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Pes3uMe 

Ekcnnoaranuja HadQre H raca KJbyuHa je 3a 3aJOBOJbBeme TJIOOaJIHHX 

eHeprerckux morTpeOa. Paamnunre MerojJe ce KOpHcTe 3a e()MKacHO Baljebbe THX 

TIipHpojiHHx pecypca H3 3eMJbe. MexaHiuke MeTOJe eKcImIoaTalHje, KOJE yKJbyuy]y 

paanaiunre BpcTe IIyMIIH H KOMIIpecopa, Hrpajy 3HauajHy yJIOry y OBOM TIPOIIeCy. 

V gad(THoj HHAJUycrpHjH, e()uKacHa ekKrioaranuja Had(Te H raca 3aBHCH OJL 

gw30opa ojroBapajyhe TexHoMorHje HyMmaMa. JiBe OJL HajpacHnpocTpaMbeHHjHX 

TeXHOJIOrHJa Cy JIyOHHCKE HyMIIeC Ca KJIHIIHHM IHHIKAMA (ecHrL. Sucker rod pumps- 

SRP) u enekTpuunHe noranajyhe rmyMme (eHra. Electrical submersible pump- ESP). 

OnBaj 3apprrHu pajt he rpyxxaru rpere)n MexXaHHuKHX MeTOJIa cKCIIJIOaTaTJC, 

HcTpaxkyjyhH H»MXOBC TeXHOJIOTHJeE, Hpe}(HOCTH H H3da3OBe, TaKolje he HcrpaxHTH 

TeXHHuKe KapaKTepHcTHKe, rpenHocTuH H HenocTaTKe ESP u SRP nyMmu, Kkako 0H ce 

oMoryhuno JOHOIIePbe HHObopMHcaHor H30opa 3a cremuibauHe ycaroBe OymoTuHa H 

KaKo OH ce Onmxxe oOjacHuma cryyuija cnyuaja H pa3no3H Be3aHM 3a 3aMeHy ESP 

THyMire ca SRP rryMIoM. 

KibyuHe peuu: 0y6uucke nyune ca KanunHuM uuhKaMa, 3aMeHa, e/lekmpuuHa 

nomanajyha nyuna, npou36eootba, 0yuiomuna
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1. YyBOJI 

Ca nonBehaHOoM r3100aJ1HOM IIOTpa)KP50M 324 ČHeprHJOM H OrpaHHueHHM HOBHM 

pe3epBaMa yTJbOBOJUOHHKa, OJpxKaBaĐb= mocrojehax HaQbTHMx OymoruHa mocrTaje 

KJByuHO 3a 3aJOBOJbeĐe mMoTpeOa Tpxumrra. MexaHMuka ekKcrimoaranuja Hrpa 

BHTAJHy yJIOTy y OHTHMMH3AIMJH TIDOJUyKTHBHOCTH MHCIHDHIJbeHMX OymoTHHa H 

yHarnpeljeby ripoH3BOJube y OynIoTHHaMa KOJeE HeMajJy JIOBOJbHYy JICOKHIHHy CHeprHJy 

3a M3HOHIeMĐbe (pHyHnma Ha THOBDIHHHy HJ a OJP)KeE CKOHOMCKM OJP)KMBy 

TIpOH3BOJUby. (Flatern, 2015) 

Kana nupupojHa eHeprHja Mexumra HHje JIOBOJbBHa MLa Had(Ta MHNH JpyrH 

(pnyuH)H CTHTHy Ha HOBpHMHHy, MeXaHHukKa eKcmoaTalja Hpyxka pemreme. OBa 

MeTOJIa Hmonpa3yMeBa Kopummheme BemraukHMx cpecTaBa 3a moBehaĐe IHIpoOTOKa 

TeuHOcCTH H3 OymnlorHHe. OCHOBHH mpHHmuH je OJaBaĐe eHepruje yHyTap 

OymrIorHHe KaKO OH Cec CTBOpHO moTpeOaH npHTHMcak Ha Hy OymoTHHe. OBHM 

TIpOHeCOM Ce OMoOryhaBa a JICKHIHTEC TIIDOH3BOJUH Ha(pry HO )KOJBČHOM HHBOyJ. 

(Ugochukwu Ilozurike Duru, 2021) 

Hako HOCTOjI/I HCKOJIHKO McTOJIa MeCXaHHuUKC eKcnnoaTaunje, J\BC TJIaBHC 

KaTeropHjJe yKJbyuyj]y CHCTEM IIyMmažba H gas-lift. (Ladopoulos, 2020) 

IIIro ce THue caMHX CHCTeMA HyMIaHba, OHH OOyXBaTajy JyOHMHCKy IIyMIIy 

(SRP), enekTpauny moranajyhy mryMny (ESP), Bajuany ryMny (PCP), xanpaynaiuHe 

MJI23He HyMme (HJP) a myMxep myMne (PP). (Ugochukwu Ilozurike Duru, 2021) 

(Crnogorac, 2020) 

Ha crmanu 1.1. nponernryanno je rpHKa3aHa ripiMeHa MexXaHHuUKHX MeTOJIA Ha 

THOOaJIHOM HHBOVJ, TJIe JyOMHHCKC HyMIC Ca KJIHIHHHM IHHHKaMa HMajy yuemhe OJL 

82%, rac maQr on 10% u nyOMHcke emeKTpHuHe HeHTpHQbyrajHe IHYyMIc HMajy 

yuemhe o 4%. XunpaynauHe H 3aBOJHe IIyMIIĆ Cy y IpHMeHH 3aCTyIIbeHe Ca 2%. 

(Crnogorac, 2020)



82% 

Cnuka 1.1 3acmyn;benocm Memooa Mexanuuke ekcnnoamauuje Ha 2no0ajJtHoM 
nuu6oy (Crnogorac, 2020) 

Mexagmuuka ekcrimoaTanuja HMa JIBe OCHOBHE CBPpXe: 

1. IHoOojburame HpouM3B0/Ube y IpupojiHo HcHpIbeHHM OyIIO0THHaMa: OBJIĆ 

ce IIpHMebbyje 3a OOHaBJbaMbe IIpOJLyKTHBHOCTH OyroTHHa Koje cy H3ryOmHJe 

TIpHpojJiHH IpuHTHcaK H BHIIC H MOTY Jla IIpoH3BOJle Ha yoOHuajeHOM HHBOy. 

2. IHonmpmiKa u ojipxxapam»e poroKa y aKTHBHHM OyuroTuHaMa: Jemhe ce 

KOPpHCTH 3a OuyBaMbe IoOcTOjJeher HHBOa IIpOH3BOJUPe, OcHrypaBajyhu na 

OymroTHHa HacTaBH Jla (byHKIIHOHHIIC y OIITHMAJIHOM H ČKOHOMCKH 

OJIDp2*XHBOM PpacnoHy. (Okodi, 2017) 

IIpu H30opy cHcTeMa MeXaHHuKke ekKcrimoaTanuje Ha(rHax OynroTHHa, 

HH?XKeMbepH MoOpajy y3eTH y oO3up OpojHe (baKTope, yKJbyuy]JyhMH HOJL3eMHC yCJIOBE, 

KapaKkTepHcTHKc pe3epBoapa, Bpcre (pnyuna H omeparTuBHe acmeKre. OjnpebaBame 

HajnpHKajHuHjer CHCTeMa 3aBHCH OJL pa3mMuHTHX MHapaMeTapa KaO IHTO Cy 

OuČKHBaHC CTONC IHpoM3BOJUbe, JUyOMHa jJexumra, reoMeTpHja OyITOTHHe, 

KoH(burypanuja onpeMaba H OrIpeMa Ha HOBpIHHH. TaKolje, Ba)XHO je pa3MOTpHTH 

ČKOHOMCKC aCIICČKTE, yKJbyuyjyhH TpOIHHKOBe OIHIpeMe, HHcrTananuje H OJIp)KaBabba y 

OJIHOCy Ha HOTeHIMHjaJIHH IIOBpaT Ha HHBecTHIMHJy. (Akchay L. Pandit, 2015)



Kajna ce yrBpyui a Je norpeOaH cHCTeM MeXaHHuKe cKcTIIJOaTAaTHJe, Ba)KHO Jc 

gH3aOpaTH BpcTy KOJa HajOOJbe OJITOBapa KOHKDPETHHM yCJIOBHMA, KaO IHITO je H 

HpHKa?aaHo Ha cH 1.2. Ha rpaMep, entekrTpBuHe noranajyhe nymme (ESP) s gas- 

lift CHCTeEMH Cy ueCTO HOTOJIHH 3a OyHIOTHHe Ha MOpy Jep MOTYy a IIOJip)Ke BHCOKC 

CTOIHIC IIpOH3BOJIĐĆ H MOTy panHTH Ha BOCJIHKHM l[yčI/IHaMa. OBH CHCTEMH cy 

e()ukacHH y cTaOHJIHHM yCJIOBHMa Ppajta H Hpyx)XajJy KOHCTaHTHy IIpOJIyKTHBHOCT. Ca 

Jpyre crpaHe, CHCTeEMH Ca KJIHIIHIM IIyMmaMa (SRP) cy oOguHo HajOoJbH H30op 3a 

OymroTHHe Ha KornHy. Hako 3axTeBajy BHIe IpocTopa Ha HOBPIHIHHH, OBE IIyMIHE Cy 

noy3/laHe, HaKO CC OJIpxxXaBajy H uccTO TNpejicTaBJbajy ČKOHOMHuUHHJe pemeMe y 

cHrTyanuJaMa rJc je yKyHmHa eHa HHcTaMmamje H OJipxxaBaMba BajKaH (baKTOPp. 

(Flatern, 2015) (Ugochukwu Ilozurike Duru, 2021) (Akchay L. Pandit, 2015) 

Cnuka 1.2. Hajaue kopuuhene Mexanuuke Memooe eKchnoamauuje u ycogu u 
noopyuja npuenHe (Ugochukwu Ilozurike Duru, 2021)



2. JVyouHcKa HWyMma ca KJIHIIHHM HuHrKaMa (SRP) 

MexaHuiukut cHCTeM 34 IIpOH3BOJUy Ha(DTe Oy6uicKuM ny,anaMa Ca KJUUHUJM 

uwunkawa (enrh. Sucker rod pumps- SRP) je najcrapuju H Haj3acTyIIbeHHJjH HauHH 

nojuaaba (Qnryuaa 3 OymrorHHa, KopHcTH ce y BHmIe OJ 80% cryuajeBa IIHpOoOM 

cBeTa. IIpaHrmmwn panma yOMHCKe HIyMHC 3aCHHBa CC Ha IHIpeHOCy ecHeprHje ca 

TIOBpIHIHHEC JIO HHBO4a Ha KOJEM Je IIyMIIa HIOTOHJbeHa, TnOMOhy MexaHHuKor IIpeHoOca 

TIDpEKO KJIHIHHX IHuHrTIKH. (Michael, 2022) 

TOKOM rtiponeca H3BMaueMa Ha(Te M3 OymoTHHa JyOHHCKHM IHyMIHaMa Ca 

KJIHIHHM IIIHIIKaM4a, Ha IO,13eCMHC KOMIIOHCHTC ITyMTIC Je)1yJy pa3He BpcTe cHiIa: 

• ApxuHMeJOBAa CH.IA, KOJa CMaEbyJe c(bDeKTHBHy TEJKHHy KJIHTIHHX IIHITKH; 

• Craruuka cH.Ha Koja npoM3jia3u H3 TE)KMHC KJIHHHMX HIHIHKM, y3J1a3HHX 

IeBH (TyOHHra) H cryOa TeuHocTH; 

• EnacruuHa cu.a MarTepujaja KJIHHHHX IIHIHKM H CryOa TeuHOcCTH, yCJIĆC) 

FHXOBe JIeQopwMaLuuje moji orrepehebbeM; 

• Cunme MHepuuje Koje ce jaBJbajy TOKOM KpeTaM»a MaCC KJIHIIHHX IHHIIKH, 

KJmia H cryOa TeuHOcTH; 

• Cuje TpePa,KOje yKJbyuyjy: 

O Tpepe cCHOJHHIA KJIHIIHHX IHIHIIKH O 3HJIOBe TyOHHra H TpeMbe KJIHIIa O 

yHyTPaIbe 3HJLOBC IHJIHH/1pa JLIyOHHCKe ITyMIIe; 

o ŽuJjpojMHaMHuKO TpeMe H3MCDy KJIHIIHHX IIHIIKH H TeUHOCTH; 

o VHyrpamme TpeMbe y MaTepHjajiy KJIHIIHHX IIHIIKM H TyOHHra, KoOje cc 

JaBJba ycJTe)l PHxXOBe ne(Qopwmanuje rpu orTepehemy. 

BemauuHa cHia np IpoH3BojnpbH HaQTe 3aBHCH OJL yC1IOBa y OyHIOTHHH H 

pexxuwMa pajta lyOHHcKHX IHIyMrnH. CHta Tpebba KJIHIIHHX IHIHIIKH O 3HJIOBe TyOuMHra 

s3HauajHo je Beha y 3aKDMBJBĆHHMM Oy11OTHHaMa y OJIHOCy Ha BepTHKaJHe. Cuje 

uHepnuje ce noBehaBajy ca BehHM OpojeM LHHKJIyCa KJIHIIHHX IHIHITKH IIO MHHyTy. (Dr. 

sc. Marin Čikeš, 2006) 

/lyOHHcke IIyMIIe Ca KJIHIIHHM IminKaMa KopHcTe ce y OymoTHHaMa JUyOHHe 

oJ 500 no 2500 Merapa, ca KananiHTeTOM oJ 1 no 100 Mž reuHocTH JIHeBHO. IIorojnHe 
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cy 3a OyHIOTHHC Ca HHCKHM TaCHHM (baKTODOM H CTaOMJIHHM IIpOJUyKTHBHHM 

cnojeBHMa. (Dr. sc. Marin Čikeš, 2006) 

36or MoryhHocrHM paa HpH HHCKHM JICKHIIHHM IIDHTHCIMMAa, JUyOHHCKC 

TIIyMHC CeČ UdCCTO KOpHcTe y OymoTHHaMa Ca HHCKOM NPpOJUKTHBHoOmIhy. 

HuckoripojnyKTHBHa OynroTHHa je OHa KOja IIpOH3BOJUH MaJIC KOJIHUHHC Ha(bpTe HJIH 

raca H HaJ1a3H Ce y 3aBPpIIHOJ (ba3H CBOT ČKOHOMCKUH HcCTIIJIATHBOT )KHBOTHOT IIHKJIyCa. 

(Andrews, 2022) 

V pamroj npakcH, OBaj CHCTeM 3ay3HMa BHime oJL 50% OymroraHa, nok 40% 

KopHcTH gas-lift, a 10% eppyHnrMBHHM cCHCTeEM. IIpe}HOCTH Cy HMXKH IIOueTHH 

TPpOIHKOBH TIO OymrIoTHHH, aH Cy HenocTaru Behu TpOIIIKOBH OJIpxKkaBahba H uemihuH 

pemoHru (Michael, 2022). (Dr. sc. Marin Čikeš, 2006) 

2.L KomwmoHeHTe cHcTeMa /(yOHHcKe IIyMIIe 

CHCTeM JIyOHHCKe IIyMme (ciHKa 2.1.) ce cacroju oJ: 

1. HajseMHe ortpeMe: 

• Kauajbka 

• PeJUyKTop 

• IIOrOHCKH MOTOp 

• TIyarka mmrkKa 

• JamrHBHa raBa 

2. IIonmseMHe onpeMe 

• IIyMma 

• KJIMMHHe HIHIIKC 

• TyOuMHr 

3. JlonmarHa orpeMa 

• TyOuHr aHKep 

• TacHo cmpo (Dr. sc. Marin Čikeš, 2006)



Tnasa 
Kauarbke 

BanancHa rpenna 

Tnasa 
nonyra TnaHa 

nonyra 

rnaBa 

Kyhwimre 
Tnasa MoTopa 

Oymaorntıe 
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OcHoBa 
penykropa 

Egcrnarainona 
KomnoHa 

TipownsnojuHa 
Konona 
Hurs KTIMIIHVMX 

MUDHIIKH 

Kruun 

L-] LinHnap 

Cnnuka 2.1. /{enosu 0y6uncke nyune (Crnogorac, 2020) 

Kauajbka – MexaHu3aM KojH riperBapa poranoHo KpeTambe y ocranmpajyhe, 

oMoryhanajyhH KJIHIIHHM ImrKaMa Ja ce Kpehy rope-Jnone. OBaj cicreM nokpehe 

pajt yMIe H KOHTPOJIHIIC H-CH pajiHH IHKJIyC. 

PenykKTop — CMabyJje Op3uHy porauuje MoTopa H npunarolbaBa je IyMIu, 

oMoryhanpajyham ed(QMKacHo rnpeHomeme cHeprHje. OBO HNOMaXe y yrpaBJbaMby 

Op3HHOM H MOMEHTOM KOJjH je rmoTpe0aH 3a paji 1lyOHHCKe IIyMIIc. 

