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EBAJIYAIIMJA IEP®OPMAHCHU TPAHCIIOPTA U
CKUIAMIITEBA Y EBPOIICKOJ YHUIAN
Panojko Jykuh?

Exonomcku dakynrer YHuBep3uteta y beorpany, beorpan, Penybinuka
Cpbuja

Caxcemak: Esanyayuja nepgpopmancu mpancnopma u ckraouwmersd je KOHMUHyupaHo
akmyenna, 3HauajHa u crodxcena. Y o0eom pady ananusupajy ce nep@opmarce
mpancnopma u ckaaouwmersa y Eeponckoj ynuju na 6asu MARCOS memooe.
Pesynmamu  ucmpaosicusaroa nokaszyjy oa no nepgopmancama mpascnopma u
cKnaouwmerba 'y MONn nem 3emama no pedocredy cnadajy: Hemauka, @panyycka,
UlInanuja, Umanuja u Iowcka. Y numary cy oakie passujene semme Esponcke yuuje.
IHepgopmance mpancnopma u ckraduwmersa cy 6ome y Xpsamckoj nezo y Cnoeenuju u3
pasnoaza, wmo je, noped 0Cmaioe, 3HAMHO HUx*cA YKynHa Habaska poba u yciyed. 3HamHo
ce Modce ymuyamu HaA ROOObUAEe NEPHOPMAHCU MPAHCHOPMA U  eDUKACHOM
KOHMPOIOM aHanusupanux pakmopa (6poj npedysefia, 6poj 3anocienux, npomem, yKynua
Habaska poba u yciyea, nepcoHantu, 000AmHa 8peOHOCH NO (PAKMOPCKUM MPOUKOBUMA
u 6pymo onepamugHu GUWIAK). Y mome 3HAUAjHY YI02y uUMA U NPUMEHA KOHYenma
00poicusoe  paseoja u Oueumanuzayuje YeroKynHoZ Noclo8ard MPAHCNOPMA U
CcKAaAOUWmersa.

Kuyune peuu : nepgpopmance, mpancnopm, ckraduwmerse, Eeponcka ynuja, MARCOS
Memooa.

YBOJ

[Ipobnematnka eBamyanuje meppoOpMaHCH  TpaHCIOpTAa U
CKJIQJINIITEHa j€ BPJIO M3a30BHA, KOHTUHYHPAHO aKTyeJHA, 3Ha4YajHa M
cimoxkeHa (Popovié, 2022; Yao, 2022). 3aro mro ce mnepdopmance
TPAHCIOPTA U CKJIAJAUILITEHA OAP)KaBajy U Ha CBUM OCTAJIMM CEKTOPHMA.
[Tonaszehm opn Tora, mpeaMeT HCTpaXMBama y OBOM paay Cy aHaiu3a
¢dakTopa nephopMaHCH TpaHCIIOpPTa U CKIaIUIITeHa Y EBpornckoj yHuju.
Huwp u cBpxa Tora je ma ce aara mpoOJieMaTHKa IITO KOMIUIEKCHH]E
UCTpaXHu Yy OGYHKUMjU yHarnpehema nepdopmancu y OyayhHocTH u
npey3uMama aJIeKBaTHUX Mepa.

VY nocnenmwe BpeMe y LUJbY ILITO TayHHUje MpoleHe neppopMaHcu
TpPaHCIOPTa W CKJIAJUINTEHha CBE CE BHIIE y JIUTEPATypH MPHUMEHY]Y
pasNUYUTH METOAM BHUIIEKpUTepHjyMckor onamyumBama (Lukié, 2021;
Tadi¢, 2021; Ulutas, 2020; Osintsev, 2021; Korucuk, 2022) u JAEA
npuctyna (Stevi¢, 2022). Ty cnana 1 MARCOS merona (Lukic, 2022;
Mesi¢, 2022). 3ato mito jegHa aHanuza 00e30elyje y oaHOCy Ha TauyHU]y
NpoIeHy neppopMaHCH TpaHCIOpTa U CKJIAJUINTEHha Kao OCHOBE 3a
yHanpeheme y OyayhHoctu npey3umama agekpataux mepa (Thanh, 2022;
Do Duc Trung, 2022) .

! radojko.lukic@ekof.bg.ac.rs
OBO je TOKyMEHT OTBOPEHOT MPHUCTYTIA MO JINIIEHIIOM
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Kontunyupana ananmusza Qaxrtopa neppopMaHCH TpaHCHOpTa U
CKJIQJIMINTEeHha, Y KOHKPETHOM ciyd4ajy EBporcke yHHje, KJbydHa je
MpeTIocTaBKa 3a yHanpeheme y OynyhHOCTH mpeay3uMameM aIeKBaTHHX
Mepa. Y ToMme ce MaHH(ecTyje MpuMapHa UCTPaKMBAUKa XUIIOTE3a y OBOM
panay.

Y  METONOJIOIIKOM CMMJCY T€ peyH, CIEACTBEHO JaToj
UCTPAXUBAYKO] XUIIOTE3H, 3HAYAJHY YIJIOTY y eBallyaluju neppopMaHcu
TpaHCHOpTa U cKiIaauiTema uma npumena MARCOS merone. Y oBom
paay oHa je MPUMEHEHA Ha CiIy4aj aHanu3e nepopMaHCH TpaHCTIOPTa U
ckiaaumTema EBporicke yHuje.

[ToTpeOHM eMIHPHUjCKU TOJAIM 32 HCTPAXKHUBAKBE TPETUPAHOT
mpobiemMa y OBOM paay MpUKyIUbeHH cy ojn Eurostat-a. Onu cy
,,TIPOM3BEIEHN”’ Y CKJIay Ca CBHM PEJIEBAHTHUM CTaHIapIuMa Tako /1a HEe
MOCTOj€ HUKAaKBa OrpaHUuYea y morieay MelhyHapojHe ymopeIuBOCTH
TIOOMjeHUX pe3ysITaTa HCTPAKUBAKHA Y OBOM Pafy.

1.MARCOS METOJA

MARCOS merona je 6azupana Ha neduHucamy oaHOca u3Mely
anTepHaTuBa W pePEpeHTHUX BPEAHOCTH (WAeadHa W aHTUHUACATHA
anreprnaruBa) (Pali¢, 2020; Kovac, 2021; Miski¢, 2021; Puska, 2021;
Stevi¢, 2020a, b; Stankovi¢, 2020; Trung, 2021). Ha ocHoBy neduHucanux
onHoca, onapelyjy ce dyHKIMje KOPUCHOCTH ajTepHATHBA M BPIIU CE
KOMITPOMHUCHO PaHTHPAE Y OJIHOCY Ha UeallHa U aHTHHJICATHA PelleHha.
[Ipedepennie omnyunBama ce JePUHUILY Ha OCHOBY (YyHKIHjE
KopucHocTH.  DyHKIMje  KOPUCHOCTH  MPEJCTaBbajy  IMO3ULHU]JY
alITepHaTUBE Yy OJIHOCY Ha HJeallHa W aHTUHUJAealdHa peulewma. Hajoosma
aJlITepHaTHBa j€ OHA Koja je HajOoImXka WIealHOj U UCTOBPEMEHO Hajaasba
aHTHaeanHoj pepepentHoj Tauku. MARCOS MmeTona ce mporecHo o/1BHja
kpo3 cneaehe kopake (Stevic, 2020a, b):

Kopax I: ®opMmupame MHULIMjaJIHE MaTPUIIE 3a JJOHOLIEHE OJTyKa.
Mynmuxpumepujymcku MOAET YKIbyUyje AeUHUCakE CKyTla KpUTEpUjyMa
U M ajTepHAaTHBA. Y cCllydyajy TPYNHOr OJUTyuuBama, (GopMHUpa Ce CKyI
excnepma KOjyu POLeY]y alTepHATUBY y OJJHOCY Ha KpUTEpUjyMe. Y TOM
Cllyuyajy, MaTpHlle eKCIepTCKe eBajyallije Cy arperupaHe y WHUIIMjaTHe
MaTpulle IPYIHOT OJUTYyYHBabA.

Kopaxk 2: ®opmupame NpoImpeHe HHUIMjaTHe MaTpuile. ¥ OBOM
KOpaky, MpOIIUPeHhe NHUITM]jaTHE MaTpHIIC je neGruHuCaHO ca uaeaTHuM (
Al') u antunaeanuum ( AAI ) pememuma.
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G G Cn
AAl Xaa1 Xaa2 Xaan
Al X11 X12 X1n
X =4, X21 X2 "t Xon (1)
Ap lxml Xm2 xan
Al Xai1  Xai2 t Xain

AHntunneansa conyuuja (4A4I71) je Hajropa anrepHaruBa. Maeanno
pemiewse  (AI) je, CynpoTHO TOMe, aiTepHaTHBa ca HajOOJbUM
KapaKTepUCTUKaMa. Y 3aBHCHOCTH OJ] pupojie kpurepujyma, 441 u Al ce
neduHHITY TpUMEHOM cliefaehux jemnaunna:

AAl = minx;; if j € Band maxx;; if j€C (2)
L l
Al = maxx;; if j € Band minx;; if j€C 3)
l l

rne B npencrasipa 6eneduuny a C TpOIIKOBHY TPYITy KpUTEpHjyMa.
Kopax 3: HopManu3zanuja npoupere nHungjanHe marpuue (X).
Enementn HopManu3oBane matpuue N = [nl— j]mxncy NOOHWjeHU TPUMEHOM
cnenehux jeHaUMHA:
Xai

Xy oL
at
IJIe €IEMEHTH X ij U K 4 IPEJICTaBIbajy elieMeHTe Marpuiie X .

Kopax  4: Jepunucame  TEKHUHCKE  MaTpule V=
[v--] Texuncka Matpuna V ce 10o0uja MHOXEHEM HOPMaJIM30BaHE
) mxn

matpuiie N ¢ TeKHHCKHM Koe(UIMjeHTUMa KpUTEepHjyMa 6 ; IPUMEHOM
cienehe jeqHaunHe:

vij = nijxvj (6)
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Kopax 5: YTBphuBame creneHa KopucHOCTH antepHaTtamBa Ki.
CreneH KOPUCHOCTH aJTEPHATUBA y OJHOCY Ha aHTUHUACATaHA U HJIalIHA
perniema ce yrBphyje npuMeHoM cieaehux jegHaunHa:

K= ©)
' Saal
S.
Kt ==L
L Sal (8)

rae Si (1=1,2,..,m ) npeacraBiba CyMy elieMeHaTa TeXHHCKe marpuie V ,
MpHUKa3aHo y cienehoj jeaHauyuHu:

n
Si = Z Vij )
i=1
Kopax 6: YBphuBame GyHkuuje kopucHocTr antepHarusa f (K i)
. OyHKIMja KOPUCHOCTH j€ KOMIIPOMHUC TIOCMAaTpaHe AalITepPHATUBE Y

OJTHOCY Ha HJeallHa M aHTUHJCAIHA pelickha. DYyHKIMja KOPUCHOCTH
antepHatuBa JeduHUIIE ce clieilehoM jeTHaYNHOM:

) K"+ K _ 10
J&=""17un 1o @
(CORMNIC

rne  f(K; ) penpesentyje GyHKIMjy KOPHCHOCTH y OJHOCY Ha
anTumeanHo pememe, a f(K;') penpesentyje QyHKIM]y KOPHCHOCTH Y
OJTHOCY Ha MJICAJTHO PELICHE.

