Mogeaa, y upoyecuma U/JAAHUPAFA U oUWlUMu3ayuje HA UOBPWUHCKUM KOUOBUMA.
HayuHu mewiogama gokaszaHe cy UpegHOCWU UMU/ieMeHWayuje culoXacuuykol uau
KOMOUHOBAHOI CUWOXACWUYKOl U gewlepMUHUCWUYKOl Upucuiyua HAg Yuclio
gewepMUuHUCWU4YKUM Upucyuom. Y gucepuiayuju cy pasgujeHa gea mogead, upeu ce
30CHUBA HA IeHEWICKUM aAloputuMuMa u wWpewupa upodaem UAaHUPar-a Upou3sogrse
Ha UOBPWUHCKOM KoOUy JAulHuwia, gpylu mogesa je XudpugHol wuud, cagpicu
cuoxacwu4yky U geWlepMUHUCWUYKY KOMUOHEHUWY U uwpewupa Upodiem

ouwumu3sayuje ipaHuUya Koua.



Henosuh H., Matuh-Kekuh CHexxana, Tomuh M., CaBuH JI., Cumukuh M., [Ipumena
JIMHEapHOr MporpaMMpama Ha Npo6JjeM JIOKaljidje PEeMOHTHUX I eHTapa,

CaBpeMeHa No/bONpPUBpPESHA TeXHUKA, 2014.

Y pagy cy upegcuiassmeHu mawlemawiu4ku Mogeau Koju pewasdajy J10Kayujcku
Upodaem Ha UyuwiHoj mpexcu ca 59 Hacesma (ueoposa). Llusm je ga ce ogpegu aokayuja
peMOHWHUX YeHWapa, a ga ce MUuHUMU3yje UWeIUHCKO paciiojarse usmehy
UotieHyujasnHux KaujeHaia u yeHwapa. YiopeheHo je yenodpojHO peuwerse ca
pewerbeM Kaga Hema Wakeoi 3axiiesa u wo y caegehum cayvajesuma:

a) ceu KaujeHuwiu Mopajy dutliu UOWUYHO YCAYHCEHU;

0) peMOHUWIHU KaUayuewu He cMejy Sutliu UpemaweHu;

Y) ceaku peMOHWHU YeHWap Mopa ga pagu ca dap 75% katayuiuetia;

g) go3eosmeHo je ga KaujeHWU u3 uciiol Hacesbd 8ygy YCAYHCEHU Yy PasAuduiilum
PEMOHUWHUM YeHUWpuMda.

[Ipewiioctias/beHoO je ga cy c8Uu peMOHWHU YeHUWPU OUPeM/beHU UCTUOM OUPEMOM U ga
cy Uo3Haue uouwlpede KaujeHauwda 3a cepsucoM. llesnodpojHo pewerse je ysek gasasio
gehy epegHociu ¢pyHkyuje yussa. 3a 50 tipoudsosbHux uzdbopa 14 peMoHWHUX YeHUapa
Ha mpedxcu og 59 Hacesma, 8pegHocll tipoceuHe PyHKYUje Yusba je suue og gea uya
dusa eeha og epegHociiu pyHKYUje yusba tUpu oUUMAIHOM pewerby. Ha cauyu 1.1

UpUKasaHa je UywHa mpeixca ca pacuwojarbda, gok je Ha cauyu 1.2 Upuka3aHo

OUWUMA/IHO peulerse.

Cauka 1.1 Ilywina mpedca ca paciojarsuma [18]



Cauka 1.2 OtuumasHo pewerse mogenaa [18]

lipHoropan, M. OnTuMH3anuja U360pa MeXaHUYKe MeTOJe eKCIloaTaluje
HapTHUX OymIOTHHA mNpUMeHOM ¢as3u Joruke, J[OKTOpcKa [HcCepTalHja,

YuuBep3urteT y beorpaay, Pyaapcko-reosomku ¢pakysaret, beorpaa, 2020.

Ayuwiop je y gucepwiayuju Kao MawWemMawluyku U KOHYeUYUjcKu Mogea 3da
outiumusayujy Kopucwiuo ¢aszu soiuuku mogea. Kao ¢pyHkyuja yuma je ysegeHna
uepgopmaHca ytouipedmusociu. Hcxogu, ogHocvo IF-THEN“ tpasusaa cy
¢opmupaHu Ha b6a3u uckycwiea ca euwe eKCcu/10awayuoHux Uuo/ba y ceelly.
Pesyatiatuiu cy lipuka3aHu Ha gea Ha4uHAa, 3a8UCHO 0g MolyhHocliu uHiiepupemayuje.
[Ipsu HauuH Upukasa pe3yawlawia gauw je Kpo3 gujalpame HA Kojuma cy UoepuluHe
Heupasu/Hux leomewipujckux weaa. Ilopeherwem Upekaauarba UOBPUWUHE HOBE
oywouluHe ca UpewxogHo godujeHUM UOBPWUHAMA UOjegUHAYHUX MeXaHUYKUX
Melioga goduja ce UpoyeHawl UPUMeEHbUBOCWU ogpeheHe mellioge HA HOB0]
oywouiuHu. Kaga tocwoje mane pasnuke y usiasuma, Upumerbyje ce gpylu HAYUH
Wako wio ce UpetwiXogHO godujeHuM tospwuHama ogpehyje wexcuwiie u pacutiarbe

pesyawiauia. Ha kpajy je gawia anaau3a ocetl/bU80CUiiU pa3gujeHol mogea.



- Dejanovi¢ P., Peri¢ T., Primjena fuzzy viSekriterijskog linearnog programiranja
u rjesavanju problema optimizacije plana proizvodnje i tehnoloskih varijanti,
Zbornik Ekonomskog fakulteta u Zagrebu, Vol. 17 No. 2, 2019.

Aytiopu uctupaxcyjy edpukacHoci upumeHe Meliogooiuje dasu
guweKpuepujyMcKol 1UHEeapHol Upolpamuparsa 3a pewasdrse sueKkputiepujymMcKkol
upodsema oumiumudayuje UpPOU3BOGHOI UAAHA U WEXHOJ0WKUX edpujaHuiu y
ipegysehy Koje ce 6asu Upou3gogrom MewlanaHux Upoussoga. IlpegciuassmeH je
wieopujcku Moges U Helogo peulerse, Kao U Mewioga Koja ce UpuMeryje 3a peuagarse
ciieyuguuHol Upodaema ouliumuzayuje UPOU3BOGHOI UAAHA U UWEXHO/AOWKUX
sapujaHuiu y upegy3ehy koje ce 6a8u Upou3zeogroM MellaaHux upoussoga. [lodujeHu
pe3yawiaiiu ykasyjy Ha MoilyhHocli egukacHe UpumeHe o08e Melloge y pewasarby

ogpebeHol tipodsema u keHe UpegHOCIU y 0gHOCY HA UpUMEHY HeKUX gpylux meuioga.

Y OKBUPY OCTa/IMX pe3yJ/iTaTa He PErUCTPYjy ce pesieBaHTHA UCTPaXKUBamba U MyO6JIMKalyje

M3 peruoHa Ha OBy TeMY.

TpakeweM HCTUX K/bYYHUX pedyd, ajJu Ha eHIJieckoM je3uky ,improving, efficiency,
decision making, mining, linear programming, optimization, model” no6ujeHo je 3HaTHO
Bulle pe3yJsTaTa, og4HOCHO npeko 20.000.000 pesyaTtara. [lopes anaTke npeTpakvBamwa, y
NoTpa3u AOCTUrHyha Ha NpeJMeTHOM INOJ/by Yy CBeTy KopuliheHe cy BebG CTpaHULe
peHOMHUpaHUX MehyHapoAHUX Yacomuca U3 06JIaCTH pyAapcTBa, Kao WTo cy Journal of
Mining Science, Archives of Mining Sciences, International Journal of Rock Mechanics and

Mining Sciences u ap.

['eHepaJsiHO, pe3yJITaTH ce OJHOCe Ha MOOOJblIae eHepreTcke eQUKACHOCTH Y PyAapCTBY,
CMakhelhe TPOIIKOBA, MOOOJbIIAKE KUBOTHE CPeJJMHE U ONTHUMU3AIU]y NMPOU3BOJE U
NPOAYKTUBHOCTHU. [l0CTOjU HEKOJIMKO paZjoBa O MeToJaMa ONTHUMHU3alLUje y PyAapCTBY.

Bpeay NOMeHYTH OHU KOjU CYy OCTaBUJIM 60JbU YTUCAK U KOjU Cy aKTYeJIHU Yy 0BOj TEMHU:
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Kazakidis V., Mayer Z., Scoble M.]., Decision making using the analytic hierarchy
process in mining engineering, Transactions of the Institution of Mining and

Metallurgy, Section A: Mining Technology, 2004.

Osaj pag upegcuiassmsa cepujy cayvydjesd y pasAuqdutliuM cyeHapujuma pygapcuisea
Kako du ce geMoHcUWpupaaa UpuMeHa aHaAuWu4yKkol xujepapxujckol upoyeca (AXII).
Aywiopu cy ucuiakau ga cy UCKyCW8o U UHWYUYuja duiu K/bYYHU 3d JOHOWEHE 0gayKa
3601 yYecwiol HegocwWlaWika KEAHWUWAWUBHUX Uogawlaka, YKsmy4yjyhu ieosoiujy,
cuietieHacwly gucwipudyyujy u yc/aoee wWJ/ad, KAo U eKOJ0WKUX, COYUJa/IHUX U
eKOHOMCKUX pakiiopa. KeaauliaiuueHa aHa.1u3a 3acHUBa ce Up8eHCUWIBeHO HA Cygqy,
3HAKY U UCKyCcW8Yy jegHOI Uau suule cupyyraka. Y cayyajeguma kaga cy goculyuHe
oipaHuyeHe uH@opmayuje, cydjekuiusHe eeposauiHohe, 3acHosaHe Ha ouUweM
UpopecuoOHaNHOM UCKYCUBY, 3HAFY U MUUL/BEHY CUIPYYHAKA, MOy dUulliu OCHO8A 34
aHaau3y. Takohe cy Upegcuias/eeHe Meliogo10luja 3a KeaAulaWueHO 0g/1yYUBarLe
uomohy matiemawiuvyke aHa/1u3e AHAAUWUYKOL XujepapXujckol upoyeca U aMa/ausd
ocewswusocwiu. Pygapcku cyenapuju 3a gemoHcwpayujy UpuMeHe aHAJAUWUYKOL
Xujepapxujckol tpoyeca ogHoce ce HA: UHBeCWUYUOHY aHA/Uu3y Hoge WexHoJoluje;
gu3ajH cuctiema WyHeAqa; UpoyeHa pusuka og U1aHuparba kouoea uulg. Ayuiopu gajy
lpeisieg Meuiogooiuje 3a K8AAUWAWUBHO JOHOWeEerEe 0g/aYKd HA OCHO8Y UiepeHCKUX
atiaukayuja. Mettioga aHaautiuvyku xujepapXujcku upoyec tiokazaaa ce e@ukacHuM
anauwioMm y Mogeaupary Wupokol cuekuipa pygapcKux cyeHapuja, ykayvyjyhu ogadup
aaliepHatiuea, UpoyeHy yuuyaja ogayke, cupogoherbe aHause UpojeKWHOl pusuka,
ogpehusarbe J0kayuje u ucuulliugarbe cyeHapuja ,wiia ako“ UywieM aHaaAu3a
ocetiswusocuiu. Omoiyhusa je Upukyl/barbe UCKYCUWIABA U MUW/bEHA CUPYYHAKA 3d

CUlpyKulypuparee Mogeaa 0g/ay1usearsa u towisphusarse pe3yauaiia.

Amankwah H., Mathematical Optimization Models and Methods for Open-Pit
Mining, PhD dissertation, Department of Mathematics, Linkoping University,
Linkoping, 2011.

Y o0e0j we3u aywiop upoy4yasa UpodaeM UPOjeKulo8ara UOBPUUHCKUX KOUO08dJ,

upodsem UAAHUPAFA UOBPWUHCKUX KOUO8A U Up0d/AeM gu3ajHUparsd UO8PUUHCKUX

Koliosa ca ie010WKOM U YEHOBHOM Heu38eCHOUWhy.
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Rubito, E., Mill feed optimization for multiple processing facilities using integer
linear programming, Proceedings of the fifteen international symposium on mine

planning and equipment selection, Turin, Italy, 2007.

Osaj pag I1osopu o paseojy ajaloputima 3a pacuogeay pyge upou3gegeHe U3
U0BpWUHCKOI KOUd Yy gea MAUHA €A pa3AuvuiiuM uociiaskama. Anokayuja pyge spuu
ce UpeKko Yye/100pojHOl AUHEeApHOI aalopuliMa Koju y3umd y 063up Mes/bU8oCll CuieHd,
JUWO/01Ujy, cuieueHe U eKOHOMCKe uapameuipe. /[pyiu aaioputiam ce cacuwioju og
ysoherba suHeapHOl ogHoca y YusbHy @yHKYuUjy pagu odpavyHa UOWEeHYUjaaHUX

Upou3eogHuUX cyeHapuja kopuwherbem UpoMeHsbu8e UpouyCHOCUU.

Ercelebi, S. G., & Bascetin, A., Optimization of shovel-truck system for surface
mining, Journal of The South African Institute of Mining and Metallurgy, 2009.

Osaj pag ouucyje mogese paga yuogap-wpaHCuopul u ouWuMu3ayuoHe upucuyte a
anokayuju u owupemu KAMUOHA UOG pa3AuMUliuM pagHum ycaoeuma. Teopuja
3auwieopeHe mpedce pegosd YeKkara KOpUucuiu ce 3a a/10Kayujy KaMuoHa u JAUHeapHo
upoipamuparee y C8pxy CAakad KamuoHa Ha yuwosap. 0saj upucuiyu Ou UpyHcUuo
MolyhHocll UpoyeHe mepa tepPopMaHcu cuctiema (cpegrbu dpoj KaAMUOHA, cpegroe
8peMe 4eKarba uilg.) 3a Uowipede U/NAHUpPAHA Kagad ce B803HU UapK cacuioju og
UgeHWUvYHUX KamuoHa. [lpegcuiass/eeHa je pavyHcka culyguja Koja UOKasyje Kako
u3do0p oUWUMA/IHOI dpOja KAMUOHA U OUWUMA/IHE UOoJAuWuKe ouwlupeme yuwudy Hd

wpowkoge upemMewiarba Mawepujand y cucuiemy yuiosapd.

J.A. de Carvalho Junior, Koppe J.C., and Costa ].F.C.L., A case study application of
linear programming and simulation to mine planning, |. S. Afr. Inst. Min. Metall.
vo0l.112 n.6 Johannesburg, 2012.

Pesyawmauiu godujeHu y o80oM pagy aHaAAu3upajy ywuyaj Heu38ecHocwu y ee3u ca
YAA3HUM Uapamewpumad y ouuumusayuju pygapckux mogeaa. Kpos peasau upumep
passujeH je mauwieMamiuyku Mmoges Koju ouucyje upoyec Upou3eogre yi/ba Kpo3
cuciieme uckKouaeara, upepage u UAdcMaHa yi/ea. Ouwiumuszayuja osol mogeaa
ypaheHa je y3 uomoh suHeapHol Upolpamuparba. AHaau3za godujeHux pe3yatiaiia
oMmolyhuaa je UpoyeHy pusuka Uo8e3aHol ¢a Hajoo/bUM peulerseM 3601 HeculypHoCcWu

yAa3Hux uapamewiapa. Pe3yawiawiu godujeHu Upeko ajqauid MawlemMawuykog
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Mogeauparea, ouwiumMuzayuje uomohy auHeapHol upoipamuparea U aHaau3de pusuka
cylepuwly ga ce ¢puHaHcujcku goduyu moly godutiu kopuuwherbeM osux UWEXHUKA Y
unavuparby pygHuka. Ilomohy osux asailia, goHocuaay o0g/aykKa Moxce ga u3spuu
esa/syayujy HuU3a u3dopa u xuuouwiesa y ee3u ca UpOU380gHUM UpPOYecoM, d HAKOH
woia to8o/bHO Upegaoxcu CUIpyKWYpHe UpoMeHe Y Upoyecy Kako du ce cuigopuo eehu
upoduti. Ha Kpajy ayuiopu 3ak/byuyjy ga kopuuwherse cumyAayuoHux WexHuka upyxrca
MolyhHoclWl KeaHWUPUKo8ara YyWiuYaja Koju clioxaciuyku uapameuipu upouseoge y
oUWUMAaAHOM o0g3ugy. Clioxaciuyku Upucilyu Upowupyje pacioH uHg@opmayuja

gocuiyuHux goHocuoyy og.yke, omolyhasajyhu tipoyeHy pusuka og gawol pe3yaiaua.

Gamache, M., Hebert-Desgroseilliers, L., & Desaulniers, G.. A generic linear
program for an optimal mine production plan, Mining Planning and Equipment
Selection Conference, 2009.

Y oeom pagy ayuwiopu upegsaaxcy IeHepuuyku moges 3ACHOBAH HA JAUHEAPHOM
upoipamuparsy Koju omolyhasa usipagrey oUWUMAAHOI UPOU3BOGHOI UAAHA 3 PAGHY
CMEHY Yy UOBPUWUHCKOM Kouy. JIuHeapHu Upolpam y3uma y o0d3up pasauvuilie Ipyue
OIpaHu4era Kao wuo cy Kapakulepucwiuke Meward Ha gpoduauyu, kauayuuiew
olipeme, KOAUYUHA pacloJ10xcueol maiiepujanda y useopuma, kauayuiiel 603HOI
uapka KamuoHa uuig. Y pagy ce cuassmsa Halaacak Ha o aupokcumayuja  u
JUHeapu3ayuja cKyua oIpaHuyersd Kojd Uu3pavyHasa epeme YeKdrbd KAMUOHA Hd

Cep8uUCHUM MectluMa.

Eivazy H.; Askari-Nasab H., A hierarchical open-pit mine production scheduling
optimisation model, International Journal of Mining and Mineral Engineering,
2012.

Y oeom pagy upukaszaHa je Xujepapxujcka meuiogoJioluja pacuopega upou3gogrbe
UOBpUWUHCKUX KOUo8a Koja Uoege3yje OUWUMAAHU culpatiewku UAaH UOBPUWUHCKUX
Kouoea ca outluUMa/aHUM cpegroopoYHUM pacuopegom upouseogree. I 1asHu Yyuse 0801
paga je passujarse, tUpumeHa u gepugpukayuja mawiemMawiuvykol UpoipaMckol okeupa
30 OUWUMA/IHO CPegrOpO4YHO UJAAHUpAre UPOoU380gHE OUWBOPEHUX KOouoea
Kopuwherwem  mewosuwiol YesnodpojHOI  AuHeapHol  Upoipamuparea. Lusm
Cpegr0pOYHOI pactiopega UpoU3BOgHe pYgHUKA je MUHUMU3IUpAWU ouepaliugHe

wipowkose, yksmy4yjyhu wpowkose caHayuje, Upepage, pygapcuiea, Upeso3a U
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UoHOBHOI pykosarsa owiuagom. /la du ce 8epudukosao UpegaoxiceHu Xujepapxujcku
Moges, UpegcuiasseeHa je culyguja cay4vaja pyge 18oxcha. Pesyaiiaiuu ce wymave u
aHaau3upajy kako du ce sepugdukosaia UpumMeH/bU80Cll Mogeaa y uoinegy pygapcke
upakce. ['zna8HU goUupuHoOCcUu Cpegr-OpO4YHOI Mogesa ouwiuMusayuje pacuopega
Upouseogree cy: Mogeauparse sulle gecliuHayuja, yk/by4yjyhu 3aauxe, upepahusauke
UoloHe u geloHuje owlaga; goHowere 0gJyKke O ogadupy pyuwia / pamiu pagu
CMarbera UWpowkosa Upego3a; U Mogeauparbe 3aauxa Uomohy kopuwherbem

Mewo8uliol Yes100pojHOI AUHEeAPHOI UPOIpaMuparsa.

Gurgur, C. Z., Dagdelen, K., & Artittong, S., Optimisation of a real-time multi-
period truck dispatching system in mining operations, International Journal of
Applied Decision Sciences, 2011.

Y oeom pagy paseujeH je mogesn suHedpHol Upoipamupdrbd 3d pacuopeg paga
KaMuoHa u KopuwheH 3ajegHo ca uociiojehum mogesnom mewo8uiiol yes0d6pojHOI
upolpamuparba 3a KpAauwkKoOpO4YHO U gyIOpO4HO pPygapcKko UaaHuparbe. Ayuwiopu cy
wecwiupaau mogea JAUHEApHOI Upoipamupdared U UCWOBPEMEHO U UHUWepakUiUueHO
UOKpeHyAU ca MewosuliuM Mogea UYeaodpojHOl UpolpamMupara 3a peuasdarbe
upodsema anokayuje kamuoHa. IlpegaoxceHu Upuculyu pacuogesie KAMUOHA
lipesasusasu Hegocwaiike Uociiojehux mogesna y3umajyhu y 063up eKOHOMCKe
uapameiupe, guwe BpeMeHCKUX Uepuoga U HeculypHOCW 8peMeHa yuwoeapa Uu

uyiioearsa u paspega pyge.

Ta C.H., Ingolfsson A., Doucette J., A linear model for surface mining haul truck
allocation incorporating shovel idle probabilities, European Journal of
Operational Research, Volume 231, Issue 3, 2013.

Osa Ipyua aywopa je y ceom pagy upegcuiagu/aa mogese KamMuoHa u oalepa ca
BUCUHCKOM KAWUKOM Yy UOBPWUHCKUM Kolosuma HaguiHoi Uecka. Mogeau cy
dopmyaucaHu wWako ga MuHuUMusupajy Opoj KamuoHa 3a gauwiu cKyu oaiepa,
10g/100CHO olpaHuyery UpoOWoKa u Keaauwewl pyge. [lpeko keaHwudukayuja u
sa/ugayuja HesluHeapHe ge3e usmehy eeposauiHohe HeuckopuwheHocwiu daiepa (Koja
ogpehyje uUpogykwiusHocui dalepa) u Opoja KamuoHa gogesmeHo Odalepa ca

jegHocwiagHuM UpudauxcasareeMm. Aywiopu Kopucuie aAuHeapu3ayujy ga ou ce 08dj
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u3pas ylpaguo y AuHeapHe yes00pojHe upoipame. [Ipewitiociiassbajy ga je y huxo8om
Mogesy ceaku dalep je gogesbeHa jegHa 8eAUMUHA KAMUOHA U UCWIUYY KAKO ce MOxice

UPpUOAUNCHO U3PAYYHAWU 8UWE 8e/AUHUHA KAMUOHA U0 daiepy.

Askari-Nasab H., Upadhyay S. P., Torkamani E. Tabesh M., Badiozamani M.M.,
Simulation Optimisation of Mine Operational Plans, Orebody Modelling and
Strategic Mine Planning Symposium, Perth, WA Australia, 2014.

Y oeom pagy ayuwiopu upegcuiasseajy gee L1asHe KOMUOHEHUIe MOgeaupard Kao
cpegcuiea 3a UocWiu3arbe ouepawiuHuUX UAAHO08A OAUCKUX ouliumaaHum. Mogen
JIUHEApHOI UpoIpaMuparea ca Mewo8uWUM Ye100pOjHUM YUs/beM 3d a10Kayujy pagHol
upocwiopa KAMUOHUMaA u dalepuma Uo CMeHamMa Wako ga ce ouepaulusHU WpowKosu
ceegy Ha MUHUMYM, a MAKCUMU3Uupa uckopuuwherbe pecypca u mogea cumyaayuje
guckpewiHux golahaja 3a ucuutiugarse UOHAWaHa WPAHCUOPWHOI cuciiemMa KamMuoHa
u éalepa y UuUpucycwigy HeculypHOCWU Yy pygapckum ouepayujama. Lumwesu cy
MaKcuMusuparbe Upoussogre, MUHUMU3UPAF-E 0gCulyuara 0g YuUsbHe Kjaace pyge,
MUHUMU3Upare ouepawiusHux wpowkosa. Mawemawiuuku Mogea uocmauwipa
3agauike éalepa u Yus/eHy UpOU3BOgHY KAO Y143 Yy MOgesa CuMyaayuje guckpewHux
goiahaja, ucwiospemeHo ucuyrasajyhu cesmeHe yusmese U OIpaHuyera pygapcke
ollepayuje. I'nasHu goupuHOC 0801 paga je paseoj, lUpumeHa U eepugukayuja
CUMYNAYUOHOI Mogeaa c¢d 6e30M go OUWUMA/IHOI KpaWKOpoyHol pacuopega
uckouasarba pygapckux UOSPWUHA, WO Uomadce y UOCWU3AHY BUCOKOI HUB0d
yckaabeHocwWiu MUHCKOI U/10HA KpO3 KPAWKOPOYHO U BPEeMEHCKO ouepauiugHol

U/1aHUpars-q.

Sofranko M., Optimizing Transport in Surface Mines, Taking into Account the
Quality of Extracted Raw Ore, Acta Montanistica Slovaca, 2012.

Osaj pag ce béasu Upodaemawiukom ogiosapajyhel ogeajarba WPAHCUOPUWIHUX
MexXaHU3amda 3a pygapcuieo MuHepaad ca uojeguHux wepuwiopuja. IIpegcuiassbeH je
Moges peuwlersa y3 yuouipedy UOCEOHO pa3eujeHol Upolpama 3a OoulluMu3ayujy
WwipaHcuopuia, y3umajyhu y o0d3up uowipedaH Keaauuwlewl eaheHe cupose pyge.

Outwiumusayuja WpaHcuopuia 8pwu ce Mewogom AUHeapHol Upoipamuparsa.
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Mahrous A., Hyung S. Y., Transportation problem: A special case for linear
programing problems in mining engineering, International Journal of Mining
Science and Technology, 2012.

Y osomM pagy je tpegaodxcena mewioga 3a MUHUMU3IUpArLe WpowKoea upesosa. Takohe
ce yuisphyjy wipowkosu cHadgesarba U WpaHcuopuia Uo jeguHuyu koau4vuHe. 0sa
cuiyguja je cupogegeHa ga du ce UpOyeHUo Keajaullell W/byHKA Kako ou ce yuspguaa

relosa tiologHOoC 3a 6etlloOHCKU U acgaatiHu aipeiatl.

Faraji R, A comparison between linear programming and simulation models
for a dispacthing system in open pit mines, Département de mathématiques et de
génie industriel, 2013.

080 ucuipaxcusarse ce 6asu 8p/10 KpAWKOPOYHUM UPOU3BOGHUM UJAAHOM cucliemd
KamuoHa-déaiepa y UOBPWUHCKUM Kouosuma. Lluwesu 0801 uctipaxcusarsa cy
pa3suiiu u UPUMEHUWU OCHOBHU CUMYAAYUOHU Mogea y3umajyhu y od3up peg u
gpeme YeKarba KAMUOHA KOog dalepa u gpoduauya HA OCHO8Y pe3yauwiawia mogead
JIUHEApHOI Upolpamupared y gewepMuHUCUUYKUM U Y CUWOXACWUYKUM cutdyayujama,
luakohe paszsuttiu, UpumeHUliu U sepudukosatiu gpyiu cuMyaayuoHu mMogea Koju je

cuctieM KOHWPOoAE Y peasHOM 8PEMEHY.

Van der Lingen E. Outsourcing in the mining industry: Decision making
framework and critical success factors, Journal of the Southern African Institute
of Mining and Metallurgy, 2014.

Aywiop os0l paga ucwiuve ga 11aeHU UOKpewia4 0gJ/yKe O Hadasyu pygapcKux
ouepayuja wipeda ga ce pasaukyje og KOMUdaHuje go KomuaHuje, a og KomuaHuje go
upojekiia og upojekwia go Upojekwa, a/au y CW8dpHOCWU ce 4Yeculo OgHOCU Ha
lupowkose. Hctipaxcusarbe uowiephyje ga Uociioju Hu3 akiiopa, yKmyuyjyhu
wipowkose, Koje uipeda ysewiu y 063up UpUAUKOM ogadupa u3mehy couciigeHol u
upeuywiieHol pygapcuigea. Hako sauuiepaulypa oduayje ¢akuwiopuma Koje uwipeda
pasmouipuiiu, Uocwoju Ma/a0 Uogawakd 0 WoMe KAKO UX UPUMEHUWU y Upakcu u
peAamiugHOM 3HA4Ajy pasauvuitiux gakwiopa koje wipeda y3euiu y 063up. PazsujeH je
OK8Up 30 goHOWere 0g/yKd Yy OKsupy upoyegypa gogesbusarsad ycayld 6e3aHux 3d

pygapcke pagose. Takobe cy yiispheHu cy kputiuyHu ¢akiiopu yctexa Kojux ce
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Wwipeda upugpicasauiu yKoaAUKO ce ogadepe UpeluywiieHo pygapcuigo. Ucuipaxcusaree
je uokasa/o ga usspuasarse pygapckux aKWugHOCWU HUje CYWWUHCKA HAgAeHCHOCU
uocmauipaHe pygapcke KomuaHuje. Pa3gujeH je okeup 3a goHowere 0g/ayka
Kopuciiehu ciupykuiypy UodegHuka / keaaudukawiopa HaJola, Koja ce Modce
Kopuclwuwiu 3a oJaKwasare ogJayke o u3sopy pygapcuisa. Ilpema cuyguju
KputiuvyHux ¢akuwiopa ycuexa, HajeaxcHuUju a/aauiu Koju cy Ha pacuoaaiarsy wiumy
8/10CHUKA pPYJHUKA 3a yupas/earbe pygapuma usgohavyuma pagosa cy coyujaaHu u

MexXaHu3mMu K'OHu_lpo./le us/1asda.

Tabesh, M., Mieth, C.,, and Askari-Nasab, H., A multi-step approach to long-term
open-pit production planning, International Journal of Mining and Mineral

Engineering, 2014.

