
Измењено: 2024-03-25 09:23:52

Метода променљивих околина за решавање проблема p-центра са
поузданом мрежом

Јована Рађеновић, Стефан Мишковић, Оливера Станчић

 

Дигитални репозиторијум Рударско-геолошког факултета Универзитета у Београду

[ДР РГФ]

Метода променљивих околина за решавање проблема p-центра са поузданом мрежом | Јована Рађеновић, Стефан
Мишковић, Оливера Станчић | 50. Међународни симпозијум о операционим истраживањима SYM-OP-IS, Тара,
Србија, 18-21.9.2023 | 2023 | |

http://dr.rgf.bg.ac.rs/s/repo/item/0008610

Дигитални репозиторијум Рударско-геолошког факултета
Универзитета у Београду омогућава приступ издањима
Факултета и радовима запослених доступним у слободном
приступу. - Претрага репозиторијума доступна је на
www.dr.rgf.bg.ac.rs

The Digital repository of The University of Belgrade
Faculty of Mining and Geology archives faculty
publications available in open access, as well as the
employees' publications. - The Repository is available at:
www.dr.rgf.bg.ac.rs



MMHHHCTAPCTBO OJIBPAHE 

H BOJCKA CPBHJE 

3BbOPHHK 
PAJIOBA 
SYM-OP-IS 2023 

Tapa, 18—21. 9. 2023. 

50. 
CHMITIO3HJYM 
O OTIEPALIHOHHM 
HCTPA);KMBAMPMMA 

SYM-OP-IS 2023 

YpenHuHuH: 

JlejaH CrojkoButh, /lanuĐop TlerpoBHh, CphaH JIh 



AAAAAAAAAAAA



3BOPHHK PAJIOBA 
SYM-OP-IS 2023 

MHnsnnaBau 

Mejuija ueHrap „Ojnopana” 

BuOnuoreka „BojHa ktara” 

Kmura Opoj 2588 
Enumuja 36opnuuyu 

3a HanaBaua 

Jlupekrop 

Bubana Iauuh, nykoBHHK 

HauejHak OJteJbebba 3a H3jlaBauKy 

nenarHocr – Penakuuja „BojHa ktoHra” 

Topan Jatbuhi, ani. H. 

JIWkoBHo-rpad)ukH ypeJliHHK 
Mapuja Mapuli 

Tupax 50 npaepaka 

llrana 
BojHa mramnapuja, Beorpajt 

Copyright ' Mejuija ueHrap „OnopaHa”, 2023. 

ISBN 978-86-335-0836-0



50. cHMH03HjyM 0 omepanu0HHM HcCTpa;kuBalbHMa 

3bBbOPHMK PAJIOBA 

SYM-OP-IS 2023 

Tapa, 18-21. cenreM6ap 2023. 

Ypenaunu: 

/lejaH CrojkoBuh 

/lami0op Ilerponaah 

Cpban /liaMih 

Beorpaj, 2023.



OPTAHH3ATOPH: 

MunucrapcTno oji0pane Penyoamuke Cpouje u 

Bojcka Cp0ouje 

Bucoka rpabenuHcKo-reojteTcKa IIKOJIA 
CTpyKoBHHMx cry/Hja, Beorpaji 

Ekonomcku (bakyarrer, Beorpaji 

EKkonHoMcKu HHcTHTyT, Beorpaji 

MHncruryr „Muxaj.rio IIynun”", Beorpaji 

MaremarTuuku Hnucruryr CAHV, Beorpaj 

Maremaruuku (bakyarrer, Beorpaj 

Pynapcko-reo.nomiku (pakyarrer, Beorpaji 

Caoo0pahajnu (paky.rrer, Beorpaji 

Texnauuku (bakyarrer y HoBoM Cajny 

Oakyarrer opranH3auuoHuHx HayKa, Beorpaji 



I 
-
=
5
-
-
5
-
-
D
-
D
-
5
-
5
"
J
1
p
-
5
-
D
-
5
-
-
5
-
P
-
b
-
5
b
-
5
b
5
"
-
5
P
-
5
"
P
-
5
D
-
5
-
5
5
"
P
-
5
"
-
5
5
"
b
"
=
5
-
5
"
P
-
*
=
*
 

TIPOT PAMCKH OJIBOP 

[lerponuh /Jlanu6op, npejice)uHHk, Muuucrapcrgo onopaHe 

Anekcuh Byne, Bacoka rpabeniHcko-reojnercka mikona, Beorpaji 

BaHkonHh Pajnoje, Bojnoreorpa()cku aHcruryT, Beorpaji 

'uaHranonuh MupjaHa, Đakyxrrer opraHHaanoHHx HayKa, Beorpajt 

huponuh I opanH, Đakyarrer rexaHukHx Hayka, HoBu Cajt 

/lanujnoBuh TarjaHa, MareMariuku aHcrHryr CAHV, Beorpaj 

JluMurpujenuh BpaHka, Cao0pahajuHu (bakynrer, Beorpaji 

Jlpaxxuh MunaH, MareMariuku (pakynrer, Beorpaji 

Poponuh Bo06an, YHuBep3nrer ojnOpaHe, Beorpaji 

Jlyromuja Popbe, YHunBep3urer y HoBoM Ilasapy 

aHkoBHh MpeHa, EKoHoMcku (bakynrer, Beorpajt 

ouoBHh JeneHa, EKOHOMckH (bakynrer, Beorpaji 

oBauepuHh ByjunHh Bepa, Đakyarrer opraHiaaunoHHx HayKa, Beorpajt 

paruna Jose(), MarearnukH aHcraryr CAHYV, Beorpaji 

yrnaua Pypo, HiHcraryr Muxajuno IIynari 

yaaHopBuh Mapuja, Đaky.arrer opraHHaanoHHx HayKa, Beorpaji 

Makajuh Hukonuh /lparaHa, Đakyarrer opraHiaanuHoHHx HaykKa, Beorpaji 

Mapruh Mu:na, Đakyxrrer opraHHaannoHHx HayKa, Beorpaj 

MuybaHonBuh MHrop, Pynapcko-reo:moniku (bakynrrer, Beorpaji 

MitaajeHoBuh 3opuna, EKoHoMcku (bakyurrer, Beorpajt 

MyueHcku Binanuup, Dakynrer rexadHukHx Hayka, HoBu Caju 

Herjacon OĐeba, Cao6pahajnu (pakyarrer, Beorpaji 

Huko:nuh /Jiparan, Bacoka rpabenHcKo-reo/nerckKa iikona, Beorpaji 

[lerpoBuh Haraura, Đakyanrer opraHH3aunoHHX HayKa, beorpaji 

[lerpoBah Cnanuma, EKoOHOMckH (bakyarrer, KparyjeBat 

Ilemiko Hrop, Đakyarer rexuHukHx Hayka, HoBu Cajn 

IIpaurrano 2Kejbko, Pynapcku aHcrHryT, Beorpaj 

[IpepannoBnHh JbyOuma, ApxHTekTOHcKo-rpabeBHHckKo-reo/leTckH (bakynTeT, YHHBep3HTeT y 

