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MOJIEJIHPAMbE YyTMIIAJA OJICTyILIAbA JIHHHJE HAJMAMbEF OTIIOPA OJI 

TIIPOJEKTOBAHE HA HHTEH3HTET IIOTPECA OJI MHMHHPAIbA 

CA)KETAK 

IIpea neQHHunnujH nHHHJa HajMažber OTIIOpa IIpe]iCTaBJba Hajkpahe pacTojabbe OJI IIČCHTpa MHHCKOT 

TIyHbeMPba JIO CJIOOOJIHe IHOBPpIHHHC. OBHM HCTpa)KHBaMbeM TIpeJiCTaBJbeH jc yTHIaj JIHHHJE HajMaHber 

OTHOpa, KaO H MeHOT OJICTyHmaFba OJL HDOJEKTOBaHC Ha HHTC3HTCT HOTpeca yC/L MHHHpaba. 
IIpoOmeM nHHHje HajMaMber OTIHOpa je BCOMA 3aCTyHJbEH y HpaKcH, T) CC 3aHCMapyje H3TJICJI 
CJIOOOJIHC IIOBDIHIHHC, KOJH MO:XKC OHTH BDpJIO HenpaBHiaH. JIHHHJy HajMaMber oTHopa je nOoTpeOHo 

MePHTH IHČJIOM JIy)9KHHOM MHHCKC Oy1IHOTHHC IIpeMa CJIOOOJIHOJ IIOBPIHIHHH, HaKO je y IpaKcH cJIyuaj 
Jla ce Mepu Hajuemhe Kao pacTrojabe OJL OCe MHHCKOT IIyM56Pba JIO BpXa cTaxKe. OncTynabbe JHHHHJE 
HajMaMber OTIIOpa 0JI IipOjeKTOBaHe MO:;Ke OHTH Beche HJIH MaMbe, IITO yTHuc Ha pe3yJrraTre MHHHpabba 

H CTBapaMbe HC)KCJBCHHX c(peKaTa HPpHJIMKOM MHHHPaM4a, KaO IHITO Cy mOBchaMe HMoTpeca yCJIC) 
MHHHPaba HiIH pa3jieTabbe CTeHcKor MaTepuHjana, moma (pbparMeHTanuja. Kpo3 acrpaxxHBahbe yTHIIaj 
ojncTymaĐba Ha HHTCH3HTeET HOTpeca yTBPpbleH je Ha JaOOpaTOpHjCKOM MOJICIy, TJ Cy BpHTeHa 

HHHIIHpahb5a JeJIHc OyIHIOTHHC, 34 IIDOjJeEKTOBaHy JIHHHJy HajMaber OTIIOpa, a CBaKO OJICTymahbe Behc 

OJL IIpOjeKTOBaHOT CTaMba jc y3cCTO KaO HmapaMeTap 3a mopebeMe. IIpMaHKOM CBaKOr MHHHpaMba 
BPIIICHO je Mcpehbe noTpeca y3 nOMOh CeH3MHdUKOT HHCTpyMCHTa Ha OJIpeljeHOM pacTojabby OJI MecTa 

MHHHPaMb2, KaO H HpceTXOJHO (bororpa()ucaMĐe CJIOOOJIHC HOBPIHHHC HCIIp6CL MHHCKC Oy1IHOTHHC, 
KaKO OH ce 32 CBaKO MHHHPpaM ypa)o MeTaJbaH 3D Mojem.. CBaKO Mepebe je ripe}icTaBJbeHO Ha 
JuijarpaMy H pa3BpcTaHO y 34BHCHOCTH OJL OJICTyIHIaAMb5a JIHHHje HajMaMber OTIIOpa, Tj. Kajla je OHa 

Je/HaKa IIpojeKTOBaHoj Bpe/iHocTH OJI 30 mm, Kao H CBaKO MĐCHO OJICTyIIaMbe KOJe je Mabe HJIH Behc 

OJL HpojeKToOBaHc. CraTHCTHUKOM aHaJIH3OM pe3ynTaTa yCTaHOBJbCH jJe MOJIĆH 3aBHCHOCTH 
oJjicTyrmaMa JIHHHje HajMaMber OTIIOpa OJI IIpOjeKTOBaHC Ha HHTCH3HTECT HOTpeca ycJIe)l MHHHpaba y 

J1aOoOpaTOpHjcKHM yCJIOBHM4, KOjH je BepH()HKOBaH TEpeHCKHM HcIHIHTHBaMbcM. Kao JnoxtarHa aHann3a 
KopHmihcH je H MCTOJI pa3/iBOjeHHX ccMeHara (Discrete Element Method), ryie cy 3a OBy aHaJIH3y 

KopunriheHu naOoparopujcKH HojtarH, IpoječKTOBaHH 3a pa3jHMuHTC yCJIOBC H THMC CC HpenH3HHjc 

KpO3 OBaj MOJICII yCTaHOBHO yTHIaj OJICTyHahba JIHHHje HajMaMber OTIOpa Ha HHTCH3HTeT HOTpeca 
ycJIe/1 MHHHPahba. 
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MODELING OF THE INFLUENCE OF THE BURDEN DEVIATION FROM THE 
DESIGNED ONE ON THE INTENSITY OF THE BLAST VIBRATION 

ABSTRACT 

Burden size according to the definition represents the shortest distance from the center of the blasthole 

charge to the free surface. This research presents the influence of the burden deviation from the 

designed one and its influence on the intensity of blasting vibration. The problem of burden deviation 

is very frequent in practice, where the appearance of the free surface, which can be very irregular, is 

not enough examined. The burden must be measured along the entire blasthole length in the direction 

of the free surface, although in practice it is usually measured as the distance from the axis of the 

blasthole to the crest of the bench. The deviation of the burden size from the designed one can be 

greater or less, which affects the results of blasting and creates unwanted side effects during blasting 

such as an increase in blasting vibration or fly rock, fragmentation. Through research, the impact of 

deviations on the intensity of the blasting vibration was confirmed on a laboratory model where one 

blasthole was initiated, for the designed burden size, and any deviation greater than the designed one 

was taken as a parameter for comparison. During each initiation, blasting vibrations measurements 

were made with the use of a seismic instrument at the same distance from the blasthole, before each 

initiation we took photography of the free surface in front of the blasthole, to create a detailed 3D 

model for each initiation. Each measurement is presented on a diagram and classified according to 

the deviation of the burden, i.e. when it is equal to the designed value of 30 mm, and as well as any 

deviation that is smaller or larger than the designed one. The results were statistically analyzed and 

established a dependence model of the burden deviation from the designed one on the intensity of the 

blasting vibration in laboratory conditions, which was verified by a test on the terrain. As an additional 

analysis, the discrete element method (Discrete Element Method) was used, where laboratory data, 

designed for the same conditions, was used for this analysis, and thus more precisely through this 

model, the influence of the burden deviation on blasting vibration was established. 
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1. YBOJI 

1.1. TipeneT H IHJb HcTpa;kXuaBaza 

TIpeynMeT OBOr HcTpa)KHBaMba IHpejiCTaBJba IpOoOneMaTHKy Bc3aHy 3a yTHHaj CeH3MHuKOT JICjCTBa 
TIpHJIHKOM MHHHPaMba Ha HOBPHIHHCKHM KONOBHMA, HHTCH3HTcCTa HOTpeca H H-croBor yTHmaja Ha 
OKOJIHE OOJeKTe, Kao H yTHmaja OJiCTyraba IHHHje HajMaMber OTIIOpa Ha HHTeH3HTEeT IIOTpeca. Y TOKy 

JiečTOHaLHjE CKCIIJIO3HBAa JaBJba Cc HarJIO OcJ10OabaMbe cHecprHje, KoOja cc TpOIHH JIČJIOM Ha KOpHCHC 

o0makKe paja ()po0JbePbbe CTCHCKC Mace, pa3OanuBaM»c H3/JIDOOJbeHeC MaCc, CTBapaHhbbc CeCH3MHUKHX 
Tanaca), Kao H Jipyre o03mike HeKopHcHor pajna. Kana ceH3MBHuku TaJtac HaHlje Ha HeKy TauKy TepeHa 

(rHma), OH uccTHIIC TJIA y TOJ TaudKH H3Oalt H3 paBHOTC)KHOT HIOJIOXKaja, IIpH MeMy OHC OCIMJIy]y 

oJipebjeHo BpeMće, JIOK Ce IIOHOBO HE BpaTc y IIOueTHO CTaHbC. 

HuHTeH3HTeT cCeH3MHuKOT HOTpeca 3aBHCH OJL MHOrOOpojHHX (baKTop4, Kao IITO Cy KapaKTepHCTHKeC 
pajiHe cpelHHe, KOJIHUHHa CKCIIJIO3HBa KOja cc HHHIIHpa IO BDČMCHCKOM HHTCPBaJIy, pacTojabbe OJI 
MecTa MHHHPpaMa, JIHHHJa HajMaMber OTHODpA, HauHH HOBC3HBaHM5a MHHCKOT TIOJba H Jp. IIlorpecH 

HacTaJIH yCJIC)L MHHHpaHba MOTYy TIpc}iCTaBJbaTH BCJIHKH HPOOJIĆCM, HIOTOTOBO AKO CC y OJIH3HHH 
TIOBPIHIHHCKOT KOIIa HaHa3cC CTaMOcHH OOJeKTH HJIH JipyrH O0jekTH 0JI moceOHor 3Hauaja. IIpo0neM 

noTpeca je jom H3paxKeHHjH yKOJIHKO IIpH IOueTKy MHHHPpaHba Ha HCKOM KOIIJy HHjćC IIO3HaTO KOJIHKC 

Cy JIO3BOJBCHC KOJIHUHHC CKCIIJIO3HBa KOje TpeOa HHHIUHpaTH Ha oOJ1peljeHOM pacTojaM»y, KaKo OH ce 
3almTHTHJIH OOJEKTH. 

JiHHja HajMabber OTIOpa HMa BCJIHKH yTHIaj Ha C(DČcKTeE MHHHpahba, aJ1H H Ha CeCH3MHUKO JIČJCTBO 
Koje HacrTaje ycne,l MuHHpaPa. OJncrynabe JHHHJe HajMaMber OTHOPpa OJL IIpOJeEKTOBaHe 3HauajHO 

yrHue Ha pe3ynTaTe MHHHPpaMba. V HHXXKeEĐ-epcKOJ HipaKcH, HpH IpOH3BOJHOM MHHHpaMby, MdeCTO 

HMaMO CJIyuaj a KOCHHA CTO);KC KOja CC MHHHPpa HMa OJIpeleHe HepaBHHHC Ha CaMOj KOCHHH, 
HapouuHTO y TIIOJly cTa)KC, IITO 3HaUajHO yTHuec Ha BeEJIHUHHy JIHHHjC HajMaMbCr OTIIOpa. 

Tin-b HcTpa)KHBaMba je H3pa/la MOJIcIa 3a IiponieHy yTHmaja oJiCTymaba JIHHHje HajMaMber OTIIOpa OJ 
TIpOjeKTOBaHe, KaKO OH ce Ha BpeMC yOuHIH IIpOOJICMH KOjH KacHHje MOTy yTHILATH Ha HHTEH3HTCT 
HoTpeca HacTaHHX yCJIC)L MHHHpaMba H CMaM>HO HHBO HOTpcca KOpHTOBaĐM JIHHHjeE HajMaMber 

ormopa. V cBery cy pabeHa MHoroOpojHa paymMumra TeopHjcKa, maOopaTopuHjcka H TepeHcKa 

HcTpa)KHBaMa, KOja cy JIOIIpHHcina la ce y OJipeljeHoj MepH, npe/icTaBH IIponiec y3ajaMHOT JIeJ1OBabba, 
Haltpe3abba CeCH3MHUKMHX TaJIaCa, aJIH H MeXaHH3aM JIDpOOJbeMb5a CTcHCKOr MaTcpHjaJta ymoTpeOoM 

ČKCIIJIO3HBa KopuniheMbeM pa3jiHuHTHX HIČMa H 3aBHCHOCTH OJIL JIHHHje HajMaMber OTIIOpa. 

V Toky HcrpaxxuBamba H H3pa/le IOKTOpcKe JHcepTalHje, IpHMeMbcHe Cy Harnpe/iHa TeXHOJIOrHJa H 

TpeHyTHO CaBpeMCHH CO(DTB6pH y CBCTy, KOJH Cy HOMOTJIH y HpeHH3HOM OJIpeljHiBabby OJiCTyIIabba 
JIHHHJE HajMaMĐbcr OTIHOpa OJL HpOJEKTOBaHC. I[HJb HcTpaxKHBaMba jec a ce Kpo3 JaOoparopHjcKa 

HCIIHTHBaFba H TEpeHCKa MCpeM5a, KaO H aHaJIH3OM JIOOHjeHHX ro,laTaka H3pajiH MOJICII IIDOHIĆHC H 

CMaMb6Pba HHTC3HTCTa HOTpeca OJL MHHHpaRba KOpHrOBaMb6eM JIHHHjC HajMaMber OTIIOpa, uHMe OH cc 
mocTojehH HpoOMeM pemlaBaO HOBHM IHIDHCTyHOM. IIpHHMKOM H3pajle MO/JIeMa KaO MeTOJMA 34 
BepHdbukanujy yrHmaja ojicrTynaba JIHHHje HajMabber OTHIOpa KOpHcTHJIa ce HyMepHukKa aHaJmH3a, H 

TO METOJIa pa3,iBOjeHHX eJIeMeHaTa (Discrete Element Method), ryte ce nocMaTpajy CBC HIIapTHKy]JIC 

(uecrune) rpaHynucaHor MaTepHjaJa, Kao H HHTepaKriHje THX IHapTHKyJ1a Ca OKOJIHHM. OBa MeroJna 
ce Hajuecmhe KOpHcTH 34 HyMepHuKy aHaJH3y H HOTBPJIy TCOpHJCKHX IIpeTIOCTaBKH. 

1.2. IHHonaa3He xunorTe3e 

OcHOBHH TIIpOOJeM OJCTyHMTaMa JIHHHJeE HajMaMb=er OTHOpa OJL HpOjeKTOBaHC je IHTO CC INIpH 

HpojekToBabby mapaMeTapa OymmeMba H MHHHPpaMa, KOCHHa HOCMaTpa KaO paBHa IOBPIHIHHa Ca 
yje)iHaucHOM JIHHHJOM HajMažbeT OTIIOpa HEJIOM JIy)KHHOM CTaDKC, IITO ueCTO y HIpaKcH HHJje cJIyuaj. 
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Pacrojape OoJL HČHTpa MHHCKOT IIyH-cP5a OyHIOTHHC JIO CJIOOOJUHC HOBPIHMHC HHJC HCTO JIy);K 

MHHCKOT TIIOJbA, HITO 3HauajHO yTHuC Ha BCHHUHHYy JHMHHje HajMaM=er OTHOPpaA, a CaMHM THM H 
HHTECH3HTET IIOTpeca. V IIHJby KOpeKIHJe JIHHHJe HajMaMber OTIIOpa, y CBeTy je pa3BHjeHa orIipeMa Ha 
CaMMM OyIrHHMIHaMa, KaKO OM CC OBH IHpOOHeMH PpenmMnH HNpH CaMOM IIpOHMecy OynleMa. 

KpBaJtiTeTHHje OyITeHb56 MHHCKHX OyIHOTHHa JIOIIDHHOCH KBaJIHTCTHHJCM IIpOHeCy IIyF56Eba MHHCKHX 
OymoruHa, mro yrTHuc Ha J0OHjabbe OOJbHX pe3yjrrara MHHHpaFba H CMaHb6PbC HC)KCJBEHHX c(pekaTa 
MHHHPab4, KaoO IITO Cy IIOTpecH yCJIe) MHHHPpaba, pa3neTahbe KOMaJIa OJIMHHHpaHor MaTepHjajna H 

cnr. MebyTHM, rpo0jteMu y rpakcu H Jajbe mocToje. VrHmaj ojcrynmaba nHHHje HajMaMber OTIIOpa Ha 

pe3yxrrare MHHHpahba rpe}icTaBJba IIpOO0JteMaTHKy KOja je BeEOMa aKTyCJIHa. PaaMaTpabbeM mocrTojehe 
JuarepaType H MocanampHX Ca3HaHMba H3 OBC KOMILICKCHC OOacTH, HaMeTHy1Ia cc HJicja a OH cc 

MOTJIa. H3BPpIHIMTH Hanorpajpba mocrojehHMx Mojema y mornmeny rcHepanm3aanHje H IIponIiHpeM5a 
TIpHMCHJbHBOCTH 3a penraBabbe KapakTepHcTHuHHX IipoOxteMa. Vrutmaj ojntcrynaPba IHHHJe HajMaHber 
oTHopa OJL IIpOjEKTOBaHC Ha HHTCH3HTCT HOTpcCa MO)KC CC HpejicCTaBHTH HpHMCHOM HyMCpHuKOTr 

MOJICIa, KOJH je pa3BHjeH HpHMCHOM H3MepcHMHx mo/jaTaKka ca J14OOpaTOpHjCKOT MOJIA, KaO H 
aHaJ1IH3OM yTHIaja JIHHHje HajMaFber OTIIOpa Ha HHTEH3HTCT IIOTpeca H IIpHMCHOM HOBOT MOJICJIA Ha 
penraBabbe KOHKpeTHHX IIpo0JteMa Ha TepeHy. 

1.3. . HayuHe MeToJte ucrpa;kuaBama 

IIopej ormmrux HayuHHXx McCTOJIa (ortcepBatiHja, cCraTHCTHUKC MCTOJIĆ IIDHJIHKOM O0pajne nojlaTaka, 
MaTeMaTHuKC MCTOJIĆ), METOJIĆ KOJC Cy IpHMCM=HC 30aCHHBajy CC Ha JOCaJlAHIPHM Ca3HaHbHMa y 
o0racTH ceH3MHuKHX c(DeKaTa MHHHPahba, JIcTaJbHHM pa3MaTpahbeM (baKTopa KOjH Mory yTHIHaTH Ha 

HHTECH3HTeET HOTpcca yCJIC)L MHHHpaHb5a, H3MCDpCHHM HOJaIMMa y HaOOpaTOpHJCKHM YyCJIOBHMA4, 
BepHOQ)HKanHJOM JI4OOpaTOpHJCKHX McCpeMb5a Ha TeEpcHy, aHajJmnH NOOHJjeHHX IojaTaKa, IIDHMECHOM 

HyMePpHuKOT MOJICJI4, H aHaJIH3OM HOBOT MO/IĆIHa. 

IDaJb OBor HcTpaxkHBaMba jecTe J cc IIpoHal)je 3aBHCHOCT OJLCTyIaMba JIHHHJe HajMaMber OTIIOpa OJ 
TIpOjeKTOBaHe, KaO H MeH yTHHaj Ha HHTCH3HTeET IHIOTpeca yCcJIe) MHHHpaHba OOpaj)oM paHHjHX 

HcTpaxKHBaMba H IIpHMeCHOM CaBpeMeHHX CO(DTBepckuHx makKeTa. Hapa)oM HyMepHukor MOJIcJIa, Kao H 
o0panoM JaOopaTopujckMx H TEOpcHCKHX HCHHTHBaMa JIOHpHHeHMHM OM HOOOJbHIaMby aHajlH3c H 
MoryhuHocrH riponieHe yTHIaja ojicTynahba JIHHHje HajMaMber OTIIOpa OJ It_pOjeKTOBaHe Ha HHTeCH3HTeT 

HoTpeca KOJH HacTajy IIpHJIHMKOM MHHHpaMa, anu H NpyrHx QakTopa Ha Koje Ta OJUCTymaMĐba MOTy 
yrunaTu Kao ImTo cy pa3J1eTaPbe CTEHCKOT MaTepHjajJta H BeJIuHHa OJIMHHHpaHor MaTepbHjajma. 

14. IipHgKa3paHujHx ucrpa;kMuBam»a 

JIHHja HajMaber oTropa je jenaH oJl OHTHHX (bakTOpa KOJI MHHHPpaMba KOJH Ce paHHje HHJje MOTraoO 

TOJIHKO JIeTaJbHO H3MepHTH. MebyTHM yBoljebbeM caBpeMeHHX TeXHo:morHja y py,rapcTBo oMoryhcHo 
je mperaHuje HpojeKToBaĐe peaHHe cHTyalmHje ca TepeHa. IIpHjIHKOM TIpOjeKTOBaHba pajloBa Ha 

Oymemy H MHHHPpaMb»y, OJIHOCHO OJpelHBaMa JIHHJeE HajMaMber OTHOpa MĐeHO OJICTyHaMe OJ 
TIIpOjeKTOBaHOr CTaEba MO)KC JIOBCCTH JIO HeC)KCJBĆHHX c(beKaTa MHHHpaMa. HcrpaxHBaMba OBE 
npoOmeMaTHKe cy pabeHa, Ha TeMy yrTHmaja moTpeca ycej MHHHpaMa H ece(bekara MHHHpaMba y 

OJHOCy Ha pa3jMuHTc BpCJIHOCTH JHHHJE HajMaMber OTHOPpa, aJllH He H Ha M=eHa OJUCTymaMba OJ 
HpojeKTOBaHHX H yrTMHMaja OJcCTymaMa Ha HHTCH3HTET TIIOTpeca yCJIČ)L MMHHHpaMba, IHTO je 
Tipe)iCTaBJbeHO Kpo3 paanunra HcTpax)KHBatba [1]. 

Simangunsong et al. [2], eKcnepHMCHTOM Ha TepeHy Cy BPIIHJHH HCIIHTHBaFb4 Jla 1H JIHHHJa HajMaEbcr 

OTHOpa IHpHHMMKOM MHHHHpaĐa HMa yTHIIaj Ha HHBO BHOpamja. IIopcn rnmaBHe TEMC paja, 

HCTpa)KHBaMbC jc HpOHIHpeHO Ha MeCpcMe BCJHUHHC KOMAJIA OJIMHHHpaHOT CTEHCKOT MaTecpHjaja. 
OJjoc H3aMebjy Op3HHe ocioBaMĐa uecTHIHa Ta (PPV) a pennyKoBaHor pacTojaba, OTKpHBa TpH 

ojHoca 3a TpH pa3nHuHTeC BpCJIHOCTH JIHHHjE HajMaber OTIIOpa, IITO yKa3yje la JIHHHja HajMaMber 

OoTnHopa yTHue Ha HHBO HIOTpeca KOJH HacTajy IIpH MHHHPpaMby, TaKO IHITO IIpH Behoj JIHHH]H HajMaEbcr 

ornopa nonayug o noBehasba moTpeca. Sighn u Sastry [3], Kao H Sighn et al. [4] y cBOJHM pa)lOBHMa 

2
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yJajy mojanmibebbe a Ha pe3yarrare MHHHPpaMba 3HauajaH yTHIIajJ HMa JIHHHJa HajMahber oTropa. Uysal 

et al. [5], oojaBHo je cryhMjy y KOJOJ Je HCTpaxXHBaRbC TaKOlje BDIHCHO 3a yTHmAaj HOTpeca yCJIC) 

MHHHpaMba y OJIHOCy Ha pa3HMuHTC BCJMUHHC JIHHHjE HajMaMbcr OTHOpa Ha Ba pa3nmMuHTa 
noBpmmHHcKa Koma. Choudhary w Arora [6] y CBOM pajiy HCHHTy]y yTHIAj BeJMUMHC JIHHHJC 

HajMaMb=er OTIHIOpa Ha HCKOJIHKO (baKTOpa KOjH Cy: BCJMHUHHAa OJIMHHHPpaHOr MaTcpHjaJa, OOJHK 
OJIMHHHPaHC MaCće, IHKJIyC yTOBapa OJIMHHHpaHor MaTepHjajna H pacrtyIlaJIOCT CTeEHe H3a MHHCKOT 
H0Jba. Kako OH ed)ecKTH MHHHpathba OHIH IITO OOJBH IIOTpeOHO je ycKJIaJIHTH HHXOBC IIAapaMeTPe, TJIc 

Je maHHja HajMabber oTropa jJeaH OJI OHTHHX (bakTopa. V CBOM HcTpaxKuBab»yy Hagan [7] o0janmbaBa 

KOJIHKO je Ba)KaH HpBH PpeJL KOJI BHIHCpCJIHOT MHHHPpaHba y MHHCKOM IIOJby, KaO H a je JHHHja 
HajMaMber OTIIOpa IIpojeKTOBaHa Ha MaMby BpeJIHOCT OJI BpeJIHOCTH pacTojakba H3Me)Dy pe)loBa, paji 

OoJbHX eQ)eKaTa MHHHPaMba. Rustan et al. [8] nepiHHmre KpHTHuHy JHHHJy HajMaMber OTIIOpa KaoO 

OHy, TJiC Ce HyKOTHHeC CTBapajy Oe3 HOMepaMba cTeHcKe Mace, MOK Hagan [9] y CBOM paHHJeEM 

HCTpa)KHBaHby Maje MHOJaHIM»CM5C KAaKO JIHHHJjy HajMaMb=er OTHOpa TpeOa p)kaTH y OHTHMAJHHM 

rpaHHmaMa, aJlH y 34aBHCHOCTH OJI IpeuHHKa OymorTuHHa. Konya [10], Jenkins [11] a Konya [12] 

Takolbe Majy oOpa3MoxkeMbbe a pacHnynajJOcT CTCHCKOTr MaTecpHjama H304 MHHCKOT HOJBba yCJIC)L 
MHHHPpabba roBehaBa, Kajla Cy BpeJIHOCTH JIHHHJC HajMaMber OTIIOpa H MHHCKoOr uena Behe. Ghiası et 

al. [13] , Khandelwal a Monjezi [14], Kpo3 BHmIe cry,uja IpHKa3y]Jy KaKO MOX)KE yTHHaTH 

pacnynaJocT CreHcKor MaTepHjajma 0J IIOBpaTHor yJlapa H3a MHHCKOT II0Jba H CTBapaTH IyKOTHHEC y 
CTCHCKOM MaTePHjaJ1y Ha KOCHHH CTAa»KC, JIOIIy (DbparMcHTanuHjy H nOBchaTH TpOHIKOBE MHHHPaMb4, 

Takobe cy ro ormacamai Monjezi et al. [15] a Sharma et al. [16]. 

Kako je Ha caMOM TEpeHy HeMoryhc youHTH CBC HeIHIpaBHJIHOCTH Ha ducJIy KOCHHC JIeMa KOJH CC 

MHHHPa, H3pajloM 3D wojema noOHja ce MoryhHocT JiečTaJbHC aHaJIH3C CBaKC OyHIOTHHC, H3MCDy 

ocrajmor H Hpo(buiii ryie ce BHJIH pacrojabbe H3Mebjy OymIoTHHe H ueJIa KOCHHC JIyXK HeJIĆC OyIIOTHHC. 
Kpo3 HcrpaxxXHBaMbc JIOKTOpcKe nucepranuje he OHTH JeTaJbHO OOpabeH yTHmaj ojicTyrahba JIHHHJE 

HajMaMber OTIIOpa OJ IIpOjeKTOBaHe, KOHKpeETHO MscHO IIOBechabbe JIy)K OyIHIOTHHC, aJIH Ca yIIOpeJIHOM 
aHaJmH30OM Kajla je oHa Beha, Maiba HJIH IpHOJIMKHO jeHaKa rpojeKToBaHoj [1]. On rora Kako je 

JIHHHJa HajMaMber OTIIOpa IIpojeKTOBaHa 3aBHCC C(beKTH MHHHPpaMa, KpoO3 HcTpaxkHBabbe Langefors H 

Kihistrom [17] paa3BHHH Cy TEXHHKy y KOJOJ CC CMaMRbCMbCM JIHHHJE HajMaMbcr OTHopa, moBchaBa 

pacrTojaPbe H3MeDy peoBa, ca HCTHM OpojeM OyIHTOTHH4a, KOJIHHHHOM CKCIIJIO3HBAa TIO OyIHOTHHH H 

OJIHOCOM JIHHHJEC HajMaMber OTIIOpa H pacTojabba H3Meby OymoTuHHa, a Kao peyyarrar noOHja ce O0Jba 

rpagyzanuja. Rai [18] Kpo3 cBoje HcTpaxKHBaHbe CMaTPa Jla THHHJa HajMažber OTIIOpa JeJlaH OJI BEOMa 

3HauajHHX HapaMeTapa IHIpHJIHKOM pajloBa Ha OyHuleMby H MHHHpaHby 302 BCHHUHHYy OJIMHHHpaHOTr 
CTCHCKOT MaTecpbHjaja. 

JiHBja HajMabber OTIIOpa HMa yTHIIaj JlaAKJIC H Ha BE1HuHHy OJIMHHHpaHOT CTEHCKOT MaTecPpHjajnta, rJIe 
Prassad [19] kpo3 cBojy cry,jy caryuaja Jaje IIpHMep TJIe Ce MO)KE BHJICTH yTHIIAjJ MHHCKOT učIIla y 

OJIHOCy Ha BCJIHUHHy JIHHHje HajMaM=er OTIIOpa H KaKO TO yTHuc Ha OJIMHHHPaH MaTcpHjaj. IIpeMa 
Dumakor-Dupey et al. [20], nocroje TpH MeXaHH3Ma IIDČKO KOJHX MO)KC HacTaTH pagHeTaMc 

OJIMHHHPaHor MaTepujajJta paya1teTabbe MHHCKOT ucHa y MHHCKoOj OymoTHHuH (ryie y cJryuajy JIOmIer 

MHHCKOT uecna H HpHTHcKa racoBa H3 OyIIOTHHC JIOJIa3H JIO pa3neTahba MaTepHjajma), paaaterabbe y 
3OHH ucHma (oOBHc Moma3H Hajuemihe mo ocHMoOaDaĐa racoBa), H pay3HMeTaĐe y 3OHH CJOOOJIHC 

THIOBPpIHIHHc. /lo paaMeraba Ha ucIy cTaXC (y 3OHHM CJOOOJIHC TIIOBDHIHHC) NoOMa3H Kajma Cy 

ČKCIIIO3HBHa HyMeMa y OHNMS3HHHM 53OHa IHIyKOTHHa, OMOryhaBajyhH raCOBHMa IOJ BHCOKHM 
TIpHTHCKOM TIpo}uHpakbe KpoO3 Te IIyKOTHHĆC, KaO H 3OHaMAa TJIc je 1HHHja HajMaMber OTIIOpa Maba OJ 
TIipojeKTOBaHe. VKOJIHKO Ce JaBJba Maba BpeJIHOCT JIHHHJe HajMaMber OTIIOpa OJI IIpOjJeKTOBaHe, IIOpe)i 

HoTpeca OJ1 MHHHPp2M4 aKIIČHaT CC CTaBJba Ha pa3JieTaĐbĆ KOMAJIA, T/Ic je H Ha OBy TEMy H3BDIHICHO 
Hocra HcrpaxHBaMa. PayHeraPbc OJUMHHHpaHHX KOMAaJa IpejiCTaBJba pa3JeTaMbC CTCHCKOT 
MaTepHjaJIa TOKOM IIpOlieca MHHHPažba TJIiĆ KOMaJIH TOr OJIMHHHpaHOT MaTePpHjaJa MOTy JIČTETH JIO 

BCJIHKC y/)laJbCHOCTH OJI 3OHC yTHIIaja CKCIIJIO3HBHOT IIyEbeMPba [1]. Armaghadi et al. [21], rpHMEHOM 

ANN nnaje caMynanujy pacTojabba IIpHJIHKOM panieTabba KoMaJna H Op3HHe OcLIIHJIOBaMba uecTHIIa TJIA 
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TIIDpHJIHMKOM MHHHPpaM4. Erten et al. [22], y CBOM HcTpa;KHBaMby Mmajy oOjammpbeMbe a CJOOOJHa 

TIOBpIHIHHa HMa yTHIIaj Ha pacT H crBapakbe neQopwauuja rpH pe(bneKcnHjH enacrHuHHX TaJIaca. 

IIpHMeHOM coQ)TBepa H CaBpeMCHHX TeXHoOmorHja Moryhc je MeTaJbHO carejnaTH cHTyalHjy Ha 

TepeHy H rpHcTynuiTH aHajtH3H OJICTyrmahba JIHHHje HajMaber OTIIOpa OJI IIpOJeKTOBaHĆ, KaO H Đ6HOM 
yruHmajy Ha HHTEH3HTCT HOTpeca HacTaJIHX yCJC)l MHHHpaMba. TpeHyTHO y CBETy HOCTOJH MHOIITBO 
co(prBepa 3a aHannyy mapaMeTapa OyutePba H MHHHPpaMba, CHMy)IaliHje HHHIIHpaHba MHHCKOT II0Jb4, 

aHanuH3ec TrpaHyJOMCTpHjCKOTr CacTaBa, JiČTaJbHC aHaJIH3C JIHHHje HajMaMbcr OTHOPpa, KaoO H JIpyrHx 
OHTHHX mapaMceTapa Be3aHMX 3a oOmacr Oymmeba H MHHHpaMa. KopmMmihePeM caBpeMCHHX 
TeXHOJIOTHja, H3pa/ie MOJIeJIa CaMOTr MHHCKOT IIOJba H 0O0pa/IOM KPpo3 crieniHjaJnn30BaHe COQ)TBepe 3a. 

MHHHpabbe, JOIIJIO Ce JIO HJieje 34 OBOM BDCTOM HcTpaxkHBaMa |1]. CodbrBepH HaMeMbecHH y OBE CBpXe 
BEOMA Cy 3aCTyIIJbeHH H pa3BHJIe Cy HX HeKc OJI cyrennehax KoMmaHuja Kao Hrip. O-Pitblast [23], koja 

y3 IIpHMCHy CaBpeMCHHX TeXHoOJIOrHJa (JpOHOBa, (boTrorpaMcTpHje) MOxKe H3panHTH 3D Mojen 3a 

CBGaKO MHHCKO TIOJbe. Strayos [24] mpencTaBJba JOHI! HaHpe/IHHjy BCp3HJy TJIĆ HIOpe)I HaBCJIĆHHX 

MOTyhHOCTH, MOXKC H BPpIHHTH aHajm3y TpaHyJOMeTpHjcKkor cacTaBa, MOK je KoOMMaHHJa 3GSM 

pa3Buuma cobTBep Blastmetrix [25] HCKJbyuHBO 3a aHaJmiyy mapaMeTapa Oyntema. 

PaHuja HcrpaxxXuBabba Kpo3 IIpHMcCHy cO(DTBepa 3a aHanmy napaMeTapa OynrePĐa H MHHHpaMba paljeHa 
Cy HpeKO HyMecpHukKMHx aHajmna, rme je Lu et al. [26] CBOJHM CKCHCDHMCHTOM H HyMepHHuKOM 

aHaJIH3OM HcTpaxKHBaO yTMHMaj Opoja CHOOOJHHX TINOBPIHMHa Ha IHIOTDpECC KOJH HacTajy YyCJI)L 

MHHHPpab5a. Mortazavi et al. [27] Ha MoJezry KojH je pabeH Kpos DDA kojn, rpeicraBJb5a CHMyJIalH]y 

MHHHPahb4, ca yTHIHajeM IIyKOTHHa, OcIOGal)abba racoBa H ripHTHcKa 3aJPber pe}la MHHCKOT IIOJba 32 

BHIHC pa3jiuHTHX BpCJIHOCTH JHHHje HajMabber oTHIOopa. Kpoa HcrpaxkHBaMe yTHHaja ojicTymaha 
JHHHJjeE HajMaMber OTHOPpa OJL IIpOjeKTOBaHC Ha HHTCH3HTCT HOTpeca yce)L MHHHpaMba BpimheMO 
aHajmH3y KDO3 MOJIĆJI METOJIOM pa3BOjeHHX cJIeMeHaTa (Discrete Element Method). /locananria 

HcTpa);KHBaMb5a OBOM MECTOJIOM PaljeHa cy Be3aHO 3a yTHIHaj mapaMeTapa OyntePba H MHHHpaba Ha 
BeJIHUHHy OJIMHHHPpaHoOr MaTecpHjaJma, aHaJ13y JIČjCTBa ČKCIIJIO3HBHOT IIyHbePba, pa3J1IeTaFb5e CTEHCKOT 
MarTepujana. Sazid [28] y CBOM HcTpaxKHBaMby Maje aHaJm3y OJHHOCa JHHHjeE HajMaMber OTIHOpa H 

pacrojaba HsaMeby OymroTHHa y pe/ly, TĆ Kpo3 BHHIC payiMuHTHX OJHOCa HOCMaTpa yTHmaj Ha 
eHeprHjy eKcrimo3uBa. Gao et al. [29] y cBojoj cryyujH ripejicraBJba aHanHyy paanmiuarHx mapaMerTapa 

MHHHPa?4, aJIH H JIČjCTBO CKCIIJIO3Hje, KaO H (bopMHpaMbc KpaTepa yCciIe)I cKCIIIO3Hje Kpo3 ropeljebbc 

TepeHCKHX HCIIHTHBaMba H HyMepHuKke aHajmiaec. Kpo3 cBojy cryaajy Huo et al. [30] npgkay3yje yrmHmaj 

H CIIpOBOJIH HCTpa;KHBaMbe KapakTepHcTuHKa orrehcepba H3a3BaHHX CKCIIJIO3HJOM Ha OOuHy CJIOOOJIHy 
TIOBpHIHHy y BHCOKO HaIIperHyTOj CTEHCKOJ MacH, TJIe je KaniOpanHja HyMepHuKOT MOJICIa BpIIcHa 

Ha OCHOBy pe3ynTaTa MHHHpaba Ha TeCTHpaHOM y3OpKy H HyMcpHukKe cHMyiannje. Haustein et al. 
[31] Kpo3 cBoje HcrpaxHBaMe Hpuka3yje 3Hauaj HyMepHuKe MCTOJIĆ TJ. MCTOJIĆ pa3JIBOJEHHX 

emeMcHaTa (DEM), rhe cc CJIO)KCHO HOHAHIaHMb5C MaTcpHjaJa MOXKC OHHCaTH KaO HHTcCpaknuja 

JUHCKpeTHHX uecTHIIa H KpO3 cob'TBepcKH makeT YADE, mrro je omHcaHOo y OBOM pajly. HyMepHukoM 
aHaJmH3OM Kpo3 copTBep LS DYNA, Hosseini et al. [32] je aRamrapao mapaMerpe Oymema H 

MHHHPaMb2, Kao H yTHIj HIpeuHHKa OymlePa Ha pe3ynraTe MHHHpaHba H jauHHy IHIOTpeca yCJIC) 

MHHHPpaMba. 

1.5. · Iipernem mornmaBjba u crpyKTypa Jucepramuje 

/lucepranuja je OaaHpaHa npeMa pejocue)ly KOJH uHTaOImMMa OMoryhaBa yBHJL y HpOOJIĆMaTHKy, 

aHanusay H oOpanmy pegaynrara HpeMeTHOr HCTpa)xKMBaMa, TĆ je KpO3 IIOTJIaBJba JIAT OIIHC 

mapaMeTapa OymeMĐa H MHHHpaMb5a, KaO H IHpOOJeMa KOJH CC MOTy jaBHTH Ca MCTOJIOJIOTHJOM 
JaOopaTopHjckHx H TEpČHCKHX HCHHTHBaH52, HyMEpHUuKHM MOJICIIOM, KOjH Majy aHan3y yTMHmaja 
oJicTyrmaba JIHHHje HajMaMber OTHIOpa Ha HHTCH3HTeT IIOTpeca IIpH MHHHPpahby. 
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TIpno nor:;raBJbe ripe/iCTaBJba yBOJL, TIc jJe OIIHCaH IIpe]IMCT, IIHJb HCTpa>»KXHBaMa, IIOJ123He XHIIOTe3C, 

KaoO H HayuHe MEeTOJIĆ KOJe uHHC OCHOBy OBOT HCTpa)KHBaMba, Ca IIperJIec,[OM paHHjHx HcCTpa;kHBaHba 
Ha OBy TEMYy. 

Zipyro nor:tanube Jlaje IIperJIe)] OCHOBHHX IIapaMerTapa OynteRbba H MHHHpaFba KOjJH MOTy yTHIIATH Ha 
pe3ynraTe IIpHMJIMKOM MHHHpaMa. IloceOHo je NaT OCBpT Ha JIHHHJy HajMaMb=er OTHOpa Koja 

TIpe,icTaBJba je/laH OJIL HajOHTHHjHX HapaMcTpa KOJH MO)KE yTHIaTH Ha pe3yJITaTe MHHHPahb4, T/Ie CC 

H KpO3 OBO HCTpa;KHBaMbC BDpIHH aHajmH3a H MOJICMpaMbe McHOrT yTHIaja Ha IHOTpeCe yCJC)I 
MHHHPpaMba. 

Tpehe nor:taBJbe je TEOpHjCKH JICO O CCH3MHIHH MHHHpaMba uHjH CC yTHHaj HOCMaTpa KpO3 OBO 
HcTpa)KHBahbe. /lar je rperneji o BpcraMa TaJtaca, napaMeTpHMa KojH yTHuy Ha jauHHy IHIOTpeca yCJIC)l 
MHHHPpaMba, HauHHy MepeMa H MCTOJIAMa 30 CHM)KaBaMbC HOTPpecCca, KaO H CTaH/IAp)IHMa 34 OHICHy 

FOHXOBOT JIČjCTBa Ha CTaMOcHe O0JeKTe. 