Y oeom pagy ayiiopu cy passuau, sepugukosaau u Upegcuiasuau Meuiogoaoiujy y
guule Kopaka 3a wpu mehycodHo Uoee3aHe K/byvHe KOMUOHEHUWe U/AaHUparea
U0BPWUHCKUX KOUA: KOHWPOAUCAHU oUWuMaaHu a3Hu gusajH, kapakiiepusayuja
ce/leKWUBHUX pygapckux jeguHuya u gylopoyHa ouwumusayuja pacuopega
iipouzsogree. Ilpukazana je Metiogosoiuja xudpugHol pewersa 3a HasHO
upojexuiosarse, Kopucuiehu yesnodpojHO Upolpamuparbe U Xeypucwuky /A0KAAHOI
upeuipaxcusarsa. /lasme je Uupegcuias/beH XujepapXujcku Upuciiyu Kjaaculepucarby ca
KOHUWPO/I0M 8e/UMUHE U 00/1UKA, Koju alpeiupa 6/10Ko8e y U0/1uloHe 3a OWKOUa8ar-e
olpaHuveHe y IpaHuyama ogoéujarea; U HA Kpajy, y8egeH je mauwiemaiu4kKu mogeJ
Mewosuiol yYes08pojHOI JUHEApHOl UpoIpamMuparbd, Koju KOpUCWU IeHepucaHe
uospauwiHe peakyuje u alpeiauwie Kao jeguHuye 3a UJAAHUPAFE 30 UPYHCAHE
UpaKWUu4YHUX pacuopega xugouwd y pygHuky OAUCKUX ouwlumasaHum. [lopeg woia,

MogeJ CYWWUHCKU pewasa upodaeM oullumudayuje IpaHU4HUX 8pegHOCU.

Swain A., Application of Linear Programming in Mine Systems Optimization,
Mine Systems Engineering, 2016.

Osaj pag upuka3yje uogpyuje UpuMeHe JAUHEApHOol Upoipamupared y pygapckoj
UHgYCUIpUju Kao wWiio je Meware pyga u pactopeg Upou3eogree, WpaHCUOpuiHe
upodseme, UpodaemMe 8e3aHU Ca 3dgauike, OUWIUMU3AYUJa U YUPABAbAFE 3aAUXaMd,
UpojeKiWlHU MeHayMeHW U jow MHolo wola. Pag uctuuve usysewiaH 3Havaj suHeapHol

upolpamuparea y pygapckoj UHgycuipuju, UOCeSHO y oulluMudayuju cucuiema,
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uoseharby UpogyKWUBHOCUIU, CMAFEHY WIPOWKO8A U Uoseharby UpoduiiadusHOCUU,
wakobe tomadice y cyzdujarsy HelipegauheHUX yc./108a ycieq WpxcuwiHe GayKuyayuje

uotpaxcr-e u UoHyge.

Komljenovic D., Abdul-Nour G., Popovic N., An approach for strategic planning
and asset management in the mining industry in the context of business and
operational complexity, International Journal of Mining and Mineral Engineering,
2015.

Osaj pag upegaaxce HO8U Upucwyu y cuUpawlewkoM UAAHUPARY U YUpA8/bary
UMOBUHOM pygapcKux upegy3eha aHaau3zupajyhu ux Kao c/0JceHe agauliugHe
cuciueme. Mewioge cuctiemckux Hayka moly tuomohu ga ce dosbe pasyme CA0HCEHO
OKpYyJcerwe pygapckux oplaHu3zayuja Upyxcajyhu peasHuje pasymesarbe 0 HEMY.
Aywiopu cmauipajy ga du OHU MOLAU SUuliUu KOPUCHU Y GU3AjHUPARY U0O0/bUAHOT
oKeupa 3a goHouwlerse 0gJ/yKd O CUlpaulewKoM Yupae/oarby UMOBUHOM. Y pagy ce
wakobe pasmauwipajy UpegHocwiu, u3a308u, kao U UpetopyyeHa Oygyha

uctpaxcusared U UpumeHa y pygapciisy.

Patterson S.R,, Kozan E., Hyland P., An integrated model of an open-pit coal mine:
improving energy efficiency decisions, International Journal of Production
Research, Volume 54, 2016 - Issue 14, 2016.

Aytiopu 080l paga gajy opuluHa/AHU UHWeIPUCAHU Moge UOBPWUHCKOI Koud yl/ba 3d
uogpwky eHepieuicku ejpukacHum ogaykama. Kopuctiuau cy mewosuitio ye106pojHO
JUHeapHo Upoipamupare ga ou dopmyaucasu ouwliu UHWeEIpUCaHu Mmoges
ouepaliugHe UOWpPOWHe eHepluje vewlupu yoduvajeHa uogcucuiema 3d
eKcujioawayujy yiaba: Uckou U WpaHcuopl, 3aauxe, Upepahusauka uocuipojerba u
wpakacwu wpaHcuopuwepu. PygHuyu cy upegcuias/beHu Kao U08e3dHe UHCUWAaHYe
yeliupu uogcucuiema, Ha HaQ4uH UpouioKa, Koju ce 3awiuM Utpuaalohasajy tuogayuma
Koje Upyicajy ouepauiepu pygHuka. Pewerse uHlieipucaHol mogesaa oculypasa
CUHXpOHU3ayujy paga uogcuciiemMa u uUogciiuvye eHeplelicKy eg@ukacHocil yesol
pygHuka. Ilpegcuiassmene cy wmoiyhHocwiu 3a yuouwipedy mogeaa 3a uomoh y

eHepiellicku e(puUKacHOM goHOWerY 0g/1yKa Ha pa3AuYUUUM HUBOUMA PYGHUKA.
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Shishvan M.S., Benndorf ], Operational Decision Support for Material
Management in Continuous Mining Systems: From Simulation Concept to
Practical Full-Scale Implementations, Minerals, 2017.

Osaj pag lpegcuias/ba Upowuperse paseujeHol CloXacuyvkol cCuMyAayuoHol mogeaa
ayuwiopa o0og KoHyeuuwlyasqHe ¢aze go HOB0I HUB0A UWEXHO/IOWKE CUPEeMHOCUIU
UpUMEHOM Y UHGYCUWPUJCKU pe/se8aHWHOM OKpyxcersy. /letia/bHO je Upegcuias/beH
OKeup 3a mMogeauparse, CcumyAayujy u 8aaugayujy CcuMy/aayuoHol mogeaa
UpuMerbeHol Ha gea 8e/uKka pygHuka AulHuuia. Paamawipajy ce uutiarea ouepatwiugHe
umijiemeHwayuje, UCKycwiea U U3a308uUu y UpakwWu4Hoj upumeHu. Jlasve,
JeMoHcuipupaHa je cHala UpuMeHe CUMY/JAayUOHOI Mogeaupdrbd Kao Uogpulke
ouepawilusHuUM ogJaykamd 3d yupas/eare maulepujaiom Yy pygapcuigy yind.
Pesyawawiu cwyguja cayyaja kKopucwie ce 3ad oUUCUBAFE gelwlasbd OKeupa U

uaycuipayujy cHaie u olpaHu4ersd reloge UpumeHe.

Sitorus F., Cilliers ].J., Brito-Parada P.R., Multi-criteria decision making for the
choice problem in mining and mineral processing: Applications and trends,
Expert Systems with Applications, Elsevier Ltd., 2018.

Osaj pag upydca ceeodyxeauwlaH lUpelieg UpuMeHd, WipeHgoea U UOUWEHYUjaaa
gUWeEKpUlIepujyMcKol 0g/ayyusarsd 3d pewasarbe pa3Auduuiux upodiema y
UHgycuipujy pygapcuiea u upepaga MuHepa/aHux cuposuHa. Pag gaje ysug y
WpeHYWHO cularee UpUuMeHe BUWeKpUllepujyMckKol 0g/yvusared y pygapcusy u
Uputipemu MUHepa/IHUX CUpOBUHA U gaje cmepHuye dygyhux upasaya ucuipaixcuearsa
Yy paseojy mewoga euuleKpullepujyMcKol 0g/y4usared Koje ou Kopucuiujae 08UM

uosbumd.

Moradi-Afrapoli A.; Askari-Nasab H., A stochastic integrated simulation and
mixed integer linear programming optimisation framework for truck
dispatching problem in surface mines, International Journal of Mining and
Mineral Engineering, 2020.

Aywiopu cy paseuiu UHWeEIpUCaAHU OKeup 3ad CuMyjaayujy u outiumusayujy 3d

pewasarse gucte4epckux upodaema KaMUuoHa y Uo8pWUHCKUM Kouosuma. PassujeHu

OKBUp KOPUCWU CUMYAAQYUOHO MOogeaupdrbe ga uMmMuliupa pygapcke olepayuje u
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yxeawiu ulexHuvke HeculypHocwiu. Takohe Upumerbyje mogeauparse Meulo8UUIOM
Ye/n00pOJHOM AUHEAPHOM OUWUMU3AYUJOM 3ACHOBAHO HA HECULYPHOCWU 3a owuUpemy
KaMUOHa Y3 xeatlarbe UpakWu4HUX HeculypHocuiu. Pa3gujeHu mogesa outiumusayuje
uctiogpemeHo ouiumu3syje uckopuuwherse 803HOI UApka KAMUOHA, uckopuuwheHoct
yuwiosapHe ¢ps1olie u cliolly xparberba uociipojersa. Mogea pazmaiipa Ciioxactuuyky
upupogy guctieyepckKux udpamewapa U YK/ey4yje HeU3B8eCHOCWU Yy 6peMeHy
uywosarsa y uoculytuak goHouersa ogayka. Ilopeherse lipumeHe pasgujeHol mogeaa
ouwiumudayuje ca wWpeHywHUM MOgeaoM oullumMu3ayuje Wpicuwiia Koju Kopucuu
pasgujeHu UHWeIpuUcaHu OK8up 3d cumMyaayujy u outiumusayujy Uuokasa/ao je
uodosbwarsbe y upoussogru culyguje cayvaja 3a 11%.

Ha ocHOBy rope HaBeJeHUX paZiloBa MOXe Ce 3aK/by4YUTHU [ je ONTHUMHU3aLHUja PyJAPCKUX
npoleca jelaH o/ TJIaBHUX U3a30Ba y cBeTy. [lo6o/plIame JoHOLIEkha OAJIYKA Y PYAAPCTBY
je ol BeJIMKe BOXXHOCTU U M3a3KMBa BEJIMKO MHTepecoBame y NMOCJ0BHOM ceKTopy. OBo je
Jl0Ka3 Ja TeMe Mo6osblIakbe ePUKACHOCT OJJIyYMBamba U IPUMeHe MeTo/le ONITUMHU3aluje

Cy aKTyeJIHE U peJieBaHTHE C 003MPOM Ha TO Jjla MOT'y MHOT'O MOMONHU y 0BO /1062 U3a30Ba.

1.7 OCTBAPEHH PE3YJITATH

Y Hay4YHOM W CTPY4YHOM MOTJIEAY TEMY JOKTOPCKe AucepTaldje KapaKTepHIle aKTyeJTHOCT
M BXKHOCT 3a pyAapcTBo. OcTBapeHe cy /iBe KaTeropuje pesyJTarTa:
e PesysTaTu TeOpUjCKOT KapaKTepa; U
e PesysTaTu NpUMemEHOT - UCXOAHOT KapaKTepa 3a OlleHaMa BaXXKHUM 3a pyAapCTBO
na U mupe.

Teopujcka ucTpakuBawka MoOJesla JIMHeapHe OINTUMH3aluje NOTBpAUJIA CY HEroBy
IpYMeEHY y pyAapCTBYy, NOCEOHO 3a JloHOLlelwe ePpUKacHe oJJjyKe. PazBujeHH Mojen je
dJiekcubuIaH U MOXe Ce IPUMEHUTH Y HEKOJIMKO 06J1acTH y PYJApCTBY, ajld U y APYTUM
CEKTOpPMMa U UHAYCTpUjaMa.
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2. JUHEAPHHU OIITUMHU3ALIMOHU MO EJ/IN

[locToje pa3HM ONTHMHU3ALMOHU MOJEJUM W ajJaTu y o06JacTU MaTeMaTHU4YKOr
nporpaMmupara Koju Mory 6UTH of, moMohu y nobosbiiarby ePUKACHOCTHU OJJyYUBaba.
Meby HajBUllle NpUMeHeHe, HajudydyaBaHWje M Haj3HA4YajHUje MeToJie y OBOj
npo6JsieMaTULU CHaja JIMHEApPHO MporpaMupame. Passor je mupoko noapyyje npuMeHe,

NPUJIAroi/bUBOCT U jeJHOCTABHOCT peasih3alyje.

Pey JsiMHeapHO yka3yje Ha TO Jla Cy M3BOJJ/bUBU IJIAHOBU OrpPaHUYEHU JIMHEAPHUM
orpaHuyemuMa (jeAHAKOCTUMA M/WJIU HejelTHAKOCTHMA), Kao U Ja Ce KBaJWTEeT IJlaHa
(HOp. TPOLIKOBH WJM Tpajarbe) Takohe Mepu JMHeapHOM (GYHKLMjOM pa3MaTpaHUX
BeJIM4YMHA. J/IMHeapHO NporpaMupame KOPUCTH ce 3a IIJIaHupakbe CBUX BPCTa eKOHOMCKHX
aKTUBHOCTH, ONYT TPaHCIOPTa CHPOBUHA U Npou3Boja Mehy dpabprukama, cedera poJIHU
nmanyMpa Ha pa3He BeJIMYMHE MO Hapyu6W Kynanua M CJAd4YHO. M3pa3 ,miaHupame ca
JIUHEAapHUM OrpaHuyYewmuMa“ MoxJAa 60U 6o/be 00yXBaTHO OBO H3BOPHO 3HaYeHe
JIMHeapHOI MporpaMupamwa. MebyTuM, nojaMm JsMHeapHOr mnporpaMupama je J006po
yCIIOCTaB/beH Beh Jyru HU3 ToJiMHA, a UCTOBPEMEHO jecTe CTeKao je 3HATHO IIUpe
3Hayelwe: He caMo Jla urpa yJory caMo y MaTeMaTH4yKoj eKOoHoMHju, Beh ce dyecTo

NojaBJ/byje y pauyyHapCTBY U Y MHOTHMM APYTHUM obsacTuMma [53].
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2.1 KPATKA UICTOPHJA TMHEAPHOT IIPOTPAMHPAIHA

Kao HayyHa AucIUIIMHA, TEPMUH JIMHEAPHO IpOrpaMUpakse je MpBU NYT NPeACTaB/bEHO Y
ToKy /Jlpyror cBeTCKOr paTa ca LM/beM CMambHBalba BOjHUX TPOLIKOBA WU MoBehama
eduKacHOCTU Ha paTulITUMA. Taja pey mporpaMmupame je 6U0 BOjHU TEPMUH KOjU Ce

OJHOCHO Ha IIVIaHOBH WJIH pacliopen o6yKe, JIOTUCTHUYKO CHa6ﬂ,eBaHae H CJI.

[Ipema R. Ferguson u L. Sargent ocHOBe JiIMHeapHOI IporpaMuUpama Cy HacTaJjle 3HaTHO
panuje. OHM cMaTpajy [Aa ce JIMHeapHO MporpaMupame cycpehe npBu nyT y pajoBuma L.

Walras y 1874 rog. jep je dopMupao orpaHudema y GopMU JIMHEAPHUX jeJHAYHHA [27].

D. Judin u E. Golshtein cmaTpajy Aa ce sMHeapHO mporpaMupame MOjaBUJI0 TPUAECETUX
roauHa 20-TOT BeKa, jep je MocTojawke KpUTepUujyMcke QpyHKIMje, mopes, orpaHu4aBajyhux
daKTOpa, OCHOBHO CBOjCTBO JIMHEApHOT NpOrpaMupama, LITO HeJoCTaje y pajoBuma L.
Walras [36]. OHM Be3yjy HacTaHaK JIMHeapHOI NporpaMupama 3a 4JaHaK Mabhapckor
MaTeMmaTtuyapa J. Egervary, koju je o6jaBsbeH 1931. roa. u Koju caZp>Ku TeopeMy Ha 06asu
Koje je mocTaB/beHa MeToJia pacnopehuBama. /lepuHucame OBe TeopeMe je 3alouvyeo,
Takohe, mabhapcku wMatematuuyap Dénes Koénig 1916. rox, Tako Ja ce MeToja

pacnopebuBama yecto Ha3uBa MahapckoM MeToz0M [36].

BehuHa ayTopa ¥ HaydHMKa cMaTpa Jia ce JIMHeapHO MporpamMmupamwe nojasuso 1939. ron,
KajJla je COBjeTCKM MaTeMaThdap U ekoHoMucT Leonid V. Kantorovich o6jaBuo kwury
,MaTeMaTU4YKM MeTOJU y OpraHU3aluju U IJIaHUpawy NOpPOU3BOAWeE . Y KHbU3U Cy
npeaJioKeHe MeTo/ie 3a IPOHalaXKehe pelllelkha HEKUX TEXHUYK0-eKOHOMCKUX Npo6JieMa,
Kao LITO Cy HajpallMOHAJIHUjA paclozesa IMOCJA0Ba Ha MallUHe, Cceyewe MaTepujasa y3
HajHWKU OTNAZaK, pacnozesa TepeTa Ha TpaHCHOPTHA cpefcTBa U cauyHo. D. Judin u E.
Golshtein y cBojoj KWH3U Cy [AoKasaJd Be3u H3MeDy pellaBajyhux MHOXHUTe/ba
(06jeKTUBHO yC/JI0BJ/bEHE OLlEHE) U AyaJHUX NpoMeH/bUBUX. OTyla UMa OCHOBA Be3WBaTH

N0jaBy JINHEAPHOT NporpamMupama 3a Kantorovich [36].

TpaHcnopTHU npo6JieM JIMHEApHOT MporpaMupama je npsu ¢opmyauncao F. L. Hitchcock
1941. roa. u npeAsiokuo aaroputaM 3a pewaBamwe [34]. HesaBucho of F. L. Hitchcock Ha
bopMyiMcay TpaHCHOPTHOr Mpo6JieMa M HeroBoM pemaBawy paguo je u T. C.
Koopmans, koju je pesysTaTe CBOjUX UCTPaKUBawa 06jaBMO 1947. roA. u mpuTOM Aao
IpHMMeHY TeopHje ONTUMaJ/IHe aJloKallMje pecypca Ha oJpeheHy UHAYCTpPHjy, npejaaKyhu
Jla je cuCTeM LieHa KOjU OM OAroBapao MapruHa/IHUM TPOLIKOBMMA HEONXOJaH 3a

yIpaB/batbe ONTUMAJIHOM aJI0KaL1jOM pecypca y IpOU3BOJIHOM cucTeMy [46].
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HajsHauajHuju 3a pa3Boj ¥ Hanpe/JakK JIMHeapHOT porpaMupama 6uo je George B. Dantzig,
koju je 1947. roa. opMysincao ONUITH MPO6JIEM JIMHEAPHOT MpPOrpaMUpamba U MOCTaBUO
cumiiekc Metofy. OH je y mepuoay Il cBerckor parta paguo y Tpynd, Koja je MOJ
pykoBoactBoM D. Hitchcock u Marshall K. Wood, ucnutuBana asnokanuje pecypca y3
MHUHHMU3Hpame, OJHOCHO MaKCUMHU3Upawe jefjHe JiMHeapHe ¢yHKIHUje. [JaHLUIOB paj
(Maximization of a Linear Function of Variables Subject to Linear Inequalities) je
IpeACTaB/ba0 OCHOBY 3a CBe Hape/He ejlabopaliije JIMHeapHOT nporpaMmupama. Dantzig je
610 BpJIO aKTUBAH Yy U3pa/iu paZoBa U3 06J1acTH JIMHEApPHOT NporpaMupama. [IpBu o kux
(Programming of Interdependent Activities, Mathematical Model, Econometrica 17)
ny6JiMkoBaH je 1949. rog. U y beMy Cy U3J10KeHe OCHOBHE H/jieje CUMILJIEKC MeToze. Y
OCTa/IMM paJioBUMa, capabyjyhu ca fpyrum ayTopuMa, pasmaTpao je pasHe MoauduKanuje
MeTo/le, UCIUTUBAO CJy4aj JereHepaiuje, yajJHU MpobJsieM, NpejJarao ajJroputrMme 3a
pellaBame TPAaHCIIOPTHUX MP06JeMa, 11eJI00pOjHOT IporpaMupama UTA. tberosa kKwura ce
MOXe CMaTpaTH jeJHOM OJ INOTIYHUjUX U 3HAYAjHUX JieJla U3 JIMHEeapHOr NporpaMupama
[16]. OTKkpuhe ¥ nmpyMeHe CUMILJIEKC METOJE YBEJHUKO Cy JONPHUHENH TEOPUjU U MPAKCH
ekoHoMHje. JluHeapHO nporpamupame je kopuilheHOo 3a pacnopehuBame pecypca,
IJIaHUpake 3aloC/JeHUX, IJIaHUpame HWHBECTULMOHUX NopTdesba, IJIaHUpaAE

NPOU3BOE U POpPMyJICathbe MAaPKETUHUIKHUX U BOjHUX cTpaTeruja [53].

Y nepuomy 1947-1949 rop. noyume y CAJ/l WHTeH3MBHa paspaZa JIMHeEApHOT
nporpaMupama, NocebHo y TeopujckoM cMucay. Pagosu J. Von Neumann (Theory of Games
and Economic Behavior u wutp.), cy oMmoryhuau Teopujcko ¢opMy/ucame [JyaaHOT
npo6JsieMa, Kao U IpoHaJlaXkewe Be3e U3Melhy JiMHeapHOr IporpaMupara U Teopuje urapa.
Y paspaZiy Teopuje JIMHeapHOT NporpaMupama Jjajau cy 3HaTaH gonpuHoc D. Gale, H. Kuhn
u A. Tucker (Linear Programming and the Theory of Games), mebhy uujum pagoBuMma je

noce6HO 3HAYajHO UCTPAKUBAE ¥ 00JIaCTH Aya/THUX MpobsieMa.

A. Charnes, W. Cooper u A. Henderson cnajajy y BeoMma ycneuiHe ayTope. Hbuxos
3ajequuuyku pajy (A. Charnes, W. Cooper and A. Henderson, An Introduction to Linear
Programming, |. Wiley, 1953) je jenaH oj NpBUX MNOTHOYHUjUX pajioBa O JIMHEAPHOM
nporpamupamy. A. Charnes je npefioxkvo MeTo/, 3a OTKJIawake JiereHepanuje (Optimality
and Degeneracy in Linear Programming, Econometrica 20, 1952). E. Beale je npoy4aBao
npo6JieM IUKJIMYHOCTH, Kao jeAaH o Moryhux y3poka gereHepaunuje (Cycling in the Dual
Simplex Algorithm, Naval Res. Logist. Quart. 2/1955), a C. E. Lemke (The dual method of

solving the linear programming problem, Naval Res. Logists. Quart) je 1954. roj. pa3Buo
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JlyaJIHU CUMILJIEKC aJITOPUTAM, Kao BapUjaHTy MPUMaPHOT CUMILIeKC ajaropuTMma L. Ford u

D. Fulkerson cy pazBuiu npuMaJi — iyaj aJlrfOpMTaM 3a TPAHCIOPTHU npobsem [17].

KoMepiyjasiHa npuMeHa JIMHeapHOT NHporpaMupama mnodesa je 1952. roa. kaga cy A.
Charnes, W Cooper u B. Mellon o6jaBusiu paj Ha TeMy ONTUMAJHOT Mellakba HAaQpTHHUX
JlepuBaTa 3a npou3Bomwy 6eH3uHa (Blending Aviation Gasolines - A Study in Programming
Interdependent Activities in an Integrated Oil Company).

Hakon Tora, 1954. rog. je y RAND Corporation pa3sBujeH npBu KoMepuujajsHu copTBep 3a

pelaBamwe Npob/ieMa JIMHeapHoT porpaMupama.

L. G. Khachian je 1978. roa. pa3Buo aJiroputaM BpPEMEHCKOI MOJMHOMA 3a pellaBambe
JIMHeapHux nporpama (A polynomial Algorithm in Linear Programming) Koju je yKa3uWBao
Ha TO KaKO Ce eJIMIICOMJHA MeToJa 3a JIMHeapHO IporpaMupame MOoXKe NMPUMEHUTH ¥

[NOJIMHOMHOM BpeMEHY.

N. K. Karmarkar (4 new polynomial-time algorithm for linear programming) je 1984. ron.
pa3BMO aJropdTaM 3a pellaBambe MNpo6GsjeMa JIMHEApHOr IporpaMmupama y
IOJIMHOMUjaJIHOM BpeMeHy. BpeMeHcke nepdopMaHce ajiroputMa cy 6UJIU 3HAaTHO 60Jbe

oz Kachian-oB anropuram.

JlaHac mocTtoje xu/baZe codpTBepa M ajaTa 3a pellaBake NpobsjeMa JIMHEeapHOT
nporpamupama, Mehy KojuMa HajmomnyJsapHuju cy Maplesoft, Matlab, Mathematica, GLPK
(gnu.org/software/glpk), SageMath (sagemath.org), Visual Math, yak je u Microsoft Excel

O/IIMYaH MporpaM ca 3HauyajHOM MPUMEHOM Y OBOj PO6JieMaTHIIU.

2.2 JEGMHUIH]JE U OBJIACTU IPUMEHE

JIuHeapHO mporpaMupame je KBAHTUTAaTMBHA HayyHa MeToJa, moMohy Koje ce, usamebhy
octasior, of, Beher 6poja pasHUX aJTEPHATUBHHUX pelllelba MOXe HU3abpaTh ONTHUMAJIHO

peliemwe, 0JHOCHO YTBPAUTH ONTHMAJIHO UCKopUlThewe pecypca.

[Ipema [36] npeMeT JiIMHeapHOT POrpaMypama je U3padyHaBakbe eKCTpeMa, MUHUMaJIHe
WJIM MaKCUMaJiHe BPEeJHOCTH, JIMHEAapHUX HWH/JUKATOPU KBaJWTeTa, MOJ, YCJOBOM Ja
pOMeHJ/bUBE Koje ce oApehyjy 3a70Bo/baBajy JIMHEApPHE jeIHAKOCTH WJM HejeHAKOCTHU.

JIuHeapHO mnporpamMupame Moxe ce JedpHUHHUCATU Kao Mpo6GJieM MUHUMU3Upama WU
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MaKCHUMH3Upawa JMHeapHe OQYHKIHje Koja je NpeaMeT JIMHEAPHUM OrpaHUYerHhHMa.

OrpaHuyera MOTY GUTH jeITHAKOCTU WUJIU HejeTHAKOCTH.

JenHOCTaBHY W NpakTUYHY JAedUHUIHM]jy JUHeapHOT nporpamMupama jaau cy S. Khan, A.
Bari, M.F. Khan y wuxoBoj kwu3u [43]. [[peMa vuMa, IMHEAPHO NpOrpaMUpae je npouec
TpaHcpopMaluje CUTyallyje U3 CTBAPHOT )KUBOTA y MaTeEMaTUYKU MOJiesl KOjU Ce CacToju
oJi 1MHeapHe QyHKIMje Koja ce MOpa MaKCMMU3UPATHU UM MUMHUMU3WPATH N0/, KOHAYHUM
O6pojeM JIMHeapHUX OrpaHHUYeHa, a 3aTUM pa3BHUjalbe ajJlropMTaMa MOMOhy Kojux ce

MaTeéMaTHU4YKHU MOZeJl MOXKe PellINTH.

[IpyMeHa JiMHeapHOr MporpamMupama je LHMPOKa, KOPUCTHU Ce 3a aHa/U3y pasJMYUTHX
npo6JieMa, pa3JIMYMTUX U MO NPUPOJAU U MO 00MMy. PellaBaweM mpob6sieMa NMPUMEHOM
JIMHEApHOT MporpaMupama Ao6uja ce 06jeKTHBHA OCHOBA 3a JOHOLIEHE€ NpaBe OJJIyKe.
JluHeapHO NporpaMupame HMMa 3a LW/b CTBapame HayyHe MOJJIOTe 3a JOHOLIeHe
HajlIpUxBaT/bMBUje oAayKe. OBo oMoryhyje U3pasy eKOHOMCKOT IpopadyyHa 3a ONTHMaJ/HO

I/ICKOpI/II.LIhEH:)e NpouewmheHUX CpeacCTaBa.

Kox npuMeHe y mpakcd, HajoUTHHUje je pa3BUTH MaTeMaTUUYKU MOJeJ WHAULUPAHOT
npo6JsieMa, Kao ¥ BpJIo MPelM3HO YCTAaHOBUTHU Mehyco6HY JIMHeapHY 3aBUCHOCT I0jeIUHUX
yrHUIana. Ha tako gepuHucaHoM Mojiesly, MaTEMAaTUYKUM MaHUIyJIalldjaMa UCITUTYjy ce
TEXHOJIOIIKE U eKOHOMCKe MMILJIMKAI[{je MOCTaB/beHUX PECTPUKLIMjA KA0 U J0JIAXKEHE 10

6a3MYHUX ONTUMAJIHUX pellema U 3ak/bydaka [90].

