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npegroB op

npnpyHHHK je  ropa^eH y CKnagy ca nporpaMOM o6yKe 3a eHepreTCKe MeHauepe 3a o6nacr 
HHgycrpHjcKe eHepreTHKe nponncaHHM „npaBHHHHKOM o HanHHy cnpoBO^erna h 
cagp^HHH nporpaMa o6yKe 3a eHepreTCKor MeHauepa, TpomKOBHMa noxa^ama o6yKe, Kao 
h 6hh®hm ycHOBHMa, nporpaMy h HanHHy nonararna Hcnnra 3a eHepreTCKor MeHauepa“ 
(Ch. rnacHHK PC 12/15). TeMaTCKe ^enHHe cy ypa^eHe Ha 6a3H goKyMeHara „nporpaM 
o6yKe 3a ra3goBame eHeprnjoM y HHgycrpHjH” h „nporpaM o6yKe 3a eHepreTCKe npernege 
y HHgycrpHjH” pa3BHjeHHM og crpaHe AreH^nje 3a eHepreTCKy e^HKacHOCT Peny6nHKe 
Cp6nje h LDK Consultants.
npnpyHHHK je  y ochobh HaMerneH nona3HH^HMa Kypca, ann Mory ra  kophcthth h gpyru 
Kao ochobho cpegcTBO 3a yno3HaBame ca npo6neMarHKOM eHepreTCKor MeHa^MeHTa. 
CxogHO TOMe, npnpynHHK CTojn Ha pacnonaramy HH^ernepHMa pa3HHHHTHx gnc^HnnHHa, 
Kao h CTygeHTHMa TexHHHKHx $aKy^TeTa. 03HaKe Koje cy KopnmheHe y npnpynHHKy cy, y 
HajBehoj Moryhoj Mepu, ycKna^eHe ca craHgapgoM SRPS EN ISO 80000, ochm c^ynajeBa 
y KojHMa ce y HH^emepcKoj npaKCH KopucTe gpyrannje 03HaKe. Ha Kpajy CBaKor n o raaB .a  
gaT je  nperneg HHTepaType Kao nyTOKa3 HHTao^y 3a caMOCTanHO npomnpHBame 3Hama h 
cnucaK ochobhhx nHTarna pagu npoBepe CTeneHHx 3Hama.
n p u  H3pagn TeKCTa, CMaTpann cmo ga HHTana^ nocegyje ocHOBHa 3Hama H3 HH*emepcKHx 
gnc^HnHHHa, ogHOCHO $H3HKe h xeMHje, jep 3acHHBame obhx gnc^HnnHHa HHje 6hho 
Moryhe npHKa3aTH Ha yo6HnajeHOM yHHBep3HTeTCKOM HHBoy 36or 3agaTor o6HMa h HaMeHe 
npnpyHHHKa. ycneg Tora cy 3a ogpe^eHe o6nacTH (TepMogHHaMHKe, MexaHHKe $nynga, 
TpaHcnopTa TonnoTe h cyncTaH^nje) y TecTy gaTH caMO ochobhh nojMOBH h Be3e, 6e3 
yna®erna y geTa.HHja o6jammema. 
nojegHHaHHa n o raaB .a  cy HanHcann:

• noraaB.M 3, 5.1, 7 h 8 -  MnpjaHa OTaMeHHh;
• noraaB.M 4 h 6 -  Cp6ncnaB r  eHHh;
• n o raaB .a  9, 10 h 11 -  AneKcaHgap HhkohhR;
• n o raaB .a  12 h 13 -  'Rop^e MaHTpaK;
• noraaB.M 14 h 15 -  EpaHHcnaB ^ hbkobhR;
• nornaB .e 16 -  ^ H .a H a  EpgapeBHh;

goK cy nornaB .e 17 o6pagHHH cbh ayTopu. n o rn a B .a  1 h 2 h oge.aK  5.2 cy y3 
carnacHOCT ayTopa npey3eTa H3 npnpyHHHKa 3a eHepreTCKe MeHauepe 3a o6nacT 
onmTHHCKe eHepreTHKe, nporpaM YjegHmeHHx Ha^nja 3a pa3Boj (UNDP), Eeorpag, jyH 
2016. h ycKna^eHa ca noTpe6aMa nporpaMa o6yKe 3a eHepreTCKe MeHauepe 3a o6nacr 
HHgycTpnjcKe eHepreTHKe. y  pagy Ha nornaB .y  8 ynecTBOBao je  h gp HnKona TaHacnh, 
gnnn. hh* .  Mam., ca MamHHCKor $aKynTeTa y Eeorpagy.
3axBa.yjeMO ce PagHoj rpynn MHHHCTapcTBa pygapcTBa h eHepreTHKe Koja je  caBecHHM 
npernegoM pyKonuca h HHBeHTHBHHM cyrecTHjaMa gonpHHena KBanHTeTy npnpynHHKa.

®e6pyap 2017. AyTopu
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1. O n m T H  n O JM O B H  H  P E r y ^ A T H B A  O E H E P rE T C K O J  
E ^ H K A C H O C T H  H  C H C T E M y  E H E P rE T C K O r  
M EH A H M EH T A

TeKCT OBor noraaB^a je, y3 caraacHOCT ayTopa, npey3eT H3 npnpyHHHKa 3a eHepreTCKe 
MeHauepe 3a o6aacr onmTHHCKe eHepreTHKe, nporpaM YjegHrneHHx Ha^nja 3a pa3Boj 
(UNDP), Eeorpag, jyH 2016. h ycKaa^eH ca noTpe6aMa nporpaMa o6yKe 3a eHepreTCKe 
MeHauepe 3a o6aacr HHgycrpnjcKe eHepreTHKe.

1.1 E H E P rE T C K H  CEKTOP C PE H JE  - 3H AHAJ E H E P rE T H K E

EHepreTHKa je  tokom nocaegrna gBa BeKa 6naa h ocraaa noKpeTaa h k^ hhh ^aKTop 
eKOHOMCKHx npoMeHa h KHHMa npuBpegHor pa3Boja CBaKe 3eM^e. 3eM^e Koje cy HMaae 
HajBehn eKOHOMCKH pacT h ocTBapnae Haj6p®H TexHoaomKH HanpegaK, 6eae®nae cy 
HajBehe noBehame h npoH3Bogrne h noTpomme eHeprnje. Cbh noga^H h aHaaH3e h gaHac 
jacHO noKa3yjy ga ce noTpe6e HOBeaaHCTBa 3a eHeprnjoM H3 gaHa y gaH noBehaBajy, a CBe 
nporH03e yKa3yjy Ha to ga he ce h g a^e  noBehaBaTH. HeKagamme Teopnje o nocTeneHOM 
CMaftHBamy 3Haaaja eHepreTCKHx pecypca, 3acHOBaHe Ha npeTnocTaBKaMa HHTeH3HBHor 
pa3Boja TexHoaomKH bhcoko co$Hcra^npaHHx h eHepreTCKH CBe Marne HHTeH3HBHHx 
HHgyCTpuja, noKa3ane cy ce Kao HeTaaHe. 36or Tora He Tpe6a ga nygn mTO je  y hhthbom 
CBeTy h ga^e  Ha geay crparemKO no3H^HOHHpame gp^aBa, Ha^nja h KOMnaHHja 3a 
npncryn npeocraaHM npnpogHHM pecypcHMa, a noce6HO ^ ochhhhm H3BopHMa eHepraje, 
Ha$TH h racy.
HcroBpeMeHO ca pa3BojeM eHepreTHKe 3acHOBaHe Ha ^ ochhhhm ropHBHMa, nocraao je 
jacHO ga OHa npegcraB^a ceKTop eKOHOMHje Kojn HMa HajBehn HeraTHBHH yra^aj Ha 
®HBOTHy cpeguHy. fteHa goMHHaHTHa 3acHOBaHOCT Ha ^ ochhhhm H3BopHMa eHeprnje 
npegcraB^a peaaHy npeTmy no ogp^HBOcr rao6am Hx npHBpegHHx TOKOBa. 
Heo6HOB^HBOCT HajKOMep^HjaaHHjHx h HajgocrynHHjHx eHepreHaTa gaHammer CBeTa -  
y r^ a , Ha$Te h npupogHor raca -  Bpao je  6HTHa KapaKTepHCTHKa CBeTCKe eHepreTHKe Koja 
yTHae Ha ogp®HBy 6ygyhHOCT, ogHOCHO Ha MOiyhHOcr cagammHx reHepa^nja ga ocrBape 
eKOHOMCKH pacr h pa3Boj, He ycKpahyjyhH Ty MoryhHOCT 6ygyhHM reHepa^njaMa.
CBe obo, Kao h 3Haaaj eHepreraKe 3a eKOHOMCKH pa3Boj, a HCTOBpeMeHO h meH HeraTHBHH 
yra^aj Ha ®HBOTHy cpeguHy, HaMeTHyan cy noTpe6y 3a geTa^Hy aHaaH3y h crparemKO 
naaHHpame pa3Boja eHepreTHKe Ha pa3HHHHTHMa HHBOHMa -  ^eae naaHeTe (rao6anHOM), 
BeaHKHx pernja, gp^aBa h aoKaaHHx cpegHHa -  h to ca cbhx acneKaTa, KaKO ohhx onmTe- 
pa3BojHHx, TexHoaomKO-eKOHOMCKHx, TaKO h ca acneKTa eKoaornje, co^njaaHHx acneKara 
urg.



1-2 npnpyHHHK 3a o6yKy eHepreTCKnx MeHa^epa y nHgycTpnjcKoj eHeprera^H

1.2 E H E P rE T C K A  n O ^ H T H K A  CPB H JE

npaBHO nocMaTpaHO, a caraacHO 3aKOHy o eHeprera^H [1.1], eHepreTCKa noHHTHKa h 
nnaHHpafte pa3Boja eHepreTHKe Cp6nje ge^HHHme ce CrpaTerajoM pa3Boja eHepreTHKe, 
6nn®e pa3pa^yje nporpaMOM ocTBapHBafta CrpaTernje, a cnpoBogu h peanH3yje 
npHMeHOM 3aKOHa o eHeprera^H, 3aKOHa o e^HKacHOM Kopnmhefty eHepraje h 
nog3aKOHcKHx aKaTa (ypeg6e, npaBHHHH^H HTg.), Kojn ce goHoce Ha ocHOBy obhx 3aKOHa 
h KojHMa ce 3aoKpy®yje npaBHH okbhp 3a ftHX0B0 cnpoBO^eme.
EHepreTcKa noHHTHKa Cp6nje,y cymTHHH, 3acHHBa ce Ha ochobhhm crpaTemKHM 
nocrynaTHMa Kojn npoHCTHHy H3 ocHOBHe ynore eHepreTcKor ceKTopa cBaKe 3eMme, mTO 
nogpa3yMeBa ga ce o6e36egu cnrypHocr h pegoBHocr cHa6geBaaa npHBpege h rpa^aHa 
ogroBapajyhHM eHepreHTHMa; cM aaeae yB03He 3aBHcHocTH; Te®&y ga ce eHepreTcKH 
ceKTop y mTO Behoj Mepu ynHHH ogp^HBHM, HapoHHTO ga HMa mTO MaftH HeraraBHH 
yTH^aj Ha ®HBOTHy cpegHHy.
Og 2000. rogHHe, pagn peanroa^nje onmTer ^rnma npngpy®HBafta EBponcKoj yHHjn, a 
HapoHHTO og 2006. rogHHe Kaga je  HapogHa cKynmTHHa Peny6nHKe Cp6nje 
paTH^HKOBana yroBop o ocHHBaay EHepreTcKe ^ajegHH^e1 [1.2], o^ hocho og 2008. 
rogHHe Kaga je  para^HKOBana Cnopa3yM o cra6HHH3a^HjH h npngpy®HBafty Peny6nHKe

'EHepreTCKa 3ajegHH^a (Energy Community) 3acHOBaHa je  Ha yroBopy nuje cy noraHcHH^e, y 
TpeHyTKy HacTaHKa OBor TeKcTa, EBponcKa yHuja (EY) c jegHe, u  ocaM yroBopHux crpaHa c gpyre 
crpaHe: Peny6nHKa An6aHHja, EuBma JyrocnoBeHcKa Peny6nHKa MaKegoHuja, Peny6nHKa EocHa u 
Xep^eroBHHa, Kocobo*, Peny6nHKa MongaBuja, Peny6nHKa Cp6uja, Peny6nHKa UpHa ro p a  u 
Peny6nHKa YKpajHHa.
yroB op o EHepreTCKoj 3ajegHH^H UMa 3a cBpxy ga npoMOBHme HHBecTHUHje, eKOHOMcra pa3Boj, 
cnrypHocT cHa6geBama eHeprujoM u  counjanHy cra^HHHocr. EHepreTcKa 3ajegHH^a, Me^yraM, 
TaKo^e HcTHHe u  BpegHocTU Kao mTO cy coHHgapHocr, y3ajaMHO noBepeme u  Mup. nocrojam e 
EHepreTcKe 3ajegHH^e, geceraK rogHHa HaKOH 3aBpmeTKa paTHHx cyKo6a Ha EanKaHy, npegcraBma 
ycnex caM no ce6u. EHepreTcKa 3ajegHH^a npegcraBma npBU 3ajegHHHKH HHcTHTyuHOHaHHH 
npojeKaT 3eMama JyroHcroHHe EBpone Koje Hucy raaHH^e EBponcKe yHuje.
CBpxa nocrojama EHepreTcKe 3ajegHH^e ucnymaBa ce nocrroameM unmeBa Koju cy Be3aHH 3a 
paMHHHTe BpeMeHcKe OKBupe.
KpaTKopoHHH EHepreTCKe 3ajegHH^e je  cTBapame OTBopeHux u  TpaHcnapeHTHHx
HauHOHanHHx eHepreTcKHx TprnmTa u  cra^HHHor Tp*HmHor u  perynaropHor OKBupa 3a muxoBO 
$yHKHHOHHcame. OBaKBa Tp*nmTa Tpe6a ga 6ygy y cramy ga npuByKy HHBeciHHHje y o6nacTHMa 
Kao mTO cy npou3Bogma eneKTpHHHe eHepruje u  H3rpagma MpexHe HH$pacrpyKType. YroBop o 
eHepreTcKoj 3ajegHHHH HMa 3a ga y KpaTKOM poKy o6e36egn ocTBapuBame BHgmHBHx npoMeHa
Ha HauHOHanHOM HHBoy.
CpegmopoHHH eHepreTCKe 3ajegHH^e je  ga o6e36egn HHTerpucame Tp*HmTa y peruoHy, 
HUMe 6u ce OMoryhnno HecMeTaHO npeKorpaHHHHO TproBame eHeprujoM u  o6e36egmo cHa6geBame 
eHeprujoM y3 yBa*aBame raHMaTCKHx u  couHjanHHx acneKara. YroBop o EHepreTcKoj 3ajegHHHH 
UMa HHm ga y cpegmeM poKy o6e36egn BHgmHBe npoMeHe Ha perHOHanHOM HHBoy. 
flyropoHHH EHepreTCKe 3ajegHH^e je  yTaname peruoHanHor Tp*HmTa eHepruje y
jegHHcraeHO yHyTpamme Tp*HmTe eHepruje EBponcKe yHuje HHMe 6u EHepreTcKa 3ajegHH^a 
HcnyHrna cBpxy cBor nocrojama. YroBop o EHeprercKoj 3ajegHHHH HMa unm ga Ha gy*H poK 
o6e36egn BHgmHBe npoMeHe Ha naHeBponcKOM HHBoy.



1-3

Cp6nje EBponcKoj yHHjn , 3anoHHme HHTeH3HBHH npo^ec npHnaro^aBama eHepreTcKor 
ceKTopa h HHTerpa^nje Peny6nHKe Cp6nje y eHepreTcKo Tp^nmTe EBponcKe yHHje, a 
crpaTemKH ^HmeBH ce nonaKo oKpehy onmTHM crpaTemKHM ^HmeBHMa EBponcKe yHHje.

1.2.1 CTpaTerHja pa3Boja eHepreTHKe Peny6.rHKe CpSnje go 2025. rogHHe ca 
npojeK^njaM a go 2030. rogHHe

CrparerHja pa3Boja eHepreTHKe Peny6nHKe Cp6nje go 2025. roguHe ca npojeK^njaMa go 
2030. roguHe [1.3], ropa^eHa je  carnegaBameM nocrojehe crpyKType eHepreTcKor ceKTopa 
h 3acHoBaHa je  Ha eHepreTcKoM 6nnaHcy 3a 2010. roguHy Kao 6a3Hoj rogHHH [1.4], 
npo^eHH eHepreTCKHx noTpe6a Cp6nje 3a nepuog go 2030. rogHHe, 3acHoBaHoj Ha 
npojeK^njaMa H3 CrpaTerHje h nonnra^H pa3Boja HHgycrpnje Peny6nHKe Cp6nje og 2011. 
go 2020. roguHe [1.5], pacnono^HBHM eHepreTcKHM pecypcHMa, yKmyHyjyhn h 
noTCH^Hjane o6HoBmHBHx H3Bopa eHeprnje, npojeK^HjH cMamHBama 6poja craHoBHHKa, 
npocropHoM nnaHy Peny6nHKe Cp6nje, Kao h y3 yBa®aBame cbhx o6aBe3a Peny6nHKe 
Cp6nje Koje npoHcTHHy H3 yroBopa o EHepreTCKoj 3ajegHH^H. Me^y mHMa, Kao 
Haj3HaHajHHje, H3gBajajy ce o6aBe3e Koje cnege H3 ^npeKTHBe o eHepreTcKoj e^HKacHocra 
y Kpajmoj noTpommu h eHepreTCKHM ycnyraMa (2006/32/EC) [1.6], npeMa Kojoj ce Cp6nja 
o6aBe3ana ga y nepuogy og 2009. go 2018. roguHe cMamu noTpommy „$HHanHe“ 
eHepraje 3a 9%. y  o6nacrH OHE, Cp6nja ce o6aBe3ana ga noBeha ygeo o6HoBmHBHx 
H3Bopa y yKynHoj noTpommu eHeprnje ca 21,2% (kohhko je  h3hocho y 2009) Ha 27% y 
2020. rogHHH (cxogHo ^npeKTHBH o OHE H3 2009. roguHe [1.7]), Kao h ga y o6nacra 
KHHMarcKHx npoMeHa ncnyHH o6aBe3e o cMamemy eMHcnja 3ara^yjyhnx racoBa h racoBa 
ca e^eKToM craKreHe 6amTe (cxogHo ^npeKTHBH o HHgycrpHjcKHM eMHcnjaMa [1.8] h 
^HpeKTHBH o BenHKHM Ho^HmTHMa [1.9]).
npeno3HaBmu ga je  pa^noHanHHjHM ogHocoM npeMa eHeprnjn, og ceKTopa npoH3Bogme 
(TpaHc^opMa^nje), npeKo npeHoca (TpaHcnopTa) h gHcrpH6y^Hje, cBe go ceKTopa 
Kpajmnx KopncHHKa eHepreTcKHx ycnyra, Moryhe ocTBapHTH 3HaHajHe ymTege, 
CrparerajoM ce npoMoBHme eHepreTcKa e^HKacHocr Kao „hobh eHepreTcKH H3Bop”, Kojn 
Mo*e ga gonpHHece ocTBapemy h cbhx ocranHx crpaTemKHx ^HmeBa cpncKe eHepreraKe 
-  noBehamy cnrypHocrH cHa6geBama eHeprajoM, cMamemy yBo3He 3aBHcHocTH h 
cMamemy HeraTHBHHx e^eKaTa ceKTopa eHepreTHKe Ha ®HBoTHy cpegHHy.
^aKne, c o63upoM Ha npegBH^eHy peHHgycrpHjaHH3a^Hjy h npHBpegHH pa3Boj 3eMme Kojn 
he HeMHHoBHo goBecrn go noBehama noTpomme eHeprnje, crpaTemKo onpegememe 
Cp6nje nogpa3yMeBa ga ce npHMeHoM Mepa h nocrynaKa 3a noBehame eHepreTcKe 
e^HKacHocrn gocraray  ncre BpegHocrn HHgHKaTopa eHepreTcKe e^HKacHocra h 
noTpomme eHeprnje (eHepreTcKH hhtch3htct) Koje HMajy 3eMme EBponcKe yHHje. TuMe 
6h ce h y obom ceKTopy H3jegHaHHna ca bhcokhm craHgapgHMa 3eMama E y , HHMe 6h ce 
o6e36egHHH 6omn nona3HH ycnoBH h Beha KoHKypeHTHocr Hame HHgycrpHje Ha 
eBponcKoM Tp®nmTy.

1. OnmTU nojMOBH u perynaTHBa o eHepreTcKoj e^HKacHocra
_____ h cHcreMy eHepreTcKor MeHa^Menra__________________



1-4 npupyHHHK 3a o6yKy eHepreTcKHx MeHa^epa y HHgycTpnjcKoj eHeprera^H

1.2.2 no^HTHKa eHepreTCKe e^HKacHocra h EHepreTCKa 3ajegHH^a
Peny6^HKa Cp6nja (PC) je  2006. nocrana H^aHH^a EHepreTcKe 3ajegHH^e para^HKa^njoM 
yroBopa o meHoM ocHHBamy [1.2], a y cKnagy ca cBojHM rnaBHHM ^H^eBHMa y o6nacTH 
eHepreTHKe -  o6e36e^HBamy curypHor cHa6geBama eHeprajoM, noBehamy yKynHe 
e^HKacHocrH eHepreTcKor ceKTopa, 3amTHTH ^HBorae cpegHHe h pa3Bojy o6hob^ hbhx 
H3Bopa eHeprnje (OHE), Kao h onmTHM ^H^eM npngpy®HBafta E y . Cp6nja jeHa Taj 
HaHHH npey3ena o6aBe3y ga jom  npe npo^eca oTnoHHmaaa nperoBopa o npncTynafty E y , 
tokom t3b. npo^eca npngpy®HBafta h cra6HHH3a^Hje, pagu Ha ycKna^HBamy h 
npHHaro^aBamy cBor eHepreTcKor ceKTopa ca eBponcKHM craHgapgHMa h y eHepreTcKoM 
ceKTopy cnpoBege cymTHHcKe pe^opMe ycMepeHe Ha npunpeMy Tp^nmTa 3a norayHy 
npHMeHy eBponcKHx npaBHna h yHemhe Ha jegHHCTBeHoM eBponcKoM eHepreTcKoM 
Tp*HmTy, nocpegcTBoM npHMeHe gnpeKTHBa Ey.
Chhhho Kao h y ocranHM eHepreTcKoM o6nacTHMa, cBe norancHH^e yroBopa cy h y 
o6nacTH eHepreTcKe e^HKacHocra o6aBe3He ga cnege nonHTHKy 3eMa^a E y . Taj je 
npo^ec cnpoBegeH y HeKo^HKo KopaKa. npBo je  6hho noTpe6Ho nocTHhn carnacHocT o 
ycnoBHMa nog KojHMa cy nojegHHe gnpeKTHBe E y  npnxBar^HBe 3a norancHH^e yroBopa, 
3aTHM H3BpmHTH npeHomeme (TpaHcnoHoBafte) ogpeg6u gnpeKTHBa y Ha^HoHanHa 
3aKoHcKa hhh nog3aKoHcKa aKTa, noToM hx npHMemHBaTH h, koh^hho, 3anoHeTH ca 
npahemeM h norap^HBameM (Bepn^HKa^HjoM) ocraapeHHx pe3ynTaTa.
HaKoH ycarnamaBama poKoBa o BpeMeHy Kaga he oTnoHeTH cnpoBo^eme nojegHHHx 
ogpeg6u, o^ hocho roguHa og Koje he noHeTH ga Ba^e npey3eTe o6aBe3e, y goMahe 
3aKoHogaBcTBo cy npeHeTe (HMnneMeHTHpaHe) cnegehe gnpeKTHBe Koje ype^yjy o6nacr 
eHepreTcKe e^HKacHocra:

1) ^npeKTHBa 2006/32/E3 o eHepreTCKoj e^HKacHocra y Kpajmoj noTpommu h 
eHepreTcKHM ycnyraMa [1.6]2;

2) ^npeKTHBa 2010/31/Ey o eHepreTcKHM KapaKTepncTHKaMa 3rpaga [1.10];
3) ^npeKTHBa 2010/30/Ey o HaBo^emy noTpomme eHeprnje h gpyrax pecypca Kog 

npoH3Boga Kojn yraHy Ha noTpommy eHeprnje noMohy o3HaHaBama h craHgapgHHx 
HH^opMa^nja o npou3Bogy [1.11].

npeHomeme ogpeg6u obhx gnpeKTHBa BehuM genoM je  H3BpmeHo nocpegcraoM gBa Hama 
3aKoHa h t o :

1) 3aKoHa o e^HKacHoM Kopumhemy eHeprnj e [1.12];
2) 3aKoHa o nnaHHpamy h H3rpagmn [1.13], 2

2 Ha HHBoy EBponcKe yHHje ^HpeKTHBa 2006/32/E3 3aMemeHa je  ^HpeKTHBoM 2012/27/EY, anu je  
gnpeKTHBa 2006/32/E3 3a Peny6^HKy Cp6ujy peneBaHTHa go Kpaja 2017. rogHHe y nornegy o6aBe3a 
npeMa EHepreTcKoj 3ajegHHHH; y nnaHy je  ga ce ogpeg6e ^HpeKTHBe 2012/27/EY TpaHcnoHyjy y 
3aKoH o eHepreTHHH [1.1] u  3aKoH o e^HKacHoM Kopumhemy eHepruje [1.12].
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Kao h Kpo3 npaTehy nog3aKoHcKy perynaTHBy h Tpu AK^noHa nnaHa 3a eHepreTcKy 
e^HKacHocr Peny6nHKe Cp6nje.
KoHaHHo, Ha nocnegmeM rogummeM cacraHKy MHHHcrapcKor caBeTa EHepreTcKe 
3ajegHH^e (oKTo6pa 2015), Cp6nja je  npnxBaTHHa o6aBe3e eHepreTcKe e^HKacHocra Koje 
Ba^e 3a EBponcKy yHHjy, o^ hocho o6aBe3y HMnneMema^Hje HoBe ^npeKTHBe 
2012/27/Ey o eHepreTCKoj e^HKacHocra [1.14].
y  oBoj ce flnpeKTHBH og H^aHoBa EHepreTcKe 3ajegHH^e 3axTeBa ga ycBoje MexaHH3Me 3a 
ymTegy eHeprnje y KoMnaHHjaMa Koje ce 6aBe gncrpH6y^HjoM h MaaonpogajoM eHeprnje, 
ga npoMoBHmy e^HKacHocr y cncreMHMa rpejama h xna^ema, Kao h KoreHepa^njy 
(KoM6uHoBaHy npoH3Bogmy eneKTpHHHe h TonnoTHe eHeprnje) h ga npHMemyjy rogumme 
nnaHoBe, o^ hocho ocrBapyjy rogumme ^H^eBe Be3aHe 3a peHoBHpame 3rpaga ^empanHe 
BnacTH.
noTBpga onpege^eHocrn Peny6nHKe Cp6nje y nornegy yHanpe^ema eHepreTcKe 
e^HKacHocrn ucKa3aHa je  h npBHM hk^ hohhm nnaHoM 3a eHepreTcKy e^HKacHocr 
Peny6^HKe Cp6nje 3a nepuog og 2010. go 2012. roguHe npeMa KojeM je  Peny6nHKa 
Cp6nja noHena ga cnpoBogu Mepe eHepreTCKe e^HKacHocra TaKo ga go 2018. roguHe 
cMaftH noTpommy ^HHanHe eHepraje 3a 0,752 Mtoe mTo h3hoch 9% y ogHocy Ha 
noTpommy ^HHaaHe eHeprnje y pe^epemHoj 2008. toahhh. npeMa noga^HMa Kojn cy 
npHKyn^eHH 3a noTpe6e H3BemTaBama o pe3yaraTHMa cnpoBo^ema npBor aK^noHor 
nnaHa 3a eHepreTcKy e^HKacHocr y nepuogy og 2010. go 2012. rogHHe, ocTBapeHo je  oko 
81,5% nnaHHpaHHx ymTega mTo je  cacBHM 3agoBo^aBajyhn pe3yaraT HMajyhn y Bugy ga 
rnaBHH MexaHH3MH 3a peaHH3aanjy nnaHHpaHHx ymTega HHcy 6hhh Ha cra3H y garoM 
nepuogy.
flpyrn hk^ hohh nnaH 3a eHepreTcKy e^HKacHocr Peny6nHKe Cp6nje 3a nepuog og 2013. 
go 2015. roguHe ycBojeH je  og crpaHe Bnage PC 21. oKTo6pa 2013. y  meMy cy nnaHHpaHe 
ymTege 3a nepuog og 2013. go 2015. rogHHe, npegBH^eHe Ha HHBoy og 3,5% goMahe 
noTpomme ^HHanHe eHeprnje y 2008. toahhh (0,2952 Mtoe). CeKTop 3rpagapcTBa je 
npeno3Har Kao jegaH og HajBehnx noTpomaHa eHeprnje, Te je  36or Tora h y ,3pyroM 
hk^hohom nnaHy npegBH^eHo ga ce y oKBHpy ceKTopa goMahHHcraBa h jaBHor h 
KoMep^njaaHor ceKTopa (y KojHMa npeoBnagaBajy 3rpage) ocrBapn ymTega og 
0,1387 Mtoe, mTo npegcraB^a oko 35% og yKynHHx nnaHHpaHHx ymTega 3a 2015. 
rogHHy.
3aK^yHKoM Bnage og 29. ge^eM6pa 2016. roguHe ycBojeH je  Tpehu aK^noHH nnaH 3a 
eHepreTcKy e^HKacHocr Peny6nHKe Cp6nje 3a nepuog go 2018. rogHHe.

1.2.3 3aKOH o e^HKacHOM K opHmheay eHeprnje
Pagu peanroa^nje crpaTemKH 3a^pTaHHx ^H^eBa h ucnymema Me^yHapogHo npey3eTHx 
o6aBe3a, cxogHo yroBopy o ocHHBaay EHepreTcKe 3ajegHH^e, HapogHa cKynmraHa 
Peny6nHKe Cp6nje je  15. MapTa 2013. roguHe ycBojnna 3aKoH o e^HKacHoM Kopumhemy
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eHeprnje, KojHM ce no npBH nyT ycnocraB^a 3aKoHogaBHH okbhp KojHM ce ype^yje o6nacr 
e^HKacHor Kopumhema eHeprnje y Peny6nn^H Cp6njH.
r^aBHH ^ h^  oBor 3aKoHa jecre  ga ce nogp^H pa^noHamo h ogp^HBo Kopumheme 
eHepraje, HHMe 6h ce gonpHHeno cnrypHHjeM cHa6geBamy eHeprnjoM, noBehamy crone 
3anocneHocra, KoHKypeHTHocTH npHBpege h 3amTHTH ^HBorae cpegHHe.
3aKoH, Kao jegaH og K^yHHHx MexaHH3aMa, yBogu CucTeM eHepreTCKor MeHauMeHTa 
(CEM), hhjh je  ^ h^  ga o6aBe*e BenHKe noTpomaHe eHepraje h jaBHH ceKTop ga 
pa^noHa^Ho Kopncre eHeprnjy h ocTBape ymTege eHeprnje npHMeHoM Mepa 3a Koje 
cMarpajy ga he goHeTH MaKcHManHe ymTege y3 MHHHManHa ynarama. 
y  3aKoHy o e^HKacHoM Kopumhemy eHeprnje npegBH^eHa je  h o6aBe3a eHepreTcKor 
o3HaHaBama ype^aja Kojn nocpegHo hhh HenocpegHo yTHHy Ha noTpommy eHepraje 
npHHHKoM nnacMaHa Ha Tp^nmTe. y  cBpxy HMnneMeHTa^Hje oBe 3aKoHcKe o6aBe3e Koja 
cnegn H3 ^.npeKTHBe 2010/30/Ey, Bnaga Peny6nHKe Cp6nje ycBojnna je  jegHy ypeg6y, a 
MHHHcrapcrBo pygapcTBa h eHepreTHKe noHeTKoM 2014. roguHe goHeno je  cegaM 
npaBHHHHKa o o3HaHaBamy eHepreTcKe e^HKacHocra ype^aja y goMahHHcTBy, goK 
noHeTKoM 2017. roguHe Tpe6a ga 6yge goHeTo jom  neT npaBHHHHKa 3a neT hobhx Bpcra

3npoH3Boga .
Ha Taj HaHHH, noHena je  ga Ba^H o6aBe3a o3HaHaBama eHepreTcKe e^HKacHocra 
npoH3Boga TaKo mTo ce Kyn^HMa npy*ajy o6aBe3He THncKe HH^opMa^nje o eHepreTCKoj 
e^HKacHocrn h rognmmoj noTpommn eHeprnje mTo he hm noMohu ga ce ognyHe 3a 
KynoBHHy eHepreTcKH e^HKacHHjer h, y eKcnnoaTaanjH, je^THHHjer npoH3Boga.
Cnegehn, ganeKo pecrpHKTHBHHjH KopaK, 6uhe yHHmeH goHomemeM npaBHHHHKa o 
TexHHHKHM 3axTeBHMa eKo-gH3ajHa 3a nojegHHe Bpcre hhh rpyne nporoBoga, Kojn he 
oMoryhHTH noBnaHeme npoH3Boga ca Tp^nmTa ^ kohhko He 3agoBo.MBajy nocraB^eHe 
MHHHManHe 3axTeBe y noraegy eHepreTcKe e^HKacHocra h noTpomme eHepraje. Kpo3 
nponuce o eKo-gH3ajHy 6uhe HMnneMeHTHpaHa ^npeKTHBa 2009/125/E3, no3HaTHja nog 
Ha3HBoM „^npeKTHBa o eKo-gH3ajHy“.
3aKoH o e^HKacHoM Kopumhemy eHeprnje HMa ^ h^  h ga nogcraKHe crBapame Tp^nmTa 
eHepreTcKHx ycnyra Koje npy*ajy cne^HjanrooBaHe KoMnaHHje (ESCO -  Energy Service 
Companies) , noce6Ho ycnyre yroBapama eHepreTcKor yHHHKa. Ha Taj h^hhh ce 
noTpomaHHMa H3 cbhx ceKTopa oMoryhaBa ga yroBapajy cnpoBo^eme Mepa 3a yHanpe^eme 
eHepreTcKe e^HKacHocra Koje cnpoBoge h $HHaHcnpajy Tpeha nn^a (ESCO KoMnaHHje) 
Koja rapaHTyjy ymTege h Hannahyjy ce H3 ocraapeHHx ymTega eHeprnje, npu HeMy 
HapyHHna^ ycnyre Mo*e, ann He Mopa yHecrBoBaTH y HHBecra^HjH.
MHHHcrapcrBo pygapcTBa h eHepreTHKe npaBHHHHKoM je  nponncano Mogene yroBopa o 
eHepreTcKHM ycnyraMa 3a npHMeHy Mepa no6o^m am a eHepreTCKe e^HKacHocra y 
3rpagaMa h jaBHoM ocBeraemy Kaga ce pagu o KopncHH^HMa H3 jaBHor ceKTopa. 3

3 Ha HHBoy EY, cBaKe rogHHe goHocu ce perynaTHBa KojoM ce o6aBe3a o3HaHaBama npomnpyje Ha 
gpyre npoH3Boge.
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nopeg  Tora, 3aKoHoM o e^HKacHoM Kopumhemy eHeprnje, nponucaHo je  ocHHBame 
ByueTcKor ^oHga 3a yHanpe^eme eHepreTcKe e^HKacHocra Kojn ce ^HHaHcnpa H3 6yueTa 
PC, goHa^nja h Kpegrna. ByueTcKH $oHg noHeo je  ga pagu 1. jaHyapa 2014. rogHHe. y  
cKnagy ca 3aKoHoM, Bnaga cBaKe roguHe ypeg6oM yrap^yje nporpaM ^HHaHcnpama 
hkthbhocth h Mepa yHanpe^ema e^HKacHor Kopumhema eHeprnje H3 cpegcraBa 
ByueTcKor ^oHga. CpegcTBa onpege^eHa y 6yueTy pacnoge^yjy ce Ha h^hhh npegBH^eH
npaBHHHHKoM.
Ha ocHoBy 3aKoHa o e^HKacHoM Kopumhemy eHeprnje, MHHHcrapcrBo je  goHeno 
npaBHHHHKe KojHMa ce nponncyje o6aBe3yjyha KoHTpona cncreMa 3a rpejaae  h cncreMa 
3a KHHMaTH3a^njy, Kao h 6nn®e ycnoBe Koje ncnymaBajy oBnamheHa npaBHa HH^a Koja 
o6aB^ajy KoHTpony noMeHyTHx cncreMa.
MHHHcrapcrBo je  goHeno h npaBHHHHK KojHM ce nponncyjy mhhhmhhhh KpHTepnjyMH y 
nornegy eHepreTcKe e^HKacHocra y nocrynKy jaBHe Ha6aBKe go6apa. npaBHHHHKoM ce 
npegBH^a 3aKoHcKa o6aBe3a HapyHHna^a ga npHHHKoM cnpoBo^ema jaBHHx Ha6aBKH 
ogpe^eHHx Bpcra npoH3Boga, y TexHHHKoj cne^H^HKa^Hjn, yTBpge MHHHManHe 
KpHTepnjyMe 3a eHepreTcKy e^HKacHocr npoH3Boga Kojn ce Ha6aB^ajy. 
y  3aKoHy o e^HKacHoM Kopumhemy eHeprnje npegBH^eHa je  o6aBe3a jegHHH^a noKanHe 
caMoynpaBe (JHC) ga y Tapn^HH cncreM 3a ycnyre ga^HHcKor rpejama (Kao jegaH og 
eneMeHaTa 3a o6paHyH ^eHe rpejama) yK^yHe H3MepeHy, o^ hocho cTBapHo npegaTy 
KonHHHHy TonnoTHe eHeprnje, a Ha ocHoBy 3aKoHa o eHeprera^H (HnaH 362), Bnaga 
^ ohoch MeTogonornjy 3a ogpe^HBame ^eHe cHa6geBama Kpajmer Kyn^a TonnoTHoM 
eHeprnjoM.
y  cK^agy ca thm, MHHHcrapcrBo je  npnnpeMHno a Bnaga goHena ypeg6y KojoM ce 
nponncyje MeTogonornja 3a ogpe^HBam ^eHe cHa6geBama Kpajmer Kyn^a TonnoTHoM 
eHeprajoM.
npeMa 3aKoHy o e^HKacHoM Kopumhemy eHeprnje, MHHHMaHHe 3axTeBe eHepreTcKe 
e^HKacHocra Mopajy ga ncnymaBajy HoBa h peBHTanH3oBaHa nocrpojema 3a npoH3Bogmy 
eneKTpHHHe h TonnoTHe eHeprnje, cncreMH 3a npeHoc eneKTpHHHe eHeprnje, o^ hocho 
cncreMH 3a gHcrpH6y^Hjy eneKTpHHHe h Tonnorae eHeprnje, Kao h cncreMH 3a TpaHcnopT 
h gHcrpH6y^Hjy npupogHor raca, y 3aBHcHocrn og Bpcre h cHare thx nocrpojema, 
ogHocHo BenHHHHe cncreMa. OBe MHHHManHe 3axTeBe eHepreTcKe e^HKacHocra Tpe6a 
6nn®e ga nponume Bnaga ypeg6oM Kojy npunpeMa MHHHcrapcrao pygapcTBa h 
eHepreTHKe.
3aKoH o e^HKacHoM Kopumhemy eHeprnje h ogroBapajyha nog3aKoHcKa aKTa Mory ce 
npey3era Ha HHHKy http://www.mre.gov.rs/dokumenta-efikasnost-izvori.php .

1.2.4 3aK0H o n^aHHparny h H3rpagrnH
3aKoHoM o nnaHHpamy h rorpagmH [1.13] nponucaHo je  ga 3rpage y 3aBHcHocrn og Bpcre 
h HaMeHe, Mopajy 6hth npojeKToBaHe, rorpa^eHe, KopumheHe h ogp^aBaHe Ha h^hhh 
KojHM ce o6e36e^yjy nponucaHa eHepreTcKa cBojcrBa, Koja ce yrap^yjy rogaBameM

1. OnmTU nojMoBH u perynaTHBa o eHepreTcKoj e^HKacHocra
_____ h cncreMy eHepreTcKor MeHa^MeHTa__________________

http://www.mre.gov.rs/dokumenta-efikasnost-izvori.php
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cepTH^HKaTa o eHepreTCKHM cBojcTBHMa 3rpaga, a Kojn H3gaje oB^amheHa opraHroa^nja. 
Ha Taj HaHHH, y oBaj 3aKoH h npaBHH cncreM Peny6nHKe Cp6nje, genHMHHHo je  npeHeTa 
.̂HpeKTHBa 2010/31/Ey o eHepreTCKHM KapaKTepncTHKaMa 3rpaga. ^ a ^ a  pa3paga o6aBe3a 

H3 oBe ^npeKTHBe cnpoBegeHa je  ycBajameM:
1) npaBHHHHKa o eHepreTCKoj e^HKacHocra 3rpaga [1.15], KojHM ce 6nn®e nponncyjy 

eHepreTcKa cBojcraa h h^hhh H3paHyHaBa&a TonnoTHHx cBojcraBa 3rpaga, Kao h 
eHepreTcKH 3axTCBH 3a HoBe h nocrojehe 3rpage;.

2) npaBHHHHKa o ycnoBHMa, cagp^HHH h HaHHHy H3gaBama cepra^HKaTa o 
eHepreTCKHM cBojcTBHMa 3rpaga [1.16];

3) npaBHHHHKa o ycnoBHMa, nporpaMy h HaHHHy nonarafta crpyHHor Hcnnra y 
o6nacrH npocropHor h yp6aHHCTHHKor nnaHHparna, H3page TexHHHKe 
goKyMeHTa^nje h rpa^ema [1.17];,

4) npaBHHHHKa o ycnoBHMa h nocrynKy 3a H3gaBame h ogy3HMame HH^eH^e 3a 
ogroBopHor yp6aHHcry, npojeKTaHTa, H3Bo^aHa pagoBa h ogroBopHor 
nnaHepa[1.18].

1.3 CH C TEM  E H E P rE T C K O r M EH A TTM EHTA

CncreM eHepreTcKor MeHauMeHTa (CEM) npegcraB^a cncreM opraHH3oBaHor ynpaB^ama 
eHepreTcKHM TOKoBHMa og Mecra npoH3Bogme eHeprnje, npeKo npo^eca npeHoca h 
gHcrpH6y^Hje, na cBe go noTpomme y cMHcny onraMroa^Hje h paaHoHanroa^Hje. CncreM 
o6yxBaTa mupoK cKyn perynaropHHx, opraHH3a^noHHx, nogcm^ajHHx, TexHHHKHx h 
gpyrux Mepa h aKTHBHocrn Koje y oKBHpHMa cBojnx oBnamhema yTBp^yjy h cnpoBoge 
cy6jeKTH oBor cncreMa: Bnaga, MHHHcrapcrBo Hagne^Ho 3a nocnoBe eHepreTHKe, 
o6Be3HH^H cncreMa eHepreTcKor MeHauMeHTa, eHepreTcKH MeHauepn h oBnamheHH 
eHepreTcKH caBeran^H. Obhm ce chctcmom, Kpo3 opraHH3oBaHo npaheme cbhx npo^eca y 
naH^y TpaHc^opMa^nje eHepraje, muxoBo carnegaBame h aHanH3y ca acneKTa 
pa3HHHHTHx KBaHTHTaTHBHHx h KBaHHTaTHBHHx napaMeTapa, crBapajy ycnoBH 3a 
HgeHTH$HKa^njy eHepreTcKH Hajcna6HjHx KapHKa h 3a npegy3HMarne ogroBapajyhnx Mepa 
h aKTHBHocra 3a muxoBo oTKnamame.
O6Be3HH^H cncreMa eHepreTcKor MeHauMeHTa (o6Be3HH^H cncreMa) cy: npHBpegHa 
gpymTBa Koja HMajy Behy noTpommy og nponucaHe noTpomme, jegHHH^e noKanHe 
caMoynpaBe (JHC)4 ca BHme og 20.000 craHoBHHKa, opraHH gp^aBHe ynpaBe5 h gpyru 
opraHH Peny6nHKe Cp6nje, opraHH ayToHoMHe noKpajHHe6 h jaBHe cny®6e Koje Kopncre 
o6jeKTe y jaBHoj cboJhhh. 4 5 6

4 ^oKanHa caMoynpaBa ocTBapyje ce y onmTHHH, rpagy u  rpagy Beorpagy, HnaH 3. 3aKoHa o 
noKaHHoj caMoynpaBH.

5 MHHHcTapcTBa, opraHH ynpaBe y cacTaBy MHHHcTapcTaBa u  noce6He opraHroauHje, HnaH 1. 3aKoHa 
o gpxaBHoj ynpaBH, Ch. rnacHHK PC, 6p. 79/05, 10B07, 95/10 u  99/14

6 CTaTyT AyToHoMHe noKpajHHe BojBogHHe, Ch . hhct A n  BojBogHHe, 6p. 17/09
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OcTBapHBameM ymTega eHeprnje h cMamHBameM TpomKoBa 3a yTpomeHy eHeprnjy Kog 
o6Be3HHKa cncreMa, CEM gonpHHocn noBeharny KoHKypeHTHocTH npHBpegHHx gpymTaBa, 
ocno6a^amy cpegcraBa H3 6yueTa HaMemeHHx 3a TpomKoBe eHeprnje, cMamemy 
HeraTHBHHx yTH^aja eHepreTcKor ceKTopa Ha ®HBoTHy cpegHHy h, onmTe y3eB, noBehamy 
cnrypHocrH h KBanHTeTa cHa6geBama eHeprnjoM.
y  cKnagy ca ogpeg6aMa 3aKoHa o e^rnacHoM Kopumhemy eHeprnje [1.12], CEM je  y 
Cp6njn opraHH3oBaH y Me^yco6Ho ycKna^eHoM pagy cy6jeKaTa cncreMa, o^ hocho Bnage 
Peny6^HKe Cp6nje, MHHHcrapcrBa 3agy*eHor 3a nocnoBe eHepreTHKe7, o6Be3HHKa 
cncreMa eHepreTcKor MeHauMeHTa, eHepreTcKHx MeHauepa h oBnamheHHx eHepreTcKHx
caBeTHHKa (c^HKa 1.1).

M H H H CTA PCTBO  PY ^A PC TB A  H  E H E P rE T H K E  (M PE) H
•  3aKoH u nog3aKoHcKa perygaTHBa
•  Kpeupame eHepreTcKe nogHTHKe '

HHcneKTop
•  npHKyn^ame rognmmHx H3Bemiaja, nnaHoBa u nporpaMa EE - noBpeMeHa HHcneK^nja
•  Ba3a nogaiaKa - CaBeTU u ynyicTBa
•  OpraHH3a^H]a Hcnma u H3gaBame HH^eH^H 3a EM u oBnamheHe eHepreTcKe caBeTHHKe - H pn^am e Ka3He

•  HHcneK^nja

OBnamhHBame 
opraHH3aHKje 3a 

o6yKy

OB.iamfieHa opraHHjamija 3a o6yKy
• OpraHH3oBame u cnpoBo^eme o6yKe

3a EM  h OEC
•  H3flaBame yBepema o noxa^amy 

o6yxe

KaHgngaiH 3a 
o6yKy 3a EM

H3gaBame 
yBepema o 
3aBpmeHoj 

o6ynn

PerncipaHHja 
OC u  EM

YBepeme o
nono^eHoM 

Hcnniy u 
^HHeHHa

^ociaB^ame
rogHmmnx
H3Bemiaja

OB.iamFieHH eHepreTCKH caBeTHUK
(OEC)
- O6aBe3HU eHepreicKH nperneflH 
(HajMame jeflHoM y 5 roflHHa 3a hha./ 
KoMepm ceKTop, jeflHoM y 10 roflHHa 
3a jaBHH ceKTop)

OoBejHimn cHCTeMa eHepreTCKor MeHauMeHTa (OC) (u3Hag rpaHHHHe noTpomme eHeprHje, J ^ C , jaBHH ceKTop)
• HMeHoBame eHepreicKor MeHauepa (ynyhuBame KaHflngaTa Ha o6yKy-ncnHT 3a EM)
• H3paga u gociaB^ame rognmmHx H3Bemiaja o noipommu eHeprnje u  ocTBapeHHM ymiegaMa MPE
• H3paga u gociaB^ame nporpaMa u nnaHoBa e^HKacHor Kopumhema eHeprnje MPE
• CnpoBo^eme o6aBe3Hux nepnogHHHHx eHepreicKHx npernega
• npHKyn^ame u aHagH3a nogaiaKa o noipommu eHeprnje, npeggarame Mepa u aKTHBHocTH 3a noBehame EE
• CnpoBo^eme npeggo^eHHx Mepa u aKTHBHocTH

C^HKa 1.1 meMaicKH npuKa3 CEM-a y Cp6njn

7 MHHHcrapcTBo pygapcTBa u  eHepreTHKe go 2011, MHHHcrapcTBo 3a HH^pacrpyKTypy u 
eHepreTUKy og 2011. go 2012, MHHHciapcTBo eHepreTHKe, pa3Boja u  3amTHTe *HBoTHe cpegHHe og 
2012. go cpegHHe 2013. rogHHe, a 3aTHM noHoBo MHHHcrapcrBo pygapciBa u  eHepreTHKe

http://www.merz.gov.rs/cir
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HaKo no xHjepapxHjcKoM HHBoy HajBHma no3H^nja y obom cncieMy npunaga Bnagn, 
raaBHy onepaTHBHy ynory y $yHKqnoHHcamy CEM-a Ha crpaHH gp^aBe HMa 
MHHHcrapcTBo 3agy*eHo 3a nocnoBe eHepreTHKe (caga MHHHcrapcrBo pygapcTBa h 
eHepreTHKe, y ga^eM TeKcry MHHHcrapcrBo). Pa3nor ne*H y HHmeHH^H ga Bnaga Kao 
cy6jeKT cncreMa eHepreicKor MeHauMeHTa Ha npegnor MHHHcrapcrBa aohoch nponuce y 
o6nacrH e^HKacHor Kopumhema eHeprnje, nonyT ypeg6e o yTBp^HBafty rpaHHHHHx 
BpegHocrH rogumme noipomme eHeprnje o6Be3HHKa CEM-a [1.19] h aKqnoHHx nnaHoBa 
3a eHepreicKy e^HKacHocr Peny6nHKe Cp6nje KojHMa ce ge$HHHmy HHgHKaTHBHH 
Ha^noHaHHH ^H^eBH ym iege eHeprnje.
MHHHcrapcrBo cnpoBogu h nparn $yHK^HoHHcame h peanH3a^Hjy ^H^eBa cncreMa 
eHepreicKor MeHauMeHTa. MHHHcrapcrBo aohoch cBe nog3aKoHcKe aKTe 3a cnpoBo^eme 
3aKoHa o e^HKacHoM Kopumhemy eHepraje, ochm ohhx Koje aohoch Bnaga, h npunpeMa 
H3MeHe h gonyHe 3aKoHa. MHHHcrapTBo npHKyn^a rogumme H3Bemiaje o6Be3HHKa 
cncreMa eHepreicKor MeHauMeHTa, opraHH3yje o6yKy h nonarame Hcnnra 3a eHepreicKor 
MeHauepa h oBnamheHor eHepreicKor caBeTHHKa, H3gaje HH^eH^e eHepreicKor MeHauepa 
h oB^amheHor eHepreicKor caBeTHHKa nn^HMa Koja cy ycnemHo 3aBpmHna o6yKy h 
nono^nna ncnHT, Bogu peracrpe HH^eH^npaHHx eHepreicKHx MeHauepa h oBnamheHHx 
eHepreicKHx caBeTHHKa, Bogu 6a3y nogaiaKa og 3HaHaja 3a npaheme cnpoBo^ema 
cncreMa, npHKyn^a nogaTKe o eHepreTCKHM npernegHMa cnpoBegeHHM og crpaHe 
oBnamheHHx eHepreicKHx caBeTHHKa. KoHaHHo, MHHHcrapcrBo Bpmu HHcneK^njcKH 
Hag3op Hag cnpoBo^emeM ogpega6a 3aKoHa o cncreMy eHepreicKor MeHauMerna h 
nponuca goHeinx Ha ocHoBy 3aKoHa nocpegcTBoM eHepreicKor HHcneKTopa h HHcneKTopa 
onpeMe nog npHTHcKoM. HHcneKTopn he nyieM HHcneKanjcKe npoBepe nogaraKa Koje 
o6Be3HH^H gocraB^ajy BpmHTH Kornpony paga eHepreicKHx MeHauepa h ucnymaBama 
o6aBe3a og crpaHe o6Be3HHKa CEM-a.
MHHHcrapcrBo je  Ha ocHoBy 3aKoHa npaBHHHHKoM nponncaao ycaoBe Koje Mopa ga 
ucnymaBa opraHroa^nja Koja o6aB^a nocaoBe o6yKe eHepreicKHx MeHauepa h 
oBaamheHHx eHepreicKHx caBeTHHKa. Ha ocHoBy npaBHHHHKa, cnpoBegeH je  jaBHH no3HB 
3a H36op opraHH3a^nje 3a o6yKy, a Ha ocHoBy pe3yaraia jaBHor no3HBa, MHHHcrapcrBo je  
gaao oBnamheme MamHHcKoM $aKyareTy yHHBep3HTeia y Beorpagy 3a o6aB^ame 
nocaoBa o6yKe.
npaBHHHHKoM Kojn ce o^ hoch Ha o6yKy h Hcnnr 3a eHepreicKor MeHauepa, 
MHHHcrapcrBo je  nponncaao h^hhh cnpoBo^ema o6yKe, cagp®HHy nporpaMa 3a 
TeopnjcKy h npaKTHHHy o6yKy, BHcHHy h h^hhh naahama TpomKoBa o6yKe, Kao h 6an®e 
ycaoBe noaarama Hcnnra 3a eHepreicKor MeHauepa [1.21].
flpyry HajBa*HHjy yaory y $yHKaHoHHcamy CEM-a, Kao raaBHH hocho^ h h peanroaropH 
Mepa h aKTHBHocTH Kojn he gonpHHeTH ym iegn eHeprnje, HMajy meroBH o6Be3HH^H. 
CxogHo HaaHy 16. 3aKoHa o e^HKacmDM Kopumhemy eHeprnje, o6Be3HH^H cncreMa 
eHepreicKor MeHauMeHTa cy:
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1) npuBpegHa gpymTBa HHja je  npeie^H a genaTHoci y npoH3BogHoM ceKTopy, aKo 
Kopncre BHme eHeprnje og KonHHHHe Kojy nponume Bnaga;

2) npHBpegHa gpymTBa HHja je  npeie^H a genaTHocr y ceKTopy TproBHHe h ycnyra, aKo 
Kopncre BHme eHepraje og KonHHHHe Kojy nponume Bnaga;

3) npHBpegHa gpymTBa HHja je  npeie^H a genaTHocr y npoH3BogHoM ceKTopy, Koja He 
cnagajy y o6Be3HHKe cncreMa H3 TaHKe 1) oBor HnaHa, a nocegyjy o6jeKTe Kojn y 
36upy Kopncre BHme eHepraje og KonHHHHe nponucaHe y TaHKH 2) oBor HnaHa;

4) opraHH gp^aBHe ynpaBe h gpyru opraHH Peny6nHKe Cp6nje, opraHH ayioHoMHe 
noKpajHHe, opraHH jegHHH^a noKanHe caMoynpaBe ca BHme og 20000 craHoBHHKa, 
Kao h gpyre jaBHe cny®6e Koje Kopncre o6jeKTe y jaBHoj cboJhhh.

MHHHcrapcrBo je  npnnpeMHno, a Bnaga Cp6nje goHena ypeg6y o yrap^HBamy 
rpaHHHHHx BpegHocTH rogumme noipomme eHepraje Ha ocHoBy Kojnx ce ogpe^yje Koja 
npHBpegHa gpymTBa cy o6Be3HH^H cncreMa eHepreicKor MeHauMeHTa, rognmmnx 
^H^eBa ym iege eHeprnje h o6pac^a npnjaBe o ocrBapeHoj noipommu eHeprnje [1.19]. 
nyieM  ypeg6e, Bnaga je  yTBpgnna rpaHHHHe BpegHocrn rogumme noipomme eHepraje 
Ha ocHoBy Kojnx ce ogpe^yje Koja npHBpegHa gpymTBa cy o6Be3HH^H cncreMa 
eHepreicKor MeHauMeHTa. npeMa ypeg6u, npHBpegHa gpymTBa cy o6Be3HH^H cncreMa 
^ kohhko Ha HajMaae jegHoj noKa^njn, Koja ce Bogu Ha noce6Hoj agpecu, HMajy o6jeKTe 3a 
o6aB ^aae genaTHocrH HHja je  ocTBapeHa rogumma noipomma npHMapHe eHeprnje Beha 
og cnegehHx rpaHHHHHx BpegHocrn noipomme eHepraje:

1) 2.500 toe (104,67 TJ hhh 29,08 GWh) rogumme 3a npHBpegHa gpymTBa HHja je  
npeie^H a genaTHocr y npoH3BogHoM ceKTopy h Koja o6aB^ajy genaTHocrH 
HaBegeHe y CeKTopy A - F ypeg6e o KnacH^HKa^Hjn genaTHocrH [1.24];

2) 1.000 toe (41,87 TJ hhh 11,63 GWh) rogumme 3a npHBpegHa gpymTBa HHja je  
npeie^H a genaraocT y ceKTopy TproBHHe h ycnyra h Koja o6aB^ajy genaTHocrH 
HaBegeHe y CeKTopy G-N h P-S ypeg6e o KnacH^HKa^Hjn genaTHocTH [1.24];.

3) npHBpegHa gpymTBa HHja je  npeie^H a genaTHocr y npoH3BogHoM ceKTopy, Koja He 
cnagajy y o6Be3HHKe cncreMa H3 TaHKe 1) cy o6Be3HH^H cncreMa ^ kohhko hm je  
rogumma noipomma npHMapHe eHeprnje y cbhm o6jeKTHMa Koje nocegyjy y 36upy 
Beha og 1.000 toe (41,87 TJ hhh 11,63 GWh).

npeMa ypeg6u, noKa^njy HHHe cbh o6jeKTH 3a o6aB^ame genaTHocrH o6Be3HHKa cncreMa 
Kojn ce Hana3e Ha ncroj agpecu, a HHja rogumma noipomma npHMapHe eHeprnje y 36upy 
npena3H rpaHHHHe BpegHocrn nponucaHe noipomme eHeprnje
ypeg6oM je  nponucaH o6pa3a^ 3a npnjaB^HBame rogumme noipomme eHepraje. 
npHBpegHa gpymTBa, Ha nponucaHoM o6pac^y, nogHoce npnjaBy o rognmmoj noipommn 
eHeprnje MHHHcrapcrBy Koje Ha ocHoBy nogHeinx npnjaBa yrap^yje Koja cy npHBpegHa 
gpymTBa o6Be3HH^H cncreMa.
ypeg6oM je  nponucaH h rognmmn ^ h^  ym iege eHeprnje 3a cBe o6Be3HHKe cncreMa y 
TeKyhoj KaneHgapcKoj rogHHH Ha HHBoy og 1% y ogHocy Ha ocTBapeHy noipommy 
npHMapHe eHepraje y npeixogHoj KaneHgapcKoj rogHHH.

1. OnmTU nojMoBH u perynaTHBa o eHepreicKoj e^HKacHocra
_____ h cucTeMy eHepreicKor MeHa^MeHTa__________________
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npuBpegHa gpymTBa, ycraHoBe h npegy3eha Kao jaBHe cny*6e, Kojn cy o6Be3HH^H 
cncreMa h HMajy HajMame gBe noKa^nje, ocTBapyjy rognmmn ^ h^  ym iege eHepraje 
3ace6Ho Ha cBaKoj noKa^Hjn.
npeMa ypeg6u, jegHHH^e noKanHe caMoynpaBe ca BHme og 20.000 craHoBHHKa ocrBapyjy 
nponncaHH rognmmn ^ h^  ym iege eHepraje y o6jeKTHMa 3a Koje nnahajy TpomKoBe 
eHeprnje (cny®6eHe 3rpage, nocnoBHe npocropHje, o6jeKTH y jaBHoj cboJhhh Koje Kopncre 
ycraHoBe hhh gpyre jaBHe cny*6e ocHoBaHe og crpaHe jegHHH^e noKanHe caMoynpaBe h

g p )
OpraHH gp^aBHe ynpaBe h gpyra opraHH Peny6nHKe Cp6nje, Kao h opraHH ayioHoMHe 
noKpajHHe ocrBapyjy nponncaHH rognmmn ^ h^  ym iege eHeprnje y o6jeKTHMa HHja je  
noBpmHHa nojegHHaHHo Beha og 2000 m2 3a Koje th opraHH nnahajy TpomKoBe eHeprnje. 
y kohhko cy ogp^aBame h HHBecra^HoHo-TexHHHKH nocnoBH Ha o6jeKTHMa Koje Kopncre 
HaBegeHH opraHH, noBepeHH noce6HoM opraHy hhh opraHroa^HjH Peny6nHKe Cp6nje 
(ogHocHo ayioHoMHe noKpajHHe), Taj opraH (o^ hocho opraHroa^nja) nocraje o6Be3HHK 
cncreMa. OBge ce, npe cBera, mhchh Ha ynpaBy 3a 3ajegHHHKe nocnoBe peny6HHHKHx 
opraHa h ynpaBy 3a 3ajegHHHKe nocnoBe noKpajHHcKHx opraHa, KojHMa je  noBepeHo 
ogp^aBame 6pojHHx o6jeKara Koje Kopncre opraHH Peny6nHKe Cp6nje, ogH. AyioHoMHe 
noKpajHHe BojBogHHe.
JaBHe cny*6e Koje Kopncre o6jeKTe y jaBHoj cboJhhh Mory 6hth ycraHoBe Koje o6aB^ajy 
genaTHocrH y o6nacrH o6pa3oBama, HayKe, Kyniype, 3gpaBcraeHe 3amTHTe h gp., hhh 
npegy3eha Koja o6aB^ajy genaTHocrH y o6nacra n T T  cao6pahaja, eHepreTHKe, nyieBa, 
KoMyHanHHx ycnyra h gpyruM o6nacrHMa. npeMa ypeg6u, ycraHoBe Koje Kopncre 
o6jeKTe y jaBHoj cboJhhh ocTBapyjy rognmmn ^ h^  ym iege eHeprnje y o6jeKTHMa 3a Koje 
Te ycraHoBe nnahajy TpomKoBe eHeprnje h Kojn Ha HajMame jegHoj noKa^Hjn Tpome BHme 
og 1.000 toe rogumme. Ako HMajy TaKBe o6jeKTe, ycraHoBe y TeKyhoj KaneHgapcKoj 
rogHHH ocrBapyjy ^ h^  ym iege eHeprnje y H3Hocy og 1% og ocTBapeHe noipommme 
npHMapHe eHeprnje y npeixoHoj KaneHgapcKoj rogHHH. npegy3eha Kao jaBHe cny®6e Koja 
Kopncre o6jeKTe y jaBHoj cBojHHH, npeMa ypeg6u ocrBapyjy rognmmn ^ h^  ym iege 
eHeprnje y o6jeKTHMa 3a Koje nnahajy TpomKoBe eHeprnje h Kojn Ha HajMame jegHoj 
noKaaHjH Tpome BHme og 2.500 toe rogumme. Ako HMajy TaKBe o6jeKTe, npegy3eha y 
TeKyhoj KaneHgapcKoj rogHHH ocrBapyjy ^ h^  ym iege eHeprnje Kojn h3hoch 1% og 
ocTBapeHe noipomme npHMapHe eHeprnje y npeixogHoj KaneHgapcKoj rogHHH. 
npeMa Hcrpa*HBafty cnpoBegeHoM 2011, a noHoB^ernDM 2015. roguHe [1.22],, 
nponucaHy rpaHHHHy noipommy npeMamyje oko 100 npHBpegHHx cy6jeKaia HHja je 
npeie^H a genaTHocT y npoH3BogHoM ceKTopy, Kao h 20 npHBpegHHx gpymiaBa ca 
npeie^HoM genaTHomhy y ceKTopy TproBHHe h ycnyra. npeMa ToMe, oHeKyje ce ga he y 
npBoj $a3H8 yBo^ema CEM-a no KpHTepnjyMy noipomme eHeprnje 6hth oko 120

8 Ca yxogaBameM CEM-a cTBopuhe ce MoryhHocT ga ce y mera yKH>yHH u  Behn 6poj npHBpegHHx 
cy6jeKaia, m io  he ce ocTBapHTH cMamHBameM rpaHHHHe BpegHocTH noipomme.
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o6Be3HHKa. Obhx 120 o6Be3HHKa, y yKynHoM 6nnaHcy noipomme eHeprnje y 
HHgycrpHjcKoM h ceKTopy TproBHHe h ycnyra, yHecTByjy ca npeKo 75%. To 3HaHH ga he, 
6e3 o63upa Ha oBaj penaTHBHo Mam 6poj o6Be3HHKa, mnxoBHM yK^yHHBameM y CEM 
6hth Moryhe npaTHTH, KomponHcaTH h ynpaB.Mra (y cMHcny ym iege eHeprnje) roioBo 
^enoKynHHM TOKoBHMa eHepraje y o6a ceKTopa.
noga^H nonuca craHoBHHmTBa cnpoBegeHor 2011. roguHe yKa3yjy Ha to ga he 111 J.HC y 
Peny6nn^H Cp6njH 6hth yK^yHeHo y CEM. H3pa®eHo y npo^eHTHMa 6poja craHoBHHKa 
JHC, CncreMoM eHepreicKor MeHauMeHTa 6uhe o6yxBaheHo totobo 90% craHoBHHmTBa. 
npeixogHa gBa „BenHKa” npo^em a yHemha y noipommu eHepraje jacHo yKa3yjy Ha to ga 
he BenHKH npHBpegHH cy6jeKTH y ceKTopy npoH3Bogme h ceKTopy TproBHHe h ycnyra, 
3ajegHo ca JHC, hhhhth okochh^  cnpoBo^ema h ocraapHBama *e^eHHx pe3yHTara 
CEM-a. npeocraHH o6Be3HH^H CEM-a, y Koje cnagajy opraHH gp^aBHe ynpaBe, gpyru 
opraHH Peny6nHKe Cp6nje, opraHH ayioHoMHe noKpajHHe h ycraHoBe HMajy 3HaTHo Mame 
yHemhe y yKynHoj noipommu eHeprnje. HnaK, obh o6Be3HH^H H3 jaBHor ceKTopa HMajy 
Ba*Hy ynory y gaBamy no3HTHBHor npHMepa KaKo ce Tpe6a onxogHTH npeMa eHeprnjH, Te 
je  H3 Tor pa3nora muxoBo Mecro y CEM-y He3ao6nna3Ho.
npeMa 3aKoHy o e^HKacHoM Kopumhemy eHeprnje, cbh o6Be3HH^H cncreMa jegHoM 
rogumme gocraB^ajy MHHHcrapcrBy Hagne^HoM 3a nocnoBe eHepreraKe rognmmn 
H3Bemiaj o ocrBapHBa&y ^H^eBa ym iege eHeprnje, h to go 31. Mapia TeKyhe roguHe 3a 
npeixogHy rogHHy. Kao m io cmo peKHH, rognmmn ^ h^  ym iege eHepraje o6Be3HHKa 
cncreMa ge^HHHcaH je  ypeg6oM 3a TeKyhy KaneHgapcKy roguHy Ha HHBoy og 1% 
ocTBapeHe noipomme npHMapHe eHeprnje y npeixogHoj KaneHgapcKoj rogHHH. 
MHHHcrapcrBo je  goHeno npaBHHHHK o o6pac^y rogummer H3Bemiaja o ocraapHBamy 
^H^eBa ym iege eHeprnje KojHM cy nponncaHH o6pac^H Ha KojHMa o6Be3HH^H cncreMa 
nogHoce MHHHcrapcrBy rognmmn H3Bemiaj o ocrBapHBamy ^H^eBa ym iege eHeprnje. 
Ba^Ho je  HcrahH ga npHBpegHH cy6jeKTH Kojn Tpome Mame og nponucaHe rpaHHHHe 
rogumme noipomme eHeprnje h JHC ca Maae og 20 000 craHoBHHKa, uaKo HeMajy 
3aKoHcKy o6aBe3y, Mory nocrara  o6Be3HH^H CEM-a ^ kohhko goHecy ogroBapajyhy 
ognyKy npeno3HaBmu no3HTHBHa pemema Koje Hygu yK^yHHBame y CEM.

1.3.1 OSaBe3e o0Be3HHKa CEM -a
y  cKnagy ca 3aKoHoM o eHepreicKoj e^HKacHocra o6Be3HH^H CEM-a HMeHyjy noipe6aH 
6poj eHepreicKHx MeHauepa, a npaBHHHH^HMa o ycnoBHMa 3a HMeHoBame eHepreicKux 
MeHauepa [1.23], nponncaHH cy 6hh®h ycnoBH 3a HMeHoBame eHepreicKHx MeHauepa, y 
3Hbhchocth og Bpcre o6Be3HHKa cncreMa h nporpaMa o6yKe Kojn je  3aBpmno eHepreicKH 
MeHauep.
npeMa 3aKoHy, 3a eHepreicKor MeHauepa Mo*e 6hth HMeHoBaHo nn^e Koje je  nono^nno 
HcnHT h go6nno HH^eH^y 3a eHepreicKor MeHauepa. Ochm o6aBe3e ga HMeHyjy noipe6aH 
6poj eHepreicKHx MeHauepa, o6Be3HH^H CEM-a gy®HH cy ga:

• peanH3yjy nnaHHpaHH ^ h^  ym iege eHeprnje Kojn ^ ohoch Bnaga;

1. OnmTU nojMoBH u perynaTHBa o eHepreicKoj e^HKacHocra
_____ h cucTeMy eHepreicKor MeHa^MeHTa__________________
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• goHecy nporpaM h nnaH eHepreicKe e^HKacHocra;
• cnpoBoge Mepe 3a e^HKacHo Kopumheme eHeprnje npegBH^eHe nporpaMoM, 

ogHocHo nnaHoM eHepreicKe e^HKacHocra h
• MHHHcrapcTBy gocraB^ajy rogumme H3Bemiaje o ocTBapHBa&y rogummer ^nma 

ym iege eHepraje, o^ hocho Mepa h aKTHBHocTH cagp*aHHx y nporpaMy h nnaHy;
• cnpoBoge o6aBe3He nepnogHHHe eHepreicKe nperaege h to npHBpegHa gpymTBa 

Koja cy o6Be3HH^H CEM-a jegHoM y n e i rogHHa, a o6Be3HH^H H3 jaBHor ceKTopa 
jegHoM y geceT roguHa 3a o6jeKTe HHja je  noBpmHHa Beha og 500 m2;

• npey3HMajy gpyre aKTHBHocTH h Mepe y cKnagy ca 3aKoHoM.
O6Be3HH^H cHcreMa HMajy o6aBe3y ga jegHoM rogumme, go 31. Mapia TeKyhe 3a 
npeixgoHy KaneHgapcKy rogHHy, gocraB.majy MHHHcrapcTBy H3Bemiaje o ocrBapHBafty 
^nmeBa ym iege eHeprnje Ha o6pac^HMa Kojn cy nponncaHH npaBHHHHKoM o o6pacuy 
rogummer H3Bemiaja o ocraBpHBmy ^nmeBa ym iege eHeprnje. y  H3BemiajHMa Tpe6a ga 
onumy creneH peairoa^nje nnaHoBa h nporpaMa, Kao h ^nma ym iege Kojn je  y ypeg6u 
ge^HHHcana Bnaga. H3Bemiajn he ce nonymaBaTH nyieM Be6-aniHKa^nje y oKBHpy 6a3e 
nogaraKa Kojy Bogu MHHHcrapcrBo. O6Be3HH^H cncreMa Kojn HMajy ioKa^Hje 
gocraB^ajy MHHHcrapcTBy rogumme H3Bemiaje o ocrBapHBafty ^nma ym iege eHepraje 
3a cBaKy ioKa^njy noHaoco6.

T aS e ia  1.1 Bpcre, KpHTepnjyMH 3a HgernH^HKoBame o6Be3HHKa y npBoj $a3H CEM-a
K aTeropnja CeKTop
HHgycTpnja HHgycTpHjcKH ceKTop u  ceKTop pygapcTBa 2 500 toe/rog 

no
loKauujH

CeKTop TpaHc^opMauuje, npeHoca, gHcipH6yuHje 
eHepruje (eneKTpHHHa, TonnoTHa, pa^HHepuje)

OSjeKTH (3rpage) KoMepuHjanHH ceKTop, nooioBHe 3rpage, Tp*HH 
^eHTpu u  ycraHoBe Koje KopucTe o6jeKTe y jaBHoj 
cBojHHH (mKoie, 6oiHH^e, cnoprcKH ^eHipH u  gp.)

1 000 toe/rog 
no
noKauHjH

J ^ C Cbh o6jeKTH 3a Koje J.HC n iahajy  TpomKoBe 
eHepruje,Kao u  o6jeKTH Koje Kopucre jaBHe c iy * 6 e  
(ycraHoBe u  npegy3eha) ocHoBaHe og J.HC Koje He 
npeia3e rpaHHHHy noipomnmy

Bume og 
20 000 
craHoBHUKa

OpraHH gp^aBHe 
ynpaBe, gpy ru  
opraHH Peny6aHKe 
CpSnje h oraHH 
ayTOHOMHe nopajHHe

Cbh o6jeKTH Koje Kopucre opraHH u  3a Koje n iahajy 
TpomKoBe eHepruje, ca nojegHHaHHoM noBpmuHoM 
BehoM og 2000 m2

ciy^6eH e 
3rpage, 
nocioBHe 
npocropnje 
> 2000 m2

JaBHe cay*6e  Koje 
KopucTe o6jeKTe y
jaBHOj CBOjHHH

YcraHoBe Koje Ha HajMame jegHoj loKaunjH Tpome 
Bume og 1000 toe u  npegy3eha Koja Ha HajMame jegHoj 
loKauujH Tpome Bume og 2.500 toe

ycraHoBe: 
1000 toe/rog 
npegy3eha: 
2500 toe/rog

npegy3eha Kao jaBHe cny*6e o6aBmajy genaTHocT y o6nacTH: n T T  cao6pahaja, eHepreTHKe, 
nyieBa, KoMyHanHHx ycnyra
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1.3.2 EHepreTCKH MeHauepn
HaKo 3aKoH o eHepreicKoj e^HKacHocra Kao o6Be3HHKe CEM-a npeno3Haje o6jeKTe, JHC, 
npHBpegHa gpymTBa, ycraHoBe h npegy3eha Kao jaBHe c iy*6e , h mHMa nponncyje 
o6aBe3e Be3aHe 3a ym iegy eHepraje, goHomeme rognmmnx H3Bemiaja, nporpaMa h niaHa 
eHepreicKe e^HKacHocra, cnpoBo^eme nepnogHHHHx eHepreicKHx nperiega h t i., 
ciBapHH hocho^ h aKTHBHociH KojuMa he peaiHToBaiH oBe o6aBe3e jecy eHepreicKH 
MeHauepn. ^ a  6h eHereicKH MeHauepn 6h ih  cnoco^HH ga peaiH3yjy cBe o6aBe3e 
o6Be3HHKa CEM-a, noipe6Ho je  ga nocegyjy ogroBapajyha crpyHHa 3Hama h BemHHe.
36or pa3iHHHTocTH obhx 3Hama h BemHHa, y cKiagy ca npaBHiHHKoM o HaHHHy 
cnpoBo^ema o6yKe, opraHH3yjy cy Tpu Bpcre o6yKe. 3a noipe6e npHBpegHHx cy6jeKaia 
(npHBpegHHx gpymiaBa h npegy3eha Kao jaBHHx c iy * 6 n ) HHja je  npeie^H a geiaTHocr y 
npoH3BogHoM ceKiopy (HHgycrpHja) npeiBH^eHa je  o6yKa 3a eHepreTCKe MeHauepe 3a 
oSiacT HHiycTpnjcKe eHepreTHKe, 3a J.HC Kao o6Be3HHKe cncreMa npeiBH^eHa je  o6yKa 
3a eHepreTCKe MeHauepe 3a o 6 ia c r  onmTHHCKe eHepreTHKe, a 3a o6Be3HHKe cncreMa H3 
jaBHor ceKiopa (ip^aBHH opraHH, gpyrn opraHH Peny6iHKe Cp6nje, opraHH ayioHoMHe 
noKpajHHe h ycraHoBe Kao o6Be3HH^H CEM-a) npeiBH^eHa je  o6yKa 3a eHepreTCKe 
MeHauepe 3a o6iaCT eHepreTHKe 3rpaga.
CxogHo npaBHiHHKy o HaHHHy cnpoBo^ema o6yKe [1.21], o6yKa 3a cBe Bpcre 
eHepreicKHx MeHauepa ce cacrojn og gBa geia. npBH geo, y 3aBHcHociH og Bpcre o6yKe, 
o6yxBaia TeopHjcKy, npaKTHHHy h o6yKy y Kopumhemy cne^njaiH3oBaHHx co^raepa, io k  
ip y ra  geo o6yxBaia H3pagy niaHa h nporpaMa eHepreicKe e^HKacHocra h rogummer 
H3Bemiaja o6Be3HHKa CEM-a.
npBH geo o6yKe Tpaje 6 gaHa, y ToKy Kojnx ce Mo*e o g p ^ara  HajBHme 7 HacoBa gHeBHo y 
Tpajafty og no 45 MHHyia, io k  gpyrn geo o6yKe nogpa3yMeBa MeHTopcKH pag ca 
noia3HHKoM o6yKe h He Mo*e ga Tpaje iy * e  og Mece^ gaHa.
TeopnjcKa o6yKa nogpa3yMeBa KiacHHHa npegaBama, npaKTHHHH geo o6yKe, npaKTHHHe 
Be*6e y ia6oparopHjn ca MepHoM onpeMoM h ia6opaiopnjcKoM onpeMoM yrap^eHoM y 
npaBHiHHKy o ycioBHMa y noriegy  KagpoBa, onpeMe h npocropa opraHroa^nje 3a o6yKy 
[1.20]. Pag Ha paHyHapHMa nogpa3yMeBa HHTepaKTHBHH pag, o6yKy y Kopumhemy 
co^raepa „HH^opMainoHH cncreM 3a eHepreTCKH MeHaiMeHT“, Kao h ip y ra x  
cne^njaiH3oBaHHx co^raepa. .
npoBepa creHeHHx 3Hama noia3HHKa Bpmu ce hhkoh ogciymaHe TeopnjcKe, npaKTHHHe h 
o6yKe 3a Kopumheme cne^njaiH3oBaHHx co^raepa, npu HeMy noia3HH^H Mopajy ga 
ucnyHe ycioB npncycrBoBama Ha HacoBHMa o6yKe yrap^eHe npaBHiHHKoM o HaHHHy 
cnpoBo^ema o6yKe. npoBepa 3Hama H3 npaKTHHHe o6yKe cnpoBogu ce Ha 
ia6opaiopnjcKoj onpeMH, a npoBepa 3Hama 3a Kopumheme cne^njaiH3oBaHHx co^raepa 
Ha paHyHapy, HHMe ce 3aBpmaBa npBH geo o6yKe.
Me^y Ba*HHM h HeonxoiHHM 3Ha&HMa Koja he noia3HH^H Kypca 3a eHepreicKe MeHaiepe 
MopaiH ga creKHy, cBaKaKo cy h 3Hama Koja ce ogHoce Ha npunpeMy nporpaMa h niaHa 
eHepreicKe e^HKacHocra h roiHmmnx H3Bemiaja o ocraapHBamy ^H ^a ym iege eHeprnje

1. OnmTU nojMoBH u peryiaTHBa o eHepreicKoj e^HKacHocra
_____ h cHcreMy eHepreTcKor MeHa^MeHTa__________________
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o6Be3HHKa CEM-a. nporpaMH h niaHoBH 3ay3HMajy K^yHHo Mecro y pagy MeHauepa h 
jegHy og ochobhhx o6aBe3a o6Be3HHKa CEM-a. 36or Tora je  gpyru geo o6yKe nocBeheH 
H3pagn nporpaMa, niaHa h rogummer H3Bemiaja o6Be3HHKa CEM-a, Koje noia3HH^H 
o6yKe Tpe6a ga H3page y3 noMoh MeHiopa npeMa 3agaiKy Kojn ogpegu MeHTop.
KoHaHHo, HaKoH ycnemHo 3aBpmeHe o6yKe, Tj. ycnemHo 3aBpmeHe npoBepe 3Hama h 
H3pa^eHor h og crpaHe MeHiopa ogo6peHor nporpaMa, niaHa h rogummer H3Bemiaja 
o6Be3HHKa CEM-a, noia3HH^H o6yKe n o ia* y  Hcnnr 3a eHepreicKor MeHauepa. H cnnr ce 
n o ia ^ e  ropagoM Tecra Kojn ce BpegHyje ca HajBHme 100 6ogoBa. CMarpa ce ga je  
KaHgugaT n o io ^n o  Hcnnr aKo je  Ha Tecry ociBapno HajMame 70 6ogoBa.
MHHHcrapcrBo H3gaje ogroBapajyhy iH^eH^y eHepreicKor MeHauepa iH^HMa Koja 
n o io ^ e  crpyHHH Hcnnr h ncnymaBajy gpyre 3aKoHoM npegBH^eHe ycioBe 3a H3gaBame 
iH^eH^e. MHHHcrapcrBo Bogu perncrap iH^eH^npaHHx eHepreicKHx MeHauepa.

1.3.3 06yK a 3a eHepreTCKe MeHauepe 3a o6^aCT HHgyCTpnjCKe eHepreTHKe
^ a  6h eHereicKH MeHauep 3a o 6 iacr HHgycrpHjcKe eHepreTHKe 6ho cnoco6aH ga 
peaiH3yje o6aBe3e Koje 3aKoH o eHepreicKoj e^HKacHocrn nponncje npHBpegHHM 
gpymTBHMa, ycraHoBaMa h npegy3ehHMa Kao jaBHHM ciy*6aMa, Kao o6Be3HH^HMa CEM- 
a, a m io je  jom  Ba^HHje, ga npeno3Ha h cnpoBege Mepe Koje he y KpajmeM ucxogy 
cMamHTH Henoipe6Hy noipommy eHeprnje, noipe6Ho je  ga:

1) go6po no3Haje HHgycrpHjcKe npo^ece y npegy3ehy (npHBpegHoM gpymTBy, 
ycraHoBH h npegy3ehy Kao jaBHoj c iy*6n);

2) HMa ogroBapajyha TexHHHKa 3Hama o onpeMH h ype^ajHMa h TexHHHKHM cncreMHMa 
Koja ce Kopncre y npegy3ehy (Hnp. kotiobh, nehn, pa3MemHBaHH Tonioie, cncreMH 
3a gHcrpH6y^Hjy nape h ih  KoMnpHMoBaHor Ba3gyxa, noipomaHHMa eieKTpHHHe 
eHeprnje, cncreMa 3a pacBeiy, xia^eme nrg.) h gpyruM HHHHo^HMa Kojn yTHHy Ha 
e^HKacHocr Kopumhema eHeprnje;

3) HMa 3Hama h ogoBapajyhe cnoco^Hocrn ga npHKynn h aHaiH3Hpa nogaiKe y Be3H ca 
KopumhemeM eHeprnje, Kao h ga hx HHiepnpeTHpa y norogHoj $opMH, a HapoHHTo 
ga HanpaBH eHepreicKH 6uiaHc npegy3eha;

4) 3Ha Koje cy to Mepe eHepreicKe e^HKacHocrn h KaKo hx Tpe6a cnpoBecrn;
5) ga no3Haje 3aKoHe h nog3aKoHcKe aKie H3 o 6 iacm  eHepreTHKe, 3amTHTe ^HBoTHe 

cpegHHe, e^HKacHor Kopumhema eHeprnje, a Kojn ce ogHoce Ha pag npegy3ha;
6) HMa 3Hama o ochobhhm ^kohomckhm 3aKoHHTocrHMa h cnoco6Hocr ga hx npHMeHH 

y nocioBamy npegy3eha;
7) no3Haje ogpeg6e H3 craHgapga SRPS EN ISO 50001:2012 Kojn nponncje KaKo ce y 

HeKoM npegy3ehy h ih  opraHroa^HjH Mory ycnocraBHTH h ogp^aTH cncreMH 
Koipoie h ynpaB^ama Kojn Tpe6a ga o6e36ege no6o^m am a y noriegy  cMamema 
noipomme eHepraje, noBehama eHepreicKe e^HKacHocrn h HaHHHa Kopumhema 
eHeprnje;

TaKo^e no^e^H o je  ga eHepreTKH MeHauep:
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8) pa3yMe h^hhh nocioBama npegy3eha h Mo*e peaiHo ga cariega y io re  Kojy 
eHeprnja HMa y npegy3ehy y ogHocy Ha gpyre eieMeHTe, Kao m io cy cnpoBHHe, 
Kannrai h pagHa cHara;

9) HMa cnoco6Hocr go6pe KoMyHHKa^nje h HHTepaK^Hje KaKo ca pyKoBogcTBoM 
npegy3eha, TaKo h ca H3Bpmno^HMa h pagHH^HMa Ha ogp*aBafty;

10) cnoco6Hocr ga KoopgHHHpa h KoHTpoinme aKTHBHocm npniHKoM cnpoBo^ema 
Mepe EE

11) cnoco6Hocr go6pe npo^eHe KaKo 6h 3Hao Kaga ga rpa^H  gogaiHy noMoh y 
pemaBamy npo6ieMa (og KoHcyiTaHaia h ih  ncnopyHHia^a onpeMe).

y3  nocegoBame obhx 3Hama, BemTHHa h cnoco^Hocra eHereTCKH MeHauep 6h Tpe6aio ga 
6yge cnoco6aH ga cnpoBogu cBe HeonxogHe aKTHBHociH h pagme Koje he gonpHHeTH h 
cMamHBamy noipomme eHepraje h H3BpmaBamy o6aBe3e Koje 3aKoH o eHepreicKoj 
e^HKacHociH nponncyje npHBpegHHM gpymTBHMa, ycraHoBaMa h npegy3ehHMa Kao 
jaBHHM ciy*6aM a, Kao o6Be3H^HMa CEM-a. Te aKTHBHociH h pagme npe cBera ce ogHoce 
Ha:

1) noHeTHo npHKyn^arne h aHa^H3y eHepreTckux nogaTaKa o HHgycrpHjKoM h ih  
TexHoiomKoM npo^ecy, KapaKiepHcrHKaMa h cramy ype^aja h onpeMe h gpyruM 
noipomaHHMa eHeprnje, $ h3hhkhm o6jeKTHMa h npoH3BogHHM Kana^HTeraMa. 
Bygyhn ga ce go obhx nogaiaKa goia3H geioM H3 apxHBe npegy3eha, a ga hx je  
geioM HeonxogHo gonyHHTH nperiegoM h ycraHoB^aBafteM onm ier crama, 
e^HKacHociH h HHBoa ogp^aBama ype^aja h onpeMe, oBaj nocrynaK Mo*e ce 
Ha3BaTH nperieg  eHepreicKor crafta npegy3eha og crpaHe eHepreicKor MeHauepa.

2) H3pagy eHepreTKor 6n.aaHCa npegy3eha Ha ocHoBy H3BpmeHor nperiega crafta h 
npHKyn^eHHx nogaiaKa o noipommu eHepraje.

3) KacHHjHM pegoBHHM npHKyn^arneM h aHa^H30M MO.iaraK'a Kojn Ce ogHOCe Ha 
eHeprnjy h no noipe6n yTBp^HBame, nyieM Mepema Ha iH^y Mecra, ciBapHHx 
onepaiHBHHx napaMeiapa h yHHHKa onpeMe h npo^eca

4) HgeHTH$HKa^njy Mepa Koje OMory6yjy ymTegy eHeprnje h tchxobom

eKOHOMCKOM aHa^H30M,
5) yHeciBoBameM y nocryn^HMa Ha6aBKe eHeprnje,
6) H3pagy ro g n m m er H3BemTaja o OCTBapHBamy ^H ^eBa ymTege eHeprnje, 

npnnpeM^eHor y cKiagy ca ^opMaTOM H3Bemiaja nponucaHor npaBHiHHKoM o 
o6pac^y rogummer H3Bemiaja o ociBapHBamy ^H^eBa ym iege eHeprnje,

7) pa3BojeM npojeKaTa 3a ymTegy eHeprnje, Kao h norpe^HHM texHHHKHM h 
eKOHOMCKHM MpoMeuaMa,

8) H3pagy nporpaM a h n ^aH a  eHepreTCKe e^HKaCHOCTH y cKiagy ca ^opMaioM 
nponncaHHM 3aKoHoM o e^HKacHoM Kopumhemy eHeprnje,

9) CnpoBO^erneM npojeKaTa eHepreTCKe e^HKaCHOCTH, h

10) ogp^aBameM KoMyHHKa^nje ca 3anocieHHMa.

1. OnmTU nojMoBH u peryiaTHBa o eHepreicKoj e^HKacHocra
_____ h cHcreMy eHepreTcKor MeHa^MeHTa__________________
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y  obom npnpyHHHKy HanucHoM y cKiagy ca ca cagp^HHoM nporpaMa o6yKe 3a 
eHepreicKor MeHauepa nponucaHoM npaBHiHHKoM o HaHHHy cnpoBo^ema h cagp^HHH 
nporpaMa o6yKe [1.21], noKymaHo je  ga ce eHepreicKoM MeHauepy Ha cHcreMaTHHaH 
HaHHH npy*e cBe noipe6He HH^opMa^nje o^ hocho npy*e ogroBapajyha 3Hama Koja 6h 
hm noMoria y H3BpmaBa&y aKTHBHocTH.
TaKo je, ochobhh nperieg  3aKoHogaBHe peryiaTHBe gar y noriaB ^y 1. y  cBpxy npe cBera 
HH^opMHcafta h yno3HaBama ca cBpxoM craHgapga H3 o6 iacrn  eHepreicKor MeHauMema, 
CraHgapga SRPS EN ISO 50001:2012 - CncreMH MeHauMeHTa eHeprnjoM, meroB nperieg  
g a i je  y HcroHMeHoM noriaBmy 2.HaHHHHMa npHKyn^ama h aHairon eHepreicKHx 
nogaiaKa h H3pagy eHepreTKor 6uiaHca, o^ hocho rogum m er H3Bemiaj o ocrBapHBa&y 
^H^eBa ym iege eHeprnje, nocBeheHa cy noriaB ^a 3, 4. h 5. n p e r ie g  HH®emepcKHx h 
TexHHHKHx 3Hama o onpeMH h ype^ajHMa Koja ce HajHemhe Kopncre y HHgycrpHjH h 
gpyruM HHHHo^HMa Kojn yTHHy Ha e^HKacHocr Kopumhema eHepraje ca mnxoBHM 
nogioraMa H3 o 6 iacrn  TepMogHHaMHKe, MexaHHKe $ iynga, TpaHcnopia Tonioie h 
cyncraH^Hje npHKa3aHH cy y noriaB^HMa 6 - 8 h 12-15.
,3,eo nocBeheH ype^ajHMa Kojn Kopncre eieKTpHHy eHeprnjy, nocryn^HMa h MepaMa 
ym iege eieKTpHHHe eHeprnje h MoryhHociHMa eKoHoMcKHx ym iega, Kao h npo^egypn 
Ha6aBKe eieKTpHHHe eHeprnje cagp^aH je  noriaB^HMa 9-11. Ochobhh ^HHaHcnjcKH 
nojMoBH, eKoHoMcKe 3aKoHHTocrH h eKoHoMcKH napaMeipn peHTa^HiHocra npojeKia, Kao 
h Moryhn H3Bopn ^HHcnpama npojeKTa eHepreicKe e^HKacHocra o6jameHH cy y 
noriaB ^y 16. KoHaHHo, npnpyHHHK 3aBpmaBa noriaB^eM  17 y KojeM je  3a Behn 6poj 
TexHHHKHx cHcreMa gaT nperieg  nocrynaKa KojHMa ce geieKTyjy Mecra Hee^HKcHor 
Kopumhema eHeprnje h npenopyHyjy ogroBapajyhn nocryn^H h Mepe 3a muxoBo 
caHupame.

1.3.4 O b. laiiilicim eHepreTCKH CaBeTMMHM

06Be3HH^H CEM-a HMajy 3aKoHoM npegBH^eHy o6aBe3y ga cnpoBoge nepnogHHHe 
eHepreicKe nperiege: npHBpgHa gpymTBa Ha cBaKHx neT rogHHa, a o6Be3HH^H cncreMa H3 
jaBHor ceKTopa Ha cBaKHx geceT roguHa 3a o6jeKTe ca noBpmHHoM BehoM og 500 m2. 
npeMa 3aKoHy, eHepreicKe nperiege Bpmu oBiamheHH eHepreicKH caBeTHHK Kojn Mo*e 
6hth $ h3hhko h ih  npaBHo iH^e ynucaHo y peracrap  oBiamheHHx eHepreicKHx 
caBeTHHKa Kojn Bogu MHHHcrapcrBo Hagie^Ho 3a nocioBe eHepreraKe.
MHHHcrapcrBo Ha cBojoj HHTepHeT crpaHH^H o6jaB^yje perncrap ca noga^HMa o 
oBiamheHHM eHepreicKHM caBeran^HMa.
OBiamheHH eHepreTCKH caBeTHHK Mo*e BpmHTH eHepreicKH nperieg  h 3a HapyHHo^e 
Kojn Hucy o6Be3HH^H CEM-a (3a gpyra $H3HHKa h npaBHa iH^a), a Mopa 6hth npaBHo 
iH^e aKo o6aB^a nperieg  3a HapyHHo^a Kojn je  o6Be3HHK CEM-a. OBiamheHH 
eHepreicKH caBeraHK gy®aH je  ga no H3BpmeHoM eHepreicKoM nperiegy gocraBH 
MHHHcrapcrBy nogarae y poKy, Ha ageKBaraH h^hhh h npeMa o6pac^y Kojn yTBpgn 
MHHHcrapcrBo. OBiamheHH eHepreicKH caBeTHHK H3pa^yje h noinncyje H3Bemiaj o
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cnpoBegeHoM eHepreicKoM nperiegy, ca npegioroM Mepa 3a e^HKacHo Kopumheme 
eHepraje.
npeMa 3aKoHy, MHHHcrap Hagie^aH 3a nocioBe eHepreTHKe 6iH *e nponncyje 
M eiogoiorajy eHepreicKor nperiega.
TaKo^e, npeMa 3aKoHy, eHepreicKH caBeTHHK He Mo*e ga o6aB^a eHepreicKH np rieg  aKo 
nocrojn cyKo6 HHTepeca H3Me^y eHepreicKor caBeraHKa h cy6jeKia y KojeM ce Bpmu 
eHepreicKH nperieg. OBiamheHH eHepreTCKH caBeTHHK gy*aH je  ga ce npngp^aBa 
npaBHia o noBep^HBocrn cbhx nogaiaKa go Kojnx go^e y o6aB^amy eHepreicKor 
nperiega.
O h3hhko iH^e Mo*e ga o6aB^a nocioBe oBiamheHor eHepreicKor caBeTHHKa aKo HMa 
iH^eH^y oBiamheHor eHepreicKor caBeTHHKa Kojy rogaje MHHHcrapcrBo.
^ a  6h npaBHo iH^e Morio ga go6nje oBiamheme 3a o6aB^ame eHepreicKHx nperiega, 
Mopa ga o6aB^a jegHy og ciegehnx geiaTHocra Kao npeie®Hy geiaTHocr: npojeKroBame, 
crpyHHH Hag3op rpa^ema, TexHHHKo caBeioBame, HayHHo-Hcrpa®HBaHKy o6iacr, 
Hcrpa*HBa&e h pa3Boj y TexHHHKHM HayKaMa, HayHHe h crpyHHe nocioBe H3 o6 iacrn  
eHepreTHKe. Ochm Tora, npaBHo iH^e Mopa ga 3anom^aBa HajMame gBa iH^a 
ogroBapajyhe crpyKe ca ih ^ h^ om oBiamheHor eHepreicKor caBeTHHKa, Mopa ga 
ucnymaBa ycioB ga HHje npaBocHa^Ho ocy^HBaHo 3a npHBpegHH npecryn h ga je  ynucaHo 
y perncrap oBiamheHHx eHepreTCKHx caBeTHHKa.
Kao h y ciyHajy eHepreicKHx MeHauepa, 3hkohom o e^HKacHoM Kopumhemy eHeprnje 
npegBH^eHo je  h ga oBiamheHH eHepreicKH caBeran^H noxa^ajy o6yKy Koja ce 3aBpmaBa 
noiarameM Hcnnra. MHHHcrapcrBo he iH^HMa Koja n o io ^ e  Hcnnr h ucnyHe h gpyre 
ycioBe y cKiagy ca 3aKoHoM, Ha nogHeTH 3axieB rogaBara ogroBapajyhy iH^eH^y 
oBiamheHor eHepreicKor caBeraHKa. Kao m io cmo peKiH, MHHHcrapcrao he BogHTH h 
perncrap iH^eH^npaHHx eHepreicKHx caBeTHHKa, $ h3hhkhx h npaBHHx iH^a, Kojn he 
6hth gocrynaH Ha HHTepHeT crpaHH^H MHHHcrapcrBa.
Behu geo 3aKoHcKe peryiaiHBe peieBaHTHe 3a o 6 iac r Kojy noKpHBa n o ria B ^ e  1 Mo*e ce 
Hahn a^ypnpaH Ha cajiy MHHHcrapcrBa pygapciBa h eHepreraKe
http://www.mre.gov.rs/dokumenta-efikasnost-izvori.php .
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Ha KocoBy y cKiagy ca Pe3oiy^njoM 1244 CaBeia 6e36egHocTH YjegHmeHHx Ha^nja, 
C i. riacHHK PC, 6p. 62/06

[1.3] CTpaTeraja pa3Boja eHepreTHKe P en y 6 im e Cp6nje go 2025. rogHHe ca npojeK^njaMa 
go 2030. rogHHe, C i. riacHHK PC, 6p. 101/15
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http://www.mre.gov.rs/dokumenta-efikasnost-izvori.php
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2. O C H O B H E O APEAEE C T A H ^ A P ^ A  SR PS E N  ISO  50001:2012

TeKCT OBor noraaBM genHMHHHO je npey3eT H3 npnpyHHHKa 3a eHepreTCKe MeHauepe 3a 
o6nacr onmTHHCKe eHepreTHKe, nporpaM YjegHmeHHx Ha^nja 3a pa3Boj (UNDP), 
Beorpag, jyH 2016.

CBe $yHKqnje opraHroa^Hje HMajy Be3e ca eHepreTCKOM e$HKacHomhy, KBanHTeTOm 
(3agoBO^CTBO noTpomana) h ^ hbothom cpegHHOM. Crora, na^ma MeHauepa Mopa ga 
6yge ycMepeHa Ha CHCTeMe ynpaB^ama Kojn he ocnrypaTH no3HTHBaH ogHOC npeMa 
Kyn^y, okohhhh, pagHHKy h eHeprnjH.

,̂ok ce noBeframe eHepreTCKe ê HKacHOCTH o^hoch Ha CMamerne noTpomme eHeprnje 3a 
npoH3Bogrny HeKor npou3Boga, eHepreTCKH MeHauMeHT y npegy3efry npegcTaB^a CHCTeM 
Kojn o6yxBaTa nnaHHpame h peanH3a^njy KapaKTepHCTHHHHx opraHH3a^HOHHx h 
TexHHHKHx pagmH Ha k̂ohomckh noy3gaH HanHH. ^ h^  je ga ce CMarnn noTpomma 
eHeprnje h noTpomma ochobhhx h gogaTHHx MaTepHjana y npo^ecy npoH3Bogrne.
CucTeM eHepreTCKor MeHauMeHTa nogpa3yMeBa CTanHO 6aB^erne eHeprnj oM y cbhm 
CTpyKTypaMa npegy3efra KaKO 6h ce CMamHna noTpomma eHeprnj e h ogp^aBano 
nocTHrHyTO yHanpe^erne eHepreTCKe ê HKacHOCTH. KoHTHHynpaH h opraHH30BaH pag, ca 
jacHO ge^HHHcaHHM cucTeMOM ogroBopHOCTH, o6e36e^yje ga KOMnaHHja hhh 
opraHH3a^nj a HenpeKHgHO npona3H Kpo3 ^HKnyc nnaHHparna h HMnneMeHTHpama aK^nj a 
3a yHanpe^erne eHepreTCKe e^HKacHOcrn h CMamerne TpomKOBa 3a eHeprnjy hhh 3amTHTy 
^HBOTHe cpegHHe. ,3,eo ^HKnyca yK^ynyj e h npoBepy pe3ynTaTa npHMerneHHx Mepa, Ha 
0CH0By Koj nx ce npunpeMa nnaH 3a 6ygyfre aKTHBHOCTH y hobhm yHanpe^ernHMa 
eHepreTCKe ê HKacHOCTH. OBaj ^HKnyc OMoryfraBa HenpeKHgHO ycaBpmaBarne h HanHK j e 
Ha BpeMeHCKy cnnpany Koj a HMa j egHaK BeK Tpaj ama Kao h caMa KOMnaHHj a. 
nocToj n HeKOHHKO pa3Hora 3a yB0^erne CHCTeMa eHepreTCKor MeHauMeHTa. ^Ba 
Haj3HanajHHja pa3nora 36or Kojnx 6h ra Tpe6ano yBecTH y KOMnaHHjy cy no3HTHBaH 
yTH^aj Ha ^ hbothj cpegHHy h MiiiiiiMa. ni3(maii>c TpomKOBa, ogHOCHO noBefrarne 
npo^HTa. HHgnpeKTHH e^eKTH yK^ynyjy CMarnerne TpomKOBa 3a ocmyparne h 
ogp^aBame, Befry MOTHBHcaHOCT pagHHKa, 6o^e pagHe ycnoBe mg. 
yB0^erneM CHCTeMa eHepreTCKor MeHauMeHTa OMoryfraBa ce:

• npafrerne noTpomme eHeprnje y KOMnaHHjH y pa3HHHHTHM npoH3BogHHM 
jegHHH^aMa h ceKTopHMa, mTO OMoryfraBa HHgemH$HKaqHjy ry6HTaKa h naKme 
ge^HHHcame Moryfrnx Mepa yHanpe^ema eHepreTCKe ê HKacHOCTH;

• npafrerne noTpomme eHeprnje y peanHOM BpeMeHy, mTO OMoryfraBa 
npaBOBpeMeHO pearoBame Kaga y HeKOM ceKTopy go^e go nopeMefraja h THMe 
enHMHHHrne HenoTpe6Ha noTpomma eHeprnje,
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• npunpeMa CHCTeMaTH30BaHe h CTpyKTynpaHe goKyMema^Hje eHepreTCKor 
CHCTeMa y KOMnaHHjn.

npeMa CTarHCTHKaMa 3eMa^a 3anagHe EBpone, yB0^erne CHCTeMa eHepreTCKor 
MeHauMeHTa y HHgyCipnj CKa npegy3eha goBeno je go CMaaeaa noTpomae eHeprnje y 
thm npegy3ehHMa 3a 10 go 15% 6e3 3HanajHHx ynarama, hhh npHMeHOM opraHH3aanoHHx 
Mepa h Mepa Ha HHBoy TeKyher ogp^aBama. Ha OCHOBy no3HaBama CTarna h HamHM 
HHgyCTpHjCKHM npegy3ehHMa, MO*e Ce oneKHBaTH ga e^eKra 6ygy jom Behn.

2.1 nOPEK.nO GTAHflAPflA SRPS EN ISO 50001:2012

Me^yHapogHa opraHroa^Hja 3a CTaHgapgH3a^Hjy (International Organization for 
Standardization -  ISO) je 2008. rogHHe ^opMHpana KOMHCHjy 3a pa3Boj CTaHgapga ISO 
50001 nog bo^ctbom nnaHOBa H3 CA^, h Bpa3Hna (44 npegCTaBHHKa Ha^HOHanHHx Tena 3a 
CTaHgapgH3a^njy 3eM&M nnaHH^a y CBojcTBy ynecHH^a h 14 3eMa^a y CBojcTBy 
nocMarpana). Hob CTaHgapg ropa^eH je Ha 0CH0By BenHKor 6poja Beh pa3BHjeHHx h 
canHmeHHx ynyTCTaBa, npaBHHHHKa h gpyrnx 3aKOHCKHx pemerna h CTaHgapga Be3aHHx 3a 
MeHauMeHT eHeprnjoM Ha perHOHanHOM h/hhh Hâ HOHanHOM HHBoy CA^, EBponcKe 
yHHje, âHCKe, HeManKe XonaHgnje, KuHe, JanaHa -  CHHKa 2.1.

C^HKa 2.1 BpeMeHCKH okbhp pa3Boja CTaHgapga Be3aHHx 3a ynpaB^ame eHeprnjoM [2.1]

CraHgapg EN ISO 50001 CncTeMH MeHauMeHTa eHeprnjoM -  3axTeBH ca ynyTCTBOM 3a 
Kopnmherne [2.2], o6jaB^eH je jyHa 2011. h yBpmheH y HopMaTHBHH CHCTeM Kao DIN EN 
ISO 50001, a ge^eM6pa 2011. 3aMeHHO je CTaHgapg DIN EN 16001 (eBponcKH CTaHgapg 
Kojn je noByneH H3 onra^aja).

2.1.1 flpyrn craHgapgn H3 oh^acrn viipait. i.an.a eHeprnjoM
y  TOKy nocnegrne neTHpn rogHHe y OBoj o6nacra ycBojeH je HHTaB hh3 hobhx 
Me^yHapogHHx h eBponcKHx CTaHgapga h to:
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• ISO 50002:2015 EHepreTCKH npernegn -  3axTeBH ca ynyTCTBOM 3a Kopnmheae
[2.3];

• ISO 50003:2015 CncreMH MeHauMeHTa eHeprnjoM -  3axTeBH 3a Tena Koja 
cnpoBoge npoBepy h cepTH$HKa^njy CHCTeMa MeHauMeHTa eHeprnjoM [2.4];

• ISO 50004:2015 CncreMH MeHauMeHTa eHeprnjoM -  CMepHH^e 3a npHMeHy, 
ogp^aBaae h no6o-^maBaae cncreMa MeHauMeHTa eHeprnjoM [2.5];

• ISO 50006:2015 CncreMH MeHauMeHTa eHeprnjoM -  M epeae eHepreTCKe 
nep^opMaHce noMohy eHepreTCKe nopeg6eHe BpegHOcm h HHgHKaTopa 
eHepreTCKHx nep^opMaHCH -  Onmm npHH^nnn h ynyTCTBO [2.6];

• ISO 50015:2015 CncreMH MeHauMeffra eHeprffjoM -  M epeae h Bepn^HKa^ffja 
eHepreTCKe nep^opMaHce opraHroa^Hje -  Ochobhh npHH^nnn h ynyTCTBO [2.7].

TaKO ê, EBponcKH KOMHTeT 3a craHgapgH3a^Hjy (CEN), aeroBa TexHHHKa Tena ogHOCHO 
TexHHHKH KOMHTeTH, y hctom nepuogy, roganH cy cnegehe craHgapge H3 ogroBapajyhnx 
o6nacTH:
CEN/CLC/JWG 1 -  EHepreTCKH npernegn [2.8]

• EN 16247-1:2012 EHepreTCKH npernegn -  ^eo 1: Onmra 3axTeBH [2.9];
• EN 16247-2:2014 EHepreTCKH npernegn -  ^eo 2: 3rpage [2.10];
• EN 16247-3:2014 EHepreTCKH npernegn -  ^eo 3: npo^ecn [2.11];
• EN 16247-4:2014 EHepreTCKH npernegn -  ^eo 4: TpaHcnopT [2.12];
• EN 16247-5:2015 EHepreTCKH nperneg -  ^,eo 5: KoMneTeHTHOCT Bpmnna^a 

eHepreTCKHx npernega [2.13].
CEN/CLC/JWG 2 -  TapaH^nje o nopeKHy h eHepreTCKH cepTH^HKara [2.14]

• CEN/CLC/TR 16567:2013 06aBe3He meMe 3a eHepreTCKy e^rnacHOCT y EBponu -  
nperneg h aHanH3a ochobhhx KapaKTepncTHKa h MoryhHOCTH 3a xapMOHH3a^njy
[2.15];

• EN 16325:2013:2015 TapaH^nje o nopeKHy eHeprnje -  TapaH^nje o nopeKHy 
eneKTpHHHe eHeprnje [2.16].

CEN/CLC/JWG 3 -  MeHauMeHT eHeprnjoM h ogroBapajyhe ycnyre -  Ochobhh 3axTeBH h 
KBanH^HKa^HOHe npo^egype [2.17]

• EN 15900:2010 ycnyre eHepreTCKe ê HKacHOCTH -  ^e^HHH^nje h 3axTeBH [2.18]
• EN 16231:2012 MeTogonornja 6eHHMapKHHra eHepreTCKe e^HKacHOcm [2.19]
• EN ISO 50001:2011 CncreMH MeHauMeffra eHeprnjoM -  3axTeBH ca ynyTCTBOM 3a 

Kopnmheae [2.2]
CEN/CLC/JWG 4 -  EHepreTCKa ê HKacHOCT h npopanyH ymTega [2.20]

• EN 16212:2012 -  EHepreTCKa ê HKacHOCT h npopanyH ymTega, MeToge ogo3ro 
npeMa gone h ogo3go npeMa rope [2.21]

Ha chh^h 2.2 npHKa3aH je BpeMeHCKH okbhp ycBajaaa craHgapga H3 o6nacTH MeHauMeHTa 
eHeprnjoM, eHepreTCKHx npernega h eHepreTCKe e^HKacHOcm. Hhctht^t 3a 
craHgapgH3a^njy Peny6nHKe Cp6nje (KoMHcnja 3a ynpaB^aae eHeprnjoM, KC A242) je 
noneB og 2010. goHeo HHTaB hh3 cpncKHx craHgapga y o6nacTH ynpaB^aaa eHeprnjoM
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(MeTogoM npeBO^ema CTpaHor CTaHgapga hhh cpogHor goKyMema Kao u  MeTogoM 
npemTaMnaBaaa).

.̂OHomerneM cpncKor craHgapga SRPS EN ISO 50001:2012 noByneH je craHgapg SRPS 
EN ISO 16001:2010.

C^HKa 2.2 BpeMeHCKH okbhp ycBajama craHgapga o ynpaB^amy eHeprnjoM y PC [2.22]

2.2 OCHOBHE OflPE^BE CTAH^APflA SRPS EN ISO 50001:2012

CraHgapg SRPS EN ISO 50001:2012 (y ga^eM geny TeKCTa -  craHgapg [2.23]) OMoryhaBa 
opraHH3a^njaMa ga yCnoCTaBe h ogp^e CHCreMe h npo^eCe noTpe6He 3a KOHTHHynpaHO 
no6o^marne y nornegy CMarnerna noTpomme eHeprnje, noBefiarna eHepreTCKe 
ê HKaCHOCTH h HanHHa Kopnmfiema eHepruje. ^ h^  npuMeHe HaBegeHor CraHgapga je ga 
Ce y opraHH3a^HjH yCnoCraBH h ogp^H CHCreM ynpaB^arna eHeprnjoM Kojn fie 
npBeHCTBeHO goBeCTH go CMarnerna noTpomme eHeprnje, a noCpegHO h go CMarnerna 
eMHCHje raCOBa CTaKneHe 6amTe h gpyrnx mTeTHHx yra^aja Ha ®HBOTHy CpeguHy, y3 
KOHTpony TpomKOBa eHeprnje [2.24].
CraHgapg Ce, onmTe y3eB, MO*e npHMeHHTH y 6hho Kojoj opraHroa^HjH (ManHM, 
CpegrnHM h BenHKHM HHgyCrpHjCKHM npegy3efiHMa), KOMep^HjamHM o6jeKTHMa (tp^ hhm 
^empHMa, 6aHKaMa), jegHHH^H HOKanHe CaMoynpaBe h cho^ hom jaBHOM o6jeKTy 
(6ohhh^h, goMy 3a CTapa HĤ a, CnopTCKOM ^empy).
Mothbh 3a yBO^erne CTaHgapga Mory 6hth BHmeCTpyKH, ann Hajnemfie Ce pagn o 
Cno^HHM, yHyTpammHM hhh ^aKTopHMa Kojn npoHCTHHy H3 CaMor CHCreMa ynpaB^arna 
eHeprnjoM. 3axTeBH nonyT Ba^efier 3aKOHogaBCTBa, npHMeHe yCnoCraB^eHHx npaBHna h 
HCnymema o6aBe3a npHHHKOM ynaCKa opraHroa^nje y ogpe^eHa CeKTopCKa ygpy*ema hhh 
rpyna^nje, o6aBe3He CepTH^HKa^nje Kojy Kao yCHOB nomaB^a CHa6geBan eHeprnjoM hhh 
^HHaHCHjCKa HHCTHTŷ Hja 3a go^Hjarne Kpegnra, Mory Ce TpeTHparn Kao Cno^HH 3axTeBH. 
C gpyre CTpaHe, CMamerne yKynHHx npoH3BogHHx TpomKOBa h nogH3ame eHepreTCKe
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ê HKaCHOCTH, CHrypHOCT KOHTHHyanHor CHa6geBa&a eHeprnjoM h eHepreHTHMa, 
o6e36e^HBafte jaCHor yBHga y noTpornay eHeprnje y cbhm nogCHCTeMHMa opraHroa^nje, 
HHKopnopnpafte cncreMa ynpaB^a&a eHeprnjoM y Befi nocrojefie h npHMeftHBaHe 
CHCTeMe MeHauMeHTa y OKBHpy opraHH3aqHje hhh gpymTBeHy ogroBopHOCT 
opraHH3a^nje, Moryfie je ge^HHHcara Kao yHyTpamae ^aKrope 3a yBO^eae CTaHgapga. 
Mothbh 3a yBO^eae CTaHgapga Kojn nponcTHHy H3 caMor cncreMa MeHauMeHTa 
eHeprnjoM, yK^ynyjyfin h CMafteae noTpomae eHeprnje Kao h ycnoBHO CMafteae 
eHepreTCKHx TpomKOBa, TpaHcnapeHTHOCT h KOHTpony noTpomae eHeprnje y CBaKOM 
nogcHcreMy opraHH3aqHje, noBefiaae creneHa kophchocth y cncreMHMa noTpomae, 
gHcrpH6y^Hje, CKHagnmTefta h npoH3Bogae eHeprnje, noBefiaae cnrypHOCTH 
CHa6geBaaa, noBehaae ogp^HBOcra npHMeHOM o6hob^ hbhx H3Bopa eHeprnje, goBO^HO 
cy nogcTH^ajHH caMH no ce6u.
CraHgapg je 3acHOBaH Ha MeTogoHornjH PDCA ^HKnyca (Plan-Do-Check-Act, nnaHHpaj- 
CnpoBegH-npoBepH-^,enyj) -  CHHKa 2.3.

C^HKa 2.3 MeTogonoraja PDCA ^HKnyca

n^aHHpaae: cnpoBecrn nperaeg eHepreTCKHx TOKOBa yHyTap ge^HHHcaHe rpaHH^e 
CHCTeMa opraHH3a^nje; ge^HHHcara 6a3Hy HHHHjy noTpomae eHeprnje (eHepreTCKy 
nopeg6eHy BpegHOCT), ge^HHHcara HHgHKaTope eHepreTCKor HHTeH3HTeTa h noTpomae, 
Kao h eHepreTCKe e^HKacHOcra, ycnocraBHTH ^H^eBe h aK̂ HOHe nnaHOBe HeonxogHe 3a 
CMafteae noTpomae eHepraje, noBehaae eHepreTCKe e^HKacHOcra h no6o^m aae 
HanHHa Kopnmfieaa eHeprnje y CKnagy ca eHepreTCKOM noHHTHKOM opraHroa^Hje. 
Ciinoiioheii.e: peanroa^nja npeTxogHO ge$HHHcaHHx aK̂ HOHHx nnaHOBa. 
npoBepa: npafieae h Mepeae raaBHHx napaMeTapa y o6jeKTHMa, cncreMHMa h 
npo^ecHMa ca noTpomaoM eHeprnje h KOHTHHyanHO nope^eae ca ^H^eBHMa 
ge^HHHcaHHM y eHepreTCKoj nonHra^H, crpaTemKHM h aKnHOHHM nnaHOBHMa, Kao h 
ycKna^HBafte ca npey3eTHM 3 k̂ohckhm o6aBe3aMa -  ropaga H3BemTaja.
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Je^OBaae (CHcreM KOHTHHva^Hor iio6o.i>maii>a): ycnocTaB.Mrne CHCTeMa
npencnHTHBafta og crpaHe pyKOBogcTBa, ge^HHHcarne KopeKTHBHHx h npeBeHTHBHHx 
Mepa h ftHX0Ba npHMeHa KaKO 6h ce o6e36egnno KOHTHHyanHO no6o^ma&e cncreMa 
ynpaB^ama eHeprnjoM y opraHroa^Hjn.
CraHgapg o6yxBaTa cb^kh KopaK y TOKy npuMeHe h $yHK^HOHHcama cncreMa ynpaB^ama 
eHeprnjoM h BHMe ce o6e36e^yje okbhp Kojn MO*e ga noMorHe npegy3ehHMa ga TpajHO 
ycnocraBe cncreM MeHauMeHTa eHeprnjoM. Ha chh^h 2.4 npuKa3aH je Mogen MeHauMeHTa 
eHeprnjoM npeMa craHgapgy SRPS EN ISO 50001:2012.

CaHKa 2.4 Mogen EnMS npeMa craHgapgy SRPS EN ISO 50001:2012 [2.23]

CaM craHgapg je TaKO ocMHm^eH ga o6yxBaTa cBe ^aKTope Kojn Mory yTH^ara Ha 
noTpommy eHeprnje h Kojn ce Mory npaTHTH y jegHoj opraHroa^Hjn. C gpyre crpaHe, y 
craHgapgy anconyTHO Hucy nocraB^eHH KBaHTHTaTHBHH h KBanHTaTHBHH KpnrepHj yMH y 
nornegy cMarnerna noTpomme eHeprnje, noBehama eHepreTcKe e^HKacHocrn h 
no6o^mama HanHHa Kopnmherna eHeprnje. CraHgapgoM je opraHroa^Hjn gaTa MoryhHocr 
ga npHHarogn HanHH meroBe npHMeHe cne^H^HHHHM 3axTeBHMa y caMoj opraHroa^HjH. 
ycnocraB^arne cncreMa MeHauMeHTa eHeprnjoM je cBeo6yxBaraH nocao. To ce npe cBera 
ogHocu Ha 3axTeBe Kojn cy ycnocraB^eHH caMHM craHgapgoM SRPS EN ISO 50001:2012. 
3axTeBH craHgapga ce ogHoce Ha:

• onmTe 3axTeBe (t.4.1);
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• 3axTeBe Koje Mopa ncnyHHTH HajBHme pyKOBogcTBO opraHH3a^nje (TanKa 
t.4.2.1);

• 3axTeBe Koje Mopa ncnyHHTH npegcTaBHHK pyKOBogcTBa -  eHepreTcKH thm 
(T.4.2.2);

• 3axTeBe y nornegy nocrojeher 3aKOHogaBHor OKBHpa (t..4.4.2);
• 3axTeBe y noraegy TexHHHKHx pagftH Koje je HeonxogHO KOHTHHyanHO 

cnpoBogHTH y TOKy ycnocraB^afta h ogp^aBaaa cncreMa MeHauMeHTa 
eHeprujoM (EnMS).

OnmTHM 3axTeBHMa (t.4.1 ) og opraHroa^Hje ce Tpa^H ga gocnegHO npHMeayje 
craHgapg SRPS EN ISO 50001:2012 (ycnocraBH EnMS, goKyMernyje, npHMeftyje, 
ogp^aBa h no6o^maBa cncreM), Kao h ga y npnnpeMHoj $a3H jacHO ge^HHHme npegMeT 
h nogpynje npHMeHe craHgapga, o^hocho ogpegu rpaHH^e cncreMa. TaKO ê, y onmraM 
3axTeBHMa craHgapga npegBH^eHO je ge^HHHcaae HanHHa HcnyftaBaaa h o6e36e^eaa 
cranHHx no6o^ma&a ynpaB^a&a npo^ecHMa, npaKcoM h nocryn^HMa yHyTap 
opraHH3aqHje, noroTOBO y ge^OBHMa cncreMa ca 3HanajHOM noTpomaoM 
eHeprnje. OcHOBHa je HaMepa ga ce HMnneMeHTa^njoM npo^eca ynpaB^aaa ocraapH 
KOHTHHynpaHO no6o^ma&e.
y  tom je cMHcny nocBehenocr h nogpmKa HaiBHmer pvKOBOjCTBa onraiiinannie
(t.4.2.1) og K^yHHor 3Hanaja. npeMa 3axTeBHMa craHgapga SRPS EN ISO 50001, 
HajBHme pyKOBogcTBO opraHroa^nje Mopa ga:

• jacHO ycnocraBH o6hm (npegMeT h nogpynje npHMeHe) Kao h rpaHH^e EnMS;
• ge^HHHme, ogo6pu h ycBojn eHepreTcKy noHHTHKy;
• ycnocraBH opraHH3a^HOHy crpyKTypy HMeHOBa&eM npegcraBHHKa pyKOBogcTBa 

h ogo6paBaaeM ^opMHpaaa EnMS og6opa (thm )̂;
• o6e36egu pecypce (^ygcKe, TexHHHKe h ^HHaHcnjcKe) noTpe6He 3a 

ycnocraB^afte, npHMeHy, ogp^aBaae h no6o^m aae EnMS;
• HgeHTH$HKyje eHepreTcKe TOKOBe Kopnmhefta h noTpomae eHeprnje y 

npegMeTHHM o6jeKTHMa h cncreMHMa yHyTap ge$HHHcaHHx rpaHH^a EnMS h 
ge^HHHme 6a3Hy HHHHjy noTpomae eHeprnje (eHepreTcKy nopeg6eHy 
BpegHocr);

• o6e36egu HecMeTaHy KOMyHHKâ njy yHyTap opraHroa^nje, HapoHHTO H3Me ŷ 
peneBamHHx cy6jeKaTa y noraegy eHepreTcKor MeHauMenra yHyTap rpaHH^a 
EnMS;

• Ha ocHOBy Mepeaa ycnocraBH H3panyHaBafte h nope^eae HHgHKaropa, 
noTpomae eHeprnje, eHepreTcKe e^HKacHocrn h HanHHa Kopnmhefta eHeprnje;

• ge^HHHme onmTe h noce6He eHepreTcKe ^H^eBe (ge^HHHme HHcry Mepa 3a 
no6o^ma&a y cncreMy ca jacHO ge^HHHcaHHM npHopnreTHMa);

• ge^HHHme Mep^HBe ^H^eBe 3a KOHTHHyanHO no6o^m aae y noraegy cMafteaa 
noTpomae eHeprnje, noBefraaa eHepreTcKe e^HKacHocrn h HanHHa Kopnmfrefta
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eHeprnje, Kao h ga o6e36egu H3pagy H3BemTaja o ocTBapeHHM pe3ymaTHMa y 
yHanpeg ge^HHHcaHOM BpeMeHcKOM HHTepBany;

• o6e36egu cnpoBO^erne npencnHTHBafta og crpaHe pyKOBogcTBa (ae^HHHcame h 
peanroa^nja KopeKTHBHHx h npeBeHTHBHHx Mepa).

npegcTaBHUK pyKOBogcTBa h/h^h eHepreTCKH ogSop (t.4.2.2), Kojn je HMeHOBano 
HajBHme pyKOBogcTBO, npeMa 3axTeBHMa craHgapga, gy®HO je ga ycnocraBH, npHMeayje, 
ogp^aBa h KOHTHHyanHO yHanpe^yje EnMS, HgeHTH$HKyje HĤ e Koje ogroBapajyfrn hhbo 
pyKOBogcTBa OBnamfryje ga npy*a nogpmKy y aKTHBHocTHMa MeHauMeHTa eHeprnjoM, 
H3BemTaBa HajBHme pyKOBogcTBO o eHepreTcKoj noTpommn, ocTBapeHoj eHepreTcKoj 
e^HKacHocm h HanHHHMa Kopnmfrerna eHeprnje, H3BemTaBa pyKOBogcTBO o npaKcu h 
nocryn^HMa yHyTap cncreMa EnMS, Kao h ga ocnrypa nHaHHpame aKTHBHOCTH 
MeHauMeHTa eHeprnjoM 3acHOBaHO Ha eHepreTcKoj nonHTH^H opraHroa^Hje.
3axTeBH craHgapga Be3aHH 3a itancehv 3aKOHCKy perv^aTHBv (t.4.4.2) ogHoce ce Ha 
o6aBe3y opraHroa^nje ga yTBpgu h cnpoBogu o6aBe3e Koje npoHCTHny H3 Ba^efrer 
3aKOHcKor OKBHpa, a Kojn ce o^hoch Ha h ĥhh Kopnmfrerna h noTpomme eHeprnje Kao h 
Ha ycnocraB^eHe 3axTeBe y nornegy eHepreTcKe ê HKacHOCTH [2.25]. npaBHH 3axTeBH 
yK^ynyjy Me^yHapogHe, Ha^HOHanHe, pernoHanHe h HOKanHe 3aKOHe h nog3aKOHcKa aKTa 
Kojn cy npHMeH^HBH Ha opraHH3a^nje. OcranH 3axTeBH ce ogHoce Ha cMepHH^e Bnage, 
3axTeBe ygpy*erna, Kao h 3axreBe KopncHHKa. 3axreBH ce TaKÔ e ogHoce h Ha 
ycarnamaBame nocrynaKa H3BemTaBarna.
Ha chh^h 2.5 cy meMaTcKH npHKa3aHH 3axTeBH ge^HHHcaHH y OKBHpy PDCA ^HKnyca, 
Kojn ce ogHoce Ha HajBHme pyKOBogcTBO, Kao h Ha 3axTeBe ycMepeHe Ha npegcraBHHKa 
pyKOBogcTBa h eHepreTcKH thm. y  HapegHHM noraaB.MMa OBor npnpynHHKa H3HO*eH je 
geTa^HH onuc TexHHHKHx pagmn (npegcraBHHK pyKOBogcTBa -  eHepreTcKH og6op) Koje je 
HeonxogHO KOHTHHyanHO cnpoBogHTH y TOKy ycnocraB^ama h ogp^aBama EnMS.
CncreM MeHauMeHTa eHeprnjoM 6hho Koje opraHroa^Hje noHHBa Ha goKyMeHTy y KojeM je 
ge^HHHcaHa eHepreTcKa nonHTHKa opraHroa^nje y npegBH^eHHM rpaHH^aMa. 
OpraHH3a^nja y noMeHyTOM goKyMeHTy gaje H3jaBy o HaMepaMa HajBHmer pyKOBogcTBa 
Koje cbh HnaHOBH opraHH3a^nje Tpe6a ga npHMernyjy npHHHKOM cnpoBO^erna cBojnx 
pegoBHHx pagHHx aKTHBHOCTH. EHepreTcKa noHHTHKa opraHroa^Hje MO*e ga cagp^H 
gyropoHHe h KpaTKopoHHe ^H^eBe, Kao h aK̂ HOHe nnaHOBe Kojn ce ogHoce Ha cMarnerne 
noTpomme eHeprnje, noBefrarne eHepreTcKe ê HKacHOCTH, Kao h HanHHe no6o^mama 
Kopnmfrerna eHeprnje, ann, c gpyre crpaHe, o6aBe3HO Mopa ga cagp^H o6aBe3yjyfre ucKa3e 
y nornegy:

• KOHTHHynpaHor no6o^marna y nornegy cMamema noTpomme eHeprnje, 
noBefrarna eHepreTcKe e^HKacHocm, cMarnerna HHTeH3HTeTa Kopnmfrerna 
eHeprnje, Kao h HanHHa no6o^marna Kopnmfrerna eHeprnje;

• gocrynHOCTH HH^opMa^nja h noTpe6HHx cpegcraBa 3a OCTBapHBame 
nocraB^eHHx ^H^eBa h 3agaraKa;
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• ycK̂ a êHOCTH ca peneBaHTHHM 3aKOHHMa h gpyrHM 3axTeBHMa Kojn ce ogHOce Ha 
Kopnmhefte eHepruje, noTpommy eHeprnje h eHepreTcKy e^HKacHocT.

C^HKa 2.5 3axTeBH craHgapga SRPS EN ISO 50001

EHepreTCKy noHHTHKy opraHroa^nje Mopa ga npernega, ogo6pu h ycBojn HajBHme 
pyKOBogcTBO opraHH3a^nje h THMe noKa^e cBojy nocBeheHocr ocrBapHBarny ^H^eBa 
yTBp^eHHx y goKyMeHTy. Kaga je pen o ynpaB^arny, noHHTHKa Mopa 6hth gocraB^eHa 
cbhm 3anocneHHMa h Mopa ce peBHgnpaTH h a®ypnpaTH Ha cHcTeMaTHnaH HanHH. 
OpraHH3a^nja Mopa ga cnpoBogu h goKyMeHTyje npo^ec eHepreTCKor nnaHHpama y 
cK^agy ca ycnocraB.^eHOM eHepreTcKOM noHHTHKOM opraHroa^nje. HeonxogHO je ga 
opraHH3a^nja ge^HHHme h goKyMemyje gyropoHHe h KpaTKopoHHe ^H^eBe y cKnagy ca 
cBojoM ycnocTaB^eHOM eHepreTCKOM noHHTHKOM, khko 6h ce OMoryhnno KOHTHHynpaHO
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CMaftefte noTpomae eHeprnje, noBeharne eHepreTCKe ê HKacHOCTH, CMamerne 
HHTeH3HTeTa Kopnmherna eHeprnje h no6o^rname Kopnmherna eHeprnje. y  onmTHM 
(gyropoHHHM) ^H^eBHMa Tpe6a ga 6yge ge^HHHcaHa no3H^nja Kojy opraHroa^nja *ean  
ga OCTBapn y gy*eM BpeMeHCKOM nepuogy, goK noce^HH (KpaTKopoHHH) ^h.m bh  Tpe6a ga 
Cagp^e Mepe h aKTHBHOCTH hhjom je peaaH3aanjoM Moryhe OCTBapHTH gyropoaaH ^h^. 
OnmTH h noCe^HH ^h.m b h  Tpe6a ga 6ygy npaKTHHHH, OCTBap̂ HBH h Mep^HBH. 
OpraHH3aaHja y TOKy npHMeHe h cnpoBO^erna eHepreTCKe noaHTHKe Mopa ga kophcth 
aK̂ HOHe naaHOBe h gpyre eaeMeHTe H3 npo^eca naaHHpama. y  3axTeBHMa CTaHgapga je 
ge^HHHCaHa h KOMneTeHTHOCT an^a yK^yneHHx y EnMS, Koja Mopajy ga noCegyjy 
noTpe6He BemTHHe, 3Harna, KBaaH^HKa^Hje h CnoCo6HOCT ga o6aB^ajy CBoje gy®HOCTH 
(npo^eHa Koja Ce Bpmu Ha OCHOBy KOM^HHa n̂je o6pa30Bama, o6yKe, 3Hama h HCKyCTBa 
peaeBaHTHor an^a). y  tom CMHCay, npeMa 3axTeBHMa CTaHgapga, noTpe6HO je o6e36egHTH 
ogroBapajyhy o6yKy OCo6^y yK^yneHOM y EnMS. 06yKa Tpe6a ga o6yxBara onmTH 
KOĤ enT ynpaB^ama eHeprnjoM (yK^yayjyhH o6yKy y npHKyn^amy nogaTaKa h 
H3BemTaBarna), Kao h cne^Hjamo npHnaro^eHy o6yKy y ^H^y CTĤ arna 3Harna h BemTHHa 
Kojn he goBeCTH go CMarnerna noTpomme eHeprnje, noBeharna eHepreTCKe ê HKacHOCTH h 
yHanpe^erna HaaHHa Kopnmherna eHeprnje. Hhbo h CTeneH o6yKe h^mhhobho he 3aBHCHTH 
og $yHK^nje noCaa. y  noraegy OCTBapHBama go6por npoTOKa HH^opMa^nja h nogaTaKa, 
opraHH3a^nja Mopa ga y CKaagy Ca CBojoM BeaHHHHOM h CTpyKTypoM yCnoCTaBH h 
npHMernyje HaaHHe KaKO BepTHKaaHe TaKO h xopH30HTaaHe KOMyHHKâ nje. Kaga je pea o 
BepTHKamoj KOMyHHKâ HjH, HeonxogHO je o6e36egHTH ga cbh 3anoCaeHH y opraHH3aanjH 
Mory HeCMeTaHO ga H3HOCe CBoje KOMemape o EnMS (CyreCTHje/®aa6e/npegaore 
no6o^marna). HapagoM goKyMeHTaanje EnMS noCnemyje Ce ycnocTaB.Mme h 
ogp^aBame CHCTeMa Kpo3 goCaegHy npHMeHy a y CKaagy Ca 3axTeBHMa CTaHgapga. 
^OKyMeHTa^nja EnMS Mopa ga o6yxBaTa npegMeT h nogpyaje npHMeHe h rpaHH^e 
CHCTeMa, eHepreTCKy noaHTHKy, Beh noMeHyTe eHepreTCKe onmTe h noCe6He ^H^eBe h 
aK̂ HOHe naaHOBe, goKyMeHTa, yK^ynyjyhH h 3anHCe y CKaagy Ca 3axTeBHMa OBor 
CTaHgapga, Kao h gpyry goKyMeHTa^njy 3a Kojy je opraHroa^nja o^eHHaa ga je 
HeonxogHa. ycnocTaB.Mme h ogp^aBarne EnMS y BeaHKoj Mepu 3aBHCH og 
yCnoCTaB^arna h ogp^aBarna onepaTHBHHx noCTynaKa noBe3aHHx Ca 3HaaajHHM 
KopnmherneM eHeprnje y rpaHH^aMa CHCTeMa, a Koje Cy y CKaagy Ca eHepreTCKOM 
nOHHTHKOM, OnmTHM H nOCê HHM ^H^eBHMa H aKaHOHHM naaHOBHMa. npHHHKOM 
npojeKTOBarna hobhx, peBHTaaH30BaHHx hhh peKOHCTpyHCaHHx noCTpojerna h/hhh onpeMe 
h/hhh CHCTeMa h npo^eca, Kojn y 3HaaajHoj Mepu Mory yTH âTH Ha noBehame noTpomme 
eHeprnje, opraHroa^Hja Mopa pa3MOTpHTH MoryhHOCTH 3a CMarnerne noTpomme eHeprnje, 
no6o^marne eHepreTCKe ê HKacHOCTH h no6o^mame ycra.^eHHx HaaHHa Kopnmherna 
eHeprnje (Kopnmherne o6hob^ hbhx H3Bopa eHeprnje, Kopnmherne noCTpojerna 3a 
KOM6uHOBaHy npoH3Bogrny TonaoTHe h eaeKTpHHHe eHeprnje, TexHO-eKOHOMCKy aHaaH3y 
yTH^aja CTeneHa kophchocth Ha noTpommy eHeprnje, pa3MaTpame gogaTHux ymTega 
eHeprnje h ca.). OpraHroa^nja Mopa ga cnpoBogu HHTepHe npoBepe y naaHHpaHHM
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HHTepBâ HMa KaKO 6h o6e36egHna yearHameHOCT EnMS ca nocraB^eHHM 3axTeBHMa 
CTaHgapga. TaKO^e, opraHH3a^nja Mopa ga pemaBa CBe CTBapHe h noTeH^njanHe 
HeycarHameHOCTH npegy3HMarneM KopeKTHBHHx h npeBeHTHBHHx Mepa. OpraHH3aanja 
Mopa ga yCnoCTaBH h ogp^aBa 3anuCe HeonxogHe 3a npHKa3HBame yCarnameHOCTH Ca 
3axTeBHMa CHCreMa MeHauMeHTa Kao h ga yCnoCraBH h ogp^aBa MexaHH3aM 3a 
HgeHTH$HKa^njy, noBnaneme h 3agp*aBame 3anHCa. HajBHme pyKOBogCTBO, Kao 
noCnegrna h HajBa*HHja KapHKa y anropHTMy EnMS, HMa o6aBe3y ga npeHCnmyje CHCreM 
MeHauMeHTa eHeprnjoM y nnaHHpaHHM HHTepBanHMa h ga thm noCTynKOM o6e36egu 
CranHy ogp^HBOCT, ageKBaTHOCT h ê HKaCHOCT EnMS.

2.3 n O P E B E ftE  GTAHflAPflA ISO 50001 CA ^ P y rH M  CTAH^AP^HM A  
CHCTEMA MEHAOMEHTA

CTaHgapg EN ISO 50001 pa3BHjeH je Ha OCHOBy 3ajegHHHKHx Hanena h eneMeHaTa Kojn Ce 
Mory Hahn h y gpyrHM CTaHgapgHMa ISO CHCTeMa MeHauMema [2.25]. y  Ta6enn 2.1 je 
gaT npuKa3 raaBHHx ogpeg6u CTaHgapga SRPS EN ISO 50001, SRPS ISO 9001 [2.26] h 
SRPS ISO 14001 [2.27]. y  TOKy je npunpeMa HOBe Bep3Hje CTaHgapga ISO 50001 Koja he 
y noTnyHOCTH 6hth yCaraameHa Ca gpyrHM CTaHgapgHMa CHCTeMa MeHauMeHTa (ISO 9001 
h ISO 14001). Ha Taj HanHH he opraHroa^nja Koja je 3aHHTepeCOBaHa ga yBege CTaHgapg 
MeHauMema eHeprnjoM, a Koja Beh HMa yBegeHe CTaHgapge ISO 9001 h ISO 14001, moRh 
BeoMa jegHOCTaBHO h 6e3 3HanajHHjHx ynarama h ama^OBafta -^ygcKHx peCypCa ga 
yCnoCTaBH npo^egype Koje Ce Haaa3e y ochobhhm ogpeg6aMa CTaHgapga ISO 50001. 
Hobh CTaHgapg ISO 50001 he KopeCnoHgnpaTH CTpyKTypn OCTannx CTaHgapga 
MeHauMema (KBanHTeTOM -  ISO 9001 h ^ hbothom CpeguHOM -  ISO 14001).
C o63upoM Ha HHmeHH ŷ ga Cy cbh noMeHyTH CraHgapgn CHCreMa MeHauMeHTa 
3aCHOBaHH Ha MeTogoHornjn PDCA ^HKnyca, craHgapg SRPS EN ISO 50001 je 3HaTHO 
naKme npHMeHHTH y opraHroa^Hjn rge ce Befr npHMemyje 6ap jegaH og HaBegeHHx 
craHgapga cncreMa MeHauMenra.
npHMeHa craHgapga ISO 50001 y npegy3efrHMa OMOiyfraBa Hmerpa^Hjy MeHauMehta 
eHeprajoM y nocrojefry nocnoBHy npaKcy noMeHyrax opraHH3a^nja.

2.4 CEPTHOHKA^HJA O PrAH H 3A^H JE nPEM A  SRPS EN ISO 50001:2012

npaBHHHMa cepTH^HKa^nje cncreMa MeHauMeHTa yrap^yje ce npo^ec cepra^HKa^nje 
CHCTeMa MeHauMenra npeMa ogroBapajyfreM craHgapgy. npaBHna cy HanemeHa 
opraHH3a^njaMa Koje yBoge hhh npHMemyjy cncreM MeHauMeHTa, pagu yno3HaBama ca 
npo^ecoM cepTH^HKa^nje h ogp^aBaaa obhx cncreMa.
nocrynaK cepra^HKa^nje, onmTe y3eB, nogpa3yMeBa noTBpgy Tpefre crpaHe ga cy 
HcnymeHH 3axTeBH Kojn ce oahoch Ha npou3Bog, npo^ece, oco6e hhh cncreMe [2.28]. 
CepTH^HKa^njoM ce y obom cnynajy goKa3yje ycKna^eHocr cncreMa MeHauMeHTa ca 
3axTeBHMa craHgapga. Cepra^HKa^nja cncreMa MeHauMeHTa npegcraB^a npBy eKCTepHy 
npoBepy cncreMa MeHa^MeHTa y opraHroa^HjH, hhkoh Koje ce, aKO cy ncnymeHH 3axTeBH 
craHgapga, opraHroa^Hjn ypynyje cepra^HKaT o ycaraameHOcra.
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TaSe^a 2.1 nope^eae CTaHgapga ISO 50001 ca gpyruM craHgapgHMa cncreMa
MeHauMeHTa

Cagp^aj ISO 9001 ISO 14001 ISO 50001

Ochobhh
KOH^enT
craHgapga

Ha ocHOBy:
3axTeBa 
KHHjema y 
nornegy 
ynpaBM^a 
KBaHHTeTOM

peneBaHTHHx acneKaTa 
3amTHTe MBorae 
cpeguHe

noipomfte eHeprnje ^ene 
opraHH3aHHje hhh 
ogpe^eHor npoH3BogHor 
npo^eca

no^HTHKa

HcnyHHTH 
3axreBe 
KHHjeHTa y 
nornegy 
ynpaB^aaa 
KB aHHTeTO M

nonHTHKa 3amTUTe 
MBOTHe cpeguHe 
nnycTpyje h ĥhh Ha Kojn 
opraHH3auHja ynpaB^a 
3amTUTOM MBOTHe 
cpeguHe, aeHy 
nocBefreHOCT y Toj o6nacra, 
Kao h ogroBapajyfre 
CMepHĤ e h HĤ eBe. 
06yxBaTa h nocBefreHOCT 
opraHH3auHje cnpenaBaay 
3ara^eaa, ycKnâ eHOCT y 
noraegy Ba êfre npaBHe 
perynaTHBe h 
KOHTHHyHpaHO 
no6o^maae.

EHepreTCKa nonmHKa 
HnycTpyje CTpaTernjy 
opraHH3aHHje y noraegy 
MeHâ MeHTa eHeprnjoM. 
CnpoBo^eae nonnraKe 
o6e36e^yje okbhp 3a 
ycnocTaB^aae noBe3aHux 
CMepHĤ a genoBaaa h 
HH êBa pagu no6o^maaa 
eHepreTCKe e^HKacHocra.

CTpaTemKH
npHCTyn

YcnocTaB^a- 
a e  CMepHĤ a, 
HĤ eBa, h 
nnaHOBa pagu 
ynpaB^aaa 
KB aHHTeTOM.

CarnacHOCT ca 
peneBaHiHHM 
perynaTopHHM 
3axreBHMa y nornegy 
onyBaaa MBorae 
cpeguHe.
YcnocTaB^aae CMepHĤ a, 
HĤ eBa, h cnpoBo^eae 
nnaHa 3amTUTe MBorae 
cpeguHe.

CnpoBo^eae eHepreTCKHx 
nperaega y HĤ y
yTBp̂ HBafta aKTHBHOCTH 
Koje goBoge go 3HanajHe 
noTpomae eHeprnje, 
ogpe^HBaae 
KapaKTepHCTHHHHx 
npo^nna noTpomae 
eHepraje, Kao h 
HHgHKaTopa noTpomae. 
YcaraamaBafte ca 
ogroBapajyfruM 
perynaTopHHM 3axTeBHMa 
h yTBp̂ HBaae CMepHĤ a, 
HĤ eBa, npHMeHa nnaHa 3a 
CMaaeae noTpomae 
eHeprnje.

KapaKTepncTH- 
HHH ll|)0(|)ll. 1

HeMa TaKBHx 
3axreBa HeMa TaKBux 3axTeBa

Ogpe^HBaae 
KapaKTepHCTHHHHx 
npo^nna noTpomae 
eHeprnje je og cymraHCKe 
Bâ HOCTH y noraegy 
ycnocTaB^aaa CHCTeMa 
ynpaB^aaa eHeprnjoM.
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CepTH$HKa^njy CHCTeMa MeHauMeHTa Bpme cepTH^HKa^HOHa Te^a npeKo CBojnx 
oneiMiita’ia (npoBepaBana) npeMa craHgapgy SRPS ISO/IEC 17021:2011 [2.29]. Ha 
chh^h 2.6 je npHKa3aHa nojegHOcraB^eHa meMa cepTH^HKa^nje npeMa CTaHgapgy SRPS 
EN ISO 50001:2012.

© M crpa>KM BaK>e Tp>KM uiTa -

MH<)>opMMcaH>e 0  y c / iy r a M a  K o je  n p y w a jy

cepTM<t>MKau,MOHa T e /ia

© HH(t>opMMcaH>e o nocrynKy cepTn<t>MKaiinje - 
M36op cepTM<t>MKau,MOHor Te/ia

© noflHOLueHse 3axTeea 3a cepTM<t>MKanMjy - 
Y3 3axTea opraHM3apMja flocraB/ba 

m npaTef>y flOKyiweHTaflMja cepTM<t>MKai<MOHOM Te/iy

® Pa3MaTpaH>e 3axTesa 3a cepTM<J>MKapMjy - 
llpeMcnMTMBaHse m flOHOU>eH>e ofl/iyKe o 

cepTM<t>MKapMjM - fl0Hyfla 3a cepTM<t>MKaflMjyopraHM3apMje

© YroBop M3Mef)y opraHM3apMje KOja TpawM 

cepTM<t>MKapMjy npeMa craHflapfly 

SRPS EN ISO 50001:2011 m cepTM<t>MKaflMOHor Te/ia

© npMnpeMa 3a npBy cepTM<t>MKapMOHy nposepy - 
PlMeHOBarbe Bof)e tmmb npoBepMBana - 

Ae<|>MHMcaH>e pM/beea, npeflMera m noflpynja npMMeHe - 
Ae<|>MHMcaH>e M3BOfl/bMBOCTM npoeepe - 

H36op tmm3 npoBepMBana

('7') nPBACEPTM<PMKAUMOHAnOCETA
^  <I>a3a 1: nper/iefl/npeMcnMTMBaH>e flOKyMeHTaflMje 

0a3a 2: npoBepa Ha /iMpy Mecra (zioKapMja opraHM3apMje) - 
npMKyn/baH>e flOKa3a o ycar/iaujeHOCTM/Heycar/iauueHncTM

------------------------------------------------1------------------------------------------------ '

© OTK/iaH>art»e eBeHTya/iHO 
OTKpneeHnx Heycar/iaiueHOCTn

© Ofl/iyKa 0 flOfle/iM cepTM<(>MKaTa
_

© L(MK/iyc Ha CB3Ke TpM roflMHe - 
noHaB/baH>e KopaKa 5-9

C^HKa 2.6 nojegHOCTaB^eHa meMa cepra^HKa^Hje npeMa craHgapgy SRPS EN ISO
50001:2012



2-14 npupyHHHK 3a o6yKy eHepreTCKHX MeHa^epa y HHgycTpnjcKoj eHepreTH^H

Akthbhocth nog pegHHM 6pojeBHMa 1, 2, 3, 8 cnpoBogu opraHH3a^nja Koja nogHOCH 
3axTeB 3a cepTH$HKa^njy, goK aKTHBHOCTH nog pegHHM 6pojeBHMa 4, 6, 9 cnpoBogu 
cepTĤ HKâ HOHO Teno. Akthbhocth nog pegHHM 6pojeM 5 h 7 H3HCKyjy ynemhe o6a 
napTHepa y npo^ecy cepTH^HKa^nje (opraHroa^nje h cepTH^HKa^HOHor Tena). Ocrane 
npoBepe Koje ce Bpme yK^ynyjy: Hag3opHy npoBepy (jegHOM rognmfte) h 
pecepTH$HKa^njy (cBaKe Tpu rogHHe -  KopaK 10). CepTH^HKa^nja cncreMa MeHauMeHTa 
He npegcraB^a 3aKOHCKy o6aBe3y, Te je, Kao h yBO^eae ISO craHgapga, Ha go6poBO^Hoj
OCHOBH.

^HTepaTypa
[2 .1 ] U B A  2 0 1 0  „ E n e rg ie m a n a g e m e n t in  d e r  P ra x is “ ; E rg a n z u n g e n  S .F u rk u s

[2 .2 ] E N  IS O  5 0 0 0 1 :2 0 1 1  E n e rg y  m a n a g e m e n t sy s te m s  -  R e q u ire m e n ts  w ith  g u id a n c e  fo r  u se

[2 .3 ] IS O  5 0 0 0 2 :2 0 1 5  E n e rg y  a u d its  -  R e q u ire m e n ts  w ith  g u id a n c e  fo r  u s e

[2 .4 ] IS O  5 0 0 0 3 :2 0 1 5  E n e rg y  m a n a g e m e n t  sy s te m s  -  R e q u ire m e n ts  fo r  b o d ie s  p ro v id in g  a u d it  

a n d  c e r t if ic a tio n  o f  e n e rg y  m a n a g e m e n t  sy s te m s

[2 .5 ] IS O  5 0 0 0 4 :2 0 1 5  E n e rg y  m a n a g e m e n t  sy s te m s  -  G u id a n c e  fo r  th e  im p le m e n ta t io n , 

m a in te n a n c e  a n d  im p ro v e m e n t o f  a n  e n e rg y  m a n a g e m e n t sy s te m

[2 .6 ] IS O  5 0 0 0 6 :2 0 1 5  E n e rg y  m a n a g e m e n t  s y s te m s  -  M e a s u r in g  e n e rg y  p e r fo rm a n c e  u s in g  

e n e rg y  b a s e l in e s  (E n B ) a n d  e n e rg y  p e r fo rm a n c e  in d ic a to r s  (E n P I)  -  G e n e ra l  p r in c ip le s  

a n d  g u id a n c e

[2 .7 ] IS O  5 0 0 1 5 :2 0 1 5  E n e rg y  m a n a g e m e n t  s y s te m s  -  M e a s u re m e n t a n d  v e r i f ic a t io n  o f  e n e rg y  

p e r fo rm a n c e  o f  o rg a n iz a tio n s  -  G e n e ra l  p r in c ip le s  a n d  g u id a n c e

[2 .8 ] C E N /C L C /J W G  1 -  E n e rg y  a u d its

[2 .9 ] E N  1 6 2 4 7 -1 :2 0 1 2  E n e rg y  a u d its  -  P a r t  1: G e n e ra l  r e q u ire m e n ts

[2 .1 0 ] E N  1 6 2 4 7 -2 :2 0 1 4  E n e rg y  a u d its  -  P a r t  2: B u ild in g s

[2 .1 1 ] E N  1 6 2 4 7 -3 :2 0 1 4  E n e rg y  a u d its  -  P a r t  3: P ro c e s s e s

[2 .1 2 ] E N  1 6 2 4 7 -4 :2 0 1 4  E n e rg y  a u d its  -  P a r t  4: T ra n s p o r t

[2 .1 3 ] E N  1 6 2 4 7 -5 :2 0 1 5  E n e rg y  a u d its  -  P a r t  5: C o m p e te n c e  o f  e n e rg y  a u d ito rs

[2 .1 4 ] C E N /C L C /J W G  2  -  G u a ra n te e s  o f  o r ig in  a n d  E n e rg y  c e r t if ic a te s

[2 .1 5 ] C E N /C L C /T R  1 6 5 6 7 :2 0 1 3  E n e rg y  E f f ic ie n c y  O b lig a t io n  S c h e m e s  in  E u ro p e  -  O v e rv ie w  

a n d  a n a ly s is  o f  m a in  fe a tu re s  a n d  p o s s ib il i t ie s  fo r  h a rm o n iz a t io n

[2 .1 6 ] E N  1 6 3 2 5 :2 0 1 3 :2 0 1 5  G u a ra n te e s  o f  O r ig in  r e la te d  to  e n e rg y  -  G u a ra n te e s  o f  O r ig in  fo r  

E le c t r ic i ty

[2 .1 7 ] C E N /C L C /J W G  3: E n e rg y  M a n a g e m e n t  a n d  r e la te d  s e rv ic e s  -  G e n e ra l  r e q u ire m e n ts  a n d  

q u a li f ic a tio n  p ro c e d u re s

[2 .1 8 ] E N  1 5 9 0 0 :2 0 1 0  E n e rg y  e ff ic ie n c y  s e rv ic e s  -  D e f in i t io n s  a n d  re q u ire m e n ts

[2 .1 9 ] E N  1 6 2 3 1 :2 0 1 2  E n e rg y  e ff ic ie n c y  b e n c h m a rk in g  m e th o d o lo g y

[2 .2 0 ] C E N /C L C /J W G  4  P u b l is h e d  S ta n d a rd s

[2 .2 1 ] E N  1 6 2 1 2 :2 0 1 2  E n e rg y  E f f ic ie n c y  a n d  S a v in g s  C a lc u la t io n , T o p -d o w n  a n d  B o tto m -u p  

M e th o d s

[2 .2 2 ] h ttp : / /w w w .is s .r s /  -  H H C Tm yT 3a C TaH gapgH 3a^njy  P eny6nH K e C p 6 n je

[2 .2 3 ] S R P S  E N  IS O  5 0 0 0 1 :2 0 1 2  C n creM H  M eHacMeHTa eH ep ru jo M  -  3axTeBH c a  ynyTCTBOM

3a K opnm fre& e

http://www.iss.rs/


2. OcHOBHe ogpeg6e CTaHgapga SRPS EN ISO 50001:2012 2-15

[2 .2 4 ] E n e rg ie m a n a g e m e n t n a c h  IS O  5 0 0 0 1  -  E in  L e itfa d e n . -  G U T  C e r ti f iz ie ru n g s g e s e lls c h a f t  

fu r  M a n a g e m e n ts y s te m e  m b H ,V e rs io n  3 .0 . -- B e r l in  2 0 1 2

[2 .2 5 ] IS O  5 0 0 0 1  E n e rg y  M a n a g e m e n t  S y s te m  (E n M S )  - Im p le m e n ta t io n  g u id e . -  T U V  U K  

L td , 2 0 1 4 .

[2 .2 6 ] E N  IS O  9 0 0 1 :2 0 1 5  -  Q u a li ty  m a n a g e m e n t  s y s te m s  -  R e q u ire m e n ts

[2 .2 7 ] E N  IS O  1 4 0 0 1 :2 0 1 5  -  E n v iro n m e n ta l  m a n a g e m e n t s y s te m s  -  R e q u ire m e n ts  w ith  

g u id a n c e  fo r  u s e  ( IS O  1 4 0 0 1 :2 0 1 5 )

[2 .2 8 ] S R P S  IS O /IE C  1 7 0 0 0 :2 0 0 7  -  O ^e& H B a& e ycaraam eH O C TH  -  PeHHHK u onm TH  

n p H H ^ n n n

[2 .2 9 ] S R P S  IS O /IE C  1 7 0 2 1 :2 0 1 1  -  O^eH>HBaH>e y c a rn a m e H o c m  -  3axTeBH 3a T en a  K oja 

o 6 a B ^ a jy  n p o B e p y  h  c ep T H ^H K a^n jy  c n c re M a  M eH a^M eura





3. EHEPrETCKA E^HKACHOCT, HH^HKATOPH
EHEPrETCKE E^HKACHOCTH, EHEPrETCKH n P E r^ E ^ , 
n P H K y n ^ A ftE  H AHA^H3A nO^ATAKA, VMOPEIMA 
CTATHCTHKA

MnpjaHa CraMeHHh

noB ehaae eHepreTCKe e^HKacHOcra o^ hoch ce Ha CMaaefte noTpomae eHeprnje 3a 
npoH3Bogrny HeKor npou3Boga, H3BpmeHy ycnyry (Hnp. rpejarne, xna^erne, ocBeraerne u 
ca.) hhh HeKy o6aB^eHy ^kthbhoct. yHanpe^erne eHepreTCKe e^HKacHOcra o6hhho je  
noBe3aHO ca TexHoaomKHM yHanpe^emHMa, a^H MO*e 6hth h pe3yaTaT 6o.Be 
opraHH3a^nje hhh no6o^maHe eKOHOMCKe no3H^nje H3Bpmno^a. To He Tpe6a 
noHCTOBehHBarH ca mTegrnoM hhh CMameHOM noTpommoM Koje cy nocaegn^a hhh 
HegocrarKa eHeprnje 3a o6aB^ame HeKe geaaTHOCTH hhh npeBHCOKe ^eHe eHepreHaTa. y  
tom caynajy, goaa3H go CMarnerna o6uMa npoH3Bogrne hhh KBa^meTa ycayre hhh 
aKTHBHOCTH. Mepe OBor Tuna He goHoce o6aBe3HO 6o.Be eKOHOMCKe e^eKTe, necro Mory 
HMaTH HeraTHBHe yra^aje h He Mory ce CBpcraTH y Mepe 3a yHanpe^erne eHepreTCKe 
e^HKaCHOCTH.
Ca eKOHOMCKor craHOBHmTa, eHepreTCKa e^HKacHOcr HMa mupe 3Hanerne h o^ hoch ce Ha 
CMarnerne noTpomme eHeprnje no jegHHH^H HeKor ocTBapeHor HOBnaHor pe3yaTaTa 
(Ha^HOHaaHH 6pyTO goxogaK Ha HHBoy gp^aBe hhh ocrBapeHH npo^HT hhh yKynaH 
npuxog Ha HHBoy npHBpegHor gpymTBa). To 3Hann ga je  eHepreTCKa e^HKacHOcr 
noBe3aHa ca eKOHOMCKOM e$HKacHomhy h yK_Bynyje TexHoaomKe, eKOHOMCKe npoMeHe h 
npoMeHe noHamama.
EHepreTCKa e^HKacHOcr je  caHKa HHgHBHgyaaHor noHamama h ogpa^aBa pa^HOHa^HOcr 
noTpomana eHeprnje. H36eraBarne HenoTpe6He noTpomme eHeprnje hhh H36op 
HajnpHKnagHHje TexHoaornje h onpeMe ga 6h ce CMamnaH TpomKOBH 3a eHeprnjy 
gonpuHOce CMamerny concTBeHe noTpomme eHepraje 6e3 yrpo*aBama BaacrHTor 
6oraTCTBa hhh HHBoa aKTHBHOCTH npHBpegHor gpymTBa. H36eraBame HenoTpe6He 
noTpomme eHeprnje curypHO je  ogpa3 concTBeHor noHamama hhh geaoBama 
pyKOBogcTBa, aan je  ycaoB.BeHO nocegoBameM ogroBapajyhe onpeMe -  onpeMa 3a 
npafrerne h ynpaB.Bame eHepreTCKHM tokobhm^, peryaa^Hja TeMnepaType y 
npocropnjaMa, ayTOMaTCKO rameme CBeTaa Kaga HeMa ^y g n  y npocropnjaMa hhh 
xogHH^HMa, CHcreM 3a ayTOMaTCKO peryancame paga ropnoHHKa Ha KOTHOBHMa hhh 
nefrHMa, peKynepa^nja „OTnagHe” TonaoTe H3 pa3HHHHTHx npo^eca nrg. y ra ^ a j 
noHamama nojegHHa^a, Tj. .BygcKH ^aKTop og BeaHKor je  3Hanaja 3a e^HKacHO 
Kopnmfrerne eHepraje.
EHepreTCKa e^HKacHOcr h Hee^HKacHOcr, Mory ce nocMaTpaTH Ha gBa HanHHa:



3 -2 npupyHHHK 3a o6yKy eHepreTCKHx MeHa^epa 3a oGnacT HHgycTpnjcKe eHepreTHKe

• Kao ogHOC eHeprnje Ha H3na3y h eHeprnje Ha yna3y y HeKoj eHepreTCKoj 
TpaHC^opMa^Hjn hhh npo^ecy; TpaHc^opMa^nja eHeprnje HHKaga He MO*e 6hth 
100% e^HKaCHa, Tj. ry6n^H HHKaga He Mory 6hth jegHaKH Hynn, ann Ce Mory 
CMaftHTH Ha pa3He HanHHe KopnmfreaeM pa3HHHHrax TexHHKa;

• to je  na^^HBO hhh e^HKacHo Kopnmfreae eHepnrje Kaga Ce OHa Tpomu y
OnTHMaHHHM KOHHHHHaMa 3a HeKH npO^eC HHH aKTHBHOCT. Hee^HKaCHO
Kopnmfreae je  pe3y^raT HeogroBapajyfrer ogHOCa goBegeHe KOHHHHHe eHepraje h 
noTpe6He KOHHHHHe eHeprnje. To nogpa3yMeBa nome npojeKTOBaae, HeageKBaTHe 
pagHe KapaKTepHCTHKe npo^eca, nome ogp^aBarne, npa3aH xog hhh pag onpeMe 
Kaga to HHje noTpe6HO (HenoTpe6HO yK^yneHO ocBeT^erne, Bo^erne npo^eca Ha 
HenoTpe6HO bhcokhm TeMneparypaMa HTg.) [3.1].

3.1 HH^HKATOPH EHEPrETCKE E^HKACHOCTH
npeMa 3aKOHy o e^HKacHOM Kopnmfrefty eHeprnje, eHepreTCKa e^HKacHOCT ce ge^HHHme 
Kao ogHOC H3Me^y ocTBapeHor pe3y^raTa y ycnyraMa, go6pHMa hhh eHeprnjn h 3a to 
yTpomeHe eHeprnje [3.2].
JegaH og Hajnemfre KopnmfreHHx HHgHKaTopa (Kaga je  pen o o^eHH HHBoa eHepreTCKe 
e^HKacHOCTH) je  cne^H^HHHa noTpornaa eHeprnje (CnE) Koja ce ge^HHHme Kao 
KOHHHHHa yno*eHe eHeprnje no jegHHH^H Mepe npou3Boga hhh HeKor gpyror H3na3a -  
pe3y^TaTa aKTHBHOcra.
y  HeKHM cnynajeBHMa nocrojn BenHKH 6poj pa3HHHHTHx npoH3Boga Ha H3na3y, a caMO 
HeKOHHKO, hhh jegHa ocHOBHa cnpoBHHa Ha yna3y, Kao mTO je  to c^ynaj Kog HHgycTpnje 
xne6a, TecTeHHHe h ne^HBa hhh Kog npoH3Bogae M^eKa h MnenHHx npou3Boga. Taga ce 
C nE  MO*e panyHaTH y ogHOcy Ha kohhhhh^  rnaBHe cnpoBHHe yTpomeHe y npoH3BogftH. 
JegHHH^a 3a C nE  je  Hajnemfre GJ/t hhh kWh/t 3a noroHe Kojn HMajy npou3Bog MepeH y 
jegHHH^aMa Mace, a MO*e ce H3pa3HTH y GJ/m2 hhh kWh/m2 npou3Boga hhh Kao yno*eHa 
eHeprnja no 3anocneHOM. Kog noroHa Kojn npou3Boge eHeprnjy, C nE  MO*e 6hth

H3pa®eHa Ka0 GJnpon3BefleHe eHeprnjê  GJynô eHe eHeprnje.
EHepreTCKH HHTeH3HTeT (EH) je  TaKO^e necro KopumfreH HHgHKaTop h to y eKOHOMCKHM 
aHanroaMa. ^e^HHHme ce Kao ogHoc yno*eHe eHeprnje h ^HHaHcnjcKor pe3yrnaTa, mTo 
je  Hajnemfre BpegHocT npoH3Boga, gogara BpegHocT hhh 6pyTo Ha^noHanHH goxogaK. 
ynpomfreHH rpa^HHKH npuKa3 3a o6panyH cne^H^HHHe noTpomae eHeprnje, ca noce6Ho 
HarnameHHM rpaHH^aMa nocMaTpaaa yna3HHx h H3na3HHx ToKoBa eHeprnje h MaTepHjana, 
gar je  Ha chh^ h 3.1. nocMarpaHe rpaHH^e 6HnaHCHor n o ^ a  cy rpaHH^e nocMarpaHe 
noKa^Hje, a Mory 6hth h rpaHH^e nojegHHanHor nporoBogHor noroHa hhh npoH3BogHe 
HHHHje [3.1].
nporoBogHH npo^ec Mo*e 6hth 3HanajHo cno^eHHjH aKo nocroje eHepreTCKH tokobh 
Kojn yna3e y 6HnaHCHo no^e, H3na3e H3 a e ra , hhh naK Mo*e nocrojaTH h yHyTpamfta 
neT^a Koja yKa3yje Ha pe^HpKyna^Hjy ropHBa.
Cne^H^HHHa noTpomma eHeprnje 3a cnynaj npuMepa Kojn je  gaT Ha chh^ h 3.1 Mo*e ce 
H3panyHara Ha cnegefrH h^hhh:
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CjHKa 3.1 rpa^HHKH npHKa3 6njaHCHor n o ^ a  3a o6panyH cne^H^HHHe noTpomae
eHeprnje C nE  [3.1]

SPE = (Eel.ul + E p.ul + (Eg,ul + Eg.rec ) + Eo.ul) (Ep.izl + Eel.izl + Eo.izl) GJ
P . T (3.1)

rge cy:
• P i. t. KojHHHHa npoH3BejeHor ocHoBHor npoH3Boja;
• Ed,ui. GJ. ejeKTpHHHa eHeprnja Koja ce jobojh  noroHy ga 6h ce npoH3Beja 

KojHHHHa (P^) H3ja3Hor npoH3Boja;
• Epul. GJ. eHeprnja eKBHBajeHTHa kojhhhhh nape 3a npoH3Bojrny KojHHHHe (P^) 

H3ja3Hor npoH3Boja;
• Eguh GJ. eHepraja eKBHBajeHTHa kojhhhhh yTpomeHor ^ocnjH or ropuBa Koja ce 

joB eje noroHy 3a npoH3Bojmy KojHHHHe (P^) H3ja3Hor nporoBoja;
• Eouh GJ. ocrajH bhjobh eHeprnje Kojn ce joB oje noroHy 3a npoH3Bojmy 

KojHHHHe (P \) H3ja3Hor npoH3Boja;
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• Eel izl. GJ. ejeKTpHHHa eHeprnja Koja ce ogoBogu H3 noroHa noTpomanHMa BaH 
nocMaTpaHor 6ujaHcHor no^a;

• Ep,izl. GJ. eHeprnja eKBHBajeHTHa kojhhhhh nape Koja ce ogoBogu H3 noroHa 
noTpomanHMa BaH nocMaTpaHor 6ujaHcHor no^a;

• Eo,izi. GJ, ocrajH bhaobh eHeprnje Kojn ce ogoBoge H3 noroHa noTpomanHMa BaH 
nocMaTpaHor 6ujaHcHor no^a;

• Eg,rec. GJ, eHeprnja Koja je  eKBHBajeHTHa kojhhhhh pe^npKyjncaHor ropHBa.
y  cjynajy ga KoMnaHHja npoH3Bogn Behn 6poj pa3jHHHTHx npoH3Boga TaKo ga cBaKH og 
ftHx HMa cBoj cne^H^HnaH HHgHKarop CnE. o6panyH BpegHocTH eHepreTcKor 
HHTeH3HTeTa 3a ^e jy  KoMnaHHjy je  cjo^eHHjn.

3.1.1 M eTogo^ornja o6panyHa cne^H^HHHe noTpomrne eHeprnje
Cne^H^HHHa noTpomaa eHepraje (CnE) je  eHepreTcKH HHgHKaTop Kojn ce kophcth Kog 
ynopegHe eHepreTcKe cTaTHcTHKe („benchmarking“) h gaje MoryhHocr nope^eaa 
e^HKacHocTH Kopnmhefta eHeprnje y cpogHHM opraHH3aqHjaMa, aKTHBHocTHMa h jh  
nocrpojeftHMa [3.1]. OBaj HHgHKaTop ce Kopncra Kao ocHoBHa ajaTKa 3a npaheae h 
aHajH3y noTpomae eHeprnje. n o p e^eae  cne^H^HHHe noTpomae eHeprnje 3a pa3jHHHTe 
BpeMeHcKe nepuoge Ha jegHoj joKa^njn go6ap je  noKa3aTe^ npoMeHe crafta h 
eHepreTcKHx h npoH3BogHHx TexHojoraja, ajH h e^HKacHocra ynpaB ^aaa pecypcHMa. 
npBH KopaK Kog o6panyHa C nE  je  cBo^eae noTpomae eHeprnje y HeKoM BpeMeHcKoM 
nepuogy Ha 3ajegHHHKe jegHHH^e (GJ. M W h h gp.). Cbhkh o6jhk  eHeprnje mho^ h ce ca 
ogroBapajyhHM eHepreTcKHM eKBHBajeHToM -  k'oiiBciraioniiM ^ a u  TopoM ( k  ):
EN  = E (k , . E )  . GJ (3.2)
KoHBep3noHH ^aKTopn 3a pa3jHHHTe BpcTe eHepreHaTa gaTH cy y Ta6ejH 3.1.
Ha Taj HanHH. go6njeHa je  yKynHo yTpomeHa eHeprnja 3a nocMaTpaHH BpeMeHcKH nepuog. 
Mopa ce H arjacnra ga je  rpaHH^a 6ujaHcHor n o ^ a  npar opraHroa^nje h aKo HeKo y 
oKBHpy cBoje gejaTHocTH ncnopyHHje eHeprnjy y HeKoM o6jHKy BaH cBojnx rpaHH^a, oBa 

eHeprnja, o^ hocho npoH3Bog kt . E t y ropaeM  H3pa3y, y yKynHH 36up yja3H ca 
HeraTHBHHM npeg3HaKoM.
,3pyra KopaK je  cBo^eae o6uMa nporoBogae Ha 3ajegHHHKe jegHHH^e h jh  eKBHBa^eHTHH 
npoH3Bog npHMeHoM KopeKpnoHHx ^aKTopa, mTo je  BeoMa Ba^Ho 3a npHBpegHa gpymTBa 
Koja npou3Boge mupoK acopraMaH npoH3Boga. JegHHH^e y KojHMa ce yo6nnajeHo 
H3pa^aBa o6hm npoH3Bogae KapaKTepncTHHHe cy 3a cBaKy rpaHy HHgycrpHje: kg. t. 
cTaHgapgHH ^opMaT. hl h gp. KopeK^noHH ^aKTopn npHKa3yjy pa3jHHHTocT y noTpomftH 
eHeprnje 3a nojegHHe npoH3Boge H3 acopTHMaHa jegHe $npMe (Hnp. KHjorpaM x je6a h 
KHjorpaM kh^ jh  Kog neKapa, jn ra p  MjeKa h KHjorpaM cupa Kog MjeKapa, KHjorpaM 
KeKca h KHjorpaM noKojage y KoHgHTopcKoj HHgycipHjh. hl nHBa h hl 6e3ajKoxojHHx 
nuha). EKBHBajeHTHH npoH3Bog go6nja ce Kao cyMa npoH3Boga KopeKpnoHHx ^aKTopa h 
KojHHHHa ogroBapajyhnx nporoBoga 3a nocMaTpaHH BpeMeHcKH nepuog:

P ekv=2 (Ap,i. Pi). t (3.3)
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Kao mTo je  EN  cne^H^HnaH eHepreTcKH mhkc Ha rpaHH^H opraHroajHje. TaKo je  h Pekv 
cne^H^HnaH npoH3BojHH mhkc 3a o6hm npoH3Bojfte h acopTHMaH npoH3Boja 
nocMaTpaHe opraHroa^nje (Ap?i npejcTaB^a KopeK^noHH ^aKTop Kojn je  TanHo 
je^HHHcaH 3a cBaKy BpcTy npoH3Boja no nojejHHHM hhjv cTpnj ckhm rpaHaMa) [3.2].

TaSeja 3.1 T a6eja KoHBep3HoHHx ^aKropa k
EH epruja / ropHBo JejHHH^a k ,  GJ/jejHHH^H

nnrHHT t 7.523

CymeHH jnrHHT t 17.600

MpKH y ra ^ t 15.988

KaMeHH y ra ^ t 26.900

Kokc t 29.300

B hcoko nehHH rac 1000 m3 4.212

Pa^HHepncjKH rac 1000 m3 36.950

BeH3HH 1000 L 31.240

Kepo3HH 1000 L 34.400

^H3ej D2 1000 L 36.120

y ^ e  3a jo ^ e a e t 40.700

y ^ e  3a jo ^ e a e  c p e ja e  (Ma3yT) t 41.150

Ha^THH kokc t 31.400

TenHH Ha^THH rac t 46.340

npnpojHH rac 1000 m3 33.338

Buorac 1000 m3 18.000

OrpeBHo gpBo t 9.500

^ pbhh ocTaTaK (nejeT. 6pHKeT...) t 17.000

^pBeHH y ra ^ t 19.020

AycKa cyH^oKpeTa t 17.500

CjaMa t 14.500

n ap a 1000 kWh 3.600

T on ja  Boga 1000 kWh 3.600

EjeKTpHHHa eHeprnja 1000 kWh 3.600

CojapHa eHepraja 1000 kWh 3.600

r  eoTepMajHa eHeprnja 1000 kWh 3.600
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BpegHocTH nojegHHHx KopeK^noHHx ^aKTopa (Ap i ) 3a h^kojhko HHgvcTpHjcKHx ceKTopa 
npHKa3aHH cy y Ta6ejH 3.2. BpegHocm ^aKTopa A p i pa3pa^eHe cy y oKBHpy HopBemKe 
Mpe^e 3a eHepreTcKy e^HKacHocT y HHgycTpnj h (Hhcthtvt 3a eHepreTcKe TexHojornje. 
H®E. Kjejep. HopBemKa) Ha 6a3H BHmerognmftHx Hcrpa^HBarna1. npHKyn.Mma h 
aHajH3e nogaTaKa gocraB^eHHx og crpaHe npegy3eha y HHgycTpHjcKoM ceKTopy 
HopBemKe. ^ a  6h ce ge^HHHcajH noy3gaHH ^aKTopn. HeonxogHo je  npaTHTH noTpomay 
eHeprnje 3a nocMarpaHH npoH3Bog y oKBHpy npoH3BogHHx npo^eca. ^ a  6h ce oBa 
aKTHBHocr Morja cnpoBecTH. HeonxogHo je  HHcrajHparH Mepane noTpomae 
eHeprnje/eHepreHaTa no nojegHHHM noroHHMa h cnpoBecrn 6njaHcnpafte eHepreTcKHx 
ToKoBa 3a nocMaTpaHe nporoBoge.
Ha HHBoy EBponcKe yHHje cnpoBegeHo je  BHme pa3jHHHTHx npojeKara Kojn cy HMajH 
^ h^  ga yrap^yjy cne^H^HHHe noTpomae eHeprnje no nojegHHHM 
rpaHaMa h y cKjony Tora ogpe^yjy KopeK^noHe ^aKTope 3a pa3jHHHTe Bpcre npoH3Boga y 
nojegHHHM ceKTopHMa npepa^HBanKe HHgycrpHje. JegaH og TaKBHx npojeKara je  h 
npojeKaT BESS -  Benchmarking and Energy Management Schemes in SMEs 
(EIE/07/103/SI2.466702). ,3,ocTynHH pe3yjTaTH obhkbhx npojeKaTa Mory 6hth 
KopnmheHH Kao ocHoBa 3a ycBajaae ogroBapajyhnx BejHHHHa -  KopeK^noHHx ^aKTopa 
A p i 3a ogroBapajyhn HHgycrpHjcKH ceKTop.

3.2 EHEPrETCKH nPEHTE^
CarjacHo 3aKoHy o e^HKacHoM Kopnmhefty eHeprnje [3.2]. eHepreTcKH nperjeg  je  
ge^HHHcaH Kao cncreMaTcKa npo^egypa 3a npn6aB.Mme noTpe6HHx nogaraKa h ca3Haaa 
o nocrojeheM HHBoy h HanHHy nporoBogfte. npeHoca. gHcrpH6y^Hje h ynoTpe6e eHepraje 
o6jeKTa. npoH3BogHor npo^eca npHBaTHHx h jaBHHx ycjyra . noMohy Kojnx ce yrap^yjy h 
KBaHTH$HKyjy MoryhHocTH 3a ^kohomckh ncnjaTHBo. e^HKacHo Kopnmheae eHeprnje. 
EHepreTcKH nperjeg  je  geTa^Ha crygnja Koja ce cnpoBogu pagu:

• yrap^HBama KaKo h rge ce eHepraja kophcth h jh  ce TpaHc^opMHme H3 jegHor 
o6jHKa y gpyra;

• yrap^HBama HHBoa noTpomae eHepreHara Ha HcnHTHBaHoj joKa^Hjn. o6jeKTy hjh  
opraHH3a^HjH ca ^H^eM ga ce HgemH$HKyjy cbh eHepreTcKH tokobh;

• ge^HHHcafta Mepa KojHMa ce ocrBapyjy ymTege;
• o^eHe eKoHoMcKe h TexHHHKe onpaBgaHocrn HMnjeMeHTa^nje Mepa 3a noBehaae 

eHepreTcKe e^HKacHocra;
• ge^HHHcaaa jn c re  npnopHTeTHHx aKTHBHocrn Koje he noBeharn e^HKacHocr h 

cMaftHTH yTpomaK eHeprnje (paHrnpafte Mepa eHepreTcKe e^HKacHocra).

1 y  okbhpv HopBemKe Mpexe 3a eHepreTcKy e^HKacHocr pa3BHjeHa je Be6-anjHKauHja (6a3a 
nogaTaKa) y oKBHpy Koje ce ^oxpamvjV nogaun o o6HMy npoH3Bogfte. KojHHHHaMa noTpomrne 
eHepraje u eHepreHaTa. y  6a3y ce cKjagnmTe nogauu U3 800 KoMnaHHja og 1989.rogHHe. npu neMy 
cBaKa og KoMnaHuja jegHoM rognmrne nonyrnaBa vhhthhk y okbupv 6a3e nogaTaKa.
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TaSeja 3.2 npHMepn KopeKjnoHHx ^aKTopa ApJ 3a H3paHyHaBafte eKBHBajeHTHor 
npoH3Boja 3a h^kojhko HHjycrpHjcKHx ceKTopa [3.1]

npoH3Boj JejHHHja ^.e^HHHjHja
KopeKjnoHH

^aKTop
nPOH3BOAftA M^EKA

MjeKo l CupoBo MjeKo 0
npoH3BogH og 
cjaTKor MjeKa

l npepa^eHo MjeKo h naBjaKa. 
HeKoH^eHTpncaHH 0.209

npoH3BogH og 
KHcejor MjeKa l

JorypT h ocrajH ^epMemHcaHH 
npoH3BojH (HHcy naKoBaHH y 
njacrnHHy aM 6aja^y)

0.657

Tb pjh  cup kg 3peju  tbpjh  cup 1.925
OcrajH  cnpeBH kg O craje  Bpcre cupeBa Koju cy 3pejH 2.854
Ka3eHH kg Ka3euH 1.952
3exHjpHpaHH
npoH3BojH kg

MjeKo y npaxy. cypyTKa y npaxy h

gp.
3.812

EyTep kg EyTep 0.800

TpajHH npoH3BojH l MjeKo. KoHjeHTpoBaHo. y TenHoM 
cramy

0.787

MjeKo Koje ce 
npejaje jpyrHM 
npoH3Bo^anHMa

l Henpepa^eHo MjeKo. caMo 
oxja^eHo

0.076

Cokobh l Cokobh og Boha h noBpha 0.209
nPO H3BO ^ftA H nPEPAflA MECA

ToB^eHHJH t CBe^e Meco 1.0
KyBaHH/neneHH
npoH3BojH t

06pa^eHH npoH3BojH og Meca 
(KyBarneM h nenerneM) 2.9

npepa^eBHHe og Meca t yco^eH o Meco. cymeHo. jh m .m h o 5.7
3aMp3HyTo Meco t 3aMp3HyTo cBe^e Meco 1.4

HHflYCTPHJA nHBA
nuBo hl nuBo 1.0
Ee3ajKoxojHa nuha hl MuHepajHa Boga 0.4

nEKAPCKA HH3YCTPHJA

EpamHo t

EpamHo Kao ocHoBHa h 
Haj3HanajHHja cnpoBHHa je  norojHa 
3a je^HHHcame eKBHBajeHTHor 
npoH3Boja

1.35

OBjamheHH eHepreTcKH caBeTHHK je  jH je  ($ h3hhko h jh  npaBHo) Koje je  oBjamheHo 3a 
cnpoBo^erne eHepreTCKHx nperjega y cKjagy ca ojpej6aM a 3aKoHa [3.2]. CBojy 
KoMneTeHjnjy oBjamheHH eHepreTcKH caBeTHHK ($ h3hhko jH je) joKa3yje jHjeHjoM Kojy 
H3jaje oBjamheHa HHcmTyjHja (MHHHcrapcrBo pygapcTBa h eHepreTHKe). HaKoH



3 -8 npupyHHHK 3a o6yKy eHepreTcKHx MeHa^epa 3a o6jacT HHgycTpnjcKe eHepreTHKe

H3BpmeHor eHepreTcKor nperjega. eHepreTcKH caBeTHHK npnnpeMa H3BemTaj o 
eHepreTcKoM nperjegy Kojn gocraB^a o6Be3HHKy cncreMa h jh  gpyroM HapynHo^y 
eHepreTcKor nperjega. H3BemTaj ce. Ha 3axTeB. gocraB^a Ha yBHg MHHHcrapcrBy 
Hagje^HoM 3a nocjoBe eHepreTHKe. OBaj H3BemTaj nopeg eHepreTcKor 6ujaHca h 
aHajH3e eHepreTcKe e^HKacHocra nocrpojefta. o^ hocho o6jeKTa cagp^H h TexHo- 
eKoHoMcKy aHajH3y MoryhHocTH noBehaaa eHepreTcKor creneHa kophchocth. o^ hocho 
MoryhHocTH no6o^m a& a eHepreTcKHx cBojcraBa o6jeKTa. H3BemTaj o eHepreTcKoM 
nperjegy o6aBe3Ho Tpe6a ga cagp^H 3aBpmHo crpyHHo MHm^eae Koje yK^ynyje 
npegjor Mepa Koje je  noTpe6Ho cnpoBecrn ga 6h ce ocraapHjo yHanpe^efte eHepreTcKe 
e^HKacHocrn.
MeTogojornjy 3a cnpoBo^eae eHepreTcKor nperjega 6jH *e nponncyje Hagje^Ho 
MHHHcrapcrBo.
06Be3HH^H CEM-a. npHBpegHa gpymTBa. av* ™  cy ga cnpoBegy eHepreTcKH nperjeg  
HajMaae jegHoM y neT rogHHa. o^ hocho jegHoM y geceT roguHa 3a o6Be3HHKe cncreMa H3 
HjaHa 16. TanKa 4) 3aKoHa o e^HKacHoM Kopnmhefty eHeprnje. a to cy: opraHH gp^aBHe 
ynpaBe h gpyrn opraHH Pen6yjHKe Cp6nje. opraHH ayToHoMHe noKpajHHe h jaBHe c jy * 6 e  
Koje Kopncre o6jeKTe y jaBHoj cboJhhh. noMeHyra o6Be3HH^H cncreMa H3 jaBHor ceKTopa 
gy®HH cy ga jegHoM y geceT roguHa cnpoBegy eHepreTcKH nperjeg  Ha o6jeKTHMa ca 
noBpmHHoM BehoM og 500 m2.

3.2.1 eHepreTCKor npenroga
EHepreTcKH nperjeg  je  K^ynHH KopaK y CEM-y 6ygyhn ga je  cnpoBo^eae eHepreTcKor 
nperjega pagu yTBp^HBafta noja3He ocHoBe jegaH og npBHx KopaKa Kog HMnjeMeHTa^nje 
CEM-a.
HaKo ce yKynHa noTpomaa eHeprnje Ha nocMaTpaHoj joKa^HjH Mo*e jaKo ca3HaTH. 
eHepreTcKH tokobh 3a nocMarpaHo 6ujaHcHo n o ^e  h jh  eHepreTcKa e^HKacHocr 
pa3jHHHTHx onepa^nja He Mory ce jegHocraBHo npo^eHHra. a oBe HH^opMa^nje cy og 
3Hanaja 3a yTBp^HBafte MoryhHocTH yHanpe^efta eHepreTcKe e^HKacHocra.
EHepreTcKHM nperjegoM Mory ce:

• npo^eHHTH kojhkh cy TpomKoBH 3a eHeprajy h Kojn je  ftHxoB ygeo y yKynHHM 
TpomKoBHMa npoH3Bogfte;

• yTBpgHTH ^HHaHcnjcKH h TexHHHKH H3Bog^HBe on^nje 3a cM afteae Kopnmheaa 
eHeprnje;

• yTBpgHTH Moryhn HanHHH no6o^m a& a ^pogvKraBHOcra HHTepBeH^njaMa y 
nogpynjHMa Koja HHcy gnpeKTHo noBe3aHa ca noTpomaoM eHeprnje. Kao mTo cy 
6o^e  ncKopnmhefte pagHe cHare. cMafteae oTnaga y cnpoBHHaMa. no6o^maH 
KBajHTeT npoH3Boga.

Tpe6a HMaTH y BHgy ga nocrojn HeKojHKo „HHBoa” eHepreTCKHx nperjega. Kojn Mory ga 
o6yxBarajy jegHocraBHy h jh  geTa^Hy aHajH3y nogaraKa Koja je  necro nponpaheHa 
cnpoBo^eaeM noce6HHx ncnHTHBafta npoH3BogHHx npo^eca h noMohHHx cncreMa 3a 
cHa6geBaae noroHa eHepreTcKHM $jyHgHMa. BpeMe noTpe6Ho 3a cnpoBo^eae 6hjo Kor
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eHepreTcKor nperjega 3aBHcn og BejHHHHe h KoMnjeKcHocrn oHora mTo npegcraB^a 
npegMeT nperjega. a ju  npegHocr Tpe6a gaTH ceKTopHMa h jh  gejoBHMa nocrpojefta Kojn 
cy HajBehn noTpomann eHeprnje.
npHH^HnnjejHo ce pa3jHKyjy gBe Bpcre eHepreTcKHx nperjega:

• KpaTaK (npejHMHHapHH) h

• geTa^HH (gnj arHocTHHKH).

3.2.2 KpaTaK eHepreTCKH npergeg
KpaTaK eHepreTcKH nperjeg  HMa 3a ^ h^  o^eHy TpeHyTHor HHBoa noTpomae eHeprnje h 
ogroBapajyhnx TpomKoBa 3a eHepreHTe Ha ocHoBy nocrojehe goKyMema^Hje h KpaTKor 
nperjega joKa^nje/o6jeKTa. n p e g ja * y  ce Mepe Koje He 3axTeBajy y ja ra a a . oHe Koje ce 
THHy H3MeHe opraHH3agnje h HanHHa paga npoH3BogHHx ^ejHHa. Kao h npojeKTH ca 
MajHM yjaraaeM  h KpaTKHM BpeMeHoM noBpahaja HHBecTH^nje. TaKo^e. canHftaBa ce 
cnucaK Mepa Koje 3axTeBajy cpegaa h BucoKa y ja ra a a . Kao h cnucaK Mecra Koja ce 
gogaTHo Mopajy o6pagHTH y geTa^HoM eHepreTcKoM nperjegy. Akthbhocth Koje ce 
cnpoBoge y oKBHpy KpaTKor eHepreTcKor nperjega yK.^yHyjy:

HHTepBjy h npHKyn^arne nogaTaKa
Tokom H3page KpaTKor eHepreTcKor nperjega. oBjamheHH eHepreTcKH caBeTHHK Tpe6a ga 
6yge y MoryhHocrH ga npHKynn cBe noTpe6He nogaTKe. y  tom ^H^y. oh gocraB^a 
ynHTHHK h o6aB^a pa3roBop ca HH^eftepHMa. pyKoBogcTBoM. paHyHoBogcTBoM. oco6^eM 
3a ogp^aBaae h gpyrHM cjy*6eHH^HMa. KaKo 6h go6uo ogroBapajyhe HH^opMa^nje. 
Ba*HH goKyMeHTH Kojn Mopajy y oBoj $a3H 6hth npHKyn^eHH cy: cmya^HoHH njaHoBH 
noroHa (yK^yHyjyhH ToKoBe MaTepnjaja h eHepreHaTa. TexHojomKe meMe npoH3BogHHx 
noroHa h npoH3BogHHx jHHHja m g.). MecenHe 3annce o npoH3BogftH h Ha6aB^H 
eHepreHaTa. o6HMy npoH3Bogfte h yTpomKa Haj3HanajHHjHx yja3HHx cnpoBHHa.

KpaTaK npergeg noroHa/nocTpojerna Ha goKa^Hjn
06nja3aK h nperjeg  noroHa Ha joKa^njn peajH3yje ce y pejaTHBHo KpaTKoM BpeMeHcKoM 
nepuogy. Tokom o6ujacKa yTBp^yjy ce onnrjegHH H3Bopn pacnnaaa eHeprnje. Kao mTo je  
Hegocrajyha rooja^nja. ^ypeae  nape. KoMnpHMoBaHor Ba3gyxa h Boge. eBHgeHTHpajy ce 
HencnpaBHH noroHcKH HHcrpyMeHTH. yTBp^yje ce HanHH Ha Kojn ce go ogpe^eHHx ype^aja 
gonpeMa eHepreHT h jh  eHepreTcKH $ jy n g  (napa. Tonja h jh  Bpeja Boga) h gp. 3a BpeMe 
KpaTKor nperjega o6hhho ce cnpoBogu MajH 6poj jegHocraBHHx Mepeaa (Mepeae 
TeMnepaType 3arpejaHHx h jh  xja^eHHx noBpmHHa. aHajroa gHMHor raca. geTeK^nja 
Mecra ^ypeaa. HHTeH3HTeT ocBeT^eaa. HanHH paga nojegHHHx ype^aja -  kotjobh. 
KoMnpecopn. nyMne. BeHTHjaTopn HTg.).

AHagH3a nogaTaKa
•Hn^e Koje cnpoBogu KpaTaK eHepreTcKH nperjeg  cnpoBogu npejHMHHapHy aHajH3y 
eHepreTcKHx noTpe6a Ha nocMarpaHoj joKa^Hjn 3a cBaKH eHepreTcKH H3Bop (ejeKTpHHHa 
eHeprnja. ropHBo. HTg.). nopeg  Tora. oho Bpmu h npBy ajoKa^njy thx H3Bopa npeMa
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noTpomftH cBaKor ropuBa y cBaKoM cncTeMy. npuMep TaKBHx ajoKa^nja je  gaT y Ta6ejH 
3.3.

TaSe^a 3.3 AjoKa^nja eHepreTcKHx H3Bopa
E^eKTpHHHa eHeprnja ■ X ja ^ e a e  ■ TonjoTHH npo^ecn

■ BeHTHjaanja ■ KoMnpHMoBaHH Ba3gyx
■ EjeKTpoxeMHjcKH npo^ecn ■ nyMne

ropHBO ■ rp e ja a e  npocropa ■ npo^ecHa TonjoTa
■ T on ja  Boga ■ n ap a  3a KoreHepa^njy
■ npo^ecHa napa

npeg^or Mepa 3a yHanpe^eme e^HKacHocrn
Mepe 3a yHanpe^efte eHepreTcKe e^HKacHocrn ce Kjacn$HKyjy Kao:

• Mepe Koje He 3axreBajy y ja ra fta  h jh  ce pagu o yjaraftHMa HHcKor HHBoa;
• Mepe Koje 3axTeBajy y ja ra fta  cpegaer HHBoa h
• Mepe Koje 3axTeBajy KannrajHa yjarafta.

Mepe Koje He 3axTeBajy y ja ra a a  h jh  ce pagu o yjaraftHMa HHcKor HHBoa Tpe6a npBo ga 
6ygy HMnjeMeHTHpaHe Ha jegHoj joKaunjH.
Kaga ce pagu o npuMeHaMa Mepa yHanpe^efta eHepreTcKe e^HKacHocrn Koje 
nogpa3yMeBajy y ja ra fta  cpegaer HHBoa. noTpe6Ha je  geTa^HHja aHajroa. Tpe6a ga ce 
ogpege npnopHTeTH Me^y npegjo3HMa h H3pagn ^HHaHcnjcKH njaH. 3a arpaKTHBHHje 
npenopyKe. Tpe6ajo 6h cnpoBecrn geTa^aH eHepreTcKH nperjeg.
npenopyKe 3a BHcoKo-TpomKoBHe Mepe 3axreBajy BeoMa geTa^Hy npnnpeMy ca TexHHHKe 
h ^HHaHcnjcKe TanKe rjegumTa. y  obom cmhcjv. noTpe6Ho je  ga ce H3pagn geTa^Ha 
crygnja H3Bog-MBocm 3a cBaKy og Mepa Koja nogpa3yMeBa KannrajHe HHBecrH^nje.

npHnpeMa H3BemTaja h npe3eHra^nja pe3y.rraTa pyKOBogcTBy
H3BemTaj o npejHMHHapHoM eHepreTcKoM nperjegy npHKa3yje:

• onuc nocrojehe cHTya^Hje y koht^kctv noTpomae eHeprnje Ha pa3MarpaHoj 
joKa^njn;

• H3pagy eHepreTcKHx 6ujaHca 3a ge^HHHcaHe 6ujaHcHe rpaHH^e;
• H3panyHaBafte ogroBapajyhnx HHgHKaTopa Kojn yKa3yjy Ha hhbo eHepreTcKe 

e^HKacHocrn;
• npegjore Mepa 3a ymTegy Kojn cy rpynncaHH y Tpu ^ejHHe.

yo6nnajeHo je  ga H3BemTaj KpaTKor eHepreTcKor nperjega cagp^H H3Bog 3a 
pyKoBogcTBo. KparaK onuc noroHa h npaTehnx cncreMa Kojn cHa6geBajy noroHe 
eHepreTcKHM $jyHgHMa. rpa^HHKH npHKa3 yTpomKa eHepreHaTa no Mece^HMa. npHKa3 
Kopeja^nje H3Me^y o6uMa npoH3Bogfte h noTpomae eHepreHaTa. aHajH3y paga h 6ujaHc 
nojegHHHx cncreMa Kojn cHa6geBajy noroHe eHepreTcKHM $jyHgHMa. o6panyHaTe 
BpegHocTH nojegHHHx eHepreTcKHx HHgHKaTopa (Hajnemhe je  to cne^H^HHHa noTpomaa 
eHeprnje). nperjeg  h o6pa3 jo*eae  Mepa eHepreTcKe e^HKacHocrn.
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3.2.3 fleTa^aH eHepreTCKH npenrog
^eTa^aH eHepreTcKH nperjeg  npegcraB^a cjo*eHHjy crygHjy h c jegu  h^koh KpaTKor 
eHepreTcKor nperjega.
^eTa^aH eHepreTcKH nperjeg  o6yxBara cjegehe ocHoBHe $a3e:

• njaHHpaae;
• BH3yejHH nperjeg  h yno3HaBaae ca npo^ecoM;
• npHKyn^afte ochobhhx nogaTaKa noMohy craHgapgH3oBaHor ynHTHHKa;
• Mepeaa;
• aHajH3a nogaTaKa;
• BpegHoBaae nogaTaKa. H3paga npegjora  h
• $opMyjHcafte njaHa ^kthbho cth npaheaa h H3BemTaBa&a.