UleTBpTO NHNOrJABJbe TpejiCTaBJba IIpOHec OHTHMMHamHje mapaMeTpa Oymreba H MHHHpaMba 

TIIpHMEHOM MOJIepHHX TeXHoOJorHja, 3a H3pa)ly 3D Mojneza 3a neraJbHy aHaJmyy mapaMeTapa IIpeKo 
crerujaniy3oBaHHx codQTBepa. Takobe, mar je H KpaTak OHHC H3pajle MOJIČMA, KOJH Ha OCHOBYy 
Hpenu3Hux yJnaanux nojnaTaKa oMoryhaBa J0OHJabbe HeTaJbHHX pe3yiTaTa 3a JaJby aHaJmH3y. 

Ilero nor:naBjbe je opHrHHanHu pam ayrTopa, rHe je Kpo3 maOoparTopHjcKa HcrTpaxxHMBaMba maTa 
npernejnHa crarucTHuka aHajna yTHIaja OJiCTyraMba HHHHJe HajMaMber OTIIOpa OJ IIpOjeKTOBaHe Ha 

HHTeH3HTeT IIOTpeca yCJIe); MHHHpaMba Ha OCHOBy MepeMba Ha 1aOOpaTOpHJCKOM MOJIcIy. PeaynrraTuH 
Cy BepHQ)MKOBaHH TCpCHCKHM HCIHHTHBaMeM, T/Ie je JaT HpermenaH npHKa3 pe3aynraTa KpO3 OBO 
TIOrJ1aBJbE. 

Iecro nor:raBjbe Jaje rperxte)i MoryhHOcTH HyMepHuKHX aHaJ1H3a IIDHMECHOM METOJIeĆ pa3/iBOJeHHX 
eJMeMcHaTa KOJa CC HOCJICJUĐHX TOJMHa BCOMa KOpHcTH y py}apcTBy. OBO morjaBJbe je Takole 

opuruHa:maH paji ayTopa, r/yie je H3BprnteHo MOJieJipapbe yrTHmaja noTpeca ycjnTeJl ojiCTymabba JIHHHJC 
HajMaMber OTIIOpa OJ IipOjeKTOBaHe, Cca IIpHKa30OM pey3yarraTa H H3rJIe)la CaMOT MOJIeJIa. 

Ce/IMO0 H0r:1aBJbe uHHH JUHCKyCHja y KOJOJ Je JaT JeTaJbaH HIperJie] CBHX HCTpa;KXHBaHba KpO3 OBy 
Juacepranujy ca o0pa3a10)%eebbHMa H aHaJmi3aMa 0OOaBJbeHHX MepeMba H peygyirraTa. 

OcwMOo nor;ranJbe ripeyicTaBJba 3aKJbyuHa pa3MaTpalba O aHaJmH3H H yTHIajy IOTpeca IIpH MHHHpaHby 
ycneJn oJiCTyraFba IHHHJe HajMaMber OTIIOpa OJL IIpOjEKTOBaHe, Ca OCBDTOM Ha MoryhHocTH JlaJbHX 
HcTpaxKHBaMba H IIpHMeHe nocrTojeher MoJIeJa. 

/leBero noraBJbe uHHH CHHCaK H Hpercmen KopHmiheHe HuTepaType IHpHJIMKOM H3paje OBC 

Juacepranuje. 

/lecero nor:nanJbe cy npuHno3u KojH najy rpernejn peaynrara Mepebba noTpeca rpH HcTpaxXHBahby, 
Kao H IIporpaMCKH KOJI 34 KpeHpabbe H KaJmiOpariijy MOJIeJTa KOJI HyMepHukKe aHaJIH3e. 
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2. IAPAMETPH BYIHIEfbA H MHMHHPAMbA 

Munupae ripe/icTaBJba Hpolec ycHTMaBaMba CTEHCKEC MaCć, TJIĆ Ce IIpH JIeTOHALHJH CKCIIIO3HBa 
cCTBapa BeJIHKa KoJmiuHiHa eHeprHje Koja ce ocamo0ala H Tpomu Ha KOpHcHe OOnakKe pajta, Kao HITO Cy 

J\po0JbePbe CTeHCKe Mace, pa3OanuHBaMbe OJMHHHPpaHor MaTepHjaa, crBapaPbe BenITaukH H3a3BaHHX 
CeH3MMHuKHX TaJIaCa. CaMOM IIpolieCy MHHHpaMba IipeTXOoJie pajloBH Ha OynteEPby MHHCKHX Oy110THHa, 
H3pajlOM BCpTHKAJIHHX MHJIH KOCHX IDHJIMH,pHMuHHX OynlmoTrMHa y KOJE Ce KaCHHJE CTABJbaJy 

ČKCIIIIO3HBHa H HHHIHJaJHa cpejicTBa. PanoBe Ha Oymmemby H MHHHpaMby HOTpeOHO je Ha)jKJEHBO 
ritaHHpaTu, IIpOjeKTOBaTH H OIITHMH3OBaTH KaKO OH e(bekTH H peyyarrarH MHHHPpatba OHIH IITO OOJBH 
y norjeJiy BeJIHuHHC OJIMHHHpaHOr MaTepbHjaja, IIpoH3BOJUPe H CKOHOMCKC HcrIaTHBOCTH. IIopej 

HIO3HTHBHHX ec(beKaTa, noTpeOHo je ycKJa;uiTH H yMaEbHTH HeraTHBHC e(beKTe KOJH Ce MOTy JeCHTH, 
KaO HCKOHTPOJIHCaHO Ppa3JeTaMbe CTEHCKOT MaTepHjaHa, CMHCHJE HITČTHHX TaCOBa H CCH3MHUKHX 
e(jekara MuHHpaba. 

IIpojekKroBae paoBa Ha MHHHPpaM»y yKJbyuyje pas3MaTpame BHme mapaMeTapa, a pe3yjnrTaTH 
MHHHpaMba 3aBHCe OJL MebycoOHor JlejcCTBa H 34aBHCHOCTH OBHX HapaMecTapa, Kako OH ce H3OernH 

HeraTHBHH c(DeKTH MHHHPpaMba [33]. CrmKa 2.1. naje rpernenaH nreMaTcku rpHKa3 MHHCKOT IIOJba Ca 

nmapaMeTpuMa eTaxKe Kao H napaMeTpHMa OyrnreMa H MHHHpaba. 
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Cnuka 2.1 IIlewaTcku ripHKa3 MHHCKOT HIOJba Ha cTa»KH Ca apaMeTpHMa cTapKe, Oymmebba H MHHHpatba [33] 

2.1. ITIipeunukK OymioTuHe 

IIpeuHHK MHHCKe OyIoTHHe rpe}icTaBJba OHTaH HmapaMeTap KOJI MHHHPpaM4a, TJIĆ IHIOpe)I JIy)KHHC 

MHHCKC Oy1IHHIOTHHe H TyCTHHČC CKCIIJIO3HBa UHHH (baKTOp KojH yTHuec Ha KOJIHUHHy CKCIIJIO3HBa Koja 

Ce MOXE CMeCTHTH y OymorTHHy. KomauMHa eKcHno3HBa y OyITOTHHH TNIO MeTpy JUy)KHOM 

npornoproHajHa je KBajnpaTy npeuHuMka OymoruHe [34]. V aaBHCHOCTH OJL CMCIIITeEHC KOJIHUHHC 

ČKCIIJIO3HBa IIO OyITOTHHH, 3aBHCH H CTEIICH yCHTH5CHOCTH CTCHCKOT MaTePpHjJaJIa KOJH Ce MHHHPa, 

6 



YHugepsumem y beozpaoOy, Pyoapcko-zeonouku qakyamem 

HIIp. aKO Cc IIpčCuHHK GyHIOTHHe HOBehaBa, CaMHM THM CČC KOJIHUHHa ČKCIIJIO3HBa HOBeha, IITO yTHuČ 

Ha 00Jbe ;[p06J1,eH,e cCTeHcKe Mace. IIloBehabeM IpčeuHHKa 6yIlIOTHHe, Kao H noBehabb6eM KoOJIHUHHC 

CKCIIJIOS5HBa MOTF y CC CTBOpHTH H HeraTHBHH C(IJCKTI/I y HorJIeJIy rIOTpeca ycJIČ); MHHHPpaMb54, 30or Tora 

je HOTpeGHO HOITTOBaTH OrpaHHučcMoa H CBC IIapaMcČTPpcC OIITHMH3OBaTH. 
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Cnuka 2.2 KpyrHoha MuHupaHor Marcepujana y 3aBHCHocTH OJI peuHHKa OynroTHHe; ]-renrKo J0poOJbHBC 

CTeHe, 2-cpc/}Ube TeHIKO JIDOOJBHBC CTCHe, 3-JIaKO JIpoOJbHBe cTcHe [35] 

Cmaka 2.2. npakayyje nHjarpaM Ha KOMC je Hpe/iCTaBJbeHa 3aBHCHOCT, H3MeCDy HpeuHHKa MHHCKe 

OymroTHHc (d) H MaKCHMAJIHC JO3BOJBCHC BCHHUHHC KOMAJIA (D), KoOja Ce MOX;KE H3pa3HTH IIDČKO 

HapeJiHor o0pacirta [35]: 

d = k· D,(mm) (2.1) 

HajnoBoJbHHjJH IIpecuHHK MHHCKC OyIHHIOTHHC KOJH CC MOXKC TyMauHTH KaO IIpćuHHK KOjH oMoryhaBa 

HajOOJbe yCHTH5aBaHbC CTEHCKC MaCčC H HajMaMbc H323HBa IITeETHHX yTHIIaja IIO OKOJIHHy, Moryhe Je 

gHa3pauyHarTu ripeko cueneher oOpacti, rae je (H) BacHHa era»Ke [36]: 

d= —,(m) (2.2) 

2.2. . BucuHa eraxe 

BucuHa eraxxe (panuHoHanHa BHcHHa cTaxKc) ce OHpa y 3aBHCHOCTH OJL yCJIOBa CHTypHOocTH paja 

yTOBapHO-TpaHcI(OpTHe MeXaHH3auje, HauHHa MHHHpaMba OJIHOCHO OJL OOJMKa, BHCHHC H yrja 
TOMHJIĆC OJIMHHHPaHor MarTcepHjana H TaKolje je y JHpeKTHOJ 3aBHCHOCTH OJ (bH3HuKO-MeXaHHuUuKHX 
KapakTepHcTHKa pajHe cpemuHe [35]. IIpa onaOMpy pauMoHaHHe BHCHHC CTaDKC, BpHIM CC JaJbH 

npopauyH ocTanax mapaMerapa Oyrmema H MHHHPpaM4, KaO IIITO je J(y)KHHa MHHCKe Oy1IHIoTHHe Koja 
3aBHCH OJL BHCHHC CTaJKe H JIy)KHHeC HpoOynrIeM5a KOJI MHHCKe OynroTHHe. TaGenma 2.1 naje rper:atejn 
npenopyueHHx JHMcH3HJa BHCHHC cTa;Ke H HpcuHHKa OynlePa y 3aBHCHOCTH OJL KapakTepHcTHKa 

yToBapHe MeXaHnatluHje. 
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Ta0eua 2.1 IlapaMerpu BHcHHe cTa)Ke H IIpeuHHKa MHHcKe OymoTHHe, ripeMa yTOBapHoj MexaHHnaanuju [37] 

BucnHa eraxe TIipeuniHka MHHcKe OyImoTHHe TIpenopyuena yroBapHa 

H (m) D (mm) onpeMa 

8-10 65-90 YroBapau 

XunpaynmauHu HH y»keTHu Oarep 
KamiKap 

10-15 100-150 

2.3.  Jiunuja HajMamer ornopa 

JIaHuja HajMamber oTropa ce nedoHunte Kao Hajkpahe pacrojabbe OJL MHHCKOT IIyHbCPba JIO CJIOOOJIHC 

HOBPIHHHe, TJIČ KOJI HarHCa cTaxke MaMber OJL 90% a Koji BeprHKajtHxX OymloTHHa OBO pacToOjaMbec 

Tipe}iCTaBJba IIDOMCJBHBy BeHHuHHy H HajBehe je y Hoxxunu craxxe [35]. Onpebaname oxnroBapajyhe 

BpeJIHOCTH JIHHHJE HajMaMber OTHOPpa HbpejcTaBJba jenaH OJL HajBa)KHHJHX HapaMeTapa y CBHM 
BpcTaMa MHHHPa!b4, aJIH OJLU CBHX HapaMeTapa je HajkpHTHuHuju [38]. OBo je mapaMeTap oJl Kora 

3aBHCe MHOTH HapaMeTpH H ec()eKTH MHHHPpaMa, KaoO mITO je rpaHynamja OJIHOCHO BeJIHuHHa 
OJIMHHHpaHHX KOMAJIA, TCOMeETpHJa MHHCKOT TIHIOJba, yTHHAj Ha HOTpece OJL MHHHPpaMb4a, KaO H 
MoryhHocr pa3neTaPĐa crTeHcKor MarTepHjana. 

Kpo3 oBo HcrpaxxuBae he Oaru nerTaJbHo o0paljeH yTHmaj ojcTyrama HHHHje HajMaMber OTIIOpa OJI 

TIpojeKTOBaHe, KOHKpeTHO MbcHO HOBechaMbe JIy)K OyIIOTHHe, aJIH Ca yHIOpe}IHOM aHaJIH3OM Kajla je 

oHa Beha, MaMba HJIH IIpHOJmMOKHO JjeJiHaKa IIipojeKTOBaHojJ. Ha ocHoBy JocaJanmıtbHxX HcTpaxkHBaba H 
3aKJbyuaKa MO:Ke Ce y3eTH y pa3MaTpaMbe Kako noBehame JHHHJe HajMaPber OTIOpa yTHue Ha IIOTpec 
ycneJL MHHHpaM4, OJIHOCHO TcCOpeTcKu roBehaMbeM JIHHHJeC HajMaMber oTIIOpa roBehaBa ce 3artpeMHHa 

HpH3Me OOpymmaBaa, mro yrHue Ha moBehame moTpeca ycHe) MHHHpaba [1]. CrakKa 2.3 nmaje 

mIeMaTCKH HpHKa3 Ha Kojoj je mpHKa3aHa JMHHHJa HajMaMber OTHOpa ca OCTaJIHM HapaMeTpHMa 
MHHHPabba Ha JeJIHOJ eTaXKH. 

H - aucuHa crac 

W - nunnja najMamer ormopa 

Ipr - ayuana npo0yaineta 

Ič – anyaHa MHHCKOT cHA 

Ip – ny+HmHa MHICKOT HyIDCIDa 
Ib - Jy;xuna MuHcKe OymiorHHe 

a – pacrojame aaMeby Oymornna y pe;n 

b - pacrojam»e aieljy pejiona 

d - npcuiiK MHHCKC OyII0THHC 

Cjio00ymHa nonpmuna 

Zloma cramma pasan 

Cnuka 2.3 IHIewarcku rpuika3 napaMerapa MHHHpatba Ha crTaxxu [39] 
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Koji cyryuajeBa Kajia Je THHHJa HajMaMber OTIIOpa BeJIHKa CTBapa Cec BepTHKaJIHH KpaTep Ha TOpM»0j 

eTaxKHOJ paBHH IIITO H3a3HBa JIDpOOJbePbe CTEHCKe Macec y BpXy eTaxKe H3a OyImoTHHe H H3JlyBaBaMbc 
racoBa, KOJe H3a3HBa BayjymHe yjape H payMeTaĐe cTeHcKor MarTcpHjama [36]. Kana je naHuja 

HajMaMbeTr OTIIOpa Mala, JiemaBa ce JaKo JIpOOJbebbe CTEHCKe MaCe, KOJa MO:;Ke OHTu JtaateKo oj10aueHa 

OJIHOCHO CTBOpHTH HeraTHBHc ec(pekTe pa3aMerama MarTepHjama, a Ba3yImmHH ynapH he OHTH 

HajHHTeH3HBHHjH y rpaBIy Tor paanerapa [36]. Craka 2.3 rpakayyJje paairiunre Bpcre paaneramba 

CTeHCKor MaTepHjaja IIpH]11KOM MHHHPaMba Ha IIOBpIIHHCKHM KOIIOBHM4. 

a) 6) li B) l i l' 

Cnuka 2.4 Pasimurree MoryhHocru pa3neTab»a CTeHCKor MaTepHjaja IpHJIHKOM MHHHpabba; 2) pa3aterabbe H3 
KOCHHE CTabKe, 0) H3HaJI 3OHC MHHCKOT učIa, B) H3 3OHc MHHcKor uena [20] 

IIpopauyH JmHHJe HajMaMb=er OTIIOpa cc Bp Ha BHIIC HauHHa, aJ1H IDHJIHKOM IIipopauyHa TpeOa 

BojHTH pauyHa H y3eTH y OOs3Hp BehmH Opoj (akTopa KojH MOTy yTHIHaTH Ha BCJIHUHHy JIHHHJC 

HajMaMer oTropa. IIpuaMepu oOpanatma 3a BeprTHKaJIHe H. KOCC MHHCKeC OynloTHHe HpeMa (bopMy:i 

Cojy3B3pHBrnpoMa, rJie je y npopadyHy y3eTO HeKOJIHKO (bakTopa JaTu cy carenehaM H3payauMa [35]: 

— Ba BCpTHKaJIHO MHHCKĆ 6yI_IIOTI/IHei 

W = 0,56 pŽ+4·q:m·p·H'lp 075p'(m) (23) 

2 q'm:H 

— 30 KOCC MHHCKC OyIHOTHHE: 

Vai25 prra:qaupdriy-0,5 W = b am:p:H'tb P·(m) (24) 

2q:m:H 

k 
TJIe Cy: D - KOJIHUHHA CKCIIJIO3HBAa IIO 771 JIy2KHOM OyIIHOTHHC, (m_g,) 

=",() (2.5) 
p 4 d ml ii 

k 
q - crenu(biuHa rorTporiba cKCIIJIO3HBa, (m—“Ž) 

m – koeQiijeHT 301mDKebba OymoTuHHa, 

H - BicHHa eraxKe, (m) 

lp - myxxaHa OymrorHHe, (m). 

IIpeMa bopMymmu Konuja, BenHuHHa JIHHHJje HajMaMber OTIIOpa cCe MO:;Ke H3pauyHaTH y3HMMajyhu y 

0o03Hp KapaKTepHcTHKe CTCHCKOTr MaTcpHjana H cKcIImo3HBa [37]: 

W = 0,012 · (Zq—q + 1,5) ·d,(m) (2.6) 
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rne je: q - crenidauHa IHIOTPpOIHH4 CKCIIJIO3HB4A, (—93) 
Cm' 

qs - cnenHdQ)uHa rycTHHa CTCHe, (—g 3) 
Cm' 

d - upeuHHK MHHcKe OymioTHHe, (mm). 

2.4. JiyuHa mpoOyimema MHHcKe OyIIoTHHe 

Ils ripoOynrtePba MHHcKe OymroTuHc je na o0e30eJu Jıpo0JbePbe CTeHCKOT MaTepHjaJma HCIIOJI JIOPbe 

eTaxKHe paBHH, KaKO OH ce HaKOH MHHHPpabba H uumihema eraxxke noOHO paBaH HHBo mojna eraxke [35]. 
IIpopauyH ojiroBapajyhe nyx»xuaHe rpoOyimnepba MHHCKe OyIToTHHe, IIOTpcOHO je IipaBHJIHO H3BpIIHTH 

KaKO OH ce cMaMbHIIH J(O/laTHH TpOINIKOBH Oy11eMb5a H KOpeKIUJe HaKOH MHHHPa!b2, aJ1IH H OCTABHJIH 

OOJbH yCHOBH Ha CTO)KHOJ paBHHM 30 IIDpHHpeMy HapeyHOTr MHHHPpaMba. IIpwnMKOM JejcTBa 
ČKCIIJIO3HBHOT IIyH56Mba HCIHIOJI HHBOA JOMC cTaJ;KHC paBHH (DopMHpa ce JeBaK eKCIIJO3HJE, TJIe Jc 
JaHHJa HajMaiber oTHopa jeyHaKa pajuijycy JejCTBa cKcrmno3Hje, a JIyoKHHa rIpoOyrmema je JeniHaka 

BHCHHH JICBKA, IHTO IIpe/iCTaBJba cCymTHHy rpoOymrema [35]. 

Jlyxxura rpoOymrepa rpukanaHa je Ha cHH 2.3, a Ha eHy JUy)KHHy yTHue BHIIe (bakToOpa, 0OJI KOjHX 

aaBHcH MH popauyH ojroBapajyhe pBemauMHe mpoOymmema. IlIopem (H3aMukO-MeXaHHMUKHX · H 
CTpyKTypHHx KapakTepHcTHKa CTCHCKOT MaTcpuHjaja, Ha JUy)KHHy HpoOymreMma yTHuy H BHCHHa 
eTaxKc, BelHuHHa JIHHHjE HajMaMber OTIHOPpa, HpcuHHK OyrroTHHe, BpcTa eKcIOaHBa H mMp. [35]. 

IIpeMa CHOMeHyTHM IHapaMeTpHMa MO)KE Ce H BpIHHTH IIpopauyH BenHuuHe IipoOynreMPa, OJIHOCHO 
OHa CeC MOXKe H3pauyHaTH y OJHOCy Ha BHmIe mapaMcTapa. BemiuaHa HnH y)jKuHa HpoOymreMma 
MHHCKe OyntoTHHe ce MOxKe pauyHarTu rpeMa [35]: 

BHCHHH cTAaKe: lpr = 10 — 15 % · H,(m) 

(2.7) 

HpeuHHKy OyHIOTHHe: lpr = 10 — 15· d,(m) 

(2.8) 

JIHHHjJH HajMalber OTIOpa: lpr = 0,15 — 0,25 · W,(m) 

(2.9) 

IIocroje paamuura TyMaueMb5a e(beKaTa JUy)KMHeC MHHCKOT IIpoOymmema, TakODe Ha OCHOBy THX 
TyMaueĐa H pa3nMuHTH HauHHH OJIpebHBama, rec HOpejL HaBeJeHHX HMaMO H IHIipHKa3 IHCMC H 
npopauyHa 3a ojnpel)aBape BenmuHHe IIpoOyimeMa KOJI KOCHX MHHCKHX OymroTuHa [36]. CrakKa 2.5 

yJlaje meMaTcKu ripHKa3 mocTyrKa oJipeljaBahba JUy)kHHe ripoOymmeM5a KOJI MHHCKEC Oy1IIOTHHe (03HaKe 
Cy KaO Ha CJIHIH 2.3), OJIHOCHO KOCHX MHHCKHX OyIHOTHHa. 

Cunuka 2.5 IIleMarcku rnpuka3 nocTyrnka ojipeljaBaba ny>kuHe npoOymena [36] 
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O0panarn ı a ripopauyH UpKHHe rpoOyrnrteM»>a KoOJI KOCHX MHHCKHX OymroruHa [36]: 

lpr = W ·cosa,(m) (2.10) 

2.5. | Pacnopen MunHckux OymroTHHa 

Edekar MiHHpaba Ha IIOBpITHHCKHM KOIH:IOBHMA 3aBHCH OJI paciope)ta MHHCKHX Oy1ITOTHH4a, OJIHOCHO 
y 3aBHCHOCTH OJL IHIHpHHc H JUy)KMHe (bpoHTa panoBa BpmmH Cc IHpOJEKTOBaĐe H IHOCTABJbaHbC 

OymoTHHa y JeEHNHOM MNHH BHmIC penoBa [35]. O pacnopea MMHHCKHX OyIIOTHHa, OJIHOCHO 

TCOMETDpHJE MHHCKOT IHIOJba 3aBHCC C(DČKTH MHHHPpaMa y morjejy TpaHyJOMeTpHJjcCKor cacTaBa 
oJMHHHpaHor MarTepHjama. KopekunjoM pacope/a HIpH MeMaMby BpeHoOcTH pacTojaba H3MeDy 

pelnoBa H H3Meljy OymoTuHa y pe/jly MOXKe ce yrHmaTH Ha BeHHuHHy OJMHHHPpaHor MarTepHjaja, 
MaJna mopej pacnope)a MHHcCKHX OymoTHHa Ha OBO yrHuy H MpyrHM (paKTopu Koje je moTpeOHo 
yckKJtajiHTH. 

Pacrojame ripBor peja oJ Bpxa eraxxe, an H pacrojabbe H3MeD)y pe/loBa (b) koje ne(uHurrte nHHHJa 

HajMaPer oTmopa (W) cBakor HapenHor pema (pacrojabe M3MecI)y peloBa jc Je}HaKO JIHHHJH 

HajMaMber OTIIOpa) MoxKe ce onpe)Tu Ha care/ehe HauuHce [36]: 

— a BepTHKajHHe OyIoTHHe H BepTHKaJIHO ucJIO eTa)Ke: 

b = W,(m) (Q2.11) 

— 5a BepTHKaJIHe OyIIIOTHHe H HarHyTO ueJIO cTa)Ke, y CJIyuajy KaJla Je noBehaH OTIIOp y HOXKHIIH 
eraxe: 

b = W - H ·ctga,(m) (2.12) 

— 3a KOCĆ MHHCKCĆ 6yIlIOTI/IHCZ 

w 
b= (m) (2.13) 

Pacrojabe wsaMeDby OymmorHMHa y pey KapakTepHMMc BemMuMHa 3OHC JIpOOJbeMb5a OJL JjeJHOT 

OyIIHTOTHHCKOT ITyEb6P5a, TJIČ yKOJIHKO jec TO pacTOjaPbbe MaMbe y OJIHOCy Ha JIHHHJy HajMaMber OTIIOpa 
Jonaau o pajijaJtiHHx IIyKoTHHa H3MeDby OynroTHHa, crBapajyhu aony /ipo0OJbema [36]. 

30Ha JIp00Jjbebba 

3aBpminn H3r:ne/ı eraxxke 

Cnuka 2.6 3oHa Jıpo0Jbempba KoJi MaJtor pacrojaba H3Meby OymroruHa y peny [40] 
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IIocne nHHHje HajMaber oTIopa, pacrojabbe H3Mecl)y OynroTHHa KOJI MHHHPpaMa IIpe/iCTaBJba JIpyrH 

OmgTaH (bakTop 3a ycmenrHy peanayanujy MiHHpaa [36]. Craka 2.6 naje rpakKa3 30He npo0Jbehba y 

curyuajy Kaja Je IHHHJa HajMaMber oTHmopa Bcha oJ pacrojaba H3Meby OymroTHHa y pejy, Kao H 

3aBPIHHH H3TJICJI cTaKC. 

IIpea cnejneheM o0pacity Moxxe ce HapauyHaTuH pacrojabe HaMeby OymroruaHa y penny (a) [36]: 

a = m·:W,(m) (2.14) 

Tne je: m – Koec()HHHjeHT 30JIHDKCMa. 

KojJi eTa)KHOr MHHHP2žb4, TJIc je IIHJb ITTO OOJbe yCHTH-aBaHbC CTEHCKE MaCC HCKyCTBCHO Ce y3HMa y 
o0y3up a je pacrojabe MaMeby OymroTuHHa y pejty Behe oJ 1HHHJE HajMaMber OTIIOp4, OJIHOCHO JIa je 

KoeQuijeHT 3OnmDKemba 9?I > 1 H MOXC CC yCBOjJHTH (bMKcHa BpejHocT m = 1,25 [36]. 

KoediHnujeHT 30J1DKeMba ce Kpehe yrJ1aBHOM 34 KJIaACHuHće IIIČMe MHHHPaMba oJ 0,8-1,6 y 3aBHCHOCTH 

OJI CTeneHa JIipOOJbHBoOcTH CTeHe [35]. 

2.6.  „JlywuHa MHHcKe OyIIOTHHe 

Zlyx'xHiHa MHHCKC OyIHT"oTHHe THipe/icTaBJba IapaMeTap KOjJH uHHC BHCHHA CTa)KC H JIy)KHHa MHHCKOT 
nupoOymema [35]. OJ nyoOxkaHe MHHCKC OyHTloTHHe 3aBHCH KOJIHKa he KOJIHUHHa CKCIIJIIO3HBa OHTH 

CMEIIITeHa y OyITOTHHy, IITO yTHue Ha e(DcKTe MHHHpaba. Micke OymroTHHe Takolje y 3aBHCHOCTH 

oJtL yrna OymePba Mory OHTH KOCe H BEpTHKaJIHe, IiTo TaKolje yrHue Ha pe3ynTaTe MHHHPpaMa, ajiH H 
Ha c(QbeKTe H TeXHoOJOTHjy OymnePa. J[yy)xXyHHa MHHCKC OyIHOTHHC CC MO;KC pauyHaTH Ha cirenehaH 
HauuH [35]: 

l = H +loy,(m) (2.15) 

AKO Cy MHHCKC OyHIOTHHC HOJI yTJIOM, OJIHOCHO aKO Cy y HHTAH5y KOCC MHHCKe OynuoTHHe, pauyHa 

ce ripeko cueneher oOpacta [35]: 

H 
l» = t Lpr, (m) (2.16) 

Tne je: q – yrao HarH0a MHHCKe OyIoTHHe, (%) 

H - BacHHa eTa»Ke, (m) 

lpr - yxxaHa npoOyimetba MHHcKe OyImoTHHe, (m) 

l» – Jy)xaHa MHHCKe OyrImoTuHe, (m). 

MuHupabbe KOCHM MHHCKHM Oy1HOTHHaMa HMAa CBOje IIpe/IiHoOcTH y Hor:e,ly HcKkopHiihehba cHeprHje 
ČKCIIJIO3HBa, CMaPbePba HOTPpeCa ycHe)L MHHHpaba, KaoO H HOcCTH3aMbc Behc craOHJIHOCTH KOCHHa H 
Gea0enHujer paa, a HejlOcTalIH Cy TH }a CC KOJL KOHCTaHTHC BHCHHC CTaXKcC, Ca yIJIOM HarH0a 

OymroTHHe roBehaBa H Jly)KHHa Oy1neh5a, TaKOlje TEIIKO Je OJ1p?)KaBaTuH napajic1aH IIOJIOXKaj] MHHCKHX 

OymrorHHa [35]. 

2.7.  „JLyxuHa MHHCKOT ueIla H MHHCKOT (eKCHIJI03HBHOT) IyHM5eMba 

MuuHcku uer npejicraBJjba rOpibH JO MHHCKC OyIHIOTHHE, KOjH je 3aHyHeH OJUpeDOeHOM BDpCTOM 
MaTepHjaJta KaKO OH Cc OrpaHHuMO JIČCJCTBO TaCHC CHCPpTHjJE yCJIC)L CKCIIIO3HJE H yCMeCpHNO Ha 

Jpo0JbepPe cTeHckor Marepujana [38]. Jla OH eKcrI103HBHO ITyPbePb6 IIpaBHJIHO (byHKIIHOHHCalo H JlA 

OH Cc KOHTPOJIHCAJIO JICJCTBO CKCIIIO3HBHOT IIyH5CP5a, KaO H pa3JeTaMbc CTCHCKOT MaTecpHjajma, 
MHHcKa OymoTHHa MOpa OHTH aJlieKBaTHO 304TBOpĆHa OJIHOCHO JIy)KMHa MHHCKOT ucHa MOpa OHTH 

ojroBapajyha [38]. 
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Ha Uy)KHHy MHHCKOT uerma yTHuc BHHIC HapaMeTapa, a TO Cy JUy)KHHa MHHCKC Oy–IIOTHHC, JIHHHJC 

HajMaMĐber OTIOpa, IpeuHHKa OymoTHHc H JIipyrH, HpeMa TOMC HOTPpCOHO je JOOpo ycKMajHTH H 
OHTHMH3OBaTH HapaMCTpe Ca JIy)9KHHOM MHHCKOT učna KaKO OH JipO0Jbebbe CTEHCKOT MaTepHjajma H 
e()eKaT JejcTBa eKcriIO3Hje OHJIH O3HTHBHH.KBajiHTeT MHHCKOT učrma 3aBHCH OJI BpCTe MaTepHjajJta 

H MUyDKMHC uema, Te Ce CMaTpa a BeHMuHHa KOJa je OHITHMAaJIHa 3a 3aucHJb5eMDe H3HOCH 5% OJL 
HpeuHHKa OyIIHOTHHe, aJIH 3aBHCH OJL OOnHKa H BCHMUHHC 3pHa KOjH CC KOpHCTH IHpH 3aucCIIJbEH5y 
[36]. JlyxxaHa MuiHckor uerna 3aBHcH OJI OcTa IapaMeTapa, aH TO Cy napaMeTpH CJIHUHH KaO H KOJI 

JIHHHJE HajMaMbCr OTIIOp4, I{Ia Ce MO:Ke H3pauyHaTu roMohy cnejeher oOpacma [36]: 

l, = (0,7 – 1,3) · V,(m) (2.17) 

ZlyxxuHa MHHCKOT IIyFR5-6P5a y MHHCKOJ OyIIHOTHHH 3AaBHCH OJL KOJIHUHHC CKCIIIO3HBa KOJA Cc y 

OyITOTHHy CMeIITA, KaO H OJL JUy)KMHEC MHHCKC OymnloTHHc H uecma, ma Ce HpeMa TOMC MO)KE 

gHapauyHarTu ripeko curenehnax H3paaa [35]: 

l, = l — l, (m) (2.18) 

HJIH: 

lp — (H + lpr) — l„(m) (2.19) 

Tne je: lp – JLy)XdHa MHHCKOT IIyFbebba, (m) 

H - BacHHa eTa»Ke, (m) 

lpr - yxxaHa npoOyimetba MHHcKe OyImoTHHe, (m) 

lb – Jy)xaHa MHHcKe OyroTuHe, (m) 

le - TyxxaHa MHHKor uena, (m). 

'V aaBHCHOCTH OJI BHCHHE cTaJKe, KaO H OrpaHHueMba y HOTJIC]Iy KOJIHUHHC CKCIIJIO3HB4, CKCIIJIO3HBHO 

HyMeMb6 MO:;KeE OHTH pa3jBOJeHO, a MOX;KC OHTH H KOHTHHY1aJIHO, ITTO TaKolje yrHue Ha JUy)KHHy 
MHHCKOT IIyMbeMba, a KacHHje H Ha e(beKTe MHHHPalba. 

2.8.  MHHeMa uHHmuupama 

IleMa BHHHHpabba KOJI MHHHPalMba npejicTaBJba IJ1AH MHHHpaba, OJUHOCHO Jle()HHHIie: 

— HauHH OTBapaMba MHHCKOT TII0Jba H IIpHKa3 OyHIOTHHC KOja Cc IIpBa aKTHBHP4a, 

— ojroBapajyhH pe/locec) HHHIMpaHb5a MMHHCKHX OynloTHHa, KaKO OH ce mocTHrao OOap 

penocne)i y oopyimaBaPby CTEHCKOT MaTepHjaja p MHHHpaFby Ha MHHCKOM IIOJby H IIpaBali 
o0pynraBakba MaTepHjaJta TOKOM MHHHpahba, 

— MOTryhHOCT KOHTPpOJIHCaHba HHBOA4 IIOTpeca yCJIC/| MHHHpaMba, KOHTpOJIOM Opoja OymroTHHa 

KOJC CeC HCTOBpEMCHO HHHILIHP2Jy, 

— yKyIHO BPpeMC TpajaPba KOJ,L MHHHpaMa H BPpCMC HHHIMpaHba MHHCKMX OyITOTHHa OJ 
TIOueTHOT HHHIIHpaHba MHHCKOT HOJbBa [36]. 

IIpHnKoOM ona0Oupa ojiroBapajyhe mmeMe HHHIHpaFb5a IIOTpCOHO je HIO3HaBaTH MOJICII oOpyrraBabba 

MaTepHjaJIa KOJH Je TIOTpeOHO OCTBapHTH, CHCTEM HHHIIHpaMba KOJH Cc yIIOTpcOJbaBa, KaO H BDpEMC 

ycropeMa Koje je nOTpeOHO IIpHMeHHTH IIpHJIHKOM MHHHPal»ba [36]. 
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2.9.  BpeMe ycnopema 

BpeMe ycnopeba rpejicraBJba HHHIHpaFbe MHHCKOT TIIOJba Ca yCIIOpeMbeM, T]Iie CeC MHHCKa IIyHb56Pb5a 
HHIIHpaJy CBaKO HIIOCeOHO HIIH Ce HHHIMHPaJy Kao rpyra IyMePa, IITo ce MaHH(becTyje Kao moceOaH 

HIOTpeC HpHJIHKOM MHHUHpaba. M30op BpeMeHa ycmopePa oMoryhaBa a ce HHTeH3HTeT HoTpeca 
ycneJ MIHHpaba CMabH y OJIHOCy KaJla OH ce HHHIIHpaHbe MHHCKHX ITyH56Pba BpIHHJIO HCTOBpeMCHO. 
MHs306op orrHMajJHor BpeMeHa ycnopeMba 3aBHCH OJI ToOra Jla IIDpHIHKOM HHHIIHpaMba MHHCKOT TIOJba, 

eKcImnmo3Hja y mojenHauHHM OyntoTHHaMa Tpe0a Jla IouHe, Ipe Hero HITO y,{apHuH TaJTac eČKCIIJIO3HJC 
CTHTHC OJI IIpeETXOJIHOT IIyFbePba [34]. 

Cnuka 2.7 JlejcrBo ekcnji03HBHor HyHbeMb5a; a) TpoHyTHO HHHHHpabbec, ) MuJtHCeKyHJiHO HHHIHHpamec [34] 

BpeMe ycrnopePa H3Mecljy MHHCKHX OyDIOTHHa OJIHOCHO C(DČKTHBHO BpeMe ycnopeba je pa3nmHKa 
BpeMeHa JIOJ13HOT HMIyJICa HaCTaJIOr IIDHJIHMKOM JICTOHAIIHJE MHHCKHX IIyF56Mba HIIO y3aCTOHIHHM 
BpeMCHCKHM HHTepBajmiMa [34]. 
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3. CEH3MMHUKU EODEKTMH YCJIEJ1I MMHHPAMbA 

IIpMJMKOM MHHHPpaMa HacTajy CCH3MMUKH TaJIACH KOJH Cy CJHUHH TaJIACHMa KOjH CC jaBJbajy 
TIpHJIHKOM 3CMJBOTPecA, aJIH Cy H pa3auHTH ma cc IIpeMa TOMC KOpHCTC CrHeIHHJaJIH3OBaHE CKaJIc 30 

OHHy TaJIaCa KOjH HacTajy IIDHJIHKOM MHHHPatba [41]. IlorpecH KojH HacTajy ycJle/ MHHHpaHba H 
HHXOB HHTCH3HTCT 3aBHCC OJL napaMcTapa OymeMPa H MHHHPpaMa, aHH H OJL pacTojahba OJL MecTa 
MHHHPpahb5a JIO 00jeKaTa y HEHOCpe/IHOJ OJIH3HHH JIOKaLIHJE Ha KOJOJ Ce H3BOJIĆ paJlOBH Ha MHHHpaMby. 

Pa3BOjeM TEXHONOTHJE H IHOjJaBOM MHOTOOpOjHHX BpcTa CCH3MHUKHX HHCTpyMCHaTa, KaO H 
aaxBaJbyjyhH mocrHrHyhHMMa MH3 oOmacrH OyHntema H MHHHpaMma JONpHHeMa jE H JGaKIHĆM 

KOHTPOJIHCaMy, aH H rpahePby IOTpeca KojH HacTajy yCJIC)1 MHHHpahba. 

JlaHac ce Oyntepbe H MHHHPpaRbC H3BOJIH y pa3jiHuHTe CBpXe, al Hajuenihu cy y oOnmacTH py}napcTBa 
HpH cKCHMOATAIMjH dBpCTHX MHHCpaJIHHX CHPpOBHHAa IHOBPIHHMHCKMM MHJH IOJ3CMHHM THIOM 

ekcrinmoarTanuje, y rpaljeBHHapcTBy IpH H3rpajubH TyHcia, IIpH yKMaPbabby OcTaTaka o0jeKaTa HJIH 
CTCHCKOT MaTepHjaHma y IUHJby MH3Tpajubc TCMCJba y ypOaHHM CPpcHHaMAa, IHIPDHMJIMKOM PpyIHcMa 
o0jekaTa H c. MaHupabe rparu H mojaBa moTpeca KojH HacTajy yCJIeL MHHHPpaHba, a KaKO CC y 

BehHHH cJryuajeBa pajloBH ojBHjajy y OHM3MHMH OOjeKaTa, HOTpeOHO je KOHTPpoMCaHoO rmpahemec 

CeH3MHUKHX IIOTpeca, KaKO HC OH OHJIO He)KEJBCHHX c(DeKaTa. 