IIoroHcKku MoTop — O06ea36ebyJe eHeprujy 3a menoKynaH cHcTeM, nokpehyhu 

KauaJbKy H OCTAaJIe JIeJIOBe HIyMne. Morop Hajuenmihe KopucTH eJteKTpHuHy cHepruHjy 

3a OJp)XaBaPbe KOHTHHyHPaHor palla. 

Inarga uringa — IIpermHo o0paljeHa mmika Koja ipopna3H Kpo3 3a1ITHBHy 

TJaBy H HIpeHOCH KpeTaMbc Ca HIOBpHIHHCKOT MeXaHH3Ma Ha KJIHIIHC HIHrKe. PbeHa 

ranaTka noBpiiHHa cMabbyje Tpebbe H cripeuaBa xaGae. (Dr. sc. Marin Čikeš, 2006) 
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3anrupBHa rJaaBa — IIocraBJba ce Ha BpX OyntoTHHe H CJIy)XH 3a cCripeuaBaMbc 

uypeba Qryuna 3 OymorTHHe. 3anrHBa mHHKe H crpeuaBa ryOuMTak HpHTHMcKa y 

CHCTEMJ. 

IlyMna — I naBHH J(eO CHCTEMa KOJH HOMOBy KJMHIHOT MeXaHH3Ma IHOJUDKC 

TeuHOCT H3 OymoTHHcC Ha HOBPpIIHHy. HFbeHa KOHCTpyKHMHJa yKJbyuyje IUHIIHHJIpe, 

KJIHII H BEHTHJIC KOJH pery.y IIpOTOK TeuHOCTH. 

Kaunne miurnke — /[yrauke ninke KOje IIOB63y]Jy IIOBpHIHHCKHM MeXaHH3aM 

Ca KJIHIIOM IIyMIIe JIyOOKO y OymoTHHH. HbMxoBo KpeTaĐe oMoryhaBa HyMmu a 

TIOJUDKe TeuHOCT H3 yOHHe. CjmKa 2.2. npakKkay3yje cHajaPbc JUBC KJIHIHC IHIHIIKC 

noMohy cnojHHma. (Andrews, 2022) 

Hagoj l Hagoj 

\)\hi| WW”"U || m\. \II 
W\mn\\\·v\\\\\*mh“· 

Kpyata KJrpnHa || Kpy-kHa KrmmHa murka 
DIHTKa KnapjiparHH nenoBE 3a 

XBaTabe KibyqeM 

Cnuka 2.2. Ckuua cnajatba 06e knunHe uuunke noMofiy cnojHuua (Production 

Technology, 2005) 

Ty0uur — IleBH Kpo3 Koje ce IIDpOH3BeJIeHa TEUHOCT IIOJUM5KC H3 OyITOTHHC Ha 

noBpmmuHy. TyOMHr oOe3CeDyje cHrypaH H ed(bMKacaH mpomaya (unnyuma o 

HOBPIHIHHCKHX I/IHCTaJ'IaIlI/Ij a. 

TyouHr aHKep — Vpebaj koja craOMmayyje TyOMHr H cnpeuaBa M>CrOBO 

KpeTaĐe TOKOM IHyMHaMba. IIoMaxe y OJIpxkaBaĐby HIpaBHJIHOr IHO3HIUHOHMHMpaHba 

TyOuHra y OyImoTHHH. 

TacuHo cunpo — Vpebaj Koja cHyxu 3a pa3nmBajape raca H TeUHOCTH y 

OymroTHHu, crpeuaBajyhau ma rac ybe y HyMmy. OBO moOobmmaBa e()MKaCHOCT 

HyMHaMa H CMaM5yje pH3HK OJL KBapa. (Sherif Fakher, 2021) Ha c 2.3. je 

IpHKa3aHOo racHo cH/Ipo.



| KOJIOHA 
|___SAIITHTHIX IIEBH . 

TIPOH3BO/JIHA IIEB 

KJIHITHE IIIHIIKE 

TIOTHCHH BEHTH! 

IIYMIIA 

VCHCHH BEHTHJI 

·'·] – ČEJUTIITE ITYMITE 

- 
— TIEPĐOPAILIHJE TACHOT 

CHJIPA 

~ VCHCHA IIEB 

TAJIO;KHHK 

| TIIPOH3BOJIHH HHTEPBAJI 

KA —~A 

Cuuka 2.3. Tacno cuopo (Dr. sc. Marin Čikeš, 2006) 

/ly0uncka nyMa (cmKa 2.4.) ce cacTOJH OJL HEKOJIHKO TJ1aBHHX JIeJIOBa KOJH 

oMoryhanajy MeH pa/n: 

• IHjmH/ap — OBO je rMaBHH JICO IIyMIIČ KpO3 KOJH ce KJ Kpehe ropc- 

none. IDamHHnmap o0e3Oebyje HpocTop y KOMC CC HyMIHaHMe6 TeČUHOCTH 

OJIBHJA. 

• Kaum — KMHH Ce Hajla3H yHyTap IIMHJIHH)Ipa H H»CrOBHM OcHHJIHpajyhHM 

KpeTaMbeM TOPc-JIOJIĆ BpIHIH Ce II0/013aPbe TeCUHOCTH KpO3 CHcTeM. Kmri je 

OJITOBOpaH 3a cTBapabbe IipuTHcKa KOJH rypa TeuHOCT IIpeMa IOBPIHHHUH. 

• VcuMcHM BeEHTHJI —— CMCIHTCH je Ha JOMbeM KPpajy rummHnpa H oMoryhaBa 

TeuHOocTu Jla ylje y IIyMIIy TOKOM CHIIa3HOT XOJIa KJiHIa. OBaj BeEHTHJI CC 

OTBaPa THOJI JIČJCTBOM pagJIHKe y IpHTHCKy.



• Mi3jnma3Hu BeHTHJI — Haj1a3H Ce Ha JIOPbEM Kpajy KJHma H OMoryhaBa Jla ce 

TeUHOCT IIOJUHTHe TOKOM y3J1a3HOr XOJa Knuma. Kaja K rypa TeuHOCT 

HaBHIHC, OBaj BCHTHNH Cc OTBapa H OoMoryhaBa a TeuHOcT Maalje M3 

IMHHHJIpa y TyOMHr, a 3aTHM IHIpeMa HOBPIHHHH. HareyL BEHTHJICKOT 

CKJIOII IIyMIIC HpHKa3aH je Ha CJmH 2.5. API BeHTHJICKH CKJIOIIOBH Cy 

Jey\HOCTaBHH BCHTHJIH KOJH pajie Ha IpHHnry Kyr-e H cenmiTa. (Dr. sc. 

Marin Čikeš, 2006) 

IIormcHEm 

BeEHTH:T 

VcHcHH 

BeHTH:T 

Cenmpmrre 

Cuuka 2.4. Tpaduuku npukas 0yGuncke myOune nyune (Dr. sc. Marin Čikeš, 2006) 

— Kyrma 

A CeJHire 

Cnuka 2.5. Benmuncku ckanon (Takacs, 2017)



IIocroje TpH OCHOBHe BpcTe J(yOHHCKHX IIyMIIH: 

• Tyounr (tubing) nyMne — oBe IIyMIIe ce JHpeKTHO yrpabyJy y TyOuHr H 

uuHe Jleo TpajHe HHcrTananuje OymoraHHe. OOBHuHo cy BehuHx JUMeH3HJa H 

norojHe 3a OymroTHHe ca BehHM IIpOTOKOM. TyOHHT ITyMne cy craOHJHe H 

WyroTpajHe, al MHXOBO OJpxkaBaĐe 3aXTeBa BaljeM=e TIeJIOKyHIIHOT 

TyOunra. (cyrKa 2.4) 

• Vcanmue (insert) nyMIHe — OBE IIyMIIĆ Ce MOTy yKJOHHTH H3 TyOHHra Oec3 

nmoTpeOe 3a BaDeMeM IHEOT IHCBOBOJIa, IHITO OJIAKUIABA OJIpx)KaBaĐec H 

HOonpaBKe. DBxoBa HHcrananuja ce BpHIH TaKO mrro cc yOamy]jy y Beh 

TIOCTaBJbeHH TyOMHHr. IIoromHe cy 3a OymoTHHe Koje 3axTeBajy uemhe 

TIOHIpaBKC HJIH KOHTPOJIC. 

• KejaunHr (casing) nyMHe — OBC HyMHe paje JMpeKTHO y IIpOH3BOJIHOJ 

KOJIOHH (casing) OymorTuHe. KopucTe ce y IOCeOHHM cJIyuajeBHMa Kaja 

HuHje Moryhe KopHcTurH TyOMHr. Casing myMme oMoryhaBajy pan y 

yCJIOBHMa TJIĆ Cy /pyrH CHCTOMH „IHyMHaMa OrpaHMucHH HHJMH 

HenpakTruuHu. (Ljubisav Krsmanović, 2015) 

/lyOHHcke KJHTIIHe IIyMIIĆ MOTy HMaTH IIHJIHHJTap KOjH je H3pabenH H3 Je,nHor 

femna HJIH H3 BHIIe CeKIHJa (KOIIIyJbHIIa), a pa311HKy]Jy Ce HO HauHHy yupBprhuiBama 

H BpcCTH KpeTaĐa KHHMa H NHJIMHHJIipa. TyOMHrT HIyMHeC, HaKO jeHOCTaBHHjJeE H 

jepranuje 3a M3pajny, Hpyxkajy Behy KoMuHMHy THpoMH3BeneHor (pnyHa, ajM Cy 

HCTOBDEMCHO H3MO:KCHC BeheM omrepehePy. Insert myMne, morojHuje 3a )IyOJbe 

OymrIorHHe H MaMĐy NOOMT, maKmmie je onpxxaBarHM Jep ce MOTry Op3o BajaMTH H 

nornpaBbarnH. Hajuemnihe kopumiheHe y nmpakcH cy insert TyMHe ca yuBpmrheHHM 

IUHJIHHJIDOM Ha BpXy, HITO OMOryhaBa OOJbec 3amTHBaMbcC H CHpeuaBa HaKyIJbaHbc 

necKa H HeuuHcroha HaMeDy nunuHnpa H y3Ma3HHMx meBMH. (Ljubisav Krsmanović, 

2015) (Dr. sc. Marin Čikeš, 2006) 
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2.2 IipuHmun pana yOHHcCKHX HyMIIH Ca KJIHIIHHM IIIHIKAMaA 

Cuuka 2.6. Jlenosu 0yGuncke nyne (Dr. sc. Marin Čikeš, 2006) 

Ha cnrmmu 2.6. rpaka3aHH cy JUIOBH JLyOHHCKe IIyMTIIC Ha KJIHIHHM IIHHIIKAMAa. 

/Jlyouncka nyMma (1) je aHcranupaHa Ha oyjpeljeHoj nyOHHH y OyHIOTHHUH, 

yHyTap TyOunra (3). IIyMma je moBe3aHa Ca KJIHHHNHM IIHHKAMA (2) H rJ12TKOM 

IIHHKOM (4) noMohy caBHTJbHBMX Yy3Xajmu (5), Koja cy unpHuppinheHa 3a '?KOMbCKy 

raaBy” (6). Kopcka raaBa Je nocTaBJbeHa Ha OanaHcHy rpe/ty (7). BanaHcHa rpena 

ce OcJIaPba Ha HOcau rpe)]ne IIpeko JIe;kaja (8), JJOK ce Ha 3aJUbeM KPaJy, IIyTeM JIeKaja 

(9), noBe3yje C IOTOHCKOM IHIOJIyrOM, KOJa je IIpHKJbyueHa Ha KpaK pejlyKTopa ca 

TETrOBHMa 3042 DpOTOpHO ypaBHOTe;XKMBaM= (10). PemygkKrop (11) je cnojeH ca 

HOTOHCKHM MOTOpOM (12) HmpeKko KHMHHacTHX JepKajeBa. IIoKpeTaMbeM MOTOPA, 

pejlyKTOp ce aKTHBHpa, IHITO 3aTHM, HpeKO OCOBHHe HmoKpehe OamaHcHy rpe}y. 

BanancHa rpejna, noMepajyhu ce, no,upDKe H cryniTa TJIATKy HIHIIKy H 3aTHM KJIHIIHC 

IIHIKC, Ha KOJHMa je MOHTHPpaH KJMHII JyOMHcKe myMme. (Ljubisav Krsmanović, 

2015) (Klipna pumpa, n.d.) 
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JTipunuun paoa JVyOBHCKe IIyMIIe Je 34CHOBaH Ha JeJJHOCTaBHOM MeXaHHUKOM 

KpeTaPby, KOJE KODpHCTH KJIHHHC IHHHKC 34 IHIyMIIFbC TCUHOCTH MH3 IIOJr3ČMHHX 

pe3epBoapa Ha nopBpriaHy. (Steve Breit, 2011) 

OcHOBHH JČO OBOT CHCTeM4, KJIHTIHA IMHIIKa je IIOBe3aHa Ca KJIHIIOM yHyTap 

LHJIHH/Ipa IIYyMIIĆC CMCIIITČHOT y 6yIIIOTI/IHI/I. 

Pan nyOBHcke IIyMrme OJIBHJa Ce y J1Ba OCHOBHa KOpaKa: CuJG3HM M 3713 XOO 

KJtuna. TOKOM CHJa3HOT XOJIA, KJIHIIHEC ITHIIKe Ce Kpehy HajtoJte, orBapajyhH yna3HH 

BEHTHJI y IIyMIIH. OBo oMoryhanBa (onryuaxy a OymoruHe Hna ybe y IunHH71ap ITyMIIc, 

Jjep pa3nuHKa y HpHTHCKy JOBOJMH JIO TOra Jia TedHOCT IIOITyEbaBa IIpOCTODp y IIyMIIH. 

Kaja ce KJIHIIHC IIHIKE HOKDpeHy HaBHIHIC, y11a3HH BCHTMHJI Ce 3aTBapa, a H3JIA3HH 

BEHTHJI OTBapa, mTO OMoryhaBa rypaMPe TeuHOCTH HarOpec KpoO3 TyOHHr HpeMa 

TIOBpITHHH. OBaj IHKJIyC Ce IIOHaBJba, 00Oe30ebyJyhu a ce TeuHOCT KOHTHHyHpaHO 

TIyMiIa ripeMa nopBpiiuHHu. (Flatern, 2015) 

Bapnujanuje y orrepehem»y Koje Tpnu rJaTKa HIHIKa TOKOM CBaKOT IHKJIyCa 

TIyMHIC Oce)KH Cc HOMOhy HHCTpyMeHTa 3BaHOT MHHAaMOMeTAap. OBaj ypelaj je 

OTHIIHOHAJIHH JICO OIIpeMC KOJH CJIy)KH 34 MepeMbe IipoMeHa y onrepehemy. Mepema 

ce HpHKay3y]Jy Ha muHarpaQy (HHaMorpaMy), KojH oMoryhana riperJte H aHanmn3y 

pala myne. Ha ocHoBy THXx HmoaTaKa MOTy Ce OTKpHTH IIpOOJteMH y pajly IIyMII, 

KaO IITO Cy HeHOPpMaiHe ocnrunanuje y orrepeheM»y, IITO yKa3yJe Ha IOTeHnUHjaJIHc 

KBapoBe HH oTpeOy 3a OJ1p?)XaBaMbeM OTIIpeMe. 

Tako, HHaMoMeTap oMoryhasBa muHjarHocTHKy H Hpaheme paja JyOHHcKe 

TIyMTIĆ, IITO IIOM2a)KE y OJ1ip)XaBaPby H OTKpHBaMby Moryhux rnpo0jeMa y paHoj (baya. 