aPb0j Jlyu 

anojenuh JiparaH, Hacraryr Muxajno IIynaH, Beorpaji 

Canpuh AjtekcaHnnap, Marearauku (pakynrer, Beorpaji 

Canuh I opanana, Đakynrer opraHH3aunoHHx HayKa, beorpaji 

Illenunh Manana, Caoopahajan Qakyanrer, Beorpan 

Copak Muzmnotmt, TexHojtomiku (pakynrrer, Batba JIyka 

CrauHuHupoBuih 3opnunua, Marearnuku (pakynrer, Beorpaj 

Crauuh CraHKo, EKoOHOMckH (bakyarer, Bamba Jlyka 

CraHojennh MuxnnaHi, Đakyarrer opraHHaatoHHx HayKa, Beorpajt 

CrauHojeBnh Mu:iopaju,, Cao0pahajiu (bakynrer, Beorpaji



Jp Crapuenunh /Jlymtan, Đakynrrer opraHHaanioHuHx HayKa, Beorpaj 

JIp CraMeHkoBuh MitajteH, EKoHoMckKu (bakynrer, Beorpaji 

/p Crojkonuh /lejaH, MuHucrapcrgo oj6paHe 

JIp CykHonuh Munuja, Đakyarrer opraHHnantoHHx HayKa, Beorpaji 

JIp Ypomenuh /Iparan, MareMarauku HHcraryr CAHV, Beorpaji 

Jp Banonih Munopaju Cao6pahajunu (pakynrrer, Beorpaj 

/p Byjomenah Mupko, Đakyarer opraHHaanoHHx HayKa, Beorpaji 

Dr Aloise Daniel, Natal University, Brazil 

Dr Artiba Abdelhakim, University of Valencia, France 

Dr Carrizosa Emilio, University of Sevilla, Spain 

Dr Duarte Abraham, Universidad Rey Juan Carlos, Spain 

Dr Eremeev Anton, Omsk State University, Russia 

Dr Escudero Laureano, Universidad Miguel Hernandez, Spain 

Dr Hanafi Said, University of Valenciennes, France 

Dr Hudec Miroslav, University of Economics, Bratislava, Slovakia 

Dr Kochetov Yuri, Novosibirsk, Russia 

Dr Labbć Martine, Free university of Brussels, Belgium 

Dr Melian Batista Belćn, University La Laguna, Spain 

Dr Migdalas Athanasios, Aristotle University of Thessaloniki, Greece 

Dr Moreno-Perez Josć A., University of La Laguna, Spain 

Dr Papageorgiou Markos, Technical University of Crete, Greece 

Dr Raidl Guinter, Vienna University of Technology, Austria 

Dr Salhi Said, University of Kent, United Kingdom 

Dr Sevaux Marc, University of Southern Brittany, France 

Dr Sifaleras Angelo, University of Macedonia, Greece 

Dr Sorensen Kenneth, University of Antwerp, Belgium



” 
-
2
-
5
-
5
-
5
-
5
-
D
-
D
-
D
-
D
-
D
-
D
-
b
-
5
D
-
b
"
5
P
-
-
=
b
-
"
-
=
h
 

TIIOUACHH IIPOT PAMCKH O/IbOP 

Annpejuh Mapko, BojHa akaneMuija, YHuBep3arer ojOpaHe, Beorpaji 

bangkoBuh Mapko, EkoHoMcku (baky-rrer, Beorpaji 

BaraHonBuh Bnanan, MHcraryr Muxajno IIynnaH, Beorpaji 

Boponuh CuHumta, Đaky:arrer 3a uirmnmovariHjy H 0e30enHocr, AMHC, Beorpaj 

'daGapkana O0paju, Munucrapcrso oji0paHe, Beorpaji 

[iBerkoBuh /Jiparoni, MareMariuku uHcruTyrT CAHYV, Beorpan 

Popbenuh BpaHucinan, I pabeBiHcku (bakynrer, Beorpaji 

['yOepanuh Cnro0onar, MiHcraryr Muxajno IIynnaH, Beorpaji 

Mnuh Ajnekcanjap, MuHucrapcrpno oyji0paHe, beorpajn 

oBau Murap, Muunucrapcrno ojiOpaHe, Beorpaji 

Mecapori KaraniHH, EkoHoMckuH (bakyarrer, Cyooruna 

MuxaJbepHh Muojipar, MareMarauku aHcraryr CAHV, Beorpajt 

Mu:;itoBaHoBuh I panHMHp, Mareariuku HHcruryr CAHV, Beorpaj 

Myun6a0uh Cnacoje, MuHucrapcrno oj0paHe, Beorpa/t 

OrmaHonBuih 3opaH, Mareariuku uHcrHTyT CAHV, Beorpaj 

Ornpunonuh CepadQuwm, I pabeBiHcku (bakynrrer, Beorpajt 

IIan Enjpe, YyHRaBep3aarer CHHruJIyHyM, Beorpaji 

Paknh Muzunaun, HHcraryr Muixajno IIynuH, Beorpa 

Byjah Cno6Gonnan, Pynapcku HHcruryT, Beorpaji 

Bynera JoBo, EKoHoMcku (bakyurrer, Beorpa/ 

3eueBHh ToMucjtaB, EKOHOMckKH (bakynrer, Beorpajt 

OPT AHH3ALIHOHH OJIBOP 

TIyKOBHHK Bnanaiup I'pouh, rpejice/uHHk, MuHuicrapcrgo oj6paHe 

TIOTITyKOBHHK JIp Cpban /luauh, cekperap, MuHucrapcrgo ojt6paHe 

TIyKOBHHK JIp JIyka 3;oropyOoBHh, MuiHucrapcrBo o,nopaHe 

TIyKOBHHK JIp /lejan Popbenuh, Bojcka Cponje 

TIOTITyKOBHHK AJIekcaHjap Ilanuh, Bojcka CpOouje 

TIOTIyKOBHHK Bnarora BykoBHh, MuHucrapcrgo oj0paHe 

KaneraH (pbperare Cama Hukonih, MuHucrapcrBo onopaHe 

BOjHH CJIy)9KOečHHK Pajnojka MuhonBuh, MunHucrapcrBo ojt6paHe



HOCMOLIH IIOBEJbE SYM-OP-IS-a 
saa aacanyre y pa3Bojy orepanioHHx HCTpa;KHBaHba 

Boxuanap Kpayr (1983) 