IIpHjIMKOM MHHHPpaMba cHeprHja Koja ce ocno0alja oJ eKcIIIO3HBa, CTBapa OyIHIOTHHCKH IIpHTHCaK 
KOjH BPpIHH Hanpe3ahba y MaTepHjaj!y OKO OyITOTHHC, TIČ HaKOH H3BDIHICHoOr pajla H o,[OanaBaRba 
CTCHCKOT MaTepHjajna, IpHTHcakK y OymroTHHH ormaJjla H HecTaje cHa Koja je Bpm:ma Harpe3akbe, JIOK 

CeC CTEHCKH MaCHB H32a MHHCKOT TII0Jba Bpaha y crabe ripe Hanpe3ahba H HacTaje ocIHOBaMb [4] |. Ha 
CeCH3MMUKC C(DEKTEC yrHuc MHOTO HapaMecTapa HpH OymmeMPy H MHHHpaMy, KOje je nOoTpeOHo 

ycKJajniTH KaKO OH ce HeraTHBHH c(beKaT HojaBe CeH3MHuKHX TaJIACa CBEO Ha MHHHMYyM. Kpo3 OBO 

HCTpa);KHBaMbC BPIIHM CC aHaHM34A yrTHIaja JHHHje HajMaHbcr OTHOpa KaoO HapaMcTpa KOJH MO)KC 
yrHHaTH Ha HOTPpCCe yCJIC)L MHHHpaba, OJIHOCHO yTHIIAj PeHOr OJICTymaba OJL IpOjeKTOBaHor. Ha 
OCHOBy IIpeTXOJIHHX MHCTpa;KMBaMba, aH H JaOOpaTOpHJCKOr MOJMeMa KOJH je pabeH Kpo3 

HCTpa);KHBaMbC JIOKTOpCKe JUHCcpraHje, yCTAaHOBJBbCHO je Ma moBehaPe moTpeca y3poKyje Bche 
oJCTyrabbe JIHHHje HajMaMber OTIIOpa 0OJ IIipOjeKTOBaHe. OJicTyrtabe IIpH1HKOM MHHHpalba Ha CaMOM 
TepeHy MO)KEe Ce IIOCMaTpaTH H Kao yBehame npH3Me O0pyiraBahba 0JI CBaKC OyITOTHHC, TJIĆ BHIIAK 

MaTepHjajJta yrHuc Ha IIOTpeCe, aJ1H H )KCJbeHy TpaHy-JalHjy CTEHCKOT MaTecpHjalma. 

3.1.  Bpcre ceM3MHuKux Tajaca 

CeM3MMukH TaJacH MOTy OHTH 3aHpeMHHCKH H IHOBPIHHHCKM, TJIĆ KOJL 3aHpeMMHHCKHX Tajlaca 
pa3JHKyJeMO yBa OCHOBHAa THIIa, a TO Cy y3JUy;KHH TaHMacH (JIOHTHTy/UHHaJIHH MHJIH KOMIIDpeCHOHH 

TanacH) H nonpeuHu TaJtacH (TpaHcCBep3aJlHH), JIOK KOJI IIOBpIHIHHCKHX TaJIACa HMaMO BHIIC THIIOBa 
3aBHCHO 0OJI TpajekTopHje KpeTaPba uecTHIa cpeJuHe [34]. Vajnyxxau Tazacu rpejicrapJbajy Tanace 
TJie Je OCIIHJIOBaPbe uecCTHIIA y HEKOJ Cpe}HHH IIapajIeJIHO TIipaBIty rpocTHpaM»y Tajtaca, JIOK Ce KOJI 

nornpeuHHx TaHaca uecTHIHe CpenHHe OCHIHJIy]y yIIipaBHO Ha ripaBatı ıpocrupama Tanaca [42]. Ha 
cmanu 3.la B 3.10 Moxxe ce BHJIeTH JeTaJbaH IIipHKa3 rpaBia rpocTHpaba Tanmaca H OCHMHJIOBaHba 
uecTHIa TJIa KOJI y3)1y)KHHX TaJaca H norpeuHHx TaJaca. 
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3) TanacnaH 

Zluuaramnionu (bponr 
Kownpecuonu 

Henopemehena 

cpejnuna 
Ocnmu:nonBame uecrma T.ira 

Hl)'dBl·lll upocrHMpaM>a NapajejHo pociupatwy riajaca 

Tanaca 

6) TajnacHu 
OcnnutoBabbe uccrma TaA ylipaBH0 \(pomr 

na nupasgam ipocrupama rajtaca 

Henopemehena 

cpenuna 
Tipanat mpocrupama 

Tanaca 

B 
) Tanacnu 

OciuntoBamwbe uecTHIa TJIA 
(Qpponur 

H0 eJIHHTHHHOJ IIyTalbH 

Henopevwehena 

Tipanan npocrupama | penuna 

Tajtaca 

Crka 3.1 Bpcre ceH3MHukHX TaJIaca y 3aBHCHOCTH OJI KpeTabba uecTHIa Cpe,lHHe; a) y3Jly?)KHH 
(norHrHTyJHajmHu) Tanac, 6) nonpeuHu (TrpaHcBcep3a;tHu) Taztac, B) PejnujeB Tanac [43] 

IIoBpmuHcku TajtacH Cy Ha3HB JOOHJH rIipeMa J(eOJbHHH CJIOJa IIO KOME Ce IIDOCTHPpy H y 3aBHCHOCTH 
OJ TpajeKTopHje OcrHJIOBaHba uecTHIIa TJIa HMa HX BHIHIC BpcTA, Kao ImTO cy: PejnujeBH TaJtacH HJIH 
TanacuH THra R, ryte ce octiHnoBabe uecTHiLa TJIa BpIIH TIO eJIHITHUHOJ ITyTaPbH, KpeTaMbe Cc OJBHJa 

y BepTHKaJIHOJ paBHH, 34THM JlanB TaztacH H TaznacH THIa Q, uecTHIHe OcCHIHJTy]y yripaBHO Ha ripaBatı 
HpocTHpaba Taaca, rHe Ce KpeTaMĐe OJBHJa y XOpM3OHTaJHOJ paBHHM H TaHMŽacH THHa C KojH 
rpejicTaBJjba KOMOHHalnujy PejmujeBMx H JlaB Tamaca, a uecTHIe CC HOMCPpajy HO JUHJarOHaJIHOJ 

naramu [34]. Craka 3.1B naje upaka3 noBpnriHHckor Tutma Taztaca o,iHoOcHo PejnujeBMx Tajaca, r/ie 

je IIpHKa3aHoO OcLIIHJIOBaMbC uccTHILa TJIa IIO CHI/IHTH'IHOj IHyTaMH. 

BPSI/IHH 3alıpČMHHCKHX H IIOBpIHIHHCKHX TaJtaca MO;KC Ce H3pauyHaTH IIpČKO CJ'IC/Ž[CTIHX H3paa3a [42] 

y3Jly;KHH (HOHrHTy/(HHaJIHH) TaJacuH (C;): 

_ EG-u) m 
ı— d5200 (s) 

16



YHugepsumem y beozpaoOy, Pyoapcko-zeonouku qakyamem 

— mompeuHuH (rpaHcBep3ajmu) TazmacH (c}): 

a = las (C) 6.2) 
— PejmHjeBH TamacH (cg): 

___0,86+1,14u (Ž) 
ĆR — 1l}u is G.3) 

: N 
TIJc Je: E - MOJIyJI ČJtaCTHUHOCTH, (;) 

kg p - rycrBHa cTeHe, (3) 

u – IIoacOHOB KOC()HIHHJEHT. 

3.2. . KapakrepHcrHMKe H napaMeTpu OcHH.JI0BaMba 

IIpH ayuaBaPby ceH3MHuKHX TaJIaCa, OJIHOCHO IIOTpeca ycJIe)1 MHHHpaba OJIBOjeCHO TpeTHpaMO 3OHC 
pa3apabba, TpajHHx H cMacrHuHHX MeQopManuja, re y3 mnoMoh HH3a HMOcTymaKa H CMIIHDpHJCKHX 

(QopMyuaa ce Mory pa3/lBojHTH H rpejiBHiecTH IOMcHyTe 3oOHe [41]. 3oHa emacraunux ne(Qopwmanuja 

je HajBHme pacnpocTpabbeeHa y oOnHacTH CeCH3MHKC MHHHPpaHba H IIpH perHcTpoBaMby OctiiHIalHja y 
OBOJ 3OHH Moryhe je BpIIHTH aHaJIH3y: 

— OjcHMMHaduHHX HJMH yKyHHHX HapaMcTpa MHHHpaMba (KOJIHUHHa CKCIIIO3HBa, pacope) 

OymroTHHa, JIyOHHa H Opoj OymroTHHa, pacTojakbe OJ MecCTa MHHHPaMba, BpCTa ČKCIIJIO3HBa H 

CJL.), 

— yTMHIAj TCOJIOHHIKHX yCJIOB4, 

— yrMHajcnpere THO-OOjeKaT, 

— yrHIajCeCH3MHuKHX OcIHHIaLHJa Ha TJIO H OOjJekre [41]. 

IIpoyuaBape noTpeca yce)l MHHHpaba, KojH HacTajy rIpH rpocrHpabby TaJtaca KpO3 HeEKy Cpe)IHHy 
H THMC H3a3HBajy OCIIHJIOBaFPbC ucCCTHIHIA, MOXKC CC HOjEJIHOCTaBHTH TAaKO HITO CC HOCMaTpa KaoO 
XapMOHHJCKO OCIIHJIOBaPbC TaHaca, TJIĆ CC MOry aHanmH3aHpaTH cejnehH mapaMeTpH Kao MITO cCy: 

noMepaj, Op3HHa H yOp3ame [37]. Craka 3.2 npuMka3yje XapMOHHJCKO OcCHHMOBaMĐ=e TaMaca, ca 

O03HaucHHM HapaMeTpHMa KOjH KapakTepHIHTy OCIIHJIOBaHC. 

IIpopauyH napaMerapa Bp ce noMohy czenehax o0Opasama [37]: 

— a HOMCpaj: 

y = A·sin(ot) (3.4) 

— naOp3HHy: 

V = A· a · cos(ot) (3.5) 

— nsayOp3abe: 

a = —A · o? · sin(ot) (3.6) 

Tne je: A - aMnznaTyna moMepaja, (m) 

: rad 
d) – yraoHa (DpekBeHnuja, (T) 

t - BpeMe, (5). 
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IIoepaj 

yop3ame 

Cnuka 3.2 XapMoHHjcko octiutoBampe [44] 

3.3.  “Dagropu Koju yruuy Ha noTpece ycJte) MuHHpama 

ITIpayMKOM MHHHPpaMba TpeOa BojnuTH pauyHa O /(Ba OCHOBHa (bakTopa KojH yTHUy Ha CCH3MHUKC 
e(bekTe, OJIHOCHO Ha HOTPpeCe yCJIC)L MHHHPpaba, a TO Cy KOJMUHHAa CKCIIIO3HBHOT IHIyM5-6M5a IIO 
HHTepBaJty HHHIHHpaMba H pacTroja»a 0JL MecTa MHHHPa!Pa [41]. IIopeJi oBa 1iBa pakTopa Ha morpece 

MHHHpabba yTrTHuy H (bakropH: IHHHJa HajMaMber OTIIOpa, BpeEMe ycHOpeMa, JeBHJalHJa IIDpHJIHMKOM 
Oymrema, pacrojabe H3Meby OymroTuHa H cCJIL. 

3.3.1. Kapakrepucruke pajiHe cpejiunHe 

Ha rpocrupampe TajJaca 3HaTHO yTHuc JMTOJOTHJa CTCHCKC Mace, Takolje H. uBpcroha, rycTHHa, 

HIOpO3HOCT CTeHCKE Mace 3HauajHO yTHuy Ha Op3HHy rHpocTHpatba Tajaca, r/ie je KOJUI uBpcCTHX CTeHa 
BHIIa (bpekBeHnuuja [45]. IIorpecH yce) MiHHpaMba Cy HHTeCH3HBHHJH y paCTpeCHTOM TJIy HeTO y 
UuBDpCTHM CTECHaMA, a IDHCyCTBO JUCKOHTHHyHTeTa y CTECHCKOJ MacH yTHuc Ha HpOMCHy mpaBma 

mupePa rTamaca [46]. IIosHaro je a ce HpH MHHHpaMby yTrJba CTBapajy HIOTpeCH Ca HHCKHM 
(bpekBenHujaMa y nopebemy ca MiHHpaMbeM y KaMeCHOJIOMHMA H rpaljeBHHapcTBy, a pa3Jor je IITO 
neOCemu cJOJeBH JaMHOBHHC Ha TJIy KOje ce oOMuHo cycpehy npuH eKcroaTanuHjH yrJba HOTOJUJy 

pa3Bojy HIOBpITHHCKHX TaJIaCa HHCKe (bpeKBeHnuje [47]. 

IIpHcycTBo cMojeBa, HyKOTHHa H pace/la HpHJIMKOM KpeTaba Taaca ycHMe,y moTpeca eyjy Ha 

pacHname ocruoBatba uecTHIa Ta [45]. IipenackoM ranmaca ripeko ckoHTHHyHTeTa ryOc ce HeKe 
OJL OOuHHX KOMIIOHEHTH KpeTaMba uecTHIIa TJIa, a creneH rIipeycMepaBabba KpeTaMba uecTHIa TJIa je 
HnoBeaaH ca yuecramomihy JHCKOHTHHyHTeTa CTeHcKor MarTcpHjama [45]. Pacamame ocruoBaMba 

uecTHIa TJIa y CTEHCKOM MaTepHjaJIy MO:;Ke ce KapakTepucaTH moMohu TpH MexXaHH3Ma: 
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— BHCKO3HO IHIpHTryIHTHBaMbC OCHHJIOBaFba uccTHIa TJIa, e(DeKaT KOjH je H3pa)KeHHjH Ha BHIHIIHM 
()pekBeHnuujaMa H npaheH TpCHJIOM HMHXKMX (DpcKBCHIHja OCIIJIOBaHRbA uccTHIIa Ta Ca 

moBehaMbeM yJlaJbCHOCTH OJI MeCTa MHHHPpahba, 

— AncopriHja eHeprHje aBpcTor TpeM»a IIpH OCIMHJIOBaFby uecTHiIa TJIa, Koja je Beha 3a cTeHe 

Ca CJIO)KEHOM CTpyKTypOM H BHCOKOM IHIOpo3Horihy, 

— PacHMmaĐe OcHMJOBaMDa uccTHma THa IpH pe()eKcHjH KOJU JWHCKOHTHHyHTeETa H 

HEXOMOTCHOCTH CJIOjJeBa y CTCHH, HpH dCMy Cy HHTCpaKUMHje H3MCDy pe()IeKTOBaHHX 
HMIIyJICa uecTO ripahcHe TpcHJIOM CeEJIČKTHBHOT CJI4OJbeH5a HHDKHX (DpeKBCHIUHja OCIIHJIOBaFba, 
uecTHma Ta [45]. 

V oOmacrH MMHHHpaMPa, yTHHaj KapakTepHcTHKa cTeHcKor MarTepujama Ha Op3HMHy CMaMbeMba 
OociHMOBaMba uecTHIa THMa ca pacrojabeM BapuHpa [45]. 3Oor HexXOMoreHe IIpHpO/Ue CTEČHCKOT 

MaTepuHjana, HeMoryhce je HanpaBHTH HOy3/7aHO TCOPpHJCKO IHpeHBHDbaMbe HHMBOA cJaOJbeMDa 

OCIHHJIOBaPba uecTHiTla TJIa, KOJa Ce OueKyJe Ha JIOKalnjH, rJie ce pajloBH oOJBHjajy [45]. 

KapakrepucrTHKe cTeHckor MaTepujaja crajajy y (bakrope KojH yrHuy Ha HHTeH3HTEeT HoTpeca ycCimeJl 
MHHHPpaMba, aJiH Ce HE MOTy KOHTPpoOJIHcaTH, jeXuHO je Moryhe TO KOpHTOBaTH KOHTpOJIHCaHHM H 
upHmaroDbeHMM mapaMeTpHMa MHHHpaMba Ca yCJOBHMAa y KOJHMa CeC MHHHpaMbc BpHHIH OJIHOCHO 

ycnoBHMa pajiHe cpeHe [34]. PanoBe Ha OyntePby H MIHHpaM»y, Kao H KapaKTepHCTHKC CKCIIJIO3HBa 
HOTpeOHoO je yBeK ycKajHTH HpeMa OJroBapajyhHMM rpopadyHHMMa H yCJIOBHMa pajiHe Cpe/UHHeC, 
OJIHOCHO KapaKTepHcTHKaMa PpajHc Cpe)MHc, KaKO OM H CaMH mMoTpecH OMHMM y rpaHMMHaMa 

TIiporiHcaHHX. 

3.3.2. KonauugHa eKCILI03HBHOT IIyM5ePba II0 HHTepBa.ly ycIopeMba 

IIpHJIHKOM IIyFb6Pba MHHCKHX Oy1IToTHHa HIOTpCOHO je BOJUHTH pauyHa O KOJIHUHHH CKCIIJIO3HBa Koja 
CC HHHIHpa HO HHTCpBaJy yCHOpeM4a, HapouHTO HpH MHHHPpaHby y HCHOCpeCJIHOM OKPpy)KCH»y 

o0jekaTa, Jep oBaj (baKTOp BeoOMa yTHuc Ha JauHHy HOTpeca KOJH MOTy HacTaTH yCJC)L MHHHPpaMba. 

KojmuuHa cKCIIJIIO3HBa IIO HHTCpBaJIy HHHHHPpaba je (DaKTOp KOJH CC MO)KC KOHTPpOJIHCaTH, aJIH H 
TIipHtaro,nHTH 34 KOHKpeTHe yCJIOBC y KOjHMa Ce pajloBH H3BoJIe [34]. IIipeMa pa31HuHTHM yCJIOBHMa 

H HponHcHMa O jauHHH HOTpeca IIpeMa cTaMby OOjeKaTa, oOBaj (bakrop TpeOa ycKajnaMTH H JOOpo 

ripopauyHaTH KaKO HC O(H /IOIIHO JIO HE)KCJbeEHHX c(bekaTa. 

Bpeme ycrnopebba H mmeMa HHHIIHpaMba OJIpebyjy KOJMUHHy CKCIIHO3HBa HO HHTCpBaJIy yCHIOpeMb4, 
TaKO IHTO CC IIČMOM HHHLHHpaHb5a MO)KC 3aJlaTH HHHNMpabc Ca pa3nHuHTHM BpČMCHOM yCHOpcMa 
H3Meby OynroTHHa, a H3OOpOM BpeEMCHa yCIIOpehba MO)KC CC IIOJIČCHTH JlA y je/IHOM HHTePBaJIy Oy/e 

HHHIIHpaHa jeJiHa HJIH BHIIe OynrIoTHHa yKOJIHKoO je To moTpeOHo [34]. 

IIpH HcnHTHBaHby OJHHOCa KOJIHUHHC CKCIIIO3HBHOT IIyH5CFba, pacTOjaPba OJL MecCTa MHHHPpaMa H 

jauuHe moTpeca Moryhe je BapauyHaTH OuecKHBaHy Op3HHy uecTHita rIIipeKo cneneher oOpactma, mro 

TaKolje ripeyicTaBJba 3aKOH OCLIH:IOBafba Ta [48]: 

Q% 

: m 
IJc Je: V- ouekaBaHa 6p31/IHa uccTHIa, (?) 

Q- MaKCHMAJIHa KOJIHUHHA IIyH56Pba CKCIII1O3HBa IIO HHTCpBaJIy HHHLHHpatba, (kg) 

K- koeQunujeHr rpuHryntetba Op3HHe uecTHIa, 

T- pacTojaMe OJI 1O3HIHje MHHHPaFba JIO MepHor Mecra, (m) 

G-– ČKCIIOHCHT KOJIHUHHC IIyFbCPb4, 

[B- eKcIoHeHT (bakTopa Haru0a. 
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3.3.3. Pacrojame ojx1 Mecra MHiHHpamba 

3aBHcHO OJL MecTa MHHHpaMba pacTojaĐe HeKor OOjeKTa Ha KOMe cc perHcTpyjy moTpecH yTHuec Ha 
jauMHy mHoTpeca ycJIe/L| MHHHPpaMa, TJI Cy IOTpecH jauH yKOJIHKO je MEpHO MCCTO y HeIOCpe)IHOj 

OnM3HHH MecTa MHHHpaMba, JOK ca HMoOBchaPeM TOr pacTojaba Omaja HHTCH3HTCT TIOTpeca. 
IIpoMeHOM pacTojabba He MeEMb5a CC CaMO HHTCHH3HTCT HOTpeca yCHC)L MHHHpahba, Bch ce MeMba H 
KapakTep THx roTpeca, Ha KpahHM pacToOjabHMa Cy JIOMHHaHTHC BHCOKC (bpeKBeHiiHje, a Ha BehHM 

pacrojabHMa HMIIy11C KOjJH je HacTaO KaO HOCJICIHIIA MHHHpaMb5a cc pa3BHja y HHCKO()DeKBEHTHH 
Tanac [34]. CraKa 3.3 naje npHKa3 pacrojaa o0jeKTa oJl MecTa MHHHpaMba. 

- 
e tanat 

Cnuka 3.3 IIpaka3 pacrojama o0jekTa oji Mecra MuHHpama [37] 

3.3.4. JleBujauuja OymmorTHHe H npeuHHK MHHCKe OyIHO0THHe 

IIpHJIHMKOM H3pa/jle MHHCKHX Oy1IHIOTHH4a KOJE Cy BCJIHKC JIy)KHHC MO>Kc Johu o ojtcTymahba OymmePba 

OJUKCJBEHOT TIpaBIa, KOje JIOBOJIH JIO nOBechaba HJIH CMaEbePba OTIIOpa y HO;KHIIH CTa)KC, IITO yTHuc 
H Ha OJICTyrHakbC JIHHHje HajMahbcr OTHOpa 0JI IIpojeKToOBaHor cTaMba. Ha nepBuHjannjy Hope) BEJIHKC 
JUy2)KHHC OyHIOTHHC, yTHuc H IIpeuHHK, TaKO IIITO CC JIeBHjalija uenihc jaBJba KOJI MaEbHX IIpćuHHKa, 

a H3apaxkcHuja je KOJI KocHx OynroTHHa HJIH OynrIoTHHa TIOJ yTJIOM [34]. 

TIp neBujanujH MoTry cc JaBHTH BehH noTpecH ycJIe) MHHHPaha, Jep ce noBehaBa OTIIOp y HO:KHIIH 

eTa;KC, KaO H BcJMuHHa JIHHHjeE HajMakber oOTHOpa. TaKolje ce MOXKc jaBHTH JOMIA rpaHynanuja 
OJIMHHHPpaHOTr MaTecpHjaJa, KaO H CTOHa KOje MOTy HacTaTH Ha JHy CTO)KC HGaKOH MHHHpaMa. 
/leBujanuja OyIIOTHHC YyKOJMHMKO OHa OJCTyHa OJL )KCJBEHOT NpaBma, Kama je OJIH3y CJIOOOJIHC 

TIOBpHIHHC MOJKC JIOBECTH H JIO pa3aieTaPba CTeEHCKor MaTepHjaJa. Pa3BOjeM TeXHOJIOTHje H HOjaBOM 
pa3Hux ypebaja Moryhe je BpninTH ripoBepy ripaBtta Oyrneh5a Ha TepcHy, HITO MO)KE CIHIpcuHTH IIOJaBy 

HC)KCJBEHHX cQ)eKkaTa. Ha cram 3.4 npaka3aH je mocTymak OynteMb5a ca IpOjJeKTOBaHHM IIpaBIICM 

OymoTHHa H Ca MCHHM O/ICTyHaMĐeM Tj. JICBHjaHMHJOM y OJIHOCy Ha IIDOjeEKTOBaHy BpCJIHOCT H 
CJIOOOJIHy HOBPIHHHy. 
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Cnuka 3.4 IIpaka3 neBujanuuje npuH OyntePby MHHCKHX OymoruHa [49] 

Ona0upoM ojJiroBapajyher rpeuHaKa Oyinema H JIy)KHHC MHHCKHX OyITOTHHAa, MO)KE Ce yTHIIATH Ha 

CMaMbeDbcC JieBHJaIHje HpHJIHKOM OymeMĐa, aH H Ha KOJIHUHHy CKCIIHO3HBa Koja ce HHHIMHpa. Koji 

OyIrmoTHHa Ca BEJIHKHM IIpecuHHKOM IIOBchaBa Ce KOJIHUHHAa CKCIIJIO3HBa Koja cTaje y OyIoTHHy IHIITO 
MO:JKC yTHIaTH HeraTHBHO y norune,Jty moTpeca [34]. 

3.3.5. Bpeme ycnopemba H iiteMa HHHIHpaMba MHHCKHX OyIIoTHHa 

Bpewe ycrtopehba ripeyicTaBJba o,1ipelbjeH BDpeMCHCKH HHTCPBAaJI IIpH KOM CC BpIHH HHHIIHpaHbe MHHCKC 

OymoTHHe, OJL Kora 3aBHCH KOJIHKa hc KOJNHUHHA CKCIIIO3HBa OHTH HHHIHPpaHA, IITO yTHuc Ha 
HHTEH3HTeT IIOTpeca ycJIe)| MHHHpaba. Ca pa3atHuTHM BpcTaMa ycrnopeba y OymroTHHH Moryhe je 
HHHHHpaTH OJpeljeHy KOJHUHHy CKCIIMO3HBAa HO je}HOjJ OyHIOTHHH YyKOJIMKO je KOHTHHyHpaHO 

IIyFPbĆM66 HNHH aKO jc pa3\BOJĆCHO IHIyMR-eDe Moryhc MX jC HHHIMpaTH HIOCCOHO HJIH y jJCJIHOM 

BpČMCHCKOM HHTePBaJIy (ycropebby). 

Ona0upoM oproBapajyher BpeMcHa ycHmopeMa H HIpH HOBPIIMHCKMM BeC34aMA, OJIHOCHO IHCMOM 
HHHLHHpaFba MO;KE Cc yTHIaTH H y O,1peljeHOj MepH KOHTPOJIHcaTH HHBO IrIoTpeca. Hajnehui yrumaj Ha 
CMaMb6MbC HOTpeca je KOJI IpHMCHC pa3iBOJEHOT IHyM-eMba, TJIĆ CC HHHIHpaHbeM y pa3HMuHTOM 

BpeČMCHCKOM HHTCPBaJIy H3MCDy IyMeMa y je/iHOj OyITOTHHH MO;KEC CMaHbHTH HHBO IIOTpeca, TAKO 
IITO CC IOCeCOHHM HHHLHHpaHbCM KOJI pa3/lBOjeHOT IIyHbCFba JIyTIJIO CMaFHbyje KOJIHUHHA CKCIIJIO3HBa 
HIH BHme HyTa. OjnroBapajyhe BpeMe ycHmopeMba HM3MecDy pejoBa MOXKC JIOBeCTH JO CTBapaMa 

CJIOOOJIHC IIOBPpIHHIHHC y Hape}iHOM PeJIy, HCTH CJIyuaj je H KOJI ycrIopehba H3Meby OyumoTHHa y pe)}ty, 
TJie Ce TaKO CMaMby]Je KOJIHUHHA CKCIIJIO3HBa KOJa ce HHHIIHpa y Je/]HOM BPDEMCHCKOM HHTepBa;ty [34]. 
Crmaka 3.5 naje meMaTcKuH IIpHKa3 KaKO H3rJe)a CTeHcKa Maca IIpH MHHHPpaM»y ca OjroBapajyhoM 
IIČMOM MHHHPpaMa OJHOCHO yCHOpeM6eM MH3MCDy peoBa H Kanma TO BpCMC ycHopeMba HHje 

oJrroBapajyhe. 
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Cunuka 3.5 IIpaka3 nejcrBa BpeMeHa ycrlopebba H CTBapatbe HOBC CJIOOOJIHC HOBPIHHIHHC; 2)) He)]OBOJbHO BDCMC 

ycnopeMba, 0) onroBapajyhe BpeMe ycnopetba [50] 

3.3.6. Jianuja HajMamer ornopa u 3anpeMunHa o0jIMHHHpaHor MaTepuja.ma 

JInHuja HajMaĐer oTHOpa yTHue Ha HOTPpeCe yCJIC)L| MHHHPpaMba TaKO IHTO IIDpH BCJIHKOJ JIHHHJH 
HajMaMber OTIIOpa raCOBH CKCIIJIO3HJE HM42Jy BCJIHKH OTIIOp yCJIe)L J(pOOJbePba CTEHCKE MaCe, TJ]Ie Ce 

Jieo eHepruje eKciImoaHje IipeTBapa y ceH3MHuKy cCHecprHjy H JIOBOJUH JIO TOoBchaHHx IIOTpeca yCJIe)T 
MHHHpaPba |[34]|. CpBako OjcTymnaMĐc NHHHJEC HajMaMbecr OTNHOpa OJL HpOJEKTOBaHOT CTaMba MO)KC 

JlOBecTH JIO HeraTHBHHX eQ(peKkarTa, ma H y cJIyuajy MaJIe IHHHJe HajMaMber OTIIOpa eHeprHja Koja ce 

ocno0alja yceyl MHHHpaMba MO)KC JIOBECCTH JO pa3HMeTaMa CTEHCKOTr MaTepuHjaHMa JO BCJMKHX 
yJlaJbeHOCTH. 

Koji Behax ojicTymama HHHHJE HajMaMber OTHOPpa KaO IHTO je HOMCHyTO MOJa3M IO mOBehaHor 
HHTe3HTeTa IoTpeca IIpH MHHHPaby, IHITO je H IIpe)IMeT HCTpa)KHBaMba JIOKTOpCKe JUHCepTAaLHJC, aJIH 
ca BehHM OJCTyHmaMbeM JIOMa3H H JO HOBehaMba CTEHCKOrT MaTepHjaHMa KOJH Ce MHHHPp3a OJIHOCHO 

aarpeMuHHe ripH3Me o0pyrraBama. Pa3BojeM TexHoJorHje H IIpHMeHOM co(DTBepa Moryhe je neTaJbHO 

aHajmnHpaTH OBaj yTHIaj, OJIHOCHO JOOMTH TauHc HIOJaTKC KOJIHKO je OynloTHHa y IIDpBOM Ppe/Iy 
MHHCKOT TIOJba y/)laJbeHa OJI CJ10OOJHe noBpriHHe. Cno0ojiHa nopprnimiHa y BehHHuH cryuajeBa HHJe 

HJieaJtHo paBHa Beh mocToje HepaBHHHe KOjJe Mory yTHIaTH Ha e(beKTe MHHHPaMba, Ha ciTeJehoj cH 

3.6 nar je rpaKa3 napaMerapa ripH3Me o0pyntaBaM»a ca HJIeaJIHOM CJIOOOJIHOM TIOBDPITHHOM. 
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Cnuka 3.6 IIpaka3 aarpeMuHe ripH3Me oOpymanama; a) 3anpeMHHa jeJuHe MHHCKe OymorTHHe, 0) aartpeMHHa 

BHIHIC MHHCKHX OymroTuHa [35] 

PauyHame 3anpeMuHe IipH3Me 00pyrraBabba OJIHOCHO 3a11peMHHe OJIMHHHPaHoOr MaTepHjajnma OJI je/IHe 

OymrorTuHHe Mo:kKe ce pauyHaTH ripeKo o0pacita 3.8. 

V =a'·W ·H, (mš) (3.8) 

Tne je: H - BacHHa eTa»Ke, (m) 

W - naHuHja HajMahber oTrmopa, (m) 

a - pacrojabe H3Meby MHHcKHx OymorTuHa, (m) 

IIpMMeHOM coQTBepa 3a aHam3y mapaMeTapa Oymmema H MHHHpaMĐa, KaO H OJTOBapajyhHM 
ypebajHMa MO:Ke ce yTHIIATH Ha KOpeKIIHJy JIHHHJC HajMaFbcr OTIIOpa IIpHJIHKOM IIDOJeEKTOBaFP54, KaKO 

OH ce HeraTHBHH c(DeKTH yMaMHiH. MapanoM 3D Mojnena, y3 IpHMeHy caBpeMCHHX TeXHOJIOTHJA 

(OecrMnmoTHMX pmeremHma, CKeHcCpa H CJJL) MOXKC CcC HpcKO CO(QTBepa MeTaJbHO aHajmH3HpaTH 
yJlaJbeHOCT CBaKe OyITOTHHe IIpBOT pe/jla MHHCKOT IIOJba y OJIHOCy Ha CJIOOOJIHy IOBPIHHHYJ, TJIe ca 
TIpHMeCHOM IHIOMCHyTHX TeXHONMOTHJa H H3pajlOM MOJA JOOMJAaMO CTaMe H MH3rTeJI CJIOOOJIHC 
TIOBPITIHHE KaO IHTO je H Ha TepeHy. 

3.4.  Mepeme morpeca yce) MiHHpamba 

IIojana noTpeca ycJe)l MMHHpaMba MO;Ke Ce perHCTpOBaTH HHCTpyMeHTHMa CrIIeHHjaj113OBaHHM y Ty 
CBpXy KOJH Cc Ha3HBajy ceH3MoOrpaQu, ypebajH BHCOKC HpenH3HOCTH KOJH Cy MAaJIHX JUHMcH3HJa, 

MOOHJIHH H JIAKO IIDČHOCHBH TAKO JA Ce MOTy HOCTaBJbaTH Ha OHJIO KOM JIeJIy JOKaje, TJIe CC 

panoBu ojnBHjJajy. CeaMorpaQu ce oOMuHo cacToje OJ CCH3Opa KOJH Cy OCCTJBHBH Ha KpeTaMe, 

OnokoBa o0pajne cHrHajma H OJIOKoBa KOJH cJIy)Ke 3a IipHKka3 HHTeH3HTerTa moTpeca [41] |. CeH3opu KojH 

ce HaHma3c y HHCTpyMEHTy, MOry OHTH HHTerpHcaHH yHyTap Kyhumrra HMJHIM cKCTeEpHM, a 3a 

HOBe3HBaMbe Ca KyhunrreM KoOpHcTH cc Ka0jt, HamajaPbbe HHCTpyMeHrTa ce Bpimui nmoMohy Oarepuja Koje 

Cy KOJU CaBpeMCHHX HHCTpyMeHaTa IHIyFHBC. OceTJBHBOCT CceH3Opa oMoryhyje ajneKBaTHO 
perHcrpoBaMme IOTpeca yCeL MHHHpaMba, KaO H KOMIJICTaH 3aHMC CBHX BpecJHOCTH Op3HHe 

OCIIHIIOBaMba uecTHIa TJIA IIČIOKyIIHOTr MHHHPpaMa. Cnaka 3.7 mnaje nupakaya H3rne/a ceH3opa KOJI 
ceM3MorpadQa, KojH Bpnie MepeP= HoTpeca HpeMa TpH KOMIIOHEHTC H TDpH OJIBOJeHa 3amuHca 3a: 
JIOHTHTy/UHHaJIHH, TpaHCBep3aJIHH H BepTHKaJIHH TaJIac. 

23



YHugepsumem y beozpaoOy, Pyoapcko-zeonouku qakyamem 

— 
Hipanan novepaja 

ceniopa 

Tipasan nowepaja 
cemiopa 

Cunuka 3.7 IIonoxxaj ceHaopa yHyrap Kyhumrra cenaMorpa(ba [34] 

VHiyrap ceHa3Morpad(a ce Hana3e TpH He3aBHCHC CCH3OPpCKC jeJUHHHIIC, KOJe Cy Je/Ha y OJIHOCy Ha 

JDyry HIOCTaBJbCHC NHIOJL HIpaBHM yTJOM, TJIĆ jc jemaH CČH3Op IIOCTaBJbCH BCpTHKAJIHO, a JBa 
XOpH3OHTAaJIHO, a CBaKH pearyje Ha IIOKpeTe JUyx CBOje Oce [41]. CeHaop ripe)icTaBJba TpaHCJIyKTOp 
KOJH KpeTabe TJIa HIpeTBapa y cJIeKTpHuHH HaHlOH, a yHyTap CeH3Opa HIOCTOJH HaMOTAJ XKHIIĆ KOJH 

BHCH y CTaJIHOM MaTHETHOM TIOJby [41]. CBakH IIOKpeT ce perHcTpyje TaKO IITO jJe MarHeT Be3aH 32 
Kyhurrre ceH3opa H OH Cce He IIOKpehe, JIOK HaMOT4aJ KOJH BHCH y MaTHETHOM IIOJby je CJIOOOJTAH H OH 

ce nokpehe y cnyuajy moTpeca [41]. OBH ceH3OpH Cy BeEOMa OCCTJBHBH H CBaKO HOMcpaMbe KOJC 

HacTaje Kao IIOTpec OJL MHHHPpaMba OcTe)Ke y BHJLy 3amca ca KOra Ce MOTy OuHTaTH JIeTaJbHO IHOJ1aTIH 
o mapaMerpuMa morpeca. Ha cmumm 3.8 upHKa3aH je ImeMaTCKH HNIpHKa3 JIeJOBa CCH3Opa KOJI 
ceg3Morpa(ba. 

KajyteM 

Cnuaka 3.8 MexaHu3aM yHyrap ceHaopa [51] 

TIpanMKOM perHcTpoBaMba ojaTaKa HHCTDpyMCHT OcexH naamHc, Hperej daamHca H yBMJ y 

BpejiHocTH Moryhe je H3BecTH y3 TOMoh cHcTeMa 3a pelipo/lyKOBaPbe, pa3BOjeM TeXHoOJIOTHJe JlaHaC 

cy Hajuemihe JHrHTaJIHH 3alHCH KOJH Ce BpJIO TaKO Mory aHanH3HpaTu H ripernenaTu IOHoBo [41]. 

Ha rTpxumry aHac HOcTOjH BHme mHpoMH3aBoljaaua MHMHCTpyMcHaTa 304 MCpeM=e IIOTpeca yCJIeJ 

MHHHPpab5a, a TO cy: Instantel, ABEM Vibraloc, NOMIS Seismographs, GeoSonics-VibraTech H 

JipyrH, KoOjH Cy Ca pa3BOJeM TeXHOJIOTHJe yTJ1aBHOM JUHTHTaJIHH CeH3MoOrpa(bu H ca BpJIO pa3BH]eEHOM 

CO(pTBeEpCKOM TIOJIpIHIKOM 3a aHaJmiy IrojlaTaka H 3anuca. 

3.4.1. Bpcre cenaMorpa(bckux cucreMa 

IIocrojH MHoro BpcTa ceH3MOrpa()ckHx cHcTeMa KOJH Ce pa3JIHKy]y IipeMa BpcTH OeJe»KePba aarnca 
H MepeMPba. /laHac cy HeKH OJU bHX MaMbe y yrIIOTpeOuH, J(OK Cy TpcHyTHO HrHTaJIHH CeH3MOTpa(Q)H 
HajBHmIe y yrtorpeOu. Bpcra ceH3Morpa(a KojtH mocToje cy: aHa_norHH ceH3MoOrpaQ, ceHaMorpaQ ca 

MaTHETHOM TPpaKOM, ceM3MoOrpaQ 30Mpa BekTopa, Oaporpa0ckH ceM3MorpaQ, ayrocrapryjyhum 

ceg3aMorpa( H nururajnnu ceHaMorpaQ [41]. IIp pajta cBHx HaBe)leHHX ceH3Morpa(ba Je BeoMa 

24



YHugepsumem y beozpaoOy, Pyoapcko-zeonouku qakyamem 

cJIHHMaH, TJIĆ Cy OCHOBHC pa3JIHKC y IIpercjJIcĆy H HHTCpHpCTaLII/IjI/I 3atca Ha OCHOBY IIoTPpcca TJIA 

ycJIC1 MHHHPpaM54. 

3.4.2. Jlururanmnu ceuaMorpa(bu u HauuH Mepema 

OpBH ypebajn rpencTaBJbajy HOTHyHO CJIČKTDOHCKEĆ HHCTpyMEHTe 304 MepeMĐb=e HNoTpeca ycJIeJ 

MHHHPpabba H Ba3/lyITHHX y,lapHHx TaJtaca Hacranix y py,rapcTBy, caoOpahajy, rpabeBHHapcTBy, HTJI 

[41]. TpenyTHo je Ha TpxxHITy BHIHC BpcTa JUHTHTaJIHHX HHCTpyMecHaTa KOJH Cy BeOMa IIpakTHuHH 

sa ynorpeOy. IIocenyjy mmpok oncer TeMnmepaTypHHx pasamMka ( om —20%C no +80"C), majy 

H3JID)KJBHBO H BOJIOOTIHđODpHO Kyhwmrre, Kao H MoryhHocT MepeMPa ucTHpH KaHaHa H BpCJIHOCTH 
noMepaja, Op3HHe H yOp3aPa uecTHIa TJa, aHH H Ba3yHIHHMX ynapHuMx rTamaca [41]. IIpawxa3 
pe3yarara je BeoMa riperze/naH Ha LCD macrnnejy, rye ce HcCTH Mory riperennaTH H aHaJm3HpaTH Ha 

pauyHapy, ca MoryhHomrhy Hapaje mraMnaHnux nojaraka [41]. Ha crara 3.9 npakanaaH je Marne,n 

Kyhumrra maraHranHor ceHaMorpaQa “Instantel Micromate”, Kanajicke rpoH3BOJbe Ca O3HauUcCHHM 

JieJ1OBHMa HHCTDpyMCHTa. 

