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6 A 1-b A JI Y I( A 

0 oujeHU ypaljeHe 001<mopc1<e OUCepmal(Uje 

I IIO,ll;A~ll 0 KOMHCHJH 

a ocHoBy qJiaHa 149. 3aKoHa o BHCOKOM o6pa.3oBainy, qJiaHa 54. CTaT)'Ta YHHBep3HTeTa 
a:Enoj Jiyu:n, HacTaBHo-HayqHo BHjene IIpwpo,JJ;Ho-MaTeMaTHqKor <l>aKyJITeT 
HHBep3HTeTa y Ea1noj Jiyu;H, Ha cje,JJ;HHI.J;H O,ll;p)KaHoj ,JJ;aHa 16.11.2020. r., ,ll;OHHjeJIO je ITO 
pojeM 19/3.2570/20 0,JJ;JIYKY 0 HMeHOBa:Eny KoMHCHje 3a ITHCaH>e H3Bjermaja, ITperne,JJ;, 
ujeey ypal:jeHe ,ll;OKTopcKe ,ll;HCepTau;Hje KaH,JJ;H,JJ;aTa Mp ,ll;HMHTpHja .n;. qBOKHila no 
a.3HBoM: ,,IlOCTOJAJbE lliTAKJJEEPI'OBHX EKBHJJHEPHJYMA Y llPOEJJEMY (r[p 

E-aEHTPOH/IA CA aJEHOBHHM HA,lIMETAJbEM H AJJI'OPHTMH 3A JbHXOBO 
POHAJJAJKEJbE", y c.Jbe,JJ;eneM cacTaBy: 

1. ,ZJ;p AneKcaH,JJ;ap B. Il.lbaCyHOB, ,ll;OKTop MaTeMaTHqKHX HaYKa ca xa6HJIHTaI.J;HjoM 

,ll;OI.J;eHT Ha y)Koj HayqHoj o6JiaCTH )J;HcKpeTHa MaTeMaTHKa H TeopnjcK 

KH6epHeTHKa (BAK Pc!> 01.01.09.), KaTe,JJ;pa 3a TeopnjcKy KH6epHeTHK 

MexaHWIKO-MaTeMaTnqKor cpaeynTeTa Hau;noHanHor wcrpa)KHBaqKor ,ll;p)KaBHO 

yHHBep3HTeTa y Hosocn6npcKy (Hosocn6npcK, Pycnja), rrpe,JJ;cje,JJ;HHK; 

2. Ilpocp. ,JJ;p MnnaH B. JoBaHoBwti, pe,ll;OBHH rrpocpecop Ha y)Koj HayqHoj o6nac 

MaTeMaTHqKa aHanma w ITPHMjeHe, IIpnpo,ll;HO-MaTeMaTwqKH cpaKyJITe 

YHHBep3HTeTa y EaH>oj Jiyu;w, qJiaH; 

3. ,ZJ;p ,ZJ;paraH Kopan, ;::i:ou:eHT Ha y)Koj HayqHoj o6nacTH PaqyHapcKe HaYKe 

IIpnpo,ll;HO-MaTeMaTHqKH cpaKyJITeT YHHBep3HTeTa y EaH>oj Jiyu;n, qnaH; 

4. Ilpocp. ,ll;p AneKcaH,JJ;ap J1. CaBnti, BaHpe,JJ;HH rrpocpecop Ha y)Koj HayqHoj o6nacT 

HYMepnqKa MaTeMaTHKa H OITTHMH3au;nja, KaTe;::i:pa 3a HyMepnqKy MaTeMaTHKY 

OITTHMH3au;njy MaTeMaTnqKor cpaKymeTa Ymrnep3HTeTa y Eeorpa,JJ;y (Eeorpa;::i: 

Cp6nja), KOMeHTOp, qnaH; 

5. Ilpocp. ,ll;p Jypnj A. Koqerns, pe;::i:oBHH rrpocpecop Ha y)Koj HayqHoj o6nac 
,ZJ;ncKpeTHa MaTeMaTHKa H TeopnjcKa KH6epHeTHKa (BAK P<l> 01.01.09.) KaTe,JJ;pa 3 
TeopnjcKy KH6epHeTHKY MexaHnqKo-MaTeMaTHqKor cpaKyJITeTa Hau;noHaJIHO 
ncrpa)KHBaqKor ;::i:p)KaBHor yHwBep3HTeTa y HoBocn6npcKy (HoBocw6npcK, Pyrnja) 
MeHTOp, qJiaH; 

,ll;JIYKY HacTaBHO-HayqHor BHjeli.a IlpHpO,ll;HO-MaTeMaTHqKor cpaeyJITeTa je ITOTBp,ll;H 
eHaT YHHBep3HTeTa y EaH>oj Jiyu;H Ha cje,JJ;HHI.J;H o,JJ;p)KaHoj 26.11.2020. r., O,JJ;JIYKOM ITO 
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HCepTal(Hjy KaH,D,H,D,aTa Mp ~HMH'TpHja ~- lJBOKHna H 0 TOMe HacTaBHO-HaycIHOM BHjen 
pHpo.n.Ho-MaTeMaTHqKor cpaKynTeTa H Cettary YHHBep3HTeTa y naffioj JiyuH no.n.Hoc 

.. ~~.;:i;~~ ... I.r.~_:i~j~r.1.J:!.~i... . . ............. . ............................... . ........................................................................ ............. ........ .................................... . 
1) HaBecnr .D:aryM H opraH I<OjH je HMeHoBao I<OMHmjy; 

) HaBeCTH cacTaB I<OMHCHje ca Ha3HaI<oM HMeHa H rrpe3HMeHa CBaI<or '!JiaHa, Hay'lHO-HacTaBHor 3BaH.a, 

Ha3HBa y)l(e Hay'!He o6rracTH 3a I<ojy je ma6paH y 3BaH>e H Ha3HBa YHHBep3HTeTa/¢aI<yrrTeTa!HHCTHryTa H . . . 
I<O eM e 'lJiaH I<OMHCH e 3arrocrreH. 

II IIOMII;II 0 KAH,ll;liM TY 

Me, HMe je.n.ttor po,D,HTe.Jna, npe3HMe: j{UMumpuje {l(yutaH.) T..f BoKun 

aTYM poijeH>a, onIIITHHa, .n.p)I(asa: 08.11.1984. 2., Jlu611.o, EoCH.a u Xept1e206u11.a 

a3HB yttHBep3HTeTa H cpaKymern H Ha3HB cry.n.HjcKor nporpaMa aKa,D,eMCKHX cry.n.Hja I 
HKJiyca, O,D,HOCHO TIOCJIHje,D,ImJIOMCKHX MarHcTapCKHX cry.n.Hja H CTeqeHO C'TpycIHO/HayqH 
sa:s:,e: 

• Ha3HB yttHBep3HTeTa H cpaKynTeTa: MameMamui-tKu rjJaryJLmem Y11.u6ep3umema y 

Eeozpaoy 

• Cry.n.HjCKH nporpaM II l(HKJiyca: IlpUMelfJeH.a MameMamuKa 

• CTeqeHo C'fPycIHO/Hayqtto 3sa:s:,e: Macmep MameMamuttap 

aKynTeT, Ha3HB MarHcTapcKe Te3e, ttayqHa o6nacT H .n.aryM o.n.6paHe MarHcTapcKor pa.n.a: 
• <f>aKynTeT: MameMamuttKu rjJm9mmem Y11.u6ep3umema y Eeozpaoy 

• Ha3HB MarncrnpcKe/MaCTep Te3e: I'oMopuje6e oocu}et1afylie pa6H.U - pa360} u 
npUMje11.e 

• Hayqtta o6nacT: MameMamuKa 

• ~aryM o.n.6patte MarncrnpcKor/MacTep pa.n.a: 24.09.2012. r . 

... .<:l.Il:I.r.~l:l .. YPli~.l:l .. :1:1l:l .. µ()~!.<:l.PC::~~ .. ¢:i:y;:i;~j .~ ... I.r. .. ~.'1:'.3.li~ .. <::!YµJijc::~()r. . .i:r.Pc:ii::Pl:l~l:l: .. ?.9!.Z! .. MC!:'.1'.l.f!:litf:f!:'!1:1:':~q : .... 
1) IiMe, HMe je,!l;HOr pO,!l;HTeJDa, rrpe3HMe; 

) )J,aryM poljeH>a, orrIIITHHa, ,!l;p)l(aBa; 

) Ha3HB YHHBep3HTera H '1JaI<ymeTa H Ha3HB CTy.D:HjcI<or rrporpaMa aI<a,!l;eMCI<HX CTy.D:Hja II llHI<Jiyca 

,!l;HOCHO IIOCJIHje,!l;HIIJIOMCI<HX Marn:crapCI<HX CTy,!l;Hja H CTe'!eHO CTpY'J:HO/HaY'J:HO 3BaH.e; 

) <l>aI<yrrTeT, Ha3HB MarncTapcI<e Te3e, HaY'J:Ha o6rracr H .D:aryM O.D:6paHe MarHcTapcI<or pa.D:a; 

) HaY'J:Ha o6rracr H3 I<oje je cre'!eHo HaY'J:HO 3BaH.e Marncrpa HaYI<alaI<a,!J;eMcI<o 3BaH.e Macrepa; 

fo.D:HHa 

III YBO,I(HII ,I(HO OII;JEHE ,I(OKTOPCKE ,I(HCEPT AII;IIJE 
. . . 