@DyHKIMje KOPUCHOCTH y OJHOCY Ha HJA€alHa W aHTHJeallHa
pelema yTBphyjy ce npuMeHoM cienehux jeHaunHa:

Z K7)= —i+ 11

( i ) Ki+ + Ki_ ( )

f K+ = —i_ 12
( i ) Kl'+ Ki_ ( )
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Kopax 7. Panrupamwe anrepHaruBa. PaHrupame ajirepHaruBa
0a3upaHo je Ha KOHAYHO] BpeqHOCTH (DyHKIM]je KoprucHOCTH. [loxkesbHa je
OHa ajTepHaTMBa Koja uma HajBehy Moryhy BpegHocT dyHKIH]jE
KOPUCHOCTH.

2. METOJIA AHAJIUTUYKOT XUJEPAPXUJCKOT MPOILIECA
(AHP)

C 003upoM Ha TO J1a ce TeKHHCKH KOe(DUIINjEHTH KPUTEpUjyMa KOJT
npumene MARCOS wmetone ytBphyjy momohy AHP meroxme, ykpaTko
heMo ce OCBpHYTHM Ha HEHE TEOPUjCKO-METOJIOJIOIIKE KapaKTEPUCTHUKE.
Metona ananutuykor xujepapxujckor npoueca (AHP) oxsuja ce kpo3
cienehe kopake (Saaty, 2008; Mandic et al., 20214, 2017):

Kopaxk 1. ®opmupame MaTpuiie napona nopehema

1 Q12 Qip
1/a 1 eoa
A=[ay]= |42 L G (13)
1/ay,, /a2 - 1
Kopaxk 2: Hopmanu3zaiuja Matpulie maposa nopehema
« Qi C .
iy = g = 1 (4
i=1"1j

Kopaxk 3: OnpehuBame penaTUBHOI 3Hauaja, Tj. BEKTOpa TeKUHA

wp= 22 =1, .0 (15)

Nunexc xousuctentHoctu (Consistency index — Cl) npencrasiba
Mepy OACTyHama N 0J1 A max ¥ MOXKeE Ce MpeCcTaBUTH ciaenehoM popmyiom:

cp = bmax 1 (16)
n
Axo je CI < 0,1 nponewmeHe BpeAHOCTH KOoepHIMjeHaTa a . Cy
KOH3UCTEHTHE, a OJICTyNambe A max 011 N je 3aHeMapsbuBo. To 3Hauu, pyrum
peunma, n1a AHP merona mpuxBaTta HEKOH3MCTEHTHOCT Mamwy o1 10%.
ITomohy MWMHpekca KOH3MCTEHTHOCTH MOXKE C€ M3payyHaTH OJHOC
koH3ucreHTHocTH CR = CI/RI, pu uemy je RI cinydajan unnexc.
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3. PE3VJITATH U JTUCKYCHUJA

[MpunukoM  wWcTpakuBama  mepOpMAHCH  TpaHCIOpTAa U
cKIaauInTemha EBporicke yHUje Kao KpUTepujyMu KOpUltheHu ¢y KIbyJHH
uHaukatopu (Opoj mpeayseha, 6poj 3amocieHux, NpoMeT, YKyITHa HabaBKa
poba u yciyra, JUYHU TPOIIKOBH, J0JaTa BPEIHOCT MO (HaKTOPCKUM
TPOIIKOBMMAa M OpYTO ONEpPaTHBHU BHINAK). AJITEPHATHBA Cy 3E€MJbE
ynanune EBponicke yuuje. Y Tabenu | npuka3zaHu Cy MOYETHU MOJAIM 32
eBasTyanujy nepgopmancu TpaHcmopTa U ckangumTa EBporncke yHuje 3a
2019. roguny (3a octane rogune, 2020. u 2021. jou yBeKk HUCY AOCTYITHH
noganu y Eurostat-y).

Taoesa 1. TpaHCHOPT M CKJIAAMIITEH€ — MOYETHH MOAALM

peny | 3amoc | IIpome | Ykyn | Tpomk | JomatH | bpyro
seha — | nedu - | T wid | Ha OBH a orepar
0poj 0poj 3apadqy | HabOaB | 3amoci | BPEAHOC | MBHU
Harta Ka eanx - | T 1O | BHIIaK
opyro | poba | mMumiuo taxrope | —
npeMuj | u H eBpa KM MHITHO
TPOLIKO | H €Bpa
a - | yeayr
BUMa —
e MUIMOH
HeBpa | MHWIH eBpa
OH
eBpa
C1 C2 C3 C4 C5 C6 C7
A | bemrpja | 21,218 | 221,37 | 51,123. | 35.70 | 10,957. | 18,578. | 7,620.8
1 8 0 0,0 2 0
A | byrapck | 23,145 | 173,97 | 8,734.0 | 6,675. | 1,368.6 | 2,721.1 | 1,352,5
2 |a 3 3
A | Yemxka | 41,571 | 295,25 | 26,151. | 19,65 | 5,081.6 | 8,116.1 | 3,034.5
3 7 2 9.3
A | Haucka | 11,472 | 147,77 | 60,597. | 46,88 | 7,683.5 | 15,130. | 7,447.3
4 1 1 9.8 8
A | Hemauk | 105,90 | 2,367, | 338,90 | 223,1 | 81,144. | 116,579 | 35,434.
5 |a 3 885 9.1 05.8 8 N 9
A | Ecronn | 5,963 | 41,088 | 5,626.7 | 4,219. | 792.0 1,425.0 | 635.5
6 |a 2
A | Upcka 24,851 | 108,56 | 24,600. | 18.87 | 4.273,5 | 7,125.8 | 2,852.3
7 7 5 7,5
A | I'pmka | 59,997 | 182,85 | 15,051. | 9,736. | 3.707,9 | 6,161.5 | 2,453.6
8 9 1 1
A | lOnmanm | 204,43 | 947,21 | 122,38 | 78.98 | 28,122. | 50,743. | 22,620.
9 |a 4 9 1.3 9,5 8 5 7
A | Opanny | 145,69 | 1,405, | 224.46 | 141,9 | 66,867. | 88,413. | 21,545.
10 | cka 6 819 9,0 20.5 3 3 9
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A | Xpearc | 13,635 | 92,583 | 5,347.2 | 3,364. | 1.390,9 | 2.381,9 | 991.0
11 | ka 7

A | Urammja | 117,52 | 1,143, | 165,67 | 105,5 | 41,083. | 64,531. | 23,447,
12 9 270 5.4 82.3 5 4 8

A | Kumap 3,173 | 20,377 | 3,384.3 | 2,503. | 536.4 889.3 352.9
13 5

A | Jleronyj | 7,693 | 79,111 | 5,766.0 | 4,153. | 1.091,7 | 1,915.8 | 824.1
14 | a 8

A | JlurBan | 20,929 | 153,25 | 12,181. | 8.749, | 2,010.3 | 3,658.2 | 1,647.8
15 | nja 9 4 5

A | Jykcem | 1,018 | 23,129 | 6,474.1 | 4,726. | 1,343.1 | 2,013.9 | 670.8
16 | oypr 5

A | Mahape | 32,995 | 261,05 | 19,558. | 14.47 | 3.932,9 | 5,801.5 | 1,868,5
17 | xa 5 5 8,7

A | Mainra 2,043 14,191 | 2,783.1 | 2,185. | 350.8 653.7 302.8
18 8

A | Xomann | 52,476 | 433,92 | 95,486. | 64,40 | 20.531, | 33.870, | 13.339,
19 | mja 9 1 9.3 0 8 8

A | Ayctpja | 14,421 | 216,00 | 44,767. | 30,79 | 9,959.6 | 15.861, | 5,902.1
20 3 1 0.3 7

A | Tosmceka | 174,66 | 937,59 | 67,511. | 50,56 | 10,493. | 19,610. | 9,117.2
21 6 5 9 1.7 5 7

A | Tlopryr | 31,331 | 188,12 | 23,096. | 15,76 | 4,814.8 | 7,862.0 | 3,047.2
22 | ammja 3 7 9.4

A | Pymynn | 54,651 | 394,38 | 21,052. | 15,97 | 3.850,5 | 6,446.1 | 2,595.7
23 | ja 2 1 0.6

A | CnoBen | 8,804 | 55,036 | 6,598.3 | 4.277, | 1,225.6 | 2,360.9 | 1,135.3
24 | mja 9

A | CmoBau | 22,872 | 120,45 | 10,464. | 7,322. | 1.870,0 | 3,166.9 | 1.296,9
25 | ka 8 5 2

A | ®uncka | 19,790 | 143,15 | 23,621. | 15,64 | 5,746.3 | 8,423.1 | 2,676.8
26 3 7 0.7

A | lsenck | 28,743 | 281,49 | 45.974, | 32,11 | 11,366. | 15.854, | 4,488.0
27 | a 4 0 2.7 9 9

TEeKUHCKHU KOS(DUIIN]EHTH KPUTEPH]jyMa.

W3Bop: Eurostat

TexxuHckn KoeUIMjeHTH KpUTEepujyMa H3padyHaTH Cy MoMohy
AHP wmetone (Saaty, 2008). YV Tabenu 2 v na I pagpuxony 1 npukazanu cy
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Tabesa 2. TeskmHCKN KOe(PUIIMjeHTH KPUTEPUjyMa

AHP ca MeTOA0M
apUTMeTHYKe CpeuHe
HHunmjaana maTpuna
nopehema
C1 Cc2 C3 C4 C5 | C6 | C7
C1 1 2 2 2 1 1 1
C2 0.5 1 2 1.25 2 2 2
C3 0.5 0.5 1 0.5 3 3 3
C4 0.5 0.8 2 1 1 1 1
C5 1 0.5 0,333333 1 1 1 1
C6 1 0.5 0,333333 1 1 1 1
Cc7 1 0.5 0,333333 1 1 1 1
CyM 5.5 5.8 8 7.75 10 10 | 10
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Hopma
JIN30Ba
Ha
MaTpu
na
Texn
Ha
c1 c2 c3 ca | c5 | c6 | C7| wpur
epujy
Ma
0100 | 01 | & | 0190
c1 | 01818 | 03448 | 02500 | 02581 | © 11100
0 | 000 7
00
0.
c2 | 00909 | 01724 | 02500 | 01613 | 0200 | 02 ) 54 | 0182
0 | 000 1
00
Ol
c3 | 00909 | 00862 | 01250 | 0,0645 | 0300 | 03 | 54| 0180
0 | 000 9
00
Ol
c4 | 00909 | 01379 | 02500 | 0.1290 | 9100 | 0.1} 44 1 0,129
o | 000 7
00
01
c5 | 01818 | 00862 | 00417 | 01200 | 9100 [ 0.1} 44 | 0105
o | 000 5
00
01
c6 | 01818 | 00862 | 00417 | 01200 | 0100 [ 01} 44 | 0105
o | 000 5
00
01
c7 | 01818 | 00862 | 00417 | 01290 | 2100 [ 0.1 )44 | 0105
0 | 000 5
00
C
v| 1
M
YIHOPEJIUTHU
Onnoc CA 0,1;
rxomsuct | 0,0874 | TPEBA  JIA
eHluje BYJIE MAIBE
0/10,1.
HaromeHa: AyTOpoBO U3padyyHaBame
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I'padpuxon 1. Te:xknHCKN KOe(DMIMjeHTH KPUTEPUjyMa

0.25
02 91907 54871 01809
0.15 0.1297
0.1055 0.1055 0.1055

0.1
0.05 I I I

0

i @ @3 ¢ ¢ 7

W3Bop: AyToposa cnuka

[Ipema ToMe, Haj3HAYAJHHU]U KPUTEPUJYMHU Y KOHKPETHOM CIIy4ajy
cy 6poj npenyseha, 6poj 3amocneHux, MPOMET U YKyIHa HabaBka poda u
ycinyra. tbuxoBoMm eukacHOM KOHTPOJIOM, KaO0 M KOHTPOJIOM OCTaJIMX
KpUTEepHjyMa (JMYHU TPOIIKOBH, J0JaTHA BPEAHOCT MO (HaKTOPCKUM
TPOIIKOBHMA U OPYTO ONEPATUBHU BUILAK), MOXKE C€ 3HAYajHO YTHIATH HA
OCTBapem-e IIMJbHUX TPAHCIOPTA U CKIAMIITEeHa Y EBporickoj yHuju.