MeTosamMa JiMHEAapHOT MporpaMHpalma MOTY Ce pellaBaTH Hajpa3/IMuYUTHjU NMPoOGJIeMU
pazsnuyuTte npupoje. [lopea MaTeMaTHke, eKOHOMHUje, TeJIEKOMYHUKAIMja U, TEHEPAJHO,
TIOCJIOBHUX MPOIleCca, IMHEAPHO MPOrpaMUpare MOXe Ce MPUMEHUTH MPAKTUYHO Y CBaKOj
WHAYCTPHUjHU 3a pelllaBabe Pa3IMYUTHX HHXKEHepPCKUX NpobseMa (HIp. ONTHMH3alHja
NpoJIyKTa U Au3ajHa), edUKAacHA NPOU3BOAA (HIIP. MaKCUMaJsiaH NMpodHUT), mpexpamMmbeHa
¥ MOJbOTNIPUBpPEAHA UHAYCTPHja (HIP. KOjy BPCTY yceBa KOPUCTUTHU M HUXOB KBAJIUTET),
ONTHMM3AIMja TPAHCIOPTHUX CUCTEMA, €HepreTcka HWHAYCTpHUja, Takohe pyaapcka

WHAYCTpHja (HIIp. pyAHe pe3epBe, KBAJUTET pPy/ie, ONTUMU3aLUja TPOU3BOAHE) UT/.
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2.3 I'TABHE KAPAKTEPUCTHUKE ITPOBJIEMA

JIuHeapHO nporpaMuparme MpeJAcTaB/ba CKyll MeToJa MOMONy KOjux ce pellaBajy
pa3sHOBpcHU 1npobseMu. Jla 6uM ce mpobGseM MOrao pelwdTd IOMOhy JiMHeapHOT
nporpaMupama NoTpe6HO je UCIYHUTH HEKOJIMKO OCHOBHHX ycJIoBa. AyTOpU KOju ce 6aBe
oBOM Impob6JsieMaTukoM [16,36,44,59] omnucyjy cBOjy MNepCIeKTUBY KapaKTepUCTHUKA
npo6sieMa. [‘eHepasHO, 3ajelHUYKE KapaKTepPUCTHKE CBUX IMpobJieMa JIMHeapHOr

nporpaMupama cy:

1. J/IuHeapHa Be3a. H3mehy mnpoMeH/bUBUX, Yy CBakKOM Mpo0JieMy JIMHEApHOT
nporpaMupama, Mopa /Jia oCTOju JIMHeapHa 3aBUCHOCT, JIMHeapHa Be3a. MehyTum,
y BehnHU mpobJieMa CKOpPO Ja U He MOCTOjU QYHKIIMOHA/JHA 3aBUCHOCT HU3Meby
NpOMeHJ/bUBUX, Tj. U3Mehy MojaBa koje popmupajy jesaH mnpobsieM. O6UYHO ce
jaBJbajy CTOXaCTUYKe 3aBUCHOCTHU. [IpeocTaje jeAMHO [1a ce MPeTNOCTaBHU A NOCTOjU
byHKIMOHA/MHA, OJAHOCHO joll 6JIMXKe, IMHeapHa 3aBUCHOCT M3Mel)y OBUX M0jaBa, a
pasJiiKe WM 3aHeMape WJM M3pauyyHa KoepUIMjeHT OJCTyNama. AKO OJCTyIambe
HUje 3aHeMap/bUBO, MNpoOJeM ce He MOXe peUrMTH MeTojJaMa JIMHEeapHOor

nporpaMupama.

2. Db, Unu numHa pyHKIM)a, AePuHUCAHA je Kao peJMeT JJoHollewa oA/1yKa. OBaj
ycJI0B MepHu eQUKACHOCT cucTeMa y GyHKLUjU npoMeH/bUBe. Linsb Takohe ofpebhyje
npaBal, ONTUMH3alMje, OUJIO0 Ja ce MaKCHUMU3uMpa WJd MUHUMH3Upa. Tpeba
OJlpeIUTH MPOMEH/bUBE KaKO 6U Ce LU/bHU yCJ0B GUTH ONTUMHU30BaH. L[k Mopa

Jla 6yJie jacHo ¢popMy.ivcaH, 6e3 alTepHAaTUBHE AedUHULIMje U CYLITHHE.

3. OrpaHuyemwa. CBaku Npob/sieM KOjU Ce »KeJd pellMTH MeToJaMa JIMHeapHOT
nporpaMupama Tpeba Aa 0yJe orpaHU4YeH U3BECHUM JIMMUTHpPAjyhuM dpakTOpUMa.
To je ckyn pyHKIIMOHA/NHUX jeJHAKOCTU UJIM HEjeITHAKOCTH KOjH, Y 3aBUCHOCTH OJ,
npo6JsieMa, NpejcTaB/bajy $HU3MYKa, €KOHOMCKA, TEXHOJIOUIKA, MpaBHA U JApyra
OrpaHHYema y Be3u ca BpeJJHOCTHUMa Koje ce MOTy JOJeJIUTe NpoMeH/bUBaMa. To
3HauM, Ja 3a pelleme NpobseMa Tpeba Ja INOCTOje orpaHudeHe MoryhHocry,

OrpaHHUY€Ha CpeaCTBa UTA.

4. HeHeraTMBHOCT. Y CBakoM Ipo06JieMy, BpeJHOCT HNpOMeHJ/bMBe Tpeba Ja je

HeHeraTHBHa, Tj. Mopa Jia Oyzie HyJia UM NO3UTUBHA.
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2.4 ®A3E Y PEIIABALY ITPOBJIEMA

MopesioBatbe M aHasu3a MNpobJieMa y JIMHEAapHOM IMporpaMupamy pa3BUja ce Kpos3
HeKoJsIMKO ¢a3za. BehuHa ayTopa, kao D. Judin, G. Dantzig, A Charnes, V. Radevi¢, S. Vuji¢, B.
Kolman y cBojum kwurama [14,16,36,44,90] cy meTta/bHO onucasid ¢ase y pellaBamby

npo6Jsema.

['eHepasiHO, TOK pellaBakba NpobGJeMa MeToJaMa JIMHEeAapHOT IMporpaMupame MOXe ce
nojesiMTH Ha Tpu ¢dase, TayHuje dopMysalvja, UHTepHpeTalnyja U aHanu3a. [IpBa ¢asa
yKJby4yje nepuHUcambe npobseMa, U360p MeTo/ie, MPUKYyIJbaHe MoJaTaka U GopMUpame
MoJiesna. MUHTepnpetauuoHa ¢asza mojpasyMeBa pellaBakbe MOJejSa U CTabUIM30Bakbe

pewema. Ciesehy, 3abH, KOpak je aHaIM3e U OLieHa Mo/ieIa.
dasze pelraBama pobJieMa 1eTa/bHO Cy ONUCaHe Y HACTaBKY.

1. JedpuHucamwe mnpooésemMa. CBpxa JedbuHHcamba U opMyJucama mnpobdseMa je
HUCTPAKUTHU PACIOJIOKUBE pecypce, NMOCTABUTH yJa3He MOJAaTKe U IU/beBe KOju
Tpeba UCINYHUTU U YCJIOBe MOJ KOjuMa ce Moxe ocTBapuTH. Takobhe ce mopa
06paTUTH MNakKkha Ha OrpaHUYeHa, OTrpaHHYeHa M 3axXTeBe pa3JUYUTHX
ajiTepHaTuBa. Y 0Boj ¢asu HajOUTHHje je Ja ce YTBpPAU, Aa JM MpobjeM uMa
KapaKTepUCTHKe Koje Cy MoTpeOHe Aa 61 MOrao 6UTH pellieH MeTo/jaMa JIMHEeapHOT

nporpaMupama.

2. HN360p MeTOje. JenHOM Kaja ce YTBpPAU JAa ce MPOOJIEM MOXKe pellUuTH momohy
JIMHEApHOI NporpaMupama, MNpUCTyNa ce u3bopy MeToze. Bpcra Metogne
JINHeapHOT NporpaMyupama Koja he 6UTH NprMemweHa, JUPEKTHO 3aBUCH 0Jf OJJINKA

npob6Jsema.

3. Ipukymbame noaaraka. OBo je kbyyHa (asza Koja ce 3aCHUBA HAa NPUKYI/bAbY
nojaraka o/ KOjUX 3aBUCUM [Ja/bh TOK paja. TadyHOCT U BepOLOCTOJHOCT
ONTHUMAJIHOT pellera 3aBUCH 0Jf TAYHOCTU M UCTUHUTOCTU IOJIa3HUX NoJaTakKa
NPUKYIJbeHUX y 0BOj a3y, Mehy KojuMa noce6HO MecTo Npunaza ofrosapajyhem
JIOKYMEHTALlMOHOM MaTepHjaly. YKOJMKO MoJIa3HU NoAalM (HAa OCHOBY KOjUX je
dopmMupaH MoJes TpobJeMa) HUCY aieKBaTHU, METO/ie IMHEAPHOT IporpaMupama

He MOT'y IO3BUTHUBHO YTULATHU HA KBAJIUTET OIITHUMAJ/JIHOT pelieHa.
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4. dopmupame Mojgesa. Y oBoj ¢asyd pajJu Ce HA NOCTaB/bakby MaTeMaTHU4YKOT
npuKasa npobJseMa Ha OCHOBY MPHUKYIJbeHUX NojaTaka. CBU M3a30BU WU NOTpebe
MOpajy ce TyMauyuTH MaTeMaTHYKU Kako 60U ce JeduHHCcAlla OTrpaHUYEHA
npo6sieMa. Mopa ce BOAUTHU padyyHa Jla MoJeJ 3a/0BO/baBa MpUKa3 MpobJieMa Koju
ce aHa/IM3Upa, a a IPUTOM OCTaHe MaTeMaTHUYKU U3BoA/bUB. OH Tpeba Ja pearyje
Ha CBe NpPOMEHE HeroBHMX NMapaMeTapa MCTO OHAaKO, KaKo OW pearoBao CTBapHHU
npo6JieM Mo/, yTHIAjeM MpPOMeHe orpaHuyaBajyhux ¢akrtopa. Yecto ce popmupa
MaTeMaTH4YKMd MOJieJl KOju MMa NMO3HAaTH OOJIMK U 33 KOjU Cy JOCTYIIHE METOoje

peimaBama.

5. PemaBame MojeJia. Y oBoj ¢a3u MPUCTYIa ce pelllaBamwy MPeTX0JHO GOopMUpaHOT
Moziesa. [locTynak peniaBamba Mo/ieJia MOXe GUTH PeJIATUBHO JIaraH, jeJHOCTaBHUM
YHOCOM NOTPEOHUX MapaMeTapa y pauyyHapcKu mporpaM. Mebhytuwm, y ciaydajy kaga
Cy Mpo6JieMH HECTPYKTYUPAHH HJIM HEJOBOBHO CTPYKTYHMpaAHU, UJIM Kaja je
NpUMeHa er3akTHHUX MeTO/a HEeU3BOJJ/bMBA y PA3yMHOM BpeMeHy (HIOp. yCien
eKCIIOHEHI[Hja/IHe CJIOKEHOCTU NpobJseMa), IPUCTYNA Ce PUMEHH XeyPUCTHYKHUX
MeTO0/ia KOje He rapaHTyjy ONTHUMAJIHO pellekbe, aJli Hy/le JOBOJbHO 1000 pellekbe,
a y HeKMM CJiyyajeBUMa je Hajbo/be HalpaBUTH Kopekuuje y ¢dasu opMupama

MozeJsa.

6. AHaiM3a M OLeHAa pellewma. Bpumu ce cucreMarcka aHaJjau3a Jo6ujeHOr
ONTUMAJIHOT pellewa. Pelllewe MoJesia 3aBUCU OJi BPEJHOCTU HaBEAEHUX Y
MozZeJsy. BeoMa Ba)kaH acneKT NPW aHa/IM3M I0JaTaKa je KaKo pellere Bapupa y
3aBUCHOCTH 0J] YHETHUX mojaTaka. [I[pu oneHu peuniewa, BaXKHO je YTBPAUTH Ja JIU
pelliele 3aWcTa MpeJjCTaB/ba Ke/beHO pellewe npobsieMa. OLHOCHO, Ja JM je
pelllele peasiHO, NPUXBAaT/bUBO U MOXe JIM Ce NpPUMeHUTH y mnpakcu. OBo je

nocsie/wa gasa Koja UHTEPAKTHBHO IIOMake Y POIecy JIOHOLIeHha O//IyKa.
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2.5 METOJE JIMHEAPHOT ITIPOTPAMHUPAIBA

2.5.1 'padpuuka meToaa

[paduuka MeTona ce NMPBEHCTBEHO KOPUCTUTHU 3a pelllaBakbe MpobGseMa JIMHeapHOT
nporpaMupara caMo ako nmpo6JieM HeMa BUllle O/ iBe Helo3HaTe. Y PeTKUM CJydyajeBuMa,

jeqHOCTaBHUX Npo6JsieMa, rpadpruiKa MeTo/ja MOXe PEeIIMTH NpobJieMe ca TPYU HEMO3HATe.

[locTynak peliewa ce U3BOJAM Y JABOJUMEH3UOHAJHOM npocTopy. Mozesn obyxBaTa jefaH
CUCTEM pa3JUYUTOr Opoja JIMHEAapHUX jeJHAaYMHA U HejegHayrWHA. CBe jelHAYUHE U
HejeJHaYMHe MOpajy MMaTH 3ajeJHUYKUX eJIeMeHaTa, jep LeJyjy Kao jefHa LieJUHa, jeaH
npo6sieM. Y NpBOM KBaJIpaHTy KOOPJMHATHOI CHUCTeMa jeJHAauyuHA Cy MNpeJCcTaB/beHa
IpaBaMa, a HejeJHa4YMHa INpeJCTaB/beHa Cy MOJYpaBHUMA, JOK QYHKLHja KpUTEpUjyMa

npe/icTaB/beHa je mpaBoMm [43].

YKoJIMKO je MOTpeOHO Hahu pellewme KOjUM ce MaKCMMHU3Wpa BpeAHOCT QyHKLHje, IpU
yeMy Cy 3aJJ0BO/b€HM oJipeheHU KpUTepHjyMH, OJHOCHO OrpaHHUYEHa, aJropUTaM

pelllaBama je objalibeH Ha ciefeheM npumepy.
UpenTudukoBame ynpaB/bauyKUX IPOMEH/bUBUX X; U X, U AedUHUCAbE QYHKLUje [U/ba:
max z(x) = 4x; + 5x,
npu yeMy Tpeba Jia 6y/ie 3a710BOJ/beHA OTPaHUYEA:
2x1 + 5x, < 30
6x; + 5x, < 50

X1; %, =20

I[IpBo, @ 6U ce f06MIe KOOPAUHATHE TauKe 3a CBAKy jeJHA4YUHY, IOTPe6GHO je IPeTBOPUTH
CBe Heje/lHAYMHe Yy jelHAYMHEe M NOCTAaBUTHU BPEJHOCT CBake npoMeHsbrBe Ha 0. Kaza ce
Jlo6Ujy cBe KOOpJMHATHe Tauyke, oApehyje ce oncer npoMeH/bUBUX KOju oMoryhyje aa ce
yTBpAU ofrosapajyha ckana koja he ce kopuctutu 3a rpadukoH. HakoHn Tora, ce nprta

rpadMKOH U Clajajy ce cBe KOOpAHWHATHE TauyKe MOTPEOGHOM NMPAaBOM JIMHUjOM.
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2x; + 5x, = 30
X =0->x,=6
X,=0 - x;, =15
6x; + 5x, =50
x,=0- x,=10

x, =0 - x; =833

[Ipema oBoMe, oncer x4 je 0 < x; < 15,a oncer x, je 0 < x, < 10.

'padruku NprKas AOMYCTHBE 006JIaCTU pellieha je MpUuKasaH Ha cauiu 2.1.

e |\
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Cauka 2.1 I'paguuku npuka3 donycmuee obaacmu peulera
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BpenHocT GyHKIH]je 32 CBaKy 0/i 0OBUX EKCTPEMHUX Tayaka je ciefgeha:

KoopauHaTe eKCTpeMHHUX Ta4yaKa BpeaHocT pyHKIHje
(x1, X2) Z(x) = 4x1+ 5x2
0 (0,0) 4(0)+5(0)=0
A (8,33,0) 4(8,33) + 5(0) = 33,33
B (5, 4) 4(5) +5(4) =40
C(0,6) 4(0) +5(6) =30

MakcumanHa BpeaHocT ¢pyHkuuje z = 40 jaBsba ce y eKcTpeMHOj Tauku (5, 4), Aakie

ONTUMAJIHO pelliee AaTor npobsema je x; = 5,x, = 4 u maxZ = 40.

2.5.2 CuMILIekc MeToaa

CuMniekc MeToza je eduKacHa, IIMPOKO KopuliheHa U YHHMBep3a/Ha METO/la pellaBambe
npo6JsieMa JIMHeAapHOT NporpaMupame Kojy je pa3Buo G. Dantzig, 1947. ron. MeTtoaa ce
3aCHMBa Ha MOMepamy O0/Ji JAaTe eKCTpeMHe Tauke (0a3HO [AOMYCTUBO pelleme) [0
rpaHMYHe eKCTpeMHe TaykKe Ha TaKaB HayMH Jja ce BPeJHOCT Iiu/bHe PyHKLMje noBehaBa
WJIY, y HajropeM cJy4ajy, ocTaje ucta. KOHKpeTHHUje, y CBAaKOM KOpaKy, BpeAHOCT QyHKLHje
je 6JiMKa eKCTpeMHOj BpeAHOCTU. MeTo/ja ce HacTaBJ/ba CBe [JOK Ce He 00Uje ONTUMAJHO

pelliere UM Ce He YTBPAH Jia JaTh MPo6JieM HeMa KOHAYHO ONTUMAJIHO pelieme [44].

CuMmiekc MeToza Kpehe o nmpeTnocTaBke /ia je JIakile paJUTH ca jeJJHAYMHAMa Hero ca
HejeJHAUMHAMa Ha HA4YMH KOjU HX IpeTBapa y jeJHayMHe J0JaBameM J[JONMYHCKUX
IPOMEH/bUBUX, IPHU YeMY 3a IIOYETHO pellere y3uMa pellerme KaJla Cy CBe IPOMeHJ/bUBE
jeAHaKe HyJM, a JJONyHCKe NMPOMeH/bUMBE UMajy BpeJHOCT CJA000JHMX YJIaHOBA U3 CKyIa

OrpaHUYemma.

CUMIlJIEKC METO/IOM MOTY Ce pellaBaTH CBU NMPOOGJEMU JIMHEAPHOT Nporpamupama. To
3HAYH Jla Ce 0BOM METO/IOM MOTY Jla pellaBajy U T3B. TPAHCIIOPTHU MPO6JIeMHU U TPOGJIEeMH
pacnopebuBama, 3a Koje, MHaYe, nMocToje nocebHe MeToZe. OTyZa je ompaBAaHO Kaja ce
KajKke /la CUMILJIEKC MeTOo/le MMa U3BEeCTaH KapaKTep ONLITOCTH, OJHOCHO /A je, y mopehewny

Ca OCTaJIUM MeTOAaMa JIMHEAPHOT MporpaMupama, YyHUBEp3aJiIHa MeTOoJa.

CUMIJIEKC a/ITOPUTAM Ce CaCTOjy U3 ABa Kopaka [44]:

31



1. YTBphuBame J1a Jiv je AATO AONMYCTHUBO pelliehe ONTUMAHO pelllekbe, U

2. HauwuH fobujamba U3BOAJBUBOT pelllekha ca UCTOM WU BehoM BpeaHouihy 3a U/bHY

byHKuHjy.

Y mpakcy, CUMILJIEKC METO/|a He CIIUTYje CBaKo U3BOJJbHBO peliebe, Beh mpoBepaBa caMmo

peslaTHUBHO MaJik OpOj HbUX.

[loctoju Behu O6poj asroputamMa CUMILJIEKC METOAA KOjU MOTY pEIIMTH pasIduuTe

npo6JieMe JIMHEAPHOT NporpaMmupama. HajsHauajuuje cy:

- CuMILekc TabeJa,

- JlaHUMTrOB aJrOpUTaM,

- PeBuaupaHa cUMIIEKC METO/1a,

- MeTo/ia eJleMeHTapHUX MaTPUIA U

- MeToaa nogMaTpuIa.

['eHepasiHO, pa3J/IMKe y aJICOPUTMY METOZA Cy BPJIO MaJie, a ONTUMAJIHO pellere nNpobsieMa

6uhe rcrto 6e3 063Mpa Koja ce MeTo/ja KOPUCTH.

Teopujcke ocHOBe CMMIIJIEKC METO/ia JIMHEAPHOT MporpaMupama nocrasuo je G. B. Dantzig

[16] u cacToju ce cneneher.

Onmrra CTPYKTypa CHUMILJIEKC MeTode CaCTOjI/I ce o/ NMpOoHaJ/laXXeme TaKBE€ BPpE€AHOCTHU 3a

npomen/buBe X, (j = 1,2, ..., k) Koje he 06e36e1uTH a yHKIMja KpUTEpHUjyMa:

Zy = Z C]X] (11)

J=1

y3Me CBOjy MaKCUMaJIHy BpeJHOCT Koja he HCTOBpeMeHO 3a/J0BOJbUTH CHUCTEM

HejeHAa4YHUHa:

k
Z al-]-xj < Ao (l = 1,2, ,m) (12)
%20, (=12.,k (1.3)

IpU YEMY CY Cj, Aij U Aio IO3HATE BEJIMYKHE, a CBAKO Uio je HEHETATUBHO, Tj. dio 2 0.
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Y pa3BujeH0j MaTeMaTH4Koj GOpMH 0Baj Mpo6JIEM UMA:

A) OyHkUja KpuTepujyma:

max Zo S C1x1 + C2x2 + -+ Ckxk

b) OrpanuyaBajyhe ¢pakTope:
a11x1 + alzxz + e + alkxk S alO

321x1 + a22x2 + e + azkxk S azo

Am1X1 T amaXy + o+ A Xk < amo

520,  (=12.,k).

Jla 6u ce mpob6seM pelIMO CHMIJIEKC METOJ0M, NOTPeOGHO je MaTeMaTU4yKy ¢opMy

IPUJIAroAUTH J10/laBakbeM U3paBHABajyhUX MPOMEH/bUBUX Xy 4;, (i = 1,2,...,m) Tako ja ce

Jlobuja cucTeM jeJHA4YUHA.

dyHKIMja KpUTEPUjyMa ce, Takohe, Mopa MPOUIMPUTH ca HOBOYCBOjeHUM M3paBHaBajyhux

npoMeH/bUBUX. [la He 6U JOLLIO A0 TPpOMeHe BpeJHOCTH PYHKIMja KpUTEPHUjyMa, ycies,

OBOT TpPOLIHMpEHa, YCBOjUMO Ja CY CBU KOeQUIHUjeHTH Ciyi (I=1,2,..,m) y3

NpPOMeHJbUBE X 4;, (i = 1,2,...,m) jeAHAKHU HYJIH, Tj:
Crri =0, (i=12,..,m)

DyHKIMjy KpUTEepHUjyMa je caza:

maxzy = C1Xq + CpXy + o+ + Cp X + Cpp1Xk+1 T Cry2Xk42 +

a orpaHuyaBajyhu ¢pakTopu:
a11X1 + a12Xp + o+ QX T Xpp1 = Aqo

az1Xq +azXy + o+ Agp Xy T Xy = Ay

Am1X1 T AmaXy T+ A Xk T Xgam = Amo
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OZITHOCHO:
x;=20,(G=12,..,.kk+1,..,k+m)

a, =0, (i=12,..,m)
Crri =0, (i=12,..,m).

[Ipu yemy fo6ujamo:

A) OyHkuja KpuTepujyma:

k m
max z, = Z cjxj + Z Cr+iXk+i (1.5)

j=1 i=1

B) OrpanuyaBajyhu pakTopu:

k

Z A% + Xy = a0 (E=12,..,m) (1.6)
j=1

20, (=12,..,kk+1,..k+m). (1.7)

Ha OCHOBY OBAKO npnnaroheHor Mo/JeJla MOXKe Ce CACTaBUTH IIOYETHA CHUMIIJIEKC Tabesa

WU GOpMUPATU MAaTPUUHU OOJIUK Ha cieJiehy HauuH:

IlouemHa cumnsekc mabeaa

— — Cr+m
€1 C2 Ck | Ckt1 =0 | Coy2=0 |..] ~
C B Xo =
Xy Xp | ] Xk X1 Xie+2 o | Xirm
Che1 =0 Xpiq Ao aiq ap» A1k 1 0 0
Cr2 =0 Xyyz QAo az, az; Ark 0 1 0
Cr+m
— Xk+m, Amo Am1 Ama2 Amk 0 0 1
Zj — ¢ Zo=0] —¢ —Cy —Cy 0 0 0
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Y 06/1MKy MaTpHUIie TO 6U U3TJIe/jaI0 OBAKO:

a1 A4z a, 1 0 0
cx = | % a:22 az, 0 1 0
aml amz amk O 0 1

JenHo on Moryhux penierwa nmpo6JiemMa MoXKe ce YTBPAUTH y3 MOMOh MoYeTHe CUMILIEKC

TabeJie, Tj.

Xk+1 = Qq0,

Xk+2 = Q20)

Xk+m = Amo»

pu YeMy je BpeJHOCT GyHKLHja KpUuTepujyma: z, = 0.

Jlpyra BapujaHTa 3a oApehuBame MOYETHOT pellera je pelllaBakbe CUCTEMA jeJHAYHMHA

(1.6) y3 u3BecHe XUNoTe3e.
A) IlpBa utepauuja

Xumnoresa:
Xj = 0, =1.2,..,k). (1.8)

Y ommTeM Mojeny CBe NpOMeH/bUBE [JequMo Ha peanHe (x; j=12,..,k) u Ha

uspaBHaBajyhe (x,,; = 1,2,...,m).

Jla 6McMO pelIMJIM CUCTEM jeJlHAYMHA y NpBOj UTepauuju, xunoredy (1.8) yHecumo y

cucteM jegHavyurHa (1.6), ma hemo g06uTH 14 je:
Xpi = Qig, (T =12,...,m). (1.9)

jep je 36or (1.8):

k
z aijxj = 0, (l = 1,2, ,m)
j=1

Pememwe cuctema (1.6) je MAEHTHYHO ca 6a3uyHO MoryheMm pellewmeM J0OUjeHOM U3

CUMILJIEKC TabeJie.
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xk+i = aiO’ (l = 1121 "'Im)r

Ako 6asuyHO Moryhe pelllere U3 NMpBe UTepalUje 3aMeHUMO y YHKIUjU KPUTEpUjyMa

(1.5), po6ujamo:
m
Zo= ) Ceritin (1.10)
i=1
jep je 36or (1.8):
ij]' = 0.
j=1
Axo xunotesy (1.4) ynecemo y (1.10) nobujamo aa je BpeJHOCT PyHKIIMja KpUTEPUjyMa:
m
7'y = Z Cr+iXp+i = 0
i=1

ILITO OAr0Bapa BpeAHOCTHU OBe QpYHKIIMje Y IPBOj CUMILIEKC TabesH.

[lomrto HUje mpoHaheHa MakcUMaJiHA BpeJHOCT QyHKIMja KpUTepujyma, Tpeba Aa ce

yTBpAU ciaenehe Mmoryhe pelieme.

B) [lpyra utepanuja
Xunoresa:
x, >0, (1.11)
xj =0, G=12,...,.v—1v+1,..,k) (1.12)
a;, > 0. (1.13)

Y HapezAHOj uUTepauujy, NpoMeHUIU cMo xunote3y (1.8) u3 mpBe uTepauuje Tako LITO
TPaXXMMO Jia MOCTOju 6ap jeAHA NMO3WTHMBHA NpPOMeHJ/bHMBA X, > 0, a fja cy cBe ocTaje
peasiHe IpoMeHJ/bUBE jeiHaKe HyJU. Takohe, koebUulMjeHT a;, KOjU CTOjU Y3 IPOMEH/bUBY

X, Tpeba aa 6y/e 6ap y jeZlHOj jelHAYUHU MO3UTHBAH.
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KopuutheweM 0BUM xunoTe3aMa NpoHasiasu ce pelieme cucrtema (1.6), Tj.

k
Z A% + Xy = a0 (E=12,..,m) (1.6)

j=1
ba3Ho I0NyCTHUBO pellemne je:
AipXy + Xpyi = A, ([ = 1,2,...,m). (1.14)

jep cy cBe ocCTaJie peasiHe IPOMEH/bUBE, U3Y3€B X, jelHaKe HyJIY, 1A je U:

k

Z aijx]' = O, (l = 1,2, ,m)

j#v
BpeAHOCT INPpOMeH/bUBE X,, U NIPOMEH/BUBUX Xj i, (i = 1,2,...,m) y p,pyI‘Oj I/ITepaLLI/IjI/I,

NpoHaJa3u ce Ha caeAenr HaYuH:

PemaBaweM cucteMa jeaHauuHa (1.14) mo Hemo3HATUM Xy 4;, (i = 1,2,...,m) nobuja ce:
Xi+i = Ajp — AjpXy, (i=12,..,m) (1.15)

CBaka NMpoMeHJ/bMBA Y CUMILJIIEKC Ipo6JIeMy Mopa, 360r (1.7), 6UTHM HeHeraTHBHA. Y NMPBO]
uTepanuju yTBpheHo je:
Xk+i = QAio, (l = 1,2, ,m) (19)

III'TO 3HAYH /ia Cy CBe MPOMeHJbUBe Xi4; = 0, (i = 1,2, ..., m).

AKo cy cBe nmpoMeH/bUBE Xi,; = 0, oHAA U JecHa cTpaHa cuctema (1,15) mMopa 6uTH
HeraTuBHa, Tj.

Qio — AipXy = 0, (i=12,..,m)

PemaBamweM 10 X, A,006U4ja ce MaKCUMaJIHa BPeJJHOCT NIPOMEHJbUBE X, Tj.

a.
X, < —lO, (i=12,..,m)
Ay

[Ipu yemy je a;;, > 0, 360r npetnoctaBke (1.13).
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MuHMMaIHA ¥ MaKCHMaJlHa BpeIHOCT IPOMEHJ/bUBE X,, je yTBpheHa y rpaHuIiama:

a.
0<x,<—, (i=12..,m), a;>0.
iy
Byayhu pa je ytBpheHu kpuTepujym ¢QyHKIUje MakcUMajJHa BpeAHOCT, CBaka
npoMeH/bUBA Tpeba Ja y3Mme HajBehy moryhy BpesHocT. [IocToju m pasHUX MaKCHMaTHUX

Bpe/IHOCTU MMPOMEHJbUBE X, U3MeDy KOjUX Tpeba u3abpaTu caMo jeIHy.

