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*OREDOQR ]JDWRSOMHQMH UDVWXiUL MH SUREOHP NRML
PRIJXUQRVW GD VH GRVHJQX JUDQLFH QDNRQ NRMLK UH XW
posWDWL QHSRYUDWQH &WR EL LPDOR NDWDVWURIDOQH SR\
WHPSHUDWXUD ]DG U 4D C0 ulodi®BRuGa DR firdiishiigkd EaziRuG a cilj je
]JDGUADWL MM&L %XSRBL GD MH HNRORAND VHALHR QRIVGL P
NROLPLQX JUDNRSORYQLK HPLVLMD SRVWDYOMDMXUL PHYVX
SRVWRML XQXWDU (XURSVNH 8QLMH X REOLNX (8 (76 =UDpC
ND]QL L RJUDQLpPLOL NROLPLQX MIPM X LSMDR NRIVAH LB DENROM
JRULYD &WR SULPMHULFH XNOMXpXMH XJUDGQMX QRYLK |
JUDNRSORYD SURPMHQH XQXWDU SXWQLpNH NDELQH V
3UHGVWDYOMHQH VX QHNH R @orR&iRmbanieni RrakopIQVRIV aiflsijx & W H G
WH QMLKRYD LVSODWLYRVW RYLVQR R JUDPQRP SULMHYR]Q

./-8y1( 5,-(y, *OREDOQR ]DWRSOMHQMH HPLVLMH JUDNRSC
XpLQNRYLWRJ WURAHQMD JRULYD UD]JYRM RGUALYRVW

CALCULATION OF TURBOJET ENGINE EMISSION REDUCTION
THROUGH IMPLEMENTATION OF FUEL EFFICIENCY
PROGRAMME

SUMMARY

Global warming is something that has been an upgrowing problem for decades. There
is a strong possibility that certain limits will be reachedraft@ch the effect of global warming
will become irreversible. Great effort is being invested in keeping the temperature below the
increase of ZC according to predindustrial values and the goal is to keep it even beR@wv 1.5
Having in mind that ecologitawereness is increasing, ICAO wants to limit the amount of
aicraft emissions by setting the international standard and limitation. Similar is already being
conducted in European Union in the term of EU ETS. To avoind paying additional money by
polluting the air too much with their emissions, the airliners are developing fuel efficiency

programmes which include, but is not limited to, buying and mounting the new and more



efficient engines, modifications on the airframe, modifications inside the cabmafeweight
reduction and similar. Some of the many opportunities for fuel consuption reduction and
emission reduction will be presented along with the profitability depending on the aircraft they
use in their fleet.

KEY WORDS: Global warming; Aircraft emssion; ICAO; EU ETS; Fuel efficiency
programme; Development; Sustainability
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1 UVOD

Poznato jela je glo@l QR ]IDWRSOMHQMH UDVWXUL Sjeh\RIK@HP YHUO C
YHULQRP ]DVOXADQ pRYMHN =ERJ WDNR]JYDQRJ HIHNWD VW]
SRYUALQH L QLaLK VORMHYD DWPRVIHUH SRVWDMH VYH °
QDM]QIKp YMPINOHQLPNLK SOLQRYD QDughkevHlioksitl (CRGHQD SD
ugljikovodicilCH« L GXALNRY L).SWN Nalvé&léni, kad i sumporovi oksidi (5O pDy D
ugljikov monoksid (CO) i drugi, javljaju se kao produkti izgaranja zrakoplovnog goriva

mlaznih motora.

Globalno zatopljenje nije uzrokovanoVINOMXpLYR NULYQMRP U
LQGXVWULMH 8GLR NRMLP JUDNRSORYQH HPLVLMH SULGRC
SUHPD SRGDFLPD (XURSVNH DJHQFLMH ]D RNROL& L]JQRVL R

8]HY&AL X RE]LU GDNRIS ONRYCQLPK (HP JUDMD UDpXQD SUHPD
NDaH VH GD RVRED NRMD OHWL L] /RQGRQD GR 1HZ <RUND
HPLVLMD NDR L SURVMHpPQD RVRED X (XURSVNRM 8QLML JUL
bi do 2020. godiH QD JOREDOQRM UD]JLQL NROLPLQD JUDNRSORYC
X RGQRVX QD JRGLQX D SUHPD SURJQR]DPD OHYXC
JUDNRSORYVWYR ,&%$2 WH EL VH EURMNH GR JRGLQH P

Svakog danaYLGOMLYR MHUBBRYRIDOWMRIPHWD V SURJQR]DI
RUJDQL]DFLMH ]D VLIXUQRVW JUDpQH SORYLGEH (852&217
SURPHWD GR JRGLQH X RGQRVX QD vDGDaQMH VWDQMH
i kontrolom zrakofpvnih emisija pokrenuta je 1970. u SAlCkad MH $PHULPNL NRQJUHYV
A=DNRQ R pLVWRP JUDNX3? 1D- MIBGADRIH VN %FHPXULQH ,BBG L (
SRVWDYOMHQR SLWDQMH JUDNRSORYQLK HPLVLMD-& SRWUH
zaNRQWUROX JUDNRSORYQLK HPLVLMD ]D RGUHYHQH WLSRYF
WRM VMHGQLFL VWDYLOD MH QD ,&%2 RGJRYRUQRVW GEC
JUDNRSORYVWYD QD QDpPpLQ GD SULGRQRVL VYLGuU@MXGLPD
UHGRYLW UD]YRM JUDpPpQRJ SURPHWD L NYDOLWHWQR RNUXa
je studijska grupa za emisije zrakoplovnih motora kao dio ICAO akcijskog programa s obzirom
QD RNROL& 1DGDOMH JR G L Q HrdkapQ\Ril BiQor(CAEBEERU D
Committee on Aircraft Engine Emissions¥ FLOMHP UD]JYLWND SRVHEQLK VWL
sastojaka produkata izgaranja zrakoplovnih motora. Ti standardi usvojeni 1981. godine



SRVWDYLOL VX RJUDQLpHQRVED JQ RNERWLLKM R QG-tiiAait R Y IVCDO W
RSWRAMR QLK PRWRUD 3UHGORAHQR MH GD WDM PDWHUL
Dodataka Annejy ICAO-a, ali nakon usdOD&ADYDQMD VD JHPOMBPD pODC
XVWDQRYOMHQR MH GD WUHHEDMXNJWMXRSOIRYPHPLRERQL B KK
Tako Dodatak 16 ICAOD V D G U & L \&owhkhé Ddircraft Noise vezan za regulaciju buke

zrakoplovnih motora i Svezak 2/¢lume Il * Aircraft Engine Emissior)ssa odredbama

vezanima za emis zrakoplovnihmotoD ORJOR EL VH UHUL GD MH QDYHGHC
NDR NDPHQ WHPHOMDF ]D EXGXUH RGUHGEH QD VYMHWVNR
GHWDOMQLMH ELWL SLVDQR X WUHUHP GLMHOX RYRJ GLSOF

=UDpQL S Utrelat SURSpQritiFuvjete kojise pred njih postavljaju po pitanju
JUDNRSORYQLK HPLVLMD MHU EL X SURWLYQRP SODUDOL Q
RJUDQLpHQMLPD 1DYHGHQR VH RGQRVL L QD RGUHGEH L Ut
X NRMLPD OHWH -HGU}RN RGN YDRARQLMIYKDADQ SRPpHWDN X VI
SUHGVWDYOMD L XYRVHQM H u]EuDpsRISIDEN QrgavanihPeimisiiam® & 2
uvedene od strane Europske komisije za letove unutar Europske Unije i letove koji dolaze i
odlaze iz EU. Kao odgovoranzahtjeve koji se predstavljaju pred njihlJ D |piG)evoznici
razvijaju vlastite metodd ]|D XpLQNRYLWR WUR&GHQMH JRULYD NDNR
plinova, prvenstveno COL GXALNRLHK]JENMWHIOL SODUDQMH ND]QL

8 RYRP GLSORPVNBBHDGXDFIOMQH UD]QH PRIXUQRVWL |
NRULVWH X VYRMLP PHWRGDPD ]D XikazaneR YL WRpWQ R WHIQRVR
X4WHGH JRULYD L JUDNRSORYQLK HPLYV dasDan®Rpdd@ima WR HP |
vezanimzaQHNH RG XWMHF DM Q L Rapjelppdidljeh $&doyletdlldeR ] Q L N D

Nakon uvodadU XJL WUHOL L pHWYUWL GLR UDGD SUHGVWDY
HPLVLMD NRM HEWdbsK YrEgkea\\zB tvhKvanje emisijanizetaljnije o SRWURAaQML
gaoiva NDR L SRGDFL R XawWHGDPD MHGQRJ JUDpPQRJ SULMH
XPLQNRYLWR WURAHQMH JRULYD JUDNRSORpeQH KAPIO RR K P

dijelu ovog rada.

Sedmi GLR U D G D n¥kP 6dJrdrdgfiDsmijernica i tendencifzvoja metoda za
XPLQNRYLWR WURAHQMH JRULYD X]HY&alL PUREQLLWK GMLKRIYR L
LvWLPD WH UH QD WHPHOMX VYHJD SUHGVWDYOMHQRJ ELW



2 KARAKTERISTIKE MLAZN e PLINOVI
ZRAKOPLOVA S UTJECEM e

'D EL VH PRJDR DQDOL]JLUDWL XWMHFDM hLM@BoXad QLK SC
potrebno je prvorazuml HWL NDNR RQL QDVWDMX L NRML VX WR SOLQF
zrakoplovnog goriva za mlazne motateT-A1 PMHADYLQH NHUR]LQD L UD]JOLplL

0 zahtjevima.

2.1 Zrakoplovno gorivo za mlazne motore Jet A -1

5D]YRM JUDNRSORYQLK POD]QLK PRWRUD ]J]DSRpHR MH X
LK JRGLQD 2EDYOMHQR MH QHNR O L NpotrabljawaiMQrkgo®@ HW R Y D
6YMHWVNRP UDWX %XGXuL GD VH VPDWUDOR GD VX PO
NDUDNWHULVWLNH JRULYD ]JERJ VYRMH ALURNH UDVSROR:
6YMHWVNRJ UDWD - D UDDp|QHO/MH BRMHRSUWYRMAHQH PMHADYLQX
pLMH MH YUHOLaAWH X UDVSRQX EHQ]JLQD L NHUR]JLQD 7R N
GRVWXSQRVWL DOL MH LPDOR SRGRVWD QHGRVWDWDND X F
SRWURAQMD JERXHUEPUYLRYDQMPDQDXHUH RSDVQRVWL RG ]DS
QD JHPOML D X] WR LVWUD&AHQR MH GD VX QHVUHUH SUL NF
SXQR YHUX VPUWQRVW 5D]YLWNRRh podhdl RofisDeRseé @Qobtivdie Q G XV V
kerozinkog tipa,Jet A(uglavnom u Americi) Jet Al. [1]

9DAQD UD]OLND L]PHYX RYD GYD WLSD JIRAnds¥43°C/ X WRpN|
dok za Jet A iznos4(’C, sWR -HMWL QL NRULVQLMLP ]D GXaH PHYyXQDUR
polarnim rutama tieRP JLPH DOL X VDPRP SURFHVX SURL]JYRGQMH ]
proizvestimanje JetA 6DPLQMHQD VX RG YHOLNRJ EURMD XJOMLNRY
DQDOL]H QLVX GRYROMQR UD]YLMHQH GD EL UD]GY¥YIRMLOH V
L WLVXUH X JUDNRSORYQRP JRULYX O5DVSRQ YHOLPLQD P
GHVWLODFLMRP WRPNRP OHGL&AWD L GUXJLP ]DKWMHYLPD
tablicom .HUR]JLQVND JRULYD LPDMX EURM XJMMYNMRYQB D\
XJOMLNRYRGLND X JUDNRSORYQRP JRULYX VX SDUDILQL QD
DWRPD X VSRMX XQXWDU LVWH NODVH YHUD MH WRpPpND YUH
brojem ugljikovih atoma unutar isktase, ali na nK XY H O LeMNoblikXMdkuig)l]



Tablical- 8JOMLNRYRGLFL SURQDYHQL X JUDNRSORYQRP JRULYX ]D POD]QH PF

Tocka vrelista Tocka ledista
Naziv spoja Formula Klasa ugljikovodika °C (°F) °C (°F)
n-Octane CgHqg n-Paraffin 125.7 (258.2) -56.8 (=70.2)
2-Methylheptane CyHyg Isoparaffin 117.6 (243.8) -109.0 (-164.3)
1-Methyl-1-
ethylcyclopentane CgHig Naphthene 121.5 (250.7) -143.8 (-226.8)
Ethylcyclohexane CgHys Naphthene 131.8  (269.2) -111.3 (-168.4)
o-Xylene CgHyp Aromatic 144.4  (292.0) -25.2 (=13.3)
p-Xylene CgH1o Aromatic 138.4  (281.0) +13.3  (+55.9)
Cis-Decalin CioHis Naphthene 195.8 (384.5) —-43.0 (—45.4)
Tetralin CioHn2 Aromatic 207.6  (405.8) —35.8 (-32.4)
Naphthalene CioHg Aromatic 217.9 (424.3) +80.3 (+176.5)
n-Dodecane Ci2Hog n-Paraffin 216.3  (421.4) -96 (+14.8)
2-Methylundecane CiaHae Isoparaffin 210.0  (410.0) -46.8 (-52.3)
1-Ethylnaphthalene CipHyp Aromatic 258.3  (497.0) -13.8 (+7.1)
n-Hexylbenzene CyzHig Aromatic 2261  (439.0) -61.0 (-77.8)
n-Hexadecane CigH3q n-Paraffin 286.9 (548.4) +18.2 (+64.7)
2-Methylpentadecane CigH3a Isoparaffin 281.6  (538.9) -7.0 (+19.9)
n-Decylbenzene CigHae Aromatic 297.9 (568.2) -14.4 (+6.1)

Izvor: (https://www.cgabusinessdesk.com/document/aviation_tech_revigw:féftravnja 2018.

% X G X geLizGabanjem goriva stvara potisakergetska vrijednost i kvaliteta gorenja
MHGQL VX RG QDMYDAQLMLK ]DKWMHYD Sabstg®ithRskGistwG QML ¢
SRGPD]LYDQMD WHpONRFWR]LYQBVO/ML YRVWR@QMH 2VLP aWR .
HQHUJLMH NRULVWL VH L NDR KLGUDXOLpPpND WHNXULQD X 1
KODYHQMH RGUHYHQLK GrelMdisRaRNjEingsK yomvddetinird Rekaortaplina
dobivenaizgaranem RGUHYHQH NROLpPLQH JRULYD SUL RGUHVHQLP
topline ovisi o tome je li voda dobivena tijekom izgaranja ostala u obliku vodene pare ili se
NRQGHQ]JLUDGD MNRVHRGIOD.GULMHYH X WHNXUH VWDQMH JR
vrijednosti, a ukoliko ostane u obliku vodene pare radi se o neto energetskoj vrijgdhasti.

MH YULMHGQRVW NRMD VH NRULVWL SUL XVSRUHG®&L JRULY
SDUD 2QD VH LVND]XMH NDR NROLpLQQD HQHUJLMH SR MHGL
volumena. Mjerne jedinice u skla@iVXVWDYD VX 0- NJ L O-/ (QHUJHWVND
JRULYD YDULUD EXGXiUL GD VH H (tirndd HolikewodikaYrarlikviid G Q R V W


https://www.cgabusinessdesk.com/document/aviation_tech_review.pdf

S8NUDWNR JRULYD PDQMH JXVWRUH LPDMX YHUX HQHUJHWYVN
JXVWRUH LPDMX YHUX HQHUJHWVNX YULMHG@QHR&A SR MHGL(

Tablica2- 3BRYH]DQRVW JXVWRUH JRULYD L HQHUJHWVNH YULMHGQRVWL

Gustoca Uobicajena energetska vrijednost

. pri 15°C (60°F) po jedinici mase po jedinici volumena
Vrsta goriva
g/mL Ib/us. gal Mi/kg Btu/lb MJ/L Btu/gal
Zrakoplovni benzin 0.715 5.97 431 18,800 31.00 112,500
Mlazno gorivo:
Wide-cut (JP4, Jet B) 0.762 6.36 43.54 18,720 3318 119,000
Kerozin(Jet A, JetAl)|  0.810 6.76 43.28 18,610 35.06 125,800

Izvor: ( https://www.cgabusinessdesk.com/document/aviation_tech_reviewtpaf travnja 2018.

2.2 lzgaranje

lzgaranje uUPOD]QLP PRWRULPD GRJDYD Vidd @ptekiddndgL GQR ]
izgaranja u klipnim motorimaJ ranom procesu izgaranja dolazistearanjanalih ugljikovih,
kruth pHWAYD 7H pHV W L F HetiQpadWisoRoynGdvhpavaiirahRilllakom komore za
izgaranje. Apsorpcijatog it DFUY HQRJ ] U D p j@r@akbme&zavialfdoaD] € ddd stive
SRYHUDYD WRSOLQX NRPRUH GWHER Y HD >S RNRHIIADQOEp ksFH B BIHDUUO
NRPRUH ]D L]JDUDQMH PR&H GRYHVWL GR SXMNRWHH QDb L WSLLFHHX
nisu potpuno izgorjelX Q XWDU NRPRUH WDNRYHU P RG@otivR&EWegW LWL L
DURPDWVNRJ L QDIWDOHQVNRJ XGMHOD IRUPLUDMX YLaH X.
strogo kontroliran. 1z praksagpotpunoizgaranep HVWLFD XJOMLND YLGOMLYR M|
QDVWDMH L]D QHNLK PRWRUD %ROMH PLMHADQMH JUDND L .
L]IJDUDQMH D VDPLP WLPH L PDQMBAIQRR PMLH D/GBNR I? HoQIXAWILL FC
kontinuirano izgaramj goriva potreban dobar omjer para goriva i zraka. Ta smjesa mora biti
XQXWDU JUDQLFD |DSDOMLYRVWL 6PMHVH VD QHGRYROMCQ
JUDQLFD ]DSDOMLYRVWL D XNROLNR VPMHVD ¢grdniGaUaL SUF
]DSDOMLYRV\¢t. da KerdzindkaJdgdtiva, donja granica zapaljivosti iznosi 0.6%

volumena pare goriva u zrakaigornja granica 4.7%olumena pare goriva u zraku. [2]

7RpND SDOMHQMD MH QDMQLAD WHPSHUDWXhbBti QD NR N
LIYRUD SDOMHQMD 1D WHPSHUDWXUL WRpNH SDOMHQMD |


https://www.cgabusinessdesk.com/document/aviation_tech_review.pdf

VPMHVX SDUD L JUDND L]QDG GRQMH JUDQLFH ]DSDOMLYRV\

1 gorivo iznosi 38C.

2.3 Stabilnost goriva

Stabilnim gorivom nazia segorivR pLMD VH VYRMVWYD QH PLMHQMDM
GRSULQLMHWL a&WHWQLP SURPMHQDPD X JRULYX XNOMXpXM
YLVRNLP WHPSHUDWXUDPD X PRWRUX WHPSHUDWXUQD V\
kemijskereakcije, od kojih neke dovode do oksidacije. Nastaju hidroperoksidi i peroksidi koji
RVWDMX RWRSOMHQL X JRULYX DOL GDOMQMLP UHDNFLML
PRJX ]Dp H&4aWdrivoli Galpiti se najebkama sustava za gorivl,PDQM XM X UL SUR!
JRULYD 6WRJD X JRULYR VH pHV@hR htide@d phxnoB @ MM R NWH. G |
QDMYHUD GRSXAWHQR] RRWIRp LLIRULYRIJVH WHVWLUD QD QDbpl
]JDIJULMDQH DOXP a@dtiM MdrHilt8RYUNMX QB MD VYDNL PRJIXUL NUX\
VH SURYMHUDYD XWMHFDM QD GYD RVMHWOMLYDuUlgRGUXpM
motora i mlaznice za ubrizgavanje. Trenutno se to ispituje testerom za oksidaciju nastalu
temperaturnim utjecajeneig.JFTOT +Jet Fuel Thermal Oxidation Tesjgrod regulacijom
$PHULPNRJ XGUXaHQMD ][eng.ABTWNMAMErKah SBdety fdrredurg and
Materials). [3]

2.4 FTwe'eo—

-HGQR RG VYRMVWDYD NRMH POD]QR JRULYRoa&WbUHED LP
WHpH L] VSUHPQLND SUHPD PRWRULPD .DR PMHUD WHpPQR
JRULYD 2YR VYRMVWYR MH YUOR YDAaQR JERJ L]JORAHQRV\
YLVLQDPD L QD KODGQLMLP PMHVWLPD inRrgdlewRk¢dmoBRIOD ] QH F
7R MH YDaQR MHU VXVWDY XEUL]JDYDQMD JRULYD NUR] PO
dovolinu da brzoLVSDUL L SRPLMH ERogwazlogd pddtebljidl RePgornja granica

dozvoljene viskoznosti gorivid]

2.5 Koeficijenttemp " f——"¢"% '"‘a&<"feEf

.RHILFLMHQW W H P S H &np.\GoefficieRt bf SHeRalLEdpaGEigeDdnjera
NRMD SRND]XMH SRUDVW YROXPHQD V SURPMHQRP WHPSF



SRUDVWRP WHPSHUDWXUH 8RELPpDMHQO®RYUISWRIEE QRIDW N RM
kerozinskog tipa iznosi 0.00099 p6. TR ]|QDpL GD EL VH /| SRPBEROR YRO)

SUL SR VéhipbratwweXod 4C, aYULMHGL L REUQXWR *RULYR VH WI
biti manje zapremnine nego na zenlose PDQMHQMH PRA&H LJUDpXQDWL SR ¢
SRYHUDQMH WHASHUDWXUH

26 ‘«of Zttcae-f

.DR aWR MH VSRPHQXWR WRpND OHGLaAWD MR& MHGDQ
JRULYD %XGXuL GD VH VDVWRML RG YHOLNRPNRPR ¥ B GLIEOW
JRULYR QH SUHOD]L X NUXWR VWDQMH QD QDpLQ QD NRML
SUYR SUHWYDUDMX RQL XJOMLNRYRGLFL V QDMQLALP OHGL
WHNXULQH SUHWYDUD X WHNKOIDYHK QNDHIRUIIRMMPD ODPWVH GEDOM
dalinLP SDGRP WHPSHUDWXUH IRUPLUD JRWRYR pYUVWL E
zrakoplovnog goriva definira se kao temperatura pri kojoj se zadniji kristal ugljikovodika topi
zagrijavanjem goriva koje je preth@R ELOR RKODYHQR GR NUXWRJ VWDQM
WRpPpND OHGLAWD JRULYD L]IQDG WHPSHUDWXUH SUL NRMRM
RGUHYyXMH L VSRVREQRVW GD VH JRULYR SXPSRP GRYHGH
sposobnost AfRYyHQMD JRULYD X PRWRUH RVWDMH X SULKYDWC
otprilike £Cdo183& LVSRG WRpNH OHGLaAWD > @