acJIOB .[(OKTOpCKe .[(IICepTal(Hje II opraH KOJII Je rrpHXBaTIIO TeMy 

TeMY ,D,OKTopcKe ,D,HcepTal(Hje no.n. Ha3HBOM ,,IIOCTOJAJbE WTAKJIEEPI'OBH 
KBJ1JIJ1EPJ1JYMA Y IIPOEJIEMY (r[p) XAE-1..{EHTPOHJ{A CA l..{JEHOBHH 
"A,II.METAJbEM J1 AJII'OPJ1TMJ1 3A JbJfXOBO IIPOHAJIA>KEJbE" (ettr. ,,TH 
XISTENCE AND SOLUTION METHODS FOR STACKELBERG EQUILIBRIA 
HE (rip) HUB-CENTROID PROBLEM UNDER THE PRICE WAR") KaH,D,H,D,aTa M 
HMHT{)Hja ~- 1IsoKHna, npHxBaTHJio je HacTaBHo-Hayqtto BHjene IlpHpo.n.Ho 
aTeMaTHqKor cpaKyJITeTa YHHBep3RTeTa y naffioj JiyuH O,D,JIYKOM no.n. 6poje 

19/3.1525/20, .n.aHa 15.07.2020. CettaT YHnsep3HTeTa y EaH>oj JlyuH O,D,JIYKOM no,n; 6poje 
2/04-3.1604-27/20, ,n;aHa 23.07.2020. r., .n.ao je carnacHocT Ha noMettyrn lfasjermaj 
ujeHH ycnosa H no.n.o6HOCTH TeMe H KaH,D,H,D,aTa 3a H3pa.n.y ,D,OKTOpCKe ,D,HCepTal(Hj 
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. . 
CHOBHlf rro.n;a~lf 0 .lJ:OKTOpCKOJ .lJ:lfCepTa~lfJlf 

Je3HK ,D;HCepTa:a;Hje je eHrJieCKH, y CI<Jia,n;y ca O,D;JIYKOM CeHaTa IIO,D; 6pojeM 02/04-3 .2708 
3/20, ;::i:aHa 26.11.2020. r., rrpH qeM)' 1;,ac;zoeHa cmpaHa, 3ax8ClllHUlf.a, u pe3UMe UMajy ceoje 

peeooe Ha cpnCKU }e3UK KaKO je mo ypebe11.o IIpaBUJlH.UKOM 0 caopJ1Cajy, U32Jleoy, u 
U2UmClllHOM pen03umopujyMy OOKmopCKUX oucepma4uja Ha YHueep3umemy y Em-boj 
y4u . .lJ:Hceprn:u;Hja HMa 155 C11JaHa A4 cpopMaTa H m,n;Hje.T.heHa je Ha ce,n;aM rnaBa 

ntroduction, The (r[p) Hub-Centroid Problem under the Price War, Solution Approach 
omputational Experiments, Conclusion, Bibliography (127 6H6JrnorpacpcKHx je,n;HHH:a;a), 
ppendices. IIope,n; rroMeHymx rnaBa, rrpHCYTHe cy rrpeJIHMHHapHje, HH,D;eKcH, 
HorpacpHja: crrHcaK CKpaliem1:u;a (List of Abbreviations), crrHcaK CJIHKa (List of Figures) 
rmca.K rn6eJia (List of Tables), crrHcaK KO}:{OBa (List of Codes), crmcaK aJirop1uaMa (List o 
lgorithms), HH;::i:eKc rrojM9Ba (Alphabetical Index), HH,D;eKc HMeHa (Name Index), 
HorpacpHja (Curriculum Vitae). Y TeKCT)' ce HaJia3e qeTHpH CJIHKe, 27 rpacpHKOHa, 11 

.<l:~(;!!:l<l:1 ... '.J:'P.~ ... r.I.<:tJ~2~.~~9µa.: .~ .. :r:i:~~ ... <l:1.1.I.:9.P:1'.l'.:r.'.l~.a.: :r:i:P .~A~'.f.'.l~:1?(;!I:I:1'.l~ . :r:i:C?(;!YA9.I.<<:lµ<:l.~.: ............. .. 
1) Hacnoa )lOKTopcKe )lliceprnuRj e; 
) BpRjeMe li opnrn KOjli je npRXBarno TeMY )lOKTopcKe )lliceprnuRje 
) Ca)lp)f(aj )lOKTopcKe ,!IHceprnuRje ca cTpaHwi:eH>eM; 
) I1crnlili OCHOBHe TIO,!laTKe 0 ,!IOKTOpCKOj ,!lliCeprnuRjH: o6RM, 6poj Ta6ena, CJIRKa, IIIeMa, rpaqrnKOHa, 6poj 

UHTRpaHe JlliTeparype li Haaecrn nornaa.Jba. 

IV YBO~ II IIPEr JIE~ JIIITEP A TYPE 

a3JI031f 3a rrpe.n;y3MMalhe lfCTPa)lmBalha 

IIpo6JieM pa3MjenITaIDa pa3BO,D;HHX TaqaKa (eHrn. Hub Location Problem (HLP) 
pe,n;cTaB.Jba caBpeMeHHjy o6JiacT HCTpIDKHBaIDa y TeopHjH pa3MjernrnIDa (eHr. Locatio 
heory). YorrrnTeHo, pHjeq je o 1-pa:>KeIDy OIITHMaJIHor pa3Mjernrnja pa3BOAHHX rnqaKa 
oBe3HBaIDa rrpeocTaJIHX Hepa3BO}:{HHX ca pa3BOAHHM HMajyliH y BHAY 3a;::i:aT H jacH 
opMyJIHCaH :U:H.Jb o6pa3oBaIDa 1-paHcrropTHe Mpe:>Ke. Pa3BO,D;He rnqKe cey:>Ke 3 
OHCOJIH,D;aIJ;Hjy H ,D;HCeMHHaIJ;Hjy TOKOM PYTHpaIDa po6e HJIH rryTHHKa H3Me~y IIOJia3HIIITa 
;::i:pe;::i:HrnTa (eHr. Origin-Destiantion pairs (0-D rrapoBH)). 0Baj KOHI.leIIT je YBe,n;eH pa,n; 
MaIDeIDa YKYIIHor 6poja Herrocpe,n;HHX Be3a Me~y TaqKaMa (qBopoBHMa ,D;Hrpacpa) 
CKOpHIIIliaBaIDa eKOHOMCKOr ecpeKTa KOjH HMa IIOBeliaHa KOJIHqHHa rrpoTOKa H3Me~ 

. l:l'.3.~9.t(I:J.~J.C: ~~<:lP9~'1: .C:r:i:2.1:1YC?! I:I<:l .. ~9.1.J:l.:I~:1'.l.I:IY, ~I:I~: ~~91.1.91:1.1.~(;!~ <:>f~~c:tJ~), c:t I.<9JI.:I ~-~ I.1.P:1'.IP.<?t(I:I .. 



aBJba y OBaKBHM IlOCTaBKaMa. 36or CBOJe Ba,)l(HOCTH KaKO H3 TeopHjCKOr, 

aKTHqHor yrna, HLP ce y rroc.Jbe,n:a,e BpHjeMe HHTeH3HBHO rrpoyqaBa. 

HcTPa:>KHBaH.e rrpo6neMa pa3Mjemrn:a,a ce Ha MaTeMaTHqKoM HHCTHTYTY ,,Co6o.JbeB' 

AKa,neM-rpa.n, HoBOCH6HpCK, PycHja) BpIIIH o.n paHHX 60-Hx ro,nHHa rrpomnor BHjeKa 

eDY H.HMa ce rrpHje caera Mory HCTahH pa,noBH EepecH.eBa B.JI., fHMa,nHja E.X. 
eMeHTHjeaa B.T., IllaMap,nHHa J.B., KonoKonoaa A.A., AHTHITHHa A.C., XaMHcoaa O.B., 

aCHJbeBa H.JI., 3a6y,n:cKor r.r., JleBaHOBKe T.B., H MHOrHX .n:pymx. Ha YHHBep3HTeTY 

eorpa,ny, THMe cy ce 6aBHJIH ,[lyromHja n., Mna,neHOBHh H., ,[lpa:>KHh 3., KpaTH:u;a J., 

HJIHITOBHh B., CTaHHMHpOBHh 3., MapHh M., H .npyrn. MeDYTHM, rrpo6neM 

a3MjeIIITaH.a pa36'001lU.X ma'JaKa y KOHKypeHTHOM OKpy:>KeH.y, H TO y crrpe3H ca UHjeHaMa 

eK O)lCKOpa ce pa3MaTPajy y HayqHoj JIHTepaTYpH. 