(Sherif Fakher, 2021) 

MHyeannu JuHaMOTP2aM Je npaka3aH Ha cCJIHIIH 2.5. 
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Cnuka 2.7. Hoeannu Qunaoopaw (Production Technology, 2005) 

CrBapHu JUHHaMOTPpaM Ce 3HauajHO pa3JmiKyJe OJL HJIeaJIHOT IIO CBOM OOJIHKy, 

a y 34aBHCHOCTH OJL yCHOBa H pe)HMa paja HyMIC MOJKC HOHPpHMHTH pa3HHuHTc 

(opme. Ha ocHoBy Msera MO:;KeMO yTBPp/UHTH paxK1iHunTe IapaMeTPe KaO IITO Cy: 

• craMe H (byHKmuja BeHTHIIa; 

• yJa3HH HpHTHCaK HyMI H BHCHHa IIO/U3aMba (biriyHna; 

• rpajjeHT HnpuHrTuHcKa (piyuja y TyOHHTy; 

• e(bHKaCHOCT pajla IyMIe, nOCeOHo yrTHHaj cno0ojJiHor raca; 

• omrehema Hmu mpornyrrrTatba ryOuHHra; 

• KBapOBH Ha HyMTIH, JIOM KJIHIIHHX HIHTIIKH HTAL... (Dr. sc. Marin Čikeš, 2006) 

Ha crmamu 2.6. Je rpayauku ripaKka3aH crBapHu JjarpaM. 
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|} Noji r:1arkc ImIHITKC 

Cuuka 2.8. Cnaapnu Ounaoepaw (Dr. sc. Marin Čikeš, 2006) 
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3.  EnmegKrpuuHa moramajyha nymma (ESP) 

EneKkmpuuna nomanajyha nyuna (egrn. Electrical submersible pump- ESP) 

ripe/icTaBJba jeMaH OJL HajeQHKacHHJHX H HajHmOy3/laHHJHX MeTOJIA 3A HOJUH3aFbC 

CpeJjibHX JIO BEJIHKHX KOJIHUHHAa (biyryuJla H3 Ha(bTHHx OymoTuHa, ITO Je uHHH BeEOMa 

pammpeHHM H3OOpoM y Ha(QTHoOj HHUycTpHjH MIMpOM cBeTa. ESP cHcreMM cy 

HIOCeOHO THIOrOJIHH 34 OyITOTHHe Koje HpoH3Bojte H3Meljy 16 a 4 770 m?/d. (George 

Waters, 2015) 

OBaj CHCTeM CC CaCTOJH OJI J(BC TJ1aBHC KOMINOHCHTe. IIpBa je IOBPIIHHCKH 

Jeo, kojH oOyxBaTa craHuuy yrnpaBJjbab»a, rpaHc(bopMaTOPp H eJteKTpHuHu Ka0jJI 

KOJH BOJH CTpyJy no OymorTuHe. Jipyru Jeo je non3eMHuH, H cacTOjH Ce OJL MOTOPpa, 

HyMIHe, 3anTHBHOr JIeJ1a (XHJIpoH30.Jamuja) a racHor cemnaparTopa. Pay ESP-a je 

3aCHOBAaH Ha IIpHHIHIy HHJLyCTpHJCKHX eCJIČKTpHuHHX IIyMnu (eJtekTpHuHa eHepruja 

ce KpO3 KaOJIOBe HpeHOcH JO MOTOpa yHyTap OymmoTuHe, r)ie MOTOp mokKpehe 

OCOBHHYJ KOJa JUHpeKTHO IIOTOHH IHyMTIIy, noJmDKyhu (paryu)n Ha noBpmuny.) (Kimray, 

2022) 

Kana je y muraby mda3ajH ESP cucreMa, BeoOMa je Ba)xKHO y3eTH y OO3Hp 

CHOJbaIIMbH IIpcuHHK KOMIIOHCHTH y OynloTHHuM, KOJH ce oOHuHo Kpehe oJ 88.9 no 

254 mm , nok NyxhHHa IIyMIIC MOXKeC BapHparH o l mo 8,7 m. ESP cacreMH ce 

yrHaBHOM KOpHcTe y OymloOTHHaMa Ca BHCOKHM HHJIČĆKCOM IHIDOJUyKTHBHOCTH, a 

TipeuHHK HeBH H Op3HHa HpoToka Hrpajy KJbyuHy ynHnory y H3pauyHaBaMb>y yKyIIHcC 

JuaHaMHuke BHCHHe HyMrne (TDH), mrro yraue Ha yKynaH IIpoToK TeuHocTu. (Riadh, 

2018) 
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3.Ll AHarouja ESP cucreMa 

l Tpun jenuoQasga 

ynpansasxn rpancQoparopa 

IIoBpmuHckH Ka6ajr l| 
~~ HcnycHH BeHTHJI 

Okpyrnu Kka6an 
TiporuHnnoBpaTHH 

Cnoj ka6noBa BEHTHJI 
— Ty6aHr 

IDG ayd CnojgHHma 
IUbOCHaTor Ka6na 

BumecreneHa 
nueHTpHQyranHa 
HyMma 

IIIrHrTHHK Ka6na TacgHuH cenaparop 
(ycHcHa cekmuuja) 

T
 

r
O
E
 

r 
—
 

IIporekTop 

(xunpoHiaonanuja) 

3amrurHe IeBH 

EnekTpoMoTop 

IlegrpanHsep 

Canuka 3.1. Cucmen enekmpuune nomanajyhe nyune (Dr. sc. Marin Čikeš, 2006) 

Enekrpuunta mnoranajyha myMna (ESP) je cnoxxeH cHCTeM KOJH Ce CaCTOJH OJL 

HEKOJIHKO BOa)KHMX KOMIIOHCHTH, OJL KOJHX CBaKa HMA CBOJy YyJIOTy y IHpoHecy 

To/u3aMPba TeuHOCTH H3 OyIIOTHHC Ha HOBPIHHHy. Kao Hrro BHJIHMO Ha cHH 3.1. 

KJbyuHC KOMIIOHeCHTe Koje uuHe ESP cHcTeM cy (cmaKa 3.1): 

Cranurtma yrnpaBjbabba 

CraHumna yrpaBJbatba je rmaBHH KOHTpoJIHH Jeo KojH perynumre paj ESP-a. 

OHa Ha/nrznena pajl IyMHe, yKJbyuyje H HCKJbyuyje CHCTEM, KOHTPOJIHII IPpOTOK 
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CTpyje H BpIHIH Haji3Op Hajl cHeKTpHUuHHM HapaMeTpHMa, KaKO OM ce OcHrypao 

eQuMkacaH H OegaOemaH paj IeMOKyHHOT CHCTeMa. V craHHIM yrpaBJbaMba Cc 

cMerTajy CepBepHM, pauyHapH H ONHpeMa 3a Hajrmenape H aHaHmM3y HoJlaTaKa 

TIDpHKyTIJbeHHX Ca CeH3Opa, a OHmepaTOpH MOTy y peaJiHOM BpeMcHy IHNpaTHTH paji 

CHCTeMa H BPpIHHTH KOpeKnHJe KaHa je TO mHoTpeOHo. IIpowanpobauw oOMuHo 

HaJjrneynajy paji ryMnu rpeKo SCADA cucremMa (cHcTeMa 3a HaJl30p H IpHKyIIJbaFbc 

noJnaraka) KojH je Takobe neo oBe HH(QbpacrpyKkType. SCADA rakolbe oMoryhaBa 

ayTOMaTcko tIpHarobaBame cHcTeMa Ha OCHOBJ yHarpe)i noyjtenteHHx HapaMeTapa. 

(Kimray, 2022) 

Tpanc(bopMaTop 

TpaHcQopwmarop je HeormxoJmaH Jeo cHcTeMa Jep o0e30ebyJe HcripaBaH HaloH 

a3a pam ESP-a. EberoBa ynmora je a TpaHcdQopMunmic cHMeKTpMuHy cHeprujy ca 

TIOBpIHHHe Ha HOTpeOaH HHBO HamoHa, KOJH he HOTOM OHTH HcHOpyucH IIyMIH H 

OCTaJIHM II0/13eMHHM KOMIIOHeHrTaMa. (Dr. sc. Marin Čikeš, 2006) 

Pa3anojmHa KyTuja 

PasBonHa KyTHja rpejicraBJba CHOJHy TauKy H3MeCDy KaOJOBa KOJH BOJIĆ 

crpyjy oJ rTpaHcQopMaropa o mHMyMme. OBa KyrHja o06e3Oebyje cHrypHocT y 

macrpHOyimju eeKTpMuHe eHeprHje, Kao H 3amrTHTy OJL MoryhHx cJIČKTpHuHHX 

KBapoBa. 

EnegKTpaunu-HanojnHu Ka0jr 

EHeprerTckH KaO (cHHKa 3.2) CIyD;KH 34 HpeHOC ceČKTpHuHe cHeprHje OJ 

TIOBpIHHHCKC OLHPeMe JIO ITyMIIe JIyOOKO y OymoTHHH. OH je nH3ajHHpaH J/la H3,1p)KH 

ČKCTDpEMHČ yCJIOBe, yKJbyuyjyhH BHCOKe TeMHeparTyPpe H npuarHcKe y OymroTHHu. (Dr. 

sc. Marin Čikeš, 2006) 
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ILmocHaTH 

Ka6ajr 

IIHrHrHHruu Ka6ma 

Canuka 3.2. CKuya enekmpuunu ka0nna (Dr. sc. Marin Čikeš, 2006) 

IlupkyaanmuoHa cnojuHuma 

TiipkynanuoHa cnojHuta noBe3yJe paaniuure JeJtoBe cicreMa H oMoryhaBa 

TIpoTok (bayryana Kpo3 ESP cacreM. Takolje, oHa o0ea0ebjyJe carypaH ripoTok (paryana 

KpoO3 IIeO CHCTeM, Oe3 ryOurka cHepruje HJIH IpHarTHcKa. 

PP nenru,i (IiporuBnoBpaTHu BeHTHJI) 

IIporunnonparuHu BeHrTu.t je ypebaj KojH oMoryhaBa ripoTok (baryH)la CaMO 

y JeJIHOM CMePy, cripeuaBajyhH MP5HXOB HOBPpaTAaK yHa34aJL. V CHCTEMHM4a K2O IIITO Cy 

TIyMTIHIĆ, OBaJ BEHTHJI HTrpa Ba)KHy ylJIOry y OJpxxaBaMb»y cTaOMHNHOCTH HIipHTHcKa H 

cripeuaBabby onrrehePa oOrtpeMe ycjIeji lOBpaTHor ToKa (pbayuyna. (Kimray, 2022) 

liyMna 
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Jlexaj 

3anrTuHBHH IpcTeH 

Kyhnamre 

Panno kojto ca nonarHnasa (porop) 

Jlexaj 

Jlaiyaop (crarop) 

Cnnuka 3.3. Ipuka3 jeOonoeo cmeneHa auuecmenene uenmpudyyeanne nyne (Dr. sc. 
Marin Čikeš, 2006) 

IIyMma je cpue ESP cuHcreMa H MeH 3aMaTaK je a HOJUDKC (bJiyMJU M3 

OymroTHHe Ha noBpiuHy. To Je BimecTerneHa neHrTpH(byrajHa nyMra ca BHmIe (ba3a, 

Koja moBehaBa npHMTHcaK TeduHOCTH KPpO3 HH3 pajiHHX KOJa (poTOpa), uMMe CC 

oMoryhaBa TpaHCHOpT O NOBpHIHHe. TeuHocr OMBa TIHOJBprTHyTa BCJIHKHM 

HeHTpH(byraJHHM cHHMaMa KOJe HpoHcTHuy H3 BeHKe Op3uHc poranuje poTopa. 

'TOKOM oBor tipotteca, reuHocr ryOu KuHeTHuKy eHeprHjy y ma()y3opy (craropy), rne 

Ce BpHIH KOHBeCp3HJa KHHeTHuUKC y cHeprHjy HIpHTHCKa, uHMC CC HIOJUDKC (bi1yH)l Ha 

noBpmmHy. (Takacs, 2017) I paouku npuka3 jejnHor cTereHa IIyMIIc ce HaJla3H Ha 

CJIHIIH 3.3. 

IIHIro ce THue caMHX eJOBa HyMIIČ, OHa CČ CaCTOjI/I OJ ocoBHHe, yJla3a y 

HIyMNy, mu(pyaopa(craTopa) H pajiHor KojJta (poTOp3). 

OcoBuHa IHoBe3yje MOTOp Ca pajiHHM KOJIOM IIyMHE KpO3 XHJIpoOH30OJTaLHjy. 

IIpojeKToBaHa Je TakKo a Oy/le niro yxxer ripeuHHKa, aJiH Ca J(OBOJEBHOM uBpcTOhOM 

Ja wanpx-xu orepehema, nrro oMoryhaBa BeheM IIpOTOKy TeuHOCTH KPpO3 y1123 IIyMIIc. 
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Marepnjana a3a ocoBHHy ce OuMpajy y 3aBHcHocTH OJL moTpeOa 3a ornmopHormihy Ha 

KOPpo3HJy, epo3HJy H 3aTe3Hy CHaTyY, KaO H OJI IIOTpeOHe CHaTe IIyMIIe. 

YecHMcCHM MOJIyJL HyMMHe je MCCTO Tc OyITOTHHCKa TeuHOCT yJa3H y 

noranajyhy HyMIIy H 3aTHM OHBa yCMepeHa Ka HMrienepHMa. Turn yna3a 3aBHCH OJ 

OocoOHHa TeuHocTH, HapouHro oJHoca raca H TeuHocTu (GLR): 

Crannap/iHu ycucHHM MOJUIyar: He Bpmm pa3nBajabe raca H KOpHCTH Cc y 

OynroTHHaMa Ca HHCKHM HHBOOM TaCa y OJIHOCy Ha TČUHOCT. 

VecHMcHH MOJIyJI 32 peBep3HH HNpoToK (eHr:. reverse-flow pump intake): 

Kopucru ce y OymoTHHaMa ca BehHM OJIHOCOM raca H TeuHOCTH. TeuHOCT 

ripona38H Kpo3 cHTO, MeF»ajyhu ripaBatı, nrro oMoryhanBa rpupojiHo oJtBajabbe 

raca oJL TeuHocTH. I ac IOTOM H3J1a3H KpO3 rpcreHacTu npocTop Kyhumrra H 

nocrme rnaBy OymorHHe. (Kimray, 2022) (Takacs, 2017) 

NYecHMcHH MOJIyJ1 IIyMHe Hpu poTanHo0HOM IHipOTOKYy (byiyuja (eHr.. rofary 

pump infake) (racaw cemaparop): IIpMcycrBo raca MOXe CMaMHTH 

edQbMKacHOCT HyMHec H H3a3BaTH OmrreheMb5a, CaMHM THM OBAaJ JIĆO je JaKO 

KJbyuaH yKOJIHKO HMaMO Behe KoHmMuuMHc raca y HadQrM. IIpaMeMyje 

ueHTpH(byrany cHmMy 3a OJmBajaĐbe cHOOoJHOr raca H3 TeuHOCTH HIpe Hero 

oHa ybe y IyMIIy H THMEC JIOIIDHHOCH OJip)KaBaRby OHTHMAJIHOT Ppa/la ITyMIIe. 

Texxa TeuHocT ce OJIBaja 0J raca y porati1OHOjJ KOMOPpH, IIpH ueMy rac H3J1a3H 

Kpo3 noce0OHe Hana3aHe OTBope. (Takacs, 2017) T acHu cenaparop Je npaka3aH 

Ha cJmu 3.4. 
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oGnora ne&aja 

ycucwo kyhumrre 

ywyrpamm,n apcrewacru 

porop ca aonarunava 
npoatar utyana 

npeva poropy 

obaora acaaja 
wen 

Canuka 3.4. Tracnu cenapamop (Dr. sc. Marin Čikeš, 2006) 

IlegrpHdQyyraHa myMna (chHKa 3.5.) je cacCTaBJbeHa OJL BHIHC CTeHHa KOJH 

nocTeneHo moBehaBajy HpHrTHcaK TeuHOcCTH. CBakH cTemeH OOyxBara pomop H 

cmamop. TeaHocT HpojHa3H KpO3 pOTOp, uHMC Cc MeHa Op3HHa (KHHeTHuKa 

eHepruja) moBehaBa, a 3aTHM yJay3H y cTaTop re ce Ta eHeprHja HpeTBapa y 

rpuHTHcak (noTeHnujajHa eHeprHja). (Kimray, 2022) 
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Cnuka 3.5. Pomop u cmamop uenmpudyeanne nyune (Kimray, 2022) 
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OnBaj nporec ce HOHaBJba KpO3 CBaKH CTCHCH IIyMIIČ CBE JIOK HE JIOCTHTHC 

norTpe0aH Ha3naaHu rpaTHcak. PoropH HMajy BaxxHy yJIory Jep KoHTpojminry Op3HHy 

npoToka TeuHocTuH. Poropu 3a panujanHH IpoToK Cy J3ajHHpaHH 3a HH>Ke Op3HHc 

HpoTOKa, JOK Cy PpOTOpH 3a MCIHOBHT THIDOTOK HpHarobeHM BehMM Op3HMHaMa 

nporoka. (Takacs, 2017). OBe nBe BpcTe poTopa rpHKa3aHe cy Ha camim 3.6. 

Cnuka 3.6. Pomopu s3a paoujannu u Meoeumu npomok dbayuoa (Kimray, 2022) 

IIiporeKkrTop (Xunpou3onmnamnuja) 

IIporeKTrop o06e30ebyje aamrrnrTy MoTOpa OJI yTHIaja TeuHOCTH H CHpeuaBa 

nripojtop (baryana y MoTop. Takolje, oH peryznumre nparaHcak H o0e30ebyJe craOHJIHOCT 

CHCTeMa TOKOM PaJla Ha pa3jiHuHTHM JUyOHHaMa H nparaucuuMa. (Dr. sc. Marin Čikeš, 

2006). EkcrpeMHe TeMnepaType H HeuHcTohe Cy KJbyuHH (baKTOpH KOJH JIOIIDHHOCC 

paHOM OTKa3HBaMby MOTOpa. ESP orop, nocTaBJbeH JUyOokoO y OynloTHHH, MOpa 

OHTH HOTIIyHO XepMeTHUKH 3aTBOpeH H HMaTH CIIOCOOHOCT Ja OJ1ipxxu  TeMrIepaTypy 

craOHJIHOM. OBO 3aXTeBa BDpXyHCKy TepMMuky MH3OmanMjJy KaKO OM ce H3Oerno 

TIiperpeBakbe H H pOJly)KHO MberOB pajiHuH Bek. (Steve Breit, 2011). 