2.7 Isparivost

,GXUH VYRMVWYR XpLQNRYLWRVWL JRULYD MH LVSDUL
ILILbND SRND]|DWHOMWKX WGDN LSYRMWIL WRSLEFBVWLODFLMH 9]
WODN SDUH L QLaAaH WHPSHYVBWXUHRYRMH MW Q/HD &SIV \M HQ DR WILH
JRUHQMD 7UHED ELWL RSUH]DQ MHU SUHYHOLND iLVSDULY|
JXaHQMD VXVWDYD JRULYD -HGQR MH RG JODYQikKsuWD]JOLNEL
relativno neispariva. Imaju Reidov tlak pare otprilike 1 kiloPaskal (kPa) ili 0.14 esg(
pound per square inghReidov tlak pare definira se kao aps?fl QL WODN SDUH L UDD
temperaturiod 37°8&& NDR aWR MH RGUHVHQR WH2B\WRQRP PHWRGRP $¢
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.UHWDQMHP JRULYD NUR] FLMHYL FULMHYD YHQWLOH
NRMRP WDM VW DQMMWDMWOBNRIRBEEWRHQDOQD MH VSRVREQR
y ltiMugljikovodici su nevodljiveWYDUL DOL X JRULYX VH WDNRYHU QDO L
su voda, fenoli, naftalskD NLVHOLQD 9RGOMLYRVW JRULYD VH XRE
vodljivosti (eng. CUconductivity unity gdje je jedna jedinica vodljivosti jednaka jednom pico
Simensu po metrllCU=1 pS/m .HUR]JLQVND JRULYD RELpPQR LPDMX YR
CU. Za usporedbu, deoinrana voda ima vodljivost od offike 10 milijuna CU.Filtriranje ili
EUJR XSXPSDYDQMH WHNXuULQH NRMD MH UHO-BWPR@R VODI
GRYHVWL GR EUaHJ VWYDUDQMD VWDWLPNRJI HOHNWULFLWF
do stvaranja iskre, zapaljenja i eksplozije "NNR MH PMH&ADYLQD SDUD JRULYL
zapaljivosti. Da bi se to izbjeglo, sustavi za upravljadB ULYRP VX X]HPOMeHQL RJL
EUJLQD XSXPSDYDQMD L RGUHYXMH VBRYUWLYNHLFB BN PUDMX S

7DNRYHU NRP A QRWRHY\HSI -$DBLMHADXMX7VH L DGLWLYL N
HOHNWULPQX YRGOMLYRVW WRWILYDLP DGLMLDN R DVH7 D @G L\
QDVWDQDN HOHNWULp Q RaJajQ Br&rR NeBtajavijel iahopP R SRY H

2.9 Rukovanje i prijevoz goriva

Zrakoplovno gorivo tijekom svoje proizvodnje, prijenosa i upotrebe dolazi u dodir s
ub]jOLpLWLP PDWHULMDOLPD 6WRJD ELWQR MH GD JRULY
SRVHEQR RQH X VXVWDYX JRULYD ]WoriMaRs6 aurnizki, @aRéEki p D M H C
GLMHORYL VXVWDYD JRULYD VDGUADYDMX pHOLN L GUXJH
EUWYLOD LOL SUHPD]H SD SURL]JYRyYyDpL PRWRUD L JUDNRS
RGJRYDUDMXiUH JRULYR BWUME XQR GR HyRHSIXRIWPD WH U LMD OD
VXVWDYD JRULYD 1HNL RG NRUR]JLYQLK HOHPHtQ&® D NRM
organske kiseline i mM@QHWKLRO 7DNRyYyHU QDWULM NDOLM L GUX
pojavijuju u tragovimamo SURX]JURpPLWL NRUR]JUIMX QD WXUELQL PRW

2.10 Voda u gorivu

yLVWR JRULYR ]QDpL JRULYR EH] SULVXWQRVWL NUXWL
KUyH J]HPOMH SUD&aLQH L GUXJLK PRJX |[DpHSLWL ILOWUH J

8



Voda,uztodWR QH JRUL VPU)VDHBPSWHH QW XQILD/ME BaWwrBtoX goHVA.L NH XW
9RGD X JRULYX WDNRYHU PRA&H L]D]YDWL NRUR]JLMX QHNLI
OOD]QR JRULYR MH SUL VDPRM SURL]JYRGQML VWHULOQ
mikroorganizmina iz zraka i vode, uglavnhom bakterijama i gljivicama. Krute tvari koje

SURL]YRGH pHVWR PRJX GRYHVWL GR ]JDpHSOMHQMD

ILOWU
kiselina koje mogu ubrzati koroziju metalal DMEROML QDPpPLQ

]D RASUMHpPD
PLNURRUJDQL]DPD MH RGUADWL NROLpPLQX VORERGQH YRGH

8NROLNR PLNURRUJDQL]PL SRVWDQX SUREOHP PRJX VH NI
SRWUHEQR L PHKRJ@®pNR pLAGHQMH



3 ZRAKOPLOVNE EMISIJE

'YD VX JODYQD L]YRUD JUDNRSORYQLK HPLVLMD POD]Q
(eng. APUAuxiliary powerunit 9HULQD JUDNRSORYQRJ JRULYD L]JDUD X
SURYRGH VH PQRJD LVWUDALYDQMD L XVSRakiHi@Ezdm[iuUDNRSO
.DGD EL JRULYR ELOR VDpPpLQMHQR RG pLVWLK XJOMLNRYRGL
XJOMLNRY GLRNVLG L YRGD .DR aWR MH VSRPHQXWR L] XY
VWYDUDQ EURM SURGXNDW Dodukd i sjph@RutjiegFiDIM. EL W ¥ 1B ARSI IMM.D

nastavku.

31 -Et..[fE e"f«tsEf

8 WM H F D Meig! Eapiati@eNbizing GHILQLUD VH NDR UD]JOLND L]PHjJ
DSVRUELUDQH RG VWUDQH =HPOMH L NROLpPpLQH HQHUJLMH
pridonse promjenama ZemljiinogNOLPDWVNRJ VXXV VQDY B-HIP OMALIKPRp JUDY
SULVLOMDYDMXuL WHPSHUDWXUX GD UDVWH LOL SDGD GLN
JUDpHQMD ]QDpL GD =HPOMD SULPD YLAH 6XQTatpaiRda]UDpHQ N
UD]J]OLND X]JURNXMH ]DJULMDYDQMH ,VWR WDNR QHJIDWLYC
HQHUJLMH X VYHPLU QHJR GR/ KOQ/[H IQ MPD S NMGEHHED B R] WPDVHH.Q
WURSRSDX]L D L]JUDADYD MH X MBWRQ®IPFBRPOALVOWDS B K UPGHL\

[9]

3.2 Ugljikov dioksid

Kada se spominju zrakoplovnensije X SUY L S Odn3ije MhiKoyoxdioksida
NDR QDMSUREOHPDW L p (Jedhby dd Wajedydvorijie tafpioiRaioSaapkine.
BUHPD LVWU IV&IXADWDVWQIMPHD WLRJ SOLQD QD YHOLNLP YLVLQDPL
RGQRVX QD QMHJRYR N&@aovawjDa@imi HdiQdmisith Rapaviakoplovstvo
doprinosi CQiznosi 2%, a IPCCdng. Intergovernmental Panel on Climate ChanggUHG Y LYy D
GD UH WD NROLpLQ D gbdigemByojksvhia, za D JRGLQX JUDpPpQLP SULM
LV S X & V8sb@HjudMaHona CQ od ukupnih40 milijardi tona. 65% tog iznosa nastalo je
PHYXQDURGQLP OHWRYLPD D RVWRaxd@jere zemlie@ R P DN HRV D HW Rl
doprinose tih 2% od nekih slabije razvijenih zemalada bi se to usporedilaunutar
WUDQVSRUWQRJ VXVWDYD WDM XGLR L]QRVL ]D XVSRUF

10



iznosi 74% Gledano na ukupne emisije zrakoplova, &Anosi dprilike 7 do 8%[50] % X G X U L

GD OHWH Q Mputév&ienkpurd MdaljenjlRGUHQHAWEAWR EL WR ELOR PRJ
SULMHYR]QLP VUHGVW YLD XNHSBIH DD $pskikipméetina

kako bi se dobili usporedivi podaci. HoWLMH XJOMLNRYRJ GLRNVLGD SURS
SRWURA&HQRJ JRULY Dedh&dvidigorivh dopivB &tidildHPH3; D5 i 3.18 tona

CO2. [40]

=HPOMD WRSOLQX GRELYD RG 6XQ pdiijaBelod btddsfé@ MD 'L R
YUDUDPX W YB RNR JUDpHQMD SUROD]L L ]DJULMDYD =HPON
YUDUD SUHPD VYHPLUX X REOLNX WRSOLQVNRJ LQIUDFU
VWDNOHQLPNL SOLQ XWMHpH QD JDJULMDYDQMH308HPOMLQ
LQIUDFUYHQRJ JUDPpHQMD SUHPD SRYU&LQL D |DGUADYD GL
[10]

-HGQD RG SRVOMHGLFD NRMD QDVWDDMthosf&hs gadWDQMH
SURPMHQD S+ YULMHGQRVWL RFHDQD 9RGIDUHIGREWD VM NI
otprilike 30-40% ugljikovog dioksida nastalo ljudskim utjecajem otapa u oceanima, rijekama i
MHJHULPD 'LR UHDJLUD V YRGRP WYRUHUL XJOMLPQX NLVH
YRGLNRY LRQ SRYH@andMMXiL NLVHORVW RF

‘

3.3 — @ e T et Sy

=D UD]JOLNX RG XJOMLNRYRJ GLRNVLGD XWMHFDM GX
YLVLQDPD 1D YLVLQDPD SULEOLAQR WUK®BRISEDOkI. u aWR M
XPMHUHQRP SRMDVX X NRMLPD SXWQLpPpKX3JUMDMRRLSK RXLV IRE
RVRELWR XpLQNRY LW Hs)Xojl bl wrelikuipeQavhA g Pagriavankao
aAWR MH SULND]BQRUNDOAINRP® RG XJOMLNRYRJ GLRNVLGD pLN
NRQFHQWUDFLMH GXALNRYLR® @RRAW IUDDLRRJ X FHIWLM I 05 OR N R
VPDQMXMX SULVXWQRVW MRA& MH G QRIiJimeVddpihosHepekioiN RJ SO L
KODYHQMD DOL Qriddomjesfioldtveranjd biZon& [12F

11



Slikal- Utjeca) JUDpHQMD HPLVLMDPD QDVWDOLK L]JDUDQMHP JUDNRSOF

3.4 Vodena para i kondenzacijski tragovi

9RGHQD SDUD WDNRYyHU MH MHGDQ RG SURGXNWD L]JDU
Tako nastala para na velikim visinama i niskim temperaturamalekaira se u kapljice koje
tvore kondenzacijske tragoveng. contraily. Kondenzacijski tragovi su vidljive linije oblaka
NRMH QDVWDMX X KODGQRM YODAaQRM DWPRVIHUL L VPDW!
VOLPDQ LOL QHa&aw Rkodgaliok&dazZx kalikt doluijiRovod doksida koji se u
DWPRVIHUL PRaH ]DGUaDWL VWRWLQDPD JRGLQD YRGHQC
isparavanjem oceandd SRYHUDQRP NROLPLQRP SDUH X JUDNX SRYHU
manje probijaSUHPD VYHPLUX 3RYHUDQRP WHPSHUDWXURP SRY
ELOR YDAQR VSRPHQXWL MHU WDNYD NROLPLQD YRGHQH SD
XJOMLNRY GLRNVLG L RVWDOH VWDNOHQLpNBEeWwi@diQRYH NF
]IDWYRUHQX SHWOMX XJOMLNRY GLRNVLG GRSULQRVL SRY
GRSULQRVL SRYHUDQRP LVSDUDYDQMX SRYHUDQH NROLDPLQ
D VYH WR XJURNXMH VYH RELOQLMH NLaAaH L SRSODYH

YHVWRP SRMDYRPMNRQKEHQUDIRYD NRML RVWDMX C
XRpHQD MH SRMDYD REODND FLUXVD pLML MH XpLQDN QD JC
X IDJL LVWUDALYDQMD ,VWUDALYDQMHP L] JRGLQH XRpt

12



cirusabilaVPDQMHQD UD]JOLND X WHPSHUDWXUL L]JPHYyX GDQD L Q
QDNRQ QDVWDQND 1D MX48QRP SRGUXpPpMX VMHYHUQ@H $PHUI
3.3°C.[13] 60LpQL SRGDFL GRELYHQL VX LVWUDRWYDQMHP ]QD:I
Whitewater' DYLGD - 7UDYLVD QDNRQ GRJDyDMD UXMQD N
VYL OHWRYL X 6MHGLQMHQLP $PHULPNLP 'UADYDPD

,VWUDALYDQMH NRMH MH N&iorRalY Agbobautic$ 6zhd  Space
Administration X VXUDGQMIL P U MHPDEVNLP LVWUDALYDpPNLP FHQW
JRGLQX SRND]JDOR MH NDNR XSRWUHED ELRORANLK JRULY
kondenzacijskih tragova, a samim timeFiLUXVD .OMXpQD UD]JOLND RYGMH
NROLPLQH pHVWXIAK PRWYWHQLK pHVWLFD NRML VOXaH NDR PH
YRGH RGQRVQR OHGD QD YHULP YLVLQDPD V QLVNLP WH
JUDNRSORYD QD YLVLQL NUVWDUHQMD 3UYL DYLRQ OHWLR
(eng. hyprocessed esters and fatty agid3 L]D QMHJD OHWLR MH DYLRQ VDNX
NRMH LVSXawD 'RELYHQL VX UH]XOWDWU]VPDQMHQMD pHVYV

3.5 — e’ ¢ «Fe—<¢... T

Sumpor je jedan od elemenata koji se po prirodi nalazi u sin@ftj nastao od ostataka
PRUVNLK RUJDQL]DPD DOJL EDNWHULMD SRVWRML QDIWI
AVODWND?3 VLURYLQD L QDIWD V SRYHUDQRP NROLPLQRP
QHSRAHOMDQ X JRULYX VWRUD NK WUDD AL pVYMWLRPYRBW RGDWX p
hidrodesulfurizacijagng. HDSthydrodesulfurizatiopkoja koristi vodik u prisutnosti topline
i katalizator k&o bi sumpor pretvorio u vodikasulfid (H.S) 2GUHYHQD NROLpPLQD VXP
urafinranimSURGXNWLPD QDIWH ]D aLURNX SULPMHQX SD WDNR
MH NRQWUROLUDQD QMHJRYD NROLPLQD D JRULYR PRaH VI
JRULYD 1DMpH&aUH WDM EURM L]JQRVL PJ VXihaRehp SR OLY
VXPSRUD X JRULYX SRYHUDOR FLMHQH SURL]JYRGQMH L SU
sumpornu kiselinu (EBQu VQDAaQX NRURJLYQX NLVHOLQX 7D NLVHO
WXUELQX L JLGRYH NRPRUH ]D L]JDUDMHWPIO M-BIRD § DM HD IR HRG
JUDNRP JUDNRSORYQL PRWRUL LPDMX QHAWR NUDUOL YLMHN

kompresor, pretvara se u kiselinu u komori za izgaranje i nagriza dijelove njtjora.

OMHUHQMLPD MH GRND]DQD YLVR NMnoNRzQ FagapenjeJ DFL ML
JUDNRSORYQRJ PRWRUD pDN GYD LOL WUL SXWD YHuUD R«

13



spomenuto, zrakoplovno gorivo sastoji se od alifatskih (jednostruke ugljikove veze) molekula

broja ugljika od @do Gs. U komori izgaranja, mlaznicad VH LVSXawD JRULYR L PLNM
NRPSULPLUDQLP JUDNRP OROHNXOH JRULYD LVSDUDYDMX
]JDJULMDYDMX VH L SULEOLADYDMX JRQL SDOMHQMD 1HNH
SRYLAHQRM WHPSHUDWRXURL M HXGWDXMXUR VWYLR MdeRhBAVA N QHSF
SURFHVRP SLUROL]JH 7DNYH PROHNXOH WYRUH UDGLNDOH L
SUYH QDNXSLQH NUXWH WYDUL 8 VOXmpbiNr{e GeDo mblehI®& GR IR C
goriva dospiX X SRGUXpMH SDOMHQMD OHYyXWLP JODYQL GLR CQ
SRGUXpMD SDOMHQMD X SRGUXpMX ERJDWRP JRULYRP OR
RNVLGDFLMH ,VWR NDR L SULMH QDYHGHQR QUivangDMX UD
tvori prve makromolekule. Te prve nakupine krute tvari, makromolekule, su vrléini3K VW R G H
NDVWDQNRP SUYLK QDNXSLQD Xed@hhbhadtdnsl rdfk théleRWNaD L]D]L
QMLKRYR GDOMQMH QDNXSOMDQMH LUSR X & WDYWMM H XQDWV RUDHY
L YLAH GXSOLK XJOMLNRYLK YH]D OROHNXOH V MHGQRVW
IXQNFLMD MH Y UHPH QROULD GMHDYHDWDDNDX XkhhRdi:ME &i@éiD yDyD
X REOLNX GLPD QD LV 3% poXjeraXfakadmovaiMod Ardkoplova sa starijim
PRWRULPD 1DVWDQDN pDyH SUREOHP MH PLMH&ADQMD JRUL
generacijom motora, odnosno komorama za izgaranje koje koriste smjese manjeg omjera goriva

L JUDND Y &D MR B LLWHS D éhl. QPP- L dal) Frgmxixed, Prevaporizedil],[15]
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4 TRGOVANJE ZRAKOPLOVM EMISIJAMA

6WDOQLP UDVWRP JUDPQRJ SURPHWIR YSRI\DWMDO MP LV
XJOMLNRYRJ GLRNVLGD L RVWDOLK aWwsinanjghj&zrakomoBmN D WD L
HPLVLMD SRSUDUHQR MH GGRRYIDD XNIRR V@R YUKL HODK B ULMHYR]
NRUDN V SRYHUDQRP SRWUDAQMRP L UD]JYLWNRP JUDpPQRJ
XNROLNR VH QDPMHUDYD RGIRAYDHNID GMOM REED OEWHWBDI PO |
odnosu nagedindustrijsku razinu DOL QHNH VX PMHUH LSDN SRGX]J]HWH L

4.1 Europski sustav trgovanja emisijama (EU ETS)

8 XYRGX MH VSRPHQXW 'RGDWDN VYH]D&vilno OHYyXQD
JUDNRSORYVWYR 1D (XURSVNRM UD]JLQL YDAabDQ MH GDWXF
(= (XURSVNRJ 9LMHUD L (XURSVNRJ 3DUODPHQWD F
HPLVLMVNLP MHGLQLFDPD VWDNOHQLpPpNLK BOIOQIROE. X Q XW D
QDYHGHQD GLUHNWLYD MH QDGRSXQMHQD NDNR EL VH XN
HPLVLMDPD XQXWDU =DMHGQLFH .RQDpPpQR JUDNRSORYQL V
VLMHpPpQMX JRGLQH 2GOXNXNR MY R/NXSBKR MWMOLNY X LW IMIRG L
GRQLMHOD MH (XURSVND .RPLVLMD QD WHPHOMX SURVMHN
JRGLQX X]HY&L X REJLU VYH OHWRYH NRML VX VH RGYLMDO
RE]JLU VUHGQMX Y Ué&nhisi{aGz@ Bodine 20RADA63KQM je Kznosila oko 220
milijuna tona CQ, broj emisijskih jedinica u 2012 godini iznosie 212 892052 tone , a za
godine od 2013 pa nadalje izno8ig2502 WRQD HPLVLMD JUDPQRJ SULMI
BRGDFL MEBRVVBRELZYHQL VX L]JUDPpXQLP R GEERER IGB2RGUHVHC
DYLRQD L WRpQLP SRGDFLPD R XGDOMHQRVWL JUDPQLK SXW
SULMHYR]QLND L LIUDpXQRP XWMHFDMHP SRPRUQH MHGLQI
uprDYR WR UD]J]GREOMH RG GR JRGLQH X]JHWR X RE]LL

prometa u tom razdoblju pa do danas.

TH4&L VH PDQMLP NROLpPLQDPD HPLVLMD QD QDpLQ GD \
SRYHUDYDMXiL QMLKRY X YUHQMVEQR WW X PWADIRQFM MR G X VW
MHGLQLFD GDMH EHVSODWQR ]U Brhi§jskh j&linicaittiajededkrdz L P D
GUDAEH D RVWDOLK RVWDMH NDR SRVHE@®&nEtB@UKD ]D N
UD]YLWNX L QFRYRGROBR]QLFRPD QD WUALAWX %HVSODWQH
WHPHOMX EURMD SUHYH]HQLK SXWQLND UREH L SULMHJyHQ
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VXGMHOXMH GUADYD pODQLFD (XURSVNH 8QLMH ]DMHG
IRUYPANDM SURMHNW WUHQXWQR SRNULYD XNXSQLK VV
=UDpQL SULMHYR]JQLFL NXSXMX RGUHYHQX NROLpPLQX HPLYV
jednaka je jednoj toni emisijia COLOL MHGQDNRM NROLpPLQL &pida,GUXJID °
GXAaAaLNRYRP ,.® Npeiflrokalbonima (umjesto veza ugljika i vodika, postoje veze
XJOMLND L IOXRUD L RELPQR QDVWDMX SURL]JYRGQMRP DC
SURGDWL LOL |DGD&DWQ X pDAVKG & DOQMHWMN S RIY ROIMK GU NROL
SODUD YHOLNH QRYpPpDQH ND]JQH NRMH VX ]D JRGLQX L]Q
godine u godinu (2002007 su iznosile 40 eura po WNRUDpPHQRM WRQLpH®DVLN
LVSXaWHQLK HPLVLMD P RUDSRE GDYPLUKDMRLMRMVYNLK MHGLQL
EL WUHEDOR SRWDNQXWL SULMHYR]JQLNH GD VPDQMXMX VY
L SULMHOD] SUHPD L]J]YRULPD HQHUJLMH PDQMH RYLVQLP
informirati Komisiju o tome kako koriste novac dobiven prodajom emisijskih jedinica na
GUDAEDMOL SRGDFL YLGOMLYL VX X JRGLAQMiMR. afnuMHAUX R
Climate action progress reports &LMHQD HPLVLMVNLK MHGLQLFD RGUHY
S R Wijel D &015. godini, u prosjeku 26 milijuna emisijskih jedinica mijenjalo se na dnevnoj

bazi. Ukupno je to iznosilo preko 6.6 milijardi emisijskih jedinica ukupne vrijednosti od oko

49 milijardi eura.Dio tog novca koristi se u dwa razvitka tehnologija dje koriste manje
NROLpPpLQH XJOMLND NDR L UD]JYLWDN WHKQRORJLMD NRMH
SULND]D Q Da aéisijdkiR edirpda@ milijumna tona koja je mijenjana unutar Europske
XQLMH L NRMD MH SURGDQ2D1R foddevidikivblie D jeuR(GREdM H GR
]DPLMHQMHQR RNR PLOLMDUGH WRQD HPLVLMD GRGDWAQI
VSRUD]XPLPD L]IPHYyX GYLMH VWUDQNH D Bé dladiX QD SUR
spomenute brojke od ukupnd@nilijardi emisijskih jedinicd16]
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Slka2 +. ROLpLQD PLMHQMDQLK HPLVLMVNLK MHGLQLFD XQXWDU (XURSH ]

5D]YRM (8 (76 RGYLMD VH X pHWLUL ID]H

1. Faza (2005 QD]LYD VH MRa L PRl jéeneSHWELYK2Q M D
QDMYHUH WU&LadaWH XJOMLNRP %URM HPLVLMVNLK
prod MHQMHQ MH NDR SUHYHOLN .D]JQH ]D SUHNRUDD
40 eura po toni, a pokrivale su se samo emisije Z@roizvodnje enelig i
industrija koje uvelike zavise o njima.