Y EuX, Kao U 3eM.lbaMa OKpyJ1Ce1-ba, 06'0 je np6a Oucepmal.JU}a y KO}oj ce npoy'Ja6'a 06'a 

po6.JT.eMamuKa, a yjeOHo u np6a y Kojoj ce pa3Mampajy npo6.JT.eMu onmwwU3a1.Ju}e y 6'Uute 

po6rreM HCTpa:/IUIBaIDa 

,[lBHje KOHKypeHTHe TPaHcrropTHe KOMrraHHje HaMepaBajy .na YDY Ha TP:>KHIIITe, IIITO c 

MaTPa OilIIITeIT03HaTHM (HMajyhH y BH.D:Y .ne<i>HHHU:Hjy Tor TepMHHa y TeopHjH Hrapa) 

6je Te:>Ke Ka MaKCHMH3aU:HjH rrpo<i>HTa rrpoHaJia:>KeH.eM Haj60JbHX pa3BO)lHHX Mpe:>Ka y 

6pa3oBaH.e o.nroBapajyne ujeHOBHe CTPYKTYPe. YrrpaBa je,nHe KOMITaHHje :>KeJIH .n 

a3MjecTH p pa3BO.lJ:HHX rnqaKa, a .npyra rrnaHHpa ,na pa3MjecTH H.Hx r. HaKOH HHCTanauHj 

,L(rOBapajynHX Mpe:>Ka, oqeKyje Ce ,na fie KOMITaHHje KpeeyTH ca ujeHOBHHM Ha,L(MeTaH.eM 

jeme:a,e OBOr Ha,L(MeTa:Ina, aKo IIOCTOjM, je EepTPaH.n;-HeIIIOB ujeHOBHH eKBMJIH6pMj)'M 

ojeM HHje,n:Hoj O,L( KOMITaHHja-TaKMaua HHje HCIIJiaTHBO .n:a je,n:HOCTPaHO rrpOMHjem1 CBOj 

eHOBHY 0,L(JIYKY. 

06nqHo ce y JIHTepaTYPM pa3MaTPajy ,nBa cu;eHapHja: CHMYJITaHH H ceKBeH:a;HjanH 

Jia3aK Ha TP:>KHIIITe. Y rrpBOM cueHapnjy ujeHOBHO Ha,n:Mern:a,e je rrpnpo,nHa rrpemocrnaKa 

po6neM je y TOMe IIITO 6ncMo Mornn oqeKHBaTH .na rrocTOjH BHIIIe HemoBH 

KBHJIH6pHjyMa Ka,n:a je pHjeq 0 pa3BO)lHHM Mpe:>KaMa. IlpoHaJia:>KeH>e )lOMHHaHTHO 

eIIIOBOr eKBHJIH6pHjYMa 3a je.ney 0,L( KOMITaHHja-TaKMaua 6H Morao 6MTH rrorrpHJIJiqH 

cuprr.Jbyjyhn 3a,narnK, rne,naHo H3 paqyHcKor yrna. IllrnBnme, ,noMHHaHTHH Hemo 

KBHJIH6pMjyM He Mopa 6HTH caCTaBJbeH O,L( qHCTHX CTPaTernja, Tj. MO:>Ke ce rrpojaBHTH 

6JIHKY UMKJiyca rroBe3aHHX Haj6oJbMX peKaunja. CrnH,n:ap,nHo TYMaqe:a,e Hemoao 

KBMJIH6pMjyMa cacTaBJbeHor o.n: MjemoBHTHX CTPaTemja HHje rrpnxaaTJbHBO. KoMrraHMj 

ehe ,,6auaTH HOBqnn" KaKo 6H o,na6pana cBojy Mpe:>KHY Torronornjy. Y .npyroM cueHapHjy 

a,n:Mern:a,e ueHaMa ce He rrpeTrrocTaB.Jba, Tj. rrpBa KOMrraHMja Koja YDe Ha TP:>KMIIITe 

OCBeneHa je caojoj O.D:JIYUM 0 pa3MjeIIITaH>y pa3BO,L(HHX TatJaKa M UMjeHa. HrraK, KOHatJH 

emeH>e IllrnKJI6epra rro,npa3yMHjeBa rrocTOja:a,e .norrycTHBor EepTPaH,n:-Hemoao 

. eHOBHOr eKBHJIH6pHjYMa, KOjH OTBapa BpaTa KoorrepaTHBHOj HrpH UHjeHa c 

a3,nje.JbHBHM .no6HTKOM. Crnra, Y3HMajyhH cBe oBo y ofoHp, HMa CMHCJia 6HT 

aHHTepecoBaH 3a pa3MaTPaH>e MeDyBapHjaHTe, Tj . IllrnKJI6eproBor Ha,n:MeTaH>a c 

·eHoBHHM Ha,nMeTaH>eM. Je,n:Ha KOMIIaHnja, leader, yna3M Ha TP:>KMIIITe Kao rrpa 

OHKypeHT (rrpBH Ta:KMaU), H CBjecHa je (3Ha) ,na fie 3a ff.OM ynH jOIII je,nHa - followe 
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rrjeHOBHe Hrpe. 0Ba IlOCTaBKa HMTIJIHI.l;IIpa .n;a leader He 

HHTH ra HrHopmne, Ben cy oHe y cyIIITHHH pe3yJITaT yJiaJa follower-a H 

)KHIIJTe (Ha.n;MeTaH:>a Koje rn.n; Kpeli.e). Mormr 6HcMo peli.H .n;a je cu:eHapHo eKBHBaJieHTa 

O'Ipa3H 3a ll1TaKJI6eproBOM C'IpaTernjoM y CMMyJITaHoj HrpH (npe.n;CTaBJbeHoj 

opMaJIHOM/Ma'IpHtIHOM o6JIHKy), a Moryha je H Be3a ca TIO'flJarOM 3a status quo rro3HuHjo 

a.n;a 6H ce pa3Ma'f1JaJie KoonepaTHBHe :u;HjeHe. 

pe.n:MeT HCTpa:JKHBaH>a 

<l>opMaJIHO, nocmaBKa npo6JZeMa noqJ:IBa Ha KOMTIJieTHOM ,D;Hrpacpy G = (N,A), r.uje je 

enpa3aH cKyn H A je cKyn HBm:i:a. Pa3BO,D;HOM TaqKoM MO)Ke nocTaTH HCK.JI,yqHBO HeK 

Bop k EN ' npH qeMy qBop MO)Ke 6HTH ,D;HjeJbeH Meijy TaKMaU:HMa H HeMa orpaHHqeH>a H 

anau;HTeT. 0.n;a6Hp qBopa KOjH he 6HTH pa3BO,D;Ha TaqKa ce CMa'Ipa C'IpaTeIIIKOM O,D;JIYKOM. 

pBH H .n;pyrn TaKMaU: pa3MjeIIIrnjy p H q pa3BO,D;HMX rnqaKa, pecneKTHBHO. Hepa3BO,D;H 

aqKe Mory 6HTH, TaKoije, caMo qBopoBH .n;Hrpacpa G, aJIM pa3JIHqHTH o.n; OHMX KojH c 

.n;a6paHH 3a pa3BO,D;He. 3a CBaKy HBHU:Y (i ,j)EA, IIOCTOjH 'IpaHcnopTHH 'IpOIIIaK TI 

"e.n;HHHU:H po6e HJIH no nyTHHKY Cij2:. o. 3a CBaKH 0-D nap (i ,j)EN
2

, TaKMa:u; MO)Ke ,[{ 

oHy.n;H caMo je.n;Hy 'IpaHcnopTHY pyry. BHIIIeC'IpyKa noBe3HBaH>a Hepa3BO,D;HHX rnqaKa c 

a3BO,[{HHM cy ,[{03BO.JI,eHa. J e.n;Ha Hepa3BO,D;Ha rnqKa He MO)Ke 6HTH Henocpe,D;HO IIOBe3aH 

a .n;pyroM Hepa3BO,[{HOM. TpaHcnopTHH KoecpHIJ;HjeHTH x, a, H 0 cy II03HaTH 3a .n;aT 

)KHIIJTe H pecneKTHBHO o.n;roBapajy KOHCOJIH,D;aU:HjH po6e/IIyTHHKa 0,[{ IlOJia3HIIJTa ,[{ 

.n;roBapajyhe cycje.n;He pa3BO,D;He rnqKe ca KojoM je noBe3aHa, 'IpaHcrropzy H3Meijy ,D;BHj 

a3BO,[{He TaqKe, H ,[{HC'IpH6y:u;HjH Ha KpajH>e o.n;pe,D;HIIJTe. Ha.n;oBe3HBaH>e HBH:Qa cpopMHp 

yzy. HajBHIIIe ,D;BHje pa3BO,D;He TaqKe Mory .n;a 6y.n;y Ha je.n;Hoj pyTH. TpoIIIKOBH 'IpaHcnopT 

a PY™ i-k-1-j cy .n;aTH npeMa cij,kt = X C;k+ack,+o c,i, 3a cBe i , j ,k,IEN · K1mjeHT 

Hpajy pyTe npeBaCXO,[{HO npeMa IIOHyijeHHM IJ;HjeHaMa. 3a o6a yqecHHKa j 

apaKTepHCTHqHo o6pa3oBaH>e mill-IJ;HjeHa. JiornT-Mo.n;eJI ce KOpHCTH 3a rrporrje 

OH3YMepcKor/.n;HcKpeTHor H36opa (eHr. Qualitative Choice Models). KapaKTepHIIIe r 

apaMeTap ocjeT.JI,HBOCTH 0, Ca Ben Il03HaTOM HeHeraTHBHOM BpHje,D;HOIIIny, ,D;06HjeHO 

KOHOMe'IpHjCKHM HCTIHTHBaH>eM. 3a Bene 0 KJmjeHTH cy OCjeT.JI,HBHjH Ha pa3JIHKe 

11jeHaMa, ,[{OK 3a MaH>e e, npHpO,D;HO, Ba)KH o6pHyTo. Mpe)Ka pa3BO,[{HHX TaqaKa Mapa ,[{ 

OKpHBa CBe qBopoBe ,I(Hrpaqia G, Tj . ycnyre cy nottyijeHe CBHMa Ha TIJ)KHIIIry. 