Tabena 3 nokaszyje UHUIMjATHY MAaTPHILY.

Tab6ena 3. Ununujanna marpuua

Nuunuujanna
MaTpHIA
TeKHHe 0,190 | 0,1821 | 0,1809 | 0,1297 | 0,1055 | 0,1055 | 0,1055
KpHTepHjyMa 7
BpCTa 1 1 1 -1 -1 1 1
KpUTepHjyma
C1 C2 C3 C4 C5 Co6 c7
Al 21,21 | 221,37 | 51.123, | 35.700, | 10.957 | 18.578, | 7.620,
8 8 00 00 ,20 00 80
A2 23,14 | 173,97 | 8.734,0 | 6.675,3 | 1.368, | 2.721,1 | 1.352,
5 3 0 0 60 0 50
A3 41,57 | 295,25 | 26.151, | 19.659, | 5.081, | 8,116.1 | 3.034,
1 7 20 30 60 0 50
A4 11,47 | 147,77 | 60,597. | 46.889, | 7.683, | 15.130, | 7.447,
2 1 10 80 50 80 30
A5 105,9 | 2,367, | 338,90 | 223.10 | 81.144 | 116.57 | 35.434
03 885 9.10 5,80 ,80 9,70 ,90
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A6 5,963 | 41,088 | 5.626,7 | 4.219,2 792 1.425,0 | 635.5
0 0 0
A7 24,85 | 108,56 | 24.600, | 18.877, | 4.273, | 7.125,8 | 2.852,
1 7 50 50 50 0 30
A8 59,99 | 182,85 | 15,051. | 9,736.1 | 3.707, | 6.161,5 | 2.453,
7 9 10 0 90 0 60
A9 204,4 | 947,21 | 122.38 | 78.989, | 28.122 | 50.743, | 22.620
34 9 1,30 50 ,80 50 ,70
A10 145,6 | 1,405, | 224.46 | 141.92 | 66.867 | 88.413, | 21.545
96 819 9,00 0,50 ,30 30 ,90
All 13,63 | 92,583 | 5.347,2 | 3.364,7 | 1.390, | 2.381,9 991
5 0 0 90 0
Al2 117,5 | 1,143, | 165.67 | 105.58 | 41.083 | 64.531, | 23.447
29 270 5,40 2,30 ,50 40 ,80
Al3 3,173 | 20,377 | 3.384,3 | 2.503,5 | 536.4 889.3 352.9
0 0
Al4 7,693 | 79,111 | 5.766,0 | 4.153,8 | 1.091, | 1.915,8 | 824.1
0 0 70 0
Al5 20,92 | 153,25 | 12.181, | 8.749,5 | 2.010, | 3.658,2 | 1.647,
9 9 40 0 30 0 80
Al6 1,018 | 23,129 | 6,474.1 | 4.726,5 | 1,343, | 2.013,9 | 670.8
0 0 10 0
Al17 32,99 | 261,05 | 19.558, | 14.478, | 3.932, | 5.801,5 | 1.868,
5 5 50 70 90 0 50
Al8 2,043 | 14,191 | 2.783,1 | 2.185,8 | 350.8 653.7 302.8
0 0
Al19 52,47 | 433,92 | 95,486. | 64.409, | 20.531 | 33.870, | 13.339
6 9 10 30 ,00 80 ,80
A20 14,42 | 216,00 | 44.767, | 30.790, | 9.959, | 15.861, | 5,902.
1 3 10 30 60 70 10
A21 174,6 | 937,59 | 67.511, | 50.561, | 10.493 | 19.610, | 9.117,
66 5 90 70 ,50 70 20
A22 31,33 | 188,12 | 23.096, | 15.769, | 4.814, | 7.862,0 | 3.047,
1 3 70 40 80 0 20
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A23 54,65 | 394,38 | 21.052. | 15.970, | 3.850, | 6,446.1 | 2.595,
1 2 10 60 50 0 70

A24 8,804 | 55,036 | 6.598,3 | 4.277,9 | 1.225, | 2.360,9 | 1.135,
0 0 60 0 30

A25 22,87 | 120,45 | 10.464, | 7.322,2 | 1.870, | 3.166,9 | 1.296,
2 8 50 0 00 0 90

A26 19,79 | 143,15 | 23.621, | 15.640, | 5.746, | 8,423.1 | 2.676,
0 3 70 70 30 0 80

A27 28,74 | 281,49 | 45.974, | 32.112, | 11.366 | 15.854, | 4.488,
3 4 00 70 ,90 90 00

MAX 2044 | 23678 | 338909 | 223105 | 81144. | 116579 | 35434.
34 85 A .8 8 T 9

MIN 1018 | 14191 | 2783.1 | 2185.8 | 350.8 653.7 302.8

HamomeHna: AyTopoBo u3padyHaBambe

VY Tabenu 4 npukaszana je mpouIMpeHa HHUIHjalHA MaTPHUIIA.

Tabena 4. [IpommpeHa HHUIMjAJTHA MATPUIIA

Ipomupena
NMoYeTHA MaTpHIa
TeKUHe 0,19 | 0,182 | 0,1809 | 0,1297 | 0,105 | 0,1055 | 0,105
KpUTEepHjymMa 1 5 5
BpPCTa KpUTEpHjyMa 1 1 -1 -1 1 1
C1 Cc2 C3 C4 C5 C6 C7
AAI 1018 0 2783.1 | 22310 | 81144 | 653.7 | 302.8
5.8 8
Al 21,2 | 221,3 | 51.123 | 35.700 | 10.95 | 18.578 | 7.620,
78 ,00 ,00 7,20 ,00 80
A2 231 | 173,9 | 8.734, | 6.675, | 1.368, | 2.721, | 1.352,
73 00 30 60 10 50
A3 41,5 | 295,2 | 26.151 | 19.659 | 5.081, | 8,116. | 3.034,
57 ,20 ,30 60 10 50
A4 11,4 | 147,7 | 60,597 | 46.889 | 7.683, | 15.130 | 7.447,
71 .10 ,80 50 ,80 30
A5 105, | 2,367, | 338,90 | 223.10 | 81.14 | 116.57 | 35.43
903 885 9.10 5,80 4,80 9,70 4,90
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A6 596 | 41,08 | 5.626, | 4.219, 792 1.425, | 635.5
3 8 70 20 00
A7 24,8 | 108,5 | 24.600 | 18.877 | 4.273, | 7.125, | 2.852,
51 67 ,50 ,50 50 80 30
A8 59,9 | 182,8 | 15,051 | 9,736. | 3.707, | 6.161, | 2.453,
97 59 .10 10 90 50 60
A9 204, | 947,2 | 122.38 | 78.989 | 28.12 | 50.743 | 22.62
434 19 1,30 ,50 2,80 ,50 0,70
A10 145, | 1,405, | 224.46 | 141.92 | 66.86 | 88.413 | 21.54
696 819 9,00 0,50 7,30 ,30 5,90
All 13,6 | 92,58 | 5.347, | 3.364, | 1.390, | 2.381, 991
35 3 20 70 90 90
Al2 117, | 1,143, | 165.67 | 105.58 | 41.08 | 64.531 | 23.44
529 270 5,40 2,30 3,50 ,40 7,80
Al3 3,17 | 20,37 | 3.384, | 2.503, | 536.4 | 889.3 | 352.9
3 7 30 50
Al4 7,69 | 79,11 | 5.766, | 4.153, | 1.091, | 1.915, | 824.1
3 1 00 80 70 80
AlS5 20,9 | 153,2 | 12.181 | 8.749, | 2.010, | 3.658, | 1.647,
29 59 40 50 30 20 80
Al6 1,01 | 23,12 | 6,474. | 4726, | 1,343, | 2.013, | 670.8
8 9 10 50 10 90
Al17 32,9 | 261,0 | 19.558 | 14.478 | 3.932, | 5.801, | 1.868,
95 55 ,50 ,70 90 50 50
Al8 2,04 | 14,19 | 2.783, | 2.185, | 350.8 | 653.7 | 302.8
3 1 10 80
Al19 52,4 | 433,9 | 95,486 | 64.409 | 20.53 | 33.870 | 13.33
76 29 .10 ,30 1,00 ,80 9,80
A20 14,4 | 216,0 | 44.767 | 30.790 | 9.959, | 15.861 | 5,902.
21 03 ,10 ,30 60 ,70 10
A21 174, | 937,5 | 67.511 | 50.561 | 10.49 | 19.610 | 9.117,
666 95 ,90 70 3,50 ,70 20
A22 31,3 | 188,1 | 23.096 | 15.769 | 4.814, | 7.862, | 3.047,
31 23 ,70 40 80 00 20
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A23 54,6 | 394,3 | 21.052 | 15.970 | 3.850, | 6,446. | 2.595,
51 82 .10 ,60 50 10 70
A24 8,80 | 55,03 | 6.598, | 4.277, | 1.225, | 2.360, | 1.135,
4 6 30 90 60 90 30
A25 22,8 | 120,4 | 10.464 | 7.322, | 1.870, | 3.166, | 1.296,
72 58 50 20 00 90 90
A26 19,7 | 143,1 | 23.621 | 15.640 | 5.746, | 8,423. | 2.676,
90 53 ,70 70 30 10 80
A27 28,7 | 281,4 | 45.974 | 32.112 | 11.36 | 15.854 | 4.488,
43 94 ,00 ,70 6,90 ,90 00
Al 2044 0 33890 | 2185.8 | 350.8 | 11657 | 35434
34 9.1 9.7 9

Hanomena: AyTopoBO u3pauyHaBame
VY Tabenu 5 npukaszaHa je HOpMaJInM30BaHa MAaTPHUIIA.