2. Faza (2008 X NRMRM VX VH ,VODQG 1RUYHA&AND L /LKYV
Broj emisijskih jedinica smanjen je za 6.5%, ali zbog ekonomske krize, smaniili
su se zahtjevi za kupnjom. To je dovelo do kadi plusa po pitanju
QHLVNRULAWHQLK HPLVLMVNLK MHGLQLFD awR VH
7TDNRyHU WR MH ID]D X NRMRM MH X SURMHNW XYU

3. Faza (20132020) 1.1.2013. predstavljene su velike promjene kada se postepeno
NROLpLQDVEGIMS HPLVLMVNLK MHGLQLFD GDMH X GU|
VH +UYDWVND SULGUXAaLOD SURMHNWX .DR SUYL NF
emisijskih jedinica nastalih uslijed ekonomske krize, 900 milijuna emisijskih
jedinica pomaknuto je izazdoblja 20132015 za razdoblje 2018020. Dodatno,

WLK PLOLMXQD SUHEDPHQR MH X SULpPpXYX pLM
XWMHFDMH QDVWDORJ YLaAND HPLVLMVNLK MHGLQ
VXVWDYD QD EXGXiUH QHS O aipe, UIB.Gbn{a BEurbpskaM H - 6Y
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Komisija objavljuje ukupni broj emisijskih jedinica u opticaju, broj istih u
SULpXYL LOL EURM NRML MH RWSXaWHQ L] SULpXYH
4. Faza (2021 ]D NRMX MH (XURSVND .RPLVLMD SUHGO
2015. godine sa zahtievima d& D ID]D EXGH X NRUDN VD ]DNOM)>
9LMHUD QD WHPX NOLPDWVNLK L HQHUJHWVNLK SUR
VPDQMHQMH RG QDMPDQMH HPLVLMD VWDNOHQL
JRGLQH SRYHUDQMH RG iHi Qlal balei\2VI H X p L G
energije koja se koristi bude iz obnovljivih izvora. Cilj od 40% smanjenja
HPLVLMD WUHEDR EL VH SRVWLUOL QD QDpLQ GD V
HPLVLMH ]D D VHNWRUL NRMH QH REXKYDUD (76
ciljjesmaomLWL EURM HPLVLMVNLK MHGLQLFD VWRSRP F
SD QDGDOMH ]D UD]JOLNX RG WUHQXWQH VWRSH VP
cilj je razviti nekoliko sustava potpore kako bidJ XpMD NRMD VX XNOI
promjeQH PRJOD O Dobkhie@dpiajiinoSacija i ulaganja u razvoj i
WUDQ]JLFLMX SUHPD HNRQRPLML QLVNH SRWUR&QMHEH
LQRYDFLMVNRJ L PRGHUQL]DFLMVNRJ IRQGD ,QRYI
SRVWRMHUH SRWSRUH ]D U D i{ehfoMgija uGHdEsRIQ ¥ WUDF L
modernizacijski fond pomogao bi 10 zemalja Unije slabijeg ekonomskog statusa
X SREROMabQMX VHNWRUREID SURL]YRGQMX HQHUJ

=D SUHGRGAEX SUHPD SRGDFLPD (XURSVNH .RPLVLMH

31. prosinca JRGLQH X RSWLFDM MH SXawHQR HF
SRWUDAaQMD ]D LVWLPD L]JQRVLOD AWR X UH]JHU)
jedinica.[17]

=HPOMH pODQLFH X VNORSX GUDAEL QIO%S&nilyaaddDH VX QI
eura u razdoblju od 2013016. Cijena emisijske jedinice za 2015. godinu iznosila je 7.3 eura,
a za 2016. godinu 5.5um prema podacima EAA. Slikom@ikazana je usporedba cijene
HPLVLMVNLK MHGLQLFD ]D JUDpQLVLMHMRDIO M\HNGLL @ HINDW RDJ | W&
prikazana je sivom bojorKk ROLpLQD HPLVLMVNLK MHKGU QYD WY NRRM HUDXY @&
prijevoznikuCroatia AirinesSUYH JRGLQH SR XNOMXpLYDQMXGX¥BKXVWD
godine 2014. pa do 2020. iznosdLiil QRVLW UHD XODVNRP X pHWYUWX ID]:
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VPDQMHQMH QD JRGLAQMRM UD]LQL RG 1939, za 20QR GLQ X C
iznosi 82051, a za 2023. iznosi 8®3 emisijskih jedinicg18]

Slika3 +8VSRUHGED FLMHQD HPLVLMVNLK MHG[LILFD ]D JUDpQL L JHF

=UDpQL VHNWRU XQXWDU (8 (76 IMHhilkunatonaQ@® @ WRL MSHJ R L ]
SRYHUDQMH RG JRAA®QARYNYLE@B 10 khydrmislia grideRdn] ¥Ry D p
slikom 4 i odgovorni su za 44% tih emisijRyanairsa 8.4milijuna tonaCO i Easyjetsa 5.1
milijunatonaCO, VX ELOL GYD QD sl antisijaDCG whirar 2yaRopD\ynog sektora u
2016. godini. Emisije ova dva spomenuta niSRoDULI1QD JUD p Q DtaSilg sires¥,R] QL N D
14% kod Ryanaira i 8% kod Easyjefth9]
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Slka4 +1DMYHUL SRWURA&DUL JRULYD L HPLWHUL X > @

8] OMLK SRYHUDQMD L VPDQMHQMD X RGQRVX QD J
prijevoznika prikazana sV D N Rligd#n4. Prema podacima Ryanaira i Easyjeta iz 2017.
JRGLQH WDM UDVW HPLVLMD SRYH]XMX V SRYHUDQMHP EUF
15% (117 milijuna putnika u 2017. godini), a Easyjet 6.6%5 ilijuna putnika). Na slici 5
vidlivoje L VPDQMHQMH RG NRG $LU )UDQFHD a@WR SULSLVX
WUR&AHQMD JRULYD VPDQMHQMX VWDURVWL IORWH RSHU
HNRQRPLPQR OHWHQMH
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Slika5 * 3SRVWRWDN SURPMHQH NROLPpLQH LVSXaWHQLK HPLVLMD X RGQRYV

2SUHQLWR X JRGLQL ]U Dilphdje S2niljuRaYeRis{skiF LP D G R
MHGLQLFD EHVSODWQR D GRGDWQLK PLGrhddi¥@PoSURGDQ
ukuprih emisija za tu godinu (61.4 milijuna tgna ostatak emisijskih jedinica kupljen je kroz
WUALAWH 7UHED QDSRPHQXWL GD J]UDPpQL SULMHYR]QLFL PI
sektora i mogli ih predati i njima pravdati svof¢gPLVLMH DOL QH PRaH ELWL RI
SRWUDAQMD ]D HPLVLMVNLP MHGLGIkeb® D X JRGLQL SUI
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Slika6 +3RQXGD L SRWUDAQMD HPLVLMVNLK MHGLQLFD X JRC

7LMHNRP WUHUH ID]H (8 z(igi6koji] $iiIkpridtantSolbilivhad YR po
SLWDQMX LVSXaWHQLK HPLVLWZ ArX 5D R QP®DM YIH (iIV $-FHYNWH UG R N
X WRP SHULRGX 1IHNL RG SULMHYR]JQLND NDR aWR VX %
oko 5% kroz cijeliperRG 8VSUNRV SRYHUDQRP EURM RSHUDFLMD ]
Alitalia VX XVSMHOL VPDQMLWL NROLpPLQX HPLVLMD 3UHPD SR
JUDpPpQRJ Sdddk BABAtBuropean Aviation Safety AgencyL ] JRGLQH SRYHU
uispXawHQLP HPLVLMDPD X UD]JGREOMX RG GR JRG
SRYHUDQMH SXWQLpNLK NLORPHWDUD 7RPH MH YHULQRP
operacije, mijenjanje nekih staML K L SR H B2ty Mdzedurama prijevozaik
SUHPD LVWUDALYDEMGRKDHMHBEKQRORJLMH L UD]JYRM PRAGD
SURPHWD 1DMYHULK HPLWHUD HPLYVL&bEoK3IAYPpQRP SULM
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Tablica3 +.ROLPLQD LVSXEWHIDPLR DHWPHEHRE 2DpQH SULMHYRI®QLNH X UD]J]GREO

4.2 Protokol iz Kyota

SURWRNRO L] .\RWD MH PHYyXQDURG @rihg. GRtadRNafolds SRY H ] L
Framework Convention on Climate ChangfNRML REYH]XMH QMHJRYH SRWSL
SUHG Q M arkdne Kiljexe)smanjenja emisija. Prepoznato je da su uglavnom razvijenije
JHPOMH RGJRYRUQH ]D WUHQXWQH YLVRNH UD]JLQH VWDNO
LQGXVWULMVNH DNWLYQRVWL 6WRJD 3URWRNR@oWWDYOM
VOLpQLK DOL L]JPLMHQMHQLK RGJRYRUQRVWL 3URWRNRO
-DSDQVNRP JUDGX .\RWX D VWXSLR MH QD VvVQDJX YHOMD
Europske zajednice, odobrilo je protokol iz Kyota uz Okvirnu kooyerJjedinjenih naroda
R SURPMHQL NOLPH L IDMHGQLPNLP LVSXQMDYDQMX REVYH]L
RGOXNRP (= 3UYL REYH]XMXiuL SHULRG |]DSRpHR MH
zemalja s visokim udjelom emisija nisu dijeloBfflURWRNROD SD VX JHPOMH SRW:¢
18% svjetskih emisija. U prvom periodu, zemlje koje su sudjelovale, obvezale su se smanijiti
QMLKRYH HPLVLMH ]D SURVMHpPQR LVSRG UD]LQD L] J
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GD ]DMHGQLpNL evoyehbvéieRdDsmd@nignje emisija, a smanjenje emisija za 8%
(XURSVNH 8QLMH UD]JOR&HQR MH QD RJUDQLpPHQMD VYDNF

ekonomskom stan;j(i20]

(XURSVND 8QLMD VD JHPOMDPD pODQLFDPD |DGH
VWDNOHQLDMNRKBVOYORMHQH BURWRNRORP X SUYRP REYH]XM
postizanje cilja prvog perioda bio je 18. studeni 2015. godine. Za kompletan prvi period od

GR JRGLQH L]X]JHYaAL &LSDU L ODOWX NRML QLVX
emisije CQp za prostor EU iznosile su 23.5 gigatona. To je jednako smanjenju od otprilike 19%
X RGQRVX QD ED]QX JRGLQX 6YH JHPOMH REYH]DOH VX VH
Poljske koje su se obvezale na 6%, te Hrvatske s 5%. Odlukom Komisijetadéhoga 2013.,
(= XYuawHQD MH UD]JLQD HPLVLMD GRGLMHOMHQLK 5F
iz Kyota, a iznosila je 148 778 503 toif21]

8 SURVLQFX JRGLQH X '"RKL SULKYDUHQD MH GF
MH VDGU aD Yaaédzem@ljR pokpisRiEa s novim obvezama o smanjenju emisija za drugo
REYH]XMXUH UDJ]GREOMH RG VLMHpQMD GR SURVLQ
MH SUHUDYHQD OLVWD VWDNOHQLpPpNLK SOLQRYDhINRIMH JHP
SOLQRYD 7LMHNRP GUXJRJ REYH]XMXUHJ UD]J|GREOMD ]HP
HPLVLMH VWDNOHQLPNLK SOLQRYD ]D QDMPDQMH X RGI(
QDSRPHQXWL GD GRSXQD L] '"RKH MR& XYLMidNreQdjH SULK
prihvatiti 144 potpisnica, a trenutno stanje od 3. svibnja 2018. godine je 112.

'UXJR REYH]XMXUH UD]J]GREOMH SRYH]XMH |]DYUaHW
SURWRNROD L] .\RWD L SRpHWDN QRYRJ JOREDOQ®& VSRUD
UDJ]GREOMX (XURSVND 8QLMD QHNH RG GUXJLK (XURSVNLK
Qb GbDOMQMH VPDQMHQMH HPLVLMD =HPOMH (8 L ,VODQG S
20% u odnosu na 1990. godinu i na dobrom su putu premaresju cilja. EU je odgovorna
za kontrolu emisija u sektorima koji su pokriveniE RSP D VYDND JHPOMD SRVHEQF
]D HPLVLMH QD GUADYQRM UD]LQL JBoW.RNWRUH NRML QLVX

Paket mjera za 2020. godinu na temu klime i energije predstavlja set zakona koji bi
trebali osigurati da EU zadovaolji ciljeve predstavljene do kraja 2020. godine. Paket se sastoji

od 3 bitne mjere:

x 6PDQMLWL HPLVLMH VWDNOHQL paeibekiz39WQ.Q.RYD 1D
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X HQHUJLMH XQXWDU (8 WUHEDOR EL ELWL NRULAV
X SRYHUDQMH HQHUJHWVNH XpLQNRYLWRVWL

7L VH FLOMHYL SURYRGH NUR] (76 pLML MH FLOM GR

NRML VX SRNULYHQL J®ORVX IQDL WrjaH) X IRG JRGLQH .DI
VSRPHQXWR (76 SRNULYD RNR HPLVLMD VWDNOHQLpPNL
pokriveno je regulaciamal GUADYQLP UD]LQDPDMXGMHNWHRERNRML QL
X (76 NDR aWR VXDGBEP®MXDODQNWYVR XSUDYOMDQMH RWSDGRP
VHNWRU &LOMHYL VX UD]JOLpLWL D UD]JYLMHQLMH L ERJD
GRN VH VLURPD&QLMLP |JHPOMDPD GRSXaWD UDVWaR®XQDMY |
RJUDQLpLWL HPLVLMH IDSUHGDN SUDWL (XURSVND .RPL"
L]YMHAUD JHPDOMD R LVSREWHQRM NROLPLQL SOLQRYD

BUHPD SRGDFLPD (XURSVNH .RPLVLMH XQXWDU (8 HPL'
1990. i 2016. godine, dok je ekanga porasla za 53% unutar istog razdoblja. EU emisije

smanijile su se za 0.7% u Mok je BDP porastao za 1.9%.

4.3 fr<aeec o' f 2015. goaline

Zasjedanje 21. Konferencije stranaka Okvirne konvencije Ujedinjenih naroda o
SURPMHQL NOLPH 81)&&& ]DSRpHOR MH X 3DUL]X OLVW

JRGLQH 1D .RQIHUHQFLML MH VXGMHORYDORwje GUAaDY
3DULANL VSRUD]XP R NOLPDWVNLP SURPMHQDPD 6SRUD]XP
JRGLQH QDNRQ aWR JD MH OLVWRSDGD UDWLILFLUDOD (X

'XJRURpPQL FLOM VSRUD]XPD MH GUaDWL SRYHuUDQM
razini znatno ipod 2C iznad predLQGXVWULMVNLK UD]JLQD 8 VNORSX WR.
AHOL VH RIURQEXGWULLQ®D EL WR |]QDWQR VPDQMLOR UL]JLNH
7DNRYyHU &HOL VH SRVWLUL YUKXQDF X NRRY pLIVW. & B3R3 W H
PRJXUH X]HYAaL X REJLU GD EL WR PRJOR WUDMDWL GXaH ]D
L ]QDQRVW NDNR EL VH SRVWLJOR a4WR EU&aH VPDQMHQMH H
predstavile svoje nacionalne planoezVPDQMHQMH HPLVLMD NRML MR&a XYL
JOREDOQR ]DWRSOMMQ MM [DVGSRDDIXRARBR/G QDVWRML SULE
GUabyYyb SULVWDOH VX VDVWDMDWL VH VYDNLK JRGLQD N
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PHYREQR L L] YMH&AWDYDWL MDYQRVW R XVSMHAQRVWL L L]Y
GXJRURPQRP FLOMX VPDQMHQMD

1D . RQIHUHQFLML MH GRJRYRUHQD VWUDWHJILMD ]I
premautjecajima nastalim klimatskim promjenama, kao i e NLGQD L EROMD PHYX
SRPRU JHPOMDPD X UD]YRMX SUL L]¥Y83abhH B&M N INDWLLYWDORPND @
PHYXQDURGQRP ILQDQFLUDQMX ERUEH SURWLY NOLPDWVNL
100PLOLMDUGL DPHULpPNLK Rza intdustrijdlRiahed £2iljie dx R0Z0J Yy HQ L
kasnije, do 2025. Stranke Okvirne konvencijie-UINR SURPMHQL NOLPH XWYUGLW

cili prije 2025. Ukupni doprinosi EAD L QMHJRY bR DRU&DY X LIQRVL
176 PLOLMDUGL HaWOBREMWRD @IMHI X RGQRVX QD D XNXSQ

iznosili su 20.2 miljarde eura RSULQRVL VX XVSMHAQR XVPMHUHQL QD
klimatskih promjena i prilagodbu tim promjenama u zemljama u razvoju. Taj doprinos smatra
VH YDAQLP I RUDINBPRYHGEL 3DYMENRJI VSRUD]XPD

TUHQXWQL QDSUHGDN SUHPD VPDQMHQMX HPLVLMD L L\

godire za Europu prikazan je slikom 7

Slika 7 tNapredak prema ispunjavanju Europskih ciljeva za razdoblje 202e2030 (ukupni broj emisija
VWDNOHQLpNLK[BPLQRYD X (8

6OLNRYLWR QDpLQ QD NRML (8 QDPMHUDYD LVSXQ

sporazumonza sekotre koji su u sustavu trgovanja @amsa i za sektore izvaprikazane su
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slikom8 6 HNWRUL NRML VH QDOD]JH X VXVWDYX WUJIXRRRAQMD HP
je spomenuta ranije u radu kao faza 4. Sektori izvan sustava trgovanja emisijama namjeravaju

do 2030. godine smanijiti enjs za 30% u odnosu na razinu 2005. godine kroz Uredbu o
UDVSRGLMHOL QDSRUD L 8UHGERP R XSRUDEL ]JEMBOMLaWD
LULUCF zLand Use, LandJse Change and Foresy25]

Slika 8 #Plan EU o postizaQMX FLOMHYD GR L] 3DULANRJ VSRUD]XPD >
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4.4 1ICAO CORSIA (eng. Carbon Offsetting and Reduction Scheme for

International Aviation)

&256,% MH PHYyXQDURGQL SULVWXS VPDQMHQMX HPLVL
UD]YLMHQ RG VWUDQH O0OHY X QundRze&akpplovivwd J@Erg.L [ CABEMH D
International Civil Aviation Organization). CORSIA se odnosi na emisije nastale
PHYXQDURGQLP JUDpQLP SURPHWRP D VDVWRML VH RG W!
Sudjelovanje u razdobljima do 2026. je dobrovoindlS& pHWNRP SUYRJ PMHVHFED
YLAH RG ]JHPDOMD NRMH SUHGVWDYOMDMX YL&H RG PHj
prijavile za dobrovoljno sdjelovanje. Zemlje poput Indije i Rusije za koje se smatra velikim
HPLWHULPD VH M.Riot@azdbMjeSraje 621 d024.1d02823., prvo razdoblje od 2024.
do 2026., a drugo razdoblje od 2027. do 2035. U drugom razdoblju, sve zemlje s udjelom u
DNWLYQRVWLPD PHYXQDURGQRJIJQUDMHQUARYP RBGRPHWO LXpLMLJINR
udio dosigne 90% ukupnih aktivhosti su kM XpHQH ODQMH UdajdjvdiddiB@QH JHPO
LIX]IHWL RVLP XNROLNR VDPL GREURYROMQR QH RGOXpH V
VPDQMHQMH HPLVLMD XJOMLNRY R@inGvia Rakd/Hi eBdangeistile U X JLK
HPLVLMH QDVWDOH QHJGMH GUXJGMH 5DpXQD VH PQRAHQM
IDNWRUD SRYHUDQMD NRMHJ LIGDMH ,&%$2 )DNWRU SRYHUDC
UDVW HPLVLMD XQXWDU ]JUDbpQRJ ptiehouviRa) Do |e pof@@aky L G X D
SRYHUDQMD NROLPLQH HPLVLMD X RG QRagpoiale priddz@pa F X G D G
slikom9. 1THGDYQR OLSQMD JRGLQH ,&%2 MH XVYRMLR &z
prakse ¢éng. CORSIA Standards and Recanded Practicest SARPs)kao nwi Svezak,
6YH]DN 'RGOWNBNH YRQYHQFLMHL]®XWAWDRIWPMEQND D M D
MRV +Monitor, Report, Verify WUHEDR EL ELWL XVYRMHQ RG VWUDQH ]
VLMHpQMD [26] JRGLQH

Slika 9 +Osobni i sektorski faktor [26]
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1DNRQ L]UDMNKRIDLHYRQMDNRMX MMHSRWL WH.EIQ RijSdDES RP E LV
RGUHYHQRP JUDPQRP SULMHYR]QLNX

X 3ULMHYR]QLN L]YMHAWDYD R NRULAWHQMX RGUALY]I
RGUHYHQR UD]J]GREOMH

X 'UADYD RGX]LPD RGUHYHQX NROLPLQX HPLVLMD ]E
REDYMHAWDYD JUDpQRIPSBIMMNRBLQL N DjeRRNVRQWUHE
razdoblju od 3 godine

X 3ULMHYR]JQLN NXSXMH L RWND]XMH R GakiHgndjiQ X NRO
SURUDDp X QD \jeRak U] tDmQeRda 5P

X 3ULMHYR]QLN GUADYL SULMDYOMXMH NROLpPLQX R
GUADYD SURYMHUDYIDMRVH]| &8 &8MHH XL ,k@ PR U

Kao dva glavna cilja ICAO nandi prestanak rasta emisija X JUDpQRP VHNWRU]

JRGLQH L XpLQNRYLWLMH WUR&AHQMH JRULYD RG JF
SREROMaDQMLPD X RSHUDWLYQRP VHNWRUX EROMRP WHKQ
biogoriva i CORSIAom. Ideja je prikazanslikom 10. [26]

Slika10 +t3SRVWL]DQMH JUDQLFH QHXWUDORJ UDVWD XJOMLND SRPRiUX RSHL
JUDNRSOYRD L RGUALYLP-oIBILYLPD L &256,$%
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6YH JHPOMH p@8aQUBHQEB2SULMHYR]JQLFLPD NRML VXGMI
JUDPQRP SURPHWX REDYH]QH VX $ngDMRYWNonito], YRepbH,V W L W L
Verify) emisie CQ WLK OHWRYD ]D VYDNX JRGLQX SRpHY&EL RG
sudjelovanje u CORSIA projék

=UDpQL SULMHYR]JQLN GXabQ MH SUDWLWL L VSUHP
QD PHYXQDURGQLP OHWRYLPD X VNODGX V GRSXaWHQLP PH
SULSDGD L WX LVWX PHWRGX WUHED NRODWW.adhapd FLMHC
metoda dopd WHQLK ]D NRULA&W HQ MAAO NCORSIA OCO Batimati&$ 2nd
Reporting ToolzCERT} GRVWXSDQ QD LQWHUQHW Slikd LLPxazEiDPD ,& $2
NRML OHWRYL L QD NRML QDpPpLQ VXGMHOXMX X VXVWDYX &
sudjeluju R]QDpHQL JHOHQRRMARWM®BRPMH(GX X JHPOMH XQXWDU &
MRV isto kao i zahtjevima o nadomM H & W D Q kébg. dff3éthgurddidremenys GRN UH OHWR)Y
NRML SROLMHuUX L] JHPOMH &256,$ L VOLMHuUX X JHPOMX N
R]QDpHQH VLYRREERMRMR ELWL SRGORAQL VDPR 059 ]D HPL
[26]

Slika 11 +Obveza zemalja s obzirom na sudjelovanje u CORSIA projekt(26]
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5 : e a FE FUEL
EFFICIENCY)

OHWRGH XpLQNRYLWRJ WUR&AHQMD JRULYD SRGUD]XPLM
VPDQMHQMD SRWURAQMHRRURYQH D WDXASRHVEIGEREM \V L M D
jedne litre zrakoplovnog goriva nastaje 3.15 tona emisija GOUDpPQLP SULMHYR]QLF
LQWHUHVX MH VPDQMLWL SRWUR & Q McdkubRelpbnle R S/IFHDQLLNMVLRN L
kako bismanijiliutecDM QD RNROL& SRYHiiPEOMHNYD CBLONDHI\D ® M H YNRDN Q L
SUHNRPMHUQLP LVSXa4WDQMHP HPLYV emigskih pdric@umitaO L SR W L

sustava trgovanja emisijama.