HJb HCTpa:JKHBaH>a 

Y IIIHpeM CMHCJIY, U:H.JI, HC'Ipa)KHBaH>a je npoyqaBaH:>e crrpera uHjeHa H Mpe)K 

a3BO,D;HHX rnqaKa (xa6oBa) y KOHKypeHTHOM oKpy)KeH>y. Y)Ke rne.n;aHo, U:H.JI, HC'Ipa)KH:BaH> 

·e ,[{0Ka3 IlOCTOjaH>a ll1TaKJI6eproBHX eKBHJIH6pHjYMa y npo6JieMy (r\p) xa6-u:eH'IpOH,D;a c 

eHOBHHM Ha.n;MeTaH>eM ((r\p)HCPuPW), KapaKTep113au;Hja OTITHMaJIHHX pjeIIIeH>a 

cnHTHBaH>e paqyHcKe CJIO)KeHOCTH, Te KOHCTPYKUHja MaTxeypHCTHqKHX aJiropHTaMa 3 

~ernaBaH>e npo6neMa leader-a. 

fJiaBHa XHTIOTe3a: IlOCTOjH lllTaKJI6eproB eKBHJIH6pHjYM 3a rrpo6JieM (r\p) xa6 

... ~.I:I!.P~:1:1.J.J;<:t ... ~<:t .. aj~.I:I.9.~:1.1.~!'1: .. ~.~!'1:~.!t:l:I.J:>~!'1: · .... 
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IIoMohHe x1m0Te3e: 
1. IIocrnjaIDe IllrnKJI6eproBor eKBHrrH6pHjyMa je oMoryneHo nocrnjaIDeM :Oep'IpaH,n: 

HernoBor ujeHOBHor eKBHJIH6pHjyMa npH norHT-Mo.n;eny KOH3yMepcKor m6opa; 
2. PyTe ca HajMaII>HM 'IpaHcnopTHHM 'IpOIIIKOBHMa cy onTHMarrHe; 
3. IIpo6rreM follower-a ce Mo:>Ke pe<iJopMynHcaTH Kao MjernoBHTo-ujeno6pojH 

mrneapmi: MaTeMaTHqKH nporpaM; 
4. (r[p)HCPuPW je NP-Te:>KaK; 
5. IIpo6rreM follower-a ((r[p)HMPuPW H auxiliary) je NP-Te:>KaK; 
6. lfaBe,n:eHH arroKan;HjcKH npo6neMH follower-a npHna.n:ajy KrracH P; 
7. Ha,n:MernH>e n;HjeHaMa MO:>Ke 3HaqajHo .n:a yTMqe Ha rnnorrorHjy pa3BO.[(HHX rnqaK 

o6a TaKMan;a y pa3Ma'IpaHOM lllTaKJI6eproBOM Ha,n:MeTaIDy. 

e3yrrTan1 rrpeTXO.IJ;HliX liCTPa:arnsa11>a 

0.n:rryKe 0 pa3MjeIIITaIDY H <iJopMHpaIDy Mpe:>Ke cy npeMa CBojoj rrpHpo,n:H C'IpaTeIIIKe, 
OK ce o6pa30BaH>e D;HjeHa HaJia3H Ha HH:>KeM, TaKTJfqKOM, HJIH naK onepaTHBHOM HHBOy. 
6or OBora ce pa3Ma'IpaIDe Be3e M3Meljy pa3MjeIIITaIDa H D;HjeHa MO:>Ke yqHHHTH He06HqHH 
a npBH norrre.n:. HnaK, noKa3aHo je .n;a o.n:rryKa o rnnorrornjH pa3BO,n:He Mpe:>Ke Kojy he .n: 
opHCTH KOMnamrja 3a 'IpaHcnopT yBeJIHKO 3aBHCH o.n: npHxo.n;a. y TOM norrre.n;y, rrpHXO,[( 
y y HCTO BpHjeMe 3aBHCHH o.n: ujeHOBHe C'IpyKType. Crnra, KOMnaHHja Koja nrraHHpa CBOj 

aHcnoprny Mpe:>Ky TernKo .n:a MO:>Ke .n;oHHjeTH .n:o6py o.n:rryKy Ka.n; je pHjeq o mrne,n; 
aHcnopTHe Mpe:>Ke, yKOJIHKO Hene y3HMaTH y ofoHp YTHn;aj n;HjeHa. C .n:pyre C'IpaHe, H 

opMHpaIDe n;HjeHa yTMqe caMa 'IpaHcnopTHa Mpe:>Ka, Tj. HMaMo cnper C'IpaTernKMx 
aKTHqKHx/onepaTHBHHX o.n;rryKa (Luer-Villagra and Marianov (2013), Cvokic et al. (2016) 
" vokic at al. (2019), Cvokic and Stanimirovic (2020)). IIope,n; n;HjeHa, 'Ip:>I<HIIIT 
apaKTepHrny H orrHronorrH. IIpo<iJHT KOMnaHHje He 3aBHCH caMo o,n; o,n;rryKe IDeHo 
YKOBo,n:cTBa, Hero H o.n: noTe3a KOHKpyeHn;Hje (Sasaki and Fukushima (2001), Cvokic et al 
2019), Kononov et al. (2019)): 

Yrra3aK Ha 'Ip:>KHIIITe KOMnaHHja Koje rrorHCTMKY 3aCHHBajy Ha TonorrorHjH pa3BO,[(HH 
pe:>Ka ce yrrraBHOM y JIHTepaTYPH pa3Ma'Ipao H3 yrrra lllTaKJI6eproBHX Ha,n;MernIDa. IIpB 
a,n; Ha OBY TeMY je o6jaBJI>eH 2001. r (Sasaki and Fukushima (2001)). Pa3Ma'IpaH j 
enpeKH,n;HH IlITaKJI6eproB HLP y KojeM ce HHKyM6eHT 6opH 3a MaKCHMmau;11jy npo<iJm 
3HMajyhH y ofo11p BHIIIe Hana,n:aqa, 3a cBaey pyry je caMo je,n;Ha pa3BO,n:Ha TaqKa 6MJI 
03BO.JbeHa. Cry,n;Hja MaxMyToryrrap11ja H Kape H3 2016. r. (Mahmutogulari and Kar 
2016)) CTaBJI>a y <iJoKyc (r[p) xy6-n;eH'IpOH,n: npo6rreM, Tj. HLP je KoM6HHaTOpaH no cBojo 
pHpo.n;H, a He HenpeKH,n;aH, a Ha PY™ Mory 6MTH je,n;Ha HJIH ,D;BHje pa3BO,D;He TaqKe. 
OMeHyTOM pa,n;y no'Ipa:>KIDa ce Meljy KOMIIaHHjaMa ,[(HjerrH rrpeMa yrrpoIIITeHOM MO,n:err 

,no6je,n;HHK Y3HMa CBe" - KO nyey,n;H HH:>KY D;HjeHy 3a KOHKpeTaH 0-D nap ,,npey3HMa" CB 
1mjeHTe. IJ;HJI> npo6rreMa je MaKCHMman;Hja yajerra y 'Ip:>I<Hrnry. Y pa,n;y je noeyljeH 
r3aKTaH npHcTyn pjernaBaIDa. 

YnpornTeH Mo,n:err noajerre rro'IpmKIDe ,,no6je,n:HHK Y3HMa cBe" He o.n:pa:lKaBa BjepH 
TBapHO CTaH>e. IIope,n; Ha,n:MeTaH>a, y OJIHrOnOJIHMa je no'Ipe6Ho y3eTH y ofoHp IIOHaIIIaID 
rrHjeHarn, a npemocTaBJI>a ce ,n;a cy D;HjeHe Ba:lKaH KpHTepHjyM y o.n;rryqHBaH>y KOpHCHHK 
crryra. nornT-MO,D;eJI, 3aCHOBaH Ha JIOrMCTlfqKoj perpecHjH, je H3pa3HTO KOpHIIITeH 
aHcnopTHOj JIHTeparypH H 'IpeHyTHO je Meljy Hajqernhe KOpHrnneHHM MO,D;eJIHMa 3 

o,n;erroBaH>e KOH3yMepcKor/,n;HcKpernor H36opa (Garrow (2010), Luer-Villagra an 
arianov (2013), Cvokic et al. (2019)) . 0Moryhyje .n;o6py rrpoujeey pacnoajerre KJIHjeHaT 
crryqajy BapHja6HJIHHX ycrryra ca pa3rrHqHTHM n;HjeHaMa, a ,n;o,n;aTHO ra KapaKTepmn 

arnopeH MaTeMaTHqKH H3pa3. 
YrropeljHBaH>e MeTaxeypHCTJfqKHX arrropHTaMa 3a KOHKpyeHTHe rrpo6rreMe pa3MjeIIITaID 
o6pa3oBaIDa u;11jeHa (arrH He H pa3MjeIIITaIDa pa3BO,D;HHX TaqaKa) je ,n;aT y pa,n;y Koqerna 
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ropiiTaMCKOr IIpHCTyrra y OBaKBMM M CJIMqHHM rrpo6JieMMMa. 
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orrpirnoc Te3e 