CymTHHcKH. pa3jHKa H3Me^y KpaTKor h geTa^Hor eHepreTcKor nperjega o rjeg a  ce y 
BpeMeHy Tpajaaa h y geTa^Hocrn npHKyn^eHHx nogaraKa. H3pagn eHepreTcKHx 6ujaHca 
no nojegHHHM jegHHH^aMa. Kao h y cnpoBo^efty geTa^HHjnx h gyroTpajHHjHx Mepeaa Ha 
oga6paHHM MecTHMa. M ecra Ha KojHMa he ce cnpoBecm geTa^Ha Mepeaa cy Hajnemhe 
ge^HHHcaHa y npejHMHHapHoM eHepreTcKoM nperjegy. To cy Mecra Ha KojHMa je  y 
KpaTKoM eHepreTcKoM nperjegy npeno3HaT 3HanajaH noTeH^njaj 3a yHanpe^efte 
eHepreTcKe e^HKacHocrn. a ga 6h ce TexHHHKH pa3pagnjo pem eae HeonxogHo je 
npn6aBHTH peajHe nogaTKe Kao nogjore  3a npojeKToBafte.

3.3 nPHBAB^A&E H OEPA^A nO^ATAKA
K^yHHH KopaK Kog cBaKor eHepreTcKor nperjega je  npn6aB^afte nogaraKa h peajH3yje 
ce noMohy craHgapgH3oBaHor ynHTHHKa. OBaj ynHTHHK ce cacrojn H3 cjegehnx gejoBa:

• onmTH noga^n;
• noga^H o cncreMy eHepreTcKor MeHauMeHTa;
• HH^opMa^nje o noTpomftH eHepreHara;
• noga^H o o6HMy npoH3Bogfte h nporoBogHHM cncreMHMa;
• noga^H o TexHHHKHM cncreMHMa Kojn o^CJv*vjy npoH3BogHe noroHe;
• noga^H o o6jeKTHMa y h BaH npoH3BogHor npo^eca.

nepuog 3a Kojn ce npHKyn^ajy noga^H o noTpom^H eHepreHaTa h o6HMy npoH3Bogfte je  
Hajnemhe 36 Mece^H (3 rogHHe). Ha oBaj h^hhh ce o6yxBaTajy gemaBaaa Koja ocjHKaBajy 
peajHo c ra a e  crBapn y norjegy  HanHHa Kopnmheaa eHeprnje y KoMnaHHjH. PanyHH o 
HcnopyneHHM eHepreHTHMa Ha nocMarpaHoj joKa^Hjn npegcraB^ajy BeoMa Ba^aH. ajH 
noHeKag h jegHHH H3Bop HH^opMa^Hja o kojhhhhh yTpomeHHx eHepreHaTa. Me^yTHM. 3a 
npahefte noTpomae y oKBHpy cncreMa eHepreTcKor MeHauMeHTa obo HHje go6ap h^hhh. 
nepuog y KojeM ce Bpmu onHTaBafte ca Mepana Kojn c jy * e  3a o6panyH yTpomeHor 
eHepreHTa yo6HnajeHo Tpaje og 15 go 30 gaHa. 3aro ce nponopynyje ga ce npaheae 
noTpomae eHepreHaTa o6aB^a nyTeM cncreMa ayToMarcKor Mepeaa (ejeKTpHHHe 
eHeprnje h to yTpomeHe aKTHBHe eHeprnje. peaKTHBHe cHare h MaKcHMajHo aHra^oBaHe
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cHare. npupogHor raca h jh  gpyre Bpcre ropHBa. Kao h Boge Koja ce kophcth y 
TexHojomKoM npo^ecy). y  oKBHpy oBor cncreMa ayTOMaTCKo onHTaBafte Mo*e 6hth 
nogemeHo Ha nacoBHoM HHBoy. jegHoM y oKBHpy cMeHe. Ha gaH h jh  jegHoM y Hege^y 
gaHa. npegHocr npaheaa eHepreTcKHx ToKoBa Ha nacoBHoM HHBoy oMoryhaBa ga ce 
npaBoBpeMeHo pearyje Ha cBe eBeHTyajHe crnya^Hje y ToKy npoH3BogHor npo^eca Koje 
Mory y3poKoBarn 3HanajHo noBehaae noTpomae eHepraje h jh  Boge.
^ a  6h pe3yjTaTH eHepreTcKor nperjega 6h jh  ynoTpe6^HBH. HeonxogHo je  ga noga^H 
6ygy oneparaBHH h ga peajHo ocjHKaBajy noTpomay eHepreHara. npHKyn^afte 
nogaraKa cjo^eHHjHM MepeftHMa Tpe6a BpmHTH caMo y cjynajy Kaga He nocrojn 
HHjegaH gpyra h^hhh 3a npn6aB^afte pejeBaHTHHx nogaTaKa.
noga^H npHKyn^eHH tokom eHepreTcKor nperjega Tpe6a ga 6ygy aHajH3HpaHH TaKo ga 
o6e36ege nogecHe ajaTe 3a o^eHy MoryhHocrH yHanpe^efta eHepreTcKe e^HKacHocra. 
noTpom rna eHeprnje y 3aBHCHOCTH og BpeMeHa. flnjarpaMH eHepreTcKor onrepehefta y 
ogHocy Ha BpeMe npegcraB^ajy gparo^eH ajaT 3a aHajH3y. Ohh o6e36e^yjy gnpeKTHe 
HH^opMa^nje h go3Bo^aBajy ga ce ycraHoBe noneTHe npo^eHe o HanHHy Ha Kojn ce 
eHepraja kophcth y pa3HHM ceKTopHMa h jh  npo^ecHMa. y  npHH^Hny. yo6HnajeHH 
gnjarpaMH eHepreTcKor onrepehefta y ogHocy Ha BpeMe Kojn ce Kopncre cy:

• noTpomaa ejeKTpHHHe eHeprnje Ha nacoBHoM. gHeBHoM h jh  MecenHoM HHBoy;
• MecenHa noTpomaa eHeprnje Koja ce go6nja H3 eHepreHaTa h jh  KojHHHHa 

TonjoTe.
CTpyKTypa noTpomme eHeprnje Ha rognmmeM HHBoy. npopaHyHcKH Tpe6a ga ce 
H3Bege KyMyjaTHBHa cTpyKTypa noTpomae eHeprnje 3a cBaKy bpctv ropHBa y 
3aj egHHHKHM jegHHH^aMa (Hnp. kWh). y o6jHKy Ta6eje h jh  rpa^HHKor npHKa3a. CjHHHe 
rpa^HKoHe Tpe6a canHHHTH 3a ajoKa^njy TpomKoBa 3a cb^kh o6jhk  eHepraje Kojn ce 
Hcnopynyje.
Cne^H^HHHa noTpomma eHeprnje. rg e  rog je  to Moryhe. Tpe6a H3paHyHaTH 
cne^H$HHHy noTpomay eHeprnje (CnE) 3a npo^ece. Tj. yTpomeHy eHeprnjy no jegHHH^H 
npoH3Boga. HaKoH H3paHyHaBafta cne^H^HHHe noTpomae eHepraje. necro ce Mory 
ynopegHTH pe3yjTara ca craHgapgHMa Kojn ce ogHoce Ha cjHHHe cncreMe. Tpe6a ga^e  
HcnHTaTH cBaKy BpegHocr cne^H^HHHe noTpomae eHeprnje Koja ce y Behoj Mepu 
pa3jHKyje og nocrojehnx craHgapga jep  ce Ha thm MecraMa Mory ocTBapHTH yHanpe^efta 
eHepreTcKe e^HKacHocra. KoHanHo. Kopeja^nja H3Me^y eHeprnje h cne^H^HHHe 
noTpomae eHeprnje no jegHHH^H npoH3Boga Mo*e ga noKa^e BpegHe pe3yjTare y Be3H 
ca eHepreTCKoM e$HKacHomhy h eHepreTcKHM vhhhkom pa3HHx npo^eca. 
npHMepn pa3jHHHTHx HaHHHa npHKa3a nogaTaKa gar je  Ha cjHKaMa 3.2 go 3.10.
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C^HKa 3.2 npHKa3 ynopegHe noTpomae cnpoBHHa Ha rognmaeM  HHBoy

C^HKa 3.3 XHcrorpaMcKH npHKa3 MecenHe noTpomae e j. eHeprnje
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C^HKa 3.4 ynopegHH npHKa3 MecenHe noTpomae e j. eHeprnje y nepuogy og 3 y3acronHe
rogHHe

C^HKa 3.5 ynopegHH npHKa3 ^kthbho yTpomeHe ejeKTpHHHe eHeprnje h MaKcHMajHo
aHra^oBaHe cHare no Mece^HMa
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C^HKa 3.8 ygeo nojegHHHx eHepreHaTa y yKynHHM TopmKoBHMa

C^HKa 3.9 n o p e^eae  TpomKoBa 3a nojegHHe Bpcre eHepreHaTa no rogHHaMa
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CjHKa 3.10 ^HjarpaM KyMyjaTHBHHx pa3JHKa

3.4 ynOPE^HA CTATHCTHKA
Cne^H^HHHa noTpomaa eHeprnje npejcraB ^a HHjHKaTop Kojn je  norogaH 3a nope^eae 
HHjycrpHjcKHx KoMnaHHja y jejHoj 6paHmn. ynopejH a craTHcrHKa (eHrj. benchmarking) 
ja je  MoryhHocr KBaHTH^HKa^nje noTeH^njaja 3a yHanpe^efte. Ha cjh^ h 3.11 gaT je  
jjjarpaM  Kojn roBopu o aKTHBHocrn jejH e opraHroa^nje Koja je  npegy3eja KopaKe Ka 
yHanpe^efty eHepreTcKe e^HKacHocrn nopejehn ce ca Haj6o^HMa y cBojoj 6paHmu. 
Ochobhh KopaK je  je^HHHcaae noja3Hor c ra a a  (cnpoBo^eaeM eHepreTcKor nperjega) h 
je^HHHcafte ojroBapajyhnx HHjHKaTopa Kojn Mory nocjy®HTH 3a nope^eae ca jpyrHMa 
y cjhhhom oKpy*eay (6paHmn). y  KoHKpeTHoM cjynajy, KoMnaHHja je  npeno3Haja 
3HanajHy pa3jHKy y BpejHocm cne^H^HHHe noTpomae eHeprnje nopejehn ce ca 
KoMnaHHjoM Koja je  Bogeha y 6paHmu. ^e^HHHcaHe cy Mepe Koje 6h Morje ga. y 
ojpe^eHoM BpeMeHcKoM nepnojy, joB ejy  go yHanpe^efta eHepreTcKe e^HKacHocm, mTo 
je  h noTBp^eHo nepMaHeHTHHM npaheaeM h MepeaeM nocrnrHyTHx e^eKaTa yHanpe^efta 
(kohthh^ajHo cM aaeae cne^H^HHHe noTpomae eHeprnje). KoHanHo, gom jo je  go 
H3jejHanaBafta ca nep^opMaHcoM Haj6o^e KoMnaHHje y 6paHmu. ynopejH a cTaTHcTHKa 
je  BeoMa KopucTaH ajaT Kaga je  pen o kohthh^^jhom yHanpe^HBafty h Mo*e 
npejcTaB^aTH ojjnnaH  cTHMyjaHc 3a HMnjeMeHTa^njy Mepa yHanpe^efta c o63upoM ga 
ja je  MoryhHocT KBamH^HKa^Hje e^eKaTa npHMefteHHx Mepa EE.
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2. YnopeziHa CTaTHCTHKa 
nozicTHHe yneH>e H3

CTHMyjiaHC 3a
floj]a3HO CTan.e

3. YnopejiHa CTaTHCTHKa je  
KopHCTaH ajiaT 3a oueHy 

ycneuiH O C T H  y 

aKTHBHOCTHMa Ha

no6ojbii]aH>y EE
1. Y n o p e a H a  c t3t h c t h k 3

4. ynopeAHa
CTaTHCTHKa oap>KaBa

KUH iMHyaJIHO
npHMepa Haj6ojbe npaKce yHanpelieH>e EE

Pa3JTMKa

HjteHTHđ)HKyie noTeHUHjaji
3a yHanpencH>e EE

Bpeivie

CaHKa 3.11 npHMep HMnneMema^Hje ynopegHe CTaTHCTHKe [3.5]

^HTepaTypa
[3 .1 ] JaHKec, r . ,  O raM eH nh , M ., u  g p .: npnpyH H H K  3a n o 6 o ^ m a a e  eHepreTCKe e^HKacHOCTH 

h  pa^H O H anH y y n o T p e 6 y  e H e p rn je  y  HHgyCTpnj h , HHOBa^HOHH ^ e m ra p  M am H H C K or 

^aK ynT eT a y  B e o rp a g y , B e o rp a g , 2 0 0 9 .

[3 .2 ] 3aKOH o  e^HKaCHOM K o p n m h e m y  e H e p ra je , C n . rnaCHHK P C , 6p . 2 5 /1 3

[3 .3 ] E N  1 6 2 4 7 -1 :2 0 1 2  E n e rg y  a u d its  - P a r t  1: G e n e ra l  r e q u ire m e n ts

[3 .4 ] E N  1 6 2 4 7 -3 :2 0 1 4  E n e rg y  a u d its  - P a r t  3: P ro c e s s e s

[3 .5 ] E N  1 6 2 3 1 :2 0 1 2  E n e rg y  e ff ic ie n c y  b e n c h m a rk in g  m e th o d o lo g y

nmaM>a
1. HaBeCTH ge$HHH^njy eHepreTCKe e^HKaCHOCTH npeMa 3aKOHy o e^HKaCHOM 

Kopnmherny eHepnrje?
2. Koje Cy Hajnemhe KopnmheHH HHgHKaTopn 3a o^eHy eHepreTCKe e^HKaCHOCTH?
3. ffira  je  Cne^H^HHHa noCTpomma eHeprnje?
4. KaKO Ce panyHa Cne^H^HHHa noTpomma eHeprnje Kaga noCTojn Behn 6poj yna3HHx 

eHepreHaTa, h Behn 6poj pa3HHHHTHx npoH3Boga?
5. Ha Kojn HanHH Ce gona3H go BpegHOCTH eKBHBaneHTHor npoH3Boga?
6. ffira  je  eHepreTCKH nperneg?
7. ffira  je  ^ h^  eHepreTCKor npernega?
8. Koje BpCTe eHepreTCKHx npernega noCroje? Koja je  OCHOBHa pa3HHKa H3Me^y 

pa3HHHHTHx BpCTa eHepreTCKHx npernega?
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9. Kojn cy ochobhh Kopagn koj cnpoBo^erna eHepreTCKor nperaega?
10. HaBecrH nepuog 3a Kojn ce npHKyn^ajy noga^H o noTpomftH eHepreHara h o 

o6HMy npoH3Bogrne?
11. Koj a je  npegHocr npaherna eHepreTCKHx ToKoBa?
12. ffira  je  to ynopegHa craTHCTHKa?
13. Koj a je  kophct og ynopegHe CTaTHCTHKe?





4. n.AM n n n  n P H K A 3 H B A ftA  n o T P o m f t E  e h e p t h j e

CpSnc^aB TeHHh

npo^ec npoH3Bogae o6yxBaTa KOMnneKCHy TpaHC$opMa^njy yna3HHx y H3na3He 
BenHHHHe y OKBHpy npou3BogHor nocrpojefta. nocro je  r p n  ocHOBHa THna yna3HHx 
BenHHHHa y npo^ec npoH3Bogae: MaTepnjan (cnpoBHHa), eHeprnja h ocranH ^aKropn 
(3Ha&e h HH^opMaanje, HOBa ,̂ TexHonomKa onpeMa m g.). H3na3He BenHHHHe H3 
nporoBogHor npo^eca cy: ochobhh (npHMapHH) nporoBogn h HycnpoH3Bogn
(ceKyHgapHH), ry6n^H MarepHjana (hbpcth, TenHH h racoBHTH OTnag), ry6n^H eHeprnje 
(gncHna^nja eHeprnje), Kao h ocTann ^aKTopn.
TexHOHomKH npo^ec (nocTynaK) hhhh hh3 TexHonomKHx onepa^nja (t3b. ocHOBHe 
onepa^nje) HeonxogHHx ga ce og cnpoBHHe go6nje ^HHanHH npou3Bog y3 ocTBapHBame 
eKOHOMCKHx h gpymTBeHHx ^H^eBa. TexHonomKe onepa^Hje o6aB^ajy ce noMohy 
TexHOHomKHx ype^aja Kojn ce Mory rpy6o nogenHTH Ha 0CH0BHy h noMohHy onpeMy. 
OcHOBHa onpeMa, y Kojy cnagajy anapara h MamHHe, nogpa3yMeBa ype^aje noMofry Kojnx 
ce ocTBapyjy ogpe^eHe TexHonornKe onepa^nje. nopeg  ocHOBHe onpeMe y cno^eHa 
nocTpojema yrpa^yjy ce eneMemH Kojn, no ge^HHH^Hjn, He cnagajy y anapaTe h MamHHe. 
TaKBH eneMeHTH ce Ha3HBajy noMofrHH ype^ajn hhh noMofrHa onpeMa. noMofrHa onpeMa 
o6e36e^yje ucnpaBHO h noy3gaHO $yHK^HOHHcame CHCTeMa Kao ^enHHe h meroBHx 
nojegHHanHHx eneMeHaTa (MepHa, peryna^HOHa h curypHOCHa onpeMa HTg.).
AnapaTH npnnagajy rpynu ype^aja y KojHMa ce 0CTBapyjy ogpe^eHe TexHonomKe 
onepa^nje npBeHCTBeHO ycneg KpeTama pagHux MegnjyMa Kpo3 caM ype^aj, genoBarna 
pagHux MegnjyMa jegHHx Ha gpyre h eBemyanHe pa3MeHe eHeprnje (TonnoTe hhh 
MexaHHHKor paga).
MamuHe npegcTaB^ajy ype^aje Kojn CTanHHM KpeTarneM CBojnx CK^onoBa 3a BpeMe 
o6aB^ama onepa^nje o6e36e^yjy TpaHC$opMa^njy o6nHKa h gHMeH3Hja nona3Hor 
MaTepnjana y3 TpaHC$opMa^njy jegHor o6nHKa eHeprnje y gpyru.

4.1 onm T A  CTpyKTypA TEXHO^om Kor npo^ECA
y  ga^eM TeKCTy pa3MaTpafre ce TexHonomKH npo^ecn y o6nacTHMa:

• npo^ecHor HH^ernepcTBa -  TexHonomKH nocTyn^H y HHgycTpnjaMa nporoBogrne h 
npepage xpaHe h nufra, Ha$Te, xeMHjcKHx h $apMa^eyTCKHx npou3Boga, HTg.

• MamHHCKor HH^ernepcTBa -  TexHonomKH nocTyn^H npoH3Bogrne ype^aja, 
CKHonoBa h eneMeHaTa ype^aja.

OcHOBHe KOMnoHeHTe THnHHHor TexHOHomKor nocTynKa npHKa3aHe cy Ha chh^ h 4.1. 
CBaKH 6hok npegcTaB^a $a3y y CBeyKynHOM npo^ecy noTpe6HOM 3a npoH3Bogmy, npu 
neMy HHcy CBe $a3e HeonxogHe y CBaKoj bpcth npoH3Bogme, a cno^eHOcr CBaKe og $a3a
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3HBHCH og npupoge TexHonomKor npo^eca. y  TOKy CBor paga HH^ernepn ce 6aBe H36opoM 
h pacnopegoM $a3a h ochobhhx onepa^nja, Kao h H36opoM, cne^H^HKa^njoM, 
KOHcrpyHcameM h ogp^aBarneM noTpe6He TexHonomKe onpeMe.

Ha6aBKa

®a3a 1

Oa3a 2

Oa3a 3

®a3a 4

Oa3a 5

®a3a 6

Pe^HKna*a

HycnpoH3Bogn
OTnag

HycnpoH3BogH
OTnag

npogaja

C^HKa 4.1 OnmTa crpyKTypa TexHonomKor nocrynKa

©a3a 1 CK^agnmTerne cupoBUHa
npoH3BogHH nocrynaK nonHme Ha6aBKoM hhh goTypoM cnpoBHHa (penpoMarepHjana) 
Koje ce cMemTajy y cKnagnmTa npe ynoTpe6e. CKHagnmTerne HMa $yHK^njy 6anaHcHparna 
Hecpa3MepHocrn H3Me^y npHHHBa cnpoBHHa (yK^ynyjyhH h npeKHge y cHa6geBarny) h 
gHHaMHKe npoH3Bogrne. noTpe6e h KapaKTepncTHKe cKHagnmTerna 3aBHce og npupoge 
(cBojcraBa) cnpoBHHa, HanHHa ucnopyKe, noTpe6HHx ycnoBa 3a cKHagnmTeme, Kao h
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rapaH^nja KoHTHHyHTeTa ucnopyKe. CnpoBHHe ce Mory KynoBaTH og gpyror npaBHor 
HH^a h gonpeMaTH ^eBoBogHMa hhh npeBo3HHM cpegcraBHMa, aan ce Mory go6aB.MTH h 
h3 cycegHor nocrpojefta yHyTap ncror $a6pHHKor KoMnaeKca noMofry ^eBoBoga hhh 
cpegcraBa yHyTpamaer TpaHcnopTa.
BeaHHHHa h THn cKHagnmHor npocropa 3aBHce og HaaHHa goTypa cnpoBHHa. Hnp. y 
cayaajy 6pogcKor TpaHcnopTa noTpe6Ho je  ga cKaagnmHH npocrop Mo*e ga npHMH 
cnpoBHHe noTpe6He 3a pag nocrpojeaa og HeKoaHKo Mece^H, goK ce 3a gpyMcKH hhh 
* eae3HHHKH TpaHcnopT Kopncre ce no npaBHay Ma&a cKaagnmTa Koja o6e36e^yjy 3aanxe 
3a HeKoaHKo Hege^a. Ako ce cnpoBHHe ncnopynyjy Kao HHTepMegnjapHH npoH3Bog H3 
cycegHor nocrpojeaa, noTpe6a ftnxoBor 3agp*aBafta H3Me^y nocrpojefta h3hoch og 
HeKoaHKo caTH go HeKoaHKo gaHa.

©a3a 2 npunpeM a cnpoBHHa
Pagn npunpeMe 3a TexHoaomKe onepa^nje cnpoBHHe ce nogBpraBajy ^H3HHKo-xeMHj ckhm 
TpaHc^opMa^njaMa, Kao mTo cy:

• npennmfraBafte -  H3gBajaae He^e^eHe HBpcre $a3e H3 $aynga hhh H3gBajaae 
KpynHe ^paK^nje npu ropagn MaaTepa y 3HgapcTBy;

• TepMHHKH TpeTMaH -  3arpeBafte pagn crepHnroa^Hje hhh ncnapaBaae TeaHe 
cnpoBHHe npe yBo^eaa y racHe peaKTope;

• ycHTftaBafte -  gp o 6 ^eae , MaeBeae;
• HHmfreae -  yKaa&afte p^e ca MeTaaHHx noBpmHHa hhh npaae  chpobhx naogoBa 

3a HHgycrpnje npoH3Bogae xpaHe h nufra;
• copTHpaae -  npeMa KBaaHTeTy naoga cnpoBH nnogoBH ynyfryjy ce Ha pa3HHHHTe 

TexHoaomKe nocrynKe (Hnp. HajKBaaHTeTHHja m^HBa ce cymu, a m^HBa aom njer 
KBaaHTeTa uge 3a npoH3Bogay paKHje hhh neKMe3a).

Ha npHMep, a^eraaeH (C2H2) ce Mo*e go6mH xngpoaH3oM Kaa^HjyM-Kap6nga (peaK^njy 
je  oTKpuo ®pngpHx Boaep 1862. rogHHe)
CaC^ + 2H2O ^  Ca(OH)2 + C2H2
Ako je  Ha6aB^eHa cnpoBHHa oBaKo npou3BegeH a^eTHaeH, no3HaTo je  ga Mo*e ga 
cagp^H apceHHHHa h cyMnopHa jegH fteaa, Kao h gpyre HenHcrofre Koje ce Mopajy 
yKaoHHTH npe ynoTpe6e a^eTHaeHa y HeKoj peaKanjH hhh onepa^Hjn. To ce o6aB^a 
TpeTMaHoM KoH^eHTpncaHoM cyMnopHoM KHceaHHoM (hhh HeKHM gpyrHM nocrynKoM), 
HHMe ce go6nja ^ obo^ ho hhct a^eTHaeH 3a peaKanjy ca Hnp. cohom KHceaHHoM pagu 
npoH3Bogae gnxaopeTaHa.

©a3a 3 MjBpiiicii.c T|)aiic<|)<)|)\ianii,ja

n o g  H3BpmeaeM TpaHc^opMa^nje nogpa3yMeBa ce npoMeHa $H3HHKo-xeMHjcKHx 
KapaKTepncTHKa npnnpeM^eHe cnpoBHHe ($H3HHKor o6aHKa, xeMHjcKor cacTaBa HTg.). y  
nHTa&y je  jegHa hhh hh3 TexHoaomKHx onepaanja o6page cnpoBHHe Koje HHHe 
TexHoaomKH npo^ec (nocTynaK).
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y  MamHHcKoj HHgycTpnjH cnpoBoge ce ocHoBHe TexHonomKe onepagnje Kao mTo cy 
HHBeae, npecoBaae, caBHjaae, H3BHanefte, rnogafte, peHgncaae, pe3aae, 6ym eae, 
6pym eae, ceneae, npo6Hja&e, 3aBapHBaae, geM^erne, gen^erne HTg. 
y  npo^ecHoj HHgycTpnjH ocHoBHa TexHonomKa onepa^nja Koja HMa 3a ^ h^  npoMeHy 
xeMHjcKor cacTaBa Ha3HBa ce peaKgnja (xeMHjcKa hhh 6noxeMHjcKa). Pagu aeH or 
ogBHjafta, cnpoBHHe (y xeMHjcKoj HHgycTpnjH Ha3HBajy ce peaKTaHTH) ce y noTpe^HHM 
KonHHHHaMa goBoge y koht^kt nog KoHTponHcaHHM ycnoBHMa TaKo ga $opMHpajy 
^e^eHH npou3Bog. y  3aBHcHocTH og Tuna h ycnoBa nog KojHMa ce ogBHjajy peaK^nje 
go6nja ce, nopeg ^HHagHor npoH3Boga, h hh3 HycnpoH3Boga h He*e^eHHx jegH fteaa 
(HeHHcrofra).

©a3a 4 H3gBajarne h iipfmiiihaitaiMC npou3Boga
OBa $a3a, Koja je  KapaKTepncTHHHa 3a npo^ecHy HHgycTpnjy, oMoryfraBa ga ce npoH3Bogn 
h HycnpoH3Bogn ogBajajy jegHH og gpyrnx, Kao h og HeH3pearoBaHHx cnpoBHHa h 
HeHHcrofra. Ako hx HMa y goBo^Hoj kohhhhhh, HeH3pearoBaHe cnpoBHHe ce pe^HKgnpajy 
h Bpafrajy y npo^ec: gupeKTHo y peaKTop hhh y $a3y npunpeMe. Ako ce nporoBoge y 
eKoHoMcKHM KoHHHHHaMa, HycnpoH3BogH ce TaKo^e Mory nogBprHyTH npeHHmfraBa&y 
pagu npogaje.

©a3a 5 riofio. i>maM>c KapaKTepucTUKa npoH3Boga
n p e  H3Homeaa npoH3Boga Ha Tp^nmTe pagu npogaje, raaBHH npoH3Bog o6hhho je 
noTpe6Ho gogarao TpeTHparn pagu 3agoBo.^ema cne^H^HKa^nje nporoBoga Koja y HeKHM 
cHynajeBHMa Mo*e 6hth nponucaHa craHgapgHMa. 
y  npo^ecHHM HHgycTpHjaMa y nHTa&y cy:

• H3gBajaae HenncTofra; Hnp. H3 pa^HHHcaHor anKoxona H3gBajajy ce aggexngH, 
KeTOHH, BHmn agKoxogH, MeTaHog n rg .;

• gogaBaae agHTHBa y MoTopHa ropHBa, MoTopHa h gpyra y ^ a , Kao h MHoru gpyrn 
nocryn^H.

y  MamHHcKoj HHgycrpHjH y nHTarny je  3amTHTa og Kopo3Hje (gaKHpame, eMajgnpame, 
^HHKoBarne, ragBaHH3a^nja, ...), hhh H3MeHa crpyKType hhjh je  ^ h^  go6njame 6o^ hx 
KapaKTepHCTHKa npoH3Boga (Ka^erne, ^eperne, oTnymTame, HopMagroa^nja,
^HjaHH3a^nja, ^eMeHTa^nja, cHHTepoBame, ...).

©a3a 6 CKgagnmTeme h naKOBame npoH3Boga
^HHaMHKa gHcrpH6y^Hje (npogaje) roToBor npoH3Boga fre, y onmTeM cgynajy, 6hth 
pa3HHHHTa og gHHaMHKe npoH3Bogme. 36or Tora je  HeonxogHo ga ce ^HHagHH nporoBog 
cKgagnmTH h nyBa nog KornpogHcaHHM ycgoBHMa, ga He 6h H3ry6no cBoje HeonxogHe 
KapaKTepHCTHKe.
npupoga ^HHagHor npoH3Boga yTHne Ha h^hhh meroBor naKoBarna. TaKo^e, h^hhh 
naKoBama 3aBHcn h og Bpcre TpaHcnopTa Koja ce npHMernyje. Hnp. TeHHocrn ce o6hhho 
naKyjy y ^game, 6arae, 6ypag, pe3epBoape HTg., goK ce HBpcrn MaTepnjag naKyje y Bpefre, 
KyTHje hhh ce 6agnpa.
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nOMO&HH npOHCCM
nopeg rnaBHHx $a3a npo^eca npHKa3aHHx Ha chh^ h 4.1, nocTojn u  ^eo hh3 noMohHHx 
npo^eca Kojn yK^ynyjy npe CBera CHa6geBame eHepreTCKHM pecypcuMa noTpe^HHM 3a 
TexHOHomKH npo^ec: npoH3Bogma h gHCTpn6y^Hja BogeHe nape, npo^ecHe Boge, Boge 3a 
xra^erne, KOMnpHMOBaHor Ba3gyxa, eneKipHHHe eHeprnje HTg. TaKO^e, y noMofme 
npo^ece yK^ynyjy ce h ogp^aBame nocTpojerna, nocnoBH 3amTHTe og no^apa, TexHHHKe 
eKcnepTH3e pagu yTBp^HBarna hhh goKa3HBama KapaKTepncTHKa $HHanHHx npou3Boga h 
Me^y npou3Boga, Mepema yTpomeHHx pecypca (MaTepnjana, eHeprnje) HTg.
H eno^e^H e cyncraH^e ogBajajy ce og MaTepnjana y pa3HHHHTHM $a3aMa TexHonomKor 
nocTynKa. MaTepnjan Kojn ce MO*e noHOBO ynoTpe6HTH hhh pe^HKrnpaTH, npHBpeMeHO 
ce CKaagnmTH h Bpaha y npoH3BogHH npo^ec, a He^e^eHH MaTepnjan TpeTHpa ce Kao 
OTnag. OTnag (nojaB^yje ce y cbhm arperaTHHM CTamHMa) ce Mopa npnnpeMHTH 3a 
ogroBapajyhe ognarame hhh ncnymTame y OKpy*eme, npu neMy ce Bogu panyHa o 
nponncHMa Kojn ce ogHOce Ha go3BO^eHO 3ara^erne OKOHHHe.

4.1.1 KoHTpo^a h ynpaB ^am e npouecHMa
Ochobhh ^H^eBH ynpaB.Mrna TexHonomKHM npo^ecHMa Be3aHH cy 3a npou3BogHOCT h 
6e36egHOCT nocrpojerna h y o6a cnynaja ochobhh 3agaTaK je  ogp^aBame npo^ecHHx 
npoMeH^HBHx yHyTap *e^eHHx orpaHHnerna.
Be36egaH pag nocTpojema nogpa3yMeBa:

• geTeKTOBame onacHHx cmya^Hja (Kaga ce OHe nojaBe h pa3BHjajy);
• y36ymHBame (anapMHparne) oco6^a Koje Hag3upe npoH3Bogmy, Kao h gpyrux 

3aHHTepecoBaHHx HHHHna^a 6e36egHOCHor cucTeMa (BaTporac^H rng.);
• o6e36e^HBarne 6noKaga pagu cnpenaBama HeucnpaBHor paga nocrpojema, 

yK^ynyjyhH h ayTOMaTCKO HCK^ynHBarne cncreMa.
Ogp^aBame npoH3BogHOCTH nogpa3yMeBa:

• nocrroarne h ogp^aBame 3agaror (npojeKTOBaHor) npou3BogHor Kana^meTa h 
KBanHTeT npou3Boga;

• pag npu MHHHManHHM MoryhHM onepaTHBHHM npoH3BogHHM TpomKOBHMa
yK^ynyjyhH TpomKOBe pagHe CHare, eHepreTHKe h ogp^aBama. 

y  THnHHHOM npoH3BogHOM TexH0H0mK0M nocrpojerny obh ^H^eBH nocTH®y ce 
MepernHMa npo^ecHHx h gpyrux napaMeTapa, ayTOMaTCKOM h MaHyenHOM kohtpohom, Kao 
h Ha6opaTopnjcKHM h gpyruM aHanH3aMa.

4.1.2 O chobhh nojMOBH BeTauM 3a TexHO^omKe onepaunje  y npouecHoj HHgycTpnjn
TexHOHomKe onepa^nje y npo^ecHoj HHgycTpnjH cy onepa^nje TpaHcnopTa cynciaH^Hje 
y xeieporeHHM CHCieMHMa, hhjh je  ^ h^  nocrroame ^e^eH or caciaBa y jegHoj og $a3a 
CHCieMa [4.1]. ^ kohhko ce gBe $a3e goBegy y KomaKT gona3H go cnoHTaHor TpaHcnopTa 
cynciaH^Hje (jegHe hhh Bume KOMnoHeHaTa) H3 jegHe y gpyry $a3y, npu neMy gona3H go 
npoMeHe $ h3hhkhx h/hhh xeMHjcKHx CBojcTaBa $a3a. TpaHcnopT cyncTaH^nje MO*e ce
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ogBHjaTH go TpeHyTKa gocTH3afta paBHOTe^Hor CTa&a, ogHOCHO go gocTH3afta TonnoTHe, 
MexaHHHKe h KOH^empaaHOHe paBHOTe^e H3Me^y $a3a [4.2].
®a3a je  xoMoreHa o6nacT xeTeporeHor CHCTeMa Koja ce MO*e MexaHHHKH pa3gBojHTH og 
0CTannx genoBa CHCTeMa Koje ra  CanHftaBajy. H3Me^y $a3a CHCTeMa noCTojn noBpm Koja 
Ce Ha3HBa rpaHH^a $a3a ($a3Ha rpaHH^a) h Koja npegCTaB^a rpaHH^y xoMoreHHx 
o6naCTH CHCTeMa. Ha rpaHH^H $a3a noCTojn ckokobht^ npoMeHa $ h3hhkhx h/hhh 
xeMHjCKHx CBojcraBa (cacraBa h BenHHHHa CTaaa).
nocro je  CHynajeBH Kaga $a3a HMa hcto 3Haneae Kao h arperaTHO CTaae. TpojHa TanKa 
Boge nogpa3yMeBa HCTOBpeMeHO npncycTBO Tpu arperaTHa CTaaa: HBpcro (neg), TenHO h 
racoBHTO CTaae (BogeHa napa). y  obom c^ynajy xeTeporeHH cncreM je  Tpo$a3HH. TaKO^e, 
nocroje cnynajeBH Kaga ce He Mory noHCTOBeTHTH nojMOBH $a3e h arperaTHor c raaa . 
y kohhko ce y nocygu noMemajy Boga h jecrHBO y ^ e  Ha co6hhm ycnoBHMa, nocrojn jegHO 
arperaTHO c ra a e  (TenHo) ann gBe $a3e, c o63upoM ga ce OBe gBe TenHOCTH npaKTHHHO He 
Memajy.
y  $ h3h^ h ce ge$HHHmy Tpu arperaTHa craaa: HBpcro, TenHO h racoBHTO. H3 npaKTHHHHx 
pa3Hora y TexHH^H ce npaBH pa3HHKa H3Me^y raca Ha TeMnepaTypu H3Hag h raca Ha 
TeMnepaTypu ucnog KpHTHHHe TeMnepaType. ^ kohhko ce rac Hana3H Ha TeMnepaTypu 
Hcnog KpHTHHHe Ha3HBa ce napa h OHa ce xna^efteM MO*e npeBecrn y TenHO arperaTHO 
craae .
CBaKa $a3a ce cacrojn og jegHe hhh BHme cyncraH^nja. CyncraH^nja je  o6hhk Marepnje 
ogpe^eHor xeMHjcKor cacraBa, Kojn ce cacrojH og eneMeHTapHHx Hecrn^a: MoneKyna, 
aTOMa, joHa h eneKrpoHa. nojaM cyncraH^Hje necro ce HgeHTH$HKyje ca nojMOM 
Marepnje, mTO HHje ucnpaBHO, jep  ce MaTepnja nojaB^yje y BHme pa3HHHHTHx o6nHKa, na 
cy TaKO CBeTHOCT, eneKTpH^HTeT, MarHeTH3aM, BaKyM hhh $ h3hhko no^e , MarepHjaHHe 
npupoge. CyncraH^Hja (Hnp. rao*5e, Boga, KBap^ HTg.) je  KBanHTaTHBHO h 
KBaHTHTaTHBHO ogpe^eHa CBojcTBHMa, Kao mTO cy xeMHjcKH cacraB, 6oja, rycTHHa, 
TeMnepaTypa ro n ^ e fta  h K ^ynaaa, TBpgoha rng.
y kohhko ce $a3a cacrojH og BHme KOMnoHeHTH Ha3HBa ce MemaBHHa hhh CMema. 
yo6HnajeHO je  ga ce cacraB BHmeKOMnoHeHTHe $a3e H3pa®aBa noMohy KOHHHHHa 
KOMnoHeHTH Koje je  canHftaBajy. nojaM KOMnoHeHTe je  yBegeH 36or jegHOcraBHHjer 
onHCHBaaa $a3e. y  HajBeheM 6pojy cnynajeBa KOMnoHeHTa je  jegaH xeMHjcKH eneMeHT 
hhh xeMHjcKO jegHftefte. ^renfteHH Ba3gyx ce npaKTHHHO cacrojn og gBe KOMnoHeHTe: 
a30Ta h KHceoHHKa. n p u  npoynaBaay gecTHna^nje Koja ce cnpoBogu pagu pa3gBajaaa 
a30Ta h KHceoHHKa, Ba3gyx ce TpeTHpa Kao gBOKOMnoHeHTHa MemaBHHa. Ca gpyre crpaHe 
y HeKHM cnynajeBHMa jegHa KOMnoHeHTa MO*e 6hth MemaBHHa Beher 6poja xeMHjcKHx 
eneMeHara hhh jegHftefta.TaKO je  Hnp. yo6HnajeHO ga ce y TexHH^H KnHMarroa^Hje 
Bna^aH Ba3gyx TpeTHTa Kao gBOKOMnoHeHTHa MemaBHHa Koja ce cacrojn og BogeHe nape 
h cyBor Ba3gyxa, 6e3 o63upa Ha HHfteHH^y mro je  cyB Ba3gyx MemaBHHa a30Ta, 
KHceoHHKa, aproHa, yr^eHgHOKCHga, BogoHHKa, HeoHa, xenHjyMa, KpnnroHa h KceHOHa.
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4.2 nPHH^HnH H3PA^A BH^AHCA nPOH3BO^HOr nPO^ECA
y  TOKy ^HBOTHor ^HKHyca npoH3BogHor nocTpojerna HeonxngHO je  aHanronpaTH
MoryRhocth 3a MaKCHMH3Hparne npogyKTHBHOCTH, MHHHMH3Hparne yHarama no jegHHH^H 
npoH3Boga h no6o^mame yc^OBa paga. Pe3ynTaTH cnpoBegeHHx aHanroa OMoryhaBajy ga 
ce Bpme TexHHHKa h onepaTHBHa npunpeMa npoH3Bogrne. Kpo3 TexHHHKy npunpeMy ce, 
Ha ocHOBy pacnoHO®HBHx cnpoBHHa h pecypca, Kao h *e^eHHx KapaKTepncTHKa 
npoH3Boga, ge^HHHme npoH3BogHH npo^ec Kpo3 HeonxogHH hh3 TexHonomKHx 
nocTynaKa h onepa^nja, Bpmu H36op TexHonomKe onpeMe, 6poj h no3H^nje pagHux 
MecTa, MeTogoHornja TecTHparna npou3Boga h TexHonornKe onpeMe, HopMHparne 
npoH3BogHHx h pagHux Kana^HTeTa nrg. OneparHBHa npunpeMa nporoBogHor npo^eca 
6aBH ce nnaHHparneM aKTHBHocTH y npnnpeMH h npoH3Bogrnn, KaKO 6h ce H3Bpmno 
npegBH^eHH nnaH npoH3Bogrne: nnaHHpa ce Ha6aBKa cnpoBHHa h noMohHHx MaTepHjana, 
ogp^aBa ce npou3BogHa onpeMa, OTKnarnajy ce 3acrojn y npoH3Bogrnn, npaTH ce h 
eBHgeHTHpa H3Bpmerne onepaTHBHHx nnaHOBa nporoBogrne.
TexHHHKa h onepaTHBHa npunpeMa nporoBogme nogpa3yMeBajy aHanH3Hparne cbhx 
nogaTaKa o TexHonomKOM npo^ecy h onpeMH, a y o6nacTH eHepreTcKor MeHa^MeHTa 
jegHa og HajBa^HHjnx aHanroa cnpoBogu ce Kpo3 6HHaHcnpame. BHHaHcnpame je  
nocrynaK KojHM ce noBe3yjy yna3He h H3na3He BenHHHHe TexHonomKor npo^eca, a 
goKyMeHT y KOMe ce 3anncyjy Be3e H3Me^y y^a3HHx h H3na3HHx BenHHHHa Ha3HBa ce 
6nnaHc. Pagu jacHHjer npegcraB^ama npoH3BogHor npo^eca, o^ hocho pagu naKme 
KOMyHHKa^nje 3aHmcpecoBaHHx, y3 6nnaHce H3pa^yje ce h BHme TunoBa rpa$HHKHx 
npHKa3a npo^eca.
^H^eBH H3page 6nnaHca npoH3BogHor npo^eca cy:

• noBe3HBarne $H3HHKO-xeMHjcKHx napaMeTapa cnpoBHHa h HeonxogHHx pecypca ca 
^e^eHHM KapaKTepncTHKaMa $HHanHHx npoH3Boga y $a3H npojeKTOBama h 
KOHcrpyHcama;

• aHanroa npoH3BogHor npo^eca y TOKy ^ hbothot BeKa nocrpojema/$a6pHKe pagu 
cnpenaBarna Hepa^HOHanHor Tpomema cnpoBHHa h gpyrnx pecypca, Kao h pagu 
cMarnerna mnxoBor yTpomKa no jegHHH^H npou3Boga.

flpyrHM penHMa, 6nnaHcH cy ocHOBa 3a pa3yMeBarne TexHonomKHx npo^eca. BnnaHcH 
npegcTaB^ajy npaKTHHHy npHMeHy 3aKOHa onyBama (Ha3HBajy ce h 3^kohh ogp^am a)1, 
npeMa KojHMa ce ogpe^eHO Mep^HBO cBojcTBO H3onoBaHor cucTeMa He MO*e npoMeHHTH, 
6e3 o63upa Ha TpaHc^opMa^nje Koje ce gemaBajy yHyTap cncreMa. Ha ocHOBy OBor cTaBa

1 3aKOHH onyBama npHnncyjy ce MHorHM MHcnHOHHMa u $HT030$HMa Kpo3 aygcKy HcTopnjy. 
Ba*Ha ngej a y gpeBHoj rpHKoj $HH030$nj H j e ga „HHmTa He gona3H hh H3 nera“. OBaKBa 
pa3MHm^ama cy ce y pa3HHHHTHM o6nHHHMa Hamna 3a6ene*eHa y cbum BenHKHM HHBHHH3auHj aMay 
cTapoM u cpegaeM BeKy . BepoBaTHO Haj paHuj a 3a6enemKa Koj a roBopu o OBoj TeMH MO*e ce Hahn y 
Bn6HHj H (y CTapoM 3aBeTy) -  Kmnra nponoBegHUKOBa 3,14: ^03Hax ga mTO rog TBopu Bor oho 
Tpaj e goBeKa, He MO*e My ce HumTa gogaTU, hhth ce og Tora MO*e mTa ogy3em .
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cnegn hh3 3aK0Ha OHyBaaa: OHyBa&e Mace h eHeprnje, MOMeHTa HMnynca, eneKTpHHHor 
Ha6oja, MarHeTHor $nyKca HTg.
Ao nojaBe KBaHTHe $H3HKe h ycnocTaB^a&a eKBHBaneHTHocTH Mace (m , kg) h eHeprnje 
(E, J), cMaTpano ce ga cy o6e OBe BenHHHHe KOHcTaTHe: Maca ce He Meaa npu xeMHjcKHM 
hhh $ h3hhkhm TpaHc^opMa^njaMa, eHeprnja ce TpaHc^opMHme H3 jegHor o6nHKa y 
gpyrn, ann aeH  yKynaH h3hoc ocraje hcth. nocnegn^a OBaKBor noHMaaa je  ^opMHpaae 
gBe BpcTe 6HnaHcHHx jegHaHHHa Koje y o6nacTH npnpogHHx h HH®eftepcKHx HayKa: 
jegHaHHHa 6nnaHca cyncTaH^nje h jegHaHHHa 6nnaHca eHeprnje.
AjHmTajH (Einstein) je  goKa3ao ga cy Maca h eHeprnja noBe3aHH jegHaHHHOM 
E  = m  • c2 (4.1)
mTO 3HaHH ga ce eHeprnja h Maca Mory TpaHc^opMHcarn jegHO y gpyro (c, m/s, 6p3HHa 
cBeTHOcTH).
y  npo^ecHOM h MamHHckom HH®eftepcTBy (H3y3HMajyhn o6nacT HyKneapHe TexHHKe) ce 
h g a^e  eHeprnja h cyncraH^nja pa3MaTpajy ogBojeHO, na ce y TexHHHKoj npaKcu KopucTe 
6nnaHcH MaTepHjana (cyncTaH^nje) h eHeprnje, 6a3HpaHH Ha T3B. npn6HH®HHM 3aKOHHMa 
o OHyBaay Mace h eHeprnje. 0 6 a  3aK0Ha cy Bpno TaHHa nog yc^OBOM ga cy 6p3HHe 
KpeTaaa eneMeHaTa cucTeMa Mane (t3b. HepanHTHBHcTHHKe), Kao h ga HHTepaK^nje 
yHyTap cncreMa He yK^ynyjy HyKneapHe peaK^nje.

3aK0H o onyBarny Mace
y^ynHa Maca 3aTBopeHor (H30H0BaH0r) cncreMa je  KOHcraHTHa, o^ hocho He Meaa ce Kao 
pe3y^raT npo^eca Kojn ce ogBHjajy yHyTap cncreMa. nocro je  h gpyraHHje $opMyna^nje. 
Hnp. 3a 6hho Kojn $H3HHK0-xeMHjcKH npo^ec y H30H0BaH0M cncreMy, Maca peaKTaHaTa 
Mopa 6hth jegHaKa Macu npou3Boga. To 3h^hh ga Maca He MO*e 6hth cTBopeHa hhh 
yHHmTeHa, Maga MO*e 6hth TpaHc^opMHcaHa y gpyraHHjn o6hhk.
3aK0H o onyBarny eHeprnje
y^ynHa KOHHHHHa eHeprnje y H30H0BaH0M cncreMy je  HenpoMeH^HBa. flpyrHM peHHMa, 
yHyTap H30H0BaH0r cncreMa eHeprnja MO*e ga npoMeHH cBojy noKa^njy hhh o6hhk, ann 
He MO*e 6hth hh cTBopeHa hh yHHmTeHa. y^ynHa KOHHHHHa eHeprnje cncreMa go6nja ce 
ca6npafteM gonpHHoca Be3aHHx 3a nono^aj cncreMa, aeroBO KpeTaae (hhh KpeTaae 
o6jeKara yHyTap cncreMa), 3arpeBaae o6jeKara, nrg. npeMa 3aK0Hy o onyBaay eHeprnje 
Hnp. xeMHjcKa eHeprnja ce MO*e TpaHc^opMHcara y KHHeTHHKy eHeprnjy. 
n p e  o6jam aefta caMor nocrynKa H3page 6nnaHca MaTepnjana h eHeprnje, HeonxogHO je  
ge^HHHcaTH ocHOBHe $H3HHK0-xeMHjcKe BenHHHHe noTpe6He 3a H3pagy 6nnaHca.

4.2.1 npHTHCaK
npHTHcaK je  BenHHHHa c ra a a  Koja je  6pojnaHO jegHaKa HHTeH3HTeTy cnne Koja genyje 
HopMa^HO Ha HeKy noBpmHHy, cBegeHOM Ha jegHHH^y noBpmHHe

F
P  = —

S
rge cy:

(4.2)

F, N, HHTeH3HTeT cnne y HopManHOM npaB^y;
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• S, m2, BenHHHHa noBpmHHe Ha Kojy genyje cnna.
JegHHH^a 3a ropa^aBame cnne je  nacKan (Pa). y  HHgycrpHjcKoj npaKcu Kopncre ce 
KHHonacKan (kPa), MeranacKan (MPa), h 6ap (bar) Kojn h3hoch 105 Pa. ATMoc^epcKH 
(6apoMeTapcKH) nprnHcaK Ha HHBoy Mopa h3hoch 101325 Pa, a npHTHcaK y npocropy 6e3 
cyncraH^Hje (anconyTHH BaKyM) je  0 Pa. AnconyTHH npHTHcaK ogpe^yje ce y ogHocy Ha 
anconyTHH BaKyM h Kaga je  to HeonxogHO 3anncyje ca gogarHHM chobom „A“ H3a MepHe 
jegHHH^e (Hnp. barA).
y  TexHHHKoj npaKcu ce, nopeg anconyTHor npHTHcKa, cpehe h nojaM penaTHBHor 
npHTHcKa Kojn 6hth H3pa®eH Kao:

• HagnpHTHcaK (Ha3HBa ce h MaHOMeTapcKH npHTHcaK) je  anco^yraH npHTHcaK 
yMameH 3a BpegHocr arnoc^epcKor npHTHcKa; Kaga je  HeonxogHO 3anncyje ca 
gogarHHM chobom „G“ H3a MepHe jegHHH^e (Hnp. barG);

• noTnpHTHcaK je  amoc^epcKH npHracaK yMameH 3a BpegHocr anconyTHor 
npnracKa.

n a g  (ry6HTaK) npHTHcKa je  cHH^erne npHTHcKa H3a3BaHO OTnopuMa Kojn ce jaB^ajy npu 
crpyjamy $nynga.

4.2.2 TeMnepaTypa
TeMnepaTypa je  BeHHHHHa crama Koja ogpe^yje creneH 3arpejaHocrn Tena npeKO cpegme 
KHHeTHHKe eHeprHje necra^a. flpyrHM peHHMa, TeMnepaTypa je  Mepa yHyTpammer 
aroMcKor h MoneKyncKor KpeTama y MaKpocKoncKHM o6jeKTHMa npu TepMogHHaMHHKoj 
paBHOTe^H.
TepMogHHaMHHKa (anconyTHa) TeMnepaTypa ropa^aBa ce y KenBHHHMa (K) h cnaga y 
ocHOBHe jegHHH^e SI. 3a HH®emepcKy npaKcy norogHHja je  H3BegeHa jegHHH^a creneH 
^en3Hjyca (°C), npu HeMy je  TeMneparypcKH HHTepBan og 1 K jegHaK TeMneparypcKOM 
HHTepBany og 1°C. Ha npHTHcKy og 101325 Pa TeMneparypa npu Kojoj gona3H go 
Ton^ema nega h3hoch 0°C, a TeMneparypa K^ynama Boge je  100°C. yo6nnajeHO je  ga ce 
anconyTHa TeMnepaTypa 03HanaBa ca T, a TeMneparypa y creneHHMa ^en3Hjyca ca t. Be3a 
H3Me^y OBe gBe TeMnepaTypcKe cKane je  cnegeha:
T  [K] = 273,15 + t  [°C] (4.3)

4.2.3 CacTaB BHmeKOMnoHeHTHHx MemaBMna

Kog BHmeKOMnoHeHTHHx cncreMa 3a H3pagy 6nnaHca HeonxogHO je  no3HaBaTH cacraBe 
MemaBHHa. KoMnoHeme MemaBHHe 03HanaBajy ce:

• noMohy BenHKHx naTHHHHHHx c^OBa (A, B, C, ....) -  Hajnemhe y cnynajy gBO h 
TpoKOMnoHeHTHHx MemaBHHa

• noMohy 6pojeBa (1, 2, 3,  ) KaKO je  yo6HHajeHO 3a BHmeKOMnoHeHTHe
MemaBHHe.

y  pa3HHHHTHM o6nacraMa HayKe h TexHHKe npHMernyje ce BenHKH 6poj HanHHa 
H3pa®aBarna cacraBa BHmeKOMnoHeHTHHx cncreMa. Ako ce MemaBHHa cacrojn og N  
KOMnoHeHTH, KOHHHHHa cyncTaH^Hje MO*e ce H3pa3HTH y o6nHKy
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N

n m =  I  n i 
i=1

a Maca MemaBHHe y o6nHKy
N

m m =  I  m i 
i=1

rge cy:
• n,, kmol i, KOHHHHHa cyncTaH^nje KOMnoHeHTe i y MemaBHHH;
• m,, kmol i, Maca KOMnoHeHTe i y MemaBHHH. 

r  ycrHHa MemaBHHe ropa^aBa ce y o6nHKy

p m V* m
m

a cne^H^HHHa 3anpeMHHa MemaBHHe je

vm
V  r m

m m

1

P m

MaceHa KOH^empa^nja KOMnoHeHTe i y MemaBHHH

P i  = V*  y y,

m

a MaceHa KOH^eHTpa^Hja MemaBHHe jegHaKa je  rycTHHH MemaBHHe
N

I  mN N

P  =  I P  =  I  f  =  ^  =  P m
i=1 i = y  m y m y m

M oncra KOH^empaanja KOMnoHeHTe i y MemaBHHH
n ,■

c  = -
V

(4.4)

(4.5)

(4.6)

(4.7)

(4.8)

(4.9)

(4.10)

a MO^cKa KOH^eHTpa^Hja MemaBHHe jegHaxa je  mo^ckoj ijcthhh MemaBHHe
N

Ž  nN N

- I  Ci = Z j
i=1

‘ V  V  Vi=1 i=1r m r m r m
p m

Be3a MoncKe h MaceHe KOH^empa^Hje KOMnoHeHTe i y MemaBHHH

P ,  =■
m^ n^ ■

— =  —--------- = M ,  ■ c,
V  V  1 1y m y m

(4.11)

(4.12)

M ohckh ygeo je  ogHoc KOHHHHHe KOMnoHeHTe i h yKynHe KOHHHHHe cyncTaH^nje h 
03HanaBa ce ca y ,■ 3a racoBme MemaBHHe, a ca x, 3a TenHe h HBpcTe MemaBHHe. MaceHH 
ygeo je  ogHoc Mace KOMnoHeHTe i h yKynHe Mace MemaBHHe h 03HanaBa ce ca w,. 
3anpeMHHcKH ygeo je  ogHoc 3anpeMHHe KOMnoHeHTe i h yKynHe 3anpeMHHe MemaBHHe h 
03HanaBa ce ca
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4.3 OnmTH OB^H^H BH^AHCHHX JE^HAHHHA
y  onmTeM cnynajy cBaKa 6nnaHcHa jegHanHHa HMa cnegehn o6hhk 
y^a3H a Be^HHHHa + H3Bop = noH op + H3^a3Ha Be^HHHHa + AKyMy^a^nja 
nojaM H3Bopa (noHopa) MO*e ce oahochth Ha cyncTaH^njy h/hhh eHeprnjy, 3aBHcHO og 
npupoge npo^eca Kojn ce pa3MaTpa. H3gamHocT H3Bopa (noHopa) ropa^aBa ce no 
jegHHH^H 3anpeMHHe h y jegHHH^H BpeMeHa. Ako ce nocraB.M jegHanHHa 6nnaHca 
cyncTaH^nje no KOMnoHeHTH A, OHga rogarnHocT H3Bop (noHop) HMa gHMeH3Hje 
kmolA/(m3 s), a yKOHHKO je y nHTaay jegHanHHa eHepreTcKor 6nnaHca, gHMeH3Hje 
rogarnHOCTH H3Bopa (noHopa) cy J/(m3 s) = W/m3. H3y3eB y HyKneapHHM npo^ecHMa, 
yKynHa KOHHHHHa cyncraH^Hje y npo^ecy je  KOHcTaHTHa. Ca gpyre crpaHe, npu ogBHjarny 
xeMHjcKHx peaK^Hja Mory ce reHepncaTH ogpe^eHe KOMnoHeHTe y npo^ecy. 
y kohhko HeMa H3Bopa (noHopa) onmTa 6nnaHcHa jegHanHHa raacn 
y^a3H a Be^HHHHa = H3^a3Ha Be^HHHHa + AKyMy^a^nja
n o g  aKyMyna^HjoM nogpa3yMeBa ce npoMeHa nocMaTpaHe KapaKTepncTHHHe HHTeH3HBHe 
BenHHHHe y pagHoj 3anpeMHHH no BpeMeHy. OBaj nnaH jaB ^a ce caMO npu
HecTa^HOHapHHM pagHHM pe^HMHMa.
3a KOHTHHyanHe npo^ece Kojn ce ognrpaBajy npu cra^HOHapHHM pagHHM ycnoBHMa, Kaga 
ce yna3HH napaMeTpu He Mernajy tokom BpeMeHa, 6nnaHcHa jegHanHHa ynpomhaBa ce h 
rnacn
y^a3H a Be^HHHHa = H3^a3Ha Be^HHHHa
y  HeKOHHKO npuMepa Kojn cnege npHKa3aHa cy ocHOBHa npaBHna Kojnx ce Tpe6a 
npngp^aBaTH npu nocraB^amy 6nnaHcHHx jegHanHHa, Kao h 3Hanaj Kojn HMajy 
npHHHKOM ^opMHparna MaTeMaTHHKor Mogena cncreMa.

4.4 BH^AHC CynCTAH^HJE
EnnaHc cyncraH^nje (HeKaga je  yo6HnajeHH TepMHH 6ho MaTepnjanHH 6nnaHc) jaB ^a ce y 
o6nHKy yKynHor 6nnaHca cyncraH^Hje Koja npona3H Kpo3 TexHonomKH npo^ec, h Kao 
6HnaHc no nojegHHanHHM KOMnoHeHTaMa.

4.4.1 Cra^HOHapHe onepa^nje
Kog cra^HOHapHHx onepa^nja Koje ce ogBHjajy y anapaTHMa ca KOHTHHyanHHM tokom, 
ycneg TpaHcnopTa cyncraH^nje H3Me^y $a3a Koje cy y KOHTaKTy, KOH^ernpa^nje ce y o6e 
$a3e Mernajy g y *  noBpmHHe KOHTaKTa. Ha ocHOBy 6HnaHcHHx jegHanHHa MO*e ce 
yTBpgHTH 3Hbhchoct cacraBa jegHe $a3e y $yHK^njn cacraBa gpyre $a3e. Ha chh^ h 4.2 
meMaTcKH je  npma3aHa cra^HOHapHa onepa^nja.
y  OKBHpy OBor noraaB.M, $a3e Koje cy y KOHTaKTy 6nhe 03HaneHe ca E  h R . OBe $a3e cy 
HeMem^HBe h y onmTeM cnynajy Mory ga ce cacroje og Beher 6poja KOMnoHeHTH Koje ce 
TpaHcnopTyjy H3Me^y $a3a. Ako ce n KOMnoHeHTH TpaHcnopTyje H3 jegHe y gpyry $a3y 
Kpo3 noBpmHHy KOHTaKTa $a3a (Me^y$a3Hy noBpmHHy), noTpe6HO je  nocraBHTH n 
jegHanHHa 6nnaHca cyncraH^nje pagu onuca onepa^nje. Hajnemfie ce nocraB^a 
jegHanHHa yKynHor 6nnaHca cyncraH^nje 3a anapar (cucTeM) h n -  1 jegHanHHa 3a
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nojegHHe KOMnoHeHTe. y  HacraBKy 6nhe pa3MaTpaH cnynaj Kaga ce jegHa KOMnoHeHTa (A) 
TpaHcnopTyje H3 $a3e R  y $a3y E.

qmEk; wEk
▲

qmRp; wRp ^  ^  ^m R k; WRk

qmEp; WEp

C^HKa 4.2 npoTO^H h cacraBH $a3a Ha yna3y h Ha H3na3y 
Ako ce aHanH3Hpa cnynaj TpaHcnopTa caMO jegHe KOMnoHeHTe (A), 03HaKa ygena 6e3 
HHgeKca KOMnoHeHTe 3anpaBO nogpa3yMeBa cagp^aj Te KOMnoHeHTe y $a3H. HHgeKcn p  h 
k  03HanaBajy yna3HO h H3na3HO craae .
JegHanHHa yKynHor 6nnaHca cyncraH^nje je

qmRp + q mEp = q mRk + q mEk (4.13)

a jegHanHHa 6nnaHca no KOMnoHeHTH A raacn

qmRp ' WRp + q mEp ' WEp = qmRk ' WRk + q mEk ' WEk (4.14)

rge cy:
• qmRp, kg/s, npoTOK $a3e R  Ha yna3y y anapar;
• gmm, kg/s, npoTOK $a3e R  Ha H3na3y H3 anapaTa;
• qmEp, kg/s, npoTOK $a3e E  Ha yna3y y anapar;
• qmEk, kg/s, npoTOK $a3e E  Ha H3na3y H3 anapaTa;
• WRp, kgA/kg(A+B+C+...), MaceHH ygeo KOMnoHeHTe A y $a3H R  Ha yna3y;
• w ^^, kgA/kg(A+B+C+...), MaceHH ygeo KOMnoHeHTe A y $a3H R  Ha H3na3y;
• WEp, kgA/kg(A+B+C+...), MaceHH ygeo KOMnoHeHTe A y $a3H E  Ha yna3y;
• WEp, kgA/kg(A+B+C+...), MaceHH ygeo KOMnoHerne A y $a3H E  Ha H3na3y.

Ha ocHOBy jegHanHHa (4.13) go (4.14) ycnocraB^eHa je  Be3a H3Me^y cacraBa $a3a Ha 
yna3y h Ha H3na3y H3 anapaTa, mTO npegcraB^a jegHanHHe 6nnaHca cyncraH^nje 3a 
anapaT/onepaqHjy y ^enHHH. EnnaHc cyncraH^Hje MO*e ce nocraBHTH h npeKO mohckhx 
npoTOKa h ogroBapajyhnx ygena.

npHMep 4.1
Pa3gBajaae gBOKOMnoHeHTHe MemaBHHe 6eH3eHa (A) h TonyeHa (B) Koja cagp^H 40%mas 
KOMnoHeHTe A o6aB^a ce y gecTHna^HOHoj kohohh npu KOHTHHyanHO BO^eHOM npo^ecy. 
^ecrnnaT cagp^H 55%mas, a ocraTaK 5%mas 6eH3eHa. H3panyHarH MaceHH npoTOK 
gecTHnaTa h ocrarKa, aKO je  npoTOK cnpoBHHe 3500 kg/h.
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Pemerne
^ a  6h ce H3panyHanH nporo^H gecTHnaTa h ocraTKa, HeonxogHO je  nocraBHTH jegHanHHy 
6nnaHca cyncraH^Hje. ffleMarcKH npuKa3 gecrHna^HOHe KOHOHe gar je  Ha cjih^ h 4.3, a 
$a3e cy 03HaneHe Ha h^hhh yo6nnajeH y onepa^njn gecTHna^nje: F  je  cnpoBHHa, D je  
gecmnaT, a W je  ocraTaK.

C^HKa 4.3 ffleMaTcKH npuKa3 gecmna^HOHe KonoHe 

Ha ocHOBy 6nnaHcHHx jegHanHHa 3anncaHHx npeKO MaceHHx npoTOKa h MaceHHx ygena

q m F  =  q m D  +  q m W

q m F  ' W F  =  q m D  ' W D  +  q m W  ' W D

cnege npoTOK ocraTKa
W D  -  W F

q m W  =  q m F
W D  -  W w

= 3 5 0 0 •
0 , 5 5  -  0 , 4 0

0 , 5 5  -  0 , 0 5
1 0 5 0  k g / h

h npoTOK gecTHnaTa
qmD = qmF -  qmW = 3500 -1 0 5 0  = 2450 kg/h

4.4.2 Hecra^HOHapHe onepa^nje
Hecra^HOHapHe onepa^nje ogBHjajy ce y map^HHM anapaTHMa h y TOKy Tpajaaa 
onepa^nje Meaajy ce KOH^ernpa^nje h KOHHHHHe $a3a. npoMeHe KOH^ernpa^nja 
npoy3poKyjy npoMeHy noroHcKe cnne npo^eca pa3MeHe cyncraH^nje, Kao h gpyrnx 
yc^OBa pa3MeHe (Koe^H^njeHaTa gn$y3Hje h gpyrnx TepMO^h3hhkhx cBojcraBa), mTO 
goBogu go npoMeHe Koe^H^njeHara npena3a, o^ hocho Koe^H^njeHTa npona3a 
cyncraH^nje.
Hecra^HOHapHe onepa^nje necro ce ogBHjajy Kao jegHocreneHe. O nm m  npuKa3 TOKa 
o6aB^a&a onepa^nje npma3aH je  meMaTcKH Ha chh^ h 4.4 h y OKBHpy OBor ogejtKa he 
6hth pa3MarpaH cnynaj Kaga cy $a3e y anapaTy HgeanHO H3MemaHe.
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m Ep m E  (7 ) m Ek

m Rp m R  (7 ) m Rk

T p  0  T Tk

C^HKa 4.4 ffleMaTCKH npHKa3 ogBHja&a map^He onepa^nje 

JegHaHHHa yKynHor 6n^aHca cyncraH^nje 3a yKynHO BpeMe ogBHjama onepa^nje Tk je

m Rp +  m Ep =  m Rk  +  m Ek  (4 .15)

a jegHaHHHa 6n^aHca no KOMnoHeHTH A raacn

m Rp ■ w Rp +  m Ep ■ w Ep =  m Rk ■ w Rk  +  m Ek ' w Ek  (416)

rge cy ca mR (kg) h mE (kg) 03HaneHe Mace $a3a R h E. HHgeKCH p  h k  03HanaBajy noneTaK 
h Kpaj npo^eca.

npHMep 4.2
2000 kg neTonpo^eHTHor pacTBopa CaOH y bo^ h go6nja ce pa36^a^HBameM cnpoBHHe 
Koja cagp^H 20%mas CaOH. H3panyHaTH noTpe6Hy KÔ HHHHy cnpoBHHe h Boge.

Pemerne
CnpoBHHa he 6hth 03HaneHa ca F , Boga ca W, a ^ hhmhh npou3Bog ca P , goK je  CaOH 
KOMnoHeHTa A, a Boga je  KOMnoHeHTa B. ygeo y chpobhhh je  wF = 0,2 kgA/kg(A+B), goK 
je  y ^HHa^HOM npou3Bogy wp = 0,05 kgA/kg(A+B).
JegHaHHHa yKynHor 6n^aHca cyncTaH^nje je

+ m ^  = m p

a jegHaHHHa 6raaHca no KOMnoHeHTH A je
m p  - w p  = m p  - w p  

HaKOH 3aMeHe go6nja ce
wp

m p — —  +  m ^ = mp 
w f

ogaK^e raegn

mW = mP
f  w \

1 ^  wp.
wFV

tj. Maca Boge je

mW = 2 0 0 0 - ^ 1  -  0 y j  =  1 5 0 0  k g  

M aca cnpoBHHe je

m^  =  mp -  m ^  =  2 0 0 0  - 1 5 0 0  =  5 0 0  k g
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4.5 EH^AHC EHEPrHJE
Ha ocHOBy eHereTcKor 6nnaHca yTBp^yjy ce eHepreTcKe noTpe6e npo^eca: rpejaae, 
xna^erne, cHara MamHHa HTg. EHeprnja ce jaB ^a y BHme o6nHKa: MexaHHHKa eHeprnja 
(noTeH^njaHHa h KHHeTHHKa), yHyTpamfta eHeprnja, eneKTpHHHa eHeprnja HTg., h 3aKOH 
onyBafta eHeprnje o^ hoch ce Ha cBe $opMe eHeprnje.

4.5.1 MexaHHHKa eHeprnja
noTeH^nja^Ha eH eprnja je  eHeprnja Koja noTHne og penaTHBHor nono^aja 
(KOH$Hrypa^nje) o6jeKTa y no^y  KoroepBamBHe cnne. Taj o6hhk eHeprnje HMa 
noTeH^njan ga npoMeHH cTaae gpyrnx o6jeKaTa y okohhhh, Ha npuMep KO$mypa^Hjy 
(reoMeTpnjcKH pacnopeg) hhh KpeTaae.
noTeH^njaHHa eHeprnja ce jaB ^a y pa3HHM o6nn^HMa og Kojnx je  cbhkh noBe3aH ca 
bpctom cnne Koja gejcTByje y cKnagy ca HeKHM cboJctbom hhh BenHHHHOM cTaaa 
cyncTaH^nje (rycTHHa, HaeneKTpHcafte, enacTHHHocT, TeMneparypa, npHTHcaK HTg.). y  
o6nHKy Kojn ce kophcth y TexHonomKHM npo^ecHMa, noTeH^njanHa eHeprnja je  noBe3aHa 
ca rpaBHTa^HOHOM chhom Koja gejcTByje Ha Teno. y3HMajyhn ga je  rpaBHTa^HOHa cnna 
koHcTaHTHa (Ha BHcHHaMa Koje cy penaTHBHO Mane y ogHocy Ha noBpmuHy 3eM^e), pag 
H3BpmeH npu nogH3a&y o6jeKTa jegHaK je  npou3Bogy rpaBHTa^HOHe cnne h BHcHHcKe 
pa3HHKe ocTBapeHe nogH3aaeM. rpaBHTa^HOHa cnna Kojy Tpe6a caBnagaTH jegHaKa je  
npoH3Bogy Mace o6jeKTa h rpaBHTa^HOHor y6p3aaa (g , m/s2), Te je  noTeH^njanHa 
eHeprnja

E pot = m  -g - z (4.17)

rge je  z  (m) BHcHHcKa KOTa y ogHocy Ha npoH3BO^HO H3a6paHy pe$epeHTHy TanKy. 
KnHeTHHKa eH eprnja je  eHeprnja Kojy Teno nocegyje ycneg cBor KpeTama. KHHeTHHKa 
eHeprnja je  BHg MexaHHHKe eHeprnje h H3panyHaBa ce y o6nHKy

2

E kin =
m  - v

2
(4.18)

rge je  v (m/s) 6p3HHa.

4.5.2 O chobh nojMOBH H3 TepMogHHaMHKe -  yHyTpamma eHeprnja, TonroTa h pag
TepMogHHaMHKa je  o6nacr HayKe Koja npoynaBa npHH^nne eHepreTcKHx TpaHc^opMa^nja 
MaTepHjana y MHKpocKoncKHM cncreMHMa. OnmTa npaBHna npeMa KojHMa ce ogBHjajy 
HaBegeHe TpaHc^opMa^nje Ha3HBajy ce 3^kohh TepMogHHaMHKe.
TepMogHHaMHHKe npoMeHe y cncreMy ce Mory nparHTH npeKO BenHHHHa Kao mTO cy 
TeMneparypa, npHTHcaK h KOH^empa^Hja, Koje ce Ha3HBajy HHTeH3HBHe BenHHHHe crama. 
yH yrpam m a eH epruja ( U, J), 3a cncreM Kojn ce Hana3H y paBHOTe^H, je  eceH^njanHO 
(yHyTpamme) cBojcTBO cncreMa, $yHK^HOHanHO noBe3aHO ca Mep^HBHM BenHHHHaMa 
Koje KapaKTepnmy cncreM, Kao mTO cy TeMnepaTypa, npHTHcaK h KOH^empa^Hja. 
yHyTpamma eHeprnja ce pa3HHKyje og cno^HHx o6nHKa Kao mTO cy KHHeTHHKa h 
noTeH^njaHHa eHeprnje MaKpocKoncKHx Tena. HaKO je  y nHTarny MaKpocKoncKO cBojcTBO,
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yHyipamfta eHeprnja noTHae og KHHeTHHKe h noTeH^Hjame eHeprnje MoaeKyaa h 
ey6MoaeKyaapHHx aecTH^a.
npBH 3aKOH TepMogHHaMHKe raacn: yKynHa eHeprnja npoH3BO^Hor cncreMa h meroBor 
OKpy*ema je  KOHCTaHTHa.
3a H3oaoBaHH cncreM (oHaj Kojn HHje y HHTepaK^Hjn ca oko^hhom) jacHO je  ga Hehe 6hth 
hh eHepreTcKHx npoMeHa Ha MaKpocKoncKOM HHBoy, Maga cy yHyTap caMor cncreMa 
npoMeHe Moryhe go TpeHyTKa Kaga cucTeM g o cra^e  (yHyTpammy) paBHOTe®y. 3a 
3aTBopeHH HeH3oaoBaHH cucTeM, Ha ocHOBy npBor 3aKOHa ce 3aK^yayje ga ce eHepreTcKe 
npoMeHe cucTeMa pe$aeKTyjy Ha OKpy*erne. Kog t^kbhx cncreMa eHeprnja ce pa3Mernyje 
ca OKoaHHOM y gBe $opMe Koje ce Ha3HBajy TonaoTa h pag.
TonroTa je  eHeprnja Koja npoaa3H Kpo3 rpaHH^y cucTeMa nog yra^ajeM pa3am e y 
TeMnepaTypaMa h He npegcTaB^a cBojcTBO (KapaKTepncTHKy) caMor cucTeMa. EHeprnja 
Kojy cucTeM npHMH Han OTnycTH y npo^ecy TonaoTHe pa3MeHe ca oko^hhom 
(0Kpy*erneM) Ha3HBa ce KoaHHHHa TonaoTe Q  (J).
Pag je  TaKo^e eHeprnja y TpaH3HTy H3Me^y cucTeMa h OKoaHHe, aan je  y nHTamy pe3yaTaT 
gejcTBa cnoaam ftHx cnaa Ha cucTeM. Kao h y cayaajy TonaoTe, KoaHHHHa paga W  (J) HHje 
KapaKTepncTHKa cncreMa.
TonroTa Q  (J) je  eHeprnja Koja ce cnoHTaHO TpaHcnopTyje og Teaa BHme TeMnepaType Ka 
Teay HH®e TeMnepaType, 6e3 Bpmerna paga. EHeprnja Kojy Teao npHMH nan oTnycTH y 
npo^ecy TonaoTHe pa3MeHe Ha3HBa ce KoaHHHHa TonaoTe. npnaHKoM pa3MeHe TonaoTHe 
goaa3H go npoMeHe yHyTpamme eHeprnje, Koja ce Mo*e MaHH^ecTOBaTH Kao npoMeHa 
TeMnepaType (oceraa TonaoTa) nan Kao npoMeHa arperaTHor cTama (aaTeHTHa TonaoTa). 
Ako H3Me^y gBa Teaa HeMa pa3MeHe TonaoTe oHga cy Ta gBa Teaa y TonaoTHoj paBHoTe^H. 
MaTeMaTHHKH $opMyancaHo npBH 3aKoH TepMogHHaMHKe raacn 
AU = Q + W  (4.19)
h npegcTaB^a cne^njaaHH o6^hk 3aKoHa o o g p * aay  eHeprnje.
CMep npo^eca pa3MeHe TonaoTe ogpe^yje gpyrH ii|)iiiiiiiiii TepMogHHaMHKe: TonaoTa 
cnoHTaHo npeaa3H ca Teaa BHme TeMnepaType Ha Teao HH®e TeMnepaType.
Ton^OTHa CHara (W) ce ge^HHHme Kao npoMeHa KoaHHHHe TonaoTe no BpeMeHy

0  = 0 0  (4.20)
At

a Ton^OTHH $^yKC (W/m2) je  TonaoTHa cHara cBegeHa Ha jegHHH^y noBpmHHe

q  = 0
S

(4.21)

MexaHHHKa CHara (W) je  pag cBegeH Ha jegHHH^y BpeMeHa

P  = A W
A t

(4.22)

EHT&rnnja (H, J) je  Mepa 3a yHyTpammn cagp^aj TonaoTHe eHeprnje cucTeMa h cacTojn 
og yHyTpamme eHeprnje, Koja je  eHeprnja HeonxogHa ga 6h ce ^opMHpao caM cucTeM, h 
KoaHHHHe eHeprnje noTpe6He ga 6h ce o6e36eguo npocrop 3a cucTeM gejcTBoM Ha meroBo 
oKpy*erne (ga 6h ce ycnocraBHo npHTHcaK h 3anpeMHHa cucTeMa). ^e^HHHme ce H3pa3oM
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H = U  + p V (4.23)
rge je  V  (m3) 3anpeMHHa cucTeMa. EHTannnja je  $yHK^nja cTaaa cucTeMa, a aeH 
npnpamTaj ogroBapa pa3MeaeHoj eHeprnjn y H3o6apcKoM npo^ecy (p  = const). 
yHyTpamaa eHeprnja, eHTannHja h KonHHHHa TonnoTe ce Mory cBecTH Ha jegHHHHHy Macy 
cucTeMa, ca jegHHH^oM J/kg, h Ha3HBajy ce:

• cne^H^HHHa yHyTpamaa eHeprnja
U (4.24)

cne^H^HHHa eHTannnja je  eHTannnja cBegeHa Ha jegHHH^y Mace cucTeMa

A = H
m

(4.25)

q -  mm

• cne^H^HHHa KonHHHHa TonnoTe

(4.26)

y kohhko npu eHepreTcKHM TpaHc^opMa^njaMa He gona3H go npoMeHe arperaTHor cTaaa 
y cucTeMy, cne^H^HHHa KonHHHHa TonnoTe Kojy cucTeM pa3MeHH ca okohhhom 
(3arpeBafte hhh xna^efte cucTeMa) Mo*e ce H3pa3HTH h Ha cnegehH h^hhh 
A Q  — m  • c • AT (4.27)

rge je  c (J/(kg K)) cne^H^HHHH TonnoTHH Kana^nreT, Kojn ce jaB ^a y gBa o6nHKa:
• cne^H^HHHH TonnoTHH Kana^HTeT npu cTanHoj 3anpeMHHH cucTeMa

Aq — A u  — cv • A T  (4.28)

• cne^H^HHHH TonnoTHH Kana^HTeT npu cTanHoM npHTHcKy
Aq — A h  — c p • AT (4.29)

u —
m

4.5.3 EHepreTCKH Sn^aHC 3a craunoHapHe onepaunje
n p u  H3pagn eHepreTcKor 6nnaHca Mopa ce BogHTH panyHa o TonnoTHoM e$eKTy KoHTaKTa 
$a3a -  ycneg caMor Memaaa $a3a hhh ycneg xeMHjcKHx peaK^nja jaB^ajy ce TonnoTHH 
H3Bogn, o^ hocho noHopu. npaKTHHHo yKynHa eHTannHja h3hh3hhx ToKoBa He Mopa ga 
6yge jegHaKa yKynHoj eHTannHjH yna3HHx ToKoBa, jep  Hnp. xeMHjcKa peaK^nja Mo*e ga 
npoH3Bogn TonnoTy (er3oTepMHe peaK^nje) hhh ga je  Tpomu (eHgoTepMHe peaK^nje).
Ha chh^ h 4.5 meMarcKH je  npHKa3aH npoTonHH npo^ecHH cncreM ca ochobhhm $ h3hhkhm 
BenHHHHaMa Koje cy og HHTepeca 3a nocraB^afte 6nnaHca (H3Bop h noHop cy 
3aHeMapeHH).
Pa3MeHa TonnoTe h paga ca okohhhom je  o3HaneHa ca 0  3a TonnoTHy cHary h P  3a 
MexaHHHKH pag.
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q mEk; lE k; p E k; hE k; z E k; v Ek P

Cne^H^HHHa eHeprnja yna3HHx ToKoBa, y J/kg, je  
2

. +  +  v Rp
eRp — h Rp +  g  • z Rp + -

eEp  — hEp  +  g  • z Ep  +

2

v Ep

2
goK Ha H3na3y, TaKo^e y J/kg, hm^mo 

2

eRk — hRk + g  ' z Rk +

eEk — hEk + g  • zEk +

vRk
2

vEk

(4.30)

(4.31)

(4.32)

(4.33)

y kohhko ce pag h TonnoTa pa3Meayjy Kao mTo je  npHKa3aHo Ha chh^ h 4.5 oHga 
jegHanHHa eHepreTcKor 6nnaHca rnacn

qmRp • eRp + qmEp • eEp + 0  — q mRk • eRk + q mEk • eEk + P  (4.34)

2

npHMep 4.3
y  6apoMeTpnjcKoM KoHgeH3aTopy, meMaTcKH npHKa3aHoM Ha chh^ h 4.6 y HenocpegHoM 
KoHTaKTy ca BogoM KoHgeH3yje ce qmQ — 7,5 t/h cyBo3acnheHe BogeHe nape Ha 

anconyTHoM npHTHcKy p  = 16 kPa. TeMnepaTypa pacxnagHe Boge Ha yna3y y anapaT je  tLp 
= 15°C, a Ha H3na3y h3hoch tLk = 52,5°C. H3panyHaTH noTpe^HH npoToK pacxnagHe Boge, 
a npu nocraB^afty 6nnaHca 3aHeMapHTH npoMeHy MexaHHHKe eHeprnje.
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C^HKa 4.6 ffleMarcKH npuKa3 6apoMeTpnjcKor KoHgeH3aTopa

Pemerne
yo6nnajeHo je  ga ce npoToK HeKoHgeH3yjyhnx racoBa 3aHeMapyje [4.5], na jegHanHHa 
6nnaHca cyncraH^nje rnacn

q mG  +  q mLp q mLk

yKonHKo ce 3aHeMapu npoMeHa MexaHHHKe eHeprnje eHepreTcKH 6HnaHc cbo^ h ce Ha 
TonnoTHH 6nnaHc Kojn raacn

q mG ' h D  +  q mLp ' hLp  — q mLk ' hLk

ogaK^e cnegn npoToK Boge Ha yna3y y anapaT

— hD  -  hLk  — 7 5 2601 -  220
qmLp q mG ' hLk  -  hLp ’ ' 220 -  63,0

—113,7 t/h — 31,6 kg/s

rge cy:
• h G = 2601 kJ/kg, cne^H^HHHa eHTannnja cyBo3acnheHe BogeHe nape Ha yna3y y 

anapaT;
• hLp = 63,0 kJ/kg, cne^H^HHHa eHTannHja Boge Ha yna3y y anapar;
• hLk = 220 kJ/kg, cne^H^HHHa eHTannHja Boge Ha H3na3y H3 anapara.

MaceHH npoToK Boge Ha H3na3y H3 anapara h3hoch

^mLk — ^mG + ^mLp — 7,5 + 113,7 — 121,2 t/h — 33,7 kg/s

4.5.4 EHepreTCKH Sn^aHC 3a Hecra^HOHapHe onepa^nje
3a Hecra^noHapHe onepa^nje eHepreTcKH 6nnaHc ce nocraB^a aHanorHo Kao 3a 
cra^noHapHe onepa^nje, npu neMy ce yMecro:

• npoToKa Kopncre KonHHHHe $a3a;
• cHare Kopncre TonnoTa (Q, J) h pag (W, J).
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npHMep 4.4
noc^e  My*e KpaBa MfleKo ce xnagn Ha TeMneparypy og tp = 4°C h ynHBa y pe3epBoap y 
KoMe neKa Ha g a^y  npepagy. Pe3epBoap 3a MneKo 3anpeMHHe V  = 500 l HMa ca cno^am ae  
crpaHe 3aBapeHy nony^eB Kpo3 Kojy, npeMa noTpe6u, npoTHne negeHa Boga pagu xna^eaa 
cagp^aja y pe3epBoapy. HaKoH ynHBafta y pe3epBoap Bpmu ce Memaae ga He 6h gomno 
go H3gBaja&a MnenHe MacTH Ha noBpmHHH MneKa. E^eKTHBHa cHara Memaaa h3hoch P  = 
500 W. ycneg Memaaa gona3H go noBHmeaa TeMnepaType MneKa, na Kaga TeMneparypa 
gocrnrHe tk = 8°C, yK^ynyje ce cncreM 3a xna^efte noMohy negeHe Boge. Xna^efte ce 
ogBHja goK ce TeMneparypa MneKa He chh3h noHoBo Ha tp = 4°C. H3panyHaTH BpeMe 
noTpe6Ho ga ce MneKo ycneg paga Memann^e 3arpeje h kohhhhh^  TonnoTe Koja ce ogBogu 
3a BpeMe noTpe6Ho ga ce m^ ko oxnagH (BpeMe paga cncreMa 3a xna^eae MneKa).

Pemerne
npeMa [4.4] rycTHHa MneKa h3hoch p  = 1035 kg/m3, a cne^H^HHHH TonnoTHH Kana^nreT 
MneKa je  cp = 3870 J/(kgK ).
Maca M^eKa Koje ce xnagn h3hoch 
m  = V ■ p  = 0,5 1035 = 518 kg
y kohhko ce MneKo 3arpeBa caMo ycneg paga Memann^e eHepreTcKH 6nnaHc rnacn
P  • t  — m  •c p  • (tk — t: p  _)

ogaK^e cnegn ga BpeMe 3a Koje ce MneKo 3arpeje h3hoch 
t — m  • cp - (tk -  tp  j  — 518 • 3870 -(8 -  4) — 8 02 106 ^

P  500 ^
KonHHHHa TonnoTe Koja ce pa3MeHH npu xna^efty MneKa h3hoch

Q  — m  • cp -(tk -  tp  )+  P  • t  — 518 • 3870-(8 -  4) + 500 • 6600 —11,6-106 J

4.6 H3EOP rPAHH^A CHCTEMA nPH EH^AHCHPA&y H 
rEHEPA^HA nPO^E^yPA 3A H3PA^y EH^AHCA

H aj6o^n  HanHH ga ce H3Bpmn 6nnaHcHpafte 3aBHcn og KBaHTHTeTa h KBanHTeTa 
pacnono®HBHx HH^opMa^Hja o npo^ecy; ga hh cy no3HaTH nporo^H h BenHHHHe cra&a 
(cacraBH, TeMneparype h npHrnc^H), ga hh cy Ha pacnonarafty paBHoTe^HH noga^H, ga 
hh cy jacHa orpaHHHeaa Koja nponcrHHy H3 npupoge npo6neMa rng.
3aKoHH onyBaaa ce Mory npHMeHHTH Ha ^eo npo^ec, ann h Ha 6hho Kojn geo npo^eca, 
mTo 3HanH ga ce pagu nocraB ^aaa 6nnaHca cb^kh npo^ec Mo*e nogenHTH Ha 
npoH3Bo^aH HanHH ga 6h ce cnpoBenn ogroBapajyhn npopanyHH. Pa3yMaH H36op rpaHH^a 
cncreMa Kojn ce 6nnaHcHpa necro Mo*e 3HaTHo nojegHocraBHTH npopanyHe. He nocroje 
jegHo3HanHa npaBHna 3a H36op rpaHH^a cncreMa hhh nogcncreMa, na ce ro6op cbo^ h Ha 
cTBap npo^eHe, o^ hocho HH^eaepcKe HmyH^Hje. Cnegeha onmTa npaBHna unaK Mory ga 
nocny*e:

• 3a cno^eHe npo^ece nocraB^a ce npBo 6nnaHc KoMnneTHor npo^eca;
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• rpaHH^e yHyTap npo^eca 6npajy ce TaKo ga ce go6njy mTo jegHocraBHHje 
jegHanHHe h mTo Ma&H 6poj Heno3HaTHx BenHHHHa;

• y npBoM KopaKy ce cbh yHyTpamftH (pe^HKHHpajyhn) tokobh nocraB^ajy yHyTap 
rpaHH^a nogcncreMa hhh cncreMa.

TeHepanHa npo^egypa 3a H3pagy 6nnaHca je  cnegeha, npu neMy pegocneg Mo*e ga ce 
M eaa no noTpe6u.
1 ^pT aae  6hok gujarpaMa npo^eca -  npHKa3aTH cb^kh 3HanajaH KopaK Kao 6hok, 
noBe3aH HHHHjaMa (ca crpenn^aMa) pagu npHKa3HBafta Be3a yHyTap cncreMa.
2 HaBecrn cBe pacnono^HBe nogaTKe -  npHKa3aTH Ha 6hok gHjarpaMy no3HaTe 
ToKoBe (hhh KonHHHHe), ftnxoBe cacraBe h BenHHHHe c ra a a  (TeMneparypa, npHTHcaK, 
cacraB), Kao h ocrane nogaTKe og 3Hanaja.
3 nocraBHTH rpaHH^e yHyTap cncreMa.
4 HanncaTH cBe xeMHjcKe peaK^nje Be3aHe 3a rnaBHe npoH3Boge h HycnpoH3Boge.
5 HoTHpaTH geTa^e Kao mTo cy:

• paBHoTe^a $a3a (yK^ynyjyhn a3eoTpone, HTg.);
• KoMnoHeHTe Koje He pearyjy y npo^ecy (Hnp. a3oT H3 Ba3gyxa npu caropeBaay).

6 Hckophcthth cBe nogaTKe Kojn nponcTHHy H3 HcKycTBa (concTBeHor hhh HcKycTBa 
gpyrux), noroToBo nogaTKe ca chhhhhx nocrpojefta .
7 npoBepHTH 6poj jegHanHHa 6nnaHca h gpyrux jegHanHHa Koje ce Mory nocraBHTH, 
h ynopegHTH ca 6pojeM Heno3Harax. Kog H3y3eTHo KoMnneKcHHx npo6neMa ognyHHTH 
Koje cy npoMeH^HBe og 3Hanaja, a Koje cy npaTehe.
8 OgpegHTH ocHoBy 3a npopanyH: h^hhh H3pa®aBafta cacraBa, kohhhhh^  hhh

npoToK Ha Kojn ce npo6neM cbo^ h, nrg.

4.7 mEMATCKH nPHKA3 TEXHO^OmKHX nPO^ECA -  
nPO^ECHH ^HJArPAMH

Ha npo^ecHHM gnjarpaMHMa gaTH cy meMaTCKH npHKa3H TexHonomKor npo^eca. To cy 
o6aBe3HH goKyMeHTH Kojn ce Kopncre npu npojeKToBafty npo^eca, gHMeH3HoHHca&y 
onpeMe h ^eBoBoga, Ha6aB^H onpeMe h H3rpagftH nocrpojeaa, H3pagy ynyTcraBa 3a pag h 
o6y^H oco6^a, ogp*aBaay nocrpojeaa y HopMaHoM pagHoM crafty, nocrynafty npu 
HH^ngeHTHHM cmya^HjaMa nrg. y  nnrafty  cy goKyMeHTH Kojn npHKa3yjy ype^eae 
onpeMe noTpe6He 3a peanH3a^njy npo^eca, h^hhh noBe3HBaaa onpeMe, nogaTKe o 
TexHonomKHM TOKoBHMa (npoTOKe, TeMneparype, npHTHcKe h cacraBe) h onpeMe 3a 
ynpaB ^aae nocrpojeaeM  [4.3].
^HjarpaMH KojHMa ce npegcraB^ajy TexHonomKH npo^ecn, y 3aBHcHocrn og KonHHHHe 
HH^opMa^nja Koje cagp^e, gene ce Ha:

• 6hok gnjarpaMe (B lock  D iagram  -  BD );

• TexHonomKe meMe (F low  S h ee t -  FS);

• gnjarpaMe npo^ecHHx ToKoBa (P rocess F low  D iagram  -  P F D );
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• gnjarpaMe ^eBoBoga h HHcipyMeHTa^Hje (Piping and Instrumentation Diagram -  
PID).

O cBanoj og Bpcra npo^ecHHx gnjarpaMa 6uhe BHme penn y HacraBKy, a oBge he 6hth 
HaBegeHe caMo ftnxoBe onmTe KapaKTepncTHKe.
BD h FS Kopncre ce y paHHM $a3aMa npojeKToBaaa, o^ hocho 3a H3pagy KoH^enra 
TexHHHKor pem eaa hhh eBeHTyanHo 3a H3pagy HgejHor npojeKTa. PFD h PID ce H3pa^yjy 
3a noTpe6e rnaBHor npojeKTa h npegcraB^ajy ocHoBy 3a KoH$Hrypncafte h 
$ yHKqnoHHcafte npo^ecHor nocrpojefta h HHHe HHTerpanHH geo KoMnneTHe TexHHHKe 
goKyMeHTa^nje. C o63upoM Ha to ga cy PFD h PID koh^hhh goKyMeHTH pa3MaTpaHor 
TexHonomKor npo^eca, ftnxoBo npegcraB^afte Mopa 6hth jacHo, cBeo6yxBaTHo, TanHo h 
KoMnneTHo.
C o63upoM Ha 3Hanaj npo^ecHHx gnjarpaMa og $a3e nnaHHpafta rpagae, na go $a3e 
pacKHanaaa nocrpojeaa h^koh 3aBpmeTKa ^HBoraor ^HKnyca, onHrnegHo je  ga hm ce 
Mopa nocBeTHTH BenHKa n a^ fta  y HH^eaepcKoM pagy. H3paga npo^ecHHx gnjarpaMa h 
npopanyHH Be3aHH 3a ftnx  Mory 6hth BeoMa HanopHH h gyroTpajHH, noce6Ho 3a cno^eHe 
TexHonomKe npo^ece, TaKo ga ce y gaHamae BpeMe cBe BHme Kopncre KoMnjyTepcKH 
nporpaMH Kojn noMa®y y ftnxoBoj H3pagn. Kopnmheae obhx nporpaMa, ochm cKpaheaa 
BpeMeHa noTpe6Hor 3a ge^HHHcaae npo^eca, oMoryhaBa npojeKTaHTHMa ga aHanH3npajy 
pa3HHHHTa npo^ecHa pem eaa y Tparaay 3a Haj6o^HM.
Chm6ohh 3a npHKa3 HHcrana^Hja, onpeMe h anapara nocrpojeaa garn cy y Ha^noHanHHM 
craHgapgHMa, a nncra Me^yHapogHHx ISO craHgapga Kojnx 6h ce Tpe6ano npngp^aBaTH 
npHHHKoM H3page meMaTcKHx npHKa3a TexHonomKHx npo^eca gaTa je  Ha Kpajy noraaB.M. 
nopeg  HaBegeHHx craHgapga BeoMa necro BenHKe KoMnaHHje HMajy h cBoje cne^H^HHHe 
cHM^one, pa3pa^eHe 3a ogpe^eHe THnoBe TexHonomKHx npo^eca hhh ype^aja. Hnp. pagu 
6 o ^e r carnegaBafta npo^eca 3a pa3MeftHBane TonnoTe kophcth ce hh3 pa3HHHHTHx 
cHM^ona Kojn KopncHHKa TexHonomKe meMe gupeKTHo ynyhyje Ha THn pa3MeftHBana 
(go6omacrn, nHonacrH, cnnpanHH, HTg.) Kao h Ha kohctp^ k^hoho pem eae 
(TepMocn^oHcKH HcnapHBaH, ncnapHBan ca noTon^eHHM ^ bhhm cHonoM HTg.). Chm6ohh 
3a onpeMy gaTH cy h y cnegehHM pe^epeH^aMa:

• Austin, D., Chemical Engineering Drawing Symbols, Halsted Press, London, 1979.
• Green D. W., Perry R. H., Perry's Chemical Engineers' Handbook, M cGraw-Hill 

Professional, New York, 2007.
• Couper J. R., Penney W. R., Fair J. R., Chemical Process Equipment -  Selection and 

Design, Gulf Professional Publishing, 2009.
• Coker A. K., Ludwig's Applied Process Design for Chemical and Petrochemical Plants, 

Elsevier Inc., Amsterdam, 2010.
• Recknagel H., Sprenger E., Schramek E. R., Taschenbuch fur Heizung und 

Klimatechnik einschliesslich W armwasser-und Kaltetechnik, Deutscher 
Industrieverlag, 2012.

• ASHRAE Handbook, ASHRAE, At.1a.nta, 2013.
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• Weaver, R., Process Piping Drafting, Gulf Publishing, Houston, 1986.

4.8 B^OK ^HJArPAM
Bhok gnjarpaM (Ha3HBa ce h CTpyKTypHa meMa) je  HajjegHOCTaBHHjH o6hhk meMaTCKor 
npegcTaB.Mma TexHonomKor npo^eca h Ha mHMa ce gaje caMO yonmTeH npHKa3 HeKor 
npo^eca hhh nocTpojema. 3a H3pagy 6hok gnjarpaMa KopucTe ce HHHHje Koje noBe3yjy 
reoMeTpnjcKe o6nHKe Kojn ce Ha3HBajy 6hokobh. Bhokobh Mory 6hth 6hho Kor o6nHKa, 
a^H yo6nnajeHa je  ynoTpe6a neTBopoyraoBa (npaBoyraoHHKa, KBagpaTa, Tpane3a) h 
Kpy*HH^a ca ogroBapajyhHM HaTnucoM h Mory npegcraB.MTH:

• nojegHHanHe TexHonomKe onepa^nje;
• nojegHHanHe TexHonomKe ype^aje (anapare, MamuHe m g.)
• ge^OBe npo^ecHHx nocTpojema (t3b. npo^ecHe CTeneHe hhh KopaKe) Koja ce cacToje 

og 3gpy*eHHx TexHonomKHx onepa^nja hhh ype^aja;
• KOMnneTHa npo^ecHa nocrpojerna yHyTap CHO*eHHjnx cncreMa npo^ecHHx $a6pHKa. 

HHHHje 03HanaBajy TOKOBe npo^ecHor MaTepHjana hhh HeKH gpyru tok (Hnp. eHepreTCKH). 
npuMep 6hok gnjarpaMa npoH3Bogme MnenHe HOKonage gaT je  Ha chh^ h 4.7.

fflehep y KpHcrany

C^HKa 4.7 npuMep 6hok gnjarpaMa

BD cy norogHH 3a npegcraB^ame jegHOcraBHHx npo^eca. Kog CHO*eHHjnx npo^eca 
rnnxoBa ynoTpe6a je  ycMepeHa Ha nperaeg ^enoKynHor npo^eca, noge^eHor Ha ocHOBHe
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^eaHHe. y  TaKBOM npuKa3y CBaKH 6hok npegcraB.M onpeMy 3a ^eaoKynaH CTeneH 
npo^eca (Ha npHMep: peaKTop, cenaparop, KoaoHe 3a gecmaa^Hjy, HTg.). Tokobh h 
cacTaBH nojegHHaaHHx TexHoaomKHx TOKOBa Mory 6hth npHKa3aHH Ha gnjarpaMy 
HenocpegHO y3 aHHHje TOKOBa hhh ogBojeHO y Ta6eaaMa, aan je  KapaKTepncTHHHO ga ce 
Ha OBaj HaaHH gajy nogaan caMO o yaa3HHM h H3aa3HHM tokobhm .̂
C o63upoM ga je  TexHoaomKH npo^ec npegcraB^eH y BeoMa jegHocTaBHOM o6aHKy, 6hok 
gnjarpaMHMH ce KopucTe y KpahHM TeKcTy hhhhm H3BemTajHMa hhh ynyTcTBHMa.

4.9 TEXHQ^QmKA mEMA
HemTO BHme geTaM  o caMOM TexHoaomKOM npo^ecy y ogHocy Ha BD cagp^H 
TexHoaomKa meMa (FS), Ha Kojoj ce onpeMa hhh 6hokobh TexHoaomKHx ype^aja 
npHKa3yjy y cthhh^obhhom chhkobhom o6aHKy. y3 chhkobhh npHKa3 gajy ce h ochobhh 
noga^H o npo^ecHHM BeaHHHHaMa y o6HMy Kojn je  npnrogaH 3a pa3yMeBarne ocHOBe 
TexHoaomKor npo^eca hhh nogaan y TexHHHKHM ype^ajHMa (caHKa 4.8).

y».yiiHo 5000

ANBoaa("lonnuop
Conn

rioniiMep
Conn
yitynHO 7352

5 0 0
2 5 0 0

yKyriMo 3 0 0 0 15’C

Bo.i.i
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40' C y cyunpy
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ANBôa
rionHM epConn

5
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y Tpary
yKynno 10 5

noron,i.i
7 5 3n MMHI R1 flomiMepHM pea»rrop

H1 3arpeja>r BOA®
FT Ba>.yM fpnmep

C^HKa 4.8 TexHoaomKa meMa npo^eca npoH3Bogrne nonHMepa

4.10 ^HJArPAM nPO^ECHHX TOKOBA
^.HjarpaM npo^ecHHx TOKOBa je  rpa^HHKH npHKa3 pegocaega h Me^yco6HHx Be3a cbhx 
TexHoaomKHx onepa^nja (KopaKa) y npo^ecy. PFD Mopa 6hth geTa^aH h Mopa ga 
o6yxBarn cBe KopaKe (onepa^nje) y npo^ecy h yBeK je  npaheH geTa^HHM 6naaHcoM 
TonnoTe h cyncraH^Hje 3a KOMnaeTaH TexHoaomKH nocTynaK, HHMe cy npHKa3aHH h 
6naaHcH 3a cb^kh og ype^aja noce6HO.
PFD cagp^H cHM6oae ocHOBHe onpeMe noBe3aHe HHHHjaMa Koje npegcraB^ajy 
TpaHcnopTHe cncreMe (^eBH, KaHaae, m g.). Cb^kh KOMag onpeMe Ha PFD HMa jegHHcTBeH 
6poj h hh3hb. CBaKa aHHHja Koja npegcraB^a TpaHcnopTHH cncreM Mopa ga HMa y^pTaHy
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CTpenn^y Koja ge^HHHme CMep, Kao h 6poj Ha 0CH0By Kora ce MO*e HgemH^HKOBara y 
6nnaHcy TonnoTe h cyncTaH^nje. nopeg  HaBegeHor Ha PFD ce npHKa3yjy:

• cbh yna3HH eneMeHTH npo^eca: cnpoBHHe (yK^ynyjyhH h aM6ana®y), eHepreHTe 
(Boga, BogeHa napa m g.), noMohHe MaTepnjane (xeMHKanHje 3a npame h HHmfieme, 
nen^erne HTg.);

• cbh H3HH3HH eneMeHTH npo^eca: nonynpoH3Bogn h roTOBH npoH3Bogn, yK^ynyjyfiH h 
OTnagHe MaTepnjane;

• CBa CTama MaTepnjana og yna3a go H3na3a H3 npo^eca HHMe cy gaTH geTa^H o cbhm 
onepa^njaMa y npo^ecy yK^ynyjyfiH h KOHTpoHHcarna h HcnHTHBarna, TpaHcnopT, 
CKHagnmTeme h npuBpeMeHa 3agp*aBama Marepnjana y npo^ecy;

• BeoMa Ba*He (K^ynHe) KapaKTepncTHKe npo^eca y $opMH TeKCTa, Kao mTO cy 
npoTO^H, BenHHHHe CTarna h K^ynHe KaparKepHcmKe onpeMe.

Ha PFD ocHOBHor npou3BogHor npo^eca, no npaBHny, He npma3yjy ce noMofiHH npo^ecn 
(npo^ecHa eHepremKa, CKHagnmTeme cnpoBHHa h npou3Boga, 3amTHTa ^HBorae cpegHHe 
h 3amTHTa og no^apa, BemHna^Hja h KHHMarroa^Hja m g.), jep ce 3a OBe npo^ece 
H3pa^yjy noce^HH PFD, y OKBHpy ogroBapajyfie npojeKTHe goKyMema^nje.
PFD ocHOBHor npoH3BogHor npo^eca, Kaga cagp^H noBep^HBe HH^opMa^nje, ce 
gHCTpn6yHpa y orpaHHHeHOM Kpyry cny*6H yHyTap $a6pHKe.
3a CHO^eHHje npo^ece, ca MHoro npo^ecHHx jegHHH^a, PFD ce ropa^yje Ha Bume 
^pTe^a, npu neMy noBe3HBame npo^ecHHx TOKOBa og jegHor go gpyror ^pTe^a Mopa 
6hth jacHO h jegH03HanH0 npHKa3aHO.
nopeg  CBoje ocHOBHe ynore PFD Tpe6a ga OMoryfin HgemH^HKOBame h aHanH3y H3Bopa 
onacHOCTH y npo^ecy Kojn ce Mory ra ^ a ra  pagHux ycnoBa (noBHrneHH npHTHcaK, 
KOH^eHTpa^nje otpobhhx cyncTaH^Hja m g.) h Moryfie KomaMHHa^Hje MaTepHjana y TOKy 
npo^eca Koja HapymaBa KBanrneT npoH3Bogme.
Ha chh^ h 4.9 npHKa3aH je  npuMep PFD. npaTefiu 6nnaHC eHeprnje h cyncraH^Hje gaT je  y 
Ta6enH 4.1, a noga^H o KOMnpecopuMa h pa3MernHBanHMa TonnoTe y Ta6enaMa 4.2 h 4.3.

TaSe^a 4.1 npuMep 6nnaHca eHepraje h cyncraH^nje
Tok 100 101 102 103 104
TeMnepaTypa, ° C 45 167,2 42 160,6 42
npHTHcaK, barA 0,98 2,8 2,8 7,85 7,85
ygeo  nape, %mol 1 1 1 1 1
npoTOK, kg/h 35920 35920 35920 35920 35493
ygeo  KOMnoHeme, %mol
A30T 75,8088 75,8088 75,8088 75,8088 77,2672
KHCeOHHK 20,3372 20,3372 20,3372 20,3372 20,7284
AproH 0,9068 0,9068 0,9068 0,9068 0,9242
yr^eHgHOKcng 0,0305 0,0305 0,0305 0,0305 0,0311
Boga 2,9167 2,9167 2,9167 2,9167 1,0491
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Y na3  Ba3gyxa

CaHKa 4.9 npuMep gnjarpaMa npo^ecHHx TOKOBa

Ta6e.aa 4.1 iiac'i'aBaK npuMep 6nnaHca eHeprnje h cyncraH^nje
Tok 201 202 203 204 205 301 302
TeMnepaTypa, ° C 34 42,20 34 43,62 42,91 42 42
npHTHcaK, barA 5 5 5 5 5 2,8 7,85
ygeo  nape, %mol 0 0 0 0 0 0 0
npoTOK, kg/h 135000 135000 135000 135000 270000 0 426,4
ygeo  KOMnoHeHTe, %mol
A30T 0 0 0 0 0 0 0,004915
KHCeOHHK 0 0 0 0 0 0 0,002608
AproH 0 0 0 0 0 0 0,000143
yr^eHgHOKcng 0 0 0 0 0 0 0,000115
Boga 100 100 100 100 100 0 99,992222

TaSeaa 4.2 Pa3MeftHBanH TonnoTe -  CHHKa 4.9

03HaKa XnagftaK 1. creneHa XnagftaK 1. cTeneHa y^ynHO
Tonnoraa cHara, kW 1301 1524 2825
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TaSe^a 4.3 KoMnpecopu -  cnHKa 4.9

03HaKa KoMnpecop 1. creneHa KoMnpecop 2. creneHa
npHTHcaK Ha yna3y, bar 1 2,8
npHTHcaK Ha H3na3y, bar 2,8 7,85
E^HKacHocr 0,89 0,89
EKcnoHeHT roem pone 1,3985 1,4014
TeopnjcKa cHara, kW 1127 1094
CTBapHa cHara, kW 1266 1230

KoHHHHHa nogaTaKa Koja ce npma3yje Ha P F D  3aBHcn og noTpe6a KopncHHKa h npaKce y 
KOHKpeTHOM npoj eKTaHTcKOM 6upoy h npegcraB^a npegMeT goroBopa. 06aBe3HH noga^H 
Kojn ce gajy 3a 6hho Kojn TexHonomKH npo^ec cy yKynHH npoTOK TexHonomKor TOKa y 
kg/h hhh kmol/h h HHTeH3HBHe BenHHHHe crarna (TeMneparypa, npHTHcaK, cacraB). CacraB 
TexHOHomKor TOKa ce MO*e npHKa3aTH npeKO ygena, KOH^empa^nja, HTg., hhh npeKO 
npoTOKa nojegHHanHHx KOMnoHeHTH (kg/h hhh kmol/h). On^HOHH noga^H Kojn ce Mory 
npHKa3aTH Ha P F D  cy: Ha3HB TexHonomKor TOKa ca KpaTKHM onucoM, noga^H o 
cBojcrBHMa $a3a (rycrHHa, bhcko3hoct,  ) [4.4], eHTannHja, eHTponnja, nrg.

4.11 ^HJArPAM ^EBOBO^A H HHCTPyMEHTA^HJE
^.HjarpaM ^eBOBoga h HHcTpyMema^nje npHKa3yje geTa^e o cb^kom geny npo^ecHe 
onpeMe, ^eBOBoga, nyMnu, MepHHx HHcTpyMeHaTa, peryna^HOHe onpeMe, BeHTHna h 
ocTane apMarype, curypHocHe onpeMe, noroHcKHx eneKTpHHHHx MamHHa m g. To 
o6yxBaTa:

• cBy npo^ecHy onpeMy 03HaneHy concTBeHHM HgemH^HKa^HOHHM 6pojeM -  
onpeMy 6h Tpe6ano ^pTara y rpy6uM pa3MepaMa, a no3H^njy npHK^ynaKa 
o6aBe3HO o6ene®HTH;

• HyMepncarne cbhx ^eBOBoga -  Tpe6a npHKa3aTH h gHMeH3Hje ^eBH, Kao h 
MaTepnjan og Kor cy HanpaB^eHe;

• cBe BeHTHne, 3anopHe h KOHTpo^He, ca Hgemn^HKaaHOHHM 6pojeM -  Tpe6a 
npHKH3aTH THn H BeHHHHH  ̂BeHTHHa;

• noMohHy onpeMy Koja npegcraB.M cacTaBHH geo ^eBOBogHor cucTeMa, Kao mTO cy 
craKneHH BH3Hpn, gH$y3opn, KOH$y3opn h xBaTanH nape (ca HgemH$HKaqHOHHM 
6pojeBHMa);

• nyMne, 03HaneHe ogroBapajyhHM 6pojeBHMa;
• cBe KOHTpoHHe KpyroBe h HHcTpyMeHTaqHjy, ca HgemH^HKa^HOHHM 6pojeM.

Ha o6nHKOBarny ^eBOBogHor cucTeMa, gHMeH3HOHHcamy npo^ecHHx anapaTa h 
ge$HHHcarny kohtpohhhx cucTeMa, o6hhho page cTpynHe npojeKTaHTcKe rpyne, y 
KOopgHHa^Hjn ca HH^ernepHMa Kojn ge$HHHmy P ID .

Ha P F D  h P ID  Kopncre ce ncre HgemH^HKa^HOHe 03HaKe 3a 03HanaBarne hcthx KOMaga 
onpeMe. BeoMa peTKO Ha P ID  gajy ce h npo^ecHH noga^H o npoTO^HMa h cacraBHMa.
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Ha chh^ h 4.10 npHKa3aH je  npHMep P ID .

C^HKa 4.10 npHMep gnjarpaMa ^eBOBoga h HHcrpyMeHTa^Hje [4.5]

4.12 ynPOm ^EHO nPHKA3HBA&E nPO^ECA
nocrojH  ^eo hh3 HaHHHa 3a ynpomheHO npHKa3HBafte h KBaHTHTaTHBHO onncHBafte 
npo^eca. OBge he 6hth o6pa^eHO HeKOHHKO npHKa3a Kojn ce necro npHMeayjy 36or cBoje 
j egHocraBHocrH.

4.12.1 E^HKacHOcr
E^HKacHocr je  TepMHH Kojn onncyje y Kojoj Mepu je  ogpe^eHH pecypc HcKopnmheH h 
H3pa^aBa ce Kpo3 ogHoc ocTBapeHor pe3yrnaTa y ogHocy Ha ynoTpe6^eHe pecypce. y  
npnpogHHM HayKaMa h TexHH^H e^HKacHocr je  Mep^HBa BenHHHHa Koja npHKa3yje creneH 
ncKopnmhefta eHeprnje hhh cyncraH^Hje. Chhohhm 3a e^HKacHocr je  creneH hhh 
Koe^H^njeHT KopucHor gejcrBa.
E^HKacHocr (npHHoc) xeMHjcKe peaK^nje npma3yje kohhhhh^  jegHor og npou3Boga 
peaK^nje y ogHocy Ha BpegHocr Koja ce go6nja Ha ocHOBy crexHOMeTpnjcKe jegHanHHe 3a
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3agare KOHHHHHe peaKTaHaTa. Hnp. Kog noTnyHor, o^ hocho TeopujcKor, caropeBaaa 
yr^eHHxa cBa KOHHHHHa yr^eHHKa ce TpaHc^opMHme y yr^eHgnoKcng, goK Kog peam or 
caropeBaaa Kao npou3Bog caropeBaaa nocrojn h (no npaBHny BeoMa Mana) KOHHHHHa 
yr^eHMOHOKcnga Kpo3 cnopegHy peaK^njy HenoTnyHor caropeBaaa.
E^HKacHocr TonnoTHe MamHHe je  ogHoc H3BpmeHor paga y ogHocy Ha kohhhhh^  TonnoTe 
Koja joj ce goBogu. HMajyhn y Bugy ga ce ycneg TonnoTHe HepaBHOTC^e ca okohhhom 
jegaH geo TonnoTe ogBogu y OKpy*eae, Te ga ce geo MexaHHHKe eHeprnje ry6u Kpo3 
Tpeae, HeMoryhe je  cBy goBegeHy TonnoTy npeTBopHTH y kophchh MexaHHHKH pag. 
y  BefreM 6pojy cnynajeBa kophcho je  ynopegHTH e^eKaT paga nojegHHanHor ype^aja hhh 
cno^eHor cncreMa ca TeopnjcKH MaKcHManHO MoryfrHM. Kog pa3MeftHBana TonnoTe 
e^HKacHocr ce H3pa®aBa Kao ogHoc craapHe TonnoTHe cHare h TeopnjcKe TonnoTHe cHare 
pa3MeftHBana TonnoTe ca 6ecKOHanHO BenHKOM noBpmHHOM npu cynpoTHocMepHHM 
tokom $nynga.
E^HKacHocr yBeK HMa BpegHocr Maay og 1, o^ hocho 100%, na je  TaKO e^HKacHocr:

• nocrpojefta ca racHOM Typ6uHOM 3a npoH3Bogay eneKTpHHHe eHeprnje go 40% 
(KOHBep3Hja xeMHjcKe eHeprnje ropHBa y eneKipHHHy eHeprnjy);

• BogeHe Typ6uHe Koja rpaBHTa^HOHy eHeprnjy npeTBapa y eneKipHHHy ca npeKO 
90%;

• C yC  MOTopa go 45% npu npeTBapa&y xeMHjcKe eHeprnje y KHHeTHHKy;
• KOT^a npeKO 90% npu npeTBapa&y xeMHjcKe eHeprnje y TonnoTHy nrg.

nopeg  npnpogHHx h TexHHHKHx HayKa TepMHH e^HKacHocr kophcth ce h y eKOHOMHjn, 
Megn^HHH h MHoruM gpyrHM o6nacrHMa ^HBOTa.

4.12.2 CeHKHjeB gnjarpaM
CeHKHjeB (no eHraecKOM HH®eaepy M. Sankey) gujarpaM kophcth ce 3a rpa^HHKO 
npHKa3HBafte eHepreTCKHx hhh gpyrux TpaHc^opMa^nja y ogpe^eHOM cncreMy. ^njarpaM 
ce cacrojn og crpenH^a Koje Ha3HanaBajy yna3He h H3na3He BenHHHHe y cncreM. y  HeKHM 
cHynajeBHMa mnpHHa crpenH^e je  nponop^HOHanHa BenHHHHH Kojy npHKa3yje. nopeg  
cipenn^a ynncyjy ce 6pojnaHe BpegHocrn hhh npo^ernyanHH ygenn nocMaTpaHHx 
BenHHHHa. npHMep CeHKHjeBor gnjarpaMa gar je  Ha chh^ h 4.11 -  npeMa noga^HMa H3
[4.6] Ha HHBoy CA^, yKynHH ry6n^H y pa^HHepnjaMa Ha$Te npo^eayjy ce Ha 34,5%, 
ogHocHO e^HKacHocr Kopnmfreaa eHeprnje je  65,5%.
nopeg  pa3HHHHTHx o6nacrH TexHHKe CeHKHjeB gujarpaM kophcth ce h y eKOHOMHjn pagu 
npHKa3a hobh3hhx TOKOBa [4.7].
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TopHBo 3034

EneKTpHHHa 
eHeprnja 162

BogeHa 
napa 158

ry6H^H 234 n p °^ ecHH

Henpo^ecHH 
ry6n^H 23

C^HKa 4.11 CeHKHjeB gnjarpaM noTpomae eHeprnje y pa^HHepnjaMa Ha$Te y CA^, -  
6pojnaHe BpegHocTH cy y TJ (Tepa uyn)

CnncaK ISO craH gapga 3a H3page meMaTCKHx npuKa3a TexHO^omKHx npoueca

1. ISO 128:1982 -  Technical Drawings-General Principles of Presentation.
2. ISO 3098-1:1974 -  Technical drawings -  Lettering -  Part 1: Currently used 

characters.
3. ISO 3461-2:1987 -  General principles for the creation of graphical symbols -  Part 

2: Graphical symbols for use in technical product documentation.
4. ISO 3511-1:1977 -  Process measurement control functions and instrumentation -  

Symbolic representation -  Part 1: Basic requirements.
5. ISO 3511-2:1984 -  Process measurement control functions and instrumentation -  

Symbolic representation -  Part 2: Extension of basic requirements.
6. ISO 3511-3:1984 -  Process measurement control functions and instrumentation -  

Symbolic representation -  Part 3: Detailed symbols for instrument interconnection 
diagrams

7. ISO 3511-4:1985 -  Industrial process measurement control functions and 
instrumentation. Symbolic representation -  Part 4: Basic symbols for process 
computer, interface, and shared display/control functions.

8. ISO 4196: 1984 -  Graphical symbols -  Use o f arrows
9. EN ISO 10628-1:2014 -  Diagrams for the chemical and petrochemical industry -  

Part 1: Specification of diagrams
10. EN ISO 10628-2:2012 -  Diagrams for the chemical and petrochemical industry -  

Part 2: Graphical symbols
11. ISO 5457: 1980 -  Technical drawings -  Sizes and layout o f drawing sheets.
12. ISO 7200: 1984 -  Technical drawings -  Title blocks.
13. ISO 10209-1:1992 -  Technical product documentation -  Vocabulary -  Part 1: 

Terms relating to technical drawings: General and types of drawings.
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14. ISA, ISA-S5.3, Graphic Symbols for Distributed Control/Shared Display 
Instrumentation, Logic and Computer Systems, Instrument Society of America, 
Research Triangle Park, 1983

15. ISA, ISA-S5.1, Instrumentation Symbols and Identification, Instrument Society of 
America,

16. Research Triangle Park, 1984
17. ISA, ISA-S5.5, Graphic Symbols for Process Displays, Instrument Society of 

America, Research Triangle Park, 1985

^HTepaTypa
[4.1] JahuMoBuh E., reHuh C., ^,u^y3uoHe onepa^uje u anapaTU ,3,eo 2: ^u^y3uoHe 

onepa^uje, MamuHCKU ^aKyareT, Beorpag, 2010.
[4.2] JahuMoBuh B., reHuh C., ^u^y3uoHe onepa^uje u anapaTU ,3,eo 1: Ochobu TpaHcnopTa 

cyncTaH^uje, MamuHcKU ^aKyareT, Beorpag, 2007.
[4.3] Towler G., Sinnott R. K., Chemical Engineering Design, Elsevier, 2008.
[4.4] reHuh C., JahuMoBuh B., Japuh M., ByguMup H., CBojcTBa npo^ecHux ^ayuga, CaBe3 

MamuHcKux u eneKTpoTexHUHKUx UH*eaepa u TexHuuapa Cp6uje, Beorpag, 2014.
[4.5] JahuMoBuh B., reHuh C., TexHo-eKoHoMcKa aHaau3a nocTynaKa geoKcureHa^uje Boge 

3a gonyHy cucreMa ga^uHcKor rpejaaa , EBugeH^uoHU 6poj 07.05-01/2009, 
MamuHcKU ^aKyareT, Beorpag, 2009.

[4.6] Manufacturing Energy and Carbon Footprint, Energy use data source: 2010 EIA MECS, 
http://www.energy.gov/eere/amo/downloads/cement-2010-mecs

[4.7] reHuh C., JahuMoBuh B., MuthB C., KoaeHguh n .,  Ekohomck^ aHaau3e 3a noTpe6e 
npo^ecHor UH*eaepcTBa, CaBe3 MamuHcKux u eneKTpoTexHUHKUx UH*eaepa u 
TexHuuapa Cp6uje, Beorpag, 2014.

n u T a ^ a
1. OnncaTH onmTy cTpyKTypy TexHouomKor npo^eca
2. Kojn cy npnH^nnn ropage 6nuaHca npon3BogHor npo^eca?
3. KaKo raacn onmTH o6hhk 6HuaHcHHx j egHauHHa?
4. Kojn cy o6hh^ h 6nuaHca cyncTaH^nje h eHeprnje?
5. OnncaTH reHepauHy npo^egypy 3a H3pagy 6nuaHca h H36op rpaHH^a cncTeMa npn 

6nuaHcHpafty
6. Kojn je  pa3uor H3page meMaTcKHx npHKa3a TexHonomKHx npo^eca, o^ hocho 

npo^ecHHx gnjarpaMa?
7. OnncaTH cagp^aj h HauHH ropage 6hok gnjarpaMa h TexHouomKHx meMa
8. KaKo ce noBe3yjy gnjarpaM npo^ecHHx ToKoBa h 6nnaHcH?
9. Kojn cy ynpomheHH HauHHH npHKa3HBafta npo^eca?

http://www.energy.gov/eere/amo/downloads/cement-2010-mecs
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y m T E ^ E  E H E P rH JE  H  n P O r P A M  I I I I IM I TCKT  
E M K A C H O C T H  y  C H C T E M y E H E P rE T C K O r  
M EH A H M EH T A

M npjaH a CraMeHHh

Ha chh^ h 5.1 npHKa3aHa je  meMa ynora y CncreMy eHepreTCKor MeHauMeHTa (CEM) ca 
ge^HHHcaHHM h^hhhom nogHomerna rognm m er H3BemTaja o 0CTBapHBarny ^H^eBa 
ymTege, nporpaMa h nnaHa eHepreTCKe e^HKacHOCTH Koje je  cb^kh o6Be3HHK CEM-a 
gy*aH ga nogHece Hagne^HOM MHHHcrapcrBy 3a nocnoBe eHepreTHKe. 3aKOH o 
e^HKacHOM Kopnmherny eHeprnje He nponncyje o6aBe3y nocrojama eHepreTCKor og6opa, 
Me^yTHM Kog o6Be3HHKa CEM-a ca Cno^eHHjHM cncreMOM h Kog Kojnx nocrojn BHme 
HOKa^nja 3a Koje ce nogHOce nojegHHanHH rognmmH H3BemTajn npenopynyje ce 
nocrojame Og6opa 36or 6o^e  KoopgHHa^nje h e^HKacHHjer paga eHepreTCKHx MeHauepa.

EHepreTCKH og6op

EHepreTCKH MeHa^ep

H3BpmHH 
gnpeKTop 

Hag3opHH og6op

rogHm^H H3BemTajn
EM

I I
C>

MHHHCTapCTBo 
pygapcTBa h 
eHepreTHKe

C^HKa 5.1 ffleMa nogHomerna r  ognmmer H3BemTaja o oCTBapHBamy ^H^eBa ymTega 
eHepraje, n^aHa h nporpaMa EE
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5.1 TOAHm&H H3BEmTAJ EHEPrETCKOr MEHAUEPA
y  oKBHpy npaBHHHHKa o o6paC^y rognm fter H3BemTaja o oCTBapHBafty ^H^eBa ymTege
[5.1] nponHCaH je  o6pa3a^ Ha KojeM o6Be3HHK CnCTeMa eHepreTCKor MeHauMeHTa 
goCTaB^a rognm ftH  H3BemTaj o oCTBapHBa&y ^H^eBa ymTege eHeprnje MHHHCTapCTBy 
Hagne^HoM 3a noCaoBe eHepreTHKe.
npeMa obom goKyMeHTy, npHBpegHo gpymTBo HHja je  npere^Ha geaaTHoCT y 
npoH3BogHoM CeKTopy Ca HajMaae jegHoM aoKa^njoM Koja oCTBapyje noTpomay 
npHMapHe eHeprnje Befry og 2.500 toe rognmfte, Kao o6Be3HHK CHCTeMa, goCTaB^a 
MHHHCTapCTBy Hagae^HoM 3a noCaoBe eHepreTHKe rognm ftH  H3BemTaj o oCTBapHBafty 
^H^eBa ymTege eHepraje Ha 06paC^y 1 - rognm ftH  H3BemTaj o oCTBapHBafty ^H^eBa 
ymTege eHeprnje 3a npHBpegHa gpymTBa nnja je  npere^Ha geaaTHoCT y nporoBogHoM 
CeKTopy h CeKTopy TproBHHe h yCayra.
HoKa^Hjy HHHe cbh o6jeKTH 3a o6aB ^aae geaaTHoCTH o6Be3HHKa CHCTeMa Kojn Ce Haaa3e 
Ha HCToj agpeCH, a anja rognm fta noTpomaa npHMapHe eHeprnje y 36upy npena3H 
rpaHHHHe BpegHoCTH noTpomae eHeprnje nponHCaHe 3a Ty BpCTy o6Be3HHKa CHCTeMa. 
npHBpegHo gpymTBo HHja je  npere^Ha geaaTHoCT y CeKTopy TproBHHe h yCayra Ca 
HajMaae jegHoM aoKa^njoM Koja oCTBapyje noTpomay npHMapHe eHepraje Befry og 
1.000 toe rognmfte, Kao o6Be3HHK CHCTeMa, goaraB^a MHHHCTapCTBy rognmftH H3BemTaj 
o oCTBapHBafty ^H^eBa ymTege eHeprnje Ha 06paC^y 1.
npHBpegHo gpymTBo anja je  npere^Ha geaaTHoCT y npoH3BogHoM CeKTopy Koje He Cnaga 
y o6Be3HHKe CHCTeMa H3 aaaHa 2. CTaB 1. npaBHHHHKa o o6pa3^y rognm fter H3BemTaja o 
oCTBapHBa&y ^H^eBa ymTege, a noCegyje o6jeKTe Kojn y 36upy HMajy noTpomay 
npHMapHe eHeprnje Befry og 1.000 toe rognmfte, goCTaB^a MHHHCTapCTBy rognmftH 
H3BemTaj o oCTBapHBafty ^H^eBa ymTege eHeprnje Ha 06paC^y 1.
OpraHH gp^aBHe ynpaBe h gpyru opraHH Peny6aHKe Cp6nje, opraHH ayToHoMHe 
noKpajHHe, Kao o6Be3HH^H CHCTeMa, goaraB^ajy MHHHCTapCTBy rognmftH H3BemTaj o 
oCTBapHBa&y ^H^eBa ymTege eHeprnje Ha 06paC^y 2 - rognm ftH  H3BemTaj o 
oCTBapHBafty ^H^eBa ymTege eHepraje 3a jegHHH^e aoKaaHe CaMoynpaBe, opraHe 
Peny6aHKe Cp6nje h opraHe ayTOHoMHe noKpajHHe.
yCTaHoBe Koje o6aB^ajy genaraoCra y o6aaCTH o6pa3oBaaa, HayKe, Kyarype, 
3gpaBCTBeHe 3amTHTe h gpyruM o6aaCTHMa, y CKaagy Ca 3aKoHoM, Ca HajMame jegHoM 
aoKa^njoM Koja oCTBapyje noTpommy npHMapHe eHeprnje Befry og 1.000 toe rognmme, 
Kao o6Be3HH^H CHCTeMa, goCTaB^ajy MHHHCTapCTBy rognmmH H3BemTaj o oCTBapHBarny 
^H^eBa ymTege eHepraje Ha 06paC^y 1.
npegy3efra Kao jaBHe Cay®6e Koja o6aB^ajy genaraoCTH y o6aaCTH: n T T  Cao6pafraja, 
eHepreTHKe, nyTeBa, KoMyHaaHHx yCayra h gpyruM o6aaCTHMa, y CKaagy Ca 3aKoHoM, Ca 
HajMame jegHoM aoKa^njoM Koja oCTBapyje noTpommy npHMapHe eHeprnje Befry og 
2.500 toe rognmme, Kao o6Be3HH^H CHCTeMa, goaraB^ajy MHHHCTapCTBy rognmmH 
H3BemTaj o oCTBapHBamy ^H^eBa ymTege eHeprnje Ha 06paC^y 1.
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JegHHH^e noKanHe CaMoynpaBe Ca npeKo 20000 CTaHoBHHKa, Kao o6Be3HH^H CHCTeMa, 
goCTaB^ajy MHHHCTapCTBy rognmftH H3BemTaj o oCTBapHBa&y ^H^eBa ymTege eHeprnje 
Ha 06paC^y 2.
06Be3HH^H CHCTeMa gy®HH Cy ga goaraB^ajy MHHHCTapCTBy jegaH rognmftH H3BemTaj o 
oCTBapHBa&y ^H^eBa ymTege eHeprnje y KojeM HCKa3yjy oCTBapeHH ^ h^  ymTege 
eHeprnje 3a CBaKy nojegHHanHy noKa^njy.
06pa3a^ 1 - rognm ftH  H3BemTaj o oCTBapHBafty ^H^eBa ymTege eHepraje 3a npHBpegHa 
gpymTBa HHja je  npeTe^Ha genarHoCT y npoH3BogHoM CeKTopy h CeKTopy TproBHHe h 
yCnyra CaCTojn Ce og 9 oge^aKa:

1. HaCnoBHa CTpaHa H3BemTaj a;
2. CnuCaK noKa^nj a o6Be3HHKa CEM-a (T a6ena K-1);
3. rognm ftH  H3BemTaj o oCTBapHBa&y ^H^eBa ymTega eHeprnje 3a CBaKy noKa^njy 

noHaoCo6;
4. rognm fta  noTpomaa eHepraje, o6hob^ hbhx H3Bopa h Boge 3a CBaKy noKa^njy 

noHaoCo6 (Ta6ena H-1-1, Ta6ena H-1-2, Ta6ena H-1-3). OBaj oge^aK je  noBe3aH 
Ca Ta6enoM Ca KoHBep3HoHHM ^aKTopHMa;

5. CnuCaK onpeMe/ype^aja Kojn Cy HajBefrn h Befru noTpomann eHeprnje 3a CBaKy 
noKa^njy noHaoCo6 (Ta6ena H-2);

6. TpeHg noTpomae eHeprnje Ca o6pa3no*efteM ogarynafta og 3agaTor rognm fter 
^H ^a og 1% n o 6 o ^m aaa  EE Ha rognmfteM HHBoy 3a CBaKy noKa^njy noHaoCo6 
(Ta6ena H-3, Ta6ena H-4);

7. 06panyH eHepreTCKHx HHgHKaropa h npHKa3 TpeHga eHepreTCKHx HHgHKaTop 3a 
CBaKy noKa^njy noHaoCo6 (Ta6ena H-5a, Ta6ena H-56, Ta6ena H-6);

8. O^eHa HHBoa eHepreTCKor MeHauMeHTa 3a CBaKy noKa^njy noHaoCo6 (Ta6ena H- 
7, Ta6ena H-8);

9. ^e$HHHCa&e CpegftoponHHx h gyroponHHx ^H^eBa 3a ymTegy h onyBaae 
eHeprnje 3a CBaKy noKa^njy noHaoCo6 (Ta6ena H-9, geo I, II, III, IV h V).

y  npnnory 19 oBor npnpyHHHKa npHKa3aH je  H3Bog $opMynapa H3 06paC^a 1 - rognm ftH  
H3BemTaj o oCTBapHBafty ^H^eBa ymTege eHeprnje 3a npHBpegHa gpymTBa nnja je  
npeTe^Ha genarHoCT y npoH3BogHoM CeKTopy h CeKTopy TproBHHe h yCnyra.
HaCnoBHa CTpaHa H3BemTaja Cagp^H oCHoBHe nogaTKe o o6Be3HHKy CHCTeMa eHepreTCKor 
MeHauMeHTa:

• nyH hh3hb o6Be3HHKa CEM-a;
• agpeCa h koht^kt Tene$oH/$aKC CegumTa o6Be3HHKa;
• noga^H o oBnamfreHoM nn^y 3a 3aCTynaae;
• HH^opMaanje o eBeHTyanHoj npoMeHH Ha3HBa h koht^kt agpeCe o6Be3HHKa y 

ogHoCy Ha npeTxogHH H3BemTaj.
HaCnoBHa CTpaHa Mopa 6hth noTnuCaHa h oBepeHa og CTpaHe oBnamfreHor nn^a 3a 
3aCTynaae o6Be3HHKa CEM-a.



5-4 npupyHHHK 3a o6yKy eHepreTCKHx MeHa^epa 3a o6naCT HHgyCTpnjCKe eHepreTHKe

Ta6ena K-1 gaje npuKa3 cbhx noKa^nja o6Be3HHKa CHCTeMa 3a Koje Ce nogHoCe 
nojegHHanHH rognm ftH  H3BemTajn. Ha obom CnHCKy Hana3e Ce CBe noKa^nje Kog Kojnx je  
noTpomaa npHMapHe eHeprnje BHma og HHBoa Kojn je  nponHCaH ypeg6oM o yTBp^HBa&y 
rpaHHHHHx BpegHoCTH rognm fte noTpomae eHeprnje. y  Ta6eny Ce yHoCe noga^H o:

• KaTeropnjn o6Be3HHKa CEM-a;
• agpeCH h Ha3HBy noKa^nje;
• rognmftoj noTpom^H npHMapHe eHeprnje H3pa®eHe Kao toe;
• m n^pn h Ha3HBy npeTe^He genarHoCTH CarnaCHo ypeg6u o KnacH^HKa^Hjn 

genarHoCTH.
Ha Kpajy Ta6ene Ca6npajy Ce nojegHHanHe rognm fte noTpomae npHMapHe eHeprnje no 
noKa^njaMa h go6nja yKynHa noTpomaa npHMapHe eHeprnje 3a o6Be3HHKa. 
npeoaraHH o6pac^H ogHoCe Ce Ha CBaKy noKa^njy noHaoCo6, TaKo ga Ce nonyaaBajy 
noga^HMa Kojn Ce ogHoCe Ha CBaKy nojegHHanHy noKa^njy. noCToje CHynajeBH y KojHMa 
Ce CegumTe o6Be3HHKa h noKa^nja 3a Kojy Ce nogHoCH rognm ftH  H3BemTaj noKnanajy. 
HaCnoBHa CTpaHa ro g n m fte r H3BemTaja o oCTBapHBafty ^H^eBa ymTega eHeprnje 3a 
CBaKy noKa^njy cagp^H oCHoBHe nogaTKe o:

• KaTeropnjn o6Be3HHKa CEM-a;
• Ha3HBy noKa^nje;
• KoHTaKT agpeCH, 6pojy Tene$oHa/$aKCa noKa^nje;
• m n^pn h Ha3HBy npeTe^He genaTHoCTH Koja Ce o6aB^a Ha HoKaanjH;
• ochobhhm noga^HMa o ogroBopHoj oco6h 3a H3pagy rognm fter H3BemTaja 

(HH^eH^npaHH eHepreTCKH MeHauep);
• 6pojy HH^eH^e eHepreTCKor MeHauepa;
• garyMy cnpoBo^ema npeTxogHor eHepreTCKor nperaega, ^ kohhko je  cnpoBegeH, h 

npeTxogHe HHcneK^HjcKe KoHTpone og crpaHe Hagne^Hor HHcneKTopa;
• rogHHH 3a Kojy je  gocraB^eH npBH r  ognmftH H3BemTaj.

OBaj o6pa3a^ Mopa 6hth noTnucaH og crpaHe HH^eH^npaHor eHepreTCKor MeHauepa. 
Ta6ena H-1-1 cagp^H rognm fty noTpomay eHeprnje 3a CBaKy noKa^njy noce6Ho. y  oBy 
Ta6eny yHoce ce noga^H o yTpomeHHM eHepreHTHMa y ogroBapajyfrHM $ h3hhkhm 
jegHHH^aMa (eHeprnja Ha yna3y), TonnoTHoj eHeprnjn y Bugy nape h Tonne Boge Kojn cy 
Kyn^eHH og CTpaHe Tpefrux HH^a, concTBeHo nporoBegeHoj TonnoTHoj h eneKTpHHHoj 
eHeprHjH1, Kyn^eHoj eneKTpHHHoj eHeprnjH (EnC  CHa6geBa&e h ocranH CHa6geBann), 
npogaroj TonnoTHoj h eneKTpHHHoj eHeprnjH TpefrHM HH^HMa. Ba^Ho je  HanoMeHyTH ga 
o6Be3HH^H CEM-a (nonyT TonnaHa) He Tpe6a ga yHoce nogaraK o npogaroj TonnoTHoj 
eHeprHjH KpajftHM Kyn^HMa, 6ygyfru ga je  to 3anpaBo ftHxoB nporoBog. y  Ta6eny H-1-1

1 ToraoTHa eHeprnja npoH3BegeHa H3 o6hob^ hbhx H3Bopa eHepruje Ha noKaunjH o6Be3HHKa CEM-a 
ynHcyje ce y KonoHy eHepruja Ha yna3y, 6e3 o63upa ga hh ce KopucTH 3a concTBeHy noTpomay y 
oKBHpy noKauuje h^h ce npogaje TpefrHM muHMa
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yHoce ce caMo KonHHHHe eHepreHaTa Koje cy $ h3hhkh yTpomeHe y nocMaTpaHoM 
BpeMeHCKoM nepuogy 3a Kojn ce nogHocu H3BemTaj. y  n o ^ a  Koja cy o3HaneHa nnaBoM 
o6Be3HHK CEM-a Mo*e yHocHTH peneBaHTHe nogaTKe, goK cy CBa ocrana n o ^ a  
3aK^ynaHa h HHje hx Moryhe MeaaTH. ^H ^pe ce yHoce Kao 6pojeBH, 6e3 gogaBaaa 
cenapaTopa 3a xn^age. Ta6ena H-1-1 noBe3aHa je  ca Ta6enoM 3a KoHBep3Hjy jegHHH^a y 
oKBHpy Koje ce Hana3e ochobhh noga^H o eHepreHTHMa Kao mTo cy rycTHHa, noga^H o 
goaoj TonnoTHoj moRh ropHBa, KoHBep3HoHH ^aKTop 3a npepanyHaBafte jegHHH^a MJ y 
kW h hhh ToHe eKBHBaneHTHe Ha$Te, Kao h noga^H o creneHy e^HKacHocrn KoHBep3Hje 
jegHor o6nHKa eHeprnje y gpyrn (obo je  noce6Ho Ba^Ho Kog npepanyHaBaaa ^HHanHe 
eHeprnje y npHMapHy). TaKo cy ge^HHHcaHH creneHH e^HKacHocrn KoHBep3Hje npHMapHe 
eHeprnje y eneKTHHHy og 0,4, goK Kog TonnoTHe eHeprnje (napa h Tonna Boga) Koja ce 
npoH3Bogn y kothobckhm nocrpojeftHMa, creneH e^HKacHocrn h3hoch 0,64. nopeg 
KoHBep3HoHHx ^aKTopa 3a eHepreTCKe jegHHH^e y oBoj Ta6enn Hana3e ce h KoHBep3HoHH 
^aKTop eMHcnje CO2.
^ kohhko o6Be3HHK KopHCTH eHepreHT Kojn HHje HaBegeH y Ta6enn H-1-1, HeonxogHo je  
yHeTH ocHoBHe nogaTKe o tom eHepreHTy -  rycTHHa, g o a a  TonnoTHa Moh, e^HKacHocr 
TpaHC^opMa^nje eHeprnje H3 jegHor o6nHKa y gpyrn, Kao h ^aKrope eMHcnje CO2 y 
Ta6eny KoHBep3Hje MepHHx jegHHH^a y o3HaneHHM no^HMa (no^a  oceHneHa nnaBoM 
6ojoM).
y  Ta6enn H-1-2 ayToMaTCKH ce ca6upa ^HHanHa h npHMapHa eHeprnja H3 o6hob^ hbhx 
H3Bopa eHeprnje, goK je  y Ta6eny H-1-3 HeonxogHo yHeTH nogaraK o noTpom^H Boge Ha 
nocMaTpaHoj HoKaanjH Ha rognmfteM HHBoy. noce6Ho ce yHocu nogaTaK o noTpom^H 
Boge H3 BogoBogHHx cncreMa h h3 concTBeHHx 6yHapa, a yKonHKo ce o6Be3HHK cncreMa 
CHa6geBa BogoM H3 Hnp. Bogo3axBaTa, noTpe6Ho je  HaBecTH h Ty kohhhhh^  Boge. 
06Be3HHK CHcreMa HaBogn caMo oHy kohhhhh^ Boge Kojy je  CTBapHo noTpomuo.
Ta6eny H-2 o6Be3HHK CEM nonyaaBa ochobhhm TexHHHKHM noga^HMa ype^aja h onpeMe 
Kojn cy geKrapncaHH Kao HajBehn h Behn noTpomann eHeprnje, npu neMy HaBegeHa 
onpeMa/ype^ajn y 36upy noKpHBajy BHme og 80% yKynHe noTpomae eHeprnje Ha 
nocMaTpaHoj HoKaanjH. y  oKBHpy oBe Ta6ene Mory ce CHcreMaTH3oBaTH noTpomann no 
BpcrH eHepreHTa Kojn Kopncre (Hnp. eneKTponoTpomaHH, noTpomann nape, Tonnorae 
eHeprnje h ch.). noTpe6Ho je  HaBecTH ocHoBHe KapaKTepncrHKe CBaKor og noTpomana Kao 
mTo cy:

• HoMHHanHa CHara ype^aja;
• pagHH napaMeTpu (npHTHcaK, TeMneparypa, npoToK, Hanop h ch.);
• npocenaH creneH onrepehefta y pagy (ropa^eH y %, y3 HanoMeHy o 6pojy pagHHx 

caTH Ha rognmfteM HHBoy Kaga oBaj ype^aj pagu ca gaTHM creneHoM onrepehefta);
• KaKaB je  craryc onpeMe (ga hh je  onpeMa HoBa, peMoHToBaHa, HHje y $yHK^njn, 

geMoHTHpaHa h ch.).
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Ta6ena H-3 npHKa3yje TpeHg noTpomae npuMapHe eHeprnje Ha gaToj noKa^Hjn h nopegu 
BpegHocTH 3a TeKyhy rogHHy ca npeTxogHoM. noga^H Kojn ce npare o6yxBaTajy nepuog 
og HajBHme 5 rogHHa. ^ kohhko je  TpeHg TaKaB ga HHje ocTBapeHo CMafteae og 1% 
rognm fte y ogHocy Ha npeTxogHy KaneHgapcKy rogHHy hhh npocenHo 1%/rog. 3a nepuog 
og 5 rogHHa, eHepreTCKH MeHauep HMa o6aBe3y ga o6pa3no®H TaKaB TpeHg noTpomae 
npHMapHe eHeprnje Ha npegMeraoj noKa^Hjn.
y  Ta6enn H-5a panyHajy ce eHepreTCKH HHgHKaTopn -  noce6Ho 3a eneKTpHHHy eHepnrjy 
(EH-1), ogHocHo noce6Ho 3a eHeprnjy H3 ropHBa (EH-2), a o6Be3HHK CEM-a gy*aH je  ga 
Ha3HanH jegHHH^y y Kojoj H3pa®aBa CBojy npoH3oBgay h ga HaBege yKynHH o6hm 
npoH3Bogae 3a nocMarpaHH nepuog 3a Kojn ce nogHocu rognm ftH  H3BemTaj. 
HHgHKaTopn EH-1 h EH-2 ayToMarcKH ce panyHajy, a oBy BpegHocT Tpe6a npeHeTH y 
Ta6eny H-56 y oKBHpy Koje ce npaTH TpeHg KpeTaaa BpegHocTH obhx HHgHKaTopa. Kao h 
y Ta6enn H-4, y Ta6enn H-6 noTpe6Ho je  HaBecTH pa3nore h o6pa3no®HTH 3amTo HHje 
ocTBapeH rognmmH ^ h^  ge^HHHcaH ypeg6oM o yTBp^HBarny rpaHHHHHx BpegHocTH 
rognmme noTpomme eHeprnje Ha ocHoBy Kojnx ce ogpe^yje Koja npHBpegHa gpymTBa cy 
o6Be3HH^H CHCTeMa eHepreTCKor MeHauMeHTa, rogHmmnx ^H^eBa ymTega eHeprnje h 
o6pac^a npnjaBe o ocTBapeHoj noTpommn eHeprnje.
Ta6ena H-7 HaMerneHa je  3a caMoo^ernHBame HHBoa eHepreTCKor MeHauMeHTa Ha 
nocMaTpaHoj noKa^Hjn, goK ce y oKBHpy Ta6ene-8 HaBoge CBe ocrane cnpoBegeHe Mepe 
Koje HMajy 3a ^ h^  ymTegy h onyBarne eHeprnje.
y  Ta6eny H-9 eHepreTCKH MeHauep yHocu cpegrnoponHe h gyroponHe nnaHoBe 3a ymTegy 
h onyBame eHeprnje Ha nocMarpaHoj noKa^Hjn, pa3BpcraBajyhH Mepe Ha oHe Koje 
3axTeBajy 3HanajHHja ^HHaHcnjcKa yHarama h oHe Koje He 3axTeBajy hhh 3axTeBajy 
ynarama Marne BpegHocTH y nocMarpaHoM BpeMeHCKoM nepuogy. y  obhm Ta6enaMa 
HeonxogHo je  ge^HHHcarn Mecro npHMeHe Mepe 3a yHanpe^erne eHepreTCKe e^HKacHocrn 
(npo^ec, HHHHja, onpeMa/ype^aj), garn KpaTaK onuc npegno^eHe Mepe, oneKHBaHy 
BpegHocT HHBecTH^nje, h npopanyHarH e^eKaT ymTege npHMapHe eHeprnje. OneKHBaHH 
e^eKaT ymTega Mopa 6hth norapen^eH  ageKBaTHoM MeTogonorHjoM KojoM ce 
HegBocMHcneHo HCKa3yje ymTega y npHMapHoj eHeprnjn. y  oge^Ky IV Ta6ene H-9 
noTpe6Ho je  H3BpmHTH aHanH3y peanroa^nje npegno*eHHx Mepa H3 nnaHa 3a npeTxogHy 
rogHHy, Te o6pa3no®HTH pa3nore ^ kohhko HeKa og npegno*eHHx Mepa HHje peanrooBaHa. 
Oge^aK V Ta6ene H-9 HaMerneH je  3a CBe ocrane HanoMeHe og 3Hanaja 3a nojammerne 
nogaTaKa Kojn cy y oKBHpy oBor gena HaBegeHH.

5.2 nPOrPAM EHEPrETCKE E^HKACHOCTH OEBE3HHKA 
CHCTEMA EHEPrETCKOr MEHA^MEHTA

CarnacHo nnaHy 6 3aKoHa o e^HKacHoM Kopnmhemy eHeprnje, jegaH og ochobhhx 
goKyMeHaTa KojHM ce yTBp^yje nonHTHKa eHepreTCKe e^HKacHocrn Kopnmherna eHeprnje 
npegcraB^a nporpaM h nnaH eHepreTCKe e^HKacHocrn Kojn, npeMa o6aBe3H, goHoce 
o6Be3HH^H CHCTeMa eHepreTCKor MeHauMeHTa.
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CaM nporpaM eHepreTCKe e^HKacHocTH npegcraB^a nnaHCKH goKyMeHT Kojn o6Be3HHK 
CHCTeMa eHepreTCKor MeHauMeHTa aohoch Ha nepuog og Tpu rogHHe. OBaj goKyMeHT, 
nopeg ge^HHHcaaa nnaHHpaHor ^H ^a ymTega eHeprnje (ycKna^eH ca nnaHHpaHHM 
^H^eBHMa CrpaTerHje, nporpaMa ocTBapHBa&a CrpaTerHje h Ak^hohof nnaHa 
eHepreTCKe e^HKacHocTH Peny6nHKe Cp6nje), npernega h npo^eHe rognmftHx 
eHepreTCKHx noTpe6a, yK^ynyjyfiH npo^eHy eHepreTCKHx CBojcraBa o6jeKaTa, Tpe6a ga 
cagp^H h npegnore Mepa h hkthbhocth Koje fie nocpegcraoM e^HKacHHjer Kopnmfiefta 
eHeprnje o6e36egHTH nnaHHpaHe ymTege, 3aTHM Hocno^e. poKoBe h npo^eHy oneKHBaHHx 
pe3y^TaTa CBaKe og Mepa KojHMa ce npegBH^a ocTBapHBafte nnaHHpaHor ^H^a, Kao h 
^HHaHcnjcKe HHCTpyMeHTe (H3Bope h HanHH o6e36e^HBafta cpegcraBa) npegBH^eHe 3a 
cnpoBo^eae nnaHHpaHHx Mepa h aKTHBHocTH.
nporpaM ce nogpo^HHje pa3pa^yje y nnaHy eHepreTCKe e^HKacHocTH. Kao nnaHCKHM 
goKyMeHToM Kojn ce aohoch Ha nepuog og jegHe rogHHe. y  obom goKyMemy ce 
npe^H3HHje h geTa^HHje onncyjy h pa3pa^yjy CBaKa Mepa h ^kthbhoct h3 nporpaMa, 
HaBoge hocho^ h h pokobh 3a cnpoBo^eae nnaHHpaHHx aKTHBHocTH, oneKHBaHH 
pe3yHTaTH 3a CBaKy og Mepa, o^ hocho aKTHBHocTH, Kao h H3Bopn h h^hhh o6e36e^HBafta 
$HHaHcnjcKHx cpegcraBa Koja cy npegBH^eHa 3a cnpoBo^eae nnaHHpaHHx Mepa.
06Be3HHK CHCTeMa eHepreTCKor MeHauMeHTa HMa o6aBe3y ga gocraBH nporpaM h nnaH 
eHepreTCKe e^HKacHocrn Ha 3axTeB Hagne^Hor MHHHcrapcrBa, Kao h ga cnpoBogu Mepe 
eHepreTCKe e^HKacHocTH cagp^aHe y obhm nnaHCKHM goKyMeHTHMa. y  CBojHM 
rognmftHM H3BemTajHMa Koje gocraB^a MHHHcrapcTBy, o6Be3HHK CEM-a gy®aH je  ga 
H3BecTH MHHHcrapcTBo o peanroa^HjH ^H^eBa cagp*aHHx y n^aHy h nporpaMy 
eHepreTCKe e^HKacHocrn h ga goHece nporpaM eHepreTCKe e^HKacHocrn (nnaH 18 
3aKoHa o e^HKacHoM Kopnmfiefty eHeprnje) y poKy og 60 gaHa og goHomeaa Ak^ hohof 
nnaHa eHepreTCKe e^HKacHocrn Peny6nHKe Cp6nje.

5.2.1 C ag p ^a j nporpaM a eHepreTCKe e^HKacHocTH ofiBCJMMKa CEM -a
CarnacHo nnaHy 11 3aKoHa o e^HKacHoM Kopnmfiefty eHeprnje nporpaM eHepreTCKe 
e^HKacHocTH Kojn goHoce o6Be3HH^H CncreMa eHepreTCKor MeHauMeHTa, cagp^H 
HaponHTo:

• naaHHpaHH iih. i. vm rega eHeprnie. Kojn je  y CKaagy ca nnaHHpaHHM ^H^eBHMa 
CrpaTernje, nporpaMa ocTBapHBafta CrparerHje h Ak^ hohof nnaHa;

• nner.ieg h MMOMeMv ro .[nm ^»x  eHepreTCKHx noTpefia. yK^ynyjyfiH npo^eHy 
eHepreTCKHx CBojcraBa o6jeKaTa;

• n p e g .o r  Mepa h aKTHBHocrn Koje fie o6e36egHTH e^HKacHo Kopnmfieae 
eHeprnje;

• HoCMOMe h poKOBe nea.M3aMMie npea.o^eH H x Mepa;
• poKPBe h npo^eHv oneKHBaHHx neiv .n  a ia  CBaKe og Mepa KojHMa ce npegBH^a 

ocTBapHBafte nnaHHpaHor ^H^a;
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• ^HHaHCHicKe hhctpvmchtc (H3Bope h HanHH o6e36e^HBafta cpegcraBa) 
npejBnReHe 3a ciinoitohen.e n.aHHpaHHx Mepa h aKTHBHocTH.

3aKoHoM HHje nponucaHa o6aBe3yjyfia $opMa nporpaMa eHepreTCKe e^HKacHocTH. na 
npegno^eHa $opMa nporpaMa HeMa o6aBe3yjyfin KapaKTep. Bygyhn ga oBaj goKyMeHT 
Tpe6a ga 6yge ycKaa^eH ca Ak^hohhm nnaHoM eHepreTCKe e^HKacHocTH Peny6nHKe 
Cp6nje. MeTogonornja Koja ce npHMeayje 3a o6panyH ocTBapeHHx ymTega H3 npaKTHHHHx 
pa3nora Tpe6ano 6h ga 6yge ycaraameHa y o6a goKyMeHTa. [5.2] 
npenopynyje ce cnegefiH cagp^aj nporpaMa EE oBe3HHKa CEM:

1. Pe3HMe;
2. yBog;
3. OnmTH noga^H o npegy3efiy o6Be3HHKy CncreMa eHepreTCKor MeHauMeHTa;
4. Onuc npHMerneHe MeTogonorHje;
5. EHepreTCKH 6nnaHC Ha nocMarpaHoj noKaaHjn;
6. npHKa3 nona3Hor CTama h aHanH3a noTpomme eHeprnje Ha noKa^Hjn;
7. npegnor Mepa h hkthbhocth 3a yHanpe^erne eHepreTCKe e^HKacHocrn;
8. npopanyH ym rega eHeprnje;
9. TexHo-eKoHoMCKa aHanH3a npegno*eHHx Mepa;
10. PaHrnpame Mepa 3a yHanpe^eme eHepreTCKe e^HKacHocrn;
11. HanHH npafiema cnpoBo^ema Mepa;
12. H3BemTaj o creneHy peanroa^nje Mepa EE y npeTxogHoM nepuogy;
13. 3aK^ynaK;
14. npnno3H.

Pe3HMe
Pe3HMe goKyMeHTa npegcraB^a H3Bog Haj3HanajHHjHx eneMeHaTa goKyMeHTa h oh no 
npaBH^y cagp^rn

• 06pa3no*erne 36or nera ce npunpeMa h ^ ohoch goKyMeHT (mTo npoHCTHne H3 
ogpega6a 3aKoHa o e^HKacHoM Kopnmfiemy eHeprnje). y3 Ha3HaKy ga je  goKyMeHT 
H3pa^eH y CKnagy ca ^H^eBHMa CrpaTernje pa3Boja eHepreTHKe Peny6nHKe Cp6nje 
go 2025. roguHe ca npojeK^njaMa go 2030. rogHHe. nporpaMoM ocTBapHBama 
CrparerHje h Ak^hohhm nnaHoM eHepreTCKe e^HKacHocrn Peny6nHKe Cp6nje;

• JacHo ge^HHHcaH ^ h^  ymTega npHMapHe eHeprnje. a Kojn Mopa 6hth y CKnagy ca 
3axTeBHMa H3 ypeg6e o yTBp^HBamy rpaHHHHHx BpegHocrn rognmme noTpomme 
eHeprnje Ha ocHoBy Kojnx ce ogpe^yje Koja npHBpegHa gpymTBa cy o6Be3HH^H 
CHCTeMa eHepreTCKor MeHauMeHTa. rogHmmnx ^H^eBa ymTege eHeprnje h o6pac^a 
npnjaBe o ocTBapeHoj noTpommn eHeprnje;

• nperneg crpyKType goKyMeHTa (carnacHo nnaHy 11 3aKoHa o e^HKacHoM 
Kopnmfierny eHeprnje);

• npHKa3 noTpomme npHMapHe eHeprnje Ha rognmmeM HHBoy Kojn npoH3Hna3H H3 
eHepreTCKor 6nnaHca npegy3efia;
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• npHKa3 ochobhhx HHgHKaTopa Be3aHHx 3a h^hhh Kopnmfieaa eHeprnje y 
npegy3efiy;

• npHKa3 TpomKoBa 3a eHepreHTe h eHeprnjy Ha rognmfteM HHBoy ca jacHo 
ge^HHHcaHHM Tapn^aMa 3a eHepreHTe;

• Ta6enapHH nperneg paHrnpaHHx Mepa eHepreTCKe e^HKacHocrn ca npHKa3oM 
nnaHHpaHHx rognmftHx ymTega H3pa®eHHx y $ h3hhkhm h hobhhhhm jegHHH^aMa;

• KoHCTaTaqHjy ga hh npHKa3aHe Mepe ca e^eKTHMa ymTega Ha rognmfteM HHBoy 
HcnyftaBajy nocraB^eHH rognmftH ^ h^  ymTega Kojn je  ge^HHHcaH ypeg6oM.

yBog
y  obom geny goKyMeHTa noTpe6Ho je  Hcrafin ga je  nporpaM eHepreTCKe e^HKacHocrn 
Kojn goHocH npegy3efie Kao o6Be3HHK CEM-a nnaHCKH goKyMeHT KojHM ce ge^HHHme 
HanHH ocrBapHBafta nnaHHpaHor ^H ^a ymTega eHeprnje 3a nepuog og Tpu rogHHe. Kao h 
ga cy ge^HHHcaHH nnaHHpaHH ^ h.m b h  y CKnagy ca goKyMeHTHMa: CrparerHjoM. 
nporpaMoM ocTBapeaa OrparerHje h Ak^hohhm nnaHoM eHepreTCKe e^HKacHocrn. 
y  yBogy o6Be3HHK Tpe6a ga ena6opnpa ocHoBHe pa3nore H3page nporpaMa eHepreTCKe 
e^HKacHocTH Kojn npoHCTHHy H3 ogpega6a 3aKoHa o e^HKacHoM Kopnmfiefty eHeprnje. 
HaBecrH o6aBe3Ho KBamH^HKoBaHH ^ h^  ymTega Ha rognmfteM HHBoy Kojn Tpe6a ga 
h3hoch HajMaae 1% rognm fte noTpomae npHMapHe eHeprnje npegy3efia. 
y  obom geny goKyMeHTa noTpe6Ho je  rojacHHTH ce o nnrafty  npHMeaeHe MeTogonorHje 
o6panyHa e^eKaTa Mepa eHepreTCKe e^HKacHocm.

OnmTH nogann o nnegviehv o6Be3HHKv CHCTeMa eHepreTCKor MeHauMeHTa
y  obom nornaB^y noTpe6Ho je  HaBecTH onmTe nogaTKe Kojn onncyjy o6Be3HHKa CEM-a:

1. Ha3HB o6Be3HHKa CHCTeMa;
2. Ochobhh noga^H o o6Be3HHKy cncreMa (agpeca. Tene^oH. ^aKC. Be6-agpeca h 

ch.);
3. ^H^e oB^amfieHo 3a 3acrynafte (HMe h npe3HMe. pagHo Mecro. agpeca. Tene^oH. 

$aKC. eneKTpoHCKa agpeca);
4. CnucaK noKa^nja o6Be3HHKa CEM-a (ca noga^HMa o Ha3HBy noKa^nje. agpecn. 

mn^poM h hh3hbom npeTe^He genaTHocTH);
5. Oco6a Koja je  ogroBopHa 3a H3pagy nporpaMa eHepreTCKe e^HKacHocrn (HMe h 

npe3HMe. pagHo Mecro. agpeca. Tene^oH. ^aKC. eneKrpoHCKa agpeca);
6. Bpoj 3anocneHHx pagHHKa (6poj pagHHKa y cny*6n eHepreTHKe h 6poj 

eHepreTCKHx MeHauepa);
7. OpraHH3a^noHa crpyKTypa npegy3efia ca ge^HHHcaHoM no3H^njoM eHepreTCKor 

MeHauepa (o6aBe3Ho HaBecTH ^ kohhko npegy3efie nocegyje yBegeH cncreM ISO 
50001);
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8. Ochobhh ^HHaHcnjcKH noKa3aTe.M paga npegy3efia (rognmftH npnxogn h 
pacxogu y npegy3efiy. ca noce^HHM ocbptom Ha TpomKoBe Kojn ce ogHoce Ha 
Ha6aBKy eHepreHaTa);

9. OcHoBHe HH^opMa^nje o HanHHy CHa6geBa&a eHeprnjoM h eHepreHTHMa 
(go6aB^ann h Tapn^e no KojHMa ce yroBapa CHa6geBaae eHeprnjoM h 
eHepreHTHMa. Bpcre h KonHHHHa eHepreHaTa Kojn ce yTpome Ha rognmfteM 
HHBoy);

10. HanHH npaheaa noTpomae eHepreHaTa (onHTaBafte 6pojHna. Kompona panyHa. 
aHanH3a noTpomae -  nacoBHH. gHeBHH. Hege^HH. nonyMeceHHH. MecenHH hhbo);

11. Onuc TexHoHomKor/TexHonomKHx npo^eca no npoH3BogHHM ^enHHaMa/ 
6nnaHCHHM jegHHH^aMa ca hh3hhkom o bpcth eHepreHaTa Kojn ce Kopncre no 
nojegHHHM 6nnaHCHHM jegHHH^aMa;

12. HanHH opraHH3oBafta nporoBogae (pag y CMeHaMa. 6poj pagHHx gaHa rognmfte. 
BpeMe Koje je  npegBH^eHo 3a peMHoTe);

13. Onuc CHCTeMa Kojn cny*e 3a CHa6geBaae eHepreTCKHM $HyngHMa (KonTapHH^a. 
KoMnpecopcKa craHH^a. pacxnagHa craHH^a. cncreM 3a gHcrpn6y^Hjy nape h 
noBpar KoHgeH3aTa. cncreM 3a gHCTpn6y^Hjy Bpene/Tonne Boge. HHgycrpnjcKe 
nefin. CHP nocrpojefte. eneKTpo-eHepreTCKH cncreM -  Tpa$o craHH^e h 
CHa6geBa&e eneKrpHHHoM eHeprnjoM npoH3BogHHx noroHa. cncreM ocBeT^eaa 
h gp.);

14. Onuc c ra a a  o6jeKaTa y npegy3efiy (HaTKpHBeHe noBpmHHe. c ra a e  oMoTana. 
KpoBa. npo3opa h Bpara. cncreM ocBeT^eaa h rpejafte/KHHMaTroa^Hja o6jeKara);

15. noTeH^Hjan Kopnmfieaa o6hob^ hbhx H3Bopa eHeprnje;
16. Ocrano mTo je  peneBaHTHo 3a goKyMeHT. a HHje HaBegeHo.

OnHC nniiMeii.eiie Meio.io.ioi nie
y  oKBHpy oBor nornaB^a. noTpe6Ho je  geTa^Ho onncaTH MeTogonorHjy Koja je  
KopumfieHa 3a ge^HHHcaae cbhx HHgHKaropa noTpomae eHeprnje. Kao h 3a ge^HHHcafte 
nnaHHpaHHx ymTega eHeprnje 3a CBaKy nojegHHanHy Mepy eHepreTCKe e^HKacHocrn. 
06aBe3Ho HaBecTH CBe KopumfieHe ^aKTope 3a KoHBep3Hjy y npopanyHHMa. ^ kohhko je  
MeTogonornja 3a npopanyH craHgapgH3oBaHa. o6aBe3Ho ce HaBogu H3Bop (craHgapg. 
npaBHHHHK h ch.) H3 Kor je  MeTogonorHja npey3eTa.

EHepreTCKH fln.iaiiC Ha .loK'aiiiiiii Ca npHKa3QM no.a3H or CTaaa h aiia.iii3a 
noT pom ae eHeprnie
y  oKBupy oBor nornaB^a noTpe6Ho je  gaTH onm ra eHepreTCKH 6nnaHC npegy3efia. 
ogHocHo npHKa3aTH h KBaHTH^HKoBaTH CBe yna3He h H3na3He eHepreTCKe ToKoBe. 
nornaB ^e 4 npnpyHHHKa o^ hoch ce Ha H3pagy 6nnaHca npoH3BogHor npo^eca h Tpe6a ga 
6yge ocHoBa 3a oBaj cerMeHT npunpeMe nporpaMa eHepreTCKe e^HKacHocm. ^ a  6h ce 
H3pagno 6nnaHC HeonxogHo je  npHKynHTH cnegefie nogaTKe o:
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• npoH3BogftH h npepagu (pagHo BpeMe. yna3He cnpoBHHe. npoH3BogHH nporpaM. 
noga^H Ha MecenHoM HHBoy o npoH3BogftH h npepagu 3a HajMaae gBe roguHe 
yHa3ag);

• pacnono^HBH eHepreTCKH H3Bopn;
• nojegHHanHHM cncreMHMa;
• nojegHHanHoj onpeMH;
• noTpomftH eHeprnje h eHepreHara (noga^H Ha MecenHoM HHBoy 3a HajMaae gBe 

roguHe yHa3ag).
nona3Ho c ra a e  h aHanH3a noTpomae eHeprnje y npegy3efiy ce ge^HHHme Ha ocHoBy 
cnpoBegeHor eHepreTCKor npernega. a MeTogonornja cnpoBo^eaa eHepreTCKor npernega 
geTa^Ho je  onucaHa y noraaB.^y 3 oBor npnpyHHHKa.
AHanH3a npHKyn^eHHx nogaraKa nogpa3yMeBa o6panyH cne^H^HHHe noTpomae 
eHeprnje (eHepreTCKH HHgHKaTopn). npHKa3 nogaTaKa (geTa^HHje je  npHKa3aHo y 
nornaB ^y 3). ogpe^HBaae eHepreTCKHx ^em apa -  Mecra ca HajBefioM noTpomaoM 
eHeprnje. ogpe^HBaae kphthhhhx Mecra y cncreMy y nornegy ry6HTaKa.

n n e g .o r  Mepa h aKTHBHPCTH 3a viiaimehen.e eHepreTCKe etbiiK'aCiioCTii
npegnor Mepa h hkthbhocth Tpe6a yHH$H^npaTH h ge^HHHcam 3a cb^kh nojegHHanHH 
CHCTeM 3a CHa6geBaae eHepreHTHMa. o^ hocho 3a yHanpe^efte TexHonomKHx npo^eca 
noHaoco6.
3a CBaKy Mepy noTpe6Ho je  gaTH Ha3HB Mepe. ca pe^epemHoM o3HaKoM Mepe y CKnagy ca 
AKnnoHHM nnaHoM eHepreTCKe e^HKacHocm. onuc Mepe (KareropHja. BpeMeHCKH okbhp 
npHMeHe Mepe ca ge^HHHcaHHM noneTKoM aeHe HMnneMeHTa^Hje. KpaTaK onuc ca ^H^eM 
Kojn Tpe6a ga 6yge nocTHrHyT. ^H^Ha rpyna. Kao h hhbo npHMeHe (Ha^noHanHH. 
pernoHaHHH. noKanHH). HH^opMa^nje o cnpoBo^eay Mepa (nncra h onuc aKTHBHocTH 3a 
cnpoBo^eae Mepe. 6yneT h ^HHaHcnjcKH H3Bopn. peneBaHTHo Teno 3agy*eHo 3a 
cnpoBo^eae aKTHBHocrn y oKBHpy Mepe h Hag3opHH opraH 3agy*eH 3a Kompony 
HMnHeMeHra^Hje). MeTogonorHja npafieaa nocTHrHyTHx ymTega. nnaH oneKHBaHHx 
ymTega y nepuogy og 3 rogHHe. npeTnocraBKe Koje cy y3eTe y o63up. Kao h aHanH3y 
npeKHanaaa h MynTHnnH^npafta e^eKaTa npHMeHe Mepa.
y kohhko HeKe og Mepa eHepreTCKe e^HKacHocrn HHcy npegBH^eHe AKnnoHHM nnaHoM. 
to Tpe6a noce6Ho HarnacHTH. a npegno^eHe Mepe onncarH Ha npeTxogHo yTBp^eHH
HaHHH.
nperneg  Mepa 3a yHanpe^eae eHepreTCKe e^HKacHocrn no^e^H o je  npHKa3arn 
npernegHo. y Bugy Ta6ene.
y  norjiaBJty 17 gaTe cy THnHHHe Mepe Koje ce Mory cnpoBogHTH pagu yHanpe^efta 
eHepreTCKe e^HKacHocm y pa3HHHHTHM HHgycrpHjcKHM noroHHMa h o6jeKTHMa 
(3rpagaMa). Mepe cy cncreMaTH3oBaHe y rpyne: (1) onmTe Mepe. (2) Mepe Koje ce ogHoce 
Ha ^eBoBoge h anapare. (3) Mepe y KoraapHH^aMa. (4) cncreMH 3a gHcrpn6y^Hjy h
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CHa6geBaae BogeHoM napoM. (5) HHgycTpnjcKe n e ta . (6) cymape. (7) nyMne. (8) 
BeHTHHaTopn. (9) gyBa^Ke. (10) KoMnpecopu. (11) cncreMH 3a gHcrpH6y^Hjy h 
CHa6geBaae KoMnpHMoBaHHM Ba3gyxoM. (12) Kyne 3a ra a^eae  Boge. (13) cncreM 3a 
raa^eae . (14) cncreMH KTX (KHHMaTroa^nja. rpe jaae  h xna^efte). (15) 3rpage. (16) 
CHa6geBaae BogoM h TpeTMaH oTnagHHx Boga. (17) cncreMH 3a gHCTpn6y^Hjy h 
CHa6geBaae eneKipHHHoM eHeprnjoM. (18) eneKTpoMoTopHH noroHH h (19) ocBeT^eae.

nnonaMVM vm rega eiieni nie
3a CBaKy npegno*eHy Mepy 3a yHanpe^eae eHepreTCKe e^HKacHocrn noTpe6Ho je  
noce6Ho ge^HHHcarn:

1. nona3He nogaTKe;
2. MeTogonorHjy o6panyHa ymTega (3aBHcnfie og cncreMa Kojn ce nocMarpa).

y  cagamftHM ycnoBHMa He nocrojn 3aKoHCKH yTBp^eHa MeTogonorHja 3a KoHKpeTHe 
eHepreTCKe cncreMe y npegy3efiHMa Koja npeTe®Hy genaTHocr HMajy y nporoBogHoM 
ceKTopy (Kao mTo je  to cnynaj ca MepaMa h cncreMHMa Kojn ce ogHoce Ha jegHHH^e 
noKa^He caMoynpaBe). y  tom CMHcny. o6panyH ymTega Kojn ce npHKa3yje y nporpaMy 
eHepreTCKe e^HKacHocrn Tpe6a ga 6yge jacaH. HegBocMHcneH. ca npe^H3Ho HaBegeHHM 
cbhm peneBaHTHHM BenHHHHaMa Koje cy y3eTe y o63Hp Kog npopanyHa h HaBegeHHM cbhm 
pe^epeTHHM goKyMeHTHMa Kojn cy KopnmfieHH 3a npopanyH.
y^ynHa ymTega eHeprnje npegcraB^a 36up ymTega Koje ce ocTBapyjy npHMeHoM 
nojegHHanHHx Mepa.
Kog o^eHe gonpHHoca Kojn cnpoBegeHe Mepe eHepreTCKe e^HKacHocrn HMajy Ha 
ocrBapHBafte Ha^HHanHor ^H ^a ymTege eHeprnje. HeonxogHo je  y3eTH y o63up BeK 
Tpajaaa Mepa.

TexHo-eKoHoMCKa aiia.Mi3a npej^o^eH H x Mepa
^eTa^H TexHo-eKoHoMCKe aHanH3e g ara  cy y 16. noraaB.^y npnpyHHHKa.

Pam nnaiH e Mepa 3a vH anpeheae eHepreTCKe ebnKaCHPCTH
npegno^eHe Mepe eHepreTCKe e^HKacHocrn paHrnpajy ce npeMa yTBp^eHoM 
KpHTepHjyMy. Hajnemfie ce kophcth KpHTepHjyM HHBoa ynarafta. Te ce Mepe rpynnmy y:

1. Mepe 6e3 ynara&a hhh ca hhckhm hhboom ynarafta;
2. Mepe Koje 3axTeBajy cpegftH hhbo ynarafta h
3. Mepe Koje 3axTeBajy KannraHHa ynarafta.

CaraacHo ToMe. h gHHaMHKa peanroa^nje ogpe^yje ce y CKnagy ca hhctom ge$HHHcaHHx 
npnopHTeTa.

HannM im aheii.a CHnoitoheH.a Mepa H3 nporpaM a
y  oKBHpy oBor nornaB^a noTpe6Ho je  HaBecTH ga je  npafieae H3Bpmeaa nporpaMa EE 
o6Be3HHKa CEM-a. Kao h npaBoBpeMeHo H3BemTaBa&e o cnpoBegeHHM MepaMa h 
aKTHBHocTHMa Ba^aH cerMeHT cnpoBo^eaa Akmhohof nnaHa eHepreTCKe e^HKacHocrn
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Peny6nHKe Cp6nje. 3Hanaj cnpoBo^erna h npaheaa ymTega eHeprnje npeno3HaT je  h y 
3aKoHy o e^HKacHoM Kopnmfiefty eHeprnje. rge je  nnaHoM 9 nponucaHo ga je  
MHHHCTapcTBo Hagne^Ho 3a nocnoBe eHepreTHKe ogroBopHo 3a cnpoBo^erne h Kompony 
cnpoBo^erna Ak^hohof nnaHa y ^enHHH. Obo MHHHcrapcTBo. TaKo^e. npaTH. Bpmu 
npoBepy h o^eHy ymTega eHeprnje ocTBapeHHx peanroa^njoM Ak^ hohof nnaHa y CKnagy 
ca npaBHHHHKoM o HaHHHy h poKoBHMa gocTaB-Mrna nogaraKa Kao h MeTogonorHje 3a 
npahefte. npoBepy h o^eHy e^eKaTa aeroB or cnpoBo^erna [5.3]. Hcthm nnaHoM 3aKoHa 
nponucaHo je  h ga cy opraHH gp^aBHe ynpaBe. Hagne^HH opraHH ayTOHoMHe noKpajHHe h 
jegHHH^e noKanHe caMoynpaBe. y oKBHpy CBojnx Hagne^HocTH. ogroBopHH 3a 
cnpoBo^erne Ak^hohof nnaHa h gy®HH ga gocraB^ajy MHHHcrapcrBy nogaTKe HeonxogHe 
3a npafieae cnpoBo^erna aK^noHor nnaHa.
3a e^HKacHo npafieae cnpoBo^erna Mepa HeonxogHo je  jacHo ge^HHHcarn HHgHKaTope 3a 
npaheae. [5.2]

H3BemTai o CTeneHv i)ea.nnam iie Mepa ee y npeTxojHPM nepnoav
y  obom geny je  noTpe6Ho npHKa3aTH creneH peanroa^nje npojeKara npegBH^eHHx 
npeTxogHHM nporpaMoM eHepreTCKe e^HKacHocrn o6Be3HHKa CEM-a h ynHHaK 
cnpoBegeHHx Mepa. OBge ce. npe CBera. mhchh Ha o6hm peanH3oBHHx HHBecTH^nja. 
ocTBapeHe ymTege eHeprnje (H3pa®eHe y anconyTHHM H3HocHMa h $ h3hhkhm 
jegHHH^aMa) hhh CMaaeae yTpomKa eHeprnje (H3pa®eH Kao ogHoc y %). CMafteae 
cne^H^HHHe noTpomae eHeprnje (Hnp. kWh/kg. hhh kJ/kg). CMafteae eMHcnja racoBa ca 
e^eKTHoM craKneHe 6amTe (H3pa®eHo y $ h3hhkhm jegHHH^aMa h anconyTHHM 
BpegHocrHMa t CO2 hhh Kao %) [5.2].

^aKVhvnaK'
y  3aK^yHHHM pa3MarparnHMa Tpe6a KoHcraToBaTH ga cy y nporpaMy eHepreTCKe 
e^HKacHocTH o6Be3HHKa CEM-a npHKa3aHH pe3y^raTH cnpoBegeHe aHanH3e noTpomme 
eHeprnje Ha HoKaanjH o6Be3HHKa CEM-a h ga cy y oKBHpy oBor goKyMeHTa npegno^eHe 
Mepe noBefiama eHepreTCKe e^HKacHocrn h ymTega eHeprnje Koje fie y HapegHoM 
TporognmmeM nepuogy 6hth cnpoBegeHe Ha nocMarpaHoj noKa^Hjn. a Koje cy y CKnagy 
ca nponncaHHM rognmmHM ^H^eBHMa ymTege eHeprnje o6Be3HHKa CEM-a. 
nopeg  npopanyHa ymTega eHeprnje 3a CBaKy og Mepa. cnpoBegeHa je  TexHo-eKoHoMCKa 
aHa^H3a h ge^HHHcaHH cy H3Bopn ^HHaHcnparna y nocMaTpaHoM TporognmmeM nepuogy 
3a CBaKy Mepy eHepreTCKe e^HKacHcora nojegHHanHo.
HanHH npafierna H3Bpmerna nporpaMa eHepreTCKe e^HKacHocrn o6Be3HHKa CEM-a 
ogpe^eH je  3aKoHoM o e^HKacHoM Kopnmfierny eHeprnje. npu neMy ce H3BemTajn o 
peanroa^HjH nogHoce Hagne^HoM MHHHcrapcTBy 3a nocnoBe eHepreTHKe. 
y  3aK^yHKy je  noTpe6Ho KBaHTH^HKoBaTH nnaHHpaHH ^ h^  ymTega ^HHanHe. o^ hocho 
npHMapHe eHeprnje y nocMaTpaHoM TporognmmeM nepuogy. nnaHHpaHy gHHaMHKy 
peanroaaHje oBor ^H^a. Kao h nojegHHanHe npo^emyanHe rognmme H3Hoce ymTega
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eHeprnje. nopeg  obhx nogaTaKa. HeonxogHo je  HaBecrn yKynHH h3hoc nnaHHpaHHx 
HHBecTH^nja 3a peaHH3a^njy Mepa eHepreTCKe e^HKacHocm h H3Bope o6e36e^erna 
$HHaHcnjcKHx cpegcraBa.

nPH^P3H
y  npnno3HMa goKyMeHTa Tpe6a HaBecTH CBe peneBaHTHe nogaTKe Kojn cy KopnmfieHH 3a 
npupneMy ann HHcy yBpmTeHH y ocHoBHa nornaB^a nporpaMa eHepreTCKe e^HKacHocrn.

^HTepaTypa
[5.1] npaBHHHHK o o6pacny rognm fter H3BemTaja o ocTBapHBamy ^uaeBa ymTege eHepraje. 

Cn. rnacHHK PC 32/16
[5.2] Bama^. M.. ByKaHoBnfi. ,3,.. MaTejnfi. M.. rannfi. P.. EpgapeBnfi. .tt>.. .Ha3peBHfi. E.. 

Tn^a. C.. npnpyHHHK 3a eHepreTCKe MeHa^epe 3a o6nacT onmTHHCKe eHepreTHKe. 
nporpaM YjegHmeHHx Ha^nja 3a pa3Boj. 2016.

[5.3] npaBHHHHK o HaHHHy h poKoBHMa gocTaB^ama nogaTaKa HeonxogHHx 3a npafieme 
cnpoBo^ema Ak^ hohof nnaHa 3a eHepreTCKy e^HKacHocr y Peny6nn^H Cp6njH u 
MeTogonorajn 3a npafieme. npoBepy u o^eHy e^eKaTa meroBor cnpoBo^ema. Cn. 
TnacHHK PC. 37/15

n n T a ^ a
1. Ko npunpeMa rognmrnH H3BemTaj o ocTBapHBarny ^H^eBa ymTege o6Be3HHKa 

CEM-a?
2. KoMe ce nogHocu rognmrnH H3BemTaj o ocTBapHBamy ^H^eBa ymTega o6Be3HHKa 

CEM-a?
3. Ko je  y o6aBe3H ga nogHocu rognmrnH H3BemTaj o ocTBapHBarny ^H^eBa ymTege 

o6Be3HHKa CEM-a?
4. Koje cy Bpcre 06pa3a^a Ha KojHMa ce nogHocu r  ognmrnH H3BemTaj?
5. ffira  npegcraB^a noKa^Hjy Kog o6Be3HHKa CEM-a?
6. HaBecTH ocHoBHe eneMeHTe rognm rner H3BemTaja o ocTBapHBamy ^H^eBa ymTega 

o6Be3HHKa CEM-a.
7. Ko noTnncyje rognmrnH H3BemTaj o ocTBapHBamy ^H^eBa ymTege o6Be3HHKa 

CEM-a?
8. ffira  je  nporpaM eHepreTCKe e^HKacHocra o6Be3HHKa CEM-a?
9. HaBecTH cagp^aj nporpaMa eHepreTCKe e^HKacHocra o6Be3HHKa CEM-a.
10. Kojn cy npenopyneHH eneMeHTH nporpaMa eHepreTCKe e^HKacHocra CEM-a?



6. OCHOBH TOH^OTHHX OHEFA^HJA

CpSnc^aB reHHh

Tonnom e onepa^nje nogpa3yMeBajy npo^ece pa3MeHe TonnoTe npu KojHMa ce Meaa 
Tonnomo cra&e TpeTupaHe pagHe MaTepnje, a y HeKHM CHynajeBHMa u  arperaTHO crafte u  
cacraB. OBe onepa^nje ce o6aB^ajy y TonnoTHHM anaparHMa.
TonnoTHe onepa^nje h anapam  cy mnpoKO pacnpocrpameHH y pa3HHHHTHM 
HHgycrpHjcKHM h npHBpegHHM rpaHaMa Kao mTO cy eHepreTHKa, pygapcTBO, 
no^onpHBpega, 6H0TexH0H0rn ja h 3amTHTa ^HBome cpegHHe, a noce6HO y CKopo cbhm 
o6nacrHMa npo^ecHe HHgycrpnje (npoH3Bogrnn h npepagu Ha$Te h npupogHor raca, 
npoH3Bogrnn h npepagu xeMHjcKHx npou3Boga, $apMa^eyTCKoj HHgycrpnjH, npoH3Bogrnn 
xeMHjcKHx BnaKaHa, nnacrHHHHx Maca, 6oja h naKOBa, ^y6pHBa, arpoxeMHKanHja, 
npexpaM6eHoj HHgycrpHjH, nporoBogrnn h npepagu HeMeTana h rpa^eBHHCKHx 
MarepHjana, HHgycrpnjH ^enyno3e h nanupa, ^pHoj h o6ojeHoj MeTanyprHjn, TeKcmnHoj h 
KO^apcKoj HHgycrpHjH, HHgycrpHjH ryMe HTg), Kao h y gpyrHM o6nacrHMa MamHHCTBa -  
TepMOTexHH^H (rpejarne, xna^erne, KHHMarroa^Hja) h TepMoeHeprem^H
(TepMoeneKTpaHe, TonnaHe); npeB03HHM h TpaHcnopTHHM cpegcmHMa nrg.
OcHOBy 3a pa3yMeBame TonnomHx onepa^nja h anapaTa npegcraB^ajy gBe 
$yHgaMeHTanHe o6nacrH $H3HKe: TepMogHHaMHKa h TpaHcnopT TonnoTe. 36or npaKce 
Koja je  ycra^eHa Me^y HH^ernepHMa y o6nacrH TonnoTHHx onepaanja 03HaKe KopnmheHe 
y ga^eM TeKCTy, y H3BecHoj Mepu, ogygapajy og nponncaHHx y SRPS EN ISO 80000.

6.1 OCHOBH nOJMOBH H3 TPAHCnOPTA TOnTOTE
nocro je  Tpn ocHOBHa HanHHa TpaHcnopTa (npocrHpama, npeHomerna) TonnoTe:

• npoBO^erne TonnoTe -  KOHgyKanja;
• npena3 TonnoTe -  KOHBeKanja;
• 3panerne -  pagnja^Hja.

npoBO^erne TonnoTe je  TpaHcnopT Kojn ce ogBHja Ha MoneKynapHOM HHBoy h go Kora 
gona3H npu nocrojamy TeMnepaTypcKe pa3HHKe ge^OBa jegHor Tena hhh npu 
HenocpegHOM KOHTaKTy gBa Tena pa3HHHHTe TeMnepaType. npeMa ®ypnjeoBOM 3aKOHy, 
TonnoTHH $nyKC Kpo3 paBaH 3ug ge6^HHe 8  (m) je  nponop^HOHanaH pa3HH^H 
TeMneparypa At (°C) ca gBe crpaHe 3uga

q = - - M  (6.1)
8

Koe^H^njeHT nponop^HOHanHOCTH ce Ha3HBa TonnoTHa npoBogHOCT. 
y  cnynajy ^HHHHgphhhor  3uga HHjH je  cno^am m n npenHHK ds (m), a yHyTpammn 
npenHHK d u (m), TonnomH $nyKC je
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q  =  X-
2

d s - ln
d s

u

- M (6.2)

npe^a3 Ton^OTe je  nocgegn^a KpeTaaa BegHKHx MoneKyhckhx rpyna u, 3a pa3HHKy og 
npoBO^erna TonnoTe, jaB ^a ce caMO Kog $nynga (reHHHx hhh racoBHTHx). Crpyjafte 
$nynga MO*e ce ocTBapHTH npHHygHHM nyTeM (npHHygHa KOHBeKanja), noMohy crpyjHHx 
MamHHa (nyMne, BeHTHHaTopn, KOMnpecopu nrg) hhh npnpogHHM nyTeM (npupogHa 
KOHBeKanja), Kaga ce ycneg pa3HHKe y TeMneparypn h rycTHHH y pa3HHHHTHM cnojeBHMa 
$nynga ocTBapyje KpeTame h Ha Taj HanHH h TpaHcnopT TonnoTe (^HpKyga^nja Boge y 
KOTHy HTg). TonnoTHH $nyKc npu KOHBeK^Hjn MO*e ce ogpegHTH Ha cnegehn HanHH
q = a - ( t f  -  tgr ) (6.3)

rge cy:
• tf, °C, TeMnepaTypa $nynga;
•  tgr, °C, TeMneparypa 3uga;
•  a , W/(m2 K), Koe^H^njeHT npena3a TonnoTe Kojn 3aBHcn og cBojcraBa $nynga h 

yc^OBa nog KojHMa ce ogBHja crpyjame.
y  Ta6e^H 6.1 gaTe cy yo6nnajeHe BpegHocrn 3a Koe^H^njeHT npona3a TonnoTe Koje ce 
cpefry Kog go6omacrnx pa3MernHBana TonnoTe.

TaSega 6.1 OpnjeHra^HOHe BpegHocrn Koe^H^njeHara npena3a TonnoTe [6.1]
TonnoTHa onepa^nja ®nyug Koe^H^njeHT npega3a TongoTe, W/(m2 K)
rpejame h xga^eme racoBH 1 = 60

nperpejaHa napa 20 = 120
y^a 60 = 1700
Boga 200 =10000
TeHHH MeTâ H 20000 = 40000

K^ynarne opraHcKe TenHocTH 600 =10000
Boga 6000 = 50000

KoHgeroa^nja BogeHa napa 5000 = 20000
opraHcKe nape 600 = 2500

3panerne j e eMHcnj a eHeprnj e Tena ycneg cno*eHHx MoneKynapHHx h  cy6MoneKynapHHx 
npoMeHa. TpaHcnopT eHeprnje 3panerneM ce y $opMH eneKipoMarHeTHHx Tanaca 
npocrnpe y cbh m  npaB^HMa h  He 3axTeBa npncycTBO cyncraH^Hj e j ep ce 
eneKTpoMarHeTHH Tanacn npocropy h  Kpo3 BaKyyM. nopeg  3panerna, cBaKO Teno h  

ancop6yj e, pe$neKTyj e h h h  nponymTa eHeprnj y go3paneHy og gpyrnx Tena, npu neMy j e 
e e  EfHL + fR_ + ̂ d_ = r + a + d  = 1 (6.4)
E E  E

rge cy:
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• E, W, yKynHO go3paneHa eHeprnja;
• E a, W, geo eHeprnje 3paneaa Kojy je  Teno ynnno (ancop6oBano);
• E r, W, geo eHeprnje 3paneaa Kojy je  Teno og6nno (pe^neKTOBano);
• E d, W, geo eHeprnje 3paneaa Kojy je  Teno nponycrHno;
• a, Koe^H^njeHT ancopn^nje;
• r, Koe^H^njeHT pe^neKcnje;
• d, Koe^H^njeHT nponymTaaa (gnjaTepMHje).

^Bpcra Tena h TeHHocrn cy npaKTHHHO Henpo3panHa 3a TonnoTHe 3paKe (d = 0). Teno Koje 
je  cnoco6HO ga ynnje cBy go3paneHy TonnoTHy eHeprnjy (a  = 1 )  Ha3HBa ce anconyTHO 
^pHO Teno, a Teno Koje noTnyHO pe$neKTyje cBy go3paneHy eHeprnjy Ha3HBa ce 
anconyrao 6eno Teno (r = 1). OBaKBa Tena y npnpogn He nocroje h obh nojMOBH cy 
yBegeHH pagu TeopnjcKHx o6jam aefta.
TonnoTHO 3paneae eMHTyje 6hho Koje Teno HHja je  TeMneparypa BHma og anconyTHe 
Hyne. npeMa fflTe^aH-Eon^MaHOBOM 3aKOHy, TonnoTHa eHeprnja 3paneaa anconyrao 
^pHor Tena ogpe^yje ce noMofry jegHanHHe

q = & c -T  4 (6.5)

npu neMy fflTe^aH-Eon^MaHOBa KOHcraHTa h3hoch a c = 5,6704 10-8 W/(m2 K 4) , a ca 

T  (K) 03HaneHa je  TeMneparypa noBpmuHe anconyrao upHor Tena.
Pea^Ha Tena Ha3HBajy ce chbhm TenHMa 3a Koja ce TonnoTHa eHeprnja 3paneaa ogpe^yje 
noMofry j egHanHHe

q = C - o c -T  4 (6.6)

rge je  C  KOHcraHTa 3paneaa cuBor Tena Koja 3aBHcn og og npupoge Tena (Bpcra 
MarepHjana h xpanaBocr noBpmHHe).
n p u  KOM̂ HHOBaHOM TpaHcnopTy TonnoTe (KOHBeK^Hja h 3paneae -  KapaKTepncTHHHO 3a 
BHcoKOTeMnepaTypcKe TonnoTHe onepa^nje), TonnoTHH $nyKc ogpe^yje ce no $opMynn 
q = (a + a z )-(t f  -  tgr ) (6.7)

rge je  a z (W/(m2 K)) Koe^H^njeHT npena3a TonnoTe ycneg 3paneaa.