Morop 

EnekTpHuHuH MOTOP je KJbyuHuH Jeo ESP cucreMa, KojH oMoryhaBa IyMrnu Ja 

(OypHKmoHurnmte. 3a nokperabe ESP nyMnu KopucTe ce eJIČKTpMuHH MOTOpH ca 

HaH3MeCHHUHOM CTpyJOM. OBAaj HOJU3eMHH MOTOP JUHpeKTHO TIOKpehe IyMIy H pajui 
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TIOJI H3y3CTHO TCIHKHM yCJIOBHM4, KaO IITO Cy BHCOKH IIpHTHCIMH H TeMIHIepaType y 

Gymorunnu. (Dr. sc. Marin Čikeš, 2006) IIpuaMep eneKrpoMoropa npHKadaH je Ha 

CJIHIIH 3.7. 

rnaBHH JIeKaj 

enekTpoMoTopa 

rnaBa 
MorTopa ca 
JiexajeM 

poropa 

Cuuka 3.7. Enekmpoomop ESP cumewa (Dr. sc. Marin Čikeš, 2006) 

/7lyOuncKu ceH30p (rezteMerpuja) 

/lyOaHcku ceH3op (cmaka 3.8) Je BaxkaH 3a rpaheme nep(QbopMaHcu H ycJloBa 

panma myMme. CeHs3op oMoryhaBa MepeMĐe mapaMeTapa KaoO IHTO Cy IHNpHTHCaK, 

TeMHepaTypa H Op3MHa HpoToka, IHITO HOMAaXKC y HIpaBOBDĆMCHOM OTKpHBaMby 

TIOTeHIIHJaJIHHX HpoOmeMa H OHnTHMM3amujH paja meMor cHcTeMa. Kana ceH3op 

feTeKTyjJe BDpCJHOCTH HyMIC KOJeE Cy BaH yHampe/ neQuHHucaHor oHbcera, OH y 

peaJiHOM BpeMeHy ImaJbe ymO3oOpeMe onepaTopy. Taja onmepaTop MO:Ke la H3BPpIIH 

HECOHXOJIHEC H3MCHC JUAJBHHCKMH, HJIH CC CHCTCM MO)KC ayTOMaTCKH IpHJIarO,MHTH 

TIyTOM THOBPpHIHHCKOTr KOHTpOJEpa KaKO OH Cec OJIp)KaO OHTHMAaJIaH Ppaji ITyMIe. 

(Kimray, 2022) 
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IRZ TMS Double Redundant Downholt Sensor Triol TM01 Dovunhole Measuring System 

Cnnuka 3.8. Censaop (Kimray, 2022) 

3.2 IipuHmun panma ESP cacreMa 

V nperxoHOM IHOOTaBJby CMO HaOpojamM H OnMHCaNmM (byHKIMOHHCaHbC 

cBaKor OJL emeMeHaTa ESP cucrcreMa u Takolje rpabDauku npHKa3ant CJIHKOM 3.1. 

OBO IOr1aBJbe je HacTaBaK Ha IIpeTXOJIHO IIa Ca THM y Bc3H pe)JI je npHKa3aTH H CaM 

rupaHrir paja caMor ESP careMa. 

ESP nyma pa Ha HpHHIMIHy KOMOHHOBaMĐa cCJIČKTDHUuHC H MeXaHHuKcC 

eHepruHje 3a Hoju3aMbe TeUHOCTH Ca BCHMKHX JyOHHa O HOBpmmHe. H>eHa 

e(pukacHocT 3aBHcCH OJ CHHXDpOHH3OBaHOor paJta CBHX KOMIIOHCHTH, OJL MOTOPa Ha JIHy 

OynroTHHe JO IIOBpIIHHCKHX KOHTpOJIHHX cHcCTeMa. (George Simonelli, 2017) 

Pan ESP myMmne 3anouHMe Ha HIOBpITHHH, TJIc Je IOCTaBJbeHa craHuma 34 

ynpaBJbame. Kpo3 oBy craHumy ce nonemanBajy mapaMeTpH pa/la IIyMIIe H HpaTH 

pbeHa e(Q)uKacHocr. Tpanc(popMaTop Hrpa BaxKHy yJIOry y HoJemaBaMby HaHOHa, 

Koji ce pHmaroDaBa a OM onmroBapao moTpeOaMa ecJeKTpMuHOr MOTOpa y 

OyITOTHHH. 

EnekrpwuHa eHepruHja cc HNpeHOCH Ha TNIOJGeCMHH JCO CHCTeMa IIpeKO 

eneKTpuuHor Ka0jnma, Koju je npHKaucH Ha TyOuHHr y OynroTaHHHu. OBaj Ka0ji npeHocH 

enekTpHuHy cHeprHjy OJL IOBpIIHHCKe OHpeMe JIO MOTOpa. Ha noBpmmiHu ce Takolje 

HaJ1ta3H H pa3Bo/iHa KyTHja, Koja oMoryhaBa Be3y H3Mely HOBPpIIHHCKC H IHIOJr3eMHC 

OorpeMe H o0ea0ebyje na enekrpBuHa eHepruHja Oe30eJIHO CTHTHe JIO MOTOPpa. 

Vnyrap OymorTuHe Haja3uH ce BumecreneHa meHrTpu(byramnHa myMma. OBa 

HyMIa je CacTaBJbeHa OJLU HEKOJIHKO poTopa H craTopa. Kaja MOTOPp HOKpeHe paji 

TIyMIIe, TeUHOCT H3 OyITOTHHC yJ123H y IIyMIIy KDO3 yCHCHH M0OJIyJI H JlaJbe IIpOJta3H 

Kpo3 HMciIepe. HmmenepH mopBehaBajy Op3uny (pnyuna, a 3aTHM Cc KHHeTHuKa 

eHeprHija TeuHocTH IipeTBapa y rpHrHcak Kauna (baryujn ybe y ()y3ope. 
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Cenaparop raca je jomrt jexaH BaxxaH JIeO CHCTeMa, HIOCeOHO y cJIyuajeBHMa 

Kajna OymroTHHa IpoH3BoOJH MenaBHHy TeuHocTH H raca. Cenaparop ooryhasBa na 

ce rac OJIBOJH OJL TeuHOCTH TIpe HerO IITO OHa ylje y HyMrny, Jep IIpHCyCTBO BeJIHKC 

KOJIHUMHHC TaCa MO)KC JIa CMaĐH e(i)I/IKaCHOCT pajta IIyMIIČ. 

Jomi jenHa KJbyuHa KOMIIOHcHTA je IIpOTeKTOP, KOJH IITHTH MOTOP OJI yJ1acKa 

TeuHOCTH H OCHTypaBa MĐeTrOBO XJIaDljeDbe TOKOM paja. IIporekrop je KparHuaH 3a 

ripojnnyxKXaBaPbe pajlHor BeKa MOTOPa, jep cnpeuanBa rnpojop (pbaryHa y MOTOP, KOJH 

MOK H3a3BaTH KBapoBč. 

EjneKTpuuHu MOTOPp, KOJH je CMEHITEH Ha JHy IIyMTIIHOT CHCTeMAa, HOKPpehe 

paji nenme ryMne. OBaj MOToOp Je HaH3MeHHuHO HarajaH CTpyJOM IIpeKo Ka0Jta KOJH Ce 

TIpoTe:Ke OJI IOBpImaHe JIO LyOHHe. OH riperBapa eztekTpuuHy eHeprHjy y MeXaHHuKy 

CHary, KOJa IOKpehe OCOBHHY IIyMIIe H Ha Taj HauHH OMOryhaBa KpeTaMbe poTopa. 

OcopBunHa je noBe3aHa ca IIyMIIOM H MOTOPpOM H OMoryhanBa Jla ce MexaHHuKa 

cHara IpeHocH JUHpeKTHO Ca MOTOPa Ha IyMrny. OHa Je ndgaajHupaHa Tako a Oyne 

IITO MaMber HpeuHHKa, aJIH JIOBOJBHO jJaKa a MoJHece omrepehePme H Hamop IpH 

TIIyMIIaEb5y TČUHOCTH. 

Kaja MoTop 3anouHe ca pajloM H aKTHBHPa IIyMITIy, TeduHOCT IIOuHMbC Jla yJ1a3H 

y IIyMIIy Kp03 ycHcHH MOJIyJ1. Poropu nyMre najy TeuHoOcTH BeJIHKy Op3HHy, HaKOH 

uera oHa rpoma3H Kpo3 crarope ryie ce Op3HHa ripeTBapa y rpHrHcak. OBaj rpomnec 

Ce HOHaBJba y CBaKOM CiIeJleheM CTeHICHy ITyMIIĆ JIOK TedHOCT He JIOCTHrHe IIOTpeOaH 

HpHTHcaK 3a II0/1134Đ5Ć Ha IIOBPIHHHY. 

TeuHocT, Koja je NOJMTHyTa KpO3 IČBH, 3aTHM IpOJa3H KpO3 

HpoTHBHOBpaTHH BeHTHJI, KOjJH cripeuaBa Bpahambe TeuHOCTH H3a342JI y IIyMIIy KaJla 

CHCTECM HHJe aKTHBaH. 

Ha kpajy, Kajna ce (parya) nojnHrHe JIO IIOBpIIHHe, OH Ce HPHKyTLJba H JaJbe 

TpaHcnopTy]je y cHcTeMe 3a rpepajiy HJ cknajumrTePe. (Takacs, 2017) 
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4. Ms0op MexaHMuKe MeTOJe eKcnmoaTamuije: rjJaBHe 

KapakrepucTuKe H pa3juuMKe HM3MeDy enmeKTpMuHe morTamajyhe 

HyMme H JyOHMHcKe IIyMIIe 

EnekrpwuHe moramajyhe myMme (ESP) w myOMHcKe myMme (SRP) 

ripe/icTaBJbajy Ba Hajuemiha MeTOJa MeXaHHuKc eKcmmoaTamuje (uyHMma WH3 

OynroTHHa. OBe JiBe TeXHOJIOTHJe Hrpajy KJbyuHy yJIOry y eKcrmoaTanujH Ha(bTe, ajma 

ce 3HauajHO pa3HHKy]y y CBOM IHIpHHIMHIHy pajia, IpojlyKTHBHOCTH, OTIIODHOCTH Ha 

yCJIOBe OyHTIOTHHe H TpOIHKOBHMA OJIp;KaBaMba. 

V OBOM Hor]IaBJby he OHTuH rpHKa3aHe rJ1aBHe pa3jiHKe H3MCIy OBHX ITyMIIH 

KaO IIITO Cy: 

1. Tipunnun pajta 

TIIpuHrmmm paa emeKTpuuHe moramajyhe nmyMme (ESP) saacHMBa ce Ha 

nueHTpH(QbyralIHOM cHcTeMy. ESP kopucrM poTope KOJH Cc poTHpajy BeJIHKOM 

Op3HHOM H cTBapajy neHTpH()yrajHy CHJIy, UHMČ TIOJUDKy TČUHOCT H3 OyITOTHHe JIO 

noBpmmiHe. Morop NyMme je HOTOHJbEH y (pHyuma 3aJeHO Ca IHyMIHOM, IHTO 

oMoryhaBa e(bMKacCHy KOHBCp3HJy ecHeprHje H INOJMH3AaMbC BCJIHKMX KOJIHUMHa 

TeuHocTH. ESP cucreMuH cy HO3HaTH HO CBOJOJ CIIOCOOHocTH a OOpabyJy BeJMKC 

TIpOTOKe H 3aXTeBajy craOMJIHe ycJIOBe OymroTHHe, rhe je canpxxkaj cro0ojHor raca 

HH3aK, a (baryH pe1aTHBHO uHCT. 

Hacyrpor TroMe, ayOuHcKa nyMna (SRP) kopacrH MexXaHHUKH CHCTEM KJIHIIA 

H miHrKe. Ha nopBprimuaHH ce HajJta3H MOTOP KOJH IIOKPpehe KJIHITHC IHrKe, rpeHocehu 

eHeprujy JUyOoko y OyntoTHHy rye ce Kami Kpehe rope-no:e, yBnauehu H nonuDKyhuH 

TeduHOCT Ka HOBPIHIHHH. CHCTeM JUyHHHCKOT IIyMIIafba je IIOrOJIHHJH 3a OymoTHHe ca 

MaBbHM HPOTOKOM H BHIIHM CaJipxXajeM raca H JipyrHx uecrHna y TeuHocTH. OBaj 

MeXaHH3aM je OTHOpHHJH Ha HpOMCHC y yCJIOBHMa OyIHOTHHC H MO)KC pajiHTH y 

CJIOJKEHHJHM cpeJ,miHaMa. (Okodi, 2017) 

2. IIpojnyKTMBHOCT H OTHOpHOCT Ha yc.IoBe OymioTHHe 
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ESP nywmne cy naaajHHpaHe 3a OynIoTHHe Ca BHCOKHM IIDHHOCOM TeČUHOCTH. 

One Mory nonuaaraH BHmee o/l 400 m?/d, urro 8x uHHH HyleaJHHM 3a OymrorHHe ca 

BOJIHKHM  HpOJUyKTHBHHMM  KamanMTeETOM. MelyTMM, BHCOKa KOHIMeHTpamja 

cno0ojnHor raca Hnu recKa y (bayryu)ly MO?)Ke HeraTHBHO yrHmaTH Ha e(-)uKacHocrT ESP 

HyMnu, jJep rac crBapa MeXypHhe KOJH CMaMĐyjy HIpHMTHCaK, JIOK HeCaK MO)KC 

omrTeTHTH pajiHa KOJIa OJIHOCHO poTope. Takobe Ha e(buKacHOCT OBE IIyMIIe yrHuec H 

CaMa BHCKO3HOCT Ha()Te OJIHOCHO jaKO BHCKO3HE mMapaQHHcKe Had(Te MOTy 

ripecTaBJbaTH rpo0neM paany ESP mywmme. (Takacs, 2017) 

/lyoOunHcke myMme, c Jipyre crpaHe, HMaJy HHDKy THIDOJLyKTHBHOCT, aJIH Cy 

3HauajHO OTIHOPpHHJe Ha yCJIOBe KOJH Mory omrreTaTH ESP mywne. OHe Mory O0Jbe 

(ObyHKmioHucaTH y cpenmMHaMa ca BehHM cajp;kajeM cJOOoOJHor raca, HmecKa MHJIH 

BHCKO3He TeuHOCTH, Kao H y OynroTHHaMa TJIe Ce OueKyje IIDHCyCTBO BOJIĆ y BEJIHKHM 

KOJIHuHHaMa. OBa OTHOpHOCT uHHH JyOHCKEC IIyMIIe TIIOTOJIHHJHM 3a OymoTHHe ca 

TIDOMCHJBHBHM HJIH TC)KHM yCJIOBHMa. TaKODc, CHCTeEMH JIyOHHCKC IIyMHIČ Cy 

upuznarobeHu 3a OynIoTHHe ca MaPbHM H Cpe}iHM KOJIHUHHaMa IIpoToka, raie: ESP 

TIyMIIE He OH OHJIe ČKOHOMCKH HcrinaTHBe. (Sherif Fakher, 2021) 

3. TpomurkoBu uHcrajanuuje H 011p)xapaza 

JemHa oJ saHauajHHx pagHMMKa M3MeDy ESP H myOHHcKHx HyMNM jecTe y 

TpOIHKOBHMAa HHcrTaanuje H O,poKkaBapa. ESP nyMne 3axTeBajy KOMIILIHKOBAHHJy 

uMHcTanmanmujy H Behe moueTHc TpONHNIKOBeC. V cHTyuajy KBapa, myMma MOpa OuMTH 

H3ByucHa Ha HOBPDIHIHHy, IITO 3HaTHO HOBehaBa TpONIKOBC HOHpaBKe H BpeMeHa 

aaycTaBJbabba  „IIDOM3BOJMbc. OcCMM Tora, CHCTeM HESP muyMmM 3axTeBa 

crenHjanm3oBaHy OHIpeMy 34 KOHTPOJIy H HOjemaBabbe, IITO J(OJ{ATHO KOMILIHKyJeC 

HDHXOBJ yHOTpeOy. 

HacyrnporT ToMe, WyOMHcKe HyMMNIe HMaJy jceHHOCTaBHHJH JU13QjH H HHDKH 

TpOIHKOBH OJip;kaBaPa. Behu Jeo MHXOBEC OHIpeMe Haja3H CeC Ha HOBPIHHHH, IITO 

aHauu Jna Je naKnte JOcCTyrHa 3a OJipoxXaBabe H HornpaBke. V cinyuajy KBapa, Hajuemhe 

je Moryhe monpaBHTH cHCTeM Oc3 moTpeOc 34 CKyHMHM OHepanujaMa H3BJaucMa 

HyMme H3 OymoTHHe. (Akchay L. Pandit, 2015) 
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5. Ms30op MexaHMuKe MeTOJMe eKcmmoaTamuuje: Moryhu 

pa3mo3M 3aMeHe jemHe MeTOJe MexaHMuKe eKcmJOATAIMNMHjeE 

JpyroM 

V OBOM HorJIaBJby OHhe HaBeneHH H oOpa3nmoxxeHu MoryhuH pa3Mo3H 3aMeHec 

jeMHe MeTOJI MeXaHHuKc cKcIIOATaIJeE JIDyrOM, KOHKDeTHO y OBOM CJIyuajy 

Moryhu pa3no3H 3aMeHe eneKTpHunHe moranajyhe ryMne (ESP) ?yOBHCKOM IIyMIIOM 

(SRP). 