. a
Bai=1;x, ==
A1y
. a
3ai = 2;x, ==,
azy
. a
3ai =3;x, ==
azy
. a
Bai =1;x, =
Ary
. a
3ai =m;x, = =%
Amy

[lToTpe6HO je u3abpaTu jeAHY BPeJHOCT 3a NMPOMEHJ/bUBY X,, U3MeDhy OBUX m pa3HUX
BpeJIHOCTH, 110/J] yCJI0BOM Ja npeTnocTaBka (1.7) octaHe U Aasbe y BaXKHOCTH. [la 64 ce To

ypaZuiio, NOTpPeOHO je U3abpaTH HajMamwy oJf bUX. /lakiie,

a.
X, = min—=, (i=12..,m)ay>0. (1.16)

L Qjy

Hajmamwy BpefHOCT mpoMeHJ/bUBa X, A00Hja y r-Toj jejHayuHu (3a i=r). [Ipema ToMe

BpeJHOCT IPOMEHJbUBE X,, je:
xv - (117)

BpeaHOCT MpOMeHJ/bUBUX X4, (i = 1,2,...,m) y cucremy jeaHaduna (1.15), go6uja ce

3aMeHOM BpeJHOCTH 3a X, u3 (1.17):
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Xk+i = Ajp — AjpXy,

Aro . _
Xk+i = Ajo — aivaL' (i=12,..,m). (1.18)
TV

BasHo 0NMyCTHUBO pelliebe y Ipyroj UTepalujyu cacToju ce oJi IpOMeHJ/bUBeE:

a
X, ===,  j=v, (1.17)
a'rv
a
xk+i = aiO - aiv a_m’ (i = 1,2’ "')m))i ¢ r' (1-18)

TV

Ca z, Genexxu ce BpegHOCT GYHKIHUja KpUTepHjyMa y ApYroj MTepaljd, OJHOCHO 3a
Mmoryhe pememwe (1.17) u (1.18).

3amenom (1.17) u (1.18) y (1.5) mob6uja ce, ¢ 063MpoM Ha MpeTNOCTaBKe 3a JPYry

vTepanujy, aaje:

Zy = CpXy t+ E Cr+iXk+i
i=1

Ao = Ao
- _+Z Cr+i (alO v_>l (1'19)
a Ay
i=1
npema (1.4) nobwuja ce:
; a
Zy = Cp— (1.20)

v

Y npyroj utepauujyu BpegHocT GyHKILMja KpUTepHjyMa oArosapa uspasy (1.20).

HapeaHu kopak je nmpoBepa Aa jii noctoju ciefeha, Tpeha, utepanuja, Aakie, ako MOCTOjU:
'” > ZO

Tj. ako BpeJJHOCT QyHKIMja KpUTepUjyMa y HapeJHOj UTepalyju je Beha o/l BpeJHOCTU Te
byHKIMje y MpeTXO0/HOj WTepalUju, OHAA Yy NPEeTXO0AHOj UTepalyju HHUje NpoHaheHO

OINITHUMAJIHO pelieHe.
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[IpoBepa fa /v je npoHaheHO ONTHMAJIHO pelliehe Y HEKOj UTepalujy BpILU ce Ha ciaeehu

HA4YHUH:

HacTaBu ce o1 BpeiHOCTH yHKLHje Y Apyroj utepanuju (1.19):
a a
o Z ] (1.19)

HakoH MHOXewa u cpehuBama, J00Hja ce:

m m
arO

—+ Z Cr+i — Z Ck law
arv e

=1 i=1

m m
. Ao
Zy = Z Cr+iQio — aL (Z Ay Chti — Cv) - (1.21)
TV

i=1 i=1

[Ipema (1.10) BpegHoCcTH GyHKIIMja KpUTEPHjyMa Y IPBOj UTEPALIUjH je:
m
zp = z Ck+iXk+i
i=1
HakoH u3BpiieHe 3ameHe y (1.21) go6uja ce:

a
20 =2~ (2, — ), (1.23)

rv
[Ipu yemy je:

m
Zy = Z AiyCr+i

i=1

/la 6u ce 3ai0BOJbMIJIA IPETIIOCTABKA X, > 0, 03BOJ/baBa ce Aa 6u0 Koja of, cBux (k + m)
NpPOMEH/bUBUX OyJie MO3UTUBHA. 360r Tora, npoumupyje ce (1.23) gAa Baxu 3a O6UJIO KOjy

IpOMEHJ/bUBY, A 00Hja ce:

" a
zy = 2z} _a_”’ zi—¢), (=12, kk+1, ., k+m). (1.24)
TV
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Ha ocHoBy (1.24), z, > z}, caMo ako je:

zi—¢ <0, (=12, kk+1,.. k+m) (1.25)

Utepaumja (1.25) npeacraB/ba KpUTEPUjyM 3a yTBphuBawe Ja JU je mnpoHaheHO

OIITHUMAJIHO pelieHe.

OnTuManHO pellewe HUje NMpoHaheHO W Tpeba HACTAaBUTU ca pelllaBameM IpobJeMa

YKOJIMKO TIOCTOjH 6ap jeHO:
Zj—Cj<O, (]=1,2,,k,k+1,,k+m)

KpuTepujyM 3a u360p npoMeH/bMBe Koja yJia3y y HapeAHO JOIMYCTUBO pellere 6a3upa ce
Ha pas/vLu (zj - cj) < 0. [la 6u ce mro Bulle noBehana ¢yHKUHWja KpuUTepujymMa y
HapeJHOM pelleky, Tpeba U3abpaTH HajBehy HeraTUBHY pasJIUKy (Zj - cj), M Ha OCHOBY
e O/IpeJUTU IPOMEeH/bHBY Koja yJIa3u y HapeAHO pellewe. Tpeba usabpaTu Jja y HapeJHo

6a3Ho J0MYCTUBO peliee yhe oHa MpoMeH/bUBA 3a KOjy je:

[max(zj - cj)] <0, G=12,...k,k+1,..,k+m) (12.26)
j

YcBojeHo je gma je (j = v) HajBeha HeraTuBHa pa3JidKa (Z]- —cj), na je ojpeheHo ja
IpOMeHJ/bUBA X, Yhe y Apyro 6a3Ho JonycTUBO pellewe. OTy/a je yBeJleHa PeTHNoCTaBKa
x, > 0. Kputepujym 3a yTBphrBame NpoMeH/bUBE KOja HU3Ja3d M3 pellewma JAaTo je y
uspasy (1.16), 1j.,

a.
x, =min—, (i=12,..,m),a; =0 (1.16)
L Qjy

4yyMe UCTOBpPEMEeHO yTBphyje U BpeJHOCT IPOMeHJ/bUBE KOja yJla3u y pellebe.

[IpeTnocTaBsba ce Aa ce MUHUMaJIHa BpegHOoCT (1.16) mocTmke 3a (i = r), mTo 3Ha4yu Aa he

IPOMEHJ/bUBA X, UMAaTH BPeJHOCT HYJIy Y PYr0j UTepaLuju U usahu us peliemwa.

Y apyroj uTepanuju KOHCTAaTOBAHO je Ja HUje MpoHaheHO ONTUMAJIHO pellere, JaKje
Tpeba HACTaBUTUM ca pellaBameM IMpobseMa. HeonxomHo je pga ce wu3padyHaBajy
KoeHIIHMjeHTH KOjU CTOje y3 CBe NMPOMEH/bUBE Yy APYroj UTepalyju, OJHOCHO Y JIPYToj

CHUMILJIEKC TabesH.
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Koedunujentu ce yTBphyjy Ha ciesehu HauuH:

U3 cuctema jesHauuHa (1.6) u3abepemo r-Ty jeJHaYMHy 3a i = T, Tj:

k

Z ArjXj + Xg4r = Qpo
j=1

OJHOCHO:

Ar1X1 + QppXy + 00+ AppXy + 00t QX + Xpepr = Ay

[IpeTnocTaBKOM Ja je a,, > 0, Iesu ce cBaky KoeUIMjeHT r-Te jeJHAYUHe U fo6Uja ce:

a a a 1 a
le1+L2x2+...+xv+...+kak+a—xk+r=LO. (1.27)

aTU TV aTU Trv TV

Ocrasne jenHayrHe cucrema (1.6) cy:
aXy tagpXy + o+ Ay Xy + X = Ago

Az1X1 T AxpXp + o+ Agp X + X2 = Ao

Am1X1 T AmaXy + o+ A Xk T Xgrm = Amo

MHoxemweM jeaHauuHe (1.27) ca a;, a 3aTUM OAy3UMameM O/ NPBe jeZlHAUUMHEe CHUCTeMa
(1.6) nobwuja ce:

arq ay, Arg
(au - _aw) X1+ <a12 — ==y | Xz + -+ (A1 — agp)xy + o+ (A — ——ayy | X
TV TV TV

1 Aro
T Xg41 — = ApXgyr = Q10 — = A1y
TV a'l’"l)

JlobujeHe koedulMjeHTe Tpeba ynucaTU y NPBU pel Apyre cuMiuiekc Tabese. Ha vctu
Ha4yuH yTBphyjy ce KoepUMjeHTH 3a CBe peloBe, U3y3eB r-Tor 3a Koju y (1.27) Beh umamo

Te KoeQUIUjeHTe.

Koedunyjente 3a Apyru pej Apyre cUMIIeKC Tabesie 106UjaMO MHOXEHEM je[HAYHMHE

(1.27) ca a,,, na ogy3uMameM o/ ApyTe jeAHadrnHe cucTeMa (1.6).
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arq ay, Arg
<a21 T a2v> X1 + (azz T App ) Xy + o+ (Agy — Ap) Xy + o+ | A — P Azy | Xk
TV TV TV
1 Aro
T Xpy2 — = AopXg4r = Q20 — Ay
TV aT"U

W Ha kpajy 3a m-Tu peJ; fo6ujajy ce koepuliMjeHTH, aKo ce jegHayrHa (1.27) moMHOXKHU ca

Ay, 112 CE 01y3Me 01 m-ToT peja cuctema (1.6), Tj.

arq Ay Ay
1 — Amy | Xm + | Qmz — Ay | X + o+ (amv - amv)xv +ot | Gk — Ay | Xk
Ay Ay Ary
1 Aro
+ Xk+m — AmvXk+r = Qmo —
TV ™

amv

AKo ce y3Me y 063up xunoTe3a 3a Apyry utepauujy (1.11), (1.12) u (1.13) gob6wuja ce 3a:

=1 _ aro
L= LU Xk+1 = 7 QuoXg+r = Q10 — 7 Q1w
(% aT‘U
= 2. _ Qro
L= 2, Xg42 — — QopXg4r = Q20 — —— A2y
TV aTU
. 1 Qro
L=TXy — —— QupXgyr = )
(% a’T‘U
. 1 Aro
L =M, Xg4ym — AmuXk+r = Amo — Amy
TV aT‘U
YcraHoBJsbeHo je nay (1.17):
X = Aro
, = —
aTU

naje, ycjaez TOra, r-Toj jeAHa4YUHHU:
Xi+r = 0

[IpoMeHOM BpeHOCTH Xy, Y CBUM jeIHAYMHAMa Jl06Hja ce:
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Xk+1 = Q10 — —— Q1)
TV
_ Aro
Xg+2 = Q0 — — A2y
aTU
_ aro
v— _
aTU
_ aro
Xk+m = Qmo — Ay,

TV
OBako [106HMjeHO pelliere MpobeMa je UICTOBETHO ca pellewe y pyroj utepanuju (1.17) u

(1.18).

Y3 nomoh oBor nmpuHuuna mMoryhe je yTBpAUTH 6a3HO AOMYCTUBO pelleke, U3padyyHaTH
BpeJHOCT QYHKIMja KpUTEpUjyMa U U3padyyHATU KoedUIUjeHTe y3 MPOMeH/bUBE 3a OUJIO

KOje JiBe y3aCTOIIHe uTepalyje.

Pemewe MoOXe ce CKJONUTHU Yy JAPYry CHUMILIEKC Tabeay WM y MAaTPUYHU OOJIMK IO

NoTpeoHu.
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0 Ay — Az 0 0 A — Az 0 -1z 0z LH_ Iy
au, D aup 0y auy P auyy P qu Wt Wy
1 D— — 0 0 D — Auy 0 D — TWp D — — OUp X| 0= 2
1 iy p 04p
at as as au
1 — 0 0 2 1 2 2 % | 0%
1 Ty p 04p
arl ax ax ai
(4 D D (Y
0 Ay — 1 0 azy__— _ ATy 0 azy___ _ 1Ty azy __— _ 0Zp N+vc~ 0= Z+Ay
T iy o O4p
al au as au
D D D D
0 alpy 0 T aty ___— _ ATy 0 aty__— _11p aty__— _ 0lp H+vcm 0= T+2Ay
1 Ty p 04p
E+vcm &+qu N+VGW H+va vcm :vm va
ox g V)
0 = Wi 0="*"D =¥ = T+ i 9 =)
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OnuTy MoJies1 KOjU je MOro/iaH 3a pelllaBakbe CBUX MPo6JeMa JIMHeapHOoT MporpaMupama y

MAaTpHUYHOM O6JII/IKy MOXe€ Ceé HaBeCTH Ha CﬂeﬂehI/I Ha4YHWH:

A) OyHKIMja KpUTEpHUjyMa:

zo =CX (1.28)
B) OrpanuyaBajyhu ¢pakTopu:
X=0 (1.29)
AX = A, (1.30)
IIpU YeMy je:
X1
X
x=|"7
xn
a1 A2 A1n Q10
a a a a
4 =% 22 2n Ay = 20
Am1  Am2 Amn Amo

C = (cq1,Cq) ey Cn)

[Ipu ToMe cy mo3HaTHU CBU KoedunujeHTH BekTopa C u Ao u matpule A. KoebunujeHtu

BeKTOpa Ao Ccy HEHeraTUBHHU, a y MaTpULM A, m < n.

Pelwierwse npob6sieMa je cBaku BeKTOp X Koju 3aZj0BosbaBa orpanuyeme (1.30). Ako nmopef,
(1.30) sagoBo/baBa u orpaHuueme (1.29), peliewe npexacTaB/ba Moryhe pelieme
npo6sieMa. basuuHo Moryhe pellieme je OHe pelllere Y KOMe BEKTOp X He CaJip>KU BHUIIE 0/
m MO3UTHUBHUX KoopAuHaTa. ONTHMaJHO pellewe MpesAcTaB/ba pellewme Koje UMa jeJHO
WM BUIle 6a3WMYHUX MOryhHX pellewmha KOju McnywaBajy yciaoB (1.28). basuuno moryhe
pelierbe y KoMe BeKTOp X caJjpPkh Ta4yHO M NO3UTHUBHUX KOOpJMHATa INpeJCcTaB/ba
HeJlereHepycaHO pellewe. /lereHepUCaHO pellelme je OHO Koje CaZpXKU Mame 04 m

MMO3UTHUBHUX KOOPpJHUHATA.

. n
]eaaH npo6neM 0 n BEKTOpa, Ca m JIMHEApPHO HE€3aBHCHHX, MOX€ HMMATHU HA)BHIIE (m)

. . n
pa3/JMYUMTUX MOTryhHux pellewa, jep ce HajBulle Moxke GOpMHUpaATH (m) Pa3IUIUTHUX

KOMOMWHalMja JIMHEAapHO He3aBUCHUX BeKTopa. OBako ce Mory JoOUTH 6pojHa Moryhux

pelema, a IpoHa/IaXKehe OIITUMAJIHOT pelliekhad YeCTO je TEeXHHUYKH HEW3BOJAJ/bHUB I10CAO0.
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KopuuheweM cuMIiekc MeTo/ie 10 ONTUMAJIHOT pelllerha [j0J1a3u ce MOCTeNeHo, JIaHCKU
U HajkpahuM nyTeM, IpU YeMy HHje MOTPEOHO JAa Cce MpOHasIa3u CBako 6a3MyHO Moryhe

pelieme.

[Ipouec y pemaBawy mpobseMa CUMILJIEKC METOZOM MoJpa3yMeBa Jja ce MOCTOjaHO BPILU
3aMeHa BeKTOpa KOju 4MHe 6a3y BeKTOpcKor mnpoctopa. OpabupameM MO3UTUBHUX
KOOpAMHATa BeKTOpa X, BPLIM Ce 3aMeHa BeKTopa KOju YMHe 6a3y BeKTOPCKOT MpocTopa
TaKo /la je/laH JIMHeapHO 3aBHMCaH BEKTOP yJa3u YMeCTO jeJJHOT JIMHEAapHO He3aBHUCHOT
BEKTOpa KOjU HcNaja U3 6a3e BeKTopckor mpoctopa. [Ipu cBakoj HapeAHOj NPOMeEHU
BEKTOpa y 6a3u BEKTOPCKOI MPOCTOpa BPIIM ce U360p HOBE KOOpAMHATE U HU3MeEHA
noctojeNUX MO3UTUBHUX KOOpPJAMHATAa BeKTopa X, Tako Ja JiMHeapHa ¢yHkuuja (1.28)
fo6uja cee Behy BpeaHocT. [Ipo6sieM je pelieH Kaja ce He MOry npoHahu koopjuHaTe

BeKTopa X, Koje 64 JjoHeJie moBehawe BpeAHOCTH inHeapHe pyHKIHje (1.28).

®dopmMupajy ce KpuTepujyMHu 3a oJjpehuBame BeKTopa Koju Tpeba Ja yhe y 6a3y u 3a
NpoHaJaXKekhe BEKTOPA Koju Tpeba Ja usahe us 6ase. MaTpuiy A us orpaHuuewma AX = A,
(1.30) dopmupa n BekTOpa, Mehy KojuMa ce Hajlla3u m JIMHEAPHO HE3aBUCHUX, OJHOCHO

uMa (n-m=Kk) IuHeapHO 3aBUCHUX BEKTOPa.
OniuTH MoJie1 je OCTaBJ/beH Ha ciaefehy HauuH:

A) OyHKIMja KpUTEpHUjyMa:

zo=CX
B) OrpanuyaBajyhe ¢pakTope:
X=0
AX < A,
IIpU 4yeMy je:
A1 Ay - Ay 10 X1
A= a, az'a...az,( , A, = a:zo ' 7= x:2 ’
Am1 Am2 - Amk Amo Xk

C = (cq,Cp) e\ Ck)-

HeHeraTuBHHM BeKTOp X MaKCUMM3Wpa QYHKLHUjy KPUTEpHjyMa, KoepUIMjeHTH BEKTOopa

A, cy HeHeraTuBHHU. CBY KoepuIMjeHTH MaTpule A u BekTopa C u A, Cy 03HaTH.
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Mogen ce mpouupyje yBoheweM m JiMHeapHO He3aBUCHHUX BeKTOpa, I, koju dopmupajy
6a3y BEKTOPCKOT MPOCTOpa:

10 0
e
00 .. 1

Bektop X wuma koopauHaTe X = (Xq,X2, ., Xk, Xk41s »Xk+m), @ Bektop C =

(€1,€2,) eer Cky Ck1s = » Ckam), IPA UEMY CY Cy; = 0, (i = 1,2, ...,m), fok je (k + m = n).

OBMM mpolIMpewmeM Jl0/1a31 ce Ha MoJieJl IIpe/icTaB/beH QYyHKIMjoM KpuTepujyMa (1.28) u
orpaHuuewumMa (1.29) u (1.30).

[Touume ce o orpanuyema (1.30):

X1
X2
1112 A1 1 0 .. O . A0
A1 022 -2k 0 1 ... O x Qzo
kK 1= .
. e 'yl anw 'Ery xk+1
A1 Am2 - Amk 0 0 1 : Amo
X g+m
Y 03Ha4yaBa Ce BEKTOp:
alj
a,i
j ,
A] = E 1(] = 1121 Ik)l
amj
JakKJie:
X1 A
X2
: A0
Xk azo
[A1, Ags oo, Ao A A o Al | . | = |
k+1
Xk+2 Amo
Xk +m

[IpBUX k BeKTOpa NpeJicTaB/bajy JIMHEAPHO 3aBUCHE, a MOC/AelbUX M BEKTOpa JIMHEAapHO

He3aBUCHe, KOju GOopMUPaAjy m-JUMEeH3UOHATHY 6a3y BEKTOPCKOT MPOCTOopa.
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Ca Aj,(]' = 1,2, ..., k) o3HauaBajy ce JIMHeapHO 3aBUCHe BeKTope, a ca A,(i=k+ 1,k +

2,..,k+m) svHeapHO He3aBUCHe BEeKTOpe, HAKOH Tora orpaHuyeme (1.30)

dopmupaHo:
k k+m
ZA].X'J + Z Al-xi = AO
j=1 i=k+1

Koopaunare BekTOpa Cy:
C = ¢y, ¢y .0y ¢4, 0,0, ...,0],

Jepjecksi =0, (i =1,2,..,m),

ajj
A=, G=12..0
A
Q1o
A, = az0
Amo

je

Aok cBaku Bektop A;, (j=k+ 1,k +2,..,k+m) npeacras/ba je[MHUYHU BEKTOP, TaKO

Jla CBUX M je JUHUYHUX BeKTOpa GOpPMUPAjy jelIHaYNHy MaTPHULH.

[Ipu pemaBawy npobJseMa NOTPe6GHO je 0jabpaTH KOOpAMHATe BeKTopa X Ja JIMHeapHO

HE€3aBUCHUM BEKTOpHUMaA o,umBapajy HEeHeraTuBHEe KOOpAHWHATE BEKTOpa X. U3 Tora cjieaun

Jla he 1MHeapHO 3aBUCHUM BEKTOpHUMaA OJiIrOBapaTH KOOpAHHATe BeKTopa X, koje he cBe

OUTH jeHAKe HYJIU.

Ako cy koopguHate BekTop KosioHe X = (0,0, ...,0, Xk 11, Xk 42, ---» Xk+m), OHJA je BPeLHOCT

JuHeapHe ¢yHKIHje (1.28):

(e}

zo = CX = [c1, €3 o Chy Chog1y - Choam)
Xk+1

Xk+2

Xk +m

OpHoCHO:
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k+m

Zy = Z CiX; (1.31)

i=k+1

na kako je ¢;=0,(i=k+1,k+2,..,k+m), oHAa je y NpBOj UTepalHju BPEIHOCT

JuHeapHe ¢yHKUHje z, = 0.
OBako opmabpaHe KoopAuHaTe BeKkTopa X HcnymwaBajy yciaoB (1.29) u 3a70B0JbaBajy
JIMHeapHe orpaHuyemna (1.30) jep je:

k+m

Z Apx; = Ag (1.32)

i=k+1
3aTo0 WITO Cy cBe x; = 0 3a G=12,..k).

OaroBapajyhe koopAuHaTe JIMHeapHO 3aBUCHHUX BEKTOpa 3a CBaKy HapeJHy 6a3sy

BEKTOPCKOT IIPOCTOpa yTBphyjy ce momohy penanuje:
A= Z Axy, (G =12,..k) (1.33)

A oprosapajyhe z; nomohy:

k+m

m= ) cn, (=120, (1.34)

i=k+1
r/ie Cy X;; KOOp/IMHaTe BeKTopa A; y HapejHOj 6a3¥ BEKTOPCKOT NPOCTOpa.

[Tomrto je 0BO MOYETHHU MOCTYIAK, 0OGMYHO ce 6Hpajy TaKBe KOOpJUHATE BeKTOpa X, /ja 6U U
noyeTHa BpeJHocT ¢yHKIHUje (1.28) 6usia jegHaka Hysu. Ha ocHOBy Tora peuiewe (1.32)

nMa BpeaHocT (1.31). HoBo 6a3HO A0nyCTHUBO peliiewe Tpeba /la 06e36eau noBehamwe Te

byHK1Mje.
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2.5.3 laHUMroB aJiropuTam

[IpeMa umeHy, /laHLIMIOB aJAropUuTaM WM CUMILIEKC aJroputaM, ocMuciauo je G. Dantzig
[16]. Y BpeMe kaja je 06jaB/beH, IpeCTaB/ba0 je MPBU HAallpeJHU aHAJIUTUYKU NOCTYIAK
3a pellaBame NpobJseMa JIMHEapHOr MporpaMupama BeJUMKHX JAUMeH3uja. AJIropuram
NpPeKo UTepaTUBHOT MOCTYIKA, MOKYyLIaBa Ja no6osblllaBa LU/bHY GYHKIU)Y y3uMajyhu y
0631p BpeHOCT NPOMEH/bUBUX Ha jeIHOM IpeceKy orpaHHuema ca ApyruM. Utepauuje cy
HallpaB/beHe TaKo Ja ce BpeJHOCT Iu/bHe ¢yHKIHMje yBek Mob6osbliaBa. JlaHLUIoOB
aJropuTaM nojpasyMeBa JAedUHHUCAbEe [JOJATHUX IPOMEH/bMBUX KOje ce YyBOJE Y
OrpaHuYera HejeJHAaKOCTH y mnpobseMy. OBe NpoMeH/bUBe NpeTBApPajy HejeJHAKOCTH y
OrpaHuyYera jeJHaKOCTH. AKO Ce y IlIeMH ONMCaH MOCTYNaK Npelnu3rpa YTOJIUMKO LITO ce
KOOpJMHATe CBUX JIMHEAapHO 3aBHCHUX BeKTopa yTBphyjy nmomMohy HWHBep3He MaTpulie

Jlo0Hja ce MoCTyMakK.

HOCTyrIaK IIoJiadyu oJ oIumTer MozaeJsia KOjI/I rjiacu: HpOHahI/I MaKCHUMAJIHY BpPE€AHOCT

byHKIMja KpUTepHyjyMma:

zyg = CX
[IpU 4eMy je:
AX = A,
X=0

MaTpuny A popmupa n BeKTOpa:
A = [AIJAZJ ""ATl]
Meby KojuMa ce Hasla3e ¥ JIMHEApHO He3aBUCHU, M BeKTOpa, m < N, Tj. Ay, 4,, ..., Ay,

Koopaunarte BekTOpa Cy:

C = [c1, ¢y ey Chl, X =

KoopauHate BekTopa C Koje oAroBapajy JIMHeapHO He3aBUCHUM BEKTOpHUMa O3HayaBa Cce

ca Cy, a BekTOpa X ca X,. Tj:
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CO = [C1' Cy, ...,Cm], XO =

Xn

JluHeapHO He3aBUCHU BeKTOpPU GOpPMHUpAjy MATpHUILy Koja ce o3HauyaBa ca B, uHjekc k
O3HayaBa pejocJje]; uTepauuje, a By mpejcTaB/ba MaTpUIly BeKTOopa KOjU 4UHe 6asy
BEKTOPCKOT IpocTopa y k-TOj UTepaLuju.

AsiropuTtaM peliaBama pobJseMa cacToju ce y ciaenehem:

1) CacraB/bame MaTpuLy 4, Tj. IONMCUBabEM CBE BEKTOPE KOjH N0CTOoje y NpobjieMy.

2) OppebhuBamwe BeKTOpa KOjU YMHe 6a3y BEKTOPCKOI MPOCTOPA, Tj. MPOHATaKemeM
MaTtpuuy B.

3) llpoHanaxxeweM UHBEP3HY MATpHUIly MaTpule B, Tj. B!

4) TlpoHanaxeme 6a3HO JJONYCTUBO peLIeHheE.
[Tostazehu ox (1.32) nobwuja ce:
BX, = A,
laksie, BeKTOp X, A0OHja ce MHOKeHeM UHBEP3HY MaTpully B-1ca BeKTopoM Ay, Tj:
X, = B714, (1.35)
5) llpoHanakeweM BpeAHOCT GYHKIMja KpUTEPUjyMa:
zy = CpX

6) HpOHaJIEDKeH:e KOOpAHHATE CBUX JIHHEAPHO 3aBUCHUX BEKTOPA, O3HAYEHHUX Ca Xj, 3a

6a3y By.

W3 penanuje (1.33) gobuja ce:

a oJaBje:

MU 1o camo ako je B, 3a k =1, jejuHM4YHA MaTpuLa. Y CBUM OCTaJUM HTepalyjaMma
notpe6Ho je nmoMohy uHBep3He MmaTpule B-l, npeko (1.36), npoHahu KoopJuHaTe CBUX

JINHEeapHO 3aBUCHUX BeKTopa y K-Toj urepanuju.
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7) TlpoHanaxere pasiuke (z; — ¢;) Koje oArosapajy JiMHeapHO 3aBUCHUM BEKTOPUMA,

zi—¢=CoXj—c, j=m+1m+2,..,n)

8) HcnutuBame Aa JiM je npoHaheHO ONTHMAJHO pellehe.

9) Ako Huje npoHaheHO oNTUMAJIHO pellleke, oJpehrBambe BEKTOpa Koju Tpeba aa yhe

y HapeAHy 6a3y BEKTOPCKOT MPOCTOpa.

10)136upame BeKTOpa Koju Tpeba Aa usahe u3 6ase.

11)Popmupame HOBY 6a3y BEKTOPCKOT POCTOpPA U MOHABJ/bakhe NOCTYIKA.

2.5.4 lyasnHu npo6sieM

[Ipema Dantzig [16], TeopeMy Aya/JHOCTHU 3a JIMHEApHY ONTUMU3aLujy AepuHHUCao je ].

Neumann y cBojoj ,Teopuju urapa“. OCHOBHU MPHUHIMII je Aa ce Y npobJeMy JIMHeapHOT

nporpaMupawma Mory GpopMupaTH JABa MaTeMaTH4Ka MoJiesa, IPUMapHU U JyajHH, Tj.

CBaKOM INpPHUMapHOM INpo6JeMy JMHEAapHOT MNporpaMupama oJroBapa jeJlaH [AyalHU

npo6sieM. tbuxoBa Be3a je UHBEP3HA, Tj. aKO Y IPUMapHOM NPo6JIeMy TPaXKMUMO MaKCUMyM

byHKIHMja KpUTEPHUjyMa, ¥ AyaJHOM To he 6GUTH MUHUMYM. [IpemMa Tora, HejeHAYUHE Y

OorpaHUYeHUMaA Y AyaJHOM NPo6/IeMy UMajy CyIPpOTaH CMep 0Jf IPpHMapHOT.

AKo cy cBa orpaHHUuYera U3 Mo/iesia Y IpUMapHOM Mpo6JieMy UCTOT CMepa, OHJA Ce paju o

CUMEeTPUYHOM JlyaJIHOM Npo6JieMy. HanpoTuB, ako cy orpaHuYera U3 NpUMapHOTr Mojesa

pas3JIMYUTOr CMepa, OHJla 0/ roBapa HeCUMeTpUYaH JlyaJlHU pobJieM.

[Ipouec pemaBama 3anoyuibe GOpMUpakeM NPUMApPHOr NMpo6/eMa Tako Ja MOXKEMO

npoHahu MakCHMaJiHy BpeJHOCT QYHKIUja KpUTepHUjyMa:
k
max f(x) = Z CiX;
j=1
y3 cieseha orpaHruyema:

Z aijxj < Ao, (l = 1,2; Im)

Jj=1

N yCJIOB HEHEraTUBHOCTH TPOMEH/bHBHX:
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20,  (G=12,..,k) (1.39)

Y npuMapHOM npo6JieMy Cy Helo3HaTe X;. Y JiyaJJHOM po6JieMy, yMeCTO IPOMEH/bUBHX X;
yBOJle Ce MPOMEH/bHBE Y;. 3Ha4eHbe NPUMapHUX M JlyaJIHUX IIPOMEH/bUBUX C€ Pa3JIUKYje.