Taoesna 5. HopmanuzoBana marpuua

HopmanuszoBana
MaTpHLIA
TeKUHe 0,190 | 0,18 | 0,1809 | 0,1297 | 0,1055 | 0,1055 | 0,1055
KpUTEepHjymMa 7 21
BpCTa 1 1 1 -1 -1 1 1
KpHuTepHjyMa
C1 C2 C3 C4 C5 C6 C7
AAI 0,004 0 0,0082 | 0,0097 | 0,0043 | 0,0056 | 0,0085
98 12 97 23 07 45
Al 0,103 | 0,00 | 0,1508 | 0,0612 | 0,0320 | 0,1594 | 0,2151
8 00
A2 0,113 | 0,00 | 0,0258 | 0,3274 | 0,2563 | 0,0233 | 0,0382
2 00
A3 0,203 | 0,00 | 0,0772 | 0,1112 | 0,0690 | 0,0696 | 0,0856
3 00
A4 0,056 | 0,00 | 0,1788 | 0,0466 | 0,0457 | 0,1298 | 0,2102
1 00
AS 0,518 | 0,00 | 1.0000 | 0,0098 | 0,0043 | 1.0000 | 1.0000
0 00
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A6 0,029 | 0,00 | 0,0166 | 0,5181 | 0,4429 | 0,0122 | 0,0179
2 00

A7 0,121 | 0,00 | 0,0726 | 0,1158 | 0,0821 | 0,0611 | 0,0805
6 00

A8 0,293 | 0,00 | 0,0444 | 0,2245 | 0,0946 | 0,0529 | 0,0692
5 00

A9 1.000 | 0,00 | 0,3611 | 0,0277 | 0,0125 | 0,4353 | 0,6384
0 00

A10 0,712 | 0,00 | 0,6623 | 0,0154 | 0,0052 | 0,7584 | 0,6080
7 00

All 0,066 | 0,00 | 0,0158 | 0,6496 | 0,2522 | 0,0204 | 0,0280
7 00

Al2 0,574 | 0,00 | 0,4888 | 0,0207 | 0,0085 | 0,5535 | 0,6617
9 00

Al3 0,015 | 0,00 | 0,0100 | 0,8731 | 0,6540 | 0,0076 | 0,0100
5 00

Al4 0,037 | 0,00 | 0,0170 | 0,5262 | 0,3213 | 0,0164 | 0,0233
6 00

Al5 0,102 | 0,00 | 0,0359 | 0,2498 | 0,1745 | 0,0314 | 0,0465
4 00

Al6 0,005 | 0,00 | 0,0191 | 0,4625 | 0,2612 | 0,0173 | 0,0189
0 00

Al17 0,161 | 0,00 | 0,0577 | 0,1510 | 0,0892 | 0,0498 | 0,0527
4 00

Al8 0,010 | 0,00 | 0,0082 | 1.0000 | 1.0000 | 0,0056 | 0,0085
0 00

Al19 0,256 | 0,00 | 0,2817 | 0,0339 | 0,0171 | 0,2905 | 0,3765
7 00

A20 0,070 | 0,00 | 0,1321 | 0,0710 | 0,0352 | 0,1361 | 0,1666
5 00

A21 0,854 | 0,00 | 0.1992 | 0,0432 | 0,0334 | 0,1682 | 0,2573
4 00

A22 0,153 | 0,00 | 0,0682 | 0,1386 | 0,0729 | 0,0674 | 0,0860
3 00
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A23 0,267 | 0,00 | 0,0621 | 0,1369 | 0,0911 | 0,0553 | 0,0733
3 00
A24 0,043 | 0,00 | 0,0195 | 0,5110 | 0,2862 | 0,0203 | 0,0320
1 00
A25 0,111 | 0,00 | 0,0309 | 0,2985 | 0,1876 | 0,0272 | 0,0366
9 00
A26 0,096 | 0,00 | 0,0697 | 0,1398 | 0,0610 | 0,0723 | 0,0755
8 00
A27 0,140 | 0,00 | 0,1357 | 0,0681 | 0,0309 | 0,1360 | 0,1267
6 00
Al 1 0 1 1 1 1
Hamomena: AyTopoBO u3pauyHaBame
Tabena 6 okazyje TeKMHCKA HOMAJIN30BaHy MaTpHILy.
Tabena 6. Te:xkuHCKN HOPMAJM30BaHA MaTPULA
TexnHCKH
HOpMaJIM30BaHa
MaTpHuIa
C1 C2 C3 C4 C5 C6 C7
AAI 0,00 0 0,001 | 0,001 | 0,000 | 0,000 | 0,000
095 486 271 456 592 902
Al 0,01 | 0,00 | 0,027 | 0,007 | 0,003 | 0,016 | 0,022
98 00 3 9 4 8 7
A2 0,02 | 0,00 | 0,004 | 0,042 | 0,027 | 0,002 | 0,004
16 00 7 5 0 5 0
A3 0,03 | 0,00 | 0,014 | 0,014 | 0,007 | 0,007 | 0,009
88 00 0 4 3 3 0
A4 0,01 | 0,00 | 0,032 | 0,006 | 0,004 | 0,013 | 0,022
07 00 3 0 8 7 2
AS 0,09 | 0,00 | 0,180 | 0,001 | 0,000 | 0,105 | 0,105
88 00 9 3 5 5 5
A6 0,00 | 0,00 | 0,003 | 0,067 | 0,046 | 0,001 | 0,001
56 00 0 2 7 3 9
A7 0,02 | 0,00 | 0,013 | 0,015 | 0,008 | 0,006 | 0,008
32 00 1 0 7 4 5
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A8 0,05 | 0,00 | 0,008 | 0,029 | 0,010 | 0,005 | 0,007
60 00 0 1 0 6 3
A9 0,19 | 0,00 | 0,065 | 0,003 | 0,001 | 0,045 | 0,067
07 00 3 6 3 9 3
Al10 0,13 | 0,00 | 0,119 | 0,002 | 0,000 | 0,080 | 0,064
59 00 8 0 6 0 1
All 0,01 | 0,00 | 0,002 | 0,084 | 0,026 | 0,002 | 0,003
27 00 9 3 6 2 0
Al12 0,10 | 0,00 | 0,088 | 0,002 | 0,000 | 0,058 | 0,069
96 00 4 7 9 4 8
Al3 0,00 | 0,00 | 0,001 | 0,113 | 0,069 | 0,000 | 0,001
30 00 8 2 0 8 1
Al4 0,00 | 0,00 | 0,003 | 0,068 | 0,033 | 0,001 | 0,002
72 00 1 3 9 7 5
AlS 0,01 | 0,00 | 0,006 | 0,032 | 0,018 | 0,003 | 0,004
95 00 5 4 4 3 9
Al6 0,00 | 0,00 | 0,003 | 0,060 | 0,027 | 0,001 | 0,002
09 00 5 0 6 8 0
Al17 0,03 | 0,00 | 0,010 | 0,019 | 0,009 | 0,005 | 0,005
08 00 4 6 4 3 6
Al8 0,00 | 0,00 | 0,001 | 0,129 | 0,105 | 0,000 | 0,000
19 00 5 7 5 6 9
A19 0,04 | 0,00 | 0,051 | 0,004 | 0,001 | 0,030 | 0,039
90 00 0 4 8 7 7
A20 0,01 | 0,00 | 0,023 | 0,009 | 0,003 | 0,014 | 0,017
35 00 9 2 7 4 6
A21 0,16 | 0,00 | 0,036 | 0,005 | 0,003 | 0,017 | 0,027
29 00 0 6 5 7 1
A22 0,02 | 0,00 | 0,012 | 0,018 | 0,007 | 0,007 | 0,009
92 00 3 0 7 1 1
A23 0,05 | 0,00 | 0,011 | 0,017 | 0,009 | 0,005 | 0,007
10 00 2 8 6 8 7
A24 0,00 | 0,00 | 0,003 | 0,066 | 0,030 | 0,002 | 0,003
82 00 5 3 2 1 4
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A25 0,02 | 0,00 | 0,005 | 0,038 | 0,019 | 0,002 | 0,003
13 00 6 7 8 9 9
A26 0,01 | 0,00 | 0,012 | 0,018 | 0,006 | 0,007 | 0,008
85 00 6 1 4 6 0
A27 0,02 | 0,00 | 0,024 | 0,008 | 0,003 | 0,014 | 0,013
68 00 5 8 3 3 4
Al 0,19 0 0,180 | 0,129 | 0,105 | 0,105 | 0,105
07 9 7 5 5 5

Hanomena: AyTopoBO uspauynaBame

Y Tabenu 7 v va I paguxony 2 nipukazanu cy pesyaratu MARCOS

METOJE.
Tabena 7. Pesyaratu MARCOS mertone
PesyaraTu
MARCOS
MeToje
Si Ki- | Ki | f(K | f(K f(K) Panrn
AAI 0,0 + -) +) pame
057
benryj Al 0017301 |00| 09|01 01 16
a 979 | 122 | 197 | 069 | 931 | 197 | 197
Byrapc A2 01)180(01|001|09]01]| 01 15
Ka 023 | 818 | 250 | 069 | 931 | 250 | 250
Yemka A3 0016001 |00]| 09|01 01 20
908 | 600 | 111 | 069 | 931 | 110 | 110
Jlancka Ad 00158 (01|00|09]01) 01 21
898 | 752 | 098 | 069 | 931 | 098 | 098
Hemau AS 04 |870(06 | 00|09 06 | 06 1
Ka 924 | 757 | 021 | 069 | 931 | 021 | 021
Ecronn A6 011(222(01|00(09]|01]0,1 10
ja 257 | 225 | 537 | 069 | 931 | 537 | 537
Upcka A7 00|132(00| 00| 09| 00|00 26
749 | 504 | 916 | 069 | 931 | 916 | 916
I'puxa A8 01])205(01|001|09]01] 01 12
160 | 093 | 418 | 069 | 931 | 418 | 418
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Imann A9 03|661|04|00(09]|04 )04 3
ja 742 | 709 | 576 | 069 | 931 | 575 | 575
Opann Al10 0471104 ,00|09)|04 |04 2
ycKa 024 | 638 | 921 | 069 | 931 | 921 | 921
XpBatc All 01)232(01}00|09]01 )01 9
Ka 315 | 614 | 609 | 069 | 931 | 608 | 608
Uranuj Al12 03 (583|04|00(09]|04 )04 4
a 299 | 306 | 034 | 069 | 931 | 033 | 033
Kunap Al3 0133302 |00(09]02]02 7
889 | 966 | 309 | 069 | 931 | 309 | 309
Jleton Al4 01,26 |01|00(09]|01]01 11
dja 166 | 175 | 426 | 069 | 931 | 426 | 426
JIutBa AlS 00|150(01}00|09]01 )01 22
HHUja 851 | 403 | 040 | 069 | 931 | 040 | 040
Jlykce Alé6 00|169(01}00|09]01 )01 17
MOypr 958 | 337 | 171 | 069 | 931 | 171 | 171
Mabap Al7 0014300 |00]|09]| 00|00 25
cKa 810 | 274 | 991 | 069 | 931 | 991 | 991
Manra Al18 02424 |02|00(09]02]02 6
401 | 550 | 936 | 069 | 931 | 936 | 936
XoJaH A19 01312 02|00(09]02]02 8
Ivja 765 | 095 | 158 | 069 | 931 | 158 | 158
Ayerp A20 00 | 145] 0100|0901 |01 24
dja 822 | 353 | 005 | 069 | 931 | 005 | 005
IMosbck A21 02)|447 (0300|0903 03 5
a 530 | 377 | 094 | 069 | 931 | 093 | 093
Moptyr A22 00)|147(01}00|09]01 )01 23
anuja 834 | 490 | 020 | 069 | 931 | 020 | 020
Pymyn A23 01)182(01}00|09] 0101 14
uja 031 | 388 | 261 | 069 | 931 | 261 | 261
CioBe A24 01,2.1(01|00(09]01]01 13
HHja 137 | 093 | 391 | 069 | 931 | 390 | 390
CnoBa A25 00162 |01|00(09]|01]01 18
yKa 922 | 965 | 127 | 069 | 931 | 127 | 127
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@uHCK A26 00|125 00|00 |09 |00 /00 27
a 712 | 954 | 871 | 069 | 931 | 871 | 871
[IBenc A27 00 161(01|00(09]01]01 19
Ka 911 | 177 | 115 | 069 | 931 | 114 | 114
Al 0,8
178