6.2 PA3ME&HBAHH TOnTOTE
TpaHcnopT TonnoTe je  cymTHHcKH geo BefruHe npo^eca y npo^ecHoj HHgycrpHjH, 
TepMOTexHH^H h TepMoeHepreTH^H. TonnoTHe onepaanje ce o6aB^ajy y TonnoTHHM 
anaparHMa -  pa3MeftHBanHMa TonnoTe, nnja ce ocHOBHa Knacn^HKa^Hja Bpmu y ogHocy 
Ha npo^ecHH $nyng HHjn pagHH napaMeTpu (TeMneparypa, cacraB nrg) HMajy 6nraH 
3Hanaj Ha ocTBapHBafte ochobhhx 3agaTaKa ogpe^eHor TexHonomKor npo^eca [6.1]:

• xnagfta^H h 3arpejanH cy anapaTH y KojHMa ce nocMarpaHH pagHH MegnjyM xnagH 
(Hnp. xna^eae jecTHBor y ^ a  nocne npo^eca pa^HHa^nje) hhh 3arpeBa (Hnp. 
3arpeBaae MneKa pagu nacreproa^nje);
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• KOHgeroaTopH h HcnapHBanH cy anapara y KojHMa ce nocMaTpaHH pagHH MegnjyM 
KOHgeH3yje (Hnp. KOHgeroa^nja Ha$THHx ^paK^nja nocne gecTHna^nje) hhh 
ucnapaBa (Hnp. ncnapaBaae TenHocTH y pacxnagHHM nocrpojeftHMa);

• ynapHBanH (KyBann) cy anapaTH y KojHMa ce o6aB^a KOH^empncafte pacTBopa 
Kojn HHHe TeHHH pacTBapaH h Hencnap^HBH pacTBopaK nyTeM HcnapaBa&a 
pacTBapana (Hnp. y nporoBogftH mefrepa, HOKonage HTg);

• KpHCTanroepH cy anapaTH y KojHMa ce o6aB^a KpHCTanroa^Hja 3acnfreHor TeHHor 
pacTBopa Kojn HHHe TeHHH pacTBapaH h Hencnap-MBH pacTBopaK, nyTeM 
ncnapaBaaa pacTBapaHa hhh xna^efta MemaBHHe;

• 3aMp3HBaHH h pa3Mp3HBaHH (TonHTe^u) cy anaparn y KojHMa ce nocMaTpaHH 
pagHH MegnjyM 3aMp3aBa hhh pa3Mp3aBa (Hnp. TepMHHKH TpeTMaH BofrHor coKa y 
npexpaM6eHoj HHgy cTpnj h) ;

• xeMHjcKH h 6HoxeMHjcKH peaKTopH yraaBHOM npegcraB^ajy noce6Hy rpyny 
TexHOHomKHx anapaTa, ann Mory ce nocMarpaTH h Kao cne^H^HHHa Bpcra 
pa3MeftHBaHa TonnoTe. y  ^H^y npaBHHHor BO^eaa xeMHjcKHx h 6HoxeMHjcKHx 
peaK^Hja 3axTeBa ce ogp^aBaae TexHonomKH nponucaHor TeMneparypcKor h 
KOH êHTpa^HOHor no^a, mTO ce o6e36e^yje pa3MeHOM TonnoTe H3Me^y npo^ecHor 
h eHepreTcKor $nynga.

npoTOHHH pa3MeftHBaHH TonHOTe cy anaparn Kpo3 Koje KOHTHHyanHO npoTHHy pagHH 
MegnjyMH. ^ kohhko ce npoTH^a&e pagHHx $nynga ogBHja npu kohct^hthhm 
BpegHOCTHMa npoTOKa h yna3HHx TeMnepaTypa pagu ce o anapaTHMa y KojHMa ce ogBHjajy 
cTa^HOHapHe TonnoTHe onepa^nje. Ako ce nporo^H h/hhh TeMnepaType Ha yna3y y 
anapaT Meaajy, y nHTaay cy Hecra^HOHapHe TonnoTHe onepa^nje. Kog map®HHx anapaTa 
jegaH pagHH MegnjyM yBogu ce y KOMopy pa3MeftHBaHa (pe3epBoapcKH npocTop) y Kojoj, 
Ha MaKpo HHBoy, MHpyje 3a BpeMe o6aB ^aaa TonnoTHe onepa^nje (He npoTHHe Kpo3 
anapaT), a HaKOH 3aBpmeTKa onepa^nje ogBogu ce H3 KOMope. 3a BpeMe o6aB ^aaa 
onepa^nje, gpyrn pagHH $nyng kohthh^ anHO npoTHHe Kpo3 anapaT. y  map^HHM 
anapaTHMa TonnoTHe onepa^nje cy yBeK Hecra^HOHapHe.
Kog npoTOHHHx pa3MeftHBaHa TonnoTe, nocroje Tpu ocHOBHe meMe CTpyja&a $nynga 
npHKa3aHe Ha chh^ h 6 .1:

• cynpoTHocMepHH tok $nynga (cnHKa 6.1 .a);
• HcrocMepHH tok $HyHga (c^HKa 6.1.6);
• yHaKpcHH tok $nynga y jegHOM npona3y (cnHKa 6.1 .b).

nopeg  ochobhhx meMa crpyjafta, Kog pa3MeftHBaHa TonnoTe Hecro ce cpefre h 
KOM̂ HHa^nja ochobhhx meMa crpyjafta (c^HKa 6.1.r) HHMe ce ocrBapyje KOM̂ HHOBaHH 
tok pagHHx $nynga Kpo3 anapar Kojn ce Ha3HBa h yHaKpcHH tok y BHme npona3a. 
Pa3MeftHBaHH TonnoTe Kojn page y Hecra^HOHapHOM TeMneparypcKOM pe®HMy (Hnp. 
rpe jaae  caHHTapHe Boge y pe3epBoapy noMofry Tonne Boge Koja KOHTHHyanHO npoTHHe 
Kpo3 ^eBHH cHon aKyMynaropa TonnoTe) cy anapaTH map^Hor THna.
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C^HKa 6.1 ffleMe CTpyjafta $^ynga Kog pa3MeftHBana TonnoTe

KnacH^HKa^nja pa3MeftHBana TonnoTe npeMa HanHHy npeHOca TonnoTe ca jegHor Ha 
gpyro pagHO Teno je  cnegeha:

• peKyneparHBHH pa3MeftHBanH TonnoTe cy anaparn Kog Kojnx ce pa3MeHa TonnoTe 
H3Me^y $nynga Bpmn Kpo3 nperpagy Koja He go3BO^aBa rnnxoB HenocpegHH 
KOHTaKT. nperpaga MO*e 6hth y o6nHKy ^eBH, nnona, HHcroBa, nrg;

• Kog pereHepaTHBHHx pa3MernHBana TonnoTe, koht^kt pagHor Tena pa3MernHBana 
(ucnyHe, caha nrg) ca $HyngHMa BpeMeHcKH je  noMepeH: pa3MernHBan je  y npBOM 
BpeMeHcKOM nepuogy y gogupy ca jegHHM $nyngoM Kojn npegaje TonnoTy, npu 
neMy ce caM 3arpeBa. y  HapegHOM BpeMeHcKOM nepuogy, pa3MernHBan je  y gogupy 
ca gpyrHM $nyngoM KOMe npegaje TonnoTy, npu neMy ce caM xnagn. 
PereHepaTHBHH pa3MernHBanH TonnoTe page y Hecra^HOHapHOM pagHOM pe®HMy;

• KomaKTHH pa3MernHBanH TonnoTe, Kog Kojnx ce npena3 TonnoTe ocTBapyje npu 
gupeKTHOM KOHTaKTy H3Me^y pagHHx MegnjyMa, npu neMy ce MO*e o6pa30BaTH 
xoMoreHa hhh xeTeporeHa cMema y 30hh KOHTaKTa Koja ce 3^thm pa3gBaja.

nopeg  HaBegeHHx Knacn^HKa^Hja, nocrojn jom  jegHa h to npeMa THncKOM 
KOHcrpyKaHOHOM pemerny, na ce TaKO pa3HHKyjy pa3MernHBanH THna ^eB-y-^eB, 
ao6om acm  pa3MernHBanH, pa3MernHBanH ca ope6peHHM ^eBHMa, opomaBajyhn 
pa3MernHBanH, pa3MernHBanH noTon^eHor m na, pa3MernHBanH ca ^ bhom 3mhjom, 
pa3MernHBanH ca gBocrpyKHM nnamTOM, nHonacrH, cnnpanHH, HaMenacrH, KOMnaKTHH, 
pa3MernHBanH TonnoTe nrg. y  gaHamme BpeMe, og nojegHHanHHx TunoBa pa3MernHBana 
TonnoTe y o6nacTH npo^ecHe TexHHKe h TepMoeHepreTHKe HajBHme ce Kopncre 
go6omacrn h ope6peHH ^eBHH pa3MernHBanH ca ~80% ygena Ha Tp®nmTy, a 3aTHM 
nnoHacrH pa3MernHBanH ca ~16%, goK Ha ocraae TunoBe OTnaga ~4%. y  o6nacTH 
TepMOTexHHKe (rpejame, xna^erne, KHHMaTH3aanja) goMHHHpajy nHonacrH h ope6peHH 
^eBHH pa3MernHBanH TonnoTe.
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6.3 PA^HH ME^HjyMH y  PA3ME&HBAHHMA TOnTOTE
PagHH MegnjyMH Kojn ce Kopncre y pa3MeftHBanHMa TonnoTe Mory ce Knacn^HKOBara 
npeMa HaMeHH, arperaTHOM crafty  h gnjana30Hy pagHux TeMnepaTypa h npHmcaKa. 
npeMa HaMeHH gene ce Ha rpejHe h pacxnagHe pagHe MegnjyMe. rpejHH pagHH MegnjyMH 
(ohh Kojn ogajy TonnoTy y npo^ecy pa3MeHe) cy nperpejaHa h cyB03acnheHa BogeHa napa, 
Bpena h Tonna Boga, MHHepanHa h TepManHa y ^a , opraHcKa jegH fteaa, pacronHHe cohh, 
racoBH h racHe MemaBHHe, npogyKTH caropeBaaa nrg. Hajnemhe KopnmheHH pacxnagHH 
pagHH MegnjyMH cy Boga, Ba3gyx h $nyngH Kojn ce Kopncre y pacxnagHHM ype^ajHMa. 
npeMa arperaTHOM crafty  gene ce Ha jegHO$a3He h BHme$a3He pagHe MaTepnje. 
JegHO$a3He pagHe MaTepnje cy nnaMeH (HHcKOTeMnepaTypcKa nna3Ma), racoBH h racHe 
MemaBHHe, nperpejaHe nape Koje ce He KOHgeH3yjy, TeHHocm h TenHH pacrBopn Kojn He 
Meaajy arperaTHO c ra a e  y npo^ecy pa3MeHe TonnoTe, rpaHynncaHH hbpcth MaTepnjan 
nrg. y  BHme$a3He pagHe MaTepnje (Hajnemhe gBO$a3He) cnagajy K^ynane TeHHocm, 
3acnheHe nape h ftnxoBe MemaBHHe ca racoBHMa, HBpcre MaTepnje Koje ce Tone hhh 
cy6nHMHmy, TeHHocm Koje ce cMp3aBajy, aepoconn, eMyn3Hje, cycneH3Hje, nacre h 
ocranH peoHomKH cno^eHH cncreMH.
npeMa gnjana30Hy pagHux TeMnepaTypa gene ce Ha BHcoKOTeMnepaTypcKe, 
cpegaeTeMnepaTypcKe, HHcKOTeMnepaTypcKe h pagHe MegnjyMe Kojn ce Kopncre y 
KpnoreHoj TexHH^H.
y  BHcoKOTeMnepaTypcKe pagHe MegnjyMe cnagajy npogyKTH caropeBaaa HBpcror, TenHor 
h racoBHTor ropuBa HHja TeMnepaTypa go cra^e  BpegHocrn h go 1500°C. n o cro jn  h 
BenHKH 6poj BHcoKOTeMnepaTypcKHx pagHHx MegnjyMa y TenHOM arperamoM cra&y. 
CMaTpa ce ga ce y OBy rpyny pagHHx MaTepnja Mory cBpcraTH cBe TeHHocrn nnja je 
TeMnepaTypa K ^ynaaa Ha aTMoc^epcKOM npHTHcKy BHma og 200°C. To cy Hajnemhe 
opraHcKa jegH fteaa h ftnxoBe MemaBHHe (MHHepama y ^a , Ha^TanHH, gn^eHHH, 
rHH^epHH, chhhkohh), pacronHHe cohh HaTpnjyMa h KanHjyMa h TenHH MeTann (HaTpnjyM, 
KaHHjyM h ftnxoBe nerype). Cbhm obhm pagHHM MegnjyMHMa 3aajegHHHKO je  to mTO cy 
ogHHHHH hocho^ h TonHOTe h He 3axTeBajy BHcoKe pagHe npHTHcKe (go 6 bar). yrnaBHOM 
HHcy xeMHjcKH arpecHBHH (ochm HeKHx Bpcra MHHepanHHx y ^a ) h 36or penaTHBHO 
BenHKHx cne^H$HHHHx TonHOTHHx Kana^nreTa He 3axreBajy ^eBOBoge BenHKHx 
npenHHKa. n p u  ftHxoBOM Kopnmhefty Tpe6a noce6HO o6paTHTH na® ay Ha TeMnepaTypy 
T o n ^eaa  (crnftaBafta) jep ce y cnynajy 3aycraB^afta TexHonomKe HHHHje Mopa 
npegBHgeTH cncreM 3a gorpeBaae hhh cncreM 3a n p a ^ a e a e  pagHe MaTepnje H3 ^eBOBoga 
h anapara npe Hero mTO go^e go aeH or OHBpmhaBaaa.
Kao rpejHH $HyngH BeoMa necro ce Kopncre BogeHa napa h Bpena (mnna) Boga. Cnagajy 
y rpyny cpegae h HHcKOTeMnepaTypcKHx pagHHx MegnjyMa.
BogeHa napa MO*e 6hth Bna^Ha, cyB03acnheHa h nperpejaHa.
nperpejaHa BogeHa napa ce noHama chhhho racoBHMa, na ce yrnaBHOM kophcth 3a 
TpaHcnopT TonnoTHe eHeprnje Ha BenHKe ga^HHe, ga 6h ce cnpenHHO KOHgerooBaae 
BogeHe nape y ^eBOBogHMa (nojaBa KOHgeH3aTa y ^eBOBogHMa HMa HenoBO^HO gejcTBO
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ycneg epo3Hje 3uga ^eBH h xngpaynHHKHx ygapa). CyB03acnheHa BogeHa napa je  og^HHaH 
rpejHH eHepreTcKH $Hyng, npe cBera 36or BenHKe TonnoTe npoMeHe $a3e (TonnoTa 
KOHgeH3aqHje), mTO noBO^HO yTHne Ha cMafteae gHMeH3Hja pa3MeftHBana TonnoTe. 36or 
Moryhe nojaBe KOHgeroaTa y ^eBOBogHMa, cyB03acnheHa napa ce He TpaHcnopTyje Ha Behe 
yga^eHocTH, Beh ce kophcth Hajnemhe yHyTap jegHe $a6pHKe, o^ hocho nocrpojefta. 
ynoTpe6a BogeHe nape je  orpaHHneHa npe cBera 36or bhcokhx npHTHcaKa Kojn ce Mory 
jaBHTH y cncreMy (npHTHcaK nape pacre BeoMa 6p30 ca nopacTOM TeMnepaType).
Boga HMa BenHKH TonnoTHH Kana^mcr no jegHHH^H 3anpeMHHe [6.2], na je  aeH 
TpaHcnopT Ha Behe ga^HHe eKOHOMHnaH (naK h HeKOHHKO geceTHHa KHnoMeTapa), a 
Koe^H^njeHTH npena3a TonnoTe ca crpaHe Boge Mory 6hth BeoMa BenHKH, mTO 
npegcraB^a jegHy og aeHHx 6hthhx npegHocrn y ogHocy Ha gpyre Hocno^e TonnoTe. 
Bpena Boga (TeMnepaType H3Hag 100°C) BeoMa necro ce kophcth Kao rpejHH $nyng, ann 
je  fteHa ynoTpe6a orpaHHneHa npe cBera 36or 3axTeBa 3a penaTHBHO bhcokhm 
npHTHc^HMa Ha noBHmeHHM TeMnepaTypaMa. 0 6 hhho ce kophcth go TeMnepaType og 
180°C, mTO 3axTeBa npHTHcaK y cncreMy og 15 bar. Tonna Boga ce TaKO^e npHMeayje Kao 
rpejHH $nyng, noce6HO y cncreMHMa rp e jaaa  h KHHMaTroa^nje rge ce He 3axTeBajy 
TeMnepaType H3Hag 100°C, mTO 3Hann ga cy h nprnHc^H y TaKBHM cncreMHMa penaTHBHO 
hhckh (2 ^  5 bar).
Boga ce kophcth h Kao pacxnagHH pagHH MegnjyM. y  3aBHcHHcTH og HOKanHHx yc^OBa 
TeMnepaTypa Boge H3 peKa h je3epa ce Kpehe y rpaHH^aMa og 3 go 25°C, goK Boga H3 
gy6oKHx 6yHapa HMa npn6nH*HO KOHcraHTHy TeMnepaTypy y TOKy ^ene rogHHe h to y 
rpaHH^aMa 8 ^  12°C.
Boga H3 npnpogHHx H3Bopa h BogoBoga cagp^H pa3HHHHTe HenHcrohe h pacTBopeHe 
cohh. Ako ce kophcth $H3HHKO-xeMHjcKH HeTpeTHpaHa Boga, nocrojn onacHocr ga ce 
jaBH 036h^ ho n p ^ a a e  ^eBOBoga h pa3MeftHBana TonnoTe, a npu TeMnepaTypaMa H3Hag 
50°C h HHTeH3HBHO H3gBaja&e cohh (KaMeH^a). O h3hhko-xeMHjcKa npunpeMa Boge 
nogpa3yMeBa yKHaaafte HBpcre $a3e H3 Boge, yKHaaafte pacTBopeHHx cohh h 
pacTBopeHHx racoBa. Ob^ko npnnpeM^eHa Boga MO*e ce kophcthth y pa3HHHHTHM 
npo^ecHHM h eHepreTcKHM nocrpojeftHMa jep  Taga HeMa H3pa®eHO KopogHBHO gejcrBO Ha 
MaTepnjan 3ugoBa ^eBH h pa3MeftHBana TonnoTe, na ce 3a ftnxoBy H3pagy Mory 
kophcthth yr^eHHHHH nenH^H ca rapaHTOBaHHM cacraBOM.
Ba3gyx ce Hajnemfie kophcth Kao pacxnagHH $nyng h to y noBpmHHcKHM h koht^kthhm 
pa3MeftHBanHMa TonnoTe (eBanopaTHBHO xna^eae). OrpaHHneHa npHMeHa Ba3gyxa y 
noBpmHHcKHM pa3MeftHBanHMa TonnoTe je  nocnegn^a Mannx Koe^H^njeHaTa npena3a 
TonnoTe ca crpaHe Ba3gyxa, mTO H3HcKyje BenHKy noBpmHHy pa3MeftHBana, a 36or Manor 
3anpeMHHcKor TonnoTHor Kana^nreTa h ^eBOBoge BenHKHx npenHHKa. noce6aH npo6neM 
npegcraB^a MoryfiHocr nojaBe MHKpoopraHH3aMa, npamHHe h y ^ a  (Kog KOMnpHMOBaHor 
Ba3gyxa) mTO yTHne Ha gogaTHO 3anp^aae  noBpmHHe anapaTa.
®nyngH Kojn ce Kopncre Kao pagHe MaTepnje y npo^ecHMa pacxnagHHx ype^aja cnagajy y 
rpyny HHcKOTeMnepaTypcKHx pagHHx MegnjyMa. Ochobhh 3axTeBH Kojn y obom cnynajy
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Tpe6a ga 6ygy ncnyfteHH cy HucKa TeMnepaTypa K ^ynaaa npu yMepeHO hhckhm 
npHTHc^HMa, HHcKa TeMnepaTypa K0HgeH3aqHje npu yMepeHO bhcokhm npnmc^HMa h 
BenHKa 3anpeMHHcKa TonnoTa npoMeHe $a3e ga 6h ce Mornn kophcthth pagHe MamHHe 
Mamnx cHara, o^ hocho ^eBOBogn h pa3MemHBanH TonnoTe Mamnx gHMeronja. Hajnemfie 
ce Kopncre aMOHHjaK h ^peoHH (xanoreHH gepHBaTH napa$HHcKHx yr^OBogoHHKa). 
AMOHHjaK HMa HHcKy noH3BogHy ^eHy, pacTBop^HB je  ca BogoM (mTO je  noBO^HO jep He 
gona3H go ^opMHpaaa nega y ^eBOBogHMa h BeHTHHHMa, a mTO 6h Morno ga H3a30Be 
3anen^eme HHcTana^nje), He Mema ce ca y^eM 3a nogMa3HBaae KOMnpecopa, mTO je  
go6po ca craHOBHmTa pa3MeHe TonnoTe Koja ce ocTBapyje y HcnapHBanHMa h 
KOHgeH3aTopHMa pacxnagHor nocrpojema. ^enoBH HHcrana^Hje Kpo3 Kojy npoTHne 
aMOHHjaK He cMejy ce ropa^HBam og nerypa 6aKpa h ^HHKa jep nocrojn onacHocr og 
K0p03Hje.
®peoHH cna6o pacTBapajy Bogy mTO 3axreBa go6py npeTxogHy npunpeMy eneMeHaTa 
HHcrana^nje npe Moma^e. ,3,o6po ce Memajy ca y^eM 3a nogMa3HBaae KOMnpecopa h 
HeMajy KopogHBHO gejcTBO y ogHocy Ha yo6HnajeHe KOHcrpyKTHBHe MaTepnjane, ceM Ha 
MarHe3HjyM h rneroBe nerype. PacTBapajy npupogHy ryMy, na ce OHa y ^peoHcKHM 
HHcrana^HjaMa He cMe kophcthth Kao MaTepnjan 3a 3anTHBane.
y  KpuoreHoj TexHH^H Kao pagHH MegnjyMH Kopncre ce KOMnpHMOBaHH racoBH KHceoHHK, 
BogoHHK, a30T h ftHxoBe nape.
MaKcHMa^Ha h onTHManHa pacrojafta 3a TpaHcnopT Hocnna^a TonnoTe go anapaTa h 
ype^aja, 6p3HHe KpeTama, TeMnepaType h npnmc^H y anapaTHMa yTBp^yjy ce Ha ocHOBy 
TexHO-eKOHOMcKHx npopanyHa. n p u  TOMe ce y3HMajy y o63up HHBecm^HOHH TpomKOBH 
(H3paga, M oma^a onpeMe) h onepaTHBHH TpomKOBH (^eHa eHeprnje 3a TpaHcnopT pagHor 
MegnjyMa, TpomKOBH ogp^aBaaa, pagHe cHare h gp.).
y  Ta6enaMa 6.2 h 6.3 gaTe cy opnjema^HOHe BpegHocrn gnjana30Ha pagHux TeMnepaTypa 
h npHTHcaKa, Kao h 6p3HHa crpyjafta $nynga Kpo3 ^eBOBoge Koje cy yTBp^eHe Ha 6a3H 
TexHO-eKOHOMcKHx npopanyHa, Bogefiu panyHa o cBojcTBHMa nojegHHHx $nynga h o 
HcKycTBHMa Be3aHHM 3a eKcnnoaTa^njy nocrojefiHx nocrpojema y o6nacrHMa npo^ecHe 
HHgycrpHje, TepMoeHepreTHKe h TepMOTexHHKe.

6.4 ^OBOmACTH PA3ME&HBAHH TOnTOTE
,n,o6omacm pa3MemHBanH TonnoTe ce cacroje og ^HHHHgpHHHor OMOTana (nnamTa) y 
KOMe ce Hana3H ^eBHH cHon Kojn ce cacrojn og Befier 6poja ^eBH (naK h go HeKOHHKO 
xn^aga ^eBH). ^eBH ce cnajajy ca ^ bhhm nnonaMa, Koje Mory 6hth HenoKpeTHe (cnHKa 
6.2.a) hhh ce jegHa og mnx MO*e noMepam (cnHKa 6.2.6). nocro je  h go6ornacm 
pa3MemHBanH ca U-^eBHMa Kojn HMajy caMO jegHy ^eBHy nnony (cnHKa 6.2 .b). 
Cno^am m n H3rneg je  npHKa3aH Ha chh^ h 6.3.a, goK je  Ha cjih^ h 6.3.6 npHKa3aHa meMa 
crpyjafta y Me^y^eBHOM npocropy. Kopncre ce Kao 3arpejanH, xnagfta^H, KOHgeroaTopn 
h HcnapHBanH. Ha npHMep, Kog go6omacror pa3MemHBana ca noTon^eHHM ^ bhhm 
cHonoM (c^HKa 6.2.r) Kpo3 ^eBH crpyjn TonHHjH $nyng, a y Me^y^eBHOM npocropy
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HcnapaBa xnagHHjH $nyng (tchhoct yna3H ca neBe g o ae  CTpaHe, napa H3na3H Ha Bpxy, a 
ocraTaK HeucnapeHe TenHOCTH H3na3H ca gecHe g o ae  CTpaHe Me^y^eBHor npocTopa).

TaSeaa 6.2 Opnj eHra^HOHe BpegHocTH pagHHx TeMneparypa h  npHTHcaKa [6.1]
PagHH MegnjyM TeMnepaTypa, °C npHTHcaK, bar
AMOHHjaK o-'t•1*o"-t1 go 16
A h t h $ p h 3 (BogeHH pacTBopu rnHKona) -30  -  60 1 -  2
BncoKOTeMneparypcKa y ^ a 15 -  400 go 12
®peoH 134a (R134a) -26  -  80 go 26
®peoH 13 (R13) 1 o 0 •1* 1 o go 15
MHHepa^Ha y ^ a 0 -  215 ~ 1
npogyKTH caropeBaaa 450 -1 0 0 0 ~ 1
BogeHH pacTBopu CaCl2 -50  -  60 ~ 1
CnHHKOHcKa j egHHeaa -70  -  400 go 13
Ba3gyx -70  -  250 1 -  10
Boga 0 -  374 1 -  225
BogeHa napa 50 -  650 1 -  300

KOMnpHMOBaHH
racoBH

MeTaH, eTaH, eTH^eH 1 o o •1* o go 40
a30T, KHceOHHK go -210 go 200
BOgOHHK go -257 go 10
xe^njyM go -272 ~ 1

TaSe^a 6.3 OpnjeHra^HOHe BpegHocTH 6p3HHe crpyjafta $nynga Kpo3 ^eBOBoge [6.3]
PagHH MegnjyM Bp3HHa, m/s
TeHHocrH yMepeHe bhcko3hocth (Boga, 6eH3HH, Kepo3HH) 0,5 -- 3
TeHHOCTH Be^HKe bhcko3hocth (y^a, pacrBopn cohh) 0,2 -- 1
CyB03acnheHe nape Ha npHTHcKy go 4,5 bar 10 -- 45
racoBH H
nperpejaHe
nape

nog BaKyMOM 50 -- 150
Ha aTMoc^epcKOM npHTHcKy 10 -- 50
Ha aTM. npHTHcKy, ca npuMecaMa HBpcre $a3e 6 -- 10
Ha npHTHcKy 1 -  10 bar 10 -- 30
Ha npHTHcKy 10 -  65 bar 15 -- 50

BogeHa napa 3acnheHa Ha npHTHcKy 1 -  10 bar 20 -- 50
3acnheHa hhh nperpejaHa Ha npHTHcKy BHmeM og 10 bar 35 -- 75
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a 6

B

C^HKa 6.2 ^o6omacTH pa3MemHBanH TonnoTe

a
C^HKa 6.3 ^o6omacTH pa3MernHBanH TonnoTe

H3pa^yj y ce y BeheM 6poj y Bapnj ^ h th h x  pemerna, npu neMy ce Mory nocraBHTH y 
xopH30HTanHH h  BepTHKaHHH nono^aj  h h h  (BeoMa peTKo) nog Harn6oM. O ch o bh h  

eneMeHTH go6omacTux pa3MernHBana (^eBHH cHon, OMOTan, ^eBHa nnona HTg) Hajnemhe 
ce H3pa^yj y og nenHKa h  o6oj eHHx MeTana, ann Mory ce npHMeHHTH h  gpyrn MaTepnj aHH. 
Kog go6omacTHx pa3MernHBana TonnoTe, yo6nnaj eHO j e ga Kpo3 ^eBH cTpyj n $nyng 
BHmer npHTHcKa Koj n j e np^aBHj n h  arpecHBHHj n, goK ce Kpo3 Me^y^eBHH npocTop 
npenopynyj e ga cTpyj n $nyng Koj n ce KOHgeroyj e h h h  $nyng Koj n HMa BenHKy 
bhcko3h o ct .
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noBpmHHa 3a pa3MeHy TonnoTe Kpehe ce h go 5000 m2 (gy*HHa anapaTa go 12 m, a 
npenHHK go 3 m), a 3axBa^yj yhn HBpcrohH KOHCTpyKanj e Mory ce kophcthth KaKO 3a pag 
npu bhcokhm npHTHC^HMa, thko h 3a pag nog BaKyMOM. Maca anapaTa MO*e 6hth h 
npeKO 50 t. yo6Hnaj eHH gnj ana30H npenHHKa ^eBH Koj e ce Kopncre 3a H3pagy ^eBHor 
cHona Kpehe ce y rpaHH^aMa 6 -  50 mm, Maga HMa cnynaj eBa Kaga npenHHK ^eBH MO*e 
6hth h 2,5 mm, ann h go 100 mm. ^ kohhko HeMa gpyrux orpaHHHerna, Hajnemhe ce 
Kopncre ^eBH npenHHKa 18 -  25 mm j ep npHMeHa obhx ^eBH y BehHHH cnynaj eBa 
o6e36e^yje goBO^Hy KOMnaKTHy KOHcTpyKanjy h MoryhHocr MexaHHHKor HHmherna 
^eBHor cHona, a chmhm thm h je^THHHjn pa3MernHBan TonnoTe. fly®HHa ^eBHor cHona 
Tpe6a ga 6yge npnnaro^eHa craHgapgHHM gy®HHaMa ^eBH Koj e ncnopynyj y nporoBO^ann 
^eBH (6 m, 12 m nrg) ga 6h ce cHH3Hna ^eHa anapara.
^eHa OBor Tuna anapaTa y USD ce, 3a oncer noBpmHHe pa3MernHBana S  = 10 -  600 m2, 
MO*e npo^eHHTH noMohy H3pa3a

C  = (o + b • S c )• f t • f p  (6.8)

ca napaMeTpHMa gaTHM y Ta6enn 6.4 [6.4].

TaSe^a 6.4 ^eHa go6omacrnx pa3MernHBana
a b c M arepnjan Tun npHTHcaK

^eBH OMOTan f t bar fp
-2400 3070 0,60 CS CS nnHBajyha raaBa 1,0 1 -  10 1
-1100 2400 0,69 MecHHT CS OuKcHe êBHe naone 0,8 10 -  30 1,16
-31000 10100 0,60 SS CS U-^eBH 0,85 30 -  50 1,30
-50500 18200 0,53 SS SS noTon^eHH êBHH cHon 1,3 50 -  70 1,50

6.5 OPEBPEHH ^EBHH PA3ME&HBAHH TOnTOTE
Ope6peHH ^eBHH pa3MernHBanH TonnoTe noj aB^yj y ce y BHme o^HHKa Koj HMa j e 
3aj egHHHKO to  mTO h m  j e cno^am m a crpaHa ^eBH ope6peHa HHMe ce 3Hanaj HO (naK h  go 
50 nyTa) noBehaBa noBpmHHa 3a pa3MeHy TonnoTe. Ope6peHe noBpmHHe Koje ce Kopncre 
3a yrpagmy y pa3MernHBane TonnoTe, KOTHOBe h  gpyre TonnoTHe anapare pa3HHKyj y ce no 
cBoj oj  reoMeTpnjH (cnHKa 6.4), MarepHj aHHMa Koj n ce Kopncre h  no HanHHy ocrBapHBama 
Be3e H3Me^y Hocehe noBpmuHe h  ope6perna.
Pe6pa ce H3pa^yjy y ge6^HHaMa og 5r = 0,1 -  1 mm og pa3HHHHTHx MaTepnjana: 
yr^eHHHHor h h h  nernpaHor nenHKa, anyMHHHj yMa nrg. npegHocr ce gaj e o6oj eHHM 
MeTa^HMa h  MamHM ge6^HHaMa pe6apa 36or Behe e^HKacHocrn pe6apa. ^enHHHa pe6pa 
cy, no npaBHny, Behux ge6^HHa h  npHMemyj y ce 3a Te*e pagHe yc^OBe. Epoj  pe6apa no 
j egHHH^H gy®HHe ^eBH j e o6 hhho  y oncery N  = 100 -  800 m-1 ann MO*e 6 h t h  h  Behu. 
36or j egHocraBHe H3page, BeoMa j e necr cnynaj  Kopnmherna HaMenacTHx pe6apa Koj a 
Mory 6 h th  paBHa h h h  Tanacacra (cnHKa 6.5).
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6 B

C^HKa 6.4 BpcTe ope6peaa

C^HKa 6.5 ^eBHH CHon ca naMenacTHM pe6pHMa

npeHHHK Hocehe ^eBH ce Kpehe y rpaHH^aMa 6 -r- 50 mm, goK je  yo6HnajeHa BHCHHa 
pe6apa 3/8 -r- 3/4 og npenHHKa ^eBH, ann o6hhho HHje Beha og 25 mm, npBeHcraeHO 36or 
Moryhnx $a6pHKa^HOHHx npo6neMa. y^ynaH 6poj pe6apa no gy®HOM MeTpy Hocehe ^eBH 
je  o6hhho 200 -r- 450, a ge6^HHa pe6pa h3hoch 0,1 -r- 1 mm.
Ba3gymHH x^agma^H cy pa3MeftHBanH TonnoTe Kog Kojnx ce y ^eBHMa anapaTa ogBHja 
xna^eae hhh KOHgeroa^nja Tonnnjer (npo^ecHor) $nynga, a ogBO^eae TonnoTe ce 
ocTBapyje noMohy aM^HjeHTanHor Ba3gyxa Kojn nonpenHO HacrpyjaBa ^eBHH cHon (cnHKa 
6 .6). OBa Bpcra pa3MeftHBana kophcth ce Kaga je  noTpe6HO ocrBapHTH BenHKe TonnoTHe 
cHare: pa^HHepnje Ha$Te, xeMHjcKa h neTpoxeMHjcKa HHgycTpnja, TepMO-eneKTpaHe, 
nenHHaHe m g.
Pa3MeftHBan TonnoTe ca Ba3gymHHM xna^efteM cacTojn ce og ^eBHor cHona (no3. 1) ca 
ope6peHHM ^eBHMa h KOMopa 3a yBO^eae h ogBO^eae (no3. 2) h cKpeTaae 
npo^ecHor/eHepreTcKor $nynga (no3. 3). Crpyjafte Ba3gyxa ocTBapyje ce noMofry 
BeHTHnaTopa (no3. 4) Kojn ce noKpefre eneKTpoMOTopoM ca pegyKTopoM (no3. 5). y  
ogHocy Ha cMep cTpyjaaa Ba3gyxa BeHTHHaTopn ce nocraB.Mjy ucnog ^eBHor cHona 
^ kohhko Tpe6a ga o6e36ege noTucHO cTpyjame Ba3gyxa, o^ hocho H3Hag cHona aKO je  y 
nHTamy ycucHO cTpyjame. H3Me^y ^eBHor cHona h BeHTHnaTopa nocraB.M ce KOMopa 3a 
gHcTpn6y^Hjy Ba3gyxa (no3. 6). Ochoh^ h anapaTa (no3. 7) nocTaB^ajy ce ucnog KOMopa,
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npu neMy je  jegaH og ocnoHa^a noKpeTaH h go3BO^aBa pacTepeheae ycneg Hanpe3aaa 
H3a3BaHHx TonnoTHHM gnnaTa^HjaMa genoBa anapaTa.
Ha chh^ h 6.7 npuKa3aHa je  crpyKTypa ^eBHor CHona Ba3gymHor xHagmaKa. ^eBH 
pa3MernHBana o6hhho ce H3pa^yjy og yr^eHHHHHx nenHKa, a pe6pa og a^yMHHHjyMa. 
y  kohhko je  npo^ecHH $nyng arpecHBaH, ocHOBHa ^eB MO*e 6hth og nernpaHor nenHKa, 
6aKpa HTg, a pe6pa ce H3pa^yjy h og gpyrux MaTepnjana (nenHK, 6aKap, ...).
Kog Ba3gymHHx xnagmaKa, ochm y BeoMa peTKHM H3y3e^HMa, kophcth ce TpoyraacTH 
pacnopeg ^eBH y cHony, npma3aH Ha chh^ h 6.6 (gecHo), npu neMy cy s t h s^ nonpenHH h 
nogy®HH KopaK ^eBH y ogHocy Ha npaBa^ CTpyjama.
^eHa Ba3gymHHx xnagmaKa, y USD, ce MO*e npo^eHHTH noMohy H3pa3a

C  = a  + b ■ S c (6.9)
y3HMajyhn 3a S  Heope6peHy noBpmHHy 6a3He ^eBH, Kao h napaMeTpe gaTe y Ta6enn 6.5.

H3Ha3HH
noKHonaH

HenoKpeTHa 
^eBHa nnona

cnojHH
BHj^H

noKpeiHa ^eBHa 
nnona

cno^HH
oMoTan

cnojHH 
eneMeHT 

ope6peHe 
^eBH

C^HKa 6.7 CrpyKTypa ^eBHor cHona Ba3gymHor xnagmaKa
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TaSe^a 6.5 ^eHa Ba3gymHHx xHagmaKa [6.4]
a b c O ncer S, m2 HanoMeHa
0 8600 0,40 4 -  14000 CS ocHOBHa ^eB 

pe6pa Al36900 264 1,04 30 -  930

6.6 n^OHACTH PA3ME&HBAHH TOnTOTE
nnonacra  pa3MernHBanH TonnoTe cacToje ce og HH3a rycTO nope^aHHx t^hkhx nnona 
H3Me^y Kojnx HaH3MeHHHHO CTpyje $nyngH. nnone cy Hajnemhe npo^HHHcaHe, HHMe ce 
o6e36e^yje KpyTocT KOHcTpyK^nje h HHTeH3HBHa Typ6ynH3a^nja $nynga (cnHKa 6.8.a). 
OcHOBHa meMa cTpyjama npHKa3aHa je  Ha chh^ h 6 .8.6 (T® -  TonnnjH $nyng, X® -  
xnagHHjn $nyng). nnoHacTH pa3MemHBanH ce Kopncre npeBacxogHO 3a pa3MeHy TonnoTe 
H3Me^y gBe TenHocTH, ann Mory ga page h Kao HcnapHBann hhh KOHgeH3aTopu. 
nnoHacTH pa3MernHBanH TonnoTe ce H3pa^yjy Kao:

• pacTaB^HBH pa3MernHBanH, Kog Kojnx ce H3Me^y nnona nocTaB^ajy 3anTHBanH, a 
naKeT nnona je  cTerHyT y paM noMofry aHKep BHjaKa (cnHKa 6.9.a);

• HepacraB-MBH pa3MernHBanH, Kog Kojnx cy nnone cnojeHe nocTynKOM TBpgor 
neM^ema hhh 3aBapHBama (cnHKa 6.9.6).

T®

T®

X®
6

C^HKa 6.8 H3raeg nnone h ocHOBHa meMa cTpyjama $nynga
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a 6

C^HKa 6.9 PacraB^HBH h  HepacraB^HBH nHonacTH pa3MeftHBanH TonnoTe

PacraB^HBH nnonacTH pa3MeftHBanH TonnoTe npeBacxogHO ce KopucTe Kaga j e 
HeonxogHO necro nnmhefte noBpmHHe nnona og Tanora, Kao mTO j e cnynaj  y npoH3Bogrnn 
xpaHe h  nnha. HepacraB^HBH pa3MernHBanH HMaj y Mamy ^eHy (HeMaj y paM, 3anTHBane h  

aHKep BHjKe), a oncer npHMeHe h m  j e npomupeH y ogHocy Ha pacraB^HBe h  to  3a 
npHTHcKe go 80 bar h  TeMnepaType go 500°C.
noBpmuHa 3a pa3MeHy ronnoTe ce Kpehe og 0,1 m2 go 3500 m2, npu neMy pa3MemHBan 
MO*e ga HMa h  go 700 nnona y j egHOM naKeTy (MaKcHManHa gy®HHa pa3MernHBana j e oko 

5000 mm). noBpmuHa j egHe nnone j e y pacnoHy og 0,01 m2 go 3,6 m2, a ogHoc gy®HHe h  

mnpHHe nnone Kpehe ce og 2 go 6. ^e6^HHa nnone j e H3Me^y 0,5 mm h  3 mm, a 
pacrojarne H3Me^y & h x  j e og 1,5 mm go 5 mm. n^one ce H3pa^yj y y mupoKOM cneKTpy 
MeTana h  nerypa, yK^ynyj yfiH Hep^ajyfie nenHKe, 6axap, anyMHHHj yM, THTaHHj yM HTg. 
MaTepnj anH Koj n ce KopucTe 3a 3anTHBane Haj nemfie cy EPDM, Viton FPM, Butil IIR, 
Bunan NBR, Neopren CR, a y ynoTpe6u j e h  KOMnpHMOBaHH a36ecT.
^eHa pacTaB^HBHx nnoHacrnx pa3MernHBana npo^ernyje ce noMofiy

C  = a  + b ■ S c (6.10)
a napaMeTpu cy gaTH y Ta6enn 6.6, npu neMy je  KapaKTepncTHHHa BenHHHHa S  (m2) 
noBpmuHa 3a pa3MeHy Ton^OTe.

T a6eaa 6.6 ^eHa pacTaB^HBHx n^onacTHx pa3MeaHBana [6.4]
BanyTa a b c O ncer S, m2 HanoMeHa

USD 0 370 0,639 4,5 + 850 n^one og SS 304, go 7 barg, go 95°C
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6.7 PErEHEPATHBHH PA3ME&HBAHH TOnTOTE
Kog pereHepaTHBHHx pa3MeftHBana TonnoTe, KOHTaKT noBpmHHe 3a pa3MeHy TonnoTe 
(Hajnemhe pa3HHHHTe BpcTe ucnyHe) ca pagHHM MegnjyMHMa BpeMeHCKH je  noMepeH. y  
ogpe^eHOM BpeMeHCKOM nepuogy, noBpmHHa 3a pa3MeHy TonnoTe ce 3arpeBa, jep je  y 
gogupy ca TonnnjHM $nyngoM Kojn ce xjiagH og crama 1p go lk .  3aTHM, y HapegHOM 
BpeMeHcKOM nepuogy, noBpmuHa 3a pa3MeHy TonnoTe je  y gogupy ca xnagHHjHM 
$nyngoM Kojn ce 3arpeBa og crama 2 k  go 2p, npu neMy ce noBpmHHa pa3MemHBana 
xnagH. Ha ch h^ h  6.10.a, npm a3aHa je  6arepnj a gBa pereHeparHBHa pa3MemHBana TonnoTe 
noBe3aHa napanenHO. HcnyHa je  HenoKpeTHa, na ce meHO 3arp eBarne h  xna^eme, o^ hocho  

pa3MeHa TonnoTe H3Me^y pagHHx $nynga ogBHj a ^ h k h h h h o , ycMepaBameM $HyngHHx 
crpyja noMohy TpoKpaKHx BeHTHna. PoTa^HOHH pa3MernHBan TonnoTe, npuKa3aH Ha ch h^ h  

6.10.6 je  pa3MemHBan Kog Kora ce pa3MeHa TonnoTe H3Me^y Tonnnjer $nynga (Hnp. 
npogyKTH caropeBama) h  xnagHHj er $nynga (Hnp. Ba3gyx 3a caropeBame) Bpmu npeKO 
ucnyHe Koj a poTHpa y KaHany. Ca rnegnmTa pa3MeHe TonnoTe y ncnyHH, o^ hocho  meHor 
TeMneparypcKor no^a , pereHepaTHBHH pa3MernHBanH TonnoTe page y Hecra^HOHapHOM
pagHOM pe®HMy.

a 6

C^HKa 6.10 ffleMaTcKH npuKa3 pereHepamBHHx pa3MernHBana TonnoTe
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6.8 Ky^E 3A X^A'RE&E BO^E
3a noipe6e xna^erna npo^ecHHx u  eHeprercKHx nocTpojefta y o ch o bh  ce KopncTe gBa 
npHH^nna xna^erna noMohy Boge: npoTOHHH (oTBopeHH) h  pe^npKyna^HOHH (3aTBopeHH) 
cHcreM. Kog npoTOHHor cucTeMa xna^ema (cnHKa 6 .11.a) H3 npupogHor pecypca y3HMa ce 
Boga, yBogu ce y npo^ecHO h h h  eHepreTcKO noerpojefte rge ogy3HMa TonnoTy h  3arpejaHa 
ce ncnymTa TaKO^e y npupogHO OKpy*eme. y  cncTeMy pe^npKyna^HOHor xna^ema, Boga 
erpyjH y 3aTBopeHOM Kpyry, npu neMy ce xnagn y Kynn 3a xna^eme Boge y HenocpegHOM 
KOHTaKTy ca Ba3gyxoM (cnHKa 6.11.6). C o63upoM Ha BenHKe eKonomKe npo6neMe Kojn ce 
jaB^ajy y cnynajy npoTOHHHx cnereMa xna^erna (noTpe6He cy BenHKe KOHHHHHe Boge Koje 
ce ncnymTajy 3arpejaHe y OKOHHHy), y gaHamme BpeMe npenopynyjy ce pe^npKyna^HOHH 
cHCTeMH. OBaKBH cncTeMH xna^erna y MHoro Marnoj Mepu Tpome npupogHe pecypce Boge, 
a yTH^aj Ha OKOHHHy ce cbo^ h  Ha Bna^erne Ba3gyxa, mTO npu noBO^HOM cMemTajy Kyna 
(o6aBe3HO Tpe6a npoynHTH py®y BeTpoBa 3a gary HOKaanjy) npaKTHHHO h  He Bpmu 6nraH 
yTH^aj Ha OKpy*erne. Hnp. 3a TepMoeneKTpaHy cHare 2000 MW, npoTOK pacxnagHe Boge 
h 3hoch  npeKO 60 m3/s, a noTpornrna cBe^e Boge h 3h o ch  cBera 1,5 -r- 2 m3/s, o^ hocho  3 -r- 4 
l/kWh. To 3HanH ga ce noTpomma cBe^e Boge y cnynajy pe^npKyna^HOHor xna^ema 
cMarnyje Ha cBera HeKOHHKO npo^eHaTa og KOHHHHHe Koja 6 h  ce Tpomnna Kog npoTOHHHx 
cHCTeMa xna^ema.

a 6
C^HKa 6.11 npoTOHHH h pe^npKyna^H cHCTeM xna^erna

Kyne 3a xna^eme Boge (paxnagHe Kyne hhh TopmeBH) cy geo pe^npKyna^HOHor cucTeMa 
3a xna^erne y npo^ecHHM h eHepreTcKHM nocTpojernHMa. y  KynaMa 3a xna^erne Boge, npu 
gnpeKTHOM KOHTaKTy Boge h Ba3gyxa Boga gona3H go pa3MeHe TonnoTe h cyncTaH^nje, 
mTO 3a nocnegn^y HMa cHH^erne TeMnepaType Boge Ha H3na3y H3 Kyne [6.5].
Kyne 3a xna^eme Boge ca npnpogHHM CTpyjameM Ba3gyxa o6hhho ce KopucTe y 
cnynajeBHMa Kaga je  noTpe6HO xnagHTH BeoMa BenHKe KOHHHHHe Boge (meMarcKH npHKa3 
je  gaT Ha chh^ h 6.12.a). Okohhh Ba3gyx ce yBogu y gomeM geny Kyne, a Tonna Boga ce 
npeKO gHcTpn6yTepa yBogu HenocpegHO H3Hag ucnyHe. KoHTaKT Ba3gyxa h Boge ce 
ogBHja y npocropy ucnyHe, npu neMy ce Boga hhh cnHBa hh3 ucnyHy y BHgy ^HHMa hhh 
ce y Bugy Kan^H^a pacnpmyje. EnHMHHaTop Kanu rogBaja TenHOCT Kojy cTpyja Ba3gyxa
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noHece ca co6 o m . Oxna^eHa Boga ce npHKyn.M  y 6a3eHy ucnog Kyne. Kyna HMa 
xHnep6oHHHKH o6 h h k  ca npenHHKOM y o ch o bh  h  go 75 m h  bh ch h o m  go 100 m. OBaKO 
Be^HKe Kyne ce rpage og apMHpaHor 6eTOHa ge6.MHe 120 + 300 mm. XHnep6onHHKH 
o6 h h k  Kyne j e Hacrao Ha ocHOBy npupogHor npo^nna 6p3HHa crpyj afta Bna^Hor Ba3gyxa, 
a Ha Taj HanHH ce 3HaTHO mTegn MarepnjaH 3a H3pagy Kyne. Ba3gyx ce yBogu pagnjanHO 
no o6uMy, npu neMy BHcHHa OTBopa 3a yBO^erne (pacroj ame og ra a  go ucnyHe) h 3h o ch  h  

go 7,5 m. BncHHa ucnyHe MO*e h 3h o ch th  go 9 m. CMarpa ce ga MHHHManHa eKOHOMcKH 
HcnnarHBa BHcHHa Kyna 3a npnpogHHM cTpyj ameM Ba3gyxa h 3hoch  oko 20 m. yo6Hnaj eHH 
pagHH napaMeTpu Kyna cy g ara  y Ta6enn 6.7.

TaSe^a 6.7 ^,njana30H pagHHx pe^HMa

a 6

C^HKa 6.12 Kyne ca npnpogHHM (a) h npHHygHHM (6) crpyjarneM Ba3gyxa

3a Mane h cpegme pacxnagHe cHare KopucTe ce Kyne ca npHHygHHM cTpyjameM Ba3gyxa. 
Kyne OBor THna Mory HMaTH ocHOBy gHMeH3Hja go 16 x 16 m, BHcHHa hm je  go 10 m, ca 
BeHTHnaTopoM npeHHHKa go 8 m. ^ kohhko nocrojn noTpe6a 3a BehHM pacxnagHHM 
Kana^mcTOM OBe Kyne ce cnpe®y y napanenHy Be3y. npuHygHO cTpyjame Ba3gyxa



6. Ochobu TonnoTHHX onepa^nja 6-19

ocT B apyje  ce  noM ohy BeHTHnaTopa K ojn ce  M O *e nocTaBHTH Ha yna3H e OTBope y  Kyny 

(nOTHcHH BeHTHHaTOp) HHH H3Hag H3Ha3HOr OTBOpa (ycncH H  BeHTHnaTOp, cHHKa 6 .1 2 .6 ) .

H a  e^H K acH ocT x n a ^ e a a  B oge y  KynaM a yTHny: c T a a e  OKOHHor B a3gyxa (T eM nepaTypa h  

B^a^H o cT  B a3gyxa), T eM nepaTypa B oge Ha y n a 3 y  y  Kyny h  6apoM eTapcKH npHTHcaK.

O T a a e  OKOHHor (y n a3H or) B a3gyxa  c e  o g p e ^ y je  Ha ocHOBy M eTeoponom K H x yc^O B a Kojn 

B nagajy  Ha M HKponoKa^Hjn o6jeK Ta 3a BpeMe e K c n n o a ra ^ n je  Kyne. H a jn e m h e  ce  

npojeKTHH ycnoBH, Ha ocHOBy K ojnx  ce  Kyna gHMeH3HOHHme, o g p e ^ y jy  npeKO c p e g a e  

TeM nepaType B a3gyxa n o  cyBOM h  bhh^ hom  TepMOMeTpy, Koje c e  M epe y  13 c a r a  y  TOKy 

H a jT o n n n je r  M ece^a  y  pagHOM n e p u o g y  n o c T p o je a a .

T eopnjcK H , B oga c e  M O*e oxnagHTH g o  T eM nepaType OKOHHor B a3gyxa n o  Bna^HOM 

TepMOMeTpy, a  npaKTHHHO g o  T eM n ep ary p e  K oja j e  3a 2 ,5  +  5 ° C  B um a.

^ e H a  Kyne 3a x n a ^ e a e  B oge y  U S D  ce  n p o ^ e a y je  Ha ocHOBy jegH anH H e

Koja je go6njeHa Ha ocHOBy gnjarpaMa H3 [6.6], a y Kojoj cy:
•  m  v , t/h, npoTOK Boge;

•  Atv, °C, pa3HHKa TeMnepaTypa Boge Ha yna3y h Ha H3na3y H3 Kyne;
•  Ata, °C, pa3HHKa TeMnepaType Boge Ha H3na3y H3 Kyne h TeMnepaType Ba3gyxa no 

Bna*HOM TepMOMeTpy.
Oncer Ba^eaa jegHanHHe je: m  = 450 + 13700 t/h, Atv, = 5,6 + 13,9°C, Ata = 3,3 + 5,6°C, 
TeMnepaTypa no BHa*HOM TepMOMeTpy 23,9°C.

6.9 nPOPAW H TO nroTH O r KAnA^HTETA CTA^HOHAPHHX
PEKynEPATHBHHX PA3ME&HBAHA TOnTOTE

3a cTa^HOHapHe peKynepaTHBHe pa3MeHHBane TonnoTe (cnHKa 6.13) Kaga cy ncnyaeHH 
cnegehn ycnoBH:

•  npoTO^H Tonnnjer h xnagHHjer $nynga cy kohct^hthh m  1 =  const h m 2 =  c o n s t;

•  cne^H^HHHe eHTannHje Tonnnjer h xnagHHjer $nynga Ha yna3y y anapar cy 
koHcTaHTHe h 1p = const, h 2p = const;

•  npoMeHa npHTHcKa h ry6n^H TonnoTe y OKOHHHy cy 3aHeMap^HBH;
MO*e ce yMecro jegHanHHe eHepreTcKor 6HnaHca pa3MeHHBana TonnoTe (noraaB^e 4 
OBor npnpyHHHKa) kophcthth jegHanHHa TonnoTHor 6nnaHca Koja rnacn

m  1 • h 1p + m 2 • h 2p  = m  1 • h 1k + m 2 • h 2k (6.12)

na ce TonnoTHa cHara pa3MeHHBana TonnoTe ( Q , W) ropa^aBa noMohy jegHanHHe

c = (295 -103 +110 • mY),3 (6.11)

Q  =  m 1 • (h1 p  -  h1k  ̂ =  m2 • (h2k -  h 2p  ̂ (6 .1 3 )

r g e  cy:

•  m  1 , k g / s , MaceHH npoTOK T o n n n je r  $ n y n g a ;

•  m  2 , k g / s , MaceHH npoTOK x n ag H H jer $ n y n g a ;
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C^HKa 6.13 ffleMaTcKH npuKa3 cra^HOHapHor peKynepaTHBHor pa3MeftHBana TonnoTe

•  h 1p, J /k g , cne^H ^H H H a eH T an n n ja  T o n n H jer $ n y n g a  Ha y n a3 y  (noneTHO c r a a e ) ;

•  h 1k, J /k g , cne^H ^H H H a eH TannH ja T o n n n je r  $ n y n g a  Ha H3na3y (K p a ja e  c r a a e ) ;

•  h 2p, J /k g , cne^H ^H H H a eH TannH ja xnagH H jer $ n y n g a  Ha y n a3 y ;

•  h 2k, J /k g , cne^H ^H H H a eH TannH ja xn ag H H jer $ n y n g a  Ha H3na3y.

n p u  pa3MeHH TonnoTe, $H yngH  c r p y je  Kpo3 an ap aT  6e3 npoM eH e $ a 3 e  h h h  M e a a jy  

arperaTH O  c r a a e ,  o g  n e r a  h  3aBHcn KOHKpeTHH o6 h h k  jegH anH H a T onnoT H or 6 n n aH ca.

A ko $H yngH  He M e a a jy  arperaTH O  c r a a e ,  jegH anH H a T onnoT H or 6 n n a H ca  ce  y n o p o rn h a B a  

Ha o6 hhk

Q = m  1 • c p1 • (t1 p — ^  ) =  m 2  • cp2 • (t2k — h p ) (6 .1 4 )

rg e  c y  cp1 h  cp2, H3pa®eHH y  J / ( k g K ) ,  cne^H ^H H H or T onnoT H or K a n a^ n reT a  $ n y n g a  n p u  

cranHOM npHTHcKy.

T onnoT H a cH ara  pa3M eftH B ana T onnoTe M O*e ce  H3pa3HTH y  o6nHKy 

Q  =  k  • S rt •Atsr (6 .1 5 )

r g e  cy:

•  k, W /(m 2 K ), K oe^H ^njeH T  n p o n a 3 a  TonnoTe;

•  Srt, m 2, n o B pm uH a 3a pa3MeHy T onnoTe;

•  Atsr, °C , c p e g a a  TeM nepaTypcK a pa3HHKa.

C p e g a a  TeM nepaTypcK a pa3HHKa H3panyHaBa ce  Ha ocHOBy T eM nepaTypa o 6 a  pag H a  

$ n y n g a  Ha y n a 3 y  h  H3na3y H3 a n a p a r a  npeM a jegHanHHH:

1 p  — ?1k) - ( t 2k - 12p

p  — 1̂k
l n — ---------

h k  — ?2 p

n p u  neM y j e  KopeKnnoHH ^aK T op 3a pa3M eftH B an c a  cynpoTHocM epHHM  tokom  e =  1. 

TaKO^e, e =  1 h  3a pa3M eftH B ane c a  KOM^HHOBaHHM to k om  y  c n y n a jy  npoM eH e $ a 3 e  

(KOHgeH3a^nje h h h  K ^ y n a a a )  je g H o r  o g  pagH H x $ n y n g a .  y  cbh m  ocranH M  cnynajeB H M a e 
<  1 h  y  cne^njaH H 30B aH oj HHTepaTypn M ory c e  H ahn  B p eg H o crn  3a  e y  3aBHcHocTH o g  

m eM e c r p y ja f ta  $ n y n g a  Kpo3 pa3M eftHBan.

(6 .1 6 )A tsr = s •
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npHMep 6.1

3a noTpe6e caropeBaaa y Koray Ma3yT npoTOKa m2 = 51 t/h Tpe6a ga ce 3arpeje og t2p = 

60°C go U  = 180°C noMohy nperpejaHe BogeHe nape anconyTHor npHTHcKa p̂  = 17,2 bar 
h noneTHe TeMnepaType TeMneparype t1p = 290°C, Koja ce KOHgeH3yje, a KOHgeH3ar Ha 
H3na3y H3 anapara je TenHocr Ha TeMneparypn K^ynaaa. OgpegHTH TonnoTHy cHary 
pa3MeftHBana h noTpomay BogeHe nape.

Pemerne
CBojcTBa $nynga npeMa [6.2] cy:

• cpegftH cne^H^HHHH TonnoTHH Kana^nreT Ma3yTa cp2 = 2045 J/(kgK );
• eHTannHja BogeHe nape Ha yna3y h1p = 3009 kJ/kg;
• eHTannnja KOHgeH3aTa Ha H3na3y h1k = 874 kJ/kg.

Tonnoraa cHara pa3MeftHBana h 3h och

Q = m2 • cp2 -(t2k — t2p) = 51000 • 2050• (180 — 6 0 )= 3485000 W = 3485 kW 

npoTOK BogeHe nape je

m 1 =
h1p — h1 k

3485
3009 — 874

1,63 kg/s = 5,88 t/h

6.10 KOE^H^HJEHT nPO^A3A TOn^OTE
Koe^H^njeHT npona3a TonnoTe Kaga cy $HyngH pa3gBojeHH paBHHM 3ugoM (Hnp. 
nnonacTH pa3MeftHBanH) y cKnagy ca chhkom  6.14.a h 3hoch

1  = —  + R̂  + ^ -  + R2 + —  (6.17)
k a^ Xz a^

rge cy:
• a\, a2, W/(m2 K), Koe^H^njeHTH npena3a TonnoTe ca crpaHe TonnHjer h xnagHHjer 

$nynga;
• Rj, R2, m2 K/W, ^aKTopn 3anp^aaa (oTnopu npoBO^eay TonnoTe ycneg 3anp^aaa) 

TonHHjer h xnagHHjer $nynga;
• Xz, W/(m K), TonnoTHa npoBogHocr 3Hga;
• dz, m, ge6^HHa 3Hga.

Kog êBHHx pa3MeftHBana TonnoTe, $HyngH cy pa3gBojeHH ^ bhhm 3h^om (cnHKa 6.14.6), 
na je Koe^H^njeHT npona3a TonnoTe cBegeH Ha cno^amay noBpmuHy êBH

—  - U  + Ru ]• d s . + .
d ,

d,, 2 • Xz
■■ ln ̂  + —  + Rs

du a ,k s

(6.18)

rge cy:
• au, W/(m2 K), Koe^H^njeHT npena3a TonnoTe H3Mê y $^ynga h yHyTpamae crpaHe 

êBH;
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•  as, W /(m 2 K ), K oe^H ^njeH T  n p e n a 3 a  T onnoTe H3Me^y $ n y n g a  h  c n o ^ a m a e  CTpaHe

^eBH;

•  R u, R s, m 2 K /W , ^aK T o p n  3 a n p ^ a m a  c a  yH yT pam m e h  c n o ^ a m m e  CTpaHe ^eBH;

•  ds, du, m , c n o a a m B H  h  yH yT p am m n  npenHHK ^eBH.

C ^H K a  6 .1 4  TeM nepaTypcK H  n p o ^H H  3a paBHe (a ) h  ^HHHHgpHHHe (6 ) noB pm uH e

y  c n y n a jy  ^eBH ope6peH H x c a  n o ^ a m m e  c rp aH e , K oe^H ^njeH T  n p o n a 3 a  T onnoTe ce  cbo^ h  

Ha  yH yT pam m y noB pm uH y ^eBH h  H3panyHaBa Ha ocHoBy H3pa3a

ku

(
— + R u

\ S u

2 - n  - A z

-■ l n  +
(

d u
—  +  R„

\ S u

S s n

(6.19)

r g e  cy:

•  Su, m 2, noBpm H H a c a  yH yT pam m e c rp aH e  ^eBH;

•  Ss, m 2, noBpm H H a c a  c n o ^ a m m e  c rp aH e  ^eBH (y K ^ y n y je  noBpm HHy p e 6 a p a  h  

Me^y p e6 ap H y  noBpm H H y);

•  n , e^H K acH o cr o p e6 p eH e  noBpm HHe.

y o 6 n n a je H e  B p eg H o crn  K oe^H ^n jeH aT a n p o n a 3 a  T onnoTe 3a g o 6 o m a c re  pa3M ernHBane 

T onnoTe h  pa3HHHHTe pagH e $ n y n g e  H ana3e c e  y  T a6 e n n  6 .8 , a  3a n n o n a c re  pa3M ernHBane 

BpegHocTH c y  2  +  3 n yT a Behe.
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TaSe^a 6.8 Opnj eHTâ HOHe BpegHOCTH Koe^H^nj eHara npona3a TonnoTe 3a go6omacTe
pa3MemHBane TonnoTe [6.1]

T u n T o n n n jH  $ n y n g XnagH H jH  $ n y n g k, W /(m 2 K )

Be3

npOMeHe

$ a 3 e

r  acoBH, 1 b a r B o g a 15 ^  70

r  acoBH, 2 5 0  b a r B o g a 2 0 0  ^  4 0 0

H a ^ a  y ^ a H a ^ a  y ^ a 100 ^  4 0 0

B o g a 3 5 0  ^  900

T em K a y ^ a T em K a y ^ a 50  ^  3 0 0

B o g a 6 0  ^  3 0 0

B o g a B o g a  h  BogeHH p a c rB o p n  cohh 5 0 0  ^ 1500

H a $ T a B o g a 2 5 0  ^  4 0 0

B n ^ H a  y ^ a B o g a 100 ^  300

K o H geH 3aropn B o g e H a  n a p a B o g a 100 0  ^  4 0 0 0

H a ^ a  y ^ a 3 0 0  ^  900

T em K a y ^ a 6 0  ^  4 5 0

ra co B H 30  ^  3 0 0

O praH cK e n a p e B o g a 7 0 0  ^ 1000

H cn ap H B an n B o g e H a  n a p a B ogeH H  pacT B opu 6 0 0  ^  3 0 0 0

B o g e H a  n a p a BucK 03H e TeHHOCTH 3 0 0  ^  900

AMOHHjanHa n a p a B ogeH H  pacT B opu cohh 2 0 0  ^  800

6.11 nP^A & E  rPEJHHX nOBPmHHA PA3ME&HBAHA TOnTOTE
y  TOKy p a g a  pa3M ernHBana T onnoTe gona3H  g o  CM am em a m e ro B o r K a n a^ rn eT a  y c n e g  

3 a n p ^ a m a  noBpm HHe 3a pa3M eHy T onnoT e, Tj. y c n e g  xB aTam a necT H ^a H B pcre $ a 3 e  Koja 

c e  Hana3H h h h  K oja c e  CTBapa y  $ n y n g y  y  TOKy m e ro B o r c rp y ja m a  Kpo3 pa3MernHBan. C noj 

T a n o ra  K ojn c e  o 6 p a 3 y je  Ha noBpmHHH pa3M ernHBana HMa M any TonnoTH y n p o B o g H o cr h  

M O*e 6 h th o  g a  yTHne Ha cM arnerne K o e ^ H ^ H je m a  n p o n a 3 a  TonnoTe. n p u  n p o p an y H y  

K o e ^ H ^ n je m a  n p o n a 3 a  T onnoT e, OBa n o jaB a  c e  y3HMa y  o 6 3 u p  npeKO O Tnopa npoB O ^erny 

T onnoTe y c n e g  3 a n p ^ a m a  (R), K ojn c e  y  TexHHHKoj n p aK cu  Ha3HBa ^ a m o p  3 a n p ^ a m a . 

^ a H a c  He n o c r o je  noy3gaH e M eToge 3a npe^H3HO npegB H ^am e ^ a m o p a  3 a n p ^ a m a  mTO ce  

M O*e o6jacHHTH HHmeHH^OM g a  j e  perncTpoB aH O  BHme T unoB a 3 a n p ^ a rn a ,  Kao h  

MexaHH3aM a ^opM H parna  T an o ra . 3 a n p ^ a m e  noB pm uH e pa3M ernHBana M O*e 6 h th  

n o c n e g n ^ a  K p H cran ro a^ H je , no jaB e  HBpcTe $ a 3 e  y c n e g  xeMHjcKe p e aK ^ n je  K oja c e  j a B ^ a  y  

$ n y n g y ,  MexaHHHKor T a n o ^ e rn a  n o c T o je h n x  n ecT H ^a H B pcre $ a 3 e  y  $ n y n g y ,  6 n o n o m K o r 

3 a n p ^ a m a  y c n e g  npu cy cT B a  MHKpoopraHH3aMa y  $ n y n g y ,  Kopo3Hje MeTanHe noB pm uH e 

h h h  KOM^HHOBaHor gejcTB a cbh x  H a6pojaH H x ^ a m o p a .  H a  HHTeH3HTeT 3 a n p ^ a rn a  6 h tho  

yTHHy c n e g e f in  ^aK T o p n  [6 .1 ]:

•  cB o jcrB a $ n y n g a  h  T a n o ra  y  m eM y;
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•  T eM nepaType $ n y n g a  h  noBpm H H a pa3M ernHBana;

•  KBanHTeT h  M aTepnjaH  noBpm HHe 3a pa3M eHy T onnoTe;

•  6p3HHa C Tpyjam a $ n y n g a ;

•  BpeMe p a g a  pa3M ernHBana H3Me^y gB a HH m hem a.

H m ero H T eT  3 a n p ^ a m a  j e  M am n Ha noB pm uH aM a Marne xpanaBOCTH (KBaHHTeTHHja o 6 p a g a  

caM e noB pm uH e), j e p  j e  y  to m  c n y n a jy  OTe^aHO xBaTam e T a n o ra  3a  noBpm HHy Kao h  Ha 

noB pm uH aM a Koje c y  H 3pa^y jy  o g  KBanmeTHHjHx M aT epn jana  (6aK ap, H e p ^ a jy h n  nenHK 

r n g )  Koje H ucy n o g n o ^ H e  HHTeH3HBHoj Kopo3HjH. Bp3HHa CTpyjam a $ n y n g a  npeKO 

noBpm HHe TaKO^e yTHne Ha HHTeH3HTeT 3 a n p ^ a rn a .  y  onm TeM  c n y n a jy , mTO j e  B eha 

6p3HHa Marne j e  Hm eroHBHO T a n o ^ e rn e  h b pc t h x  n e c rH ^ a  3a caM y noBpm HHy. TaKO ce 

Hnp. 3a c n y n a j cT p y jam a  B oge y  g o 6 o m a c m M  pa3MemHBanHMa T onnoTe n p e n o p y n y jy  

6p3HHe Boge Kpo3 pa3M ernHBan Behe o g  1 m /s  ynpaBO H3 noM eHyTHx p a 3 n o ra . ^ e m fre  

HHm herne pa3M ernHBana T onnoTe M O*e 6 h th o  g a  yTHne Ha cy36H jam e y m ^ a ja  3 a n p ^ a rn a  

Ha TonnoTHH K a n a ^ m e T  anap aT a . C a  g p y re  c rp aH e  n e c r o  HH m hem e a n ap a T a  noB ehaB a 

TpomKOBe o g p ^ a B a m a  h  ry6HTKe y  npoH 3B ogrnn y c n e g  3 a c ro ja . CBe to  yK a3yje Ha 

cho^ h oct  OBor npo 6 n eM a, Kao h  Ha HHmeHH^y g a  r a  T p e6 a  p e m a B a rn  o g  c n y n a ja  g o  

c n y n a ja . O p n jem a^H O H e  B p eg H o crn  ^ a K ro p a  3 a n p ^ a m a  3a g o 6 o m a c re  pa3M emHBane cy  

gaTe y  T a6 e n n  6 .9 , a  3a  n n o n a c r e  pa3M ernHBane T onnoT e B p eg H o crn  c y  4  h- 10 nyT a Marne

[6 .1 ].

TaSe^a 6.9 O pnjem a^H O H H  ^ a K ro p n  3 a n p ^ a rn a  3a  g o 6 o m a c re  pa3M emHBane T onnoTe

® ^ y n g R , m 2 K /k W

P en H a  B oga, OMeKmaHa rp ag cK a  B oga, B oga H3 Kyne 3a x n a ^ e m e 0 ,1  -r- 0 ,3 5

M o p cK a B oga, HeoMeKmaHa rp a g cK a  B oga 0 ,3  t  1

B o g e H a  n a p a 0 ,1  t  0 ,2 5

KoHgeH3aT BogeHe n a p e 0 ,2  t  0 ,6 5

B ogeH H  pacT B opu cohh 0 ,2  -r- 0 ,3 5

B a 3 g y x  h  HHgycrpHjcKH racoBH O •1* o k)

n pogyK T H  c aro p e B am a 0 ,2  t  0 ,5

^aK H  h  TemKH yr^O B ogoH H ^H 0 ,2  t- 0 ,5

PacxnagH H  $ H yngH  (aMOHHjaK, ^peoH H ) 0 ,2

npHMep 6.2
nnoHacrH pa3MemHBan TonnoTe cacr o jn ce og HH3a paBHux nnona ge6^HHe dz = 0,7 mm 
og HernpaHor nenHKa nnj a j e TonnoTHa npoBogHocr Xz = 15,5 W/(m K). y  ogpe^eHOM 
pagHOM pe*HMy, Ha ocHOBy pe3yHTara Mepema yTBp^eHe cy cnegehe BpegHocrn [6.7]:

•  Koe^H^njem npena3a TonnoTe ca crpaHe Tonnnjer $nynga a  ̂ = 9960 W/(m2 K);
•  Koe^H^njeHT npena3a ronnoTe ca crpaHe xnagHHjer $nynga a 2 = 13800 W/(m2 K);
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•  O Tnopu npoB O ^erny T onnoTe y c n e g  3 a n p ^ a a a  c a  c rp aH e  T o n n n je r  $ n y n g a  R i =  

0 ,0 1 1 0 -3 m 2 K /W ;

•  O Tnopu npoB O ^erny T onnoTe y c n e g  3 a n p .n a f ta  c a  c rp aH e  xn ag H H jer $ n y n g a  R 2 =  

0 ,0 2  10-3 m 2 K /W .

а ) H 3pan y H arH  K oe^H ^njeH T  n p o n a 3 a  T onnoT e 3a pagHO c r a a e  anapaT a.

б ) H 3pan y H arH  K oe^H ^njeH T  n p o n a 3 a  T onnoTe 3a c n y n a j K aga j e  noBpm H H a 3a 

pa3M eHy T onnoTe H e3anp.M H a.

1 + 0,01 -10-3 + 45,2 -10-6 + 0,02 -10-3 +- 1

Pemerne
a) Koe^H^njeHT npona3a TonnoTe 3a paBHe noBpmHHe je (4.17)

-  = —  + R, + R z +  R 2 +  —  
k  a^ a ^  9960

k  = 4035 W/(m2 K)
npu neMy OTnopu npoBO^erny TonnoTe Kpo3 3ug H3Hoce

r  ̂ = ^  =  0,0007 = -10-6  m 2 - K/W

13840

15,5

y  Ta6enH 6.10 npHKa3aHH cy noj egHHanHH OTnopu TpaHcnopTy TonnoTe h  ftHxoB ygeo y 
yKynHHM OTnopHMa npona3y TonnoTe. M o*e ce yoHHTH ga j e Haj Behn noj egHHanHH OTnop 
TpaHcnopTy TonnoTe ycneg KOHBeKTHBHor npena3a TonnoTe ca crpaHe TonnHj er $nynga h  

ga h 3h o ch  40,5% yKynHHx OTnopa TpaHcnopTy TonnoTe.
6) y  cnynaj y Kaga ce cMaTpa ga j e R  ̂ = R 2 = 0, Koe^H^nj eHT npona3a TonnoTe j e

k T =  0 =  '

1 1

— + R z + —  +  45 ,2-10-6 + — !—
z a 2 9960 13840

=  4 5 9 1  W /( m 2 - K )

a^

h 3a 1 3 ,8 %  j e B ehn o g  B p eg H o crn  H3panyHaTe 3a 3 a n p .MH pa3M eftHBan.

6.12 TOn^OTHA H30.TA^HJA
Tonnoraa H3onaHHja je MaTepnjaH Kojn ce kophcth 3a cMaaeae HHTeH3HTeTa npeHoca 
TonnoTe H3Me ŷ TexHHHKHx cncreMa hhh ype^aja h OKOHHHe. Ochobhh 3aga^H TonnoTHor 
H30HOBafta cy cnegehn.
Tonnoraa roona^nja Tpe6a ga o6e36egu cMaaeae pa3MeHe oceTHe TonnoTe H3Me ŷ 
TexHHHKHx ype^aja h OKOHHHe -  TonnoTHHx ry6HTaKa Kog ype^aja Kojn cy Ha BHmoj 
TeMnepaTypu og aM6njeHTa (Hnp. TonnoBogn) y KOMe ce Hana3e hhh TonnoTHHx go6nraKa 
Kaga cy y nnrafty ype^ajn Kojn cy Ha TeMneparypn HH^oj og TeMnepaType OKOHHHe. 
TaKO ê, TonnoTHa roona^nja Tpe6a ga cnpenn pa3MeHy naTemHe TonnoTe Kog TexHHHKHx 
ype^aja Kojn page Ha TeMneparypaMa hh^ hm og TeMnepaType aM6njeHTa -  y pacxnagHoj 
TexHH^H cnpenaBaae pomeaa hhh ne^erna ^eBOBoga, KOMnpecopa nrg.
36or 3amTHTe og noBpega Ha pagy TonnoTHa roona^nja Tpe6a ga o6e36egu npnxBaT^HBe 
TeMnepaType noBpmuHe TexHHHKHx ype^aja ga He 6h gomno go oneKOTHHa ^kohhko 
3anocneHH HacnoHH geo Tena Ha napoBog nrg. Cno^amma TeMneparypa noBpmuHe
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y p e ^ a ja  h  ^eBOBoga HHje HopM upaH a h , 3Hbh cho  o g  tcxhhhkc  npaK ce y  nojegHHHM 

o6nacTHM a H H gycTpnje, h 3h o ch  MaKCHManHO 50  =  6 0 °C , a  MHHHM&mo 5 =  10°C .

6.12.1 H36op H30^a^wje
npHHHKOM H 36opa ro o n a^H O H o r M aTepHjana h  a e r o B e  g e 6 .M H e  noTpe6HO j e  y3eTH y  

o 6 3 u p  HeKOHHKO ^ a K ro p a :

•  ^eH y H3ona^H OHor M aT epnjana;

•  ^eH y n o c T a B ^ a a a  (M o rn a ^ e )  roo n a^H O H o r M aT epnjana;

•  OTnopHOCT Ha $H3HHKa o m T efrefta ;

•  MoryfrHOCT n o jaB e KOHgeH3aanje;

•  MaKCHManHy h h h  MHHHManHy T eM nepaTypy npHMeHe;

•  OTnopHOCT Ha n o ^ a p ;

•  jegHOCTaBHOCT o g p ^ a B a rn a  y K ^ y n y jy frH  h  MoryfrHOCT 3aMeHe.

3 a  H 3ona^H jy y p e ^ a ja  h  ^eBOBoga Ha noBHmeHHM TeM nepaTypaM a, y  BefrHHH cn y n ajeB a , 

k o ph c th  ce  MHHepanHa ByHa c a  3amTHTHHM anyMHHHjyMCKHM h h m o m , a  3a xnagH e 

noBpm HHe nonnypeTaH C K a neH a.

TaSeaa 6.10

OTnop
BenHHHHa OTnopa, 

m2 K/W
ygeo y yKynHOM 

OTnopy, %

OTnop npena3y TonnoTe ca CTpaHe 
Tonnnjer $nynga

1
ai

1 = 100,4 -10-6 
9960

40,5

OTnop npona3y TonnoTe ycneg 
3anp^ama ca CTpaHe Tonnnjer 
$nynga

R i 10-10-6 = 1 
100000

4,0

y^ynHH OTnopu ca CTpaHe 
Tonnnjer $nynga — + Ria i

1 = 110,4 -10-6 
9058

44,5

OTnop npona3y TonnoTe Kpo3 3ug R z 45,2 -10-6 = 1
22100

18,2

OTnop npona3y TonnoTe ycneg 
3anp^ama ca CTpaHe xnagHHjer 
$nynga

R 2 20 -10-6 = 1
50000 8,1

OTnop npena3y TonnoTe ca 
CTpaHe Tonnnjer $nynga

1
02

1 = 72,3 -10- 6 
13840

29,2

y^ynHH OTnopu ca CTpaHe 
xnagHHjer $nynga R2 +------02

1 = 92,3 -10-6 
10840

37,3

y^ynHH OTnop npona3y TonnoTe
1
k

248 -10-6 = 1 
4035

100
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H ero o n o B aH e  y p e ^ a je  u  ^eBOBoge He T p e6 a  nocraB .M T H  Ha MecTa r g e  M ory goBecTH g o  

HeKOHTpoHHcaHor 3 a rp e B a a a  h h h  x n a ^ e m a  n p o c r o p n ja  j e p  T eM n ep a ry p a  y  n p o c ro p n ja M a  

T p e6 a  g a  ce  K om ponncaH O  o g p ^ a B a  ogroB apajyhH M  ype^ajH M a (rpejHHM TenHMa HTg). 

3 a rp e jaH e  HeH30H0BaHe noBpm HHe y p e ^ a ja  h  ^eBOBoga M ory g o B e c rn  g o  n p e rp e B a m a  

n p o c T o p n ja  y  neTmHM Mece^HM a, mTO n o p e g  TonnoTHHx ry 6 n ra K a  yTHne h  Ha n o ro p m a rn e  

y cn o B a  p a g a .

y 3  H30H0Bame ^eBOBoga TaKO^e j e  noTpe6HO H30H0BaTH h  ^eBOBogHy apM aTypy. H a  

p a c n o n a ra m y  c y  pa3HHHHTa KOHcrpyK^HOHa p e m e m a  3a p ac raB ^H B y  H 3 o n a^n jy  ap M ary p e . 

npHHHKOM H3panyH aBarna ry 6 n ra K a  T onnoTe c a  c n o ^ H e  noB pm uH e ^eBOBoga y  OKOHHHy, 

y  n p o p a n y H  j e  noTpe6HO y 3 e r a  h  ry6HTKe c a  BeHTHna h  n p n p y 6 H H ^a . Pa3M eHa T onnoTe 

HeH30H0BaHe n p n p y 6 H H ^e  j e  npn6HH®HO je g H a n a  (eKBHBaneHTHa) H eroonoB aH oj ^eBH 

H c ro r  Ha3HBHor npenHHKa g y * H H e 0 ,5  m , goK  j e  H eroonoBaH H  BeHTHH npn6nH *H O  

eKBHBanHeTaH gy®HHH ^eBH o g  10 m . ^ogaT H H  TpomKOBH 3a n o c ra B ^ a m e  p acraB ^H B H x 

H 3ona^H ja 3a B em H ne h  n p n p y 6 H H ^e  c y  ncnnaTHBH, j e p  c e  M ory noHOBO nocraBHTH hhkoh  

eBeHTyanHHx H m ep B eH ^n ja  Ha caM oj ap M ary p n .

H30H 0Bam e ^eBOBoga h  onpeM e Koja c e  Hana3H Ha OTBopeHOM n p o c r o p y  j e  o g  n o ce6H e 

B a*H ocrH , j e p  BeTap HMa 3HanajaH  y r a ^ a j  Ha pa3M eHy T onnoTe (ro n n o T H e ry 6 m K e ). 

C yM H pajyhn  nogaTK e H3 B eh er 6 p o ja  HHTeparypHHx H3Bopa, jegH anH H a 3a H3panyHaBarne 

K oe^H ^njeH T a n p e n a 3 a  T onnoTe M O*e c e  jegH ocraB H O  H3pa3HTH y  o6nHKy

a s = 11,6 +  7 • w 0’5 (6 .2 0 )

r g e  j e  w v (m /s )  6p3HHa c rp y ja m a  B a3gyxa (BeTap, n p o M aja  y  n p o c ro p n jH ).

H 3 o n a ^ n ja  M opa 6 h th  B ogoH enponycH a, noroTOBO y  c n y n a jy  pacx n ag H H x  c n c re M a  K aga h  

HajM am a KOHHHHHa B oge M O*e g a  c e  3 a n e g n  yH yTap r o o n a ^ n je ,  HHMe ce  caM roona^H O H H  

M aT epnjan  g e rp a g u p a . y  c n y n a jy  T o n n n x  ^eBOBoga O B na^eH a r o o n a ^ n ja  naK  g o  10 nyT a 

HHTeH3H$HKyje TonnoTH e ry6HTKe y  o g H ocy  Ha cyBy H 3 o n a^n jy .

H30H 0Bam e o c n o H a^ a  onpaBgaH O j e  Kog ^eBOBoga B eh er npenHHKa K aga c e  M ory 

npeKpHTH cn e^n jan H O  o^HHKOBaHOM roona^H joM .

O to  c e  THne TonnoTHHx ry6uT aK a, pa3gB ajarne ge^O Ba H H crana^H je y  30He M O*e 6 h th  

BeoM a e^HKacHO. KaKO j e  ry 6 n ra K  T onnoT e ^eBOBoga nponop^H O H anaH  m eroB oj gy®HHH, 

cBaKO m eroBO cK paherne g o B o g u  g o  y m T eg e  y  eH eprn jH . H cth  pe3yH T ar M O*e ce  go6HTH 

npHBpeMeHHM 3aTBapameM  g en o B a  ^eBOBoga K ojn c e  He K o p n c re  y  TexHonomKOM 

n p o ^ e c y , o^ hocho  K aga n o T p o m a n n  HeMajy n o T p e6 e  3a TonnoTOM.

6 .1 2 .2  EKOHOMCKa g e S ^ H H a  H 3 0 ^ a ^ n je

EKOHOMcKa g e 6 ^ H H a  ro o n a ^ H je  j e  OHa K oja o 6 e 3 6 e^ y je  m h h h m ^ m  yK ynH e ^eH e K oja ce  

c a c r o jn  o g  ^eH e e H e p ra je  K oja ce  pa3M em yje H3Me^y TexHHHKor y p e ^ a ja  h  O K py*em a h  

^ eHe H3page TonnoTH e r o o n a ^ n je  [6 .4 ]. n p o p a n y H  eKOHOMcKe g e 6 ^ H H e  r o o n a ^ n je  

y K ^ y n y je  BHme ^ a m o p a :

•  ^eH e eH ep re H a ra  Ha hok^ h ho m  Tp® nm Ty, Kao h  oneKHBaHa KpeTam a ^eH a  y  
n e p u o g y  ^ H B o r a o r  ^H K nyca n o c rp o je rn a ;
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•  ^eH y HHBecTH^HOHHx TpomKOBa 3a Ha6aBKy onpeM e 3a n p o H 3 B o g a y  TonnoTH e h h h  
p a cx n ag H e  e H ep rn je , npe^H 3H H je, 3a OHaj g e o  n o B e h a a a  K a n a^ n reT a  K ojn T p e6 a  g a  
n o K p u je  eH epreTcK e ry 6 n ra K e  h h h  g o 6 n ra K e  Kpo3 H30H0BaHH (h h h  H eroonoBaH H) 
TexHHHKH cn cre M  (y p e ^ a j) ;

•  ^eH y H3ona^HOHor M aTepH jana y K ^ y n y jy h H  h  ^eH y o 6 n o re  (anyMHHHjyMcKH h h m , 
nnacTHHHe M ace, HTg), Kao h  ^eH y MOHTa^e;

•  n p o p a n y H  n e p u o g a  noB paTa H H B ecra^n je .
y  HemTO ynpom heH H jeM  o6nHKy, o n ra M an H a  g e 6 ^ H H a  ro o n a ^ H je  np o p an y H aB a  ce  Ha 

ocHOBy MHHHManHHx yKynHHx TpomKOBa K ojn ce  c a c r o je  H3 3 6 u p a  TpomKOBa ry6HTaK a 

T onnoTe h  TpomKOBa ro p a g e  ro o n a ^ n je .  

y ^ y n H H  ro g n m ftH  TpomKOBH, y  E U R /g o d , cy

Cuk =  Cop +  Cmv (6 .2 1 )

r o g n m f tH  onepaTHBHH TpomKOBH c y  TpomKOBH ry6HTaK a h h h  go^HTKa TonnoTH e 

e H e p rn je  h  H3Hoce

C op =  Q gub * C en * Tgod  (6.22)
r g e  cy:

•  Q  , W , ry 6 n ^ H  T onnoT e y  OKOHHHy h h h  g o 6 n ^ H  T onnoTe H3 O K p y * e a a ;

•  cen, E U R /J , jegHHHHHa ^eH a  n p o H 3 B o g a e  TonnoTH e h h h  p a cx n a g H e  e H e p ra je  (n e c ro  
ce  H3pa® aBa h  y  E U R /k W h );

•  Tgod, h /g o d , ro g n m f tH  6 p o j pagH H x caTH.
P a3 M e a eH a  T onnoT a c a  oko h hh o m  (TonnoTHH ry 6 n ^ H  h h h  g o 6 n ^ n )  h 3h och

Q  =  k obl ' S obl ' \ t f  -  to  (6.23)

r g e  cy:

•  koU, W /(m 2 K ), K oe^H ^njeH T  n p o n a 3 a  T onnoTe cBegeH  Ha c n o ^ a m a y  noBpm HHy 
H3ona^HOHe o 6 n o re ;

•  Sobi, m 2, c n o a a m a a  noB pm H H a roona^H O H e o 6 n o re ;
•  f  °C , T eM nepaTypa noBpm HHe TexHHHKor y p e ^ a ja ;
•  to, °C , T eM nepaTypa OKOHHor B a3gyxa;

K o e^H ^n jeH T  n p o n a 3 a  T onnoT e, y  no jegH ocraB ^eH O M  o6nHKy, M O*e c e  H 3pa3H ra Ha 

c n e g e h n  h ^h h h

1

k obl

= _ L +Ždž
a s Xj,

(6.24)

r g e  cy:

•  diz, m , g e 6 ^ H H a  ro o n a^H O H o r M arepH jana;
•  Xiz, W /(m  K ), TonnoTH a n p o B o g H o cr roo n a^H O H o r M aT epnjana;
•  as, W /(m 2 K ), K oe^H ^njeH T  n p e n a 3 a  T onnoTe c a  c n o ^ a m m e  c rp aH e  roona^H O H e 

o 6 n o re .
ro g n m m H  HHBecra^HOHH TpomKOBH H3onaqHOHor M aTepH jana h  o 6 n o re  cy

C inv = a  • V iz • c iz + S obl • cobl + C mont)  ( 6 .25 )

r g e  cy:
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•  a, god-1, aMopTH3a^HOHa crona;
•  Viz, m3, 3anpeMHHa roona^HOHor MaTepnj ana;
•  c iz, EUR/m3, j egHHHHHHa ^eHa roona^HOHor MarepHj ana;
•  cobl, EUR/m2, jegHHHHHHa ^eHa MaTepnjana o6nore;
•  Cmont, EUR, ^eHa nocraB^aaa Tonnorae roona^nj e.

npHMep 6.3
npHHHKOM o6nnacKa nocrpoj eaa, HH^eaep j e yonno ga j e noBpmHHa ^HHHHgpHHHe nehu 
(curing oven) BeoMa Tonna. H3Mepno j e TeMnepaTypy 3uga og tz = 82°C, goK j e 
TeMnepaTypa OKOHHor Ba3gyxa 6nna t0 = 24°C. Cyrepucao j e gnpeKTopy npegy3eha ga ce 
nocraBH r o ona^nj a, ann j e gupeKTop cMarpao ga to  HeMa eKOHOMcKor onpaBgaaa. 
HH^eaep j e noHyguo ga nocraBH H3ona^nj y o cbom  TpomKy h  ga My ce Kao HagoKHaga 
HcnnarH j egHorognmfta ymTega y ropHBy. ^a h h  j e obo  go6ap nocao 3a HH^eaepa?

Pemerne
n e h  j e  y  o6nHKy ^HHHHgpa gy®HHe L  =  3 6 5 0  m m  h  npenHHKa D  =  2 4 5 0  m m , n a  

noBpm H H a n e h u  h 3hoch

S p = n - D  ■ L + 2  •
n  ■ D  

4

2
- =  n  2 ,4 5  ■ 3 ,65  +  2  ■

n -  2 ,4 5 

4

2
- =  3 7 ,5  m 2

H3ona^HOHH M aT epnjan  j e  $ n 6 e p r n a c  (c raK neH a ByHa) Koja HMa TonnoTH y n p o B o g H o cr k iz 
=  0 ,0 4 2  W /( m K ) ,  ^ e r n  M aT epn jana  j e  Cmat =  3 0 0  E U R /m 2, a  ^eH a  M o m a ^ e  j e  Cmon =  22  

E U R /m 2.

K o e^H ^n jeH T  n p e n a 3 a  T onnoTe c a  c n o ^ a m a e  c rp aH e  n e h u  j e  a =  2 0  W /(m 2 K ) 

n e h  k o ph c th  npnpogH H  ra c  n n ja  j e  ^eH a  Cgas =  7 ,1  E U R /G J , a  e^H K acH ocr n e h u  j e  8 0 %  

n e h  r o g n m f te  p a g u  Tgod =  5 8 4 0  h /g o d

C ^ y n a j  A  -  E e3  H 3 0 .3 a^ n je

r y 6 n r a K  T onnoT e aKO Ha n e h u  HeMa H30HaqHje

Qgub =  a  • Sp • (tz -  to ) =  20  • 37 ,5  • (82 -  2 4 )  =  4 3 5 0 0  W  

r  o g n m ftH  TonnoTHH ry 6 n ra K  j e

Qgub = Qgub • Tgod = 43500 • 5840 • 3600 = 915 • 109 J/god = 915 GJ/god

n a  Tpom aK  3 6 o r  ry 6 n ra K a  h 3h och

c  =^g u b
Qgub

■ C,gas --------7,1 =  8 1 2 0  U S D /g o d
0,8

C ^ y n a j  E  -  C a  H 3 0 ^ a ^ n jo M

Kaga ce nocTaBH H30HaqHja TonnoTHH ry6n^H cy

Qgub =  k  ■ Slz -(tz -  to ) = - 1 z ^ o )  ■ S1Z 
__ +  °iz
a ^iz

rge je Siz (m2) cno^amma noBpmHHa H30^a^nje
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Slz =n-(D + 2  -Siz)•  (L  +  2  .Siz )  +  2  • +* '% ^

^eHa roona^nje je
s~i _ o  o  /~i . o  s~i
C iz ~  S p  ° iz  * C mat S p  * C mon

na ce HOBnaHa ymTega (ogHOCHO 3apaga HH^emepa) HaKOH noCTaB^ama roona^nje MO*e 
H3pa3HTH y o6HHKy

C c = C gub iS iz =  0 ) -  C gub ( s iz *  0 ) -  C lz

TeMneparypa Ha noBpmHHH roona^nje ce go6nja Ha ochobh H3pa3a 

^ S r  = «  (tiz - 1, )
S iz

y  Ta6e^H 6.11 npHKa3aHH cy pe3ynTaTH npopanyHa Ha ocHOBy Kojnx ce 3aK^ynyje ga je 
onTHMaHHa ge6^HHa roona^nje S  lz = 37 mm. y3 ^eHy H30H0Bama nehn og 1241 EUR, 3a 
jegHy rogHHy ocrBapnna 6h ce ymTega og 6421 EUR/god, o^hocho BpeMe (npocre) 
OTnnaTe HHBecTH^nje 6h 6hho 1241/6421 = 0,19 god o^hocho 2,3 Mece^a.

TaSe^a 6.11

S z
mm

^ z

m3
Q gub

W
hz

°C
Qg u b

GJ/god

Ĉ
g u b

EUR/god
C z

EUR
C c

EUR
2,58 37,7 19603 50,0 412 3658 854 3610

10 38,1 7663 34,1 161,1 1430 938 5754
20 38,6 4255 29,5 89,5 794 1050 6277
30 39,2 2971 27,8 62,5 554 1163 6405
37 39,5 2463 27,1 51,8 460 1241 6421
40 39,7 2297 26,9 48,3 429 1275 6418
50 40,3 1882 26,3 39,6 351 1388 6383
75 41,7 1316 25,6 27,7 246 1669 6207
100 43,1 1028 25,2 21,6 192 1950 5980
150 46,0 737 24,8 15,5 137 2513 5471
200 49,0 591 24,6 12,4 110 3075 4936

^HTepaTypa
[6 .1 ] JahHM OBnh, E ., re H H h , C ., T onnoT H e o n e p a ^ n je  h  anapaT H , ^ e o  1: PeKynepaTHBHH 

pa3MemHBaHH T onnoT e, M am HHcKH 4>aKynreT, E e o rp a g ,  2 0 1 6 .

[6 .2 ] re H H h  C ., JahHMOBnh E ., J a p n h  M ., EygHM Hp H ., C BojcTBa npo^ecH H X  ^ n y n g a ,  C aBe3 

MamHHcKHX h  eneKTpoTexHHHKHX H H * ern ep a  h  TexHHHapa C p 6 n je ,  E e o rp a g ,  2 0 1 4 .

[6 .3 ] re H H h  C ., O nTHM H3a^Hja npeHHHKa ^eB O B oga, n p e g a B a rn e  y  H H * ern ep cK o j KOMopn 

C p 6 n je  o g p * aH O  3 0 .1 1 .2 0 1 0 . y  E e o rp a g y
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[6 .4 ] re H u fr  C ., JahuM O B nh E ., M n T n h  C ., K o n e H g n h  n . ,  EKOHOMcKe a r n n r o e  3a n o T p e 6 e  

n p o ^ e c H o r  H H * e a e p c T B a , C aB e3 MamHHcKHX h  eneKTpoTexHHHKHX H H * e a e p a  h  

TexHHHapa C p 6 n je , E e o rp a g ,  2 0 1 4 .

[6 .5 ] JahHM OBnh E ., re H H h  C ., ^,H^y3HOHe o n e p a ^ n je  h  anapaT H  ^ e o  2: ^H ^y3H O H e 

o n e p a ^ n je ,  M am HHcKH ^aK yaT eT , E e o rp a g ,  2 0 1 0 .

[6 .6 ] D y s e r t  L ., S h a rp e n  Y o u r  C a p i ta l-C o s t-E s t im a t io n  S k ills , C h e m ic a l  E n g in e e r in g , 

v o l. 100 , n o . 11, p p . 7 0 -8 1 , 2 0 0 1 .

[6 .7 ] re H H h  E ., JahHMOBnh E ., H cn H T H B aae  TonnoTHHX n e p ^ o p M a H c n  pa3MeftHBaHKe 

craH H ^e  J K n  E e o rp a g c K e  eneK TpaH e E o p n a  U,eHTap, M am HHcKH ^aK ynT eT  E e o rp a g ,  

2 0 1 0 .

n m a n a i
1 Kojn cy ochobhh MexaHH3MH TpaHcnopTa TonnoTe?
2 nogena pa3MeftHBana TonnoTe
3 Kojn cy Hajnemhn pagHH MegnjyMH y pa3MeftHBanHMa TonnoTe?
4 Koje cy ocHOBHe KapaKTepncTHKe go6omacrnx pa3MeftHBana TonnoTe?
5 Koje cy ocHOBHe KapaKTepncTHKe ope6peHHx ^ bhhx pa3MeftHBana TonnoTe?
6 Koje cy ocHOBHe KapaKTepncTHKe nHonacTHx pa3MeftHBana TonnoTe?
7 Koje cy ocHOBHe KapaKTepncTHKe pereHepaTHBHHx pa3MeftHBana TonnoTe?
8 Koje cy ocHOBHe KapaKTepncTHKe Kyna 3a xna^eae Boge?
9 KaKO ce H3panyHaBa TonnoTHa cHara pa3MeftHBana TonnoTe?

10 Kojn cy ochobhh eneMeHTH 3a H3panyHaBafte Koe^H^njeHTa npona3a TonnoTe?
11 Koj a je cBpxa npHMeHe TonnoTHa roona^nj e?
12 KaKO ce ogpe^yje ^kohomckh onTHManHa ge6^HHa TonnoTHe roona^Hje?





7. O C H O B H  C A r O P E B A ftA

M npjaH a CraMeHHh

npo^ec caropeBaaa OMoryhyje KOHBep3Hjy xeMHjcKe y TonnoTHy eHeprnjy. Ha chh^ h 7.1 
npuKa3aH je  gnjarpaM KOHBep3Hje eHeprnje H3 jegHor o6nHKa y gpyru. OcHOBHa 
KOHBep3Hja eHeprnje ogBHja ce H3 xeMHjcKe eHeprnje cagp^aHe y ropHBHMa y TonnoTHy, 
3aTHM H3 TonnoTHe y MexaHHHKy, na H3 MexaHHHKe y eHeKTpHHHy. ^,npeKTHy KOHBep3Hjy 
Moryhe je  ocrBapHTH caMO H3 xeMHjcKe y TonnoTHy eHeprnjy (ogBHja ce y KOTHOBHMa h 
HO^nmTHMa) h H3 xeMHjCKe eHeprnje y eneKTpHHHy eHeprnjy (ropHBe henHje). nopeg 
Tora HyK^eapHa, conapHa h reoTepMama eHeprnja Mory ce TpaHC^opMHcaTH go TonnoTHe, 
goK ce xngpoeHeprnja, eHeprnja BeTpa, Tanaca h nnHMe h oceKe gnpeKTHO TpaHC$opMHmy 
y MexaHHHKy eHeprujy. TaKO^e, conapHa eHeprnja gnpeKTHO ce MO*e TpaHC^opMHcara y 
eneKTpHHHy eHeprnjy.
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7.1 rOPHBA
ropuBO je  cyncTaH^nja Koja y npo^ecy 6ypHor ejegnftaBafta ca khccohhkom 
(caropeBa&e) ocao6a^a 3HaaajHy kohhhhh^  TonaoTe. y  npo^ecy caropeBaaa rpage ce 
npogyKTH caropeBaaa (CO2, H 2O, SO2, CO, H 2...). CaropeBaae MO*e 6hth noTnyHO h 
HenoTnyHO, y 3Hbhchocth og KOHHHHHe KHceoHHKa Kojn pearyje ca ropHBOM. 
nogeaa  ropHBa Bpmu ce npeMa pa3HHHHTHM KpHTepnjyMHMa. npeMa arperaHOM cTaay 
ropuBa ce Mory nogeaHTH Ha: HBpcTa, TeaHa h racoBHTa. npeMa HaaHHy go6nja&a geae ce 
Ha: npupogHa h npepa^eHa ropuBa. y  npupogHa ropuBa cnagajy: gpBO, TpeceT, yr^eBH 
(anrHHT, MpKH, KaMeHH, aHTpaaHT), ropHBH mKpn^^H, y^aHH necaK, Ha$Ta h npnpogHH 
3eMHH rac.. y rpyny npepa^eHHx ropHBa cBpcTaBajy ce: gpBeHH y ra ^ , 6pHKeTH, noayKOKc, 
kokc, 6eH3HH, neTpoaeyM, groen-MOTopcKO ropHBO, Ma3yT, aaKoxoan, Tep, pa^HHepnjcKH, 
gecTHaa^HOHH, BHcoKonehHH, 6uorac h gp. [7.2].
E^HKacHa ynoTpe6a ropuBa y npo^ecy caropeBaaa je  Ba^Ha TeMa, a y OKBupy OBor 
noraaB^a he 6hth o6pa^eHe TeMe og 3Haaaja 3a Kopnmhefte ropuBa y cBpxy go6nja&a 
TonaoTHe eHeprnje y HHgycTpnjcKHM npo^ecHMa.
Oco6uHe ropHBa h aeroB cacraB ge$HHHmy KBaaHTeT, cBpcncxogHocr h MoryhHocr 
fteroBe npHMeHe. HeKe oco^HHe ropHBa 3ajegHHHKe cy 3a cBe Bpcre ropHBa h to cy onmTe 
oco^HHe, goK cy HeKe og ftnx  cne^H^HHHe 3a ogpe^eHy Bpcry ropuBa. CBojcTBa ropuBa 
Mory ce pa3BpcraTH Kao: $H3HHKa, xeMHjcKa, pagHa h eKcnaoaTaanoHa. y  onmTe oco^HHe 
ropHBa cBpcraBajy ce: rycTHHa, cne^H^HHHa TonaoTa, Koe^H^njeHT TonnoTHe 
npoBogHocrH, TonaoTHa Moh ropHBa h gp. TonaoTHa Moh ropHBa jegHO je  og HajBa*HHjHx 
cBojcraBa ropuBa [7.2].
Haj3HaaajHHje KapaKTepncTHKe ropHBa cy:

• xeMHjcKH cacraB;
• TonnoTHa Moh;
• TeMneparypa caropeBaaa;
• noHamaae ropuBa tokom caropeBaaa.

y  onmTeM cayaajy, ropuBa ce cacroje H3 caropuBor geaa h 6aaacra (HeropHBor geaa). y  
cacraB 6hho Kor ropHBa, y onmTeM cayaajy, yaa3e Tpu ropHBa eaeMeHTa: yr^eHHK, 
BogoHHK h cyMop, Kao npHMece Mory ce jaBHTH KHceoHHK h a30T, a 6aaacr npegcraB^ajy 
MHHepaaHa jegH fteaa h Boga. CacraB hbpcthx h TeaHHx ropHBa H3pa®aBa ce y MaceHHM 
ygeaHMa, goK ce Kog racoBHTHx ropHBa to hhhh noMohy 3anpeMHHcKHx ygeaa nojegHHHx 
jegH fteaa.
TonaoTHa Moh ropHBa npegcraB^a kohhhhh^ TonaoTe Koja ce ocao6ogn noTnyHHM 
caropeBafteM jegHHH^e KOHHHHHe ropHBa. y  3aBHcHocrn og arperaTHor cra&a npogyKaTa 
caropeBaaa HacraaHx npnaHKOM ogpe^HBaaa TonnoTHe moSh ropuBa, pa3HHKyjy ce: g o a a  
h ro p a a  TonaoTHa Moh ropuBa. r o p a a  TonaoTHa (H g) moR ropuBa je  KOHHHHHa TonaoTe 
Koja ce ocao6a^a noTnyHHM caropeBaaeM jegHHH^e Mace/3anpeMHHe ropuBa npu aeMy cy 
yr^eHHK h cyMnop H3 ropHBe MarepHje y o6aHKy cBojnx gHOKcnga y racoBHTOM cra&y, a 
go OKcnga^nje a30Ta HHje gomao. npogyKTH caropeBaaa Haaa3e ce Ha TeMnepaTypu Kojy
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je  ropuBO HMano Ha noneTKy caropeBaaa (20oC), a Boga Koja y npogyKTHMa caropeBaaa 
noTHne og Bnare H3 ropuBa h caropenor BogoHHKa Hana3H ce y TenHOM cra&y. 
^,e$HHH^Hja g o ae  TonnoTHe moRh (H d) ropuBa je  HgeHTHHHa ge^HHH^Hjn ro p ae  
TonnoTHe moRh ropuBa ochm ycnoBa Kojn ce o^ hoch Ha cra&e Boge y npogyKTHMa 
caropeBaaa. Kog g o ae  TonnoTHe moRh Boga y npogyKTHMa caropeBaaa ocraje y napHoM 
crafty. y o 6nnajeHa jegHHH^a 3a H3pa*aBa&e TonnoTHe moRh ropuBa je  kJ/kg 3a HBpcra h 
TenHa ropHBa, o^ hocho kJ/m3 3a racoBHTa ropHBa.
TonnoTHa Moh ropuBa Mo*e ce ogpegHTH eKcnepHMeHTaaHo h panyHcKH. 
EKcnepHMeHTanHo ogpe^HBaae g o ae  TonnoTHe moRh nogpa3yMeBa npunpeMy y3opKa 
ropuBa Kojn 3aTHM caropeBa y KoHTponncaHHM ycnoBHMa y KanopHMeTpy (3a HBpcra h 
TenHa ropuBa Kopncre ce KanopHMeTpn ca 6om6om, goK ce 3a ogpe^HBaae TonnoTHe moRh 
racoBHTHx ropuBa Kopncre npoTonHH KanopHMeTpn). PanyHcKo ogpe^HBaae Tonnorae 
moRh Hajnemhe ce Bpmu Ha ocHoBy no3HaTor eneMeHTapHor cacraBa ropuBa h TonnoTHe 
moRh cBaKor eneMeHTa/jegnftefta Koje yna3H y aeroB  cacraB. y o 6nnajeHa jegHanHHa Koja 
ce kophcth 3a H3panyHaBafte g o ae  TonnoTHe moSh HBpcror h TenHor ropuBa Ha ocHoBy 
no3HaTor eneMeHTapHor cacraBa npma3aHa je  jegHanHHoM7.1, goK je  pena^nja 3a 
H3panyHaBa&e g o ae  TonnoTHe moSh racoBHTor ropuBa gara jegHanHHoM 7.2.

H d = 340 • C +1190 •[ H -  ° |  + 93 • S -  25 • W  ,—  (7.1)
l  8 )  kg

H  d = 358,80 • CH 4 + 569,40 • C 2H 2 + 594,40 • C 2H 4 + 643,55 • C 2H 6 +
+ 876,05 • C 3H 6 + 931,80 • C 3H 8 +1176,15 • C 4H 8 +1235,65 • C 4H 10 + , (7.2)

k l
+1566,30• C 5H 12 +126,35• CO +107,85• H 2 + 233,65• H 2S , - ^

m 3
OpHjeHTa^HoHe BpegHocrn TonnoTHe moRh nojegHHHx ropuBa gaTe cy y Ta6enn 
7.1.

T aS era  7.1 OpnjeHTa^HoHe BpegHocrn Tonnorae moRh HeKHx ropuBa [7.2], [7.3]

ropHBO
Ton^OTHa moA [M J/kg, M J/m 3 (H.y)]

ro p rn a  H g florna H d
nnrHHT (goMafin) 13,5-20,0 12,0-18,5
MpKH (goMafin) 18,0-22,0 16,0-20,0
KaMeHH (goMafiu) 20,0-31,0 19,0-30,0
EeH3HH (cp.BpegHocr) 46,05 42,7
^,H3en ropuBo (cp.BpegHocr) 44,7 41,8
y ^ a  3a n o ^eae 42,3-44,8 39,8-42,7
npnpogHH rac (goMafiu) 36-45,7 32,5-41,4

TeMnepaTypa caropeBaaa npegcraB^a TeMneparypy racoBHTHx npogyKaTa caropeBaaa 
Kao pe3y^raT 3arpeBa&a TonnoToM Koja ce ocno6ogn tokom caropeBa&a ropHBa.
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TeMnepaTypa caropeBaaa gupeKTHo je  nponopn^oHanHa Tonnoraoj Mofiu ropuBa. 
Pa3^HKyjy ce KanopHMeTapcKa, TeopnjcKa h cTBapHa TeMnepaTypa caropeBaaa. 
n o g  KanopHMeTapcKoM TeMnepaTypoM caropeBaaa nogpa3yMeBa ce TeMnepaTypa Kojy 
HMajy npogyKTH caropeBaaa npu noTnyHoM caropeBa&y, npu neMy He gona3H go npegaje 
KonHHHHe TonnoTe okohhhh, a 3aHeMapyje ce h TonnoTa Koja ce yTpomu 3a gHco^HjauHjy 
npogyKara caropeBaaa.
TeopnjcKa TeMneparypa caropeBaaa y3HMa y o63up TonnoTy Koja ce yTpomu Ha 
gHco^Hjapnjy npogyKaTa caropeBaaa, goK ce cMaTpa ga He gona3H go npegaje KonHHHHe 
TonnoTe okohhhh.
CTBapHa TeMneparypa caropeBaaa ogpe^yje ce y3HMajyfin y o63up h Tonnorae „ry6HTKe“ 
ycneg gHco^Hjapnje npogyKara caropeBaaa h „ry6HTKe“ ycneg npegaje KonHHHHe 
TonnoTe okohhhh.
MaKcHManHy BpegHocT rope HaBegeHHx BenHHHHa HMa KanopHMeTapcKa TeMnepaTypa 
caropeBaaa.
y  3aBHcHocTH og Bpcre ropHBa, ropuBa fie ce y ToKy caropeBafta noHamaTH pa3HHHHTo. 
y  HacraBKy TeKcra fie 6hth BHme penn o hbpcthm, TenHHM h racoBHTHM ropHBHMa. y  
HHgycrpHjcKHM nocrpojeftHMa rge caropeBajy ^ocnnHa ropuBa Hajnemfie ce npHMeayjy 
npnpogHH 3eMHH rac, TenHH Ha^THH rac (TH r) h nojegHHa TenHa ropuBa (eKcrpa naKa, 
cpegaa h HeKaga TemKa y ^ a  3a no^eae). ^Bpcra ropuBa caMo ce cnopagHHHo Kopncre y 
nojegHHHM npo^ecHMa Kao mTo cy T on^eae  pyge rao*5a y bhcokhm nefiHMa hhh 
npoH3Bogfta Kpena y maxTHHM nefiHMa, Kao h y nojegHHHM HHgycrpHjcKHM eHepraHaMa y 
KojHMa ce nporoBogn napa BHmnx napaMeTapa (p  h t).

7.2 MATEPHJA.THH H TOnTOTHH EHTAHC CArOPEBA&A 
rOPHBA

CaropeBaae npegcraB^a KoMnneKcaH ^eHoMeH Kojn o6yxBara napanenHo ognrpaBafte 
Be^HKor 6poja xeMHjcKHx peaKpnja h BHme MexaHH3aMa TpaHcnopTa cyncraH^Hje h 
TonnoTe. npo^ec caropeBafta Mo*e ce ognrpaTH caMo y ogpe^eHHM ycnoBHMa: 
KoH^eHTpa^nja ropHBa h KHceoHHKa Mopa 6hth y ogpe^eHHM rpaHH^aMa h Mopa 
nocrojarH TonnoTHH H3Bop Kojn fie o6e36egHTH noneTaK HenoBpaTHe peaKpnje 
caropeBaaa.
Ha chh^ h 7.2 npHKa3aH je  gnjarpaM o6nacm  caropeBaaa y 3aBHcHocTH og g o ae  TonnoTHe 
Mofiu ropHBa, Koe^H^njeHTa „BHmKa Ba3gyxa“ (X) h TeMnepaType Ba3gyxa 3a caropeBaae.

7.2.1 CaropeBarne HBpcror h TenHor ropuBa
Haj3HanajHHjH npegcraBHHK npnpogHHx HBpcrnx ropHBa je  y ra^ . nopeg  yr^eBa, gpBo je  
HBpcro npupogHo ropHBo Koje ce Mo*e kophcthth y KoraoBHMa h nefiHMa. ^Bpcra 
BemTanKa ropHBa cy: kokc, 6pHKeT, onneMefteHH y ra ^  (cenapa^njoM h BemTanKHM 
cymeaeM). yr^eBH cy HacranH Kap6oHH3a^njoM paHHjnx BereTa^nja nog gejcmoM 
BHcoKor npHTHcKa h TeMnepaTypa y ToKy gyror BpeMeHcKor nepuoga (400 MHnnoHa 
rogHHa). O to je  y ra ^  „crapHjH“, to je  Befin cagp^aj yr^eHHKa y aeroBoM cacraBy.
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C^HKa 7.2 06nacT 3ana.MBocTH MemaBHHe y 3Hbhchocth og g o ae  TonnoTHe Mofiu 
ropHBa, TeMneparype npegrpeBaaa Ba3gyxa 3a caropeBaae h Koe^H^njeHTa BHmKa

Ba3gyxa [7.4]

HajBa*HHje Bpcre y r^ a  cy: nnrHHT, MpKH, KaMeHH h ampaqHT. y r a ^  H3 pygHHKa, 6e3 
o63upa Ha H3BecHe npo^ece copTHpaaa (gpo6^erne h cyBa cenapa^nja) 3oBe ce cnpoBH 
y ra^ . ropHBa Marepnja Ha3HBa ce hhct y ra ^ , goK 6aaacr npegcraB^ajy MHHepanHe 
cyncraH^Hje h rpy6a Bnara. ropHBy cyncraH^Hjy HHHe hbpcth h ncnap^HBH carop^HBH 
genoBH. Hcnap^HBH genoBH ge$HHHmy ce Kao npogyKTH pacnaga&a opraHcKe ropHBe 
cyncraH^e y o6nHKy raca hhh nape, npu 3arpeBaay Ha 875 oC 6e3 npncycrBa Ba3gyxa. 
Hcnap^HBe HecaropHBe KoMnoHeHTe hhhh ucnapeHa Boga H3 ropHBa.
®a3e Kog caropeBaaa HBpcror ropHBa y cnojy cy:

• cym eae;
• gecmna^Hja;
• caropeBaae;
• goropeBaae.

npBa $a3a (cym eae) je  eHgoTepMaH npo^ec npu neMy ce ropHBy goBogu TonnoTa Koja ce 
kophcth 3a ncnapaBaae Bnare. CyBo ropHBo ce naKme naan h Kaga je  cyBo, npo^ec 
caropeBarna Ha pemeTKH je  cra^HnaH. y  ToKy gpyre $a3e (gecmna^Hja) gemaBa ce 
racn^HKaanja ropHBa Kaga ncnapaBajy cbh ncnap^HBH genoBH -  BonaTHHH. 
HcnapaBarneM Bnare h BonaTHna necm ^e ropHBa nonpHMajy cyH^epacry crpyKTypy, na 
hm ce cne^H^HHHa noBpmHHa noBefiaBa, mTo npegcraB^a Ba®aH MoMeHar 3a y6p3ame 
npo^eca oKcngaanje. 0Ba $a3a yjegHo je  TanKa pa3gBajama npo^eca caropeBarna Ha 
caropeBarne racoBHTe h caropeBame HBpcre cyncraH^nje. CaM npo^ec caropeBarna HBpcre 
cyncraH^nje Be3aH je  3a noBpmHHy pemeTKe, goK ce caropeBame BonaTHna ogBHja y 
3anpeMHHH no^nmHor npocropa (Tpefia $a3a). HeTBpTa $a3a npegcraB^a HacraBaK Tpefie 
$a3e h Ha3HBa ce goropeBame. y  3aBHcHocrn og Bpcre HBpcror ropHBa, gy*HHe 
nojegHHHx $a3a y npo^ecy caropeBarna Bapnpajy. BpeMe caropeBama Koje crojn Ha 
pacnoHararny npu caropeBarny HBpcror ropHBa y cnojy Ha pemeT^H je  oko 1000 nyTa



7-6 npupyHHHK 3a o6yKy eHepreTcKHx MeHa^epa 3a o6nacT HHgycTpnjcKe eHepreTHKe

gy*e og pacnono^HBor BpeMeHa y cnynajy caropeBaaa y neTy. Kog caropeBaaa 
cnpameHor y r^ a  y neTy $a3a cym eaa ogBHja ce y MHHHoBHMa, a gpyra h Tpefia $a3a 
caropeBaaa ogBHjajy ce y no*nmTy. 36or H3y3eTHo Maanx gHMeH3Hja Hecrn^a HBpcror 
ropHBa, Kog caropeBaaa y r^ a  y neTy He nocrojn neTBpTa $a3a. Kao npogyKTH 
caropeBaaa HBpcror ropHBa jaB^ajy ce gHMHH racoBH, m^aKa h neneo. neneo  
npegcraB^a HecaropHBy HeopraHcKy cyncraH^njy Koja ocraje npu caropeBa&y y 
no®nmTy, ogHocHo Koja ce Mo*e ca gHMHHM racoM H3HeTH y aTMoc$epy. Hajnemfia 
jegH fteaa Koja HHHe neneo cy: cHHHKarn, okchah MeTaaa, cyn$Hgn, Kap6oHarn, cyn$aTH 
h gp. npo^eHaT nenena y ropHBy ogpe^yje ce na6opaTopnjcKH ^apemeM ycHTfteHor 
y3opKa HBpcror ropHBa.
npupogHo TeHHo ropHBo je  Ha$Ta, Koja ce npepa^yje y npo^ecy gecmna^Hje. BenHKH je  
6poj TeHHHx ropHBa Koja ce go6njajy H3 cupoBe Ha$Te, a Haj3HaHajHHjn npegcraBHH^H 
Kojn ce HajHemfie Kopncre y HHgycrpHjcKHM no^nmmM a cy: 6eH3HH, n o *  y ^ a  (eKcrpa- 
naKo, naKo, cpegae h TemKo). TonnoTHa Mofi Kog TeHHHx ropHBa Kpefie ce og 39000 + 
42000 kJ/kg. rycTHHa gepHBaTa Ha$Te Kpefie ce og 850 ^  1000 kg/m3. CacraB Ma3yTa 
(cpegae n o *  y ^e) Kpefie ce y rpaHH^aMa C = 80 ^  86% (mas), H = 10 ^  13% (mas). CBa 
TeHHa ropHBa npegcraB^ajy cMemy yr^oBogoHHKa. nopeg  gepHBaTa Ha$Te, y 
HHgycrpHjcKHM no^HmmMa Mory ce caropeBaTH cnopegHH npogyKTH cyBe gecmna^Hje 
KaMeHor hhh MpKor y r^ a  T3B. KarpaHH.
Haj3HaHajHHje oco^HHe TeHHHx ropHBa cy: 6oja, rycTHHa, bhcko3hoct, TaHKa na^erna, 
TeMneparypa caMo3ana^ema, TeMneparypa ropema, TaHKa cTHmaBafta, gecTHHaanoHa 
KpHBa, eneMeHTapHa aHaaH3a, cacraB, TonnoTHa Mofi, cagp^aj cyMnopa h gp.
H3 HaBegeHe HHcre Haj3HaHajHHjnx oco^HHa TeHHHx ropHBa rogBojnfieMo bhcko3hoct. Ha 
bhcko3hoct TeHHHx ropHBa, noce6Ho ohhx Te®nx ^paK^Hja, 3HaHajHo yTHHe 
TeMneparypa. ^ kohhko je  TeMnepaTypa BHma, bhcko3hoct ropHBa ce cMamyje. 
Bhcko3hoct je  TecHo noBe3aHa ca t^hkom cTHmaBafta. O to je  bhcko3hoct Befia, to je  
TaHKa cTHmaBafta TeHHor ropHBa HH®a. TeMneparypa Kojy je  noTpe6Ho ogp^aBam  ga 6h 
ce TeHHo ropHBo TpaHcnopToBaao hck^ hhbo 3aBHcn og bhcko3hocth. HaKa h cpegme 
TemKa ropHBa no npaBHny HMajy Mana Kone6a&a BpegHocrn bhcko3hocth, goK TemKa no*  
y ^ a  HMajy BenHKa ogcrynafta BpegHocrn bhcko3hocth. yo6HHajeHa TeMneparypa Ha Kojy 
ce 3arpeBajy TeHHa ropHBa ga 6h ce TpaHcnopTOBana je  40-80 oC, goK je  3a pacnpmHBame 
TeHHor ropHBa Ha ropnoHHKy noTpe6Ho ocTBapHTH TeMnepayTpy og 80-120 oC. 
HeonxogHo je  BogHTH paHyHa ga TeMneparypa 3arpeBama TeHHor ropHBa 6yge HajMame 
20 oC HH*a og TaHKe na^erna ropHBa (Mepe 6e36egHocrn). E^HKacHocr caropeBama 
TeHHHx ropHBa 3aBHcn og e^HKacHocm pacnpmHBama ropHBa. O to je  pacnpmHBarne 
ropHBa ^HHHje (KanM ^e cy Maae -  5-40 ^m), to fie 6hth 6ojte Memaite ropHBa ca 
Ba3gyxoM, o^ hocho caropeBame fie ce 6p*e ocTBapHTH, a MoryfiHocr nojaBe Hegoropennx 
KoMnoHeHaTa fie 6hth cBegeHa Ha mhhhm^ m. PacnpmHBame TeHHor ropHBa Mo*e ce 
ocTBapHTH goBo^emeM MexaHHHKe eHeprnje (MexaHHHKH pacnpmHBaHH) hhh 
KopnmfiemeM noTCH^HjaaHe h KHHeTHHKe eHeprnje (noMofiy Ba3gyxa hhh BogeHe nape).
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n o cro jn  MoryfiHocT pacnpmHBafta TeHHor ropHBa HMnyncHo noMofiy oc^nnaTopHHx 
eneKTpHHHHx Kona, Kao h ynTpa3ByHHo ^peKBeH^njoM 10 go 40 Hz. PacnpmHBaae TeHHor 
ropHBa Mo*e ce ocTBapHTH h KoM^HHa^njoM rope noMeHyTHx nocrynaKa.
OcHoBHe BenHHHHe Kog caropeBafta hbpcthx h TeHHHx ropHBa cy:
MHHHManHa noTpe6Ha KonHHHHa KnceoHHKa 3a caropeBaae

O 2 ,min
1

100
1,87 • C + 5,6 • H  -  O  

8
+ 0,7 • S , m3/kg (7.3)

a MHHHManHa KonHHHHa Ba3gyxa 3a caropeBaae je

tr O 2,min 3 /i /i\
Vv,min =  , m  (7.4)

a

rge je a  = 0,21 m3/m3 3anpeMHHcKH ygeo KHceoHHKa y Ba3gyxy.
CTBapHa Ko^HHHHa Ba3gyxa 3a caropeBa^e je

Vv,stv = 1 • Vv,min = 1 • , m 3/kg (7.5)
a

rge je 1  Koe^H^njeHT BHmKa Ba3gyxa.
KonHHHHa KoMnoHeHara y racoBHTHM npogyKTHMa caropeBa&a h3hoch

Vco = 1,87 • C , m 3/kg (7.6)c o 2 100 e

j-r 0,7 3
VSO = ------S , m /kgS° 2 100 5

V,h 2o
= 1,244 
= 100 
(7.8)

• (9 • H + W ) , m3/kg

Vo 2 = ( l  — 1^ O 2,min , m3/kg

0,8 1 — a
VN2 = T Z ~  • N + 1 • • O2,min  ̂m /̂kg .2 100 a

KonHHHHa Bna®HHx npogyKaTa caropeBaaa:

+ Vso. + Vh .O + Vo . + Vn 2 

KonHHHHa cyBHx npogyKara caropeBaaa h3hoch
3

Vrs =  Vrw — VH 2O , m  / k g  .
3anpeMHHcKH ygenn KoMnoHeHaTa y bhh^ hhm npogyKTHMa caropeBaaa H3Hoce 

V C

Vrw = ^ Vi =  VCO2 +  VSO2 +  VH 2O +  VO 2 n 2 , m3/kg

C O 2,w =
CO2

V  rw

SO
V SO2

2,w V„

• 1 0 0  ,% ,

• 1 0 0  ,% ,

(7.7)

(7.9) ,

(7.10)

(7.11)

(7.12)

(7.13)

(7.14)
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V  H O
H 2O  ,w =  VH^  • 1 0 0  ,% ,

V rw
(7.15)

V  O„
O 2,w =  V O l  • 1 0 0  ,%,

V rw
(7.16)

V  N
N  2,w =  ^  • 1 0 0  ,% .

V rw
(7.17)

3anpeMHHcKH ygenn KoMnoHeHaTa y cyBHM npogyKTHMa caropeBaaa H3Hoce
V CO~

CO2 s =  CO2 • 100 ,% , 
2 s  Vv rs

(7.18)

SO2s =  302 • 100 ,% , 2s Vv rs
(7.19)

V  Oo
O2s =  O2 • 100 ,%, 

2’s Vv rs
(7.20)

N2s =  V N2 • 100 ,%, 
2’s Vv rs

(7.21)

EHTannHja npogyKaTa caropeBaaa jegHana je  36upy eHTaannja KoMnoHeHaTa, Tj. O 2, N 2, 
CO2, SO2, H 2O HTg., o^ hocho

h  = z h  = (Z V- • cp ,i)• t ,kJ/kg (7.22)

rge cy:
• V,, m3/kg, 3anpeMHHcKH ygeo i-Te KoMnoHeHTe;
• cp?i, kJ/(kg K), cpegftH cne^H^HHHH TonnoTHH Kana^nreT i-Te KoMnoHeHTe y 

HHTepBany og 0oC go t;
• t, °C, TeMneparypa npogyKaTa caropeBaaa.

EHTannHja npegrpejaHor Ba3gyxa 3a caropeBaae je
hv = Vv,stv • Cp,v • tv , kJ/kg (7.23)

rge cy:
• cp,v, kJ/(kgK ), cpegftH cne^H^HHHH TonnoTHH Kana^nreT Ba3gyxa, y HHTepBaay 

TeMneparypa og 0 oC go t v ;
• t v, °C,TeMnepaTypa Ba3gyxa.

7.2.2 CaropeBarne racoBHTor ropuBa
HajHemfie KopnmfieHa racoBHTa ropHBa y HHgycTpnjcKHM nocrpojeftHMa cy: npnpogHH 
rac, TeHHH Ha^THH rac (TH r), racoBHTa ropHBa Koja npegcraB^ajy Hyc-npoH3Bog HeKor 
TexHonomKor npo^eca -  BHcoKonefiHH rac, rac H3 KynonHHx nefiu, pa^HHepnjcKH rac h 
gp. hjih cy to racoBH Kojn ce go6njajy gogaTHoM npepagoM -  reHepaTopcKH rac, 6uorac 
HTg. npegHocr Kopnmfieaa racoBHTHx ropHBa y ogHocy Ha HBpcra h TeHHa ornega ce 
npeBacxogHo y Ma&oj cno^eHocm  HHcrana^Hja Koje cny*e 3a npunpeMy ropHBa npe
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yBO^ema y no^nmTe, Kao h y cacTaBy npogyKara caropeBama Ha H3na3y H3 no^nmTa 
(Marne cy eMHcnje mTeTHHx 3ara^yjyhHx KOMnoHeHaTa y ogHOcy Ha ocrana ropHBa). 
Ho^nmTa y KojHMa ce ogBHja caropeBame ropuBa cy Mama h jegHocraBHHja, Mame je 
np^arne pa3MernHBanKHx noBpmHHa. HeKe og ochobhhx KapaKTepncTHKa nojegHHHx 
racoBHTHx ropHBa gaTe cy y Ta6enn 7.2.

TaSeaa 7.2 KapaKTepncrHKe HeKHx racoBHTHx ropHBa

ropHBO
PenaTHBHa

ryciHHa
Toprna

TonaoTHa Moh

MuH.noTpe6Ha 
KonHHHHa Ba3gyxa 

3a caropeBaae

TeMnepaTypa
nnaMeHa

Bp3HHa
npocTHpaaa

nnaMeHa
kJ/m3 m3/m3 oC m/s

npnpogHH rac 0,6 39805 9,5 1954 0,290
nponaH 1,52 101205 23,8 1967 0,460
ByraH 1,96 133795 31 1973 0,870

y  MemaBHHH Kojy hhhh npnpogHH rac goMHHHpa MeTaH (oko 95% Vol). OcTane 
KOMnoHeHTe cy: eTaH, nponaH, 6yTaH, neHTaH, yr^eH-gHOKcng h a30T. npnpogHH rac ce 
go noTpomana gonpeMa cncreMOM ^eBOBoga (rpaHcnopTHHx h gHcrpH6yTHBHHx) h He 
cKHagnmTH ce Kog noTpomana. TenHH Ha^THH rac (TH r) npegcraB^a MemaBHHy gBe 
KOMnoHeHTe -  nponaH h 6yTaH. y  OBoj MemaBHHH Mory ce Hahn h Mamn ygenn 
nponnneHa h 6yTHneHa. y o 6HnajeHO je  ga ce T H r cKHagnmTH y TenHOM crarny npu 
noBHmeHOM npHrncKy h HopManHj TeMnepaTypu, a ga ce ucnpeg noTpomana o6apa 
npHTHcaK, npu neMy T H r npena3H H3 TenHe y racoBHTy $ a 3y. THT je  Behe rycTHHe og 
Ba3gyxa, TaKO ga ce y cnynajy ^ypema rac HaKyn^a y3 nognory.
Kog racoBHTHx ropuBa 3HanajaH napaMeTap npegcraB^a Bo6eoB (Wobbe) HHgeKc. OBaj 
napaMeTap npegcraB^a HHgHKaTop Kojn o^emyje MoryhHocr 3aMeHe jegHe Bpcre 
racoBHTor ropHBa gpyroM (Hnp. 3aMeHa npupogHor raca TenHHM Ha^THHM racoM hhh 
HeKHM gpyrHM ropHBOM). Bo6eoB HHgeKc npegcraB^a ogHoc TonnoTHe Mohn ropHBa 
(roprne hhh gorne) h KBagpaTHor KopeHa KOHHHHHKa rycTHHe racoBHTor ropHBa h Ba3gyxa 
npu HopMa^HHM yc^OBHMa (H3pa3H 7.24 a h 7.24 6). OBaj HHgHKarop yKa3yje Ha to ga hh 
je  Moryhe kophcthth gpyry BpcTy (anTepHaTHBHo) ropHBa 6e3 noTpe6e 3a $ h3hhkhm 
H3MeHaMa KOHcrpyK^Hje ropnoHHKa.

H g
Wg = 8 (7.24 a)

y P g /  P v

H
Wd = ^  (7.24 6)

4  p g /  p v

rge cy:
• Wg, W d, kJ/m3, Bo6eoB HHgeKc Kojn ogroBapa ropmoj, o^ hocho gomoj TonnoTHoj 

Mohu ropHBa;
• H g, H d, kJ/m3, ropma, o^ hocho goma TOnnoraa Moh ropuBa;
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• p g, kg/m3, rycTHHa racoBHror ropuBa npu hopmhhhhm ycnoBHMa;
• p v = 1,293 kg/m3, rycTHHa Ba3gyxa npu HopManHHM ycnoBHMa.

OcHOBHe BenHHHHe Kog caropeBaaa racoBHTor ropuBa H3panyHaBajy ce Ha cnegehn
HanHH:

• MHHHM&ma noTpe6Ha KOHHHHHa KHceoHHKa 3a caropeBaae

O 2,min
1

100
0,5 (H 2 + CO) +1,5• H 2S +  ^ ' C m H n -  O 2 , (7.25)

• MHHHManHa KOHHHHHa Ba3gyxa 3a caropeBaae

V,
O 3

2,min m

a m 3

cTBapHa KOHHHHHa Ba3gyxa 3a caropeBaae

V v,stv ^ ' V v,min
O 2,min m 3

, 3  'a  m 3

• KOHHHHHe KOMnoHeHaTa y npogyKTHMa caropeBafta

V
CO2 100

- 1 -  (CO + CO2 + £ m • C mH n

1 m 3
V  co = —  (33,5 + 0,80 +1 • 26,9 + 4 • 0 ,40)=  0,6280 - ^ ,  

C° 2 100 v ’ m 3

V "2O = 1 0 Č ( H 2 + H 2S  + S n 2 • C mH n 1 ■

(7.26)

(7.27)

V0 2  = ( ^ - 1)-O 2,min , ̂ ,2 m3

V n- =
1

• n 2 + a -
1 -  a

• O
m 3

2 ,m n ’ 3
m 3

(7.28)
"2 100 - a

EHTannnja npogyKara caropeBaaa h npegrpejaHor Ba3gyxa Kog caropeBaaa racoBHTor 
ropHBa ce H3panyHaBa noMohy pena^nja (7.22) h (7.23).

7.3 OnTHMH3A^HJA CArOPEBA&A
3a BenHKH 6poj HHgycTpHjcKHx nehu Koje ce Kopncre y eHepreTCKH HHTeH3HBHHM 
HHgycTpujckhm rpaHaMa (HHgycrpHja nenHKa, KepaMHKe, xeMHjcKa HHgycipHja HTg.), 
KapaKTepncTHHHe cy penaiHBHO BHcoKe TeMnepaiype Koje Bnagajy y pagHOM npociopy nehu 
(850 go 13000C). y  TaKBHM ycnoBHMa TeMnepaiypa gHMHHx racoBa Ha H3na3y H3 nehu je  
bhcokh h ry6n^H ca gHMHHM racoBHMa cy 3HanajHH. npHMep je  ga i Ha chh^ h 7.3.
^ a  6h ce no6o^m ana e^HKacHoci npo^eca, oinagHa Tonnoia ca ahmhhm racoBHMa 
Tpe6ano 6h ga 6yge HcKopnmheHa, a Hajnemhe ce Kopncm 3a npegrpeBaae Ba3gyxa 3a 
caropeBaae, c o63upoM ga ce Ha Taj h^hhh oinagHa Tonnoia gupeKTHo Bpaha y npo^ec. y  
caBpeMeHoj HHgycipHjcKoj npaKcu ynoipe6^aBajy ce chctcmh KojHMa je  Moryhe
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HCKopncTHTH h BpaTHTH y npo^ec Beftn geo OTnagHe TonnoTe gHMHHx racoBa -  
peKynepaTHBHH h pereHepaTHBHH ropnoHH^H. Pa3HHHHre KOHCTpyKanje npHHaro^aBajy ce 
cne^H^HHHHM 3axTeBHMa KOHCTpyK^nje HHgycTpnjcKHx nehn.

7.4 rOPHOHH^H
y  HHgycrpHjcKHM nehHMa Kopncre ce gBa KOHBeH^HOH&ma cncreMa 3a cHa6geBaae 
pagHor npocropa nehn TonnoTOM:

1 . ropnoHH^H ca npeTxogHHM MemaaeM ropHBa h Ba3gyxa,
2. ropnoHH^H 6e3 npeTxogHor Memaaa ropHBa h Ba3gyxa.

n^aMeH ropnoHHKa ca npeTxogHHM MemaaeM ropHBa h Ba3gyxa je  KpaTaK h nHaBHHacro- 
TpaHcnapeHTaH. y  TeopnjH caropeBaaa OBaKaB nnaMeH Ha3HBa ce KHHeTHHKH nnaMeH hhh 
nnaMeH KHHeTHHKor pe^HMa caropeBa&a. [7.5]. y  cnynajy caropeBa&a ropHBe cMeme 
Kaga cy crpyje racoBHTor ropuBa h Ba3gyxa pa3gBojeHe cBe go ynacKa y pagHH npocrop 
HO^nmTa rge ce ogBHja caropeBaae, gona3H go nojaBe T3B. gn$y3HOHor nnaMeHa. 
^H $y3HOHO caropeBa&e MO*e ce ogBHjarH y naMHHapHOM hhh Typ6yneHTHOM pe®HMy. 
3a pa3HHKy og KHHeTHHKor nnaMeHa, gn$y3HOHH nnaMeH je  gy®H h nyMHHec^ernaH. 
HacynpoT caropeBa&y ropHBa bha.m b h m  nnaMeHOM, nog ogpe^eHHM ycnoBHMa gona3H 
go nojaBe caropeBaaa y T3B. 6ecnnaMeHOM hhh FLOX pe®HMy (FLOX je  cKpaheHH^a og 
Flameless oxidation). ,3,0 nojaBe 6ecnnaMeHor caropeBaaa gona3H y cnynajeBHMa Kaga ce 
kophcth BHcoKonpegrpejaH Ba3gyx, npu neMy TeMnepaTypa Ba3gyxa Mopa 6hth BHma og 
TeMnepaType caM ona^eaa ropuBe cMeme. H ropHBO h Ba3gyx ce y pagHH npocrop 3a 
caropeBaae goBoge ogBojeHO.
CaropeBafteM ropHBa 6e3 nocToja&a BHgMBor nnaMeHa nocTH^e ce yjegHaneHa 
TeMnepaTypa y 3anpeMHHH pagHor npocTopa no^nmTa. Ha Taj HanHH H36eraBa ce nojaBa 
t3b. „TonHHx TanaKa“ y KojHMa gona3H go HHTeH3HBHor cTBapaaa Heno*e^HHx NOx
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jegnftefta. ynopegHH npHKa3 TeMnepaTypcKor n o ^ a  y npaB^y nnaMeHa 3a gBa 
KapaKTepHCTHHHa pe^HMa caropeBa&a -  nnaMeHH h 6ecnnaMeHH gaT je  Ha chh^ h 7.4.

C^HKa 7.4 TeMnepaTypcKO n o ^e  y okohhhh ropnoHHKa 3a gBa pe^HMa -  nnaMeH h
FLOX [7.6]

Tpu goMHHaHTHa ^aKTopa yTHHy Ha KHHeTHKy HacraHKa T3B. TepMHHKor NOx jegH fteaa:
1 . BucoKa MaKc HManHa TeMnepaTypa y npocropy y KOMe ce ogBHja caropeBaae,
2 . BpeMe 3agp®aBaaa peaKTaHaTa y o6nacTH MaKc HMaHHHx TeMnepaTypa,
3. KOH^empa^nja KnceoHHKa y o6nacTH Kojy 3ay3HMa nnaMeH.

Bygyhn ga ce TeMnepaTypa nnaMeHa noBehaBa ca noBHmeaeM TeMneparype npegrpejaHor 
Ba3gyxa 3a caropeBarne, HHreroHTeT 6p3HHe HacraHKa NOx jegnmerna fre ce cpa3MepHO 
TOMe yBefraTH, nog yc^OBOM ga ce He Memajy ocranH napaMeTpu caropeBama (ogHoc 
npoTOKa ropHBo/Ba3gyx). Ha chh^ h 7.5 npm a3aH je  gnjarpaM 3aBHcHocrn eMHcnje NOx 
jegnmerna og TeMneparype npegrpeBama Ba3gyxa 3a caropeBame h TeMnepaType y pagHOM 
npocropy HHgycrpHjcKe nefru.
Pa3Hor yBO^erna BHcoKonpegrpejaHor Ba3gyxa 3a caropeBarne npe cBera je  y HHmeHH^H ga 
ce Ha Taj HanHH MO*e ymTegeTH geo ropHBa, c o63upoM ga ce y no^nmTe yBogu 3HanajHa 
KOHHHHHa TonnoTe (Ba3gyx npegrpejaH Ha t  > 1000°C). TaKO ce cMamyje noTpomma 
ropHBa, a^H ce HcroBpeMeHO eMHTyje 3HanajHa KOHHHHHa mTeTHHx NOx jegnmerna ca 
gHMHHM racoBHMa. ^ a  6h ce noMHpnne OBe gBe npoTHBpeHHocrn yBoge ce H3BecHe 
TexHHHKO-TexHOHomKe HHOBa^nje KojHMa ce, h nopeg Kopnmfrerna BHcoKonpegrpejaHor 
Ba3gyxa 3a caropeBarne, yTHne Ha cMamerne eMHcnje mTeTHHx NOx jegnmerna. 
npegHOCTH ynoTpe6e hobhx cncreMa 3a caropeBame y crpyjn BHcoKonpegrpejaHor 
Ba3gyxa 3a caropeBarne Mory ce cBpcram y neTHpn rpyne.
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C^HKa 7.5 3aBHCH0CT eMHcnje NOx jegnftefta  og TeMnepaType npegrpeBaaa Ba3gyxa 3a 
earopeBaae h TeMnepaType pagHor npocTopa nehn [7.6]

1 . Y m m ed a  enep^uje. HajBehn ry6HTaK y BehHHH npo^eca Kojn ce ogBHjajy y 
HHgycTpnjcKHM no^nmTHMa je  ry6HTaK ca gHMHHM racoBHMa. OBa „OTnagHa“ 
TonnoTa MO*e 6hth HcKopnmheHa hhh y pereHepaTHBHOM pa3MernHBany TaKO mTO 
he 6hth aKyMynnpaHa y ncnyHH, hhh he gupeKTHO 6hth KopumheHa y 
peKynepaTHBHOM pa3MernHBany TonnoTe. MegnjyM Kojn ce 3arpeBa obom TonnoTOM 
je  Ba3gyx 3a caropeBame. Ha Taj h^hhh eHeprnja ce Bpaha y npo^ec, o^ hocho 
cMamyje ce noTpomma ropuBa.

2. CM am em e eM ucuje C O 2. Ochobhh npogyKT caropeBama $ ochhhhx ropuBa je  CO2. 
C o63upoM Ha cBe ropa^eHHjn npo6neM rno6aHHor 3arpeBama, goHeT je  BenHKH 
6poj 3hkohckhx h nog3aKOHcKux aKaTa khko Ha HHBoy Me^yHapogHe 3ajegHH^e, 
thko h Ha Ha^HOHanHOM HHBoy, npeMa KojHMa ce cHH^aBa rpaHH^a go3Bo^eHe 
eMHcnje CO2. y  tom cMHcny, cMamerne noTpomme ropHBa cpa3MepHO yTHne Ha 
cMamerne eMHcnje CO2.

3. CMan>en>e eM ucuje N O x. A30thh OKcngn npegcraB^ajy jegaH og ochobhhx 
y3poHHHKa omTeherna 030HcK0r OMOTana. npHMeHOM hobhx TexHHHKHx pemerna 
caBpeMeHHx cncreMa 3a cHa6geBarne TonnoTOM HHgycrpHjcKHx nehu pemeH je  
npo6neM eMHcnje bhcokhx KOH^empa^Hja NOx jegnmerna y ahmhhm racoBHMa y 
cHynajeBHMa Kaga je  KopumheH BHcoKonpegrpejaH Ba3gyx 3a caropeBame.
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4. C M aw ew e e e m n u n e  p a d n o ^  np o cm o p a  nehu. npuMeHOM cncreMa 3a caropeBafte y3
ynoTpe6y BHcoKonpegrpejaHor Ba3gyxa 3a caropeBaae o6e36e^yje ce 
yHH$opMHocr TeMnepaTypcKor n o ^ a  y pagHOM npocropy, mTO yTHne Ha cM aaeae 
gHMeH3Hja pagHor npocropa nehu.

n o cro jn  Behu 6poj npo^eca nnja TexHOHornja 3axTeBa ogp^aBaae pagHux TeMneparypa y 
o6nacTH bhcokhx TeMnepaTypa (800 ^  1300°C), mTO je  norogaH napaMeTap 3a cra^HHHO 
caropeBa&e y 6ecnnaMeHOM pe®HMy. Ob^kbh npo^ecn cy Hajnemhe 3acryn^eHH y 
HHgycrpHjH nenHKa, KepaMHHKHx MaTepHjana h xeMHjcKoj HHgycrpHjH [7.7]. 
y  BeheM 6pojy obhx cnynajeBa e^HKacHocr caropeBaaa je  Ha goBO^HO bhcokom HHBoy, 
ann je  e^HKacHocr ncKopnmhefta TonnoTe y npo^ecy Moryhe nognhH Ha bhmh hhbo. 
npegrpeB aae Ba3gyxa 3a caropeBaae je  jegHa og Hajnemhe KopnmheHHx Mepa 3a 
nocTH3afte noMeHyTor ^H^a. Ha Taj HanHH ce yBO^eaeM eHTannHje BHcoKonpegrpejaHor 
Ba3gyxa 3a caropeBaae MO*e 3aMeHHTH geo eHeprnje Koja ce ocno6ogn caropeBaaeM 
ropHBa. Bygyhn ga je  ry6HTaK TonnoTe ca gHMHHM racoBHMa 3HanajaH, OBa ronnoTa MO*e 
6hth peKynepucaHa, o^ hocho pereHepucaHa y ogroBapajyhHM cncreMHMa. y  tom cMHcny, 
Mory ce npegcraBHTH gBa necro KopumheHa THna cncreMa 3a cHa6geBaae TonnoTOM Kog 
HHgycrpHjcKHx nehn:

1 . peKynepaTHBHH ropHOHH^n;
2 . pereHepaTHBHH ropnoHH^H.

7.4.1 PeKynepaTHBHH ropnoMMHM
KoHcrpyK^Hja peKynepaTHBHor ropnoHHKa npHKa3aHa je  Ha chh^ h 7.6.
PeKynepaTHBHH ropnoHH^H necro cy KopnmheHH Kao cncreMH 3a cHa6geBa&e TonnoTOM 
Kog HHgycrpHjcKHx nehu y OKBHpy HHgycrpHje nenHKa. ^ecro  ce Kopncre yMecro 
^empanrooBaHor cncreMa 3a npegrpeBaae Ba3gyxa 3a caropeBaae. HegocraraK 
^eHTpanH30BaHHx cncreMa 3a BHcoKonpegrpejaHH Ba3gyx 3a caropeBaae je  HeonxogHocr 
Kopnmheaa cne^njanHHx cncreMa 3a gHcrpn6y^Hjy BHcoKonpegrpejaHor Ba3gyxa 
(BeHTHHH, BeHTHHaTOpH, ^eBOBO^Ha Mpe^a).
PeKynepaTHBHH ropnoHH^H cy penaTHBHO KOMnaKTHH ype^ajn rge ce gnpeKTHO H3 pagHor 
npocropa nehu Kpo3 peKynepaTop yrpa^eH y aeMy cnpoBoge ahmhh racoBH, nnja ce 
ronnoTa npegaje Ba3gyxy 3a caropeBaae. Og e^HKacHocrn npegaje TonnoTe H3Me^y 
pagHux $nynga (ahmhh racoBH h Ba3gyx) 3aBHcnhe h e^HKacHocr nocrynKa 
ncKopnmhefta y pagHOM npocropy nehn.
y  3aBHcHocTH og KOHcrpyK^Hje nehu, Kao h og 3axTeBaHe TexHOJiorHje y a o j, Moryhe je  
kophcthth cnegehe KOHcipyK^Hje peKynepaTHBHHx ropnoHHKa.

ropHOHHUH Koju page hck^ hhbo y n^aMeHOM pe^HMy
Obh ropnoHH^H page y T3B. HHcKOTeMneparypcKOM pe®HMy h Mopajy 6hth cHa6geBeHH 
ype^ajHMa 3a n a ^ e a e , Kao h ype^ajHMa 3a KOHrpony nnaMeHa.
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Ba’i^j x Mi caropcBiiitc
npiipoAHii rac

C^HKa 7.6 PeKynepaTHBHH ropnoHHK [7.8]. 

ropHOHH^H ca KOM0HHOBaHHM pe^HMOM pa.iu (naaMeHH h Secn^aMeHH)

OBa Bpcra ropnoHHKa kophcth ce y cHynajeBHMa Kaga ce npo^ec y nehu ogBHja npu 
bhcokhm TeMnepaTypaMa, ann je  HeonxogHO ga ce npo^e npena3HH pe^HM nocrynHor 
3arpeBaaa xnagHe KOMope. Obh ropnoHH^H cy cHa6geBeHH cbhm ype^ajHMa Kojn cy 
HeonxogHH Kaga ropnoHHK pagu y HHcKOTeMneparypcKOM pe*HMy. OHor TpeHyTKa Kaga 
ceH3opu geTeKTyjy ga je  pagHa TeMneparypa goBO^HO BHcoKa, ayTOMaTcKH ce npe6a^nje 
Ha pe^HM 6ecnnaMeHor paga ropnoHHKa. 3a OBy Bpcry ropnoHHKa og BenHKe je  Ba*Hocrn 
ucnpaBaH h^hhh paga cncreMa 3a ynpaB ^aae pagoM ropnoHHKa TaKO mTO Hehe 
go3BOHHTH npe6a^HBaae paga ropnoHHKa Ha 6ecnnaMeHH pe^HM ^ kohhko TeMnepaTypa y 
pagHOM npocropy HHje goBO^HO BHcoKa Koja he o6e36egHTH cra^HHHO caropeBaae 
ropuBa 6e3 nojaBe nnaMeHa.

ropnoHHUH Koju page caMO y SecnaaMeHOM pe^HMy cai opcnaii.a
Kaga ce 3a 3arpeBaae pagHor npocropa nehu Kopncre noce^HH cncreMH, npu neMy ce 
HaKOH nocrroafta pagHe TeMneparpype obh ropnoHH^H ncK^ynyjy, MO*e ce kophcthth 
cncreM peKynepaTHBHHx ropnoHHKa Kojn page hck^ hhbo y 6ecnnaMeHOM pe®HMy 
caropeBaaa. Obh ropnoHH^H cy penaTHBHO jegHocraBHe KOHcrpyK^Hje, c o63upoM ga ce y 
cnynajy 6ecnnaMeHor caropeBaaa H3y3HMajy h ype^ajn 3a n a ^ e a e  h ype^ajn 3a Kornpony 
nnaMeHa. HajBa^HHjn napaMeTap Kojn je  HeonxogHO KOHTpoHHcaTH je  TeMneparypa 
pagHor npocropa nehu Koja Mopa 6hth BHma og TeMnepaType caM ona^eaa ropHBa.

7.4.2 PereHepaTHBHH copmommhm

npHMeHOM pereHepaTHBHHx ropnoHHKa Moryhe je  ocTBapHTH 3HanajHy ymTegy eHeprnje y 
BHcoKOTeMneparypcKHM npo^ecHMa. 3a pa3HHKy og peKynepamBHHx cncreMa ropnoHHKa,
pereHpaTHBHH ropnoHH^H pacnona*y 3HanajHO BehoM noBpmHHOM KOHTaKTa H3Me^y
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HcnyHe u  pagHor MegnjyMa. Kog peKynepaTHBHHx ropnoHHKa TpomKOBH H3page 
HHHeapHO pacry ca noBeharneM noBpmHHe pa3MernHBana [7.6]. npHMep KOHCTpyKanje 
pereHeparHBHor ropnoHHKa nprna3aH je  Ha chh^ h 7.7.

C^HKa 7.7 PereHeparHBHH ropnoHH^H Kojn page y FLOX pe®HMy caropeBama [7.9]

npHH^HnHjenHO, cncreM pereHepaTHBHHx ropnoHHKa cacrojH ce og napHor 6poja 
jegHHH^a.y nocMaTpaHOM ^HKnycy yBeK ce Kog jegHe nonoBHHe ogBHja npo^ec 
caropeBarna, goK ce Kog gpyre nonoBHHe jegHHH^a Bpmu aKyMyna^nja TonnoTe. Ha OBaj 
HanHH Mory ce nocrnhH Bpno BucoKe TeMneparype npegrpeBama Ba3gyxa 3a caropeBarne y 
penaTHBHO KOMnaKTHoj ncnyHH pereHeparopa (go 1200°C). Kao mTO je  to paHHje 
HaBegeHO, noBehameM TeMnepaType npegrpeBama Ba3gyxa 3a caropeBame, noBehaBa ce 
cTeneH HcKopnmherna TonnoTe y pagHOM npocTopy nehn, ann ce cxogHO TOMe 3HanajHO 
noBehaBa KOH^empaanja NOx jegnmerna y gHMHHM racoBHMa. y  tom cMHcny, Te^nmTe 
npo6neMa nocraB^eHO je  Ha npoHana^erne TexHHHKHx pemerna Koja he goBecTH go 
3HanajHor cMamerna eMHcnje NOx jegnmerna.
KopnmherneM ochobhhx 3aKOHa Kojn onncyjy reoMeTpnjy npu npocmpamy cno6ogHor 
M^a3a Moryhe je  onTHMH3HpaTH pacnopeg OTBopa 3a gHcTpn6y^Hjy Ba3gyxa h ropHBor 
raca Ha Taj HanHH ga npe HHTeH3HBHor Memarna ropHBa h Ba3gyxa go^e go mnxoBor 
npeTxogHor Memama ca npogyKTHMa caropeBama H3 pagHor npocTopa nehu. Ha Taj HanHH 
ce cMamyje ygeo 0 2 y Ba3gyxy 3a caropeBame, mTO noBO^HO yTHne Ha cMamerne eMHcnje 
NOx jegnmerna H3 npo^eca. nopeg  Tora, Moryhe je  Ba3gyx 3a caropeBame eKcTepHOM 
cnperoM „pa3pegHTH“ gHMHHM racoBHMa h thko yra^aTH Ha cMarnerne eMHcnje NOx 
jegnmerna.
y™ ^aj creneHa pa3pe^erna Ba3gyxa 3a caropeBame Ha eMHcnjy NOx jegnmerna gaT je 
gnjarpaMy npma3aHOM Ha chh^ h 7.8.

7.4.3 BHC0K06p3HHCKH rOpHOHH^H

OBa Bpcra ropnoHHKa ycnemHO je  npHMemeHa y BenHKOM 6pojy cnynajeBa rge je  
noTpe6HO ycnocraBHTH yHH$opMHO n o ^e  TeMnepaTypa. npHH^Hn paga OBe Bpcre 
ropnoHHKa 3acHHBa ce Ha Memamy ropuBa h Ba3gyxa h caropeBamy y komoph Koja je  y 
cKHony caMor ropnoHHKa (npeKO 75% caropeBarna o6aBH ce yHyTap KOMope ropnoHHKa) h



7. Ochobu caropeBa&a 7-17

HCTH^afty Mna3a npogyKaTa caropeBafta bchhkom 6p3HHOM y pagHH npocrop nehn. Ha 
OBaj HanHH racoBH y pagHOM npocTopy ce HHTeH3HBHO Memajy ycneg BenHKor 
HHTeH3HTeTa HMnynca Mna3a Ha H3na3y H3 ropnoHHKa. To 3a nocnegn^y HMa yHH$opMHO 
TeMneparypcKO n o ^e  y pagHOM npocropy nehn. Bhcoko6p 3hhckh ropnoHH^H Mory 
pagHTH y OKBHpy mupoKor oncera ogHoca ropHBo/Ba3gyx. y  HeKHM cHynajeBHMa, OBaj 
ogHoc MO*e 6hth h 1000. BeoMa go6po perynncame noTpe6He TonnoTHe cHare nocrn^e 
ce panyHapcKHM BO^emeM paga rpyne ropnoHHKa, rge cbh page no npHH^nny ,,yK^yneHO- 
ncK^yneHo“, a KOHHHHHa goBegeHe eHeprnje nogemaBa ce gy®HHOM nepuoga paga cBaKor 
ropnoHHKa h 6pojeM ropnoHHKa Kojn cy jegHOBpeMeHO y pagy. npuKa3 KOHcTpyKqnje 
BHcoKo6p3HHcKor ropHOHHKa gaT je  Ha chh^ h 7.9.

C^HKa 7.8 ^njarpaM 3aBHcHocTH eMHcnje NOx jegnmerna og TeMnepaType npegrpeBarna 
Ba3gyxa 3a caropeBame h 3anpeMHHcKor ygena O 2 [7.10]

C^HKa 7.9 Bhcoko6p 3hhckh ropnoHHK [7.11]
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n u T a ^ a
3. fflTa je  ropHBO?
4. ^e^HHH^nja npo^eca caropeBaaa.
5. Koje cy onmTe oco^HHe ropHBa?
6. Koje cy to Haj3HaHajHHje oco^HHe ropHBa?
7. ^e^HHH^nja TonnoTHe Mohu ropHBa.
8. Koja je  pa3HHKa H3Me^y g o ae  h ro p ae  TonnoTHe Mohu ropHBa?
9. HaHHH ogpe^HBaaa go ae  TonnoTHe Mohu hbpcthx h TeHHux h racoBHTHx ropHBa.
10. ^e^HHHcaTH cnegehe nojMOBe: KanopHMeTapcKa, TeopnjcKa h cTBapHa

TeMnepaTypa caropeBaaa. Koja og HaBegeHHx BenHHHHa HMa 
BpegHocr?

MaKcHMa^Hy

11. ffira  je  to Koe^H^njeHT BHmKa Ba3gyxa?
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12. ffira je to Bo6eoB HHgeKc? 3amTO ce kophcth OBaj HHgeKc?
13. HaHHH yHanpe^eaa e^HKacHocm caropeBaaa Kog no^nmTa Kog Kojnx je BucoKa 

TeMnepaTypa gHMHHx racoBa Ha H3na3y.
14. HaBecTH ym^ajHe napaMeTpe Kojn yTHHy Ha KHHeTHKy Hacrajafta T3B. TepMHHKor 

NOx?
15. Koj a je npegHocr npegrpeBaaa Ba3gyxa Ha BucoKe TeMnepaType?
16. HaBecrn Bpcre ropnoHHKa Kog Kojnx ce MO*e kophcthth eHTaanHja gHMHHx 

racoBa.
17. Koja je ocHOBHa pa3HHKa H3Mê y peKynepaTHBHHx h pereHepaTHBHHx ropnoHHKa?
18. HaBecm ocHOBHe KapaKTepncTHKe bhcoko6p3hhckhx ropnoHHKa.





8. H H ^ C T P H J C K H  K O T ^ O B H , C H C T EM  3A
A H C T P H B y ^ H J Y  n A P E  H  n O B P A T  K O H A E H 3A TA

M n p ja H a  C raM eH H h

Obo nonaB^e Tpe6a ga gonpuHece pa3yMeBaay HanHHa paga cncreMa 3a npoH3Bogay u  
gHcrpH6y^Hjy nape, Kao u  CHCTeMa 3a noBpaT KOHgeH3aTa y HHgyCTpnj ckhm noroHHMa. 
nona3Ha ngeja 6nna je  ga ce HH^ernepn yno3Hajy ca ochobhhm npopanyHHMa h 
npo^egypaMa Koje cy HeonxogHe ga 6h ce ycTaHOBHHH ry6n^H h noTeH^njan no6o^m aaa  
e^HKacHOCTH nojegHHHx eneMeHaTa h cncreMa Kao ^enHHe. HH^ernepn he Ha 0CH0By 
CTeneHHx 3Harna moRh ga ge$HHHmy HHCTy Mepa, Kao h hk^ hohh nnaH mnxoBe npHMeHe y 
OKBupy aKTHBHOCTH Koje cnpoBogu eHepreTCKH MeHauep y jegHOM npegy3ehy.

8.1 O nAPH H KOH^EH3ATy
Ha chh^ h 8.1 npuKa3aH je  h -s  gnjarpaM 3a BogeHy napy. To je  rpa^HHKH npuKa3 
Me^yco6HHx 3aBHCHOcm nojegHHHx BenHHHHa CTarna h mnxoBHx npoMeHa. ,3,eo KpHBe AK 
- „ g o m a  rp aH H H H a K pH B a“  npHKa3yje crarne Boge (KOHgeH3aTa) Ha TeMnepaTypu 
K^ynarna, goK geo KpHBe KB - „ c y B 0 3 a c n h e H a  n a p a “  npegcTaB^a CTame cyB03acnheHe 
nape Ha TeMnepaTypu ncnapaBarna 3a ogpe^eHH npHTHcaK.

CBaKOM npHTHCKy p ^  ogroBapa ogpe^eHa TeMnepaTypa ncnapaBarna t^, mTO 3Hann ga je  
TeMnepaTypa K^ynarna Boge $yHK^nja npHTHCKa.
Ako ce 3arpeBa Boga npu HeKOM npHTHCKy p 2, OHa he noneTH ga K^yna Kaga gocTHrHe 
TeMnepaTypy t2. To CTarne Boge npHKa3aHO je  t^hkom 2 ’ Ha gornoj rpaHHHHoj KpHBoj, a 
em annnja K^ynane TenHOCTH y Toj t^hkh je  h 2’. ,3,a^e, Boga ucnapaBa npu KOHCTaHTHoj
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TeMnepaTypH t2 CBe goK h nocnegftH geo TenHOCTH He npe^e y napHO CTaae. OBa 
npoMeHa je  H3o6apCKa, o^ hocho ogBHja Ce npu HenpoMeaeHOM npHTHCKy g y *  HHHHje 2 ’- 
2” . TanKa 2” Hana3H Ce Ha ropao j rpaHHHHoj KpHBoj h obo CTaae ogroBapa CyB03aCHheHoj 
napu npHTHCKa p 2, o^ hocho TeMnepaTypn t2. Kaga Ce napa g a^e  3arpeBa npu 
KOHCTaHTHOM npHTHCKy, Mefta ce aeHa TeMnepaTypa, a napa npena3H H3 cyB03acnheHor 
CTaaa y CTaae nperpejaHe nape. ^ a  6h ce ge^HHHcano CTaae nperpejaHe nape, 
HeonxogHO je  no3HaBaTH o6a napaMeTpa (npnmcaK p 2 h TeMnepaTypa t4 -  TanKa 2 Ha 
chh^ h 8.1).
Pa3HHKa eHTannHja cyB03acnheHe nape y TanKH 2” h eHTannHje KOHgeroaTa y t^hkh 2 ’ 
jegHaKa je  TonnoTH ncnapaBaaa npu ge^HHHcaHOM npHTHCKy p 2 h 03HanaBa ce ca r2. 
BpegHOCT TonnoTe HcnapaBaaa 3aBHCH og npHTHCKa h OHa onaga ca nopacTOM npHTHCKa. 
C raae  H3Me^y ro p ae  h g o ae  rpaHHHHe KpHBe je  nogpynje Bna^He nape. Kaga ce jegHOM 
KHHorpaMy Boge y t^hkh 2 ’ goBege KOHHHHHa TonnoTe Koja je  Ma&a og KOHHHHHe TonnoTe 
HcnapaBaaa 3a 3agaTH npHTHcaK, Taga caMO geo Boge ncnapn. Obo CTaae MO*e 6hth 
npHKa3aHO t^hkom 2x. y  Toj t^hkh geo Boge Kojn HHje ncnapno cpa3MepaH je  BenHHHHH 
2”-2x, goK je  KOHHHHHa nape cpa3MepHa BenHHHHH 2x-2’. K a^e ce ga je  y OBoj t^hkh 
CTeneH cyBohe nape x, mTO npegcTaB^a ogHOC Mace nape h yKynHe Mace TenHOCTH h nape 
y nocMaTpaHoj t^hkh (x  kg/1 kg).
EKcnaH3Hja nape og npHTHCKa p 2 go npHTHCKa p^ MO*e ce ogBHjam y HeKoj napHoj 
MamHHH, npu neMy ce go6nja MexaHHHKH pag, a npoMeHa CTaaa nape (y cnynajy 
KBa3HCTaTHHKe npoMeHe) Kpefre ce no hhhhjh 2”-1x.
KoHgeH3a^nja nape Tene no hhhhjh 2”-2’, hhh no hhhhjh 1”- 1’, ogHOCHO no hhhhjh 1x- 
1’. Obh npo^ecH ce ogBHjajy y cbhm anapaTHMa hhh ype^ajHMa Kojn KopucTe napy 3a 
rpejaae  y HeKOM TexHonomKOM npo^ecy, Kao h y KOHgeH3aTopHMa KOHgeH3aqHOHHx 
napHHx Typ6uHa. KoHgeH3aT ce o6hhho xnagH h HH®e og TeMnepaType C no HHHHjn 1’-1v. 
OBa nojaBa ce Ha3HBa nogxna^HBafte KOHgeH3aTa.
y  HHgycTpnjcKHM KOTHOBHMa HcnapaBa&e Boge Bpmu ce y BogorpejHHM ^eBHMa, Kao h y 
6y6fty Koraa no HHHHjn 2 ’-2”. y  6y6ay  Koraa ogBHja ce pa3gBajaae nape h Boge. H3 
6y 6 aa  H3na3H cyB03acnfreHa napa CTaaa 2” npu npHTHCKy p 2. ^ a  6h ce napa nperpejana 
og CTaaa 2” go 2, HeonxogHO je  ga KOTao HMa nperpejan nape.
npnrymHBafte nape og npHTHCKa p 2 go npnracKa p  ̂ ogBHja ce no hhhhjh 2”- 4 h 
H3eHTanncKH je  npo^ec. OBaj npo^ec ce gemaBa npu o6apaay npHTHCKa y pegyK^HOHHM 
CTaHH^aMa. npo^ec ry6HTKa npHTHCKa y3 HCTOBpeMeHO xna^efte npHKa3aH je  hhhhjom 2”- 
4 ’ h gemaBa ce npu CTpyjaay nape Kpo3 ^eBOBoge h apMaTypy.
Ako ce CHH^aBa npHTHcaK nape og npHTHCKap 2 go npHTHCKap  ̂ no HHHHjn 2”- 4 (hhh 2”- 
4 ’), napa og CTaaa cyBor 3acnfrefta npena3H y CTaae nperpejaHe nape. ^ a  6h ce go6nna 
noHOBO cyB03acufreHa napa c ra a a  1”, Tpe6a je  oxnagHTH. To ce y pegyK^HOHHM 
CTaHH^aMa pagn Ha Taj HanHH mTO ce y crpyjy nape y6pH3raBa KOHgeH3aT c ra a a  1’. 3a 
xna^eae jegHor KH^orpaMa nape c ra a a  Koje ogroBapa t^hkh 4 Ha gnjarpaMy noTpe6HO je  
gogara:
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m k = (h 4 -  h  “) / r^ kg KOHgeroaTa/kg
npu neMy ce go6nja (1 + m k) Kr cyB03acufreHe nape CTaaa 1” .
Ako je  rpejHH $nyng y HeKOM noroHy cyB03acufreHa napa, OHga ce Kao pacnono^HBa 
eHeprnja 3a npo^ec hhh 3a rpejaae  panyHa caMO TonnoTa ncnapaBaaa. n ap a  ce 
KOHgeH3yje npegajyfrn pagHoj MaTepnjn Koja ce 3arpeBa eHeprajy jegHaKy TonnoTH 
HcnapaBaaa. KoHgeH3aT je  Ha TeMnepaTypu h npHTHCKy nape h hoch ca co6om 
npn6nH*HO TpefrHHy eHeprnje CBe^e cyB03acufreHe nape. EHeprnja KOHgeH3aTa (aeroBa 
eHTannnja), Kao h eHTannnja cyB03acufreHe nape pacTy ca nopacTOM npHTHCKa. TaKO^e, 
ogHOC eHTannnje KOHgeH3aTa h eHTannnje cyB03acufreHe nape pacTe ca nopacTOM 
npHTHCKa. To 3Hann ga nocne KOHgeroa^nje Befra KOHHHHHa eHeprnje ocTaje y KOHgeH3aTy 
yKOHHKO je  npHTHcaK BHmn. TaKO je  3a BHme npnracKe noTpe6HO goBecTH Befry kohhhhh^ 
eHeprnje ^ hh^hhom noTpomaHy Hero 3a HH*e npHTHCKe. Me^yraM, 3a gocTH3a&e BHmnx 
TeMnepaTypa y npo^ecy, hhh 3a noBefraae HHTeH3HTeTa TpaHcnopTa TonnoTe, HeH36e*HO 
je  Kopnmfreae nape Ha BHmHM npHrac^HMa, ogHOCHO TeMnepaTypaMa.
Ako je  KOHgeH3aT 6ho Ha BHmeM npnracKy p 2, a y pe3epBoapy 3a caK yn^aae KOHgeH3aTa 
Bnaga hh®h npnracaK p ^ , ycneg o6apaaa npnracKa gona3H go nojaBe OTnapaBaaa 
KOHgeH3aTa. KoHHHHHa OTnapKa no jegHOM KHnorpaMy KOHgeH3aTa h3hoch: 
m 0 = (h 2 ’ -  h ’  / r^ kg OTnapKa/kg KOHgeH3aTa
OBge cy r^ TonnoTa HcnapaBaaa Ha npnracKy p ^ , a h 2 ’ h h ^ ’ eHTannHje KOHgeH3aTa Ha 
npnrac^HMap 2 h p ^ . n p u  TOMe ce go6nja (1 -  m 0) kg KOHgeH3aTa Ha HH^eM npHTHCKy p ^ .

8 .1 .1  T p a H c n o p T  T o n ro T e  H 3M e^y n a p e  h  g p y r n x  M eg n jy M a

Koe^H^njeHT npena3a TonnoTe ca nape Koja ce KOHgeH3yje Ha noBpmHHH npeKO Koje ce 
ogBHja TpaHcnopT TonnoTe je  BeoMa bhcok, ann MO*e 6hth BHmecTpyKO CMaaeH ycneg 
Heno^e^He nojaBe cnoja KOHgeroaTa hhh Ba3gyxa. HeonxogHO je  npHMeHHra 
ogroBapajyfre Mepe 3a ogBo^eae KOHgeroaTa, o^ hocho Ba3gyxa, KaKO 6h ce ogp^ana 
BHCOKa BpegHOCT Koe^H^njeHTa npena3a TonnoTe npu npoMeHH $a3e (KOHgeroa^Hjn).
Ha chh^ h 8.2 gaTe cy, Kao npHMep, BpegHOCTH Koe^H^njeHaTa npona3a TonnoTe 3a cnyHaj 
Kaga y ^eBH npoTHHe napa, a g y *  cno^He noBpmHHe ^eBH crpyjn HeKH $nyng Kojn ce 
rpeje. 3a geo rge ce xnagH nperpejaHa napa Koe^H^njeHT npona3a TonnoTe 6e3 
KOHgeH3a^njeH3HOCH k  = 92 W/m2K; 3a cnyHaj KOHgeroa^nje cyB03acufreHe nape 
(^HHMCKa KOHgeH3a^nja), Koe^H^njeHT npona3a TonnoTe je  k  = 1160 W/m2K h 3a cnyHaj 
TpaHcnopTa TonnoTe npu jegHO$a3HOM crpyja&y HHcror KOHgeroaTa y ^eBH, OKBHpHa 
BpegHOCT k  je  400 W/m2K. Koe^H^njeHT k  je  HajBefrn npu ^HHMCKoj KOHgeroa^Hjn 
cyB03acufreHe nape, 3a peg BenHHHHe je  hh®h 3a nperpejaHy napy, a roTOBO 4 nyTa hh* h 
y cnyHajy TpaHcnopTa TonnoTe 3a KOHgeroaT (k2 ~  12k  ̂ ~ 4 k 3).
Ha chh^ h 8.3 HnycrpoBaH je  yra^aj $HHMa KOHgeroaTa, $HHMa Ba3gyxa h ^HHMa Boge Ha 
HHTeH3HTeT pa3MeHe TonnoTe. Ca o6e crpaHe MeTame noBpmHHe Hana3H ce cnoj 
TeHHOCTH (KOHgeH3aT h Boga Koja ce 3arpeBa) Kojn CTBapa 3HaHajHe OTnope npoBO^eay 
TonnoTe, a THMe h nag TeMnepaType.
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C ^ H K a  8 .2  Koe^H^njeHT npona3a TonnoTe y CHynajy nperpejaHe nape, ^ hhmckc 
KOHgeroa^Hje Ha noBpmHHH h ncnymeHOCTH ^eBH KOHgeH3aTOM [8.1]

C ^ H K a  8 .3  y ™ ^aj $HHMa KOHgeH3ara h ^HHMa Ba3gyxa Ha pa3MemeHy kohhhhh^
TonnoTe [8.1]

Cnoj TenHOCTH Ha noBpmHHH pa3MeHe TonnoTe y3poKyje 60 go 70 nyTa Behn OTnop 
npoBO^erny TonnoTe og nenHKa, ogHOCHO 500 go 600 nyTa Behn OTnop og OTnopa Kojn ce 
jaB ^a y 6aKapHoj nnoHH. E^eKar cnoja Ba3gyxa Ha noBpmHHH npeKO Koje ce ogBHja 
TpaHcnopT TonnoTe je  BHmecrpyKO H3pa®eHHjH. OTnop npoBO^erny TonnoTe Kpo3 cnoj 
Ba3gyxa npn6HH®HO je  1500 nyTa Behn og OTnopa npoBO^erny TonnoTe Kpo3 neHHHHH 3ug, 
a naK go 13000 nyTa Behu og OHor Kojn ce jaB ^a y 6aKapHOM 3Hgy. Pagu HnycTpa^nje. 
HaBogu ce npHMep OTnopa npoBO^erny TonnoTe Kpo3 $ hhm Ba3gyxa ge6^HHe 0,025 mm 
Kojn cy eKBHBanemHH OHHMa Kojn ce jaB^ajy y 6aKapHOM 3ugy ge6^HHe 
330 mm.
nopeg  OBora, Ba3gyx y napHHM HHCTana^njaMa yTHne Ha TepMneparypy MemaBHHe 
cyB03acuheHa BogeHa napa -  Ba3gyx. ^ kohhko ce nperaocTaBH ga Ba^H ^a^TOHOB 3aKOH, 
npeMa KojeM je  yKynaH npHTHcaK Ha KOMe ce Hana3H MemaBHHa jegHaK 36upy
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nap^njanHHx npHTHcaKa nojegHHHx KOMnoHeHTH y MemaBHHH h ^ kohhko npeTnocTaBHMO 
ga ce CBe KOMnoHeHeTe y MemaBHHH noHamajy Kao HgeaHHH rac, y CHCTeMy y KOMe Bnaga 
yKynHH npHTHcaK 4 bar, h rge je  3anpeMHHCKH ygeo Ba3gyxa h3hoch 25%, cnegn ga je  
3anpeMHHCKH ygeo cyB03acuheHe nape 75%. To ga^e  3Hann ga je  napnqanHH npHTHcaK 
3a cyB03acuheHy napy 3 bar, na je  TeMnepaTypa y obom CHCTeMy 133,5 °C. ^ kohhko y 
CHCTeMy He 6h 6hho Ba3gyxa, TeMnepaTypa cyB03acuheHe nape 6h H3HOCHna 143,6 0C. 
Kog npo^eca CTepnnroa^Hje nogaTaK o TeMnepaTypu nape je  og eceH^njanHor 3Hanaja, na 
je  H3y3eTHO Ba^HO ga ce caB Ba3gyx y HHCTana^njaMa enHMHHHme npe noneTKa npo^eca 
CTepHHH3a^nje.
^ecTO je  Moryhe h yBeK ce ncnnaTH pegoBHO hhcthth 3anp.MHe noBpmuHe npeKO Kojnx 
ce ogBHja TpaHcnopT TonnoTe. y™ ^aj cnoja KOHgeH3aTa h Ba3gyxa Me^yco6HO je  noBe3aH, 
jaB ^a ce y cbhm npo^ecHMa y KojHMa ce kophcth napa Kao rpejHH $nyng h noTpe6HO je  
npHMeaHBaTH nocrynKe KojHMa ce OBa nojaBa enHMHHHme (HHmheae pa3MeaHBaHKHx 
noBpmHHa, e^HKacHO ogBO^eae KOHgeH3aTa, og3paHHBaae nrg.).

8 .1 .2  npegH O C T H  K o p m iih c ii .a  n a p e  K ao  HOCHO^a T o n ro T e

y  ogHOcy Ha gpyre Moryhe Hocno^e TonnoTe, Kao mTO cy Tonna Boga, Bpena Boga, hhh 
TepMa^HO y ^e , napa Kao Hocnna^ TonnoTe y CHCTeMHMa 3a pa3Bog eHepreTCKHx $nynga y 
npoH3BogHHM noroHHMa y HHgycTpnjH HMa cnegehe npegHOCTH:

• napa je  yHHBep3anHH rpejHH MegnjyM;
• napa je  BeoMa e^HKacaH Hocnna^ TonnoTe, ogHOCHO cagp^H BenHKy kohhhhh^ 

eHeprnje no jegHHH^H Mace, mTO 3HaHH ga ce Kpo3 ^eB Ma&er npeHHHKa MO*e 
TpaHcnopTOBarn Beha KOHHHHHa eHeprnje y nope^eay ca BogoM Ha jegHaKOM 
npHTHCKy;

• cnoco6HOCT ga ce ocno6a^a eHeprnja Ha KOHCTaHTHoj TeMneparypn BeoMa je  Ba^Ha 
3a ynpaB ^aae oceT^HBHM npo^ecHMa y HHgycrpHjH, mTO nojegHOCTaB^yje 
npojeKTOBa&e TaKBHx npo^eca;

• HHCTa je, 6e3 6oje h MHpnca;
• crepHHHa je, mTO OMoryhaBa aeHy npHMeHy y npo^ecHMa crepHHH3apHje h 

Bn a ^ e a a  (Kaga gona3H gupeKTHO y gogup ca pagHHM MarepnjaHOM);
• MO*e ce gupeKTHO Memarn ca BenHKHM 6pojeM cnpoBHHa Koje ce 3arpeBajy;
• MO*e ce y3acronHO kophcthth y BHme npo^eca 3arpeBa&a Ha hh®hm 

TeMnepaTypaMa;
• gHCTpn6yTHBHH CHCTeM MO*e ce jegHOcraBHO npomnpHTH aKO nocroje noTpe6e 3a 

gogaBaaeM hobhx noTpomaHa.
Hegocrapn nape Kao Hocno^a TonnoTe yrnaBHOM ce ogHOce Ha ry6HTKe y cncreMy h Ha 
noTpe6y Kopnmheaa gogaTHe CKyne onpeMe.
EHeprnja ce ry6n 36or cnegefrnx pa3nora:

• naKor HCTH^aaa Kpo3 npcKOTHHe hhh He3anTHBeHa Mecra Ha ^eBOBogHMa h 
apMaTypu:



8-6 npupyHHHK 3a o6yKy eHepreTCKHX MeHa^epa 3a o6nacr HHgycTpnjcKe eHepreTHKe

• HencnpaBHOCTH ogBajaHa KOHgeH3aTa:
• OTnapaBaaa hhh ry6HTaKa KOHgeH3aTa:
• ogMy^HBaaa KOTHOBa.

CKyna onpeMa je  noTpe6Ha 36or:
• $H3HHKO-xeMHjcKe npunpeMe cupoBe h HanojHe Boge;
• HCKopnmhefta OTnagHe TonnoTe;
• npaheaa paga ogBajaHa KOHgeH3aTa.

3a HH^eaepe Kojn cy 3agy*eHH 3a ogp^aBaae cncreMa 3a npoH3Bogay h gHCTpn6y^Hjy 
nape, Kao h 3a cncreM 3a noBpaT KOHgeH3ara Ba^HO je  ga Mory ga H3paHyHajy jegHHHHHy 
^eHy npoH3BegeHe nape. 3a Ty noTpe6y MO*e nocny®HTH cnegehn npHMep: 
y  KOTnapHH^H jegHe $a6pHKe npoH3Bogn ce cyB03acuheHa napa npHTHCKa 10 baraps 
(h”=2777,11 kJ/kg). E^HKacHOCT Koraa h3hoch n k=90%, a KOHgeH3aT ce y noTnyHOCTH 
Bpaha y KoraapHH^y ( tk=100  oC, hk=420 kJ/kg). ^ o a a  TonnoTHa Moh npupogHor raca Kojn 
ce KopncTH Kao ochobho ropHBO h3hoch H d=33330 kJ/m3.
KoHHHHHa npupogHor raca Kojn ce kophcth 3a npoH3Bogay 1 TOHe cyB03acuheHe nape y 
kothobckom nocrpojefty H3HOCH:

b g —
1 0 0 0  • ( h -  hk ) 

H d 'lk

1 0 0 0  • ( 2 7 7 7 ,1 1  - 4 2 0 )  7 8  m 3 

3 3 3 3 0 - 0 , 9 0  =   ̂ ~
^ kohhko ce y KOTnapHH^y BpaTH caMO 50% KOHgeroaTa, npu HeMy ce eHTannHja CBe^e 
Boge KojoM ce HagoKHa^yje HeBpaheHH KOHgeH3aT 3aHeMapu (oBa npemocraBKa ce yBogu 
pagu nojegHOcraB^efta H3paHyHaBaaa), KOHHHHHa npupogHor raca Kojn ce yTpomu y 
KOTnapHH^H no jegHHH^H npoH3BegeHe nape h3hoch:

1000-(h - 0 , 5 • hk ) 1000• (2777,11 - 0 ,5 •  420) m 3
Bg — — — 85,6

G H d n k 33330-0 ,90 t

TpomaK 3a npoH3Bogay nape he ce noBehaTH 3a 8,9% y ogHOcy Ha cnyHaj Kaga ce Bpaha 
^e^OKynHa KOHHHHHa KOHgeH3ara.
HanoMena: Pagu nojegHOcraB^efta, OBge ce He y3HMajy y o63up TpomKOBH 3a HagoKHagy 
HeBpaheHor KOHgeH3ara, TpomKOBH 3a xeMHj cKy npunpeMy CBe^e Boge, Kao hh TpomKOBH 
3a HcnymTeHH KOHgeroar y KaHanH3a^Hjy.

8.2 HAMEHA H nO^E^A KOT^OBA
KoTao je  ype^aj y KOMe ce xeMHjcKa eHeprnja ropuBa npo^ecoM caropeBaaa 
TpaHC^opMHme y TonnoTHy eHeprnjy npogyKara caropeBaaa BHCOKe TeMnepaType Koja ce 
nocpegcTBOM pa3MeftHBaHKHx noBpmuHa npegaje pagHOM $nyngy 3a aeroBO 3arpeBaae, 
HcnapaBa&e h eBemyanHO nperpeBaae Ha npHTHCKy BHmeM og aTMOC^epcKor.
Kao pagHH $nyng (npnjeMHHK TonnoTe) HajHemhe ce kophcth Boga, goK ce pe^e Kopncre 
TepMHHKa y ^ a  OTnopHa Ha BHCOKe TeMneparype.
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npeMa HaMeHH, kothobh ce Mory nogenHTH y HeTHpn ocHOBHe rpyne h to cy: eHepreTCKH,
HHgyCTpHJCKH, TOnHH^HKagHOHH H KOTHOBH yTHHH3aTOpH.
Enep^emcKu Kommeu ce Kopncre y TepMoeneKTpaHaMa 3a npoH3Bogay nperpejaHe BogeHe 
nape Koja ce eKcnaHgupa y napHHM Typ6uHaMa y ^H^y npoH3Bogae eneKTpHHHe 
eHeprnje.
HndycmpujcKu Kommeu cny*e 3a CHa6geBaae pa3HHHHTHx TexHonomKHx npo^eca napoM, 
a HecTO h 3a KOM6uHOBaHy npoH3Bogay eneKTpHHHe h TonnoTHe eHeprnje. 
Tonm$uKa^uoHu Kommeu cny*e 3a npoH3Bogay TonnoTHe eHeprnje 3a rpeja&e 3rpaga, 
6noKOBa h Hace^a Kao h 3a npoH3Bogay caHHTapHe Tonne Boge.
Kommeu ymum3amopu HaMeaeHH cy 3a Kopnmheae ”0TnagHe” TonnoTHe eHeprnje, 
ogHOCHO noTnyHO hhh genHMHHHO caropenHx npogyKaTa caropeBa&a H3 HHgycrpHjcKHx 
npo^eca.
y  3aBHCHOCTH og TeMnepaType h npHTHCKa pagHor $nynga Ha H3na3y H3 Koraa kothobh 
ce gene Ha: napHe, BpenoBogHe h TonnoBogHe.
npeMa BpcTH ropHBa Koja ce kophcth y KOTHOBHMa ohh ce gene Ha KOTHOBe Ha: hbpcto, 
TeHHO h racoBHTO ropHBO. nocro je  kothobh y KojHMa ce Mory caropeBaTH pa3HHHHTe 
BpcTe ropuBa.
npeMa opraHH3a^Hjn crpy jaaa  gHMHHx racoBa h Boge y KOTHOBHMa ohh ce gene Ha 
crpMo^eBHe ca BogorpejHHM ^eBHMa h KOTHOBe ca nnaMeHOM ^eBH (6hok KOTHOBe).

8 .2 .1  K o H c r p y K ^ n ja  KOT.roBa

Ochobhh eneMeHTH cbhx KoraoBa cy go^nmTe h pa3MeaHBaHKe noBpmHHe. y  no®nmTy 
goMHHaHTaH MexaHH3aM pa3MeHe TonnoTe npegcraB^a 3paHeae, a y ocranHM 
pa3MeaHBaHKHM noBpmHHaMa npuHygHa KOHBeKgnja. Kothobckh go6om (6y6aa) nocrojn 
caMO Kog napHHx KOTHOBa ca ^HpKyga^njoM Boge h y aeMy ce Bpmu pa3gBajaae napHe h 
TeHHe $a3e. Kog KoraoBa ca ManoM BogeHOM 3anpeMHHOM npegajHHK TonnoTe crpyjn oko 
BogorpejHe ^eBH, a npnjeMHHK TonnoTe Kpo3 a y . Ha chh^ h 8.4 meMaTCKH je  npHKa3aH 
napHH KOTao ca ManoM BogeHOM 3anpeMHHOM (crpMO^eBHH KOTao ca BogorpejHHM 
^eBHMa) y KOMe ce caropeBa y ra ^  y cnpameHOM cramy. Kog OBor m n a  KOTna y ra ^  
caMneBeH y BeHranaTopcKOM MHHHy ce Mema ca 3arpejaHHM Ba3gyxoM h goBogu y 
HO^nmTe nocpegcrBOM ropnoHHKa rge ce caropeBa. racoBHTH npogyKTH caropeBarna 
crpyje Kpo3 racHH TpaKT KOTna npeKO pa3MernHBaHKHx noBpmuHa h noMohy BeHranaropa 
npeKO gHMrnaKa H36a^yjy ce y aTMOC$epy. Hcnpeg BeHTHnaTopa nocraB^eH je  
OTnpamHBaH 3a H3gBajame neTeher nenena H3 crpyje racoBa. y  racHOM TpaKTy Koraa 
nocraB^eHH cy pa3MernHBaHH TonnoTe y KojHMa ce ogBHjajy npo^ecn 3arpeBarna h 
HcnapaBarna Boge, Kao h nperpeBarna nape. HanojHa Boga ce y KOTao goBogu nocpegcTBOM 
HanojHe nyMne. Ba3gyx 3a caropeBarne npeKO BeHTHnaTopa CBe^er Ba3gyxa ogBogu ce 
npBO y napHH 3arpejaH, a 3aTHM y kothobckh 3arpejaH Ba3gyxa (t3b. HyBo). Hbpcth 
ocra^H caropeBama Kojn noTHHy og MHHepanHHx Marepnja H3 ropuBa gene ce Ha gBa gena. 
JegaH geo y o6nHKy m^aKe ocraje y no®nmTy h ogBogu ce H3 go^nmHor neBKa. OcraraK 
y Bugy geTeher nenega HanymTa go^nmTe ca racoBHMa h BehHM gegoM ce H3gBaja y
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OTnpamHBany. Kothobckh 03ug ca H3ogagnjoM h ongaTOM HMa gBOCTpyKy ygory - ga 
cnpenH npogop gHMHHx racoBa H3 KOTga y OKOHHHy h ga cnpenn npeKOMepHO ogaBame 
TongoTe okohhhh.

7

CgHKa 8.4 napHH KOTao npogyKgnje 70 t/h Ha hbpcto ropHBO (yra^) -  caropeBame
yr^eH or npaxa y geTy [8.2]

Ha cgngH 8.5 npuKa3aH je  npeceK BpegoBogHor KOTga 3a caropeBame TenHor ropuBa 
(TemKor y ^ a  3a go*erne-Ma3yTa). ropHBO h Ba3gyx ce yBoge y go^nmTe npeKO 
ropnoHHKa Kojn je  nocTaB^eH Ha neoHOM 3ugy KOTga. n o  npaBHgy, TenHO ropHBO ce npe 
yBO^erna y KOTao npegrpeBa go 120 °C 36or 6 o ^ e r pacnpmHBama h ^opMHpama ropuBe 
CMeme ca Ba3gyxoM. Boga ce npeKO HanojHe nyMne yBogu npBO y jegaH, na gpyrn naKeT 
3arpejana, a 3aTHM h y BepTHKagHe geBH KojHMa je  eKpaHHcaHO go^nmTe KOTga.
Ha cgngH 8.6 npHKa3aH je  npeceK TongoBogHor KOTga 3a caropeBarne HBpcTor ropHBa y 
^opMH gpBeHe cenKe. OBaj THn KOTHOBa nocTao je  BHme 3acTyn^eH y nocgegrnoj 
gegeHHjH 36or nopacTa geHe $ ochhhhx ropHBa h eKogomKHx 3axTeBa Kojn npoMOBHmy 
Kopnmherne o6hob^ hbhx H3Bopa eHeprnje. ropHBO ce goBogu y go^nmTe KOTga H3 
gHeBHor hhh ce30HCKor CKgagnmTa npeKO ny®Hor TpaHcnopTepa. KoTao ce cacTojn H3 
go^nmHor h pa3MemHBanKor Mogyga. y  go^nmHOM Mogygy ce Ha Kocoj pemeTKH Bpmu 
caropeBarne ropuBa y3 npucycTBO Ba3gyxa Kojn ce goBogu nocpegcTBOM BeHTHgaTopa. y  
pa3MernHBanKOM Mogygy npogyKTH caropeBama CTpyje yHyTap gHMHHx geBH oko Kojnx 
gnpKygHme Boga. ^eBH cy gogaTHO ope6peHe pagu noBehaBama pacnogo^HBe noBpmuHe
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3a pa3MeHy TongoTe. Oxga^eHH npogyKTH caropeBaaa ce noMohy BeHTHgaTopa h 
gUMftaKa ogBoge y aTMOC$epy. Hecaropegn ocTa^H (neneo) TaKO^e ce ogBoge H3 
go^nmHor h pa3MernHBanKor Mogyga npeKO ny®HHx TpaHcnopTepa go ogroBapajyfrer 
cnpeMHHKa.

C^HKa 8.5 BpegoBogHH KOTao CHare 4,6 MW Ha TenHO ropHBO (Ma3yT) [8.3]

JlereHfla:
1 JlCBKHlIIHH MOflyjl
2 Pa3MeHjHBam<n MOflyn
3. KoHTpojiHO-ynpaBA3aHKa jeflHHHua
4. flo33Top 6noMace
5 Koca peuieTKa 3a caropeBatbe OnOMace
6. JlOJKHUJTe KOTJia
7. Ope6peHe qeBM (pa3MeH>HBaHKa noBpujMHa) 
8 Mepeite caflp>Kaja KHceoHHKa y ahmhom racy 
9. BeHTMJiaTop 3a flHMHe racoee
10 nyx<HH TpaHcnopiep 3a neneo
11 nyx<HH TpaHcnopTep 3a neneo
12 CnpeMHHK 3a neneo
13 Tonna BOfla noTHc
14 Tonna BOfla noBpaT
15 TepMMHKa M3onaLiHja KOTna

CgHKa 8.6 TongoBogHH KOTao CHare 1,5 MW Ha hbpcto ropHBO (gpBeHa cenKa)

rp y n u  KOTHOBa ca BegHKOM BogeHOM 3anpeMHHOM npnnagajy ^HHHHgpHHHH kothobh ca 
ngaMeHHM h gHMHHM ^eBHMa Kojn ce Ha3HBajy jom  h 6hok kothobh. OBaj THn KoraoBa 
HapoHHTO je  3acTyn^eH y npo^ecHoj HHgycTpnjH. Kog obhx KOTHOBa npogyKTH 
caropeBama CTpyje Kpo3 ngaMeHy h gHMHe ^eBH, goK ce oko ^eBH Haga3H pagHH $gyng
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(n p n j eMHHK TonnoTe). H a  chh^ h 8 .7  npHKa3aH j e THnHHHH HHgyCTpnj ckh napHH 6hok 
KOTao y  KOMe ce  c a ro p e B a  racoBHTO ropHBO. C a ro p e B a a e  ro p u B a  ce  ogBHja y  nnaM eHoj 

^eBH, a  npogyKTH c a r o p e B a a a  3am M n p o n a 3 e  Kpo3 3 a g a y  CKpeTHy KOMopy h y n a3 e  y  

gHMHe ^eBH T3B. g p y r e  npoM aj e; racoB H  g a ^ e  c rp y j e g o  n p e g a e  CKpeTHe KOMope h y n a3 e  

y  gHMHe ^eBH T3B. T pehe npoM aj e. H a  gHMHe ^eBH T pehe  npoM aj e H a c ra B ^ a  ce  H3na3Ha 

KOMopa ogaK ae npogyKTH c a r o p e B a a a  c rp y j e Ka ahmhom KaHany. K o g  KOTHOBa HOBHj e 

KOHcrpyKaHj e yo6H na j eHO j e g a  ce  H3Me^y H3na3He KOMope h gHMHor KaHana nocraB H  

gogaTHH pa3M eftH B an T onnoT e Koj n  c e  j o m  Ha3HBa eKOHOMaj 3ep. y n o r a  OBor 

pa3M ernHBana j e g a  c e  gogaTHO o x n a g e  npogyKTH caro p e B arn a  h THMe noB efra c re n e H

KOpHCHOCTH KOTHa.