JlyanHu npo6seM he UMaTH OHOJIMKO OTpaHHWYEeHa KOJHMKO MPHMapHU MMa HEMO3HATHX.

CBe npoMeHJ/bUBe ¥ 06a pobJieMa MOpajy 6UTH HeHeraTHUBHE.

Taga payanHu nmnpob6seM Koju oJroBapa MNpuUMapHOM mpob6seMy uMa (QyHKIHja

KpUTepujyMa:

m
ming(y) = » i (1.40)
i=1

y3 cnefieha orpaHuyema:

m
Zyl-aio = ¢, G=12,..k) (1.41)

i=1

1 YCJIOB HEHEraTUBHOCTHU NIPOMEH/bHUBHUX:

yi=0, (=12..,m). (1.42)

OBako MocTaB/beHU MO/IeJ1 HA3UBA Ce CHMETPUYHH AyaJHU MOJIeJl. YKOJIHUKO y MPUMapHOM
npo6sieMy MOCTOje OrpaHHYema TUNA jeJHAYWHA WM aKO NPOMEH/bMBE He MOpajy
MCIYHaBaTH YCJI0B HEHETaTUBHOCTH, OH/ZIA NMPO6JieM MpeACcTaB/ba HECUMETPUUHH AyaJHU

MOJIeI.

Ako ce y mpUMapHOM Npo6JieMy TpaXku MUHHMMaJIHa BpeJHOCT QYHKIUja KPUTEPUjyMa, ¥
JlyaJIHOM TMpo6JsieMy he ce TpaKMTU MaKCUMasJHa BPENHOCT HeKe JApyre QyHKLHja

KpuTepujyMa. CMep HejelHAYMHA Ce y OBUM NIP06IeMUMa Mewa Y CYyIIPOTHH.

OnTvMasHO pelllelke MPUMapHOr MpobJeMa je MHOTO jeJHOCTaBHHje NMpoHahu mpeko
Jlyajla y CBUM cCJlydyajeBMMa KaJia y IpUMapHOM Npo6JsieMy N0oCTOju Behr 6poj orpaHuyema,
a Mamu 6poj npoMeH/bUBUX. Ha Taj HauuMH Tpeba y NpHUMapHOM MNpobJsieMy TpPaXKUTH
WHBep3He MaTpulie peja m, a y AyaaHoM k-tor pezpa (k<m). Takobe, mpu Tpaxkemy
MHUHMMYyMa, Tpeba J[JoJaTH [JONyHCKe M BelITayKe IpPOMEHJ/bUBE, a IpPU TpaKewmy
MaKCMMyMa caMo JI0NyHCKe MpoMeHJ/buBe. 360r Tora, ako je m Behuy, a k BpJjio Masiu 6poj

Tpeba yBek npehu Ha iyasHU Npo6IeM.
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Tab6esa 2.1 OgHoc u3Mehy NpyUMapHOT U AyaJIHOT IpobJieMa.

I[TPUMAPHU ITPOBJIEM AYAJIHU ITIPOBJIEM
max f (x) min g(y)
OrpaHuueme “i” [IpomeHnsbuBa “i”

= yi<0
< yi=0
= HeorpaHnuyeH 1o 3HaKy y;
[IpomensbuBa “j” Orpanuueme “j”
xj =0 <
x <0 >

HeorpaHuyet x; =

Teopwuja fyasiHOCTHU IoApa3yMeBa:

- 3a cBakKo pelleme X MpUMapa U CBaKo pelliere y Ayasa, BpeaHocT dyHkiuje g(y),
K0joj ce oxpehyje MuUHUMYM, je Beha uiu jegHaka BpeaHocTy ¢pyHkuuje f(x) Kojoj

ce ogpebhyje MmakcuMym.
A)Y = CX
- X'mY cy onTuMaJiHa pellemna ako BaXKHU:
CX' =AY

- Kapma je orpaHuyeme mnpumapa JaTo y OOJMKY jeAHAuuHe, TajJla je MpeJ3HaK
oarosapajyhe fiyajHe NnpoMeH/bUBE HEYCJIOB/bEH, @ MOXKe OUTU U HEraTUBaH.

- HeycnoB/beHor npejsHaka NpuMapHUM NPOMEH/bUBUM, OJ0Bapajy OrpaHUYera
JlyaJsia y 06JIMKY jeZJHaYMHeE.

- Ako jelaH MMa KOHA4YHO ONTHUMAJIHO pellewe, TajJa U APYrd HMa KOHA4YHO
ONTUMAJIHO pellekbe.

- Ako jejaH MMa HEOrpaHUYEHO ONTUMAJIHO pellewe, TaJa APYyTd HeEMA JOMyCTUBO
peleme.

- JlonyHCKOj IpOMEHJ/bUBOj Xj,; IpUMapa Koja ce HaJla3u y ONTUMaJIHOM 06a3U4HOM

peliewy oZiroBapa JyajHa npoMeHsbuBa y; = 0.
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- CTpyKTypHOj IPOMEH/bUBO] X; U3 6a3UYHO JJOMYCTUBOT pellierha IpUuMapa ojrosapa
AOTyHCKa NPOMEHJ/bUBA Jlyasla y ONTHMaJHOM pellewny YV, = 0. 3akbydak je ga

NpPOU3BOJ, CTPYKTYPHHUX NpPOMEH/bMBA MNpUMapa M OAroBapajyhux JonyHCKUX

IPOMEH/bUBUX Ayasia jeJHaK HYJIU, Tj.

x]ym_,_] =O, (]= 1,2,...,k)

2.5.5 TpancnopTHa MeToAa

CUMIJIEKC MeTOJIOM MOTY OWUTH pelleHU CBU MNpoO6JieMH JIMHEApPHOr NporpaMupama.
MebhyTumM, nocroje npobseMu 4Yuja je CTPyKTypa Mo/jieia TakKBa Jila ce, HAa je/lHOCTAaBHUjU
HAauUMH W 3a Kpahe BpeMe, MOTYy peUIMTH TPAHCIOPTHOM MeToJoM. OBU MNpo6GJieMHU

npHrKasyjy oapehrBame ONTUMaTHUX TPOIIKOBA IPU MO3HATO] CTPYKTYPHU TPaHCIIOPTA.

Y noyeTky je oBaj MeTO/, peliaBao caMoO TPaHCIOPTHe NpobJieMe, 300r Yera je U J0OMO UMe.
[IpyMapHU LH/b je 6M0 MUHUMMHU3HMPame TPOLIKOBA CJIakha pobe ca jeiHe JIOKaLUje Ha Apyre.
KacHuje ce nprMeHe 0Be MeTO/ie 3HaTHO NPOIIMPKJIA, Ha TPUMep, ePUKACHO ce KOPUCTH 3a
W3HAJIQXKehe ONTHMAJHOT pa3MellTaja (3amocjeHH, NPOCTOpUje UTA.), JIOKaluje

(ckyaguiTa, NpOoAAaBHUIA), U360pa HAjIOBO/bHUjUX MallIMHA 32 00aB/batbe pasa UT/.

OcHOBY 3a pellaBambe TPAaHCIOPTHUX po6JieMa noctaBuu cy je L. V. Kantorovich [38] u F.
L. Hitchcock [34] y BpeMe kajja MeTO0/I0THja JIMHEAPHOT NMporpaMupama joll Huje Ouia

yClnoCTaBJ/bE€HA.

[TocToju BesiMKU OpOj asiropMTaMa TpaHCcopTHe MeToJe. KoJl HeKux ce Mopa, MpeTXo/{Ho,
Hahy NoYeTHO pelleme, [1a TeEK HEeroBMM Nobo/bLIakeM Aohu g0 onTuMasHor. Kox apyrux

HUje NoTpe6HO GOPMUPATH MOYETHO pellehe.

Hajuewhe ce, kasa je Beh oapeheHO MOYEeTHO AOMYCTHUBO pellewe, KOPUCTe MeToAa
»Stepping stone”, MogudurukoBaHna (Modi) Mmetoza, u Ford-Fulkerson metozsa. 3a noTpebe
yTBphUBama TMOYETHOI [JIONMyCTUBOr pellewa Hajyemhe ce Kopuctu Boresosa

AIIPpOKCMMATHBHA MeTOo/Ja.

Stepping-stone uan AUCTpUOYIMOHA MeTO/Ja MOJIa3u 0J MOYETHOT JOMYCTHUBOT pellera
npo6semMa. Ilponec oTnouume uU3payyHaBambeM peJaTUBHUX TPOIIKOBA 3a CBAaKoO
He3ay3eTo NoJbe Tabese. PeJlaTUBHU TPOLIKOBU MOKa3yjy 3a KOJMKO O ce CMambUIU UIU
noBehasy TPOLIKOBM TPaHCIOpPTa ako OM ce jeJHa jeAMHUIIA TPaAHCIOPTOBaJa IpPeEKO

JlaTor mosba. [I03UTMBHU peslaTUBHU TPOIIKOBM YyKa3yjy Ha noBehawe TpOIIKOBa, a
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HeraTUBHU Ha CMameme UCTUX. [locTojame HeraTUBHUX peslaTUBHUX TPOIIKOBA yKasyje
Jla ce nocTojehy miaH TpaHcnopTa MoXe nobosbmaTu. To je KpUTEPHjyM ONTUMATHOCTH

JlaTor pellemma.

MoaudukoBana (Modi) MeToza je ycaBplleHa MeTOJa pesJaTUBHUX TPOIIKOBA. Y OBOj
METO/M je MpPUMEHEH jeITHOCTAaBHUjU MOCTyNaK 3a oapehuBamwe pasiuka di. Y BehuHu
c/y4ajeBa 1o MoAUGGUKOBAHU METO/M je moTpebaH MambU 6poj UTepalLHja 3a U3HATAKEHE

OIITUMAJIHOT pelleka, aJlh UMa BUIIE ITIOCPEAHOT padYyHahbad.

Ford - Fulkerson MmeToza je aaroputaM Koju pauyyHa MaKCUMaJIHU NPOTOK Y TPAHCIIOPTHO]
Mpexu. MeToJ, He 3axTeBa IOYETHO pelllele 3a H3HaJaKele ONTHMaJIHOT IJIaHa

TpaHcnopTa [59].

CBM npo6JieMH KOjU ce MOTY pellaBaTH TPaHCIOPTHOM MeTOZ0M, MOry 6UTH o6yxBaheHu
jeqHUM ONIITHUM MojesoM. [la 6u mOCTaBUJIM TaKaB MO/ieJl, KOPHUCTHU Ce MOCTPOjere Koje

MMa m NPOU3BO/ba U N NOTPOILHhA.

Ca x;;, (i =12,..,m;j =12,..,n) 03HAaYUMO KOJIMYMHE CUPOBUHE KOje Ce€ U3 GMJIO KOT

NpPOU3BO/a [ Tpeba TPAaHCIOPTOBATH Y OUJIO KOjy MOTPOILHY J.

Ca q;(i=1,2,..,m) o3HaYaBa Ce pacloOJIO)KMBA KOJMUYMHA CHUPOBUHE Y i-TOj TAYKHU
npousBoArme, a ca b;,(j=12,..,n) norpebHa KOJUYMHA CUPOBUHE j-TOj TaYKH

MOTPOLIHE.

Tab6esia orpanuyaBajyhux ¢pakTopa, y ONIITEM MOJIey U3TJ/e1a:

[ToTpomma PacnosioxkuBa
[IpousBoaka
Ri1 Rz Rn KOJINYWHA

P1 X11 X12 X1n ai

P2 X21 X22 X2n a:z

Pm Xm1 Xm?2 Xmn dm
[ToTpebHa

P b1 b2 bn
KOJIMYMHA

Ca ¢;; ce o3Ha4YaBajy TPOIUKOBM INpeBO3a 10 JeJUHHULU CUPOBUHE Koja ce W3 i-Te
NpPOU3BOJHE TPAHCIOPTYje Yy j-Ty NOTpolIiHe Tayke. Tabesa TUX TPOILIKOBA MO jeJUHUILU

CUPOBHUHE HU3TJieJa:
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[ToTpowma
[IpousBoama
R1 Rz Rn
P1 c11 C12 Cin
P2 c21 C22 C2n
Pm Cmi Cm2 Cmn

Ha ciiuny 2.2 je nprkasaHa 1ema TpaHCIopTa.

AN TN
X11:C11 R1

AL

2,0
72

oF
NS

/b N
Xene,Cmn Rn

Cauka 2.2 lllema mpaHcnopma

Mogen npumapHor npob6JsieMa, KaJila Cy MOHYJA U TpaxKika U3jefjHayeHe (T3B. 3aTBOPEHU
TPaHCIIOPTHU MPO6JIEM), UMa:




A) dyHKIMja KpUTEpUjyma

Zn:i CijXij (4.1)

j=1i=1
B) orpanuuaBajyhe ¢akTope:
n
inj = a, (l = 1,2, ,m) (42)
=1
n
inj = bj, (] = 1,2, ...,n) (4‘3)
i=1
m n
i=1 =1
xij = O, a; > O, bj > 0. (45)

Mogpes caipxu m jeagHaurMHa Tuna (4.3), n jeqHayvHa tumna (4.3) v ABa ycioBa (4.4) u (4.5).
Opn ykynHor 6poja (m+n) jeiHadyuHa, NOCTOjU (M+n-1) TMHeapHO HE3aBHUCHUX jeHAYMHA.
Ha ocHoBy Tora, moctoju (m+n-1) JMHeapHO He3aBUCHUX BEKTOpa KOjU 4YUHE 6a3sy

BEKTOPCKOT IIPOCTOpa.

Y Mopeny ce jaB/ba (m+n) NpOMeH/bUBUX, O/ KOjUX Y HeJlereHeprUCaHOM pellewy (m+n-1)
Mopa OWTHM MO3UTHUBHO, a (m-1)(n-1) jegHako Hyau. Ako uMa Mamwe of (m+n-1)

NPOMEH/bUBUX Ca TO3UTUBHOM BpeIHOIINY pelllere je JereHeprucaHo.

[IlpumapHOM Npo6/EMYy TpaHCIOPTHE MeTOoJe OAroBapa JAyalHU MpobJeM y KoMe Cy

Helo3HaTe 03Ha4veHe ca:
r,(i=12..,m)
k]', (] = 1,2, ,Tl)

a Yuju ce MOJieJl CacTOjU OJ;
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A) dyHKIMja KpUTepHUjyMa:
m n
(max); g = Z a;r; + z bik; (4.6)
i=1 j=1

B) orpanuuaBajyhux ¢pakrtopa:

1; + k] < Cij' (l = 1,2, ...,m), (] = 1,2, ,Tl) (47)

,Z[yaJIHe IIpOMEH/bUBE C€ YeCTO HaBI/IBajy: MHOXHWUTE/bHMaA, HOTEHLI,I/IjaJII/IMa HJIN

GUKTUBHUM BpeJHOCTUMA pesioBa (T;) OAHOCHO KoJioHa (k;).

MO,HI/ICIJI/IKOBaHa MeTo[a IoJla3u o4 AyaJIHOI' MoJeJia, 4 BOAHW padyHa U O MpPHUMApPHUM

npoMeH/bUBUM. CBe IpUMapHe NPpOMeH/bUBE MOpajy OUTU HEHETATUBHE Tj.
x;ij =0, (i=12,..,m), G=12,..,n)

OrpaHuyaBajyhu pakTopu fyajaHor npobsema cy:

ri+kj=cj3sax;>0 (4.8)
ri+ki<cjszsax;=0 (4.9)
JlogaBarbeM JIeBOj CTpaHU HejefHayuHe (4.9) uspaBHaBajyhy npomeH/buBY d;j, Jobuja ce
jesHadyrHa:
r+kj+dj=cj3ax;=0
Opaxsie je yrBpheHa BpeIHOCT pasJivke d;;, Tj:
dij=c;j—(ri+kj)sax; =0 (4.10)

Koja ce kopucTH NPUJIMKOM NMpOHaIaXKeHha ONTUMAJHOT pelliebha.

[[pyMeHOM TpaHCIOpPTHE MeToJe, NpobJeM ce pemaBa y JBe ¢ase U TO Kpo3

IIPpOHaJIAXKEHkE MOYETHOT U OIITUMAJIHOT pellekha.
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2.5.6 MeToaa pacnopehuBama

[Ipo6sieM pacnopehuBamwa npejcTaB/ba KOMOMHATOPHU MOJies1 KOjU ofjabrpe ONTUMAaIHU
O/ pacmoJioKUBOr 6poja Moryhux KoMbOuHauuja. MeToza mpunaja JMHeEApHOM
nporpaMupamby M MOXe Ce CcMaTpaTh MOCe6HUM OOJMKOM TPaHCHOPTHOr mNpobJjema.
[IpegHOCT OBe MeToje pacnopehuBama je Ja ce ONTHMaJHO pellerwe NpPOHaJla3d Ha

jeAHOCTaBHUjU HAYMH.

OcHoBe MeToza pacnopebuBamwa, uMau Mabapcke MeToje cy paspabuBaiu Mabhapcku
maTtematudapu D. Konig u ]. Egervary (Theorie der Endlichen und Unendlichen Graphen) na

OCHOBY TeOpeMe KOjy Cy loKa3a/d. Y TEOpeMHU ce TBP/HU:

,AKO ce y MaTpULIM Haja3e W HyJle, OHJA je MaKCHMaJlaH 6p0j He3aBUCHUX HyJia je[iHAK

MMUHHMaJIHOM 6pPOjy JIMHH]ja KOje MOKPHUBAjy CBe HyJie.”

Ha ocHoBy oBe Teopeme, H.W. Kuhn (The Hungarian method for the assignment problem,
1955) je pa3Buo anaroputam pelewa. Cactoju ce y pacnopehrBawby n akTUBHOCTH MJIU
pecypca Ha m M3BpIIMWJIALA UJIU MECTa, IPU YeMy ce eJiu nocThuhu Haj6o/ba epUKACHOCT.
[los1a3u ce op Tora Aa ce jejHa aKTUBHOCT MO>Ke J0JleJIMTH CaMO jeIJHOM M3BPILUOLY, Kao U
Jla je mo3HaTa epUKACHOCT i-TOT M3BPILUOLA HA j-TOj aKTUBHOCTH (cij). Lln/b Koju ce xenu
noctuhu Moxke OWUTU: Hajkpahe BpeMe 3a U3BpLIEHE MPOjEKTa, HAJHWKHU YKYIHU

TPOLIKOBM, HajKkpahu yKyIIHU NyTeBH, HajBeha J06UT U ciryHo [31].

MaTemaTH4YKu MoJies1 3a npobJsieMe pacnopehrBamba UJAEHTUYAH je Mojeny of (4.1) go

(4.5) camo uITO je y 0BOM cJy4ajy:

1 3a cBako i

a;
b; = 13acBako j

Passinka je jowr ¥ y TOMe, LITO MaTpulia 3a mnpobseMe pacnopehuBawa Mopa O6UTH
KBaZ[paTHa WM IUTO NPOMEH/bMBE MOTY y3MMaTH BPeAHOCT HyJa WIW jefaH. [losioxaj

He3aBHCHe HyJie y MaTpuLu ofipehyje npoMeH/bUBY Koja he UMaTH BpeJHOCT jeJjaH.

OBaj MoJies1 NOCTUXKe HajlIoBOJbHUje edeKTe Kajla je ped o pacrnopehuBamwy nocjioBa Ha
pajiHa MecTa, OJJHOCHO Ha paJiHUKe WM MallvMHe, U360p KaHJUAAaTa ca KOHKypca Y I[U/bY

3anocjietkba UTA.
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3. O/VIYYUBAIBA Y PYJAPCTBY IPUMEHOM JIMHEAPHUX MO/IEJIA

[Ipy opnyuyuBamy KOJ pellaBalka PAa3HOBPCHUX MNpobseMa y pyJapcTBY, Kao BeoMa
JlMCIleproBaHe Hay4yHe, MHXXelepCKe W NpHBpeJiHe IpaHe, NpPOHaJaXKewe ONTHUMaJHOT
pellerwa HUje caMO MMIlepaTHUB NOCTU3amka YCIEeLUHOT Ucxo/a Beh U 3aZjlaTak HeONXO0HOT
N03HaBamwa U Nperno3HaBamka ONTUMHU3ALMOHOTr NpUcTyna Mehy MeToJaMa olnepanuoHUX
UCTpaXKMBaka, Koju Tpeba Aa O6yze yckiaaheH ca nmpobseMoM. Y CKyny ONTHMHU3ALMOHUX
MeTo/ia OllepalMOHUX UCTPaKMBakba, MOJeJU JIMHEeapHOI MporpaMupama UCTUYY ce Y
NPaKTUYHOj IPUMEHHU 360T pelINBOCTH, OJHOCHO jacHO AedHHHUCAHe CTPYKTYpPHE METPUKe

U NMMIOTOAHHUX aJITOPUTAMCKHX ITIOCTYIIAaKa.

Bume je ksnacudukauuja mMojesia JIMHEAPHOT MIporpamMupara, Npema Lejlo6pOjHOCTH
NPOMEH/bUBHUX JleJie ce Ha Heyes0b6pojHe U ye/n06pojHe, IpeMa aJITOPUTMYy pellaBamba Ha
CUMN/AEKC, MpaHCNOpmHy WX Memody pacnopehusarsa, 3aBUCHO O NIPOMeHa CTama MU
$YHKIMOHMCAaba MOJEJIMPAHOr PeajHOr CUCTeMa, MoJes] MOXe OUTH Cmamuyku WA
JuHaMUYKu, LITO ca acleKkTa NpUMeHe JIMHEPAHUX MoJiesla y pellaBawkby PYyAHUYKHUX
npob6JsieMa, MOXXe OUTHU omnpejiesbyjyhe 3a M360p MpuUCTyna ajlyd He U 3a KOHCTPYKLUjy

Mo/JieJIa.

Cmamuyku modeau TIOTOJHU Cy 3a TpaKelwe ONTUMAJIHUX pellema PYAHUYKUX NpobJeMa
OrpaHHUYEHOI Tpajamkka Ha jeflaH Mepuo/, HIpP. ONTHMaJHEe NPOU3BOAE y oJpeheHUM
yCJI0BYMMA y JAaToOM Nepuonay. BpeMeHCKO Tpajambe mepuojia je peslaTUBHO, MOXKe OWUTHU

kpahe uau ayxe, Mecell, BUllle MecCelld, je/lHa F'OJJMHA WJIM BUIe TOJUHA, JUMUTHpPAjyhu
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YUHUJIAL, 32 [epuoJ, je HeNpOMEeH/bUBOCT YyCJI0Ba, HIpP. IleHAa KOpHUCHE MUHepasiHe
CUPOBHUHA, KOHIIEHTpPAaTa WJIM MeTasla Ha TPXKUIITY y MOCMAaTPaHOM IEPHOJy, YCJIOBHU
MOCJ0Bamka MTA. 3a JOHOCHOLA OJJIyKe aHa/IM3a OrpaHUYeHa Ha jeflaH MepHoJ HMa
MOBOJBHOCT Y CMHUCJY TMOYy3/JaHUjer carje/laBamba, u3bopa U JeTepMUHALUje YTUIAjHUX
YyMHUJAlla U oOrpaHuYewa. BpJsio 3HavyajHa je u MoryhHocT ojpebuBamwa rpaHule
IPOMEH/bUBOCTHU THX eJIeMeHaTa, Y OKBUPY Koje Hehe aohu a0 mopemehaja cTabUJIHOCTH

OINTUMAJIHOT pelieha.

ﬂUH(JMU‘lKU Mo0e/qu HaMeleHHU Cy Tparawky 3a OINTHUMAJIHUM pellelkhruMa PYAHHUYKHX
npo6ﬂeMa Kaza je IIPOMEHJ/bUBOCT yCJIOBA IIPUCYTHA. OHTI/IMI/IBaLlI/IOHa dHaJiIu3a CBOJH Ce
Ha l1epruog y Kkome je BUIIEe NHTEpBaJia HOCTOjaHI/IX yCJ10Ba, OAHOCHO Ha CTATHYKY dHAJIN3Yy

110 MHTEepBaJIMMa y NIOCMaTPaHOM IepUOAY.

JlJUHaMUYKO MoJieJiupalbe je 3aXTeBHUje, OHO Tpaxu JAedHUHUCAe YCJ0oBa IpeJsasa,
0/IHOCHO UHTepaKLuje u3Mehy uHTepBaJsia o pefociaesy, HIIp. IpOMeHa ca/ip»kaja KOpUCHe
KOMIIOHEHTe Yy pPYyJMU ca pasBojeM eKCIJIOATAallMOHUX pajioBa y PYAHUKY, WM HIP.
IJIAHUPAHO TMOCTYNMHO yBohewe HOBe oOmpeMe W MallMHA [0 TOCTH3amka 33/aTor
KanagureTa pyAHUKA. CTPYKTYpHO [AWHAMUYKH MOJEJH HHUCYy HUIITA JAPYyro [0

06je,£[I/II-b6HI/I HHWU30BU CTATHYKHX MO/JeJia Ca ,E[e(l)I/IHI/IcaHI/IM Mel')y yCJio0BUMa.

Y pyZapcTBy, O4HOCHO y BehUHU pyIHUUKUX Ipo6JieMa IPUCYTaH je yCJI0B MPOCTOpPa, TO je
Clay4aj U ca TeCcT eKCIepUMEeHTA/IHUM HCTpPaKUBambKUMa y OKBUPY JUcCepTalidje, LITO
HCTHYE U Jjaje 3Ha4aj JI0KaYUjCKUM AUHEAPHUM MOdeauMd. Y 0BOj TPy ONTUMHU3AIMOHUX
npo6sieMa, OCUM yCJ0Ba U OrpaHUYera Koja QUIYpUIly Yy CTaTUYKUM U AUHAMUYKUM
MoJile/lMMa MNPUAPYXKYyje ce yCJA0B MpPOCTOpa, NPOCTOPHE JUCTPUOYHMPAHOCTH, OJHOCHO
JIOKaljMje KBAaHTUTAaTUBHOT obeJiexXja — YMHHOLLA Kao eJieMeHTa MoJieJsia, HIIP. MPOCTOPHHU
pa3MellTaj JIEXKHUILITA ca pa3JIMYMTHUM KBAJUTETOM pyZe y IPOU3BOJHOM CUCTEMY Ca BUllle

pYZAHUKA UTA,.

OnTuMasiHa pellewma NpeMa MoJejrMMa U3 OoBe (aMuJIMje, JOHOCUOLY OJJIyKe MpyXajy
IMpe MOryhHOCTH 3a onpefie/berwe, Nope/ ycjaoBa 10 MHTepBaJMMa U NepruojuMa Kao y
CTaTUYKUM M JUHAMHUYKUM MOJEJIMMa, IPUK/bY4yjy IPOCTOPHU — JIOKALUjCKU PACIIOpPE..
EjleMeHTH JIOKalUjCKUX MOJieJia Cy: KPUTEPUjyM ONTUMAJIHOCTH, YCJIOBU - OTpaHUYEHa U

JIOKaI[HjCcKa obeJexja.
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[IpUXBaT/LUBOCT, MOjeIMHU ayTOPH HA3WBAjy OAP>KUBOCT, IMHEAPHOT MOJieJia 3aBUCH Of
O/ICTyNama u3Mehy CTBapHe U JIMHeapHe 3aBUCHOCTU MOJIEJICKUX MMapaMeTapa, y Mpakcu

MMa c/lydajeBa [ja ce 0Ba 3aBUCHOCT He MOXKe KOPEKTHO OMUCATH JIMHEAPHOM PYHKI[HjOM.
JIuHeapHU MoJeJ je MPUXBAT/bUB YKOJIMKO je OJCTyIlalke MaJio, aKo OBaj YCJOB HHje

3a/l0BOJbEH, MpUberaBa ce MapijydjasaHoj JHUHeapu3alUju HeJlMHeapHe 3aBUCHOCTH, CIMKa

3.1, uu je U3pavyyHaTo ,,0NTUMAJIHO" pellierbe OpUjeHTAlMOHOT KapaKTepa.

A > mHemapmneo 4 = manemapmun

neprop, X wHTepaaam (1-5)

neproa

Cnuka 3.1, [Tapuujanna inHeapusanuja [89]

Koju he mopen suHeapHOr mporpamMupama OWTH KopullheH y pellaBawmy Mpob6JeMa
3aBMCH 0/ IpUpo/Jie npobeMa, 6poja HeMO3HATUX, KpUTEpUjyMa U orpaHuYewa. Hujesan
MoJieJ1 JIMHeapHOT NporpaMupama HUje TOJMKO CaBplleH Ja J00ujeHO peliewe Tpeba

NPUXBAaTHUTU 6€3 KPUTHUUYKOT oJlHOCa [89].

[IprMeHa JiMHeapHOT MporpaMupama 3anounbe UAeHTUPHUKALUjoM U TapaMeTpU3aLujoM
npo6JieMa, yTBphuBameM JMHEAPHOCTH Be3a pejieBaHTHUX MapaMeTapa U u360poM Tuma
Mo/ieJia MOTOAHOT 3a pelllaBambe npobseMa. Ciengn GpopMupame Mojesa U U3padyyHaBamwbe

6a3U4HOr ONTUMAJIHOT pellea [89].

Mogenu cy ,ciaenu“ 3a oneHy JAOKYMEHTOBAHOCTHM yJa3HUX MOJaTaka, 03HATO je Ja Of
NOYy3JJaHOCTH M Ba/baHOCTU IOJATaKa KOJUM Ce MoJes HaxpaHU 3aBUCU pe3yJITaT
M3padyHaBamwa, a TO 3HAYM Ja HCXOAHO pellere MOXXe OUTH CTBApPHO MWJM KBasu
ONTUMaJIHO. 3aTO je HeONXOJHa ONpPe3HOCT M NpeTXOJHa NaX/bHBa IpoBepa yJa3HUX
nojaTaka, HAQpOYUTO YKOJMKO U3BOPHO HUCY IIPOBEPEHHU WJIU CY UCKYCTBEHO U aHAJIOTHO

fedrHucanu [89].
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Of cBUX MaTeMAaTUYKOT-MOJEJICKUX IIPUCTyNa OlepallMOHUX MCTPaKWBawka MOJeJU
JIMHeapHOoT NporpaMupama Cy Hajlivpe NpyUMewmbUBaHU. Bulle je passora 3a To, jefaH je
JlepMHMCAHOCT aJITOPUTAMCKUX NpolLefypa, APYTU je jeAHOCTAaBHOCT NmpuMeHe, Tpehu je
JleJIOTBOPHOCT, YeTBPTHU 6GOraTCTBO JINTepaType U MeTH MOHYJa U JOCTYMHOCT codpTBepa
[89].