Hamomena: AyTopoBO H3padyHaBame

I'pajguxon 2. Panrupame

E w3z BRI R I A === S S oI

5;%«;5 ggxco_o_v—mwsg_%moggoil::sm

BoeraT CgilzexcTLSREZ=zSXLceadoe3z
s O x

W Pe3yntatn MARCOS metogae PaHrnpame 0,0057

M Pe3yntatn MARCOS meToze f(K) 0,0057

B Pesyntatn MARCOS meTtoge f(K) 0,0057

M Pe3yntatn MARCOS meToge f(K+) 0,0057

M Pe3yntatn MARCOS meToge f(K-) 0,0057
Pesyntatn MARCOS meTtoge Ki+ 0,0057

Pesyntatu MARCOS meTtoge Ki- 0,0057

W3Bop: Aytoposa ciuka

[Ipema goOujeHrM  pe3yiaTaTuMa aHaiausze rnephopmMaHCH
TpaHCIopTa M ckiaaumrTema y EBporckoj yHuju Ha 6asu MARCOS
METO/Ie y MeT HajOoJpHX 3eMajba Mo pepocheny cmanajy: Hemauka,
®pannycka, lllnanuja, Utanuja u [losbecka. Y nuramy cy nakie pa3BujeHe
3emJbe EBporicke yHuje.

IlepdopmaHce TpaHCIIOpTa U CKIAIUILTEHA Cy 005b€ Y XPBaTCKO]
Hero y Cnosenuju. ¥ CioBeHUjH je, Kao jelaH OJ y3pOKa TOME, 3HaTHO
Beha ykymnHa HabaBKka po0a M yciyra Hero y XpBaTckoj.

EdukacHujoM KOHTPOJIOM CBUX aHaiu3upaHux Qakropa (Opoj
npenyseha, 6poj 3amociaeHux, IPOMeT, YKyIHa HabaBKa U yCIyre, JUUYHU
TPOIIKOBH, JI0/1aTHA BPEIHOCT MO (PaKTOPCKUM TPOIIKOBUMA M OpyTO
ONEpaTUBHU BHILIAK) MOXKE C€ 3HATHO YTUIATH Ha YyHampeheme
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nepdopmaHcu y cBUM 3emsbaMa wianunama EBponcke ynmje. Tako, Ha
npUMep, ONTHMHU3AlMja BEIWYMHE Ha0aBKe CBUX yia3a jaenoBahe y ToM
cMepy. 3HauajHy yJIoOry y TOME MMa W INpHMEHA KOHIIENTa OJP)KUBOT
pa3Boja y TPaHCHOPTY W CKJIaIuIITeHy. MICTO Tako W JUTHTanM3anuja
IEJIOKYITHOT TIOCJIOBakha TPAHCIIOPTA U CKIIAUIITCHA.

Kao mro je mo3HaTo, y mocieame BpeMe 3HATaH je€ YTHIA]
,,CHEpPreTcKke Kpuse” Ha meppopMaHce TPAHCIOPTa M CKIAAMINTCHA Y
IIEJIOM CBETY, IITO 3HAYM M y 3eMJbamMa wWiaHWIlama EBporicke yHHUje.
[Tojenuue 3eMJbe Ha pa3IUYUT HAYWH yOlakaBajy yTHIA] OBE KpH3e Ha
nepdopMaHce TpaHCHOPTa W CKIAIHWINTCHA. YIPaBhakbe EHEPIHjOM
nocraje, Jakjie, cBe 3HayajHUju (akTop mepdopMaHCH TpaHCIOPTA H
CKJIaTUILTECHhA.

3AK/bYYAK

Ha 6a3u noOujeHux pesynrtata aHanuse mnepopMaHCH TpaHCIOPTAa H
CKJIaUINTEHha y EBPOIICKO] YHHjH MOKE ce 3aKJbYUUTH cliesehe:

1.ITo mepdopmaHcamMa TpaHCIOPTa M CKIQJUIITCHba y TOM IET
3eMalba 1o penocieny cnaaajy: Hemauka, @panirycka, lllmanuja, Mranuja
u [losbcka. Y muTamy Cy nakie pa3BHjeHe 3eMibe EBporicke yHHje.

2. Ilepdopmance TpaHCOpTa M CKIAAUIITEHAa Cy O00JbE Yy
Xpsarckoj Hero y Ciosenuju. Y CII0BEeHH]H je, Kao je/laH 0/ y3poKa TOME,
3HaTHO Beha ykymnHa HabaBka poba U yciayra Hero y XpBaTckoj.

VY muspy yHamnpehema nepdopMaHCH TpaHCIIOPTa U CKIIATUIITEHa
y EBporickoj yHUju HeomxojHa je aJeKBaTHa KOHTpOJIa aHaJIU3WpaHHUX
¢dakropa (6poj mpenyseha, Opoj 3amocieHux, MPOMET, yKylHa HaOaBKa
poba m yciyra, JUYHU TPOIIKOBH, JOJaTHA BPETHOCT TO (PaKTOPCKUM
TPOILIKOBHMMA M OpPYyTO ONEpaTUBHU BHUILAK). Y TOME 3HaYajHy yJIOTY UMa U
MpUMEHa KOHIIETITa OJIP’KUBOT pa3Boja y TPAHCIIOPTY M CKIIATUIITERY, Kao
W IUTHTAIA3allMja IeJTOKYITHOT ITOCIIOBakha TPAHCIIOPTA U CKIIATUIITEHhA.

3HauajaH je yTHIA] ,EHepreTrcke Kpuse~  Ha neppopmaHce
TPaHCIOPTAa U CKJIAJUIITEHa y LEJIOM CBETY, IITO 3HA4uW M y 3eMJbaMa
ynanunamMa EBponcke ynuje. IlojenuHe 3emibe Ha pas3iavuUT HauuH
MOKYyIIaBajy J1a yoaxe yTHIIa] OBe Kpu3e Ha nepdopMaHce TpaHCIopTa U
CKJIaUILNTEHa. YTPaB/bakhe €HEPrujoM MOocCTaje, JaKie, CBE 3HauajHUjU
¢bakTop neppopMaHCH TPAHCIIOPTA U CKIATUIITEHbA.
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Abstract: The evaluation of transport and storage performance is continuously current,
significant and complex. This paper analyzes the performance of transport and storage in
the European Union based on the MARCOS method. The research results show that in
terms of transport and storage performance, the top five countries in order include:
Germany, France, Spain, Italy and Poland. The developed countries of the European
Union are therefore in question. The performance of transport and storage is better in
Croatia than in Slovenia due to, among other things, the significantly lower overall
procurement of goods and services. The improvement of transport performance can be
significantly influenced by effective control of analyzed factors (number of companies,
number of employees, turnover, total procurement of goods and services, personnel,
added value by factor costs and gross operating surplus). The implementation of the
concept of sustainable development and digitization of the entire transport and storage
business plays a significant role.

Key words : performance, transport, storage, European Union, MARCOS method

INTRODUCTION

The problem of evaluation of transport and storage performance is
very challenging, continuously current, significant and complex (Popovié,
2022; Yao, 2022 ), because the performance of transport and storage is also
maintained in all other sectors. Based on that, the subject of research in this
paper is the analysis of transport and storage performance factors in the
European Union. The aim and purpose is to investigate the given problem
as complex as possible in order to improve performance in the future by
taking adequate measures.

Recently, in order to assess the performance of transport and
storage as accurately as possible, different methods of multi-criteria
decision-making (Luki¢, 2021, Tadi¢, 2021; Ulutas, 2020; Osintsev, 2021;
Korucuk, 2022) and DEA approaches (Stevi¢, 2022) are increasingly being
applied in the literature. This also includes the MARCOS (Measurement of
Alternatives and Ranking according to the Compromise Solution) method
(Lukic, 2022; Mesic¢, 2022) because an analysis provides a more accurate
assessment of transport and storage performance as a basis for

! radojko.lukic @ekof.bg.ac.rs
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improvement in the future of taking adequate measures (Thanh, 2022; Do
Duc Trung, 2022).

Continuous analysis of transport and storage performance factors,
in the specific case of the European Union, is a key assumption for
improvement in the future by taking adequate measures. This manifests the
primary research hypothesis in this work.

In the methodological sense of the word, following the given
research hypothesis, the application of the MARCOS method plays a
significant role in the evaluation of transport and storage performance. In
this paper, it is applied to the case of analysis of transport and storage
performance of the European Union.

The necessary empirical data for the research of the treated problem
in this paper were collected from Eurostat. They are "manufactured” in
accordance with all relevant standards so that there are no restrictions on
the international comparability of the research results obtained in this

paper.

1. MARCOS METHOD

The MARCOS method is based on defining the relationship
between alternatives and reference values (ideal and anti-ideal alternatives)
(Pali¢, 2020; Kovac, 2021; Miski¢, 2021; Puska, 2021; Stevi¢, 2020a, b;
Stankovi¢, 2020; Trung, 2021). Based on the defined relationships, the
utility functions of the alternatives are determined and a compromise
ranking is made in relation to ideal and anti-ideal solutions. Decision
preferences are defined based on a utility function. Utility functions
represent the position of alternatives in relation to ideal and anti-ideal
solutions. The best alternative is the one that is closest to the ideal and at
the same time furthest from the anti-ideal reference point. The MARCOS
method proceeds procedurally through the following steps (Stevi¢, 2020a,
b):

Step 1: Formation of the initial decision-making matrix. A
multicriteria model involves defining a set of criteria and m alternatives. In
the case of group decision-making, a set of experts who evaluate the
alternative in relation to the criteria is formed. In that case, the expert
evaluation matrices are aggregated into the initial group decision matrices.
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Step 2: Forming the expanded initial matrix. In this step, the
expansion of the initial matrix is defined with ideal (Al) and anti-ideal (AAI)
solutions.

Cl CZ Cn
AAl [xaal Xaaz 7 xaan'l
Ay | x1 X2 7 Xan |
X= 4, I X1 X2 Xon I €y
Am [xml Xm2 t Xmn J
Al Xai1  Xaiz "t Xain

The anti-ideal solution (AAl) is the worst alternative. Ideal solutions
(Al) is, on the contrary, an alternative with the best features. Depending on
the nature of the criteria, AAIl and Al are defined by applying the following
equations:
AAl = minx;; if j € Band maxx;; if JEC  (2)
l l
Al = max x;; if ] € Band min x;; ifjecC 3)
L L
where B represents the benefit and C the cost group of criteria.
Step 3: Normalization of the expanded initial matrix (X). The
elements of the normalized matrix N = [nij]mxnare obtained by applying

the following equations:

xl] C o
nij=—lf]€B (5)

where the elements x jjand K i represent the elements of the matrix
X.