V caBpeMEeHOM ypaBJbaMbby Ha(QTHHMM H TaCHHM OyrmoTHHaMa, MH30op 

onroBapajyhe MeTOJNe MeXaHHMuKe ecKcHJOATAaNHJeE MHrpa KJbyuHy yYJOTy y 

OHTHMH3aLHjH IIDOH3BOJUbe H OJp)KaBaPby e(bMKacHocTH. IIpema3aK ca jeHOTr 

CHcCTeMa Ha JIipyrH MO:;Ke OHTH HeOrTIXOJIAH KaKO OH ce OIITHMH30BaJTa IIpOJLyKTHBHOCT 

H CMaMHJIH OHepaTHBHH TDpONIKOBH. OJUIyKa O TOMC KOJy HIyMIIy KOpHCTHTH, HJIH 

Kana 3aMCHHTH jeJHy JIDpyrOM, 3aBHCH OJL CHenMH()HuHHX yCHOBa Oy1OTHHC, 

KOJIHUHHC TINIipoOM3BejleHor (pHyuja, npHMcycTBa raca H BOJIĆ, KaO H CKOHOMCKHX 

(akTopa. 

Jenan OJ Hajuemihax pagamora je npoMeHa y ycHoBHMa OymioTHHe. AKO 

OymroTHHa nouHe Jla IpoH3BoJ Behy KomauHHy raca, IecKa HJIH BOJIe, JIy0uHcKe 

myMmne Mory OuTH OO0JbH H306Op 30or cBoOje OTIIOpHOcTH Ha TaKBe ycJIOBe. Ha ripHMep, 

ako OymorTuHa HouHc a HpoHM3BOJM Behy KoHMMuMHy BoMe, ESP myMme Mory 

uH3ryOHTH e()MKacHocT 30Oor moBehaHor rpHTHcKa H XHJpaynmMukHx npoOmeMa. y 

OBaKBHM CJIyuajeBHMa, IHpeJ1a3aK Ha JyOHHcCKy IIyMIIy je norHuaH, Jjep OBajJ CHCTeM 

00Jbe HIOJIHOCH IIDpHCyCTBO BOJIe H npyraHx Heuacroha. (Esmitech, 2024) 

C npyre crpaHe, ako OymmoTHHa HouHe Jla IIDOH3BOJIH Behe KOJIHuMHHe (bjtyHajna 

ca HHCKHM CapxkajeM raca, ESP myMme mocTajy IHIO)KOJBHHJE 3OOFr CBOJE 

CHOCOOHOCTH JMa TpaHCHOpTyjy BCJMKC KOMMuMHMHC (uyHma. HowxoBa pBeha 

TIpOJIyKTHBHOCT MO)Ke 3HauajHO IIOBehaTH yKyIIHy IIpOH3BOJUby OyHIOTHHe. 

TaKkolje, eKOHOMCKM pa3H03M MOTy JHKTHpaTH HpOMeHy CHCTeMa. AKO 

ojnpxxaBabe ESP cucreMa mnocTaHc CyBHIIC CKyHO HJIH KOMILJIHKOBaHO, OHepaTep 

MO:Ke ripehu Ha JLyOHHCKy IIyMI!y KaKO OH CMaMbHO TPOIIIKOBE H IIOJeJIHOCTaBHO P4a/L 
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/lyOHHcke nyMIe cCy HO3HaTe HO CBOM pOOyCHOM JWH3ajHy H MoryhHocTH Op;xer 

pemranatba ripoO0neMa. (Clegg, Bucaram, & N.W. Hein, 1993) 

Ilro ce rMue OymoTMHa y CpOHJjH KOJE KOpMCTe MeXaHHUuKC MCTOJIĆ 

ekcrinoarTatnuje, c OO3HpoM Ha TO Jla je IpoH3BOJUPa (paryala pentaTHBHO Majla H Jla Ce 

nBehaHHa OymorTuHa Haja3tH y 3aBpniHoj (ba3u eKcrimoaranuje, nyOHHckKe nyMrne (SRP) 

Tripe/icCTaBJbajy JaJteKO moroJHHje pemembe. V HaQprHoj Hnanycrpuju Cponje (NIS), 

Ha OymrloTHHaMa TJie cc KOpHcTe eMeKTpHuHe morTanajyhe mymne (ESP), uecro ce 

npHOeraBa rpeOGanuMBaMby IHyMHMH Ha HOBpEČMCHH Ppe)xKHM Ppala. MebyTMM, oBaj 

npucTyr Huje Hieanan, Jep ESP iryMne Hacy nu3ajHHpaHe 3a IIOBpeMeH Pp4aJi H CAMHM 

THM Cy CKJIOHHJe KBapOBHMa H CMaEbePby e(bHKkacHocrTu. J[yOHHcKe IIyMIIe Cy MHOTO 

rpunarobeHuje TOBpeMCHOM PpexKHMy pa/la, jep PHXOB MeXaHHuKH CHCTEM OOJbC 

TIOJIHOCH IIpeKujie y pajy H rpunarobaBa ce crerm()uHHM ycJoBHMa OymoTuHa ca 

MaBMbHM IIDHHOCOM. V OBaKBHM CJIyuajeBHMa, JLyOHHCKe ITyMIIĆ He CaMO Jla IIpyxKajy 

nBehy noy3JlaHocT, Beh cy H JlyropouHo HcrmimaTHBHje 3a cKcImIoaTallijy. 

Kana je peu O ČKOHOMCKOM aCIKTy, JyOHHCKC HyMHC HMAaJy JOMI! JeJIHy 

saHauajHy ripenHocr. HaQHa HHyycrpuja Cpounje Beh nocenyjJe JyOHHcKe IIyMIIe Ha 

KJIHIIHHM IHHIHKAMA y CBOM BJIACHHIHTBy, TaKOlje H OOyueHO OCOOJbe 3a paji H 

TIOHIpaBKy IHIyMHM, IHITO 3HauM a KopuHmiheme mocTrojehe ompeMe mpencTaBJba 

(QuHaHcuHjcku pauuoHajmHujy onnujy. 3a paamky o rTora, ESP mymme aaxTeBajy 

H3HaJMJbHBaMbC MH „JIOJaTHC TPpOHHKOBC, IHTO UHHH MMHXOBy IHIPpHMCHy MaMe 

eCKOHOMHUHOM. 
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6. „Crymuja cyuaja: M30op omroBapajyhe MexaHHuKe MeTOJIĆ 

6. Ommru mnonmanu o OymroruHu X-001 

BymroruHa X-001 ce Hajta3uH y ceBepoOHCTOuHOM JieJ1y Ha(bDTHOr HOJba YY H y 

eKcnzoaranuju je oJl 1. Janyapa 2016. romaHe. OJI caMor nouerkKa, OynroTuHHa pajiH 

Ha mexurmrry Pz-la, a orBopeHu HHTepBam nepdQopanuje Hana3H ce Ha HyOHHH OJ 

2070 no 2085 erapa. V oBy OymorTuHy je HHcranipaHa cJteKTpHuHa moranajyha 

nuyMma (ESP) Mojena 5-30-2100, koja je cMemreHa Ha nyOHHu oJ 2029 erapa. 

HakoH nouerHor (paaHor ypeljaBama H rpunarobaBapa mnapaerapa, OymoTuHa je 

TyITeHa y KOHTHHyaJIHH paji ca craOHJIHHM IapaMeTpHMa pajla. 

Mebyruw, HakoH oJipebeHor BpeMeHa pajta y craOHJIHOM pe)KHMy, IIpHMeheH 

je man HHBoa Q)myuana y OynmrIorHHH. VOp3o HaKOH TOra, JIOIIJIO Je JIO JIBa ayTOMaTCKa 

3ayCTaBJbaba IIyMIe 30or aKkTHBanuje 3amrTHTe OJI IIpeBHCOKe TeMIIcpaTyPpe, IITO je 

3aXTeBaJIO JIO)1aTHy aHaJIH3y H HHTEpBCHLH]Jy. 

6.2 Omuc npoOteMaTHKe 

AHaJIH3OM TIIpOH3BOJHHX TOJaTaKa yCTaHOBJbeHO je a je OymroTrMHa 

ojpxxaBana craOHIaH HHBO IIpOH3BOJIH56 y pacnoHy OJ 18 no 19 M? JIHeEBHO, JIOK Ce 

JaHaMHuKH HHBO (bnyuna Kperao MwaMeby 1400 w 1600 erapa. McroBpeMeHo, 

TeMrmepaTypa ESP nywme je OMma y omcery o 130 mo 140 "C. Opu mnonanu cy 

yKa3HBaJIH Ha CTaOHJIHe yCJIOBe Ppajta CBe JIO OJipebeHor TpeHyTKa. 

MebyruM, Ha NpoM3BOJHOM mrpodQuumy je mpHMMeheH mocTemeH IopacT 

TeMIepaType H HCTOBpDPEMECHO CMabeMbe JIHHaMHuKOT HHBOAa (bnryuHjia. OBaj TpeHji je 

Tpajao cBe Jno 11. beOpyapa 2017. rouae, KaJna je nomino Jo 3aHauajHor moBehama 

TeMIHIepaType MNyMHcC H Majber mama HHBOa (uryuMa, mro je pe3ynTHMpaHno 

ayTOMAaATCKHM gayCTaBJbaĐbeM ESP-a 30or npeBHMcoKe TeMmepaType. CnuuHa 

cHryanuja ce HoHOBHJa H 4. anmpuMma 2017. romMHe, Kama je HyMHa HOHOBO 

3ayCTaBJbeHa, HaKOH ucra Je OymoTHHa Mopajta OHTH HCKJbyueHa H3 HIpOH3BOJUbC 

panu najbe aHaJm3e H HHTepBeHLHHja. 
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BaxxHa HanoMeHa 

TpeHyTHOo je y cKnajuHirTy KoOMIaHHje nocTyrHa cieJleha OrpeMa KOJa MO;KC 

Ogru KopurniheHa 3a caHanujy H IIOHOBHO IIOKpeTaRbe OyITIOTHHe: 

•  Kauajbka TexHHe 9 t 12 t. 

•  KmanHe nminke npeuHiHka 19 mm, 22 mm u 25 mm 

•  TyOMHr npeuHHKa 73 mm 

V raOemu 6.1. cy npakaaaHe KapakrepucraHKe ESP mywmme. 

Ta6ena 6.1. Kapakmepucmuke ESP nyune 

5 

30 

2100 

2029 
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Ha mujarpaMy Ha camnu 6.1. B704MO TIIpoOH3BojmHH ripodbuzt OymtoraHe X-001 

OJI IOueTKa IIpOH3BOJIe JIO HCKJbyucHba OyITOTHHe H3 IIDOH3BOJIHC. 

Proizvodni profil Is-X-001 

—a —w —o ——hHđin —temp 

Qf
(m
3/
da
n)
, 

Wc
 

(%
),
 
Qn
 
m3
/d
an
) 

o T - O 

O, ?~1o, Oo, “1lo, 1Lo, Oo„ Oo„ 00. '9o. “9o. 905 '%o, %o, “Žo, '>,, ?>,, T6,, ', %;, T5, ', “o, , ' 1o; , 1o; o “ 1o; .0j o 9  0; ” d d j , ı z 
o t N a a K 8 8 8 a K N . . 5 , 0 a N a a N A 

Vreme 

Hd
in
 
(m
/1
0)
, 

Te
mp
 

[*
C)
 

Cnuka 6.1. Ipouseoonu npodun 6yuiomune X-001 

Ha mujarpaMy cy npHKa3aHe KpMHBC HpOMeHe TeMTepaType, yTOKa BOJIĆ 

(3aBO)UbeHoOcT), KozmmuuHHe (pbyryuala, KomiuuHa Ha(pTe, 1HaMHuKa 
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Ms npoasaBojmHor rnpodouna npuMehyjeMo yHaTHo moBehame TeMnmepaType y 

JiBa IIepH0jIla KaoO IITO je H TOpe OHHCaHO. 

V raGenu 6.2. cy npHKka3aHH napaMerTpu pajtla OyImoTHHe H HIyMIIc y IIecpHOJLy 

KOHTHHY42JIHOr pa/la IIpOH3BOJHe. 

Ta6ena 6.2. Ifapawempu paoa 6yuomuHne u nyne u KOHmUHyaJIHO.M peoIcuMa 

npou36ot!be 

30.03.2017 

130 

60.3 3JamaraK 

V OKBHpy OBOT 3aJaTKa, HOTpeOHO je H3BPpIHHTH JIČTaJbHy aHajm3y paja 

onpeMe y OymoruHu X-001 u ojrroBopuru Ha JBa KJbyuHa nuHTaMba Koja he noMohu 

y OHTHMHn3anujH pajla H pemmaBabby Iipo0JIeMa ca IIyMIIOM. AHajmi3aa he oOyxBaTHTH 

HCIIHTHBAHbC TDeHyTHHX yCJIOBa pajta H npejutore 3a yHarpebekbe ekcrinmoaTanuje. 

1. Onpebuname MeroMe eKcmnmoaramuje Koja hHe ooryhuru 

KoHTHHYyHpauHnH pajt H TDeHyTHYy IIp0H3B0/Uby 

IIpBa dQa3a aHanM3e Hojpa3yMeBa MHJIČHTH(DHKamMjy H IHPHMCHy MCTOJIĆ 

eKcnoaTanuje Koja he ocHryparH KOHTHHyHPpaH pajl OyIIOTHHeC H OJIp);KaBaMbC 

TpeHyTHe IIpoH3BOJMbe. V pasaMarpampe he OgHTH y3eT HTOH3BOJIHH Hpo(bun H CaMC 

KapakTepHcTHKe eJIeKTpHuHe noranajyhe nyMre H JUyOHHCKe IIyMIIe. 

2. Oojaubeme pa3nuora 30or Kojux je momuno o mperpejaBaba ESP 

myMme 
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/ipyro nuraĐe ce onHocH Ha HJieHTH(QbHKamujy y3poKa perpejaBaba ESP 

HIyMHe. 3a OBaj neo aHanuae OHhe morTpeOaH ripernen TeMiepaTrypHuMx nojaTaka H 

3aBOJUPbeHOCTH, TaKolje H3 rpoH3BojiHor rIpo(bHita. 

Va3 nooh opBMx mojnmarTaKa, OHhe Moryhe yrBpnarmH a MM Cy pa3HMo3M 3a 

riperpeBabe IIOBe3aHH Ca IIDOMeHaMa y yCJIOBHMAa PaJTla, HeHCIIpaBHOCTHMa y OIIDEMH 

HJ JDyrHM QaKrTopuMa KojH yrHMuy Ha TeMmepaTypy HyMme. Ha OCHOBy OBHX 

Hana3a, HpeyuIOxkHheMO Mepe 3a pemraBaPĐe npoOmeMa H cHpeuaBaĐe Oy/yhux 

ripekKuJta y pajty. 

64 AHamga3a pama eeKTpMuHe moramajyhe myMme (ESP) u 

nyOuHckKe nyMme (SRP) aHa OymoTunu X-001 noohy mporpaMckHMx 

ajaTa 

IIpoBo 3anouHMbeMO aHajmi3y cHcTeMa cJIeKTpHuHe morTanajyhe ryMrne (ESP), 

KapakTepHcTHKc paja HyMIe, pajHuH obcer, craOMmHocT paa H OHO HajOHTHuHJe 

e(bHKacHOCT ITyMTIIe. 

Tecrupame mneHTpuH(byraJHx HyMIMH Ce H3BOJUH HpH KOHCTaHTHOJ Op3HHH 

poranuje, TOKOM uera JOJIa3H JIO BapHpaMba HpoToka Ha M3Ja3y HđyMme. IIp TOM 

TIipottecy HpaTe Ce HEKOJIHKO KJbyuHHX IHapaMeTapa: 

• IIparuMcakK Ha yMayy H H3J1a3y H3 IHIyMHe; 

• IIporok Qiyuama; 

• CuHara morpeOHa 3a paji IIyMIIe. 