,VWUDALY D Q bt$tré&ng BN ki §erhQ®L7. godnSRWYUGLOR MH OR& VI
pitanju smanjenja emisija GdJ51] 'RELFL RVWYDUHQL PHWRGDPD XpLQNR"
modernzacija flote nisu uspjeli nadoMHVWLWL HPLVLMH QDVWDOH NDR U}
JUDPQRJ SXWQLPNRJ SURREBWDW LR BIHFHHIOMWR LUBD XpLQNR
VYMHWVNLK JUDPpQLK SULMHYR]JQLND NRML VX RGJRYRUQL ]I
RUJD QLADBYfMDWYUGL NDNR VX WRNRP ;poraskeR&4%) ¢kl LV L M H
VH NLORPHWWLL QBIWD . PRXHNIDNR VH PRGHUQL]DFLMD JUDpPpQL
VSRUR L GD VH VDPR JUDNRSORYD X FLMHORP VYLMH)
OHYXQDURGQR YLMHUGH endd 1QCTVIMntSnatiokaH C&uhcil on Clean
Transportation SURQWHONDNR MH VNRNRYLW SRUDVW SURPHWD
LVNRULAWHQRJ JRULYD DOL WDNRYHU L GRQLR HNRQRPVNH
LIPHY X L JRGLQH S$WPRVIDLU NDatHNONBRpPDK L
prijevoznika ispXAWDMX X SURVMHXNXRGQRVXHQHD2 QDMXpPLQNRYLWL
operacijama s punim kapacitetom, Airbus AZEID i Boeing 78000. Flota sa srednjom
UD]JLQRP XpLQNRYLWRVWL LVSXaWD RNR GYRVWUXNR YL&H I
jeizUDGLR ASWPRVIDLURY eQd¢5AiNOgfa® BikliNeHNdRKD seNrBshiva na
emisijama CQ SR SXWQLpNRP NLORPHWUX QD VYLP UXWDPD D
zrakglova, vistu moORUD NRULaWH Q Mk kida) kapaci@ivsjedalgdtets, ka0 i
SRSXQMHQRVW JUDNRSORYD 3UHPD WRPH QDMEROMH U]
QDMPRGHUQLMRP IORWRP YHOLNLP EURMHP VMHGDOD L GR
SULMHYR]QLND QD LVWLP UXWDPD L ShbthoR&ir&iXswalikgmNLP NLC
RG pDN GXSOH SRWURAaAQMH SR SXWQLpPpNRP NLOBRHWUX .L
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Atmosfair navodi BritanskogrijevoznikaTUI Airways E L Wrgdvoznik Thomson Airways

3UHPD QMLKRYLP L]JUDPpXQLPRJ IRWK\LLIINL VGR VVARISER X \R QW

SBURFMHQMXMH VH GD EL SRWUHED ]D JRULYRP%X JUDpPQR
L VYDNH JRGLQH GR 7DNDY SUHGY Lpd¥@Ln@BRGgiD VW EH]
doveo bi do toga da bi udio emisi@gtsektora mogao iznositi 22% do 2050. godine, umjesto
WUHQXWQLK ‘RN EL LGHDOQR UMHaAHQMH ]D VRD@MHQMH
PRIJXUH 6WRJDi zBkRARYMYDp JUDPQL SULMHYR]QLFL XODA&X
smanjenje emisia SPQMHQRP SRWUR&AQMRP JRULYD 1HNL RG JODY
WHKQRORJLMH GL]DMQ L PDWHULMDXbLbUQNRREWRY L/ NVRMRLA |
GR SULKYDWOMLYLK L RGUALYLK UD]JLQD 1DMYHUmMstXaWHGH
JRULYD QRYLMLP L HILNDVQLMLP PRWRULPD EROMRP D]
LIGUAOMLYLN2BK PDWHULMDOD

,VWUDaLY DiQOLH g¥dini provedeno od ICC&r(g. The International Council
On Clean Transportation obavljeno na prekoocéaVNLP OHWRYLPD SUYHQVW
$PHULNH LVWRpPQH $JLMH L 2FHDQLMH SRND]JDOR MH GD ]U
PHWYHURPRWRUQH JUDNRSORYH NDR aWR VX %RHLQJ L $
SRWURAaAQMH JRULY popidtRsigng, Kddehiiit VRijQdsMbgi bi pretpostavili
GD VX YHUL JUDNRSORYL XpLQNRYLWLML JERJ YHUHJ EURMD
NLORPHWUX LVSDGD PDQMD DOL X VOXpDMX OHWRYD S|
Prijevoznici koj koriste velike avionézgarajuYLaAH JRULYD L LVSXawldX YLAaH
'YD VX JODYQD UD]JORJD WRJD SR SLWDQMX SUHNRRFHDQV!I
DYLRQD V pHWLUL PRWRUD NRML VX PDQMH XKL QINFREYHOGLIN B R
NDR &@&WR VX YHUD PDVD NULOD SRWUHEQD YHUD NROLpPLQI
YHQWLODWRUD PRWRUD 'UXJL pLPEHQLN MH QDpPpLQ QD NRM
manjim brojem putnika u odnosu na dvomotorne avitmk®m 2016. godine zbog manje
JXVWRUH VMHGDOD L SRSXQMHQRVWL SXWQLpPpNH NDELQH
UXWDPD LPDOL PDQMX XpLQNRYLWRVW WURAHQMD JRULY
DYLRQL &WR skkbm S2URlAVDHd¥ipddstavlija dvomotorne zrakoplev D QDUDQpPDV W
PHWYHURPRWRUQH ,VSUHNLGDQD QDDQGPDGWIROUND \BH SN
kilometaraostbUL ]|D RGUHYHQX NROLPLQX JRULYD YULMHGQRVW
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Slika12 +5D]OLND QDYHGHQLK XpLQNRYLWRVWL JUDNRSRRYD V REJLURP ¢

6ODELML UH]XOWDWL VWDULMLK pHWY HU-BB,RaMeU QLK U
LVSRUXpPHQ JRGLQH L $LUEXVRYD $  OLQddMdxzbog MD MH
VQDAaQH NRQNXUHQFLMH %RHLQJRYD PRJX VH SULSLVDW
A9HOLNL JHOHQL GLY?® $LUEXV $ NDNR VX JD QD]JLYDOL
Airbus je najavljivao kako bi A380 mogao nositi i da38autnika na dvije pune palube. Boeing
je odgovorio svojim B78Dreamlinerom NRML RPRJXUXMH SULMHYR]JQLFLPL
VOLpQLP UXWDPD VD UHODWLYQR PDOR SXWQLND ,VSRVWD
podacima koji su predstavljeni, vilLYR MH GD $ L QLMH ED& ELR XVSMH
QHSRYROMDQ XW M HHjéevbEn®R Dsaf pizaaoNjinod WijedrvkdpadEmirates
SULVWDR MHWXKSDWLRWDA DOL XNROLNR $ aapo pite®jU RUL QR
CO, PRUDW UH SREROMAaADWL XpLQNRYLWRVW WUR&AHQMD JR
NRQFHSWRP NRML EL WUHEDR ELWL SUHGVWDYOMHQ WHN S
UXWDPD SUHNR 3DFLILND $ SUHYR]LR MH Béehp @R RNR

RNR SXWQLND XVSUNRYV SXWD PDQMHPi t&&R VW R U X
B787-900 tako je najplNRYLWLML DYLRQ SUHPD RYRP LVWUDALYDQM;
OLWUL JRULYD EROMH QHJR $ ,] WRJ UD]JORJD JUDpQ

zrakoplove tipa B747 i A380. Prije su oni bili prijeko potrebni za operacije na velikim
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udalieQRVWLPD SUHNRRFHDQVNLP OHWRYLPD EXGXUL GD GY
doletom éng. ETOPs+Extended Range Operation with TA&agine Airplane} nisu bili

GRYROMQL 8 GDQDaQMH YULMHPH ALURNRWUXSQL GYRPRWI
i dovoljnu zaprenQLQ X ]D SULMHYR] SXWQLND L UREH 6WRJD QH
QHXPLQNRYLWLK JUDNRSORYD L SUHOD]H %9 PRij&ice)l MHaH Q N
$PHULpPpNL S Déltsl Alrniegz@rhijenio je svoje B747 novim ABSkapacitetom od 306

VMHGDOD L QDPMHUDYDMX SRYHUDW31]QMLKRY EURM QD C

Slika 13 prikazuje dobivene rezultate ICED R XpLQNRYLWRVWL ]JUDpPpQL
QD SUHNRSDFLILPpNLP SXWQLpPpNLP UXWDPD ]D JRGLQX

Slika13 +8pLQNRYLWRVW  JUDpPQLK SULMHYR]QLND QD SUHNRSDFLILpNLP

Vidljivo je da su prijevozniciHainan i All Nippon (ANA)na prvom mjestu sa
SRWURAHQRP OLWURP JRULYD SR S U LMél/pakipr Ka WIRONR IR H W
OLWDUD L]QDG SURVMHND JUDPQRJ VHNW RiaimanMiRivesE LIQRVL
]JDX]JHR SUYR PMHVWR MH SUYHQVWYHQR JERJ NRULaAWHQM
UXWDPD %RHLQJ '"UHDPOLQHURP OHWMHOL VX YLaH RG
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$ RVWDOR 6YDNDNR L NRG QMLK SRVWRMla fekwbtaVWD ]D
popunjenosti kabine ili nosivosti tereta koji se oboje trenutno nalaze oko prosjeka ukupnog
sektora.All Nippon AirwaysMH QDMYHuUL -DSDQVNL JUDpQL SULMHYR](
prvenstveno letjeli Boeing 77300ER, B7878 1 B787 Y U O RviXirp BviphiRa. ANA ima

MHGDQ RG QDMYHULK RGQRVD L]PHYyX SUHYH]HQRJ WHUHWD
RG SURVMHND LQGXVWULMH NRML L]QRVL 7TDK&RFHU LPDI
popunjenosti kabine. Sa 76% ispod suindU LMVNRJ SURVMHND RG $1% VY
PRaAH SRYHUDWL EROMLP IDNWRURP SRSXQMHQRVWL NDELQH
GRVHJQX QDMYHUX UDVSRORALYX PDVX SULMHYR]D SODUuF
PLAOMHQMX PQRDMK/ LIHGDIMRIG @ DpQLK SULMHYR]QLND SR
Quantas QDOD]L VH QD | DGQMHP PMHVWX RYRJ UDQJLUDQMD
OHWRYLPD NRULVWLOL GYD QDMQHXPLQNSRYDWRWMBDUDWYX R®D
QDMGK&RXYMHPQX GXALQX OHWD YLAH RG NLORPHWDU
+RXVWRQD L 6\GQH\D 8] WR LPDOL VX QDMPDQMX SURVMHFE
L VDPR SUHYH]J]HQRJ WHUHWD RG XNXSQRJ SODUHQRJ S
zralkoplova u svoju flotu na tim rutama, B/487 SUHGYLYD VH GD UH LP VH XpLQ|
sa 22 paxm/L na 28 paxkm/L. Tablicom 4 SULND]DQL VX VYL SULMHYR]JQLFI
SURYHGHQR L tabliddrd Skiaréaldefidtike avidna koje su koristilB0]
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Tablicad- 3ULMHYR]QLFL QD NRMLPD MH UDyHQR LVWUDALYDQMH R XpLQNRYLWRVW
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Tablica 5 - Karakteristike zrakoplova koje su spomenuti prijevoznici koristili [30 ]

OHWRGRORJLMD NRMD VWRML L]D L]JUDpXQD VDVWRML
A 3L D Q Rodataka dobivenih od ICA®D LQGXVWULMH L SURL]YRYDpD DYL
RVQRYQH IRUPXOH 3UYD YD&QD |RIRPM\OHDD @ R I ISEONDHIGI R RUHW E
SUHYH]HQ NRML XNOMXpXMH SXWQLNH UREX L SUWOMDJX

2HAJEANSRL $NKFFA@IBHS PN QIJFABKCEEAIrGE PANAP

Prema standardnim podacima ICADmasa putnika i njegove prtljage iznosi 100 kg.
8 LIUDpXQ MH WDNRYyHU X]JHWR X RE]JLU GD |]D LVWL WLS DYLI
EURMHP VMHGDOD SD VH SR VMHGDOX RGX]ERIVOUR ALPMHS UR
NRULVWLOL VX VH SDUDPHWUL SRSXW SRWLVND PRWRUD |
brzina kretanja na tim razinama, gdf§SUHGVWDYOMD LQGHNV |D SURVMHDPQ:
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goriva, a indeks jedinstveni pokazatj prijevoznik-broj sjedalgpreyHQ D X GIB5NDHIE RY W

teret.

JKNERKL Ny:CKNBRKU>NKKHEFAR=JF=

.RQDPQR NRULAWHQD IRUPXOD |]D L]JUDpPXQ XPpLQNRYLWI
putnika po jednoj litri gava glasi:

2QP«EEEGEHKIAE#WI@I;H@AJEAN%I%@:Q@:HFPGH%@P

e srrGC

Ovo sve bilo je bitno spomenuti kako bi se pokazalo mjesto za napredak u snjeslu bol
XpLQNRYLWRVWL JRULYD 9LGOMLYR MH GD ]D YHUH YULMHC
L SUHYHIHQH YHUH XGDOMHQRVWL SRG QHSURPLMHQMHQRF
SXWQLpPNLK NLORPHWDUD SR OLWDLNRRULYB PR&HpIQBDYHU
QDMYHURM GRSXaW H QWMOMWMainQum Take Masyy Br&sMpbaznog
DYLRQD L JRULYD NRMH VH WaRpkdba AZ30HABBONED sa RIVOMWMU L F H
jednakoj 242 tone koristi neke od konzjtaih materijah kako bi nadofestili masu novih
PRWRUD L |DGUADOL PDVX SUD]JQRJ JUDNRSORYD QD MHGQD
NROLpLQX SODUHQRJ WHU3WD NRMHJ PRJX SUHYHVWL

51 ‘"<a—feET cefe’<"ZE LNy Ginyfets)' <Zf

3XQR MH pLPEHRXLOD ®DRIMR XMONDHP LPpNL RWSRU NRMHJ W
2WSRU RYLVL R REOLNX YHOLpPLQL L QDJLEX SRYUALQH ND
SRYUALQH =D WURGLPHQ]JLRQDOQR NULOR MDYOMD VH L L
uzgona. QGXFLUDQL RWSRU L P Dak\povBzGr rdspidoR QAQ@d&hrekOp L Q
NULOD 3URWRN JUDND EOL]X YUKRYD NULOD LPD YHOLN XW
jer ondje nastaju vrtlozi. Aspektni odnos je omjer kvadrata raspona krila idgo@H NULOD
Inducirani otpor obrnuto je proporcionalan aspektnom odnosu krila. Duga i tanka krila imaju
QLVNL LQGXFLUDQL RWSRU (OLSWLpPpQD NULOD X RGQRVX ¢
otpor. Razlika tlakova na gornjaci i donjaci krila uzrokypjeestrujavanje struje zraka na
YUKRYLPD aWR L X]JURNXMH YHUL LQGXFLUDQL RWSRU 7R V|
] DGDuD VPDQMLWL YUWORJH QD YUKRYLPD L WLPH SURWRK
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VPDQMLWL RWSRU D i&RWY praveddri uXNABAR Qtkrilf $UN6\BRQ smanjenje
LVNRULAWHQRJ JRULYD XYRYHQMHP ]DNULYOMHQLK YUKRY|
NRULVWH QD YLaH RG JUDNRSORYD VD SURVMHpPQLP VI

emisija, dobivenih smanjegin otpora.

Ugradnja zakivMHQLK YUKRYD PR&H NRAWDWL RNR PLOLMXQ
RGUHYyHQX PDVX DOL VYDNDNR LQYHVWLFLMD NRMD VH LV
otpriike 2 JRGLQH AWR VX PQRJL JUDpQI$ FSHULIMHNYL.RQLAHG SU L

JRGLQH XYRYHQMHP ZLQJOHWD QD VYRMH JUDNRSORY
JDORQD JRULYD SR DYLRQX QD FLMHOX IORWX GR PLOLM
dolara i 645 milijunatona COJRGLAQMH 7YUWND $LUEXV MH VYRMX YH!
'XEDLX JRGLQH QD]YDOL VX LK VKDUNOHW 3UHPD QML

WLVXiD GRODUD SULGDMH PDVX RG RNR NJ PRJXiH M
doletili prenijeti  NJ YL&H WHUHWO NDDNRRQ BUOHWRIYWLPD GXALP RG
GR PDQMH SRWURAQMH JRULYD SkkaWMIlpRkdzuje JusBaNiR SORY Q|

smanjenja vrtloga na vrhovima kril@3]

Slika 14 - Utjecaj zakrivljenih vrhova krila na nastajanje vrtloga [32]
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52 —Et..fE ofet @ fe 2T of Vo R E— %o

ODVD JUDNRSORYD LJUDYQR MH SRYH]DQD V SRWUR&QMF
ODN&H NRQVWUXNFLMH VWYDUDMX & Di@ gostighuid oBljom 6P D QM
LIJUDGQMRP RNYLUD DYLRQD QRYLP L ODNA&aLP PDWHULI
6PDQMHQMH PDVH RNYLUD JUDNRSORYD RPRJXUXMH NRULA!
PDVH WLK GYLMX NRPSRQHQWD RPRJRGUHY HDLQ @ R PHRAW U HE
SXWQLND L UREH X RGQBavhgy Q CapétaaAN.DIAHD NRSI BRI QHUDOQF
SUDYLOR GD ]D VYDNR VPDQMHQMH RG QD WHALQX SR\
'‘DQDaQML $LUEXV $ VD QDMY H iij@dhjaR 578 foaHn@aRésive®d VR P X
SODUHQRJ WHUHWD RG WRQH 9LGOMLYR MH GD SRVWRMN
ODN&G&LK PDWHULMDOD SRSXW WLWDQD NDUERQVNLK YODNLEL
7L PDWHULMDOL pHYXWIRVRPOPWHGY WIDXY BIMMDHQH UL SRAHWQL W
se X REJLU EURM OHWRYD NRML UH ELWL REDYOMHQL L X&
neisplativi. Boeing 78 Dreamliner prvi je komercijalni zr&oplov koji ima trup, krila, rep,
NRQWUROQH SRYUALQH LJUDYHQH RG NRPSR]JLWQLK PDWHU
Airways nalazi ngprvom mMMHVWX SR XpLQNRYLWRVWL WURAHQMD JRI
SRVWDYOMDOR MH ELOR @GR SSDX\OWIDX@QWUMR BEWHORYMPD EX
SULPMHQD UHODWLYQR QRYD ,Q8HQMHUL %RHLQJD SRND]D
VX SRYHUDOL EURM LVSRUXND WRJ PRGHOD L QRYLMLK YH!
jedan od njihovih gla@ LK NRQNXUHQDWD QDOD adtra/widebhddyFsxvV $ ;0
RWSULONH NRPSR]JLWQRP VWUXNWXURP 2YR VX GYD
SULMHYR]J]QLND VYRMRP LVSODWLYRAaUX L XpLQNRYLWRVW
[33],[34]

5.3 Otpor zrakoplova

Otpor je jedan od glavnibheprijateli]® SURL]YRYDpD JUDNRSORYD 7R M}
sila koja djeluje suprotno od smjera kretanja zrakoplova, a sw@eakim vanjskim dijelom
zrakpl RYD 6WRJD SURL]JYRYDpL YHOLNX SD&Qevniéaksrhbein DM X L]
VPDQMLR RWSRU GD EXEBXML BIDNRSORYL SRSULOLPQR YHO|
RWSRU MH MR& XYLMHN YHOLN pLPEHQLN 7HA&L VH GD JODY
oblika preko kojeg strug UDND QHSUHNLG @R OLMMHH R&EYWH BR RXED QD |
SRYUALQD UHSD L PDORJ RaAaWURJ |[DYUAHWND QD UHSX WU.

40



KRFNDVWLP VWUDNMAMRE INWRBHPXWD L NDPLRQD L]D VHEH
JUDND NRML EL GRYRIGRWIS BWRDS RoyHanDiL GD VH YHOLN GLR |
zrakoplova svodi prema vrlo malim razinama, dobar dio preostalog otpora nastaje kao rezultat
WUHQMD SR RSODWL 6WRJD YUVWH DHURGLQiDPDarpNRJ RW.
otpor natao kao pogtdica uzgond33]

5.4 Sustavi unutar zrakoplova

=UDNRSORYL VDGUAH PQRAWYR PUHAaDloM) lje¢vWzb Lp N LK
ventilaciju, itd. SRWUDAaQMD ]D WDNYLP VXVWDYLPD UDVWH VYDN
zrakoplova. Primjerice, wpHQMHP VXVWDYD ]D |IDEDYX SXWQLND L XJUI
GLMHORYH VMHGDOD SRVWRML SRWUHEBR M DYKRWR QD PSR}
L SRWUHED |D VPDQMHQMHP QMLKRYLK PDVD D X]eSRYHUDC(
SUYHQVWYHQR PLVOLLQBUZXIR yRISQWMLH NOLIKN SlBKE\VA Rrifebosa EHALp
podataka.