Step 4: Defining the weighting matrix The V = [vij]mxn'
Weighting matrix V is obtained by multiplying the normalized matrix N
with the weighting coefficients of the criteria v j using the following
equation:

vij = nijxvj (6)
Step 5: Determining the degree of utility of alternatives K i The

degree of usefulness of alternatives in relation to anti-ideal and ideal
solutions is determined using the following equations:

K, = 7
l Saai ( )

K= — €))
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where S i (i=1,2,..,m) represents the sum of the elements of the
weight matrix V , shown in the following equation:
n

NS Zvij 9)

=1
Step 6: Determining the utility function of alternatives f(Ki). The
utility function is the trade-off between the considered alternative and the
ideal and anti-ideal solutions. The utility function of alternatives is defined
by the following equation:
Kt + K~
FlK) = ML T
1—F &), 1-F&KD)
fK) f&KD)
where f(K; )represents the utility function in relation to the anti-
ideal solution and f(K;")represents the utility function in relation to the
ideal solution.
Utility functions in relation to ideal and anti-ideal solutions are
determined using the following equations:
+

(10)
1+

K-y = — 11

f(i)—m (11)
+) — Ki

f(Ki)—m (12)

Step 7: Ranking of alternatives. The ranking of alternatives is based
on the final value of the utility function. The alternative that has the highest
possible value of the utility function is preferred.

2. METHOD OF ANALYTIC HIERARCHICAL PROCESS (AHP)

Considering that the weight coefficients of the criteria when
applying the MARCOS method are determined using the AHP method, we
will briefly refer to its theoretical and methodological characteristics. The
Analytic Hierarchical Process (AHP) method takes place through the
following steps (Saaty, 2008; Mandi¢ et al., 2014, 2017):

Step 1: Forming a matrix of comparison pairs

1 Q12 Qip
1/a 1 ceoa
A=lay]= V%2 L (13)
1/a,, /a2 - 1
Step 2: Normalization of the matrix of comparison pairs
a. .
aij = Ua”,l,] =1,..,n (14)
i=1"1j
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Step 3: Determination of relative importance, i.e. vector weights

n *
i=14ij

w; = j=1,..,n (15)

Consistency index - Cl is a measure of the deviation of n from A
maxand can be represented by the following formula:

Cl = }W“"Tn (16)

If Cl < 0.1 of the estimated value of coefficients a ij are consistent,
and the deviation of A max from n is negligible. This means, in other words,
that the AHP method accepts an inconsistency of less than 10%. Using the
consistency index, the consistency ratio CR = CI/RI can be calculated,
where RI is the random index.

3. RESULTS AND DISCUSSION

When researching the performance of transport and storage in the
European Union, key indicators were used as criteria (number of
companies, number of employees, turnover, total procurement of goods and
services, personal costs, added value by factor costs and gross operating
surplus). The alternative are the member states of the European Union.
Table 1 shows the initial data for the evaluation of the performance of the
transport and storage facilities of the European Union for the year 2019 (for
the other years, 2020 and 2021, data are not yet available in Eurostat).

Table 1. Transport and storage - initial data

Enterpr | Emplo | Turno | Total Perso | Added | Gross

ises - | yees - | ver or | procure | nal value | operat

number | number | gross | ment of | costs | by ing
premi | goods - factor | surplu
um and millio | costs - | s —
charge | services | n millio | millio
d -|- one|euros | n n
millio | million euros | euros
n euros
euros

C1 C2 C3 C4 C5 C6 C7

A | Belgium 21,218 | 221,37 | 51,123 | 35,700. | 10,95 | 18,578 | 7,620.
1 8 .0 0 7.2 0 8
A | Bulgaria 23,145 | 173,97 | 8,734. | 6,675.3 | 1,368 | 2,721. | 1,352.
2 3 0 .6 1 5
A | Czech 41,571 | 295,25 | 26,151 | 19,659. | 5,081 | 8,116. | 3,034.
3 | Republic 7 2 3 .6 1 5
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A | Denmark 11,472 | 147,77 | 60,597 | 46,889. | 7,683 | 15,130 | 7,447.
4 1 1 8 5 8 3
A | Germany 105,90 | 2,367,8 | 338,90 | 223,105 | 81,14 | 116,57 | 35,43
5 3 85 9.1 8 4.8 9.7 4.9
A | Estonia 5963 | 41,088 | 5,626. | 4,219.2 | 792.0 | 1,425. | 6355
6 7 0

A | Ireland 24,851 | 108,56 | 24,600 | 18,877. | 4,273 | 7,125. | 2,852.
7 7 5 5 5 8 3
A | Greece 59,997 | 182,85 | 15,051 | 9,736.1 | 3,707 | 6,161. | 2,453.
8 9 1 9 5 6
A | Spain 204,43 | 947,21 | 122,38 | 78,989. | 28,12 | 50,743 | 22,62
9 4 9 1.3 5 2.8 5 0.7
A | France 145,69 | 1,405,8 | 224,46 | 141,920 | 66,86 | 88,413 | 21,54
10 6 19 9.0 5 7.3 3 59
A | Croatia 13,635 | 92,583 | 5,347. | 3,364.7 | 1,390 | 2,381. | 991.0
11 2 9 9

A | ltaly 117,52 | 1,143,2 | 165,67 | 105,582 | 41,08 | 64,531 | 23,44
12 9 70 5.4 3 35 4 7.8
A | Cyprus 3,173 | 20,377 | 3,384. | 2,503.5 | 536.4 | 889.3 | 352.9
13 3

A | Latvia 7,693 | 79,111 | 5,766. | 4,153.8 | 1,091 | 1,915. | 824.1
14 0 T 8

A | Lithuania | 20,929 | 153,25 | 12,181 | 8,749.5 | 2,010 | 3,658. | 1,647.
15 9 4 3 2 8
A | Luxembou | 1,018 | 23,129 | 6,474. | 4,726.,5 | 1,343 | 2,013. | 670.8
16 | 19 1 1 9

A | Hungary 32,995 | 261,05 | 19,558 | 14,478. | 3,932 | 5,801. | 1,868.
17 5 5 7 9 5 5
A | Malta 2,043 | 14,191 | 2,783. | 2,185.8 | 350.8 | 653.7 | 302.8
18 1

A | Netherlan | 52,476 | 433,92 | 95,486 | 64,409. | 20,53 | 33,870 | 13,33
19 | ds 9 1 3 1.0 .8 9.8
A | Austria 14,421 | 216,00 | 44,767 | 30,790. | 9,959 | 15,861 | 5,902.
20 3 1 3 .6 T 1
A | Poland 174,66 | 937,59 | 67,511 | 50,561. | 10,49 | 19,610 | 9,117.
21 6 5 9 7 35 7 2
A | Portugal 31,331 | 188,12 | 23,096 | 15,769. | 4,814 | 7,862. | 3,047.
22 3 T 4 .8 0 2
A | Romania 54,651 | 394,38 | 21,052 | 15,970. | 3,850 | 6,446. | 2,595.
23 2 A 6 5 1 7
A | Slovenia 8,804 | 55,036 | 6,598. | 4,277.9 | 1,225 | 2,360. | 1,135.
24 3 .6 9 3
A | Slovakia 22,872 | 120,45 | 10,464 | 7,322.2 | 1,870 | 3,166. | 1,296.
25 8 5 .0 9 9

w
o
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A | Finland 19,790 | 143,15 | 23,621 | 15,640. | 5,746 | 8,423. | 2,676.
26 3 7 7 3 1 8
A | Sweden 28,743 | 281,49 | 45,974 | 32,112. | 11,36 | 15,854 | 4,488.
27 4 0 7 6.9 9 0

Source: Eurostat
The weight coefficients of the criteria were calculated using the
AHP method (Saaty, 2008). Table 2 and Graph 1 show the weighting
coefficients of the criteria.

Table 2. Weight coefficients of criteria

AHP with arithmetic mean method
Initial comparison matrix
C|] C2 C3 C4 |C5|C6|C7
Cl1 1 2 2 2 1 1 1
C2 05| 1 2 125 | 2 2 2
C3 05|05 1 05 | 3 3 3
C4 05| 0.8 2 1 1 1 1
C5 1 | 05| 0.333333 1 1 1 1
C6 1 | 05| 0.333333 1 1 1 1
C7 1 | 05| 0.333333 1 1 1 1
SUM 5,5 | 5.8 8 775110 | 10 | 10
Normaliz
ed matrix
We
igh
t of
C1 Cc2 C3|C4|C5|C6|C7 .
crit
eri
a
0.1 02]|02|01]01|01 01
C1 81 0.3448 50 | 58 | 00 | 00 | 00 9(')7
8 0 1 0 0 0
0.0 02|01]02]02|02 01
Cc2 90 0.1724 50 | 61 | 00 | 00 | 0O Sél
9 0 3 0 0 0
0.0 01|00|03]03]|03 01
C3 90 0.0862 25 | 64 | 00 | 00 | 0O 869
9 0 5 0 0 0
0.0 02|01]01]01|01 01
C4 90 0.1379 50 | 29 | 00 | 00 | 0O 297
9 0 0 0 0 0
0.1 00|01|01]01|01 01
C5 81 0.0862 41 | 29 | 00 | 00 | 0O 055
8 7 0 0 0 0
0.1 00|01]01]01|01 01
C6 81 0.0862 41 | 29 | 00 | 00 | 0O 055
8 7 0 0 0 0
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0.1 00(01]01|01]|01 01
c7 81 0.0862 41 1 29 | 00 | 00 | OO 055
8 7 0 0 0 0
SuU
M 1

0.0 | COMPARE WITH 0.1;

Consiste | 2" | SLIOULD BE LESS THAN
ncy ratio
4 |01
Note: Author's calculation
Graph 1. Weight coefficients of criteria
0.25
0.2 0.1907

0.1821 0.1809

0.15
0.1297
0.1055 0.1055 0.1055
0.1
0.05
0
C1 c2 C3 Cc4 C5

Cé c7

Source: Author's picture

Therefore, the most important criteria in this particular case are the
number of companies, number of employees, turnover and total
procurement of goods and services. Their effective control, as well as other
criteria (personal costs, added value at factor costs and gross operating
surplus), can significantly affect the achievement of the transport and
storage targets in the European Union.