Y pyaapcTBy y CBeTy, IodYelld MpUMeHe Mojiesla JIMHEeApHOT MporpamMupama JaTUpajy
KpajeM NeJeceTUX TOJjMHA Ha IJIaHUMpawy NpPOU3BOJHEe Yy pyAHULHUMA yrba (U3BOp:
Charles B. Manula, ,Application of linear programming methods to mine planning and
scheduling”, Special report of research conducted in Department of Mining College of
Mineral Industries The Pennsylvania State University, 1965, 34 p.). Ha Hamum npocTopuMa
NpBU 030U/baH HMCKOpaK HampaBJbeH je 1975. Mmarucrapckum pagom Cinobosana Byjuha
,ONTUMHU3alMja TEXHOJIOWIKUX I[poleca y TMOBPIIMHCKO] €eKCIJIoATalMju IPUMEeHOM
JIMHEApHOT MporpamMyupama”“ u ny6JuKanujoM uctor aytopa u B. PajgeBuha noj Ha3uBoM
,MeTozse oNnTHMHU3alLuje - TNpPUMeEHa JIMHEApHOr IMporpaMupama Yy MOBPLIMHCKO]

eKkcrioaTauuju“, YuuBepsurtet y beorpaay Pygapcko-reosomku ¢pakyaret 1976, 85 ctp.

[Ipodecop C. Byjuh wucrtuye: ,PemaBawmbeM pygHHUUYKUX TMpobJjeMa JIMHEApPHUM
nporpamMupammeM, NpejUCIOHMpa ce M300p HajIoBOJ/bHUjEr pellewma y aMOUjeHTy ca
OpOjHUM oOrpaHUYeHHMMa: M[PUPOJHUM, TMPOCTOPHUM, TEXHUUYKHUM, TEXHOJIOIIKUM,
€KOJIOLIKHAM, TPXXUIIHO-eKOHOMCKMM W JpYyruM. Y IUIaHUpamy, IPOjeKTOBaWky H
ONepaTUBHOM pYJAHHWYKOM OJJIy4YMBamwy, JHUHEAapHO MporpaMupame Cce KOPUCTH 3a
MaTeMaTU4YKO MO/leJIOBalbe peasHOT CUCTeMa, 3a carJje/laBalbe HeroBOr IOHallama,
TyMauelwe, aprymMeHToBambe, mnopehewe u mnpeasubamwe. Kopumhewem suHeapHOr
nporpamupama noBehaBa ce ePUKACHOCT U aAHAJMTHUYHOCT pajia HMHXKemepa, MOJMKe
NOY34AaHOCT OJJIyYMBaka, a pU3ULM I[OrpellHUX NpPeTIOCTaBKAU U JIOWIHWX OJAJIyKa

MUHUMU3HUPAjY”.

[IpuMeHe Mojesia JIMHeapHOT MporpaMupama y pyAapcTBy HeMajy JiMMeca, HeMoryhe je
no6pojaTu cBe npuMeHe 6e3 pU3MKa Jia JUCTa NobpojaBawa Hehe 6uTH LesioBUTA. [IpeMa
npod. Byjuhy, sucra y HacTaBKy KOjy HaBOJUMO HHUje KOHAa4YHa, OHa IIpe CBera roBopu o
NOTeHLHja/IMMa IPUMEH/bUBOCTH MO/ieJIa IMHeApHOT NporpaMypama y pyAapCcTBy:

« IJIAaHWPake U ONTHMU3AL1ja IPOU3BOAILE,

« yCKJahuBame NJIaHOBA NPOU3BOJILE,

e CHHXpPOHM3all¥ja IPOU3BOAE CI0KEHUX CUCTEMa Ca BULIe pyJHUKA

« XOMOTEHHU3allWja U yIpaB/balbe KBAJTUTETOM PYJE,
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« U3060p ompeMe U MAIlIMHA,

. pacnopebhuBame MalllUHA,

« OINTHMMM3ALMUja TPAHCIIOPTHE Tpace,

« ONTHUMH3ALHMjA JUCTPUOYIHje U TPAHCIIOPTA,

« OINTHMM3all¥ja 3a/1MXa MUHEPAJHUX CUPOBHUHA,

« ONTHMM3allMja 3a/1MXa MaTepPUja/THUX pecypca U eHepreHara,

« OINTHMM3AIUja YTPOIIKA eHepreHaTa, IOTPOIIHOT MaTepHjasia U pe3epBHUX [JIeJI0Ba,
. yckJahuBame U pacnopehuBame Mocjo0Ba Ha U3BPUIHOLIE,

« ONTHMM3all¥ja peKyJTHBalLMje pejesa AerpaJupaHor pyjapcKUM paJ0BUMa,
« OINTHMMM3alMja OUbHUX BPCTa 32 GUOJIOLIKY PEKYJITUBALH]Y,

« ONTHMM3alUja CTPYKTYPE, IJIaHUPabe U U360 KaPOBa,

« M300p ONTUMAJIHOT pelllerha y MPOjeKTHOM U OllepaTUBHOM OJJIYYUBAY,

« ONTHUMH3ALMja CEPBUCHUX (PaJMOHUUYKHUX) KaMALIUTETA PYAHUKA,

« IJIaHUpake UcXpaHe U HabaBKe NpexpaMbeHrX HAMUPHUILA 32 PYAHUK,

« U360p noHyhaya y TeHAEPCKOM MOCTYIIKY,

« yIpaBJbalbe UHBECTULHUjaMa, UT[.

[Ipo¢. Byjuh ob6jamimaBa HOBe TeHJAeHLMje U yHamnpehewa oONepaTUBHOCTH MojeJsa
JIMHeapHOI nporpaMupawma ciaesehum peuyunma: ,PeanHe mnpobiemMe y pyaapcTBy
KapaKTepHllle HeOTNyHa apaMeTapcKa ofpeheHOCT, HeJOBO/bHA NPELU3HOCT NoAaTaKa
WJIM HEM3BECHOCT 6y AyhUX aKTHUBHOCTHU U Jiorahamba, LITO je Mocjaeulia C10KeHUX yTUlaja
U CTOXaCTUYKe INPOMEH/bUBOCTH INPUPOAHUX, TEXHUYKHUX, TEXHOJIOIIKHUX, TPXKHUIIHUX,
NpUBPEJHUX, NOJUTHUYKHX, EKOJIOIIKUX M [Jpyrux ycaoBa. Y OBAaKBOM aMOHjeHTY
JIeTEPMUHUCTUYKA MOJIe/Id JIMHEeApHOI NporpaMupama Cy Mamwe WM BHUIIe yCIHellHe
anpokcMMalije peaJHUX NpobJsieMa, Te U IOpeJ HEOCIOPHUX yclexa U KOPUCTH Of
IbUXOBUX MNpHUMeHa OHU MOKa3yjy HeMoh mnpej mpob6seMUMa y KoOjuMa je NpUCYyTHaA
HeJloOBOJbHA  ofpeheHOCT, HempeLM3HOCT WJM  HEeU3BECHOCT. YodeHa  MaHa
JIeTEDMUHUCTUYKUX MoOJieJla TNOJACTAKJO je pa3Boj IOCEOHUX TeXHUKA ca LUJbeM
npuarohaBamwa JIMHeapHOT IporpaMUpaa 3a pellaBambe 33/laTaka y KojuMa je NpucyTHa
HeoapeheHocT. Mjeja ca oBUM TeXHUMKaMa HUje CaCBUM YcCIieJia, Ipe cBera 300T HbHUXOBE
KOHIIENIUjCKe YCMEpPEeHOCTH Ka carjejaBamy NocjJeJUlla peJaTUBHO MaJluX INpOMeHa
N0JIa3HUX NapaMeTapa“ M y HacTaBKy UcTuYe ,0Ba ca3Hawa Cy nobyJuja U MHUIMpaa
pa3Boj aJTepHAaTUBHUX NPHUCTYIa, T3B. MeToAa Soft computing-a, Koje Cy OCHOBU CBOje
u/ieje ToJlepaHTHe Ha HeNpeLMU3HOCT, HeCaBpLIEHOCT, HeoJpeheHOCT UM HeU3BEeCHOCT.
HajsHayajHuju NpUCTYN je 3aCHOBAaH Ha KOHLENTY TaKO3BaHUX pAcnAuHymux Wi ¢asu

ckymnoBa (3azex 1965), no3HaTa Kao meopuja mozyhHocmu. Y $as3u NpUCTyny ce 3a Mepy
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HeoZipeDEeHOCTH KOPUCTHU CTeleH HCHYHEHOCTH oApeheHUX ycJoBa, OJHOCHO CTeNeH
NpUNAAHOCTH eJeMeHTa napaMmeTapckoM ckymny. UMmiaemenTanujom ¢pasu ¢unocoduje y
MoJieJie JIMHeapHOT NporpaMupama oMoryheHo je yclellHo pelllaBambe peaJHUX NpobsieMa

ca mapaMeTpHUMa Koje KapaKTepulle paclJUHYTOCT."
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4. TECT EKCIIEPUMEHTAJIHA UCTPA’KUBAILA U AHAJIN3A PE3YJITAT

4.1 YBOJAHU OINIUC TECT EKCIIEPUMEHTAJIHOT ITPOBJIEMA

Ha Tteputopuju MakenoHuje pone/beHo je mpeko 360 KOHIecHja 3a eKCIJoaTaludjy
MHUHepaJHUX CUPOBUHA, 0 4yera je Bulle of 30% KoHLecHja Kpedraka. 3a IIo4eTak, 0BO je
OAJIMYHA OCHOBAa 3a H3paJly MoJjejia KOju Ou Morao Jia INOMOTHe 3a ONTHUMaJHy
NpPOU3BO/KY U IJIaCMaHa, Kao U noTpeby of OyAyhuM KoHuecujama uau noBehawem -

CMamemheM KanaluTeTa nocrojehux.

Excrioatanyja, mnpepaja M IOTPOLIKA KpedymwaKa 3ay3MMa 3alaXeHo MeCcTo Y
HallMOHA/IHOj eKOHOMHjU MakezoHHMje. YKynHa rojulimka Npou3BoJwa Beha je of 3,5
MMUJIMOHA TOHA, a MOTPOLIMkA OKO 2,8 MUJIMOHA TOHA Kpedwaka, UITO je Cpa3MepHO

[NpUuBpeJHNM l'IOTeHL[I/IjaJII/IMa 3€MJ/b€ BE€JIMKA [IPOU3BOJHA U IIOTPOLIH:A.

Kpeuwanu nmokpuBajy BeJMKH Jeo TepuTopuje Peny6sivke MakenoHuje. YriaBHOM ce
KopHucTe y rpaheBMHApCTBY, ajlu HeKe ce KOPUCTe U 3a NoTpebe MeTalypruje, XeMHjcKe

UHAYCTpHUje, npexpaMbeHe HHAYCTPHje U APYTHUX.

Ha ocHOBy TpeHyTHOT HMBOA 3Hama O JIXKUIITUMA KpeywaKa Ha TepuTopuju Penybsrke
MakeoHHje, MOTY ce U3ABOJUTH Yy ciefiehuM peruoHuMa:

- [OJIOMUTHM KaJIUTHU MepMepH [leslarOHUjCKOT MacuBa,

- 3alaZjHO-MaKeJO0HCKO NoApyyje,

- Kpeumallu y Bap/iapCKoj 30HHU.
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Y O0BOM TeCT-eKCIepUMEHTAJTHOM HCTPaXKMBawy Yy3UMajy ce y 0063Up KaMeHOJIOMU

KpeuykakKa ca roJullilkoM npou3Bo koM Behom o 50.000 t.

/lBajieceT U JeBeT NOBPIIMHCKHX KONOBAa Ha KOjUMa Ce eKCIJIoaTUlle Kpeymak, ca
roAUIIkbUM Npou3BoAHUM KanaputetuMa 50.000 - 450.000 t, roToBO je paBHOMEPHO

pacnopeheHo Ha TepUTOPUjU 3eMJbe, CIUKa 4.1.

[IpoM3BOAHM TPOWIKOBU Kpeuwaka Ha MOBPLIMHCKMM KOMOBUMAa peJAaTUBHO CY
yjennadyenu 300 - 400 H.j. (H.j. - HOBYaHa jeguHUIA). Jla 6U K36erjio npepadyyHaBame
TPOILKOBA Yy JIOKAJIHOj BaJlyTH (JleHap) Y BPeAHOCT HEKe 0Jf CBETCKUX BaJslyTa, KOPUCTH Ce
TepMHH HOBYaHa jegjuHuLa (H..). OBo He yTU4ye Ha U3pauyyHaBama M HeMa 3Hayaja 3a

HCX0/] aHaJ/I13e.

Ha 15 nokanuja, rpagoBa U Behux ypb6aHux cpejuHa, cavkKa 4.1, Takohe cy pesaTHBHO
paBHOMEPHO TMpPOCTOPHO pacnopeheHr (3HayajHUjU) NOTpoUIAYM Kpeumaka

Make/10HUjH, YHje Cy NojeIMHAaYHe ro/iulbe noTpebe 3a kpeuwakoM 50.000 - 950.000 t.

PasBujeHa Mpexka nyTeBa 06e36ehyje KOMyHHKAIMOHY MOBE3aHOCT CBUX MOBPLIMHCKUX
KOIOBA M MOTpoIllaya Kpeykhaka. 3aBUCHO 0/ pacTojamba U3Melhy NOBPLIMHCKUX KOMOBA U
noTpoulaya, TPOIIKOBU MpeB03a MO TOHU Kpeuywaka uM3Hoce 9 - 831 H.j., a JIOKaLUjCKU
TpowikoBU 409 - 1231 H.j./t.

BpojHOCT J1eXMIlTa KpeywakKa M INOBPIIMHCKHUX KOIIOBA Ha KOjUMa Ce eKCIIoaTHIIe,
u3pasuTe pasJivKe IOjeJJMHAYHUX MPOM3BOJHMUX KamaluTeTa, NOTPOIIAYKHUX NoTpeba 3a
Kpe4lkhaKoM M JIOKAlMjCKUX TpPOIIKOBA, MNOoKpehy nuTame panuoHanusanuje 6poja
€HTUTeTa Yy CAUCTEeMy, OJHOCHO JIOKALlMjCKe ONTHUMHU3aLMje eKCIJloaTalyje U NOTPOIlIHe
Kpeuthaka y Makegouuju. IluTtawbe Huje akaJeMCKO Beh MNpPaKTUYHO 3HaA4yajHO
MaKpOeKOHOMCKH, pPa3BOjHO, €KOJIOLIKHM, Yp6aHO, COLMjaJIHO, IJIAaHCKU [AYropo4yHO 3a
YPaBHOTEXEHO Y pallMOHA/IHO ra3/loBamke KpeyHhaKOM Kao MUHEpPaJIHUM pecypcoM uuje

pesepBe Y aKo BeJIMKe HUCY HeUCLpITHE.
CueHapro aHa/M3e MpobJsieM mnocMmaTpa y ABe onuuje: [IpBa omuuja ogHocu ce Ha

nocrtojehe cramwe cucrteMa ca 29 NpousBOAHUX U 15 eHTUTeTa moTpolike. [pyra oniuja

MMpeTrnocCTraB/ba Aa he ca YBObePbeM O CyMIIOpaBadka I'aCoOBa CaropeBarba, TepMOEJIeKTpaHa
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butosb roaumimwe TpowuTh oko 300.000 t kpeuwaka. TepMoesiekTpaHa 64 Kao 16-Tu

eHTUTEeT NOoTpolle oBehasa cajalime YKynHe norpebe 3a 11%.

Y HacTaBKy npuKa3aHd cy GOpMa/HU MaTeMaTHYKH U HYMEpPHUYKHU JIOKALUjCKU MOJeJl
NPOM3BO/lbe U MOTPOILIKkbe Kpedwaka y MakeJOHUjH, pe3yJTaTH aHalM3e, OLeHa U
3aK/by4akK.

. [ Cranjs

ibbisy,

Cauka 4.1, /lokayuje no8pwUHCKUX KON08A U nompowaya kpeurbaka y MakedoHuju

TyMau: sioKalMje NOBPUIMHCKUX KONIOBA KpeykaKa MapKrMpaHe Kpy>kuhuMa ca 6pojeBuMa
eKBHBaJIEHTHUM pelHUM OpojeBrMa y TabesaMa 4.2, 4.3 u 4.4.
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4.2 EHTUTETHU IIPOBJIEMA

Op R1 o R29 aTe cy riiaBHe KapaKTepUCTUKe NOBPUIMHCKUX KOIIOBA.
Ri1 - lToBpmnHCcku Kom ,Bpa3ga“ - o. Yyyep CaHzeBo

[ToBpuinHCKHU Kot ,bpa3ga” Hama3u ce ceBepo3anaHo oJ; CKomJba y HEOCpeAHO0j 6JIU3UHU
cena bpaszna, a afMUHUCTpPAaTUBHO Mpunaga onwtThHU Yydep CanpgeBo. Ox Ckomsba je
yAabeH 15 km. oMmyHuKanujcka Mpexka je A06pa, a 10 KaMeHoJIoMa Ce [i0Jla3yh Topej
acantupanor nyta. Caapxkaj CaCOs3 je 50,14 %. logummwe ce mpoussogu 100.000 t

KpeumakKa, a MaKCUMaJIHU ToAullby KanauuTeT je 250.000 t.

Cauka 4.2 Jlokayuja nospwuHckoz kona ,,bpazda“, AKH 20109.
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R2 - [loBpminHCcKkH Kon , BamkaHu” - 0. Yyyep CaHgeBo

[ToBpminiHckK kKom ,BawaHu” Hasma3u ce ceBeposamnagHo of, CKomJba y HENOCPEJHO]
611M3uHU cesia bawaHe U MUpPKOBIM, a afMUHUCTPATHBHO MNpUNaja ONIWITUHU Yydep
CangeBo. On Ckomsba je yaasbeH 21 km. KomyHuKanujcka Mpexa je mobpa, a Jo

KaMeHoJIoMa ce JoJsia3u noped achantupanor nyrta. Cagpxkaj CaCOs je 88,55 %. F'oaunime

ce npousBoau 200.000 t kpeumwaka, a MAKCUMaJIHU roAuLLbUY KanauuTeT je 600.000 t.

Cauka 4.3 /lokayuja nospwiuHckoz kona ,barsanu”, AKH 2019.
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R3 - [loBpmiHCKHU Kom ,,c. oBps1eBO” - 0. ConuiuTe

[loBpuinHckn kon ,c. ['oBpsieBO” Haznasu ce jyrosamagHo of CKomba Yy HENOCPeSHO]
6avu3unu cena JlonHo Cowe u ['oBpsieBO, a aJMUHUCTPATUBHO MNpUNaJa OMNIITHUHU
Conuwre. On Ckomsba je yaabeH 22 km. KoMyHuKanuyjcka Mpeka je MOBOJbHa jep ce

HaJla3u nopej mMaructpansor nyrta. Caapxkaj CaCOs je 98,10 %. 'ogumimbe ce NpousBoAU

450.000 t kpeumaka, a MAKCUMaJIHU ToAuIIHY KanauuTeT je 700.000 t.

Cauka 4.4 Jlokayuja nospwuHckoz kona ,.c. [oepaeso”, AKH 2019.
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R4 - [loBpmiMHCKHY Kon , 3eJIeHUKOBeL“ — 0. Conuuire

[ToBpmiHCKM Kon ,3es/leHUMKOBel]’ Haja3u ce jyro3amnafHo of CkKomba y HeNoCpeHO]
6/1m3uHU cesia ['oBpJieBa, a aAMUHUCTPATUBHO Npunaza ontuHy Conuwre. Of Ckomnsba je
yAaabeH 23 km. KoMmyHuKaldjcka Mpea je MoBOJbHA jep ce Hasla3u Mopej, MaruCcTpajHor

nyTta. Caapxkaj CaCOs je 98,44 %. loguwmimbe ce nmpousBoau 150.000 t kpeumaka, a

MaKCHMMaJIHU roguiibu KanauureT je 300.000 t.

Cauka 4.5 Jlokayuja nospwuHckoe kona ,3eseHukosey”, AKH 2019.
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R5 - lloBpminHCcKkHU Kon ,,['opHa Kpacra“ - c¢. Conumire

[ToBpmnHcku kon ,['opHa Kpacra” Hanasu ce jyrosanazHo of Ckomsba y OJM3MHU ceJsa
['oBpsieBa, a aAMUHUCTPATUBHO Npunaza onwtThHU Conumre. Ox Ckomba je yaabeH 26
km. KoMyHHKaLMjcka Mpexa je MOBOJbHA jep Ce HaJjla3u MOpeJ MarucTpajHOr MyTa.

Cagpkaj CaCOs je 98,40 %. l'oguuimwe ce npoussBoau 50.000 t kpeuwaka, a MaKCUMaJHU

roAvimky KananuTteT je 150.000 t.

Cauka 4.6 Jlokayuja nospwuHckoz kona ,I'opHa Kpacma*“, AKH 2019.
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R6 - [loBpmiiHCcKHU Komn ,,ConoT” - 0. KyMaHOBO

[ToBpuinHckr kom ,ConoT” Haznasu ce y ceBepHOj MakeJOHMjU y HeNOCpPeAHOj OJU3UHU
cesia ConoT, a a;MMHUCTPATUBHO npumazga omuTuHU Kymanoso. Of Ckomnba je yambeH 54
km, a o KymanoBa 15 km. KomyHukanujcka Mmpexa je 1o6pa, a 1o KaMeHoJioMa ce [10J1a3u
nopef achantupanor nyta. Caapxkaj CaCOs je 98,00 %. F'oguiume ce npousBogu 100.000 t

KpeumakKa, a MaKCUMaJIHU rogulliby KanauuTteT je 200.000 t.

Cauka 4.7 /lokayuja nospwuHckoz kona ,,Conom”, AKH 2019.
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R7 - loBpminHCcKHU Kon , Kpacta“ - 0. KymaHoBoO

[ToBpuinHcku kon ,Kpacrta” Hanasu ce jy:xHo of KymaHoBa y 6.113vHU cesia bubaHoBIE, a
aJIMMHUCTPAaTUBHO npunaza onwtuHU KymaHoBo. O Ckomsba je yzaabeH 43 km, a of
KymanoBa 12 km. KoMmyHuKanuyjcka Mpexa je 106pa, a 1o KaMeHoJioMa ce [10J1a3y Mope/,
acantupador nyta. Caapxkaj CaCOs3 je 97,15 %. logummwe ce mpousBogu 150.000 t

KpeumakKa, a MaKCMMaJIHU rogulliby KanauureT je 300.000 t.

Cauka 4.8 Jlokayuja nospwuHckoe kona ,,Kpacma*“, AKH 2019.

77



R8 - [loBpminHCKHU Kon ,,c. T'opHa Bawkuna“ - o. T'ocruBap

[ToBpminiHCcKK kKom ,c. ['opHa Bawuna” Hamasu ce jykHo of ['ocTHBapa y HeNoCpeJHO]
6au3uHu cena [opHa Bawuia, a aJMUHUCTPAaTUBHO Npumnaja onuthuHUA [octuBap. Of

Ckomba je yaabeH 72 km, a ox 'octuBapa 7 km. KoMmyHuKanujcka Mpexa je 106pa, a o

KaMeHoJIoMa ce JioJia3u noped acoanatupanor nyta. Cagpxkaj CaCOs je 86,74%. F'oaunime

ce npousBoau 100.000 t kpeunwaka, a MAKCUMaJIHU rogulliby KanauuTeT je 300.000 t.

Cauka 4.9 Jlokayuja nospwuHckoe kona ,c. l'opna barwwuya“, AKH 2019.
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R9 - lloBpminHCcKHU Kon , Kpacra-2“ - 0. TocTuBap

[ToBpuinHcku kon ,Kpacrta-2” Hanasu ce jyrosanazHo oz, ['ocTuBapa nopes MarucTpajaHor
nyta ['octuBap - KuueBo, a afAMUHUCTpATUBHO npunaza onwtuHu 'octuap. Ox Ckomnsba
je ynamen 71 km, a op Tl'octuBapa 7 km. KomyHuKanujcka Mpexka je MoBOJbHA jep ce

HaJa3yu nopen Maructpansor nyrta. Cagpxaj CaCOs je 99,00%. l'oguiume ce npoussoau

150.000 t Kpeurwaka, a MaKCMUMaJHU roAuIlkby KananyTeT je 350.000 t.

Cauka 4.10 Jlokayuja nospwuHckoz kona ,Kpacma-2“, AKH 2019.
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R10 - INoBpumuuHCckH kom ,Kpacra“ - 0. FocTtuBap

[ToBpuminHcku kon ,Kpacta” Hanasu ce jyrosamazHo of ['octuBapa mopej MarucTpajaHOr
nyta ['octuBap - KuueBo, a afAMUHUCTpATUBHO npunaza onwtuHu 'octuap. Ox Ckomnsba
je yaamen 74 km, a og I'octuBapa 10 km. KomyHuKanujcka Mpexa je MoBOJbHA jep ce
Hasa3u nopej marucrpasisor nyta. Cagpxaj CaCOs je 98,50%. l'oguiime ce mpousBoau

200.000 t kpeuraka, a MAKCUMaJIHU TOAUIIHHU KananuTeT je 350.000 t.

Cauka 4.11 Jlokayuja nospwuHckoz kona ,Kpacma*“, AKH 2019.
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R11 - lloBpmuHCKM Kol ,,Jl06apcKu kegeH" - 0. XKeJIuHO

[ToBpminiHCcKK Kom ,/loGapcku »kefeH” Hajla3u ce UCTOYHO of TeToBa, mopej ayTomyTa
Ckomsbe - TeToBO, y 6/1M3UMHU cesa Jlobaple, a af;MUHUCTPATHBHO MpUIaZa ONIITUHU
Kenuno. Op Ckomsba je yaasbed 30 km, a ox TetoBa je yaamben 13 km. KomyHukanujcka
Mpexa je oBOJbHA jep ce HaJla3u nope aytonyTa. Cagp:xaj CaCOs je 96,10%. 'oguiime ce
npousBoaur 200.000 t kpeuwaka, a MAKCUMaJIHU TOAUIIBY KanauuTeT je 350.000 t.

Cauka 4.12 Jlokayuja nospwiuHckoe kona ,/Jo6apcku sxceden”, AKH 20109.
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R12 - lloBpmMHCKHM Kol ,,CiioemtHuna“ - 0. lemup Xucap

[ToBpminiHcKkK kom ,CiioellHMLIA” HaJla3u ce y jyrosamnajiHoj MakeJOHHUjU Y HENOCPeJHO]
61M3uHM cena CioenITvlLa, a a[]MUHUCTPATUBHO npunaja onmtuHu Jemup Xucap. Of
Ckomsba je yaambeH 141 km, ox KuueBa 32 km, a ox Ilpunena 37 km. KomyHukanujcka
Mpexka je 106pa, a 10 KaMeHoJI0Ma ce AoJa3u nopej achantupanor nyta. Cagpxkaj CaCOs3

je 96,40 %. l'ogummwe ce npousBogu 115.000 t Kpeumwaka, a MaKCHUMaJHU TOAMUIIHBU

kamauuTeT je 150.000 t.

Cauka 4.13 Jlokayuja nospwuHckoz kona ,,CaoewHuya”, AKH 2019.
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R13 - lloBpmuHckH Ko ,, Tominga“ - o. lemup Xucap

[ToBpuinHcku kon ,Tonsnua” Hasmasu ce y jyrosamaZHoj Make#oHUjU y OGJM3UHU cesa
KBaH u Cioewmrtuna, a aAIMUHUCTPATUBHO NpUmnaZa onwtuHU Jlemup Xucap. O Ckonba je
yaabeH 148 km, a o KuueBa 38 km. KomyHukanujcka Mpexa je 106pa, a 0 KaMmeHoJioMa
ce noJsasu nopen achantupanor nyta. Cagprxkaj CaCOs je 96,50 %. F'oguimbe ce Nporu3BoAHU

85.000 t kpeyrwaKa, a MAKCUMaJIHU roulIbu KananuTeT je 200.000 t.

=

Cauka 4.14 J/lokayuja nospwiuHckoe kona ,, Tonauya“, AKH 2019.
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R14 - [IoBpIIMHCKHM Kol ,.C. /IparoB los1“ - 0. MakegoHcku bpoj,

[ToBpumimHCcKkU kom ,c. [paroB [lon” Haja3u ce y 3amaZHoj MakeJOHHWjU Yy HEMOCpPeAHO]
6/1M3uHU cesa JlparoB /[loJi, a aIMUHUCTPATUBHO MpPUIaZa ONIITUHU MakegoHcku bpos,.
Op Ckomba je yaabeH 151 km, a ox KuueBa 41 km. KomyHukanujcka Mmpexa je 06pa, a Ao

KaMeHoJIoMa ce JoJsia3u noped achantupanor nyrta. Cagpxkaj CaCOs je 62,90 %. F'oaunime

ce npoussoau 80.000 t kpeuwaka, a MaKCMMaJIHUA rofgulikbu KanayureT je 120.000 t.

Cauka 4.15 J/lokayuja nospwuHckoz Kona ,c. [lpazos floa“, AKH 2019.
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R15 - lloBpmuHCckH Ko ,,Joaru Pug” - o. MakeaoHcku Bpoj,

[loBpuinHckn kon ,Jloarn Pup” Hanasu ce y 3anagHoj MakeOHUWjU y HeNOCpPeSHO]
61u3uHu cesna CyBoJJi, a afl]MMHUCTPATUBHO NpUNaJa onwTUHU MakenoHcku Bpog. Of
Ckomsba je ynambeH 140 km, og KudeBa 31 km, a ox Ilpusnena 36 km. KomyHukanujcka
Mpexka je 106pa, a 10 KaMeHoJI0Ma ce AoJa3u nopej achantupanor nyta. Cagpxkaj CaCOs3

je 59,50 %. l'opuwmmwe ce npousBogu 75.000 t Kpeuwaka, a MaKCMMaJHU TOAULIbBU

Kamnauurert je 200.000 t.