C ^ H K a  8 .7  H H gycrpH jcK H  napHH KOTao n p o g y K a n je  8 t /h  Ha racoBHTO ropHBO [8 .4]

Ha chhhh 8.8 npHKa3aH je npeceK napHor 6hok Koraa ca nparefrHM noMofrHHM 
eneMeHTHMa, kothobckom h cnrypHOCHOM apMarypoM.
y  HOBHje BpeMe y npo^ecHoj HHgycTpnjH CBe nemfre cy y ynoTpe6u TonnoBogHH kothobh 
Kojn caropeBajy racoBHTO ropHBO ca KOHgeroa^HOHOM TexHOHornjoM. Ohh ce ognHKyjy 
KOMnaKTHOM KOHCTpyK^HjoM h KopucTe ce 3a CHa6geBarne TonnoTOM TexHonomKHx 
npo^eca Kojn He 3axTeBajy BHCOKe TeMneparype. Ha chh^ h 8.9 npHKa3aH je  npeceK 
THnHHHor KOHgeH3aqHOHor Koraa Kojn kophcth racoBHTO ropHBO. Kothobh Mory 6hth 
caMOCTojefrn hhh npegBH^eHH 3a MOHTa®y Ha 3ug. OBaj m n  KOTHOBa ogHHKyje ce 
bhcokom e$HKacHomfry 36or Tora mTO ce BogeHa napa H3 npogyKaTa caropeBarna 
KOHgeH3yje Ha pa3MernHBaHKHM noBpmuHaMa TaKO ga je  Moryfre y Befroj Mepu 
HCKopHCTHTH h HaTeHTHH geo TonHOTHe eHeprnje npogyKara caropeBarna. nopeg  Tora, 
KOHgeH3a^nja yTHne Ha noBefrerne Koe^H^Hjema npona3a TonnoTe.
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m  □

1. KoHTpDJiHO-ynpaBrba4KM opMaH
2. OAVLUHM BeHTMfl
3. HnBOKaa
4. 3aycTaBHii BeHTH/i
5. llpecocTaT
6. CeH3op 3a Mepehbe npnTHCKa
7. 3aLUTHTa oa HeflOBorbHor HHBoa BOfle y  KOTry
8. MaHOMeTap
9. CeH3op 3a Mepehbe hhbob BOfle y  KOTfiy
10. OAyiuHH BeHTnn Ha MaHOMeTpy
11. EfiMMHHaTop KanjbHL â (cymaM)
12. 3aycTaBHH BeHTMfi Ha napoBOAy
13. CnrypHOCHH BeHTMn
14. AyroMaTCKM chctbm 3a oflcorbaBahbe KOTJia
15. HenoBpaTHii BeHTiin Ha i4eBOBOfly 3a HanojHy BOfly

16. 3aycTaBHM BeHTMfi Ha L̂ eBOBOfl̂  3a HanojHy BOfly
17. O t b o p  3a  B n aye jiH y  KOHTpony nnaM eH a
18. rOpHOHHK
19. TepMMHKa M3ona^Mja KOTna
20. Hocefia KOHCTpyKi4 nja
21. TacHa paMna
22. ynpaBJbaHKM MOflyn
23. HanojHe nyMne
24. 3aycTaBHM BeHTMn 3a flpeHa?Ky KOTna
25. 3aycTaBHM BeHTMn sa 0flMyjbHBahbe KOTna
26. PeBM3H0HM otbop ca napHe CTpaHe
27. PeBM3M0HM OTBop c a  BO fleHe CTpaHe
28. PeBM3M0HM OTBop c a  cTpaHe flMMHMX r a c o s a
29. !43na3Ha KOMopa 3a flMMHe racoee
30. floflaTHM pasMehbMBaM TonnoTe EKO

C ^ H K a  8 .8  npeceK napHor 6^ok Koraa ca noMohHHM egeMeHTHMa, kothobckom h 
curypHOCHOM apMaTypoM [8.5]

C ^ H K a  8 .9  TongoBogHH KOTao CHare 90 kW ca KOHgeroa^HOHOM TexHogornjoM [8.6]



8-12 npupyHHHK 3a o6yKy eHepreTCKHX MeHa^epa 3a o6nacr HHgycTpnjcKe eHepreTHKe

8 .2 .2  E ^eM eH TH  KOT^OBCKor n o c T p o je rn a

y  ^H^y noBehaaa e^HKacHocm TpaHc^opMa^nje xeMHjcKe eHeprnje ropuBa, MogepHH
kothobh onpeM^eHH cy BehHM 6pojeM noMohHHx ype^aja Kojn 3ajegHO ca kothom HHHe 
kothobcko nocTpoje^e. Ha chh^ h 8.10 npma3aHa je  meMa napHor-KOTHOBCKor 
nocTpojema ca ca6npHHKOM KOHgeH3aTa Kojn pagu Ha aTMoc^epcKOM npHTHcKy. ycneg 
ry6HTaKa nape y gHcrpH6yTHBHOM cncreMy, Kao h ry6HTaKa KOHgeH3aTa Kog Kpajrnnx 
noTpomana TonnoTHe eHeprnje HeonxogHO je  npegBHgeTH gonyHy cncreMa cBe^OM 
HanojHOM BogoM. KaKO 6h ce cnpenHHO craapame Hacnara h KopogHBHO gejcTBO y 
cncreMy ca BogeHe crpaHe, HanojHa Boga Mopa ga 6yge ogpe^eHor KBanHTeTa y nornegy 
gonymTeHe KOH^empa^nje pacTBopeHHx MHHepana h racoBa, Kao h gpyrnx oco^HHa. 
CBe^a Boga ce TpeTHpa y nocrpojemy 3a xeMHjcKy npunpeMy Boge (XMB) h ogBogu y 
gera3arop rge ce Bpmu H3gBajame KHceoHHKa h yr^eH-gHOKcnga H3 HanojHe Boge 
nocpegcTBOM BogeHe nape. XeMHjcKH h TepMHHKH TpeTHpaHa HanojHa Boga ce H3 
HanojHor pe3epBoapa npeKO HanojHe nyMne ogBogu y napHH KOTao.

rYEH^H YCHEfl rYEHflH TOnHOTE KP03
^yPEH A  nAPE H30HAflHjy nAPOBOflA

C^HKa 8.10 napHO kothobcko nocrpojerne -  arnoc^epcKH ca6npHHK KOHgeH3ara

KoHgeH3ar og noTpomana je  o6hhho Ha npHTHcKy BHmeM og aTMoc^epcKor. y  tom 
cnynajy npnnHKOM yBO^erna KOHgeH3aTa y ca6npHHK y KOMe Bnaga aTMoc^epcKH 
npHTHcaK gona3H go OTnapaBama gena KOHgeH3aTa Kojn ce HenoBpaTHO ry6n y 
aTMoc$epy. fla 6h ce cnpenHHH ry6n^H TonnoTe ca OTnapKOM, y 3aBHcHocm og 6poja h 
Bpcre noTpomana nape y cncreMy, Moryhe je  genHMHHHO hhh y noTnyHocrn hckophcthth 
eHeprnjy OTnapKa nocpegcTBOM eKcnaHgepa (cnHKa 8.11). EKcnaHgep je  nocyga y Kojoj 
B^aga npHTHcaK hh®h og npHTHcKa KOHgeH3aTa Kojn gona3H og jegHor gena noTpomana, a 
BHmn og aTMoc^epcKor npHTHcKa. H3gBojeHH OTnapaK y eKnaHgepy ce Bogu go 
noTpomana nape Kojn page Ha npHTHcKy Kojn Bnaga y eKcnaHgepy, a H3gBojeHH 
KOHgeH3aT ce ogBogn y ca6npHHK KOHgeH3aTa.
Ha chh^ h 8.12 npHKa3aHa je  KOH$Hrypa^nja onpeMe y jegHoj THnHHHoj napHoj 
KoraapHH^H y HHgycrpHjH.
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ryE H ^H  yc ^ E fl ryE H ^H  t o ^ o t e  k p o 3
^YPEH>A nAPE H 30^A ^H jy  nAPOBOflA

C ^ H K a  8 .1 1  napHO kothobcko nocrpojefte -  npHMep Kopnmhefta eHeprnje OTnapKa

Ha chh^ h 8.13 npHKa3aHa je  TexHonomKa meMa TonnoBogHe KoraapHH^e. U,HpKyna^nja 
Boge ogBHja ce y 3aTBopeHOM cHcreMy, npu neMy ce npHTHcaK ogp^aBa npeKO 
eKcnaH3HOHe nocyge. y  kothobckom Kpyry ^HpKynaqHja ce o6e36e^yje ^npKyna^HOHOM 
nyMnoM. Tonna Boga H3 Koraa ce Bogu npeKO pa3genHHKa ^npKyna^HOHHM rpaHcKHM 
nyMnaMa npeMa nojegHHHM rpynaMa noTpomana. Boga og noTpomana npHKyn^a ce y 
ca6npHHKy h bo^ h Ha3ag npeMa Koray. y  cncreMy ce Hana3H TpoKpaKH MemHH BernHn 
HHja je  ynora ga o6e36egu goBO^HO BHcoKy TeMneparypy Boge Ha yna3y y KOTao KaKO 6h 
ce cnpeHHna HHcKOTeMnepaTypcKa Kopo3Hja Ha pa3MeftHBanKHM noBpmHHaMa Koraa.
Ha chh^ h 8.14 npHKa3aHa je  KOH$Hrypa^nja onpeMe y jegHoj THnHHHoj TonnoBogHoj 
KoraapHH^H y HHgycrpHjH ca KacKagHO cnperHyTHM ko Hge H3a^HOHHM racHHM 
KOTHOBHMa. OcHOBHa npegHocr OBaKBor cncreMa je  BHcoKa e^HKacHocr h ^neKcn^HHHOCT 
y pagy ca mnpoKHM onceroM pacnono^HBe TonnoTHe cHare.

C ^H K a  8 .1 2  TnnHHHa napHa KoraapHH^a y HHgycrpHjH [8.4]
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KA nOTPOmAVHMA

C^HKa 8.13 TexHO^omKa meMa TonroBogHe KoraapHH^e

C^HKa 8.14 KacKagHO cnperHyTH KOHgeH3aqHOHH racHH kothobh

8.2.3 ry6n^H  Ton^OTe y KOT^OBHMa h  ( u pcb in ta ii.c creneHa k o p h c h o c t h

Ogpe^HBame CTeneHa kophchocth Koraa je  CTaHgapgH30BaH0 npeMa CTaHgapgy SRPS EN 
12952-15. CraHgapgoM cy npegBH^eHa gupeKTHa h HHgnpeKTHa MeToga 3a ogpe^HBame 
cTeneHa kophchocth Koraa.
CTeneH kophchocth Koraa ge^HHHrne ce Kao kohhhhhk KopucHe y yno*eHe TonnoTHe 
cHare:

n = Q  kor 

Q  ul

rge cy:

• Q ui , yno*eHa Tonnoraa cHara

Q ul = B • H d
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• B , noTpomaa ropuBa (kg/s, m3/s);
• H d , g o a a  TonnoTHa moR ropuBa (kJ/kg, kJ/m3);

KopucHa TonnoTHa cHara y cnynajy TonnoBogHor KOTna (kW) h3hoch

Q kor =  m v • c p • ( tiz — U )  

rge cy:
• m  v , MaceHH npoTOK Boge y KOTny (kg/s);

• cp, cne^H^HHHH TonnoTHH Kana^nreT Boge npu cranHOM npHTHcKy (kJ/(kgK));
•  t iz, TeMnepaTypa Boge Ha H3na3y H3 Koraa (°C);
• tul,TeMnepaTypa Boge Ha yna3y y KOTao (°C);

y  cnynajy napHor Koraa Kojn npoH3Bogn cyB03acnheHy BogeHy napy KopucHa TonnoTHa 
cHara (kW) je

Q kor =  m p • i h '  -  h nv ^

• m p , MaceHH npoTOK cyB03acnheHe nape Ha H3na3y H3 Koraa (kg/s);

• h  , cne^H^HHHa eHrannHja cyB03acnheHe nape Ha H3na3y H3 Koraa (kJ/kg);
• hnv , cne^H^HHHa eHrannnja HanojHe Boge Ha yna3y y KOTao (kJ/kg). 

npHHHKOM ogpe^HBafta creneHa kophchocth Kog KOTHOBa HHgnpeKTHOM MeTogoM, 
KopucHa TonnoTHa cHara ge^HHHme ce Kao pa3HHKa yno*eHe TonnoTHe cHare h ry6HTaKa 
TonnoTe y cncreMy:

Q kor — Q ul Q gub

rge cy ry6n^H TonnoTe

Q gub =  Q 1 +  Q  2 +  Q 3 +  Q 4 + Q 5 ^

• (?1 , ry6HTaK TonnoTe ca gHMHHM racoBHMa;

• Q2 , ry6HTaK TonnoTe ycneg xeMHjcKe HenoTnyHocrn caropeBa&a;

• Q 3 , ry6HTaK TonnoTe ycneg MexaHHHKe HenoTnyHocrn caropeBaaa;

• ??4 , ry6nraK TonnoTe ycneg cn o ^am aer pacxna^HBafta;

• ??5 , ry6nraK TonnoTe ycneg ogMy^HBaaa h ogco^aB aaa Koraa.

CraHgapgoM je  nponucaHO ga ce y TOKy cnpoBO^eaa Mepeaa y ^H^y ogpe^HBaaa 

creneHa kophchocth KoraoBa He Bpmu ogMy^HBa&e h ogco^aBa&e TaKO ga ry6HTaK Q5 
He yna3H y npopanyH uaKO y peanHHM pagHHM ycnoBHMa oh nocrojn.
Ha chh^ h 8.15 npHKa3aHa je  meMa napHor 6hok KOTna ca no3H^njoM MepHux Mecra 3a 
ogpe^HBafte creneHa kophchocth. y  Ta6enn 8.1 gar je  cnucaK h onuc MepHux Mecra 3a 
ogpe^HBaae creneHa kophchocth napHor KOTna npeMa gnpeKTHoj h HHgnpeKTHoj MeTogu.
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Ha chh^ h 8.16 y ^opMH gnjarpaMa npHKa3aHe cy H3MepeHe BpegHOCTH cacTaBa npogyKaTa 
caropeBaaa raca Ha HHgycrpHjcKOM Koray Kojn kophcth npnpogHH rac Kao ropHBO. 
npoceHHe H3MepeHe BpegHOCTH, ocpegaeHe 3a nepuog og 3 h npHKa3aHe cy y Ta6enn 8.2. 
Ha chh^ h 8.17 nprna3aH je  npHMep TonnoTHor 6nnaHca napHor Koraa h napHO- 
KOHgeH3aqHOHor CHCTeMa Ha KOMe ce Mory yoHHTH Haj3anajHHjH ry6n^H TonnoTe y 
CHCTeMy. ConcTBeHa noTpomaa Koraa o^ hoch ce Ha napy Koja ce noTpomn y HanojHOM 
pe3epBoapy 3a gera3a^njy h TepMHHKy npunpeMy CBe^e Boge H3 XMB-a h BpaheHor 
KOHgeroara.

C ^ H K a  8 .1 5  ffleMa napHor Koraa Kojn kophcth npnpogHH rac ca npHKa3aHHM MepHHM 
MecTHMa 3a ogpe^HBame CTeneHa kophchocth

C ^ H K a  8 .1 6  H3MepeHe BpegHOCTH cacraBa npogyKara caropeBama
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T a S e ^ a  8 .1  CnucaK MepHux Mecra 3a ogpe^HBame CTeneHa kophchocth napHor KOTna
M epH O  M e c ro fln p e K T H a  M eT oga H H g n p eK T H a  M eT oga

M.M.1
-M epeae npoTOKa ropuBa 
-M epeae TeMneparype ropuBa

-

M.M.2
-M epeae npoTOKa cyB03acnfreHe nape 
-M epeae npHTHCKa cyB03acufreHe nape

-M epeae npHTHCKa 
cyB03acufreHe nape

M.M.3
-M epeae npoTOKa gHMHHx racoBa 
-M epeae TeMneparype gHMHHx racoBa 
-M epeae cacraBa gHMHHx racoBa

-M epeae TeMneparype 
gHMHHx racoBa 
-M epeae cacraBa gHMHHx 
racoBa

M.M.4
-M epeae npoTOKa HanojHe Boge 
-M epeae TeMneparype HanojHe Boge

-

M.M.5 -M epeae TeMneparype nnamTa KOTna
-M epeae TeMnepaType 
n^amTa KOT^a

M.M.6
-M epeae TeMneparype OKOHHor 
Ba3gyxa

-M epeae TeMneparype 
OKOHHor Ba3gyxa

T a S e ^ a  8 .2  npocenHe H3MepeHe BpegHOCTH cacraBa gHMHor raca
ygeo C 0 2 y ahmhhm racoBHMa % 9,6
ygeo CO y gHMHHM racoBHMa ppm 1,1
ygeo 0 2 y ahmhhm racoBHMa % 4,4
ygeo S 0 2 y gHMHHM racoBHMa ppm 0
ygeo NOx y gHMHHM racoBHMa ppm 77

TeMneparypa gHMHHx racoBa, t dg °C 206

T a S e ^ a  8 .3  TnnHHHe BpegHOCTH CTeneHa kophchocth KOTHOBa y 3aBHCHOCTH og THna
KOTna h BpcTe ropuBa

Tun Koraa CreneH kophchocth rOpHBO
KoHBeH^HOHanHH (crape KOHCTpyKqHje) 65-72 ^BpCTO
KOHBeH^HOHaHHH (KOM^HHOBaHH) 70-75 ^BpCTO/reHHO
KOHBeH^HOHaHHH (jegHO rOpHBO) 80-90 ^BpCTO
KOHBeH^HOHaHHH (jegHO rOpHBO) 85-90 T enHo/racoBHTO
HncKOTeMnepaTypHH 90-95 T enHo/racoBHTO
KoHgeH3a^HOHH >95 raCOBHTO

n o  npaBHHy, CTeneH kophchocth KOTna HajBehn je  Kaga KOTao pagu npu HOMHHamoj 
npogyKqHjH nape, ogHOCHO npu HOMHHanHOM Kana^nreTy (cHHKa 8.18). HajBefra 
KOHHHHHa nape Kojy KOTao MO*e ga npoH3Bogn HeorpaHHneHO BpeMe je  HOMHHanHa
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npogyK^nja hhh homhhhhhh Kana^rneT kothh h npegcTaB^a MaceHH npoTOK nape Ha 
H3na3y H3 KOT^a, Qnom [kg/s hhh t/h]. HajMaaa npogyK^nja npu Kojoj KOTao npoH3Bogn 
napy npojeKTOBaHHx napaMeTapa (TeMnepaTypa h npHTHcaK) je  TexHHHKH mhhhm^ m 
KOT̂ a, Qmin [kg/s hhh t/h]. npHTHcaK Ha KOMe ce Bpmn HcnapaBame Boge je  pagHH 
npHTHcaK KOT^a p k [bar].

C^HKa 8.17 TonnoTHH 6nnaHc napHor Koraa h napHO-KOHgeroa^HOHor cucTeMa

C^HKa 8.18 3aBHcHocT cTeneHa kophchocth Koraa og npogyK^nje nape
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8 .2 .4  M e p e  3 a  n o B e h a rn e  c r e n e H a  k o p h c h o c t h  KOT^OBa

Mepe 3a noBefraae CTeneHa kophchocth KoraoBa cy:
1. ayTOMaTCKa peryga^nja npoTOKa Ba3gyxa 3a caropeBaae npeMa Mepeay cagp^aja 

KHceoHHKa y ^ hmhom racy;
2. ayTOMaTCKO ogco-^aBame napHor KOTga Ha 0CH0By Mepeaa egeKTpHHHe 

npoBogHOCTH KOTHOBCKe Boge;
3. y rp ag aa  gogaTHor pa3MeftHBana TongoTe (eKOHOMaj3epa) 3a Kopnmfrefte TongoTe 

gHMHHx racoBa;
4. BH3yegHH h TepMorpa^CKH Hag3op ngaMeHa;
5. npegrpeBame Ba3gyxa 3a caropeBame;
6. TepMHHKa H3oga^nja ngamTa KOTga;
7. pegoBHa HHcneK^nja KOTHOBCKe apMaType;
8. pag KOTga ca ycTa^eHHM pe^HMOM npu KanagHTeTy 6hhckhm HOMHHagHOM 

(ycKga^HBame Kana^meTa Koraa ca peagHHM noTpe6aMa noTpomana).
Ha chh^ h 8.19 npHKa3aHa je  no3H^nja coHge 3a KOHTHHyagHO Mepeme cagp^aja 
KHceoHHKa y npogyKTHMa caropeBama. Kog HHgycTpnjcKHx KOTHOBa Haj3acTyn^eHHje cy 
coHge ca ^HpKOHHjyM-OKCHg ceH3opoM. Ha 0CH0By Mepema cagp^aja KHceoHHKa y 
npogyKTHMa caropeBama, MO*e ce ynpaB.Mra 6pojeM o6pTaja BeHTHgaTopa 3a Ba3gyx 
HHMe ce y CBaKOM TpeHyTKy cagp^aj KHceoHHKa h BpegHOCT Koe^H^njeHTa BHmKa 
Ba3gyxa 3a caropeBame ogp*aBajy Ha onTHMagHOM HHBoy npeMa gaToj Bpcm h KBagHTeTy 
ropHBa. npHMeHOM OBor CHCTeMa, ry6n^H TongoTe ca npogyKTHMa caropeBama CBoge ce 
Ha HajMarny Moryfry Mepy h cnpenaBa ce noBefraHa eMHcnja yr^eH-MOHOKCHga Koja MO*e 
ga HacTaHe ycgeg HegoBO^He KOHHHHHe Ba3gyxa 3a caropeBame, mTO je  HgycTpoBaHO Ha 
chh^ h 8.20. OnTHM&THe BpegHOCTH Koe^H^njeHTa BHmKa Ba3gyxa 3a npnpogHH rac Kpefry 
ce y rpaHH^aMa og 1,05 go 1,1.

C g H K a  8 .1 9  no3H^nja coHge 3a Mepeme cagp^aja KHceoHHKa y npogyKTHMa caropeBama

nopeg  KOHTHHyagHor Meperna 3anpeMHHCKor ygega KHceoHHKa no^e^HO je  Mepnra h 
ygeo yr^eH-MOHOKCHga, 6ygyfrn ga ce OBa KOMnoHeHTa MO*e nojaBHra y npogyKTHMa
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caropeBa&a aKO ce npeBHme CMamH KOHHHHHa Ba3gyxa 3a caropeBame THMe mTO ce *enn  
onTHMH3HpaTH, ogHocHO cBecTH cagp^aj KHceoHHKa Ha HajHH®y Moryhy Mepy.

3oHa oriTMMajiHor caropeBatea

ry 6 nTaK TonnoTe 
ycnefl HenoTnyHor 
caropeBahba

ry 6 nTaKTormoTe ca 
flHMHHM raCOBMMS

Koefj]. BI1LUK3 
Baaflyxa

Caflp}Kaj 0 2 y  fl.r.

HeflOBOJbHa Kon. Ba3flyxa OnTMManHa llpeBenMKa Kon. Ba3flyxa
Kon B a 3 fly x a

Bea Mepehba 
caflp>Kaja 02 y  fl.r.

Ca MepehbeM 
caflpjKaja O2 y fl.r. 

HeflOBOTbHa Kon. 
B33fly xa

OnTepefiehbe KOTna (%)
1'! '

C ^ H K a  8 .2 0  E^HKacHOCT Koraa y 3Hbhchocth og Koe^H^njeHTa BHmKa Ba3gyxa 3a 
caropeBarne h THnHHHe BpegHocra cagp^aja KHceoHHKa y ^ hmhom racy y 3aBHcHocTH og

onTepehema Koraa

Kog napHHx KOTHOBa ca npupogHOM h npHHygHOM ^HpKyna^njoM, y go6omy Koraa Bpmu 
ce pa3gBajame BogeHe h napHe $a3e, npu neMy ce napoM ogBogu 3HaTHO Marna KOHHHHHa 
MHHepanHHx npHMeca, Hero mTO ce HanojHOM BogoM goBoge, mTO H3a3HBa noBehame 
rnnxoBe KOH^ernpa^Hje y bo^ h Koja Kpy®H y Koray. Obo MO*e ga goBege go noBeftarna 
KOH^eHTpa^nje Heno*e.HHx KOMnoHeHTH H3Hag go3Bo.eHHx BpegHocTH h cTBaparna 
hbpcthx Hacnara Ha ^eBHMa y kothobckom cucTeMy. 36or Tora je  noTpe6HO opraHH30BaTH 
ogBO^eme MHHepanHHx npHMeca H3 Koraa mTO ce Ha3HBa ogco.aBameM. ynopegHO ca 
ogco.aBarneM npegBH^a ce h nepnogHHHO ogMy.HBarne Koraa.
Ogco.MBame h ogMy.HBame Hajnemhe ce cnpoBoge TaKO mTO ce H3 Koraa npeKO pynHor 
3anopHor BeHTHna noBpeMeHO ncnycTH ogpe^eHa KOHHHHHa Boge, npu neMy ce KBanHTeT 
Boge h KOHHHHHa MHHepanHHx MarepHja npoBepaBajy xeMHjcKHM aHanH3aMa. ry6nraK 
TonnoTe ycneg ogBO^ema Boge H3 Koraa MO*e 6hth 3HanajaH c o63upoM ga je  Boga 
nperpejaHa Ha npHTHcKy Kojn Bnaga y KOTny. npHMeHOM cncreMa 3a ayTOMaTcKO 
ogco.aBarne napHor Koraa (cnHKa 8.21) MO*e ce y 3HanajHoj Mepu cMamHTH KOHHHHHa
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B oge Koja c e  ncnycT H  H3 KOTga HHMe c e  gupeKTHO C M aay jy  ry 6 n ^ H  Ha KOTgy. CucTeM  

$yHK^HOHHme thko mTO ce  npeKO c e r o o p a  (egeK T poge) KOHTHHyagHO M epu egeKTpHHHa 

n p o B o g -M BOcr Boge. ^ kohhko egeKTpHHHa npoBog^HBOCT n o p a c r e  npeKO o g p e^eH e  

rpaH H ^e, THnHHHO 4 0 0 0  ^ S /c m , npeKO BeHTHga c a  motophhm noroHOM  u c n y m T a  ce  

KOTHOBCKa B oga CBe goK  c e  npoBog^HBOCT Boge y  KOTgy He BpaTH y  go3B O ^eH e rpaH H ^e. 

E H e p rn jy  B oge o g  ogM y-M B am a h o g c o .M B am a M oryhe  j e  hckophcthth (npeKO 

eK cnaH gepa  hhh pa3M em H Bana T ongoT e) n p e  H ero  mTO c e  ogB ege y  o g M y ^ H y  jaM y h g a ^ e  

y  KaHagH 3a^njy.
BeHTHH ca MOTOpHHM

C ^ H K a  8 .2 1  CucTeM  3a ayTOMaTCKO o g co .M B am e  n a p H o r KOTga

T e M n e p a ry p a  npOgyK aTa carO peB am a KOg napH H x KOTHOBa, HapOHHTO CTapnj e 

KOHCTpyKgnje, M O*e npega3HTH 150 °C . y  ^ H ^ y  K O pnm herna p a c n o g o ^ H B e  e H ep rn je  

npOgyK aTa carO peB am a MOiy h e  j e y  ^ hmhom KaHagy, HaKOH KOTga, yrpagH TH  gOgaTHH 

pa3M emHBan TOngOTe (eKOHOMaj 3 e p ) . KOg kothob^ y  KOj HMa ce  carO peB a npnpOgH H ra c  

M Oryhe j e npHMeHHTH h pa3M ernHBan c a  KOHgeroa^HOHOM T exH ogorn j oM p a g u  n o B eh am a  

m eroB e e^H K acH ocra . T exH ogom K a m eM a OBaKBor cucT eM a j e npHKa3aHa Ha chh^ h 8 .2 2 . 

yKOHHKO KOTao Kao agrepH araB H O  (pe3epBH o) ropuBO  kophcth tchho ropuB O  ( g o *  y ^ e  

hhh Ma3yT) u c n p e g  eKOHOMaj 3 ep a  n o c T a B ^ a  ce  KganHa c a  motophhm noroHOM  Koj a  

npeycM epaB a npogyK T e c a ro p e B am a  y  o6nga3H H  Bog. H a  OBaj h^hhh c e  c n p en aB a  

KOHgeH3a^nj a  BogeHe n a p e  H3 npogyK aT a c a ro p e B am a  h HHcKO-TeMnepaTypcKa Kopo3Hj a  

y c g e g  n pncycT B a cy M n o p -g n o K cn g a . E ^ e K r a  y rp a g m e  eKOHOMaj3epa Ha e^HK acHocT 

KOTga h T eM nepaTypy gHM Hor r a c a  Hgy ctpobhhh c y  Ha chh^ h 8 .23 .
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cnrypHOCTM

flpeHa)KHH
BOA

Peryna4M0Ha icnanna 
ca  MOTopHMM noroHOMKoTao

flMMHM K3 Han

C ^ H K a  8 .2 2  TexH O ^om K a m eM a go g aT H o r pa3M em H Bana T onnoTe (eKOHOMaj3epa) y

guMHOM KaHany K o ra a

Onrepeherne KOTna (%)

C ^ H K a  8 .2 3  E^eKTH yrpagme eKOHOMaj3epa Ha e^rnacHOCT Koraa h TeMnepaTypy gHMHor
raca
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3anp.Mrne pa3MeftHBanKHx noBpmHHa Kog Koraa 3HanajHO yTHne Ha CHH^erne creneHa 
KopHCHOCTH KOTga, hhh h Ha nojaBy nperpeBarna ^eBH, Kao h Ha Heno*e^Hy nojaBy 
Kopo3Hje. 3anp^am e ce MO*e jaBHTH KaKO Ha BogeHoj CTpaHH pa3MernHBanKe noBpmHHe, 
TaKO h Ha CTpaHH Koja je  y gogupy ca npogyKTHMa caropeBama Kog KOTga. Ha chh^ h 8.24 
npHKa3aH je  e^eKaT Hacgara KaMeH^a Ha pa3MernHBanKoj noBpmHHH Kog Koraa. nojaBa 
3anp^ama Ha pa3MemHBanKHM noBpmHHaMa KOTga npe CBeKa je  nocgegn^a HanHHa paga h 
ynpaB^ama kothobckhm nocTpojerneM. 3anp^am e pa3MernHBanKe noBpmHHe Ha CTpaHH 
npogyKaTa caropeBama o^ hoch ce Ha Hacgare na^H, nenega h m^aKe (HCTon^eHor 
nenega), npu neMy OBe Hacgare yTHHy Ha noBefiaHe OTnopa TpaHcnopTy TOHOTe, agn MO*e 
H3a3BaTH h nojaBy Kopo3nje. Ca gpyre CTpaHe, KaMeHa^ npegcTaB^a HBpcre Hacgare 
pa3HHHHTHx cohh Ha BogeHoj CTpaHH pa3MernHBanKe noBpmHHe. Oh yTHne Ha gpacTHHHO 
noBeharne OTnopa TpaHcnopTy TongoTe h MO*e H3a3BaTH goKagHO nperpeBarne 
MaTepnjaga ^eBH.

C ^ H K a  8 .2 4  E ^ e K a r  H a cg a ra  KaMeH^a Ha pa3MernHBanKoj noBpmHHH KOTga

H a  chh^ h 8 .2 5  npHKa3aH j e e ^ e r a T  H a cg a re  KaMeH^a (pa3HHHHTor cacTaB a) Ha CMamerne 

e^HKacHOCTH KOTga. M o * e  c e  npHMeTHTH g a  HajHeraTHBHHjn yTH^aj HMa KaMeHa^ K ojn y  

cbom cacTaBy goMHHaHCTHO HMa CHHH^Hj yM-OKCHg h K ag^nj yM Kap6oHaT. TaKO, g e 6 ^ H H a  

H a cg a ra  o g  0 ,1  m m  Koje y  cbom cacTaBy HMaj y  CHHH^HjyM-OKCHg yM arnyje e^HKacHOCT 

KOTga 3a 3 ,2 5 % , ogHOCHO 3a H acg a re  n c r e  g e 6 ^ H H e  Ha 6a3H K ag^njyM -K ap6oH aTa 

yM arnyje c e  e^HKacHOCT KOTga 3a 1 ,6% . 3 a n p ^ a m e  pa3MemHBanKHx noBpm H H a M O*e ce  

MaHH^ecTOBaTH noBHm erneM  T eM nepaType gHM Hor ra c a .
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C^HKa 8.25 E^eKaT Hacnara KaMeH^a Ha cHH^erne e^HKacHocrn kothh

8.3 E^EMEHTH CHCTEMA 3A ^HCTPHBy^Hjy nAPE H nOBPAT 
KOH^EH3ATA

^ a  6h ce yTBpguo hhbo eHepreTCKe e^HKacHOCTH CHCTeMa 3a npoH3Bogay h 
gHCTpn6y^Hjy nape h noBpaT KOHgeH3aTa, HeonxogHO je  ypagHTH aHanH3y cbhx 
KOMnoHaHaTa gaTor CHCTeMa. Ha chh^ h 8.26 npma3aHa je  meMa eHepreTCKor npernega 
OBor CHCTeMa. npBH KopaK npegcTaB^a nperaeg HHCTpyMerna^Hje h OHora mTO ce 
onepaTHBHO kophcth og Meperna Kog BO^erna OBor CHCTeMa. y  MHorHM cnynajeBHMa 
nocTojn hhthb hh3 MepHHx HHCTpyMeHaTa h 3anuca Meperna, ann ce ohh 3anpaBO He 
KopncTe 3a BO^erne h KOHrpony npo^eca, ogHOCHO Kao napaMeTpu Kojn Mory nocny®HTH 
3a yHanpe^eme h onraMH3a^Hjy npo^eca. Hnje HeonxogHO HMaTH co^Hcra^npaHe MepHO- 
ynpaB^anKe cncreMe, Beh je  noTpe6HO HMaTH noy3gaHa h npe^H3Ha Meperna. ^ kohhko ce 
npernegoM yTBpgu ga nocrojeha HHcrpyMema^Hja cncreMa HHje goBO^Ha 3a npaherne 
cbhx peneBarnHHx napaMeTapa, npBH KopaK 6h nogpa3yMeBao ga ce OBaj cncreM gonyHH 
h ga ce HHcranHpajy cbh HeonxogHH MepHH HHcrpyMeHTH.
y3po^H ry6HTaKa Kog cncreMa 3a gHCTpn6y^Hjy nape ce Mory CBpcrarH y Tpu rpyne:

• rpemKe y npojeKTOBamy hhh H3BO^erny;
• HCTH^arne nape Kpo3 nyKOTHHe hhh He3anTHBeHa Mecra Ha ^eBOBogHMa h 

apMaTypu;
• TonnoTHH ry6n^H ca noBpmHHa ^eBH h apMarype y OKOHHHy.
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C g H K a  8 .2 6  ffleMa eHepreTCKor nperaega CHCTeMa 3a npoH3Bogay h gHCTpn6y^Hj y nape
h noBpaT KOHgeH3aTa

nocTojn BHme nHTarna Be3aHHx 3a npojeKTOBame napoBoga, agn OBge he 6hth o6pa^eHH 
caMO mnxoBH rgaBHH acneKTH Kojn cy Be3aHH 3a Moryhe H3Bope npo6geMa y 
$yHKHOHHcamy pa3Boga nape h ry6uTaKa eHeprnje.

8 .3 .1  H a S o p  npHTHCK a y  gHCTpn6yTHBHOM c n c re M y

H36op npHTHCKa je  CTpaTemKa oggyKa Koja 3axTeBa noce6Hy na®rny. E^HKacHOcr 
CHCTeMa 3a gHCTpn6y^Hjy nape y gy*eM BpeMeHCKOM nepuogy 3Hbhch og OBe oggyKe. 
Kaga ce ge^HHHme onpeMa h hhthb CHCTeM rorpagH 3a ogpe^eHH npHTHcaK, BeoMa je  
TemKO KacHHje Mogn^HKOBaTH OBaKaB cncreM. npHTHcaK nape ce npe CBera ge^HHHme Ha 
0CH0By TeMnepaType Kojy 3axTeBa noTpoman nape y cncreMy. y  HHgycTpnjH ce kophcth, 
no npaBHgy, cyB03acnheHa napa h to h3 gBa pa3gora:

• Kog cyB03acnheHe nape je  ca pagHHM npHTHCKOM jegH03HanH0 ge^HHHcaHa 
TeMnepaTypa nape h

• Koe^H^njeHT npoga3a rengore y3 $HHMCKy KOHgeH3a^njy npu 3aipeBamy 
cyB03acuheH0M napoM Behn je  3a peg BegHHHHa Hero 6e3 KOHgeroa^nje.
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^ a  6h ce CMaftHHH HHBecTH^HOHH TpomKOBH Ha HajMa&y Moryhy Mepy, noTpe6HO je  
Tpacy ^eBOBoga boahth HajKpaftHM nyTeM go noTpomana h kophcthth HajMaftH Moryftn 
npenHHK ^eBH. y  hcto BpeMe nocTaB^a ce 3axTeB CMaaeaa ry6HTaKa npHTHCKa y 
^eBOBogy h ry6HTaKa eHeprnje npeKO noBpmHHe ^eBH y OKOHHHy Ha HajHH*y Moryfty 
BpegHOCT. KaKO 6h ce ncnyHHHH obh 3axTeBH, HeonxogHO je  pa3MOTpHTH Beftu 6poj 
KOHTpagHKTopHHx ^aKropa. n ap a  BHmer npHTHCKa 3ay3HMa Ma&y 3anpeMHHy. Ha 0CH0By 
npeTxogHO peneHor, HCTa KOHHHHHa TonnoTe MO*e ce npeHOCHTH ^eBHMa Ma&er 
npenHHKa. Me^yTHM, y obom cnynajy MoryftHOCT ^y p eaa  je  Befta goK je  TeMnepaTypa 
noBpmHHe ^eBH BHma. HaBegeHH ^aKTopn Mory pe3yHTOBaTH BeftHM ry6HTKOM TonnoTe 
ca HeH30H0BaHHx genoBa ^eBOBoga h apMaType hhh Ha cnojeBHMa ^eBOBoga.
3a 6hho Kojn npHTHcaK nape TpomKOBH M oma^e ^eBH M aaer npenHHKa cy hh®h . 
Me^yTHM, nag npHTHCKa y ^eBHMa Ma&er npenHHKa je  Beftu 36or Befte 6p3HHe 
npoTH^aaa.
3a BHme npHTHCKe nape HHBecTH^nja 3a KOTao je  Befta, a ry6n^H eHeprnje Ha caMOM Koray 
Mory 6hth Beftu (36or BHme TeMnepaType npogyKaTa caropeBa&a).
yKOHHKO je  HH®H npHTHCHK nape gOBO-MH 3a TexHOHOmKH npo^ec, nOrOHCKH TpOmKOBH 
KOT^a fte 6hth hh®h, ann, 36or y rpagae  ^eBOBoga Befter npenHHKa, TpomKOBH 
MaTepHjana h M oma^e ^eBOBoga fte 6hth BHmn. ^eBH Befter npenHHKa HMajy HH®y 
TeMnepaTypy noBpmHHe, ann h Befty noBpmHHy ca Koje ce ogaje TonnoTa okohhhh. KaKO 
ce TonnoTa ncnapaBaaa noBeftaBa ca CHH^eaeM npHTHCKa, 3a hh* h npHTHcaK noTpe6Ha 
je  Maaa KOHHHHHa nape Koja fte 3agoBO^HTH noTpe6e npo^eca.
y kohhko ce KopHCTe pa3HHHHTH hhboh npHTHcaKa nape Kog noTpomana, npu6eraBa ce 
pem eay TpaHcnopTa nape BHmer npHTHCKa go noTpomana h pegyK^nja nape Ha 
3axTeBaHH pagHH npHTHcaK y HenocpegHoj 6hh3hhh noTpomana. Kao mTO je  Ha noneTKy 
OBor nornaB^a HanoMeHyTO, npu H3eHTanncKOM npnrym efty gona3H go 6naror 
nperpeBaaa cyB03acufteHe nape, na je  TaKO y pegyK^HOHHM CTaHH^aMa noTpe6HO 
y6pH3raBaTH KOHgeH3aT Ha pagHOM npHTHCKy CTaHH^e khko 6h ce o6e36eguo H3na3 
cyB03acufteHe nape H3 pegyK^HOHe CTaHH^e.
CBe npeTxogHO HaBegeHO noKa3yje ga H36op pagHor npHTHCKa HMa 3HanajaH yra^aj Ha 
TpomKOBe eHeprnje y CHCTeMy 3a gHCTpn6y^Hjy nape. HeonxogHO je  cnpoBecTH TexHO- 
eKOHOMCKy aHa^H3y Koja fte y3eTH y o63up CBe OBe ^am ope.

8 .3 .2  ^,HM eH3HOHHcarne ^eB O B oga gH C T pn6yT H B H or ueBOBO.ia

^HMeH3HOHHcafte ^eBOBoga je  BeoMa Ba*HO. npegHMeronoHHcaHe ^eBH ycnoB^aBajy 
noBeftaae HHBecm^HOHHx TpomKOBa h Befte ogaBaae TonnoTe npeKO 3arpejaHHx 
noBpmHHa. nocTynaK ogpe^HBaaa npenHHKa ^eBH 3anonnfte ycBaja&eM 6p3HHe CTpyja&a 
nape. npenopyKa 3a 6p3HHy npoTH^aaa nape 3a Maae gy®HHe ^eBOBoga h 3acufteHy napy 
H3 Koraa je  20 -  30 m/s. noBeftaaeM gy®HHe ^eBOBoga, npo6neM naga npHTHCKa gona3H 
go H3pa^aja, na cy 6p3HHe CTpyjaaa nape Maae. 3a cyB03acufteHy napy Mory ce y3era y 
pa3MaTpaae h 6p3HHe CTpyjafta og 40 m/s. Me^yTHM, npu obhm 6p3HHaMa CTpyjafta
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gona3H go xa6a a a  genoBa ype^aja 3a Mepeae npoTOKa nape, a Tano^e gona3H go noBeftaaa 
HHBoa 6yKe.
nagoBH npHTHcaKa Kpo3 ^eBOBoge h apMaTypy Be3aHH cy npBeHCTBeHO 3a 6p3HHy 
CTpyjaaa, ann h 3a xpanaBOCT ^eBH. y  TOKy eKcngoaTa^HoHor BeKa gona3H go npoMeHe 
xpanaBOCTH ^eBOBoga, na ce thko h nag npHTHCKa tokom BpeMeHa MO*e MeaaTH.

8 .3 .3  H jB o p n  r p e m a K a  h  p e m e m a  K og ^eB O B o g a  3 a  g H c rp H 0 y ^ H jy  n a p e

noBeha&eM ygena Bnare y napu CMa&yje ce pacnogo^HBa KOHHHHHa TonnoTe h 3HanajHO ce 
CMa&yje e^HKacHocT TpaHcnopTa TonnoTe. n ap u  CTeneHa cyBofte 0,95 CMa&yje ce naTeHTHa 
TonnoTa 3a 5 %. ycneg ry6HTKa TonnoTe g y *  ^eBOBoga KOHHHHHa KOHgeH3aTa ce noBeftaBa. 
OBaj KOHgeH3aT je HeonxogHO ogBecTH H3 CHCTeMa. nogcTaHH^e 3a pegyKqnjy npHTHCKa 
nape cy BeoMa KopucHe jep OHe HMajy e^eraT cym eaa nape. y  cgyHajy ga y CHCTeMy gona3H 
go BenHKHx nagoBa npHTHCKa, napa fte og cyB03acufteHe n p e ta  y 6naro nperpejaHy. 
Me^yTHM, nperpejaHOCT nape ce CMa&yje ycneg ry6HTaKa TonnoTe Kpo3 3ugoBe ^eBH g y *  
^eBOBoga, na ce obh e^eKTH Me^yco6H0 noHHmTaBajy.
npHHHKOM CTapTOBaaa CHCTeMa H3 xgagHor CTaaa, napa fte ce K0HgeH30BaTH y 
gHCTpn6yTHBHOM ^eBOBogy h Kog caMHx noTpomana y noroHHMa. HeonxogHO je  
npegBHgeTH go6po ogBo^erne HacTagor KOHgeH3aTa. y  npoTHBHOM, goga3H go 
xngpaygHHHHx ygapa y HHCTaga^Hjn h go noTemKofta y CTapTOBaay h y CHa6geBaay 
noTpomana napoM, Kao h go 3age^HBama geoHH^a tokom gy®nx 3acToja y 3hmckhm 
ycgoBHMa. Ha kphthhhhm MecTHMa Tpe6a 3agp*aTH KOHgeH3aT h ogBecTH ra  thko ga He 
go^e go ry6uTaKa nape. ^HHHje 3a ogBajaae KOHgeH3aTa Mopajy 6hth gHMeronoHHcaHe 
TaKO ga OMoryfte ogBog ^egoKynHor HacTagor KOHgeH3aTa npngHKOM noKpeTaaa CHCTeMa. 
napoBog Tpe6a ga 6yge TaKO nocTaB^eH ga HMa Harn6 y CMepy CTpyjaaa nape Ka 
MecTHMa 3a ogBajaae KOHgeH3aTa. npenopyKa 3a Harn6 ^eBOBoga je  go 40/00, a pa3MaK 
H3Me^y MecTa Ha KojHMa ce Bpmu ogBogftaBaae (ogBo^erne K0HgeH3aTa) je  30-50 m. 
HeonxogH0 je  06paTHTH na*& y h Ha cgegefte:

• ogBajann K0HgeH3aTa cy noce6H0 e^HKacHH Ha MecTHMa npoMeHe npaB^a ^eBoBoga 
(npe BepTHKagHHx geoHH^a);

• HeonxogH0 je  go6po npojeKTOBam ocgoH^e ^eBoBoga jep  ce K0HgeH3aT caKyn^a y 
HajHH^HM TanKaMa ^eBoBoga (yrn6n ycgeg Te^HHe);

• pegyK^nje npenHHKa napoBoga Tpe6a pagHTH eKC^empHHHo, ga 6h ce Ha thm 
MecTHMa H36ergo HaroMHgaBame K0HgeH3aTa;

• H3Boge nojegHHHx rpaHa H3 raaBHor napoBoga Tpe6a pagHTH ca Bpxa, a He ca HH^er 
gena ^eBH.

^,HMeH3nja npHK^yHKa 3a gpeHa*y napoBoga og BegHKor je  3HaHaja, c o63upoM ga og 
Tora gupeKTHo 3aBHCH e$HKacH0CT yKgamama K0HgeH3aTa H3 napoBoga. ^eBHH 
npHK^yHaK Mopa 6hth goB0^ n x  gHMeH3Hja KaKo 6h o6e36eguo HecMeTaHo npHKyn^arne 
h ogBo^erne K0HgeH3aTa HacTagor y napoBogy.
KoHgeH3aT ce jaB ^a y hh^ hm gegoBHMa ^eBoBoga h 36or K0HgeH3a^nje nape Koja ocTaje 
y ^eB0Bogy npu 3aycTaB^arny npo^eca. Kaga ce CHCTeM noH0B0 CTapTyje, napa Koja
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npoTHne 6p3HHOM og oko 20 m/s hoch 3aocTa^H KOHgeH3aT CBe go npBe npenpeKe 
(bchth^, npoMeHa npaB^a ^eBOBoga HTg.) h go^a3H go xngpay ̂ hhkhx ygapa (c^HKa 8.27). 
y ko^hko ce KOH$Hrypa^nja ^eBOBoga He MO*e MeaaTH, pagu e^HKacHor yK^aftaaa 
KOHgeH3aTa H3 ^eBOBoga h cnpenaBaaa xHgpay^HHKHx ygapa, noTpe6HO je  nocTaBHTH 
gpeHa*HH Bog Ha cbhm kphthhhhm MecTHMa, noce6HO ucnpeg npoMeHe npaB^a ^eBOBoga. 
XHgpay^HHKH ygapu Mory y HeKHM c^yHajeBHMa noTnyHO pa3opHTH ^eBOBog. Ha c^h^ h 
8.28 gaTa cy gBa cnynaja -  jom e h go6po roBO^eae ogBogftaBaaa napoBoga Kao h 
npenopyKa 3a gHMeronje npHK^yHKa 3a ogBogftaBaae.

C^HKa 8.27 OgBogftaBaae napoBoga (c^HKa ^eBo), nojaBa xHgpay^HHHor ygapa 36or 
HenpaBH^Hor o cnaaafta  ^eBOBoga (c^HKa gecHo) [8.1]

C^HKa 8.28 HenpaBH^HO (^eBo) h npaBH^HO (gecHo) H3BegeHa HHCTana^nja 3a 
ogBogaaBafte napoBoga, gHMeH3Hje npHK^HKa 3a ogBogftaBaae napoBoga (go^e) [8.1]

OcTa^e Mepe Be3aHe 3a npojeKTOBaae h roBo^eae HHCTa^a^nje ogHoce ce Ha npaBH^HO 
ge^HHHcafte Tpace h KOH$Hrypa^nje napoBoga khko 6h ce o6e36egn^e HecMeTaHe 
gn^aTa^Hje ^eBOBoga. Obo je  HapoHHTO Ba^HO Kog gyrnx h npaBux geoHH^a napoBoga.
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06e36e^eaeM  npaBHHHor gnnaTHpafta ^eBOBoga CMaayjy ce Hanpe3aaa ^eBOBoga, a 
THMe h MoryhHOCT ^ypeaa  nape hhh KOHgeH3aTa.
ApMaTypa (3anopHa, peryna^HOHa, CHrypHOCHa) je  HeonxogaH eneMeHT CBaKor ^eBOBoga. 
y  ^H^y ymTege eHeprnje noTpe6HO je:

• H30H0BaTH apMaTypy rge rog je  to Moryhe 36or ftnxoBe BenHKe noBpmHHe 3a 
pa3MeHy TonnoTe;

• npoBepHTH ga hh je  apMarypa ageKBaTHO gHMeH3HOHHcaHa;
• penapnpaTH hhh 3aMeHHTH apMarypy Kog Koje je  yoneHO ^ypeae.

3anopHy apMaTypy (BeHTHne) HHKaga He Tpe6a ocraB^arH 6naro OTBopeHOM, jep ycneg 
Be^HKe 6p3HHe nape Kpo3 Mane OTBope, gona3H go epo3Hje cegumTa BeHTHna HHMe ce 
cnpenaBa noTnyHO 3aTBapaae npoTOKa.
BeHTHHH HenoTpe6HO BenHKor Ha3HBHor npenHHKa npegcraB^ajy Mecra ry6HTKa eHeprnje 
h HMajy Behe TpomKOBe H30H0Ba&a. ^ kohhko ce BeHTHH kophcth caMO Kao 3anopHH, 
fteroB HH3HBHH npeHHHK Tpe6a ga 6yge TaKaB ga o6e36egu MHHHManHH nag npHTHCKa.

8 .3 .4  P e g y K ^ n ja  n p u T u c K a

^ a  6h ce ymTegena eHeprnja HeonxogHO je:
• o6e36egHTH Kopnmhefte nape npu HajHH^eM MoryheM npHTHCKy;
• pa3MOTpHTH ga hh je  npaBHHHO H3BegeHa pegyK^nja npHTHCKa 3ajegHO ca 

nperpeBafteM nape h ga hh ce noTpornaa nape MO*e CMaftHTH.
C M aaeae noTpe6He KOHHHHHe nape Koja ce MO*e go6HTH CHH^eaeM npHTHCKa 
npHKa3aHO je  y Ta6enn 8.4. Obo je  nocnegn^a noBehaaa TonnoTe HcnapaBaaa 
(eHepreTCKH noTeH^njan npu Kopnmhefty cyB03acnheHe nape) ca CHH^eaeM npHTHCKa. 
H3 Ta6ene ce BHgn ga cy, 36or noBehaaa cne^H^HHHe 3anpeMHHe, ca CHH^eaeM 
npHTHCKa noTpe^HH Behn npenHH^H ^eBOBoga.

T a S e ^ a  8 .4  C M aaeae KOHHHHHe nape y 3Hbhchocth og npHTHCKa
n p H T H c aK  n a p e  ( M P a )

1 0 ,7 0 ,6 0 ,4 0 ,3 0 ,2

TonnoTa HcnapaBaaa 2000,1 2047,7 2066,0 2108,1 213 3,4 2163,3
Cne^H^HHHa 3anpeMHHa 0,1 77 0,240 0,272 0,3 42 0,461 0,603
HeonxogaH npoTOK, % 100 97,7 97 95 94 92
y m T e g a  y  n a p u ,  % 0 2 ,3 3 5 6 8

OgHOC npenHHKa ^eBH 1 1,16 1,24 1,39 1,61 1,85

Ako ce KopncTH gnpeKTHO y6pH3raBafte nape y OTBopeHe cygoBe, ry6HTaK TonnoTe pacre 
36or Moryhnx ry6nraKa nape y aTMOC$epy npu HaraoM ygyBaBaay nape, Kao h ycneg 
ry6HTKa KOHgeH3aTa. noBparaK KOHgeH3aTa H3 ype^aja ca gnpeKTHHM ygyBaBaaeM nape 
ce He npaKTHKyje 36or Moryhnx KOHTaMHHa^nja KOHgeH3aTa cagp^ajeM Kojn ce 3arpeBa. 
HeKaga je  Moryhe CMaftHTH OBe ry6HTKe y aTMOC$epy CHH^eaeM npHTHCKa nape. Ha
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jegHOM npuMepy Kog 3arpeBaaa Boge y OTBopeHHM pe3epBoapuMa, CHH^eae npHTHCKa ca 
10 Ha 3 bar goBeno je  go ymTege nape og 8 %.
nocne pegyK^nje npHTHCKa, y HeKHM cnynajeBHMa, noTpe6HO je  CMaftHTH eHTaHnHjy nape 
y6pH3raBafteM Boge. ^ kohhko je  pegyK^njoM npHTHCKa go6njeHa 6naro nperpejaHa napa 
(pa3HHKa TeMnepaType Maaa og 15 °C), HHje noTpe6HO y6pH3raBaTH Bogy. Haxo he g y *  
napoBoga gohu go naga TeMnepaType nape ycneg ogaBaaa TonnoTe okohhhh, cnrypHO ce 
Kog noTpomana Hehe jaBHTH Bna^Ha napa.

8 .3 .5  r y 6 n ^ H  e H e p r n je  c a  c n o ^ H e  n o B p m H H e ^eB H  h  a p M a T y p e  y  OKO^HHy

noBpmuHa ^eBH HMa npn6HH®HO jegHaKy TeMneparypy Kao h napa hhh KOHgeH3ar. ycneg 
OBora Mory ce jaBHTH 3HanajHH ry6n^H TonnoTe y OKOHHHy ca noBpmuHe HeH30H0BaHHx 
^eBH h cygoBa. 3aTO TonnoTHoj roona^Hjn cbhx 3arpejaHHx Mecra Tpe6a noKna&aTH 
BenHKy na® ay. H3HOBaae ^eBOBoga h npHK^ynaKa jegaH je  og HajeKOHOMHHHHjHx 
HanHHa noBehaaa eHepreTCKe e^HKacHOCTH y cncreMHMa 3a gHcrpH6y^Hjy eHepreTCKHx 
$nynga. nepuog noBpahaja KanHTana Kog HHBecm^Hja y H3ona^njy yrnaBHOM je  Kpahu 
og jegHe rogHHe. TonnoTHoj roonaanjH nocBeheHO je  BHme na*&e y nornaB^y 6.

8 .3 .6  H c T H ^ a rn e  n a p e  K po3 nyKOTHHe h ^ h  MejaM TMBeMa M e c ra  H a ^eB O B ogH M a h  

a p M a T y p n

HcTH^afte nape goBogu go 3HanajHHx ry6HTaKa y eHeprnjH. KaKO 6h ce cnpennno 
HCTH^afte nape HeonxogHO je:

• npaTHTH cra&e BeHTHna CHiypHOCTH h BeHTHna 3a HcnymTaae nape H3 Koraa 
(npaheae noBHmeaa TeMneparype ogymHHx ^eBH cny®H 3a 6p3y npoBepy);

• cnpoBecrH aKTHBHOCTH Ha eHHMHHHca&y Mecra ^ypeaa  nape (rpomKOBH ce Mory 
BeoMa 6p30 noBehaTH nocrojaaeM  caMO HeKOHHKO Mecra ^ypeaa);

• yBecTH CHCTeM goKyMeHTOBafta, H3BemTaBaaa h caHHpa&a Mecra Ha KojHMa ^ypn 
napa.

Ako ce y3Me y o63up ^eHa nape, Mory ce npopanyHarH hobh^hh ry6n^H 3a CBaKO ^ypeae. 
rognm ftH  h3hoch BHmecrpyKO onpaBgaBajy HHTepBeH^nje Ha caHHpa&y nyKOTHHa hhh 
3aMeHy BeHTHna. rnaBHa noTemKoha Be3aHa 3a caHHpaae HCTH^a&a je  TexHHKe npupoge 
jep  ce y BehHHH cnynajeBa ogpe^eHHM genoBHMa ^eBOBoga MO*e BeoMa peTKO 
npHcrynHTH y norogHOM BpeMeHCKOM TpeHyTKy. 3a caHHpaae HCTH^a&a Mory ce 
KopncTHTH MeToge y KojHMa ce y6pH3raBa 6p30 OHBpmhaBajyha CMona nog npHTHCKOM. 
TaKO^e, H36op BeHTHna HMa BeoMa Ba®Hy ynory (Ha kphthhhhm MecTHMa yrpa^yjy ce 
BeHTHHH Ha KojuMa je  Moryhe BpmHTH nonpaBKe 6e3 3aycraB^a&a TexHonomKor 
npo^eca). Ha chh^ h 8.29 gaT je  HOMorpaM 3a ogpe^HBaae ry6nraKa ycneg ^ypeaa  Kpo3 
OTBope. BpegHOCTH OHHTaHe ca HOMorpaMa noMHO^HTH Koe^H^HjemoM 0,8 pagu 
go6njafta CTBapHHx BpegHOCTH.
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C g H K a  8 .2 9  Ogpe^HBame ry6uTaKa nape ycgeg ^ypema Kpo3 OTBope

8 .3 .7  O g B a ja n H  KOHgeH3aTa

OgBajanH KOHgeH3aTa cy ype^ajn Kojn HMajy Tpu Ba^He $yHK^nje:
1. ga H3gBoje KOHgeroaT H3 napHe HHCTaga^nje;
2. ga egHMHHHmy Ba3gyx H3 napHe HHcraga^nje;
3. ga 3aycTaBe npoga3 h ry6uTaK nape H3 napHor npocTopa HHCTaga^nje.

OgBajanH KOHgeH3aTa H3gBajajy KOHgeroaT H3 napoBoga hhh h3 npo^ecHHx anapaTa Kojn 
ce 3arpeBajy napoM. Ohh Mopajy HMaTH goBO^aH KanagmeT KaKO He 6h gomgo go 
Heno^e^He nojaBe 3aycTaB^ama ogBO^ema KOHgeroaTa H3 napHor npocTopa. ^ kohhko 
go^e go nojaBe 3agp®aBama KOHgeH3aTa, napa Hehe moRh ga y^e y napHH npocTop h 
3arpeje npo^ecHH $gyng y anapaTy. OBa nojaBa ycnopaBa npo^ec 3arpeBama, npu neMy 
goga3H go noTemKoha nocTH3ama ge$HHHcaHHx npo^ecHHx napaMeTapa Kog HeKor 
TexHogomKor npo^eca. OgBajann KoHgeH3aTa cgy*e ga 3aycTaBe npognpame 
HeKoHgeH3oBaHe nape, o^ hocho HCTH^ama T3B. ®HBe nape y oKogHHy. y  H3BecHHM 
cgynajeBHMa, nojegHHH ogBajann, ga 6h ucnpaBHo $yHK^HoHHcagn, 3axTeBajy 
KoHCTaHTHe, agn He3HaTHe ry6HTKe nape. nopeg  oBe ocHoBHe $yHK^nje, ogBajann 
KoHgeH3aTa 6h Tpe6ago ga oMoryhe h egHMHHagHjy HeKoHgeH3yjyhnx racoBa H3 cucTeMa. 
Ochobhh 3axTeBH Koje Tpe6a ga ncnyHH ogBajan KoHgeroaTa:

• ogBajame KoHgeH3aTa 6e3 ry6HTKa ®HBe nape;
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• ayTOMaTCKo og3panHBafte.
^ogaTHH 3axTeBH 3a ogBajan KoHgeH3aTa:

• 6e3 yra^aja Ha npo^ec rpejaaa (pag 6e3 HaroMHnaBafta KoHgeH3aTa),
• noBpaTHH npHTHcaK He CMe yra^ara Ha $yHKqnoHaHHocT ogBajana;
• npHMeH^HBocT npu BapHja^HjH npHTHCKa h npoToKa;
• jegHoCTaBHa HHCTana^nja;
• oTnopHoCT Ha Kopo3Hjy;
• oTnopHoCT Ha HenHCTohe;
• HHje HeonxogHo gogaTHo ogp^aBaae;
• oTnopHoCT Ha 3aMp3aBaae;
• oTnopHoCT Ha xngpayHHHHe ygape.

noCTojn BenHKH 6poj pa3HHHHTHx KoHCTpyK^nja ogBajana KoHgeroaTa Kojn Ce KopuCTe y 
npaKCH, Kojn Ce Mory CBpcraTH y Tpu oCHoBHe BpCTe:

1. MexaHHHKH (ca nnoBKoM h ca 3bohom);
2. TepMocraTCKH (ca onpyroM, MeM6paHoM h ca 6HMeTanoM);
3. TepMogHHaMHHKH ogBajanH KoHgeH3aTa.

MexanmKu odeajauu KoHgeroara page Ha npHH^nny pa3HHKe y rycTHHH nape h 
KoHgeH3ara. Ha npHMep, HeKH ogBajann KoHgeH3aTa Kopncre nnoBaK Kojn nnyTa no 
noBpmHHH KoHgeH3aTa hhjh ce hhbo y ToKy BpeMeHa Meaa. Kaga ce gocTHrae 
ogroBapajyhn hhbo, gona3H go oTBapaaa BeHTHna Ha ogBajany h ncra^afta KoHgeH3aTa, 
goK napa ocraje 3apo6^eHa y ^eBoBogy ucnpeg ogBajana. HeKH MexaHHHKH ogBajann 
KoHgeH3ara HeMajy MoryhHocr napanenHor og3panHBafta ca ogBajaaeM KoHgeH3aTa 
^kohhko ce He nocraBe TepMoeneMeHTH y caM ogBajan.
TepMocmamcKu odeajauu Kondensama page no npHH^nny perHcrpoBa&a TeMneparype 
KoHgeH3ara. Kaga ce napa KoHgeH3yje, KoHgeH3ar je Ha ncroj TeMnepaTypu Kao h napa, 
Mê yTHM, KaKo KoHgeH3aT Tene Ka ogBajany, oh ce naraHo xnagH. Kaga TeMnepaTypa 
KoHgeH3ara nagHe Ha ogpe^eHy BpegHocr ucnog TeMneparype nape, TepMocraTCKH 
BeHTHH Ha ogBajany KoHgeroara ce oTBapa.
TepModunaMUHKu odeajauu Kondensama page Ha npHH^nny pa3HHKe y npoToKy nape h 
KoHgeH3ara npeKo ncre noBpmHHe, mTo ycnoB.MBa pa3HHKy npHTHcaKa ca ropae h goae  
crpaHe noBpmHHe Koja ce oncrpyjaBa, Te oTBapaae h 3arBapafte ogBajana KoHgeH3ara. 
y  npo^ecy H36opa ogBajana KoHgeH3aTa, kophcho je HMarn ftnxoBe cncreMaTH3oBaHe 
KapaKTepncTHKe h npenopyKe 3a npHMeHy y ogroBapajyhHM ycnoBHMa.
KapaKTepncTHKe ogBajana KoHgeH3ara ca nnoBKoM cy cnegehe:

• $yHKqHoHHca&e He3aBHCHo og noBpaTHor npHTHCKa h TeMneparype KoHgeroara;
• $yHKqHoHHca&e 6e3 ry6HTKa nape;
• HeoMeTaHo ncnymTa&e KoHgeH3aTa h npu BapnjaaHjH npHTHCKa h npoTOKa;
• HaponHTo npHMeH^HBH Kog pa3MeftHBana TonnoTe ca kohtpohom paga ca napHe 

crpaHe;
• oTnopHH Ha HenHcrohe;
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• ayTOMaTCKO TepMOCTaTCKO og3panHBa&e (gyngeKC H3B0^erne);
• Moryhe cepBHCHpaae 6e3 geM oma^e ca ^eBOBoga;
• npuMeHa h Kog xgagHHx KOHgeH3aTa, gecrHgara h KOHgeH3aTa xeMHjcKHx 

npoH3Boga;
• gBe BapnjaHTe KyhnmTa: xopH30HTagHa h BepTHKagHa.

OgBajan KOHgeH3aTa ca ngoBKOM npHKa3aH je  Ha chh^ h 8.30, goK je  npHH^nn paga 
npHKa3aH je  Ha chh^ h 8.31.

C g H K a  8 .3 0  OgBajan KOHgeH3aTa ca ngoBKOM h og3panHHM BeHTHHOM [8.1]

C g H K a  8 .3 1  npHH^nn paga ogBajana KOHgeroaTa ca ngoBKOM h ca TepMoegeMemoM 3a
og3panHBarne [8.1]

C ^H K a  8 .3 2  npHH^nn paga ogBajana KOHgeH3aTa ca 3bohom 

KapaKTepncTHKe TepMOCTaTCKHx ogBajana ca MeM6paHCKHM perygaTopoM cy cgegehe:
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• og^HHHa og3BHHa KapaKTepncTHKa;
• $yHKaHOHHca&e He3aBHCHO og noBpaTHor npHTHCKa;
• ayTOMaTCKO og3panHBa&e - OBaj THn ogBajana KOHgeH3aTa MO*e ce kophcthth Kao 

TepMocrarcKH og3panHBan Kog napHHx cucTeMa (roBo^erne 6e3 HenoBpaTHor 
BeHTHna MO*e ce kophcthth Kao BaKyyM npeKHgan);

• y rp ag aa  y 6hho kom nono*ajy (yrpagaa Ha xopH3omanHH hhh BepTHKanHH 
^eBOBog);

• BenHKH Kana^nreT nponymTa&a Tonnor KOHgeH3aTa, naK h npu ManHM 
gH^epeH^njaHHHM npnrac^HMa;

• HHTerpncaH HenoBpaTHH BeHTHn;
• yHyTpamrnn ge^OBH ropa^eHH og Hep^ajyfrer nenHKa (MeM6paHa og Hastelloy 

nerype nenHKa).
KapaKTepncTHKe TepMocraTcKHx ogBajana KOHgeroaTa (cnHKa 8.33) ca 6HMeTaaoM cy 
cnegefre:

• po6ycraH perynaTop 3a HajTe^e pagHe yc^OBe (oTnopHH Ha xngpayHHHKe ygape h 
3aMp3aBame),

• norogHH 3a nperpejaHy napy;
• ayTOMarcKO og3panHBarne (npHMeHMBH h Kao TepMHHKH og3paHHBanH y napHHM 

nocrpojemHMa);
• yrpagrna y 6hho kom nono*ajy (yrpagrna Ha xopH30HranHH hhh BepTHKanHH 

^eBOBog);
• peryna^HOHa nenypKa $yHKqHOHHme h Kao HenoBpaTHH BeHran;
• yHyTpamrnn ge^OBH ropa^eHH og Hep^ajyfrer nenHKa;
• ogp^aBame Moryfre 6e3 geM oma^e ogBajana ca ^eBOBoga;
• 3anTHBarne H3Me^y KyfrnmTa h perynaTopa ocTBa-peHO MeTanHOM naypoM;
• KOMnneraa cepnja npou3Boga go AH^epeH^njaaHor npHTHcKa og 250 bar.

3a noy3gaH h ucnpaBaH pag ogBajana KOHgeH3aTa noTpe6HO je  cnegefre:
1. pegoBHO ogp^aBarne h nepnogHHHa 3aMeHa yHyTpammnx ge^OBa;
2. go6pa opraHroa^nja npeBeHTHBHor ogp^aBarna;
3. npoBepa ga hh je  ogroBapajyfrn THn ogBajana nocraB^eH Ha npaBOM Mecry;
4. npncryn cBaKOM ogBajany Tpe6a ga 6yge naK h jegHocraBaH.

3a eKOHOMHHHO BO^erne $a6pHKe, eHHMHHHcarne TpomKOBa npoy3poKOBaHHx ry6n^HMa 
nape je  HajBefrn npHopnreT. npo^eHa $yHKaHOHaaHocTH ogBajana KOHgeroaTa h rneroBor 
BeKa Tpajarna je  npHopnreTHH 3agaraK. CncTeMarcKa KOHrpona ogBajana KOHgeH3aTa y 
^H^y H36eraBarna ry6nraKa eHeprnje, a y HajBefroj Mepu nyTeM ry6nraKa y ^HBoj napu, 
pa3Hor je  3a pegoBHy Kompony paga ogBajana KOHgeH3aTa. HenpaBHnaH pag nojegHHHx 
ogBajana He MO*e ce npe^H3HO ge^HHHcara h no^npara, nomTO ce y OKBHpy cncreMa 3a 
noBpar KOHgeH3aTa MO*e Hafru h BHme croTHHa pa3HHHHTHx ype^aja 3a ogBajarne 
KOHgeH3ara. Moryfru HanHHH npoBepe HcnpaBHocrn paga ogBajana KOHgeH3aTa cy 
cnegefrH: BH3yenHH nperneg, Meperne TeMneparype, Meperne HHBoa 6yKe, Meperne
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egeKipHHHe npoBogHOCTH, Kopnmhefte HHgnpeKTHHx MeToga Koje ce ogHOce npe CBera Ha 
npaherne noTpomme eHeprnje. y  BegHKHM CHCTeMHMa, rge nocTojn BeoMa BegHKH 6poj 
ogBajana KOHgeH3aTa, Ha^agocr, y npaKCH ce BeoMa peTKO npHMemyje perygapHa npoBepa 
HcnpaBHOCTH paga obhx ype^aja. y  3aBHCHOCTH og Tuna ogBajana KOHgeH3aTa, ogp^aBame 
h 3aMeHa goTpajagnx gegoBa MO*e 6hth Marne hhh BHme 3axTeBHa. HeonxogHO je 
opraHH30BaTH cgy*6y 3a pegoBHO npaheme CTama ogBajana KOHgeH3aTa. npoBepe h 
ogp^aBarne Mory ce opraHH30Bam Kao gHeBHH npergegn, Hege^HO, MecenHO h rognmme 
ogp^aBame.

C ^ H K a  8 .3 3  K o H crp y K ^n ja  c a  $a3aM a p a g a  TepMOcraTCKor o g B a jan a  KOHgeH3aTa c a

^HMeTagoM

C g H K a  8 .3 4  TepMogHHaMHHKH o g B ajan  KOHgeH3aTa (geB o) h  h ^h h h  p a g a  (gecH o) [8.1]
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HenpaBHraH h nom pag ogBajana KOHgeroaTa y3poKyjy nom pag caMor nocrpojefta. 
KoHgeH3aT ce o6hhho Bpaha y 3ajegHHHKH pe3epBoap 3a caK yn^aae KOHgeroaTa, a ogarae 
nyMnaMa TpaHcnopTyje y HanojHH pe3epBoap. ^ kohhko ogBajan KOHgeroara He pagu 
HcnpaBHO, napa ce nponymTa y CHCTeM 3a noBpaT KOHgeH3aTa, mTO npegcTaB^a ry6HTaK 
h peMeTH pag ocTannx ype^aja Kojn cannftaBajy cucTeM 3a noBpaT KOHgeroaTa.

8 .3 .8  C n c re M  3 a  K o p n m h e m e  O T napK a

OTnapaK je  necTO 6 o ^ e r KBanHTeTa (BHmer cTeneHa cyBohe) og nape Koja gona3H H3 
KOTHOBa. y  MHoruM ycHOBHMa oh MO*e 6hth HcKopnmheH Ha eKOHOMHnaH h^hhh 
yrpagftOM jegHocraBHe onpeMe. reHepanHO rnegaHO, craHgapgHa pem eaa npu 
npojeKTOBafty cncreMa 3a noBpaT KOHgeH3aTa He npegBH^ajy ncKopnmhefte OTnapKa. 
HcnpaBaH h^hhh Kopnmhefta OTnapKa je  Kopnmhefte nocyge 3a OTnapaBa&e KOHgeH3aTa 
h noBpaT KOHgeH3aTa hh* hx napaMeTapa y ^empanHH cyg 3a caK yn^aae KOHgeH3ara. 
O to je  Beha pa3HHKa H3Me^y nona3Hor npHTHcKa h npHTHcKa Ha KOMe ce ogBHja 
OTnapaBaae, Ha pacnonaraay je  Befia je  KOHHHHHa nape Koja je  go6njeHa OTnapaBaaeM 
KOHgeH3ara. Ba^aH napaMeTap 3a ge^HHHcaae KOHHHHHe OTnapKa je  TeMnepaTypa h 
KOHHHHHa KOHgeH3aTa Kojn ce ogBaja y ogBajany. ^ kohhko ce Kopncre TepMocrarcKH 
ogBajanH KOHgeroaTa rge ce KOHgeH3aT 3agp®aBa H3BecHO BpeMe y ogBajany goK 
TeMneparypa He onagHe 3a ogpe^eHy BpegHocr, npu npopanyHy KOHHHHHe OTnapKa Mopa 
ce y3eTH y o63up TeMneparypa KOHgeH3ara Ha H3na3y H3 ogBajana. Tpe6a HanoMeHyTH ga 
OTnapaBa&e Ha hh^ hm npnrac^HMa HaMehe 3Hanaj naga npHTHcKa y OKBHpy cncreMa 3a 
noBpar KOHgeH3aTa. Obo MO*e 6hth og 3Hanaja Kaga je  nocrpojeae Ha bhcokom npHTHcKy 
TepMocrarcKH KomponncaHO.
OTnapaK Kojn ce HaKynu npnnHKOM nponacKa KOHgeH3ara Kpo3 ogBajan KOHgeroaTa 
crpyjn 3ajegHO ca KOHgeH3aTOM g y *  ^eBOBoga. npHHHKOM gHMeH3HOHHcafta ^eBOBoga 3a 
noBpar KOHgeH3ara noTpe6HO je  y3era y o63up HHfteHH^y ga ce pagu o np o ra^aay  
gBO$a3He MemaBHHe Kpo3 ^eBOBog h ga KOHHHHHa OTnapKa 3aBHcn og pa3HHKe npHTHcaKa 
ucnpeg h H3a ogBajana KOHgeroaTa. ^ kohhko je  Beha pa3HHKa nprnHcaKa, 6nhe h Behn 
ygeo OTnapKa, na he y tom cnynajy 6hth h Beha gHMeH3Hja ^eBOBoga. npenopyneHa 
6p3HHa npoTH^aaa KOHgeH3ara h OTnapKa h3hoch 10 m/s 3a cnynaj BogoBa H3a 
MexaHHHKHx ogBajana KOHgeH3aTa (KOHTHHyanHO H3gBajaae KOHgeH3aTa), o^ hocho 6-8 
m/s 3a ocrane Bpcre ogBajana KOHgeH3aTa (nepHognnaH pag). ^ kohhko ^eBOBogn 3a 
noBpar KOHgeH3aTa HHcy go6po H30H0BaHH, Behn geo OTnapKa he ce, ycneg ry6nraKa 
TonnoTe, Kpo3 3ugoBe ^eBOBoga HcK0HgeH30BaTH. y  cynpoTHOM, 3agp*aBa ce Beha 
KOHHHHHa OTnapKa Kojn ce MO*e hckophcthth. ^ kohhko ce KOHgeH3aT BHmer npHracKa 
yBogu y cyg 3a oraapaBaae H3Hag HHBoa KOHgeH3aTa, napa gnpeKTHO yna3H y napHH 
npocrop h ogBogu ce g a^e  ^eBOBogoM. ^ kohhko ce KOHgeH3ar yBogu ucnog noBpmHHe 
TeHHocrH, TeMnepaTypa TeHHocrn y cygy 3a OTnapaBa&e ce noBehaBa h TenHocr ucnapaBa 
Ha ogpe^eHOM npnracKy. OTnapaK ce ogBogu H3 nocyge go noTpomana, a KOHgeH3ar ce 
ucnymTa KOHTHHyanHO Kpo3 ogBajan KOHgeroaTa. nocyga 3a OTnapaBaae Tpe6a ga 6yge
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CHa6geBeHa cnrypHOCHHM BeHTHHOM nnja je  ygora ga o6e36egu ype^aj og npeKOMepHor 
noBehaaa npHTHCKa. H aj6o^e pem eae je  ga ce OTnapaK Kopncm Kog noTpomana Kojn 
3axTeBa KOHTHHyagHO CHa6geBame napoM. Ha chh^ h 8.35 gaTa je  meMa cyga 3a CHH^eme 
npHTHCKa h OTnapaBarne KOHgeroaTa.

Pegypnp
BeHTHH

C ^ H K a  8 .3 5  H cK o p n m fiem e  OTnapKa Kog n o T p o m a n a  [8.1]

n p e n o p y n y je  ce  TaKO^e K opnm fiem e B efier 6 p o ja  M am nx ge^em pagH 30B aH H x jegH H H ^a 3a 

OTnapaBarne KaKO 6h ry 6 n ^ H  gHCTpn6y^H je OTnapKa 6hhh CBegeHH Ha mhhhm^m. n o c y g a  3a 

OTnapaBame Kao h ^eBOBogn 3a gH C Tpn6y^H jy OTnapKa g o  n o T p o m an a  M opajy 6hth

H30H0BaHH.

K acK agH O  O T n ap aB arn e . flB e yo6H na j eHe MoryfiHOCTH 3a HCKopnmfierne eH eprn j e 

KOHgeH3aTa c y  KacKagHO OTnapaBam e h noT xaa^H B am e KOHgeH3aTa. O g  BeaHKor j e 3Hanaj a  

g a  c e  o 6 e  MoryfiHOCTH pa3MOTpe h n p eg B u g e  Befi y  $a3H  n p o j eKTOBama ^ e a o r  CHCTeMa 3a 

CHa6geBam e eH eprn j oM. H aj n em fie  j e c ay n a j g a  j e 3a ogpe^eH H  TexH oaom KH nocT ynaK  

noT pe6H a n a p a  pa3HHHHTHx npHTHcaKa (napaM eT apa). T a g a  j e noTpe6HO o6e36egHTH 

c a K y n ^ a rn e  KOHgeH3aTa npn6gH *H O  j egHaKHx npHTHcaKa h Haj 6 o ^ e  j e npHMeHHTH 

KacKagHO c a K y n ^ a m e  h OTnapaBam e. OcHOBHa n g e j a  OBor HanHHa c a K y n ^ a m a  KOHgeH3aTa 

j e g a  ce  o 6 e 3 6 e g u  noTnyHO pa3gBoj eH a eKcnaH3Hj a  KOHgeH3aTa pa3HHHHTHx npHTHcaKa. T o  

ce  n o cT H ^e  TaKO mTO c e  KOHgeH3aTH HajBH m er npHTHCKa c a K y n ^ a jy  y  jegHOM p e3epB oapy  

y  KOMe c e  0CTBapyj e rnnxoB a eK cn a ro n j a  h g o 6 n j a  OTnapaK H H ^ e r n p n ra c K a . OBaj 
OTnapaK ce , y3  p e ry g a ^ n j y  npHTHCKa CBe^OM napoM , M O*e kophcthth 3a n o T p e6 e  

nojegH H H x n o T p o m a n a  y  noroHH M a, a  H acT aan  KOHgeH3aT ce  3ajegHO c a  KOHgeH3aTOM 

TexH oaom K e n a p e  HCTor npHTHCKa o g B o g u  y  HapegHH eK cnaH gep  r g e  HacTaje OTnapaK 

H apegH or H H ^ e r  npHTHCKa. n o c T y n a K  KacK agH or o ra a p a B a rn a  j e Haj 6 o ^ e  cnpoBogHTH 

TaKO g a  ce  n o c a e g m a  y  HH3y e K cn a ro n j a  0CTBapyj e g o  npn6aH ® H O  aTM OC^epcKor 

npHTHCKa. H a  Taj h^hhh ce  n o c r a ^ e  MaKCHMaaHO HCKopnmfierne T onaoT e Koj oM
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p a c n o n a ^ e  K0HgeH3aT npeKO T onnoTe OTnapKa u  MHHHMH3Hpafte TonnoTHHx ry6HTaKa. 

HapaBHO, oxna^eH H  KOHgeH3ar c e  H3 n o c n e g f te r  p e3 ep B o ap a  B paha  y  K oraapH H ^y, HHMe 

c e  CMa&yjy TpomKOBH xeMHjcKe n p u n p eM e  Boge. y n p o m h e H a  TexH onom K a m eM a 

KacK agH or OTnapaB am a j e  gaT a  Ha ch h^ h  8 .36 .
I— -o----,

C ^H K a  8 .3 6  KacKagHO OTnapaBame [8.1]

flpyra MoryhHocr j e ga ce OTnapaK H3 cyga 3a caKyn^ame KOHgeH3ara y KoraapHH^H, Koj n 
j e Ha npHTHcKy BHmeM og aTMoc^epKor, k o ph c th  3a npegrpeBame Hanoj He Boge. 
n o T x ^ a ^ H B a rn e  KOHgeH3aTa. ^ kohhko  HHj e Moryhe BpmHTH KacKagHO OTnapaBame, 
Tpe6a npegBHgera noTxna^HBame KOHgeH3aTa, o^ hocho  meroBO xna^eme Ha TeMnepaType 
ucnog TeMnepaTypa K^ynama 3a ogpe^eHH npHTHcaK. y  npo^ecHoj HHgycTpnjH nocTojn 
h h 3 noTpe6a 3a rpej ameM Ha h h ck h m  TeMnepaTypaMa. Haj j egHOCTaBHHj e j e y HHHHj y 3a 
noBpaT KOHgeH3aTa yK^ynHTH pa3MernHBan TonnoTe 3a npegrpeBarne h h h  3arpeBarne Boge, 
mTO j e noKa3aHO Ha ch h^ h  8.37.

r y 6 n ^ H  y c a e g  H e K o p n m h e rn a  O T napK a. Ty6H ^H  y c n e g  H eK opnm herna  OTnapKa y  

cucTeM y K pehy ce  o g  8,1 %  c B e ^ e  n a p e  Ha npHTHcKy o g  0 ,3  M P a , g o  1 6 ,9 %  3a cn cre M  n p u  

npHTHcKy 1,2 M P a . y  c ^ y n a jy  g a  ce  KOHgeroaT u c n y m T a  y  KaHaHH3aanjy (HenoBpaTHO 

r y 6 n ) ,  BpegHocT ry6HTaK a eH ep rn j e 3aBHcn n p e  c B era  o g  npHTHcKa c B e ^ e  n a p e  h oh ce  

K pehe y  p a cn o H y  2 2 %  g o  30  %  o g  eH eprn j e c B e ^ e  n a p e  n p u  npH rnc^H M a o g  0 ,3  g o  1,2
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MPa. TpornKOBH 3a HagoKHagy H3ry6^eHe Boge h xeMHjcKy npunpeMy Boge TaKO^e ce 
Mopajy y3eTH y o63up h cpanyHaTH y ogHocy Ha jegHHH^y H3ry6^eHor 
KOHgeH3aTa.BpegHocTH ry6HTaKa eHeprnje 3a cnynaj ry6HTKa OTnapKa h 3a cnynaj 6 a^aaa  
KOHgeH3aTa 3a oga6paHe npHTHcKe gaTe cy y Ta6enn 8.5. OBe BpegHocra Mory ce naKO 
H3panyHaTH aKO ce noTpa^e BpegHocTH eHTannHje KOHgeroara Ha goftoj rpaHHHHoj 
KpHBoj H3 Ta6nn^a 3a BenHHHHe cTaaa K^ynane Boge h nape.

T a S e ^ a  8 .5  BpegHocra ry6HTaKa eHeprnje 3a cnynaj ry6HTKa OTnapKa h 3a cnynaj 6 a^aaa
KOHgeH3aTa [8.1]

Ty6HTaK KOHgeH3aTa: HanoMeHa:
• ry6HTaK 3a napy 0,3 MPa, 22,8 % npo^eHaT og yKynHe yna3He
• ry6HTaK 3a napy 1,2 MPa 

HcnapaBaae KOHgeH3ara:
30,1 % eHeprnje nape

• ry6HTaK 3a napy 0,3 MPa, 8,1 % 3a cyg 3a caK yn^aae KOHgeH-
• ry6nraK 3a napy 1,2 MPa 16,9 % 3ara Ha aTMoc^epcKOM npHTHcKy

Pag npeKO o6Hna3Hor Boga Ha ogBajany Kopnmheae cBe^e nape;
KOHgeH3ara, ry6nraK 3a napy 0,3 (1,2) MHH. 8,1 omTeheae cyga 3a caK yn^aae
MPa (16,9) %

8.4 PAWHCKH nPHMEPH
n p H M e p  8 .1  O g p e ^ H B a rn e  c r e n e H a  k o p h c h o c t h  KOT^OBa, p e r y ^ a ^ n j a  K o e ^ H ^ n je H r a  

B iiiiiK a B a 3 g y x a  h  MpMMena g o g a T H o r  p a3 M ern H B an a  T o n a o T e  

(eKOH OM aj3epa)

y  jegHoj $a6pn^H y HHgycTpnjcKOM napHOM Koray, HOMHHanHe KopucHe TonnoTHe cHare 
3000 kW, caropeBa ce npnpogHH rac cnegeher cacTaBa:
CH4=96,15%, C2H 6=0,9%, C3H 8=0,35%, C4H 10=0,15%, CO2=1,4%, N 2=1,05%. ^ o ^ a  
TonnoTHa Moh npupogHor raca h3hoch H d=37182 kJ/m3.
Ba3gyx 3a caropeBaae ce He npegrpeBa. CacTaB gHMHHx racoBa Mepu ce racHHM 
aHanH3aTopoM ca xeMHjcKHM hennjaMa KojHM ce ogpe^yje 3anpeMHHcKH ygeo nojegHHHx 
KOMnoHeHaTa y cyBHM gHMHHM racoBHMa.
noTpe6HO je  H3panyHaTH cTeneH kophchocth Koraa aKO je  y ^ hmhom KaHany, npu 
HOMHHanHoj npogyK^njn nape, H3MepeHo: CO2S=8,90%; CO,S=55 ppm, O 2S=5,65%, h 
TeMnepaTypa gHMHHx racoBa tdg=180°C (3aHeMapHTH eHTannHjy Ha TeMnepaTypu 
OKOHHHe).
OgpegHTH npo^emyanHO noBehaae creneHa kophchocth Koraa h ymTege y TpomKOBHMa 
3a ropuBO aKO ce peryna^njoM KOHHHHHe Ba3gyxa 3a caropeBaae Koe^H^njeHT BHmKa 
Ba3gyxa ogp^aBa Ha npenopyneHoj BpegHocrn og 2  = 1,1 .
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OgpegHTH npocr nepuog OTnnaTe HHBecTH^nje 3a eKOHOMaj3ep KojHM ce TeMnepaTypa 
gHMHHx racoBa oxnagH Ha 120°C Ha panyH 3arpeBaaa caHHTapHe Tonne Boge y $a6pn^H. 
noT pom aa npupogHor raca Ha rognmfteM HHBoy h3hoch 1.300.000 m3, no ^eHH og 50 
gHH/m3 (npu 1013 mbar h t=0°C).

P e m e rn e

Ha ocHOBy crexHOMeTpHjcKHx jegHanHHa H3 Teopnje caropeBa&a: 
• MHHHManHa TeopnjcKa KOHHHHHa Ba3gyxa 3a caropeBaae:

O,

O,

1
100

0,5-(h 2 + C O )+1,5• H 2S + 2 |  m + — I-CmH n - O2

—  -[(1 + 4 /4 ) • 96,15 + (2 + 6 /4 )  • 0,9 + (3 + 8 /4 ) • 0,35 + (4 + 10/4) • 0,15] = 1,982 m  
100 m

V  =  O 2 ,min m
v v,min ’ 3

a m

3m
3m

V . = 1,982 = 9 438 —v,min A ^  30,21 m

N 2,S

3anpeMHHcKH ygeo a30Ta y ^ hmhhm racoBHMa:
100 -  (o 2S + CO2S + C O S) = 100- (5,65 + 8,90 + 0,0055) = 85,44 %

• Koe^H^njeHT BHmKa Ba3gyxa:

2 = -----------------
x _  ° 2 s _ 79

N 2,s  ̂ 21

2  = -------- 1--------
_ 5,65 79

85,44 21

1,33

cTBapHa KOHHHHHa Ba3gyxa 3a caropeBaae:

Vv,stv =2-Vv,m» = 1,33 • 9,438 = 12,55 —r
m

• KO^HHHHa B^a^HHx npogyKaTa caropeBa^a:

Vco2 = —  -(CO + CO2 + z  m • C—H —), —
CO2 100 v 2 m m 3

Vco2 = 1 0 0 -(!,4 + !• 96,15 + 2 • 0,9 + 3 • 0,35 + 4 • 0,15) = 1,01

VH,O = —  -fH 2 + H 2S + e- •  CmH n1 , — r 
H20 1 00 l 2 2 2 m n) m3

m

m

3

T
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VH ° = —  -(2• 96,15 + 3• 0,9 + 4• 0,35 + 5• 0,15) = 1,971 m  
H2° 100 V ’ ’ ’  m3

V 0 2  =  X  1) - ° 2 ,min , ~
2 m

V°2 = (1,33-1) 1,982 = 0,654 m _
m

1 „ 1—a m 3

VN 2
= 100

• N 2 + ! •
a ° 2 ,min  ̂ 3m 3

1 1 — 0,21 m3
vN2 •1,05 +1,33 • •1,982 = 9,927 —

100 0,21 m3

Vrw = *yt == V C 0 2 + V S0 2 + V h 2o + +vkn ^  3
2 m 3

Vrw = 1,01 +1,971 + 0,654 + 9,927 = 13,562 m
m3

• emagnHja npogyKaTa caropeBaaa: 
kJ

h  = 1  h  = (IV - • S , )•? ,■“"?■.m3

3

T a S e g a  8 .6  Cne^H^HHHH TongoTHH KanagHTeT npu kohct^hthom npHTHCKy 3a noj egHHe
racoBe [8.7]

t, °C
kJ

Cp’C°2  ̂m3K
kJ

CrH2°  ̂m3K
kJ

Cr°2  ̂m3K
kJ

CrN2  ̂m3K
120 1,72416 1,51032 1,3268 1,29698
180 1,77421 1,52035 1,3351 1,30018

EHTagnnja npogyKaTa caropeBaaa 3a X = 1,33 h tdg = 180oC h3hoch:

kJ
h = (1,01 1,77421 +1,971 • 1,52035 + 0,654 1,3351 + 9,927 • 1,30018) • 180 = 3342,3 — -.

m3
CTeneH kophchocth KOTga ogpe^yje ce HHgnpeKTHOM MeTogoM (noraaB^e 8.2.3) Ha 
cgegehn Ha+HH:
ijk = 100 — z q = 100 -  (qj + q2 + q3 + q4 + q5) 

rge cy:
• ry6uTaK TongoTe ca gHMHHM racoBHMa:

h 3342 3
q, = ----- 100 = -------— • 100 = 8,99%

1 H d 37182

• ry6uTaK TongoTe ycgeg xeMHjcKe HenoTnyHOCTH caropeBafta:
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V
q 2 = „  • C O ,S ' H  d,C0

H  A

11,591
37182

• 0,0055 • 12633 = 0,02%

Vrs = Vrw — Vh 2°  = 13,562 —1,971 = 11,591 m
2 m3

KÔ HHHHa cyBHx npogyKaTa

caropeBaaa
kJ

H dC0 = 12633 —- -  gofta ronroraa Moh yr êH-MOHOKCHga [SRPS EN 12952-15] 
m

ry6uraK ron^OTe yc^eg MexaHHHKe HenoTnyHOCTH caropeBaaa:
q3 = 0% - MO*e ce 3aHeMapHTH y c^yHajy caropeBaaa racoBHTor h TenHor ropHBa

ry6uraK yc^eg cno^am aer pacx^a^HBarna (KOHBeK̂ HjoM h 3panerneM):

q4 =
0,0113 • Q n

Q n

0 0113 • (3)0,7
■•100 = — ------ ------------100 = 0,81% - 3a KoraoBe Ha racoBHTO h

TenHO ropuBO [SRPS EN 12952-15]

Q N = 3 MW - HOMHHâ Ha ronroraa cHara Koraa y MW 

• ry6uraK yc^eg ogco-MBama h ogMy^HBama Koraa:
q5 = 2% - npo^emeHa BpegHocr, TanHa BpegHocT MO*e ce ogpegHTH

eKcnepHMeHTa^HO MepemHMa npoTOKa h TeMnepaType Boge og ogco^aBama h 
ogMy^HBama y pagHHM yc^OBHMa.

CreneH kophchocth Koroa h3hoch:
nk = 100 — e q = 100 — (8,99 + 0,02 + 0 + 0,81 + 2) = 88,18%

Pery^aqHjoM KÔ HHHHe Ba3gyxa 3a caropeBarne Moryhe je cMarnHTH Koe^H^njeHT BHmKa 
Ba3gyxa y ahmhhm racoBHMa Ha npenopyneHy BpegHocT og X = 1,1 HHMe ce cMamyje 
KÔ HHHHa B^a^HHx npogyKara caropeBama:

m3
V°2 =(1,1 —1) 1,982 = 0,1982 —

m

V,. =  —  .1,05 +1.1. i —M  .1,982 = 8,212 ^ 3
m3

m3

N2 100 0,21

Vm = 1,01 +1,971 + 0,1982 + 8,212 = 11,391 3 .
m

y  tom cnynajy, npu HenpoMemeHoj TeMneparypn gHMHHx racoBa og t^ = 180°C,

eHTa^nnja npogyKaTa caropeBama h3hoch:
kJ

h  = (1,01 • 1,77421 +1,971 • 1,52035 + 0,1982 •1,3351 + 8,212 • 1,30018) • 180 = 2831,4 .

Ty6HTaK Ton^OTe ca gHMHHM racoBHMa y tom c^ynajy h3hoch:
m
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h 28314
q, = -100 = -100 = 7,61%

H d 37182

goK j e ry6nraK TonnoTe ycneg xeMHj cKe HenoTnyHOCTH caropeBaaa: 
V  9 42

q 2 = - ^ -C O S -H dco = — -------0,0055-12633 = 0,018%
H  d 4 37182

TaKO ga j e CTeneH kophchocth KOTna:
n k1 =  100 -  s  q =  100 -  (7,61 +  0,018 +  0 +  0,81 +  2) =  89,56%

npo^emyanHO CMa&eae yTpomKa ropHBa ycneg noBeharna creneHa kophchocth MO*e ce 
H3panyHaTH Ha cnegehn HanHH:

B  -  B , (  B x ^
-100 = \  -U jl.'. 1 -100 =

B V B j V nk1 )
100 = 1 1 -

88,18
89,56

100 = 1,54%.

y3HMajyhn y o63up ga je rognmrna noTpomma npupogHor raca Ha Koray Ha HHBoy og 
1.300.000 m3, peryna^HjoM KOHHHHHe Ba3gyxa 3a caropeBarne Moryhe je ymTegeTH 20.020 
m3 npupogHor raca mTO je eKBHBaneHTHO ymTegaMa og 1.001.000 gHHapa Ha rognmmeM
HHBOy.
yrpagrnoM eKOHOMaj3epa y ^hmhom KaHany Koraa h CHĤ aBarneM TeMnepaType gHMHHx

racoBa Ha tdg = 120oC, npu Koe$H^njemy BHmKa Ba3gyxa og 2  = 1,33, emannHja

npogyKaTa caropeBarna h3hoch:

h2 = (1,01 -1,72416 + 1,971 -1,51032 + 0,654 -1,3268 + 9,927 -1,29698) - 120 = 2215,3 kJ/m3 . 

y  tom cnynajy ry6HTaK TonnoTe ca gHMHHM racoBHMa h3hoch:

qj = -100 = 2215,3 -100 = 5,96%,
H  d 37182

TaKO ga j e CTeneH kophchocth KOTna:
n k2 = 100 — s q = 100 -  (5,96 + 0,02 + 0 + 0,81 + 2) = 91,21% .
npo^em yanHO CMamerne yTpomKa ropHBa ycneg noBeharna CTeneHa kophchocth 
npuMeHOM eKOHOMaj3epa MO*e ce H3panyHaTH Ha cnegehn HanHH:

B  -  B „

B
--100 = 1 -  B

B

3 (
-100 = 1-

V n  2

3
-100 = 1 1 -

88,18
91,21

100 = 3,32%.

npeMa TOMe, yrpagrnoM eKOHOMaj3epa Moryhe je  ymTegeTH 43.160 m3 npupogHor raca 
mTO je  eKBHBaneHTHO ymTegaMa og U eko = 2.158.000 gHH Ha rognmmeM HHBoy.

noTpe6Ha TonnoTHa CHara eKOHOMaj3epa MO*e ce ogpegmn Ha cnegehn HanHH:

Qeko = BN - (h -  h2 ) = 3 9 4 (3342,3 -  2215,3) = 103,1 k W ,
3600

rge je:
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B N
Q  N = 3000 • 3600 = 3294 m  

H d -n k 37182 • 0,8818 ’ h
noTpomaa ropuBa npu HOMHHâ Hoj

TOnHOTHOJ CHa3H KOTHa.
y kohhko ce ycBojn cynpoTHOCMepHH tok $nynga Kpo3 eKOHOMaj3ep, npu cpegmoj

TeMneparypcKoj pa3HH^H og Alsr = 30oC h opHjema^noHoj BpegHOCTH Koe^H^njem a

W
npona3a TonnoTe og k  _ 3 0 0

m 2K
noTpe6Ha pa3MernHBanKa noBpmHHa eKOHOMaj3epa

MO*e ga ce ogpegu Ha cnegehn HanHH [8.8]: 

103,1-1000o _ Qeko
êko 7 *

k  • At„ 3 0 0 • 3 0
- _  1 1 ,4 6  m 2 .

HHBecTH^HOHH TpomKOBH 3a eKOHOMaj3ep Mory ce H3pa3HTH noMohy jegrnonapaMeTapcKe 
jegHanHHe 3a npo^eHy TpomKOBa onpeMe Ha cnegehn HanHH [8.8]:

Ceko _ a  + b  • S"n _ 10000 + 88 • (11,46) _ 11010 USD _ 1.220.000 ahh .

y^ynHH HHBecTH^HOHH TpomKOBH o6yxBaTajy jom  TpomKOBe 3a MOHTa*y eKOHOMaj3epa h 
H3pagy ^eBOBoga h KaHana Kojn ce y3HMajy y o63up Koe^H^njemHMa Ha cnegehn 
HanHH:[8.8]:

C inv _  C eko • (1 +  f )  • (1 +  f )  _  1 2 2 0 0 0 0  • (1 +  0 ,4 ) -  (1 +  0 ,8 )  _  3 .0 7 4 .4 0 0  ^ h h  .
KoHanHO, npocT nepuog OTnnaTe HHBecTH^nje, Kojn He y3HMa y o63up eKcnnoara^noHe 
TpomKOBe paga eKOHOMaj3epa, h3hoch:

3 .0 7 4 .4 0 0C
P P O  _ — ^

U , 2 .1 5 8 .0 0 0
■ _  1 ,43  r o g  .

npHMep 8.2 CHH^erne npHTHCKa nape npoH3BegeHe y kot^ obckom nocrpojerny
HaKOH cnpoBegeHor eHepreTcKor npernega, y jegHoj $a6pn^H npexpaM6eHe HHgycTpnje 
yTBp^eHO je  ga ce MaHoMeTapcKH npHTHcaK cyBo3acuheHe BogeHe nape Koja ce nporoBogn 
Ha napHoM Koray Ha npnpogHH rac, Mo*e chh3hth ca 9 Ha 8 bar, 6e3 HeraTHBHor y ra^aja  
Ha TexHonomKH npo^ec Kog Kpajrnnx KopncHHKa. KoTao Ha rognmmeM HHBoy npoH3Bege 
9.000 ToHa nape. npocenaH cTeneH kophchocth Koraa je  Ha HHBoy og 90%, goK je  gorna 
TonnoTHa Mohe npupogHor raca 35.000 kJ/m3, no ^eHH og 50 guH/m3 (npu 1013 mbar h t 
= 0°C). H3panyHarH ymTege y TpomKoBHMa 3a npnpogHH rac Kojn ce Mory nocrnhH 
pegyK^njoM npHTHcKa nporoBegeHe nape y KoHKpeTHoM cnynajy.

Pemerne

C n e ^ H ^ H H H a  eH T an n H ja  K om oB cK e H an o jH e  B o g e  ( t nv1 _  105 oC ) H a an co n y T H o M  npH TH cK y 

o g  10  b a r  h3hoch:
k J

hnv1 _  4 4 0 ,4  —  .
k g
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C n e ^ H ^ H H H a  e H ra n n H ja  K oraoB cK e H an o jH e  B oge  ( t nv2 _  1 0 5  oC )  H a an co n y T H o M  

npH TH cK y o g  9  b a r  h3hoch h nv2 _  4 4 0 ,3 5  k J / m 3 . C n e ^ H ^ H H H a  eH T an n H ja  c y B o 3 a c u h e H e

3
BogeHe nape Ha anconyTHoM npHmcKy og 10 bar je hpX _ 2778 kJ/m . Cne^H^HHHa 

eHTannHj a cyBo3acuheHe BogeHe nape Ha anconyTHoM npHTHcKy og 9 bar h3hoch 

hp  ̂ _ 2774 kJ/m . Cne^H^HHHo cMaaeae yTpomKa eHeprnje 3a npoH3Bogay 1 kg 

BogeHe nape Mo*e ga ce H3panyHa Ha cnegehn HanHH:

A h  _ (hp1 -  hnv1) -  (hp2 - h nv2) _ (2778 -  440,4) -  (2774 -  440,35) _ 3,95 kJ/m3

^a^e ce Mo*e H3panyHaTH cMaaeae yTpomKa eHeprnje Ha rognmfteM HHBoy 3a 
npoH3BegeHHx 9.000 ToHa nape:

Q _  mp • A h  _  9 0 0 0  • 1 0 0 0  • 3 ,9 5  _  3 5 ,5 5  • 1 0 6 k J

y3HMajyhn y o63Hp npocenaH cTeneH kophchocth KoT^a Mo^e ce H3panyHaTH noTpe6Ho 
cMaaeae npHMapHe eHeprnje:

Qp _  Q _  3 5 ,5 5  - 1Q6 _  3 9 ,5 .1 0 6 k J.
p n  0,9

OBa KonHHHHa eHeprHje je eKBHBaneHTHa cMaaefty yTpomKa npupogHor raca og:

Qp 3 9 ,5  • 1 0 6
B g  _ - ■ _  1 1 2 9  m 3/g o d

H  d 3 5 0 0 0

o^ hocho ymTegaMa y HoB^y Ha rognmfteM HHBoy og: 
C _  Bg • c _  1 1 2 9  • 5 0  _  5 6 .4 5 0  ^ h h .

n p H M e p  8 .3  n p e g r p e B a r n e  B a 3 g y x a  3 a  c a ro p e B a rn e  H a KOT^y

OgpegHTH ymTege y noTpom^H npupogHor raca Ha HHgycrpHjcKoM napHoM Koray H3 
npHMepa gaTor y noraaB.^y 8.5.1 aKo ce yrpagftoM gogaTHor pa3MeftHBana TonnoTe y 
racHoM TpaKTy Koraa Ha panyH xna^eaa gHMHHx racoBa Ba3gyx 3a caropeBaae npegrpej e

ca t v1 _  2 0 o C  Ha tv2 _  7 0 oC .

P e m e r n e

CTBapHa KonHHHHa Ba3gyxa 3a caropeBaae npu Koe$H^njemy BHmKa Ba3gyxa og 
2  _  1,33 h3hoch (npHMep y noraaB.^y 8.5.1):

F v , s tv  _  12,55 m 3 / m 3 .

noTpomaa npupogHor raca Ha rognmfteM HHBoy h3hoch B =1.300.000 m3 mTo j e 
eKBHBa êhtho noTpoman cBe^er Ba3gyxa 3a caropeBaae og:

Vv _  B • Vv,stv _  1 .3 0 0 .0 0 0  • 1 2 ,5 5  _  1 6 ,3 2  • 1 0 6 m 3.
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noTpe^Ha Kô HHHHa TonnoTe 3a npegrpeBaae Ba3gyxa ca tv1 20oC Ha tv2 _ 70oC
h3hoch:

Qv _ Vv • Cp v  • (tv2 -  t w l) _ 16,32 • 106 • 1,12 • 50 _ 914 • 106 kJ.

3aHeMapyjyhn ry6HTKe TonnoTe y pa3MeftHBany h gHcrpH6yTHBHHM KaHanHMa 3a Ba3gyx, 
oBa KonHHHHa TonnoTe jegHaKa je  kohhhhhh TonnoTe Koja ce goBege Koray ca 
npegrpejaHHM Ba3gyxoM 3a caropeBaae.
Ca gpyre crpaHe, eHeprnja Koja ce goBege Koray ca tophbom h3hoch:

Qg _ B • H d _ 1.300.000 • 37182 _ 48337 4 0 6 kJ.

npegrpeBaaeM Ba3gyxa 3a caropeBaae Moryhe je nocrnhH ymTege y noTpomftH 
npHMapHe eHeprnje og:

AQ ! ^  Qg -  Qv Y 100 _ %  ^  (48337 -  914) •106 
Qg J {  48337 •106

•100 _  1,89%,

o^ hocho ymTege y noTpom^H npupogHor raca Ha rognmfteM HHBoy og:
B ~AQ _ 1.300.000 ~1,89 

100 _ 100
24.570 m3.

n p H M e p  8 .4  C M a rn e B e  e^HKacHOCTH KOT.ra n p n  i ia |) i i i i ja .  iiio m  o n T e p e 6 e rn y

y  KoTnapHH^H j egHe $a6pHKe npexpaM6eHe HHgycrpnj e HHcranHpaHa cy gBa Koraa 
MaKcHManHor Kana^HTeTa 10 t/h Kojn npoH3Boge cyBo3acuheHy napy npHTHcKa 1,3 MPa. 
HcnHTHBafteM j e go6nj eHa KpHBa 3aBHcHocrn creneHa kophchocth Koraa og Kana^nreTa. 
3aBHcHocr creneHa kophchocth Koraa n  , %, og Kana^nreTa Q , %, gaTa j e H3pa3oM:

n _  36 +1,1 • Q -  0,0056 • Q 2,%.

y  ToKy paga y HohHoj cMeHH noTpomaa nape j e gocTHrna 10 t/h. y  oneKHBafty noBehaaa 
noTpomae nape Ha BHme og 10 t/h y npBoj cMeHH yK^yneH j e h gpyrn KoTao. ^o npoMeHe 
noTpomaoM nape HHj e gomno y HapegHa 3h, ann j e 3a to BpeMe pyKoBana^ Kor a a 
HacraBHo ga pagn ca gBa Koraa ca no 50% Kana^nreTa. Ako j e ropHBo npnpogHH rac 
goae Tonnorae Mohu 34.000 kJ/m3, a ^eHa raca 50 gHH/m3, H3panyHaTH 3a Koj y BpegHocr 
cy noBehaHH TpomKoBH 3a npnpogHH rac 36or Tora mTo cy y noroHy 6nna gBa Koraa ca 
nap^njaHHHM onrepehefteM yMecTo jegHor Koraa ca MaKcHMarHHM onTepeheaeM.

(npHTHcaK h TeMnepaType HanojHe Boge Ha Koray H3Hoce p nv _ 1,3 MPa h tnv _ 105 oC ,

pecneKTHBHo).

P e m e rn e

Ta6nHHHe BpegHocTH eHTannHje 3a HanojHy Bogy h BogeHy napy 3a anconyTHH npHTHcaK 

og 1,3 MPa (13 bar) H3Hoce [8.9] hnv _ 440,6 kJ/kg h hp _ 2787 kJ/kg.

H3 H3pa3a n  _  f  (Q) cnegn:
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n  _ 36 +1,1 • 100 -  0,0056 • 1002 _ 90%,

n2 _ 36 +1,1 • 50 -0,0056 • 502 _ 77%.

H3pa3 3a ogpe^HBaae noTpomae ropHBa Ha Koray:

B _  m , ( h p - h n v )

H  d •n

y  cnynajy paga Koraa Ha MancHMaHHoM onTepeheay noTpomaa ropHBa h3hoch:

B, _ 1000° - <2 7 8 7 -4 4 a 6 > _ 766,8 E i .
1 34000 • 0,9 h

y  cnynajy paga jegHor Koraa npu nap^njanHoM onrepeheay noTpomaa ropHBa h3hoch:

B _  5 0 0 0  • (2 7 8 7  -  4 4 0 ,6 )  _  4 9 2  9  m

2 3 4 0 0 0  • 0 ,7  ’ h  '

nopacr noTpomae raca h3hoch:

AB _ 2 •  B2 - Bx _ 2 •  492,9 -7 6 6 ,8 _  219 m3 /h

o^hocho 3a 3 h paga KoraoBa npu nap^njanHoM onTepeheay:

B _ 3 •AB _ 3 • 219 _ 657 m3,
mTo je eKBHBaneHTHo TpomKoBHMa og:
C = B • c = 657 • 50 = 32.850 gHH

npHMep 8.5 ry6nuH TonroTe ca KOHgeH3aTOM h OTnapKOM
y  $a6pn^H H3 npHMepa garor y oge^Ky 8.5.2, og yKynHe KonHHHHe nape Koja ce 
npoH3Bege Ha Koxny (9.000 t/rog), 20% ce yTpomu y npoH3BogHoM npo^ecy 6e3 
MoryhHocTH noBpara KoHgeH3ara, 50% ce Bparn y KoraapHH^y y BHgy KoHgeH3ara npeKo 
ca6npHHKa KoHgeH3ara, goK ce npeocranHx 30% y BHgy KoHgeH3ara npocuna y 
KaHaaH3a^njy 36or Henocrojafta ^eBoBoga 3a noBpar KoHgeH3ara Ka KoraapHH^H. 
Ca6npHHK KoHgeH3ara (caHKa 8.38) pagu Ha arnoc^epcKoM npHTHcKy TaKo ga y aeMy 
goaa3H go oTnapaBaaa KoHgeH3ara Kpo3 ogymHH ^ boboa. OgpegHTH ry6HTKe eHeprnje h 
eKBHBaaeHTHe ry6HTKe y HoB^y ca KoHgeH3aroM h oTnapKoM Kojn ce He Kopncre aKo je 
MaHoMeTapcKH npHTHcaK KoHgeroara y ^eBoBogy 3a noBpar KoHgeroara 3 bar.

Pemerne
y  Ta6ean 8.7 npHKa3aHe cy Ta6aHHHe BpegHocm eHTaanHje Boge, nape, KoHgeH3aTa h 
oTnapKa noTpe6He 3a npopanyH.

T a S e ^ a  8 .7  Ta6aHHHe BpegHocTH eHTaannje Boge, nape, KoHgeH3ara h oTnapKa [8.9

EmannHja Boge Ha t _ 20oC hp  = 1 bar hv _  83,9 kJ/kg

EmannHja K^ynane Boge (KoHgeroaTa) Ha p  = 4 bar hk1 _ 604,7 kJ/kg

EmannHja cyBo3acuheHe nape Ha p  = 1 bar hot _ 2675 kJ/kg

EmannHja K^ynane Boge (KoHgeH3aTa) Ha p  = 1 bar hk2 _ 417,4 kJ/kg
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C ^H K a  8 .3 8  ffleMa ca6npHHKa KoHgeH3aTa ca npaTehHM ^eBoBogHMa

ry6n^H  eHeprnje ycneg npocnnafta KoHgeH3aTa ce Mory ogpegHTH Ha cnegehn h^hhh:

6gub,k _ «k • (hk, -  hv) _ 0,3 • 9 • 106 • (604,7 -  83,9) _ 1406 • 106 kJ.

y3HMajyhn y o63up npocenaH creneH kophchocth Koraa, ry6n^H npepanyHaTH Ha 
npHMapHy eHeprnjy H3Hoce:

g p1 _ _ 1406 -1Q6 _ 1562 • 106 kJ.
p1 n  0,9

OBa KonHHHHa npHMapHe eHeprnje eKBHBaneHTHa je  yTpomKy npnpogHor raca og:

B , _ ^  _ 1562 -106 _ 44629 m3
H„ 35000 god

o^ hocho ry6n^HMa y HoB^y Ha rognmfteM HHBoy og:
Cj _ BG1 • c _ 44629 • 50 _ 2.231.450 ^hh.

H3 jegHanHHa 3a MarepHjanHH h TonnoTHH 6nnaHc ca6npHHKa KoHgeroaTa Mo*e ce 
H3panyHaTH KonHHHHa oTnapKa Kojn ce ocno6ogn y arnoc$epy npeKo ogymHor ^eBoBoga:

mk2 _ 0,5 • 9 •106 _ 4,5 •106 kg,

h k 2 -  hk

h k1 -  K
_ 4,5 • 106 417,4 -  604,7 _ 0,407 • 106 kg.

604,7 -  2675

Ty6H^H eHeprnje ca oTnapKoM H3 ca6npHHKa KoHgeH3ara H3Hoce:

Qgub,ot _  mot • (hot -  hv ) _  0,407 • 106 • (2675 -  83,9) _  1055 • 106 kJ.

y3HMajyhn y o63up npocenaH creneH kophchocth Koraa, ry6n^H npepanyHaTH Ha 
npHMapHy eHeprnjy H3Hoce:

Q _  2 ^  _  1055 -10 _  1172 •106 kJ.
p2 nk 0,9

OBa KonHHHHa npHMapHe eHeprnje je  eKBHBaneHTHa yTpomKy npnpogHor raca og:
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BG2
Qp2
H

1172•106 
35000

_ 3 3486
m 3

g o d ’

o^ hocho ry6n^HMa y hob^ y Ha rognm aeM  HHBoy og: 
C 2 _  Bg2 • c _  33486 • 50 _  1.674.300 gHH.
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n n T a ^ a

1. n p u  KojHM ycnoBHMa ce ocrBapyje HajHHTeH3HBHHjn TpaHcnopT TonnoTe?
2 . KaKo Ba3gyx yTHHe Ha Koe^H^njeHT npena^erna TonnoTe?
3. Kojn cy ochobhh eneMeHTH kothobckof nocrpojerna?
4. f f ira  je  creneH kophchocth Koraa?
5. KaKo 3anpeMHHcKH ygeo KHceoHHKa y npogyKTHMa caropeBama yTHHe Ha ry6HTaK 

ca npogyKTHMa caropeB aaa?
6 . KaKo TeMnepaTypa npogyKaTa caropeB aaa Ha H3na3y H3 Koraa yTHHe Ha ry6nraK  ca 

npogyKTHMa caropeB aaa?
7. n p u  KojeM onTepeherny Koraa ce ocTBapyje MaKcHManaH creneH kophchocth?
8 . f f ira  je  eKoHoMaj3ep?
9. Koje Bpcre ropHBa ce Mory caropeBarn y KoHgeH3aqnoHHM KoTnoBHMa?
10. KaKo Hacnare Ha^H h KaMeH^a yTHHy Ha oTnope TpaHcnopTy TonnoTe Kpo3 

pa3MernHBaHKe noBpmHHe Koraa?
11. HaBecrH ocHoBHe y3poKe ry6HTaKa Kog cncreM a 3a gHcrpH6y^Hjy nape.
12. Koje cy ocHoBHe $yHK^nje ogBajaHa KoHgeH3ara?
13. Koje cy ocHoBHe Bpcre KoHcrpyK^nja ogBajaHa KoHgeH3ara?

http://www.bosch-industrial.com/
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14. ffira j e oTnapaK?
15. 36or Hera j e Ba*Ho hckophcthth eHeprnjy oTnapKa?



9. n P O H 3 B O A ftA , n P E H O C , A H C T P H B V ^ H JA  H  K B A IH T E T  
E I E K T P M MME E H EPTH JE

A^eKcaHgap H hko^ hR

9.1 CHCTEMH 3A nPOH3BOA&y EIEKTPHMHE EHEPrHJE
CncreMH 3a npoH3Bogfty eneKTpHHHe eHeprnje y OKBHpy eneKTpoeHepreTCKor cncreMa 
Mory ga Kopncre pa3HHHHTO ropHBO u  eHepreHTe 3a go6njafte eneKTpHHHe eHepraje 
(y ra^ , Boga, HyKneapHO ropHBO, BeTap, cyH^e, 6ho ropHBO, HTg.), na ce y 3aBHCHOCTH og 
Tora CBpcraBajy y jegHy og cnegefinx rpyna.
TepMoe^eKTpaHe cy nocrpojefta Kog Kojnx ce xeMHjcKa eHeprnja cagp^aHa y y r^y , 
^paK^njaMa Ha$Te hhh racy caropeBaaeM npeTBapa y Tonnoray eHeprnjy Koja ce 3^thm 
nocpegcraoM pagHor MegnjyMa -  nape, npogyKaTa caropeBaaa, npeTBapa y MexaHHHKy 
eHeprajy poTa^HOHor KpeTaaa noroHCKor BpaTHna reHeparopa eneKTpHHHe eHeprnje. 
3aBHCHO og Bpcre noroHCKor arperaTa, TepMoeneKTpaHe ce gene Ha TepMoeneKTpaHe ca 
Typ6nHCKHM nocrpojeftHMa h TepMoeneKTpaHe ca MOTopHMa ca yHyTpamftHM 
caropeBameM. Typ6uHCKa nocTpojerna ce KopucTe y TepMoeneKTpaHaMa BenHKHx CHara, 
goK cy MOTopu ca yHyTpammHM caropeBarneM 3acTyn^eHH y eneKTpaHaMa Marnnx CHara 
Koje ce Kao TaKBe o6hhho H3Boge Kao ge^ernpanrooBaHa (gHCTpn6yHpaHa) nocTpojema. 
Typ6uHCKa nocTpojerna Mory 6hth ca napHHM, racHHM h KOM̂ HHOBaHHM Typ6HHaMa. y  
nocTpojemHMa ca napHHM Typ6uHaMa, caropeBame ce ogBHja y Koray y KOMe ce 
nporoBogH nperpejaHa napa Koja ce Kopncra 3a noKpeTame napHe Typ6uHe h npoH3Bogmy 
MexaHHHKe eHeprnje noTpe6He 3a noroH reHepaTopa eneKTpHHHe eHeprnje. y  ob^kbhm 
nocTpojemHMa Hajnemfie caropeBa y ra^ . y  nocTpojemHMa ca racHHM Typ6uHaMa 
caropeBame ce ogurpaBa y npeTxogHO KOMnpHMOBaHOM Ba3gyxy Kojn ce yBogu y KOMopy 
3a caropeBame. npogyK ra caropeBarna Ha bhcokom npHTHCKy h TeMnepaTypu HHHe pagHH 
$nyng Kojn CBojoM eHeprnjoM noKpefie nonara^e Typ6uHe h npoH3Bogn MexaHHHKy 
eHeprnjy noTpe6Hy 3a noroH reHepaTopa eneKTpHHHe eHepraje. Ba3gyx ce ca6nja 
KOMnpecopoM Kojn ce Ha^a3H Ha HCToj ocobhhh Kao h Typ6uHa, ogHOCHO geo 
npoH3BegeHe MexaHHHKe eHeprnje ce Kopncra 3a noKpeTarne KOMnpecopa ogHOCHO 
ca6njame Ba3gyxa y KOMe fie ce BpmHTH caropeBame. y  ob^kbhm nocrpojemHMa caropeBa 
npnpogHH rac h Kepo3HH. y  TepMoeneKTpaHaMa ca KOM̂ HHOBaHHM ^HKnycoM KopucTe ce 
h racHe h napHe Typ6uHe Koje page y 3aj egHHHKOM TonnoTHOM ^HKnycy y KOMe ce 
eHeprnja npogyKaTa caropeBama Kojy HHje Moryfie go Kpaja hckophcthth y racHoj 
Typ6nHH KopncTH 3a npoH3Bogmy BogeHe nape, a 3araM ce npeKO napHe Typ6uHe kophcth 
3a noroH reHepaTopa eneKrpHHHe eHeprnje. CBpxa KOM^HHOBaHor ^HKnyca je  ga ce
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HCKopHCTH OTnagHa TonnoTa H3 racHe Typ6uHe h Ha Taj HanHH noBeha yKynHH CTeneH 
KopHCHOCTH nocrpojefta.
Kog xiui>oe.ieK"i'i)aiia. noTeH^njaaHa eHeprnja Boge Ce noCpegCTBOM ogroBapajyhnx 
Typ6uHa npeTBapa y MexaHHHKy eHeprnjy noTpe6Hy 3a noroH reHepaTopa eneKTpHHHe 
eHeprnje. Tun KopnmheHe Typ6uHe 3aBHCH og BogoTOKa Ha KOMe Ce xHgpoeneKTpaHa 
rpagn. o^ hocho og meroBor naga. npoTOKa, yKynHe KOHHHHHe pacnoao^HBe Boge h meHe 
paCnogene tokom rogHHe. KoHcrpyK^HOHHM MepaMa Mory Ce no6o^maTH yCHOBH 3a 
Kopnmherne npupogHor BogHor noTeH^njaaa, Hnp. ^opMHpameM aKyMyaa^HOHor je3epa, 
HHMe Ce HagoKHa^yje Ce30HCKa HepaBHOMepHOCT goTOKa Boge. y  3aBHCHOCTH og BeaHHHHe 
KopHCHe aKyMyaa^nje, xHgpoeaeKTpaHe Ce geae Ha npoTOHHe h aKyMyaa^HOHe. 
y  HVK.eapHHM e.ieK'i'naiiaMa. Ce TonaoTHa eHeprnja go6nja y HyKaeapHOM peaKTopy y 
kom Ce ogurpaBa HyKaeapHa peaK^nja, goK je  y CBeMy OCTaaoM npo^ec npHH^HnnjenHO 
CHHaaH OHOMe Kog TepMoeaeKTpaHa.
E.ieKi naiie Ha 6norac KopHCTe Kao ropHBO HyCnpogyKTe ctohhhx ^apMH hhh chhhhhx 
no^onpHBpegHHx ra3gHHcraBa, goK e.eK"rnane Ha 6noMacv Kopncre Kao ropHBO 
hhcKOBpegHa ropHBa Koja cy OTnag H3 npo^eca npepage gpBeTa (cenKa, HTg.). 
npoH3Bogme xpaHe (cyH^OKpeTOBa ^ycKa, KyKypy3HH OKaacaK), nrg.
BerponapKOBH Kopncre CHary BeTpa 3a noKpeTame nonarn^a KojHMa ce OKpehe 
reHeparop. 3a caga HHcy 3HaaajHO 3acryn^eHe y EEC Peny6aHKe Cp6uje.
C o.apH e e.ieK'i'nane cy cncreMH Kog Kojnx ce eHeprnja cyH^a npeTBapa y eaeKipHHHy 
eHeprnjy. yraaBHOM cy 3acryn^eHe T3B. KpoBHe Marnnx CHara (go 20kW), goK je  TeK 
HeKOHHKO coaapHHx eaeKTpaHa CHara 1 MW h 2 MW rorpa^eHO „Ha 3eM^n“. 
y^ynHa npoH3Bogrna eaeKTpHHHe eHeprnje 2015. rogHHe y Peny6an^H Cp6njH je  6naa 
[9.1]:

• H3 TepMoeaeKTpaHa 25.017GWh;
• H3 TepMoeaeKTpaHa-TonaaHa 45GWh;
• H3 xngpoeaeKTpaHa 10.599GWh.

Ocraae HaBegeHe Bpcre eaeKTpaHa npaKTHHHO HeMajy 3HaaajaH yra^aj Ha onmTeM HHBoy.

9.2 nPEHOC E^EKTPHHHE EHEPrHJE
npeHoc eaeKTpHHHe eHeprnje je  TpaHcnopT eaeKipHHHe eHeprnje Ha BeaHKa pacrojarna 
H3Me^y npoH3BO^ana (eaeKTpaHa) h ^earapa noTpomme (eaeKTpogHcrpH6y^Hje, BeaHKH 
HHgycrpHjcKH noTpomaan). EaeKTpHHHa eHeprnja ce npeHOCH gaaeKOBogHMa HanoHCKHx 
HHBoa 110 kV. 220 kV i 400 kV.
^aaeKOBogHMa HanoHa 400 kV noBe3yjy ce HajBehn h Haj3HanajHHjH ^em pn  npoH3Bogrne 
h noTpomme y Cp6njH. aan ce. npeTe^HO npeKO OBor HanoHCKor HHBoa, h HHTaB 
eaeKTpoeHepreTCKH cncreM Cp6nje noBe3yje ca eaeKTpoeHepreTCKHM cncreMHMa 
cycegHHx 3eMa^a, mTO OMoryhaBa Me^yHapogHy TproBHHy eaeKTpHHHOM eHeprnjoM. Ha 
Taj HaHHH, npeHOCHH cncreM Cp6nje hhhh geo naHeBponcKor cncreMa 3a npeHOC 
eaeKTpHHHe eHeprnje, a meroB noce6aH 3Haaaj oraega ce y TOMe ga HenocpegHO noBe3yje
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geBeT 3eM&M h o6e36e^yje npeHoc eneKTpHHHe eHepraje ca ceBepa Ha jy r. ca HCTOKa Ha 
3anag h ca ceBepoucTOKa Ha jyro3anag EBpone.
^.aneKOBogn ce cnajajy y BHCOKOHanoHCKHM nocrpojeftHMa rge ce Bpmu TpaHC^opMa^nja 
eneKTpHHHe eHeprnje (ogHOCHO npoMeHa HanoHCKor HHBoa) noMohy eHepreTCKHx 
TpaHC^opMaropa BenHKe CHare (ipaHC^opMaTopcKe craHH^e) hhh pa3Boga eneKTpHHHe 
eHeprnje Ha hctom HanoHy (pa3BogHa nocrpojefta). TpaHC^opMarapcKe ciaHH^e h 
pa3BogHa nocrpojeaa cy cno^eHa nocrpojeaa Koja OMoryhaBajy $yHK^HOHHcafte h 
ynpaB^afte eneKTpoeHepreTCKHM cncreMOM Kao ^enHHOM.
nopeg  ganeKOBoga h nocrpojefta, npeHOCHH cncreM HHHe h gpyru npaTehu cncreMH 
(TeneKOMyHHKa^HOHH cncreM, cncreM ga^HHCKor ynpaB ^aaa, concTBeHa noTpomaa h 
gpyru) mTO CBe 3ajegHO npeHOCHH cncreM hhhh jegHHM og HajcHO*eHHjnx 
HH$pacrpyKTypHHx CHCTeMa.
Oneparep cncreMa npeHOca h Tp^nmHH oneparep (TCMO) y Peny6nn^H Cp6njn Kojn je  
ogroBopaH 3a npeHOC eneKTpHHHe eHeprnje Kpo3 Mpe®y BHCOKor HanoHa, pag cncreMa. 
nponpaTHe ycnyre, ynpaB^afte Tp^nmTeM eneKTpHHHe eHeprnje h ypaBHOTe*eae 
Tp^nmTa je  AK^HOHapcKO gpymTBO EneKipoMpe^a Cp6nje (EMC A ^). 
n o g  nojMOM npHcryna cncreMy 3a npeHOC eneKTpHHHe eHeprnje nogpa3yMeBa ce 
KOHTHHynpaHO Kopnmheae cncreMa 3a npeHOC eneKTpHHHe eHepraje og CTpaHe 
eHepreTCKHx cy6jeKaTa npHK^yneHHx Ha OBaj cncreM y CBpxy npegaje ogHOCHO 
npey3HMaaa eneKTpHHHe eHepraje. ycnyra npHCiyna CHCTeMy 3a npeHOC eneKTpHHHe 
eHeprnje npegcraB^a ycnyry Kojy EMC A^, Kao onepaTop npeHOCHor cncreMa npy®a 
eHepreTCKHM cy6jeKiHMa npHK^yneHHM Ha npeHOCHH cncreM h Ha 0CH0By Tora ociBapyje 
npuxog. ^ chobh h h^hhh yrap^HBaHa MaKCHManHO ogo6peHor npuxoga EMC A^, 
ype^yjy ce MeTogonornjoM 3a ogpe^HBaae ^eHe npHCiyna cncieMy 3a npeHOC 
eneKTpHHHe eHepraje Kojy aohoch AreH^nja 3a eHepreraKy PC h Ha 0CH0By Koje EMC 
A^, npegna^e ^eHe npncryna CHCieMy 3a npeHOC eneKTpHHHe eHepraje. CarnacHOCT o 
^eHH npHCiyna CHCieMy 3a npeHOC eneKTpHHHe eHeprnje gaje AreH^nja 3a eHepreTHKy 
PC. npuxog no 0CH0By npy® aaa ycnyre npncryna CHCieMy 3a npeHOC eneKTpHHHe 
eHepraje npegcraB^a Haj3HanajHHjH h HajgoMHHaHTHHjn H3Bop npuxoga EMC A ^. 
06panyHCKH nepuog 3a Kojn ce Bpmu o6panyH npncTyna je  nepuog Kojn 3anonnfte og 
07:00 caTH npBor KaneHgapcKor gaHa y Mece^y h Tpaje go 07:00 caiH npBor KaneHgapcKor 
gaHa HapegHor Mece^a. npo6neMaTHKa npHCiyna cncieMy 3a npeHOC eneKipHHHe 
eHepraje ce ype^yje yroBopoM o npncryny CHCieMy 3a npeHOC Kojn 3aK^ynyjy EMC A^, 
h eHepreTCKH cy6jeKaT Kojn je  o6Be3HHK nnahafta ycnyre npHCiyna. npBa npHMeHa 
Tapn^e 3a npHCiyn npeHOCHOM cncieMy je  3anonena 1. jaHyapa 2008.rogHHe.
^ a  6h ce o6jeKar npHK^ynHO Ha npeHOCHH CHCieM, noTpe6HO je  cnpoBeciH cnegehe 
KopaKe:

• H3pagHTH CiygHjy npHK^ynefta 06jeKia;
• H3pagHTH nnaHCKy h TexHHHKy goKyMeHia^Hjy h npn6aBHTH noTpe6He go3Bone 3a 

H3rpagHy npHK^yHKa;
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• npaTHTH rpagfty npHK^yHKa;
• npn6aBHTH ogo6pefte 3a npHK^yneme 06jeKTa;
• npoBepHTH HcnyfteHOCT TexHHHKHx ycHOBa H3 ogo6peaa 3a npHK^yneme 06jeKTa, 

noTnncaHHx yroBopa h npaBHna o pagy npeHOCHor cncreMa.

9.3 CHCTEMH 3A TPAHC#OPMA^Hjy H ^HCTPHBY^Hjy 
E^EKTPHHHE EHEPrHJE

CncreMH 3a TpaHc$opMaanjy h gHcrpH6y^Hjy eneKTpHHHe eHeprnje cy HeonxogHH KaKO 
6h ce npoH3BegeHa eneKrpHHHa eHeprnja TpaHcnopTOBana go ogpe^eHHx noTpomana h Ha 
Behe ga^HHe.
^ a  6h ce H3 npoH3BogHHx cncreMa (eneKTpaHa) npou3BegeHa eneKTpHHHa eHeprnja Ha 
HanoHcKOM HHBoy Hajnemhe 15E21 kV npeHena go yga^eHHx noTpomana, npBO ce 
Kopncre cncreMH 3a TpaHc$opMa^njy (rpa^ocraHH^e) y KojHMa ce Bpmu TpaHc^opMa^nja 
Ha BHme HanoHcKe HHBoe (110 kV, 220 kV h 400 kV), a 3aTHM ganeKOBogHMa npeHocu go 
Tpa^ocraHH^a gHcrpH6yTHBHor cncreMa. y  OKBHpy gHcrpH6yTHBHHx cncreMa bhcokh 
HanoH ce noHOBO TpaHc^opMHme, ann caga Ha HH®e BpegHocrn (10 kV hhh 6 kV 3a 
HHgycrpHjcKe noTpornane, o^ hocho 0,4 kV 3a goMaftHHcTBa).
TpaHc^opMaTop je  crarHHKH eneKTpoMarHeTcKH ype^aj y KojeM ce eneKTpHHHa eHeprnja 
H3 jegHor hhh BHme HaH3MeHHHHHx KpyroBa Kojn Hanajajy npHMapHe HaMOTaje 
TpaHc^opMaropa npeHocu y jegaH hhh BHme HaH3MeHHHHHx KpyroBa HanajaHHx H3 
ceKyHgapHHx HaMOTaja TpaHc^opMaropa c H3MemeHHM BpegHocTHMa crpyja h HanoHa 
HenpoMerneHOM ^peKBeH^njoM h cHaroM.
TpaHc^opMa^nja eHeprnje gora^a ce y bkthbhom geny TpaHc^opMaropa cacraB^eHOM og 
HaMOTaja (Hajnemfte og 6aKpa) h je3rpa og nerype r a o ^ a .
HajpacnpocTparneHHjn cy T3B. eHepreTcKH TpaHc^opMaropn Kojn cny*e 3a npeHoc h 
pacnogeny eneKTpHHHe eHeprnje.
^,HcTpn6yTHBHH cucTeM ce cacTojn og Mpe^e Ka6noBcKHx (Hajnemfte nog3eMHux) h 
Hag3eMHHx BogoBa h Tpa^ocTaHH^a HanoHa 110 kV/x (x = 35 kV hhh 10 kV, y BojBogHHH 
20 kV), 35 kV/10 kV, 10 kV/0,4 kV.
Og cpegHHe 2015. rogHHe, pagoM gHcrpH6yTHBHor cucTeMa ynpaB^a onepaTop 
gHcTpn6yTHBHor cncreMa (EnC  ^HcTpH6y^Hja), a ^eHy npHcryna cucTeMy 3a 
gHcTpn6y^Hjy eneKTpHHHe eHeprnje, npaBHna nog KojHM ce npHcryna gHcTpn6yTHBHOM 
cucTeMy, Kao h npaBHna o pagy h npaBHna o pagy Tp^nmTa eneKTpHHHe eHeprnje, 
ogpe^yje AreH^nja 3a EHepreTHKy (AEPC) [9.2], [9.3] y cKaagy ca 3aKOHOM o eHepreTH^H
[9.4].
y  HapegHHM Ta6enaMa npHKa3aHH cy ochobhh noga^H o KOH3yMy (noTpommn) h 
KapaKTepncTHKe gHcTpn6yTHBHe Mpe^e KojoM ynpaB^a E n C  ^HcTpH6y^Hja.
Tpe6a ncTaftn ga ce gaHac, ycneg 3HanajHor npogopa o6hob^ hbhx H3Bopa eneKTpHHHe 
eHeprnje, 6ene®H cBe Beftu 6poj noTpomana Kojn cy yjegHO h nporoBO^ann eneKTpHHHe
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eHeprnje, thko ga ce CBe nemhe roBopu o gHCTpn6yHpaHOM hhh ge^empanrooBaHOM 
CHCTeMy npoH3Bogrne eneKTpHHHe eHeprnje (cHHKa 9.1).

TaSeaa 9.1 Ochobhh noga^H o KOH3yMy E n C  ,3,HCTpH6y^Hje

noBpmHHa 77.453 km2

Bpoj CTaHOBHHKa 7.186.862

y^ynaH 6poj KopncHHKa ^EEC 3.606.262

rognm rna npey3eTa eHeprnja 30.129 GWh

MaKCHManHa CHara KOH3yMa 5.369 MW

y^ynaH 6poj goMataHCTaBa 3.250.327

npoceHHa rognmma noTpomma goMahHHCTBa 4.327 kWh

npoceHHa MecenHa noTpomma goMahHHCTBa 361 kWh

npoceHHa rognmma noTpomma no CTaHOBHHKy 4.192 kWh

TaSe^a 9.2 KapaKTepncTHKe Mpe^e E n C  ^HCTpn6y^Hje

Bpoj TC 110/x 183

^a^HHCKH ynpaB.aHe TC 110/x 170

HHCTanncaHa CHara TC 110/x 10.345,50 MVA

Bpoj TC 35/x 583

HHCTanncaHa CHara TC 35/x 6.322,99 MVA

^a^HHCKH ynpaB.MHe TC 35/x 293

^y®HHa ganeKOBoga 35 kV 6.823,01 km

Bpoj TC 20/0,4 11.141

HHCTanncaHa CHara TC 20/0,4 5.173,84 MVA

^y®HHa BogoBa 20 kV 9.387,87 km

Bpoj TC 10/0,4 26.749

HHCTanncaHa CHara TC 10/0,4 10.115,75 MVA

^y®HHa BogoBa 10 kV 32.701,80 km

^y®HHa BogoBa 0,4 kV 97.076,88 km

y^ynHa gy^HHa cpegaeHanoHCKHx BogoBa 
h HHCKOHanoHCKe Mpe^e

145.989,56 km
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C^HKa 9.1 KoH^enT 6ygyher e^eKTpoeHepreTCKor CHCTeMa

9.4 TP^HmTE E.TEKTPHHHE EHEPrHJE
ycBaja&eM HOBor 3aKOHa o eHepreTH^H KpajeM 2014. rogHHe, o6nacT eHepreTHKe y 
goMaheM 3aKOHogaBCTBy je  ycKna^eHa ca ogpeg6aMa Tpeher eHepreTCKor 3aKOHogaBHor 
naKeTa EBponcKe yHHje, HHMe je  HacTaB.eH npo^ec yBO^eaa KOHKypeH^nje y 
eneKTpoeHepreTCKH ceKTop y Cp6njH KaKO 6h ce noBehana e^HKacHOCT ceKTopa Kpo3 
gejcTBO Tp®nmHHx MexaHH3aMa y nporoBogftH h CHa6geBaay eneKTpHHHOM eHeprnjoM, 
3agp*aBajyhn npuTOM eKOHOMCKy peryna^Hjy genaTHOCTH npeHOca h gHCTpn6y^Hje 
eneKTpHHHe eHeprnje Kao npnpogHHx MOHonona.
Og jaHyapa 2014. rogHHe, ycnocTaB.eHO je  Tp^nmTe eneKTpHHHe eHeprnje y Peny6nn^H 
Cp6njn TaKO mTO je  npBO H3BpmeHO pa3gBajaae nocnoBa CHa6geBaaa h gHCTpn6y^Hje 
eneKTpHHHe eHeprnje y OKBHpy j n  E nC  $opMHpa&eM npuBpegHor gpymTBa E nC  
CHa6geBaae. 3aTHM ce Ha Tp®nmTy nojaBHO ogpe^eHH 6poj gpyrnx CHa6geBana Kojn og 
1. jaHyapa 2014. rogHHe yroBapajy CHa6geBaae ca cbhm Kyn^HMa, ochm ca 
goMahHHCTBHMa h m&ihm Kyn^HMa ca KojHMa yroBope o CHa6geBaay Mory ga noTnucyjy 
og 1. jaHyapa 2015. rogHHe. npegy3ehe E n C  CHa6geBaae je  og CTpaHe AreH^nje 3a 
eHepreTHKy go6nno HH^eH^y 3a jaBHO CHa6geBaae, Te og Taga nocTaje jaBHH CHa6geBan 
cbhx Kynaqa eneKTpHHHe eHeprnje Kojn ce CHa6geBajy no perynHcaHHM ^eHaMa. C 
o63upoM ga je  E nC  CHa6geBaae npucyTHO h Ha OTBopeHOM Tp®nmTy eneKTpHHHe 
eHeprnje og 1. jaHyapa 2014. rogHHe, oho o6aB .a  nocnoBe CHa6geBana h 0CTannx 
KpajftHx Kyna^a.
npeMa hobom 3aKOHy, H3MefteHH cy ycnoBH 3a cTH^aae npaBa Ha rapaHTOBaHO 
CHa6geBaae eneKTpHHHOM eHeprnjoM. y  CKnagy ca thm, og 1. jaHyapa 2015. npaBO Ha 
rapaHTOBaHO CHa6geBaae no ^eHaMa Koje perynHme AreH^nja 3a eHepreTHKy HMajy caMO 
goMahHHCTBa h Mann Kyn^H. HaKOH OTBapaaa Tp^nmTa eneKTpHHHe eHeprnje y
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Peny6^HUH Cp6njH HH^eH^npaH je  BenHKH 6poj CHa6geBana eneKTpHHHOM eHeprnjoM 
(yKynHO 101 Ha Kpajy 2015. roguHe). ^,eo HaBegeHHx CHa6geBana o6aB^a OBy genaTHOCT 
yraaBHOM y BHgy npeKorpaHHHHor npoMeTa pagu TpaH3HTa h TproBHHe Me^y chmhm 
CHa6geBanHMa, yK^ynyjyhn h j n  E nC . CHa6geBaaeM KpajftHx Kyna^a go caga ce 
yrnaBHOM 6aBHHO E n C  CHa6geBaae, Maga je  HeKOHHKO CHa6geBana TaKO^e ynecTBOBano 
y CHa6geBaay OBe KareropHje.
3a pa3Boj Tp^nmTa eneKTpHHHe eHeprnje, mTO npegcTaB^a HOBHHy og 2013. rogHHe, 
BeoMa cy 3HanajHa ogroBapajyha npaBHna o npoMeHH cHa6geBana Koja ce ogHoce Ha 
CHa6geBaae no yroBopy o noTnyHOM CHa6geBaay h yTBp^yjy ga je  npoMeHa CHa6geBana 
3a Kyn^a 6ecnnaTHa. Obhm npaBHHHMa o6yxBaheHH cy CHynajeBH npoMeHe CHa6geBana Ha 
3axTeB Kyn^a, npena3aK Ha pe3epBHO hhh jaBHO CHa6geBaae Kaga Kyna^ no 3aKOHy Ha to 
HMa npaBO, Kao h nocrynaK npu npoMeHH CHa6geBana y cnynajy pacKHga yroBopa o 
npogajn 36or Hennahaaa. nocrynaK npoMeHe CHa6geBana He MO*e TpajaTH gy*e og 21 
gaH, panyHajyhn og gaHa npegaje ypegHor 3axTeBa.
^eHe eneKTpHHHe eHeprnje Koje ce ycraHOB^yjy Ha OTBopeHOM Tp®nmTy eneKTpHHHe 
eHeprnje gene ce Ha Tp^nmHe ^eHe h perynncaHe ^eHe. Tp^nmHe ^eHe ce $opMHpajy 
CHo6ogHO h y CKnagy ca 3aKOHHMa Tp^nmTa, na ce necro Ha3HBajy h cno6ogHe ^eHe. C 
gpyre CTpaHe, perynHcaHe ^eHe cy:

• ^eHe 3a npncTyn cncreMy 3a npeHOc;
• ^eHe npncryna cncreMy 3a gHcrpH6y^Hjy eneKTpHHHe eHeprnje (3a CBe KopncHHKe 

CHCTeMa);
• ^eHe noMohHux ycnyra (npHMapHa peryna^nja, peryna^Hja HanoHa, 6e3HanoHCKO 

noKpeTaae h octpbckh pag).
nopeg  HaBegeHHx Mory 6hth perynHcaHe h ^eHe eneKipHHHe eHeprnje 3a rapaHTOBaHO 
(jaBHo) CHa6geBaae h ^eHe 3aKyna pe3epBe CHare 3a cncreMCKe ycnyre ceKyHgapHe h 
Tep^njapHe peryna^nje.
KpajftH Kyna^ Kojn HeMa npaBO Ha rapaHTOBaHO CHa6geBaae h HeMa Ba^ehn yroBop o 
CHa6geBaay (h3 pa3nora nponncaHHx nnaHOM 192. 3aKOHa o eHepreTH^n), HMa npaBO Ha 
pe3epBHO CHa6geBaae y nepuogy go 60 gaHa, y KOMe Mopa ga npoHa^e HOBor CHa6geBana 
(y cynpoTHOM je  onepaTop cncreMa gy®aH ga My o6ycraBH ucnopyKy eneKTpHHHe 
eHeprnje). Ha chh^ h 9.2 npHKa3aHa je  meMa TpmumTa eneKTpHHHe eHeprnje y Peny6nn^H 
Cp6njn.

9.5 TAPH^HH CHCTEM H TAPH^HH CTABOBH
Tapn^HH CHCTeM je  CKyn nponuca h npaBHna Ha 0CH0By Kor ce KpajftHM KopncHH^HMa 
Bpmn o6panyH yTpomeHe eneKTpHHHe eHeprnje.
Tapn^HH CHCTeMH ce pa3HHKyjy og 3eM^e go 3eM^e, a nopeg eKOHOMCKHx necro cagp^e 
h co^njaHHe h noHHTHHKe eneMeHTe. BehHHa Tapn$HHx cncreMa ce 3acHHBa Ha 
TpomKOBHOM npHH^nny, ogHOCHO ga CBaKH Kyna^ Tpe6a ga HagoKHagH TpomKOBe Koje 
CTBapa 36or npupoge CBoje noTpomae.
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C^HKa 9.2 B^ok meMa Tp^nmTa e^eKTpHHHe eHeprnje y PC

y  3aBHCHOCTH og npupoge noTpomae (jaBHO ocBeT^eae h^h npncTyn gHCTpn6yTHBHOM 
CHCTeMy) ge$HHHmy ce p&MHHHTe KaTeropnje Kyna^a, rpyne Kynaqa, Tapn^HH e^eMeHTH 
h Tapn^e [9.5], [9.6].
KaTeropnje Kyna^a ce ogpe^yjy y 3aBHCHOCTH og Bpcre MepHHx ype^aja, ogHOCHO HanHHa 
Mepeaa e^eKTpHHHe eHeprnje h to:

• „noTpom aa Ha hhckom HanoHy“ (HanoHCKor HHBoa go 1 kV, a aKTHBHa CHara, 
aKTHBHa h peaKTHBHa eHeprnja ce yTBp^yjy MepeaeM);

• „fflnpoKa noTpomaa“ (HanoHCKor HHBoa go 1 kV, ncnopyneHa aKTHBHa eHeprnja 
ce yTBp^yje MepeaeM, peaKTHBHa eHeprnja ce He Mepu, goK ce aKTHBHa CHara 
yTBp^yje npeMa ogo6peHoj CHa3H npHK^yHKa).

rpyne Kyna^a ce yTBp^yjy y 3aBHCHOCTH og HanHHa Mepeaa, yc^OBa ucnopyKe aKTHBHe 
eHeprnje h HaMeHe noTpomae e^eKTpHHHe eHeprnje. y  KaTeropnjH “fflnpoKa noTpomaa” 
yTBp^yjy ce neTHpn rpyne Kyna^a, y 3aBHCHOCTH og HanHHa Mepeaa h yc^OBa 
npey3HMa&a aKTHBHe eHeprnje:

• „noTpom aa ca jegHOTapn^HHM MepeaeM“;
• „noTpom aa ca gBOTapn^HHM MepeaeM“;
• „ynpaB.MHa noTpomaa“;
• „ynpaB^aHa noTpomaa ca noce^HHM MepeaeM“.
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y  KaTeropHjH “fflnpoKa noTpomaa”, yTBp^yjy ce Tpu nogrpyne Kynaqa y 3aBHCHOCTH og 
HaMeHe noTpomae eneKTpHHHe eHeprnje:

• „,3,OMaftHHCTBO“;
• „JaBHa h 3ajegHHHKa noTpomaa“;
• „Ocrana KOMep^njanHa noTpomaa“.

Tapn^HH eneMeHTH cy o6panyHCKe BenHHHHe Ha Koje ce pacnope^yje MaKCHManHO 
ogo6peHH npuxog h to cy:

• „AKTHBHa CHara“, Koja ce ropa^aBa y KHHOBarHMa (kW);
• „AKTHBHa eHeprnja“, Koja ce H3pa®aBa y KHHOBaTcarHMa (kWh);
• „PeaKTHBHa eHeprnja“, Koja ce H3pa®aBa y KHnoBapcarHMa (kVArh);
• „Mecro HcnopyKe“, Koje ce yTBp^yje Kao apHTMeTHHKH npoceK 6poja Mecra 

ucnopyKe Ha noneTKy h Ha Kpajy perynaTopHor nepuoga.
Tapn^HH eneMeHTH, Kao o6panyHCKe BenHHHHe, yTBp^yjy ce 3a CBaKy og KaTeropnja 
Kyna^a. Tapn^e ce yTBp^yjy 3a CBaKH og Tapn$HHx eneMeHaTa, no KareropnjaMa h 
rpynaMa Kyna^a.
3a Tapn^HH eneMeHT „aKTHBHa CHara“ yTBp^yjy ce gBe Tapn^e:

• „06panyHCKa CHara“ (3a Kyn^e H3 KaTeropnje „noTpom aa Ha hhckom HanoHy“ 
npHMeayje ce Ha h3hoc MecenHe MaKCHMa^He aKTHBHe CHare, aKO je  MecenHa 
MaKCHMa^Ha aKTHBHa CHara Maaa hhh jegHaKa ogo6peHoj chh3h. 3a Kyn^e H3 
Kareropnje „fflnpoKa noTpomaa“, yTBp^yje ce jegHa Tapn^a: „o6panyHCKa CHara“, 
Koja ce npHMeayje Ha ogo6peHy CHary);

• „npeKOMepHa CHara“ npHMeayje ce aKO je  H3MepeHa MecenHa MaKCHManHa 
aKTHBHa CHara Befta og ogo6peHe CHare, TaKO mTO ce Ha h3hoc ogo6peHe CHare 
npHMeayje Tapn^a „o6panyHCKa CHara“, a Ha h3hoc pa3HHKe H3Me^y H3MepeHe 
MecenHe MaKCHManHe h ogo6peHe CHare, npHMeayje ce Tapn^a „npeKOMepHa 
CHara“).

3a Tapn^HH eneMeHT „aKTHBHa eHeprnja“, y 3aBHCHOCTH og HanHHa Mepeaa, go6a gaHa 
npey3HMa&a eneKTpHHHe eHeprnje h HaMeHe noTpomae eneKTpHHHe eHeprnje, yTBp^yjy 
ce Tapn^e:

• „Buma gHeBHa Tapn^a 3a aKTHBHy eHeprnjy“; no npaBHny y BpeMeHy og 07 h go 23 
h CBaKor gaHa;

• „Hn®a gHeBHa Tapn^a 3a aKTHBHy eHeprnjy“; no npaBHny y BpeMeHy og 00 h go 07 
h h og 23 h go 24 h CBaKor gaHa.

3a Tapn^HH eneMeHT „peaKTHBHa eHeprnja“ yTBp^yjy ce gBe Tapn^e:
• „P eaKTHBHa eHeprnja“ h

• „npeKOMepHa peaKTHBHa eHeprnja“ (aKO je  ^aKrop CHare Ha Mecry npey3HMaaa 
H3 gHCTpn6yTHBHor cncreMa 3a o6panyHCKH nepuog Ma&H og 0,95, Tapn^a 
„peaKTHBHa eHeprnja“ ce npHMeayje Ha h3hoc peaKTHBHe eHeprnje Koja ogroBapa 
$aKTopy CHare 0,95, a Tapn^a „npeKOMepHa peaKTHBHa eHeprnja“ ce npHMeayje Ha
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h3hoc no3HTHBHe pa3HHKe H3MepeHe peaKTHBHe eHeprnje h peaKTHBHe eHeprnje Koja 
ogroBapa $aKTopy CHare 0,95).

3a Tapn^HH eneMeHT „Mecro ucnopyKe“ ce yTBp^yje Tapn^a „TpomaK jaBHor 
CHa6geBana“.
Tapn^e 3a npogajy eneKTpHHHe eHeprnje 3a CBe Kyn^e Koje CHa6geBa jaBHH CHa6geBan y 
OKBHpy HCTe KaTeropuje h rpyne Kyna^a jegHaKe cy Ha ^enoj TepHTopnj h Peny6nHKe 
Cp6uje.
npogara  eneKTpHHHa eHeprnja ce o6panyHaBa Ha 0CH0By Tapn^a 3a o6panyHCKH nepuog. 
KaTeropnje KopncHHKa cncreMa ogpe^yjy ce y 3Hbhchocth og: HanoHa Ha Mecry ucnopyKe 
eneKTpHHHe eHeprnje, Bpcre MepHHx ype^aja, ogHOCHO HanHHa Mepeaa. Kareropnje 
KopncHHKa cHCTeMa cy:

• „noTpom aa Ha cpegaeM HanoHy“ (HanoHCKor HHBoa H3Hag 1 kV, a HH^er og 110 
kV);

• „noTpom aa Ha hhckom HanoHy“ (HanoHCKor HHBoa go 1 kV, a ncnopyneHa 
aKTHBHa CHara, aKTHBHa h peaKTHBHa eHeprnja ce yTBp^yjy MepeaeM);

• „fflnpoKa noTpomaa“ (go 1 kV, a aKTHBHa CHara ce yTBp^yje npeMa ogo6peHoj
CHH3H npHK^yHKa).

Tapn^HH eneMeHTH cy o6panyHCKe BenHHHHe Ha Koje ce pacnope^yje MaKCHManHO 
ogo6peHH npuxog h to cy:

• „AKTHBHa CHara“. CHara ce H3pa®aBa y KHHOBarHMa (kW);
• „AKTHBHa eHeprnja“. AKTHBHa eHeprnja ce H3pa®aBa y KHHOBaTcaTHMa (kWh) h

• „PeaKTHBHa eHeprnja“. PeaKTHBHa eHeprnja ce H3pa®aBa y KHnoBapcaTHMa 
(kVArh).

Tapn^e ce yTBp^yjy 3a CBaKH og Tapn$HHx eneMeHara, no KaTeropnjaMa h rpynaMa 
KOpHCHHKa CHCTeMa.
3a Tapn^HH eneMeHT „aKTHBHa CHara“ yTBp^yjy ce gBe Tapn^e:

• „Ogo6peHa CHara“ (npHMeftyje ce Ha ogo6peHy CHary 6e3 o63upa Ha H3MepeHy 
BpegHOCT MecenHe MaKCHManHe aKTHBHe CHare y o6panyHCKOM nepuogy);

• „npeKOMepHa CHara“ (npHMeayje ce aKO je  H3MepeHa MecenHa MaKCHManHa 
aKTHBHa CHara Befta og ogo6peHe CHare, TaKO mTO ce Ha h3hoc ogo6peHe CHare 
npHMeayje Tapn^a „ogo6peHa CHara“, a Ha h3hoc pa3HHKe H3Me^y MecenHe 
MaKCHMa^He h ogo6peHe CHare, npHMeayje ce Tapn^a „npeKOMepHa CHara“).

MecenHa MaKCHM&ma aKTHBHa CHara jegHor KopncHHKa cncreMa H3 KaTeropnja 
“noTpom aa Ha cpegaeM HanoHy” h “noTpom aa Ha hhckom HanoHy” ce yTBp^yje 
MepeaeM cpegae neTHaecroMHHyTHe aKTHBHe CHare y o6panyHCKOM nepuogy.
3a KopncHHKe H3 Kareropnje “fflnpoKa noTpomaa” yTBp^yje ce jegHa Tapn^a: „ogo6peHa 
CHara“, Koja ce npHMeayje Ha ogo6peHy CHary H3 ogo6peaa 3a npHK^ynefte.
Tapn^a 3a Tapn^HH eneMeHT “aKTHBHa CHara" ropa^aBa ce y gHHapHMa no kW.
Tapn^a 3a Tapn^HH eneMeHT „npeKOMepHa CHara“ ropa^aBa ce y gHHapHMa no kW.
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3a Tapn^HH eneMeHT „aKTHBHa eHeprnja“, y 3aBHCH0CTH og HanHHa Mepeaa, ogHOCHO 
go6a gaHa ucnopyKe eneKTpHHHe eHeprnje, yTBp^yjy ce Tapn^e:

• „Buma gHeBHa Tapn^a 3a aKTHBHy eHeprnjy“ (no npaBHny y BpeMeHy og 07 h go 
23 h CBaKor gaHa);

• „H u*a gHeBHa Tapn^a 3a aKTHBHy eHeprnjy“ (no npaBHny y BpeMeHy og 00 h go 07 
h h og 23 h go 24 h CBaKor gaHa).

Buma h HH*a gHeBHa Tapn^a 3a aKTHBHy eHeprnjy yTBp^yjy ce 3a KopncHHKe H3 
KaTeropuje Kynaqa: “noTpom aa Ha cpegaeM HanoHy”, “noTpom aa Ha hhckom HanoHy”, 
“fflnpoKa noTpomaa” -  rpyne KopncHHKa „noTpom aa ca gBOTapn^HHM MepeaeM“ h 
„ynpaB^aHa noTpomaa“.
Tapn^e 3a Tapn^HH eneMeHT “aKTHBHa eHeprnja" ce H3pa^aBajy y gHHapHMa no kWh.
3a Tapn^HH eneMeHT „peaKTHBHa eHeprnja“ yTBp^yjy ce gBe Tapn^e:

• „P eaKTHBHa eHeprnja“ ;
• „npeKOMepHa peaKTHBHa eHeprnja“ (npHMeayje ce Ha h3hoc peaKTHBHe eHeprnje 

Koja ogroBapa $aKTopy CHare 0,95, a Tapn^a „npeKOMepHa peaKTHBHa eHeprnja“ ce 
npHMeayje Ha h3hoc no3HTHBHe pa3HHKe H3MepeHe peaKTHBHe eHeprnje h 
peaKTHBHe eHeprnje Koja ogroBapa $aKTopy CHare 0,95).

Tapn^e 3a Tapn^HH eneMeHT „peaKTHBHa eHeprnja“ H3pa®aBajy ce y gHHapHMa no 
kVArh.
Tapn^e cy jegHaKe 3a CBe KopncHHKe cncreMa ncror onepaTopa cncreMa y OKBupy ncre 
KaTeropuje h rpyne KopncHHKa, 6e3 o63upa Ha gy®HHy gHCTpn6yTHBHor nyTa. 
ycnyra npncryna cncreMy 3a gHCTpn6y^Hjy eneKTpHHHe eHeprnje ce o6panyHaBa 
KopncHH^HMa CHCTeMa Ha 0CH0By Tapn^a 3a o6panyHCKH nepuog.
y  goKyMeHTHMa [9.5] h [9.6] gare cy $opMyne 3a H3panyHaBafte nojegHHHx Tapn^a h 
ftnxoBO geTa^HO o6jamftefte.

9.5.1 npHMep o6panyHa 3a yTpomeHy e.roKTpHHHy eHeprnjy HHgycTpnjcKor 
noTpom ana

HHgycrpHjcKH noTpomanH eneKTpHHHe eHeprnje Kao Kyn^H eneKTpHHHe eHeprnje Mopajy 
ga HMajy ogroBapajyftn yroBop o CHa6geBarny eneKTpHHHOM eHeprnjoM no Tp^nmHHM 
ycHOBHMa. 06panyH eneKTpHHHe eHeprnje 3a OBe Kyn^e ce Bpmu no Ba^eftoj 
MeTogoHorHjH 3a ogpe^HBarne ^eHe npncryna cncreMy 3a gHCTpn6y^Hjy eneKTpHHHe 
eHeprnje yKOHHKO cy npHK^yneHH Ha gHcrpn6yTHBHy Mpe®y, ogHOCHO MeTogoHornjH 3a 
ogpe^HBame ^eHe npncryna cncreMy 3a npeHOC eneKTpHHHe eHeprnje aKO cy npHK^yneHH 
Ha npeHOCHy Mpe®y [9.4], [9.5], [9.6]. Ha cnegeftoj chh^ h je  gaT npuMep o6panyHa 3a 
yTpomeHy eneKTpHHHy eHeprnjy jegHor BenHKor HHgycrpHjcKor noTpomana H3 ge^eM6pa 
2016. rogHHe. Ha chh^ h cy ^pBeHHM 6pojeBHMa 03HaneHe nojegHHe no3H^nje o6panyHa, a 
Hcnog CHHKe cy gara o6jammerna thx no3H^nja. Ha3HB noTpomana, Kao h ocranH noga^H 
Kojn 6h yKa3HBanH Ha to o kom noTpomany je  pen 36or 3amTHTe npHBaTHOCTH HHcy 
npHKa3aHH.
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BpojeBH Ha npeTxogHoj chh^ h HMajy cnegeha 3Haneaa:
1. noga^H  o Kyn^y (nHB, MaTHHHH 6poj, Ha3HB h agpeca);
2. K aTeropnja KopucHUKa cncreMa (y KOHKpeTHOM cnynajy pen je  o KopncHHKy 

cncreMa hhjh cy o6jeKTH npHK^yneHH Ha cncreM 3a gHcrpH6y^Hjy eneKTpHHHe 
eHeprnje cpegaer HanoHa HHBoa 110kV KojeM ce ncnopyneHa aKTHBHa cHara, 
aKTHBHa h peaKTHBHa eHeprnja yTBp^yje MepeaeM);

3. OgoSpeHa CHara (y KHHOBaTHMa - kW) 3a KopncHHKa cncreMa je  cHara Koja je  
ogpe^eHa y ogo6peay 3a npHK^ynefte, eneKTpoeHepreTcKoj carnacHocTH hhh 
gpyroM aKTy KojHM je  ogo6peHO npHK^ynefte o6jeKTa KopncHHKa cncreMa, a 3a 
o6jeKTe nocrojehHx KopncHHKa cncreMa Kojn HeMajy ogo6peHy cHary Ha h^hhh 
yTBp^eH nponucoM KojHM ce ype^yjy ycnoBH ucnopyKe eneKTpHHHe eHeprnje;

4. M ecro Meperna je  agpeca Kyn^a Ha Kojoj ce Hana3H MepHO Mecro ca MepHHM 
ype^ajeM (6pojnnoM);

5. OnHTaHe BpegHOCTH npegcraB^ajy nogaTKe ca o6panyHcKor MepHor ype^aja 
(6pojnna), Ha Mecry Mepeaa h to: 6poj 6pojnna (cepnjcKH 6poj 6pojnna Kojn 
ynncyje nporoBO^an), cTaae o6panyHcKHx perncTapa y 6pojnny 3a Tapn^He 
eneMeHTe: “aKTHBHa eHeprnja” h “peaKTHBHa eHeprnja”, no Tapn^aMa (“BHma 
gHeBHa Tapn^a” h “HH®a gHeBHa Tapn^a”), “aKTHBHa cHara”, Ha gaH OHHTaBaaa. 
TaKO^e, cagp^H nogaTKe o o6panyHcKoj kohcthhth Koja je  npou3Bog npeHocHHx 
ogHoca crpyjHHx h HanoHcKHx MepHHx TpaHc^opMaropa, aKO nocroje Ha Mecry 
Mepeaa. Ako He nocroje, o6panyHcKa KOHcraHTa HMa BpegHocr 1. EHeprnja 3a 
o6panyH [kWh] h cHara [kW] ce go6njajy TaKO mTO ce BpegHocrn noMeHyTHx 
Tapn$HHx eneMeHaTa MHO^e ca o6panyHcKOM KOHcraHTOM;

6. OSpanyH 3a ncnopyneHy eroKTpHHHy eHeprnjy cagp^H o6panyHcKe nogaTKe 
Ha ocHOBy Kojnx HH^eH^npaHH cHa6geBan, ca KojHM Kyna^ HMa noTnucaH yroBop 
o npogajn eneKTpHHHe eHeprnje, Hannahyje Kyn^y npey3eTy eneKTpHHHy 
eHeprnjy y o6panyHcKOM nepuogy, a npeMa cbom ^eHOBHHKy Kojn je  cacraBHH 
geo yroBopa o npogajn eneKTpHHHe eHepruje. CHa6geBan Hannahyje Kyn^y 
noTpomeHy aKTHBHy eneKipHHHy eHeprnjy y o6panyHcKOM nepuogy Koja ce 
H3pa^aBa y [kWh];

7. JegHHHHHa ^eHa no Kojoj HH^eH^npaHH cHa6geBan ca KojHM Kynaq HMa 
noTnucaH yroBop o npogajn eneKTpHHHe eHeprnje Hannahyje Kyn^y npey3eTy 
aKTHBHy eHeprnjy y o6panyHcKOM nepuogy h Koja je  cacraBHH geo yroBopa o 
npogajn eneKTpHHHe eHeprnje;

8. OSpanyH 3a np n cry n  CHCTeMy 3a gHcrpn6y^Hjy ereKTpHHHe eHeprnje
cagp^H o6panyHcKe nogaTKe Ha ocHOBy Kojnx onepaTop gHcrpH6yTHBHor 
cncreMa o6panyHaBa Kyn^y ycnyry gHcrpH6y^Hje eneKTpHHHe eHeprnje y 
o6panyHcKOM nepuogy. y  OKBHpy Tapn^HHor eneMeHTa “aKTHBHa cHara” (cHara 
ce H3pa^aBa y KHHOBaTHMa [kW]) o6panyHaBajy ce Tapn^e: “ogo6peHa cHara” h 
“npeKOMepHa cHara” . Tapn^a “ogo6peHa cHara” ce npHMeayje Ha ogo6peHy
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CHary 6e3 o63upa Ha H3MepeHy BpegHOCT MecenHe MaKCHManHe aKTHBHe CHare y 
o6panyHCKOM nepuogy. T apn^a “npeKOMepHa CHara” Ce npHMeftyje aKO je  
H3MepeHa MeCenHa MaKCHMaaHa aKTHBHa CHara Beha og ogo6peHe CHare, TaKO 
mTO Ce Ha h3hoc ogo6peHe CHare npHMemyje Tapn^a “ogo6peHa CHara”, a Ha 
h3hoc pa3HHKe H3Mefry MecenHe MaKCHM&me h ogo6peHe CHare, npHMernyje ce 
Tapn^a “npeKOMepHa CHara” [9.5]. MecenHa MaKCHMaaHa aKTHBHa CHara jegHor 
KopncHHKa CHCTeMa H3 KaTeropuja “noTpomma Ha cpegrneM HanoHy” ce yTBpfryje 
MeperneM cpegrne neTHaecTOMHHyTHe aKTHBHe CHare y o6panyHCKOM nepuogy. y  
OKBHpy Tapn^Hor eneMeHra “aKTHBHa eHeprnja” (aKTHBHa eHeprnja ce H3pa®aBa 
y KHHOBaTcaTHMa [kWh]) o6panyHaBajy ce Tapn^e: “BHma gHeBHa Tapn^a 3a 
aKTHBHy eHeprnjy” h “HH®a gHeBHa Tapn^a 3a aKTHBHy eHeprnjy“ [9.5]. y  
OKBHpy Tapn^HHor eneMeHTa “peaKTHBHa eHeprnja” (peaKTHBHa eHeprnja ce 
H3pa®aBa y KHHOBapcarHMa [kVArh] o6panyHaBajy ce Tapn^e: “peaKTHBHa 
eHeprnja” h “npeKOMepHa peaKTHBHa eHeprnja” . Tapn^a “peaKTHBHa eHeprnja” 
ce npHMemyje Ha h3hoc H3MepeHe peaKTHBHe eHeprnje, aKO je  ^aKrop CHare Ha 
Mecry ucnopyKe 3a o6panyHCKH nepuog Behn hhh jegHaK 0,95. Ako je  ^aKrop 
CHare Ha Mecry ucnopyKe 3a o6panyHCKH nepuog Marnn og 0,95, Tapn^a 
“peaKTHBHa eHeprnja” ce npHMemyje Ha h3hoc peaKTHBHe eHeprnje Koja ogroBapa 
$aKTopy CHare 0,95, a Tapn^a “npeKOMepHa peaKTHBHa eHeprnja” ce npHMemyje 
Ha h3hoc no3HTHBHe pa3HHKe H3MepeHe peaKTHBHe eHeprnje h peaKTHBHe 
eHeprnje Koja ogroBapa $aKTopy CHare 0,95 [9.5];

9. JegHHHHHa ^eHa no Tapn^aMa H3 Ba^efrer ^eHOBHHKa 3a npncryn h Kopnmfrerne 
CHCTeMa 3a gHCTpn6y^Hjy eneKTpHHHe eHeprnje;

10. HaKHaga 3a nogcrn^aj noB.aamfreHHx npoM3BofraHa eaeKTpHHHe eHeprnje ce 
o6panyHaBa h Hannafryje Ha 0CH0By ypeg6e o HanHHy o6panyHa h pacnogene 
HaKHage 3a nogcra^aj noBnamfreHHx nporoBofrana eneKTpHHHe eHeprnje. 
06panyHaBa ce Kao npoH3Bog yKynHO H3MepeHe aKTHBHe eneKipHHHe eHeprnje y 
o6panyHCKOM nepuogy ropa^eHe y kW h h BHCHHe HaKHage Koja ce yTBpfryje y 
CKnagy ca nponHCHMa Peny6nHKe Cp6nje, ropa^eHe y PC^/kW h. TpeHyTHO OBa 
HaKHaga h3hoch 0,093 PC^/kW h;

11. PeKanHTy^a^nja o6panyHa npegcraB^a 36hphh npHKa3 eHepreTCKHx 
o6panyHCKHx BenHHHHa, no cerMeHTHMa, h TaKcaMa y CKaagy ca nponHCHMa 
Peny6nHKe Cp6nje, nogcrn^aj noBnamfreHHx nporoBofrana, aK^roa, n ^ B .

9.6 KBAJHTET E^EKTPHHHE EHEPrHJE
CaM TepMHH „KBaaHTeT eneKipHHHe eHeprnje” BeoMa ce necro kophcth y HHTeparypH Kao 
chhohhm 3a noy3gaHOCT Hanajarna, KBanHTeT ycnyre, KBanHTeT HanoHa (cTpyje) hhh 
KBaaHTeT Hanajama. ynpKOC BenHKoj 3acTym^eHOCTH y crpyHHoj HHTepaTypn h HHmeHH^H 
ga ce KBanHTeT eneKTpHHHe eHeprnje CBe BHme CMaTpa BeoMa bh^ hhm acneKTOM y 
noy3gaHOM, cnrypHOM h e^HKacHOM pagy eneKTpHHHHx MamHHa h ^enor EEC, 
eKcnHH^HTHa ge^HHH^nja 3anpaBO HHrge He nocTojn.
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HajjegHOCTaBHnje peneHO, nojaM „KBanHTeT eneKTpHHHe eHeprnje” kophcth ce 3a 
onHCHBaae Bapnja^Hja HanoHa, CTpyja h ynecTaHOCTH y eneKTpoeHepreTCKHM CHCTeMHMa. 
Ako ce BpeMeHCKH nornega yHa3ag, HajBefrn 6poj eHepreTCKe onpeMe y CTaay je  ga 
HcnpaBHO pagu gyrn hh3 rogHHa, ynpKOC penaTHBHO BenHKHM BapnjaaHjaMa noMeHyTa 
Tpn napaMeTpa. MefryTHM, y nocnegftnx geceTaK rogHHa, HHCTannpa ce CBe Befru 6poj 
ypefraja nnja je  TonepaH^nja Ha npoMeHe eneKTpHHHHx napaMeTapa 3HaTHO HH®a. To cy 
yrnaBHOM ypefrajn h noroHH Kojn cy KomponHcaHH eHepreTCKOM eneKTpoHHKOM, 
noroHHMa jegHOCMepHe CTpyje, 3aTHM panyHapHMa, nporpaMa^HHHHM hofhhkhm 
KomponepHMa (PLC), nrg. ^ a  CTBap 6yge cno^eHHja, ynpaBO CBe npe^H3HHja h „^HHHja” 
KOHTpona npo^eca goBogu go pa3Boja npo^eca Kojn cy jom  oceT^HBHjn Ha nopeMefraje y 
eneKTpoeHepreTCKoj Mpe^H, na TaKO nopeMefrajn Kojn cy ge^eHHjaMa CMarpaHHM 
yo6HnajeHHM h npnxBaT^HBHM, caga Mory ga H3a30By npeKHge y npoH3BogftH, mTO 
goBogu go 3HaTHor yBefraaa TpomKOBa. 36or CBera OBora, HeonxogHO je  y3HMam y o63up 
h HeKa HOBa pa3MaTpa&a Koja paHHje HHcy 6nna og 3Hanaja.
KaKO je  gnjana30H y3poHHHKa Kojn goBoge go HapymaBa&a KBaaHTeTa eneKTpHHHe 
eHeprnje BeoMa mupoK, TemKO hx je  y HHTepaTypn Hafru CBe no6pojaHe h o6jamaeHe Ha 
jegHOM Mecry. TaKofre, ftHX0Ba nogena h KnacH^HKa^nja HHcy yHHBep3anHe h pa3HHKyjy 
ce og ayTopa go ayTopa. TaKO, npHMepa pagu, nocrojn nogena [9.7] Ha:

• Mane h npegBHgHBe y3poHHHKe (Hnp. goMafrHHCTBa h Ma&a npegy3efra Koja 
reHepnmy BHme xapMOHHKe),

• BenHKe h cnynajHe (Hnp. eneKTpoHyHHe nefru Koje goBoge go $nyKTya^nje HanoHa 
h nojaBe ^HHKepa) h

• BenHKe h npegBHgHBe (Hnp. CTamHKH KOHBepTopu y TonnoHH^aMa, HVDC npeHOC 
eneKTpHHHe eHeprnje Kojn H3a3HBa nojaBy BHmnx xapMOHHKa).

C gpyre CTpaHe, nocrojn h nogena Koja ce 6a3upa Ha Mecry HacTaHKa npo6neMa [9.8], h 
OBaKBa nogena MO*e 6hth BeoMa KopucHa y ga^HM aHaaH3aMa h pa3Bojy npojeKaTa 3a 
no6o^ma&e KBanHTeTa eneKTpHHHe eHeprnje, a to cy HenpegBHgHBH gorafrajn h 
CHynajeBH Be3aHH 3a caMy eneKTponpHBpegy.
OgpefreHH 6poj CMeTmn y eneKTpoeHepreTCKOM cncreMy Hacraje Kao nocnegn^a 
npnpogHHx hhh HeKHx gpyrnx, HenpegBHgHBHx nojaBa. Ty cnagajy aTMOC^epcKa 
npa^merna, reoMarHemo HHgyKOBaHe crpyje ycneg conapHHx onyja (GIC), 3aTHM 
pe30HaH^a, $epope30HaH^a KBapoBH y eneKrpHHHoj Mpe^H. npo6neMaTHKOM y Be3H ca 
obom rpynoM nopeMefraja Tpe6ano 6h ga ce 6aBe eneKTponpHBpegHa npegy3efra.
O to ce THne eneKTponpHBpege nocroje Tpu rnaBHa H3Bopa nomer KBaaHTeTa eneKTpHHHe 
eHeprnje.

E^eKTpaHe
HaKO CHHxpoHe MamHHe reHepnmy CKopo caBpmeH CHHycoHganaH HanoH (cagp^aj 
xapMOHHKa MaffiH og 3%), y eneKTpaHaMa ce unaK jaB^ajy npo6neMH y Be3H ca 
KBanHTeTOM eneKTpHHHe eHepraje. npHMepa pagu, KpaTKH cnojeBH y eneKrpaHH Mory 
H3a3BaTH nag HanoHa hhh nponage HanoHa (h) y Mpe^H, peMOHTH Ha npoH3BogHHM
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6^0K0BHMa Mory gonpHHeTH CMa&efty CHare KpaTKor cnoja y geny EEC (mTO MO*e 
goBecTH go noBefraaa HHBoa BHmnx xapMOHHKa h ^gHKepa), nrg. TaKofre, CBe Befra 
npHMeHa o6hob^ hbhx H3Bopa eHeprnje goBogu h go nopacra 6poja ypefraja eHepreTCKe 
eneKTpoHHKe Kojn ce Kopncre y $a3H nporoBogae eneKTpHHHe eHeprnje, mTO MO*e 
gogaTHO yTH^aTH Ha napaMeTpe KBanHTeTa.

npeHOCHH CHCTeM
PenaTHBHO Maan 6poj npo6neMa KBanHTeTa eneKTpHHHe eHeprnje Hacraje y npeHOCHOM 
CHCTeMy. TnnHHHH npo6neMH Kojn ce unaK Mory jaBHTH cy ^ y ^ a a e  npoBogHHKa 
ganeKOBoga ycneg jaKHx BeTpoBa mTO MO*e goBecrn go npeKHga Hanajaaa hhh Bapnpa&a 
HanoHa, TpaH3HjeHTHH npeHanoHH (HacranH Kao nocnegn^a aTMOC$epcKHx n p a ^ a e fta  
hhh yK^yHefta/HCK^ynefta KOHgeH3aropcKHx 6aTepnja), npHBpeMeHH nogHanoHH (Kao 
nocnegn^a KBapoBa), npeKHgn Hanaja&a (Kao nocnegn^a nnaHHpaHHx HCK^ynefta). 
TaKofre, npo6neMH Mory HacrarH h Kao nocgegn^a yK ^yneaa TpaHC^opMaropa (mTO 
goBogu go nojaBe crpyja yK ^yneaa Koje HMajy BeoMa bhcok cagp^aj BHmnx xapMOHHKa), 
HenpaBHHHor paga ypefraja 3a peryga^njy HanoHa (mTO MO*e goBecrn go gyroTpajHHx 
Bapnpa&a HanoHa), KOHTHHyaaHor yK ^yneaa noTpomana (mTO H3a3HBa gyroTpajHe 
npoMeHe HanoHa), 3aTHM Kao nocgegn^a KopoHe, MarHeTHHx no^a, eKcnno3Hje 
H3onaTopa, ynoTpe6e FACTS ypefraja [9.9], npeHOca gpyrnx CHrHana eHepreTCKHM 
BogoBHMa [9.10], Kao h y cnynajy HVDC cncreMa [9.11].

^HCTpH6yTHBHH CHCTeM

Hajnemfrn nopeMefrajn KBaaHTeTa eneKTpHHHe eHeprnje Kojn ce jaB^ajy y 
gHCTpn6yTHBHOM CHCTeMy cy npHBpeMeHH nogHanoHH, npHBpeMeHH npeHanoHH, 
TpaH3HjeHTHH npeHanoHH, yK ^yneaa TpaHC^opMaropa, HenpaBHnaH pag ypefraja 3a 
peryga^njy HanoHa, cnope npoMeHe HanoHa, eneKTpoMarHeTHa n o ^ a  h npeHOC 
BHCOKO$peKBeHTHHx CHrHana eHepreTCKHM BogoBHMa.

noTpomaHH
CaMH noTpomanH, ogHOCHO ftnxoBa onrepefrefta, reHepnmy MO^ga h HajBefrn 6poj 
npo6geMa KBagnreTa egeKTpHHHe eHeprnje. Hajnemfrn Mefry BHMa cy BHmn xapMOHH^H 
(reHepncaHH og crpaHe HegHHeapHHx onrepefrefta, ypefraja eHepreTCKe egeKTpoHHKe, 
o6hob^ hbhx H3Bopa eHeprnje, ypefraja 3a HenpeKHgHO Hanajaae (UPS), panyHapa, $aKC 
MamHHa, gacepcKHx mTaMnana, ^ hbhh H3Bop CBeTgocrn HHCKor npHTHCKa), HH3aK ^aKTop 
CHare (ycgeg bhcoko HHgyKTHBHHx noTpomana, nonyT acHHxpoHHx MOTopa h ypefraja 3a 
KHHMaTH3a^Hjy), ^HHKepn (reHepncaHH pagoM egeKTpogynHHx nefru), TpaH3HjeHTH 
(HacraaH Kao nocgegn^a KOMyTa^nja, BapHHnefta h egeKTpocraTHHKHx npa*fteaa), 
HeageKBaTHO y3eM ^eae (mTO H3a3HBa HajBHme npo6geMa Kog noTpomana), Bapnpa&e 
ynecTaHOCTH (npngHKOM ynoTpe6e pe3epBHHx H3Bopa Hanajaaa, Kao mTO cy gH3eg 
arperaTH).
y™ ^aj KpajftHx HH h CH noTpomana Ha npeHOCHy Mpe®y, ogHOCHO Mpe*y BH h BBH, 
ge^HHHme ce Kpo3 TpaHC$ep-Koe$H^njeHTe.
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Pery^aTHBa y npoH3Bogmn h MOHTa^H onpeMe
HegocraTaK ogroBapajyhnx craHgapga 3a Tecrnpafte, cepTH$HKapnjy, Ha6aBKy, MOHTa®y 
h ynoTpe6y eneKTpoHCKe onpeMe h ypefraja rnaBHH je  y3poK npo6neMa KBanHTeTa 
eneKTpHHHe eHeprnje.
36or CBera npeTxogHO HaBegeHor, pemaBa&e npo6neMa KBanHTeTa eneKTpHHHe eHeprnje 
Mopa ga ce pemaBa ca Tpu crpaHe:
EneKTponpHBpega Tpe6a ga npojeKTyje h ogp^aBa eneKTpoeHepreTCKH cncreM h ga ftHMe 
ynpaB^a, a ga npuTOM MHHHMH3Hpa nom yra^aj Ha KBanHTeT eneKTpHHHe eHeprnje. 
KpaiftH KopncHHK Tpe6a ga o6parn na®fty ga eneKTpHHHe HHCTana^nje h y3eM ^eaa 6ygy 
npaBHHHO H3BegeHa, Kao h ga kophcth eneKTpoHCKy onpeMy h ypefraje ca mTo 6o^ hm 
nep^opMaHcaMa.
npoH3BofraHH onpeMe Mopaiv ga KoH^nnnpajy eneKTpoHCKe ypefraje, TaKBe ga reHepnmy 
mTo Maae nopeMefraja, a ga cy npnroM HMyHH Ha eBeHTyanHe nopeMefraje Kojn gona3e H3 
eneKTpHHHe Mpe^e.

9.6.1 3aKOHCKa pery.raTHBa
MefryHapogHHM craHgapgoM EN 50160:2010 [9.12], o^ hocho HgeHTHHHoM HapnoHanHoM 
Bep3HjoM SRPS EN50160:2012 [9.13] h H3MeHaMa goHeTHM 2015. rogHHe [9.14] yTBpfryjy 
ce KapaKTepncTHKe HanoHa ncnopyneHe eneKTpHHHe eHeprnje H3 jaBHHx eneKTpHHHHx 
Mpe^a. Obhm eBponcKHM craHgapgoM ge$HHHmy ce, onncyjy h yTBpfryjy rnaBHe 
KapaKTepncTHKe HaH3MeHHHHor HanoHa Ha MecTHMa npHK^ynefta KopncHHKa Ha Mpe*y 
Hanajaaa y jaBHHM HHCKoHanoHCKHM, cpegaeHanoHCKHM h BHcoKoHanoHCKHM 
eneKTpHHHHM Mpe^aMa y HopMaaHHM ycnoBHMa paga. Obhm CTaHgapgoM yTBpfryjy ce 
rpaHH^e hhh BpegHocTH y oKBHpy Kojnx ce oneKyje ocTBapeae yTBpfreHHx 
KapaKTepncTHKa HanoHa Ha 6hho kom Mecry npHK^ynefta KopncHHKa y jaBHHM 
eBponcKHM eneKTpHHHHM Mpe^aMa, a He yTBpfryjy ce yo6HnajeHe CHTya^Hje Koje cy 
npoy3poKoBaHe og crpaHe KopncHHKa Mpe^e.
npegMeT oBor eBponcKor craHgapga je  ga ge^HHHme, onume h yTBpgu KapaKTepncTHKe 
HanoHa Hanajaaa y nornegy [9.13]:
a) ^peKBeH^nje;
6) BenHHHHe (aMnHHTyge);
b) TanacHor o6^HKa;
r) CHMeTpHHHocTH $a3HHx HanoHa.
OBe KapaKTepncTHKe cy nogno^He npoMeHaMa tokom HopManHor paga cncreMa Hanajaaa 
ycneg npoMeHa onrepefrefta, CMeraH Koje H3a3HBa ogpefreHa onpeMa h nojaBH KBapoBa 
Kojn cy yraaBHoM HacranH ycneg cno^HHx nopeMefraja.
SRPS EN50160:2012 nponncyje ce Mepeae cnegetax  KapaKTepncTHKa Mpe^Hor HanoHa:

1. Bapnjapnja Mpe^He ^peKBeH^nje;
2. Cnope npoMeHe HanoHa;
3. npeHanoHH h nagoBH HanoHa (<1mhh);
4. KparKH npeKHgn (<3mhh);
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5. HeoneKHBaHH, gyrn npeKHgn (>3mhh);
6. npHBpeMeHH npeHanoHH ($a3a-y3eM^eme);
7. npena3HH npeHanoHH ($a3a-y3eM^erne);
8. HanoHCKo-$a3Ha HecHMeTpnja;
9. npncycTBo xapMoHHjcKHx HanoHa (yKynHo xapMoHHjcKo H3o6nHHefte -  THD).

y  Ta6enn 9.3 gaTe cy npnxBaT^HBe rpaHHHHe BpegHocrn ge^HHHcaHe CTaHgapgoM [9.13].

TaSe^a 9.3 napaMeTpu KBaaHTeTa Kojn ce Mepe, BpeMe h h^hhh ftnxoBor KoHTponHcafta
h Mepeaa

KapaKTepncTHKa 
M pe^nor iiaMona

npnxBaT^HBe rpaHHHHe 
BpegHOCTH

HHTepBa^
Mepema

KOHTpO^HH
nepnog

Bapnjaanja Mpe^He 
^peKBeH^nje 49,5Hz go 50,5Hz 10 s 1 Hege^a

Cnope npoMeHe HanoHa 230V ± 10% 10 min 1 Hege^a

npeHanoHH h nagoBH 
HanoHa (<1mhh)

10 go 1000 nyTa rognmme 
(ucnog 85% HoMHHanHe 

BpegHocTH)
10 ms 1 rogHHa

KpaTKH npeKHgn 
(<3mhh)

10 go 100 nyTa rognmme 
(ucnog 1% HoMHHanHe 

BpegHocTH)
10 ms 1 rogHHa

HeoneKHBaHH, gyrn 
npeKHgn (>3mhh)

10 go 50 nyTa rognmme (ucnog 
1% HoMHHa^He BpegHocTH) 10 ms 1 rogHHa

npHBpeMeHH npeHanoHH 
($a3a-y3eM^erne) npocenHo < 1,5 kV 10 ms HHj e

nponucaHo
npena3HH npeHanoHH 

($a3a-y3eM^erne) npocenHo < 6 kV
HHje

nponucaHo
HHj e

nponucaHo
HanoHCKo-$a3Ha

HecHMeTpnja npocenHo 2% -  3% 10 min 1 Hege^a

y^ynHo xapMoHHjcKo 
H3o6nHHeme (THD)

8% yKynHor xapMoHHjcKor 
H3o6HHHerna 10 min 1 Hege^a

nopeg  craHgapga EN 50160 h craHgapga cepnje IEC 61000 [9.15], [9.16], [9.17], [9.18], 
[9.19], [9.20], [9.21] Kojn gajy npenopyKe y nornegy eneKTpoMarHeTHe KoMnaTH^HHHocTH 
y goMaheM 3aKoHogaBCTBy ce Kopncre h npaBHna h ypeg6e goHeTe og CTpaHe AEPC-a h 
oneparopa gHCTpn6yTHBHor h npeHocHor cncreMa [9.2], [9.3], [9.23], [9.24].

9.6.2 4e<|)iiiiiican>c BpegHOCTH nojegHHHx napaMeTapa
y  obom nornaB^y cy geTa^HHje o6jamfteHH nojegHHH napaMeTpu KBanHTeTa eneKTpHHHe 
eHeprnje Kojn ce npare, Kao h rpaHHHHe BpegHocrn yTBpfreHe craHgapgoM [9.13].

M pe^H a <peKBeH^nja
®peKBeH^nja Mpe^Hor HanoHa npegcraB^a 6poj noHaB^arna ocHoBHor xapMoHHKa 
HanoHa Hanajarna y jegHHH^H BpeMeHa MepeHor tokom ogpefreHor BpeMeHCKor nepuoga. 
HoMHHaaHa, o^ hocho craHgapgHMa nponucaHa ^peKBeH^nja Mpe^Hor HanoHa Hanajama 
je  50 Hz. n p u  HopMa^HHM pagHHM ycnoBHMa, cpegrna BpegHocr ocHoBHe ^peKBeH^nje y
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HeKoj e^eKTpoeHepreTCKoj Mpe^H, tokom BpeMeHCKor HHTepBana og 10 ceKyHgu, Mopa 
6hth y cnegehHM once3HMa:

• Kog Mpe^a noBe3aHHx ca eneKTpoeHepreTCKHM cncreMoM: 50 Hz +1% (Tj. og 49,5 
Hz go 50,5 Hz ) tokom 99,5% CBaKe Hege^e y ToKy ^ene rogHHe, o^ hocho: 50 Hz 
+4% / -6 %  (Tj. og 47 Hz go 52 Hz ) y npeocraHHx 0,5% CBaKe Hege^e.

• Kog Mpe^a Koje HHcy noBe3aHe ca eneKTpoeHepreTCKHM cncreMoM ocrano je  CBe 
hcto: 50 Hz +2% (Tj. og 49 Hz go 51 Hz ) tokom 95% Hege^Hor nepuoga, o^ hocho: 
50 Hz +15% (Tj. og 42,5 Hz go 57,5 Hz ) y npeocraaHx 5% CBaKe Hege^e.

BpegHOCT Mpe^Hor iiaiioiia

Mpe^HH HanoH HHja e^eKTHBHa BpegHocr HHje Beha og 1000V ce Ha3HBa hhckh HanoH 
(HH), goK je  Mpe^HH HanoH HHja ce e^eKTHBHa BpegHocr Kpehe y rpaHH^aMa og 1 kV go 
35 kV cpegftH HanoH (CH). Bhcokh HanoH (BH) je  Ha3HBHH HanoH H3Hag 36 kV, a obhm 
craHgapgoM [9.13] cy o6yxBaheHe BpegHocrn Ha3HBHor HanoHa go h yK^yHyjyhH 150 kV. 
HoMHHa^Ha, Tj. nponucaHa e^eKTHBHa BpegHocr Mpe^Hor HanoHa hhckoHanoHCKe 
eneKTpoeHepreTCKe Mpe^e h3hoch:

• 3a Tpo$a3He Mpe^e ca HeTHpn npoBogHHKa: Vn = 230V H3Mefry $a3HHx h 
HeyTpanHor npoBogHHKa

• 3a Tpo$a3He Mpe^e ca Tpu npoBogHHKa: Vn = 230V H3Mefry $a3HHx npoBogHHKa. 

C nopa npoMeHa HanoHa
Cnope npoMeHe HanoHa npegcraB^ajy nopacr hhh onagaae e^eKTHBHe BpegHocrn 
HanoHa, H3a3BaHH npoMeHoM yKynHor onrepehefta y HeKoj eneKTpoeHepreTCKoj Mpe^H 
hhh HeKoM fteHoM geny. n p u  HopMaaHHM pagHHM ycnoBHMa, 6e3 y3HMa&a y o63up 
npeKHga Hanajaaa, 95% geceTOMHHyTHHx cpegftHx e$eKTHBHHx BpegHocrn HanoHa 
Hanaja&a y ToKy Hege^Hor HHTepBana Mopa 6hth y oncery: Vn +10%. npeocraHHx 5%
geceToMHHyTHHx cpegftHx e$eKTHBHHx BpegHocrn HanoHa Hanajaaa Hege^Hor 
HHTepBaaa Mopa 6hth y oncery: Vn +10 % / -15%  (Tj. MaKCHMaaHo: 253 V, a MHHHMaaHo: 
199,5 V).

Bp3e npoMeHe HanoHa
Bp3e npoMeHe HanoHa npegcraB^ajy 6p3a npoMeHa e^eKTHBHe BpegHocrn HanoHa, 
H3Mefry gBa y3acronHa HanoHCKa HHBoa ogpefreHor, aan He h HBpcro ge^HHHcaHor 
Tpajaaa h yrnaBHoM H3a3HBajy npoMeHe onrepehefta y nocrpojeftHMa noTpomaHa. n p u  
HopMa^HHM pagHHM ycnoBHMa 6p3a npoMeHa no npaBHny He npena3H 5% HoMHHaaHor 
HanoHa. MefryTHM, nog ogpefreHHM oKonHocTHMa Mory ce BHme nyTa gHeBHo nojaBHTH 
KparKoTpajHe 6p3e npoMeHe HanoHa go 10% Vn. npoMeHa HanoHa Koja y3poKyje nag 
HanoHa Hanaja&a Ha Ma&e og 1% Vn, CMarpa ce npeKHgoM HanoHa, Tj. Hanaja&a.
Ha chh^ h 9.4 je  npuKa3aH npHH^nn Mepeaa Bapnjaanja HanoHa.
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0HTeH3HTeT T penepena (^H K ep a)
Tpenepefte hhh ^HHKep je  roHHM okom npHMeTHO npeKHgaae HanoHa, H3a3BaHO nog 
gejcTBOM CBeTHOCHHx e^eKaTa. Tpenepeae HanoHa Mory ga H3a30By npoMeHe CBeTHOCHe 
janHHe cnjaHH^e, a H3Hag ogpe^eHe rpaHH^e OBa nojaBa nonnfte ga CMeTa. CMerae cy CBe 
H3pa®eHHje mTO je  aMnnuryga npoMeHe HanoHa Beha. n p u  ogpe^eHHM 6pojeBHMa 
noHaB^arna y jegHHH^H BpeMeHa CMeTme Cy Moryhe Beh h npu Bpno ManHM 
aMnHHTygaMa.