8 VWDULMLP JUDNRSORYU®DQ HX SUDIRY @W R pa Kori§IBRLOFD ]
SUDYFD XSUDYOMDOH VX VH PHKDQLpNIL Q] MRNSIL\K DK L GUIDY
VXVWDYD 2 JRGLQH RQL VX |DPLMHQMHQL ODNALP L
SRPRUX NRMLK VH XSUDY OM D GlRbi 3 UDRSOUMDYPONN. BReSiilay \UYaV. @ D R
unapMHYyHQMD X GL]DMQX L P MWl NSIRMPBWERDIPQLKY XSBBRYD \

sustava koji se koriste u zrakoploy83]

55 ‘¢'O©cf Eftcec...f o fefgBAPUERAbixiliary Power Unit )

1D VWUDAQMHP GLMHOX JUDNRG GRYIR Q0 BHG\LY IPADOQ D
(eng. APU *Auixiliary Power Unit 7D MHGLQLFD SUXAD HQHUJLMX JUDNR
VX JODYQL PRWRUL XJDaHQL D NRULVWL VH XJODYQRP ]D
dok je zrakoplov parkiran na stajabk 8PMHVWR NRULAWHQMD SRPRUQLK
goriYR PQRJL DHURGURPL XJUDYyXMX GRYRGH L NRULVWH HC
bi smanijili upotrebu goriva i emisieX JOMLNRYRJ GLRNVLG-B rad&URL]YRYD|
unaprMHYHQMX SHUIRUPDQVL WLK MHGLQLFD QDS®PDQMD =
NLORJUDPX NRMX GRVWDYOMD $38 VH XGYRVWUXpLOD D .
VDGDaAaQMRVWL L VNRURM EXGXUQRVWL UDGL VH QD EROML
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DHURGLQDPLpPpNH VSRVREQRVWL VYHUH XPALRPD@MVMRWRWALL VLR
HPLVLMD XJOMLNRYRJ GLRNVLGD 7D MRY H astalltn@Gtavihd QD ER
zrakopRYD NDR aWR VX QHNH RG HOHNWULpPpNLK LQVWDODFLMD
NUR] VPDQMHQX SRWUHEX HDRLEPPFP DO QVRDVWDBELMHG LM E X G
PRIXUQRVW NRULAWHQMD PDQMLK SRVWURMHQMD VD VWD
Prema projektima iz Airbusa, spremnici s gorivom nalazili bi se u kargo dijelu, a spremnim s
WHNXULP GXaALNRP & YoplibeY Rénhtilhrimnd Mddazio bi se u dijelu repa.
SUHWSRVWDYOMD VH GD EL VH WDNYLP VXVWDYRP BRJOR X2

u operativnom vijeku avion§33]

'RGDWQR SRGDFL GRELYHQL RG $LUEXVDNRLSR WU BaPIN
JRULYD $38 SUHGVWDYOMD PDOL GLR SRWURaQMH JRULYD >
OHW RG VWUDQH PRWRUD SULMHYR]JQLFL VX XYLGMHOL P
HPLVLMD XSUDYR RYLP SXWHP 1D RHP®WH U 8 & MQNRE QINRM I$ 3¥8
XYMHWLPD OLQLPDOQD SRWURAaAQMD GRJDgNQ. RTHtReddyV DQ M X
ToLoad .DNR VH RSWHUHUHQMH SRYHUDYD &aWR XN@MXpXMH
EL zElectrical Loads L RSWHUBINGMLAWHQMH VXV@DYHCSED NOLPI
Environmental Conditioning System SRWURA&QMD JBYD YDVRHMFRSHULND]DQF
6. Svi predstavljeni podaci prikazani su u odnosiS#g SLuvjete.[35]

Tablica6 +t3RWUR&EQMD SRPRUQH MHGLQLFH QDSIBEIDQMD ]D GYD UD]JOLLWD PR

Max
Tip Model RTL Min ECS Emisije
RTL ECS
zrakoplova APU Max EL | Max EL CO
Max EL
A320 serija 36-300 70 kg/h 85 kg/h | 105 kg/h | 125 kg/h | 393.8kg/h
A320 serija | 131-9A 75 kg/h 95 kg/h | 115kg/h | 125 kg/h | 393.8kg/h
A330, A340 | 331350 | 120 kg/h | 140 kg/h | 175 kg/h | 210 kg/h | 661.5kg/h
A340-500/600| 331600 | 160 kg/h | 180 kg/h | 225 kg/h | 225 kg/h | 708.8kg/h

2SHUDWRU JUDNRSORYD RGOXpXMH R WRPH NDNR UH L
RGUHYyXMH QHNROLNR pLPEHQLND L VYDNL RSHUDWRU RGU
vremenu koje zrakoplov provede na zemljjeonovog polijjetanja. T pLPEHQLFL VX YUL
RNUHWDQMD JUDNRSORYD XYMHWL RNRODQ@HNRMX HBWBR (IMXM Y\
JHPDOMVNH LQVWDODFLMH pHNDQMD L ND&a&QMHQMD NRMD
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NYDOLWHWD L SRIJRGQRVW JHPDOMVNLK LQVWDODFLMD S
REJLURP QD EXNX L VOLpPQR

Za dugo vrijeme okretanja ANRSORYD L |D RVWDMDQMH SUHNR Q
napajanjdGPU +Ground Power UnitM H QDMEROML L]ERU &aWHGLjeMDNR L J|
$38 2SHUDWRULPD @B SUWHSPRIYXK VOXpDMHYLPD XNROLNR
zemaljskih jedinicaLVWH L NRULVWH L SRNXabMX SUHJRYDUDWL V L
NRULAWHQMH N&KN H R GURRFAHWIIM Q brist® yérivt) 4 delitvsinie energile
YHO NRULVWH VXQpHYX HQHUJLMX

.UDWNR YULMHPH RNUHWDQMD JUDNRSORYD X SURVMH
LPDWL |1QDpDMDQ XWMHFDM QD YLMHN $38 X VPLVOX FLNOX
kada se ne koristi u potpunosti tijekom vremena okretanja. Bolje je kokBtitiu RTL stanju
QHJR MH X SRWSXQRVWL XJDVLWL L RQGD SRQRYQR L]JYU:
JDAHQMD 7DNRyHU QHGRVWDWDN JHPDOMVNLK MHGLQLFD
DHURGURPLPD WDNRYHU ]DKW MAHLYHH NOROUBLEAMIH@QWIH 3 RRR GQHE
]JDEUDQMXMX NRULaAWHQMH $38

=D L]QLPQR NUDWNR YULMHPH RNUHWD JUDNRSORYD FI
QD FLNOXV UDGD L SDOMHQMD PRWRUD L X WRP VOXpDMX
bez APU.7TUHED QDSRPHQXWL GD WLMHNRP L]QLPQR WRSOLK C
QHUH PRUL IDGRYROMdAnWL |IDKWMHYH ]D (&6

lzguraY DQMH JUDNRSORYD L] SDUNLUQH SRJLFLMH SDOMH
XWMHFEDM QD SRWUR&GQMX HBBBWIOR SGDMWB REDAWBDQ GMB YM P
GRYHVWL GR X4WHGD RG RWSULOLNH GR NLORJUDPD
$38 7DNRYHU YD&QR MH SODQLUDWL SDOMHQMH JUDNRSOR
VSUHPQL |D Y RAERIDMHD BOGHRWULPQH L SEWHIHEH NQURBWLW
Tablicom7 SULND]DQ MH XRELPDMHQ SURWRN JRULYD ]D PRWRU/|
NRMD MH UD]JOLND X SRWURAQML JRULYD NRULVWHiUL MHGLE
SUHWSRVWDYOMDMXiL GD UDGL QD PDNVLPDOQRP HOHNWU

za klimatizaciju[35]
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Tablica7 +5D]J]OLND X SRWUR&AQML JRULYD SUL NRUL&AWHQMX PRWRUD XPMHVW

_ Protok Dodatno Dodatna
Tip _ Protok
; goriva ; SRWURZ NROLD
zrakoplova i | Model APU goriva APU _ o
motora goriva za 1 | emisija COz
motora kg/h ; ;
kg/h/motor minutu za 1 minutu
A320 serija
36-300 300 105kg 3kg 9.4%g
CFM
A330 GE 331-350 520 175kg 6kg 18.%g
A330 RR 331-350 720 175kg 9kg 28.3%g
A340 CFM 331-350 300 175kg 2kg 6.3kg
A340 RR 331-600 480 275kg 4kg 12.&g

*OHGDQR VD HNRQRPVNRJ VWDMDOL&AWD NRULVW RSH
SRWURaAQMX JRULYD 6DWL RGUADYDQMD $38 VXruger HOLNH
JUDNRSORYD SD VPDQMHQMH NRULAWHQMD PRWRUD QD ]HI
VPDQMLWL RSHUDWLYQH WUR&GNRYH

56 feeec T<ELZ'"< @®"fe"'2""

BURM MHGDQ ]D VPDQMHQMH PDVH JUDNRSORYD MH NRU
]JDPMHQLLVWKAXPLQLMVNLK GLMHORYLPD QRYLP SODVWLpPQLF
PDWHULMDOLPD 7DNR VX SULPMHULFH GRVWXSQH ODNA&H |
PHOLPQLP 3ULGRQRVH VPDQMHQMX PDVH RG QDMPDQMH
NRPQLFH VX VH X SR mehwialisakeX ) L QW R @ H\KZRDEoMitdeQNMLaRja
PDVD L YHiD VSRVREQRVW DSVRUSFLMH HQHUJLMH RSUDY:
NRPQLFH =ERJ PDQMH FLMHQH pHOLPQL Krdijdp @rakeioveR Q H V X
NUDWNRJ GROHWD D NDUERQVNH QD YHULP JUDNRSORYLPD
NDUERQVNLK NRPQLFD ELOR MH ODN&H RSUDYGDWL ]D YHOL
GX&HP ALY R WSJR Rove tekndibgfeunaprM HYHQMD X VXVWDYX RGUADY!
NRpQLFD VPDQMLOH VX AWURADN SR VOLMHWDQMX?® GR JU

bHOL[BB|L P

.DUERQVNH NRPpQLFH RGJRYDUDMX VWURJLP |[DKWMHYLF
RG NRMLK &karakelrzirgviddiastabilnost pri visokim temperaturama, dobra toplinska
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YRGOMLYRVW L YLVRNL WRSOLQVNL NDSDFLWHW 8 RGQRV)
PRJX SRGQLMHWL pDN GYRVWUXNR YL&H VOLMHWD@MD SR
RSHUDFLMD VOLPQH VX RQLPD ]D pHOLpQH NRpQLFH ODQMD
kadase XVSRUHYXMH RYH GYLMH YUVWH NRpPQLFD aWR RPRJIX:
emisije CQ. Tablicom8 SULND]DQH VX X4WHGH QRIQRPRVK XPWMHEQNRRPH
NRPQLFD X PRGHOH %RIEQJRYLK JUDNRSORYD

Tablica8 +t8aWHGH QD PDVL XJUDGQMRP NDUERQVNLK NRpPpQLFD XPMI

7TDNRYyHU SRVWRMH L QRYL ODNA&L L XpLQNRtaAVvaYaLML V X\
NRpHQMH 7DNR SULPMHULFH QD WUALaAWH XOD]H VXVWDYL
NRPSRQHQWL NRMH VX ODNaAH L ODNaAH MH SUDWLWL QMLKI
VXVWDYL 6DYODGDYDQMH YH O biduaKju VeliknD zfdkoptova \WakRorv X R Q +
VOLMHWDQMD PRA&H ELWL L XpLQNRYLWR X SIRW U8B B N\HX VW
Y D F [p Woki 2kombiniraju satelitsko pozicioniranje sa bazom podataka aerodroma i
XSUDYOMDpPNLP VXVWDYRP |]D XSUDYOMDQMH OHWRP .RG W
QD NRML @aHOL L]JLUL D VXVWDY EL RVLIXUDR&GN iZAAUNRSORYY
SUL QHNRM RSWLPDOQRM EU]JLQL X]HY&L X RE]JLU YUHPHQV
GD VH NRULVWL WRpQR RGUHYHQD L SRWUHEQD VLOD NRpH!
NRpHQMH VPDQMLOR YU L M-bldrdj $BzGi Prémaypbogridzame dpksti® H W Q
GR YL&H RGOD]DND NUR] YHUX UDVSRORALYRVW VWD]H 7
EXGXuL GD NRQWUROD OHWD ]JERJ SURPHWQH VLWXDFLMH Q
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PRJXUD MHUORWNDSUL XQRVX QHNL L]OD]JL pHVWR L QLVX
JUDYHYLQVNLK UDGRY[B3 RSDVQRVWL L VOLpPQR

5.7 Novi materijali i smanjenje mase strukture zrakoplova

=DGQMLK GHVHWOMHUD GROD]JL GR VWDOQRIApERUDVWL
LIJUDGL VWUXNWXUH JUDNRSORYD 7L PDWHULMDOL SULGRQ
VPDQMLOL PDVX JUDNRSORYD .RULAWHQMH NRPSR]JLWD X
smanjenju mase od oko 20% u odnosu na aluminijsku oplatu. KompezddW HULMDOL XREL|
VH VDVWRMH RG UHODWLYQR MDNLK pYUVWLK YODNDQD X
VWUXNWXUH YODNQD VX SRVWDYOMHQD QD QDpLQ GD WYRI
SRYH]DQL L |DJULMDQL WQYHRCOOWH P LIS\ HRIQ PNDRMODIH NRULVWL
SURPHW MH SODVWLND RpYUVQXWD YODNQLPD VDpLQMHQL
(eng. fiberglasp Postoji nekoliko prednosti kompozita nad aluminijskim oplatama. Oni su
pravilu samo 60% g/ RUH DOXPLQLMVNH RSODWH SUXADMX SXQR E
L L] GUAOMLYRVWL SRQHNDG L EROMH X RGQRVX QD L
NRPSOHNVQLMLP L |IDKWMHYQLMLP REOLFLPD X RGQRVX QD
dijelRYD SRWUHEQLK |D VDVWDYOMDQMH WUXSD JUDNRSORYD
[33]

5.8 Elisno-eZfoeec o' —*"¢ of ¢"fO«ce "——fof Zf—f

Pojava elisnanlaznih motora ranih 194 godina predstavila je naglu promjenu u
VQD]L SRX]GDQR Y ®maspramXIphi@ idRoval. Wariturbomlazni motori kakvi su
se koristili na ranim zrakoplovima s mlaznim motorima i kakvi se i danas koriste u vojne svrhe
RPRJXUDYDOL VX OHW VD YHULP EU]JLQDPD D@aiazviiXk WDNRY
motora. ® elisncPOD]QH PRWRUH pLQL RGOLpPQLP ]D EUJLQH NUVW
QD VDW X XVSRUHGEL V POD]QLP PRW R®U 8® RildhBtMd.nay X RGO
sat). PosSMHGQMLK JRGLQD MDpD LQWHUHV ]D RYDMuWLS PR
HNRQRPVNRP SRIOHGX L XWMHFPOIX]QD RRARWRUE QR GHDQL P
W U R-@6% manje goriva nego jednald S W fa@nikmotori. [33]
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5.9 Mlazni motori s visokim e——"eE te ‘’'—*<{erig.—High bypass ratio

turbofan )

Pojava mlaznihmotora s visokimVW XSQMHP kaSW RP6QIR Welike je
SURPLMHQLOD JUDNRSORYQX LQGXVWULMX 1RYL GL]DMQ P!
MHIWLQLML ]D NRULAWHQMH RG WXUERPOD]QLK PRWRUD NR
SURVWRU QRYLP aLURNRWUXSQLP JUDNRSORYLPD XpLQNRY
buke u narednih 4@k godina. Njihovom pojavom uvedene su dvije glavne promjene u izradi
PRWRUD GRGDQD MH GUXJD QLVNRWO D pppeBoraV Wentitadtcp D L Y H
SRYODpPpL YHOLNX NROLPLQX JUDND QD XVLVQRP GLMHOX PR
GLMHOX PRWRUD NRPRUL ]D L]JDUDQ M HgaraG $HHii V@ID VW O N Pl
zaobilazi, jezgru motora. Taj hladan zrak kojiK€OD]L X NRPRUX YHurabhogROD]L L]
GLMHOD PRWRUD ]DVOXaDQ MH ]D YHULQX SRWLVND NRMHJ "
JUDND SURYH NUR] PRWRU QHJR NURA XS R {MX etk R2:p.Q R W\ & H
SBRELPDMHQRSVEXWSRDE M RIFMDRMPIRMWILSRWURAQMD JRULYD MH
bez potrebezgaranaWROLNH NROLpLQH JRULYD .DR aWR MH VSRPFL
VWXSQMHP RWOEWRHHABVIWIRL]YRGH SXQR PDQMH NROLpPLQH E
motore bez optokaL] UD]JORJD daWR KODGDQ JUDN NRML RNUXAaXMH L'
LVSXaQLP SOLQRYLPD

Prvi komercijalni mlazni motor s visokilW WX SQMHP iR&V)EPm@rRV WL
RNR TUHQXWQL PRGHOL PRWRUD QDSUDYOMHQL VX V RP
QD GDQDaQMLP AaLURNRWUXSQLP JUDNRSORYLPD NDR aWR \
SRWLVND QHJR aWR EL JD SURihJ¥YHOIWR RRWBQMXNBRYLUKR & C
manje emisija i manje buke. Ulaganje u napredak tehnologije svakako se isplati, ovim tempom
SUHGYLYD VH SREROMADQMH XpLQNRYLWBRVWL PRWRUD RG

BURL]Y Rgtbrp za uskotrupne zrakoplove trenutn®R N XaDYDMX UD]YLWL
XpPLQNRYLWX WHKQRORJLMX NRMX VH GR VDGD XJODYQI
namMHQMHQLP ]D YHOLNH XGDOMHQRVWL 1MLKRYD LVWL
XPLOQNRYLWWRDYORVRNWRH]JUL L YHULRVWHQ\BHEQWRBRVURD @ R XMW LE
7HaL VH PRWRULPD V QLVNLP WURANRYLPD RGUADYDQMD X
broja ciklusa za uskotrupne zrakoplosee touz prihvatljive razine rizika. Takvi motori trebali
EL SUXaLwL P D QiiteXi BRoVErdarjargeMagzind Ruk&akva unapM HYy HQ M D
PRJXUD VX ]JERJ QDSUHWND X DHRUGLQDPLFL PDWHULMDOL
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SUHPD]LPD EROMRM WHKQRORJLML L]JDUDQMD XQXWDU NR
motorainovDpD VD RNYU33RP DYLRQD

5.10 '—‘«e:mlazni motoris reduktorom

7THKQRORANL QDSUHGDN XQXWDU |DGQMHJ GHVHWOMHIU
se koristilo na manjim motorima zrakoplovk SWHRP@DIR QLK PRWRUD V .PMHQMD
6XVWDY EDI Q@R RPHLKX DXWX RPRIXUXMH RYRM YUVWL PRW
PDQMLP EUJLQDPD D QLVNRWODpPQRP NRPSUHVRUX L WXUE
GRYRGL GR SRYHUDQH XpLQNRYLWRVWL PRWRUD ¥PDQMXM
2YD QRYD YUVWD PRWRUD ]D XVNRWUXSQH NRPRUWFLMDOQ!
JRGLQH 2PRIXUXIMRYHUDQMH XPpLOQNRYLWRVWL X RGQRVX
]IDPMHQMXMX 7DNRYHU RVLP VPDQMHQMD EXNjHURrapjg DNX VP
MH RYD YUVWD PRWRUD RQR aWR MH SRWUHEQR GD EL VH C
YLAH QD JRGLUZBPMRM UD]LQL

Primjer ovakve vrste motora jeRratt & Whithey PW1000GoptR p @Rzni
motor s visokimVW X S Q M H P i Re8ukt&tdn®rRINEWLDje, prvotno namjenjen za Airbus
A220, Mitsubishi Regional Jet i drugu generaciju Embraeroviml&nih zrakoplova.
PW1000Gserija motora S U BBWII00G SUYL M Hla 8 X&hBrcipgalau upotrebu u
VLMHPpQMX J R G LIQ Airpdd ARDWesdngneaawy engine optiona bio
MH SRSUDUHQ EURMQLP SUREOHPLRDY LYRWHRENQRD |y ® RD QNL IR P]9
sStMHQND NRPRUH LGLMHIDRWDBD MWLWHHEMBR SURPLMHQLWL D plL|
u najopasnijimfazama leta, polijetanju i penjanj&toga je otprilike 11 od 130 aviona
opremljenih novim motorimal to vrijemebilo prisilieno ostD WL QD JHPOML pLPH VX
gubici od 1.2 milijarde dolaraP&W ispravili su probleme vezane maotore serije 1000 i
R [kiju izdatL YL&A&H R GF motora éng. geared turbofapsVisoki VW XSDQM ,RSWRPpQ
bDN L SUHNR RPRJIJXUXMH RYLP PR Wesudjghie uvpkbidsuS U R W R
L]JDUDQMD QHJR pLQLAWRDI®D MWGE B MIH | BARO Prolziiez PD Q M H
MH]JJUX L NRPRUX L]JDUDQMD SD VDPLP WLPH MH SRWUHEQ
UHGXNWRU RPMHUD LIPHYyX YHQWLODWRUD L QLVNRWO
NRPSRQHQWL GD VH RNU H irtjeR@MW\LIPOIV)RE F k5QERHEA U H
QLVNRWODpPQL NBGOSUSFRD YLVRNRWarjepYHIUEP R QP D
7H EUJLQH YUWQMH VX RSWLPDOQH ]D RGUHREdQKtbrKdi PSR Q H C
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VH XJUDYyXMH QDSUDY OWLH/H NVRP W G B BIDYQRWDQ EFH] SODQLUD
zamjene ulja.3: * NDNDY MH QD QRYLP $ DYLRQLPD LPD R 2
RGQRVX QD NDR &4WR MH WR VO Xp Phavdn® jeNsRaBje@jeiddL K S UL
RNR V P D Q M H&gddrva SrRziiaLbRke QdvR5dR7]

Valja spomenuti i novi razvopltraFan motora od strandRolls Roycea Trenutno
razvijagju motoe NRML EL ELOL X PRJXUQRVWL SUXALWL L GR
PDWHULMDOH 8RE latce Metitatda ofl XisxaaMaMBIRSM XM X NDUERQVNL
dobLYDMX XaWHGX RG aW\R siaE)eBj& ¥d R.W4AR tone ugljikovog dioksida

samo od smanjenja mase zrakoplova.

511 feae«< T«<@E®1Z "< "« <" fTc« t«<E17Z" "« — e — —f" T ——ec«e] o

SUHWSRVWDYOMD ¥ N@GXAEH RVDWRBIORDMPDQMH JRGL
UDJ]GREOMD L]PLMHQLWL QHNROLNR QRYLK WHKQRORJLMD X
PRUL UH VH SULPLMHQLWL L QD VWDULMH JUDNRSORYH GRN
zrakoploY LPD 7LMHNRP VYRMHJ AaLYRWQRJ YLMHND LVWUDAHQ
GYLMH GR WUL NRPSOHWQH SURPMHQH XQXWUDaQMRVWL

kuhinja i kolica.

Veliki zrakoplovi mogu biti sastavljeni od preko milijudijelova. Idealno vrijeme za
PRJXUH XaA4WHGH QD WHALQL JUDNRSORYD MH X YULMHPH (
SRIRUQRVW SULGDMH GLMHORYLPD JUDNRSORYQLK SRGVXV
sustavi za gorivo. Isto tako, samo rutiidlP LQVSHNFLMRP YDQMVNLK SRYUA&LC
WHUPLQD RGUADYDQMD L LVSUDYOMDQMHP RGUHYHQLK QHS
L RAWHUHQD EUWYLOD PRJX VPDQMLWL SRWUR&GQMX JRULYLCL

1D WU&LAWH L]OD]H ERMH D ]PDNRSHORHUHERNRRIM HVNRH
zadnjin 16DN JRGLQD 5D]YLMDMX VH QRYH YUVWH SUHPPD]D NR!
NRML tH ELWL O DiN#&ID p-GiLG B Qabjdiiay N QEE\BIN Vijerhl iBo)d kaiamife
]JDKWLMHYDOD WUHUL SUHPD] X4WHGLO Lodnosha @RUdaBP D ER M
praznog]UDNRSORYD L VPDQMXMH NROLpPLOX HPLVLMD ]D N

Prema svemu navedenomlLMH QHSR]QDQLFD i@rakopdva 5 URIIDIYRL D p
SULMHYR]JQLFL WUXGH VPDQMLWL PDVX JUDNRSORYD X VYL
VPDQMHQMD PDVH SRVXyD NRMH VH NRULVWL GR SUDYRYUF
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XYHOLNH SULGRQRVL QRYD YUVWD PDWhH bbL kaibénékim SRQD M
YODNQLPD NRMLPD VH QDVWRMH |DPLMHQLWL WUDGLFLRQD
WDNR L X YDQMVNRP GLMHOX JUDNRSORYD 3UHPD SRGDFLP
ODNALK NROLFD ]D SRVOXALYORMHDBDIODNERMRG/ )>S ERODLK |
JRGLAQMH X WURANRYLPD JRULYD ]D FLMHOX IORWX

5DQLMH MR& X RaXMNX JRGLQH SUHGVWDYOMHQD
NODVX pLMD MH PDVD ELOD NLORJUDPD dalaNkbj@suJ3¢DPD OIL
koristila u toj klasi. Zamjenom sjedala s aluminijskom oplatom s onima od karbonskih viakana,
MHGDQ SULMHYR]JQLN XVSLR MH VPDQMLWL PDVX MHGQRJ L
UDYyHQD VX LVWUDALYDQMD GE @DWRNLIP FOEHWRAEY LPVD RQUWXR E
VUHGVWDYD |]D JULMDQMH L] JUDNRSORYD QD WLP OHWRYL
SULMHYR]JQLND QHNL VX PDNQXOL WH&ANH WYUGH pDVRSL

zavjesama pri odvajanju posla/nekonomske klas¢33]

3ULMHYR]QLFL VX VKYDWLOLQ®RY H 3 URYWHE HiH QR B HO BWR
SRYHUDYDOR PDVX JUDNRSORYD 6WRJD UDYHQD VX LVWUD:
X]JHY&EL X REJLU EURM SXW Q LexBnskd RaSI0IQja/APeR RONM lételpE 5LQ H L
VH VSUHPQLFL YRGH L SXQLOL VKRGQR WRPH XPMHVWR GD
VPDQMHQMH RG JRGLAQMH SRWUREQMH JRULYD VDPR R