PMjeq je 0 HOBOM HajpeaJIMCTMqHMjeM ,ll;O ca.ri;a MO,IJ;eny y ,IJ;Ba HMBOa lliTO ce TMqe 
a3MjemTal'ba pa3BO,ll;HMX rnqaKa (xa6oBa), jep YKJbyqyje KOHKypeHTHO OKpy)KeH>e c 
·eHOBHMM Ha,ri;MeTaH>eM. MaTeMaTMqKM je .ri;oKa3aHo rrocTOjaH>e Eep'IpaH,ri;-HemoBo 
· eHOBHor eI<BMJIH6pHjyMa rrpH nornT-Mo.ri;eny KOH3yMepc1<or/.ri;McKpeTHor m6opa. H 
OKa3a cy mBe.ri;eHe HOBe 'IpaHCI.le.ri;eHTHe je,ri;HaqMHe Haj6oJbe peaKI.lMje. JJ:aTM pe3yJITaTM c 
OCJIY)KMJIM 3a ,ll;OKa3MBaH>e IIOCTOjaH>a lliTaKJI6eproBor eI<BMJIH6pHjyMa y ,IJ;aTO 
po6neMy. IIope,ri; Tora, pa3Ma'IpaHa je KapaKTepmal.lMja pyrn. JJ:oKa3aHo je .ri;a OIITMMaJIH 
yTe o.ri;rOBapajy OHMM Koje O,ll;JIMI<yjy HajMaH>M 'IpaHCIIOpTHH 'IpOlliKOBM (mTO He Mapa ,ll; 
y.ri;e cnyqaj y HeKMM ,ri;pymM IIOCTaBKaMa). IIoKa3aHO je KaI<O ce MO)Ke rrpecpopMyJIMCaTM 
HMI.lMjanHo HeJIMHeapaH Mo.ri;en follower-a (.ri;pyror TaKMal.la) y MjemoBmo-ujeno6pojH 
MHeapHH rrporpaM. TaKo~e je IIOKa3aHO KaKO ce auxiliary (.ri;orryHcKH) MO,IJ;eJI MO)!( 
ecpopMyJIMCaTM Kao MjemTOBHTo-ujeno6pojHM JIMHeapHH rrporpaM. JJ:oKa3aHO je .ri;a c 
po6neMM follower-a, auxiliary Mo,ri;ena, M rrpo6neM (r[p) xa6-l.leH'IpOM,IJ;a ca ujeHOBHM 
a.ri;MeTaH>eM NP-TemKM. C .ri;pyre C'IpaHe, .ri;oI<a3aHo je .ri;a M3Be,ri;eHM anoI<al.lMjcKM rrpo6neM 
pHrra.ri;ajy KJiacM P. KoHC'IpYlfCaHM cy anropHTMM 3a rrpoHaJia)Kelbe lllTaKJI6eproBo 
KBMJIH6pHjyMa 3aCHOBaHM Ha aJITepHal.lMjCKOj xeypHCTMllM M MeTO.ri;y rrpoMjeHJbMBM 
Komrna (MIIO). 3a Mo.ri;HcpHKal.lMjy MIIOa je .ri;oKa3aHo onTMMM3al.lMjcKo cBojcTBo. 
TPYqHM .ri;orrpHHoc ce o.ri;HoCM Ha MMnJieMeHTallMjy o.ri;roBapajylrnx anropHTaMa 3 
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HCTamiaMa. ~yrHM pHjeqJIMa, ,n:aTH cy o,n:roBopH Ha CBe TIOCTaB.JbeHe XHTIOTe3e. 

Pe3yJITarn: OBOr HC'Tpa)IG:IBaFha Halli' ne CBOje MjecTO y TeOpHjH pa3MHjeIIITafha KOja j 

'e,n:Ha o.n: 'TpeHyTHo Hajpa3pa~eHHjHX TeOpHja onepau;HOHHX HC'Tpa)KHBaFha (Ha~H 

onpHHOC). IIope.n: Tora, OBO HC'Tpa)KHBaFhe MO)Ke .n:a TIOCJIY)KH Kao OCHOBa 3a ,lla.JbH pa3BOj 

o6rracrn pa3MjernTaFha pa3BO.llHHX TaqaKa y KOHKYPeHTHOM oKpy)Kefhy, a npe,n:cTaB.JI>eH 

o.n:errH H TeopeMe 6H MOrJIH 6HTH YK.JI> yqeHH H y HaCTaBY MaTeMaTHKe H HHqlOpMaTHKe H 

OCT,llHTIJIOMCKHM cry,n:HjaMa. IIope.n: Tora, Moryne KOHKpeTHe npHMjeHe (nparMaT11qm1 

onpHHOC) .n:o6HjeHHX pe3yJITaTa cy: 

o6pa30Baffie nyTHe Mpe)Ke 3a aBHO'TpaHCnopT nyTHHKa 11 po6e; 
o6pa30BaH:.e nyTHe Mpe)Ke y TIOMOpCKOM 'TpaHcrropry; 
o6pa3oBaFhe Mpe)Ke rrornTaHCKHx ycrryra; 
o6pa30BaH:.e TeJieKOMYHHKaIJ;HOHe Mpe)Ke; 
pa3MjernTaj rryHKTOBa crry)K6H XHTHe IIOMOilH, crraCHJiaqKJiX crry)K6H, caHHTeTCKOr 
rrpeBo3a, H rra'TpOHa)KHIIX crry)K6II; 
Supply Chain Management rromcrnKa; 

.. .Y .. !.~9.PI.fjl_i ... 15:<?.J:I.I.:i;~.J:I!.P':lql_iJ~ .. ~Pl_i.~.1.i.J:I~.':l .. l_i. :r:<Pl_i~.1.i.J:I9.!l9.~1.iJI.i. .. :1"1J~~-!i:i.: ............................... . ....................... . 
1) YKpaTKO HCTaliH pa3JIOr 36or KOjHX cy HCTpa)JGiBaJba rrpe.ny3eTa H rrpe,ncTaBHTH rrpo6JieM, rrpe,nMeT, 

UHJbeBe H XHIIOTe3e; 

Ha ocHoBy rrperJie,na JIHTeparype cru1<eTo rrpHKaJarn pe3yJITaTe rrpeTXo,nHHX HCTpruKHBaH>a y Be3 
rrpo6JieMa KOjH je HCTpruKHBaH (so,nHrn pa-qyHa .na o6yxsaTa HajHOBHja H Haj3HaqajHHja Ca3Haiba H3 Te 

o6Jiacrn Ko,n Hae Hy csHjery); 

) HasecTH ti;orrpHHoc Te3e y pjernaBalhy H3yqasaHor rrpeti;MeTa HCTpa)!(HBalha; 

) HasecTH oqeKHBaHe HayqHe H rrparMaTHqHe .norrpHHoce ti;HceprnuHje. 

V MA TEPIIJAJI II METO~ P ~ 

3a TeopIIjCKH ,llHO cy KopmnneHH caBpeMeHH MeTO,llH orrepau;IIOHIIX HC'Tpa)KHBaH:.a KOj 
K.JI>yqyjy MaTeMaTIIqKo MO,lleJIOBaFhe OIITIIMH3au;IIjCKIIX rrpo6rreMa, MO,n:err 
OH3yMepcKor/,n:IIcKpernor H36opa, pe3yrrTaTe KOHBeKcHe aHarrll3e, TeopIIjy IIrapa, Teop11j 
aqyHcKe crro)KeHocTII, MeTaxeypHCTHKe, II TeopHjy rroKarrHor rrpe'Tpa)KHBaFha. KM je pIIje 
rrpaKTHqHoM ( eKcrrepHMeHTaJIHOM) .n:ajerry HC'Tpa)KHBaH:.a, KOHC'TpYHCaHH arrropHTMH c 

ecT11paH11 Ha CAB-IIHCTanu;aMa, a 3a aHarrll3y ttyMepJiqKJix pe3yrrTaTa je KOpIIrnneH 
ecKpIIIITIIBHa CTaTHCTHKa. Tpe6a HMaTH y BH.llY .n:a caMa orrepau;IIoHa HC'Tpa)KHBaH:. 
rra.n:aJy y T3B. rrpecKpHIITHBtty aHarrHrnKy. 

TeopIIjcKH rrpaBa:Q HC'Tpa)KHBaH:.a je 6a3IIpaH Ha c.JI>e,n:eneM: 
• nperrre.n:, ocBpT, 11 npo~aBaH:.e rrocrnjehe Ha~He 11 C'Tp~He JIIITeparype Koja ce 

T11qe rrpo6rreMa pa3BO.llHHX TaqaKa, lllTaKrr6eproBor Ha,n:MeTaFha, H o6pa3oBaH> 
UIIJeHa; 

• MeTo,n:e MaTeMaTIIqKor MO,lleJIOBaH:.a OIITIIMH3au;IIjCKIIX rrpo6rreMa KOjII ce O,llHOCe H 
rromcTJiqKe rrpo6rreMe y3 Kop11rnnefhe pe3ymaTa TeopHje Hrapa (ettr. Game Theory 
II KOH3YMepcKor/,n:IIcKpeTHor H36opa; 

• rrocTaB.JbaH>e x11110Te3a; 
• KOpmnneFbe 1103HaTHX MaTeMaTHqKHX pe3yrrTaTa (TeopeMa) H 

.n:mpepem:~11jarrHor paqyHa, KOHBeKcHe aHarr113e, TeopHje Hrapa, II MaTeMaTJiqK 
OIITHMH3aIJ;Hje c :U:H.JbeM ,llOKa3HBaH>a HJIH rraK OIIOBpraBaH>a IIOCTaB.JbeHIIX XIIIIOTe3a; 

• TeXHIIKe pe4:>0PMYJiau;IIje HeJIIIHeapHHX MaTeMaTIIqKIIX rrporpaMa pa.n: 
rrpoHarra)KeH:.a peqiopMyrrau;IIje rrpo6rreMa follower-a II auxiliary Mo,n:erra Koje 6 
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• KOHCTIJYKUHJH arrropHTaMa 3aCHOBaHHX Ha MaT- H MeTaxeypHCTHKaMa. 
IIpaKT11qH11 .llHO HCTIJa:)KHBa:a,a je 6a3HpaH Ha cJOe,lleneM: 
• HMrrneMeHTau11j11 arrrop11TaMa Ha paqyHapcKoM rrporpaMcKOM Je3HKY Python, y 

KopmrrheH>e o,llroBapajytmx m;>MohH11x rrporpaMCKHX rraKeTa; 
• H3BofjeH>y paqyHcKHX orrre,lla Ha CAB HHCTaHUaMa; 
• ,lleCKpHIITHBHOj CTaTHCTHUH 3a aHarrmy ;:i;o611jeHHX ttyMepHqKHX pe3yJITaTa. 