Cauka 4.16 J/lokayuja nospuiutckoz kona ,,[loneu Pud“, AKH 2019.
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R16 - lloBpmuHCKM Kon ,Pamanen - o. Oxpup,

[ToBpuinHckr kon ,Pamanen” Hasnasu ce y jyrosamnafHoj MakejoHUWjU y OJM3UHU cesa
3aBoj, a aAMMHUCTPATUBHO Npunaza onwtuHu Oxpua. Ox Ckomba je yaabeH 178 km, a of
Oxpuga 16 km. KomyHukanujcka Mpexa je f06pa, a JJo KaMeHoJIoMa ce [10J1a3u Mope/,
acantupador nyrta. Caapxkaj CaCOs je 92,50 %. Fogummwe ce npousBogu 60.000 t

KpeumakKa, a MaKCUMaJIHU ToAHIIbY KananuTeT je 75.000 t.

Cauka 4.17 Jlokayuja nospwuHckoz kona ,,Pawaney”, AKH 2019.
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R17 - lloBpmuHCKHM Kon ,Beanna“ - o. Ctpyra

[ToBpuinHcku kon ,besnuna” Hanasu ce y 3anagHoj MakenoHuju y 6a1u3uHu cesna /JlosnHa
Benuna, a afAMUHUCTpaTUBHO npunaja onwtuHU Ctpyra. Ox Ckomsba je yaabeH 177 km,
oz Ctpyre 7, a ox Oxpuga 20 km. KomyHukanujcka Mpexa je 106pa, a 0 KaMmeHoJioMa ce
fonasu nopej, achaatupanor nyta. Cagprkaj CaCOs je 96,20 %. 'oguiimbe ce NpoU3BOLU

150.000 t kpeuyrwaka, a MAaKCUMaJIHU FOAUIIIKU KananuTeT je 250.000 t.

Cauka 4.18 J/lokayuja nospwiuHckoz kona ,,beauya“, AKH 2019.
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R18 - [loBpmIMHCKHM Kol ,,J/IOKOB - ¢. ®paHroso” - o. Ctpyra

[loBpuinHckun kon ,JIokoB - c. ®PpaHroBo” Hajsas3u ce y jyrosamazHoj MakeAoHHUjU y
6113uHM cena Pagoxga, a agMUHUCTpAaTUBHO npunaja onwtuHy Ctpyra. Of Ckomsba je
yaabeH 188 km, ox Ctpyre 8, a ox Oxpuga 21 km. KomyHukauujcka Mpexa je 106pa, a a0
KaMeHoJIoMa ce JloJ1a3u nopea acaatupanor nyta. Cagprxkaj CaCOs je 97,93 %. loguiime

ce npousBoaur 80.000 t kpeurwaka, a MAKCUMaJIHU ToAUIIKY KananuTeT je 150.000 t.

Cauka 4.19 J/lokayuja nospwuHckoz kona ,./lokos - c. ®paHzoeo”, AKH 2019.
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R19 - lloBpmuHckHM kom ,Kpacra - c. Bopoern“ - o. Ctpyra

[ToBpuinHcku ko ,Kpacra - c. bopoen” Hana3u ce y 3anagHoj MakenoHUju y 6JIM3WHU cesa
Bopoel, a afMUHUCTpaTUBHO Npunaja onwtuHU Ctpyra. Ox Ckomsba je yaabeH 185 km,
oz Ctpyre 15, a ox Oxpujga 28 km. KoMyHuKaljcka Mpexa je 106pa, a 10 KaMeHoJioMa ce
fonasu nopej, achaatupanor nyta. Cagprkaj CaCOs je 96,20 %. 'oguiimbe ce NpoU3BOLU

85.000 t kpeyrwaKa, a MAKCUMaJIHU FouIIbHU KanauTeT je 150.000 t.

Cauka 4.20 J/lokayuja nospwuHckoz kona ,Kpacma - c. bopoey”, AKH 2019.
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R20 - loBpmuHckM Kom ,Kpacra - c. J/JabyHumra“ - o. Ctpyra

[MoBpmmHCckH Ko ,, Kpacta - c. JlabyHuiuTa” Hasasu ce y 3anasgHoj MakeJoHHjU Y GJIU3UHU
cesia JIabyHUIITa, @ aIMUHUCTPATUBHO npunaja onmtTiHu Ctpyra. O Ckomnsba je yJabeH
183 km, ox Ctpyre 13, a ox Oxpuga 26 km. KomyHukanujcka mMpexa je aobpa, a Ao

KaMeHoJIoMa ce JoJsia3u noped achantupanor nyrta. Cagpxkaj CaCOs je 96,20 %. F'oaunime

ce npousBoau 75.000 t Kpeyrwaka, a MaKCHUMaJIHU roguliikbu KananuTeT je 200.000 t.

Cauka 4.21 Jlokayuja nospwuHckoz kona ,Kpacma - c. Jlabynuwuma“, AKH 2019.
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R21 - lloBpmuHCKHM Kon ,, Tpojauu“ - o. [Ipuaen

[ToBpuinHcku kon , Tpojanu” Hanasu ce y jyxkHoj MakejoHUjU y 6J1M3KMHU cesia Tpojauy, a
aJIMMHUCTpaTUBHO npunaja onwtuHU Ilpunen. Op Ckomsba je yzameH 109 km, a ox
[Ipunena 26 km. KomyHuKalyjcka Mpexa je MoBoJbHA jep ce Hajla3u MopeJ, MaruCcTpajsHor

nyta. Cagpxaj CaCOsz je 61,22 %. logumme ce npousBoau 70.000 t Kpeuymaka, a

MaKCHMMaJIHU roguiibu KanauureT je 300.000 t.

Cauka 4.22 Jlokayuja nospuiurckoz kona , Tpojayu*“, AKH 2019.
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R22 - lloBpmuHckM Kom ,Kamen /lo1“ - 0. Pocoman

[ToBpuinHcku kon ,Kamen Jlon” Hanasu ce y jyxkHoj MakenoHUju y 6,1M3MHU cena KameH
JloJ1, a aAMMHUCTPATUBHO Npumaja onwtTiHU PocomaHn. O Ckomnsba je yaamben 87 km, a of
KaBagapua 16 km. KomyHuKkanujcka Mpexa je 06pa, a o KaMeHoJIioMa ce J10J1a3U MopeJ,
acasTUpaHoOT MyTa y 6/IM3UHU MaructpasHor nyta. Caapkaj CaCOs je 78,42 %. F'oaunime
ce npousBoaur 100.000 t kpeurwaka, a MaKCUMaJIHU rofuliby KanaguTeT je 300.000 t.

Cauka 4.23 Jlokayuja nospwiuHckoz kona ,,Kamen /flon“, AKH 2019.
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R23- lloBpuiMHCKHY Kol ,Memenuin“ - o. Crpymuna

[ToBpuinHckr komn ,Memewin” Hajlasu ce y jyroucTo4Hoj MakeJoHHUjU y OGJU3MHHU cesa
MemMenwiy, a aAMUHUCTPATUBHO npunaja oniituHu Ctpymuna. Og Ckonsba je yaambeH 154
km, a ox Ctpymune 16 km. KomyHukauujcka Mpexa je MoBOJbHA jep ce Hasia3u mopes

MaructpasiHor nyrta. Cagpxkaj CaCOs je 98,50 %. logumme ce mpousBogau 200.000 t

KpeumakKa, a MaKCUMaJIHU rogulliby KanauuTeT je 400.000 t.

Cauka 4.24 Jlokayuja nospwuHckoz kona ,Memewau“, AKH 2019.
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R24- lloBpumHCckH Ko , TaTapau Yyka“ - o. BalangoBo

[ToBpunHckH Kot , TaTapsiu Uyka” Hasa3u ce y jyroucTo4yHoj MakeJoHUjU y 6JIM3HUHU cesla
TaTapsiy, a aAMUHUCTPATUBHO Npunaja onuwtTuHu Banangoso. Of Ckonsba je yaambeH 145
km, ox Ctpymune 22 km, a oa hehenuje 30 km. KomyHukanujcka Mpexa je moBoJbHa jep

ce Hajlasu y OGJMU3WHU MaructpasHor nyrta. Cagpxkaj CaCOs je 97,98 %. l'oaunime ce

npousBoar 100.000 t kpeuwaka, a MakKCUMaJIHU roguiimbu KanagureT je 200.000 t.

Cauka 4.25 Jlokayuja nospwiutckoz kona ,, Tamapau Yyka“, AKH 2019.
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R25 - lloBpmuHckHM Kon , Tarapsm Yyka 2“ - 0. BasaHg0B0

[ToBpuinHcku kon ,Tatapsau UYyka 2” Hanasu ce y jyrouctouyHoj MakefoHUjU y OJIM3UHU
cesia Tatap/iy, a a;MUHACTPATUBHO Npunaja oniituHu Banangoso. Og Ckomsba je yaambeH
145 km, og Ctpymune 22 km, a ox Heshesuje 30 km. KomyHukauujcka Mpexxa je moBo/bHa

jep ce Hasa3u y 6JM3UHM MaructpasHor nyta. Caapxkaj CaCOs je 97,80 %. l'oauuime ce

npousBoar 50.000 t kpeuwaka, a MAKCUMaJIHU rouibyu KananuTeT je 200.000 t.

Cauka 4.26 Jlokayuja nospuiurckoz kona ,, Tamapau Yyka 2, AKH 20109.
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R26 - lloBpmuHCcKH Ko ,,I'pooT” - 0. Bestec

[ToBpuinHcku kon ,,['pooT” Hanasu ce y ueHTpasaHOM ey MakenoHuju y 6a1u3nHU Beseca,
a aAMUHUCTPATHUBHO Npunajaa onutuHu Besec. Ox Ckomvba je yaabeHn 57 km, a o Beseca
4 km. KoMyHuMKallMjcKa Mpe)a je IOBOJbHA jep ce Hajasu y OJM3WHU ayTolyTa U
)KeJie3HUWUYKy cTaHuly. Cagpkaj CaCOs je 94,20 %. l'ogummwe ce npousBoau 200.000 t
KpeumakKa, a MaKCUMaJIHU rogulliby KanauuTeT je 400.000 t.

Cauka 4.27 Jlokayuja nospuuHckoz kona ,, ' poom“, AKH 2019.
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R27 - lloBpmuHckM Kom , TogopoBu bBaBuu“ - 0. Besiec

[ToBpuinHckn kon ,TomopoBu BbaBum” Haznasu ce y neHTpaJHOM Jeny MakenoHuju y
6a1v3uHu Beseca y cksony mnoBpumivHCKor koma ,llpeBasen 1 a agMUHUCTpPaTUBHO
npunaza onuwtuHu Benec. Ox Ckomsba je yaameH 57 km, a on Beneca 3 km.
KoMyHMKalMjcKka Mpexa je MoBOJbHA jep ce HaJla3u y OJIM3WHU ayTONyTa U KeJe3HUUYKY
ctanuny. Caapxaj CaCOs je 95,74 %. l'opummwe ce npousBoau 50.000 t kpeumwaka, a

MaKCUMaJIHU rogulibu KanauureT je 300.000 t.

Cauka 4.28 J/lokayuja nospwuHckoz kona , Todoposu basuu”, AKH 2019.
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R28 - lloBpmuHckHM kom ,IIpeBasiern 1“ - 0. Besiec

[ToBpuinHcku kon ,llpeBasen 1” Hanasu ce y LeHTpasaHOM JAeny MakeqoHUjU y OJIU3UHU
Beseca, a agMUHUCTpaTUBHO Npunaja oniituHu Besnec. O Ckonsba je yaamen 57 km, a of
Beneca 3 km. KomyHuKanujcka Mpexa je IOBOJbHA jep ce Hajla3u y GJIM3UHU ayToNyTa U

»kese3HUUYKy ctaHuly. Caapxkaj CaCOs je 96,84 %. l'ogummwe ce mpousBoau 75.000 t

KpeumakKa, a MaKCMMaJIHU rogulliby KanauureT je 300.000 t.

Cauka 4.29 Jlokayuja nospwuHckoz kona ,IIpesaney 1, AKH 2019.
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R29 - [IoBpIIMHCKHM KoOII ,,C. BugoBumre” - 0. Kouanu

[ToBpIIMHCKHK Kol ,C. BumoBuiTe” Hasma3u ce y UCTOYHOj MakeJOHUjU Yy GJIU3UHU cesia
BuzoBullTe, a aAMUHUCTPATUBHO Npumnaga onmwtuHa Koyanu. Og Ckomsba je yaamben 113
km, o Koyana 13 km, a og lllTuna 31 km. KomyHukaiujcka Mmpexa je f06pa jep ce Hajia3u
y 6JM3uHM MaructpasHor nyta. Cagpxkaj CaCOs3 je 92,10 %. loaulime ce nMpou3BOAU

50.000 t KpeurwakKa, a MaKCMMaJHU roAullikbHU KananuTeT je 80.000 t.

Cauka 4.30 J/lokayuja nospwuHckoz kona ,.c. Budosuwme*, AKH 2019.
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4.3 POPMAJIHU MATEMATHYKH MOJEJI

HauenHo ¢opMupame JOKaLUjCKUX MOJeJa, 3a CAydajeBe Kao LITO je eKCcIJioaTaluja U
NOTpOLIbAa KpeulaKa, CBOJM Ce Ha aHa/lu3y W mnpuJarohaBame nocrojehux u yBohemwe
HOBHUX NPETHNOCTAaBKU Ha KOjUMa ce MoJeJ 3aCHUBA. Y MaTeMAaTU4YKOj CTPYKTYPHU OBaKBUX
MojJiesla JiBe Cy KOMIIOHeHTe: QYHKILMja KpUTEpHjyMa U CUCTEM OTrpaHUYema -
MaTeMaTU4Ke peJaljdje Koje JIOKallUjcKh Npob6JieM AedUHUILY Yy NPOCTOPY U BPEMEHY
[68,84].

[Ipy MaTeMaTU4YKOM ONMUCY NPO6JIeMa, TAXKHba je Ha 0C06eHOCTUMA U 3aXTeBUMa KOjH Cy OJ
HajBeher 3Hauyaja 3a carJyiefjlaBambe U pellewe NpobseMa, y NpeJMeTHOM NpobJieMy

yO4JbMBaA je:

« OyHKIMOHA/IHA 3aBUCHOCT /IB€ I'PyIle eHTUTETA — IPOU3BOJHUX U MOTPOIIAYKUX;
« PesnaTtuBHO paBHOMepHa NpPOCTOpHA pacnopeheHOCT eHTUTeTa 06€e rpyIe;

. KOMYHI/IKEIL[I/IOHEI IIOBE€3aHOCT CBUX €EHTHUTETA.

You/bUBO je U Ja je Mpo6JieM JIOKALUjCKHU, ONITUMHU3ALMOHH, Ca OTPaHUYEHbUMA ¥ KojUMa
burypuily mNpousBOJHM KaNallUTETH TMOBPUIMHCKUX KOMOBA Kpeywaka, MNoTpebde
noTpoulaya, TPOLUIKOBU MPOU3BO/[Hbe U NpeBo3a Kpeuwaka. PyHKIUja KpUTepUjyMa Kao
KBAaHTUTAaTUBHU MCKa3 KPUTEPHUjyM ONTUMAJHOCTH, Yy OBOM CJy4ajy MOXKe OHUTH
MHUHHMaJIHA Y/ja/beHOCT, MUHMMaJIHU TPOILKOBY NPeB03a, MUHUMAJIHO Tpajake NpeBo3a,
MHUHHMaJIHU TPOUIKOBU MPOU3BO/Ikbe U NMpeBo3a UTA. [1o1ITO je MAKpOEKOHOMCKH UHTEpeC
3eMJ/b€ YCIOCTaB/batbe pallMOHAaJIHE CTPYKTYpe EeHTHUTEeTa MNPOU3BOJHE W MOTPOLIHE
KpeuyraKa, 0JHOCHO MUHUMH3AllMja YKYNHUX TPOIIKOBA CHUCTEMa, JIOTUYHO je Jla cy 3a
KPUTEPHUjyM ONTUMAJHOCTU MEPUTOPHU MHUHUMAJIHU JIOKAIUjCKU TPOIIKOBH, OJHOCHO

TPOLIKOBY MPOU3BO/IIbE U MMPEBO3a KpeUukhaKa.

Jlucta MeToAa OINepalMoOHUX MCTPaXKWBalba, HYAW BHIIE MaTeMaTHYKO-MOJEJCKUX
NPUCTyNa MOrOJHUX 3a pa3Boj Mojesia ONTHMHU3alMje eKCIioaTallhje U MOTPOIIHe
Kpeutbaka. [losazehu ox mpuHinuna ga Mozen Tpeba Jja o6yxBaTh caMO (pEeHOMEH Of
MHTepeca ca jacHO AeduHUcaHOM (YHKLUjOM, U Aa 300r BpeJHOBawa HHUje MOXKe/baH
CyBHUILle CJ0KeH MoJen [49,62], 3a pa3Boj Mojiesia npeJMeTHOr NnpobjeMa U3abpaHa je

IMpoB€peHa MAaTEMATHUYIKO-MOJEJICKAa OCHOBA JIMHEAPHOT IPpOorpaMupama.
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Y CTpPYKTypu JIMHEapHOI MaTeMaTUYKOI MoJieJla je TpOIIKOBHA (MMHMMHU3Upajyha)
dyHKIMja, yC/I0BU NOTPOIIke - MNOTpebe moTpollaya Mopajy OUTH 3aJl0BO/bEHE, U
OorpaHUYera MPOU3BO/lbe — MPOU3BOJAHM KaNallUTETH NMOBPUIMHCKUX KOMOBA He MOTY

OUTH NMpeKopadyeHU. Y HACTABKY Cy IPUKa3aHU MO/ieJiv 3a 06e omijuje, npBy ca 15, u apyry
ca 16 eHTUTETa NOTPOLUIHE:

1. OINLHUJA 2. OILHJA
dyHk1Mja uba
29 15 29 16
zZ; = ZZ(di + ¢ijxi;) - min zZy = Z Z(di + cyxyp) > min (D
i=1j=1 i=1 j=1
YcnoBu
[IponsBosHe MOryhHOCTH MOBPIIMHCKHUX KOMTOBA
15 - 16 _
X; <R;i=129 D % <R;i=129 (2)
=

[ToTpourwa-norpebe nmotpouaya

- 29
> %, =P; j=115 > x; =P =116 (3)
i i=1

rje je:

xjj— UcnopydeHa KoIM4MHa Kpeyraka ca NOBPIIMHCKOT Kona (f) noTpouayy (j), y ToHaMa.

di- TpolIKOBY NPOU3BO/bE 110 TOHU Kpedyaka Ha MOBPUIMHCKOM Kony (1), y H.j..

cij— TPOIIKOBHU MpeB03a 10 TOHU KpeukaKa 0/ MOBPILMHCKOT Kona (i) fo notpowaya (f), y H.j..
R; - [IpousBoiHA MOTYRHOCT - TOAUIIKHY KaNalluTeT MOBPUIMHCKOT Kona (i), y ToHaMa.

P - roauiime notpebe norpoiuayva (j), y ToHama.

dopmasiHU MaTeMaTUYKHA MO/JieJId MPUKaA3yjy ce U Y MaTPUYHOM - TabesapHOM OOJIUKY
Kao MaHUMyJIaTUBHO mnorofHujeM [49,68]. Jlokauujcku Mojes eKcCIJioaTaldje Hu

NOTpOLIE Kpeuhaka y MakeJOHUjH Y MATPUYHOM OOJIMKY NPUKa3aH je y Tabesu 4.1.

101



Tabena 4.1, MaTpu4YHHU JIOKALIUjCKU MO/ eKCIJIoaTalkje U MOTPOLIhe KpeuhaKa

[ToBpIIMHCKHU [ToTpomay
Kom P1 P2 P3 Pis [P16]
R1 (d1+c11)"x11 (di+c12)°X1,2 (d1+c1,3)°X1,3 (di+c1,15) *xX1,15 (d1+c1,16)°X1,16
R2 (d2+c21)°x21 (d2+c2.2)*X2,2 (d2+c2,3)*X2,3 (d2+c2,15) *x2,15 (d2+c2,16)°X2,16
R3 (d3+c3,1)°x3,1 (d3+c32)°X3,2 (d3+c33)°X33 (ds+c3,15)°X3,15 (d3+c3,16)°X3,16
Ros (d2s+c28,1) X281 | (dzs+cC282°X282 |(d28+C283) X283 (d2s+c28,15)*x28,15 | (d28+C28,16)"X28,16
R29 (d29+c€29,1)*X29,1 | (d29+C29,2)*X29,2 | (d29+C29,3)*X29,3 (d29+cC29,15)*%29,15 | (d29+C29,16)°X29,16

4.4 HYMEPUYKH JIOKALIMJCKX MOJEJI U PE3YJITATHU OIITUMU3ALIUJE

HyMepu4yKU JIOKAaLUjCKU MOJeJ eKCIlJloaTalyje U NOTpOoLlkbe KpedwakKa y MakenoHU)H,
Tabesa 4.2 (ctp. 107), 3acHOBaH je Ha mpaBuJIKMa GOpPMaJHOT MO/iesIa 2 KOHCTUTYHUCAH Ha
nojanyMa O KamauuTeTMMma 29 NOBPIIMHCKUX KOINOBA, noTpebaMa 3a KpeumakoMm 15
notpomavya (onuuja 1), oaHocHo 3a 16 morpomava (omnnyja 2), ¥ H3padyHATHUX
JIOKALIUjCKUX TPOILKOBa. JIOKAalMjCKX TPOIIKOBH Cy 30Mp TPOILUKOBA MNPOU3BOJHE U
IpeBo3a TOHe Kpedmaka 3a Hajkpahu nyT (Hajkpahe pacTojarme) u3Mely MOBPUIMHCKUX

KOIIOBa Y MMOTpoOIlIava.

3a pewaBamwe MoJena kopuwiheH je GLPK (GNU Linear Programming Kit)! xoju
npeAcTaB/ba CKyll pyTHHA HallMCaHUX y nporpaMckoM je3uky ANSI C u opraHu3oBaHUX Y
00/1MKy 6ubaMOoTeKe Koja ce Moxke mo3BaTu. GLPK je HaMeweH 3a pelaBamwe npobsaema
JIMHEApHOT MporpaMypama, NpobaemMa MelloBUTOT L[eJI0O0POjHOT IporpaMupama U Apyrux

CpPOAHUX pobJieMa.

Mosen mnpeTXOJHO OMMCAHOr JIOKAIMjCKOT Npo6seMa eKCIjoaTaluje U NOTPOLIHbe
Kpeuykaka, HanucaH je y Mmogesnyjyhem jesuxky GMPL (GNU MathProg modeling language) un
pewedn nomohy camoctasiHor JIII cosBepa glpsol koju ce mo3Ba M3 KOMaHJHe JIMHHje

nporpama.

1 Makhorin, A., GNU Linear Programming Kit: Reference Manual for GLPK Version 4.45 (Draft, December 2010).
Free Software Foundation, Inc., 51 Franklin St, Fifth Floor, Boston, MA 02110-1301, USA, 2010.
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O6pana Mmozena HanvucaH Yy GNU MathPro yksbyuyje cienehe kopake Koje Tpe6a U3BOAUTH

cnenehum pegocienoM (peacTaB/beHO Y K3BOPHOM OOJIHKY):

1. Allocating the workspace. The translator allocates the workspace, an internal data
structure used on all subsequent steps.

2. Reading model section. The translator reads model section and, optionally, data
section from a specified text file and translates them into the internal code. If
necessary, on this step data section may be ignored.

3. Reading data section(s). The translator reads one or more data sections from
specified text file(s) and translates them into the internal code.

4. Generating the model. The translator executes the internal code to evaluate the
content of the model objects such as sets, parameters, variables, constraints, and
objectives. On this step the execution is suspended at the solve statement.

5. Building the problem object. The translator obtains all necessary information
from the workspace and builds the standard problem object (that is, the program
object of type glp_prob).

6. Solving the problem. On this step the problem object built on the previous step is
passed to a solver, which solves the problem instance and stores its solution back to
the problem object.

7. Postsolving the model. The translator copies the solution from the problem object
to the workspace and then executes the internal code from the solve statement to
the end of the model. (If model has no solve statement, the translator does nothing
on this step.)

8. Freeing the workspace. The translator frees all the memory allocated to the

workspace.

Mogen 3anucan y GMPL-y:

param n; # broj ishodista
param m; # broj odredista
setl:=1.n; #
setO:=1.m; #

param c{I,0}; # jedinicni troskovi
param a{l}; # ponuda

param b{0}; # traznja
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var x{1,0}, >=0;

minimize stanje: sum{iin I, j in O} (c[i,j] * x[i,j]);

S.t.

ponuda {iin I}: sum {j in O} x[i,j]<=ali];

traznja {j in O}: sum {i in [} x[i,j]=b[j];

solve;

end;

Yna3uu napaMeTpu Mozesa (ojaunu o NOHyAaMa, TPaXKibH U jeJTUHUYHUM TPOLIKOBHUMA)

3a onnujy 1 ¥ onuujy 2, HaJla3uJu Cy ce y moce6HOM JJOKYMEeHTY y txt dopmMaty.

PesysntaTu aHanuse 3a onuujy 1 npukasanu cy y tabeau 4.3 (ctp. 107), a 3a onuujy 2 y

Tabesau 4.4 (ctp. 108). OnTUMa/IHU IJIaH eKCIJIoaTalije U IOTPOIlIhe KpeuhaKa 3a ONLUjy

1, npeBuba ciesehe ogHoCe MPOU3BO/ b€ U TOTPOIIIHHE:

IIOBpIIUHCKM KONl
KanapureTa (t/ron)

R; (100.000)
Rz (200.000)
R3 (450.000)
R4 (150.000)
Rs (50.000)

Re (100.000)
R, (150.000)
Rs (100.000)

Ry (150.000)

Rio (200.000)

R11 (150.000)
Ri2 (115.000)
R13 (85.000)

N N S S A A A

IloTpomay,
npuma (t/roz)

P, (100.000)
P, (200.000)
P, (450.000)
P, (150.000)
P, (50.000)
P, (25.000)
P, (150.000)
P14(100.000)
P14 (50.000)
P15 (100.000)
P13 (40.000)
P14(70.000)
P15 (150.000)
Po(115.000)
P10(85.000)
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IIOBPIIMHCKH KONl
KanapureTa (t/ron)

R15 (75.000)
R16 (60.000)
R17 (150.000)
R1s (80.000)
Rz1 (70.000)

R22 (100.000)
R23 (200.000)
Rzs (50.000)

Rz6 (200.000)

R27 (50.000)
Rzs (75.000)
Rz9 (50.000)

IloTpomay,
npuma (t/ron)

P (45.000)
P13 (50.000)

N N N 2 2 I A B A

P10 (60.000)
P11 (30.000)
P12(120.000)
P11 (70.000)
Py (15.000)
P10 (55.000)
P;(75.000)
Ps (90.000)
Pg (50.000)
P,4(10.000)
P5(100.000)
P3(45.000)
P5(75.000)
P4(50.000)



[Ipema niaHy onuyuje 1, yeTupu noBpuiKMHCcKa kona Ri4, Ri9, R20 u R2s4, HeMajy nuiacMaH u
IbUXOB paJi 6u Tpebasio 06YCTaBUTHU JIOK Ce He CTEKHY JIpyrauujy YCJOBH, a MOBPIIUHCKHU
konoBU Re, Rio, Ris, R22, R23, R26 u R27 Hemajy myHo uckopuiihewe NPOU3BOAHUX
KalnayuTeTa. YKYIHU MUHUMAJIHU TPOIIKOBU eKCIlJloaTaliyje U JUCTPUOYIHMje Kpeumaka
npema mJaHy omnidje 1 usHoce 1.286.995.000 H.j., a cnenuduyHd = 467 H.j. IO TOHHU

KpedbaKa.