HmeroHTeT CMeTmH yCneg CBeTHOCHor Tpeneperna Kojn Ce no UIE-IEC noCTynKy 3a 
ogMepaBame Tpenepema o^emyje h yTBp^yje noMohy CHegehnx BenHHHHa:

• janHHa KpaTKOTpajHor Tpenepema Pst MepeHa tokom BpeMeHCKor HHrepBana og 
geCeT MHHyTa

• janHHa gyroTpajHor Tpenepema Plt, Koja Ce Ha ochobh HH3a og gBaHaeCT BpegHOCTH 
Pst tokom BpeMeHCKor HHTepBana og gBa cara, panyHa npeMa jegHanHHH:

P lt = 3
12 P  i 3st

I
i=1 12

(9.1)
n p u  HopMa^HHM pagHHM ycHOBHMa HHTeH3HTeT gyroTpajHor Tpeneperna 36or npoMeHa 
HanoHa He CMe tokom 6hho Koje Hege^e npena3HTH BpegHOCT: Plt =1. PeaKanja Ha 
Tpeneperne je  cy6jeKTHBHa h MO*e 6hth Bpno pa3HHHHTa 3Hbhcho og y3poKa Tpeneperna h 
og BpeMeHa y KOMe gona3H go Tpenepema. y  nojegHHHM cnynajeBHMa, CMeTme cy Moryhe 
Beh Kog BpegHOCTH Plt =1, goK y gpyrHM cnynajeBHMa CMeTmn HeMa hh npu BenHKHM 
BpegHOCTHMa Plt. Ha chh^ h 9.5 npuKa3aH je  npuMep nojaBe ^HHKepa.

n p o n a g u  naMOMa
nponagn HanoHa Hacrajy yrnaBHOM 36or KBapoBa y nocrpojemHMa noTpomana hhh y 
jaBHoj Mpe^H. nponagn HanoHa npaKTHHHO cy HenpegBHgHBH, H3pa3HTO cnynajHH
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gora^ajn. & hxob rognmftH 6poj je  Bpno ph3hhhht, 3aBHCHO og Bpcre eneKTpoeHepreTCKe 
Mpe^e h og nocMaTpaHe TanKe Mpe^e. Ochm Tora, ftHX0Ba pacnogena tokom rogHHe 
MO*e 6hth Bpno HepaBHOMepHa. OneKHBaHH rognmftH 6poj nponaga HanoHa MO*e npu 
HopMa^HHM pagHHM ycHOBHMa 6hth og HeKOHHKO geceTHHa go xH^agy. BehHHa nponaga 
HanoHa Kpaha je  og 1s, a gy6HHe nponaga Maite cy og 60% Vn. Me^yTHM, nojegHHH 
nponagu Mory 6hth gy * er Tpajaaa h Befre gy6uHe nponaga. y  HeKHM Mpe^aMa ce Bpno 
Hecro Mory nojaB^HBaTH nponagu HanoHa gy6HHe H3Me^y 10% h 15% Vn.

C^HKa 9.5 npuMep nojaBe HanoHCKor Tpenepeaa (^HHKepa) 

Ha chh^ h 9.6 je  gar npuMep nojaBe HanoHCKor nponaga.

KpaTKii npeK'M.iM HanoHa
n p u  HopMa^HHM pagHHM ycHOBHMa KpaTKH npeKHgn HanoHa nojaB^yjy ce ca 
ynecTaHomfry og HeKOHHKO geceTHHa go BHme CTOTHHa rognmfte. T pajaae oko 70% 
KpaTKHx npeKHga Hanajaaa Mopa 6hth Kpafre og jegHe ceKyHge. y  nojegHHHM
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ny6^HKa^HjaMa nona3H ce og npeTnocraBKe ga KpaTKH npeKHgn HanoHa Hanajaaa He 
Tpajy gy*e og jegHor MHHyTa. Me^yTHM, noHeKag ce npHMeayjy 3amTHTHH CKaonoBH 
Kojn, pagu cnpenaBaaa gpyrnx npeKuga, 3axTeBajy BpeMe npeKHga og Tpu MHHyTa.

fly rn  npeK'M.iM HanoHa
CnynajHH npeKHgn Hanajaaa BefrHHOM cy H3a3BaHH cno^HHM gora^ajHMa, Koje 
HcnopyHHna^ eneKTpHHHe eHeprnje He MO*e cnpenHTH. C o63upoM ga nocroje BenHKe 
pa3HHKe y BpcraMa nocrpojefta h CTpyKTypaMa Mpe^a y pa3HHHHTHM gp^aBaMa h c 
o63upoM Ha HenpegBHgHBe yra^aje Tpefrux CTpaHa h BpeMeHCKHx npHHHKa, HHje Moryfre 
HaBecTH THnHHHe BpegHOCTH ynecTaHOCTH h Tpajaaa gyrnx npeKHga Hanajaaa. 3aBHCHO 
og Mecra, MO*e ce npu hopmhhhhm pagHHM ycnoBHMa rognm fte nojaBHTH og Maae og 10 
na go npeKO 50 gyrnx npeKHga HanoHa Kojn Tpajy npeKO Tpu MHHyTa. OpnjeHTa^HOHe 
BpegHOCTH 3a npona3He npeKHge Hanajaaa HHcy HaBegeHe, jep  ce o thm npeKHgHMa 
yHanpeg o6aBemTaBajy noTpomann.
nOBpeMeHH HpCIMICOk'U UaUOUM H3Me^y $a3HHX UpOBO.lMMK'a H 3eM^e
noBpeMeHH npeBHCOKH HanoH Mpe^He ^peKBeH^nje no npaBHny ce nojaB^yje npu KBapy 
y eneKTpoeHepreTCKoj Mpe^H hhh y HeKOM nocrpojefty noTpornana. Oh Hecraje Kag ce
CMeTfta OTKHOHH H HCK^yHH. HpH HOpMHHHHM pagHHM yCHOBHMa TH npeBHCOKH HanOHH
Mory, 36or H3MemTaaa 3Be3gumTa Tpo$a3Hor cncreMa, gocrnfrH BpegHOCT HHHHjcKor 
HanoHa. n o g  ogpe^eHHM OKOHHOCTHMa KpaTaK cnoj Ha ropaoHanoHCKoj crpaHH 
TpaHc^opMaTopa Mpe^e MO*e Ha goaoHanoHCKoj crpaHH H3a3BaTH npeBHcOKH HanoH 
(npeHanoH) 3a BpeMe goK Tene crpyja KpaTKor cnoja. Th npeBHCOKH HanoHH no npaBHny 
He npena3e e$eKTHBHy BpegHOCT og 1,5 kV (ann Mory 6hth h 3HaTHO Befru).

TpaH3HjeHTHH lipCBHCOKH MaHOMM H3Me^y $a3HHX HpOBO.lMMK'a H 3eM^e 
To cy KpaTKOTpajHH npeBHCOKH HanoHH, Kojn cy no npaBHny BeoMa npnrymeHH, a Tpajy 
HeKOHHKO MHHHceKyHgn hhh Mafte. TpaH3HjeHTHe npeBHCOKe HanoHe o6hhho H3a3HBajy 
aTMOC^epcKa H36njafta hhh nperopeBaaa 0CHrypana. BpeMe nopacra TpaH3HjeHTHHx 
npeBHCOKHx HanoHa Kpefre ce og Maae og jegHe MHKpoceKyHge go HeKOHHKO 
MHHHceKyHgn. TpaH3HjeHTHH npeBHCOKH HanoHH o6hhho He npena3e BpmHy BpegHOCT og 
6 kV. Me^yTHM, noBpeMeHO ce nojaB^yjy h Befre BpegHOCTH. BpeMeHa nopacra Kpefry ce 
y mupoKOM oncery: og 3HaTHO Kpafre og MHKpoceKyHge, na go HeKOHHKO MHHHceKyHgn. 
EHeprnja TpaH3Hj eHTHor npeBHCOKor HanoHa Bpno je  pa3HHHHTa h 3aBHCH og aeroBor 
y3poKa. y  ogHOcy Ha npeBHCOKH HanoH H3a3BaH noBe3HBa&eM noTpomana Ha Mpe*y, 
npeBHCOKH HanoH HHgn^npaH aTMOC^epcKHM npa^merneM HMa Befry BpmHy BpegHOCT, 
ann Ma&y eHeprnjy. To je  nocnegn^a Tora mTO npeBHCOKH HanoHH (npeHanoHH) ycneg 
noBe3HBaaa Ha Mpe®y no npaBHny Tpajy gy*e. n p u  ro6opy ype^aja 3a 3amTHTy og 
npeBHCOKHx HanoHa y HeKOM nocrpojerny noTpomana, Mopa ce oga6parn pemerne Koje fre 
3agoBO^HTH 3axTeBe Kojn ce ogHOce Ha o6e noMeHyTe Bpcre npeHanoHa.
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HanoM Bm im \ xapMOHUKa
To je  npocTonepnogHHHH HanoH nnja je  ^peKBeH^nja ^eno6pojHH yMHO*aK ^peKBeH^nje 
ocHOBHor xapMOHHKa. BpegHOCT BHmnx xapMOHHKa HanoHa MO*e ce ogpegHTH:

• nojegHHanHO, Ha 0CH0By BpegHOcrn mnxoBHx aMnnHTyga Vn CBegeHHM Ha 
aMnHHTygy ocHOBHor xapMOHHKa Vi, rge je  n -  pegHH 6poj BHmer xapMOHHKa 
HanoHa;

• 3ajegHHHKH, noMofry yKynHor xapMOHHjcKor H3o6nHHema THD, Koje ce 
H3panyHaBa npeMa jegHanHHH:

Bume xapMOHHKe Mpe^Hor HanoHa yrnaBHOM H3a3HBajy BHmn xapMOHH^H crpyje 
HenHHeapHHx onrepefrerna noTpomana, Kojn cy npHK^yneHH Ha pa3HHHHTe HHBoe 
HanoHcKe Mpe^e. Th BHmn xapMOHH^H crpyje cTBapajy Ha HMnegaHcaMa Mpe^e 
ogroBapajyfre BHme xapMOHHKe HanoHa. Bnmn xapMOHH^H crpyje h HMnegaHce Mpe^e, a 
THMe h BHmH xapMOHH^H HanoHa Ha Mecry npegaje, Mernajy ce tokom BpeMeHa. 
y  Ta6enH 9.4 npHKa3aHa cy THnHHHa xapMOHHjcKa H3o6nHHema nojegHHHx noTpornana, 
yK^ynyjyfrH h TanacHe o6nHKe crpyje.

HecHMeTpnja (acHMeTpnja) HanoHa
CTame y Tpo$a3Hoj Mpe^H npu KOMe e^eKTHBHe BpegHocTH HanoHa H3Me^y $a3HHx h 
HyHTor npoBogHHKa hhh $a3HH noMepajn H3Me^y y3acTonHHx $a3a HHcy jegHaKH. Mepu 
ce Kao ogcTyname y ogHocy Ha ngeanHH Tpo$a3HH cncreM Kog Kora cy aMnnHTyge HanoHa 
cBe Tpn $a3e jegHaKe, a $a3HH noMepajn cy TanHO 120°. Ha chh^ h 9.7 gaT je  npHMep 
HecHMeTpnje HanoHa y3poKOBaHe KBapoM y Mpe^H.

40
(9.2)

- s o

0.14 0,15 0,16 0,17 0,18 0,19 0,2 0,21 0,22
BpeMe (s)

C^HKa 9.7 nojaBa HanoHcKe HecHMeTpnje y3poKOBaHe KBapoM
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TaSe^a 9.4 XapMOHHjcKa H3o6nHHefta CTpyje nojegHHHx noTpomana
BpcTa ype^aja

MOHO$a3HH
ype^aj 
3a Hanajame 
(ncnpaB^an 
h KOHgeH3aTop)

HcnpaB^an ca
KOHgeH3aTOpOM
6e3
HHgyKTHBHOcTH

ncnpaB^an ca 
KOHgeroaTopoM 
h ca
HHgyKTHBHomhy

crpyjHH 
ncnpaB^an 
ca BeHHKOM 
HHgyKTHBHomhy

perynaTop 
AC HanoHa

TnnHHaH TaaacHH o6hhk crpyje npoceHHO yKynHO 
XapMOHHjcKO 

H3o6nHHeme (THD) 
80%

(BeaHKH ygeo 
3. xapMOHHKa)

80%

40%

28%

npoMeH^HBa
BpegHocr
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CMrna^MM humohm, eynepnoHnpaHH mumomv M anaja^a

To cy cHraaaH cynepnoHHpaHH HanoHy Hanajaaa Kojn cny*e 3a npeHoc HH^opMa^nja y 
jaBHoj eaeKTpoeHepreTcKoj Mpe^H h y nocrpojefty noTpomana. Pa3HHKyjy ce cnegefin 
cnrHaaHH HanoHH y jaBHHM eneKTpoeHepreTCKHM Mpe^aMa:

• cnrHaaH Mpe^Hor TOH^peKBeH^njcKor ynpaB^a&a (MTU) -  cynepnoHHpaHH 
cHHycHH cnrHaaHH HanoHH y ^peKBeH^njcKOM oncery og 110 Hz go 3000 Hz;

• cnrHaaH ^peKBeH^nje Hocno^a -  cynepnoHHpaHH chh^chh cnrHaaHH HanoHH y 
^peKBeH^njcKOM oncery og 34 kHz go 148,5 kHz;

• cnrHaaHe 03HaKe HanoHa Hanajaaa -  cynepnoHHpaHe KpaTKOTpajHe npoMeHe 
HanoHa y oga6paHHM BpeMeHcKHM TpeHy^HMa.

9.6.3 HcKycTBa H3 OKpy^erna h E y
KBaaHTeT eaeKTpHHHe eHeprnje npegcraB^a TexHHHKH HajKOMnaeKcHHjH acneKT 
KBaaHTeTa cHa6geBa&a eaeKTpHHHOM eHeprnjoM. npo6aeMH Kojn ce jaB^ajy, Tj. 
nopeMefiajn h ftHX0Be nocaegn^e, pa3HHHHTO ce caraegaBajy og crpaHe onepaTopa Mpe^e 
h og crpaHe KopncHHKa. TaKO^e, nogeaa ogroBopHocm je  BeoMa 6nTHa, na je  to ycBojeHO 
Kao Ba^aH npHH^nn 3a pa3Boj h HMnaeMeHTaaHjy nponuca.
y  3eM^aMa EBponcKe yHHje nocrojn goKyMeHT KojHM ce HaBogn ga ogroBapajyfin 
peryaaTopHH opraHH HMajy o6aBe3y ycnocTaB^aaa hhh ycBajaaa cTaHgapga h 3axTeBa y 
o6aacTH KBaaHTeTa Hanajaaa eaeKTpHHHOM eHeprnjoM [9.12]. OaeKHBaHH pe3ynTar 
OBaKBe ogpeg6e Tpe6aao 6h ga 6yge noBefiaHO yaemfie Ha^HOHaaHHx perynaropHHx 
opraHa y cTBapa&y h ga^eM pa3Bojy Ha^HOHaaHHx cTaHgapga y OBoj o6aacTH (noroTOBO y 
ohhm 3eM.MMa y KojHMa HeKH og thx cTaHgapga HegocTajy hhh HHcy nomyHH). 
OTaHgapgn Kojn ce TpeHyTHO npHMeayjy HHHe cneKTap pa3HHHHTHx eBponcKHx h/hhh 
HaanoHaaHHx cTaHgapga. JegaH og HajBa®HHjnx, a BepoBaTHO h HajpacnpocTpafteHHjn 
cTaHgapg y OBoj o6aacTH je  EN 50160 [9.12], Kojn gaje nperaeg nopeMefiaja KBaaHTeTa 
HanoHa h ogroBapajyfia orpaHHaefta hhh npenopyaeHe BpegHocTH. C gpyre cTpaHe, 
cTaHgapgu nonyT IEC 61000-4-30 [9.15] 6aBe ce mohhtophhfom KBaaHTeTa eaeKTpHHHe 
eHeprnje (PQ).
y a o ra  peryaaTHBe y o6aacTH KBaaHTeTa eaeKipHHHe eHeprnje, jecre  ga ce H36erHe ym ^aj 
HanoHcKHx nopeMefiaja H3 Mpe^e Ha npaBHHHO $yHKqHOHHcafte h pagHH BeK onpeMe h 
ype^aja. y  npaKcu, to je  roTOBO HeMoryfie nocrHfin yBeK, aan je  BepoBaTHofia ga fie 
HemTO nofiu HaonaKO 3HaTHO cMaaeHa 3axBa^yjyfin cKyny craHgapga o 
eaeKTpoMarHeTcKoj KOMnara^HHHocTH Kojn rogaje IEC (International Electrotechnical 
Commission). Obh craHgapgn ce npey3HMajy og crpaHe CENELEC (European Committee 
for Electrotechnical Standardization) Kao ycaraameHH eBponcKH craHgapgn, a y cKaagy ca 
ogroBapajyfioM gnpeKTHBOM [9.22].
HaKO Cp6nja HHje y cacraBy EBponcKe yHHje, y o6aacTH eHepreTHKe ce npHMeayje 
eBponcKa peryaarHBa Ha ocHOBy naaHcrBa y EHepreTcKoj 3ajegHH^H. Kao naaHH^a ECRB
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ynecTByje y pa3Bojy hobhx h no6o^ma&y Befi nocrojefinx, KaKO Ha^HOHanHHx npenopyKa 
h craHgapga, thko h eBponcKHx.
Ha cBeTcKOM HHBoy nocrojH BenHKH 6poj craHgapga h cpogHHx goKyMeHTa (y BHgy 
npenopyKa h cMepHH^a) Kojn ce ogHoce Ha KBaaHTeT eneKTpHHHe eHeprnje. Hajno3HarHjH 
Me^y ftHMa (h HajBHme npHMeftHBaHH) cy cnegehn goKyMemH:

• IEC (eHr. International Electrotechnnical Comission) craHgapgn;
• EN (eHr. European Norms) craHgapgn;
• VDE (HeM. Verein Deutscher Elektrotechniker) craHgapgn;
• BS (eHr. B ritish  S tandards)  craHgapgn;
• CeBepHoaMepHHKH craHgapgn, npnxBafieHH y CeBepHoj AMepn^H h HeKHM 

gp^aBaMa Jy®He AMepHKe:
a) IEEE (eHr. In stitu te  o f  E lec tr ica l a n d  E lec tro n ic  E n g ineering )  craHgapgn,
6) ANSI (eHr. A m erica n  N a tio n a l S ta n d a rd s In stitu te )  craHgapgn,
b) M IL-Specs (eHr. M ilita ry  Specifica tions);

•  CBEMA (eHr. Computer Business Equipment Manufacturers Association) Kprne;
• ITIC (eHr. Information Technology Industry Council) KpHBe.

OraHgapgn, TexHHHKH H3BemTajn h npenopyKe y Be3H ca KBanHTeTOM eneKTpHHHe 
eHeprnje Kojn cy TpeHyTHO gocrynHH h Mory ce Hahn Ha Tp®nmTy cy:

1. SRPS (caraacHH ca IEC/EN craHgapgHMa);
2. IEC/EN:

a) 61000-1-x -  ^e^HHH^nje h MeTogonornja,
6) 61000-2-x -  OKpy*eae,
b) 61000-3-x -  OrpaHHnefta,
r) 61000-4-x -  T ecroBH h Mepeaa,
g) 61000-5-x -  HHcrana^Hja h cM aaeae yra^aja,
^) 61000-6-x -  OnmTH HMyHHTeT h eMHcnoHH craHgapgn;

3. EN 50160;
4. ER:

а) G5/4,
б) P 28,
B) P 29;

5. IEEE craHgapgn (rpyna og neTHaecraK craHgapga);
6. OcranH (ANSI, UNIPEDE, Ha^HOHanHH craHgapgn, rng.).

Me^yTHM, caraegaBafteM obhx goKyMeHara, yonaBa ce ga ce BehHHa o^ hoch Ha onpeMy ca 
jegHe crpaHe, a ca gpyre Ha Mpe^e hhckof h cpegaer HanoHa. Kaga ce ohh H3y3My, 6poj 
craHgapga h npenopyKa Kojn o6pa^yjy npo6neMe y Mpe^aMa BHcoKor h BeoMa BHcoKor 
HanoHa je  3anpaBO BeoMa Mann.
TexHHHKH H3BemTaj IEC/TR 61000-3-6 [9.16] gaje onmTe cMepHH^e h npHH^nne 3a 
yTBp^HBafte ycnoBa 3a ge$HHHca&e orpaHHnefta y ra^aja  HHcraaa^Hje KopncHHKa Ha 
EEC, Ha CH, BH h BBH HanoHcKOM HHBoy, ca acneKTa BHmnx xapMOHHKa. BeoMa je
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KopncTaH 36or pa3yMeBa&a ochobhhx nojMOBa Kojn ce Kopncre y HeKHM gpyrHM 
Me^yHapogHHM h HaaHOHaaHHM craHgapgHMa h npenopyKaMa.

9.6.4 MepHH CHCTeMH h h^hhh Meperna -  npuMepu H3 npaKce
KBaanreT eaeKTpHHHe eHeprnje ce gaHac ycnemHO Mepu, npaTH h aHanronpa npHMeHOM 
caBpeMeHe MepHO-aKBH3H^HOHe onpeMe. 3a noTpe6e paga Ha TepeHy, o6hhho ce Kopncre 
npeHocHH aHaaH3aTopn (og eHr. Power Quality Analyzers) [9.25], [9.26], [9.27], [9.28], 
[9.29], Kojn Ha ocHOBy Meperna HanoHa h crpyja noMohy co^TBepa HMnaeMeHTHpaHor y 
MHKponpo^ecopy h ogroBapajyhnx MeMopnj ckhx Kana^meTa Bpme H3paayHaBame cbhx 
noTpe6HHx napaMeTapa KBaaHTeTa eaeKTpHHHe eHeprnje HaBegeHHx y npeTxogHOM 
noraaB^y [9.30]. nopeg  Tora, BehHHa pacnoao®HBHx HHcrpyMeHara Ha Tp®nmTy HMa 
on^njy gnpeKTHor Meperna y cKaagy ca craHgapgoM EN 50160, HHMe ce H3MepeHe 
BpegHocra y nepuogy og Hege^y gaHa nopege ca rpaHHHHHM BpegHOCTHMa yTBp^eHHM 
craHgapgoM h Ha ocHOBy Tora ayTOMarcKH go6nja ogroBapajyhn H3BemTaj [9.31]. 
n p u  Meperny je  cymTHHcKH 3HaaajHO o6paTHTH na*m y Ha HaaHH npHK^ynerna MepHe 
onpeMe, KaKO 6h ce aHanroHpam hck^ hhbo noTpomaan og nmepeca. Ha chh^ h 9.8 
aeBO npHKa3aH je  HaaHH Meperna npHK^yHHBarneM MepHe onpeMe Ha raaBHH pa3BogHH 
opMaH Hanajama o6jeKTa, a gecHO HaaHH npHK^ynerna Ha raaBHe ca6npHH^e Hanajama 
HenocpegHO y3 gHCTpn6yTHBHH TpaHc^opMarop. n p u  TOMe ce He Bpmu HcK^ynerne 
Hanajama (o6jeKTa), jep  ce npHMemyjy noce^HH o6yxBaTHH ceH3opu 3a Mepeme $a3HHx 
crpyja.

C^HKa 9.8 HaaHH npHK^ynerna MepHe onpeMe Kog raaBHor pa3BogHor opMaHa (aeBo) h 
Ha raaBHHM ca6npHH^aMa Hanajama (gecHo)



9-28 npupyHHHK 3a o6yKy eHepreTCKHX MeHa^epa y HHgycTpnjcKoj eHepreTH^H

Ha c^HKaMa 9.9 u  9.10 npHKa3aHH cy nojegHHH pe3yHTaTH Mepeaa rge ce Mory BHgeTH 
TanacHH o6hh^ h cpegaer HanoHa npeMa gHCTpn6yTHBHoj Mpe^H ca TpeHyTHHM 
e^eKTHBHHM BpegHocTHMa h TanacHH o6hh^ h HanoHa 0,4 kV ca TpeHyTHHM BpegHocTHMa 
yKynHor ^aKTopa H3o6nHnefta (cnHKa 9.9 neBO h gecHO, pecneKTHBHo).
Ha chh^ h 9.10 npHKa3aHH cy $a3opcKH gnjarpaM HanoHa h crpyja (neBo) h TanacHH 
o6hhhh crpyja noTpomana ca TpeHyTHHM BpegHocmMa yKynHor ^aKropa H3o6nHHema 
(gecHo).
noMofry $a3opcKor gnjarpaMa ca cnHKe 9.10 Ha neBoj crpaHH MO*e ce ycraHOBHTH 
ucnpaBaH pegocneg $a3a Kog MOTopa. HaBegeHH gnjarpaMH Mory ce kophcthth y npaKcu 
h npu ogpe^HBarny noTpe6Hor HHBoa KOMneroa^nje peaKTHBHe cHare, Kao h npu 
geTeKTOBamy npo6neMa y Hanajamy nojegHHHx noTpomana y OKBHpy HHgycTpHjcKor 
nocTpojema.

C^HKa 9.9 TanacHH o6hh^ h HanoHa Ha cTpaHH gHcTpn6yTHBHe Mpe^e (neBo) h Ha cTpaHH
noTpomana (gecHo)
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C^HKa 9.10 TanacHH o6hh^ h cTpyja noTpomana (neBo) h $a3opcKH gnjarpaM $a3HHx
HanoHa h cTpyja (gecHo)
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9.6.5 3Hanaj Meperna h aHa^H3e KBa^nreTa eaeKTpHHHe eHeprnje
AHanroa KBanHTeTa eneKTpHHHe eHeprnje h nojegHHHx napaMeTapa je  3HanajHa ca BHme 
acneKaTa 3a npo^eHy eHepreTcKe e^HKacHocra nocTpojeaa h HanHHa paga nojegHHe 
onpeMe y OKBHpy HHgycTpHjcKor noTpomana.
npBO, aHanH3a ce cnpoBogu no 3axTeBy gHcTpn6yTHBHor o^ hocho npeHocHor onepaTepa, 
yKOHHKO ce yTBpgu ga npHK^yneHH HHgycTpnj ckh noTpoman npegcraB.M H3Bop 
npo6neMa HapymaBaaeM KBanHTeTa Hanajaaa eneKTpHHHOM eHeprujoM y geny Mpe^e y 
OKBHpy Kojer je  npHK^yneH Ha Hanajaae.
C gpyre cTpaHe, aHanH3y KBanHTeTa ncnopyneHe eneKTpHHHe eHeprnje MO*e ga 3arpa®H 
h noTpoman, yKOHHKO ycTaHOBH npo6neMe y pagy nojegHHe onpeMe hhh ^enor 
nocTpojeaa (Tpenepeaa -  ^HHKepn, nojaBa BHmnx xapMOHHKa Kojn yTHHy Ha oceT^HBy 
eneKTpoHcKy onpeMy, necTH nponagu HanoHa h gp.). y  o6a c^ynaja, KBanHTeT 
ncnopyneHe eneKTpHHHe eHeprnje h KOHTHHyHTeT Hanajaaa y Peny6nn^H Cp6njH npaTe 
ce KopnmhefteM cnegehnx goKyMeHaTa:

• „3aKOH o eHepreTH^n” ;
• „ypeg6a o ycnoBHMa ucnopyKe h cHa6geBaaa eneKTpHHHOM eHeprnjoM” (og 

12.7.2013. roguHe);
• „npaBHHa o pagy npeHocHor cucTeMa” (Bep3Hja 1.0 og 15.4.2008. roguHe);
• „H3MeHe h gonyHe npaBHna o pagy npeHocHor cucTeMa” (peBH3Hja Bep3Hje 1.0, og 

6.12.2011. roguHe);
• „npaBHHa o npaheay TexHHHKHx h KOMep^njanHHx noKa3aTe^a h perynHcafty 

KBanHTeTa ucnopyKe h cHa6geBa&a eneKTpHHHOM eHeprnjoM h npnpogHHM racoM” 
(31.12.2013. roguHe).

nopeg  Tora, aHanH3a nojegHHHx napaMeTapa KBanHTeTa eneKTpHHHe eHeprnje je  6uTHa 
npu ogpe^HBafty noTpe6Hor cucTeMa KOMneroa^nje peaKTHBHe cHare, HapoHHTO y 
cnynajy nojaBe BHmnx xapMOHHKa Kojn yTHny Ha npaBHnaH H36op, a KacHHje h pag 
onpeMe. AHanH3a npoMeHa HHBoa aKTHBHe h peaKTHBHe cHare tokom paga nocTpojeaa 
Mory ga ce ynoTpe6e 3a ge^HHHcaae nojegHHHx Mepa 3a yHanpe^eae eHepreTcKe 
e^HKacHocTH, Kao mTO cy npHMeHa $peKBemHHx perynaTopa Kog nyMnu h Konpecopa h 
ynpaBHa&a onrepehefteM.
KoHanHO, npu ge$HHHcafty noTpe6HHx MepHHx Mecra o^ hocho MepHHx ype^aja y 
cncreMy eHepreTcKor MeHauMeHTa 3HanajHy ynory HMajy Mepeaa noMohy aHanH3aTopa 
KBanHTeTa eneKrpHHHe eHeprnje (hhh aHaHH3aropa cHare).
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n H T a^a
1. Kojn cncreMH nocroje y OKBHpy eneKTpoeHepreTcKor cncreMa?
2. Koja je  ocHOBHa nogena cncreMa 3a npoH3Bogay en. eHeprnje?
3. KaKO $yHK^HOHHme npeHoc eneKTpHHHe eHeprnje?
4. Koj a je  $yHK^nj a gHcipH6yTHBHor eneKTpoeHepreTcKor cncreMa?
5. Kaga je  yBegeHO ip^H m ie eneKTpHHHe eHeprnje y PC h KaKO $yHKqHOHHme?
6. KaKO cy ge^HHHcaHH Tapn^HH cncieM h Tapn^HH eneMeHTH?
7. KaKO ce ge^HHHme KBaHHTeT eneKTpHHHe eHeprnje?

http://www.ems.rs/media/uploads/Pravila-o-radu-prenosnog-sistema-ver-1.0-Sluzbeni-glasnik2.pdf?language=lat
http://www.ems.rs/media/uploads/Pravila-o-radu-prenosnog-sistema-ver-1.0-Sluzbeni-glasnik2.pdf?language=lat
http://www.ems.rs/media/uploads/2013/06/Pravila_o_radu_prenosnog_sistema_rev_06_dec_2011.pdf?language=lat
http://www.ems.rs/media/uploads/2013/06/Pravila_o_radu_prenosnog_sistema_rev_06_dec_2011.pdf?language=lat
http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Angelo+Baggini
http://www.chauvin-arnoux.com/
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8. Kohhko je  noTpe6HO y KOHTHHyHTeiy BpmHTH Mepeae KBaHHTeia ncnopyneHe en. 
eHeprnje no ciaHgapgy SRPS EN50160:2012?

9. Ha Koje ce cBe HanHHe Mory hckophcthth pe3yniaTH Mepeaa h aHanroe KBaHHTeia 
eneKTpHHHe eHeprnje 3a yHanpe^eae eHepreicKe e^HKacHocTH y HHgycipHjH?



10. O C B E T M ftE , E^EKTPOMOTOPH H E^EKTPOMOTOPHH 
HOrOHH

AgeKcaHgap Hhko^hR

10.1 CHCTEMH OCBET^E&A
B u g ^ H B O  3p a n e a e  -  C B eT g o cr y  $ h 3h h k o m  CM Hcgy g e ^ H H H m e  c e  Kao eMHTOBarne h  

npeH OC e H e p r n je  y  o 6gHKy T a g a c a  h  n e c r a ^ a ,  t r k o  g a  c e  M O * e BpegHOBaTH h  eHepreTCKHM

-  $H3HHKHM BegHHHHaMa.

O cHOBHe $ H 3HHKe BegHHHHe K oje  c e  K o p n c re  3a  o n n c H B a rn e  CBeTgocTH c y : e H e p r n ja  

3 p a n e rn a , $gyK C  n g n  H 3 p an eH a  C H ara , HHTeH3HTeT 3 p a n e rn a , 3 p a n e rn e  h  0 3 p a n e rn e . 

H 3p a n e H a  e H e p r n ja  y  jeg H H H ^H  B peM eH a n p e g c T a B ^ a  H3p a n e H y  C H ary  K o ja  c e  j o m  Ha3HBa 

$ gyK C  3 p a n e rn a .

C B e ra o c H H  $ gyK C  3 a  g a T y  n o B p m H H y  je g H a K  j e  e H e p r n jn  K o ja  npoT eK H e y  jegH H H ^H  

B peM eH a K po3 Ty n o B p m H H y  K ojy  H OBenHje o k o  B p eg H y je  K ao CBeTgocT. Jeg H H H ^a  3 a  

CBeTgocHH $ gyK C  j e  gyM eH  [ lm ]. K o M e p ^ n ja g H H  C B eraocH H  H3B o p n  H M ajy CBeTgocHH 

$ gyK C  K o jn  c e  K p eh e  y  o n c e r y  o g  HeKogHKO CTOTHHa gy M eH a g o  npeK O  100.000 gyM eH a. 

H H TeH 3HTeT CBeTgocTH  (jan H H a  CBeTgocTH) M e p n g o  j e  eMHTOBaHe C H are C B eT gocH or 

H 3B opa y  ogpe^eH O M  C M epy n o  jeg H H H ^H  n p o c T o p H o r  y r g a .  Jeg H H H ^ a  3 a  HHTeH3HTeT 

CBeTgocTH j e  K aH g eg a  [c d ] .

O cB eT ^eH O C T  j e  M e p n g o  C B e ra o c H o r $ g y K c a  K o jn  n a g H e  H a HeKy n oB pm H H y. Jeg H H H ^ a  3a  

ocB eT ^eH O C T  j e  gyKC [ lx ] . T nnH H H e BpegHOCTH ocB eT^eH O C TH  HeKHx n o B p m H H a g a T e  c y  y  

T a6e g n  10 . 1 .

T a S e g a  10 .1  T nnH H H e BpegHOCTH o c B e ™ e H O c ra  pa3gH H H TH x n o B p m H H a

llo B p m M M a O c B e T ^ e H O C T  [lx ]

C g a 6o  o c B e T ^ e H  n y T 0 ,5  -  5

^ o 6p o  o c B e T ^ e H  n y T 5 -  3 0

n p o c e ^ H O  o c B e T ^ e H  CTaH

oo1o

C TaH  c a  gHeBHOM C B e ra o m fry 1 0 0  -  5 0 0

O TB opeH H  n p o c T o p  n p u  o 6ganH OM  H e6y 1k  -  2k

y  ceH ^H  H a OTBopeHOM n p o c T o p y  n p u  cyH naH O M  H e6y 3 k  -  8k

O T B opeH  n p o c T o p  H en o cp eg H O  o c B e T ^ e H  cy H ^eM 7 0 k  -  1 0 0 k

E H e p r a ja  c e  e^H K acH O  M O *e npeT B opH T H  y  B H g .M B y  C BeTgocT yrgaB H O M  npeK O  T p u  

KOMnoHeHTe: c n ja g H ^ e ,  n p n ry m H H ^ e  h  C B e ra e fre r  T eg a . 3 a  6e 36eg H e  h  y g o 6He p a g H e
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y r a o B e  B a*H O  j e  g a  j e  p a c m r a o ^ H B a  goB O -^H a KOOTHHHa c b c t h o c t h . K BanH TeT C B eraocT H  

yT H ne H a npogyK TH B H ocT .

y  K a H ^ e n a p n ja M a  c e  M O *e pan y H aT H  g a  o g  10  g o  5 0 %  y K y n H e  eneK ipH H H e e H e p ro je  

O T n ag a  H a cu cT eM  p acB eT e , g o K  c e  y  $ a 6pHHKHM 3rp a g a M a  o g  1 0 %  g o  1 5 %  eneK ipH H H e 

e H e p rn je  T p o m n  H a o c B e T ^ e rn e .

y  p aH o j $ a 3 H  npo jeK T O B am a o 6jeK T a  M o p a  g a  c e  pa3M O T pu h ^ h h h  npH M eH e h  y r p a g r n e  

cu c T e M a  3 a  o c B e T ^ e rn e , nom T O  c e  T a g a  g o H o c e  ra a B H e  o g n y K e  K oje  yTHHy H a H H T e rp a ^ n jy  

n p u p o g H e  gH eB H e cB eT nocT H  h  Bem TaHK e cB eTnocTH .

Bem TaH K O  o c B e T ^ e rn e  yTHHe H a y H y T p a m rn e  3 a rp e B a rn e  o 6jeK T a  mTO c e  M o p a  y3eTH  y  

o 6 3 u p  K a g a  c e  p a3 M aT p a  y r p a g r n a  c u cT eM a K n H M a ra 3 a ^ n je , r p e j a r n a  h  x n a ^ e rn a . 

E ^ H K a c H o c T  c n c re M a  o c B e T ^ e rn a  M H oro  3aB H cn o g :

•  e^H K acH ocT H  pa3HHHHTHx KOMnoHeHTH H H C T a ^ a ^ n ja : ^ a M n n , n p n ry m H H ^ e  h  

c B e r a e f in x  T e ^ a ;

•  cu c T e M a  3 a  p e r y ^ a ^ H jy  h  p a c m r a o ^ H B o c r a  gH eB H e c B e r a o c r a ;

•  o g p ^ a B a rn a .

H h b o  o cB e T ^ e H o c T H  g e ^ H H H m e  c e  K ao MHHHManHa c p e g rn a  o c B e ™ e H o c T  p e ^ e p e H r a e  

n o B p m H H e n o T p e 6H a 3 a  H 3B pm aB arne o g p e ^ e H o r  B H gH or 3agaT K a. y  pagH H M  n p o c T o p n ja M a  

p e ^ e p e H T H a  n o B p m H H a n p e g c T a B ^ e H a  j e  pagH O M  paBHH, K o ja  c e  g e ^ H H H m e  K ao 

x o p H 3 0 H T a^H a p aB aH  o rp aH H H eH a 3HgoBHM a. ^ k o ^ h k o  HHje g p y ra H H je  c n e ^ H ^ H ^ n p a H O , 

y 3HMa c e  g a  j e  OHa n o c r a B ^ e H a  H a 0 ,8 5 m  o g  n o g a .  y  c ^ y n a jy  p a g H e  paBHH K ao 

p e ^ e p e H T H e  n o B p m H H e, n o g  o c B e T ^ e H o m fiy  c e  n o g p a 3yM eB a x o p H 3o m a n H a  o c B e T ^ e H o c r .  

H e 3aBucHO  o g  H H m eH H ^e g a  p a c n o 3H aB arne n p e g M e T a  He 3aB H cn  o g  m n x o B e  

o c B eT ^ eH o cT H , H e ro  o g  c ja jH o c r a ,  K ao p e n e B a m a H  ^ a K io p  K B a n m e T a  y H y T p a m rn e r  

o c B e T ^ e rn a  h  g a ^ e  c e  n p H M ern y je  h h b o  o c B e ™ e H o c r a  ( p a r n o r e  3 a  OBaKaB n p u c T y n  

BepoBaTHO T p e6a  T p a* H T H  y  T p a g H ^ H jn ) .

O nTH M a^H H  h h b o  o c B e T ^ e H o c r a  p a g H e  n p o c T o p n je  n p e g c T a B ^ a  H ajM arny  c p e g rn y  

o c B e T ^ e H o c T  p a g H e  paBHH K o ja  o 6 e 3 6 e ^ y je  He caMO n o T p e 6He BHgHe n e p ^ o p M a H c e  

(6p3H H y 3 a n a ^ a r n a  h  t ^ h h o c t  c a  KojHM a c e  H 3B pm aB a b h a h h  3agaT aK ), H e ro  h  n o T p e 6aH  

BHgHH K O M ^op h  o c e f ia m e  n pn jaT H ocT H .

T e x H O ^ o m K a  y H a n p e ^ e rn a  h  c rp a T e rH je  y n p a B ^ a r n a  pacBeTOM  M o ry  g a  g o B e g y  h  g o  3 0 %  

g o  5 0 %  y m T e g a , n p u  HeM y c e  B peM e n o B p a f ia ja  n p u  peK O H crpyK aH jH  h  3aM eHH c n c re M a  

p acB eT e  K pefie  o g  1 g o  5 ro g H H a. ^ h ^  j e  o c iB ap H T H  n o T p o m m y  o g  1 g o  3 W /m 2 3a  h h b o  

o c B e T ^ e H o c iH  o g  100 lu x .

O cHOBHe K apaK TepncTH K e c n c re M a  p acB eT e  y  H H g y crp H jH  c y :

•  n p o c r p a H e  h  BHcoKe n p o c r o p H je ;

•  ^ h k c h h  pag H H  n p o c r o p n ;

•  g y r n  n e p n o g n  p a g a ;

•  H enoB O ^H H  p ag H H  y cn o B H ;

•  pa3^HHHTH HHBOH o c B e T ^ e H o c ra ;

•  ^ e m p a n H O  y n p a B ^ a m e  pacBeTOM ;
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•  o rpaH H H eH e M oryfiH ocT H  o g p * a B a & a .

3axT eB H  3 a  HHBOHMa o c B e T ^ e H o c T H  y  3aBHcH ocTH  o g  HaM eHe n p o c r o p a  y  H H g y crp H jH  c y :

•  3 a  peTKO K o p u m fie H e  n p o c r o p e  o g  5 0  g o  1 5 0 lu x  (H n p . r a p a ^ e ) ;

•  3 a  p a g H e  n p o c r o p e  o g  2 5 0 lu x  3a  M ara^H H e , 3 5 0 lu x  3a  K a H ^ e n a p n je , cB e g o  5 0 0 lu x  

3 a  n a 6o p a T o p n je ;

•  noK a^H 30B aH O  o c B e T ^ e a e  3 a  n o c e 6He o n e p a ^ n j e  n o n y T  ^H H an H e  n p o B e p e  

n p o u 3 B o g a  h 3h o c h  1 0 0 0 lu x ,  n a  cB e g o  2 0 0 0 lu x  3a  n p e ^ H 3He p a g o B e .

^ H eB H a  c B e r a o c r  y  OKBHpy 3 r p a g e  HMa raaB H H  y r a ^ a j  H a H 3 ra e g  n p o c r o p a  h  M O *e 

3H anajH O  g a  yTHHe H a e H ep reT cK y  e ^ H K a c H o c r . A y g n  K o jn  6o p a B e  y  3 r p a g n  reH ep an H O  6h  

BHm e  B o n e n n  n p o c r o p  c a  gHeBHOM c B e ra o m f iy  n o g  npeT nocraB K O M  g a  c y  H 36erH yT H  ja K a  

c B e ra o c T  h  n p e r p e B a a e .

n p o c e n a H  ^ a K T o p  gH eB H e c B e T H o c rn  (D F )  y  y H y T p a m a e M  n p o c r o p y  j e  n p o n o p ^ H O H a n a H  

noB pm H H H , W  n p o 3o p a  h  c B e r a a  K oje  g o n a 3H c a  K poB a h  ftH X 0B T paH cM H cnoH H  ^ a K T o p  T . 

n p H M e p n  B p e g H o c rH  3a  T paH cM H cnoH H  ^ a K T o p  c y :

•  0 ,7  3a  h h c t o  g y n n o  3a c ra K ^ e H o ;

•  0 ,8  3a  g n $ y 3HO c B e r a o  c a  K poBa.

B p e g H o c r  3a  D F  r o p a ^ e H a  y  npo^eH T H M a, H3paH y H aB a c e  H3 jegH aH H H e:

D F  =
M  ■ W  ■ T ■ e
A  ■ (1 -  R  ■ 2 )

• 100% ( 10 . 1)

r g e  c y :

A  -  y K y n H a  n o B p m H H a n p o c r o p H je  (3HgoBH, T aB aH H ^a, n o g o B H , n p o 3o p u ,  H Tg.);

R  -  ftH X 0B n p o c e H a H  ^ a K T o p  p e ^ n e K c n je  (THnHHHO je g H a K  0 ,4 ) ;

O  -  y r a o  n o g  KojHM c B e T n o c r  n a g a  H a n p o 3o p  (THnHHHa B p e g H o c r  j e  7 0 °  3a  6oHHe 

n p o 3o p e  h  1 5 0 °  3a  OHe H a K poB y);

M  -  ^ a K T o p  3a  n p ^ a B m T H H y  H a n p o 3o p y  (THnHHaH o n c e r  B p e g H o c rn  j e  o g  0 ,9  3a  

B epTH K a^H e n p o 3 o p e  g o  0 ,5  3a  xopH 30H T anH e O TBope H a K poB y H a n p ^ a B H M  

M ecTHM a).

B a ^ H O  j e  g a  c e  n p o 3o p u  h  o t b o p h  H a K poB y pegoB H O  n e p y  h  g a  h m  j e  o 6e 36e ^ e H  n p n c r y n  

3 a  OBe n o T p e 6e . n p o c e H a H  ^ a K T o p  3 a  gH eB H y c B e T n o c r  o g  5 %  h  B H m e 3 a  p e 3 y ^ ra T  HMa 

n p o c r o p  c a  g o 6po M  c a  gHeBHOM cB e T ^ o m fiy , M e^yTHM  aKO j e  h h ® h  o g  2% , k o p h c t h  c e  

eneKTpHHHO o c B e T ^ e a e  K oje  j e  o 6h h h o  c ran H O  y  y n o T p e 6u . y  c b ^ k o m  c n y H a jy , aKO 

gH eB H a c B e T n o c r  T p e6a  g a  g o n p H H e c e  e^H K acH O M  K o p n m f ie f ty  e H e p rn je ,  H eo n x o g H O  j e  g a  

c e  o 6 e 3 6 e g e  o g ro B a p a jy f ie  KOH Tpone TaKO g a  c e  eneK ipH H H O  o c B e T ^ e a e  r a c u  K a g a  j e  

goB O ^H O  gHeBHO cB eT ^o .

n o c r o j n  B H m e p a 3 n o r a  K o jn  o n p a B g a B a jy  K o p n m f ie a e  gH eBH e c B e T H o c rn  K ao c B e T ^ o c H o r 

H3B o p a  y  y H y T p a m a e M  o c B e T ^ e a y .  H a jB a * H H jn  M e^y  ftH M a c y  KBanHTeT c B e T H o c rn  

(KOHTHHyanHH c n eK T ap  h  ogHHHHa p e n p o g y K ^ n ja  6o je ) ,  BH3yenHH k o h t ^ k t  c a  c n o ^ H H M  

cBeTOM, gHHaMHHHa n p u p o g a  gH eBH e c B e T H o c rn  h  M o ry f ia  y m T e g a  eneK TpH HH e e H e p rn je .
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10.1.1 Ochobhh e êMeHTH y cncreMy ocBeT^erna
O c h o b h h  eneM eH TH  y  c n c re M y  o c B e T ^ e a a  c y :

•  cB eT H ^K a;

•  c n ja H H ^ a ;

•  c r a p T e p  (K o g  $ n y o  c n ja n H ^ a ) ;

•  p e r y n a T o p  o c B e T ^ a ja ;

•  gogaT H H  c e H 3 o p u  h  y n p a B ^ a a e .

10.1.2 TnnoBH CBeTH^KH h %nxoBe ocHOBHe KapaKTepHCTHKe
O c h o b h h  THnoBH  cB eTH ^K H  K o jn  c e  g a H a c  K o p n c re  y  H H g y crp H jH  c y :

•  H H K agec^eH T H e ( c a  y * a p e H O M  h h t h ) ,  M a g a  j e  f t n x o B a  y n o T p e 6a  g a H a c  cB e M a a a ,  a  

y  E y  j e  HaK h  yKHHyTa;

•  ^H B H H e;

•  H aT pnjyM ;

•  $ n y o  ^eB H ;

•  ^ E A  ( o g  e H ra . Light Emmiting Diode -  c B e ra e f ia  g u o g a ) .

K o g  H3B o p a  c B e T H o c rn  c a  y * a p e H H M  b h ^ k h o m , y * a p e H O  BOH^paMOBO BnaKHO 3paH H  

cBeTHocHH $ n y K c . O t o  j e  T e M n e p a T y p a  B naKH a B efia , t o  j e  h  h c k o p h c t h b o c t  H 3B opa B efia, 

ogH ocH O  B efin  j e  cB eT ^ocH H  $ n y K c . n o m T O  c e  K og  b h c o k h x  T e M n e p a T y p a  B on^paM O B O  

B^aKHO n p e 6 p 3 0  p a c n a g a ,  o h o  c e  cM em T a y  c raK n eH H  6a n o H  K o jn  M O *e HMaTH pa3HHHHTy

$ O p M y  H BeHHHHHy.

H 3 B o p n  cBeTHocTH c a  y® apeH H M  B^aKHOM M o ry  c e  n o g en H T H  Ha:

•  c n ja n H ^ e  3 a  o n m T y  y n o T p e 6y  (npH K a3aH a H a c h h ^ h  1 0 .1 ) ;

•  p e ^ n e K T o p c K e  c n ja n H ^ e ;

•  x a n o re H e  c n ja n n ^ e .

P e ^ n e K T o p c K e  c n ja n H ^ e  c y  H 3B opn  c B e r a o c r n  c a  y® apeH H M  BOH^paMOBHM b h ^ k h o m  K og  

K o jn x  j e  6a n o H  c a  y H y T p a m a e  c rp a H e  M aTanH 3H paH , TaKO g a  OHe 3paH e c B e T n o c r  y  

ogp e^eH O M  c M e p y  h h h  y  K O H ^ernpncaH O M  c H o n y  (cnH K a 1 0 .2 ) .

X a n o re H e  c H ja m ^ e  c y  r o p a ^ e H e  o g  K B ap ^H o r c ra K n a  h  H c n y a e H e  HHepTHHM ra c o M  c a  

M a^HM  KOHHHHHaMa x a H o reH H x  eneM eH aT a ( jo g ,  6p o M ). n p n c y c r B O  x a n o re H H x  eneM eH aT a 

O M oryfiaB a c r B a p a a e  n p o ^ e c a  y  KOMe c e  n c n a p e H H  B o n ^ p a M  noHOBO B p afia , HHMe c e  BeK 

c n ja n H ^ e  n p o g y * a B a  (cnH K a 1 0 .3 ) .

H 3B o p n  cBeTHocTH H a eneKTpHHHO n p a ^ a e f t e  c y  H3B o p n  K o jn  3p aH e  c B e T n o c r  y c n e g  

eneK TpH H H or n p a ^ a e f t a  K po3 r a c ,  M eTanH e n a p e  h h h  f tn x o B e  M em aBH H e.

H 3 B o p n  cBeTHocTH H a eneKTpHHHO n p a * & e f t e  M o ry  c e  n o g en H T H  Ha:

•  $ n y o p o c ^ e H T H e  cB eT ^ o cH e H 3B ope;

•  ^H B H H e c B e ra o c H e  H 3B ope B u c o K o r npH TH cK a;

•  M e T a n -x a n o re H e  cB eT ^ o cH e H 3B ope B u c o K o r npH TH cK a;

•  H aTpnjyM O B e cB eT ^ o cH e H 3B ope.
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C ^ H K a  10 .1  C n ja n H ^ a  c a  y * a p e H H M  b h h k h o m

C ^ H K a  10.2  P e $ n e K T o p c K a  C H ja n n ^ a

C ^ H K a  1 0 .3  X a n o r e H a  c n j a n n ^ a

® n y o p o c ^ e H T H e  c n ja n H ^ e  c y  H3B o p n  K o jn  3p a n e  CBeTHOCT y c n e g  eneK TpH H H or n p a ^ a e f t a  

K po3 ^H B H H e n a p e  H u c K o r npH TH cK a (cnH K a 1 0 .4 ) .

^ H B H H e  c n ja H H ^ e  B u c o K o r npH TH cK a c y  H3B o p n  K o jn  3p a n e  c B e T n o c r  y c n e g  eneK TpH H H or 

n p a * f t e a a  K po3 ^H B H H e n a p e  B u c o K o r npH TH cK a (cnH K a 1 0 .5 ) .
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M e T a n - x a r o r e H e  C H ja ro ro  BHCOKor npHTHCKa c y  H3B o p n  K og K o jn x  c y  ® h b h  g o g aH H  

x a n o re H H g H  K o jn  n p a ^ f t e a e M  g a jy  C B eT rocT  o g p e ^ e H e  6o je ,  n a  j e  p e 3y H T y jy h a  CBeTHOCT 

B p n o  K BanH TeTH or C neK T pa (C ro K a  10 .6).

C ^ H K a  1 0 .4  ® n y o p e C ^ e H T H e  ( $ n y o )  C H ja ro ro

C a H K a  1 0 .5  ^ H B H H a  C H ja ro ^ a  b h c h k o f  npHTHCKa 3a  C n o ^ H y  paC B eTy

C ^ H K a  1 0 .6  M e T a n -x a n o r e H a  C H ja ro ^ a  3a  paC B eT y $ a 6pHHKe x a n e
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H aT pn jyM O B e c n ja n H ^ e  c y  H3B o p n  K o jn  3p a n e  cbcthoct y e n e g  en e K ip H H H o r n p a * m e r n a  

K po3 H aTpnjyM O B e n a p e  (cnH K a 1 0 .7 ) .

HajHOBHjH TH n cB eTH ^K H  3acH H B a c e  H a L E D  T exH O H ornjH  ( o g  eH r. Ligth Emiting Diode -  

c B e ra e f ia  g u o g a ) ,  r g e  c e  c B e r a o c r  g o 6n j a  K a g a  c e  K po3 nonynpoB ogH H H K H  eneM eH T 

( g u o g y )  n p o n y c T H  c T p y ja . H a  OBaj HanHH cK o p o  9 5 %  eneK ipH H H e e H e p r n je  n p e T B a p a  c e  y  

c B e r a o c r ,  g o K  c e  caMO M an a  KOHHHHHa e H e p rn je  r y 6n  H a T o n n o T y , mTO OBaj BHg cB eTH ^K H  

cB pcT aB a y  caM  B p x  eH epreT cK H  e ^ H K a c H o c ra . T a K o ^ e , ^ hbothh BeK hm  j e  g o c T a  bhcok 
(K o g  H H g y cip H jcK H x  c e  K p eh e  y  o n c e r y  o g  3 0 .0 0 0  g o  5 0 .0 0 0  p a g H H x  caT H ), mTO hx hhhh  
B eoM a ncnnaTH B H M . H a  chh^ h  1 0 .8  g a T  j e  np H M ep  je g H e  caB peM eH e H H g y crp H jcK e 

cB eT H ^K e H3p a ^ e H e  y  L E D  T exH O H ornjH .

C aB peM eH H  c n c ie M H  p acB eT e  K o p n c re  e ^ r n a c H e  n a M n e , c r a p T e p e ,  p e ^ n e K io p e  h 
o g ro B a p a jy h e  OTBope.

n o T e H ^ n j aHH 3 a  y m T e g y  e H e p rn j e  K p eh y  c e  y  m upoK O M  o n c e r y  o g  8%  K og t^ hkhx 
$ n y o p e c ^ e H T H H x  n a M n n  cB e g o  7 5 %  K og KOM naKTHux $ n y o p e c ^ e m H H x  cB eTH ^K H  c a  

H H T erpncaH H M  c ra p T e p o M  ( n p e g c r a B ^ a j y  g npeK T H y 3aM eH y 3 a  c n ja n H ^ e  c a  y * a p e H O M  

hhth).

S

C ^ H K a  1 0 .7  H a ip n jy M O B a  c n ja n H ^ a  3 a  c n o ^ H y  p acB eT y

C ^ H K a  1 0 .8  H H g y c rp H jc K a  L E D  cB eT H ^K a
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H o b h  C T ap T ep n  C M a& yjy  r y 6HTKe e H e p rn je  y  CBeTH^KH h  O M o ry h aB a jy  p a g  c n ja n H ^ e  n p u  

h h h  6nH 3y  HOMHHa^He n o T p o m f te .  n p o c e n H a  n o T p o m m a  e H e p rn je  n p u  H a n a ja m y  2 3 0 V  3a  

THnHHHe CBeTH ^K e 2 6 m m  c a  2  c n ja n H ^ e  o g  1 8 W :

•  4 6  W  3 a  C T aH gapgH e C T apT epe;

•  4 2  W  3a  C T apT epe Ca CMameHHM r y 6n^H M a;

•  3 9  W  3a  BHCOKO^peKBeHTHe C T apT epe.

BHCOKO^peKBeHTHH eneKTpoHCKH C TapTepH  KOHBepTyjy $ p e K B eH ^ H jy  H a n a ja rn a  o g  5 0 H z  y  

$ p eK B eH ^H jy  o n C e ra  2 8 H z  g o  3 0 .0 0 0  H z , C M arn y jy h n  n o T p o m m y  CBeTH ^K e h  C aM or 

C T apT epa y 3  n o B e h a m e  p a g H o r  BeKa.

PaC B eT a Ca BHCOKO^peKBemHHM  C TapTepH M a HMa:

•  b h c o k  ^ a m o p  C H are;

•  M am y o ceT M B O C T  H a n p o M eH e  H an o H a  H a n a ja m a ;

•  M am e c n a 6^ e r n e  H HBoa o c B e T ^ a ja  C B eTH ^K e t o k o m  p a g H o r  B eKa y  o g H o c y  H a 

C T aH gapgH e C T apT epe.

® n y o p e c ^ e m H e  c n ja n H ^ e  np en H H K a 2 6 m m  c a  BHCOKO^peKBemHHM  C TapTepH M a c y  2 5 %  

e^H K acH H je  o g  C T ap u x  c n ja n H ^ a  npenH H K a 3 8 m m  c a  eneK TpoM arH eTH H M  CTapTepH M a. n p u  

BHCHHaMa MamHM o g  7 m , $ n y o p e c ^ e m H e  c n ja n H ^ e  c a  OTBopeHHM p e ^ n e K ro p H M a  M o ry  g a  

c e  K o p u cT e , g o K  c e  3 a  B efre BHCHHe n p e n o p y n y je  y n o T p e 6a  c n ja n H ^ a  n y m e H H x  ra c o M  n o g

BHCOKHM npHTHCKOM.

10.1.3 MoryfrHOCTH noBchama eHepreTCKe ê HKacHOCTH npHMeHOM caBpeMeHHx 
CHCTeMa pacBeTe

C aB peM eH H  CHCTeMH p acB eT e  n o g p a 3 y M e B a jy  npH M eH y T3B. m T e g ^ H B H x  CBeTH^KH h

H an p e g H H x  CHCTeMa 3 a  p e r y n a ^ H jy  o c B e T ^ e m a , y  3Hb h c h o c t h  o g  n o T p e 6a  n p o c T o p a  K o jn  

c e  o c B e T ^ a B a  (M ara^H H , K a H ^ e n a p n je , n ap K , m g . ) .

M oryfrH O C TH  y m T e g e  eneK TpH HH e e H e p rn je  y  g e n y  p acB eT e  n o g p a 3 y M e B a jy :

•  npaBHHHO o g p ^ a B a m e  CBeTH^KH;

•  3aM eH y H H K a g e c ^ e m H H x  CBeTH^KH m T eg^H B H M ;

•  npH M eH y p e r y n n c a H o r  y K ^ y n e r n a  C B eTH ^K e p a g u  n p o g y * e r n a  p a g H o r  BeKa;

•  npH M eH y c e H 3 o p a  g H eB H o r C B e ra a ;

•  npH M eH y BpeMeHCKH aKTHBHpaHHx p e r y n a T o p a  H HBoa o c B e T ^ a ja ;

•  npH M eH y c e H 3 o p a  n p n c T y n a  p a g u  geaK T H B H pam a p acB eT e  y  H e3anocegH yT H M  

n p o c T o p n ja M a  (H a n p u M e p  M ara^H H H ).

C ncT eM H  ayTOM aTCKor y n p a B ^ a r n a  pacBeTO M  M o ry  ayTOMaTCKH g a  y K ^ y n y jy  h h h  

n p n r y m y jy  CBeTHO y  3aBHCHOCTH o g  n o T p e 6e  (BpeMeHCKH, y  o g H O cy  H a n o K a ^ n jy ,  gHeBHO 

CBeTHO, npucyTH O C T y  n p o c T o p n jH ) . H a je ^ H K a c H H jn  c y  aKO c e  npH M eH e K og h o b h x  h h h  

noT nyH O  peK O H C T pyncaH H x H H C T an a^n ja  p acB eT e . n o T e H ^ H ja n n  3 a  y m T e g y  e H e p rn je  c e  

K pefry  o g  2 0 %  g o  4 0 % .

C aB peM eH e C B eTH ^K e h  p e ^ n e K r o p n  M o ry  g a  n o B e fra jy  e^H KacH OCT p a c n o g e n e  

o c B e T ^ e rn a  3a  B H m e o g  3 0 % .
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K o M ^H H a^H ja  jegHHCTBeHO o c B e r ^ e H o r  n p o c T o p a  3ajegH O  c a  HOKanHHM o c B e ™ e m e M  3a  

n o c e 6He 3agaT K e M O *e g o B e c r n  g o  2 0  %  y m T e g a  y  n o p e ^ e r n y  c a  p e ry n a p H H M  p a c n o p e g o M

CBeTH^KH.

y B O ^ e rn e  B peM eH cK ux h/ hhh n p e K H g a n a  3aBH cH H x o g  g H eB H o r c B e r a a  M O *e g a  g o B e g e  g o  

y m T e g a  o g  2 0  - 4 0 % , c a  n e p u o g o M  n o B p a h a ja  H H B ecT H ^nje o g  3 ro g H H e.

C B eT H ^K e c a  ra c o M  B u c o K o r npH TH cK a h  n p eK H ganH M a y  g B a  HHBoa y  H e3anocegH yT H M  

n p o c ro p H M a  y 3  K o p n m h e rn e  c e H 3 o p a  n p u c y c T B a  M o ry  g a  g o B e g y  g o  y m T e g a  o g  1 5 % . 

M aK cH M anH O  T p e6a  kophcthth gHeBHO cBeTHO r g e  j e  M o ry h e , KaKO 6 h  c e  cM arnH ne 

n o T p e 6e  3 a  eneKTpHHHOM pacBeTOM . P a c B e T a  K o ja  c e  n o c T a B ^ a  y 3  n n a ^ O H  T p e 6a  g a  

paBHOMepHO p a c n o g e ^ y j e  o c B e T ^ e m e  n o  n o g y .  n o B p m H H e  T p e6a  g a  6y g y  o $ a p 6aH e c a  

MaT 6o ja M a  B ucoK e p e ^ n e K c n je .

^ a  6 h  c e  g a n a  ageK B aTH a o ^ e H a  HHBoa o cB e T ^ e H o c T H , B p m u  c e  M e p e m e  n o M o h y  

^O TO M eTapa. H a jn e m f ie  j e  y  y n o T p e 6u  nyK cM eT ap. C bhkh nyK cM eT ap  c e  c a c T o jn  H3 
^O T oeneK T pH H H or n p n j eMHHKa h  M ep H o r HHcTpyM eHTa. K a o  ^O T oeneK rpH H H H  n p n j eMHHK 

K o p u cT e  c e  ceneH cK H  h  cHHH^Hj yM cKH ^O ToeneM eH T H , g o K  M epHH HHcTpyM eHT M O *e 6 hth 
aH an o rH H  hhh gnrH T aH H H  (cnH K a 1 0 .9 ) .

C^HKa 10.9 H H crp y M eH T  3 a  M ep ern e  H HBoa o c B e T ^ e H o c rn  (nyK cM eT ap)

H a  c n e g e fie M  n p H M ep y  g a T a  j e  n p o ^ e H a  y m T e g e  eneK TpH HH e e H e p r n je  3 a  c n c re M  p acB eT e , 

n p u  n e M y  j e  ycB ojeH O  c n e g e f ie :

•  n p o c e n H a  c H a ra  cn j  a n n ^ e  j e  10 0 W ;

•  H 3 a6 p aH a  j e  m T e g ^ H B a  c n ja n H ^ a  eK BH B aneH TH or H HBoa o c B e T ^ a ja  c H a re  1 8 w ;

•  n p o c e n H O  pagH O  B peM e cB eT H ^K e j e  8 c a r n ;

•  a H a n r o a  c e  B p m u  3 a  1 0 0 0  cH janH H H H x M e c ra .

y  T a6e n H  1 0 .2  g a m  c y  p e 3 y H T a rn  c n p o B e g e H e  a H a n ro e . np H K a3 aH H  e^eK T H  y m T e g e  c y  h 
B efiu  o g  npH K a3aH H x, c  o 6 3 u p o M  g a  c y  ochm 6 p 3 o r  n o B p a fia j a  HHBecTH^nj e  (M am e o g  

ro g H H y  g a H a )  cM am eH H  h  TpomKOBH 3aM eH e h  p e g o B H o r  o g p ^ a B a m a .
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Ta6e.ra 10.2 n p H M e p  n o B e h a & a  eH epreT C K e e ^ H K a c H o c ra  y  o c B e ™ e rn y

C B eT H ^K e KOHHHHHa n p o c e a H a  

c H a ra  (W )

C aTH  

p a g a  (h )

n o T p o r n m a

(k W h )

n o T e H ^ n ja a H a  

y m T e g a  (% )

C ra H g a p g H e 1 0 0 0 1 0 0 2 8 8 0 2 8 8 -

f f lT e g ^ H B e 1 0 0 0 18 2 8 8 0 5 1 ,8 4 8 2

10.2 E.TEKTPOMOTOPH
E aeK T poM O T opn  c e  K o p n c re  y  m n p e M  o n c e r y  H H gycT pn jcK H x a n a H K a ^ n ja , a a n  TaKO^e h  y  

MHorHM npH M eH aM a y  g p y rH M  ceK TopH M a (K O M ep^njarH O M , craM 6eH O M ,

n o ^ o n p H B p e g H O M  h  c eK T o p y  c a o 6 p a h a ja ) .  E a e K rp o M O T o p n  c y  K O M n o H em e M O TopH or 

c n c re M a , o g ro B o p H o r  3 a  n p e T B a p a m e  eaeK TpH H H e y  M exaHHHKy c H a ry . n o T p o m m a  

M O T opH or c n c re M a  o g r o B a p a  n o T p o m m n  eaeK ip H H H e e H e p r n je  c b h x  M O Topa y  c n c re M y  y 3  

g o g a r a K  M a a e  KOHHHHHe eaeK ip H H H e e H e p rn je  n o T p e 6 H e  3 a  H a n a ja m e  y n p aB .M H K H x  

c n c r e M a  [1 0 .1 ] .

y  HegaBHO 3aB pm eH H M  c ry g H ja M a  E y  o  y cK aa^ H B arn y  n p o u 3 B o g a  c a  E c o d e s ig n  

gnpeKTHBOM  [1 0 .2 ] ,  eaeK ip o M O T o p H  c y  03H aaeH H  K ao r p y n a  n p o u 3 B o g a  H 3aa3H e c H a re  y  

o n c e r y  o g  1 k W  g o  1 5 0  k W .

10.2.1 OCHOBHH IMMOBM ê eKTpOMOTOpa H mM\OBe KapaKTepHCTHKe
E aeK ip o M O T o p H  K o jn  c e  K o p n c re  y  H H g y crp H jH  npBeHcTBeHO  c e  g e a e  H a M OTope 

HaH3MeHHHHe c r p y j e  h  M O Tope je g H o c M e p H e  c r p y j e  ( J C C ) .  H a  c a e g e h e  g B e  caH K e 

npH K a3aH H  c y  acH H xpoH H  HHcKOHanoHcKH m o t o p  h  m o t o p  je g H o c M e p H e  c r p y j e ,  

pecneK TH BHO . P a g u  6 o ^ e r  c a r a e g a B a m a  g e a o B a  o g  K o jn x  c y  canH rneH H , o 6 a  M O Topa c y  

npH K a3aH a y  n p e c e K y .

CrHKa 10.10 A c h h x p o h h  HHcKOHanoHcKH m o t o p  (n p e c e K )
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M o T o p u  J C C  c y  H eK aga 6 hhh 3 a c ry n ^ e H H j H 3 6 o r  j egH ocraB H H j e r  H anH H a y n p a B ^ a a a ,  

a ^ H  c y  (3a  n c r y  c H a ry )  3 0 %  B e h e r  r a ^ a p n r a  o g  HaH3MeHHHHHx (acH H x p o H H x ) M O Topa h 
c K y n ^ e  hm  j e  o g p ^ a B a a e  3 6 o r  n o c r o j a a a  rp a $ H T H H x  neT K H ^a.

UoovnHn
H a M O T a j

Ijeo nojia - j _

P o t o p

KvhnmTe

KoMvraTop

IpatpnTH a
H enaiua

C ^ H K a  1 0 .1 1  M o t o p  je g H o c M e p H e  c r p y j e  (n p e c e K )

n o g e n a  M O Topa HaH3MeHHHHe c r p y j e  n o  H anoHcKOM  HHBoy:

•  HHcKOHanoHcKH M O Topu ( 0 ,4 k V  h  6 9 0 V ) ;

•  BHcOKOHanOHcKH MOTOpH ( 6 k V  h  B H m e).

B ncoK O H anoH cK H  m o t o p h  c e  o 6 h h h o  n p H M e a y jy  TaMO r g e  c e  3 ax T eB a jy  B eh e  c H a re  o g  5 0 0  

k W . C  o 6 3 u p o M  g a  n e c r o  H H cy c ra H g a p g H e  H 3 p ag e , K ao h  g a  c e  n p o g a jy  y  M a a e M  6 p o jy  o g  

HHcKOHanoHcKHx, j o m  H H cy o 6 y x B a h e H H  HeKOM ^ h ^ h o m  3^k o h c k o m  perynaT H B O M  K o ja  c e  

o ^ h o c h  H a e H e p re ro K y  e ^ H K a c H o c r .

OcHOBHe Ta6nH H H e B p e g H o c rH  M O Topa HaH3MeHHHHe c r p y j e  (h h 3 h b h h  H anoH , Ha3HBHa 

c r p y j a ,  Ha3HBHa c H a ra , ^ a K T o p  c H a re , Ha3HBHa 6p3H H a o 6 p T a a a ,  K a a c a  e ^ H K a c H o c rn ) .

10.2.2 E^eKTpoMOTopH MOBehane c(|)MKacHOCTu
y  ^ H ^ y  n o B e h a a a  e H e p reT cK e  e ^ H K a c H o c rn  M O Topa, g a H a c  c e  K o p n c re  m otoph  K n ace  

H E 2  h  H E 3  (HMaj y  2 0 %  o^ hocho 4 0 %  M a a e  ry6H T K e c H a re ) ,  g o K  c e  m otoph  ocHOBHe 

K n ace  e ^ H K a c H o c rn  H E i  3 a M e a y j y  e^H K acH H jH M  hhkoh n c re K a  p a g H o r  BeKa. H egaB H O  j e  

y B e g e H a  h  K a a c a  e ^ H K a c H o c rn  H E 4 .

O ko gB e T pehH H e n o T p o m a e  eneK ipH H H e e H e p rn j e  y  H H g y crp H jH  o g n a 3 H  H a 

eneK TpoM O T ope [1 0 .3 ] .  O ko 1 1 0  MHHHOHa hhcK O H anoH ckhx eneK T poM O T opa j e  y  p a g y  y  

H H gycrpH j cKOM c eK T o p y  E B p o n e , a  oko 10  MHHHOHa n p o g a  c e  cB aK e ro g H H e y  E B p o n u . 

O g ro B a p a j y h a  n o T p o m a a  eneK TpH HH e e H e p rn j e  Koj a  o g n a 3 H  H a eneK TpoM O T ope 6 n n a  j e  

oko 1 1 1 9 T W h /r o g  y  2 0 1 0 .  rogH H H  hhh 9 7 ,2  MHHHj a p g n  €  h  5 1 3 M t  eM Hcnj e  ra c o B a  C O 2.
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n p e g B H ^ a  c e  g a  h e  n o T p o m a a  eneK TpH HH e e H e p rn je  3 a  H a n a ja m e  M O Topa n o p a c T H  g o  

1 2 5 2 T W h /r o g  y  2 0 2 0 .  rogH H H  aKO c e  He c n p o B o g e  M epe  3a  meHO o rp a H H n e rn e  [1 0 .2 ] .  

C ra H g a p g H H  HHcKOHanoHcKH acH H xpoH H  m otoph  Koj n  c y  y  n o ro H y , n o  n p aB H n y , 

o g r o B a p a jy  H a jH H ^ o j eH ep reT cK o j K n a c n  y  caB peM eH oj K n acn ^ H K a^ H jH  eH ep reT cK e  

e^H K acH ocT H  eneK T poM O T opa -  K a a c n  H E 1  [1 0 .4 ] .  C a g a  c e  H a T p ® n m T y  M o ry  H a6aBHTH 

M O Topu B H m n x  eH ep reT cK H x  K n a c a  H E 2  h  H E 3  Koj n  HMaj y  M arne r y 6HTKe c H a re , hcthm 
p e g o M , 3 a  2 0 %  h  4 0 %  h  THMe M am y n o T p o m m y  eneK TpH HH e e H e p rn j e  3 a  2 3 %  h  4 6 %  

[1 0 .5 ] ,  [ 1 0 .6 ] .  K a g a  c y  y  n H T am y  m otoph  c p e g m e r  H a n o H a  p e g a  6 k V , B p e g H o c r a  c T e n e H a  

H c K o p n m h e rn a  ( n )  c y  HemTO B eh e , a n n  ^ kohhko c y  npeM O TaBaH H  B H m e n y T a  h  OHe M o ry  

6 hth  3HarHH j e  u c n o g  g eK H ap n caH H x  B pegH ocT H  3 a  caB peM eH e M O Tope, n a  h  m n x o B a  

3aM eH a M O *e 6 hth  ^kohomckh o n p a B g a H a .

n o T p o m m a  eneK TpH HH e e H e p r n je  c e  M O *e gogaT H O  cM arnHTH aKO c e  n p u  3aM eHH M O Topa 

o g a 6e p e  m otop onT H M anH e (o6 hhho M am e) c H a re  K o jn  h e  3 6 o r  T o ra  pagH TH  y  n o g p y n jy  

o n r e p e h e r n a  c a  HajBehHM  B p e g H o c m M a  c r e n e H a  H c K o p n m h e rn a  (n )  h  ^ a K T o p a  c H a re  

( C o s  9 ).

TpeH yTH O , Haj B e h n  6p o j  eneK T poM O T opa y  E y  j e  j o m  yB eK  K n ace  H E 1 ,  n p e g c r a B ^ a j y h H  

B H m e o g  8 2 %  e B p o n c K o r  T p ^ n m T a  y  2 0 0 9 .  rogH H H . O n H rn eg H O  j e  g a  n o c r o j n  3H ana j aH 

noT eH ^H j a n  3 a  y m T e g y  e H e p rn j e  n o B eh arn eM  e ^ H K a c H o c rn  M O Topa, 6 e 3  n e K a rn a  H a 

n o T p e 6y  m n x o B e  3aM eH e. M otoph  o6 hhho p a g e  y  H H gycrpH j H cB e g o  TpeH yTK a OTKa3a , a  

n aK  h  T a g a  c e  n e m h e  g o H o c e  o g n y K e  3 a  rn n x o B y  p e n a p a ^ n j y , a  He 3aM eH y.

H a  chh^ h  1 0 .1 2  npH K a3aH e c y  3aBHcH ocTH  p a 3HHHHTHx K n a c a  e ^ H K a c H o c rn  M O Topa c a  

g B a  n a p a  n o n o B a  n p u  H a n a ja m y  5 0 H z  [1 0 .1 ] ,  [1 0 .6 ] .

HsnasHa CHara MOTOpa y norapHTaMCKoj CKanH [kW]

C^HKa 10.12 K n a c e  e ^ H K a c H o c rn  H HcK OHanoHcKHx M O Topa 5 0 H z

Ecodesign gnpeK T H B a n o c r a B ^ a  c r a H g a p g e  3a  n o T p e 6Hy e ^ H K a c H o c r  hobhx M O Topa Koj n  

h e  6 hth y  n p o g a j n  H a T p ® n m T y  E y  [1 0 .7 ] .  n p H M e H a  obhx c r a H g a p g a  n p aT H  K opaK e y  

o g ro B a p a jy h H M  BpeMeHcKHM HHTepBaHHMa KaKO j e  npH K a3aHO y  T a6e n n  1 0 .3 , r g e  j e  c a  ® n  

03H an eH  ^peK BeH TH H  n p e T B a p a n , o^ hocho eneK TpoM O TopH H  n o ro H  n p o M e H ^ H B e  6p3H H e.
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T a S e ^ a  1 0 .3  3axT eB H  Ecodesign gnpeK TH B e y  n o r n e g y  y r p a g f t e  hobhx M O Topa

H a3H B H a c H a ra  [k W ] O g  1 6 .0 6 .2 0 1 1 . O g  0 1 .0 1 .2 0 1 5 . O g  0 1 .0 1 .2 0 1 7 .

0 ,7 5  -  7 ,5 H E 2 H E 2 H E 3  h h h  H E 2  +  ® n

7 ,5  - 3 7 5 H E 2 H E 3  h h h  H E 2  +  ® n H E 3  h h h  H E 2  +  ® n

n p o ^ e a e H O  j e  g a  y m T e g a  eneK TpH HH e e H e p r n je  npHMeHOM Ecodesign gnpeK TH B e M O *e g a  

g o c r n r H e  g o  1 3 5 T W h  y  2 0 2 0 .  rogH H H  [1 0 .3 ] .  O B a  n p o ^ e H a  j e  3acH O B aH a H a HHBoy 

T p ^ n m H o r  o 6 p T a  n p e T n o c r a B ^ a jy h H  n p o c e n a H  pag H H  BeK M O Topa y  o g H o c y  H a c H a ry .

1 0 .2 .3  y 6 p 3 a H a  3 a M e H a  e ^ e K T p o M O T o p a

n p o c e n a H  p agH H  BeK en eK T p o  M O Topa j e  o g  10  g o  2 0  ro g H H a, a n n  y  H ajB eheM  6 p o jy  

H H gycT pn jcK H x KOM naHHja m o t o p h  p a g e  cB e g o  n o T n y H o r  OTKa3a, mTO M O *e 6 h t h  3HaTHO 

g y * e .  H eK H  m o t o p h  c e  n o n p a B ^ a jy  h h h  npeM O T aB ajy  h  B H m e n y T a , mTO n p o g y ® a B a  

f tn x o B  pag H H  BeK H 3H ag n e p u o g a  o g  1 0 -2 0  ro g H H a. KaKO n p e M O T a B a a e  M O Topa H a jn e m h e  

pe3yH T H pa c M a a e a e M  e ^ H K a c H o c m , H eo n x o g H H  c y  MHHHManHH 3axTeBH  3 a  h o b o m  

e^H K acH H joM  onpeM O M  K o ja  6 h  H M ana 3aH anajH H jH  y m ^ a j  H a T p ® n m T y . n a ^ ^ H B O  

npeM O T aB a& e n o H e K a g  M O *e g a  3 a g p * H  e ^ H K a c H o c r  M O Topa H a npeT xogH O M  HHBoy, a n n  

j e  y  H ajB eheM  6 p o jy  c n y n a je B a  p e 3 y H T a r n p e M O T a B a a a  r y 6 n r a K  e ^ H K a c H o c m  [1 0 .3 ] .  

n p e M O T a B a a e  M O *e g a  g o B e g e  g o  n o r o p m a H e  e ^ H K a c H o c m  M O Topa y c n e g  pa3HHHHTHx 

^ a K T o p a , K ao mTO c y  K O H crp y K ^ n ja  H aM OTaja h  * ^ e 6 o B a ,  M a r e p n ja n  o g  K o r j e  r o p a ^ e H  

HaMOTaj h  KBanHTeT H 3 o n a^ H je .

n p a B O  n m a f t e  j e  pa3H HK a H 3M e^y K ynoBH H e H OBor M O Topa o g M a x  h h h  K ynoBH H e n c r o r  

HOBor M O Topa K acH H je [1 0 .8 ] ,  3 a H e M a p y jy h n  H a KpaTKO n o r o g H o c r n  K o p n m h e a a  M O Topa 

c a  noB ehaH O M  e $ H K a c H o m h y  K ao mTO j e  n p eT x o g H O  npH Ka3aH O  h  c M a a e H H x  K anH T aaH H x 

Tpom K O B a p e n a p a ^ n jo M  y M e c ro  3aMeHOM M OTopa. O n m T a  cnH K a M O *e g a  B a p u p a  y  

o g H o c y  H a n o je g H H a n H e  y c a o B e  KOHKpeTHor n p e g y 3 e h a  h  npH M eH e M O Topa, a a n  y  

H ajB eheM  6 p o jy  c a y n a je B a  n p e g c r a B ^ a h e  no3HTHBaH ^H H aH cn jcK H  e ^ e K a T .

Pa3MOTpHMO c a e g e h n  n o je g H o c ra B ^ e H H  npH M ep:

•  m o t o p  c H a re  11 k W  K n ace  e ^ H K a c H o c m  H E 1  ( 8 7 .6 % )  h h h  H E 3  ( 9 1 .4 % ) ;

•  m o t o p  T p e 6 a  3aMeHHTH HaKOH 15 ro g H H a;

•  4 0 0 0  p ag H H x  caTH  r o g n m f t e ,  6 e 3  K O M n e ro a ^ n je  ^ a K T o p a  c H a re .

n p e M a  TpeHyTHHM ^eH aM a, H a T p ® n m T y  E y  m o t o p  K a a c e  H E 1  K om T a 4 5 0 € ,  g o K  m o t o p  

Ka a c e  H E 3  K om T a 6 7 5 € ,  y 3  n p o c e n H y  ^ e H y  eaeK TpH H H e e H e p rn je  o g  0 ,0 9 € /k W h . 

n p B H  n p n c r y n  y3H M a y  o 6 3 u p  n y H y  pa3HHKy y  TpomKOBHM a H 3M e^y M O Topa K a a c e  H E 1  h  

H E 3 . r o g n m f t H  TpomKOBH 3 a  y T p o m e H y  e H e p r n jy  M O Topa K a a c e  H E 1  H 3H oce 4 5 2 0 € ,  go K  

3 a  m o t o p  K a a c e  H E 3  H 3H oce 4 3 3 2 € ,  HHMe g o a a 3 H  g o  y m T e g e  o g  1 8 8 €  r o g n m f t e .  Pa3H H K a y  

TpomKOBHM a H a6aB K e M O Topa j e  2 2 5 € ,  mTO p e 3 y a r n p a  THMe g a  c e  B e h u  HHBecrH^HOHH 

TpomKOBH K O M neH 3yjy c M a f te a e M  Tpom K O B a 3 a  eneK TpH HH y e H e p r n jy  y  n e p u o g y  o g  gB e 

ro g H H e.

,3 p y rH  n p n c r y n  K o jn  c e  p a3 M aT p a  j e  n a a H H p a f te  H H B e c rn p a f ta  y  h o b h  m o t o p  3 a  gB e 

ro g H H e. M o ^ e M O  g a  k o p h c t h m o  TpeH yTH y HeTO B p e g H o c r  g a  6 h c m o  o b o  H 3 panyH anH . A ko
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npeT nocraB H M O  g a  h e  m otop HHHeapHO ry6H T H  H a B pegH ocT H  tokom n e T  ro g H H a , 3 H a n n  g a  

h e  HaKOH gB e ro g H H e  j o m  yB eK  HMaTH B peg H o cT  o g  4 0 5 € .  T p eH y T H a HeTO B peg H o cT  c a  

gncKOHTHOM c ro n o M  o g  1 0 %  j e  5 8 2 € . Tpom K O B H  o g n a r a f t a  OBe H H B ecrH ^H je  c y : 6 7 5 €  -  

5 8 2 €  =  9 3 € . O B a  pa3HHKa y  TpomKOBHM a c e  K O M neH 3yje y m T e g o M  eneK ipH H H e e H e p rn je  

3 a  n o n a  ro g H H e . O n H ra e g H O , OBaj p e 3 y n ra T  3aB H cn  M H oro  o g  n p e T n o c r a B ^ e H e  B p e g H o c rn  

gncK OH TH e c r o n e  h  ry6H T K a B p e g H o c rn  tokom B peM eH a.

f l p y r n  c n y n a j  K o jn  T p e 6 a  pa3MOTpHTH j e  n o p e ^ e a e  n p e M O T a B a a a  M O Topa h  a e r o B e  

3aM eH e. n p e M O T a B a a e  M O Topa reH ep an H O  c M a a y je  e ^ H K a c H o c r  M O Topa h  g o B o g u  g o  

Tpom K O B a K o jn  g o c rH ® y  g B e  T pehH H e ^ e H e  HOBor M OTopa. y 3 H M a jy h n  y  o 6 3 u p  n p eT x o g H H  

c n y n a j ,  n p u  n p e M o r a B a f ty  M O Topa K oje  g o B o g u  g o  ry6H T K a e ^ H K a c H o c rn  y  H 3H ocy o g  0 ,5  

n p o ^ e r n H H x  n o e H a , pa3H HK a y  ro g n m f tH M  TpomKOBHM a 3 a  e H e p rn jy  h e  n o p a c r n  H a 2 1 4 € . 

Pa3H HK a y  H H Becrn^H OH HM  TpomKOBHM a 6 u h e  3 5 0 €  3 a  n p e M o ra H H  y  o g H o c y  H a motop 
B eh e  e ^ H K a c H o c rH , mTO p e 3 y m y j e  n e p u o g o M  n o B p a h a ja  H H B e c rH ^ n je  o g  M a a e  o g  gB e 

ro g H H e. n p e T n o c r a B ^ e H H  ry6H T aK  e ^ H K a c H o c rn  o g  0 ,5 %  3acHOBaH j e  H a bhcoko 
KBanHTeTHO o g p a^eH O M  n p e M O T a B a a y . O 6 hhho c e  n p e M o r a B a a a  M O Topa c n p o B o g e  c a  

3axTeBH M a 3 a  KpaTKe BpeM eH cK e poKOBe h  THMe p e 3 y ^ T H p a jy  THnHHHHM ry6HTKOM 

e ^ H K a c H o c rn  H aM OTaja o g  2  n p o ^ e r n H a  n o e H a . O BaK aB r y 6 n r a K  e ^ H K a c H o c rn  g o B o g u  g o  

g a ^ e r  c M a a e a a  n e p u o g a  n o B p a h a ja  H H B e c rn ^ H je . H a  chh^ h  1 0 .1 3  npH K a3aH  j e  

an ro p H T aM  g o H o m e a a  o g n y K e  o  3aMeHH en eK rp o M O T o p a .

C^HKa 10.13 B h o k  g n ja r p a M  p e g o c n e g a  aK TH B H ocrn  o g  K B apa g o  3aM eH e M O Topa
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10.2.4 npHMeHa craHgapga ISO 50001 y e êKTpoMOTopHHM noroHHMa
C r a H g a p g  I S O  5 0 0 0 1  K o jn  c e  o ^ h o c h  H a c n c re M e  M eH auM eH Ta e H e p rn jo M  h  f tn x o B y  

H M nneM eH T a^H jy  y  KOMnaHHjH [1 0 .9 ] :

•  o 6 e 3 6 e ^ y je  o k b h p  3 a  g e ^ H H H c a a e  eH ep reT cK H x  ^ H ^ e B a ;

•  g e ^ H H H m e  HOBy o p raH H 3a^H O H y m eM y ;

•  o 6 e 3 6 e ^ y je  M exaHH3M e 3 a  ^ o p M a r a e  e H e p reT cK e  n p e r n e g e ;

•  y c n o c r a B ^ a  n p o ^ e g y p e  M e p e a a  e H e p reT cK e  ocHOBe ( p e ^ e p e r n H o r  H HBoa e H e p rn je  

H a ocH OBy K o je r  c e  K acH H je p a n y H a jy  n o c m r H y T e  e H e p reT cK e  y m T e g e ) ;

•  H crH H e H H gH K aTope eH ep reT cK H x  n e p ^ o p M a H c n ;

•  n o c r a B ^ a  e H e p reT cK e  ^ H ^ e B e ;

•  y c n o c r a B ^ a  g e T a ^ H e  aK^HOHe nnaH O B e;

•  g a j e  c n u c a K  n p o ^ e g y p a  h  y n y T c ra B a  3 a  p a g ;

•  g a j e  y n y T cT B a  3 a  M e p e a a ,  B e p n $ H K a ^ H jy  h  g o K y M eH T a^ n jy  K ojoM  c e  B p m u  n p o ^ e H a  

no cT H rH y T e e H e p reT cK e  e ^ H K a c H o c rn ;  h

•  g a j e  y n y T cT B a  M eH auM e HTy KOM naHHje n o T p e 6 H a  3 a  n p e n c n H T H B a fte  h  

Be p H ^ H K O B a a e  n o cT H rH yT H x eH ep reT cK H x  y m T e g a .

C ra H g a p g o M  I S O  5 0 0 0 1  o g p e ^ e H H  c y  3 ax reB H  3 a  “ y c n o c r a B .n a f t e ,  y B O ^ e a e ,  o g p ^ a B a a e  

h  y H a n p e ^ e a e  c n c re M a  e H e p re T c K o r M eH auM eH Ta” , h h j h  j e  ^ h ^  g a  O M o ry h n  KOMnaHHjH 

g a  c n e g n  cH creM aT cK H  n p n c r y n  y  n o c r H 3 a f ty  c raH H H x n o 6 o ^ m a & a  eH ep reT cK H x  

n e p ^ o p M a H c n , y K ^ y n y jy h H  e H e p reT cK y  e ^ H K a c H o c r , K o p n m h e a e  e H e p rn je  h  n o T p o m a y .  

O b h m  c ra H g a p g o M  c y  TaKO^e H craK H yT a n n r a f t a  Tpom K O B a e H e p rn je  K ao H anH H a g a  c e  

n o K a ® y  h  ^ H H aH cn jcK e  go^H T H  h  no3HTHBaH y m ^ a j  H a OKOHHHy, a  K o ja  M o ry  g a  c e  

p e a n H 3 y jy  K po3 cn creM aT cK H  eH epreT cK H  M eHauM eHT.

H g e ja  g a  c e  c r a H g a p g  I S O  5 0 0 0 1  npH M eHH  H a c n c re M  c a  eneKTpoM OTopHHM  noroH O M  h h h  

cK paheH O  EMDS ( o d  e n g . Electric Motor Driven System) p a g u  e H e p re T c K o r M eH auM eH Ta 

n p e g c r a B ^ a  noT nyH O  HOBy TeM y y  OBoj o 6 n acT H . y  E B p o n u  c e  TpeHyTHO H ajB H m e 

n p H M e a y je  y  X o n a H g H jn  y  OKBHpy n p o rp a M a  y H a n p e ^ e a a  eH ep reT cK e  e^HKacHOCTH, y 3  

o 6 j a m a e f t a  n o jeg H H H x  g e T a ^ a  $yH K qH O H H ca& a c a M o r  M exaH H 3M a [1 0 .1 0 ] .

C n c re M H  c a  eneKTpoM OTopHHM  n o ro H H M a, K o jn  o 6 y x B a T a jy  npeK O  6 5 %  yK ynH O  

n o T p o m e H e  eneK TpH HH e e H e p r n je  y  H H g y crp H jH , 3ay3H M ajy  B a*H O  M e c ro  y  OKBHpy 

c rp y K T y p e  c n c r e M a  e H e p re T c K o r M eH auM eH Ta.

n p H c r y n H  H a g 3 o p y  EMDS O M o ry h aB a jy  K opncH H ^H M a c n c re M a  pa3HHHHTe HHBoe 

n o T e H ^ H ja n a  3 a  eH ep reT cK e  y m T e g e . C b ^ k h  o g  n p H c r y n a  3acH H B a c e  H a npeT xogH O M  h  

n o g p a 3 y M e B a  b h c o k  c r e n e H  cno^eH O C T H  h  g n c ^ H n n H H e  K o ja  c e  o n e K y je  o g  K opncH H K a. 

H a c y n p o T  K O H ^ ern y  g a  c e  H e B p m u  H a g 3 o p  eneK T poM O T opa t o k o m  H o p M an H o r p a g H o r  

BeKa, g e $ H H H m y  c e  T p u  n p n c r y n a :

•  H a g 3 o p  c a M o r  eneK TpoM O T opa;

•  H a g 3 o p  ocH O B H or M O TopH or c n c re M a  - m o t o p  +  n y M n a  +  ^peK BeH TH H  n p e T B a p a n ;

•  H a g 3 o p  K O M n n e m o r M O T opH or c n c re M a  - o c h o b h h  m o t o p h h  c n c re M  +  n p e H o c  

(T p aH cM H cn ja) +  p eg y K T o p .
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K o jn  o g  n p n c T y n a  T p e 6 a  npHM eHHTH 3 a  o g r o B a p a jy h n  E M D S  T p e 6 a  g a  3aBHCH o g  

n o T eH ^n jaH H H x  y r a ^ a j a  H a pag H H  BeK h  eH epreT C K y e^H KacH OCT n o n e B  o g  1 5 %  3 a  

eH epreTCK H  M eHauM eHT c a M o r  M O Topa n a  g o  n o T e H ^ n ja n H H x  6 5 %  n o B e h a a a  e^HKacHOCTH 

K og eH ep reT C K o r M eH auM eH Ta K O M nneTH or M O TopH or c n c re M a . H a  chh^ h  1 0 .1 4  npH K a3aH  

j e  ogHOC n o T e H ^ n ja H H o r n p o ^ e m a  e^HKacHOCTH K og E M D S , n p u  n eM y  c y  c a  E E M  

03H aneH H  eH epreTCK H  e^H K acH H  m otoph , c a  O M C  ochobhh m otophh  c n c re M H , a  c a  K M C

KOMn^eTHH MOTOpHH CHCTeMH.

C^HKa 10.14 n o T e H ^ n ja H H  3 a  n o B e h a a e  eH epreT C K e e^HKacHOCTH K og E M D S

noK a3aH O  j e  g a  M ane y m T e g e  M o ry  g a  c e  g o 6 n jy  H a MOTopHMa, a n n  g a  BenHKe y m T e g e  

M o ry  g a  6 y g y  p e 3 y m a T  n o c M a T p a m a  c b h x  g e^ O B a  CHCTeMa K o jn  n o ro H H  m o t o p  K ao g e o  

j e g H o r  H H T erpaH H or c n c re M a , ogHOCHO E M D S. H a  npH M ep , c n c re M  r p e j a m a  K o jn  3 a  n o ro H  

K opncTH  en eK rp o M O T o p  p a3 M aT p a  c e  KOMnneTHO c a  m o t o p o m , p eg y K T o p o M , ^ p eK B em H H M  

n p eT B ap a n eM , ^eB O B ogoM  h  nyM noM .

H a  OBaj HanHH, n p o ^ e g y p e  c r a H g a p g a  I S O  5 0 0 0 1  y  K OM naHHjn c e  K o p n c re  g a  n o g c ra K H y :

•  H 3 6 o p  e$H K acH H jH x KOMnoHeHTH y H y T ap  EM D S-a;

• 6 o ^ e  gHM eH3H OH H cam e p a g H H x  o n e p a ^ n j a  EM D S-a;

• onT H M H 3a^H jy noB e3H B arna  n o jeg H H H x  KOMnoHeHTH y H y T ap  EM D S-a;

• K o p n m h e rn e  $peK B eH TH H x n p e T B a p a n a  3 a  npH M eH e K og n p o M e m n H B o r o n r e p e h e r n a ;

•  6 o ^ h  H a g 3 o p  H ag  E M D S -om  H a n n ^ y  M e c ra .

K a o  p e3 y H T a r , H a g 3 o p  E M D S-a  c e  H 3B ogn  KOHTHyHanHO, j e p  j e  y  KOM naHHjn g e^ H H H caH  

K ao aKTHBHOCT y  OKBHpy n p o ^ e g y p e  KBanHTeTa. n p eM O T aB arn e  h  3aM eH a M O Topa T aK o^e c y  

g e^H H H caH H  K ao ja c H e  n p o ^ e g y p e .  O B e n p o ^ e g y p e  c e  H 3B oge H a n p H H ^ n n y  3am TH Te 

K O M nneTH or c n c re M a  o g  n c n a g a ,  a  He HaKOH K B apa M OTopa. O b o  g a j e  c o n n g H y  ocH OBy 3 a  

yB O ^erne  c n c re M a  eH ep reT C K o r M eH auM eH Ta, K o jn  M O *e g a  y K ^ y n n  h  noHHTHKy H a g 3 o p a  

M OTopa. n p o ^ e r n e H e  eH epreT C K e y m T e g e  K oje  c e  n o c r n ® y  npuM eH O M  O B or n p n c r y n a
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K p e h y  c e  o g  2 0 %  g o  3 0 % . B h o k  g n ja r p a M  c a  Ha3HaneHHM  M oryhH M  HHBOHMa y m T e g a  3 a  

m o t o p  h  ^ e o  cHCTeM n p u K a3 aH  j e  H a c h h ^ h  1 0 .1 5 .

BE.HHKE ym T E ^E

KOMnEETAH MOTOPHH CHCTEM CA 
nPEHOCOM, PEflyKTOPOM H MOTOPOM

^ o b p e  ym T E ^E

KOMnnETAH EPEJHH CHCTEM CA ^EBHMA,
n y n o M , m o t o p o m  h  ©p e k b e h t h h m  

nPETBAPAhEM (®n)

C^HKa 10.15 H a g 3 o p  eneK T poM O T opa K ao g e n a  c n c re M a  p a g u  y H a n p e ^ e a a  eH epreT C K e

e^HKaCHOCTH

P a 3 M a r p a f ta  3 axT eB a 3 a  n o B e h a a e  eH epreT C K e e ^ H K a c H o c m  c y  pa3HHHHTa y  o g H o c y  H a 

npH M eH e, Tj . g a  hh j e  p e n  n p o ^ e c H o j  o n p eM H  hhh nyM nH OM  c n c re M y . O groB opH O C TH  n p u  

n n a H H p a f ty  pa3B o j a  h  H a6aBK e EMDS T p e 6 a  g a  6 y g y  j acHO g e^ H H H caH e  H 3M e^y ceK T o p a  

H H ^ e f te p H H ra , o g p * a B a & a ,  eH ep reT C K o r M eH auM eH Ta h  ceK T o p a  H a6aB K e, n o ce6 H O  3aTO 

mTO c e  n p u  H a6 aB ^H  HOBor M O Topa o6 hhho y3H M a npegH M eH 3H O H H caH  m otop h  H a H 3 6 o p  

npBeHCTBeHO yT H ne ^ e H a , 3 a H e M a p y jy h n  g a  npeK O  9 0 %  yK ynH H x Tpom K O B a ^H B O T H or 

BeKa M O Topa y  H H g y c rp n j H (y K ^ y n y j y h n  H a6aB K y, p a g  h  o g p ^ a B a a e )  o g n a 3 H  H a 

Tpom K O B e 3 a  y T p o m e H y  eneK TpH HH y e H e p rn j y . y  T a 6 e n n  1 0 .4  npH K a3aH H  c y  yK ynH H  

TpomKOBH tokom ^H B O T H or BeKa T p u  pa3HHHHTa M O Topa, ogHOCHO c a  pa3HHHHTHM 6 p o j eM 

p a g H H x  caTH  tokom ro g H H e.

TaSe^a 10.4 Tpom K O B H  ^H B O T H or B eKa M O Topa c a  pa3HHHHTHM 6 p o j eM  p a g H H x  c a r n

TpornK O B H  p a g a  M O Topa 2 0 0 0  [h / ro g ] 4 0 0 0  [h / ro g ] 6 0 0 0  [h / ro g ]

Tpom K O B H  3 a  y T p o m e H y  

e H e p rn jy

9 5 ,2 0  % 9 7 ,1 0  % 9 7 ,7 0  %

O g p ^ a B a a e  h  n o n p a B K a 1 ,0 0  % 1 ,0 0  % 1 ,0 0  %

H a 6 a B H a  ^ e H a 3 ,8 0  % 1 ,9 0  % 1 ,3 0  %
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P a g u  H n y c rp a ^ H je  npH M eH e H aB egeH e M e T o g o H o rn je  H 3B pm eH a j e  KOM napaTHBHa aH an H 3 a  

T p n  pa3HHHHTa cHCTeMa c a  3H anajH HM  B a p n ja ^ n ja M a  p e 3 y m a T a . n o n a 3 H  c e  o g  (3 a  

H H g y c rp H jy  c r a H g a p g H o r )  EMDS c a  THnHHHO 10  ro g H H a  p a g a ,  K o ra  HHHe motop 

e^H K acH ocT H  8 5 %  ( n MOT), ^ p e K B e H m  n p e T B a p a n  e ^ H K a c H o c m  9 6 %  (n ® n ), p e g y K T o p  

e^H K acH ocT H  7 5 %  ( n peg), n p e H o c  e ^ H K a c H o c m  9 0 %  ( n np) u o n T e p e h e m e  e ^ H K a c H o c m  

9 8 %  ( n onT). O BaK aB cucT eM , n o cM aT p aH  K ao K oM nneT H H  M otophh  C ucT eM  (K M C )  fre 

HMaTH y K y n H y  e ^H K acH o cT  o g  5 4 % . 3aMeHOM M O Topa cT aH g ap g H e  e ^ H K a c H o c ra  motopom  
noB H m eH e e ^ H K a c H o c m  H 3H oca 9 2 %  no B efra fre  y K y n H y  e ^ H K a c H o c r  M O Topa 3 a  7 % , a n n  

fre y K y n H a  e ^ H K a c H o c r  K M C  6 hth n o B efraH a caMO 3 a  4 % . A ko c e  3aTHM H H c ra n H p a  

p e g y K T o p  e ^ H K a c H o c ra  9 5 % , y K y n H a  e ^ H K a c H o c r  K M C  fre c e  n o B e f ra rn  H a 6 8 % , HHMe j e  

n o crH rH y T O  n o B e fra m e  e ^ H K a c H o c m  3 a  1 0 % , mTO j e  B H m e H e ro  caMO 3aMeHOM M OTopa. 

K oH anH O , n o B efra rn e  e ^ H K a c H o c m  3 a  1 4 %  n o c m ^ e  c e  K ag a  c e  npH M eH e o 6 e  

M o g n ^ H K a ^ n je , o^ hocho H cro B p eM eH a 3aM eH a h  M O Topa h  p e g y K T o p a , mTO p e 3 y n m p a  

yK ynH H M  noB efrarneM  e ^ H K a c H o c m  K M C  3 a  2 6 % . y  T a 6 e n n  1 0 .5  npH K a3aH a j e  cyM H paH a 

OBa aH a^H 3a.

T a S e a a  1 0 .5  A H a n ro a  y H a n p e ^ e rn a  e H e p reT cK e  e ^ H K a c H o c ra  E M D S  npHMeHOM

n p e g n o ^ e H e  M e T o g o n o rn je

M OTOp ^MOT

[% ]

n® n

[% ]

frpeg

[% ]

frnp

[% ]

n onT

[% ]

frKMC

[% ]

O ra H g a p g H H  m o t o p  c r a p  10  ro g . 8 5 9 6 7 5 9 0 9 8 5 4

H o b h  m o t o p  n o B H m eH e e ^ H K a c H o c m 9 2 9 6 7 5 9 0 9 8 5 8

H o b h  m o t o p  h  h o b h  p e g y K T o p , o 6 a  n oB H m eH e 

e^HKacHOCTH

9 2 9 6 9 5 9 0 9 8 6 8

y 3 H M a jy frn  y  o 6 3 u p  H aB egeH H  n p o c e n H H  pag H H  BeK o g  10  ro g H H a  h  8 6 0 0  p a g H H x  caTH  

r o g n m m e ,  y 3  TpeHyTHO B a® efry  ^ e H y  eneK TpH HH e e H e p r a je  o g  5 c € /k W h , TpomKOBH 

y T p o m e H e  eneK ipH H H e e H e p r n je  n o r o H a  c H a re  1 0 0  k W  H3 n p H M e p a  n p e  M o g H ^ H K a ^ n ja  6 h  

6 h h h  4 3 0 .0 0 0 € .  ^ k o h h k o  6 h  c e  npHMeHHO m o t o p  n o B H m eH e e ^ H K a c H o c m , TpomKOBH 6 h  

6 h h h  3 9 5 .0 0 0 € ,  ogH ocH O  o c m a p e H a  ^H H a H c n jc K a  y m T e g a  o g  3 4 .4 0 0 € .  npH M eH O M  

c n c re M c K o r  p e m e r n a ,  o ^ h o c h o  3aM eH e h  M O Topa h  p e g y K T o p a  noB H m eH e e ^ H K a c H o c ra , 

TpomKOBH 3 a  y T p o m e H y  eneK TpH HH y e H e p r a jy  6 h  6 h h h  3 7 5 .8 2 0 € ,  a  o c m a p e H a  

^H H a H c n jc K a  y m T e g a  5 4 .1 8 0 € .

10.2.5 noroHH ca pery.mcaHOM 6p3HHOM ofrprama
EneK TpoM O TopH H  n o ro H H  c a  pery n H caH O M  6p3HHOM o 6 p T a rn a  n o g p a 3 y M e B a jy  K o p n m fre rn e  

c n c re M a  3 a  p e r y n a ^ H jy ,  K o jn  c e  n e c r o  Ha3HBa h  ^peK BeH TH H  p e r y n a r o p ,  mTO j e  ucnpaB H O  

caMO K og n o r o H a  c a  MOTopHMa HaH3MeHHHHe c r p y je .

n p e M g a  c e  h  g a H a c  n p o u 3 B o g e  m o t o p h  je g H o c M e p H e  c r p y j e ,  K ao h  caB peM eH H  

p e ry n a^ H O H H  c n c re M H  3 a  y n p a B ^ a m e  m nxoB O M  6p3HHOM, o g ro B a p a jy f ra  ^ e H a  h  

je g H o c ra B H H je  o g p ^ a B a m e  HaH3MeHHHHHx M O Topa y 3  6 p3H  p a3 B o j T e x H o n o r a je  y  o 6 n a c rH
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p e ry ^ a ^ H O H H x  CHCTeMa, O M oryhH HH  c y  g a  n o ro H H  c a  p ery n H caH O M  6p3HHOM o 6 p T a a a  

n o c r a H y  je g H a  o g  3H anajH H x M oryhHOCTH 3 a  y H a n p e ^ e rn e  eH epreT C K e e ^ H K a c H O c m  h  

CMa f t e a e  y T p o m K a  eneK rpH H H e e H e p rn je  y  H H gyC TpnjH .

C aB peM eH H  eneK rpoM O T opH H  n o ro H H  Ce gaH aC  y  H H gyC T pnjh  n p H M ern y jy  3 a  y n p a B ^ a r n e  

n y M n aM a, B eH TH naTopH M a, MHHHOBHMa, noroH CKH M  CHCTeMHMa T ex H o n o m K H x  n p o ^ e c a ,  

K ao mTO Cy ^ e M e m a p e ,  B a ^ a o H H ^ e , $ a 6 p H K e  n a n u p a  n r g .  C  o 6 3 u p o M  g a  Cy y  H H gy CTpnj h  

gaH aC  H ajB H m e 3 acT y m ^eH H  aCHH xpoHH  h h c k o Ha n o h c k h  m o t o p h , OBge h e  6 h t h  p e n n  o  

npH M eH H  $peK B eH T H H x p e r y n a T o p a  K o jn  o 6 e 3 6 e ^ y jy  h  B H m e o g  jegH O CTaBHe n p o M eH e 

6p3H H e:

•  K o p n m h e rn e  C TaH gapgH H x T u n o B a  M OTopa;

•  onTH M H 30B am e n e p ^ o p M a H C H  n p oH 3B ogH H x HHHHja;

•  n o B e h a rn e  eH epreT C K e e ^ H K a c H O c m  y 3  3H an a jH y  y m T e g y  eneK TpH HH e e H e p rn je ;

•  ga^H H C K H  H a g 3 o p /y n p a B ^ a m e ;

•  je^ T H H H je  o g p ^ a B a m e  n o C T p o je m a .

y  OKBHpy $peK B eH TH H x p e r y n a T o p a ,  c o 6 3 u p o M  g a  Ce p a g u  o  M H K p o n p o ^eco p cK H  

y n p a B ^ a H H M  h  k o h t p o h h c h h h m  y p e ^ a jH M a , OCTBapeHe Cy 6 p o jH e  $ y H K ^ n je  K oje 

O M o ry h aB a jy  e$ H K acH H jy  h  m u p y  npH M eH y y  H H gycT pn jH , K ao mTO c y  [1 0 .1 1 ] :

•  ayTOMaTCKO y 6 p 3 a B a rn e -y c n o p a B a m e  M O Topa (ayTOMaTCKa p a M n a , ogHOCHO 

ayTOMaTCKO n o g e m a B a m e  B peM eH a 3 a n e T a rn a  M O Topa y  c n y n a jy  n p e K o p a n e rn a  

rpaH H H H e c r p y j e  o n r e p e h e r n a ) ;

•  He3aBHCHO noneT H O  3 a n e T a m e  M O Topa (3am TH T a n e ^ a j e B a ,  3am TH Ta BepTH K anHH x 

n y M n u  n p u  p a g y  c a  MHHHManHOM 6p3HHOM o 6 p T a rn a , CMarneHO o g p ^ a B a rn e ) ;

•  eH H M H H a^nja x n g p a y H H H H o r y g a p a  y  p e * H M y  n y m e m a  ^eB O B o g a  B ogoM  

(ayTOMaTCKO n o g e m a B a rn e  6p3H H e n y M n e  H a 0C H0By M e p e H o r npHTHCKa HHMe c e  

n araH O  enH M HH Hm e B a 3 g y x  H3 c n c re M a  h  n p e n a 3 H  y  pag H H  p e ^ H M );

•  ^ h k h h h h o  y K ^ y H H B am e M O Topa (H 3jegH aH aB am e p a g a  2  n y M n e , HHTepHH nacoB H H K  

c a  n o g e m a B a rn e M  B peM eH a g o  9 9 9  caTH , j e ^ m H H j e  p e m e m e  c a  jegH H M

^peKBeHTHHM  p e ry n a T o p o M );

•  p e ^ H M  M H poB am a n o r o H a  (ayTOMaTCKO 3 a y c r a B ^ a m e  h h h  c rap T O B arn e  M OTopa, 

HHTepHH nacoB H H K  3 a  c n p e H a B a m e  H e c r n x  y K ^ y H e rn a /H C K ^ y H e rn a , C M arnerne 

x a 6 a m a  o n p e M e , y m T e g a  e H e p rn je ) ;

•  n H ^  p e r y n a T o p  n p o ^ e c a  (en H M H H a^n ja  n o T p e 6 e  3 a  eK crepH H M  n n ^ - O M ,  3 a g a r a  h  

Me p e H a  BpegHOCT 3 a g a jy  c e  y  n p o ^ e c H H M  jeg H H H ^aM a, H H T erpncaH O  H a n a ja rn e  

TpaHCM H Tepa, H H T erp n caH  ^ n m e p  m y M a  M e p e H o r c n rH a n a ) ;

•  g o 3 B o n a  3 a  c rap T O B am e ($ y H K q n o H H m e  K ao g p y r n  yc^O B  3 a  n o K p e T a m e  M OTopa, 

mTHTH o n p e M y  o g  o m T e h e m a , c n p e n a B a  H n p . g o 3 B o n y  c r a p T a  n y M n e  y c n y n a jy  K ag a  

j e  3aT B opeH  BeHTHn) [ 1 0 .1 2 ] ;

•  KacKagHO y n p a B ^ a m e ,  p e ^ H M  y n p a B ^ a m a  m a B H H /n o g p e ^ e H H  (H n p . p e r y n a ^ n j a  

HHBOa TeHHOCTH) [1 0 .1 3 ] ;

•  gnjarH O C TH K a c n c re M a .
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10.2.6 MoryhHOCTH ii(mchan>a eHepreTCKe ê HKacHOCTH npHMeHOM caBpeMeHHx 
e^eKTpoMOTopHHx noroHa

C aB peM eH H  eneK TpoM O TopH H  n o ro H H  M o ry  g a  g o n p H H e c y  3H anajH HM  y m T e g a M a  

eneK TpH HH e e H e p rn je ,  HapoHHTO K og n o r o H a  n y M n u  h  B eH T H naT opa ( h  B H m e o g  4 0 % ) ,  r g e  

j e  n p o M e H a  6p3H H e c p a3 M ep H a  T p eh eM  c re n e H y  n p o M eH e  C H are. ^ o g a m e  y m T e g e  c e  

0 C T B apy jy  K po3 M a a e  x a 6 a a e  MamHHCKe o n p e M e , jeg H O craB H H je  o g p ^ a B a m e ,  n r g .

O B g e  h e  6 h t h  npH K a3aH  n p H M ep  p e m e a a  y n p a B ^ a a a  no roH O M  n y M n e  npuM eH O M  

^p eK B eH T H o r p e r y n a T o p a  y  je g H o j ^ p n H o j c ra H H ^ H  B o g o c H a 6 g e B a a a  [ 1 0 .1 4 ] ,  KojHM j e  

H3Bpm eHO c n e g e h e :

•  H 3 6 a ^ H B a fte  n o c r o j e h n x  y n y m T a n a  3 B e 3 g a -T p o y ra o  h  f t n x o B a  3aM eH a ^peKBeHTHHM  

p e ry n a T o p o M  c a  noce6H O M  $yH K qH joM  y n p a B .M rn a  nyM nH H M  c raH H ^ a M a,

•  y r p a g f t a  M e p a n a  npHTHCKa HHMe 6 h  c e  o n m M a n H O  y n p a B ^ a n o  6p3HHOM M O Topa 

n y M n u  y  3aBHCHOCTH o g  TpeH yTH H x n o T p e 6 a  h  g o 6 n n e  3 H an a jH e  y m T e g e  e H e p rn je .

H aB egeH O  p e m e a e  n o n a 3 H  o g  3 axT eB a 3 a  k o h c t ^ h t h o m  p e ry n a ^ H jo M  npHTHCKa y  c n c re M y  

H a n a j a a a  B ogoM . 3axT eB H  3 a  B ogoM  K oje  T p e 6 a  g a  o 6 e 3 6 e g u  ^ p n H a  c ra H H ^ a  3HaTHO 

B a p n p a jy  t o k o m  g aH a . H o h y  c e  B o g a  npaKTHHHO He k o p h c t h , g o K  j e  y  TOKy n p o H 3 B o g a e  

n o T p o m a a  n o B e h a H a . ^ a  6 h  c e  o g p ^ a o  n o T p e 6 a H  npH TH caK  y  H anojH H M  B ogoB H M a y  

C K aagy  c a  TpeHyTHHM 3axTeBH M a, noT pe6H O  j e  p e ry n n c a T H  6p3H H y M O Topa n y M n u  3 a  B ogy . 

y n o T p e 6 a  ^p eK B eH T H o r p e r y n a T o p a  O M o ry h aB a g a  c e  e H e p r n ja  K o jy  T p o m u  n y M n a  

o g p ^ a B a  H a MHHHMyMy, a  g a  c e  n p u  TOMe onTH M H 3yje C H a6 g eB a& e n o T p o m a n a  B ogoM .

H a  c h h ^ h  1 0 .1 6  meMaTCKH j e  npHKa3aH O  y n p a B ^ a a e  n y M n o M  npuM eH O M  ^peK B eH T H or 

p e ry n a T o p a .  O peKBeHTH H  p e r y n a T o p  o 6 e 3 6 e ^ y je  M O Topy onT H M anH y 6p3H H y K ojy  

o g p e ^ y je  H a 0CH0By H H ^ o p M a ^ n je  o  npHTHCKy, g o 6 n je H e  c a  M e p a n a  n o c r a B ^ e H o r  H a 

H anojH H  B og. H a  g n ja r p a M y  c a  CHHKe 1 0 .1 7  npH K a3aH a j e  3aBHCHOCT npHTHCKa o g  

npoT O K a c a  K apaK TepncrH K O M  n y M n e . n o c M a T p a  c e  c n y n a j  K a g a  c e  p e r y n H c a f t e  B p m u

BeHTHHOM.

y k o h h k o  c e  B pm H  y n p a B -^ a & e  n y M n e  p e ry n a ^ H jo M  6p3H H e M O Topa, C M a f te a e  npoT O K a h e  

c e  ogB H jaTH  n o  KpHBoj S 1 , HHMe h e  c e  y m T e g e r a  e H e p r n ja  K ojy  6 h  H H ane a n c o p 6 o B a o  

BeHTHH, a  K o ja  o g r o B a p a  noB pm H H H  H 3M e^y P 2  h  P 3 .  ^ o g a r a a  y m T e g a  c e  n o c r n ^ e  

n o c ra B .M f te M  c e H 3 o p a  npHTHCKa K o jn  o 6 e 3 6 e ^ y je  g a  c e  npoTO K  B o g e  M e a a  y  C K aagy  c a  

n o T p e 6 a M a  n o T p o m a e .

T n n H H aH  g n ja r p a M  n p o M eH e  npoT O K a B o g e  y  3aBHCHOCTH o g  gH eBH H x n o T p e 6 a  npH K a3aH  

j e  H a c h h ^ h  1 0 .1 8 . P e 3 y ^ ra T H  n p o p a n y H a  g o 6 n je H H  npuM eH O M  O B or g n ja r p a M a  H a n y M n y  

K ojy  n o K p e h e  m o t o p  C H are  18  k W  npH K a3aH H  c y  y  H a p eg H o j T a 6 e n n  [ 1 0 .1 5 ] .  A H a n ro n p a H  

j e  c n y n a j  npH M eH e ^ p e K B e m H o r  p e r y n a T o p a  c a  y n p a B -n a m e M  y  O TBopeH oj c n p e 3 H , Tj. 

gnpeK TH H M  3 a g a B a a e M  6p3H H e o 6 p a r a a a ,  K ao h  y  3aT B opeH oj c n p e 3 H  r g e  n o T p e 6 H y  

6p3H H y o g p e ^ y je  H H ^ o p M a ^ n ja  o  npHTHCKy g o 6 n je H a  c a  c e H 3 o p a  npHTHCKa (T a 6 e n a  1 0 .6 ) . 

n o p e ^ e a e M  o b h x  p e m e a a  b h a h  c e  g a  c e  g o 6 n j a  p e a n H a  y m T e g a  K og M O Topa c a  

peryH H caH O M  6p3HHOM y  o g H O cy  H a n y M n y , K og  K oje  c e  npoTO K  n o g e m a B a  pynH H M
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BeHTH^OM y  H3HOcy o g  1 6 % . ^ k o h h k o  c e  g o g a  h  M e p e a e  npHTHCKa h  p e r y n a ^ H ja  6p3H H e 

o c T B a p n  y  3aT B opeH oj c n p e 3 H , y m T e g a  c e  3H anajH O  n o B e h a B a  h  g o c m ^ e  n aK  6 1 % .

C ^ H K a  1 0 .1 6  n p H M e H a  ^p eK B eH T H o r p e r y n a T o p a  3 a  y n p a B ^ a a e  m o t o p o m  n y M n e

A
npMTMCaK

C ^ H K a  1 0 .1 7  3aBHCHOCT npHTHCKa h  npoT O K a n y M n e
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TaSe^a 10.6 y m T e g a  npuM eH O M  ^ p e K B e m H o r  p e ry n a T O p a  H a n o ro H y  n y M n e

K o H $ H r y p a ^ n ja npO TO K

(% )

C aTH

(% )

C aTH  

p a g a  (h )

C H a ra

(k W )

E neK rpH H H a 

n o T p o m m a  (k W h )

n y M n a  c a  peryna^H O H H M

BeHTHHOM, 6p3H H a 

M O Topa 1 0 0 %

1 0 0 1 0 0 8 7 6 0 18 1 5 7 .6 8 0

M o t o p  n y M n e  c a  

^peKBeHTHHM  p e ry n a T o p o M , 

C M am eH a KOHCTaHTHa 6p3H H a

1 0 0 1 0 0 8 7 6 0 1 5 ,1 2 1 3 2 .4 5 1

M o t o p  n y M n e  c a  

^peKBeHTHHM  p e ry n a T o p o M , 

n p o M e H ^ H B a  6p3H H a, 

p e r y n a ^ n j a  y  3aT B opeH oj 

c n p e 3 H  ( c a  M ep n n o M  npHTHCKa)

6 0 2 0 1 7 5 2 3 ,2 4 5 .6 7 6

7 0 2 5 2 1 9 0 5 ,2 2 1 1 .4 3 2

8 0 3 5 3 0 6 6 7 ,7 4 2 3 .7 3 1

9 0 15 1 3 1 4 1 0 ,9 8 1 4 .4 2 8

1 0 0 5 4 3 8 1 5 ,1 2 6 .6 2 3

yKynHo: 100 8760 61.889
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nuTa^a
1. K o jn  THnoBH cB eTH ^K H  n o c T o je  h  K oje  c y  ocHOBHe K apaK T epncT H K e?

2 . K ojH M  c e  M epaM a M O *e y H an p eg H T H  e H e p re T c K a  e ^H K acH o cT  p a c B e T e ?

3 . K o jn  cT eneH H  e ^ H K a c H o c rn  M O Topa n o c T o je ?

4 . H aB ecT H  3axT eB e E C O d e s i g n  gnpeK TH B e.

5 . ^ a  h h  c e  npeM O TaB a& eM  M O Topa M O *e noB eh aT H  c T e n e H  e ^ H K a c H o c rn ?

6 . f l a  b h  n p eB p eM eH a  3aM eH a eaeK T poM O T opa M O *e g a  n o B e h a  eH ep reT cK y  

e^H K acH o cT ?

7 . K o h h k o  c e  M O *e noB efiaT H  eH e p re T c K a  e ^ H K a c H o c r  aKO c e  no M o fry  n p o ^ e g y p a  

c T a H g a p g a  I S O  5 0 0 0 1  B p m u  H a g 3 o p  eaeK T poM O T opH or n o ro H a ?

8 . K o je  c y  n p e g H o c T H  npH M eH e p e r y a a ^ n j a  6p3H H e eaeK T poM O T opa?

9 . 3 6 o r  n e r a  c e  H ajB efre y m T e g e  o c T B a p y jy  p e r y a a ^ n jo M  6p3H H e M O Topa n y M n u ?





11. y n P A B ^ A f t E  n o T P o m a o M  e i e k t p m m m e  e m e p e m j e

H  nPM M E H A  K O M nE H 3A ^ M JE  PEAKTM BHE C H A rE

A^eKcaHgap H hko^ hR

1 1 . 1  n o T P o m f t A  e i e k t p m h h e  e h e p t m j e

y  OKBHpy eneKTpoeHepreTCKor CHCTeMa (EEC) $yHK^HOHHmy pa3HHHHTH noTpomann 
(npnjeMHH^H) eneKTpHHHe eHeprnje, Kojn cy no CBojHM KapaKTepncTHKaMa pa3HopogHH. 
Hhbo noTpomme CBaKor og noTpomana je  npoMernMB KaKO y TOKy gaHa, TaKO h tokom 
rogHHe, na EEC Mopa npaKTHHHO TpeHyTHO ga npaTH npoMeHe y nogcncTeMy noTpomme 
(KOH3yM). H3 thx pa3H0ra cbh KanaaHTeTH y OKBHpy EEC Mopajy 6hth gHMeronoHHcaHH 
npeMa MaKCHManHOM onTepeherny (MaKCHManHoj CHa3H) noTpomana Koje Tpaje BeoMa 
KpaTKO (Hnp. jegaH caT y TOKy rogHHe). npeocTano BpeMe CHCTeM pagu ca MamHM 
onTepeherneM.
y  nepnogy og 2008. go 2015. rogHHe, npocenHa rognmrna CTona pacTa noTpomme 
eneKTpHHHe eHeprnje Ha TepHTopnjh Peny6nHKe Cp6nje H3HOCHna je  oko 0.9%, a BpmHe 
CHare oko 0.5%. PenaTHBHO CTa6nnaH pacT noTpomme eneKTpHHHe eHeprnje y HHgycTpnjH 
og oko 1.8% rognmrne h HemTO 6na*H pacT noTpomme Ha hhckom HanoHy og oko 1.4% 
rognmrne, goBeo je  go CMarnerna HepaBHOMepHOCTH noTpomme.
y  2015. rogHHH ^HHanHa noTpomma eneKTpHHHe eHeprnje H3HOCHna je  oko 31.195 GWh, 
a BpmHa CHara oko 7.000 MW. Ha chh^ h 11.1 npHKa3aH je  pacT noTpomme eneKTpHHHe 
eHeprnje y Peny6nn^H Cp6njn 3a nocnegmHx 25 rogHHa npeMa noga^HMa 
EneKTponpHBpege Cp6nje [11.1].

11.1.1 B pcre noTpomana
npeMa KapaKTepncTHKaMa, noTpomann eneKTpHHHe eHeprnje gene ce Ha TepMoreHe 
(oTnopHe, pe3HCTHBHe) h peaKTHBHe noTpomane. TepMoreHH noTpomann ^enoKynHy 
goBegeHy eneKTpHHHy eHeprnjy npeTBapajy y TonnoTHy, thko ga je  mnxoB ^aKTop CHare 
jegHaK jegHHH^H. y  OBy rpyny noTpomana cnagajy pa3He BpcTe rpejana, nonyT ohhx y 
KOTHOBHMa, rpejanH^aMa, mTegrna^HMa h ch., Kao h cnjanH^e ca y*apeHHM bh^khom 
(HHKagec^eHTHe CHjanH^e). 3a OBe noTpomane Ba*H ga cy aKTHBHa h npHBHgHa CHara 
npaKTHHHO jegHaKe, ogHOCHO peaKTHBHa KOMnoHeHTa CHare je  3aHeMap^HBa (npn6nH*HO 
je  jegHaKa Hynn).
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C^HKa 11.1 PacT noTpornae eneKTpHHHe eHeprnje y PC y nepuogy 1990.-2015.

Ha chh^ h 11.2 npHKa3aHa je  CTpyKTypa npoH3Bogae EneKTponpHBpege Cp6nje h 6pyTO 
KOH3yM (nogcHcreM noTpomae), a y CKnagy ca noga^HMa H3 2012. rogHHe [11.2].

CiHKa 11.2 CrpyKTypa npoH3Bogae eneKTpHHHe eHeprnje h 6pyTO KOH3yM y 2012.
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PeaKTHBHH noTpomanH cy ohh Kog Kojnx, 36or nocrojarna M araeraor Kona, gona3H go 
nojaBe MarHeTHor o^ hocho eneKTpocTaTHHKor no^a. EHeprnja OBor n o ^ a  TaKO^e ce 
npeTBapa y eneKTpHHHy eHeprnjy, ann H3a3HBa ogpe^eHO Kammerne crpyje y ogHocy Ha 
HanoH, ogHocHO nojaBy peaKTHBHe KOMnoHeme cHare 36or nera je  ^aKTop cHare MarnH og 
jegHHH^e. y  OBy Bpcry noTpomana cnagajy eneKTpoMOTopn, 3aBojHH^e (npnrymHH^e, 
HaMOTajn 3a eneKipo^HHTpe), TpaHc^opMaropH, HHgyKTHBHe nehn, eHepreTcKH 
npeTBapann ca nonynpoBogHHHKHM npeKHganHMa (THpncropH, TparoHcropH cHare) nonyT 
ncnpaB^ana, nonepa h HHBepTopa, H3Bopn cBeTHocrn ca eneKipHHHHM npa*memeM THna 
$nyo^eBH h cn.
noTpomaHH eneKTpHHHe eHeprnje, ca acneKTa gHcrpH6yTHBHe Mpe^e, cBpcraBajy ce y 
ogpe^eHe rpyne 3aBHcHO og Tuna noTpomme:

• HHgycrpHjcKH noTpomann npHK^yneHH Ha Mpe®y BHcoKor HanoHa 110kV h 
eneKTpoByHHe nogcraHH^e HanoHa 25kV;

• ^,HcrpH6yTHBHH noTpomanH npHK^yneHH Ha HanoH 0,4kV-35kV;
• noTpomaHH Ha cpegrneM HanoHy (HHgycrpnja, cao6pahaj, ycnyre);
• noTpomaHH Ha hhckom HanoHy 0,4kV (geo HHgycrpHje, goMahHHCTBa, jaBHO 

ocBeraerne, ycnyre);
• Cne^H^HHHH noTpornanH Kao mTO cy nyMne y peBep3H6HHHHM xHgpoeneKTpaHaMa 

(PXE), concTBeHa noTpornma TepMoeneKTpaHa, nrg.

11.1.2 TnnHHHH ii|)0(|)ii. iii noTpomme eieKTpHHHe eHeprnje y HHgycTpnjH
npo^HH onrepeherna, chhm.m h  hhh panyHcKHM nyTeM go6njeH 3a ogpe^eHH BpeMeHcKH 
nepuog, OMoryhaBa carnegaBarne HanHHa paga noTpomana Kao h MoryhHocr yra^arna Ha 
cMarnerne hhh orpaHHneme npeKOMepHe noTpomme. Ha npo$nny noTpomme peracrpyjy 
ce MaKcHMyMH onrepeherna y neTHaecroMHHyraHM HHTepBaHHMa, y cKnagy ca 3axTeBHMa 
onepaTopa gHCTpn6yTHBHor cncreMa (O^C). ^ kohhko MepHH ype^ajn He perncrpyjy 
nogarae o neTHaecroMHHyTHHM onrepehernHMa, O ^C  nogarae 3a MepHO Mecro ogpe^yje 
Ha ocHOBy MecenHO yTpomeHe eneKTpHHHe eHepraje h KapaKTepHCTHHHor gnjarpaMa 
noTpomme (npo^nna noTpomme) [11.3].
npo^HHH noTpomme ce ogpe^yjy 3a KapaKTepHCTHHHe TunoBe MepHor Mecra, nepuoge 
tokom KaneHgapcKe rogHHe h TunoBe gaHa.
TnnoBH MepHor Mecra ce yrap^yjy Ha ocHOBy HaMeHe noTpomme hhh Ha ocHOBy nacoBHor 
Kopnmherna H3MepeHe MecenHe MaKcHMaHHe neTHaecroMHHyTHe aKTHBHe cHare rge 
nocrojn Meperne cHare hhh ogo6peHe aKTHBHe cHare rge HeMa Meperna cHare. 
nepnogH tokom rogHHe ce ge$HHHmy y3 yBa®aBame KapaKTepHCTHHHHx KHHMarcKHx 
ycnoBa, npHBpegHHx ^kthbho cth h gpyrux KapaKTepHCTHHHHx noKa3aTe^a.
TnnoBH gaHa ce ogpe^yjy y 3Hbhchocth og gaHa y cegMH^H y3 yBa^aBarne gp*aBHHx h 
BepcKHx npa3HHHHHx gaHa.
^HeBHa eHeprnja ge$HHHcaHHx TunoBa gaHa h npo^HHH noTpomme 3a Te gaHe ce 
ogpe^yjy Ha ocHOBy H3MepeHHx caTHHx onrepehema Ha MepHHM MecrHMa Koja no cBojHM



11-4 npupyHHHK 3a o6yKy eHepreTCKHX MeHa^epa y HHgycTpnjcKoj eHepreTH^H

KapaKTepncTHKaMa npegcTaB^ajy penpe3eHTHBHe npHMepe 3a CBaKH og THnoBa MepHHx 
MecTa. npo^HHH noTpomae HCKa3aHH cy y npo^emHMa Kao penarHBHO caTHO 
onrepeherne y ogHocy Ha gHeBHy eHeprnjy.
AHa^H3a npo^nna onrepeherna noTpe6Ha je  pagu yTBp^HBama npeKOMepHO npey3eTe 
cHare, Kao h 3a ge^HHHcarne creneHa noTpe6He KOMneroa^nje peaKTHBHe cHare.
TnnHHHa noTpomma eneKipHHHe eHeprnje y HHgycrpHjH, Tj. meH npoMeH^HBH geo, 
Be3aHa je  3a cm^hckh pag. Ha npoMeHe onrepeherna y BpeMeHy yTHHy h cne^H^HHHH 
TexHOHomKH npo^ecn y OKBHpy Kojnx cy noTpomann 3HanajHe cHare (eneKipoMOTopH, 
nyMne, KOMnpecopu h ch.) [11.4]. KoHcramHH geo noTpomme Hajnemhe ogna3H Ha 
Hanajame KaH^enapnja (panyHapn, KHHMaTma^Hja/rpejame, pacBeTa).
Ha chh^ h 11.3 npHKa3ara je  MecenHa npoMeHa noTpomme eneKipHHHe eHeprnje no tohh 
roTOBor nporoBoga jegHor HHgycTpHjcKor nocTpojerna [11.5], [11.6].
Ha chh^ h 11.4 gaT je  THnnnaH npHMep npo^nna noTpomme eneKTpHHHe eHeprnje 
cucTeMa BogocHa6geBama ca Ha3Hane hhm TpeHgoM TpomKOBa [11.7].
Ha chh^ h 11.5 npHKa3aH je  npo^nn onTepeherna HHgycTpHjcKor nocTpojerna hhjh 
TexHOHomKH npo^ec 3axTeBa pag y gBe cMeHe h to y nepuogy og 9-15 nacoBa (npBa 
cMeHa) h og 16-21 nac (gpyra cMeHa).
Ha ocHOBy npeTxogHor gnjarpaMa MO*e ce 3aK^yHHTH ga je  ^HKcHa noTpomma 
HenpoH3BogHHx npo^eca oko 600kW, npu neMy 3HanajaH geo ogna3H Ha cucTeM pacBeTe, 
3aTHM eBeHTyanHO rpejarne h KOMnpHMOBaHH Ba3gyx.
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C^HKa 11.5 Cne^H^HHHa noTpomma eneKrpHHHe eHeprnje HHgycTpnjcKor nocrpojerna

11.1.3 npHMep aHa^H3e npo^H ^a noTpomrne
Ha cnegeheM npHMepy jegHe ^pnHe craHH^e y OKBHpy cncreMa BogocHa6geBarna 6nhe 
npHKa3aHO KaKO je  Moryhe ga ce Ha ocHOBy KOHTHHyanHor npaherna noTpomme 
eneKrpHHHe eHeprnje h KacHHje cnpoBegeHe aHanH3e cMarne TpomKOBH 3a eneKTpHHHy 
eHeprnjy 6e3 hkhkbhx ynarama [11.7].
Ha chh^ h 11.6 npHKa3aHH cy noga^H npey3eTH ca gnrHTaHHor o6panyHcKor 6pojnna Koje 
HMa MoryhHocr ga^HHcKor OHHTaBa&a 15-MHHyTHe cHare (t3b. o6panyHcKa cHara hhh
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„MaKcnrpa$“) u  CHHMafta Ha panyHapy. ^ a  6h ce jacHHje yonno yra^aj noTpomae, 
npHKa3aH je  nepuog 3a gBa cyK^ecHBHa gaHa, npu neMy je  Ha HHBoy ^enor Mece^a 
npoMeHa noTpornme 6nna noTnyHO yjegHaneHa. M o*e ce BHgera ga nocrojn koHcraHTHa 
noTpomma (y hoRhom nepuogy og 600kW, a y gHeBHOM og 830kW), npu neMy ce jaB^ajy 
Kpahn ckokobh h H3Hag 1000kW. npeMa noga^HMa Kojn o6yxBarajy Mece^ gaHa, 
onrepeherne je  6hho ucnog 70%, a perncrpoBaHa o6panyHcKa cHara 1176kW.

C^HKa 11.6 npHMep aHanH3e npo^nna noTpomme eneKrpHHHe eHeprnje

KoHcraToBaHo je  ga ce nepnogn noBehaHe noTpomme (Ha chh^ h 3aoKpy*eHH ^pBeHoM 
6ojoM) noKaanajy ca pagoM nyMnu 3a npame ^HHTepa Koje cy Behe cHare. C o63upoM ga 
TexHonomKH npo^ec He 3axTeBa yK^ynerne obhx nyMnu y ogpe^eHo BpeMe, goHeTa je  
ognyKa ga ce oHe yK^ynyjy hck^ hhbo y nepuogy H3Me^y 2 h 4 naca yjyTpy, KaKo je  
o3HaneHo crpenH^oM. OBa npo^egypa je  ycraHoB^eHa Ha HHBoy npegy3eha y Bugy 
ge^HHHcaHe o6aBe3e 3a oneparope ^pnHe craHH^e. Ha oBaj HanHH je  caMo jegHocraBHoM 
opraHH3a^noHoM npoMeHoM cMameHa o6panyHcKa cHara ca 1176kW Ha 832kW, o^ hocho 
3a 344kW. y3HMajyhn y o63up Tagammy ^eHy o6panyHcKe cHare og 4,55EUR/kW, naKo 
ce gona3H go HHBoa ymTege og 1565EUR Ha MecenHoM HHBoy.

11.1.4 y n p aB ^arn e  onrepeherneM h noTpommoM e^eKTpHHHe eHeprnje

ynpaB^ame noTpommoM eneKTpHHHe eHeprnje Mo*e 6hth 3acHoBaHo Ha jegHoM og 
HaBegeHHx ype^aja h/hhh mnxoBoM KoM^HHa^njoM:

• nacoBHHK 3a Meperne npoTeKaor BpeMeHa;
• ype^aj 3a geTeKqnjy pagHor ^HKnyca;
• ype^aj 3a cMameme BpmHor onTepehema;
• ype^ajn 3a KaHMam3a^Hjy, rpejame h xna^eme (K rX  -  perynaTop TonnoTHor 

cagp^aja, TeMnepaTypHH npeKHgan h gp.).
JegaH og HanHHa ynpaB^ama noTpommoM eneKTpHHHe eHeprnje npegcTaB^a h npoMeHa 
nnaHa aKTHBHocTH y noroHy Koje ce ogHoce Ha ynoTpe6y eHeprnje y BpeMe Kaga HHje Ha 
cHa3H BpmHo onTepeherne. flpyra TexHHKa nogpa3yMeBa ynoTpe6y ayToMaTH3oBaHHx 
cucTeMa 3a ynpaB^arne npoMernMBHM onTepeherneM h noTpommoM eneKTpHHHe eHeprnje 
Kojn oMoryhaBajy ga ce 3HanajHe oc^Hna^nje onTepehema cMame. TaKo ce cnpenaBa
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npeKOMepHO npey3HMarne eneKTpHHHe eHeprnje h yMamyjy gogaTHH TpomKOBH 
npoy3poKOBaHH npeKopanerneM MaKCHManHe BpegHOCTH o6panyHCKe CHare (MaKCHipa^a). 
OBaKBH CHCTeMH gaHaC Cy Hajnemhe 3aCHOBaHH Ha nporpaMa^HHHHM hofhhkhm 
(MHKponpo^eCopCKHM) ype^ajHMa (P rogram m able  L o g ic  C on tro ller - P L C ) noMofry Kojnx 
Ce Bpmu yK^yHHBame h HCK^yHHBarne nojegHHHx noTpomana Ha OCHOBy Meperna 
o6panyHCKe CHare a Ca ^HJteM ga mnxoBa noTpomma He 6h goBognna go npeKOMepHe 
BpegHOCTH MaKCHrpa^a.
HCK^yneme noTpomana Tpe6a pa3MaTpaTH Kaga noTpomma 3HaTHO Bapupa, a Moryfre je  
H3paBHa&e onrepefrerna 36or HeKHx He6mHHx noTpomana hhh noTpomana Koje je  Moryfre 
KOHrpoHHCarH. npHH^nnn HCK^ynema noTpomana Mory ga Ce npHMeHe Kog 6hho Kor 
BenHKor HHgyCTpHjCKor hhh KOMep^njanHor noTpomana. npBH KopaK y npHMeHH 
HCK^ynema noTpomana nogpa3yMeBa yCnoCTaB^arne ^H^Hor 3axTeBa. ^ h^ hh 3axTeB Ce 
6a3upa Ha OHHTaBarnHMa CTBapHe noTpomme hhh aHanH3aMa noTpomme. flpyrn KopaK 
nogpa3yMeBa HHgemH$HKa^Hjy noTpomana Koje je  Moryfre perynHCaTH TaKO ga Ce Mory 
hck^ ^ hhth khko Ce He 6h npeKopanHO ^e^eHH hhmht. npHMepn noTpomana Kojn Ce 
Mory KomponHCaTH Cy eneKTpHHHe nefru, eneKTpHHHH 6ojnepn, KOMnpeCopu, 
KHHMaTH3a^Hja, BeHTHHaTopn 3a rpejame h BemHna^Hjy, xna^erne h npo^ecn Kojn HHCy
KpHTHHHH.
^ a  6h Ce noCTHrno KopeKTHO HCK^yneme noTpomana, Tpe6a na3HTH ga Ce H36erHy 
orpaHHHerna onpeMe no nHTarny KpaTKopajHHx ^HKnyca yK^yHema/HCK^yHema. Ha 
npHMep, yK^ynerne h HCK^yneme MOTopa CMarnyje meroB ^ hbothh BeK h MO*e ra 
036h^ ho omTeTHTH. yBeK Tpe6a npoBepmH cne^H$HKa^njy onpeMe KojoM Ce ynpaB^a 
KaKO 6h Ce yTBpgnno ga je  BHme noKpeTama y KpaTKOM BpeMeHCKOM nepuogy Hefre 
OmTeTHTH.
Ha chh^ h 11.7 garo je  ynpomfreHO o6jammerne HanHHa paga jegHor CHCTeMa 3a 
ynpaB^arne BpmHHM onrepefrerneM [11.8]. CnCTeM npaTH Harn6 KpHBe omepefrerna y 
ogHOCy Ha npege^HHHcaHe KpmepHjyMCKe KpHBe, npu neMy je  Harn6 obhx kphbhx 
ge^HHHCaH MHHHManHOM eHeprnjoM E0 h MaKCHManHOM 15-MHHyTHOM eHeprnjoM Emax 
Kojy $a6pHKa He CMe ga npeKopann. ^ kohhko Ce geTeKTyje npeCeK KpHBe onrepefrerna h 
KpmepnjyMCKe KpHBe, gofru fre go HCK^ynema noTpomana ogpe^eHe CHare khko 6h Ce 
KpHBa onrepefrerna noCTaBHna Ha rnaBHy KpHTepnjyMCKy KpHBy, o^ hocho KaKO He 6h 
gomno go npeKopanerna Emax.
Befru 6poj KpHTepnjyMCKHx KpHBa yBogu Ce KaKO 6h Ce noTpomann yHyTap $a6pHKe 
rpynHCanH npeMa chh3h h KaKO 6h Ce ^HHHje peryHHCana npoMeHa yKynHe noTpomme. 
Ogpe^eHH TexHonomKH npo^ecn Kojn 3axreBajy cranHO Hanajarne Hucy norogHH 3a 
npHMeHy obhkbhx cncreMa.
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C^HKa 11.7 npHH^nn paga cncreMa 3a ynpaB^a&e noTpomaoM

11.2 ©AKTOP C H A rE

©aKTop CHare ce ge^HHHme Kao ogHOC aKTHBHe CHare P (ogroBapa eHeprnjH Koja 
o6e36e^yje Bpmeae ogpe^eHor paga) h npHBHgHe CHare S (ogroBapa eHeprnjn Kojy 
noTpoman npey3HMa H3 Mpe^e):

cos(^)
P
S

(11.1)

rge ce aKTHBHa CHara panyHa Kao cyMa npou3Boga TpeHyranx BpegHOCTH $a3HHx HanoHa 
h crpyja, npu neMy je  O d b S 6poj og6upaKa y ceKyHgu, a i  6poj $a3e ( i= 1,2,3) [11.9]:

O dbS-1

Obš- Z,vm *1A (11.2)
n=0

a npHBHgHa CHara Kao npou3Bog e$eKTHBHHx BpegHOCTH HanoHa h crpyja:

S \ i ]  =  V rm s  [i ]* I r m s  \ ]  (11.3)
n p u  TOMe cy e^eKTHBHe BpegHocrn HanoHa h crpyja ge^HHHcaHe ca: 

V  [/'] =v rms

1

1
O dbS-1

O d b S
Z V  \i][n ]2

1  rms [i]

O dbS-1

1  • y  1  [i][n]2
O d b S

n=0

(11.4)

(11.5)

©aKTop CHare ce jacHO bhah h3 BeKTopcKor gnjarpaMa CHare (Tpoyraa CHare, CHHKa 11.8), 
rge je  ca Q 03HaneHa peaKTHBHa CHara.
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P  (k W )

c o s ( 9 )  =  P  /  S

C^HKa 11.8 BeKTopcKH gnjarpaM CHare
Ha 0CH0By npeTxogHor gnjarpaMa jacHO je  ga ce peaKTHBHa CHara ge^HHHme Kao:

Q\ ]  = -'S f —P\W  = S [/]• sin(^) (11.6)
JegHHH^a 3a aKTHBHy CHary je  Bar (W), Maga ce y npaKCH Hajnemhe y3HMa 1000 nyTa Beha 
BpegHOCT ogHOCHO KHHOBaT (kW). JegHHH^a 3a npHBHgHy CHary je  BOHTaMnep (VA), 
ogHOCHO kVA, a 3a peaKTHBHy KHHOBap (kVAr).
BpegHOCT ^aKTopa CHare Kpefre ce y oncery og 0 go 1, npu neMy BpegHOCT jegHaKa 1 
3HaHH ga noTpoman CBy npey3eTy eHeprnjy npeTBapa y KopncraH pag (peaKTHBHa 
eHeprnj a je  j egHaKa Hynn).
To je  c^ynaj Hnp. Kog rpejana, goK je  Kog MOTopa BpegHOCT ^aKTopa CHare o6hhho y 
oncery og 0,8 go 0,9 y 3aBHCHOCTH og THna h CHare MOTopa.
Kog $nyocBeTH^KH, 36or H3y3eTHO HenHHeapHe npupoge noTpomme, ^aKTop CHare MO*e 
ga 6yge h 0,6 (na h Maan).
Achhxpohh motoph h gpyrH noTpomanKH anaparn ca HHgyKTHBHHM ^aKTopoM CHare, 
3axTeBajy CHa6geBarne peaKTHBHOM eHeprnjoM H3 HanojHe Mpe^e. y  BepTHK&mo- 
opraHH30BaHoj, jegHHCTBeHoj eneKrponpHBpegn, Ta eHeprnja ce ncnopyHHBana Kao geo 
KOMnneTHe o6aBe3e CHa6geBarna noTpomaHa, y3 H3BecHy HagoKHagy 3a peaKTHBHy 
eHeprnjy, cxogHO Ba^efrHM Tapn^HHM Knay3ynaMa.
noKa3ano ce ga je  CHa6geBarne noTpomaHa peaKTHBHOM eHeprnjoM H3 npeHOCHe Mpe^e, 
H3 no3HaTHx pa3Hora (ry6n^H, 3arymerne npeHOCHHx Kana^HTeTa) HeeKOHOMHHHO, na ce 
npenopyHyje ga ce OHa npoH3Bogn y 6hh3hhh caMHx noTpomaHa, yrpagrnoM 
KOHgeH3aTopcKHx 6aTepnja, npHK^yHeHHx otohho, Ha crpaHH HH^er HanoHa 
gHCTpn6yTHBHHx TpaHC^opMaTopa. Ha Taj h^hhh, HH3aK ^aKTop CHare noTpomaHa, ca 
rnegnmTa Mpe^e, pemaBa ce HOKanHO, og crpaHe caMHx KopncHHKa, He 3axTeBajyfrn 
yHemfre oneparopa npeHOCHor cncreMa h ^eHTpanHe cny*6e noMofrHux ycnyra.

11.3 K O M n E H 3 A ^H JA  PEAKTHBHE C H A rE

n p u  Hanajarny noTpomaHa eneKTpHHHOM eHeprnjoM geo ogna3H Ha Bpmerne ogpe^eHor 
paga (aKTHBHH geo). AKTHBHa eHeprnja ce y noTnyHOCTH Tpomu Ha nacHBHe (t3b. 
pe3HCTHBHe) noTpomaHe.
HenHHeapHH noTpomaHH, nonyT eneKTpoMOTopa h TpaHC^opMaropa, 3axTeBajy ogpe^eHH 
geo eHeprnje Kojn je  noTpe6aH 3a HagoKHa^HBaae MarHefrerna MarHeTHor Kona. OBaj geo 
eHeprnje Ha3HBa ce peaKTHBHOM eHeprnjoM (cHaroM) h OHa ce He Tpomu Ha Bpmerne paga,
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TaKO ga ce Hecro Ha3HBa h ,janoBOM“ CHaroM. Ha chh^ h 11.9 BHgn ce KaKO peaKTHBHa
CHara yTHHe Ha yKynHH paHyH 3a yTpomeHy eneKTpHHHy eHeprnjy HHgycrpHjCKor 
nocrpojefta. Ha chh^ h neBO ^pBeHOM h nnaBOM 6ojoM 03HaHeHa je  yKynHa eHeprnja Koja 
ce nnafra, npu HeMy je  geo Kojn ce o^ hoch Ha aKTHBHy eHeprnjy npegcraB^eH ^pBeHOM 
6ojoM. ^ kohhko ce yrpagH KOMneroa^nja, ogHOCHO KOHgeH3aropcKe 6aTepnje KaKO je  
npHKa3aHO Ha chh^ h gecHO, 3HaHajaH (noHeKag h KOMnneTaH) ygeo peaKTHBHe CHare fre 
6hth noKpHBeH H3 KOHgeH3aropa h Hefre ce nojaB^HBaTH y paHyHy. ^,eo 03HaHeH 3eneHOM
6ojoM 3HaHH ga ce 3a tohhko yMaayje paHyH 3a yTpomeHy eneKTpHHHy eHeprnjy hhh ga 
3a tohhko MO^eMO noBefrarH noTpomay.

Ee3 KOMneH3au;Hje C a koMneH3au;Hjom peaKTHBHe CHare

^ e r e H ja :

A K TH B H a

PeaKTHBHa

CHara

P acno H O ^H B a  

aKTHBHa CHara 

(n o Te H ^n ja H H a  

pe3epBa)

C^HKa 11.9 ffleMarcKH npHKa3 yra^aja  KoMneroa^nje peaKTHBHe CHare

11.3.1 O chobhh MpMMHMMM cHcreMa KOMneH3aunje peaKTHBHe CHare

y  paHyHy 3a yTpomeHy eHeprnjy noce6HO ce Hannafryjy yTpomeHa aKTHBHa h peaKTHBHa 
eHeprnja, npu HeMy oBa gpyra, uaKo HH*e ^eHe Mo*e 3HaHajHo yTH^arn Ha yKynHH 
paHyH.
CncreMH 3a KoMneH3a^njy peaKTHBHe CHare ce npHMeayjy TaMo rge je  y paHyHHMa 3a 
yTpomeHy eneKTpHHHy eHeprnjy yTBp^eHo ga ce Ha MeceHHoM HHBoy 3HaHajaH geo 
H3gBaja 3a peaKTHBHy eHeprnjy. Obo 3h^hh ga noTpomaH pagu ca chh^ hhm ^aKTopoM 
CHare, a 3a gHCTpn6yTHBHH cncreM 6h HajnorogHHje 6hho ga je  aeroBa BpegHocr 6nHCKa 
jegHHH^H. y  HeKHM eHepreTCKHM cncreMHMa, a TaKo je  paHHje h Kog Hac 6nna npaKca, og 
noTpomaHa ce 3axTeBano ga pagu ca ^aKTopoM CHare 0,95 hhh 0,96 h BefruM, h y thm 
cnyHajeBHMa Ha paHyHy ce HHje o6paHyHaBana yTpomeHa peaKTHBHa eHeprnja. Caga je  
CHTya^nja TaKBa ga ce nnafra cbhkh noTpomeHH KHnoBap caT peaKTHBHe eHeprnje, TaKo ga 
ce y HeKHM HHgycrpHjcKHM nocrpojeftHMa ca npeTe^Ho motophhm noTpomaHHMa 
HcnnaTH yrpagfta KoMneroa^nje peaKTHBHe CHare h y cnyHajeBHMa Kaga je  ^aKTop CHare 
y oncery 0,95-0,97 [11.7]. Ha chh^ h 11.10 npHKa3aH je  gnjarpaM CHare Ha kom je  
HCTaKHyT 3HaHaj CMaaeaa peaKTHBHe CHare Ha HoBoycraHoB^eHy BpegHocr Q2, goK ce 
aKTHBHa CHara noBefraBa 3a h3hoc P2 Kojn npegcraB^a pacnono®HBy aKTHBHy CHary 
HaKoH KoMneH3oBaaa cncreMa.
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Qj (kVAr)

Q2 (kVAr)«0
P (kW) p

2

COS(q>) « 1 (^H^)

C^HKa 11.10 BeKTopcKH gnjarpaM CHare ca Ha3HaHeHHM yra^ajeM KoMneroa^nje

yrpagrna cncreMa 3a KoMneH3a^njy peaKTHBHe CHare nogpa3yMeBa npHMeHy 
KoHgeH3aTopcKHx 6aTepnja Koje Ha hok^hhom HHBoy (6nH3y noTpomaHa) o6e36e^yjy 
noTpe6aH hhbo peaKTHBHe CHare, TaKo ga je  yKynHo npey3eTa eHeprnja H3 Mpe^e Marna 
HaKoH npHMeHe obhx cncreMa [11.11].
^ kohhko je  MepernHMa npeTxogHo yrap^eHo ga nocroje Bapnja^nje onrepefrerna, o^ hocho 
peaKTHBHe CHare, cncreMH ce npojeKTyjy TaKo ga ce ogpe^eHe rpyne KoHgeH3aTopa 
ayToMaTCKH yK^yHyjy/HCK^yHyjy. OBaj h^hhh paga ce o6e36e^yje yrpagrnoM perynaTopa 
^aKTopa CHare, Kojn gaHac npegcraB^a MHKponpo^ecopcKH 3acHoBaH ype^aj Kojn Ha 
ocHoBy npege^HHHcaHor anropHTMa 3a yK^yHerne/HCK^yHerne KoHgeH3aTopa aKTHBHpa 
ogroBapajyfre KoHTaKTope Kojn ynpaB^ajy cerMeHTHMa cncreMa KoMneroa^nje. noTpe6Ha 
BpegHocr ^aKTopa CHare o6e36e^yje ce TaKo mTo ce nogecu ^e^eH a BpegHocr Ha caMoM 
perynaTopy, a CTBapHa BpegHocr ogpe^yje MeperneM crpyje onrepefrerna h HanoHa 
Hanajaaa Ha rnaBHHM ca6npHH^aMa (o6hhho Kog TpaHC^opMaropa).
CerMeHTH (o^ hocho rpyne KoHgeroaTopa) 6npajy ce y CKnagy ca yrap^eHHM npo^nnoM 
onrepefrerna, TaKo ga ce npBo aHynHpa peaKTHBHa CHara Koja noTHHe og KoHCTaHTHor 
HHBoa onrepefrerna, a ga ce 3aTHM no noTpe6u aKTHBHpajy Marnn cem eH ra Kojn noKpHBajy 
npoMeH^HBH geo onrepefrerna. C o63upoM ga ce npu yK^yHerny h HCK^yHerny 
KoHgeH3aTopa jaB^ajy BenHKe crpyje, noTpe6Ho je  ga ce o6e36egu ogpe^eHo BpeMe 
(o6hhho He Maae og 40s go 60s) H3Me^y HCK^yHerna h noHoBHor yK^yHerna ncre rpyne 
KoHgeH3aropa KaKo 6h ce o6e36egnno cnrypHo npa*meme KoHgeH3aTopa h mnxoB gy®H 
pagHH BeK [11.12].
KoHgeH3aTopcKe 6aTepnje ce o6hhho Be3yjy y cnpery Tpoyrao (c^HKa 11.11 neBo), TaKo 
ga ce y jegHy 6aTepnjy nocraB^ajy Tpu KoHgeH3aTopa (c^HKa 11.11 gecHo), TaKo ga 
6arepnja o6e36e^yje noTpe6Hy KoMneH3a^njy Tpo$a3Hor noTpomaHa. Ha chh^ h ce Buge h 
gogaTHH npegoraopn (R) 3a orpaHHHerne crpyje KoHgeroaropa npu yK^yHerny/ 
HCK^yHerny.
PerynaropH ^aKTopa CHare ce o6hhho H3pa^yjy ca 4, 6 h 12 KaHana, o^ hocho Mory ga 
Bpme perynaqHjy 4, 6 h 12 KoHgeH3aropcKHx 6aTepnja. PerynaTop HajHemfre HMa 10 
3agarax KoM^HHa^nja KopaKa 3a ynpaB^arne KoHTaKTopHMa KoHgeH3aropcKHx 6aTepnja 
pa3HHHHTHx CHara [11.12]:

• 1.1.1.1.11 1.2.3.3.33
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• 1.1.2.2.2.2 1.2.3.4.4.4
• 1.1.2.3.3.3 1.2.3.6.6.6
• 1.1.2.4.4.4 1.2.4.4.4.4
• 1.2.2.2.2.2 1.2.4.8.8.8

KoM^HHa^nje KopaKa ocnrypaBajy onTHManHy KoMneH3a^njy CMafteaeM 6poja creneHH 
3a KoMneH3a^njy h pagHor BpeMeHa nojegHHHx creneHH. Ha cnegeheM npHMepy he 6hth 
o6jamaeHo KaKo ce npaBHHHo 6upa ceKBeH^a perynaTopa h 6poj creneHH.
Ako je  noTpe6Ho o6e36egHTH KoMneH3a^njy peaKTHBHe CHare y H3Hocy og 150kVAr Ha 
HanoHy 400V, 50Hz, Moryhe je  H3a6parn 10 Mogyna no 15kVAr h ceKBeH^y perynaTopa 
1.1.1.1.1.1. To 3HaHH ga je  noTpe6Ho Ha6aBHTH 10 KoHgeH3aTopcKux 6arepHja, 10 
ogroBapajyhnx KoHTaKTopa h perynaTop ^aKTopa CHare ca 12 KaHana.
Je^THHHje h TexHHHKH HcnpaBHHje pemerne je  ca 4 rpyne KoHgeH3aTopa og no 15 + 30 + 
45 + 60 = 10 x 15 kVAr. Caga je  ceKBeH^a perynaTopa 1.2.3.4, na je  noTpe6Ho Ha6aBHTH 4 
Mogyna Kojn npaKTHHHo gajy 10 pa3HHHHTHx CHara, 4 KoHTaKTopa h ^ obo^ ho je  H3a6parn 
perynaTop ^aKTopa CHare ca 6 KaHana HHja je  ^eHa HH®a og 12-to KaHame Bep3Hje.
Ha chh^ h 11.12 npHKa3aH je  jegaH perynarop ^aKTopa CHare ca 12 creneHH.
CncreMH 3a KoMneH3aqHjy Mory 6hth h ca gogaTHHM ^HHTpHMa (o6hhho npmymHH^aMa) 
3a yKHa&arne nojegHHHx BHmnx xapMoHHKa Kojn HapymaBajy KBanHTeT HanoHa Hanajarna 
[11.13], [11.14]. TaKo^e c^y*e h 3a 3amTHTy KoHgeH3aropa og HeraTHBHor y ra^aja  crpyja 
BHmnx xapMoHHKa. H3rneg Tpo$a3He npmymHH^e 3a enHMHHa^njy BHmnx xapMoHHKa je  
gar Ha chh^ h 11.13.

Li L2 L3

C^HKa 11.11 ffleMa h H3rneg Tpo$a3He KoHgeH3aropcKe 6aTepnje
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KOMnerna^nje peaKTUBHe CHare

C^HKa 11.12 Perynarop ^aKropa CHare

C^HKa 11.13 H3raeg Tpo$a3He npnrymHH^e 3a enHMHHa^njy BHmnx xapMOHHKa

npHHHKOM ynoTpe6e npnrymHH^a 3a KOMneroa^Hjy gona3H go nojaBe HanoHCKor 
omepefrema KOHgeH3aTopa. 36or Tora je  y npaKCH npu Kopnmfremy npnrymHH^a 
noTpe6HO oga6paTH KOHgeH3aropcKe 6arepnje Koje page Ha noBHmeHOM HanoHy, o6hhho 
480V [11.13], [11.14].
C o63upoM ga ce yrpagrnoM npnrymHH^e go6nja pegHO oc^nnaropHO L-C koho, npu 
H36opy npnrymHH^a pyKOBogu ce H36opoM nogemeHe ^peKBeH^nje npeMa $opMynn:
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f r
1

2 -n-JLČ (11.7)

rge je  ca L  03HaneHa HHgyKTHBHOCT npnrymHH^e y mhhh XeHpnjHMa [mH], a ca C  

Kana^HTHBHOCT KOHgeH3aTopa y MHKpo ®apagHMa [pF]. Peg nogemaBaaa n  npu 
^peKBeH^Hjn Mpe^e og 50Hz h3hoch:

n = f r
50Hz (11.8)

nogemeHa ^peKBeH^nja Mopa ga 6yge thko oga6paHa ga ce Hana3H h3bhh nogpynja 
pe30HaHTHe ^peKBeH^nje xapMOHHjcKor cneKTpa CTpyja. TaKO^e, nogemeHa ^peKBeH^nja 
He CMe ga yTHne Ha $peKBeH^njy ga^HHCKor ynpaB ^aaa F t, TaKO ga ce 6npajy cnegefre 
BpegHOCTH nogemeHe ^peKBeH^nje 3a Mpe^e 400V, 50Hz:

• f r = 135Hz, 190Hz h 215Hz 6e3 ^peKBeH^nje ga^HHCKor ynpaB ^aaa;
• f r = 135Hz 3a $peKBeH^njy ga^HHCKor ynpaB^a&a y oncery 165-250Hz;
• f r = 190Hz 3a $peKBeH^njy ga^HHCKor ynpaB^a&a y oncery 250-350Hz;
• f r = 215Hz 3a $peKBeH^njy ga^HHCKor ynpaB^a&a H3Hag 350Hz.

Obo Ba^H 3a Tpo$a3He noTpornane, reHepaTope BHmnx xapMOHHKa nonyT $peKBemHHx 
npeTBapana, ncnpaBHana, CHCTeMa 6ecnpeKHgHor Hanajaaa (UPS), noKpeTana. 3a 
MOHO$a3He noTpomane Kog Kojnx je  npHBHgHa CHara BHmnx xapMOHHKa Befra og 10% 
Ha3HBHe npHBHgHe CHare Mpe^e, nonyT HaTpnjyMOBHx h ®hbhhhx cnjanH^a, $nyo 
CBeTHHKH, ype^aja 3a 3aBapHBaae h ch., nogemeHa ^peKBeH^nja Tpe6a ga 6yge 135Hz. 
y  Ta6e^H 11.1 gaT je  ogHOC H3Me^y nogemeHe ^peKBeH^nje, pega nogem eaa h penaTHBHe 
HMnegaHce 3a Mpe^e 50Hz.

TaSe^a 11.1 OgHOC nogemeHe ^peKBeH^nje, pega nogem eaa h penaTHBHe HMnegaHce
nogemeHa ^peKBeH^nja 

f r  [Hz]
Peg nogem eaa

n = f r / f

PenaTHBHa HMnegaHca 
(P  = 1/n2) y %

135 2,7 13,7
190 3,8 6,92
215 4,3 5,4

11.3.2 MoryhHOCTH ii(mchan>a eHepreTCKe e^HKacHOCTH npHMeHOM CHCTeMa 
KOMneH3a^nje

CncTeMH KOMneH3aqnje peaKTHBHe CHare npegcTaB^ajy jegaH og HajnemfrHx HanHHa 3a 
nocTH3aae ymTega y yTpomeHoj eneKTpHHHoj eHeprnjH y HHgycTpnjH. npaBHHHa 
npuMeHa CHCTeMa 3a KOMneH3aqnjy peaKTHBHe CHare MO*e ga o6e36egu He caMO Ma&H 
panyH 3a yTpomeHy eneKTpHHHy eHeprnjy, Befr h ga OMoryfrn gogaTHe norogHOCTH.
Hnp. aKO ce KOMneH3yje peaKTHBHa CHara noTpomana Kojn je  yga^eH y ogHOcy Ha ocTane 
noTpomane y $a6pn^H, HaKOH KOMneH3aqnje 6ufre CMaaeH h nag HanoHa Ha HanojHOM 
Ka6ny h chmhm thm nocTHrHyTO noy3gaHHje Hanajaae noTpomana [11.2].



11-1511. ynpaB^am e noTpom&OM eneKTpmHe eHeprnje u npuMeHa
KOMneroa^nje peaKTUBHe CHare

n p u  KOMneroa^Hjn peaKTHBHe CHare rnaBHor goBoga eneKTpHHHe eHeprHje y $a6pHKy 
(Tpa$0CTaHH^e), nocTH^e ce gogarao pacrepeherne goBoga ogHOCHO OMoryhaBarne 
npey3HMarna gogaTHe KOHHHHHe aKTHBHe eHeprnje no hctom goBogy.
HaKO je  Kog Hac jom  yBeK HHCKa ^eHa eneKTpHHHe eHeprnje, y BehHHH Behnx 
HHgycTpHjcKHx KOMnneKCa (CHare 1MW h BHme) yrpagrna KOMneH3aanje peaKTHBHe 
CHare ncnnaTH ce tokom nepuoga He g y * er og rogHHy gaHa. Obo ce o^ hoch npBeHCTBeHO 
Ha CHCTeMe t3b. ^HKCHe h ayTOMaTCKe KOMneroa^nje ca perynaTopoM ^aKropa CHare. 
y  MHoro cnynajeBa Moryhe je, na^^HBO H3a6paHOM ^ hkchom KOMneroa^njOM y CKnagy 
ca npeTxogHO H3BpmeHHM MepernHMa, nocTHhu npHHHHHO bhcok ^aKrop CHare (>0,98) h 
TaKO CMarnHTH hhbo nonerae HHBecTH^nje [11.11].
HapaBHO, obo Ba^H Kog nocrpojerna ca kohcthhthhm hhh cna6o npoMeH^HBHM 
onrepeherneM. Kog noTpomana Kog Kojnx ce onrepeherne Merna ckokobhto h y mupoKOM 
oncery, jegHHH Moryhn H36op je  T3B. gHHaMHHKa KOMneH3aanja. Kog cncreMa ca 
gHHaMHHKOM KOMneroa^njOM hhbo peaKTHBHe CHare ce Merna noMohy eHepreTCKHx 
npeTBapana, a He o6hhhhx npeKHgana (KomaKTopa) KaKO 6h ce CKnagHO nparane 6p3e 
npoMeHe onrepeherna. OBaKBH cncreMH cy jom  yBeK CKynu h ognyKa 3a mnxoBy npHMeHy 
Tpe6a ga 6yge na^M BO goHeTa y3 npeTxogHO geTa^HO o6aB^eHy $HHaHcnjcKy aHanH3y.

11.3.3 npHMep npojeKTOBarna CHCTeMa KOMnema^nje peaKTHBHe CHare
n p u  npojeKTOBarny cncreMa KOMneroa^nje o6hhho ce nona3H og npopanyHa Ha 0CH0By 
npeTxogHHx panyHa 3a yTpomeHy eneKTpHHHy eHeprnjy h nogaraKa o THny noTpomana h 
HaHHHy Hanajaaa. H36op onpeMe y cnynajy ^HKCHe KOMneroa^nje TpaHC^OpMaropa hhh 
eneKTpoMOTopa Bpmu ce h Ha ocHOBy Ta6nHHHHx BpegHocrn Koje o6e36e^yjy 
npoH3BO^aHH onpeMe. TpaHC^OpMarop ce o6hhho KOMneH3yje nocraB^ameM 
ogroBapajyhe KOHgeH3aTopcKe 6aTepnje y caMy Tpa$o hennjy, HenocpegHO y3 
TpaHC^opMaTop. Ha chh^ h 11.14 npHKa3aH je  yrpa^eHH KOHgeH3aTop Kog
TpaHC^opMaTopa 3a KOMneH3a^njy crpyje Maraeherna TpaHC^OpMaropa y npa3HOM xogy.

C^HKa 11.14 noHO^aK KOHgeH3aropa 3a KOMneH3a^njy peaKTHBHe CHare noTpe6He 3a
Maraeherne TpaHC^OpMaropa

^ereHja:

1. TpaHC^OpMaTOp
10kV/0,4kV

2. caOHpHH^e Hanajaaa
3. KOHgeH3aTOp 3a

KOMneH3a^njy
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BpegHOCT Kana^mcra 6aTepnje h h3hoc peaKTHBHe CHare KOjy KOHgeH3aTOp o6e36e^yje 
npu ogpe^eHOM HanoHy Hanajaaa 6upa ce Ha ocHOBy CHare TpaHC^opMaropa. Pa3nor je  
Taj mTO ce obhm KOHgeroaropoM KOMneH3yjy ry6n^H TpaHC^opMaropa y npa3HOM xogy. 
Hnp. 3a TpaHC^opMaTop CHare 1000kVA, mTO npegcraB^a jegaH og 
HajpacnpocrpafteHHjHx y HHgycTpnjcKHM nocrpojeftHMa, kophcth ce KOHgeH3aTop CHare 
25kVAr npu HanoHy Hanajaaa 400V.
y  Ta6enn 11.2 cy npHKa3aHe npenopyneHe BpegHOcm KOHgeH3aropa 3a KOMneH3OBaae 
peaKTHBHe eHeprnje TpaHC^opMaropa HanoHa x/0,4kV noTpe6He 3a Mamehefte fteroBHx 
HaMOTaja [11.15].
KoMneroa^nja peaKTHBHe CHare acHHxpoHHx MOTopa (o6hhho ohhx Behe CHare og 8kW) 
MO*e ce BpmHTH gupeKTHO Kog npHK^ynaKa Hanajaaa caMor MOTopa, 6e3 pH3HKa ga go^e 
go caMO-no6y^HBafta MOTopa. y  Ta6enn 11.3 gare cy MaKCHManHe CHare KOHgeH3aTopa 
Koje Mory ga ce npHK^yne HenocpegHO y3 acHHxpoHH MOTop. npHTOM je, y cbhm 
CHynajeBHMa, noTpe6HO npoBepnm ga MaKCHManHa crpyja KOHgeH3aropa He npeBa3Hna3H 
90% crpyje MarHeheaa HeonrepeheHor MOTopa.
n p u  KOMneH3OBa&y peaKTHBHe CHare ^enor HHgycrpHjcKor nocrpojeaa cncreM ce 
nocraB^a o6hhho y o6jeKaT Tpa^ocraHH^e hhh HenocpegHO y3 a e ra  TaKO mTO ce Ha hcth 
npHK^ynyje noBe3HBaaeM Ha rnaBHe (6aKapHe) ca6npHH^e Hanajaaa ogaKne ce g a^e  
Ka6noBCKHM Be3aMa o6e36e^yje Hanaja&e cbhx raaBHHx noTpomana hhh ge^OBa 
nocrpojeaa.
^ a  6h ce o6e36eguo noy3gaH pag cncreMa KOMnema^nje, npu HHcrana^HjH Tpe6a 
o6paTHTH na® ay Ha HeKOHHKO bh^ hhx geTa^a.
npBH h HajBa*HHjH je  HanoHCKH hhbo h KBaHHTeT HanoHa Hanajaaa. HauMe, HHje 
CBejegHO ga hh je  Ha3HBHH HanoH HemTO Behn og 400V (ann jom  yBeK y OKBHpy 
go3BO^eHHx rpaHH^a og ±10%) h ga hh je  npucyTaH Behu cagp^aj BHmnx xapMOHHKa 
(H3o6nHHefte HanoHa). y  o6a cnynaja, npenopyKa je  ga ce H3Bpmn ogroBapajyhe Mepeae 
KBaHHTeTa HanoHa Hanajaaa y HaKpaheM Tpajaay og 24 naca yKOHHKO HHgycrpHjcKH 
noroH pagu y CBe Tpu CMeHe. Tom npHHHKOM he ce TanHO yTBpgHTH hhbo npoMeHe 
onrepehefta npoy3poKOBaH yK^ynefteM/HCK^ynefteM nojegHHHx noTpomana, Kao h 
BpegHOCT HanoHa Hanajaaa. KoHgeH3aTopcKe 6arepnje Tpe6a, yKOHHKO je  HanoH Hanajaaa 
400V hhh 3a Kojn npo^eHar Behu, H3a6paTH 3a Ha3HBHH HanoH og 440V, jep  ce Ha Taj 
HanHH o6e36e^yje cnrypaH pag cncreMa h H36eraBa eBeHTyanHH OTKa3 KOHgeH3aTopa y 
CHynajeBHMa Kaga go^e go nopacra HanoHa. ,3,a^e, aKO ce npHMeayje ayTOMarcKH 
ogHOCHO peryHHcaH cncreM KOMneroa^nje, KOHTaKTopn (npeKHganH) 3a
yK^yHefte/HCK^ynefte KOHgeH3aTopa Tpe6a ga 6ygy ca yrpa^eHHM npegoTnopuMa Kojn 
cny*e ga cnpene nojaBy npeHanoHa h eneKTpHHHor nyKa npu yK^ynefty/HCK^ynefty 
KOHgeH3aropa [11.13].
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TaSe^a 11.2 noTpe6He BpegHOCTH KOHgeH3aTopa 3a KOMneH3OBarne peaKTHBHe CHare
MarHeherna TpaHC^opMaropa

HoMHHanHa CHara 
TpaHC^opMaTopa [kVA]

noTpe6aH h3hoc kVAr 3a Maraeherne TpaHC^opMaropa
HeonrepeheH 75% onrepeherna 100% onrepeherna

100 3 5 6
160 4 7,5 10
200 4 9 12
250 5 11 15
315 6 15 20
400 8 20 25
500 10 25 30
630 12 30 40
800 20 40 55
1000 25 50 70
1250 30 70 90
2000 50 100 150

TaSe^a 11.3 MaKCHM&me BpegHOCTH CHare KOHgeH3aropa 3a KOMnerooBarne peaKTHBHe
CHare acHHxpoHHx MOTopa

MaKCHManHa CHara 
MOTopa [kW]

MaKCHManHa CHara y kVAr 3a pa3HHHHTe 6p3HHe MOTopa
3000 [ob/min] 1500 [ob/min] 1000 [ob/min]

8 2 2 3
11 3 4 5
15 4 5 6
18 5 7 7,5
22 6 8 9
30 7,5 10 11
37 9 11 12,5
45 11 13 14
75 17 22 25
110 24 29 33
132 31 36 38
160 35 41 44
200 43 47 53
250 52 57 63
280 57 63 70
355 67 76 86
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Ako ce MepeftHMa yTBpgu 3HanajHa BpegHOCT H3o6nHnefta HanoHa (>8%), noTpe6HO je  
yrpagHTH h ogroBapajyhe npnrymHH^e KojHMa ce cy36njajy BHmn xapMOHH^H (Hajnemhe 
5. h 7.) [11.14]. Ha noBehaHy BpegHOCT BHmnx xapMOHHKa noce6HO Tpe6a o6paTHTH 
na® ay y HHgycrpnj ckhm nocrpojeftHMa ca BehuM 6pojeM HHcraHHpaHHx $peKBeHTHHx 
perynaTopa h/hhh gpyrnx cncreMa eHepreTCKe eneKTpoHHKe nonyT cncreMa HHgyKTHBHor 
rpejaaa, perynaTopa HanoHa (co$T-crapTepa h ch.).
Ha Kpajy, norogHO je  ga ce npHK^ynefte cncreMa KOMneH3aqHje Bpmu npeKO npeKHgana 
ca HHTerpncaHOM 3amTHTOM Kojn, y cnynajeBHMa npeBenHKe crpyje onrepehefta hhh 
KBapa y cncreMy KOMneroa^nje, o6e36e^yje aeroBO cnrypHO pa3gBajaae og ocranor gena 
CHCTeMa Hanajaaa [11.13]. Ha chh^ h 11.15 gaT je  H3rneg jegHor caBpeMeHor cncreMa 
ayTOMaTCKe KOMneroa^nje HHgycrpHjcKor nocrpojeaa, npojeKTOBaHor y CKaagy ca 
npeTxogHHM npenopyKaMa. n p u  TOMe cy ca -C41 go -C 44 O3HaneHe KOHgeH3aTopcKe 
6arepnje CHare 54kVAr, goK cy ca -C45 go -C48 O3HaneHe KOHgeH3aTopcKe 6arepnje 
CHare 27kVAr. Ca -F  O3HaneHa cy TpononHa nogHO»ja HO*acrnx ocHrypana Kojn HMajy 
3agaraK ga mTHTe og npeBHCOKHx crpyja KBapa KOHTaKTope O3HaneHe ca -K41 go -K48. 
r  naBHH npeKHgan ca HHTerpncaHOM MHKponpo^ecopcKOM 3amTHTOM O3HaneH je  ca -Q0.

C^HKa 11.15 H3rneg cncreMa KOMneH3aqHje peaKTHBHe CHare HHgycrpHjcKor nocrpojefta 
(neBO - meMarcKH pacnopeg onpeMe y opMaHy, gecHO - H3BegeHH cncreM)
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nman>a
1. Koje BpcTe noTpomana e^eKTpHHHe eHeprnje nocToje y EEC-y?
2. fflTa CBe MO*e ga yTHne Ha npoMeHy onTepeheaa?
3. fflTa ce MO*e 3aK^yHHTH Ha 0CH0By gHeBHor gnjarpaMa onTepeheaa jegHor 

HHgycTpnjcKor nocTpojeaa?
4. KaKO ce aHa^rooM npo^H^a om epehefta MO*e yTH^aTH Ha eHepreTcKy 

e^HKacHocT nocTpojeaa?
5. KaKO ce ge^HHHme ^aKTop cHare h y Kojn oncer BpegHocTH y3HMa?
6. Kojn cBe e^eMeHTH HHHe cucTeM KOMneroaanje peaKTHBHe cHare?
7. Ha Kojn ce h^hhh Bpmu KOMneroa^nja peaKTHBHe cHare TpaHc^opMaropa h 

MOTopa?
8. Kojn cy no3HTHBHH e^eKTH npHMeHe KOMneroa^nje peaKTHBHe cHare?



12. O C H O B H  P A ^ A  K O M nP E C O P A  H  K O M n O H E H TH  
C H C T E M A  3A  A H C T P H B Y ^ H jy  K O M n P H M O B A H O r  
B A 3 ^ y X A

Bop^e HaHTpaK

"KoMnpecop je MamHHa KojoM ce noBehaBa eHeprnja raca, mTO ce bh^ho ncno^aBa 
nopacroM npHTHCKa." [12.1]. npHTOM, Mopa ce y3eTH y o63Hp CTHm̂ HBOCT 
TpaHcnopTOBaHor $aynga. KoMnpecopu ce npHMernyjy y roTOBO cbhm ŷgcKHM 
geaaTHOCTHMa: y eHepreTCKHM h npo êcHHM nocrpojernHMa, ayTOMo6nacKoj HHgycrpHjH, 
Ba3gyxonaoBCTBy, pa3HHM BojHHM cncreMHMa, rpa êBHHapcTBy, Megn̂ HHH, y 
npoH3Bogrnn npexpaM6eHHx npou3Boga h gp. KoMnpHMOBaHH Ba3gyx npegcraB^a jegaH 
og Hajgparo^eHHjnx h HajcKyn^nx eaeMeHara npo^eca npoH3Bogme h CBaKaKO ra Tpe6a 
naaHCKH ynoTpe6.MBaTH. O OBOMe, Kao h o pa3HHHHTHM nogeaaMa h THnoBHMa 
KOMnpecopa 6nhe pean y HacraBKy TeKcra.

12.1 OCHOBHH THnOBH KOMnPECOPA

nogena TonaoTHHx MamuHa npeMa HaaHHy paga gaTa je Ha chĥ h 12.1.

C^HKa 12.1 nogeaa TonaoTHHx MamuHa [12.2]

TonaoTHe Typ6uHe (napHe h racHe) h xngpayaHHHe Typ6uHe Mory HMaTH aKanjcKe h 
peaK^njcKe KOHcrpyK^nje, goK ce Typ6oKOMnpecopu npojeKTyjy h H3pa^yjy caMO Kao 
aK^njcKe MamHHe. Typ6oKOMnpecopu ce, npeMa raaBHOM npaB^y crpyjama pagHor 
$aynga y o6pthom Koay, geae Ha pagnjaaHe, noayaKcnjaaHe (gnjaroHaaHe) h aKcnjaaHe. 
Ha chĥ h 12.2 npHKa3aHH cy HeKH og TunoBa KOMnpecopa.
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a)

b)

6)

r)

fl)

C^HKa 12.2 TnnoBH KOMnpecopa: a) pagnjanHH (^eHTpH$yranHH); 6) aKcnjaHHH; 
b) KHHnHH (gBOCTpyKor gejcTBa); r) Roots-OBa gyBa^Ka (KOMnpecop); g) 3aBojHH 

KOMnpecop; )̂ ejeKTopcKH KOMnpecop: 1 -  npHMapHH $nyng, 2 -  Ba3gyx, 3 -  MemaBHHa 
npuMapHor h ceKyHgapHor $nynga [12.3]

"KoMnpecopu cy pagHe MamHHe Koje cny*e 3a ca6njame h TpaHcnopT racoBa h napa, a 
Mory ce nogenHTH y gBe ocHOBHe rpyne." [12.4]. npeMa HaBegeHOM HHTepaTypHOM 
H3Bopy, npBy rpyny HHHe pagnjaHHH h aKcnjanHH KOMnpecopu, Kao h ejeKTopn. y  gpyroj 
rpynn cy KOMnpecopu "Kog Kojnx ce rac ca6nja ycneg cMamerna 3anpeMHHe pagHor 
npocropa." [12.4]. Obo ce o6aB^a "nepnogHHHHM TpaHcnaropHHM KpeTarneM KHHna y 
^HHHHgpy (KHHnHH KOMnpecopu) hhh poTâ HOHHM KpeTameM noce6HO o6nHKOBaHHx
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KTHnOBa (pOTapHOHH H 3aBOjHH KOMnpeCOpu)." [12.4]. POTâ HOHH KOMnpecopu cy Roots- 
obh (PyTCOBH), KOMnpecOpu ca TaMenaMa, 3aBOjHH h gpyrn [12.4].
06pTHO-KTHnHH KOMnpecOpu, nO CBOjHM KapaKTepHCTHKaMa, cnagajy y rpyny H3Mê y 
KTHnHHx h Typ6OKOMnpecOpa. 06e36e^yjy HemTO HH®e npHTHCKe Og KrnnHHx, aTH gajy 
gOCTa paBHOMepHHjn npOTOK. ^ene ce Ha KOMnpecOpe ca jegHHM h gBa BpaTHja. y  npBy 
rpyny cnagajy cnnpaTHH (scroll), kphthh h KOMnpecOpu ca TenHHM npcTeHOM, jok cy y 
gpyroj Roots-OBa gyBa^Ka h 3aBOjHH KOMnpecOpu pa3THHHTHx reOMeTpnja. KjnnHH 
KOMnpecOpu MOry ce geTHTH npeMa KOHCTpyKanjH hth Ha OCHOBy ô THKa KTHna (ct. 
12.3). PagHjaTHH Typ6OKOMnpecOpu ce pa3THHHTO pa3BpcTaBajy Ha OCHOBy reOMeTpnje.. 
nOgeja Ha OCHOBy HanHHa gOCTpyjaBarna y o6ptho koto npHKa3aHa je Ha cth^h 12.4. Ha 
CTĤ H 12.3 npHKa3HHH Cy KTHnHH KOMnpeCOpH pa3THHHTHx KOHCTpyKpHja, Me ŷ ftHMa H 
ohh ca BehHM 6pojeM ^HTHHgapa, mTO CBaKaKO noBehaBa paBHOMepHOCT paga ^enor 
KOMnpecopa.

C^HKa 12.3 Pa3THHHTe KOHCTpyKpnje KrnnHHx KOMnpecopa: a) xopH3OHTaTHa (ne^eha); 
6) CTojeha (BepTHKaTHa); b) yraoHa; r) xopH3OHTaTHa y "6oKcep" pacnopegy; 

g) y THHHjcKOM pacnopegy; )̂ V -  pacnopeg; e) W -  pacnopeg h * )  3Be3ga-pacnopeg
[12.3]

C^HKa 12.4 Pa3THHHTe KOHCTpyKpnj e pagHjaTHHx Typ6oKOMnpecopa: a) jegHOCTeneHH; 6) 
JBOCTpyjHH ca jejHHCTBeHHM yCHCOM; b) JBOCTpyjHH ca CHMeTpHHHHM yCHCOM H 

r) JBOCTpyjHH ca aCHMeTpHHHHM yCHCOM [12.3]
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KoMnpecopu ce Mory nogenHTH h Ha ocHOBy CTeneHa ca6njafta (n ) Kojn ce ge^HHHme 
Kao ogHOC npnm caKa Ha noTucy (pd) h ycucy (ps)
n = p j p s (12.1)
h to Ha cnegehn h^hhh [12.3]:

• 1 < n  < 1 ,1- BeHTHHaTopn;

• 1,1 < n  < 3 -  gyBa^Ke h

• n  > 3 -  KOMnpecopu.
06pagoBHh HaBogu HemTO gpyrannje rpaHH^e [12.1]:

• n  < 1,06 -  BeHTHnaropH;

• 1,06 < n  < 4 -  gyBa^Ke h

• 4 < n  < 14 -  KOMnpecopu.
nogena je  H3BpmeHa h Ha ocHOBy Me^yHapogHor craHgapga ISO 5390:1977 (Compressors 
- Classification).
KnacH^HKa^Hja KOMnpecopa o6aB^a ce Ha ocHOBy BenHHHHe npHTHCKa Ha noTucy hhh 
ycHcy Kog BaKyyM nyMnu.
y  3aBHCHOCTH og BpcTe $nynga Kojn TpaHcnopTyjy, KOMnpecopu ce, caraacHO [12.3], gene 
KaKO cnegn:

• Ba3gymHH KOMnpecopu;
• KOMnpecopu 3a HeyTpanHe racoBe;
• KOMnpecopu 3a arpecHBHe racoBe;
• KOMnpecopu 3a eKcnno3HBHe racoBe h

• KOMnpecopu 3a pacxnagHe $nynge.
Ha ocHOBy Bpcre HHCTana^nje, KOMnpecopu ce gene Ha CTa^HOHapHe h MO^HHHe, a Ha 
ocHOBy xna^efta Ha xna^eHe h Hexna^eHe, npu neMy xna^efte MO*e 6hth cn o ^am ae  h 
yHyTpamae. y  CKnagy ca 6pojeM crynfteBa, Typ6oKOMnpecopu ce gene Ha jegHOCTeneHe h 
BHmecreneHe, Kao h Ha jegHOCTpyjHe h gBOCTpyjHe (ch. 12.4). n ocro jn  h ftnxoBa 
KOM^HHa^nja, thko ga Hacraje BHmecreneHH gBOcrpyjHH Typ6oKOMnpecop. TaKO^e, 
KOMnpecop MO*e HMarn jegaH hhh BHme ^HHHHgapa (ch. 12.3). OnnraegHO cy Moryhe h 
gpyre nogene.
AyTopu y [12.5] nona3e og H3eHTponcKor npo^eca ca6njafta raca y Typ6oKOMnpecopy 
hhh gyBa^^H h H3Boge ^aKTop KOMnpecn^HHHOCTH f  y o6nHKy 
f  = 1 -0 ,3 5 7 1 4 2 A p / p s , (12.2)

rge je  Ap  -  npupamTaj npnrHCKa h p s -  npHTHcaK Ha ycncy/yna3y y Typ6oKOMnpecop 

ogHOCHO gyBa^Ky. OBa 3aBHCHOCT je  npHKa3aHa Ha chh^ h 12.5.
CMarpa ce ga ce npnnHKOM crpyja&a h Kpo3 BeHTHnaTop hhhh rpemKa aKO ce rycTHHa 
Ba3gyxa CMaTpa HenpoMeH^HBOM. Bhtho je  npu TOMe 3HaTH KOHHKa rpemKa je  
go3BO^eHa. y  tom CMHcny ce y [12.5] HaBogu cnegeha ge^HHH^nja: "BeHTHnaTopHMa ce 
Mory Ha3HBaTH OHe crpyjHe MamHHe 3a TpaHcnopT Ba3gyxa h racoBa Kog Kojnx 6h ce HeKa 
ogpe^eHa rpaHHHHa BpegHOCT rpemKe, npu ogpe^HBafty Hanopa ca i^ cthhom p=const,



12. Ochobh paga KOMnpecopa u KOMnoHeHTH cncreMa 3a
________ jhctphovhhJv KOMnpHMOBaHor Ba3gyxa_______

12-5

CMaTpana gonymTeHOM." ^njarpaM (ct. 12.5) OMoryhaBa H3panyHaBame Hanopa MamHHe 
KaO

Y  = f  •A p/ps (12.3)

h oh ce ynope^yje ca HanOpOM H3panyHaTHM 3a koHCTaHTHy rycTHHy Ba3gyxa ( f  = 1). 
^aKre, Morno 6h ce y3eTH ga je  penaTHBHa "rpemKa" og oko 1% gonycTHBa 3a CTyHaj 
BeHTHjaTopa.

i
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CjHKa 12.5 3aBHCHOCT ^aKTopa KOMnpecn^HTHOCTH og penaTHBHor npnpamTaja
npHTHCKa

12.2 TEPM G flH H A M H H K E OCHOBE P A ^A  K O M nPE C O PA

Ochobhh nojMOBH H3 TepMogHHHMHKe cy jaTH y oge^Ky 4.5.2 OBor npnpyHHHKa, a 3a 
noTpe6e onuca paga KOMnpecopa HeonxogHO je  npomnpHTH TepMOjHHaMHHKe ocHOBe, 
pa3MaTpajyhn npoMeHe BeTHHHHa CTarna: npHTHCKa p  (Pa), TeMnepaType T (K) h rycTHHe p 
(kg/m3), ojhocho cne^H^HHHe 3anpeMHHe

v = 1/p (12.4)
HajBa^HHje cne^H^HHHe eHepreTCKe BeTHHHHe CTama cy cne^H^HHHa yHyTpamma 
eHeprnja u (J/kg), cne^H^HHHa eHTajnnja h (J/kg) h cne^H^HHHa eHTponuja s (J/(kg K)), 
rge ce cne^H^HHHa eHTajnnja yBogn H3pa3OM

h = u + pv  (12.5)

npBH 3aKOH TepMOjHHaMHKe y TH^epeH^njaTHOM o6jHKy r jacn
?>q = du + p  dv, (12.6)

rge je  q (J/kg) cne^H^HHHa goBegeHa KOTHHHHa TonnoTe.
^.H^epeH^HpameM peja^nje (12.5) h yBpmaTaBameM y (12.6), go6nja ce 
Sq = dh -  v dp (12.7)
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Hmerpan J v dp 03HanaBa tcxhhhkh pag ca6njafta (KOMnpecnje) hhh pag KOMnpecnje

(noBpmHHa 1"-1-2-2"), goK J p dv npegcTaB^a cnoaamftH pag KOMnpecnje (noBpmHHa 

1-2-2'-1'), mTO ce npHKa3yje y p - v gnjarpaMy (cn. 12.6.).

C^HKa 12.6 KoMnpecnja og cTama 1 go cTama 2 y p -  v gnjarpaMy

Ha chh^h 12.6 Mory ce yonHTH h noBpmHHe pvj h p^v^, Koje pegoM npegcTaB^ajy pag 
ycncaBama h pag HcTHcKHBama.
npeMa MajepoBoj (Julius Robert von Mayer, 1814-1878.) pena^Hjn cnê Ĥ HHHH 
TonnoTHH Kana^mcT npu KoHcTaHTHoj 3anpeMHHH (cv (J/(kg K)) h kohct̂ hthom 
npHTHcKy (cp (J/(kg K)) noBe3aHH cy jegHanHHoM
c p  = cv  +  R,  (12.8)

rge je R yHHBep3anHa racHa KoHcrama h 3a cyBH Ba3gyx h3hoch 286,9 J/(kg K), a 
cp = 1004,5 J/(kg • K).