Table 3 shows the initial matrix.
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Table 3. Initial Matrix

Initial
Matrix
criteria 0.190 | 0.1821 | 0.1809 0.1297 0.1055 | 0.1055 0.1055
weights 7
type of | 1 1 1 -1 -1 1 1
criteria
C1 C2 C3 C4 C5 C6 Cc7
Al 21,21 | 221,37 | 51,123. | 35,700. | 10,957. | 18,578. | 7,620.8
8 8 00 00 20 00 0
A2 23,14 | 17397 | 8,734.0 | 6,675.3 | 1,368.6 | 2,721.1 | 1,3525
5 3 0 0 0 0 0
A3 41,57 | 295,25 | 26,151. | 19,659. | 5,081.6 | 8,116.1 | 3,034.5
1 7 20 30 0 0 0
Ad 11,47 | 147,77 | 60,597. | 46,889. | 7,683.5 | 15,130. | 7,447.3
2 1 10 80 0 80 0
A5 105,9 | 2,367,8 | 338,909 | 223,105 | 81,144. | 116,579 | 35,434,
03 85 10 .80 80 .70 90
Ab6 5,963 | 41,088 | 5,626.7 | 4,219.2 | 792 1,425.0 | 635.5
0 0 0
A7 24,85 | 108,56 | 24,600. | 18,877. | 4,273.5 | 7,125.8 | 2,852.3
1 7 50 50 0 0 0
A8 59,99 | 182,85 | 15,051. | 9,736.1 | 3,707.9 | 6,161.5 | 2,453.6
7 9 10 0 0 0 0
A9 204,4 | 947,21 | 122,381 | 78,989. | 28,122. | 50,743. | 22,620.
34 9 .30 50 80 50 70
Al10 145,6 | 1,405,8 | 224,469 | 141,920 | 66,867. | 88,413. | 21,545,
96 19 .00 .50 30 30 90
All 13,63 | 92,583 | 5,347.2 | 3,364.7 | 1,390.9 | 2,381.9 | 991
5 0 0 0 0
Al2 117,5 | 1,143,2 | 165,675 | 105,582 | 41,083. | 64,531. | 23,447.
29 70 40 .30 50 40 80
Al3 3,173 | 20,377 | 3,384.3 | 2,503.5 | 536.4 889.3 352.9
0 0
Ala 7,693 | 79,111 | 5,766.0 | 4,153.8 | 1,091.7 | 1,915.8 | 824.1
0 0 0 0
Al15 20,92 | 153,25 | 12,181. | 8,749.5 | 2,010.3 | 3,658.2 | 1,647.8
9 9 40 0 0 0 0
Al6 1,018 | 23,129 | 6,474.1 | 4,726.5 | 1,343.1 | 2,013.9 | 670.8
0 0 0 0
Al7 32,99 | 261,05 | 19,558. | 14,478. | 3,932.9 | 5,801.5 | 1,868.5
5 5 50 70 0 0 0
Al8 2,043 | 14,191 | 2,783.1 | 2,185.8 | 350.8 653.7 302.8
0 0
Al19 52,47 | 433,92 | 95,486. | 64,409. | 20,531. | 33,870. | 13,339.
6 9 10 30 00 80 80
A20 14,42 | 216,00 | 44,767. | 30,790. | 9,959.6 | 15,861. | 5,902.1
1 3 10 30 0 70 0
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A21 1746 | 937,59 | 67,511. | 50,561. | 10,493. | 19,610. | 9,117.2
66 5 90 70 50 70 0
A22 31,33 | 188,12 | 23,096. | 15,769. | 4,814.8 | 7,862.0 | 3,047.2
1 3 70 40 0 0 0
A23 54,65 | 394,38 | 21.052. | 15,970. | 3,850.5 | 6,446.1 | 2,595.7
1 2 10 60 0 0 0
A24 8,804 | 55,036 | 6,598.3 | 4,277.9 | 1,225.6 | 2,360.9 | 1,135.3
0 0 0 0 0
A25 22,87 | 120,45 | 10,464. | 7,322.2 | 1,870.0 | 3,166.9 | 1,296.9
2 8 50 0 0 0 0
A26 19,79 | 143,15 | 23,621. | 15,640. | 5,746.3 | 8,423.1 | 2,676.8
0 3 70 70 0 0 0
A27 28,74 | 281,49 | 45974. | 32,112, | 11,366. | 15,854. | 4,488.0
3 4 00 70 90 90 0
MAX 2044 | 236788 | 338909. | 223105. | 81144. | 116579. | 35434.
34 5 1 8 8 7 9
MIN 1018 | 14191 | 2783.1 | 2185.8 | 350.8 653.7 302.8

Note: Author's calculation

Table 4 shows the expanded initial matrix.
Table 4. Expanded Initial Matrix

Expanded Initial

Matrix

criteriaweights | 0.19 | 0.1821 | 0.1809 | 0.1297 | 0.1055 | 0.1055 | 0.1055
07

type of criteria 1 1 1 -1 -1 1 1
C1 C2 C3 C4 C5 C6 C7

AAA 1018 | O 2783.1 | 223105 | 81144. | 653.7 302.8

8 8

Al 21,2 | 221,37 | 51,123. | 35,700. | 10,957 | 18,578. | 7,620.
18 8 00 00 .20 00 80

A2 23,1 | 173,97 | 8,734.0 | 6,675.3 | 1,368. | 2,721.1 | 1,352.
45 3 0 0 60 0 50

A3 41,5 | 295,25 | 26,151. | 19,659. | 5,081. | 8,116.1 | 3,034.
71 7 20 30 60 0 50

A4 11,4 | 147,77 | 60,597. | 46,889. | 7,683. | 15,130. | 7,447.
72 1 10 80 50 80 30

A5 105, | 2,367, | 338,90 | 223,10 | 81,144 | 116,57 | 35,434
903 | 885 9.10 5.80 .80 9.70 .90

A6 5,96 | 41,088 | 5,626.7 | 4,219.2 | 792 1,425.0 | 635.5
3 0 0 0

A7 24,8 | 108,56 | 24,600. | 18,877. | 4,273. | 7,125.8 | 2,852.
51 7 50 50 50 0 30

A8 59,9 | 182,85 | 15,051. | 9,736.1 | 3,707. | 6,161.5 | 2,453.
97 9 10 0 90 0 60

A9 204, | 947,21 | 122,38 | 78,989. | 28,122 | 50,743. | 22,620
434 |19 1.30 50 .80 50 .70
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Al10 145, | 1,405, | 224,46 | 141,92 | 66,867 | 88,413. | 21,545
696 | 819 9.00 0.50 .30 30 .90

All 13,6 | 92,583 | 5,347.2 | 3,364.7 | 1,390. | 2,381.9 | 991
35 0 0 90 0

Al2 117, | 1,143, | 165,67 | 105,58 | 41,083 | 64,531. | 23,447
529 | 270 5.40 2.30 50 40 .80

Al3 3,17 | 20,377 | 3,384.3 | 2,503.5 | 536.4 | 889.3 | 352.9
3 0 0

Al4 7,69 | 79,1111 | 5,766.0 | 4,153.8 | 1,091. | 1,915.8 | 824.1
3 0 0 70 0

Al5 20,9 | 153,25 | 12,181. | 8,749.5 | 2,010. | 3,658.2 | 1,647.
29 9 40 0 30 0 80

Al6 1,01 | 23,129 | 6,474.1 | 4,726.5 | 1,343. | 2,013.9 | 670.8
8 0 0 10 0

Al7 32,9 | 261,05 | 19,558. | 14,478. | 3,932. | 5,801.5 | 1,868.
95 5 50 70 90 0 50

Al8 2,04 | 14,191 | 2,783.1 | 2,185.8 | 350.8 | 653.7 | 302.8
3 0 0

Al9 52,4 | 433,92 | 95,486. | 64,409. | 20,531 | 33,870. | 13,339
76 9 10 30 .00 80 .80

A20 14,4 | 216,00 | 44,767. | 30,790. | 9,959. | 15,861. | 5,902.
21 3 10 30 60 70 10

A21 174, | 937,59 | 67,511. | 50,561. | 10,493 | 19,610. | 9,117.
666 |5 90 70 .50 70 20

A22 31,3 | 188,12 | 23,096. | 15,769. | 4,814. | 7,862.0 | 3,047.
31 3 70 40 80 0 20

A23 54,6 | 394,38 | 21.052. | 15,970. | 3,850. | 6,446.1 | 2,595.
51 2 10 60 50 0 70

A24 8,80 | 55,036 | 6,598.3 | 4,277.9 | 1,225. | 2,360.9 | 1,135.
4 0 0 60 0 30

A25 22,8 | 120,45 | 10,464. | 7,322.2 | 1,870. | 3,166.9 | 1,296.
72 8 50 0 00 0 90

A26 19,7 | 143,15 | 23,621. | 15,640. | 5,746. | 8,423.1 | 2,676.
90 3 70 70 30 0 80

A27 28,7 | 281,49 | 45,974, | 32,112. | 11,366 | 15,854. | 4,488.
43 4 00 70 .90 90 00

Al 2044 | 0 338909 | 2185.8 | 350.8 116579 | 35434.
34 1 N 9

Note: Author's calculation
Table 5 shows the normalized matrix.
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Table 5. Normalized Matrix

Normalized
Matrix
criteria weights | 0.190 | 0.182 | 0.1809 | 0.1297 | 0.1055 | 0.1055 | 0.1055
type of criteria I 1 1 -1 -1 1 1

C1 Cc2 C3 Cc4 C5 C6 Cc7
AAA 0.004 |0 0.0082 | 0.0097 | 0.0043 | 0.0056 | 0.0085

98 12 97 23 07 45
Al 0.103 | 0.000 | 0.1508 | 0.0612 | 0.0320 | 0.1594 | 0.2151
A2 2.113 8.000 0.0258 | 0.3274 | 0.2563 | 0.0233 | 0.0382
A3 5.203 8.000 0.0772 | 0.1112 | 0.0690 | 0.0696 | 0.0856
A4 3.056 8.000 0.1788 | 0.0466 | 0.0457 | 0.1298 | 0.2102
A5 3.518 8.000 1.0000 | 0.0098 | 0.0043 | 1.0000 | 1.0000
A6 8.029 8.000 0.0166 | 0.5181 | 0.4429 | 0.0122 | 0.0179
A7 5.121 8.000 0.0726 | 0.1158 | 0.0821 | 0.0611 | 0.0805
A8 8.293 8.000 0.0444 | 0.2245 | 0.0946 | 0.0529 | 0.0692
A9 i.OOO 8.000 0.3611 | 0.0277 | 0.0125 | 0.4353 | 0.6384
A10 8.712 8.000 0.6623 | 0.0154 | 0.0052 | 0.7584 | 0.6080
All (7).066 8.000 0.0158 | 0.6496 | 0.2522 | 0.0204 | 0.0280
Al12 (7).574 8.000 0.4888 | 0.0207 | 0.0085 | 0.5535 | 0.6617
Al13 8.015 8.000 0.0100 | 0.8731 | 0.6540 | 0.0076 | 0.0100
Al4 8.037 8.000 0.0170 | 0.5262 | 0.3213 | 0.0164 | 0.0233
A15 8.102 8.000 0.0359 | 0.2498 | 0.1745 | 0.0314 | 0.0465
A16 3.005 8.000 0.0191 | 0.4625 | 0.2612 | 0.0173 | 0.0189
Al7 8.161 8.000 0.0577 | 0.1510 | 0.0892 | 0.0498 | 0.0527
A18 3.010 8.000 0.0082 | 1.0000 | 1.0000 | 0.0056 | 0.0085
Al19 8.256 8.000 0.2817 | 0.0339 | 0.0171 | 0.2905 | 0.3765