3a o6pa,lly pe3yJITaTa paqyttCKHX orrre;:i;a je KopmrrheHa ,lleCKpHIITHBHa CTaTHCTHKa: 
HHHMYM, MaKcHMyM, cpe,llH>a BpHje,llHOCT, Me,llHjaHa, cpe,llH>e arrconyTHO o)lcryrraH>e, 
rrcer. Pa3MOTIJeHo je cJOe)lehe: · 

1. cTa6HJIHOCT rrp11cryrra y pj errraBaH> y ( arrropHTMa) rrporrj eH>eHa Ha ocHOBY cpe,llH>er 
arrconyTHor O.llCTyrraH>a 11 orrcera; 

2. KBaJIHTeT pjerrreH>a ,ll06HjeHHX pa3JIHqHTHM arrropHTMHMa yrropeljHBaIDeM H 
rrpHKa30M pacrro.ztjena rropeljeH>a; 

3. yTHuaj rrapaMeTapa Ha rrpo<i:>HT, Y.llHO y TIJ:>I<HIIITY H NPM; 
4. CJIHqHocT cKyrroBa pa3BO.llHHX rnqaKa Kop11rrrheH>eM )l(aKap,lloBor HH,lleKca 

cn11qHocTH 11 Szymkiewicz-Simpson-oBor Koe4:>11u11jeHTa rrpeKJiarraH>a; 
5. yTHuaj auxiliary MO,lleJia rrpocTHM rropeljeH>eM. 
3a o6paey rro,llaTaKa cy ce KOpHcTHJIM rrporpaMcKH rraKeTH NumPy, SciPy, H Panda 

peHHCTarrttpaHH Ha Anaconda IIJiaT<i:>OpMH. 
KopHrrrneHe MeTo,lle, KaKo y Teop11jcKoM, TaKo 11 y rrpaKTITTHOM .llMjeny y rroTrryttocT 

;:i;roBapajy rrpo6neMy H rrpe,llMeTY HC1'pa)l(1rnaH>a. KaKo je pttjeq o MaTeMaTITTKH 
e3yJITaTMMa y TeopHjCKOM ,llMjeJiy, KOpHrrrneHa MeTO,llOJIOrMja je caMa no ce6H rnqHa 
aBpeMeHa. lllTo ce THqe rrpaKTHqHor )lHjena, Python crra)la y MO,llepHe H BeoMa rrorrynapH 
HHaMHqKH TMIIM30BaHe rrporpaMCKe je3HKe ca .ll06po pa3BHjeHHM rrporpaMCKH 
116n110TeKaMa (rraKeTHMa) 3a HayqHa mpaqyHaBaH>a: NumPy, SciPy, Pandas, 11 Matplotlib 

caMoj ,D;HcepTaUlljM rrpHKa3 IIOMeHyTOr je OMoryheH O,llroBapajynHM 6116JIOTeKaM 
aTeX-a (Koj11je 11 Kop11rrrheH 3a rr11ca1De ;:i;11ceprnu11je). 

CAB cKyrr rro,llaTaKa j e y HayqHoj JIMTepaTYPH CTaH,llap,llaH 3a qiopMHpaH>e MHCTaHUM 
a;:i;a j e pHj eq o rrpo6JieMHMa pa3Mj errrrnH>a pa3BO,llHHX rnqaKa. 

HMje .llOIIIJIO ;:i;o rrpoMjeHe i:rnaHa HC'I'pa)l(HBaH>a o;:i; rrp11jaBe TeMe ,llHcepTaUHje. 
KaKo je ameHaT Ha Teop11jcKoM llC'I'pa)l(HBaH>y, jep je .llOKTOpcKa )l11ceprnu11ja 11 

aTeMaTHKe, CBH pa3Ma1'paHH rrapaMeTIJH cy ,llOBOJbHH. IlITO ce TITTe rrpaKTITTHOr ,llHjeJia, 
CTO ce MO)l(e peh11 11 3a pa3BOj arrropHTaMa. TaKolje, CTaTllCTllqKa o6pa,lla IIO,llaTaKa c 

.. !':f?:!P?: l:l.l:(~~.13.<:l~<?!':f · .. .. ......... .......... .... ..................................... ........ .. ..................... ... .. 
1) 06jacm1rn MaTepHja.rr KojH je o6pal)HBaH, KpHTepHjyMe KojH cy y3eTH y o63Hp 3a H36op MaTepHja.rra; 

) .D:aTli KpaTaK YBli)l y IIpliMHjeH>eHli MeTO)l liCTpIDKliBaiba npli qeMY je BIDKHO OUHjeHliTli CJbe)lelie: 

1. ,n:a Jlli cy npHMHjeH>eHe MeTO)le liCTpIDKHBaiba a)leKBaTHe, )lOBO.JbHO TaqHe H CaBpeMeHe, HMajyliH 

Bli)ly )lOCUireyli.a Ha TOM non,y y CBjeTCKliM HliBOHMa; 

2. ,n:a Jlli je )lOIIIJIO )lO rrpoMjeHe y O)lHOCY Ha nJiaH liCTpa'lKHBaH.a KOjli je )laT npHJiliKOM rrpHjaBe 

llOKTopcKe Te3e, aKo jecTe 3arnTo; 

3. .D:a ITH HCTIHTHBaHH napaMeTpH )lajy )lOBOJbHO erreMeHaTa HJIH je Tpe6a.rro HCilliTHBaTH jorn HeKe, 3 
noy3)laHo HCTpa'lKHBaH>e; 

4. ,n:a Jlli je CTaTHCTHqKa o6pa)la IlO)laTaKa a)leKBaTHa. 

VI PE3YJITATII II HAyqHII ,ll;OIIPIIHOC IICTPA)KIIBAJl>A 
. . 

plffl:IHaJIHI:I I:I HapHa'C.JaJHI:I HayqHI:I pe3yrrTaTI:1 I:ICrpa)l<I:IBa.Eha 

• yBe,lleH je HOBH, o6oraheHM rrpo6JieM pa3MjerrrTaIDa pa3BO,llHHX TaqaKa 

lllTaKJI6eproBoM Ha,llMeTaH>Y rrp11 qeMy ce pa3MaTIJa 11 Ha,llMeTaH>e u11jeHaMa; 

• <i:>OPMYJIHCaH je HeJIHHeapHll MjerrroBHTO-rrjeno6pojHH MaTeMaTHqKH rrporpaM y ,D;B 

HMBOa Kao MaTeMaTHqKH MO,lleJI 3a IIOMeHyTH rrpo6JieM; 
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• AOKa.3aHO je IIOCTojaa,e EepTpaH):(-HeIIIOBOr ujeHOBHOr eKBJrnJ16pJ1jyMa IIPJI JIOrHT 

MOAerry KOHY3MepcKor Jl36opa (TeopeMa); 

• AOKa.3aHo je rrocTOja:a,e (cJ1rypttor) lllTaKJI6eproBor eKBJ1JIJ16pJ1jyMa (TeopeMa); 

• rrpeAJIO)J(eHe cy HOBe eKBm'm6pJ1jyMcKe je):(HaqJ1He Haj6oJbe ujeHOBHe peaKU;Jlj 

(CTaB); 

• JICIIJITaHO je rpaHJlqHo IIOHaIIIalbe OIITJIMaJIHJIX BpJ1je):(HOCTJI 

leader-a JI AOKa.3aHo je ):(a je rrpo6rreM follower-a NP-Te)J{aK (TeopeMe ); 

• ):(OKa.3aHO je ):(a Jl3Be):(eHJI rrpo6rreMJI IIOBe3JIBaH>a Hepa.3BO):(HJIX TaqaKa ca pa.3BO):(HJI 

IIpJIIIa):(ajy KJiaCJI p (TeopeMe JI IIOCJI:.eAJIUe); 

• AOKa.3aHo je Aaje rrpo6rreM leader-a, Tj. (r[p) HCPuPW, NP-Te)J{aK (TeopeMa); 

• AOKa.3aHO je ):(a cy OIITJIMaJIHe pyTe, 3a qmKCJlpaH pa.3Mjernrnj pa.3BOAHHX rnqaKa, 

OHe ca HajHH)J{JIM TpaHCIIOPTHJIM TpOIIIKOBJIMa (TeopeMe); 

• IIOKa.3aHO je KaKO ce rrpo6rreM (rlHp) xa6-Me):(HaHOH)J;a ca ujeHOBHJIM Ha)J;MeTalbe 

((rlHp)HMPuPW) MO)J{e <PoPMYJIJICaTJI Kao MjeIIIOBJITO-ujerro6pojHJI JIJIHeapH 

rrporpaM; 