512 efeEfeE®T "‘—"'®@*ETLT % "< f ""TLIOfe®7Ie of et

3RYDI@MH PDVH QH PRUD QXA&QR ]QDPLWL L SRYHUDQME
SURYHGHQD VX PQRJD LVWUDALYDQMD SD VX SULPMHULFH «
UXWDPD RG OLDPLD GR 1HZ <RUND VYRMH JUDNRSORYH RSU
PRJOL LiL UXWDPD SUHNR YRGH XpLQNRYLWLMLP UXWDPD
SRIJRQMHQL HOHNWULPQRP HQHUJLMRP D XJUDYyXMX VH QI
RVWYDULWL XAWHGH JRULYD 3ULPMHULFHH PRHER IV H]RE YO R
JUDNRSORYD L SXWQLpPpNH NDELQH ,]JUDpXQDWR MH GD VH F
VYDNRJ JUDNRSIK2RPD QMXMH SRWUREQMX JRULYD -HGDQ ]UI
JUDNR S O RNj@n oXakRhysustava za YOBPBOQMH RVWYDULR MH XAWHGF

milijuna litara goriva u godinu dangB3]
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5.13 Pranje zrakoplova i motora

Redovito pranje iisp DQMH JUDNRSORYD VPDQMXMH NROLPLQX ¢
L pHWWHPOMH SRYHUDY bl Kpd¥iDWIXY PMXN RS\GBRU 7R WDNRYH
XpLQNRYLWRVWL FLMHORJ JUDNRSORYD 1D SULPMHU GRE
PRWRUD VPDQMXMH SRWUR&ZQMD JRULYD ]D L VPDQMXI
otprilike 1& SRYHUDYDMXBRWRYRMVSRWUHEQR YULMHPH L]PHY X
[33]

514 " f—<ef " it—"% @f ,ZE— —«cooTc—tom —"@ieEf ¢

-HGDQ RG pLPEHQLND NRML EL PRJOL SRYHUDWL XpLQN
PUHARP OHWR YD N&MH R ESIUM OMHIXHRH Q DNV H/GRQX N 8. ®&eU W Q H U V
sharing V GUXJLP JUDpQLP SULMHYR]JQLFLPD @&WR EL GRSXVWL
putnika i bolje faktore popunjenosti kabine. Nove tehnologije upravljanja prinosima mogle bi
SRYHUDWL EURM SXWDRENP WRPBGIHEM. VH SRYHUDOD L XpLQNF
VMHGDOX 5D]J]QROLNRVW X IORWL RGQRVQR SUDYLODQ RGI
PRIJX XWMHFDWL QD SRWURaAaQMX JRULYD 'DQDV MH YUOR Y|
IHWMHWL QD GXALP UXWDPD L GLUHNWQR SRYH]DWL GYD JU
awR MH SULMH ELOR 'RGDWQR YHOLNH XaWHGH JRULYD
VRILVWLFLUDQLK DODWD ]D SODQLUDQM Hima daSdédite®©O MD Q Mt
WUHQXWQL YMHWDU L YMHWDU QD UXWL X VYRMX NRULVYV
SRVWDYLWL UD]OLpLWH UD]JLQH OHWD L EU]JLQH NDNR EL
XPLOQNRYLWRVW 7DNRYHU LP RP RdtkainsekakolzfakappoX toEiafeD Q M H W
ODN&L X JUDNX JERJ SRWUR&aQMH JRULYD 3RVWDYOMDQMH F
VPDQMLWL SRWURAQMX JRULYD =DSUDYR SRUDYQDQMH RC
QDMWHAD SUWOMBUDLR P RAHUWRD@DIMN R/Q VEHRMWQ RBEMX JRULYD
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5.15 Operacije neprekinutog << f~f e+ @rfg. CDOs- Continuous Descent
Operations)

.DR &a&WR MH YHUO SULMH VSRPHQXWR SRWUR&QMD ]U
PpLPEHQLND WLSX PRWRUDNLPSWHVMHWHEMX DYUHPHOR WDN
NRQWUROL OHWD INRMAXDIDRMMMWPURGDIMRAILFLMH $ GR SR]LF
SRWURaAQMX JRULYD 3RWURAQMD JRULYD JUDNRSORYD QH
PURILORP YHeértWabiRRGYWRILORP OHWD $YLRQL WUR&H PDQMH
]DGUADWILLPD'YVLQDPD S5BMHRIJWIRNP KM HWULP YLVLQDPD SI
PDQML 3RWHQFLMDOQD HQHUJLMD JUDNRSORYD NRMX LPD
QHSUHNLGQR VQLaDYDQMH L WLPH WUR&ALWL PDQMH JRULYTCLC
operacije nazivaju se operacijamanepretoggVQLADYDQMD =D QHNROLNR 1MHP
IMHPDpPpNL SUXADWHOM XVOXJD NRHOHDIEUSRO Alugsiciep@®H SORY
GRJRYRULR MH V SULMHYR]QLFLPD GD GRSXVWH SLORWLPD
EL LP GRSXaWDOR GD L]WRGHY RISEDIVDFRAMB QHIDPYHNQR R

RSWHUHUHQMX D GREL Ypelkialitiior®mD B/UL RLUYYINBD Y BLLWKD QMDY D C
[33][38]

7DNRYHU SURYHGHQD VX LVWUDALYDQMD X NRMHP
VQLADYDQMD QDVSUDP QHSUHNLGQLK RSHUDFLMD 2YLVQ
SRND]DOL VX XaWHGX RG RWRYDOSRKOHWNLAQRRUBPD]QRVLO
LVSXaWHQLK RNIRVEMIBEBGRX]JURPLOR YHOLNH XawHGH X]PH O
RGYLMX JRGLAQMH ,VWUDALYDQMD SURYHGHQD QD DHURGL
JEURMHQR W& Hs RGDpRAW WRQD JRULYD X VDPR PMHVHF GD
NRMD EL RGJRYDUDOD RWSULOLNH WRQH 8] VPDQMHQMHE
utjecaja buke koju zrakoplov stvara operacijama nepuég VQ LADBE QM D

U sklopu LVWUDALYDQMD JHPDOMD (XURSVNH NR@HUHQFL
ECAC - European Civil Aviation ConferenceQDYHQR MH GD EL &'2 PRJOH Xa
WRQD JRULYD JRGLAQMH YULMHGQLK RNR PLOLMXQ

emisieCQ |D JRWRYR WRQD JRGLAQMH L VPDQMXMXUL XWN
5 decibela po letu.
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9LaH RG JRULYD JUDNRSORYL SRWURA&H X JUDNX GR
stajankeprema uzletnesletnoj stazi i obrnuto, ili dok je zrakoplov parkiran. Ovo je mali udio
X NROLPLQL LVSXaWHQLK HPLVLMD DOL QLNDNR QLMH ]D
JHPDOMVNLP RSHUDFLMDPD JUDNRSORYD =UDMRBR&RY@NMHSU
SRPRUX MHGQRJ PRWRUD NDR PMHUX X&aWHGH JRULYD L
RSHUDFLMD QHNL SULMHYRLQILMXR®B®WHOWHLOOL MG DERQRIH 1
prijevoznici LU X@ GD YRAHQMHP MHGQX PRMWRN)D SXRMRHIXHMIH G
WLVXuD OLWDUD JRGLAQMH 8 UD]JYLWNX VX WUHQXWQR V
HOHNWULPpQL PRWRIUL QIRRWQHENRSRIRH L YR]JLOL JUDNRSORY ¢
se prebacilo na snagu motora jednom kilblDNRSORY GRVHJIJQH SRILEOMXL]D H
stazi.[33]

517 fefZEeef tZFe—"<«of EFtcoc...f of fEfETS

SBRGUXpMH QD NRMHP VH PRJX RVWYDULWL |]DLVWD YHO
VPDQMHQMH NRULAWHQMD SRPRUQLK MB6 L QNRNH QDEOAMD ¢
SRNUHWDQMH L RGUADYDQMH HOHNWULpPNLK VXVWDYD X JUL
MH QD |HPOML V XJD&HQLP PRWRULPD 9HOLN EURM DHURG
napajanjgd GPU £Ground Power Unitkoje se prikOMXpH GLUHNWQR QD JUDNRSO
SRVDR NDR L $38 WDNR GD VH X JUDNRSORYX QH WUHED I
JRULYR 6YDNL DHURGURP MH GUXJDpLML SD NRULVWL GU:
JHQHUDWRUL X, $WNDRBRLOD GGNDDEVY. VH NRULAWHQMH $38 PRJOF
WDNYLK JHQHUDWRUD VPDQMXMXUL SRWURaAQMX JRULYD V
jednom parkirnom mjestu zrakoplova. Dodatno, smanjenjem vremena rada APDNRYyHU VH
smanjue iIWURADN ]D RGUADYDQMH LVWLK 1D DHURGURPLPD V
zemaljskih jedinica na 50 parkirnih mjesta zrakoplova ostvareno je smanjenje od 33 tone
emisijaCOQ XQXWDU JRGLQH GDQD A&4AWRI[3H SULEOLAaQR WRQD

53



5.18 Suradnja zemaljskih jedinica na aerodromu, zrakoplovnih prijevoznika

| kontrole letenja

IDMYHUH SRYHUDQMH XpLQNRYLWRVWL SRWURAQMH JR
PHNDQMD L NDaQMHQMD GRGDWQRJ WURAHQMD JRULYD GF
XYHGHQLK UHJXODFLMD LOL GRN pHND GD PX VH RVORERGI
YHOLNLK $PHULPpNLK DHURG U RrBKkoplo¥nR @rigmzika | abdBo@aiD L]PH Yy
MHGLQLFD XSUDYOMDQMD JUDpPpQLP SURKat&aBredrbndéRgG LR V N X
A-CDM = Aerodrome Collaborative decision makinggigurala bi da prijevoznici mogu
SUHFL]QLMH XVNODGLWL VYRMH R/SOHIVDOEH WHWDDHUID MBS B O RBW
SURVWRUD 8aWHGH NRMH VH sB RIKnGRINGVUIL BADR YWV R R HDNR & B I
MH QDVWDR SRYHUDQRP SRWUR&AQMRP JRULYD QD JHPOML X
dolara u 2008. gadi. A-&'0 GLUHNWQR SRYH]XMH DHURGURPH X PUF
prometom i daje korisnicima pristu DVSRQX RGUHYHQLK RSHUDWLYQLK SI
GD VYRMH RSHUDFLMH XpLQH XpLQNRYLWLMLPD 8VSMHA&Q
HPLVLMD L |IDGRYROMDYDQMX SRVWDYOMHQLK FLOMHYD NR
i pravovremeno dijelHQMH SRGDWDND L]JPHYyX MHGLQLFD XSUDYC
zrakoplovnih prijevoznika, operatora aerodroma, zemaljskog osoblja za prihvat zrakoplova i
SUXaDWHOMD XVOXJD NRQWUROH JUDpPQRJ SURPHWD J]DKWM
jednom Eurpskom aerodromu A&'0 VPDQMLR MH YULMHPH YRAHQMD
SULMHYR]QLFLPD XaWHGLOR L GR PLOLMXQD[3BJRODUD JR
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%UXWR WHAaLQD JUDNRSORYD MH ]JEURM PDVH SUD]JQRJ
goriva X JUDNRSORYX D VPDQMXMH VH NUR] OHW NDNR VH WU
kroz WHALBWRFGUHY XMH ¥ng. BalhBoeRchatPXO] L P D M X U W M aRd&zig)
zrakoplova, raspoM HOX JRULYD L SODUHQRJ Ve &llUBMWHBDH XUEE B XVARV R @
razinama €ng. center of gravity envelope7 H a L pomaknud YLAH SUHPD SUHGQMHF
aviona zahtjeva moment podizanja nosa prema gore koji nastaje smanjenjem azgma a
koji treba bitinadotM HAWHQ VD YLARDX]IROQDWQYD WNDJ IYBIIL LQGXFLUDC
GR SRYHUDQH SRWURAQMMWHRIEAINWD MebRQAKMH MB PROWILH =E
pomicanjeWHAY&WHD SUHPD UHSX VPDQMYWH UDNRPARNE WWDBLG
W H &definitab je envelpom.[35]
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Tvrtka Airbus razvila je automatski sustav prebacivanja goriva koji upravlja pozicijom
W H a &ustave stavljen na neke A300 i A310 modele i na sve A330 i A340. Kada je zrakoplov
u fazi krstarenja, sustav optimizira pozicijWHaINDWIR EL VPDQMLR SRWUR?ZE
VPDQMHQMHP RWSRUD QD JUDNRSORYX 6XVWDY e HEDF XM
trimtank VWUDAQMH SUHEDFLYDQMH LOL L] VSUHPQLND ]D S
kretanje goriva mijenjaW Ha b WwWL WDNRYHU PRJX L UXpQR RGUHGLWI
5DpXQDOR |]D XSUDenh@ MOIMQ-NMhe¢ FLRI Cantrél 8nd Management Complter
LIUDp XVQDHMNDEDWR SORYD NRULVWHUL QL] pLPEHQLND NDR awil
072: VDGUADMIDIN3$DHRQLYR 1HSUHAN E@BMPIR XU Dp WQEB L]UDpPp XC
RGUHYyXMH NRMD UH VH NROLPLQD JRULYD SRPLFDWL SUHPL
VH RIG W &Bubé@avdijane vrijednosti i 0.5% prema naprijed od te vrijednosti.lUpi® MH QR
MHGQR SRpHWQR SRGHabYDQMH JRULYD SUHPD L]D GRJDYD
OHWD GRJDYyD VH QHNROLNR PDQMLW BRP &RIRQW D RSG&EHHPAVDH QIO
WHAY&8WHH SUHPD L]D .RQDpQR SUHEDFDYUAMHDISRHAD]|QDE
SULEOLADYD VYRMHP R/GIAdba@l &\WaxneNpDtNBheEzh skjetanje. Vrlo je
YDAQR QDSRPHQXWL GD RYR YULMHGL ]D aLURNRWUXSQH ]L
centra na 28% za A330 i A340, pomicanjeemtra premaizana3 7" VWYDUXMH VH SRY
VSHFLILp @ RAg. GpecXiEl ¥ngeod 0.5% odnosno 0.6%. Pomicanjem centra prema
napiMHG QD VPDQMXMHt ¥aH1.34% bidAdshio Q%. ZaRu€kblrupne
JUDNRSORYH NDR AaWR \WVWDWYEKRKY BPDRXPMQDN NRML MH ]D

goriva pa se koriste druge metofib]

5.20 Gorivo za let

*RULYR NRMH VH WRpL X JUDNRSORY |D OHW XNOMXpXN
YR&HQMH JRULYR ]D OHW SULpXYQRULRBLMR SRRRIDK JNDH
QDSDMDQMD .DNR EL VH LJEMHJOR GRGDWQR SRYHUDQMH F
NROLPLQX JRULYD NRMD 4H VH NRULVWLWL ]D FLMHOX RSH
WDNRYyHU WUHED ELW LVRGNPY HORHQ® DME R BtdPMReai H U X
ICAODodDWNX SULMHYR]QLFL WUHEDMX UDpXQDWL NROLpPLQ

X GorivozaYRaAHQMH
x *RULYR ]D OHW GD EL GRVWLJOL RGUHYHQX GHVWL
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X

*RULYR ]D VOXpDM QXaGH J ROUHLINYIDQ MDX OQHDW LO NV W

iznad aerodroma destinacije u standardnim ISA uvjetima)

x *RULYR ]D VOXpDM DOWHUQDFLMH GD EL RGOHWL
sigurno stigao do alternativhog aerodroma)

X *RULYR ]DGQMH SULpXYH GRYROM®RDI(@®MD BIUQ XD
SURFHGXUH pHNDQMD L QD VWRSD L]QDG HOHY
uvjetima

x Dodatno gorivo (ukoliko je potrebno kako bi se osiguralo da se dosegne
DOWHUQDWLYQL DHURGURP V RWND]JRP PRWRUD LOL

X GorLYR QD GLVNUHFLMX SLORWD XNROLNR SLORW L

Slikom15SULND]DQ MH L]QRV JRULYD ]D VOXpDM QXaGH V F

Slika15 +,]JQRV JRULYD ]D VOXpDM QX&GH V REJLURP QD XGDOMHQR)"

VdOMLYR MH GD MH |]D OLQLMH PDQMH RG QP GRYRON
NRMD MH GRYROMQD ]D pHNDQMH RG PLQXWD QD VWRS
QP L]QRVL RG JRULYD ]D OHW D QDNRQ WaRad D5 PRaH V
PLQXWD pHNDQMD QD VWRSD SUL VWDQGDUGQLP XYMHW

56



521 “ fe@Et e "fe 2" f

%LWQR MH GREUR SODQLUDWL YULMHPH YRAHQMD JUDN
5 minuta, a na nekima i nekoliko desetaka minuta. Mlazni motori optimiziraniraarzauvjete
X OHWX DOL VYL JUDNRSORYL SURYHGX ]QDpDMQX NROLDPLQ
uzletnoesletnoj stazi i obrnuto. Uporaba jednogtera kod dvomotornih zrakoplay odnosno
GYD PRWRUD NRG pHWYHURPRWRE LR PRINRS ¥R YD MHQ MR
JRULYD JUDNRSORYD QD JHPOML 7YUWND $LUEXV L]GDMH V'
MHGQLP RGQRVQR GYD PRWRUD X 2SHUDRWMLFCORMFIGWULUXPpQL
Crew Operating Manual 1HNROLMNRKMPLFPBEAHAQLND NRMH WUHED X]HWL
VSRPHQXWLK RSHUDFLMD YRAHQMD

X

X

X

1LMH SUHSRUXpPOMLYR |]D JUDNRSORYH YHOLNH EUX
1H SUHSRUXpD VH NRULAWHQMH NDGD MH VWD]D PR
Treba biti oprezan jer ne postoji vatrogasna postrojba btekoplova koji pali

motore dalje od stajanke

6PDQMHQD UHGXQGDQFLMD SRYHUDYD UL]JLN RG
XSUDYOMLYRVWL QRVQRJ NRWDDpD

FCOM procedure zaljvaju ne manje od propisanog vremena za paljenje

drugog motora prije polijetanja &2 minua ovisno o motoru). Kod motora s

visokim VW XSQMHP RPFWRPLPWWOMH PRWRUD SULMH
SRWUHEQRJ |]D SROLMHWDQMH LPD YHOLN XWMHFDN
OHKDQLpPpNL SUREOHPL PRJX QDVWDWL WLMHNRP S
uzrokovati SRWUHEX |D YUDUDQMHP QD VWDMDQNX L ND:
FCOM procedure zah M HYDMX GD VH $38 XSDOL SULMH JD
VOLMHWDQMD NDNR EL VH LIEMHJOH HOHNWULpPQH
FCOM procedure zah MHYDMX QH PDQMH RG RGUHYHQRJ YU
drugog motora nakon slijetanja. Kod motora s visokkii WX SQMHP , RSWRpQ
KODYyHQMH PRWRUD QDNRQ NRULAWHQMD UHYHUVHL
motora

$NR JUDPpQL SULMHYR]QLN RGOXpL NRULVWLWL RYH
preporuke za motordd RMH EL WUHEDR NRULVWLWL X WLP VO

%XGXuL GD VOXpDMHYL YRAHQMD V MHGQLP PRWRURP
RGUHYHQLK PDQHYDUD WUHED SD]JLWL QD SRWLVDN NRML
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YDAQR GD X WLP VOXpDIMHYLPPRSBRYDODUD QMLK MHU SR
SUHYUWDQMD 7DNRyHU SXQR YL3H SRWLVND MH SRWUHEQC
VWXSQMHYD NDR &WR MH WR pHVWR L VOXpDM QD JUDpPQR
DYLRQD YHUH. ADRNWREWL X VPMHUX PRWRUD NRML VH NRUL)
QHPRJXiUL 2YLP RSHUDFLMDPD NRG ODN&LK JUDNRSORYD P
NRPpQLFD L VDpXYDW L TaoNtaAX &R NELLKRWM QXE WIHNGHHN J RdsrleY D [D R ¢
YR&HQMD RG PLQXWD 3UYL VOXpDM ]D YRAHQMH  PLQXV
YRAHQMD DOL VD PLQXWD EH] MHGQRJ RGQRVQR GYD PR
YULMHPH ]D SDOMHQMH GUXJRJ PRWR WD) MR NIRIOLP L G PR |
NROLPLQH Xa&aWHGH DHEMIOH MDNRB RIJUDPLPD

Tablica9 +8aWHGH JRULYD YRAHQMHP V MHGQLP GYD PRWRUD XPMHVWR VYLF

12 minuta
12 minuta YRaAaHQM
Tip zrakoplova YRAaHQMI[ minutabez 8aWHGH | SelLIGL |
motori) jednog/dva oz
motora

A300-600 300kg 200kg 100kg 31%g
A310 240kg 160kg 80kg 25%g
A318 120kg 80kg 40kg 126kg
A319 120kg 80kg 40kg 126kg
A320 138kg 92kg 46kg 144.%g
A321 162kg 108kg 54kg 170.kg
A330 300kg 200kg 100kg 315g
A340-200/300 300kg 200kg 100kg 31%g
A340-500/600 420kg 280kg 140kg 441kg

522 —f"teET <« —"'a@teET fI" Tcofoecwef o-"—0o_"1%

1HNL RG QDMYHuULK JXELWDND SR SLWDQMX SRWURA&Q
LQGXFLUDQRJ RWSRUD NDR UH]XOWDW OR&aHJ VWDQMD \
DHURGLQDPLpNH VWUXNWXUH JUDNRSORYD NUR] RGUHYH
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XYODPHGRYUALQD MRMHWHIISERLEUWYH QD NRQWUROQLP
SRYU4LQH L GHIRUPDFLMX GLMHORYD JERJ XGDUD SWLFD |
SUHYHOLNH SUD]QLQH L]JPHYyX 6YDNL RG QDYM@BHQLK SURI
RWSRUD 4WR GD CGRE KVDMKPSRWUREQMX JR U Lo@kdzujeV S X & W D
QHNH RG QDMpH&AULK SUREOHPD NRML QDVWDMX L SRYHIU
3RYHUDQMH HPLVLMD XJOMLNRYRJ GLRNVLGD X WDEOLFL GI

Tablical0 t1DMpH&a&uUL XJURFL SRYHpPDQRJ \D KWRVEHRIDOWPHL P NRD) RRAWVWBIRRIEDQ M X JRULY

. : ) Emisije
Kategorija Stanje A300/310 | Serija A320 A330/340 e
2
3RJUHZE Predkrilca
o 90kg 60kg 270kg 18%g
postavljanje 15mm
Na
Nedostatak -
zakrilcima 30kg 14kg 90kg 44 1kg
brtvila o
(niz krilo)
Prednja
Pomaknuta k t 20k 11k 80k 34 65k
argo vrata !
SRYUa J J J J J
za 10mm
3Xawb Prednja
brtvila na SXWQL 2kg 1kg 5kg 3.1%g
vratima vrata 5cm
Hrapavost
1’ 21kg 13kg 105kg 40.95%g
SRYUa
o Male
Udubljenja . 2kg 1kg 2kg 3.1%g
deformacije
Razmaci
spojeva kod | nepopunjeni 0.2kg 0.1kg 0.6kg 0.31%g
repa aviona
Razmaci
spojeva kod | prepopunjeni 3kg 2kg 7kg 6.3kg
repa aviona
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Vanjske 1n?, 3mm
o 6kg 3kg 16kg 9.45%g
zakrpe visine
Pucanje 1’ na
_ - 12kg 8kg 57kg 25.%g
boje pretkrilcima
MJERENA
2000NM 1000NM 4000/6000NM| 1000NM
UDALJENOST

5.23 Odabir optimalne visine i brzine leta

2GDELU RSWLPDOQH YLVLQH L EUJLQH OHWD MHGDQ MI
JRULYD 1DAaDORVW SR WIRDh®HQBMHMAHR/RJOQH.- NKW LMHN GR]JYR(
SURPHWQRM VLWXDFLML YUHPHQX GXOMLQL 7OHNWRBPHWY UX W L
$LUE XV X Q DjMdet@dhbjr@ Brfirie leta prepjanju. Kao srednju i referentnu vrijednost
uzimauEU]JLQX RG PYRURYD D UD]JLQX OHWD QD NRMX JUDNTF
GRSXawDMX EU]JLQX YHUX RG PYRURYD LVSRG UD]JLQH C
JUDPpQRJ SURPHW Dablic&1IVsHJ PRD XUMH XWMHFDM rPogergaMiH LOL Yt
QD SRWUR&AQMX JRULY D IR @rikaizdjé Hdlikd QaAztH ist® prahijeld WhrAne
XawHGL QD YUHPHQX SHQMDQMD ORJXUH MH YLGMHWL NR

optimalne razine let435]

Tablicall +tXWMHFDM SURPMHQH EU]JLQH X SHQMDQMX QD $SEBWURAQMX JRULYD
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Tablica 12 *utjecaj promjene brzine u penjanju na vrijeme potrebno za dostizanje do optimalne razine leta
[35]

Vrlo utjecajanna poWURA&aQMX JRULYD MH RGDELU UD]JLQH OHYV
RSWLPDOQH UD]JLQH OHWD X NUVWDUHQMX SRQHNDG PRaH
sposobnosti u penjanjuPDVRP JUDNRSORYD RJUDQLPpHQMLMRD NRQW
konstantnom Mach¥ RP EURMX |]D VYDNL PDVX JUDNRSORYD SRVWR
GROHW QDMYHUL 7D VH UD]JLQD OHWA&bliD |13prkaargWel PD O QR
UD]J]OLND X VSHFLILPQRP GROHWX V REJLURP QD OHW QLA&H
zrakoplove Airbusd35]

Tablical3 +t5D]J]OLND X VSHFLILPQRP GROHWX V RE]JLURP OHW V UD]JOLNRP X RG
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U pravilu, ako zrakoplov leti unutar 2000RG RSWLPDOQH UD]JLQH OHWD
GROHW XQXWDU RG PDNVLPDOQRJ 2VLP WRJD YUOR M
SULPMHULFH NRG $LUEXVD $ NRML ]D RGUHYHQX PDVX LI
zrakoplov let na razini leta FL310,V S H RiLdidleb je 2.1% manji za tu masu zrakoplova.
8]HYAL X RE]JLU GD UH JUDNRSORY QDNRQ 10 SRWURALW
QMHJRYD (H VH RSWLPDOQD UD]LQD @aHigvdRo\@tR$Mame@&X WL QD
V S H Rdgl ddbeta od 5.2%ko zrakoplov nastavi letjeti na FL310. Podaci za A320 gdje se
QDYRGL VWRSD QLVX GRVWXSQL MHU EL VH WDGD ]JUD

razine leta.