Ha ocHoBy oBHx napaMerapa H3pauyHaBa ce KOe(bHIijeHT KOpHcHor JIejcTBa 

TIyMTIHIe, OJIHOCHO MbeHa e(Q)MKacHocT. OpBaj Koe(bunujeHT HpeDjicCTaBJba CIHIOCOOHOCT 

TIyMIHIe la MeXaHHuKy CHCPTHJy, KOJy HOOHJa OJL MOTOPpa, IIpeTBOpH y XHJIpayJIHuky 

cHary Koja Je HeorxoJiHa 3a TpaHcnoprT (pbnyuana. (Tomljanović, 2019) 

Ha rpaQbuky KapakrepucTuke pa/ta IyMre (c1mHKa 6.2.) npaKka3aHe Cy OCHOBHC 

mep(QopMaHce IIyMIe, KaO HITO Cy panHa 3OHa, Hamop, HOTPpoOmmba cHeprHje H 

Koe(urujeHT ucKopurnihema. CBe OBe KapakTepHcTHKe Cy Be3aHe 3a jeHO pajiHO 

KOJIO IIyMIIC, a yKyIHc KapaKTepHCTHKe IIyMIIe Ce JIOOHJajy KaO 3OHp BpeJIHOCTH y 
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3aBHCHOCTH 0OJI Opoja pajiHHX KoOJIa y cCHCTeMy. Ha rpaQHky ce JacHo youaBa Jma je 

HajBehu Koe(bunijeHT KOpHcHor JIejCTBa IOCTHrHyT y Cpe,lHIHTHeM JeJIy pajiHe 3OHeC 

IHyMIIC, IITO IIpeICTaBJba OIITHMAaJIHC yCJIOBC pajta H THIIHHMHC KaTaJIOIIIKĆ BDpDČJIHOCTH 

3a onpebeHH MOJIeJI IIyMIIC. 

5,400 a 64 
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90 i |et A E 
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n 3,600 li ~ "- O 5i | b __ M ~ 
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TIPOTOK, m3/dan 

Cuuka 6.2. IpaQuk kapakmepucmuke paoa ESP nyune (Fetoui, 2018) 

Kako 0g sanoue: mpopauyH H aHajJIH3y HIDpBO HŽITO je HOTpeOHo Cy Hojalı 

OymrIoTHHe HaBCJICHH y NOTHaBJbHMa 6.l. a 6.2. V raOemuw 6.3. npHMKaa3aHHM Cy 

CyMHpaHH mnojianu OyntloTHHe noTpeOHuH 3a npopauyH. 

Ta6ena 6.3. Ifapaempu nompe6nu 3a npopauyH 
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AHaxnna pajta eneKTpHuHe noranajyhe myMre (ESP) je pabeHa y codmaeepy 

Pengtools. 

3a HeBHy IpoH3B0O/Uby (byyyujna o 18 m?/d Bpmuwmo rpopauyH y cobTBepy 

Pengtools. 

Ha c 6.3. npaka3anu cy ormmru pe3yararTuH rpopauyHa. C o03HpoM aa je 

myMrna yrpaljeHa Ha nyOaHu ojrl 2030 m, a uaHaMHuku HHBO (biaryujna Je Ha yOHHH OJIL 

850 m. /inHaMuuku riparucak Ha nHy OymrorHHe je 77.2 atm, a npuTHcak Ha ycHCcCy 

TIyMIHe HMa BPpeJHOcT OJL 73.6 atm. Takobe nparaHcakK Ha H3Ha3y H3 HyMIIC H3HOCH 

152.4 aTM. OJI yKyTTHO H3JIBOJeHor raca OJI 20 %, TOKOM IIDOH3BOJIe, KOJIHMHHAa KOJA 

je ocrana MemanuHu jJe 0.25 %. OJ yKyrIHo H3JIBOJEHOr TraCa, TOKOM IIDOH3BOJIH56, 

99% Je oncrpampeHo y cenaparopy raca H Kpo3 MeDbyripocTop ce Kpehe JO IIOBpIIHHe. 

CHara nyMre H3HocH 5.67 kW. 

Parameter Name Value Units 

Well flowing pressure Pwt 77.2 atm 

Pump intake pressure PIP 73.6 atm 

Pump discharge pressure PDP 152.4 atm 

Liquid flowrate at surface conditions 

Mixture flowrate at intake dmixture 23.5 m?3/day 

Mixture flowrate at intake after separation dmixture_sep 18.8 m3/day 

Gas into pump before separation GIPbefore_sep 20 % 

Gas into pump after separation GIPafter_sep 0.25 % 

Total Dynamic Head TDH 850 m 

Breaking Horse Power BHP 6.1 kW 

Breaking Horse Power BHP 8.19 hp 

Cnuka 6.3. Onumu peayamamu npopauyHa u36e3enu u3 codbmaeepa Pengtools 

ITro ce raue yrpabeHor ezteKTpoMorTopa (cnKa 6.4.): cHara 28 kW, HanoH 

413 V g norpomima crpyje 59 A. 

Type Power, hp Power,kW Voltage 

nominal |37.5 28 

Cnuka 6.4. IfepQopwance yepaljeHno2 enekmpoomopa (Pengtools) 
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Makcuwa:tHa TeMrepaTypa Kojy yrpabeHu Ka0t Moxke Ja mojHece je 96 "C a 

maji HanoHa je 109.1 V (cnaKa 6.5.) 

Main cable 

#1 AWG CPNR Centrilift 34.5/-/2.51kg/m SOL 5kV 
Main Vdrop -– 109.1 V 

Voltage Rating - 5000 V 

Height – 34.5 mm 

Width - mm 

Size - AWG#1 

Type - round 

Conductor Design - SOLID 

Max Temp - 96 C 

Ha c 6.5. npejnicraBJbeHe cy nBe IPR kpHpBe: 

• pBeHa onmHcyje KapakTepHcTHKe yToKa (payujma y OynloTHHy 

• OpaoH KpHBa onHcyje KapakrepHcTuKe yroka (payyyuaa y ESP mryMmy. 

75 
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25 

0 200 400 600 800 

Rate, m3/day 

— Perforation IPR — Pump IPR 

Pump separated mixture IPR Pump mixture IPR 
Q Liquid rate at Pwf Q Liquid rate at PIP 
Q Mixture rate at PIP o Separated mixture rate at PIP 

Cnuka 6.5 Kpuaea kapakmepucmuke ymoka q)anyuoa y 6yuiomuny (Pengtools) 

IIpuehyje ce na Je orTHMajJHa rnpoHaBojnma (pbayua Hcra 34 rIpHTHcaK Ha 

ycHcy HyMme oOJIL 73.6 atm H npuTHcak Ha nHy OymoTuHe oJ 77.2 atm H Ma3Hocu 18 

m*?/dan. 
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Ha cnakaMa 6.6 H 6.7 BHJIHMO JiHJarpaM KDpHBe KapaKTepHcTHKe pajna ESP 

TIyMIIC. 

ESP T5-P30 
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Cuuka 6.6. Kpusa kapakmepucmuke paoa ESP (Pengtools) 
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Cuuka 6.7. Kpusa kapakmepucmuke paoa ESP nyune (Pengtools) 
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Ha cnukaMa 6.6. H 6.7, Koje cy HcTe caMO je Ha cH 6.7. unpaka3aHa pajiHa Tauka 

TIyMIIC H BeJIHUHHC FbcCHHX HapaMeTpapa, yBHDaMO Jla IIDOTOK Kpo3 IIyMIIy y pajiHoj 

Tauku H3HOcH 23.8 m”/d mrro HaM JaJbe aje 3aKJbyuaK JIA JIHECBHa IHIDOH3BOJIH5a 

(nyuna o 18 m3/d He 3a)lOBOJbaBa JaT KpHTeEpHJyM OJUHOCHO JIA je 3HaTHO Mafb4a, 

CaMHM THM je H3aOpaHa ESP mywnma rtipejaka 3a naTy IIpoH3BOJUPy H Jl He IOCTHDKC 

MaKCHMaJIHy e(buKacHocT. TaKolje, Bpe/iHOCT IIpOH3BOJUe Je MHMO pajiHor ortcera H 

OBy HYyMIIy Kapakrepume H3paaHTo HecTaOHmJaH paji ca xaOaPeM pajiHHX KOJIa H 

FbHXOBHM Op3HM TpoIeMbbeM. 

3a neHTpHQyramHe myMIHe je KapaKkTepHcTHuHa 3AaBHCHOCT Hamopa OJ 

KOJIHUuHHe IIpoToKa (bnryujma npuH paanHuaTHM Op3HHaMa porTanuje pajiHor KOJI, TJ. 

pa3niuusTHM (bpeKBeHnujaMa. Ca noBehambeM ripoToka Hanop orajnta H o0OpHyro, BehH 

HaHOp Ha HOTHCy IHOCTM;KC CC HIDpH MaMHM TIIpOTOHMMa TIOJ yCJIOBOM Ja je 

(bpeKBeHrnuja KOHcTaHTHa. 3a panny (bpeKoenmjy oJ 60 Hz H rpoH3aBonmy (baryana 

o 18 m3/d aana3anu Hanop je 1144 m (cnaka 6.8.) 

ESP T5-P30 113 st. - Big Oil Well Pumped Off 

H
e
a
d
,
 

m 

0 10 20 30 

Flow, m3/day 

| Workarea — Operating frequency 
— System curve — Mixture system curve 
o aqliquid ' qmixture at pump intake 
& qmixture at pump discharge 

Cnuka 6.8. aaqaucnocm dbpekeenuuje u Ranopa oO npomoka (bauyuoa (Pengtools) 
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Ha cmar aaBHcHocTH (bpeKBeHnuje H Hamopa OJL HpoToka yBHDa ce BpJIO 

HecTa0uinaH paji IIyMrme yHyTap pajlHe 30He ITyMTIIe, a TO je yI1paBO 300r IIpOH3BOJUEeC 

MaJIe KOJIHUHHC (bjiyJm)la ITyMIIOM KOJa MO)Ke JIa pajui Ca MHOrO BehOM KOJIHUHHOM 

(ObnyHMna. OBO MOXE JOBeECTH JO KaBHTaHHJe, HperpeBaPa IHyMIC, CMaMeMba 

ed)MKacHocTH ( IITO Ce H BHJIH H3 CJIHKe 6.6.) H noBehaHo Tpormee ecHepruje KoOJe 

JloBojnu JIO TOBehaMba OnepaTHBHHX TpOIHIKOB4. 

Zlaby aHanM3y H HpopauyH pajnMMO 342 JJyOHHCKy IIyMIIy Ha KJIHIIHHM 

murkaMa y codmaepy Orod. 

% 

MJ 

Dosign Inputs Results (((ECHOMETER))) - OO 
Pomo Deofi 35,% t • •· : L O Intrinsically Safe 
Pump Dameter (D) LO „ J 

ruboSue - |2,875(.40M,f) 2441 ID MOdel H 

[]Andored Tubeg a 7G 
()Fbergass and Steel Rods, Calculato from SPM or Targot 

MPIRodNunber G Rato 
(e Stoke Rate «<|.% »> | M 

APIRodGrađe D Čiwpiavia 

= 
Default Sottings 

Totai SrkerBar Wedht — |00 le - DampmgFactor 0.00 

Fiud Specikc Gravity 0 Spe 0. Surface Urt Eficercy 9500 * 

TubngPressure: 0.00 [ • _ Pumo Volumetrc EffiCercy ss |} % 

Caang Preseure: D NNNIL 

You may enter Puno Intake Presnure dreciy, or calouate it from Reservoe Presnure ard Producbity lndex. The Fehometer Model H is am intrimsically safe fluid level 
instrument designed to be used in hazardous emvirommments. The 

(e)Pumo Intake Pressure | 50.00 L_ • CJReservor Presnure L_d • Model H permits emhanced imterpretation of reflections from 

"NOOBRNINh ss + downhole anomalies through application of digital filtering: and 
processing that improves the ability of the operator to distinguish 
downhole obstructions. The Model H records acoustic signals with 
the highest possible resolution and frequency comtent to optimize 

fEdhometer Compary Phome: (940) 767-4334 E-Mal: Wikaudyaailik a a ; & : ; 
Copyroht 1994:2022 Edometer Comany, Al Rights Reserved. lr ecnometer OM Mdligital sigmal amalysis amd interpretatiom mwsimg processimg 

tecluniques specially designed for deep gas lift well analysis 

Cnuka 6.9. Pa0na cmpana npozpawcko nakema Orod 3.1 (Echometer, 2015) 

Cmaka 6.9. npHMkKa3yje KOpHcCHHuKHM HHTepdQjejcC KoOjH Ce OTBapa HaKOH 

nokpeTaPa nporpaMckor makera QRod 3.1. JleBa crpaHa HHrepQejca cajpxH 

KapTHIe 3a yHOIHIeMe yJa3HHX HOJaTaKa, Kao H KapTHIy 3a npHKa3 pe3ymrrara. Ha 

Jl\ecHOJ CTpaHH, HaKOH IIITO Ce yHecy Hojanu H H3Bpr rpopauyH, OHhe rpaka3aHH 

onroBapajyhmH wjarpaMHM. OBH uijarpaMH oMoryhaBajy BH3yeJmnalJy BajKHHX 

napaMeTapa KOJH Cy KJbyuHH 3a IIpOoJeKTOBaMbe. 
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Y raGemi 6.1. npaka3aHu cy napaMeTpH I!yMIIaMba KOJH Iipe}iCTaBJbajy yJ1a3HC 

nojaTKe 3a nporpaMckuH maker QRod 3.1. OBH napaMeTpH yKJbyuyJy JIy?)KHHy XOJIa 

THaTKe mIHHKe, Opoj XOJIOBa, JIyOMHy yrpajpbe HIyMHe, BpCTy HyMIHc H HpeuHHK 

TIyMIIC. 

Ta6ena 6.1. Ynasnu no0auu 3a npopauyH u aHanu3y 0y0unHcke nyMne 

Hakon ne(oaHucama mapaMerapa ryMraha H crtenH()uHHx KapakTepHcTHKa 

TIOJ13eMHC OLHIpeMe, BDIHIH Ce yHOC PHXOBHX BpeJIHOCTH y co(bTBepcku antar QRod 3.1 

paxni ripojeKToOBahba H aHaJIH3e CHCTeMAa JIyOHHCKOT IIyMHaFba KJIHIHHM IHHIIKAM4. 

Ha cmam 6.10. npHKa3aHa je KaprTHma 34 yHOC OCHOBHHX MHapaMeTapa 

nmoTpeOHMx 3a MH3pauyHaBaMm•e. OBM yHa3HH NOalH yKJbyuyjy THH IIyMIC 

(KOHBeHTIHOHAaJIH2), JyOMHHy IIyMIC, JUy)KMHy XOJGa KHMMHa, HpcuHHK IHIyMHC H 

JuaMeHaHje TyOuHra. Takolje, nrpamehyJe ce na rTyOHHr HuHje aHKepHcaH. 
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Unit CWConv v 

Pump Depth 2,0830 · +~|m » 

Surface Stroke Length 2508.00 % |mm + 

Pump Diameter (D) 38.100 „|mm + 

Tubing Size 2.875" (6.40 Ib/ft) 2.441'ID \ 

[_] Anchored Tubing 

Cnuka 6.10. Yaasnu nodauu s3a npopauyH (Orod 3.1) 

Cnenehu Kopak je oxa0Oup MaTepnHjajma OJLU KOJEr Cy KJIHIHE IIHTIKe H3paljeHe. 

IIHnKke Mory OMHTH HapaBJbEHC OJL ucHHKa HNHH OJ KOMOHHauHJe ueHHKa H 

(Qj0eprnaca. 

Cmaka 6.11. npaHkayayje KapTHMy y KOJOJ Cy H3aOpaHe KJIHIHC IHMIHIKE OJ 

uenuka. API 6poj mmrrku Je 76, OK Je KBaJIiTeT ueJIHKa O3HaueH Kao "D" npea API 

craHJ/Iap)iy. 

Rods 

(e) Steel Rods 

(OFiberglass and Steel Rods 

API Rod Number 76 

API Rod Grade D „ 

Cauka 6. 11.Mamepujaan, npeunuk u keanumem no API cmanoapoy (OQrod 3.1) 

Cmaka 6.11. npakayyJe paanuure API OpojeBe KJIHIHHX IIHITKM, KOJH MOTy 

Ouru 55, 65, 66, 75, 76, 77, 86, 87, 88, 97, 98, 99, 108 u 109. Op 0OpojenBu ce oJHOCe 

Ha HpeuHHK KJIHIIHHX IHHIIKHM, HpH ueMy HeKH OpojeBH yKa3y]y Ha IHMHKe Ca JBa 

rpeuHHKa H y TOM cJIyuajy BehuH rIpeuHuHK Je y TOpbbeM Jteny OymrorTHHe 30or Beher 

Harnpe3ahba Ha HcTe3aMPbe, a MaEbH y JIOMĆM JIeJIy. 