Ha ocHoBy gpyror 3aKoHa TepMogHHaMHKe h jegHanHHa (12.6) h (12.7) cne^H^HHHa 
eHTponnja ce ropa^aBa pena^njoM
^  = §£ = d» + p dv = dh -  vdp  (129)

T  t  t

yBo^emeM cne^H^HHHor paga KoMnpecnje y AH êpeH^njanHoM o6nHKy (cn. 12.6)
5y = v dp, (12.10)

h KopnmherneM jegHanHHe (12.9) go6nja ce
§y = dh -  T  ds (12.11)

H3 jegHanHHe (12.9) Mo*e ce H3panyHaTH KonHHHHa TonnoTe h npHKa3aTH y T-s 
gnjarpaMy KaKo cnegn

q = J T ds (12.12)
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OBge ce pa3MaTpa Mogen HgearHor raca 3a Kojn Ba^H KjanejpoHOBa jegHanHHa CTaaa y 
yo6HHajeHHM o3HaKaMa

pv = P  = RT  (12.13)
P

H3 peaja^Hja 3a cne^H^HHHe TonTorae Kana^meTe npu kohcthhthoJ 3anpeMHHH h 
kohct̂ hthom npHTHKcy, pegoM CTegn

u2 -  Uj = J  cv dT, h2 -  hx = J  cp dT (12.14)

y  jegHoM orpaHHreHoM BpeMeHCKoM HHTepBajy, Mo*e ce panyHaTH ca ocpegfteHHM 
cnê Ĥ HHHHM TonjoTHHM Kana^meTHMa TaKo ga ce Ha ocHoBy jegHanHHa (12.14), go^Hja

U1 =  Cv ( T 2 T1 )  , h 2 h 1 =  Cp ( T 2 T1 ) (12.15)

Caga ce y3 noMoh jegHanHHe (12.9) h jegHanHHe CTaaa HgearHor raca (12.13) ogpe^yje 
TH êpeH^HjarHH H3pa3 3a eHrponnjy KaKo CTegn

dT dp dT dvds = c p------R —  = cv —  + R —
p T p T

(12.16)
p  T V

H3 npeTxogHe jegHanHHe ce 3a CTynaj H3eHTponcKe npoMeHe (ds = 0) go6nja Ba^Ha 

3aBHCHocT H3Mê y gBa cne^H^HHHa TonjoTHa KanaanreTa
v l 5p ̂  cp cp

, s - |  = - — = - k ^  ^ = —  (12.17)
p  \  §v  ) s c v c v

K o t h h h h k  cne^H^HHHor TonnoTHor Kana^m eTa npu k o h c t ^ h t h o m  npHTHCKy h  

KoHCTaHTHoj  3anpeMHHH ( k )  3a CBe gBoaToMHe racoBe h 3h o c h  k  =  1,4 [12.6]. H3pa3 3a 

cnê H^HHHH TonjoTHH KanapHTeT (c (J/(kg K)) CTegn H3 ge^HHH^Hje Sq = c dT, 
j ejHaHHHa (12.6), (12.7), (12.15) h  peja^nj e

dv dp
c = cv + p —  = c p - v ----

v dT p dT
(12.18)

rge pena^Hje
k R

Cp k -  1
H C , =  -

R
k -  1

(12.19)

3agoBo^aBajy MajepoBy peja^njy (12.8).
npo^ec KoMnpecnje og TanKe 1 go 2 je Heno3HaT, ann Haj6o^e ce anpoKCHMHpa 
noTHTponoM

pv = const.̂  (12.20) 
rge je n eKcnoHeHT noTHTpone ( c t . 12.6). Ha ocHoBy oBe 3Hk o h h t o c t h  h  jegHanHHe
(12.10) Mo*e ce ogpegHTH cne^H^HHHH pag ca6njafta KoMnpecopa 3a pa3He cjyHajeBe 
Kojn cy npHKa3aHH y Ta6eTH 12.1.
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Ta6e^a12.1 Ba^HHje TepMogHHaMHHKe pe^a^nje 3a ngea^HH rac

3aKOHHTOCT
Ko^hhhh^h

Bê HHHHa
n A s

(N 
^II

H30xopa P2 I p- = Tl l  T1 ±® Cv ln T2/T1 v (p 2 -  p1 )=  R (T2 -  T1 )

H3o6apa Vl l  V1 = T2/T1 0 Cp  ln 72/ T1 0

H30TepMa P2 I Pl = vl l  v2 
= P2I  Pl

1 -  R ln ?±-
p1

RT ln = T (s2 -  s ) 
p

H3eHrpona

P2 IP  = (vl /  V2 )K 
= (T2/  Tx)K (k-1),

P2 I Pl = (P2 P1)-K 
= (T2/  T̂ )V(k-1)

K 0

h2 -  h1 = Cp (T2 -  T1)

= p1v1[( p ^ l  K )  1 1]
K -  1

= K  RTj[( p j  A )k-1/ k -  1] 
K -  1

no^HTpona

P2 I Pl = (vl l v2)n 

= (T2 I  Ti)n  (n-1), 

P2 I Pl = (P2 P1)-n
= (t2/  t̂  n-1)

n cv (k -  n)ln v2/v1

n
R(t2 -  T1)

n -1

= , p 1v1[( p i I  p 1) 1 1]n -1

= - ^ tRT1[(p j p1)n-1 n -1]n -1

HanoMeHa: 3a ngeame racoBe ie n  = 2 - .
J log( p 2T j  p -T )

Ha c .̂ 12.7 npHKa3aHH cy pa3HH 3Hkohh KOMnpecnje ngea^Hor raca og crafta 1 go craaa 
2 y gnjarpaMHMa p  -  v  h T  -  s . Ha o6a gnjarpaMa npegcraB^eH je H30TepMcKH

cnê H^HHHH pag KOMnpecnje (y T).

P

a) v 6)
C^HKa 12.7 Cne^Hja^HH cnynajeBH no^mponcKe npoMeHe y a) p  -  v  h 6) T  -  s

gnjarpaMHMa
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y  aHajH3H paga KOMnpecopa pa3MaTpajy ce h peajHH racoBH, MemaBHHa racoBa, Kao h 
Bja^aH rac. JegHanHHa CTama pearHor raca rjacn

p v  = Z R T ,  (12.21)

rge ^amop 3a peaTHH rac Z (p,T) 3aBHCH og npHTHCKa h TeMnepaType h 3a BejiHKH 6poj 
cyncTaH^H eKcnepHMeHTaTHo je ogpe^eH. y  MaTepnjaTy [12.3] gaTH cy jegHanHHa CTama 
pearHor raca h Koe^H^Hjemn noTHTpona 3a pa3He 3aKoHe npoMeHe CTama (H3oxopy, 
H3o6apy, H3oTepMy, H3empony h H3oeHTaTnnjy). 3HanajHa aHaTH3a npHKa3aHa je h y
[12.4].
MemaBHHa HjeaTHHx racoBa Mo*e ce nocMaTpam Kao TepMogHHMHHKH xoMoreHa 
cyncTaH^a Kaga ce yBege racHa KoHCTaHTa MemaBHHe

R
Rg =-™°L, ( 1 2 .2 2 )

m g

r g e  c e  - M o ^ a p H a  M aca  M em aBH H e H 3 p an y H aB a H a ocH o B y  3anpeM H H C K or y g e ^ a  CBaKe 

ra c H e  K oM noH eH Te

M g =  2  rM , . ( 1 2 .2 3 )
i=1

H3Me^y 3anpeMHHCKor r h MaceHor ygeja g j jegHe racHe KoMnoHeHTe Ba*H peja^Hja

Mn
r = gi G _ R 

M, 8i Rg
( 1 2 .2 4 )

Cnê Ĥ HHHH TonjoTHH Kanâ HTeTH MemaBHHe HjeaTHHx racoBa Mory ce ogpegHTH y3 
noMoh H3pa3a

n n

CpG = 2  g icpi U CvG g icvi. (12.25)
i=1 i=1

y  aHarH3y ce yBogn h ^aKTop cthhhocth KoMnoHeHTH. y  oKBHpy [12.3] pa3Marpajy ce 
KaKo MemaBHHe pearHHx racoBa, TaKo h btĥ hh racoBH.
TeopnjcKH HHjHKaTopcKH gnjarpaM paga jegHocTeneHor KTHnHor KoMnpecopa npHKa3aH 
je Ha cth^h 12.8.
3a HgeaTH3oBaHH h peaTHH npo^ec pa3MaTpa ce HHjHKaTopcKH gnjarpaM y KoMe ce Mory 
caraegaTH h aHaTH3HpaTH CBe neTHpn $a3e paga.
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C^HKa 12.8 TeopH jC K H  HHgHKaTopcKH g n ja r p a M  p a g a  jeg H O C T en eH o r K H H nH or

K O M n p eco p a  [1 2 .3 ]

12.3 OCHOBH MEXAHHKE O.IVH^A H TVPEOKOMnPECOPA
H an H H  p a g a  T y p 6 o K O M n p e c o p a  3acH H B a c e  h  H a H ay ^H  o  c r p y j a f t y ,  n a  c e  OBge H3HOce

KpaTKe ocH OBe. ^ e T a ^ H a  H 3 n a r a f ta  c y  g a T a  y  H n p . [1 2 .6 , 1 2 .7 ] .

n p B O  c e  p a3 M aT p a  c r p y j a f t e  H eB H cK 03H or $ n y n g a .  E p o jH H  n p o 6 n e M H  c r p y j a f t a  y

T yp6oM am H H M a M o ry  c e  pem H T H  npHMeHOM n o T e H ^ n ja n H o r  c r p y j a r n a  [1 2 .7 ] .

Jeg H an H H a KOHTHHyHTeTa 3 a  H e c rn m ^ H B  $ n y n g  HMa o 6 h h k

Q = cA, ( 1 2 .2 6 )

r g e  c y :

•  Q [ m 3 / s ] , 3anpeM H HcK H  npoTO K  (H anoM eH a: n p e M a  c r a H g a p g y  S R P S  E N  IS O  

8 0 0 0 0 - 4 :2 0 1 4  c e  0 3 H an aB a  c a  qV , a n n  c e  3 6 o r  H H g y c rp n jc K e  n p a K c e , n o ce6 H O  K og 

n y M n u , OBge 3 a g p ® a B a  03H aK a Q );

•  c -  c p e g m a  6p3H H a y  n o n p en H O M  n p e c e K y  (H anoM eH a: 03H aK a 3 a  6p3H H y n p e M a  

c r a H g a p g y  S R P S  E N  I S O  8 0 0 0 0 - 3 :2 0 1 4  j e  v, a n n  c e  OBge 3 6 o r  y B e g e H e  

c n e ^ H ^ H H H e  3anpeM H H e (1 2 .4 ) ,  Kao h  3 6 o r  y c r a ^ e H e  n p a K c e  y  T yp6oM am H H aM a 

3 a g p * a B a  c .)  h  A -  n o B p m H H a n o n p e n H o r  n p e c e K a .

M a c e H H  npoTO K  c e  H 3 p an y H aB a k h k o  c n e g n

m = pcA, ( 1 2 .2 7 )

r g e  j e  p  ry cT H H a $ n y n g a .  H a n o M H m e  c e  g a  j e  03H aK a 3 a  M aceH H x npoTO K  qm n p e M a  

c r a H g a p g y  S R P S  E N  I S O  8 0 0 0 0 - 4 :2 0 1 4 ,  a n n  c e  3 6 o r  y c r a ^ e H o c T H  y  n p a K c u  OBge 

3 a g p * a B a  03H aK a m .

f l p y r a  3 H an a jH a  je g H a n H H a  j e  E e p H y n n je B a  jeg H an H H a.

y  c n y n a jy  c r p y j a m a  b h c k o 3h o f  $ n y n g a  p a 3 M a rp a  c e  n p o m u p e H a  E e p H y n n je B a  je g H a n H H a , 

a  m e H a  npH M eH a 3 a  c n y n a j  H e c r n m ^ H B o r  c r p y j a m a  g a r a  j e  y  n o r n a B ^ y  13. 

Ee3gHM eH3HOHH 6 p o je B H  o g  3 H a n a ja  3 a  c r p y ja m e  y  T yp6oK O M npecopH M a h  p a3 M aT p am e  

c r p y j a m a  y  npoT O T H ny H a ocH OBy M ogencK H x ncnH T H B arna c y :
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•  Pej HOjgcoB 6poj  ( Re = cD/ v );

•  ®pygoB 6poj  ( F r  = c 2/ g D ) h

•  MaxoB 6poj  (M  = Ma = c /a ),
rge cy D KapaKTepncTHHHa reoMeTpnj cKa BejHHHHa, v KHHeMaTHHKa bhcko3hoct $gyHga 
h  a 6p3HHa 3ByKa.
Ep3HHa 3ByKa H3panyHaBa ce Kao

(12.28)

yBpmTaBaaeM jegHanHHe cTaaa ngeajHor raca (12.13) h jegHanHHe (12.20) 3a n  =  k , Kao 
h (12.4) y (12.28) go6nja ce H3pa3 3a 6p3HHy 3ByKa
a  = 4 k R T  (12.29)
OnHraegHo je ga 6p3HHa 3ByKa 3a jegaH ogpe^eHH rac 3aBHcn caMo og TeMnepaType.
H3 KojHHHHKa ToTagHe BpegHocTH rycTHHe (cTa&e MHpoBaaa) p0 h aeHe BpegHocTH y 
nocMarpaHoM npeceKy p  , go6nja ce 3a cgynaj H3eHTponcKor cTpyjaaa [12.6]

p  = |1  + K—1 M  2
p

1
K - 1

(12.30)

a  =

OgaBge cgegn ga j e 3a gBoaTOMHH rac ca k  = 1,4 h  M  = 0,2, ogHoc obhx rycTHHa 

P0/P  = 1,02, ^aKje, y cgyHaj y cTpyj a&a ca MaxoBHM 6poj eM Ma^HM h j h  j egHaKHM 0,2, 

cTpyja&e ce, ca 3agoBo.MBajyhe MagoM rpemKoM, Mo*e nocMaTpara Kao Hecram.MBo. 3a 
M  < 0,2 rpemKa npu H3paHyHaBafty rycraHe Ma&a j e og 2%. 
npeTxogHoj jegHanHHH npngpy®vje ce cgegeha jegHanHHa

P -  = 11+ K - 1 M J
K - 1

(12.31)
P V 2

HanoMHfte ce ga jegHanHHe (12.30) h (12.31) Ba^e caMo y cgyHajy H3eHTponcKor 
cTpyj aaa [12.6]. yBpmTaBaaeM M  = 1 y j egHanHHe (12.30) h (12.31) go6nj aj y ce ^e^eHH
ogHocH KpHTHHHHx H ToTajHHx $H3HHKHx BejHHHHa

p
Pk

K  + 1 |K-1 Po_
Pk

K  + 1 |K-1 (12.32)
2 )  Pk V 2

3aMeHoM k  = 1,4 go6njajy ce BpegHocTH: p0/ p k = 1,577 h  p 0/ p k = 1,894. y  

kphthhhom  npeceKy je  KpHTHHHa 6p3HHa cTpyja&a jegHaKa KpHTHHHoj 6p3HHH 3ByKa, 
o^ hocho ck = ak . ^e^e^eM  jegHanHHa (12.32) go6nja ce

K

K
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P L  = p 0  . ^ L  = r t q . - L -  (12.33)
p k p0 K + l  K + l

y3HMajyhn y o63up ga je Ha 0CH0By jegHanHHe CTaaa HgeanHor raca p k / p k = R T k h ga je

Ha 0CH0By jegHanHHe (12.28) RTk = a£ / k  , H3 jegHanHHe (12.33) cnegn KpHTHHHa 6p3HHa 
3ByKa

ak = J R T o (12.34)
V k  + 1

OgaBge ce ogpe^yje kphthhhh MaxoB 6poj

M k =
c (12.35)

a k

H3BegeHe pena^nje HMajy CBojy TexHHHKy npHMeHy. 3aMHCHHMO HCTĤ ame raca Kpo3 
KOHBepreHTHH MHH3HHK H3 BeHHKor pe3epBoapa Ca raCOM y KOMe Bnagajy TOTanHH 
npHTHCaK h TeMnepaTypa (p0,T0). ,3,0 "3arymefta" Mna3HHKa gona3H Kaga 6p3HHa
CTpyjama raCa y H3na3HOM npeCeKy Mna3HHKa goCTHiHe 6p3HHy 3ByKa. Taga je npHTHCaK 
y H3HH3HOM npeCeKy p k h Ba^H H3BegeHa pena^nja 3a roemponCKO CTpyjame raCa

Pk / p o = 0,528 [12.6].
HCTpa*HBame CTpyjarna y naBHpHHTCKHM 3anTHBanHMa Kog Typ6oKOMnpeCopa hhh y 
apMaTypaMa TaKÔ e nogpa3yMeBa no3HaBame KpHTHHHe 6p3HHe h nojaBe 3arymema, 
ogHOCHO HeMoryhHOCTH ga^er noBeharna MaCeHor npoTOKa.
36or êHOMeHa Kojn Ce jaB^ajy npu CTHm̂ HBOM CTpyjarny y Typ6oKOMnpeCopHMa, 
noCMaTpa Ce Teno Koje HMa o6hhk KOHyCa h MHpyje, a onCTpyjaBa Ce cmm.MBHM 
$nyngoM Hag3ByHHHM 6p3HHMa y npaB^y CBoje OCe h pa3MaTpa Ce nojaBa Haneraor h 
ogBojeHor KOCor ygapHor TanaCa. Kog ogBojeHor KOCor ygapHor TanaCa jaB^a Ce 30Ha 
go3ByHHor CTpyjama y 6hh3hhh npegme 3ayCTaBHe TanKe. OBaKBa CTpyjama HMajy 
ry6HTKe, gona3H go nopaCTa eHTponuje h HHCy noBpaTHa. Kog Typ6oKOMnpeCopa Ce 
jaB^ajy penaTHBHe 6p3HHe Ha yna3y wj, Kao h anConyTHe 6p3HHe Ha H3na3y c3 Koje Cy 
6nHCKe 6p3HHH 3ByKa [12.3]. npHHHKOM CTpyjarna CTHm̂ HBor $nynga MO*e HaCTaTH h 
npaB ygapHH TanaC y êBHMa, Kojn je opToroHanaH Ha npaBa  ̂CTpyjama. 
nogena Typ6oKOMnpeCopa Ha pagnjanHe, gnjaroHanHe h aKcnjanHe HgeHTHHHa je OHoj Kog 
nyMnu h BemHnaTopa (ch. 12.9). OjnepoBa jegHanHHa 3a Typ6oMamHHe Koja je 
aHaHH3HpaHa y noraaB.^y 13.4 npHMernyje ce h Kog Typ6oKOMnpecopa. Ha hcth HanHH ce 
nocTaB^ajy KOHTpoHHe noBpmu ucnpeg h H3a Kona h to 0-0 HenocpegHO ucnpeg h 1-1 H3a 
yna3He HBĤ e, Kao h 2-2 HenocpegHO ucnpeg h 3-3 roa H3na3He HBĤ e o6pTHor Kona (ch. 
12.9).
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C^HKa 12.9 (a) nogena Typ6oKOMnpecopa: a) pagHjaTHH; 6) jHjaroHaTHH; h b) 
aKcnjaTHH; (6) npuKa3 CTpyjaaa y ochobhoJ paBHH: 0, 1, 2 h 3 - KoHTpoTHe noBpmn [12.3]

H3a o6pTHor Kona Hana3e ce 6e3TonaTHHHa hth jonaTHHHa 3aKona, Kao h cnnpare 
npojeKToBaHe no 3aKoHy KoHCTaHTHor BHxopa, ojhocho ^HpKyja^Hje, Kao h koj 
Typ6onyMnu. OBge ce Hehe noHoBo hhbothth 3Hann^e Typ6oMamHHa Koje cy HaBegeHe y 
Ta6eTH 13.1, Kao hh êHoMeHH CTpyjama y Typ6oMamHHaMa Kojn cy H3Hera y nornaB^y 
13. OBge ce HarTamaBajy H3BecHe cne^H^HHHocTH Koje ce nojaB^yjy ycjeg CTpyjama 
CTHm̂ HBor $TyHja.

12.4 EHEPrETCKH BH^AHC H PA3MEHA EHEPrHJE
nocTaBHMo rpaHH ŷ CHCTeMa jegHor KoMnpecopa (ct. 12.10).npeceK I-I je yna3 y 
KoMnpecop, jok je npeceK II-II H3Ta3. BeTHHHHe crarna, Koje ce Mory MepHTH, gaTe cy 3a 
o6a npeceKa h to p  (npHTHcaK), T (TeMnepaTypa), p (rycTHHa), c (cpegrna 6p3HHa y 
nonpenHoM npeceKy) h z (reoge3HjcKa BHCHHa y ogHocy Ha pe$epeHTHy paBaH). y  
npo^ecy pa3MeHe eHeprnje ynecrByje MaceHH npoToK m .
npeKo BpaTHja ce o6pthom Kony og MoTopa tobojh MexaHHHKH pag WI-n. CncreMy Mo*e 
6hth goBegeHa hth ogBegeHa H3BecHa KoTHHHHa TonjoTe cno^a qa.

C^HKa 12.10 EHepreTCKH 6njaHC [12.2, 12.8]
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Cno.MmftH pag WI-n  kophcth ce 3a npoMeHy KHHeTHHKe h nono^ajHe eHeprnje, 
ynopegHH pag cnna npHTHCKa h caBnagaBarne ry6HTaKa yHyTap KOMnpecopa, rge j e q t 
reHepucaHa KOHHHHHa TonnoTe ycneg paga cnna Tpema. Ha 0CH0By Tora cnegn pena^nja

q  + q a = £  Tds = q  ( i2.36)

Cno^a goBegeHa KOHHHHHa TonnoTe y 6HnaHCHpamy HecTaje, ann yTHne Ha npo^ece, na 
ce MO*e npHKa3aTH y T-s gHj arpaMy Kao mTO j e to ynHmeHO Ha chh^h 12.11.

He 3Ha ce TanHO KaKO H3rnega npo^ec I-II, a^H ce anpoKCHMHpa nonmponoM. no3HaTa cy 
Kpajma CTama. noBpmHHa orpaHHneHa TanKaMa A'-A-II-II'-A' (ycnpaBHO mpa^npaHa 
noBpmHHa) npegcTaB^a WI-n  + q a. noBpmHHa orpaHHneHa TanKaMa I'-I-II-II'-I' (koco 
mpa^npaHa noBpmHHa) npegcTaB^a pena^njy (12.36).

ii
npeocrana noBpmuHa (A'-A-II-I-I'-A') npegcTaB^a pag cnna npHTHCKa ( J v d p ) jep  ce y

OBaKBOM npHKa3HBarny 3aHeMapyjy npoMeHa KHHeTHHKe h nono^ajHe eHeprnje.
Ha 0CH0By 3aKOHa ogp^am a eHeprnje, MO*e ce 3aK^yHHTH ga je, 3a CTHm^HB $nyng

Wi - i i  = Ay  + gAz + | J vdp | + qi = A htot (12.37)
V 1 Z ideal

n p B H  H ^aH  y  jeg H an H H H  ( 1 2 .1 8 )  n p e g c T a B ^ a  p a g  H H e p ^ n ja n H H x  c n n a ,  g p y r n  -  p a g  

rpaB H Ta^H O H e c n n e ,  a  T p e h n  -  p a g  c n n a  npHTHCKa. ^ a K n e ,  go B eg eH H  c n o ^ a m r n n  p a g  

n p e g c T a B ^ a  n p o M eH y  TOTa^He eH T an n H je . n o m T O  go B eg eH H  c n o ^ a m r n n  p a g  H3a3HBa 

n p o M eH y  y H y T p a m m n x  BenHHHHa, o h  c e  30B e y H y T p a m m n  p a g  Y, n a  j e  1+̂  =  Yt.
KaKO y KOMnpecopHMa, 36or BenHKHx 6p3HHa, gona3H go Behnx ogcTynarna H3Mê y 
TOTâ Hor h  CTaTHHKor npHTHCKa, HaKO HHj e noce6HO HarnameHO, yBeK ce pagu ca 
TOTaHHHM BenHHHHaMa ( c h . 12.12).
yHyTpammn pag npegcTaB^a pa3HHKy TOTanHHx eHTannnja 3a nonerao h Kpajme CTame, 
ogHOCHO Y,■ = Ahtot. ToTanHH h CTaTHHKH CTeneHH ca^Hj ama Hucy j egHaKH h yBeK ce pagu 
ca TOTanHHM: n  = pn,Jpi,tot-
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C^HKa 12.12 npoMeHe CTaaa y h-sjHjarpaMy

12.5 TEPMGflHHAMHHKA AHAJH3A EHEPrETCKOr EH^AHCA y  T-s 
flHJArPAM^

H3 jegHaHHHe (12.7) ce go6nja 3̂ bhchoct

dh = §q + v  dp  (12.38)

Koja y3 noMoh (12.9) nocraje

dh = Tds + v  dp  (12.39)

Ha ochobv jegHanHHa (12.36) h (12.10) npeTxogHa jegHanHHa go6nja CTegehn o6thk

dh = §q; + §qa + v  dp  = §q; + §qa + §y (12.40)

HaKoH HHTerpa^efta, jegHanHHa (12.40) gaje peja^Hjy

h2 -  h1 = qi + q a +1 J v dp
' 2 N

=  qa + Ya  (12.41)
V 1 /  ideal

Cno^amftH pearHH, TexHHHKH pag, y onmTeM CTy âjy, Kaga ce He 3aHeMapyje KHHeTHHKa 
h nono^ajHa eHeprnja, ge^HHHcaH je H3pa3oM

Ya = y + q, +■

2 2 
c 2 c 1

+  g ( z 2 -  z 1^. (12.42)

npHMep 12.1 [12.8]
y  HacTaBKy ce gaj e npHMep pearHor npo^eca Koj n je npn6TH®Ho ajHj a6aTCKH (q a = 0).

y  obom CTy âjy ce, Ha ochobv jejHaHHHe (12.36) h qa = 0 , go6nja qt = J Tds . npo^ec 1- 

2 je npHKa3aH Ha cth^h 12.13. Ha ochobv jejHanHHe (12.41) CTejH
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hi  -  h\ = Ya = y + q (12.43)

C^HKa 12.13 AHanroa CHynaja qa = 0 y T-s gnjarpaMy 

Ha npeTxogHOM gnjarpaMy, noBpmHHa A'-A-2-s2 (ycnpaBHa mpa$ypa) npegcTaB^a 
npoMeHy eHTannHje A h , gHCHnaanja qt npHKa3aHa je  noBpmHHOM s^-i-2-s^ (Koca

mpa$ypa) h ocraraK (noBpmHHa A^-A-2-i-s^) npegcraB^a HgeanH30BaHH (noBparaH) 
jegHHHHHH crpyjHH pag y.

npHMep 12.2 [12.8]

npuMep npo^eca y peanHOM cncreMy: kohhko ce TonnoTe reHepnme ycneg Tperna, tohhko 
ce ogMax h oxnagH, TaKO ga HacTaje npaBa H3eHTponcKa npoMeHa (ds = 0 ) . ^aKne:

| - q ^  =  q, ■

y  obom c^ynajy ce, Ha ocHOBy jegHanHHe (12.41), go6nja pena^nja

h2 -  h1 = y + q t + %a = y  (12.44)
0

npo^ec 1-2 npuKa3aH je  Ha c^h^ h 12.14.
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Ha npeTxogHOM gnjarpaMy, noBpmHHa A'-A-2-s2 (ycnpaBHa mpa$ypa) npegcraB.M 
npoMeHy eHTaTnnje A h , goK cy ry 6n^H \-qa \ = qt npHKa3aHH hctom noBpmHHOM sr 1-2ad-

s2ad (Koca mpa$ypa). ^aKre, Ha ocHOBy jegHanHHe (12.44), HgearrooBaHH jegHHHHHH 
CTpyjHH pag y  y obom cjyHajy jegHaK je npoMeHH eHTajnnje.

36or orpaHHneHor o6uMa rojararna CTyHajeBH |-q a| < qt h |-q a| > qt OBge ce Hehe 

o6pâ HBaTH, arn ce ocTaB^a Hmao^y ga nopa3MHCTH h caM go^e go pemema.

12.6 CHArE H CTEnEHH KOPHCHOCTH TyPEOKOMnPECOPA
12.6.1 CHare h CTeneHH kophchocth jegHOcreneHor Typ6oKOMnpecopa
CHare h CTeneHH kophchocth cthhhh cy OHHMa Kog nyMnu (noraaB^e 13.5), arn nocToje 
H3BecHe pa3THKe (Ta6. 12.2). y  Ta6eTH 12.2 HaBoge ce caMO OHe BeTHHHHe Koje HHcy ncre 
Kao y Ta6ejH 13.3 h Koje ce ogHOce caMO Ha jegHOcreneHH KOMnpecop. 
npeMa Mê yHapogHOM CTaHgapgy ISO 5389:2005 (Turbocompressors - Performance test 
code) ge$HHHmy ce ynopegHH creneHH kophchocth, CHare h ry6n^H, na thko h ynopegHH 
TOTaTHH creneH kophchocth h to noTHTponcKH, roeHTponcKH h H3OTepMCKH. y  OKBHpy 
OBor craHgapga gpyranHje ce ge$HHHmy ry6n^H CHare h to ry6n^H ycjeg npeHOca 
TonjOTe npeKO noBpmuHe KOMnpecopcKor KyhnmTa Ha OKOTHy aTMOC$epy h ry6n^H 
ycjeg npo^ypHBama.
TaKO ce ge$HHHmy ry6n^H ycjeg npeHOca TonnoTe ca KyhnmTa Ha CTegehn HanHH

Qa = aA es ( M ,cs -  *a )   ̂ (12.45)

rge je a  Koe^H^njem npena3a TonnoTe Kojn je 3a yo6HHajeH cjyHaj a  = 14 W/ ( m 2K ) ,

tM cs cpegma TeMnepaTypa KyhnmTa h ta TeMnepaTypa OKOTHHe. 

ry6n^H CHare npu npo^ypHBamy H3panyHaBajy ce npeMa o6pac^y

PL = X  ™L ■Ahtot,L > (12.46)

rge j e mL MaceHH npoTOK h AhtotL pa3THKa TOTaTHHx emaTnHj a.

Ha ocHOBy OBa gBa ry6HTKa. ^opMHpa ce yHyTpamma CHara KOMnpecopa.

12.6.2 CreneH kophchocth BHmecTeneHor Typ6oKOMnpecopa
CreneH kophchocth BHmecTeneHor Hexja^eHor Typ6oKOMnpecopa [12.2, 12.8]
npBO ce pa3Marpa Hexra^eHH TpocreneHH KOMnpecop (ct. 12.15).
HaemponcKH creneH kophchocth ^enor BHmecreneHor KOMnpecopa ge^HHHme ce 
H3pa3OM

n z e n  = Y T ’ (12.47)

y KOMe j e Yi = Yi1 + Yi2 + Yi3̂  g°K Y,zen * Y,zen,1 + Y,zen,2 + Y,zen,2  ̂BeR j e Y,zen = Y,zen,1-4"
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Ta6e^a 12.2 CHare h creneHH kophchocth ^eHTpH$yramor KOMnpecopa [12.2, 12.8]
BeHHHHHa H3pa3 HanoMeHa

H3eHTponcKa
CHara

P  =m ■ Yizen izen

H3 Ta6. 12.1:

Yzen = K  RTj[ n  ̂  K-1]
K -1

n  = p 2/ P\ - creneH ca6njafta

(6pyTo) CHara 
Kona

p  =m ■ y1 izen,k ”lk * izen
m k MaceHH npOTOK Kpo3 ko^o

yHyTpamaa
CHara Pi = m kYi

Yt yHyTpamftH pag KOMnpecopa. 

yonmTe je:
kR

Yt = cp (T2 - T  ) = —  T (t2IT  - 1)

= T=T T, [( p j  pt )(n-1)!n - 1]

[n {n-l)!n - 1]

MexaHHHKa
CHara Pm

geo CHare Kojn ce Tpomu Ha 
Tpeae y je^nmTHMa h 
3anT HBaHHMa

CHara
KOMnpecopa

P  = P  + Pi m

H3eHTpOnCKH
CTeneH

KOpHCHOCTH

n  = y  / Y  = P /  P'fizen * izen 7 *i 1 izen,k 7 1 i

K-1 K-1

n  k - 1  n  k - 1
nizen = n - 1 = k - 1

n  n - 1  n  Knpoi ^  1

nO^HTpOnCKH
CTeneH

KOpHCHOCTH

n  = Y  ' Y  = n K - 1'!pol Y pol Yi !n - 1  K

(He 3aBHCH og n !)

H3 Ta6. 12.1.:

Ypoi = ^ RT:[n (n-1)/n -1]
n - 1

H3OTepMCKH
CTeneH

KOpHCHOCTH
n  = Y  / Yhzo izo i

H3 Ta6. 12.1 j e Yizo = R T X lnn  

= ln n
n izo = K-1

K  (n  Knpoi 1)
K  - 1

CreneH kophchocth nojegHHanHor crynfta je

I iz e n ,s t
Y ,

rge je Yizen st -  H3eHTponcKH pag crynfta h Yst -  pag crynfta.

(12.48)
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C^HKa 12.15 KoMnpecnja y TpocTeneHOM Hexja êHOM Typ6oKOMnpecopy

Bhjh ce ga n zenst ^ const. h ga ce Meaa no CTynfteBHMa. KaKO je

’̂ Y izen,st > Ylzen (H3o6ape ce "mnpe" ca noBehameM eHTponnje) h roeHTponcKH CTeneH

kophchocth jejHor CTynma Behn je og H3eHTponcKor CTeneHa kophchocth ^enor 
KOMnpecopa. To 6h yjegHO Ba*HTO h ^kothko 6h ce H3panyHao cpegmn CTeneH 
kophchocth CTynmeBa.
H3 Ta6ene 12.1 CTegn H3pa3 3a H3eHrponcKH Hanop jegHor crynma KOMnpecopa

Yiz e n ,s t  = —  RTu t  (n hSt -1 ) (12.49)

H3eHTponcKH CTeneH kophchocth ^e^or KOMnpecopa h3hoch

^ izen

K —  r t  ( n (k  - 1 )

K -  1
R T

Z 1 +  Z  2

7izen ,1 n  izen , 2

Z 1 +1 +1

, (12.50)

^  +1
n izen, 2

K

K-1

rge je  Z j  = n ^ K - 1 .  0 6 hhho je  creneH ca6njarna cbhx crynmeBa hcth, aTH je  36or

onmTOCTH ycBOjeHO ga je  oh pa3THHHT.

CreneH kophchocth BHmecTeneHor xra^eHor Typ6oKOMnpecopa [12.2, 12.8]
Ha cth^h 12.16 npHKa3aH je  BHmecreneHH Typ6oKOMnpecop ca yHyTpammHM xja^emeM 
botom. KoMnpecnja y TpocreneHOM xra^eHOM KOMnpecopy rpa^HHKH je  npegcraB^eHa Ha 
cth^h 12.17.
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C™Ka 12.16 BnmecreneHH Typ6oKOMnpecop ca yHyTpamftHM xna^efteM [12.9]

yBO^eaeM xna^eHHx KOMnpecopa nocraB^ajy ce gBa nHTa&a: kohhkh je H3OTepMCKH 
CTeneH kophchocth h KOHHKa je ymTega y goBegeHOM pagy.
H3OTepMCKH creneH kophchocth ogpe^eH je H3pa3OM

n izot
Vizot

X  V  ‘
(12.51)

]

npu neMy je Yizot H3OTepMCKH pag. Obo, Mê yTHM, He ogroBapa peanHOM npo^ecy. 
H3 Ta6ene 12.1 cnegn H3pa3 3a noHHTponcKH pag

Ypo, =-n -1
-RT

n n-1 ^
n n - 1

n (12.52)

C^HKa 12.17 KoMnpecnja y TpocreneHOM xnâ eHOM KOMnpecopy
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y B o g n  c e  n p eT n o cT aB K a  g a  j e  Tj  = Tj , ojhocho g a  c e  p ag H H  $ j y H g  yB eK  xmgu  g o  HCTe

T e M n e p a T y p e  (ct. 1 2 .1 7 ) ,  Kao h g a  je  C TeneH  ca6H j a & a  hcth H a cbhm C TynfteB H M a 

K o M n p e c o p a , m T o  3 H a n n  g a  j e  y  CTyHajy  T p o c T e n e H o r  K o M n p e c o p a

n = n 2 = n = n s t= j n , r g e  j e  n  C TeneH  c a 6 n j a m a  ^ e n o r  K o M n p e c o p a  h z  = 3 je  

6 p o j C T ynm eB a y  pa3M aT paH oM  CTynajy . C M aT pa c e  g a  c y  eK cnoH eH T  n o T H T p o n e  n , K ao h 
k kohct̂ hthh tokom n p o ^ e c a  c a 6 n j a rn a , m T o  tobojh g o  3aKJty H K a  g a  je  n pol = c o n s t . ,

n a  je  y  cb k̂om c r y n m y  h Ypol hcth. ^ a K j e ,  3 6 u p  cbhx no T H T p o n cK H x  p a g o B a  j e  o g p e ^ e H  

H 3pa3oM

Z Ym, = Z- -RTpol ^  i iV J1n -1

f  n-1 ^

n j  - 1 (12.53)

rge je Z 6poj Me^yxTa^ema. TaKo ce go6nja yKynHH pag KoMnpecopa KaKo CTegn

Y  = Z  Y .,  =
Z  Ypo

n -1
R T

f  n-1 ^

n j  - 1 (12.54)
j n pol n pol

Ha ocHoBy npeTxogHor, yKynHH H3oTepMCKH CTeneH kophchocth x^a^eHor 
Typ6oKoMnpecopa ge^HHHme ce pe^a^njoM

n izot
Ipol R T 1 ln  n

f  n-1 ^  ,

Z-
n -1-RT n stn - 1

Koja ce 3a noTHTponcKH creneH kophchocth (Ta6. 12.2) n poi

(12.55)

n k - 1  _------------ , cbojh Ha o6thk
n -1  k

= ln n
nizot = f K - a

Z
K

K - 1
n st p’°l - 1nPoi

v J

kojh ca n st = J n  , nocraje 

ln n
nizot =  "

Z K
K -  1

f  K - 1 A '
n  zKripol ^  1

V

(12.56)

(12.57)
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,3,aKae, BHgn ce ga H30TepMCKH CTeneH kophchocth 3aBHCH og CTeneHa ca6njafta ^enor 
KOMnpecopa, noHHTponcKor CTeneHa kophchocth, 6poja CTynfteBa h BpcTe raca, ogHOCHO

nl2ot = f  (n  npoi ^z ,K) .

npo^eHa ymTege x^a^emeM [12.2]
yBogu ce cnegefra pena^nja:

YiHK YiXK (12.58)

ga 6h ce gomno go npo^eHe ymTege xna^emeM, rge je YiHK pag Hexna^eHor KOMnpecopa 

H YiXK pag xna^eHor KOMnpecopa. TpaHC^opMa^njoM jegHanHHe (12.58) OHa ce CBogu Ha 
o6hhk

YiHK YiXK = i _ JiXK
Y o

1 ^  Y  = i ^  Yp°t,XK r/pot = i ^  Yipol, XK

Z — — R T
n _  1 1

(  n_1 ^
n  J  _  1

YiHK Ypol, HK n  pol Ypol, HK
(  1 K -11 ")

n o  K zn ' _ 1

= 1 _-

n  _1
R T

(  n_1 ^
n  n _  1

= 1 _- (  _ ^ K _ 1  ") '
n npoi K _  1

v /

iHK

n
(12.59)

Mo*e ce 3aK̂ yHHTH ga ce Befra ymTega xna^emeM go6nja aKO ce CTeneH ca6njama 
noBefraBa npu hctom 6pojy Me^yxna^ema.

12.7 PEry^HCAftE PA^A KOMnPECOPA
HanHH peryHHcama paga KOMnpecopa 3aBHCH og Tuna KOMnpecopa, noroHCKe rpyne, 
pa3BogHor cncreMa h 3axTeBaHor HmepBana npHTHCKa. Peryna^Hja MO*e 6hth npeKugHa 
gBojHa (ca h 6e3 ornepefrerna, HCK̂ yHHBameM) h KOHTHHyanHa (npoMeHa 6p3HHe 
o6pTarna, BeHTHHHMa).
Peryna^Hja paga ca h 6e3 onrepefrema necro ce kophcth. KoMnpecop HacraB^a ga pagu 
hctom 6p3HHOM o6pTama h nocne nocTH3arna ^e^eHor npHTHCKa y HHCTanâ HjH, ann 6e3 
onrepefrerna jep je 3aTBopeH noTHCHH BeHTHH npeMa HHCTanâ HjH. y  obom pe®HMy ce 
KOMnpecop MO*e hck^ hhth. npHHHKOM paga 6e3 onrepefrerna, CHara je CMameHa 3a 15- 
30% y ogHOcy Ha nyHO onrepefreme. OBaj HanHH perynncama je eKOHOMCKH onpaBgaH 
Kaga 3axTeB 3a KOMnpHMOBaHHM Ba3gyxoM npena3H 80% Kana^meTa KOMnpecopa h 
KopncTH ce 3a 3anpeMHHCKe KOMnpecope [12.12].
CncreMH KOHTHHyanHe peryna^Hje (npoMeHa 6p3HHe o6pTarna, KOHTpona npoTOKa h 
npuMeHa omoHHor Boga) OMoryfraBajy TpeHyTHy h npe^H3Hy peryna^Hjy. Peryna^Hja no 
npoTOKy ce kophcth caMO Kog Typ6oKOMnpecopa.
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CncreMH npoMeHe 6p3HHe o6pTaaa crajHO KOHTpojnmy fteroBy 6p3HHy KaKO 6h H3ja3HH 
npHTHcaK ogp^ajH y ycKHM rpaHĤ aMa, 6e3 noTpe6e ga ce HOBa pagHa TanKa nocrn^e 
peryja^HjoM BeHTHjHMa Koja je HeeKOHOMHHHa mTO je npegcraB^eHO y norjaB^y 13.9.4. 
Obo je eHepreTCKH Hajjê HKacHHjH HanHH peryja^Hje. ftHMe ce Mory nocTHfrn npoTÔ H 
Kojn cy CBera 15% og HOMHHajHHx y cjynajy BHjnaHHx KOMnpecopa, ojhocho go 60% y 
cjynajy Typ6oKOMnpecopa [12.12]. ymTege eHeprnje cy y rpaHH âMa 10-15% Kaga 
KOMnpecop, y npoceKy, pagu ca 40-75% og MaKCHMajHor Kana^rneTa [12.12]. OBaj HanHH 
peryjHcafta OMoryfraBa jaraHO ynymTaae y pag, T3B. "softstart" h npe^H3Hy peryja^njy 
npHTHCKa, na caMHM thm h npoTOKa, mTO OMoryfryje h CMaaeae pe3epBoapa ca 
KOMnpHMOBaHHM Ba3gyxoM. Obhko ce MO*e nogemaBaTH h onTHManaH pag KOMnpecopa. 
®jeKCH6njHe HHcrajapHje ca BHme KOMnpecopa (KacaKagHH cncreMH) cy ayTOMaTCKH 
ynpaB^aHe npeMa ^e^eHHM ajropHTMHMa paga. CncreMH 3a peryja^njy 6p3HHe o6pTaaa 
ce, y obom cjynajy, gocra Kopncre. Ba3HO ornepefrefte ce noKpHBa KOMnpecopHMa Kojn 
page caMO Ha pê HMHMa yK ŷHH/HCK ŷnH, goK ce npeocrajH 3axTeBH ncnyftaBajy 
noMofry KOMnpecopa KOMe ce peryjnme 6p3HHa o6pTaaa.
PeryjHcafte ohtohhhm bojom HHje eKOHOMHHHO, ajH je kophcho vkojhko je noTpe6HO 
npê H3HO nogecHTH ^e^eHH npoTOK y HHcraja^HjH.

12.8 OCHOBHH E.TEMEHTH CHCTEMA 3A £HCTPHEy^Hjy H 
CHAE^EBAftE KOMnPHMOBAHHM BA3flYXOM

CaBpeMeHH HHgycrpHjcKH cncreMH KOMnpHMOBaHor Ba3gyxa cacroje ce og HeKOJHKO 
rjaBHHx CHCTeMa h BHme nogcncreMa. rjaBHH cncreM cagp^H KOMnpecop, Hanaja&e, 
KOHTpone, onpeMy 3a npunpeMy, gogaTHy onpeMy h cncreM pa3Boga. Pe3epBoap ca 
Ba3gyxoM nog npHTHCKOM MO*e ga nocjy*H 3a no6o^maae KapaKTepncTHKa nocrpojeaa 
h noBefraae aeroBe eHepreTCKe ê HKacHOCTH. Ha cjh^h 12.18 npHKa3aH je HHgycrpHjcKH 
CHCTeM 3a KOMnpHMOBaH Ba3gyx Kao h aeroBe KOMnoHeHTe.
CncreM cagp^H cnegefre KOMnoHeHTe: 1 -  xjagftaK h xjagftaK 3a cpegcTBO 3a 
nogMa3HBafte; 2 -  kohtpojhh naHej; 3 -  motop; 4 -  noTHC KOMnpecopa; 5 -  cenaparop 
y^a; 6 -  ^Hmep, peryjaTop h nogMa3HBafte; 7 -  nHeyMaTCKH anaT; 8 -  pa3BOjHH cncreM; 
9 -  Mepan npoTOKa KOMnpHMOBaHor Ba3gyxa; 10 -  pe3epBoap 3a Ba3gyx nog npHTHCKOM; 
11 -  ^HjTep 3a Ba3gyx; 12 -  cyman; 13 -  ^Hmep 3a Ba3gyx Ha ycncy KOMnpecopa h 14 -  
pagHH npocrop KOMnpecopa.
OnpeMa KOMnpecopcKHx nocrpojeaa, npeMa [12.11], o6yxBara cnegefre:

• KOMnpecope;
• npunpeMHe rpyne 3a Ba3gyx (yKrafta&e Bjare, KOHgeroa^nja noBHmeaeM 

npHTHCKa hjh pacxja^HBafteM, gn$y3HO, a6copn^HOHO hjh agcopn^HOHO cymeae 
h gpyro);

• ^HjTepe;
• onpeMy 3a ogcrpaftHBafte KOHgeroaTa;
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• nHeyMaTCKH chctcm (pe3epBoap KOMnpHMOBaHor Ba3gyxa h Kpy®HH pa3Bog 
KOMnpuMOBaHor Ba3gyxa) h

• MamHHCKy ca^y KOMnpecopcKe CTaHĤ e.

C^HKa 12.18 CucTeM 3a KOMnpHMOBaHH Ba3gyx [12.10]

Ha ĉ h^h 12.19 npHKa3aHa je meMa KOMnpecopcKe HHCTâ aaHje ca Ba3gyxoM: 1 -  ycHCHH 
^H^Tep; 2 -  BogoM raa^eHH KOMnpecop; 3 -  xnagmaK 3a HaKHagHO x^a^erne; 4 -  
pe3epBoap KOMnpHMOBaHor Ba3gyxa; 5 -  gpeHa^a (ogBajan KOHgeH3aTa); 6 -  ^Hrnep; 7 -  
^pn^HgepcKH cyman; 8 -  agcopn^HOHH cyman h 9 -  Kpajrnn noTpomanH. Ba3gyx Kojn ce 
ycHcaBa 6h Tpe6a^o ga ce y3HMa ca HHcror, raagHor h cyBor MecTa H3BaH o6jeKTa 
KOMnpecopcKe nogcTaHH^e. npeMa [12.12], CMamerne TeMnepaType y^a3Hor Ba3gyxa og 
6°C pe3y^THpa noBeharneM ê HKacHOCTH KOMnpecopa og 2%. On^Tepn h npeHHCTaHH 
Ba3gyxa Mopajy ga 3agoBO^e BHCOKe CTaHgapge KBâ HTCTa. OnroepH Kojn yK ârnajy 
rpy6e necTH^e, ogHOCHO npamHHy Bê HHHHe 5-10 ^m Mopajy yBeK ga ce yrpa^yjy. 
TaKÔ e, Mopajy ga ce yrpa^yjy h ^Hroepn HaKOH KOMnpecopa, noce6HO aKO ce 
KOMnpecopu nogMa3yjy. nocToje noBpmHHCKH h gy6HHCKH ^HroepH [12.12]. y  CHCTeMe 
ce nocTaB^ajy h ogBajHBanH y^HHx h BogeHHx Kan^npa Koje mTeTHO ge^yjy Ha 
nHeyMaTCKe ype^aje.
yCHcaHH Ba3gyx cagp^H BogeHy napy Koja 6h Tpe6a^o ga ce yK̂ OHH H3 CHCTeMa. npeMa
[12.12], npraHKOM paga KOMnpecopa CHare 30 kW Kojn ycucaBa 300 m3/h Ba3gyxa 
TeMnepaType 20 °C h pe ârHBHe B̂ â HOCTH 60%, H3gBaja ce oko 25 l Boge 3a 8 h paga. 
X^agmaK 3a HaKHagHO x^a^erne (ra. 12.19, no3. 3) c^y*H 3a H3gBajame KOHgeH3aTa. 
nopeg HeHHCToha, H3gBaja ce h y^Ha Maraa Koja y CMemu ca Ba3gyxoM MO*e 6hth 
eKcn 0̂3HBHa [12.13]. Pe3epBoap ca Ba3gyxoM (no3. 4) nog npHTHCKOM y6^a^aBa 
oc^H^a^Hje y noTpommn KOMnpHMOBaHor Ba3gyxa h noMa^e y H3gBajamy HenHCToha 
(Boge, y^a, hbpcthx necTH^a). nocTaB^ajy ce y 6^h3hhh KOMnpecopa h^h ype^aja ca



12. Ochobh paga KOMnpecopa u KOMnoHeHTH cncreMa 3a
________ jhctphovhhJv KOMnpHMOBaHor Ba3gyxa_______

12-25

BeTHKOM noTpomftOM. ®pH®HgepcKH cyman ce yrpa^yj e yKOTHKO ce xraamaKOM 3a 
HaKHagHO xja^eme He nocra^e ^e^eHa cyBOha Ba3gyxa (nO3. 7).

C^HKa 12.19 ffleMa KOMnpecOpcKe HHCTaja^nje ca Ba3gyxOM

Hcnpeg agcopn^HOHor cymana (nO3. 8) nocraBaa ce ^Hjrep 3a H3gBajame y^a. CpegcTBa 
3a agcOpn^njy (cHTHKO-rej, aKTHBHpaHH aryMHHHjyM, MOTeKyjapHa CHTa) H3gBajajy 
Bjary H3 Ba3gyxa Ha npHHHny KanHjapHOCTH. Cymerne je noBO^HHje npu BeftHM 
npHTHĈ HMa Ba3gyxa, jok 6h 36Or agcOp6epa Tpe6arO bojhth panyHa ga yna3Ha 
TeMnepaTypa Ba3gyxa HHje BeTHKa [12.13].
CucTeM pa3Boga KOMnpHMOBaHor Ba3gyxa npojeKTyje ce 3a MaKCHMaTHe 6p3HHe CTpyjama 
go 6 m/s h nag npHTHCKa og 0,1 go 0,2 bar (HanoMeHa: 1 bar = 0,1 MPa) npu nyHOM 
3axTeBy h to ca MoryhHomhy gynTHpama noTpomme [12.12]. Behn geo nHeyMeTCKHx 
araTa pagn Ha HaTnpHTHCKy go 6 bar TaKO ga je o6hhho h3th3hh HarnpHTHcaK H3 
KOMnpecopa 7 bar 36or ry6maKa npu TpaHcnopTy. ^ kothko je noTpe6HO ocTBapHTH BHme 
npHTHCKe Ha HeKoj MamHHH, npenopymMBO je yrpagHTH TOKaTHH arperaT (6ycrep)
[12.12].
3a CHCTeM pa3Boga Ba3gyxa nog npHTHCKOM je, nopeg npaBHTHor nocraB^ama, 6uTHa h 
rneroBa 3anTHBeHOCT, mTO 6h Tpe6ano pegoBHO KOHTpoTHcarH (2-4 nyTa rognmme)
[12.13]. Ojthhhh CHcreMH HMajy ^ypema ncnog 5%, a go6pn oko 10%. npeMa [12.12], 
Hajnemhe cy npncyTHH cncreMH ca ry6n^HMa Ha npo^ypHBame og oko 30%. npeMa 
H3Bopy [12.13], aKO cy ry6n^H Belrn og 10% npoH3BegeHor KOMnpHMOBaHor Ba3gyxa, 
Mopajy ce npoHahn Mecra nponymTarna. H3Bopn ^yperna cy, Hajnemhe, Ha BHjnaHHM 
cnojeBHMa, BapoBHMa, npHK̂ ynHHM MecTHMa, BeHTHTHMa, Kao h ĉ mhm MamHHaMa Koje 
Kopncre KOMnpHMOBaHH Ba3gyx. npo^eHa ry6nraKa ycjeg ^ypema Ha HHcrara^HjH 3a 
HenpeKHgaH pag KOMnpecopa tokom 365 gaHa y rogHHH, ojhocho 8760 nacoBa h 3a 
npopanyHCKy ^eHy og 0,06 EUR/kWh gaTa je y Ta6eTH 12.3.
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TaSe^a 12.3 ry6n^H 36or ^ypeaa KOMnpuMOBaHor Ba3gyxa Ha HHCTanâ Hjn [12.12]

npeHHHK 
OTBopa [mm]

HcTH^afte Ba3gyxa Ha 7 barg 
[m3/h]

r  y6nraK 
CHare [kW]

r  y6n^H Ha rognmfteM 
HHBoy [EUR]

0,1 0,04 0,004 2,1
1 4,3 0,43 226
3 42 4,2 2210
5 120 12 6310
10 433 43,3 22760

JegHHH â 3a npHTHcaK [barg], HaBegeHa y npeTxogHoj Ta6enn, 03HanaBa "gauge pressure", 
ogHOCHO HaTnpHTHcaK. y  Ta6enn 12.4 HaBegeHH cy ry6n^H ycneg nponymTaaa 
KOMnpHMOBaHor Ba3gyxa y 3aBHCHOCTH og BenHHHHe Mecra nponymTaaa 3a pagHH 
npHTHcaK og 6 bar.

TaSe^a 12.4 ry6n^H 36or ^ypeaa KOMnpHMOBaHor Ba3gyxa Ha HHCTanâ Hjn [12.13]

npeHHHK OTBopa [mm] Hcm^ame Ba3gyxa Ha 6 bar [nm3/h] YrpomaK eHeprnje [kWh]
1 2,4 0,2
3 36 2
5 97,8 8

Ha ocHOBy pe3ymaTa H3 npeTxogHe gBe Ta6ene, npHMeTHO je ga ry6n^H 3HanajHO onagajy 
ca CMaaeaeM pagHor npHTHCKa.
KaKO je OHHrnegHO ga ce 3HanajHe ymTege Mory ocTBapHTH npaBHHHHM KopnmheaeM 
KOMnpHMOBaHor Ba3gyxa (Ta6ene 12.3 h 12.4), Tpe6ano 6h o6paTHTH na®ay Ha HOBe 
reHepa^Hje Mna3HĤ a. y  HHgycrpHjH ce necro cpehy npegHMeH3HOHHcaHH nnmTO-M 3a 
KOMnpHMOBaHH Ba3gyx (ch. 12.20). ^HMeH3Hje H3na3Hor OTBopa cy npegHMeH3HOHHcaHe h 
H3HOce 8 mm.
OBaKBe nnmTO^e noTpe6HO je 3aMeHHTH ê HKacHHjHM. CaBpeMeHH Mogenn HMajy 
H3na3HH npenHHK og Hnp. 1mm h Mory ga ocTBape npoTOKe y pacnoHy og Hnp. 50 l/min go 
335 l/min npu npHTHCKy og 0,5 MPa y 3aBHCHOCTH og perynaqHOHor BeHTHna nnmTO-M. 
Ha ch. 12.21 npHKa3aHa je Mna3HĤ a ca aeHHM reoMeTpnjcKHM h pagHHM 
KapaKTepncTHKaMa.
nocroje MHa3HĤ e pa3HHHHTHx KOHCTpyK̂ Hja y ^H^y OCTBapHBafta yHH$OpMHOCTH 
M̂ a3a, HHCKor HHBoa 6yKe h 3HanajHHx crpyjHHx e^eKaTa.
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C^HKa 12.20 Ba3gymHH nnmTO  ̂3a KOMnpHMOBaHH Ba3gyx

C^HKa 12.21 EHepreTCKH e^rnacHe Mna3HĤ e 3a yrpagfty Ha nocrpojeftHMa ca
KOMnpHMOBaHHM Ba3gyxoM

C^HKa 12.22 EjeKTopcKe Mna3HĤ e

nocroje: paBHe Mna3HĤ e, Mna3HĤ e 3a Ba3gymHe 3aBece, ca BHme OTBopa, ca paBHHM 
otbopom, ejeKTopcKor THna, nogecHBe, Ba3gymHH nnmTO-M. Mory 6hth og pa3HHHHTHx 
MaTepnjana h Mory ga (nopeg KOMnpHMOBaHor Ba3gyxa) page h noMohy nape.
Ha chh^h 12.22 cy npHKa3aHe ejeKTopcKe Mna3HĤ e. ^ hhhkobhtoct obhx Mna3HĤ a Mepu 
ce HHgyKOBaHHM Ba3gyxoM, gaKne kohhhhhom ceKyHgapHor Ba3gyxa Kojn ce noByne obom 
"crpyjHOM" nyMnoM.
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12.9 MEPE 3A y m T E # y  EHEPrHJE
nocTpojefta ca KOMnpHMOBaHHM Ba3gyxoM cy 6pojHa, ann nopeg cbhx kophcth Koje 
goHOce, 3HanajHH cy noTpomann, TaKO ga 6h cucTeMe Tpe6ano na^^HBO 6npaTH. AyTopu 
y [12.14] HaBoge ga rognmrnH TpomKOBH paga KOMnpecopa, cymana h gpyre onpeMe 
omepefryjy ca BenHKHM yge^OM 70-90% TpomKOBe eneKTpHHHe eHeprnje KopncHHKa. 
KoMnpHMOBaHH Ba3gyx 3ay3HMa ygeo og 10% og yKynHe noTpomme neTHaecT 3eMa^a 
nnaHH â EBponcKe yHHje h hcto tohhko y CA^, goK je 9,4% y Khhh, nrg. npeMa LCC 
(life cycle cost) aHanH3H, cnHKa 12.20 BeoMa BenHKH ygeo HMa noTpomma eneKTpHHHe 
eHeprnje y cncreMHMa ca KOMnpHMOBaHHM Ba3gyxoM.

C^HKa 12.23 LCC aHanroa ynoTpe6e KOMnpHMOBaHor Ba3gyxa [12.14]

Obo je ganeKO Befra npo^eHTyanHa noTpomma Hero y cnynajy nyMnHHx cncreMa. AyTopu 
HaBoge ga ce, npeMa gpyrHM H3BopHMa, no6o^marneM cncreMa KOMnpHMOBaHor Ba3gyxa, 
Mory nocmfrn ymTege og 20-50%. ^a^e ce HaBogu ga cy gBa HajBa^HHja ^aKTopa Koja 
yTHHy Ha TpomKOBe KOMnpHMOBaHor Ba3gyxa HanHH peryna^Hje Kao h npaBHnaH H36op 
KOMnpecopa. BenHKe ymTege Mory ce ocTBapHTH npnnHHHO jegHocraBHHM MepaMa h 
3axBaTHMa Ha HHcTanâ Hjn:

• HHmfrerneM h 3aMeHOM ^Hmepa;
• ogp^aBameM cenapaTopa y^a;
• nogMa3HBarneM;
• npoBepoM KanmHHKa ^kohhko nocroje (gemaBa ce ga cy ona6aB^eHH h cnagajy),
• aHanrooM Bn6pa^nja Ha KOMnpecopy;
• cMarnHBarneM ^yperna Ha HHcTanâ HjH h noce6HO Ha cnojeBHMa h crapHM 

p̂eBHMa;
• cMarnerneM npHTHcKa y HHcTanâ HjH Ha HajMarny Moryfry Mepy, ô hocho kohhko 

to npo^ecn nporoBogme go3BO.MBajy;
• npaBHHHHM H36opoM KOMnpecopa: ynoTpe6oM Marnnx KOMnpecopa ca BefrHM 

onrepefrerneM yMecro BenHKHx KOMnpecopa ca ManHM onrepefrerneM;
• peryna^HjoM 6p3HHe o6pTama KOMnpecopa;
• cMamemeM yna3He TeMneparype Ba3gyxa y KOMnpecop (cMameme og oko 3°C 

pe3y^rnpa noBefrarneM ymTege eHeprnje og 1%);



12. Ochobh paga KOMnpecopa h KOMnoHeHTH cncreMa 3a
________ jhctphovhhJv KPMnpHMPBaHor Ba3gyxa_______

12-29

• peKynepa^njoM TonnoTe;
• ynoTpe6oM BHcoKoe$HKacHHx MoTopa;
• ynoTpe6oM eHepreTcKH e$HKacHHx Mja3HH â Ha HHcraja^HjH yMecro ^peBa, Kao 

h 3aMeHa crapnx Mja3HH â. npeMa HaBogHMa y [12.12], eHepreTcKH e^rnacHe 
Mja3HH ê Mory cMaftHTH noTpomay eHeprnje og 30 go 60%;

• h gpyre Mepe.
y  oKBHpy paga [12.14], gara je npo^eHa oTnjaTe cbhx HaBegeHHx Mepa. npeMa 
HHTepaTvpHoM H3Bopy [12.12] Moryfre je ocTBapHTH ymTege eneKTpHHHe eHeprnje og 10 
go 20% no6o^ma&eM MeHauMeHTa cncreMa, ojhocho y3 Mane HHBecrĤ Hje.
Mepe ymTege eHeprnje y nHeyMaTCKHM cncreMHMa o6yxBaTajy aKTHBHocTH Ha 
KoMnpecopHMa, ^eBoBogy h ype^ajHMa Kojn Kopncre Ba3gyx nog npHTHcKoM. Obo 
nogpa3yMeBa onTHMajaH H36op Ba3gymHHx KoMnpecopa, onTHMH3a n̂jy crpyjafta 
Ba3gyxa (cMafteae TpomKoBa KoMnpHMoBaHor Ba3gyxa, no6o^ma&e gHcrpH6y^Hje h 
onTHMH3â Hjy npunpeMe Ba3gyxa) h cMafteae 3axTeBa 3a KoMnpHMoBaHH Ba3gyx 
(cMafteae ^ypeaa h noTpomae).
Mepe Koje ce cnpoBege Ha cncreMHMa 3a KoMnpHMoBaHH Ba3gyx, npeMa JICA 
npnpyHHHKy [12.15]:
1) Akthbhocth Ha KoMnpecopy:
KaKo 6h KoMnpecop cra^HjHo pagno y cBaKoM TpeHyTKy, noTpe6Ho je npoBepaBara Ha 
gHeBHoM HHBoy cnegefre:

• ga jh HMa jobo^ ho Boge 3a xja^efte;
• ga jh ce KoMnpecop 3arpeBa BHme Hero mTo je to yo6HnajeHo;
• ga jh je npeKHjan 3a HcK^ynHBafte KoMnpecopa onepaTHBaH; TaKo ê, ga jh je 

nogemeHa ogroBapajyfra BpegHocr npHTHcKa;
• ga jh je KoMnpecop Heyo6HnajeHo 6ynaH;
• ga jh je hhbo Bn6pa^nj a KoMnpecopa yo6Hnaj eH;
• ga jh je KojHHHHa y^a 3a nogMa3HBafte HopMajHa;
• ga jh ce kophcth HopMajHo y^e 3a nogMa3HBafte;
• ga jh je ^Hjrep Ha ycncy KoMnpecopa hhct;
• ga jh je cnrypHocHH BeHTHj HcnpaBaH;
• ga jh je nogemeHa BpegHocr Ha cnrypHocHoM BeHTHjy TanHa;
• ga jh je noKa3HBaae npHTHcKa Ha KoMnpecopy yo6HnajeHo;
• ga jh je Mepnno npHTHcKa ucnpaBHo;
• ga jh je ucnpaBHa gpeHa^a pe3epBoapa ca Ba3gyxoM nog npHTHcKoM;
• ga jh xjagftaK pagu HopMajHo.

2) KoHTpona npHTHcKa
KaKo 6h ce npHTHcaK ycnemHo KoHTpojncao, noTpe6Ho je 3HaTH cnegefre:

• Kojn je MHHHMajHH npHTHcaK Kojn ce 3axTeBa y HHcrajaqHjH, a ga nocrojn 
cra^HjHa KoHTpona;
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• Kojn je MHKcHManHH npHTHcaK Kojn ce 3axTeBa y HHcTanaHHjH, a ga nocrojn 
crâ HHHa KoHTpona;

• kohhkh je kohtpohhh npHTHcaK y HHcraHâ HjH; npHTHcaK npu kom fre KomponHa 
onpeMa 6hth omTefreHa.

nogecHTH kohtpohhh npeKHgan, chtvphochh h pacrepeTHH BeHTHH h k̂oh npeTxogHHx 
npoBepa.
TaKo^e, noTpe6Ho je yTBpgHTH:

1. ga hh cy nogemeHH napaMeTpu npHracKa Ha cnrypHocHoM h pacrepeTHoM BeHrany 
Ha pe3epBoapy nog npHTHcKoM h y HHcrana^HjH ogroBapajyhn; ^a hh page 
HopMâ Ho;

2. ga hh HenoBpaTHH BeHTHH pagu HopMamo;
3. ga hh perynaTop pagu HopManHo;
4. ga hh HaTnpHTHcaK Kojn ce kophcth y HHcraHaqHjH HMa yo6HHajeHy BpegHocr;
5. ga hh je HHgHKâ nj a y $yHK^nj h.

3) KoHTpona gpeHa^e
npa^merne je noTpe6Ho o6aBHTH jegHoM gHeBHo. npenopyKa je ga ce o6aBH yjyTpo, npe 
noneTKa paga. npoBepnra cnegefre:

• o6aBHTH gpeHa^v noMofry gpeHa*HHx BeHTHna HHcraHHcaHHx Ha pe3epBoapy, 
HajHH ôj TanKH ^eBoBoga, Ha Kpajy ^eBoBoga h Ha $HnTepy 3a Ba3gyx.

• ga hh je onpeMa 3a gpeHa^v ncnpaBHa h ga hh pagu HopManHo;
• pegoBHo hhcthth yHyTpamfte eneMeHTe Ha $HHTepy 3a Ba3gyx h onpeMH 3a 

ayToMaTcKy gpeHa^y.
4) Kompona ^eBoBoga
KaKo uyperne Ba3gyxa goBogu go eHepreTcKHx ry6HTaKa h cMamema npHTHcKa, noTpe6Ho 
je npegynpegHTH uyperna Ha HHcTanâ Hjn. npoBepHTH cnegefre:

• ga hh Ba3gyx uypn 36or HenpHTerHVTHx cnojeBa;
• ga hh Ba3gyx uypn 36or omTefrerna ^eBoBoga hhh upeBa;
• ga hh ce peryna^HoHH BeHTHH Mo*e chtvpho 3aTBopHTH.

^aKne, Haj6o^e je HanpaBHra HHcTy 3a npoBepy KoMnpecopcKor nocrpojerna npe 
nymTa&a y pag, KaKo H3 6e36egHocHHx, TaKo h 36or ymTege eHeprnje Ha caMoM 
nocrpojefty. Bhtho je ogp^aBara y ucnpaBHoM cTa&y KaKo KoMnpecop, caMy 
HHcrana^Hjy, TaKo h 6e36egHocHy h MepHy onpeMy.
Kog cucTeMa KoMnpHMoBaHor Ba3gyxa, npeMa [12.16], Tpe6ano 6h o6parara na®my Ha 
cnegefre:

• ga hh nocTojn Hyperne Ba3gyxa, noce6Ho Ha cnojHH âMa, npHK^yn^HMa upeBa, 
BeHTHHHMa, cHTypHocHHM BeHTHHHMa;

• ga hh KoMnpecopu page h Kaga HHje noTpe6Ho;
• ga hh KoMnpecopu page BenHKH geo BpeMeHa, necro ce HcK^yHyjy/yK^yHyjy;
• Kô HKa je TeMnepaTypa Ba3gyxa Ha yna3y y KoMnpecope; KaKaB je nono^aj goBoga 

Ba3gyxa;
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• ga th nocTojn HeogroBapajyhe Kopnmhefte Ba3gyxa (noKpeTame TenHOCTH, 
ogyBaBarne npamHHe htj.);

• ga th ce jaB^a npeKoMepHH npHTHcaK y CHCTeMy;
• ga th ce HeKH gejoBH pa3BogHor ^eBoBoga He KopucTe hth HeMa rooja^nje;
• ga th cy BeHTHTH 3a gpeHHparne ocraB^eHH otbop ĥh;
• ocjymKHBaTH ga th nocrojn ^yperne, Haj6o^e H3Mê y CMeHa hth HeKoM gpyroM 

npHTHKoM Kaga je mhpho;
• ga th cy MepHH ype^ajH MoHTHpaHH 3a yKynHy kothhhh  ̂Ba3gyxa, a kophchh^h cy 

nojegHHaHHH;
• khkbo je crame ^Hjrepa Ba3gyxa;
• KaKaB je noroH KoMnpecopa, ga th ce Kopncre bhcoko ê HKacHH motoph h 

peryja^nja 6p3HHe.
Mo*e ce 3aK^yHHra ga e^HKacHo Kopnmherne eHepraje y npoH3BogHHM jegHHH âMa, 
Koje ce ojhoch Ha KoMnpHMoBaHH Ba3gyx, nogpa3yMeBa cjegehe Mepe:

• CMamerne noracHor npHTHCKa Ha noipe^HH mhhhm^m;
• noBefiame creneHa npeTxja^ema yna3Hor Ba3gyxa;
• HHmheme/3aMeHa yja3HHx h h3th3hhx ^Hjrepa 3a Ba3gyx;
• CMamerne ^yperna y gHcrpH6yTHBHoj Mpe^n;
• pa3MaTpame MoryhHocrn peKynepa^nje TonnoTe 3a rpejarne npocropnja, npo^ece 

cymerna htj. ;
• H3ojoBarne HencKopnmheHe Mpe^e KoMnpHMoBaHor Ba3gyxa;
• nponHmhaBame yna3Hor Ba3gyxa go MHHHMaTHor KBaTHTeTa h HHCTajâ Hjy 

BHcoKoKBajHTeTHor TpeTMaHa 3a cne^H^HHHe npuMeHe.
• HHcrara^Hja noce6Hor KoMnpecopa Ha MecTHMa rge ce noipa^ma 3a Ba3gyxoM 

3HanajHo pa3THKyje og ocraTHx genoBa cncreMa;
• ynoTpe6a gyBa^KH yMecro KoMnpecopa 3a pagHe onepa^nje Ha hhckom npHTHCKy. 

npegja^e ce cjegeha THcra 3a npoBepy no6o^mama eHepreTCKe e^HKacHocra y 
CHCTeMHMa HHgycrpHjcKe eHepreTHKe -  3a gyBa^Ke:

• kophcthth npo^HjncaHe yBogHHKe;
• CMamHTH peMeheme $TyngHe crpyje Ha yna3y h H3Ta3y H3 MamHHe;
• hhcthth HcnpaB^ane $TyHjHe crpyje h ^Hjrepe peryjapHo;
• CMamHTH 6p3HHy o6pTarna;
• kophcthth KaumHe npeHocHHKe ca MaTHM npoKTH3aBameM hth n^ocHare 

KanmHHKe;
• pegoBHo npoBepaBara 3aTerHyTocr KanmHHx npeHocHHKa;
• ejHMHHHcara H3MeĤ HBe peMeHH ê -  npoBepHTH npBo ga th je to h3bot^ hbo:
• kophcthth peryjarope 6p3HHe o6pTama 3a BeTHKe Bapnja^nje onrepeherna 

gyBa^KH;
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• KOpHCTHTH CHepreTCKH ê HKaCHe MOTOpe 3a KOHTHHy aHHH HHH npĤ HĤ HO
KOHTHHyanaH pag;

• enHMHHHcarH npo^ypHBarna Ha êBOBogy;
• hck̂ ^hhth gyBa^Ke Kaga Hucy noTpe6He.

y  cnynajy KOMnpecopa 3HanajHe cy cnegehe hkthbhocth:
• pa3MOTpHTH yrpagfty ype^aja 3a peryna^njy 6p3HHe o6pTaaa Ha 3anpeMHHcKHM 

KOMnpecopuMa 3a pa3HHHHTa onTepeheaa;
• ^kohhko npoH3BO ân to go3BO.MBa, kophcthth cHmeTHHKa Ma3HBa;
• npoBepaBaTH ga hh je TeMnepaTypa Ma3HBa BucoKa hhh cyBHme HHcKa;
• MernaTH y^HH ^Hmep pegoBHo;
• nepnogHHHO nperaegaTH KOMnpecopcKe xnagrnaKe;
• kophcthth OTnagHy TonnoTy ca BenHKHx KOMnpecopa 3a ancopn^HOHH HHnep hhh 

npo^ec npegrpeBarna hhh 3a pa3He npo^ece y cncreMy;
• ycnocraBHTH nporpaM 3a npafrerne creneHa kophchocth KOMnpecopa -  noneTH ca 

eHepreTcKHM npernegoM h npaTHTH napaMeTpe, na noTOM ropagHTH nporpaM 3a 
ogp^aBame e^HKacHocrn KOMnpecopa y cK^ony KOHTHHyanHor nporpaMa 
eHepreTcKor MeHauMeHTa.

3a KOMnpHMOBaH Ba3gyx 6htho je cnegefre:
• HHcraHHcarH cncreM 3a KOHrpony paga Befrer 6poja KOMnpecopa;
• npoynaBaTH pag KOMnpecopa npu genHMHHHOM onTepefrerny khko 6h ce yTBpguo 

eHepreTcKH Haje^HKacHHjn pe^HM paga;
• H36eraBaTH npegHMeH3HOHHcame.
• ornepeTHTH Mogynâ HOHO KOHTpoHHcaHe KOMnpecope Kojn Kopncre ncry cHary 

npu genHMHHHOM h nyHOM onTepefrerny;
• hck̂ hhth noMofrHH KOMnpecop Kaga HHje noTpe6aH;
• cMamHTH npHTHcaK KOMnpecopa Ha noTucy Ha HajMarny Moryfry Mepy (y3eTH y 

o63up ga cMameme npHTHcKa Ba3gyxa og 1 bar-a goBogu go ymTega cHare og 5 go 
7%, Kao h cMamema npo^ypHBama Ba3gyxa go 10%).

• kophcthth MaKcHMâ HO pa3yMHy TaHKy poce cymana;
• hck̂ hhth cymane Kaga cy KOMnpecopu HcK ŷneHH;
• yMarnHTH npo^ypHBarna, BenHKe nagoBe npHTHcKa h aKyMyna^njy KOHgeH3ara 

(y3eTH y o63up ga npo^ypHBame KOMnpHMOBaHor Ba3gyxa H3 OTBopa npenHHKa 1 
mm Ha npHTHcKy og 7 bar goBogu go ry6HTaKa og oko 0,25 kW);

• KOHTpoHHcaTH gpeHa^y yMecro KOHTHHyanHor ^ypema Ba3gyxa Kpo3 gpeHa^y;
• 3aMeHHTH craHgapgHe V-KaumeBe eHepereTcKH ê HKacHHM n ôcHaTHM;
• kophcthth Mâ H KOMnpecop Kaga BefrHHa nporoBogrne He pagu;
• Ba3gyx ycncaBaTH ca HajxHagHHjer, ann He h KHHMaTH30BaHor Mecra (y3eTH y 

o63up ga cBaKHx 5°C cMamema TeMnepaType Ba3guxa Ha ycucy gonpHHocn 
cMamemy noTpomme KOMnpecopa og 1%).
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• KornpojHcaTH ga jh  cy pa3MeftHBanH TonnoTe 3anp.MHH y^eM;
• yBepHTH ce ga jh  cy cenapaTopn Ba3gyx/y^e 3anp.MHH;
• Hag3HpaTH nagoBe npHTHcKa y ycncHHM h ^HjTepHMa Ha noTHcy h MeaaTH hx 

ogMax HaKoH anapMa (y3eTH y o63up ga fre nag npHTHcKa Ha $HjTepy og 0,2 bar,, 
Vkojhko je npHTHcaK 7 bar h npoToK 250 l/s goBecTH go ry6HTKa cHare Ha 
KoMnpecopy og 1 kW).

• kophcthth Ba^aHo gHMeH3HoHHcaH pe3epBoap 3a cKjagnmTefte Ba3gyxa nog 
npHTHcKoM; MHHHMajH3oBaTH TpomKoBe cKjagnmTefta KopncTefrH ogroBapajyfre 
Ma3HBo h e^HKacaH y^e-Boga cenapaTop;

• pa3MoTpHTH ajTepHaTHBe 3a KoMnpHMoBaHH Ba3gyx Kao mTo cy gyBa^Ke 3a 
xja^efte, xngpayjhhhh npe Hero nHeyMaTcKH ^ hjhhjph , ejeKTpHHHH npe Hero 
Ba3gymHH aKryaTopH, Kao h ejeKTpHHHe npe Hero nHeyMaTcKe KoHTpone;

• kophcthth Mja3HH^e h BeHTypH ype^aje, npe Hero g^Bafte ca oTBopeHHM 
HHHHjaMa KoMnpHMoBaHor Ba3gyxa.

• npoBepHTH BeHTHje 3a gpeHa®y Ha npo^ypHBa&e KoMnpHMoBaHor Ba3gyxa Ha 
jegHHH^aMa 3a peryjHcafte npnmcKa h ^HjTepncafte; ogpe^eHH BeHTHjH ca 
tjmom Mory ga ^ype kohthhv ajHo vkojhko cy omTefreHH hjh cTapu.

npHMep 12.3
npopanyH ymTege TpomKoBa h^koh cHH^eaa pagHor npnracKa (gejHMHHHo npey3eTo H3 
([12.12]). noga^n:
BHjnaHH KoMnpecop

• 3anpeMHHcn npoTOK og 1600 m3/h
• H3ja3Hor HaTnpHTHcKa p m = 7 bar
• en. cHare P  = 158 kW
• BpeMe paga: 3000 nacoBa rognmfte
• cMaaeae P  npu pagy ca p m = 6bar je 4%
• ^eHa eneKTpHHHe eHeprnje 0,06 EUR/kWh

OgpegHTH ymTegy y eHeprnjH Ha rognmfteM HHBoy vkojhko ce npe^e Ha cucTeM paga ca 
cMaaeHHM npHTHcKoM.

Pemerne
Cne^H^HHHa noTpomaa cHare KoMnpecopa npu p m = 7 bar je:
158 kW/1600 m3/h = 0,099 kWh/m3
Cne^H^HHHa noTpomaa cHare KoMnpecopa npu pagy ca p m = 6 bar je:
158 kW 0,96/1600 m3/h = 0,095 kWh/m3
Pa3JHKa y cne^H^HHHoj noTpomftH je: 0,004 kWh/m3
Ojhocho y hob^v: 0,004 kWh/m3 0,06 EUR/kWh = 0,00024 EUR/m3
ymTega Ha rognmfteM HHBoy je: 0,00024 EUR/m3 1600 m3/h-3000 h/rog.=1152 EUR/rog.
H3panyHaTo Ha gpyrn HanHH rognmfta ymTega 6h H3Hocnja
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158kW 0,04 3000h/rog. 0,06EUR/kWh= 1137,6 EUR/rog. 

npHMep 12.4 yrpagrna M3a3HĤ e
y  $a6pn^H ce Ha jegHoj hhhhjh kophcth ^peBo yHyTpamfter npenHHKa 10 mm. 
HaTnpHTHcaK ucnpeg BeHTHna je 6 bar. OgpegHTH Konma je ymTega vkohhko ce yrpagn 
Mna3HĤ a npenHHKa 2 mm.

Pemerne
y  npnpyHHHKy [12.15], Hana3H ce npey3eTH gnj arpaM (cnma 12.24). y3HMa ce, Haxo j e ca 
^peBoM cBaKaKo j om HenoBo^HHj n npHTHcaK, ga Ha HHcTanâ Hj n pagu Mna3HĤ a 
npenHHKa 10 mm. 3a HaTnprnHcaK og 6 bar hhh 0,6 MPa H3 gnjarpaMa Ha npeTxogHoj 
chh^h go6nj a ga j e noTpomma Ba3gyxa oko 6500 l/min.
3a Mna3HĤ y npenHHKa 2 mm h HaBegeHH HaTnpHTHcaK og 0,6 MPa noTpomma je cBera 
265 l/min. To je cMameme og 24,53 nyTa. ^aKne, npeTnocraB^a ce ga TaKo BenHKH npoTOK 
og 6500 l/min HHKaga Ha tom MecTy HHje hh 6ho noTpe6aH, na fre oBa Mepa goHeTH 3HaTHe 
ymTege.
npenopyKa JICA o êrnHBana je ga HeMa noTpe6e 3a npHTHcKoM BefrHM og 0,6 MPa Ha 
MecTHMa rge ce yrpa^yjy Mna3HĤ e.,

npHMep 12.5 K'opiiiiilicii.c KOMnpHMOBaHor Ba3gyxa -  geroMHHHO npey3eT H3 [12.17]
noTpomma KoMnpHMoBaHor Ba3gyxa y jegHoj $a6pn^H gaTa je no Mece^HMa y ToKy jegHe 
KaneHgapcKe roguHe Ha chh^h 12.25, goK je Ha cjhhih 12.26 gaTa y 3aBHcHocTH og 
MecenHe npoH3Bogrne.
npHMeTHo je ga npu npoH3Bogmn og 50000 ± 1000 t/MecenHo noTpomma KoMnpHMoBaHor 
Ba3gyxa Bapupa og MHHHManHo 450000 go MaKcHManHo 650000 nm3/MecenHo, mTo je 
noBefrarne og oko 30,77%. Ha chh^h 12.27 gar je gnjarpaM nporoBogrne tokom 
nocMaTpaHe rogHHe.
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CjHKa 12.24 npopanyH KojHHHHe Ba3gyxa Ha Mja3HĤ HMa npu craHjapgHHM ycnoBHMa
[12.15]

CjHKa 12.25 ^HjarpaM noTpomae KoMnpHMoBaHor Ba3gyxa no Mecê HMa
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C^HKa 12.26 flHjarPaM noTpomae KOMnpHMOBaHor Ba3gyxa y 3aBHCHOCTH og MecenHe
nporoBogme

C^HKa 12.27 ^nj arpaM npoH3Bogme y $a6pn^H tokom nocMaTpaHe rogHHe

OBaKBa npoH3Bogma 0CTBapyje ce y nepuogy og oko neTHpn Mece^a h to MapT-Maj h 
ge^eM6ap (c .̂ 12.27). Obh noga^H, Kao h c^ynaj Kaga je npoH3Bogma og oko 65000 
t/MecenHO, yKa3yjy Ha nomy Kompo^y noTpomme KOMnpuMOBaHor Ba3gyxa y $a6pn^H. 
MeTogoM HajMamnx KBagpaTa go6njeHa je npHKa3aHa ^HHeapHa $yHK^HOHama 
3aBHcHocT ca 3HanajHHM ogcTynameM. OHa yKa3yje ga 6h npu Hyrnoj npoH3Bogrnn hmm h 
noTpommy KOMnpuMOBaHor Ba3gyxa og 25613 nm3/MecenHO, mTO npegcTaB^a 7,32% og 
MHHHMâ He noTpomme tokom npHKa3aHHx Mece^H. ,3,aKae, ry6n^H y cncTeMy 
KOMnpHMOBaHor Ba3gyxa cy 3HanajHH, TaKO ga HMa npocropa 3a no6o^mame.
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npHMep 12.6 H30op KOMnpecopa- gê HMHHHO npey3eT H3 [12.17]
TpomKOBH eneKTpHHHe eHeprnj e npegcTaB^ajy Haj BHmy craBKy og cbhx TpomKOBa. 
H36op KoMnpecopa j e 3Hanaj aH 3a ogpe^HBaae onepaTHBHHx TpomKoBa. BpeMe paga 
KoMnpecopa y pe®HMy 6e3 onrepehefta Tano ê ce Mopa KoHTpojHcarH. noTpe6Ho j e 
no3HaBaTH noTpomay KoMnpHMoBaHor Ba3gyxa h pagHH npHTHcaK Ha anaTHMa h 
MamHHaMa, Kao h nHeyMaTcKe npo^ece. Pagn npopanyHaBafta 3axTeBa 3a 
KoMnpHMoBaHHM Ba3gyxoM, yBogn ce âKTop paga 3a cBaKor noTpomana Kojn ce 
H3pa®aBa y npô eHTHMa h to o6hhho og 10 go 100%. npHMep j e gar y Ta6ejH 12.5.

TaSe^a 12.5 AHanroa noTpomae KoMnpHMoBaHor Ba3gyxa y $a6pn^H

AnaT 6p. kom. l/s
MaKc.
3axTeB

[l/s]

®aKTop 
paga[%]

Peg. MaKc. 
3axTeB [l/s]

PagHH
npHTHcaK

[barg]
nHeyMaTcKH

nnmTo^
2 25 50 50 25 6

nHeyM.
^HJHHjap 2 18 36 40 14,4 9

,̂H3ajĤ a 2 16 32 35 11,2 6
BymnjH^a 

3a gpBo
10 18 180 40 72 6

OjBpTan 11 5 55 10 5,5 6
y^ynHo: 353 128,1

Ha ocHoBy aHajH3e H3 Ta6ene 12.4, MaKcHMajHH 3axTeBaHH npoToK j e 353 l/s, goK je 
MHHHMajHH 3axTeBaHH npoToK 128,1 l/s h MaKcHMajHH pagHH HaTnpHTHcaK j e 9 bar. 
H36opoM KoMnpecopa 3a MaKcHMajHH npoToK ca cHaroM og 163 kW y pagHoM pe*HMy, 
pe®HMy 6e3 onrepehefta (off-load) og 41 kW, ca âKTopoM onrepehefta 35% h ^ hom 
eneKTpHHHe eHeprnj e og 6,1 eBpo^emn no kWh, go6nj a ce npopan^H rognmftHx 
TpomKoBa paga (3a oko 3000 h paga):
(163 • 0,35 + 41-0,65)-3000 • 0,061 = 15317,1EUR.
AHajH3a 3a mhhhmhjhv noTpomfty gaje rognmfte TpomKoBe 3a pag cja6njer KoMnpecopa 
og 81 kW y pagHoM h 21 kW y pe®HMy 6e3 onrepehefta, ca âKTopoM onrepehefta og 
71%:
(81-0,71 + 21-0,29)- 3000 • 0,061 = 11638,8EUR.
^aKje, na^M Bo njaHHpaHa noTpomaa KoMnpHMoBaHor Ba3gyxa jobojh go ymTege Ha 
rognmfteM HHBoy, y obom cjy^ajy, og 3678,3 EUR. npenopyKa j e ga ce y obom cjy^ajy 
HHcrajHpajy gBa KoMnpecopa Maae cHare Koj n 6h noKpnjH h Behy noTpomay og 
MHHHMajHe h o6e36egHjH goBo^He Kana^nre 3a 6ygyha npomnpeaa.
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^HTepaTypa
[1 2 .1 ] 0 6 p a g o B n h  H ., T y p 6 o K o M n p e c o p n , g p y ro  H 3 g a a e , M am HHcKH ^aK ynT eT , B e o rp a g , 

1974.

[1 2 .2 ] n p o T u h  3 .,  T eo p n jc K e  ocH oBe Typ6oM am H H a, n p e g a B a m a , M am HHcKH ^aK ynTeT , 

yHHBep3HTeT y  B e o rp a g y , B e o rp a g ,  1979 . (3 a n n c  M . H e g e ^ K o B n h a )

[1 2 .3 ] B e n d le r  H ., S p e n g le r  H ., (y p eg H H ^n ), T e c h n is c h e s  H a n d b u c h  V e rd ic h te r ,  V E B  V e r la g  

T e c h n ik , BepnH H , 1986 .

[1 2 .4 ] JaHKoB P .,  K nnnH H  K o M npecopn , neTBpTo H 3gam e, M am HHcKH ^aK ynTeT , B e o rp a g , 

1984.

[1 2 .5 ] n p o T u h  3 .,  H e g e ^ K o B n h  M ., n y M n e  h  BeHTH naTopn - npo6neM H , p e m e m a , T e o p n ja , V  

H 3gam e, M am HHcKH ^aK ynT eT , B e o rp a g , 2 0 0 6 .

[1 2 .6 ] H o p ^ e B n h  B .,  ^HHaMHKa jegH ogH M eH 3njcK H x c rp y ja m a  ^ n y n g a ,  IV  ro g a m e , 

M am HHcKH ^aK ynTeT , B e o rp a g , 2 0 0 5 .

[1 2 .7 ] E a m p a K  C ., X ngpogH H aM H K a, V  gonyH>eHo H 3gam e, M am HHcKH ^aK ynTeT , B e o rp a g , 

2 0 1 2 .

[1 2 .8 ] H e g e ^ K o B n h  M ., T onnoT H e M am uH e I g e o , n p e g a B a m a , M am HHcKH ^aK ynTeT , 

yHHBep3HTeT y  B e o rp a g y , B e o rp a g , 199 9 . (3 a n n c  B . EaHTpaK a)

[1 2 .9 ] P f le id e re r  C ., D ie  K re is e lp u m p e n  fu r  F lu s s ig k e i te n  u n d  G a se  (W a s s e rp u m p e n , 

V e n ti la to r e n , T u rb o g e b la s e , T u rb o k o m p re s s o re n ) ,  V  H 3gam e, S p r in g e r -V e r la g , 1961 .

[1 2 .1 0 ]  L a w re n c e  B e rk e le y  N a t io n a l  L a b o ra to ry  &  R e s o u rc e  D y n a m ic s  C o rp o ra t io n , Im p ro v in g  

c o m p re s s e d  a ir  s y s te m  p e r fo rm a n c e  - A  so u rc e b o o k  fo r  in d u s try , C o m p re s s e d  A ir  

C h a lle n g e  a n d  th e  U S  D e p a r tm e n t o f  E n e rg y , W a s h in g to n  D C , V ie n n a , 2 0 0 3 .

[ 1 2 .1 1 ] B o rH ep  M ., n o n o B H h  O ., K oM n p eco p cK a n o c rp o je m a , A r M  K m n ra  g o o , B e o rp a g , 2 0 0 8 .

[1 2 .1 2 ]  P eny6nH K a C p 6 n ja ,  A re H ^ n ja  3a eH epreT cK y e^H K acH o cr, L D K  c o n s u l ta n ts ,  In d u s tr ia l 

e n e rg y  a u d its  a n d  t r a in in g  p ro g ra m m e  (P p o ip a M  o6yK e 3a eH epreT cK e n p e rn e g e  y  

H H gycTpH jn), C o m p re s s e d  a i r  p ro d u c t io n  a n d  d is tr ib u tio n , n o r n a B ^ e  8 , B e o rp a g , 2 0 0 3 .

[1 2 .1 3 ]  P a g o je B n h  3 .,  A m K oB nh P .,  r p y j n h  .T>., R a u rp a K  C ., ^ p H o je B n h  P ,  JoB aH oB nh n . ,  

K n p H h  M ., H e g n h  H ., nHeyM aTHK a, H H P O  "O M O " , B e o rp a g , 1990 .

[1 2 .1 4 ] S a id u r  R .,  R a h im  N .A .,  H a s a n u z z a m a n  M ., A  r e v ie w  o n  c o m p re s s e d -a ir  e n e rg y  u se  a n d  

e n e rg y  s a v in g s , R e n e w a b le  a n d  S u s ta in a b le  E n e rg y  R e v ie w s , 14, p p . 1 1 3 5 -1 1 5 3 , 2 0 1 0 .

[1 2 .1 5 ] J IC A  npnpyHHHK

[1 2 .1 6 ]  P eny6nH K a C p 6 n ja , A re H ^ n ja  3a eH epreT cK y e^H K acH o cr, L D K  c o n s u l ta n ts ,  n p o rp a M  

o6yK e 3a ra3 g o B am e  eH ep rn jo M  y  H H gvcrpn jH , H g . 6 p o j: 4 0 4 -0 2 3 2 /2 0 0 4 -1 1 , TexHHHKH 

g e o  o6yK e, 2 0 0 5 .

[1 2 .1 7 ]  P eny6nH K a C p 6 n ja , A re H ^ n ja  3a eH epreT cK y e^H K acH o cr, L D K  c o n s u l ta n ts ,  E n e rg y  

E f f ic ie n t  C o m p re s s e d -a ir  S y s te m s , n p e3 eH T a^ n ja , B e o rp a g , 2 0 0 3 .



13. OCHOBH PA^A HYMHH H BEHTH^ATOPA

ftop^e HaHTpaK

13.1 nO^E^A IIVMIIH H BEHTHAATOPA
O nogenn TonnoTHHx MamHHa 6hho je  penn y npeTxogHOM noraaB.^y. nogena 
xngpayHHHHHx MamHHa, 3a Koje Ba*H npeTnocraBKa ga page ca Hecrnm^HBHM $nyngoM, 
gaTa je  Ha chh^ h 13.1.
BogHe Typ6uHe gene ce Ha aK^njcKe (Hajno3HaTHja je  nenTOHOBa Typ6HHa (Lester Allan 
Pelton, 1829-1908), noTOM Typro Typ6nHa h gpyre) h peaK^njcKe (®paHCHCOBa (James 
Bicheno Francis, 1815-1892), KannaHOBa (Viktor Kaplan, 1876-1934), gnjaroHanHa h 
gpyre).

C^HKa 13.1 nogena xngpay hhhhhx MamuHa [13.1]



13-2 npupyHHHK 3a o6yKy eHepreTCKHX Mem^epa 3a o6nacr HHgycTpnjcKe eHepreTHKe

a)

b)

6)

r)

f l)

C^HKa 13.2 a) ^ e m pH$yranHa nyMna: 1 -  o6ptho  koho; 2 -  cnnpanHO KyhnmTe; 3 -  
ycHCHH ^eBOBog; 6) AKcnjaHHa nyMna: 1 -  nonam ^a h  2 -  Hacrpyj Ha Kana o6pTHor Kona; 
b) KnnnHa nyMna: 1 -  ^HHHHgap; 2 -  pe3epBoap; 3 -  ycncHH BeHTHn; 4 -  noTHCHH BeHTHn; 

5 -  KHHn; 6 -  ycncHH ^eBOBog h  7-nom cHH ^eBOBog; r) 06pTHO-KHHnHa nyMna: 1 -  
poTop; 2 -  pagnj aHHH otboph  y poTopy; 3 -  KrnnoBH; 4 -  KyhnmTe; 5 -  pa3genHHK; 6 -  

ycucHa KOMopa h  7 -  nom cHa KOMopa; g) 3ynnacTa nyMna: 1 h  2 -  3ynHaHH^n; 3 -  
KyhnmTe; 4 -  ycuc h  5 -  noTHc h  ^) EjeKTop: 1 -  Mna3HH^a; 2 -  KOMopa; 3 -  TenHocT Koj a 

ce TpaHcnopTyj e h  4 -  gn$y3op [13.2]

^ e m pH$yranHa nyMna meMaTcKH j e npHKa3aHa Ha chh^ h  13.2a. Tpe6ano 6 h  o6pam TH 
na®rny Ha HanHH yrpagrne o6pm or Kona h  cMep o6pTama (no3HTHBaH MaTeMaTHHKH cMep) 
KaKO j e Ha chh^ h  Ha3HaneHO. H3a ^em pH$yranHor, Kao h  H3a aKcnj anHor o6pTHor Kona, 
^opMHpa ce Typ6yneHTHO bhxopho cTpyj arne. ycneg TaKBor cTpyj arna HacTaj y Behu 
ry6n^H y ^eBOBogHMa Hero npu cTpyj arny ca pa3BHj eHHM Typ6yneHTHHM npo^HHOM 
6p3HHe. ^ a  6 h  ce "HcnpaBHna" $ByngHa cTpyj a yrpa^yj e ce nonaTHHHO 3aKono (cn. 13.26). 
Pa3HHHHTH HaHHHH yrpagme Typ6oMamHHa pa3MaTpajy ce Kog BeHTHnaTopa. 
npeMa chh^ h  13.1, 3anpeMHHcKe MamHHe gene ce Ha KrnnHe (HHHHj cKe) h  o6pth o -  
KHHnHe (pagnj anHe h  aKcnj anHe). flpyra rpyna, o6pm o-KnnnHe gene ce Ha 3ynHacre, 
nepHcranm HKe (Kao cne^nj anHa Bpcra 3ynHacTHx, 3a BaHrenecHH kpbotok), 3aBoj He 
(BHj HaHe) h  KpHHHe, a y noce6Hy rpyny cnagaj y MeM6paHcKe. Pa3MeHa eHeprnj e Kog
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3anpeMHHCKHx nyMnu Bpmn ce nog yra^ajeM npoMeHe 3anpeMHHe, Kao mTO je  to cnynaj 
Kog KHHnHHx (ch. 13.2b), o6pTHO-KmnHHx (ch. 13.2r), nyMnu 3a BamenecHH kpbotok 
(nepncTaHTHHKe) h gp. 3a pa3HHKy og Typ6oMamHHa rge je  ucnopyKa $nynga npHHHHHO 
paBHOMepHa, Kog KHHnHHx nyMnu ocehajy ce 3HanajHe nyn3a^nje npHHHKOM ucnopyKe 
$nynga. H3pa^eHHje cy mTO je  Mame KnnnoBa.
nocToje h cne^njaHHH THnoBH nyMnu, nonyT TecnHHe (^pHK^HOHa), Bprao^He hhh 
BHxopHe nyMne (HeBenHKor cTeneHa kophchocth, nopt = 0,34 go 0,55. OHa je  pagnjanHa, 
a^H Ha ogpe^eHH HanHH npunaga h rpynn o6pTHO-KHHnHHx nyMnu.), nyMna ca n u ro  
coHgoM [13.3] h gp. TecnHHa (HHKona Tecna, 1856-1943) nyMna je  6e3HonaTHHHa TaKO ga 
noMohy poTHpajyhnx gucKOBa TpaHcnopTyje TenHocr. TpaHcnopT $nynga ce ocTBapyje 
ycneg gejcTBa ^empH$yranHe cnne h cMH^ajHHx HanoHa yHyTap rpaHHHHHx cnojeBa Ha 
gncKOBHMa. CreneHH kophchocth cy y HHrepBany 25 go 35% [13.3]. nocTH®y ce Behn 
creneHH kophchocth ca bhcko3hhjhm $HyngHMa. Page npHHHHHO thxo, ca mhto 
BH6pa^nja h 6e3 3HaHajHHjnx npo6neMa ca KaBma^njoM.
KnnnHe MamHHe ocTBapyjy HajBHme npHTHcKe. Cpegrne npmHcKe ocTBapyjy o6pTHO- 
KHHnHe MamHHe, goK Typ6oMamHHe ocTBapyjy HajMarne npHTHcKe. BnmecreneHe 
pagnjanHe nyMne, rge cy nyMne noBe3aHe Ha peg, ocTBapyjy Behe npHTHcKe. Ha cnegehoj 
chh^ h npHKa3aHa je  mecrocreneHa nyMna ca KOMneroa^HOHHM ^ hckom 3a ypaBHOTe*erne 
aKcnjaHHe cnne. JegaH crynarn HHHe npeTKono, o6ptho koho h 3aKono. npeTKOHO h 
3aKOHO ce yrpa^yjy Kao gogaTHH, HepoTHpajyhn eneMeHTH. npeTKOHO ycMepaBa $nyngHy 
crpyjy Ka HapegHOM Kony, goK ce y 3aKony Bpmu TpaH^opMa^nja KHHeTHHKe eHeprnje y 
npHTHcaK.

C^HKa 13.3 fflecrocreneHa nyMna: 1 -  jegaH crynam; 2 -  3aKono; 3 -  o6ptho  koho h

4 -  npeTKOHO

y kohhko cy noTpe^HH Behu npoTO^H, 6npaj y ce gBocrpyjHe nyMne, TaKO ga o6pTHa Kona 
$opMHpaj y napanenHy Be3y, o^ hocho ncnopyHyje ce gBocrpyKO Behu 3anpeMHHcKH 
npoTOK Q 3a hcth Hanop H  (ch. 13.4). CaMa KOHrpyKaHj a nyMne, o^ hocho nono^aj 
HcroBeTHHx o6pTHHx KOHa, goBogu go KOMneroa^nje aKcnjaHHe cnne.
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C^HKa 13.4 ^BOCTpyjHa nyMna

nocTojn h KOM^HHa^nja gBa npeTxogHa THna nyMnu u  to Kao BHmecTeneHe gBOcrpyjHe. 
npHHHKOM MOHTa^e nyMnu, Tpe6ano 6h boahth panyHa o nponucaHOM HanHHy yrpagrne, 
KaKO ca xngpayHHHHe CTpaHe (KaBHTa^nja, yHH$opMHO n o ^e  6p3HHe Ha yna3y h gp.), 
thko h ca cTpaHe Bn6pa^nja.
BeHTHnaTop je  MamHHa y Kojoj ce noMofry o6pTHor Kona, Koje je  noKpeTaHO motopom, 
noBefraBa eHeprnja Ba3gyxa, TaKO ga ce ocTBapn TexHHHKH 3axTeB, o^ hocho thmhh tohhko 
kohhko je  noTpe6HO ga ce caBnagajy cbh ry6n^H y HHcTana^Hjn. y  npaKcu ce jaB^ajy 
pa3HH 3axTeBH y nornegy npoTOKa h npHTHcKa Kojn ce He Mory 3agoBO^HTH jegHHM 
THnoM BeHTHnaropa, na ce, npeMa H3rnegy h npeTe^HOM npaB^y crpyjarna Kpo3 o6ptho 
koho, BeHTHHaropH Mory nogenHTH khko cnegn [13.4]:

• ^eHTpn$yranHH,
• go6omacrn,
• aKcnjanHH
• nonpenHH (cross-flow fan), cnHKa 13.5 h

• Tec^HH (6e3HOnaTHHHH) BeHTHHaTOp.

C^HKa 13.5 nonpeHHH BeHTHnarop [13.5]

Ha chh^ h 13.6 npHKa3aH je  nonpenHH BeHTHnaTop yrpa^eH y craHgapgHy KOMopy ca 
MepHHM MecTHMa 3a npHTHcaK, a y cKnagy ca craHgapgoM SRPS EN ISO 5801:2011
[13.5]. Kpo3 mera $nyngHa crpyja npona3H gBa nyTa. HMa cpnacre yHanpeg 3aKpHB^eHe 
Honarn^e h HHje MHoro 6ynaH. KopncrH ce y TepMOTexHH^H h BernHna^HOHHM 
cncreMHMa.
Ha chh^ h 13.6 npHKa3aH je  BeHTHnaTop, TaKO^e yrpa^eH y craHgapgHy KOMopy ca 
MepHHM MecTHMa 3a npHTHcaK, a y cKnagy ca craHgapgoM SRPS EN ISO 5801:2011
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[13.5]. OBaKBa KOHCTpyKaHja BeHTHaaTopa je  caHHHa kohctp^ k^ hjh gBOCTpyjHe nyMne 
npHKa3aHe Ha chh^ h 13.4. ,3,aKne, OBaKaB BeHTHaaTop Hcnopyayje gBOCTpyKH npoTOK y
CHCTeM.

C^HKa 13.6 ^BOCTpyjHH BeHTHaaTop [13.5]

,̂BOCTpyjHH BeHTHaaTopn Ce KopHCTe y Cayaajy noTpe6e 3a BehoM kohhhhhom Ba3gyxa. 
Tom npHHHKOM Ce HCTOBeTHa o6pTHa Koaa HaBaaae Ha hcto BpaTHao, Ha HaaHH "ae^a y3 
ae^a". npoTOK gBOCTpyjHor BeHTHaaTopa npegcTaB^a 36up npoTOKa Kpo3 nojegHHa Koaa, 
goK ce Hanop gBOCTpyjHor BeHTHaaTopa paayHa Ha 0CH0By Hanopa jegHor Koaa.
^aKae, yrpagHe KapaKTepncTHKe Typ6oMamHHe cy og 3Haaaja 3a ogpe^HBame meHor 
yKynHor CTeneHa kophchocth. Me^yHapogHH CTaHgapgn, Kojn cy ycBojeHH h Kao cpncKH 
HanHOHa.iHH CTaHgapgu, SRPS EN ISO 5801:2011 [13.5] h SRPS EN ISO 5802:2011
[13.6] npeno3Hajy neTHpn KaTeropnje HHCTaaa^nje:

• THn A: cao6ogHH ycuc h noTHc;
• THn B: cao6ogHH ycuc h ^ boboa Ha noTHcy;
• THn C: ^eBoBog Ha ycucy h cao6ogaH noTHC h

• THn D: ^eBoBog Ha ycucy h noTHcy.
napaMeTpu BeHTHaaTopa ce rapam yjy caMo ^ kohhko je  yrpa^eH Ha HaaHH KaKo je  
npojeKToBaH h HcnnraH. n o cro jn  h nogeaa Ha ocHoBy npHMeHe BeHTHaaropa, Kao mTo cy 
bhcoko^hhhckh pagHjaaHH BeHTHaaTopn, Maa3HH aKcnjaaHH BeHTHaaropH 3a ayToTyHeae 
h ogHM^aBarne y rapa^aMa, ^empH$yraaHH kpobhh BeHTHaaTopn, ^empH$yraaHH 
mhhhckh BeHTHaaTopn, BeHTHnaTopH hck^ hhbo npojeKToBaHH 3a ^HpKyaa^njy Ba3gyxa 
(naa^oHCKH h ctohh) h gpyro.
H36op onTHMaaHHx napaMeTapa nyMnu h BeHTHaaTopa ce o6aB^a Ha ocHoBy KopgnjeoB 
gnjarpaMa (ca. 13.7), rge cy npHKa3aHH Koe^H^Hjemn og 3Haaaja, o^ hocho 3Hann^e 
cne^H^HHHa 6p3oxogocT (nQ)  h cne^H^HHHH npeaHHK (S). H3pa3H 3a oBe 3Haan^e gaTH cy 
y Ta6ean 13.1. EMnHpnjcKH go6njeH gnjarpaM gaje pa3HHHHTe THnoBe Typ6o nyMnu h 
BeHTHaaropa. Oh gaje ogHoc H3Me^y npoToKa, npHTHCKa, 6p3HHe o6pTama h npeaHHKa, 
aan He ge^HHHme o6hhk aonarn^e o6pTHor Koaa. npHMeTHo je  ga 6p3oxognje MamHHe 
(aKcnjaaHe Typ6oMamHHe) HMajy Marnn cne^H^HHHH npeaHHK h o6pHyTo, Kao h ga ce 
go6omacTH BeHTHaaropH rpynnmy h3bhh raaBHe o6aacTH.
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CmKa 13.7 KopgnjeoB (Cordier) gnjarpaM [13.6]

13.2 PA3MEHA EHEPPHJE H EHEPrETCKH EHJAHC
13.2.1 EHepreTCKH Sn̂ aHC
nocMarpajMO jegHy HeTyp6nHy (nyMny hhh BeHranarop) Kao ”^pHy KyTHjy" h nocTaBHMO 
rpaHH^y cncreMa (cn. 13.8).

II

I

I

C^HKa 13.8 EHepreroKH 6nnaHc

npeceK I-I  je  yna3 y HeTyp6uHy (nyMny/BeHTHHaTop/ryp6oKOMnpecop), goK je  npeceK II-  
II H3Ha3. npeKO BpaTH^a ce o6pthom Kony og MOTopa goBogu MexaHHHKH pag (W I-n). 
CncreMy MO*e 6hth goBegeHa hhh ogBegeHa H3BecHa KOHHHHHa TonnoTe (qA), ann ce OHa 
y cnynajy nyMnu h BeHTHnaTopa MO*e 3aHeMapnra.
nocMaTpajMO nyMny caMO npeKO HeHHx BenHHHHa cTarna (p  npHTHcaK, c  6p3HHa 
ocpegaeHa y BpeMeHy h npocTopy y Ha3HaneHHM npece^HMa, z  reoge3HjcKa BHcHHa 
Te^nmTa nonpenHor npeceKa y ogHocy Ha pe$epeHTHy paBaH) y h3hh3hom (II-II) h
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y^a3HOM npeceKy (I-I) (cn. 13.8). C no.am m n pag (W i-n )  ce kophcth  3a npoMeHy 
noHO^ajHe h  KHHeTHHKe eHepruje, ynopegHH pag cnna npHTHCKa h  caBHagaBme ry6HTaKa 
yHyTap nyMne (qt reHepucaHa KOHHHHHa TonnoTe ycneg paga cnna Tpema). Ha ocHOBy 
3aKOHa ogp^am a eHepraje, MO*e ce 3aK.yHHTH ga 3a Hecram.MB $nyng Ba^H pena^nja 

WI-n  = A c2 /2 + g A z  + Ap  / p  + qt (13.1)

nomTO goBegeHH cno .am m n pag H3a3HBa npoMeHy yHyTpammnx BenHHHHa, 30Be ce 
yHyTpamrnn pag (Y) ,  na je  WI -n  = Yi. O bo je  pag no jegHHH^H Mace Kojn ce goBege c n o .a  
y nocMarpaHH cucTeM. M o*e ce 3aK.ynHTH ga ce caMO y obom  cnynajy yHyTpammn pag 
Mo^e ogpegHTH noMofry BenHHHHa Ha noneTKy h  Kpajy, ogHocHO Ha yna3y h  H3na3y, TaKO 
ga je

Y = Ap / p  + Ac2 / 2 + g Az . (13.2)

13.2.2 ry0H^H y Typ6oMamHHH
Pa3MaTpa ce bhcko3^h $nyng h o6ptho koho ca KoHanHHM 6pojeM nonara^a. Ha ocHoBy 
npomupeHe BepHynHjeBe jegHanHHe 3a HecTHm.HBe $nynge 3a cTpyjHH^y Kpo3 o6prao 
koho, o^ hocho og npeceKa 0 go 3 (cn. 13.8) h [13.1], go6nja ce jegHHHHHH crpyjHH pag 
Kona

p 0 co Tr p 3 c3
+  ~  +  g z 0 + Yth = +  ~  +  g z3 +  qi,H (0-3) ^p  2 p  2

2 2 (13.3)
p 3 — p 0 C3 — c0 / \

^  Yth = ---- p ---- + ----- 2---- +  g (Z3 — z0 ) +  qi,H (0—3) ,

rge q iH (0—3) cy ry6n^H ycneg Tpema, Bprao^ema, cKpeTama $nyngHe cTpyje, ygapHH

rH^H^H HTg.
npomupeHa BepHynnjeBa jegHanHHa 3a npeceKe I h 0 HMa o6hhk

2 2 2 2Ot Ct p  c  p  C  Ct
----+ ~T~ + g z I =  + “  + g z 0 + qi,H (I-0) ^ + g z 0 =  + “  +gzI -qi,H (I-0) (13.4)p  2 p  2 p  2 p  2

Chhhho ce go6nja h BepHynnjeBa jegHanHHa 3a npeceKe 3 h II

— + _t + g z 3 = —  + ~ + gzn + qi,H (3—ii) (13.5)p  2 p  2

TaKo ce jegHHHHHH cTpyjHH pag Kona ge^HHHme H3pa3oM
2 2Oii p-i Cii Ci / T

Yth = 1 2 +g  (zII — zI )+ qi,H(I—0) +qi,H(0—3) + qi,H(3—II). (13.6)
p  2

^aKne, jegHHHHHH cTpyjHH pag Kona go6nja ce Ha ocHoBy BenHHHHa Koje cy Ha yna3y h 
H3na3y H3 MamHHe, o^ hocho Ha npnpy6HH^aMa

Yth = pi1 p i + Ci1 ,  Ci + g  ( zii — zi ) + q ,H , (13.7)
p  2

rge cy yKynHH xugpay hhhkh ry6n^H y rnaBHoM cTpyjHoM ToKy
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qi,H _  qi,H (l-0)+qi,H (0-3) + qi,H (3-II). (13_8)

y  nyMnu nocToje jom  h  ry6n^H Ha Tperne o cno^am m e noBpmHHe Kona qiR , Kojn Mopajy 

6 hth caBnagaHH cn o ^a  goBegeHHM pagoM, TaKO ga yHyTpammn pag h3hoch

^ I-II=Y, =Yth + qi, r  = Pii -  Pi 
P

c Ci

2 - + g  ( zn -  z i ) + q,,H+q,,R =
(13.9)

p ii p i . ci i '
— + g  ( zn -  z i ) + q,

p  2
H3 npeTxogHor cnegn

Y,= Y + q,= Y +q,,H +q,,R = Yth+q,,R  ̂ ( 1310)

rge je  Y jegHHHHHH pag cTpyje (Hanop), ,,KopncHa“ BenHHHHa carnacHO ge^HHH^Hjn: 
”Hanop je  OHa KOHHHHHa jegHHHHHe cTpyjHe eHeprnje c KojoM ce o6oraTH cb^kh 
KHHorpaM Mace TenHocTH npu nponacKy Kpo3 MamHHy.” [13.1].
^aKne, Hanop je  OHa KOHHHHHa KopucHor paga Koja ce 3axTeBa og MamHHe ga ra  OHa 
H3Bpmn. n p u  H36opy nyMne, 3agaje ce Hanop Y, a BenHHHHa qiH  3aBHcn og nporoBO^ana.

npHHHKOM ncnHTHBama nyMne, ogpe^yje ce meH Hanop y cKaagy ca ge^HHH^njoM, rge Y 
npegcTaB^a pa3HHKy cTpyjHHx eHeprnja Ha H3na3y h yna3y

y  _  p i i -  p i  +  d  -  c 2

p
L + g  ( z l l -  z l ) _  Y I I -  Y I . (13.11)

13.3 OCHOBHE rEOMETPHJCKE BE^HHHHE H 3HAHHH.E
H3rneg ^ernpH$yranHe (pagnjanHe) nyMne y MepngnjaHcKoj h ocHOBHoj paBHH gaT je  Ha 
chh^ h 13.9 ca y^pTaHHM cMepoM o6pTama.

C^HKa 13.9 MepngnjaHcKa h ocHOBHa paBaH ^eHTpn$yranHe (pagnjanHe) nyMne [13.3]

Ha chh^ h 13.9 npHKa3aHH cy cnegefin eneMeHTH pagnjaHHe nyMne: 1 h 9 -  yna3Ha HBH^a; 
2 -  raaBHHHa; 3 -  nonaTH^a; 4 -  3agrnH ^ hck; 5 h 7 -  H3na3Ha HBH^a; 6 -  npegrnn ^ hck; 8 
-  ycucHa (ne^Ha) cTpaHa nonara^e h 9 -  npHTHcHa (rpygHa) cTpaHa nonaTH^e.
Ochobhh reoMeTpnjcKH napaMeTpu pagnjaHHHx Typ6o nyMnu h BeHTHnaropa cy gaTH Ha 
chh^ h 13.10, rge je  npHKa3aH MepHgnjaHcKH npeceK pagnjaHHor BeHTHnaTopa. npHHHKOM
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ge^HHHcama reoMeTpnje pagnjanHe Typ6oMamHHe kophcth ce u  ochobhh paBaH (ch. 
13.9).

C^HKa 13.10 MepngnjaHcKH npeceK ^ernpH$yranHor (pagnjaHHor) BeHTHnaropa

03HaKe Ha chh^ h  13.10 cy: r  -  nonynpeHHHK (pagnjaHHa KOopgHHaTa, oca, npaBa^); z  -  
aKcnjanHa oca (aKcnjanHa KOopgHHaTa, npaBa^); u -  o6 hmckh npaBa^; r  -  yHyTpammn 
(yna3HH) nonynpeHHHK; r2 -  cno^am m n (H3na3HH) nonynpeHHHK; b  -  yna3Ha mnpHHa 
Kona; b2 -  H3na3Ha mnpHHa Kona; npece^H 0-0  -  HenocpegHO ucnpeg ynacKa y pagHO 
koho; 1 -1 - HenocpegHO roa ynacKa y pagHO koho; 2-2  -  HenocpegHO ucnpeg H3nacKa H3 
pagHor Kona h  3-3 -  HenocpegHO H3a H3nacKa H3 pagHor Kona. HHgeKcn 1 h  2 cy Be3aHH 
3a HonaTH^y, a 0 h  3 3a $jiyngHy crpyjy. npece^H ce Ha hcth HanHH ge$HHHrny 3a 
pagnjaHHy h  aKcnjany Typ6onyMny/Typ6oBeHTHnarop. Ha chh^ h  13.11 npHKa3aHH cy 
ochobhh eneMeHTH (no3H^nj e) aKcnj aHHor BeHTHnar o pa.

C^HKa 13.11 H3rneg aKcnjanHor BeHmnaropa a) norneg ca ycucHe crpaHe h 
6) y MepngnjaHcKoj paBHH

Ha npeTxogHoj chh^ h  npHKa3aHH cy ochobhh eneMeHTH KOHcTpyKaHje acKHjanHor 
BemHnar o pa h  t o : 1 -  pagHO hhh o6ptho  koho; 2 -  nonarn^a o6pTHor Kona; 3 -  
npo^HHHcaHH yBogHHK; 4 -  nomcHH ^eBOBog; 5 -  BparHno; 6 -  ne^aj; 7-eneKTpoMOTop.
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y  MepHgHjaHCKoj paBHH Ha chh^ h 13.116 ge^HHHcaHH cy npenHHK rnaBHHHe D„ npenHHK 
o6pTHor Kona y3 KyhnmTe hhh cno^am rnn npenHHK Kona D a h mnpHHa Kona b = (D a -  
D,)/2. 3a noTpe6e pemaBama npaKTHHHHx npo6neMa yBogu ce h nojaM cpegmer npenHHKa 
( D= (Da + D,.) / 2 ). HanoMHme ce ga je  npHKa3aHH BeHTHHarop H3ByneH H3 ^eBH, goK je,

npHHHKOM paga, yByneH y ^eB. H3Me^y cno^am m er npenHHKa Kona h yHyTpammer 
npenHHKa KyhnmTa, y kom je  CMemTeHO o6ptho koho, nocrojn npo^en s. npHMepa pagu, 
3a koho npenHHKa D a = 0,4 m ocTBapeH je  npo^en og s = 0,5 mm.
Teopnja chhhhocth y cnynajy Typ6oMamHHa nogpa3yMeBa reoMeTpHjCKy, KHHeMaTHHKy h 
gHHaMHHKy chhhhoct. 3agoBO^emeM yc^OBa ga je  anconyTHa xpanaBOCT MaTepnjana og 
Kojnx cy HanpaB^eHH Mogen h npoTOTHn ncra, npoH3Hna3H ga je  penarHBHa xpanaBOCT 
Typ6oMamHHe Beha y cnynajy Mogena Hero npoTOTHna. y3HMajyhn y o63up ga he o6e 
MamHHe pagHTH ca hcthm 3a3opoM, gona3H ce go 3aK^yHKa ga je  creneH kophchocth 
npoTOTHna Behu og creneHa kophchocth Mogena.
H3 KHHeMaTHHKe CHHHHOCTH npOH3Ha3H 3HaHH^a npOTOKa, gOK ce H3 gHHaMHHKe 
chhhhocth h ^opMHpaHor KOHHHHHKa npHTHCHHx h HHep^HjCKHx CH^a go6nja 3HaHH^a 
Hanopa. ,3,e$HHH^Hje cbhx Ba*HHjnx 3Hann^a gaTe cy y Ta6enn 13.1.

Ta6eaa13.1 Ba^HHje 3Hann^e nyMnu h BemHnaTopa
3HanH^a 03HaKa H3pa3

npoTOKa 9 4 Q / u 2 D l n

Hanopa ¥ 2 Y /u 2

CHare X q > y ln =  8 p  (p u3 D22n)

6p3oxogocTH a = 1 n 'JQ
w3/4 ' 157,78 ” ( Y / g )374

npenHHKa s ^ 4 1 ^ 6 5 -  ( Y / g )1/4
^ 2 = l,865D2 4 Q

cne^H^HHHe 6p3HHe o6pTama n Q n 4 Q l  ( Y / g  )3/4 = 157,78ct

H 3 HaBegeHHx ochobhhx 3Hann^a H3Boge ce 3Hann^e Kona, KaKO ca KOHanHHM 6pojeM 
nonara^a, TaKO h  ca 6ecKOHanHO BenHKHM 6pojeM nonara^a. y  cnynajy aKCHjanHHx 
Typ6oMamHHa, nojaB^yje ce h  6p3HHCKa 3Hann^a npoTOKa

cpE = 4 Q / u a( D2 - D 2) n  = p / ( 1 - v 2) = cz / u a . 3Hann^e cy og 3Hanaja h  npnnHKOM 

npegcraB^ama KapaKTepHCTHKa Hanopa nocpegcTBOM H3pa3a y  = f  (q>).
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13.4 O J^E P O B A  JEflH A H H H A  3A T yP B O M A m H H E

Ha 0CH0By ge^HHHcaHe reoMeTpnje u  KOopgHHaTHor CHCTeMa, ogpe^yje ce aenonyTHa

6p3HHa c  (cn. 13.12).

C^HKa 13.12 AnconyTHa 6p3HHa h aeH  KOMnoHeHTe

Ha chh^ h  13.12 npHKa3aHe cy cnegehe KOMnoHeme anconyTHe 6p3HHe c  : aKcnjanHa (cz), 
pagnjanHa (cr ) h  o^HMcKa (c„). AKcnjanHa y pagnjanHa KOMnoHeHTa $opMHpajy, 
BeKTopcKHM ca6nparneM, MepngnjaHcKy 6p3HHy (cm) Koja je  BHgMBa y MepngnjaHcKoj 
paBHH. AnconyTHa 6p3HHa Hacraje BeKTopcKHM ca6nparneM MepngHjaHcKe h  o^HMcKe 
6p3HHe. Ha chh^ h  13.12 Hucy npHKa3HBaHH chm6 ohh BeKTopa H3Hag 6p3HHa 36or 6o^e 
npernegHocTH. Ha ocHOBy cnHKe 13.12, go6nja ce

(13.12)2 2 2 c 2 = c 2 +  c2 2 2 2 c 2 = c :  +  c^, 2 _  2 , 2 .  „2 c c +c + c v

n p u  crpyjafty y poTHpajyheM cncreMy pa3MaTpajy ce anconyraa ( c ), npeHocHa ( u ) h 

penarnBHa ( w ) 6p3HHa. Anconyraa 6p3HHa, mTO je  no3HaTO H3 MexaHHKe, Hacraje Kao 
BeKTopcKH 36up penaTHBHe h  npeHocHe, y obom cnynajy o^HMcKe 6p3HHe (u= D nn/60 , rge 
je  n  6p3HHa o6pTarna Typ6oMamHHe H3pa®eHa y [m in 1]). BeKTopcKH 36up je  BHgjtHB y 
ocHOBHoj paBHH pagHjaHHHx Typ6oMamHHa (ch. 13.13), rge TaKO^e Hucy npHKa3HBaHH 
chm6 ohh BeKTopa H3Hag 6p3HHa 36or 6o^e  npernegHocrH.

C^HKa 13.13 Tpoyrao 6p3HHa

Ha chh^ h 13.13 npHKa3aHH cy h anconyTHH yrao Kojn 3aKnanajy anconyraa h o^HMcKa 
6p3HHa (a), Kao h penaTHBHH yrao Kojn 3aKnanajy o^HMcKa 6p3HHa h HeraTHBHa 
penaTHBHa 6p3HHa (fi). BenHHHHe y Tpoyray 6p3HHa go6njajy HHgeKce 3aBHcHO og Tuna 
Typ6oMamHHe, npenHHKa h npeceKa Ha KOMe ce ogpe^yjy. PenaTHBHH yrnoBH Ha 
npece^HMa 1 h 2 nocMarpajy ce Kao reoMeTpnjcKe BenHHHHe nonaTH^e pagnjaHHor 
o6pTHor Kona nyMne/BeHTHnaropa, TaKO ga je  $  yrao nonaTH^e Ha yna3y, a /32 yrao
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nonarn^e Ha H3na3y. nocTojn o6ene®aBafte npeceKa ca pegHHM 6pojeBHMa og 4, na Ha 
ga^e , aKO ce nocne pagHor Kona Hana3H, Hnp. nonaTHHHO 3aKono.
H3rneg anconyTHe h  penaTHBHe crpyj HH^e gaT j e Ha chh^ h  13.14. O bo o6ptho  koho HMa 
npegftH h  3agftH ^ hck, Kao h  9 nonaTH^a KOHcraHTHe ge6 .M He, yHa3ag 3aKpHB.^eHHx.

C^HKa 13.14 AKcoHOMeTpHjcKH npuKa3 o6pTHor Kona pagnjanHe nyMne ca crpyjHH^aMa

npuMeHOM npHH^nna o npoMeHH MOMeHTa KOHHHHHe KpeTaaa, h3boah ce OjnepoBa 
(Leonhard Euler, 1707-1783) jegHanHHa 3a Typ6oMamHHe. ''Crpyjame y npoTOHHHM 
genoBHMa Typ6oMamHHa, He3aBHcHO og THna h  o6nHKa Typ6oMamHHe, HMa KapaKTep 
npocTopHor cTpyjama. O ho ce ogBHja nog yr a ^ajeM gejcTBa nonaTH^a h  poTa^nje Ha 
BHcK03Hy TenHocT Koja npoTHHe Kpo3 o6pTHe h  Heo6pTHe ge^OBe MamHHe. OnncHBarne 
TaKO cno*eHHx cTpyjarna $H3HHKO-MaTeMaTHHKHM nyTeM 3a caga je  Moryhe caMO y 
H3pa3HTO jegHocTaBHHM cnynajeBHMa, h  to y3 yHomerne BenHKor 6poja pa3HHHHTHx 
npeTnocTaBKH, ga 6 h  ce peg cno^eHocTH panyHarna y mTO Behoj Mepu chh3ho . ... JegHO og 
ochobhhx ynpomherna je  npemocraBKa o cTpyjamy caBpmeHe TenHocTH, HHMe ce 
cTpyjame pa3MaTpa Kao m eucK03H0. ... y Teopnjn Typ6oMamHHa yo6nnajeHO je  ga ce Ha 
noneTKy pagu ca o6pth hm  KOHHMa cacraB^eHHM og HeH3MepHO BenHKor 6poja HeH3MepHO 
TaHKHx HonaTH^a. H3Me^y thkbhx nonaTH^a $nyng npoTHne ynpaBO khko to nonaTH^e 
nponncyjy. nomTO cy y tom  cnynajy cBe crpyjHH^e no o6nHKy ncre, MO*e ce roBopHTH o 
mnamuuHO-Kom pyeHmHOM cmpyjan>y . O b^kbom npeTnocraBKOM, y $ h3hhko-
MareMaTHHKOM cMHcny yBogu ce npegcraBa o ^ hkthbhom , Tj. MareMaTHHKOM o6pthom  
Kony Koje, Kaga ce pagu o yBogHHM pa3MaTpamHMa, y goBO^Hoj Mepu onoHama h 
penpe3eHTyje KapaKTepncTHKe peanHHx nyMnu." [13.7, crp. 5]. A ko ce Ha BpaTHny TaKO 
ge^HHHcaHor o6pTHor Kona goBogu o6pth h  MOMeHT, OHga ce Ha ocHOBy 3aKOHa o 
npoMeHH MOMeHTa KOHHHHHe KpeTama go6nja

M th«,=m ( r2c2u-r1c1u ) ̂  (13 13)

rge je  m  MaceHH npoTOK $nynga Kpo3 koho. y^o*eH a cHare je

Pthx = M tkoa , (13.14)
rge je  m yraoHa 6p3HHa o6pTama. OgaBge ce go6nja jegHHHHHH crpyjHH pag npu 
HeH3MepHO Be^HKOM 6pojy HonaTH^a, o^ hocho Hanop Kona nyMne npu z  KaKO cnegn
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Pth<n
-  Ythx u 2c2u-u lch (13.15)

OnnraegHO je  ga ce jegHHHHHH crpyjHH pag Kona ca 6ecKOHanHHM 6pojeM nonaTH^a 
Hana3H npeKO BenHHHHa Ha yna3y h H3na3y H3 Kona. yc^OBH 3a pa3MeHy eHeprnje y Kony:

1. cncreM Mopa ga poTHpa (m  ±  0) h

2. ga nocrojn pa3HHKa y Buxopy Ha yna3y h H3na3y, o^ hocho /  r f i 1u.
npuMeHOM KocuHycHe TeopeMe, go6nja ce OjnepoBa jegHanHHa H3pa®eHa nocpegcTBOM 
6p3HHa y o6^HKy

Ythrn
u2 -  Uj Wj -  w 2

(13.16)

H3 OjnepoBe jegHanHHe cnege H3pa3H 3a jegHHHHHH crpyjHH pag (Hanop) Kona ca 
KOHanHM 6pojeM nonar n ^aYth [J/kg], Kao h  ca 6ecKOHanHHM 6pojeM nonaTH^aYtfa) [J/kg], 
mTO je  npHKa3aHO y Ta6. 13.2. y  npaKcu ce, necro, nog HanopoM cMarpa BenHHHHa H = Y /g , 
Koja ce H3pa^aBa y [m], a rge cy Y  jegHHHHHH crpyjHH pag MamHHe h  g  y6p3aae cnne 
3eM^HHe Te*e Ha TanHO ogpe^eHoj HOKa^njn. ,3,0 BenHHHHe Y, Koja je  og 3Hanaja 
npHHHKOM 3anuca EepHynnjeBe jegHanHHe, gona3H ce Ha ocHOBy ge^HHH^nje 
xngpayHHHKor creneH kophchocth n h = Y/Yth ^  Y = Ythr)h o KOMe he 6 hth penn y HacraBKy.

Ta6e^a13.2 OjnepoBa jegraHHHa 3a HeTyp6uHe
JegHHHHHH cipyjHH

pag Kona
Epoj nonarn^a (z) PagnjaHHe AKcnjanHe 

(x=a, i, sr,...)

Yth<x> u2c2u — u 1c1u ux (C2u,x~c\ u,x)
Yth e □ (KOHanaH 6poj) u 2c 3u -  u 1c 0u ux fes û ^Ou^

H 3 Ta6ene 13.2 MO*e ce BHgeTH ga y cnynajy aKcnjaHHHx HeTyp6uHa, Koje cy 
npojeKTOBaHe Ha npHH^nny KOHcraHTHor Buxopa (rcu = const.) Ba^H Ythi =Yth,a =Yth,sr= Yth, 
ogHocHO ga je  pa3MeaeHH pag y Kony hcth Ha cbhm npenHH^HMa.

13.5 CHArE H CTEnEHH KOPHCHOCTH IIVMIIH H BEHTH3ATOPA
Ha chh^h 13.15 npHKa3aHe cy raaBHe no3H^nje Ha nogy®HOM npeceKy jegHe pagnjaHHe 
nyMne, Kao h cHare. n p n  crpyjafty $nynga Kpo3 pagnjaHHe ^ernpH$yranHe nyMne 
nocroje Tpn ^eHOMeHa yHyTap caMe nyMne h to:

1. 3aMH^aae $nyngHe crpyje y npo^en H3Me^y Kona h KyhnmTa;
2. Tpeae H3Me^y $nynga h noBpmn y raaBHOM crpyjHOM TOKy (yHyTpamae noBprnn 

o6pTHor Kona h cnnpane) h

3. Tpeae $nynga o cno-Mmme noBpmn Kona.
CHare h creneHH kophchocth ^ernpH$yranHe nyMne/BeHTHnaTopagaTH cy y Ta6. 13.3. 
CHara ^enor arperaTa 3aBHcn og ry6HTana y MOTopy, a ^ kohhko jom  nocroje h 
npeHocHH^H cHare, OHga ce h mnxoBH ry6n^H Mopajy y3eTH y o63Hp. Ha obom Mecry je  
norogHO npHKa3arn 3Hanaj HaBegeHHx BenHHHHa 3a ogpe^HBarne creneHa kophchocth
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cnpere gBe napanenHO cnperHyTe nyMne (n). Khko yKynHa CHara Tor nocTpojeaa 
npegcTaB^a 36up CHara nojegHHanHHx nyMnu
p  = P i + Pii ^  p Q Y in = p ^ j T J m + p Q n Yn/m i (13.17)
go6nja ce yKynHH creneH kophchocth nocrpojefta
n = Q /(Q i/ni + Qn/nn) (13.18)
jep  je  Y  = YI = Yn  y napanenHoj cnpe3H.
y  SRPS EN ISO 5801:2011 aHeKc E [13.5] pa3MaTpajy ce cHare h ry6n^H Ha 
HHgycrpHjcKHM BeHTHnaTopHMa (cn. 13.16), Kao h npenopyKe 3a npopanyH ry6HTaKa.

C^HKa 13.15 r^aBHe no3H^Hj e pagnj aHHe nyMne: 1 -  pagHO koho nyMne; 2 -  cnnpanHO 
KyhnmTe; 3 -  MexaHHHKH 3anTHBan; 4 -  nocro.^e (ocnoHa^); 5 -  khhh 3a Be3y ca 

m otopom ; 6 -  BpaTHHO (ca octhhhm genoBHMa poTa^HOHor nogcK^ona) h  7 -  ne^aj eBH

C^HKa 13.16 ry6n^H  cHare Ha HHgycrpHjcKOM BeHTHnaTopy ca KanmHHM npeHocoM: 1 -  
yna3Ha eneKTpHHHa cHara; 2 -  TonnoTHH ry6n^H Ha ^peKBernHOM perynaropy; 3 -  

TonnoTHH ry6n^H Ha eneKTpoMOTopy; 4 -  TonnoTHH ry6n^H Ha KaumHOM npeHocHHKy;
5 -  TonnoTHH ry6n^H Ha ne^ajeBHMa; 6 -  ry6n^H y rnaBHOM crpyjHOM TOKy y Kony h 

cnnpanH h 7 -  cHara Koja ce npegaje $nyngy [13.5]
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Ta6eaa13.3 CHare h CTeneHH kophchocth nyMne/BeHTHHaTopa
BeHHHHHa H3pa3 HanoMeHa

xngpayHHHKa CHara
Ph  = p Q Y  , a Kog 

BeHTH^aTopa PH = Q A p t

HeTO CHara Kona Pkn = P 3 Yth
CHara KO^a 3a npoTOK 

nyMne

(6pyTo) CHara Kona Pk = P ^ k^ th
CHara Kona 3a nyH npoTOK 

K0^a ( Qk = Q + A Q )

CHara Koja ce Tpomn Ha Tpeme 
o cno^amme noBpmu KO^a Pr BHgeTH ch. 13.15

yHyTpamaa CHara Pi = Pk + PR
CHara Ha BpaTHny nyMne 

(ch. 13.15)
MexaHHHKa CHara (geo CHare 

Kojn ce Tpomn Ha Tpeae y 
ne^nmTHMa h 3anTHBanHMa)

Pm BHgeTH ch. 13.15

CHara nyMne (roMepeHa Ha 
cnojHH^H nyMne) P  = P  + Pm BHgeTH ch. 13.15

CHara 3a caB^agaBame OTnopa 
y npeHOCHOM MexaHH3My PPR

yBehaHa noTpe6Ha CHara 
MOTOpa

Pmot = ( P  + Ppr ) - ( l.0 5 -1,15) noBehaHa CHara MOTopa 
36or ynymTaaa h pe3epBe

HHCTanncaHa CHara MOTopa Prnst
HopMHpaHa (Ha Ta6nn^H 

MOTOpa)
xngpay^HHKH CTeneH 

KOpHCHOCTH nH = PH ^  Pkn = Y  ^  Yth

BO^yMeTpHjCKH 
(3anpeMHHCKH) CTeneH 

KOpHCHOCTH
Vv  = Pkn ^  Pk = Q /  Qk

CTeneH kophchocth KojHM ce 
o6yxBaTa Tpeme no 

cno^amBHM noBpmHMa KO^a

nR = Pk Y (Pk + PR ) = 

= 1 /  (1 + ̂ R )

Zr  = PR / P k -
Koe^H^njeHT ry6HTKa 

CHare
yHyTpamrnn CTeneH 

KOpHCHOCTH n  = ph  / P i ^ Vv Vr Vh

MexaHHHKH CTeneH 
KOpHCHOCTH

n  = P  /  Plm i

CTeneH kophchocth nyMne n =  PH / P  ^ n v l Rl H l m



13-16 npupyHHHK 3a o6yKy eHepreTCKHX MeHa^epa 3a o6nacr HHgycTpnjcKe eHepreTHKe

13.6 PA^HE KAPAKTEPHCTHKE MVMMM H BEHTH^ATOPA
PagHe KapaKTepncTHKe nyMnu u  BeHTHnaropa ogpe^yjy ce HenHTHBaftHMa Ha 
CTaHgapgH30BaHHM nocrpojeftHMa. HeKH og Ba^efinx Me^yHapogHHx craHgapga 3a 
HcnHTHBafte nyMnu cy:

• SRPS EN ISO 9906:2013 (PorogHHaMHHKe nyMne -  HcnHTHBafte npHXBar^HBocrH 
xHgpayHHHKHx KapaKTepncTHKa -  OreneHH 1, 2 h 3);

• SRPS EN ISO 5198:2009 (^empH$yranHe, nonyaKcnjanHe h aKcnjanHe nyMne -  
Kog ncnHTHBafta xugpay hhhkhx KapaKTepncTHKa -  Knaca BHcoKe TaHHocrn);

• ISO 4409:2007 (Hydraulic fluid power -  Positive-displacement pumps, motors and 
integral transmissions -  Methods of testing and presenting basic steady state 
performance);

• SRPS EN 16297-1:2013 "nyMne -  PorogHHaMHHKe nyMne -  ^npKyna^HOHe 
nyMne 6e3 3anTHBana -  ^eo  1: OnmTH 3axTeBH h npo^egype 3a HcnHTHBarne";

• ISO 8426:2008 (Hydraulic fluid power -  Positive displacement pumps and motors -  
Determination o f derived capacity);

• SRPS EN IEC 60193:2009 (XngpaynHHHe Typ6nHe, aKyMyna^HOHe nyMne h 
nyMnHe Typ6HHe -  Mogen npnjeMHHx HcnHTHBarna).

Pe3ynTar HcnHTHBama nyMnn cy eKcnepHMenraHHO go6njeHe KapaKTepncTHKe. JegHHHHHH 
crpyjHH pag Y, creneH kophchocth n, cHara P  h KaBHTa^njcKa pe3epBa nyMne N P SE P 
npHKa3aHH cy Ha cnegehoj chh^ h h ohh Ba^e 3a jegHy 6p3HHy o6pTama n.

C^HKa 13.17 PagHe KapaKTepncTHKe ("nacom") nyMne 3a jegHy 6p3HHy o6pTama (n) 

Pa3HH THnoBH nyMnHHx kphbhx npHKa3aHH cy Ha cnegehoj chh^ h.
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C^HKa 13.18 Pa3OTHHTH THnoBH pagHHx KapaKTepncTHKa ^eHTpH$yra^HHx nyMnn: a) 
nocTeneH nopacr; 6) crpMa pagHa KpHBa; b) no^o^eHa pagHa KpHBa; r) Hecra6H^Ha KpHBa 

h  g) Hecra6H^Ha KpuBa y o6^HKy ceg^a [13.8]

^,HCKycnja noroHCKe KpHBe Hanopa nyMne ca ^a^H^HHM ge^OM KapaKTepHCTHKe 
npuKa3aHa j e y [13.7], noraaB^e 4.6.
npoH3BO^aHH gajy eKcnepHMernaOTO ogpe^eHe pagHe KapaKTepncrHKe nyMnu 3a Bogy Ha 
ogpe^eHoj  TeMneparypn, na yKO^HKO j e to noTpe6HO, npepanyHaBaj y ce Ha 
KapaKTepncTHKe 3a pag ca bhcko3hom  TenHomhy noMohy HOMorpaMa. Me^y 
Haj no3HaTHj HMa j e HOMorpaM gaT y cTaHgapgHMa XngpaynHHKor HHcTHTyTa H3 CA^. 
npHMep npopanyHa j e gaT y [13.7], noraaB^e 4.8.
Ty6H^H y ^eBOBogy, Koj n HacTaj y yraeg  Typ6y^eHTHor BHxopHor cTpyj ama, 3Hanaj HO cy 
Behn Hero npu cTpyj arny ca pa3BHj eHHM npo^H^OM Typ6y^eHTHor BHxopHor cTpyj ama 
[13.4, 13.9, 13.10]. n p u  pagy BeHTHjiaTopa, Kao h  Kog nyMnu, Tpe6ano 6 h  H36eraBaTH 
pagHe TaHKe y o6^acTH 6^ncKoj Hecra^H^HOM nogpynjy. HauMe, ynpaBO 36or noBehaHHx 
ry6uaK a npu Typ6y^eHTHOM bhxophom  cTpyj arny, pagHa TaHKa MO*e gohn y Hecra^H^HO 
nogpynje. OBaKaB cnynaj Hajnemhe Hacraje Kaga ce yrpa^yj e BeHTH^arop 6e3 3aKO^a, mTO 
j e h  gaHac necT c^ynaj  y npaKcu [13.4, 13.9-13.11].

13.7 PA^HE KPHBE ^EBOBOflA
OBge Hehe 6 hth  pa3MaTpaHO MaTeMarnHKO ncxognmTe EepHy^Hj eBor HHTerpaaa (Daniel 
Bemoulli, 1700-1782), ^apcn j eBe (Henry Philibert Gaspard Darcy, 1803-1858) h 
Baj 36axoBe (Julius Ludwig Weisbach, 1806-1871) $opMy^e, Beh ce Hrnao^H ynyhyj y Ha 
[13.12-13.15]. OHe he 6 hth  KopumheHe y cbom o6^HKy, Koj n j e y ynoTpe6u y 
npHMerneHoj  Teopnj H KBa3Hj egHogHMeH3Hj cKHx crpyj ama y xHgpay^HHKO-nHeyMaTcKHM 
cncreMHMa. npomnpeHoj  EepHy^nj eBoj  j egHanHHH, 3a crpyj arne BucK03Hor $nynga, 3a 
pemaBame crpyj HHx napaMeTapa npngpy®yj e ce h  j egHanHHa KOHTHHyHTeTa. 
nyMna pagn y nocrpoj erny npm a3aHOM Ha c^ h^ h  13.19. TpaHcnopTyj e ce TenHocr (oBge 
j e to Boga) H3 gomer (ycucHor) y roprnn (noTHcHH) pe3epBoap. npeTnocraBKa j e ga cy
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pe3epBoapn goBO^HO BenHKH h  ga ce hhboh tchhocth y ftHMa He Meftaj y (je3epa, peKe, 
6yHapu, BenHKH pe3epBoapu h  gpyro).

C^HKa 13.19 nyMnHO nocTpojeae

AnconyTHH npHTHcaK y ycucHOM pe3epBoapy je  p e = p a + p m, rge je  p a = p b aTMOC^epcKH, 
Tj. 6apoMeTapcKH npHTHcaK, goK je  anconyTHH npHTHcaK y noTHcHOM pe3epBoapy p^ = p a -  
p v. ^aTH cy h hhboh TeHHocTH y ycucHOM z e h noTHcHOM Zi pe3epBoapy, Kao h hhbo ycucHe 
zs h noTucHe zd npnpy6HH^e xngpayHHHKe nyMne y ogHocy Ha pe$epeHTHy (ynopegHy) 
paBaH. reoge3njcKa BHcHHa je  H geo.
BepHyHHjeBa jegHanHHa Ba^H g y *  jegHe cTpyjHH^e, o^ hocho cTpyjHe ^eBH, TaKO ga 
npomnpeHa BepHynnjeBa jegHanHHa 3a npHKa3aH npocT ^eBOBog rnacn:

2 2 2 

—  + y  + gZe + Y  y  + gZi + y  (?„s + s k  + Qv + Qv + Qk  + QBc ) +
P  2  aogaTHaeHeprHj a P  2  ^ ___________________ _ _______________________,

cyManoKaHHHX ry6HTaKaeHeprnj e

cyMa ry6HTaKaeHeprnj eHaTpe^e

B p3H H e K peT arna  TenH ocT H  y  ycucH O M  ce h  n o ra c H O M  ct p e 3 e p B o a p y , c  o 6 3 u p o M  H a m n x o B y  

BenHHHHy, c y  g o c T a  M an e , TaKO g a  c e  KHHeTHHKa e H e p r n ja  y  OKBHpy c T a rn a  H a n o n eT K y  h  

Ha  K p ajy , M O *e 3aHeM apHTH.

K o p h o h h c o b  K o e ^ H ^ n je H T  j ' - T o r  n p e c e K a  c rp y jH e  ^eB H  a  n p e g c r a B .M  o g H o c  cTB apH e 

KHHeTHHKe e H e p rn je  c T p y jH o r  TOKa h  KHHeTHHKe e H e p rn je ,  K o ja  c e  H 3 p an y H aB a H a ocHOBy 

c p e g m e  6p3H H e c T p y ja m a  y  j ' - t o m  n p e c e K y . B p e g H o c T  K o p H o n n c o B o r  K o e ^ H ^ n je H T a  

3aB H cn o g  p a c n o g e n e  cT B apH e 6p3H H e y  n p e c e K y  c rp y jH e  ^eB H . 3 a  pa3BHjeHO Typ6yneH TH O  

c r p y ja r n e  y  g y rH M  npaB H M  ^eB H M a HMa B p e g H o c r  1 ,0 1 - 1 ,1 2 .  3 a  pa3BHjeHO naM HHapHO 

c r p y ja r n e  K o p h o h h c o b  K o e ^ H ^ n je H T  HMa B p e g H o c r  2 . H a  c h h ^ h  1 3 .2 0  npH K a3aH e c y

cTaaeHa noneTKy

n c!  (

cTaaeHaKpajy

D. D„
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ocHOBe PejHoggcoBe craTHCTHKe, rge je  f  — TpeHyTHa BpegHOCT $ h3hhkc bchhhhhc, f  -  

npocenHa BpeMeHCKH ocpegaeHa BpegHOCT, f  -  $gyKTya^nja BenHHHHe f  h T -  BpeMe 
ocpegftaBaaa.

CaHKa 13.20 Typ6ynemHO crpyjafte, PejHoggcoBa crarHcTHKa [13.12]

KaKO HanpaBHTH nogegy H3Me^y OBa gBa pe^HMa crpyj afta h  oggyHHTH ce 3a BpegHocr 
KopnogncoBor Koe^H^Hjema?
3a Kgacn$HKa^Hjy crpyjafta y3HMa ce 6e3gHMeH3HOHa BegHHHHa, Koja npegcraB^a ogHoc 
HHep^njagHHx h  bhcko3hhx cnga h  30Be ce PejHoggcoB 6poj Re = cD /v. O bo je  3annc 
PejHoggcoBor 6poja 3a ^eBH ca Kpy*HHM nonpenHHM npeceKOM, rge je  c  cpegaa, o^ hocho 
6p3HHa ocpegaeHa y BpeMeHy h  npocropy y cgynajy Typ6ygeHTHor crpyjafta, D  

yHyTpamftH npenHHK ^eBOBoga, v  KHHeMaTHHKa bhcko3hoct $gynga. BpegHocr og 2300 
ce Ha3HBa kphthhhh  PejHoggcoB 6poj. 3a BpegHocTH Mame og OBe ce y3HMa ga je  
cTpyjame gaMHHapHO, a 3a Behe ga je  Typ6ygeHTHO. Cgo^eHa cTpyKTypa Typ6ygeHTHor 
crpyjama y yga3HOM gegy ^eBH npHKa3aHa je  Ha cgegehoj chh^ h .

n o m y H O  paTBirjerro Typ6yireHTH  

crpyjaibe
BHCK03HH nOflCJIoj

JiaMHHapHH rpaHHHHH CJIOJ

je-jrpo

Typ6yjieHTHO jenpo
v/5m-f(f/R ,R e )

CaHKa 13.21 CrpyKTypa Typ6yaeHTHor cTpyjama y noneraoM geay ^eBH [13.12]

y  o6aacm  noTnyHO pa3BHjeHor Typ6yaeHTHor cTpyjarna yon^HBe cy KapaKTepncTHHHe 
o6aacTH BHcK03Hor nogcaoja, npeaa3He 30He h Typ6yaeHTHor je3ipa. Pacnogeaa 6p3HHe 
BHme HHje napa6oaHHHa, Kao y aaMHHapHOM cTpyjamy, na 36or yHH$opMHocTH npo^nga 
6p3HHe KopHoancoB 6poj y caynajy Typ6yaeHTHor cTpyjarna HMa npn6aH®HO BpegHocT 1. 
y  HacTaBKy ce gaje npHMep npopanyHa PejHoggcoBor 6poja h ogpe^HBame pe^HMa 
cTpyjama. y  OKBHpy BogoBogHux cncreMa yo6nnajeHa je  cpegma 6p3HHa go 2 m/s.
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y 3mhmo ga j e yHyTpamftH npenHHK ^eBOBoga 0,2 m, a KHHeMaTHHKa bhcko3hoct Boge Ha 
pagHoj  TeMnepaTypu 1,06-10-6 m2/s. Taga j e BpegHocT Pej HoggcoBor 6poj a

Re = —  = 2 ' 0,2 ^ = 337358,5 (13.20)
v 1,06 -10-6

mTO je  gageKO Behe og KpHTHHHe BpegHocTH, Ha ocHOBy nera ce 3aK^ynyje ga je  crpyjame 
Typ6ygeHTHO.
ycBajajyhn ga je  ancogyraa xpanaBocr ^eBH 8  = 0,15 mm, go6nja ce pegaTHBHa 
xpanaBocr 8/D = 0,00075. ^ a ^ e  cgegn ga je

2323 = _______
8  ^  0,00075
D

= 30666,67 < 337358,5 <
560
8
D

560
0,00075

= 746666,67 (13.21)

y  obom cgynajy ce Typ6ygeHTHO crpyjame nocMaTpa Kao crpyjame y xngpaygHHKH 
xpanaBoj ^eBH. Ha obom Mecry 6h 6hho HHTepecamHO npopanyHaTH h ge6^HHy 
rpaHHHHor cgoja, agn to Hehe 6hth ynHmeHO c o63upoM Ha o6hm rpagHBa Kojn ce OBge 
H3ga^e.
H3 npeTxogHor npHMepa ce BHgn ga je  Typ6ygeHTHH pe^HM crpyjama yo6nnajeH 3a 
crpyjame y nyMnHHM cncreMHMa ca BogoM, TaKO ga ce y npopanyHHMa BpegHocr 
KopnogncoBor Koe^H^Hjema y3HMa ga je  npn6gH®HO 1. TaKO ce “H36eraBa” 3anuc OBor 
Koe^H^njema y npomnpeHoj BepHygnjeBoj jegHanHHH 3a BHcK03aH $gyng. 
ry6n^H  eHepraje y KBa3Hj egHogHMeH3Hj ckom crpyjarny BHcK03Hor $gynga Mory HacraTH 
ycgeg Tpema $gynga o rpaHHHHe noBpmu (yHyTpammn 3Hg ^eBH) hhh ycgeg nocrojama 
HeKor xngpaygHHKor egeMeHTa, ra n a  KogeHO, BeHTHg, panBa, Hargo npomHpeme/cy*erne, 
ycucHa Kopna h cg., rge ce eHeprnja gHcnnnpa Kpo3 jaKO cgo^eHe crpyjHe npo^ece. 
ry6n^H  npBor THna ce 30By ry6n^H Ha Tperne hhh ycnyTHH ry6n^H uaKO 6h OBaj gpyru 
Ha3HB Tpe6ago H36eraBaTH 36or Tora mTO cbh ry6n^H, rgegaHO ca crpaHe $gynga h 
meroBor KpeTarna Kpo3 HHcraga^Hjy, npegcraB^ajy ycnyTHe ry6HTKe. ^HMemnjckom 
aHaaH30M go6njeH je  H3pa3 3a ry6maK MexaHHHKe eHeprnje ycgeg Tpema, no3HaTHjn Kao 
^.apcnjeB o6pa3a^ Kojn 3a ^eB Kpy®Hor nonpenHor npeceKa rgacn 
Yguhtr = XLc2/ ( 2 D \  (13.22)
rge je  2  Koe^H^njem xngpaygHHKor OTnopa Tpema, Kojn ce ogpe^yje H3 MygujeBor 
(Moody) gnjarpaMa h, y onmTeM cgynajy, 3aBHcn og pe^HMa crpyjama, ogHocHO 
PejHoggcoBor 6poja h crama “xpanaBocrn” yHyTpammer 3Hga ^eBH. Er3aKTHO pememe 3a 
Koe^H^njem Tpema nocrojn caMO y cgynajy gaMHHapHor crpyjama. 3a cgynaj ^eBH ca 
Kpy®HHM nonpenHHM npeceKOM oho rgacn X = 64/Re. 3a cgynaj Typ6ygeHTHor cTpyjama, 
Koje je  go6njeHO y npHMepy npopanyHa PejHoggcoBor 6poja, panyHao 6h ce noMohy 
$opMyga Agrmyga hhh Kog6pyK-BajTa [13.12, 13.14]. y  obom npHMepy Koe^H^njem 
Tpema je  hcth y ycncHoj h noTHcHoj geoHH^H, ogHocHO Xs=Xd= X . ry6n^H  gpyror Tuna ce

Ha3HBajy goKaaHH ry6n^H. Ohh cy jegHaKH npoH3Bogy ogroBapajyhe KHHeTHHKe eHepraje 
h Koe^H^njema HOKagHor OTnopa (y xngpaygH^H necro ocgoB^aBaHoj Kao Baj36axoBa
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$opMyna), Kojn npegcraB^a Koe^H^njeHT nponop^HOHanHocra h  o6ene*aBa ce ca rpnHM 
chobom Z  ca ogroBapajyhHM HHgeKcoM 3a hokhhhh ry6nraK. ftnxoBa BpegHocr 3aBHcn og 
pe^HMa crpyjafta, ogHocHO BenHHHHe PejHongcoBor 6poja h  reoMeTpnjcKor o6nHKa 
HOKa^Hor OTnopa. yrnaBHOM ce ogpe^yjy eKcnepHMeHTanHHM nyTeM. ry6nraK  crpyjHe 
eHeprnje Kog Haraor npom npeaa ^eBOBoga Ha3HBa ce ry6nraK Bopga-KapHO (Borda- 
Carnot). O h  MO*e, yBO^eaeM H3BecHHx npeTnocraBKH, TeopnjcKH ga ce H3Bege: Ygub,BC = 
(c ^-c 2)2/2, rge c  npegcraB^a 6p3HHy npeg npomnpeaeM, a c 2 6p3HHy nocne npom npeaa. 
Kog ynacKa ^eBOBoga y noTHcHH pe3epBoap MO*e ce y3era ga je  c 2 = 0, ogaKne cnegn ga 
je  BpegHocr HOKanHor OTnopa 3a OBaj cnynaj ZBC = 1. C bh gpyru Koe^H^njeHra HOKanHHx 
OTnopa ogpe^yjy ce eKcnepHMeHTanHHM nyTeM h  go6njajy ce hhh  og nporoBO^ana, Hnp. 
BeHTHna hhh HeKe gpyre apMaType, hhh h3 npnpynHHKa. TaKO cy: Qus Koe^H^njeHT 
HOKa^Hor OTnopa Ha ycncHoj Kopnu, Kojn MHoro 3aBHcn og caMe reoMeTpnje, na caMHM 
thm  h  og HHBoa HHcrohe pemeTKe; Z  Koe^H^njeHT HOKanHor ry6HTKa eHepraje y KoneHy; 
Z  Koe^H^njeHT HOKa^Hor ry6HTKa eHeprnje y BeHTHny. OBge cy ycncHH h  noTHcHH 
^eBOBog Hcror yHyTpamaer npenHHKa, TaKO ga je  ncra cpegaa  npocenHa 6p3HHa g y *  
ftera. C pegaa 6p3HHa ce panyHa Ha ocHOBy 3anpeMHHcKor npoTOKa Kpo3 nocrpojefte h 
noBpmuHe npoTOHHor npeceKa, ogHocHO
c = Q/A = 4Q /(D 2n) (13.23)
yBpmTaBaaeM cbhx pa3MarpaHHx BenHHHHa y npomupeHy BepHynnj eBy j egHanHHy 3a 
npocr ^eBOBog npHKa3aH Ha chh^ h  13.19, go6nj a ce:

Y  = - Pv + P m 

P
+ g H geo + p.4 2D n

(  6 L + L \  
I  <,+ x s + Ld

v i=1 D
Q 2 = -

' Pm~ + gHgeo + m Q 2 (13.24)
P

rge je  YA Hanop nocrpojefta, goK je

m  = 8 P £  6=̂ ?i + X (L s + L d ) / D V (  D  4n 2 ) (13.25)

Koe^H^njeHT OTnopa ^eBOBoga.
H3 jegHanHHe (13.24) ce 3aK^ynyje ga ce npnnHKOM paga nyMna h ^eBOBog Hana3e y 
gHHaMHHKoj paBHOTe^H, thko ga je
Y  = Ya  (13.26)
Obo je  yjegHO h ge^HHH^nja Hanopa nyMne npeMa Tpacu nocrpojefta.
KpuBa ^eBOBoga, Kao mTO ce BHgn H3 jegHanHHe (13.24), npegcraB^a KBagpaTHy 
napa6ony (cn. 13.22)

Ya =  -  + gHgeo + mQ2 (13.27)

YA



13-22 npupyHHHK 3a o6yKy eHepreTCKHX Memgepa 3a o6nacr HHgycTpnjcKe eHepreTHKe

0 0.02 0.04 0.06 0.08 0.1

C^HKa 13.22 Cnpera nyMne u  ^eBOBoga. PerygagHja npHrymHBa&eM

MemameM Koe^H^nj em a  OTnopa m , Mema ce h  Harn6 KpHBe YA (c h . 13.22). Koe^H^nj em  

OTnopa ^eBOBoga (m ) ce Mema Hm epBeH^nj oM Ha ^eBOBogy, Ha npuMep 3aTBapameM 
BeHTHna Ha noracy nyMne, Kaga ce go6nj a Koe^H^Hj em  OTnopa m  ̂ h h h  OTBaparneM 
Bem Hna Kaga ce go6nj a m 2, o ^ h o c h o  m  ̂ > m  > m 2.
Caga ce MO*e ogpegHTH pagHa TanKa nyMne (PTn), Koja ce Hana3H y npeceKy 3agaTe 
pagHe KpuBe nyMne h  H3panyHaTe KpHBe ^eBOBoga. OgaBge ce ogpe^yj y npoTOK, Hanop, 
KaBHTa^nj cKa pe3epBa nyMne, creneH k o p h c h o c t h  h  cHara nyMne.

13.8 KABHTA^HJA
PejHoggc (Osbome Reynolds, 1842-1912) je  Me^y npBHMa, npeMa H3Bopy [13.16], 
noKymaBao ga o6jacHH nojaBy KaBma^nje Ha 6pogcKHM nponenepHMa. napcoHc (Sir 
Charles Algernon Parsons, 1854-1931) je  npBH o6aBHO eKcnepHMeHTe y Be3H ca 
KaBHTa^njoM. Pen "KaBma^Hja" npegno^no je  ®pyg (William Froude, 1810-1879)
[13.16].
OopMHpaHH Mexypn y 6 h h 3h h h  3Hga HMngognpajy acHMeTpHHHO Kao mTO je  t o  

npHKa3aHO Ha cnegefroj c h h ^ h .

C^HKa 13.23 HMngo3nja Mexypa y 6hh3hhh 3Hga: a) roraeg Mexypa Ha noneTKy;

6) yBganerne; b h r) ^opMHpame Mna3a ("microjet") [13.16]

OopMHpa ce omTpn MHKpo Mna3 Kojn ygapa o 3Hg. BpojHe HMnno3Hje BpeMeHOM goBoge 
go omTefrema o6pTHor Kona. 'TapaH^nja nporoBO^ana nyMne ce yo6nnajeHO gaje 3a 
nepnog og Tpn go neT rogHHa hhh 40000 go 50000 nacoBa paga o6pTHor Kona, TaKO ga cy 
omTefrerna H3a3BaHa KaBma^HjoM y gnpeKTHoj Be3H ca ^ hbothhm BeKOM nyMne" [13.17]. 
KaBHTa^nja h omTefrerna og KaBma^Hje Ha o6pthhm KOHHMa ^em pH$yram Hx nyMnn 
npHKa3aHa cy Ha cnegefrHM c^HKaMa.
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C^HKa 13.24 a) PoTHpajyha KaBHTa^Hja y ^empH$yranHoj nyMnu u  6) omTehefta yeneg 
KaBHTaanje y ^empH$yranHoj nyMnu [13.17].

"noroHCKa TanKa HeKe poTogHHaMHHKe nyMne MO*e 6 hth TpajHa noroHCKa TanKa caMO 
aKO je  TOTa^Ha CTpyjHa eHeprnja nocTpojema Ha HeKOM ge^HHHcaHOM MecTy Ha yna3y 
nyMne Beha Hero mTO ce to h3 KaBma^njckhx pa3nora 3axTeBa" [13.7]. yBogu ce 
KaBHTa^njcKa pe3epBa nyMne N P SH P (net positive suction head), o^ hocho N P SE P (net 
positive suction energy pump), Koje cToje y ogHocy

NPSHP = NPSEP/g  (13.28)
KaBHTa^HjcKa pe3epBa nyMne ce eKcnepHMeHTanHO ogpe^yje npHHHKOM KaBma^nj ckhx 
ncnHTHBarna nyMne.
Ca gpyre cTpaHe, npojeKTaHT H3panyHaBa KaBma^njcKy pe3epBy nocTpojema (net positive 
suction head available) NPSHA, oahocho N P SE a . KopucTe ce h gpyru NPSH KpHTepnjyMH 
h to 3a noneTHy KaBma^njy (NPSHIC), KpHTHHHy KaBma^njy (N P S H 0/o, rge je  AH =0) h 
cTagnjyM Tponpo^emHor naga Hanopa (N P S H 3/), Kojn je  h Hajnemhe KopnmheHH 
KpHTepnjyM 3a craHgapgHe nyMne h y cTBapn je  NPSHP = NPSH^/,. HaKOH OBe BpegHocTH 
Hacryna TOTanHa KaBma^Hja. Ha chh^ h 13.25 npHKa3aHH cy eKcnepHMeHTanHH pe3ymaTH 
KaBHTaaHjcKHx HcnHTHBarna h BHg^HBH cy cbh Ha6pojaHH cTagnjyMH KaBma^Hje. 
KaBHTa^njcKa pe3epBa nyMnHor nocrpojema ogpe^yje ce Kao
N P SE a  = (p to, s-pD)/p (13.29)

C^HKa 13.25 OragHjyMH KaBma^Hje go6njeHH eKcnepHMeHranHHM HcnHTHBamHMa 3a 
KOHcraHTaH npoTOK h 6p3HHy o6pTama Ha3HaneHy Ha gujarpaMy [13.17]
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rge je  p tots tothhhh npHTHcaK Ha ycucy nyMne, p D npHTHcaK nape y t^hkh 3acnhefta h p  
rycTHHa TenHocTH Ha pagHoj TeMnepaTypu. Tot&thh npHTHcaK Ha yna3y nyMne 
H3panyHaBa ce Ha ocHOBy npomupeHe BepHynHjeBe jegHanHHe. Ha ocHOBy H3pa3a 3a 
KaBHTa^njcKy pe3epBy nocrpojefta h 03HaKa Ha chh^ h 13.19, go6nja ce:

N P S E a  = Pe ~  P d  -  g H Sgeo -  m sQ 2 [J /  kg] (13.30)
P

rge je  p e = p a + p m anco^yTHH npHTHcaK y ycucHOM pe3epBoapy, H sgeo = z s- z e reoge3HjcKa 
BHcHHa nocraB^afta nyMne (ogpe^yje ce npeMa craHgapgy y 3aBHcHocm og Tuna 
o6pTHor Kona) h m S Koe^H^njem OTnopa ycucHe geoHH^e. ^o6njeHa BpegHocr ce 
ynope^yje ca KaBma^Hjckom pe3epBOM nyMne. no^e^H O  je  ga nyMna pagu y o6nacTH 
N P SE a > N P SE p . Me^yTHM, cBaKaKO 6h Tpe6ano HMaTH Ha yMy ga nyMna He 6h Tpe6ano 
ga pagu ca BeoMa m^hhm nporo^HMa. MaKcHManHa reoge3HjcKa BHcHHa nocraB ^aaa 
nyMne y ogHocy Ha hhbo TeHHocrn y ycucHOM pe3epBoapy ogpe^yje ce H3 jegHaKocrn 
N P SE a = N P SE p .

13.9 CnPE3AftE H PEry^A^HJA PA^A nVMnH H BEHTH^ATOPA
Perynncafte paga nyMnu h BemHnaTopa MO*e ce o6aBHTH Ha cnegefre HanHHe:

1. BeHTHHHMa;
2. yK^yHHBafteWHcK^yHHBafteM pegHe h napanenHe cnpere;
3. omoHHHM BogoM hhh 6ajnacoM;
4. npoMeHOM 6p3HHe o6pTaaa (n);
5. 3aKpeTaaeM nonam ^a Kona;
6. npeTKOHOM (kohtpohom npegpoTa^nje Ha yna3y y o6ptho koho);
7. TpajHa peryna^nja -  nogce^aaeM nonarn^a o6pTHor Kona h npo^HnncafteM 

H3na3He HBH^e o6pTHor Kona.

13.9.1 npHMeHa BeHTĤ a y pery^a^njn pa.ia nyMnn h BeHTH âTopa
Peryna^nja noMofry BeHTHna o6aB^a ce Ha noTucHOM ^eBOBogy h npenopynyje caMO 3a 
KpaTKOTpaj He npoMeHe npoTOKa. nocrnrHyTe pagHe TanKe nyMne, 3a pa3HHHHTe nono^aje 
BeHTHna, npHKa3aHe cy Ha chh^ h 13.22.

13.9.2 napa^e^Ha h pegHa cnpera MamHHa
y  cncreMHMa ca pa3HHHHTHM TexHHHKHM 3axTeBHMa, necro je  no^e^HHje ga pagu 
HeKOHHKO Ma&Hx nyMnu, yMecro jegHe BenHKe. Ha OBaj h^hhh ce MO*e o6e36egHTH pag 
nyMnu y nogpynjy ca bhcokhm creneHOM kophchocth, o^ hocho o6e36e^yjy ce ycnoBH 3a 
6 o^y  eHepreTcKy e^HKacHocr ^enor nocrpojeaa.
napane^Ha h pegHa cnpera pa3HHHHTHx nyMnu je  npHKa3aHa Ha chh^ h 13.26 [13.8]. JegHa 
og TanaKa pegHe cnpere cBe Tpu pa3HHHHTe nyMne npHKa3aHa je  ca t^hkom P, hh|h je  
Hanop H P = H a +Hb + H c , goK je  npoTOK npoH3BO^He TanKe n  Ha KpHBoj Koja npegcraB^a 
napane^Hy cnpery Tpu pa3HHHHTe pagHe KapaKTepncTHKe nyMnu: Qn  = QA+QB+Q C.
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CBe Tpu nyMne page ca hcthm  npoTOKOM y CHynaj y pegHe cnpere, ann ca pa3HHHHTHM 
HanopuMa, goK j e y cnynaj y napa^enHe cnpere o6pHyTO. Ha chh^ h  13.26 npHKa3aHH cy 
cTa^HHHH genoBH pagHHx kphbhx  nyMnu. Tpe6a HMaTH Ha yMy ga cnpe3aae nyMnu 
pa3HHHHTHx KapaKTepncTHKa MO*e goBecTH go npo6neMa cTa^HHHocTH y cHcreMy. 
noTpe6HO j e o6e36egHTH ga cBaKa nyMna pagu y onm Ma^HOM pagHOM pe®HMy 3apag m to  
6o^e  eHepreTcKe e^HKacHocm  ^enor cucTeMa. y  eKcnnoara^Hj H 6 h  Tpe6ano o6paTHTH 
n a^ fty  ga pagHH pe^HMH nyMnu Mopajy ga 6ygy y cKnagy ca KaBHTa^nj ckom pe3epBOM 
nyMne h  nocTpoj eaa.

C^HKa 13.26 PegHa h  napa^enHa cnpera pagHHx KapaKTepncTHKa nyMnu [13.8] 

Ha cnegehoj chh^ h  npuKa3aHe cy pegHa h  napanenHa cnpera gBe nyMne.

PegHa cnpera nyMnu y cnynajy Hgeo > Hdyn, T3B. "cTaTHHKor" cucTeMa HHje no^e^H a j ep 
Tpe6a o6paTHTH na*& y ga hh ce HcK^ynHBafteM jegHe nyMne MO*e nocTHhn TexHHHKH 
3axTeB. HauMe, y napanenHoj cnpe3H, jegHa nyMna MO*e ocTBapHTH cBera oko Hnp. 40% 
og npoTOKa y cnpe3H (PTT), Tj. y PTC (pagHa Tanra cucTeMa), o^ hocho pagHoj TanKH 
nyMne (PTn) (cn. 13.27a). TaKO^e j e yon^HBO h  ga j e creneH kophchocth nyMne n 3a
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TanKy P T n ' 3HaTH0 hh® h Hero 3a TanKy P T n. y  CHynaj y napanenHe cnpere npHKa3aHa j e 
6 o ^a  CHTya^nj a (ch. 13.276).
Ha chh^ h  13.27 ce HCTHne h  npo6neM KaBHTa^nj cKe pe3epBe nyMne y cnynaj y npBe h 
gpyre cnpere. HauMe, aHanronpa ce ga hh j e KaBHTa^nj cKa pe3epBa nocrpoj efta Beha og 
KaBHTa^Hj cKe pe3epBe nyMne, khko He 6 h  gomno go KaBHTa^nj e.
Kog paga nyMnu y pegHoj cnpe3H, ncTHHe ce h  npo6neM 3anTHBana h  KyhnmTa Kog 
HH3BogHe nyMne, Koja pagu ca BehHM npHrnc^HMa. 3a cnynaj Hgeo< Hdyn je  noBO^HHja 
pegHa cnpera nyMnu.

13.9.3 npHMeHa onTOHHor Boga
PerynaaHja ohtohhhm  BogoM npHKa3aHa je  Ha chh^ h  13.28. HaKOH yK^yHHBarna 
onTOHHor Boga nyMna pagu y TanKH PTH ’. Hacrana je  napanenHa cnpera ^eBOBoga 
Q  + Qby = Q ') , thko ga je  caga cMarneH npoTOK npeMa noTpomany (QA, < QA), ann je

yj egHO Behn npoTOK Kpo3 nyMny (Q ' >  Q ) (ch. 13.28).
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C^HKa 13.28 Peryna^Hj a npHMeHOM ohtohhot Boga (6aj naca)

Ha OBaj HanHH ce MO*e ocTBapHTH $HHa peryna^nja npoTOKa npeMa noTpomany. OBaKaB 
HanHH peryna^nje goBogu go noBehama cHare y cnynajy ^ernpH$yranHHx nyMnu (cn. 
13.28), TaKO ga ce peryna^nja ohtohhhm  BogoM (6ajnacoM) npHMemyje Kog 6p30xognjnx 
nyMnu, noce6HO aKcnjaHHHx.

13.9.4 Pery^a^nja npoMeHOM 6p3HHe oSpTarna
Peryna^Hj a npoMeHOM 6p3HHe o6pTama ce gaHac, Kao Haj e^HKacHHj e cpegcTBO, o6 hhho 
kophcth , noce6HO y cncTeMHMa Koj n 3axTeBaj y BenHKy ^neKcH^HHHocr rge ce 
HHBecTH^nje 6p*e OTnnaTe. nopeg  ymTege eHeprnje, peryna^Hja npoMeHOM 6p3HHe 
o6pTarna, yTHne Ha noBehame ^neKcn^HHHocTH cucTeMa h  y gpyroM cMHcny, Kao mTO cy 
xngpayHHHHH ygap, npo6neM KaBHTa^nje, ynymTame nyMne/BeHTHnaTopa/KOMnpecopa y 
pag (t3b . "soft start"), Kao h  rnnxoBO ncK^HHBame. Ha OBaj  HanHH ce npogy*aBa pagHH 
BeK onpeMe. Moryhe je  npe^H3HO nogecHTH ^e^eH e pagHe napaMeTpe cncreMa.
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H a  chh^ h  1 3 .2 9 a  g a r a  j e  je g H a  p a g H a  KpHBa n y M n e  (3 a  6p3H H y o 6 p T a a a  n y M n e  n), a  g B a  

pa3HHHHTa ^eB O B o g a  (Ha h  Ha'). n o n e T H a  p a g H a  T anK a n y M n e  ( P T n )  H ana3H  c e  y  n p e c e K y  

p a g H e  K puB e n y M n e  3 a  6p3H H y o 6 p T a a a  n  h  KpHBe ^eB O B o g a  Ha. f t o j  o g r o B a p a  C H ara  P 
o 6 e n e * e H a  H a KpHBoj C H are n y M n e  P(n) (ch. 1 3 .2 9 a ) .  H a  chh^ h  1 3 .2 9 6  g a r e  c y  p a g H e  

KpHBe n y M n u  3 a  g B e  pa3JiHHHTe 6p3H H e o 6 p T a & a  n y M n e  (n h  n ’) h  KpHBa ^eB O B o g a  ( H a). 

H o B o j p a g H o j TanKH n y M n e , HaKOH 3 a T B a p a f ta  B eHTH na ( P T n ') ,  o g ro B a p a  C H ara  P' K o ja  j e  

B e h a  o g  C H are P'n, K o ja  o g r o B a p a  HOBoj p a g H o j TanKH n y M n e  ( P T n 'n )  HaKOH C M a f te a a  

6p3H H e o 6 p T a a a  c a  n H a n '.  y o n ^ H B a  j e  y m T e g a  y  CHa3H, K ao h  T p o y ra o  y m T e g e  y  CHa3H 

c a  TeMeHHMa P ,  P ’ h  P 'n .

C^HKa 13.29 y n o p e ^ H B a rn e  H anH H a p e r y n a ^ n j e  a )  3aT B apam eM  BeHTHna h  6 )  npoM eH OM

6p3H H e o 6 p T a m a

H a  OBaj HanHH  M o ry  c e  ocTBapH TH  3H an ajH e  y m T e g e  y  c h h 3 h , HapoHHTO K a g a  c e  npoM eH OM  

6p3H H e o 6 p T a m a  n y M n e  Te® H  onT H M anH oj p a g H o j TanKH. H a  c h h ^ h  1 3 .2 9  c y  oceH neH H  

n p a B o y ra o H H ^ H , n n j a  n o B p m H H a n p e g c r a B ^ a  xngpayH H H K y C H ary  3 a  o g r o B a p a jy h n  pagH H  

p e ^ H M , ogHOCHO T anH H je Pf/(pg). O n a ^ a  c e  g a  c e  3 a  o c T B a p e m e  TexHH HK or 3agaT K a 

C M am em a npoT O K a, H ajM am e xngpayH H H K e C H are n p e g a  $ n y n g y  y  c n y n a jy  p e r y n a ^ n j e  

npoM eH O M  6p3H H e o 6 p T a m a .

n o c r p o j e m a  c a , H a npH M ep , T p u  n a p a n e n H O  c n p e r a y T e  n y M n e  H M ajy o 6 h h h o  j e g H y  n y M n y  

c a  npoM eH ^H B O M  6p3HHOM o 6 p T a m a , a  o c r a n e  p a g e  H a ^HKCHoj 6p3H HH  o 6 p T a m a . H a  OBaj 

HanHH  c e  g o 6 n j a  ^neKCH^HHHOCT y  p a g y  h  n p eK p H B am e ^ e n e  o 6 n a c m  p a g a .  O BaK aB 

CHCTeM C M arnyje 6 p o j  c rap T O B a h  r a m e r n a  n y M n u  c n p e n a B a rn e M  BenHKHx $ n y K T y a ^ H ja  y  

npoT O K y h  npHTHCKy K oje  H a c ra jy  npHHHKOM n o K p e T a rn a  h h h  3 a y c r a B ^ a r n a  n y M n u  c a  

jegH O M  6p3HHOM o 6 p T a m a . H a  OBaj HanHH  c e  C M am yje  x a 6 a m e  M OTopa. y je g H O  c e  C M am yjy  

6 y K a  h  B H 6 p a ^ n je . P a g o M  c a  M am oM  6p3HHOM o 6 p T a m a  n p o g y ® a B a  c e  h  p ag H H  BeK
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o 6 p T H o r K ona. n p e M a  n o g a ^ H M a  H3 H H g y c T p n je  [ 1 3 .1 8 ] ,  p a g  M am H H a H3BaH T anK e c a  

MaKCHManHHM cren eH O M  KopncHOCTH yM am H fie  pag H H  BeK n e ^ a j eB a  h  3anT H B ana. 

n poM eH O M  6p3H H e o 6 p T a m a , M em aj y  c e  CBe p a g H e  K apaK repncT H K e h  to Q—H  K puB a, 

C H ara  h  K aBH Ta^nj cK a p e 3 e p B a  n y M n e . 3 a  o g p e ^ H B a m e  HOBe p a g H e  TanK e n y M n e  kophcth 
c e  3aKOH chhhhocth, a n n  c e  3 6 o r  o rp a H H n e m a  M aTepn j e  K m H re to OBge He p a3 M aT p a , Befi 

c e  H H Tao^H  y n y f iy jy  H a H H TepaTypH e H 3B ope [1 3 .7 ,  1 3 .1 5 , 1 3 .1 9 ] .

13.9.5 Pery^a^Hja 3aKpeTameM ^onaTH^a Ko^a
3 a  aK c n ja n H e  h  6 p 3 0 x o g e  g n ja ro H a n H e  n y M n e  p e r y n a ^ H ja  3aK peTam eM  n o n a T H ^ a  o 6 p T H o r 

K o n a  oko co n cT B e H e  o c e  K o ja  j e  y n p a B H a  H a o c y  o 6 p T a m a , M O *e o 6 e3 6 eg H T H  

HajeKOHOMHHHHjH HaHHH p e r y n a ^ H je  y  m upoK O M  g H ja n a 3 0 H y  3axT eB aH H x npoTO K a. H a  

chh^ h  1 3 .3 0  npH K a3aH e c y  p a g H e  K apaK TepncTH K e n y M n e  h  to H a n o p  h  c re n e H  

kophchocth 3 a  pa3HHHHTe y r^ O B e  n o n a r a ^ a ,  a n n  n p u  n c r o j  6p3H HH  o 6 p T a m a . P a g  

aK cnjaH H H x n y M n u  n p u  MarnHM npoT O ^H M a 3 ana3H  y  H ecra^H H H H  g e o  KpHBe, K o jn  c e  

H 3 6 e ra B a  ro g B a ja rn e M  g o 3 B O ^ e H e  p a g H e  o 6 n a c r H  c a  rpaHHHHOM kphbom  (ch. 1 3 .3 0 ) .

C ^ H K a  1 3 .3 0  P a g H e  K apaK TepncTH K e (H a n o p  h  c r e n e H  kophchocth) n y M n e  3 a  pa3HHHHTe 

y ra o B e  n o n a T H ^ a , a  H c ry  6p3H H y o 6 p T a m a  [1 3 .8 ]

1 3 .9 .6  P e r y ^ a ^ n j a  npeT K O ^O M

n p e g p o T a ^ n j a  hhh bhxop H a y n a 3 y  y  o6ptho  koho n o g p a 3 y M e B a  3H anaj Hy o6u M cK y  

KOMnoHeHTy 6p3H H e H a y n a 3 y ,  mTO yT H ne H a p a3 M erneH y  e H e p r n jy  y  K o n y , c a rn a c H O  

O jn e p o B o j jeg H an H H H  3 a  T yp6oM am H H e (jeg H an H H a ( 1 3 .1 5 ) ) .  npeTKO HO  c e  M O *e 

kophcthth 3 a  6 hho Koj n  TH n n y M n u , a n n  e^eK T H  H a p a g H e  K apaK TepncTH K e n o c r a j y  

3H anaj HHjH c a  n o B efia rn eM  6 p 3 0 x o g o c r n  M am H H e, n a  c e  p e r y n a ^ n j a  npeTKOHOM Haj n e m f ie  

npH M erny j e  K og  gHj aroH aH H H x h  aK cn j aHHHx T yp6oM am H H a. y  obom c n y n a j y  c r e n e H  

kophchocth o n a g a  M H oro  6 p * e  h3bhh onTH M yM a H e ro  y  c n y n a j y  p e r y n a ^ n j e  n o n a r n ^ a M a  

o 6 p T H o r K ona. C  o 6 3 u p o M  g a  j e  n p e T K o n o  H a y c n c H o j  c rp a H H  n y M n e , OBaKaB HanHH 

p e ry n a ^ H j e  j e  M H oro  oceT ^H B H j n  H a n p o 6 n e M  KaBHTa^Hj e , n a  j e  h  o n c e r  p e ry n a ^ H j e  M arnn  

H e ro  n p u  p e r y n a ^ H jn  c a  n o n a r a ^ a M a  o 6 p T H o r K ona.
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1 3 . 9 . 7  P e r y ^ H c a r n e  n o g c e ^ a r n e M  ^ o n a T H ^ a  o S p T H o r  K o ^ a

P e r y n H c a m e  n o g c e ^ a m e M  n o n a T H ^ a ,  K a o  u  o 6 H H K O B a& e M  H 3 n a 3 H e  H B H ^ e  n o n a r n ^ a  j e  

T p a jH H  B H g  p e r y n a ^ H j e ,  a n n  c a  B e h o M  y m T e g o M  H e r o  p e r y n H c a r n e M  B eH T H H O M  y  n o T H C H O M  

^ e B O B o g y .  ^ k o h h k o  j e  n p o T O K , K o j n  c e  T p a ^ H  y  c n c r e M y ,  c r a H H O  M a m n  o g  o n T H M a n H o r  

n p o T O K a  n y M n e ,  h  aK O  c e  H e  M O * e  n p H M e H H T H  p e r y n a a H j a  n p o M e H O M  6 p 3 H H e  o 6 p T a m a ,  

M O * e  c e  n p H M e H H T H  T p a jH H  B H g  p e r y n a ^ H j e  o g c e ^ a m e M  n o n a T H ^ a  o 6 p T H o r  K o n a ,  

o g H o c H O  c M a m e r n e M  H 3 n a 3 H o r  n p e n H H K a  K o n a  D 2 . y  c n y n a j y  o 6 p t h h x  K o n a  c a  c n n p a n H H M  

K y h n m T e M  M o g n $ H K y j y  c e  h  n p e g r n n  h  3 a g r n H  ^ h c k  H a  h o b h  n p e n H H K  D 2 '.  C M a r n e r n e M  

H 3 n a 3 H o r  n p e n H H K a  K o n a ,  M e m a j y  c e  h  H 3 n a 3 H a  m n p H H a  K o n a  b 2 , h 3 h h 3 h h  y r a o  n o n a T H ^ e  

p 2 h  g y ® H H a  n o n a T H ^ e .  E ^ e K T H  n p o M e H e  3 a B H c e  o g  c n e ^ H ^ H H H e  6 p 3 H H e  o 6 p T a m a ,  TaK O  

g a  c e ,  n p e M a  [ 1 3 . 8 ] ,  M o r y  H 3 B e c T H  c a M O  a n p o K c H M a T H B H H  3 a K ^ y n ^ H  y  B e 3 H  c a  y r a ^ a j e M  

c M a m e m a  H 3 n a 3 H o r  n p e n H H K a  D 2  K o n a  H a  p a g H e  K a p a K T e p n c T H K e  n y M n e .  n p o M e H a  

r e o M e T p u j e  j e  M o r y h a  n p o ^ H n n c a r n e M  H 3 n a 3 H e  H B H ^ e  o 6 p T H o r  K o n a  h  n p o M e H O M  

H 3 n a 3 H o r  y r a a  n o n a r n ^ e ,  a n n  c e  3 6 o r  o r p a H H n e r n a  M a T e p n j e  K r n n r e  t o  O B g e  H e  p a 3 M a T p a .

1 3 . 1 0  M E P E  3 A  y m T E ^ y  E H E P r H J E

n y M n e  h  B e H T H H a T o p n  c y  B e n H K H  n o T p o m a n n  e H e p r n j e  h  T p e 6 a n o  6 h  o 6 p a T H T H  n a * m y  H a  

c n e g e h e  [ 1 3 . 2 0 ] :

•  n p e B e ^ H K e ,  H e o g r o B a p a j y h e  M O T o p e ;

•  n p e B e ^ H K y  6 p 3 H H y  o 6 p T a m a  B e r n H n a T o p a ;

•  n p e B e n H K H  O T n o p  c u c T e M a  ( 3 a n y m e H e  ^ n m e p e ,  3 a r a a B . ^ e H e  p e r y n a T o p e  n p o T O K a ) ;

•  n p o M e r n M B a  o n T e p e h e m a ,  H e o g r o B a p a j y h y  y n o T p e 6 y  B e r n H n a  h  p e r y n a T o p a

n p o T O K a  ( y n a 3 H a  h h h  H 3 n a 3 H a  c T p a H a ) ;

•  n o r o H e  c a  n p o M e r n M B O M  6 p 3 h h o m ;

•  ^ y p e r n e  n p o ^ e c H H x  T e n H o c T H  h  r a c o B a ,  ^ y p e r n e  H a  3 a n T H B K a M a  B p a T H n a ;

•  n c n y m T a r n e  n a p e  H 3  n a p H H x  T y p 6 H H a .

T a K O ^ e ,  B e m H n a r o p H  h  B e r n H n a ^ H j a  c e  p a 3 M a T p a T p a jy  h  y  O K B H p y  K H H M a r r o a ^ H je  H a  

c n e g e h n  H a n H H :

•  B e H T H H a ^ n ja  h 3 b h h  p a g H o r  B p e M e H a  ( o c h m  k o p h c t h  o g  6 e c n n a r a o r  x n a ^ e m a ) ;

•  p a g H H  p e ^ H M H  r a a g m a K a  K H H M a y p e ^ a j a ,  p a c x n a g H H x  T o p m e B a ,  r n g . ,  y  o g H o c y  H a

c n o ^ H e  y c n o B e .  0 6 p a T H T H  n a ® r n y  H a  n p e K O M e p a H  p a g  h h h  n e c r o  ^ h k h h h h o

y K ^ y H H B a r n e / H c K ^ y H H B a m e ;

•  H e n o c r o j a m e  B p e M e H c K e  K O H T p o n e , n p e K O M e p H H  c a T H  p a g a  h h h  p H 3 H K

n p e K o p a n H B a r n a  B p e M e H c K o r  n n a H a ;

•  n p e B H m e  h h c k o  y T B p ^ e H a  r p a H H ^ a  x n a ^ e m a  ( p e ^ H M O , u c n o g  2 2 ° C ) ;

•  M p a 3  H a  ^ e B H M a  h  o n p e M H ;

•  n o T e H ^ n j a n  3 a  p e ^ H p K y n a ^ n j y  B a 3 g y x a  H H je  H c K o p n m h e H ;

•  H e H 3 0 H 0 B a H H  g o B o g H H  K a H a n n ;

•  6 n o K H p a H H  ^ H H T e p n ,  n c n p ^ a H e  c n n p a n e  n c n a p H B a n a  h h h  x n a g r n a K a ;
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•  pH3HK g a  c e  B paT a h  n p o 3 o p u  o c ra B e  OTBopeHHM, o t b o p h  y  K O H cTpyK qnjH  o 6 jeK T a

h h h  HeKH g p y r n  HH^HHTpa^H OH H  nyTeB H . P h 3h k  o g  pa3M eH e B a 3 g y x a  c a  

n p o c ro p H M a  K o jn  c e  He p a c x n a ^ y jy ;

•  eneKTpHHHH a n a p a r a  (H n p . m o h h t o p h  K O M njyT epa) h  o c B e T ^ e a e  K oje  j e

H enoT pe6H O  y K ^ y n e H o ;

•  pH3HK H c ro B p e M e H o r r p e j a a a  h  x n a ^ e f t a .

n y M n e  h  BeH TH H aTopn c e  H an a3 e  h  y  OKBHpy 6 p o jH H x  $a6pH H K H x c n c re M a , n a  6 h  H a 

aH anH 3y  ftH X 0B0r  p a g a  T p e 6 a n o  o6paTH TH  n a ^ a y .

n p e g n a ^ e  c e  c n e g e h a  H H cra  3 a  n p o B e p y  n o 6 o ^ m a a a  eH ep reT cK e  e ^ H K a c H o c m  y  

c n c reM H M a H H g y c ip H jcK e  eH epreT H K e h  t o  3 a  B eH T H naTope, a  y  c K n a g y  c a  aKTHBHOCTHMa 

K oje  c y  n p e g n o ^ e H e  3 a  g y B a ^ K e  y  n o r n a B ^ y  1 2 .8 :

•  KOpHCTHTH n p O ^H H H caH e yB ogH H K e;

•  cM aftH TH  p e M e h e a e  $ n y n g H e  c r p y j e  H a y n a 3 y  h  H 3na3y  H3 M am H H e;

•  h h c t h t h  n c n p a B ^ a n e  $ n y n g H e  c r p y j e  h  ^ H H T ep e  p e ry n a p H o ;

•  k o p h c t h t h  K au m H e npeH ocH H K e c a  ManHM n p o K n ro a B a f te M  h h h  6 e 3  

n p oK H H 3aB afta .

•  k o p h c t h t h  aepogH HaM H H KH  n p o ^ H n n c a H e  H o n aT H ^e  B eH T H naTopa;

•  cM aftH TH  6p3H H y o 6 p T a a a  B eH T H naTopa;

•  k o p h c t h t h  K au m H e npeH ocH H K e c a  m h h h m  npoK H H 3aB a& eM  h h h  n ^ o c H a T e  
K anm H H K e;

•  pegoB H O  n p o B e p a B a r n  3 a T e rH y T o c r  K anm H H x npeH ocH H K a;

•  enHMHHHcaTH H 3M eH ^H B e peM eH H ^e (npoB epH T H  npBO g a  h h  j e  t o  h 3b o a ^ h b o );

•  k o p h c t h t h  p e r y n a r o p e  6p3H H e o 6 p T a a a  3 a  BenHKe B a p n ja ^ n je  o n r e p e h e f t a  
B eH T H H aropa;

•  k o p h c t h t h  eH epreT cK H  e ^ H K acH e  M O Tope 3 a  KOHTHHyanHH h h h  n p n 6 n H * H O  
KOHTHHyanaH p a g ;

•  enHMHHHcaTH n p o ^ y p H B a a a  H a ^eB O B ogy ;

•  cM aftH TH  6 p o j  K o neH a y  ^eB O B O Bogy;

•  h c k ^ h h t h  B eH T H naTope K a g a  H u c y  noT pe^H H .
3 a  n y M n e  j e  H aB eg eH a c n e g e h a  K o rn p o n H a  H H cra:

•  o 6 e3 6 eg H T H  p a g  n y M n e  y  o 6 n a c T H  o n T H M an H o r p e ^ H M a  p a g a ;

•  H 36eraB aT H  p e ry H H c a & e  n p n ry m H B a f te M ;

•  n o B eh aT H  ^ n e K c H ^ H H H o c r c n c r e M a  y rp a g f tO M  c n c r e M a  3 a  p e ry H H c a & e  6p3H H e 
o 6 p T a a a ;

•  n p e c ra T H  c a  no roH O M  o 6 e  n y M n e  K a g a  t o  HHje H eo n x o g H O  -  g o g a r a  a y T o c ra p T  
h h h  6 y c r e p  n y M n y  y  npo6neM aTH H H H M  o6 n acT H M a p a g a .

•  k o p h c t h t h  6 y c r e p  n y M n e  3 a  o n r e p e h e f t a  K o ja  3 ax T eB a jy  BenHKe npH TH cK e;

•  K o rn p o n H c a T H  h  o g p ^ a B a r n  3anT H B ane;

•  6 a n a H c n p a T H  c n c re M  KaKO 6 h  c e  cM aftH H H  n p o r o ^ H  h  p eg y K O B an n  3axTeBH  3a 
cH aro M ;

•  k o p h c t h t h  c h ^ o h c k h  e ^ e K a T  3 a  y H a n p e ^ e a e  p a g a  c n c re M a : He k o p h c t h t h  n y M n y  
yKOHHKO n o c r o j n  g e o H H ^ a  c a  rpaB H Ta^H O  h h m  noBpaTO M .
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13.11 nPHMEPH 

npHMep 13.1 [13.19]
n p u  H C T o j 6 p 3 H H H  o 6 p T a f t a  n  =  1 4 5 0  m i n - 1 , p a g n j a H H e  n y M n e  I  u  I I  c a  K a p a K T e p n c T H K a M a

Y, = 5 0 0  -  2 0 0 0 Q2 , n, = 600Q (1 -  2Q ) ,

Y„ = 3 2 0 - 2 0 0 0 Q2, r/,, = 6 0 0 Q (1  - 2,5Q) ,

NPSEPJI =  4 0  +  2 0 0 Q2, (q [ m 3 / s ] , n[% ]) , ( 1 3 ' 3 1 )

p a g e  c a  B o g o M  y  n o c r p o j e f t y  n p H K a 3 aH O M  H a  c h h ^ h  1 3 . 3 1 .  r e o g e 3 Hj c K e  B H C H H e: Hgeo, 2  =  

1 0 m ,  Hge03= 8 m ,  g o K  c y  K o e ^ H ^ n j e H T H  K a p a K T e p n c T H K a  O T n o p a H 3 p a ® e H H  y  j e g H H H ^ a M a  

[ ( J / k g ) / ( m 3/ s ) 2 ] :  m  ̂ =  3 0 0 ,  m 2  =  5 6 0 ,  m 3  =  5 0 0 .

O g p e g H T H  n p o T O K e  y  c b h m  ^ e B O B o g H M a  h  c H a r y  n y M n u  I  h  I I  y  p a g H H M  T a n K a M a .  

n p e T x o g H O  n p o B e p H T H  c M e p  c r p y j a f t a  y  r p a H H  2 .

Pemerne
1 nocraB^ame pe^epeHTHe paBHH
3 a  OBaj c ^ y n a j  cho6 oahh hhbo T e H H o c rn  y  ycucH O M  p e 3 e p B o a p y  A  h e  c e  noK H onH TH  c a  

p e^epeH T H O M  paBHH j e p  c y  o 6 e  re o g e 3 H jc K e  BHcHHe g a T e  y  o g H o c y  H a Ty paB aH .

2 CMemTarne pa^Be
P a n B y  P  “ cM em T aM o” H a hhbo p e ^ e p e m H e paBHH.

3 3anHC jegHanHHa Manopa ueBOBO.ia
C M ep  c r p y j a m a  y  g e o H H ^ a M a  1 h  3 j e  o g p e ^ e H , j e p  j e  y  ^eB O B ogy  1 gHKTHpaH n y M n aM a 

( o g  p e 3 e p B o a p a  A  n p e M a  p anB H  P ) ,  a  c  o 6 3 u p o M  g a  j e  p e 3 e p B o a p  C  H a M am oj bhchhh o g  

p e 3 e p B o a p a  B , cM ep c r p y j a m a  y  g eo H H ^H  3 j e  o g  p a n B e  P  n p e M a  p e 3 e p B o a p y  C .