Ako se pretpostauvila zrakoplov leti na razini leta FL330, a ima takvu masu da mu je
optmDOQD UDJLQD OHWD )/ XNROLNR PX WR QLMH RPRJXUOH
GUXJLK RIUBRWIHRAM UH YLAHSURNDYOMHDEXNDEDX X SRWU
utjecaj na zrakoplovne emisije za udaljenost od 500NM u krstarenjuzkaldaplov leti na
FL330 umjesto FL37(35]

Tablical4 +t5D]JOLND X SRWUR&QML JRULYD ]D OHW X NUVWDUHQMX XGDOMHQR

B3RYHUDQ BRYHUDQ
Tip zrakoplova SRWURaAQM| SRWURAaAQM 3RZ:UkDQMH
) (%) (0
A319-132 184 7.9 579.6
A320-211 158 6.2 497.7
A320-232 187 7.9 589.05
A321-112 155 55 488.25
A330-203 324 5.5 1020.6
A330-343 342 5.6 1077.3
A340-212 393 6.2 1237.95
A340-313E 378 6.0 1190.7
A340-500/600 336 4.1 1058.4

.DNR EL JUDNRSORY OHWLR QDMLVSODWLYLMRP PRJXIF
JRULYR L YULMHPH SRWUHER ]D GRAWR VD NGERGYHE L 5W D
NRMD GDMH RPMHU L]PRIGR RWWDARANINY QHR MMQIRANRYD NDR W
SLORWD NDELQVNRJ RVREOMD RGUADYDQMD WURERAND R
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zagorivo D NRULVWL VH ]D L]JUDpXQDYDQMH RSWLPDI®QH EU]L
prikazan MH SULPMHU RGDELUD RSWLPDOQRJ LQGHNVD WURAN
YULMHPH OHWD ]D $LUEXV $ 9 L G @kbLité Rtjdfli kb BI®niGKoM H ED &
LQGHNVLPD WURANRYD EXGXUL GD X4WHGH QsyubiRamlYX QLV
vremena.. RULAWRQMRPYL3H JRULYD SUL PDOR YHULP LQGHNV
]QDpDMHGHH XA YUHPHQX anDprifjarDkdji ¢ birfeY ILZH MHGQDN ]D \
JUDNRSORYH YLGOMLYR MH GD SRY H amueMilieme@@uedeércD W U R 3
X JUDNX ]D PLQXWD D VYH WR ]D SRYHUDQMH SRWURAC
od 2000NM [35]

Slikal6 +t3RWUR&GQMD JRULYD L YULMHPH OHWD X RGQRVX QD LQGHNV V
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6 : e e OM PROGRAMA ZA
: e GORIVA NA PRIMJERU Z,
PRIJEVOZNIKA

Iz prethodnih poglavija vidljivo eGD MH PQRJR pLPEMQQ@D 5 R\W MR a&QW
goriva zrakoplova.8 RYRP SRJODYOMX Y Laddfenativn®/ zhhieVeP diahlianjd/ L Q
JUDpQLK SULMHYR]J]QLND NRULAWHQMH SULMH VSRPHQXWLK
goriva. Operacije koje se obavljaju na zrakoplovu dok je na zemlji mogu utjecati na njegovu
PDVX SUL SROLMHWIRMMNOR YHR SRNSOXMX p KMIHHQMD JUDNRSORYD
YRGH XQR&HQMH KUDQH L VOLPQR -HGQRP NDGD JUDNRSO|
LVWRM SRVWDMX ELWQL pLPEHQLFL SUL SRWURaQML JRULY/
uodQRVX QD YUHPHQVNH XYMHWH RJRDWQDLEHERHVDMBD NNRDGW R R
GUXJLK PRaAH ]QDWQR XWMHFDWL QD YULMHPH NRMH JUDNR:

Emisijski p L P E Hr§ptddentativngle YULMHGQRVW NRMD QDVWRML
zagay L Y D p Deo/usaxrdoeferu D NWLYQREUX SRYH]DQRP V RWXawDQM
PLPEHQLN VH RELPQR LVND]XMH NDR PDVD ]DJDYyLYDpD GRE
koja ga stvara. Konkretno, pri izgaranju jednog kilograma zrakoplovnog getivel Hobije
se3d.16kilogramaC@ ,VWR YULMHGL L |D -HW $ JRULYR GRN HPLVL
iznosi 3.10[40] Ukoliko je gorivo iskazano u litrama, trebhD SUHUDPpXQDWLY&AINLOR JI
X RE]JLU JXVWRUXWRGYEL X RB]LU

x (PLVLMV N L (thrhaFOBSH ©raoriva) = 3.15
X *XVWRUD JRULYD NJ /

koriste se formuleNRMH NRULVWH L JUDpQL SULMHYR]IQLFL X VYUKX
/=04 KP##K KCKNHRRKH Q ILAKIP#\K KCK N BER€ OGN ER =
-KREJAIEOERF=0+ KP#KKCKNHER+EOEKOGAEIEG

%XGXuL GD QD PDVX SRWUR&AHQRJ JRULYD XWMHpPpH QL
dijela leta, nekoliko njihbk W 0H SUHGVWERIYOMHQR X QDVW
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6.1 Lufthansa grupa

IXIWKDQVD JUXSD L] JRGLQH X JRGLQX SRYHUDYD VYF
VPDQMHQMH LVSXawDQMD JUDNRSORYQLK HPLVLMD OMHU
zrakoplove unutar svoje flote kao i razvijanje i implementiranje DjefD XpLQNRYLWR WU
JRULYD X YHU SRVWRMHUX 10 RWXfth&uX Wgiridn A IKNGHSWSR,MD RE.
Eurowings SRVWDYOMHQ MH UHNRUG X XpLQNRYLWRVWL WURSE
JUDNRSORYL VX X SURVM HzaX za\Wosizahj© 100 kilom@thna/ i pimnikuH U R
Za usporedbu, u 2016. godini te brojke su iznosile 3.85L/100gkonmpredstavija 4.5%
VPDQMHQMH SRWUR&AQMH X XVSRUHGEL V SURAORP JRGLQRF

JRGLBRWH RAQMR JRBXYWQLPpNLK NLORPHWDUD ]D VYDNX
vidljiva je na slicil7 ORJXiUH MHGODLGMHWYDNL pODQ JUXSH QDSUH
prethodnu godiny41]

Slikal7 *1DSUHGDN /XIWKDQVD JUXSH X SRWUR&GQML JRULYD QB2017 SXWQLPpNL
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8 VYRMHP JRGLAQMHP |LBafavidePa i RGUHERCRNRMLAXNOM X |
prijevoznike: Lufthansa tajedno sd.ufthansa CityLing Air Dolomiti), SWISSzajedno sa
Edelweiss Air)Aurstrian Airlines, Eurowingsz@jedno s&ermanwings)Brusseles Airlines,
Lufthansa Cargptablicoml5 SUHGVWDYOMHQL VX SRMHGLQL SRGDFL F
NROLPLQL LVSXaWHQLK HPLVLMD

Tablical5 +8NXSQD SRWUR&AQMD JRULYD ]D L JRGLQX
32752a1-BESURSA| 2017.godna 2016. godina Promjena (%)
SRWURaQMD | 9618095tona | 9055550 tona +6.2%
6SHFLILPQD S
3.68 1/100pkm 3.85 1/200pkm -4.5%
JRULYD SXWQ
6SHFLILPpQD S
) ) 215 g/tkm 224 gltkm -4.1%
goriva, teretni promet
EMISIJE 2017. godna 2016. godina Promjena (%)
Emisije CQ 30296998 tona | 28524981 tona +6.2%
Emisije CQ SXWQ
9.27 kg/100pkm| 9.71 kg/100pkm -4.5%
promet
(PLVLMH GoksidaN 151402 tona 139008 tona +8.9%
(PLVLMH GXAaLN
46.1 g/100pkm | 47.0 g/100pkm -1.9%
SXWQLpNL S
Emisije ugljikovog
) 21922 tona 19 320 tona +13.5%
monoksida
Emisije ugljikovog
PRQRNVLGD { 7.2g/100pkm 7.1 g/100pkm +2.4%
promet
Neizgoreni ugljikovodici 2226.1 tona 1880.4 tona +18.4%
Neizgoreni ugljikovodici,
0.7 g/100pkm 0.7g9/100pkm +7.8%
SXWQLpPNL S

PremaJRGLAQMHP L]YMHaduxrupB je ostvadll @ G1I3QH OHWRYD aWR MH

SRYHUDQMH X R G @Ri¢.XUk@pDo ERpGELeeno 130 0000 putnika 18.6%

SRYHUDQMH X RGQRVXVDYDUHQRGM X PLOLMXQD SXW
SRYHUDQMH X RG QR NMNXd@ojtaa, ufpansd gripikdjase trenutno

66



sastoji od 728 zrakoplovabari oko 3096 letova, preveze 356 SXWQLND L SRVOXa
milijuna obroka.[52],[41]

IXIWKDQVD LPD MHGDQ RG YUOR |]QDpDMQLK XWMHFDML
XpLQNRY Loglovd.LR¢imjési€eNjedni su od glavnih grupa koja predstavilja zahtjeve
potrebne za novi Boeing 7% NRML EL X SURPHW WUHEDR]HYWIL X XXRBNHY
XPpLOQNRYLWRVW JUDNRSORYD XWMHFDM QD RNRIONRYyHID]LQ!
VXGMHORYDOL VX L X SURMHNWX QDVWDQND $LUEXVD QHIF
SRVHEQR WLKLK L XpLQNRY L Witké PRPaR & W/hitBeySIURALRY M 8 HYDL&Q F
VSRPHQXWL GD VX SUYL JUDpPQL SULMIMR jetrad upor8tRY LM HV
biogoriva u uvjetima za svakodnevno odvijanje opera8jeoje starije zrakoplove polako
PLMHQMDMX QRYLPD D YHULQD VWDULK EXGH UDVWDYOMEF
ciklusa. 5D]PRWULOL VX L PRIXLP®N VW X5RIUIVMEHH NHOORHSWRW LV ND
MHGQRVWDYQR QLVX PRJOL GRELWL GRYROMQX NROLpPLQX
SULMHYR]D .DNR ELOR HOHNWULPQX HQHUJLMX NRULVWH >
VH VPDQMLOR RSIWSIRWURABMDEIRULYD

Kada je u pitanju EULJD ]D RNROLSULGDWHKDQYPLPQX SDAQMN
WHKQRORJLMDPD VPDQMHQMX EXNH L QHSRINR EQ RRFRG U9 X
VLVWHPDWLPQX NRQWUROX L QHSUH N]IDGEG \R % VRINFR.QD B DM XX
UDGL QD XYRYHQMX VXVWDYD ]WDsv¥jS ghipdé GhiDrprid 150 DIBCY LW R P |
i EMAS (eng. EceManagement and Audit Scheme

Ciljevi koje su postavili prihvatili 2009 godine, a zasnivaju se i pijimjuju diljem
VYLMHWD[4XINOMXp XM X

X 8pLQNRYLWRVW WUR&AHQMD JRULYD SRYHUDYDV
godine

x 2G QDGDOMH UDVW X FLYLOQRP JUDNRSC
S R Yahkjdiemisija C@(eng. CQ neutral growth

x Do 2050. godine, " R NROLpLQD HPLVLMD XJOMLNRYRJ
za 50% u odnosu na 2005. goal

x Dodatno, Grupa je postavila cilj smanjenja emisija ugljikovog dioksida
za 25% do 2020. u odnosu na 2006.igodTrenutno su postigli 64%

svojeg cilja s krajem 2017. godine
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6.2 Turkish Airlines

7XUNLVK $LUOLQHV ]DQLPOMLY MH JUDpPpQL SULMHYRI]QL
Upravo jeAtaturk, IstanbulVMHGLaAWH SRYH]DQR V QDMYHULP EURMHP
GREUR LVNRULVWLR NDNR EL SODQLUDR VYRMX IORWX QL
NRUL&AWHQMH XVNRWUXSQLK JUDNRSORYD QD PQRJD RGU
JUDNRSORYlEtaYHUHJ G

6.2.1 Zelena politika

U Turkishu se iznimngonose svojom zelenom politikom id&vito L]YMH&WDY DM X
NROLpLQL XaWHGDBCNEDSURIMDHMWRMRLREW RGSWM XSS WIDH SNURHNED
XRELPRMIHVS XQMDYDOH SLVDQLP SXWH PXNXDM XOHNV W RYQWLH §
informacije o liniji koju lete, gdH VX QD PHYXQDURGQRKXG@WWR VBl O3.C
odnosno 355 NRPDGD SDSLUD JRGLAQMH ,]JYMH&AULPD R RGUA
prebabHQL QD WDEOHW B5XkoWwdd&spsgita g G X QMW WR WDNR SUHED
LIYMHAUD R NROLpLQL SRWURAHQH L SRWUHEQH YRGH L RG
WDNRYHU SRVWLJQX%/rMa 993 diddazdbe\R&Y HXNXSQR XawdGLOL VX
NRPDGD SDSL BDHY®ReriEstantdrdni papir od primjerice 80gthiolazi se do
izrDpXQD GD VX W I849.8k§.TurkisheHidnLpG:ém smanjio emisije £2A otprilike
53 tone.Dalje, smanjenjima papirX QHNH RSHUDWLYQQPHsMMPRR XAWEBRBLOD

po zrkoplovu i smanjili emisije za 91 tonu GQ42]

622 ofoCE:t.CE:t ,‘_”‘%'GE:‘: %O‘H(Nf
Politika smanjenja goriva Turkish Airlinesa sastoji se od tri glavna stupa:

1. Optimizacija aktivnosti u letu i na zemlji
2. Ulaganje u razvoj i implementaciju novih tehnologija
3. 3R E Rfe MféaBtrukture

7H DNWLYQRVWL SURYRGH VH SRPRUX 2GERUD ]D XSUL
UD]YRMX ]DPMHQVNRJ WLSD JRULYD L VKRGQR WRPH FLOM
plinova u atmosferusveukupno, kroz 2016. godinu smanijili su siriugljikovog dioksida za
138522 toQH L XaWHGMHWRE@MNRRULYD NUR] VYRMX SROLWLNX
JRULYD 7H XaWHGH[SBRVWLJQXWH VX NUR]
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X

B8YRYHQMH D H WoHsQija+87%

,JPMHQD X QDpPpLQX RWBUHPH JUDNRSORYD
Izmjene i XYRYHQMH QRYLWHWD 6%WHKQLpNR RGU&DYDG
,JPMHQH L XYRYHQMH QRYLWEMWD X JHPDOMVNH RSH

x

x

x

Detaljnije, procedure kojima su postiglissoKaWHGH SULND]DQH VX WDEOL

Tablica 16 - Procedure kojima je Turkish Airlines RVWYDULR VPDQMHQMH SRWHYRRAQMH JRULYD

Smanjenje emisija
Procedura 8aWHGD JR
CO2 (1)
AGOH UHY 10292 324198
O9RAHQMH M
5948 18735
motorom
.RULAWHQM
: 7984 25148
postavke zakrilca
Zahijevanje i
SODQLUDrgxem 69 218
leta
Smanjenje mase
zrakoplova i
o 540 1071
uklanjanje
nepotrebne mase
SBRYHUDQMH
pranja motora i 2234 7036
pregleda zrakoplova
Bolje planiranje pri
WRpPpHQMX G 7457 2348955
goriva
Procedure pri otpren
5100 16064
zrakoplova
Mali pomaci u
granicama
o _ 482 1519
osjetljivosti za masu
bez goriva za let
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6.3 Croatia Airlines

&URDWLD $LUOLQHV MHGLQL MH KUYDWVNL JUDpPpQL SUI
RVWDOL EULQH R ]DAWLWL RNRO L dZgaravijBhBp® MHIGINE X H UNDRIGRLSIC
JRULYD 6WRJD UD]YLOL VX VYRMH PSMHHFUH. X® R QB RYM IMRRIY W
MH GXOMLQD QMLKRYLK UXWD QD NRMLPD OHWH 3UHWHA&aLW
RG OLQLMD NRMH iH E LaMihijaSAdqReRDubanikQ posébitd poplBERay @

ljetnim mjesecima.

6.3.1 Flota Croatia Airlinesa

Flota Croatia Airlinesa trenutno se sastoji od 2 Airbusa ABZ0 4 Airbusa A319.00
i 6 Dasheva-Q400. JRGLQH SULGUXALW UH LP VH Qé&afd $LUEX
NDVQLMIHMRAEAYDAQH NDUDNWH U Lj¥ ¥akdpldveNdan su QiIcOR.GH D VY

Tablica 17 tFlota i karakteristike zrakoplova Croatia Airlinesa

Airbus A320-200 Airbus A319-100 Dash 8 Q400
Broj zrakoplova 2 4 6
Broj sjedala 174 144 76
Raspon krila 34.10 m 34.10 m 28.42 m
Duljina trupa 37.60 m 33.84m 32.83m
'RSXawHQD 73500 kg 70000 kg 29257 kg
IDMYHUD YL 11920 m 11900 m 7620 m
S3RYUALQD 122.40 M 122.40 63.08 nt
IDMYHUD EU 834 km/h (458ts) 834 km/h (450kts) | 667 km/h (368ts)
Pogonska grupa 2 x CFM56 2 x CFM56 2 x PW 150A
6.3.2 ‘et —f«c "o @ETef ""fef eofeEFeE— "-"'eET %o "< f

.DR JODY QH psormjdnaiHGkbBRtia KAirlinestnavodg44] :

x Visoke cijene goriva
X 6YH YHUL WURA&ADN ]D HPLVLMH




x Lokalne namete po pitanjima ekologije

X Nove regulatorne obveze

X (NRORANX SULKYDWOMLYRVW L RGUALYRVW
x '"UXaWYHQD RGJRYRUQRVW

X 2pPHNLYDQMD NRULVQLND SDUWQHUD

x

Svjesnost 0 ok® L a X

SBUHPD GRELYHQLP SRGDFLPD SURYVNtbpo@ikixhodi32HPH OH
PLQXWH ]D JUDNRSORYH $LUEXV $ L $ D X SURVMHNX SH
toneemisiaC® 3RVHELFH SUHNR OMHWD SKYUBRWOQYH VWUXWR H RHX p
pPHNDQMLPD L |IDVLUHQRVWL MHGQH RG UXWD .RML SXWD C(
GLUHNWQR SUHNR SURVWRUD %L+ D NRML SXWD QDVWDYF
Splita ili Zadra i tek onda dobiju direktne rute @ ZagrebuTu odluku donosiGLVSHpHU
JUDPQRJ SULMHMRIQMNIBODQ L SUHQRVL JD SRVDGL

633 ‘"<oe—fe@Et 'e'@et Eitcoc..T of fEfES

SLUEXVL &% QD JUDPQRM OXFL 'XEURYQLN LPDMX XVS
aviomostova. Dok su tamo, nerijetko koristYRM $38 pLMD MH SURVMHpPpQD .
NJ vDW &awWR MH SURVMHPQD YULMHGQRVW |DR&®RED PRGD
SRWURaAQMD $38 PMHUL VH QD PMHVHpPQRM ED]L 8 &URDWI
SRPRUQX MHGLQDBEX QMIRSQMWIP KFLMHN PRJXUH XYHOLNH R}
1D QHNLP JUDPpQLP OXNDPD PRJXUH MH NOLPDWL]JLUDWL NUI
D X LIQLPQR WRSOLP GDQLPD XSRUDED $38 |D NOLPDWL]DF
neke ZUDpQH OXNH XRSUH QH GRSXaWDMX NRULAWHQMH $38 ¢
'XEURYQLN MH RDVKHRIXVHGR GRODVNX QD VWDMDQNX JUD

na zemaljsku jedinicu napajanja (GPU).

634  fe@®t "feZ'f <« "' te®% '‘eh@ora E it %

1IDNRQ aWR MH JUDNRSORYX RPRJXUHQR SDOMHQMH PR\

SLORWL WUDaH YRAHQMH GR SR]JLFLMH ]D pHNDQMH =D ]JU

SURSLVDQR QD PLQXWD 8 SUDNVL RQR RRLYULRMP®R JRRAL

QHAWR NUDUH RWSULOLNH GR PLOQXWD 1HNL SXWD SLO
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XQXWDU UHJXODFLMH NRMD LP MH GDQD L NRMRM VX SRGC
NDELQVNR RVREOMH L SXWSRLFILMBAMDXQMRE OVRSIKHIPQVY X]IRJULC
NRMRP YR]JH SD VH SULPMHULFH QD RGUHYHQLP YR]QLP VWL
]JERJ QRVLYRVWL NROQLND |D3BGYRAHQMW XYW HRH J]UDWMEBR ®HR RA!
kg/min, odnosno 10.2kg/min z¥x RAHQMH MHGQLP PRWRURP =D 'DVKHYH
RWSULOLNH NJ PLQ RGQRVQR RNR N&8®PNUBGD YRAHQMHPMM
motorom iznosi otprilike 25%5D]ORJ WRPH 8WR QLMH SULPMHULFH M I
GDMH YHSD YBIVRWS X&WHBH WD RPIBKYRI PRWRUD D SUL WRPF
XNOMXpHQ L $38 daWR VORMR PHAH WIHEBHIadIPR IR WiR flbte (kao
SUHSRUXND SRVDGDPD D SRVDGH QD 'DVKX SURFMHQMXM X
MH WR PRUXik¢iRVIRVL R JUDpQLP OXNDPD YUHPHQX YRAHQM]I
SUHSRUXpD YULMHPH S D O mMiHUEMDengebsKihRije i\l DstRnfs
VWD]H ]D YRAHQMH YRGD VQLMHJUHYGL X]REZH®D M D DQDN R\
YRAHQMD QD JUDPpQRM OXFL 'XE&RY¥ Qe korist Rk iltitDashd G QL P |
JD NRULVQLHVXO XHRDIMHY D SR -Qdn® 3td@d/Makphvsketan@ doMivQzR prema
parkirnoj poziciji.