Anojsauj Bajnian (1983) 

JiparocnaBs MapkoBuh (1983) 

BpaHucnap HnaHonuh (1984) 

JbyOoup Mapruh (1984) 

Panupoj Ilerponuh (1984) 

JoBaH IlerpHh (1988) 

Camo 3no06enu (1990) 

Panocnag CraHojeBHh (1991) 

CpBerosaap BykanuHoBuh (1993) 

Cno0onanH KpueBuHau (1993) 

Cno0onan I yoepuHuh (1993) 

Joso Bynera (1993) 

Bepa KoBauenuh-Byjuuh (1998) 

/lyutaH TeonopoBuh (1998) 

Bxnacraup Marejnuh (2000) 

Mupko Byjomenuh (2000) 

CuHuma Boponuh (2001) 

Towmucitan 3eueBHh (2001) 

Cno0onar Byjuh (2003) 

Jlparan Panojennh (2006) 

MupjaHa darranoBuh (2010) 

HenHaji MianeHoBuHh (2010) 

Cnacoje Myun6a0uh (2010) 

Muznan Mapruh (2012) 

Zlparom IiaerkoBHh (2013) 

Topan hponuh (2017) 

'Popbe /lyromuja (2017) 

Munopaji Bunonuh (2019) 

Jlparan Ypomenuh (2021) 

Tarjana JlannnoBuHh (2023) 



MMHHHCTAPCTBO O/IBPAHE k OOM 

H BOJCKA CPBHJE 

• 
METORA TIPOMEHJbMBMX OKOJIMHA 3A PELHq/ABAME TIPOBJIEMA 

P-UEHTPA CA ITOY3HAHOM MPE)?)KOM 

VARIABLE NEIGHBORHOOD SEARCH FOR THE RELIABLE 
P-CENTER FACILITY LOCATION PROBLEM 

JOBAHA PAĐEHOBHTBn', CTEDAH MMIIIKOBHR ”, OJIMBEPA CTAHUMHh * 

! Pynnapcko-reonotmku (bakyarrer, byuiaHa 7, Beorpaji, Cp0nja, jovana.radjenovic(argf.bg.ac.rs 

? Maremarnuku (pakyanrer, CryaneHrcku rpr 16, Beorpa;u, CpOnja, stefan.miskovic(a\matf.bg.ac.rs 
5 EKOHOMCKH (bakyanrrer, JInneja KRexenaHe Cponje 3, Kparyjeaan, CpOnja, olivera.stancic(\)kg.ac.rs 

Pesuwe: V oao paoy je paxaampan npo6ane p-uenmpa ca noy30ano,M peorco (eHojn Reliable p-center 

Jacility location problem — RpCFLP). Peuasatee npo0neMa nooOpasyesqa uuuujajnHo ycnocmaaebahbe p 

pecypca u anokauuje KopucHuka, Kao W HakHaOWy peanokauyujy kopucHuka y cknaOy ca How6oHacmanuM 
cuenapujuva Koju caoOpoice uHdpopauuje o oHecnoco0;benu pecypcua u OCma.u,M M3MMeFbeHM.M yha3HUWM 
nodauyuwa. Ja peuacate nocMampaHoe npoOnewa npeOmooicena je emaxeypucmuka s3acHMoaaHa Ha 
umepamusHoj wapujatmu ocHoweHe MemodOe npoMeH.bueux okomuHa (eH2n. Jterated basic variable 

neighborhood search — IBPVNS). Peayamamu mecmupatba npeonojicehe emaxeypucmuke yka3yjy Ha hbeHy" 
edukacnocm y nozneoOy keanumema peuuetba u 6p3une us6epuasarba y oOHocy na nocmojehe pesyamame u3 
Jnumepamype. 

'Kıyune peuu: IIpo6ae p-uenmpa, Pooycna onmuusauyuja, Memoo0a npoen/bueux okojnuna 

bstract: In this paper, the problem of the reliable p-center facility location problem (RpCFLP) is 

considered. Solving the problem involves initially establishing p resources and allocating users, as well as 
subsequent user reallocation according to emerging scenarios that include information about disabled 

resources and other modified input data. To solve the observed problem, a metaheuristic based on the 

Jterated Basic PFariable Neighborhood Search (IBPNS) is proposed. The test results of the proposed 

metaheuristic indicate its efficiency in terms of solution quality and execution speed compared to existing 
results in the literature. 

'Keywords: p-center problem, Robust optimization, Pariable neighborhood search 

1.yBon 

TIpoOmeMH P neHTpa mpe/icraBjbajy KJIaCy JOKaNHJCKHX IIpOOJteMa uHjH je IUHJb yCHOCTABJbaHbC 

TauHo P pecypca H anonHpaHbe KOpHCHHKa yCHOCTaBJbeHHM peCypcHMA, TaKO JlA CC MHHHMH3yjc 
MaKCHMaJIHO KOpHCHHK-peCypc pacrojabe. y npaKcH, OBH IpoOJeMH Haa3e IHIpMMeHy y 
cHrTyalHjaMa y KOjHMa CC CBaKH KOPpHCHMHK CMaTPpa TOJ/UeJHaKO OHTHHM, KaO IHTO je cHyuaj mpH 
JnomHpatby pecypca xHTHHX CJIy>kOH (OoHHma, mojmHHjCKHX CTaHHMHa, BaTporacHHx craHMHIA...). 
Oxa6np nokanuja 3a ycnocTaBJbatbe pecypca npejicTaBJba JIyropouHy cTpaTerHjcKy OJUIyKy. Moxxe 
ce necHTH a HCKM OJL pecypca KOjH Cy yCHOCTaBJbeHH, y CJIyuajy mpHpojnHMx KaTacTpo(ba, 
npoTecTa, TepopHcTHukMHx Harmaja H CJIHUHHX BaHpe/IHHX cHTyaja, Oy/ly OHeCHIOCOOJbeHH 30 