API OpojenH monyr 75, 86, 97 a 108 ygkayyjy Ha mmrkKe Koje HMajy TpH 

paanauura npeuHHKa y HH3y: HajBehH Ha BpXy OymoTHHe, Cpe)UbH y Cpe}MHH H 

HajMaMbHi Ha JHy. API Opoj y cymraHu ojnpebyje a a ce pajiH o mmkaMa ca Je/l|HHM 

IpčuHHKOM HJIH O CTČIIČHHHUaCTOM HH3Y ca BHIIIC IIpčuHHKa. 
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m => 29 25 

Hpt·mmi Krpmsnx mmkti je IcTH Ba BpXy, y cpenmun I 
Ha THy. HsHocH 16MM (4/8 in) 

Hpe·nmi a BpXy Hia je 19 MM (3/4 in) Aok je npesiuk Ha AHy 
16 wwr(5/8 inm) 
Tipesignk je Hcrit Ha Bpy, y cpe/utiit H Ha miy HH3A k-Himiirr 
MuHIKH. HaHoca 19 MM (3/4 m) 

Tipestitx Ha npiy je 22 u (7/S in), y cperumm 19 a (3/4 in) n 

@ Ma mHy 16wp(5/8 in) 
|- Tipedun Ha spxy HHa je 22 Ms (7/8 in) aok je npewim Ba 

3 š nay 19 M (3/4 in) 

a Tipewswk je y cBE nemosBMa HH3a HcTH H HsHocH 22 M (7/8 
|1 -- k - Tips je a Bpiy Hiraa 25 o (1 in), y cpezpmt 22 vou (7/8 in} a Ha 

|e:"}}, = | Hy 19 MM (3/4 in) 
|= |--| Tipenn je na Bpxy Hirsa 25 M {I in) aok je na any Hmaa 22 MM 
< Š (7/8i) 

Tipenink je cByan ucmn a irmoci 25 w {1 in} 

Tipemiua a Bpxy je 29 x (I 1/8 in), y cpemmuu gma je 25 M (1 
im) nok je na kpajy rraa 22 Mwr(7/8 in) 

Tipeniu Ha BpXy Hiraa aocH 29 x (1 1/8 in) , a na muy Hima 25 
MM(1 in) 
Tipesnux je y cBitu e-toBiMa Hira HCTH 1 srshocit 29 M (1 1/8 in) 

Tipeuux je Ha Bpxy Hiraa 32 u (1 1/4 in), y cpe;luiu Biraa 20 
MM(1 1/8 in) aok je Ba ay araa 25 aor (1 in) 

i 
k 

bik
i 

Tipeun a BpXy EHa je 32 M (1 1/4 in) nok je Ra aHy HHaa 
29 wwr(I 1/8 in) 

= 
|6
 

|M
 

= 
|o
 

| 

Cnnuka 6.12. Ta6ena npeunuka npeMauAPI canoapoy (Echometer, 2015) 

HakoH M30opa KJMHIHHMX IHHHKM, HCOHNXOJIHO je He(hMHMHcaTH peJeBaHTHC 

TIOJ1aTKe Be3aHe 34 IIpOH3BOJIHH (biiyHjL, Kao H nparuHckKe y TyOuHry H MebynpocTopy, 

3ajeJHO Ca OCTaJIHM HapaMeTpHMa Be3aHHM 3a HIyMIIy. CraKa 6.13. npeyicraBaJba 

KapTHILy y KOJy Ce yHOce rycTHHa (bparyuiuna (eHr. Fludi Specific Gravity) , apaTacak 

y TyOMHry (eHrn. Tubing Pressure) , aparucak y Mebynpocropy (eHr. Casing 

Pressure) , pakrop npurynrtempa (epran. Dumping Factor), edodKacHocT IoOBpInmHHCKe 

onpeMe (eHr:. Surface Unit Efficiency) a 3anpeMHHcKy e()HKaCHOCT IIyMHE (CHTJL 

Pump Volumetric Efficiency) 

Default Settings 

Total Sinker Bar Weight 0.0 lb d Damping Factor 0.10 

Fluid Specific Gravity 1.00 Sp.Gr.H2O+ Surface Unit Efficiency 95.00 k/] 

Tubing Pressure 4.00 bar a Pump Volumetric Efficiency 95.00 

Casing Pressure 13.00 bar d 

Cnuka 6.13. Ifapaempu nyune, Qayuda, my6uHea u keaunoea (Orod 3.1) 

/la OB ce npopauyH MOTaO yCIHĆCHIHO H3BDpIHIHTH, HCOHIXOJIHO jc YyHecTH 

TIipHTHCaK Ha yCHCy HyMrie (eHra. Pump Intake Pressure). V cryaajy a oBa BpejiHOCT 
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HHJje JIOCTyTIIHA, MO:;Ke Ce 32MCHHTH yHOCOM TIIO/1aTaKa O IIpHTHCKy y JIČOKHIITy (CHTJL 

Reservoir Pressure) a HHJVeČKCy TIDOJUyKTHBHOCTH (eHrJL Producfivity Index). Craka 

6.14. anrycrpyje KapruHny 3a yHoc OBHX napaMeTapa. 

(e)Pump Intake Pressure | 3.45 bar + (OReservoir Pressure 68.95 bar + 

Productivity Index 0.200 STB/D/psi + 

Canuka 6.14. Kapmuua 3a yRoc epe0onocmu npumucka Ha ycucy (Orod 3.1) 

IIocHenpH mapaMeTap HeomxoJaH 3a JoOHJabe peyyntrara H HHAaMHUKH 

axxypHpaHuMx muHjarpaMa KojH OoMoryhaBajy JeTaJbHy aHaHmM3y pana cHcTeMa 

J\yOHHCKOT IIyMITaMba je Opoj XOJIOBa IIO MHHyTH (eHr7L. Sfrokes Per Minute). Cnaka 

6.15. npHkayyje KapTHMy y KOJy CC yHOCH OBAaJ HOJaTaK. CHCTeM JyOHHCKOT 

TIyMITaF52 Ca KJIHIIHUM ImHrKaMa 3a OymroruHy X-001 rpojekToBan Je 3a 6.55 xojoBa 

TIO MHHyTH (Ta0eza 6.1). 

Calculate from SPM or Target 
Rate 

(e) Stroke Rate << |6.55 >> | SPM 

(Q) Target Rate <<|| 116.34 

Cnuka 6.15. Kapmuua 3a ynoc 6poja xo0o6a no unymu (Qrod 3.1) 

Peyaynraru npopauyHa cy npHKaaaHu Ha cnHnu 6.16. 

Results 

Rate (100% pump volumetric eff.) 19.5m”3/D + 
Rate (95% pump volumetric eff.) 18.5m"3/D + 
Rod Taper 34.0%, 66.0% 
Top Steel Rod Loading 81.1% 
Min API Unit Rating 320-200-99 
Min NEMA D Motor Size 8.91KW d 

Polished Rod Power 5.26 KW Ć 
TVLoad 7,211kg + 
SVLoad 4,893kg + 

Cnuka 6.16. Kapmuua na Kojoj cy npukasaanu peayaimamu npopauyHa O0y6uncke 

nyune ( Orod 3.1) 
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V cnryuajy HreanHHx ycjOBa, Kajma Je 3artlpeMHHckKa e(biKkacHocT ryMrne 100% 

(earn. 700% pump volumetric efjiciency), wpowsaBojuba MaHocH 19.5 mšž/dan. 

MebyruM, y peajlHHM yCJIOBHMA,KOHKDeETHO y OBOM CJIyuajy, 3ampeMMHMHCKa 

e(Q)HKacHOCT IIyMIIe H3HOCH 95% (eHr:. 95% pump volumetric efficiency), mro naje 

npomaBojmbby op 18.5 m*/dan 

IIpeMa API craHmapny, morpeOHa KauaJbka 3a OBaj CHCTEM HMa 

cneundaKanmajy 320 — 200 – 99. CHara enmekrpoMoropa (eHrn. Min NEMA D Motor 

Size — National Electrical Manufacturers Association) 3a acmpaBaH paj cCHCTeMa 

gH3HocH 8.91 kW. OnrepeheMme HOTHCHOT BEHTHJIa yCJIĆ)L TOOKHHC IIDpOH3BeCJIĆHOTr 

(inyuna (epHrn. 7V Load) je 7 211 kg, nok orrrepehePbe yCHCHOT BcHTHJIa yCJIe)l HCTC 

TexxHHe (eHri. SV Loadđ) Bg3aHocu 4 893 kg. 

HakoH nenokyrHor rpopauyHa riporpaMcku nakeT npHKay3yje pe3ynraTe H y 

OOHMKy JUIHaMMuKH a»KypHpaHMx JwijarpaMa. Ha cmmrmmw: 6.17. npHKa3aH je 

JUHHaMOTPaM OJIHOCHO JU1HaAMOMETAPCKy KapTHILy. 

Dynamometer Cards 

8000 FI (250405"\(37,16% 

z 6000 | 
o 
o 4000 
= 
-- 2000 

bj P (1145.83mm, 0.0kg) 

0 500 1000 1500 2000 2500 3000 

Position (mm) + 

PPRL 8,218.8 ka v MPRL 4,081.4ka ~+ Fo 2,318.0ka + 
Pump Stroke Length 1810.82 mm v Static Shetch · 694,80 mm + Overavel 191.03mm 
Fo/Skr 0.277 Kr 23 kam~ Kt 83ka/m v 

Cauka 6.17. /{uRhaoopa Oy0uuHcke nyne (Orod 3.1) 

MHcnojn maHaMorpaMa Hanma3e cHenehmH mpopauyHaTrH mapaMeTpH H H5HXOBC 

BpeJIHOCTH: 

1. PPRL (egrn. Peak Polished Rod Loađ) – HajBehe omrepehepe raaTKe 

IIHTIIKe TOKOM JeJiHoOr XoJma. MagHocu 8 218.8 kg. 

2. Pump Stroke Lenght — nyxuHa Kojy npebe Knum HpHJMKOM jeJHOT 

xona. HauHocH 1 810.82 mm. 
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3. Fo/Skr (egHrm. Dimensiomless sucker rod stretch load) — 

Oe3nHMeH3HOHaJIHa. BpeJHOCT Hampe3aĐba Ha MHCTeC3aMbC KJIHIHMX 

mmrkuH. HaHocu 0.277. 

4. MPRL (egrn. Minimum polished rođd load) — BajMabe omrepehemec 

TJIaTKC HIHIIKeE TOKOM jeHor xoja. HagHocu 4 081.4 kg. 

5. Static Stretch — craTHuKO HcCTeE3AĐC KJMHHHHX IHHHKHM (Kaja HeMa 

KpeTaba) Koje naHocu 694.80 mm. 

6. Kr- napaMerTap Kojut rnpe,icranpJba or:repehepbee moTpeOHo 3a HCTe3aPbC 

HH32 KJIHIIHHX IIHITKH 3a JenaH m. MaHocu 23 kg/m 

7. Fo — crarwuko omrepeheme cryOa d(QiyuMma Ha HOBpHIHHy KJMIIa. 

Magocu 2 318 kg. 

8. Overtravel — kperaĐe BeHTHIIa IIpHJ1HKOM OTBapama. HaHocH 191.03 

mm. 

9. Kt- mapaMerTap kojH ripe}icTaBJba orrepehempe nmoTpe0OHo 3a ucTe3aPbc 

HeaHKepHcaHor TyOunHra 3a JenaH m. HsaHocu 83 kg/m 

Cmaka 6.18. npakayyje nujarpaM 3aBHcHocTH Op3HHe I!yMHalba H HoJIOxKaja 

rnaTKe miHrKe. Ha antuHcHoj OcH Ce HaJ1a3H IHOJ1OXKaj rJ1aTKe mrinkKe (mm) JIOK ce Ha 

OpJ)iHHaTHOJ ocH HaJtaaH Op3uHa IyMIaba cm/s. 

Pump Velocity vs. Position 

150 

·| 100 = 
a 50 Ž (6.14mm, 11.7cm's) 

[-3 0 
F - -50 

S -100 
ž s -150 
bj 0 500 1000 1500 2000 2500 3000 

Position (mm) + 

Cnuka 6.18. Kapmuua OujaopaMa 3aaucnocmu 0p3une nynatba oo0 nonooicaja 

onamke wunke (Orod 3.1) 

H nocnenHma Kapruma rpuHkayyje JuJjarpaM 3aBHCHOCTH OOpTHOr MOMeHTa H 

yrmna. Ha anuucHoj ocH ce Hana3H yrao (cTerleH) JIOK Ce Ha Op/IHHaTHOJ OCH HaJIa3H 

OOpTHH MOMEHT (Nm) (cuaKa 6.19). 
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w /(O0degree, -anm) 

Torque 

30000 
. 20000 3 
S . 10000 
= 
EI ~ -10000 

[] 100 

30 MNm + 
87 KNm + 

6,121L6 kg + 

200 
Angle (degree) + 

300 400 

Cnuka 6.19. Kapmuua 3aaucHocmu o0pmnoo MoenHma u yena (Orod 3.1) 

MHcnoy mujarpaMa 3aBHCHOCTH OOpTHOr MOMeHTa H yrma (Cnuka 5.10.) Hana3e ce 

cnenehu rpopauyHarTu napaMeTpH H PHXOBC BpeJIHOCTH: 

Peak GearBox Torque — H3Ma3HH OOpTHHM MOMECHT KOJH PeJLyKTOp 

o6ea30ebyJe. HaHocH 30 kNm. 

Counter Balance Moment — MakcHMaJIiHH TeOpeTCKH OOpTHH MOMCHT. 

MHsagHocu 87 kNm. 

Counter Balance Effect — edeKaT MaKCHMAaJIHOr TEOpeTCKOr OOpTHOZg. 

MOMeHrTa. Hy3Hocu 6 121.6 kg. 

Ha kpajy nenmokynaH rnpopauyH y riporpaMCKOM maKerTy Qrod 3.1 a3a ıryOOHcKy 

TIyMIIy Ca KHHIHHM mIHIKaMa 3a OymorTuHy X-001 npakaaaH Je Ha caamu 6.20. 

IZ Eehemater Qkad X 1 – x 
e Tog Hgp 
e Dynamometer Cards 
Design Inputs Results (250226mm.7,178.7kg) 

kate (I5epuno volmenrceff) — 1223MNJD + 
d CWCOnV Y Rate(95% pumo volumatric eff) 116.3BRL/D H obcGO 
ep _— ~ Kosedadladna WNRKI"L) (2004 24mm, 2,318.0kg) 
aufceShakeLerh — |250830 v|mm + — Mp LO RCOM 

TohedRodioner 70 MinpDemeter (') R. ~|mm - 
aMa a Td bj [ 500 J 1500 2000 2500 3000 uroSve - |337%(G.4ob/)2.44PmD + ( ff 

Posifion(mm) + 

[]anchored Tubngr PPRL 8,218.8 ka ~ MPRL 4,0814 ka ~ Fa 2,318.0ka 
i F StekeLergh 192,82 w – SiseSuehih 49480 mm — Oraavel - 19103 — 

P 027 [) PA NI 6 
(SiSteclRods 
Crberdes ard Steelnody- 'Calculate from SPM or Targoet Pump Velocity va. Position 
APLRodNumber % Rato y il 

(S)Stroke Rate <<||c55 >> |5PM 100 

APIRodGrade ~ (OrargetRate OJ i.34 ||88) k (1005.47mm, 40 Dervs) 
j is . 

. 0 
Dotault Sottivgs 9 
otalSre: Bs Weht - s 1000 d0| 200 z5 3000 
PudSpedicGraviy IJ Posnon(mmi – 
TubirgPressure 950 |_ 

* Torque cawrgPresare 
20000 „(257degree, 24,309nm) 

B 20000 YoU may snter Puro Irtake Preseure Grecy, br cskkute tfrom Reservor Pressure srd brocuctuitylne, F= 
F 

(e)Pump Intake Fressure | 3,45. er e (O)Ressrvc preseurs - 56,35 r Fi d 
000 

Productvity Index _ 0.200 STBIDfpsi ~ 
• 400 m - . 

Angle (dagree) + 

Cnnuka 6.20. I{enokynan nphpauyn 0y6uncke nyune ca KaunHuvM uunkaa (Orod 

3.1) 
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6.5 „OjroBopu Ha nHrTaMma: OOjanibeme 3aMeHe JIyOHHcKe HIyMIIe 

ESP nyMHoM u ujneHTH(bukanuja npo0.aneMa ESP nyMe Ha OymiorHHH 

X-001 

HakoH aHaHmM3c OOc MeTOHe MeXaHHMuKc ecKcmmoaTauMJe mnoTpeOHo je 

0l[1"060pI/ITI/I Ha IIHTaM5a H3 3aJtaTKa: 

1. Onpenaru Merony eKcrnoaTaruje Koja he ovoryhaTH KOHTHHyHpaHH 

paj H TpeHyTHy IIpOH3BOJUPy. 

2. O0jacHuru pa3nor 30or kora Je nomunmo no rperpeBaba ESP mywmne. 

Oozo6op na numate 0poj I 

V imUby HO0o0JbmIaĐba c(D)HKaCHOCTH HpOH3BOJUbe Ha OymorTuHu ŽX-O01, 

KOMIIaHHja je JOHeJIa OJUIyKy JlA H3BpIIH 3aMCHy MeTOJIe eKcImmoaTanuje yBObebbeM 

/lyOuHcke IIyMne (SRP). V cknany ca crenu(DHuHHM ycJ1oBHMa OynltoTuHe, yrpaben 

je JBOCTpyKH HH3 KJIHIIHHX IIHIIKH (19 MM H 22 MM) H KaJbaHKa OJI 12 ToHa, mro je 

HeOHXOJHO 30or yOMHe yrpalmMBama Koja M3HoOcH 2090 wMerapa. Opa 

KoH(QpHrypatja je MHa)KJBMBO OJaOpaHa KaKO OH ce O0e3OenMJa OHTHMaJHa 

(Q)yHKnoHa;tHocT H noy3naHocT SRP cHcTeMa Ha OBOJ 3HauajHOJ JIyOHHH. 