Jeg H an H H e H a n o p a  ^eB O B o g a  c y
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( 1 3 .3 2 )

Ya,i = g (  0 -  0) + m iQ 2 = m iQ 2 = 300Q2,

Ya,2 = g H geo,2 ± m ^Q 2 *  100 ± 560Q2,

Ya ,3 = g (H geo,3 -  0) + m̂ Q2 = g H geo,3 + m̂ Q2  *  80 + 500Q2 .
3HaK ce y geoHĤ H 2 ogpe^yje hhkoh ogpe^HBama CMepa crpyjafta.
HanoMeHa: 36or naKmer p̂Tama gnjarpaMa ycBaja ce ga je y6p3ame cnne 3eM̂ HHe Te*e 
g  *  10m /s2.

4 Ogpe^HBame CMepa crpyjama y ^eBOBogy 2
3aMHcnHTH ga je npeKHHyTa Be3a êBOBoga 2 h ocraTKa cncreMa, npHBpeMeHHM 
„ogce^ameM” geoHH ê 2. HauMe, Tpe6a 3aMHcnHTH ga je Ha Mecry cnoja êBOBoga 2 h 
panBe P nocraB^eHa „blind (cnena)” npnpy6HH^a (^naHma). Ha Taj HanHH je go6njeH 

êBOBog 2 y KOMe Boga crojn h npocT êBOBog (nyMna ca rpaHaMa 1 h 3). 3Hann, HeMa 
crpyjama y êBOBogy 2. Caga ce Hcnmyje Hanop ca jegHe h gpyre crpaHe 3aMHm̂ eHe 
“nperpagHe nnone”. y  3aBHcHocrn og Tora rge je eHeprnja Beha H3Hag nnone, ô hocho

r0Pe (YP,eape = g H geo,2 *  100J ̂  kg) hhh ucnog nnone, ô hocho gone, ogpe^yje ce cMep

crpyjama, HapaBHO og TanKe ca BehoM eHeprnjoM npeMa TanKH ca MamoM eHeprnjoM. Ca 
gome crpaHe Bnaga Hanop y panBH, Kojn npegcraB^a Hanop napanenHe cnpere gBe nyMne 
pegyKOBaH 3a ry6mKe y geoHĤ H 1, y Kojoj je cnpera „$h3hhkh” cMemTeHa. Ogpe^yje ce 
y npeceKy peavKOBaHe napa^e.me cnpere kphbhx Manopa gBe nyMne h KpHBe Hanopa 

êBOBoga 3.

r m g ]

>
+ v r '

\ (1 i+ Jjljnap. ^ Y A , i

I '’r , do.ie  '
V ■>

Ya .\

\
\

\ ; +  » J k
O  [m -/s]

C^HKa 13.32 O g p e ^ H B a m e  c M e p a  c r p y j a m a  y  g eo H H ^H  2 , o ^ h o c h o  YP dojie

C a  n p e T x o g H o r  g n ja r p a M a  b h a h  c e  g a  j e  YP,doje * 2 0 0 J / k g > YPeope * 1 0 0 J / k g .  ^ a K ^ e ,

cM ep  c r p y j a m a  y  ^eB H oj g eo H H ^H  2  j e ,  K a g a  c e  3 a M H m ^ e H a  n p e r p a g a  yKHOHH, o g  p a r a e  P  

n p e M a  p e 3 e p B o a p y  B . ^ a K n e ,  ^eB O B og 2  j e  o 6 n n a H  ^eB O B og h  HMa je g H a n H H y

Ya,2 = gHgeo,2 +  m 2Q 2 *  1 0 0  +  5 6 0 Q 2 . ( 1 3 .3 3 )
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5 Ogpe^HBarne pagHe TanKe CHCTeMa
C a g a  c e  c h c t c m  n o c M a T p a ,  n o H O B O , y  ^ c h o c t h . T o  j e  c n o ^ e H  ^ e B O B o g  u  3 a  a e r o B O  

p e m a B a a e  c e  M o p a  k o p h c t h t h  h  j e g H a n H H a  k o H TH H y H T e T a ,  K o j a  h e  c e  n n c a T H  3 a  p a n B y  P  

0 1  =  0 2  +  0 3  ( 1 3 . 3 4 )

H 3  n p e T x o g H e  p e n a ^ n j e  c e  3 a K ^ y n y j e  g a  c a M O  p e g y K O B a H a  K p H B a  H a n o p a  n a p a n e n H e  

c n p e r e  g B e  n y M n e  ( [ ( 7 /  +  7 / / ) nap. ] * )  n p e g c r a B ^ a  „ n p o r o B O ^ a n a ”  K o j n  y H o c u  n p o T O K  y  

p a n B y .  C n e g n  g a  n a p a n e n H a  c n p e r a  ^ e B O B o g a  2  h  3 ,  n p e M a  je g H a n H H H  K O H T H H y H T eT a  3 a  

p a n B y  P ,  c H M 6 o H H 3 y je  „ n o T p o m a n a ”  j e p  y 3 H M a  n p o T O K  H 3 p a n B e  P .  P a g H a  T a n r a  c n c r e M a  

( P T C )  H a n a 3 H  c e  y  n p e c e K y  n p o r o B O ^ a n a  h  n o T p o m a n a .  Y je g H O ,  g o 6 n j e H H  H a n o p  

n p e g c r a B ^ a  h  e H e p r n j y  y  p a n B H  P .  O g p e ^ H B a r n e  p a g H e  T a n K e  c n c r e M a  n p H K a 3 a H O  j e  H a  

c n e g e h e M  g n j a r p a M y .

C^HKa 13.33 O g p e ^ H B a rn e  p a g H e  T anK e c n c re M a  (P T C )

P a g H a  T anK a c n c re M a  HMa n a p a M e T p e : H a n o p  ( e H e p rn jy )  y  p anB H  h  yK ynH H  npoTO K  K po3 

p a n B y . ^ B e  KpHBe K oje  c e  ceK y  y  P T C - a ,  n p o H 3 B O ^an  h  n o T p o m a n , M o p a n e  6 h  g a  

o 6 y x B a T e  cB e eneM eH T e n o c r p o j e m a  (^eB O B o g e , p e 3 e p B o a p e , n y M n e , h  g p y r o ) .  ^ kohhko to 
HHje c H y n a j, 3agaT aK  H Hje npaBHHHO y p a ^ e H . 3 H a n n  P T C  n p e g c r a B ^ a  K p a jm n  goM eT  n o c n e  

K o ra  H eM a B H m e c n p e 3 a m a  p a g H H x  kphbhx , a n n  He h  caM  ^ h^  H H TaB or n p o p a n y H a  

^eB O B oga. ^ h^  n p o p a n y H a  j e  o g p e ^ H B a rn e  p a g H H x  T an aK a n y M n u .

6 Ogpe^HBarne pagHe TanKe nyMne h npoTOKa Kpo3 ^eBOBoge 1 h 2
H 3 p a g H e  T anK e c n c re M a  He M O * e c e  gnpeK TH O  BpaTHTH H a H 3BopH y KpHBy H a n o p a  n y M n u  

j e p  j e  OHa, TeK M ogn^H K O B aH a, K ao pegyK O B aH a n a p a n e n H a  c n p e r a  kphbhx  H a n o p a , 

yH ecTB O B ana y  $ o p M H p a m y  p a g H e  TanK e c n c re M a  (P T C ) .  ^ a K n e ,  c a  KpHBe n p o H 3 B O ^an a  H3 

P T C - a  B p a h a  c e  pegH O  (“ pegH O  c a 6 n p a r n e ” ), oahocho BepTHKanHO H aBH m e g o  K puB e 

n a p a n e ^ H e  c n p e r e  n y M n u . O g a r a e  c e  „ n a p a n e n H H M  ogy3H M am eM ” , o^ hocho 
xopH 30H TanH O  yneB O , B p a h a  H a n o je g H H a n H e  KpHBe H a n o p a  n y M n u , r g e  c e  H an a3 e  p a g H e  

TanK e n y M n u  I  h  I I  (c n . 1 3 .3 4 ) .
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C ^ H K a  1 3 . 3 4  O g p e ^ H B a r n e  p a g H e  T a n K e  n y M n u  I  u  I I  u  n p o T O K a  K p o 3  C B e ^ e B H e  g e o H H ^ e

H 3  n p e T x o g H o r  g n j a r p a M a  c e  M o r y  O H m a T H  c n e g e h n  T p a ^ e H H  n o g a ^ n :  Q i  ~  0 , 3 6 3  m 3 / s ,  

Q n  ~  0 , 2 1 2  m 3 / s ,  Q 2  ~  0 , 2 5  l / s ,  Q 3 ~  0 , 3 2 5  m 3 / s  h  Q x ~  0 , 5 7 5  m 3 / s .

n p o B e p a

J e g H a n H H a  K O H T H H y H T eT a  3 a  p a n B y  P  ( 1 3 . 3 4 )  c ^ y * H  K a o  n p o B e p a  B a M H O C T H  O H H T a B a f ta  

B p e g H O C T H  n p o T O K a  H 3 n p e T x o g H o r  g n j a r p a M a .  O g p e ^ H B a m e  h  O H H T a B a f te  B p e g H O C T H  

n p o T O K a  H 3 B p m e H O  j e  H a  B a ^ a H  H a n H H  c o63hpom  g a  j e  3 a g o B o ^ e H a  p e ^ a ^ n j a

Q i  =  0 , 5 7 5  m 3/ s  =  Q l  + Q n  =  Q ^  + Q 3 . ( 1 3 . 3 5 )

7  O g p e ^ H B a m e  C H a r e  n y M n e

C H a r a  n y M n e  o g p e ^ y j e  C e  H a  O C H O B y H 3 p a 3 a

P  [ k W ]  =  p Q p T n Y p T n  ( 1 3 . 3 6 )

^ P T n 1 0 3

n o g C e h a m e ,  j o m  je g H O M , g a  C e  y  n p e T x o g H O M  H 3 p a 3 y  3 a n p e M H H C K H  n p o T O K  y H O C H  y  

[ m 3 / s ] ,  a  B p e g H O C T  C T e n e H a  kophchocth y  g e ^ H M a a H O M  3 a n H C y .  3 H a n n ,  B o g H T H  p a n y H a  g a  

C e  B p e g H O C T H  O H H T a H e  H 3  g n j a r p a M a  n p H K a ^ y  y  o g r o B a p a j y h H M  j e g H H H ^ a M a .  y  O K B H p y  

O B o r  3 a g a T a K a  r y c T H H a  B o g e  j e  1 0 0 0  k g / m 3 .

K p u B a  C T e n e H a  kophchocth j e  3 a g a T a  aH a^ H T H H K H M  H 3 p a 3 0 M , T aK O  g a  c e  B p e g H O C T  g o 6 n j a  

3 a M eH O M  B p e g H O C T H  n p o T O K a  K p o 3  n y M n y  y  H 3 p a 3  3 a  C T e n e H  kophchocth . P a g H a  T a n K a

n y M n e  I  j e  Q  =  0 , 3 6 3 m 3 / s , Y z «  2 3 5 J / k g ) ,  g o K  p a g H a  T a n K a  n y M n e  I I  H M a  n a p a M e T p e

( Q u  =  0 , 2 1 2  m 3  / s ,  Yu  «  2 3 5  J  /  k g ) . O g r o B a p a j y h n  c r e n e H H  kophchocth c y  C K o p o  hcth

h  H 3 H O c e  t f i  =  5 9 , 6 8 % ,  rjn  =  5 9 , 7 8 % .  H a  0 CH 0 B y  kphbhx  c r e n e H a  kophchocth, K o je  c y  

3 a g a r e  a H a ^ H T hhkh 3 6 o r  6 o ^ e  hht^ hbocth g n j a r p a M a ,  n y M n a  I  p a g u  y  p e ® H M y  K o j n  H M a  

c r e n e H  kophchocth 3 H a n a jH O  M a m n  o g  o n T H M a ^ H o r ,  g o K  g p y r a  n y M n a  p a g u  y  o n T H M y M y . 

C a g a  c e  M o r y  o g p e g H T H  C H a r e  c a  K o jo M  p a g e  n y M n e
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103 •0363 •235 = 142,94kW, P/7 = 103 • °-212 •235 
0,5968 • 103 0,5978 • 103

83,34 kW ( 1 3 .3 7 )

B n g n  c e  g a  c y  BpegHOCTH C H ara  c a  KojHM a p a g e  n y M n e  g o c r a  BenHKe.

C re n e H  kophchocth n a p a n e n H e  B e3e OBe g B e  n y M n e  c e  H 3 p an y H aB a 3 6 o r  n p o ^ e H e  p a g a  

^ e n o r  n o c T p o j e a a

n = Q/(Qi/nr+Qu/nii) =  0 ,5 7 5 / ( 0 ,3 6 3 /0 ,5 9 6 8  +  0 ,2 1 2 /0 ,5 9 7 8 )  ~  0 ,5 9 7 2 ,  ( 1 3 .3 8 )

ogHOCHO n = 5 9 ,7 2 % . ^ a K n e , c r e n e H  kophchocth n a p a n e n H e  c n p e r e  n y M n u  HMa C Kopo 

HCTy BpegHOCT K ao h  CBe n y M n e  n o j egH H anH O  h  to 3 6 o r  j egHaKOCTH c r e n e H a  kophchocth 
c a  Koj HM OHe p a g e .  O bo He B a * H  y  o n m T eM  c n y n a j y .

PagHa TanKa pegHe cnpere gBe nyMne
P a g H e  T anK e c y  g e ^ H H H c a H e  cn e g e h H M  BpegHOCTHMa 3anpeM H H C K or npoT O K a h  

jegH H H H H or c r p y j H o r p a g a  ( c h . 1 3 .3 5 )  P T C  ( Q = 0 , 0 8 5 m 3 / s , Y  =  3 8 0  J / k g ) , P T n

(Q  = 0 , 0 8 5 m 3 / s , Y  =  9 0 J / k g ) h  P T n n  ( Q  = 0 , 0 8 5 m 3 / s ,  Y  = 2 9 0 J / k g ) . B pegH O C T

3 6 u p a  H a n o p a  n y M n u  no jegH H anH O  M o p a  g a r n  H a n o p  K o jn  o g r o B a p a  H a n o p y  P T C - a .  T o  

OBge j e c r e  c n y n a j , j e p  j e  9 0  J /k g  +  2 9 0  J / k g  =  3 8 0  J /k g .  H a  0CH0By o b h x  BpegHOCTH 

o g p e ^ y jy  c e  c re n e H H  k o p h c h o c t h , BpegHOCTH K aBH Ta^HjcKe p e 3 e p B e  n y M n u  h  C H are.

C ^ H K a  1 3 .3 5  O g p e ^ H B a a e  p a g H e  T anK e p e g H e  c n p e r e  (P T C )  h  n o jegH H anH O  n y M n u  ( P T n

h  P T n n)
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npHMep 13.2
H a  0 CH 0 B y  M e p e a a  H a  H H C T a n a ^ H j n  n p H K a 3 a H o j  H a  chh^ h  1 3 . 3 6 ,  g o 6 n j e H H  c y  c n e g e h n  

n o g a ^ n :  p v =  0 , 2  b a r ,  pm  =  1  b a r ;  K p o 3  n o c r p o j e f t e ,  n p e M a  n o K a 3 H B a a y  y r p a ^ e H o r  

n p o T O K O M e p a ,  n p o T H n e  0 , 0 3 1 6 5  m 3/ s  h  H a  n p n p y 6 H H ^ H  n y M n e  H 3 M e p e H a  j e  C H a r a  P =  

7 , 1 6 5  k W .  ^ p e B a  g o  B a K y y M M e T p a  h  M a H O M e T p a  c y  H c n y a e H a  B o g o M . B n c H H a  T e ^ n m T a  

B a K y y M M e T p a  j e  hs=  0 , 1 5 m ,  a  M a H O M e T p a  hd  =  0 , 2 m .  H 3 M e p e H  j e  6 a p o M e T a p c K H  n p r n H c a K  

o g  1 b a r .  O g p e g H T H  c r e n e H  kophchocth n y M n e .  y c B o j H TH  g a  j e  r y c T H H a  B o g e  p =  1 0 0 0  

k g / m 3, K a o  h  g a  j e  y 6 p 3 a a e  c n n e  3 e M ^ H H e  T e * e  g  =  9 , 8 1 m / s 2

C^HKa 13.36 C K H ^ a  n o c r p o j e m a  ( 1 - n p o T O K O M e p )

Pemerne
J e g H H H H H H  c r p y j H H  p a g  n y M n e  c e ,  n p e M a  g e ^ H H H ^ H j n ,  p a n y H a  K a o

Y = Yd-  Ys, ( 1 3 . 3 9 )  

o g a K ^ e  c e ,  c  o 6 3 u p o M  g a  j e  ^ e B O B o g  n c r o r  n p e n H H K a  H a  n o T u c y  h  y c u c y  n y M n e  K a o  h  g a  

H e M a  p a 3 H H K e  y  r e o g e 3 H j cK o j  bhchhh H 3 M e ^ y  y ^ a 3 a  h  H 3 n a 3 a  H 3  n y M n e ,  g o 6 n j a

Y = (Pd -  Ps) /P ( 1 3 . 4 0 )

A n c o n y T H H  n p H T H c a K  H a  H 3 n a 3 y  H 3  n y M n e  c e  H 3 p a n y H a B a  H 3  j e g H a n H H e  x H g p o c r a T H K e  

Pd = Pb +  Pm+Pghd =  2 0 0 0 0 0  +  1 0 0 0  9 , 8 1  0 , 2  =  2 0 1 9 6 2  P a  ( 1 3 . 4 1 )

C hhhho c e  o g p e ^ y j e  a n c o n y T H H  n p H T H c a K  H a  y n a 3 y  y  n y M n y

Ps= pb -  pv+pghs =  1 0 0 0 0 0  -  2 0 0 0 0  +  1 0 0 0  9 , 8 1 0 , 1 5  =  8 1 4 7 1 , 5 P a  ( 1 3 . 4 2 )

O g a B g e  c n e g n  g a  j e  je g H H H H H H  c r p y j H H  p a g  n y M n e  Y = 1 2 0 , 5  J / k g .

K o H a n H O  c e  o g p e ^ y j e  c r e n e H  kophchocth n y M n e

n = pQY/P =  5 2 , 8 6 %  ( 1 3 . 4 3 )

npHMep 13.3
a )  O g p eg H T H  p a g H y  T anK y n y M n e , K ao h  C H ary  h  c r e n e H  kophchocth c a  KojHM OHa p a g u ,  

aKO c y  K apaK TepncTH K e g a T e  o g  c rp a H e  n p o ro B O ^ a n a  H a chh^ h  1 3 .3 7 . n o g a ^ H  y  Be3H c a  

n o c r p o j erneM  c y : Hgeo= 1 m , hs= 0 ,1 5 m , hd =  0 ,2 m , D = 0 ,1  m , Ls =  4  m , Ld =  19  m , k= 0 ,0 2 ,  

Zs =  0 ,1 ,  Zk =  1 ,2 , Zv = 0 ,8 .  ycB o jH T H  g a  j e  r y c m H a  B o g e  p =  1 0 0 0  k g /m 3, K ao h  g a  j e  

y 6 p 3 a m e  c n n e  3 e M ^ H H e  T e * e  g  =  9 ,8 1 m /s 2.
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6 )  A H a ^ H 3 H p a T H  g a  hh n y M n a  p a g n  y  p e * H M y  6 e 3 6 e g H O M  o g  K a B H T a ^ n j e  ^ kohhko j e  

p a 3 H H K a H 3 M e ^ y  6 a p o M e T a p c K o r  h  n p H T H C K a  n a p e  y  T a n K H  3 a e n h e f t a  p b  -  p D  = 0 , 9 8  b a r ,  

K a o  h  g a  c e  y c u c H a  n p n p y 6 H H ^ a  n y M n e  H a n a 3 H  H a  g y 6 H H H  o g  H u s  =  2  m  y  o g H O c y  H a  hhbo 
C H o 6 o g H e  n o B p m n  T e H H o c r n  y  p e 3 e p B o a p y .

Pemerne
a )  n p H M e H O M  n p o m u p e H e  B e p H y n H j e B e  j e g H a n H H e  o g  c n o 6 o g H o r  H H B o a  T e n H o c T H  y  

p e 3 e p B o a p y  g o  H 3 n a 3 a  H 3  M n a 3 H H ^ e ,  g o 6 n j a  c e  H 3 p a 3  3 a  K a p a K T e p n c T H K y  H a n o p a  ^ e B O B o g a  

Ya , 3 a  ^ e B O B o g  n p m a 3 a H  H a  chh^ h  1 3 . 3 7 ,  y  o 6 n H K y

Ya  =  g H g e o  +  8/(DV)(Zs+ 4Ck +2Cv + Cm + 1 + M L s + Ld ) /D )Q 2 =  9 , 8 1  +  1 1 0 2 3 7 Q 2  ( 1 3 . 4 4 )  

K p u B a  ^ e B O B o g a  (Ya ) c e  n o T O M  y H o c u  y  g n j a r p a M  ( c n .  1 3 . 3 7 ) .

^ o 6 n j e H a  p a g H a  T anK a n y M n e  HMa n a p a M e T p e  ( Q ~ 0 ,0 3 2  m 3/s ,  Y  ~  1 2 0  J /k g ) .  H 3 
g u ja r p a M a  c e  g o 6 n j a  c H a ra  P  =  7 ,1 6 5  k W  h  c r e n e H  kophchocth n ~  5 2 ,8 6 % . ^ a K n e , 

n y M n a  p a g u  H3BaH onTHM yM a. ,3,o6H jeH H  p e3 y m :aT H  c y  y  c a rn a c H o c T H  c a  ohhm  
H 3panyH aTH M  y  n p H M ep y  1 3 .2 .

6 )  K aB H T a^n jcK a  p e 3 e p B a  n y M n e  j e ,  H a ocHOBy g n ja r p a M a  n p o ro B O ^ a n a  (c n . 1 3 .3 7 )  N P SE P 
=  7 6 ,4 5  J /k g .

K aB H T a^n jcK a p e 3 e p B a  n o c T p o je m a  c e  p a n y H a  H a c n e g e f in  HanHH

N P SE a  =  (pb-pD)/p +  gHus -  8/(D Ait2)(Cs+ Ck + Cv +LLs /D ) Q2 «  9 4 ,1  J / k g  ( 1 3 .4 5 )

n y M n a  p a g u  y  pe® H M y 6e36egH O M  o g  K aBH Ta^H je nom T O  j e  N P SE a  >  N P SE P.
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C H C T EM A

EpaHHcnaB ^HBK'OBnfi

14.1 OCHOBHH nOJMOBH O XIA'BE&Y
Xna^eme je  npo^ec n p u  KOMe ce og H3Bopa TonaoTe (xna^eHH o6jeKax) ogy3HMa TonaoTa 
h npegaje ronnoTHOM noHopy (o6hhho OKOHHHa). Ako ce xna^eHOM o6jeKTy n p u  

ogBO^emy TonnoTe He goBogu TexHHHKH pag, aeroBa eHTaannja he onagaTH, a Kaga n p u  

TOMe HeMa npoMeHe $a3e, CHH^aBahe ce aeroBa TeMneparypa.
TonnoTa xna^ema je  KOHHHHHa TonaoTe ogBegeHa og xna^eHor Teaa. H3pa^aBa ce y 
uyaHMa (J hhh kJ). PacxaagHH ynHHaK npegcraB^a ogBegeHy TonnoTy y jegHHH^H 
BpeMeHa (W oahocho kW).
yKOHHKO je  TeMnepaTypa xaa^eHor Teaa t h BHma og TeMnepaType TonaoTHor noHopa 
(oKOHHHe) t ok, npo^ec xaa^ema ce ogBHja cnoHTaHO h 6e3 yTpomKa paga. TaKBO xaa^eme 
Ha3HBa ce npupogHO xaa^eme. Obo xaa^erne MO*e ce y6p3aTH (HmeroHBHpameM npo^eca 
npeHOca TonaoTe) hhh ycnopHTH (nocraB^ameM TonaoTHe roona^nje H3Me^y xaa^eHor 
Teaa h OKOHHHe).
Kaga je  TeMneparypa xaa^eHor Teaa HH®a og TeMneparype OKOHHHe (mTO je  y npaKCH 
necr cayHaj), npo^ec xaa^erna He MO*e ga ce ocraapH caM og ce6e, Beh je  HeonxogHO 
npHMeHHTH HeKH KOMneH3a^HOHH npo^ec c gnpeKTHHM yTpomKOM paga hhh TonaoTe. 
TaKBO xaa^erne Ha3HBa ce BemTanKO xaa^erne.
npuMeHa pacxnagHHx MamHHa gaHac je  BeoMa pacnpocrpameHa h npucyTHa y cbhm 
c^epaMa ^HBOTa. CBe OBe npHMeHe Mory ce CBpcraTH y Tpu rpyne:

• 3a ogp^aBarne KBa^HTeTa, Tj. 3a ycnopaBame He*e^eHHx npoMeHa xeMHjcKHx, 
6HoxeMHjcKHx h CTpyKTypHHx KapaKTepncTHKa pa3Hux npoH3Boga, y npBOM pegy 
3a KOH3epBHcame HaMHpHH^a;

• 3a ycnocTaB^am e h o .ip^aBam e yc^OBa cpeguHe, Tj. ga 6h ce ocrBapnna 
KHHMaTH3a^nja npocropa y KojHMa ce ®hbh h pagn;

• Kaga BemTanKO xna^erne npegcraB^a nraBHH h^ h cnopegHH npo^ec npu 
0CTBapHBamy HeKe aKTHBHOCTH (npoH3Bogrna, Hcrpa*HBame, cnopT nrg).

Hajnemhe npHMeHe xna^erna:
• KOH3epBHcame HaMHpHH^a xna^emeM h CMp3aBameM (pacxnagHH naHa^) -  npu 

hh^ hm TeMnepaTypaMa xeMHjcKH h 6HoxeMHjcKH npo^ecn y HaMHpHH^aMa ce 
ycnopaBajy h THMe ce npogy*aBa nepuog nyBarna HaMHpHH^a;

• npu TpaHcnopTy oxna^eHHx hhh CMp3HyTHx npoH3Boga;
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• ^H0$H^H3a^Hja - npo^ec cym eaa CMp3HyTHx npou3Boga cy6nHMa^njoM y BaKyyMy 
h Ha TeMnepaTypaMa 3HaTH0 ucnog TpojHe TanKe;

• KHHMaTH3a^nja Ba3gyxa (KOM^opHa h HHgycTpnjcKa), npu neMy ce Ba3gyx xnagH h 
cymu;

• yTeHMBafte racoBa pagu TpaHcnopTa;
• y xeMHjcKoj h npexpaM6eHoj HHgycTpnjH (er30TepMHe xeMHjcKe peaK^Hje 

KOHTpoHHmy ce xna^eaeM peaKTopa);
• npu npepagu Ha$Te (npu ^paK^HOHoj gecrana^Hjn naKHx yr^OBogoHHKa, Kao h 

npu H3gBajaay napa^HHa H3 MHHepanHHx y ^ a  KpHcTanroa^HjoM Ha hhckhm 
TeMnepaTypaMa);

• y Megn^HHH h Hcrpa*HBaftHMa;
• y cnopTcKHM o6jeKTHMa (KHH3anHmTa, 6a3eHH).

14.2 HHIEPH
^HHepn cy pacxnagHH arperaTH (arperarnpaHe pacxnagHe MamHHe) Kojn ncnopynyjy 
xnagHy Bogy.
OcHOBHa nogena pacxnagHHx arperara npeMa noroHcKoj eHeprnjn HeonxogHoj 3a 
ogBHjaae KOMneroa^HOHor npo^eca:

• KOMnpecopcKH (Kopncre MexaHHHKy eHeprnjy 3a ca6njafte nape HHcKor npHracKa);
• ancopn^HOHH (gupeKTHO KopucTe TonnoTy 3a ogBHjaae npo^eca xna^eaa). 

y  pacxnagHHM arperaTHMa Kopncre ce cnegehn THnoBH KOMnpecopa:
• KHacHHHH KHHnHH c TpaHcHaTOpHHM KpeTafteM KHHnOBa;
• poTa^HOHH, Kog Kojnx ce pagHa 3anpeMHHa ^opMHpa H3Me^y poTopa h 3ugoBa 

KyhnmTa (BHjnaHH KOMnpecopu, KOMnpecopu ca o6pthhm KHHnoM, KOMnpecopu ca 
KpHH^HMa);

• cnnpanHH („scroll“), Kog Kojnx ce pagHe 3anpeMHHe $opMHpajy H3Me^y 
cnperHyTHx ^HHHHgpHHHHx cnnpanHHx noBpmu y 3axBaTy;

• Typ6o (crpyjHH) KOMnpecopu h napHH ejeKTopn.
Perynncafte pacxnagHor ynHHKa KHHnHHx KOMnpecopa:

• nepnogHHHO HcK^ynHBafte KOMnpecopa;
• npnrymHBafte nape Ha ycucy KOMnpecopa;
• Bpahaae gena ca6njeHe nape H3 noTuca y ycuc KOMnpecopa;
• nogemaBaae BenHHHHe gogaTHor mTeTHor npocropa;
• npuHygHO OTBapaae ycncHor BeHrana;
• HcK^yHHBafte nojegHHHx ^HHHHgapa hhh 6^0K0Ba ^HHHHgapa H3 paga;
• npoMeHa 6poja o6pTaja KOMnpecopa.

KoHgeroaropn cy pa3MeftHBanH TonnoTe y KojHMa ce pacxnagHH $nyng KOHgeH3yje Ha 
npHTHcKy KOHgeH3a^nje npegajyhn TonnoTy $nyngy 3a xna^eae KOHgeH3aTopa.
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C^HKa 14.1 KmnHH h cnnpanHH KOMnpecop

C^HKa 14.2 ^Hnep c bhJhhhhm KOMnpecopoM

nogena KOHgeH3aTopa npeMa HanHHy ogBO^eaa TonnoTe y OKOHHHy:
• Ba3gyxoM xna^eHH KOHgeH3aTopu;
• BogoM xna^eHH KOHgeH3aTopu: go6omacTH c noTon^eHOM cnnpa^HOM ^eBH, 

BHme^eBHH cynpoTHocMepHH, xoph30hthhhh h BepTHKanHH go6omacTH, nnonacTH;
• kom6hhobhho xna^eHH KOHgeH3aTopu: aTMoc^epcKH (KHmHH) h eBanopaTHBHH.

y  cnynajy BogoM xna^eHHx KOHgeH3aTopa (y 3aTBopeHOM Kpyry), pacxnagHa Kyna je  
cacTaBHH geo pacxnagHe HHcTana^nje.
PeryHHcafte ynHHKa KOHgeH3aTopa Bpmu ce 36or ymTege eHeprnje noTpe6He 3a aeroB 
noroH, Kao h ogp^aBafta MHHHManHor npHTHcKa KOHgeroa^nje.
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C^HKa 14.3 Ba3gyxoM xna^eHH KOHgeH3aTop

C^HKa 14.4 EBanopaTHBHH KOHgeH3aTop c ^empH$yranHHM BeHTHnaTopHMa

HanHH peryHHcafta yHHHKa KOHgeroaropa 3Hbhch og Tuna KOHgeH3aropa. Kog Ba3gyxoM 
xna^eHHx KOHgeH3aropa:

• HCK^yHHBafte KOHgeH3aropa (Kaga hx je  BHme) hhh CMarnerneM npoTOKa 
BeHTHHaropa;

• KOHTHHyanHa npoMeHa 6poja o6pTaja BemHnaTopa;
• CMarnHBarne e^eKTHBHe noBpmHHe KOHgeroaanje.

PeryHHcarne ynHHKa npoTOHHHx, BogoM xna^eHHx KOHgeH3aTopa:
• cMameme npoTOKa Boge (peryna^njoM TeMneparype Boge Ha H3na3y H3 

KOHgeH3aropa cnpenaBa ce He^e^eHH nag npHTHcKa KOHgeroa^nje);
• HcK^yHHBame h/hhh cMamHBarne 6poja o6pTaja nyMnu.

PeryHHcarne ynHHKa eBanopaTHBHHx KOHgeH3aTopa:
• HcK^yHHBame KOHgeH3aTopa (Kaga hx je  BHme);
• cMameme npoTOKa Ba3gyxa;
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• “cyBH” pe^HM paga (pag 6e3 Boge).
HcnapHBanH cy pa3MeftHBanH TonnoTe y KojHMa ce HcnapaBajyheM pacxnagHOM $nyngy 
goBogn TonnoTa HenocpegHO og xna^eHor Tena hhh nocpegHO og ceKyHgapHor 
pacxnagHor $Hynga. 
npeMa HaMeHH, HcnapHBanH ce gene Ha:

• ncnapHBane 3a xna^erne Ba3gyxa h napa:
• ncnapHBane 3a xna^erne TeHHocrn;
• cne^Hjame ncnapHBane (koht^kthh HcnapHBann 3a xna^erne h cMp3aBa&e 

npoH3Boga).
npeMa KOHcrpyKaHjH, Hajnemhe npHMernHBaHH pa3MernHBanH TonnoTe Kojn ce Kopncre y 
pacxnaaHHM HHcTana^njaMa Mory 6hth:

• ao6omacm;
• nnonacTH;
• og ope6peHux ^ bh;
• 6a3eHcKH (noTon^eHH).

y  3aBHcHocTH og KOHHHHHe TeHHor pacxnagHor $Hynga, HcnapHBann Mory 6hth:
• cyBH HcnapHBanH, y KojHMa TenHocr pacxnagHor $Hynga noTnyHO ucnapaBa h y 

H3BecHoj Mepu ce h nperpeBa y H3na3Hoj 30hh ncnapHBana (h3 mera H3na3H Bpno 
Mano nperpejaHa napa, TeK ga y moj noy3gaHO HeMa Kanu TeHHocrn);

• npennaB^eHH -  nyHH TenHomhy pacxnagHor $Hynga hhh Kpo3 rnnx ^HpKynnme 
HeKOHHKO nyTa BHme TeHHocrn Hero mTO ncnapn.

C^HKa 14.5 HcnapHBan

14.2.1 KapHOOB (C arnot) .reBOKpeTHH noBpaTHH ^HK^yc

Ako cy H3Bop h noHop TonnoTe 6ecKOHanHHx TonnoTHHx Kana^meTa, Taga cy npoMeHe 
crama H3Bopa h noHopa H30TepMcKe. noBparaH ^HKnyc y tom cnynajy MO*e 6hth 
KapHOOB neBOKpeTHH ^HKHyc, Kojn caHHmaBajy gBe H3eHrpone, H30TepMa goBO^erna 
TonnoTe og xna^eHor Tena h H30TepMa ogBO^erna TonnoTe y TonnoTHH noHop (Koje ce 
ogBHjajy npu 6ecKOHanHO ManHM TeMneparypcKHM pa3HHKaMa (d T ^ - 0 ). KapHOOB ^HKnyc, 
y cnynajy Kaga je  pacxnaaHH $Hyng ngeanHH rac, npuKa3aH je  Ha chh^ h 14.6 h 03HaneH 
TaHKaMa 1,2,3,4,1 (T, K, TeMnepaTypa; s , J/(kg K), cne^H^HHHa eHrponnja). PacxnagHy 
MamHHy caHHrnaBajy H3eHrponcKH h H30TepMcKH KOMnpecopu, Kao h H3eHrponcKH h 
H30TepMcKH eKcnaHgepH.
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T

s

C^HKa 14.6 HeBOKpeTHH ^HKnyc Camot ca HgeaHHHM racoM (T, K -  TeMnepaTypa 
KOHgeroa^nje, Tok, K -  TeMnepaTypa OKOHHHe, To, K -  TeMnepaTypa HcnapaBaaa, Th, K

Koe^H^njeHT xna^erna ek Kog neBOKpeTHHx Kpy®HHx npo^eca npegcraB^a ogHoc H3Me^y 
TonnoTe goBegeHe pacxnagHOM $nyngy y HcnapHBany Q  (ogBegeHe og xna^eHor Tena, W) 
h HeTO yTpomeHor paga W  (pag ^HKnyca, Kojn je  jegHaK pa3HH^H anconyTHHx BpegHocTH 
yTpomeHor paga y KOMnpecopy h go6njeHor paga y eKcnaHgepy, W). y  aHrno-caKcoHcKoj 
HHTeparypH 03HanaBa ce ca COP (coefficient o f performance).

3a peanHcTHHHHjy o^eHy ocTBapeHor e^em a  xna^erna, y HOBHje BpeMe kophcth ce EER 
(energy efficiency ratio) y KOMe ce, y3 pag ^HKnyca, panyHa h noTpomma eHeprnje gpyrnx 
eneMeHaTa HeonxogHHx 3a pag ype^aja (Hnp. 3a rpejame y ^ a  hhh 3a noroH BemHnaTopa 
hhh nyMne 3a xna^eme raaBe KOMnpecopa).
3a Carnot-OB ^HKnyc, Koe^H^Hjenr xna^ema ec 3aBHcn caMO og TeMnepaType H3Bopa h 
noHopa TonnoTe, a He h og KapaKTepncTHKa pagHor (pacxnagHor) $nynga:

T  T
s  = -----0—  = ------h—

r m r j- j mr mr

1 -  To  To k  -  Th  (14.2)
ffleMa napHe KOMnpecopcKe MamHHe Koja pagn no neBOKpeTHOM ^HKnycy Carnot h 
^HKnyc y T-s gnjarpaMy, npHKa3aHH cy Ha chh^ h 14.7. PacxnagHa MamHHa cacTojn ce og

TeMnepaTypa xna^eHor Tena)

(14.1)
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KOMnpecopa (npo^ec 1-2), KOHgeH3aTopa (npo^ec 2-3), eKcnaronoHe MamHHe (npo^ec 3-
4) h ncnapHBana (npo^ec 4-1).

C^HKa 14.7 napHa KOMnpecopcKa MamHHa Koja pagu no ^HKnycy Carnot c napoM (KP -  
KOMnpecop; KD -  KOHgeroaTop; EX -  eKcnaHgep; R -  ncnapHBan; W -  pag; K -  KpHTHHHa 
TanKa; p k, Mpa hhh bar h T k -  npHTHcaK h TeMnepaTypa KOHgeroa^nje; p 0 h T 0 -  npHr n caK 

h TeMnepaTypa ncnapaBaaa; Q 0 -  TonnoTa xna^efta; Q k -  TonnoTa KOHger o a^nje)

OTpyjHH h MexaHHHKH ry6n^H gogaTHO cMaayjy go6njeHH pag y eKcnaHgepy, TaKO ga je  
oh 3HaTHO MaftH og HOHaKO Manor pacnono^HBor paga. npo6neMH y pagy ca gBO$a3HHM 
tokom, Kao h ^eHa eKcnaHgepa cy gogaTHH pa3H03H ga ce eKcnaHgep 3aMeHH npnrymHHM 
BeHTHHOM, Tj. ga ce roemponcKa eKcnaH3Hja 3aMeHH agHja6aTcKHM npnrymHBafteM 
(roeHTanncKH npo^ec -  cnHKa 14.8).

C^HKa 14.8 napHa KOMnpecopcKa MamHHa ca npnrymHHM BeHTHHOM h cyBHM 
ycncaBafteM (PV -  npnrymHH BeHTHn; OT -  cenapaTop)

^ a  6h ce H36eran npo6neMH ycneg ycncaBafta Bna^He nape (mTO 6h Morno goBecra go 
TenHor ygapa y KOMnpecopy), y ^HHHHgap KOMnpecopa yBogu ce cyBa (hhh HemTO 
nperpejaHa) napa. To ce ocTBapyje KOHTpoHHcaHHM yBO^eaeM y ncnapHBan caMO ohohhko 
TenHocTH kohhko y fteMy MO*e ga ncnapn (cyBH ncnapHBan) hhh nocTaB^aaeM ogBajana
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tchhocth Ha yna3y y KOMnpecop (npennaB^eHH HcnapHBan ca ogBajaneM tchhocth -  
cenapaTopoM). Ha Taj HanHH o6e36e^yje ce ga KOMnpecop ycucaBa cyB03acnheHy napy 
Koja, HaKOH H3eHTponcKor ca6njafta, y KOHgeH3aTop yna3H Kao nperpejaHa napa, 
KOHgeH3yje ce h y npnrymHH bchthh yna3H Kao K^ynana tchhoct. HaKOH npnrymHor 
BeHTHna (nocne agHja6arcKor npnrymHBama) y ncnapHBan, o^ hocho cenapaTop gocneBa 
B^a^Ha napa.
Pagu noBehama Koe^H^njeHTa xna^ema npHMemyjy ce ogpe^eHe TepMogHHaMHHKe Mepe:

• npexna^HBame KOHgeH3ara;
• BHmecreneHO npHrymHBarne;
• BHmecreneHO ca^Hjame ca Me5yxna^erneM.

ffleMa pacxnagHe MamHHe y Kojoj ce npHMerneHe cbc npeTxogHO HaBegeHe Mepe 
npHKa3aHa je  Ha chh^ h 14.9.

C^HKa 14.9 ^BOcreneHO ca6njame ca cnoaamBHM Me5yxna^emeM (K -  KOMnpecop 
HHCKor npHTHCKa; KPVP -  KOMnpecop BHCOKor npHTHCKa; PHS -  cno^am m n npexna^HBan; 
OT(Pm) -  cenapaTop -  yHyTpammn Me^yxHagmaK, PHu -  cnoaamrnH Me^yxHagmaK; R -

HcnapHBan; KD -  KoHgeH3arop)

TnnHHHa meMa jegHocreneHe aMoHHjanHe HHCTana^Hje ca npennaB^eHHM HcnapHBaneM 
npHKa3aHa je  Ha chh^ h 14.10, goK je  THnHHHa ^peoHCKa jegHocreneHa HHcrana^Hja 
npHKa3aHa Ha chh^ h 14.11.
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KP

C^HKa 14.10 TnnHHHa meMa aMoHHjanHe jegHocreneHe HHCTana^Hje ca npennaB^eHHM 
HcnapHBaneM -  Hajnemhe BHme napanenHo Be3aHHx ncnapHBana (S-OT -  cenapaTop; CP -

^HpKyna^noHa nyMna)

C^HKa 14.11 TnnHHHa ^peoHCKa jegHocreneHa HHCTanaaHja (UPK -  yHyTpamftH
npexna^HBaH KoHgeH3aTa)
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3amTHTa HHnepa:
• 3amTHTa KoMnpecopa og TenHor ygapa (3amTHTa cnpenaBa yna3 Kanu pacxnagHor 

$nynga y ^HHHHgap);
• 3amTHTa KoMnpecopa og npeBHme HHCKor hhh bhcokof npHTHCKa (npecocraT 

HHCKor h npecocraT bhcokof npHTHCKa, gH^epeH^HjanHH npecocraT);
• KoHTpona npoTOKa Boge Kpo3 ncnapHBan (npeKHgan npoTOKa);
• 3amTHTa og CMp3aBaaa;
• 3amTHTa og HejegHaKor eHeKTpHHHor HanoHa no $a3aMa.

C^HKa 14.12 ffleMa pacxnagHe HHCTana^nje c gBa npHTHCKa (h gBe TeMnepaType) 
HcnapaBa&a (PRV -  bchthh KoHCTaHTHor npHTHCKa; NV -  HenoBpaTHH bchthh)

14.3 PACX^A^HH
PagHa MarepHja Koja y pacxnagHoj MamHHH hhh TonnoTHoj nyMnu o6aB^a hcbokpcthh 
^HK^yc Ha3HBa ce npHMapHH pacxnagHH $nyng hhh Kpahe, pacxnagHH $nyng.
CeKyHgapHH pacxnagHH $nyng (Hocnna^ TonnoTe xna^efta) je  $^yng Kojn ogy3HMa 
TonnoTy xna^efta og xna^eHor o6jeKTa (H3Bopa TonnoTe) h npegaje je  npHMapHoM 
pacxnagHoM $nyngy. CeKyHgapHH pacxnagHH $nyng Kpy®H Kao nocpegHHK, y 
3aTBopeHoM Kpyry, H3Me^y xna^eHor o6jeKTa h pacxnagHe MamHHe (Hnp: pacTBopn 
pa3HHx cohh hhh pacTBop eTHHeH-rHHKona y Bogu).
noTpomHo pacxnagHo cpegcTBo hhh caMo pacxnagHo cpegcTBo, Ha3HBa ce Marepnja Koja, 
o6hhho Meftajyhn h arperaTHo crafte, y otbopchom CHCTeMy ogy3HMa TonnoTy og 
xna^eHor o6jeKTa, Tpomehn ce HenpeKHgHo (Hnp: tchhh a3oT, BogeHH hhh cyBH neg, 
pa3He pacxnagHe CMeme...).
H36op pacxnagHor $nynga yBeK ce cbo^ h Ha Hana^efte npHXBaT^HBor KOMnpoMHca! 
KpHTepnjyMH 3a H36op pacxnagHor $nynga:

KP
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• TepMogHHaMHHKH (ronnoTa HcnapaBa&a, Harn6 rpaHHHHHx kphbhx, eKcnoHeHT 
noHHTpone, KpHBa HanoHa m g);

• TepMO$H3HHKH (napaMeTpu Kojn ogpe^yjy CTpyjaae h npocTHpaae TonnoTe);
• $ h3hhkh h xeMHjCKH (cra6HHHOCT, KOMnaTĤ HHHOCT ca MarepHjaHHMa H y.MMa 3a 

nogMa3HBafte, pacTBop^HBocr Boge h y ^ a  HTg);
• 6HOXeMHjcKH H eKOHOmKH;
• eKOHOMcKH.

ffireTHO genoBarne Ha 030hckh cnoj ropa^aBa ce t3b. ODP (Ozone Depletion Potential) 
^aKTopoM, Kojn noKa3yje kohhko nyTa gaTO jegnmerne BHme yHHmTaBa 030H y ogHocy Ha 
R 12 (CF2Cl2), 3a Kojn je  ycBojeHa pe^epemHa BpegHocT ODPR 12 = 1.
PacxnagHH $nyngH, hhjh cy MoneKynn yrnaBHOM TpoaTOMHH h BHmeaTOMHH, ochm 
genoBarna Ha 030hckh cnoj, gonpuHoce h e$eKTy rno6aHHor 3arpeBarna (e^eKar maKneHe 
6amTe), mTO ce HcKa3yje T3B. GWP (Global W arming Potential) ^amopoM Kojn noKa3yje 
kohhko nyTa gaTa MaTepnja BHme gonpHHocn rao6anHOM 3arpeBarny y ogHocy Ha R 744 
(C 0 2), 3a Kojn je  ycBojeHa pe^epemHa BpegHocT GWPR 744 = 1.
TEWI (Total Equivalent W arming Impact) ^aKTop y3HMa y o63up gupeKTHO genoBame 
ynoTpe6^eHor pacraagHor $nynga Kaga gocne y aTMoc$epy (t3b. gnpeKTHH e^eKaT), ann 
h genoBame ocno6o^eHor CO2 npu npoH3Bogmn (HHgnpeKTHH e^eKaT, HajMame 3a peg 
BenHHHHa Behn og gnpeKTHor). TepMogHHaMHHKe KapaKTepncTHKe pacxnagHHx $nynga 
Koje cy og y ra^aja  Ha Koe^H^njem xna^ema HMajy BeoMa jaK nocpegaH yra^aj Ha 
rno6anHO 3arpeBame.

TaSeaa 14.1 Koe^H^HjemH xna^erna h eKcepreTcKH rneneHH kophchocth 3a pa3He
pacxnagHe $nynge 3a TeopnjcKH ynopegHH ^HKnyc -1 5  / +30°C.

PegHH
6poj

PacxnagHH
$nyng

XeMHjcKa
$opMyna

Koe^H^njem raa^ema
£h

EKcepreTCKH creneH 
KOpHcHOcTH

n ex= n /  ̂ Carnot
1. R 21 CHFCI2 5,09 0,888
2. R 11 CFCI3 5,04 0,878
3. R 40 CH3CI 4,90 0,853
4. R 113 C2F3CI3 4,79 0,835
5. R 717 n h 3 4,77 0,831
6. R 764 SO2 4,73 0,825
7. R 12 CF2CI2 4,72 0,822
8. R 22 CHF2CI 4,56 0,794
9. R 744 CO2 2,56 0,446

noBpaTHH ^HK^yc Carnot 5,74 1,000

Bpoj pacxnagHHx $nynga ce BeoMa noBehao yBO^emeM y ynoTpe6y xanoreHHx gepHBaTa 
napa$HHcKHx yr^OBogoHHKa (CkH2k+2), no3Harnx nog 3ajegHHHKHM KOMep^njhhhhm 
Ha3HBOM „$peoHH“. ,3,a 6h ce H36erno HenpaKTHHHO ^mHpame xeMHjcKHx $opMyna, 3a
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^peoHe je  yBegeH cncreM Tpo^H$peHHx 6pojnaHHx 03HaKa H3a 3ajegHHHKe 03HaKe R  
(“Refrigerant”). n o  tom cncreMy, y 03Ha^H gaTor ^peoHa nnja je  $opMyna CkHLFmCln 
croje Tpn ^H^pe, npu neMy je:

1. npBa ^H^pa j egHaKa 6pojy yr^eHHKOBHx aTOMa y MoneKyny MHHyc j egaH (k-1);
2. gpyra ^H^pa j egaKa 6pojy npeocranHx boaohhkobhx aTOMa nnyc j egaH (L+1);
3. Tpeha ^H$pa j egHaKa 6pojy y6aneHHx aTOMa $nyopa (m);
4. Hyna Kao npBa ^H^pa (Kog ^peoHa MeTaHOBe rpyne) Hajnemhe ce H3ocraB^a.

npHMep 14.1. noTnyHa 03HaKa je  R (k-1)(L+1)(m).

• CF2Cl2 -  03HaKa R 012 (nemhe caMO R 12);
• CHF2Cl -  03HaKa R 022 (nemhe caMO R 22);
• C2H3F3 -  03HaKa R 143a;
• CH2F2 -  03HaKa R 32.

nomTO je  36up 6poja aTOMa BogoHHKa, $nyopa h xnopa nocne cyncTHTy^Hje jegHaK 
noneTHOM 6pojy boaohhkobhx aTOMa, 6nhe n = 2k + 2 -  L -  m, ogamie ce M05Ke, Ha 
ocHOBy 6pojnaHe 03HaKe ogpegHTH 6poj aTOMa xnopa n y MoneKyny gaTor ^peoHa. 
noHeKag ce yMecro 03HaKe R  kophcth rpyna og gBa go neTHpn BenHKa cnoBa, Koja 
yKa3yjy Ha to Kojn cy eneMeHTH 3acryn^eHH y MoneKyny, Tj. yKa3yje Ha “THn” jegHfteaa:

• HC yr^OBogoHH^n;
• CFC noTnyHO xanoreHH30BaHH xnopo$nyopoyr.^eHH^H;
• H CFC genHMHHHO xanoreHH30BaHH xHgpoxropo$nyopoyr.^eHH^H;
• FC noTnyHO xanoreHH30BaHH $nyopoyr^eHH^H;
• H FC genHMHHHO xanoreHH30BaHH xngpo$Hyopoyr^eHH^H.

®peoHH Kojn y MoneKyny HMajy jom  h p aTOMa 6poMa, go6njajy h gogaTHy 03HaKy B(p), 
na je  ftnxoBa KOMnneTHa 03HaKa R(k-1)(L+1)(m)B(p). Taga je  6poj aTOMa xnopa n = 2k + 
2 -  L -  m -  p .
H30Mepn H3 eTaHOBe rpyne 03HanaBajy ce Ha hcth h^hhh Kao h ocranH ^peoHH caMO mTO 
nocne 6pojnaHe 03HaKe go6njajy Mana c^OBa a,b ,c,... no pegocnegy H30Mepa. 
npHMep 14.2. CHClFCF3 03HanaBa ce R 124, a CHF2CClF2 03HanaBa ce R 124a. 
PacxnagHH $HyngH go6njeHH xaroreHH3a^HjoM ^ hkhhhhhx yr^OBogoHHKa (CkH2k) HMajy 
y 03Ha^H nocne cnoBa R gogaTHO chobo C, KaKO 6h ce Ha ocHOBy 03HaKe Morao 
H3panyHaTH 6poj aTOMa xnopa.
npHMep 14.3. 3a pacxnagHH $nyng RC316 je  k -1  = 3, L +1 = 1, m = 6, na je  n = 2k -  L 
-  m = 2, Te $opMyna rnacn C4F6Cl2.
BpojeBHMa og 400 go 499 03HanaBajy ce pa3He 3eoTponcKe cMeme.
BpojeBHMa og 500 go 599 03HanaBajy ce pa3He a3eoTponcKe cMeme.
BpojeBHMa og 600-699 o6eneKaBajy ce no npoH3BO^HOM pegocnegy pa3Ha opraHcKa 
jegH fteaa, Koja ce Kopncre hhh Mory ga ce Kopncre Kao pacxnagHH $HyngH. 
npHMep 14.4. 3a n-6yTaH h H3o6yTaH (C4H J0) je  L=10 (>8), na ce Kopncre 03HaKe R 600 
ogHocHO R 600a.
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BpojeBHMa og 700 Haga^e, 03HanaBajy ce HeopraHcKH pacxnagHH $HyngH, TaKO mTO ce
nocne npBe ^H^pe (7), Koja yKa3yje ga je  pen o HeopraHcKOM pacxnagHOM $nyngy, gogajy
jom  gBe ^H^pe Koje noKa3yjy meroBy penaTHBHy MoneKyncKy Macy.
npHMep 14.5. AMOHHjaK (NH3) HMa 03HaKy R 717, yr^eHgnoKcng (CO2) HMa 03HaKy R
744.
^ a  6h ce pa3HHKOBane 03HaKe pa3HHHHTHx HeopraHcKHx pacxnagHHx $nynga, Kojn 
eBeHryanHO HMajy Hcry penarHBHy MoneKyncKy Macy, mnxoBHM 6pojnaHHM 03HaKaMa 
gogajy ce BenHKa cnoBa A, B, C.
He3acnheHa opraHcKa jegnmerna (eTHneH h jegnmerna Ha 6a3H eTHneHa, bhhhhh h 
nponnneH) 03HanaBajy ce Ha hcth HanHH Kao h ^peoHH, ochm mTO ce ucnpeg 6pojnaHe 
03HaKe goga ^H^pa 1. 
npHMep 14.6.

• eraneH (CH2=CH2) HMa 03HaKy R 1150;
• nponnneH (CH3CH=CH2) HMa 03HaKy R 1270.

14.4 TPAHCnOPT H ^HCTPHEy^HJA PACX^A^EHHX ^^yH ^A
y  caBpeMeHHM HHgycTpnjcKHM o6jeKTHMa, gaHac ce 3a noTpe6e xna^erna (TexHonomKor h 
npocTopa) cBe nemhe KopucTe ceKyHgapHH pacxnagHH $HyngH, Maga nocToje h 
pacxnagHe HHCTana^nje y KojHMa ce kophcth caMO jegaH pacxnagHH $nyng. npegHocTH 
Kopnmherna ceKyHgapHor pacxnagHor $nynga cy MHoro6pojHe:

• y npuMapHOM Kpyry, Mory ce kophcthth eHepreTCKH HajnorogHHjH $HyngH (Hnp. 
aMOHHjaK), 6e3 onacHocrn og KOHTaMHHHparna xna^eHHx o6jeKaTa;

• KOHHHHHa npHMapHor pacxnagHor $^ynga y HHCTana^HjH je MHHHMH3HpaHa;
• pH3HK og HcTH^ama npuMapHor pacxnagHor $nynga y OKOHHHy je  MHHHManaH;
• npHMapHH pacxnagHH $nyng Hana3H ce caMO y MamHHcKoj cann, nog noTnyHOM 

KOHTpoHOM crpyHHor oco6.m ;
• nagoBH npHTHcKa y ^eBOBogHMa npHMapHor pacxnagHor $nynga cy MHHHManHH, 

TaKO ga je  eHepreTcKa e^HKacHocr y npuMapHOM geny HHCTana^nje BucoKa;
• 6 o ^a  peryna^nja pacxnagHor yHHHKa xnagmaKa y pacxnagHHM npocropHMa;
• Moryfia je  npHMeHa aMOHHjaKa (caMO y cBojcrBy npuMapHor pacxnagHor $nynga) y 

npexpaM6eHoj, $apMa^eyTCKoj HHgycrpHjH h KHHMaTroa^Hjn;
• Be^HKa Maca ceKyHgapHor $nynga y cncreMy HMa ,,6a$ep“ e^eKaT, TaKO ga je  

noTpe6Ha Mama nocyga y ceKyHgapHOM Kpyry;
• Moryhe cy Marne HHTepBeH^nje Ha npHMapHOM cncreMy, npu genHMHHHO onyBaHOM 

pacxnagHOM Kana^HTCTy ceKyHgapHor gena.
Hegocra^n cncreMa ca ceKyHgapHHM pacxnagHHM $nyngoM:

• npeHoc TonnoTe KOHBeKanjoM y xnagrna^HMa HomnjH je  y ogHocy Ha KOHBeK^njy 
npu K^ynarny (Kog gnpeKTHHx cucTeMa), na cy noBpmuHe xHagrnaKa y 
HHgnpeKTHHM cncreMHMa xna^erna 3HaTHO Behe;
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• MaceHH npoTOK ceKyHgapHor $Hynga Befin je  Hero Kog CHCTeMa ca K^narneM  
pacxnagHor $nynga y xnagma^HMa;

• 36or noBefiaHe noTpomae eneKipHHHe eHeprnje 3a TpaHcnopT ceKyHgapHor 
$nynga, yKynHH TpomKOBH eHeprnje pacxnagHor cncreMa cy Befiu;

• 3a OTanarne nrna ca ncnapHBana Mopajy ce HHcTanncaTH eneKTpHHHH rpejann, 
nomTO ce He MO*e kophcthth Tonna napa npuMapHor pacxnagHor $nynga 
(aMOHHjaKa).

KpHTepnjyMH H36opa ceKyHgapHor pacxnagHor $nynga He pa3HHKyjy ce MHoro og 
H36opa npuMapHor pacxnagHor $nynga, c thm mTO je, 36or cne^H$HHHHx ycnoBa paga, 
HajBefia pa3HHKa y TepMogHHaMHHKHM KpHTepnjyMHMa.
n p e  cBera, cne^H^HHHH TonnoTHH Kanaar n eT TenHocTH c pt Tpe6a ga je  mTO Befiu; to je  
HapoHHTO 6htho Kaga ceKyHgapHH pacxnagHH $nyng Hajnemfie npHMa hhh ogaje T3B. 
“oceT^HBy TonnoTy.” Ako ceKyHgapHH pacxnagHH $nyng He Mema $a3y, TonnoTa 
ncnapaBarna HHje 6nTHa (y cynpoTHOM Tpe6a ga je  mTO Befia); TaKO^e, Hajnemfie Hucy 
6hthh hh cne^H^HHHH TonnoTHH Kana^HTeTH 3acufieHe h nperpejaHe nape hh eKcnoHeHT 
H3eHTpone.
Ba^HO je  ga ceKyHgapHH pacxnagHH $nyng HMa noBO^He TpaHcnoprae KapaKTepncTHKe, 
Koje norogyjy nocTH3arny BenHKHx BpegHocrn Koe^H^HjeHara npena3a TonnoTe h Mannx 
OTnopa crpyjama y ^eBOBogHMa h pa3MemHBanHMa TonnoTe.
OcranH KpHTepnjyMH cy yrnaBHOM hcth, ochm mTO HHje 6HTHa pacrBop.MBocT ca y^HMa, 
a^H je  noce6HO Ba*Ha HucKa ^eHa, 3aTO mTO HHcTanaaHje necro (Kaga cy BenHKe h 
pa3ipaHare) cagp^e BenHKe KOHHHHHe ceKyHgapHor pacxnagHor $nynga.
Hajnefie npHMemHBaHH ceKyHgapHH pacxnagHH $HyngH cy:

• pacTBopn cohh, o6hhho BogeHH pacTBopn Kan^HjyM hhh HaTpnjyM xnopnga;
• TenHe MemaBHHe Ha 6a3H rnHKona, o6hhho BogeHH pacrBopn eraneH h nponnneH 

raHKona;
• HHcre (j egHOKOMnoHeHTHe) TeHHocrn c hhckom TeMnepaTypoM cMp3aBarna, Kao 

mTO cy MeTHHeH-xnopHg, TpH-xnop-eTHneH, a^eroH h MeTHH hhh eTHH amoxon;
• pacTBopn 3a cne^njaHHy npHMeHy, Hnp. 3a eKcrpeMHO HHcKe TeMneparype; 

THnHHHH npHMepn cy npoH3Bogn neTpoxeMHjcKe HHgycrpHje, cHHTeTHHKa y ^a , 
$HyngH Ha 6a3H cHHHKOHa hhh mefiepHH pacraopH.

n p u  TpaHcnopTy h gHcrpH6y^HjH ceKyHgapHor pacxnagHor $nynga, noTpe6HO je  
o6paTHTH na®rny Ha:

• gHMeH3Hje ^eBOBoga h apMaType. Mane gHMeH3Hje npoy3poKyjy BenHKy 6p3HHy 
crpyjama h BenHKH nag npHTHcKa, mTO 3axTeBa ^HpKyna^HOHy nyMny Befier 
Hanopa h Befie cHare. ^npKyna^HOHa nyMna y pacxnagHoj HHcrana^HjH 3arpeBa 
ceKyHgapHH pacxnagHH $nyng, mTO gogaTHO TonnoTHO onrepefiyje nnnep h 
npoy3poKyje noBefiaHy noTpommy eHepraje;



14. Ochobu paga ype^aja u onpeMa pacxnagHnx cncreMa 14-15

• KopncTHTH ^npKyna^HOHe nyMne c npoMeHMBHM 6pojeM o6pTaja noMohy 
^peKBeHTHor perynaTopa. Ha Taj HanHH Mory ga ce nocTHray 3HaTHe ymTege 
eneKrpHHHe eHeprnje 3a noroH nyMnu;

• peryna^nja noTpomana (xnagmaKa) je  KBaHTHTaTHBHa (npoMeHOM npoTOKa 
pacxnagHor $nynga), mTO je  gogaTHH pa3nor 3a npHMeHy ^npKyna^HOHHx nyMnu c 
npoMeH^HBHM 6pojeM o6pTaja;

• H30H0BaTH cBe ^eBOBoge h apMarypy 3a TpaHcnopT h gHcTpn6y^Hjy ceKyHgapHor 
pacxnagHor $nynga TepMHHKOM roona^njoM c napHOM 6paHOM. Ha Taj HanHH ce, 
ochm cMamerna go6maKa TonnoTe (3arpeBameM pacxna^eHor pagHor $nynga), 
cnpenaBa h eBeHTyaHHa Kopo3Hja Ha cno^HHM noBpmuHaMa ^eBOBoga.

14.5 nOTEH^HJA^HE KPHTHHHE TAHKE ryEHTAKA EHEPrHJE
PacxnagHO nocrpojeme, h pacxnagHa MamHHa (Kao meroB HajBa^HHjn geo), HHHe cno^eH 
cncreM Kojn 3axTeBa npaBHHHO pyKOBarne h ogp^aBame, KaKO 6h ce nocmrnH ^e^eHH 
napaMeTpu nocrpojema. HaBegeHH cy ge^OBH nocrpojema y KojHMa ce Hajnemhe jaB^ajy 
ry6n^H.
Ty6H^H y KOMnpecopy -  Koe^H^njeHT (creneH) ucnopyKe:

• 3anpeMHHcKH creneH ucnopyKe (ycneg mTeTHor npocropa);
• creneH ucnopyKe ycneg npnrymHBarna Ha ycucy;
• creneH ucnopyKe ycneg 3arpeBarna nape npu yna3y y KOMnpecop;
• creneH ucnopyKe ycneg Bpahama ca6njeHe nape y ycncHH npocrop.

^ o6h^ h TonnoTe og OKOHHHe (ry6nuH) y ^eBHMa h apMarypn -  Ta TonnoTa, nocpegcTBOM 
pacxnagHor $nynga, Mopa ga ce npeHece y KOHgeH3aTop h npega okohhhh (jacHO, y3 
yTpomaK ogpe^eHe KOHHHHHe paga).
^ o6h^ h TonnoTe (ry6n^n) y noMoftHHM ype^ajHMa (xnagma^H y ^a , nyMne 3a Bogy, 
BeHTHHaTopn KOHgeH3aTopa h ncnapHBana HTg). Obh noMohHH ype^ajn Mory ga ynecTByjy 
h go 25% y yKynHoj noTpommn eHeprnje, a npu genHMHHHOM onrepehemy nocrpojerna h 
y BeheM npo^em y.
OmTeheHa hhh noKugaHa TepMHHKa roona^nja ^eBOBoga h apMarype noBehaBa go^HTKe 
TonnoTe, a MO*e ga go^e h go HHTeH3HBHe Kopo3Hje ycneg KOHgeH3aanje Bnare H3 
Ba3gyxa.
^e6eo cnoj nega (nrna) Ha HcnapHBanHMa hhh xnagma^HMa -  cnpenaBa (cMamyje) 
HHTeH3HTeT pa3MeHe TonnoTe.
BnoKaga (cMamerne) npoTOKa Ba3gyxa Kpo3 pa3MemHBane TonnoTe (ncnapHBane h 
KOHgeH3arope) npoy3poKOBaHa HenHcrohoM -  noTpe6HO je  pegoBHO HHmherne ope6peHHx 
pa3MernHBana TonnoTe.
npncycrBO Ba3gyxa h gpyrux HeKOHgeH3yjyhnx racoBa y HHnepy -  noBHmaBa npHTHcaK y 
pacxnagHoj MamHHH.
HegoBO^HO nymerne HHnepa pacxnagHHM $nyngoM -  npoBepHTH h otkhohhth ^yperne 
pacxnagHe HHcTana^nje.
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14.6 Ton^OTHE nyM nE
npaKTHHHO og noneTaKa pa3Boja tcxhhkc xna^ema 6hho je  no3HaTO ga ce paexnagHe 
MamHHe, y3 Marne aganTaaHje, Mory kophcthth h Kao HHCKOTeMnepaTypcKe TonnoTHe 
nyMne, ann npBa 3HanajHHja TonnoTHa nyMna nonena je  ga ce kophcth TeK yonn flpyror 
CBeTCKor para y fflBaj^apcKoj, ga 6h y6p30 TonnoTHe nyMne 6nne cKopo 3a6opaB^eHe. 
Pa3H03H gyroTpajHor ogcycTBa HHTepeca 3a Tonnorae nyMne 6nne cy HHcKe ^eHe 
eHeprnje H3 $ ochhhx ropHBa, penaTHBHO jegHocraBHa, je^THHa h noy3gaHa onpeMa 3a 
mnxoBO Kopnmherne h, ca gpyre crpaHe, BHcoKa ^eHa caMHx TonnoTHHx nyMnu. 
Me^yTHM, nocne npBe H a^rae KpH3e 1972/73. rogHHe, noHHme Harnn pa3Boj TonnoTHHx 
nyMnu 3a Hajpa3HOBpcHHjy MacoBHy npHMeHy.
npaKTHHHO He nocroje nporoBO^aHH Kojn npou3Boge caMO pacxnagHe ype^aje, a ga He 
npoH3Boge HcroBpeMeHO h pa3He Bpcre TonnoTHHx nyMnu.
y  HOBHje BpeMe cKopo cBe paxnagHe MamHHe y KHHMaTH3epHMa Mory ayTOMarcKH ga 
peBep3Hpajy ^HKnyc h ga y xnagHHM nepnogHMa page Kao TonnoTHe nyMne. To 3HaHajHO 
noBehaBa Kopnmherne thx ype^aja tokom ^ene rogHHe h BeoMa no6o^maBa 
eKOHOMHHHocr mnxoBe npHMeHe.npHMeHa TonnoTHHx nyMnu y HHgycrpHjH je  Bpno 
pa3HOBpcHa. Kopncre ce 3a:

• cymerne;
• ncnapaBarne;
• gecrHHa^njy;
• yKyBaBame;
• npoH3Bogmy nape;
• 3arpeBame pa3HHx $nynga;
• npunpeMy nT B ;
• rpejame npocropa.

H3Bopn TonnoTe 3a TonnoTHe nyMne Mory 6hth pa3HHHHra:
• okohhh Ba3gyx (penaTHBHO nom TonnoTHH H3Bop 3a noTpe6e rpejama 3rpaga; 

HajBehe noTpe6e cy npu hhckhm cno^HHM TeMnepaTypaMa, a Taga je  rpejHH 
yHHHaK TonnoTHHx nyMnu HajMarnn, y3 Mane BpegHocrn Koe^H^Hjema rpejarna);

• Boga: nog3eMHa (6yHapu, gy6oKe 6ymoTHHe) h Hag3eMHa (peKe, je3epa);
• Tne: xopH30HTanHO hhh BepTHKa^HO nocraB^eHH pa3MernHBaHH TonnoTe;
• OTnagHa TonnoTa H3 TexHonomKor npo^eca (pa3HH $HyngH);

Koe^H^njeHT rpejama eg je  ogHoc H3Me^y npegare TonnoTe Ha KOHgeH3aTopy Qg 
(rpejaHOM Teny, TonnoTHOM noHopy) h yTpomeHor paga W. y  aHrno-caKcoHcKoj 
HHTeparypH 03HaKa je  COP (coefficient o f performance)

Qg
s g W

(14.3)

MHoro ^aKTopa yTHHe Ha eHepreTcKy e^HKacHocr TonnoTHHx nyMnu. HajBa*HHjn cy: 
• TeMnepaTypa TonnoTHor H3Bopa h noHopa, o^ hocho rnnxoBa pa3HHKa;
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• creneH kophchocth noroHcKor MOTopa (eneKTpHHHH, groen, racHH);
• pagHe nep^opMaHce KOMnpecopa (KHHnHH, poTa^HOHH, BHjHaHH, Typ6o);
• noTpornaa eHeprnje noMohHHx ype^aja (nyMne, BeHTHHaTopn);
• ycKHa^eHocr TonnoTHor yHHHKa TonnoTHe nyMne h eHepreTcKHx noTpe6a 

KopncHHKa;
• cncreM ayTOMaTcKor ynpaB^a&a TepMOTexHHHKHM HHcrana^HjaMa.

HeKe og npegHocm Kopnmhefta TonnoTHHx nyMnu y HHgycrpHjH:
• ymTege y noTpommn eHeprnje, mTO goBogu go cM aaeaa yKynHHx 

eKcnnoaTaqHOHHx TpomKOBa;
• cMafteae noTpornae $ ochhhhx ropuBa h eMHcnje yr^eH-gHOKcnga, racoBa 

craKneHe 6amTe Kao h gpyrnx mTeTHHx racoBa, HHMe ce mTHTH ^HBOTHa cpegHHa;
• MoryhHocr HcKopnmhema HHcKOTeMnepaTypcKe OTnagHe TonnoTe H3 npoH3BogHor 

npo^eca;
• Mory ce npHMeHHTH npu H3rpagmH hobhx HHgycrpHjcKHx nocrpojema, ann h npu 

peKOHcrpyKqHjH nocrojehHx;
• 3agoBO^aBame jegHOBpeMeHHx noTpe6a 3a rpejaaeM  h xna^emeM. 

npo^eHa onpaBgaHocrH npHMeHe TonnoTHHx nyMnu y HHgycrpHjH:
• yTBpgHTH ga hh y TexHonomKOM npo^ecy nocroje Mecra rge je  Moryhe npHMeHHTH 

TonnoTHy nyMny (noTpe6e 3a rpejameM h xna^emeM, pacnono^HB norogaH 
TOnHOTHH H3Bop);

• npenHMHHapHH H36op THna Tonnorae nyMne;
• H3paga npeTxogHe crygHje H3Bog^HBocTH ca npenHMHHapHOM eKOHOMcKOM

aHanH30M;
• H3paga geTa^He crygHje H3Bog^HBocTH Koja Tpe6a ga noKa^e onpaBgaHocr 

HHBecTH^nje, KaKO 6h ce 3anoHeno c H3pagoM noTpe6He npojeKTHe goKyMeHTa^nje 
h H3B0^emeM pagoBa.

14.6.1 HcroBpeMeHO KopHmherne e^eKTa x^a^erna h ipc jan .a
TonnoTHe nyMne ce cBe BHme npHMemyjy, KaKO y pe3HgeH^HjaaHHM, nocnoBHHM h 
o6jeKTHMa onmTe h jaBHe HaMeHe, TaKO h y HHgycrpHjH. 3a 3arpeBame 3rpaga Kopncre ce 
y 3hmckom h npena3HOM nepuogy (nepuogy rpejama), a 3a 3agoBO-MBame TonnoTHHx 
noTpe6a TexHonomKHx npo^eca tokom ^ene rogHHe, npeMa noTpe6u. 
npHMeHOM o6hob^ hbhx H3Bopa eHeprnje (CyHHeBe eHeprnje, eHeprnje BeTpa, eHeprnje 

go6njeHe TonnoraoM nyMnoM), HajTe^e je  ycKHagHTH npoH3BegeHy eHeprnjy h TpeHyTHe 
TonnoTHe noTpe6e y o6jeKTy, He tohhko y npojeKTHHM ycnoBHMa, kohhko y pa3HHHHTHM 
eKcnnoaTa^HOHHM yc^OBHMa. Ta pa3HHKa je  jegaH og rnaBHHx pa3nora 3a npogy*erne 
nepuoga OTnnaTe HHBecrH^nje y ogHocy Ha npojeKTOM npegBH^eHy gy*HHy. npo6neM 
HeycKHa^eHocrH H3Me^y MoryhHocTH h noTpe6a goHeKae ce y6na®aBa npHMeHOM 
aKyMyna^Hje TonnoTe y KpaheM BpeMeHcKOM nepuogy.
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HgeanaH cnyHaj npuMeHe TonnoTHHx nyMnu je  Kaga y o6jeKTy nocroje HcroBpeMeHe 
noTpe6e h 3a rpejaaeM h 3a xna^efteM. ^ kohhko cy Te TonnoTHe noTpe6e ycKna^eHe 
(noTpe6e 3a rpejaaeM cy Behe og noTpe6a 3a xna^eaeM 3a pag KOMnpecopa) h pa3HHKa y 
noTpe^HHM TeMnepaTypcKHM HHBOHMa HHje npeBenHKa, OHga je  TonnoTHa nyMna HgeanHO 
pem eae 3a 3agoBO^aBaae eHepreTcKHx noTpe6a.
y^ynaH Koe^H^njeHT TaKBor cncreMa jegHaK je  36upy Koe^H^Hjema rpeja&a h 
Koe^H^njeHTa xna^efta. Kog HgeanHO cnperHyTHx cncreMa, Ta BpegHocr MO*e 6hth h 
Beha og 10! To 3HaHH ga ce npHMeHOM TonnoTHe nyMne, yTpomKOM 1 kW h eneKTpHHHe 
eHeprnje MO*e go^HTH h npeKO 10 kW h TonnoTe 3a rpeja&e h xna^efte. 
npHMep 14.7. TnnHHaH npHMep npHMeHe TonnoTHe nyMne 3a HcroBpeMeHO rpeja&e h 
xna^eae je  KnaHHHHa h HHgycrpnja npepage Meca. noTpe6e 3a xna^eaeM y Toj rpaHH 
HHgycrpHje cy cranHe (^enorognmfte), c thm mTO ce noTpe6e 3a xna^efteM Meaajy tokom 
rogHHe y 3aBHcHocm og cno^He TeMnepaType, KOHHHHHe ycKHagnmTeHe po6e y 
xnagftaHaMa h gHeBHor yHoca Meca h MecHHx npepa^eBHHa. TaKo^e, cBaKogHeBHe cy h 
noTpe6e 3a BenHKOM kohhhhhom caHHTapHe Tonne Boge. Pem eae Koje ce Hecro 
npHMeayje (3aTO mTO ce y npaKcu noKa3ano BeoMa go6po), je  ga ce y pacxnagHH arperaT 
c Ba3gyxoM xna^eHHM KOHgeH3aTopoM (Kojn ce no npaBHny npHMeayje) yrpagn gogaTHH 
BogoM xna^eHH KOHgeH3aTop, KojHM ce pacxnagHH $nyng KOHgeH3yje h xnagH npo^ecoM 
npunpeMe noTpomHe Tonne Boge. y  3aBHcHocrn og ycBojeHHx TeMnepaTypcKHx pe^HMa, 
noTpomHa Tonna Boga MO*e ga ce gupeKHO kophcth, a aKO je  noTpe6HO, aeHa 
TeMnepaTypa ce noBHcn go ^e^eH or TeMnepaTypcKor HHBoa.
Obo pem eae je  npHMeH^HBO y Beh rorpa^eHHM noroHHMa (HaKHagHOM yrpagftOM BogoM 
xna^eHor KOHgeroaropa), ann h npu npojeKTOBafty h H3BO^efty hobhx $a6pHKa H36opoM 
ogroBapajyher HHnepa y KOMe je  Beh yrpa^eH ype^aj 3a Kopnmheae OTnagHe TonnoTe. 
Ochm HHgycrpnje npepage Meca, obo pem eae npHMeayje ce y HHgycrpHjH npepage 
M^eKa h HeKHM gpyrHM rpaHaMa npexpaM6eHe HHgycrpHje.

14.7 O^P^ABA&E H MOry^HOCTH ymTE^E EHEPrHJE
MoryhHocrH ymTege eHeprnje y HHgycrpHjcKHM cncreMHMa 3a xna^efte cy MHoro6pojHe:

• AKyMyna^nja TonnoTe 3a xna^eae (ceKyHgapHor $nynga):
- ymTega eHeprnje nocrn^e  ce pagoM HHnepa tokom nepuoga HH*e cno^He 

TeMnepaType (pag Hohy). n p u  HH^oj TeMnepaTypu KOHgeroa^nje noBehaBa 
ce Koe^H^njeHT xna^efta;

- ymTega noroHcKHx TpomKOBa jep ce cMa&yje gHeBHa BpmHa cHara 
(noTpa^fta) eneKTpHHHe eHeprnje Ha MaKcnrpa$y. Pag HHnepa BehHM 
ge^OM je  y nepuogy HH®e Tapn^e eneKTpHHHe eHeprnje.

• Kopnmheae OTnagHe TonnoTe H3 pacxnagHor cncreMa:
- yrpagftOM gogaTHor KOHgeH3aTopa MO*e ga ce kophcth TonnoTa 

KOHgeH3a^nje 3a npunpeMy caHmapHe Tonne Boge hhh 3arpeBaae 
(HHcKOTeMnepaTypcKH noTpomaHH). ^ kohhko cy noTpe^HH BHmn
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TeMnepaTypcKH napaMeTpu pagHor $Hynga, kophcth ce Tonnoraa nyMna 3a 
Kojy je  H3Bop TonnoTe OTnagHa TonnoTa KOHgeH3aTopa;

- Kog Behnx nocrpojefta ca BHjHaHHM KOMnpecopHMa, TonnoTa H3 xnagftaKa 
y ^ a  MO*e ga ce kophcth 3a go6njafte Tonne Boge TeMnepaType 35-40°C.

• kophcthth 6ecnnarHO npupogHO xna^erne noMohy pacnono^HBe xnagHe Boge hhh 
xnagHHM okohhhm Ba3gyxoM yMecro HHnepoM pacxna^eHe Boge, Kaga je  to 
Moryhe;

• kophcthth ageKBaTHO nocrpojefte 3a xna^erne (BenHHHHa, THn KOMnpecopa) Koje 
ogroBapa cagamftHM noTpe6aMa xna^erna;

• pa3MOTpHTH MoryhHocr cMarnerna TonnoTHor onrepeherna KHHMaTH30BaHor 
(xna^eHorj o6jeKTa KopnmherneM eHepreTcKH e^HKacHHjer ocBeT^erna, 
nocraB^ameM ryMeHHx 3aBeca Ha yna3HHM BpaTHMa (Koja ce Hecro OTBapajy hhh 
gyro croje OTBopeHa), go6puM ayTOMaTcKHM ynpaB^arneM h gp.;

• nogecHTH TeMnepaTypy ncnapaBarna pacxnagHor $nynga Ha HajBHmy Moryhy Koja 
3agoBO^aBa noTpe6e xna^erna (H36ehn HenoTpe6HO noTxna^HBarne h THMe 
noBehaHy noTpommy eHeprnje);

• chh3hth TeMnepaTypy KOHgeroa^nje Kag rog go3BO.MBa pacxnagHO onrepeherne h 
TeMnepaTypa OKOHHor Ba3gyxa;

• TepMHHKH H30H0BarH ^eBOBoge (h apMaTypy) xnagHe Boge h pacxnagHor $nynga 
npeMa hobhm craHgapgHMa o TonnoTHoj 3amTHTH h eHepreTCKoj e^HKacHocrn 
pacxnagHHx cncreMa;

• e^HKacHHje je  kophcthth BogoM Hero Ba3gyxoM xna^eHe KOHgeH3aTope;
• HHcranHcaTH chctcm ayTOMaTcKor ynpaB^arna 3a KOopgHHa^njy paga BHme 

HH^epa;
• H36eraBaTH npegHMeroHOHHcarne HHnepa y ogHocy Ha pacxnagHO onrepeherne;
• nepnogHHHO OTanarne nega (nma) Ha xnagrna^HMa (ncnapHBaHHMa).

HaHHHH OTanarna nma c HcnapHBaHa:
- npupogHO OTanarne (noMohy HHTeH3HBHor crpyjama Ba3gyxa y KOMopaMa 3a 

xna^erne y ^H^y noBeharna Koe^H^Hjema npeHoca TonnoTe);
- BogoM H3 BogoBoga (e^HKacHHje og OTanarna Ba3gyxoM H3 KOMope);
- eneKTpHHHO OTanarne npHMeHOM eneKTpooTnopHHx rpejaHa;
- TonnoM napoM ca noTuca KOMnpecopa (Bpno e^HKacaH h^hhh OTanarna nma, 

npHMernyje ce Kog Behux pacxnagHHx nocrpojerna).
yHecraHocr OTanarna cnpoBogu ce y BpeMeHcKH Bpno mnpoKHM rpaHH^aMa: og 1 go 2 
nyTa Ha caT Kog ope6peHHx HcnapHBaHa c ManHM KopaKOM ope6perna, go 1 nyT MeceHHO 
Kog HcnapHBaHa ca rnaTKHM ^eBHMa h npnpogHHM crpyjameM Ba3gyxa. 
reHepa^HH KOH^enr npHMeHe Mepa eHepreTCKe e^HKacHocrn y HHgycrpHjcKHM 
cncreMHMa 3a xna^erne cagp^n:

• H36op ogroBapajyher KOH^ernyanHor pemerna pacxnagHe HHcrana^Hje;
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- Tun pacxnagHe HHCTana^nje (KOMnpecopcKa hhh ancopn^HOHa, 
jegHocreneHa hhh gBocreneHa m g);

- H36op onTHManHor pacxnagHor $nynga;
- THn h BenHHHHa KOMnpecopa;
- MoryhHocr Kopnmheaa OTnagHe TonnoTe.

• Kopnmheae eHepreTcKH e^HKacHe onpeMe:
- npoMeH^HB 6poj o6pTaja eneKTpoMOTopa;
- eHepreTcKH e^HKacHH KOMnpecopu ca mTO MaftOM cne^H^HHHOM 

noTpomftOM eHeprnje;
- onTHMH3aqHja npHTHcKa KOHgeH3aqHje;
- ageKBaTHO ayTOMaTcKO ynpaB.Mme pagoM pacxnagHor arperara.

• pegoBHO cepBHcnpafte cncreMa y ^H^y ogp^aBama npojeKTOBaHe e^HKacHocm. 
npaBHHHO ogp^aBame pacxnagHHx ype^aja:

• pegoBHa KOHTpona h cepBHcnpafte onpeMe og crpaHe OBnamheHHx nn^a;
• HHmherne pa3MernHBaHa TonnoTe;
• pegoBHO KOHTpoHHcaTH KOHTpoHHe h nocTaBHe BpegHocm;
• ogp^aBame TonnoTHe H30Haqnje y go6poM cramy cMamyje ry6HTKe / go^HTKe 

TonnoTe h cnpeHaBa nojaBy Kopo3Hje;
• ogp^aBarneM eneMeHaTa ayTOMamKe o6e36e^yje ce npaBHnaH h e^rnacaH pag 

nocrpojerna;
• Kopnmherne cHHTeTHHKor y ^ a  y HHnepy (yKOHHKO nporoBO^aH KOMnpecopa 

go3Bo^aBa);
• TeMnepaTypa y ^ a  y HHnepy Tpe6a ga 6yge y ogpe^eHHM rpaHH^aMa (yKOHHKO je  

npeBHcoKa gona3H go gerpaga^nje y ^ a  h cMamerna bhcko3hocth);
• noBpeMeHO npoBepHTH xna^erne KOMnpecopa;
• noBHcHTH TeMneparypy xnagHe Boge Ha H3na3y H3 HHnepa aKO je  Moryhe;
• cMamHTH pa3HHKy H3Me^y TeMneparypa KOHgeroa^nje h ncnapaBama aKO je  

Moryhe;
• hck^ hhth noMohHe ype^aje Kag rog mnxoB pag HHje HeonxogaH;
• He gocnnarH BHme y ^ a  Hero mTO je  noTpe6Ho;
• KopnroBaTH HeogroBapajyhy KOH^empa^Hjy raHKona y Bogu hhh cacraB cMeme 

Kojn HeraTHBHO yTHHy Ha npeHoc TonnoTe hhh noTpe6Hy eHeprnjy 3a pag nyMne;
• npoBepHTH hhbo pacxHagHor $nynga y pacxnagHOM arperaTy.

^w repaTypa
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n m a m a
1. ffira  j e Ton^OTa xna^ema, a mTa pacxnagHH yHHHaK?
2. Koje cy ocHOBHe pa3HHKe H3Me^y KOMnpecopcKHx h ancopn^HOHHx pacxnagHHx 

MamHHa?
3. TnnoBH KOMnpecopa Kojn ce Kopncre y pacxnagHHM MamHHaMa.
4. PeryHHcarne pacxnagHor yHHHKa KHHnHHx KOMnpecopa.
5. nogena KOHgeH3aTopa npeMa HaHHHy ogBO^ema TonnoTe y OKOHHHy.
6. ^e^HHH^nja Koe^H^njeHTa xna^ema h Koe^H^njeHT xna^ema 3a KapHOOB ^HKnyc?
7. TepMogHHaMHHKe Mepe 3a noBeharne Koe^H^Hjema xna^erna. Ha^pTara 

no5o^maHH ^HKnyc y T-s gnjarpaMy.
8. KaKO ce ocTBapyje 3amTHTa HHaepa?
9. npHMapHH h ceKyHgapHH pacxaagHH $ayng.
10. ODP, GWP h TEWI ^aKTopn.
11. 03HaKe pacxaagHHx $aynga npeMa “rnny” jegHmema (ca gBa go HeTHpn BeaHKa 

caoBa).
12. npegHocTH Kopnmherna ceKyHgapHor pacxaagHor $aynga.
13. HajHehe npHMemHBaHH ceKyHgapHH pacxaagHH $ayHgne
14. noTeH^HjaaHe KpHTHHHa TaHKe ry6HTaKa eHeprnje y pacxaagHHM nocrpojernHMa
15. M oryhn H3Bopn TonaoTe 3a TonnoTHe nyMne.
16. ^e^HHH^nja Koe^H^njeHTa rpejama TonaoTHe nyMne.
17. Ochobhh ^aKTopn Kojn yTHHy Ha eHepreTcKy e^HKacHocr TonaoTHe nyMne.
18. npo^eHa onpaBaaHocm npHMeHe TonaoTHHx nyMnu y HHgycrpHjH.
19. npHMep npHMeHe TonaoTHe nyMne Kaga y o6jeKTy nocroje HcroBpeMeHe noTpe6e h 

3a rpejameM h 3a xna^emeM?
20. 06jacHHTH Moryhe ymTege npHMeHOM aKyMyna^nje TonaoTe 3a xna^erne?
21. Ocraae MoryhHocTH 3a ymTegy eHeprnje y pacxaagHHM HHcrana^HjaMa?
22. ffira  cagp^H reHepaaHH KOH^enr npHMeHe Mepa eHepreTcKe e^HKacHocrn y 

HHgycrpHjcKHM cncreMHMa 3a xna^erne?
23. ffira  o6yxBaTa npaBHHHO ogp^aBame pacxnagHHx ype^aja?





Epai l l l C. I:1B 'JCnBKOBI l h

15. HH^yCTPHJCKA BEHTHJA^HJA H KJHMATH3A^HJA

15.1 OCHOBHH nOJMOBH O KrX
y  goMahoj TepMOTexHHHKoj npaKcu kophcth ce CKpaheHH^a K rx  Koja 03HanaBa 
K^HMarH3a^Hjy, rpejaae u raa^erne. Haxo ce eKcn^H^HTHO He HaBogn, onmTe je 
npnxBaheHO ga CKpaheHH^a KrX o6yxBaTa u BeHTHnaqHjy. ^ ko^hko ce *e^H ga ce 
noce6ro HCTaKHe 3Hanaj BeHTH^a^Hje, kophcth ce CKpaheHH^a KrB (KaHMaTH3aqHja, 
rpejame h BeHTH^a^Hja).
C^hhho je h y eHraecKOM je3HKy -  kophcth ce CKpaheHH^a HVAC (Heating, Ventilating 
and Air-Conditioning) pagu 3ajegHHHKor 03HanaBarna rpejarna, BeHTH^a^Hje h 
KaHMarH3a^Hje. HaKO HHje eKcn^H^HTHO HaBegeHO raa^erne, y npaKCH CKpaheHH^a 
HVAC o6hhho o6yxBaTa h raa^eme y 3rpagaMa. ^ ko^hko je noTpe6HO ga ce noce6HO 
HCTaKHe h npo^ec x^a^erna, kophcth ce CKpaheHH^a HVAC&R (Heating, Ventilating, Air- 
Conditioning and Refrigeration).
K^HMaTH3aqHja je rpaHa TexHHKe h HayHHa gnc^Hn^HHa Koja ce 6aBH ocTBapHBarneM h 
ogp^aBameM norogHHx yraoBa 3a 6opaBaK HOBeKa y 3aTBopeHOM npocropy. Crporo 
y3eBmu, HaBegeHa ge^HHH^nja o^hoch ce Ha KOM$opHy KaHMaTH3a^njy rge ce yraoBH 
yrogHOCTH npHnaro^aBajy npBeHCTBeHO noTpe6aMa ^ygn Kojn 6opaBe y tom npocropy. 3a 
pa3^HKy og KOM^opHe KaHMaTroa^nje, ochobhh 3agaraK HHgycrpnjcKe K^HMarroa^Hje je 
CTBapame norogHHx yraoBa 3a onTHMa^HO ogBHjame TexmraomKor npo^eca. HapaBHO, th 
yc^OBH cpegHHe Mopajy 6hth npnxBaT^HBH h 3a HOBeKa. Ha npHMep, y nojegHHHM 
noroHHMa TeKCTĤ He HHgycrpnje h nojegHHHM $a3aMa npepage gyBaHa noTpe6HO je 
ogp^aBarn BHCOKy peramBHy B^a*HOcr Ba3gyxa (h go 90%), mTO HOBeK MO*e ga 
nogHece, Maga je 3a mera ngea^Ha BpegHOCT oko 50%. 
y  CKaagy c HaBegeHHM, ocHOBHa noge^a K^HMaTroa^nje je Ha:

• KOM$opHy;
• HHgycrpHjCKy.

15.1.1 3axTeBH 3a HHgycrpHjcKy BeHT Hia^nj y h KiHMaTH3a^njy
BeHTH^a^Hja h KaHMaTroa^nja Tpe6a ga o6e36ege noBO^He yraoBe 3a ogBHjame 
TexHO^omKor npo^eca h ga 3amTHTe pagHHKe. HHgycrpHjcKa BeHTH^a^Hja h 
KaHMarH3a^Hja Mopajy 6hth cnperHyTe c TexrnraomKHM npo^ecoM.
3axreBH 3a KBâ HTeTHOM BeHTH^a^HjoM HenpeKHgHO cy paran y npeTxogHOM nepuogy:

• 1970-hx -  $OKyc je 6ho Ha 3amTHTH pagHHKa;
• 1980-hx -  Ha KOM$opy pagHHKa (He caMO Ha mnxoBy 3amTHTy);
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• 1990-hx -  Ha eMHCHjn 3ara^HBana y okohhhy (He caMO Ha kom^ op h 3amTHTy 
pagHHKa);

• 2000-hx -  Ha mTegftH eHepruje h eHepreTCKy e^HKacHOCT (He caMO Ha noTpe6e 
TexHOHomKor npo^eca, kom^ op pagHHKa h ftHxoBy 3amTHTy, Kao h eMHcnjy y
OKOHHHy).

15.2 BEHTH^A^HJA
BeHTHHa^njoM ce o6e36e^yje 3aMeHa Ba3gyxa y npocTopnjH CBe^HM (cno^HHM) 
Ba3gyxoM, pagu enHMHHHcafta hhh CMaaeaa KOH^empa^nje 3ara^HBana (goBO^eae Ha 
g03B0^eHH HHBO).
y  3HBHCHOCTH og HaHHHa goBo^eaa/ogBo^efta Ba3gyxa pa3HHKyje ce:

• npoBeTpaBaae;
• BeHTHHa^nja.

npoBeTpaBaae Hacraje ycneg genoBaaa npnpogHHx cnna: BeTpa h/hhh y3roHCKe cnne Kao 
nocnegn^e pa3HHKe TeMneparype Ba3gyxa cno^a h yHyTap 3aTBopeHor npocropa. ^ecro 
ce Kao chhohhmh 3a npoBeTpaBaae Kopncre h TepMHHH: npupogHO npoBeTpaBaae h 
npupogHa BemHna^nja.
BeHTHHa^nja HeKor 3aTBopeHor npocropa 0CTBapyje ce pagoM BeHTHnaropa Kojn npegaje 
MexaHHHKy eHeprnjy Ba3gyxy 36or ycnocraB^afta crpyjafta. y  npaKCH ce 3a BemHna^Hjy 
KopncTe h TepMHHH: MexaHHHKa BeHTHHa^nja, npuHygHa BeHTHHaanja h npHHygHO 
npoBeTpaBaae, Maga je cacBHM goBO^HO h jegH03HanH0 ogpe^eHO pehn BemHna^nja.

15.2.1 O ch o b h h  nocryiaTH BeHTHimnje h  KiHMaTH3a^nje
^ a  6h ce y KHHMaTH30BaHoj, ogHOCHO BemHHHcaHoj npocTopnjH ocTBapHHH yrogHH 
ycHOBH 3a 6opaBaK ^ygn, cncreM 3a KTX Mopa ga 3agoBO^H ogpe^eHe 3axTeBe y Be3H 
nocTH3afta ogroBapajyhe crpyjHe CHHKe y npocropnjH:

• y ^enoj npocropnjH noTpe6HO je ocTBapHTH 3aMeHy Ba3gyxa. noTpe6HO je H36ehn 
30He y KojHMa He gona3H go KpeTaaa Ba3gyxa, t3b. „MpTBe 30He“.TaKBe 30He ce He 
CMejy nojaBHTH y 30hh 6opaBKa ^ygn;

• cBe* Ba3gyx Tpe6a ga ce goBege y 30Hy 6opaBKa ^ygn;
• 6p3HHa Ba3gyxa y 30hh 6opaBKa ^ygn He CMe ga npe^e go3BO^eHy BpegHOCT (0,25 

m/s y KOM^opHoj KHHMarroa^HjH, ogHOCHO 0,35 m/s y HHgycrpnjcKoj);
• yKOHHKO y npocTopnjH nocrojn H3Bop HHTeH3HBHor 3ara^HBafta, He CMe ce 

go3BOHHTH mnpefte 3ara^HBana no ^enoj npocTopnjH (noTpe6HO je npHMeHHTH 
HOKâ HO ogcHcaBaae).

15.2.2 HanHHH BeHTHimnje
y  3aBHCHOCTH og HaMeHe npocropnje h ^e^eHor HHBoa KOM^opa, BemHna^Hja MO*e ga 
ce ocTBapn Ha BHme HanHHa:

• ogBO^eaeM Ba3gyxa (y npocropnjH ce 0CTBapyje noTnpHTHcaK h Ba3gyx yna3H y 
npocropnjy H3 cycegHHx npocropnja h OKOHHHe);
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• goBO^emeM Ba3gyxa (y npocTopnjH ce CTBapa h ogp^aBa HarnpHTHcaK h Ba3gyx 
npecrpyjaBa Ka cycegHHM npocropnjaMa h okohhhh);

• h ogBO^emeM h goBO^emeM Ba3gyxa (KOHrpoHHcaHa BeHTHna^nja).
y  3aBHcHocTH og ogHoca KOHHHHHe goBegeHor (y6a^Hor, Vub, m3/h) h ogBegeHor Ba3gyxa
(Kojn ce H3BnanH, Viz), KOHrpoHHcaHa BernHna^Hja MO*e ce ocTBapHTH y Tpu o6nHKa:

• Vub = Viz -  HajnemhH cnynaj y KOM^opHoj BernHna^HjH;
• Vub < Viz -  y npocropHjH ce ogp^aBa noTnpHTHcaK (KapaKTepncTHHHO 3a 

npocTopnje H3 Kojnx ce *enn cnpeHHTH mnperne MHpnca: Kyxnrne, ToaneTH, 
na6opaTopnje, $ap6ape);

• Vub > Viz -  y npocropHjaMa ce ogp^aBa HaTnpHTHcaK y ^H^y cnpeHaBama 
npogopa Ba3gyxa H3 OKOHHHe (Hnp. „HHcre“ co6e).

15.2.3 Ogpe^HBarne KO^HHHHe Ba3gyxa
KoHHHHHa cBe^er Ba3gyxa 3a BernHna^Hjy ogpe^yje ce npeMa jegHOM og cnegehHx
KpHTepnjyMa:

• npeKO o6poKa no HOBeKy Ha car [m3/frč] -  kophcth ce y KOM^opHoj 
KHHMaTH3â HjH y 3aBHcHocTH og HaMeHe npocTopnje h ^e^eHor HHBoa KOM^opa;

• npeKO 6poja H3MeHa Ba3gyxa Ha caT [1/h] -  3aBucHO og HaMeHe h BenHHHHe 
npocTopnje;

• Ha ocHOBy MaKcHManHe go3BO^eHe KOH^ernpa^Hje 3ara^yjyhe MarepHje -  MDK- 
BpegHocTH. Kophcth ce y HHgycTpHjcKoj BeHTHHaanjH h KHHMaTH3aanjH Kaga je 
ge^HHHcaH H3Bop 3ara^erna (no bpcth h HHTeH3HTeTy).

15.2.4 CncreMH BeHTuaa^nje

TnnoBH BeHTHHa^nje

IVleiiian.eM
(,Mixing“)

TaHreHUHjaJiHa PaflHjajiHa

Mjia30M BpTJIOJKHa

n p H H I J H n  „K '.IIIIIIIO l “  nO TH C K H B aH >a

(„Laminar flo\tf‘)

C^HKa 15.1. Ochobhh cncreMH BeHTHnapHje

y  cnyHajy TaHreH^HjanHe KHHMaTH3a^nje, Ba3gyx ce y6a^yje gy*  HeKe noBpmuHe y 
npocropHjH, HajHemhe TaBaHH^e, npnama y3 rny h TaKO ce noBehaBa goMeT Ba3gymHe 
crpyje (cnHKa 15.2).
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Hh^ khhohh anapaT

C^HKa 15.2. TaHreH^nja^Ha BeHTHnaaHja

PemeTKe 3a y6a^HBaae Ba3gyxa no npaBHny HMajy noKpeTHe naMene (jegHopegHe hhh 
gBopegHe), noMohy Kojnx ce crpyja Ba3gyxa MO*e ycMepaBarn y ^e^eHOM npaB^y. 
OcHOBHa KapaKTepncTHKa Mna3HH^a je ga HMajy BenHKH goMeT Mna3a Ba3gyxa. Kopncre 
ce y BenHKHM xanaMa, aepogpoMcKHM 3rpagaMa, cnopTCKHM gBopaHaMa h ch. 3a pa3HHKy 
og Mna3HH^a, Bprao^HH gH$y3opn y6a^yjy Ba3gyx cnnpanHO h oh ce hhtch3hbho Mema c 
Ba3gyxoM y npocropHjH y3 BenHKH creneH HHgyKqnje. y  npocropHjaMa BenHKe BHcHHe, 
Kopncre ce Bprao^HH gH$y3opn noce6He KOHcrpyK^Hje, Kojn HMajy MoryhHocT npoMeHe 
yraa ncrpyjaBafta Ba3gyxa. y  neraeM nepnogy Ba3gyx ce y6a^yje TaHreH^njanHo gy* 
TaBaHH^e, mnpn ce no npocropHjH, a 36or Behe rycTHHe y ogHocy Ha Ba3gyx y npocropHjH 
naga HaHH^e go 30He 6opaBKa ^ygn. y  3hmckom nepnogy Ba3gyx ce y6a^yje BepTHKanHo 
HaHH^e ga 6h cBojoM KHHeTHHKOM eHeprnjoM caBnagao y3roHcKy cnny h gocneo go 30He 
6opaBKa ^ygn (cnHKa 15.3).

PemeTKa Mna3HHpa BpTno*HH g n ^y 3 o p

C^HKa 15.3. PagnjaHHa BeHTHna^nja

^aMHHapHO crpyjafte Ba3gyxa npHMeftyje ce 3a KHHMaTH3a^Hjy npocropa c H3y3eTHO 
bhcokhm 3axTCBHMa 3a hhctoRom Ba3gyxa, Kaga ce MoryhHocr KoHTaMHHapnje H3 jegHor 
gena npocropnje y gpyru Mopa cBecrn Ha HajMaay Moryhy Mepy. Ha chh^h 15.4 y neBoM 
geny npHKa3aH je cnyHaj HcrpyjaBafta KHHMaTH3oBaHor Ba3gyxa no HHTaBoj noBpmHHH 
cnymTeHe TaBaHH^e. y6a^HH Ba3gyx noTHcKyje Ba3gyx y npocropHjH Ka gynnoM nogy rge 
ce H3BnaHH H3 npocropHje. BpeMe 3a Koje Ba3gyx npocrpyjn og TaBaHH^e go noga Bpno je 
KpaTKo (oko 6 ceKyHgu), TaKo ga ce obhm chctcmom KHHMaTH3a^nje Mo*e gocrnhH 6poj 
H3MeHa Ba3gyxa 600 Ha caT. yoBoM cnyHajy ce 6poj H3MeHa He o^hoch Ha cBe* Ba3gyx, 
Hero Ha yKynHy kohhhhh^ Ba3gyxa 3a KHHMaTH3a^njy. ygeo cBe^er Ba3gyxa y obhkbhm
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CHcreMHMa o6hhho je CBera HeKOHHKO npo^eHaTa. Ha gecHOM geny CHHKe 15.4 npHKa3aHO 
je xopH30HTanHO naMHHapHO crpyjafte Ba3gyxa. C o63hpom Ha gHMeronje npocropnje, 
3agp®aBaae Ba3gyxa y npocropnjH je HemTO gy*e (go 20 s).

H
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C^HKa 15.4. HaMHHapHO crpyjame
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w = 0,3 m/s

BeHTHHaanja noTHCKHBarneM KapaKTepncTHHHa je 3a nocnoBHe npocrope Kojn ce, 36or 
Be^HKor 6poja eneKTpHHHHx ype^aja y rnHMa, yraaBHOM Mopajy xnagHTH tokom ^ene 
rogHHe. npnnpeM^eHH KHHMaTH30BaHH Ba3gyx y6aayje Ce Kpo3 pemeTKe BenHKHx 
gHMeH3Hja CMemTeHHx npu nogy npoCTopnje ManoM 6p3HHOM HCTpyjaBama. XnagaH 
Ba3gyx, Kojn HMa Behy ryCTHHy og Ba3gyxa y npoCTopnjn, naraHO Ce paCnpoCTHpe no 
^enoj npoCTopnjn goK He go^e y 6nH3HHy Tena BHme TeMneparype. Ba3gyx Ce rpeje 
TonnoTOM Kojy ogaje HOBeK h Kao TonnnjH CTpyjn HaBHme rge Ce H3BHanH hhh Kpo3 
pemeTKy y TaBaHH^H hhh y 3ugy y 6hh3hhh TaBaHH^e (CHHKa 15.5). Chhhho Ce gora^a h 
Kaga xnagaH Ba3gyx goCne go HeKor eneKTpHHHor ype^aja rge Ce 3arpeBa yraeg 
gHCHna^nje TonnoTe h TaKO 3arpejaH CTpyjn Ka TaBaHH^H.

C^HKa 15.5. BeHTHna^Hja noTHCKHBarneM
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15.2.5 BeHTH^aTopn y KrX cncreMHMa
y  3aBHCHOCTH og HaMeHe h noTpe6HHx TexHHHKHx KapaKTepHCTHKa, y HHgycTpnjcKoj
BeHTHna^HjH H KHHMaTH3â HjH KOpHCTe ce pa3HHHHTH THnOBH BeHTHHaTopa:

• aKCHjanHH BemHnaTopH (Kaga je Mann nag npHTHCKa npu Crpyjafty Ba3gyxa, goK 
npoTO^H Mory 6hth BeoMa BenHKH);

• ^empH$yranHH (y BemHna^HOHHM h KHHMa KOMopaMa 3a mnpoK onCer npoTOKa h 
Hanopa);

• BeHTHHaTopn 3a ogBO^erne m^chhx napa H3 Kyxnma hhh og TexHonomKor npo^eca 
(motop Ce Hana3H BaH CTpyje Ba3gyxa);

• npoTHBno^apHH BeHTHHaTopn 3a ogBO^eme gHMa h npogyKaTa CaropeBama y 
eKĈ eCHHM CHTya^njaMa (yo6nnajeHO Ce 3axTeBa OTnopHOCT Ha 400°C y Tpajamy 
og 2 CaTa);

• BemHnaTopH y npoTHBeKCnno3HBHoj H3Beg6n (3 a H3Bnaneme Ba3gyxa y noroHHMa 
y KojHMa Ce Mory jaBHTH KOH^empaqHje MaTepnja Koje Mory goBeCTH go 
eKCnno3Hje h no^apa).

15.3 K^HMATH3A^HJA
KaHMarroa^Hja o6yxBaTa CBe $yHKqnje CHCTeMa rpejarna h BeHTHna^Hje, nnyC:

• xna^eme Ba3gyxa neTH;
• Cymeme (ogBna^HBame) Ba3gyxa neTH;
• Bna^erne Ba3gyxa 3hmh;
• 6o^e ^HHTpnpame Ba3gyxa.

15.3.1 yc^OBH yrogHOCTH
PagoM CHCTeMa 3a KHHMaTH3a^Hjy OCTBapyjy Ce Cnegehn TepMHHKH h xHrnj eHCKH yCHOBH
y KHHMaTH30BaHHM npoCTopHMa:

• ^e^eHa TeMnepaTypa Ba3gyxa tv, oC;
• Cpegma TeMnepaTypa okohhhx noBpmHHa to (3HanajHa 3a pa3MeHy TonnoTe HOBeKa 

3panerneM);
• ^e^eHa penaTHBHa bhh^ hoct Ba3gyxa ^;
• 6p3HHa crpyjama Ba3gyxa y 30hh 6opaBKa ^ygn w, m/s;
• HHcroha Ba3gyxa (ga HeMa Hecm^a npamHHe, naKO ncnap^HBHx MaTepnja, ann h 

ga 6yge goBO^Ha KOHHHHHa CBe^er Ba3gyxa);
• ogroBapajyhn npHTHcaK Ba3gyxa (y CMHcny KOHTpoHHcaHor crpyjama H3Me^y 

npocTopnja).

15.3.2 noge^a CHcreMa K̂ HMaTH3a n̂je
KaHMarroa^HOHO nocrpojerne je TexHHHKH cncreM KojHM ce y KHHMaTH30BaH0M npocropy
nocm *y h ogp®aBajy 3axTeBaHH TepMHHKH ycnoBH cpegHHe. Cacrojn ce H3 HH3a ype^aja
h eneMeHara cnojeHHx y jegHy ^yhk^hoHanHy ^enHHy.
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Pa3OTHHTH 3axTeBH 3a oap^aBame yHyTpamae K̂ HMe y nojegHHHM o6jeKTHMa 
(rpa^eBHHCKH, TexHO^omKH. eHepreTCKH, eKO^omKH, eKOHOMCKH, ecTeTCKH m g) goBe^H 
cy go pa3Boja Be^HKor 6poja K3HMarH3a^HOHHx CHCTeMa. Cb^kh og thx CHCTeMa HMa 
CBoje npegHOCTH h HegoCTaTKe, mTO ogpe^yje mnxoB goMeH npuMeHe. CaraegaBajyhn CBe 
pe^eBaHTHe napaMeTpe, npojeKTaHT Tpe6a ga oga6epe Hajpa^HOHaaHHje h^h, TanHHje, 
HajnpHxBaT^HBHje pemerne y gaTHM yraoBHMa jep je yCBojeHO TexHHHKO pemerne neCTO 
pe3ymaT KOMnpoMHCa, a He pe3yaTaT onTHMroa^Hje Kojy CnpoBogu npojeKTaHT. 
noge^a CHCTeMa KaHMaTroa^Hje MO*e ga Ce H3Bpmn npeMa pa3OTHHTHM KpHTepnjyMHMa:
- npeMa pagHOM $nyngy:

• Ba3gymHH CHCTeMH (chmo je Ba3gyx Hocraa^ Ton^OTe go KaHMaTH30BaHHx 
npoCTopnja);

• Ba3gymHO-BogeHH CHCTeMH;
• BOgeHH CHCTeMH -  HHCy npaBH CHCTeMH KaHMaTH3a^Hje;
• Ca paCx^agHHM $nyngoM (o6hhho ^peoHOM) -  HHCy npaBH CHCTeMH 

KaHMaTH3a^Hj e.
- npeMa 6p3HHH CTpyjama Ba3gyxa Kpo3 KaHaae:

• CHCTeMH HHCKor npHTHCKa (MaKCHMâ Ha 6p3HHa CTpyjaaa Ba3gyxa y KaHa^y je 
Mama og 12 m/s);

• CHCTeMH BHCOKor npHTHCKa ( w > 12 m/s; 6p3HHa MO*e ga HMa BpegHOCT 25 - 30 
m/s).

- npeMa koothhhh Ba3gyxa:
• Ca KOHCTaHTHOM ko^hhhhom Ba3gyxa;
• Ca npoMeHMBOM koothhhom Ba3gyxa -  Bapnja^HOTH CHCTeMH.

- npeMa 6pojy ^eBH y CHCTeMy:
• gBO êBHH;
• Tpo^eBHH;
• HeTBOpÔ eBHH.

y  npaKCH Ce npHMernyje geCeTaK ochobhhx CHCTeMa KaHMaTH3a^nje h geCeTHHe 
BapnjaHTH h nogBapnjaHTH. Hajnemhe npHMernHBaHH CHCTeMH KaHMaTH3aanje Cy: 
Ba3gymHH:

• jegHOKaHa^HH HHCKor npHTHCKa c kohct^hthom koothhhom Ba3gyxa;
• 30HCKH:

- ca 30hckhm gorpejaHHMa;
- ca BHme30HCK0M KOMOpOM;
- ca 30HCKHM nOTKOMOpaMa.

• CHCTeMH BHCOKOr npHTHCKa:
- ca KOHCTaHTHOM ko^hhhhom Ba3gyxa;
- ca npoMeHMBOM koothhhom Ba3gyxa.
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Ba3gymHO-BogeHH:
• gBO^eBHH ca npe6a^HBameM (ca BemHnaTop-KOHBeKTopHMa hhh HHgyK̂ HOHHM 

anapaTHMa);
• neTBopo^eBHH.

^empanHH jegHOKaHanHH cncreM HHCKor npHTHCKa ca kohct^hthom kohhhhhom Ba3gyxa 
OCHOBHH je H HajjegHOCTaBHHjH CHCTeM KHHMaTH3a^Hje. To je HHCTO Ba3gymHH CHCTeM -  
pagHH $nyng je caMO Ba3gyx. Ba3gyx ce npunpeMa Ha jegHOM Mecry, y ^empanHoj KHHMa 
KOMopu, a 3aTHM ce Kpo3 pa3BogHe KaHane goBogu y npocropnje Koje Tpe6a 
KHHMarH30BaTH. Ako ce 3aHeMapu xna^eme/3arpeBame Ba3gyxa npu pa3BO^erny 
KaHancKOM Mpe^OM, y CBe npocropnje gona3H npnnpeM^eHH Ba3gyx hcthx napaMeTapa 
(reMneparypa, Bna^HOCT Ba3gyxa).
y  KHHMa KOMopu ce yBeK npunpeMa KOHCTaHTHa KOHHHHHa Ba3gyxa, npu neMy je jegHHO 
Moryhe ga ce npoMeHH ogHOC H3Me^y KOHHHHHe CBe^er h pe^HpKynncaHor Ba3gyxa. 
®any3HHe OTnagHor h CBe^er Ba3gyxa yBeK cy y hctom nono®ajy, a pe^npKyna^HOHH 
Ba3gyx je gonyHa go yKynHe KOHHHHHe Ba3gyxa Koja ocraje KOHcrarnHa.

15.3.3 K̂ HMa KOMopa
Ha chh^h 15.6 npHKa3aHa je meMa jegHe KHHMa KOMope. To je jegaH og Moryhnx, Kog Hac 
necro npHMeftHBaHHx cncreMa KHHMaTroa^Hje. HHane, Moryha cy h gpyra pemeaa. 
Onrnep Knace EU-2 go EU-5 npennmhaBa Ba3gyx 3a y6a^HBarne y KHHMaTH30BaHe 
npocTopnje, a y hcto BpeMe h mTHTH eneMeHTe KHHMa KOMope og 3anp^aaa. 
rpejan je noge^eH Ha npegrpejan h gorpejan h noBe3aH je c pa3genHHKOM Tonne Boge. 
Obo pemeae yo6nnajeHO je Kaga ce Bna^erne Ba3gyxa 0CTBapyje y MarneHoj komoph. 
Kaga ce Bna^erne Ba3gyxa Bpmu napHHM OBna*HBaneM hhh ce Ba3gyx yonmTe He Bna*H, 
goBO^aH je jegaH rpejan y KHHMa komoph. XnagftaK HMa $yHK^njy xna^erna h cymeaa 
Ba3gyxa h noBe3aH je ca pacxnagHHM arperaTOM, ogHOCHO pa3genHHKOM xnagHe Boge. 
y  3hmckom nepuogy, CBe* (cno-^amrnH) Ba3gyx crarna 1 agHja6aTCKH ce Mema y komoph 
3a Memarne ca pe^npKyna^HOHHM Ba3gyxoM crarna 2. MemaBHHa crarna 3 ce ^Hrnpnpa, 
3arpeBa y TonnoBogHOM npegrpejany go crarna 4, a 3aTHM Bna^H y MarneHoj komoph go 
crarna 5. y  3hmckom pe®HMy paga xnagmaK je BaH $yHK^nje. OBna^eHH Ba3gyx ce y 
gorpejany 3arpeBa go crarna 6, Koje npegcraB^a npnnpeM^eHH Ba3gyx h ^kohhko je 
KaHancKa Mpe^a penaTHBHO KpaTKa, OHga je to y hcto BpeMe h crarne y6a^Hor Ba3gyxa 
(Ba3gyxa Kojn ce yBogu y KHHMarH30BaHy npocropnjy).
y  neTrneM nepuogy, MemaBHHa CBe^er h pe^HpKynncaHor Ba3gyxa crarna 3 xnagH ce h 
cymu (Ba3gyx ce ogBna*yje) y xnagmaKy, nnja je TeMnepaTypa noBpmHHe tph go crarna 7. 
Ba3gyx ce 3arpeBa y gorpejany go noTpe6He TeMnepaType y6a^Hor Ba3gyxa (crarne 8). 
Ba3gyx ce noHeKag noTxna^yje y xnagmaKy, ga 6h ce rogBojnna h ogBena noTpe6Ha 
KOHHHHHa B^are. Obo pemerne npHMernyje ce Kaga je noTpe6Ha crpHKTHa peryna^nja 
Bnare y neTmeM pe®HMy. Pagu CMamema noTpomme eHeprnje 3a npunpeMy Ba3gyxa, 
gaHac ce y npaKCH peTKO npHMernyje noTxna^HBame na gorpeBarne Ba3gyxa, Beh ce 
xna^eme npeKHga Ha npaB^y npoMeHe 3-7, hhm ce gocmrHe noTpe6Ha BpegHOCT y6a^He
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TeMnepaType t8. y6a^HH Ba3gyx je HemTO BHa*HHjn, Ba3gyx y npocTopnjH HMa noBehaHy 
Baa*HOCT, (o6hhho y npHXBar.MBHM rpaHH^aMa), a npHTOM ce nocTH*y 3HanajHe 
ymTege eHeprnje y xnagrnaKy h noTnyHO eaHMHHHme noTpe6a 3a KopnmherneM gorpejana. 
y  aeTmeM nepuogy, npegrpejan h MaraeHa KOMopa cy BaH $yHK^nje.

SV -  cBe* Ba3gyx
KM -  KOMopa 3a Memame
F -  ^HHTep
PG -  npegrpejan
HL -  xnagmaK
MK -  MaraeHa KOMopa
DG -  gorpejan
V1 -  y6a^HH (noTHcHH) BeHTHaaTop 
PV -  npnnpeM^eH Ba3gyx 
UV -  y6a^HH (goBogHH) Ba3gyx

T - TepMOMeTap 
H - xmpocTaT
V2 -  oachchh (ogBogHH) BeHTHaaTop
OdV -  ogBogHH Ba3gyx
OtV -  OTnagHH Ba3gyx
Žrv -  *aay3HHa pe^npKyaa^HOHor Ba3gyxa
Žsv -  ®aay3HHa cBe^er Ba3gyxa
Žov -  *aay3HHa OTnagHor Ba3gyxa
DP -  gn^epeH^HjaaHH npecocraT
RV -  pe^npKyaa^HOHH (onTH^aj hh) Ba3gyx

Orarna Ba3gyxa: 

(^ )  3HMa □ aeTO

C^HKa 15.6. KaHMa KOMopa y ^ernpaaHOM jegHOKaHaaHOM cncTeMy

npegrpejan ce yo6nnajeHO peryanme npeKO TeMnepaType TanKe poce (TepMocrar ce 
nocraB.M Ha H3aa3y H3 MaraeHe KOMope). Peryancame gorpejana h xaagmaKa je npeMa 
TeMnepaTypn Ba3gyxa y npocropnjH. ^emfre ce Mepu TeMnepaTypa Ba3gyxa y ogBogHOM 
KaHaay, jep peaaHHje penpe3eHTyje TepMHHKO crame y npocropnjH.
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nocTojn BHme Moryhnx HanHHa peryHHcama *any3HHa. CnrHaHH 3a BO^erne noKpeTana 
*any3HHa Mory ga ce go6njy Ha ocHOBy cnegehHx KpHTepnjyMa:

1. KOHcraHTHa TeMneparypa MemaBHHe (TepMocrar Ha H3na3y H3 KOMope 3a 
Memarne);

2. 3Hbhchoct KOHHHHHe cBe^er Ba3gyxa og cno^He TeMneparype -  „Tpane3HH“ 
gnjarpaM OTBapama ®any3HHa (Mopa ga ce yrpagn h ceH3op cno^amme 
TeMnepaType);

3. KOHHHHHa cBe^er Ba3gyxa ogpe^yje ce y 3aBHcHocTH og TeMneparype cno^rner 
Ba3gyxa h TeMnepaType ogBogHor Ba3gyxa, TaKO ga ce Tpomu HajMame eHeprnje 
3a 3arpeBame hhh xna^eme Ba3gyxa y KHHMa komoph (npo^ecopcKa jegHHH^a 
ogpe^yje onTHManaH nono^aj ®any3HHa);

4. eHTannHjcKO peryHHcarne -  chhhho Kao 3, ochm mTO ce, nopeg TeMnepaType, 
Mepu h B^a^HocT Ba3gyxa, na ce Tpomu HajMame eHeprnje 3a npunpeMy Ba3gyxa.

Oko ^nm epa nocTaB^a ce gn^epeH^HjanHH npecocTaT (Kojn Mepu nag npHmcKa) h, Kaga 
ce gocTHrHe ogpe^eHa BpegHocT Kojy nponncyje nporoBO^an ^HHTepa, cnrHaHH3Hpa ce ga 
Tpe6a 3aMeHHTH hhh ohhcthth 3anp^aHH ^HHTep. ,3,H$epeH^HjanHH npecocTaT 
nocTaB^eH je h oko BeHTHnaropa, h oh gaje HHgHKa^njy paga BeHTHnaropa.

3HMa HeTO

C^HKa 15.7. npo^ec npunpeMe Ba3gyxa y 3hmckom h neTmeM nepuogy

15.3.4 ymTega eHeprnje y CHCTeMHMa K̂ HMaTH3a n̂je
npaBHHHHM oga6upoM cncreMa KHHMaTH3a^nje, ro6opoM eneMeHaTa KHHMa KOMope h 
npaBHHHHM BO^erneM npo^eca npunpeMe Ba3gyxa, Mory ga ce nocrHrHy 3HanajHe ymTege 
eHeprnje npu pagy cncreMa 3a KHHMaTH3a^njy:

• ochm y npena3HHM pe^HMHMa h y neTmeM h y 3hmckom nepuogy npenopyn^HBO je 
pagHTH c MHHHManHOM kohhhhhom cBe^er Ba3gyxa HeonxogHOM 3a BemHna^Hjy 
(ocrano je pe^npKyna^HOHH Ba3gyx);
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• CHH^efteM yHyTpamae TeMneparype 3hmh 3a 1 creneH nocTH^e ce ymTega y 
noTpommn eHeprnje 5-6%. Chhhho ce nocTH^e h aeTH go3BO^eHHM noBHmerneM 
yHyTpamme TeMnepaType y eKcrpeMHO TonaHM gaHHMa;

• jom Befre ymTege eHeprnje Mory ce nocTHfrn CHH^erneM peaarHBHe Baa*HOCTH 
Ba3gyxa 3hmh, oahocho go3BO^aBameM BHmnx BpegHocrn nera;

• npegBHgeTH Kopnmfrerne OTnagHe TonnoTe Kag rog je eKOHOMHHHo:
• peKynepa^nja TonaoTe:

- naonacrH pa3MernHBan TonaoTe ca yHaKpcHHM crpyjameM Ba3gyxa;
- gBa pa3MernHBana TonaoTe noBe3aHa ^eBOBogoM ca MemaBHHOM raHKoa-Boga,

^npKyaa^HOHOM nyMnoM h ayTOMaTHKOM;
- Tonnoraa ^eB.

• pereHepa^nja TonaoTe - poTa^HOHH pa3MernHBan TonaoTe (ochm cyBe TonaoTe 
Moryfre je npeHeTH h Baary).

15.3.5 EHepreTCKH e<|)HK;icn;i pernema y KrX cncreMHMa
• Kopnmfrerne OTnagHe TonaoTe h3 HHgycrpHjcKHx npo^eca;
• Bpafrarne KOHgeH3aTa y KoraapHH^y (nocrn^e ce gBocrpyKa ymTega: h eHeprnje h 

xeMHjcKH npnnpeM^eHe Boge);
• npHMeHa HHcKOTeMneparypcKHx h KOHgeroa^HOHHx KOTHOBa (Befru creneH 

HcKopnmfrerna ropuBa);
• KOM̂ HHOBaHa npoH3Bogrna TonaoTe h eaeKTpHHHe eHeprnje;
• npHMeHa TonnoTHe nyMne;
• Kopnmfrerne TonaoTe KOHgeroa^nje Kog pacxaagHHx arperaTa;
• aKyMyaa^nja aega y nepuogy HH®e ^eHe eaeKTpHHHe eHeprnje;
• npHMeHa hobhx h o6hob^ hbhx H3Bopa eHeprnje HOHE: cyHaeBa eHeprnja, BeTap, 

6noMaca, 6no-gH3ea, reoTepMaaHa eHeprnja, cna^HBaae OTnaga.

15.3.6 O.ipaaHtaM.c h yHanpe^erne cncreMa 3a BeHTH^a^njy h K^HMaTH3a n̂jy
• npHMeHa 30HcKe peryaa^Hje;
• npHMeHa npupogHor npoBeTpaBama yMecro BemHaa^Hje (Kaga je h3boa^ hbo);
• npHMeHa HofrHe BemHaa^Hje pagu ogBO^erna aKyMyancaHe TonaoTe y 

rpa^eBHHcKOM OMOTaay h noTxaa^HBarna KHHMarrooBaHe npocropHje Hofry;
• HHcraaHcafte ^empaaHor cncreMa 3a Hag3op h ynpaB^aae (^CHY) 3a KrX 

cncreMe;
• H36eraBaTH aomy crpyjHy caHKy Ha H3aa3y h3 BeHTHaaTopa, jep to MO*e ga 

H3a30Ba BeaHKe ry6HTKe eHeprnje;
• H36efrn hhh cMarnHTH Ha MHHHMyM npenpeKe Ha ycucy h H3aa3y h3 BeHTHaaTopa;
• pegoBHO hhcthth (3aMeHHTH) ^HHTepe 3a Ba3gyx;
• kophcthth BeHTHaaTope ca aepogHHaMHHKHM aonarn^aMa;
• cMamHTH 6p3HHy BeHTHaaTopa Ha MHHHMaaHO noTpe6Hy;



15-12 npupyHHHK 3a o6yKy eHepreTcKHx MeHa^epa 3a oGnacr HHgycTpnjcKe eHepreTHKe

• pegoBHO KOHTponncaTH 3aTerHyTocT Kauma;
• kophcthth MOTope c npoMeH^HBHM 6pojeM o6pTaja 3a noroH BeHTHnaTopa Befre 

cHare;
• cMaftHTH ^yperne Ba3gyxa h3 KaHana;
• hck^ hhth BeHranaTope Kaga hhxob pag HHje noTpe6aH;
• ypaBHOTe®HTH (6anaHcnpaTH) ^eBHy h KaHancKy Mpe®y;
• kophcthth npegrpeBaae 3hmh h noTxna^HBame neTH (npe carn BpmHe eneKTpHHHe 

cHare y o6jeKTy);
• y 3hmckom nepuogy, Kaga ce o6jeKar He kophcth, npegBHgeTH cHH^erne 

TeMneparype yHyTpamaer Ba3gyxa;
• cMaftHTH 6poj caTH paga KHHMarroa^HOHor ype^aja (Hofry, BHKeHgoM, npa3HHKOM);
• kophcthth agHja6arcKO xna^erne y o6nacTHMa ca TonnoM h cyBOM khhmom;
• y npocropHjaMa BenHKe BHcHHe HHcraHHcaTH BeHTHnaTope nog TaBaHĤ OM pagu 

cM aaeaa cTpam^HKa^nje TeMneparype Ba3gyxa;
• pa3MOTpHTH cMa&eae BHcHHe npocropHja;
• kophcthth HHgycrpHjKe xay6e 3a HOKanHO ogcncaa&e nape hhh npamHHe npe Hero 

mTO ce pamnpn no npocropHjH;
• nonpaBHTH omTefreHe ^neKcn^HHHe Be3e;
• H36ehn HcroBpeMeHO h rpejaae h xna^eme y npena3HHM nepnogHMa;
• KOHTpoHHcaTH, ohhcthth h nogMa3arH noKpeTane *any3HHa h KnanHH (geMnepa);
• canHHHTH nporpaM ogp^aBarna e^HKacHOCTH KrX cncreMa: nonera eHepreTcKHM 

npernegoM HHCTanaaHja h canHHHTH nporpaM KOHTHHyanHor npaheaa 
KapaKTepHCTHKa cncreMa.

15.4 rPEJAftE 3ITA£A
y  HamHM KHHMaTcKHM ycHOBHMa rpejame 3rpaga Tpaje 5-6 Mece^H rognmrne. ^ a  6h 
cncreM 3a rpejarne 6ho mro eHepreTcKH e^HKacHHjn, noTpe6HO je ga ce MaKcHManHO 
hckophcth TonnoTa ocno6o^eHa npu TexHonomKOM npo^ecy, 6e3 nperpeBarna npocropHja 
y 3hmckom nepuogy. y  HHgycrpHjcKHM o6jeKTHMa Hajnemfre ce Kopncre cnegehn cncreMH 
rpejarna: napHO, ronnoBogHO, Ba3gymHO h rpejarne 3panemeM.

15.4.1 Tpejarne napoM HHCKor npHTHCKa
napa ce necro npHMeHHBana 3a 3arpeBarne $a6pHHKHx xana, Kaga je 36or TexHonomKor 
npo^eca 6nna noTpe6Ha BogeHa napa, na je y KoroapHH^H HHcraHHcaH napHH KOTao. Ca 
pa3genHHKa nape, BogeHa napa pegyKOBaHor npHTHcKa (6nncKor arnoc^epcKOM) 
gupeKTHO ce yBognna y rpejHa Tena, a KOHgeroaT Bpafrao y pe3epBoap KOHgeH3ara. 
npegHOCTH rpejarna BogeHOM napoM:

• penarnBHO j egHocraBHO;
• 6p30 cryna y gejcrBo;
• chctom ce naKO npomnpyje;
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• HeMa onacHocTH og 3aMp3aBafta.
Hegocra^n rpejaaa napoM:

• iofflH xHrnjeHcKH ycnoBH (36or BucoKe TeMnepaType rpejHHx Tena);
• Homnje perynHca&e y nope^eay ca TonnoBogHHM cncreMHMa;
• ropa^eHa Kopo3Hja.

36or HaBegeHHx HegocraTaKa, gaHac ce cncreMH rpejaaa napoM peTKO npojeKTyjy h 
H3Boge, ann jom yBeK cy y $yHKqHjH y HeKHM HHgycrpHjcKHM o6jeKTHMa.

15.4.2 TonroBogHO rpejarne
Hajnemfre ce kophcth nyMnHO TonnoBogHO rpejaae TeMnepaTypcKor pe^HMa: pa3BogHa 
Boga 90°C, noBpaTHa Boga 70°C (cncreM 90/70°C y npojeKTHHM yc^OBHMa). y  nocnegae 
BpeMe nocrojn TeHgeH^nja cHH^eaa TeMneparype Tonne Boge. ^ kohhko ce kophcth 
OTnagHa TonnoTa hhh H3Bop o^HOB^HBe eHeprnje, npHMeayje ce t3b.
HHcKOTeMnepaTypcKO rpejaae, Koje je 3a HOBeKa yrogHHje, ann 3axTeBa Befry noBpmuHy 
rpejHHx Tena 3a hcth rpejHH ynHHaK.
Kao rpejHa Tena Hajnemfre ce Kopncre:

• pagnjaTopn;
• KanopH^epn;
• Ba3gymHe 3aBece;
• rpejHH naHenn.

y  HHgycrpHjcKHM xanaMa Hajnemfre ce Kopncre HHBeHH pagnjaTopH, jep cy gyroTpajHHjn 
h OTnopHHjH Ha Kopo3Hjy, epo3Hjy h omTefreaa. Kopncre ce h neHHHHH pagnjaTopH, a y 
agMHHHcrparHBHHM npocropHjaMa anyMHHHjyMcKH pagnjaTopH.
npHMeHa Kanopn^epa mupoKO je pacnpocrpaaeHa 3a rpejaae HHgycrpHjcKHx xana 
(c^HKa 15.8). 0 6 hhho page caMO ca pe^npKyna^HOHHM Ba3gyxoM, ann Mory ga page h ca 
yge^OM cBe^er Ba3gyxa, TaKO ga nopeg 3arpeBaaa npocropnje ocTBapyjy h $yHK^njy 
npoBeTpaBaaa.

C^HKa 15.8. H3rneg TonnoBogHHx Kanopn^epa
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Ba3gymHe 3aBece (cnHKa 15.9) nocraB.Mjy ce H3Hag BpaTa (pe^e 6ohho), Koja ce hccto 
OTBapajy hhh ogpe^eHH nepuog BpeMeHa Mopajy ga 6ygy OTBopeHa 36or npo^eca paga. 
®yHK^nja hm je cnpeHaBame npogopa cno^ammer Ba3gyxa (3hmh xnagHor, a nera 
Tonnor) y yHyTpamrnn npocTop. Ba3gymHe 3aBece Mory ga 6ygy Tonne h xnagHe.

C^HKa 15.9. Ba3gymHe 3aBece

15.4.3 Ba3gymHO rpejame
Ba3gymHO rpejame ce, no npaBHny, H3Bogn y KOM̂ HHâ HjH ca BeHTHna^HjoM. 
BeHTHna^HOHa KOMopa cagp^n:

• ycuc cBe^er Ba3gyxa (yKOHHKO ce npegBH^a h $yHK^nja BernHna^Hje);
• ycuc pe^npKyna^HOHor Ba3gyxa (Kaga ce kophcth He caMO 3a BernHna^Hjy, Hero h 

3arpeBame npocTopa);
• ^HHTep;
• rpejan (o6hhho TonnoBogHH);
• BeHTHnarop.

KaHa^H 3a pa3Bog Ba3gyxa Hajnemhe ce H3pa^yjy og no^HHKOBaHor HHMa, Maga y 
3aBHcHocTH og ycnoBa y KojHMa page, Mory 6hth H3BegeHH h og gpyrnx MaTepnjana: 
anyMHHHjyMcKor hhh 6aKapHor HHMa, ^pHor neHHHHor HHMa, noHHypeTaHcKHx „ceHgBHn“ 
nnona, nnacTHHHHx MarepHjana h gp. y6a^HBame, o^hocho H3BHaHeme Ba3gyxa H3 
npocropHja o6hhho ce H3Bogn noMohy pemeTKH, Maga ce Kopncre h gpyrn chcmchth 3a 
y6a^HBame h H3BnaHeme Ba3gyxa.

15.4.4 rpejame 3panemeM
rpejHa Tena Kog Kojnx ce HajBehn geo TonnoTe npeHocu Ha OKOHHHy 3paHemeM, gene ce y 
3Hbhchocth og cBoje TeMnepaType Ha:

• naHe^HO rpejame (tPAN = 25 -  45°C);
• rpejame 3panemeM (tGT = 150 -  2760°C).

naHe^HO rpejarne KapaKTepncTHHHO je 3a rpejarne craM6eHHx, nocnoBHHx h jaBHHx 
3rpaga, ann ce kophcth h y HHgycrpHjcKHM o6jeKTHMa. Mo*e ce h3bccth Ha Tpu HanHHa:
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• n^a^OHCKo rpejafte y xanaMa Behe bhchhc, hhh Kao nna^OHcKo xna^efte, Koje 
MO*e 6hth BHg^HBo hhh yHHBeHo y TaBaHHHHy (Me^ycnpaTHy) KoHcipyK^Hjy;

• nogHO rpejarne (cnHKa 15.10), HHje go6po kophcthth h Kao nogHo xna^efte;
• 3HgHO rpejarne h x^a^erne (cnHKa 15.11 -  Haj6o^e pemefte 3a ^enorogHmftH 

noroH);

C^HKa 15.10 ^eBH 3a nogHo rpejafte npe nocraB^afta 3aBpmHor cnoja

C^HKa 15.11 nocraB^afte 3HgHor rpejafta/xna^efta

np u  npojeKToBafty naHenHor rpejafta noTpe6Ho je Hahn onTHManaH ogHoc H3Me5y:
• noBpmuHe naHena;
• ogaBaaa TonnoTe no jegHHH^H noBpmuHe (mTo je $yHK^nja TeMneparype pagHor 

$nynga h KopnmheHHx MarepHjana).
npegHocrH naHe^Hor rpejafta:

• go6pa pacnogena TeMnepaTypa y npocropnjH;
• Bpno yrogHo HHcKoTeMneparypcKo 3panefte;
• Moryha HH®a TeMnepaTypa Ba3gyxa y npocropnjH (ymTega eHeprnje);
• HH®a TeMneparypa naHena -  Ma&a KoHBeK^Hja -  Maae nogroaae npamuHe; 

MoryhHocr Kopnmhefta o6hob^ hbhx H3Bopa eHeprHje (npe cBera TonnoTHe nyMne ca 
Ba3gyxoM, BogoM hhh 3Cm^ om Kao H3BopoM TonnoTe);
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• ecTeTCKH pa3^o3H -  HeMa BHg.MBHx rpejHHx Te^a y npocTopnjH;
• Mory ce kophcthth h 3a x^a^efte ^cth.

Hegocra^H naHemor rpejafta:
• Be^HKa HHepTHocT cncreMa -  jome pery^Hcafte;
• y $a3H rpagfte hhbccth^hoho je KoHKypeHTHo KaacHHHHM cHcreMHMa rpejaaa 

(npu HaKHagHoj yrpagftH je cKyn^e);
• npo6^eM je aKo go^e go ^ypeaa.

Tpejarne 3panerneM K^acn$HKyje ce y 3 rpyne 3aBHcHo og TeMnepaType:
• Ton^oTHH H3Bop HHcKor HHTeH3HTeTa 150 < t < 650°C;
• Ton^oTHH H3Bop cpegfter HHTeH3HTeTa 650 < t < 980°C;
• Ton^oTHH H3Bop BHcoKor HHTeH3HTeTa 980 < t < 2760°C. 

npHMeHa rpejarna 3panerneM
y  npocropHMa Be^HKe 3anpeMHHe y KojHMa je noTpe6Ho rpejaTH mmh geo npocropa (t3b. 
“raHKacro” rpejafte):

• xaHrapn 3a aBHoHe;
• Be^HKe $a6pHHKe xa^e;
• Mara^HHH;
• craK^eHe 6amTe;
• cnopTcKe gBopaHe.

rpejarne OTBopeHor npocTopa 3panerneM:
• aokobh;
• 6amre pecropaHa;
• oTBopeHH 6a3eHH;
• ^o^e cragnoHa;
• oTanaae ^ega ucnpeg rapa^a.

C^HKa 15.12 HH^pa ^pbchh rpejanH
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CaHKa 15.13 KepaMHHKa u racHa rpejann^a 3a OTBopeHH npocTop

C^HKa 15.14 Tpejaae o6je^aTa 3panefteM

15.4.5 O.iinKaitaii.e h yHanpe^eme CHCTeMHMa 3a rpejarne
• no6o^marne Ton^OTHe roona^Hje ^eBHe Mpe^e h apMarype;
• npuMeHa 30HCKe peryna^nje;
• HOKâ Ha peryna^Hja BeHTHHHMa c TepMocraTCKHM rnaBaMa;
• HHcraHHcarne TonnoTHHx nyMnu;
• Kopnmherne o6hob.m bhx  H3Bopa eHeprnje;
• yKHOHHTH eBeHTyanHe npenpeKe ucnpeg pagnjaropa h gpyrux rpejHHx Tena;
• ^ kohhko nocrojH MoryhHocr Kopnmherna BHme H3Bopa TonnoTe, kophcthth OHaj 

3a Kojn je ropuBO TpeHyTHO Haj[je$THHHje.

15.4.6 yTH^ajHH napaMeTpn Ha noTpommy eHeprnje 3a rpejarne
1. KHHMaTcKH ^HKTOpH;
2. ApxHTeKTOHcKO-rpa^eBHHcKH yTH^aj:

• 3HgOBH H KpOBOBH (TOnHOTHa H30H0BHH0ct);
• npo3opu (KOHcrpyK^Hja, nponycT^HBocr CyHneBor 3panerna, 3anTHBeHocr);
• ^aKTop o6nHKa 3rpage;
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• nono^aj craHa y 3rpagn.
3. K rx  HHcTana^nje:

• H36op cncreMa;
• H36op eHepreHTa;
• KapaKTepncTHKe onpeMe 3a KrX;
• ayTOMaTcKO ynpaB^aae;
• ogp^aBaae.

4. HanHH Kopnmhefta:
• MeHauMeHT;
• o6panyH TpomKOBa.
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niiTaii>a
1. Pa3HHKa H3Me^y KOM^opHe h HHgycrpHjcKe KHHMaTH3aqHje.
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16. CP HH AHCHIVAIM' n P O JE K T A  H  H E O nX O A H E  A H A ^ H 3E  

.E ii. i.ana Bp.iapcBnh

16.1 nAPAMETPH PEHTAEH.THOCTH nPOJEKTA
r^aBHH nogcra^aj 3a npuBpegHO gpymTBO y o6nacTH HHgycrpHje ga HHBecrnpa y 
npojeKTe 3a yHanpe^erne eHepreTCKe e^HKacHOcra jecre  oneKHBame ga he ^HHaHcnjcKH 
pe3yHTaTH npeMamHTH TpomKOBe npojeKra. Crora je  noTpe6HO H3BpmmH aHanH3y 
yKynHHx TpomKOBa h pe3yraaTa npojeKTa KaKO 6h ce goHena npaBHHHa ognyKa o 
HHBecrHpamy. y  obom noraaB.^y 6nhe o6jammeHH ochobhh noKa3are^H peHra^HHHOCTH 
npojeKaTa yHanpe^erna eHepreTCKe e^HKacHOcra, Kojn cy npegMeT aHanroe 
H3Bog^HBOCTH npojeKTa, Kao h napaMeTpu 3a mnxoB o6panyH.

16.1.1 HHBecTH^HOHa y.aarama
HHBecrH^HOHa yHararna o6yxBarajy KanHTanHe pacxoge 3a Ha6aBKy ochobhhx h gpyrux 
cpegcraBa HeonxogHHx 3a peanH3a^njy npojeKTa. 3a noTpe6e cnpoBO^ema ^HHaHcnjcKe 
aHanH3e npojeKTa, HHBecra^HOHH pacxogu cacroje ce og CHegehnx pacxoga 3a: 
npojeKTOBame h nnaHHparne; ynpaB^arne npojeKTOM (noTBpge o KBanHTeTy); KOMnoHeHTe, 
onpeMy h ype^aje; MOHTa®y, KOHTpony h Tecrnpame; goKyMeHT o rorpa^eHOM o6jeKTy; 
Ha6aBKy; o6yKy; ocrane TpomKOBe; nope3e h n ^ B .

16.1.2 rognm m e ymTege
rognm m e ymTege npegTcraB^ajy, HeTO ymTege y onepaTHBHHM TpomKOBHMa 3a CBaKy 
rogHHy, Koje cy Hacrane Kao pe3yHTar HHBecra^HOHHx yHararna y Mepe h npojeKar 
eHepreTCKe e^HKacHOcra. OHe cy o6hhho pe3ynTaT MamHx TpomKOBa 3a eHepreHTe (Hnp. 
eneKTpHHHy eHeprajy h ropHBo) h Marnnx oneparaBHHx TpomKOBa. 06panyH HeTO 
rogHmmnx ymTega, Bpmu ce Ha cnegehn HanHH:

Z n
t=i BtPt + ACt (16.1)

rge cy:
• B, yKynHe rognmme ymTege;
• B t, ymTega eHeprnje 3a jegHy rogHHy;
• P t, ^eHa eHepraje;
• ACt, ymTega hhh npoMeHa onepaTHBHHx h TpomKOBa ogp^aBama.

3a o6panyH ymTega H3y3eTHO je  Ba^HO go6po ge^HHHcame 6a3HHx TpomKOBa. noHeKag je  
noTpe6HO H3BpmHTH KopeKqnjy TeKyhnx TpomKOBa H3 H3a6paHe 6a3He rogHHe, Kaga je  
$yHKqHOHHcame nocrojeher cncreMa ucnog nponncaHHx craHgapga.
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16.1.3 TexHHHKH h eKOHOMCKH BeK npojeKTa
TexHHHKH BeK npojeKTa yTBp^yje ce Ha 0CH0By $H3HHKor Tpajaaa onpeMe HeonxogHe 3a 
ogpe^eHy Mepy h^h npojeKaT. Kog npojeKaTa, Kojn cy cacraB^eHH og BHme Mepa ca 
pa3^HHHTHM $ h3hhkhm Tpaja^eM, Mopa ce H3panyHaTH noTpe6HO noHaB-Mrne Mepa ca 
KpahHM TexHHHKHM BeKOM ga 6h ce noKpn^o BpeMe Tpajaaa Mepa ca Hajgy®HM
TexHHHKHM BeKOM.
Ekohomckh BeK npojeKTa je  nepuog y KOMe npojeKar goHOCH npuxog (ymTege). 
Ekohomckh BeK ce kophcth y aHa^roaMa 3a o^eHy ^HHaHCHjCKe Hcn^arHBOCTH h 
eKOHOMCKe onpaBgaHocra npojeKTa h Mepa eHepreTCKe e^HKacHOCTH.

16.1.4 BpegHOCT noBua y BpeMeHy
npojeKTH 3axTeBajy HHBecTH^HOHa ynarama y noneTHoj rogHHH, goK ce e^eKTH 0CTBapyjy 
tokom HH3a rogHHa y 6ygyhHOCTH. ^ a  6h ce OMoryhH^o nope^erne y^arama h pe3yrnaTa 
npojeKTa, noTpe6HO je  BpmHTH o6panyH BpegHOCTH HOB^a y BpeMeHy. 06panyH ce Bpmu y 
gBa npaB^a y 3aBHCHOCTH og Tora ga ^h xoheMO ga 3HaMO BpegHOCT HOB^a Kojn caga 
HMaMO HaKOH ogpe^eHor 6poja rogHHa h^h ^e^HMO ga 3HaMO cagam ay BpegHOCT HOB^a 
Kojn heMO ocTBapHTH y 6ygyhHM rogHHaMa. VrBp^HBarne cagam ae BpegHOCTH 6ygyhux 
HOBnaHHx npn^HBa H3 0CTBapeHHx ymTega, Kao h 6ygyhnx pacxoga, OMoryhyje 
ynope^HBa&e pa3^HHHTHx Mepa/npojeKaTa eHepreTCKe e^HKacHOCTH.
06panyH  6ygyhe BpegHOCTH noBua (eHr. Future value FV) Bpmu ce yKaMahHBaaeM 
(KanHTa^HcafteM) pacno^o^HBor HOB^a. yKaMahHBafte je  yBehaae BpegHOCTH 
pacno^o^HBor HOB^a, 3a npuHOC (Hnp. KaMaTy), Koja ce MO*e ocTBapHTH y CBaKoj 
6ygyhoj o6panyHCKoj rogHHH.

F V n = PVo(1 + i r ) n (16.2)
rge cy:

• PV0, cagam aa BpegHOCT HOB^a;
• FVn, 6ygyha BpegHOCT HOB^a HaKOH;
• ir, KaMaTHa CTona;
• n, rogHHa y Kojoj 6e 6hth ocTBapeHa 6ygyha BpegHOCT.

06panyH  ca.iaiiiii.e BpegHOCTH noBua (em . Present value PV), Kojn he ce ocTBapHTH y 
6ygyhHM rogHHaMa, Bpmu ce gHCKOHTOBa&eM ogHOCHO CBO^erneM Ha cagamftH TpeHyTaK. 
^HCKOHTOBarne je  yMa&erne BpegHOCTH oneKHBaHor 6ygyher HOB^a, 3a npuxog (Hnp. 
KaMaTy) Kojn je  nponymTeH y CBaKoj rogHHH neKarna ga ce npn^HB HOB^a ocTBapn. 
06panyH cagamme BpegHOCTH HOB^a Bpmu ce no c^egehoj $opMy^n:

PVo =
F V

(16.3)
(1 + d  ) n 

rge je  d  gHCKOHTHa crona
npn^HKOM o6pa+yHa cagamme BpegHOCTH HOB^a, k^ hhh MOMeHaT npegcraB^a 
yTBp^HBarne gncKOHTHe crone Koja Tpe6a ga ogpa^aBa nponymTeHH Moryhu npuxog. 
BncHHa gHCKOHTHe crone 3Bbhch og: CTpyKType H3Bopa ^HHaHCHpama npojeKTa h BHCHHe
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pH3HKa npojeKTa. OHa ce yTBp^yje Ha ocHOBy npoce^He ^eHe H3Bopa <|)HnancM|)an>a 
npojeKTa, Koja ce o6panyHaBa no cnegehoj $opMynn:
d  = C eWe + CdW d (1 - 1) (16.4)
rge cy:

• C e, ^eHa concTBeHor KanHTana;
• We, npo^eHaT ynemha KanHTana y yKynHHM H3BopHMa ^HHaHCHj ckhx cpegcraBa;
• Cd, ^eHa gyra HCKa3aHa Kpo3 KaMaTHy crony;
• Wd, npo^eHaT ynemha gyra y yKynHHM H3BopHMa ^HHaHCHjckhx cpegcraBa;
• t, crona nope3a.

^eHa KanHTana 3aBHCH og HanHHa Ha Kojn je  npHBpegHO gpymTBO caKynHHO KanHTan: 
H3gaBafteM o6hhhhx aK^nja, npe$epeH^njanHHx aKpnja hhh peHHBecrnpafteM 
Hepacnope^eHe go^HTH:
a) ^eHa KanHTana H3 aKyMynnpaHe go6HTH je  crona npHHOca Ha o6HHHe aKpnje npegy3eha 
Kojy 3axTeBajy h oneKyjy aK^HOHapn. OHa ce MO*e o6panyHarH no $opMynn:

C e  = r f  + P ( r m  -  r f  ) (16.5)

rge cy:
• rf, 6e3pH3HHHa crona npHHOca Koja ce 0CTBapyje Kog hhcko ph3hhhhx yn a raaa  Kao 

mTO cy: gp^aBHe o6Be3HH^e h npBOK^acHe KopnopamBHe o6Be3HH^e
• rm, npocenHa crona npHHOca Tp^nmHor nopT^onnja, Kojn ce cacrojn og cbhx 

Bpcra xapm ja og BpegHOCTH -  Kao aeroBa anpoKCHMa^nja kophcth ce 6ep3aHCKH 
HHgeKC BELEX150

• p , Koe^H^njeHT Mepu H3HO*eHOCT npegy3eha (HHgycrpHje) yKynHOM Tp^nmHOM 
pH3HKy (Tp^nmro muper 6poja HHgycrpHja)

6) ^eHa KanHTana o6e36e^eHor rogaBaaeM o6hhhhx aKpnja Beha je  og npeTxogHe ^eHe 
KanHTana 3a h3hoc TpomKOBa H3gaBaaa aK^nja (^HOTa^HOHH TpomKOBH) h o6panyHaBa ce 
no $opMynn:

Ce =
dueudenda

■ + cm ona  p a cm a  dueudende------------------------------------------------------ r- i cm ona p a cm a  duouaende (16 6)
^en a  aK^uja([ -  tfm om a^uonu mpornKoeu) v ' '

^eHa gyra je KaMaTHa crona Koja je jegHaKa pe^epeHTHoj Tp^nmHoj KaMaTHoj cronn 
(Hnp. B E LIB O R 1 hhh EU R IB O R 2) yBehaHoj 3a npeMHjy 3a KpegHTHH pH3HK npuBpegHor 
gpymTBa, Kojn npo^eayje 6aHKa hhh HHBecrHTop. ^ kohhko He nocrojn Hcropnja 
3agy®HBafta npuBpegHor gpymTBa, Ha ocHOBy Kora ce MO*e yTBpgHTH ^eHa aeroBor 
gyra, MO*e ce kophcthth nogaTaK o KaMaTHHM cronaMa 6aHaKa Ha ogo6peHe Kpegnre, 
Kojn o6jaB^yje HapogHa 6aHKa Cp6nje3.
HcK^ynHBafteM crona HH^na^nje H3 o6panyHaTe HOMHH&me gncKOHTHe crone, MO*e ce 
H3panyHaTH peanHa BpegHocr gncKOHTHe crone no cnegehoj $opMynn:

( d n  -  0d r = v n
(1 + i) (16.7)

rge cy:
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•  d r, pea^Ha gucKOHTHa crona
•  d n, HOMHHa^Ha gucKOHTHa crona
•  i , crona HH^nauHje (npocenaH rognmftH pacr ^eHa)

16.1.5 npocT nepuog noBpahaja HHBecrn^HHor y.aararna

npocT nepuog noBpahaja (eHr. pay back period PBP) npegcraB^a BpeMe Koje je  noTpe6HO 
ga ce H3 6ygyhnx npuxoga npojeKTa HannaTe yKynHa HHBecrn^HOHa ynarafta. Kog 
jegHaKHx rognmftHx npuxoga no ocHOBy ymTega 3a BpeMe Tpajaaa npojeKTa, poK 
noBpahaja ce o6panyHaBa no $opMynn:

P B P  = I  (16.8)

rge cy:
•  I, yKynHO HHBecrn^HOHO ynarafte;
•  B, rognmftH HeTO npuxog (HeTO ymTege).

HegocraTaK OBor noKa3aTe^a je  3aHeMapHBaae BpeMeHcKe BpegHocrn HOB^a h npuxoga, 
Kojn ce ocrBapyjy y TOKy ^enoKynHor poKa Tpajaaa npojeKTa. 36or Tora ce ce o6panyHaBa 
gHHaMHHKH nepuog noBpahaja HHBecrH^HOHor ynarafta, Kao mTO cnegn.

16.1.6 ^HHaMHHKH nepHog noB pahaja HHBecrn^HOHor y.aararna

^HHaMHHKH nepuog noBpahaja HHBecrn^HOHor ynarafta npegcraB^a BpeMe Koje je  
noTpe6HO ga ce H3 6ygyhnx npuxoga npojeKTa cBegeHHx Ha cagam ay BpegHocr HannaTe 
yKynHa HHBecrn^HOHa ynarafta. 3a aeroB o6panyH noTpe6HO je  H3BpmHTH gncKOHTOBafte 
npojeKTOBaHHx 6ygyhnx npuxoga npojeKTa, npHMeHOM jegHanHHe:

B 1 -  (1 +  d ) - " ,
B ----------d ------------- '  ̂
rge cy:

• B, rognmftH HeTO npuxog og ymTega;
• Io, yKynHO HHBecra^HOHO ynarafte.

(16.9)

16.1.7 HeTO cagam rna BpegHOCT
HHBecrn^HOHH npoj eKTH OTnoHHfty ynarafteM y “HynToj  rogHHH npoj eKTa” . HaKOH Te 
rogHHe, y nepuogy Kopnmhefta npoj eKTa Hacraj y npnxogn h  TpomKOBH Kopnmhefta 
npoj eKTa. ^ kohhko  og cagam ae BpegHocrn npuxoga npoj eKTa ogy3MeMO cagam ay 
BpegHocr c b h x  HHBecra^HOHHx h  oneparHBHHx TpomKOBa, go6nj aMO HeTO cagammy 
BpegHOCT npojeKTa (eHr. Net present value NPV). HeTO cagam aa BpegHocr npoj eKTa 
npegcraB^a HOBocTBopeHy BpegHocr Koj a npeocraj e HaKOH noKpnha yKynHHx TpomKOBa 
npoj eKTa. OHa ce o6panyHaBa no cnegehoj  $opMynn:

n R
n p v  =  y  — B-—  

t= o ( 1 + d  y
B 0  +  B 1

(1 +  d  ) 0 (1 +  d  )^

B 2

(1 +  d  ) 2
+ B n

(1 +  d  ) n
+ (16.10)

rge cy:
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• B, HeTO npHHHB (pa3HHKa yKyHHx npuxoga h pacxoga) y rogHHH;
• n, poK Tpajaaa npojeKTa y rogHHaMa.

npojeKaT je  peHTa^nnaH, Kaga je  HeTO cagam aa BpegHocT Beha og Hyne (NPV>0), 
ogHocHO Kaga cy cBegeHH npnxogn Behu og cBegeHHx yKynHHx TpomKOBa tokom 
eKOHOMcKor BeKa npojeKTa.
OBaj noKa3aTe^ He npy®a MoryhHocT nope^erna npojeKara ca pa3HHHHTOM bhchhom 
HHBecTH^HOHor ynarama, mTO ce npeBa3Hna3H KopnmherneM Koe^H^njeHTa HeTO 
cagamme BpegHocra.

16.1.8 Koe^HunjeHT HeTO cagam m e BpegHOCTH

Koe^H^njeHT HeTO cagamme BpegHocrn (eHr. Net present value ratio NPVQ) npegcraB^a 
ogHoc HeTO cagamme BpegHocm h cagamme BpegHocrn yKynHHx HHBecm^HOHHx 
pacxoga. Koe^H^njeHT noKa3yje kohhko ce rognmme 3apa^yje HOBnaHHx jegHHH^a 
ynarameM jegHe HOBnaHe jegHHH^e y npojeKaT.

N P V
N P V Q  = - p v f  (16.11)

rge je  P V I  cagamma BpegHocr yKynHHx HHBecra^HOHHx pacxoga.
npojeKaT je  peHTa^nnaH Kaga je  Koe^H^njeHT HeTO cagamme BpegHocrn Behn og Hyne 
( N P V Q  > 0). C o63upoM ga Koe^H^njeHT noKa3yje BHcHHy HOBocmopeHe BpegHocrn no 
jegHHH^H yno*eHHx cpegcraBa, oh ce MO*e kophcthth 3a paHraparne pa3HHHHTHx Mepa h 
npojeKaTa, Kojn HMajy pa3HHHHTy BHcHHy yKynHHx ynarama.
y  cnynajy He3aBHcHHx npojeKara, npuxBaTa ce npojeKar hhjh je  Koe^H^njeHT HeTO 
cagamme BpegHocrn Behn og Hyne. y  cnynajy Me^yco6HO HcK^ynHBHx npojeKara, 
npnxBara ce npojeKar hhjh je  Koe^H^njeHT HeTO cagamme BpegHocrn HajBehn.

16.1.9 HHTepHa CTona peHTaSH^HOCTH

HHTepHa crona peHTa^HHHocm npojeKTa (eHr. Internal rate of return IRR) je  OHa 
gncKOHTHa crona, Koja H3jegHanaBa cagammy BpegHocr npuxoga npojeKTa ca cagammoM 
BpegHomhy yKynHHx TpomKOBa npojeKTa. To je  OHa gncKOHTHa crona npu Kojoj je  HeTO 
cagamma BpegHocr npojeKTa jegHaKa Hyun. OHa ce o6panyHaBa Ha ocHOBy cuegehe 
jegHaHHHe y Kojoj je  NPV jegHaKa Hyun:

IRR = d
aKO je

B 0 + B 1

(1 + d )0 (1 + d)'

B
(1 + d )2

+ + + —Bn—  = 0
(1 + d )n

(16.12)

(19.13)

rge cy:
• B, HeTO npHHHB y n-Toj rogHHH;
• n, poK Tpajama npojeKTa y rogHHaMa.

OBaj napaMeTap HHje Moryhe H3Becrn aHaHHTHHKH, Beh ce 3a to kophcth HTepaKTHBaH 
nocrynaK. O^eHa npojeKTa Ha ocHOBy I R R  Bpmu ce Ha cuegehH HanHH:
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• y cnynajy He3aBHCHHx npojeKaTa, npnxBara ce npojeKaT nnja je  IRR Befia og 
gncKOHTHe crone Koja ogpa^aBa ^eHy cpegcTBa 3a ^HHaHcnpame npojeKTa

• y cnynajy Me^yco6HO HcK^ynHBHx npojeKara, npuxBaTa ce npojeKaT HHja je  IRR 
Beha, y3 yc^OB ga je  ncra Befra og gncKOHTHe crone.

KpHTepnjyM 3a ognyHHBafte, 3a jegaH og anTepHarHBHHx npojeKaTa, jecre  ga ce oga6epy 
ohh npojeKTH Kojn HMajy HajBHmy HHTepHy crony pema^HHHocm. HegocraTaK OBor 
noKa3are^a je  to mTO MO*e ga $aBopH3yje npojeKTe Kojn 3axTeBajy Mame HHBecm^nje h 
pe3y^Tyjy MarnHM npHHocHMa y anconyTHOM H3Hocy.

16.1.10 K()e(|)UMujcHT kophcth h TpomKOBa

Koe^H^njeHT kophcth h TpomKOBa (eHr. Benefit cost ratio BCR) npegcTaB^a cagammy 
BpegHocT yKynHHx kophcth npojeKTa, noge^eHy cagammoM BpegHomfry yKynHHx 
TpomKOBa npojeKTa.

B C R  = P V  ( I b ) 

P V  ( O c )
(16.14)

rge cy:
•  P V  (I b), cagamma BpegHocr yKynHHx kophcth;
•  I b, npHHHBH no ocHOBy Kopncm;
•  P V  (O c), cagamma BpegHocr yKynHHx TpomKOBa;
• Oc, ogHHBH no ocHOBy TpomKOBa.

3a BpegHocr B C R  Befry og 1 (B C R  >1) npojeKaT je  ogp^HB jep cy kophcth, MepeHe 
cagammoM BpegHocm npHHHBa, Befre og TpomKOBa MepeHHx cagammoM BpegHocrn 
og^HBa. npaBHHO Koje OBge Ba^H jecre  ga Tpe6a og6a^HTH cBe npojeKTe ca pa^no 
noKa3aTe^eM kophcth h TpomKOBa MarnHM og 1. Ha ocHOBy OBor pa^no noKa3aTe^a 
Moryfre je  H3Bpmnm paHrnpame npojeKara.

16.2 ^HHAHCHJCKA H EKOHOMCKA AHA^H3A nPOJEKTA
npHBpegHa gpymTBa y o6nacTH HHgycrpnje, Kao h mnxoBH KpegnropH h noBepno^H, 
3aHHTepecoBaHH cy 3a cnpoBO^eme npojeKaTa eHepreTcKe e^HKacHocra Kojn cy 
^HHaHcnjcKH HcnnamBH. Ca gpyre crpaHe, Me^yHapogHH goHaTopu h Ha^HOHanHH 
^OHgoBH 3aHHTepecoBaHH cy ga o6e36ege nogcra^aje 3a cnpoBO^erne npojeKTa 
eHepreTcKe e^HKacHocm Kojn cy eKOHOMcKH onpaBgaHH, o^ hocho ohhx Kojn HMajy Befre 
gpymTBeHO-eKOHOMcKe kophcth og TpomKOBa. H3 HaBegeHHx pa3nora, OBge fre 6hth 
o6jammeH nocrynaK cnpoBO^erna ^HHaHcnjcKe h eKOHOMcKe aHaHH3e npojeKaTa. 
®HHaHcnjcKa aHanH3a je  noneTHa $a3a y o^eHH HcnnaTHBocTH npojeKTa. y  TOKy 
^HHaHcnjcKe aHanH3e Bpmu ce: 1) ^opMHpame Ta6ena 3a aHanH3y HOBnaHHx TOKOBa 
npuxoga h pacxoga npojeKTa; 2) o^eHa ^HHaHcnjcKe H3Bog.MBocm (HHKBHgHocTH) 
npojeKTa; h 3) o6panyH ^HHaHcnjckhx noKa3are^a pema^HHHocm npojeKTa H3 yrna 
Hocno^a npojeKTa h HHBecmTopa.
y kohhko je  npojeKaT ^HHaHcnjcKH pema^HnaH, oh je  npHBnanaH 3a ^HHaHcnpame og 
crpaHe npHBaTHor KanHTana, 6e3 noTpe6e gogaTHor ama^OBama jaBHHx nogcm^ajHHx
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cpegcTaBa. OgnyKa o ^HHaHcnpame TaKBHx npojeKaTa MO*e ce goHera Ha 0CH0By 
cnpoBegeHe ^HHaHcnjcKe aHanroe.
y kohhko npojeKaT HMa HHCKy hhh HeraTHBHy crony ^HHaHcnjcKe pema6HnHOCTH, 
KOHanHa ognyKa o aeroBOM $HHaHcnpafty goHOCH ce HaKOH cnpoBO^ema aHaaroe 
eKOHOMCKe peHTa^HHHOCTH npojeKTa. EKOHOMCKa aHanroa OMoryhyje yK^ynHBarna 
cpegcraBa jaBHor ceKTopa (goHaanja, TpaHc^epa h cy6BeH^nja) y H3Bope ^HHaHcnpama 
npojeKTa, Mepeae cbhx gpymTBeHO-eKOHOMCKHx e^eKaTa npojeKTa h npHMeHy 
gpymTBeHO onpaBgaHHx aeHa.

16.2.1 OiiiiaiiciijcKa aHa^H3a npojeKTa
y  OKBHpy ^HHaHcnjcKe aHanH3e Bpmu ce o6panyH noKa3aTe^a ^HHaHcnjcKe 
peHra^HHHOCTH npojeKTa, Ha 0CH0By npojeK^nje HOBnaHor TOKa npuxoga h pacxoga. OHa 
ce cacrojH H3 Kpenpama Ta6ena HOBnaHHx TOKOBa HHBecTHaHOHHx pacxoga, TeKyhnx 
npuxoga h pacxoga h H3Bopa ^HHaHcnpama, noTpe6HHx 3a yTBp^HBame HHKBHgHOCTH h 
peHra^HHHOCTH npojeKTa:

• Ta6ena ^HHaHcnjcKe oap^ hbocth (^HKBHgHOcrn) noKa3yje ga hh nocrojn 
ycKna^eHOcr HOBnaHor TOKa npuxoga ca HOBnaHHM tokom pacxoga npojeKTa.

• Ta6ena ^HHaHcnjcKe peHTaSn^HOCTH TpomKOBa npojeKTa noKa3yje y Kojoj 
Mepn npnxogn HagMamyjy pacxoge npojeKTa, 6e3 o63upa Ha H3Bope ^HHaHcnpama 
npojeKTa.

C^HKa 16.1 CrpyKTypa ^HHaHcnjcKe aHanH3e
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• Ta6eaa ^HHaHcnjcKe peHTaSn^HOCTH y^o^eH or K'aiiiiTa. ia noKa3yje BHCHHy 
ocTBapeHor npuxoga Ha yno*eHH KanHTan, ogHOCHO H3Bope ^HHaHcnpafta 
npojeKTa. y  H3Bope ^HHaHcnpafta npojeKTa cnagajy goMaha jaBHa h npHBaTHa 
cpegcTBa, 6e3 y3HMa&a y o63up HHOCTpaHHx goHapnja. 

y  ^H^y Kpenpa&a npaBHHHHx Ta6eaa 3a cnpoBO^eaa ^HHaHcnjcKe aHaaH3e Mopa ce 
o6paTHTH n a ^ fta  Ha ge^HHHcaae h o6panyH caegehnx napaMeTapa:

• BpeMeHCKH OKBup aHa^H3e 03HanaBa MaKCHMaaHH 6poj rogHHa 3a Kojn ce pagn 
nporH03a HOBnaHor TOKa npojeKTa h Kojn ogroBapa eKOHOMCKOM BeKy npojeKTa. 
H36op BpeMeHCKor OKBHpa HMa BeaHKH yTHpaj Ha pe3yaTaTe opeHe npojeKTa, 
ogHOCHO Ha BpegHOCT noKa3are.M peHTa6naHOCTH npojeKTa;

• yKynHe pacxoge npojeKTa HHHe HHBecTH^HOHH h onepaTHBHH pacxogu npojeKTa. 
HHBecTH^HOHH pacxogu o6yxBaTajy KanHTanHe H3gaTKe 3a: 1) pacxoge y TOKy 
HCTpa^HBafta, opeHe h cnpoBO^eaa npojeKTa; 2) y aa raaa  y ocHOBHa cpegcTBa h 3) 
HeTO o6pTHa cpegcTBa Kog nojegHHHx npojeKaTa. OnepaTHBHH pacxogu cy roga^H 
3a pegoBHO nocaoBa&e, ogp^aBaae h Ha6aBKy cpegcTaBa Koja ce KopucTe y 
KpaheM nepuogy h pegoBHO o6HaB^ajy y TOKy Tpajaaa npojeKTa (MaTepnjaa, 
CHpoBHHe, 3apage, eHeprnja, TeKyhe ogp^aBaae, onmTH, agMHHHCTpaTHBHH h 
pacxogu npogaje). H3 onepaTHBHHx pacxoga Tpe6a hck- ^ hhth pacxoge Kojn He 
goBoge go ogaHBa HOBnaHHx cpegcTaBa, a Kojn ce HCKa3yjy y 6naaHcy ycnexa 
HOCHopa npojeKTa: TpomKOBe aMopTH3apnje, pe3epBHca&a 3a noKpnhe BaHpegHHx 
pacxoga h 3a 6ygyfre 3aMeHe. yK^yHHBa&e TpomKOBa KaMare 3aBHCH og BpcTe 
aHaaH3e h opeHe e^eKaTa npojeKTa. Ohh ce He yK^ynyjy y o6panyH 
peHTa6naHOCTH TpomKOBa npojeKTa FNPV(C), aan ce yK^ynyjy y o6panyH 
peHTa6naHOCTH yao*eHor KanHTaaa FNPV(K);

• AMopTH3a^nja He yaa3H y hobhhhh tok 3a $HHaHCHjcKy aHaaH3y npojeKTa c 
o63upoM ga He 3axTeBa ogaHB HOBnaHHx cpegcraBa. OHa je  TpomaK HCKa3aH y 
6naaHcy ycnexa Hocnopa npojeKTa. ^ a  hh fre ogpe^eHa Bpcra HMOBHHe 6hth 
npegMeT aMopTH3apnje, 3aBHCH og BaacHHmTBa h HanHHa $HHaHCHpa&a h 
Kopnmfreaa HMOBHHe. HMOBHHa Koja je  y BaacHHmTBy Hocnopa npojeKTa, 
aMopTH3yje ce y TOKy npeocraaor BeKa Kopnmfreaa. 06jeKTH h onpeMa, Kojn cy 
y3eTH y 3aKyn, no npaBHay ce He aMopTH3yjy, a 3aKynHHHa npegcraB^a 
onepaTHBHH pacxog Kojn ce npHKa3yje y 6naaHcy ycnexa Hocnopa npojeKTa.

• npHxogH npojeKTa eHepreTCKe e^HKacHOCTH 0CTBapyjy ce nyreM: 1) npogaje 
eHeprnje; 2) CMafteaa TpomKOBa eHeprnje; h 3) CMaaeaa onepaTHBHHx pacxoga.

• Pe3H gyam a BpegHOCT je  oneKHBaHH h3hoc roTOBHHe Kojn fre 6hth ocao6o^eH 
Kaga ce npojeKaT HHKBHgnpa no ncreKy BeKa aeroB or Tpajaaa. raaBHy 
koMnoHeHTy Te BpegHocrn HHHe npeocraaa ^HKCHa h o6pTHa cpegcTBa Koja fre 
6hth npogaTa hhh npHBegeHa gpyroj HaMeHH no 3aBpmeTKy npojeKTa. OcraTaK 
BpegHOCTH npHKa3yje ce Kao npnaHB y ^HHaHCHj ckom TOKy Ha Kpajy ^HBOTHor 
BeKa npojeKTa
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• ycK^a^HBame ^eHa ca HH^^a^njoM. AHanroa peHTa^HHHOCTH npojeKTa MO*e ga 
ce Bpmu y3 Kopnmfreae KOHcraHTHHx (peanHHx) ^eHa4, Koje cy ^HKcnpaHe y 
6a3Hoj rogHHH hhh npuMeHOM HOMHHanHHx ^eHa5 . Og H36opa ^eHa 3Hbhch H36op 
gncKOHTHe crone. ^HCKOHTOBafte HOBnaHor TOKa HCKa3aHor y kohct^hthhm 
^eHaMa Bpmu ce peanHOM ^ hckohthom cronoM. ^HCKOHTOBafte HOBnaHor TOKa 
HCKa3aHor y HOMHHanHHM ^eHaMa Bpmu ce HOMHHanHOM ^ hckohthom cronoM. 
npoMeHe penaTHBHHx ^eHa6 Ha Tp®nmTy Mory HMaTH yra^aj Ha o6panyH 
$HHaHcnjcKHx noKa3are.M peHTa^HHHOCTH npojeKTa. Kaga ce oneKyje npoMeHa 
penarHBHHx ^eHa y 6ygyfrHOCTH, npenopynyje ce Kopnmfreae HOMHHanHHx 
(reKyfrnx) ^eHa y ^HHaHcnjcKoj aHanH3H. C o63upoM ga ce npenopyKe 3a npHMeHy 
gncKOHTHe crone ogHOce Ha aeHy peam y BpegHOCT, cnegn $opMyna 3a o6panyH 
HOMHHanHe gHCKOHTHe crone.

• fle^HHHcarne H3Bopa <|)HnancMpan>a npojeKTa o6yxBaTa npojeKTOBaae 
crpyKType H3Bopa cpegcraBa h gHHaMHKe ftnxoBor Kopnmfreaa.

HaKOH ge$HHHca&a yKynHHx npuxoga h pacxoga h H3Bopa ^HHaHcnpafta, Moryfre je  
o^eHHTH ^HHaHcnj CKy ogp^HBOCT (HHKBHgHOCT) npojeKTa. npojeKar je  HHKBHgaH Kaga He 
nocTojn pH3HK o6e36e^HBafta hobhhhhx cpegcraBa 3a aeroBO cnpoBO^eae. 
npHHHB HOBHaHHx cpegcraBa o6yxBara: 1) npuxoge og npogaje eHepraje; 2) npuxoge og 
0CTBapeHHx ymTega h 3) HeTO hobh^hh npnnHB Kojn je  pe3ymaT ynpaB ^aaa 
^HHaHcnjcKHM cpegcTBHMa. ^HHaMHKa hobhhhhx npHHHBa ynope^yje ce ca gHHaMHKOM 
hobhhhhx og^HBa y Koje cnagajy: 1) HHBecra^HOHH pacxogu; 2) onepaTHBHH pacxogu; 3) 
oranaTa gyra ca KaMaTOM; 4) TpomKOBH nope3a h 5) gpyre HOBnaHe Hcnnare (Ta6ena 
16.1).

TaSe^a 16.1 OHHaHCHj CKa ogp^HBOCT npojeKra
Bp. Onuc npHHHBa h ognHBa roguHa

1 2 n
1 H3boph ^HHaHCHpaaa
2 npuxog og npogaje h ymTega
3 HoBnaHH npHHHB og pe3HgyanHe BpegHOcra HMOBHHe
4 yKynaH npu. nnt HOBnaHHx cpegcTaBa (og 1 go 3)
5 HHBecra^HOHH pacxogu
6 OnepaTHBHH pacxogu
7 Pacxogu 3a KaMary
8 OTnnara raaBHH^e gyra
9 Pacxogu 3a nope3e
10 yKynaH ogaHB HOBnaHHx cpegcTaBa (og 5 go 9)
11 HeTO HOBHaHH TOK (4-10)

KyMy^aTHBHH HeTO hobh^hh tok (S11)

npojeKar je  ^HHaHcnjcKH ogp^HB Kaga je  KyMynaTHBHH HeTO hobhhhh tok no3HTHBaH 
tokom cbhx rogHHa ^HHaHcnjcKe aHarH3e.
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Cnegehn KopaK ^HHaHcnjcKe aHaaH3e je  o^eHa peHTa^HHHOCTH npojeKTa Ha ocHOBy 
cnegefrnx noKa3aTe^a: ^HHaHcnjcKe HeTO cagam ae BpegHOCTH (FNPV), ^HHaHcnjcKe 
crone peHTa^HHHocTH (FRR), Koe^H^njeHTa HeTO cagamme BpegHocrn (NPVQ) h 
gHHaMHHKor nepuoga noBpafraja HHBecra^nje (PBP).
Obh noKa3aTe^H ce noce6HO panyHajy 3a TpomKOBe npojeKTa, 6e3 y3HMama y o63up 
H3Bopa ^HHaHcnpama npojeKTa (Ta6ena 16.2), a noce6HO 3a yno*eHa cpegcTBa/KanHTan y 
TOKy peaaH3apHje npojeKTa (ra6ena 16.3).

TaSe^a 16.2 PeHTa^HHHocr pacxoga npojeKTa

Bp. Onuc npHHHBa h ognHBa roguHa
1 2 n

1 npuxog og npogaje h ymTega
2 Pe3HgyanHa BpegHocr
3 yKynHH npnxogH (1+2)
4 HHBecrn^HOHH pacxogu
5 OnepaTHBHH pacxogu
6 y^ynHH pacxogH (4+5)
7 HeTO npHxogn (3 -  6)
8 Cagamma BpegHocr HeTO npuxoga (7/(1+d)n)

OMMancMjcKa HeTO cagam m a BpegHOCT FNPV(C) (E8)
OHHaHcnjcKa CTona peHraSn^HOCTH FRR(C)
Koe^H^njeHT HeTO cagam m e BpegHOCTH NPVQ(C)
(FNPV(C)/4)
^HHaMHHKn nepHog noBpahaja HHBecr^H.je PBP(C)

FNPV(C) h FRR(C) Mepe HcnnaTHBocr npojeKTa y ogHocy Ha yKynHe HHBecra^HOHe 
pacxoge, 6e3 o63upa Ha Ha h^hhh mnxoBor ^HHaHcnpama. FNPV ce HcKa3yje y HOBnaHoj 
BpegHocTH (Hnp. RSD hhh EUR) h 3aBHcn og BHcHHe HHBecra^HOHor ynararna. FRR ce 
HcKa3yje y npo^emHMa hhh ge^HMaaHMa. OHa He 3aBHcn og BenHHHHe HHBecra^HOHor 
ynarama, ann 3aBHcn og gHHaMHKe HOBHaHor TOKa. NPVQ ce HcKa3yje Kao 6poj, Kojn 
3aBHcn og ocTBapeHor npuxoga h BenHHHHe npojeKTa. y  o^eHH peHTa^HHHocra npojeKTa 
Hajnoy3gaHHjn noKa3aTe^H cy FNPV h NPVQ. Koe^H^njeHT NPVQ OMoryfryje 
paHrnpame HHBecra^HOHHx ynarama npeMa HcnnaraBocra. FRR HHje yBeK noy3gaH 
noKa3aTe^ jep  He y3HMa y o63Hp bhchhy HHBecra^HOHHx pacxoga.
Ako y cnegefry Ta6eny yHeceMO npojeKTOBaHe npuxoge h pacxoga, TpomKOBe H3Bopa 
^HHaHcnpama h OTnnaTy no3ajM^eHHx h yno*eHHx cpegcraBa, 6ufreMO y MoryfrHocrH ga 
o6paHyHaMO noKa3aTe^e ^HHaHcnjcKe peHTaSn^HOCTH y^o^eH or KaMMia. ia: 
FNPV(K), FRR(K) h NPVQ(K)7.
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TaSe^a 16.3 PeHTa^HHHocr KanHTana

Bp. Onuc npHHHBa h ognHBa roguHa
1 2 n

1 npuxog og npogaje h ymTega
2 Pe3HgyanHa BpegHocr
3 y^ynHH npnxogH (1+2)
4 OnepaTHBHH pacxogu
5 Pacxogu 3a KaMaTy
6 OranaTa raaBHH^e gyra
7 npHBaTHH KannraH
8 Ha^HOHanHa jaBHa cpegcTBa
9 y^ynHH pacxogn (og 4 go 8)
10 HeTO npHxogn (3 -  9)
11 Cagamaa BpegHocr HeTO npuxoga (7/(1+d)n)

OHHaHcnjcKa HeTO cagam rna BpegHOCT FNPV(K) (S11)
Oiiiiaiicii jcKa CTona peHraSn^HOCTH FRR(K)
^HHaMHHKH nepHog noBpahaja HHBecr^H.je PBP(K)

y kohhko  npoj eKaT HMa no3HTHBHy h  BHcoKy BpegHocT ^HHaHcnj ck h x  noKa3aTe^a 
peHTa^HHHocTH, o h  MO*e 6 h t h  npHB^aHaH 3a HHBecTHpafte npHBaTHor Kannrana. 
y  kohhko  cy BpegHocTH ^HHaHcnj  c k h x  noKa3aTe^a peHTa^HHHocr a  HeraTHBHe, 
HeonxogHO j e HacraBHTH ca aHaaH30M npoj eKTa, Kpo3 yTBp^HBame eKOHOMCKe 
onpaBgaHOCTH. ^ kohhko  ce y HapegHoj  eKOHOMcKoj  aHanron go^e go no3HTHBHe 
BpegHocTH noKa3aTe^a peHTa^HHHocra, npoj eKar j e BpegaH ynarafta j aBHHx cpegcraBa 3a 
fteroBO ^HHaHcnpafte h h h  cy$HHaHcnpafte.

16.2.2 EKOHOMCKa aH anroa npojeKTa
y  OKBHpy eKOHOMcKe aHanroe (C o s t - b e n e f i t  CBA) Hcnnryj e ce onpaBgaHocr cnpoBO^eaa 
npoj eKTa H3 yrna k o p h c t h  ^enor gpymTBa (peruoHa, gp^aBe, n rg .)8, a He caMO 
$HHaHcnj cKHx npuxoga Hocno^a npoj eKTa, Kao y ^HHaHcnj cKoj  aHanH3H. OBa aHaaH3a j e 
o6aBe3HH geo crygnj e h 3b o h ^ h bo c t h  npoj eKTa Kaga ce nnaHHpa ^HHaHcnpafte npoj eKTa 
H3 goHa^nj a E3 h  ^OHgoBa Me^yHapogHHx $HHaHcnj cKHx HHcraTy^nj a. 
y  o c h o b h  eKOHOMcKe aHanH3e Hana3H ce npHMeHa eKOHOMcKHx (o6paHyHcKHx) ^eHa Koj e 
ce 6a3Hpaj y Ha onopTyHHTeTHHM gpymTBeHHM TpomKOBHMa9, yMecro HecaBpmeHHx 
Tp®nmHHx ^eHa ynarafta h  pe3ynTaTa npoj eKTa. OnopTyHHTeTHH TpomaK, o^ hocho  

Kopncr 3a npoj eKTe eHepreTcKe e^HKacHocra npegcraB^a cMaaeHa eMHcnj a racoBa 
craKaeHe 6amTe h  cM aaeae TpomKOBa eHepr a je. npena3aK H3 ^HHaHcnj cKe aHanH3e y 
eKOHOMcKy aHa^H3y cacroj n ce og:

• Bpmeaa $HcKanHHx KopeK^nj a: 1) cBe ^eHe ynarafta h  pe3yrnaTa HcKa3aTH y HeTO 
H3Hocy 6e3 n ^ B -a  h  gpyrux HHgnpeKTHHx nope3a; 2) ^eHe ynarafta, yK^yHyj yfrn 
3apage, HcKa3aTH y 6pyTO H3Hocy ca gnpeKTHHM nope3HMa; 3) KannraHHe 
cy6BeH^nj e h  TpaHc^epe Hocno^HMa npoj eKTa h c k ^ h h t h  h 3 npuxoga npoj eKTa;
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• npeTBapaaa Tp®nmHHx ^eHa KopnmheHHx y ^HHaHcnjcKoj aHanH3H y o6panyHcKe 
^eHe, nyTeM ge^HHHcaaa ogroBapajyhnx ^aKTopa KOHBep3Hje 3a cBaKy Bpcry 
npuxoga h pacxoga;

• aHanH3e h BpegHOBaaa cno^HHx e^eKara Kojn cTBapajy gpymTBeHe kophct h 
TpomKOBe, a Koje ^HHaHcnjcKa aHanH3a He y3HMa y o63up, nomTO He crBapajy 
HOBnaHe TOKOBe npuxoga h pacxoga.

^ kohhko gpymTBeHe kophcth h TpomKOBe HHje Moryhe HcKa3aTH y HOBnaHoj BpegHocm, 
noTpe6HO hx je KBaHra^HKOBara h HcKa3aTH y HeHOBHaHHM $ h3hhkhm noKa3aTe.MMa. 
TuMe ce goHocno^HMa ognyKa, y3 noKa3aTe^e peHTa^HHHocra npojeKTa, npy*ajy 
gogarHH KpHTepnjyMH 3a goHomeae KOHaHHe ognyKe o npnxBaTa&y npojeKTa.

TaSe^a 16.4 flpymTBeHe kophcth h TpomKOBH npojeKaTa eHepreTeKe e^HKacHocra
KopHCTH: TpomKOBH:

+ HoBHaHe kophcth og npogaje hhh ymTege 
eHeprnje

-  OTKHaaafte HeraraBHHx 
e^eKaTa Ha Ba3gyx, Bogy h 
3eM^nmTe

+ CMafteae rao6am or 3arpeBa&a h
HeraTHBHor y ra^aja  Ha ®HBOTHy cpegHHy h 
3gpaB^e ^ygn , KopnmhefteM o6hob^ hbhx 
H3Bopa eHeprnje h cM aaeae noTpomae 
eHepruje h eMHcnje racoBa craK^eHe 6amTe

-  HHgnpeKTHH e^eKra ry6HTKa 
3eM^nmTa hhh HapymaBaaa 
npupogHor aM6njeHTa

+ Kopnmhefte $ ochhhhx ropuBa h
Heo6HOBftHBHx H3Bopa eHepernje 3a gpyre 
HaMeHe h 3a 6ygyhe noTpe6e

-  r  y6nraK pecypca h cnpoBHHa 
Kojn 6h ce Moran ynoTpe6HTH Ha 
gpyru h^hhh y3 nocTH3afte 
Behnx kophcth 3a gpymTBeHy 
3ajegHH^y

+ CMafteae noTpomae eHeprnje
+ CMafteae yB03a eHeprnje

noKa3are^H eKOHOMcKe peHTa^HHHocra npoj eKTa: eKOHOMcKa HeTO cagamaa BpegHocr 
(ENPV ), eKOHOMcKa HHTepHa crona peHTa^HHHocra (E R R ) h  Koe^H^nj eHT k o p h c t h  h  

TpomKOBa (BCR ). 06paHyH o b h x  noKa3aTe^a Bpmu ce Ha ocHOBy npoj eKTOBaHor 
HOBHaHor TOKa yKynHHx k o p h c t h  h  TpomKOBa npoj eKTa Kao y Ta6enn 16.5.
CBaKH npoj eKar HHj a j e ERR Ma&a og gncKOHTHe crone, ENPV HeraTHBHa, a pa^no 
noKa3aTe^ BCR Ma&H og 1 (<1), noTpe6HO j e gogaTHO npencnHTaTH h h h  og^nra. y  
H3y3eTHHM cnyHaj eBHMa, npoj eKaT ce MO*e npnxBaTHTH aKO nocroj e Ba^He k o p h c t h  Koj e 
HHcy H3pa*eHe h o b h ^h o , ann ce OHga to  Mopa npHKa3aTH geTa^HO.
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TaSe^a 16.5 EKOHOMCKa pemaGHnHOCT npojeKTa
Bp. Onuc kophcth h TpomKoBa roguHa

1 2 n
1 OncKaHHe KopeK^nje
2 y^ynHe eKcrepHe kophcth

2.1. KopncTH og e^eKra 1
2.2. Kophcth og e^eKra 2

3 npuxog og npogaje h ymTega
4 yKynHe kophcth (1+2+3)
5 EKcrepHH TpomKoBH

5.1. TpomKoBH 36or e^ema 1
5.2. TpomKoBH 36or e^ema 2

6 HHBecTH^noHH TpomKoBH
7 OnepaTHBHH TpomKoBH
8 yKynHH TpomKOBH (5+6+7)
9 HeTO KOPHCTH (4-8)
10 Cagamma BpegHocr HeTo npuxoga (9/(1+d)n)

EKOHOMCKa HeTO cagam m a BpegHOCT ENPV (^10)
EKOHOMCKa CTona peHTaSn^HOCTH ER R
Koe^H^H.jeHT KOPHCTH H TpomKOBa BCR

16.3 ^HHAHCHJCKA AHA.TH3A HOCHO^A nPOJEKT
Peanroa^nja npojeKTa yHanpe^erna eHepreTCKe e^HKacHocra Tpe6ano 6h ga gonpuHece 
Hcnyftefty yKynHHx ^H^eBa npegy3eha y o6nacrH HHgycrpnj e. Crora ce, nopeg aHaaH3e 
peHrâ HHHOCTH npojeKTa, Mopa aHanronpaTH ^HHaHcnjcKo crafte h pe3yaraTH npegy3efra 
Kao HOCHÔ a npojeKTa, npe h h^koh peanroa^nje npojeKTa. rnaBHH ^h^  aHanroe je o^eHa 
yKynHHx e^eKaTa npojeKTa tokom peaHH3aanje h Kopnmfrefta Ha ^HHaHcnjcKo crame h 
pe3ymaTe npegy3efra.
Mo*e ce gecHTH ga npojeKaT ca bhcokhm napaMeTpHMa peHTa^HHHocra (bhcokhm 
ymTegaMa onepaTHBHHx pacxoga) npoy3poKyje ge^H^HT y HOBnaHHM tokobhm  ̂
npegy3efra ycneg bhcokhx HHBecra^HoHHx ynararna y ToKy peanH3aqHje. y  t^kbhm 
cnynajeBHMa, npegy3efre Mopa ga o6e36egu gogaTHa cpegcTBa 3a ^HHaHcnparne 
peaHH3aanje npojeKTa. MoryfrHocr o6e36e^HBarna gogaTHux cpegcraBa nyTeM 
3agy®HBama, gnpeKTHo 3aBHCH og ^HHaHcnjcKor pe3yaraTa h 3agy*eHocrH npegy3efra. 
nopeg aHaaH3e MoryfrHocrn caMo^HHaHcnpama npojeKra h/hhh 3agy®HBama HeonxogHo 
je HgeHTĤ HKoBaTH cna6ocra npegy3efra KaKo 6h Morne ga ce npegy3My KopeKTHBHe Mepe 
yHanpe^erna y ^H^y ycnemHe peaaroa^nje npojeKra eHepreTCKe e^HKacHocra. Ochobhh 
acneKTH ^HHaHcnjcKe aHanH3e npegy3efra cy: 1) ageKBaraocr HHKBHgHocrn; 2) 
cnoco^Hocr crpyKType Kannraaa 3a ^HHaHcnparne npojeKTa, Kao h 3) hhbo 
npo$HTa6HHHocTH HMoBHHe npegy3efra. y  obom noraaB.^y o6jammeHH cy ochobhh
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^HHaHCHjcKH H3BemTajn Kojn ce KopHCTe y ^HHaHcnjcKoj aHanH3e h rnaBHH napaMeTpu 
HHKBHgHOCTH, 3agy*eHOCTH h npo$HTa6HHHOCTH npegy3efra.

16.3.1 OMMaMCMjCK'M H3BemTajH mocmomu npojeKTa
®HHaHCHjCKa aHaHH3a o6yxBara geTa^HO HCnHTHBarne ^HHaHcnjcKor h eKOHOMCKor 
CTama h pe3ymaTa noCHOBama npegy3efra. OHHaHCHj CKa aHanroa Ce CnpoBogu Kpo3 
geTa^Hy aHanH3y ochobhhx ^HHaHCHj ckhx H3BemTaja Koje H3pa^yjy CBa npHBpegHa 
gpymTBa, Kao mTO cy: 1) 6nnaHC crarna; 2) 6nnaHC ycnexa h 3) H3BemTaj o tokobhm  ̂
rOTOBHHe.

Bn^aHC CTama
BnnaHC CTama npoKa3yje CTame npegy3efra Ha ogpe^eHH gaH. CacTaB^a ce HajMame 
jegaHnyT rognmrne, Ha Kpajy ^HCKanHe rogHHe. CacTojn ce og ynopegHor npHKa3a 
aKTHBe, ogHOCHO cpegcTaBa h nacHBe, ogHOCHO H3Bopa (nopeKna) cpegcTaBa KojHMa 
npegy3efre pacnona^e (Ta6ena 16.6).

TaSe^a 16.6 BnnaHC CTama
AKTHBA nA C H B A

1 C T A ^H A  H M OBHHA 1 K A n H T A ^
HeMaTepnjaHHa HMOBHHa 2 f ly rO P O H H E  OBABE3E H 

PE3EPB H C A & A
HeKpeTHHHe, nocrpojerna, onpeMa flyropoHHa pe3epBHcama
flyropoHHH nnacMaHH flyropoHHe o6aBe3e (KpegHTH, HH3HHr, 

x.o.b)
2 OBPTHA H M OBHHA 3 KPATKOPOHHE OBABE3E

rOTOBHHa KparKopHHHe ^HHaHCHjCKe o6aBe3e
noTpa^HBama pe3epBHcama 3a cnopHa 
noTpa^HBama)

06aBe3e H3 nocnoBarna

KpaTKopHHHH nnacMaHH Ocrane o6aBe3e
3annxe 06aBe3e no 0CH0By nope3a h 

gonpuHOca
y K y n H A  a k t h b a  (1 +2) y K y n H A  nA C H B A  (1 +2+3)

y^ynHe BpegHOCTH aKTHBe h nacHBe Mopajy ga 6ygy jegHaKe. CTora 6nnaHC CTama Mopa 
ga 3agoBO^H cnegefry $opMyny ^HHaHcnjcKor panyHOBogcTBa:

HMoeuua = Oćaeese + Kanuman (16.15)
y  6nnaHcy CTarna eBHgeHTHpajy ce CBe eKOHOMCKe hkthbhocth npuBpegHor gpymTBa. 
npu CBaKoj nocHOBHoj TpaHcaKpHjH Tpe6a H3BpmHTH gBa KmH^erna KaKO 6h ce ogp^ana 
paBHOTe^a H3Mê y HMOBHHe h o6aBe3a (“cucTeM gBojHor KmnroBogcTBa”) Kao mTO cnegn:

• panyHH HMOBHHe h panyHH o6aBe3a ce HCTOBpeMeHO Mernajy, hhh

• jegaH panyH HMOBHHe ce noBefraBa goK ce gpyrn panyH HMOBHHe CMarnyje, hhh

• jegaH panyH o6aBe3a ce noBefraBa goK ce gpyrn CMamyje.
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BH^aHC ycnexa
BnnaHC ycnexa npHKa3yje CBe npuxoge h pacxoge npegy3efra ocTBapeHe y TOKy jegHe 
^HCKa^He rogHHe ca ^H^eM yTBp^HBafta pe3yrnaTa nocnoBaaa, ocTBapeHe go6HTH hhh 
ry6HTKa (Ta6ena 16.7). BnnaHC ycnexa yKa3yje Ha npupogy eKOHOMCKHx aKTHBHOCTH Koje 
cy npegy3eTe y nepuogy H3Mê y noneTHor h Kpajaer gaTyMa 6nnaHca crafta.