OnTuMasiaH NJIaH eKCIJioaTaluje U NOTPOLIkbe KpedwhaKa 3a ONIHUjy 2 Koja y ClieHapHjy
npeaBuba yksbyuyuBame TepmoesiekTpaHe BuTo/b Kao HOBOT mNoTpollaya, MpeaBuba

cnefehy MHTepaKLUjy NIPOU3BOAHE U OTPOLIHbE:

IIOBpIIUHCKM KONl
KanapureTa (t/ron)

IloTpomay,
npuma (t/ron)

IIoBpIIUHCKM KONl
KanapureTa (t/ron)

IloTpomay,
npuma (t/roz)

R (100.000) ~  P;(100.000) - P1p(50.000)
R16 (60.000)
R; (200.000) ~  P;(200.000) - P15(10.000)
Rs (450.000) —  P;(450.000) R17 (150.000) —  P1(150.000)
R4 (150.000) ~  P1(150.000) Ris (80.000) - P11(80.000)
Re (100.000 —  P,(25.000 —  P11(20.000
s ( ) 2( ) Ris (70.000) n( )
R, (200.000) ~  P,(150.000) - P12(45.000)
Rs (100.000) - P14(100.000) Rz (75.000) ~  P12(75.000)
> P14(50.000 Rz1 (70.000 S P16(70.000
R (150.000) 1 ( ) 2 ( ) 16 ( )
~  P15(100.000) ~  P,(75.000)
Rq2 (70.000)
d P13 (85.000) d P16 (25.000)
R10 (200.000)
—  P14(70.000) Rz3 (200.000) ~  P¢(90.000)
Rqs (50.000) ~  P3(45.000)
Ri1 (150.000) - P15(150.000)
~  P4(10.000)
Ra6 (200.000)
—  Ps(5.000) —  P5(95.000)
Ri2 (115.000)
—  P1s(110.000) ~  P3(45.000)
R27 (50.000)
Ri3 (85.000) - P16(85.000) - Ps(5.000)
R14 (85.000) ~  Ps(80.000) Rz (75.000) ~  P3(75.000)
Ris (75.000) - Po(75.000) Rz (50.000) - P4(50.000)



Ta6esna 4.2, Hymepruku JIOKaUjCKA MOJeJ1 eKCIJIoaTalyje U OTPOlllbe Kpeubaka, onuuja 1 u 2

[IOBpIIMHCKHU KOl Kananurer Morpomax
(x103t /rom) | p, P2 P3 Pa Ps Pe Py Ps P9 P1o P11 P12 P13 P14 P1s [P16]
R1 100 445 550 592 787 712 892 715 907 823 949 934 934 748 613 547 955
Rz 200 463 559 601 796 721 907 730 922 838 964 949 949 763 628 562 970
R3 450 466 562 586 781 688 886 709 901 817 943 961 961 775 685 595 949
Ra 150 469 565 589 784 691 889 712 904 820 946 964 964 778 688 598 952
Rs 50 478 574 598 793 700 898 721 913 829 955 973 973 787 697 607 961
Re 100 562 445 622 724 652 832 745 937 853 979 1096 | 1096 | 910 778 709 985
Ry 150 529 436 565 739 667 850 673 865 784 907 1042 | 1042 | 856 724 655 913
Rs 100 616 760 802 997 922 1102 889 1117 | 748 784 733 733 547 421 499 790
Ro 150 613 757 799 994 919 1099 | 922 1114 | 718 754 703 703 517 421 496 760
Rio 200 622 763 808 | 1003 | 928 | 1108 | 931 1123 | 706 745 694 694 508 430 505 751
Rit 150 490 634 676 871 796 979 799 991 841 877 826 826 640 508 439 883
Riz 115 823 910 751 940 868 934 655 910 511 637 673 673 496 631 709 643
Ri3 85 844 958 799 991 916 982 703 958 556 532 670 670 514 652 727 538
Ris 80 853 940 781 973 898 967 685 943 544 670 703 703 523 661 736 676
Ris 75 820 907 748 937 865 931 652 907 508 634 670 670 493 628 706 640
Rie 60 934 | 1084 | 922 | 1114 | 1039 | 1108 | 826 1084 | 688 565 448 493 604 742 817 571
Ri7 150 931 | 1075 | 1021 | 1213 | 1138 | 1207 | 925 1183 | 787 664 460 421 604 739 817 670
Ris 80 964 | 1078 | 1024 | 1216 | 1141 | 1210 | 928 1186 | 790 667 463 424 607 742 820 673
Ri9 85 955 | 1054 | 1045 | 1237 | 1162 | 1231 | 949 1207 | 811 688 484 445 628 763 841 694
Rzo 75 949 | 1048 | 1039 | 1231 | 1156 | 1225 | 943 1201 | 805 682 478 439 622 757 835 688
Ro1 70 727 745 583 775 700 769 490 745 457 583 778 820 655 790 877 589
Ra2 100 661 679 520 709 637 703 448 679 529 655 850 892 727 877 811 661
Ra3 200 862 877 703 730 643 448 631 520 796 922 1120 | 1162 | 994 | 1078 | 1009 928
Roa 100 835 850 691 748 661 466 574 490 769 895 1093 | 1135 | 967 1048 982 901
Ras 50 835 850 691 748 661 466 574 490 769 895 1093 | 1135 | 967 1048 982 901
Ra6 200 571 589 412 619 538 724 559 751 667 793 991 1033 | 919 787 718 799
Rz7 50 571 589 409 619 538 724 559 751 667 793 991 1033 | 919 784 718 799
Ras 75 571 589 409 619 538 724 559 751 667 793 991 1033 | 919 784 718 799
Ra9 50 739 670 601 439 493 679 670 829 826 952 1147 | 1192 | 1087 | 955 886 958
[MoTpourwa (x103t/rox) 950 175 120 60 100 90 75 50 160 200 100 120 85 220 250 300
Onuuja 1 2
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Tabesa 4.3, OnTUMaJiaH MJlaH eKCIJioaTaluje U MOTPOlIkbe Kpedraka, onuuja 1

ToBpIIMHCKY KorT Kanamurer Ilorpomay Bumak
(x103t /rox) P1 P2 P3 P4 Ps Ps P Ps Py P10 P11 P12 P13 P14 P1s (x103t)
R1 100 100
Rz 200 200
R3 450 450
R4 150 150
Rs 50 50
Rs 100 25 75
R7 150 150
Rs 100 100
Ro 150 50 100
Ri1o 200 40 70 90
Ri1 150 150
Riz 115 115
Ris 85 85
Ria 80 80
Ris 75 30 45
Rie 60 60
Ri17 150 30 120
Ris 80 70 10
Ri9 85 85
R2o 75 75
Ra1 70 15 55
R22 100 75 25
R23 200 90 110
Raa 100 100
Rzs 50 50
Rae 200 10 100 90
R27 50 45 5
Rzs 75 75
Ra29 50 50
[MoTpouma (x103t/rox) 950 175 120 60 100 90 75 50 160 200 100 120 85 220 250
CHabJeBEeHOCT 100%




Ta6ena 4.4, OnTuMaJsiaH MJ1aH eKCIJioaTaluje U MOTPOllIkbe KpedhakKa, omniuja 2

ToBpIIMHCKY KorT Kanamurer Ilorpomay Bumak
(x103t /rom) | p, P2 P3 P4 Ps Ps P7 Ps Py P1o P11 P12 P13 P14 Pis Py | (x103)
R1 100 100
R, 200 1200
Rs 450 450
R4 150 150
Rs 50 50
Re 100 25 75
R, 150 150
Rs 100 100
Ro 150 50 | 100
Rio 200 85 70 45
Ri1 150 150
Ri2 115 5 110
R 85 85
Rus 80. 80
Ris 75 75
Rie 60 10
Ri7 150 150
Ris 80 80
Rig 85 20 45 20
R20 75 75
Ro1 70 70
R22 100 75 25
R23 200 90 110
R2s 100 100
Rzs 50 50
Ra6 200 10 | 95 95
Ry7 50 45 5
Ras 75 75
Ra9 50 50
[MoTpourma (x103t/rox) 950 175 120 60 100 90 75 50 160 200 100 120 85 220 250 300
CHabJeBEHOCT 100%
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Ha cavnu 4.31 npukasaHa je TpaHCHOOpPTHA LieMa npeMa onuuju 1, a Ha caunu 4.32

TPaHCIOPTHA llleMa NpeMa OMLUjH 2.
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Cauka 4.31, TpaHcnopmua wema, onyuja 1

[IpemMa 0BOM mJ1aHy, caMO OBPUIMHCKU KONl R24 HeMa nutacMaH U Tpebasio 6u a 06ycTaBU
paj, a NoBPIIMHCKU KONoBHU Re, R1o, R19, R23 1 R26 MMajy Behe npor3BoiHe KanmauTeTe O
MJIAHCKUX MCMIOPYKA. YKYITHU TPOUIKOBH eKCIlJIoaTalije U AUCTPUOYIIMje KpeurhaKa IpemMa
ONTHMAaJIHOM IJIaHy onidje 2 usHoce 1.490.515.000 H.j., a cierududHU = 488 H.j. 10 TOHHU

KpedmaKa.
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Cauka 4.32, TpaHcnopmHa wema, onyuja 2

[IpeTnocTaBka 0 yBohewy HOBOT 16-Tor moTpollaya y CTPYKTYpy CHUCTeMa, AOBOJU [0
npepacnoziesia UCIOpyKa KpeymhaKa U U3paXKeHUX pas/vMKa ONTHUMaJIHUX IJIAHOBA ONLHje
1 u 2. YMecTo 4yeTUpPH, KaKO je peABUheHO MaHOM oniuje 1, caMo jeZlaH MOBPLIMHCKHU
KON HeMa IJIacMaH y IiaHy onyuje 2. Ca HeMckopullheHUM KamagUTeTUMa y IJIaHY
onuuje 2 MawH je U 6pPOj MOBPIIMHCKUX KOMOBa 3a fBa. CympoTHO OBUM TPEHJ0BUMA,

TPOIIKOBU ONTHUMAJIHOT IJIaHa onuuje 2 Behu cy 3a 4,44% y ofjHOCY Ha TPOIIKOBE ONIHje
1.

OBe passiuke 30ymwyjy, ajJd Cy objalimbMBe WU JIOTUYHe. YBoheweM HOBOI NOTpoIlaya

NOTpOlIba Kpeywaka je noBehaHa 3a 11% a npou3BOAHM KamaLUTETH Cy OCTaIu
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HelpoMeHEeHH, LITO je CMambUJ/I0 pa3/IMKy U3Mehy pacrooKUBUX U NOTPeOHUX KOJIUYMHA
KpeuwaKa U y IJIaH ONLMje 2 YK/bYYUJIO TPU MOBPUIMHCKA KOIa KOjU y IJIaHY onuuje 1
HUCY UMaJIM IJIacMaH. Mcnopyke Kpedywaka ca 0OBa TPY MOBPIIMHCKA KOMNa, TPOLIKOBHO
HENOBOJ/bHHUje KaTeropMcaHa W Ipepacnojfiesia MCIOpyKa Kpeymaka ca [Apyrux
NOBPLIMHCKUX KOINOBA, YTULIAJIX Cy Ha MaJso noBehame TPOIIKOBA Yy ONTHUMA/IHOM IIJIaHY

omniuje 2.

[lpegBubame mocneauiia MpoMeHa y CUCTEMY IPOU3BOJIbE U MOTPOIIHKE, Kao LITO je
CUCTEM eKCIJIoAaTallfje U MOTPOolIbe Kpeubaka y MakeJoHUjH, je TP06JIeM KOjU 3aXTeBa
oJroBapajyhv aHaJIMTUYKU MPUCTYN KOjU 06yxXBaTa CBe orpaHru4aBajyhe ¢pakTope, bUX0Ba
JleJIOBalba, 3aBUCHOCTH, MOXKEJbHE U HENOXKe/bHe NMPOMEHe, U UCIYHeHe MOCTaB/bEHOT
IIM/ba WU LIWJbeBa. be3 popMupara MoroAHOr alnpoKCUMaTHBHOT MaTEMAaTHUYKOT Mo/ieJia
M TNpuMeHe oJroBapajyhe MeToJe 3a pellaBakbe, HUje Moryhe peliewe MpobJseMa
ONTHMaJTHOT HUBOA. Mozies1 oMoryhaBa NMOTNyHUje U MOy3/AaHUje carye/laBatbe Je0Bamba
MpoMeHa peJieBaHTHUX I[apaMeTapa Ha ONTHMaJiaH LWb, TMpyXa MoryhHocT
eKCIIepUMEeHTHCaba MebakbeM OCHOBHUX MPETIOCTAaBKU U ycMepaBajyher JesioBamba Ha

ucxo/,. OBe HaBo/ie UJIYCTPYjy U NOTBPDYjy pe3yTaTy UCTPaKUBakba.
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5. 3AK/bYYAK

5.1 AHAJIU3A U OLIEHA

[Ipema yTBpheHOM mNpeaMeTy, HayyHUM LU/bEBUMA M HUCTPAXKMUBAYKOM IporpaMmy, oBa
JucepTalyja je y ileJIMHY peasn3oBaHa. UcTpaxxuBamwa y OKBUPY AOKTOpPCKe JUcepTaluje
oJiBMjasia ce y JiBe CUHXpOHM30BaHe ¢ase, MpBa ¢asa je obyxBaTuJa carje/laBaibe,
OTBapame M JleTepMHUHHCale MpobJieMa, Kao M IOCTaB/balbe aJIropuTMa IpHUMeHe
JIMHEapHUX ONTHUMU3ALMOHUX MOJesla KOJ MOJpIUKe [JOHOIIeHY PYAAPCKUX OANyKa. Y
Zipyroj ¢asu npescTaB/beH je KOHKPeTaH pyAapCcKu NpobJieM, ca TeCT-eKCllepUMeHTaJlHUM
UCTpakKMBakbeM Koje je 00yXBaTWJIO NpoLeHy edekaTa U NPUMeHY MoJiesa JIMHeapHe
onTUMH3AlMje Y JoHOoUlehY oAjayKa. O6UM U KBaJUTET peajM30BaHUX UCTPaKUBamwba y
JucepTanyju oMoryhaBajy noyssaHy aHa/iM3y KOHAa4HUX pe3yJiTaTa U 00jeKTUBHY OLieHY

OCTBAapeHor, OAHOCHO OLl€HY NIPUMEH/bUBOCTHU JIMHEAPHUX MOJi€JIa Y JOHOIEHY O4JIYKa Yy

pyaapcCTBYy.

[lu/b OBe AOKTOpPCKe JucepTaliyje 610 je pa3Boj Mojiesia Koju he JonpuHETH N060/blLIAKY
ePUKACHOCTH OJJ/Iy4HBalba NMPBEHCTBEHO y PYJAAapCTBY, yHOTpe6GOM MeToJe pellaBarba

npo6JieMa JIMHeapHOT porpaMupama.
ExciepuMeHTa/JHU [ie0 ce OJHOCHO HA aHAJNW3y JIHJepa Y NPOU3BO/IbU Kpeukbaka y

MakeznoHUjH, OJHOCHO 29 MOBPIIMHCKUX KONOBA Ha KOjUMa Ce eKCIJIoAaTHIIe Kpeuymwak ca

roguiikbuM KanauutetoM Behum ox 50.000 ToHa. 3a moTpoiuade je y3eto 15 Jiokanuja,
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OJHOCHO Behu rpasioBu U ypbaHa nojpydja ¥ 16-TH MOTeHLWjaJHU NOTPOIIAY, OAHOCHO
TepMoeJsiekTpaHa y butos/by. TokoM pa3Boja MoJesa y3UMaHU Cy Y 00O3Up ToAulIba

IPOU3BO/ A, YAA/bEHOCT M3Mehy pyIHMKa 1 MOTpoOIIaya U TPOILIKOBH MTPEBO3a.

Pesysntatu Mmozena y onnyju 1 fany cy yKyliHe MUHMMaJIHe TPOILKOBe 3a €eKCIJI0aTalujy U
JUCTPUOYLHjY Kpeurwaka y u3Hocy of, 1.286.995.000 H.j., a cnenuduyHe HAa HUBOY O =
467 H.. IO TOHU KpeykakKa, y3 MOTeHLMYjaJHU NpeKHJ paZa 4 MOBPLIMHCKA Koma M

CMakb€HH MPOU3BOIHY KaNalUTET 3a 7 KAMEHOJI0Ma.

Y onuuju 2, yKynHU MUHUMaAJIHU TPOIIKOBH 3a €KCIJIoaTaljy ¥ JUCTPUOYLHjY KpeuaKa
cy 1.490.515.000 H.j, a cneuuduuHU =~ 488 H.j. M0 TOHU KpeumaKa, NpecTaHakK paja Ha 1
HNOBPUIMHCKOM KONy M 6 MOBPILIMHCKUX KOMOBA KOjU pajie ca CMakbeHOM MPOU3BO/HOM.
JlobujeHa pa3jiMkKa y L€HU je HacTaja NPBEHCTBEHO 300r HENOBOJbHE pacmojeJse

ITOBPIIMHCKHUX KOIIOBA.

Ha oBaj HayuH, noTBpheHa je omiuTa XUMOTE3a UCTPAXKUBAKA, Yy CMUCIY YHanpehuBamwa
edUKaCHOCTH Tpolleca OJJIy4YHMBawmba y PYJAPCTBY U YCIOOCTaB/bakba CaBPEMEHOT
yIpaB/bayKOI pPaZHOT OKBHUpPA 3a OJJIyYHMBalke U BODhemwe IMpoleca NPOU3BOJHE Y

pyAHHLIMMaA, Ka0 Uy INPEM IMTOCJIOBHO-TEXHOJIOIIKOM CUCTEMY.

Pe3ysTaTh TecT-eKCepUMeHTA/JHUX UCTPaKUBaba y MOTNYHOCTH NMOTBpPhHyjy nmpuMeHy
JINHeapHe ONTUMU3AIMOHE MO/IeJIA ¥ JOHOIIelhY OJJIyKa U NOTBPHYjy MOYETHY XUIOTE3Y
JlucepTalyje O HbEHUM LHUPOKUM MoryhHocTMMa 3a afiekBaTaH MU3060p U NpaBUJaH
IOCTYNaK y MPUMEHH MeTOoJa JIMHeapHOr NMporpamMupama 3a MOAPIIKY OJJyYUBaAWYy Yy

PYZAApCTBY Y IMPEM CMUCIY, KA0 U Y OCTAJIUM CJIMYHUM UHJyCTpUjaMa.
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5.2 [IPEINNIOPYKE

PynapcTBo je CBakoZHEBHO H3JIOXKEHO Mpo6JieMHUMa JOHOLIEHA OJJIyKa M YIpaBJ/barba.
Pe3ysiTaT¥ MOCTUTHYTH Y AUCEPTALMjH UHULUPA]y U yIyhyjy Ha 3aK/bydKe O KamnamuTeTy
3a MOCJOBHY NMPUMeHY OBOT MoJjeJia. [[peHOCT mpuMeHe OBOT Mojiesia Ji0Ka3aHa je He

CaMO Ca EKOHOMCKOT aCII€KTa, Beh u ca OIIepATHUBHOT.

JlobvjeHH pe3yaTaTH MOJACTHYY WU NpoAyO/bHMBake HHAye aKTyeJiHEe TeMe 3alITUTe
)KUBOTHe cpeAuHe. OBaj MpelM3HO MPOjeKTOBAHU MOJieJl y3 MPABUJIHO yHeTe IMOJaTKe
noce/lyje MOTEHLMja/ 3a pellaBalbe MOoTpeba 32 OTBAparkbeM HOBUX KaMEHOJIOMa HJIH

3aTBapame nocrojehnx Ha r;106aTHOM HUBOY

[IpuMeHa MoJesia Takohe Moxke YTULLATH 3HAYajHO Ha M06GOJ/blIabe eKOHOMCKHUX YCJI0Ba

paZiay pyAapCcTBY, IOCEOHO Y KPU3HUM, pUSUYHUM U IPOMEH/bUBUM CUTYallMjaMa.

Jla/jba HayyHa UCTpPaKUBamba O6U Tpebasio YyCMepUTH Yy MpaBLy HaAOTpajiibe pPa3BUjeHOT
MoJiesia yBohemweM 0AaTHUX KPUTEPHUjyMa Kao LITO Cy: XeMHjCKH CacTaB KpeuhaKa UJu
wberoBa Gpu3rMyKa U MeXaHHW4YKa CBOjCTBA, BpeMe HCIOpPYKe M CJAMYHO W NpusarohaBameM

IprYMeHe MUKPO U MaKpO YCJIOBUMA, He CaMo y pyAapCcTBy Beh U y IpyruM UHAYCTpHjaMa.
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BUOT'PA®PHU]JA

Tpajue C. boiieBckH, AUII. UHXK. PyAApPCTBa, je poheH 2. okTobpa 1987. roaune y Ckomby,

MakegoHuja. OCHOBHY LIKOJIy ¥ TUMHA3Hjy je 3aBplInO0 Y CKOMJbY.

OcHoBHe cTtyauje Ha Paky/nTeTy NPUPOAHUX U TEXHUUYKHUX HayKa, YHUBep3uTeTta ,['oue
HenyeB” y llltuny ynucao je 2006. roguHe, CTyAUjCKM mporpam pyaapctBo, Kartezapa
NOBPLIMHCKA €KCIJIoaTallyja, CMep MpojeKToBame U MeHayMeHT. CTyauje je 3aBpILIMO ca
npoceyHoM oleHoM 9,38, a AMIJIOMCKHM paj, nof, Ha3suBoM ,H360p ¥ HauuH npolupema

NoBpIIMHCKOT Kona ,bpasga“ — Ckombe“, je onopanuro 2010. roguHe, ca oneHom 10.

Mactep paz nojp HasuBoM ,006jeiME€HH CUCTEM [Ja/bUHCKOr HaZ30pa M yIlpaB/babkba
noBpuMHCKUX konoBa PEK ,Butom” je og6panuo 2012. rogquHe Ha Pyjapcko-reosomkom
dakynTety, YHuBep3uTeTa y beorpaay. On 2013. rojuHe je CTyZeHT JOKTOPCKUX CTy Hja

Ha Pysapcko-reosiomikom ¢pakyaTeTy, Ha CTy[UjCKOM MporpamMy Pyzapcko MHKeHepCcTBO.

[ToueTkom 2011. roauHe 3anousbaBa ce y dupmu ,Pyanpoekt” y CKOM/by Kao NPOjeKTaHT,

a KaCHHUje [oCTaje ynpaBHUK UcTe. Ha Toj mo3ULIMjU je U JaHac.

Kao ryiaBHU mnpojeKkTaHT u3pajuo je Buiie of 50 [J1aBHUX pyJapCKUX MNpojekaTa U3
06/J1acTM NOBPUIMHCKE eKCIJloaTallije MUHEpPaJHUX CUPOBHHA, HAy4YHUX CTyJdja U
ejJlabopaTa, Kao ayTop U KoayTop o6jaBuO je 12 HayyHuX pajoBa MNyOJMKOBaHUX Y
4acomucHUMa WJIM MPe3eHTOBAaHUX Ha HAYyYHUM U CTPYYHUM CKyNOBHMa. YUECHUK je Beher
6poja caBeTOBama U CEMUHAapa U3 06J1aCTH MOBPLUIMHCKE €KCIJIoaTalije OpraHu30BaHUX y

Peny6suuu MakeoHuju.



U3jaBa 0 ayTOPCTBY

HMe v nnpe3suMe ayTopa: Tpajue C. bomeBcku

Bpoj nnjgekca: P702/13

U3jaB/byjeMm
Jla je JOKTOPCKa JucepTalyja noJ, HacJ0BOM

[IOBOJ/BITALE EOUKACHOCTHU OZJIYUUBAKA Y PYJIAPCTBY IIPUMEHOM JIMHEAPHUX
OINITUMU3BALITMOHUX MOJZEJIA

® pe3yJITaT CONCTBEHOT UCTPAXKUBAYKOT Pa/ia;
e Ja AucepTalMja y LeJUHU HU y AeJOBUMA HUje 6UIa MpeJJjio’KeHa 3a CTHULAbe

Jipyre [AUIJIOMe TMpeMa CTYAUjCKUM MporpamMMMa JApYyruxXx BHUCOKOIIKOJICKHUX
YCTaHOBA;

® Jia Cy pe3yJITaThu KOPEKTHO HABEAEHHU U

e /la HMCaM KpLIMO ayTOpCKa MpaBa U KOPUCTHUO HUHTEJIEKTya/IHy CBOjUHY JAPYTHUX
JIUIIA.

Y Beorpapgy, 07.06.2021. rog,. [Tornuc aytopa




HsjaBa 0 HCTOBETHOCTH IITaMIIaHE U €JICKTPOHCKE

Bep3uje JOKTOPCKOT paja

HMe v nipe3umMe ayTopa: Tpajue C. boweBcku

Bpoj ungekca P702/13

CTyAujcky nporpam: Pynapcko nHXemepCcTBo

HacsioB paga: [To6o/bmame eGUKaCHOCTH OJIyYUBama y pyAapCcTBY

IIPUMEHOM JIMHEAPHHUX OITUMHU3AIITUOHUX MOoZeJia

MeHnToOp: Ap Urop MusbanoBuh, pes. npod.

H3sjaB/pyjeM Oa je miTaMmnaHa Bep3uja MOr JOKTOPCKOT paZia UCTOBETHA eJIEKTPOHCKOj
BEpP3UjU KOjy caM I[peJao paAyd IoxXpawHBawka y /[IMFHTAaJIHOM peno3uTopujymy

YHuBep3suTerta y beorpagy.

Jlo3BoJ/baBaM Ja ce o6jaBe MOjU JIMYHU MOJAlld Be3aHU 3a JlobUjalhe aKaJleMCKOT Ha3uBa

JIOKTOpa HayKa, Kao IITO Cy MMe U Ipe3uMe, FOJJMHA U MeCTO pohewa U JJaTyM ojbpaHe
paja.

OBHM JIMYHM NIOJlallM MOTY ce 06jaBUTH Ha MpPEXHUM CTpaHHULlaMa JAUTKMTaJHe 6UOJINOTEKe,

y eJIEKTPOHCKOM KaTaJIoTy U y ny6JiMKaljaMma YHuBep3uTeTa y beorpaay.

Y Beorpapgy, 07.06.2021. rog,. [Tornuc aytopa




HU3jaBa o kopumhemy

OsauthyjeMm YHUBep3uTeTCcKy 6ub6sM0TeKy ,CBeTo3ap MapkoBuh“ ga y JlurutanHu
peno3suTopujyM YHuUBep3uTeTa y beorpasy yHece Mojy LOKTOPCKY JUcCepTaLUjy IOJ
HacJIOBOM:

[I0OBO/bIHAKBE EOUKACHOCTHU OAJIYUYUBAKA Y PYJAPCTBY IPUMEHOM
JIMHEAPHUX OIITUMU3ALMOHUX MOEJIA
KO0ja je Moje ayTOPCKO [ eJio.

JlucepTanujy ca CBUM IpUJ0O3UMMa NpeJjao caM y eJeKTPOHCKOM ¢opMaTy MOTOJHOM 3a

TPajHO apXUBUpaHE.

Mojy fOKTOPCKY JiUcepTaLHjy NOXpamweHy Y JIMrMTaJHOM Peno3uTOpUjyMy YHUBEP3UTETA
y Beorpagy u JoCTynHYy y OTBOpPEHOM MNpPHUCTYIy MOTy Jia KOPUCTe CBH KOjU TMOLITYjy
oApenbe cajpkaHe y ojabpaHoM Tuny auneHlle KpeatuBHe 3ajesHunie (Creative

Commons) 3a K0jy caM ce 0JJIy49Ho.
1. AytopctBo (CC BY)
2. AytopcTtBo - HekoMep1jaaHo (CC BY-NC)
@AyTopCTBo - HeKoMep1UjasiHo - 6e3 npepaaa (CC BY-NC-ND)
4. AyTOpCTBO — HEKOMEPLUjaJTHO - e IuTU oA uctuM ycaoBuMa (CC BY-NC-SA)
5. AytopcTBo - 6e3 npepaga (CC BY-ND)
6. AyTOpCTBO - leIuTH noj uctuM ycaosruma (CC BY-SA)

(MosiuMo Ja 3aoKpyXUTe caMoO jefHy oJ LiecT mnoHyheHux sauneHuud. Kpatak omuc

JIUIIEHIIY je cCaCcTaBHU [le0 OBe H3jaBe).

Y Beorpapgy, 07.06.2021. rop, [Tornuc aytopa




AyTopcTBO. /[03BO/baBaTe yMHOXKaBakbe, AUCTPUOYIIMjY W jaBHO CaoNIITaBambe
Jlesia, U TIpepajie, ako ce HaBeJle UMe ayTopa Ha HauuH ofijpeheH of cTpaHe ayTopa
WJIM ZIaBaolia JIMIeHIle, YaK U ¥ KoMeplujaiHe cBpxe. OBo je Hajc/1060/iHHja 01 CBHUX

JINIEHLIH.

AyTOpCcTBO - HeKOMepUHjaJaHO. J[03Bo/baBaTe YMHOXaBakbe, AUCTPUOYLHjy H
jaBHO caomuliTaBake Jesa, U Npepajie, ako ce HaBeJe MMe ayTopa Ha HayuH
oApebeH oJ cTpaHe ayTopa WM JaBaolia JiuleHne. OBa JuleHLa He [103B0/baBa
KOMepILHja/IHy YIOTpeOy Aea.

AyTOpCTBO - HeKoMepLHja/IHO - 06e3 mpepaga. /[o3Bo/baBaTe yMHOXKaBaibe,
JUCTPUOYLUjY M jaBHO caoNlITaBambe Jesa, 6e3 NpoMeHa, NpeobJMKOBamba WU
ynoTpebe fesia y CBOM JieJly, aKO Ce HaBeJie MMe ayTopa Ha HayuMH ojpebheH of
CTpaHe ayTopa WU JaBaola jauneHe. OBa JMlLeHIa He 103B0/baBa KOMepLUjaJIHy
ynoTpeby fesa. Y oAHOCY Ha CBe OCTaJle JIULeHlle, 0BOM JIMLIEHIIOM Ce OrpaHru4YaBa

HajBehu 06MM npaBa Kopuuihemwa Jea.

AyTOpCTBO - HEKOMEPIHja/JTHO — AE/IMTH MOJ MCTUM ycJaoBHMaA. /l03BoJbaBaTe
YMHOXaBatbe, JUCTPUOYIHjy U jaBHO CaoNllITaBakbe /iea, U Ipepajie, ako ce HaBeJie
MMe ayTopa Ha Ha4uH oJipeheH oJ cTpaHe ayTopa WM AaBaolia JIMLeHLe U aKo ce
npepaza JUCTpUOyHpa MOJ, HUCTOM HWJIU CIAUYHOM JiHleHIoM. OBa JHleHLa He

/103B0JbaBa KOMepIUjaJHy YIOTPeOy Aesa U nmpepaja.

AyTopcTBO - 6e3 mpepaja. /lo3Bo/baBaTe YMHOXaBakbe, JUCTPUOYLHY U jaBHO
caolllTaBame Jesa, 6e3 MpoMeHa, NMPeobJUMKOBamka WU yInoTpebe Jesa y CBOM
Jlesly, aKo ce HaBeJle MMe ayTopa Ha HAauMH oJipeheH o/ cTpaHe ayTopa UM JjaBaolia

nuneHne. OBa ML eHIA ,03B0/baBa KOMepIiMjalHy ynoTpeby fea.

AyTOpCTBO - JAe/IMTH MNOJ HMCTUM YycjJoBUMA. /l03Bo/baBaTe YMHOXKABakbe,
JUCTPUOYLUjY U jaBHO CaoTIlITaBame Jiesa, U Npepajie, ako ce HaBeJle UMe ayTopa
Ha HauuH oJpeheH oA cTpaHe ayTopa WJM [laBaolia JIMIEHLle U aKo ce mpepaja
JUCTpUOyHpa MOJ HUCTOM HJIU CJIAUYHOM JuleHULoM. OBa JIMIEHIIA J03BOJbaBa
KOMepLHjaiHy ynoTpeby Jgesna u npepaga. CivdHa je cOQTBEPCKHUM JIMIEHLIAMA,

OAHOCHO JIMLlEHIIaMa OTBOPEHOT KOJa.