IIponec JOHOIeMa OJUIyKE O 3aMEHH MeTOJIe eKcniIOaTanuHje OOyxBaTHo je 

JeTaJbHy aHani3y TpeHyTHor craMba OymmoTHHe H CBeOOyXBaTHy HponeHy MoryhuHx 

pemrempba 3a HacTaBaK IIpoH3BOJMbe. Ha ocHoBy pe3y-raTa oBe aHanmne, H3aOpaHa je 

HajOoOJba Moryha KoH(QMrypanuja Koja he ocHryparH KOHTHHyHpaH pam H 

MaKCHMaJIHy c(pbHKaCHOCT CHCTeMa. OBHM KOPpaKOM, KOMIaHHJa je ycMepaBa Ha 

noBehame IpOJyKTHBHOCTH H CMaMeMme pH3MKa OJ MoryhMx mpeKuma y 

TIpOH3BOJUH, HITO he TIO3HTHBHO yTHHaTH Ha yKyrHe pe3y-TaTe H ycrlex IpojeKTa. 

KoHkperHu pa3no3uH 3aMeHe ESP pumpe JUyOoHcKOM JeTaJbHuje he OHrH oOjammeHu 

y mHTaPy Opoj 2 rye TOBODpHMO O CaMOJ HpoOmeMarTHnu (byHKuMoHHMcama ESP 

CHCTeMa KOJa yHpaBO H JIOJIBOJIH JIO OBOr KOpaka. 

Oo0zo6op na numatbe 0poj 2 
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AHaJIH30M IapaMeTapa pajta IyMIe H OyImoTHHe yTBPljeHo Je Jla je OIIO JIO 

3HauajHOr CMaMbeFba yroKa (bayujma y OynrIoTHHy. OcHOBHuH y3pokK rperpeBaba ESP 

TIyMTIe je paji Ca HeCJIOBOJBHHM JIOTOKOM H3 CNOJA, HITO je pe3yJ1THpajo cMaHbCHHM 

TIDOTOKOM (byH/(a OKO HIyMIHIC H CaMHM THM, CMaMbeHHM XJIaljJePbĆCM MOTOPa. Ja 

Morop PEM o 32 kW morpeGCan je morok o 23.8 m”"/dan, mok je NHeBHa 

npoH3Bojmba OHina He/loBoOJbHa, Kpehyhu ce y oncery o 18-19 m?/dan. 

OnBaKaB PpaJiHH pexXHM yKa3yjJe Ha noTpeOy ripentacKka Ha IIOBpeMcHH P4a/L, HITO, 

HaKO MO)KC HpHBpeMcCHO yOnaxxHTH HpoOJeM, HHje TpajHo pemeWe. V OBaKBHM 

yCJIOBHMAa, JlyOHHcKa IyMra jJe moKa3ana 3HauajHo OoJbe mepQopMaHce y nopebemy 

ca ESP tyMI(oM. 

M3 peaynrara mpopauyHa JUyOHHCKC HyMIC Ca KNHHIHHHM IHIHHKaMa y 

TIpoOrpaMCKOM maKeTy Qrod 3.l, youaBa ce Myay3eTHa craOMMHocT paMa IpH 

creriHuHHM „yCJOBHMa OymoTHMHec H mMapaMeTrpMMa (yuma. OBHM mojanmmH 

TIOTBpDbyJy na yOHHcka IyMra Irmpyxka moy3JlaHo H e(bHKacHO (byHKIUHOHHCalbe, IHTO 

je OJU KJbyuHOr 3Hauaja 3a OHTHMH3anuH]y IpOH3BOJUbC y CJIOJKCHHM H 3aXTCBHHM 

yCJIOBHMa. CraOMmHocT paja, Kojy noTBpbyjy pe3yararTaH npopauyHa, yKa3yje Ha 

FbeHy CIIOCOOHOCT Ja yCTICIIIHO IIOJIHOCH BapHjanuje y yCJ1OBHMa Pajta H (byryHiHMa, 

o0ea30ebyJyhH KOHTHHyHpaHy IIpO]lyKTHBHOCT H MHHHMH3Hpabe pH3HkKa OJI IIpeKuHJa 

y IIpoOH3BOJIDH. 

JenaH OJL KJbyuHHx acHneKaTa y pa3MaTpaĐy M3Oopa HyMNHM je H CKOHOMCKA 

onpanB/taHocT. Kao Imro caM HcTaKlIa y HOT]1aBJby 5, BehaHa KoMrmaHuHja y rpakcuH Beh 

noce/lyje JNyOMHcKe IHyMIe, HOK ce ESP mnyMre yrHMaBHOM H3HaJMJbyJy, IHTTO Ca 

ČKOHOMCKOT aCHČKTa IIpe}cCTaBJba MaMbe HOBOJbaH H3Oop. 3GCor Tora, ymorpeOa 

JyOHHCKC HIyMIIe HpejiCTaBJba CKOHOMCKH H TeXHHMUKH OHpaB/laHH]Jy OTmHjJy, jep 

Hy7)UH OoJbe pe3y-raTe, Behy craOHJIHOCT H CMaMbeHe JlyrOpOuHe TPpOIHHKOBC. 
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7.  3AKJBYUAK 

Ha ocHopBy aHanmiae craba OymrorTauHe H napaMeTapa pajla IyMIe, OJUIyueHO 

je ma ce ESP nyMmna 3aMeHH JIyOHHCKOM IIyMIIOM (SRP). Va3pok mperpeBaba ESP 

TIyMIIe Je HEJIOBOJbaH JIOTOK (biryu/ta H3 CJIOJa, IIITO Je CMaEHJIO TIIDOTOK H XJtaljebe 

MOTOPa. /IHeBHa HpoH3Bojupa (baryuana, onx;, 18-19 m?/nar, Ounma je acnoji norpeOHHxX 

23.8 m*/naH. 

IIpoMeHa Ha JyOHHCKy IHIyMHy HOKa3aJIa Ce KaO OOJbe pemmeMbe, jep Hpyxka 

OoJbe nep(QopMauHce H craOunHocr y nopeljeby ca ESP nyMnoM, Koja ce yr)1aBHOM 

H3HaJMJbyje, HITO je ČKOHOMCKH HCHOBOJbHO. Kopumiheme nyOHHckKe HyMc he 

TIO0O0JbImaTH C(DHKaCHOCT, IIDOJUyKTHBHOCT H CMaMHTH PpH3MK OJL HpekuHma y 

TIpOH3BOJIMH. 

Ma30op MaMeby MyOMHHCKHX IHIyMHHM Ca KJMIHHMM mmHKaMa (SRP) H 

enekTpHuHux noranajyhuax mryMnu (ESP) aaBacu o,t cren(uHax 3axTeBa Ha(bTHe 

OymoTHHe. /IyOMHcke myMme (SRP) npyxajy ()neKCHOHJIHOCT H OTHOpHOCT y 

H3a3OBHHM yCJIOBHM4, KaO IITO Cy BHCOKH IHpHTHCIH H arpeCHBHe XeMHKAJIHJE, IIITO 

HX UHHH IIOTOJIHHM 34 CJIO)KeHa OKpy)KeHba. HacyrpoT ToMe, enekTpaHuHe moranajyhe 

nyMme (ESP) Bynne BHCoKy eQ)KacHOCT H CTaOHJIHOCT y KOHCTAaHTHHJHM YyCJIOBHMa 

pana, oOea3OebyjyhM KOHcTaHTHy IIpOJUyKTHBHOCT H JaKmme OJp;kaBape. H36op 

myMme Tpe0a Jta ce Oa3Hpa Ha yCJIOBHMa Ppa/jla, ČKOHOMCKHM acIIčKTHMa H HOTpeOH 

3a JLyrOpoOuHoM noy3naHorihy. 
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O0pasau 1 

H3JABA O AYTOPCTBY 3ABPII(IHOT PAJIA 

Hwe H npe3agHwme cryaneHra ___AHacracHja MupjagHuh 

Bpoj BHjeKkca P521/23 

Hy3jaBMPbyjeM 

Jla je 3aBpIITHH P4aJI IIOJ] HaACJIOBOM 

"Ha30op onroBapajyhe MexaHHuke MeTOJIe" 

• pce3yJTaT COHIICTBEČHOT HcTpa;KHBauKor Ppajtla, 

• a 3aBpHIHH paji y HeJMHHH HH y JeHOBHMA HHjc OHO IIpeJUIOXKeCH 32 CTHILAMbC JIpyre 
JUHIIIOMC Ha CTyJMHJCKHM HIporpaMHMa PynapckKo-reomormriKor (pakynrera HMJ JpyrHMx 
BHCOKOIIIKOJICKHX yCTaHOBa; 

• a cy pc3yjrraTrH KODČKTHO HaBCJIĆHH H 

• a HHCaM Kpmmo/a ayTopcKa npaBa H KOpHcTHO/Hđa HHTeJIČKTyaJIHy CBOJHHy JIpyrHx 
Jmuama. 

V Beorpany, 

IIornuc cryneHra 



Ob0pasau 2 

H3JABA 

O HCTOBETHOCTH IHITAMITAHE H EJIEKTPOHCKE BEP3MHJE 

3ABPIIHHOT PAJIA 

Hwe (HMe po/iHTeJba) H IIpe3HMe cTyleHra _AHacracuja (Jlanno) Mupjanh 

Bpoj BHjeKkca P521/23 

Cry)WijckuH riporpaM HHuxxePbepcrTBo HaQrre H raca 

Hacnon pana __"Ha6op onroBapajyhe MexaHHuKe McTOJIĆ" 

Megrop TIpod. np. /Iymar Jlanunonnh 

MHynjaBJbyjeM a je mrraMmaHa Bep3HJa MOTr 3aBDpHIHOT pajla HCTOBETHa CJIČKTDpOHCKOJ BeEp3HJH 

KOjy CaM rpe/lao/nma pan ojuUrarabba y JiMrHTaJIHOM penmo3HTOpHjyMy Py/apcKO-TCOJIOHIKOT 
(jakyanrera. 

/{03BOJbaBaM a Ce OOJaBC MOJH HHuHH TIOJ1a1iH BEC3aHH 30 JOOHJaMbC aKaJIĆMCKOT 3BaMba, KaO 

IITO Cy HMC H IIpe3HMe, TOJUHHa H MecTO pobehba H JaTyM OJIOpaHe pajta. 

OBH JMuHH HOJamM MOTy Ce OOjaBHTH y CHČKTDOHCKOM KaTaory H y myOmMKarjaMa 

Py/apcko-reoiormikor (paky1rreTra. 

V Beorpany, 

IIornuc cryneHra 



Oo0pasau 3 

H3JABA O KOPHIITREMbY 3ABPIIHHOT PAJIA 

OnpnanihyjeM OHOmaoreky Pynapcko-reomomrkor (bakyanrera na y JiararajmH pemo3HTopHjyM 

yHeCe MOJ 3aBPIHHH P4JI II0J HaCJIOBOM: 

"Ha6op onroBapajyhe MexaHHukKe MeTOJIĆ" 

KOJH Je MOJE ayTOPCKO JICJIO. 

3aBprHuH pajl ca CBHM IHIpHJI03HMa rnpejao/ma caM y eČJČKTDOHCKOM (bOpMaTy IHIOTOJUHOM 34 
TpajHo apxHBHpabe. 

Moj daBpMmHHM palm OJUIOKCH y /fHrHTaHHOM peHnmoO3HTOpHjJyMy  Py/ynapcKO-TeCOJIOHHKOT 
(jakyanrera je (saokpyoicumu jeOHy oO O6e onuuje): 

@ poe/lyKoBaHo JIOcCTyHIaH KpOo3 HacJIOB 3aBPIHHOT paja H peaHMC paja Cca KJbByuHHM 

peuHMa; 

IIL. jaBHO OCTyHmaH y OTBODpCHOM IIpHCTyHy, TaKO a Ta MOTy KOPpHCTHTH CBH KOjH 
nomrTyjy OJpenOc canpx)kaHe y OJaOpaHoOM THHy JMHHeHHC KpcaTHBHC 3ajeJIHHIIC 
(Creative Commons) 3a Kojy caM ce y3 car)1aCHOCT MeHTOPa OJUIyuHo/)a. 

Ayropcrpno (CC BY) 

AyropcTBo — HekoMepiujazmHo (CC BY-NC) 

AyTopcTBo — HeKoMocpiHjazHo — 6e3 ripepanta (CC BY-NC-ND) 

AyTOpcTBO — HeEKOMCPIIHJAJIHO — JIeJTIHTH HOJI HCTHM yCJIOBHMa (CC BY-NC-SA) 

Ayropcrno – 0e3 npepajta (CC BY-ND) 

P
A
 

0 
G
A
 

i
 

AyTOpcTBO — eJIHTH HOJI HCTHM yCJIOBHMa (CC BY-SA) 

(3aokpyoicume caMo jeOHy oO wecm noHylenux nuuenuu. Kpamak onuc JuueHuu Je 
cacmasHu Oeo o6e u3ja6e.) 

V Beorpany, 

IIornuc MeHropa IIornuc cryneHra 



AyTOpcTB0. /J[o3B0JbaBaTe yMHO)KaBakbe, JHCTpHOyinHjy H jaBHO caorTaBahbc JicJIa, H 

ripepajie, aKO Ce HaBCJIĆ HMC ayTOpa Ha HauHH OJIpebeH oJt crpaHe ayropa H naBaoma 
JIHIIeHIIC, uaK H y KOMECPpIIHJaJIHe CBpXe. OBo Je Hajcn0o00/iHHja OJ CBHX JIHILČHIH. 

AyTOpcTBO — HeKOM6epIHjaJIHO. J|O3BOJbaBaTc yMHO)KaBaMbc, JHCTpHOyHHJy H JaBHO 

caornmrraBabe JeMa, H Hpcepajlć, aKO CC HaBCJIĆ HMC ayTOpa Ha HauHH OJIpelbeH OJ 

crpaHe ayrTopa HH MaBaoma JmmeHe. OBa JMHeHHa H J(O3BOJbaBa KOMCPIMJAJIHy 
ynoTpe0y Jnezta. 

AyTOpcTBO0 — HeKOMepIHjaJHO — 0Oe3 mpepama. /lo3BOJbaBaTcC YyMHO)KaBaMbC, 

JacTpHOynHHjy H jJaBHO caommrraBaMĐec JeJa, Oc3 IHPOMeHA, IHIpeOOJIHKOBaM42 HJIH 

ynoTpeOc Jena y CBOM /Iey, aKO CeC HaBcJIe HMC ayTOpa Ha HauHH OJIpeDbeH 0J crTpaHe 
ayropa H maBaoma NueHre. OBa JmieHia He J(O3BOJbaBa KOMCPIHHJaJIHy yrIOTpeOy 
Jena. V OJHOCy Ha CBC OCTAJIC JIHIIČHIIĆ, OBOM JIHIIČHIIOM Ce OrpaHHuaBa HajBehH OOHM 

nrpaBa KopHiiheMha JieJa. 

AyTOpcTBO — HeKOMePpIMjaJHO — eJIHTH IHIOJL HCTHM yCHOBHMAa. /lO3BOJbaBaTC 
yMHO;KaBabbe, IHCTpHOyinHjy H JaBHO caommranBaMe Jema, H nmpepajne, aKO Ce HaBcJIĆ 
HMC ayTOpa Ha HauHH oOJpeleH o crpaHe ayTopa HNM JaBaoOma JIHHCHIHC H aKO CC 

npepala HCTpHOyHpa IIOJL HCTOM HH CHMHUHOM JIHHCHIOM. OpBa JmMHeHHa HcC 
J(03BOJbaBa KoOMeprujajHy yrnoTpeOy neza H rpepajta. 

AyropcrBo — 0Oe3 mpepama. /lo3BoOJbaBaTec YyMHO)KaBaMbc, JUHCTpHOynujy H JaBHO 
caorrmrraBame Jema, 063 IpoMeHa, npcoOnKoBabba HJIH ymoTpeOc Mea y CBOM JICJIy, 

aKO ce HaBeJIe HMe ayTOpa Ha HauuHH OJIpebeH oJt crpaHe ayTopa HH /LaBaOIla JIHIČHIIC. 
OBa JHreHIa J[O3BOJbaBa KOMCPIHJaJIHy yrIoTpeOy Jemma. 

AyTOpcTBO — jJeJIMTH INOJL MHCTHM „yCNOBHMAa. JlO3BOJbaBaTC | yMHO)KaBaMe, 

JuacrpHOynuujy H jaBHO caormrraBabe Jica, H Hpepajie, aKO Ce HaBeJIĆ HMC ayTOpa Ha 

HauHH OJpeleH o crpaHe ayTopa MM JaBaOHa JIHHCHIC H aKO ce mbpepama 

JuaacrpHOyMpa OJ HCTOM HH CHHUHOM JIHHCHHOM. OBa JHHeHHa JIO3BOJbaBa 

KOMcCpiHjamHy ynoTpecOy MMema H mpepama. CnmMuHa jc CO(DTBepCKHMM JIHHHIAMA, 

OJIHOCHO JIHIICHIAMa OTBODpĆHOT KOJIa. 