ynorpeOy. 3aMeHa HH OnpaBka OBHX pecypca OH H3HCKHBajla BeJIHKa HOBuaHa CpejiCTBa H HyHO 
yrponteHor BpeMeHa. Crora Ou y (pbaai MojtenHpab»a H pettaBatba MHOTHX JIOKaHMHjCKHX HpoOJIeMa 
OMHno noOxeJbHO y3eTH y OO3Hp OBaKBe cHTyauHje H HampaBHTH HOy3JaHy Mpexky pecypca H 
KopHcHHKa. OJHOcHO, ycrocTaBHTH pecypce H moBe3aTH HX Ca KOpHCHHIHMA, TaKO JlA H y3 H3MCHC 
(oHecnocoOjbaBab» pecypca, mpoMeHa y pacTojatbHMa HJIH 3aXTeBHMa KOpHCHHKa, KaO H JIpyrHM 
yJa3HHM nojlanHM4a), MpexKa ocTaHe e(bakacHa. 
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'Y OBOM pajty je paaMarpaH npo03JteM P -neHTpa ca noy3JaHOM MPe)KOM (eHr;L. Re/iab/e p-center 
Jacility  location problem - RpCFLP). PemtaBabe mnpoOmeMa mojpa3yMeBa HHHIHjaJIHO 

ycnocTaB;babe P pecypca H ajoKamHjy KOpHCHHKa, KaO H HaKHajuHy peajioKalMjy KOpHCHHKa y 
CKJIaJLy Ca HOBOHACTAJIHM CiHeHapHjHMa KoOjH cCajlpxke HH(bopMauHje O OHeCIIOCOOJb6HHM pecypcHMa 
H OcCTaJIHM H3MCM5ĆHHM YyJIa3HHM IIO/1aliHHiMa. 

HwmajyhHM y BWAUy CHMŽOXeHOCT pasMaTpaHor mpoOmeMa M peaynrare JOOMjeHe er3aKTHHM 
pemaBaueM CPLEX 20.1.0 Ha wHcraHmuaMa pa3nMuHTHX JUHMCH3Hja, MOX)KĆ CČ 3A4KJbyuHTH JA 
eraaKTHe MeTOJIĆ He Majy pemeMa 3a HHcTaHIe HpoOjeMa BehHx nHMeHaHja (HHcTaHme ca 100 w 

BHIIIC KOpHCHHKa H HpOH3BOJbHHM OpojeM ciieHapHja, Kao H HHCTaHIIĆ Ca BHIIC OJU 30 KopHcHHKa 
Koje yKJbyuyjy mpeKo 100 cueHapuja) ycne;l MeEMOpHjckor MJIH BpeMeHcCKOr OrpaHHueMba. Hy Tor 
pasamora, npejutoxeHa je MeraxeypHcTHKa 30 M.ČrOBO pemmaBaMbe, 3aCHOBaHa Ha MHTepaTHBHOj 
BapHjaHTH OCHOBHC MCTOJIĆ IDOMCHJbHBHX OKOJIHHa (eHrJ. /ferafed basic variable neighborhood 
search — IBFNS), koja y KpaTKOM BpeMeHy HdjBpHIaBaMa OOeaOebyje KBamarerHa pelmema 
npoOnmeMa. Y OKBHpy OBOr paja npHKa3aHH Ccy ynopejnHH pe3yjmaTH TpH er3aKTHe MCTOJIĆ H3 
nmureparype, CPLEX pemtaBaua M IBVNS MMmnmeMeHrTamuje, 5a MHcTaHme Koje cajpxe no 30 
KopuHcHuka H JIo 200 cueHapuja. 

2. MATEMATMUKA ODOPMyJyNALIMJA 

Y OBOM Ppaj/ly npejicraBjbeHa je MaTeMaTHuka (popMymamuja RpCFLP, npeyjutoxeHa y [4], koja 
Kopucru cuenehe napaMeTpe: 

*I — ckyH KOpHcHHKa; 
“J — ckyn noTeHLHHjaJiHHx JoKalHja pecypca; 

•K - ckyn cueHapuja; 

•p — Opoj pecypca koje rpeGa ycnocraBHTH; 

=Cij – pacrojabe ojt kopucHuka i E T o pecypca } EJ , npe nopeMehaja; 

=d; — aaxreBH/norpa;kba KopHcHuka i E { , npe nopeMehaja; 

„CP() — pacrojame o kopucnuka i e o pecypca / e/ ,y cnemapnjy ke K ; 

•d?(k) – aaxrepa/norpa;kbbsa kopHcHHKa i Ef , y cneHapnjy ke K ; 
•a;(R) — nocrynuocr noreHuujanne nokanuje pecypca i eJ] y cueHapujy ks K , tj. a/(G)= 1, 

ako je nokanuja / EJ emocrynHa y cueHapnHjy k e K ,ać/G)="0 waue. IIpernocraBka 

| Žjau0<p 
je na BaxxH “e; ; 

Kao H cneznehe CKyrIOBeC IIDpOMCHJbHBHX: 

"BuHapHa ripoMeHJbHBa / noOuja BpejiHocT | yKojmiKo je pecypc ” ycnocTapBJbeH, a O aHaue; 

"BuHapHa nipoMcHJbHBa +i; noOHja Bpe/IHOCT ] yKOJIHKO je KOpHCHHK i JOJIeJbeH pecypcy / 
(npe nopewehaja), a 0 aHaue; 

"BuHapHa rIipoMcHJbHBa M#jk y3HMa BpeJIHOCT | yKOJIHKO je KODHCHHK i Jo/jleJbeH pecypcy / y 

cueHapujy # , a 0 aHaue. 