TaSe^a 16.7 BnnaHC ycnexa

Bp. Onuc npuxoga h pacxoga
1 n O C ^ O B H H  n P H N O flH

- npuxogu og npogaje
- npuxogu og npeMHja, cy6BeH^nja, goTa^nja, goHa^nja h ch.
- 3py rn  npnxogn

2 n O C ^ O B H H  PACXOAH
- Ha6aBHa BpegHOCT npogaTe po6e
- TpornKOBH MaTepnjana
- TpomKOBH ropuBa h eHeprnje
- TpomKOBH 3apaga
- TpomKOBH aMopTH3auHje

3 n O C ^ O B H H  A O B H TA K /ryB H TA K  (1-2)
4 ®HHAHCHJCKH nPH X O flH
5 ®HHAHCHJCKH PACXO^H
6 AOBHTAK/rYBHTAK H3 ®HHAHCHPAftA (4-5)
7 OCTAHH nPH X O flH
8 OCTAHH PACXO^H
9 A O B H TA K /ryB H TA K  n P E  O n O P E 3 H B A ftA  (3+6+7-8)
10 nO PE3 HA ^OBHTAK
11 HcnnafreHa HHHHa npHMaaa nocnogaB^a
12 H ETO  ^O B H T A K /ryB H T A K  (9-10-11)

BnnaHC ycnexa Mopa ga 3agoBO^H cnegefry $opMyny ^HHaHcnjcKor panyHOBogcTBa:

Hemo doćumaK = npuxodu -  Pacxodu (16.16)
OcTBapeHH HeTO go6nraK MO*e ce noHOBO HHBecTHpaTH y npegy3efre. Ochm HeTO 
go^HTKa, 6nnaHC ycnexa ge^HHHme hhbo cpegcraBa Koja ce H3gBajajy 3a aMopTH3a^njy, 
ogHOCHO noHOBHO HHBecTHpafte y cranHa cpegcTBa. AMopTroa^nja je og H3y3eTHe 
Ba*HOCTH 3a KanHTanHO HHTeH3HBHe HHgycTpnje, KojoM ce rapaHTyje $ h3hhko ogp*a&e 
HMOBHHe h npo^eca paga.

H3BemTaj o TOKOBHMa roTOBHHe
H3BemTaj o tokobhm^ roTOBHHe je npHKa3 hobh3hhx TOKOBa npoHcreKHHx H3 nocnoBHHx,
HHBeCTĤ HOHHX H $HHaHCHjCKHX HKTHBHOCTH npegy3efra y Ogpê eHOM BpeMeHCKOM
nepuogy (Ta6ena 16.8). Kophcth ce 3a npo^eHy cnoco^HOCTH npegy3efra ga reHepume
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roTOBHHy h  noTpe6e npegy3efra ga Ty roTOBHHy k o p h c t h . OMoryfraBa o^eHy HHKBHgHOCTH 
y npeTxogHOM nepuogy h  npojeKpHjy HOBnaHHx TOKOBa 3a HapegHH o6panyHCKH nepuog. 
3a cacraB^afte H3BjemTaja Kopncre ce 6naaHC c raaa , 6naaHC ycnexa h  gpyre 
HH^opMa^nje H3 panyHOBogcTBeHor cncreMa npegy3efra.

TaSe^a 16.8 H3BemTaj o tokobhm^ roTOBHHe

Bp. Onuc
TOKOBH rO T O B H H E  H3 n O C ^ O B H H X  AKTHBHOCTH

1 npHHHBH rOTOBHHe H3 nOCHOBHHx HKTHBHOCTH
2 OgHHBH rOTOBHHe H3 nOCaOBHHx aKTHBHOCTH
3 HeTO npHHHB/ogaHB roTOBHHe H3 nocaoBHHx aKTHBHOcm (1-2)

TOKOBH rO T O B H H E  H3 A K TH BH O CTH  H H B E C T H P A ftA
4 npHHHBH rOTOBHHe H3 aKTHBHOCTH HHBeCTHpafta
5 OgaHBH roTOBHHe H3 aKTHBHOcm HHBecTHpa&a
6 HeTO npHHHB/ogaHB roTOBHHe H3 hkthbhocth  HHBecTHpa&a (4-5)

TOKOBH rO T O B H H E  H3 A K TH BH O CTH  © H H A H C H PA ftA
7 npHHHBH rOTOBHHe H3 aKTHBHOCTH ^HHaHCHpafta
8 OgHHBH rOTOBHHe H3 aKTHBHOCTH ^HHaHCHpafta
9 HeTO npHHHB/ogaHB roTOBHHe H3 aKTHBHOCTH ^HHaHCHpaaa (7-8)
10 yKynaH m|mi. mmui roTOBHHe (1+4+7)
11 yKynaH ogaHB roTOBHHe (2+5+8)
12 H ETO  n P H ^ H B /O A ^H B  rO T O B H H A  (10-11)
13 r  OTOBHHa Ha noneTKy o6panyHCKor nepuoga

rO T O B H H A  HA K P A jy  O B P A H yH C K O r n E P H O ^ A  (12+13)

y^ynHH tokobh roTOBHHe y H3BemTajy ce KnacH$HKyjy Ha caegehn h^hhh:
•  Tokobu ^ o m o e u n e  u 3  n o c m e n e  a K m u e n o c m u  npegcraB^ajy eaeMeHTe 3a 

yTBp^HBafte HeTO go^HTKa y 6naaHcy ycnexa;
•  Tokobu ^ o m o e m e  u 3  a K m u e n o c m u  m e e c m u p a n > a  yTHHy Ha 6naaHC craaa, a ogHOce 

ce Ha BpegHOBaae h ceaeK^njy yaarafta HHjn je poK gy*H og jegHe rogHHe: 
npogaja h Ha6aBKa ochobhhx cpegcraBa, o6Be3HH^a h aK^nja gpyrnx npegy3efra;

•  Tokobu ^ o m o e m e  u 3  a K m u e n o c m u  $ u H a H c u p a n > a  Hacrajy y ogHOcy ca BaacHH^HMa 
h noBepno^HMa npegy3efra: npogaja aK^nja h o6Be3HH^a, 3agy*efte, ncnaaTa 
gHBHgeHge h OTnaaTa Kpegnra. no npaBHay He yTHHy Ha 6naaHC ycnexa.

Cbh tokobh roTOBHHe ce ca6npajy pagn yTBp^HBafta HeTO roTOBHHe Ha Kpajy nepuoga 
H3BemTaBaaa. ^ kohhko je HeTO fotobhhckh tok no3HTHBaH, npegy3efre MO*e npoMnTHO 
ga ^HHaHcnpa CBoje o6aBe3e H3 concTBeHHx cpegcraBa. ^ kohhko je HeTO fotobhhckh tok 
HeraTHBaH, npegy3efre He MO*e ga ^HHaHcnpa o6aBe3e H3 concrBeHHM cpegcrBHMa h 
H3aa3 Mopa ga Tpa*H y no3ajMH^H. H3BemTaj o tokobhm^ roTOBHHe npegcraB^a Ba^aH 
aaar Kojn ce kophth 3a ^HHaHcnjcKO naaHHpaae h 3a $HHaHcnjcKy o^eHy npojeKTa.
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n p e r^ e g  noH3BogHHx TpomKOBa
nopeg  o c h o b h h x  ^HHaHCHj c k h x  H3BemTaja, nocroje h  gpyrn H3BemTajn Kojn ce 
npnnpeMajy tokom  ^HHaHcnjcKe aHanH3e npegy3efra h  npojeKTa. TaKaB H3BemTaj je  
nperneg npoH3BogHHx TpomKOBa Kojn Hacrajy tokom  nocnoBaaa npou3BogHe jegHHH^e 
(Ta6ena 16.9). npoH3BogHH TpomKOBH cy HCKa3aHH y 6nnaHcy ycnexa h  o h h  ce ogy3HMajy 
og npuxoga og npogaje: TpomKOBH cnpoBHHa, MaTepnjana, 3apaga, ropuBa h  eHeprnje h  

koMyHaHHHx ycnyra nrg. O b h  TpomKOBH gene ce Ha: ^HKCHe h  Bapnja^HHHe. 0 ukchu 
m p o M K o e u  ce He Meaajy ca npoMeHaMa o6HMa nporoBogae y KpaTKOM poKy. B a p u j a 6 u m u  

m p o M K o e u  ce Meaajy ca npoMeHOM HHBoa npoH3Bogae.

Ta6e.aa 16.9 nperneg  npoH3BogHHx TpomKOBa

Bp. Onuc
1 TpornKOBH MaTepnjana h cnpoBHHa
2 ^npeKTHH TpomKOBH paga (3apage h ch.)
3 TpomKOBH noroHCKe eHeprnje (ropuBO, eneKTpHHHa eHeprnja, mg.)
4 TpomKOBH gpyrnx KOMyHaHHHx ycnyra h pe^njcKH TpomKOBH
5 Pe3epBHH genoBH h KOMnoHeHTe
6 OcranH TpomKOBH nonpaBKu h ogp*aBa&a
7 ©ABPHHKH T PO m K O B H  (og 1 go 6)
8 AgMHHHCTpaTHBHH pe^HjCKH TpOmKOBH
9 TpomKOBH npogaje
10 TpomKOBH gHcrpH6y^Hje
11 T PO m K O B H  n O C ^ O B A ftA  (7+8+9+10)
12 AMopTH3a^nja
13 TpomKOBH ^HHaHCHpaaa

y K y n H O  nP O H 3B O flH H  T P O m K O B H  (11+12+13)

npHHHKOM HHBecTHpa&a y npojeKTe eHepreTCKe e^HKacHocm HeonxogHO je ga ce 
npo^eHe TpomKOBH Ha6aBKe eHeprnje h ga ce hcth H3pa3e y BHgy npo^ema og yKynHHx 
npoH3BogHHx TpomKOBa hhh Kao noKa3are^ eHeprnje yTpomeHe no jegHHH^H npou3Boga.

16.3.2 AHa^H3a ^ hkbhahocth

3a noTpe6e ^HHaHcnjcKe aHanroe npojeKaTa eHepreTCKe e^HKacHocm noTpe6HO je 
H3panyHaTH pa^no pegy^npaHe HHKBHgHOCTH (RRL) Kojn Mepu cnoco6HOCT npegy3efra ga 
HcnyaaBa gocnene o6aBe3e. Pa^no ce H3panyHaBa Ha 0CH0By 6nnaHca crafta TaKO mTO ce 
og o6pTHe HMOBHHe og6njy 3annxe h go6njeHH h3hoc nogenn ca KpaTKopoHHHM 
o6aBe3aMa:
„ „ T o6pm na  uM oeuna -  3rnuxe
R R L  = (16.17)

KpamKoponne o6aee3e

Pa^HO pegy^npaHe HHKBHgHOCTH Mepu cnoco6HOCT npegy3efra ga H3Bpmn KpaTKopoHHe 
o6aBe3e 6e3 ocnaftafta Ha npogajy 3annxa Koje cy HajMaae HHKBHgaH geo o6prae 
HMOBHHe. BpegHOCT Koe^H^njeHTa 6h Tpe6ano ga 6yge Befra og og jegHHH^e (> 1).
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npn^HKOM o^eHe npojeKTa 3a yHanpe^erna eHepreTCKe ê HKacHOCTH, Tpe6ano 6 h  ga ce 
H3panyHa Koe^H^njeHT HHKBHgHOCTH npegy3efra npe h  nocne peanroa^nje npojeKTa. 
Pa3HHKa H3Mê y OBa gBa nogaTKa noKa3yje ga h h  fre HHKBHgHOCT npegy3efra 6 h t h  

yHanpe^erna cnpoBO^erneM npojeKTa.

16.3.3 AHa^H3a CTpyKType KanHTa^a
CrpyKTypa Kannrana npegy3efra MO*e 6 h t h  ognynyjyfra npnnHKOM goHomeaa ognyKe o 
HaHHHy ^HHaHcnpafta npojeKTa yHanpe^erna eHepreTCKe ê HKacHOCTH, noce6HO Kog 
KannraHHO HHTeH3HBHHx npojeKaTa. Bp3 h ^h h h  yTBp^HBarna CTpyKType KanHTana je 
o6panyH crona 3agy*eHOCTH (em. Debt Ratio DR) y ogHOcy Ha yKynHy HMOBHHy no 
cnegefroj $opMynn:

yK ynan dyzDR = - (16.18)yKynna uMoeuna
Crona 3agy*eHOCTH noKa3yje kohhkh je npo^eHar nocnoBHHx cpegcraBa ^HHaHcnpaH 
cpegcTBHMa Kpegnropa h gpyrnx noBepnna^a. OcranH geo cpegcraBa ce ^HHaHcnpa H3 
concTBeHor KanHTana. npegy3efra ca BenHKHM ynemfreM gyroBa y H3BopHMa 
^HHaHcnpafta H3no*eHa cy BefreM ^HHaHcnjckom pH3HKy. Ako je crona 3agy*eHOCTH 
HHCKa, npegy3efre HMa Befrn „Kana^nreT 3agy®HBa&a“, mTO 3Hann ga fre Mofru naKme h 
nog noBO^HHjHM yĉ OBHMa ga ce 3agy*H 3a ^HHaHcnparna npojeKTa. H3 yraa Kpegnropa 
h HHBecTHTopa crona 3agy*eHOCTH 6h Tpe6ano ga 6yge Ha yMepeHOM HHBoy ucnog 50%.

16.3.4 AHa^H3a npo^HTaSn^HOCTH
PeHTâ HHHOCT (npo$Hra6HHHOCTH) H3pa®aBa ê eKTHBHOCT Kopnmfrerna, ogHOCHO 
3apa^HBanKy Mofr HMOBHHe h yno*eHor KanHTana. 3apa^HBanKa Mofr je cnoco6HOCT 
npegy3efra ga reHepume HOBy BpegHOCT, Koja je ^h^  ^HHaHcnjcKor ynpaB^arna h Koja 
npegcraB^a npHMapHO o6e36e^erne HHTepeca BnacHHKa h Kpegnropa npegy3efra. OBge 
freMO o6jacHHTH rno6aHHe noKa3aTe^e peHTâ HHHOCTH Kojn Mepe BHCHHy HeTO go^HTKa 
Kojn goHOCH CBaKH gHHap aHra®OBaHHx nocnoBHHx cpegcraBa. HeTO go6nraK 
npegcraB^a BHmaK npuxoga Hag pacxogHMa Kojn 6h Morao ga 6yge ynoTpe6^eH 3a 
^HHaHcnparne npojeKTa, a ga npegy3efre y HecMameHOM o6uMy MO*e ga HacraBH npo^ec
HKTHBHOCTH.
Crona Hero-npHHOca Ha yKynHy HMOBHHy (eHr. Return on assets ROA) panyHa ce no 
cnegefroj $opMynn

ROA = -
Hemo -  čo6umax

-  (16.19)npocenna yxynna uMoeuna
ROA Mepu BHCHHy HeTO go^HTKa Kojn goHOCH cbhkh  gHHap yKynHO aHra®OBaHHx 
nocnoBHHx cpegcraBa.
Crona HeTO-npHHOca Ha Kanrnan (eHr. Return on equity ROE)

ROE = nemo -  čo6umax
npoeeuHa eonemeeHa uMoeuHa (16.20)
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ROE Mepu BHCHHy HeTO go^HTKa Kojn goHOCH cbhkh  gHHap yKynHO aHra®OBaHHx 
concTBeHHx cpegcraBa, ogHOCHO KanHTana. OBaj no^a3aTe^ 3aBHCH og crpyKType 
KanHTana npegy3eha.
ROA h  ROE ce Hana3e y HHTepaKTHBHOM ogHocy. Be3y H3Mê y OBa gBa noKa3aTe^a 
ycnocraB^a pa^no 3agy*eHOCTH, a MaTeMaTHHKH ce H3pa®aBa Kao:

ROE = - ROA ROA
1 -  cmeneH 3adyweHocmu  ̂— n°3ajMfoeHa cp edcm&a (16.21)

yKynHU rneopu
OBa Be3a je BeoMa Ba®Ha jep yKa3yje Ha Be3y creneHa 3agy*eHocrH h crone npuHoca Ha 
concrBeHH KannraH. HauMe, yKOHHKO npegy3ehe ocrBapn Behy crony npHHOca Ha yKynHO 
aHra^OBaHH KanHTan (ROA) og ^eHe Kojy nnaha Ha no3ajM^eHe H3Bope, Taj "BHmaK" 
npuHOca nocne noKpnfia KaMaTe ocraje npegy3ehy Ha pacnonaramy h cny®H Kao nogpmKa 
yKaMafrerny concTBeHor KanHTana.

16.4 H3BOPH ^HHAHCHPA&A nPOJEKTA
npojeKTH yHanpe^ema eHepreTCKe e^HKacHOcm Mory 6hth ^HHaHcnpaHH H3 cbhx H3Bopa 
cpegcraBa Koja cy pacnono^HBa Ha ^HHaHCHj ckom Tp®nmTy Kao mTO cy: concTBeHH 
KanHTan Hocno^a npojeKTa, 3ajMOBH Me^yHapogHHx ^HHaHCHj ckhx HHcmTy^Hja, KpegHTH 
KOMep^njaHHx 6aHaKa, HH3HHr, jaBHO-npHBaTHO napTHepcTBO, HHOCTpaHe goHa^nje h gp. 
y  HacTaBKy fre 6hth o6jammeHH HaBegeHH H3Bopn ^HHaHcnpama.

16.4.1 CaMO$HHaHcnpame
CaMO^HHaHcnpame je ^HHaHcnparne npojeKTa concTBeHHM cpegcTBHMa BnacHHKa 
npojeKTa hhh KanHTanoM gpymTBa Kojn o6e36e^yjy ocrann HHBecTHTopn. Oho je 
npHKnagHO 3a ^HHaHcnparne penaTHBHO je$THHHx Mepa yHanpe^erna eHepreTCKe 
ê HKacHOCTH ca kp^tkhm poKOBHMa noBpafraja HHBecm^Hje.

16.4.2 3ajMOBH iiiioci'paim^ franaK'a

HHOCTpaHe 6aHKe cy Me^yHapogHe ^HHaHcnjcKe HHcmTy^Hje h pa3BojHe 6aHKe gpyrux 
gp^aBa Koje CBojy KpeguTHy ^kthbhoct o6aB^ajy y Peny6nn^H Cp6hjh: CBeTCKa 6aHKa, 
EBponcKa HHBecm^HOHa 6aHKa, EBponcKa 6aHKa 3a o6HOBy h pa3Boj h HeManKa pa3BojHa 
6aHKa KfW.
CBeTCKa fianKa (World Bank -  ga^e: W B) gaje 3ajMOBe 3a pa3Boj jaBHor ceKTopa 
BnagaMa nnaHH^aMa, ann He h npHBaTHOM ceKTopy. 3ajMOBH Mory ga 6ygy Be3aHH 3a: 1) 
3ajegHHHKO ^HHaHcnpame npojeKaTa ca KOMep̂ njanHHM 6aHKaMa; 2) gaBame caBeTa 
B^agaMa y noraegy HHBecm^nja y eHepreTHKy h 3) gaBame rapaH^nja y ^H^y CMamerna 
pH3HKa nnacMaHa KOMep^njanHHx 6aHaKa. npnnHKOM KOHKypncarna 3a cpegcraBa WB, 
HeonxogaH yc^OB je ga nocrojn ypa^eHa “Cost benefit” aHanroa npegno^eHor npojeKTa 
eHepreTCKe e^HKacHOcm.
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TaSe^a 16.10 npegHOCTH h HegocTa^H caMo^HHaHcnparna

npegHOCTH ca\i<)<|)HnancH|)an>a H egocra^n  c;i\i))<|)iniancn|)an>a

Mo*e ga npegy3Me cBaKO npegy3ehe Koje 
pacnona^e ^HHaHcnj ckhm cpegcrBHMa

npojeKTH Tpe6a ga 6ygy pema^HHHHjH 
3a HHBecmpame y ogHocy Ha gpyre 
npojeKTe

^euoKynaH npo^ec je nog KOHTpouoM 
BuacHHKa Ph3hk Heycnexa npojeKTa hoch BuacHHK

OcTBapHBaae $HHaHcnjcKHx e^eKaTa ogMax 
HaKoH HMn^eMeHTa^nje npojeKTa

BuacHH^H h MeHauepn npegy3eha 
ognynyjy o npnopHTeTHHM npojeKTHMa 
3a HHBecmparne

He nocraB^a ce nHTame Kpegnme 
cnoco^Hocra npegy3eha

npojeKTH EE HHcy aTpaKTHBHH Kao 
HHBecTH^nje y npomnperne hhh 
gHBepcn$HKa^Hjy 6n3HHca

H36eraBame nperoBopa h yroBopHHx o6aBe3a 
npeMa ^HHaHcnj ckhm HHcraTy^HjaMa

06e36e^HBafte cpegcTBa 3a 
HHBecTH^njy Ha noneTKy 
HMn^eMeHTa^nje npojeKTa

®HeKcn6HHHocT y peanroa^HjH npojeKTa
H36eraBame npnnpeMe eua6opara o npojeKTy 
h nocuoBHHM nuaHoBHMa y ToKy annH^Hparna 
3a no3ajM^eHa cpegcTBa
KpegHTH ce Mory ynoTpe6HTH 3a 
^HHaHcnpame gpyrnx npojeKara

EBponcKa HHBecTH^HOHa fianka (European Investment Bank -  EIB) je  ^HHaHcnjcKa 
HHCTHTy^nja EBponcKe yHHje Koja ogo6paBa 3ajMOBe BnagaMa gp^aBa y KojHMa ce 
npojeKTH cnpoBoge y b h c h h h  og npeKO 25 MHHHOHa eBpa. K o p h c h h ^ h  Kpegnra Mory ga 
6ygy gnpeKTHO h  BnacHH^H npojeKara y jaBHOM h  npHBaTHOM ceKTopy h  6aHKe. EIB Hygu 
KpegHTHe HHHHje goMahHM ^HHaHcnj ckhm  HHcraTy^HjaMa, Koje H3 ftnx  ogo6paBajy 
KpegHT h h h  HH3HHr Ma^HM h  cpegftHM npegy3ehHMa. OBa cpegcTBa cy gocrynHa Kog: 
Banca Intesa h  Intesa Leasing, Erste bank, Credit Agricole, Societe Generale Banka h  

Raiffeisen Leasing.
EBponcKa fianKa 3a o0HOBy h pa3Boj (European Bank for Reconstruction and 
Development -  EBRD) Bpmn KpegHTHpame h  yuararne KanHTana y: 1) ^HHaHcnjcKe 
HHcTHTy^Hje; 2) npHBaraH ceKTop (ocHHBarne, KpegHTHparne h  goKanHTanroa^Hja 
npegy3eha) h  3) jaBHH ceKTop (gp^aBa, HOKauHe caMoynpaBe, jaBHa npegy3eha HTg). y  
npojeKTe eHepreTcKe e^HKaHocra, Koje ^HHaHcnpa EBRD cnagajy: 1) npojeKTH y jaBHHM 
3rpagaMa; 2) peKOHcrpyK^nja ^empanHor ga^HHcKor rpejama; 3) MogepHroa^nja 3rpaga 
ca aK^enroM Ha ymTegy eHeprnje; 4) jaBHa pacBeTa; 5) KoreHepa^nja; 6) pa3Boj h  

npoH3Bogma eHepreTcKH e$HKacHHx TexHOHornja h  MarepHjana; 7) ocHHBame npegy3eha 
3a npy*ame eHepreTcKHx ycuyra h  8) o6 h o b ^ h b h  H3Bopn eHeprnje. OcHOBHe 
npeTnocraBKe 3a ^HHaHcnparne npojeKara eHepreTcKe e^HKaHocra og crpaHe EBRD cy: 
1) nogpmKa Buage 3a HHBecTHparne y npojeKTe eHepreTcKe e^HKaHocm; 2) Tp^nmHO
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^opMHpaae ^eHe eHeprnje; 3) jegHHCTBeHa ^eHa eHeprnje 3a cBe KopncHHKe; 4) 
peHTa^HHHocr npojeKaTa; 5) o6jegnftaBafte npojeKara Maae BpegHocTH y ^H^y 
3ajegHHHKor ^HHaHcnpafta ga 6 h  ce gocTHrna BpegHocT og 5 MHnnoHa eBpa; 6) 
ogo6paBaae KpegHTHHx HHHHja goMahHM 6aHKaMa y ^nny ^HHaHcnpafta npojeKaTa Maae 
BpegHocrn; 7) crpyHHa ocnoco6^eHocr goMahnx 6aHaKa 3a KpegHmpafte o b h x  npojeKara; 
8) pa3Boj npegy3eha 3a npy*aae eHepreTcKHx ycnyra. ®HHaHcnpafte og crpaHe EBRD-a 
Mo*e ga Tpa^H caMo Hocnja^ npojeKTa, Ha ocHoBy cBeo6yxBaTHe crygHje H3Bog-MBocm 
npojeKTa. ®HHaHcnpafte npojeKara Maae BpegHocm EBRD Bpmu nocpegHo, 
ogo6paBa&eM KpegmHHx HHHHja goMahHM 6aHKaMa, 3a ftnxoBo KpegHTHpa&e.
HeManKa pa3BOjHa fianka (Kreditanstalt fur Wiederaufbau -  K fW ) o6e36egnna je 
3HauajHa cpegcTBa 3a KpegHmpafte npHBpege h  jaBHor ceKTopa y o6uacTH yHanpe^eaa 
eHepreTcKe e^HKacHocr a  h  Kopnmhefta o6 h o b h h b h x  H3Bopa eHeprnje. KfW Bpmn 
gnpeKTHo ^HHaHcnpafte BeuHKHx npojeKara, Kao h  HHgnpeKTHo ^HHaHcnpafte Ma&nx 
npojeKaTa nocpegcTBoM goMahnx 6aHaKa. y  npnnpeMH cy gBe HoBe KpegHTHa HHHHja 
nocpegcTBoM goMahnx 6aHaKa: EKo-Kpegnra h  Green Finance Facility.

TaSe^a 16.11 ycuoBH 3ajMoBa HHocrpaHHx 6aHaKa

yc^OBH/6aHKa EIB EBRD KfW
H ocu ja^
npojeKTa

JaBHH H
npHBaTHH ceKTop

JaBHH H npHBaTHH ceKTop JaBHa npegy3efia

nogo6HocT
npojeKTa

cbh ncnnaTHBH 
npojeKTH

- cM aaeae noTpom ae eHepruje /eMHcnje CO2 
MHHHMaHHo 20%

- nepuog oBpafiaja HHBecTHunje y Kopnmfieae 
o6hobj>hbhx H3Bopa eHepruje MaKcHMajmo 15 rogHHa

BncHHa KpegHTa go 50%
HHBecTHHHoHHX
TpomKoBa

- MHHHMajHo 5 MHj. eBpa
- go 2,5 MHj.eBpa (nocpegcTBoM 
goMafinx 6aHKa)

go 1,2 MHj. eBpa no 
npojeKTy 
(nocpegcTBoM 
goMafinx 6aHKa)

Pok KpegHTa go 20 rogHHa og 5 go 15 rogHHa go 9 rogHHa
nepuog  noneKa nepnog

HMnneMeHTaHHj e
go 5 rogHHa gnpeKTHo / go 2 rog. 
nocpegcTBoM goMafinx 6aHaKa

go 3 rogHHe

OHHaHcHjcKH
nogcTH^aj:

10%-15% HHBecTHUHje ^HHaHcnpaHe H3 KpegHTa H3 
goHaunja EY, Kaga cy o6e36e^eHe

16.4.3 KpegHTH goMa6nx OanaK'a

^oMahe 6aHKe cy ocHoBaHe h nocnyjy y cKuagy ca nponncHMa Kojn peryunmy 
$yHKqHoHHca&e ^HHaHcnjcKor ceKTopa y Peny6jH^H Cp6njH.
KpegHTH 6aHaKa cy TpagH^noHajHH HauHH ^HHaHcnpafta npojeKara, Kojn ce cMarpa 
Maae ^ueKcĤ HHHHM og caMo^HHaHcnpafta. npegycuoB 3a ftnxoBo Kopnmfiefte je 
npe3ema^Hja KpegHTHe cnoco^Hocra npegy3efia, Kao h npeguora npojeKTa, TaKo ga 6aHKa 
npeno3Ha cBoj Hrnepec h npnxBaTH pH3HK ^HHaHcnpafta.
fflm je Tp^nmTe KanHTaua pa3BHjeHHje, to fie 6hth Befia noHyga 6aHKapcKHx Kpegura no 
noBo^HHjHM ycuoBHMa: hh®hm KaMaTHHM cTonaMa h gy®HM poKoBHMa oTnuaTe.
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KpegHTH Mory ga 6ygy KpaTKopoHHH (go 1 rogHHe), cpegftopoHHH h h h  gyropoHHH, Kao h  

oenrypaHH h h h  HeocnrypaHH. Mory 6 h t h  ogo6peHH y gHHapHMa h h h  ca geBH3HOM 
Knay3ynoM y 3aBHCHOCTH og HanHHa o6e36e^HBarna cpegcTaBa 3a ftnxoBO ogo6paBaae: 
geno3HTH 6aHKe h h h  KpegHTHe HHHHj e Me^yHapogHHx ^HHaHcnj  c k h x  HHCTHTŷ Hj a.

TaSeaa 16.12 npegHocTH h HegoCTa^H KpegHTa goMahnx 6aHaKa
npegHOCTH 6aHKapcKHx K pegnra HegocTa^H 6aiiKa|)CKiix KpegHTa

Pê aTHBHO je^THHO ^HHaHcnpafta y BpeMe 
hhckhx KaMaTHHx cTona h 3a npBOK̂ acHe 
K^njeHTe

MaKpoeKOHOMcKH nopeMehajn Mory ga yTHHy 
Ha o6hm h KBanmeT noHyge KpegHTa

KaMaTe h HaKHage cy onepaTHBHH TpomaK 
Kojn ce og6nja og goxoTKa npe nope3a

HenpegBHgHB h cKyn^H H3Bop ^HHaHcnparna 
3a noneTHe h Mane 6n3HHce

Bp*e KpegHTHe aHanH3e h gocm^HHjH 
yĉ OBH y ogHocy Ha Me^yHapogHe
^HH. HHCTHTy ̂ H] e

KaMaTa je ^ hkchh TpomaK Kojn Mopa ga ce 
nnam h Kaga nagajy hkthbhoct h 3apaga

He yTHHy Ha cTpyKTypy BnacHHHKor 
KanHTana -  6aHKe noTpa*yjy gocneny 
KaMaTy h rnaBHHuy

OTnnaTa KaMare h raaBHH^e noBehaBa 
ucKa3aH ry6nraK y nocnoBarny npegy3eha

BaHKe HeMajy ym^aj Ha nocnoBHy 
noHHTHKy npegy3eha KopncHHKa Kpegrna

06aBe3a OTnnare Kpegnra orpaHHnaBa 
cno6ogy ognyHHBarna npHHHKOM 
$opMynncarna nocnoBHe noHHTHKe h 
CTpaTerHje

Cra^HnaH h o6nnaH H3Bop ^HHaHcnpaM y 
ogHocy Ha KanHTan y CTa6nnHHM 
MaKpOeKOHOMcKHM ycHOBHMa

Ph3hk ry6HTKa BnacHHmTBa Hag 3aao*eHOM 
hmobhhom 36or HeBpahama Kpegnra

16.4.4 ^H3HHr

^H3HHr je  HanHH ^HHaHcnparna Ha6aBKe ochobhhx cpegcTaBa Kojn ce necTO npHMeayje y 
HHgycTpnjcKOM ceKTopy. Kophcth 3a Ha6aBKy pa3Hux TunoBa eHepreTcKH e^HKacHe 
onpeMe y npojeKTHMa cbhx BenHHHHa, Kao Ha npHMep 3a: noBpahaj TonnoTe hhh 
KoreHepa^njy, cucTeMe 3a ynpaB.Mme 3rpagaMa, cucTeMe 3a rpejaae, BemHna^Hjy h 
KHHMaTH3a^Hjy. OcHOBHH THnOBH HH3HHra cy:

• noc^OBHH (onepaTHBHH) ^H3HHr nogpa3yMeBa ga HH3HHr KOMnaHHje 3agp®aBa 
BnacHHmTBO Hag npegMeTOM HH3HHra (onpeMOM) h o6aBe3y meroBor ogp^aBarna y 
TOKy Tpajama yroBopa. npHMana^ HH3HHra Bpmu nepnogHHHa nnahama, HH3HHr 
HaKHage Koja je  geo meroBHx onepaTHBHHx TpomKOBa nonoBama.

• OHHaHcnjcKH ^H3HHr npegcTaB.M no3ajM^HBarne cpegcTaBa h KynoBHHy 
HMOBHHe, Koja he ce aMopTH30BaTH, 3a npHMao^a HH3HHra. npaBO BnacHHmTBa Hag 
hmobhhom y HH3HHry npena3H Ha npHMao^a HH3HHr Ha Kpajy Tpajarna HH3HHra. 
Ogp^aBame HMOBHHe je  o6aBe3a npHMao^a y TOKy Tpajama nroHHra.

npeMa Ba^ehHM no3HTHBHHM nponncHMa Peny6nHKe Cp6nje, jaBHa npegy3eha Mory 
yroBapaTH ^HHaHcnjcKH HH3HHr 3a Ha6aBKy onpeMe h B03Hna. OnepaTHBHH HH3HHr HHje 
npaBHO perynncaH.
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16.4.5 OuHaHcupaM.c og crpaHe Tpe6nx . hmui

®HHaHcnpafte og crpaHe Tpehux nn^a je ^HHaHcnpafte Mepa yHanpe^eaa eHepreTcKe 
e^HKacHocTH o6jeKTa hhh HHgycrpHjcKor npo^eca og crpaHe yroBopHor HH â, npu neMy 
ce ocTBapeHe ^HHaHcnjcKe ymTege Kopncre 3a OTnnaTy HHBecTH^nje. rnaBHH pa3H03H 
Kopnmheaa ^HHaHcnpafte og crpaHe Tpehux HH â cy: 1) npojeKar ce cnpoBogu 6e3 
HHĤ njaHHHx TpomKOBa 3a KopncHHKa eHepraje/npojeKTa; 2) nnahafta yroBopHoj crpaHH 
3aBHce og ocTBapeHHx pe3yHTara npojeKTa ($HHaHcnjcKHx ymTega) h 3) yroBopHa crpaHa 
npy*a TexHHHKy eKcnepTH3H npojeKTa (ymTege eHeprnje). OBaj h^hhh ^HHaHcnpafta 
npojeKara eHepreTcKe e^HKacHocm geia^HO je o6jamaeH y cnegehHM noraaB.MMa (og 
16.6).

16.4.6 HHocrpaHe goHa^Hje
KaH^enapnja 3a eBponcKe HHTepra^nje KOogHHHpa HnA npojeKTe Me^yHapogHe pa3BojHe 
noMohn. Obh npojeKTH ce ogHoce Ha npHMepe npeKorpaHHHHe capagae. Ob^kbh npojeKTH 
HMajy KapKTep geMOHcipa^nje ogpe^eHe TexHonornje, ciHpa&a HcKycraBa h crBapaae 
MoryhHocTH 3a MyHTHnnHKa^njy pemeaa. npojeKai ce He ogo6paBa, yKOHHKO 
goKyMeHTa^nja HHje cnpeMHa (iexHHHKa goKyMeHTa^nja). Hajnemhe ce npojeKaT yroBapa 
gBe rogHHe, goK peanroa^nja Tpaje Tpu rogHHe.

16.5 ynAPHBA&E nPOJEKATA H H3BOPA OHHAHCHPA&A
Ha ocHOBy o^eHe ^HHaHcnjcKe perna^HHHocTH npojeKTa, MO*e ce npHciynHTH H36opy 
H3Bopa ^HHaHcnpafta H3Mê y conciBeHHx, no3ajM^eHHx h nogciH^ajHHx cpegciaBa. Tom 
npHHHKOM, Bpmu ce ynapHBaae npojeKaia ca pacnono^HBHM H3BopHMa ^HHaHcnpafta y 
^H^y nociH3afta Haje^HKacHHjer Kopnmheaa cpegciaBa. H36op H3Bopa ^HHaHcnpafta 
3aBHcn og pacnoHO^HBociH cpegciaBa, npnopHTeia h HcnnaTHBocTH npojeKTa. AgeKBaiaH 
H36op MO*e ce nocinhH nomTOBaaeM npHH^nna ^HHaHcnpafta, HHBeciHpafta h 
cy6BeH^HOHHpafta npojeKaia.

llpMMMMM (|)IHiaHcU|)aM>a

noTpe6HO je H3a6paiH KOM6HHâ njy conciBeHHx, no3ajM^eHHx h nogciH^ajHHx 
cpegciaBa, Kao h ocranHx H3Bopa ^HHaHcnpafta Koja OMoryhyje nocrroafte HajBeher 
pe3yniaia Ha yno*eHa cpegciBa h Koja ogroBapa KapaKTepncTHKaMa npojeKia Kojn ce 
^HHaHcnpa. npojeKTH ca hhckom ^HHaHcnjcKOM peHTa6HHHomhy Mory 6hth 
^HHaHcnpaHH H3 conciBeHHx cpegciaBa, nog yĉ OBOM ga je H3a6paHa HajncnnaTHBHja 
on^nja 3a gaiH npojeKai. npo$HTa6HHHH npojeKTH Mory 6hth ^HHaHcnpaTH H3 
KOM6nHOBaHHx H3Bopa ^HHaHcnpafta hhh y noTnyHociH H3 no3ajM^eHHx H3Bopa 
^HHaHcnpafta, Kao mio cy KpegHTH h npHBaTHH KanHian no Mogeny jaBHO-npHBaiHor 
napTHepciBa.

llpMMMMM MMBeci'Mpa^a

3a HHBeciHpafte npHBaTHor KanHiana no Mogeny jaBHO-npHBaTHor napTHepciBa, Tpe6ano 
6h H3a6paTH OHe npojeKie nnja je pema^HHHocT jegHaKa hhh Beha og npocenHOM ^eHe
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KanHTa^a o6panyHaie no $opMynn (16.4). Pema^HHHOCT npojeKaia Mepu ce cionoM 
peHTa^HHHOCTH yno*eHor KanHiana y npojeKaT (FRR/K i FNPV/K), Kao m io je 
o6jamaeHO y noraaB.^y 16.2.1 (®HHaHcnjcKa aHaaH3a npojeKTa).

16.6 yrOBAPA&E EHEPrETCKOr y^HHKA
npo j eKTH eHepreicKe e^HKacHOCTH Mory 6h t h  cnpoBegeHH nyieM yroBapaaa 
eHepreicKor ynHHKa. O ho  j ecie apaH^MaH H3Me^y npHBpegHor gpymTBa Koj e j e BnacHHK 
o6j eKTa h / h h h  HHgycipHj cKor cncieMa (ga^e: K o p h c h h k ) h  Hcnopynno^a eHepreicKHx 
ycnyra 3a no6o-^marne eHepreicKe e^HKacHociH. EHepreicKy ycnyry npy*a npaBHO HH^e 
h  npegy3eTHHK (ESCO) Ha ocHOBy yroBopa. EHepreicKa ycnyra MO*e o6yxBaiHTH h  

eHepreicKH nperneg, npojeKTOBafte, rpa^erne, peKOHcrpyKpHjy, eHepreicKy caHa^njy, 
ogp^aBarne o6j eKaia, Kao h  ynpaB ^aae h  Hag3op Hag KopnmheaeM eHeprnj e. npaBO Ha 
o6aB^ame genaTHOCTH eHepreicKor npernega, npojeKTOBaaa, rpa^erna, peKOHcipyK^Hje, 
agam a^Hj e, caHa^nj e h  ogp^aBarna o6j eKia Koj n j e npegMeT yroBopa o eHepreicKoj  

ycny3H ociBapyj e ce no 3aKOHy h  noce^HHM nponncHMa.
CpegciBa 3a H3BO^erne eHepreicKHx ycnyra o6e36e^yje H3Bpmnna^, y ^enocm  hhh 
gehhmhhho, H3 BHaciHTHx H3Bopa hhh og Tpehnx HH^a. BpegHoci ynarafta 3a yBegeHe 
Mepe no6o-^marna eHepreicKe e^HKacHocm h TpomKOBe Kophchhk nnaha H3Bpmno^y 
npeMa yroBopoM ogpe^eHOM HHBoy no6o^m a& a eHepreicKe e^HKacHocm, o^ hocho H3 
ociBapeHHx ym iega TpomKOBa 3a eHeprnjy. H3Bpmnna^ eHepreicKHx ycnyra, o^ hocho 
Tpeha cipaHa choch, y noinyHOCTH hhh ge^OM, ^HHaHcnjckh, TexHHHKH h KOMep^njanHH 
pH3HK peanroa^nje eHepreicKe ycnyre.
K o p h c h h ^ h  eHepreicKe ycnyre Mory 6h t h  cBa npaBHa nn^a H3 jaBHor h  npHBaiHor 
ceKiopa. ynpKoc TOMe, y HaciaBKy he 6h t h  ciaB^eH aKpeHaT Ha onuc yroBapaae 
eHepreicKor ynHHKa og cipaHe jaBHHx npegy3eha, 36or cno^eHocm  3aKOHOM 
peryHHcaHHx npo^egypa cnpoBO^erna.

16.6.1 npaBHu ochob yroBaparna eHepreTCKor y^HHKa og crpaHe jaBHor npegy3e6a
®HHaHcnpafte npojeKaia eHepereicKe e^HKacHocm y jaBHOM ceKiopy og cipaHe Tpehnx 
HH^a npegciaB^a jaBHO-npHBaiHO napTHepciBO (ga^e: JMM). H3Me^y jaBHor
Tena/npegy3eha (KopncHHKa) h  npHBaiHor napTHepa (H3Bpmno^a). Me^y 6pojHHM 
3aKOHHMa, H3gBojaMO K^yHHe Kojn gajy npaBHH o c h o b  3a ycnociaB^afte JHH: 3aKOH o 
e^HKacHOM Kopnmhefty eHeprnje. 3aKOH o koMyhhhhh m  genaTHocrnMa, 3aKOH o jaBHO- 
npHBaTHOM napiepciBy h  KOH^ecnjaMa (ga^e: 3JMMK) h  3aKOH o jaBHHM Ha6aBKaMa 
(ga^e: 3JH).
y  ^H^y peryHHcafta yHanpe^efta eHepreicKe e^HKacHocm nyieM JMM. MHHHciap 
pygapciBa h  eHepreTHKe goHeo je  „npaBHHHHK o yTBp^HBamy Mogena yroBopa o 
eHepreicKHM ycnyraMa 3a npHMeHy Mepa no6o-^marna eHepreicKe e^HKacHocm Kaga cy 
k o p h c h h ^ h  H3 jaBHor ceKTopa“ („ C h . rnacHHK PC“. broj 41/2015)10 npaBHHHHKOM je 
onaKmaHO yroBapame ^HHaHcnpama npojeKaia eHepereicKe e^HKacHocm og cipaHe 
Tpehnx HH^a. npeMa Ba^eheM npaBHOM OKBHpy:
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• y cn o c ia^a fte  J n n  Bpmu ce gogenoM yroBopa o eHepreicKHM ycnyraMa 3a 
npHMeHy Mepa n o 6 o ^m aaa  eHepreicKe e^HKacHociH (ga^e: yroBop o JMM). Kpo3 
nociynaK perycaH 3aKOHOM Kojn ype^yje jaBHe Ha6aBKe;

• JaBHO Teno (npeMa 3JMMK) h HapynHna^ (npeMa 3JH) BnacHHK je  jaBHor o6jeKia 
Ha kom ce cnpoBogu eHepreicKa ycnyra;

• H3Bpmnna^ je  npHBpegHO gpymTBO Koje npy*a eHepreicKe ycnyre h Koje ce 
cMaipa npHBaiHHM napTHepoM y cKnagy ca 3JMMK. o^ hocho ESCO, y cKnagy ca 
3aKOHOM Kojn ype^yje e^HKacHO Kopnmheae eHeprnje;

• noTnncHBafteM yroBopa o JMM. jaBHO Teno noBepaBa H3Bpmno^y npHMeHy Mepa 
yHanpe^eaa eHepreicKe e^HKacHociH (ga^e: MYE) ca ^H^eM ym iege eHeprnje. 
ogroBapajyhe ym iege y eMHcnjn C 0 2 h ym iege y onepaTHBHHM pacxogHMa jaBHor 
o6jeKia;

• H3Bpmnna^ noinncHBafteM yroBopa o JMM npey3HMa o6aBe3y ociBapHBafta 
rapaHTOBaHor cM aaeaa noTomae eHeprnje h onepaTHBHHx TpomKOBa yroBopHor 
o6jeKia. Kao pe3ymaT npHMeHe Mepa ym iege eHeprnje.

Mogen yroBopa o JMM npegBH^a Tpu $a3e peanroa^nje yroBopHHx o6aBe3a:
• npnnpeMHH nepnog je  nepuog o6aB^a&a npunpeMHe aKTHBHociH. h Tpaje og 

3anoHHftafta yroBopHor nepuoga go noTBpge ^HeBHHKa aKTHBHociH og cipaHe 
yroBopHHx cipaHa;

• n ep n o g  HMn^eMeHTa^nje je  nepuog cnpoBO^eaa MYE Kojn nonnfte og 
3aBpmeTKa npunpeMHor nepuoga h 3aBpmaBa ce Kaga yroBopHe cipaHe noTBpge 
^HeBHHK aKTHBHociH y nepuogy HMnneMeHTa^Hje;

• n ep n o g  rapaHTOBarna je  nepuog Kopnmheaa noieH^njana ym iege y TOKy Kor ce 
ociBapyje ^HHaHcnjcKa ym iega Ha ocHOBy cnpoBegeHHx MYE. Tpaje og 
3aBpmeTKa nepuoga HMnneMema^Hje go Kpaja yroBopHor nepuoga.

16.6.2 OnHaHcnjcKH acneKTH yroBaparna eHepreTCKor yHHHKa
®HHaHcnpafte npojeKia. o^ hocho cnpoBO^eaa MYE y TOKy nepuoga npunpeMe h 
HMnHeMeHTauHje. Bpmu npHBaiHH napTHep H3 conciBeHHx hhh no3ajM^eHHx cpegciaBa 
Ha ^HHaHcnjcKOM Tp®Hmiy. M ogea yroBopa o JMM npegBH^a MoryhHoci 
cy$HHaHcnpafta cnpoBO^eaa MYE og cipaHe npHBaTHor napTHepa h JaBHor Teaa. y 
^H^y cKpahHBaaa Tpajaaa yroBopa o JMM.
OinaaTy HHBeciHpaHHx cpegciaBa Bpmu JaBHO Teao. tokom Kopnmheaa npojeKia. H3 
ym iega y TeKyhHM pacxogHMa 3a eHeprnjy h ogp^aBaae jaBHor o6jeKia h/hhh cncieMa. 
^ogeaoM JMM yroBopa o eHepreicKHM ycayraMa. JaBHO Teno yHanpe^yje o6jeKaT/cHcieM. 
6e3 o6aBe3e o6e36e^HBafta conciBeHHx cpegciaBa 3a HHBeciH^Hjy. Peanroa^nja yroBopa. 
OMoryhaBa JaBHOM Teay ga nocinrHe: 1) ym iege eHeprnje; 2) nyBaae Heo6HOB^HBHx 
H3Bopa eHeprnje h ^HBOTHe cpegHHe h 3) Behy 6e36egHoci KopncHHKa ycayra. y3 
nomTOBafte nponncaHHx ciaHgapga y n p y * aay  ycnyra.
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npHBaTHH napTHep npey3HMa. Kao rnaBHy. o6aBe3y ga ocTBapu cHH^aBaae onepaTHBHHx 
pacxoga 3a jaBHH o6jeKai/ycHyry. npHMeHOM MYE Ha jaBHOM o6jeKy hhh cncieMy y 
yroBopeHOM nepuogy. Oh npnxBaia OBy o6aBe3y Kao cBoj nocnoBHH pH3HK. 
noc^OBHH pH3HK npHBaTHor napTHepa caciojH ce y HannaTH cpegciaBa Koje je 
HHBecTHpao y MYE Ha jaBHHM o6jeKTHMa. H3 ociBapeHHx rapaHTOBaHHx ymiega y 
onepaiHBHHM TpomKOBHMa yroBopHor o6jeKia. Koje My no yroBopy npnnagajy y o6nHKy 
HaKHage Kojy nnaha JaBHO Teno.
Pe^epeHTHa ^eHa eHeprnje je HenpoMeftHBa tokom HHTaBor nepuoga rapaHTOBaaa. 
Ciora. npoMeHe y ^eHH eHeprnje y TOKy Tpajaaa yroBopa Hehe yTH âTH Ha o6panyHaBaae 
pe3y^iaTa paga H3Bpmno^a h aeroBe HaKHage. Hcto Ba^H h 3a npoMeHe nope3a (ca 
H3y3eTKOM n^B-a). ^kohhko cy cagp^aHH y pe^epeHTHHM ^eHaMa eHeprnje.
CBojHHa Ha hmobhhh Kojy je H3Bpmnna^ HHKopnopnpao y yroBopHH o6jeKai npena3H Ha 
JaBHO Teno y TpeHyTKy Kaga yroBopHe cipaHe noTBpge ^HeBHHK hkthbhocth y nepuogy 
HMnneMeHTa^Hje h 3anoHHe nepuog rapaHTOBafta. ochm aKO HHje gpyranHje perynHcaHO 
Ba^ehHM nponncHMa. Obhm TpomKOBH aMopiroa^Hje HMOBHHe npena3e y Hagne^HocT 
JaBHor Tena.
npaBO ycrynafta noTpa^HBaaa npegBH êHO je y Mogeny yroBopa pagu cHH^aBaaa 
pH3HKa ^HHaHcnpafta npojeKTa JMM. 3aK^yHHBaaeM yroBopa. H3Bpmnna^ he HMaTH 
OBnamheae ga yciynn noipa^HBafta ocHOBHe HaKHage $HHaHcnjepy/6aH^H. JaBHO Teno 
Hehe HMaTH gpyrnx o6aBe3a npeMa $HHaHcnjepy/6aH^H.
^o6po H3Bpmeae o6aBe3a H3Bpmno^a noKpHBeHO je ca gBe 6aHKapcKe rapaH^nje: 1) 3a 
o6e36e^eae H3Bpmeaa aKTHBHociH y npunpeMHOM h nepuogy HMnneMema^Hje h 2) 3a 
o6e36e^eae ociBapeaa rapaHTOBaHe ymiege (ocnrypafte nnahaaa neHana y cnynajy 
HeociBapHBafta) y TOKy nepuoga rapaHTOBafta.
H3Bpmeae o6aBe3a JaBHor Tena 3a nnahaae HaKHage H3Bpmno^y rapaHTBaHO je MeHĤ OM 
Koja ce H3gaje y cKnagy ca Ba^efiHM nponncHMa o gHHapcKOM nnaTHOM npoMeiy.

16.7 ^OAE^A yrOBOPA O EHEPrETCKOM yHHHKy
16.7.1 nocrynaK  goge^e yroBopa o eHepreTCKHM yc^yraM a
nociynaK gogene yroBopa o eHepreicKHM ycnyraMa carnacHO 3JMMK h 3JH cacrojn ce H3 
cnegehHx ochobhhx KopaKa:

• HgeHTH^HKa^nja npojeKia yHanpe^eaa eHepreicKe e^HKacHocin og cipaHe 
cipyHftaKa 3agy*eHHx 3a eHepreicKH MeHauMeHT JaBHor Tena;

• ®opMHpaae cipyHHor THMa 3a npunpeMy npegnora npojeKia JMM;
• npunpeMa npegnora npojeKia yHanpe^eaa eHepreicKe e^HKacHociH 3a 

cnpoBO^eae no Mogeny JMM 6e3 eneMeHaia KOH^ecnje. y cKnagy ca 3JMMK;
• npn6aB^afte carnacHociH KoMHcnje 3a JMM ga ce npegno^eHH npojeKia MO*e 

cnpoBeciH no Mogeny JMM 6e3 eneMeHara KOH^ecnje;
• ycBajaae npegnora npojeKia og cipaHe Hagne^Hor opraHa JaBHor Tena npeMa 

3JnnK;
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• npunpeMa KOHKypcHe g0KyMema^nje 3a gogeny yroBopa o eHepreTCKHM 
ycnyraMa;

• CnpoBO^eae nocrynKa jaBHe Ha6aBKe 3a gogeny yroBopa o eHepreTCKHM ycnyraMa;
• ^OHomeae ognyKe o gogenn yroBopa o eHepreTCKHM ycnyraMa og crpaHe 

Hagne^Hor opraHa JaBHor Tena h noTnncHBarne yroBopa

16.7.2 OMMaMCMjCK'M acneKTH jaBHe HaSaBKe

y  TOKy npnnpeMe jaBHe Ha6aBKe Mopajy 6hth ucnomTOBaHe cnê Ĥ HHHOCTH gogene 
yroBopa o eHepreTCKHM ycnyraMa Koje cy perynncaHe 3JMMK. H3 Tor pa3nora, OBge cy 
HaBegeHH ochobhh ^HHaHcnjcKH acneKTH nocTynKa jaBHe Ha6aBKe h H3page KOHKypcHe 
goKyMeHTa^nje.
®HHaHCHjcKH KanaqmeT noHy^ana Kao gogaTHH ycnoB 3a ynemhe y nocTynKy jaBHe 
Ha6aBKe MO*e ga o6yxBaTH cnegefre noKa3aTe^e h ycnoBe: a) no3HTHBHa ao6ht npe 
onope3HBarna 3a nocnegrne Tpu rogHHe; 6) yKynaH rognmmH nocnoBHH npnxoga y bhchhh 
Koja He npeMamyje gBOcrpyKy BpegHOCT oneKHBaHe HHBecTH^nje y npojeKar/MYE; b) 
yKynaH Kanma^ y bhchhh og oko 10% rognmmer nocnoBHor npuxoga h r) no3HaTH 
H3Bopn ^HHaHcnparna npojeKTa y TpeHyTKy nogHomema noHyge, 6e3 o63upa ga hh ce 
pagu 0 concTBeHOM KanHTaHy h/hhh no3ajM^eHHM cpegcraBHMa og ^HHaHCHj ckhx 
HHCTHTy^Hja. ,̂0Ka3 ^HHaHcnjcKor Kana^nreTa og a) go b) cy ^HHaHcnjcKH H3BemTajn 3a 
nocnegrne Tpu ^HCKanHe rogHHe y3 MHm^erne OBnamfreHor peBH3opa. ^0Ka3 o6e36e^eHor 
Kpegnra (aK0 je nnaHHpaH Kao H3Bop ^HHaHcnpama) npegcraB^a nucMO 0 HaMepu 6aHKe. 
036h^ hoct n0Hyge noHy^an g0Ka3yje TaK0 mT0 y noHygu gocraB^a:

• BaHKapcKy rapaH^njy 3a 036h^ hoct noHyge;
• nucMO 0 HaMepu ^HHaHcnjcKe HHCTmy^Hje ga KpegHTHpa noHy^ana tokom 

cnpoBO^ema npojeKTa (MYE Ha jaBHOM o6jeKTy);
• nucMO 0 HaMepu ^HHaHcnjcKe HHcrmy^Hje ga H3ga 6aHKapcKe rapaH^nje 3a 

go6po H3Bpmeme n0cna n 0Hy^ana y CKnagy ca yr0B0p0M.
HaKHage h neHann K0je nnafrajy n 0Hy^an h H3Bpmnna^ M0pajy 6hth jacH0 

cne^H^H^npaHH h 06jammeHH y K0HKypcH0j g0KyMeTa^Hjn y n0rnegy ycH0Ba h HanHHa 
0CTBapHBama, 06panyHa h nnaframa, npeMa M0geny yr0B0pa.
Pe^epeHTHa ^eHa eHeprnje M0pa 6hth ge^HHHcaHa y K0HKypcH0j g0KyMema^Hjn Ka0 

HeT0 ^eHa (6e3 n^B ) 3a jegHHH^y Mepe eHeprnje. OHa M0pa 6hth K0pnmfrema 3a H3pagy 
n0Hyge 0g craHe cbhx n0Hy^ana.
P0K H3Bpmerna eHepreTCKe ycnyre 0gpe^yje CBaKH n0Hy^an y CB0j 0j n0Hygu, c thm ga y 
K0HKypcH0j g0KyMeHTâ HjH M0pa 6hth HaBegeH Hajgy®H p0K Tpajama JMM K0jn  je 
ge^HHHcaH npegn0r0M np0j eKra yHanpe^ema eHepreTCKe e$HKacH0CTH n0 M0geny Jl U l . 
Ba^yTa 3a HCKa3HBame ^eHe M0*e 6hth y gHHapHMa hhh eBpHMa. 3a npepanyH ^eHe 
(HCKa3aHe eBpHMa) y gHHape k0Phcth ce cpegmn geBH3HH Kypc Hap0gHe 6aHKe Cp6nje, 
Ha gaH Kaga je 3an0Hero 0TBapame n0Hyga.
OSpa3a^ noHyge M0pa ga cagp^H cnegefre 06aBe3He eneMeme:
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• Pe^epeHTHe BpegHOCTH 3a H3pagy noHyge: HHcra^HcaHH Kana^nreT, rognm fta 
n0Tp0m a a  eHeprnje, pe^epeHraa ^eHa eHepraje, r0gnmftH Tp0mK0BH 
$yHK^H0HHcafta h 0gp*aBafta jaBH0r  06jeKTa;

• P ok im tpiiicii.a yroBopHHx ofiaaeja npeMa nepH0gHMa H3 M0gena yr0B0pa;
• yKynHH TpoiiiKOBii 3a npunpeMy, HMnneMema^Hjy h ynpaB^arne MYE;
• napaMeTpH jaBHor oSjeKTa HaKOH HMnreMeHTa^Hje M yE : HHCTaHHcaHH 

Kana^HTera, r 0gnm fta n0Tp0m a a  eHeprnje, r0gnmftH Tp0mK0BH eHeprnje, 
$yHK^H0HHcafta h 0gp*aBafta jaBH0r  06jeKTa;

• rapaHTOBaHa ymTega onepaTHBHHx TpomKOBa jaBHor oSjeKTa HaKOH 
HMn^eMeHTa^Hje M y E : ymTega r 0gnm fte n0Tp0m ae  eHepraje h Tp0mK0Ba 
eHeprnje, $yHK^H0HHCama h 0gp®aBaaa jaBH0r  06jeKTa;

• HaiKia.ia 3a noH y^ana 3a n0CTHrHyTe rapaHT0BaHe ymTege h KBaHHTeTH0 
$yHK^H0HHcafte h 0gp*aB aae 06jeKTa;

• Cagamfta BpegH0CT yKynHHx Tp0mK0Ba np0jeKTa 3a JaBH0 Ten0, NPV(C). 
npe^HMHHapHH OHHaHcnjcKH nraH  noH y^ana 06aBe3HH je  ge0 K0HKypcHe 
g0KyMeHTa^nje 3a a 0aeny y r0B0pa 0 JlUl. n 0Hy^an je  06aBe3aH ga y meMy n p m a^e  
geTa^aH nperneg yKynHHx Tp0mK0Ba h npnx0ga np0jeKTa y T0Ky Tpajama y r0B0pa, 
caraacro  MeT0g0H0rnjH 3a aHanroy g06njeHe BpegH0CTH y 0gH0cy Ha yn0*eHa cpegcTBa 
y J n n  h K0H^ecnjaMa (K0MHCHja 3a JMM. gaHa 18.07.2013., g0CTynHa Ha 
www.ppp.gov.rs). He0nx0gH0 je  ga HapyHHna^ ge^HHHme 06pac^e 3a npHKa3: 
KanHTanHHx h yKynHHx Tp0mK0Ba np0jeKTa, BnnaHC ycnexa h H0BanHH T0K n0Hy^ana. 
npeHHMHHapHH ®HHaHCHjCKH nnaH K0pHCTH ce 3a 0^eHy n0Hyga h 3a K0HTp0ny 
pe3y^TaTa np0jeKTa y T0Ky Tpajama y r0B0pa 0 JMM.

16.8 O^EHA nOHy^A EHEPrETCKOr YHHHKA
O^eHa h H360p n0Hyge eHepreTCK0r  ynHHKa M0* e  ce BpmHTH HCK^yHHB0 Ha 0CH0By 
KpHTepHjyMa eKOHOMCKH iiajiHmo. laiiijc noHyge. y CKnagy ca 3JH h 3JMMK. 
r^aBHH h npeTe^HH eneMeHT KpHTepnjyMa eK0H0MCKH Hajn0B0^HHje n0Hyge je  HeT0 
cagamrna BpegH0CT yKynHHx Tp0mK0Ba np0jeKTa y y r0B0pH0M nepH0gy NPV(C). 
y^ynHH Tp0mK0BH np0jeKTa cy cbh Tp0mK0BH h pH3H^H K0jn  naaajy Ha TepeT JaBH0r  
Tena y T0Ky Tpajama y r0B0pa, yK^ynyjyfrn h npnx0ge 0g Tpefrux nn^a aK0 TaKBa 
M0ryfrH0CT n0CT0jn . 3a 06panyH cagamme BpegH0CTH yKynHHx Tp0mK0Ba h npnx0ga 
npHMemyje ce aHCK0HTHa CT0na K0jy  je  JaBH0 Ten0 ay®H0 ga 06jaBH y K0HKypcH0j 
g0KyMaHTa^HjH. OHa M0pa 6hth jegHaKa gHCK0HTH0j CT0nu K0ja  je  npHMerneHa 3a 
06panyH K0MnapaT0pa Tp0mK0Ba jaBH0r  CeKT0pa. K0MnapaT0p Tp0mK0Ba jaBH0r  CeKropa 
npegCTaB^a 06panyH yKynHHx ®hb0thhx Tp0mK0Ba h pH3HKa np0jeKTa Kaga ra  Cnp0B0gn 
JaBH0 Te^0, a K0jn  Ce 0gH0Ce Ha np0jeKT0Bame, H3rpagmy, 0gp*aBame, 3aMeHy. 
^HHaHCHpame h gpyre Tp0mK0Be T0K0M K0pnmfrerna np0jeKTa.
OCranH eneMeHTH KpHTepnjyMa 3a H360p eK0H0MCKH Hajn0B0^HHje n0Hyge eHepreTCK0r  
yHHHKa M0ry 6hth: CMarnerne yTp0mKa eHeprnje, CMamerne Tp0mK0Ba 3a eHeprnjy.

http://www.ppp.gov.rs/
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KBanHTeT, TexHHHKe npegHOCTH, $yHKqHOH&me oco^HHe, eKOHOMHHHOCT, CTona 
peHTa^HHHOCTH HTg.
CBpxa KpHTepnjyMa eKOHOMCKH HajnoBO^HHje noHyge je  H36op noHyge Koja Hygu 
Haj6o^y BpegHOCT 3a HOBa .̂ nojaM, npHH^nnn h h^hhh o6panyHa BpegHOCTH 3a HOBa  ̂
geTa^HO cy pa3pa^yjy y M e m o d o n o ^ u ju  3a aH anusy dodujeH e epedH ocm u y  odH ocy n a  
y n o w e H a  cp ed cm ea  y JMM h KOH^ecnjaMa (KoMHcnja 3a JMM. gaHa 18.07.2013, gocTynHa 
Ha www.ppp.gov.rs).
npegHOCTH KpHTepnjyMa eKOHOMCKH HajnoBO^HHje noHyge y ogHOcy Ha KpHTepnjyM 
HajHH^e ^eHe cy cnegehe:

• OMoryhyje y3HMaae y o63up yKynHHx ®hbothhx TpomKOBa npojeKTa. a He caMO 
HHBecTH^HjcKHx TpomKOBa;

• OMoryhyje y3HMarne y o63up KBa^meTa npegMeTa Ha6aBe, Kaga je  KBa^meT Ba^aH 
eneMeHT noHyge;

• OMoryhyje BpegHOBarne pa3HHHHTHx HHOBaTHBHHx pemerna noHy^ana.

16.9 MOHHTOPHHr nPOJEKTA EHEPrETCKOr yHHHKA
MoHHTopHHr ocTBapeHor eHepreTCKor ynHHKa 03HanaBa nope^erne yTpomKa eHepraje h 
onepaTHBHHx TpomKOBa ca pe^epemHOM noTpommoM eHeprnje h pe^epemHHM 
onepaTHBHHM TpomKOBHMa Kojn 6h HacTa^H ga Mepe ymTege (MYE) HHcy cnpoBegeHe. 3a 
HOBnaHO HCKa3HBarne noTpomme eHepraje h o6panyH onepaTHBHHx TpomKOBa, npHMernyje 
ce pe^epeHTHa ^eHa eHeprnje. npenopyKa je  ga ce hhbo nocrarayTe ymTege KOHTponnme 
jegHOM y Tpu Mece^a ga 6h ce onaKmana rognmrna KOHTpona h ga 6h ce OMoryhH&a 6p3a 
peaK^nja y cnynajy He3agoBO-MBajyhnx pe3y&TaTa hhh no noTpe6u H3BpmH&a BaHpegHa 
ycK&a^HBama.
H3Bpmnna^ je  o6aBe3aH ga otboph panyH noceSHe HaMeHe Kojn OMoryhyje ^HHaHcnjcKO 
H3BemTaBame h npaherne H3Bpmerna yroBopa o J n n . PanyH noce6He HaMeHe he 6hth 
jegHHH panyH Kojn H3Bpmnna^ kophcth 3a ycMepaBame cbhx npHMama h Bpmerne cbhx 
nnahama y TOKy H3BpmaBama o6aBe3a no yroBopy.
Ha Kpajy 06panyHCKor nepuoga, H3BpmH&a& nogHOCH rognmmH H3BemTaj o Meperny h 
Bepn^HKa^Hjn y CK&agy ca n^aHOM Mepema h Bepn^HKa^nja (M&B). Ha 0CH0By 
HcnocraB^eHor rognmmer H3BemTaja, yra^yje ce koh^hhh o6panyH o6aBe3e nnaharne 
HaKHage 3a o6panyHCKH nepuog.
Tokom ^enor nepuoga rapaHTOBama, Ha 0CH0By ocTBapeHor eHepreTCKor ynHHKa, 
H3Bpmnna^ CTHne npaBO Ha HaKHagy Koja ce cacrojn H3 cnegehnx Bpcra HaKHaga:

• OcHOBHa nak'iia.ia npunaga H3Bpmno^y nog yc&OBOM ga je  npHMeHOM MYE Ha 
yroBopHOM o6jeKTy ocrBapno rapaHTOBaHy ymTegy, KaKO je  noKa3aHO npHMeHOM 
n^aHa M&B. OcHOBHa HaKHaga H3panyHaBa ce Ha 0CH0By yroBopeHor npo^em a 
nogene ocraapeHHx rapaHTOBaHHx ymTega (MO*e 6hth 100% hhh Mamn);

http://www.ppp.gov.rs/
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• Hak'iia.ia 3a ogp^aBarne npunaga H3Bpmno^y 3a H3BpmeHO ogp^aBame 
yroBopHor o6jeKTa Koje MO*e 6hth onepaTHBHO h npeBeHTHBHO ogp^aBarne. OHa 
MO*e 6hth yK^yneHa y 0CH0BHy HaKaHagy hhh noce6HO yroBopeHa;

• flogaTHa HaKHaga npnnaaa H3Bpmno^y ^ kohhko ocTBapu gogarae ymTege, H3Hag 
rapaHTOBaHHx. fteHO yroBapame HHje o6aBe3HO, ynpKOC HHmeHH^H ga npegcTa^a 
nogcTH^aj 3a ocTBapHBame Betax ymTega og rapaHTOBaHHx.

^ kohhko He ocTBapu yroBopHy o6aBe3y, H3Bpmnna^ HMa o6aBe3y ga nnaTH HaKHagy
KopncHHKy:

• HaKHagy (neHan) y cnynajy HeocTBapeHe rapaHTOBaHe ymTege Koja je  o6hhho 
gynno Beha og HeocTBapeHHx ymTega;

• neH a^ 3a aom  KB&rnTeT <U|»k;ib ;iii>;i. Ha npHMep, 3a jaBHO ocBeT^eme neHan ce 
nnafia yKOHHKO je  6poj ncnpaBHHx cnjanH^a Mamn og MHHHMaHHor 6poja 
yTBp^eHor y yroBopy. BncHHa neHana o6panyHaBa ce Ha ocHOBy 6poja 
HencnpaBHHx cnjaaH^a H3Hag go3BO^eHor 6poja h gBocTpyKHx TpomKOBa 
rogHmrner ogp^aBarna jegHe cBeTH^Ke.
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16. ®HHaHcnpafte npojeKTa h HeonxogHe aHanroe 16-31

n u T a ^ a
1. O6jacHHTH HanHH o6panyHa rognmftHx ymTega Koje cy pe3y^TaT HHBecTĤ HOHHx 

ynaraaa y Mepe h npojeKaT eHepreTcKe e^HKacHocm, Kao h h^hhh o6panyHa 
cagamae BpegHocm HOB̂ a h 6ygyhnx npuxoga h pacxoga npojeKTa.

2. HaBecTH ocHOBHe noKa3aTe^e peHTa^HHHocrH npojeKaTa yHanpe^eaa eHepreTcKe 
e^HKacHocTH Kojn cy npegMeT aHanroe roBogMBocra npojeKTa.

3. KaKO ce aohoch ognyKa o $HHaHcnpafty npojeKTa eHepreTcKe e^HKacHocm Ha 
ocHOBy pe3yrnaTa ^HHaHcnjcKe aHanH3e?

4. Kaga ce Bpmu eKOHOMcKa aHanroa npojeKTa h Ha Kojn h^hhh ce ognynyje o 
eKOHOMcKoj onpaBgaHocTH cnpoBO^eaa npojeKTa?

5. O6jacHHTH 3Hanaj h h^hhh Bpmeaa ^HHaHcnjcKe aHanroe Hocno^a npojeKTa. Kojn 
^HHaHcnjcKH H3BemTajn h Kojn rnaBHH noKa3aTe^H cTaaa h pe3y^TaTa npegy3eha 
cy npegMeT aHanH3e?

6. Ha6pojaTH h o6jacHHTH H3Bope ^HHaHcnpafta npojeKaTa eHepreTcKe e^HKacHocm 
Kojn cy pacnoHO^HBH Ha ^HHaHcnjcKOM Tp®nmTy.

7. Og nera 3aBHcn H36op H3Bopa ^HHaHcnpafta npojeKaTa eHepreTcKe e^HKacHocm 
(o6jacHHTH ocHOBHe npHH^nne ^HHaHcnpafta npojeKaTa)?

8. Kojn cy Ba*HH ^HHaHcnjcKH acneKTH yroBapaaa eHepreTcKor ynHHKa npHHHKOM 
nogene ogroBopHocTH H3Mê y jaBHor h npHBamor napTHepa y TOKy npunpeMe, 
peanroa^nje h Kopnmhefta npojeKTa eHpepreTcKe e^HKacHocTH?

9. O6jacHHTH npaBHH ochob, npo^egypy h rnaBHe ^HHaHcnjcKe acneKTe nocrynKa 
gogene yroBopa o eHepreTcKOM ynHHKy.

10. O6jacHHTH npHMeHy KpHTepnjyMa eKOHOMcKH HajnoBO^HHje npHHHKOM o^eHe h 
H36opa noHyga eHepreTcKor ynHHKa.

11. O6ajcHHTH ^h^  h HanHH MOHHTopHHra ocTBapeHor eHepreTcKor ynHHKa tokom 
Tpajaaa yroBopa.

0 BELEX15 npegeraB^a HHgeKc HajnHKBHgHHjHX aKHHja Ha EeorpagcKoj 6ep3H. HaMeHa HHgeKca 
jecTe ga Mepu npoMeHe ^eHa HajHHKBHgHHjhx aKHHja Ha goMaheM Tp*HmTy KanHTana. HHgeKc je  
noHgepucaH Tp*nmHOM KanHTanH3auHjoM u  H3panyHaBa ce cBaKogHeBHO, y peanHOM BpeMeHy. 
3ocTynaH Ha http://www.belex.rs/trgovanje/indeksi/belex15
1 BELIBOR (Belgrade Inter Bank Offered Rate) je  KaMaTHa cTona no Kojoj 6aHKe y Cp6ujH 
no3aM^yjy cpegcTBa jegHa gpyroj. 3ocTynaH Ha: 
http://www.nbs.rs/internet/latinica/33/33_5/kamatne_stope/
2 EURIBOR (Euro Interbank Offered Rate) je  pe^epeHTHa KaMama cTona Ha no3ajMH^e y eBpuMa 
Me^y 6aHKaMa yHyTap Eypo-30He. BncHHa KaMaTe MO*e ce ycKna^HBaTH y ogHocy Ha TpoMeceHHH 
/3M/, mecTOMeceHHH /6M / u  rognm aH  eypu6op /12M/. YTBp5yje ce cBaKor pagHor gaHa y Epnceny. 
PanyHa ce Ha 6a3H 360 gaHa og cTpaHe EaHKapcKe Oegepaunje EBponcKe 3ajegHH^e, a o6jaB^yje 
cBaKor gaHa y 11 carn  npe nogHe. y  Cp6ujH 6aHKe KopucTe EURIBOR Kao pe$epeHTHy KaMaTHy 
cTony Kao ocHOBHHy ^opMHpaaa HOMHHanHHX KaMaTHHX crona Ha KpegHTe HHgeKcnpaHe y eBpuMa. 
3ocTynaH Ha: http://www.euribor-rates.eu/

http://www.belex.rs/trgovanje/indeksi/belex15
http://www.nbs.rs/internet/latinica/33/33_5/kamatne_stope/
http://www.euribor-rates.eu/


16-32 npHpyHHHK 3a o6yKy eHepreTCKHX Mernpepa 3a o6nacr HHgycTpnjcKe eHepreTHKe

3 flocTynHO Ha: https://www.nbs.rs/intemet/cirilica/80/index.html
4 KoHCTaHTHe ^eHe cy ^eHe H3 Kojux je  HCK^yneHa HH^jaunja, npuMeHOM ogroBapajyhe cTone 
pacTa ^ e rn  ocTBapeHux y ogHocy Ha 6a3Hy rogHHy.
5 HoMHHajme hhh TeKyhe ^eHe cy aKTyejHe Tp*HmHe ^eHe y TpeHyTKy aHanH3e. OBe ^eHe ce 
pa3HHKyjy og kohct^hthhx jep  cagp*e e^eKar HH^jaunje
6 PejaTHBHe ^eHe npegeraBmajy Mepy pa3MeHe gBa npou3Boga, Koe^HHHjeHT KOJHHHHe pa3MeHe gBa 
npou3Boga u  &hxobhx ^ern.
7 FNPV(K) - ^HHaHcnjcKa HeTO cagamrna BpegHocT KanuTaja, FRR(K) - HHTepHa cTona 
peHTa6njHocTH KanuTaja u  NPVQ(K) - Koe^HHHjeHT HeTO cagamrne BpegHocTH KanuTaja
8 nponucH  EBponcKe KOMHcnje Koju ype^yjy gogejy  goHaTopcKHx ^OHgoBa, H3pHHHTO 3axTeBajy 
aHajH3y gpymTBeHO-eKOHOMcKHx TpomKOBa u  KopncTH 3a Behe npojeKTe. OBy aHajH3y Tpa*e u 
Me^yHapogHe ^HHaHcnjcKe HHcTHTyuHje Kao mTO cy: EIB, EBRD, W orld bank -  IFC, u  gp.
9 OnopTyHHTeTHH TpomaK je  BpegHocT cpegcTBa y ajTepHaTHBHoj ynoTpe6u. Pecypcu (yjararne) 
Koju ce yKmyHyjy y jaBHe npojeKTe Mory 6hth ynoTpe6meHH gpyraHHje. Ha npuMep, 3eMmnmTe Ha 
KOMe he ce rpagHTH noerpojerne 3a npepagy OTnagHux Boga MO*e ce kophcthth 3a nomonpHBpegy 
HJH cTaM6eHy 3rpagy. PagHa cHara noTpe6Ha 3a rpa^eBHHcKe pagoBe Moxe 6hth ynoTpe6meHa Ha 
ajTepHaTHBHH HaHUH. OnopTyHHTeTHH TpomaK cBaKor pecypca Mopa 6hth yKmyHeH y CBA, HaK u 
OHga Kaga He nocroju HHKaKBa ^HHaHcnjcKa TpaHcaKHHja.
10 Oh ype^yje: 1) Mogej yroBopa o eHeprercKoj ycjy3H 3a npuMeHy Mepa no6ommama eHepreTcKe 
e^HKacHocTH jaBHHx o6jeKara u  ymTegaMa y onepaTHBHHM TpomKOBHMa thx o6jeKaTa u  2) Mogej 
yroBopa o eHepreTcKoj ycjy3H 3a npuMeHy Mepa no6ommama eHepreTcKe e^HKacHocm jaBHor 
ocBeTmerna u  ymTegaMa y onepaTHBHHM TpomKOBHMa jaBHor ocBeTmerna. OHeKyje ce goHomerne 
npaBHJHHKa o Mogejy yroBopa o Hcnopyun eHepruje nyTeM J n n  6e3 ejeMeHara KOH^ecnje.

https://www.nbs.rs/intemet/cirilica/80/index.html


17. ^ H C T A  A K TH BH O C TH  3A  n O E O ^ m A f t A  I I I I I M'ITCKT. 
E ^ H K A C H O C T H  y  H H ^Y C T PH JC K H M  C H C T EM H M A

y  OKBHpy OBor norjaB^a npuKa3aHe cy THnHHHe Mepe Koje ce Mory cnpoBogHTH pagu 
ymTege eHeprnje, ô hocho no6o^maaa eHepreTcKe e^HKacHocm y pa3JHHHTHM BpcraMa 
HHgycrpHjcKHx noroHa h 3rpaga. no6pojaHe aKTHBHocrn Mory ce npHMeftHBaTH y 
HajmnpeM oncery h Hucy nope^aHe no pegocjegy Ba^Hocm

1 OnmTE MEPE

03HaKa Akthbhoct

1.1 n o 6 o ^ m a a e  npo^egypa pyKOBO^eaa h ynpaB^afta eHepreTcKHM cncreMHMa - 
npafreae noTpomae eHeprnje h yTBp^HBa&e ^H^eBa.

1.2 yH anpe^eae Kopnmheaa h npo^egypa ogp^aBa^a cbhx eHepreTcKHx 
cucTeMa.

1.3 y rp a g ^ a  h pegoBHO ogp^aBaae (yK^yHyjyhn h eTajOHHpaae) MepHHx 
HHcipyMeHaTa pagu OHHTaBaaa noTpomae: ropHBa, BogeHe nape, Tonje h 
xjagHe Boge, KOMnpHMOBaHor Ba3gyxa, ejeKTpHHHe eHeprnje.

1.4 MepHTH cBaKO eHepreTcKO Hanajaae Koje je  H3BegeHO 6e3 Mepeaa -  noTpe6HO 
je  3HaTH mTa je  HopMajaH h e^rnacaH pag -  3anncHBaTH pa3Jore nopeMefraja.

1.5 PeKOHcrpyKqHje kphthhhhx cncreMa 36or yHanpe^eaa eHepreTcKe 
e^HKacHocrH, yK^yHyjyfrn no6o^m a& a cncreMa 3a peryja^njy  h ayTOMaTcKO 
ynpaB ^aae.

1.6 CMafteae ^ypeaa  h ry6HTaKa TonjOTe (no6o^m aae rooja^nje) Ha 
gHcTpn6yTHBHHM ^eBOBogHMa: Tonja h xjagHa Boga, napa, Tonao -  xjagaH 
Ba3gyx, KOMnpHMOBaHH Ba3gyx HTg.

1.7 HHcTaja^nja ype^aja 3a KOM6uHOBaHy npoH3Bogay TonjOTe h ej.eHeprnje.
1.8 HHcTaja^nja cucTeMa 3a Kopemnjy ^aKTopa cHare (cos^).
1.9 HHcTaja^nja cucTeMa 3a peKynepa^njy TonjOTe.
1.10 Kopnmfreae o6hob^ hbhx H3Bopa eHeprnje.
1.11 OnTHMH3a^Hja Tapn^a ca cHa6geBaHHMa eHeprnje - noHOBO H3BpmHTH 

yroBapaae ca gHcTpn6yTepHMa eHepreHaTa (ejeKTpHHHa h gpyre eHeprnje), 
KaKO 6h yroBopu ogroBapajH TpeHyTHOM onTepefreay h MoryfrHM 
Bapnja^njaMa.

1.12 Pa3MOTpHTH 3ajegHHHKy KynoBHHy eHeprereKHx pecypca ca cycegHHM 
noroHHMa, npBeHcTBeHO 36or ynpaB ^aaa BpmHHM onTepefreaeM.

1.13 H3HajM^eH npocTop HecTO HMa Hee$HKacHy onpeMy -  pa3MOTpHTH 
no6o^m aae onpeMe aKO fre HajaM npocTopa TpajaTH gy*H BpeMeHcKH nepuog.
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03HaKa Akthbhoct

1.14 H ck^ ^ hhth pe3epBHy, HeaKTHBHy hhh HenoTpe6Hy onpeMy.
1.15 yTBpgHTH ca cnrypHomfry ga cy cBa eHepreTcKa Hanajama $a6pHHKHx 30Ha 

Koje He page HcK.yHeHa (yK.yHyjyfrH KOMnpHMOBaHH Ba3gyxa h pacxnagHy 
Bogy).

1.16 HHcTanHpaTH ayTOMaTcKO ynpaB.am e 3a e$HKacHy KOopgHHa^njy Befrer 6poja 
ype^aja ncTor THna: Ba3gymHHx KOMnpecopa, HHnepa, pacxnagHHx Kyna, 
KOTHOBa HTg.

1.17 Pa3BHTH h ycnocTaBHTH nporpaM „e^HKacHOCT ype^aja -  ogp®aBarne“ ;noHeTH 
eHepreTcKHM npernegoM h HacTaBHTH npafrerne, a 3aTHM nporpaM „e^HKacHocT 
ype^aja -  ogp*aBame“ yBpcTHTH Kao geo KOHTHHyanHor nporpaMa 
eHepreTcKor MeHauMeHTa.

2. ^EBOBO^H H AnAPATH

03HaKa Akthbhoct

2.1 MHHHMH3HpaTH KopHmfreme o6nna3HHx BogoBa h cMamHTH npoTOKe Kpo3 
o6nna3He BogoBe, yKOHHKO je Moryfre.

2.2 EnHMHHHcaTH HenoTpe6Ha Meperna npoTOKa Koja H3a3HBajy ry6HTaK npHTHcKa 
(npnrymHH^e HTg.).

2.3 Pa3MOTpHTH a^TepHaTHBHa pemerna 3a BenHKe nagoBe npHTHcKa Ha BeHTHHHMa.
2.4 y  TOKy neTa HcK.yHHTH cucTeMe 3hmckof rpejama ype^aja h ^eBOBoga.
2.5 nogemaBaTH TeMnepaType $nynga yHyTap npnxBaT.HBHx rpaHH^a KaKO 6h ce 

cMamHHH He^e^eHH ry6n^H TonnoTe y gyraHKHM ^eBOBogHMa.
2.6 Pagu cMamema ry6HTaKa TonnoTe, Ba^HO je  3HaTH ga je  TeMnepaTypa 

cno.Mmme noBpmHHe ype^aja (anapaTa, BeHTHna nrg.) h ^eBOBoga npn6nH*HO 
jegHaKa TeMnepaTypn $Hynga.

2.7 H30H0BaTH cBe HeH30H0BaHe Tonne noBpmHHe h/hhh H3BpmHTH nonpaBKy 
omTefreHe hhh cTape H30Haqnje.

2.8 H3paHyHaTH eKOHOMcKH onTHManHy ge6.HHy roona^nje.
2.9 H36eraBaTH gupeKTHe ygape BeTpa Ha ^eBOBoge (yKonHKO je  Moryfre) - ry6n^H 

TonnoTe 3HaHajHO pacTy ca 6p 3hhom BeTpa.
2.10 noBpeMeHO npoBepHTH nocTojefre ge6.HHe roonaanje -  aKO je  ^eHa eHeprnje 

(ropHBa) nopacna, BepoBaTHO je ncnnaTHBO noBefraTH h ge6.HHy roona^Hje.
2.11 OTBopeHe pe3epBoape Kojn cagp^e Bpyfre TeHHocra noKpHTH noKnon^HMa.
2.12 MepHTH TeMnepaTypy cno .am m e noBpmHHe Tonnnx ype^aja (anapaTa, BemHna 

HTg.) h ^eBH -  BpegHocTH Koje cy BHme og 50-60°C, HHcy npnxBaT.HBe.
2.13 OgpegHTH onTHMa^He npeHHHKe ^eBOBoga Ha ocHOBy eKOHOMcKe aHa^H3e h 

H3BpmHTH 3aMeHe Ha kphthhhhm geoHH^aMa.
2.14 npeBepaBaTH ^aKrope 3anp.am a pa3MemHBaHa TonnoTe h BpmHTH pegoBHa 

HHmfrerna -  1 mm HaTano^eHor KaMeH^a Ha ^eBHMa KOHgeH3aTopa MO*e 
noBefraTH noTpommy eHeprnje 3a 40% .
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_______ y HHgycTpHjcKHM cncreMHMa_________________________

3. KOT^APHH^E H KOT^OBH

03HaKa Akthbhoct

3.1 TeMnepaTypa npogyKaTa caropeBaaa Ha H3na3y H3 no^nmTa Tpe6a ga 6yge 
mTO je  Moryfre HH*a; pa3MOTpHTH MoryhHocT yrpagrne eKOHOMaj3epa 3a 
npegrpeBarne HanojHe Boge hhh npegrpejaHa Ba3gyxa 3a caropeBarne; boahth 
paHyHa o nojaBH HHcKOTeMnepaTypcKe Kopo3Hje npu Kopnmfrerny ropuBa Koja y 
cbom cacTaBy HMajy cyMnpop.

3.2 PegoBHa KOHTpona BHmKa Ba3gyxa; kophcthth ayTOMaTcKy peryna^njy h 
ynpaB.arne pagoM ropnoHHKa (KopeK^nja ogHoca Ba3gyx/ropHBo) Ha 6a3H 
Meperna KOH^empa^Hje O2 y npogyKTHMa caropeBarna.

3.3 Penapa^nja h no6o.m arne roona^nje pagu cMaaerna TonnoTHHx ry6HTaKa - 
KOTao, HanojHH pe3epBoap, ca6npHHK KOHgeH3aTa, cyg 3a OTnapaBaae, 
gHcTpn6yTHBHe ^eBOBogHe Mpe^e, npnpy6HH^a h apMarype.

3.4 npHMeHa cucTeMa ayTOMaTcKor ynpaB.arna npo^ecoM ogMy.HBama Koraa.
3.5 EnHMHHa^Hja ry6HTaKa ycneg 3anp.am a pa3MernHBaHKHx noBpmHHa Koraa 

(KaMeHa^ h Ha^).
3.6 Pa3MOTpHTH MoryfrHocT cHH^erna npHTHcKa nape Ha H3na3y H3 Koraa 

(cHH^erne pagHor npHTHcKa Koraa).
3.7 Pa3MOTpHTH MoryhHocT Kopnmfreaa HHBepTepa Ha e^eKTpOMOTOpHMa 

BeHTH^aTOpa, gyBa.KH h nyMnn y OKBHpy kot^obckot nocTpojeaa.
3.8 Onrepefrefte KOT^a Tpe6a ga 6yge yBeK 6^hcko homhh^^hom, Kaga je  h cTeneH 

e^HKacHocTH HajBHmn; y c^yHajy napa^em or paga Befrer 6poja kot^obckhx 
jegHHH^a, cnpOBecTH omHMH3a^njy aHra^OBa^a nojegHHHx kot^obckhx 
jegHHH^a pagu ocTBapHBaaa MaxcHMa^Hor yHHHKa kot^obckot nocTpojeaa.

3.9 3aMeHa Koraa y cnyHajy Kaga je  ype^aj nocTao Hee^rnacHaH y pagy, o^ hocho 
Kaga je  ype^aj ncnyHHO npegBH^eHH pagHH BeK hhh Kaga je  kothobck^ 
jegHHH^a HeageKBaTHor Kana^rneTa 36or eBeHTyanHHx npoMeHa HacranHx y 
npoH3BogHOM npo^ecy.

3.10 Pa3MOTpHTH gocrynHocT h cnrypHocT cHa6geBa^a ropHBOM Koje je  maBHO 3a 
noroH KOT â.

3.11 Pa3MOTpHTH MoryfrHocT yHanpe^erna npunpeMe HanojHe kothobck^ Boge.
3.12 Pa3MOTpHTH MoryfrHocT npoMeHe ropHBa.
3.13 yrpagrna eHepreTcKH e$HKacHHx ropnoHHKa.
3.14 yKHa&arne ge^OBa gHcTpn6yTHBHor ^eBOBoga Kojn HHcy y $yHKqnjH.
3.15 ^y6oKO xna^erne npogyKaTa caropeBaaa, ^ kohhko je Moryfre.
3.16 PeKynepa^nja TonnoTe H3 npo^eca ogMy.HBarna/ogco.aBarna Koraa.
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4. CHCTEMH ^HCTPHEy^HJE H CHAE^EBA&A BO^EHOM 
nAPOM

03HaKa Akthbhoct

4.1 ^HMeH3Hje ^eBOBoga 3a gHcrpH6y^Hjy nape h noBpaT KOHgeroaTa Tpe6a ga 6ygy 
ycKna^eHe ca npenopyKaMa Koje nponcTHHy H3 go6pe HH^eaepcKe npaKce.

4.2 H hbo npHTHcKa nape Koja ce kophcth Kog noTpomaHa Tpe6a ga 6yge HajHH^H 
Moryfr, y3 o6e36e^eae HopManHor h cnrypHor paga TaKBor ype^aja.

4.3 OgBogftaBafte h KOH$Hrypa^nja napoBoga Tpe6a ga 6ygy ycKna^eHH ca 
npenopyKaMa go6pe HH^eaepcKe npaKce.

4.4 noTpomaHHMa yBeK Tpe6a o6e36egHTH cyB03acufreHy napy (H36eraBaTH cnyHaj 
goBO^eaa Bna^He nape noTpomaHHMa).

4.5 H3a6paTH Haj6o^e pem eae 3a npHMeHy y KOHKpeTHHM cnyHajeBHMa ̂ kohhko ce 
3axTeBa gupeKTHO y6pH3raBafte nape.

4.6 EnHMHHHcaTH cBe HenoTpe6He geoHH^e, Kao h OHe Koje BHme HHcy y ynoTpe6u 
Kog gHcTpn6yTHBHor ^eBOBoga.

4.7 06e36egHTH e$HKacHy enHMHHa^njy Ba3gyxa H3 HHCTana^Hja.
4.8 06e36egHTH ageKBaTHO ogBO^eae KOHgeH3aTa Kog npo^ecHe onpeMe TaKO mTO 

fre ce:
• yTBpgHTH ageKBaTHO MecTO 3a ogBO^eae KOHgeH3aTa Ha onpeMH;
• H3a6paTH ogroBapajyhn THn ogBajaHa KOHgeH3aTa;
• npHMeHHTH cucTeM 3a npaheae paga h npeBeHTHBHO ogp^aBaae 

ogBajaHa KOHgeroara.
4.9 npegynpegHTH ^ypeaa  nape Ha MecTHMa cnojeBa, apMaTypu h^h ycneg 

nocTojaaa nyKOTHHa h OTBOpa Ha ^eBOBogHMa.
4.10 y  khohhth cBe mTO yMaftyje e^HKacHOCT TpaHcnopTa TonnoTe y cucTeMy.
4.11 06e36egHTH noBpafraj ^enoKynHe KOHHHHHe KOHgeroaTa y KoraapHH^y; caMO 

ko HTaMHHHpaHH KOHgeH3aT MO*e 6hth, HaKOH xna^efta, ucnymTeH y cucTeM 3a 
npHKyn.Mfte OTnagHe Boge.

4.12 CnpeHHTH ry6HTaK h o6e36egHTH Kopnmfreae OTnapKa Kog cncreMa 3a noBpaT 
KOHgeH3aTa.

4.13 06e36egHTH ageKBaTHy H3ona^njy napoBoga h ge^OBa npo^ecHe onpeMe Koja ce 
3arpeBa.

4.14 CMaftHTH ynoTpe6y nape rge rog je  to Moryfre:
• cMaftHTH 6poj pagHHx caTH;
• cMaftHTH kohhhhh^ nape Koja ce kophcth;
• KopncTHTH e$HKacHHjy TexHOHornjy TpaHcnopTa TonnoTe;
• cBecTH cBe ry6HTKe Ha HajMa&y Moryfry Mepy.



17-517. ^ncTa aKTHBHocm 3a noG o^m aaa eHepreTcKe e^HKacHocm
_______ y HHgycTpHjcKHM cncreMHMa_________________________

5. HHayCTPHJCKE nE'RH

03HaKa Akthbhoct

5.1 npo^ec caropeBarna Tpe6a boahth thko ga yc^OBH ogroBapajy noTnyHOM 
caropeBaay y3 MHHHManHH BHmaK Ba3gyxa 3a caropeBaae.

5.2 TeMnepaTypcKO n o ^e  y pagHOM npocTopy nehn Tpe6a ga 6yge TaKBO ga ce 
o6e36egu MaKcHManaH yHHHaK nehn.

5.3 TeMnepaTypa y pagHOM npocTopy nefru Tpe6a ga 6yge car^acHa TexHO^omKOM 
3axTeBy.

5.4 ry6uTKe y OKOHHHy Kpo3 OTBope Ha nehn cBecTH Ha HajMamy Moryfry Mepy.
5.5 OnTHMH30BaTH yc^OBe cTpyjarna racoBa y pagHOM npocTopy nehn (no^e 

npHTHcaKa Tpe6a ga 6yge TaKBO ga o6e36egu MaKcHManaH yHHHaK nehn).
5.6 BpmHTH peKynepa^njy h Kopnmfrerne eHTannHje gHMHor raca Ha H3na3y H3 

nehn, ^ kohhko je  Moryfre.
5.7 PeKynepncaTH OTnagHy TonnoTy ca 3arpejaHHM npoH3BogHMa rge rog je  Moryfre, 

Kao h H3 cucTeMa 3a BogeHO xna^erne eneMeHaTa KOHcTpyKqHje h onpeMe nehn.
5.8 CBecTH Ha MHHHMyM ry6HTKe y 03ugy h Kpo3 3ugoBe nehn.
5.9 Kophcthth caBpeMeHe MaTepnjane 3a H3ona^njy h 03ug nehn, rge rog je  Moryfre.
5.10 ynpaB^aTH pagoM nehn TaKO ga nefr pagu y pagHOM pe®HMy Kaga je  rneHa 

e^HKacHocT HajBHma.
5.11 H36eraBaTH pag nehn Kojn nogpa3yMeBa CTanHy npoMeHy pagHHx napaMeTapa 

(nefr Tpe6a ga pagu y CTa6nnHHM CTa^HOHapHHM ycnoBHMa).

6. cym A PE

03HaKa Akthbhoct

6.1 yrpagrna no6o^maHor cucTeMa 3a peryna^Hjy h ayTOMaTcKO ynpaB^arne.
6.2 no6o^m arne H30HaqHje.
6.3 yrpagrna chhxpohhx ropnoHHKa.
6.4 npoMeHa ropHBa.
6.5 HHCTana^nja cucTeMa 3a peKynepa^njy TonnoTe.
6.6 yrpagrna no6o^maHor cucTeMa goBoga ropHBa.
6.9 yrpagrna cucTeMa 3a ogBna^HBarne (ogBajaae Bnare).
6.10 Pe^HpKyna^Hja H3na3HHx TOKOBa H3 cymape.



17-6 npnpyHHHK 3a o6yKy eHepreTcKHx MeHa^epa 3a o6nacT HHgycTpnjcKe eHepreTHKe

7. nyM nE

03HaKa Akthbhoct

7.1 06e36egHTH pag nyMne y o6nacTH onTHManHor pe^HMa paga.
7.2 H36eBaTH perynHcafte BeHTHHOM, o^ hocho npnrymHBafteM.
7.3 noBefraTH $HeKcn6HHHocT cHcTeMa yrpagftOM cucTeMa 3a peryHHca&e 6p3HHe

o6pTafta HHH ceKBeH^HjaHHOM KOHTpOHOM MaftHx jegHHH^a.
7.4 H36eraBaTH pag ca o6e nyMne Kaga to HHje HeonxogHO - gogara ayTocTapT hhh 

6ycTep-nyMny y 3axTeBHHM o6nacTHMa paga.
7.5 Kophcthth 6ycTep-nyMne 3a onTepefreaa Koja 3axTeBajy BHcoKe npHTHcKe.
7.6 KoHTpoHHcaTH h ogp^aBara 3anTHBaHe KaKO 6h ce cMaftHHH ry6n^H TeHHocTH.
7.7 BanaHcHpaTH cucTeM KaKO 6h ce cMaftHHH nporo^H h cHare nyMne.
7.8 Kophcthth ch^ ohckh e^eKaT 3a yHanpe^eae paga cucTeMa, oahocho He 

kophcthth nyMny Ha geoHH^H ca rpaBHTa^HOHHM noBpaTOM.

8. BEHTH^ATOPH

03HaKa Akthbhoct

8.1 KopHCTHTH npO^HHHcaHe yBogHHKe.
8.2 06e36egHTH yHH$opMHy cTpyjy Ha yna3y y BeHTHnaTop.
8.3 EnHMHHHcaTH npnrym efta Ha yna3y h H3na3y H3 BemHnaTopa.
8.4 PegoBHO hhcthth HcnpaB^aHe $nyngHe cTpyje, ^Hmepe h nonaTH^e 

BeHTHnaTopa.
8.5 Kophcthth BeHTHnaTope ca npo^HnncaHHM nonaTH^aMa o6pTHor Kona.
8.6 3HaHajHO cMaftHTH 6poj o6pTaja BeHTHnaTopa.
8.7 PegoBHO npOBepaBaTH 3aTerHyTocT KanmHHx npeHocHHKa, yKO^HKO je  to

H3BOg^HBO
8.8 EnHMHHHcaTH H3MeftHBe peMeHH^e.
8.9 Kophcthth perynaTope 6p3HHe o6pTaaa 3a BenHKe Bapnja^nje onTepefreaa 

BeHTHnaTopa.
8.10 Kophcthth eHepreTcKH e^HKacHe MOTope 3a KOHTHHyanHH hhh npn6nH*HO 

KOHTHHyanaH pag.
8.11 EnHMHHHcaTH npo^ypHBaaa Ha ^eBOBogy.
8.12 CMaftHTH 6poj KpHBHHa y ^eBOBOBogy.
8.13 H ck^ hhth noroH BeHTHnaTopa Kaga HHcy noTpe^HH.



17-717. ^ncTa aKTHBHOCTH 3a no5o.amama eHepreTCKe e^HKacHocm
_______ y HHgyCTpHjcKHM CHCTeMHMa_________________________

9. ^yBA^KE

03HaKa Akthbhoct

9.1 KopHCTHTH npO^HHHCaHe yBOgHHKe.
9.2 CMaftHTH peMeherne $nyngHe crpyje Ha yna3y h H3na3y H3 gyBa^Ke.
9.3 PerynapHO hhcthth ncnpaB^ane $HyngHe crpyje h ^HHTepe.
9.4 3HanajHO CMaftHTH 6poj o6pTaja gyBa^Ke.
9.5 PegoBHO npoBepaBaTH 3aTerHyTOCT KanmHHx npeHOCHHKa.
9.6 EHHMHHHCaTH H3MeftHBe peMeHH^e, yKOHHKO je  TO H3BOg^HBO.
9.7 Kophcthth pery^aTope 6p3HHe o6pTa^a 3a Be^HKe Bapnja^nje onTepeheaa 

gyBa^KH.
9.8 KopncTHTH eHepreTCKH e^HKacHe MOTope 3a KOHTHHyanaH hhh npn6nH*HO

KOHTHHyanaH pag.
9.9 EnHMHHHcaTH npo^ypHBarna Ha ^eBOBogy.
9.10 H ck^ hhth noroH gyBa^Ke Kaga HHje noTpe6Ha.

10. KOMnPECOPH

03HaKa Akthbhoct

10.1 Pa3MOTpHTH yrpagrny ype^aja 3a peryna^njy 6p3HHe o6pTarna Ha 3anpeMHHCKHM 
KOMnpecopHMa 3a pa3HHHHTa onrepeherna.

10.2 KopncTHTH CHHTeTHHKa Ma3HBa, yKOHHKO nporoBO^an KOMnpecopa TO 
go3BO^aBa.

10.3 npoBepaBaTH ga hh je  TeMneparypa Ma3HBa cyBHme BHCOKa (gerpaga^nja y ^ a  h 
npoMeHa bhcko3hocth), Kao h ga hh je  cyBHme HHCKa (KOHgeH3aanja).

10.4 PegoBHO MernaTH y^HH ^HHTep.
10.5 nepnogHHHO npernegaTH KOMnpecopcKe xnagmaKe.
10.6 KopncTHTH OTnagHy TonnoTy ca BenHKHx KOMnpecopa 3a ancopn^HOHH 

pacxnagHH ype^aj, npo^ec npegrpeBarna hhh 3a pa3He npo^ece y cncreMy.

11. KOMnPHMOBAHH BA3^yX

03HaKa Akthbhoct

11.1 npaTHTH pag KOMnpecopa npu genHMHHHOM onrepehemy, Kao h TpomKOBe 
paga, KaKO 6h ce yTBpguo eHepreTCKH Haje^HKacHHjn pe^HM paga BHme 
Ba3gymHHx KOMnpecopa.

11.2 npH^arogHTH ce ry6n^HMa y HHCTa^a^njn h Ha Taj HanHH H36eraBaTH 
npegHMeH3HOHHcafte.

11.3 OnrepeTHTH Mogyna^HOHO KOHTpoHHcaHe KOMnpecope, Kojn Kopncre Hcry 
CHary npu genHMHHHOM h nyHOM onrepehemy.



17-8 npupyHHHK 3a o6yKy eHepreTCKHx MeHagepa 3a o6nacr HHg^CTpnjcKe eHepreTHKe

03HaKa Akthbhoct

11.4 H ck^ hhth noMohHH KOMnpeCop Kaga HHje noTpe6aH.
11.5 Chh3hth npHTHCaK KOMnpeCopa Ha noTHCy Ha HajMaay Moryhy Mepy -  

CHH^eae npHTHCKa Ba3gyxa og 1 bar goBogu go ymTega CHare og 5-7%, Kao h 
CMa fte a a  npo^ypHBaaa Ba3gyxa go 10%.

11.6 Kophcthth MaKCHManHO pa3yMHy TaHKy poCe Cymana.
11.7 H ck^ hhth Cymane x^a^eHor h 3arpeBaHor Ba3yxa Kaga Cy KOMnpeCOpH 

HCK^yneHH.
11.8 Kophcthth KOHTpoHHH CHCTeM 3a 3HanajHO CMa^efte noTpomfte eHeprnje Ha 

CymanHMa 6e3 rpejana.
11.9 3HanajHO CMaftHTH npo^ypHBaaa, BegHKe nagoBe npHTHCKa h aKyMyga^njy 

KOHgeH3ara - npo^ypHBaae KOMnpHMOBaHor Ba3gyxa H3 OTBopa npenHHKa 1 
mm Ha npHTHCKy og 7 bar goBogu go ry6HTaKa CHare og oko 0,25 kW.

11.10 Kophcthth Kompone gpeHa^e yMeCTO KOHTHHyanHor ^ypeaa  Ba3gyxa Kpo3 
gpeHa^He OTBope.

11.11 Kophcthth ManH KOMnpeCop Kaga HeMa BegHKe noTpomae.
11.12 Ba3gyx yCHCaBarn Ca HajxnagHHjer MeCTa, ann He h KHHMaTH30BaHor -  

CHH^eae TeMneparype Ba3gyxa og 5°C Ha yCHCy gonpHHOCH CMafteay 
noTpornae CHare KOMnpeCopa og 1%.

11.13 Kophcthth Ba3gyx H3 xnagftaKa 3a npunpeMy Ba3gyxa y 3rpagn y 3hmckom 
nepuogy.

11.14 KoHTpoHHCarH ga hh Cy pa3MeftHBanH TonnoTe 3anp.MHH y^eM.
11.15 KoHTpoHHCaTH ga hh Cy CenapaTopu Ba3gyx-y^e 3anp^aHH.
11.16 KoHTpoHHCaTH nagoBe npHTHCKa y yCHCHHM h ^HgrepHMa Ha noTHCy h Meftarn 

hx ogMax hhkoh anapMa - nag npHTHCKa Ha $HHTepy og 0,2 bar, ^ kohhko je  
npHTHCaK 7 bar h npoTOK 250 l/s, goBemhe go noBehaaa noTpomae CHare Ha 
KOMnpeCopy 3a 1 kW.

11.17 Kophcthth b&m h o  gHMeH3HOHHCaH pe3epBoap 3a CKHagnmTefte Ba3gyxa nog 
npHTHCKOM -  3HanajHO CMaftHTH TpomKOBe ognarafta KopHCTehn Ma3HBO Koje 
HMa CBojCTBO noTnyHe geMygra^nje h e^HKaCaH y^e-Boga Cenaparop.

11.18 Pa3MOTpHTH a^repHaTHBe 3a KOMnpHMOBaHH Ba3gyx, Kao mTO Cy gyBa^Ke 3a 
xna^efte, xugpayHHHHH ^HHHHgpn yMeCTO nHeyMaTCKHx, egeKTpHHHH 
aKTyaTopn h KOHTpogepn yMeCTO nHeyMaTCKHx m g.

11.19 Kophcthth M^a3HH^e h BeHTypH ype^aje, npe Hero gyBaae Ca OTBOpeHHM 
^HHHjaMa KOMnpHMOBaHor Ba3gyxa.

11.20 npoBepHTH npo^ypHBaae BeHTHga 3a gpeHa^y Ha $HHTepHMa/peryga^HOHHM 
CeTOBHMa KOMnpHMOBaHor Ba3gyxa -  ogpe^eHH BeHTHHH Ca ryMOM Mory ga 
^ype KOHTHHyagHO yKOHHKO Cy omTeheHH hhh CTapu.

11.21 y  npamaaBOM OKpy^eay kophcthth ^HHHje naKOBaaa Ca ^OTohe^njoM 
BHCOKor HHTeH3HTeTa yMeCTO CTaHgapgHHx jegHHH^a.



17-917. ^HCTa aKTHBHOCTH 3a noG o^m aaa eHepreTCKe e^HKacHocm
_______ y HHgyCTpHjCKHM CHCTeMHMa_________________________

03HaKa Akthbhoct

11.22 Pa3MaTparne MoryhHOCTH peKynepa^nje TonnoTe H3 KOMnpeCopa 3a rpejaae 
npoCTopnja, npo^ece Cymerna nrg.

11.23 H ck^ hhth hhh yKnoHHTH ge^OBe gHCTpn6yTHBHor ^eBOBoga Kojn HHCy y 
^yHKqH]H.

11.24 ®HHTpa^nja yna3Hor Ba3gyxa go MHHHManHor KBanHTeTa, Kao h HHCTaHHpame 
KBanHTeTHor TpeTMaHa 3a cne^H^HHHe npHMeHe HenoCpegHO HCnpeg 
eneMeHaTa Kog Kojnx Ce kophcth KOMnpHMOBaHH Ba3gyx Kao noroHCKH $nyng.

11.25 Kopnmherne noce6Hor KOMnpecopa Ha MecTHMa rge ce noTpa*ma 3a Ba3gyxoM 
3HanajHO pa3HHKyje og ocraHHx ge^OBa cncreMa.

11.26 ynoTpe6a gyBa^KH yMecTO KOMnpecopa 3a pagHe onepa^nja Ha hh^ hm 
npHTHC^HMa.

11.27 yrpagm a pe3epBoapa 3a KOMnpHMOBaHH Ba3gyx ucnpeg noTpomana Kojn 
3axTeBajy Behe KOHHHHHe KOMnpHMOBaHor Ba3gyxa.

12. Ky^E 3A X^A'RE&E BO^E

03HaKa Akthbhoct

12.1 KoHTpoHHcaTH npoTOK Ha BeHTHHaTopHMa Kyna 3a xna^erne Ha 0CH0By 
TeMnepaType oxna^eHe Boge.

12.2 Ogp^aBaTH onTHManHOM TeMnepaTypy Boge y CKnagy ca 3axTeBHMa Kyne 3a 
xna^erne h noTpomana.

12.3 KopncTHTH gBo6p3HHCKe noroHe pagu KOHTpone npoTOKa Ba3gyxa hhh 
npoMeH^HBe 6p3HHe aKO Kyna HMa MaftH 6poj BemHnaTopa -  aKO je  Kyna 
H3pa^eHa ca BHme BeHTHnaTopa kophcthth on-off peryna^njy Ha nojegHHanHHM 
BeHTHHaTOpHMa.

12.4 y  cnynajy CMaaema pacxnagHHx noTpe6a hck^ hhth ogroBapajyhn 6poj 
BeHTHnaTopa.

12.5 noKpHTH 6a3eH Ky^e pagu cnpenaBa^a pa3Boja a^ra, HHMe ce CMa^yje h 
3anp^a^e KOMraeraor pacx^agHor CHCTeMa.

12.6 nepnogHHHO hhcthth MHa3HH^e 3a gHCTpn6y^Hjy BOge.
12.7 HHcrannpaTH HOBe Mna3HH^e pagu ocrBaperna npaBHHHHje gHCTpn6y^Hje Boge 

no npeceKy Kyne.
12.8 3aMeHHTH CTapnje TunoBe ucnyHa caMoracehHM PVC crpyKTypHHM ucnyHaMa.
12.9 3aMeHHTH CTapnje TunoBe ogBajana Kanu MogepHHjHM THnoBHMa og 

caMoraceher PVC-a.
12.10 npaTHTH npenopyKe npoH3BO^ana y Be3H cno6ogHor npocropa oko Kyna 3a 

xna^erne Boge (yKOHHKO je  Moryhe) h H3MecTHTH o6jeKTe Kojn OMeTajy yna3 hhh 
H3Ha3 Ba3gyxa.



17-10 npupyHHHK 3a o6yKy eHepreTCKHx MeHapepa 3a o6nacr HHgycTpnjcKe eHepreTHKe

03HaKa Akthbhoct

12.11 OnTHMH3HpaTH yrao nonaTH^a Ha BeHTHnaTopHMa y CKnagy ca ce30HCKHM 
onTepeheftHMa Kyne.

12.12 KopnroBaTH npeBenHKH 3a3op H3Me^y BeHTHnaTopcKor Kona h onnaTe.
12.13 nocraBHTH KOHycHH npcreH pagu CMaaeaa ry6HTKa gHHaMHHKor npHTHCKa Ha 

H3na3y H3 BeHTHnaTopa.
12.14 npeycMepHTH hhcth OTnagHH Ba3gyx H3 cncreMa KTHMaTroa^nje 3rpage Ha ycuc 

Ky^e 3a x^a^erne Boge y TOKy ^eTmer nepuoga.
12.15 nonpaBHTH xHgpo-H30^a^Hjy yKO^HKO ce npHMera ^yperne 6a3eHa ucnog Ky^e.
12.16 npoBepHTH npe^HBHe ^eBH 3a Bogy pagu ncnpaBHor ogp^aBarna HHBoa y 

6a3eHy.
12.17 OnTHMH3HpaTH KopHmhe^e xeMHKa^Hja.
12.18 Pa3MOTpHTH TpeTMaH Boge y o6Hra3HOM Bogy.
12.19 OnTHMH3HpaTH h ayTOMaTH3HpaTH HcnymTa&e Boge pagu ogco-^aBama.
12.20 Kophcthth Bogy Koja ce ncnymTa pagu ogco-MBarna 3a gpyre noTpe6e, yKÔ HKO 

je  Moryhe (3aMeHa 3a npo^ecHy Bogy m g.).
12.21 Ocmhc^hth h npHMeftHBaTH n^aH 3a 3hmckh pe^HM paga Kaga je  Moryha nojaBa 

Hac^ara ^ega.
12.22 HHCTa^HpaTH 6^0Kage Koje cnpenaBajy pag BeHTH^aropa Kaga HeMa npoTOKa 

Boge.

13. X^ARE&E (HH^EPH)

03HaKa Akthbhoct

13.1 Kophcthth KOHgeH3aTope x^a^eHe BogoM npe Hero Ba3gymHe KOHgeroarope.
13.2 npoBepHTH noTpe6e 3a x^a^erneM, HaponHTO 3a CTapnje noroHe. He CMaTpara ga 

je  CTapu HanHH h g a^e  Haj6o^H, noce6HO 3a eHepreTCKH HHTeH3HBHe CHCTeMe 
HHCKe TeMnepaType.

13.3 H36eraBaTH npegHMeH3HOHHcafte ype^aja -  Tpe6a ga ogroBapa cagamaeM 
onTepeherny.

13.4 Pa3MOTpHTH npHMeHy pacx^agHe onpeMe noroaeHe racHHM motopom 3a 
CMa^eae BpmHe e^eKTpHHHe CHare.

13.5 Kophcthth "c^o6ogHO x^a^eaeM (Mfree cooling") Kaxo 6h HH^ep 6ho HCK^yneH 
npu x^agHOM BpeMeHy.

13.6 BnmecTpyKO kophcthth x^agHy Bogy (y HH3y) aKO je  Moryhe.
13.7 npeTBopHTH pe3epBoap Boge 3a ram eae no^apa h^h gpyre TaHKOBe y 

aKyMy^arope Ton^OTe.
13.8 yrpagHTH CHCTeMe 3a peKynepa^njy ron^OTe.



17-1117. ^ncTa aKTHBHOCTH 3a no5o.amama eHepreTCKe e^HKacHocra
_______ y HHgyCTpHjcKHM CHCTeMHMa_________________________

03HaKa Akthbhoct

13.9 KopnroBaTH HeogroBapajyfry CMemy (KOH êHTpapHjy) rnHKona Koja HeraTHBHO 
yTHne Ha npeHOC TonnoTe hhh eHeprnjy 3a noroH nyMne. H30H0Barn 
HHCTana^Hjy ^kohhko pocu, ann npBO je 3aMeHHTH y cnynajy nojaBe Kopo3Hje.

13.10 H3BpmHTH nogemaBame KaKO 6h ce CMarnno 6ajnac Tonnor raca.
13.11 npoBepHTH HHgHKarope Bnara/TeHHOCT.
13.12 Pa3MOTpHTH ga hh 6h npoMeHa Bpcre pacxnagHor $nynga no6o^mana 

ê HKaCHOCT.
13.13 npoBepHTH kohhhhh^ nymema pacxnagHor $Hynga.
13.14 npoBepHTH HcnymTarne Ba3gyxa, HeKOHgeH3yjyfrnx racoBa h ^yperne Boge.
13.15 KopncTHTH HajHH®y TeMnepaTypy pacnono^HBe Boge 3a xna^erne KOHgeroaropa 

Koja je norogHa 3a nnnep. CHH^erne TeMneparype KOHgeroa^nje 3a 5°C, 
pe3yHTHpa CMarnerneM 20-25% noTpomme eHepraje KOMnpecopa.

13.16 noBHCHTH TeMneparypy K^ynarna (HcnapaBama) -  noBHmerne TeMnepaType 
HcnapaBaaa 3a 5°C CMaayje noTpommy eHeprnje KOMnpecopa 3a 20-25%.

13.17 OgpegHTH eKOHOMCKH onTHManaH npoTOK Boge Kpo3 KOHgeH3arop.
13.18 3aMeHHTH crape HHnepe hhh KOMnpecope hobhm ê HKacHHjHM MogenHMa.
13.19 Kophcthth eHepreTCKH e^HKacHe MOTOpe 3a KOHTHHyâ aH h^h CKOpo 

HenpeKHgaH noroH.
13.20 ^Hnep He Tpe6a npenyHHTH y^eM.
13.21 npoyHHTH KapaKTepncTHKe HHnepa npu genHMHHHOM onTepefrerny h TpomKOBe 

paga KaKO 6h ce ogpeguo Haje^HKacHHjn pe^HM paga Kaga ce Kopncra BHme 
HH^epa.

13.22 KopncTHTH HHnepe c HajHĤ HM TpomKOBHMa noroHa 3a noKpHBarne 6a3Hor 
onTepefrerna.

13.23 OgBojHTH og CHCTeMa nnnepe h pacxnagHe Kyne Koje cy BaH noroHa.

14. K rx (K^HMATH3A^HJA, rPEJA&E, X^A^E&E)

03HaKa Akthbhoct

14.1 nogecHTH CHCTeM ynpaB^ama KTX CHCTeMOM.
14.2 Pa3MHCHHTH o HHCTaHHcamy ^eHTpanHor CHCTeMa 3a Hag3op h ynpaB^ame 

(U,CHY) hhh CHCTeMa ynpaB^ama eHeprajoM (EMC) hhh o6HaB^arny TaKBor 
CHCTeMa Kojn je bhh $yHKpHje.

14.3 YpaBHOTê HTH CHCTeM y ^H^y CMaaeaa npOTOKa h CMaaHTH noTpe6e 3a 
eHeprajoM gyBa^KH, BemH^aTOpa h nyMnu.

14.4 EnHMHHHcara hhh CMarnHTH noHOBHO 3arpeBame rge rog je Moryfre.
14.5 Kophcthth ogroBapajyfry pegyK^njy (gpyry nocTaBHy BpegHOCT) Ha TepMOCTaTy 

3a ynpaB^arne KrX cncreMa.



17-12 npupyHHHK 3a o6yKy eHepreTCKHx MeHa^epa 3a o6nacr HHgycTpnjcKe eHepreTHKe

03HaKa Akthbhoct

14.6 Kophcthth jyTapae npeTx^a^eae ^era h npegrpeBa^e 3hmh; Hnp. npe nepuoga 
BpmHe noTpomae ê eKTpHHHe eHeprnje.

14.7 Kophcthth aKyMyna^HOHy CnoCo6HOCT rpa^eBHHCKor OMOTana 3rpage y ^H^y 
CMafteaa BpeMeHa paga K rx  onpeMe.

14.8 ^,03bohhth ga TeMnepaTypa nagHe hhcko kohhko je Moryfre 3a BpeMe 
HeKopnmfreaa o6jeKTa y 3hmckom nepuogy (6e3 3aMp3aBaaa Boge y ^eBOBogy 
hhh omTefreaa yCKHagnmTeHor MaTepHjana).

14.9 , ,̂03bohhth ga TeMnepaTypa nopaCTe kohhko je Moryfre 3a BpeMe HeKopnmfreaa 
o6jeKTa y neTmeM nepuogy (6e3 omTefreaa yCKHagnmTeHor Marepnjana).

14.10 no6o^maTH KOHTpony h Kopnmfreae Cno-Mmaer Ba3gyxa.
14.11 Kophcthth pa3MeftHBane TonnoTe Ba3gyx-Ba3gyx KaKO 6h Ce CMaftHna noTpe6a 

3a eHeprnjoM 3a rpejaae h raa^eme Cno^ammer Ba3gyxa.
14.12 CMamHTH 6poj CaTH paga KrX CHCreMa; Hnp. Hofr, BHKeHg.
14.13 OnTHMH30BaTH BeHTHHâ Hjy.
14.14 BeHTHHHCaTH npoCTop CaMO Kaga je HeonxogHO KaKO 6h Ce OMoryhnno ga Ce 

HeKH gê OBH HCK^yne Kaga Ce He KopHCTe. HHCTanHCaTH noCe6aH KrX CHCTeM 
3a npoCTope Ca cthhhhm TonnoTHHM onTepefrerneM; Hnp. CepBep Co6a.

14.15 06e36egHTH noCe6aH CHCTeM 3a goBO^erne Ba3gyxa y Kyxnme, nepnoHH^e, 
xeMHjCKO HHmfrerne, onpeMy 3a CaropeBarne HTg. ga 6h Ce H36erao npeKOMepHO 
H3BHaneme KHHMaTH30BaHor Ba3gyxa.

14.16 Kophcthth eBanopaTHBHO raa^erne y CyBHM KHHMaTCKHM yCHOBHMa.
14.17 CMa^HTH B^a^eae h^h ogB^a^HBaae Ba3gyxa tokom nepuoga Kaga Ce npoCTop

He KOpHCTH.
14.18 Yrpagma CHCTeMa 3a peKynepa^njy TonnoTe -  pa3MOTpHTH Kopnmfrerne OTnagHe 

TonoHOTe noMofry anCopn^HOHor paCxnagHor ype^aja.
14.19 Ohhcthth ope6peHe pa3MernHBane TonnoTe y KrX ype^ajHMa h „Hmnema^aTH“ 

HCKpHB̂ eHa pe6pa.
14.20 YHanpe^eme KOHCTpyK̂ nje ^Hmepa pagu CMamema naga npHTHCKa h, Ha Taj 

HanHH, CMamerna noTpe6He eHeprnje 3a noroH BeHTHnaropa.
14.21 npoBepHTH CTame ^Hmepa y KTX CHCTeMy npeMa paCnopegy (HajMame jegHOM 

MeCeHHo) h ohhcthth / 3aMeHHTH, ^kohhko je noTpe6HO.
14.22 npoBepHTH pag KOMnpeCopa 3a nHeyMaTCKO ynpaB^ame: npaBHnaH pag, ^HKnyC 

h ogp^aBame.
14.23 OgBojHTH 30Hy KHHMaTH30BaHor yTOBapa h xna^eHa CKnagnmTa BpaTHMa Koja Ce 

6p30 3aTBapajy hhh Cy H3BegeHa npoBHgHHM nB^-TpaKaCTHM 3aBeCaMa.
14.24 HHCTanHCaTH nna^OHCKe BemHnarope 3a CMarnerne TonnoTHor paCnojaBarna 

(CTpaTH^HKa^nje) y 30HaMa BenHKe BHCHHe.



17-1317. ^HCTa aKTHBHOCTH 3a noG o^m aaa eHepreTCKe e^HKacHocra
_______ y HHgyCTpHjCKHM CHCTeMHMa_________________________

03HaKa Akthbhoct

14.25 noCTaBHTH gn$y3ope 3a Ba3gyx Ha onTHMaHHoj bhchhh y gê OBHMa Ca bhcokhm 
TaBaHH âMa.

14.26 Pa3MOTpHTH CMameme BHCHHe npocropHje.
14.27 y  khohhth npenpeKe ucnpeg pagnjaTopa, nogHHx KOHBeKTopa h gpyrux rpejHHx 

Tena.
14.28 npoBepHTH HHcrofry h ogroBapajyfrn npaBa^ 3panerna pe^neKropa Ha 

HH^pa^pBeHHM rpejanHMa.
14.29 Kophcthth npo^ecHOHa^HO npojeKTOBaHe HHgycTpnjcKe xay6e 3a H3Bnaneme 

npamHHe h napa.
14.30 Kophcthth HOKâ He HH^pa^pBeHe rpejane 3a 30He y KojHMa 6opaBe ^ygn, 

yMecro 3arpeBarna ^enor npocropa.
14.31 Kophcthth ,,TaHKacTo“ xna^eme h rpejame; Hnp. Kopnmfrerne nna$OHCKHx 

BeHTHHaropa y 30hh 6opaBKa ^ygn, yMecro xna^erna ^enor o6jeKTa.
14.32 Ha6aB^arn caMO Mogene HOKanHHx KHHMa ype^aja BHCOKe e^HKacHocra.
14.33 Pag ^OKanHHx KHHMa ype^aja boahth npeKO BpeMeHCKor nporpaMaTopa 

(TajMepa).
14.34 ype^ajn 3a xna^erne He Tpe6a ga 6ygy npegHMeronoHHpaHH -  npeBenHKH 

ype^ajn HMafre CKpafreH ^HKnyc" Kojn pe3ynrapa nomoM peryna^njoM 
BHa*HOCTH.

14.35 MHCTâ HcaTH BHme H3BOpa Ton^OTe h kophcthth Hajje^THHHje pacno^o^HBO 
ropHBO y gaTOM TpeHyTKy.

14.36 Pa3MOTpHTH yrpagay noce6Hor CHCTeMa 3a goBO^eae Ba3gyxa 3a ogcucHe xay6e 
-  He H3B̂ anHTH K̂ HMaTH30BaH Ba3gyx aKO HHje HeonxogHO.

14.37 CMaftHTH Ha MHHHMyM 6p3HHe BeHTHHaTOpa y K rx  CHCTeMHMa.
14.38 Pa3MOTpHTH npHMeHy TonnoTHHx nyMnu Koje Kao H3Bop TonnoTe Kopncre tho.
14.39 3anTHTH KaHane H3 Kojnx ^ypn Ba3gyx.
14.40 3aTBopHTH CBe OTBope oko pa3MernHBana TonnoTe c ope6peHHM êBHMa.
14.41 nonpaBHTH ^a6aBe h^h omTefreHe $^eKCH6n^He Be3e, yK^ynyjyhn h OHe Kog 

K̂ HMa KOMOpa.
14.42 EnHMHHHcarH HCTOBpeMeHO rpejame h xna^erne tokom npena3HHx nepuoga.
14.43 3oHHpaTH BogeHe h Ba3gymHe KrX CHCTeMe y ^H^y CMarnerna noTpomme 

eHepraje.
14.44 npernegaTH, ohhcthth, nogMa3aTH h nogecrnH nonara^e geMnepa h cnojeBa.
14.45 npuMeHa HofrHe BeHrana^Hje.
14.46 npHMeHa TexHHKa npupogHe BeHTHHaanje.
14.47 yrpagma KpoBHor BeHTHnaTopa.



17-14 npupyHHHK 3a o6yKy eHepreTCKHX MeHaaepa 3a o6nacr HHgycTpnjcKe eHepreTHKe

03HaKa Akthbhoct

14.48 yrpagaa TepMOCTaTCKe peryna^Hje y ogBojeHHM 30HaMa h Ha nojegHHanHHM 
pagHjaropHMa.

14.49 no6o^marne roona^nje gHcrpH6yTHBHHx êBOBoga.

15. 3rPA^E

03HaKa Akthbhoct

15.1 3anTHTH cno.Mmme npo^ene/oTBope/nyKOTHHe ogroBapajyhHM 3anTHBHHM 
MaTepnjaHOM - cnpenaBarne HH^nnaTpa^Hje Ba3gyxa.

15.2 no6o^marne H30Haanje - pa3MOTpHTH HOBa TepMHHKH H30H0BaHa Bpara, TepMO- 
npo3ope, KpoBHy H3ona^njy mg.

15.3 nocraBHTH BeTpo6paHe Kog cno-^amrnrn Bpara.
15.4 3aMeHHTH jegHOCHojHO craKHO roona^HOHHM craKTOM.
15.5 Pa3MOTpHTH noKpHBame 30Ha npo3opa h CBeTHOCHHx Kynona TepMHHKH 

H30H0BHHHM naHe^HMa yHyTap 3rpage.
15.6 Pa3MHCHHTH o 3aMeHH cno.MmmHx npo3opa h30hobhhhm CraKneHHM 6noKOBHMa 

aKO HHje HeonxogHa BHgMBOCT, am  je noTpe6Ha CBeTHOCT.
15.7 P a3MOTpHTH npHMeHy 3aTaMmeHHx CraKana, pe^neKCHOHor CraKna, npeMa3a, 

TeHgn, HaCrpemHH^a, gpanepnja, 3aBeCa. nrg., 3a 3amTHTy OCyHnaHHx Cno^HHx 
npo3opa.

15.8 Kophcthth npegHOCTH nej3a®He apxHTCKType.
15.9 ^ogaTH npeTnpoCTop hhh o6pTHa BpaTa Ha rnaBHHM CnoaamBHM BpaTHMa 3a 

3anoCneHe.
15.10 P a3MOTpHTH ayTOMaTCKa Bpara, Ba3gymHe 3aBeCe, TpaKaCTa BpaTa mg. Ha

npOMeTHHM npOHa3HMa H3Mê y K3HMaTH3OBaHHX H HeKHHMaTH3OBaHHX
npoCTopa - kophcthth CaMO3aTBapajyha BpaTa aKO je MOryhe.

15.11 Kophcthth BpaTa Ha creneHHmTHMa h y BepTHKanHHM npona3HMa 3a CMamerne 
yTH^aja „e^ema gHMrnaKa“ y 3rpagH.

15.12 Oco6^e Koje hhcth 3rpagy Tpe6a ga o6aB^a nocao y TOKy pagHor BpeMeHa hhh 
HenocpegHo h^koh ncreKa pagHor BpeMeHa ga 6h ce MaKCHMamo CMarnHHH 
TpomKOBH ocBeT^erna h KrX cncreMa.

15.13 npoMeHa 6oje cno^HHx 3HgoBa h KpoBa.
15.14 yrpagma yHyTpammnx hhh cno^HHx poneTHH.
15.15 npHMeHa 6noKHHMaTCKor cncreMa.
15.16 npoMeHa pe^HMa 6opaBKa.



17-1517. ^ncTa aKTHBHOCTH 3a no5o.amama eHepreTCKe e^HKacHocm
_______ y HHgyCTpHjcKHM CHCTeMHMa_________________________

16. CHAE^EBA&E BO^OM H TPETMAH OTnA^HHX BO^A

03HaKa Akthbhoct

16.1 Pe^HK^HpaTH Bogy -  HapOHHTO ce oahoch Ha noTpomane Kojn HeMajy KpHTHHHe 
3axTeBe no nHTa^y KBaaHTeTa.

16.2 PeuHKAHpaTH Bogy -  noce6HO aKO cy TpomKOBH KaHaama^nje Be3aHH 3a 
noTpomay Boge.

16.3 H3BpmHTH 6aaaHcnpafte pe^npKyaa^HOHHx CHCTeMa pagn cMaaeaa npoTOKa h 
eHeprnje 3a noroH nyMnu.

16.4 Ê HMHHHcaTH npoTOHHe CHCTeMe xna^erna BogoM.
16.5 KopHCTHTH CaMO MHHHMHHHH $H3HHKO-XeMHjCKH TpeTMaH BOge KOjH 

3agoBO^aBa 3axTeBe noTpomana.
16.6 nonpaBHTH CBa Mecra rge nocrojn ^yperne Boge.
16.7 06aB^aTH nepnogHHHa TecTHparna 3a nog3eMHa ^yperna ^eBOBoga -  HajnaKme 

ce o6aB^a y TOKy npa3HHHHHx npeKHga y pagy.
16.8 npoBepHTH npe^HBHe ^eBH 3a Bogy pagu ucnpaBHor ogp^aBarna HHBoa y 

6a3eHy.
16.9 no^e^Ha je ayTOMaTH3a^nja pagn KOHTpoancaHHx ncnymTa^a Boge H3 

CHCTeMa.
16.10 06e36egHTH ogroBapajyhn npu6op 3a ncnnpafta ^eBOBoga.
16.11 CMamHTH npoTOK Boge npHHHKOM y3HMarna y3opaKa 3a TecTHpama.
16.12 EnHMHHHcarH KOHTHHyHpaHH pag npenHBHHx CHCTeMa Ha pe3epBoapHMa 3a 

Bogy.
16.13 OgMax nonpaB^aTH ^yperne Boge y ToaneTHMa h Ha cnaBHHaMa.
16.14 Kophcthth orpaHHHHBane Boge Ha cnaBHHaMa, TymeBHMa nrg.
16.15 KopncTH HajHH*y Moryhy TeMnepaTypy Tonne Boge.
16.16 Pa3MOTpHTH Kopnmherne BenHKHx H30H0BaHHx pe3epBoapa pagu CMamHBama 

rpejarna y TOKy CKyn^e Tapn^e, yKOHHKO ce Boga 3arpeBa noMohy eneKTpHHHHx 
3arpejana.

16.17 Kophcthth BHme noBO^HO pacnope^eHHx 3arpejana Boge Mane CHare pagu 
CMamema TonnoTHHx ry6HTaKa y gyranKHM êBOBogHHM cncreMHMa.

16.18 Pa3MOTpHTH 3aKyn mo6hhhhx cncreMa 3a TpeTMaH Boga, noce6HO y cnynajy 
gejoHH30BaHe Boge.

16.19 HHcraHHpaTH npeTxogHH TpeTMaH Boge pagu CMaaerna TOC (total organic 
carbon) h BOD (biochemical oxygen demand) t^kch.

16.20 npoBepHTH TanHocr OHHTaBama Ha BogoMepy.



17-16 npupyHHHK 3a o6yKy eHepreTCKHx MeHa^epa 3a o6nacr HHg^CTpnjcKe eHepreTHKe

17. E^EKTPHHHA EHEPrHJA

03HaKa Akthbhoct

17.1 yrBp^HBafte pegoraega onepa^nja khko 6h Ce 3agp*ao bhcok ^aKTop 
onrepehefta.

17.2 noMepaae onrepehefta y BpeMeHy Ka nepnogHMa MHHHMâ HHx BpmHHx 
onrepehefta, yKÔ HKO je to Moryhe.

17.3 CMa^eae BpmHor onTepeheaa aKTHBHpâ eM onrepefrefta noMofry peryaaropa 
noTpomae eaeKTpHHHe eHeprnje.

17.4 ®opMHpaae paCnopega BpeMeHa yK^yneaa onpeMe Ca Bê HKHM no â3HHM 
CTpyjaMa KaKO 6h Ce CMaftH^o BpmHO onrepefrefte.

17.5 Kopnmfreae onpeMe 3a npoH3Bogay ê eKTpHHHe eHeprnje Ca pe^HMOM 
npnnpaBHOCTH 3a nepuoge BHCOKor BpmHor onrepefrefta.

17.6 KopnroBafte ^aKTopa CHare Ha BpegHOCT og HajMaae 0,90 npu Ha3HBHHM 
BpegHOCTHMa onrepefrefta.

17.7 npeCe^HTH TpaHC^opMaTope HenoCpegHO y3 raaBHe noTpomane.
17.8 nogemaBaae oraena Ha TpaHC$opMaTopy Ha onTHMa^He BpegHOCTH.
17.9 HCK^yHHBaae Hanajaaa Ha npHMapHoj CTpaHH TpaHC^opMaropa Kojn He 

Hanajajy hh jegHor aKTHBHor noTpomana.
17.10 Pa3MOTpHTH npHMeHy npoH3Bogae ê eKTpHHHe eHeprnje h^h KoreHepa^Hje Ha 

^H^y MeCTa.
17.11 Bpafraae eHeprnje y HanojHy Mpe®y aKO noCTojn BHmaK npoH3BegeHe eHeprnje.
17.12 npoBepHTH 6pojrao gHCrpH6y^Hje CBojHM MepHHM ype^ajeM.
17.13 Hck̂ hhth HenoTpe6He panyHape, mTaMnane h Konup-anapaTe tokom Hofru.



17-1717. ^HCTa aKTHBHOCTH 3a noG o^m aaa eHepreTCKe e^HKacHocm
_______ y HHgyCTpHjCKHM CHCTeMHMa_________________________

18. E^EKTPOMOTOPH H E^EKTPOMOTOPHH nOrOHH

03HaKa Akthbhoct

18.1 OgroBapajyfre gHMeronoHHCame onrepefrerna y CKnagy Ca onTHManHOM 
e$HKaCHomfry -  motoph Ca noBefraHOM e$HKaCHomfry HMajy 4-5% BHmy 
ê HKaCHOCT og CTaHgapgHHx MOTopa.

18.2 Kopnmfrerne eHepreTCKH e$HKacHHx MOTopa TaMO rge je HCnnaTHBO.
18.3 Kopnmfrerne chhxpohhx MOTopa 3a no6o^marne ^aKropa CHare.
18.5 06e36egHTH ogroBapajyfry BernHna^Hjy -  3a CBaKO noBHmerne pagHe 

TeMnepaType MOTopa og 10°C npeKO npenopyneHe rpaHH^e npo^erneHO je ga ce 
pagHH BeK MOTopa npenonoBH.

18.6 npoBepHTH crarna npu chh^ hom h noBHmeHOM HanoHy Hanajarna.
18.7 BanaHCHpaTH Tpo$a3HO Hanajame eneKrpHHHOM eHeprnjoM -  HeypaBHOTe*eH 

HanoH MO*e ga CMarnn 3a 3-5% yna3Hy CHary MOTopa.
18.8 3axTeBaTH o^HaB^arne ê HKacHOCTH MOTopa hhkoh npeMOTaBarna -  aKO ce 

npeMOTaBaae He H3Bpmn Ha ogroBapajyfrn HanHH, ê HKacHOCT MO*e ga onagHe 
3a 5-8%.

18.9 Kophcthth noroHe ca peryna^HjoM 6p3HHe 3a BenHKe noTpomane ca 
npoMeH^HBHM onrepefrerneM.

18.10 Kophcthth npeHOCHHKe (3ynnaHHKe) ca bhcokom e$HKacHomfry.
18.11 Kophcthth npe^H3HO nopaBHame.
18.12 PegoBHO npoBepaBaTH 3aTerHyTOCT KaumeBa.
18.13 EnHMHHHcaTH peMeHH^e ca npoMeH^HBHM Harn6oM.
18.14 3aMeHHTH craHgapgHe V-KaumeBe eHepereTCKH e^HKacHHM n.MCHaTHM.
18.15 KopHCTHTH CHTHTeTHHKa Ma3HBa 3a BeHHKe pegyKTOpe.
18.16 EnHMHHHcarH cnojeBe Koju goBoge go nojaBe bptho®hhx crpyja.
18.17 Hck^ hhth noroHe Kaga HHcy HeonxogHH.

19. OCBET^E&E

03HaKa Akthbhoct

19.1 CMamHTH 3Hanaj He HHBoe ocTBeT̂ eHOCTH KopnmfrerneM HCK^ynema, CMarnerna 
6pOja CBeTĤ KH HTg.

19.2 06aBe3HO ynpaB^arn ocBeT^erneM KopnmfrerneM BpeMeHCKHx 6pojana, 6pojana 
ca KammerneM, ^orofrenHja h ceH3opa npncycTBa.

19.3 HHcraHHpaTH e$HKacHy 3aMeHy 3a HHKagec êHTHy pacBeTy, pacBeTy Ha 6a3H 
napa ®HBe nrg. -  ê HKacHOCT CBeTĤ KH (nyMeHa no BaTy -  lum/W) pa3HHHHTHx 
TexHOHornj a Tpe6a paHrnpaTH og Haj 6o^e Ka Haj nomnj oj : ca HaTpnjyMOM 
hhckot npHTHCKa, ca HaTpnjyMOM bhcokot npHTHCKa, MeTan xanoreHe, 
$nyopec^eHTHe, ^HBHHe, HHKagec^em He.

19.4 H3a6parn crapTepe h CBeTĤ Ke na^^HBO, HMajyfrn Ha yMy bhcok ^aKrop CHare 
h gyroTpajHy ê HKacHOCT.



17-18 npupyHHHK 3a o6yKy eHepreTCKHx MeHa^epa 3a o6nacr HHgycTpnjcKe eHepreTHKe

03HaKa Akthbhoct

19.5 3aMeHHTH 3acTape^e $^yo-CHcreMe KOMnaKTHHM $̂ yo-CHCTeMHMa h 
ê eKTpoHCKHM CTapTepHMa.

19.6 Pa3MOTpHTH cnymTarae CBera^KH KaKO 6h ce OMoryfrn^a ynoTpe6a Ma^er 6poja
CBeTĤ KH.

19.7 Pa3MOTpHTH Kopnmfreae npupogHor ocBeT^eaa: gHeBHor CBeraa, MecenHHe h 
ch.

19.8 Pa3MOTpHTH 6ojeae 3ugoBa y CBeT^nje 6oje h Kopnmfreae CBera^KH ca Ma^HM 
ocBeT^ajeM h^h hh^ om CHaroM.

19.9 Kophcthth ocTBe^eae y CK^agy ca 3agaTKOM h CMaaHTH no3aguHCKO 
ocBeT^eae.

19.10 noHOBO aHâ H3HpaTH n^aH cno^He pacBeTe, aeH ran h ynpaB^a^e -  
KOHTpÔ HCaTH na^^HBO.

19.11 npoMeHHTH CBeTHOCHe 03HaKe 3a H3HH3 ca HHKagec^eHTor y LED ocBeT^eae.
19.12 yKna&afte cyBHmHHx CBeTĤ KH.
19.13 ^Hmfreae CBeTĤ KH, MacKH h pe^neKTopa.



18. M E B V E A P G A H H  C H C T E M  JK IMMMMA -  SY STEM E  
IN T E R N A T IO N A L  D ’U N IT E S -  SI

npeMa HanHHy ge^HHHcaaa, $H3HHKe BenHHHHe gene ce Ha ocHOBHe h H3BegeHe. 
Me^yHapogHH cncreM j egHHH^a, hhh CKpafreHO SI (Systeme Intemational d ’Unites), 
ge^HHHme cegaM ochobhhx $ h3hhkhx BenHHHHa. & hxobh Ha3HBH, j egHHH^e h ycBoj eHe 
03HaKe npHKa3aHH cy y Ta6ean 18.1, y CKaagy ca ypeg6oM o ogpe^eHHM 3Hkohckhm 
MepHHM j egHHH^aMa h HanHHy ftnxoBe ynoTpe6e (Ca. rnacHHK PC 6p. 43/2011).

TaSe^a 18.1 OcHOBHe jegHHH^e SI
®H3HHKa BeaHHHHa JegHHH^a 03HaKa
^y®HHa MeTap m
Maca KH^orpaM kg
BpeMe ceKyHga s
JanHHa eaeKTpHHHe crpyje aMnep A
TeMnepaTypa Kê BHH K
JaHHHa CBeTHOCTH KaHgeaa cd
KoaHHHHa cyncraH^Hje MÔ mol

H 3 npaKTHHHHx noTpe6a, a Ha 6a3H ochobhhx jegHHH^a cncreMa SI, pa3BHjeHe cy 
H3BegeHe jegHHH^e. HeKe og thx jegHHH^a, Koje cy go6nae h noce6He Ha3HBe, npHKa3aHe 
cy y Ta6ean 18.2.
Ochm H3BegeHHx BenHHHHa 3a cnay, npHTHcaK, kohhhhh^ TonnoTe h CHary y o6aacTH 
npo^ecHe TexHHKe Hajnemfre ce Kopncre h caegefre H3BegeHe BeaHHHHe 3a: 
KOH^empa^Hjy (mol/m3), rycTHHy (kg/m3), cne^H$HHHy 3anpeMHHy (m3/kg), TonaoTHH 
Kana^nreT (J/K), cne^H^HHHH TonaoTHH Kana^nreT (J/(kgK )), mohckh TonnoTHH 
Kana^nreT (J/(kmol K)), cne^H^HHHH TonaoTHH $nyKC (W/m2), noBpmHHCKH HanoH 
(J/m2), Tonnoraa npoBogHOCT (W/(m K)), KHHeMaTCKa bhcko3hoct (m2/s), gHHaMHHKa
BHCK03H0CT (P as) HTg.
BpegHOCT KOHKpeTHe $H3HHKe BeaHHHHe MO*e ga Bapnpa y BeoMa mnpoKOM oncery, na 
6h 6hho Kpaj fte HenpaKTHHHO ga ce, Ha npHMep, pacroj a&e H3Me^y He6ecKHx Teaa h 
npenHH^H MoaeKyaa Mepe hctom j egHHH^OM Tj . MeTpoM. Crora cy yBegeHH KOHBeH^nj oM 
yTBp^eHH npe^HKCH MepHHx j egHHH^a h ftnxoBe 03HaKe Koj n ogroBapajyfry j egHHH^y 
yBefraBajy, ogHOCHO yMaayjy 10N nyTa. y  Ta6ean 18.3 garn cy Ha3HBH h 03HaKe 
ycBoj eHHx npe^HKca, Kao h ogroBapajyhn HHHHaaa Koj HM ce j egHHH^a mho^ h. Ha 
npHMep, npe^HKC khho 03HanaBa yMHO®aK og 1000, TaKO ga KHHOMeTap h3hoch 1000 
MeTapa, KHaorpaM 1000 rpaMa m g.



18-2 npupyHHHK 3a o6yKy eHepreTCKHx MeHa^epa 3a o6nacr HHgycTpnjcKe eHepreTHKe

TaSe^a 18.2 H3BegeHe jegHHH^e SI
®H3HHKa BeHHHHHa JegHHH^a 03HaKa ®opMyna
®peKBeHHHja xep^ Hz 1/s
Cnna ayTH N (kg-m)/s2
npHTHCaK nacKan Pa N/m2
KoHHHHHa TonnoTe uyn J N-m2
CHara BaT W J/s
KoHHHHHa HaeneKTpHcafta Ky^OH C A-s
EneKTpHHHH noTeH^Hjan BÔ T V W/A
Kana^HTHBHOCT $apag F C/V
EneKTpHHHH OTnop OM Q V/A
KOHgyKTHBHOCT CHMeHC S A/V
MarHeTHH $nyKC Be6ep Wb V-s
r  ycTHHa MarHeTHor $nyKca Tecna T Wb/m2
HHgyKTHBHOCT xeHpH H Wb/A
CBeTHOCHH $HyKC ^yMeH lm cd-sr
H^yMHHaH^a HyKC lx lm/m2
PagHOaKTHBHOCT 6eKepen Bq 1/s
Ancop6oBaHa go3a joHH3yjyfrer 3paneaa rpej Gy J/kg

TaSe^a 18.3 npe^HKCH
npe^HKC 03HaKa

npe^HKca
MHHH^a^ KOjHM ce 
mho^ h j egHHH^a

npe^HKC 03HaKa
npe^HKca

MHHH^a^ KojHM ce 
mho^ h j egHHH^a

joTa Y 1024 ge^H d 10-1
3eTa Z 1021 ^eHTH c 10-2
eKca E 1018 MH^H m 10-3
neTa P 1015 MHKpO H- 10-6
Tepa T 1012 HHHO n 10-9
rura G 109 nHKO p 10-12
Mera M 106 $eMTO f 10-15
KĤ O k 103 aTO a 10-18
xeKTO h 102 3enxo z 10-21
geKa da 101 jOKTO y 10-24



18. Me^yHapogHH cncreM jegHHH^a -  Systeme Intemational d ’Unites -  SI 18-3

K a g a  j e  p e n  o  K o p n m f ie f ty  n p e ^ H K c a , M o p a jy  c e  nom TO B aTH  c n e g e f ia  n p a B H n a  g a  6 h  c e  

o 6 e 3 6 e g H n a  KOH3HcreHTHocT npH M eH e S I  c n c re M a :

•  n p e ^ H K c n  c e  n u m y  H en o cp e g H O  u c n p e g  o c h o b h h x  h h h  H 3B egeH H x je g H H H ^ a  (H n p . 

k m , M P a  n r g . ) ;

•  3a6 p am eH O  j e  H croB peM eH O  K o p n m fie rn e  g B a  h h h  BH m e n p e ^ H K c a  (H n p . 

MHHHMHKpoMeTap, M eraK H H onacK aH  h  c h .);

•  n p e ^ H K c n  c e  H 3 ro B a p a jy  3ajegH O  c a  jegH H H ^O M  K ao je g H a  p e n ;

•  n p e ^ H K c n  c e  M o ry  c r a B ^ a r H  caM O u c n p e g  je g H H H ^ a  S I  c n c re M a , c a  H3y3eTKOM 

c n e g e f in x  jeg H H H ^ a : l  (H H Tap), t e x  (TeK c), W h  (B aT -n ac ), e V  (eneKTpoHBOHT), V A  

(BO H T-aM nep) h  V A R  (B O H T-aM nep peaKTHBHH ).

y  BefieM  6 p o jy  ^ y g c K H x  g e H a rH o c rH , K po3 g y r n  h h 3 ro g u H a , pa3B H jaH e c y  6 p o jH e  

$H3HHKe je g H H H ^ e , K oje  c e  y  g a H a m rn e  B peM e M o p a jy  n p H n aro g H T H  S I  c n c re M y . n o m T O  j e  

n p o ^ e c  n p e n a c K a  H a je g H H H ^ e  S I  c n o p  h  j o m  yB eK  H eg o B p m eH , noT pe6H O  j e  g a  H H ^ e m e p n  

6 y g y  o c n o c o 6 ^ e H H  3 a  n p e B O ^ e m a  pa3HHHHTHx je g H H H ^ a  y  je g H H H ^ e  S I  c m e M a . n o M o f iy  

KOHBep3HOHe T a 6 e n e  1 8 .4  BenHHHHa H 3 p a® eH a y  n p o H 3 B O ^H o j jeg H H H ^H  A  ( V A )  M O *e c e  

KOHBepTOBaTH y  BenHHHHy B  ( VB) H 3pa® eH y y  jeg H H H ^H  S I , n o M o fiy  je g H an H H e 

Vb  =  k  ■ V a  ( 1 8 .1 )

r g e  j e  k  KOHBep3HOHH ^ a K r o p .

TaSe^a 18.4 KoHBep3HOHa Ta6ena
®H3HHKa BeHHHHHa JegHHH^a A Kohb. ^aKTop k JegHHH^a B

^y®HHa in 0,0254

m
ft 0,3048

yard(yd) 0,9144
mile(mi) 1609,3

mil 0,0254 mm
noBpmuHa in2 645,16-10-6

m2
ft2 0,092903
yd2 0,083612
acre 4046,86

3anpeMHHa ft3 0,028317

m3
US gal 0,003785
UK gal 0,004546

US barrel 0,15898
Maca lbm 0,45359 kg

US ton 0,90718
t

UK ton 1,01605
Bp3HHa ft/s 0,3048

m/s
ft/min 0,00508



18-4 npupyHHHK 3a o6yKy eHepreTCKHX Mem^epa 3a o6nacr HHgycTpnjcKe eHepreTHKe

®H3HHKa BCHHHHHa Je g H H H ^ a  A Kohb. ^ a K T o p  k Je g H H H ^ a  B

B p3H H a m i /h 1 ,6 0 9 3
k m /h

k n o t 1 ,8 5 2

C n n a lb f 4 ,4 4 8 2 2

Nk g f(k p ) 9 ,8 0 6 6 5

d y n e 0 ,0 0 0 0 1

KOHHHHHa

c y n c T a H ^ H je

lb m- m o l 4 5 3 ,5 9
m o l

g - m o l 1

k g - m o l 1 k m o l

M a e e H H  npoTO K lb m / h 0 ,0 0 0 1 2 6 0

k g /slb m / m i n 0 ,0 0 7 5 5 9 9

lb m /s 0 ,4 5 3 5 9

3anpeM HHCKH npoTO K U K  g a l /m in 6 ,3 0 9 - 1 0 -5

m 3/ s

U K  g a l /m in 7 ,5 7 7 - 1 0 -5
U S  b b l / h 4 ,4 1 6 - 1 0 -5

f P / h 7 ,8 6 5 8 - 1 0 -6
f t3/m i n 0 ,0 0 0 4 7 2

f t3/ h 0 ,0 2 8 3 1 7 m 3/ h

M a c e H a  6p3H H a lb m / ( h - f t2) 1 ,3 5 6 -1 0 -3
k g /( s - m 2)

lb m / ( s f t 2) 4 ,8 8 2 4

E H e p rn j a /p a g B t u 1 0 5 5 ,0 5 6

J
k c a l 4 1 8 4

lb f -ft 1 ,3 5 5 8

k W - h 3 ,6 -1 0 6
C H a ra B t u / h 0 ,2 9 3 1

W

k c a l /h 1 ,1 6 2 2

lb f -ft/s 1 ,3 5 5 8

h p 7 4 5 ,7

h P P 7 4 6 ,0

to n s  r e f r ig . 3 5 1 6 ,9

T o n n o T H H

K a n a ^ m e T

B tu / ( lb m-°F ) 4 1 8 6 ,8
J /(k g -K )

k c a l / ( k g - ° C ) 4 1 8 4

B tu / ( lb -m o l- ° F ) 4 1 8 6 ,8
J /( k m o l-K )

c a l / ( g -m o l- ° C ) 4 1 8 4

npH T H C aK m m  H g  ( to r r ) 1 3 3 ,3 2 2

m m  H 2O 9 ,8 0 6 6 5 P a

i n  H 2O  (6 0 ° F ) 2 4 8 ,8 4



18. Me^yHapogHH cucTeM jegHHH^a -  Systeme International d ’Unites -  SI 18-5

®H3HHKa BeHHHHHa JegHHH^a A Kohb. ^aKTop k JegHHH^a B

npHTHcaK at (kgf/cm2) 98066,5
Paatm 101325

oz/in2 430,922
lbf /in2 (psi) 6,8948

kPa
lbf /ft2 (psf) 0,04788

TonnoTHH $nyKc Btu/(h-ft2) 3,1546
W/m2Btu/(s-ft2) 11,357-103

cal(h-cm2) 11,622
Koe^H^njeHT
npena3a
Ton^OTe

Btu/(h-ft2-°F) 5,6783

W/(m2-K)Btu/(s-ft2-°F) 20,442-103
cal/(h-cm2-°C) 11,622

nOBpmHHcKH HanOH dyn/cm 10-3 J/m2
^HHaMHHKa
BHck03HOct

(lbf-s)/in2 6,8948-103

Pa-s
(lbf-s)/ft2 47,8803

(dyn-s)/cm2 0,1
cP 10-3

KHHeMarcKa
BHcK03H0cT

in2/s 645,16
mm2/s

cSt 1





06pa3a^ 1
MHHHCTapcTBO pygapcTBa h eHepreTHKe 
Peny6nHKe Cp6nje
HeMaftHHa 22-26, 11000 Eeorpag,_____

(He nonyH>aBa ce)
^aTyM o6page
^aTyM ogo6peHa

rOflHmBH H3BEmTAJ O OCTBAPHBAmy UH^EBA ymTEflE EHEPrHJE 
3A nPHBPE^HE ^pymTBA HHJA JE nPETE^HA flE^ATHOCT

y  nPOH3BO^HOM CEKTOpy h  CEKTOpy TPrOBHHE h  y c n y r A

Ha3HB 06Be3HHKa CHCTeMa

noga^H o
06Be3HHKy CHCTeMa

Agpeca:

Tene^oH:
©aKc:

.HH^e oB^amheHo 3a 
3acTynaHe

HMe h npe3HMe: 
PagHo MecTo: 
Agpeca:
Tene^oH:
©aKc:
EneKTpoHCKa agpeca:

^ a  hh cy ce Ha3HB h agpeca cegnmTa 06Be3HHKa CHCTeMa MeHaHH HaKoH nogHoHomeHa 
npeTxogHor H3BemTaja?
^ a  He (3aoKpy*HTH)
A ko jecy, HaBecTH:
npeTxogHH Ha3HB 06Be3HHKa CHCTeMa: 
agpecy npeTxogHor cegnmTa 06Be3HHKa CHCTeMa:

Epoj :

MecTo/^aTyM: noTnnc HH^a oBnamheHor 3a 3acTynaHe 

^HpeKTop

06pa3a^ CEM 01/1 1 Bep 0



TaGena K-1: CnucaK noKa^nja 06Be3HHKa CHCTeMa

PegHH 6poj 
noKa^nje

KaTeropnja 06Be3HHKa 
cucTeMa

(npoH3BogHH ceKTop / 
ceKTop TproBHHe h ycnyra / 
ycTaHoBe Kao jaBHe cny^:6e 

/ npegy3eha Kao jaBHe 
cny*:6e)

Ha3HB noKa^nje Agpeca noKa^nje
ro g n m a a  noTpomma 
npuMapHe eHeprnje 

(toe)

ffln ^ p a  npeTe^He 
genaraocTH

Ha3HB npeTe^He 
genaTHocTH

yKynHa noTpomma npuMapHe eHeprnje (toe)

06pa^a^ CEM  01/2 2 Bep 0



■TOKA^HJA PE^HH BPOJ* 1

rognmftH iniiciiri'aj o ocTBapHBamy nn.BCBa ymTege eHeprnje

KaTeropnja 06Be3HHKa CHCTeMa 
(npOH3BOgHH ceKTop / ceKTop TprOBHHe H 
ycayra / ycTaHOBe Kao jaBHe cay*6e / 
npegy3eha Kao jaBHe cay*6e)
Ha3HB aoKa^nje

Agpeca aoKa^nje
Teae^oH:

©aKc:
fflu^pa npeTe^He geaaTHOCTH noKa^nje 1 1 1
Ha3HB npeTe^He geaaTHOCTH aoKa^nje

Oco6a ogroBopHa 3a 
H3pagy rogummer 
H3BemTaj a 
(^H^eH^HpaHH 
eHepreTCKU 
MeHayep)

HMe h npe3HMe: 
PagHo MecTo: 
Agpeca:
Teae^oH:
©aKc:

EaeKTpoHCKa agpeca:

Epoj HH^eH^e eHepreTCKor MeH^epa
^aTyM cnpoBo^efta npeTxogHor eHepreTCKor nperaega og CTpaHe 
OBaamheHor eHepreTCKor caBeTHHKa, aKO je cnpoBegeH
^aTyM npeTxogHe HHcnem,HjCKe KOHTpone og CTpaHe HHcneKTopa
rogHHa 3a Kojy je gocTaBaeH npBH rognmftH H3BemTaj
* PegHH 6poj aoKa^Hje H3 Ta6eae K-1

Mecro/^aTyM: noTnnc eHepreTCKor MeHa^epa 

HMe h npe3HMe KaHgngaTa 3a EM

06pa3a^ CEM 01/3 3 Bep 0



Taoeia.H-1-1: ToaHmfta noTpomae enepinje 3a ..lOKanHivpejHH 5poj 1

E Heprnj a/ropHBo JegHHH^a

3a rogHHy

EHeprnja Ha 
y.a3y

npogaTa
eHeprnja

EHeprnj a 
Koj a HHj e 

noTpomeHa 
(3a.Hxe)

y^ynHa
eHepraja

HeTo

OHHa.Ha
eHeprnj a

(toe)

npHMapHa
eHeprnja

(toe)

CO2
(tCO2)

A B fl=A -(B+q)

0
CQ
S

O
Uh

^HrHHT t
CymeHH .HrHHT t
MpKH yrar> t
KaMeHH yrar> t
Kokc t
Bhcoko nehHH rac 1000 m3
Pa^HHepHCjKH rac 1000 m3
BeH3HH 1000 L
Kepo3HH 1000 L
^H 3e. ^ 2 1000 L
Y ^ e  3a .o ^ e ^ e t
Y ^ e  3a .o ^ e ^ e  cpegH>e (Ma3yT) t
Ha^THH kokc t
TeHHH Ha^THH rac t
npHpogHH rac 1000 m3
Buorac 1000 m3
OrpeBHo gpBo t
^pBHH ocTaTaK (ne.eT, SpHKeT...) t
^pBeHH yrar> t
^ycK a cyH^oKpeTa t
C.aMa t
BuoMaca 1 t
BuoMaca 2 t
OcTa.o 1
OcTa.o 2
OcTa.o 3
OcTa.o 4

Mehy36np

06pa3a^ CEM 01/4 4 Bep 0



E HeprHj a/ropHBo JegHHHu;a

3a roaHHy

EHeprnja Ha 
yna3y

npogaTa
eHeprnja

EHeprnja 
Koja HHje 

noTpomeHa 
(3a^Hxe)

YKynHa
eHeprnja

HeTo

OHHa^Ha
eHeprnja

(toe)

npHMapHa
eHeprnja

(toe)

CO2

(tCO2)

A E fl=A -(E+q)

<zi
's '
Oh<u55<u
<zi
eo
i=i
GOH

Kyn^eHa
n ap a 1000 kWh
Tonna Boga 1000 kWh

concTBeHa
npOH3BO£H>a

Co.napHa eHeprnja* 1000 kWh
reoTepMa^Ha eHeprnja* 1000 kWh
OcTaro 1 1000 kWh
OcTaro 2 1000 kWh

Me^y36np
<zi

's '
Ohoso
<zi5ss
6  o t!

Kyn^eHa E n C  cHa6geBa^e 1000 kWh
OcTa^H cHa6geBaHH 1000 kWh

concTBeHa
npOH3Bogfta

ConapHa eHeprnja* 1000 kWh
reoTepMa^Ha eHeprnja* 1000 kWh
EHeprnja BeTpa* 1000 kWh
OcTano 1 1000 kWh
OcTano 2 1000 kWh

Mefiy36np
V KVHH G

*yKynHa eHepraja (TonnoiHa u  eneKTpHHHa) npoH3BegeHa H3 o6hob^ hbhx H3Bopa Ha noKauHjH o6Be3HHKa cucTeMa ynHcyje ce y KonoHy eHepruja Ha yna3y 6e3 o63Hpa ga hh ce KopHcra 3a concTBeHy 
noTpom ^ y y oKBUpy noKaHHje hhh ce npogaje

TaSe^a I - 1-2: EHeprnja H3 q 6 h q b .h >h b h x  H3Bopa

EHeprnja
OHHaraa
eHeprnja

(toe)

npHMapHa
eHeprnja

(toe)
YKynHO q 6 h q b ^ h b h  H3BOpH eHeprnje

06pa3a^ CEM 01/4 4 Bep 0



Ta6ena JI-1-3: I o.tHiim.a iio ipomn.a Boae 3a noKaiiHjv pejHH 6poj
JeflH H H ija KoJIHHHHa

H a n a j a i t e  H3 BOflOBOflHor c n c T e M a 3
m

B o ^ a  H3 concTBeH H X  6 y H a p a 3
m

O c T a jio  (H aBecTH  o c T a jie  H 3B 0pe K ao  H n p . Bo,n;o3axB aT h  c ji.) 3
m

Y K y n H a  KOJiHHHHa y T p o m e H e  B o ^ e 3
m

06pa3aij CEM 01/4 4



Bep 0
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T a5e^an-2:_C nH caK on£eM e/ype^aj^H ai^ehH xnoT£om a2aeH eprH i^H a^oK a2H jH £egH u5poj2i

Ha3HB onpeM e/ype^aja

KpaTaK onne 
onpeM e/ype^aja 

(HoMHHaaHH napaMeTpH- 
Hnp. CHara, npHTHeaK, 
TeMneparypa, npoToK, 

Hanop...)

npoeenaH  CTeneH 
onTepehema y  pagy

CTaTyC
onpeM e/ype^aja 

(HoBa, peMoHToBaHa 
hhh geMoHTHpaHa)
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HanoMeHa: HaBegeHa onpeMa/ype5ajH Tpe5a ga  y  35npy noKpHjy BHme og 80%  yKynyHe noTpomme 
eHeprnje noKapHje
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T a5e^an-2:_C nH caK on£eM e/ype^aj^H ai^ehH xnoT£om a2aeH eprH i^H a^oK a2H jH £egH u5poj2i

Ha3HB onpeM e/ype^aja

KpaTaK onne 
onpeM e/ype^aja 

(HoMHHaaHH napaMeTpH - 
Hnp. CHara, npHTHeaK, 
TeMneparypa, npoToK, 

Hanop...)

npocenaH  CTeneH 
onTepehema y  pagy

CTaTyC
onpeM e/ype^aja 

(HoBa, peMoHToBaHa 
hhh geMoHTHpaHa)
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HanoMeHa: HaBegeHa onpeMa/ype5ajH Tpe5a ga  y  35npy noKpHjy BHme og 80%  yKynyHe noTpomme 
eHeprnje noKapHje
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T a5e^an-2:_C nH caK on£eM e/ype^aj^H ai^ehH xnoT£om a2aeH eprH i^H a^oK a2H jH £egH u5poj2i

Ha3HB onpeM e/ype^aja

KpaTaK onne 
onpeM e/ype^aja 

(HoMHHaaHH napaMeTpH - 
Hnp. CHara, npHTHeaK, 
TeMneparypa, npoToK, 

Hanop...)

npoeenaH  CTeneH 
onTepehema y  pagy

CTaTyC
onpeM e/ype^aja 

(HoBa, peMoHToBaHa 
hhh geMoHTHpaHa)
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Ta6ej ra  JI-3: TpeHg noTpomrae npuMapHe eHepra e - JloKa^rna pegHH 6poj 1

Ta6ejja JI-4: (A) C^ynaj Kaga npoceHHa no'i pomma npHMapHe eHepraje y noc^egH>HX neT rogHHa 
HHje cMamena 3a 1 %* h^h BHme,
(E) C^yHaj Kaga noTpomma MpMMapne eHeprnje y ogHocy Ha npeTxogHy Ka^eHgapcKy 

rogHHy HHje cMan.eiia 3a 1%* h^h Bume
Pa3jor 3a (A):

Pa3jor 3a (E):

*^e4>HHHcaHo Ypeg6oM o yTBp^HBaH>y rpaHHHHHX BpegHocTH rognm m e noTpomrne eH eprnje Ha ocHoBy Kojnx ce 
ogpe^yje Koja npHBpegHa gpymTBa cy  o6Be3HHMH CHCTeMa eHepreTCKor MeHa^MeHTa, rogHmrnHx MHH>eBa ymTega 
eH eprnje h o6pacpa npnjaBe o ocTBapeHoj noTpomrnH eH eprnje

06pa3a^ CEM 01/7 7 Bep 0



Ta6ejra -T[-5a: EHepreTCKH HHgHKaTopH - -TloKa^Hja pegHH 5poj 1

rognmraa noTpomma eHeprnje
KojHHHHa npoH3Boga, KojHHHHa 
y jja3He cnpoBHHe... (kg, L, kom...)

EHepreTCKH HHgHKaTopH - EH

EjeKTpHHHa eHeprnja ( ) EH 1 (toe/ 0 )

OHHajHa (1000 kWh) 0.00
npHMapHa (toe) 0.00

EHeprnja ropHBa ( ) EH 2 (toe/ 0 )

OHHajHa (1000 kWh) 0.00
npHMapHa (toe) 0.00

Ta6ejja H-56: EHepreTCKH HHHHKaTo3H - HoKa^H' a pegHH 6po 1
___________ ______ 2015 2016 2017 2018 2019 poceHHo c a e e y nocjea hx

EHepreTCKH HHgHKaTop 
1

( toe / 0 )
nope^efte ca 
npeTxogHoM 

KajeHgapcKoM 
rogHHoM

(%)
EHepreTCKH HHgHKaTop 

2
( toe / 0 )

nope^efte ca 
npeTxogHoM 

KajeHgapcKoM 
rogHHoM

(%)

Ta6ejia JI-6: (A) C^ynaj Kaga npoceMHa BpegHOCT eHepreTCKor MM.iMka'mpa y noc^egH>HX neT rogHHa 
HHje CMao.eHa 3a 1 %  u m  BHme,
(E) C^yHaj Kaga noTpomma eHepreTCKor MM.iMkampa y ogHocy Ha npeTxogHy

^ ^ ^ _^^ ^^an£H 3a££K yjH 3H H yH H i£.C M aH ;£H a.H a.J% .H nH .H H m £^^^ ^^^ ^^^ _^^ ^^^ ^^^ ^^
Pa3Jor 3a (A):

Pa3Jor 3a (E):

06pa3a^ CEM 01/8 8 Bep 0



TaSena .H-7: CaMoo^emHBarne HUBoa eHepreTCKor MeHauMerna Ha noKauujH pegHH 6poj 1

O npeM a/ype5ajH
H ubo  ycnocTaB^eHHX 

n p o ^ eg y p a
C npoB o^em e M epem a h  

H3BemTaBarna
C npoB o^em e oap»;aB am a u  

H HcneKunje (KoHTpone)
O6yKa pagHHKa 3a p ag  ca  

hobom  onpeMoM

OnTHMH3auuja 
n p o ^ e c a  
ca ro p eB afta  
(O npeM a/ype5ajn  3a 
ca ropeB afte )

H ubo  y cnocTaB ^eH e 
n p o ^ e g y p e  3a KoHTpony BumKa 
Ba3gyxa

y cn o cT aB ^eH a

H ubo  cnpoB o^em a M epem a h  
H3BemTaBama g  e  ̂ jhhhc aH ux 
npo^egypoM

PegoBHo ce  cnpoB ogn

H ubo  cnpoB o^em a o ap»;aB am a u  
H HcneKunje (KoHTpone) 
ge^HHHcaHHX n po^egypoM

PegoBHo ce  cnpoB ogn

H ubo  cnpoB o^em a o6yKe 
pagHHKa Ha HoBoj onpeMH 3a 
caropeB am e

C npoBegeH a

^enHMHHHo
ycnocT aB ^eH a

C npoB ogn  c e  n o  n oT pe6n C npoB ogn ce  n o  noT pe6n H n je  cnopBegeH a

H n je  ycnocT aB ^eH a H e cnpoBogH ce H e  cnpoBogH ce H e  cnpoBogH ce

OnTHMH3auuja 

rp e ja f ta ,  x n a5 em a  u  
npeH oca  TonnoTe 
(O npeM a/ype5ajn  
noTpomaHH 
TonnoTHe eH eprn je)

H ubo  ycnocTaBmeHe 
n p o ^ e g y p e  3a onepM y 3a 
rp e jam e

y cn o cT aB ^eH a

H ubo  cnpoB o^em a M epem a u  
H3BemTaBama g  e  ̂ jhhhc aH ux 
npo^egypoM

PegoBHo ce  cnpoB ogn

H ubo  cnpoB o^em a o g p ^aB am a  u  
H HcneKunje (KoHTpone) 
ge^HHHcaHHX n po^egypoM

PegoBHo ce  cnpoB ogn

H ubo  cnpoB o^em a o6yKe 
pagHHKa Ha HoBoj onpeMH 
n oT pom ana  T o n n o m e  
eHeprHje

C npoBegeH a

ycnocT aB ^eH a ( )
C npoB ogn  c e  n o  noTpe^H C npoB ogn ce  n o  noTpe^H H u je  cnopBegeH a

H u je  ycnocT aB ^eH a H e cnpoB ogu ce H e  cnpoB ogu ce H e  cnpoB ogu ce

H hbo  ycnocTaBmeHe 
n p o ^ e g y p e  3a onpeM y 3a 
XHa^eme h  cHa6geBame 
TonnoM BogoM

H ubo  cnpoB o^em a M epem a u  
H3BemTaBama g  e  ̂ jhhhc aH ux 
npo^egypoM

H ubo  cnpoB o^em a o ap»;aB am a u  
H HcneKunje (KoHTpone) 
ge^HHHcaHHX n po^egypoM

H ubo  cnpoB o^em a o6yKe 
pagHHKa Ha HoBoj onpeMH 3a 
xn a^em e

y cn o cT aB ^eH a PegoBHo ce  cnpoB ogn PegoBHo ce  cnpoB ogn C npoBegeH a

^enHMHHHo
ycnocT aB ^eH a

C npoB ogn  c e  n o  n oT pe6n C npoB ogn ce  n o  n o rp e^ H H n je  cnopBegeH a

H u je  ycnocT aB ^eH a H e cnpoB ogu ce H e  cnpoB ogu ce H e  cnpoB ogu ce

H cK opnm hem e 
oTnagHe TonnoTe 
(O npeM a/ype5ajn  3a 
HcK opnm hem e 
oTnagHe TonnoTe)

H ubo  y cnocTaB ^eH e 
n p o ^ e g y p e  3a onpeM y 3a 
HcKopHmheme OTnagHe 
TonnoTe

y cn o cT aB ^eH a

H ubo  cnpoB o^em a M epem a u  
H3BemTaBama g  e  ̂ jhhhc aH ux 
npo^egypoM

PegoBHo ce  cnpoB ogn

H ubo  cnpoB o^em a o ap»;aB am a u  
HHcneKunje (KoHTpone) 
ge^HHHcaHHX n po^egypoM

PegoBHo ce  cnpoB ogn

H ubo  cnpoB o^em a o6yKe 
pagHHKa Ha HoBoj onpeMH 3a 
HcKopHmfreme o m ag H e 
T o ^ o T e

C npoBegeH a

^enHMHHHo
ycnocT aB ^eH a

C npoB ogn  c e  n o  n oT pe6n C npoB ogn ce  n o  noTpe^H H n je  cnopBegeH a

H u je  ycnocT aB ^eH a H e cnpoB ogu ce H e  cnpoB ogu ce H e  cnpoB ogu ce

PauH oH anH 3aunja 
npeTBapam a 
TonnoTHe y  
eneKipHHHy 
eH eprn jy
(O npeM a/ype5ajn  3a 
npoH3BogH>y 
eneKTpHHHe 
eH eprn je  u  
K oreH epauuja)

H ubo  y cnocTaB ^eH e 
n p o ^ e g y p e  3a racH e Typ6nHe u  
ocTany onpeM y 3a npoH3Bogmy 
eneKTpHHHe eH eprn je

y cn o cT aB ^eH a

^enHMHHHo 
ycnocT aB ^eH a ( )

H ubo  cnpoB o^em a M epem a u  
H3BemTaBama g  e  ̂ jhhhc aH ux 
npo^egypoM

PegoBHo ce  cnpoB ogn

C npoB ogn  c e  n o  n oT pe6n

H ubo  cnpoB o^em a o ap»;aB am a u  
H HcneKunje (KoHTpone) 
ge^HHHcaHHX n po^egypoM

PegoBHo ce  cnpoB ogn

C npoB ogn ce  n o  noTpe^H

H ubo  cnpoB o^em a o6yKe 
pagHHKa Ha HoBoj onpeMH 3a 
npoH3Bogm y eneKTpHHHe 
eH epruj e

C npoBegeH a

H n je  cnopBegeH a

H u je  ycnocT aB ^eH a H e cnpoB ogu ce H e  cnpoB ogu ce H e  cnpoB ogu ce
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TaSena .H-7: CaMooueftHBafee HUBoa eHepreTCKor MeHauMeHTa Ha noKauujH pegHH 6poj

O npeM a/ype5ajH
H ubo  yCnoCTaBH>eHHX 

n p o ^ eg y p a
C npoB o^em e M epem a u  

H3BemTaBama
C npoB o^eH e oap»;aB aH a u  

H HcneKuuje (KoHTpone)
O6yKa pagHHKa 3a p ag  ca  

hobom  onpeMoM

H ubo  ycnocTaB.n>eHe 
n p o ^ e g y p e  3a KoraoBe 
KoreHepaHuoHHX noCTpojema

H ubo  CnpoBo^em a M epem a u  
H3BemTaBaH>a g  e  ̂ jhhhc aH ux 
npo^egypoM

H ubo  cnpoB o^eH a oap»;aB aH a u  
H HcneKunje (KoHrpone) 
ge^HHHcaHHX n po^egypoM

H ubo  cnpoB o^eH a o6yKe 
pagHHKa Ha HoBoj onpeMH 
KoreHepauHoHHX n o c rp o je H a

y C n o d a B ^ e H a PegoBHo ce  cnpoB ogn PegoBHo ce  cnpoB ogn C npoBegeH a

^enHMHHHo
ycnocTaB.n>eHa

C npoB ogn  c e  n o  n oT pe6n C npoB ogn ce  n o  noT pe6n H n je  cnopBegeH a

H u je  yCnoCTaB^eHa H e cnpoB ogu ce H e  cnpoB ogu ce H e  cnpoB ogu ce

C npenaB afte  
ry6uTaK a eH eprn je  
3paneH>eM, 
npoB o^e^eM  u  gp. 
(O npeM a/ype5ajH  
noTpomaHH 
TonnoTHe eH epruje, 
onpeM a/ype5ajn  
Koju KopHCTe 
eneKipHHHy 
eH epru jy  (MOTopH u

H ubo  yCnoCTaBH>eHe 
n p o ^ e g y p e  3a iy6HTKe 
TonnoTHe eH epru je

y C n o d a B ^ e H a

^enHMHHHo
ycnocTaB.n>eHa

H u je  yCnoCTaB^eHa

H ubo  cnpoB o^em a M epem a u  
H3BemTaBaH>a g  e  ̂ jhhhc aH ux 
npo^egypoM

PegoBHo ce  cnpoB ogn 

C npoB ogn  c e  n o  n oT pe6n 

H e  cnpoB ogu ce

H ubo  cnpoB o^eH a oap»;aB aH a u  
H HcneKunje (KoHrpone) 
ge^HHHcaHHX n po^egypoM

PegoBHo ce  cnpoB ogn 

C npoB ogn ce  n o  noT pe6n  

H e  cnpoB ogu ce

H ubo  cnpoB o^eH a o6yKe 
pagHHKa Ha HoBoj onpeMH Koja 
KopHCTH TonnOTHy e H eprn jy

C npoBegeH a 

H n je  cnopBegeH a 

H e  cnpoB ogu ce

onpeM a/^pe^ajn  3a
aHCTpH6yuujy
eH epru je)

H ubo  ycnocTaB.n>eHe 
n p o ^ e g y p e  3a iy6HTKe 
eneKTpHHHe eH eprn je

y C n o d a B ^ e H a

H ubo  cnpoB o^em a M epem a u  
H3BemTaBaH>a g  e  ̂ jhhhc aH ux 
npo^egypoM

PegoBHo ce  cnpoB ogn

H ubo  cnpoB o^eH a oap»;aB aH a u  
H HcneKunje (KoHrpone) 
ge^HHHcaHHX n po^egypoM

PegoBHo ce  cnpoB ogn

H ubo  cnpoB o^eH a o6yKe 
pagHHKa Ha HoBoj onpeMH 3a

TpaH c^opM auujy  u  
aHCTpH6yuujy en. eH epru je  

C npoBegeH a

^enHMHHHo 
ycnocTaB.n>eHa ( )

C npoB ogn  c e  n o  n oT pe6n C npoB ogn ce  n o  noT pe6n H n je  cnopBegeH a

H u je  yCnoCTaB^eHa H e cnpoB ogu ce H e  cnpoB ogu ce H e  cnpoB ogu ce

E^HKaCHoCT 
npeTBapam a 
eneKTpHHHe 

eH epru je  y  p a g  u  
TonnoTHy e H epru jy  
(  O npeM a/ype5ajn  
Koju KopHCTe 
eneKTpHHHy 
eH eprujy)

H ubo  yCnoCTaBH>eHHX 
n p o ^ e g y p a  3a onpeM y h  
y pe^a je  Koju KopHCTe 
eneKTpHHHy e H epru jy  (rpejHH 
ype5 a jn , y p e^ a jn  3a 
eneKTponH3y u  a p y rn )  

y C n o d a B ^ e H a

^enHMHHHo
ycnocTaB.n>eHa

H ubo  cnpoB o^eH a M epeH a u  
H3BemTaBaHa g  e  ̂ jhhhc aH ux 
npo^egypoM

PegoBHo ce  cnpoB ogn 

C npoB ogn  c e  n o  n oT pe6n

H ubo  cnpoB o^eH a oap»;aB aH a u  
H HcneKunje (KoHTpone) 
ge^HHHcaHHX n po^egypoM

PegoBHo ce  cnpoB ogn 

C npoB ogn ce  n o  noT pe6n

H ubo  cnpoB o^eH a o6yKe 
pagHHKa Ha HoBoj onpeMH Koja 
KopHCTH ene^rpHHHy e H eprn jy

C npoBegeH a 

H n je  cnopBegeH a

H u je  yCnoCTaB^eHa H e cnpoB ogu ce H e  cnpoB ogu ce H e  cnpoB ogu ce

H ubo  ycnocTaB.n>eHe 
n p o ^ e g y p e  Kog o c B e m e H a

y C n o d a B ^ e H a

H ubo  cnpoB o^eH a M epeH a u  
H3BemTaBaHa g  e  ̂ jhhhc aH ux 
npo^egypoM

PegoBHo ce  cnpoB ogn

H ubo  cnpoB o^eH a oap»;aB aH a u  
H HcneKunje (KoHrpone) 
ge^HHHcaHHX n po^egypoM

PegoBHo ce  cnpoB ogn

H ubo  cnpoB o^eH a o6yKe 
pagHHKa Ha HoBoj onpeMH u  
ype^ajHM a 3a ocBern>eHe 

C npoBegeH a

^enHMHHHo
ycnocTaB.n>eHa

C npoB ogn  c e  n o  n oT pe6n C npoB ogn ce  n o  noT pe6n H n je  cnopBegeH a

H u je  yCnoCTaB^eHa H e cnpoB ogu ce H e  cnpoB ogu ce H e  cnpoB ogu ce
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T a6ena H-9: CpegmOpOHHH u  gyropoHHH naaHOBH 3a ymTegy u  onyBame eHeprnje - JfoKa^Hja 
pegHH 6poj 1

I nnaHHpaHH nepuog
og rogHHe go rogHHe

I^n^aHMepaeHepreTCKee^HKacHOTUKO^isa^TeBa^^^HHaHCH^^a^MaramamoHeKHBaHue^eKTU

npo^ee/O npeM a M epa

^eKHBaHa 
BpegHOCT 

HHBeCTH^Hje 
(1.000 P C ^ )

OneKHBaHH e^eKaT ymTege 
npHMapHe eHeprnje 

(toe)

III naaH  Mepa eHepreTCKe e^HKacHOCTH Koje He 3axTeBajy ^HHaHcnjeKa yaaram a u  oneKHBaHH e^eKTH

npO^ec/OnpeM a M epa

neKHBaHa 
BpegHOCT 

HHBecTH^nje 
(1 000 PCH)

OneKHBaHH e^eKaT ymTege 
npHMapHe eHeprnje 

(toe)
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IV  n p p e fre ae  hhh npOMeHa y  OgHOcy Ha n^aH H3 npeTXOgHe KaneHflapcKe rpgHHe

npO^ec/OnpeM a n^aHHpaHe Mepe koj e HHcy cnpOBegeHe Pa3nor

npO^ec/OnpeM a CnpOBegeHe Mepe Koje HHcy nnaHHpaHe Pa3^or

V  J p y re  HanOMeHe

0 6 p a3 a^  C EM  01/10 10 Bep 0





npnpyHHHK 3a o6yKy eHepreTCKHx MeHauepa y HHgycrpHjcKoj eHepreTĤ H

OCHOBHH nO^A^H O AyTOPHMA nPHPyHHHKA

npo^ecop  gp 
CpSnciaB reHHh
gnnn. hh* . Mam.

Ao^ern gp 
MnpjaHa CTaMeHHh

gnnn. hh* .  Mam.

OTygnpao je  Ha MamHHCKOM $aKymciy y 
Beorpagy, rge je  gnnnoMHpao 1989, 
MarHCipnpao 1994. h goKTopnpao 2003. 
rogHHe.
3anocneH je  Ha MamHHCKOM $aKyHTeiy y 
Beorpagy, Ha KaTegpu 3a npo^ecHy 
TexHHKy og 1989. rogHHe. Ha OgceKy 3a 
npo^ecHy TexHHKy h 3amTHTy ^HBorae 
cpeguHe pegoBHH je  npo^ecop Ha 
npegMeTHMa TonnoTHe onepa^Hje h 
anapaTH h ,3,H$y3HOHe onepa^nje h 
anapaTH (MSc CTygHje), Te npHH^nnn 
Mogennpama y npo^ecHoj tcxhh^ h h 
Bnmn Kypc H3 TonnOTHHX h gn$y3HOHHX 
onepa^nja h anapaTa (goKTopcKe CTygHje). 
PyKOBognna^ je  ^ e m p a  3a 
npoTHBno*apHy TexHHKy h OBnamheHH je 
HcnHTHBan 3a BHme MeToga aKpegmoBaHe 
Ha6opaTopHje 3a npo^ecHy TexHHKy, 
eHepreTCKy e^HKacHOCT h 3amTHTy 
^HBOTHe cpegHHe.
nocegyje HH^eH^e 330, 332, 381 h 430 
HH^ernepcKe KOMope Cp6nje h HH^eH^y A 
3a H3pagy r  naBHHx npojeKaTa 3amTHTe og 
no^apa. CygcKH je  BemTaK. HnaH je  
ynpaBHor og6opa CMEHTC-a.

^nnnoMHpana je  1999, MarHCTpHpana 2005.
h  goKTopnpana 2014. rogHHe Ha 

MamHHCKOM $aKynTeTy y Beorpagy. 
Ha Karegpn 3a npo^ecHy TexHHKy 
MamHHCKor $aKyneTa y Beorpagy 

3anocneHa je  og 2001. y  3Bamy je  go^em a 
Ha npegMeTHMa npo^ecHH ^eHOMeHH, 

npo^ecHa eHepreTHKa h  n eh n  h  kothobh y 
HHgycTpHjH (MSc ciygHje), Te Bnmn Kypc 
H3 npo^ecHHx ^eHOMeHa h  Bnmn Kypc H3 

npo^ecHe eHepreTHKe h  bhcoko- 
TeMnepaiypcKHx ype^aja h  npo^eca 
(goKiopcKe ciygHje). OBnamfieHH je  

HcnHTHBan y OKBHpy na6opaiopnje 3a 
npo^ecHy TexHHKy, eHepreTCKy e^HKacHOCi 

h  3amTHTy ^HBorae cpegHHe.
CygcKH je  BemiaK 3a o6naci MamuHCKa 

TexHHKa. HnaH je  ynpaBHor og6opa 
flpymTBa 3a npo^ecHy TexHHKy CMEHTC-a. 

Og HH^emepcKe KOMope Cp6nje go6nna je  
HH^eH^e 330 h  430, a nnaH je  PeraoHanHor 

og6opa MaTHHHe ceK^nje npojeKiaHaia h 
H3BO^ana pagoBa 3a Beorpag.

MamHHCKH $aKynTCT
Kpa^H^e Mapnje 16 
11000 Beorpag, Cp6nja

MamHHCKH $aKynieT 
Kpa^H^e Mapnje 16 

11000 Beorpag, Cp6nja
Ten: 011 3302360 Ten: 011 3302266
E-mail: sgenic@mas.bg.ac.rs E-mail: mstamenic@mas.bg.ac.rs
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npnpyHHHK 3a o6yKy eHepreTCKHx MeHauepa y HHgycrpHjcKoj eHepreTĤ H

OCHOBHH nO^A^H O AyTOPHMA nPHPyHHHKA

npo^ecop  gp 
EpailllC. HlB v̂MBK'OBMh
gnnn. hh®. Mam.

/joueHT ap 
"Boplje Ham paK
Ah iij i . h iđ k . Mam. Jgl

Ha MamHHCKOM $aKyHTeTy y  HHBep3HTeTa 
y Eeorpagy, Ha rpynu 3a TepMOTexHHKy, 
gnnnoMHpao je  1978. rogHHe, og6paHHO 
MarHcrapcKy Te3y 1987. h goKTopcKy 
gncepTa^Hjy 1994. rogHHe.
Ha KaTegpu 3a TepMOTexHHKy MamHHCKor 
$aKymcTa y Eeorpagy 3anocneH je  og 
1979. rogHHe. PegoBHH je  npo^ecop Ha 
npegMeTHMa OcHOBe TexHHKe 
KHHMaTH3a^Hje H CHCTeMH BeHTHHa^Hje H 
KHHMaTH3a^nje (Macrep aKageMCKe 
CTygnje), a Ha goKTopcKHM cygnjaMa Bogu 
npegMeTe EHepreTCKa e^HKacHOcr y 
3rpagaMa h ConapHH cncreMH. OrpaHHM 
nona3HH^HMa npegaje BHme npegMeTa Ha 
eHrnecKOM je3HKy.
HMa npeKO 80 ny6nHKOBaHHx HaynHO- 
crpyHHHx pagoBa.
Eho je  ogroBopHH npojeKraHT hhh ynecHHK 
y peanroa^Hjn npeKO cegaMgeceT 
npojeKara TepMOTexHHHKHx HHcrana^Hja y 
o6jeKTHMa pa3HHHHTHx HaMeHa. Boguo je  
neT Me^yHapogHHx npojeKaTa h ynecrBOBao 
y peanroa^Hjn jom  neT Me^yHapogHHx 
npojeKara.

^HnnoMHpao je  2001. h goKTopnpao 2012. 
roguHe Ha MamHHCKOM $aKynTeTy y 

Eeorpagy, rge je  h 3anocneH og 2002. Ha 
KaTegpu 3a xngpaynHHHe MamHHe h 

eHepreTCKe cncreMe. HacraBHHK je  Ha 
npegMeTHMa nyMne h BeHTHnaropH, 

nyMne, BeHTHHaTopn h Typ6oKOMnpecopn, 
Typ6oMamHHe, npo jeKTOBame nyMnu, 

BeHTHnaropa h Typ6oKOMnpecopa, 
XngpayHHHHe npeHOCHH^e (OAC h MAC 

crygHje), Kao h Mepema y xugpo- 
eHepreTH^H, Meperna y Typ6yneHHTHM 

crpyjamHMa (goKTopcKe crygnje). 
PyKOBognna^ je  gBa 6nnaTepaHHa npojeKTa 

H3 o6nacTH $nyngHe TexHHKe, ynecHHK je  
Ha 21-om goMabeM h Me^yHapogHOM 

npojeKTy. Eho je  ®yn6pajroB CTHneHgHcra 
Ha OreH$opgy y na6oparopnjH 3a MexaHHKy 

$nynga y NASA Ames. 06 jaBHO je  55 
pagoBa, ynecrBOBao je  y Bume og 60 

npHBpegHHx npojeKaTa, KoayTop je  10 
TexHHHKHx pemerna, BHme nyTa je  6ho 

pe^eH3eHT y Me^yHapogHHM h goMabHM 
naconncHMa. Kao TexHHHKH o^ernHBan h 

eKcnepT, amu^OBaH je  npu 
AKpegnra^HOHOM Teny Cp6nje.

MamHHCKH $aKyHTeT
Kpa^H^e Mapnje 16 
11000 Eeorpag, Cp6nja 
Ten: 011 3302447 
E-mail: bzivkovic@mas.bg.ac.rs

MamHHCKH $aKy^TeT 
Kpa^H^e Mapnje 16 

11000 Eeorpag, Cp6nja 
Ten: 011 3302363 

E-mail: djcantrak@mas.bg.ac.rs
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npnpyHHHK 3a o6yKy eHepreTCKHx MeHauepa y HHgycrpHjcKoj eHepreTĤ H

OCHOBHH nO^A^H O AyTOPHMA nPHPyHHHKA

flp A.eKcaHgap HHKO.Hh 
gnnn. hh®. en.

Crygnpao je  Ha EneKTpoTexHHHKOM 
$aKy^reTy y  HHBep3HTeTa y Eeorpagy, rge 
je  gnnnoMHpao1991, MarHcrpnpao 1999. h 
goKTopnpao 2009. y  nannpHoj h xeMHjcKoj 
HHgycrpnjH, Bume og 10 rogHHa, paguo je 
Kao pyKOBognna^ ogp^aBaaa. Og 1995. 
aHra^OBaH je  Kao capagHHK Ha6opaTopnje 
3a eneKTpoMOTOTopHe noroHe 
EneKTpoTexHHHKor $aKyBTeTa y Eeorpagy. 
Og 2005. rogHHe CTpynHH je  caBeTHHK h 
pyKOBognna^ aKpegHTOBaHe Ha6opaTopnje 
3a KBanHTeT eneKTpHHHe eHeprnje y 
EneKTpOTexHHHKOM HHCTHTyTy „ HnKona
Tecna“ y Eeorpagy, a 2013. H3a6paH je  3a 
npegcegHHKa HaynHor Beha HHCTHTyTa. ,3,0 
caga je  o6jaBH0 118 pago-Ba H3 o6nacTH 
ynpaB^a&a eneKTpoMOTO-pHHM noroHHMa, 
KBanHTeTa eneKTpHHHe eHeprnje h 
eHepreTCKe e^HKacHocm. 3 p  HhkohhR je  
IEEE Senior member, nnaH y O  3pymTBa 3a 
eHepreTCKy eneKTpoHHKy Cp6nje, 
npegcegHHK STK B4 CIGRE Cp6nja h 
H^aH HH^eaepcKe KOMope Cp6nje.
EneKTp0TexHHHKH HHCTHTyT „ HHKOHa
Tecna“
KocTe r  naBHHHha 8a 
11000 Eeorpag, Cp6nja

Mp .Bn. i.ana Bp.iapeBnh
gnnn. eKOH.

CTygHpana je  Ha E kohomckom $aKynTeTy y 
Eeorpagy, rge je  gnnHOMHpana 1984. h 

MarncTpHpana 2004. rogHHe. Pagnna je  18 
roguHa y BogehHM 6aHKaMa y Cp6njn Ha 
pyK0B0gehHM no3H^njaMa. Og 2000. go 

2004. rogHHe o6aB^ana je  $yHK^njy 
3aMeHHKa ceKpeTapa 3a ^HHaHcnje rpaga  

Eeorpaga. HaKOH Tora, pagnna je  3a USAID 
-  Urban Institute H3 BamHHTTOHa Kao 

crpyuftaK 3a $HHaHCHpa&e KanHTauHHx 
HHBecTH^nja y jaBHOM ceKTopy. Og 2010. je  

capagHHK CBeTCKe 6aHKe, EBponcKe 6aHKe 
3a o6H0By h  pa3Boj h  HeMauKe pa3BojHe 

6aHKe Ha npojeKTHMa nogcm ^afta 
HHBecTH^nja y eHepreTCKy e^HKacHOcr, 

Kopnmhefta o6 hob.bh bh x  H3Bopa eHeprnje 
h  yHanpe^efte K0HKypeHTH0CTH npHBpege h 

jaBHor ceKTopa, Kojn ce cnpoBoge y 
gp^aBaMa jyroncT0HHe EBpone. H3pagHua 

je  Behn 6poj npnpyuHHKa o npnnpeMH h 
$HHaHCHpa&y KanHTaHHx HHBecm^H0HHx 

npojeKTara y jaBHOM ceKTopy.

CaMoCTauHH K0Hcy BTaHaT 
CTojaHa ApauH^e 8 

11077 Eeorpag, Cp6nja 
Teu: 063 319147

Ten: 011 3952029 
E-mail: anikolic@ieent.org

E-mail: ljiljana.brdarevic@gmail.com
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