USB npnk:byuak HIpuak.byaak 3a PC Mini USB npukbyuakı 

38 nyHsČIbe 

Craryc Garepuje 

M MeMOpnje Memnu 3a novoh 

Ilyw,use aurnjyM-joncke 
Garepuje Ekpan oceT.buB 

a nononp 
January 01,2020 09:37:58 

Ready To Monitor 
3amrrurHa KyTHja 

cemaorpadQa Iipeunue 34 

i onpebeHe onunje 
Cner.nocHn cHrHa,n 

MHcTpyMeHTa Tacrepu 3a 
M nymemba Oarepnje perame y Mennjy 

Tacrep 3a 
Tpaka ca oDe.1e%eHHM 

nokperame Mepetba npuk/byuunva 

Tacrep 3a 
yuubyetbe RHeTpyMenra 

3aurrura 3a npukybyuke 

HIpubyuak 34 reodon yuakı lipnkbyuak 34 MHKpodoH 

Crmaka 3.9 Mirznenn Kyhamra maruranHor ceHaMorpaQa “Instantel Micromate” [52] 

/luraranHu ceM3MorpaQH BpHIe CHHMMaM=e y BDpeMCHCKHM TpcHyIMMa, CCMILIOBHMA OJIHOCHO 

HHTepBaJIHMa y3OpKOBaM5a, T/IĆ HO IIpaBHJIy pe3oJ1ynHja CHHMaKa H3HOCH 2" y3opaka HJIH CHHMaKa 

no ceKyHu [34]. IlocraBjbabbe HHcCTpyMeHaTa Bp ce Ha oJipebeHoj noKanuju, rye je norpeOHo 

HOCMaTpabbe JlejCTBa IIOTpeca ycJe)l MHHHPpaMa. IIocraBJbabbe ce Bpi yupprrihHBaMbeM ceH3opa 3a 
HOJUIOTy yHyTap CaMOr 00jekKTa (TIOJIipyM, IIparoBH H JipyrH uBpcTH eJIeMeHTH O0jJeKT2), yKOmaBaPbeM 

ceH30pa y 3eMJby JIO 15 cm nyOuHHe H yOa)labeM Ho)KHIIa KOJe Ce MOHTHPaJy Ha JIHO CCH3Opa y 3eMJby 
HJIH HIOCTaBJbaPbeM HCTOT Ha HOJUIOry H IIpeKpHBaMbeM TCHIKHM TECDpEČTOM HIIp. IK Te)KHHe 4,5 kg. 
CeH30p HHcCTpyMeHTa Mo;Ke OHTH HHTerpHcaH y Kyhurnrry HJIH BaH Mera TJIe Ce JIOJLATHO IIOBe3yJe Ca 

KyhurmrreM y3 noMoh Ka0Ona, ceH3opH perucTpyJy CBaKO IOMepabe H Bpriu ce OeJe>)Kepbe mojnaTakKa y 
HHCTpyMeHT. TIIpaBamn mocTaBJbaPba CeH3Opa MOpa OHTH Ka MeCTy MH3BOpa HđOTpeca TJ. MecTa 
MHHHPpabMba, a TO Ce H3BOJIH TaKO IIITO HMaMO O3HaueHy CTpeJmiy Ha CeCH3Opy KOJy TpeOa ycMepHTH 

Ka H3BOPy IIOTpeca, a MO:Ke Ce BHJIeTH Ha ciiHIH 3.10. HHcrpyMeHrTH OeJtexxe MaKCHMaJIHC BpeJIHOCTH 
a3a HMOMecpaj, Op3HHy H yOp3aĐe, BpeJHOCT (bpeKBeHje, aH MOTy BpHIHTH MCpeMbe HHBOa 

Ba3JtymHHx y/lapa H OykKe [34]. 
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Cnuka 3.10 IIIleMarcku rpuika3 Mepehba noTpeca TJI y OJIHOCy Ha MeCTO MHHHpatba [53] 

3.4.3. Kapakrepucruke ceu3Morpa(ba “Instantel Micromate” 

Jlararannu cenaMorpaQ “Micromate” ojr oupwme “Instantel” KaHajickor ripoHaBobaua cacTrojuH ce oJ 

Kyhurrra HHCTpyMeHTa, eKCTepHOr CeH30pa H MHKpO(boHa. OBa KoMrnaHuja IOpe/L OBOrT MOJIeJTa HMa 
H MOJIe?! “Minimate Pro” ca aHrerpucaHHM CeH3OPpOM, aH H cTapHjH MoJIen “Blastmate”. V Troky 

OBOr HCTpaxkHBaMba KopHmiheH je HOMcCHyTH MoJjem “Micromate”, uHjH JČHOBH H MH3TJICJI Cy 

upuHKa3aHu Ha ciminu 3.11. HHcCrpyMeHT HMa BHIIeCTpyKy IIpHMeHy, MO;Ke Ce KOpHcTHTH 3a ripahembe 
HoTpeca OJL MHHHpaMba, Ba3JIyHIHHX yjlapa OJL MHHHpaMa, rnpaheme moTpeca KOJI rpaljeBHHCKHX 
panoBa, moOHJaĐba IIHIOBa, MOHHTOpHHTa IHIDpMMMKOM pynmmePa oOjeKaTa, TemIKor TpaHcrIoprTa, 

aHaJmnuH KoOHcTpyKnuja H np. [34]. /lenoB HHcCTpyMeHTa Ca CeH3OpOM H MHKPO(bOHOM cy IIipHKa3aHH 
Ha cHHH 3.11. 

Pas3Boj oBHX HHCTpyMeHarTa H co(bTBepa KojH curyKe 3a oOpa/ny monaraka oMoryhu;n la ce IIpHJIHMKOM 
HpHKa3a perHcTpoBaHHX OcCIHHMaIMHJA IIOjaBJby]y pe3yaraTH aHammMaa paamnMuHTHx mapaMeTapa 
OcIHHJIOBaMba, Takolje oMoryhaBajy Ja Ce CHHMJbeHH IIO/12111 KOHBepTy]Jy H H3BO3cC y pa3JIHuHTe BpcTeC 

(ajmoBa, Kako 0H ce Mori Jnajbe o0pabunBaru [34]. BehaHa nuriHranHHx HHcCTpyMeHaTa 3a aHajmi3y 

ocIHIOBaMa moceyjy H MoryhHocT Op3e OypujeoBe rpaHcQopMarnuje 3a aHana3y (bpekBeHnuje 

OCIIHJIOBaMba. 

Kyhmrre ceraMorpada 

Munpodon 3a Meperbe 
unnoa Gyxe 

Ceuop cenavorpaQa 

| 
\ 
— 

: BB | Ž 
Cnuka 3.11 Mone: “Instantel Micromate” ceaaMorpa(ba 3a Mepemse noTpeca ycne) MuHHpatba [54] 
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MebyHapojnio yipyxkebbe HH?Kebbepa 3a MHHHpaMbe pa3BHHO je cTaH/lap/Ie KojH cy TaKoOlje ycBOjeHH 

H KOJE MOPpajy 3a4J(OBOJbaBaTH HHCTDpyMeCHTH (ceH3MorpaQbH) 3a perHcTpoBamĐe moTpeca ycjIe 
MHHHupab»a [41|. Ha ocHoBy rponuicaHux cTraHmap)ta H 3axTeBa 3a IIpe113HOCT HHCTpyMeHaTa BPIIH 
ce H KanmnOpanuja HHCTpyMeHaTa KaKO OH OHH HcHyHHNMH OjroBapajyhe 3axTeBe. IIpenw3HocT 

· · mm . 

HHCTpyMceHarTa y (bpeKBeEHTHOM JIOMCHJY KoOja ce 3aXTeBa je +5% amuH +0,5 — HH Beha 3a BHOpanuje 

H +10% HmH +1dB mmuw Beha, 3a Ba3JyHIHC yjlapc, a MHHHMAaJHAa IHIpeHH3HOCT CcH3Opa je y 

()peKBeEHTHOM pacHMoHy o 4—125 Hz. TexHMukc KapaKTepHCTHKeC MCpHOr HHCTpyMeHTa 

KopurniheHor y TOKy HCTpaxKHBaMba Cy rpejicTaBJbeHe y TaOcuu 3.1. 

Ta0ena 3.1 KapakrepacTHke MepHor HHCTpyMeHra “Instantel Micromate” [55] 

Onuc Texuuuke KapakTepucTHKe 
ISEE TpuakcujanHu ceHaop (2-250 Hz), DIN TpsakcujajHu ceH3op (1- 

315 Hz), IIIneyicku ceH3op 3a MuHiHpab»e (5-300 Hz), IIIneyicku ceH3op 3a 

no0ujame mmurnoBa (2-150 Hz), ISEE Tpaakcujannui OyImoTHHCKH CeH3Op 
(2-250 Hz), DIN Tpaakcnjaznnu OymoruaHcKu ceHaop (1-315 Hz), ISEE 
JIaeapHu Mukpo(pon (2-250 Hz), Mukpodon 3a nupBo OykKe (Knaca 1) 

Bpcre ceHaopa 

/luMennuje 101,6 x 135,1 x 44,5 mm (4,15 x 5,32 x 1,75 in) 

TexuHa 0,5 kg (1,1 Ibs) 

Barepuja IIymHBa JTHjyM-joHckKa Oarepuja (10 naHa Kkopunihema HakoH IryPbePba) 

KopucHuiuku HHTep(bejc 10 racrepa 3a ojtBojeHe (byHKnuje 

Ekpan QVGA, 320 x 240 y 6oju ekpaH H OCCTJbHB Ha JIOIp 
PC Hurepdejc USB 

TIoohHu npHKJbyurnH CrioJbamibH oKHJIau H JlaJbHHCKH ajtapM 

PajiHo oKpy)Kebbc 

LCD pajnsa Temi1mcparypa: -10 to 55 "C (14 to 131 *F), pania 
TeMIIcpaTypa eJIeKTpoHHKc: -40 to 45 "C (40 to 113 "F), paniHa 

TeMmnepaTypa: -40 to 45 "C (40 to 113 "F) 

IlonpxkaHH MoJteMH: „Sierra Wireless!M Airlink? RV-50, GX-400, LS- 
300“ 

IITranau: IIpemaan H BHcoKe penonyuuje, GPS: BpeMcHckH 

CHHXpOHH3OBaH H MoryhHocrT ripey3HMatba Koop)iHHaTa, Vision (co(bTBep 
3a cknajuirrebbe moJaTaKa) 

/laysiiHcka KoMyHHKanuja 

OrnuioHe KapakTepHcTHKC 

3.5. . Meroje y HHJ5y CMaHbehba II0Tpeca ycJIe/ MuHHpaMmba 

IIpHjIMKOM MHHHPpaMba Ha HOBDpIHHHCKHM KOTHOBHMAa /I01123H JIO HOjaBC CCH3MHUKHX HIOTpeca KOjH 
MOTYy H32a3BaTH HeraTHBaH cC(peKaT Ha OOjJeKTe KOJH Ce HaJ1236 y HeEHOCPpe)IHOJ OKOJHHH Kona. Kako 0H 

ce TH HOTpccH H HcraTHBHH yTHHaj yMaM=HO Moryhe je, Kao mTO je Beh IOMECHyTO KOpHrOBaMb6M 
mapaMerTapa OyrnnePĐa H MHHHPpaMa CBecTH Taj ec-beKaT Ha MHHHMJyM. [IIoTpecH ycJ1e)l MHHHpahba MOTy 
Ce yMaHbHTH H METOJIOM H3paJIe cKpaHa y IHJby CTBapabba BeImTauKe OapHjepe HJIH JUHCKOHTHHyHTeTa 

y CTEHCKOJ MaCH IIITO yMažbyje yTHIIAj CCH3MHKC. 

3.5.1. IHHeMa unHuupama H BpeMe ycnopeMba H3Mel)}y MHHCKHX IIybeDb5a 

KopektHjoM IH?HIeMe HHHIIHpabba MO:;KE CC CMaE>HTH KOJIHUHHA2 CKCIIJIO3HBa y IIOBC3aHHM IIyF56RbHMa 
TaKO IHITO CC MO)KC H3BCCTH CMaMbeMPbc Opoja HIyM5-6Pba KOJC CC HHHIIHpa y HCTOM BpČMCHCKOM 

HHTepBajy |[41]. 

IIpoMeHOM IHCMC HHHIHpaMa HajjeiHOCTaBHHje CC HOCTH)KC yIIpaBJbaMbc JICjCTBa CKCHJO3HJE, a 
TIOCTHD)KEC Ce CMai56CP5C CCH3MHUKOT JIejcTBa, lOBchakbe cTeHIeHa yCHTEbaBaHba CTEHCKOT MaTcpbHja:ma, 

Jo0uJaĐe roTpeOHor oOnuka onMHHHpaHe Mace [34]. Koji anekBaTHe nreMe HHHIHpaba Takolje je 

OHTHO H OTBapaM5e MHHCKOT I10Jba, OJIHOCHO JIa CMEp HHHLHHpalba yBeK Oy,JIe cyripoTaH OJI rIpaBIla y 
KOM CC HaJIa3C OOJEKTH y HCHOCPCJIHOJ OKOJIHHH, JCp TaKO HMIIyJIC KOJH Cc CTBapa jc cMaOHjH H 

noTpecH Mory OHTH cJ1aOHjer HHTCH3HTCTAa. 
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BpeMe ycnopema oMoryhyje na ce KOJI HHHIIHpaPba MHHCKHX IIyFPb56CDba CBaKO IIyMPbcMbC HJIH rpyma 

HyBieMa MaHHQecTyje Kao moceOaH HMIIyHC moTpeca, mTO TaKobe MOHpHHOcH cMaM-eMby HOTpeca 
ycne)l MHHHpaMba [34]. V normeny orpaHHueMb5a CeH3MMKC Kajla HMaMO INIipOpauyHaTy KOJIHUHHy 
ČKCIIJIO3HBa KOJa Ce MOpa HHHIHHpaTH y JeJ]HOM BDEMeCHCKOM HHTePpBaJIy, BpPeMe ycrOpebba Mopa OHTH 

ajleKBaTHO KaKO OH cc y TauHO OJpcleHOM BpeMCHCKOM HHTepBay aKTHBHpama rmpopauyHaTa 
KOJIHUHHA CKCIIJIO3HB4. 

3.5.2. KonauuHa eKcILI03HBa H0 HHTepBa.ty ycnopebba 

CMaMĐ6MDbe KOJIHUHHC CKCIIIO3HBa HO HHTCpBaJy yCcHOpeMa Ipe/icTaBJba jeHMaH OJ HauMHa 3a 

yMaBMbePbe CeH3MHuKOr c(bekTa IIpHJIMKOM MHHHPpafba, a KoJmiuHHa ce pauyHa ripeMa orpaHHuePbHMa 
y Horneny CeH3MHKeC Koja je HponucaHa OJroBapajyhMM craHap)MMa. /laHac y CBeTy HIOCTOJH 
BEJIHKH Opoj MOJIcIa KOjH rpyxxkajy MoryhHocT ripopauyHa MaKCHMaJIHC KOJIHUHHC CKCIIJIO3HBC TIO 

HHTepBa]JIy ycrIlOpebba. CMaEbbebbe KOJIHUHHC CKCTIJIO3HBa TaKolje MoxKe ce nocTHhu: 

— IHpOMCHOM IIIČMC HHHIIHpaMb4, 

— pa3jmBajaPbeM MHHCKOT IIyFbCPb4, 

— CMaH6MbM IIpćcuHHKa Oy1tehba, 

— | CMaH56MbeM IIpćuHHKa MHHCKOT IIyHb5CPb4, 

— CMaHMeMb0M JIy)9KHHe MHHcKe OymoruHe [34]. 

3.5.3. IIpaumeHa pa3iBojeHux IyHeMba 

IIpHMeHOM pa3jiBOjeHHX IHIyH5cMba y OyIHOTHHH MOXKEMO CMaMbHTH H HOTPpcce KojH HacTajy HIpH 
MHHHPpaMby, yKOJHKO pa3HBOjeHa IHyMeM52a HHMHHMpaMO 3aCeOHO ca OJTOBapajyhHMM BpeMCHOM 

ycnopePa. IIpeMa orpaHHucMbHMa IHIOTpeca yKOJIHKO HHjc MOTyhe H3BPpIIHTH KOPpCKILIMHJy BHCHHC 
eraxKa, a MHHCKO IIyEbCPbC TIO OyIITIOTHHH KOjC HHHIIHpaMO y je/lHOM BDEMCHCKOM HHTePBAaJIy HHje y 
OKBHpy OrpaHMueMa, Taja MO)KEMO IHIDHMCHHTH pa3jIBOJEHO HyM5cPbc. JaccOHHM HHHIIHpaMbcCM 

pa3jiBojeHHx HyH56Pba OJIHOCHO IIO BDČMEHy yCIHIOpehba CMaMbyje Ce KOJHIHUHHAa CKCIIJIO3HBa, HHBO TOTr 
CMaMb6Pba 3aBHCH Jla JIH je ITyFbePbeĆ pa3/IBOjeHO J/IBa HH BHIIcC HyTa. Pa3)BajaPbe IIyPbePba CC BPIHIH 
MebyuenoBHMa uHje JHMCH3Hje MOpajy OHTH IpopauyHaTc aJiČKBaTHO KaKO CC HMIIyJICH H3MCDy 

TIyFRbePba HE OH IpeHeH H HCTOBpeMeHo HHHnHpajH. MebyuenonBH Bapupajy oJ 0,4 m koJji OymmoTrHHa 

34-36 mm, ano 2,0 m 3a MHHcky Oymoruny oJt 150 mm tıipeuHuka [41]. 

3.5.4. CMameme Bucune erake u nyOuHe Oymrema 

IIpHHHMKOM MHHHpaMba y HCHOCDpCHOJ OKOJHHHM OOjeKaTa, y BehHMHHM cHNyuajeBa MeTOJIEĆ ca 

KOPČKLHHJOM IHHICMC HHHIHpaMba HJIH pa3jiBOjeHHM IIyH56Pb6M HCKAaJI HHCy JIOBOJBHC IIa je nOTpeOHO 
H3BPpIHHTH H KOpHrOBaM= BHcCHHe cTaxKe [4]]|. CMaeĐbeM BHCHHe cTaXKe yTHuc Ce H Ha CMaHbePbC 
NyOHHc OymorTHHa, HITO 3HauH a CC MO)KC JIAKHIĆ KOHTPpOJIHCaTH MHHHpaMbc H CaMO IyH-CM5C 

MHHCKHX OyHIOTHHa MaMĐ»HM KOJIHUHHAMA CKCIIHO3HBa H TAKO yMaM>HTH CCH3MHUKH cC(DeKaT IHIpH 
MHHHPpaMby. 

/lyOHHa Oymehb5a HIIH J(y)KHHa MHHCKHX OyntoTHHa ce oJipebyje y (DyHKLHHJH BHCHHC cTa)KC, JIyOHHC 

nupoOymrtePba H yra OynmeMba, CMaP5ePbĆ6M JIy)KHHC MHHCKHX OyHIOTHHa CMaMbyje CC H KOJIHUHHA 
eKcnno3uBa y OymoruHu [34]. 

3.5.5. /lywxuna npooyirtema H yrao MHHCKe OyIHIO0THHe 

/lyxxsurHa npoOymnrema Mopa OHTH OHITHMAJIHC JIy)KHHC HCHOJL HHBOA eTajKe KaKO OH Cc CHIpeuHJIO 
cna0Oo HcKkopHrmriheMPe cHeprHje ČKCIIHIO3HBa Ha JIHy OyIHOTHHC HJIH HO)KHIIH cTa)Ke, Majla Jy)KHHa 
npo0Oyinema JIOBOJH JO IIOJaBe IiparoBa (HepaBHHHa), a Beha MO:;Ke H3a3BaTH BCJIHKC IIOTpeCe yCJIe)l 
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MHHHPpahba [34]. IIpHaiHKoOM OyrnneFbba MHHCKHX OyH1oTHHa KOJI BEpTHKaJIHHX OyITIOTHHa Mo:>Kc nohH 

no uenrihe nojaBe orTepehePa y HOxXHIH cTaDKe, 3Oor Tora je IpeJIHOCT Ha CTpaHH KOCHX MHHCKHX 
OymroTHHa, Jep IIeJIOM J(y)KHHOM IIpaTe H HarH0 CJIOOOJIHC IIOBpIHHHC. 

Kako OH ce CMaMHIH HOTpccH yCC/L MHHHpaMba HOTpeOHoO je HpopauyHaTH H IIpOjeKTOBaTH 
ojroBapajyhH HarHO MHHCKHX OyuoTHHa, KaKO OH OHC IHTO MaMbH OTHOp HMaJC y HOXKHIM, a 

KOHCTAHTAH TIČIOM JIy)KHHOM OymorHHe. YroTpeOoM KocHx OymmoTuHHa je pacojmema eHepruje 

Takol)e yjeHaucHa, aJ1iH HMa H JIipyre npe/iHocTH, a To cy: Beha craOHJIHOCT KOCHHa, Beha KOJnHuHHa 
OJIMHHHPpaHe MaCe, 00Jbe JIpOOJbeMbe CTEHCKC Macce H Jnp. [34]. 

3.5.6. CMameme npeunHuka MuHcKe OymioTHHe 

CMaMĐ56Đe6M TIIpcuHHKa MHHCKC OyHIOTHHC JUIDČKTHO Ce CMaMbyje H KOJIHUHHA CKCIIIO3HBa KOJa CC 

cMeImTa y OyHIOTHHy, MEDyTHM IIpH CMaHbeCPby IIpeuHHKa H F5CTOBHM KOpHTOBaMbeM, MOPpa CC BPIHIHTH 
HOBH HpopauyH ocTajmx mapaMeTapa OymeMma H MHHHPpaMa. IIpH cMaMHOM IHpcuHHKy MHHCKC 
OyIoTHHe CMaMbyje Ce H TEOMeETpHJa MHHCKOT TII0Jba, JIOOHJa ce OOJbH IIpOCTOpHuH pacnope)i cHeprHje 

H OOJbe yCHTHbaBaMbc CTEHCKE Macec [34]. 

3.5.x7. Mapana ekpaHa Kao MeT0JIa 3a cMai>6Pbe II0Tpeca ycJIe/| MUHHpaMba 

JenHa oJl MeToJna KoOja Ce MOXKe KOpHCTH KaO MeTOJIa 32 CHMDKePbe IIOTpeca yCJIe)| MHHHpaHba HaKOH 
00aBJbeHHX pajloBa Ha OyImeP»y H MHHHPpabby, a r)ie HHJe Moryhe H3BpniHTH CMaHP»ePb6 IIOTpeCa HEKHM 

OJL IOMCHyTHX MCeTOJIA, IIpeyiCTaBJba MeTOJIa H3pajie eKpaHa. Hypajna ekpaHa y IUHJby 3amrTHTe OJI 
MHHHpaMba TpeOa a oOe3Oemu BemrraukH CTBOpeHy Oapujepy MM JUCKOHTHHyHTeET y CTČCHCKOM 
MaCHBy H3Meljy H3Bopa moTpeca H OoOjeKTa Ha KOMC CC HOCMaTpa yTHIAj CČH3MHKe. IIpHJIMKOM 

H3pajte eKpaHa yciOcTaBJbajy Ce JIBe 3OHe: 

— 3OHa KOja HMa CBpXJy 3aHTHTe OJIL IIOTpeca ycJe)l MHHHpaba, 

— BOHa y KOJoj nomay3n o moBehaPa e(pekara MiHHpaba [34]. 

EkpauHu 3axreBajy Beha ynaratba H OHH CC H3BOJIĆ CaMO Kajia CC MHHHpaMbc BDpIIH 3OHaMa KOJeE Cy 

OCECTJbHBEC, a MOry OHTH: 

— eKpaHH y BH/Iy IIyKOTHH4, 

— cCKpaHH y BHJIy CHOJa pacTpemrcHe CTeHCKe Mace [34]. 

EkpauHu ce Hajuenihe KopucTe Kao 3anrrHTa OKOJIHHX O0jeKaTa OJ ed)eKaTa MHHHPpaMa H OJI nOTpeca 
jep ce PHXOBOM H3pa/IOM IIOTpeCH MOTy 3HaTHO yMaMbHTH H TaKO CIIpecuHTH HcraTHBHH CCH3MHUKH 

yrumaj. MiHMpabe y rpajicKHM CpcHHaMA, KaO IHITO Cy YyKJaMaMbC CTEHCKOT MaTcpuHjajta IHIpH 
H3pajnu TeMeJba 3a Oyayhe oOjeKTe aaxTeBa H3pa/ly cKpaHa y IHJby 3aHITHTC OKOJIHHX HocTojehHx 

o0jekara. EKpaHH y BHJIy HyKOTHHa je Moryhc H3BeCTH YyHOTpeOOM MHHHpaba HJIH IPpHMCHOM 

eKCIaH3HBHHX CMCIIIa. 

EkcnaH3HBHe cMeIie HacTajte a3a moTpeOe rpaljeBHHcKec HHJLyCTpHje HaImmite Cy IIIHpOKy IIpHMeHy IipH 

MeMy CC Oe3 yri0Tpe0e eKCIIJIO3HBa yKJIaPbajy H yHHIITaBajy pa3HH JIeCJIOBH OCTOHCKHX KOHCTpyKiImHja 

H CJIHUHO, 2JIH BpJIO Op30 cy Hatie IIpHMcCHy H y py,lapcTBy, IpH eKcrinoaTaljH yKpaCcHOT KaMeHa, 
y CBpXy OJBajaba H memaMba OmoKoBa |[56]. CBakaKo MH3paa eKpaHa yHOTpeOOM ecKCHđaH3HBHHX 

CMeIIa 3aXTeBa IIpeTXOJIHO H3pajly OyHIoTHHa, KOje ce KaCHHje KOpHCTe 3a cHmaMbc cMeIIa H H3pajly 
TIIyKOTHHCKOT CHCTeEMa H3McCDy OymorTuHa. IIpeurniir OymorTuHHa Koje TpeOa H3OyniHTH Cy yr)_1aBHOM 

MaMber HpečuHHKa, KaO H yHoTpeOa cKcCIJO3HBa MaMber HpeuHHKa 300r OrpaHHuecM5a KOJIHUMHC 

ČKCIIJIO3HBa KOjH Cc HHHILHpa IIO HHTePpBaJIy ycrOpeM5a, jep ce MIHHpahbe ca H3pajlOM cKpaHa 0OHuHO 
ojnHJajy y ypOaHHM cpe)iHaMa [56]. 
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Cnuka 3.12 Ilearcku rpuaka3 OymroruHa 3a H3pajty eKpaHa y HHJby 3amTHTe OOjeKaTa y HertocpejiHoj 

OKOJIHHH OJI MeCTa MHHHpatba [57] 

3.6.  Crannap/ju 33 OlleHy CeH3MHUKMX HOTpeca 

CraHnapni 3a OHCHy mHoTpeca KOJH Ccy NaHac y ynoTpeOM cy pe3yjmraT BHHIC OJL HOA BCKa 

HcCIIHTHBaMba H HCTpax;KHBaMb4, TIc Je IpBO 3HauajHo HcTpa;KHBaMbc aamouco U. S. Bapo pynapcrBa 

1930. romaHe, a nocrurao je BpxyHatm 1942. romaHe Kana je oOjaBJbeH Bilten 442 moj Ha3HBOM 

„CeB3MMuKH c(D)eKTH MHHHpaMba y KaMECHOJIOMHMAa“ |4] |. [ipeMa HOBHJHM KpHTepHjyMHMa H3 1980. 

ToJwiHe U. S. BHpo 3a py)1apcTBO H3HOCH HOBa HCTpa;KHBaH5a MHHHPaHba IIOBpIIHHCKHX KOHoBa y R. 
L 8507, re je ycraHOBJBEHO JIa IIpH HHCKHM (DpeKBCHIIHjaM4 yCJC)L OCIIHJIOBaFba TJIa JOJIa3H JIO 

pesaoHaHrtee o0jekara, mrro pe3yznrryje mnoBehaPby moMepaja H Hanmpe3aM54a, a HarnamaBa IIOBe3aHOCT 
mrerTe H (bpekBeHuje [41]. 

/laHac y cBeTy HOCTOJH BHHIC peryJaTHBa HpeMa KOJHMa CC HNIponHcyjy CTaH/lapH 3a OHICHy 
CeH3MMUKHX. HOTpeca, TMe cy 3a pasaHnHuHTc BpcTc oOjeKara ypabeHe mpermeHe TaOeMe ca 

TIpOnHCaHHM Op3MHaMa OCHMHOBaMa uccTHHaA Ta yCHC)L MHHHpaMba. Ja OHIČHy CC KOPpHCTC 
peryxaTHBe H cTaH/IpajiH Kao IIITO Cy: AMEpHuKH, HeMauKH, pycKH, ayCTpaJIHJCKH, KaHaJICKH, UCIIIKH, 

(QbpaHityckKH, ayCTpHJCKH, CHTIJICCKH H Jip. CBaKH OJI OBHX CTaHJapjna riponHcaHH Cy 3a pa3jmuHTc 

o0jekTe Kojut cy rpabjeHH Ha pa311iuHTHM THIIOBHMA TJIa. TpeHyTHo Jje HajBime y yrrorpeOH HeMauku 

DIN cragjnapji KojuH je yCBOJeH y BehHHH 3eMaJba EpBporickKe yHHJje, aJtH je y yiroTpeOu H KOJI Hac. 

3.6.1. HeMauku DIN-4150 cranjtap/i 

OBaj craHjnapjn je Hacrao y OBHBmIoj CaBeaHoj PenyOnunu HeMauKkoj, ryie cy IponHcaHe MaKCHMAaJIHO 

JlO3BOJBEHC BpeJIHOCTH Op3HHe OCLHHJIOBaHFb52a TJI2, IIpeMa 3aBHCHOCTH OJI 3Hauaja H cTahba o0jeKaTa, a 

y (peKBEHTHOM oriIcery 5 o 80 Hz a jeJHo Jlo JIBa MHHHP2aMba JIHCBHoO [41 |. J[03BOJ5eHe MaKCHMAaJIHC 

Op3uHHe ocnunoBama uecTHIa Ta peMa DIN-4150 ripejicranJbeHe cy y raOemu 3.2. 
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Ta0eua 3.2 OrpanHiuema Op3HHe ociHIOBalba uccTHIa TJIa y mm/s DIN-4150 cranunapji [58] 

IIononu Ha HajBuiIeM 
Bpcra rpaljeeane TemeJbH 

cnpary rpaljeene 
<10Hz 10-50 Hz 50-100 Hz CnBe (bpekBeHnuje 

1. “aćpMke m nocoBHH 20mm/s | 20-40mm/s | 40-50 mm/s 40 mm/s 
o0jeKTH 

2. _CraMOeHH o0jeKTH 5 mm/s 5-15 mm/s 15-20 mm/s 15 mm/s 

3. CnoeHmu H o0jeKTM OM | -3 mm/s 3-8mm/s | 8-10mm/s 8 mm/s 
HCTOpHjcKor 3Hauaja 
B5p3HHe ocnuuoBahba Ta y (bpeKBEHTHOM oOrIcery BeheM o,t 100Hz Mory HMaTuH Behy BpeJIHOCT 

3axBaJbyjyhH BeJMKOM Opojy Mepema Op3HHe ocIJIOBaMba uecTHIa TJIA Ha TeEMCJbHMa OOjeKaTa 

Jo0OuHjeHe Cy HCKyCTBCHC BDpCJIHOCTH, KOJC CJIy)KC 3a HpOHeHy KpaTKoTpajHHx ocrHHanuja, ajIH OJL 
H3y3CTHOT 3HauUaja Cy H OHC y HNOJpyujy BHCOKC TaBaHHIĆ, TJIĆC Cc y3HMa HajBeha BDpCJIHOCT 

XOPpH3OHTAJIHHX HOjcCIHHHauHHX KOMIIOHCHTH H MCpcMĐeM OcCIHIaLHja Ha TOM MecTy MOOMHja ce 
peaknuija oOjeKTa Ha IOMepaj TeMe:ba [34]. 

MakcHMa;iHe J[O3BOJbeHc Op3HHC OCIIHJIOBaMba TJIa KOje Cy IIpHKa3aHe y TaOcu 3.2 najy orpaHauebba 

aa Tpu paamnuure BpcTe o0jeKaTa y 3aBHCHOCTH OJI (bpeKBcHIIHje, JIOK Ce IIpeMa cJIHIM 3.13 MoO>Ke 

BHJIČTH 3aBHCHOCT Op3HHe OcCHHJIOBaFba uecTHIIa TJIa yCJIe) MHHHpahba H (DbpeKBeHIHje ca rpaHHGHOM 

BpCJIHOCTH y BHJIy MHjarpaMa. IIpakayaaHa 3aBHCHOCT je TaKolje oaHaueHa 3a TpH pa3nHuHTe BpcTe 
o0jeKaTa, TJI CC MOXKC yOuHTH JIa Ca BEhOM (bpeKBCHIHJOM, Behu je H Hpar JO3BOJ56CHHX Op3HMHa 

OCHHJIOBaFba uccTHIIa TJIa. 
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DIN-4150 crannapny [59] 
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4. OHTHMH3JALNHMHJA IAPAMETAPA BYIHIKIbA H MHHMHMPAMIbA IPHMEHOM 

MOJIEPHHX TEXHOJIOT HJA 

IIorpe0a 3a IpHMEHOM co(DTBepa y oOnacru py)lapcTBa je cBe ucniha H JIOHOCH 3HauajHe IIDpe]IHOCTH 

KaKO TIpH IIpOjeKTOBaPby, TaKO H y CaMOJ eKcrIIOaTanujH JICKHIITA MHHCpaJIHHX cCHpoBHHa. Kako cc 
HIHpOM CBeETa OTBapa BCJMKH Opoj HOBPIHMHCKHMX H IHOJGCMHHX Ppy}HHKa, 3aXTeBa cc Op3o H 
ed)uKacHo npahese rpotieca 0J1 ItpHiipeMe Ha oTBapahby JIe;KHimTa JIO KpajEber IpoH3Bojma. IIpaMeHa 

co(pTBepa y OBE CBpXC 3HauajHO JIlaje Iipe,iHOCT y 0OOnacTH IIpOjeKTOBaPb52, OITHMM3amuje H rpahemba 

craPa Ha TepeHy, TaKO HITO cKpahyje BpeMC HOTpcOHO 342 OOaBJbaMĐ= OBHX OTlepanuja H Hpy>jKa 
MoryhHocT pacmomarahba IHIpeHM3HHMM mojanMMa. Pa3BOj MOJIĆDHMX TeEXHOJIOTHJa, KaO IMHITO Cy 

OecnunoTHe meTenmane, oMoryhumne cy Op3o H ecO)MKaCHO CHHMaMe pasynHuHTHX TepeHa H moMohy 
(Qoororpamerpuje Hapajny 3D Mojnena, Koja najy Bpto rpenu3aHy cHTyanujy ca repeHa, 3a oOpajy y 

HaMCHCKH TIIpeiBHbeHHM co()TBepHMa H KaoO pecyynraT Tora MaHaC HMaMO MoryhHocrT rpucrTyra, 

aHajm3zH H o0pajH BpJIO IipemM3HHXx rojnaraka [60]. 

TOKOM rtipotieca cKcInoaTanHje Hec)KHIITa GBpCTHX MHHCpaJIHHX CHpOBHHa BCOMa OHTaH CCTMCHT 

nipeyicTaBJba OyInleFbe H MHHHpahb6, KOje je Haje()HKacHHjH H Hajje()THHHjJH BHJI yCHTH-aBaHba CTEHCKC 

Mace. [Ipe}icraBJba BEOM8 CJIO;KCH IIpOHeC KOJH 3aXTCBa BCJIHKy IHIa)KEby, KaKO OH CC MHHHMH3OB4JIH 
HE)KEJBCHH C(DEKTH, KaO IIITO Cy CCEH3MHuKH IIOTpecH, Ba3JTyITHH y/lapH, pa3jieTaFbe KOMAJIA H CJIHUHO. 

Ha peyymrrare MHHHpaba yrTHMuy HapaMCTpH KaO IHITO Cy TCOMeTpHJa MHHCKOT HOJBA, JIHHHJa 
HajMaMber OTIIOp4a, /(y)9KHHa MHHCKC OyDIOTHHC H uc!Ia, BHCHHa cTaXKC HT/L. JlLOOpoM H Hpelu3HOM 
OHTHMH3aAHIHJOM HapaMeTapa OymmePa H MHHHpaMa, MOTy CC 3HaTHO HOOOJBIHaTH C(DCKTH H 

pe3ynrrarH MHHHPpahba, cripecuHTH HJIH CBECTH HeraTHBHC c(bčKTe Ha MHHHMJM, a IIpHMeHa co(bTBepa 
je To oMoryhuma y3 eTaJBHy H JJaKHIy aHaJmM3y KpO3 BH3CyJIHH HpHKa3 oOpalbeHMx mojaTaKa. 
KopumihemseM coQTBepa 3a rpaheme peyaynrara OynrePba H MHHHpaM»5a MO)KC CC JOOHTH JIeTaJbaH 

TIpHKa3 cCTaFbba MHHCKOT TIOJba H OIITHMH3OBaTH IIapaMeTpH KaKo 0H ce 00 nmrro 60JbH pe3yarraTH 
MHHHpabba [60]. 

IIojaBa BezmKor Opoja coQTBepa y CBCTy OTNpHHe-a je NoOHJabby IHITO HIpeHnH3HH]HX HoJlaTaKa H 

(OO0JbeM tIper:e/ty crabba IIipe pajloBa Ha OynIePy H MHHHpaby. IIpaMeHa co()TBepa y KOMOHHanujH 
Ca MOJICDHHM TEXHOJIOTHJaMa KOJy uHHC OcCCHHJNOTHC JIcTeJmHIIe TaKoODe je 3HauajHa, jep coQTBepH 

KOHauHO MOT Y pacrIonaraTH Ca IIpeliH3HHM yJ1a3HHM TIO/1a104Ma J[OOHjeHHM ca TepeHa. Ha cBeETCKOM 
Tp)KHIITTy TpČHyTHO IIOCTOJH BCJIHKH Opoj cod)TBepa crenu()uHe HaMCHC TJ. cod)TBepa KojH ce OaBč 

TIpOjeKTOBaĐ6M H OHTHMH3ALHJOM HapaMeTapa OymmeMma H MHHHpaMba, a HoOcCTymaK paa HM jc 

yrMaBHOM CNHUaH H BchHHa cO(prBepa cc 34CHHBa Ha CHHMLNMHMa Ca TCpcHa, H3pajH MOJICIA, 
TIIpOJEKTOBaPb5a MHHCKOT II0Jba, OIITHMH3aLHJH TapaMcTapa OyrrePbba H MHHHpahba HrJn. [60]. 

4.1. · Msapanma Mojema,oOpanma nonaraKka u MareMaTHuKu MO/JIe:! opeljuBamba 3D Koop/iuHara 

PasBoj MOJEpHHX TeXHomorHja H co(D)TBepa oMoryhuMo je a TpeHyTHO y CBCTy KOpHmIhcM5CM 

OccHHHOTHHX JŽeTeJIHIIA, 1ACCDCKHX CKCHCPa H CJL, MOTyhc HpHKyHHTH BCMđMKM Opoj HIpocToOpHHx 
HoJlaTaKa H PHXOBOM O00pa/IOM y crelHjaJmnoBaHHM CO(DTBepHMa MojJiennipaTH. Ya noMoh MeToJIe 
(QororpaMerpHje Moryhce je mpeKo BenmHKor Opoja pororpaQuHja H HXOBOM O0pajtoM )OOHTH KaO 

pe3yrrrar o0ak Tauaka, KOjH HpejicTaBJba IIpOCTOpHe mo/laTKe ca X, Y, Z Koop)WHaTaMa, KOjH CeC 
KOpHcTe 3a H3pajy MOJIeMa TepeHa. ĐoTorpaMcTpHja rpe/icraBJba HayKy O JOOHjaMĐy Hoy3JlaHHX 
HHQ(popManujja o KapakTepHcTHKa IIOBpITHHe H OOjeKaTa Oe3 (bH3HuKOr KOHTaKTA Ca OOJeKTHMA, KaO 

H O MepePby H TyMauecMby OBHX HH(bopManuja [61]. V nocnenme BpeMe BCJIHKH je pa3BOJ y oOJtacTH 

Juaruraje (bororpaMeTpHje IIpHMeHOM OecrnioTHHx nerenuna UAV (Unmanned Aerial Vehicles), 

TJIe 
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cy noBehaHe cTynHje o BepH(DHKanujH H TauHOCTH pe3yirraTa JIHTHTaJIHHX CHHMaKa H JIHTHTaJIHHX 

MOJIeJIa TepceHa [62]. 

Ha ocHonBy 3aOemexxeHux (pororpaQja HeKor npocTopa HJ MoKamuje Bpmm cc OOpaja HcTHX y 

crteruija)mi3OBaHHM coO(DTBepHMa 3a H3pajy oOmaka TauaKka H JrHTaJIHOr MOJIeJa TepeHa, uHjH Cc 
nojlart KOpHcTe KacHHje 3a crenujanH3oBaHe coOQTBepe 3a oOnTHMMHGanujy mapaMerTapa Oymreba H 
MHHHpabba. IIpaHKynJbampe rojlaTaKa o reoMeTpHjuH 3D 3 2D cHHMKa 3axTeBa JOJlLaTHe HH(bopMaluHje, 

IHTO CEC MO)KE pettiTH IIpHMCHOM JIBE METOJIĆ, TJIe je)iHa MeTOJIa 3aXTeBa JIa cCe CMaibH Opoj cTelteHH 
cno0one KopHrmiheĐeM IIIpeTXoOJIHOr 3HaĐba O CaMOJ clieHH, a npyra MerToJa je KopHmheme HcCTHX 
TauaKa KOJE CC jaBJbajy Ha J(Ba HJIH BHHIC CHHMKa H TO PpeKOHCTpyKIHJa CHHa CC MHOCTHDKeE 

TpHaHrynanujoM [63]. Kako je naHac y cBeTy py/apcTBO BeOMa pa3BHJeEHO H KOJI HaC TpeHyTHO 
HocToOjH BehH Opoj HOBPDIHHHCKHX KONOBa KOJH 3d4y3HMajy BCJMKC IHOBDpIHHHC, TC IIOBpHHMHC 

aaxTeBajy OCTa BpeMeHa 3a MH3pajy KapTH H IHITaHOBa KJaCHUHHM MeTOJMAMA, T/Jie yroTpeOa 

OecrnanoTHHx JeTeHHa H HIpHMeHa cod(prBepa 3a oOpa/y nurHTaJHHX cMKa cKpahy]y BpeMe 3a 
H3pajtly Ii1aHOBa H CHTyaLHOHHX KapTH KOIIOBa. 