• IIOKa.3aHO je KaKO ce )J;OIIYHCKH MO)J;eJI (AM) MO:>Ke pe<!>OPMYJIJICaTJI Kao MjeIIIOBJITO­

ujerro6pojHH JIJ1HeapHJ1 rrporpaM; 

• IIOKa.3aHO je KaKo ce MO)J{e HMIIJieMeHTHpaTH arrTepHaUJljCKa xeypJ1CTJ1Ka (AX) Kao 

MeTOii; 3a pjernaBalbe rrpo6rreMa leader-a (arrropHTaM); 

• IIOKa.3aHo je KaKO ce MO)J{e JIMIIJieMeHTJlpaTJI MeTO)J; rrpoMjeHJbJIBJIX OKOJIHHa (MIIO 

3a pjernaBaibe rrpo6rreMa leader-a KopJ1rnlielbeM AX 3a ii;o6J1jalbe J1HJ1UJ1jarrHo 

pjernelba (arrropJ1TaM); 

• IIOKa.3aHO Je KaKO ce MO)J{e IIpOUJIJeHJITJI <PYHKllHja UHJba Ha OCHOBY JIJIHeapHe 

perraKcan;J1je Moii;erra follower-a; 

• ii;arn je TeopwjcKa oc~oBa 3a KopJ1rnlielbe k-swap OKOJIHHa y MOAJ1<!>J1Kauwjw MIIO­

( cTaBOBJI) 3a (rlHp)HCPuPW; 

• yBeii;eH je HOBJI TJIII OKOJIHHa coreswap 3a rrpeTpa)J(J1Balhe MIIO-oM. 

p11Ka3 .n;o611jeH11x pe3yrrTaTa 

3a cBe TeopJ1jcKe pe3ymaTe cy q,opMyrrJ1caHe JI 00K.ma11.e oii;roBapajylie TeopeMe 
TaBOBJI (Propositions), JI rrocJbeAJ1Ue (Corollaries), KaKo je TO yo6J1qajeHo 
aTeMaTHqKJIM HayKaMa, qJIMe je H 3a)J;OBOJI:.eH KpHTepnjyM KpHTHqHOCTH. 

ArrropJITMH cy orrncaHH rrceyii;oKOAOM, IIITO je yo6nqajeHo y MaTeMaTHqKJIM 
tt<PopMaTHqKJIM MeljyHapO)J;HHM HayqHHM qacorrHCHMa, a 3a er3aKTHO pjernaBalbe ii;oine 
oii;erra cy rrpHKa.3aHJI 6HTHH q,parMeHTJI paqyHapcKor rrporpaMcKor Koii;a Ha Python-y. 

IlpHKa.3 paqyHCKHX pe3yJITaTa je Ha aii;eKBaTaH H MJIYCTpaTHBaH HaqnH rrporrpalie 
ii;roBapajyliJIM rpa¢JIKOHJIMa, upTe)J{HMa, H Ta6eJiaMa. fpa¢JIKOHHMa cy rrpJ1Ka.3aHe HeK 
YHKllHje paii;n rrojarnineina ii;oKa.3a TeopeMa, nrrycTpoBaHH cy cHrypHJI IllrnKJI6eproB 
epTpaHii;-HernoB ujeHOBHH eKBHJIH6pHjyM, Te rrpHKa.3aHe CDP 3a faycoBy JI faM6erroB 
acrro.rtjerry. Ilopeii; TOra, y rrpn rrpeii;oqeiny pe3yJITaTa paqyHCKHX orneii;a RopnrnlieHH c 
HCTorpaM, barplot, violinplot, H boxplot. Ta6erraMa cy rrpJ1Ka.3aHe y JIHTepaTYP 
o6JiqajeHe KapaKTepJICTHKe paqyHCKHX orneii;a Ha OCHOBY KOjHX ce rrpoujeinyj 
eq,opMaHce xeypHcTHqKwx arrropHTaMa. Pe3yrrTaTH paqyHcKHx orneii;a cy oKaqeHJI H 
apBapii;cKy DataVerse rrrraT<PopMY 3a jaBHO ii;njeJbeine rroii;arnKa RopnrnlieHHX 
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pHKYIIH, o6pa.nH, H rrpe.noqH pe3yJITaTe, Te HX yrrope.nH Ha o.nroBapajyllli HaqHH. 

oBa ca:maH>a 

HoBa ca3HaIDa ce o.nHoce Ha .no6HjeHe TeopHjcKe pe3yrrTaTe HCKa3aHe TeopeMaMa, 
TaBOBHMa, H H>HXOBHM IIOCJbe):(HI.J;aMa. Je):(aH HOB rrpo6rreM je )'Be,IleH H 3a H>er 
opMyrrHcaH o.nroBapajyliH HeJIMHeapHH MjeIIITOBMTo-ujerro6pojHM MaTeMaTM~ rrporpa 
,IlBa HHBOa. <t>opMYJIHCaH H ,IlOKa3aHo je: 14 TeopeMa, neT CTaBOBa, je.nHa JieMa, H .neBe 

ocJbe.IlHIJ;a. 
TaKo~e, pe3ynrnTH paqyHCKHX eKcnepHMeHaTa roBope .na je AX .no6pa 3a .no6Hja:a, 

HHll;HjaJIHOr pjeIIIeH>a, aJIH H .na BpJIO 6p30 yna.na y U:HKJIYC (BH,IlHO KpaTaK). Ilope}J; TOra, 
cnocTaBHJIO ce .naje p -HMLP 6o1I>e nona3HO pjeIIIeIDe o.np-HCLP 3a AX. Pa3JIHKa H3Me~ 
no H AX je y BeliHHH cnyqajeBa Mana, aJIH 3Ha 6HTH 3HaqajHa. YTHu;aj napaMerpa e j 

ajyOqJI,HBHjH. Yrpy6o, leader MO:>Ke oqeKHBaTH HH:>KH npocpHT 3a Belie e, H o6pHYTO. 
JIHqHo ona:>KaIDe Bpaje.nM M 3a napaMernp a. C .npyre crpaHe, H3rrre.na .na 0 H a HMaj 
ynpornH ecpeKaT Ha O.IlHOce npoqmrn TaKMau;a. Ilope.Il rnra, HHje oqeKHBaHo .na leader­
Y.Ile npocpHTa6HJIHO .na 3ay3HMa BHIIIe O.Il 50% TP:>KHIIITa, HaKo paqyHCKH orrre.nM cyrepH 
a leader HMa npe,IlHOCT 36or ,,npBor IlOTe3a", IIITO je, MO:>K,Ila, H KOHrpaHHT)'HTHBHO. Ilope 
OMeHyTor, pe3ynTaTH, KaKO TeopHjCKH, TaKO H Ka,Il je pajeq 0 paqyHCKHM orrre,IlHMa, 
yrepHIIIY .nay IllrnKJI6eproBOM Ha,IlMeTaIDY IlOBeliaHa ocjeTJbHBOCT Ha U:HjeHe HMIIJIHU:HP 
OH3epBaTHBHHje IIOHaIIIaIDe KOpHCHHKa ycnyra - BHIIIe cy Be3aHH 3a npBor TaKMau;a, Tj. 
Hor KojH Beli orrcny:>Kyje TP:>KHIIITe. lIHTepecaHTHO je }];a je OBO orra:>Ka:a,e no cBojoj 

HpO.IlH BHIIIe MaTeMaTHqKa HMIIJIHKau;Hja, Hero IIITO je COU:HOJIOIIIKa, eKOHOMCKa, HJIH rraK 

OBH HClpa)KHBa"tJ:KH rrpaBU:H 

Je.naH npaBau; HCrpa:>KHBaH>a MO:>Ke .na 6y.ne HCIIHTHBaIDe po6ycHe eapHjaHTe OBO 
po6neMa. OHO fol 3aXTjeBaJIO IlOCTaBJbaIDe HOBOr MO}J;ena, a THMe H .IlpyraqHjH rrpHcryrr 

aJIH3H H pecpopMynau;Hjl:l. Ilope.n rnra, je.nHHCTBeHH EeprpaH.n-HeIIIOB ujeHOBH 
KBHJIH6pHjyM YKa3yje }];a HMa CMHCJia pa3MarpaTH KoorrepaTHBHe ujeHOBHe Hrpe c 
a3aje1I>HBOM .no6HTH jep je IATA cBojeBpCTaH H3y3eTaK y Me~yHapo.nHHM 3aKOHHMa 
aIIITHTH KOHKypeHu;Hje. TaKo~e, H 3a OBaj HOBH MO,IleJI ca KoorrepaTHBHHM U:HjeHaMa HM 
MHCJia pa3MarpaTH po6ycey BapHjaHry. 

,l(pyrH 0.Il MoryliHX U:HJbeBa 6yeyliHX HCrpa:>KHBalba, a KOjH ce Ha3Hpe, 6M Morao 6HT 
oHcrpyMcaH>e er3aKrnor anropHTMa 3a pjeIIIaBaIDe (r[p)HCPuPW. KoHCTPYKll;Hj 
r3aKTHOr MeTO,Ila 3a HeJIHHeapHe OIITHMH3all;HOHe npo6rreMe y ,IlBa HHBOa y KOjHMa ce MOP 
ecpMHHCaTH IIOHaIIIaH>e follower-a ce y JIHTepaTypM IIOKa3arra Kao M3y3eTHO Te:>KaK 3a):(aTaK. 