IIpoMeHJbHBa *i; OJUHOCH CC Ha ajlOKaNHjy KOpMHCHHKa y ICpHOJUy y KOM jOMH HMHjC JIOMIJIO JIO 

OHecnoc00jbetba oJipebeHux pecypca, JIOK Ce IIpOMeHJbHBa jR OJUHOCH Ha peajokanHje y OKBHpy 
cueHapuja nopeMehaja. Kopucrehu nperxojHy Horanujy, RpCFLP ce Mox»e (opMynucaTuH Kao y 
[4], a caeneha HauHH: 

'E_\!'“:l·: +a.QG) (1) 

TIpH ycCJ1OBHMa: 

L,> ztz·ud,.ru viml, 0) 

ja} 
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Z.v,· =PD, ) 
XiSY; Viel,jeJ (4) 

Zx, j=1 viel. 6) 

je} 

XijayjE01} | viceLjeJ, (6) 

rne je 209 neQanucaHo kpo3 ipyrH creneH Mo/ieJta: 

Qg0)= l;k·:šr:_'ll;nl.,lk) 0) 

THipH yCJIOBHMa: 

L.(k)> Z:fi(k)afmm„„ viel (9) 
ju} 

Wijk SY; viel.jeJ. (9) 

Wij s1-aj(i}  vieLjeJj. (0) 

Zn·w,=l vicei, d) 

W.ke{QH} | vieLjeJ (2) 

ODyHKnuuja uMJba (1) mne(MHHcaHa je KaO TeXKMHCKa CyMa MaKCHMajHOr pacrojaba M3Meby 

KopHcHuHKa H pecypca y HpBOM cTeneHy Mo/iema (nepHo/i mpe mopeMehaja) osHaueHor ca Li H 

HajBeher oJl MakcHMajIHHX pacTojabba H3 CBHX CHeHapuja Jipyror creneHa MojIea (HaKoH mrTo JIobe 

o oHecnoco0;bemba Hekor pecypca) o3HaueHor ca OG7}, kojy rpeGa MuHiMu3oBaru. IIocraBjbambe 

BpejHOcCTH 32 Šıi Ha MaKCHMaNHO KOpHCHHK-pecypc pacTojame y mepMoy mpe mopeMehaja 

TIOCTH;KE CC yCJIOBOM (2). VcutoB (3) ykayyje na je ycrocTaBJbeHo TauHo P pecypca. IIpernocraBka 

je na Baxu P= MI Vcnomu (4) u (5) o6ea0Gelyjy na, y nepao,ty npe nopeMehaja, kopacHanuu Oy,/ly 

ajtouupaHH CaMO yCHIOCTaBJbeHHM peCypcHMa, KaO H JlA CBaKH KOpHCHHK Oy,le ycJly)KeH OJ CTpaHe 

TauHo jeHor pecypca, pecnekTHBHO. THIOBH IIpOMeHJbHBHX ?if H y cy ne(pHHHcaHH yCJIOBOM (6). 

Y npyroM creneHy MOJIeMa, KpO3 ycHoB (8) BpenHocT s3a Čz(K) nocranjba ce Ha MaKCHMaJIHO 
pacrojabe H3Meby ycnocTaBJbeHHx pecypca H M.HMa aJIOHHpaHHX KOpHCHHKa y K -TOM CIIČHapHjy. 

YenonMMa (9) w (10) oGeaGebyje ce ma KopMcHMmM Oy,ly aOHMpaHM CaMO YyCHOCTAaBJPBĆHHM 

pecypcHMa KojtH cy JnocTnynHH y & -roM cueHapHjy. YcnoB (11) rapaHryje a he cBaKH KOpHCHHK, 

y k -ToM cneHapHjy, OHTH ycily;KeH 0J1 crpaHe TauHo jexuHor pecypca. OrpaHiueme (12) ykayyje Ha 

OgHapHy ripHpojly IIpoMeHJbHBE Vijk , 

TIpakaaaHa Qopmynanuja RpCFLP ce, no yaopy Ha nocrynak H3 [2], Moxxe TpaHc(bopMHcaTH y T3B. 

jenHocreneHHu Mo/IeJi Ha cnejehH HaulH: 

„min Gč + dzČaax[i 
(13) 

npu ycnoBuMa: (2) – (6), (8) – (12) ı Lmax = č-(R}, | VREK, 
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3. METOBA TIIPOMEHJbMBMX OKOJIMHA 3A RPCFLP 

Merojta npoMeHJbHBHX OKOJIHHa (eHra, Pariable Neighborhood Search — PNS) je MeraxeypucrHka 

Kojy cy 1997. romMHe npejutounM MnmaneHoBHh w XaHceH y [6], sa pemmaBaWe npoOmeMa 

roBauKor HyTHHKa. J3acHoBaHa je Ha HJIČjH CHCTeMaTCKHX HpOMeHa OKOJIHHAa TOKOM JIOKAJIHOr 

perpaxxHBaM»a H cnenehe TpH uHHeHHIIe: JIOKaJIHH MHHHMYyM YJ OJIHOCYy Ha jeJIHy OKOJIHHy He MOpa 

'MTH H JIOKAJIHH MHHHMYyM y OJIHOCy Ha HCKy /Ipyry OKOJIHHy, TJIOOaJIHH MHHHMyM jc JIOKAJIHH 

HHHMYyM y OJIHOCy Ha CBC OKOJIHHC H 3a BehHHy IHIpoOmeMa, JOKaJIHH MHHHMMYyMMH y OJIHOCy Ha 

a3anHuHTec OKONMHC Cy MebycoOHo OHckH. Y aaBHcHOcCTH OJL TOra Ma HMH CČ HaBeJIĆHC TpH 

HIbĆHHIIC KOpHCTe JIČTeDMHHHCTHUKH, CTOXaCTHUKH MJIH KOMOHHOBaHO, y JIMTepaTypH Cy 

peJutoxxeHe payjiHuHTe BapHjaHTe MeTOJIĆ IIDpOMEHJbHBHX OKOJIHHa (BH/IeTH [5]). 

= 
O
R
 

-I
f:
s-
1 

'Y OBOM pajty je npeJutoxkeHa HTepaTHBHa BapHjaHTa OCHOBHC MeTOJIĆ IIDpOMEĆHJbHBHX OKOJIHHa 

(eHr. fferated Basic Pariable Neighborhood Search — IBFNS) sa pemtaBabe RpCFLP. Pememe 

mpoOmeMa ce cacrojH o OMHapHor HMH3a Y (KOjH Cajlp)kM HH(poOpMamnje O YyCHOCTAaBJbČHHM 

pecypcHMa) nyx»xuHe II a neno0pojHor aaaa a//ocafions, nyxxane MIOKI+ 1) Vkonuko ! -ru unan 

HHd3a Y MHMa BPpe/IHOCT l, TO 3HaubH Jma je 1 ra pecypc ycnocTaBJbeH. OuirjieJiHO, HEOTIXOJIHO je a 