MHnenHraQakoBaHe Tauke Ha (bororpaQ)ujaMa Koje ce rpekmanajy oMoryhyJy Myapaly 3D Mojema H 

reHepHcame oOmMaKka rTauaka, a SFM weromma (Structure from Motion) oMoryhyje ayTOMaTCKy 

eKcTpaknujy Tauka H y HCTO BpeMec ojpeljyje mo3unuje H opHjeHTamje KaMepe, Koop/uHaTre 3D 

TaukKe cileHe H KajmiOpanuoHe rapaMeTpe KaMepe, a MVS (Multi View Stereopsis) amrropTraM Ha 

OcHOBy SFM mopehana rycrHHy o0Oaka TauaKa H BpiiH peKOHCTpyKLHHJjy CHHMJbeHe creHe [63]. Ha 

cnenehoj cnanu 4.1 nar je npaKa3 MeroJte crpyKkType H3 moKpera, SFM werojne. 

Taanma ranka Omruuca oca. 

Cnuka 4.1 SFM werojaa H MeToJta CTpyKType H3 nokpera (mreMaTckKu npuka3) [63] 

Penaruija Koja ripenicraBJba Be3y H3MeDy Tauaka peaJiHoOr KOOp/UHHaTHOT CHCTeMa H KOOpJUHHaTHOT 

cHcTeMa KaMope Je [63]: 

Xc X 

Ye R T|Y 

Zc [0 11 |7 d.D 

1 1 

rne je: R – poraruoHa MaTpHita 3xX3 Koja perpe3eHTyje poranijy KaMepe, 

T — rpaHcianja KaMepe. 

Penaruije Koje najy Beay 3D rauaKka y KOOp/)UMHaTHOM CHCTEMy KaMepe H 2D paBHu QororpadQuje cy 

[63]: 

xX=fXc Y=f!e (4.2) 
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rne je f (poKajmHa Jly)KHHa. 

A Komnrpo;me Tauke 

# Tauge neyHBama 

O, . IHewrpn nepcnexruBe 

Cnuka 4.2 IIpakas Onoka rpHanrynanuja [64] 

g(X,R,T) = XR ,ž waj ||P(x, Byty) — [ŽŽŠ]HZ (4.3) 

g(X, R, T), osHauaBa nokarnijy Tauke Ha 3eMJbH: TJIe je Wij HHJUHKaTOp ITIDOMCHJbHBe, IIpeJiCTaBJba /lA 

JH je BHJUĐMBa TauKa (i) Ha cnMIM (j), OK P(xl·,R]·,t]·) O3HauaBa TIpenBHDeHy JOKAaNMJy 

dQororpaQuje, a HocHejpbH uHaH MaTpHHe OBC (bopMyme ogHauaBa IIOCMaTpaHy JOKaNMJy 

dQjororpaQnje [63]. 

Pamu mopBehama TauHOcTH H HIpeHnM3HOCTH MH3pajle MOJIeMa y3 HOMOH JUHTHTAJIHHX CJIHKa IIDČKO 
MeTOJIe (bororpaMeTpHje KOpHCTe CC H KOHTPOJIHE TauKC Ha HIOBPpIIHHH JIOKaIHje KOJy CHHMAMO. 

KoHrpojHe Taukc Ha HOBPIHIHHH Cy HCOTNIXOJIHC 32 pa3Mepy H HHBeJIHCaMbC MOJICMa, KaKO OM Ce 
Kpeupana nmogaHIja cBaKe QororpaQnje y npocropy y ojHocy Ha THO [65]. KoHrTpomnHe Tauke ce 

o0enmexxaBajy Her)e Ha HOBPpIHTHHH Ca OjroBapajyhHM ypebajHMa 3a HO3HLHHOHHpaMbe y IHIDOCTOpy, 

KOHTpOJIHe TauKe MOTry OHTH MapKepH HaHeTH HJIH HcKH Beh mocrojehmH eTaJbH y IIpOCTOpy. 
TIpajMKOM O0Opa/e KOHTpOJIHe TauKe Cce O3HauaBajy Ha (pororpaQujaMa H KopHryJy KaKko OM ce 

TauHOCT MOJIcIIa moBehajta HH TpemiKa MOJIeIa y IIDOCTODHOM IIO3HIUHOHHpaMby CMabHITa. 

O0pajna nojnaraka Ha OCHOBy CHHMAaKa BPIIH CC y CreHHJa)3OBaHHM CO(DTBepHMa KojH Cy JaHac 
BeoMa y ynoTpcOu a Hapajnny nurHTaJIHHX MoJIeJa TepeHa, oOnaka TauakKa H cJL, a HajnonyJ1apHHjH 

cy: AgiSoft Metashape [66] u Pix4D [67]. IIpeko noMenyTHX co(bTBepa MO:KeE Ce JIOOHTH BCJIHKH 

Opoj rauaka TepeHa HMH MeMa TepeHa H M.HXOBOM KOHBCP3JHJOM IO/UAIHH CeC MOTy KOPpHCTHTH y 
cod(bTBepHMa KojH Cy cHelHJanM3OBaHH 3a py}apcTBO OJHOCHO OymmeMĐa H MHHHpaMba H M.HXOBy 

onrTHMHaanujy. Tauke Ha TepeHy ce noOmMJajy MaKMe OOpajOM JUHrHTaJIHHX CJIHKa, TJIĆ Cy OHC 
CacCTaBJbCHE OJI TIHKCCJIa, KOJH Cy Ha KOMIIJYTEpDCKOM cKpaHy CJIO)KCHH XOpH3OHTAJIHO H BepTHKAJIHO, 
a CBaKH HIMHKCCJI OJrOBapa OJ peDeHoj MOKaNMjH Ha JEMJbH H IHIpe}iCTaBJba CTBapHy IHOBPIHIHHy 

KOHaUuHHX JUHMcCHyHJa [68]. 
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4.2. · Ananuj3a u onruMug3amuja napaMeTapa Oyuteba H MHiHHpama Ha 3D MojteJty 

/laHammu codTBepH 3a aHanHyy H OHTTHMH3aIJy mapaMerTapa Oymmema H MHHHpaMa KOpHcTe 3a 

o0pajny mojaTaka yr:1aBHOM IIpOCTOpHHX TIOJ1aTKe y BHJIy TauaKa, KOJe Ce MOrTy OOHTH CHHMaHbCM 

TepeHa IIpHMCHOM OCCIHHJIOTHHX JIeTeJIHIa, IIpeKO OOJtaKa TauaKa HJIH CHHMaFbCM JIcIa TOKanuje Ha 
KOJOJ Ce HaHa3H MHHCKO IIOJbe Ca JHaCCpCKHMM CKCHCpHMa KOJH TaKODe Kao mojaTKe Majy TauKe 

HIO3HIIHOHHPaHe y IIDOCTOPpy IIO CBe TpH JUHMeH3HJe. PDHXOBOM 0O0pa/UOM y CO()TBepy MO;KeMO JIOOHTH 

JnuararTaJtHH MOJIeJI TepeHa Ca peaJ1iHHM IIpHKa30M IIOBpIIHHe TepeHa H CJIOOOJIHeC TIOBpITHHeC MHHCKOT 
HIOJba H KpO3 MaJby aHaHnH3y H OHTHMMHhGanuHjy NoOHTH permejHe mojaTKke H pe3yarraTe MoryhHMx 
cneHapuja MiHHpaba. HapaBHo KOpHrOBaMbeM HapaMeTapa MO)Ke Ce BDpIIHTH IIDpOMeHa H yTHIIATH Ha 

HpoleHy rpaHyJOMeTpHJCKOr cacTaBa, TpomIKoBa OymmeMa H MHHHPpaMa, HIDpOHeHe CeH3MHUKOT 
yrumaja H JIp. 

IIocrojuH BHmre coQTBepa crenHjanmn3oBaHHX y CBpXy OymreMba H MHHHPpaba pa/loBa, aH KpO3 OBaj 

pan Kopumhen je cobrTnBep O-Pitblast, acroMMeHe KoMmaHuje IIopryramckor rpoMHasaBoDaua. O- 

Pitblast je coTBep 3a ripojeKTOBaMbe, IITtaHHpaMbc, KOHTPpOJIy H OHITHMH3alHjy paj)loBa Ha OyntePby H 

MHHHpaMby, TJIe HCITyPbaBa CBe IIOTpeOe HH)KeMbepa Jla OIITHMH3y]y, KOHTPpOJIHIIy, CMaEibe TpOIIIKOBE 
u nopBehajy Oe30eJIHOCT TOKOM MHHHPaMba. OBa rmnar(bopMa oMoryhaBa KOpHcHHKy Jla yBe3e HIOJlATKe 

O HOBpHIHHH TepeHa, KaO mITO Cy TomorpaQuja H KapaKTepHCTHKe CTEHCKOT MaTepHjaMa 3a 

TipojeKTOBaMbe pa/toBa Ha Oyntep»y [60]. 

ITIonanu o roBptiiHH TepeHa KOjH Ce yBO36e Cy y BHJIy TauaKa, TrJie Ce Ha OCHOBy reHepHcaM»a H 00paje 

y Co(bTBepy MO:Ke JIOOHTH JUHrHTaJIHH MOJICJI TepeHa IHCJIOr ITOBpITIHHCKOT KOTI4, JieJ1a KOITA HJIH CaMOT 
MHHCKOT TII0Jba. IIopejn mararajHor MoJicta TepeHa, Ha OCHOBy O0pa/ne roXaTKa MOTy ce JIOOHTH H 
H3OHHHje TepeHa. CnmMKa 4.3 HaM maje npHKa3 HyrHeja MOJIĆMHA MHHCKOT TIIOJba CHpeMHOT 34 

npojekToBaĐe mapaMeTapa Oymremba H MHHHpaba. IIope} CBHX OHepaTHBHHX MOJyJIa, IIOCTOJE 

ormuje Koje oMoryhaBajy cHHMaMe IIOJ1aTaKa O MHHHPpaMy, H3pajtly raHoBa H H3Bermiraja, rpad)ukH 

upHKa3 pe3ynraTa, TexHomorHjy npahema, KOpHCHHUKy KOHTpOJJy H BHIHCCTDpyKO yIripaBJbaMbe 

nupojekTuwa [60]. 

” [1. gg 

Cnuka 4.3 3D wojJncit eraxxe Ha Kojoj ce BpiH IIpOojeKTOBalbe pajloBa Ha OynteP»y H MHHHpaMb»y 
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O-Pitblast, coprBep oMoryhaBa mpaheme H aHajnm3y pa3MMuaMrTHx mapaMeTapa KojH yTHuUy Ha 

pe3ynraTe MHHHPpaba, rJIe MHOrH IapaMeTpH OynrePbba H MHHHPpaMb4, KaO IIITO Cy IIeMa MHHHPa!ba, 
KOJIHUHHA CKCIIJIO3HBHHX IIyFbcMba, yTHIaj IeMe Oynrepba Ha (bparMeHTanujy CTeHcKor MaTepujana, 

unja Je aHanmna rpakKaaaHa Ha c 4.4, onHocHo Ky3-PaM aHaxnmnna [60]. 

Hagmentation Predicton 

'Kuznetsov: 
10000% - 

Powder Factae (Ka/nyh) 

ocklype,  Umestone 
Rock Factor: |-| 

Densty g/or5 
Elosve: 03 
rptedohaye 0) 
WIS_100 Dersty:0.80g/nt 

\ | m\S. 

Geometncai Paremeters: 

40 Calibrator 

\efomty des j} 143 

Cnuka 4.4 HIeva HHHuHpaba H aHajtH3a BeJIHuHHC KOMAJIA OJUMHHHpaHor MaTepHjajIa 

Co(rnep nocenyje H antaTe 3a oj1peljaiBaPbe 3aKOHa OCIIHJIOBaMba TJIa yCJIe)1 IOTpeca KojH HacTajy Kao 

HOCIe/UHIIA MHHHPpaba Ha HOBDpIIHHCKHM KONOBHMAa. AJtaT oMoryhaBa ripennHbame morTpeca TJIa 
TIDpHJIHKOM MHHHPafba, aJiH H KOpČKIMJy KOJIHUHHC CKCIIHO3HBa KOja Ce HHHIIHpa IO BpeCMCHCKOM 
HHTepBaJIy KaKO OH ce CMaĐbHO yTHIIaj CeH3MHKe. JUHjarpaM J[O3BOJBeĆHHX KOJIHUHHA CKCIIJIO3HBAa IIO 

HHTepBaJIy HHHIIHpaHba, MO)Ke Ce [OOHTH yBO30M IIOJ1aTaKa KaO IITO Cy Op3HHe OCHHJIOBaPba uecTHILA 
TJIa 34 CBe TDH KOMIIOHCHTC (y3)ly)KHH, BepTHKaJIHH H nHorpeuHuH TajtacH), pacTrojabe 0J1 MepHe Tauke 
Jo MecTa MHHHPpaba H cin. [60]. Takobe, nope)n oBHx (byHKuuja Be3aHHx 3a IIporicHy IIOTpeca ycJe)l 

MHHHpaMba, cCO(bTBep ripyxka rnpeJuiktnjy norabaja, a M HaKHaJiHy aHaJIH3y CeH3MHUKHX IIOTpeca. 

InaBHa npenHocr codQTBepa je MoryhHocr aHama3e H OHnTHMM3amHje mapaMeTapa Oymema H 

MHHHPpabba ca JieTaJbHHM MOJIĆJIOM TepcHa H H3TJIĆJIOM KaKO IICJIOr KOITa, TaKO H JIea KOHa, TJIe CČ 
MHHHpabe Bpmm. Mojeznm oMoryhaBa peajtHo craPe ca TepeHa, rane je Moryhe aHanHa3HpaTH cBaKy 
OymroTHHy roje/uiHauHO, KOpHrOBaTH McHC HapaMcTpc KaKO y IHIDBOM Ppejly OymoTHHa, TaKO H y 

cnenehaM. CoorBep noceanyje anaT 3a npaka3 pacnojiee eHeprHje Ha ue)1y KOCHHe y 3aBHCHOCTH OJL 
yrna OymoTHHa H HauHHa MHHCKOT IHIyM-emDa. AHangaa mojenmHHauHHXxX OymnloTHHa HO IHIpo(DHy, 

TaKobe oMorybanBa MeTaJbaH IHperHe, BpeJHOCTH JIHHHJE HajMaMber OTIOpa JUy)K IIČJIĆ MHHCKC 

OyoTHHe IIpeMa CJ1000JIHOJ IIOBpIHHHH. OBec BpeiHocTH Tpe0a a OyJ1y IIpHOJIH;KHe IIpOJČKTOBaHOJ, 

a ycne)n uecTe mojaBe la cJ1000JmHa IIOBpIHHa HJIH uČJIO KOCHHC MHHCKOT TIOJba HHJe paBHOo, Beh 
HOCTOJe HeHIpaBHIHOCTH emlaBa Cc a Cy TC BpCJHOCTH BeOMa pagymmMumre. OBaj ajaT y CKJIOIIy 

cod(pTBepa Jlaje y11030pehba TJIic Cy IHHHJE HajMaPber OTIIOpa Behe HJIH MaMbC OJI IIpOJEKTOBaHHX, IITO 

MO)KE H3a3BaTH HC)KCJbCHC C(DeKTe, KaO IITO Cy pa3JteraPbe CTeHCKOr MaTepuHjaja ycJe)] MiHHpaMba 
HJIH IIOJaBa BeEJIHKHX IHIOTpeca yCJIe)l MHHHPpaMba. 
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IIpenMeT oOBor HcTpa;KHBaMba jecTec a Cc yHnOTpeOoOM oOBor aHaTa KpO3 HaOOpaTOpHJCKH MOJICII H 

TEpeHCKH yTBp/H yTHIHaj OJCTyHaMa JIHHHJC HajMaMber OTHOPa, a HOTOM H3pa)OM HyMepHuKOTr 

MOJieIa TaKOlje IIOTBpJUH OBaJ yTHHAj Ha HHTCH3HTeT HOTpeca ycJIe| MHHHPpalba. CamKa 4.5 maje 
HpHKa3 rnpo(bHxta Ha KOME Ce BHJIH MOTyhHOcT aHaJIH3C JIHHHJE HajMahber OTIIOpa jeJIHc OyITOTHHe y 

TIpBOM peJIly MHHCKOT TIIOJba. 

Cuka 4.5 IIpaka3 ripeceka Ha KOMC CC BHJIH JIcCTaJbHa aHaJIH3a JIHHHJjC HajMaMber OTHOpa 
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5. METOJIOJIOT HJA JJABOPATOPHJCKMHX H TEPEHCKHX HCIIHTHBAMbA 

IIpH M3panH MHHcKHMx OymoTHHa Ha TepeHy MOPpa ce BOJUHTH pauyHa o yry OynrtePba KaKo OM ce 
HcrnpaTuo HarHO eraxe. On mapaMerapa Oymema 3aBHCH aJbH TOK pajlOBa, OJIHOCHO ec(beKTH 

MHHHpabba. UecTo ce Ha TepeHy JIHHHJa HajMaMber OTIIOpa He y3HMa y JieTaJbHO pa3MaTpaMbe, Hero y 
pBehuHHu cryuajeBa OymorTuHa rpaTH HarHO craxKe. MelbjyrHMM Ha CaMOM ucJIy eTa)KĆ yBECK IIOCTOJeĆ 

HepaBHHHe, KoOje yrHuy Ha e(-beKTe MHHHPaba. Pa3BojeM TexHojmorHje H co(bTBepa crenujanm3oBaHHX 

aa OymmeĐe H MHHHpaMbe MHOTO CC HaripelOBalno y mor:e)ly aHanH3ec CBHX HMapaMeTapa Oymrema H 
MHHHpaMbba, a HapaBHO H JIHHHJe HajMaMber OTIIOpa Koja je y OBOM IHOTJIcIiy BcOMa OHTHa. MHnrje)n 
ojcrTymnapa JMHHJe HajMaMber OTHOPpa OJL IpOJeKTOBaHe HIpHJIHMKOM OynreMba TpejcTaBJbeH je Ha 

cnmam 5.1 [1]. 

Vrrumaj naHuje HajMabber OTIOpa Ha pe3ya1TaTe MHHHpaMba H He)KeJbeEHH C(DeKTH MHHHpaHba MOTy CeČ 

o0jacHuTH Kpo3 cenmehy cHMKy, TJIe Cy pe3yJTaTH MHHHpaMba HAaJHOBOJBHHJH Kaja je JmHHJa 

HajMaMber OTHOpa jeJHaKa TIIpDOJeKTOBaHOJ TIO IeJIOJ J(y)9KHHH MHHcKe OymroTHHe (3eJteHa JHHHJa Ha 

cmanu 5.1a). Kana je BpenHocT nHHHje HajMaMber oTmopa Beha OJ ripojeKToBaHe (rimaBa HHHHJa Ha 

crmanu 5.10), noBehaBa ce HHTeH3HTeT IIOTpeca yCJIe)1 MHHHPpaFba H3 MHHCKOT II0Jba, KaO H IIpOneHaT 
HeraOapHTa y OJIMHHHpaHOM MarTepHjay. Kana je orrepehepbe Mabe OJI IIDpOJEKTOBaHOT, IIOCTOJH 

pH3aHMK oJ pa3HMeTamba CTEHCKOr MaTepHjaHMa KOJH MOX)KC HCKOHTpOJMCGaHO H3jJeTeTH JO BehHMX 

y/)laJbeHOCTH, Hajuernihe ca ucna craxKe (IIDBeHa JIHHHJa Ha cHHH 5.1B) [1]. 

(a) (0) (8) 
____ E= E 7 
CaoGoana —— = / | 

TIOBpIHIHHa | | | 
_ A00o,AHa ITOBPIIHHHa — 
GAČOOIII IJOIR CaoBoAna noppimina—L ca oAcTynakeM lo cepmanaid ) 

jei e || y \ | 
. - oA npojekropaHe — | BampojekiGBase. ·I IIpojekroBaHa alttHja —— / P 

HajMameer ornopa || 

UMmnicko _ - _ 
IyHbe}be 

Cnuka 5.1 IIpaka3 neBHjanuje JiHHHje HajMaBb»ser OTHOpa y OJIHOCy Ha CJIOOOJIHy IIOBpIHHHy cTa)KC; 2) 
OyntoTHHa ca IIpOjeKTOBaHOM JIHHHJOM HajMaber oTropa, 0) OymoTuHa ca BehHM BpcJiHOCTHMAa JIHHHJC 

HajMaMber OTHIOpa 0JI IIpOjeKTOBaHc yC)IeJ)I HepaBHHHa Ha ucJIy cTa)Ke, B) OymIoTHHa Ca MaP»HM BpeJIHOCTHMA 
OJ ripojeKToBaHc [1] 

TpeHyTHO Ha Tp)KHIHTTy HIOCTOJH BeHmHKH Opoj cHMenujamM3oBaHMX co(bTBepa JuajHHpaHMx 3a 

Oyrmeme H MHHHpaM, KOJH Ce MOTy KOpHCTHTH 3a IIperjieJt H neTaJbHy aHanmiyy mapaMeTapa Oymmema 
H MHHHpaMba [69]. V OBOM cuJryuajy, 3a aHanH3y BeJmuHHe HHHHje HajMaMber OTIoOpa KopuriheH je 

cod(pTBep O-Pitblast (Bep3uJa 1.5.62.0), rpona3Boy,t BcTroHMeHe KoMmaHuje O-Pitblast, kojH ce MOXXe 

KOpHcTHTH 3A OHTHMMH3alHjy H aHam3ay mapaMeTapa Oymlema H MHHHpaMa, aHmH H pe3ymraTa 
MHHHPpaMb4. 

Ha Mojneny HnpHKa3aHOM Ha cHHH 5.2 Hpe/jicraBJjbeHa je aHajHM3a BpeJIHOCTH JMHHJE HajMaMbcr 
OTIIOpa y OJIHOCy Ha CJIOOOJIHy HĆOBPpIHHHy Ha ueJIy eTaxKe, TrJie Cy OJICTymaMba Koja Cy Malba H Beha 
OJL IIpojeKTOBaHc HHHJe HajMaMber OTHOpa HNpHKayaHa pa3jmuHTHM OoOjaMa. 3eMeHOM OOJOM Cy 

O03HaucHe 3OHć y KOJHMA Je BpeJIHOCT JIHHHje HajMaMber OTIIOpa IIpHOJIH>KHa IIpOJeKTOBaHOJ, a II]14aBOM 

OOJOM cy 3oHe r/Ie mocToje Beha ojiCTymaMba JHHHje HajMaMber OrTTIIOpa (Bpe)IHOCT JIHHHJe HajMaMber 

orropa je Beha OJ IIpojeKTOBaHC), OK IIpBeHe 3OHEe TIpe]iCTaBJbajy 3OHC y KOJHMA IHIOCTOJe MaEbC 

BpeJIHOCTH JIHHHJe HajMaMber OTIIOpa OJI IIpOJeEKTOBaHe. 
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36or Tora ce Moxxe H3BpimuTH Kopeknuja yraa OymrePba Kako OH ce no0Ouiua mro Beha aeznteHa 30Ha Ha 

MOJICIIy, HOOOJBbMIaBajyhH c(bečKTe MHHHpamba H CMaMyjyhHM HC)KCJBCHC C(DEKTE, KaO IHTO Cy 

pasamerampe MarTepnjazna [70], norpecH yce) MHHHpaba H cCHIHuHO. Va noMoh codQTBepa Moryhe je 

aHanuH3HpaTH HIDECeK CBaKC OyHIOTHHC HOjeJUHAUHO, IHTO je pe3yJTTHpajio HJIČJOM 32 OBAaKBOM 

BpCTOM HcTPpa;KHBaMba, TIČ Ce pa3MaTpa CBaKO OJICTyIaRbC BCIIHUHHC JIHHHjC HajMaMbcr OTIIOpa OJL 
TIpOJEKTOBaHe 32 CBaKy MHHCKy OymuoTHHy [1]. 

Cnuaka 5.2 TpojuiMeH3HoHajHH MOJLCI CJ1000JIHe rIOBpinHHc ca TepcHa, 3eJeHa OGoja Kajta Je BpeJIHOCT 
JIHHHjc HajMaMbcr OTIIOpa IIpH0JmxHa IIpojeKTOBaHOoj, rimaBa Ooja cy Bcha ojicrynaba JIHHHJje HajMaMber 

oTnopa 0J1 ipojeKTOBaHe, a IipBeHe 30OHC Cy MaMbc BpCJIHOCTH JIHHHje HajMalber OTIIOpa OJ IipojeKToBaHe (O- 
Pitblast anmar 3a pacnojeJty Bpe}iHOCTH JIHHHjc HajMaMber OTIIOpa IO 3OHaMa Ha ucjJry craxxe [71 ) 

Vnsagmajyhu y o03up a je acrpaxxiBaĐbe cripoBeJteHo Ja OH ce HcnuHTao yTHImaj JneBHJarije JIHHHJC 

HajMaMber OTIIOpa Ha HHTeH3HTCT IIOTpeca yCJIe)l MHHHPpaMba, IIOCCOHO KoJI BehHx oJIcTyrahba JIIHHHJE 

HajMaMber OTHOPp4, OJIHOCHO Kajia jc BPpCJIHOCT JIHHHJE HajMaMber OTHopa Beha oJ oHC Koja je 

TIipojeKTOBaHa IIpHJ1IHKOM Oyinema. Jla0Ooparopujcku Mojnici he noKa3aTH Kako oOBa OJICTymaba yTHuy 
Ha HHTeH3HTeET NHOTpceca yCe)L MHHHPpaMba, jep cHOOOJHa HOBPpIHMTHHa Ha TepeHy MOX)Ke OHTH 

HernpaBHHHor oOmHkKa. Kako y BehHHH cHyuajeBa JIHHHJa HajMaMbcr OTIHIOpa HHje je}(HaKa y CBHM 

JeMOBHMa Ha CJIOOOJIHOJ HOBPIHHHH uecHa KOCHHEC, KaO H JUyK OyrmoTHHe, y3HMa cc y OO3Hp H 
HOoBpmmHHa MaTepHjaa KOJH Ce MHHHPpa. IIoppnmiMHa MHHHpaHOr MaTepHjaa, y OBOM CJIyuajy, 

THpe}iCTaBJba IHOBDpIHHMHy Ha HOHpcuHOM IHIipeCeKy MHHCKe OymoTHHe, Koja OOyxXBaTa CJIOOOJIHy 
TIOBPIIHHy H MHHCKy OyIHIOTHHy, KaKO je TO IIpHKa3aHO H Ha cnHmu 5.3 [1]. 
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Cao0o4ua nOBpIHIMHa — { __ _MiHckui uert 

nOBPU_[MHa MaTePH]čI/Iaj,\ 'N, 

KOJI Ce MIHHIpa 

— MIHHCKO THyIbeIbe 
IIpojekroBaHa auHtuija N 

HajMatber oTnmopa > 

Cnuka 5.3 IloppnumiHa MarepHjajta KojH ce MuiHHpa, KopuniheHa y HcTpaxxuBaby [1] 

Ha ocHOoBy 3aKJbyuaKa H3 IIpeTXOJIHHX HCTpaX)KHBalba, MO:;KeC Ce y3eTH y O03up a yrHmaj noBehama 
BEJIHUHHC JIHHHje HajMabcr oTHOpa yTHuc Ha mOBchaM5c HHTCH3HTCTa HOTpeca yCC)L MHHHpahba. 
Beha nuHuje HajMaber orTropa yTHue Ha noBehame 3anpeMHHe IIpH3Me OOpyrnraBaPa (3artpeMHHe 

MaTepujaja KOJH Ce MHHHP2), mTO yTHue Ha pacrnojiey eHeprHja y JleJTy CJ_IOOOJIHC IIOBPpIHHHe, KaO 
H Ha noBehame HHTeH3HTeTa roTpeca ycJe)l MuHHpaba [72]. Kpo3a acrpaxxuBame Iipe}icTaBJbeHO y 
OBOM Ppajiy BpIIH cc HOKymaj OKa3HBaHba OBC 3aBHCHOCT H3MCI)y JMaOOpaTOpHJCKOT MOJA KpO3 

HcHHTHBaM=e BeJIHKOT Opoja IOHaBJbaPba MHHHPpaMba H TeCTHpaMbc MOJIeJIa Ha TepeHy, KaoO H H3pajle 
MOJIcJIa 34 HyMepHuKy aHaJmH3y OBOT HcTpaxKHBaba [1 ]. 

5.1. JlaOoparopuHjcKH MOJIeJI 

V pany ca maOOpaTOpHJCKHM MOJIĆIOM CIPOBC/IeH je CIMHMUaH HOCTyHaK KOJH OM ce OJBHJaO Ha 

MHHCKOM TIOJby KOJL TepČHCKHX pajlOBa, CaMO MaMbHX JUMHMCH3HJa, OJIHOCHO y OJIOKy XOMOTCHOTr 
cacraBa ca YyTBpDeHMM MeXaHHUKHM CBOJCTBHMA H HHCTDpyMCHTaJIHO MH3MepeHHM Op3HMHaMa 
HpocTHpatba Tanaca Kpo3 MaTepuHjaz. 3a ma0oparopuHjcka HcruHTHBaMba KopHinhecH je CHIIOpeKC OJIOK 

JaeH3uja 250 x 600 x 250 mm. Cunopekc OJIOKOBH Ce KOpHCTe KaO BemrTauKkH rpaleBHHCKH 

MaTepujaji H IpoH3BeJeHH Cy OJ KBaJIHTETHOT IIOpTJIaHJI IIeMcHTa H (bHHor KBaprHor meckKa [73]. 
ODaHuke H MeXaHHuKec KapaKTepHcTHKe cHIIOpeKc Ortoka cy [1]: 

N 
•  Uppcroha Ha npHTHcaKk 5 — 

t mm:'· 

•  3ampeMHHcKa Maca 0,7—; 
m 

•  Bp3HHa nmipeba ramaca 1900 % 

IIocrymak Mepema Op3HHe y3/ly)KHHX H HOHpeuHHxX TaJtaca Kpo3 MaTepHjaji IpHKa3aH je Ha CJIHIIH 
5.4, a Mepem5a cy BpniecHa TIO JIy)KHHH, IIIHDpHHH H BHCHHH O(JIOKa. 
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Cnuka 5.4 IIpakas Mepeba Op3uHe y3Jly)KHHX TajJtaca Ha OJIOKOBHMA Ca HHCTpyMCHTOM [1]] 

TOKOM MepeĐa KopHmIiheH je HHCTpyMeHT IHpajmapckor mpoMsBoDbaua Proceq (Ipmx, 

IIInajnapcKa), Pundit PL200 |[74], sa ucrwrHBaDe H MepeM=e Op3HHe HpocTHpaba TaJaca Kpo3 

CHHOpcKC OJIOKOBe. TexHMukKe cnermdKanuje MepHor HHCTpyMeHTa Proceq Pundit PL2OO cy 

nupuHKaaaHe y TaOemu 5.1. 

Ta0ena 5.1 Kapakrepacrake MepHor HHcTpyMeHra “Proceq Pundit PL200” [75] 

Onuc Texnauuke KapakTepucTuke 

TIponycHu oncer 20-250 kHz 

Pesonyuuja Mepeba 0,1 us 

HanogH +100 to +450 V (UPV) 

CurHajt rpHjeMHHkKka 1 to 10'000x (0 to 80 dB) 

“DpekpBeHiuija cHrHajma 24 — 500 kHz 

Bpoj kaHaaa 1 

Monurrop 7” ekpaun y Gojt oceT/biB Ha 404p (800 x 480 pixels) ca riponecOpoM (aBa 

jearpa) 

Mewopuja 8 GB kananurrer uHrepHe MeMopujje 

Konekruuja 'USB/Ethernet 

. Bp3auna rnyaca, noBpritmHcka OpauHa, AyOMHa IIlyKOTMHa, AMHIMjCKO 
Orruije Mepebba P yaca, P P y y ii J 

CKeHIMpatbe, IIOBpIHIMHCKO CKeHIIpabbe 

Oncer Mepema vlo 15M y 3aBucHocTu oA Bpcre MaTepujaaa 

Cepujcku Opoj UP01-001-0041 

IIpouasobau Proceq - IIsajnapcka, Liupax 

Codrnep Proceq PL-Link (nepantja 3.0) [76] ce kopacTH 3a H3BO3 roJlaTaKa Ca HHCTpyMeHTa H IIpHKa3 

H3MCpeHHX BPpeJIHOCTH. IIpHjIMKOM H3BO3Ba mojaTaKka, codbTBep HMa ormujy 3a aHanHyy 3amuHca ca 
HHCTpyMeHra H 00pajny nojtaTaka, Kao To je ripe,iCTaBJbeHO Ha CJIHIIH 5.5. 
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Ha Onoky cy OymeHe BepTHKajJHe OymroTuHHe, nyx)XaHe 80 mm u rpeuHHKa 8 mm, rane cy yHyTap 

OymroTHHa HOCTaBJbaHe MaJIĆ KOJIHUHHC CKCIIJIO3HBHHX IIyHbePba (0,5 gr.), a 1ry)xXHHa MHHcKor uermna 
H3HocHia Je 30 mm. MHHHiHpame MHHCKC OyIHIOTHHEC BPpITICHO jc eJTeKTpHUuHHM TJIaBHILAMa KOJH CC 

KOPpHCTH KaO cJIČKTpHuHH yrajbau y eJIČKTpHUuHHM JIeTOHaTOpHMa, a CBaKH IIyT je HHHIIHpaHa CaMO 

JeXHa MHHcKa OymorTuHa. IIpe cBakor HHHNHHpaMa, HanpaBJbeHa je (bororpaQja Omoka, noceOHoO 

CJIOOOJIHe IIOBPIHIHHC HcIIpe}i MHHCKC OynroTHHe, Kako Ou ce HanpaBuo 3,1 Monnen. MepHa Tauka y 
OJHOCy Ha H3BOp HoTpeca (MHHcKy OymorTuHHy) Ouma je 343 CBaKO MepeMbe Ha yJaJbeHocrH 150 mm 

OJU IIČHTpa MHHCKOT IIyMbePPba [1 ]. 

HakoH Tora, coTBepcKoOM 00pajtoM je aHajmnnHpaHa JIHHHJa HajMaMber OTIIOpa JUy)K CBaKC MHHCKC 

OymoruHe (JUy)x OyIoTHHe IHOCTOJH Iap H3BeJIĆHHX BpeJIHOCTH JIHHHJe HajMaMbcr OTIIOpa, IIpH ueMy 
ce y3HMa IIpOcek y 003up IIpeMa IIpolieHTyaJIHOM OJICTyIabby OJI IIpojeKTOBaHor cTa»a). BpenHocTH 
JHHHJe HajMaber oTIIOpa yHeTe y JHjarpaM, HaKOH uera je H3BpmreHa ynopejiHa aHajmna pe3ynraTa 

Ha mujarpaMy. VropebeHe cy BpeJiHOcTH JIHHHje HajMaMber OTIIOpa Koje cy Behe, Je)jHaKe H MaMe OJ 

npojekToBaHmx [1]. 

|s vucaninai i kp aac J a ı|H Vaa W | vae y os 
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P -12% Calib. Time Offset: -169 Device Name: Pundit 
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Comment 
[Add] 

Am
pl

it
ud

e 
[%]

 

i 

Signal Curve: [ Settings & Results Device Information 
4 -20% Calib. Time Offset: -160 ps Device Name: Pundit 
[ JME:Fit i Probe Type: Bxponentaal - SeralNumber | UPO1-001-0041 

Probe Frequa 4H Software Venion: — 3,0,41 
s Pulse Voltage: - 50V Hardware Revision: B3 

Probe Gaini 5% 

+ (Comment 
[Add] 

i \
 

“ 

5+ 

O 50 100 150 200 250 300 350 400 45 500 550 60 650 700 750 
Time [s] 

Cunuka 5.5 IIpaka3 H3MepeHHX BpeJiHOCTH JIOHrHTyJUHHajJiHHX TaJIaCa Ca 32IlHCOM cHrHajma y Proceq PL-Link 
CO(DTBepy, rnaBa nHHHja npejicTaBJba y3Jly>KHH TaJIaC, a IIpBcHa JIHHHja BpeMC OJlHBa CHTHaJIa KpO3 

MarTcpHjaj [1] 

Mepeme torpeca ycje)l HHHIHpaba cBaKe OynoTHHe BpmeHo je noohy Micromate HHcCTpyMeHTa 
(Instantel, OraBa, Kaanna) [77]. Micromate HBHcTpyMeHT je HaMeMĐbeH 3a Hpaheme moTpeca ycHe) 

MHHHpaMbba, HHBOa OyKe H Ba3JlyniHHx yyapa. Peaynraru ca HHcTpyMeHTa Micromate cy H3Be3cHH H 

aHajnnaHpaHH y crHenJjaHnM3OBaHOM co(TBepy Thor |[78], npomsBon Hcre KoMmaHuHje. IIpaMep 

MepePba je npHKa3aH Ha cHMMIM 5.6. Micromate HMHCTpyMCHT je ONHpeMJbeH ca TpHM KaHaja, 
TpHakcuHjajHH ceH3op 3a ripaheme HHBoOa IIOTpeca H JeJIHHM KaHaJIOM 34 HHBO B2a3JLyHIHHX y)lapa HJIH 

MHKPpo(oH 3a HuBo OykKe [79]. OBaj HHCTpyMCeHT cCJIy?)kH 3a riperuiaHa MepeMba moTpeca Tia (OHio a 

Cy HOTPpecH TiIa yCJIe); MHHHpaMba, MOHTHPafba ImHrnoBa, pyrtemba HH CJL). 
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Ha ocHoBy H3MepeHHXx rnoJtaraka, OBaj HHCTpyMeHT o0e30ebyJe Kao peyynrarT sarnnc meJor moTpeca 

Kao Tajtaca 32 CBE TpH KOMIIOHCHTC (y3)ly)KHe, BepTHKaJIHe H HopeuHe TaJace), ca MoryhHomihy 
aHajlmae MaKCHMajJIHe Op3HHc OcCIIHNMOBaMĐa uecrHHa Ta (PPV), ObpekBeHnje, MaKCHMAaJIHOT 
y0psama H noMopaja [1]. 

'V OBOM ciIyuajy, Micromate je kopumheH 3a Mepebbe MaKCHMaJIHc Op3HHe OcIHIHJIOBaMba uecTHILa TJIA 
(PPV), napaMeTap KojH ce KOpHCTH 3a MepeM»e HHBOA2 IIOTpeca ycJe)L MHHHpaMba. PPV je rakobe 

Ba)KaH HapaMeTap 34 KOHTpoOJIy KpHTepuHjyMa omrrehemba KoJ rpabenBHHcKMx OOjeKaTa IIpHMJIHMKOM 
MHHHpab»a [80]|), Kkao nIro Cy MHHHPaFba Ha HOBPIIHHCKHM KOIIOBHM4 H IIpe}ICTaBJba MaKCHMAaJIHy 
BPpeJIHOCT 3a0J1e)KcHy y JeJIHOM BpeMCHCKOM HHrTepBajty. MakcHMa;Ha Op3HHa ocIoBabba uccTHIIaA 

(PPV) npeyjicranpba mapaMeTap 3a ripolieHy HHTeH3HTeTa HOTPpeca yCIe)L MHHHpaMba y 3aBHCHOCTH 
()pekBeHiHje OcrMOBaMa, Koja Ce McpH KopHmihemeM ceHM3MOrpaQa TOKOM MHHHPpamba Ha 

TIOBpIIHHCKHM KOITIOBHMa. IIapaMerap (PPV) HaBeJneH je y MHOTHM CTaHJlap)iHMa KOJH Ce KOpHcTe 32 

npoteHy yrHmaja moTpeca ycHeh MHHHpaMa Ha OOjeKTe, Kao mrro je DIN 4150-3:1999 [81], 

HIpHKa3aHO Ha CJIHIH 3.2. 