6.3_5 ‘—”‘%.CE]C %0(17<~f ._fn:l:.E:I:. %n](.(125""f < 7;%05...:t %071_1:t

=D SUHWSRVWDYLWL MH GD UH VH VWDUHQMHP VWUXN
PRWRUD SIRYHI®WDWaQMD JRULYD 8 GDQDaQMH YULMHPH Y
XQDMPOMXMH PRWRONH XPXWDRUY ]| BEDQLK SDUDPHWDUD SR
$LUOLQHV SUDWL SRWURAQMX JRULYD JUDNRSORUME L UDGH
flote. SBUHPD QMLKRYLP SRGDFLPD SRWURaQMD VH QHSUHVWD
NRML WURaAL NJ EK YLAH RG SUHWKRGQRJ DOL VH |DWLP
VPDQML ]D NJ EK .DR &WR MH VVGSEBBHQXWRY VAHD U MMLR]AHD N
$LUOLQHYV SUHPD VYRMLP PRIJXUQRVWLPD WDNRYHU WHaAL
novima A320neo koji su spomenuti ranijia.RWUR&&QMD SR NLORJUDPX JRULYI
kilometara prikazana je slikom 1l4]
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Slika1l8 +t3SRWURA&AQMD JRULYD SUHPD SXWQLPpNREKIGNLORPHWDUD ]D U

Slike19i20 SULND]XMX NROLPLQX LVSXaWH letdvg UDtrR SO R Y (
Hrvatske i za letove u inozemstwao bazna godingD LJ]UDpXQH X]HWD MH JR
SRGDFL SULND]X%XMR RROU/LIDLWKQKRP SXWMOLPpNRP NLORPHWUX

Slikal9 +. ROLpLQD LVSXaWHRQUKPDPRYMWID BRAQLP SXWQLpPpNLP NLORPHWULPD

Slika20- . ROLpLQD LVSX&aWHQUKPDPRYMWWD ERBQLP SXWQLpPpNLP NLORPHWULPI
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6.3.6 ,<2©FfeEf "fe "2 "f ¢ o' ="f

9HU MH SULMH VSRPHQXWD PRJXUQRVW VPDQMHQMD PD
JUDNRSORYD LUQdréatidAiRiR®Rdbid znaju za ovaj problem i pranje zrakoplova
L PRWRUD MH VDVWDYQL GLR SURJUDPD RGUaDYDQMD JUDN
VH MHGQRP X WUL PMHVHFD GRN VH SUDQMH PeolWrRUD L]YF
lletL MDYOMD VH JERJ GRVWXSQRVW Lpfilk®NsBts foRrakpliw DQMH |
Vrlo je bitno GD JUDNRSORY daWR GXa&H SURYHGH X JUDNX L GRQH
EDd PRJIJXUH UDGLWL QHEAWR GUXJR SRZS&LS progbi nRKe UA D Y D (
WHPSHUDWXUH L pHVWR WUHWLUD QM HenpUdzibiig)S TaRayde W H N X C
SUDNWLFLUD pLaAatUHQMH L SROLUDQ Mddekpd BeN fieSperR ¥ieli VU H G\
JUDNRSORYL YHU VDPR RGUHYVIGQIADYIDMHVIR YEUUPKBHUQBN AV
RGPDAaUXMH GD EL VH ODNA&HakR p@rfa tdidplovi,ListiQse n@md H P X
SRGPD]DWL 1D $LUEXVLPD VH WR UDGL QD RWSULOLNH \
PDVW aWR L]LVNXM KrGaRaGDineQumRavodd Kdlkd Bu-zral®plove ove godine
RSUDOL YHU SXW

awR VH WLpH SUDQMD PRWRUD RQR VH L]YRGL RVLP L
VYDNL SXWD NDGD VH YLGL SRPD Nri XonBriithdd QrénkabdajlP RW R U |
temperatuUH PRWRUD L SURPMHQH X W H R&ddaJod Yaxroljvéstkdje/ S XaQL
navode je program pranja njihovih starijih zrakoplova A@Rkoji su imali zadano pranje
PRWRUD VYDNLK WMHGDQ GR GDQD SR SUHSRWKFL SUR
SRYLAHQH VODQRVWL

%XGXuL GD &URDWLD $LUOLQHYVY QHPD WROLNR YHOLNX
$LUOLQHV L EXGXiuL GD MH ]D QMLK YUOR WHaANR SRQRYL)
PMHULWL WRpDQ XpLQDN VP DQRIWI) M BRRADN DNFRD S| ROWSRMLQ
VX QDNRQ QHNROLNR SRNX&DMD GRELOL RGUHiyX @GHR BDJIHYX O\
WRpPpQH EURMNH D EXGXuL GD L X]JRUDN QLMH YHOLN L UH
stvaraju periodi kada zrakoplgwimjerice radi mnogo kratkih rotacija, motor se opere, a
JUDNRSORY SRWRP L] SRVORYQLK UD]J]ORJD UDGL PQRJR P
SRWURaAQMD JRUYSEYDN VSUBRWHIPRWRUD GRQRVL LP VPDQMH
plinova za nekollR VWXSQMHYD 7R QH VDPR GD VPDQMXMH L SRV
ALYRWQL YLMHN PRWRUD
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637 efeEteEt "—"'@eE®F % "< f —'T1O« Zfemet of-F"<EfLZE

6YL JUDpQL SULMHYR]QLFL ]QDMX GD VPDQMHQMH PD\
PRIXUQRVWL SRYHUDWQIRDRRARYRILFBWODIHQRI WHUHWD ]D
SRWURaAQMH JRULYD 8 VYDNRP VOXpDMX UDGL VH LIMHGQD

BULPMHULFH &URDWLD $LUOLQHV MH SULMH QHNROLNGF
]JDPLMHQLOD QRYLRP. \OHD MERRREMU RPRJIXULOR GD L]JPLMHQ
JUDNRSORYD X $ SRYHUDYDMXiuL EURM VMHGDOD VD QL
8] SRYHUDQMH EURMD VMHGDOD WDNRYHUIWR FEQDENADROV AD
od oprilike 630kg emisija C® 'DVKHYL VX YHi X SRpHWNI NRERURPHQL

sjedalima.

3R SLWDQMX pend.R8ight magazdél BhXsu nekada davno bili mase i do
1.5kg. Oni sada iznose 500gr, smanjena je njihova masa kao i broj pdddhRSLVD WLPH awv
YLAH QH QRVH QHSRWUHEQH YHOLNH NROLpLQH IDPMHQVNL
jedan od prihoda Croatia Airlinesa, dio promotivilchNWLYQRVWL L GRELW RG RJO!

7HSLVL X JUDNRSORYLPD NR QWWaDse dhQuRo torie WalhB & H L X
PLMHQMDMX 3ULMH QHNROLNR JRGLQD &URDWLD MH J]DPLM
$ ]D RWSULOLNH NJ %XGXuL GD QHPD WROLNR SXQR SU
LIUDGD WHSLKD MDY WHP N EDEQSX| PRVRMHVWD |D GDOMQML

9HOLNH X&aWHGH SRVWLJOL VX EROMLP SODQLUDQMHF
letovima. Spremnik vode u Airbusu ima 250 litara, dok je u Dashu puno maniji, 34 litre. Problem
im predstavljaju indikatori na Airod 1O RW L $LUEXVD LK LPDMX D QHPD!
]D SUDUHQMH SXQRUH VSUHPQLND SR pHWYUWLQDPD D QD
SRNDIDWHOMLPD SD VH QHULMHWNR GRJDYD GD SXQLWHOM
Zato suQD RWYRU VSUHPQLND VWDYLOL QDOMHSQLFX NRMRP
SROR FIilB6%% ohly!>* AWR VH WLpH IORWH 'DVKHYD REJLURP GD \
QHNLK PRIXUQRVWL VPDQMLYDQMD D JLPL YRGHeXkWUDNRSO
NRULVWH PRNUH PDUDPLFH &aW flazmimXakohldvbDnd ka@ddtiebtuV Y L P H
UDGL |DPU]IDYDQMD QRUX L .SRQUPXRD VPWYILHQ WIDR p@ARRAIH Q M
WRDOHW JRGLAQMH \\Ha vtplRedu tomaxo KiBus Zrakdplovgisgnanji se
SRWURaAQMD JRULYBWIHEGNRKH RWR WRQD YRGH
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-HGQR RG VWYDUL NRMH VX UD]JPRWULOL MH L XYRYyHQM
DOL ]D RSUHPD MH YUOR VNXSD L SHULR @& jSiYonhDréidkww/ UH G VW

pogodovao i pad cijena goriva.

Zbogudaljenosti na kojima lete, nisu imidpIWLYL QL QHNL Reja/®VWDYD R
VH YHULQRP NRULVWH QD SUHNRRFHDQVNLP OHWRYLPD
eksperimente na A320 unutar Euroake nisu izvijestili o postignutim rezultatima.
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7 SMJERNICE RAZVOJA U : DOTA ZA
, e GORIVA

ORJOR EL VH UHUL GD MH JUDpQL SURPHW X MHGQX UXN
WUR&GHQMH JRULYD EDUHPHQIODNROXPAEALRQDMHDILMNH QDS
XPpLQNRYLWRVW NDNYX LPDMX VDGD PLMHQMDMXuL VMHGDO
L SDSLUD NRMH QRVH IORWH VX VYH PRGHUQLMH ]JUDNRSC
pitanje dalinjeg DSUHWND EXGXiUL GUH QD ED]L (XURSH D L PHyXQ
ND]J]QH |D SODubQMH SUHNRUDPHQLK HPLVLMVNLK MHGLQLF
NRML PRUDMX NXSLWL GRGDWQH HPLVLMVNH MHGRQLFH Y
SODubDOL HXUD SR HPLVLMVNRM MHGLQLFL GRN RYH JRGL!
Nije na odmet spomenuti niti varijaciju cijenu mlaznog goriva za mlazne motore na koju se nije
ODNR RVORQLWL &WRWUHD EUW H a/Mp/BHA 6 VRIEX IBRIXJRM YUVWL J
L UDJQH PMH&ADYLQH NDNR EL VH SRVWRWDN XJOMLND VPDC
SRWSXQR |]IDPLMHQLR 1RYH VWUXNWXUH L GL]IDMQ JUDNRSO
SRWURAQMX JRUIZDPDRPHIDSRVWRML L PRIXazQRmowrase Y UDW N
YHUH JUDNRSORYH aWR MH VYDNDNR YHOLNL SOXV EXGXU

udaljenosti.

7.1 Open-rotor motori

Open rotor tip motora jelisnomlazni motor koji pogoni dva propelevalike brzine

NRML VH RNUHUX X VXSURWQLP VPNMPPRNXHPID QRYR W PHBE\RHPUQ
se RPHNLYDWL SRYUDWDN HOLVQLK PRWRUD QD YHULP JUDN
buke. Ovaj tip motora prvi put je razvijen 1980 ali nije nastavljen zbog relativno niske cijene
JRULYD 6DGD NDGD MH |]DQLPDQMH L BRW.LYWEDH]IL XQPH IR\ R
NDGD SRVWRML YLAH PRJIJXUQRVWL |]D UD]JOLpLWX LJUDGX Pl
krenuti u opticaj. Testiranja u aerotunelima na prototipovima pokazali su da bi ovakvi motori
SUXaLOL VPDQMHD% I$RRG hDMH RRRQRVX QD VDGDaQMH F
]JIDGRYROMDYDQMH VWDQGDUGD E Xp&kativii BadiRi§ R020 i[dodhB. EL PR
'YLMH HOLVH NRMH VH RNUHUX X VXSURWQLP VPMHURYLPD I
JUDNX GD L]DVyH eGrMasBljuxzidkaWYHpHpLQD VWUXMH JUDND UDGL V
GRJDYD L NREOPSMRPORWRUD aWR J]QDpL GD RYL PRWRUL RI
SUXaDMX YHUL SRWLVDN SafifréhP B RRIMIH H B"MQXME P Q\VBarBid¥ NH ODF
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WLPH AWRHPRWRWULAWH O Dazhih Mhbtord BakkeCshda@mamo, iako je
RWSULOLNH G¥BR&DUXRRX YNMD&EX NDR QHUH ELWL SUREOHPE
JUDNRSORYD D pDN VH PR fipishNrBotepd akiplovaRWQ/avijabSHQi
SRVWRMH SURWRWLSRYL RYH YUVWH PRWSHikh2L polaRje O L M H & X
SUYR XVSMHa4QX SRMDYX L SDOMHQM43] RYRJ PRWRUD X ,VW|

Slika 21 +Openrotor motor predstavljen u Francuskoj

7.2 Aerodinamika zrakoplova

= QDQVWYHQLFL L] ,QVWLWXWD WHKQRORJLMH X 0ODVVD
]DPLMHQLWL XRELpDMHQ REOLN WUXSD JUDNR&@OMD 8 SU
ARXEOH E MéeEm ftdlinstvenom trupu koji se zapravo sastoji od dva spojena trupa
umjesto jednog velikog7f DNRYyHU ELR EL SRJRQMHQ SRPRUX GYD PRV
strane Rich Wabhls, znanstvenik NASAH NDaH NDNR MH LGHMD GD VH X]JRQ
iztUXSD QH VDPR NULOD &aWR EL RPRJXULOR SRVWDYOMDAQ
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kompozitnih materijala.: KDOV NDaH NDNR EL RYDM NRQFHSW JUDN
XPpLQNRYLWLML QHJR VDGDaAQML SXWQLpPNL JUMMRBPORYL 3
REOLND D SRORYLFD JERJ WRJD aWR VH SUHWSRVWDYOMD
072 7DNRYyHU PRWRUL EL ELOL VPMHAWHQL WDNR GD XYO
VPDQMXMXiUL RWSRU JUDNRSORYD aWa ifilpoGsBkE&@igH @ahjekr PR J X U
goriva.Koncept je prikazan slikom22[46]

Slika22 +tARXEOH EXEEOH?

60LPQR WRPH %RHLQJ MH W D NimHitogtabdivi i iazGao aM H N W
SUGAR(eng. Subsonic Ultra Green AircrafeRearchh. U tom projektu krila zrakoplova bila
EL QD WUXSX L XpYU&auHQD ]D VWDMQL WUDS JUDNRSORYD
%RHLQJRYL LQAHQMHUL YMHUXMX NDNR PRJX VPDQMLWL G|
QDSUDYLWL GXNOWDBD DODREQ MXYWLADL SRWURaAQMX JRULYD 8 S
EL RYDM WLS NULOD PRJDR VPDQMLW % BSRMWUIJRWOM R yHIUU UDL
HOHNWULpPpQH VXVWDYH ]D VWYDUDQMH SRWLVND .RQYHQF
SROLMHWDQMD DOL MHGQRP NDGD MH X ID]JL NUVWDUHQMD
za pogonKoncept je prikazan slikom32[46]
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Slika 23 % R H L Q@ &R 55

7.3 Nova vrsta goriva

8 GDQDAQMH YULNRBSHK GRYVGIEQMRHMB ELRJRULYD QR RQ
QHJR a4WR VH PLVOL VDPR MR& XYLMHN V YHOLNRP |]DGUA&NF
HNVSHULPHQWLUDOD V ELRJRULYLPD L XVWDQRYLOD NDNR
za operacije Kavima se bave. Biogoriva su odobrena za komercijalnu upotrebu u srpnju 2011.
JRGLQH 2G WDGD QHNROLNR MH JUDpPQLK SULMHYR]QLN
komercijalnim letovima., QGXVWULMD VH RNUHUH SUHPD ELRJRULYX C
poremHWLOD ]DOLKH KUDQH LOL SRUHPHWB6D NDH ULLMNAXIOMAX DX
EL VH PMHADYLQRP VD ELRIJRULYD VPDQMLOR |DJDYyLYDQI
za 50 do 709449]

2EHUDYDMXUH MH LDNR MRA&a XY LULWHN QDR/GV D QW UDRAR. R DX
Jatrophe, masti, Babassu ulja, Cameline koje tvoriSi& Eng. Bio derived synthetic
paraffinic Keroseng Jedni od glavnih investitora u ovakav tip goriva su primjerice Boeing,
Honewell, Air New Zealand, Continental Airlinespada Airlines, General Electricfc DNRYyH U
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YULMHGL VSRPHQXWL L LVWUDALYDQMH JGMH VH DONRKRO

daljim procesima dovodi ih se to goriva.

OQRRaAWYR MH SULPMHUD JGMH VX JUDPQL SUUuMaEHYR]QLFI
9HULQRP VX WR HNVSHRMAEQDWIQOVWPD JRULYD L ELRJRULYD
SULPMHULFH MRa $LU 1HZ =HDODQG MH QD VYRMHP
PMHADYLQRP JRULYD L -DWURSKH QD PRWRWX EURM
SRIJOHGDOL QLVX SURQDAaAOL QLNDNYH UD]JOLNH L]JPHYX WR.
$ 7DNRYHU QLNDNDY XWMHFDM QD SHUGedinR x&njel JUDNR
Continental Airlines je napravio prvi let na gorivu napravljenom od Zlgikoplov je letio na

VWRSD D SLORWL VX L]YHOL L YMHAQEX JDaAHQMD PRWR
OHW D GRELYHQL UH]XOWDWL SRND]DOL VX QLVNX WRpPpNX
SUREOHPDWLND NRMD \HiogggapH MDYOMDOD ]D GUXJ

3UYL NRPHUFLMDOQL OHW SRPRUX ELRJRULYDO,REDYLR
QRVHIUL SXWQLND -Qdnis.\Kxriatili st BiagdfirbldiGh®dho od otpadnog ulja.

SRVWDYOMD VH SLWDQMH ]DaWwWR VH RQk&da sk toRkdRULY D
GREUD L NDGD EL RPRJXULOD XaWHGH NRMH VH QDOD&X %X
QD SUREOHPH 1HNL RG QMLK VX SULPMHULFH WR a@aWR EL
SUHOD]LOD QDUX&ALOD |DSDQNMLYRVIW WRMH@HBP LY DONHRY B U
WHPSHUDWXUDPD NRG QHNLK JRULMastGiRu@aDAd ddsoviH GR ]
produkciju biogoriva i dostavu istog prema aetbB PLPD MRa SUDNWLpPpNL QH SRV
Angelesu i OsloTrenutno, samo 1% od uk@pR SRWURA&GHQRJ JRULYD SULSDGD

-HGDQ RG JODYQLK UD]JORJD |DaWR ELRJRULYR QLMH Wi
MH FLMHQD %LRJRULYD VX X SUDYLOX GYD GR WUL SXWD VI
EXGXuL GD VH YORLPLCRAAH NROLpLQDPD D FLMHQD JRULYD
zadnjih godinaTa razlika u cijeni bi se svakako smanijila ukoliko bi se proizvodnja biogoriva
SRYHUIDOBEL VH WR GRJRGLOR WUHED GRUL GR PHyYyXQDUI
standardima, kAR EL VH RVLIJXUDOR GD UH QRYD JRULYRtRGUADWI
WDNRYHU VH WUHED SRND]DWL GD EL WD JRULYD VWYDUQC
XRELPDMHQD JRULYD N RMDQW NHHE ¥ MO QEGAOLWGHD WRBJHE DR EL S
spomenut ranije u rado XGXuL GD VH WUHQXWQR LVWUD&XMH SXQR
GRELWL SRGDWNH ]D ED&®EEGDBNMHXQL WL Y WURIRURGIJALYRV\
seemisie CQVPDQMLOH QR WUH E xv&ddj& Mdgdfiva izvdaknkitRkartroDiL S UR
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XJURNRYDWL GHIRUHVWDFLMX VPDQMLWL NIBKO prpvil®KX KUDQF
PMHUHQMX RGUALYRVWL SRVWRMH X $PHULFL L (XURSVNRM
dopustio svih zrakoplow D GD NRULVWH RGUHYHQR JRULYR NRMH MH F
JHPOMDPD L DHURGURPLPD GLOMHP VY |[Rdde\Boyd 2aHIEIW R NDR &
X NDaH NDNR MH PDOR YMHURMDWQR GD UH NROLpPLQD ELR
razdoblju od 7 goding49]
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,DNR MH HNRORA&AND VYMHVQRVW VYH SULVXWQLMD ND?"M
prijevoznika, ne smije se zaboraviti jedna st@@sutvrtkei pogoni ih novac. Nema dvojbe da
VH SRW U R E®UIDV WA QRKazaijiniadésa@dd RGLQD DOL LVWR WDN
je bilo vidjeti da su u vremenimaprie EIB D SRIJRWRYR X YULMHPH QLVNLK
SULMHYR]QLFL SRYHUDQR WURALOL JRULYR LRINRRUAM BWRM
VYDNL RG SULMHYR]QLND SR Y@ RIDW D YWDrQR MR WOLRDAXQ MBI M H O/R
svakako isplati 1IHSUHVWDQD MH WR ERUED ]D SXWQLNH NRMLK L
prijevoza.8] WR 4WR VH ]JUDpQLPWIDYOMIYMRXQRFUPQLPRIQYMD SR S
emisiskhnMHGLQLFD NRMH VPLMX SRWU Ridoajvi ih kupidé&ia@inoNiR LK SR
UH EEMQDOL]LUDQL SXQR YHULP VYRWDPD WUHEDMX VH E
gubitke smanjenjemcf QD NDUDWD JGMH LRQDNR YHULQD FLMHQH R
IDNR YHOLND YHULQD SRGOLMHAH PRGHUQL]DFLML VYRMH
goriva, na krajuse dolaziGR MHGQRJ ]DNOMXuMd o tlpV SgemadiaLkoje VW
obavijaju i ruta na kojima lete, neka ulagarja PMHUH XpLQNRYLWRJ WWRaAHQMEL
PRaH VH RpHNLYDWL SRYUDW QRYFD NUR] QHNR RGUHYHQR
UDGH WLPRYH OMXGL NRML VX ]DGX&H Qe xepresiai porjak iwWR 3 U
RWNULUH QHpHJ QRYRIURIWR ¥PODPMEARVGEDMRQRURAQMX JRULYEC
WHKQRORJLMH VX |DSXaWHQH L QHP®XSNXHL HGML MRJ ]S DRRW:
MHGQD YHOLND PDVD NRMip YBHAQRSEREWD R ANRQWUYRORU
SURJQR]H R SRYHUDQMX JUDpQRJ SURPHWD YUOR YLVRNH
HPLVLMDPD QHNH V PRJXiNije zakaovstvs RAnDkkivEcGl kdd fedan
RG QDMEUAH UiRVSWUXEIXK X ¢XVR@U HJUHAILY B LIR XSDUEQAMHKQ M D ]
SUXADMX QDSRUH NDNR EL RJUDQLpPpLOH GDOMQML UDVW ]L
REQRYOMLYH L]YRUH HQHUJLMH $XGR&WU BDBLWHFY NHLORDI PR
VSRUD]XPD MRa X YUOR UDQLP IDIDPD SUHRVWDMH YLGM
SRILWLYQR MH aWR MH RGDI]LY JUDPQLK SUlsWdobf&vpip&é ND GRV
]D VXGMHORYDQMH ezl R poadgdtinéstndaXkinjd dBR/&u u kasnijim fazama
VSRUD]XPD D PR&aGD pDN L V GREULP JODURR BOPDEPHGQMH
GD MHGDQ RG JUDPpQLK SULMHYR]JQLND V QDMYHURP VWRSRP
svojuflotuna&d2 JUDNRSORYD D QLVX MHGLQL 3RVWDYOMD VH SU
awR MH SDN WHPD ]D QHNL GUXJL UDG
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