X MMa TauHo P jenMHuma. Hwis a//ocafions npe/craBjba HH3 anoKauuja. IIpnax MI unaHona Haaa 

ce ojHocH Ha anokanuje npe nopeMehaja, nok ce npeocranax MIIMI unaHoBa ojoce Ha anokauuje 

y3 cueHapuHje nopeMehaja. IlenmoGpojHa Bpe,Hocr Ha i -roj noaauujH OBor HHGa, rme je L= M, 

npe/jicTaBJba HH/IČKC pecypca KOjeM jc ! -rH KOpHCHHK ajonHpaH, y nepHo/y mpe nopeMchaja, JIOK 

BpejHocr Ha { +M)-roj nosauuja oBor HHaa, & e IKI, npencrapjba MH/leKc pecypca KojeM je 

anonupaH ! -rH KOpHcHMHK, y K -roM cHeHapujy. V majbeM Tekcry he ce moji pemtetbeM npo6jteMa 

nojipa3yMeBaru HH3 * , JoK he ypebeHu nap (x,alliocarioms ) uaHuTH KoJnremHo peluetbe. 

“DyHkubHja uuHJba 3a pettebbe * HMa BpejiHocT iiGXa + ((zaXs make= qmq!n[t=,đgh0) — l], 

RG nrl;l·mm rfj(k)df(k)k)(k) =0xO= ]]. 'Ykonako 0H ce 
Ha OBaj HauHH pauyHaje Bpe/IHOCTH (byHKIHje IUHJba 32 CBaKO IHIOTeHIHjaJIHO pelneMbe HpoOjeMa, 

Romino OM JO HOHaBJbaba BenHKor Opoja MapauyHaBaMa. Jla OM ce MaOerma HenmoTpeOHa 

HIOHaBJbaHba M YyIHTCJIĆHO BpeMC M3BpHmaBaMba aJIrOpMTMa, IIpejUIO%eHa je MoJw(bukamuja 

anropHTMa Koja kopHcTH cTpykTypy saved. HiHumujanHo, neznma crpykTypa saved je npa3Ha. Y ToKy 

pemaBabba npoOteMa, crpykKTypa ce nomyMyje mojalnHMa JOOHjeHHM 304 CBaKO HOBO peHieMbbe H 

THIpHTOM, mo/tanuH y crpykTypH ce He Opumty, Beh ce axxypHpajy. IIpennaHuHje, y OKBHpy cTpykType 

saved ce a CBaKOr KOpHCHHKa udyBa BpcJUHOCT pacTOjaMba JIO H:ČCMy HajOJMKe yCHOCTaBJbCHOT 

pecypca y OKBHpy TpeHyTHO pa3MaTpaHor peleHba H OecJ)KM MaKCHMaJIHa Bpe/IHOCT JLaTHX 
pacrojabba, Kako 3a nepHo,i npe nopeMehaja, Tako H 34 CBaKH CleHapHO. [IpHjiHKOM rnpenacka y 
HOBO pelttewe ojpebeHn Opoj pecypca ce ocmoOaba, anH H MCTO TOJIHKO HOBHX CČ YyCHIOCTABJba. 

Vwecro mna ce (yHkKuja nMJba pauyHa H3HOBa, pa3MaTpa Ce Hajnpe a JIH HOBOyCHOCTaBJbCĆHH 

pecypcu u pecypcH kojH cy ocxo0obeHH MeMbajy Bpe/IHOCTH y CTpyKTypH saved. VKOJIHKO TO jecTe 

cnyuaj, ojroBapajyhe BpejHocTH ce axxXypHpajy H MaKCHMyMH KojH (burypuuty y (byHKNHjH IHJba 

MOTry Ce JOOHTH JUHpeKTHO H3 CTpykType saved. 

max{maxy,--maxy 

TIpeyunoxxeHa IBVNS weroja sanounme mperpary oJ moueTHor pelHemba Xs Koje ce MoOHja 

TaKO IITO Ce CBaKH OHT HOcTaBJba Ha O n 1, np ueMy BepoBarHoha a OMT y3Me BpejocT | 

MyaHocH (.25 (oBa Bpe/HocT je ojipebeHa rnpenniMHHapHHM TecTHpaM»eM). IIpwToM ce Boju pauyHa 

na pentepbe cajpxxH TauHo P jenHHHa. VKOJIHKO Cajlp;KH MaMbe, peliIebbe Ce HO HCTOM IIpHHIHHITy 

Romnyhbyje. 3a TakO OOMjeHO | |noueTHO peleMe ce pauyHa BpCJUHOCT (byHKMje IMMJba H 
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HcCTOBpeMeHO ce HHHHHjanH3yje crpykTypa saved. Ha nouerHo pemebbe e mpHMeMyje ce BVNS, 

dMHMC Cc JOOHja HOBO pelebe X H BpmIHM ce axxyypHpaMb• cTpyKType saved. HakoH rora, Hajl 

pemtePbeM 2 cc HTepaTHBHO HpHMcCMyjy pa3Mp/laBaMĐe, mbShake nyTa, a BVNS. MHHHMMyMH H 

MaKCHMyMH y OKBHpy CTpyKTyPpe saved rpaTe TpeHyTHoO pasMarTpaHo petiewbe. MebyTHM, yKOJIHKO 

ce y ToKy jenHe HTepanuje anropHTMa He noOHje pettetbe ca MaPbOM BpejiHormihy (byHKLHje IUHJba y 

OJiHOCy Ha petmebe OJI Kkor je arepauuja aanouena, Hape/iHa HTepanuHja IOuHMe OJ pelitePba OJL KOr 

je sanouema nperxojHa. Maya ror pasanora, mpe ynacka y mpBy Hrepanujy, moTpeOHo je cauyBaTH 

MHHHMYyMEC H MaKCHMyME H3 saved y minsMaxesnaas , Kako OH ce Ha Kpajy HTepanHje noHHIITHJIĆ 

HauHM»eHec H3MCHĆ, yKOJIHKO je TO HOTpeOHO. Takobe ce Ha Kpajy cBake MHrepauuje axxypHpa 

minsMaxeSyes YyKOJMKO je HabeHo Oojbe pemteWe. Oaaa pas3Mp/naBaba noyipa3yMeBa 34MCHy 

TpeHyTHor pelmeHba Ca IpOH3BOJbHO OJAOpaHHM peHleWbeM M3 HeKC OJL OKOMHHa. OKOJIHHa 