Micromate je KopuniheH 3a Mepebse Op3uHHe octiHaoBaMa uecTHIa TJIa 3a TDH KOMIIOHeHTe IIOMOhy 

TpHakcuHjanHor ceH3opa (reoQoHa), rne pe3ynTaTH MepeMa rpepjicTaBJbajy y3Jly;KHe, HOHIpcuHc H 

BepTHKaJIHe KOMIIOHCHTE TINIOTpeca yCe}L MHHHPpaba. IIpeMa DIN crannmapny, pemMeBaHTaH je 

MaKCHMJM OJI TpH H3MepcHe KOMIIOHCHTE KOJH ripe}iCTaBJba MaKCHMaJIHy Op3uHHy uecrTuma Tara (PPV) 

[1]. Texnuke KapakTepHMcTHKe MepHOr HHCTpyMcHTa Micromate Instantel cy mpejicraBJjbeHe y 

TaOemu 3.1. 
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Cnuka 5.6 H3MepeHe BpejiHocTH MaKCHMaJIHc Op3HHe OcHHJIOBaMba uecTHIIa TJIA 34 TDH KOMIIOHCHTC 
(nonrHTy7)iHajHu, rIaBa Ooja; BepTHKaJIHuH, 3eJIecHa Ooja; TpaHcBep3ajHu, ıiipBeHa Coja) y copTBepy Thor 

(sepauja 1.0.0.37) [1] 

IIpBuH TecT ca raO0OpaTOpHJCKHM MOJIĆJIOM CIIpOBeJIeH Je KaKO OH ce roKa9ajmo a moBehatbe BeJIHuHHC 
JHHHJe HajMaMber OTHOpa yrHuc Ha moBehame mMđoTpeca ycej MHHHpaMa. Mepema morpeca cy 

BpImeHa IHipH BeJIHuHHH JIHHHJe HajMaiber orItopa W = 20 mm, 30 mm u 40 mm, ca HCTHM yTJIOM 

Oymema oJ 90 crenepu. HiHHIHpame MHHCKC OyIIOTHHC BpHICHO je MepeĐ»e HOTpeca 3a cBe TpH 
BpeJIHOCTH JIHHHJe HajMaMber OTIIOpa H TO 32 HCTy yJlaJbeHOCT MepHor Mecra oJt OymoTuHe [1]. 
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IIpayinMKOM HHHIHHpaMba MHHCKC OyIHOTHHC, HHCTDpyMCHT OcJIC)KH CBC HOTPpeCe KOJE CC jaBJbajy y 

OJnokKy, a KacHuHje ce Bpmmi aHanma 3anuca Tor TaHaca Kpo3 cnenHjanmnaoBaH co(bTBep Thor, re 

MO)KEMO JIa CKCHOPpTyJeEMO HOJaTKcC H3 Đera H uHTaMO BpejiHocTH 3a PPV, cpBH monarmu y3eTH ca 
HHCTpyMeHrTa HpuHKkaaaHuH cy y TaOemaMa y HOTJIABJby 5.2 H 5.3. IIpe cBaKor HHHIMpaHba MHHCKC 

OymroTHHe KpeHpaH je 3D Mojic 0J10Ka KaKO OH cc JOOHJH IITO TauHHjH HoJlaru 3a aHaJmyy. 3D 

MOJIĆJI je KpeHpaH KopHmihepeM (Dororpa()Hja naOopaTOpHjCKOTr MOJIeIA, KOje cc OcJIe)Ke IIpe CBaKOT 

HHHIIHpama H KopHiihemeM (bororpaMerpuHje ce cnajajy H KpenHpa ce MoJjnen y O-Pitblast cobTBepy 

[1]. 

MHHuripame je ripBo pabeHo 3a BpejiHOcTH JIHHHJje HajMaMber oTrmopa W = 20 mm. 3a opBaj curyuaj 

H3BPIHCHO je BHIIC MeEpeM»5a Ca IIpOJeKTOBAaHOM BeCJIHUHHOM JIHHHjJC HajMaMber OTIIOpa H Ca PĆHHM 
OJcCTymaĐbHMa. 3aTHM Jc JHHHJa HajMabber oTHoOpa moBehaHa Ha W = 30 mm, r/ye je H3BpHIeHo 

HEKOJIHKO MepeMba 3a IipOjeKTOBaHO CTaMbe HJIH IIpH0OJIH)KHO TIIDOJEKTOBAHOM. CBaKO Hape)JIHo IIyIlaPbe 

y OJOKy OCTaBJba HenpaBHJaH OOJMK CHOOOJUHC IHOBPDIHHHC, HpH UCMy JE OHO Ca HajBehHM 

ojcTymaĐeM KopuriheHo Kao pemep 3a aHajmny, mro je y TaOemaMa rpHKa3aHO Kao mapaMeTap 
TIOBpIIHHe OJMHHHpaHor MaTepHjama. Cneneha BpenHocT nHHHje HajMaber ormopa W = 40 mm, 

TIOHOBJbCH je HCTH TECT KaO y IIpeTXOJIHHM KOPanHMa, aJIH Je CBaKO IIOMepaMbe IIipaheHO IIOHOBHHM 
TIOCTaBJbaPbeM HHCTpyMeHTa Ha HCTy yJlaJbeHOCT OJI r = 150 mm tipe cBakor HHHHHpaba. JIHMeH3Hje 
OJokKa, KaO H IIOJIOXKaj HHCTpyMeHTa y OJIHOCy Ha MHHCKy OyHHIOTHHy, KaO HIO3HIHja HHCTpyMeHTa 

KOJH JE yBEK HOMCpcH 304 HCTO pacTOjabe 342 CBaKO Hape/HHO HHHIHIHpaMbe MHHCKC OyHOTHHC, 
HpHKa3aHu cy Ha c 5.7 [1]. 

Cnuka 5.7 Mojtenu OjtokoBa 3a pa3jiiuHTe BpeJIHOCTH JIHHHJe HajMaber OTIIOpa ca 03HHHjaMa MCpHHX 
MecTa y oJiHocy Ha Oymorunc |1] 

3a cBa Tpu cyuaja mpHKayjaHa je BeHMHuHHa JHHHJE HajMaMber OTIIOpA, TJiĆ je H3BDpHICHO BHIHC 

MepeMPba, HpH HHMIMpaMby MMHHCKe OymoTHHe 3a TpH pa3HHMuHTe BDpCJIHOCTH BCJIHUHHC JIHHHJC 
HajMaMber OTHOPpa, KaKO y IIpOJeEKTOBAaHHM yCJIOBHMa 34 CBaKy OJL ĐHX, TaKO H 3a CJIyuajeBe T/JIe 
HOcTOjJe OJiCTyraMba OJ IIpOojeKTOBaHor cTafba [1]. 

OpBaj Tecr je ypabeH a OH ce HOKa3aJIO KOJIHKO HpOjeKTOBaHa HHHJa HajMaMber OTHOpa 3a TpH 

cnyuaja Te CBaKH OJU ĐHX HMa HeKa Majda OJCTymaĐa yTHuc Ha HHTeC3HTeET IHIOTpeca yCJIe) 

MHHHPpab54, IITO Ce MO)Ke BHJIeTH Ha JUHjarpaMy, cnHKa 5.11 y naJbeM TeKkcTy. IloBehabbeM BeJIHuHHC 
JnaHuje HajMabbser orTmopa ca 20 mm Ha 30 mm, a 3aTHM H Ha 40 mm, nopBehaBa ce H HoBpriHa 

MHHHpaHor MaTepbHjajma ITO yTHue Ha IIOTpece ycJIe)l MHHHpalba [1]. 
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Jipyru Tecr je M3BeleH TaKolje Ha OJIOKOBHMa KaKO OM Ce HIOKa3aJIO KOJIHKO OJICTyIIaMba JIHHHJC 

HajMaMber OTIIOpa OJI IIpOojJeKTOBaHe yTHue Ha moBehame IIOTpeca yCJIe)1 MHHHpabMba, IIITO je H IIpe]IMeT 

OBOr HcTpaxkHBaMba. Kao H y IHIpeTXOJHHOM HCIHIHTHBaM»y, HHHIIHpaMbc je H3BDIHCHO 34 BpeJIHOCT 
onrepehema W = 30 mm, axmi je 0,1aTHO HHHIIHpabbe H3BPpIICHO y cCJIyuajy Kajla je 1HHJa HajMaHbeCr 

oTropa jeJiHaKa IIpOjeKTOBaHOJ H y cJTyuajy KaJia IIOCTOJe OJICTyrafba OJI IipojeKToOBaHe [1]. 

Oncrynama oJ aHauaja 3a oOpany H aHanH3y Cy OHa Koja rpejicraBJbajy Behe BpeJHOCTH JIHHHJC 

HajMaMber OTIIOpa 0J1 I1ipOjeKTOBaHe, Jep Ha OCHOBy JlOCaJarmpHX HcCTpaxKkHBaMba ToBeham=e BeJImHuHHe 

oTnmopa yrHue Ha moBehame mnorTpeca yce) MHHHpaMba. Ojicrynatba OJ IIpojeKTOBaHOTr cTaMba CeC 
CMaTpajy HOBDPIHHHOM MHHHpaHor MaTepHjajla uuHje HOJaTKe H BpeJIHOCTH J(OOHJAMO aHaJIH3OM H 

o0paJlioM y3 mnoMoh cod(pTBepa, rpHKa3aHe Ha cumimH 5.8 [1]. 

Borenole Informabon 
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Ha ocnony aeraane 
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Cnuka 5.8 IIponec noOujaba nojaTaka o Bpe}iHOCTHMa JIHHHjC HajMaMber OTIIOpa H IIOBpIHHHH MHHHpaHOTr 

MaTepbHjajta ca MoJiea oOpabeHor Kpo3 O-Pitblast cobrscep [1] 

TeopeTckH, CBC HeHpaBHJIHOCTH Ha CJIOOOJHOJ IHIOBpHIIHHHM OJIOKa KOJEČ Cy MH3HaJL BDpCJIHOCTH 

HpojeKTOBaHe JIHHHjE HajMaMber OmrTHOpa yTHuy Ha HHTeH3HTeT BHOpanuje. /lerajybaH rpukKa3 

CJIOOO/He IIOBDIHHHe KOJa HMa HeIIpaBH]TIaH O0JIHK, OJIHOCHO TIpe}ie cTpaHe OJIoKa HcIIpe)i MHHCKC 

OymorTuHe, Kao H yropeJiHa crabba IIpOjeKTOBaHe BpeJIHOCTH OTIIOpa H OHEe Ca OJICTyrIabHMAa, CJIHKa 
5.9 [1]. 
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Cnuka 5.9 3D wojncz OJoka, H3r:ieji rIipe H IocJIe HHHIHpatba MHHcKe OymorHuHc |1] 

Oncrynama nHHuHje HajMabber oTIopa Koja cy Beha oJ ripojeKToBaHe BpejiHocTu Tpe0Oajo O a yrHuy 

Ha moBehame moTpeca ycHe MHHHpaMa. IIoBehame oTmopa ayTOMaTCKH yTHuec Ha moBehaMme 

TIOBpIIHHe H 3arlpeMHHC OJIMHHHpaHor MaTepHjana, Kao H Ha HHTeH3HTeT IHIOTpeca IIpH MHHHpaMby 

[1]. 

IIosHruje HHcCTpyMeHarTa ripH MepeM»y IIOTpeca ycJIle)l MHHHpaba H CTaMbe CJIOOOJIHC IIOBPITHHC IIpe 

H HOCJIĆ HHHIIHpabba je ripiKka3aHo Ha cimiu 5.10. 

(a) (6) 

Cuka 5.10 Ilocrynak Mepema rorTpeca H crabe cJ1000JiHc roBpmiuHc ripe (a) H nocie (0) nHHIHpamba 

MHHcKe Oymorune [1] 
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5.2.  PeyymrarH maOoparopujckHx HcHHTHBaHba 

HakoH crpoBe/teHHX HCHHTHBaF4 34 BpeJIHOCTH JIHHHJe HajMabber orropa W = 20 mm, 30 mm t 40 

mm, H3BpmIeHo je 27 Mepema y IHMHJby yTBpljHBaPa 3aBHCHOCTH HOBehaMma BpeHOCTH JIHHHJC 

HajMaMber OTIIOpa, KOja HCTOBpĆMeHO yTHuc Ha IHIOBehaMbe IIOBpIIHHC MHHHpaHOT MaTcpbHjajma, a H 
Ha noBehame HHTeH3HrTera rorpeca [1]. CBH pe3aynrarTu Mepehba JnaTu cy y TaOenmnu 5.2. 

Pesynrraru ucraruHBama cy crarHcTHukH aHaJmi3HpaHH 3a TpH BpeCJIHOCTH JIHHHJe HajMaMber OTIIOpa. 
Ha crmm 5.11 npaHka3aHa je aaBHcHocr PPV oJ noBpImHHe MHHHPpaHor MaTepHjaJa 3a pa3jiiuHTc 

BpeJIHOCTH JIHHHJE HajMahber oTmopa |1]. 

Ta0eua 5.2 Peaynraru maGoparopujckor TecTa 3a yTHIaj IHHHje HajMalber OTIIOpa IipH Bpe)iHOCTHMa W = 
20 mm, 30 mm u 40 mm Ha HHrTeH3urer norpeca [1] 

Jiannuja najMamber HonmnHa.onManpzanor PPV (mm/s) 
ornopa (mm) MaTepujajna (mm*) 

W=20 1476 13,80 
W=30 2418 30,94 
W=40 3385 96,95 

W=20 1514 18,60 
W=30 2364 28,99 
W=40 3003 98,13 

W=20 1497 44,11 
W=30 2468 49,43 
W=40 3466 127,00 

W=20 1666 43,17 
W=30 2631 60,88 
W=40 3178 63,59 

W=20 1582 44,47 

W=30 2457 86,09 
W=40 3301 103,60 

W=20 1610 36,38 
W=30 2457 50,03 
W=40 2781 202,40 

W=20 1560 64,23 
W=30 2301 97,33 
W=40 3210 110,00 

W=20 1542 52,86 
W=30 2301 98,33 
W=40 3181 231,20 

W=20 1630 58,91 
W=30 2561 99,40 
W=40 3148 107,10 
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BpeaHocru nospumHa OajMMHHpaHor Marepujana npema paaniunri BpeajocTMMa nMHMje HajMaber ornopa (mmž) 

Crka 5.11 3aBHcHocr Op3uHe ocnunoBab5a uecTHia (PPV) a nopBprimHe MuaHHpaHor MaTepujajma 32 

pa3anuuire Bpe)iHocTH nHHHJe HajMalber oTmopa [1] 

/laxbiaM HcrpaxxXHBaMbeM BpimeHa Cy HCHIHTHBaM»5a KaKO Ta JIHHHJa HajMaber OTIIOpa 3a cJIyuaj rJie Je 

OHa peniHMo TIpojeKToBaHa a je W = 30 mm anyxx nene OynroTHHe, ryie OH ce Morio pehu Jna cy TO 

OHTHMAJIHH yCJIOBH, yTHUucC Ha HHTe3HTeT HOTpeca y OJIHOCy Ha JIHHHJy HajMaMber OTHIOPpa Koja HMa 
OJiCTyIHahba OJI IIDOJEKTOBaHe, TJ. HHJC JeJ(HaKa JLyK IIeJIc OyIHIOTHHC. 3aBHCHOCT MaKCHMaJIHcC Op3HHC 

ociHIOBaMba uecTHIa (PPV) a oncrynama nuHje HajMaMber OTIOpa OJI IipojeKToBaHe 3a 16 Mepeba, 

TipHKa3aHo Ha cuanu 5.12 [1]. 

190.00 

180.00 

170.00 

160.00 

150.00 

140.00 

130.00 

120.00 
1000 u W=30 mm 

100.00 
90.00 u W>30 mm 

80.00 

70.00 

60.00 

50.00 

40.00 

30.00 

20.00 

10.00 

0.00 i 

Ma
kc

va
nn

Ha
 

6p
3w
iH
a 

oc
u4

/o
Ba

bb
a 

ue
cr

Mu
a 

[m
m/
s)
} 

Tos
e| 

Te9
e| 

s6(
z| 

Tog
z| 

19s
c| 

sv
c|

 

eg
č 

6so
c| 

[]
5<

 

i
 

s sre
e| 

Bpe/aHocrw noBpuiiHa o/AMMHHpaHor MaTepujana npema paanunriM Bpe/AHoCTMMa /nMHWje HajMakber ornopa (mm?) 

Cnuka 5.12 3aBHcHocT MakcHMajiHe Op3HHe ociHnoBabba uecTHua (PPV) y onHocy Ha BpejiHocT ojicTynaba 
JuHHje HajMaber orTmopa |1] 

Ha c 5.12 Mo:xe ce BHJIČTH Ja OJICTyIIAPbC BpeCJIHOCTH JIHHHJEC HajMaber OTIIOp4, IIipe,ICTaBJ5CHO 

KpoO3 IOBPpIHIHHy OJIMHHHPpaHor MaTepHjaima 0J1 jejnHe OynroTHHe, yrHue Ha roBehame noTpeca ycime)l 

MHHHPpaba. 3a oBaj TecT, pe3yarraTH cy rpejncTaBJbeHu y TaOemu 5.3 [1]. 
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Ta0e;a 5.3 Peaynraru Mepcemba yrumaja IHHHje HajMabber oTIopa 3a BpeyiHocTH W = 30 mm a W > 30 mm 

[1] 

JIunuja HajMamer IIonpmrmuna ojrMuHupaHor 
; > PPV (mm/s) 

ornopa (mm) MaTepujajna (mm*) 

W=30 2418 30,94 

W>»30 2492 86,09 

W=30 2364 28,99 

W>30 2457 50,05 

W=30 2468 49,43 

W>»30 2501 98,33 

W=30 2631 59,54 

W>»30 2795 60,88 

W=30 2301 97,33 

W>»30 2561 99,40 

W=30 2457 131,90 

W>30 2624 147,60 

W=30 2059 80,69 

W>30 2476 174,70 

W=30 2371 96,06 

W>30 2552 115,10 

Jla OB ce mro npenusHHje yTBpyiHa 3aBHCHOCT IOBehaMa IIOTpeca ycJIe)i MHHHPaba IIpH OJICTyITAR5y 
JIHHHJE HajMaMber OTHOpA, H3McpeHH peyynrarH he OHrTH oOpabeHH MaTeMaTHukH H aHajJIH3HpaHH 

KpO3 cTaTHCTHHKC IIOJ1AaTKC. V OBOM CJIyuajy, 3aBHCHOCT Ce MO;Ke H3pa3HTH Kpo3 KoeQunujeHr [1]: 

___AUmax K = Me (5.1) 

TJI Cy, 

— AUmax. HpejCTaBJba OJIHOC H3MCDy MaKCHMaJIHe Op3HHC OCIMJIOBaMba uecTHIa Ta 54 

BpeJIHOCTH JIHHHJeE HajMahber ormopa W = 30 mm a W > 30 mm; 

— AP, npencraBjba OJHHOC MH3MCDy THOBPpHIHHC OJCCTyHIaMĐa JIHHHjeE HajMaMĐ=eFr OTHOpa 3a 
BpejHocrH W = 30 mm a W > 30 mm. 

Kopucrehu nojnarke ca mijarpaMa npuHKa3aHor Ha cJIHIIH 5.12, Mory ce y3eTH y IipopauyH IIOBPpIHIHHC 
Koje (DopMuHpa InpojeKToBaHa HHHHja HajMaP=er OTHOpa H BpCJIHOCTH H-CHHX OJICTymaba 32 CBaKO 

Mepebbe. OJiHoc H3Mel)y oBHx roBprnmHHa AP Moxke ce aapauyHarnu 3 careneher oOpacia [1]: 

APd, 
Ap = _—= (5.2) 

APdev 

TJIĆ Cy, 

— APjes, OBpIHHa ca IpojeKTOBaHOM JIHHHjJOM HajMaMber ormopa (mm?); 

— APujoey, OBpIHHa ca OJICTyIaPbeM JIHHHje HajMaber OTIIOpa OJ IipojekroBaHe (mm?). 

IIoBpmuHa oJIMHHHpaHor MaTepbHjana 3a cJIyuaaj Kajta JIHHHja HajMaMber OTIIOpa HeMa OJicTyrlaMa H 

jenHaKa je IHIpOJEKTOBaHOJ AP_ges, MOXC CcC H3pauyHaTH KaO 3OMp IHOBDHIHHC OJIMHHHpaHOr 

MaTePpHjaJIa CBaKC MHHCKC OyIHIOTHHC, KaO IIITO je naTo y Oo0pacity 5.3. 

APqes = APaes, + APaes, +. +APqes, = 19 233 mm? (5.3) 
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Ha HcrH HauHH, HOBPIHIHHa OJIMHHHPpaHor MaTecpHjana 3a cJIyuaj Kajla IIOCTOjH OJCTyHabC JIHHHJeE 

HajMaMber OTIIOpa H KaJia je beHa BpeJIHOCT Beha oJ ripojekroBaHe APuey, MOXKE ce JOOHTH IIpeMa 

o0pacmy 5.4 [1]. 

APaev = APqev, + APqoev, + .. +APqoy, = 20 494 mm? (5.4) 

'VOoarmnBaĐeM J00ujeHHx BpeJiHocTH y o0panatı 5.2, Moxke ce HapauyHaTH BpejiHocT AP: 

APaes AP = = 0,94 
dev 

Kopucrehu cnuaH HocTymaK, MOry ce H3pauyHaTH 34 CBaKO HOHaBJbaMb5C BpCJIHOCTH MaKCHMAJIHC 

Op3auHe ocroBaba uecTHma (PPV) aa W = 30 mm u W > 30 mm. BpejJiHocT ripoMeHJbHBe AUnmax 

Tipe,iCTaBJba pa3JiHKy y MaKCHMAaJIHOJ Op3HHH OCLHJIOBaHba uecTHIa (PPV) a3a ripojeKTOBaHy JIHHHJy 

HajMažber OTIIOPpa H ca OJICTymaMHMa, 3a BpeJiHocTH omrepehema W = 30 mm a W » 30 mm [1]. 

AUmax = Žvdesmax (5.5) 

TJIĆ Cy, 

— AUdesmax HpeCTaBJba MaKCHMaJIHy Op3HHy OCHHJIOBaHba uecrHma (PPV) MepeHy 3a W = 30 

mm, (mm/s); 

— AVUdevnax Hpe/(CTaBJ)ba MaKCHMaJIHy Op3HHy OcIIHJIOBalba uecTHIa (PPV) Mepeny s5a W > 30 

mm, (mm/s). 

Bpe/jHocTH AUges,ax H AUdevyax MOTy ce H3pauyHaTH Ha HCTH HauHH KaO KOJI O0pacita 5.3 H 5.4. 

IIpopauyH 3a oOe Bpe)iHocTH Op3HHc OCIIHJIOBaFba ueccTHIa IIpe,ICTaBJbeH je KpO3 HapejiHe o0pacie 

3a CBaKH HcHHTaH cJIyuaj [1]. Kana je naHHja HajMaMber OTIIOpa je}iHaKa IIDpOJEKTOBaHOJ BDpCJIHOCT 

MaKCHMAJIHC Op3HHe OctIHJIOBahba uecTHIIa pauyHa ce no o0pacity 5.6. 

AUdesmax — ČUdesnaxı F OVUdesnax FOO ii FAUdesnaxa — 5749 mm/s (5.6) 

'VKOJIHKO JIHHHJa HajMaber OTIIOpa HMa OJICTymakba Op3HHe OCLIHJIOBaHba uecTHIIa MOTy cc pauyHaTH 

no cuneheM o0pacity 5.7. 

AVUdevnax — ČUdevmaxı F AVUdevmaxı FOO FAUdevnaxa — 832,2 mm/s (5.7) 

/loOujeHe BpeyiHocTH 3a AUges a H AUdevyax Ce Bpahajy y oOpadam 5.5, a BpejHOcT AUpmax, CČ 

H3pauyHaBa Ha cneJtehu HauuH [1]: 

Takobe, koeQuunjeHrT 3 oOpacna 5.1, 34 cBaKy OJL H3MCpeHHX BpeJIHOCTH MO)KC CC H3pauyHaTH H 
HpHKa3aTH Ha JWijarpaMy 5.12, mrro pejicTaBJba 3aBHCHOCT MaKCHMaJIHEC Op3HHe OCHMHJIOBaHba, 

uecruna (PPV) oJ BpenHocTH OJiCTymnaFba IHHHJe HajMahber oTmopa [1]. 
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5.3.  TepeHcKa ucnHTHBaMba 

Ha ocHoBy HcnHTHBaMba Ha JaOOpaTOpHJCKOM MOJCy H NOOHJeHMX pe3yjraTa, KaoO H aHajmH3eČ 
pe3ynrara, HaBpnteHa je BepH(bukanuja MoJema y mHormeny yrTHmMaja JMHHJe HajMaMber OTIOpa Ha 

HHTeH3HTeT IIOTpeca yCJIe)L MHHHpaMba Ha MHHCKOM TIOJby. 3a OBaj cJIyuaj HcrHTHBaMba Ha TepeHy 
pabeHo je 12 MiHcKHX OynrloTHHa, Ca HCTOM METOJIOJIOTHJOM 3a Mepebbe IIOTpeca ycCJIe/l MHHHPalba. 

MHHcTpyMeHT Je IIOCTaBJbCH Ha y,laJbeHoOcTH OJI 60 m oJ ıteHTpa MHHCKe OymoTHHe. [IpeuHHK MHHCKC 

OymoruHe H3HocHo je 89 mm, a nyxsaHa OymoTuHe 10 m, ca KOJIHMHHOM OJI 50 kg no HHTepBajy 

HHHIIHpaMba. Y OBOM cClIyuajy aT je HpHMep npoQbmMMma MMHMHCKC OymoTHHe Ca pa3HuHTHM 

BpeJIHOCTHMa JIHHHje HajMaMber OTHOPpa IO ĐeHOJ JUy)KMHMH. OBe BpejHoOcTH Cy KopumihcHe pH 

rpopauyHy HOBpimHHe MHHHPpaHor MaTepujana, Kao H y cyryuaajy aOopaTopujckor Mojoena [1]. 

Crmaka 5.13 npencranpba 3D Mojie?! MuHcKe OyntloTHHe ca pa3iiHuHTHM BpehHocTHMa orTepehema 

Tne je BeHHUHHa JIHHHJeE HajMaMber OTHOpa MaMba OJL HIpojeKTOBaHc (TIIpBeHa JIHHHJa), jeMHaKa 

npojeKToOBaHoj (aeMeHa JMHHHJa) H Beha oJL rpojeKTOBaHc (TrIaBa JIHHHJa). V OBOM CJTyuajy, 

yHOpeJIHOM aHaJ1H3OM pe3yJrrara Mepehba Ha 1aOO0OpaTOpHJCKOM MOJICJIy H TepcHCKHM MepeM»HMa, Ha 

MEeCTHMA TJI IIOCTOJH Behe oJICTyrmabbe JIHHHJe HajMaMber OTIIOpa OJ IIpOJeKTOBaHC (TIJTaBa JIHHH]Ja), 

BpeJIHOCT MaKCHMaJIHe Op3MHe uecrHma TpeOa ma Oyne Takolbe neha. PaanwuMre BpeHOCTH 

onrepehePa JUy)K MHHCKcC OymroTHHc cy TaKolje npencTaBJbeHe OpojeM CBaKe BpeJHOCTH 5a 

ojcryname orrepehema oJ ripojekToBaHor [1]. 

Cnuka 5.13 IIpoouut 3D ojnena MaHckKe OymtoTHHe ripe)icTaBJbeH Kpo3 O-Pitblast coprBep ca pa3jtiuTHM 

BpeJIHOCTHMA JIHHHje HajMakber orTnopa [1] 

Ananna nojarTaka H pe3yanrarH ca HHcCTpyMeHarTa o0paljeHu cy crarHcTHuku H IIOTBpi}yJy noBehabe 

HHTeH3HTeTa IOTpeca ycHe)L MHHHpaMba ca mTOBehaMbcM BpeJIHOCTH JMHHJE HajMaMber OTIIOpa JUyDK 

OymorTHMHe (cmMKa 5.13). MsMepepwM monmanu HpH TEepeHCKHMM HcHHTHBaĐa INIpMKa3aHHM Cy 

craTHcTHuUKH Kpo3 JHjarpaM Ha cimi 5.14, a peaynraTu cy rpejicranJbeHu y raOemu 5.4 [1]. 
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NI W=3m 
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Bpe.nHocrw noBpuiiHa oO/aMMHMHpaHor MarTepubjana npeMa pa3/uTVIM Bpe/nHocTMMa /IMHHje HajMatber ornopa {m?)} 

Cnuka 5.14 3aBHcHocT MaKcHMajiHe Op3uHe octiJOBatba uecTHna (PPV) rpema BpejiHocTu ojicrynama 

JuHHHje HajMaMber OTIIOpa 0J1 IipOojeKTOBaHec IIpH TepeHCKHM HcrIHTHBaM»HMa |1 | 

Ta0e:na 5.4 Peayrrrari Mepemba yrumaja JHuje HajMabber oTopa 3a BpeniHocri W =3 mu W > 3m|1| 

JIunuja najMamer TIoBpiriHa oJMHHHpaHor 
ornopa (m) MarTepujajma (m?) PPV (mm/s) 

W=3 47.2 35,3 

W>3 49.6 37,8 

W=3 39.4 42,4 

W>»3 44.9 57,3 

W=3 39.1 37,1 
W>3 41.5 82,0 

W=3 41.5 31,2 

W»3 44.9 52,2 

W=3 44.9 33,8 
W»3 45.1 51,0 

W=3 48.9 35,7 
W»>3 51.9 49,8 

Bepudukanuja naOopaTopuHjcKor MOJIea H3BDpIHcCHa jc IDpHMCHOM HcTHX OOpadama 3a pe3yjrraTe 

H3MCpeHe Ha TepeHy. IIoppnmMHa OJMMHHHpaHor MarTepuHjaMa Kaja je JMHHMHJa HajMaMber OTHIOpa 

Je/HaKa IIpOjJeKTOBaHOj, MO;Ke ce H3pauyHaTuH noMohy o0pacta 5.3 [1]: 

APqges = APaes, + APaes, F. +APgqoes, = 261 m? 

IIoBpimiHa OJIMHHHpaHor MarTepHjajma 3a cJIyuaj Kaja HMaMO OJICTyHaMc JIIHHHJE HajMaber OTIIOpa H 

KaJtla Je BpeyJiHOcT Bcha OJI IIipOojeKTOBaHe MO:Kec cc H3pauyHaTH H3 oOpacia 5.4 [1]: 

APqevy = APqev, + APqevy, +. +APqev, = 277,9 m? 

OJwoc H3Meby oBBHx noBpimiHa AP Mo-ke ce HapauyHarTu 3 oOpacia 5.2 [1]: 

PauyHaMĐe MaKCHMajJIHc Op3HHe ociHHoBaMa uecTHma (PPV) kajna je Bpe}(HOCT HHHHJe HajMaMber 

orTropa JeJiHaKa IIpojeKTOBaHOJ, MO;Ke ce H3pauyHaTuH nmoMohy o0pacra 5.6 [1]: 
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AVUdesnax — ČUdesmaxi F OUdesmaxa FOO FAUdesnaxe — 215,5 mm/s 

IIpopauyH MaKCHMaJHc Op3HHc uecrHma (PPV) Kama MHHJa HajMaMber OTIHOPpa HHJE je}HaKa 

TIpOJeEKTOBaHoJ no jennHauuHuH 5.7 [1]: 

AVUdevnax — AVUdevnaxzı F AVUdevnaxzı F TAUdevnaxe — 330,1 mm/s 

OJuwoc H3Meby MaKcHMajmiHe Op3uHe ocrnoBabba uecTura (PPV) rpg ojncrynamy JHHHJe HajMaiber 

ornopa HapauyHaBa ce roMohy o0pacita 5.5 [1]: 

JlonarHo ce MoxKe HapauyHaTuH Koe(bunujeHrT 3 oOpacita 5.1 3a cBaKy OJ H3MepeHHX BDpe/IHOCTH, IIITO 
je mpHKaaaHo Ha mujarpaMy cMKa 5.14, Kako OM ce npuHKa3aa 3aBHCHOCT MaKCHMaJIHe Op3HHc 

OCIHHJIOBaMba uecTHITa OJL BpeJiHOCTH OJCTymaha JIHHHJe HajMamber orrmopa [1]. 

Avma)c 
K= 

AP 
= 0,69 

Kako ce Ha MOJIeJIy ca TepeHa MO:;Ke youuHTH Jla ce nOBchahbe mOTpeca ycJle/l MHHHPatba JIieHIaBa IIpH 
OJiCTyrmaM»y JIHHHje HajMaMber OTIIOpa KOje je H3pa)KCHO IHIpeKO IIOBPpITHHEC OJIMHHHPpaHOr MaTePpHjajna, 
3a HCTH IHPpHMcCp ypaleH je npopauyH HpeKO 3AHpeMHHe OJIMHHHPpaHOrT MaTecpHjaMa OJL jeHcC 

OymroTHHe. IIoBpniHHa OJIMHHHpaHor MarTepHjajta OH noBechakbeM TpeOaro Ja yrHue H Ha noBehabbc 

3artpeMHHe OJIMHHHpaHoOT MaTepHjajma, TJie KaoO H y HpeTXOJIHOM cJIyuajy y3poKyje noBehaH HHBO 
HmoTpeca HpH MHHHPpaby. IIpopauyH KOJIMUHHC OJIHOCHO 3AHpeMHHC OJIMHHHpaHOr MaTcpHjaja 
nmojeXHHauHO 304 CcBaKy OJL OymoTHHa, BpHHIcH je y CO(QTBEpCKOM makKery O-Pitblast. IIpakKa3 

H3MCpcHHX BPpCJIHOCTH 3A4IIpeMMHHC OJMHHHPpaHor MaTcpHjama H mocrojehax peaynrara Mepema 
Op3HHe octIHOBahba uccTHIIa TJIa IIpHKa3aH Je y HapeJiHoj TaOeJH 5.5. 

Ta0ena 5.5 Peaynrara Mepema Op3uHe ocrHoBalba uecTHIa TJIa IIpeMa 3a1ipeMHHH OJIMHHHpaHOT 

MarTepuHjajma 3a Bpe/HoOcTH W = 3 maW>3m 

JIunuja najMamer 3anpemuna ojMHHHpaHor 
oTmopa (m) MarTepuja.ra (m*) PPV (mm/s) 

W=3 83,9 35,3 
W>»3 92,1 37,8 

W=3 102,5 42,4 
W>»3 116,1 57,3 

W=3 99,5 37,1 
W>»3 136,1 82,0 

W=3 105,6 31,2 
W>»3 121,2 52,2 

W=3 103,9 33,8 
W>»3 118,3 51,0 

W=3 105,5 35,7 
W>»3 119,5 49,8 

Vpehampe MaKCHMaJIHe Op3HHe OCIMHJIOBaPĐba uccTHIIA 32 BpCJIHOCT OJCTymaMba JIHHHJE HajMaMber 

OTHOpa IIpeKO 3aHpeMHHC OJIMHHHpaHOr MaTecpHjaHMa 3a IHpcCTaBJbCH CJyuaj TCpeHCKOT 
HCIIHTHBaFb2a, MO;KE Ce pauyHaTH IIpeKo o0pacita 5.8. Ha ocHoBy pe3y-rrara 3 Ta0e:e 5.5 ypaljeH je 
JuijarpaM I!ipeMa KoMe je ojipebeHa 3aBHCHOCT H yCTaHOBJbcH O0panartı 3a npopauyH yBehasba 0p3HHc 

OCHHJIOBaFba uccTHIA IIDpHJIHKOM OJICTyHaM5a JIHHHje HajMaMber OTHOPa OJL IIpOjEKTOBaHC, a Koja je 
H3paxKeHa 3alipeMHHOM. 
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Cnuka 5.15 /JlujarpaM s3aBHcHocTru yBehama Op3uHe ocuoBatba uccTHIa y OJIHOCy Ha 3arlpeMHHy IIpH3MC 

o0pymraBama 

'VHOCOM AV kKojuH ce Moxxe pauyHaTH Kao OJHOC 30upa 3ampeMHHa OJUMHHHpaHor MaTepHjana KOJI 
JHHHJeE HajMaMber OTHOpa KOJE HMajy OJCTymaM=e OJL HpOJEKTOBaHe H jej)HaKHX IIDpOJeČKTOBAaHOJ, 

MOXKOMO H3pauyHaTH BpcHHOCT yBehama AVmax MaKCHMaHe Op3MHec OCIMJIOBaMbA ueccTHIA 
TIpHJIHKOM OJICTyIaFba JIHHHJe HajMaMber OTIIOpa. 

AVmax = 0,0148 · Ay 17074 
530 

O0panan 5.8, MOXKE HOCJIy)KHTH KaO MOJICI 32 ripeniBHD}apbe IOTpeca, KOJHM Ce MOX;Ke H3pauyHaTH 
Moryhu cremeH yBehama morpeca ycem moBehama 3ampeMHHC OJMHHHPpaHOr MaTepHjajia HIpH 

OJiCTyrmabby JIHHHje HajMaMber OTIIOpa. 

Ha ocHoBy BpejiHocTH ca mujarpaMa 5.15, Moxxe ce nmohu O 3aKJbyuKa, a moBehaMbe 3anpeMHHe 

OJMHHHpaHor MaTecpHjama crBapa BehuH yTHMHaj Ha HHTeH3HTeET HOTpeca yCJIeL MHHHpaMba. Hy 
HpeTxoJor o0pacita 5.8, Moxxe ce Bpiru rpopauyH 3a pa3aiunrTe BpeJIHOCTH OJLCTyIaba JIHHHJeE 
HajMaMber OTIIOpa OJI IIpOjeKTOBaHe, IIpeKO 3ar1peMHHe IIpH3Me O0OpyrraBatba y o)iHOCy Ha mnoBehambe 

Op3uHHe ocnoOBabba uecTHIIa KOJI yCJIOBa KaJla Je aHHHJa HajMaMber OTIopa JjeJHaKa IIpOjeKTOBaHOJ 

H Kajta HMa OJICTymahba. 

Vrrumaj pasmiunarax (bakropa H Majmi Opoj mojaTaka IIpHJiHKOM H3BoljePba orTa Ha TepeHy, OTBapa 

MoryhHocrT 3a JaJba HcTpa)KXHBaMba Ha OBy TEMy, KaKO OH Ce MOJIĆII JIOIIyHHO H yHape)uO. OBHM 
y3OPKOM ca TepeHa H3BpricH Je rpopauyH 3a pa3armiunHTe BpeJIiHOCTH OJICTyITaFba 3a11peMHHe KaO IIITO 
je npHKaa3aHo y TaOemu. IIpeMa oOpacmy 5.8, MwapauyHaTe cy BpeMHoOcTH yBehama Op3MHe 

OCIIHJIOBaMĐba uecCTHIHIA Ha OCHOBy OJCTymaMa JHHHJe HajMaMber OTIHIOpa OJL IIpOJeKTOBaHe, IHITO jec 
Tripe}icTaBJbeHo y curenehoj TaOeJnn 5.5. 
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TaOoema 5.6 PeaynrarH mpopauyHa 3a paanHuuTe BpejHocTH oOjcCTymaPa 3ampeMHHc H yBehama Op3HHc 
OCLHHJIOBaMba uecTHIIA 

3anpemuna ojiuHHHpaHor 
pMaTepnjŠ„na (mg PPV (mm/s) 

5 0,2 

10 0,8 

15 1,5 

20 2,5 

25 3,6 

30 4, 
35 6,4 

40 8,0 

45 9,8 

50 11,8 

55 13,9 

60 16,1 

65 18,4 

70 20,9 

75 23,5 

80 26,3 

85 29,1 

90 32,1 

95 35,2 

100 38,5 
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6. AHAJIHJ3JA YTMHHAJA OJICTyYIIAĐA JIHHMHMJE HAJMAMĐbEF OTIIOPA 

METOJIOM PA3JIBOJEHHX EJIEMEHATA (DEM) 

Merojna payjiBojeHHx cJIEMeHaTa yr}aBHOM HMAa IHPpHMCHy KOJI MOJICJIHpabba JUHCKpeETHHX CHCTEMa 

KaO IHTO Cy UBpCTC (Da3c, TJIO, CTEHCKH MaCHB HrTJIL. [82]. Merona pa3xniBojeHax emeMeHara (DEM) 

npHra/a HyMepHuKHM MCTOJIAMa 3a IpopauyH MexaHHukKor noHaltmakm»a MaTepHjana, azn TaKolje H 
CTpyKTypa CcacTaBJbcHHX OJ BeMHMKor Opoja mapruMkyma |[83]. KapakrepMcrMKa OBE MeTOJIĆ 

THIpe}iCTaBJbajy CJIČMCHTH HC3ABHCHHX IeJMHHa KOJH HpH yTHHajy CHOJbaHIMPHX CHJa yJa3c y 
Mel)ycoOHy HHTepaknujy H Kpchy JUy)K KOHTAKTHHX IIOBPIIH H Ca OCTAJIHM CJICMCHTHMa CTBapajy 
HOBE HHTepakmnuje [82]. 

IIpH HyMepHuKOM MOJIcIHpaMby, 32 HEKH MOJIĆJI Ce MO:Ke pehu a ripeiCTaBJba MOJIeJI pa3jiBOJeHHX 
eJIeMCHTAa aKO: 

— Ce CaCTOJH OJI OJIBOJEHHX TEJIA KOHAUHHX JIHMcCH3HJa (pa3)IBOJEHH CJIČMCHTH) H CBaKH OJ 

HbHX CC MO;KE IIOMCpaTH HC3aBHCHO jeJTlaH OJI JIipyror, 

— Cy HOMeCpaMba cJIČMcHaTAa BCJIHKA, 

— CHCMCHTH ayTOMAaTCKH JIOJ1a3C y KOHTAKT [84]. 