TaBHIIIe, H3 .IlHCepTau;Hje BH}J;HMO .na je H KOHCTYPKu;Hja MaTXeypHCTHqKor arrropHTM 
eyofiHqajeHa. 
Ilope.Il pa3BHja:a,a cno:>KeHHjHx MO}J;ena H KOHCTPYHCaIDa 6oJbHX npHcTyrra (orrTHMaJIHOM 

~eIIIeIDy, rpeliH rrpaeau: Hcrpa:>KHBaIDa KOjH ce Ha3Hpe jecTe ,IlOrryHCKO HCIIHTHBaID 
JIO:>KeHOCTH OBOr H CJIHqHHX npo6neMa, Tj. rpa:>KeIDe H>HXOBOr MjecTa y IIOJIHHOMCKHM H 
rrpoKCHMau;Hj CKHM XHj epapxMj aMa. 

...... . .... .. .. ........................................... .............................................................. ............................................................................................ . 
1) YKpaTKO HaBecrn: pe3yJITaTe )lo Kojnx je KaH)lH)laT )lOlliao; 

) OunjeHHTH )la ITH cy )lo6njeHH pe3ymaTH jacHo rrpHKa3aHH, rrpaBHnHO, ITOrH'iHO H jacHo T)'Maqemi:, 

yrrope~yjylrn ca pe3yITTaTHMa JlPYfliX ayTOpa li )la ITH je KaH)lH)laT IIpli TOMe HCIIO.JbaBao )lOBO.JbH 

KpliTH'iH OCTH; 

) IIoce6Ho je BIDKHO HCTal'iii )lO KOjHX HOBHX Ca3HaH.a ce )lOlliITO y liCTpIDKHBaH:.y, KOjR je H:.RXOB TeopRjCKH 

rrpaKnrqHH )lorrpHHoc, Kao H Kojn HOBH HCTpa)l(RBaqKR 3a)lal.lH ce Ha ocHoBy IDRX Mory YTBP)lHTR HIT 

Ha3RpaTH. 
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VII 3AK.JbY11AK II IIPllJE,l(JIOr 

,IJ:oKTopcKa .n;11cepTau;11ja Kojy je Harnrcao cry.n;eHT III u;11Krryca .IJ:11M11rp11je ,n:. 
1lBoK11li, yBo.n;11 11 pa3Marpa HOB rrpo6rreM y 06rracT11 orrepau:110H11x 11cTpIDKHBalha, Bprro 
BjepoBaTHO HajpearrHCTH'iHHjH .no ca.n; Ka.n; je p11jeq 0 pa3MjenITalhy pa3BO.D:HHX Ta'iaKa 
y KOHKYPeHTHOM OKpy)l{elhy. KaH.n;11,n;aT je cpopMYrr11cao o.n;roBapajyliH MaTeMarnqKH 
orrTHM113au;110HH Mo.n;err y .n;Ba HHBoa, .n;oKa3ao rrocrnjalhe cmypHor II1TaKIT6eproBor 
eKB11rr116p11jyMa, H KOHCTpy11cao arrrop11TMe 3a Ihl1XOBO rrpOHaJia)Kelhe 3aCHOBaHe Ha 
MeTa- 11 MaTXeypHCTHKaMa. Hay'iHO 11crpa)l{11Balhe, rrpHKa3aHo y .n;11cepTau;11j11, cacBHM 
CHrypHO .n;orrpHHOCl1 pa3Bojy Teop11je JIOKau;11je 11 MaTxeypHCTWIKl1X arrrop11TaMa. 
TaKolje, opuruHaJIHOCT pyKonuca je nposjepeHa u noTBpljeHa cml>TsepoM Ja 
OTKpusa11>e nJiarujaTOpCTBa URKUND. ,IJ:oKTOpcKa .n;11cepTau;11ja ,IJ:11M11rp11ja ,n:. 
IIB0K11lia 3a,n:oBOJbaBa CBe Kp11Tep11jyMe op11r11HaJIHOr HayqHor pa.n;a, CaMOCTaJIHO 
ypa!)eHor rrpeMa OI1IIITerrp11xBalieHl1M BIDKeliHM HayqH0-11CTpa)l{l1BaqKHM MeTOJ(HMa. 
Ha ocHoBy aHarrme paqyHcKHX orrre.n;a .n;onrno ce .no o.n;pefjeHHX cMjepHmi;a, Tj. 
opraHmau:noHo-yrrpaBJba'IKHX ys11.n;a 3a cpopMHpalhe rpaHcrroprn11x Mpe)Ka ca 
pa3BO.D:Hl1M raqKaMa y KOHKypeHTHOM oKpy)l{eH>y. TaKofje, .n;11ceprau:11ja ce MO)l{e 
CMaTpaTH J(OBOJbHO .n;o6pHM llOJia3HIIITeM 3a HOBa HCTpa)l{HBa!ha. 

c ofoHpOM Ha rrpeTXOJ(HO Ka3aHo, KoMHCHja je MHIII.Jbe!ha .n;a je .n;ncepTan;Hja Mp 
,IJ:11Ml1TpHja ,n:. lIBOKJ.llla KBaJIHTeTHHO ypafjeHa H .n;a 3a,n:oBOJbaBa CBe KpHTep11jYMe 
opHrHHarrHe Te3e. CTora, KoMHCHja rrpe.n;rra)l{e HacTaBHO-HayqHOM BHjeliy IIpnpo.n;Ho­
MaTeMaT111iKOr <l>aKyrrTeTa H CettaTy YttnBep3HTeTa y EaH>oj Jlyu:n .n;a rrp11xBaTe 

Al.I.c;t'!P'.l:~gJ.i.jy l.i.9A2§P~. 1.1.>~~yj(:lJ:1~YgA§P~~: .. .. 
1) HaBecrn: Haj3HatJajHRje 'IREbeHRUe UJTO Te3R )l;aje Ha)"IHy BpRje)l;HOCT, aKO RCTe IIOCTOje )l;aTR 

II03RTRBHY BpRje)l;HOCT caMoj Te3R; 

2) Ha ocHOBY YKYIIHe oujeHe )l;Rceprnuttje KOMRCRja rrpeAJia)!{e: 

- ):(ace AOKTopcKa mrceprnuaja rrpaxBaTR, a Katt)l;R.n;ary O)l;o6ptt OA6patta, 

- .n;a ce ,LIOKTOpCKa ,LIRcepTaURja Bpali.a KaH,LIR,LlaTy Ha ,LIOpa,Lly (.Lia ce ,LIOIIyttR RJIR R3MRjeHR) RJIR 

- ,Lia ce ,LIOKTOPCKa ,LIRCePT<mRia O,L16Ria. 

1. 

2. 

IIOTIIllC qJIAHOBA KOMllCllJE 

~/_. __ 
~ AJieKcatt.nap B. TIJbacyiroe, 

.noueHT Ha yJKoj Hay•rnoj o6nacrn 

,[(HcKperna MaTeMaTI!Ka H TeOpHjcKa KH6epHeTHKa (BAK PC!> 01.01.09.), 
MexaHll'IKO-MaTeMaTwiKH cpaKyJITer 

HauuoHanHor HcTpalKHBa'!Kor .LlplKaBHor ymrnep3HTeTa y Hoeocu6npcKy, 

Pycnja, 

npe.ncjeii.Hlil< 

peJJ.OBHH npocpecop Ha yJKoj Hay'!HOj o6nacm 

MaTeMaTtt'!Ka aHaJIH3a H rrpnMjeHe, 

. .. Jir.1:1P?.J:lll:?.~~~:r:~~~:r:"!'.:I.1<1_i .P~.l<?.'.l1.:r:~:r:.Yll:!_i~~P..3.1_i!.~:r:~.::r.. ~a.1:!'.?L.1:1xll:i:i~ .... 

t 
' 
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3__ ---- · -~::::::~~~~ 
IlpMpo,u;1m-M!l1-eManNKR <lJaKynnrr Ymmep3HTeTa y EaH.oj Jiyl.(H, 

lf!Ifil{ 

4 ~JJ\ ~ \\~c,~~\l~k ............................. ................................................................................................... ifi~1~~p·11: .. c~~~i 
. BaHpeWJI1 rrpo<lJecop Ha y)!(oj Hay<rnoj 06nac111 

HyM:epWil(a MareMann<a l1 OIITI1Ml13fil.llija, 
MareMa-rwrrra <lJaKyrrrer Ymmep3irrera y Eeorpa;zy, Cp6Hja, 

s_ vlC --- ---- -- --~ - - --- -- --.av JypHj A. lCO'ierDB, 
pe,110BHH rrpo<lJecop Ha y)!(oj Hay'lHoj o6nacm 

~cKperna MaTeM!l1W<a H reopHjcKa KH6epHeTIIICa (BAK P<I> 01.01.09.), 
MexaHH'llco-MareManNKR <jlaKynnrr 

Hfil\liOHanttor HC1Jla)!(HBatJKor J.IP)!(aBHor ymmep3HTeTa y HOBocH6HpcKy, 
PycHja, 

MeHTOp,'ina!l 

H3)J)30JEHO MHIIIJhEH>E: 1Imrn KOMHCHje KOjH He iKeJIH .n:a llOTIIHme H3BjeIIITaj jep ce He CnaiKe ca 
MHIIIJI.eH>eM Beffirne 'f.JlfilIOBa KOMHCRje, .n:pI<aH je .n:a yHece y H3BjeIIITaj o6pa3JIOiKeH>e, O.l(HOCHO pa3rror 36or 
KOjHX He iKeJIH .n:a IIOTIIHme H3BjeIIITaj. 
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