Ux(x),1 5 k = Kunax{i , npejicTaB;ba ckyn pemenba koja ce no0Hjajy o/l pemetba * , ocnoGabambeM k 

pecypca H ycnocTaBJbaMbeM K HoBHX. V cyuajy pa3Mp,naBaMa KOje ce OJBHja BaH BVNS-a, 

pentepbe ce yBek OHpa H3 OKOJIHHC Ux(O rne kr npe/icTaBjba jenaH oJL mapaMeTapa ajIropHTMa. 
JIokanHa mperpara y OKBMpy BVNS-a (yHkuMoHmme no pHHiHHy /-TOr mHoOojbmmama., 

TIpenusHuje, y je)Hoj HrepanujH JoKajHe mpeTpare BpIHH Cec HpOH3BOJbaH OjnaOMp / pemtewa H3 

okonuHe U+(%), pemtemwa y. Ykomuko je npoHaljeHo Gojbe pemieme, x ce axxypHpa. KpurepHjyM 

aaycTaBJbaba 3a HOKajJIHy mpeTpary pejicraBJba OJICyCTBO OOJber pelteMba. OJUHOCHO, yKOJIHKO 
ojaOHpoM / pemema H3 U+(*) auje noOujeHo kBannrerHHje pettepe OJL x, TokanHa HpeTpara ce 

npekHjla. Y CyrpoOTHOM ce BpIHIH OJLaOHp HOBHX / pemeMba y OKOJIHHH HOBOT HajOoJber pelneMa. 

Kao kpurepujyM saycraBJbabba IBVNS-a y3erTo je MaKCHMaJIHO BpeMC H3BPimaBahba aJIroOpHTMa. 

4. EKCITEPMMEHTAJIHM PE3yJITATM 

IBVNS wmeraxeypucruka 3a pemtaBabe RpCFLP umrniteMeHruipaHa je y nporpaMCKOM je3Hky C++. 

CBa TecrHpaba cy H3BputeHa mo Ubuntu 21.10 onepariBHHM CHCTEMOM, y OKBHpy Dual Boot 

cHcTeMa, Ha pauyHapy ca mponecopoM Ryzen 5 3550H o 2.10 GHz u 8 GB RAM weMopHje. 

EkcnepuMeHrajtHi pe3aynrarH cy JoOMjeHH Ha HHcTaHHaAMa rcHepHCaHHM Ha OCHOBy mojaTaka 

JoOujeHHX 3 [4]. PasaarpanHe cy MHHcCTaHIIC BeJHuHHa 

MI= IJI = (10,20,30} IKI = {5,10,20,50,100,150,200} . 3a cBe HHcraHne, BpemHocrH IBVNS 

napaMerapa cy Kmaxv = 3, nbShake=35, · kj=3, 1=5 5 nok je MaKcHMaaH (Opoj 
urepauuja y okaHpy BVNS werojne nocran;beH Ha 1000. BpeyiHocru cBax napaMerapa JoOuHjeHe Cy 

CKCIICČDHMĆCHT42JIHHM IIyTCM. 

Ta6e.ma 1: Peaynrara recrupaba IBVNS werojie u nopebeme ca pe3ynraTuHMa H3 nTeparype 

IBVNS CPLEX CC&G BD LIP 

I RKI | 4G) | op(%) | _GS)_ | opa(%) | gap(%) |_aG) | op#(%) | gap(%) | ) | op#(%) | gap(%) |___Gs)___| opi(%) | gap(%) 
5 0.00 100.00 0.10 100.00 0.05 100.00 0.06 100.00 0.03 100.00 

10 0.01 100.00 0.14 100.00 0.09 100.00 0.09 100.00 0.08 100.00 

20 0.03 100.00 0.32 100.00 0.23 100.00 0.18 100.00 0.29 100.00 

10 | 50 0.04 100.00 0.90 100.00 0.66 100.00 0.39 100.00 1.83 100.00 

100 0.07 100.00 2.29 100.00 1.29 100.00 0.77 100.00 3.22 100.00 

150 0.07 100.00 3326 100.00 2.18 100.00 1.45 100.00 6.7 100.00 

200 0.10 100.00 6.35 100.00 2.96 100.00 1.88 100.00 9.77 100.00 

20 5 0.03 100.00 0.51 100.00 0.36 100.00 0.57 100.00 0.21 100.00 

10 0.09 100.00 1.36 100.00 0.84 100.00 0.94 100.00 0.63 100.00 

20 0.21 100.00 346 100.00 2.14 100.00 141 100.00 234 100.00 

50 0.42 100.00 12.39 100.00 941 100.00 421 100.00 11.33 100.00 
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IBVNS CPLEX CC&G BD LIP 

100 | 0.76 | 100.00 | 51.96 | 100.00 23.04 | 100.00 7.62 | 100.00 45.11 | 100.00 

150 | 2.69 | 100.00 | 235.31 | 100.00 30.39 | 95.56 | 7.50 | 16.31 | 100.00 8397 | 95.56 | 24,55 

200 | 2.30 | 100.00 | 490.96 | 82.22 | 28.31 |33.23 | 86.67 | 11.61 | 23.51 | 100.00 119.78 | 8667 | 16.7% 

5 | 026 | 100.00 | 1.31 | 100.00 1.31 | 100.00 2.41 | 100.00 0.82 | 100.00 

10 | 0.58 | 100.00 | 3.29 | 100.00 4.84. | 100.00 5.01 | 100.00 3.46 | 100.00 

20 | 0.55 | 100.00 | 11.85 | 100.00 34.45 | 100.00 17.41 | 100.00 22.52 | 100.00 

30 | 50 | 3.46 | 100.00 | 72.36 | 100.00 69.31 | 73.33 | 7.79 | 49.68 | 97.78 | 5.22 | 116.31 | 93.33 | 13.26 

100 | 8.53 | 100.00 | 364.86 | 93.33 | 34.6 |83.90 | 35.56 | 21.07 | 0973 | 88.89 | 26.04 | 187.71 | 4444 | 50.,13 

150 | 20.17 | 100.00 | 892.01 | 75.56 | 44.98 | 86.00 | 35.56 | 2842 | 80.71 | 6222 | 20,78 | 18743 | 15.56 | 5941 