BehuairHa HyMepHukHX MeTOJIa Ce KOpHcTe HpH cHMyJamjH (pbaauukor rpoOJteMa HJIH HHTepaKTH]H 

KOJI BHIHC (bH3HuKHX IIponeca ca IIDHMCHOM HajJMOJIepHHjer My-rrHQ)H3HukKor rpacryna, noK (DEM) 

MeTOJIa OJIHOCHO MeTOJIa pa3jiBOJeHHX cJIČCMCHaTa je HCKJbyuMBO pa3BHjeHa y CBpXy MOJenupaHba 
TIOHaTntaFba KOJI rTpaHyJIHcaHHX IrapTHKyiama [85]. 

6.l.  „Pa3Boj H oOmacr npHMeHe MeT0OJIe pa3jiBojeHHx eJfeMeHaTa 

Meroja pa3jiBojeHHx cJeMeHaTa (DEM) kopucruza ce IpBOOHTHO HCKJByuHBO y 2D rnpocTopy, 

MeDyTHM pa3Boj pauyHapa je oMoryhuo MojJienHpabbe mpoOneMa y 3D okpyxKeby, Tako nma je DEM 

MeToJny Moryhe KopHcrHTH y 3D npocropy npH Mojienupatby rpaHyjmcaHor MaTepHjaJIa, KojH cc 

Haja3H y HOCy/laMa (Q)1yH)IH3OBaHHM) H HHje CyB. ODJIyHJUH3OBaHC IIOCy/IC CJIy)KC 32 HHJIyKOBaMbe, 
CyIIePbe HJIH MeIaPbe XEMHJCKHX pcaKnuja [86]. 

Kako 0H ce mrro 60.be Moria IipeicTraBHTH HHTepakilHja H3Mcby rpaHynHcaHHx 3pHa nope)i yrTHIaja 
TeuHocTH y mopaa, DEM werojta je Mojnni(DHKoBaHa, TIč yMeCTO H/IeaJ1H3OBaHOT KOHTAKTA y HeKOj 
TauKH, KOJI IpHMeHe DEM MeTOJIe, KOHTAKT H3MCb)y JIBe IapTHKyJIĆ MO)KE CC MOJIeJIHpaTH y3 noMoh 

KOHTAKTHC IIOBPIHHHC Ca XpaIIaBOM TEKCTypOM [87]. XpanmaBocT BeoMa yTHućc KOJI OTIIOpa KOTpJbabba. 
H3MCDy mapTHKya H TakO MoOHjeHa Moj()uKkoBaHa DEM werojta ce KopHcTHia 3a IpoyuaBabbc 
HacTaHKa TpaKa cMHIIAMHba HpH TDpOOCHOM TeccTy. IIope Tora paleHa cy H HcrpaxKHBalba T/e jc 

aajlaBabbc HpHTHCKa JUHpCKTHO Ha TrpaHyjHCaHC HapTHKync OMoryhuwio peajiHHje Jle(DoOpMHcaHbc 
rpaHurnce Mojicena [88], a KacHHje cy MoryhHocrHu DEM werojne riponiipeHe Ha 3D Mojnenipabbe KOJI 

TpoocHor recra [89]. 

Hapeynu Kopak y pa3Bojy MeroJte (DEM) rnipencrTaBJba yBoljebbe IOJIHTOHa KOJH Cy IIpOH3BOJbHH, a 
CJIy)Ke KaO 3aMeHa 3a KopHmihePe cd(bepa rpBo y 2D, am u y 3D okpyxxepy [90]. Kopamheme 

TIOJIHTOHAa KOJI IIpe}iCTaBJbabba rpaHylnHcaHHx mapTHKyaa oMoryhana DEM Mojnenipambe IpH JIOMy 
CTEHCKC MaCC HpH H3rpanM»H TyHeJa, KOJU OJpoHa H MOTyhHOCT CHMyIanluHje KpeTaMba, aH H 
HOHalnlaĐbc H3MCDy OOHJEHHX mMapTHKyJa. Koj Mojemupaba Moryha je HB KoMOHHamMJa DEM 

MeTOJIĆ Ca IIDHMEHOM MeTOJIa Koje cy Oa3HpaHe Ha MeXaHHIIH KOHTHHyyMA, H TO cCy: FEM (Merona 
KOHauHHX eneMeHarTa) H SPH weroja (xunponHHaMuka raaTKHx naprHKyana) [91]. 
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IIopen nocrojehax KoMOHHanuja, nocTojH H xHOpuHjiHa MeTOJIa Koja je ycrBapH KOMOuHHanuja MeToJa 

JUHCKpeTHHX H KOHauHHX ecMeMcHaTa (Finite-Discrete Element Method FDEM), a rmpeyjcraBjba 

METOJIy Koja Je oJUIHuHa 3a KopHmihepe rpH MexaHinu JoMa [91]. 

Merona payMBojeHMx emeMeHaTra (DEM) yrnaBHOM CeČ KOpHCTH 3a MOJeNMpaMbe 3pHacTOr 
MaTepujana, 3cMJbHIITa, 3HJlaHHX KOHCTpyKiHja H HcHymanHx CTeHa. OBa MeTOJa HMa IHIHpOKy 
TIIpHMeHy y ripoyuaBaPby rpaHyancaHHx cpenuHa OCe3 Koxeauje [85], 3eMJbHIITA Ca KOXe3HJOM, CTCH4a, 

acdpanra, rceorexHHukKHX H TeOJIOHIKHX CTy\lHja 3a HHTepaKkIHjy JiBe rpaHyJ1apHe Cpe/UHHe (3CMJPHIIITC 
H creHa) [92]. V TOKy HOCJIĆJUEe JIBC JICIIeHHje MeTOJIA IHCKpeTHHX cJIeMcHaTa (DEM) ycnemrHo ce 

THpHMeMbyje y pa3HnHuMTHM OoOMacrMMa pynapcTBa, rpaljeBMHapcrTBa, MeTanmyprHje H Ha(prHe 

HHJIyCTpHje. 

6.2.  OcHOBHe HOCTaBKe MeTOJIe pa3/iBojeHHx eJteMeHaTa 

Merojna payiBojeHHx eJIeMcHaTa, rpejicTaBJba MeTOJIy 34CHOBaHy Ha MOJIeJIHpatby KOHTAKTa H3MeDy 
napTHKyaa KopHmihepeM enacrHuHor HeJnmHcapHor XeproBor 3aKoHa [85], rne ce ne(oMHurmry cHJIe 

TIpH KOHTAaKTy mapTHKyaa. Kana Je pacrojabbe H3Melbjy IIeHTpa KOJI JIBe IapTHKy1Ie i H j H BeEKTODOM 

nonoxkaja xi a XJ MaMe OJL 3OHpa nojyrpeuHuka, nojaBJbyje ce ynmerHyhe č npM weMy HacTajy 

ŽXeproBe cMIIe, cJIHKa 6.1. 

X 

Cnuka 6.1 VanerHyhe Koje ce jaBjba iip KOHTaKTy H3Mel)y naprHkyana [85] 

XeprnoBe cHiIe Koje HacTajy H3MeDjy mapTHKyia i H j [93] cy nepaHHcaHe rmoMohy o0pacma: 

Fi = KUgžR 
(6.1) 

ryie je BeKTOp Je)iHauHHe HOPpMAa:Ie: 

_ __XJ-xi 

— 
(6.2) 

JlyOuna yznerHyha je nara 83pa30M: 

ri+ri-|x – xi|if č> 0 _ 6.3 č { | 20 (6.3) 
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a koeQunujeHr kpyrocru KU nedaucan je noohy o0pacia: 

ij_2_FE_ }i 
K-= 3(1–u?) Nri+r/ (6.4) 

rirj : 
Tipe/iCTaBJba e(beKTHBHH pajiHjyC KOHTAKTA. 

ri+rj 
THIpH ueMy 

HajpBaxxHuja KapakTepHcTHKa rpaHynuHcaHHx MarTecpHjama je ryOHTaK cHeprHje KoOjH HacTajc yCJIC) 

TpeMa, cHJa Tpeba Koja HacTaje Mopa ce y3eTH y OO3Hp HpH MOJIeJIHpabby HHTCpaKIHja H3MCDy 

naprHKyma |[94]. Cama rpema MOJeNmMpa ce HpHMCHOM MCTOJIĆ BHCKO3HeC perynapH3amje y3 
gopuniheme KyınoHopBor 3akoHa [95], npencranpJbeHe y3 noMoh Hapeyjor o0pacma: 

ij _ u\ [s Um*ii E = -u|R/|| —} % (6.5) 

Te je: 

H – Koc()HnujeHT Tpehb4, 

m – IIpOH3BOJBbHH Opoj, 

1}0 – HoOMHHajmHa Op3uHa, (m/s) 

V.7 - OpauHa Knaamba HaMebjy naprakyjma i H j, (m/s) 

Z - jenmiauHu BekTOP J IpaBIta KnH3aFba. 

Bp3HHa KJIH3aba rpeJicTaBJba 30Hp Op3uHHa rTpaHcnanuje H poranuje: 

vVi=W +VU (6.6) 

Bpa3uHHa Tpagc:zanuje [95] je nara ca: 

W =((Vi – V') ·b)č (6.7) 

Te je: 

Č - raHreHTHH je)HHuHH BEKTOP, TaKO Jla BaxH fi · i = 0. 

Bpa3uHHa poranuje [94] rpejncraBJbeHa Je cneyrehHM H3pa3OM: 

VU =oj>x (xU – x7) – oi x (xU — xt) (6.8) 

rmecy: 

dt H d07 yraoHe Op3HHe napTHKy1a, 

XU je BeKTOP IOJ1O;Kaja KOHTAKTa. 

OcHM Tpebba Meby mapTHKyaaMa i H j r)ie ce Taj KOHTAKT H3Mebjy M-HX IIOCMaTPa, IIO)KEJBHO je y3eTH 
y pa3MaTpabbe H HHTepaklIjy THX HapTHKyJIa Ca OKOJIHHOM. /ipyre napTHKyJe H IpocTop H3MeDby 

HbHX UHHC OKOJIHHy, a IIpDOCTOp Meljy MHMa jc HCIyM-CH Ca Ba3JIyXOM HJIH MO)Ke OHTH HCIIyH5CH 
TeugHornihy. OrmicaHOM HHTepaKIHHJOM CTBapa Ce BHCKO3Ha THIpHrymHa cHiIa yce) Tpebba H OHa CeČ 
CyrIpoTcTaBJba KpeTaMby HapTHKy]a. 
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IIaprakye KoOje Cy OKpy)KeHe JIpyrHM IapTHKy1J1aMa, IIpHJIHKOM CaMOT TpeMba, ĐHXOBa KHHeTHuKa 

eHeprHja, OJIHOCHO HajBehu Jneo Te eHeprHje ce pacHra, J(OK IIpHJIHKOM cCy/lapa mapTHKyJa Op3HHa 
Tor cy/lapa je Hcror peJta BpejiHOCTH KaO H IIpe PHXOBOT Cy/lapa. 

OmiHoc Op3MHa cylapa mapTHKyJa KOJE CHOOOJHO JIeTe, Hpe H HocMe cy/lapa IpejcTaBJba 

KOČ(bDHIIHJeHT pecTHTyIMHje k, OK KOJI rpaHyJ1HCaHOT MaTepHjaJIa OH MO;Ke OHTH y IIIHDpOKOM CIIČKTpy 

BpehHocTH |[94]|, a To HajHmpe 3aBHCH OJL OKOJNHHC HapTHKyJIe KoOja ce mOcMaTpa. KoJi cyce)nHuHx 

napTHKyJa, KoeQMnujeHT pecrHrTynuje y BehHHH IpHMepa MO;KeE OHTH BCOMA MaJIH, aJIH y CJyuajy 

oJiBajabba mapTHKy]1Ie OJI ocTaTKa MaTepHjajma, IIpH cylapy HcTe ca 3HJIOM HJIH JIpyTOM HapTHKyJIOM, 
noBehaBa ce 3HaTHO KOec(DbHIHjeHT pecTHTynuje. IIoHanrtapbe Koje je OIIHCaHO HajOOJBe HIpe/ICTaBJba 

HeJIHHeapHH BHCOKOcCIaACTHUHH 3aKOH y/jlapa [96], rne ce Koe()unijeHT KOHTaKTHoOr IIpHrymema T 

(QrypHie H 3aBHcH OJL KoeQHiuujeHrTa pecrHrymuje k. Beaa B3Meby T a k ce pemaBa y3 nooh 

mua(epeHuujanHe jenHauHHe Hpeko Mpyror HbyTHoBor 3aKoHa. BHcKOo3Ha npHrymHa cHMa HOPeJI 

KOe(bDHIHJeHTa KOHTAKTHOT IIpHryInlehba 3aBHCH OJL Op3HHe cyylapa Š H oJI Koe()HiIHjeHTa KDyTOCTH 

K, koji BekHx Op3HHa cynapa H3Mel)y naprTHKyita BehH JIeo KuHeTHuKe cHeprHje ce pacHmna, a npH 
MaJIHM Op3HMHaMa cyhapa, KOJL TycTO 3OHjeHHMx maprTHKyna, BchH JČO KHHCTHUKC CHCprHjec CC 

npeTBapa y noTeHiHjanHy cHeprHjy emacrHuHocTH. /lepuHucaHa cHa nparymema [94] Moxe ce 
rpeyicTraBHTH ce)lehHM H3pa30M: 

.. 3 

R =TKUš čf (6.9) 

rne je Op3uHa cyaapa (Op3HHa IIpoMeHe yiterHyha) rpe/jicraBJbeHa H3pa30M [94]: 

_ (vf+vi)·1iifč>0 
č—{ 0 8>0 (6.10) 

TJIe Cy: 
V H U7 BeKTOpuH 0Op3uHa 3pHa i H J. 

OnpebjiBape Koe(binujeHTa KOHTaKTHor IipHryinePma T Ha OCHOBy KoeQ)unjerra pecraTynuje k je 

aHauajHo 3a oJipeljaBape ajlieKBaTHOT BpeMeHcKor Kopaka [94]. 

V,kyrHa cHa KOJI KOHTaKTa H3Me)I)y mapTHKy1Ima i H j , upeMa H3pauyHaTHM KOMIIOHeHTaMa [95] ce 

MO)Ke ce pauyHaTH Kao 30up TuHx cHna [94]: 

FU = B7 + EJ + P (6.11) 

MoMeHTe OKO IeHTpa HapTHKyna MH3a3HBa TpeMbc, TJIĆ CC MOMCHT y HdeCCTHIM iOJL ueccTHIC 

j rpejicraBJba H3pa30M: 

MU = (xU + x x F (6.12) 

30HpHH MOMeHTH H cHJIC y TnapTHKyJ1aMa OIHCy]y 30Hp CBHX Hoje)UHHauHHX MOMeHaTa H CHJIa KOJC 

Ce MOTy JaBHTH y TOKy KOHTaKTa MeDby napTHKyaaMa. Kajna je Opoj KoHTakTa O3HaueH Ca 71, MOMCHTH 

H CHJIe 3a napTHKy1JIy i Cy IpejicTaBJbeHu crenehaM Hapaauma [94]: 
n 

Fi= ŽFU' 
j=1 

(6.13) 
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n 

Mi= ŽMU 
j=1 

6.3.  CodrnepcKu naker YADE 3a ayMepuuky aHajiu3y 

YADE OPEN DEM je codQTBepcka ruaTpopMa oTBopeHor KoJa (open source) HaMeMb=eHa 3a 

JUMCKDETHC HyMCpHuKe MOJICHC, HpeBaCXOJHHO (DoOKycHpaHa Ha MCTOJIy JMCKpeTHMX CJIEMcHaTa 

(JIEM). CodorBep kopacrTu TexHHKe 00JeKTHO opujeHTHcaHor rporpaMupaa [97]. 

YADE (eng. Yet Another Dynamic Engine) je BHCOKO IHIDOIHHpJBHB OKBHp OTBOPCHOT KOJIa 34 

HyMepHuKc MOJIČJIĆ KOJH KOpHCTe METOJIy JUHCKpeTHHX ecJIeMeHaTa. CoQBep je HanMcaH y C++ 

HIpOrpaMCKOM JCE3HKy H cajlpxxHi Python BHTepQjejc 3a Be1Ky (b)neKcHOHiHocT H nepQopMaHce. To 

oMoryhaBa cHMyJTalHjy MHJIHOHa IapTHKyJ1a KOje Cy y HHTepaknuju jeJiHe ca IpyrHMa. YADE ce 

KOPpHCTH Ha OIIlecpaTHBHHM CHCTEMHMAa 34CHOBaHHM Ha Linux OHepaTHBHOM CHCTEMJy H JIOCTymaH je 
H3 3BaHHuHHX peno3HTopHja 3ajenHHukHx JcTpHOynuja momyT Ubuntu a Debian. IIpBa Bep3uja 

uporpaMa YADE mokpeHyra je 2004. romae. O 2007. no 2010. roxane koJtekc je OMo pebakrupaH 

H HIOCTaO KOH3HCcTeHTHujH [98]. Python ce Kopucru a nojemaBasbe CHMyJTanHje, KOHTpOJIy H IIOCT- 
uponecHpame. OBaj HHTeprnperHpaHHM IporpaMcCKH jE3HK CKpHBa peHaTHBHO CJIOKCHy (C++ 

HMIIJIČMeHTanuHjy. To uMHH YADE ojroBapajyhaM codQTBepoM 3a HacTaBHC CBpXC H yCHECIHHO Ta 

KOpHCTeE MHOTH yHHBCp3HTeTH KaKO OH CTy/IĆHTHMa IHIpc)iCTaBHJIH OCHOBC MCTOJIĆ JUHCKDpeTHHX 
eneMeHara [99]. 

IIapanena3aanuja je BeoMa Ba)KaH JIO OHJIO KOr cO()TBepa 3a cHMyJalHjy 34CHOBaHOM Ha uccTHLH. 
YADE kopucrn nehu Jneo BaxKHHx rieT;bi OpenMP (open multiprocessing) rexHHKe KaKo Ou noBehao 

Op3HHy H3pauyHaBaMba Ha HpOHeCOpCKHM CHcTeMHMa [99]. CHynatntje ce MOTy IIOKDeHyTH KaO 

caMocrTajiHa arnuKanja, anH H y batch MoJIy, IITO uHHH OBaj CO(DTBEp HOTOJIHHM 3a napaMeTapcKa 
aHajmnnHpatba y oOnacTH HayKe H HH?;KePbepcrTBa [99]. 

YADE uwa 0pojHe croJbHe, 00aBe3He H OIIIHOHe 3aBHCHOCTH. OBe 3aBHCHOCTH KOMIIJIHKy]y IIpomtec 

KOMIIaJJIIHpaPbba Ha HCKHM CIHCHHO)HUuHHMM 3IIMIaT(DOpMaMa, aJIH CMaMy]y KOMHy Oa3y co(pTBepa, 

noBehaBajyhuH uHTJBHBOCT H CMaMbyjyhu myruHpabbe KojtoBa. HajBaxkHHje OHOJIHOTeKe HOTpeOHe 3a 

HIpottiec KoOMnajnHpaba y YADE cy Eigen (08O0nHoTeka caMO 3a 3araBJbc maOJoHa 3a JIHHcapHy 

anreOpy), QGlviewer (rpabaiuku aHrepQejc), VTK (anar s3a nocrniponecupame), HekomiKko Python 

OnOmaoreka, CGAL (mraker reoMeTpuHje, OroHo) HTJIL. 

YADE HMa aKTHBHJ 32jeJIHHILy KOja pa3BHja KOJI H IIOMa;Ke KOpHCHHLHMA Jla IIpOHal)y O)1TrOBOpe Ha 
cBoja mHTaMa. Launchpad uHd)pacrpyKTypa ce KOpHCTH KaO KOMyHHKalHoHa rnaT(opMa H KaoO 
Tparau 3a rpemrikKe [100]. 

6.4.  IipomeHa HHTeH3HMTeTa NHIOTpeca ycjeh MHHHpaMba Ha OCHOBy OJICTyHaMa JIHHHje 

HajMamer oTHopa IIpaMeHo0M (DEM) werojte 

3a aHamMyay moTpeca H3a3BaHHX MHHMHpaMbeM IIpHMeHHhe ce MeTOJMa pa3jBOjeHHMX ecJeMcHaTa 
003HpoM Ha ĐbeeHe MoryhHocTH 3a MOJIeJIHpahbe JIHHaMHuKHX H JUHCKpeTHHX CHcTeMa. FeoMerpuja 

MO/JieIa OJITrOBapa CHITOpeEKC OJIOKy HJIyCTpOBaHOM Ha cJmHIu 6.2. IIpakaaaHa reoMeTpHjJa HMa yJIOry 
npe)HKaTa y OKBHPpy Kora cc reHepHmie cKym mapTHKyna (coepHuHHx eJeMcHaTa) mOBe3aHHX y 
JeJU1HCTBCHJ IIČJIHHY. 
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Cnuka 6.2 T eoMerpuja Mojntena pa3jiBojeHHx cJteMeHaTa H3paxKeHa y MeTpHMA, Ca IIO03HLHJOM MHHCKC 

OymoruHe H Tauke ona»KaMa; 2) MOJIcJI 1, 6) MoJIeJ 2 

Monen pa3nmBojeHHx ceMeHaTa cCHKa 0.3, KpeMpa cc HOHmyMaBaĐeM mpejMKaTa c(becpHuHHM 
eJJeMECHTHMa KOJH Cy Mebyco0OHo HoBe3aHH MeXaHHUKOM BC3OM. /lomH JeO MOJIeIIa Je OHKcHpaH, Te 

napTHKy1JIe KOJe Ce HajJla3c Ha CaMOM JIHy OJIOKa HMajy OrpaHHucHO KpeTaMbc y CBHM IIpaBnuHMa. Ha 

HIO3HIIH]H MHHCKC OyHIOTHHC CC HHHIIHJAJIHO BPDIHH HJIeHTH(DHKaLnuja napTHKyJa Koje OH OJIrOBapajIc 

ČKSTIJIO3HBHOM IIyMbePby. V cmemeheM Kopaky ce Bpmm HyeHTHO)HKamuja CBHX HapTHKyJIa KOJE CeČ 

rpaHHue Ca ČKCIIJIO3HBHHM ITyFbeCPbcCM H yTBpDbyje Ce BEKTOp HOpMaJIc PHXOBOT KOHTAKTA, H Ha CAMOM 

Kpajy Bpmm ce yKMaMaMe HapTHKyJa MHHCKOT IIyMeMb5a H3 CHMyiIatluje, cHHKa 6.4. OpBaj BHJI 

MOJieIHpaPba Hpoleca MHHHpaMba jc yCHCIIHO IpHMcMHBaH 3a aHajmay edQjeKaTa MHHHPpaMba KOJI 
H3pajie OJG3eMHHx ripocropuHja [101]. 

Ha OcCHOBy yKyIIHe HOBPIHIHHC KOHTAKTA H3MeDy HapTHKy1a CKCIIJIOŽHBHOT IIyM56ePba H HapTHKyJa 

Koje cauHMbaBajy CHHIOpeKC OJIOK Bpmum ce pepacmMojema meMoKynHor omrTepehePba HacTajJIOr 
ČKCIIJIO3HJOM KOJE H3HOCH IIpeMa crieriH(pHKamuju rpoH3Bobaua oko 1 MPa. 

Craka 6.3 Mojne:i pa3tBojeHHx cJIeMcHaTa Ca II03HIHjOM MHHCKC OyIHIIOTHHC H (DHKCHHM KOHTyDpHHM 
ycJOBHMa 
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Cnuka 6.4 IHIewarcku ripika3 HaHortehba orrepehema y oKBHpy Mojnena |[101] 

Kako 0u ce H3ppriuta cHMyianuHja rponleca MuHHpaMa 3a mnoTpeOe omaxxaPba HHJUyKOBaHHX roTpeca 
HeOTNIXOJIHO je OJpe/aTH MaTepHjaMHe OCOOHHe MOJIČMđA TaKO a KOpCCHOH/MHpajy Ca CTBapHHM 
oco0OuHaMa cHropekc 0jmoka. KoJi MeToJie pa3)iBOojeHHX cJIeMeHaTa HCOIIXOJIHO je Je(bHHcCaTH MHKpO 

H MaKpo Oco0OHHe MaTepHjaima, a 3a Te noTpe0Oe ce cHMy:IHpa orurT JeniHoakcHjJaJtHe uBpcrohe. Makpo 

OcOOHHe ce OJIHOCC Ha BcE3C H3MeDy roje/uiHauHHX HapTHKyJa, OK Ce MaKpO OCOOHHe OJIHOCe Ha 
OCOOHH6C IIeJIOKyTIHOT OJIOKa. 

Hs HaBeJeHHx pagora, y IpBOM KOpaKy ce KpeHpa MOJICJI KOJHM Ce CHMy1IHpa OTIIHT je/(HOaKCHjaJIHe 
uBpcrohe. IDamannnpauHu y3opak, craH/lapyniHHx JMeH3Hja, ce orrepehyje JOK y HCTOM He JlObe JO 

JIOMa H TOM TIIDpHJIHKOM Ce BPIIHH OmaxKambe JHIaTarnuja. IIpomnec ce moHaBJba 3a pa3IHuHTe Bpe}IHOCTH 
MHKPO IIapaMeTapa CBe J(O MOMCHT4 KaJIa Ce He IIOCTHTHy )KCJBeHH MaKPO IIapaMeTpH. 

IDaJb MoJtemmipabba je nocrahu cnrenehe MarepujaniHe MaKpo ocoOHHe: 

• Uppcroha Ha mpHTHcaK: 5 MPa, 

• Bp3HHa npocrHpaMa JOHrHTynHHajJIHHX TaJaca: 1900 ? 

• TycruHa Ooka: 700 %. 
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Cnuka 6.5 Mojnten a ne(opmanuja KpHBa ciMyanHpaHor orHTa jenHoakcHjajiHe uBpcrohe 

3a Mojnenupambe ce rpHMebbyje CpmMat (ripe/tcraBJba cBOjcTBa mapTHKy:e) [98] ca cnenehHM 

BpeJIHOCTHMa MHKPO HapaMeTapa: 

• TycruHa: 960 %, 

• JyHTOB MOJIyJ cJIaCTHUHOCTH: 3.5 GPa, 

• „Uppcroha Ha HcTe3aĐe: 0.3 MPa, 

• Vrao yHyrpammer TpeMa: 32, 

• IlOaCOHOB KOĆQ)HIIHJEHT: 0.2, 

• PenaTrHBHa yKTHJIHOCT: 30. 

CxoJtHo pe3yTaTHMa IIpHKa3aHHM Ha CJIHHH 6.5 H HaBCJICHHX MHKPO HapaMeTapa MOJIeJIA, MaKpO 
OCcOo0OuHe MojicIa ce ojipeby]jy mpeMa cie,nehaM o0paciiMa: 

Bp3HHa ripocrupama ranmaca: 

w= |E,() (6.14) 

Tne je: 
m 

V — Op3HHa rpocTHpabba JIOHrHTy IHHaJIHHX TaJtaca, (?) 

K — saanpeMuHHcku MojIya enacrHuHocTu, (Pa) 
k 

p — rycruHa cHropekc 0JOKa, (m—ga) 

IIopo3Hocr makera naprHKyaa KopumiheHor 3a MoJtenmipabbe Je HapauyHaTa H H3HOcCH 27%. CxoJjHo 

TOME TyCTHHa CHIIOpeKC OJI0Ka y MOJIĆJIy H3HOCH: 

p=mP-·(1—-Pp) (6.15) 
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Tne je: 

Db - rycraHa maprHKyaa y Mojeny (960 kg/m?*) 

D – nopo3HocrT makeTa mapTHKy3Ta y MOJIeJIy (27%) 

3&HpCMI/IHCKI/I MO/JIyJI ČJlaCTHUHOCTH: 

_ E K = i _ (MPa) (6.16) 

Tne je: 

E - Mojyxn enacrHuHocTH OJIpebeH OHHTOM jeJiHOaKcHjJaJIHe uBpcTohe, (Pa) 

v - IIloacoHoB Koe(QpHuujeHr (0.2). 

Ca najarpaMa Ha cHH 6.5 oOHjaMO BpeJIHOCT: 

E = %,(Mpa) (6.17) 

2,46 

Cx0oJIHO TOMe 3aTlpeMHCKH MOJIJyJI eJTaCTHUuHOCTH H3HOcCH IIpeMa O0pacitiy 6.16: 

K = ___COŠ — _ 2460MP 
— 3d - 2·02)0 a 

Ha kpajy, Op3HHa rpocrTHpabba IOHTrHTy,HHaJIHHX TaJtaca H3HoOcCH mo oO0pactiy 6.14: 

V - K _ 2460 — 1874 (m) 

p p 700,8 s 

Cmaka 6.6 aH cnaKa 6.7 najy npuka3 ripocrHpamba rpuTHcHOor TaJtaCa TOKOM CHMy]TalHje H KaO HITO 

CC MOJKC BHJICTH JIOJI23H JIO JaCHOT H3JiBajaPba 3OHC JOMA HJIH IIpH3Me OOpyrmraBahba Koja he OBTH 

OJIMHHHpaHa. Ha Bceh ne()HHHcaHHM JIoKanujaMa, 150 mm y}laJbeHO OJI MHHCKC OyIHOTHHĆC, BDpIHTH CC 

onaxKabbe Op3HHec HOHrTHTy/IHHaJIHHX TaJIaCa. 
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Cnuka 6.6 IIpocrupame rpaTrucHor Tajtaca yc1eJl HHHIHpaFba MHHCKC OyIHIOTHHe, MOJICJI 1 

Monezn 1 ce OJHOCH Ha HHHIHJaJIHO MHHHpalbe CHIIOpeKCc OJIoOKa ca OyHIOTHHOM JIOIpaHOM 3 mm 

OJU ĐETOBC HBHIIC. OBO IHpej(CTaB)ba OCHOBHH MOJ H 3aOemexeHa Op3HHa TaMaca Ha MeCCTy 

onaxxabba H3HOcH 34 mm/s To KopecIIoOHJHpa Ca H3BpIIeHHM MepeMbHMa. 

Mojaen 2 cHMyJmpa cHTyamnjy Kaja HOCTOJH BapHjarmja JMHHJeE HajMaMber OTHOpa HacTaJIOM 

TIpHJIHKOM IIpeTXOJIHOT MHHHPpaMba. V r(HJby JOKa3HBafba HaBeJIeHe Te3e H3BprieHa je MonuH(bukarija 
HHHIIHJaJIHeC TCOMeTpHJe MOJIcIa 1 ca Kora je yKJIOPbeH HOjac HapTHKyJa KaoO HITO je TO IIpHKa3aHO 

Ha cHH 6.2 moji 6). 
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Cnuka 6.7 IIpocrupame rpuarucHor Tajtaca ycJ1eJı HHHIHpaFba MHHCKC OyIHTOTHHČ, MOJICJI 2 

Ha oBaj HauuiH ce /(00HJajy BHpTyeJHH ycCJIOBH 3a TecTHpabbe yTHIaja yc)OBa MHHHPpaMba Ha Op3HHy 

Tanaca y TaukH OcMaTpaMa. Koji MojJiea 2, H3BpIHIeHO Je IOMepabe JHOKaNMHJe MHHCKC OyITOTHHeC H 
TaukKe Ona)KaHba CXOJIHO HaBCJIĆHHM yCJIOBHMa. 

Pesynraru jacHo moKayyjy a ce KOJL  MOJema 2 Op3HHa JOHTrHTy)OHHaHMHX TaJaca moBehaBa Ha 
46mm/s nrro HeJIBOCMHCIICHO yKay3yjJe Ha TO Jla yBehame HHHHJe HajMaMber OTIOpa y JeJ(HOM JeJIy 

MOJIčIIa yrHuc Ha nOBchaRe Op3HHc JIHOHTHTy,(HHaJIHHX Taaca. CnHKa 6.8 Mrycrpyje BpeEMECHCKy 

s3aBHcHocT Op3uHe rTajtaca 3a 00a MOJIcJIa H MO)KE CC BHJIETH J KOJI MOJIeJIa 2 3HaTHO Op:xe J(O0JIa3H 
JO HNOCTH3aMba MaKCHMAaJIHC BPpeJHOCTH Op3MHc y OJHOCy Ha MONM l. HaKOH IOCTH3AMa 

MaKCHMAaJIHHX BpeJiHOCTH Ha 00a MoJIea je H3BeCTaH TpcHJI IipHryIeMba, OJIHOCHO yCIIOCTaBJbaHba 
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TIpeTXOJIHOr paBHOTe)KHOT CTaMa. OBaj nponec je BpJIo cHdaH KOJI 00a Mojieta 063 3HauajHHjHX 

ojcTyrnamba. 
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Cnuka 6.8 bp3uHa ripocrupatba noHrHTyJHHajmHHx TaJtaca 3a MOJLeJIe ] H 2 

Ca rpaQuukux ripHmora ce MOXKc BHJIeTH Ja y cHyuajy MoJnema l (ObpoHT npurucHor Taaca HMa 
paBHOMepHHJy KOHTyPpy y OJIHOCy Ha MOJIJI 2 mTO JaJbe yrHue Ha orTepeheme y neny MoJItena H3a 
MHHCKČ OyIHIĆOTHHe. 
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7. JUHMCKYCMHJA 

JlujarpaM npuakaaaH Ha cH 5.11 H peyaynrraraH y raOemu 5.2 noka3yjy a ce Bpe/iHoOcTH HoTpeca 
yce/| HHHIMHpaMba MHHCKHMX OymmoTHHa moBehaBajy ca nOBcChaMbeM IOBPpIHHHC OJIMHHHpaHOTr 

MaTepHjamta. Ha OCHOBy HCHHTHBaHMa JIOOHjeHH Cy HpecenM3HHjH pc3ylraTH y MHOTJICJIy 34aBHCHOCTH 
BEJIHUHHC JIHHHje HajMahber OTIIOpa aHaJmi3HpaHec KpO3 IOBPpIHHHy OJIMHHHpaHor MaTepHjajma 3a TpH 
cyuaja, anmHM je IHpBO pabeHo 30 BpeJHOCT JMHHHJe HajMaĐer ormopa W = 20 mm. 36or 

HeIIpaBHJIHOCTH Ha CHOOOJIHOJ HOBDpIHHHH HaKOH CBaKOr cHcMeher HHHIHpaHba, 34BHCHOCT je 
H3paxKeHa IIDpČKO HOBPIHIHHC OJIMHHHpaHOr MaTcpHjana, HpH dcMy CC OHa pa3JHKyje KOJL CBaKC 
Hape)iHe MHHcKe OymroTuHe. Ocrami nojaru cy noOujeHH 3a ocTaja JBa cJryuaja, r)ie Cy BDeJIHOCTH 

JIHHHJe HajMaber oTIOpa H3HoOcHJIcC W = 30 mm a W = 40 mm. Z/lak:iie, aHaJiH30M IIOJ1aTaKa MOJKEMO 

3aKJbyuHTH KaKO je HajBehH HHTCH3HTCT HOTpeca yCC)L HHHIMpaHba MHHCKC OyIHOTHHcC 54 
TIpOJeEKTOBaHy JIHHHJy HajMatber oTropa oJi 40 mm. 

BpeJiHocT JIHHHje HajMakber oTIOpa y BehHHH CJTyuajcBa BapHpa H HHje Je/IHaKa IIpOJČKTOBaHOJ JIy)K 

MHHCKEC Oy1ITOTHHe Ha CaMOM TepeHy. OncrTynape JHHHJe HajMaber oTmopa ce ojpebyje noMohy 

codprBepa O-Pitblast, KojH Moxxe Jna TauHO IIpopauyHa CBC yJlaJ5ĆCHOCTH OJI OCC MHHCKOT IIyFbcPba JIO 

CJIOOOJIHC IIOBPIHHIHHC JK HeJIĆ OyITOTHHC, a 3aTHM CC MO)KC H3pauyHaTH IIOBPpIHIHHa OJIMHHHpaHOTr 
MaTepujana. 30or Tora KpoO3 HCHHTHBaMba 3Q4BHCHOCT BCJIHUHHC JIHHHJeE HajMaMber OTHOpa OJI 

HHTeH3HTeTa mMoTpeca aHaHM3HpaHa jc IHIDCKO IIOBpIHMHC OJIMHHHpaHOr MaTcpujaa, jep MeHa 
BPpeJIHOCT JIHpeČKTHO yTHuc Ha BCJIHUuHHy ITIOBDPIHIHHC H 3a11peMHHĆC OJIMHHHPpaHor MaTepHjala. 

/la 6H ce HapauyHajta 3aBHCHOCT MaKCHMaJIHcC Op3HHc ocnuoBakba uecrHma (PPV) y ojHocy Ha 
OJICTyHIaPbC JIHHHJC HajMaFber OTIIOpa OJI IIpOJEKTOBaHe 3a JIpyrH Tecr rxie Je W = 30 mm, o0aBJbeHO 

je BHIIe MepeMba Ha 12a00paTOpHjCKOM MOJIey. Mepepba cy IIpBo H3BPIHIcHa KaJIla je BDČJIHOCT JIHHHjC 

HajMaber oTnopa Ouna jenHaKa IIDOJEKTOBaHOJ TIO IČJIOJ J(y)KHHH MHHCKC Oy1IH{OTHHE, a 3aTHM H 34 

cJryuaj Kajla cy oJjicTyrmaba Ouia Beha oJ tpojeKTOBaHHX. Kpo3 OBajJ MOJICI, CBE BpeJIHOCTH Behce OJ 

TIipojekTOBaHHx Oune cy 0JI aHauaja 3a aHanun3y, jep IpeMa J(OCa/lali5HM HCTpa;KHBaMbHMa 0a OHC 

yrHuy Ha noBchae rnorTpeca. 

Ha ocHoBy HcnHTHBaMa Ha J1aOOpaTOpHjCKOM MOJICIIy H 1OOHjeHHX pe3ynTaTa, Kao H aHaj1H3cC HCTHX, 

H3BPIHICHa je BepH()HKauuja MoJiea yTHIaja ojicTymab5a omTepehePa Ha HHTCH3HTCT HOTpeca IIpH 
MHHHpab»y Ha TepcHy. 3a oBaj cJryuaj HCHHTHBaHba Ha TEpeHy BPpIHeHO je MHHHpaMbe Ca HECKOJIHKO 
MHHCKHX OyIIHOTHHa HpH YyCHOBHMAa CJMUHHM KaO H y aOoparopujH. Ha Kpajy HcHMTHBaMba 

H3BpmreHa je ynopeHa aHanmM3a pegynraTa KOjJH cy NOOHJeHH JaOOpaTOpHJCKHM H TCpECHCKHM 

HCIIHTHBaMbCM. 

JIaGoparopuHjcka Mepeba H o/Al HOCIIy)KHJIH Cy H HpH MOJICIIMpaHby JHHHHje HajMaFber OTHOpa 
OJIHOCHO HbĆHOM OJICTyIIaPby OJL IIpOjeKTOBaHC H yTHIIAjy Ha HHTCH3HTET IIOTpeca ycJIe)l HHHIIHpahba 
MHHCKe OyIHTOTHHe IIpHMCHOM MCTOJIĆ pa3jiBOjeHHX cJIeMcHaTa. Mojteznipabbe H HyMepHuka aHajtH3a 

Cy H3BpHIČHH y CO(DTBepCKOM makKeTy YADE, rne ce ca camMKa 6.6 H 6.7 JacHo BHJIĆ pa3aHKe y 

HpocTHpabby Tajtaca HpHJIHMKOM OHNIHTa BDHICHMX Ha MOJIĆMy |l Kaa je MHMHMHja HajMaMber OTHOpa 
jenmHaKa HpojeKTOBaHoj H Kaja HMa OJICTyIAMb5a, MOJICII 2. HHTeH3HTeT HmoTpeca HpHKa3aH je Ha 

MNajarpaMy cHHKa 6.8, Ic CC BHJIĆC pa3JMKC y MaKCHMAaJIHOJ Op3HHH OCIHMIJIOBaMba uecTHIaA TJA 

TIpHJIHKOM HHHIIHpaHba MHHCKC OyIHTOTHHC, 32 06a MOJIeIa. 

68



YHugepsumem y beozpaoOy, Pyoapcko-zeonouku qakyamem 

8. 3AKJbYUAK 

Mone:n rpHka3aH y JIOKTOpcKoj JHcepTanujH HpejicTaBJba pe3ynrTaTe HcTpa)KHBaba, TJI CcC KpO3 
JaOoparTopuHjcka H TepeHcKa Mepehba, Kao H H3pajly MOJIeJIa IIDĆKO MeTOJIĆ pa3/iBOjeHHX CJIČEMCHaTa, 

HcIHIHTaO yTHIj OJUCTyHaHba JIHHHJjE HajMaMber OTIIOpa OJL IIpOjeKTOBaHC Ha HHTCH3HTeET HOTpeca 
TIIpHJIHMKOM MHHHpaMb5a. TOKOM J1aOOpaTOpHJCKHX HCIHTHBaHba H3BDIHICH jc BchH Opoj MepeMa 3a 

yCJOBC KaHa je BcHMuHHa OTIHOpa jejHaKa IHIDOJEKTOBaHOJ H Kaja IMOCTOjH OJCTyHmaReC OJ 

HpojekToBaHor craMĐa. IlorpecH M30a3BaHH RHHHIHMpaPcCM MHHCKcC OymoTHHc mpaheHHM cy 
ceH3MOTrpa()HMa KOjH Cy HOCTAaBJbaHH Ha OJIpebeHoM pacTojakbby OJL MHHCKe Oy1ntoTHHe. PeaynraTH 
naOopaTopHjckHx MepePba oMoryhaMmH cy nopeDeme BpeHOCTH JIHHHJE HajMaMb=er OTHOpa H 

MaKCHMAaJIHC Op3HHc OCHMJOBaHba uccTHIa, 32 CIItyuajeBe ca H Oc3 OJCTyIaMa JMHHHje HajMaHbcr 
oTnopa. 