7 0
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A20 0.070 | 0.000 | 0.1321 | 0.0710 | 0.0352 | 0.1361 | 0.1666
5 0
A21 0.854 | 0.000 | 0.1992 | 0.0432 | 0.0334 | 0.1682 | 0.2573
4 0
A22 0.153 | 0.000 | 0.0682 | 0.1386 | 0.0729 | 0.0674 | 0.0860
3 0
A23 0.267 | 0.000 | 0.0621 | 0.1369 | 0.0911 | 0.0553 | 0.0733
3 0
A24 0.043 | 0.000 | 0.0195 | 0.5110 | 0.2862 | 0.0203 | 0.0320
1 0
A25 0.111 | 0.000 | 0.0309 | 0.2985 | 0.1876 | 0.0272 | 0.0366
9 0
A26 0.096 | 0.000 | 0.0697 | 0.1398 | 0.0610 | 0.0723 | 0.0755
8 0
A27 0.140 | 0.000 | 0.1357 | 0.0681 | 0.0309 | 0.1360 | 0.1267
6 0
Al 1 0 1 1 1 1 1
Note: Author's calculation
Table 6 shows the weight-normalized matrix.
Table 6. Weighted Normalized Matrix
Weighted
Normalized Matrix
C1 C2 C3 C4 C5 C6 C7
AAA 0.000 | O 0.001 | 0.001 | 0.000 | 0.000 | 0.000
95 486 271 456 592 902
Al 0.019 | 0.00 | 0.027 | 0.007 | 0.003 | 0.016 | 0.022
8 00 3 9 4 8 7
A2 0.021 | 0.00 | 0.004 | 0.042 | 0.027 | 0.002 | 0.004
6 00 7 5 0 5 0
A3 0.038 | 0.00 | 0.014 | 0.014 | 0.007 | 0.007 | 0.009
8 00 0 4 3 3 0
A4 0.010 | 0.00 | 0.032 | 0.006 | 0.004 | 0.013 | 0.022
7 00 3 0 8 7 2
A5 0.098 | 0.00 | 0.180 | 0.001 | 0.000 | 0.105 | 0.105
8 00 9 3 5 5 5
A6 0.005 | 0.00 | 0.003 | 0.067 | 0.046 | 0.001 | 0.001
6 00 0 2 7 3 9
A7 0.023 | 0.00 | 0.013 | 0.015 | 0.008 | 0.006 | 0.008
2 00 1 0 7 4 5
A8 0.056 | 0.00 | 0.008 | 0.029 | 0.010 | 0.005 | 0.007
0 00 0 1 0 6 3
A9 0.190 | 0.00 | 0.065 | 0.003 | 0.001 | 0.045 | 0.067
7 00 3 6 3 9 3
Al0 0.135 | 0.00 | 0.119 | 0.002 | 0.000 | 0.080 | 0.064
9 00 8 0 6 0 1
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All 0.012 | 0.00 | 0.002 | 0.084 | 0.026 | 0.002 | 0.003
7 00 9 3 6 2 0
Al2 0.109 | 0.00 | 0.088 | 0.002 | 0.000 | 0.058 | 0.069
6 00 4 7 9 4 8
Al3 0.003 | 0.00 | 0.001 | 0.113 | 0.069 | 0.000 | 0.001
0 00 8 2 0 8 1
Al4 0.007 | 0.00 | 0.003 | 0.068 | 0.033 | 0.001 | 0.002
2 00 1 3 9 7 5
Al5 0.019 | 0.00 | 0.006 | 0.032 | 0.018 | 0.003 | 0.004
5 00 5 4 4 3 9
Al6 0.000 | 0.00 | 0.003 | 0.060 | 0.027 | 0.001 | 0.002
9 00 5 0 6 8 0
Al7 0.030 | 0.00 | 0.010 | 0.019 | 0.009 | 0.005 | 0.005
8 00 4 6 4 3 6
Al8 0.001 | 0.00 | 0.001 | 0.129 | 0.105 | 0.000 | 0.000
9 00 5 7 5 6 9
Al9 0.049 | 0.00 | 0.051 | 0.004 | 0.001 | 0.030 | 0.039
0 00 0 4 8 7 7
A20 0.013 | 0.00 | 0.023 | 0.009 | 0.003 | 0.014 | 0.017
5 00 9 2 7 4 6
A21 0.162 | 0.00 | 0.036 | 0.005 | 0.003 | 0.017 | 0.027
9 00 0 6 5 7 1
A22 0.029 | 0.00 | 0.012 | 0.018 | 0.007 | 0.007 | 0.009
2 00 3 0 7 1 1
A23 0.051 | 0.00 | 0.011 | 0.017 | 0.009 | 0.005 | 0.007
0 00 2 8 6 8 7
A24 0.008 | 0.00 | 0.003 | 0.066 | 0.030 | 0.002 | 0.003
2 00 5 3 2 1 4
A25 0.021 | 0.00 | 0.005 | 0.038 | 0.019 | 0.002 | 0.003
3 00 6 7 8 9 9
A26 0.018 | 0.00 | 0.012 | 0.018 | 0.006 | 0.007 | 0.008
5 00 6 1 4 6 0
A27 0.026 | 0.00 | 0.024 | 0.008 | 0.003 | 0.014 | 0.013
8 00 5 8 3 3 4
Al 0.190 | 0 0.180 | 0.129 | 0.105 | 0.105 | 0.105
7 9 7 5 5 5

Note: Author's calculation
Table 7 and Graph 2 show the results of the MARCOS method.
Table 7. Results of the MARCOS method

Results of the
MARCOS method
Si Ki- | Ki | f(K | f(K | f(K) Ran
AAA 0.0 + -) +) king
057
Belgiu | Al 00 |173 |01 |00 |09 |01 |01 |16
m 979 | 122 | 197 | 069 | 931 | 197 | 197
Bulgari | A2 01 |180 (01 |00 |09 |01 |01 |15
a 023 | 818 | 250 | 069 | 931 | 250 | 250
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Czech | A3 00 |160 |01 |00 |09 |01 |01 |20
Republ 908 | 600 | 111 | 069 | 931 | 110 | 110
ic
Denma | A4 00 | 158 |01 |00 |09 |01 |01 |21
rk 898 | 752 | 098 | 069 | 931 | 098 | 098
Germa | A5 04 | 870 |06 |00 |09 |06 |06 |1
ny 924 | 757 | 021 | 069 | 931 | 021 | 021
Estonia | A6 01 (222 (01 |00 {09 |01 |01 |10
257 | 225 | 537 | 069 | 931 | 537 | 537
Ireland | A7 00 [132 |00 |00 {09 |00 |00 |26
749 | 504 | 916 | 069 | 931 | 916 | 916
Greece | A8 01 {20501 |00 |09 |01 |01 |12
160 | 093 | 418 | 069 | 931 | 418 | 418
Spain A9 03 |[661 |04 |00 |09 |04 |04 |3
742 | 709 | 576 | 069 | 931 | 575 | 575
France | A10 04 | 711 ({04 |00 |09 |04 |04 |2
024 | 638 | 921 | 069 | 931 | 921 | 921
Croatia | A1l 01 [232 |01 |00 |09 |01 |01 |9
315 | 614 | 609 | 069 | 931 | 608 | 608
Italy Al2 03 | 583 |04 |00 |09 |04 |04 |4
299 | 306 | 034 | 069 | 931 | 033 | 033
Cyprus | A13 01 |333 |02 |00 |09 |02 |02 |7
889 | 966 | 309 | 069 | 931 | 309 | 309
Latvia | Al4 0.1 |206 |01 |00 |09 |01 |01 |11
166 | 175 | 426 | 069 | 931 | 426 | 426
Lithua | Al15 00 |150 |01 |00 |09 |01 |01 |22
nia 851 | 403 | 040 | 069 | 931 | 040 | 040
Luxem | Al6 00 |169 |01 |00 |09 |01 |01 |17
bourg 958 | 337 | 171 | 069 | 931 | 171 | 171
Hungar | Al7 00 [143 |00 |00 {09 |00 |00 |25
y 810 | 274 | 991 | 069 | 931 | 991 | 991
Malta | Al8 02 [ 424 |02 |00 [09 |02 |02 |6
401 | 550 | 936 | 069 | 931 | 936 | 936
Netherl | A19 01 [312 |02 |00 |09 |02 |02 |8
ands 765 | 095 | 158 | 069 | 931 | 158 | 158
Austria | A20 00 [145 |01 |00 (09 |01 |01 |24
822 | 353 | 005 | 069 | 931 | 005 | 005
Poland | A21 02 [ 447 |03 |00 |09 |03 |03 |5
530 | 377 | 094 | 069 | 931 | 093 | 093
Portug | A22 00 |147 (01 |00 |09 |01 |01 |23
al 834 | 490 | 020 | 069 | 931 | 020 | 020
Roman | A23 0.1 |182 |01 |00 |09 |01 |01 |14
ia 031 | 388 | 261 | 069 | 931 | 261 | 261
Sloven | A24 01 |201|01 |00 |09 |01 |01 |13
ia 137 | 093 | 391 | 069 | 931 | 390 | 390
Slovak | A25 00 |162 |01 |00 |09 |01 |01 |18
ia 922 | 965 | 127 | 069 | 931 | 127 | 127
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Finlan | A26 00 {125 |00 |00 {09 |00 |00 |27
d 712 1954 | 871 | 069 | 931 | 871 | 871
Swede | A27 00 {161 (01 |00 {09 |01 |01 |19
n 911 | 177 | 115 | 069 | 931 | 114 | 114
Al 0.8
178

Note: Author's calculation

Graph 2. Ranking
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M Results of the MARCOS method Ranking 0.0057

B Results of the MARCOS method f(K) 0.0057

M Results of the MARCOS method f(K) 0.0057

M Results of the MARCOS method f(K+) 0.0057

M Results of the MARCOS method f(K-) 0.0057
Results of the MARCOS method Ki+ 0.0057
Results of the MARCOS method Ki- 0.0057
Results of the MARCOS method Si 0.0057

Source: Author's picture

According to the obtained results of the analysis of transport and
transport performance in the European Union based on the MARCOS
method, the five best countries are: Germany, France, Spain, Italy and
Poland. The developed countries of the European Union are therefore in
question.

The performance of transport and storage is better in Croatia than
in Slovenia. In Slovenia, as one of the reasons for this, the total
procurement of goods and services is significantly higher than in Croatia.

More effective control of all analyzed factors (number of
companies, number of employees, turnover, total procurement and
services, personal expenses, added value by factor costs and gross
operating surplus) can significantly affect the improvement of performance
in all member countries of the European Union. So, for example,
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optimizing the purchase size of all inputs will work in that direction.
Examples of the concept of sustainable development in transport and
storage also play a significant role in this. Likewise, the digitalization of
the entire transport and storage business.

As it is well known, recently the "energy crisis" has had a
significant impact on the performance of transport and storage throughout
the world, which means also in the member countries of the European
Union. Individual countries are mitigating the impact of this crisis on
transport and storage performance in different ways. Energy management
is therefore becoming an increasingly important factor in transport and
storage performance.

CONCLUSION

Based on the results obtained from the analysis of transport and
storage performance in the European Union, the following can be
concluded:

1. According to the performance of transport and storage, the top
five countries in order are: Germany, France, Spain, Italy and Poland. The
developed countries of the European Union are therefore in question.

2. Transport and storage performance is better in Croatia than in
Slovenia. In Slovenia, as one of the reasons for this, the total procurement
of goods and services is significantly higher than in Croatia.

In order to improve the performance of transport and storage in the
European Union, adequate control of the analyzed factors is necessary
(number of companies, number of employees, turnover, total procurement
of goods and services, personal costs, added value by factor costs and gross
operating surplus). The application of the concept of sustainable
development in transport and storage, as well as the digitization of the
entire transport and storage business, play a significant role in this.

The impact of the "energy crisis” on the performance of transport
and storage in the whole world, including the member countries of the
European Union, is significant. Individual countries are trying to mitigate
the impact of this crisis on transport and storage performance in different
ways. Energy management is therefore becoming an increasingly important
factor in transport and storage performance.
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