200 | 22.46 | 100.00 | 575.98 | 23,33 | 42,44 |45,49 | 35.56 | 31.04 | 85.78 | 46.67 | 26A52 | 20241 | 13,33 | 55,23 

V oBoM pamy cy npHKa3aHH ynopenHH pe3ynraTH TpH ecr3aKTHe MeTOJEe peulaBaba RpCFLP 
nmpoOmeMa (CC&G, BD w LIP) wwnowgeHM y |[4], CPLEX 20.1.0 pemaBaua M IBVNS 

HMIeMeHrTanuje, 3a MI<40. Kao KpHTepMjyM 3aycTaBJbaMba CBHX MeTOJa KopHmiheHO je 
MaKCHMAaJIHO BpeMe H3BpIIaBaba, Koje je orpaHHueHo Ha 1000 cekyH;u. Y TaGenu 1, cBaka Bpcra 
npukayyje pegynrare moOMjeHc Ha nmo 45 HHcraHiH Koje HMajy HcTe BpemHocrH MI a IKUI, a 

paanMuure BpejocTH 3a P H . IIpwToM, &i = {0.2,0.5,0.8}, - =1— ,, a s3a B cy yaere 
181180 || 

ueno0pojHe BpejiHocTH HajOnM>»ke BpejHOCTHMa 5, # H 3 (OCHM y Cyuajy Kama je MI=10, 

Kaja cy 3a B y3erTe Bpe/mHocrH 2, 3 a 4). Konone žG cajnpxxe npoceuHa BpeMeHa 34 KOje Cy MeTOJIĆ 

yCHeHIHO JIOCTHTIJIĆ ONHITHMAJIHO PeMHIcHbe (y CeKyH/\IAMa). y KOJIOHaMa opt(%) npMHka3aH je 
mponeHaT HHcTaHi (o)i 45) 3a Koje je npoOjeM pelteH JO OHTHMajHocTH. KpBannrer peayanrara 
JoOMjeHHXx TNpejUIO%eHOM IBVNS MeTONOM IpoHmeMĐeH je ynopehbMBaMbeM Ca OMTHMAJIHHM 

pentetbHMa JI0OHjeHHM er3aKTHHM pelilaBaueM CPLEX. y kojtoHaa 94p(%), aa eraakTHe MeTOJIE, 
npHkasaHe cy mpoceuHe gap Bpe/UHOCTH Koje Hpe/iCTaBJbajy OJUCTymaFbe H3MeDy JOMe H TOpMe 
rpaHiie, y cnyuajy Kajla HHje IIOCTHTrHyTO OIHITHMaJIHO petliebbe. VKOJIHKO CC Ha CBHM HHCTaHILAMa 

jenHe rpyne JOCTHrHyJIO OHITHMAJIHO Petttebbe, IIipoceuHa gap Bpe/HocT je Hyaa (henmija y TaOeJu je 
npasHa). 30or pasamMke y mnumaT(opMaMa KopumrheHHM 3a TecTHpaMĐe, a y INMHJby KOPpČKTHOT 
nopebema peyymrara CC&G, BD, LIP, CPLEX pemanaua H IBVNS Meroma, M3BpmmeHo je 

cKajiipatbe BpeMeHa H3BpimaBaHba MeTOJLa mpHKayaHHx y |4|. Mya peaynrara mpejicraBjbeHHX y 
TaOGema l, MOXKe Ce 3aKJbyuHTH JM jejHO IBVNS mMerojna HanmasH cBa OmTHMajHa peleMa, 34 

Hajkpahe BpeMe H3BpmmaBaMa. IIpenu3HHje, IpoceuHoO BpeME HajlaxKeHba OHTHMAaJIHHX pemeMwa 38 
IBVNS wsaHocH 2.90s, aa CPLEX 130.05s, mok cy mpoceuHa BpeMeHa HaaxeMa peteMWba 30 
CC&G, BD u LIP pejnos 20.58s, 19.48s a 47.88s. 

5. SAK/JbyuAK 

Y oBoM pamy je pas3MaTpaH mpoOmeM M -meHTpa ca nOy3JaHOM MPpe);KHOM IHeČMOM. HEraakTHH 
pemasau CPLEX 20.1.0 kojn kopucrH MaTeMaTHuKy (pbopMyjanujy mpoOmeMa Hc Maje dak HH 
JonycTHBa pemteMba 3a Behe JMMeH3Hje HpoOmeMa, HITO je H OucKHBaHO, HMajyhH y BMJUy Ja je 
pasMarpaHH mpoOmeM NP-rexak. IIpejmnoxeHa WreparHBHa BapMjaHTa OCHOBHC MeTOJIĆ 
HIpOMEHJbHBHX OKOJMHHa (IBVNS) y KpaTKOM BpeMEHy H3BPpIHaBaMba JIOCTHJKC CBa ONHITHMaJIHa 

pemtepba Ha MHHcTaHHaAMa MaHbHX H Cpe)UbHX JUHMeHyHja M OOea3Oebyje KBammrerHa petemba Ha 
MHHcTaHnaMa rnpo0OunmeMa BehHx JHMeHyHja. Irapumte, y nopebePby ca pesynrrarHMa TpH er3aKkTHC 
MeToJe peutaBaba RpCFLP nmpoOmeMa (CC&G, BD u LIP) wsanoxeHuMx y [4] H pegaynrarHMa 
JnoOujeHMM CPLEX pemraBaueM, IBVNS nokayyje HajOojbe nep(popMaHce y CMMHcJIy KBajiHTeTa 
pemtepba, Kao H BpeMeHa H3BpImaBaMba ajtropHTMa. IpetuaHHje, Ha HHcTaHmaMa Koje cajipxKe no 30 
KopuicHuHka H HajBHme 200 cneHapuja, jejuiHo IBVNS Merojna Hana3n cBa onTHMaj;iHa pelitebba, 32 

ii Bpeme HapBpitaBabba CPLEX pettanaua 3a norpeOe npoBepe omruMa;nHocrHu petitetba JoOHjeHHx IBVNS MeTOJIOM 
Ouno je npomnpeHo Ha 7200 cekyH;u, 3a cBaky TecrHpaHy HHcCTaHILy. 
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Hajkpahe BpeMc MaBpmmaBaMa. Bynmyha McrpaxkMBaMba MOTy yKJbyuHTH mapanmemHaanHjy H 
xuHOpujuHaanujy rpejUToxeHe MeTOJIĆ Ca JIpyrHM XeypHcTHKaMa 30 pemaBaMbćĆ OBOT HJIH CJIHUHHX 

JoKaliHjCKHX IIpoOteMa. 
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