CrarHcrMuka aHamM3a pe3aynrara MepeĐa H pHKay JjarpaMa jaCHO yKa3y]y Ha pa3JMKy y 
BpeJIHOCTHMa MaKCHMaJIHc Op3HHe OcIIHJIOBaMba uecTHIIa Kajla IOCTOje Behe BpeJIHOCTH OJICTyHaMba 
oTnopa H 3a cJIyuaj KaJia je BpČJIHOCT OJICTyHahba JIHHH]JC HajMaMber OTIIOpa MaMb4a, TJ. onrepehehe Je 

TIpHOJIH;KHO jcJIHaKO IIpOjeKTOBaHOj BpeJIHOCTH. BpeJIHOCT BeJIHuHHC OTIIOpa je IIDOMCHJbHBa JIy)K 
MHHCKe OyIIOTHHe, Ia cy pe3yJIrarH MaTeMaTHuKH aHaj113HpaHH HCHHTHBaFH5CM OJIHOCa MaKCHMAaJIHC 
Op3HHe ocHHJIOBahba uecTHIIa H HOBPIHIHHC OJIMHHHPaHor MaTepHjajma KojH je y3cT y pa3MaTpahbe. 

Monen noOHjeH JaOoOpaTOpHJCKHM HCIHTHBaM=CM BCpH(Q)HKOBaH jC y TCDpCHCKHM yCJIOBHMa, Ha 

MHHCKOM TIIOJby TJIĆ Cy MHHCKC OyHUIOTHHC HHMHIDHpaHcC Ca pa3jMuHTHM BPpCJIHOCTHMA JIHHHJC 

HajMaber oTMmopa H mpahemeM Op3HMHe OcnHMOBaMba uecTHHa. OCHOBHH HapaMeTap MOJIJa, 
KoeQurjeHr K, rpejicraBJjba OJIHOC MaKCHMAJIHC Op3HHe OCHMJIOBaMb4a uccTHHA H IHOBPpIHHHC 
OJIMHHHPaHor MaTcpujajta H3 1aO0OpaToOpHjckHx H TEp6HCKHX HCIHTHB2aM4, HITO yKa3yje Jla TOCTOjH 

Be3a H3MCIJy OBHX BpCJHOCTH, a MOXKC CC BHJIĆTH KpO3 pe3ylnraTe mpopauyHa. Ojcryname HpH 
JaOopaTOpHJcKHM H TČepeHCKHM yCJIOBHMAa je H3paxKcHO IIpeKO Koe(bunujeHra K, kojH H3HOcCH 5,5%. 

Peyyxrrar Mepebba y 1aO0paTOpHjCKHM yCJIOBHMA, a IIOCeOHO Ha TepcHy, y BEJIHKOJ MepH 3aBHCC OJI 

KapakTepHcTHKa MaTepnHjaja H cpejIHHC y KOjOj Ce BpIIC HCHIHTHBaM4. 

IIpHJIMKOM TEpcHCKHX HCHHTHBaHba, IDHCyCTBO MebycojeBa, pacena H HyKOTHHa y MaTcpHjajny 

MO:KE HMaTH 3HauajaH yTHIaj Ha c()eKaT MHHHpaMba, a CAMHM THM Ha pe3ynTaTe H Ha HHTCH3HTCT 
HoTpeca yCJIL MHHHpaMba. Ja OBy BpCTy HcHnHTHBaMba KopHmiheH je MaMH Opoj TepeHCKHX 

HCIIHTHBaMba H Ha OCHOBy MHX ypabeH MOJICH HpenBHDaMma HMoTpeca yce) OJCTymaFba JIHHHJE 

HajMaMber oTIIOpa. OBa 3aBHCHOCT Jje H3pa)KeHa (byHKIMHJOM, KOJa IIpe/ICTaBJba OCHOBy 3a HeKa Oynyha 

HcTpa);KHBaMba y CBDpXy H3pajie MOJcMa rpejnpBHDaa moTpeca y 3aBHCHOCTH OJL yTHIHaja JIHHHJE 
HajMaber oTnopa. Bpjo je TEHTKO TepeHCKHM HCHHTHBaH»HMa OOc3Oc)IHTH JIOBOJbaH Opoj Mepebba, 

jep uecro yrTHmaj pa3Hax (bakTopa cMabbyje MoryhHocr KopHiiheM5a nmojtaTaKa, aJ1H OBaKaB MOJIeJI OH 

y3 HEKy JIOIIyHy IIO1ATaKa MOT4aO IHIOCJIy)KHTH 34 JlaJba HCTpa>)KHBaMba. 

Ha ocHoBy naOopaTopuHjcKHxX MepeMba H MOJICJIA Ha KOMC Cy HCTpa;KHBaba BPHICHa, paljeHo je H 
MOJIeJIHpabbe yTHIHaja KD0O3 HyMeCpHukKH MOJICJI IIDČKO MCTOJIĆ pa3jiBojeHHx eJIeMeHaTa. KanuOpanuja 
MOJIČJIa 32 OBy aHaJ3y BPpIHcHa je IpeMa JHaOoOpaTOpHjCKOM MOJICIIy, TIČ Cy ypaljeHH TeCTOBH Ha 

OJIOKy KpO3 CO(DTBepcKy aHa3JmH3y, a 3aTHM ypaljeHa je cHMyJTalHja KpO3 MOJICJIĆ y yCJIOBHM4 KajJla je 

JHHHJa HajMaMber OTHOpa jeyHaKa IIDpOJEKTOBaHOJ H Kama HMa Bcha ojcTymaMa. IIpHMJIMKOM 

CHMyJIalHje Ha MOJICHIy, BpIeHo je rpahepe yruHmaja noTpeca, rXe cy pe3yarrarH rpHKa3aHH IIpecKoO 

JuijarpaMa, KojH Majy npere/Hy aHajnngy yrHIaja IoTpeca H IIČMaTCKH HpHKa3 TOr yTHIIaja Kpo3 
CaM MOJHICIIL. 
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HcrpaxxHaBabbe npHKa3aHO Kpo3 OBy JHcepraIHjy je moKymaj a ce mpoHalje nHpeKTHa 3aBHCHOCT 

H3MCbjy ojcTymahba IHHHjc HajMaMber OTIIOpa H IOTpeca IIpH MHHHPpahby, Kao H yTHIaja noBehaHor 
ojicTyrmaMĐa JIHHHje HajMaPb=er OTHOpa Ha HHTCH3HTCT HOTpeca KOjH HacTajy yCICL MHHHpaMba Ha 
TIOBpHIHHCKHM KOHNOBHMAa. IIoTpecH yCceL MHHHpaMba Hc 3A4BHCC CaMO OJL jejHoOr mHmapaMcTpa 

MHHHPpaM4, KaO IHTO jc JMHHHJa HajMaMbcr OTIIOpa, 3OOr TOTra HCOINIXOJIHO je CHPOBeCCTH JIAJba 

HcTpaxKHBaĐba KaKO OH CC MOJIĆH HOOOJBMIAO y OJHOCy Ha JIpyre YyCJOBe MHHHpaMba. OBO 
HCTpa);KHBaM= Cc TaKOlee MOXKE KOpHCTHTH 302 CMaM=eMbC (DaKTOpa KaO IHTO Cy HOTpccH yCJC) 

MHHHPpaMba, pa3jicTaPba CTCHCKOr MaTcpHjama, mojaBe HeraOapHTa MT/L, KaO H 34 HOOOJBHIAMbC 
Ge30e)IHOCTH TOKOM MHHHPpahb5a H 3aLTHTC )KHBOTHE CpeJUHHC. 
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10. IPMJIO3H 

Tipunor 1. 3anicuH H3MepeHHx roTpeca ca HHCTpyMeHaTa 

IIpHKa3 HEKOJIHKO H3McpeHMHXx mojmaTaKa H 3amHca Ca CeH3MOrpaQa yce,L HHHIMHpaMba MHHCKC 
OymroTHHe Ha MOJIeHMa, IHIpH yCJIOBHMAa Kajla je nHHHJa HajMaMber OTIOpa jeyiHaKa IIpOjeKTOBaHOJ H 

Kajta HMa OJiCTyrmaMa OJI ipOjeKTOBaHor cTaMba. 

E Instantel Event Report 
Waveform Trigger Source Long at January 12, 2022 Serial Number UM11139 
Trigger Level(s) Geo 0.500 mm/s Model Number Micromate DIN 10.84 
Pre-Trigger/Record Time 0.25 sec/4.3 sec (Auto) Battery Level 3.8volts 
Sample Rate 4096 sps 
Setup File Name ISPITIVANJA_DOKTORAT.MMB 
Operator 

Notes 
Location: 
Client- 
User Name: 
General: 

Post Event Notes No textto be displayed. 

Geophone Tran Vert log DIN4150 
Peak Particle Velocity 30.936 mm/s 22.976 mm/s 22.700 mm/s Velocity versus Frequency (Zero Crossing) 
Zero Crossing Frequency 97.5Hzr 97.5Hz 28.8Hz 
Time (Relative to Trigger) 0.001 sec 0.001 sec 0.002 sec 
Peak Acceleration 3.360g 2843g 19558 ip | i - – | —— 
Peak Displacement 0.309 mm 0.046 mm 0.282 mm 
Sensor Check W Passed W Passed W Passed 
Frequency 7.5Hz 75 73Hz 
Overswing Ratio 36 36 39 

Peak Vector Sum 44.470 mm/s at 0.001 sec 

+ 
e * f0x**> l]·i 

O 10 20 30 40 50 6 / RĆ6?7). 8 TR «&#0 3Hi00 

Frequency (Hz) Sensor Check 
+Tran xVert elong 

“ 
w 
EJ 
w 

sž 
- M Md 

LI / Passed 
» 
o r || 

o o [7] 06 [1] ' 
Time{sec}) 

“ 
» 
EJ 

Š w 
gž o|, / — ——— —— _— ___ ___ ____q — 2804 

Š » / Passed 
» 
o T 

o oz 4 06 [7] ' 
Time{sec}) 

1 
» 
F 
w 

šž 
0 

3 > 0 / Passed 
0 
j r 

[ o 4 [1] [1] ' 
Time({sec}) 

Cnuka 10.1 3anac aHcTpyMeHra Kajla je nHHHja HajMalber oTIIopa OHitma jeJiHaKa IipojeKTOBaHOj JIHHHjH 
HajMaMber oTnopa o/l 30 mm, Mojnci Op.1 
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' instantel 
Waveform Trigger Source. 
Trigger Level(s) 
Pre-Trigger/Record Time 
Sample Rate 
Setup File Name 
Operator 

Notes 
lLocation: 
Client: 
User Name: 
General: 

Post EventNotes Notextto be displayed. 

Geophone 
Peak Particle Velocity 
Zero Crossing Frequency 
Time (Relative to Trigger) 
Peak Acceleration 
Peak Displacement 
Sensor Check 
Frequency 
Overswing Ratio 

Peak Vector Sum 

Tran at January 13, 2022 
Geo 0.500 mm/s 
0.25 sec/4.4 sec (Auto) 
4096 sps 
ISPITIVANJA_DOKTORAT.MMB 

Tran 
53.715 mm/s 
74Hz 
0.002 sec 
4446g 
0.168 mm 
M Passed 
7.5Hz 
36 

Vert 
40.922 mm/s 
85.3 Hz 
0.002 sec 
5.0028 
0.136 mm 
W Passed 
7.5Hz 
36 

109.410 mm/s at 0.002 sec 

Event Report 
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86.085 mm/s 
27.3 Hz 
0.002 sec 
82578 
0.440 mm 
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7.3Hz 
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Cnuka 10.2 3anac aHcrTpyMeHra Kajna je HHja HajMabser oTIopa HMajta OJiCTynatba OJI IIDOjeKTOBaHC, 

MoJici Op.1 

II



Ynueepsumem y BeoopaoOy, Pyoapcko-eeo.noukKu qdbaKyjumem 
Tr
an
 

Ve
t 

lo
ng

 

' 

E Instantel Event Report 
Waveform Trigger Source Long at February 21, 2022 Serial Number UM11139 
Trigger Level(s) (Geo 0.500 mm/s Model Number Micromate DIN 10.84 

Pre-Trigger/Record Time 0.25 sec/4.5 sec (Auto) Battery Level 3.8volts 
Sample Rate 4096 sps 
Setup File Name ISPITIVANJA DOKTORAT.MMB 

Operator 

Notes 

Location: 

Client: 

User Name: 
General: 

Post Event Notes No textto be displayed. 

(Geophone Tran Vert DIN4150 
Peak Particle Velocity 53.990mm/s | 94.732mm/s | 99.398mm/s 'Velocity versus Frequency (Zero Crossing) 
Zero Crossing Frequency 64.0Hz 53.9 Hz 33.0Hz xs x 
Time (Relative to Trigger) 0.002 sec 0.002 sec 0.004 sec ı ı ı I I I I OI 
Peak Acceleration 6.0558 8.862g 8.6998 d 
Peak Displacement 0.708 mm 0.639 mm 0.776 mm 

Sensor Check W Passed W Passed / Passed 
Frequency 7.5Hz 7.5Hz 73Hz 

Overswing Ratio 36 36 39 

Peak Vector Sum 136.346 mm/s at0.002 sec 
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Cnuka 10.3 3anac aHcTpyMeHra Kajna je nHHHja HajMaber oTrIopa OHita jeyiHaKa IipojeKTOBaHOJj JIHHHjH 
HajMabber oTnopa oJl 30 mm, MojJnce: Op. 5 

III
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f Instantel Event Report 
Waveform Trigger Source Long at February 21, 2022 Serial Number UM11139 
Trigger Level(s) Geo0.500 mm/s Model Number Micromate DIN 10.84 
Pre-Trigger/Record Time 0.25 sec/4.5 sec [Auto} Battery Level 3.8 volts 
Sample Rate 4096 sps 
Setup File Name ISPITIVANJA DOKTORAT.MMB 
Operator 

Notes 
Location: 
Client: 
User Name: 
General: 

Post Event Notes No textto be displayed. 

Geophone Tran Vert long DIN4150 
Peak Particle Velocity 53.990 mm/s 94.732 mm/s 99.398 mm/s Velocity versus Frequency (Zero Crossing) 
Zero Crossing Frequency 64.0Hz 53.9Hz 33.0Hz · “ 
Time (Relative to Trigger) 0.002 sec 0.002 sec 0.004 sec || ı || || ı ı ı ı ı 
Peak Acceleration 605g 88628 8639g d 
Peak Displacement 0.708 mm 0.639 mm 0.776mm 

Sensor Check W Passed W Passed W Passed 
Frequency 75Hz 7.5Hz 73Hz 
Overswing Ratio 36 36 39 

Peak Vector Sum 136.346 mm/s at 0.002 sec 
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Cnuka 10.4 3anac aHcrTpyMeHra Kajna je IiHHja HajMaĐser OTIOpa HMajlIa OJiCTynatba OJI IIDOjeKTOBaHEC, 
MOJICJI Op.5 
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E Instantel Event Report 
Waveform Trigger Source Tran at February 22, 2022 Serial Number UM11139 
Trigger Level[s} Geo 0.500 mm/s Model Number Micromate DIN 10.84 
Pre-Trigger/Record Time 0.25 sec/4.0 sec (Auto) Battery Level 3J volts 
Sample Rate 4096 sps 
Setup File Name ISPITIVANJA_DOKTORAT.MMB 
Operator 

Notes 

Location: 
Client: 
User Name: 
General: 

Post EventNotes No textto be displayed. 

Geophone Tran Vert Long DIN4150 
Peak Particle Velocity 35.547mm/s · 37.368mm/s ~ 96.064 mm/s Velocity versus Frequency {Zero Crossing) 
Zero Crossing Frequency 585 Hz 93.1 Hz 39.4Hz 8 
Time (Relative to Trigger) 0.002 sec 0.002 sec 0.002 sec II I I I I I I I I 
Peak Acceleration 2.554g 3495g 8727E k 
Peak Displacement 0.174 mm 0.084 mm 0.311 mm 
Sensor Check M Passed / Passed / Passed 
Frequency 7.5 Hz 7.5Hz 73Hz 
Overswing Ratio. 56 3.6 38 

Peak Vector Sum 108.672 mm/s at 0.002 sec 

ii 
t 
-i 

š 

o 1 20 3 40 5 6: 7” m 90 100 

Frequency (Hz) Sensor Check 
+Tran xVert elong 

120 – i 

P 
“1 i 

E 3 ii 
-40 _ 

ž _ V Passed 

-120 T T T T T T T +ž 
o 05 ı 15 z 25 3 35 4 

Time{sec} 

120 
) w 

Š H s o -Ž 
š -40 _ 

-80 - V Passed 

-120 T f T T T T T T 

o 05 + 15 z 25 3 35 4 

Time{sec} 

s 

ž j 
}i *Ž o 

ši 
ž 

-80 -| M Passed 

-120 T T T T T T T T 

o 05 1 15 z 25 3 35 4 

Time{sec} 

Cnuka 10.5 3anac aHcTpyMeHra Kajla je nHHHja HajMalber oTIIopa OHitna jeJiHaKa IipojeKTOBaHOJ JIHHHjH 

HajMabber oTnopa o/ 30 mm, Mojice: 0p. 8 
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Ž Instantel 
Waveform Trigger Source 
Trigger Level(s) 
Pre-Trigger/Record Time 
Sample Rate 
Setup File Name 
Operator 

Notes 
location: 
Client: 
User Name: 
General: 

PostEventNotes No textto be displayed. 

'Geophone 
Peak Particle Velocity 
Zero Crossing Frequency 
Time (Relative to Trigger) 
Peak Acceleration 
Peak Displacement 
Sensor Check 
Frequency 
Overswing Ratio 

Peak Vector Sum 

Event Report 

Serial Number 
Model Number 
Battery Level 

Long at February 22, 2022. 
Geo 0.500 mm/s. 
0.25 sec/3.8 sec (Auto) 
4096 sps 
ISPITIVANJA_DOKTORAT.MMB, 

Vert 
24.008 mm/s 
759Hr 
0.002 sec 

Tran 
49.514 mm/s 
19.1Hz 
0.002 sec 

long 
115.067 mm/s 
32.5Hz 
0.002 sec 

UM11139 
Micromate DIN 10.84 
37 volts 

DIN4150 
Velocity versus Frequency {Zero Crossing) 

4.505g 
0.407 mm 
/ Passed 
7.5 Hz 
36 

2.508g 
0.144 mm 
/ Passed 
7.5 Hz 
3.6 

10.4328. 
0.432 mm 
/ Passed 
73 Hz 
39 

127.118 mm/s at 0.002 sec 
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Cnuka 10.6 3anac aHcrpyMeHra Kajna je HHja HajMabser oTIOpa HMajta OJiCTynaba OJI IIDOjeKTOBaHčC, 
MoJnicI Op.8 
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Tipuxnor 2. 3anuc H H3MepHu nojtari Op3HHe rIpocTHpatba Tazmtaca KpO3 MaTepHjaj 

MnsMepeHu mnojnaruı Op3uHe IipocTHpatba TaJ1taca KpO3 OJIOKOBe, KOJH Cy KopunrheHu IIpH HcCHHTHBaH5y 
y 1aOopaTOpHjCKHM yCJIOBHMa. 

\nneu O Time 1 'Correction Factor 

SignalCurve [9 Settings & Results Device Information 
- -1,2% Calib. Time Offset: -169 Device Namet Pundit 

t1=1360Ws Probe Type: Exponential | SerialNumber: UPO1-001-0041 
Probe Freq.: 54 Software Version: 3011 
Puse Voltage: — 50V Hardware Revision – B3 
Probe Gain: 5 

- Comment 
„ 

O 390 1OD 150 200 250 300 350 400 450 500 550 . 600 650 700 750 
Time [ys} 

Signal Curve. [ Settings & Results Device Information 
ii -20% Calib. Time Offset: -1695 Device Name: Pundit 

d= 1365ps Probe Type: Bxponential - SeralNumber | UPOI-001-0041 
Probe Freq. 54e Software Versiom: — 3,0,11 

s Pulse Voltage:  50V Hardware Revision: – B3 
Fi Probe Gain; 5 

OJ ——— _ Comment 
|j Š [add} 
1 -5+ 

10——+ + + +——+ 
O 50 100 150 200 250 300 350 400 450 . 500 550 . 600 650 700 750 

Time {ps] 

Cnuka 10.7 3anac aHcTpyMceHTa ripMJıMKOM Mepetba Op3uHe rIIipocTHpabba JIOHrHTy/(HHaJIHHX TajIaCa 
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Tipuxnor 3. IIpaKa3 Koja IipH MOJIeJIipaby yTHIaja JIHHHJe HajMaiber OTIIOpa 

IIpaka3 Kkojta HyMepHuKOM aHaJIH3OM H IIDpHMCHOM MCTOJIĆ pa3)iBOjJeHHX cJIČMeHaTa KOJI MOJIeJIHpabba 
yrunmaja HHHMHJje HajMaMber OTIHIOpa Ha HHTCH3HTeET HOTpeca ycHe,yL MHHHpaMa Kaja je jeHHaKa 

TIpOjeKTOBaHOJ H Kajla HMa OJICTyIaMba. 

import math 

import os 

import sys 

import random 

import time 

from yade import pack, qt, plot, timing, utils 

from yade.params.table import * 

from math import radians, sqrt 

O 
O 

O 
M 

OY
 
UI

 
R 

U 
M 

I 

10. # Define material parameters 

11. readParamsFromTable( 

12. noTableOk=True, 

13. testType='cy1', # Type of test ['cy1','cube'] 

14. density=960, 

15. young=3.5e9, 

16. poisson=.2, 

17. frictionAngle=radians(32), 

18. sigmaT=3e5, 

19. epsCrackOnset=1e-4, 

20. relDuctility=30, 

21. ) 

23. # Append materials 

24. concMat = O.materials.append( 

25. CpmMat(density=density, young=young, frictionAngle=frictionAngle, 
26. poisson=poisson, sigmaT=sigmaT, epsCrackOnset=epsCrackoOnset, 

27. relDuctility=relDuctility) 
28. ) 
29. 

30. concMatO = O.materials.append( 

31. CpmMat(density=density, young=young, frictionAngle=0, 
32. poisson=poisson, sigmaT=sigmaT, epsCrackOnset=epsCrackoOnset, 

33. relDuctility=relDuctility) 
34. ) 
35. 

36. # Define geometric parameters 

37. chargeRadius = 0.004 

38. particleRad = chargeRadius 

40. # Create geometric objects 

41. charge = pack.inCylinder((0.125, 0.03, .17), (0.125, 0.03, 0.25), chargeRadius) 
42. block = pack.inAlignedBox((0, 0, 0), (0.25, 0.6, 0.25)) 
43. boxOut = pack.inAlignedBox((-0.05, -0.05, -0.05), (0.30, 0.63, 0.30)) 

44. 

45. O.bodies.append(pack.regularHexa(block, radius=particleRad, gap=0, material=concMat, 

color=(0.6, 0.6, 0.6))) 

46. 

47. print("Packing finished") 
48. 

49. # Function to fix certain bodies based on position 

50. def fix(): 
51. for o in O.bodies: 
52. if isinstance(o.shape, Sphere) and o.state.pos[2] < 0.025: 
53. o.state.blockedDOFs += 'xyZ'" 

54. o.shape.color = (1, 0, 0) 
55. 

56. fix() 
57. print("Fix finished") 
58. 

59. # Color and adjust charge particles 
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60. for o in O.bodies: 

61. if isinstance(o.shape, Sphere) and charge(o.state.pos, 0.25 * o.shape.radius): 
62. o.shape.color = (0, 0, 1) 
63. o.shape.radius = 2 * chargeRadius 

64. 

65. O.step() 
66. utils.calm() 
67. 

68. # Monitor location function 

69. def monitorLocation(): 
70. target = (0.125, 0.18, 0.25) 
71. min_distance = float('inf') 

72. closest_body = None 

73. 

74. for b in O.bodies: 

75. if isinstance(b.shape, Sphere): 
76. distance = sqrt(sum((b.state.pos{i] - target[i]) ** 2 for i in range(3))) 
77. if distance < min_distance: 

78. min_distance = distance 

79. closest_body = b 

80. 

81. closest_body.shape.highlight = True 

82. return closest_body 

83. 

84. monitorID = monitorLocation() 
85. print(monitorID.state.pos[0], monitorID.state.pos[1], monitorID.state.pos[2]) 

86. 

87. # Add plot data function 
88. def addPlotData(body): 
89. vel = body.state.vel 

90. Vx, Vy, Vz = (v if abs(v) » 1e-3 else 0 for v in vel) 
91. V = math.sqrt(Vx**2 + Vy**2 + Vz**2) 
92. plot.addData(t=O.time, V=V, Vx=Vx, Vy=Vy, Vz=Vz) 
93. plot.saveGnuplot('data_base_mode1l' ) 

94. 

95. plot.plots = {'t': ('Vy', 'Vz', 'VW)} 
96. plot.liveInterval = 1 

97. plot.plot(subPlots=False) 
98. 

99. # Pressure and force calculation 

100. P = 1e6 # 1MPa 

101. A = 2 * math.pi * chargeRadius * 0.05 

102. Fitot=P?*A 

103. niter = 1 

104. F_i = F_tot / nIter 

105. 

106. # Function to apply force 
107. def forceApply(initiationData, F_i): 

108. for id2, norm in initiationData: 

109. fx, fy, fz = (0.33 * norm[i] * F_i for i in range(3)) 
110. O.forces.setPermF(id2, (fx, fy, fz)) 
111. 

112. # Collect charge IDs and calculate total volume 

113. chargeIDs = [b.id for b in O.bodies if isinstance(b.shape, Sphere) and b.shape.color == (0, 

0, 1)] 
114. chargeParticlesTotalVolume = sum(O.bodies[id].state.mass for id in chargeIDs) 

115. 

116. # Initiate and apply forces 

117. initiationData = [] 

118. for idl in chargeIDs: 
119. for i in O.interactions: 
120. if i.idl == idl and i.id2 not in chargeIDs: 
121. norm = i.geom.normal 

122. O.bodies[i.id2].shape.color = (0, 1, 0.1) 
123. initiationData.append((i.id2, norm)) 
124. 

125. forceApply(initiationData, F_i) 

126. 

IX 
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127. 

128. 

129. 

130. 

131. 

132. 

133. 

134. 

135. 

136. 

137. 

138. 

# Erase charge bodies 

for id in chargeIDs: 
O.bodies.erase(id) 

print("Prep finished") 

# Simulation setup 
O.dt = 2e-7 

enlargeFactor = 1 

O.engines = [ 
ForceResetter(), 
InsertionSortCollider({Bo1 _ Sphere_Aabb(aabbEnlargeFactor=enlargeFactor), 

Bo1 Wall_Aabb(), Bol1_Facet_Aabb()], label='collider'), 
139. InteractionLoop({[Ig2 Sphere_Sphere_ScGeom(interactionDetectionFactor=enlargeFactor), 
Ig2 _Wall_Sphere_ScGeom()], [Ip2_CpmMat_CpmMat_CpmPhys()], [Law2_ScGeom_CpmPhys_Cpm()]), 

140. 

141. 

142. 

NewtonIntegrator(damping=.8, gravity=[0, 0, -9.81]), 
PyRunner(initRun=True, iterPeriod=1, command='addPlotData(monitorID)'), 
VTKRecorder(fileName=os.path.join(os.getcwd(), 'output', 'blast_base model'), 

recorders=| 'a11'], iterPeriod=100, initRun=True), 

143. 

144. 

145. 

146. 

] 

O.run(5000) 
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BHOTPAOMHJA 

Cre(ar MuzauHonuh pobeH je 23.08.1991. romiHe y Beorpanty. OcHoBHy H cpejiPby HIKOJIy 3aBpITHO 

je y JlajKoBmy ca OJUIHUHHM yCHECXOM. OCHOBHC CTy|HJE CTy}MJCKH IIporpaM - pyjapcko 

HH)KCMSGpCTBO, MOJIyJI - HOBpIHHHCKa cKcoaTalHja JCOKHIITA MHHCpaJIHHX CHpOBHHAa, yIHCaO 
2010. romuHe. OcHoBHe cryyuje aaBpmmo je 2014. romaHe H onOpaHuo 3apprrHu paji ca oteHoM 10 

H HpOCeuHOM OLHCHOM CBHX TIOJIOKCHHX HcHHTa 8,61. Macrep cry)ije Ha Py)rapcKo — TČOJIOHIKOM 

(akynrerTy y Beorpajny, MOJIyJI — HOBPpIHIHHCKa cKcrinmoaTanuja JIc)KHIITa MHHCpaJIHHX. CHpOBHHA, 
ynucao Je 2014. ronauHe. TonmaHe 2015. saaBpmmHo je MacTep crynuHje H ojOpaHHo MacTep paji ca 

OHČHOM 10 H rIipoOceuHOM OIHIČHOM CBHX IIOJIO)KCHHX HcrmHTa 9,20. 

TOKOM OCHOBHHX H MacTep cTy/Hja ojnpaziHo je JBe crpyuHe rnpakce (PB „Konyoapa“, EkcnjIo3HBH 

PYVXJIEKC). V roky acrep cry)uija 3amocio ce Ha Py}lapcKoO-TeOJIOIIKOM (bakymrreTy y Beorpany 

(KarenpH 3a TOBpmHHcKy ecKcrinmoaTanujy JeKHITTa MHHCpaJIHHX CHDpOBHH2), Kao HcTpaxXuBau Ha 
THpojeKTy TEXHOJIOIIIKOT pa3BOja, MHHHCTapcTaBa IIDpOCBETC, HayKC H TeEXHOJIOMHIKOTr pa3Boja 
„BHnteHaMeHCKH ayTOHOMHH CHCTECM 34 AJBHHCKO Hpaheme mMapaMerTapa cramĐa y py,(HHIMHMa H 

OKpyxkebby, TP33003“. Kao capajnHHk ripo0. np Jlaaapa Kpauka yuecTBoBao Ha BeheM Opojy Mepebba 

CeH3MMHuKHX IIOTpeca ycJIe)l MHHHpaM>a, Kao H H3pa)ui e1aOoparTa, ripojeKara H TeXHHUKHX pelmeMa. 
Ayrop HH KoayTop BHIe HayuHHx pajloBa ca MebyHapo/HHx HJ oMahuHx uaconuHca H pajnoBa ca 

MeDyHapojiHHX KOH(bepeHtiHja. 

/lokropcke cry)je Ha Py}apcKO-TCOJIOHIKOM (pakyTeTy y Beorpay, CTy}MjckH IporpaM - 

pynapcko HH:;KeP»epcTBo, ynucao je 2016. romaHe. OOyueH 3a paj Ha co(TBepHMMa, yrpaBJbahbe 

OecCIHIOTHHM JICTCJIHIAM4a, KaO H II03HaBaMbe eHrHecKor JeaHKa. KopacrH AutoCAD, O-Pitblast, kao 

H HCKOJIHHHHy CHecHHjaJmOBaHHX co()TBepa H3 oOmacrHM py/apcrBa H cod()TBepa 34 H3pany 3D 

MOJieTa TepeHa. V HOBeMOpy 2017. rojuaHe, nonoxxuo je crpyuHuH HcHHT H3 OOJtacTH py}napcTBa. 



H3JABA O AVTOPCTBY 

Me H npeauMe ayropa: CrebauH B. MunanoBuh 

Bpoj aHnekca: P709/16 

MHyjaBJbyjeM 

JHa ie JIOKTOpcKa HI/ICCpTaHHia IIOJI HaACJIOBOM 

Monemipame yrHHaja ocTymaMa JMHHjeE HajMaHber OTHOpa OJL HpOjeKTOBaHC Ha HHTCH3HTECT 
HoTpeca OJL MHHHpaMba. 

• pe3yJTaT CoOHmcTBeHor HcTpax;kHBaukor pajia; 

• a Jcepranuja y HeJIHHH HH y JIeJ_1OBHMa HHje OHiTa rIpeyUIO)KeHa 3a cCTHIIAPe JIpyre JUHTIJIOMC 

HipeMa CTyJUHJCKHM IIpOrpaMHMa JIpyrHxX BHCOKOIIHKOJICKHX yCTaHOBa; 

• Jacy pe3ynrarH KOpeKTHO HaBeJIeHH H 

• a HHCaM KpImHo/a ayTOpcKa rpaBa H KOpHcTHO/Ha HHTeJIeKTyaJIHy CBOJHHy JIpyrax Ia. 

IIornuc ayropa 

V Beorpany, 07.02.2024.ronaHe 



H3JABA O HCTOBETHOCTH IITAMIIAHE 

H EJIEKTPOHCKE BEP3HJE JIOKTOPCKOT PAJIA 

MHwe H npeauMe ayropa CrepanH B. MunarHopuih 

Bpoj aHneKca P709/16 

Cry7)uijcku nporpaM PynapcKo HH»XePbepCTBO 

HacnoB pama Monenipabe yrHiaja OJCTyIaM4a JHHHjE HajMaMb6r OTIIODa OJL HDOJEKTOBaHC Ha 

HHTEH3HTET IIOTpeca OJI MIHHDpaHba 

MeHrop tripo0. np Jlasaap KpauakK 

MHnjaBJbyJeM Ja je mrraMIaHa Bep3HJa MOT JIOKTOpCKOTr pajla HCTOBCTHa CJIČKTDOHCKOJ Bep3HJH KOJy 

CaM ripe}tao/na pa)ui moxpabbeHa y JlururajiHoM peno3uTopujyMy Yınunepi3urera y Beorpa/ty. 

/{o3BOJbaBaM JIa Cc OOJaBC MOJH HHuUHH HOJaALNH BC3aHH 3a JOOHJaMe aKaJIĆMCKOT Ha3HBa JIOKTOpa 

HayKa, KaO IIITO Cy HMC H IIpe3HMEC, rOJHHa H MecCTO pobehba H JaTyM OJIOpaHe pajta. 

OBH JMHUHH HOJaIMH MOTy Ce OOJaBHTH Ha MPpe);KHHM cTpaHHIaMa urHTaJIHe OHOJmMMOTeKe, y 

eJIeČKTDpOHCKOM Karajory H y ryOnaKarujaMa YHuHBep3HTera y Beorpa)lty. 

IIornuc ayropa 

V Beorpany, 07.02.2024.ronaHe



H3JABA O KOPBHIIHThEIby 

OpiamhyJjeM YHuBep3Hrercky 0HOnuoTeky „CBeroaap Mapkonuh“ na y /InraranHu peto3TopHjyM 

VHiunepyaurera y Beorpajny yHece MOJy JIOKTOpcKy JUHcCepTarnujy IOI HaCJIOBOM: 

Monemipame yrHHaja ocTymaMa JMHHjeE HajMaHber OTHOpa OJL HpOjeKTOBaHC Ha HHTCH3HTECT 

HOTpeca OJL MHHHpaMba, 

Koja Je MOJe ayTOPCKO JIeJIO. 

/lucepranujy ca CBHM IIpHJ103HMa ripenao/ma caM y eJIČKTDOHCKOM (DOpMaTy HOTOJUHOM 34 TpajHo 

apxHBupame. 

Mojy MokKTopcky Jucepranujy HMoxpameHy y /DarHTaJHOM peHO3HTOpHJyMy VHMBep3aHTeTa y 

Beorpa/ny H JNOCTyHHy y OTBOpČHOM TIIpHCTyHy MOTy a KOpHCTEC CBH KOjH mMomrryjy OoJIpenoc 
canpxKaHe y o,aOpaHoM THy JIHICHIe KpeaTHBHe 3ajeJHHme (Creative Commons) 3a Kojy caM cc 

oJUIyuHo/Ha. 

1. Ayropcrno (CC BY) 

2. AyTopcTBo — HeKoMeprnujaniHo (CC BY-NC) 

@Aympcnm — HeK0Mepiuuja.jino — 6e3 npepajia (CC BY-NC-ND) 

4. AyTOpCTBO — HEKOMCPIHJaJIHO — JIeJ1HTH HOJI HCTHM yCJ1OBHMa (CC BY-NC-SA) 

5. Ayropcrno – 0e3 npepajnna (CC BY-ND) 

6. AyTopcTBo — nennTH H01 HCTHM yc)1OBHMa (CC BY-SA) 

(Mo:mMo a 320Kpy)KHTE CaMO jeCJIHy OJIL IHICCT IIOHylcHHX JIHILCHIHH. 

Kparak ornuc JIHIHIH jJe cacTaBHH JICO OBC H3JaBC). 

IIornuc ayropa 

V Beorpany, 07.02.2024.ronaHe 



1. AyropcTB0. /[o3B0JbaBaTe yMHO)KaBalbe, JUHCTpHOyiHjy H jaBHO caorraBahbe Jicna, H IIpepa/jie, 
aKO CC HaBCJIĆ HMC ayTOpa Ha HauHH OJIpelbjeH o,1 crpaHe ayTopa HJIH JaBaOla JIHIIČHIĆ, MaK H y 

KOMCPIIHJaJIHe CBpXe. OBo je Hajcx10060JmHHja OJ CBHX JIHIIČHIIH. 

2. AyTOpCTBO — HeEKOMePpIMjaJHO. /lO3BOJbaBaTC YyMHO)KaBaMbc, JIHCTDpHOynHjy H JaBHO 

caorrrtraBahbe Jiea, H IIipepajie, aKO Ce HaBeJIe HMe ayTOPa Ha HauHH OJIpeljeH oJl crpaHe ayTopa HJIH 
yJlaBaorma mineHrne. OBa niHrneHia He J(O3B0JbaBa KOMCPIIHJaJIHy yrIoTpeOy Jenma. 

3. AyropcrTBo — HeKOMepiiuja.jiHo — 6e3 mpepajta. J[o3B0JbaBaTe yMHO)KaBaM, JHCTpHOynujy H 

jaBHo caorrrraBahbe /Iea, 063 IIDOMCHa, IIpeOOJIHKOBaFba HJIH yrIOTpeOc JieJ1a y CBOM JICJIy, AKO CC 
HaBeJte HMe ayToOpa Ha HauHH OJIpeDeH oJi crpaHe ayropa HH JaBaorma JmieHre. OBa nurnenia He 

J(03BOJbaBa KOMeCprjanHy ynoTpeOy Jema. V OJHOCy Ha CBC OCTAJIĆ JIHIIČHIIĆ, OBOM JIHIICHIIOM Ce 
orpaHuHuaBa HajBehH O0BM tipaBa KopHmihema nena. 

4. AyropcTB0 — HeKOMePpIIHjAJIHO — JIeJIHTH HIOJ] HCTHM yCJIOBHMa. J[03BO0JbaBaTe yMHO;KaBaMbe, 
JuacrpHOynujy H jaBHo caorrmrraBa?be Jiea, H ripepajie, ako ce HaBeJle HMe ayTOpa Ha HauuHH OJIpebeH 
oJ crpaHe ayrTopa HH JlaBaoOrla JHIIeHIIe H aKO Ce rpepana JucTrpHOyHpa IOJ HCTOM HJIH CJIHUHOM 

JIHIIeČHILOM. OBa JHHHeHIa He J(O3BOJbaBa KOMCpnjajJiHy ynoTpeOy Jena H rpepaj?ta. 

5. AyropcrTB0o — 0e3 npepajta. J[oaB0JbaBaTe yMHO;KaBaPbe, JHCTpHOynujy H jJaBHO caortrTaBaHbe 

Jiena, 0c3 IIpOMeHa, IIpe00J1HKOBaFba HJIH yrIOTpe0e J/IeJ1a y CBOM JIeJ1Iy, aKO Ce HaBeJIec HMe ayTOpa Ha 
HauuH oJipebeH oJt crpaHe ayropa H naBaorta JHeHrne. OBa HeHia J(O3B0JbaBa KOMCPLHHJaJIHy 
ynoTpe0y Jnezta. 

6. AyToOpcTB0 — ne:iHTH HOJI HCTHM yCJIOBHMa. J[03BOJbaBaTe yMHO)KaBalbe, JUHCTpHOy1nHjy H JaBHO 

caorrrraBame Jeza, H ripepajie, aKo ce HaBeJIe HMe ayTOpa Ha HauuH OJIpeDeH oJ crpaHe ayTopa HJIH 

ylaBaorta JmIeHre H aKo ce rpepanta mucrpHOyupa IOJ HCTOM HJIH CJIHUHOM JIHIICHITOM. OBa JmHreHrna 

J(03BOJbaBa KOMePpiHJaJtHy yrioTpeOy nezma H rpepajta. CrmuHa Je co(bTBepcKHM JIHIIeHILAMa, OJIHOCHO 

JHIeHIIAMa OTBOpCHOT KOJIa.


